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Preface to the Twentieth Edition 


At this writing, Remington, as it is commonly known in the 
profession, is at a point midway through the second decade of its 
second century. One hundred and fifteen years of service to 
students and practitioners, Remington is now poised on the 
brink of anew millenium. The 5 years that have elapsed since the 
publication of the previous edition have witnessed substantial 
and far-reaching changes in practically every field of human 
endeavor. Pharmacy—both the science and practice—perhaps 
has enjoyed more than its share. It is not so peculiar that a 
comment quite similar to the previous sentence has been incor- 
porated in the first paragraph of practically every Preface of the 
previous 19 editions, including the first. 

The impact of current information-exchange technology, with 
enormous quantities of data available at the touch of a key, 
engendered much consideration in the planning stages of this 
publication. At one time, a book of 2000 pages could be created 
using an all-inclusive approach: a tome with rather complete 
coverage of a field, in which one could find a wealth of informa- 
tion on practically every relevant subject. Without question, this 
approach is now beyond consideration. It was obvious that 
Remington 20 must address the newer concepts of information 
exchange. With modern technology, current information is pro- 
cessed and updated so rapidly that it may quickly become stale 
and, sometimes, of questionable value. 

A wholesale transformation of the book was not envisioned, 
but rather a judicious and planned metamorphosis. Thus, a num- 
ber of areas have been digested, reorganized, and pruned or 
amplified. Monographs for drugs have been culled, and most of 
the dosing and dosage form information has been deleted from 
individual drug monographs. This type of changeable informa- 
tion is impossible to keep current considering a 5-year publica- 
tion cycle and the availability of the Internet. The general state- 
ments preceding individual classes of drugs have been expanded 
to provide comprehensive coverage of each class. Thus, useful 
information for the drug specialist is presented in an expanded 
format, rather than offered as overwhelming masses of data, 
which, if simply learned by rote, may easily be confused or 
forgotten. 

The listing of names of manufacturers for each drug (official 
and/or generic) has been dropped. With the publication of the 
previous edition, it was evident that due to the dynamic situation 
in the drug industry, almost 25% of the pharmaceutical houses 
either had changed names or merged during the interval between 
completion of the manuscript and the publication date. Thus, 
this information often was either of little value or misleading. 

One chapter (Calculus) has been deleted, and two chapters 
(immunizing Agents and Diagnostic Skin Antigens [81] and Al- 
lergenic Extracts [82]) were consolidated into a single chapter 
[89] bearing the combined titles. Many chapters were trimmed in 
order to recover space for 10 new chapters, all within the realm 
of Pharmacy Practice. Several areas (such as Alternative Medi- 
cines and Treatment), which have enjoyed a resurgence of ac- 
tivity, have been expanded. 

Essentially, the goal has been to reduce the clutter of exces- 
sive, easily attainable reference material and elaborate the area 


xi 


of pharmacy practice, without sacrificing the scientific concepts. 
The intention was to focus on the textbook features of the 
publication. This is a departure from the traditional role of a 
complete reference medium, to one that emphasizes teaching 
and learning principles while still retaining essential source 
material. 

A number of previous authors have gone on to other interests 
and have transfe:red their tasks to new members of the team. 
This has exposed many areas to fresh ideas and alternative 
perspectives. The 143 authors/editors, of which 52 are first-time 
contributors, represent 34 universities, 17 pharmaceutical firms, 
16 private practices, and 3 associated government agencies. 
Thus, practically every facet of the profession is encompassed. 

Several members of the Editorial Board, who have served for 
a number of editions—Drs Hussar, Rippie, and Zink—have de- 
cided to relinquish their responsibilities. Their extensive contri- 
bution of time and effort is duly appreciated. A new member, Dr 
Nicholas Popovich, assumed the onus of a greatly expanded Part 
8, Pharmacy Practice, and has completed the task superbly. 

Mr John Hoover, associated with Remington for eight edi- 
tions and currently as Managing Editor, has again done an ex- 
emplary job of coordination, especially at the early stages of 
manuscript preparation when all seems a clutter and disarray of 
paper (even in the “paperless” computer age!). Ms Bonnie 
Packer, our inveterate reader, critic, and editorial assistant, has 
untangled numerous word snarls, which are usually the product 
of overzealous authors and editors who have become immersed 
in their own disciplines and overlooked the fact that their words 
will also be read, and hopefully understood, by the novice. 

It has been said that everything comes full circle or, in mod- 
ern parlance, “What goes around comes around.” In 1885, with 
the first edition of Remington, the publisher of this book was the 
well-established Philadelphia firm of JB Lippincott Co. This ar- 
rangement survived through eight editions, ending in 1936. With 
the intervention of the Second World War, the ninth edition did 
not appear until 1948 under the banner of the Mack Publishing 
Co, and this relationship has been sustained through the 19th 
edition in 1995. Mack has foregone the publishing role but will 
continue to print the book. The new publisher is, in reality, not 
so new, as the book is now in the hands of Lippincott Williams 
& Wilkins—the ring has been closed. 

A volume of 2000 pages requires the cooperation of authors, 
editors, and the publisher and their associates in order to com- 
plete a tedious and time-consuming task. All who have contrib- 
uted are to be commended for their efforts and time. However, 
having read the text at least twice in its entirety, the responsi- 
bility for errors, of any kind, ultimately resides with the editor. 
One can only work and strive to ensure that the book is free of 
flaws, blunders, and errors, but if this were the case, it probably 
would be a first. 


Philadelphia, January 2000 
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Preface to the First Edition 


The rapid and substantial progress made in Pharmacy within 
the last decade has created a necessity for a work treating of the 
improved apparatus, the revised processes, and the recently 
introduced preparations of the age. 

The vast advances made in theoretical and applied chemistry 
and physics have much to do with the development of pharma- 
ceutical science, and these have been reflected in all the revised 
editions of the Pharmacopoeias which have been recently pub- 
lished.When the author was elected in 1874 to the chair of 
Theory and Practice of Pharmacy in the Philadelphia College of 
Pharmacy, the outlines of study which had been so carefully 
prepared for the classes by his eminent predecessors, Professor 
William Proctor, Jr, and Professor Edward Parrish, were found 
to be not strictly in accord, either in their arrangement of the 
subjects or in their method of treatment.Desiring to preserve the 
distinctive characteristics of each, an effort was at once made to 
frame a system which should embody their valuable features, 
embrace new subjects, and still retain that harmony of plan and 
proper sequence which are absolutely essential to the success of 
any system. 

The strictly alphabetical classification of subjects which is 
now universally adopted by pharmacopoeias and dispensatories, 
although admirable in works of reference, presents an effectual 
stumbling block to the acquisition of pharmaceutical knowledge 
through systematic study; the vast accumulation of facts col- 
lected under each head arranged lexically, they necessarily have 
no connection with one another, and thus the saving of labor 
effected by considering similar groups together, and the value of 
the association of kindred subjects, are lost to the student.In the 
method of grouping the subjects which is herein adopted, the 
constant aim has been to arrange the latter in such a manner that 
the reader shall be gradually led from the consideration of ele- 
mentary subjects to those which involve more advanced knowl- 
edge, whilst the groups themselves are so placed as to follow one 
another in a natural sequence. 

The work is divided into six parts.Part I is devoted to detailed 
descriptions of apparatus and definitions and comments on gen- 
eral pharmaceutical processes. 

The Official Preparations alone are considered in Part II. 
Due weight and prominence are thus given to the Pharma- 
copoeia, the National authority, which is now so thoroughly 
recognized. 

In order to suit the convenience of pharmacists who prefer to 
weigh solids and measwre liquids, the official formulas are 
expressed, in addition to parts by weight, in avoirdupois weight 
and apothecaries’ measure.These equivalents are printed in bold 


type near the margin, and arranged so as to fit them for quick and 
accurate reference. 

Part Ill treats of Inorganic Chemical Substances.Precedence is 
of course given to official preparation in these.The descriptions, 
solubilities, and tests for identity and impurities of each substance 
are systematically tabulated under its proper title.It is confidently 
believed that by this method of arrangement the valuable descrip- 
tive features of the Pharmacopoeia will be more prominently de- 
veloped, ready reference facilitated, and close study of the details 
rendered easy. Each chemical operation is accompanied by equa- 
tions, whilst the reaction is, in addition, explained in words. 

The Carbon Compounds, or Organic Chemical Substances, 
are considered in Part IV.These are naturally grouped according 
to the physical and medical properties of their principal constit- 
uents, beginning with simple bodies like cellulin, gum, etc, and 
progressing to the most highly organized alkaloids, etc. 

Part V is devoted to Extemporaneous Pharmacy.Care has 
been taken to treat of the practice which would be best adapted 
for the needs of the many pharmacists who conduct operations 
upon a moderate scale, rather than for those of the few who 
manage very large establishments.In this, as well as in other 
parts of the work, operations are illustrated which are conducted 
by manufacturing pharmacists. 

Part VI contains a formulary of Pharmaceutical Preparations 
which have not been recognized by the Pharmacopoeia.The rec- 
ipes selected are chiefly those which have been heretofore rather 
difficult of access to most pharmacists, yet such as are likely to 
be in request.Many private formulas are embraced in the collec- 
tion; and such of the preparations of the old Pharmacopoeias as 
have not been included in the new edition, but are still in use, 
have been inserted. 

In conclusion, the author ventures to express the hope that 
the work will prove an efficient help to the pharmaceutical 
student as well as to the pharmacist and the physician. 
Although the labor has been mainly performed amidst the ha- 
rassing cares of active professional duties, and perfection is 
known to be unattainable, no pains have been spared to discover 
and correct errors and omissions in the text.The author’s warm- 
est acknowledgments, are tendered to Mr A B Taylor, Mr Joseph 
McCreery, and Mr George M Smith for their valuable assistance 
in revising the proof sheets, and to the latter especially for his 
work on the index.The outline illustrations, by Mr John Collins, 
were drawn either from the actual objects or from photographs 
taken by the author. 


Philadelphia, October, 1885 JPR. 
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Scope of Pharmacy 


Joseph L Fink III, BS Pharm, JD 

Assistant Vice President for Research and 
Graduate Studies 

Professor of Pharmacy 

College of Pharmacy 

University of Kentucky 

Lexington, KY 40506 


Pharmacy is the art and science of preparing and dispensing 
medications and the provision of drug-related information to 
the public. It involves the interpretation of prescription orders; 
the compounding, labeling, and dispensing of drugs and de- 
vices; drug product selection and drug utilization reviews; pa- 
tient monitoring and intervention; and the provision of cogni- 
tive services related to use of medications and devices. The 
American Pharmaceutical Association describes the mission of 
pharmacy as serving society as “the profession responsible for 
the appropriate use of medications, devices, and services to 
achieve optimal therapeutic outcomes.” The Report of the Com- 
mission of Pharmacy, Pharmacists for the Future (often re- 
ferred to as the Millis Report), states that “pharmacy should be 
conceived basically as a knowledge system that renders a 
health service by concerning itself with understanding drugs 
and their effects.” Thus, pharmaceutical care is a necessary 
element of total health care. 

The current philosophy or approach to professional practice in 
pharmacy is designated as pharmaceutical care. This concept 
holds that the important role of the pharmacist is “the responsible 
provision of drug therapy for the purpose of achieving definite 
outcomes that improve a patient’s quality of life.” Pharmacists, 
then, are those who are educated and licensed to dispense drugs 
and to provide drug information—they are experts on medica- 
tions. They are the most accessible member of today’s health-care 
team, and often are the first source of assistance and advice on 
many common ailments and health-care matters. 


EDUCATION 


SE a ES BIE RE] 
There are currently two professional degrees in pharmacy: 
the baccalaureate (BSPharm or BPharm) and the doctorate 
(PharmD). The curriculum of the BS in pharmacy usually 
requires 5 academic years of study. The PharmD curriculum 
usually requires 6 academic years to complete the degree re- 
quirements. Students who hold the baccalaureate in pharmacy 
degree may be admitted to a doctor of pharmacy program, in 
which instance the combined period of study may be longer 
than 6 academic years. There are 81 colleges and schools of 
pharmacy in the US. 

In 1992, the American Association of Colleges of Pharmacy 
(AACP) house of delegates voted “to support a single entry-level 
educational program at the doctoral level (PharmD).” The vote 
of the deans and faculty delegates affirmed their support of an 
entry-level program of at least 6 years. Perhaps even more 
importantly, the American Council on Pharmaceutical Educa- 
tion (ACPE), the national organization that accredits profes- 
sional degree programs in pharmacy, has adopted that position 
as well. 


CHAPTER 


GENERAL EDUCATION—Courses in the social sciences, 
humanities, arts, history and literature provide the broad gen- 
eral education required of a professional in today’s society. 

PREREQUISITE COURSES—Mathematics and _ the 
physical and biological sciences teach the principles, the appli- 
cation of which find their way into many of the upper-level 
professional pharmacy courses. 

PROFESSIONAL COURSES—Basic to most pharmacy 
curricula are courses in pharmacology, medicinal chemistry, 
pharmaceutics, biopharmaceutics, and the clinical-pharmacy 
externships. Courses in social and administrative pharmacy as 
well as pharmacy law also are found in this sequence. 

Opportunities for students to specialize or minor in certain 
professional areas have become more available and increasingly 
popular. Most prominent are hospital/institutional pharmacy, nu- 
clear pharmacy, management, health psychology, and research. 


LICENSURE REQUIREMENTS 
eS RN EE EC aN SSI) 
The practice of pharmacy in any given state is regulated by 
that state and the Board of Pharmacy within that state. The 
law in all states, including the District of Columbia and Puerto 
Rico, requires applicants for licensure to be of good moral 
character; have graduated from an American Council on Phar- 
maceutical Education (ACPE) accredited first professional de- 
gree program; have passed an examination given by the Board 
of Pharmacy; and be 21 years of age. 

All states require that candidates for licensure have a record 
of practical experience or internship training acquired under 
the supervision and instruction of a licensed practitioner. Some 
jurisdictions grant licensure by licensure transfer, known col- 
loquially as reciprocity. Requirements vary from state to state. 

The vast majority of jurisdictions have established continu- 
ing education/competency requirements for relicensure. The 
types of programs that are recognized and the prescribed range 
of acceptable content matter are fairly uniform. The ACPE also 
has responsibility for accrediting providers of professional con- 
tinuing education programming. 

A list of the governmental agencies that license pharmacists 
in the various states is available from the National Association 
of Boards of Pharmacy, 700 Busse Highway, Park Ridge, IL 
60068-2402. 


CAREERS 
LLL A IR IT ANP ERD TEES] 


Job opportunities for pharmacists are expected to grow about 
as fast as the average for all occupations, mainly due to the 
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increased pharmaceutical needs of a larger and older popu- 
lation. Other factors likely to increase demand for pharma- 
cists include the likelihood of scientific advances that will 
provide more drug products for the prevention, diagnosis, 
and treatment of disease; new developments in administer- 
ing medication; and increasingly well-informed consumers 
who are sophisticated about health care and eager for more 
detailed information about drugs and their effects. 

Community pharmacy is a hybrid requiring well-developed 
professional skills and, in many cases, management abilities. 
In addition to dispensing pharmaceuticals, pharmacists in 
community pharmacies answer questions about prescription 
and over-the-counter (OTC) drugs and give advice about home 
health-care supplies and durable medical equipment. Of an 
estimated 200,000 pharmacists now in practice, the majority 
are in community pharmacy practice. See Chapter 4. 

Health-systems pharmacy—the practice of pharmacy in pri- 
vate and government-owned hospitals, health maintenance or- 
ganizations (HMOs), clinics, walk-in health centers, and nurs- 
ing homes—has become a significant setting for pharmacy 
practice over the past 50 years or so. In these settings, phar- 
macists dispense medication, prepare sterile solutions, advise 
other professionals and patients on the use of drugs, monitor 
drug regimens, and evaluate drug use. They advise other pro- 
fessionals on the selection and effects of drugs and, in some 
cases, make medical rounds with them or provide direct patient 
care. See Chapters 110 through 112. 

Nuclear pharmacy applies the principles and practices of 
pharmacy and nuclear chemistry to produce radioactive drugs 
used for diagnosis and therapy. See Chapters 29 and 104. 

Industrial pharmacy offers opportunities to pharmacists 
of all educational levels. The largest number of pharmacists 
are involved in marketing and administration. Some phar- 
maceutical manufacturers employ pharmacists as their pro- 
fessional service representatives, who educate physicians 
and pharmacists about the manufacturer’s products. This 
can be a rewarding career for persons with the right person- 
ality and motivation, and it is often a stepping-stone to 
supervisory positions in sales and a path toward integration 
into the administrative and sales structure of a pharmaceu- 
tical firm. Pharmacists with master’s degrees in business or 
additional degrees in law find additional opportunities in the 
pharmaceutical industry in the marketing, sales, and legal 
departments. Pharmacists with the PharmD degree serve 
the industry as professional communications managers and 
clinical research scientists; research and development per- 
sonnel often have advanced degrees, although this is not 
always the case. Production and quality-control (or quality- 
assurance) supervisory positions often are held by pharma- 
cists with bachelor’s degrees. See Chapters 5 and 10. 

Government service offers opportunities to pharmacists in 
various capacities. They may serve as noncommissioned or 
commissioned officers in the Army, Navy, Air Force, and Coast 
Guard. They also serve as commissioned officers in the United 
States Public Health Service, which furnishes pharmacists for 
the Food and Drug Administration, Bureau of Prisons, and the 
Indian Health Service. Appointments are available for phar- 
macists in the Drug Enforcement Administration of the De- 
partment of Justice, and in the National Institutes of Health, 
the Health Care Financing Administration, the Health Ser- 
vices and Resources Administration, and various other agen- 
cies. See Chapter 6. 

Pharmaceutical education offers opportunities to pharma- 
cists with advanced degrees in any of the professional special- 
ties. Expanding enrollments and changes in the curricula at 
colleges to meet the employment needs of the future result in 
an increased need for college-level instructors. Higher salaries, 
more freedom for research and writing, independence of action, 
and the cultural surroundings in pharmaceutical education 
make teaching attractive. 


Pharmaceutical journalism offers rewarding experiences for 
a limited number of pharmacists with writing and editing 
skills. 2 

Organizational management careers are available for those 
with pharmacy education who wish to serve in national and 
state associations and on boards of pharmacy. The increasing 
number of pharmacists and the interface of pharmacy with 
insurance carriers and health and welfare agencies mean the 
responsibilities of associations and boards must expand accord- 
ingly, and be complicated by the greater involvement of state 
and federal governments in health care. Thus, pharmacists 
who have organizational interests and talents will be in great 
demand and will play important roles in the future of phar- 
macy in the US. 


GRADUATE EDUCATION 
EES ST ETE 
Areas of graduate study include pharmaceutics, industrial phar- 
macy, pharmacology, pharmaceutical/medicinal chemistry, phar- 
macognosy, and social and administrative pharmacy. A master’s 
or PhD degree in pharmacy or a related field usually is required 
for research positions (Chapter 10), and a PharmD, master’s, or 
PhD degree is necessary for administrative or faculty positions. 

Although a number of graduates pursue advanced degrees in 
pharmacy, some enter a 1- or 2-year residency program or fellow- 
ship. A pharmacy residency is an organized, directed, postgradu- 
ate training program in a defined area of pharmacy practice. 


ORGANIZATIONS 
SSE ER SS ST RE TS REN EO ESET 

AMERICAN PHARMACEUTICAL ASSOCIATION 
(APhA)—The APhA is the national professional organization 
of pharmacists representing pharmacy practitioners, and phar- 
maceutical scientists and students. Since its founding in 1852, 
APhA has been a leader in the professional and scientific ad- 
vancement of pharmacy. Membership in one of the three acad- 
emies of the APhA—the Academy of Pharmacy Practice and 
Management (APPM), the Academy of Pharmaceutical Re- 
search and Science (APRS), and the Academy of Students of 
Pharmacy (ASP)— offers members specialized benefits and the 
opportunity to influence their practice areas. 

AMERICAN SOCIETY OF HEALTH-SYSTEM PHAR- 
MACISTS (ASHP)—The ASHP is the professional associa- 
tion of pharmacists who practice in organized health-care set- 
tings. The ASHP endeavors to create an environment in which 
pharmacists can focus the full potential of their knowledge and 
expertise on patient care. The mission of ASHP is to represent 
its more than 25,000 members, providing leadership that will 
enable pharmacists in organized health-care settings to pro- 
vide high-quality pharmaceutical services that foster the effi- 
cacy, safety, and cost-effectiveness of drug use; contribute to 
programs and services that emphasize the health needs of the 
public and the prevention of disease; and promote pharmacy as 
an essential component of the health-care team. 

AMERICAN SOCIETY OF CONSULTANT PHARMA- 
CISTS (ASCP)—The ASCP promotes the development and 
advancement of pharmaceutical care activities directed at pa- 
tients in long-term care institutions. 

NATIONAL COMMUNITY PHARMACISTS ASSOCI- 
ATION (NCPA)—Membership in NCPA, formerly known as 
the National Association of Retail Druggists (NARD), is open to 
independent community pharmacy owners, managers, and em- 
ployees, as well as pharmacy students and corporations. NCPA 
is dedicated to the continuing growth and prosperity of the 
independent community pharmacy in the US. 

AMERICAN ASSOCIATION OF PHARMACEUTICAL 
SCIENTISTS (AAPS)—The AAPS serves an advocacy role for 
the pharmaceutical sciences, promotes the economic viability of 


the pharmaceutical sciences and its scientists, and represents 
scientific interests within academia, industry, government, and 
other research institutions. AAPS members are eligible for 
membership in one of several disciplinary sections: Analysis 
and Pharmaceutical Quality; Biotechnology; Clinical Sciences; 
Economic, Marketing, and Management Sciences; Medicinal 
and Natural Products Chemistry; Pharmaceutical Technology; 
Pharmaceutics and Drug Delivery; Pharmacokinetics, Pharma- 
codynamics, and Drug Metabolism; and Regulatory Affairs. 


PHARMACY PROFESSIONAL 
DEGREE PROGRAMS 


The following colleges and schools offering professional degree 
programs in pharmacy hold membership in the AACP. 


Alabama 


Arizona 


Arkansas 


California 


Colorado 
Connecticut 


District of 
Columbia 
Florida 


Georgia 


Idaho 


Illinois 


Indiana 


Iowa 


Kansas 
Kentucky 


Louisiana 


Auburn University, School of Pharmacy, Auburn Uni- 
versity, AL 36849 

Samford University, McWharton School of Phar- 
macy, Birmingham, AL 35229 
Midwestern University, College 
Glendale, AZ 85308 

University of Arizona, College of Pharmacy, Tucson, 
AZ 85721 

University of Arkansas for Medical Sciences, College 
of Pharmacy, Little Rock, AR 72205 

University of California, San Francisco, School of 
Pharmacy, San Francisco, CA 94143 

University of the Pacific, School of Pharmacy, Stock- 
ton, CA 95211 

University of Southern California, School of Phar- 
macy, Los Angeles, CA 90033 

Western University of the Health Sciences, School of 
Pharmacy, Pomona, CA 91766 

University of Colorado, Health Sciences Center, 
School of Pharmacy, Denver, CO 80262 

University of Connecticut, School of Pharmacy, 
Storrs, CT 06269 

Howard University, College of Pharmacy and Phar- 
macal Sciences, Washington, DC 20059 

Florida Agricultural and Mechanical University, Col- 
lege of Pharmacy and Pharmaceutical Sciences, Tal- 
lahassee, FL 32307 


Nova Southeastern University of the Health Sciences, 
College of Pharmacy, Fort Lauderdale, FL 33328 
University of Florida, College of Pharmacy, Gaines- 
ville, FL 32610 

Mercer University, Southern School of Pharmacy, At- 
lanta, GA 30341 

University of Georgia, College of Pharmacy, Athens, 
GA 30602 

Idaho State University, College of Pharmacy, Poca- 
tello, ID 83209 

Midwestern University, Chicago College of Pharmacy, 
Downers Grove, IL 60515 

University of Illinois at Chicago, College of Pharmacy, 
Chicago, IL 60612 

Butler University, College of Pharmacy, Indianapolis, 
IN 46208 

Purdue University School of Pharmacy and Pharma- 
cal Sciences, West Lafayette, IN 47907 

Drake University, College of Pharmacy and Health 
Sciences, Des Moines, IA 50311 

University of Iowa, College of Pharmacy, Iowa City, 
TA 52242 

University of Kansas, School of Pharmacy, Lawrence, 
KS 66045 

University of Kentucky, College of Pharmacy, Lexing- 
ton, KY 40536 

Northeast Louisiana University, School of Pharmacy, 
Monroe, LA 71209 


of Pharmacy- 


Maryland 


Massachusetts 


Michigan 


Minnesota 
Mississippi 


Missouri 


Montana 


Nebraska 


New Jersey 
New Mexico 


New York 


North Carolina 


North Dakota 


Ohio 


Oklahoma 


Oregon 


Pennsylvania 


Puerto Rico 


Rhode Island 
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Xavier University of Louisiana, College of Pharmacy, 
New Orleans, LA 70125 

University of Maryland at Baltimore, School of Phar- 
macy, Baltimore, MD 21201 

Massachusetts College of Pharmacy and Allied Health 
Sciences-Boston Campus, Boston, MA 02115 


Northeastern University, Bouve College of Pharmacy 
and Health Sciences, Boston, MA 02115; Worcester 
Campus, Worcester, MA 01610 

Ferris State University, College of Pharmacy, Big 
Kapids, MI 49307 

University of Michigan, College of Pharmacy, Ann 
Arbor, MI 48109 

Wayne State University, College of Pharmacy and 
Allied Health Professions, Detroit, MI 48202 
University of Minnesota, College of Pharmacy, Min- 
neapolis, MN 55455 

University of Mississippi, School of Pharmacy, Uni- 
versity, MS 38677 

St Louis College of Pharmacy, St Louis, MO 63110 


University of Missouri-Kansas City, School of Phar- 
macy, Kansas City, MO 64110 

University of Montana, School of Pharmacy and Allied 
Health Sciences, Missoula, MT 59812 

Creighton University, School of Pharmacy and Allied 
Health Professions, Omaha, NE 68178 


University of Nebraska Medical Center, College of 
Pharmacy, Omaha, NE 68198 

Rutgers, the State University of New Jersey, College 
of Pharmacy, Piscataway, NJ 08855 

University of New Mexico, College of Pharmacy, Al- 
buquerque, NM 87131 

Albany College of Pharmacy, Union University, Al- 
bany, NY 12208 

Long Island University, Arnold and Marie Schwartz 
College of Pharmacy and Health Sciences, Brooklyn, 
NY 11201 

St John’s University, College of Pharmacy and Allied 
Health Professions, Jamaica, NY 11439 

State University of New York at Buffalo, School of 
Pharmacy, Amherst, NY 14260 

Campbell University, School of Pharmacy, Buies 
Creek, NC 27506 

University of North Carolina at Chapel Hill, School of 
Pharmacy, Chapel Hill, NC 27599 

North Dakota State University, College of Pharmacy, 
Fargo, ND 58105 

Ohio Northern University, College of Pharmacy and 
Allied Health Sciences, Ada, OH 45810 

Ohio State University, College of Pharmacy, Colum- 
bus, OH 43210 

University of Cincinnati, College of Pharmacy, Cincin- 
nati, OH 45267 

University of Toledo, College of Pharmacy, Toledo, OH 
43606 

Southwestern Oklahoma State University, School of 
Pharmacy, Weatherford, OK 73096 

University of Oklahoma, College of Pharmacy, Okla- 
homa City, OK 73190 

Oregon State University, College of Pharmacy, Cor- 
vallis, OR 97331 

Duquesne University, Mylan School of Pharmacy, 
Pittsburgh, PA 15282 

University of the Sciences in Philadelphia, Philadel- 
phia College of Pharmacy, Philadelphia, PA 19104 
Temple University, School of Pharmacy, Philadelphia, 
PA 19140 

University of Pittsburgh, School of Pharmacy, Pitts- 
burgh, PA 15261 

Wilkes University, School of Pharmacy, Wilkes-Barre, 
PA 18766 

University of Puerto Rico, Medical Sciences Campus, 
School of Pharmacy, San Juan, PR 00936 
University of Rhode Island, College of Pharmacy, 
Kingston, RI 02881 
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South Carolina 


Tennessee 


Texas 


Utah 


Medical University of South Carolina, College of 


Pharmacy, Charleston, SC 29425 University of South 
Carolina, College of Pharmacy, Columbia, SC 29208 


South Dakota State University, College of Pharmacy, 
Brookings, SD 57007 ; 

University of Tennessee-Memphis, College of Phar- 
macy, Memphis, TN 38163 

Texas Southern University, College of Pharmacy and 
Health Sciences, Houston, TX 77004 

Texas Tech University Health Sciences Center, School 
of Pharmacy, Amarillo, TX 79160 

University of Houston, College of Pharmacy, Houston, 
TX 77204 

The University of Texas at Austin, College of Phar- 
macy, Austin, TX 78712 

University of Utah, College of Pharmacy, Salt Lake 
City, UT 84112 


Virginia 


Washington 


West Virginia 
Wisconsin 


Wyoming 


Hampton University, School of Pharmacy, Hampton, 
VA 23668 ; 
Shenandoah University, Bernard J Dunn School of 
Pharmacy, Winchester, VA 22601 

Virginia Commonwealth University, Medical Col- 
lege of Virginia, School of Pharmacy, Richmond, VA 
23298 

University of Washington, School of Pharmacy, Seat- 
tle, WA 98195 ; 
Washington State University, College of Pharmacy, 
Pullman, WA 99164 

West Virginia University, Health Sciences Center, 
School of Pharmacy, Morgantown, WV 26506 
University of Wisconsin-Madison, School of Phar- 
macy, Madison, WI 53706 
University of Wyoming, 
Laramie, WY 82071 


School of Pharmacy, 


Evolution of Pharmacy 


Gregory J Higby, PhD 

Director 

American Institute of the History of Pharmacy 
School of Pharmacy 

University of Wisconsin—Madison 

Madison, WI 53706 
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THE DRUG-TAKING ANIMAL 
SL a LN CII LESS OE TELE EE EES 


Among the several characteristics unique to Homo sapiens is 
our propensity to treat ailments, physical and mental, with 
medicines. From archeological evidence, this urge to soothe the 
burdens of disease is as old as humanity’s search for other 
tools. Like the nodules of flint used to make knives and axes, 
medicines rarely occur in nature in their most useful (or pal- 
atable) form. First, the active ingredients or drugs must be 
collected, processed, and prepared for incorporation into medi- 
caments. This activity, done since the dawn of humanity, is still 
the central focus of the practice of pharmacy. Put another way, 
pharmacy is, and has been, the art (and later science) of fash- 
ioning one of our most important tools—medicines. 

For today’s pharmacists it is imperative that this deep- 
seated role of medicines in human history is understood. As 
with other tools, drugs have been used to gain increased control 
over our lives, to make them better and longer. Over the mil- 
lennia the understanding of how drugs work has changed dra- 
matically, in part influencing how they are used (and abused). 
As is often the case with knowledge, however, common wisdom 
about medicines is a mixture of myth and science, folklore and 
demonstrated fact. Old ideas meld with new concepts to pro- 
duce a faulty jumble that can lead patients into trouble. 

A basic introduction to the development of ideas concerning 
drugs, as well as the evolution of the profession, increases the 
ability of pharmacists to adjust to the challenges presented as 
our professional roles expand. As the dispensers of medicine, 
we have much to gain from a basic appreciation of the complex 
role that drugs and medicines have played in the past and of 
pharmacy’s part in this development. 

A complete world history of how increased drug knowledge, 
medical progress, commerce, technology, and professional de- 
velopment came together to produce modern pharmacy would 
fill this entire volume. Instead, this short chapter will tell two 
parallel stories: how the concept of drug evolved over time and 
how a separate profession arose to prepare drugs into medi- 
cines in the West. 

Throughout history, drugs have held a special fascination. 
Beyond the sensational stories of the part drugs have played in 
exploration, commerce, political intrigue, scientific discovery, 
and the arts, they have directly influenced the lives of millions. 
Drugs like insulin have kept thousands alive, and antibiotics 
and chemotherapeutic agents have saved thousands more. The 
simple fact that all medicines become useful through pharmacy 
bears repeating, and the safe and effective use of such medi- 
cines has developed recently into a primary concern for this 
relatively young profession. Although pharmacy as a skill is 
perhaps as old as the making of stone implements, the practice 
of this singular art by a recognized specialist is only about 1000 


years old. For this specialization to occur a need had to arise— 
but that is getting a bit ahead of the story. 


PREHISTORIC PHARMACY 
a ME SI EIS LT 


Since humanity’s earliest past, pharmacy has been a part of 
everyday life. Excavations of some of mankind’s oldest settle- 
ments, such as Shanidar (ca 30,000 BcE), support the conten- 
tion that prehistoric peoples gathered plants for medicinal 
purposes. By trial and error, the folk knowledge of the healing 
properties of certain natural substances grew. Although tribal 
healers or shamans often guarded this healing knowledge 
closely, the recognition of medicinal plants, which were some- 
times used as food, spices, or charms, apparently was so wide- 
spread that it hindered any necessity for a special class of drug 
gatherers and keepers. The arts of primitive pharmacy proba- 
bly were mastered by all who practiced the domestic medicine 
of the household. 

When healers at Shanidar or other prehistoric settlements 
approached disease, they placed it within the context of their 
general understanding of the world around them, which was 
alive with good and evil spirits. Early peoples explained illness 
in supernatural terms, as they did the other changes and 
disasters surrounding them. Treatments followed suit, in that 
beneficial medicines worked through supernatural means. The 
spells of sorcerers, sometimes cast with the aid of magical 
substances, could be combatted with the same remedies. 

The magical potions for curing were part of the duty of the 
shaman. Usually in charge of all or most things supernatural in 
a tribe, the shaman diagnosed and treated most serious or 
chronic illness. He or she compounded the remedies needed to 
stave off the influences of evil spells or spirits. This basic 
pattern, common among ancient peoples, held sway over nearly 
all of the span of human existence. The substances of healing 
potions, connected for thousands of years with the supernatu- 
ral world, continue to hold a special place, a fascination for all. 
Thus, out of these origins a dual heritage has been derived: 
drugs as both simple tools and special substances with nearly 
supernatural powers. 

The discovery that certain natural substances could ease 
the suffering of human existence, however, should not be trivi- 
alized. Even though early peoples discovered only a small num- 
ber of effective drugs, the very concept of influencing bodily 
functions via an outside force must be considered one of hu- 
manity’s greatest advances. The further development of this 
concept required the environment of civilization. To flourish, 
rational medical therapy needed the tools provided by settled 
cultures—writing, systems of exchange, and weights and mea- 
sures. Contemporary tribal peoples such as the Tasaday dem- 
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onstrate that, without the more advanced tools, pharmaceuti- 
cal practices fail to progress. 


ANTIQUITY 

(EE gE ST 
When organized settlements arose in the great fertile valleys of 
the Nile, the Tigris and Euphrates, the Yellow and Yangtze, 
and the Indus Rivers, changes occurred that gradually influ- 
enced the concepts of disease and healing. As men and women 
learned how to control aspects of nature through farming, 
permanent shelter, and large-scale building projects, the pow- 
ers of the gods in day-to-day life started to decline. These 
changes are evident among the remains of the great civiliza- 
tions of Mesopotamia and Egypt of the second millennium BCE, 
whose clay tablets and papyri document the beginnings of 
rational drug use in the West. 

An examination of these ancient records reveals a gradual 
separation of empirical healing (based on experience) from the 
purely spiritual. For the Babylonians, medical care was pro- 
vided by two classes of practitioners: the asipu (magical healer) 
and the asu (empirical healer). The asipu relied more heavily 
on spells and used magical stones far more than plant materi- 
als; the asu drew upon a large collection of drugs and manip- 
ulated them into several dosage forms that are still basic today, 
such as suppositories, pills, washes, enemas, and ointments. 
The asipu and the asu were not in direct competition and 
sometimes cooperated on difficult cases. Apparently the ill of- 
ten went back and forth between the two types of healers 
looking for a cure. 

The extensive records that survive of Egyptian medical 
practices demonstrate even greater pharmaceutical sophistica- 
tion, with more dosage forms compounded from more detailed 
formulas. The Egyptian medical texts, like those from Babylon, 
show a close connection between supernatural and empirical 
healing. Suggested recipes usually began with a prayer or 
incantation. Plant drugs, of which laxatives and enemas were 
the most prominent, were the main vehicle of healing power. As 
was the case with healing practices in Mesopotamia, certain 
individuals specialized in the preparation and sale of drugs. 
Were these early medicine makers the forebears of today’s 
pharmacists? No, because physicians and other healers again 
took on the duties of medicine preparation as these two great 
river civilizations declined. A fully separate pharmaceutical 
calling would be centuries away. 

During the millennium that followed, the roots of the mod- 
ern medical profession in the West arose out of the flowering of 
Greek civilization in the basin of the Aegean Sea. In the earli- 
est records of ancient Greece, one finds a similar mixed concept 
of drug or pharmakon, a word that meant magic spell, remedy, 
or poison. In the Odyssey, Homer (ca 800 BcE) refers to the 
esteemed medical wisdom of Egypt, thus illustrating the ebb 
and flow of ancient knowledge long before the printed word. 
The early Greek physicians described by Homer, the demiour- 
gol, had advanced to where they diagnosed natural causes for 
illness, while still not rejecting the use of supernatural healing 
in conjunction with empirical remedies. Some people beset with 
persistent afflictions traveled to a temple of the god Asklepios, 
where they would sleep with the hope of being visited during 
the night by the god or his daughter Hygeia, who carried a 
magical serpent and a bowl of healing medicine. 

The rational tradition within Greek medicine that was evi- 
dent in Homer’s work was refined and codified in the body of 
literature connected with the name of Hippocrates of Cos (ca 
425 BCE). Building on the foundations laid by previous natural 
philosophers such as Thales (ca 590 BcE), Anaximander (ca 550 
BCE), Parmenides (ca 470 BCE), and Empedocles (ca 450 BcE), 
the Hippocratic writers constructed a rational explanation of 
illness. They accomplished this by forging a conceptual link 
between the environment and humanity by connecting the four 
elements of earth, air, fire, and water to four governing humors 


of the body: black bile, blood, yellow bile, and phlegm. The 
trained Greek physician (iatros) who followed the Hippocratic 
method favored dietary and lifestyle adjustments over drug 
use. If these conservative methods failed, the Greek physician 
prepared his own medicines or left prescriptions behind for 
family members to compound and administer. 

Most Greek medicines were prepared from plants, and the 
first great study of plants in the West was accomplished by 
Theophrastus (ca 370-285 BCE), a student of Aristotle. His 
example of combining information from scholars, midwives, 
root diggers, and traveling physicians was emulated 300 years 
later by Dioscorides (ca 65 AD). The latter Greek physician’s 
summary of the drug lore of his times, the Materia Medica, 
became, in its various forms, the standard encyclopedia of 
drugs for hundreds of years to follow. 

Through the teachings and writings of Galen, a Greek phy- 
sician who practiced in Rome in the 2nd century AD, the hu- 
moral system of medicine gained ascendancy for the next 1500 
years. Setting aside the conservative drug use of the orthodox 
Hippocratists, Galen devised an elaborate system that at- 
tempted to balance the humors of an ill individual by using 
drugs of a supposedly contrary nature. For example, to treat an 
external inflammation, a follower of Galen might apply cucum- 
ber, a cool and wet drug. The same Galenist also might have 
tried bleeding, a favorite treatment to remove the apparent 
excess of blood that caused the illness. In addition to the ques- 
tionable practice of bleeding, Galen advocated the use of poly- 
pharmaceutical preparations (what would be termed “shotgun 
prescriptions” today). He argued that the patient’s body would 
pull out of a complex prescription the substances that it needed 
to restore its humoral balance. 

Medicine in classic antiquity reached its pinnacle-with Ga- 
len, and the writers who followed tended to be compilers and 
commentators on his work, not original thinkers. Galen’s in- 
fluence was so pervasive among medical practitioners that the 
basics of his healing approach—the balance of the body’s four 
humors through contrary drugs—mixed with folklore and su- 
perstition to guide common people in their own treatment of 
ailments. In the Western half of the Roman Empire, such 
medical knowledge became especially valuable as civilization 
crumbled in the years following 400 ap. 


THE MIDDLE AGES 
(SU SS I EFTPS ST 
Traditionally, the Middle Ages are defined as the period from 
the first fall of Rome (ca 400 AD) to the fall of Constantinople 
(1453). The first half of this millennium was once referred to as 
the “Dark Ages” by historians because of the political and social 
chaos that existed in the lands that had once been part of the 
western half of the Roman Empire. Modern historians have 
revealed, however, that many advances were made during the 
centuries between 400 and 900 ap, including a new, indepen- 
dent calling that emerged out of the flourishing Islamic civili- 
zation—pharmacy. 

The story of how Greco-Roman philosophy, science, and art 
returned to western Europe and sparked the creative period 
known as the Renaissance is one of the most fascinating of 
human history. It began with the crumbling of civil authority in 
the western half of the Roman Empire during the 4th and 5th 
centuries. Greco-Roman culture survived in the Eastern (Byz- 
antine) half of the empire, but with considerably less creative 
energy. With Roman authority gone in the West, the Church 
became the stabilizing cultural force, and local feudalism arose 
to replace centralized government. 

The use of drugs to treat illness underwent another shift, as 
pagan temples, some of which had operated in conjunction with 
Greco-Roman healing methods, were closed. Rational drug 
therapy declined in the West, to be replaced by the Church’s 
teaching that sin and disease were related intimately. The cult 
surrounding the healing saints of Cosmas and Damian exem- 


plifies this attitude. Monasteries became centers for healing, 
both spiritual and corporal, because the two were not viewed as 
essentially separate. Cast to their own devices, monks put 
together their own short versions of classical medical texts 
(epitomes) and planted gardens to grow the medicinal herbs 
that were no longer available after the collapse of trade and 
commerce. Strong in their faith, these amateur healers tended 
to ascribe their cures to the will of God, rather than to their 
meager medical resources. 

As Western Europe struggled, a new civilization arose 
among those who followed the teachings of Mohammed (570— 
632). The formerly nomadic peoples who united into the na- 
tions of Islam conquered huge areas of the Middle East and 
Africa, eventually expanding into Spain, Sicily, and Eastern 
Europe. Because their faith taught them to respect the written 
word and those who studied it, they tolerated the scholarship of 
the Christian sectarians who had fled persecution in the East- 
ern Roman Empire; the Nestorians, for example, established a 
famous school in Gondeshapur in the 6th century. 

Among the Islamic nations, Greek writings, including those 
dealing with medicine, were translated into Arabic. At first the 
Arabs accepted the authority of Greek medical writings totally, 
especially those of Galen and Dioscorides. But as their sophis- 
tication grew, Islamic medical men like Rhazes (860—932) and 
Avicenna (980-1063) added to the writings of the Greeks. The 
far-flung trading outposts of the conquering Arabs also brought 
new drugs and spices to the centers of learning. Moreover, Arab 
physicians rejected the old idea that foul-tasting medicines 
worked best. Instead, they devoted a great deal of effort to 
making their dosage forms elegant and palatable, through the 
silvering and gilding of pills and the use of syrups. 

The new, more sophisticated medicines required elaborate 
preparation. In the cosmopolitan city of Baghdad of the 9th 
century, this work was taken over by specialists, the occupa- 
tional ancestors of today’s pharmacists. In places such as Spain 
and southern Italy where the Islamic world interacted most 
with recovering western Europe, several of the institutions and 
developments of the more highly developed Arabic culture— 
such as the separation of pharmacy and medicine—passed over 
to the West. 

By the mid-13th century, when Frederick II, the ruler of the 
Kingdom of the Two Sicilies, codified the separate practice of 
pharmacy for the first time in Europe, public pharmacies had 
become relatively common in southern Europe. Practitioners of 
pharmacy had joined together within guilds, which sometimes 
included dealers in similar goods, such as spicers or grocers, or 
physicians. 

Arabic culture had returned classical scientific and medical 
knowledge to Europe. At centers such as Toledo and Salerno, 
the writings of the Greeks, which had been translated into 
Arabic centuries before on the fringes of the old eastern half of 
the Roman Empire, were translated into Latin for the use of 
European scholars. Thus, at the emerging universities of Eu- 
rope such as Paris (1150), Oxford (1167), and Salerno (1180), 
scholars discussed the works of the great medical authorities 
such as Dioscorides, Galen, and Avicenna. 

However, the debates on medicine among European aca- 
demics were based on speculation, not observation. Theirs was 
a philosophical pursuit, with no great impact on medical prac- 
tice. For significant change to occur in the use of drugs, the 
scholastic approach had to be set aside and a more skeptical, 
observational methodology adopted. This new, experimental 
age we now call the Renaissance. Ce iREy i qs eo 


THE RENAISSANCE AND EARLY 
MODERN EUROPE 


The Renaissance, simply put, was the beginning of the modern. 
period. Changes that had begun during the European Middle 
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Ages, and were stimulated further by contacts with other cul- 
tures, gained momentum. The burst of creative energy that 
would result in our present shared culture of the West 
stemmed not from a single episode, but from a series of events. 

In 1453 Constantinople (Istanbul) fell to the conquering 
Turks, and the remnants of the Greek scholarly community 
there fled west, carrying their books and knowledge with them. 
About that same time, Johann Gutenberg began printing with 
movable type, starting an information revolution. Within a half 
century, Columbus discovered the New World, Vasco da Gama 
found the sea route to India that Columbus had sought, com- 
merce based on money and banking was established, and syph- 
ilis raged through Europe. It was a time for new ideas through 
reinterpretation of the old classical themes, and through explo- 
ration on the high sea and in the laboratory. 

The time was ripe for casting off the old concepts of diseases 
and drugs of Galen. The new drugs that were arriving from 
far-off lands were unknown to the ancients. Printers, after 
fulfilling the demand for religious books such as bibles and 
hymnals, turned to producing medical and pharmaceutical 
works, especially those that could benefit from profuse and 
detailed illustrations. On the medical side, for example, this 
trend is exemplified in the anatomical masterworks of Andres 
Vesalius (1514-1564). 

For pharmacy, printing had a profound effect on the study of 
plant drugs, because illustrations of the plants could be repro- 
duced easily. Medical botanists such as Otto Brunfels (1500— 
1534), Leonhart Fuchs (1501-1566), and John Gerard (1545— 
1612) illustrated their works with realistic renditions of plants, 
allowing readers to do serious field work or find the drugs 
needed for their practices. Among the most gifted of these 
investigators was Valerius Cordus (1515-1544), who also wrote 
a work in another popular genre—formula books. His Dispen- 
satorium (1546) became the official standard for the prepara- 
tion of medicines in the city of Nuremberg and generally is 
considered the first pharmacopeia. 

Although they were critical to the advancement of medical 
science, the nearly modern, precise works of Fuchs and Vesa- 
lius did not influence the treatment of disease as much as the 
speculative, mystically tinged writings of an itinerant Swiss 
surgeon who dubbed himself “Paracelsus.” Born Philippus Au- 
reolus Theophrastus Bombastus von Hohenheim in 1493, the 
year Columbus went on his second trip, this medical rebel 
represents well the combined attitudes of the common man, the 
scholarly physician, the practical surgeon, and the alchemist. 
The battles of Paracelsus against the static ideas of Galen, 
Avicenna, and other traditional authorities opened a window 
into the complicated mind of the Renaissance. As Erwin Ack- 
erknecht observed in A Short History of Medicine, 


Paracelsus is one of the most contradictory figures of a contra- 
dictory age. He was more modern than most of his contempo- 
raries in his relentless and uncompromising drive for the new 
and in his opposition to blind obedience to authoritarianism and 
books. On the other hand, he was more medieval than most 
of his contemporaries in his all-pervading mystic religiosity. 
His writings are a strange mixture of intelligent observa- 
tion and mystical nonsense, of humble sincerity and boasting 
megalomania. 


Paracelsus was the most important advocate of chemically 
prepared drugs from crude plant and mineral substances, yet 
he believed firmly that the collection of those substances should 
be determined by astrology. He stated, again and again, his 
total faith in observation while at the same time preaching the 
“doctrine of signature,” a belief that God had placed a sign 
on healing substances indicating their use against disease 
(eg, liverwort resembles a liver, so it must be good for liver 
ailments). 

An outspoken enemy of university-educated physicians, 
Paracelsus denigrated their scholasticism and wrote his own 
works in his native language rather than in the traditional 
Latin. He harshly criticized pharmacy practitioners as well, 
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even though his advocacy of chemically prepared medicines 
was to spark the growth of the modern pharmaceutical sci- 
ences. Chemical processes, especially distillation, empowered 
the follower of Paracelsus to isolate the healing principles of a 
drug, its quintessence. Eventually, as the efficacy of some of 
these drugs became known, they entered professional medical 
practice and appeared in books on medicines. Thus, a great 
leap in the history of pharmacy, the preparation of medicines, 
emerged when a tool of science, chemistry, was adopted to 
make one of humanity’s most ancient of tools, drugs. 

Paracelsus and his followers, who chastised practitioners of 
pharmacy, soon took a position on the forefront of chemistry 
during the 16th century. The apothecary Johann Hartmann 
(1568-1631), for example, was the first professor of chemistry 
at a European university. This trend continued through the 
17th, 18th, and into the beginning of the 19th century as 
chemistry emerged as a separate profession. For a period of 
about 300 years, a small minority of practicing pharmacists 
made significant investigations into the chemistry of drugs, 
and along the way isolated many drugs that are still used today 
and contributed much to general chemical knowledge. During 
that same period, when men and their ships sailed the seas 
looking for new lands, and returned with new drugs, practi- 
tioners of pharmacy explored a much smaller, but equally 
exciting, world in their laboratories. 

Much of the stimulation for the early research came out of 
the discovery of drugs in recently explored lands. Just as Galen 
did not know all the diseases in the world, Dioscorides and his 
Arab elaborators did not know all the drugs in the world. 
Tobacco, guaiac, cascara sagrada, ipecac, and cinchona bark 
were among the scores of new plant drugs from the New World. 

Cinchona bark, from which quinine was extracted in 1820, 
first came to Europe around 1640, at which point it created a 
crisis within scholastic medicine. Galen’s elaborate system of 
balancing humors by using drugs of opposite qualities could not 
explain cinchona bark’s efficacy against malaria. Not only did 
the bark cure malarial fevers, but also it had little effect on 
other fevers. Here was something Galen said could not exist, 
but Paracelsus insisted must exist—a specific remedy for a 
disease. This conceptual crisis, plus the efforts of those advo- 
cating chemical medicines, displaced the therapeutic agree- 
ment of Galenism, which had lasted nearly 1500 years. 
The following period, about 250 years, was a time of thera- 
peutic chaos that lasted until the present era of modern 
pharmacology. 

During the time of turmoil for therapeutics while the fol- 
lowers of Paracelsus and Galen argued, the calling of pharmacy 
established the legal and scientific foundations of the modern 
profession. Out of the medieval complex of guilds on the Euro- 
pean continent grew organizations that represented pharmacy. 

As the occupational division from medicine spread north, 
pharmacy practitioners joined together or aligned themselves 
with similar groups, such as the sellers of spices or physicians 
and surgeons. The guilds of the late Middle Ages and early 
Renaissance wielded considerable power, setting up training 
requirements, examinations, and restrictions on the number 
and locations of shops. Conflicts within guilds that held phar- 
macists and near competitors often led to government inter- 
vention and new laws that clarified the professional role of 
pharmacy. Eventually, however, interprofessional friction 
would lead to the separation of pharmacists into their own 
organizations, often under governmental authority (eg, the 
French Collége de Pharmacie in 1777). 

The cooperation between pharmaceutical guilds and govern- 
mental bodies also led to the standardization of medicines 
through the publication of books called pharmacopeias. Be- 
cause of greater pharmaceutical sophistication, the increased 
number of herbals and distillation books, and the availability of 
new drugs, physicians wanted assurance that their prescrip- 
tions would be prepared uniformly within their city or state. To 
this end, in 1499 the guild of physicians and pharmacists of 
Florence sanctioned the Nuovo receptario as their book of stan- 


dards. Historians, however, generally credit the Dispensato- 
rium of Valerius Cordus as the first pharmacopeia, which was 
adopted by the government of Nuremberg, Germany, in 1546. 

It is a bit ironic that from the mid-1600s to the mid-1800s, 
when controversy raged within medicine regarding the proper 
use of drugs, pharmacy made its greatest contribution to sci- 
ence as well as becoming firmly established as a profession on 
the European continent. As chemical medicines became more 
prevalent in medical practice, pharmacists were forced to learn 
the new methods of preparation and manipulation. To do so 
they turned to the most popular textbooks on chemistry, which 
were composed by pharmacists such as Nicaise LeFebvre 
(Traité de chymie, 1660) and Nicolas Lemery (Cours de chymie, 
1675). 

The volume of chemical discoveries made by pharmacists 
would fill a chapter twice this size. Carl Wilhelm Scheele 
(1742-1786), for example, discovered oxygen in 1773, a year 
before Priestley, as well as chlorine, glycerin, and several in- 
organic acids. Martin Klaproth (1743-1817) was a pharmacist 
who pioneered the field of analytical chemistry. Like Scheele, 
he made his discoveries using the equipment of the pharmacy 
in which he worked. Other pharmacists, such as Andreas Marg- 
graf (1709-1782), became such proficient chemists that they 
pursued chemical work full-time. Along the way pharmacists 
contributed much to the development of chemical apparatus, 
especially analytical chemists such as Klaproth, Marggraf, An- 
toine Baumé (1728-1804), Carl Freidrich Mohr (1806-1879), 
and Henri Moissan (1852-1907). Moissan, a French pharma- 
cist, received the Nobel prize in chemistry in 1906 for his 
isolation of fluorine. 

Since most drugs before 1900 were derived from the plant 
kingdom, it is not surprising that pharmacists dominated the 
investigation of botanical drugs during the 1700s and 1800s. In 
collaboration with interested physicians, pharmacists docu- 
mented the sources of plant drugs around the globe, making 
significant contributions to the nascent science of botany. Com- 
bining this proficiency with their skills in manipulative chem- 
istry, pharmacists continued the search begun by the Paracel- 
sians to find pure healing principles within medicinal plants. 

Approaching pharmacy with a more modern viewpoint, 
these men sought to isolate pure, crystalline chemicals that 
could be measured accurately and identified chemically. Me- 
dicinal preparations of crude drugs, no matter how carefully 
made, fluctuated considerably in potency because of the natu- 
ral variation of active constituents in botanicals. Thus, the 
pursuit of active principles was no easy task, and it fascinated 
pharmaceutical investigators for nearly 300 years. To search, 
separate, characterize, and identify the scores of chemicals 
contained in the simplest plant drug was a challenge as great 
as any exploration. 

Discoveries came gradually through hit and miss research 
until the late 1700s, when Scheele, for example, extracted 
several plant acids including citric acid (1784). The single, most 
important breakthrough occurred during the first decade of the 
19th century when the pharmacist Friedrich Serttirner ex- 
tracted morphine from crude opium. The announcement of his 
method opened up the era of alkaloidal chemistry, which re- 
sulted in the isolation of several pure drugs from crude prepa- 
rations. The French pharmacists Joseph Pelletier and Joseph 
Caventou isolated several alkaloids, notably quinine in 1820. 
Not only were these new, pure drugs rapidly adopted by phy- 
siclans because their potency was assured, but their existence 
allowed physiologists to administer drugs accurately during 
their research, which became the wellspring for modern 
pharmacology. 

Much later, after 1850 or so, the scientific disciplines of 
pharmacy began to become more professionalized in colleges 
and manufacturing concerns with a subsequent decline in drug 
shop science. Pharmacists interested in research left the shop 
behind for the institutional laboratory. 

Despite the impressive achievements of a few pharmacy 
practitioners, most pharmacists of the early modern period 


viewed science as secondary to professional and financial suc- 
cess. Huropean pharmacists achieved these goals through strict 
internal controls on the profession and relatively cordial rela- 
tions with physicians. In some states on the European conti- 
nent, the number and location of pharmacies were limited by 
law, as were the requirements for education and licensure. 
Lists of standard prices softened competition. By the 19th 
century, the combination of the fame generated by scientific 
contributions and solid upper-middle-class credentials had el- 
evated pharmacists throughout much of Europe to a social 
position similar to that of physicians. 

Such conditions did not hold for Britain, however, where the 
position of the pharmaceutical profession within the hierarchy 
of healing did not become established firmly until the mid-19th 
century. The original class of pharmacy practitioners, the 
apothecaries, had evolved during the 1600s and 1700s into a 
‘second group of medical practitioners, servicing those who 
could not afford the high fees demanded by the small cadre of 
university-educated physicians. 

As apothecaries became more and more like general practi- 
tioners of medicine, chemists and druggists (ie, those who man- 
ufactured and sold drugs and medicines for the apothecaries) 
rose up to take over the open pharmaceutical niche. Conflicts 
and court cases erupted during these years, and the boundaries 
between the physicians, apothecaries, chemists, and druggists 
shifted accordingly. It was during this period of confusion 
within the British health community that the British settled 
what would become the United States of America, a situation 
that contributed to the development of the unique American 
profession of pharmacy. 


AMERICAN PHARMACY 

a I SAT TS CN AM SINT PPI SI TRSD 
The exceptional character of American pharmacy* arises out of 
its remarkable history. When settlers came to the shores of 
North America there was little to attract trained or established 
medical personnel. Unlike the lands of Central and South 
America, there were no treasures to confiscate or spices to 
export. This was a land for toil, not spoils. As the frontier was 
pushed back slowly, most of the populace relied on domestic or 
“kitchen” medicine guided by home medical books (if the settler 
could read). When this failed, the colonist often turned to a 
nearby figure of authority such as a clergyman or government 
official to provide medical advice or guidance. 

As the colonies grew more prosperous during the early 18th 
century, they attracted ambitious businessmen from England, 
including apothecaries. In the New World, British apothecaries 
continued to combine pharmaceutical and medical practice, 
serving the large segment of the public who could not afford 
university-trained physicians. In North America, the bound- 
aries between medicine and pharmacy were even cloudier, with 
most physicians having some sort of shop practice. Most apoth- 
ecary shops were run either by an attending physician or his 
apprentice, or by an apothecary hired by the owner-physician. 
In other words, most men who practiced medicine for their 
livelihood also practiced their own pharmacy, either out of their 
homes or in doctor shops. 

A few 18th-century chemists and druggists—practitioners 
who limited themselves to drug-selling and medicinal prepara- 
tion—did practice in the larger cities on the Atlantic coast. 
These forerunners of today’s pharmacists had two main areas 
of sales. As druggists they served as wholesalers of the drugs 
and medicines used by apothecaries, surgeons, midwives, and 
physicians. They also undersold the apothecaries in the mar- 
keting of patent medicines (secret remedies of unknown com- 
position), which became increasingly popular up through the 


*The discussion on American pharmacy is based in part on “Professionalism 
and the Nineteenth-Century American Pharmacist,” Pharm Hist 1986; 28: 
115, with permission of the publisher. 
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Revolutionary War. There were very few laws that directly 
involved Anglo-American pharmacy during the colonial period, 
and no effective laws restricted the practice of American phar- 
macy until the 1870s. Anyone with luck, pluck, and sufficient 
capital could open up an apothecary or druggist shop. 

The hardships imposed by the Revolutionary War proved to 
be critical in the development of a separate pharmaceutical 
occupation in America. Britain had been the source of almost 
all of the drugs dispensed by physicians and apothecaries. In 
order to meet the demand, American druggists, the wholesale 
distributors of drugs, had to learn how to manufacture their 
own chemically based drugs and how to make common prepa- 
rations of the crude drugs previously obtained from Britain. In 
addition, these druggists had to learn how to imitate the pop- 
ular British patent medicines that were so much in demand by 
the public. To meet war needs druggists, such as the Marshalls 
in Philadelphia, greatly expanded their production capabilities. 
Out of the war came a network for the production, packaging, 
and distribution of drugs and medicines. 

But a profession of pharmacy, at least as we know it, was 
not spawned during the period of the Revolutionary War. Phar- 
macy—the compounding of medicines—still was done almost 
completely by physicians in their own shops or offices (continu- 
ing to practice according to the model of the British apothecary) 
or by their apprentices. Aside from those wholesale druggists 
who also had an out front business—that is, a retail store that 
sold their products and filled occasional prescriptions—non- 
medical practitioners of pharmacy were rare and without any 
sort of group identity. Many of those who did practice phar- 
macy solely were either immigrants from the European conti- 
nent or former employees in doctor shops who bought busi- 
nesses from their old physician-employers. 

To succeed, of course, these chemists needed prescriptions to 
dispense. Back in the 1760s, in his famous Discourse on med- 
ical education, Dr John Morgan, a pioneer in American medical 
education, had advocated the separation of medicine and phar- 
macy with physicians writing prescriptions. A few physicians 
did follow Morgan’s lead, but the practice did not become com- 
mon until well into the 19th century. Morgan himself returned 
to operating a shop to make ends meet. 

The years surrounding the War of 1812 brought significant 
changes in American business and health care that strongly 
influenced pharmacy’s professional development. It was not 
until the early years of the 19th century that American physi- 
cians began to view the special service of an apothecary as 
distinct and essential. The first hospitals of the young republic, 
for instance, employed medical apprentices as staff apothecar- 
ies. As described in the Brief Account of the New-York Hospital 
(1804), a “house Surgeon and Apothecary constantly reside in 
the Hospital—these offices are filled by the students of the 
Physicians and Surgeons belonging to the Hospital, which af- 
fords an excellent school for the young men appointed to those 
places.” The staff apothecary practiced both pharmacy and 
medicine in a manner analogous to the British apothecary of 
the 18th century, going on rounds and treating patients. 

By 1811, however, the position of apothecary at the New- 
York Hospital had changed. The person chosen was a full-time 
pharmaceutical practitioner who was tested, before hiring, on 
his prowess as a compounder of medicines. Instead of being 
obligated to go on rounds, he was required to stay in his shop at 
all times. By 1819 the services of the New-York Hospital apoth- 
ecary were so critical that he was required to put up a $250 
bond to guarantee that he would not leave his position with less 
than a 2-month notice. 

The war with England cut off trade with the largest suppli- 
ers of drugs and medicines to the US. In contrast with the 
stopgap measures used during the Revolutionary War to meet 
military and domestic demands, during the War of 1812 the 


~ American drug trade developed its own resources for the pro- 


duction of basic pharmaceuticals, including patent medicines. 
When peace returned, some American firms faltered under 


~~ 
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English pressure, but others continued and formed the basis 
for the future American drug industry. 

The years following the War of 1812 were transitional. More 
and more physicians gained their clinical experience in hospi- 
tals and dispensaries instead of with preceptors, learning to 
write prescriptions, rather than compound them. After gradu- 
ation some of these young physicians continued to write out 
prescriptions, thereby stimulating the growth of pharmacy. As 
physicians began writing prescriptions for apothecaries to dis- 
pense, concern arose over the consistency with which these 
medicines were being compounded. In 1808 the Massachusetts 
Medical Society published a state guide to drug standards, with 
a national convention of physicians approving a Pharmaco- 
poeia of the United States of America (USP) in 1820. Although 
the USP was not recognized as official by the federal govern- 
ment for years to come, it rapidly became accepted nationally 
as the primary guide to drugs. 

The appearance of these books reflected both the growing 
amount of prescription writing and the medical profession’s 
increasing reliance on pharmacists. The number of pharmacy 
practitioners in urban areas reached the critical mass neces- 
sary for the establishment of local pharmaceutical societies 
such as the Philadelphia College of Pharmacy (1821) and the 
Massachusetts College of Pharmacy (1823). These colleges (the 
term being used in the sense of associated colleagues) estab- 
lished night schools for the instruction of apprentices and dis- 
cussion groups on scientific pharmacy. The small class of retail 
apothecaries and wholesale druggists presented no particu- 
lar threat to urban physicians in the first decades of the 
19th century, and the situation provided them with several 
conveniences. 


ANTEBELLUM AMERICA: PHARMACY FINDS 
ITS NICHE 


The years prior to the American Civil War were to be the most 
critical for American practitioners of pharmacy; the boundaries 
of practice between physicians and pharmacists that were 
drawn during this period still exist relatively unchanged today. 
During the 1820s and 1830s, East Coast apothecary shops 
became more standardized in their appearance and in the stock 
they carried. Pharmacy followed the trend of specialty retailing 
and concentrated on drugs, medicines, surgical supplies, arti- 
ficial teeth and limbs, dyestuffs, essences, and chemicals. Gro- 
cers took over the selling of exotic dietary items such as figs, 
raisins, and citrus fruits. Drugstores in small cities and towns, 
however, tended to keep in stock more general articles such as 
glass, paints, varnishes, and oils. Above all, apothecary shops 
became the main distributors of patent medicines, one of the 
most profitable lines of merchandise in the history of American 
business. 

The educated elite of Atlantic coast physicians fostered the 
development of a well-trained, yet subservient, pharmaceutical 
profession. They welcomed the early pharmaceutical associa- 
tions and served as faculty for the first American pharmacy 
schools. Physicians voiced support for the growth of an inde- 
pendent profession of pharmacy as a “necessity for a division of 
labor” to meet the “growing demands” of their communities. As 
the quality of drugs imported from Europe declined, physicians 
began to rely on the expertise of pharmacy practitioners to 
detect adulterated or low-potency drugs. 

The relationship between the physician and the druggist 
began to sour in the 1840s. Feeling more confident of their 
social standing, apothecaries began shifting their efforts from 
pleasing physicians to attending the ills of customers. Conse- 
quently, American apothecaries took to refilling prescriptions 
without physician authorization or directly treating customers, 
a practice called couwnter-prescribing. In the large cities, doc- 
tor’s shops were back on the rise after a decline of two decades. 


Medical schools continued to turn out graduates by the hun- 
dreds, most of whom sought their fortunes in urban areas, 
where they would open shop.* 

As the 1850s progressed, the growth of American pharmacy 
accelerated. The US Census figures for druggists and apothe- 
caries in 1850 and 1860 illustrate the dramatic growth in the 
profession, especially when compared with physicians. In 1850 
and 1860, respectively, the per capita number of physicians did 
not change significantly (1:572 to 1:576), while the number of 
druggists grew by nearly 25% (from 1:3778 to 1:2850). This 
trend continued, at a slightly lower rate, through the rest of the 
19th century. 

American pharmacy was caught up both in developments 
within the health-care sector and in the larger changes occur- 
ring in American commerce. As mass-manufacturers began 
producing drug preparations in the late 1850s, less-skilled men 
entered the ranks of pharmacy. With large firms doing much of 
the complicated work, these mere shopkeepers flooded the mar- 
ketplace. Physicians had supported the growth of the pharma- 
ceutical profession largely because it served their own inter- 
ests, releasing them from the drudgery of compounding 
medicines and stocking a shop. Moreover, physicians came to 
depend upon the expertise of the best druggists and apothecar- 
ies. With the development of the pharmaceutical industry, 
however, this relationship changed. As one physician put it in 
1860, “It is an admitted and lamentable fact that many of those 
now practicing pharmacy are totally incompetent to fulfill the 
responsibilities of the true apothecary. They know nothing of 
the science of preparing medicines.” 

By the late 1850s, while the general economy was in crisis 
and secession strife was imminent, physicians and pharmacists 
indulged in a great deal of finger-pointing in both the profes- 
sional and popular areas. Both groups blamed each other for 
the continued popularity of patent medicines. Moreover, com- 
petition had reached such a high level that it threatened the 
integrity of the boundaries that had developed to separate the 
two professions. Pharmacists were convinced that dispensing 
physicians and doctor’s shops were the cause of much of their 
difficulties, while physicians complained about counter- 
prescribing. With no legal restrictions on medical or pharma- 
ceutical practice, the lines of separation between medicine and 
pharmacy were growing hazy. The onset of the Civil War ended 
much of the bickering between apothecaries and physicians. 
After the War, the boundaries between the professions were 
drawn more clearly, aided in part by new approaches to 
professionalization. 


THE SEARCH FOR PROFESSIONALISM 


In part to raise the stature of their rapidly growing calling, a 
small group of elite druggists and apothecaries met in Phila- 
delphia in 1852 to found the American Pharmaceutical Associ- 
ation (APhA). They saw the gains made by pharmacy in the 
1830s and 1840s being swept away by a rising tide of destruc- 
tive competition. For American pharmacists of the mid-19th 
century, organizations like the Philadelphia College of Phar- 
macy or the APhA held the promise of increasing their profes- 
sional stature by fostering individual improvement, not by 
winning the favor of physicians or government bureaucrats. 

The crux of this independent achievement was the mastery 
of prescription compounding. The growth of large-scale phar- 
maceutical manufacturing during the Civil War years struck 
fear in the hearts of pharmacy leaders. As William Procter Jr 
stated (1869), 


“Pharmacy may be defined to be the art of preparing and dis- 
pensing medicines, and embodies the knowledge and skill req- 
uisite to carry them out in practice. But if the preparation of 
medicines is taken from the apothecary and he becomes merely 


the dispenser of them his business is shorn of half its dignity 
and importance, and he relapses into a simple shopkeeper.” 


Most American pharmacists, undereducated and under- 
skilled, took advantage of the growing number of ready-made 
preparations offered by large firms. This was in spite of the 
arguments put forth by the leaders of pharmacy since the 
1830s that the special ability to produce official preparations 
successfully in-house was what made the individual pharma- 
cist more than a mere merchant. Moreover, this expertise only 
could be learned through experience, under the watchful eye of 
a preceptor. As fewer basic ingredients for compounding were 
made in the shop, however, apprentices would become precep- 
tors and pass along their ignorance. 

Pharmacists, at the conclusion of the Civil War, initially 
rejected the notion that formal educational requirements 
would solve the problem. They had no interest in any measures 
that interfered with their freedom to practice. Moreover, some 
immigrants from the Continent, where states often restricted 
pharmaceutical practice, expressed opposition to the legal con- 
trol of pharmacies. Many had come to North America to open 
their own shops, rather than wait years in their native lands 
for permission. 

In the late 1860s the academic model of professionalism 
being worked out by other so-called “new professions” such as 
engineering attracted the attention of some pharmaceutical 
leaders. Using university degrees, plus state licensing or insti- 
tutional certification, these new professions set themselves 
apart from other occupations as “communities of the compe- 
tent.” They sought to avoid the ordeals of the marketplace by 
putting a cognitive gap between their work and the public’s 
understanding. Theoretically, by controlling admissions to pro- 
fessional schools. and raising examination standards, destruc- 
tive competition could be reduced or even eliminated. 


LEGISLATION 


The APhA responded to the movement of the late 1860s toward 
increased public protection and occupational security through 
law by publishing a model pharmacy act. Physicians and others 
concerned with the safe use of poisons and potent drugs had 
petitioned state legislatures for laws governing pharmacy. Ini- 
tially, pharmacists took a negative view, reacting to the idea 
that physicians or bureaucrats would gain authority over phar- 
macy practice via state inspectors or licensing boards. To en- 
sure that the profession’s best interests would be protected, the 
APhA empowered a committee to draw up a model law. Reflect- 
ing the ambivalent attitude of many pharmacists toward legal 
regulation, the APhA published and distributed their model 
law without endorsement. As small businessmen, pharmacists 
did not want outside restriction on their trade. 

During the 1870s state legislatures began considering in 
earnest pharmacy bills sponsored by nonpharmacists. Reacting 
to this trend, pharmacists organized statewide associations to 
coordinate support for their own bills, which were often ver- 
sions of the APhA model. Although not enthusiastic at first 
about regulation of their businesses, pharmacists wanted a 
voice in the process. The eventual success of their efforts in the 
1870s, 1880s, and 1890s evinced a changing attitude toward 
the pursuit of professionalism from the 1860s. 

The boundary between masters of the pharmaceutical art 
and mere store clerks, which had always been flimsy, was 
disintegrating. Pharmacists sought new ways to demonstrate 
their competence and to separate themselves from ignorant 
drug sellers and quacks. The evidence for this expertise, 
however, shifted away from individual achievement in the 
marketplace toward group identification and institutional 
certification. 
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TRANSITION TO A MODERN PROFESSION 
SEL LT ES SET SS TAR BETA DET OED LETTE A TOTTI IIS 4 
The period between 1870 and 1920 was transitional for both 
pharmacy and pharmaceutical education. Before the Civil War 
perhaps only 1 in 20 American pharmacists had finished formal 
schooling in pharmacy, which had consisted of night courses to 
supplement apprenticeship training. With the passage of state 
laws requiring the examination and registration of pharma- 
cists from the 1870s on, pharmacy became part of the wave of 
professionalization sweeping across American society. The new 
professionals based their claims of status on their diplomas and 
licenses, not their products. 

Pharmacy got caught up in this trend, and even though 
state laws did not require a pharmacy school diploma for licen- 
sure until the early 20th century, the prestige attached to the 
sheepskin attracted students to the burgeoning number of 
schools, as public expectations increased and “professional” 
became a coveted title. 

Pharmaceutical education around the turn of the century 
was related closely to practice as pharmacist-educators such 
as Joseph Remington replaced the physicians and other 
nonpharmacy practitioners who had dominated the earlier 
schools. Students also had a wide range of possible educa- 
tional experiences. 


e« Short-term cram schools were available for those who just wanted to 
pass a state board exam. 

e Small, local schools sprang up in medium size cities offering basic 
instruction and large diplomas for display. 

e The old-line schools, affiliated with local pharmaceutical organiza- 
tions, provided students with excellent practical education, plus an 
opportunity to explore specialty areas, depending on the college’s 
faculty. 

e Starting with the University of Michigan in 1868, schools of phar- 
macy affiliated themselves with state colleges and universities, 
a trend that altered the direction of American pharmaceutical 
education. 


As part of larger university communities, these pharmacy 
schools aspired to the high standards of scholarship exhibited 
by established disciplines and other professions. The leaders of 
the university faculties helped transform pharmaceutical edu- 
cation from a vocational to a scientific orientation through 
pharmacy programs that emphasized full-time coursework and 
laboratory study. 

During this period pharmacy’s part in health care solidified, 
as the dispensing of medicines by physicians declined. How- 
ever, the rise of the cut-rate drugstore and, more importantly, 
the chain drugstore, also occurred during these 50 years, which 
further increased economic pressure on the profession. 

Still, most pharmacists worked in their own corner drug- 
store, which became a fixture in American life with its shelves 
of patent medicines for all ills and a soda fountain for delightful 
beverages; the proprietor, often called doc, attended to the 
minor aches and pains of customers or made chocolate sodas 
with equal skill. Although the pharmacist relied on prescrip- 
tion compounding for his professional identity, this provided 
only a small fraction of his income. To protect this independent 
and uniquely American style of practice from the incursion of 
larger retailers, the National Association of Retail Druggists 
(NARD) was founded in 1898. At first the APhA welcomed and 
cooperated with the new national organization, but the split 
that eventually developed between the APhA, which was ori- 
ented to scientific and professional advancement, and NARD, 
which concentrated on the individual commercial success of 
owners, weakened the profession’s voice in national affairs in 
the years to come. 

It was an exciting time in medicine, with therapeutics un- 
dergoing a transformation. The germ theory of disease, cham- 
pioned by laboratory scientists such as Louis Pasteur and Rob- 
ert Koch, resulted in significant immunological advances in the 
1880s and 1890s. Pasteur’s rabies vaccine and Emil von Beh- 
ring’s diphtheria antitoxin demonstrated that cures for infec- 
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tious diseases could arise from the laboratory. Paul Ehrlich 
transcended the biological efforts of his predecessors when he 
introduced Salvarsan in 1910, the first chemotherapeutic 
agent. Although it fell short of Ehrlich’s ideal of a magic bullet, 
which could destroy microorganisms selectively without dam- 
aging the patient, Salvarsan did inspire others to search for 
drugs with chemotherapeutic potential. Aside from the biologi- 
cals, however, few of the drugs discovered during the late 19th 
and early 20th centuries had a significant impact on the pre- 
vention or cure of disease. 

Industrial research on drugs produced several new agents, 
such as the analgesic and antipyretic aspirin or the sedative 
chloral hydrate, that reduced the pain and suffering associated 
with illness. Even though pharmacies served as important 
outlets for sera, antitoxins, and vaccines, most of the medicines 
compounded or sold by pharmacists around the turn of the 
century eased symptoms, rather than treated root illnesses. 

As scientific pharmacology explaining how drugs worked on 
a cellular and organ system level, the concept of drugs and 
their actions held by professionals and laypeople diverged. The 
public clung to outdated ideas of humoralism augmented by a 
modicum of germ theory. Such beliefs made consumers suscep- 
tible to patent medicine advertising, which misled them into 
equating the effects of strong laxatives and analgesics with the 
cure of disease. With far greater understanding of the nature of 
disease, health professionals joined together with muckraking 
journalists and politicians of the Progressive Era to attack 
patent medicine cwre-alls. The 1906 Pure Food and Drugs Act, 
passed mainly in response to poor food-production methods, 
also addressed problems in the drug trade. Even though it 
proved ineffectual against patent medicine fakery, the 1906 act 
did establish the United States Pharmacopeia as well as the 
National Formulary of the APhA as official compendia, provid- 
ing the US with truly national drug standards for the first time. 

It was during these years that pharmacists finally aban- 
doned the in-shop manufacturing of the ingredients of their 
prescriptions. The pharmaceutical industry had progressed to 
the point where they could produce basic preparations of crude 
drugs more cheaply and reliably than could the individual 
practitioner. Moreover, industry was the source for the new 
synthetic drugs such as antipyrine and aspirin that resulted 
from developments in organic chemistry. As compounding, not 
the making of stock preparations, always had been the crux of 
pharmacy practice, this change was lamented only by a few of 
the profession’s old guard. The hands of pharmacists still fash- 
ioned the essential tools of medicine. 

Pharmacy education adapted gradually to the change. 
Coursework shifted away from the identification of crude plant 
drugs and their various preparations to a greater emphasis on 
the chemical compatibility of the ingredients within each pre- 
scription. The professional credentials of American pharma- 
cists were strengthened in 1932 when a 4-year BSc degree 
became standard for licensure. For the next three decades 
pharmacy schools graduated pharmacists who could claim to be 
chemists on the corner. Yet at the same time that the profession 
achieved the goal of a scientifically trained workforce fully 
capable of carrying out all the steps involved in the making of 
medicines, the technology of the pharmaceutical industry as- 
sumed that responsibility. 


THE ERA OF COUNT AND POUR 

ea ST OE TE RE] 
The middle third of the 20th century was a time of dramatic 
change for all of medical care including pharmacy. In thera- 
peutics, many of the great scourges of humanity were con- 
quered through the introduction of antibiotics. Although the 
phenomenon of antibiosis had been observed by Pasteur in the 
1870s, the first significant antibiotic substance was not discov- 
ered until Alexander Fleming noticed the effects of a colony of 
penicilltum mold on a misplaced petri dish in 1928. Develop- 


ment of penicillin did not occur, however, until a decade later 
when the threat of war in Europe inspired a British team to 
pursue the scaled-up production of the drug. Other antibiotics 
followed shortly, as did new classes of therapeutic agents, such 
as the corticosteroids, tranquilizers, antidepressants, antihy- 
pertensives, radioactive isotopes, and oral contraceptives. The 
pharmacy, which had served as an outpost for the relief of 
suffering and the treatment of minor ailments, came to hold 
preventatives and cures for serious disease. 

Following World War II American pharmaceutical firms 
applied high technology to the production of medicines and 
rapidly became one of the most advanced industries in the 
world. New drugs, new dosage forms, and new marketing 
methods reinforced a trend evident from the early 1900s of 
physicians shifting away from prescribing complex mixtures of 
ingredients toward ready-made, single-entity medicines mass- 
manufactured by large companies. In the 1930s about 75% of 
prescriptions required some compounding by a pharmacist; by 
1950 that figure had dropped to about 25%. The movement 
away from prescriptions “tailor-made” for each individual pa- 
tient accelerated so that by 1960 only about 1 in 25 prescrip- 
tions needed the compounding skills of a pharmacist, with the 
trend leveling out around 1970 at about 1 in 100. 

Pharmacists, however, were not at a loss for work. The 
number of prescriptions grew even faster as new, effective 
drugs came onto the market. In community pharmacies the 
income from the sale of prescription drugs increased faster 
than out-front sales of over-the-counter medicines, cosmetics, 
and other traditional drugstore goods. Chain stores and other 
large retailers rushed into the drug business, displacing the 
independent corner drugstore as the typical purveyor of phar- 
maceutical services, especially in urban areas. 

Modifications in pharmaceutical legislation and education 
reflected these dramatic changes in therapeutics and practice, 
to varying degrees. Federal laws regulating the production of 
drugs and pharmacy practice were modernized in 1938, 1952, 
and 1962, the last set of amendments requiring that medicines 
be judged both safe and effective to be on the market. Laws 
regulating drugs of high abuse potential were updated through 
the Drug Abuse Act of 1970, which was subsequently enforced 
through the Drug Enforcement Agency. In contrast to the law, 
educational reform came more slowly. 

Proposals for 6-year Doctor of Pharmacy degrees to raise the 
professional standing of pharmacy gained interest in a few 
places, with the first such program initiated at the University 
of Southern California in 1950. But, as a whole, pharmaceuti- 
cal educators compromised and selected a 5-year bachelor of 
science in pharmacy as the standard degree beginning in 1960. 
The pharmacy curriculum continued to emphasize the physical 
sciences that underlie the making of medicines, however, ig- 
noring the fact that compounding was disappearing from 
American pharmacy practice. 

Because of the large growth of prescribing, community phar- 
macists of the 1950s and 1960s stepped back from soda foun- 
tains and cigar counters to practice pharmacy nearly full time. 
Yet, for all of their education, they did little more than rou- 
tinely fill prescriptions—placing a small number of dosage 
units from a large bottle into a smaller, properly labeled one. 
Despite the added responsibility of distributing the hundreds of 
new and potent medicines coming on the market, pharmacists 
had little opportunity to use their 4, 5, or 6 years of higher 
education. The restricted role of the pharmacist is exemplified 
by the following statement from the Code of Ethics of the 
APhA, which was in effect from its adoption in 1952 until its 
revision in 1969: “The pharmacist does not discuss the thera- 
peutic effects or composition of a prescription with a patient. 
When such questions are asked, he suggests that the qualified 
practitioner (ie, physician or dentist) is the proper person with 
whom such matters should be discussed.” 

In 1969 the APhA revamped its Code of Ethics in the face of 
the large changes occurring in pharmacy. Instead of deferring 
to physicians, the APhA advanced this statement as the first 


section of its Code: “A pharmacist should hold the health and 
safety of patients to be of first consideration; he should render 
to each patient the full measure of his ability as an essential 
health practitioner.” This dramatic reversal resulted from a 
new idea that swept through pharmacy during the mid- to 
late-1960s, called clinical pharmacy. 


THE EMERGENCE OF CLINICAL PHARMACY 
(2D a STN ATES] 
The concept of clinical pharmacy sprang from a combination of 
factors, including the development of the subdiscipline of hos- 
pital pharmacy since the 1920s, the growth of clinical pharma- 
cology since the 1940s, innovative teaching programs, and the 
decline of pharmacology instruction in medical schools. To 
some extent, pharmacy took over an aspect of medical care that 
had been partially abandoned by physicians. Overburdened by 
patient loads and the explosion of new drugs, physicians turned 
to pharmacists more and more for drug information, especially 
within institutional settings. 

Viewed historically, however, the expansion of pharmacy’s 
role to include patient instruction on proper drug use seems a 
logical extension of the pharmacist’s role as toolmaker. More- 
over, clinical pharmacy practice bridges the gap between pro- 
fessional and lay understanding of drug action. During the past 
century medical science has far surpassed the public’s compre- 
hension of physiology and disease. The concept of how the tool 
of medicine works, once shared by both doctor and patient, had 
been lost. The public’s trust in medical practitioners subse- 
quently has declined. As recent polls have demonstrated, phar- 
macists, by sharing insights into the workings of medicines, 
have become the most trusted professionals in American 
society. 

Aside from recent innovations in the relationship between 
pharmacist and patient, several other notable changes have 
occurred within American pharmacy that have gone relatively 
unnoticed by the public. Outwardly, the practice of pharmacy 
today differs little in appearance from that of 50 years ago. An 
individual hands over a small slip of paper received from a 
physician to a pharmacist who then retreats into a work area 
and appears later with a container of medicine. But on closer 
examination, the changes seem revolutionary. For example, 
women, who made up only 4% of the profession in 1950, are 
now entering the field so rapidly that they will be 40% of the 
pharmaceutical workforce by the year 2000 and will be the 
majority soon thereafter. 

Pharmacists, traditionally conservative in the face of tech- 
nological innovation, have adapted computer technology to 
their work as quickly as any other profession of the late 20th 
century. Institutional practice, once viewed as the lowest rung 
on the profession’s ladder, became the work area of choice for 
graduates during the 1970s and 1980s, a period of unprece- 
dented growth. Just as the division of labor opened up a niche 
for pharmacists in the early 1800s, pharmaceutical specialties 
such as radiopharmacy, clinical pharmacotherapy, and nutri- 
tional support practice have demonstrated the maturity of the 
American pharmaceutical profession. Once relegated to count- 
ing and pouring, pharmacists now head institutional reviews of 
drug utilization and serve as consultants to all types of health- 
care facilities. A comparison of Part I of this current edition of 
this text with previous editions will reveal the unprecedented 
expansion of opportunities for pharmacists in recent times. 


THE FUTURE 
ES RS PE EI 
It is too soon for historians to judge the long-term influence of 
the shift from the product orientation of previous pharmacy 
practice to the patient/drug information orientation of clinical 
pharmacy. The shift has placed the profession at an important 
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crossroads. Should pharmacy continue on its present path of 
providing drug information and counseling to patients, or 
should pharmacy turn toward full professional responsibility 
for the proper use of medicines, a concept commonly called 
“pharmaceutical care?” The clinical pharmacy movement of the 
1960s, 1970s, and 1980s has put the profession in the position 
to make this decision. Governmental regulations, such as those 
connected with the Omnibus Budget Reconciliation Act of 1990 
(OBRA 90), are pushing pharmacy in the direction of greater 
responsibility. OBRA 90 requires pharmacists to provide coun- 
seling to Medicaid patients and to participate in prospective 
and retrospective drug use review (DUR) programs. On the 
other hand, economic competition from mail-order pharmacies 
and the restrictive policies of managed-care providers may 
force the profession to retrench and reduce the pharmacist’s 
role in health care. Only time will tell if the often divided and 
divisive pharmaceutical profession will unite against regres- 
sive forces and continue its progress toward greater societal 
responsibility for the ancient tool we call medicines. 


HISTORY AS A DISCIPLINE 

SR TE ISSIR 15 SSE RES) 
Like the other fields of pharmacy described in this textbook, the 
history of pharmacy is a distinct discipline that produces a body 
of research. The following bibliography and chronology, up- 
dated slightly from the previous editions by Glenn Sonne- 
decker, is provided for those interested in pursuing some spe- 
cific aspect of pharmaceutical history. Readers interested in 
learning more about important figures in the history of Amer- 
ican pharmacy should consult RPS-13, page 20. Additional 
guidance can be obtained from the American Institute of the 
History of Pharmacy, University of Wisconsin at Madison, 425 
N Charter Street, Madison, WI 53706. 


BIBLIOGRAPHIC NOTES 


Besides giving recognition to sources on which the above historical 
essay is based, these references suggest further readings and reference 
materials. English-language publications are cited unless there is no 
approximate counterpart of a foreign-language publication. For those 
with deeper historical interests, bibliographies in some of the publica- 
tions mentioned will lead to more specialized and often more meaning- 
ful literature. 

The book with the most comprehensive scope in English is 
Kremers and Urdang’s History of Pharmacy, revised by Glenn Sonne- 
decker (Philadelphia: Lippincott, 1976); see the glossary, Appendix 6, as 
well as the notes and references for bibliographic material. Hermann 
Schelenz, Geschichte der Pharmazie (Berlin: J. Springer, 1904; repub- 
lished Hildesheim: Gg Olms, 1965) is a monumental reference work; 
although it is now outdated in many details, it richly documents the 
earlier literature. Erwin H Ackerknecht, Therapeutics from the Primi- 
tives to the 20th Century (New York: Hafner [1973]; German edition, 
1970) is a general overview. Another overview is Ronald D Mann, 
Modern Drug Use: An Enquiry on Historical Principles (Lancaster; 
Boston: MTP Press, 1984). See also GJ Higby and EC Stroud, editors, 
The Inside Story of Medicines: A Symposium (Madison, WI: American 
Institute of the History of Pharmacy, 1997). A valuable short synthesis 
is John Parascandola, “A Brief History of Drug Use,” in Perspectives on 
Medicines in Society, Albert I Wertheimer and P Bush, editors (Drug 
Intell, 1977). For illustrations, see particularly W-H Hein and DA 
Wittop Koning, Bildkatalog zur Geschichte der Pharmazie (ns Bd 33), 
Veroffentlichungen der Internationalen Gesellschaft fur Geschichte der 
Pharmazie (Stuttgart, 1969). For an excellent survey with scores of fine 
historical images, see DL Cowen and WH Helfand, Pharmacy: An 
Illustrated History (New York: Abrams, 1990). 

A few general guides to the historical literature are GJ Higby and 
EC Stroud, editors, The History of Pharmacy: A Selected, Annotated 
Bibliography (New York: Garland, 1995); Glenn Sonnedecker, JH Hoch, 
and Wolfgang Schneider, Some Pharmaco-Historical Guidelines to the 
Literature (Madison, WI: American Institute of the History of Phar- 
macy, 1959; reprinted from Am J Pharm Educ 1959; 23: 143); Index- 
Catalogue of the Library of the Surgeon-General’s Office (Washington, 


16 CHAPTER 2 


DC: US Army, 4 series, 1880-1936); E-H Guitard, Manuel d’histoire de 
la littérature pharmaceutique (Paris, 1942); Bibliography of the History 
of Medicine (Bethesda, MD: National Library of Medicine, USPHS, No. 
1, 1965, et seq.; annual that includes pharmacy); Current Work in the 
History of Medicine, a quarterly from The Wellcome Historical Medical 
Library, London, since 1954 (includes pharmacy internationally), most 
recently collated in 1986; “Bibliography of the History of Medicine of the 
United States and Canada,” published annually, 1939-1966, in the 
Bulletin of the History of Medicine, which includes a pharmacy section; 
E-H Guitard, Index des travaux d’histoire de la pharmacie de 1913 a 
1963 (Paris: Société d'Histoire de la Pharmacie [1968]); “Pharmazie 
Geschichtliche Rundschau,” GE Dann, editor, vol 1 (1954-1957, et seq) 
is historical abstracts, a periodic supplement to the Pharmazeutische 
Zeitung; Glenn Sonnedecker and Alex Berman, Some Bibliographic 
Aids for Historical Writers in Pharmacy (Madison, WI: American Insti- 
tute of the History of Pharmacy, 1958); and David L Cowen, America’s 
Pre-Pharmacopeial Literature (Madison, WI: American Institute of the 
History of Pharmacy, 1961). Nydia M King’s A Selection of Primary 
Sources for the History of Pharmacy in the United States (Madison, WI: 
American Institute of the History of Pharmacy, 1987) describes in detail 
89 key works that document American pharmacy from 1720 to 1940 
(microform or photoduplicated copies of 85 of the 89 works are available 
from University Microfilms International of Ann Arbor, MI.) For the 
scientific aspects of pharmacy see the JSIS Cumulative Bibliography 
(London: Mansell, 1971) and its continuations, which includes phar- 
macy. Useful World Wide Web resources include HISTLINE from 
the National Library of Medicine (http://igm.nlm.nih.gov/) and the 
Pharmaziehistorischen Biblographie or PhB_ (http:/Awww.ubka. 
uni-karlsruhe.de/pharm/phb.html). Some general information about 
the history of pharmacy can be obtained from the website of the Amer- 
ican Institute of the History of Pharmacy (http://www.aihp.org). 

On antiquity: The most definitive paper of general scope on 
Egypt is by Frans Jonckheere, Le ‘Préparateur de Remédes’ dans 
Vorganisation de la pharmacie égyptienne (Veroffentlichung Nr 29; Ber- 
lin: Deutsche Akademie der Wissenschaften zu Berlin, Institut fur 
Orientforschung, 1955; Sonderdruck aus “Aegyptologische Studien 
...’). CD Leake, The Old Egyptian Medical Papyri (Lawrence: Univer- 
sity of Kansas Press, 1952) gives an overview of the documents; for a 
first-hand impression of the papyrus most important pharmaceutically, 
see Bendix Ebbell’s translation, The Papyrus Ebers: The Greatest Egyp- 
tian Medical Document (Copenhagen: Levin & Munksgaard; London: H. 
Milford, Oxford University Press, 1937). Henry Sigerist, A History of 
Medicine, Vol 1: Primitive and Archaic Medicine (New York: Oxford 
University Press, 1951-1961) is the best general survey. See also J. 
Worth Estes, The Medical Skills of Ancient Egypt (Canton, MA: Science 
History/USA, 1989), and Lise Manniche, An Ancient Egyptian Herbal 
(Austin: University of Texas Press, 1989). On Mesopotamia, an excel- 
lent book of breadth, relevant to pharmacy, is Martin Levey’s, Chemis- 
try and Chemical Technology in Ancient Mesopotamia (Amsterdam; 
New York: Elsevier, 1959); on Assyria, see monographs by Reginald C 
Thompson. The best sociohistorical review in English is Henry E Sig- 
erist, A History of Medicine, Vol II: Early Greek, Hindu and Persian 
Medicine (New York: Oxford University Press, 1961); works more spe- 
cifically on pharmacy are J Berendes, Die Pharmacie bei den alten 
Culturvolkern, 2 vols (Halle aS, 1891), and Alfred Schmidt, Drogen und 
Drogenhandel im Altertum (Leipzig: JA Barth, 1924). The Hippocratic 
treatises have been translated into English by WHS Jones and ET 
Withington, Hippocrates, 4 vols (London, 1923-1931); a compilation on 
Hippocratic drugs was published by Johann H Dierbach, Die Arzneimit- 
tel des Hippokrates ... (Heidelberg, 1824). For modern scholarship, 
from a different viewpoint, see Jerry Stannard, “Hippocratic Pharma- 
cology” (Bull Hist Med 1961; 35: 497); see also his article “Materia 
Medica and Philosophical Theory in Aretaeus” (Sudhoffs Arch Gesch 
Med Naturw 1964; 48: 27). The foundation of western drug lore, the 
Materia Medica of Dioscories, is reinterpreted by John Riddle in Di- 
oscorides on Pharmacy and Medicine (Austin: University of Texas 
Press, 1985). Those interested in texts from the ancient period should 
check “Texts and Sources in Ancient Pharmacy,” by John Scarborough 
(Pharm Hist 1987; 29: 81, 133). Common dealers in drugs are discussed 
by Vivian Nutton, “The Drug Trade in Antiquity” (J Roy Soc Med 1985; 
78: 138). On Greek temple medicine, see Ch Kerenyi, Le Medecin divin 
(Basle, 1948), and EJ Edelstein and L Edelstein, Asclepius, A Collection 
and Interpretation of the Testimonies, 2 vols (Baltimore, 1945; reprinted 
New York: Arno Press, 1975). 

On the Middle Ages: For a general survey of medieval Islam and 
its influence, see Lucien Leclerc, Histoire de la médecine Arabe, 2 vols 
(Paris: E Leroux, 1876); also see Donald Campbell, Arabian Medicine 
and Its Influence on the Middle Ages, 2 vols (London: K. Paul, Trench, 
Trubner, 1926), and Cyril Elgood, A Medical History of Persia and the 
Eastern Caliphate from the Earliest Times until the Year A.D. 1932 


(Cambridge, England: Cambridge University Press, 1951). Much has 
been translated or written about Arabic materia medica and drug 
therapy, to which the principal key is Sami K Hamarneh’s Bibliography 
on Medicine and Pharmacy in Medieval Islam (Stuttgart: Wissen- 
schaftliche Verlagsgesellschaft, 1964), a part of the Internationale Ge- 
sellschaft fiir Geschichte der Pharmazie series. Among Hamarneh’s 
other publications, see especially Origins of Pharmacy and Therapy in 
the Near East (Tokyo: Naito Foundation, 1973); also of much general 
interest is “The Rise of Professional Pharmacy in Islam” (Med Hist 
1962; 6: 59). For a detailed view into 10th-century Spain (with a useful 
bibliography), see SK Hamarneh and G Sonnedecker, A Pharmaceutical 
View of Abulcasis al-Zahrawi in Moorish Spain (Leiden: EJ Brill, 1963). 
Important works by Max Meyerhof include several on materia medica, 
such as his monograph The Abridged Version of “The Book of Simple 
Drugs” of Ahmad ibn Muhammad al-Ghdfigi (Publication no 4, Cairo: 
The Egyptian University Faculty of Medicine/Government Press, 1932), 
on al-Beruni in Studien zur Geschichte des Naturwissenschaften und 
der Medizin, vol 3 (Berlin, 1943, pp 159-208); and his four articles in 
the Ciba Symposia (vol 6, Nos 5 and 6, 1944). See likewise the writings 
of Martin Levey, such as The Medical Formulary, or Agrabadhin of 
al-Kindi (Madison: University of Wisconsin Press, 1966). 

For medieval Europe, a volume still not superseded (although out- 
dated in details) is George F Fort, Medical Economy During the Middle 
Ages (New York, 1883; reprinted New York: AM Kelley, 1970); see also 
David Riesman, The Story of Medicine in the Middle Ages (New York: 
PB Hoeber, 1935). A valuable guide and commentary is Henry E Sig- 
erist’s, “The Latin Medical Literature of the Early Middle Ages” (J Hist 
Med 1958; 13: 127). Four papers contained in the Symposium on Byz- 
antine Medicine (Washington, DC: Dumbarton Oaks Research Library 
and Collection, 1985), edited by John Scarborough, relate to the history 
of pharmacy. Works of more specifically pharmaceutical interest must 
include the definitive study on the renowned pharmacomedical edicts in 
the Kingdom of the Two Sicilies by Wolfgang-Hagen Hein and Kurt 
Sappert, Die Medizinalordnung Friedrichs II. Eine pharmaziehisto- 
rische Studie (Eutin: Internationale Gesellschaft fiir Geschichte der 
Pharmazie, 1957). In the periodical literature, note particularly the 
writings of Alfons Lutz, such as “Der verschollene friihsalernitanische 
Antidotarius magnus...” and its rich bibliography (new series, vol 16; 
Stuttgart: Veréffentlichungen der Internationalen Gesellschaft fiir Ge- 
schichte der Pharmazie, 1960, pp 97-133); also see the works of Rudolf 
Schmitz, such as “.. . Apothekerstandes im Hoch und Spat-Mittelalter” 
(vol 13; Stuttgart: Veroffentlichungen der Internationalen Gesellschaft 
fiir Geschichte der Pharmazie, 1958, pp 157-165) and “Ueber deutsche 
mittelalterliche Quellen zur Geschichte von Pharmazie und Medizin” 
(Deut Apotheker-Ztg 1960; 100: 980). English language studies of un- 
usual value and clarity include articles by GE Trease, such as “The 
Spicers and Apothecaries of the Royal Household in the Reigns of Henry 
Il, Edward I and Edward II” (Nottingham Mediaeval Studies 1959; 3: 
19; abridged in Pharm J, 4 April 1949, pp 246-248). A uniquely useful 
work is Sister Mary Francis Xavier [Welhoefer], “Statutes of the Guild 
of Physicians, Apothecaries and Merchants in Florence (1313-1316): A 
Brief Commentary, with an Introduction and Translation,” (unpub- 
lished PhD dissertation, University of Wisconsin, 1935), even though it 
is dated as to many details. On medieval European materia medica, see 
Henry E Sigerist, “Materia Medica in the Middle Ages” (Bull Hist Med 
1939; 7: 417), and his “Studien und Texte zur friihmittelalterlichen 
Rezeptliteratur” (vol 13; Leipzig: Studien zur Geschichte der Medizin, 
1923, pp 187ff). Probably the earliest pharmacist’s textbook and man- 
ual has been translated into German by Leo Zimmermann, Saladini de 
Asculo ... Compendium aromatariorum (Leipzig, 1919); for a Hebrew 
translation, see Suessmann Muntner, editor, Sefer ha-rokhim (Tel- 
Aviv: np, 1953). 

On modern Europe: For a reliable and concise medical overview, 
see Erwin Ackerknecht, A Short History of Medicine (New York: Ronald 
Press, 1955); for detailed references, supplement it with Fielding H 
Garrison, An Introduction to the History of Medicine, 4th ed (Philadel- 
phia; London: WB Saunders, 1929; republished 1960), noting especially 
the bibliographic essays of Appendix III. Some international survey 
volumes on pharmacy, with particular reference to the modern period, 
are listed in Sonnedecker and Berman’s Some Bibliographic Aids for 
Historical Writers in Pharmacy (Madison, WI: American Institute of the 
History of Pharmacy, 1958). A gap has been closed, meanwhile, by 
Leslie G Matthews, History of Pharmacy in Britain (Edinburgh and 
London: E & S Livingstone, 1962) and Cecil Wall, HC Cameron, and EA 
Underwood, A History of the Worshipful Society of Apothecaries of 
London, Vol I: 1617-1815 (London: Oxford University Press, 1963). 
There is not yet a comprehensive, up-to-date history that deals with 
European pharmacy; bibliographies, such as those cited in the earlier 
section on general literature guides, will yield books and monographs 
from particular topical and national viewpoints. For an example of a 


specialized topic, see Richard Palmer, “Pharmacy in the Republic of 
Venice,” in The Medical Renaissance of the Sixteenth Century, A Wear, 
editor (New York: Cambridge University Press, 1985); see also R 
Potzsch, editor, The Pharmacy: Windows on History (Roche, 1996). 
Especially rich in European history are the publications, 1927 to the 
present, of the International Society for the History of Pharmacy; a 
partial key has been published by Herbert Hugel, Die “Veroffentlichun- 
gen der Internationalen Gesellschaft fur Geschichte der Pharmazie 
1953-1965: Eine Bibliographie” (new series Bd 29; Stuttgart: Verdéf- 
fentlichungen der Internationalen Gesellschaft fiir Geschichte der 
Pharmazie, 1967). 

On the US: The standard volume in English, Kremers and Urdang’s 
History of Pharmacy, revised by Glenn Sonnedecker (Philadelphia: 
Lippincott, 1976), devotes approximately two-thirds of the main text to 
the United States, and its bibliographies open up a wide range of other 
American literature. Noteworthy are the anniversary issues of Drug- 
gists Circular (vol 51, January 1907) and Pharmaceutical Era (vol 16, 
no 27, 31 December 1896). See also Glenn Sonnedecker, “Structure and 
Stress of American Pharmacy” (Pharm J, 14 April 1956, pp 3-8). 
Several different aspects of 19th-century practice are considered by 
Gregory Higby, In Service to American Pharmacy: The Professional Life 
of William Procter, Jr (Tuscaloosa: University of Alabama Press, 1992). 
A solid biography of a 20th-century American pharmacist is James 
Madison, Eli Lilly: A Life, 1885-1977 (Indianapolis: Indiana Historical 
Society, 1989). Another valuable biography is Michael A Flannery, John 
Uri Lloyd: The Great American Eclectic (Carbondale: Southern Illinois 
University Press, 1998). Changes in the use and production of drugs are 
explored by John Harley Warner, The Therapeutic Perspective: Medical 
Practice, Knowledge, and Identity in America, 1820-1885 (Cambridge: 
Harvard University Press, 1986) and John P Swann, Academic Sci- 
entists and the Pharmaceutical Industry: Cooperative Research in 
Twentieth-Century America (Baltimore: Johns Hopkins University 
Press, 1988). See also John Parascandola, The Development of American 
Pharmacology: John J. Abel and the Shaping of a Discipline (Baltimore: 
Johns Hopkins University Press, 1992) and Harry M Marks, The 
Progress of Experiment: Science and Therapeutic Reform in the United 
States, 1900-1990 (Cambridge, UK; New York: Cambridge University 
Press, 1997). A useful bibliography that is still in print is by George 
Griffenhagen, Bibliography of Papers Published by the American Phar- 
maceutical Association that were presented before the Association’s Sec- 
tion on Historical Pharmacy, 1904-1967 (Madison, WI: American In- 
stitute of the History of Pharmacy, nd), which includes subject and 
author indexes; although it emphasizes American history, it is by no 
means restricted to it. The “Pharmacy” section of the annual bibliogra- 
phy in the Bulletin of the History of Medicine at one time offered an 
important key to the literature, which was cumulated in Bibliography 
of the History of Medicine of the United States and Canada, 1939-1960, 
Genevieve Miller, editor (Baltimore: Johns Hopkins University Press, 
1964). See also other bibliographies listed earlier in the section on 
general literature guides. Also noteworthy is the “Bookshelf” section of 
Pharmacy in History, a quarterly of the American Institute of the 
History of Pharmacy (Madison, WI); and the sections on “History and 
Ethics,” “Sociology and Economics,” and “Literature” in the ongoing 
International Pharmaceutical Abstracts (Washington, DC: American 
Society of Hospital Pharmacists). 


A CHRONOLOGY FOR PHARMACISTS 


The dating of events often involves uncertainties, approximations, and 
questions of meaning that are not apparent in a concise table such as 
that below. Particularly, dates before the 18th century often are unver- 
ifiable or estimated. 


BCE 
2000? Earliest formulary known in history (Sumerian). 
1500 Ebers Papyrus, Egyptian manuscript pertaining to phar- 


macy and therapy. 

460 Hippocrates, famous Greek physician, is born. 

350 Diocles writes an important treatise on materia medica. 

372 Theophrastus (372-285), the “father of botany,” is born. 

AD 
50 Dioscorides writes an important book on materia medica. 

130 Galen, a Roman physician who experimented with com- 
pounded drugs, is born. 

303 Cosmas and Damian, patron saints of pharmacy and medi- 
cine, are martyred. 

857 Johann Mesue Senior (777-857), Arabian physician, dies. 

925 Rhazes (865-925), Persian physician, dies. 


1035 
1178 
1180 
1225 
1297 
1345 
1348 
1480 
1499 
1529 
1546 


1589 
1604 


1617 
1618 
1620 
1628 
1646 
1665 
1680 
1703 


1715 
1718 


1736 


1752 


1762 


1765 


1773 


1774 
1776 


1777 
1783 


1785 


1787 
1790 


1793 


1798 
1805 


1809 


1811 
1818 


1820 


1821 


1823 
1825 


1826 


1828 


1829 


EVOLUTION OF PHARMACY 17 


Avicenna (980-1035), physician and philosopher, dies. 
Pharmacists are mentioned in French records. 

Guild of Pepperers is already active in London. 
Apothecary shop is established at Cologne. 

Guild of Pharmacists is organized in Bruges (Flanders). 
Apothecary shops have been established in London. 

The Black Death (bubonic plague) strikes Europe. 

Poison law is enacted by James I of Scotland. 

Guild pharmacopoeia is published in Florence, Italy. 
Paracelsus (1493-1541) publishes his first treatise. 

The Nuremberg Pharmacopoeia (Dispensatory of Valerius 
Cordus) is perhaps the first to become “official.” 

Galileo Galilei demonstrates the law of falling bodies. 
Louis Hébert becomes first pharmacist to settle in North 
America. 

Society of Apothecaries in London is organized. 

First London pharmacopoeia is published. 

Pilgrims settle at Plymouth, Massachusetts. 

William Harvey publishes his book on the circulation of 
the blood. 

William Davis operates an apothecary shop, possibly one of 
the first in America (Boston). 

Sir Isaac Newton describes the law of gravitation. 
Antonie van Leeuwenhoek discovers yeast plants. 
English apothecaries are authorized to prescribe as well 
as dispense. 

Bartram’s Botanical Gardens established at Philadelphia. 
E-Fr Geoffroy, French pharmacist, establishes the first tab- 
ulation of relationships between chemical substances. 

First law related to pharmacy in America is enacted in 
Virginia. 

First hospital pharmacy in America is established at Penn- 
sylvania Hospital in Philadelphia; Jonathan Roberts is the 
apothecary. 

Antoine Baumé publishes his Elémens de pharmacie in 
France. 

John Morgan, American medical education pioneer, advo- 
cates prescription writing in US. 

Karl Wilhelm Scheele isolates oxygen about 1773; Joseph 
Priestley independently isolates oxygen by 1774. 

Scheele discovers chlorine. 

Declaration of Independence is written, and the position of 
Apothecary General is created for the Continental Army. 


Christopher Marshall, famous American pharmacist, makes 
medicines for wounded soldiers. 

Collége de Pharmacie is established in Paris. 

Pilatre de Rozier, a pharmacist, makes first human flight 
in a balloon accompanied by the Marquis d’Arlandes. 
William Withering publishes his treatise on digitalis. 
Thomas Fowler introduces Fowler’s Solution (potassium 
arsenite solution). 

Ergot introduced in obstetrics by Paullitzsky. 

First US patent law passed. Elisha Perkins takes out first 
medical patent in 1796. 

Yellow fever epidemic strikes Philadelphia. 


Trommsdorff’s Journal der pharmacie is founded, the first 
professional-scientific journal devoted to pharmacy. 
Edward Jenner publishes his work on vaccination. 
German pharmacist Friedrich Sertiirner reports isolation of 
morphine. 

Journal de pharmacie et de chimie founded; first pub- 
lished as Bulletin de pharmacie. 

Bernard Courtois, a French pharmacist, discovers iodine. 
French pharmacist-chemists Joseph Caventou and Pierre 
Pelletier isolate strychnine. 

Pelletier and Caventou isolate quinine. 


First edition of United States Pharmacopoeia is 
published. 

Philadelphia College of Pharmacy is founded as the first 
local association and school of pharmacy in the United States. 
Massachusetts College of Pharmacy founded. 

First American professional journal of pharmacy pub- 
lished, the American Journal of Pharmacy. 

Antoine Balard, French pharmacist, discovers bromine. 


Hennel synthesizes ethyl alcohol. 

Friedrich Wohler synthesizes urea, thus bridging gulf be- 
tween organic and inorganic chemistry. 

New York College of Pharmacy is founded. 
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1831 


1832 
1834 


1842 
1843 


1848 


1852 


1865 
1868 
1883 
1888 
1890 
1893 


1895 
1898 


1899 
1900 


1902 


1906 
1910 
1912 


1922 
1928 


1935 
1937 
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Chloroform is prepared independently by Justus von 
Liebig and by Eugene Soubeiran. 

Pierre Robiquet, French pharmacist, isolates codeine. 
Friedlieb Ferdinand Runge, German pharmacist, prepares 
carbolic acid and aniline. 

Crawford Long performs the first operation using ether 
anesthesia. 

Oliver Wendell Holmes points out that puerperal fever is 
contagious. 

First American code of pharmaceutical ethics prepared 
by Philadelphia College of Pharmacy. 


First drug import law enacted by Congress to curb adulter- 
ations. 

American Pharmaceutical Association is founded as the 
first national organization. 


Charles Darwin publishes his Origin of Species. 

First international pharmaceutical conference is held in 
Brunswick, Germany. 

University of Michigan opens pharmacy course that will 
have far-reaching influence in modernizing American pharma- 
ceutical education. 

First National Retail Druggists Association founded. 
First National Formulary issued by American Pharmaceu- 
tical Association. 

Emil von Behring and Shibasaburo Kitasato introduce 
serum therapy. 

Felix Hoffmann and Arthur Eichengriin discover aspirin. 
Wilhelm Roentgen discovers x-rays. 

Marie and Pierre Curie discover radium. 


National Association of Retail Druggists is founded in 
the US. 

Walter Reed proves mosquitoes carry yellow fever. 
American Association of Colleges of Pharmacy is 
founded. 

First International Pharmacopeial Conference held at 
Brussels, Belgium. 


First American PhD supervised in pharmacy granted at 
University of Wisconsin. 

Federal Pure Food and Drugs Act passed in the US. 
Paul Ehrlich and Sahachiro Hata introduce arsphena- 
mine (also known as Salvarsan or “606”) in widespread clin- 
ical trial for the treatment of syphilis. 

First Assembly of International Pharmaceutical Federa- 
tion (The Hague, Netherlands). 

Sir Frederick Banting and Charles Best isolate insulin. 
Sir Alexander Fleming discovers penicillin, the first 
antibiotic. 

Gerhard Domagk introduces prontosil, the first sulfa drug. 
American Journal of Pharmaceutical Education is 
founded, the first periodical devoted to pharmaceutical 
education. 


1938 


1940 


1942 
1944 
1945 
1947 


1948 


1949 


1951 


1952 


1955 
1959 


1962 


1973 


1975 


1977 


1979 


1982 


1986 


1989 


1990 


1997 


League of Nations Commission on International Phar- 
macopeial Standards holds conferences. 
Important revision of Federal Pure Food and Drugs Act (US). 


Howard Florey and Ernst Chain hold the first clinical 
trials of penicillin. 


American Society of Hospital Pharmacists is founded. 
Antibiotic activity of streptomycin is announced. 

Atomic energy released for use in warfare and medicine. 
Medical Service Corps created in US Army, with pharmacy 
represented by special group of commissioned officers. 

First Pan-American Congress of Pharmacy and Bio- 
chemistry. 

Cortisone and ACTH are introduced for rheumatic arthritis. 
Influence for change initiated by analysis and suggested re- 
forms from Pharmaceutical Survey (US). 

First International Pharmacopoeia of the World Health 
Organization. 

Chlorpromazine is introduced into psychiatry, thus opening 
the field of psychopharmacology. 

Salk poliomyelitis vaccine is released for general use. 
Synthetic modifications of natural penicillin introduced. 
American Society of Pharmacognosy founded. 

Important amendments of the US Food, Drug, and Cos- 
metic Act. 

US Supreme Court decision (No 72-1176) holds that states 
may require that licensed pharmacists have ownership-con- 
trol of pharmacies. 

Official drug standardization program is unified by US 
Pharmacopeia absorbing National Formulary. 

Report by Study Commission on Pharmacy (AACP) gives im- 
petus to trend toward drug information and counseling role 
of pharmacists. 

Clinical trials of adenine arabinoside against herpes raise 
prospect of controlling viral diseases. 

American College of Clinical Pharmacy is founded. 
Specialty certification begins in American pharmacy with 
the board certification of 63 pharmacists in the field of nuclear 
pharmacy. 

American Association of Pharmaceutical Scientists is 
founded. 

American Council on Pharmaceutical Education (ACPE) 
announces intent to develop accreditation standards for Doc- 
tor of Pharmacy programs only. 

Omnibus Budget Reconcilation Act (OBRA) requires that 
pharmacists counsel Medicaid patients (effective 1993). 
National Association of Boards of Pharmacy (NABP) pro- 
poses regular competency tests for pharmacists. 
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The quest to construct systematically an ethical framework for 
Western civilization was begun over 2000 years ago by 
Socrates. He approached ethics as a science, as being “governed 
by principles of universal validity, so that what was good for 
one was good for all, and what was my neighbor’s duty was my 
duty also.”' However, acceptance of the Socratic approach has 
proved burdensome. After 2000 years of effort, humankind 
universally adheres to not even one ethical principle. 

No set of ethical principles, no matter how carefully thought 
out or how well constructed, can provide the individual profes- 
sional with guidance for each decision about clients, peers, or 
society. There are people who believe that because each situa- 
tion is different, each decision requires separate analysis of 
possible outcomes from different actions and the weighing of 
right and wrong. This philosophical position is called sitwa- 
tional ethics. 


BEING PROFESSIONAL 
(EE A RN EEE ESTE ST SAD 
In this discussion, professional ethics is used only to denote 
“the profession’s interpretation of the will of society for the 
conduct of the members of that profession augmented by the 
special knowledge that only the members of the profession 
possess.”” In other contexts, the term might be used to denote 
those ethical principles to which society believes any individual 
claiming professional status should subscribe. What is to be 
gained by a unilateral development of a set of ethical princi- 
ples, or a code of ethics (Fig 3-1), by a profession to which it 
expects its members to abide? 

First, a code of ethics makes the decision-making process 
more efficient. In opposition to situational ethicists, Veatch 
claims: 


Yet if those who must resolve the ever-increasing ethical dilem- 
mas in medicine—including patients, family members, physi- 
cians, nurses, hospital administrators, and public policy- 
makers—treat every case as something entirely fresh, entirely 
novel, they will have lost perhaps the best way of reaching 
solutions: to understand the general principles of ethics and 
face each new situation from a systematic ethical stance.® 


Clinical practice predisposes pharmacists to a situationalist 
approach to ethics through its emphasis on individual differ- 
ences in response to therapeutic regimens. Some guidelines, 
however, exist for adjusting drug therapy in patients with 
compromised renal or hepatic function, electrolyte or hormonal 
imbalance, and other pathological abnormalities. Therapeutic 
guidelines give us a place to begin solving a clinical problem. 
Rules of morality serve the same purpose: 


“They may at least act as rules-of-thumb for handling easy 
cases. They may at least summarize ethical reasoning that has 


Robert L McCarthy, PhD 
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gone before by others who have found themselves in somewhat 
similar situations. They may at least serve as guidelines for 
formulating thinking about the problem at hand.”* 


Second, individual professionals occasionally may need 
guidelines for directing their professional behavior. Each deci- 
sion made by a professional requires calling upon a store of 
technological information as well as the individual’s own sense 
of right and wrong. Almost assuredly, all professionals will be 
confronted with situations that they have never considered in 
great detail. Where one can find no apparent theological or 
personal ethical principles to apply, one might turn to profes- 
sional ethics for guidance. 

Finally, professional ethics establish a pattern of behavior 
that clients come to expect from members of the profession. 
Once a consistent pattern of behavior is discerned by clients, 
they expect that behavior to remain constant, and their expec- 
tations become part of the relationship they establish with the 
professional. To better understand the role of and necessity for 
ethics in professions, one must first look at the characteristics 
of professions. 


PROFESSIONAL CHARACTERISTICS 


The first characteristic of a professional is possession of a 
specialized body of knowledge; using this body of knowledge 
enables the practitioner to perform a highly useful social func- 
tion. All lawful occupations provide some positive benefit to 
society and are based on specialized knowledge. The profes- 
sions generally are more socially useful than many other occu- 
pations, but social utility alone does not make an occupation a 
profession. 

An applied body of knowledge may be composed of knowl- 
edge of a manual skill or intellectual knowledge. The latter is of 
primary significance as a criterion for professions. The phar- 
macist is not considered a professional because of good typing 
skills. Rather, he or she possesses the relevant professional 
knowledge about drugs and patients that permits the pharma- 
cist to advise patients and prescribers concerning drug ther- 
apy, detect drug interactions, select appropriate product 
sources, and exercise professional judgment. 

The exercise of proper judgment is a key element in this first 
professional characteristic. Professional services traditionally 
are rendered to an individual rather than to a group. Using the 
specialized body of knowledge of the profession and the intel- 
lectual abilities of the professional, the practitioner makes a 
judgment as to the best course of treatment for each individual. 

The second characteristic of a professional is a set of specific 
attitudes that influence professional behavior. The basic com- 
ponent of this set of attitudes is altruism, an unselfish concern 
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Code of Ethics 


American Pharmaceutical Association'® 


Preamble 


Pharmacists are health professionals who assist individu- 
als in making the best use of medications. This Code, pre- 
pared and supported by pharmacists, is intended to state 
publicly the principles that form the fundamental basis of the 
roles and responsibilities of pharmacists. These prin- 
ciples, based on moral obligations and virtues, are estab- 
lished to guide pharmacists in relationships with patients, 
health professionals, and society. 


I. A pharmacist respects the covenantal relationship be- 
tween the patient and pharmacist. 


Considering the patient-pharmacist relationship as a covenant means 
that a pharmacist has moral obligations in response to the gift of trust 
received from society. In return for this gift, a pharmacist promises to 
help individuals achieve optimum benefit from their medications, to be 
committed to their welfare, and to maintain their trust. 


II. A pharmacist promotes the good of every patient in a 
caring, compassionate, and confidential manner. 


A pharmacist places concern for the well-being of the patient at the 
center of professional practice. In doing so, a pharmacist considers 
needs stated by the patient as well as those defined by health science. A 
pharmacist is dedicated to protecting the dignity of the patient. Witha 
caring attitude and a compassionate spirit, a pharmacist focuses on 
serving the patient in a private and confidential manner. 


Ill. A pharmacist respects the autonomy and dignity of 
each patient. 


A pharmacist promotes the right of self-determination and recognizes 
individual self-worth by encouraging patients to participate in decisions 
about their health. A pharmacist communicates with patients in terms 
that are understandable. In all cases, a pharmacist respects personal 
and cultural differences among patients. 


Figure 3-1. Code of ethics. 


for the welfare of others: “The professional man, it has been 
said, does not work in order to be paid: he is paid in order that 
he may work. Every decision he makes in the course of his 
career is based on his sense of what is right, not on his estimate 
of what is profitable.”° 

Professionals are concerned with matters that are vital to 
the health or well-being of their clients. The practitioner em- 
ploys highly specialized technical knowledge, which the patient 
or client does not possess. Both the client’s lack of knowledge 
and the vital nature of professional services provide the pro- 
fessional with an opportunity to exploit the client. The conse- 
quences of such exploitation are severe. The smooth function- 
ing of the professions requires that the practitioner must 
consider the needs of the patient as paramount, relegating his 
or her own material needs to an inferior position. 

Social sanction, the third characteristic of a professional, is 
a resultant effect of the two characteristics already discussed. 
Whether an occupation is considered to be a profession de- 
pends, to a large degree, on whether society views it as such. 
One measure of social sanction is the granting of exclusive 
rights of practice through the licensing power of the state. 

Licensing not only attempts to protect the public from in- 
competent practitioners, but also frequently creates a relation- 
ship of trust between society and the professionals, because 


IV. Apharmacist acts with honesty and integrity in profes- 
sional relationships. 


A pharmacist has a duty to tell the truth and to act with conviction of 
conscience. A pharmacist avoids discriminatory practices, behavior or 
work conditions that impair professional judgment, and actions that 
compromise dedication to the best interests of patients. 


V. Apharmacist maintains professional competence. 


A pharmacist has a duty to maintain knowledge and abilities as new 
medications, devices, and technologies become available and as health 
information advances. 


VI. A pharmacist respects the values and abilities of col- 
leagues and other health professionals. 


When appropriate, a pharmacist asks for the consultation of col- 
leagues or other health professionals or refers the patient. A pharma- 
cist acknowledges that colleagues and other health professionals may 
differ in the beliefs and values they apply to the care of the patient. 


VII. A pharmacist serves individual, community, and soci- 
etal needs. 


The primary obligation of a pharmacist is to individual patients. 
However, the obligations of a pharmacist may at times extend beyond 
the individual to the community and society. In these situations, the 
pharmacist recognizes the responsibilities that accompany these obliga- 
tions and acts accordingly. 


VIII. Apharmacist seeks justice in the distribution of health 
resources. 


When health resources are allocated, a pharmacist is fair and equi- 
table, balancing the needs of patients and society. 


within the sphere of professional activities, the professional 
exercises an authoritative power over patients. As explained by 
Greenwood, 


[T]he professional dictates what is good or evil for the client, 
who has no choice but to accede to professional judgement. Here 
the premise is that, because he [or she] lacks the requisite 
theoretical background, the client cannot diagnose his [or her] 
own needs or discriminate among the range of possibilities for 
meeting them.® 


The extent of the public’s trust is a measure of the degree of 
social sanction, and this is evident in society’s permitting the 
exercise of sovereign power over professional matters. Given 
the legal monopoly inherent in professional licensing, the fail- 
ure of society to impose further controls on the profession is 
sanctioning, by implication, the profession’s performance and 
self-regulation. 

Thus, professions have evolved as occupations connected 
with high status. The functional relationship of professions to 
society reinforces their status position, and the status itself 
acts as a motivating factor in the drive of any occupation to 
gain recognition as a profession. 

Several studies have attempted to identify which occupa- 
tions qualify as professions. The most prominent study was 


Oath of a Pharmacist 


American Association of Colleges of Pharmacy*° 


At this time, I vow to devote my professional life to the 
service of mankind through the profession of pharmacy. | 
will consider the welfare of humanity and relief of human 
suffering my primary concerns. I will use my knowledge 
and skills to the best of my ability in serving the public and 
other health professionals. 

I will do my best to keep abreast of developments and 
maintain professional competency in my profession of 
pharmacy. Iwill obey laws governing the practice of phar- 
macy and will support enforcement of such laws. I will 
maintain the highest standards of moral and ethical 
conduct. Itake these vows voluntarily with the full realiza- 
tion of the trust and responsibility with which I am empow- 
ered by the public. 


Figure 3-2. Oath of a pharmacist. 


done by Carr-Saunders and Wilson in 1933.’ Primarily because 
of the commercial elements inherent in modern pharmacy prac- 
tice, the study reached no definitive conclusion as to pharma- 
cys professional status. More recent studies have produced 
similar results. Montague,® Smith,? Smith and Knapp,'° and 
Denzin and Mettlin"! consistently found pharmacy to fall short 
of full professional status. 

All professions, however, can be found to fall short of being 
a complete profession in at least a few respects. Pharmacy has 
a legitimate claim to a theoretical body of knowledge, to a 
growing degree of socially sanctioned decision-making author- 
ity, and to a commitment of service functions as articulated by 
a code of ethics and an oath (Fig 3-2) that is sworn by anyone 
entering the profession. 


ETHICAL DECISION-MAKING 

(RR SIP TS ESN PESTO 
Pharmacy ethics has received a great deal of recent attention, 
but the study of ethics, ethical questions, and codes of ethics 
has been an integral component of pharmacy and medical 
practice for centuries. The first code of ethics for medicine was 
credited to Hippocrates in the 4th century Bcr. In many ways, 
the Hippocratic code is timeless. For example, his direction 
that no physician should “give a deadly drug to anybody if 
asked for it, nor. . . make a suggestion to this effect”!* provides 
one moral perspective of the contemporary issue of assisted 
suicide. 

Over the past decade or so, the attention given to pharmacy 
ethics in the professional and scientific literature, and in 
schools and colleges of pharmacy, has changed a great deal. 
Only 2 of the 52 schools that responded to a 1980 survey 
required a formal, separate course in ethics; 32 schools offered 
no course, required or elective, of which ethics was an explicit 
part.'? Today, however, most pharmacy schools require some 
instruction in ethics. A 1991 survey of ethics instruction at 
pharmacy schools found that, “while the quantity of ethics 
instruction has not increased, there are encouraging signs that 
the quality and depth of ethics education is improving.” ’* 

Several factors appear responsible for the heightened atten- 
tion given to the study of ethics in pharmacy, including the 
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explosion of biotechnology and the rapidly rising cost of health- 
care in the US, of which drugs are an important component. 


Macro versus Micro Ethical Situations 


Ethical situations in pharmacy can be divided into two broad 
categories: macro and micro. 

Macro situations are issues that are not specific to a given 
pharmacist, but rather are those that must be addressed by all 
pharmacists and by society in general. These include abortion, 
assisted suicide, genetic engineering, rationing of and access to 
health care, organ transplantation, and in vitro fertilization. 

Micro situations are those issues that may confront individ- 
ual pharmacists in the course of their daily practice. They 
include the use of placebos, patient confidentiality (eg, reveal- 
ing information about a patient’s medications to members of 
the family), and informed consent (eg, what and how much 
information about a medication should be disclosed to a 
patient). 

Sometimes, macro issues are manifested in micro situa- 
tions. This is especially true with socially controversial issues. 
For example, a pharmacist may receive a prescription for a 
drug and know that it is intended for use in an assisted suicide. 
Not only must the pharmacist deal with the legal issues in- 
volved, but also with the ethical responsibility as a health-care 
professional. A further complication in such situations is the 
influence of the pharmacist’s personal beliefs in choosing the 
course of action. 


Competence, Trustworthiness, and Caring 


Any examination of pharmacy ethics must begin with a discus- 
sion of the basic moral responsibilities that all health-care 
practitioners have toward their patients. Berger’? has at- 
tempted to describe the characteristics that a pharmacist 
should possess: 


1. Pharmacists must be competent. They must possess a knowledge 
base that at least minimally allows them to carry out their func- 
tions as reliable therapeutic experts. 

2. Pharmacists must be trustworthy. Patients must know that they 
can seek the confidential advice and assistance of their pharmacist 
and that their wishes will be carried out. 

3. Pharmacists must care for and about their patients. As the 1995 
American Pharmaceutical Association (APhA) Code of Ethics di- 
rects, “A pharmacist places concern for the well-being of the patient 
at the center of professional practice.”’® 


Unfortunately, pharmacists do not always effectively com- 
municate their concern for the welfare of their patients. All too 
often patients perceive just the opposite. Busy practitioners 
who fail to spend adequate time interacting with their patients 
do little to alter this perception. Conversely, pharmacists who 
do spend time with their patients and attempt to understand 
their concerns are much more likely to be viewed as caring. 


Health Professional-Patient Relationship: 
Consumerism versus Paternalism 


It was not long ago that when a patient was instructed by their 
physician or pharmacist to take a medication, they did so 
without question. Medical paternalism—the belief that the 
health-care professional knew best—was accepted as standard 
practice by most health-care professionals and their patients. 
The medical rights of patients were not as widely recognized as 
other rights they held, such as suffrage or due process. Today, 
patients have become true consumers of medical care. Patients 
wish, and have a right, to be informed and asked for their 
consent. For a health-care professional to do otherwise would 
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not only be unprofessional and unethical, but also have poten- 
tial legal ramifications. 

Patients also expect a certain level of service. As with sellers 
of other goods and services, health professionals who fail to 
meet the demands of medical consumers for care will quickly 
find themselves without customers and, sometimes, with legal 
problems. !” 


Moral Rights versus Legal Rights 
to Health Care 


Any discussion of pharmacy ethics must be clear about what is 
meant by the term right. In this society, one frequently refers 
to the legal rights of individuals. Legal rights are either guar- 
anteed fundamentally in the US Constitution (eg, the rights of 
free speech and assembly) or are provided by laws and regula- 
tions promulgated at the federal, state, or local level. We 
sometimes confuse what are really legal rights with our moral 
obligations. 

Moral rights are quite different from legal rights. Granted, 
these rights may be reinforced by laws, but their basis lies not 
in law but in ethical principles. Such rights might include the 
right to live without fear of harm and the right to food and 
adequate shelter. More recently, Americans have grappled 
with the question of health care as a moral right. 

As one might expect, moral rights and legal rights may 
conflict. There is disagreement, for example, over whether is- 
sues such as abortion involve moral rights or legal rights. 


Patient's Rights 


When a patient seeks the care of a pharmacist, what rights do 
they have? What can they reasonably expect from pharmacists? 
Patients can expect that pharmacists will employ their knowl- 
edge and experience in caring for them. They can expect that, 
as autonomous individuals, pharmacists will respond to their 
wishes about their treatment. 

The American health-care system seems fundamentally 
based upon ensuring the rights of patients. Patients generally 
choose their own physician, pharmacy, and hospital. Patients 
are allowed to choose from multiple options of treatment when 
they exist. Patients must give their approval, through the 
process of informed consent, prior to the initiation of care. All of 
the preceding presupposes that treatment is available and that 
the patient has the economic wherewithal to pay for that treat- 
ment. For patients who are uninsured or lack the ability to pay, 
the right to choose the nature of their health care is meaning- 
less. 

Patients also have a right to treatment that is both safe and 
effective within given parameters. The fundamental question 
that must be posed prior to considering any medical or surgical 
treatment for a patient is, Is the treatment safe and effective? 
Such a legal standard for drugs has been in effect since the 
passage of federal legislation in the early part of the 20th 
century.'* Not only must a drug be shown to be effective—that 
is, able to produce the effect for which it was administered—it 
must work with a certain degree of safety. 


Medical Practitioners’ Duty 
to Their Patients 


What is the responsibility of medical practitioners? Some might 
argue that health-care providers have a Hippocratic responsi- 
bility to their patients, and that this responsibility focuses 
solely on what is best for the patient, irrespective of the con- 
sequences to others. This view is supported by the Code of 
Ethics of the APhA, which states in part that “a pharmacist 


promotes the good of every patient in a caring, compassionate, 
and confidential manner.”!° 

The Code appears to suggest that pharmacists have a moral 
obligation to do whatever they deem necessary in the interest 
of their patients. But the Code goes on to state that “a phar- 
macist serves individual, community and societal needs.”!® 
What then is the extent of the pharmacist’s duty to his or her 
patients? Is it the pharmacist’s moral obligation to care for 
them without exception? 


Legal Responsibility 
versus Moral Obligation 


Rem Edwards provides an example of a radical interpretation 
of the Hippocratic oath insofar as he asserts that medical 
professionals have an obligation to do whatever is necessary to 
relieve the pain and suffering of their patients.1? Edward’s 
contention, however laudatory, has serious flaws when applied 
to pharmacists. All pharmacists practice under the practical 
constraints of law that may limit their doing whatever is nec- 
essary. Consequently, although they have a moral obligation to 
care for their patients, this obligation is constrained by law. 

Thus, patient rights and practitioner responsibility may 
sometimes be in conflict, not on ethical grounds but on legal 
ones. Directing a pharmacist to assume an individualistic ap- 
proach and take an illegal, yet ethical, action for a patient 
despite legal consequences is asking the pharmacist to subju- 
gate his or her own interests to that of the patient. 


ETHICAL RESPONSIBILITY 
RC 
In traditional pharmacy practice, both the legal and ethical 
obligations of pharmacists centered around ensuring that the 
proper medication as ordered by the prescriber was delivered to 
the patient. Physicians, not pharmacists, were the health-care 
professionals who held ultimate responsibility for monitoring 
the progress of a patient and ensuring that the desired outcome 
was achieved. 

The concept of “pharmaceutical care,” however, directs that 
this responsibility is to be a shared obligation between the 
prescriber and the pharmacist.'” According to the Commission 
to Implement Change in Pharmaceutical Care, 


the mission of pharmacy practice is to render pharmaceutical 
care. Pharmaceutical care focuses pharmacists’ attitudes, be- 
haviors, commitments, concerns, ethics, functions, knowledge, 
responsibilities and skills on the provision of drug therapy with 
the goal of achieving definite outcomes toward the improvement 
of the quality of life of the patient.?° 


Pharmaceutical care forces pharmacy practitioners to change 
their focus, broaden their professional responsibility. 


VEATCH’S FRAMEWORK 
FOR ETHICAL ANALYSIS 


Ee I SR NE 
Robert Veatch’ has suggested a framework for ethical analy- 
sis that can be used by pharmacists to determine the ethical 
course of action to follow in a given situation. His four-step 
approach involves (1) ensuring adequate knowledge of all the 
pertinent facts involved in a given situation, and the applica- 
tion of (2) moral rules, (3) ethical principles, and (4) ethical 
theories. 

Veatch contends that some ethical situations can be solved 
without the application of moral rules, ethical principles, or 
ethical theories. Sometimes an ethical dilemma can be solved 
by simply ensuring all the facts are known about a case (step 1). 


For example, a question of whether to break patient confiden- 
tiality might be moot if the patient has already agreed to allow 
the health professional to divulge such information. 

If step 1 does not provide an answer, the professional may 
proceed to step 2, the application of moral rules. The rules of 
confidentiality and/or consent (informed consent) may offer 
some guidance. If a dilemma still exists, ethical principles may 
be employed (step 3). These include autonomy, beneficence, 
nonmaleficence, veracity, fidelity, and justice. Ethical theories, 
Veatch suggests, are the ultimate arbiter of ethical dilemmas 
(step 4). 


ETHICAL THEORIES 


Although many approaches to ethics (such as virtue-based and 
feminist theories) have applicability to the biomedical field, the 
majority contemporary biomedical texts focus on two promi- 
nent types: teleological (consequentialist) theories and deonto- 
logical (nonconsequentialist) theories. 

Teleological theories, such as utilitarianism, state that the 
rightness or wrongness of an action depends on the conse- 
quences produced. As Beauchamp and Childress suggest, “Con- 
sequentialism is the moral theory that actions are right or 
wrong according to their consequences rather than any intrin- 
sic features they may have, such as truthfulness or fidelity.”?” 

Utilitarianism, as a consequentialist theory, directs that the 
most appropriate course of action is that which will produce the 
greatest good for the greatest number when the consequences of 
all action alternatives in a given situation are weighed. 

Conversely, deontological theories, such as Kantian ethical 
theory, argue that the rightness or wrongness of an action is 
independent of the actions produced. As Beauchamp and Chil- 
dress point out, “Deontologists maintain that the concepts of 
obligation and right are independent of the concept of good and 
the right actions are not determined exclusively by the produc- 
tion of good consequences.””° Deontologists maintain that fac- 
tors such as integrity and truth must be included when deter- 
mining the ethical acceptability of a given action. 


ETHICAL PRINCIPLES AND MORAL RULES 
STR EO TGR SEU TT PI 
Pharmacists have an ethical obligation to care for their pa- 
tients. Moral rules and ethical principles, rather than ethical 
theories, are more likely to be the tools used by pharmacists on 
a daily basis as they face ethical situations. Ethical principles 
and moral rules provide guidance for practitioners about what 
the commitments of patient care entail. 


Autonomy 


The principle of autonomy states that an individual vs liberty 
of choice, action, and thought is not to be interfered with. 
As Beauchamp and Childress have noted, “Autonomy has ... 
been used to refer to a set of diverse notions including self- 
governance, liberty rights, privacy, individual choice, liberty to 
follow one’s will, causing one’s own behavior, and being one’s 
own person.””* 

In health care, we think of autonomy as the right of indi- 
viduals to make decisions about what will happen to their 
bodies, what choices will be made among competing options, 
and what they choose to take, or not take, into their bodies. We 
also allude to questions of autonomy when we refer to choice 
among health-care providers, and the choice of refusing medi- 
cal treatment.”° 

There are two ethically justifiable exceptions to the princi- 
ple of autonomy: weak paternalism and the harm principle. 
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The concept of medical paternalism is in direct conflict with 
the principle of autonomy. Medical paternalism suggests that 
pharmacists and other health-care professionals—because of 
their education and training—know what is best for their 
patients. As a result, health-care professionals believe they are 
justified in overriding the autonomy of a patient. Medical pa- 
ternalism dominated Western medical practice until the last 
several decades, when the primacy of patient rights and the 
concept of medical consumerism became recognized. 

A form of medical paternalism, weak paternalism, allows 
the autonomy of an individual to be violated if that individual 
is not or does not appear to be autonomous, or if minimal 
intervention is necessary to determine whether the patient is 
autonomous. Some have argued that weak paternalism isn’t 
paternalism: if one lacks the ability to make an autonomous 
decision, then how can his or her autonomy be overridden? 
Weak paternalism has remained generally accepted as a justi- 
fiable exception to the principle of autonomy. 

Strong paternalism—the violation of the autonomy of an- 
other person because you believe they are either making the 
wrong decision or a decision that will cause harm to them- 
selves—is not considered an ethically justifiable reason to over- 
ride a patient’s autonomy. However, under the harm principle, 
one is justified in overriding the autonomy of another if, in the 
exercise of that autonomy, harm may come to others. 


Informed Consent 


The principle of autonomy is a vital component of informed 
consent. For example, when one provides informed consent to 
an individual contemplating participation in a clinical research 
trial, one respects the right of that individual to make an 
autonomous decision. The rule of informed consent directs that 
patients must be fully informed about the benefits and risks of 
their participation in a clinical trial, taking a medication, or 
electing to have surgery, and this disclosure must be followed 
by their autonomous consent. 

For legal and ethical reasons, informed consent is always 
obtained formally in situations such as clinical research and 
surgery through an informed consent form. In the case of clin- 
ical research, these documents are usually drafted by the in- 
vestigator or pharmaceutical manufacturer and subsequently 
are approved by the institutional review board (IRB) where the 
research will take place. The role of the IRB will be discussed 
later in this chapter. 

Informed consent is also obtained informally in some in- 
stances. For example, whenever a pharmacist counsels a pa- 
tient and dispenses a medication to a patient, a type of informal 
informed consent occurs. The patient is informed about the 
benefits and any risks of the drug, and then decides whether 
to take it. Informed consent is composed of five elements: 
disclosure, understanding, voluntariness, competence, and 
consent.”° 

Disclosure directs that all the pertinent information that is 
necessary for an informed decision must be made available to 
the patient. Understanding requires that patients fully under- 
stand what they are consenting to, including any benefits or 
hazards. Voluntariness instructs that patients who choose to 
enroll in a research endeavor or be compliant in taking medi- 
cation must be free from coercion. Competence requires that 
patients be autonomous individuals, who have the functioning 
ability to make decisions for themselves. Consent provides the 
patient with a point of decision, and is the final legal and moral 
criterion to be met in ensuring that informed consent has been 
obtained. 


Confidentiality 


The rule of confidentiality, like informed consent, is an appli- 
cation of the principle of patient autonomy. When pharmacists 
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keep information private from others, unless the patient gives 
permission to release it, they respect the autonomous decision 
of the individual. Medical confidentiality need not be requested 
explicitly by patients; all medical information, by nature, is 
generally considered to be confidential, unless the patient 
grants approval for its release. 

In health care, it is sometimes unclear which members of 
the health-care team may have access to confidential medical 
records without the express consent of the patient. Should a 
pharmacist or physical therapist caring for a patient have the 
same access to medical records that is afforded the patient’s 
physician or hospital nurse? Another difficult ethical situation 
involves a patient who explicitly expresses a desire not to have 
information divulged to a member of the health-care team. For 
example, a patient may tell a pharmacist of her decision to 
alter her prescribed therapeutic regimen, but request that the 
pharmacist not disclose this information to her physician. 

Confidentiality has the same two ethically justifiable excep- 
tions as does the principle of autonomy, the harm principle, and 
weak paternalism. As with autonomy, a pharmacist may be 
ethically justified in violating the confidentiality of a pa- 
tient when keeping information private may harm others 
(harm principle) or when the patient lacks autonomy (weak 
paternalism). 


Beneficence/Nonmaleficence 


Beneficence and nonmaleficence are ethical principles that are, 
in a sense, complimentary to one another. Beneficence indi- 
cates that you act in a manner to do good for another. Nonma- 
leficence refers to taking due care avoiding harm. Beauchamp 
and Childress compare these related principles: 


The word nonmaleficence is sometimes used more broadly to 
include the prevention of harm and the removal of harmful 
conditions. However, because prevention and removal require 
positive acts to assist others, we include them under beneficence 
along with the provision of benefit. Nonmaleficence is restricted 
... to the noninfliction of harm.?° 


Fidelity 


Fidelity requires that pharmacists act in such a way as to 
demonstrate loyalty to their patients. A type of bond or promise 
is established between the practitioner and the patient. This 
professional relationship places on the pharmacist the burden 
of acting in the best interest of the patient. Pharmacists have 
an obligation of fidelity to all their patients, regardless of the 
length of the professional relationship. In community phar- 
macy, for example, practitioners have the same obligation to 
show fidelity to an occasional patient as they have for a regular 
customer. !’ 

The depth of the fidelity relationship between the pharma- 
cist and patient is a topic of ongoing discussion among phar- 
macy ethicists. Two forms of fidelity are frequently alluded to: 
covenantal and contractual. Covenantal fidelity is often de- 
scribed as an intimate and spiritual commitment between in- 
dividuals. Examples would include the fidelity of marriage and 
the fidelity between a member of the clergy and his or her 
congregation. Conversely, contractual fidelity does not involve 
a level of commitment beyond that owed another as the result 
of a binding agreement. An example of this form of fidelity 
would be the relationship one might have with a contractor 
such as a plumber or electrician. What remains in dispute is 
where the pharmacist—patient relationship lies along the con- 
tinuum between covenant and contract. 


Veracity 


Veracity is the ethical principle that instructs pharmacists to 
be honest in their dealings with patients. There may be times 
when the violation of veracity may be ethically justifiable (as 
with the use of placebos), but the violation of this principle for 
non-patient-centered reasons would appear to be unethical. In 
a professional relationship based upon professional fidelity, 
patients have a right to expect that their pharmacist will be 
forthright in dealings with them.’” 


Distributive Justice 


Distributive justice refers to the equal distribution of the 
benefits and burdens of society among all members of this 
society. We often think of distributive justice in terms of our 
health-care delivery system. This principle is frquently used 
as a justification for providing health care as a right to all 
Americans. 

Even though justice instructs that pharmacists demon- 
strate an equivalent amount of care, pharmacists do not always 
provide care with equal fervor to all patients. Sadly, issues 
such as the patient’s socioeconomic status often impact the 
level and intensity of care provided by health-care profession- 
als. Medicaid patients are sometimes provided a much lower 
quality of care than a patient who is a cash-paying customer or 
who has a Cadillac drug benefits plan. All too often, the care 
provided by a health-care professional is viewed in terms of the 
personal reward for the professional, ie, the level of reimburse- 
ment the care is likely to reap. Justice demands that the focus 
be on patients and their medical needs, not on the financial 
impact on the health-care professional.’ 


ETHICAL CODES 

PE Oe OR) 
Ethical principles and rules that apply to medical practice and 
research, such as autonomy, beneficence, and justice, have long 
served as the basis for a system or code of ethical conduct. 
Western medical ethics is primarily based on the Hippocratic 
code attributed to the Greek philosopher Hippocrates, 5th cen- 
tury BCE. Medicine (American Medical Association) and phar- 
macy (Philadelphia College of Pharmacy) developed codes of 
conduct for their respective practitioners in 1848. As Montagne 
notes, “the guiding principles of these codes were a respect for 
human life and service to humanity.””’ The Holocaust during 
World War II, and the subsequent Nuremberg trials, would 
prompt the first major development of a code dealing specifi- 
cally with experimentation on human subjects. 

Subsequent to Nuremberg, several other codes of medical 
ethics were established. In 1949, the World Medical Associa- 
tion drafted the Geneva Convention Code of Medical Ethics, a 
contemporary version of the Hippocratic oath. In the 1960s, the 
same organization established an ethical code on clinical re- 
search. In 1964, the Declaration of Helsinki was adopted based 
upon the Nuremberg principles, and it was further revised in 
1975. In 1972, the American Hospital Association issued a 
Statement on a Patient’s Bill of Rights. In 1977, the Declaration 
of Hawaii provided ethical guidelines for clinical research in 
psychiatry.?7 

Ethical codes provide health-care professionals with ethical 
principles and standards by which to guide their practice. How- 
ever, ethical principles and codes cannot hope to provide 
health-care professionals with answers to every moral question 
that may arise in the course of their practice. Ethical ques- 
tions in health care involve decision-making that is usually 
situation-specific. The purpose of such principles and codes is 
not to provide practitioners with right and wrong answers, but 
to offer them a framework to use when faced with ethical 


questions. As Montagne points out, “the formulation of an oath 
or ethical code does not remove the moral choices and the need 
to carefully consider each individual situation and the alterna- 
tive actions or decisions that can be made.””° 


APhA Code of Ethics 


The Code of Ethics of the APhA is the only code of ethics that 
specifically guides the practice of pharmacy. A careful exami- 
nation of the evolution of the Code since its inception in 1852 
shows both a greater degree of responsibility to the patient 
expected of the pharmacist, and a greater respect for the au- 
tonomy of patients. 

The first APhA Code in 1852 seemed to reflect the wide 
acceptance of medical paternalism, the attitude that the phy- 
sician knows best. Amazingly, the code seems to suggest that 
errors by physicians or pharmacists, unless done with malice, 
need not—in fact should not—hbe revealed to patients! 

The 1952 version of the Code clearly outlined the duties of a 
pharmacist, and these were quite in conflict with what is ac- 
cepted practice today. The 1952 Code instructs, seemingly in 
direct conflict with what we see as pharmaceutical care today, 
that “the pharmacist does not discuss the therapeutic effects or 
composition of a prescription with a patient.”?? 

The 1994 Code (see Fig 3-1), much less prescriptive than 
earlier versions, speaks to the “covenantal relationship be- 
tween the patient and the pharmacist” and the obligation of 
pharmacists to promote “the good of every patient in a caring 

. manner.”’° The elements of pharmaceutical care appear 
throughout and are consistent with the new mission of 
pharmacy. 


ETHICAL CONFLICTS AND ISSUES 
IN HEALTH CARE 


Sp RTO EIS SSB IRC TESTE IIE] 
The conflict between the personal interests of the professional 
and the duty to subordinate these interests to the benefit of the 
patient presents one of the major unresolved problems of the 
professions. In addition, changing patterns in pharmacy and 
health-care delivery present additional ethical conflicts. 

The traditional focus of professional service has been on the 
individual. Professional services have not been mass-produced, 
but rather each rendering of a service is specifically tailored to 
the individual needs of a specific patient. In general, the ethics 
of professions have evolved on the basis of primacy of the 
individual. 

Conflicts can and will emerge with changes in the laws 
relating to the practice of pharmacy, in the evolution of new 
problems and developments in both the profession and the 
population it serves, and in the roles and functions of drug use 
in our society. The conflict often might be between a certain law 
or regulation and an ethical principle held by the profession. 
Many pharmacists have faced dispensing decisions in which 
the act of providing the drug would be in the best interests of 
the patient, but it also would violate a specific law or regulation 
related to the practice of pharmacy, or it would be contrary to 
his or her own beliefs and ethical standards. 

Within the health professions, the impairment of physical or 
mental functioning as a result of drug use or other factors has 
become a very important issue. While some studies have indi- 
cated that the level of social/recreational drug use among phy- 
sicians and pharmacists does not differ much from that of 
general society, the extent of drug-use problems in the health 
professions is great enough to warrant the development of 
prevention programs and referral groups.*° Regardless of the 
appropriateness or inappropriateness of such drug-taking in 
general, the professional ethics of the pharmacist should dic- 
tate that any degree of impairment while practicing pharmacy 
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is unacceptable. The impact of such impairment on the ability 
to perform one’s professional duties, especially the delivery of 
patient care, is considerable. Such cases affect the image of 
pharmacy, the trust of the patient, and impact many other 
ethical and interpersonal aspects of professional practice. 

Innovative uses for old and new drug products have created 
a number of ethical dilemmas.*! °° Conflicts continue to occur 
for many pharmacists when they find themselves faced with 
dispensing placebogenic agents, oral contraceptives, drugs for 
lethal injections, and drugs for controlling certain types of 
behavior (see the bibliography for some representative refer- 
ences in this area). The whole process of modern drug develop- 
ment probably will continue to generate a wide variety of 
ethical concerns. In a way, these activities might represent the 
most important type of emerging conflicts for society and for 
the profession of pharmacy, which is viewed as the group re- 
sponsible for monitoring and controlling drug use. 


Law and Ethics 


Many of the laws, regulations, and other rules that govern our 
daily life are an outgrowth of our morality and ethics. Those 
laws that prevent homicide, robbery, and other offenses are 
simply a codification of the values we share as members of 
society. Unfortunately, laws and regulations cannot be promul- 
gated to cover every eventuality, nuance, condition, or situa- 
tion. They are created in such a way as to provide legal guide- 
lines for the usual or most common situation. What should be 
done, therefore, when such a situation (eg, committing homo- 
cide in self-defense) arises, especially if the legal course of 
action is inconsistent with the ethical course of action? 

These conflicts occur fairly routinely in pharmacy. For ex- 
ample, what should a pharmacist do when a patient’s prescrip- 
tion for heart medicine has been depleted, no refills remain, 
and the prescriber is unavailable? Clearly, most pharmacists 
would do the ethical thing and provide such patients with a few 
doses to hold them over until a new prescription can be ob- 
tained, even though this course of action is illegal. To follow the 
example a bit farther, what if the medication is a controlled 
substance used for pain control in a terminally ill patient? The 
potential for legal action from drug enforcement authorities 
might make a pharmacist reluctant to dispense extra doses, 
even though the patient might be in just as much need. 


Rationing of Health-Care Services 


As the cost of providing health-care services continues to grow, 
some have suggested and even attempted to implement a sys- 
tem that would ration the availability of health care. American 
health-care policy makers have tried to avoid this approach 
because it represents a contradiction with a long-standing im- 
plicit belief that all that can be done for each patient ought to 
be done. Medical insurance, both publicly and privately funded, 
has attempted to support this ideal. But, in the absence of 
cost-containment, rising insurance rates have resulted, thereby 
driving individuals out of the health insurance system and 
threatening the viability of governmental programs. 

The consequence of this policy is seen in both increasing 
numbers of individuals who are unable to afford health insur- 
ance and increasing restrictions on who qualifies for public 
programs. Therefore, fewer people have access to health care, 
or at the very least many have decreased choices of where they 
can receive health care (eg, municipal hospitals, free clinics). 
As McDermott points out, 


“Approximately 15% of our people [Americans] have no health 
insurance coverage at any one time, and at least 57 million 
nonelderly Americans lack health insurance for some part of the 
year. This does not even include the underinsured and those on 
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Medicaid whose coverage cannot begin to provide them with 
access that is consistent with good health care.”** 


For at least the present, most American health-care plan- 
ners have determined that rationing of care, in any manner, is 
not a viable alternative for dealing with our present crisis, 
current facts not withstanding. At the same time, there is a 
shared determination by the government and the public at 
large that reform is essential and, further, that whatever 
changes are made, they must ensure universal access to health 
care while controlling costs and reducing fraud. As Friedman 
notes, “high health care costs breed medical indigence; if one is 
to be fixed, so must the other.”®® 


Assisted Suicide 


Although medical euthanasia (mercy killing) has long been an 
ethical issue, it has only been in recent years that the question 
of assisted suicide has been examined. The activities of Dr Jack 
Kevorkian have spurred a great deal of public and professional 
discussion of this issue. Several states have considered the 
legality of assisted suicide; some have rejected it, while others 
have accepted it within strict guidelines. The US Supreme 
Court recently decided that there is no constitutionally guar- 
anteed right to assisted suicide. This decision has not ended the 
legal debate, but rather has shifted it to the states, who must 
decide the legality of assisted suicide on their own. 

From an ethical perspective, the key issue remains whether 
assisted suicide violates the Hippocratic responsibilities of 
health-care practitioners to do no harm. Those who advocate its 
availability to patients suggest that allowing a patient to con- 
tinue to experience unrelenting pain is doing harm. They sug- 
gest that patients have the right to make an autonomous 
decision to end their life; their opponents worry that legal 
assisted suicide would be abused. 


Human Drug Experimentation 


Several ethical codes deal with research on human subjects, 
including the testing of drugs. Two important ethical aspects of 
human drug experimentation are the role of the institutional 
review board (IRB) and the use of placebos. 

The IRB is the body responsible for overseeing all clinical 
research conducted within a given institution. Traditionally, 
most clinical drug research was conducted in hospital settings; 
however, with the shift in the locus of health-care delivery from 
the inpatient to the ambulatory setting, IRBs are now found in 
managed-care organizations and other ambulatory facilities. 

The IRB has two primary responsibilities. The first is to 
ensure the integrity and scientific rigor of the proposed re- 
search study. The risk versus benefit ratio for the study’s 
participants is evaluated. Should the risks outweigh the bene- 
fits, the IRB would likely reject the research. The board acts as 
somewhat of a subject advocate, making sure that the rights 
and welfare of the patient-subject are protected.®° The IRB’s 
second major responsibility is to evaluate and approve in- 
formed consent forms used in conjunction with the research. 
Such forms should be drafted consistent with the elements of 
informed consent discussed previously. 

IRBs vary in their size and representation. Their member- 
ship may include physicians, nurses, other allied health pro- 
fessionals (including pharmacists), institutional administra- 
tors, attorneys, clergy, medical ethicists, and community 
members.”° 

Placebos have generally had two roles in medicine: (1) in 
clinical drug research and (2) as a means of decreasing the dose 
of or weaning a patient off a drug to which the patient has 
become dependent. The use of placebos has long been an inte- 
gral component of clinical drug research. Whether the drug 


being tested is a new drug compound or an existing drug under 
study for a new indication, placebos have served as a point of 
comparison for determining therapeutic efficacy. Although the 
use of placebos in some instances has been shown to provide 
therapeutic usefulness (eg, pain control), placebos, by defini- 
tion, are agents devoid of pharmacologic activity. 

Patient-subjects who receive placebos as a component of 
their participation in a clinical drug study generally cannot 
hope to derive any benefit (beneficence) from these substances. 
This raises the question of whether the use of placebos in drug 
research, despite the obvious scientific advantages, is ethical. 
The question is further complicated by the expectation that 
placebos will be employed in clinical research. An FDA regula- 
tor has stated, “it is desirable to include some placebo con- 
trolled studies unless it is considered unethical to do so.”®” This 
suggests that the use of placebos is ethical in certain instances, 
but unethical in others.?° 

The use of placebos to address genuine or perceived depen- 
dence is even more ethically problematic. The belief that the 
health-care practitioner knows best and, therefore, is justified 
in practicing medical paternalism has been a long-standing 
component of the so-called medical authority model of practice. 
Under this model, the perceptions/desires of the patient are 
subjugated to the judgment of the health-care professional. It 
would be used, for example, as justification for a practitioner to 
shift a patient he judged to be drug dependent to a placebo 
without the knowledge of the patient. In current medical ethic, 
however, this use of placebos in the absence of the patient’s 
knowledge and consent might be judged to be unethical—a 
direct violation of patient autonomy and informed consent. 


Drug Formularies 


Drug formularies are a list of drugs that are approved for use 
either within an institution or for reimbursement by a third- 
party payer. Their purpose is to eliminate therapeutic duplica- 
tion and provide patients with the best drug at the lowest cost. 

In the early days of formularies, they were used by hospitals 
to control drug inventories and provide prescribers with a list of 
drugs of choice for various conditions. However, the absence of 
a drug from the formulary was not usually a great barrier to a 
prescriber obtaining it for the patient. A special request could 
be made by the prescriber to a member of the pharmacy and 
therapeutics committee of the hospital, and usually the drug 
would be obtained. 

When managed-care organizations (MCOs) and pharmacy 
benefit management companies (PBMs) began to employ for- 
mularies, circumventing them became much more difficult. 
This restrictive use of formularies has led to a number of 
important ethical questions. For example, does the use of ge- 
neric and/or therapeutic substitution violate the autonomy of 
the patient and/or prescriber? Is the use of such substitution a 
violation of informed consent? Does the use of formularies 
violate the ethical principles of beneficence (do good) and non- 
maleficence (avoid harm)??® 


CONCLUSION 


The ethics of pharmacy in the US has experienced a continuous 
evolution as the profession itself has changed. Pharmacy prac- 
tice is far different today than it was when APhA issued its first 
code in 1852. The current changes that pharmacy (and indeed 
all of health care) is experiencing makes the existence of an 
ethical framework and personal ethic even more vital today 
than it was in the past. The pharmacists of the mid-19th 
century could not imagine the medical innovations and techno- 
logical wonders that have occurred, and the financial questions 


that have occurred and been raised in the last quarter of the 
20th century. 

As the concept of pharmaceutical care expands to an ever- 
growing number of practice sites, pharmacists must be 
schooled not only in their expanding ethical responsibilities as 
independent practitioners, but also in their traditional moral 
obligations to patients. The APhA Code of Ethics and the pro- 
fession at large must remain responsive to an ever-changing 
environment. 

In spite of the deficiencies of self-regulation, there remains 
much that can be done within pharmacy to increase the service 
contribution of pharmacists through ethics. The situation was 
summarized by the late Dean LaWall when, 80 years ago, he 
described pharmacy as “[a] highly specialized calling, which 
may rise to the dignity of a true profession or sink to the level 
of the lowest commercialism, according to the ideals, the abil- 
ity, and the training of the one who practices it.”°? 
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CURRENT COMMUNITY 
PHARMACY PRACTICE 


ESE TE TE 
Pharmacists in more than 60,000 community pharmacies 
across the US are the primary providers of pharmaceuticals 
and pharmaceutical-care services to patients. Community 
pharmacies are found in a variety of locations, including neigh- 
borhood shopping centers, grocery stores, department stores, 
freestanding buildings, and medical office buildings. The broad 
array of sites and pharmacy formats makes community phar- 
macists the most accessible health-care professional in the US. 

Pharmacists in these sites provide several important func- 
tions. First, community pharmacists provide distribution of 
prescribed drug products; therefore, they are the points of 
access to manufactured drug products. Second, community 
pharmacists are caretakers of the nation’s drug supply, moni- 
toring for diversion and improper prescribing, and accounting 
for the appropriate control of drugs with potential for abuse or 
misuse. Third, they compound prescriptions to meet the spe- 
cific needs of individual patients. 

Finally, beyond distribution oversight and corresponding, 
community pharmacists are now assuming the additional re- 
sponsibility of increasing the effectiveness of drug therapy 
through the provision of pharmaceutical-care services. This 
pharmaceutical-care function recognizes that patients pur- 
chase prescription drugs for the anticipated benefits to their 
health and not simply to acquire the drug product. It has 
become a critical function that the pharmacist adds to patient 
health care. 

Community pharmacists through their education and licen- 
sure assume an ethical obligation to the public to maximize the 
intended benefits of drug therapy while minimizing the unin- 
tended side effects, adverse reactions, and other medication 
misadventures. 


Distribution and Control of Manufactured 
Drug Products 


Community pharmacists have the responsibility to deliver to 
patients individualized packages of medication containing pa- 
tient-specific instructions, appropriate supplies of the medica- 
tion, and essential product information that will allow the 
patient to assess the risks and benefits in taking the specified 
medication. Portions of this responsibility are predominately 
mechanical in nature, and thus may be automated and per- 
formed by technical personnel. Other portions of the process 
require assessment of the patient’s condition, the drug therapy, 
and the safety data to advise the patient on the proper use of 
the medication to achieve an optimal therapeutic outcome. 

In processing a prescription for distribution, the community 
pharmacist must assess all of the following. 
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e Appropriateness of dose for this patient. 

e Patient allergies to this medication or similar medications. 

e Potential interactions with other prescribed and nonprescription 
medications. 

e Contraindications of the medication with the patient’s other known 
diseases. 

e Appropriate dose scheduling to maximize effect and minimize ad- 
verse events. 

e Appropriateness of this medication for this patient’s health 
condition. 


The pharmacist must also 


e Ensure accuracy of dispensing and labeling. 

e Provide the patient with information on proper storage of the 
medication. 

e Advise the patient on potential risks and benefits. 

e Advise the patient on how to deal with missed doses and adverse 
events. 

e Assess the patient’s understanding of the prescription instructions 
to maximize compliance and adherence to the instructions. 


In addition to these therapeutic considerations, the pharmacist 
may evaluate economic considerations for the patient such as 
cost effectiveness, insurance coverage, and formulary issues. 

The multiplicity of issues to be considered and the rapidly 
growing volume of prescriptions being dispensed have given 
rise to significant automation in community pharmacy prac- 
tice. Computers now store data and prompt the pharmacist to 
review significant issues for patients at the time of every pre- 
scription event. Most computer systems screen for over 30,000 
known drug interactions and millions of patient allergy 
records. 


Preparation of Compounded 
Pharmaceuticals 


The vast majority of prescriptions dispensed are for dosage 
forms that are manufactured by the Food and Drug Adminis- 
tration (FDA)-approved manufacturers. These standardized 
dosages meet the needs for most patients and are produced 
under the Good Manufacturing Practices established by the 
FDA. Many patients, however, need custom-made dosages to 
solve specific problems. For these unique needs many commu- 
nity pharmacists offer specialized compounding services. Pa- 
tients may need extremely small doses for pediatric or geriatric 
use. They also may need preservative-free products, liquids 
with special flavors, or delivery systems that are not commer- 
cially available. Additionally, some medications may not have 
sufficient shelf life to withstand the commercial distribution 
process and therefore need to be prepared at the time of dis- 
pensing. For all of these reasons, compounding of finished 
dosage forms is a valuable service offered in thousands of 
community pharmacies across the nation. 


Compounding has always been the art and science unique to 
pharmacists and it continues to be a part of contemporary 
pharmacy practice. Those community pharmacists who con- 
tinue to offer these services do so under Good Compounding 
Practices established by the US Pharmacopeia (USP).' The 
array of dosage forms possible through compounding is far 
wider than those available from manufacturers. It is more 
economical to compound specialized prescriptions, because the 
market demand for each product is not sufficient to justify 
creation of a manufactured product. 


FORCES OF CHANGE 


There are a number of forces at work that are encouraging 
change in pharmacy practice. The three most definitive forces 
are (1) the demand for prescription drugs, (2) pharmaceutical 
innovation, and (3) health-care cost-containment initiatives. 

Demand for prescription drugs has increased through two 
modes. The evolution of third-party payment cards has re- 
moved some of the economic barriers to drug therapy. The 
conversion of many indemnity and major medical plans to 
direct insurance coverage has increased prescription volume 20 
to 35% among those patients. With financial barriers removed, 
many prescriptions are now dispensed that previously were 
not. Additionally the number of people over 65 years old is 
significantly increasing in the US population. This age group 
uses 33% of prescription drugs and 40% of nonprescription 
drugs, although they represent only 12% of the population.” By 
the year 2020 the number of people over the age of 65 will 
double. These two factors alone will contribute to a 35% in- 
crease in prescriptions dispensed. 

Pharmaceutical innovation has further accelerated the 
growth in the prescription drug market. The continued intro- 
duction of new and more powerful, potent, useful, and toxic 
drug entities continues to increase the number of patients for 
whom drug treatment replaces surgery, hospitalization, or 
other treatment modes. Dramatic new entries that do not re- 
place existing drugs but do replace other treatment modes 
drive the expanding market for prescription medications and 
pharmacy services. The combination of these two forces has 
given rise to the third trend, health-care cost containment 
initiatives. 

The health-financing system in the US has experienced cost 
increases in excess of the Consumer Price Index (CPI) for more 
than two decades. As a result, insurers and employers who pay 
the insurance bills have demanded that controls be applied to 
these rising costs.? Insurers, pharmacy benefit managers 
(PBMs), and governmental agencies have applied various strat- 
egies to prescription drug benefit plans in an effort to control 
costs. Many now use generic incentive policies, prior authori- 
zation programs, therapeutic formularies, and competitive bid- 
ding procedures to reduce the total cost of prescription drugs. 
Community pharmacists now spend a significant amount 
of time administering these cost-controlling strategies for 
insurers. 

These three forces drive community pharmacy practice in 
new directions, creating a need for continued automation and 
more technical support, and providing opportunities for alter- 
nate pharmacist roles. 


Shifting Responsibilities 


As the number of prescriptions dispensed continues to rise and 
the demand for cost containment remains strong, it is ex- 
tremely important that community pharmacists focus their 
limited time on those aspects of practice that make the most 
effective use of their education and training. The potential 
health-care cost savings associated with proper drug therapy 
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are enormous. To deliver this level of care at community phar- 
macy sites, continued automation and use of technical person- 
nel are essential. 

AUTOMATION—The many data elements to be evaluated 
at every prescription processing, combined with the variety of 
formularies and insurance variables, have created a distribu- 
tion system that requires automation. Today virtually every 
community pharmacy in the country uses computers, on-line 
claims processing, and various other forms of automation. 
Some pharmacies also use automated dispensing systems to 
count doses, fill bottles, and print patient information and 
labels. The next decade will see a rapidly expanding use of 
automated filling systems to reduce the technical functions 
performed by pharmacists. 

PHARMACY TECHNICIANS—In addition to automa- 
tion, pharmacy technicians are performing many clerical and 
technical tasks. Technicians have been increasing in numbers 
and assuming more responsibility over the past 10 years, and 
today they play a very important role in freeing pharmacists for 
more patient-focused activities such as counseling and disease 
state management. Allowing technicians to perform many dis- 
tributive functions provides time for pharmacists to perform 
patient care activities. 

Four pharmacy organizations have created the Pharmacy 
Technician Certification Board to develop, administer, and re- 
view a national certification program for technicians.* As of 
November 1997, 18,622 pharmacy technicians across the na- 
tion had passed the Pharmacy Technician Certification Exam- 
ination, and approximately 30 to 40% of certified technicians 
worked in a community pharmacy setting.” Training and cer- 
tifying pharmacy technicians expands their role, which ulti- 
mately allows the pharmacist to spend more time delivering 
pharmaceutical-care services. 


Opportunities for Alternate Roles 


Medications are only effective when taken properly, yet medi- 
cation compliance is very poor in the US.°~® This failure to take 
drugs as prescribed results in drug misadventures or increased 
drug-related problems. Drug-related problems also can be 
caused by issues other than compliance.® 


e Indication issues—eg, untreated indication or unnecessary drug 
therapy. 

e Effectiveness issues—eg, wrong drug or dosage too low. 

e Safety issues—eg, adverse drug reactions or dosage too high. 

e Adherence issues—eg, inappropriate compliance. 


Clearly, these issues warrant a need for more assessment and 
monitoring of medication use.°'° 

As unnecessary morbidity and mortality associated with 
drug misadventures increase, the need for monitoring is mag- 
nified. The literature provides significant evidence that drug 
misadventures, whether intentional or unintentional, are as- 
sociated with increased costs and negative patient outcomes. 
One of the most alarming studies, published by Johnson and 
Bootman in 1995,'' suggests that drug-related morbidity and 
mortality in the US ambulatory care population was estimated 
to cost $76.6 billion in 1994. These costs are attributed mainly 
to an increased number of hospital admissions, long-term care 
admissions, physician visits, and prescription drug use. 


e Hospitalizations: 8.7 million admissions at a cost of $47 billion. 

e Long-term care facilities: 3.15 million admissions at a cost of $14.4 
billion. 

e Physician visits: 115 million visits at a cost of $7.5 billion. 

e Prescriptions to resolve treatment failures and new medical prob- 
lems: $1.93 billion. 


As evidenced by this study, drug-related morbidity and mor- 
tality represent a serious public health problem. The problem 
has grown more visible as public policy makers, employers, and 
managed-care administrators attempt to understand health- 
care resource utilization. Their investigations are illuminating 
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the magnitude of the drug-related morbidity and mortality 
problem and affirming the need for improvement in medication 
management. Disease prevention and patient education as 
ways to reduce overall medical and prescription costs. 

Community pharmacists are in a position to fulfill this so- 
cietal need and provide pharmaceuticals and pharmaceutical 
services with the intention of improving patient health out- 
comes. They have the education and ability to manage drug 
therapy and provide prevention and education services to pa- 
tients. Moreover, pharmacists are the most accessible and 
trusted health-care professional. The 1995 Report of the Pew 
Health Professions Commission supports pharmacists fulfilling 
these alternate roles and recommends that pharmacists, in 
particular, engage in activities related to comprehensive drug 
therapy management, such as selecting appropriate drug ther- 
apies, educating and monitoring patients, and continually as- 
sessing therapy outcomes. !* 


PHARMACEUTICAL CARE 


In response to our societal need for medication management, 
community pharmacists are beginning to assume the addi- 
tional responsibility of increasing the effectiveness of drug 
therapy through the provision of pharmaceutical care. They are 
shifting from a dispensing focus, which emphasizes the drug 
product, to a patient-oriented focus, which emphasizes proper 
use of drug therapy for the patient. Although pharmacists have 
always provided patient care, the care was not systematic and 
consistent, it was not documented, and it was reactive.'* Alter- 
natively, pharmaceutical care necessitates a proactive health- 
care provider who assumes interactive and participatory re- 
sponsibilities with the intention of improving outcomes. This is 
reflected in the definition of pharmaceutical care by Hepler and 
Strand.’ 


“Pharmaceutical care is the responsible provision of drug ther- 
apy and other patient care services for the purpose of achieving 
outcomes related to the prevention or cure of a disease, the 
elimination or reduction of a patient’s symptoms or the preven- 
tion, arrest or slowing of a disease process. It involves the 
process through which pharmacists in cooperation with the 
patient and other health-care professionals design, implement, 
and monitor a therapeutic plan that will produce specific ther- 
apeutic outcomes for the patient and improve the patient’s 
quality of life.” 


Embracing this new practice philosophy is one issue; actually 
implementing it in community pharmacy is another. Fortu- 
nately, innovative leaders in the profession have been develop- 
ing new practice styles, modifying their work environment, and 
providing patient-centered care in an effort to change the prac- 
tice paradigm. 

As role models and practice models emerge, community 
pharmacists are slowly providing pharmaceutical care services. 
Many of these services can be categorized as therapeutic inter- 
ventions, health screenings, prevention and wellness services, 
and disease management activities. The findings of the 1998 
National Community Pharmacists Association (NCPA) Searle 
Survey of independent pharmacists, as shown below, provide 
some evidence that community pharmacists are engaging in 
pharmaceutical care activities. '* 


74% offered nutrition services. 

56% offered blood pressure monitoring. 
48% offered diabetes training. 

42% offered health screenings. 

36% offered asthma training. 

30% conducted patient education programs. 
14% offered immunizations. 

6% offered AIDS specialty services. 

5% offered anticoagulation services. 
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Furthermore, contemporary community pharmacy practi- 
tioners are discovering that providing comprehensive patient 
care is more satisfying than only dispensing medications. Thus, 
while the prescription and nonprescription drug products are 
still the preeminent domain of community pharmacy, the 
patient-centered approach is diffusing throughout community 
practice settings and advancing the profession. 


Changes to Support Pharmaceutical Care 


Implementing pharmaceutical care has been a challenge for 
community pharmacists. There have been regulatory, techno- 
logical, educational, and reimbursement issues that have 
hindered the rapid adoption and diffusion of this new 
paradigm.*1°!° Moreover, the public generally recognized com- 
munity pharmacists as business people and less as health-care 
professionals. Despite these difficulties, pharmacists in com- 
munity settings are overcoming these limitations and are 
implementing pharmaceutical-care activities. Pharmacy or- 
ganizations, educators, regulators, and practitioners have con- 
centrated their efforts and advocated changes to help advance 
community pharmacy. 


REGULATORY CHANGES 


Most state boards are in the process of or have completed full 
revisions of their pharmacy practice acts to expand the role of 
pharmacists.'’ These changes have given pharmacists the op- 
portunity to engage in innovative practices and to promote 
patient health. Of specific importance are the regulatory 
changes that allow for Collaborative Practice Agreements be- 
tween pharmacists and physicians. Many pharmacists who 
provide pharmaceutical-care services view such an agreement 
as the next logical step to the expansion of their professional 
role. Collaborative practice agreements between pharmacists 
and physicians enable pharmacists to initiate, monitor, and 
manage a patient’s drug therapy, usually within the parame- 
ters of an agreed upon treatment protocol. The agreements 
permit them to authorize prescription renewals, change dos- 
ages, administer immunizations and initiate certain types of 
drug therapy without waiting for physician approval. Accord- 
ing to the National Association of Boards of Pharmacy (March 
1999), at least 24 states have approved collaborative practice 
arrangements that grant varying degrees of authority to phar- 
macists.!* Furthermore, pharmacists are collaborating with 
physicians informally in states where no such legislation 
exists. 

As a result of these formal and informal arrangements, 
pharmacists are increasingly working with physicians to en- 
hance their roles as providers of health care. Collaborative 
practice agreements allow pharmacists to extend the provision 
of pharmaceutical care to the actual management of various 
therapies for patients. 


TECHNOLOGICAL CHANGES 


Software and technology to support the provision of pharma- 
ceutical care are now in the marketplace.'”!° First, profes- 
sional pharmacy organizations and pharmacy leaders have 
worked with computer vendors to give pharmacists the soft- 
ware they need to provide pharmaceutical care. One example is 
a pharmaceutical-care package called Guardian Plus marketed 
by CarePoint (Charleston, SC). It is a Windows-based system 
that supports pharmacist intervention documentation and dis- 
ease management initiatives. It is now integrated into the 
dispensing software to allow expanded focus on patient care 
using a single set of patient data. Pharmacists are using these 
type software packages to support their pharmaceutical-care 
activities. 


Second, community pharmacists are able to provide more 
health screenings and disease management activities because 
of the advances in diagnostic and monitoring equipment such 
as Bayer’s DCA 2000 to check HgA,< (hemoglobin A,,) and 
Roche’s CoaguCheck to monitor prothrombin time INR (ie, 
blood-clotting time). 

Third, the growth of the Internet, in the form of the World 
Wide Web and the increased use of e-mail, have helped phar- 
macists overcome other barriers to providing pharmaceutical 
care. Using these technologies, pharmacists can communicate 
with others easier and have access to more information from 
their pharmacy. 

And fourth, technology that automates part of the dispens- 
ing process has been beneficial to community pharmacists who 
want to spend more time with patients. 


EDUCATIONAL CHANGES 


To provide pharmaceutical care, community pharmacists need 
to have in-depth knowledge of drug therapy use and disease 
prevention and management. Additionally, pharmacists must 
be proficient in a variety of skills, including communication, 
use of information technology, data collection and manage- 
ment, practice management, and clinical problem solving.!*?° 
Thus, the American Council for Pharmaceutical Education has 
mandated that pharmacy schools change their curricula so that 
pharmacy students are empowered to provide pharmaceutical 
care upon graduation.!°!7 The new curricula in most cases lead 
to the Doctor of Pharmacy degree. 

Pharmacy schools also are partnering with community 
pharmacies to provide innovative health screening services and 
disease management programs. Pharmacy students rotate 
through these sites and experience the delivery of pharmaceu- 
tical care in a community setting. 

Additionally, there is renewed enthusiasm for community 
pharmacy practice residencies as a postgraduate option for 
pharmacy graduates.”° Community pharmacy practice residen- 
cies allow preceptors and residents to work together to advance 
the practice. Residents also receive real-world experience in 
providing pharmaceutical care, which ultimately enhances 
their educational experience. There are approximately 20 com- 
munity pharmacy residency programs across the country.° 
This emphasis on community practice residency programs has 
been beneficial to the advancement of pharmaceutical care in 
community pharmacies. 

Another educational change is the increased demand for 
competency-based adult learning experiences in comprehen- 
sive pharmaceutical care and disease management.'’ Several 
nontraditional Doctor of Pharmacy programs are being offered. 
These programs offer the opportunity for previous pharmacy 
graduates to acquire the education and degree while continu- 
ing to work in their practice. More prevalent is the offering of 
continuing education programs focused on pharmaceutical care 
and disease management. 

The purpose of these programs is to assist practitioners in 
developing and maintaining skills specific to and necessary for 
pharmaceutical care. Programs are often comprehensive and 
associated with a certificate that indicates to patients, insur- 
ers, and other interested parties that the pharmacist has com- 
pleted extensive education and training in a particular disease 
state. The purpose of certificates is to promote a level of quality 
and provide assurance of advanced competencies beyond those 
required for licensure. For example, the American College of 
Apothecaries offers programs in antimicrobial therapy, diabe- 
tes mellitus, respiratory care, anticoagulation, and women’s 
health. Pharmacists undergo home study, attend educational 
sessions for 2 to 4 days, complete an examination, and enroll 
patients in specific protocols in order to be certified. These 
programs and certifications are offered by professional phar- 
macy associations at the national and state level and by phar- 
macy schools. Pharmacists also are seeking certification 
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through multidisciplinary organizations, such as Certified Di- 
abetes Educator training through the American Association of 
Diabetes Educators. 

Professional pharmacy groups are encouraging their mem- 
bers to attend these pharmaceutical-care programs and to gain 
certification in disease management in order to insure that 
they have the skills necessary for enhanced patient care. Be- 
yond certification, several payers are requiring pharmacists to 
be credentialed in order to receive reimbursement for providing 
care.”' Thus, hundreds of pharmacists are enrolling in certifi- 
cate programs, becoming credentialed, and developing the 
skills necessary to initiate and provide pharmaceutical care in 
community pharmacy practice. 


Economic Issues 


Initially, community pharmacists were slow to provide compre- 
hensive pharmaceutical care because of economic issues. Be- 
cause there was little compensation for pharmaceutical ser- 
vices, pharmacists had little incentive to invest in advanced 
education, restructuring their pharmacies, hiring more techni- 
cal help, or purchasing the technology to support advanced 
patient care. Pharmacists believed it was not feasible to pro- 
vide pharmaceutical care unless they were reimbursed. There- 
fore, it became necessary to convince patients, payers, and 
regulators that pharmaceutical care is of value. 

To convince payers that pharmaceutical care has value and 
can save enormous amounts of money, numerous studies have 
been conducted.?”?? In a recent study at the University of 
Kansas, direct savings from community pharmacist interven- 
tions averaged $27.63 for each therapeutic substitution, $35.55 
per drug discontinuation, $32.36 for drugs deemed not neces- 
sary to dispense, and $21.98 for each generic substitution.”* To 
further demonstrate how pharmacists can reduce total health- 
care costs and improve patient health, Project ImPACT (Im- 
prove Persistence and Compliance with Therapy): Hyperlipid- 
emia was established.” Community pharmacists participating 
in this project offered cholesterol tests and regular counseling 
to patients with hyperlipidemia, a form of high blood choles- 
terol. Participating pharmacists spent up to 30 minutes per 
visit with patients, explaining laboratory test results, suggest- 
ing lifestyle changes, and stressing the importance of staying 
on their prescribed medication. According to preliminary re- 
sults, 84% of the 469 enrolled patients are still taking their 
medicine as prescribed and about 50% of those patients have 
achieved their cholesterol-lowering goals. As a result of these 
findings payers and patients are realizing that pharmaceutical 
care leads to improved patient health and offers substantial 
savings in health-care costs. In other words, pharmaceutical 
care provided by community pharmacists is of value. 

As payers and patients realize the value of pharmaceutical 
care, they are more willing to reimburse pharmacists for their 
pharmaceutical-care services and disease management activi- 
ties.1’ Financially, it is better to pay the pharmacist a fee to 
prevent a drug therapy complication than to pay for an emer- 
gency room visit or hospitalization that occurs as a result of 
such a complication. Therefore, programs are being imple- 
mented to reimburse pharmacists for pharmaceutical care. One 
significant program is the Mississippi Medicaid Waiver Pro- 
gram. The Health Care Financing Administration (HCFA) has 
approved a Medicaid waiver in Mississippi to pay for pharma- 
ceutical care in four disease states: asthma, diabetes, hyperlip- 
idemia, and anticoagulation.?! The waiver allows for licensed, 
credentialed pharmacists to receive reimbursement for disease 
management activities. Programs like this provide evidence 
that payers and patients are recognizing the value of pharma- 
ceutical care and are reimbursing pharmacists for their ser- 
vices. Community pharmacists are encouraged to provide phar- 
maceutical care as they are compensated for their services. 
Moreover, there is less economic risk involved in investing in 


32 CHAPTER 4 


the delivery of pharmaceutical care when reimbursement pro- 
grams are in place. Thus, as payers continue to recognize the 
value of pharmaceutical care and reimburse pharmacy prac- 
titioners for pharmaceutical-care services, the diffusion of 
pharmaceutical care throughout community pharmacy will 
continue. 


THE FUTURE 
I) 
As the health-care delivery system continues to evolve it ap- 
pears that community pharmacy practice will continue to mi- 
grate toward patient-specific pharmaceutical care. As pharma- 
cists demonstrate the cost effectiveness of pharmaceutical care, 
opportunities will expand. The true value of pharmaceutical 
care is in the improved quality of life resulting from prevention, 
detection, and resolution of drug-related problems and medica- 
tion misadventures. As more pharmacists embrace this prac- 
tice style, public expectations will change. Community phar- 
macists are already respected and trusted by their patients. 
Hence, activities that improve patient quality of life and save 
health-care dollars at the same time can only serve to further 
enhance the role, of pharmacists as health-care providers. 
When this effectiveness is combined with the ready accessibil- 
ity of community pharmacists, the future for community phar- 
macy is extremely good. 
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CHAPTERS 


THE HEALTH-CARE ENVIRONMENT 

se aL LE 
The provision of health services and products is a major indus- 
try in the United States. In 1995 the nation spent some $1 
trillion, or an average of $3621 per person, for health care.! The 
total expenditures for health care have increased steadily over 
the past 30 years, even as the proportion spent for drugs and 
medical sundries has declined consistently. For example, in 
1965 prescription drugs accounted for 9%, but in 1995 they 
accounted for only 5.6% of national health expenditures.” 
These drugs and medical sundries were, for the most part, 
developed and produced by the US pharmaceutical industry. 


THE PHARMACEUTICAL INDUSTRY 

(EL a I TT SET TAREE NENT REE 
The US pharmaceutical industry is relatively young and began 
to emerge as a major industry only in the mid-1930s.” The 
introduction of the first sulfonamide in 1935 stimulated inter- 
est in pharmaceutical research and set the stage for the suc- 
cessful development of penicillin, the most significant of the 
many pharmaceutical products developed during World War II. 
During this period, leadership in new-drug discoveries shifted 
from Europe to the United States as American companies sub- 
stantially increased their research and development (R&D) 
efforts. 

The strong commitment to drug R&D has been demon- 
strated by continued US leadership in the introduction of new 
chemical entities during the past 50 years. In 1995 domes- 
tic sales and sales abroad of ethical products produced by 
research-based pharmaceutical companies totaled $85.3 bil- 
lion.* Many prescription-drug firms also produce other health- 
related products such as over-the-counter (OTC) drugs, veter- 
inary products, and agricultural chemicals. Some manufacture 
medical equipment, medical devices, diagnostic products, and 
hospital supplies. 

Typically, pharmaceutical manufacturers sell their prod- 
ucts directly to a variety of classes of distributors, such as 
wholesalers, independent and chain drugstores, private and 
nonprofit hospitals, and various government institutions. How- 
ever, in recent years, the trend has moved to increased distri- 
bution through wholesalers. For example, in 1977, 49.1% of all 
ethical pharmaceutical sales were distributed through whole- 
salers; in 1995 the proportion of sales through wholesalers had 
increased to 78.9%. 

The US pharmaceutical industry is the largest of any na- 
tion. It is also the largest exporter and importer of pharmaceu- 
tical products, according to United Nations statistics.* For ex- 
ample, in 1990, the US exported $5.2 billion and imported $3.8 
billion of medicinal and pharmaceutical products. The second 
largest was the Federal Republic of Germany, with exports of 
$5.1 billion and imports of $2.9 billion. 


THE REGULATORY ENVIRONMENT 


Numerous laws govern the production, distribution, and mar- 
keting of prescription drugs on both the state and federal 
levels. Federal regulation began with the 1906 Pure Food and 
Drug Act. This was designed to protect consumers by requiring, 
in part, that the ingredients of a medicine be stated truthfully 
on the package label. It was strengthened considerably in 1938 
with the passage of the Food, Drug, and Cosmetic (FD&C) Act, 
under which drug manufacturers were required to demonstrate 
that a drug was safe for the use stipulated on the label. 

Federal control over prescription drugs was broadened fur- 
ther by the 1962 amendments to the FD&C Act, which required 
manufacturers to show that a new drug was not only safe, but 
also effective for its intended use. 

The overall resources of the Food and Drug Administration 
(FDA) have diminished in the past few years, while its work- 
load has increased. With many new drugs now being developed 
by the industry, the fear is that FDA lacks the resources to 
carry out its regulatory mandate in a timely fashion. For ex- 
ample, in 1996, FDA took an average of 17.8 months to approve 
the drugs that it had designated as new chemical entities 
representing major therapeutic advances.” 

Because of the regulatory climate in the United States, a 
significant number of new drugs are approved first overseas. 
Thus, the benefits of medical research often are available ini- 
tially in foreign countries. For example, of the 207 drugs ap- 
proved by FDA between 1990 and 1996, 139 (or 67%) were first 
marketed abroad.” This pattern has been consistent for many 
years, sometimes causing critically ill Americans to have to 
travel to foreign countries to obtain medicines not yet approved 
in the United States. 

Some observers believe that fundamental changes are 
needed in the drug-approval process. Industry and government 
really are partners in the challenge of bringing new, safe, and 
effective products to health-care professionals and patients. 
The research that starts in the laboratory can provide its ben- 
efits in medical practice only if both industry and government 
do their jobs well. 


THE FUTURE 

LSE RT ETE SEIS DAT TTEPIS 
The future of the pharmaceutical industry appears to be bright. 
It continues to discover, develop, produce, and market life- 
enhancing, life-lengthening, and life-saving medicines that im- 
prove the quality of life wherever they are available.® The 
pharmaceutical industry has several strengths that will move 
the industry into the 21st century and beyond. 


Constantly growing science base, notably in biotechnology, 
opening major new avenues for drug innovation. Genetic 
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engineering holds out the hope for discovering and producing 
drugs that affect the basic biological structure of the body and 
change disease patterns. 

Impact on the health of people. Industry products are among 
the most cost-effective elements of health care. In fact, the 
optimal use of most pharmaceutical products can help lower other 
health-care costs. 

The industry as a vital national resource. As investor-owned 
private enterprises, pharmaceutical firms seek reasonable returns 
on their substantial investments in R&D. The key to the value of 
the industry as a national resource is its willingness to invest 
more and more dollars in research. 


At the same time, despite the real strengths of the industry, 
there are challenges and hurdles that must be recognized. 


The continuing health-care cost-containment effort. 
Manifestation of cost containment may be seen in price controls, 
restricted formularies, compulsory licensing, and limited 
reimbursement lists, as well as generic and therapeutic 
substitution. 

The future of the FDA. As its capacity and resources become 
more limited in terms of the workload, the FDA will not be able to 
keep up with the technological skills and processing efficiency 
necessary to support growth in the US pharmaceutical industry. 
Congressional scrutiny of prescription-drug prices and 
industry profits. The industry must continue to emphasize the 
need for research, with the high cost and risk involved; at the 
same time, efforts must be made to reduce production costs 
through new technology. 


The pharmaceutical industry functions under close public scru- 
tiny and increasing regulation. To ensure its continued health 
and growth, the industry must ensure that legislative and 
regulatory bodies, and its various publics, understand how it 
works. 

The promise of medical science is real; the industry is truly 
on the threshold of a second golden age of therapeutics. Phar- 
macy, medicine, and patients depend on the success of the 
industry’s innovations, and the industry will succeed through 
vision, hard work, and intelligent use of its resources. 


OPPORTUNITIES FOR PHARMACISTS 

ER STE UR TE aE 2 NT SE SR SC ET) 
As of June 1996 the US pharmaceutical industry employed a 
total of 367,871 people worldwide. Of this total, 203,009 were 
employed in the US, and 164,862 were employed abroad.” 
Among those working in the US, 60,163 were involved in pro- 
duction; 58,082 worked in marketing; 50,802 were involved in 
medical R&D; and 28,642 worked in administration. The re- 
maining 5321 were responsible for distribution activities. 

In a national study funded by the American Association of 
Colleges of Pharmacy (AACP),’ a survey of some 3000 graduate 
students located in 57 schools of pharmacy indicated that most 
students had aspirations of joining a pharmaceutical firm. 
Nearly half (47.4%) of the students in doctoral programs and 
one-third of the students in master’s programs stated a goal of 
a career in the pharmaceutical industry. 

In 1996 there were about 198,000 pharmacists in the US.® 
Of this number, approximately 6000—or slightly more than 
3% of all pharmacists—are employed in the pharmaceutical 
industry.® As the industry continues to expand, this number is 
expected to grow as well. 

Pharmacists in industry hold positions in sales, marketing, 
research, development, production, and quality control, as well 
as in administration and management. Industry pharmacists 
are able to use their pharmacy training and skills and, at the 
same time, experience professional growth, personal satisfac- 
tion, and a challenging environment. Entry-level salaries are 
competitive with other areas of pharmacy practice, and the 
opportunities for long-range advancement, earnings, and 
fringe benefits are generally better in industry. Approximately 
60% of all industrial pharmacists are employed in sales and 
marketing. !° 


Sales 


The sales area generally is regarded as one of the ways for 
pharmacists to get into the pharmaceutical industry. The sales 
representatives (also called professional service representa- 
tives, professional sales representatives, medical service repre- 
sentatives, or detailmen) usually call on pharmacists, physi- 
cians, nurses and, in some cases, dentists and veterinarians 
with details on the products of their companies. The objective of 
these calls is to provide the various professional audiences with 
enough comprehensive information on a product to encourage 
the product’s use, prescription, or recommendation by the ap- 
propriate health-care specialist. 

Many companies prefer that candidates for a sales position 
have a science background, and thus they favor applicants with 
pharmacy training. Equally important in being considered for a 
sales position are the personal traits and attitudes of the ap- 
plicant, such as a congenial personality, effective oral commu- 
nication skills, and a strong interest in selling. 

Entry-level salaries for sales positions in most areas of the 
country generally are competitive with other pharmacy prac- 
tice positions. In addition, most pharmaceutical companies of- 
fer excellent benefits packages such as company cars, expense 
reimbursement, travel to medical and pharmacy conventions, 
comprehensive medical insurance for the family, and reim- 
bursement for education programs. 


Marketing 


The marketing department is responsible for developing and 
implementing marketing plans to promote the company’s prod- 
ucts to the appropriate target audiences. Every company in the 
industry has, over time, developed its own unique marketing 
organization. In some firms, the department is organized by 
category, such as prescription-products marketing and OTC- 
products marketing. In other firms, marketing is divided into 
therapy areas, such as cardiovascular or asthma products. 
Whatever their structure, most marketing departments 
include 


e Marketing Research, which analyzes business trends, sales histories 
of the company’s products, competitive information, prescribing and 
recommendation habits of practitioners and new business opportu- 
nities within the market. 

e Marketing Planning, which is responsible for anticipating and de- 
veloping products and services to meet the needs of the market place 
in the long term. 

e Product Management, which oversees the overall marketing plan for 
a specific product, and is responsible for the profits or losses gener- 
ated by that product. 

e New-Product Development, which explores consumer needs and 
identifies potential new products to help satisfy those needs. 


A degree in pharmacy may be helpful but generally is not a 
requirement for a marketing position. Experience in the indus- 
try, usually gained in the sales department, plus an under- 
standing of the health-care delivery system, general business 
principles, and a basic knowledge of R&D, manufacturing, 
quality assurance and distribution are helpful in obtaining a 
position in the marketing department of a pharmaceutical 
company. 


Research and Development 


Approximately 12% of all pharmacists in industry are engaged 
in R&D of new drugs or new dosage forms of existing prod- 
ucts.'° This area of the industry is stimulating and challenging 
and is suited especially to pharmacists with strong scientific 
backgrounds. 


A key measure of the industry's continued commitment to 
research is the ratio of annual R&D expenditures to the dollar 
volume of pharmaceutical sales. Expressed as a percentage, the 
ratio has been above 10% each year since 1968; in 1997 the 
ratio reached an estimated total of $18.9 billion, or 21.2% of 
the sales volume.” 

Although the industry has a large number of drugs in de- 
velopment in many areas, the large and growing cost of bring- 
ing a new drug to market is a significant challenge to phar- 
maceutical manufacturers. Government economists have 
estimated this pretax capitalized cost at $359 million.” This 
analysis accounts for the opportunity costs of investing funds 
several years before a new drug can be marketed. The increas- 
ing cost of developing a new drug is in part attributable to the 
increasing research focus on chronic conditions. Drugs in- 
tended to treat those conditions require more extensive testing. 

The long-standing leadership of the United States in drug 
innovation is reflected by the fact that about 61% of the new 
chemical entities introduced in the country since 1940 were US 
discoveries. Moreover, over 90% of the new drugs were discov- 
ered by private industry.” 

THE DRUG-APPROVAL PROCESS—Before a new drug 
can be marketed in the US, extensive testing must be per- 
formed, and the FDA must approve the product as being safe 
and effective for its intended uses. Tests begin with animals. If 
a drug is determined to be safe for limited controlled clinical 
trials in humans, a sponsor must submit an Investigational 
New Drug (IND) application to inform the agency that efficacy 
and safety studies in humans will be initiated within 30 days 
unless the FDA objects. 

Clinical studies of a new drug in humans usually are divided 
into three phases: 


Phase I. An initial, cautious trial in a few healthy persons. 

Phase II. More detailed observations in research subjects who have the 
disease for which the drug is intended to be effective. 

Phase III. More extensive, often longer, tests to learn whether the drug 
is effective for the disease state or syndrome it is intended to treat. 


If clinical testing continues, substantial record-keeping is re- 
quired throughout the testing period. A sponsor then submits a 
New Drug Application (NDA) containing documentation of 
safety and effectiveness studies and the manufacturing control 
procedures to be used in preparing the product. 

The attrition rate for prospective new chemical entities as a 
result of clinical testing is very high. About only 1 in 10 drugs 
for which INDs are issued go through all clinical phases of 
investigation. Discontinuances usually are based on company 
evaluations of test results and of the potential of the drug being 
tested. 

PATENT ACTIVITY—This is another measure of the in- 
tensity of pharmaceutical research. A new drug may be the 
subject of several different patents. For example, a patent may 
be obtained for new chemical entities, novel manufacturing 
processes, or new uses of existing compounds. Of 152 global 
drugs launched between 1975 and 1994, almost half of them 
were of US origin.” 

New medicines help to improve the health of our citizens, 
thus great social benefits result from the patent protection 
given to the investors of those products. By providing inventors 
with an exclusive 17-year right to sell these inventions in the 
United States, patents enable companies to realize adequate 
returns on their substantial investments. 

A patent application usually is filed as soon as a chemical 
compound shows promising pharmacological activity. Exten- 
~ sive testing usually is required, however, to determine whether 
a compound can be developed for practical use as a medicine. 
Such testing in animals and humans—and processing through 
the IND and NDA phases— often continues for years after a 
patent has been granted. This process reduces the patent- 
protected time a company has to market its product and re- 
cover its development costs. 
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VALUE OF PHARMACEUTICAL RESEARCH—Phar- 
maceutical research undoubtedly has helped to improve the 
health of the nation. Decreased morbidity and increased lon- 
gevity are key measures of such progress. Numerous economic 
studies document that drugs are cost-effective forms of therapy 
that can reduce health-care costs substantially. 

Since 1940 the use of drugs and vaccines has reduced the 
incidence of certain diseases substantially; for example, drug 
therapy has virtually eliminated diphtheria and poliomyelitis 
in the United States.'’ Reduction in morbidity—sickness and 
sick days—has been achieved for other forms of illness as well. 
For example, drug therapy has reduced dramatically the num- 
ber of patients who require hospitalization for tuberculosis. 
The disease now is treatable at home with a variety of drugs. 
A similar result has been achieved through the use of H.- 
antagonists and antibiotics for ulcers. 

Besides reducing the need for hospitalization, drugs also 
prevent and cure disease, supplement other medical proce- 
dures such as surgery, and help restore patients to a normal 
life. New medicines also have enabled people to lead longer and 
healthier lives. Since 1940 life expectancy has increased by 
17.6% for men and by 20.1% for women.'” 

Studies sponsored by the Pharmaceutical Research and 
Manufacturers of America show that drugs not only reduce 
sickness and save lives, but also save money. A study of car- 
diovascular $-blocking drugs shows that their benefits far ex- 
ceed their costs. For example, as an alternative to surgery for 
treating glaucoma, the use of a B-blocker may save $746 million 
to $1.06 billion a year.!° 


Production and Quality Control 


Some 11% of the pharmacists who work in industry are in- 
volved in production and quality control (QC).'° Pharmacists 
working in production often serve in managerial positions. 
They are responsible for anticipating the company’s needs and 
planning for the plant facilities, equipment, and personnel who 
will be needed to meet the company’s production goals. They 
also are responsible for establishing and administering manu- 
facturing procedures and controls to ensure the production of 
high-quality products that will meet rigid company and FDA 
standards. 

Pharmaceutical manufacturing is changing constantly by 
developing new technologies. Equipment often becomes obso- 
lete in as short a time as 3 to 5 years. Thus, pharmacists and 
other production employees constantly must learn and adapt to 
new technology and procedures. Pharmacists who want to ad- 
vance in careers in manufacturing usually will need advanced 
degrees beyond their entry-level pharmacy diplomas. 

Research-intensive pharmaceutical companies constantly 
conduct thousands of assays and quality assurance (QA) tests 
each year to maintain the quality of their products. QA activ- 
ities begin while the safety and efficacy of a new product are 
being established. Final production and QA specifications for a 
new product are jointly established by the R&D, manufactur- 
ing, and QA departments of the company. 

The QA department establishes sampling and testing pro- 
cedures to make certain that each lot of a product meets both 
company and FDA specifications. The system also ensures the 
potency, purity, and dose-to-dose uniformity of the product, in 
addition to the chemical, physical, and biological data; stability 
of the finished trade package; and appropriate expiration dates. 
The QA department also checks not only for the quality and 
quantity of the active ingredients, but also for the uniformity 
and predictability of the nonactive ingredients. 

Pharmacists with entry-level pharmacy degrees, as well as 
those with graduate training, can be trained to work in many 
QA areas. 
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MANAGEMENT AND ADMINISTRATION 

(RA GL ab AED a aR ea Ra a tig MS 
Just a little over 16% of the pharmacists employed in industry 
have moved up to positions of management and administra- 
tion.1° Managers and administrators help to make sure that 
each department of a company functions smoothly. Some phar- 
macists in management positions also serve in staff functions, 
providing legal advice, representing the firm among its various 
audiences (eg, pharmacy relations), or providing internal con- 
sultation on pharmacy affairs to other managers who may not 
be pharmacists. 

Pharmacy training provides a good basis for management 
and administration, but on-the-job experience is usually the 
key to success in management. For example, half of all people 
in management positions in the industry began their careers in 
sales and marketing.’° Qualities of discipline, hard work, and 
dedication go a long way in helping a pharmacist advance into 
a management position. 


VOCATIONAL INTEREST PROFILES 

RATES RAN Ao Re a A SG ETSI, 
Industrial pharmacists rarely have been the subjects of voca- 
tional research. A study by Smith of 364 industrial pharmacists 
employed in sales, marketing, administration, manufacturing, 
QC, and R&D showed some significant patterns of in interest 
profiles.'* According to Smith, interest patterns among indus- 
trial pharmacists were varied. 

Medical-service representatives and marketing/administra- 
tive pharmacists had similar interest patterns, which were 
somewhat similar to those of pharmacy proprietors. Those 
groups had a high interest in enterprise-related activities, in- 
cluding public speaking, law/politics, merchandising, sales, 
and business management. Medical-service representatives 
were more socially oriented than other groups, and they scored 
the highest on the sales scale. Marketing/administrative phar- 
macists scored the highest on the business-management scale. 

Manufacturing/QC pharmacists had a high interest in ac- 
tivities that require precision and working in laboratories, as 
was reflected by their scores on the realistic and conventional 
scales. Manufacturing pharmacists also had high scores on the 
business-management scales. Their interest patterns were 
similar to R&D pharmacists, especially in terms of laboratory 
activities. Both groups were very much concerned with the 
sciences. Their interest patterns were similar to that of aca- 
demic pharmacists, except the latter were less interested in 
laboratory activities and more interested in teaching. 

All groups had a rather high interest in investigative and 
science-related activities, but very high interest research found 
among R&D pharmacists was only matched by the academic 
pharmacists.'* Profiles conformed to a highly consistent pat- 
tern with respect to related scales and gender-role influence. 
Work groups were differentiated. The study identified reliable 
interest characteristics for four industrial groups that can 
serve as a guide for students and practitioners who are con- 
templating a career in industrial pharmacy.'4 


CONTRIBUTION OF PHARMACEUTICAL 
SCIENTISTS 


SDS PAO TS 5 i OS SPR TT 
Scientists employed in the US pharmaceutical industry con- 
duct research and publish scientific papers that contribute to 
the stock of publicly available scientific knowledge. Using bib- 
liometric techniques, Narin, Corrigan, and Gallagher reported 
on the nature, size, and quality of the industry’s contribution to 
this knowledge.’ According to this study, the US pharmaceu- 
tical industry produces more than 1500 papers per year in a 
broad spectrum of scientific disciplines. Scientists in the indus- 


try produced a total of 1.5% of all US scientific research papers 
in the 1973 to 1982 period.'° 

The industrial papers tend to be somewhat more heavily 
concentrated in areas of clinical medicine than all of the papers 
sponsored by the National Institutes of Health; the industry 
papers also include a substantial number of papers in basic 
biomedical research journals, as well as in chemical journals.1° 

According to Narin et al,!° papers by industrial scientists 
appear to be of high quality as measured by how frequently 
they are cited. Also, using a cost (in 1982 dollars) of approxi- 
mately $100,000 per paper, the value of papers published by 
the US pharmaceutical industry is estimated to be at least 
$150 million per year. This represents a conservative measure 
of the industry’s contribution to public knowledge. 


WOMEN PHARMACISTS 


A study by Lear and Kirk clearly showed that women pharma- 
cists who have pursued careers in the pharmaceutical industry 
are happy with their decisions.'® A total of 174 women phar- 
macists participated in the survey. One of every four women in 
the sample had earned an advanced degree beyond the bache- 
lor’s degree in pharmacy: 17 had an MS degree, 15 a PharmD 
degree, 6 an MBA degree, and 6 a PhD degree. 

The respondents identified 11 different work areas within 
the industry. For the purposes of analysis, these 11 areas could 
be condensed into three work groups: product development 
(R&D, QA, and manufacturing), product regulation (medical 
affairs, regulatory/legal and professional relations), and prod- 
uct promotion (sales, product management, and marketing). In 
general, women working in the product-regulation group re- 
ported the highest salaries. 

When asked their reasons for choosing a career in industry, 
the respondents noted that opportunities for personal growth 
and more interesting work responsibilities were their domi- 
nant reasons for going into industry as opposed to the more 
traditional sites of community or hospital pharmacies. 

Women in industry appear to be very satisfied with their 
jobs. According to the Lear and Kirk study, 93.6% of the re- 
spondents were very satisfied/satisfied with their working con- 
ditions; 94.8% were happy with their fringe benefits; 85.4% felt 
that they were accepted by male peers; 89.5% were very satis- 
fied/satisfied with their salary; and 82.8% reported being happy 
with their ability to use their knowledge of pharmacy in their 
jobs. 


SUMMARY 


Although relatively few pharmacists have chosen the pharma- 
ceutical industry as a career, it has become increasingly evi- 
dent that there are many opportunities within the industry. As 
new technologies unfold, the industry will need people with the 
skills essential to discovering, developing, introducing, and 
promoting the wave of new products. A pharmacy education 
certainly is an excellent starting point for anyone who contem- 
plates a career in the growing US pharmaceutical industry. 
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The continuing emphasis on effective and efficient health 
services for the population of the US and the general aging 
trend of its populace are increasing the importance of phar- 
maceutical services and pharmacist participation in complex 
health programs. New and exciting possibilities for adaptive 
pharmacy practice and careers are offered in government 
sectors, with the federal sector offering the broadest range of 
opportunities. 

The trend toward systems of managed care administration 
has set into motion several initiatives that will reform the 
provision of health care in the US. At the same time, continuing 
commitments and action steps to reduce the overall size of the 
federal establishment have been made. In each case, both the 
form and effect of changes in the federal sector will be spread 
over several years. It can be anticipated that federal-sector 
health systems will be extremely dynamic through the turn of 
the century and beyond. 

Pharmacists and the profession of pharmacy are at the 
crossroads of health care. Opportunities for the creation of new 
forms of practice abound. Nowhere is this truer than in the 
federal sector, which offers numerous opportunities for innova- 
tion through novel clinical delivery systems and in policy and 
regulatory mechanisms. Although it is true that pharmacists 
practicing within the several federal services are not the high- 
est paid practitioners in the profession, it is also true that 
pharmacists desiring to practice advanced forms of clinical 
activities find fulfillment in many areas of federal practice. 
Federal service also offers the unique opportunity to pursue a 
career in which one’s seniority and retirement program re- 
mains intact throughout one’s career moves. Those pharma- 
cists who are not product-oriented, but rather hold values and 
educational backgrounds oriented toward patient care and 
public health, find a particularly rewarding form of practice in 
federal service. 


PHARMACISTS AND 
GOVERNMENT SERVICE 


(SAE SRS RR Te I 
Pharmacists and their predecessors, the apothecaries and 
druggists, have served their country and government with dis- 
tinction since the founding of the colonies. Although direct 
employment of large numbers of pharmacists is a relatively 
recent phenomenon, more subtle and indirect assistance has 
been provided for centuries. Pharmacists, apothecaries, and 
druggists have responded uniformly to the call of their country 
to perform critical tasks in support of causes ranging from 
defense to improving national social equity. 

As health care and medical technologies have advanced and 
become increasingly complex, pharmacists have been called 
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upon to perform tasks that are pivotal to the achievement of 
improving the health of the individual patient as well as the 
collective health of the nation. Paradoxically, most of the de- 
mands placed on the profession and its practitioners are ex- 
panding the pharmacist’s role into new and different institu- 
tional and consulting territories, while at the same time 
intensifying demands for those performing in the more tradi- 
tional community dispensing and distributive role. The ability 
of the pharmacist to be the health professional uniquely 
equipped to respond to these changing needs and demands 
rests with the nature of pharmacy and, to a large extent, the 
educational system that has evolved from the traditions of the 
apothecaries. 

Pharmacy education and practice rests on a foundation of a 
synthesis of sciences. Pharmacists enter the practice world 
with a background and education that prepares them to be 
highly skilled and expert in several different intellectual and 
practical areas. This leaves the pharmacist only one step from 
either moving farther into the generalist role or choosing to 
pursue a specialist role. Whichever route is chosen, the phar- 
macist remains a broadly educated member of society, offering 
a flexibility of performance of functions that is unseen in any 
other health profession. It is precisely this high level of flexi- 
bility that makes the pharmacist an exceptionally valuable 
resource in government practice. Today, given the rapidly 
changing social and political environments into which govern- 
ment is interwoven, such flexibility is an essential element is 
adding value to the health system. 


CAREER OPPORTUNITIES 


Opportunities in the federal sector are not merely employment 
opportunities, but are truly career opportunities. Federal ser- 
vice offers more variety and differentiation in the types of 
positions that a pharmacist may fill than does the private 
sector. In addition, the federal sector offers the pharmacist 
opportunities for which there is no comparison in the private 
sector. In the federal sector, it is not unusual to find a phar- 
macist in a position that neither calls for the specific expertise 
of a pharmacist nor is normally filled with a pharmacist. Phar- 
macists occupy important positions of this nature because of 
the combination of skills they possess, and hence, their greater 
level of understanding of health care. 

For most pharmacists, entry into federal service is through 
the traditional roles of dispensing and preparation of pharma- 
ceuticals, then advancing to greater responsibilities in scope 
and magnitude. At some point in their career, most federal 
pharmacists must choose between accepting more distribution- 
oriented supervisory duties or branching into a less traditional, 


more management and administrative path. For many phar- 
macists occupying high-level positions, advancement removes 
them entirely from traditional dispensing and other direct 
patient-oriented tasks. These posts generally are upper man- 
agement or policy-making positions, where the specific require- 
ment for experience in pharmacy practice is indirect or 
nonexistent. 

In many respects, this pattern is similar to that which can 
be expected in some forms of multi-unit and chain-type com- 
munity stores, and in larger institutional practice in the pri- 
vate sector. Pharmacists in federal leadership positions have 
considerably greater, more far-reaching impact than do their 
peers in the private sector. The practice profile probably more 
closely resembles the events of a career in industry. The func- 
tional difference between federal and industry/multi-unit prac- 
tice is that the federal climate offers the broadest range of types 
of practice, spanning the entire continuum from staff pharma- 
cist functions through high-level management, administration, 
and policy making. 

The federal agencies that offer career opportunities for 
pharmacists are the Department of Veterans Affairs (DVA), 
which employs the greatest number; the US Public Health 
Service (PHS); and the Department of Defense (DOD), through 
the Army, Navy, and Air Force. The PHS and the three services 
within the DOD offer positions as either civil service or com- 
missioned officers; the DVA and other federal agencies offer 
only civil service appointments. 

In the PHS, and the Army, Navy, and Air Force, commis- 
sioned officers are used as rapidly mobile professional experts. 
Civil service is used as an ancillary method of recruitment, and 
offers significantly more geographic stability. Within the PHS, 
officers of the Commissioned Corps provide the majority of 
pharmacy services; civil service recruitment is used in limited 
instances. 


UNIFORMED SERVICE REQUIREMENTS 
LAL ELE TL TIA ATI TEE 
Of the seven uniformed services, four provide commissioned 
officer opportunities for pharmacists. The Air Force commis- 
sions pharmacists as members of the Biomedical Service Corps. 
The Army categorizes pharmacists as officer members of the 
Medical Service Corps. The Navy commissions pharmacists as 
members of the Medical Service Corps, and assigns some mem- 
bers of their health professional staffs as support for the Ma- 
rine Corps. The Commissioned Corps of the PHS commissions 
pharmacists as members of a distinct pharmacy category, as- 
signs members to several other federal agencies, and also acts 
as the medical and health support agency for the Coast Guard 
and the National Oceanic and Atmospheric Administration in 
afloat and ashore establishments. 

It is important for the pharmacist applicant to understand 
that accepting a commission as a member of one of the uni- 
formed services obligates the individual to a higher order of 
service. Anyone seeking a career as a health professional and 
commissioned officer must keep in mind that professional phar- 
maceutical knowledge and expertise do not by themselves char- 
acterize a good officer. The individual must possess other qual- 
ifications and skills as required of any commissioned officer, 
whether serving in a health corps or in a combat arms corps. 
These qualifications include dedication to a larger cause; excel- 
lent judgment, leadership, efficiency, and effectiveness; and 
devotion to organizational purpose. The extent to which an 
officer exhibits and activates these attributes is carefully con- 
sidered by promotion boards in addition to the skillful applica- 
tion of professional prowess. 

Most successful applicants can expect to be commissioned as 
an extended duty reserve officer when first called to active 
duty. Applicants must possess a baccalaureate degree in phar- 
macy from an institution accredited by the American Council 
on Pharmaceutical Education (ACPE) and be licensed by exam 
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to practice in one of the states or territories of the US or the 
District of Columbia. Generally, the licensure that is claimed 
must have been earned by examination, not by reciprocity. 

All applicants must be of good moral character, at least 21 
years of age, and physically qualified. All applicants are re- 
quired to undergo a government-provided, comprehensive 
physical examination prior to commissioning. In all cases ap- 
plicants must provide adequate information for a complete 
background and security check and undergo a credentialling 
process at their point of practice. In most cases appointees with 
advanced degrees and/or specialized training and education are 
awarded added credit for rank purposes, in recognition of their 
attainment. In some cases, additional professional practice pay 
is authorized for those certified in some specialty areas of 
practice. 


US ARMY 


The Continental Congress established a hospital for the care of 
wounded and disabled in 1775 and simultaneously established 
the position of apothecary as a member of its officer comple- 
ment. In 1776 Congress created the office of “druggist,” whose 
duty it was to “receive and deliver all medicines, instruments 
and shop furniture of the United States.” The Medical Depart- 
ment was reorganized in 1777 and the country divided into four 
districts. Congress provided that there would be one apothe- 
cary general for each district. Each district apothecary general 
was charged to “receive, prepare and deliver medicines and 
other articles of his department to the hospitals and Army, as 
shall be ordered by the director general.” 

During the Revolutionary War, a central laboratory was 
established for the manufacture of various pharmaceuticals 
needed to support the operations of the Continental Army. The 
majority of these products were manufactured by the first 
Apothecary General, Andrew Craigie. His shop in Carlisle, 
Pennsylvania, was one of the first large-scale manufacturing 
operations in the colonies. 

Professional recognition of the apothecary, druggist, and 
pharmacist in the Army has been varied, but has improved 
over the past two centuries. During the Civil War, medical 
officers controlled the acquisition and preparation of medici- 
nals in both the Union and Confederate Armies. Druggists 
frequently were found in supporting roles, especially among 
Union volunteer regiments, but they did not occupy commis- 
sioned positions. Between the end of the Civil War and the 
period immediately after World War IJ, pharmacists served in 
capacities for which some received commissions; others were 
assigned to the enlisted ranks. During World War I, several 
pharmacists served in support roles in the Army’s Sanitary 
Corps. 


Army Pharmacy 


The degree of professional recognition of pharmacists, as well 
as pharmacy practice, is radically different in today’s army. 
Pharmacists are vital members of the Medical Service Corps 
and serve throughout the world in support of the mission of the 
Army Medical Department, which is to ensure the health of the 
soldier during times of peace and war. To accomplish this 
mission, the Army operates 76 ambulatory care clinics and 28 
general hospitals and 8 medical centers, as well as several fixed 
and mobile ambulatory-care medical activities. 

There currently are approximately 157 commissioned phar- 
macy officers on active duty. Most are assigned to Army med- 
ical centers and general hospitals in the US. Army general 
hospitals have all the characteristics of the modern community 
hospital, but restrict their operations to providing for the care 
of active-duty and retired personnel and their dependent ben- 
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eficiaries. All eight of the medical centers conduct advanced 
education, training, and research programs and are equipped 
with much of the same sophisticated technology to be found in 
university-affiliated teaching hospitals. 

Service as a pharmacy officer in the Army provides the 
opportunity for international travel and service. The Army has 
pharmacy officers stationed outside the US in hospitals in 
Germany, Korea, Panama, Japan, Italy, and Belgium. Career- 
status pharmacists can anticipate having the opportunity for a 
foreign-duty assignment at least once during their career. 

Pharmacy officers are supported by an active pharmacy 
technician program. The Army conducts pharmacy technician 
training at the Academy of Health Sciences at Fort Sam Hous- 
ton, Texas, via a program of studies accredited with the Amer- 
ican Society of Health-System Pharmacists (ASHP). A total of 
more than 600 pharmacy technicians are now on duty. Army 
pharmacists and technicians dispense in excess of 60,000 am- 
bulatory-care prescriptions and 40,000 inpatient medication 
orders daily. 

Army medical activities also use the civil service system to 
employ pharmacists. The Army employs some 399 civilian 
pharmacists in a variety of General Schedule (GS) grades, plus 
an additional 300 civilian technicians. Most of these civilian 
pharmacists are employed within the continental US and can 
expect geographic stability. 

The Army provides several opportunities for advanced edu- 
cation, training, and research. Each of its medical centers con- 
ducts research programs. Four medical centers (Brooke AMC, 
Madigan AMC, Tripler AMC, and Walter Reed AMC) operate 
hospital pharmacy residency programs which are fully ASHP- 
accredited. In addition, a hematology—oncology pharmacy res- 
idency is offered at Walter Reed Army Medical Center. Con- 
tinuing education courses and opportunities are offered 
through military-provided programs of study as well as atten- 
dance at civilian pharmacy programs; the expenses are covered 
under military reimbursement. 

The Army is active in providing external education oppor- 
tunities for its pharmacists. Each year, highly motivated offi- 
cers are selected for army-sponsored graduate studies in 
civilian institutions. Officers customarily pursue graduate ed- 
ucation in institutional pharmacy leading to either a Master of 
Science or Doctor of Pharmacy degree. There is a limited op- 
portunity for officers to pursue studies directed at earning a 
PhD degree in pharmacology. While attending sponsored edu- 
cation, officers receive full pay and allowances as well as tuition 
assistance. 

The career path for all pharmacy officers extends from the 
rank of Second Lieutenant (0-1) through Colonel (0-6). It is 
possible for officers to be promoted through these ranks over a 
career of 21 years, based upon the promotion methods now in 
force. All promotions are competitive. 

Army pharmacy practice presents several unique opportu- 
nities. The Army Medical Material Development Activity man- 
ages and directs the development of pharmaceuticals and par- 
ticularized delivery systems. The functions of the pharmacist 
assigned to duty in this activity are the assurance of program 
performance in terms of cost, schedule, logistics, quality, and 
adherence to specifications. Many, if not most, of the projects 
within this activity are unique to the military and are not seen 
in civilian practice. Delivery systems for combat casualty care, 
chemical warfare pretreatment, and treatment devices and 
antiparasitic agents are examples of some of the areas in which 
the pharmacist would be expected to work. 

As mentioned previously, pharmacy technicians are trained 
by the Army at their own school. The school offers an 18-week 
program, conducted on a rotating basis approximately six times 
a year; the class size averages 40 to 60 students. Classes 
provide interservice education for active Army, Reserve, and 
National Guard components, and foreign military services. The 
school is supervised by a pharmacy officer and has a staff of an 
additional eight pharmacy officers and more than 20 senior 
enlisted military pharmacy technicians. This staff offers other, 


more specialized, courses of study in sterile products prepara- 
tion and therapy and drug distribution. A course orienting all 
newly commissioned pharmacy officers to the organization and 
operation of Army pharmacy services, career opportunities, 
and expectations of performance is presented periodically by 
the staff. 


US AIR FORCE 


(oN A TN EY ITE ITT TOT 
Today’s US Air Force (USAF) was preceded by the Army Air 
Corps. The Air Force Medical Service (AFMS) was authorized 
and activated on July 1, 1949. In March 1965 the Medical 
Service Corps (MSC) was reorganized into two distinct corps. 
The component including officers who conduct medical admin- 
istration, supply, and nonclinical patient support activities re- 
mained in the MSC. The new added corps, the Biomedical 
Service Corps (BSC), consists of officers representing 17 areas 
of health practice who carry out clinically oriented functions. 
Pharmacists were transferred into the BSC, and this is the 
service in which they are now commissioned. 

The mission of the AFMS and the BSC is to provide the 
medical support needed to maintain the highest possible de- 
gree of readiness of Air Force combat forces. The general mis- 
sion is quite similar to that of the Army and the Navy, but 
differs in the methods and locations of delivery of services. As 
is the case with all other uniformed services facilities, during 
peacetime the Air Force provides health services to retired and 
active-duty service members and their dependents. 

The Air Force operates 87 pharmacist-staffed medical facil- 
ities worldwide. In the US there are 38 small facilities, 27 
medium, and 22 large hospitals and clinics. The service has 
additional hospitals and major clinics located overseas. The 
service also provides supplemental health services to beneficia- 
ries in smaller support operations throughout the Air Force 
system. The Air Force operates a global network of aircraft and 
professionals for the purpose of aeromedical evacuation of 
members of all services. There are four aeromedical staging 
units in the continental US and another one located overseas. 

Air Force hospitals range in size from 10- to 1000-bed facil- 
ities, whose character depends upon the nature of the mission 
of the command in which they are located. The size and range 
of services are determined by the composition and quantity of 
those requiring support. Each of the major commands admin- 
isters hospitals and clinics of the full range of sizes. The Air 
Force Medical Center is the largest and provides a full range of 
general, specialist, and tertiary support. Medical centers spon- 
sor internships and residencies in most medical specialties and 
also offer broad integration of pharmacy services into the 
teaching mission. Research occupies an important focus in the 
day-to-day activities of most medical centers. There are six 
located in the continental US; the largest is Wilford Hall at the 
USAF Medical Center in San Antonio, Texas, with a full clin- 
ical teaching program. 

Regional hospitals of the USAF tend to be smaller than 150 
beds and are designed to provide a full range of community- 
oriented care to beneficiaries within a geographically circum- 
scribed area. Patients with conditions that cannot be handled 
at a regional hospital commonly are referred to a multi- 
specialty civilian facility in the area or, in many cases, referred 
to other uniformed treatment facilities. Although they are geo- 
graphically separated from the medical-center class of hospi- 
tals, the regional hospitals remain linked to medical centers 
through parallel programs of patient care, medical education, 
and research. There are nine hospitals of this class in the US, 
plus two overseas facilities. 


Air Force Pharmacy 


As one would expect, given the varying characteristics of the 
different facilities of the Air Force, the specific qualities of 


pharmacy practice are variable from command to command 
and location to location. All treatment facilities offer ambula- 
tory-care services, so pharmacy practice is a combination of 
inpatient institutional and outpatient dispensing. A survey 
reveals that 39 facilities dispense more than 1000 ambulatory- 
care prescriptions a day; of these, 10 dispense over 2000 pre- 
scriptions per day, and one processes and dispenses in excess of 
4000 prescriptions a day. 

Pharmacy officers supervise, review, and monitor all func- 
tions of the dispensing activity. To deal with this volume, and 
to provide the pharmacist with professional tools such as an 
up-to-date patient profile on each patient, the Air Force service 
is heavily computerized. In the near future, a fully integrated 
computer system will link all Air Force health-care establish- 
ments. This system will integrate orders for pharmaceuticals 
that were generated on an inpatient basis with those written 
on an ambulatory status, giving the pharmacist a complete 
spectrum of patient-specific drug information. 

Larger facilities employ specialist pharmacists. Most medi- 
cal centers use pharmacists as drug information specialists 
who provide consultative services to medical and allied support 
staffs. In other larger facilities, some pharmacist specialists 
devote a portion of their time to distributive functions. In all 
cases, pharmacists serve as active members of the pharmacy 
and therapeutics committees, which possess more far-reaching 
authority than in the civilian community. The pharmacist’s 
role in selecting therapeutic alternatives and substitutable 
pharmacologically active entities is broader than in civilian 
practice. 

The BSC currently has on active duty approximately 257 
pharmacist commissioned officers. Additional pharmacy sup- 
port is provided by pharmacists employed under the civil ser- 
vice system. The Air Force uses slightly more than 1100 en- 
listed pharmacy technicians in support of pharmacy activities. 
They function in several roles, from basic pharmacy adminis- 
tration to the supervised preparation of intravenous additives 
and solutions. 

The career path for Air Force pharmacy officers is similar to 
that of the Army and Navy. Pharmacists serve as commis- 
sioned officers in grades from Second Lieutenant (0-1) 
through, and including, Colonel (0—6). All new officers are 
provided a formalized orientation program upon entry. This 
2.5-week program orients the pharmacists to the Air Force and 
to the Air Force medical community. Additional instruction in 
military courtesies, career development, and the operation of 
readiness programs also is provided. 

Within the first 2 years of service, all pharmacists are re- 
quired to return for advanced training. A 3-week course in 
management, concentrating on the finer skills of managing a 
clinical administrative career, serves as the foundation for 
future advancements in position and rank. 

Sometime after the initial 2 years of service, pharmacy 
officers may be selected to attend the Squadron Officers School, 
which offers a full 3-month course in leadership. During the 
course, the pharmacy officer is integrated with other mixed- 
skills officers and receives information that helps build under- 
standing of the Air Force mission, how it integrates with na- 
tional objectives, and the roles and requirements of the career 
officer in the Air Force. 

Air Force pharmacy officers are expected not only to main- 
tain their skills, but also to improve them by constantly engag- 
ing in knowledge-enhancing activities. All pharmacists in the 
Air Force must achieve a minimum number of continuing ed- 
ucation hours which reflect customary state requirements for 
the maintenance of licensure. All forms of ACPE-approved 
continuing education are supported through paid attendance. 

Advanced academic education is encouraged by the Air 
Force. Under the sponsorship of the Air Force Institute of 

Technology program, highly motivated pharmacists are se- 
lected for attendance at several different types of civilian insti- 
tutions. The Air Force sets aside funds for advanced education 
specifically for the purpose of personnel earning advanced cre- 
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dentials, including specialty training, graduate degrees, certif- 
icates of proficiency, and ASHP-accredited residencies. While 
in attendance at an approved program of study, pharmacists 
remain active-duty officers and receive full pay and allowances. 


US NAVY 


The organization and mission of medical and health care in the 
Navy is very different from that of the Army and the Air Force. 
All three share the common element of being a part of the 
armed forces, but the basic requirements of supporting a naval 
and marine force on land and on sea change central elements in 
providing support to the active and reserve establishments. 
Services on ships of the line, in amphibious forces, and on fully 
deployable hospital ships and fleet hospitals give Navy practice 
a character all its own. 

The status of pharmacists in the Navy has been, in much the 
same fashion as in the Army, variable over the years; there 
have been significant improvements since the 1960s. For many 
years preceding the turn of the century, pharmacists were a 
component of the Hospital Corps. In 1898 Congress provided 
for the appointment of pharmacists within the Hospital Corps 
and for their rank to be equal to that of warrant officers. A total 
of 25 pharmacist warrant officers were authorized. Since the 
passage of the Medical Service Corps Act in 1947, pharmacists 
have been commissioned members of the Navy. 

The mission of the Navy Medical Department is to provide 
health support to, and readiness for, active-duty naval and 
marine forces throughout the world. The Navy operates 3 naval 
medical centers, 26 naval hospitals, 8 naval medical clinics, 
and 153 branch naval clinics. Facilities are located overseas in 
areas such as Keflavik, Iceland; Naples, Italy; Rota, Spain; and 
Yokosuka, Japan. Hospitals range in size from 50 to approxi- 
mately 500 beds, with other smaller holding units found in 
several of the Navy’s ambulatory-care facilities. Naval facilities 
in San Diego and Oakland, California; Bethesda, Maryland; 
and Portsmouth, Virginia, conduct active teaching programs. 
All hospitals, regardless of size, operate active ambulatory-care 
dispensing programs, which prepare and deliver from 100 to 
more than 4500 prescriptions a day. All hospitals operate unit- 
dose dispensing and distribution systems and intravenous ad- 
mixture services. 

Unique to the Navy in combat support is the operation of 
hospital ships. From the cessation of Vietnam activities to 
1987, the Navy did not have an active hospital ship program. In 
1987 the USNS Mercy was commissioned under a program of 
renewed emphasis on combat support. It offers 12 operating 
suites, helicopter reception areas, 80 intensive care berths, 280 
intermediate care berths, and 500 limited care berths for self- 
care, holding patients. The vessel has a full pharmacy staffed 
by navy pharmacists and technicians. The ship is based in 
Oakland, California, and has been joined by a sister ship, 
USNS Comfort, based in Baltimore, Maryland. Each ship car- 
ries a crew and staff of over 1200 persons, including five phar- 
macy officers. Both ships are held in a reduced operating status 
and are fully prepared to deploy within 5 days of orders to 
activate. 


Navy Pharmacy 


The Navy currently has 158 pharmacy officers who serve pri- 
marily within hospitals. Navy pharmacy officers are aug- 
mented by nearly 120 pharmacists, who are employed under 
the civil service system, and slightly more than 900 techni- 
cians. Over 30% of Navy pharmacists possess advanced de- 
grees, have completed an ASHP-accredited residency program, 
or both. Career officers are afforded the opportunity to apply for 
postgraduate education. The Navy annually sponsors officers 
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for postgraduate education to earn either a Master of Science in 
hospital pharmacy or a Doctor of Pharmacy degree. Officers 
selected for postgraduate education remain on active duty and 
receive full pay and allowances for up to 2 years of study. 
Additionally, the Navy operates ASHP-accredited residency 
programs at San Diego and Bethesda. 

Navy pharmacy officers also have the opportunity to attend 
specialized schools which are service-oriented and enhance 
their knowledge and value as a professional officer. They may 
apply for the Navy War College at Newport, Rhode Island; the 
Naval Postgraduate School at Monterey, California; the Ma- 
rine Corps Command and Staff College at Quantico, Virginia; 
or most any of the schools operated by the DOD. Most of these 
ancillary schools offer year-long programs and prepare the 
Navy pharmacist for assignments and responsibilities over and 
above those of the customary practice of pharmacy. 

The career path for Navy pharmacy officers is similar to that 
of the other DOD services. Pharmacists serve in grades from 
Ensign (0-1) through Captain (0—6). Almost all officers enter 
as an Ensign, except if the person has had previous military 
experience or possesses an advanced degree. All new pharmacy 
officers attend Officer Candidate School at Newport, Rhode 
Island. Here, basic instruction is given in military courtesy, 
organization of the Navy, and other military indoctrination 
subjects. Pharmacy opportunities differ from other services 
basically in the nature and location of the usual Navy duty 
station. 

The Navy offers several nontraditional opportunities for the 
pharmacist. The Navy operates their own pharmacy technician 
school, which is commanded and operated by pharmacy offi- 
cers. The Navy operates two technical schools, one at the Naval 
School of Health Sciences in Portsmouth, Virginia, and the 
other at the Naval School of Health Sciences in San Diego. 
Navy pharmacists oversee a technician program that instructs 
the enlisted person in a full variety of distributive and supply 
functions related to the operation of Navy pharmacies. Phar- 
macy technicians receive extensive education and training 
which is designed to support and enhance the professional 
functions of the pharmacy officer. All pharmacy technician 
students must prequalify for attendance by completing the 
Navy’s basic Hospital Corpsman school. 

Pharmacy officers may serve as commanding officers for the 
Navy’s regional duty screening laboratories. It is also possible 
for Navy pharmacy officers to expand their horizons into a 
more administrative role through appointment as chief of an- 
cillary services in one of the larger hospitals. The officer direct- 
ing ancillary services is responsible for pharmacy services, 
laboratory services, radiology, and social work. 

The operational nature of the Navy gives rise to a concern 
with methods of supply and logistics. Pharmacists, who are 
familiar with storage standards and are additionally equipped 
with a Navy education, serve in several joint-command situa- 
tions. Opportunities in medical supply and logistics are avail- 
able at the Defense Personnel Support Command in Philadel- 
phia and the Naval Medical Material Support Command and 
Defense Medical Standardization Command at Fort Dietrich, 
Maryland. 


US PUBLIC HEALTH SERVICE 

RRS a RP UO ENA 
The US Public Health Service (PHS) of the Department of 
Health and Human Services (DHHS) is the oldest health arm of 
the federal government. It is the successor to the US Marine 
Hospitals Service, which was established by Congress in 1798 
to provide services to “merchant seamen, naval and marine 
officers, and naval and marine enlisteds.” The progenitors to 
today’s pharmacists were employed in the Marine Hospitals 
system from its very beginnings. All varieties of practitioners 
and titles (apothecaries, chemists, druggists, and pharmacists) 
have been employed. An unusual aspect of the employment of 


apothecaries was that, even in earlier periods, apothecaries 
were dedicated to the preparation and dispensing duties asso- 
ciated with the operation of:a contemporary pharmacy; apoth- 
ecaries in most other federal services had to do “double duty,” 
tending to patients as well as preparing pharmaceuticals. 
Pharmacy practice has been a respected specialty in the PHS 
service since its very beginning. 

The US Marine Hospitals Service was reorganized in 1871, 
placed under the supervision of a centralized office, and given 
leadership in the form of the “Supervising Surgeon.” The Ser- 
vice was fully moved administratively within the Department 
of the Treasury. In 1875 the Office of the Supervising Surgeon 
was changed to that of Supervising Surgeon General, and his 
official title similarly changed. This second reorganization 
added the requirements that the Supervising Surgeon General 
be appointed by the President, with the advice and consent of 
the Senate. 

In 1871 Dr John M Woodworth, Supervising Surgeon Gen- 
eral, made the establishment of a mobile corps of health pro- 
fessionals to respond to health needs and crises within the US 
a top priority. He established rules, regulations, appointment 
standards, and examination requirements that paralleled 
those of military organizations, except that the standards re- 
lating to professional practice were set higher. Just as military 
officers were expected to display the highest level of military 
professionalism, Woodworth expected and demanded a com- 
mensurate level of excellence and dedication targeted specifi- 
cally to patient care. A system of ranks and promotions was 
established; officers were appointed with the understanding 
that they would serve at the pleasure of, and for the good of, the 
service. Woodworth clearly established the Commissioned 
Corps as a meritocracy. As a battle-tested veteran—a Union 
surgeon of the Civil War—he understood the benefits of mili- 
tary-style discipline and organization, and gave them special 
meaning in the requirements for organized health care. 

On January 4, 1889, Congress statutorily established the 
Commissioned Corps of the Marine Hospitals Service, legally 
organizing it with rank, benefits, obligations, and management 
methods parallel to Army and Navy officer corps. Additional 
statutory changes in 1902 and 1912 strengthened the position 
of the Commissioned Corps as the fundamental professional 
personnel system for the service. Statutory changes made dur- 
ing these periods changed the focus of the service from a hos- 
pitals and health service for the Merchant Marine to a true 
preventive health and research organization of national scope. 

For career and grade purposes, the Parker Act of 1930 
provided for the appointment and promotion of pharmacists up 
to the grade of a Naval Lieutenant (0-3); all rank restrictions 
were subsequently removed by the PHS Act of 1944. Since 1944 
pharmacists have been able to compete for all grades within the 
Commissioned Corps, up to and including Rear Admiral, Upper 
Half (0—8), with the title Assistant Surgeon General. By cur- 
rent statutory requirement, one Commissioned Corps phar- 
macy officer serves as an Assistant Surgeon General, Rear 
Admiral, Lower Half (0—7), and functions as the service’s Chief 
Pharmacy Officer. 


Organization 


The PHS is the principal health agency of the Federal Govern- 
ment. Its mission is to protect and advance the health of the 
American people. The service is directed and overseen by the 
Secretary of Health and Human Services, with the consultation 
of the Assistant Secretary for Health and Surgeon General, 
who provides leadership and guidance on all health-related 
activities including research and development, education and 
training, and the organizing and financing of health-care de- 
livery services. The Assistant Secretary for Health also serves 
as a convener of various cross-departmental working groups. 
The Assistant Secretary for Health is the statutory chairperson 


for many of these working groups. The Assistant Secretary for 
Health can also hold the position of Surgeon General, or each 
position may be filled by a different official. 

The PHS is organized into line-operating divisions, each 
with its own particular mission and focus. The PHS consists of 
the Office of Public Health and Science, with Regional Health 
Administrators located in PHS regional offices geographically 
dispersed throughout the US; the Agency for Health Care Pol- 
icy Research; the Centers for Disease Control and Prevention; 
the Food and Drug Administration; the Health Resources and 
Services Administration; the Indian Health Service; the Na- 
tional Institutes of Health; and the Substance Abuse and Men- 
tal Health Services Administration. Opportunities are avail- 
able to the pharmacist in all of these agencies. Both civil 
servants and commissioned officers staff the PHS. Approxi- 
mately 755 officers and 250 civil servant pharmacists are em- 
ployed in the service. 

The Agency for Health Care Policy Research (AHCPR) is the 
federal government’s principal agency for the conduct of health services 
research. The agency conducts broad-based outcomes and quality re- 
search, mainly through the awarding of grants to qualified researchers. 
The agency also issues periodic authoritative statements on treatment 
modalities and their effectiveness. The agency focuses heavily on the 
dissemination of the results of its research. 

The Centers for Disease Control and Prevention provides 
leadership in the control and prevention of diseases and monitors the 
immunization status of the population. It develops advanced methods 
for testing and preventing communicable and vector-borne diseases and 
conducts a substantial program for improving the performance of clin- 
ical laboratories. The CDC is extremely active in assisting state gov- 
ernments and local health authorities in preventing and controlling 
diseases within their respective jurisdictions. Through its National 
Institute of Occupational Safety and Health (NIOSH), the CDC moni- 
tors and researches safety standards in the workplace. The CDC also 
has responsibility for the administration of the Agency for Toxic Sub- 
stances and Disease Registry. 

The Food and Drug Administration (FDA) is charged with 
protecting the nation’s health as it relates to foods, pharmaceuticals, 
biological and vaccine products, medical devices, radioactive health 
products, cosmetics, food additives, poisons, and certain pesticides. The 
agency ensures that pharmaceutical products meet safety and efficacy 
standards, foods are unadulterated and wholesome, cosmetics are non- 
toxic, and that products in both the food and pharmaceutical industries 
do not present a hazard to the public. 

The Health Resource and Services Administration (HRSA) 
provides leadership in the identification and deployment of health per- 
sonnel and in the educational, physical, financial, and organizational 
resources necessary to achieve optimal health services for all persons in 
the nation. As such, many of the agency’s programs are targeted spe- 
cifically to serve populations who are disadvantaged. The agency con- 
tains a component that is concerned specifically with issues of maternal 
and child health. The HRSA also participates in initiatives and studies 
that address the integration of public and private resources to improve 
the responsiveness of the health system to various populations of the 
country. The HRSA supports service delivery programs through grants 
and contracts and provides for improved access to health-care systems 
in both rural and urban environments. An arm of the agency provides 
the health-care personnel who serve as the medical and health support 
cadre for the US Coast Guard. 

The National Institutes of Health (NIH) provides leadership 
and direction in advanced areas of medical and biomedical research. 
The NIH, which is customarily on the leading edge of medical discov- 
eries and new techniques, consists of 16 institutes which are arranged 
topically to correspond with particular pathogenetic concerns (such as 
the National Cancer Institute; National Heart, Blood and Lung Insti- 
tute; and National Institute of Allergy and Infectious Diseases). It 
conducts and supports research in the causes, diagnosis, prevention, 
and cure of disease in humans, in the processes of human growth and 
development, and in the biological effects of environmental pollutants; 
the NIH also engages in considerable basic life-science research. It 
supports the training of research personnel, construction of research 
facilities, and development of promising research resources. The NIH 
actively funds extramural research in universities, teaching hospitals, 
and research centers throughout the country. 

The Substance Abuse and Mental Health Services Adminis- 
tration (SAMSHA) was formed in October 1992. It consists of the 
majority of prevention and service delivery programs that had been 
operated by the Alcohol, Drug Abuse and Mental Health Administra- 
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tion (ADAMHA), which was dissolved at the time of the formation of 
SAMSHA. The research components of ADAMHA were placed under 
the authority of the NIH. SAMSHA focuses its efforts on substance 
abuse prevention and treatment, and provides funding for programs 
which have interlinkages between drug treatment activities and 
primary-care programs. A major concern of SAMSHA programming 
is injection drug use as a cofactor in the transmission of HIV. Several 
SAMSHA programs seek to use the treatment of substance abusers 
as an opportunity to provide both primary and secondary prevention 
counseling. 

The PHS provides health professional personnel and leadership for 
the health-care programs of the Bureau of Prisons (BOP), US Marshals 
Service, and the Immigration and Naturalization Service under agree- 
ment with the Attorney General and the Department of Justice. Phar- 
macy officers in the BOP program are assigned to most of the interme- 
diate- and large-size federal prisons and operate both inpatient and 
ambulatory services. Pharmacy operations with the BOP are unique 
and offer challenges not seen in other components of government. All 
pharmacists serving in this program are provided specially tailored 
training and education in the psychology of working within the prison 
environment. Additionally, all officers assigned to BOP, including phar- 
macists, are required to participate in firearms training and must 
establish a qualifying level of proficiency; periodic retraining sessions 
are required. 

The Indian Health Service (IHS) provides direct health services 
to nearly 1,400,000 American Indians and native Alaskans who are 
members of approximately 550 federally recognized tribes. Until it was 
elevated to agency status in 1988, the IHS had been a bureau operating 
under the HRSA. 

The IHS operates the largest health maintenance organization 
(HMO) in the US. The IHS cares for most of the American Indians and 
native Alaskans who live primarily on or near Indian reservations and 
lands. The responsibility for the care of native Americans is rooted in 
statutory requirements that are vested in the Bureau of Indian Affairs. 
In 1954 responsibility for the delivery of health services was transferred 
to the PHS. 

Pharmacy practice in the IHS is the usual entry point for new PHS 
pharmacists, and its form of practice is very advanced and unique 
among all of the federal services. Although the original focus of the IHS 
was to promote the elimination of infectious diseases such as tubercu- 
losis, great strides in the IHS’s programs have nearly solved that 
issue; thus, the focus now is on comprehensive care, prevention, and 
rehabilitation. 


PHS Pharmacy 


The PHS offers the most variegated forms of pharmacy practice 
of any of the federal services. Pharmacists have the opportu- 
nity to practice in a traditional manner, engage in regulatory 
affairs, or compete for high-level policy and planning positions. 
Because the PHS is the prime supplier of health personnel to 
the DHHS, it is possible for pharmacists to access opportunities 
up to the departmental level. Most new personnel in the PHS 
pharmacy services will enter through IHS programs, and 
therefore this section focuses on that agency. 

The IHS direct-care establishment consists of 49 general 
hospitals, 1906 health stations, 8 school health centers, 167 
Alaska village clinics, and 34 urban programs. The patterns of 
referral from the treatment centers up through the largest IHS 
medical centers are very close to referral methods used by 
HMOs. Although the service population is spread across 34 
states, the concentration of beneficiaries resides in the western 
half of the nation and in Alaska. 

The IHS facilities are small compared to the average size of 
the DVA or military hospitals. Of the 49 hospitals, 33 have less 
than 50 beds, 12 have between 50 and 99 beds, and 4 have more 
than 100 beds. The largest facility operates 170 beds. All THS 
hospitals operate unit-dose or modified unit-dose programs and 
provide central intravenous admixture services. The larger of 
the IHS hospitals have drug information services staffed by 
pharmacists who have formalized appointments with colleges 
of pharmacy and serve actively as preceptors. 

Under the guidance of Assistant Surgeon General Allen J 
Brands, chief pharmacy officer of IHS from 1955 through 1981, 
IHS pharmacy practice was converted from a traditional style 
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of dispensing to what is now generally defined as clinical phar- 
macy practice. This conversion commenced in earnest around 
1961. Patient education and counseling was an early addition 
to the pharmacist’s responsibilities and has become such an 
important part of the IHS system that private pharmacy con- 
sultation rooms are a mandatory feature of all IHS hospitals 
and larger ambulatory-care facilities. 

All IHS hospitals provide both ambulatory and inpatient 
care. The care activity associated with a patient’s inpatient and 
ambulatory history is documented in a single record system 
which readily is accessible to the pharmacist. Pharmacists 
routinely monitor drug therapy and have all the necessary 
information to render clinical judgments on a patient’s drug 
therapy and other clinical issues. All prescriptions are filled 
directly from entries in the patient’s permanent health record. 
The nature of the IHS system creates a situation where the 
pharmacist usually is the last health-care professional to see 
the patient before discharge, and frequently is the only profes- 
sional regularly seen in an ambulatory environment. The IHS 
pharmacists have virtually total responsibility to ensure that 
patients understand their diagnosis, treatment, and followup 
requirements. Compliance with treatment plans is reviewed 
with the patient during each pharmacist consultation. 

In most IHS settings, pharmacists provide primary-care 
services to patients and many pharmacists are certified with 
prescribing authority as an integral part of their practice. In 
1991 a pharmacist was the primary-care provider in 16% of the 
total number of ambulatory-care visits to IHS facilities. In most 
IHS facilities, there are formalized programs under which an 
appropriately educated and trained pharmacist is authorized 
to assess and treat patients with selected acute and chronic 
conditions, obtain patient histories, evaluate vital signs, order 
laboratory tests, and perform physical assessment techniques. 
These pharmacists are expected to exercise independent judg- 
ment in modifying, initiating, or otherwise altering drug ther- 
apies. The IHS has 405 commissioned officers and 27 civil 
servants. An additional 108 pharmacists have been directly 
hired by tribes. 

The PHS and IHS offer unique opportunities for training 
and education. The pharmacy corps of the PHS offers phar- 
macy students as well as graduate pharmacists opportunities 
to learn within the PHS system. Pharmacy students may apply 
for participation in the Commissioned Officer Student Training 
and Externship Program (COSTEP). This offers the pharmacy 
student a paid externship experience lasting from 30 to 120 
days, during which the student serves as, and is paid as, a 
commissioned officer holding the rank of Ensign (0-1). 

Pharmacists entering the IHS will find that practice differs 
significantly from traditional practice and that added training 
is necessary to accommodate the new roles. To develop these 
skills, a comprehensive clinical pharmacy training program 
has been developed which is an integral portion of the IHS 
pharmacist’s career development pathway. The first segment of 
the program is a self-study course, which includes a review of 
the pathophysiology and pharmacotherapy of acute and chronic 
diseases that are generally handled by the IHS clinical phar- 
macist. The next component is an intensive workshop that 
consists of lectures and practical experience, which teaches 
patient interviewing techniques, patient and practitioner com- 
munications skills, consultation and education techniques, and 
medical screening procedures. Pharmacists who complete these 
modules successfully are offered the opportunity to learn other 
physical assessment techniques under the direction of an ex- 
perienced IHS physician. 

Added educational opportunities are offered through 
service-sponsored attendance at professional meetings and 
continuing education seminars. Annually, all officers who are 
interested in further formal training are asked to complete a 
request for training out of service, which is granted based upon 
the anticipated needs of the service and funds available. There 
is no fixed limit on the number of pharmacists who may be 
sponsored. While officers pursue sponsored education, they 


remain on active duty and receive full pay and allowances. A 
commitment to serve twice the number of years of training 
accrues to the sponsored officer. 

Pharmacists customarily are eligible for transfer to other 
positions after the completion of an initial 2-year tour of duty. 
Although pharmacists in the PHS are not limited to positions of 
traditional pharmacy practice, it is the service’s philosophy 
that pharmacy officers must clearly evidence that they are 
highly competent pharmacists prior to the service considering 
any reassignment into a nontraditional position. 

The FDA uses over 300 pharmacists; the BOP has 150 
pharmacists; the NIH has 50; OSHA and the regional office 
system have 21; and the balance are scattered throughout the 
other PHS agencies. Pharmacy officers in the PHS also can 
serve in international assignments with the World Health Or- 
ganization, the Pan-American Health Organization, the 
Agency for International Development, and as support to the 
government of Micronesia. 

The potential career pattern for commissioned officer phar- 
macists differs markedly from other uniformed services as all 
ranks from the entry level of Ensign (0-1) through Rear Ad- 
miral, Upper Half (0-8) are available. Most pharmacists are 
first commissioned as Lieutenant, Junior Grade (0—2) and can 
progress through Captain (0-6). Pharmacists possessing a 
Doctor of Pharmacy degree are eligible for commissioning at 
the lieutenant grade (0—3). One pharmacist is selected to serve 
a 4-year term as the service’s chief pharmacy officer and holds 
the grade of Rear Admiral, Lower Half (0-7). Pharmacy officers 
succeeding in attainment of Rear Admiral, Upper Half (0-8), 
normally do so by competing successfully for high-level pro- 
gram management or policy-making positions, either in the 
service or the department. 


DEPARTMENT OF VETERANS AFFAIRS 
sR US aS RC et ai i mS? NTE  E TI 
The roots of the Department of Veterans Affairs (DVA) health- 
care system, as is true of many other federal health-care pro- 
grams, are to be found in the PHS. In November 1918, PHS 
Surgeon General Rupert Blue was wrestling with two pressing 
issues. The first, and most immediate, was that a serious, 
virulent influenza was taking its toll in the American popula- 
tion. This strain, termed the Spanish Flu, gave rise to severe 
symptoms and took essential war materiel workers off the 
production lines for extended periods. Blue was also an excep- 
tional strategic planner, and by mid-1918 he sensed that the 
war was drawing to a close, and knew that significant numbers 
of disabled and injured veterans would require care. He was 
concerned for the health of those who had served and would 
need additional care. He actively promoted legislative action to 
ensure that appropriate assistance would be available to the 
war-disabled upon their return home. 

On March 3, 1919, Congress passed legislation empowering 
the Surgeon General of the PHS to provide for “discharged sick 
and disabled soldiers, sailors and marines; Army and Navy 
nurses, male and female.” The Hospitals Division of the service 
expanded dramatically to meet the needs of these added ben- 
eficiaries; several existing Army hospitals and facilities were 
absorbed into the system. The PHS was given complete charge 
of veterans’ health, including what would later be provided 
under the War Risk Insurance program. 

In accordance with provisions of the Sweet Act, which es- 
tablished a distinct Veterans Bureau in the Department of the 
Treasury, a presidential executive order was issued directing 
that, effective May 1, 1922, all hospitals and outpatient facili- 
ties that had been opened or operated under the Surgeon Gen- 
eral for the purpose of treating veterans were to be transferred 
to the new bureau. The Surgeon General transferred 57 hospi- 
tals; 17,000 beds; 13,000 inpatients; 9 additional new hospitals 
under construction; and in excess of 2300 physicians, pharma- 


cists, nurses, and other health professionals to the health op- 
erations of the Veterans Bureau. 

In 1946, the successor to the Veterans Bureau, the Veterans 
Administration (VA), underwent a major reorganization. The 
importance of pharmacy practice was recognized and the posi- 
tion of Chief Pharmacist of the VA’s Bureau of Medicine and 
Surgery was established. This position continues today as the 
Director of Pharmacy Services, with a Central Office Pharmacy 
Staff. The DVA now operates the largest multi-institutional 
system of pharmacy services in the US. 

In 1989 the Veterans Administration, through an act of 
Congress, became the Department of Veterans Affairs. The old 
Department of Medicine and Surgery became the Veterans 
Health Administration (VHA). 

The mission of the VHA is to provide medical care to its 
statutory beneficiary population. Its largest beneficiary popu- 
lation consists of veterans of US uniformed services; however, 
certain dependents of veterans also comprise a substantial 
number of beneficiaries. 

Veterans who were discharged from one of the uniformed 
services, under conditions other than dishonorable, are eligible 
to receive services. Beneficiary classes are broken down into 
“primary” and “other.” The primary classification consists of 
veterans who were discharged or retired because of an injury or 
disability incurred or aggravated in the performance of their 
duties. Ex-service members who seek care for treatment of a 
disease or injury incurred in the line of duty are given first 
priority. 


DVA Pharmacy 


Pharmacy service in the DVA operates under the VHA. The 
VHA administers the largest multi-treatment facility health- 
care system in the US. Pharmacy services, available in nearly 
all of these facilities, represent the largest multi-site pharmacy 
system in the US. The treatment facility system encompasses 
173 medical centers, which provide comprehensive, full-service 
inpatient care as well as ambulatory care; 401 ambulatory-care 
centers and 131 nursing-care facilities; and 33 domiciliaries 
which offer a range of services from custodial to extended care 
for the neurologically disabled. These are organized into 22 
distinct health care networks that comprise the DVA’s health 
enterprise. There are approximately 7200 full-time pharmacy 
staff members and an additional 600 who serve part time. Of 
the full-time staff, approximately 3900 are pharmacists, repre- 
senting 55% of the full-time staff; an equal proportion of part- 
time staff are pharmacists as well. 

Of major significance, especially to those interested in prac- 
ticing pharmacy in a creative, research-based environment, is 
that the DVA operates the largest health professional training 
effort in the US. Nearly 110,000 health professional students 
receive clinical education in a DVA facility. The DVA offers 
nearly 3000 medical residency positions, representing virtually 
all medical specialties dealing with adult and geriatric medi- 
cine. Opportunities for part-time experience through affiliated 
rotations are made available to approximately 30,000 medical 
residents and 24,000 medical students. Over the past several 
years DVA pharmacy services have made a successful effort to 
integrate pharmacy operations and investigations into the 
overall medical research effort. Consequently, new and exciting 
vistas, especially in the practice of clinical pharmacy, have 
been opened. 

Education and training possibilities in pharmacy corre- 
spond with the extensive potential in the DVA system in gen- 
eral. Most schools of pharmacy have established formal rela- 
tionships with pharmacies and pharmacists in DVA facilities. 
The DVA offers approximately 180 ASHP-accredited residency 
positions in 66 locations. DVA pharmacies routinely provide 
training to over 2000 pharmacy students annually. The DVA 
staff dispensed over 57 million ambulatory-care prescriptions, 
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approximately 300 million doses of medication for inpatient 
use, 2 million units of IV admixtures, and nearly 10 million 
piggyback units during 1992 (see Chapter 42). Pharmacy pro- 
fessional staff provided over 1.3 million hours of patient- 
oriented activities. 

Pharmacists perform a full range of professional tasks and, 
with a professional to support ratio of almost 1:1, are provided 
with adequate time to discharge the professional duties. DVA 
pharmacists are exceptionally active in the areas of clinical 
pharmacy practice and quality assurance. The policies of the 
DVA pharmacy services central office encourage all pharma- 
cists, regardless of their functional duties or their particular 
educational background, to practice in a highly patient- 
oriented manner. Pharmacists increasingly are becoming pro- 
viders of technical information and consultative services to 
medical and dental staffs. 

DVA medical centers have implemented comprehensive 
quality assurance programs that involve pharmacists. The 
DVA uses several different quality assessment formats, includ- 
ing a systematic internal review along with a paralleling sys- 
tematic external review procedure. The former is conducted by 
each individual institution as a self-assessment technique, 
whereas the latter involves peer assessments. DVA pharma- 
cists are heavy contributors to assessments and policy-making 
processes in the selection of drugs, patient profiles, drug inter- 
actions, and adverse drug reaction detection and prevention. 


Veterans Affairs Employment 


Unlike the uniformed services, the Veterans Health Adminis- 
tration uses civilian employees only. Since December 1989, all 
VHA pharmacists are appointed under a Hybrid Title 38 per- 
sonnel classification system. This is a system by which posi- 
tions are graded in accordance with the functions of the posi- 
tion as defined by applicable criteria. Hybrid Title 38 provided 
VHA pharmacists the opportunity to have nonsupervisory, 
clinical roles with appropriate grades. 

Generally, pharmacists occupy positions graded as GS-11 
through GS-14. Most entry- and staff-level professional staff 
are graded at GS-11. Supervisory pharmacists, clinical phar- 
macists/pharmacy specialists, and assistant chief pharmacists 
generally are graded at GS-12 through GS-14, depending upon 
the size and type of medical facility and scope of pharmacy 
services. Pharmacy directors range from GS-12 to GS-15. 

As described above, Hybrid Title 38 provides the vehicle to 
enable VHA pharmacy practice to transform from a purely 
distributive role to one that recognizes the pharmacist’s place 
in quality patient care. Career progression within the DVA 
health-care system can now be achieved through administra- 
tive and clinical means. The opportunity to remain at one 
facility or relocate to other VHA health-care facilities is very 
attractive to many young professionals. 

VHA pharmacy practice offers the pharmacist interested in 
all facets of professional practice an opportunity to experience 
many varieties of personal-career patterns. Growing, dynamic 
programs in ambulatory care and geriatrics, as well as acute 
medicine, provide practitioners a multitude of practice oppor- 
tunities and the ability to contribute to a continuum of care 
wherever they choose to practice. 


STATE, COUNTY, AND MUNICIPAL 
GOVERNMENT AGENCIES 


In addition to employment in federal government agencies 
dealing with regulation of the distribution of drugs, numerous 
opportunities exist for similar service with state departments 
of health, state boards of pharmacy, state bureaus of controlled 
drugs, state and county welfare administration depart- 
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ments, and similar agencies. This applies also to the larger 
municipalities. 

The coordination of municipal, state, and federal drug en- 
forcement procedures, especially for regulation of controlled 
drugs and dangerous drugs and poisons, opens a great oppor- 
tunity for pharmacists who are especially interested in regula- 
tory activities. Very often those who start in federal positions 
and acquire considerable experience at that level have the 
opportunity to take over administrative functions of a similar 
nature in state and municipal agencies, where their coordina- 
tion efforts are enhanced greatly by past experience at the 
federal level. 

The administrative functions of state, county, and local or- 
ganizations that enforce health and welfare regulations fre- 
quently include specific duties that require a background of 
pharmaceutical training. 

Many of these agencies deal with such matters as disease 
prevention and medical care. Recently, state governments have 
increasingly assumed the administration of welfare medical- 
care programs. In carrying out this function state and local 
appropriations are being augmented or matched by federal 
appropriations. In such instances pharmacists frequently are 
employed to supervise the administration of pharmaceutical 
services in welfare medical-care programs, especially those 
involving what has become known as “vendor payments” for 
prescription drugs and pharmaceutical services. These agen- 
cies usually appoint advisory committees that consist of repre- 
sentatives of the various health professions, including phar- 
macy, to aid in developing and enforcing their programs. 

Some pharmacists are employed by these agencies on a 
full-time basis and usually are designated as pharmacy advi- 
sors or consultants. State welfare agencies, which are called on 
to pay for the millions of prescriptions that are supplied annu- 
ally to indigent or medically indigent and aging patients, will 
employ such consultants on a full- or part-time basis or will 
create positions under the civil service for pharmacists. These 
positions provide an expert review of the pricing of prescrip- 
tions to keep them within the range of payment prescribed by 
the agency. These pharmacists are expected to give advice on 
the best methods of reducing drug costs to the welfare agency. 
They also are expected to work with medical consultants and 
members of the medical profession in devising limitations and 
extensions of medical-care services as may be indicated. 


Although government service does not pay as well as em- 
ployment in the private sector, it has compensations in the 
form of retirement benefits, medical services, and annual and 
sick leave benefits that are very attractive. In recent years 
government agencies have also tended to provide time for for- 
mal education in various specialties, enabling the incumbents 
of these positions to improve their status. 


LOCATING CURRENT INFORMATION 


The information presented in this chapter is accurate as of the 
time of its publication, but the nature of the governmental 
system changes rapidly. Those interested in pursuing a career 
in federal or other government service should seek current 
information. The best way to do this is to discuss one’s interest 
with the personnel responsible for placement at a college of 
pharmacy. Placement officers invariably know how to access 
recent information. When a pharmacist desires to proceed fur- 
ther than the information stage, college personnel can offer 
referrals to government agency representatives for detailed, 
in-depth information and discussion. 
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Public health is a societal effort to protect, promote, and restore 
the public’s health.' It is a combination of sciences, skills, and 
beliefs that are directed to the prevention, maintenance, and 
improvement of the health of all the people through collective 
or social actions. The programs, services, and institutions in- 
volved emphasize the prevention of disease and the health 
needs of the population as a whole. Public health activities 
change with changing technology and social values, but the 
goals remain the same: to reduce the amount of disease, pre- 
mature death, and disease-produced discomfort and disability 
in the population. Public health is thus a social institution, a 
discipline, and a practice. The Institute of Medicine defines the 
mission of public health as “fulfilling society’s interest in as- 
suring conditions in which people can be healthy.”” 

Initially, public health programs in the US were established 
to handle the epidemics of communicable diseases and high 
levels of infant and maternal mortality that were prevalent 
during the late 1800s and early 1900s. Much of the problem 
related to a lack of sanitation, overcrowding, and a failure to 
adhere to appropriate hygienic measures; by the 1960s, most of 
these problems were under control. 

Since the 1970s, new public health issues have emerged. 
These include infectious disease outbreaks such as AIDS; ac- 
cess to quality health care for all Americans; environmental 
problems such as exposure to and disposal of toxic chemicals 
and wastes, nuclear wastes, and smog and air pollution; and 
societal problems such as care of a growing elderly population, 
teenage pregnancy, and substance abuse. The health of the 
public has been and continues to be influenced by governmen- 
tal policies and Medicare; recent discussions have called for 
overall reform of the health-care system. Over the past 50 years, 
the public health infrastructure has expanded to include every- 
thing from occupational safety to environmental protection. 

During the past few decades, because traditional acute health- 
care services have had a limited effect on improving the overall 
national health status, health professionals are now initiating 
health promotion and disease prevention (wellness) strategies in 
their respective practices. Pharmacists, with a new emphasis on 
the patient,’ have been encouraged to use pharmaceutical care 
strategies to uphold the health of the patients that they serve. 
Prevention is a major component of that philosophy. Pharmacists 
are in a unique position to promote public health because of their 
access and ability to communicate—they are, according to recent 
Gallup polls, the most trusted profession. 

The first set of national health targets was published in 1979 
as Healthy People: The Surgeon General’s Report on Health Pro- 
motion and Disease Prevention.* The Department of Health and 
Human Services (DHHS) reports Healthy People 1990 and 
_/ Healthy People 2000 put a strong emphasis upon comprehensive 
preventative programs that are office, community, or population 


based.° These reports serve as the foundation for improving the 
health of the people of this country. Several of the national phar- 
macy organizations and the pharmacy leadership in the US Pub- 
lic Health Service have submitted new objectives for consider- 
ation in the development of the Healthy People 2010 report that 
was released in January 2000 (Table 7-1). 

The Guide to Clinical Preventive Services, developed by the 
United States Preventive Services Task Force,° is a review of 
the evidence from over 100 interventions to prevent 60 differ- 
ent medical conditions. The guide offers some of the most com- 
prehensive evidence-based prevention services that pharma- 
cists or other clinicians can provide to patients. Some of these 
conditions are routinely seen, triaged, or managed by pharma- 
cists, including cardiovascular conditions; infectious and sexu- 
ally transmitted diseases; various forms of cancer, trauma, and 
injuries; and alcohol, tobacco, and other substance abuse. Phar- 
macists in primary care settings have frequent opportunities to 
screen for many of these conditions, educate patients, and 
encourage them to attempt to change their health behaviors. 

Similarly, the Centers for Disease Control and Prevention 
(CDC) in Atlanta, Georgia offers the Prevention Guidelines 
Database (PGDB) (http://wonder.cdc.gov/wonder/prevguid/), 
which is composed of over 400 documents that serve as guides 
for the prevention and control of AIDS, hepatitis, tuberculosis, 
nosocomial infections, vaccine-preventable diseases, cancers, 
and birth defects. The PGDB was developed to allow public 
health officers as well as practitioners quick access the CDC 
Prevention Guidelines, the CDC sexually transmitted disease 
treatment guidelines, the Immunization Practices Advisory 
Committee (ACIP) immunization recommendations, and the 
entirety of Health Information for International Travelers. 

Healthy People (http://www.health.gov/healthypeople) is 
the national prevention initiative designed to improve the 
health of all Americans. It identifies three national public 
health goals: increase the span of healthy life, reduce health 
disparities among Americans, and achieve access to preventive 
services for all Americans. Detailed in the report are 300 spe- 
cific objectives for health promotion and disease prevention 
programs in 22 separate priority areas (Table 7-2), with quan- 
titative targets to be achieved by the year 2000. The mission of 
public health is defined further as being directed on four fronts: 
optimizing public health service delivery, protecting the com- 
munity against environmental hazards, assisting and reinforc- 
ing the community health-care provider system, and assisting 
individuals (consumers) to achieve optimal health status 
through promoting medical self-help principles. 

The American Public Health Association’s 1981 policy state- 
ment focused on the role of the pharmacist in public health and 
the importance and need for increased involvement of pharma- 
cists in public health settings.’ The report states the problem— 
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Table 7-1. Pharmacy-Oriented Objectives 
in Healthy People 2010 


1. Reduce by 50% Medicare admissions to short stay acute 
hospitals due to drug therapy management problems. 

2. Increase to 75% the proportion of Medicare enrollees with 
diabetes receiving appropriate educational and preventive 
services. 

3. Increase to 25% the proportion of pharmacies providing 
administration of influenza and pneumococcal 
immunizations to adults. 

4. Decrease the number of pharmacies who sell tobacco and 
tobacco related products to no more than 20% and increase 
the number of pharmacists who provide tobacco cessation 
counseling, support, and referrals to smokers to 90%. 

5. Substance abuse: add prescription medications to alcohol and 
other drugs that contribute to substance abuse. 

6. Increase the number of pharmacies that offer patient 
counseling on diabetes and other chronic diseases. 

7. Reduce by 50% the number of courses of antibiotics 
prescribed for the common cold per population. 

8. Increase the number of medical, nursing, public health, 
pharmacy, dentistry and allied health academic training 
programs that include a unit on the prevention and control 
of emerging, re-emerging and drug-resistant infectious 
diseases. 


underuse of the patient-oriented pharmacist; gives the pur- 
pose—the need to maximize the use of existing health-care 
professionals and facilities; and provides positions and recom- 
mendations—identify current and future roles for pharmacists 
in public health, provide essential background information 
about these roles, and describe means of implementing or max- 
imizing these functions. This policy statement identifies the 
need for public health pharmacists to become public health 
educators and role models, and it also provides detailed sug- 
gestions for pharmacist public health activities. These activi- 
ties are to be achieved not only at the “micro level,” such as 
speaking to community groups on drug topics and providing 
hypertension screening, but also at the “macro level,” such as 
health planning, evaluation, and administration. 

Few pharmacists have asserted themselves and established 
a functional and visible role in public health. The average 
community pharmacist, however, does not participate on a 
regular basis in community health-promoting activities. The 
American Public Health (APHA) policy statement emphasizes 
that community pharmacists are an underused source of health 
data that could assist health planners in these areas. 

In general and individual disease prevention and health 
promotion programs, the public health activities of the phar- 
macist could include community preventive health care, pri- 
mary care, referral, health education, drug information, toxi- 
cology, and health planning. Pharmacists should consider 
increased involvement with immunization programs, sub- 
stance abuse education and monitoring, sexually transmitted 
disease education, family planning, fluoridation, poison pre- 
vention, disaster preparedness, environmental protection, 
workplace safety, peer review, and health data collection. With 
program targeted to individual patients, activities suggested 
for improvement are increased patient education, screening 
and referral, medication maintenance, compliance counseling, 
patient monitoring, and family counseling. 

A particular set of functions for pharmacy services in public 
health settings include planning for health care for wide geo- 
graphic areas or communities; managing, administering, and 
evaluating health-care programs, systems, and facilities; pro- 
viding direct-person health-care service (eg, education and ma- 
ternal and child care) and environmental health; developing 
and promoting legislation and deriving regulations pertaining 
to the public’s health; and training health-care workers needed 
to carry out these functions. Community pharmacists are both 
knowledgeable in and can easily embrace community-oriented 


activities, such as speaking to groups on health-related mat- 
ters, referring patients to community agencies, and participat- 
ing in community-based programs on sexually transmitted dis- 
eases, mental health, substance abuse, poisoning, and cancer 
signals. 

Regional or state health planning boards should use com- 
munity pharmacists to provide epidemiological data on pre- 
scribing patterns, local illness patterns and various socioeco- 
nomic factors related to prevalent disease states. Finally, the 
position paper encourages more exposure of pharmacists to 
public health in their training and to promote the pursuit of 
advanced degrees (ie, Master of Public Health (MPH) or Doctor 
of Public Health (DrPH)) in schools of public health. 

Bush®? advocates for pharmacists to document specific roles 
in several areas and provides specific articles and cases where 
pharmacists have shown leadership and significant contribu- 
tions to the field of community health. Most pharmacists are 
employed in the community setting where they have a signifi- 
cant impact on the health status of the population. There is a 
need to change education and incentive in the direction of 
public health. At the managerial or macro level, pharmacists 
usually are salaried, and they work in private and public in- 
stitutions, agencies and organizations that focus health care on 
defined population groups. The macro-level pharmacist re- 
quires a wide breadth and depth of knowledge, usually admin- 
istrative and organizational skills, eg, health planning, moni- 
toring state Medicaid drug programs, providing in-service 
education, developing health-promotional materials and plan- 
ning community health campaigns. 

In 1972, Gibson,'°!” in a review of public health instruction 
in colleges of pharmacy, found uniform deficiencies in the fol- 
lowing: a definition of public health in pharmacy, a perceived 
relevance of public health to pharmacy, textbook(s) focusing 
upon the role of pharmacy in public health, faculty qualified to 
teach the subject and sites where students could become in- 
volved with public health projects and personnel. In 1985 this 
issue was addressed by an Ad Hoc Committee on Public Health 
within the American Association of Colleges of Pharmacy 
(AACP),*° 

Pharmacy educators should develop community practitio- 
ners who can interface between the profession of pharmacy and 
community health planning agencies. Currently, these phar- 
macists frequently provide disease prevention and health pro- 
motion activities such as giving drug and nutrition counseling, 
screening for hypertension and diabetes, providing weight con- 
trol programs, counseling on the appropriate use of prescribed 
and/or over-the-counter (OTC) medications, referring patients 


Table 7-2. Healthy People 2000 Priority Areas 


1. Physical Activity and Fitness 

2. Nutrition 

3. Tobacco 

4. Substance Abuse: Alcohol and Other Drugs 
5. Family Planning 
6 
7 
8 


. Mental Health and Mental Disorders 
. Violent and Abusive Behavior 
. Educational and Community-Based Programs 
9. Unintentional Injuries 
10. Occupational Safety and Health 
11. Environmental Health 
12. Food and Drug Safety 
13. Oral Health 
14. Maternal and Infant Health 
15. Heart Disease and Stroke 
16. Cancer 
17. Diabetes and Chronic Disabling Conditions 
18. HIV Infection 
19. Sexually Transmitted Diseases 
20. Immunization and Infectious Diseases 
21. Clinical Preventative Services 
22. Surveillance and Data Systems 


to specific health-care providers and performing drug and med- 
ical histories. Having the majority of pharmacy practitioners 
involved in these types of programs continues to evolve through 
federal legislation such as OBRA 1990, which mandates phar- 
macists to consult with patients on drug and health matters. 

While most reimbursement for pharmacists remains product- 
related, pharmacists have been getting more involved in pro- 
viding cognitive services that are now becoming reimbursable 
from third-party beneficiaries. These services include innova- 
tive disease management arrangements, intensive patient 
counseling and education and physician-initiated pharmaco- 
therapeutic consultations. 

Involvement can be initiated directly with local health de- 
partments and with assistance from national pharmacy orga- 
nizations such as the American Pharmaceutical Association 
(APhA) or the American Society of Health-System Pharmacists 
(ASHP) or their state affiliates. Pharmacists can volunteer 
their services, share their ideas, perspectives and knowledge 
and be available for collaborative community health efforts. 
Initial involvement of a minor nature often leads to greater po- 
tential for future mutually beneficial public health endeavors. 

Pharmacists can become aware of sources of health data (eg, 
Vital Registration System, System of Notifiable Disease Re- 
ports, Morbidity and Mortality Weekly Report and National 
Health Survey) and how epidemiology plays an important part 
in overall public health strategies. Health services must be 
viewed on all levels, from international to local. With short 
travel times and an increasing number of people traveling, it is 
vital to have a global awareness of health and disease. 


HISTORY 


The first public health organizations in America developed in 
the late 18th century in the port cities along the Eastern 
coastline, largely in response to early infectious disease threats 
such as the 1793 yellow fever epidemic in Philadelphia. By the 
middle of the 19th century, reformers advocated the collection 
of vital statistics, birth/death registrations, and more compre- 
hensive data on the health of the population, especially as 
communicable disease outbreaks continued. One such re- 
former, Lemuel Shattuck, a schoolteacher, publisher, and book- 
seller; was primarily responsible for instituting a vital statis- 
tics registry in Massachusetts. 

The Report of the Sanitary Commission of Massachusetts, 
1850 is a classic and comprehensive document of recommenda- 
tions for organizing public health.1* In 1872, the American 
Public Health Association (APHA) was formed to “advance 
sanitary science and promote the practical application of per- 
sonal hygiene.”!° By 1880, permanent state and local health 
departments and boards had been formed; their financial back- 
ing, and hence their impact, was very limited. After 1912, when 
the US Public Health Service was increased in size and respon- 
sibilities, a network of federal, state, and county/city health 
departments began to emerge. The primary unit to administer 
programs was the city or county health department with its 
team of a physician, nurse, sanitarian, and administrative 
staff. 

The Public Health Service (PHS), originally the Marine 
Hospital Service, was created on July 16, 1798, when President 
John Adams signed the Act for the Relief of Sick and Disabled 
Seamen. From the beginning the PHS has been at the forefront 
of addressing the pubic health issues facing this country—from 
curtailing the spread of contagious diseases in 19th century, to 
providing health care to those with special needs. Today, the 
PHS activities include not only regulation of food, drugs, and 
toxic substances, but also supporting disease control and pre- 
vention, biomedical research, health care to underserved pop- 
ulations, mental health, substances abuse prevention, health 
promotion, and international health. 
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Prior to World War II, traditional programs formed the bulk 
of public health work: disposal of sewage, provision of pure 
water, communicable disease control, and the care of mothers 
and infants. Health education was the main weapon of attack. 
This changed, however, with the advent of antibiotics and the 
expanded development of vaccines, both of which reduced the 
danger of infections. 

As chronic diseases began to assume a major role in mor- 
bidity and mortality, hospital care replaced care in the home. 
Comparable changes in public health accelerated as federal 
funding increased; health departments provided an increasing 
amount of direct patient care in the clinic and in the home. 
Funding shifts at the national and state levels have reversed 
this trend somewhat, but trends continue to point to the emer- 
gence of an organized medical care service with an emphasis on 
keeping people well, a forerunner of a national health service. 

The first permanent county health department in America 
was not formed until the early years of the 20th century. At the 
turn of the century, the primary aim of public health services 
was to control communicable disease by enforcing sanitary 
codes that eliminated contamination of food, water, and milk 
by human excreta. With the advent of immunization, commu- 
nities instituted programs for disease prevention with vac- 
cines; gradually, more personal health services were added, 
such as maternal and child health. In many areas of the coun- 
try , the primary provider of these community-based services 
has been the public health nurse. Pharmacists should become 
acquainted with local public health nurses and the variety of 
services they provide to their patients. 

In the early 1990s, world economic problems, coupled with 
the New World nationalism following the fall of the Soviet 
Union, have created an enormous public health problem world- 
wide. Public health is at a major crossroads because of the 
convergence of problems related to social and biological factors, 
community and individual problems and widespread economic 
and social policy issues. In the face of multiple world economic, 
political, population control and environmental problems, as a 
discipline, public health is experiencing changes in both in 
organization and accomplishment. American pharmacy and 
medicine have diminished or eliminated teaching public health 
as an entity. 

Frenk,'® in addressing the challenges of public health for 
the next century, has proposed an effort to integrate tradition 
and progress with new directions, including research to provide 
scientifically validated information relevant to the problems of 
decision-makers at all levels, support of continued academic 
education in public health to promote excellence and broaden 
university milieu, application of the population approach to all 
related fields of health on a multinational level, and a greater 
openness to concepts from the social, biological, and behavioral 
sciences. 

A review of the public health literature demonstrates the 
major concerns of the 1990s: 


e A wide variety of studies in epidemiology and biostatistics—HIV 
infection and AIDS in children. 

e Hantavirus as etiologic agent of hemorrhagic fever with renal 
syndrome. 

e The appropriate amount of physical activity for good health, and 
diet, hormones, and cancer. 

e Environmental and occupational health—health effects of low-level 
ionizing radiation, occupational health concerns of fire fighting, 
potential adverse health effects from extremely-low-frequency mag- 
netic fields from power lines, worksite drug testing, and toxic by- 
products of the modern world, where hazardous waste is generated 
by industry with each new discovery. 

e Global change (eg, ozone depletion, greenhouse warming and public 
health (public policy toward municipal solid-waste developmental 
toxicity). 

e Public health practice—global immunization, polio eradication from 
the Western Hemisphere, health issues for college students, mor- 
tality of Native American infants, the public health practice of 
tobacco control and lessons learned, the changing epidemiology 
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of asthma morbidity and mortality, mammography use and cost- 
effectiveness. 

e Behavioral aspects of health—depression and public health, poverty 
and cultural diversity challenges for health promotion among the 
medically underserved, smoking in pregnancy, and heterosexual 
transmission of HIV. 

e Health services—unnecessary surgery, low preschool immunization 
coverage, access and cost implications of state limitations on Med- 
icaid reimbursement for pharmaceuticals, containing costs while 
improving quality of care, the insurance gap, retiree health benefits, 
emergency medical services, improper use of antibiotics, aging, and 
national health systems throughout the world. 

e The growing influence of managed care in all aspects of the provi- 
sion of health care. 

e A fast-growing interest in alternate medicine and preventive nutri- 
tion and lifestyle. 


HEALTH SERVICES PROGRAMS 

pS a eS RT DES NTT IO A] 
Federal health legislation is based the federal government’s 
constitutional right to “promote the general welfare,” but the 
states retain sovereign rights in guarding the health of their 
inhabitants. Within the states, health departments provide a 
wide spectrum of services to the community under the rubric of 
public health. 

Usually, local health departments are affiliated with their 
state’s health department. In the more sparsely settled states 
with adequate local coverage, the state health department acts 
in a consultant capacity; in states with inadequate local ser- 
vices, personnel from the state central office often provide 
direct services. The state may, in turn, call upon federal health 
consultants for advice and assistance. 

As a part of the health department team, a physician, usu- 
ally with an advanced degree in public health, is responsible for 
the overall program of the department, often in association 
with the departmental administrator such as a health director. 
Public health nurses provide the bulk of the personal health 
services, both in clinics and in the home; they deal with the care 
of people ranging from newborn infants to elderly patients with 
multiple medical conditions. Their primary concern is to apply 
the principles of prevention to the patients, to promote health 
or to retard the progress of a disease where a return to health 
is not possible. Environmental health specialists are responsi- 
ble for the control of disease by environmental techniques. 

Public health has often been popularly regarded as a health 
care service for the financially, socially, or geographically dis- 
advantaged, but in reality public health services are for all 
members of the community, as they are supported by the 
county or state tax base. Pharmacists should become ac- 
quainted with their local health department and its wide range 
of services and avail themselves of these services whenever the 
need arises. Further, pharmacists can get involved locally in 
public health, as many county boards of health are required by 
state or local statutes to have a pharmacist on the Board. 


DISEASE PREVENTION 


Three levels of prevention exist: primary, secondary, and 
tertiary. 

Primary prevention is helping people maintain their health or im- 
prove the quality of their lives through a healthy lifestyle. An example 
of primary prevention is the control of infections through immunization. 
Also, adopting healthy lifestyle practices may lead to increased longev- 
ity as well, for example, eating foods low in saturated fat, salt, and 
simple sugars; refraining from tobacco use; limiting alcohol consump- 
tion; controlling weight; sleeping 7 to 8 hours a night; being physically 
active; and eating in moderation. The aim of primary prevention is to 
modify lifestyles to the benefit of the individual and, ultimately, to the 
community. 

Secondary prevention is the early diagnosis and treatment of an 
already existing disease. For example, the use of penicillin in the 


treatment of a streptococcal infection prevents the onset of rheumatic 
fever. Thus, a pharmacist can perform a vital service by advising 
patients who present a febrile illness characterized by a sore throat to 
see a physician. 

Tertiary prevention largely consists of rehabilitation. Most chronic 
diseases cannot be cured, but their progress can be retarded with 
maximum benefit to the patient. Much can be done, for instance, with 
rheumatoid arthritis to make patients more comfortable and more 
productive in their daily lives. 


HEALTH MEASUREMENT 
ARR NE Ni STE ERI A SAI 
The pharmacist is the health professional in most frequent 
contact with the general public, and this function as a commu- 
nity health educator makes the pharmacist’s role unique. By 
staying abreast of local health statistics, pharmacists can func- 
tion as a valuable resource person to researchers conducting 
epidemiological studies in the community. 

All events that are measurable must be related to the pop- 
ulation in which they occur, usually known as the population at 
risk. Events to be measured must be reduced to a common 
factor of population. 

The crude birth rate is only a crude measurement of births 
because the population at risk includes all the men, women, 
and children in the geographical area of concern; most of this 
population cannot bear children. A more accurate measure- 
ment would be to confine the population at risk to women, a 
sex-specific rate. Including only the women of child-bearing 
age—between the ages of 15 and 44—who can have babies 
would be a further refinement of the group, an age/gender- 
specific rate. This much more accurate measurement of births 
is known as the fertility rate. 

Death rates follow the same pattern as birth rates, ranging 
from the crude death rate to age and sex-specific rates. The 
most commonly used indicator of health services is the infant 
death, or mortality, rate. This age-specific rate, which measures 
the number of deaths occurring in infants below the age of 1 
year, is often used as an indicator of the effectiveness of a 
nation’s health services; the implication is that the care of the 
mother and baby reflects the availability and efficiency of med- 
ical care. Incident rates show the number of new cases of a 
disease that occur in a population during a period of time, 
usually 1 year. Prevalence rates provide the number of new and 
old cases that are present in a community at a particular point 
in time. 


EPIDEMIOLOGY 

(REET eT a a REN SET OT] 
Epidemiology is the study of the distribution and determinants 
of health-related events in specific populations and the appli- 
cations of this field in the control of these events. Epidemiology 
relates to the interaction of hosts and their environment, with 
attention to those particular agents in the environment that 
are causal factors of disease. Originating in the investigation of 
outbreaks of communicable disease in the 19th century, epide- 
miology is being applied increasingly to those noncommunica- 
ble, chronic diseases that are of the most significance in today’s 
aging population such as cardiovascular disease, cancer and 
stroke. The alert pharmacist who can apply the basic principles 
of epidemiology in their community will become a significant 
member of the health team. 

In the US, a longer lifespan can be achieved by relatively 
simple measures initiated early in childhood and sustained 
throughout adulthood. There is now recognition of the contri- 
bution of psychosocial and behavioral risk factors to the prev- 
alence of disease. To this end, a report of the Surgeon General* 
recommended action in the following areas, many of which can 
actively involve pharmacists: family planning, pregnancy and 
infant care, immunizations, sexually transmissible diseases, 


control of toxic agents, occupational health and safety, control 
of accidental injuries, fluoridation of community water sup- 
plies, reduction in the spread of communicable and infectious 
diseases, tobacco cessation, reduction of drug/alcohol use/ 
abuse, improved nutrition, and exercise and fitness and stress 
modification. The remarkable decrease in the number of smok- 
ers during the past 10 to 15 years is an example of what can be 
done if enough people get involved. 

Pharmacists should fulfill not only a referral role for pa- 
tients suspected of having a particular illness, but also can 
collaborate with the local health departments or health plan- 
ning agencies in epidemiology. Through their daily and multi- 
ple interactions with many patients, pharmacists can contrib- 
ute to the knowledge base of disease patterns prevalent in the 
community. Pharmacists more than any professional group 
will become aware of epidemic infectious diseases in a commu- 
nity. The arrival of an unusual number of people with diarrheal 
disease for OTC products may be the result of an outbreak of 
food-borne disease. The monitoring of numbers and types of 
prescriptions often suffices to point to an epidemic, and the 
interested pharmacist can set up a monitoring system of more 
scientific validity. 

Pharmacoepidemiology, a subspecialty of epidemiology that 
is pertinent to pharmacy, involves the safety or risk assess- 
ment of a new drug, starting with its early use and continuing 
through its longer use cycle. It involves generating information 
about pharmaceutical outcomes and monitoring associated 
risks, particularly in the postmarketing environment. There 
are three major parts to these studies: a knowledge base, a 
conceptual framework, and an interpretive framework. With 
these perspectives, a pharmacoepidemiologist can establish a 
surveillance system, understand a posed research question, 
select strategies, apply methodologies, and interpret the re- 
sults of purposeful investigations. Population-based studies are 
designed in an unbiased manner to include all patients (or a 
representative sample of patients) who may have been exposed 
to a common risk factor, have an identified disease, or a med- 
ical condition in a given population during a given time period. 
This type of study of a population is expected to provide an 
unbiased view of the examined medical condition/disease in the 
population as a whole.” 

The ready availability of statistical software packages has 
made multivariate analysis more available to public health 
researchers. It is now routine to characterize the nature of the 
dependence of a response on variable explanations, rather than 
just questioning whether such a relationship exists. Public 
health research studies focus on generalized linear models, so 
that the types of outcomes common in public health (eg, con- 
tinuous measures binary indicators of disease counts, times to 
events) can be handled in a uniform manner. 


COMMUNICABLE DISEASE CONTROL 
ALE ES FEE EIT 
In the 20th century, the control of infectious diseases has been 
brought about by the environmental control of food, milk, wa- 
ter, and sewage. Although some serious communicable diseases 
have been practically eradicated, others such as tuberculosis 
(TB) and syphilis are still common and are now appearing in 
drug-resistant forms. The estimated number of cases of sexu- 
ally transmitted diseases (STDs), hospital-acquired infections, 
influenza, and other acute respiratory illnesses number in the 
millions. The most common STD is currently chlamydia, which 
has reached epidemic proportions. Certain viral diseases, pri- 
marily acquired immunodeficiency syndrome (AIDS), remain 
resistant to eradication at present. 

In some areas of the US, such as inner cities, and the world 
(such as Third World countries), greater than 9 out of 10 
individuals are either at risk of being infected or are currently 
infected with HIV. Pharmacists can become involved in educa- 
tional programs promoting safer sexual practices, particularly 
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the use of condoms. Many pharmacies have prominent displays 
that offer ready accessibility to condoms, all in an effort to 
minimize barriers to their purchase and use. 

As a part of developing a comprehensive national HIV pre- 
vention strategy, federal agencies and professional health-care 
organizations have recommended that injection drug users 
(IDUs) be given greater access to clean syringes and drug 
treatment programs. The once-only use of sterile needles and 
syringes remains the safest and most effective approach to 
limit the transmission of HIV among IDUs who cannot or will 
not stop injecting drugs. 

In May 1997, the CDC, the Health Resources and Services 
Administration, the Substance Abuse and Mental Health Ser- 
vices Administration, and the National Institute on Drug 
Abuse jointly published the HIV Prevention Bulletin: Medical 
Advice for Persons Who Inject Illicit Drugs. The primary rec- 
ommendation was counseling IDUs to stop using and injecting 
drugs, if possible by entering and completing a substance abuse 
treatment program that includes relapse prevention. If they 
continue to inject drugs, HIV prevention strategies include not 
reusing or sharing syringes, water, or drug preparation equip- 
ment; using only syringes that come from a reliable source, 
such as pharmacies; using a new, sterile syringe to prepare and 
inject drugs; and safely disposing of the syringe after one use. 
This is a politically volatile issue, but several states (eg, Maine 
and Minnesota) have passed legislation that addresses the 
availability of syringes to curb the spread of HIV transmission. 

The absolute number of individuals worldwide who are in- 
fected with the human immunodeficiency virus (HIV) continues 
to rise; however, use of highly active antiretroviral therapy (ie, 
a combination of double or triple combination antiretroviral 
drug regimens) has dramatically improved outcomes over the 
past 3 years in this country. 

The role of the pharmacist in the control of communicable 
diseases consists of an awareness of the natural history of these 
diseases in both the individual and the community, and refer- 
ral of patients to medical-care facilities where indicated. The 
pharmacist is in a position to dispel much of the ignorance 
attached to these diseases, especially STDs. In this aspect of 
community disease control, pharmacists can have their great- 
est impact, and one of the best opportunities for health educa- 
tion—whether written, visual, oral, or via audio or video—is 
when a patient is waiting for a prescription to be filled. 

The pharmacist’s role in educating the public about effective 
health measures cannot be overemphasized, but it must be 
carried out by an informed pharmacist. The control of commu- 
nicable diseases is based on adequate case finding and the 
supervision and prophylactic treatment of close contacts. Phar- 
macists have the opportunity to involve themselves with socio- 
sexual problems as they relate to public health, so they should 
understand their patients’ subcultures and know how sexual 
activities and other social behavior vary from one group to 
another. Patients should be counseled freely and advised on 
STD prevention methods, available methods of treatment, and 
the necessity for receiving the treatment. 

Immunization has controlled the childhood infections of 
measles, mumps, rubella, poliomyelitis, diphtheria, and 
whooping cough. Most states attempt to develop their own 
recommended schedule for immunizing children and much con- 
fusion exists both among practitioners and parents over this. 
New changes in recommended regimens should be expected as 
new products are developed. Pharmacists should obtain immu- 
nization schedules from health departments and advise par- 
ents of the importance of adhering to the recommended times. 

One other practical aspect of cooperation between the phar- 
macist and the local health department is an agreement to 
supply vaccine for immediate or urgent administration. The 
pharmacist often will have many vaccines in stock for use by 
private physicians that local health departments need only on 
an occasional basis and, therefore, do not stock routinely. 
Where mass community clinics are the accepted and best way 
of bringing immunization to the public, the pharmacist is the 
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obvious person to bear the responsibility of obtaining, storing, 
and preparing the vaccine for administration. 

In a small but steadily increasing number of states and in 
the PHS, many pharmacists are acquiring the knowledge and 
the requisite skills to administer the vaccines directly, pursu- 
ant to an order from another health-care practitioner who is 
licensed to prescribe. This can provide increased access to im- 
munizations. The information necessary for a vaccination pro- 
gram can be found in Epidemiology & Prevention of Vaccine- 
Preventable Diseases, available from the CDC, an excellent first 
step for acquiring these skills. 

The Report of the Committee on Infectious Diseases, pub- 
lished periodically by the American Academy of Pediatrics, 
provides a sensible immunization schedule. 

The Control of Communicable Diseases Manual, published 
by the American Public Health Association,’® concisely sum- 
marizes all known communicable diseases with the etiology, 
treatment, and control of each disease. Pharmacists who wish 
to keep current on communicable disease patterns should sub- 
scribe to the CDC’s Morbidity and Mortality Weekly Report 
(MMWR).'° The MMWR contains epidemiologic notes, reports 
of disease outbreaks, and current statistics by disease and 
geographical location at home and abroad. 


UNIVERSAL PRECAUTIONS FOR 
PREVENTION OF TRANSMISSION OF HIV 
AND OTHER BLOOD BORNE INFECTIONS 


Universal precautions, as defined by the CDC, are a set of 
precautions designed to prevent the transmission of HIV, hep- 
atitis B virus (HBV), and other blood borne pathogens to first- 
aid or health-care providers. Under universal precautions, all 
patients’ blood and certain body fluids are considered poten- 
tially infectious. 

Universal precautions apply to blood, other body fluids con- 
taining visible blood, semen, and vaginal secretions, as well as 
to tissues and to the following fluids: cerebrospinal, synovial, 
pleural, peritoneal, pericardial, and amniotic. These precau- 
tions do not apply to feces, nasal secretions, sputum, sweat, 
tears, urine, and vomitus unless they contain visible blood. 
Further, these precautions do not apply to saliva except when 
it is visibly contaminated with blood or in the dental setting 
where blood contamination of saliva is predictable. 

Universal precautions involve the use of protective barriers 
such as gloves, gowns, aprons, masks, or protective eyewear, 
which can reduce the risk of exposure of the clinician’s skin or 
mucous membranes to potentially infective materials. In addi- 
tion, it is recommended that all clinicians take precautions to 
prevent injuries caused by needles, scalpels, and other sharp 
instruments or devices. 

Pregnant health-care practitioners are not known to be at 
greater risk of contracting HIV infection than are clinicians 
who are not pregnant; however, if a clinician develops HIV 
infection during pregnancy, the infant is at risk of infection 
by perinatal transmission. Because of this risk, pregnant 
health practitioners should be especially familiar with, and 
strictly adhere to, precautions to minimize the risk of HIV 
transmission. 

Even though universal precautions took the place of and 
eliminated the need for the isolation category “Blood and Body 
Fluid Precautions” in the 1983 CDC Guidelines for Isolation 
Precautions in Hospitals, implementing universal precautions 
does not eliminate the need for other types of isolation precau- 
tions. In 1996 the CDC published new guidelines (standard 
precautions) for isolation in hospitals, such as droplet precau- 
tions for influenza, airborne isolation for pulmonary tubercu- 
losis, or contact isolation for methicillin-resistant Staphylococ- 
cus aureus. Standard precautions were developed for use in 
hospitals and may not necessarily be indicated in other settings 


where universal precautions are used, such as child-care set- 
tings and schools. s 


GLOBAL HEALTH 

(BS a NN RE NORTE SSE DISTT, GOT NEO EE ERIE 
Pharmacists should have an understanding of the complexity 
of diseases encountered in international travel. Especially 
when considering or suspecting an infectious disease in a pa- 
tient, pharmacists should ask them if they have traveled na- 
tionally or abroad within the past 2 weeks, and if so, where. 

By international agreement, there are only three diseases to 
which quarantine regulations still apply: cholera, plague, and 
yellow fever. However, over the past quarter century, many 
exotic diseases continue to be reported by the CDC, such as 
schistosomiasis, loiasis, malaria, kala azar, dengue, leishman- 
iasis, giardiasis, and trypanosomiasis. 

The World Health Organization (WHO), with 156 member 
nations, is the only official international health organization. 
Apart from reporting disease trends, WHO controls many as- 
pects of international health. One WHO program of particular 
significance to pharmacy is the international standardization 
of immunological agents such as measles and other vaccines 
and toxoids. Immunizations are not required of individuals 
entering the US, regardless of where they have been or what 
diseases to which they have been exposed. 

Pharmacists can be of invaluable assistance to international 
travelers in advising them what to take in the way of medica- 
tions, especially for infectious conditions such as malaria and 
traveler’s diarrhea. Referral to the local health department 
may be easier for those pharmacists who lack the facilities or 
knowledge base, but they should retain some degree of interest 
in travelers’ requirements, if only as a public service. Informa- 
tion on creating a traveler’s medical chest is available in sev- 
eral publications; generally included are a broad-spectrum oral 
antibiotic, adhesive bandages, remedies for travel sickness, 
acetaminophen/ibuprofen/aspirin, a thermometer, and antibi- 
otic cream or ointment. Immunizations also must be up to date. 
Annually, several of the professional pharmacy journals update 
travelers’ needs in the areas of immunizations and emergency 
drugs for trips. The CDC provides this information in the 
MMWR supplemental publication Health Information for In- 
ternational Travel (http://www.cdc.gov/travel/travel.html). 


CHRONIC DISEASE CONTROL 

(pc Se a AR IN 9 2H DT TES 
The pattern of 20th century disease has been shaped by the 
improvements in medical care, diagnosis, treatment, and pre- 
vention. Because the control of infectious diseases has resulted 
in a longer life expectancy, chronic diseases have emerged as 
the primary causes of mortality in this country. Accidents and 
cardiovascular, oncologic, and neurovascular conditions are the 
current primary causative factors of mortality. There is no 
readily foreseeable solution to the control of chronic conditions, 
but pharmacists can encourage patients to avail themselves of 
the few proven techniques for chronic disease prevention and 
can recommend methods of preventing disease, particularly 
cardiovascular disease. 

The pharmacist’s role in the control of chronic disease can 
range from the support of proven community programs such as 
screening clinics for cancer to alertness for the first signs of 
diseases associated with an occupational hazard. The pharma- 
cist 1s unique in having a basic understanding of disease pro- 
cesses and in being in daily contact with the public. The phar- 
macist’s ability to prevent or to intervene in the initial stages of 
illness in chronic disease is unparalleled. 

In economic terms, cancer is the most important health 
problem in the US. In 1989, the CDC reported that the rate for 
cancer (second-leading cause of death) is increasing. For cer- 


tain cancers such as stomach cancer, an appropriate diet can 
help in prevention, although in general these conditions must 
be dealt with by early diagnosis and treatment. Techniques 
such as the Pap smear serve as specific preventive methods 
as well, although secondary prevention is the main point of 
attack. 

Pharmacists should be acquainted with the warning signals 
of cancer and advise any patient who exhibits them to seek 
medical advice immediately. Local cancer societies can provide 
health education literature for professional and public educa- 
tion. Pharmacists can encourage patients to obtain routine 
physical examinations, pap smears, mammograms, colorectal 
examinations, or other tests. Further, patients can be 
taught self-performed techniques such as breast or testicular 
examinations. 

The mortality rates for both heart disease and stroke have 
decreased for the past 10 years, probably as a result of such 
well-promoted measures as stopping tobacco use, controlling 
high blood pressure, lowering cholesterol intake, increasing 
physical activity, and having a good overall health conscious- 
ness.””~*° The prevention of strokes in particular is correlated 
primarily with the control of hypertension and associated risk 
factors. 

Secondary and tertiary prevention—early diagnosis, and 
treatment and rehabilitation, respectively—are the primary 
measures in chronic disease management. Pharmacotherapeu- 
tic innovations within the past 10 years have had a positive 
impact, resulting in the lower mortality rates from cerebrovas- 
cular disease. As drugs are the basis of hypertensive therapy, 
the pharmacist should be in the forefront of monitoring, espe- 
cially in encouraging compliance with prescribed regimens. 
Because they are in a unique position to measure their pa- 
tients’ blood pressure and advise them about its normal vari- 
ations, pharmacists are becoming more involved in hyperten- 
sion screening and referral. 

The pharmacist can, of course, take patients’ blood pressure 
readings, but these may be temporarily high or low and thus 
must be followed by at least two more measurements at later 
dates. The pharmacist should be well acquainted with the 
services that offer diagnosis, treatment, and rehabilitation in 
the community. As appropriate, local medical societies and 
heart associations should be consulted as pharmacists become 
involved in blood pressure screening and monitoring programs. 

Helpful guidelines for concerned pharmacists can be found 
in the Sixth Report of the Joint National Committee on Pre- 
vention, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC VI), released in November 1997 by the National 
Heart, Lung, and Blood Institute. This report was developed 
using evidence-based medicine and consensus to make clinical 
decisions.”° An update to the Fifth Report (JNC V, published in 
1992), it provides a contemporary approach to hypertension 
prevention and control, including data from the second phase of 
the third National Health and Nutrition Examination Survey 
(NHANES), updated information on the US government’s 
Healthy People 2000 objectives, a discussion of new pharmaco- 
therapies including combination agents, the role of managed 
care in hypertension treatment, and information from recently 
completed randomized controlled trials on hypertension pre- 
vention and treatment. 

The report also provides a guide to assist in risk stratifica- 
tion into three stages of blood pressure ranges, in an effort to 
individualize treatment. Strategies for individualizing treat- 
ment in special populations are provided in a revised treatment 
algorithm. Of particular interest are the new recommendations 
for lifestyle changes independent of risk group: diet, weight 
reduction, alcohol limitation, smoking cessation, and regular 
physical activity). 

The fourth most common cause of death in the US today is 
- accidents. Injuries are the leading cause of death for children 
and young adults. Accident prevention relies on a few specific 
actions, such as the use of automobile seat belts. With acciden- 
tal poisonings, the pharmacist should be a leader in control and 
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prevention. In small communities, the pharmacist should be 
the prime consultant for advice in poisoning cases and should 
be able to refer the caller to the nearest poison control or 
information center when unable to deal with the matter per- 
sonally. This country as well as the world faces an increasing 
crisis from the toxic by-products of our continuing advances in 
product technology. Pharmacists must be aware of the dangers 
arising from industrial toxins and be alert to their manifesta- 
tions in patients who seek relief in OTC medicines. 

As a part of community educational services, the pharmacist 
should be viewed as a leader in disseminating information 
about poisoning, especially during National Poison Prevention 
Week in the third week of March. Many pharmacists run poi- 
son control centers nationally, usually within larger regional 
hospitals or academic medical centers. 


HEALTH EDUCATION 


The objective of health education is to provide the individual- 
ized information necessary for patients to modify their behav- 
ior, all in an effort to live a healthier life. Pharmacists can 
actively promote good health practices by personal example 
and by reaching out to impart professional information to the 
public. Many professional pharmacies now participate in pa- 
tient health education through the use of pamphlets and bul- 
letins. These cover every medical subject imaginable, including 
all the major chronic diseases, drug classes, drugs of abuse, 
drug & food interactions, sexually transmitted diseases, immu- 
nizations, family planning, health promotion, fluoridation, poi- 
son prevention, alternative therapies, disaster preparedness, 
environmental protection and workplace safety. Most are gen- 
eral in scope, while others developed by the pharmaceutical 
industry are focused, well-written, and often drug-specific. 

A growing area for the review and receipt of health infor- 
mation is through the Internet. Occasionally, the material re- 
ceived through this medium may be misleading and is usually 
generalizable without the ability to be put into a patient’s 
specific context. Pharmacists can offer an invaluable service to 
individuals by refuting misinformation or by reframing the 
information into the patient’s specific situation. 

Participation of pharmacists in community health education 
programs must be recommended, but it is in the everyday 
person-to-person contact that the pharmacist serves most ef- 
fectively. To display pamphlets with health information is ad- 
mirable, but it is substantially better to augment this with 
verbal instruction. There are always people who can benefit 
from a few words of advice or direction on health matters, and 
the greater availability of the pharmacist in the community is 
a vital link to the health of individuals or of the community in 
general. 

The keynote of a pharmacist’s health education activities is 
an informed awareness of the early signs and symptoms of the 
major diseases of society and a conscientious willingness to 
pass this information on to those members of the public who 
require it. Assistance in this matter should be sought from the 
various available health agencies, both official and voluntary. 
These groups have certain basic differences in governance, 
financial support, legal responsibilities and primary aim. In 
general, official agencies are governed by appointed officials, 
supported by taxes to provide direct services to the public and 
somewhat limited by law in what they can do. Voluntary and 
philanthropic agencies have greater flexibility to experiment 
with and support new programs than state/federal agencies 
and have no legal responsibility to enforce health rules and 
regulations. Pharmacists need to understand the basic origins 
and differences of these agencies to derive the greatest benefits 
for the public that they serve. 
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MATERNAL AND CHILD HEALTH 


Mother and child health was the first public health program of 
the 20th century. Infant and child mortality rates were excep- 
tionally high, largely because of respiratory and diarrheal dis- 
eases; many of the latter were propagated by unpasteurized 
milk, an ideal medium for bacterial proliferation. The first 
move to combat this form of infant mortality came in the form 
of milk stations, where purified milk was provided to mothers 
and their children. Gradually, the concept of maternal and 
child health expanded to the formation of direct patient care 
and health education programs aimed at both the mother and 
child (or fetus), provided both in clinic settings and at home. 
Since the end of World War II, maternal mortality has declined 
some 45%, and infant mortality has been reduced by about 
75%, thus demonstrating the utility of these programs. 

The basic idea behind maternal and child health is to guide 
the mother and her child through the time when they are 
exposed to the greatest risks of disease and mortality: during 
pregnancy, the puerperium, and the first year of life. The early 
diagnosis of pregnancy, with informed supervision of its 
progress through delivery and the immediate postpartum pe- 
riod, constitutes the fortification of care in maternal and child 
health programs. The earlier that prenatal care is initiated, 
even in the pre-conception phase, the more beneficial is the 
effect, not only to the mother but also to the child. The prog- 
nosis and overall health of the infant are directly influenced by 
its care in utero. Pharmacists who understand the normal 
course of pregnancy and infancy and all of the attendant 
health-care issues are in constant demand. 

Mothers can be instructed on simple matters of diet, hy- 
giene, and overall management of their pregnancy and infant. 
This is of particular importance with mothers who have an 
incomplete understanding of the importance of receiving coor- 
dinated and continuous prenatal care. 

Pharmacists who are able to discuss the various available 
contraceptive methods in an intelligent and professional man- 
ner are important, especially in the postpartum period. 

Before delivery, parents can be advised to obtain an infant 
car seat, and instructed on its proper instruction within the car 
and the correct method of seating and securing the child into 
the seat. Many city/county health departments have infant car 
seat loan programs for a nominal fee. 

Based on the immunologic and nutritional benefits supplied, 
breast-feeding is still the best option for the baby, so pharma- 
cists should encourage breast-feeding whenever possible. 

A primary aspect of disease control in the infant is childhood 
immunizations. It is paramount that all infants should be 
immunized with all the toxoids and vaccines available to avoid 
the dangerous diseases associated with the first years of child- 
hood. Primary immunization should begin at birth (with hep- 
atitis B vaccine) and must continue until the fourth dose of 
triple vaccine (diphtheria, tetanus, pertussis) is given at 12 
months, with a followup dose at 4 to 6 years. 

Mortality from sudden infant death syndrome (SIDS) con- 
tinues to decrease at a steady rate. The SIDS rate for 1995 was 
0.87 deaths per 1000 live births. One measure contributing to 
the decline is the implementation of prevention recommenda- 
tions that are based upon the best available evidence. SIDS has 
long been associated with women who smoke during preg- 
nancy. Infants who were in the presence of second-hand smoke 
in the home after birth were twice as likely to die from SIDS, 
and constant smoke exposure both during and after pregnancy 
triples a baby’s risk for SIDS. Also, babies who died of SIDS 
were less likely to been breast-fed. 

The American Academy of Pediatrics recommends that 
healthy infants sleep on their backs or sides to reduce the risk 
for SIDS. These recommendations are considered to be primar- 
ily important during the first 6 months of age, when a baby’s 
risk of SIDS is greatest. The Back-to-Sleep Campaign, a pro- 
gram to reduce the risk of SIDS, is jointly sponsored by the US 


Public Health Service, American Academy of Pediatrics, SIDS 
Alliance, and the Association of SIDS Program Professionals. 
In this program, parents are advised to place their babies on 
their back or side to sleep when being put down for a nap or to 
bed for the night. 

Worldwide, overpopulation is the most serious public health 
problem. Family planning, as population control is alterna- 
tively called in the Western countries, consists not only in 
spacing births by deliberate contraceptive use, but also in help- 
ing women who cannot conceive to bear children. Contracep- 
tives, both prescription and OTC, are available in community 
pharmacies, and it is pharmacists who should be at the van- 
guard of family planning. 

In addition to family planning, other programs that have 
received much attention recently are lead poisoning prevention 
for children, infant and preschool child health-care services, 
services for handicapped children, and nutritional education 
and support for children. The increase in working mothers in 
this country and the concomitant increase in use of child-care 
centers has focused interest in these programs. 


NUTRITION 
RE I IIT 7 
Severe acute nutritional deficiencies such as pellagra, scurvy, 
or beriberi are rare in this country, but many in the population 
are deficient in one or more nutrients. Further, a direct rela- 
tionship between obesity and morbidity is well established, as 
well as an inverse one with both length and quality of life. For 
this reason, pharmacists should be aware of normal nutritional 
requirements and the problem of malnutrition or poor nutrition 
among the patient population that they serve. Pharmacists can 
make significant contributions in nutrition by advising pa- 
tients about basic food needs; helping to correct improper food 
habits, especially in children; advising on special requirements 
for nutrients during prenatal and maternal periods, suggesting 
special dietary instructions for patients with diabetes and peo- 
ple with food allergies; and participating in supporting school 
lunch programs and food stamp plans. 

Many fast foods have nutritional value, but generally only 
when they are supplemented by the elements commonly miss- 
ing from their composition. For example, in theory, a meal of 
French fries and a hamburger with lettuce and tomato contains 
a balance of protein, fat, and carbohydrate, if the food used in 
the meal’s preparation is nutritious (ie, if the hamburger is 
pure, lean, ground beef, and the other foods are of comparable 
value). Otherwise, this type of diet lacks the nutrients in the 
appropriate amounts that are present in fresh fruits and veg- 
etables; the people to whom fast foods appeal seldom consume 
sufficient nutrients, as indicated by the recommended dietary 
allowances for the general US population. 

Fortunately, for the first time, sufficient data exist regard- 
ing dietary risk factors for chronic diseases, thus providing a 
good opportunity to promote specific healthy behaviors to the 
US population. Generally, these include such simple measures 
as lowering the fat intake in the diet (especially saturated fat), 
using less salt, and increasing green and yellow vegetables and 
whole grain cereals/fiber in the diet. For maximum benefit, 
these measures should be coupled with maintaining weight 
within recommended limits, avoiding obesity, keeping good 
physical activity, and avoiding alcohol and tobacco. 

About 20% of Americans over age 20 are at least 10% over 
their ideal body weight. These individuals are at risk of devel- 
oping diabetes, digestive system diseases, cardiovascular dis- 
ease, and some forms of cancer. Many people who lose weight 
when in good health, regain this weight. The popular notion 
that there are magic drugs to control weight has been dispelled 
with the removal of fenfluramine (Pondimin) and dexfenflura- 
mine (Redux) from the market. 

Pharmacists can recommend nutritional education and 
guidance offered through the many materials available from 


voluntary health organizations and local and state health de- 
partments. Because people lose weight better in peer support 
groups, pharmacists can become acquainted with the local or- 
ganizations aimed at helping people of all ages lose weight, 
such as Weight Watchers, TOPS (Take Off Pounds Safely), and 
YMCA and YWCA programs. 


ORAL HEALTH 

(SU a TT TTT TS 
A large proportion of Americans suffer from tooth decay or 
periodontal disease. Although there has been improvement in 
oral health over the past 40 years, US children and adolescents 
have a significant number of caries by age 17. Adults fare no 
better; on average, they have 10 to 17 decayed, missing, or filled 
teeth. Approximately half of all adults have gingivitis, and 80% 
have experienced some form of periodontitis. Pharmacists have 
numerous opportunities on a daily basis to positively affect this 
trend. Most oral conditions are preventable by appropriate 
self-care and use of fluoridated toothpastes, oral fluoride sup- 
plements, dental sealants, flossing, avoidance of tobacco use 
(especially oral tobacco products such as chewing tobacco or 
snuff), and regular dental visits. 

The American Dental Association has published pamphlets 
for dentists and pharmacists that cover oral structures and 
diseases, prevention of caries, OTC and prescription dental 
drugs, and how these two professions can collaborate. The 
American Dental Hygienists Association’s Oral Health Infor- 
mation page (http://www.adha.org/oralhealth/index.html) has 
numerous pieces of information and publications on preventive 
oral care. Presently, patients should be counseled to visit a 
dentist at least annually (if not more frequently for more high- 
risk patients), and to floss daily, brush their teeth daily with a 
fluoride-containing dentifrice, and use fluoride for caries pre- 
vention and chemotherapeutic mouth rinses for reduction of 
plaque. 

In 1992, approximately 62% of the population were served 
by an optimally fluoridated water source; the objective for the 
year 2000 is to increase that number to at least 75%. Fluoride 
supplementation is recommended for children living in areas 
with inadequate water fluoridation. 

Resistance to water fluoridation began in 1950 and contin- 
ues to raise controversy in some segments of the population. 
The charges raised by opponents tend to be more sophisticated 
variations on themes used since the inception of fluoridation, 
namely the alleged adverse health consequences (eg, cancer or 
AIDS) and infringement on freedom of choice. Although anti- 
fluoridationists have gained much publicity in their attempt to 
create the illusion of a scientific controversy about fluoridation, 
claims of a health hazard from water fluoridation are un- 
founded. The American Dental Association cites extensive re- 
search demonstrating that fluoridation does not increase the 
incidence or mortality rate of any chronic condition, including 
cancer, heart disease, intra-cranial lesions, nephritis, cirrhosis, 
and Down syndrome. No correlation between fluoride in the 
water supply and cancer in human beings has been demon- 
strated by studies to date. Fluoridation of drinking water sup- 
plies at a level of 1 ppm (part per million) protects against 
dental caries, and in such concentrations is not associated with 
any known adverse health effects. Fluoride toxicity from water 
sources would be improbable because of the large quantities of 
water that would need to be consumed at any one time. 


ENVIRONMENTAL HEALTH 

DLE ST OO NTE TO 
All elements of the natural environment can be altered, some- 
times with harmful results. Air, food, water, and the earth can 
all become sources of illness, in the home, public, or work 
environments. 
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Air, for instance, now contains noxious substances that are 
either direct results of combustion or produced by photochem- 
ical change. Smog (a term first coined from “smoke” and “fog” in 
1905) is the classic example of the latter; it results from the 
interaction of the ultraviolet rays in sunshine and the un- 
burned hydrocarbons of automobile engines or factories and 
smokestacks. The products, when trapped by the thermal in- 
version engendered by local topography, cause damage to mu- 
cous membranes and lungs when inhaled. There is a close 
correlation of such diseases with age, especially in persons 
whose heart, lungs, and immune system may already be com- 
promised. Acute episodes of air pollution have been found to 
exacerbate illness and even cause death in people who already 
have respiratory and cardiovascular diseases. Recently, there 
has been supporting evidence that second-hand tobacco smoke 
increases the risk of cardiovascular diseases or cancer as well. 

In this century, food has also become a significant vehicle of 
disease organisms. Although pasteurization has eliminated 
milk as a medium for disease distribution, the same cannot be 
said for other foods. Food-borne disease, more commonly but 
often incorrectly called “food poisoning,” is grossly underre- 
ported: the 400 to 500 outbreaks comprising some 5000 to 
10,000 persons per year probably can be increased by a factor of 
10 to represent its true magnitude. In most instances the 
illness produced by contaminated food is mild and of short 
duration, but more severe outbreaks (such as hepatitis A, most 
commonly seen in public restaurants) can occur. Epidemics of 
food-borne disease are dramatic and sudden—most people be- 
come sick within 6 to 24 hours after consuming the contami- 
nated foodstuffs. The epidemic pattern of food-borne disease 
presents differently from the nausea, vomiting, and diarrhea 
induced by intestinal enteroviruses, which are usually seen in 
the fall and spring. Thus, when pharmacists note a sudden 
increase in OTC sales of anti-nauseant and antidiarrheal 
drugs, the local health department should be notified immedi- 
ately so that they can initiate a rapid case investigation and 
prevent further spread. 

Water-borne infectious disease is uncommon today, but this 
does not mean that all public water supplies are pure and 
potable. Many complaints about the taste, appearance, and 
physical qualities of locally supplied water have led to a brisk 
US trade in bottled water. Water pollution is a distinct reality 
and pharmacists should remain aware of outbreaks and refer 
patients to local health departments for assistance, when 
necessary. 

A modern concern of many citizens is the presence of chem- 
ical toxins in the environment and in the diet. Well-docu- 
mented data exist documenting cancer development in animals 
from ingested materials, but there also is little proof that many 
of these substances ever produce human cancer. Host factors 
may have a significant and vital role in disease of any type, and 
pharmacists, especially those in the community, should stay 
aware of developments pertaining to toxic and carcinogenic 
substances. 

Occupational illnesses, ranging from the classic lead and 
mercury poisonings of yesteryear to the lung diseases of today, 
provide evidence that the workplace can play an immense role 
in disease occurrence. For example, for hundreds of years pneu- 
moconioses in the form of silicosis have been known to occur in 
miners (black lung disease); more recently byssinosis (brown 
lung disease) was observed in textile workers. Asbestos expo- 
sure has been associated with cancer. All occupations that 
expose workers to dust are hazardous to a degree, depending on 
the size of the dust particles and their consequent ability to 
penetrate into the lung substance, combined with their concen- 
tration and the length of the workers’ exposure time. 

Pharmacists should be aware of the local occupations, com- 
panies, and factories and to be alert to the first symptoms of 
disease. Again, it is up to the pharmacist to become acquainted 
with the local community and to adapt the principles of health 
and medical care to the particular situations encountered. The 
pharmacist’s continuing education should include watching the 
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local pattern of society and its diseases, and changing the 
emphasis toward evolving disease patterns and their control. 

Bingham?’ reviewed the governmental regulation of envi- 
ronmental hazards for the next decade, including information 
on the workplace and the future of occupational safety and 
health regulations, hazards of local ambient environments, 
such as hazardous and other waste dumps, radioactive waste 
from weapons production, air emissions, and groundwater con- 
tamination of unknown magnitude; the Clean Air act and other 
and regulatory initiatives; waste reduction and minimization, 
and radioactive waste and weapons production; global pollu- 
tion, chlorofluorocarbons and the land ozone layer, the green- 
house effect, and global climate change; and conserving the 
tropical forest and biological diversity. 

With constant change to the physical, biological, cultural, 
social and economic environment, both pharmacists and citi- 
zens should cultivate an informed awareness of these changes, 
and pharmacists should adapt their methods of health educa- 
tion, disease prevention, and disease control to the changes in 
each community. This is especially true of air and water pol- 
lution, which require concerted community action for their 
control, but pharmacists may play a much more fundamental 
and personal role in controlling food-borne diseases; often, the 
first indication of an outbreak of food-borne disease is the 
unusually large number of people seeking relief from nausea, 
vomiting, and diarrhea (particularly if concentrated within a 
short period of time, a few hours to a day or two). Thus, the 
pharmacist’s role in environmental health is related primarily 
to being alert to the conditions prevailing in the community 
and of working with others to adequately control any of the 
attendant hazards. 


MENTAL HEALTH 
(BT SR RI AS 
The topic of mental illness and its causation, manifestations, 
and control is vast. Few would disagree with the estimate that 
there are about the same number of beds in this country for the 
mentally ill as for all other ailments combined. It has been 
estimated that approximately 10% of the population in this 
country are affected with some form of emotional disorder 
requiring treatment. An estimated 2.4 million chronically men- 
tally ill individuals have been identified in the US (excluding 
the mentally retarded and chronic substance abusers). Out of 
this number, about half (1.1 million) live at home, some 
700,000 are residents of nursing homes, 450,000 live in single 
rooms or congregate-care facilities, and at least 150,000 are 
found in psychiatric hospitals. Of the 450,000 homeless per- 
sons, an estimated one-third of them have a serious mental 
illness. 

Pharmacists should be aware of their local community men- 
tal health services, especially those catering to ambulatory 
patients. The timely referral of patients exhibiting unusual 
behavior to these facilities may be life-saving, especially in 
those persons who demonstrate suicidal tendencies. 

Suicide is the one outcome of a mental illness that can be 
measured directly. Fortunately, many suicide attempts are 
merely gestures, but this does not negate the importance of 
prevention whenever possible. Suicide has been demonstrated 
to occur most commonly in older, unmarried, and reasonably 
affluent males. Although women attempt to commit suicide 
more often than men, they are not as successful. The agents 
used in suicide vary with their availability. In the US, firearms 
figure most prominently, as they are readily available; in the 
United Kingdom where there are stringent gun-control laws, 
drugs such as acetaminophen are the main agents. 

With these and other epidemiological facts at their disposal, 
pharmacists can be alert to potential suicide victims among 
patients and should do everything possible to bring aid to them. 
An individual’s quiet plea for help, potentially offered in the 
form of overt or covert references to low personal self-esteem 


and to the uselessness of life, should never be neglected. Even 
a solitary phrase expressing self-disgust with the implication 
that the best way out is to end it all should never be ignored, as 
it may be a clue to contemplation of suicide. Depression, whose 
cardinal symptoms are as readily recognizable to observant 
laypeople as they are to health professionals, can be the fore- 
runner of attempted suicide. Pharmacists should never be re- 
luctant to ask patients directly whether they have ever consid- 
ered, or are now considering, committing suicide or harming 
themselves or others. Whenever a pharmacist detects a poten- 
tially suicidal patient, he or she should talk to the patient and 
seek aid from family and community mental health servic- 
es—no patient’s plea for help should be ignored. Pharmacists 
who have interest in this area of practice should become famil- 
iar with any of the depression scales (eg, the Zung Self-Rating 
Depression Scale) that can be used for screening for depression. 

Deinstitutionalization has freed mental patients to the 
streets, but the public assistance programs on which many of 
these individuals depend have undergone significant erosion. 
Lack of insurance and erosion of welfare as well as increases in 
the numbers of homeless have contributed to the problem. 
Further, the federal deficit and public budget pressures have 
made it difficult to attract sufficient funding for services. Cor- 
recting the existing fragmentation, duplication, and disorgani- 
zation of the mental health services system will require more 
efficiency; clear priorities for the care of the seriously and 
persistently mentally ill must be established. 


ALCOHOLISM AND SUBSTANCE ABUSE 
ee AD TSR A 
Abuse of alcohol, tobacco, and other substances, in general, is a 
worldwide public health problem of enormous dimensions. In 
the US, between 450,000 and 600,000 premature deaths annu- 
ally are related to these substances, representing nearly one- 
third of all deaths. Substance abuse has become a common in 
American society, and the societal need to stay informed has 
never been greater. Again, the expert knowledge of the phar- 
macist should be used to good advantage in both an individual 
and community context. 

Alcoholism is estimated to affect millions of men and women 
in the US. Society is slowly coming to recognize that alcoholism 
is-a biopsychosocial disorder with many causes and many ram- 
ifications. Alcoholics Anonymous (AA) is a voluntary organiza- 
tion founded by a recovering alcoholic for individuals suffering 
from and recovering from alcoholism. The organization has 
branches for the spouses of alcoholics (Al-Anon) and their chil- 
dren (Ala-Teen) as well. AA groups exist in nearly all cities and 
many smaller towns, and individuals in recovery are always 
ready to help. Apart from AA, other types of clinics and treat- 
ment centers are available through government agencies’ 
health, social services, mental health services, or public assis- 
tance departments. 

Substance abuse is similar to alcoholism yet different in 
that it has received more acceptance among younger people. 
Marijuana in particular has been implicated as a gateway 
drug—harder drugs such as heroin or cocaine may follow the 
use of the milder ones. Again, the pharmacist is in the unpar- 
alleled position of being the most competent professional mem- 
ber of the community who can advise local agencies about 
substance abuse (including prescription, OTC, social, and illicit 
drugs) and its effects. The knowledge and participation of phar- 
macists adds to their professional reputation. 

For general information on substance abuse, the Federal 
government and professional health organizations are often a 
valuable resource. For example, the National Institute on Drug 
Abuse (NIDA; http:/Awww-nida.nih.gov) has just released the 
first science-based guide to drug addiction treatment. The en- 
closed new publication, Principles of Drug Addiction Treat- 
ment: A Research-Based Guide, describes the conditions re- 
quired for truly effective drug abuse treatment. It also 


delineates the most common types of drug addiction treatment, 
identifies treatment approaches for which there is strong sci- 
entific evidence of efficacy, and answers the questions about 
treatment that are asked most frequently by providers, policy 
makers, patients, and the public. This user-friendly guide is 
based upon a comprehensive review of 25 years of treatment 
research findings.28 

The National Clearinghouse for Alcohol and Drug Informa- 
tion’s PREVLINE (Prevention Online, http:/www.health.org) 
contains the most current information on alcohol and drug use 
and abuse, with searchable bibliographic research databases, 
web pages especially designed for children, and an on-line 
catalog of substance abuse education materials. 

Dealing with the diseases of alcoholism and substance 
abuse are peculiarly within the purview of the pharmacist. No 
other disease entities, with the possible exception of poison 
control, lend themselves more readily to intervention by phar- 
macists. Pharmacists have many opportunities to help individ- 
uals who become dependent upon alcohol, even though many 
will resist help. All community agencies, professional and vol- 
untary, should be called into play, including church, voluntary, 
and government groups. 


PUBLIC HEALTH RESEARCH 

RGEC en a aS Rs URE ATR 
If the pharmacist evinces a sincere interest in community 
health programs, there may be opportunities to participate in 
public health research programs, especially those concerned 
with drugs and their control. In general, investigation of com- 
munity disease is based on two methods, retrospective and 
prospective surveys. 

Retrospective studies are based upon historical data readily 
obtained by asking questions of the population under investi- 
gation. Prospective studies actually observe the events that 
occur in the population over time. The retrospective method is 
inexpensive, takes little time, deals with a stable population, 
and requires a minimum amount of work. However, it relies on 
memory (recall bias), is difficult to conduct with a control 
group, and introduces observer bias because the investigator 
knows what to look for. Conversely, prospective studies may 
take years to complete, are more expensive, contend with shift- 
ing populations, and require a vast amount of resources; but 
they are easy to use with a control group, do not rely on 
memory, and can minimized observer bias. 

A classic example of the use of these methods comes from an 
observation by an Australian ophthalmologist in 1941 who saw 
an unusually large number of congenital cataracts in infants.?9 
A retrospective investigation revealed that all the women con- 
cerned had had rubella (German measles) during their preg- 
nancies, a retrospective discovery. This finding brought about 
some women obtaining illegal, but medically supervised, abor- 
tions when they revealed to their physicians that they had had 
rubella during their pregnancies and were afraid of having a 
baby with a congenital deformity. Although rubella epidemics 
have largely been eliminated because of vaccination programs, 
it still exists in the US population, and therefore, pregnant 
women may be at risk if their immunization status is not 
current. The incidence of congenital rubella syndrome has in- 
creased since 1986, and in at least half of cases, the cause was 
determined to be missed opportunities for vaccination.®° Phar- 
macists should offer their services in the investigation of dis- 
ease patterns in their community, particularly in the manage- 
ment of pharmacotherapy and its outcomes. 


SUMMARY 


It is well known that pharmacists are the most accessible and 
most trusted health-care professionals. The pharmacist rou- 
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tinely sees the patient at refill time, which can be an opportune 
time to discuss public health issues; pharmacists can also use 
this time to identify early signs and symptoms of disease, if 
counseling and patient assessment are done. 

The role of the pharmacist has been and continues to un- 
dergo change. As we move into the next millennium, the pro- 
fession has some unique opportunities to take on roles in the 
public health arena and to build partnerships with health 
departments, other health-care providers, and the community 
at large. Some of the new opportunities include immunizations 
and smoking/tobacco cessation programs. 

The availability of information such as the Healthy People 
reports, the Guide to Clinical Preventive Services, and the CDC 
Guideline Database provide opportunities for pharmacists to 
take a more active role in preventive services and health pro- 
motion activities. The issues presented in the 1981 APhA state- 
ment on the role of the pharmacist in public health still exist, 
such as the underuse of patient-oriented pharmacists and the 
need to use existing health-care professionals and facilities. 
Thus, the pharmacist’s role in public health has yet to be 
fulfilled. At this point in the professional evolution of the prac- 
tice of pharmacy, it is time to address seriously the public 
health issues that effect everyone. 
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Pharmacists and pharmaceutical scientists have a constant 
need for reliable and current information, and in the modern 
world information is everywhere. It is presented on television 
and radio, sent from computer to computer over the Internet, 
and passed from person to person using telephones and fax 
machines. The great challenge is sorting out the current infor- 
mation from the dated, the reliable from the questionable, the 
actual from the imagined. Practitioners and scientists must be 
able to find and identify different types of information in a 
variety of formats and media. In addition to meeting their own 
information needs, pharmacists must also be able to assist 
patients in meeting their information needs with regard to 
drugs, therapies, and diseases. This chapter will discuss pri- 
mary and secondary literature and how to find each, the spe- 
cialized reference sources in pharmacy and the pharmaceutical 
sciences, and the use of the Internet. The primary focus is on 
the literature and the information it contains. For a discussion 
of the critical evaluation of literature see Chapter 9. 


TYPES OF LITERATURE AND 
HOW TO FIND THEM 


Primary Literature 


As with other sciences, the primary literature of the pharma- 
ceutical sciences is the scientific journal. For more than three 
centuries, the scholarly journal has been the channel through 
which scientific research has been reported, evaluated and 
disseminated. 

Scientific research enters the primary literature by a pre- 
scribed route. When researchers have concluded a study, they 
usually write the results in a standard format that includes an 
abstract or summary, a review of past research in the area, a 
description of the methodology used, the results, a discussion of 
what the results mean, and a list of references. The finished 
article is then submitted to a scholarly journal, which is per- 
haps published by a professional organization or by a commer- 
cial scientific publisher. The journal editor then sends the 
manuscript to be peer reviewed by one or more researchers in 
the same field as the authors. Usually the reviewers are un- 
aware of the authors’ identities. Manuscripts that are found to 
meet criteria of sound research are accepted for publication and 
are published in the journal. 

Within the past few years, scientific journals have been 
produced in electronic form as well as in print. Because of the 
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high costs of printing and mailing, and the dwindling number 
of subscribers to many specialized journals, research publica- 
tions of the near future may exist only electronically. 

Several different types of professional journals may contain 
primary literature of interest to those in pharmacy. Pharma- 
ceutical scientists read and publish in basic science journals 
such as 


European Journal of Pharmacology (Amsterdam, Netherlands: Elsevier 
Science). 

Journal of Natural Products (Columbus, OH: American Society of Phar- 
macognosy). 

Pharmaceutical Research (New York: Plenum). 


Clinical pharmacists use major medical journals such as 


Annals of Internal Medicine (Philadelphia: American College of Physi- 
cians). 

JAMA: Journal of the American Medical Association (Chicago: AMA). 

New England Journal of Medicine (Boston: Massachusetts Medical 
Society). 


or journals that specialize in a particular disease or in drug 
therapy, such as 


American Journal of Cardiology (Belle Mead, NJ: Excerpta Medica). 

American Journal of Health-Systems Pharmacy (Bethesda, MD: Amer- 
ican Society of Health-Systems Pharmacists). 

Annals of Pharmacotherapy (Cincinnati, OH: Harvey Whitney Books). 

Diabetes (Alexandria, VA: American Diabetes Association). 


Researchers in pharmacy administration have available to 
them such journals as 


Journal of Pharmaceutical Marketing and Management (Binghamton, 
NY: Pharmaceutical Products Press). 

Pharmacoeconomics (Auckland, New Zealand: Adis International). 

Social Science and Medicine (Exeter, England: Pergamon). 


Finally, those who teach pharmacy have 


American Journal of Pharmaceutical Education (Alexandria, VA: 
AACP),. 

Journal of Pharmacy Teaching (Binghamton, NY: Pharmaceutical 
Products Press). 


These journals are only a few of the thousands of scientific 
journals published worldwide. Finding articles on one particu- 
lar area of interest requires more effort than scanning the 
issues of a few journal titles regularly. 

Not long ago, someone researching a topic would be urged to 
begin with a standard bibliography, and to follow this by using 
printed indexes and abstracts that could be consulted only in a 
library. Advances in computer technology have made most 
printed finding tools obsolete. Printed sources are outdated the 
day they are published and, in the opinion of most, are much 
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less convenient to use than on-line tools. Many electronic in- 
dexes can be accessed from desktop computers. Some indexes 
even link to the full text articles themselves, thus obviating 
many steps (both logically and geographically). 


PHARMACEUTICAL DATABASES 


On-line databases, because of their convenience and ubiquity, 
are now the first choice to consult for locating pharmaceutical 
literature. Of the hundreds of databases available, five are of 
particular interest to pharmacists and pharmaceutical scien- 
tists: MEDLINE, EMBASE, International Pharmaceutical Ab- 
stracts, Chemical Abstracts, and BIOSIS Previews. Each of 
these is available in print, on CD-ROMs, through the World 
Wide Web (“the web”), on magnetic tape to be loaded on a local 
mainframe, or through commercial vendors such as Dialog or 
Ovid. Educational institutions and corporations often provide 
access for their researchers to one or more of these databases. 
An individual also can purchase access through a subscription 
or per-search arrangement with database providers or vendors. 

Searching on-line databases appears to be easy—decep- 
tively so—but doing a successful search can require a great 
deal of skill and prior experience. Novice searchers are often 
too impatient to learn proper searching techniques and thus 
may either miss many relevant items or retrieve a large num- 
ber of irrelevant ones. Attending a class, consulting a manual, 
or working with a librarian can much improve one’s ability to 
do a comprehensive and highly relevant search. There are two 
large medical databases, MEDLINE and EMBASE. 


MEDLINE 


MEDLINE is produced by the US National Library of Medicine 
(Bethesda, MD). Its coverage of 3900 highly regarded journals 
makes it the preeminent biomedical database. It is subsidized 
by the US government; the resulting low cost to its users means 
that it is often the first and only choice of those seeking medical 
information. Its coverage is strongest in clinical and therapeu- 
tic topics. 

The National Library of Medicine produces MEDLINE and 
makes it available directly to the public, but a number of other 
vendors make the database available as well. Each of these 
vendors has its own set of searching protocols, usually called 
search engines; each is a little different from the others, and 
each has a somewhat different way of indexing the files. The 
same search done in different vendors’ versions of MEDLINE 
may well yield different results. 

The US government has made two MEDLINE search 
engines available at no charge on the Internet via PubMed 
and Internet Grateful Med (IGM). Two commercial vendors, 
Ovid and Silver Platter, are considered to have stronger 
search engines. These two vendors make their products 
available in a number of different ways—through the web, 
on CD-ROMs, and on tape. Finally, there are several other 
free Internet-accessible versions of MEDLINE. Their search 
engines are considered to be less powerful than those from 
the government or the commercial vendors. 


EMBASE 


Another highly regarded medical database is EMBASE, pro- 
duced and provided by Elsevier, a commercial publisher based 
in Amsterdam, Netherlands. Although its coverage of 3500 
journals is comparable to MEDLINE, there is surprisingly lit- 
tle overlap between the two. In one 1990 study,’ a search for 
‘ low-molecular-weight heparin done in both MEDLINE and 
_/ EMBASE yielded a total of 72 citations, but only 9 of these 
citations appeared in both databases. 
EMBASE covers European literature in much more depth 
than does MEDLINE. It also is considered to be somewhat 
stronger in drug information and in areas of biological science 


related to human medicine. Because of its European focus and 
its high cost as compared to MEDLINE, EMBASE is searched 
less often in the US than perhaps it should be. 

EMBASE is available through on-line vendors such as Dia- 
log and Ovid, and through the web. Subsets on specific topics 
such as Drug Information are sold on individual CD-ROMs. 


International Pharmaceutical Abstracts 


The scope of the International Pharmaceutical Abstracts (IPA) 
is different from either MEDLINE or EMBASE. IPA is pro- 
duced by the American Society of Health-System Pharmacists 
(ASHP) and covers 700 pharmacy periodicals. It is a small 
database, but it covers publications not indexed elsewhere, 
including pharmacy trade magazines, state pharmacy journals, 
and the meeting abstracts of pharmacy-related associations. 

Some drug therapy journals that are indexed in MEDLINE 
also are indexed by IPA. However, because IPA’s indexing rules 
are somewhat different from MEDLINE’s, a researcher may 
sometimes turn up materials in IPA that were missed in 
MEDLINE. 

Many pharmacy and pharmaceutical science topics are 
much better searched in IPA than in any other database. This 
is the best database to use to find a great number of articles on 
pharmacy administration, drug laws and legislation, and phar- 
macy ethics. Pharmaceutical manufacturing is covered as well. 

Two vendors, Ovid and Silver Platter, make IPA available 
on CD-ROM and through the web. 


Chemical Abstracts 


Chemical Abstracts covers areas of interest to pharmaceutical 
scientists. Perhaps the world’s largest scientific database, 
Chemical Abstracts is produced by the American Chemical 
Society's Chemical Abstracts Service (CAS) in Columbus, Ohio. 
It contains 14 million abstracts from journals, patents, techni- 
cal reports, books, conference proceedings, and dissertations. It 
is the most important database for those interested in drug 
development. 

Chemical Abstracts can be searched in various ways. The 
CAS Registry System assigns code numbers to chemical sub- 
stances, providing a unique identifier for each substance no 
matter how many names it might have worldwide. The registry 
number is so valuable that other databases use it to make sure 
that searchers can find all literature for one chemical. Another 
type of searching that can be done in Chemical Abstracts is 
structure searching. It allows one to draw the chemical struc- 
ture of a substance and to search from that. 

Vendors of Chemical Abstracts include Ovid, Dialog, and 
STN. Some subsets of the database are available on CD-ROM. 
Because of its expense and complexity, Chemical Abstracts 
should be searched only by those trained to do so. Classes are 
offered around the country by the ACS. Academic chemistry or 
science librarians can often direct a researcher to an experi- 
enced freelance literature researcher. 


BIOSIS Previews 


Another important scientific database is BIOSIS Previews, the 
on-line version of Biological Abstracts and the BioResearch 
Index. It is produced by BIOSIS (Philadelphia, PA). BIOSIS 
Previews covers the literature of the life sciences, including 
pre-clinical toxicity and carcinogenicity studies. Among the 
many ways it can be searched are by keywords, broad subject 
areas, and codes representing taxonomic groups. 

Vendors include BIOSIS, Ovid, Dialog, and STN. BIOSIS 
recently has developed a web version that is easier for the 
novice searcher than the other versions. 


OTHER DATABASES 


In addition to the major on-line databases described above, 
there are many specialized databases that might be of use in 
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the study of pharmacy. Some of these are available on stand- 
alone CD-ROMs, but most are accessible only through one of 
the two major database vendors, Dialog and Ovid. 


ADIS LMS Drug Alerts (Langhorne, PA, ADIS International): Evalu- 
ates key articles from 2300 journals. Includes an evaluation score 
for clinical trials. 

ADIS Newsletters (Langhorne, PA, ADIS International): Contains ar- 
ticles from the publications Inpharma, Reactions and Pharmacoeco- 
nomics, and Outcomes News. 

Derwent Drug File (London: Derwent Information): Covers 110 phar- 
maceutical journals on drug development and manufacture. Much 
more highly focused on drugs than is Chemical Abstracts. 

Derwent Drug Registry File (London: Derwent Information): Retrieves 
groups of drugs with common structural features. 

Dictionary of Substances and Their Effects (DOSE) (Cambridge, En- 
gland: Royal Society of Chemistry): Detailed record of the impact of 
4000 chemicals on organisms and the environment. 

DIOGENES FDA Regulatory Updates (Gaithersburg, MD: Diogenes): 
News stories and unpublished documents relating to US regulation. 

Drug Data Report (Barcelona: Prous Science): Continuously updated 
information on more than 65,000 bioactive compounds. 

Drug News and Perspectives (Barcelona: Prous Science): News of the 
pharmaceutical industry. 

Drugs of the Future (Barcelona: Prous Science): Comprehensive drug 
monographs on new compounds. 

F-D-C Reports (Chevy Chase, MD: F-D-C Reports): Complete text of 
F-D-C Reports’ industry newsletters including Prescription Phar- 
maceuticals & Biotechnology (the Pink Sheet) and Nonprescription 
Pharmaceuticals and Nutritionals (the Tan Sheet). 

IMSWorld (London: IMS Global Services): Collection of databases that 
profile pharmaceutical companies, the pharmaceutical industry by 
country, and new drug launches. 

Iowa Drug Information Service (IDIS) (lowa City: University of Iowa, 
Iowa Drug Information Service): Indexes a small number of impor- 
tant journals by disease and drug therapy. A microfiche collection of 
the full text of the articles can be purchased. 

NDA Pipeline: New Drugs (Chevy Chase, MD: F-D-C Reports): Tracks 
drugs through discovery, clinical trials, New Drug Application, and 
approval or disapproval by the FDA. 

Pharmaceutical and Healthcare Industry News (Richmond, Surrey, 
England: PJB Publications): Complete text of PJB’s industry news- 
letters: SCRIP: World Pharmaceutical News; Clinica: World Medi- 
cal Device and Diagnostic News; Animal Pharm: World Animal 
Health News; and AGROW: World Crop Protection News. 

Pharmaceutical News Index (PNI) (Louisville, KY: UMI/Data Courier): 
Indexes a number of major pharmaceutical industry newsletters. 

Pharmaprojects (Richmond, Surrey, England: PJB Publications): Re- 
ports on worldwide progress of new pharmaceutical products. 

SciSearch (Philadelphia: Institute for Scientific Information): If one 
knows of a pertinent article, one can locate subsequent articles that 
have cited the original publication. 

SEDBASE: Side Effects of Drugs (Amsterdam, Netherlands: Elsevier 
Science): Analysis of published drug side-effects literature. 

ToxLit (Bethesda, MD: National Library of Medicine): Compiles toxicity 
information from several on-line databases. 

Unlisted Drugs (Chatham, NJ: Pharmaco Medical Documentation): 
Drug products in active development that are not listed in any 
standard reference work. 


Searching many of these databases is expensive, and re- 
quires skill and experience. Science librarians or freelance 
literature researchers have the requisite abilities to get the 
best and most cost-effective results. 


Secondary Literature 


Compilations, commentaries, and digests of the primary scien- 
tific literature are referred to as secondary literature. One very 
useful secondary type is the review article, a summary of the 
research that has been done on a particular topic. Usually 
written by invitation, the review article can serve as an excel- 
lent introduction to an area of research. Review articles are 
found in scholarly journals and also in special book collections, 
which might be called “Annual Review of,” “Progress in,” or 
something similar. Review articles in both journals and books 
can be found by using electronic or print indexes. 


Other secondary sources include drug monographs, trea- 
tises, and various books written for a professional audience. 
They can be identified by using standard bibliographies, such 
as those found in a textbook, or in such compilations as 
the AACP Basic Booklist for Pharmaceutical Education (see 
“Sources for Further References” below). Once titles of interest 
are identified, a researcher should use library catalogs to locate 
the works themselves. 

It is no longer necessary to visit a library in order to use its 
catalog. Most academic libraries, research libraries, and large 
public libraries have made their catalogs available through the 
Internet. From a desktop computer, a researcher can consult 
the catalog of the National Library of Medicine or large phar- 
macy school collections, such as that of the Philadelphia Col- 
lege of Pharmacy at the University of the Sciences in Philadel- 
phia. Books unavailable in a local library usually can be 
obtained through interlibrary loan. 


TEXTBOOKS 


Textbooks are usually thought of as being written for students, 
but they can also serve as a state-of-the-art summation for a 
particular area. In medicine, certain textbooks are held in such 
high regard that editions continue to be produced long after the 
original authors are gone. Remington: The Science and Practice 
of Pharmacy (AR Gennaro, ed) and Goodman and Gilman’s The 
Pharmacologic Basis of Therapeutics (Hardman JG, Limbird 
LL, eds, New York: McGraw-Hill, 1996) are examples of works 
known by the names of those who first wrote them, which are 
considered to be the standard of practice. Textbooks can serve 
as an introduction to a new area, and reading new editions is a 
way to keep up to date. 


EVIDENCE-BASED DATABASES 


In recent years, emphasis has been placed on using research 
evidence as the basis for therapeutic decisions. The Cochrane 
Library (Vista, CA: Update Software), put together by health 
professionals throughout the world, is a database of reviews of 
randomized controlled trials. By reviewing all the available 
evidence in one area—for example, the drug therapy of tuber- 
culosis—informed decisions about appropriate health care can 
be made. 

Similar to this effort is Best Evidence (Philadelphia: Amer- 
ican College of Physicians), an electronic collection of journal 
articles selected using very strict criteria to judge the method- 
ology and the appropriateness of the conclusions. 

Both of these databases are available on CD-ROM or 
through the web. 


Trade Literature 


In addition to scholarly literature, both pharmacists and phar- 
maceutical scientists can benefit from accounts of good practice 
and expressions of opinion. Periodicals such as Journal of 
the American Pharmaceutical Association (Washington, DC: 
APhA), Drug Topics (Montvale, NJ: Medical Economics), or 
Pharmaceutical Executive (Eugene, OR: Advanstar Communi- 
cations) contain this kind of information. Articles on a partic- 
ular topic can be found by using the IPA database. 


SPECIAL INFORMATION SOURCES 

SES SD PTSD ETE RE 
A variety of reference works are published on drugs and their 
uses. Many people call all such sources pharmacopeias, but a 
modern pharmacopeia is a very specialized reference work used 
mostly by pharmaceutical scientists and manufacturers. Ref- 
erence works containing information on the therapeutic use of 
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drugs such as the well-known Physicians’ Desk Reference (PDR) 
are more properly called drug compendia. Pharmacists and 
other professionals in the pharmaceutical and health-care pro- 
fessions need to know the different types of drug reference 
works, what types of information can be found in them, and 
examples of each. 

We will outline some of the major types of pharmacy and 
pharmaceutical science reference works available and give 
brief descriptions of important titles in each category. This is 
not a comprehensive or exhaustive bibliography, but it does 
include references to such bibliographies at the end. All of the 
works described are available in print format with the excep- 
tion of the DRUGDEX System, the IDENTIDEX System, and 
the POISINDEX System. These three titles are all produced by 
MICROMEDEX, and are available only in electronic format for 
an individual computer or computer network. 

Many of the other titles mentioned below are also available 
on-line or in electronic format. However, since information 
about the various formats and their availability changes so 
rapidly, it is not included here. Contact the publishers of the 
paper versions for information on the availability of electronic 
versions. 


Pharmacopeias 


In the past, pharmacopeias included information on the ther- 
apeutic uses of drugs, but modern pharmacopeias present offi- 
cial standards for purity, strength, quality, and analysis of 
drugs. Pharmacopeias are issued or authorized by governments 
or by international agencies. 

The Federal Food, Drug, and Cosmetic (FDC) Act recognizes 
the United States Pharmacopeia/National Formulary (USP/ 
NF) as the official pharmacopeia of the US. The USP/NF actu- 
ally consists of two separate titles published in one volume. The 
USP is the larger of the two titles and contains monographs on 
drugs and other substances with therapeutic uses. The NF 
includes monographs on excipients and other articles used in 
pharmaceuticals. In 1998 the USP Convention began including 
herbal products such as ginger and ginseng. 

The USP/NF has been published as one volume since 1980. 
It does not include all the drugs approved for use in the US (see 
“Approved Drug Products with Therapeutic Equivalence Eval- 
uations” below); rather, it includes only those drugs and excipi- 
ents for which standards have been developed and accepted by 
the members of the USP Convention, a representative organi- 
zation of physicians, pharmacists, and others in the pharma- 
ceutical and health-care communities. 

After the USP/NF, the best-known national pharmacopeia 
is the British Pharmacopoeia (BP), authorized by the govern- 
ment of Great Britain. The European Pharmacopoeia, pub- 
lished by the Council of Europe, sets standards for the use of 
the Council’s members. The standards in the World Health 
Organization’s (WHO) International Pharmacopoeia are rec- 
ommendations for the consideration of individual countries 
rather than requirements. Martindale: The Extra Pharmaco- 
poeia, despite its title, is not a pharmacopeia but rather a drug 
compendium, and will be described in “Foreign Drug Compen- 
dia” below. 


British Pharmacopoeia. London: Her Majesty’s Stationery Office, quin- 
quennial. 
European Pharmacopoeia, 3rd ed. Strasbourg, France: Council of Eu- 
rope, 1997. 
International Pharmacopoeia, 4 vols, 3rd ed. Geneva: WHO, 1979-— 
1994. 
USP/NF. Rockville, MD: USP Convention, quinquennial. 


Formularies and Related Lists 


In the past, formularies were recipe books for making drugs, 
but now they are usually lists of drugs approved for use by a 


particular hospital, health plan, or government. Many hospi- 
tals and health plans have committees to consider which drugs 
should be included in the institution’s formulary. In the US, 
these committees are usually called pharmacy and therapeu- 
tics committees (P&T committees). Most P&T committees are 
composed of members of the institution’s medical staff and 
include one or more representatives from the pharmacy.” 

In the US, the Food and Drug Administration (FDA) has the 
responsibility to determine that drugs are safe and effective. 
The FDA produces Approved Drug Products with Therapeutic 
Equivalence Evaluations, an annual publication that is popu- 
larly called the “Orange Book” after the color of its cover. The 
Orange Book lists both the drugs that have been approved by 
the FDA, and the FDA’s evaluations of the therapeutic equiv- 
alence of different manufacturers’ preparations of approved 
drugs. The Orange Book does not include drugs that were on 
the market prior to 1938, nor does it list drugs approved only on 
the basis of safety. Lists of products on the market before 1938 
and the full text of the Orange Book may be found in USP DI, 
Volume III, Approved Drug Products and Legal Requirements. 
The National Formulary published with the USP is not a true 
formulary (see “Pharmacopeias” above). 


Approved Drug Products with Therapeutic Equivalence Evaluations. 
Rockville, MD: US Department of Health and Human Services, 
annual. 

USP DI, Volume II, Approved Drug Products and Legal Requirements. 
Englewood, CO: MICROMEDEX, annual. 


Nomenclature 


Every drug has at least two names, its full chemical name and 
its generic drug name. A drug may also have other names 
including variant chemical names, proprietary trade names, 
and variant generic names. Additionally, drug names some- 
times differ between countries. Table 8-1 lists some of the 
names used for the drug acetaminophen. For more information 
on drug names, see Chapter 27. 

The USP Dictionary of USAN and International Drug 
Names (formerly the USAN and the USP Dictionary of Drug 
Names) is the authoritative list of the US adopted names 
(USANs) for drugs. As the title indicates, this work is published 
by the publisher of the USP, the USP Convention, as part of its 
standards-setting responsibilities. The World Health Organi- 
zation establishes international nonproprietary names (INNs) 
and publishes them in /nternational Nonproprietary Names 
(INN) for Pharmaceutical Substances. 

Two other important sources for verifying drug names are 
Index Nominum and the Merck Index. 

Index Nominum is prepared by the Swiss Pharmaceutical 
Society and includes drug names from around the world. Most 


Table 8-1. Selected Names of a Drug 


TYPE OF NAME NAME 
US Approved Name (USAN); Acetaminophen 
USP 


International Nonproprietary Paracetamol 
Name (INN); British 
Pharmacopoeia 

Chemical names N-(4-Hydroxyphenyl)acetamide 

4'-Hydroxyacetanilide 

p-Acetaminophenol 

Asetam (Turkey) 

Becetamol (Switzerland) 

Dristancito (Argentina) 

Progesic (Hong Kong) 

Tylenol (US) 


Sources: Budavari S, ed, Merck Index: An Encyclopedia of Chemicals, Drugs, 
and Biologicals, 12th ed (Whitehouse Station, NJ: Merck, 1996), and Index 
Nominum: International Drug Directory, 16th ed, (Stuttgart, Germany: Med- 
pharm, 1995). 


Proprietary names (country) 
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Index Nominum monographs include chemical names and 
structures, generic names, proprietary names, therapeutic 
uses, and manufacturers. 

The Merck Index, edited by Susan Budavari, has over 10,000 
monographs on drugs, common organic chemicals, and a vari- 
ety of other substances used in the pharmaceutical and chem- 
ical industries. Each Merck Index monograph includes the 
substance’s various names (including chemical, generic, and 
proprietary), physical constants, chemical formula and struc- 
ture, patent information, therapeutic category, and literature 
citations. 


Budavari S, ed. Merck Index: an Encyclopedia of Chemicals, Drugs, and 
Biologicals, 12th ed. Whitehouse Station, NJ: Merck, 1996. 

Index Nominum: International Drug Directory, 16th ed. Stuttgart, Ger- 
many: Medpharm, 1995. 

International Nonproprietary Names (INN) for Pharmaceutical Sub- 
stances, Cumulative List No. 9. Geneva: WHO, 1996. 

USP Dictionary of USAN and International Drug Names. Rockville, 
MD: USP Convention, annual. 


US Drug Compendia: Prescription Products 


For concise information on the therapeutic use of drugs (includ? 
ing dosage, contraindications, adverse effects, and pharmaco- 
kinetics), there are a variety of drug compendia. Probably the 
best-known one is the Physicians’ Desk Reference, commonly 
referred to as the PDR. Other titles often found in pharmacies 
and pharmacy libraries in the US are AHF'S Drug Information 
(also called the American Hospital Formulary Service); Drug 
Facts and Comparisons; Mosby’s GenRx; PDR Generics; and 
USP DI, Volume I, Drug Information for the Health Care Pro- 
fessional. Each of these works is arranged slightly differently 
with its own criteria for inclusion, but all include monographs 
for drugs with details on their therapeutic use. The PDR lists 
only those drugs sold under a trade name, and the monographs 
it publishes are the FDA-approved labeling for those drugs. 

All of the other compendia contain information from the 
FDA-approved labeling as well as additional data from other 
sources, such as journal articles and textbooks. These other 
compendia include descriptions of so-called off-label uses, 
which are therapeutic uses of a drug that do not appear on the 
FDA-approved labeling. Except for the PDR, these compendia 
are written or edited by pharmacists or other health-care pro- 
fessionals. The criteria for inclusion in these compendia vary 
from title to title; for example, Drug Facts and Comparisons 
includes some nonprescription products. All of these titles, 
including the PDR, are issued annually and most are updated 
by supplements throughout the year. A notable exception is 
Drug Facts and Comparisons, which may be purchased as an 
annual bound volume or as a loose-leaf service updated 
monthly. 

By virtue of its electronic format, the DRUGDEX System 
contains much more information than can fit into a one-volume 
printed compendium. DRUGDEX’s drug monographs are 
longer and more detailed than those found in the above com- 
pendia, and each monograph includes extensive references to 
the medical literature. In addition to monographs about indi- 
vidual drug products, DRUGDEX includes Drug Consults, 
which answer questions about specific drugs and drug thera- 
pies. In addition to prescription drugs, the Drug Consults cover 
such topics as investigational drugs, herbal medications, and 
drugs of abuse. DRUGDEX is written by drug information 
specialists. The DRUGDEX database is updated quarterly, but 
the individual monographs in it are not updated as frequently. 
Each monograph includes the date of its latest revision and its 
author’s name. 


AHFS Drug Information. Bethesda, MD: ASHP, annual. 
Drug Facts and Comparisons. St Louis, MO: Facts and Comparisons, 
annual or loose-leaf. 


DRUGDEX System. Englewood, CO: MICROMEDEX, quarterly. 

Mosby’s GenRx. St Louis, MO: Mosby, annual. 

PDR Generics. Montvale, NJ: Medical Economics, annual. 

Physicians’ Desk Reference. Montvale, NJ: Medical Economics, annual. 

USP DI, Volume I, Drug Information for the Health Care Professional. 
Englewood, CO: MICROMEDEX, annual. 


US Drug Compendia: 
Nonprescription Products 


The Handbook of Nonprescription Products and its annual 
companion, Nonprescription Products: Formulations & Fea- 
tures, are written by pharmacy professionals. The two titles are 
both organized by product category (eg, asthma products or 
smoking cessation products). In the Handbook, each product 
category is described in detail, including information on com- 
monly used ingredients. In Nonprescription Products: Formu- 
lations & Features, each category is represented by a table 
comparing specific products’ ingredients and characteristics. 
The Physicians’ Desk Reference for Nonprescription Drugs in- 
cludes participating manufacturers’ label information for non- 
prescription products. 


Covington TR, ed. Handbook of Nonprescription Drugs, 11th ed. Wash- 
ington, DC: APhA, 1996. 

Nonprescription Products: Formulations & Features. Washington, DC: 
APhA, annual. 

Physicians’ Desk Reference for Nonprescription Drugs. Montvale, NJ: 
Medical Economics, annual. 


US Drug Compendia: Parenterals 


Because of the growth of the home health-care industry, there 
is an expanded audience for information about drugs that are 
administered through injection or infusion. The Handbook on 
Injectable Drugs has dosage, stability, and compatibility infor- 
mation. The Handbook also includes monographs for some 
investigational drugs and for some foreign drugs. The King 
Guide to Parenteral Admixtures is a comprehensive reference 
on the compatibility of parenterals. This work is in tabular 
format and includes information on the compatibility of both 
drug-drug and drug-infusion fluid mixtures. 


Trissel LA. Handbook on Injectable Drugs, 9th ed. Bethesda, MD: 
ASHP, 1996. 

King Guide to Parenteral Admixtures. St Louis, MO: King Guide Pub- 
lications, loose-leaf. 


US Drug Compendia: Catalogs 


The major catalog of products commonly found in US drug- 
stores and pharmacies is the Drug Topics Red Book. This 
catalog lists average wholesale prices and manufacturers for 
both prescription and nonprescription products, including a 
variety of health and beauty aids. It includes generic drug 
information that is often difficult to find elsewhere. The Red 
Book also includes other information of use to a practicing 
pharmacist, such as lists of the top-selling prescription drugs, 
and directories of poison control centers and state boards of 
pharmacy. 


Drug Topics Red Book. Montvale, NJ: Medical Economics, annual. 


US Drug Compendia: 
Physical Identification 


Several of the sources named above include color photographs 
of tablets, capsules, and other dosage forms to aid in their 
identification. However, the most useful sources for the physi- 
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cal identification of drugs are ones that include an index of the 
codes imprinted on the dosage forms. Both Ident-A-Drug Ref- 
erence for Drug Tablet and Capsule Identification and the 
IDENTIDEX System include such an index. The IDENTIDEX 
System also indexes the physical description (color and shape) 
of the dosage form and includes street drugs. In addition, the 
IDENTIDEX System includes monographs on the toxicology of 
the substances indexed. 


Ident-A-Drug Reference for Drug Tablet and Capsule Identification. 
Stockton, CA: Therapeutic Research Center, annual. 
IDENTIDEX System. MICROMEDEX, Englewood, CO, quarterly. 


US Drug Compendia: Consumer 
Drug Information 


Drug information for consumers can be found in a variety of 
publications including newspapers, magazines, books, and 
pamphlets. This section will consider only two types of books: 
guides sold through retail outlets by trade publishers, and 
compendia sold to pharmacists and other health-care profes- 
sionals by organizations more well known for their professional 
publications. 

Among the most popular of the consumer guides is Rybacki 
and Long’s Essential Guide to Prescription Drugs, written by a 
pharmacist and a physician, respectively. It is updated annu- 
ally. In recent years, the producers of the PDR have begun a 
series of consumer guides on a variety of health topics. This 
series includes The PDR Family Guide to Prescription Drugs 
and The PDR Family Guide to Over-the-Counter Drugs. 

Patient Drug Facts and USP DI, Volume II, Advice for the 
Patient are both marketed to pharmacists and other health- 
care professionals to assist them in their patient counseling 
activities. Patient Drug Facts includes both a quarterly loose- 
leaf update service and computer software. The loose-leaf is for 
use by the pharmacist in patient counseling, and the software 
provides customized printouts for patients. USP DI, Volume IT, 
Advice for the Patient is published annually with supplements 
issued during the year. Pharmacists are given permission to 
make copies of individual monographs to give to patients when 
filling prescriptions for the drugs. USP DI, Volume II, Advice 
for the Patient is also sold directly to consumers by Consumer 
Reports under the title Complete Drug Reference. 


Patient Drug Facts. St Louis, MO: Facts and Comparisons, loose-leaf. 

PDR Family Guide to Over-the-Counter Drugs. New York: Ballantine 
Books, 1998. 

PDR Family Guide to Prescription Drugs, 5th ed. New York, Three 
Rivers Press, 1998. 

Rybacki JJ, Long JJ. The Essential Guide to Prescription Drugs. New 
York: HarperCollins, annual. 

USP DI, Volume II, Advice for the Patient. Englewood, CO: MICRO- 
MEDExX. Also published as Complete Drug Reference. Yonkers, NY: 
Consumer Reports, annual. 


Foreign Drug Compendia 


Martindale: The Extra Pharmacopoeia is one of the preeminent 
drug information compendia. Despite its title, it is not a true 
pharmacopeia; rather, it is a compendium of therapeutic and 
other information on drugs and medicines from around the 
world. Its monographs include synopses and citations of pub- 
lished literature. Martindale also includes proprietary prod- 
_ ucts and manufacturers, making it an invaluable reference for 
identifying foreign drugs. 

Most developed countries have at least one drug compen- 
dium similar to the Physicians’ Desk Reference. Examples 
include the CPS: Compendium of Pharmaceutical Special- 


ties (Canada), Diccionario de Especilidades Farmaceuticas 
(Mexico), Rote Liste (Germany), and Vidal (France). 


CPS: Compendium of Pharmaceutical Specialties. Ottawa, Canada: 
Canadian Pharmaceutical Association, annual. 

Diccionario de Especilidades Farmaceuticas. Mexico City: Ediciones 
PLM, annual. 

Reynolds JEF, ed. Martindale: The Extra Pharmacopoeia, 31st ed. 
London: Royal Pharmaceutical Society, 1996. 

Rote Liste. Germany: Aulendorf Editio Cantor, annual. 

Vidal, Paris: OVP, annual. 


Herbal Drugs and Natural Products 


In recent years, interest in herbal drugs and other natural 
medicines has grown among health-care professionals, scien- 
tists, and the general public. 

The Review of Natural Products is a monthly loose-leaf 
service that covers both herbal and other natural products (for 
example, charcoal and shark derivatives). Its monographs are 
written for health-care professionals, and each includes a brief 
overview of the chemistry, pharmacology, and toxicology of the 
product. Because it is updated every month, the Review often 
has information on products of current interest. 

Pharmacognosy, Phytochemistry, Medicinal Plants by Jean 
Bruneton is written for scientists working in the areas of phar- 
macognosy and phytochemistry. Each chapter describes a class 
of phytochemicals and the plants from which the chemicals 
may be isolated. 

The Honest Herbal: A Sensible Guide to the Use of Herbs and 
Related Remedies is written for the layperson. Each monograph 
includes a review of the literature and recommendations from 
the author. 


Bruneton J. Pharmacognosy, Phytochemistry, Medicinal Plants. Paris: 
Lavoisier, 1995. 

The Review of Natural Products. St Louis, MO: Facts and Comparisons, 
loose-leaf. 

Tyler VE. The Honest Herbal: A Sensible Guide to the Use of Herbs and 
Related Remedies, 3rd ed. New York, Pharmaceutical Products 
Press, 1993. 


Drug Interactions and Adverse 
Drug Reactions 


Three loose-leaf titles monitor and report on the clinical liter- 
ature on drug interactions: Drug Interaction Facts; Evaluations 
of Drug Interactions; and Hansten and Horn’s Drug Interac- 
tions Analysis and Management. Each of these is updated 
several times a year. Each includes information on the drugs 
(or drug classes) involved in an interaction, the clinical signif- 
icance of the interaction, the mechanism of the interaction, and 
the published evidence of the interaction. 

Meyler’s Side Effects of Drugs: an Encyclopedia of Adverse 
Reactions and Interactions is a comprehensive review of the 
literature on adverse drug reactions and interactions. Between 
editions, it is supplemented by the Side Effects of Drugs An- 
nual. Both of these titles make extensive references to their 
own earlier editions and volumes as well as to the clinical 
literature. 

In addition, all of the titles that were listed above in the 
section “US Drug Compendia: Prescription Products” contain 
information on possible drug interactions and adverse drug 
reactions. 


Drug Interaction Facts. St Louis, MO: Facts and Comparisons, loose- 
leaf. 

Evaluations of Drug Interactions. St Louis, MO: First DataBank, loose- 
leaf. 
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Dukes MNG, ed. Meyler’s Side Effects of Drugs: an Encyclopedia of 
Adverse Reactions and Interactions, 13th ed. Amsterdam, Nether- 
lands: Elsevier, 1996. 

Side Effects of Drugs Annual. Amsterdam, Netherlands: Elsevier, 
annual. 


Poisoning and Toxicology 


The field of toxicology is a large and diverse one that encom- 
passes the preclinical research specialty as well as the clinical 
management of poisoning, including forensics and occupational 
(and home) health and safety issues. 

One of the most comprehensive works on poisons and poi- 
soning is the POISINDEX System from MICROMEDEX. The 
POISINDEX System database includes product and substance 
information for household and industrial chemicals, pharma- 
ceuticals, plants, and animals. It includes protocols for treating 
poisoning from all the listed substances. 

The Poisoning & Toxicology Handbook provides its user 
with a brief guide to toxicology, poisons, and poisoning. In Sax’s 
Dangerous Properties of Industrial Materials, the emphasis is 
on the substances themselves. Each monograph includes chem- 
ical and physical data on the substance as well as toxicological 
data and literature citations. 

Clarke’s Isolation and Identification of Drugs in Pharma- 
ceuticals, Body Fluids and Post-Mortem Material provides 
methods of analysis used to determine the presence of specific 
drugs in biological samples. In addition, its drug monographs 
include ultraviolet and infrared spectra, and information on 
the fate of the drug and its metabolites in the body. 


Lewis RJ. Sax’s Dangerous Properties of Industrial Materials, 9th ed. 
New York, Van Nostrand Reinhold, 1996. 

Moffat AC. Clarke’s Isolation and Identification of Drugs in Pharma- 
ceuticals, Body Fluids and Post-Mortem Material. London: Pharma- 
ceutical Press, 1986. 

POISINDEX System. Englewood, CO: MICROMEDEX; quarterly. 

Poisoning & Toxicology Handbook, 2nd ed. Hudson, OH: Lexi-Comp, 
1995. 


Cosmetics and Toiletries 


The International Cosmetic Ingredient Dictionary and Hand- 
book contains information on the chemical class, composition, 
function, and label requirements of ingredients used in cosmet- 
ics manufactured in the US, the European Union, and else- 
where. Cosmetic and Toiletry Formulations contains the reci- 
pes for making a variety of cosmetics and toiletries. Each 
formulation includes the raw materials needed and the amount 
of each, suggestions of how to formulate the product, and the 
source of the formulation. 


Flick EW. Cosmetic and Toiletry Formulations, 2nd ed, multiple vol- 
umes, Park Ridge, NJ: Noyes, 1989-. 

International Cosmetic Ingredient Dictionary and Handbook, 3 vols, 7th 
ed. Washington, DC: Cosmetic, Toiletry and Fragrance Association, 
1997. 


Other Sources for Pharmaceutical 
Scientists 


The series Analytical Profiles of Drug Substances was started 
in 1972 to supplement the monographs published in various 
compendia by providing information on the physical and chem- 
ical properties, methods of synthesis, and other biochemical 
data of drug substances. Twenty years later, it increased its 
coverage to include excipients and changed its title to Analyt- 
ical Profiles of Drug Substances and Excipients. The volumes 


are not cumulative but each volume includes a cumulative 
index. ‘ 

The Handbook of Pharmaceutical Excipients describes the 
uses and the chemical and physical properties of excipients 
used in the manufacture of pharmaceutical dosage forms. 

The Encyclopedia of Pharmaceutical Technology provides 
signed articles about the materials, methods, and processes 
used in producing drugs and dosage forms. It also includes 
articles on the development and regulation of pharmaceuticals. 

The Pharmaceutical Manufacturing Encyclopedia contains 
information on the manufacturing processes used for almost 
1300 pharmaceuticals. 


Analytical Profiles of Drug Substances and Excipients. San Diego, CA: 
Academic Press, 1992-; began with vol 21. 

Florey K, ed. Analytical Profiles of Drug Substances, vols 1-20. New 
York: Academic Press, 1972-1991. 

Sittig M. Pharmaceutical Manufacturing Encyclopedia, 2 vols, 2nd ed. 
Park Ridge, NJ: Noyes, 1988. 

Swarbrick J, Boylan JC, eds. Encyclopedia of Pharmaceutical Technol- 
ogy, 17 vols. New York: Dekker, 1988-1998. 

Wade A, Weller PJ, eds. Handbook of Pharmaceutical Excipients, 2nd 
ed. Washington, DC: APhA, 1994. 


SOURCES FOR FURTHER REFERENCES 
SERA DE TNL LS A IL 
This chapter has presented some of the major pharmacy and 
pharmaceutical science reference works in brief. Bonnie Snow, 
in her book Drug Information: A Guide to Current Resources, 
considers the universe of such works in greater depth. The 
Library/Educational Resources Section of the American Asso- 
ciation of Colleges of Pharmacy (AACP) maintains the AACP 
Basic Booklist for Pharmaceutical Education. This list is ar- 
ranged by subject and includes current textbooks and treatises 
as well as reference works recommended for inclusion in phar- 
macy college libraries. The booklist is available at the AACP’s 
website. 


AACP Basic Booklist for Pharmaceutical Education. Alexandria, VA: 
AACP, irregular. Accessible via http://www.aacp.org/. 

Snow B. Drug Information: A Guide to Current Resources, 2nd ed. 
Lanham, MD: Medical Library Assoc and Scarecrow, 1999. 


RESOURCES ON THE INTERNET 
LL 
The Internet has revolutionized information and communica- 
tions. Internet resources are available 24 hours a day, world- 
wide, to virtually anyone with a computer and telecommunica- 
tions capability. Pharmacists and pharmaceutical scientists 
are well represented on the Internet. Resources are available to 
help these professionals communicate with each other, address 
patient needs, and keep informed about drug developments. 
We will discuss the types of pharmacy-related resources avail- 
able on the Internet, giving special emphasis to resources avail- 
able through the web. 


Electronic Mail and Discussion Groups 


Electronic mail, or e-mail, was one of the first Internet re- 
sources available to pharmacists and is still commonly used. 
E-mail allows the pharmacist to communicate quickly with 
patients, physicians, and colleagues around the world. The 
sender posts a message to a specific Internet e-mail address. 
The message is delivered via the Internet and stored in the 
receiver's inbox until it is read. The receiver of the message 
may reply to the message, forward it to another e-mail user, 
print the message, delete it, or store it for future reference. 
Electronic attachments such as document files, pictures, and 
sound or video clips may also be sent via e-mail. 
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Several e-mail discussion groups, or mailing lists, have de- 
veloped for the pharmacist. These forums allow groups of phar- 
macists with common interests or specialties to share informa- 
tion and ideas. The mailing list’s software allows a user to 
subscribe to a discussion group and post messages to a central 
address. These messages are then automatically distributed to 
all of the subscribers to the list. Mailing lists exist for students, 
members of professional organizations, and individuals inter- 
ested in specific topics (eg, pharmaceutical chemistry, pharma- 
cokinetics, toxicology, or natural products). 

Some e-mail mailing lists are moderated, restricted in mem- 
bership, or both. In a moderated list, messages are first routed 
to an individual who determines whether the message fits 
within the scope of the discussion group. The message is then 
either forwarded on to the group or rejected. The Pharmacy 
Mail Exchange (http://www.dmu.ac.uk/In/pme), a service spon- 
sored by the School of Applied Sciences and the Department of 
Pharmaceutical Sciences at DeMontfort University (UK), is a 
moderated list restricted to health-care workers. Like many 
mailing lists, the Pharmacy Mail Exchange maintains an ar- 
chive of past messages that is available on the web. The Phar- 
maceutical Information Network, PharmInfoNet, hosts several 
subject-specific discussion lists for professionals and patients. 
Subjects include cardiovascular medicine, clinical trials, diabe- 
tes, and gastroenterology. 

Pharmacists also are communicating via Usenet news- 
groups. These discussion forums allow individuals to post a 
new message or reply to a message. Newsgroups are accessed 
through an Internet service provider (ISP) using software called 
a newsreader. Newsgroups differ from mailing lists in that the 
messages are stored centrally, not redistributed to individual 
subscribers. At any time, any individual may access newsgroup 
files to read the accumulation of recent newsgroup messages or 
the archive of older messages. deja.com offers a web interface to 
newsgroups and other Internet discussion groups. Sci.med. 
pharmacy is a popular pharmacy-related newsgroup for pa- 
tients and professionals. 


The World Wide Web 


The World Wide Web is perhaps the fastest growing component 
of the Internet. Information is presented in pages that contain 
hyperlinks, electronic links to other web pages. Every web page 
has an individual URL (uniform resource locator), which is the 
page’s address for retrieval. The pages are retrieved and dis- 
played by browser software such as Netscape Navigator and 
Microsoft Internet Explorer. When a web page is displayed, the 
viewer can click on the links, usually represented by high- 
lighted words or images. This instructs the computer to re- 
trieve and display the linked web page. 


Search Engines 


There are several ways to find pharmacy and pharmaceutical 
information on the web. Search engines allow users to search 
for websites, e-mail addresses, messages posted to newsgroups, 
and messages in public mailing list archives. Most search en- 
gines on the web employ natural language searching—users 
simply ask their question in a search box: “What are the ad- 
verse effects of alcohol consumption?” Users may search for a 
phrase such as “fetal alcohol syndrome” or use Boolean opera- 
tors (and, or, and not) in their query. Many search engines 
allow users to search for image or sound files. Power track 
interfaces are available on most search engines for the experi- 
enced searcher. 
, Search engines such as AltaVista, Excite, Infoseek, and 
Lycos provide structured forms for searching. The user enters 
words or phases into the form and executes a search. Advanced 
query forms allow users to refine their searches (ie, specify the 


language of the web site or a date range, use Boolean operators, 
or search specific fields including URLs). 

Meta-search engines such as Go2Net MetaCrawler, Dogpile, 
and MetaFind afford the opportunity to query multiple search 
engines simultaneously. Search results are organized in a uni- 
form format, listing the search engines in which the query 
terms were found. The All-in-One Search Page (http://www.al- 
lonesearch.com/) is not a meta-search engine itself, but rather 
is an extensive compilation of over 500 Internet-based search 
engines, databases, and indexes. 


Search Directories 


The web abounds with sites that organize links to other web- 
sites. Most such guides in the health sciences include pages for 
pharmacy and pharmaceutical sciences. The best services are 
selective in their listings and organize, annotate, and evaluate 
the included sites. Pharmacy-related indices organize sites in 
categories such as drug information, clinical resources, commu- 
nity pharmacies, pharmaceutical companies, employment op- 
portunities, discussion forums, societies and associations, 
consumer-oriented sites, electronic publications, and research 
sites. 

Yahoo! (http:/Wwww.yahoo.com/) is a search directory that 
allows browsing by clicking on various categories organized in 
a hierarchical structure. For example, on-line pharmacy jour- 
nals may be found by navigating first to the health menu, then 
to pharmacy and finally to the journals category. This naviga- 
tion scheme is useful when the searcher does not know the title 
of a particular website. Users may also search Yahoo! by en- 
tering a word or phrase into a search box that appears on every 
page. Many users combine the two strategies by first browsing 
to a section and then searching that category for more specific 
information. 


Major Pharmacy Websites 


The web offers a wealth of information for the pharmacist and 
pharmaceutical scientist. Sites have evolved that allow profes- 
sionals to gain immediate drug information. Commercial, gov- 
ernment, and educational sites provide access to a variety of 
information. Two major pharmacy-related web sites are 
PharmInfoNet and PharmWeb. 

PharmInfoNet (http://www.pharminfo.com/), the commer- 
cial Pharmaceutical Information Network, is an on-line drug 
information resource. This site provides access to full text 
articles from several publications. It includes three databases 
that provide users with drug information, product press re- 
leases, and frequently asked questions (with answers) about 
drugs. The site provides a glossary with definitions of medical 
and pharmacological terminology. Disease Centers provide in- 
formation for patients, highlights of medical meetings, and 
links to articles, other Internet resources, and product and 
service information. 

PharmWeb (http://www.pharmweb.net/) is a structured 
website providing worldwide pharmaceutical and health- 
related information. This site provides a wide range of services 
including computer space where pharmaceutical and health- 
related organizations may house their own web pages. Pharm- 
Web provides pharmacists with several communication mech- 
anisms. The site sponsors moderated discussion groups and 
mailing lists. Users may link to real-time chat forums or ar- 
range a virtual meeting with colleagues in a discussion room. 
PharmWeb maintains a searchable directory of people working 
in the health-care professions. The PharmWeb Yellow Pages is 
a directory of pharmaceutical information on the Internet. It 
lists and links to companies, pharmacies, hospitals, and other 
organizations. This resource also posts job vacancies in the 
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science and the health professions, and provides links to gov- 
ernment and regulatory bodies around the world. 


Professional Development 


Several major pharmacy-related professional organizations 
have a presence on the web. These sites allow the pharmacist to 
learn about the benefits of membership, register on-line for 
conferences, and order publications and materials. Members 
can more easily communicate with organization staff. Some 
organizations provide table of contents listings or limited full 
text access to their journals and news publications. 

The ASHP’s website (http://www.ashp.org/) has a communi- 
cation center where health-care professionals may communi- 
cate about practice-related issues through an electronic bulle- 
tin board. The professional advocacy section reports on ASHP 
actions in legislative and regulatory affairs and provides the 
ASHP practice standards on-line. 

The APhA also provides a wealth of information through the 
Internet (http://www.aphanet.org). In addition to member ser- 
vices, this site provides science and research news, government 
affairs and consumer information. 

The AACP’s website (http://www.aacp.org/) is a very good 
source of information for pharmacy educators and students. It 
also includes the AACP Basic Booklist for Pharmaceutical Ed- 
ucation, described above. 

The web supports continuing education for practicing phar- 
macists. One such website is Helix: Healthcare Education 
Learning and Information Exchange (http://www.helix.com/) 
developed by Glaxo Wellcome. It provides on-line educational 
programs and resources including continuing education 
courses, audio lectures, links to professional associations, and 
an archive of the on-line publication Trends in Pharmacy. 


Libraries and Educational Organizations 


Librarians and information professionals have been active in 
selecting and organizing links to resources on the Internet. 
Librarians at several academic medical centers in the Midwest 
have cooperatively developed HealthWeb (http://healthweb. 
org), which provides access to evaluated health-related Inter- 
net resources, including sections for pharmacy and pharmacol- 
ogy resources. Emory University’s Robert W. Woodruff Health 
Sciences Center Library supports MedWeb (http://www. 
medweb.emory.edu/MedWeb/). This site organizes health sci- 
ence resources into over 100 categories. The Pharmacy and 
Pharmacology section alone contains approximately 100 sub- 
categories. This organized hierarchy helps the user to find 
relevant resources. 

Pharmacy schools and colleges are also good sources for 
links to web-based information. The University of Oklahoma 
College of Pharmacy (http://www.cpb.uokhsc.edu/) maintains a 
comprehensive website providing information about the col- 
lege’s programs and links to appropriate Internet resources, 
including links to instructional, multimedia, pharmacokinetic, 
and toxicology resources. The Virtual Library: Pharmacy is 
maintained at this site, providing (among other links) an ex- 
cellent source of e-mail mailing list information. 

David J Temple, PhD, of the Welsh School of Pharmacy at 
Cardiff University in Wales, maintains a complete world list of 
schools of pharmacy (http://www.cpb.uokhsc.edu/SoP/). This 
listing includes Doctorate of Pharmacy programs and nontra- 
ditional educational programs. 


Government Websites 


A wealth of government information on the Internet is avail- 
able to the pharmacist. The FDA home page (http://www. 


fda.gov/) is an umbrella site linking to the units of the agency, 
including the Center for ‘Drug Evaluation and Research 
(CDER), the Center for Biologics Evaluation and Research 
(CBER), and the National Center for Toxicological Research. 
The CDER site contains the full text of several publications, 
including the Approved Drug Products with Therapeutic Equiv- 
alence Evaluations (also known as the Orange Book), Drug 
Master Files, National Drug Code Directory, and the latest new 
drug approval information in the FDA Drug Approvals List. 
Regulatory guidance information, top drug news, consumer 
health information, and public health advisories are also 
provided. 

Other government websites provide access to health data- 
bases. Since 1997, the National Library of Medicine has pro- 
vided web access to its MEDLINE database free of charge. 
PubMed (http://www.ncbi.nlm.nih.gov/PubMed/) allows users 
to search MEDLINE using simple keywords or advanced Bool- 
ean expressions. A searcher may use field restrictions and 
medical subject heading (MeSH) terms. Internet Grateful Med 
(http:/igm.nlm.nih.gov/) provides free access to MEDLINE, 
AIDSLINE, HealthSTAR, AIDSDRUGS, and several other da- 
tabases. American and Canadian health professionals may or- 
der documents using the related Loansome Doc document de- 
livery service (local charges may apply). 


Electronic Publications 


Electronic publishing has boomed on the web. The literature of 
pharmacy and pharmaceutical sciences is becoming available 
on-line. The full text of many publications is available only to 
paid subscribers, but many publishers allow individuals to 
view tables of contents or abstracts at no fee. For example, 
viewers may browse the table of contents of Pharmaceutical 
Research, published for the American Association of Pharma- 
ceutical Scientists by Plenum Press. The Medical Letter on 
Drugs and Therapeutics, a newsletter specializing in new drug 
evaluations, maintains a website with a table of contents ar- 
chive and sample issues. Drugtopics.com is an on-line publica- 
tion associated with the trade magazine, Drug Topics. Emory 
University’s MedWeb site maintains a comprehensive list of 
pharmacy-related electronic publications. 


On-Line Community Pharmacies 


Many community pharmacies have expanded their services to 
Internet customers. These on-line pharmacies allow consumers 
to fill prescriptions and purchase over-the-counter products 
on-line. Many pharmacies specialize in niche markets such as 
homeopathic products, diabetic supplies, infertility medica- 
tions, prescription compounding, and hard-to-find medicines. 
These services usually require the patient to mail in a written 
prescription, or provide the name and phone number of the 
prescribing physician. Most of these services will bill third- 
party insurance. 


Health Information for the Consumer 


In addition to resources for the professional pharmacist, the 
web is a source for health information for the consumer. Sev- 
eral pharmacy organizations provide unbiased drug and 
health-related information to consumers. The University of 
Maryland Drug Information Service maintains such a website 
(http://www.pharmacy.ab.umd.edu/~umdi/). Consumers may 
ask questions concerning pharmaceuticals or health-related 
topics. Visitors also may browse an archive of frequently asked 
questions. The service is staffed by PharmDs and PharmD 
candidates. Healthtouch On-line (http://www.healthtouch.com) 
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is a commercial site that provides consumers with information 
about specific prescription and over-the-counter medications. 


Site Evaluations 


The pharmacist must evaluate health information found on the 
Internet as thoroughly as any other type of medical informa- 
tion. Websites should identify sources, present unbiased and 
complete information, clearly state the authors’ names and 
credentials, and keep information up-to-date. Good health- 
related websites present a mission statement and a disclaimer 
that encourages individuals to seek the advice of their own 
physicians. The Health on the Net Foundation (http://www. 
hon.ch/) is a nonprofit organization dedicated to building and 
supporting the international health and medical community on 


the Internet. The foundation’s HONcode Principles provide a 
recommended code of conduct for medical and health websites. 
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Accessing, reviewing, analyzing, evaluating, and interpreting 
the clinical drug literature are important responsibilities of 
health-care practitioners; this is particularly true for pharma- 
cists, who are the “drug experts.” Pharmacists have been using 
and providing drug information for years, focusing initially on 
drug product compounding and dispensing information; how- 
ever, the need for drug information has continued to expand 
along with the expansion of pharmacists’ roles. The 1975 report 
of the Study Commission on Pharmacy concluded that the 
pharmacy profession was not effective in developing, organiz- 
ing, and distributing knowledge and information about drugs. 
In fact, they felt that pharmacy’s greatest deficiency was its 
inadequacy as an information transmitting system to patients, 
physicians, and other health-care practitioners.’ 

Although more work needs to be done to fully realize the 
pharmacist’s potential in all practice settings, the profession 
has certainly made great strides forward since the Study Com- 
mission’s report with regard to providing enhanced drug infor- 
mation to patients, physicians, and other health-care profes- 
sionals. This is evidenced by the tremendous growth in clinical, 
patient-oriented pharmacy services in a variety of practice 
settings. Also, the move to a 6-year entry-level Doctor of Phar- 
macy degree program has been made to better prepare future 
practitioners to assume their proper role as information spe- 
cialists on the health-care team. 

The types of drug information needed by practicing phar- 
macists and other health-care professionals are varied and 
include, but are not limited to, information about side/adverse 
effects, drug interactions, uses, teratogenicity, stability, and 
compatibility; product identification and availability; dosages 
and administration; toxicity, pharmacokinetics, pharmacody- 
namics, health-related quality of life, and pharmacoeconomics; 
and efficacy, including the comparative efficacy among drugs in 
the same chemical or pharmacological class as well as among 
drugs from different classes. Health professionals must be 
knowledgeable about not only the variety of information re- 
sources available and how and why to use them, but impor- 
tantly, must be able to critically analyze, evaluate, and inter- 
pret the information they retrieve. 

The advances in computer technology, the growth of the 
Internet, and the widespread availability of free MEDLINE 
and other database-searching capabilities have placed unprec- 
edented amounts of information readily within an individual’s 
grasp. In particular, patients and health-care providers are 
increasingly turning to the Internet as an information re- 
source, despite the unregulated and variable quality of infor- 
mation provided there.” Key responsibilities of pharmacists 
and other health professionals include differentiating good- 
from-poor quality information, identifying the strengths and 
limitations of the available information, and appropriately ap- 
plying the information they obtain to patient care. 

This chapter provides introductory information about the 
roles of the pharmacist in the area of drug information, and 
defines tertiary and secondary information resources and their 


70 


uses. The discussion will then concentrate on the primary 
literature. Many of the principles used for the evaluation of 
published studies in the primary literature can also be applied 
to the evaluation of information found on the Internet. 


THE PHARMACIST AND 
DRUG INFORMATION 


LE a ATL SE 
Health-care professionals base their decisions about the effec- 
tiveness of therapeutic interventions on the data they gather 
from the medical literature. Medical informatics has been de- 
fined as the rapidly developing science that deals with the 
storage, retrieval, and optimal use of biomedical information, 
data, and knowledge for problem solving and decision making.” 
Through their education and experience, pharmacists are well 
equipped to play a key role in this process. 

A primary role of the pharmacist as a pharmaceutical care 
provider is to respond to drug information questions from other 
health-care professionals and patients. Thus, a key activity of 
modern pharmacy practitioners is conducting literature 
searches for complete, up-to-date information upon which 
patient-care decisions can be made. Selecting the proper data- 
base and search strategy is an important consideration when 
searching for information. Once acceptable sources of informa- 
tion are identified and retrieved, the pharmacist must analyze 
and evaluate the published literature and develop recommen- 
dations based on the best available data. An understanding of 
searching techniques, research design, and biostatistics is im- 
portant to the critical evaluation of literature. 

Adverse drug events/experiences/reactions not only result 
in patient morbidity and mortality, but also increase health- 
care costs by millions of dollars annually. Pharmacists play 
an active role in preventing, detecting, and reporting ad- 
verse events. Pharmacists are one of the major groups of 
health-care professionals who report adverse drug events to 
the Food and Drug Administration (FDA) via MedWatch 
(report by telephone to 800-FDA-1088; by faxing MedWatch 
form to 800-FDA-0178; or by modem to 800-FDA-7737). 
Pharmacists can also implement systems to prevent drug 
misadventures (such as errors in the prescribing, dispens- 
ing, and administration of medications) and to enhance pa- 
tient compliance. Pharmacists can report medication errors 
to the US Pharmacopoeia (USP) via the USP Practitioners 
Reporting Network (800-23-ERROR). 

Another important role that pharmacists perform is actively 
participating in pharmacy and therapeutics committees that 
make decisions concerning rational drug use within health-care 
institutions. Through the design and conduct of drug utilization 
reviews and drug usage evaluations, pharmacists can contribute 
to continual improvement in the manner in which drugs are used. 

Pharmacists are involved in many different drug-informa- 
tion educational activities that are conducted for other health- 


care professionals and patients. Since the practice of medicine 
and pharmacy involves lifelong learning about the ongoing 
advances in pharmacotherapeutics, pharmacists can contrib- 
ute to the continuing education of health-care professionals 
through the preparation and dissemination of newsletters and 
by providing seminars and lectures. Pharmacists also can pro- 
vide verbal and written information to patients about their 
medications. 

Participation in clinical research trials is another applica- 
tion of the drug information skills of pharmacists, allowing 
them to improve their understanding of how drugs work and 
ultimately enhance patient care. Their familiarity with the 
research process also makes them especially well suited to 
serve on institutional review boards, which are established to 
protect the rights of study subjects. 

Drug information centers were established in the mid- 
1960s,*° and they are staffed by pharmacists who review, 
collect, organize, and analyze drug information and dissemi- 
nate it to health-care professionals and consumers.®*”’ Drug 
information centers or services often exist as functioning de- 
partments within health-care institutions, within the pharma- 
ceutical industry, in academic settings, and as independent 
centers serving health-care professionals and the public.°-1? 
The activities of drug information centers or services have 
increased dramatically since they were first established. Drug 
information centers or services are an excellent resource for 
health-care practitioners when assistance is required in han- 
dling a difficult clinical problem. 


TYPES OF LITERATURE 


The types of literature can be divided into tertiary, secondary, 
and primary sources. Tertiary sources consist of general refer- 
ence works and textbooks. When basic information on topics 
such as pharmacotherapeutics, toxicology, or drug interactions 
is required, a tertiary literature source may be the best means 
of starting the learning process. 

Secondary sources, literature used to identify primary and 
other resources, consist of bibliographies, abstracting services, 
and indexing services. Pharmacists should use a secondary 
literature source when extensive or very detailed information 
is needed, when a topic is new enough that it is not likely to be 
included in standard reference sources, when newly published 
data are needed to augment older information, or when the 
most recent information concerning a topic is required. 

The advantages of secondary literature sources are that 
several are now available to anyone with a computer and 
modem via the Internet, they are generally current and 
up-to-date, and they are the best method for identifying 
primary literature sources. Some secondary literature 
sources contain a full text version of articles, making it 
possible to review the information available without going to 
a library or requesting copies from literature retrieval ser- 
vices or libraries. The disadvantage of secondary literature 
sources is that many are costly and therefore often not used 
by pharmacists outside the institutional setting; they can 
also require specific training on their use. When selecting a 
specific secondary resource, one must consider the scope of 
primary literature and topics covered, the lag time from the 
date of publication of articles until they appear in the sec- 
ondary source, and the ease and cost of use. 

Primary sources consist of original studies and reports in 
journals, monographs, and published conference proceedings 
and symposia. The primary literature should be consulted 
when making recommendations concerning the optimal ther- 
apy for disease states, when searching for recent reports of 
adverse events or drug interactions, when looking for informa- 
tion about new or investigational drugs or uses, or any time the 
tertiary literature does not provide needed information. For 
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more detailed information about primary, secondary, and ter- 
tiary literature sources, see Chapter 8. 


PRIMARY LITERATURE AND 


ITS EVALUATION 
AMARA SELLER ELD NEE SSG BE NEE SETI EAE IO LEDS LE TSI INSET: 52) 


An understanding of basic study designs is important when 
assessing the validity of the results from clinical trials. 
Researchers may use the wrong study design, use the right 
methods incorrectly, misinterpret their results, report their 
results selectively, reference other studies selectively or in- 
correctly, or draw unjustified conclusions from their re- 
search.” Health-care professionals must critically evaluate 
study methods and results to ensure they are sufficiently 
valid to produce useful information. Pharmacists should be 
familiar with the methodologies employed in safety and ef- 
ficacy trials as well as trials designed to evaluate pharma- 
cokinetics, pharmacodynamics, pharmacoeconomics, patient 
outcomes, and quality of life. Special care must be exercised 
when reviewing promotional literature and using pharma- 
ceutical sales representatives as sources of drug and drug- 
related information.'*'* 

Recent efforts on the part of biomedical journal editors, 
researchers, statisticians, and authors to improve the qual- 
ity of reports of clinical trials resulted in the development of 
the Consolidated Standards of Reporting Trials (CONSORT) 
statement.'° The standards proposed by the CONSORT 
group have resulted in content suggestions and checklists for 
authors to use when submitting manuscripts to medical 
journals. These standards have been adopted by such pres- 
tigious journals as the British Medical Journal, JAMA, the 
Lancet, and Annals of Internal Medicine. However, the 
reader must realize that the CONSORT process has limita- 
tions, and thus should not assume that the articles published 
following this process are automatically free of bias.'° The 
CONSORT recommendations cannot prevent authors from 
misrepresenting their research. The successful pharmacy 
practitioner must have the skills necessary to critically eval- 
uate primary literature and to draw their own conclusions 
based on a study’s merits, rather than simply relying upon 
the authors’ conclusions. 

In general, medical studies can be divided into two general 
types, descriptive and explanatory. Descriptive studies simply 
record data from observations, whereas explanatory studies use 
comparisons as a basis for deriving conclusions about cause 
and effect. 

Each study type has advantages and disadvantages, and 
these should be considered by researchers when selecting the 
design to use. Factors such as the number of patients re- 
quired to obtain meaningful results, the study’s complexity, 
the amount of time required to conduct the study, and the 
cost of study completion are important considerations when 
selecting a design. The critical reader should be aware of 
these factors when deciding how much credence to give to the 
findings from trials employing a given study type. The rela- 
tive strength and weakness of each of these study types is 
shown in Table 9-1. 


Table 9-1. Strength of Design of Clinical Trials 
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STRENGTH STUDY TYPE 
Strongest Randomized experimental 
Cohort 
» Case-control 
Case series 
Weakest Case report 
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Descriptive Studies 


A descriptive study can be used to document and communicate 
experiences that the author feels are important to bring to the 
attention of the medical community. The investigator simply 
records data from observations made and draws conclusions as 
to possible reasons for the events witnessed. Alternatively, 
descriptive studies may describe unusual or new events, such 
as the occurrence of sudden infant death syndrome (SIDS) in 
several siblings within a single family. 

Descriptive studies fall into two main types: (1) case reports 
or (2) case series. Case reports are based on the observations of 
individual patients. They are often used to describe an adverse 
event following the use of a particular drug or group of drugs, 
or to report a possible drug interaction. Case reports frequently 
generate hypotheses to serve as the basis for more rigorous 
studies to examine the relationship between drug administra- 
tion and the outcomes observed. 

Case series document observations from a group of patients, 
all of whom have been exposed to a particular drug or group of 
drugs. The outcomes are observed and recorded. Case series 
are also used to examine the prior histories of patients with the 
same outcome in hopes of identifying a possible cause and effect 
relationship. Case series are useful for estimating the incidence 
of an adverse event of a newly marketed drug when there is 
limited information available about that particular event. Con- 
versely, case series can be employed to ensure that a certain 
adverse event is not associated with the use of a drug, for 
example, suicidal ideation following haloperidol use. 

A major limitation of descriptive studies is that they do not 
provide definitive explanations, offer causes, or supply evi- 
dence that one drug is superior to another. Indeed, it is not 
necessarily assured that the outcome observed is even related 
to the drug. For these reasons, readers must exercise a great 
deal of caution when interpreting the results of case reports or 
case series. 


Explanatory Studies 


Explanatory studies use a more rigorous design to identify 
answers to questions that arise in clinical medicine. Investiga- 
tors employ these designs to determine the efficacy of medica- 
tions or identify whether there is a true relationship between 
the use of a drug and the occurrence of an outcome (eg, whether 
oral contraceptives cause an increased incidence of breast can- 
cer, or what role the eradication of Helicobacter pylori plays in 
the prevention of peptic ulcer disease recurrence). Explanatory 
studies can be divided into two main designs: (1) observational 
and (2) experimental. 


OBSERVATIONAL STUDIES: CASE-CONTROL, 
COHORT, CROSS-SECTIONAL 


When conducting observational studies, the investigators are 
bystanders to the events under study. They examine the nat- 
ural course of health events, gather data about the subjects 
included, and then classify and sort the data. The investigators 
employ comparisons to provide insights into the cause of dis- 
eases or the risk factors associated with disease occurrence. 

When evaluating the relationship between drugs and the 
occurrence of specific outcomes, there are two basic approaches 
an investigator can take: work from the effect back to the cause 
(case-control studies), or proceed from the cause to the effect 
(cohort studies). Cross-sectional studies collect data simulta- 
neously from the study groups. 


Case-Control Studies 


In case-control studies, one group of patients with a particular 
condition or disease (the cases) are selected and compared with 
another group of individuals without the condition or disease 
(the controls). Cases and controls are compared with respect to 
existing or past characteristics or exposures that are thought to 
be relevant to the development of the disease or condition 
under evaluation. 

A case-control study design has several advantages. Case- 
control studies take little time to design, initiate, and conduct 
because the outcomes have already been experienced. They are 
useful for the study of rare diseases because they require fewer 
patients than other study designs. Additionally, since case- 
control studies use patients who have already developed the 
disease of interest, there is no need to wait for time to elapse 
between an exposure and the manifestation of diseases with 
long latency periods. 

From an ethical perspective, case-control studies have an 
advantage in areas of investigation where neither experimen- 
tal nor followup observational studies can be sanctioned (eg, 
the incidence of HIV-positive tests following injuries with nee- 
dles contaminated with HIV-positive blood). Further, case- 
control studies are ideal for initiating exploratory studies (so- 
called “fishing expeditions”) of disease etiology so that a specific 
hypothesis can be formulated and sufficiently supported to 
justify a detailed investigation. There is no risk to the patients 
involved in case-control studies because they have already ex- 
perienced the outcome under evaluation. Finally, when com- 
pared to other types of explanatory study designs, case-control 
studies are inexpensive, since existing records can often be 
used to collect the necessary data. 

There are disadvantages associated with the case-control 
study design. A detailed study of mechanism is rarely possible 
with this design. The case-control method is not suited to the 
evaluation of therapy because there is no comparison to other 
drugs; nor is it suited to study disease prophylaxis. In these 
situations, experimental trials should be used. 

A major problem with the case-control design is the reliance 
on patient recall or on existing medical records for information. 
Sufficiently accurate information may not be available from 
medical records. Likewise, information concerning the dose, 
duration, or drug administration in relation to the event under 
evaluation may be inadequately recorded and imperfectly re- 
membered. Validation of information collected is difficult or 
sometimes impossible to accomplish. 

The case-control design has incomplete control of extrane- 
ous variables that may affect the cause and effect relationship. 
Case-control studies are subject to antecedent-consequent re- 
lationships (the chicken-and-egg phenomenon)— one cannot be 
sure whether the characteristic really led to the effect or dis- 
ease, or if the outcome in some way predisposed people to 
acquire factors or characteristics that appear to be predictive of 
the disease. 

Case-control studies are also subject to numerous types of 
bias. An exhaustive discussion of biases associated with case- 
control trials is beyond the scope of this chapter, but several 
types can be highlighted. Case-control study design may be 
affected by recall bias (selective recall). Patients who have 
unpleasant experiences or diseases may recall the past quite 
differently from those in a comparison, nondiseased group. 
Other important biases to consider when evaluating case- 
control studies include reporting bias, which occurs when pub- 
licity concerning a disease results in an increase in the dis- 
ease’s reporting; and surveillance bias, which can occur when a 
disease or condition under study is asymptomatic, mild, or 
otherwise liable to escape routine attention. With surveillance 
bias, the condition is likely to go unreported in the control 
group and is more likely to be detected in the patients under 
frequent medical surveillance in the case group. 


The appropriate selection of cases is important to the re- 
porting of valid results in case-control studies. Who patients 
are, where they come from, and what spectrum of disease they 
represent are important considerations. Selection of an appro- 
priate control group may be difficult when conducting case- 
control studies because it is almost impossible to find a com- 
parison group identical to the cases. A sampling procedure is 
intended to avoid over- or under-representation of exposed 
cases and exposed controls in the study. The objective of any 
sampling procedure is to avoid biased selection. Each eligible 
case in the target population, irrespective of exposure, should 
ideally have an equal chance of appearing in the study. Meth- 
ods have been developed to manage the problems associated 
with the proper selection of a control group. One such method 
is through the selection of multiple controls, wherein more than 
one control group is selected for comparison. Another method 
employed is matching, which uses the selection of control sub- 
jects who share particular characteristics with the cases. 


Cohort Studies (Followup Studies) 


Cohort studies begin with patients who have not yet experi- 
enced the outcome; these patients are then followed over time, 
looking for differences in the outcome’s development. The char- 
acteristics that are thought to influence the development of the 
disease of interest are catalogued and measured, and compar- 
isons of patient groups with or without the various character- 
istics are made to identify the causes of the outcome of interest. 
The cohort study represents the ideal observational study de- 
sign strategy when there are no time or financial limitations. 

Historical cohort studies can be conducted using data con- 
tained in large medical databases. The cohorts are established 
and their experience is assessed from existing records. The 
main feature of a historical cohort study is that all outcomes 
have occurred before the start of the investigation. The key 
element is that individuals are identified for inclusion in either 
the study or control group without knowledge of whether the 
disease has developed. 

A cohort study design has several advantages. This design 
allows for the complete description of experience subsequent to 
exposure, including rates of progression, staging of disease, and 
natural history. The cohort design offers greater assurance 
that the characteristics under study preceded the outcome un- 
der study. It also permits the study of multiple potential effects 
of a given exposure, thereby obtaining information on potential 
benefits as well as risks. The cohort design also allows for the 
calculation of rates of disease in exposed and unexposed indi- 
viduals after the cohorts are established and their experience is 
assessed. In addition, this design permits flexibility in choosing 
the variables to be systematically recorded. Cohort studies can 
delineate various types of consequences that may be produced 
by a single risk factor. 

In contrast to the case-control design, the cohort design has 
few problems associated with incomplete medical records, and 
there is no recall bias. Another advantage of the cohort study 
design over the case-control design is that the cohort design 
is not associated with antecedent-consequent relationship 
problems. 

Cohort studies do have disadvantages. Cohort studies are 
subject to patient selection problems. Every effort must be 
made to identify independently each characteristic affecting 
the disease or outcome under study and to ensure an even 
distribution of these factors. The external validity (discussed 
later in this chapter) of cohort studies may be difficult to control 
for, because clinicians may not know how closely the subjects 
described in the cohort study mirror their patients. 

The major problem of the cohort study design is maintaining 
patient followup over time. As time goes on, patients move, fail 
to respond to questionnaires, or decide to quit the study, which 
can result in an uneven distribution of patients between 
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groups. Reports of cohort studies should identify the attempts 
made by the investigator to track down subjects and minimize 
the number lost to followup. The investigators should identify 
the rate of followup losses and explore for the possibility of 
biased attrition. By examining the characteristics of dropouts, 
the investigator may identify reasons for subject loss that are 
related to the outcomes under study, and compensate for any 
differences identified. The more similar the dropouts are to 
those in the study group, the less chance there is for attrition 
bias. Finally, if possible, investigators should contact a repre- 
sentative sample of the dropouts to identify the reasons for 
discontinuation and take any differences into account when 
analyzing the study results. 

Another disadvantage associated with cohort studies is that 
current practice, usage, or exposure to study factors may change 
over time, making the findings of the study irrelevant. Cohort 
studies are also subject to surveillance bias due to an unequal 
examination or scrutiny of the subjects under evaluation. Since 
cohort studies follow patients over time, they may require a po- 
tentially long duration of followup when a long lag time exists 
between cause and effect. Cohort studies are relatively expensive 
to conduct because they require an expenditure of resources over 
long time periods. Finally, like case-control studies, a detailed 
study of mechanism is rarely possible with cohort studies. 


Cross-Sectional Studies 
(Prevalence Studies) 


The cross-sectional study is similar in design to the cohort 
study except that it gathers data from both study groups and 
makes simultaneous assessments of outcome and potential pre- 
dictors. The cross-sectional design is suited for studies de- 
signed to evaluate a new laboratory test or a new application of 
an existing test, to evaluate the receiver-operator characteris- 
tics of diagnostic procedures, to identify risk factors and etio- 
logical agents of a disease or condition, and to determine the 
prevalence of a disease or condition at a point in time. 

Advantages of the cross-sectional design include the effi- 
ciencies and time-savings that result from all of the informa- 
tion being collected at the same time. Investigators do not have 
to wait for outcomes to develop when conducting cross-sectional 
studies. 

As cross-sectional studies compare a desired population 
with a control group, they are subject to selection problems. 
The type of patients selected for the population group has a 
major influence on the results. External validity is a concern, 
since the findings of the study can only be applied to other 
patients to the extent that they exhibit similar characteristics 
to the study subjects. Selection methods must define the char- 
acteristics of subjects who will be included in the analysis. 
Sampling rules must be formulated to avoid bias in the study 
results. Methods such as systematic sampling (selecting the nth 
individual who is eligible for the study), random sampling 
(where each possible individual has a fixed and determinate 
probability of selection), and matched sampling (the pairing of 
one or more controls to each case on the basis of specified 
variables to eliminate their effects on the comparison) are 
frequently employed in the cross-sectional design. 

An additional disadvantage of this design is the existence of 
antecedent-consequent relationships (the chicken-and-egg phe- 
nomenon), as described earlier. 


EXPERIMENTAL STUDIES 


Experimental studies are prospective trials in which interven- 
tion, an attempt to regulate the variables in a study, occurs on 
the part of the investigators.'’ There are two types of experi- 
mental studies, controlled and noncontrolled. Controlled stud- 
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Table 9-2. Criteria for the Evaluation of Published Experimental Drug Studies 


AREA/STUDY SECTION CRITERIA 


|. Journal/authors 


Editorial board present. 
Peer review used. 


Author(s) has/have expertise in subject. 
Potential conflicts of interest absent. 


Il. Introduction/background 


Background and rationale clear. 


Relevant previous work cited. 
Objective(s) clearly stated. 
Objective(s) described in sufficient detail. 


Ill. Methods 
A. Patients/subjects 


Inclusion and exclusion criteria clearly defined. 


Inclusion and exclusion criteria appropriate for objective(s). 
Inclusion and exclusion criteria complete. 

Number of patients/subjects adequate. 

Source and selection of patients/subjects described. 
Appropriate study setting. 


B. Study design 


Type(s) of control(s) used appropriate. 


Design appropriate to address study objective(s). 
Randomization process described and followed. 
Type of blinding used adequate and employed successfully. 


C. Treatment considerations 


Dosages of study and control drugs adequate and comparable. 


Dosage frequency appropriate. 

Route(s) of administration and dosage forms appropriate. 
Duration of therapy adequate. 

If measured, plasma/serum/blood concentrations adequate. 
Any concurrent medications accounted for. 


D. Outcome measures 


Efficacy and safety measures included. 


End points defined clearly. 
Measurements valid, reliable. 
Known confounders accounted for. 
Measure(s) clinically important. 
Compliance measured. 


E. Data analysis 


Power analysis performed and power adequate. 


Types of statistical tests and analyses described clearly and appropriate. 


IV. Results 


Statistical tests and analyses used for key outcome measures. 


Measures of variability provided with measures of central tendency. 

P values or confidence intervals reported. 

Size of treatment effect important clinically. 

Actual numbers included with percentages. 

Side/adverse effects reported. 

Text/tables/graphs clear and consistent. 

Reason(s) for patient/subject dropout provided; handling of dropout data described. 


V. Discussion 


Data obtained consistent with conclusions. 


Study limitations addressed. 
Significance of findings discussed. 
Extrapolation of findings consistent with study design. 


ies, in contrast to noncontrolled studies, use a comparison 
group(s) in addition to the group receiving the drug being 
investigated. This allows the investigator to help account for 
the possible influence that other outside factors (eg, environ- 
mental) could have on a study’s outcomes independent of the 
drug being evaluated. 

Since the controlled study is the strongest type of experi- 
mental study, the remainder of the discussion will focus on the 
controlled design. Several guides and checklists have been 
published to assist readers in evaluating the quality of exper- 
imental clinical studies.'® Table 9-2 lists the criteria usually 
included in such checklists, and can be used as a guide for the 
evaluation of published clinical drug studies. 


Journals/Authors 


The quality of the journal an article is published in can be used 
as a preliminary, indirect measure of the potential quality of 


the article itself. An editorial board is one method that helps to 
ensure the quality of the information that a particular journal 
publishes. Peer review is another method employed for helping 
ensure the quality of articles published. This is a process in 
which a journal sends out a received manuscript to “peers,” 
other individuals with expertise in the area, who review and 
comment on the quality of the manuscript and the work un- 
dertaken, in addition to providing suggestions for revision, 
prior to a decision being made regarding publishability. Based 
upon the peer reviewers’ comments and the editors’ opinions, a 
decision is made to return the manuscript to the author(s) for 
revision, reject the manuscript, or publish the manuscript. 
Although the best approach for the peer review process has 
been debated and peer review does not guarantee the quality of 
work described,’ it is another important method for providing 
the reader with some measure of confidence in the information 
published. 

Many journals ask authors to describe any potential con- 
flicts of interest when they submit their manuscript for publi- 


cation consideration. These potential conflicts of interest in- 
clude serving as a consultant for or an employee of the 
manufacturer of one or more of the drugs being investigated, 
obtaining a grant from the manufacturer to fund the study 
undertaken, or holding stock in a company that manufacturers 
one or more of the study drugs. The existence of a potential 
conflict of interest does not automatically invalidate the find- 
ings reported; rather, the reader should keep this possible 
conflict in mind when analyzing the study’s results and the 
author’s interpretation and discussion of the findings, particu- 
larly if biased or unsupported statements appear to exist. 


Introduction/Background 


Several points should be covered by the author in the introduc- 
tion or background portion of a published study. The rationale 
for the study should be clearly described and pertinent previ- 
ous work in the area, with both positive and negative findings 
if they exist, should be summarized and cited. The specific 
study objective should be described in sufficient detail to enable 
the reader to determine if it actually addresses the problem 
described and whether it can be reasonably accomplished by 
the study. 


METHODS 

a ttre aa i ANA ROARK 
The methods or methodology section includes several impor- 
tant areas to review and analyze in order to assess the overall 
quality of a study: patients/subjects, study design, treatments 
used, outcome measures, and the data analyses used. Particu- 
lar attention should be devoted to the methods employed by the 
investigators in conducting the study. Flawed methods produce 
results that yield incorrect conclusions, and patients may suf- 
fer harm from either ineffective or toxic therapy. 


Patients/Subjects 


It is important to examine the types of patients or subjects 
included in a clinical study to determine whether the study 
sample is representative of the desired study population and 
the extent to which the study’s results can be extrapolated to 
others outside the study sample. The study’s inclusion and 
exclusion criteria are key to making these determinations. 

The inclusion criteria define the characteristics a patient or 
subject must have to be included in a specific study; the exclu- 
sion criteria include those characteristics that, if present, 
would prevent a patient or subject from being enrolled. The 
inclusion and exclusion criteria should be defined clearly. This 
is crucial for determining the extent to which a study’s results 
can be applied or extrapolated to patients outside the study. 
For example, if patients with “renal dysfunction” are excluded 
from study participation, then its meaning should be clear to 
the reader (eg, what the exact creatinine clearance values are 
that constituted “renal dysfunction”). 

The study sample should also be representative of the pop- 
ulation that the authors are interested in examining as part of 
their study objective; that is, the characteristics of the patients 
enrolled in the study should be similar to other patients likely 
to be found in the population of interest, and this population 
should be appropriate for the study’s objective. 

Finally, whether any other inclusion or exclusion criteria 
should have been incorporated to strengthen the study must be 
considered. For example, it might be appropriate to exclude 

‘concurrent medications known to increase blood pressure in a 
study of a new antihypertensive medication. 

An important consideration when analyzing a study’s re- 
sults is the sample size, or number of subjects included. Sample 
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size 1s one of the factors affecting a study’s power, the extent to 
which a statistical test can detect a significant difference 
among treatments if such a difference really exists (ie, appro- 
priately rejecting the null hypothesis, no difference among 
treatments, when it is false). 

As sample size increases, power increases as well. Thus, the 
smaller the number of patients enrolled in a study and the 
lower the power, the greater the likelihood of a type II error. A 
type II error is, by definition, failing to reject the null hypoth- 
esis when it is actually false—that is, concluding that there is 
no statistically significant difference among treatments when 
there actually is. Ideally, power should be calculated by the 
investigators prior to study initiation and reported for the 
reader.*° By convention, an acceptable degree of power in a 
study is considered to be at least 0.8 or 80%. 

When reading a study that concludes there was no signifi- 
cant difference present among treatments, consider whether 
the power was adequate. If the power was not reported, con- 
sider the number of patients involved (the larger the better) 
and the actual magnitude of the difference found.?° For exam- 
ple, a difference in mean serum cholesterol concentrations of 
only 1.5 mg/100 mL between two antilipidemic drug groups is 
unlikely to be clinically relevant even if a large number of 
patients were enrolled; a difference of 15 mg/100 mL might 
easily be found to be statistically significant if a large number 
of patients were studied. 

More information regarding sample size and how to deter- 
mine an appropriate number of subjects to enroll is beyond the 
scope of this chapter and can be found in other articles.?»7” 

The source of the patients/subjects enrolled in a study 
should be considered with regard to the potential extrapolat- 
ability of the results, as well as the manner in which they were 
selected for inclusion. For example, if a study examined sub- 
jects who were selected from among nursing home residents, 
the results might not be applicable to relatively healthy, active 
elderly persons. 

The setting of the study should also be appropriate for the 
study’s objective; if the objective is geared toward active out- 
patients, then the study should best be conducted in the out- 
patient setting. If the subjects were randomly selected from the 
population of interest, as opposed to nonrandom techniques 
such as convenience or consecutive sampling, the method used 
should be described. 


Study Design 


Several aspects of a study’s design warrant consideration when 
analyzing the quality of a published report. The first involves 
the type of control employed. An active control uses a drug with 
proven efficacy for the treatment of a condition as a comparison 
to the drug being evaluated. For example, in a study of a new 
nonsteroidal anti-inflammatory agent that compares its effi- 
cacy to a group of patients receiving naproxen, the naproxen 
group would constitute the active control. A placebo control 
incorporates a group of subjects receiving placebo as the com- 
parison group. A no treatment control incorporates a group of 
subjects receiving no therapy as the comparison group. A his- 
torical control uses as the comparison group individuals who 
received the intervention previously as part of a different study 
or as part of a different evaluation. 

An active control can only provide information about the 
relative efficacy of drugs—whether one was more efficacious, 
less efficacious, or the same as another. However, it is possible 
that neither the active control nor the drug being evaluated 
were truly efficacious for the patient groups being studied. In 
contrast, a placebo control allows one to determine the true 
efficacy of a drug for therapy of a certain condition. 

Placebo controls are preferable to no treatment controls 
because they minimize possible bias introduced by the patient 
as a result of knowing what they are receiving. Placebo controls 
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can pose an ethical dilemma, however, for studies involv- 
ing serious illnesses in which patients should receive active 
therapy. 

Historical controls should only be used in special circum- 
stances, such as when the disease being treated has known 
high mortality and it would be easy to identify a new efficacious 
therapy. In many studies, both active and placebo controls are 
employed to allow for determinations of both the actual and 
comparable efficacies of a given agent. 

Types of designs used in experimental studies include con- 
current control (parallel treatment), crossover, and time series 
(before and after). 

In the concurrent control design, patients are divided into at least 
two groups: control versus experimental. They only receive the inter- 
vention of the one group they were assigned to. Results obtained from 
the experimental group are then compared with those from the control 

roup. 

5 ih a crossover design, the patients are initially assigned to either the 
control or experimental groups; after completion, they are then placed 
in the other group so that each patient eventually receives each inter- 
vention. The crossover design generally includes a washout period 
between each intervention to allow the treatment and its effects to be 
eliminated from the body prior to beginning the next study phase. Since 
the patients are the same in the control and experimental groups in a 
crossover design, it is easier to eliminate differences in patient charac- 
teristics as being responsible for any differences identified between 
groups. A smaller sample size can also be used for the crossover design 
as compared to the concurrent control. Disadvantages of the crossover 
as compared to the concurrent control design include a longer study 
duration and the possibility of carryover effects occurring (ie, effects 
from the previous intervention persisting and affecting the results from 
the subsequent intervention, such as when an inadequate or no wash- 
out period was employed). More complex analyses are required because 
differences might be identified among groups depending on the order in 
which they received the interventions. For example, patients who re- 
ceived the control first might be found to respond differently than 
patients who received the control last. 

In the time series design, each patient also receives each study 
intervention except, in contrast to the crossover design, they receive 
each intervention at the same time. This makes analyses of the results 
easier compared to the crossover design, but the time series design can 
not control for the effects that time itself might have on the outcomes. 

Randomization is the process of assigning the enrolled pa- 
tients/subjects to study groups (eg, control versus treatment 
groups) using a technique such as random numbers. This is a 
very important procedure for ensuring a study’s quality. It 
helps to eliminate subjective factors and bias when assigning 
subjects to treatment groups, and reduces the likelihood that 
differences in subject characteristics (either identified or un- 
identified) are actually responsible for the outcomes observed 
rather than the treatment itself.”° It is important to recognize 
that randomization does not guarantee that a study’s groups 
will be identical; through chance alone the groups could be 
different with regard to one or more important criteria. 

Studies will usually compare the study groups after ran- 
domization with regard to characteristics that might influence 
outcomes (eg, age, sex, race, or number of years with a certain 
condition) to ensure that they are indeed comparable. If base- 
line differences exist, these can often be accounted for later 
using statistical methods.2* When a study refers to itself as a 
“randomized controlled” trial, the word “randomized” is refer- 
ring to assignment, not selection. The actual process used 
for randomization should be reported in a study. A reader 
should consider whether the process was indeed truly random 
and whether the investigators adhered to the process they 
described. 

Blinding, or masking, is a process in which the identity of 
the control and experimental groups in a study is not known to 
the subjects and/or investigators; that is, the subjects and 
observers do not know who is receiving the control or experi- 
mental treatments. 

In an unblinded study, also referred to as open label, both 
the subjects and investigators are aware of the group assign- 
ments. There is a risk of bias introduction by either the subjects 
or investigators with this type of design. 


In a single-blind study, the subjects are unaware of the 
intervention they are receiving but the investigators know. 
This type of blinding might be acceptable when the measures 
employed in the study are all objective (eg, blood concentra- 
tions). In the double-blinding study, neither the subjects nor 
investigators are aware of the intervention each subject is 
receiving. This type of blinding is preferred for studies to min- 
imize the likelihood of bias introduced by the subjects or inves- 
tigators. The term triple-blind has been used for studies in 
which an individual other than the investigator analyzes the 
data, and the subjects, investigators, and data analyzers are 
unaware of the group assignments. 

When blinding is used in a study, it is important for the 
investigators to describe the means by which this was accom- 
plished (eg, identical appearing/smelling/tasting capsules, tab- 
lets, or liquids) as well as any evidence as to whether the 
blinding was successful.!° 

There is always a danger of unblinding (unmasking) occur- 
ring in a blinded study—when the subjects or investigators can 
successfully guess or identify the intervention given. Unblind- 
ing is more likely when the drug involved has an odor or taste 
that is difficult to disguise, or when characteristic side effects 
or laboratory test alterations occur that would alert the sub- 
jects or investigators to the true identify of the treatment. For 
example, the headache from nitroglycerin or the red-orange 
urine discoloration from rifampin could likely lead to unblind- 
ing, even in a double-blind study. The investigators should 
provide evidence either supporting or negating the success of 
the blinding employed. 


Treatment Considerations 


When evaluating the quality of clinical studies, pharmacists in 
particular should pay close attention to the appropriateness of 
the treatment regimens employed. Characteristics of the treat- 
ment regimens to examine include the dosage, dosing fre- 
quency, route of administration, dosage form, and duration of 
therapy for each drug used, any drug concentrations obtained, 
and the use of any concurrent medications. 

With regard to the dosages of the experimental drug and 
any active controls, they should be appropriate and compara- 
ble. For example, if the active control is being dosed at the high 
end of its usual dosage range, the experimental drug should be 
dosed comparably. Also, if the dosage of a drug is generally 
adjusted based on an individual’s response in clinical practice, 
it might be inappropriate to employ a fixed dose of that drug for 
all the patients in a study. 

The dosing frequency should be consistent with the pharma- 
cokinetics and pharmacodynamics of the drug. If a drug has an 
established therapeutic serum, plasma, or blood concentration 
range, then the study should measure drug concentrations in 
the patients and ensure that they are appropriate. Likewise, 
the concentrations should be taken at the correct times in 
relation to the doses and at steady state for efficacy studies. 

Some studies allow patients to take other nonexperimental 
medications concurrently with the drug in the study. For ex- 
ample, a study of the effects of zinc capsules on flu symptoms 
might allow patients to also take acetaminophen as needed. If 
concurrent medications are allowed in a study, it is important 
for the reader to consider whether these medications could 
interact with the study drug or affect the disease state or 
symptoms being studied. If the concurrent medication could 
affect the study outcomes, it is important that the study record 
and quantitate the amounts taken in both the control and 
experimental groups and analyze whether these quantities 
were comparable or could have otherwise influenced the study’s 
findings. 


Outcome Measures 


The outcomes of interest to be measured in a clinical study 
should be derived from the study’s objective. In an efficacy 
study, the outcome measures should include not only determi- 
nations of efficacy but of safety as well. For example, in a study 
of a new antihypertensive medication, determining the systolic 
and diastolic blood pressures would be important, as would 
recording the drug’s adverse effects or effects on blood lipids or 
glucose. 

The desired end point(s) of the study, the key measures that 
will support or refute the study’s hypothesis,”° should be 
clearly specified to the reader and should be identified by the 
investigators at the beginning of the study. In the antihyper- 
tensive example mentioned earlier, the main or primary end 
point might be the ability of the drug to decrease systolic and 
diastolic blood pressures to the normal ranges. 

A study might also have secondary end points, meaning 
other measures of interest but not of primary concern. For 
example, the effect of an antihypertensive drug on serum tri- 
glycerides might be an important secondary end point but not 
the major reason for performing the specific trial. The investi- 
gators should specify the minimum differences between the 
control and experimental groups that they feel are of impor- 
tance.’° As the reader, you should also ensure that these dif- 
ferences are of clinical importance. 

The techniques or methods used to measure or determine 
whether the study’s outcome was achieved should be valid. 
Validity refers to whether the measurement is really measur- 
ing what the investigators would like to measure or think they 
are measuring.”° Types of validity include, but are not limited 
to, internal, external, and construct: 


Internal validity refers to the extent that, within the study, the tests, 
measurements, results, and interpretation were appropriate and 
accurate.” 

External validity is generalizability, the extent to which the results can 
be extrapolated or applied to other nonstudy individuals and across 
settings or times.”°?’ External validity is important to clinicians 
who are interested in the degree to which they can apply the results 
from an individual study to their patients. Readers should examine 
factors such as the study’s inclusion and exclusion criteria, how 
subjects were selected, and the study setting to assist them in 
determining the generalizability of its results. 

Construct validity refers to the extent to which a measure actually 
reflects what it purports to measure. This can be determined by the 
extent to which it agrees or converges with other methods estab- 
lished to measure the same variable, and the extent to which it 
disagrees with or diverges from other methods used to measure 
different effects.?° 


In addition to being valid, measures in a study should also 
be reliable, specific, and sensitive. 


Reliability refers to the extent to which a measure provides similar 
results when used on different occasions—that is, its reproduci- 
bility.?® 

Specificity refers to the degree to which a measure can accurately detect 
only the disease or effect of interest. Stated another way, it refers to 
the degree to which a measure can accurately classify as negative 
those people who lack the disease or effect. 

Sensitivity indicates the extent to which a measure can identify the 
presence of the effect or disease.” 


Confounding variables, or confounders, are factors that 
could affect the outcome being measured (in addition to the 
characteristic of interest), thereby confusing the interpretation 
of the results.?°*! For example, if a study was examining the 
effect of age on ulcer relapse rate and several of the ulcer 
subjects also smoked (a known factor influencing relapse), 
smoking could be a confounder when analyzing the results. Ifa 
study has known confounding variables present, the investiga- 
tors should account for their presence either in the study de- 
sign (methods section) or in the analysis of the results.*” 

Finally, it is important that clinical drug studies assess the 
degree of patient compliance with their therapy, as noncompli- 
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ance with one of the drug regimens in a study could make that 
drug erroneously appear less efficacious than another.*” Stud- 
ies should make an effort to determine the extent of patient 
compliance by using a variety of methods (eg, pill counts, pa- 
tient self-report, diaries, or drug concentrations) and report 
this information for the reader. 


Data Analysis 


The methods section of a study should generally include a 
discussion of power (sometimes found in the results section) 
and the type of statistical tests or analyses performed on the 
data collected. (Power was referred to earlier in the discussion 
of sample size.) A common reason for the failure to detect 
significant differences among treatment groups in a study is a 
lack of statistical power, often a result of too small a number of 
patients enrolled or actually completing the study. As a reader, 
check to see whether the investigators performed a power anal- 
ysis and reported this information. If so, determine whether 
the power was appropriate. If not, consider whether a lack of 
power might have been responsible for any negative finding 
reported. 

As a reader, determine whether the statistical tests or anal- 
yses employed are described in sufficient detail to allow for 
their replication.*? The tests or analyses used should also be 
appropriate for the variables of interest. 


Results 


The results section of a published study is of obvious impor- 
tance to the reader. There are several areas to focus on within 
this section and key questions to ask. These areas include the 
statistical tests and analyses performed and the specific find- 
ings reported, side or adverse effects, the presentation of the 
data, and patient dropouts. The topic of statistics is covered in 
more detail in Chapter 12. However, important statistics- 
related points that the reader should consider when critically 
analyzing studies will be discussed here. 

The first consideration is that statistical tests and analyses 
should have been performed on all the key outcome measures. 
There are primarily two types of statistics involved: descriptive 
statistics and inferential statistics. 

Descriptive statistics, numerical or graphical summaries of data, 
include measures of central tendency (eg, mean, median, mode), mea- 
sures of variability (eg, range, standard deviation, variance, standard 
error), and measures of precision for effect estimates (eg, confidence 
intervals). 

Most inferential statistics, methods to generalize from the data 
obtained from the study sample to the entire population of interest, 
involve the tests and analyses (eg, parametric tests, nonparametric 
tests) performed to test hypotheses and determine whether statistically 
significant differences exist among study groups. Other statistical pro- 
cedures include correlation and regression analyses (to describe and 
quantify the association among study variables) and estimates of risk 
associated with developing a disease or condition (eg, relative risk, odds 
ratio). 

Next, readers should consider whether the statistical 
method employed in a study is appropriate for the type of 
variable being examined. For example, parametric tests (such 
as t tests or ANOVA, analysis of variance) should be used only 
when certain criteria are met, such as normally or near- 
normally distributed data, continuous level data, or variances 
of the populations from which the samples are drawn being 
nearly equal. If these criteria do not apply, then nonparametric 
tests (eg, chi-square test, Fisher exact test, or Mann-Whitney U 
test) should be employed, taking into account whether the data 
is nominal (data without numerical qualities that can be placed 
into mutually exclusive categories) or ordinal (data that can be 
rank ordered on a scale, but differences between rankings 
cannot be precisely measured). 
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It is also important that information about the variability of 
study data be provided in addition to information about the 
central tendency of that data. For example, the mean is com- 
monly used to illustrate the “average” or representative value 
in a group of data. However, the mean can be affected signifi- 
cantly by a small number of outlying data points (extreme high 
or low values) and therefore might not represent accurately 
where most of the individual data values lie. Also, the mean 
might have the same value regardless of whether all the indi- 
vidual data points cluster very closely or widely around it. 

Because clinicians are interested in applying the results 
from studies to their individual patients, an indication of the 
variability of the individual data points in a study is valuable. 
For example, suppose two studies report the same mean 
plasma concentrations of 50 mg/mL in response to drug admin- 
istration. However, the individual patients’ drug levels in the 
two different studies are as follows (in mg/mL): 48, 49, 50, 51, 
52 and 1, 5, 50, 95, 99. Although the mean values are identical, 
the patients in the latter study exhibit much more variability 
in response to the drug. Thus, studies that report values such 
as means for their outcome measures should also include cor- 
responding ranges or standard deviations.*° 

Further, the results from statistical analyses performed 
should include exact P values or confidence intervals.**?? The 
P value indicates the probability of a type I error (ie, rejecting 
the null hypothesis when it is in fact true). Stated another way, 
it means concluding that a statistically significant difference 
exists among treatments when there actually isn’t one. The 
smaller the P value, the less the likelihood that a type I error 
was responsible for the difference observed (or the less the 
likelihood that chance was responsible for the difference ob- 
served). Thus, a P value of 0.001 indicates that the likelihood 
of a type I error, or that chance alone was responsible for 
the difference observed, is only 1 out of 1000. By convention, 
P < 0.05 is generally considered statistically significant. 

However, since P values only indicate the risk of type I error 
and do not provide information about the magnitude of the 
clinical effect, the confidence interval (CI) is increasingly being 
reported. The Cl is calculated using the study sample data and 
provides the likelihood or confidence that the true population 
value is included within the range of values reported.”* For 
example, if a study reports a difference in the response rates 
between two treatments of 35% with a 95% CI of 30 to 40%, this 
means that there is a 95% likelihood that the true difference in 
the response rates if the population as a whole were studied 
would fall between 30% and 40%. Although the 95% CI is 
generally calculated, the reader may also see 90% or 99% CIs 
reported in studies. The CI provides health practitioners with 
useful data for predicting how their patients would likely re- 
spond to the same treatment (assuming that their patients had 
similar characteristics as those in the study sample). 

The size of the actual treatment effects reported in studies 
should be clinically useful.?4 Further, when reporting results in 
studies, actual numbers should be included with any percent- 
age change data.*® For example, large percentages can be mis- 
leading when small numbers are involved and the reader 
should be aware of this. 

It is difficult to determine the clinical utility of a treatment 
without considering safety as well as efficacy. This includes not 
only the risk of adverse reactions from the drug regimen em- 
ployed, but also the risk to the patient of an adverse event if he 
or she is not treated. The reader should assess the side or 
adverse effects reported in a study when determining how to 
incorporate the results into clinical practice. Guyatt et al pro- 
vide examples of how to estimate the risk of adverse events per 
patient treated or per life saved by using the “number needed 
to treat” approach.*4 

When presenting data in a study, any tables or graphs used 
should be clear and not misleading. Also, the text description 
should be consistent with the information illustrated in the 
tables or graphs. Finally, the reason for any patient/subject 
losses (dropouts) should be provided as they could influence the 


interpretation of the clinical usefulness of the treatment em- 
ployed. For example, patients could drop out of a study because 
the therapy was ineffective or intolerable side effects devel- 
oped. Two approaches used for handling the data from dropouts 
include the intent-to-treat (or intention-to-treat) and exclusion 
of subjects methods. 

With the intention-to-treat analysis, the data from all patients 
are analyzed together with the rest of the data from the group 
they were originally assigned to, regardless of whether they com- 
pleted the entire treatment (ie, it evaluates the treatment as 
originally offered to the patients). The advantage of this method is 
that it better reflects normal clinical practice with regard to drug 
therapy; however, if large numbers of subjects dropout from non— 
drug-related causes (eg, subjects move away or simply don’t want 
to bother with followup study visits), the true efficacy of a drug 
can be obscured. For example, suppose 10 patients are enrolled in 
a study and only 5 complete it, with the remainder dropping out 
for non—therapy-related reasons. If the drug is efficacious in four 
of the five patients, the efficacy with the intention-to-treat method 
would be reported as only 40% (4 of the 10 patients originally 
assigned to treatment). 

The exclusion of subjects method excludes the data from 
subjects who do not complete the therapy as assigned (ie, it 
evaluates the treatment as actually taken by the patients). 
This method does not underestimate the efficacy of treatment, 
but it also does not take into account those reasons for dropout 
that affect the clinical usefulness of a drug (eg, side effects or 
lack of efficacy). 

In some studies, the reader will see the data reported by 
using both methods. This provides the best way in which to 
evaluate the results of a study. 

Electonic communications are dramatically impacting the 
way biomedical information is exchanged among the health- 
care community. The World Wide Web offers researchers the 
opportunity to present data that support their published find- 
ings, describe their methods in greater detail, illustrate their 
recent presentations, allow others to comment on work in pre- 
liminary stages and to have those comments available to be 
viewed by other readers, and provide important sources of 
specialized information and links to other Web sites and cita- 
tions. The Internet provides a means to publish scientific work 
and to distribute it widely without major barriers to access; 
however, it is important that quality assurance (eg., peer re- 
view) is still maintained. The National Institutes of Health has 
proposed the institution of E-biomed (www.nih.gov/welcome/ 
director/ebiomed/ebi.htm) to facilitate a community-based ef- 
fort to establish an electronic publishing site. Many medical 
journals have already instituted the dissemination of impor- 
tant studies by presenting the data at their web sites prior to 
publication in their journal. Through efforts such as E-Biomed, 
electronic biomedical publishing will change the face of the 
medical literature in the very near future. 


Discussion 


Considerations when evaluating the final discussion section of 
a published study include whether the conclusions of the in- 
vestigators are consistent with the data obtained and reported; 
whether the investigators explored the potential limitations of 
their study (eg, small study size, the occurrence of “unblind- 
ing,” or large dropout rate); and whether any extrapolation of 
their findings, or discussion of the study’s external validity, 
was consistent with the study’s original objectives and design, 
particularly the inclusion/exclusion criteria employed. The dis- 
cussion should have an honest discussion of the significance of 
the findings in light of all other available evidence. 

The significance of the findings should include a statement 
about the clinical relevance of the results, not simply the statis- 
tical significance. It is possible for very small differences between 
study groups to obtain statistical significance (ie, low risk of type 


Table 9-3. Issues and Problems with 
Meta-Analyses23.3638.40.41 


Which studies should be included in the analysis? Could 
selection bias be present in the studies included? What should 
be done with poorly designed trials? 

Should the studies included be weighted using predetermined 
criteria? 

Have all the relevant studies been retrieved? Publication bias 
(the tendency of journals to publish studies with positive 
findings) could influence the results if only published studies 
are sought; however, obtaining all the relevant published and 
unpublished literature could be difficult. 

Were tests of homogeneity done to minimize the likelihood that 
significant heterogeneous trials were combined? 

Were the adverse effects in each study that were included in the 
analysis appropriately considered? 

Were differences in the treatment interventions present? 
Differences in the treatment interventions (eg, drug dosages, 
dosing intervals or duration of administration) could make it 
difficult to combine study results. 


I error), but the differences could be too small to be of clinical 
usefulness. Also, the significance of the findings should include an 
assessment of the benefit versus risk from the therapy employed. 
An analysis of 26 published randomized controlled trials found 
that only two of the studies discussed their results in the context 
of a systematic review of earlier work, and four additional articles 
referred to relevant systematic reviews but did not update these 
reviews with the addition of their results.*° 


SUMMARIES OF THE LITERATURE 

(So a Nf a tO TEE) 
Clinicians are often interested in obtaining a comprehensive 
summary of the available information on a specific topic in- 
stead of individual studies. 

Review articles constitute one type of publication used for 
summarizing the medical literature on a certain subject. These 
reviews generally compile published information on broad as- 
pects of a topic and offer recommendations or conclusions based 
upon the author’s opinions. One advantage of a review article is 
that it provides a health-care practitioner who might know 
little about a specific subject with a summary of much of the 
published information on that topic. This can allow the practi- 
tioner to become fairly up-to-date on a topic relatively quickly. 
A review article’s bibliography can also be used as a source for 
clinical studies of interest on a subject. 

Another type of summary article that provides quantitative 
data is referred to as a meta-analysis (or overview). A meta- 
analysis uses formal statistical techniques to sum a body of 
separate, but similar, original research studies in order to 
formulate a conclusion.** Meta-analyses have been reported to 
an increasing extent in the medical literature. Meta-analyses 
can be used to increase statistical power for end points and 
subgroup analyses, to improve estimates of effect size, to ad- 
dress questions not posed at the start of individual trials, to 
provide preliminary data regarding sample sizes and hypothe- 
ses needed for large definitive clinical studies, to help resolve 
uncertainties when individual trials disagree, and to generalize 
conclusions to a more varied range of patients and treatment 
protocols.??36-%9 

Despite the convenience and proposed advantages of review 
articles and meta-analyses, several problems or pitfalls exist. 
Review articles often are not based upon a focused clinical 
question, might not include the criteria used by the authors in 
_/selecting the articles to include, might not assess the validity 
of the studies included, and can reflect subjective and inaccu- 
rate opinions of the authors.*° Potential problems with meta- 
analyses are summarized in Table 9-3 and should be kept in 
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mind when reading them. Oxman et al also published a read- 
er’s guide that can be consulted for further information about 
important questions to ask when using overviews.*° 

Studies have reported that discrepancies can exist between 
meta-analyses and subsequent large well-controlled tri- 
als.*°-4?:43 The results of meta-analyses were found to disagree 
10% to 35% of the time with subsequent large clinical tri- 
als.*”-4° It has been suggested that meta-analyses should be 
used primarily to generate hypotheses for further study in 
large controlled triais rather than to test hypotheses, and to 
help understand and predict discrepancies in the findings of 
different trials.29*° However, in the absence of definitive stud- 
ies, a well-performed meta-analysis can still provide guidance 
with regard to therapeutic recommendations. 

When searching the secondary information source MED- 
LINE, it is easy to identify and retrieve literature summaries 
by limiting the search to publication types such as review 
article or meta-analysis. Once these types of articles are re- 
trieved, however, the reader should also conduct a critical 
analysis of them. 


Internet Information 


The Internet is a ready source of up-to-date medical informa- 
tion. However, obtaining quality information via the Internet 
poses its own set of problems: virtually anyone can develop 
websites with any type of information they choose. A search of 
the World Wide Web to identify patient-oriented sites that 
provided advice on how to manage feverish children found that 
only 4 of 41 web pages assessed by the authors closely followed 
published recommendations in this area.** Thus, the quality of 
information found on the Internet must always be considered. 
Information based on systematic literature reviews can be 
found on some websites, such as Databases of Abstracts of 
Reviews of Effectiveness (DARE) (http://nhserd.york.ac.uk/) 
and the Cochrane Collection (http://www.cochrane.org/). 
Although there are currently no established criteria for as- 
sessing the quality of health information on the Internet, rat- 
ing instruments and criteria have been developed from a num- 
ber of different sources.” An example of suggested criteria for 
the evaluation of information on the Internet can be found 
at the Health Summit Working Group site (http://hitiweb. 
mitretek.org/hswg/). Interested readers should check this site 
and those listed by Jadad and Gagliardi for further informa- 
tion.” Wyatt also provides helpful guidelines for evaluating the 
reliability of websites as sources for clinical information.*® 
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CHAPTER 40 


Medical research and pharmaceutical research provide a basis 
for the development of new approaches to combat human dis- 
ease. This process of drug discovery research, which can be 
basic (seeking an understanding of biological phenomena that 
are unknown) or applied (using principals that are known to 
produce a desired new product or effect), generally results from 
a clinical need, a recognized deficit in treatment options. The 
outcome of a successful drug discovery program is the genera- 
tion of a therapeutic where none previously existed, or the 
replacement of established therapies in favor of a newer mo- 
dality that is safer and more effective.' 

The main function of the pharmaceutical industry is to 
create products—drugs, devices, or biologicals that have an 
impact on health care. Products of this type can be foreseen to 
some extent and are amenable to planned research and devel- 
opment (R&D). For example, if the cause of a disease has been 
identified as an infection by a microorganism, a search can be 
undertaken for an agent that will prevent or cure the infection. 
However, in some instances, the etiology of a disease is un- 
known in spite of intensive investigation. In the latter situa- 
tion, the pathway to a satisfactory cure or method of prevention 
cannot be foreseen or forecast. In such cases, products may be 
developed from careful investigations, from a revolutionary 
new approach, or from a serendipitous finding. 

Although much of the drug discovery in the United States is 
carried out by major pharmaceutical manufacturers and bio- 
technology companies, this research is dependent on the vast 
and growing background of scientific knowledge generated by 
diverse organizations. Universities, private institutes, govern- 
mental laboratories, and industrial research all play a signifi- 
cant role in developing new knowledge that provides the basis 
for discovery and the ultimate generation of a new product. 
This new knowledge may involve development of a new tech- 
nology, improved scientific methodology and instrumentation, 
or increased understanding of the basic molecular or cell biol- 
ogy underlying a disease. 

The major objective of research in the pharmaceutical in- 
dustry is to produce safe drugs that prevent, cure, or amelio- 
rate disease. Interim research goals that lead to this major 
objective include: 


e Understanding the molecular bases of biological mechanisms in 
health and disease. 

e Developing new biological testing procedures relevant to human 
medicine. 

e Developing a quantitative understanding of the interaction of drugs 
with key biological systems, leading to the more rational design of 
drugs. 

e Understanding the absorption, transport, and mode of action of 
drugs. 

e Developing drugs of low toxicity, reproducible delivery, and high 
specificity for a given pathological state. 


__ This chapter illustrates how drug discovery research can be 
used to develop new products that fulfill clinical needs. 


THE ROLE OF RESEARCH IN PHARMACY 
AND MEDICINE 


The search for medicine to treat human disease began with 
natural products. Up to the early part of the 20th century, 
pharmaceuticals derived almost entirely from natural products 
such as menthol, which was derived from peppermint and used 
for treating coughs and colds. The practice of gathering and 
preparing dried herbs was commonplace. Boneset tea reduced 
fevers, peppermint relieved an aching tooth or a colicky baby, 
and foxglove could revive a failing heart. Early challenges were 
to develop and manufacture drugs of uniform strength and 
quality, as the quality often varied with the raw materials or 
the skill of the pharmacist. 

Until World War I, most synthetic drugs and chemicals used 
in the United States were discovered and produced in Europe. 
When supplies were curtailed by the war, the impetus was 
provided for the establishment of an independent US chemical 
and pharmaceutical industry. Accordingly, production of chem- 
icals and drugs was undertaken, and was the stimulus for the 
development of industrial research. In the following years, 
the US pharmaceutical industry made major contributions 
through discovery and development of new drugs, and it as- 
sumed a place of leadership in the world. 

Toward the mid-20th century, chemical research on the 
isolation, identification, and synthesis of drugs began to yield 
many important drug substances. During this time the synthe- 
sis and manufacture of vitamins was a major focus of compa- 
nies such as Roche and Merck. Discovery and development of 
the sulfonamides, antibiotics, and other anti-infective agents 
dramatically reduced the death rates from a number of infec- 
tious diseases. Among the major drugs discovered and/or de- 
veloped in the United States during this period were insulin, 
sulfonamides, penicillin and broad-spectrum antibiotics, corti- 
sone and other steroid compounds, isoniazid for the treatment 
of tuberculosis, diuretics, and the tranquilizers. Principally 
through the use of drugs, the tuberculosis death rate between 
1945 and 1978 declined from 39 per 100,000 people to 1 per 
100,000 people. As a large proportion of the deaths from these 
diseases had occurred prior to adulthood, drugs allowed more 
individuals than ever before to mature and assume productive 
roles in society. 

A number of classes of drugs have marked effects on the 
quality of life without significantly affecting longevity. For 
example, compounds that control pain have always been nec- 
essary. The development of reliable oral contraceptive therapy 
made intelligent family planning possible. Tranquilizers and 
other central nervous system drugs made an important contri- 
bution to the treatment of mental illness and restoration to 
normal activities. 

Of the 1071 new single-chemical entities introduced as 
drugs in the US in the period 1940 to 1981, the US pharma- 
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ceutical industry was the origin for 681 (64%). Between 1975 
and 1989, 47 of the 97 new chemical entities introduced in the 
world were developed in the United States. Out of approxi- 
mately 40 therapeutic drug classes, anti-infective (191), cardio- 
vascular (85), hormone (88), and gastrointestinal (68) drugs 
accounted for more than 40% of the single-chemical entities. 


RESEARCH ORGANIZATIONS 


The pharmaceutical and biotechnology industries are leaders 
among all US industries in the support of R&D. The industry 
finances almost all (99%) of its R&D with its own funds; no 
other industry spends as high a percentage of R&D funds for 
basic and applied research. A significant portion of every sales 
dollar is devoted to drug research activities. For instance, US 
pharmaceutical companies over the years 1967 to 1980 devoted 
to R&D each year an average of more than 11% of their total 
US domestic sales revenues. By 1986, this figure approached 
15%. Beginning in 1970, R&D investment has doubled every 5 
years. In 1992 almost $11 billion was invested in R&D, repre- 
senting 16% of sales. Research expenses in the pharmaceutical 
industry have grown from $50 million in 1950, to $1.9 billion in 
1980, to $4.6 billion in 1986, to $11 billion in 1992. More than 
35,000 scientists and support personnel were involved in in- 
dustrial R&D activities in 1985, as compared with only 2000 
in 1940.” 

Technological advances have led to an explosion of small 
biotechnology companies that specialize in one or more steps in 
the pre-clinical and clinical processes. Often large pharmaceu- 
tical companies contract to the smaller outside companies as a 
way of extending their internal resources. The trend toward 
out-sourcing among large pharmaceuticals companies has led 
to the growth of many companies such as Covance, Lonza 
Biologics, and Gist-brocades/Bio-Intermediair (GbBI) that con- 
tract production of biopharmaceuticals.? 

The academic community continues to play a vital role in 
the development of new drugs. Its role includes, but is not 
limited to, research on a basic understanding of disease states, 
development of biochemical or physiological rationale for new- 
drug design, the initial evaluation of new drugs, and the train- 
ing of scientists. During the late 1980s and early 1990s, scien- 
tists at universities made many basic discoveries of enabling 
technologies, which led to the founding of many biotechnology 
companies. Examples of this are 


1. Ligand Pharmaceuticals, founded by Dr Ron Evans of the Salk 
Institute, which was based on the discovery of novel intracellular 
receptors, focusing on the identification of agonists and antagonists 
primarily of steroid hormone receptors. 

2. Vertex, founded by Dr Joshua Boger, using the structure-based 
design that relies on the high-resolution molecular image of the 
active site of a disease molecule. 

3. Pharmacopeia, founded by Drs Michael Wigler and Clark Still, a 
combinatorial chemistry company employing the basis of molecular 
diversity. 


Observations of clinicians have often lead to the discovery of 
new uses for drugs. Chlorpromazine, originally synthesized as 
an antihistamine, was found to be useful as a tranquilizer. The 
clinical use of this compound, and of other central nervous 
system (CNS) drugs, has resulted in a marked reduction in the 
number of the mentally ill needing hospitalization. 

Research in the academic community has been supported to 
a major extent by agencies of the US government, such as the 
Public Health Service (PHS), the National Institutes of Health 
(NIH), and the National Science Foundation (NSF). The phar- 
maceutical industry also contributes financial support to aca- 
demic laboratories where research of general or specific inter- 
est to the industry is conducted. Institutes established by 
government funds or private endowment, such as the Sloan- 
Kettering Institute, Shriner Children’s Hospitals, the National 
Institutes of Health, and the Centers for Disease Control, pur- 


sue basic and applied research in many fields related to the 
public health. Many hospitals also maintain research clinics 
and/or privately or publicly, endowed foundations to pursue 
causes and treatment of specific diseases, a related group of 
diseases, diseases endemic to a certain geographical area, or 
groups of diseases affecting a certain organ of the body. Be- 
cause research does not depend on the vending of items or 
services, it is not immediately self-supportive and necessarily 
must be supported by public as well as private funds. 

Interest in pharmacoepidemiological research has prompted 
the development and need for review criteria in this area. The 
Hartzema guide* makes use of case-controlled and cohort stud- 
ies as major methodologies in this field. Generally, the evalu- 
ation criteria for case-controlled and cohort studies address 
proper sample-frame definition, compatibility of cases and con- 
trols, drug-exposure validations, unintended-effect ascertain- 
ment procedures, and related considerations. Although these 
can be confusing, Hartzema provides interpretation of the sta- 
tistics used in reporting case-controlled and cohort studies and 
gives review criteria for meta-analysis, an approach to inte- 
grating the pharmacoepidemiological literature. 


THE SEARCH FOR NEW DRUGS 


Until the early 20th century, most useful drugs, such as mor- 
phine, quinine, digitalis, ergot, and atropine to name a few, 
were derived from plant sources, and their therapeutic uses 
were based on serendipitous discoveries. As the science of me- 
dicinal chemistry evolved, screening of natural products has 
become more methodical. Screening of natural products is 
based on the concept that evolution favors molecular conserva- 
tion. However, the future of natural products screening for 
drug discovery is presently limited by speed and compound 
diversity. 

In the mid-20th century, useful drugs were derived from 
natural products, chemical syntheses, or combinations of both 
sources. The approaches used to identify lead molecules that 
evolved to drugs covered the spectrum between molecular di- 
versity to rational design. Rational, or structure-based, drug 
design refers to a process that begins with a high-resolution 
map to the active site of a disease target. If one can obtain an 
x-ray crystal structure or a nuclear magnetic resonance image, 
then in concept medicinal and protein chemists can engineer 
molecules to fit the active site. Assuming the structure is 
known, this approach is appealing and has been successful 
in the field of human immunodeficiency virus (HIV) protease 
inhibitors. 

Structure-based design is not currently applicable to all 
classes of drug targets, however. Guanine nucleotide-coupled 
receptors (GPCRs), which have proven to be one of the most 
feasible classes of drug targets, intertwine between the extra- 
and intracellular surface seven times. Because of their archi- 
tecture in the lipid bilayer of the cell membrane, the structure 
of these “heptahelical receptors” has not been solved. 

The advent of combinatorial chemistry in the 1980s has 
greatly impacted drug discovery. This technology refers to the 
generation of libraries of diverse but related compounds. Com- 
binatorial chemistry was initially applied to amino acids and 
nucleotides by Affymax and NeXagen, respectively. Since then, 
several companies including Pharmacopeia, Houghton (Trega), 
Selectide, and Arqule have applied this technology to small 
molecules. Having large numbers of compounds in a combina- 
torial library increases the ability to cover diversity space; 
therefore, the likelihood that a compound will be identified as 
biologically active in a high-throughput screen (HTS) also in- 
creases. One of the primary impacts of combinatorial chemistry 
and its HTS counterpart has been to identify leads from chem- 
ical libraries more efficiently. Another source of lead molecules 
are natural products (Fig 10-1). 
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Figure 10-1. Sources of compounds for lead identification. 
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Natural Product Sources 


Organic chemists and biochemists derive natural products 
from plant and animal sources; in the latter category microbial 
and marine organisms often are considered separately from 
ordinary domestic animals. Digitalis glycosides—such as digi- 
talis and digoxin—derive from the foxglove plant and are pow- 
erful cardiac stimulants. The poppy plant has provided opium 
alkaloids (morphine, codeine) used in analgesia; and the bella- 
donna plant provided the belladonna alkaloids (atropine and 
scopolamine) used as parasympathetic blockers. In addition to 
the plant alkaloids mentioned earlier, some important natural 
products include antibiotics, steroid and peptide hormones, 
vitamins, enzymes, prostaglandins, and pheromones. 

Although serendipity plays a relatively large role in the 
search for natural products, rational biological inputs based on 
deficiency syndromes, replacement therapy, or known biologi- 
cal effects clearly influence the development of these drugs. 
Nutritionists, endocrinologists, pharmacologists, microbiolo- 
gists, biochemists, and physiologists all play a vital role in 
understanding the underlying biological mechanisms. Antibi- 
otics, steroids, and prostaglandins provided fertile new fields 
for chemical modification, leading, in all three cases, to drugs 
that are more useful than the parent compounds. Much re- 
search is being undertaken by the NIH on unique natural 
products that have anticancer properties. For example, Taxol 
(paclitaxel), which derives from the bark of a Pacific yew tree 
(Taxus brevifolia), was developed for the treatment of ovarian 
cancer and has spurred much joint research with Bristol-Myers 
Squibb. 


Chemical Libraries and Sample Collections 


Prior to the advent of combinatorial chemistry, organic chem- 
ists in the pharmaceutical industry synthesized new com- 
pounds one at a time. The collection of these compounds was 
not particularly diverse but led to hundreds of thousands of 
compounds in a company’s sample collection. Combinatorial 
chemistry has greatly increased the speed of synthesis of com- 
pounds leading to collections of millions. For example, at 
present Pharmacopeia has 4.5 million compounds. The explo- 
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sion in synthesis of chemical libraries necessitated more effi- 
cient testing of biological activity. 

Initial screening of thousands of compounds is accomplished 
rapidly by use of in vitro enzymatic or receptor screens. Typi- 
cally, several unique active lead compounds emerge, which are 
studied in a variety of secondary assays, either confirming or 
refuting the original hypothesis. 

The small molecular weight of compounds in a chemical 
library favors the chance of their oral availability. The rule of 
thumb that is applied for oral absorption across the gastroin- 
testinal tract is that a compound should be about 500 daltons. 
This is a critical feature, as 9 of the top-selling 10 drugs in 1995 
were orally active (Table 10-1). 

Whether a molecular diversity or rational design approach 
was followed to identify the lead molecule, drug discovery tends 
to proceed thereafter through an iterative process of chemical 
modification and biological testing. Teams of scientists improve 
the characteristics of their lead compound in an optimization 
process. If successful in building the appropriate characteris- 
tics, this process results in a drug candidate. 


FUNCTIONS OF RESEARCH SCIENTISTS 


The pharmaceutical industry is an outstanding example of 
successful collaboration between scientists of biological and 
physical sciences disciplines. Chemists and other physical sci- 
entists predominantly have been responsible for synthesis, iso- 
lation, and characterization of medicinal agents. However, bi- 
ological scientists have played an equally essential role in 
originating meaningful screening and testing models and in the 
overall evaluation of new agents. Qualified specialists in many 
fields—pharmacy, physics, statistics, chemistry, biology, engi- 
neering, pharmacology, physiology, medicine, and many oth- 
ers—take part in the tremendous research effort in pharma- 
ceuticals. Cooperation is a major feature of today’s scientific 
investigations. Multidisciplinary teams are essential in indus- 
trial research requiring collaboration and effective commu- 
nication as frequently a hundred or more scientists may be 
involved in discovering and developing a compound into a use- 
ful drug. 
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Table 10-1. The Top-Selling Drugs in 1995: Success of Small Molecules as Orally Active Therapeutics 


MOLECULAR ROUTE OF 1995 SALES 
DRUG COMPANY CLINICAL INDICATION STRUCTURAL TYPE WEIGHT ADMINISTRATION (BILLIONS $) 
Zantac Glaxo ulcer Small molecule Sil oral 2a 
Prozac Lilly depression Small molecule 346 oral 15 
Prilosec Astra ulcer Small molecule 345 oral 1.2 
Procardia Pfizer angina Small molecule 346 oral (at 
Epogen Amgen anemia Protein 30,400 intravenous 1.0 
Zoloft Pfizer depression Small molecule 343 oral 0.9 
Vasotec Merck hypertension Small molecule 494 oral 0.9 
Mevacor Merck hypercholesterolemia Small molecule 405 oral 0.9 
Cardizem MMD* hypertension Small molecule 451 oral 0.8 
Premarin AHP** menopause Small molecule 272 oral 0.7 


* Marion Merrell Dow. 
** American Home Products/Wyeth Ayerst. 


Some industrial research laboratories are organized accord- 
ing to scientific disciplines, such as departments of organic 
chemistry or pharmacology. Other companies may use a 
project-team style wherein chemists, biologists, and pharma- 
cologists are organized into a project unit for the purpose of 
discovering drugs useful for a particular disease state. Fre- 
quently the latter organizational approach is focused on ther- 
apeutic areas such as diseases of the cardiovascular, immu- 
nological, or central nervous systems. Irrespective of the 
organizational style, problems in drug discovery and development 
have become so complex that a multidisciplinary approach to 
research nearly always is used. For the sake of simplicity, this 
section will outline the functions of scientists with particular 
backgrounds who play leading roles in pharmaceutical research; 
however, the reader should understand that drug development is 
a cooperative venture among all scientists. 


Organic Chemistry 


As noted previously, organic chemists synthesize new drug 
candidates as well as isolate and characterize natural products, 
such as alkaloids. In each case, there is interest in the complex 
relationships between chemical structure and pharmacological 
action. These structure-activity-relationships, or SAR, are fun- 
damental to drug discovery. Once synthesized, compounds are 
evaluated for numerous types of biological and pharmacological 
action. Observation of interesting and repeatable biological 
activity opens pathways for additional chemical research effort 
in the expansion of the series and often leads to significant new 
medicinal products. Determination of the pharmacological ac- 
tivity of a compound is an involved process with very small 
changes in structure frequently yielding profound changes in 
the pharmacological effect. Many of the currently used anti- 
spasmodics, anticonvulsants, local anesthetics, non-narcotic 
analgesics, chemotherapeutic agents, and hypnotics have been 
products of this approach. 

Another research approach is to identify, isolate, and purify 
compounds from biologically active mixtures. The determina- 
tion of the structure of a biologically active molecule provides a 
twofold benefit to pharmacy and medicine. It makes possible 
research leading to synthesis and modification of the structure. 
Changes in structure usually are accompanied with changes in 
biological activity, and occasionally vast improvement is ac- 
complished. For example, our present knowledge of adrenal 
corticosteroids began with the study of the various components 
in an extract of the adrenal cortex. The components were char- 
acterized structurally and biological activities were assessed. 
Eventually, cortisone was synthesized from bile acids. Today, 
some synthetic analogs of cortisone are available that are su- 
perior therapeutically to the naturally occurring steroids. 

A second example comes from the tetracyclines, a clinically 
important group of antibiotics. The first of these, 7-chlorotet- 
racycline, was isolated in 1948 from Streptomyces aureofaciens. 


Shortly thereafter, a group of scientists isolated 5-hydroxytet- 
racycline from Streptomyces rimosus and in 1953 its structure 
was established. Once the chemical structure of this antibiotic 
was known, the way was opened for systematic variation of the 
basic nucleus to obtain new drugs with improved properties. 
Specifically, the catalytic removal of chlorine from 7-chlorotet- 
racycline gave tetracycline itself, which proved to be superior to 
either of the above-mentioned antibiotics, and has replaced 
them to a large extent. Although tetracycline subsequently has 
been isolated from a Streptomyces species, this useful antibiotic 
is prepared more readily by the semisynthetic method. 

Studies on the structure and synthesis of penicillins led to 
the development of the semisynthetic penicillins and later to 
cephalosporins and monobactams. These new compounds have 
made possible major improvements in antibiotic therapy. Total 
synthesis is made possible by knowledge of chemical structures 
and, in many instances, is important economically in reducing 
the cost of the drug. Chloramphenicol, which can be obtained 
from cultures of Streptomyces venezuelae, combats bacteria- 
produced typhoid dysentery and Rocky Mountain spotted fever. 
A commercially feasible chemical synthesis has replaced the 
fermentation process for production of the antibiotic. 

Many of the water-soluble vitamins are produced commer- 
cially in large amounts by chemical synthesis. 


Microbiology 


Since the discovery and development of penicillin during World 
War II, the search for new antibiotics among the metabolic 
products of microorganisms has constituted a major research 
effort in the pharmaceutical industry. The proven clinical use- 
fulness of antibiotics in treating many bacterial infections has 
fully justified this effort. Microbiologists have searched among 
a wide variety of fungi and bacteria looking for antibiotic sub- 
stances. In this search, microorganisms from plant tissues, 
animal sources, the sea, many types of soil, and from many 
other ecological niches have been examined. More than 1000 
antibiotic substances have been detected and at least partially 
characterized. A combination of microbiological and chemical 
methods is required to distinguish the new antibiotics from the 
host of older ones that already have been discovered. 

After a culture has been found to produce a new antibiotic, 
microbiologists then turn their attention to the biosynthesis of 
the compound, seeking to improve yields in order to produce 
quantities of the compound for testing and evaluation. An effort 
also is made to understand biosynthetic pathways, improve 
yields further, and facilitate the biosynthetic production of the 
isotope-labeled antibiotic for pharmacological and toxicological 
evaluation. 

New antibiotics are being evaluated for application in an 
increasing number of disease conditions. Tests are conducted to 
determine activity of new antibiotics against a variety of 
yeasts, molds, and protozoa, as well as against normal and 


antibiotic-resistant bacterial pathogens. The antibacterial 
drugs have contributed to major advances in the control of 
bacterial and other microbial diseases. However, impetus 
for continued research is provided by problems of drug resis- 
tance, patient sensitivity, and the inability to control certain 
infections. 

Microbiologists are concerned not only with the microorgan- 
isms that produce antibiotics, but also with the microbial 
pathogens that the antibiotics are expected to control. The 
mode of transmission of disease and the pathogenicity, viru- 
lence, and invasiveness of the infectious microorganisms are 
under investigation. A serious problem in drug resistance in- 
volves the transfer of drug resistance among gram-negative 
bacteria by means of an episome bearing one or more antibiotic 
resistance factors. Agents that prevent the emergence of the 
resistance factor, or that prevent its transfer, have been 
sought. Current research is being directed toward agents that 
enhance host resistance. 

Integration of microbiological research and organic chemi- 
cal research resulted in the production of a series of semisyn- 
thetic penicillins and cephalosporins. These antibiotics are 
chemically modified derivatives of biosynthetically produced 
antibiotics, which possess improved spectra of action or other 
advantageous chemical and biological properties. 


Biochemistry and Cell Biology 


Research in biochemistry and cell biology includes investi- 
gations of specific action of substances affecting cellular pro- 
cesses—the mode of action of biologically active compounds. 
Biochemistry and cell biology are focused on understanding the 
underlying biochemical and cellular processes that are in- 
volved in the wonderfully complex mechanism of living things: 
the signal transduction processes, the energy-yielding systems, 
and the synthetic systems for generation of proteins, nucleic 
acids, and other macromolecules. Normal cellular communica- 
tion and metabolic patterns are determined, and efforts are 
made to define the abnormal conditions that occur in various 
disease states. Biochemists also are involved in the isolation, 
purification, and characterization of small and large biologi- 
cally active molecules. 

The increasing sophistication of research demands that an 
understanding of the molecular bases of diseases emerge as a 
primary goal. This knowledge has strongly influenced both the 
methodology of testing new drugs and the choice or design of 
compounds to be tested. Targets—the molecular locations 
where drugs act—are identified, isolated, and characterized. 
Usually this involves the cloning and expression of the target 
from human tissue as well as from various other species that 
may serve as model systems in drug testing. Some of the 
receptor systems for which drugs have been developed include 
those for catecholamines, opiates and steroids, and various 
peptide hormones like bradykinin, angiotensin II, and endothe- 
lin. The discovery of the enkephalins, natural brain polypep- 
tides that bind the opiate receptor, has opened new horizons in 
CNS pharmacology. This information has been useful in ac- 
quiring new knowledge of the interaction between drugs and 
their receptor sites and in understanding the requirements for 
specific spatial orientation of essential structural features of 
drugs. Drug design also makes provision for those characteris- 
tics that will assure absorption, transport to the receptor site 
and elimination of the therapeutic agent. 

Biochemists and cell biologists develop the biomedical ratio- 
nale to guide medicinal chemists in the design of drugs that are 
more selective for specific aspects of disease. For example, 
knowledge of the structure and biochemical function of coen- 
zymes stimulated chemists to synthesize a large number of 
analogs of coenzymes, some of which have proven to be useful 
compounds in the chemotherapy of cancer. 

Increasing emphasis is being placed on studies of enzymatic 
processes such as those related to the biosynthesis of choles- 
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terol, fatty acids, and triglycerides; regulation and control of 
protein and nucleic acid synthesis; absorption processes; and 
biochemical mechanisms in central nervous processes and isch- 
emia. The significance of elevated blood levels of cholesterol 
and certain other lipids in atherosclerosis has focused attention 
on drugs affecting cholesterol metabolism. Several of these 
drugs, such as pravastatin (Pravachol) from Bristol-Myers 
Squibb, are now available. These drugs have had a drama- 
tic impact in reducing serum cholesterol, and more may be 
expected. 

Acute problems associated with atherosclerosis often are 
caused by thrombi. Current antithrombolytic approaches are 
directed at inhibiting platelet aggregation through warfarin 
(Coumadin); heparins; aspirin; Integrilin (eptifibatide) or 
ReoPro (abciximab)—inhibitors of gpllIb/IIla; or ticlopidine. 
The direct inhibition of the clotting enzyme, thrombin is also a 
drug target. This approach involves the investigation of throm- 
bin receptor inhibition. Enzymes that are capable of dissolving 
a recently formed blood clot, such as streptokinase, tissue plas- 
minogen activator (tPA), and urokinase, have been approved 
and are useful under specific primary care circumstances. 

Major advances have been made in the field of gastrointes- 
tinal physiology; many new gastrointestinal polypeptide hor- 
mones have been isolated and characterized, and their primary 
functions have been determined. Evidence for many years 
pointed to the existence of gastric receptors for histamine in 
addition to the vascular receptors. Recently, new drugs have 
been designed to block specifically the H, receptor and have 
been very successful in the treatment of peptic ulcer. 

Molecular biological research has impacted many areas of 
drug discovery. Of note is the use of recombinant expression as 
a source of scarce or valuable human proteins such as growth 
hormone, antibodies, interferon, and insulin. 

A major objective of biological research is the design of 
satisfactory model systems in animals, cell culture, and other 
innovative means to give reliable predictions of the safety and 
efficacy of new drugs in humans. Reduction in the numbers 
of animals used in drug research also has been a priority 
in the industry. Tests for biological activity at the molecular 
target are done first in vitro, only after which animal tests 
using standardized, controlled experimental infections are 
conducted. 


Virology and Immunology 


The search for antiviral agents, which has depended on the 
development of methodology for propagation and assaying of 
viruses in tissue culture, has led to more precise procedures of 
testing compounds for antiviral activity. Tissue-culture tech- 
niques have made possible the production of large quantities of 
viruses for vaccine manufacture. New and improved vaccines 
represent a major objective of biologic research. New separa- 
tion methods developed in biochemistry and physical chemistry 
have been applied to the isolation and purification of viruses, 
and have led to preparation of highly purified and concentrated 
vaccines. Such vaccines are more effective and produce mark- 
edly fewer side effects. 

The discovery of HIV and its epidemiological implications 
has opened new avenues of research to develop suitable ther- 
apies. The discovery that chemokines and chemokine receptors 
are involved as co-receptors for HIV defined new pharmaceu- 
tical strategies toward small-molecule drug discovery. One can 
expect progress in this area in the next several years. 

Recent immunological research has focused attention on a 
number of important diseases with an autoimmune component 
such as arthritis and multiple sclerosis. For these diseases, 
suppression of immune phenomena or induction of immune 
tolerance may be of great importance. A more detailed knowl- 
edge of the molecular basis of B and T differentiation, signal 
transduction, and chemotaxis has permitted a search for drugs 
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that either enhance or inhibit these immune responses. In 
addition, a clearer picture of the molecular basis of allergy, the 
role of eosinophils, cytokine activation, and chemokines such as 
eotaxin has heightened the probability that additional drugs 
will be found to alleviate allergic reactions. 

Immunological research also has been directed toward can- 
cer. The existence of tumor-specific antigens in both virus- and 
chemical-induced tumors, as well as new evidence for host 
reactions to the tumor, increase the possibility of useful immu- 
nological approaches to cancer. One of the most important 
developments in the past decade has been the isolation and 
production of monoclonal antibodies. These agents can be used 
to identify tumor-specific antigens and thus serve as powerful 
in vitro diagnostic and therapeutic tools. The technique can be 
applied to other antigens as well. These substances are being 
developed as carrier systems for drugs by virtue of their ability 
to deliver the antibody-drug complex directly to the antigen- 
producing cell or tissue. 


Pharmacology 


The role of pharmacological research in drug discovery has 
greatly evolved in recent years. Traditionally, pharmacology 
contributed in several areas: 


1. The design and operation of model systems for detecting and eval- 
uating the activity of compounds. 

2. Determination of the dosage, toxicity, mode of action, metabolism, 
and fate of a drug candidate in the body. 


More recently, the molecular pharmacologist is involved in 
the discovery and validation of new targets for drug discovery, 
as well as the generation of new assays, both in vitro and in 
vivo. Whereas intact animals, whole organs, and isolated 
tissues tended to be used 5 years ago, purified or recom- 
binant enzyme and receptor systems are used in modern 
pharmacology. 

Classic pharmacological methods have evolved to more au- 
tomated and molecular oriented methods. Potent new drugs 
are examined for specificity against other target molecules, a 
means of reducing side effects in individuals. The physician 
and clinical pharmacologist work together to set the starting 
points for dosing drugs with minimal side effects and to mon- 
itor what form of toxicity might appear, or what conditions in 
the patient would contraindicate use of the drug. 

Pharmacokinetics is the study of drug absorption, distribu- 
tion, metabolism, and excretion. Rational drug therapy re- 
quires a thorough knowledge of the kinetics of these processes 
after intravenous and/or oral administration of the drug. Initial 
studies in animals often are performed with radioactive forms 
of the drug to determine the amounts of drug and its metabo- 
lites that appear in blood, urine, and tissues. Animal models 
can be used to determine the manner in which a living organ- 
ism assimilates a drug; however, human pharmacokinetic 
studies are essential to determine the fate of the compound in 
man: is it accumulated in specific organs, is it excreted into bile 
or urine, and is it metabolized? 

To determine the concentration of drugs in biological fluids 
or tissues requires special separation techniques as well as 
sensitive, accurate, and precise instrumental measurements. 
Accurate quantitation and identification of the drug and its 
metabolites often require the use of chromatographic tech- 
niques coupled with the mass spectrometry. These sensitive 
LC/MS methods provide powerful data on early drug can- 
didate molecules that influence the direction of new chemical 
synthesis. 


Toxicology 


To be certain that a new drug is safe, detailed studies are made 
of the effects of varying doses and prolonged administration of 


that drug. The pharmacologist provides acute toxicity data; 
however, the toxicologist then must refine the acute toxicity 
measurement in laboratory animals and begin subacute and 
chronic studies. The latter are conducted in a variety of species, 
at several dosage levels of the drug and over periods of time 
ranging up to 30 months. During the test period, animals are 
observed carefully for all adverse symptoms. At the end of this 
period, and occasionally during its progress, the animals are 
killed, and their vital tissues (such as liver, heart, kidney, 
intestine, or brain) are removed and studied grossly and mi- 
croscopically by a pathologist. 

In addition to gross and microscopic pathology, biochemical 
and physiological responses are measured as an indication of 
liver function, kidney function, or endocrine function. During 
recent years, metabolic investigations have become more so- 
phisticated and have been brought to bear on the comparative 
effects of drugs on various animals and on humans. In some 
instances, the metabolism of drugs or the therapeutic effects of 
drugs vary from species to species. Such variability can be the 
basis for differences in toxicity as well as differences in efficacy. 
For these reasons, increasing emphasis is being given to stud- 
ies of comparative metabolism in man and animals to deter- 
mine which laboratory animal handles the drug in a manner 
similar to humans. Selection of that species for extensive tox- 
icity testing increases confidence that the toxic reactions that 
may occur in man will have been predicted by the animal tests. 

Reproductive studies to determine the potential effects of 
the new drug on the reproductive processes and on subsequent 
generations are performed. Teratological studies are done to 
determine whether the new drug affects the fetus. Special 
toxicity tests have been designed to detect specific toxic reac- 
tions, such as nerve damage resulting in hearing loss. 

Carcinogenicity trials, which are lifelong studies in animals 
carried out at doses approximating the maximum (tolerated) 
human dose, provide evidence of a new drug’s ability to poten- 
tially produce human cancer. Several newer methods of toxicity 
are evolving in the biotech industry using gene activation 
methodology whereby one can evaluate if a candidate drug is 
transcriptionally active at a number of genes involved in liver 
metabolism or stress responses. These methods are likely to 
transform toxicological testing in the future. 

In 1992 a global effort aimed at establishing uniform stan- 
dards for toxicology testing of new drugs began, under the 
auspices of the International Conference on Harmonization 
(ICH). Guidelines were published on toxicology testing in late 
1992 for drugs. Biologicals were not covered by those guide- 
lines. Product-specific toxicology programs normally are re- 
quired for biologicals. Toxicological studies are assuming in- 
creasing importance in the world of pharmacy and medicine. As 
knowledge and skills increase, and ability to measure toxic 
reactions improves, the greater safety and efficacy of new drugs 
may be ensured. 

During the 1990s significant progress has been achieved in 
the concept of replacing animals in toxicology/safety assess- 
ment with numerous in vitro systems. These are attempts to 
reduce the number of animals used and to refine the manner in 
which they are used. A review of annual reports of testing in 
the United States, United Kingdom, and Japan showed that 
the number of animals used was being reduced continuously for 
all species.” Overall, multiple in vitro systems have been de- 
veloped for screening and testing and for eye and skin irrita- 
tion, skin sensitization, teratology, and other endpoints; and a 
scientific consensus has been reached on requirements and 
processes for validation. However, it should be noted that the 
use of these newer test systems in place of existing in vivo tests 
is not yet a reality. Much progress and dialog has continued in 
the decade of the 1990s on modification of both US and inter- 
national requirements and guidelines for testing, and for de- 
fining an approval process for alternatives and innovations. 


Physical Chemistry 


Modern research in pharmacy and medicine is supported and 
expedited by instrumentation. Modern instruments make pos- 
sible the rapid and accurate measurement of physical and 
chemical properties of molecules. Separation and characteriza- 
tion of molecules are sometimes possible today in a matter of 
hours or days; only a decade or two ago, such work often 
required days, weeks, or even months. Examples of specialized 
physicochemical and computational methods that are applica- 
ble to structural research are electron microscopy, nuclear 
magnetic resonance (NMR) spectroscopy, and crystallography. 

NMR spectra identify chemical groups and indicate the na- 
ture of neighboring chemical groups in the molecule. Mass 
spectrometry permits determination of the molecular weight 
and empiric formula of an organic molecule, and of the major 
fragments of the molecule. With this information, it is often 
possible to deduce the entire structure of a molecule rapidly 
and precisely. X-ray crystallographic analysis enables the 
physical chemist to determine the precise position of each atom 
of a molecule as it exists in the crystalline form. Structures of 
both the drug target and a potential drug in the active site of an 
enzyme have been critical to the discovery of HIV protease 
inhibitors. 

Physicochemical studies are directed at the chemical groups 
and stereochemical configuration of biologically active mole- 
cules; these studies can describe molecules in terms of energy 
and electron distributions, and approximate the influence of 
the chemical environment on these distributions. The spatial 
and electronic conformation of drugs and the changes in con- 
formation that occur in various environments govern the ab- 
sorption, transport, distribution, and reaction with the receptor 
site. If description of molecules in these functional terms is 
achieved, correlation of electronic structure with function may 
be possible, and the design of safer, specific, and more effective 
drugs on a rational basis may occur. 


information Science 


The information sciences (IS) have spearheaded a great 
amount of data generation, assimilation, and scientific commu- 
nication. IS departments are now commonplace in academic, 
government, and industrial settings. The amount and sophis- 
tication of chemical and biological information has led to the 
critical role of bench-top and desktop computers in assimilating 
data. Computer-assisted chemistry, computer graphics, and 
relational databases have added a new dimension in structure 
and activity relationships. The computer-based monitoring and 
analysis of animal studies is routine. On-line signal processing 
allows investigators to interact more fully with their experi- 
ments. Computer-assisted automation permits collection of 
more data, with a resulting increase in accuracy; sophisticated 
software packages are available commercially or may be devel- 
oped in-house. 

Communication between scientists and the literature also 
has evolved with the explosion of IS technologies and access to 
the Internet. Attention and access to the scientific and patent 
literature has accelerated. Formerly, the individual scientist 
subscribed personally to a few journals and depended on a 
scientific library for coverage of additional new scientific find- 
ings. With the tremendous growth of the scientific and patent 
literature and the emergence of interdisciplinary investiga- 
tions, desktop searches are conducted by individual scientists 
to stay abreast of the literature. Personal perusal of literature 
‘is still important; however, increasing use is being made of 
- various kinds of alerting services and facilities, many of them 
computer-based, for retrieval or retrospective search of perti- 
nent information. 
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DRUG DEVELOPMENT 


Before a new drug candidate can proceed to toxicological or 
clinical evaluation, considerable analytical chemical develop- 
ment is required to lay the groundwork for subsequent quality 
control and stability studies. Drug standards are established 
and analytical methods for the bulk drug and the proposed final 
product are devised. Tentative chemical, physical, and biolog- 
ical specifications of the candidate drug are established. Simul- 
taneously with analytical development, pharmaceutical chem- 
ists begin formulation studies toward the goal of a stable, 
highly acceptable product that delivers the correct amount of 
drug in a reproducible, effective manner. Sometimes a new 
drug must be modified chemically via esterification to a pro- 
drug in order to provide a form that is pharmaceutically ac- 
ceptable and effective. Accelerated and long-term stability 
studies are started to estimate the conditions in which the 
product will be stable. 

If a compound has desirable activity in an experimental 
testing system, and appears to be safe upon toxicological ex- 
amination, it becomes a candidate for clinical trial. Two addi- 
tional tasks must be accomplished before a clinical trial can be 
undertaken. First, the drug candidate must be in a suitable, 
stable dosage form, and the candidate compound must be avail- 
able for absorption and transport to the site of action. The 
stabilization of a drug candidate must preclude physical or 
chemical change (discoloration, precipitation, or decomposi- 
tion). These components, or excipients, must often meet the 
standards outlined in the US Pharmacopeia/National Formu- 
lary (USP/NF), European pharmacopeias, or other national 
compendia. Because of the many physical forms in which phar- 
maceuticals are presented, the research necessary is broad in 
scope, and not only involves the principles of physical phar- 
macy but also requires the application of principles from the 
allied fields of chemistry and biology. 

The second task at this stage is to file an Investigational 
New Drug (IND) application with the FDA. The IND is, in fact, 
a document that gives a full description of the new drug, where 
and how it is manufactured, all quality control information and 
standards, stability, analytical methods, pharmacology, toxi- 
cology, documentation of efficacy in animals, and the physi- 
cians (and their qualifications) who will be doing the clinical 
studies with complete protocols of the proposed clinical studies. 

A new drug is administered to humans for the first time by 
a physician or clinical pharmacologist. These Phase I studies 
are carried out most often in healthy male volunteers in order 
to study the safety and pharmacokinetics of a new drug. The 
first trial of a drug in humans is done with great caution and on 
a very limited basis. 

When dosing limits have been established and are found 
acceptable, the drug made is available to a larger number of 
practicing specialists for the Phase II study, which principally 
is concerned with the determination of safety and efficacy in 
patients having the primary disease for which the drug is to be 
tested. The minimum effective dose, the maximum tolerated 
dose, and the dose response (intermediate doses) also must be 
determined. If, after Phase II, the drug still looks promising, it 
is distributed more widely to selected practicing physicians in 
the Phase III study. The purpose of the Phase III stage is to 
secure data from a larger number of patients on efficacy and 
incidence of side effects. 

Finally, before the new drug can be marketed, a New Drug 
Application (NDA) is filed with the FDA and approval obtained. 
The NDA contains most of the information included in the IND, 
revised and updated, as well as all the results of the clinical 
studies proving safety and efficacy. Most all clinical, labora- 
tory, and patient history data are processed on computers. 
These medical data are updated in computerized retrieval sys- 
tems and are designed to provide timely information during the 
FDA review. These systems also provide an additional infor- 
mation resource for premarketing and postmarketing queries. 
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Only after FDA approval of the NDA can distribution and 
marketing of the new drug begin. 

Depending on the nature of the disease, and the clinical 
endpoints that are monitored, some drugs require long-ranging 
and expensive clinical trials. Some trials by necessity monitor 
mortality rates. Clinical trials are carefully designed with the 
input of statisticians to determine numbers of patients and 
duration of the studies. Trials can cost from $10 million to $100 
million or more over multi-year periods, and they demand 
careful monitoring throughout. 

The clinical research effort on a new drug represents the 
culmination of many years of effort by large numbers of scien- 
tists of many disciplines and skills. It is the proving ground 
where the intelligence, creativity, and perseverance of labora- 
tory researchers come to fruition. Of the candidate drugs that 
come to clinical research, only a few survive as safe and effica- 
cious and are added to the portfolio of therapeutics. 
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The first technical operation that the student of pharmacy 
must learn is the manipulation of balances, weights, and mea- 
sures of volume. This entails a study of the various systems of 
weights and measures, their relationships, and a mastery of 
the mathematics involved. This chapter considers the funda- 
mental principles of metrology underlying the testing, manu- 
facturing, and compounding of pharmaceutical preparations: 


Weights and Measures—An accumulation of facts concerning 
the various systems, with tables of conversion factors and 
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Weight is a measure of the gravitational force acting on a body; 
weight is directly proportional to the body’s mass. The latter, 
being a constant based on inertia, never varies, whereas weight 
varies slightly with latitude, altitude, temperature, and pres- 
sure. The effect of these factors usually is not considered unless 
very precise weighings and large quantities are involved. 

Measure is the determination of the volume or extent of a 
body. Temperature and pressure have a pronounced effect, 
especially on gases or liquids. These factors, therefore, are 
considered when making precise measurements. 

All standard weights and measures in the US are derived from 
or based on the United States National Prototype Standards of 
the Meter and the Kilogram. The standards are made of plati- 
num-iridium, and are in the custody of the National Institute of 
Standards and Technology (NIST) in Washington, DC. 


History 


A brief outline of the origin of the many systems of weights and 
measures may help clarify the essential distinctions between 
them. The sense of the weight of a body cannot be conveyed 
intelligibly to the mind unless a means of comparison is chosen. 
As weight is the measure of the gravitational force of a body, 
this force is expressed in terms of standards of resistance, 
which exactly balance the body and keep it in equilibrium when 
used with a mechanical device constructed for this specific 
purpose. Such standards are termed weights and the mechan- 
ical devices are called balances or scales. 

The standards that have been chosen by various nations are 
arbitrary, and instances are common where different standards 
are in use at the same time in the same country. Many of the 
ancient standards clearly are referable to variable parts of the 
human body, such as nail, foot, span, pace, cubit (length of 
the forearm), and fathom or faethm (stretch of the arms). In 
the history of metrology three periods may be traced: 
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practical equivalents. The relationships among the various 
systems of weights and measures are clarified. 

Weighing and Measuring—A discussion of the various types of 
balances, particularly prescription balances and methods of using, 
testing, and protecting them; also of various devices and methods 
of their use for measuring large or small volumes of fluids. 
Density and Specific Gravity—A consideration of the mass/ 
volume ratio of a substance (density), and the ratio of the weight 
(mass) of one substance to the weight (mass) of another substance 
taken as the standard (specific gravity). 


1. The Ancient period, during which the old classical standards orig- 
inated, terminated with the decline of the Roman Empire. The unit 
of distance used by all nations for maritime measurements, the 
nautical or meridian mile (1/60 of a degree of the earth’s equatorial 
circumference) is exactly equal to 1000 Egyptian fathoms or 4000 
Egyptian cubits. These Egyptian measurements, which have per- 
sisted for more than 4000 years, were based on astronomical or 
meridian measurements that were recorded imperishably in the 
great Pyramid at Ghizeh, whose perimeter is exactly 500 of these 
fathoms, or % nautical mile. 

2. The Medieval period extended to the 16th century. During this 
period the old standards were lost, but their names were preserved, 
and European nations adopted various independent standards. 

3. The Modern period extends from the 16th century to the present. 
Since the 17th century, the efforts of most enlightened nations have 
been directed toward scientific accuracy and simplicity, and during 
the present century toward international uniformity. 


Historical metrology, also referred to as documentary metrol- 
ogy, is concerned with the study of monuments and records of 
ancient periods. Inductive metrology is concerned with the ac- 
cumulation of data concerning the measurement of large num- 
bers of objects that have been referred to as standards but 
which have no exact measure except by statutory regulation. 

THE ENGLISH SYSTEMS—In Great Britain, in 1266, the 
51st Act of the reign of Henry III declared 


“that by the consent of the whole realm of England the measure 
of the King was made—that is to say, that an English silver 
penny called the sterling, round and without clipping, shall 
weigh thirty-two grains of wheat, well dried and gathered out of 
the middle of the ear; and twenty pence (pennyweights) do make 
an ounce and twelve ounces a pound, and eight pounds do make 
a gallon of wine, and eight wine gallons do make a bushel, which 
is the eighth of a quarter.” 


The 16-ounce pound (avoirdupois pound), undoubtedly of Ro- 
man origin, was introduced at the time of the first civilization 
of the British island. However, according to Gray, the word 
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haberdepois was first used in English laws in 1303. A statute of 
Edward I (1304 ap) states “that every pound of money or of 
medicines is of twenty shillings weight, but the pound of all other 
things is twenty-five shillings weight. The ounce of medicines 
consists of twenty pence, and the pound contains twelve ounces 
[the Troy Pound], but in other things the pound contains fifteen 
ounces, in both cases the ounce weighing twenty pence.” 

These laws unfold the theory of the ancient weights and 
measures of Great Britain, and reveal the standards, ie, a 
natural object, grains of wheat. A difference existed then be- 
tween the Troy and the avoirdupois pound, but the weights now 
in use are 1/16 heavier than those of Edward I, due to the 
change subsequently made in the value of the coin by the 
sovereign. In addition, the true pennyweight standard was lost, 
and, in the next revision of the weights and measures, the 
present troy and avoirdupois standards were adopted. 

The troy weight is of still earlier origin. The great fairs of the 
8th and 9th centuries were held at several French cities, in- 
cluding Troyes, the gathering place of traders from all coun- 
tries. Coins frequently were mutilated, so they were sold by 
weight, and the standard weight of Troyes for selling coin was 
adopted for precious metals and medicines in all parts of Eu- 
rope. The troy ounce and the avoirdupois ounce originally were 
intended to have the same weight, but after the revision it was 
found that the avoirdupois ounce was lighter by 42% er 
(grains) than the troy ounce. The subsequent adoption of troy 
weight by the London College of Physicians in 1618, on the 
recommendation of Sir Theodore Turquet de la Mayerne who 
compiled their first pharmacopoeia, has entailed upon all 
apothecaries who are governed by British customs to this day 
the very great inconvenience of buying and selling medicines by 
one system of weights (the avoirdupois) and compounding them 
by another (the apothecary or troy). 

In the next century efforts were made toward reforming the 
standards, and in 1736 the Royal Society began the work that 
ended in the preparation, by Mr Bird under the direction of the 
House of Commons, of the standard yard and standard pound 
troy in 1760. Copies of these were prepared and no intentional 
deviation has been made since. 

The growing popularity of the French metric system—and 
the desirability of securing a standard that could be recovered 
easily in case of loss or destruction, and that should be com- 
mensurable with a simple unit—prompted steps in England to 
secure these advantages in 1816. The labors of English scien- 
tists led to the adoption of the imperial measures and stan- 
dards, which were legalized January 1, 1826; imperial stan- 
dards are now in use in Great Britain, thus introducing 
another element of confusion into an already complicated sub- 
ject. In this system the yard is equivalent to 36 inches, and its 
length was determined by comparison with a pendulum beat- 
ing seconds of mean time, in a vacuum, at the temperature of 
62°F at the level of the sea in the latitude of London, a length 
that was found to be 39.1393 inches. The pound troy (contain- 
ing 5760 gr) was determined by comparison with a given mea- 
sure of distilled water under specified conditions. Thus, a cubic 
inch of distilled water was weighed with brass weights in air at 
62°F, the barometer at 30 inches, and it weighed 252.458 gr. 
The standard for measures of capacity in Great Britain (either 
dry or liquid) is the imperial gallon, which contains 10 lb avoir 
(each 7000 gr) of distilled water weighed in air at 62°F, the 
barometer standing at 30 inches. The bushel contains 8 such 
gallons. 

Washington, in his first annual message to Congress, Jan- 
uary 1790, recommended the establishment of uniformity in 
currency, weights, and measures. Action was taken with refer- 
ence to the currency, and recommendations were made by 
Jefferson, then the Secretary of State, for the adoption of either 
the currently used English systems or a decimal system. How- 
ever, nothing was accomplished until 1819 to 1820, when ef- 
forts again were made in the US to secure uniformity in the 
standards that were in use by the several states. Finally, after 
a lengthy investigation, on June 14, 1836, the Secretary of the 


Treasury was directed by Congress to furnish each state in the 
Union with a complete set of the revised standards, and thus 
the troy pound (5760 gr), the: avoirdupois pound (7000 gr), and 
the yard (36 inches) are all identical with the British stan- 
dards. However, the US gallon is quite different; the old wine 
gallon of 231 cu inches—containing 58,372.2 gr of distilled 
water at its maximum density, weighed in air at 62°F, the 
barometer standing at 30 inches—was retained. The bushel 
contained 77.274 lb of water under the same conditions, thus 
making the dry quart about 16% greater in volume than the 
liquid quart. 

In 1864 the use of the metric measures was legalized in 
Great Britain, but was not made compulsory, and in 1866 the 
US followed the same course. By the US law of July 28, 1866, 
all lengths, areas, and cubic measures are derived from the 
international meter equivalent to 39.37 inches. Since 1893 the 
US Office of Standard Weights and Measures has been autho- 
rized to derive the yard from the meter: 1 yard equals 3600/ 
3937 m, and the customary weights are referred to the kilo- 
gram by an Executive order approved April 5, 1893. Capacities 
were to be based on the equivalent; 1 dm? equals 1 liter, the 
decimeter being equal to 3.937 inches. The gallon still remains 
at 231 inch? and the bushel contains 2150.42 inch®. This makes 
the liquid quart equal to 0.946 liter and the dry quart equal to 
1.1013 liter, whereas the imperial quart is 1.1359 liter. The 
customary weights are derived from the international kilo- 
gram, based on the value that 1 avoir lb equals 453.5924277 g 
and that 5760/7000 avoir lb equals 1 troy lb. 

Avoirdupois weight is used in general in the US for com- 
mercial purposes, including the buying and selling of drugs on 
a large scale and occasionally on prescription orders. 

THE METRIC SYSTEM—tThe idea of adopting a scientific 
standard for the basis of metrology that could be reverified 
accurately was suggested by a number of individuals after the 
Renaissance. Jean Picard, the 17th-century French astrono- 
mer, proposed to take as a unit the length of a pendulum 
beating 1 sec of time at sea level, at latitude 45°. 

In 1783, the English inventor James Watt first suggested 
the application of decimal notation, and the commensurability 
of weight, length, and volume. The French National Assembly 
in 1790 appointed a committee to decide the preferability of the 
pendulum standard or a terrestrial measure of some kind as a 
basis for the new system. The committee reported in 1791 in 
favor of the latter, and commissions were appointed to measure 
an arc of meridian and to perfect the details of the commensu- 
rability of the units and of nomenclature. However, certain 
inaccuracies were inherent in the early standards, so they do 
not bear to each other the intended exact relationships. The 
present accepted standards are defined in publications of the 
NIST. 


In its original conception the meter was the fundamental unit of the 
metric system, and all units of length and capacity were to be derived 
directly from the meter, which was intended to be equal to one ten- 
millionth of the earth’s quadrant. Furthermore, it originally was 
planned that the unit of mass, the kilogram, should be identical with 
the mass of a cubic decimeter of water at its maximum density. At 
present, however, the units of length and mass are defined indepen- 
dently of these conceptions. 

For all practical purposes calibration of length standards in indus- 
try and scientific laboratories is accomplished by comparison with the 
material standard of length: the distance between two engraved lines 
on a platinum-iridium bar, the international prototype meter, which is 
kept at the International Bureau of Weights and Measures. 

The kilogram is defined independently as the mass of a definite 
platinum-iridium standard, the International Prototype Kilogram, 
which also is kept at the International Bureau of Weights and Mea- 
sures. The liter is defined as the volume of a kilogram of water, at 
standard atmospheric pressure, and at the temperature of its maximum 
density, approximately 4°C. The meter is thus the fundamental unit on 
which are based all metric standards and measurements of length and 
area and of volumes derived from linear measurements. 

Of basic scientific interest is that on October 14, 1960, the 11th 
General Conference on Weights and Measures, meeting in Paris, 


adopted a new international definition for the standard of length: the 
meter is now defined as the length equal to 1,650,763.73 wavelengths of 
the orange-red light of the krypton-86 isotope. This standard will be 
used in actual measurements only when extreme accuracy is needed. 

The kilogram is the fundamental unit on which are based all met- 
ric standards of mass. The liter is a secondary or derived unit of capac- 
ity or volume. The liter is larger by about 27 ppm (parts per million) 
than the cube of the tenth of the meter (the cubic decimeter): 1 liter 
= 1.000027 dm’. 

The conversion tables in this publication that involve the relative 
length of the yard and meter are based upon the relation: 1 m = 39.37 
inch, contained in the act of Congress of 1866. From this relation it 
follows that 1 inch = 25.40005 mm (nearly). 

In recent years engineering and industrial interests the world over 
have urged the adoption of the simpler relation, 1 inch = 25.4 mm 
exactly, which differs from the preceding value by only 2 ppm. This 
simpler relation has not as yet been adopted officially by either Great 
Britain or the US but is in wide industrial use. 


In the US, the abbreviation cc (for cubic centimeter) still 
persists in general use and is taken as synonymous for the 
more correct milliliter. The US Pharmacopeia (USP) IX and 
National Formulary (NF) IV adopted the term miulliliter with 
its abbreviated form mil, but it proved so unpopular in practice 
that the following pharmacopeial convention directed the re- 
turn to the older term cubic centimeter (cc). However, in 1955, 
USP XV and NF X once again adopted the term milliliter with 
the abbreviation mL. 

National jealousies and the natural antipathy to changing 
established customs interfered greatly with the adoption of the 
metric system during the early part of the 19th century. At 
present the metric system is in use in every major country of 
the world. In the US and Great Britain it is legalized for 
reference to and definition of other standards, and it is in 
exclusive use by nearly all scientists and by increasing seg- 
ments of industry and the public. In the US the metric system 
was legalized in 1866, but not made compulsory; in the same 
year the international prototype meter and kilogram were 
adopted as fundamental standards. The US silver coinage was 
based upon the metric system, the half dollar being exactly 12 
\Y% g and the quarter and the dime being of the proportionate 
weights. 

As corporations become more international, the need for a 
universal standard increased. Since 1875 there has been estab- 
lished and maintained an International Bureau of Weights and 
Measures, with headquarters at Paris. This Bureau is man- 
aged by an international committee that enjoys universal rep- 
resentation. One object of the committee is to make and provide 
prototypes of the meter and kilogram for the subscribing na- 
tions; approximately 40 such copies have been prepared. 

The US prototype standards of both the meter and the 
kilogram mass, constructed of a platinum-iridium alloy, were 
brought from Paris in 1890 and are now in the custody of the 
National Institute of Standards and Technology (NIST) in 
Washington, DC. They have been reproduced and distributed 
by our own government to the various states having bureaus 
needing such replicas. The original US prototype meter was 
taken back to Paris in 1957 for reverification and was found to 
have altered only 3 parts in 100,000,000 after 67 years of use. 
Thus, there was no demonstrable change within the limits of 
experimental error. 

Adoption of the krypton-86 wavelength of light definition for 
the meter gives the different countries the means to check their 
prototype meter bars without returning them to Paris at peri- 
odic intervals for comparison with the international meter bar. 


Orthography and Reading 


ORTHOGRAPHY—There are two methods of orthography 
of the metric units in use. In the original French, the units are 
spelled metre, litre, gramme; in the method proposed by the 
American Metric Bureau, the units are spelled meter, liter, and 
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gram. For three decades after the original adoption of the 
metric system, the USP and NF adopted meter and liter, but 
used the French gramme. Now these official compendia use the 
spelling gram. 

READING—Some difficulty usually is experienced by those 
unfamiliar with the metric system in reading the quantities. In 
the linear measures in pharmacy, centimeters and millimeters 
are used almost exclusively; thus, 0.05 m would not be read five 
hundredths of a meter, but rather 5 centimeters (5 cm); if the 
millimeter column contains a unit, as in 0.055 m, it is read 55 
millimeters (55 mm) in preference to fifty-five thousandths of a 
meter. 

Fractions of a millimeter must be read decimally, as 0.0555 
m, fifty-five and five-tenths millimeter (55.5 mm). In measures 
of capacity, cubic centimeters (cc) or milliliters (mL) are used 
exclusively for quantities of less than a liter. The terms half- 
liter, quarter-liter, 100 milliliters, and 1 milliliter are denoted 
by 500 mL, 250 mL, 100 mL, and 1 mL; with water the milli- 
liter is considered equivalent to a gram. 

In weight, when the quantity is relatively large and in 
commercial transactions, the kilogram is abbreviated to kilo. 
When less than a kilogram and not less than a gram, the 
quantity is read with the gram for the unit. Thus, 2000 g would 
be read either as 2000 grams or as 2 kilos, and 543 g would be 
read 543 grams; 2543 g is sometimes read 2 kilos and 543 
grams, although 2543 grams usually is preferred. 

For quantities below the gram, decigram and centigram 
usually are not used, but rather milligram has been regarded 
as the most convenient unit. With the increase in the use of 
extremely small doses of very potent drugs and the wide ap- 
plication of more delicate analytical procedures, the term mi- 
crogram (meg, wg, or y), for thousandths of a milligram, is 
used frequently to designate quantities up to 999 yg (less than 
1.000 mg). 

Both the metric and English systems of weights and mea- 
sures are in use in the US. Even though the metric system 
nearly has replaced the English system, the pharmacist must 
have a practical knowledge of both. 


WEIGHTS 


The Metric System 


The USP of 1890 adopted the metric system of weights and 
measures to the exclusion of all others except for equivalent 
dosage statements, and the British Pharmacopoeia of 1914 did 
likewise. In 1944 the Council on Pharmacy and Chemistry of 
the American Medical Association adopted the metric system 
exclusively. The advantages of the metric or decimal system, 
and its simplicity, brevity, and adaptability to everyday needs 
are now conceded universally. 

FRACTIONAL AND MULTIPLE PREFIXES—In many 
experimental procedures, including some in the pharmaceuti- 
cal sciences, very small (and occasionally very large) quantities 
of weight, length, volume, time, or radioactivity are measured. 
To avoid the use of numbers with many zeros in such cases, the 
NIST recognizes prefixes to be used to express fractions or 
multiples of the International System of Units (SD, which was 
established in 1960 by the General Conference on Weights and 
Measures (see the foregoing discussion). The recognized pre- 
fixes, which in use are adjoined to an appropriate unit (as, for 
example, in such quantities as nanogram, picomole, microcurie, 
microsecond, or megavolt) are defined in Table 11-1. 

Table 11-2 lists some metric weights. The prefixes, which 
indicate multiples, are of Greek derivation: deka, 10; hecto, 
100; kilo, 1000. Fractions of the units are expressed by Latin 
prefixes: deci, 1/10; centi, 1/100; milli, 1/1000. 
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Table 11-1. Prefixes for Fractions and Multiples of SI 
Units 


FRACTION PREFIX SYMBOL MULTIPLE PREFIX SYMBOL 
10>" deci d 10 deka da 
10 centi c 10? hecto h 
1052 milli m 10? kilo k 

10 °° micro mM 10° mega M 
lOine nano n 10° giga G 

10s 12 pica p 10k tera T 

10m 22 femto f 10'° peta P 
Omes atto a 10 exa E 
Table 11-2. Metric Weight 

1 microgram ihe} = 0.000,001 g 
1 milligram mg = 0.001 g 
1 centigram cg = 0.01 g 
1 decigram dg = 0.1 g 
1 gram g = 1.0 g 
1 dekagram dag = 10.0 g 
1 hectogram hg = 100.0 g 
1 kilogram kg = 1000.0 g 


Note: The abbreviation jg or mcg is used for microgram in pharmacy, rather 
than gamma (jy) as in biology. 


Only a few of the most convenient denominations are em- 
ployed in practical work. Whole numbers from 1 to 1000 usu- 
ally are expressed in terms of grams, while the kilogram is used 
as the unit for larger quantities. Quantities between 1 milli- 
gram and 1 gram usually are referred to in terms of milligrams; 
microgram (wg or mcg) is used in quantitative analysis, biolog- 
ical studies, and for minute dosage statements. 


The English Systems 


In the US, both the avoirdupois and apothecary systems of 
weight measurement sometimes are used in handling medi- 
cines. It must be emphasized that pharmacists may buy their 
drugs by avoirdupois weight. These two systems differ: 


1 pound avoirdupois = 7000 gr and is abbreviated lb. 
1 pound apothecary = 5760 gr and is abbreviated tb. 

1 ounce avoirdupois = 437.5 gr and is abbreviated oz. 
1 ounce apothecary = 480 gr and is abbreviated 3. 


The grain avoirdupois is exactly the same as the grain apoth- 
ecary. The apothecary pound is therefore 1240 gr lighter than 
the avoirdupois pound, and the apothecary ounce is therefore 
42.5 gr heavier than the avoirdupois ounce. 

The abbreviations of the denominations of apothecary 
weight are represented by the signs 3, ounce; 3, dram; 9, 
scruple; and gr, grain. These long have been in use but possibly 
may be mistaken for one another in rapid or careless writing. 
The abbreviations or signs of avoirdupois weight differ from 
those of apothecary weight, and care should be used not to 
confound them; they are lb (sometimes written #), pound: oz, 
ounce: gr, grain. Tables 11-3, 11-4, and 11-5 show three English 
systems of weight. 


Table 11-7. Equivalent Linear Measurements 


Jewelers evaluate precious stones with troy weight, which is 
very similar to apothecary,weight. The apothecary and troy 
grain, ounce, and pound are identical, but the ounces are sub- 
divided differently. The carat, used by jewelers, is equal to 
3.168 troy grains or 4 carat grains. When used to express the 
fineness of gold, 1 carat signifies 1/24 part. A 14-carat ring is 
14/24 pure gold. 

As indicated in the footnote to Table 11-6, a number of 
special metric system units are used in various pharmacopeial 
and nonofficial descriptions, tests, and assays of drugs and 
other substances to express linear measurements of very small 
dimension. These units and their symbols or abbreviations are 
listed in Table 11-7, together with their equivalents in terms of 
the other metric units and the inch. 


Table 11-3. Avoirdupois Weight 


POUNDS OUNCES GRAINS 
T= 16 = 7000 
T= 437.5 
Note: 2000 Ib = 1 ton, and 2240 Ib = 1 long ton. 
Table 11-4. Apothecary Weight 
POUNDS OUNCES DRAMS SCRUPLES GRAINS 
1= 12 = 96 = 288 = 5760 
1= Si 24 = 480 
1= 3= 60 
1= 20 
Table 11-5. Troy Weight 
POUNDS OUNCES PENNYWEIGHTS GRAINS 
1= 12= 240 = 5760 
T= 20= 480 
T= 24 


Table 11-6. Metric Linear Measure 


0.000,000,001 m (0.001 zm: 10-2 m: 10 A) 
0.000,001 m (0.001 mm: 10~© m: 10,000 A) 


ll 


1 nanometer (nm) 
1 micrometer (um) 


1 millimeter (mm) = 0.001 m 
1 centimeter (cm) = 0.01m 

1 decimeter (dm) = 0.1m 

1 meter (cn) Om 

1 dekameter (dam) = 10.0m 

1 hectometer (hm) = 100.0 m 
1 kilometer (km) = 1000.0m 


Note: Although the meter (m) is observed to be the initial unit, it is seldom 
necessary to use it in pharmaceutical practice, and the same holds true for a 
number of the above measures. The micrometer (jm), millimeter (mm), and 
centimeter (cm) are employed in the description of many official drugs. 
Measurements pertaining to spectrometric and colorimetric tests and assays 
of many official drugs are recorded in micrometers (um) or reciprocal centi- 
meters (cm_') for infrared and in nanometers (nm) for ultraviolet and visible 
wavelengths of light, respectively. 


UNIT INCHES mm 

1 inch 1 25.4 
1 mm (millimeter) 0.0394 1 

1 wm (micrometer) 3.94 x 10° 10s 
1 nm (nanometer) 3.94 x 10 ® 10m 
1 A (angstrom unit) 3.94 x 10°? @-? 


yum nm A 

25,400 254 < 102 2.54 x 108 
1000 10° 10’ 

1 1000 10,000 
10°? 1 10 


TO 0.1 1 


MEASURES 


Systems 


Two systems of linear measure are used in the US: English and 
metric. Two systems of liquid measure are used: apothecary 
(also called the wine measure or US liquid measure) and met- 
ric. The units of the English system of linear measure (inch, 
foot, yard, mile) are well-known, and needn’t be described here. 
The units of the metric systems of linear and liquid measure, 
and of the apothecary (wine, US liquid) system of liquid mea- 
sure, with their respective equivalents, are given in Tables 
11-6, 11-8, and 11-9. 

Pharmacists who fill Canadian or British prescriptions 
should also be familiar with the substantially different British 
imperial liquid measure system; the units, with their equiva- 
lents, are given in Table 11-10. 

The following facts concerning the US system of liquid mea- 
sure (see Table 11-9) should be noted: 


1. The apothecary fluidounce (f3 ) of distilled water weighs 454.6 gr at 
25°C (77°F). 

2. The apothecary pint contains 16 f3. 

3. The US gallon contains 128 f3 or 231 inch’. One gallon of distilled 
water weighs 8.337 avoir lb at 62°F. The US pint therefore weighs 
1.04 avoir lb and the pound of distilled water measures only 0.96 pt. 
One pound does not measure 1 pt. 


The following facts concerning the imperial system (see Table 
11-10) should be noted: 


1. The imperial fluidounce of distilled water weighs 437.5 gr at 15.6°C 
(60°F). It therefore weighs 1 avoir oz. 

2. The imperial pint contains 20 f3. 

3. The imperial gallon contains 160 f%. One gal of distilled water 
weighs 10 avoir lb; 16 f3 in this system therefore weighs 1 avoir lb. 


From the above, one can deduce the following: 


1. The US fluidounce and minim are larger than the imperial fluid- 
ounce and minim (IP). One US minim or fluidounce equals 1.04 
imperial minims or fluidounces. 

2. The imperial pint and gallon are much larger than the US pint and 
gallon. 


It is, therefore, inaccurate to use measuring devices calibrated 
in the US system in measuring quantities directed in English 
prescriptions when the imperial measure is intended. Con- 
versely, devices calibrated in the imperial system should not be 
used to measure quantities directed in US prescriptions when 
the US measure is intended. For example, Canadian pharma- 
cists using American graduated cylinders should calculate per- 
centage solutions on the basis of 454.6 gr of distilled water to 
the fluidounce. This is one more argument in favor of adoption 
internationally by all pharmacists of the metric system of 
weights and measures. 


Table 11-8. Metric Liquid Measure 


1 microliter (uL) = 0.000001 if 
1 milliliter (mL) = 0.001 L 
1 centiliter (cL) = 0.01 L 
1 deciliter (dL) = 0.1 fl 
1 liter (L) = 1.0 L 
1 dekaliter (daL) = 10.0 L 
1 hectoliter (AL) = 100.0 L 
1 kiloliter (kL) = 1000.0 L 


Note: The standard of capacity is the /iter, which is the volume of 1 kg of 
distilled water at its maximum density (approx 4°C). Microliters (wL) are used 
to measure volumes of solutions used in chromatographic procedures for the 
separation and quantitative determination of some official drugs. 
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Table 11-9. Apothecary or Wine Measure (US) 


GALLON PINTS FLUIDOUNCES FLUIDRAMS MINIMS 
Cong 1 = 8 128 1024 61,440 
1 16 128 7,680 
£31 8 480 
31 T60 

Note: Cong is the abbreviation for the Latin word congius. 

Table 11-10. Imperial Measure (British) 

GALLON PINTS FLUIDOUNCES FLUIDRAMS MINIMS 
Cong 1 = 8 160 1280 76,800 
1 20 160 9,600 
flza 8 480 
flz1 Tp60 


Note: Cong is the abbreviation for the Latin word congius. The gill, which is 
Ya pint, is obsolete but is found occasionally in old family recipes. Thirty-one 
US gallons equal 1 barrel. 


THE RELATIONSHIPS OF WEIGHTS 
AND MEASURES 


When the systems of weights and measures in use in the US 
are examined, the lack of close relation between the different 
units is appreciated at once. Nevertheless, if the following 
points are used carefully, many pharmaceutical problems will 
be greatly simplified. 


1. Pharmacists may weigh themselves, buy merchandise, sell over the 
counter, calculate postage, and so on using avoirdupois weight, 
which contains 437.5 gr in 1 oz. 

2. Pharmacists may compound formulas by apothecary weight, which 
contains 480 grin 1 3. 

3. One apothecary fluidounce of water weighs 455 gr at 25°C. Since 
480 TP weigh 455 er, 1 TIP weighs 455/480 = 0.95 gr. 


1 TP does not weigh 1 gr. 
1 f3 does not weigh 135 


Practical Equivalents 


Tables of weights and measures and a table of practical equiv- 
alents should be kept in a conspicuous and convenient place in 
the prescription department, and the following equivalents, 
which are given with practical accuracy, should be committed 
to memory. Other equivalents may be calculated from these. 


Linear Measure 


1 meter = 39.4 inches 
1 inch = 2.54 cm = 25.4mm 
1 micrometer = 1/1000 mm = 10°° m = 1/25,400 inch 


Liquid Measure 


1 milliliter = 16.2 Tp 
1 fluidounce = 29.6 mL 


1 pint = 473 mL 
1 gallon = 3790 mL 
Weight 
1 kilogram = 2.20 lb avoir 
1 pound avoir = 454 g 
1 ounce avoir = 28.4 ¢ 


1 ounce apothecary = 31.1 ¢g 

1 pound apothecary = 373 g 

1 gram = 15.4 gr 
1 grain = 64.8 mg 


The USP Table of Metric Doses with Approximate Apothecary 
Equivalents is reproduced in the Appendix, along with infor- 
mation concerning its permissible uses. 
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Approximate Measures 


In apportioning doses for a patient, the practitioner usually is 
compelled to order the liquid medicine to be administered in 
certain quantities that have been established by custom, and 
estimated as: 


HOUSEHOLD APOTHECARY METRIC 

MEASUREMENT NOTATION VOLUME 
1 tumblerful f3 vill 240 mL 

1 teacupful fZiv 120 mL 

1 wineglassful fs 60 mL 

2 tablespoonfuls £351 30 mL 

1 tablespoonful f5 iii 15 mL 

1 dessertspoonful fSii 8 mL 

1 teaspoonful £31 5 mL 

Y% teaspoonful 2.5 mL 


Note: 1 drop is often considered to be 1 minim, but this is incorrect, as drops 
are variable. 


In almost all cases, careful tests have found the modern 
teacups, tablespoons, dessertspoons, and teaspoons to average 
25% greater capacity than the theoretical quantities just given. 
The physician and the pharmacist therefore should recommend 
the use of accurately graduated medicine droppers, teaspoons, 
and calibrated measuring devices, which may be procured at a 
small cost (Fig 11-1). 


Approximate Dose Equivalents 


For many years the apothecaries’ system of weights and measures 
was used widely by physicians and pharmacists when considering 
the doses of medicinal substances, and it was customary to trans- 


Having studied the several systems of weights and measures, 
students may now learn to apply their knowledge to the weigh- 
ing and measuring of pharmaceuticals. The former process 
requires the use of the balance, or, for manufacturing purposes, 
scales, and the latter process requires the use of the measure, 
the graduate, and the pipet. The successful performance of 
many of the operations in pharmacy depends on a thorough 
knowledge of the principles of the balance and a correct under- 
standing of its care and use; because weighing is nearly always 
the preliminary step in any compounding, it will be discussed 
first. 

There is a relativity of accuracy in weighing (or measuring) 
must not be overlooked, as illustrated by the following graded 
list: coal, salt, sugar, epsom salt, penicillin G, morphine, 
digoxin, vitamin B,,, and radium. One of the most important 
things for the pharmacist to learn is the degree of tolerance or 
error permissible in weighing or measuring any particular 
ingredient. Obviously, the final item on the list, radium, must 
be measured with much greater precision and accuracy than 
coal, the first item. 

The empiric weighing and measuring methods of the 
kitchen, embodied in such concepts as a handful, a pinch, or 
“sweeten to suit your taste,” have no place in pharmacy. Ac- 
curate work can be accomplished only by means of suitable 
apparatus. 


WEIGHING 


In pharmacy, weighing usually refers to ascertaining a definite 
weight of material to be used in compounding a prescription or 
manufacturing a dosage form. 


Calibrated 
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Medicinal Glasses 


ltsp 
he ts 


Medicinal Teaspoon 


Figure 11-1. 


late these apothecary doses into relatively exact amounts when 
the metric equivalents were mentioned. Today, however, a united 
effort is being made to establish doses primarily in the metric 
system and to select for these doses the metric quantities that 
produce the desired therapeutic effect, without considering the 
relation of these metric figures to the corresponding quantities in 
any other system of weights and measures. 

It should be emphasized that exact alternative formulas in 
the avoirdupois system of weights and measures are not ob- 
tained by using approximate equivalents but, for the purpose of 
compounding, should be calculated with the use of practical 
equivalents. 


The balance may be defined as an instrument for determin- 
ing the relative weights of substances. It should be selected 
correctly for the specific task at hand, used skillfully, protected 
from damage, and checked periodically, if accurate results are 
to be obtained. Of even greater importance is its construction. 
Standards for balances are given by the NIST." 


Construction of the Balance 


For systematic consideration pharmaceutical balances may be 
classified as follows: single-beam, equal-arm, unequal arm, 
compound lever, and torsion. 

SINGLE-BEAM EQUAL-ARM BALANCES—The princi- 
ple on which single-beam equal-arm balances (or scales) oper- 
ate is clearly evident in the construction of the classical two- 
pan analytical balance. This type has a metallic lever or beam, 
divided into two equal arms at the center by a knife-edge, on 
which it is supported. At exactly equal distances from this point 
of support, and situated in the same plane, are placed the end 
knife-edges; these suspend the pans, which carry the sub- 
stances to be weighed. A properly constructed balance of this 
type should meet the following requirements: 

1. When the beam is in a horizontal position, the center of 
gravity should be slightly below the point of support, or central 
knife-edge, and perpendicular to tt. 


The relative sensitivity of the balance depends on the fulfillment of this 
principle, which may be illustrated roughly by forcing a pin through the 
center of a circular piece of pasteboard. If the edge of the pasteboard is 
touched slightly, it does not oscillate at all, but rather revolves around 
the center to a degree corresponding to the impulse given it. In this 
position it illustrates neutral equilibrium. If the pin is removed and 


inserted at a very short distance above the center, and the edge of the 
pasteboard touched as before, it will oscillate slowly, corresponding to a 
very sensitive beam, the point of support being slightly above the center 
of gravity as in the balance. If the pin is removed again and inserted far 
above the center, and the same impulse imparted to the edge, it will 
oscillate quickly, illustrating stable equilibrium characteristic of a 
beam which comes to rest quickly and is not particularly sensitive. 
Unstable equilibrium may be illustrated by balancing the disc so that 
the point of support is below the center. The slightest touch then causes 
it to reverse its position completely and finally come to rest with the 
center of gravity below the point of support. 


2. The end knife-edges must be exactly equal distances from the 
central knife-edge; they all must be in the same plane, and the 
edges absolutely parallel to each other. 


It is very apparent that the conditions of a good prescription balance 
cannot be satisfied if there is inequality in the length of the arms of the 
beam. The distance from the central knife-edge to the one on the left 
must be exactly the same as the distance from the central knife-edge to 
the one on the right, otherwise unequal weights would be required to 
establish equilibrium. If the central knife-edge is placed either above or 
below a line drawn so that it connects the end knife-edges, the loading 
of the pans either will cause the beam to cease oscillating or diminish 
the sensitivity in proportion to the load. If the knife-edges are not 
parallel, the weight of a body will not be constant upon every part of the 
pan, but will be greater if placed near the edge on one side, and 
correspondingly less at a point directly opposite. 


3. The beam should be inflexible, but as light in weight as 
possible, and the knife-edges in fine balances should bear upon 
agate plates. 


The rigidity of the beam is necessary because any serious deflection 
caused by a loading of the pans would lower the end knife-edges and 
thus accuracy in weighing would be impossible. The beam should not be 
heavier than necessary because the sensitiveness of the balance thereby 
would be lessened; to diminish friction, which constantly increases with 
the age and use of a balance, the bearings of the knife-edges should be 
agate plates, which are polished flat pieces of the very hard mineral 
called agate. 


A single-beam equal-arm balance with two rider beams, one 
graduated to 10 g in increments of 0.1 g, and the other to 200 g 
in increments of 10 g, is shown in Figure 11-2. 
UNEQUAL-ARM BALANCES—tThe unequal-arm balance 
is the type is preferred for laboratory work when large amounts 
are to be weighed (Fig 11-3). The lever principle on which these 
scales are constructed is based on the law of physics that at 
equilibrium the force applied at one end of the lever multiplied 
by the length of the arm (distance from the fulcrum to the point 
where the force is applied) must be equal to the product of the 
force acting at the opposite end of the lever and the 


Figure 11-2. Single-beam equal-arm balance (courtesy Ohaus). 
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Figure 11-3. Manufacturing laboratory scale and weights (courtesy 
Ohaus). 


length of the other arm. The inequality in the length of the 
arms of this beam permits the convenient use of movable 
weights upon the graduated longer arm of the beam, thus 
dispensing with the use of small weights, which are liable to be 
lost. This scale is of great advantage in laboratory or manufac- 
turing work because it is particularly adapted for weighing 
liquids; a sliding tare is set on one beam for the weight of the 
container, and other sliding weights can be adjusted to the 
weight of liquid desired. These are available with the beams 
graduated either in the avoirdupois or metric system. 

COMPOUND-LEVER BALANCES—tThe principle of the 
compound lever was first applied in the construction of bal- 
ances by Robervahl of Paris, in about 1660 Ap. It was skillfully 
adapted for both prescription balances and the general counter 
and platform scales. The principal objection to this type of 
scale, when compared with single-beam balances, consists in 
the multiplicity of points of contact and suspension, thus nec- 
essarily increasing friction and the liability to disarrangement; 
however, their general convenience has made them popular. 

TORSION BALANCES—A simple illustration of the prin- 
ciple of torsion is afforded by tying a stout piece of cord to a firm 
support and inserting a lead pencil in the middle of the cord 
between the strands, at right angles to it. If the free end of the 
cord is stretched tightly, resistance is offered to any effort to 
turn the lead pencil over; if the pencil is released, it at once flies 
back to its original position. Torsion is the term applied to this 
method of twisting. The principle of supporting the beam of a 
balance on a tightly stretched wire, with the view of doing away 
with knife-edges and diminishing friction, occupied the atten- 
tion of inventors for years. 

In 1882 Prof Roeder and Dr Springer contrived an ingenious 
torsion balance that gave promise of valuable results. Two 
illustrations of this original balance were shown on page 54 of 
the first edition of Remington’s Practice of Pharmacy in 1885. 
Improvements have increased its efficiency greatly. The most 
important difficulty in applying the principle of torsion resis- 
tance was overcome by placing a weight just above the center of 
gravity. Torsional resistance tends to keep the beam in a hor- 
izontal position, while the elevation of a weight above the 
center of gravity, by its tendency to produce unstable equilib- 
rium, exercises an opposite effect—the beam is inclined to be 
top heavy and, therefore, to tip on either side. If now the weight 
is made adjustable by mounting it upon a perpendicular screw 
so that it can be raised or lowered, it is possible to arrange 
these opposite forces so that one exactly neutralizes the other. 
In this manner sensitivity is obtained. 

The torsion principle has been applied to prescription bal- 
ances, as well as analytical balances and scales designed to 
carry heavier loads. In the torsion prescription balance two 
beams are used, supported on three frames, each of the latter 
having a flattened metallic band stretched tightly over its edge. 

The torsion balance, which has a rider beam graduated 
upon the upper edge from ¥% to 15 gr and on its lower edge from 
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0.01-1.0 g, furnishes a very convenient means of weighing 
small quantities without having to use small weights. Most 
modern balances have a direct-reading dial instead of a rider 
beam, with the metric scale on the upper scale and the apoth- 
ecary scale on the lower. 

The prescription balance may be placed upon a base con- 
taining a drawer that can be used for holding weights or pow- 
der papers. 


Prescription Balances 


The modern type of prescription balance uses the taut-wire 
frame or torsion principle (Fig 11-4). Such balances, manufac- 
tured to meet the requirements of the NIST Class III balances, 
have a maximum maintenance sensitivity of 6 mg with no load 
and with full load; ie, addition of the 6 mg weight to one pan 
causes the indicator or the rest point to be shifted not less than 
one division on the index plate. The Class III balance is used to 
weigh quantities up to 60 g, depending on the stated capacity 
and subject to the physical limit of the amount of the material 
that can be placed on the pan. All prescription departments 
must have a Class III balance. 

REQUIREMENTS—A prescription balance should meet 
the following general requirements: 


1. It should be constructed so as to support its full capacity without 
developing undue stresses, and should not be thrown out of adjust- 
ment by repeated weighings of the capacity load. (The capacity of 
the balance will be seen on the metal plate attached to it.) If the 
capacity is not stated, it is assumed to be at least 15 g (% oz). The 
Class III balances usually have a capacity of 60 g (2 02). 

2. The removable pans of a prescription balance should be of equal 
weight. If the pans show any difference in weight, they should be 
adjusted by leveling the balance or using small pieces of paper. 
Pans with any appreciable corrosion or wear should be refinished or 
replaced. 

3. A prescription balance should have a leveling device, usually level- 
ing feet or screws, so that the balance can be adjusted to a level 
position. A balance that does not have these is not entitled to be 
designated as a prescription balance. 

4. The balance that has a rider or graduated dial should have, at the 
end of the graduation, a stop that halts the rider or dial at the zero 
reading. The reading edge of the rider should be parallel to the 
graduations on the beam. 

5. The indicator points, when there are two on the balance, should be 
sharp, and their ends should not be separated by more than 1 mm 
(0.04 inch) when the scale is in balance. The distance from the face 
of the index plate to the indicator pointer or pointers should be 
small (1 mm or less) to protect the operator against making errors 
resulting from parallax, because it is unlikely that the eye of the 
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Figure 11-4. Troemner/800 prescription balance (courtesy Troemner). 


operator will be exactly in line with the indicator and the division 
on the index plate. The indicating elements as well as the lever 
system of the balance should be protected against drafts. The bal- 
ance should have a lid that allows a weighing to be made when the 
lid is closed. 

6. A prescription balance must have a mechanical means for arresting 
the oscillation of the mechanism. 


TESTING—Certain tests may be used to satisfy the user 
regarding the construction and character of a balance when its 
origin, history, or condition is in doubt. Additional tests are 
carried out by the NIST, manufacturers, and local and state 
testing agencies. 

A Class III prescription balance meets the following basic 
tests. Use a set of test weights and keep the rider or graduated 
dial at zero unless directed to change its position. 


1. Sensitivity Requirement—Level the balance, determine the rest 
point, place a 6-mg weight on one of the empty pans, and again 
determine the rest point. Repeat the operation with a 10-mg weight 
in the center of each pan. The rest point is shifted not less than one 
division of the index plate each time the 6-mg weight is added. 

2. Arm Ratio Test—This test is designed to check the equality of 
length of both arms of the balance. Determine the rest point of the 
balance with no weight on the pans. Place 30 g of test weights in the 
center of each pan and determine the rest point. If the second rest 
point is not the same as the first, place a 20-mg weight on the 
lighter side; the rest point should move back to the original place on 
the index plate scale or farther. 

3. Shift Tests—These tests are designed to check the arm and lever 
components of the balance. 


a. Determine the rest point of the indicator without any weights on the 
pans. 

b. Place one of the 10-g weights in the center of the left pan, and place 
the other 10-g weight successively toward the right, left, front, and 
back side of the right pan, noting the rest point in each case. Ifin any 
case the rest point differs from the rest point determined in (a), add 
the 6-mg weight to the lighter side; this should cause the rest point 
to shift back to the rest point determined in (a) or farther. 

c. Place a 10-g weight in the center of the right pan, and place a 10-g 
weight successively toward the right, left, front, and back sides of the 
left pan, noting the rest point in each case. If in any case the rest 
point is different from that obtained with no weights on the pans, 
this difference should be overcome by addition of the 6-mg weight to 
the lighter side. 


A balance that does not measure up to these tests must be corrected. 


4. Rider- and Graduated-Dial Tests—Determine the rest point for 
the balance with no weight on the pans. Now place on the left pan 
the 500-mg test weight and move the rider to the 500-mg point on 
the beam. Now determine the rest point. If it is different from the 
zero rest point, add a 6-mg weight to the lighter side. This should 
bring the rest point back to its original position or farther. Repeat 
this test, using the 1-g test weight and moving the rider or gradu- 
ated dial to the 1-g division. If the rest point is different it should be 
brought back at least to the zero rest point position by the addition 
of 6 mg to the lighter pan. If the balance does not meet this test, the 
graduated beam or the rider must be corrected. For balances 
equipped with a dial scale, the dial must be corrected. 


PROTECTION—The necessity for protecting the delicate 
mechanism of a balance is overlooked frequently, notwith- 
standing the possibility of having a precision apparatus irre- 
trievably ruined by lack of care in using or cleaning it or in 
protecting it while at rest. The position chosen for the balance 
or scales should be on a level and firm counter, desk, or table, 
where it will be subjected to little risk of damage from damp- 
ness, dust, or corrosive vapors and where the knife-edges will 
not be liable to become dulled by jarring or other vibrations. 

In the analytical class of balances, protection is afforded by 
enclosing them in glass cases having sash doors in the front, 
sides, or back. They are protected against damage from vibra- 
tion by a lever for elevating or locking the beam, so that the 
knife-edges are not in contact with any surface when not in use. 
To prevent damage from jarring while the balance is in use, 
from a weight falling on the pan, or other accident, the finest 
balances are provided with pan supports, which break the fall 


and serve the additional purpose of quickly arresting the beam, 
thus saving time while weighing. 

In using a prescription balance, neither the weights nor the 
substance that is to be weighed should be placed on the balance 
pans while the beam is free to oscillate. The desired weight 
should be placed upon one pan (usually the one on the right- 
hand side) and an amount of the substance to be weighed, 
approximately the desired weight, upon the opposite pan. The 
beam should be released by means of the lever, and if the 
substance is in excess, the beam should be locked and a small 
portion removed and the beam again released and the oscilla- 
tions observed. This procedure should be repeated until the 
correct amount is obtained. In case of a deficiency of the sub- 
stance to be weighed, the reverse procedure is followed until 
the correct amount is obtained. With practice this can be done 
very deftly and very quickly and the sensitivity of the balance 
retained for years. 

Substances that react with metals, such as iodine, and those 
that are adhesive, such as the extracts, should not be weighed 
directly upon the pans, but rather upon counterpoised watch 
crystals, or upon glazed paper, care being taken to balance the 
papers before weighing the substance. In cleaning the bal- 
ances, great care should be exercised; polishing powders should 
be used sparingly, as a portion is very apt to find its way into 
crevices and elude detection until an attempt is made to adjust 
the balances, when the increased weight of one of the sides of 
the beam leads to its discovery. Frequent cleaning with soft 
leather generally is sufficient to keep a balance in good order, 
but once neglect makes it necessary to use more active mea- 
sures, some simple polishing powder for the metal work, soap- 
suds for the nickel plate, and simple brushing for the lacquered 
brass are all that is necessary. 

As the pans are subjected to more wear and tear than any 
other part of the balance, it is economical to use solid rather 
than plated pans because constant friction wears off the plating 
and the additional cost for replating soon absorbs the difference 
in price. Equipped in this way, and with agate bearings, a 
prescription balance is durable and really inexpensive because 
it will remain fully equal to the most exacting demands for a 
long time. 


Weights Used in Pharmacy 


The weights used by the pharmacist are very important, and 
care in their selection and examination is necessary. False 
economy must be avoided, as the use of cheap, inaccurate 
weights ultimately leads to serious consequences. Official in- 
spectors have found pharmacies using prescription weights 
that were so worn that the characters on their faces had dis- 
appeared; also, weights have been found with bits of hardened 
extract and dirt almost entirely obscuring their characters. An 
unused set of standard weights should be kept on hand so that 
at least once a year the weights in daily use can be tested and 
adjusted or rejected if necessary. The standard weights should 
be used also when the balance is tested. The set should contain 
the following weights in a well-fitted box with forceps: two 20-g 
or two 30-¢g, two 10-g, one 5-g, two 2-g, one 1-g, one 500-mg, one 
20-mg, and one 10-mg, all adjusted to NIST tolerances for 
analytical or Class P weights. 

METRIC WEIGHTS—For weighing larger quantities, ja- 
panned iron metric weights are available. They are preferably 
hexagonal, to distinguish them from the round avoirdupois 
weights. Sets of brass weights, usually in the range of 10 g to 
1000 g, fitted into holes of appropriate size in a block of plastic 
(block weights), are especially convenient for many weighing 
operations. For prescription compounding, accurate sets of 

/weights ranging from 10 mg to 50 g are available. A set con- 
taining both metric and apothecary weights is shown in Fig- 
ure 11-5. 

For analytical purposes, metric weights are used exclu- 

sively; usually, the highest weight is 100 g, the lowest 1 mg. 
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Figure 11-5. Metric and apothecary weight set (courtesy Troemner). 


The weights from 1 g upward are of finely lacquered brass or of 
nonmagnetic stainless steel or rhodium-plated bronze. The 
smaller weights are made of squares of platinum or aluminum 
foil, with one edge turned up to permit them to be handled 
easily with the forceps. Fractions of a milligram are weighed by 
means of the rider on the graduated beam of the balance. 

In analytical work and in using the Class III balance in 
prescription work, the weights should never be handled with 
the fingers but always with the forceps, which accompany an 
accurate set of weights. In the more expensive sets of weights 
the forceps are tipped with bone, ivory, or plastic to prevent the 
wearing away of the weights during handling. With proper care 
the accuracy of a fine set of weights may be maintained for 
years. 

COMMON AVOIRDUPOIS WEIGHTS—Avoirdupois 
weights usually are made of iron, and they are flat and circular 
and japanned to prevent rusting. These weights form a pyra- 
midal pile, and range from 1% oz to 4 lb; if found to be incorrect, 
they may be adjusted by adding to or diminishing the amount 
of lead that is hammered into a depression in the base of each 
weight. They sometimes are made of brass in this form, and 
sometimes of zinc (the latter, however, are brittle and unser- 
viceable). For general use in the pharmacy, the cylindrical 
weights, known technically as block weights, are preferable. 
The advantages of block weights are that the gaps left by 
missing weights are readily noticeable, and the greater part of 
the surface of the weight is protected from the action of corro- 
sive vapors when the weights are not in use. 

APOTHECARY WEIGHTS—Apothecary weights may be 
obtained either as block weights or in the less-desirable flat 
forms. The round, flat, brass dram weights, which have the 
denomination stamped on their faces in raised characters, still 
are used but should be replaced. With flat weights, the denom- 
ination is often only faintly stamped on the face and thus is 
liable to be obliterated by constant use or by corrosive contact. 

Undoubtedly, the best grain weights are the aluminum wire 
weights. The wire weights are less susceptible to corrosive 
action than are the brass weights. Also, the wire weights are 
more easily and quickly distinguished from one another than 
are other weight forms, so there is less likelihood of dangerous 
mistakes: the number of sides in the wire weights at once gives 
the denomination (Fig 11-6). 
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Figure 11-6. Aluminum wire weights. 
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Figure 11-7. Aluminum grain weights. 


Aluminum grain weights, which are cut out of aluminum 
plates, are also less liable to be corroded. They usually can be 
more accurately adjusted than brass weights. The corners of 
the aluminum weights are clipped, and each weight usually is 
pressed into a curved form so that it may be picked up easily 
(Fig 11-7). 


MEASURING 

RE a eT a RT ENT STEEN 
In pharmacy, measuring usually refers to the exact determina- 
tion of a definite volume of liquid. Many types of apparatus are 
used in this operation, depending on the kind and quantity of 
liquid to be measured and the degree of accuracy required. (The 
NIST has requirements for graduates.”) 


Large Quantities 


Glass measures are preferred for measuring liquids. Although 
glass measures are subject to breakage, they can indicate vol- 
ume more accurately because of the transparency of glass. 

THE MENISCUS—When an aqueous or alcoholic liquid is 
poured into a graduate, surface forces cause its surface to 
become concave—the portion in contact with the vessel is 
drawn upward. This phenomenon is known as the formation of 
a meniscus (Fig 11-8), and in determining the volume of a liquid 
the reading must be made at the bottom of this meniscus. This 
regulation has been established by the NIST, and all glass 
measuring vessels are graduated on this basis. Liquids with 
large contact angles, such as mercury, form an inverted menis- 
cus, and the reading then is made at the top of the curved 
surface. 

PROCEDURE—Pharmaceutical manufacturers package 
liquid preparations in glass or plastic containers equipped with 
a plastic screwcap. These containers serve as a stock bottle 
from which liquids may be poured directly into a graduate. The 
procedure for pouring liquid from screwcapped containers is as 
follows: 


1. Remove the cap and place it on the counter while the transfer of 
liquid is made. 

2. While holding the graduate in the left hand, grasp the original 
container with the label in such a position that any excess of liquid 
will not soil the label if it should run down the side of the bottle. 


4 
7 ERROR OF 
PARALLAX 


MENISCUS 


Figure 11-8. Error of measurement due to parallax. 


3. Raise the graduate and hold it so that the graduation point to be 
read is on a level with the eye, and measure the liquid. (The 
extension of the graduating mark into a circle that passes entirely 
around the graduate is an improvement that obviates the necessity 
of placing the graduate upon a level place, as the corresponding 
mark upon the opposite side may be seen through the glass and the 
graduate easily leveled even when held in the hand.) 

4. Replace the cap, and return the bottle to the counter or shelf. 

5. Pour the liquid into the bottle or mortar for dispensing or compounding. 


METALLIC MEASURES—Metallic measures are nearly 
cylindrical in shape, but are slightly wider at the bottom. These 
are generally used for measuring liquids when the quantity is 
over a pint. A set usually consists of five (gallon, half-gallon, 
quart, pint, and half-pint) of these measures. Measures made of 
tinned iron, or of the enameled sheet iron called agateware, are 
greatly inferior to those made of tinned copper or stainless steel; 
tinned-iron measures soon become rusty, and particles of 
enameling can chip off, leaving the exposed iron to contaminate 
the measured liquids. 

The initial cost of copper or stainless-steel measures is 
greater than tinned iron, but they are far more durable. Care 
must be taken to protect them from blows that will cause dents 
as these may be serious enough to detract from their accuracy. 
Cylindrical metric measures, usually made of monel metal or 
stainless steel and having a diameter just half their height, are 
available in various sizes. Such containers are relatively ex- 
pensive, but their resistance to corrosion and wear is a tremen- 
dous advantage. Copper, of course, should not be used where it 
is likely to catalyze oxidation. 

GRADUATED GLASS MEASURES—Graduated glass 
measures nearly always are used for quantities of 500 mL or 1 
pt or less. There are of two forms, conical and cylindrical (Fig 
11-9, 11-10). The conical graduate is suitable for some mea- 
surements because of the greater ease with which it can be 
handled, but cylindrical measures are more accurate because of 
their uniform and smaller average diameter. In a graduated 
cylinder, the error in volume caused by a deviation of +1 mm in 
reading the meniscus remains constant along the height of the 


Figure 11-10. Glass cylindrical graduate (courtesy Kimble Glass). 


uniform column; the same deviation causes a progressively 
larger error in a conical graduate because the diameter, and 
thus the volume of the 1-mm column, increases along its ver- 
tical axis. It is safe to assume that practically all good-grade 
modern graduates comply with the NIST requirements for 
internal diameters at stated volumes. 

A study has indicated that, to improve accuracy, the lower 
portions of graduates should not be used, and therefore should 
not be marked.” A composite tabulation (Table 11-11) shows 
the calculated and the assigned blank portions of graduates. 
The elimination of the lower markings on graduates was sug- 
gested, and in 1955 the NIST specifications for graduates used 
this principle.' The NIST Handbook states, “A graduate shall 
have an initial interval that is not subdivided, equal to not less 
than one-fifth and not more than one-fourth of the capacity of 
the graduate.” For accurate measurement of volumes less than 
1.5 mL, a graduated pipet or a graduated dropper could be 
used. 

EFFECT OF LIQUID AND CONTAINER —It is difficult 
to measure accurately when pouring from a completely filled 
bottle because of the uneven flow of the liquid. After the first 
portion of the liquid is removed, the shape of the bottle does not 
influence the ease of pouring to any appreciable extent unless 
the neck is extremely narrow. 

Viscous liquids pour slowly, but their accurate measure- 
ment is not difficult. Experiments showed that when glycerin is 
poured into a graduate without letting the liquid run down the 
inside surface, the precision of measurement can be very high. 
Naturally, the chance of hitting the inner surface is greater 
with smaller than with larger graduates. The increase in pos- 
sible deviation then is caused by the slow movement of the 
viscous liquid to the desired mark. 

Viscous liquids introduce another factor: drainage time. 
Graduates are calibrated to contain or deliver indicated vol- 
umes within specified limits. Aqueous, alcoholic, and hydroal- 
coholic liquids can be drained from a graduate in 0.5 min so 
completely that the delivered and contained volumes are fairly 
close. When 25 mL of glycerin was measured in the same 
cleaned and dried cylinders, the received volume measured 
23.7 mL after the same time period. Silicone-treated glassware, 
which now is used frequently, drains completely in a few 
seconds. 

The viscosity factor might be altered when another liquid is 
to be mixed with the glycerin by measuring and mixing both 
liquids in a suitable graduate. 


Small Quantities 


For measuring smaller quantities of liquids, graduated glass 
tubes of small diameter should be used. The narrower bore 


Table 11-11. Unmarked (Unreliable) Portions 
of Graduates 


CALCULATED BLANKS (1951) 


CAPACITY OF 2.5%° ALLOWED 5%° ALLOWED NBS BLANKS 
GRADUATE (mL) (mL) (mL) (1965) (mL) 

5 3.0 iS) 1 
10 44 Bee 2 
25 11.8 5.9 5 
50 15.8 Ue) 10 
100 20.9 10.5 20 
250 36.3 18.2 50 
500 66.5 33.2 100 
1000 aaa — 200 


* Calculations by Goldstein and Mattocks? based on deviation of +1 mm 
from graduation mark and allowable errors of 2.5 and 5%. 
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permits greater distances between the graduations on the ap- 
paratus, thus allowing greater accuracy in making the reading. 
For example, with a buret the pharmaceutical chemist can 
estimate volumes to the nearest 1/100 mL. 

Pipets and similar apparatus are more accurate and conve- 
nient than very small graduates. The graduations on very 
small graduates are necessarily in the very small, lowest por- 
tion of a comparatively tall measure. To measure 1 mL or 10 TP 
of a volatile oil in a graduate, the surface that the oil must 
traverse when this measure is inverted is so great that proba- 
bly 20% of the oil will be left adhering to the measure. In liquid 
preparations in which the smaller liquid is miscible with the 
larger quantity of diluting liquid, the graduate may be rinsed 
and this loss recovered, but inconveniences are largely over- 
come and greater accuracy secured by using a pipet. 

In administering small quantities of liquids, the very con- 
venient drop is almost always used. It should be emphasized 
that 1 drop is not equivalent to 1 T and that 60 drops are not 
equivalent to 1 f3. This impression doubtlessly arose because 60 
ordinary drops of water are about equal to 1 f3, but the volume 
of a drop of fluid depends on many factors, including density, 
temperature, viscosity, surface tension, and the size and nature 
of the orifice from which it is dropped. Thick, viscous liquids, 
such as the mucilages and the syrups, necessarily produce 
large drops because the drop adheres to the surface of the glass 
as long as its weight does not overcome its power of adhesion, 
whereas chloroform, a mobile liquid that has very little adhe- 
sion to the dropping surface, produces very small drops. The 
greater the surface tension, the larger the drop, and the greater 
the extent of surface to which the drop adheres, the larger, 
proportionally, the drop. 

A normal or standard drop measure was recommended by 
the Brussels Conference of 1902 for international adoption. 
This dropper is recognized in the USP. 


MEDICINE DROPPER? 

The Pharmacopeial medicine dropper consists of a tube made of glass or 
other suitable transparent material that generally is fitted with a 
collapsible bulb and, while varying in capacity, is constricted at the 
delivery end to a round opening having an external diameter of about 3 
mm. The dropper, when held vertically, delivers water in drops each of 
which weighs between 45 mg and 55 mg. 


When drops are specified on a prescription, the usual cus- 
tom has been to employ an eyedropper, but now the standard 
dropper should be supplied. When accuracy is required, it is 
particularly important to use the standard or a specially cali- 
brated dropper for administering potent medicines. The volume 
error incurred in measuring any liquid by means of a calibrated 
dropper should not exceed 15%, under normal conditions.” 

A standard teaspoon has not yet received universal accep- 
tance; however, it is generally accepted to be equivalent to 
5 mL. 


TEASPOON 


Agreement has not been reached on a standard official teaspoon, in 
spite of the need for such a standard measure in connection with 
compounding and labeling liquid medicines. For household purposes, 
an American Standard Teaspoon has been established by the American 
National Standards Institute (1430 Broadway, New York, NY 10018) as 
containing 4.93 + 0.24 mL. In view of the almost universal practice of 
employing teaspoons ordinarily available in the household for the ad- 
ministration of medicine, the teaspoon may be regarded as representing 
5 mL. 

It must be kept in mind that the actual volume delivered by a 
teaspoon of any given liquid is related to the latter’s viscosity and 
surface tension, among other influencing factors. 


THE HUMAN FACTOR—The human factor of carefulness 
is of paramount importance in every pharmaceutical operation 
in which accuracy is essential. Accurate measurement of liq- 
uids requires accurate equipment, careful manipulation, good 
vision, and a steady hand. 
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Several terms are used to express the mass (weight) of equal 
volumes of different substances. 

Absolute density is the ratio of the mass of an object, 
determined in or referred to a vacuum, at a specified temper- 
ature, to the volume of the object at the same temperature. This 
relationship is expressed mathematically as: 


Mass in grams (in a vacuum) 


: Se = Absolute density 
Volume in millimeters 


Apparent density differs from absolute density only in 
that the mass of the object is determined in air; the mass is 
influenced by the difference in the buoyant effect of air on the 
object being weighed, and on the standard masses (weights) 
used for comparison. If the object and masses are made of the 
same material, or have the same density, there will be no 
difference in the buoyant effect, and the apparent density will 
be identical with the absolute density. 

Relative density is an expression sometimes employed to 
indicate the mass of 1 mL (not cc, which is very slightly differ- 
ent) of a standard substance, such as water, at a specified 
temperature, relative to water at 4°C taken as unity. Thus, at 
4°C the relative density of water is 1.0000, whereas its absolute 
density at the same temperature is 0.999973. Water attains its 
maximum absolute density of 0.999973 at 3.98°C. To convert a 
relative density of water to absolute density, the former should 
be multiplied by 0.999973. 

Specific gravity may be defined as the ratio of the mass of 
a substance to the mass of an equal volume of another sub- 
stance taken as the standard. For gases, the standard may be 
hydrogen or air; for liquids and solids, it is water. 

From what has been stated, it is obvious that in a determi- 
nation of specific gravity there will be, in general, a difference 
in the result if the masses (weights) are determined in air or in 
vacuum. If the masses are determined in, or referred to, a 
vacuum, the result is a true specific gravity (sometimes called 
absolute specific gravity); if the masses are determined in air, 
the calculated result is an apparent specific gravity. The differ- 
ence between these specific gravities is, as a rule, very small. 

A very important variable in specific gravity determinations is 
temperature, and this is doubly important because both the tem- 
perature of the substance under examination and the tempera- 
ture of the standard may be different. The temperatures are 
commonly shown as a ratio, with the temperature of the water 
always being indicated in the denominator. The common practice 
with regard to the determination of specific gravity is that defined 
by the USP: “Unless otherwise stated, the specific gravity basis is 
25°/25°, le, the ratio of the weight of a substance in air at 25° to 
that of an equal volume of water at the same temperature.” 

But it is not always convenient, or desirable, to determine the 
weight of both the substance and the water at 25°, or even to 
determine the weight of the substance at the same temperature 
as that at which the water is weighed. Thus, the substance may be 
weighed at 25°, and compared with the weight of an equal volume 
of water at 4°, in which case the specific gravity is reported as 
being on a 25°/4° basis. In the case of theobroma oil, which is solid 
at 25°, the specific gravity is determined on a 100°/25° basis; for 
alcohol, it is determined on a 15.56°/15.56° basis because many 
years ago the US government adopted 60°F (15.56°C) as the 
temperature at which alcoholometric measurements are to be 
made for government control of alcoholic liquids. 

It is apparent that a completely informative statement of 
specific gravity must indicate the temperature of the substance 
under examination, as well as that of the equal volume of 
water. Furthermore, it should be stated whether the determi- 
nations of mass (weight) were made on an in-vacuum or in-air 
basis; the latter case, the material of construction of the 


weights also should be indicated (as the buoyant effect of air on 
weights depends on their volume). 


Calculations 


The principle underlying the determination of the specific grav- 
ity of either a liquid or a solid is the same: to find the ratio of the 
mass (weight) of the substance to that of an equal volume of 
water. This may be expressed by a simple relationship: 


W, 
W, 


w 


Specific gravity = 


where W, is the weight of the substance, and W,, the weight of 
an equal volume of water. 


DENSITY 

PERSIE EY SET OE NSE 7 
Density is defined as the mass of a substance per unit volume. 
It has the units of mass over volume. Specific gravity is the 
ratio of the weight of a substance in air to that of an equal 
volume of water. In the metric system both density and specific 
gravity may be numerically equal, although the density figure 
has units. In the English system, density and specific gravity 
are not numerically equal; for example, the density of water is 
62.4 lb/ft? and the specific gravity is 1. This shows the conve- 
nience of the metric system. The equations for calculating 
density, weight, and volume are 


Weight 


Volume 


Density = 


Weight = Density x Volume 
Weight 
Density 


Volume = 


Given any two variables, the third one can be calculated. 


Examples 


1. A pharmacist weighs out 2 kg of glycerin (density, 1.25 
g/mL). What is the volume of the glycerin? 
2000 g 


V em 
CUS, origae ta a 


= 1600 mL 


2. What is the weight of 60 mL of an oil whose density is 
0.9624 g/mL? 
Weight = 60 mL x 0.9624 g/mL 
=57.7g 


3. Calculate the weight of 30 mL of sulfuric acid (density, 
1.8 g/mL). 


Weight = 1.8 g/mL xX 30 mL = 54g 


4. If a prescription order requires 25 g of concentrated hydro- 
chloric acid (density, 1.18 g/mL), what volume should the phar- 
macist measure? 


25g 


I eaverinw ies 


Volume = 


Problems (Answers on page 122) 


1. What is the weight in grams of 1 L of alcohol (density, 
0.816 g/mL)? 


Pharmaceutical dispensing and compounding calculations use 
simple arithmetic. The errors that may arise often are due to 
carelessness, as in improper placing of decimal points, incorrect 
conversion from one system of measurement to another, or 
uncertainty over the system of measurement to be used. Before 
proceeding with any calculation it is imperative that the prob- 
lem presented (in a prescription, chart order, formula, etc) be 
read carefully, that the information given and required be 
identified, and that the procedure to be used in the calculation 
be selected. 

Before students read this part of the chapter and attempt to 
solve the problems, the information in the preceding part of 
this chapter must be understood thoroughly. Often, several 
steps are necessary to solve problems. Shortcuts should not be 
taken unless one is certain they are proper. Many problems can 
be solved by more than one procedure, such as by ratio and 
proportion or by dimensional analysis. If students find a pro- 
cedure that is more logical to them and gives the correct an- 
swer, it should be used. Thus, the solutions to sample problems 
used here generally should be considered suggestions, rather 
than the only way to solve a given type of problem. 


A few mathematical principles (eg, common decimal fractions, 
exponents, powers and roots, significant figures, and loga- 
rithms) will be reviewed, as these are areas where students 
often become careless or have forgotten skills. Following this, 
various types of practical pharmaceutical problems that the 
pharmacist may be required to solve are discussed and solu- 
tions are given. Where practical, rules for solving these prob- 
lems are given. No attempt is made to elaborate on any math- 
ematical theory. 

The problems generally consist of determining the quantity 
or quantities of material(s) required to compound prescriptions 
properly and make products used to aid the compounding of 
prescriptions. The materials used to compound prescription 
orders may be pure or mixtures of substances in varying 
strengths. The strengths of mixtures may be denoted in differ- 
ent ways. Conversions may be necessary between systems of 
varying strengths or between different measuring systems. At 
the end of each section, sample problems are given for the 
student to solve, the answers to which appear on page 119. 

Because of the decreasing importance of the apothecary 
system, the metric system is emphasized here. Chemicals and 
preparations most likely will be purchased using the avoirdu- 
pois or metric systems. Prescription orders are filled in the 
system indicated on the order, usually the apothecary or metric 
systems. 

The student should become familiar with the terminology 
used in writing prescription orders, such as Latin words and 
abbreviations used in giving directions to the pharmacist and 
patient (see Chapter 97). The prescriber occasionally may use 
Roman numerals instead of Arabic numerals, so students must 
be familiar with these (even if the practice is declining). 


SIGNIFICANT FIGURES 


Weighing and measuring can be carried out with only a certain 
maximum degree of accuracy; the result always is approximate 
due to the many sources of error such as temperature, limita- 
tions of the instruments employed, personal factors, and so on. 
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2. What is the volume (mL) of 1 lb (avoir) of glycerin (den- 
sity, 1.25 g/mL)? 

3. What is the volume (mL) of 65 g of an acid whose density 
is 1.2 g/mL? 


Pharmacists must achieve the greatest accuracy possible with 
their equipment, but it would be erroneous to claim that they 
have weighed 1 mg of a solid on a Class III prescription bal- 
ance, which has a sensibility reciprocal of 10 mg, or that they 
have measured 76.32 mL of a liquid in a 100-mL graduate, 
which can be read only to 1 mL. When quantities are written, 
the numbers should contain only those digits that are signifi- 
cant within the precision of the instrument. 

Significant figures are digits that have practical meaning. In 
some instances zeros are significant; in other instances they 
merely indicate the order of magnitude of the other digits by 
locating the decimal point. For example, in the measurement 
473 mL all the digits are significant, but in the measurement 
4730 mL the zero may or may not be significant. In the weight 
0.0316 g the zeros are not significant but only locate the deci- 
mal point. In any result the last significant figure is only 
approximate, but all preceding figures are accurate. When 473 
mL is recorded, it is understood that the measurement had 
been made within + 0.5 mL or somewhere between 472.5 and 
473.5 mL. The student should stop to consider the full impli- 
cations of this, specifically that the measurement is subject to 
a maximum error of: 


0.5 


473 x 100 = (approx) 0.1% or | part in 1000 


A zero in a quantity such as 473.0 mL is a significant figure and 
implies that the measurement has been made within the limits 
472.95 mL and 473.05 mL or with a possible error of: 


0.05 
473 


x 100 = 0.01% or 1 part in 10,000 


Thus, 473 is correct to the nearest mL, and 473.0 is correct to 
the nearest 0.1 mL. 


Rules 


1. When adding or subtracting, retain in the sum or remainder 
no more decimal places than the least number entering into the 
calculations. For example, 


11.5¢ 11.50 g 
2.65 g 2.65 g 
3.49 g 3.49 g 
17.64 g 17.64 g 
Answer: 17.6 ¢ Answer: 17.64 g 


In the first column 11.5 g was weighed to 0.1 g or with an accuracy of 
+0.05 g. Although the other two weighings were made with an accuracy 
of +0.005 g, the sum can be expressed properly only to one decimal 
place. 

In the second column 11.50 g was weighed to the nearest 0.10 g or 
with an accuracy of +0.005 g. Since all weighings were made with this 
degree of accuracy, the sum may be stated as in the example, 17.64 g. 

Retain all figures possible until all the calculations are completed 
and then retain only the significant figures for the answer. Additions or 
subtractions involving both large and small quantities, each expressed 
with maximum significance, are often useless. For example, if one were 
to add 1.2 and 0.041 g, the physical sum would be 1.2 g, regardless of the 
fact that the two numbers add numerically to 1.241. To express the 
physical sum as 1.241 g would convey an erroneous degree of accuracy 
with which the quantity was known. 
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Table 11-12. 


a RE 


EQUIVALENT EQUIVALENT SIGNIFICANT 
WEIGHT WEIGHT (gr/g) WEIGHT (gr) FIGURES 
4.522 x 15.432 = 69.78 4 
4.522 x 15.43 = 69.77 4 
4.522 x 15.4 = 69.6 3 
4.522 x 1s = 68 2 


2. When multiplying or dividing, retain in the answer no more 
significant figures than the least number entering into the 
calculation. 


The meaning of this rule may be illustrated by the use of equivalents 
during conversions from one measuring system to another. Table 11-12 
gives different equivalent values and the number of significant figures 
to which the answer is correct. Always use an equivalent which will give 
the desired degree of accuracy. Repeated multiplication of an approxi- 
mation increases the error progressively; therefore, retain all figures 
during calculations and drop insignificant figures as the final step. 


FRACTIONS 


Common Fractions 


An example of a common fraction is 3/8. It is read as “three- 
eighths” and indicates three parts divided by eight parts of the 
same thing. The units with both numbers must be the same. 
Pharmacists measure 3/8 of a fluidounce into a graduate, they 
measure 3 fluidrams, out of 8 fluidrams (a fluidounce contains 
8 fluidrams). 

The following principles should be applied when using com- 
mon fractions: 


1. The value ofa fraction is not altered by multiplying or dividing both 
numerator and denominator by the same number. 

2. Multiplying the numerator or dividing the denominator by a num- 
ber, multiplies the fraction by that number. 

3. Dividing the numerator or multiplying the denominator by a num- 
ber divides the fraction by that number. 

4. To add or subtract fractions, form fractions with the lowest common 
denominator, perform the arithmetical operation, and reduce to the 
lowest common denominator. 

5. To multiply fractions, multiply all numbers above the line to form 
the new numerator and multiply all numbers below the line to form 
the new denominator. Cancel if possible to simplify and reduce to 
the lowest common denominator. 

6. To divide by a fraction, multiply by the reciprocal of the fraction. 


Decimal Fractions 


Fractions with the power of 10 as the denominator are known 
as decimal fractions and are written by omitting the denomi- 
nator and inserting a decimal point in the numerator as many 
places from the last number on the right as there are ciphers of 
10 in the denominator. 

The following principles should be applied when using dec- 
imal fractions: 


1. When adding or subtracting decimals, align the decimal points 
under each other. 

2. When multiplying decimals, proceed as with whole numbers, then 
place the decimal point in the product as many places from the first 
number on the right as the sum of the decimal places in the 
multiplier and the multiplicand. 

3. When dividing by a decimal fraction, move the decimal point to the 
right, in both divisor and dividend, as many places as it is to the left 
in the divisor to form a whole number in the divisor; proceed as with 
whole numbers. The decimal point in the quotient should be placed 
immediately above the decimal point in the dividend. 


4. When converting a common fraction into a decimal fraction, divide 
the numerator by the denominator and place the decimal point in 
the correct place. 

5. When converting a decimal fraction into a common fraction, place 
the entire number, as the numerator, over the power of 10 contain- 
ing the same number of ciphers of 10 as there are decimal places. 
Cancel, if possible, to simplify. 


EXPONENTS, POWERS, AND ROOTS 


In the expression 2* = 16, the following names are given to the 
terms: 16 is called the power of the base 2, and 4 is the exponent 
of the power. If the exponent is 1, it usually is omitted. The 
following laws should be recalled: 


1. The product of two or more powers of the same base is equal to that 
base with an exponent equal to the sum of the exponents of the 
powers; eg, 2° x 2° = 2°. 

2. The quotient of two powers of the same base is equal to that base 
with an exponent equal to the exponent of the dividend minus the 
exponent of the divisor; eg, 25 + 2° = 2°. 

3. The power of a power is found by multiplying the exponents; eg, 
(22)2 = 24 

4. The power of a product equals the product of the powers of the 
factors seo(2) 03 4) 80 aS aa: 

5. The power of a fraction equals the power of the numerator divided 
by the power of the denominator; eg, 


The root of a power is found by dividing the exponent of the 
power by the index of the root; eg, 


36 = 96/3 = 32 


Any number other than 0 with an exponent 0 equals 1; eg, 
2° = 1. Anumber with a negative exponent equals 1 divided by 
the number with a positive exponent equal in numerical value 
to the negative exponent; for example, 


To facilitate the solution of involved and lengthy problems, 
logarithms (logs) were invented. Many calculations that are 
difficult by ordinary arithmetical processes are performed rap- 
idly and easily with the aid of logs. The log of a number is the 
exponent of the power to which a given base must be raised in 
order to equal that number. 


Y=a? 


log, Y= x 


John Napier, of Scotland, who discovered logs over three 
centuries ago, used the Natural Log Number, 2.71828+, as the 
base. Henry Briggs, using Napier’s discovery a few years later, 
introduced 10 as the base, which is the most convenient for 
practical purposes. Napier’s system is called natural logs and 
Briggs’ system is called common logs. In this latter system the 
natural numbers are regarded as powers of the base 10 and the 
corresponding exponents are the logs; eg, 


100 = 10° 
logy) 100 = 2 
2— 1109 O22. Or oss o2i = OLB OLO 


For natural logs, 
Gree 


In.6 = 1.792 


LAWS AND RULES 
[ELLA EG TA NE LISS DLE ANITA GAR NG INTE OTN TRE APSR I 


The following laws, governing the use of logs, are based on the 
laws of exponents, and hence hold for any log system. 


1. The log of a product equals the sum of the log of the component 
numbers; for example, for 25 x 2: 


log (25 X 2) = log 25 + log 2 
= log 10! 3979 ae log 1 09:3010 


= 1.3979 + 0.3010 = 1.6989 


2. The log of a quotient equals the log of the numerator minus the log of 
the denominator; for example, for 25 = 2: 


log (25 + 2) = log 25 — log 2 = log 1012979 — log 109.3010 


= 1.3979 — 0.3010 = 1.0969 


3. The log of a power of a number equals the log of the number 
multiplied by the exponent of the power; for example, for (25)'*: 


log (25)!2 = 12 log 25 = 12 x 1.3979 = 16.7748 


4. The log of a root of a number equals the log of the number divided by 
the index of the root; for example, for V/25 


log 25 1.3979 
log 25 = log 251/72 “ 5 


0.6990 


5. The log of a negative power of a number equals the reciprocal of the 
number multiplied by the exponent of the power; for example, (5): 


log (5)~2 = —2 log 5 = —2 x 0.6990 = —1.398 


The logs of 1, 10, 0.01, and so on are integers, but for 
numbers between these the logs will consist of two parts: an 
integral part called the characteristic and a fractional part 
called the mantissa. Thus, 


10? = 100 log 100 = 2 
TODO) log 10 = 1 
10° = log 1 =0 
107 =0.1 log 0.1 = -1 
LO 10100 log 0.01 = -2 


The log of a number between 100 and 1000 has 2 for a charac- 
teristic plus a fraction, the log of a number between 0.1 and 
0.01 has —2 for a characteristic plus a decimal, and so on. The 
mantissa of a log always must be positive, whereas the char- 
acteristic may be either positive or negative. 

Every number may be regarded as the product of two num- 
bers, one being 10 with a positive or negative exponent and the 
other being some number between 1 and 10; eg, 


760 = 10? x 7.6 = 102 x 1008808 
log 760 = log 10? + log 10°88 = 2.8808 


0.076 = 10-2 x 7.6 = 1072 x 1099-8808 
-. log 0.076 = log 10-2 + log 7.6 = —2 + 0.8808 


This is written 2.8808 (or 8.8808 — 10). 
The characteristic is made a positive number by subtracting 
the —2 from 10 to give a characteristic of 8...—10. The -10 is 
put after the mantissa. From the above explanation the follow- 
ing rules are derived: 
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1. The characteristic of a number greater than 1 is one unit less than 
the number of figures to the left of the decimal point; eg, for 1000 
the characteristic is 3. 

2. The characteristic of a number less than 1 is one unit more than the 
number of ciphers between the decimal point and the first signifi- 
cant figure; eg, for 0.001 the characteristic is —3. 

3. If the characteristic of a log is positive, the integral part of the 
corresponding number contains one more figure than the number of 
units in the characteristic; eg, if the characteristic equals 2, the 
corresponding number lies between 100 and 1000. 

4. If the characteristic of a log is negative, the number of zeros be- 
tween the decimal point and the first significant figure is one less 
than the number of units in the characteristic; eg, if the character- 
istic is —2, the corresponding number lies between 0.01 and 0.001. 

5. Numbers that are related to each other by some power of 10 possess 
logs with the same mantissa; eg, log 760 = 2.8808 and log 76 = 
1.8808. 


The Log of a Number 


The characteristic of a log is determined readily by inspection 
of the natural number, but to obtain the mantissa a table of 
logs must be used. These tables vary in accuracy according to 
the number of decimal places to which the mantissa is ex- 
panded. For most calculations four places are satisfactory. 

Under the heading Natural Numbers (N) in the Table of 
Logarithms (see Appendix), the first two figures of the number 
are given down the column on the left, while the third figure 
(from 0 to 9) is given across the top. The mantissa for large 
numbers or numbers falling between three-place ones may be 
found by the process of interpolation; eg, 

1. Find the log of 273. 


Under N find 27 and along the top line find the third number, 3. Across 
from 27 and under 3 the mantissa for 273 (4362) is found. No interpo- 
lation is necessary. By inspection (see rule 1) the characteristic is 2. 
Then log 273 = 2 + 0.4362 = 2.4362. 


2. Find the log of 0.08206. 


Under N find 82 and along the top find the next number, 0. Now 8206 
falls between 820 and 821 (6/10 of the difference). The mantissa for 820 
is 9138 and the mantissa for 821 is 9143. The difference between these 
two mantissas is 5, and 6/10 of 5 is 3. The mantissa for 8206 is therefore 
9138 + 3 = 9141. By inspection (see rule 2) the characteristic is —2. 
Then log 0.08206 2+ 0.9141 = 8.9141 — 10 or 2.9141. 


The process of finding a number between two other numbers 
is known as interpolation. It is based on the assumption that 
the mantissa varies directly with the number, but this is not 
quite true. Many log tables supply the proportionate parts to 
facilitate interpolation. 


The Antilog of a Number 


To find the number corresponding to a given log, the reverse 
procedure of that discussed above is employed. The first step is 
to find figures corresponding to the mantissa (interpolation 
may be necessary). The last step is to place the decimal point in 
the correct position, following rules 3 and 4; eg, 

1. Find the number corresponding to the log 3.8357. 


In the log table, 8357 is found across from 68 and under 5. The figures 
required are therefore 685. Since the characteristic is 3 (rule 3), the log 
3.8357 is the number 6850. 


2. Find the number corresponding to the log 0.4351. 


In the log table, 4351 is found to fall between 4346 and 4362, the 
difference being 16.4351 is 5 units more than 4346, or 5/16 of the 
difference between the two mantissas. The log table gives 272 as the 
antilog of 4346, to which 5/16 or 0.31 must be added. Adding on the 0.3 
to the fourth place, the required figures are 2723. Since the character- 
istic is zero, the required number is 2.723. 
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The Antilog of a Negative Number 


Finding the antilog of a negative number is easy when you remem- 
ber that the mantissa is always positive. Thus, the first step is to 
convert the negative mantissa to a positive one; eg, log X = —3.523. 

1. Add —1 to the characteristic so that it becomes —4. 

2. Add +1 to the mantissa so that it becomes 0.477 (+ 1.0000 
— 0.523 = +0.477). 

1. The result is 


log X = 4.477 


From the log table the antilog of 0.477 is 3.0, so that the antilog 
of 4.477 is 3.0 X 10-*. Hence, iflog X = 3.523, X = 3.0 x 10-*; eg, 

1. Using the Henderson-Hasselbalch equation for an acidic 
substance, find the ratio of ionized to un-ionized drug at a pH 
of 3.0. The pK, of the drug is 7.4. 


[Salt] 
pH = pK, + log [Acid] 
{Salt] 
pH — pk, = log [Acid] 
= (Salt] 
3.0 = 7A 44=5.6 2 [Acid] 
se [Salt] 
3.98 x 10>°= (Acid) 


LOGARITHMIC CALCULATIONS 


Representative problems illustrated below show the rapidity 
and simplicity of calculations with logs. 
1. Find the value of 8.52 * 36.4 X 0.0056. 


To multiply, add logs of the numbers. 
log 8.52 = 0.9304 
log 36.4 = 1.5611 
log 0.0056 = 3.7482 


log number = 0.2397 


To find the natural number corresponding to log number 0.2397, take 
the antilog. 
Answer: antilog 0.2397 = 1.737. 


2. Find the fifth root of 0.00475. 


To find the nth root of a number, divide the log of the number by the 
index of the root. 


log (¥0.00475) = 4 log 0.00475 = 4 (3.6767) 
= (7.6767 — 10) = 1.5353 — 2 or 1.5353 
To find the natural number corresponding to the log number 1.5353, 
take the antilog. 


Answer: antilog 1.5353 = 0.348. 
3. Find the value of 


6.062 x 1023 
0.08206 x 293.1 x 760,000 


Remember: To multiply, add the logs of the numbers; to divide, subtract 
the logs of the numbers: 


log 6.062 = 0.7826 log 0.08206 = 2.9141 
log 102% =323, log 293.1 = 2.4670 
log numerator = 23.7826 log 760.000 = 5.8808 


log denominator = 7.2619 


Log value: 23.7826 — 7.2619 = 16.5207. 
Answer: antilog 16.5207 = 3.32 x 107°. 


4. The pH of a solution is the log of the reciprocal of the 
hydrogen-ion concentration. If the concentration of H* ions in 
a solution is 2.57 X 10~* g-ion/L, what is the pH? 


1 mee 
~ 08957 x 10-4 82.57 


1 
H=1 
oe 
Taking logs 


pH = log 104 — log 2.57 = 4 — 0.4099 = 3.59 


Problems 


1. The rate of creaming of an emulsion may be calculated by 
Stokes’ law: 
2gr"(d, — d)) 


If d, = 0.88 g/mL, d, = 1.32 g/mL, g = 980.6 cm/sec”, r = 10° cm, and 
y = 1.14 poise, find the rate, V. 


2. The surface tension (S) of a liquid may be found by the 
Capillary Rise Method using the formula 


S = 'khdgr 


where h is the height of the liquid in the capillary, d is the density of the 
liquid, g is the acceleration of gravity, and r is the radius of the 
capillary. Find S when h = 2.62 cm, d = 2.43 g/mL, g = 980.6 cm/sec”, 
and r = 0.021 cm. 


3. Using the Henderson-Hasselbalch equation, find the ratio 
of un-ionized to ionized drug at a pH of 1.5. The pKa of the basic 
drug is 9.6. 


The student who knows algebra, has studied the previous sections 
of this chapter, and recognizes the Roman numerals and Latin 
abbreviations used on prescription orders (for directions to the 
pharmacist and patient by the prescriber) should have sufficient 
knowledge to solve the routine problems encountered in a phar- 
macy. The various symbols and abbreviations and their meanings 
must be well understood. Explanation of practical problems, rep- 
resentative of those faced in practice, are presented below. Prac- 
tice problems follow each section and the answers to these prob- 
lems are found at the end of this chapter (page 122). 

To solve each problem properly, the following procedure is 
suggested: 


1. Analyze the problem carefully so that all data are clearly fixed in 
the mind; determine what is given and what is asked for. 

2. Select the most direct method of solving the problem. Not all prob- 
lems can be solved properly in one step. Look up doses, equivalents, 
and abbreviations when you are not sure. 

3. Prove or check the result. 


ADDITION 


Review weighing and measuring systems discussed earlier in 
this chapter. The expression “weighable or measurable quan- 
tities” means pounds, ounces, drams, quarts, pints, fluid- 
ounces, and so on. For example, it is not practical to weigh 300 
gr or measure 50 fl oz, because neither a 300-gr weight nor a 
50-fl oz graduate is commonly available. These are converted to 


5 drams, and 1 qt, 1 pt, 2 fl oz, respectively, which are weigh- 
able and measurable quantities. 


Rules 


1. Add hike quantities. Using the metric system, if the quanti- 
ties are not alike, change them to a common unit. Using the 
apothecary or avoirdupois systems, create columns of like quan- 
tities arranged in descending order of magnitude toward the 
right. 

2. In the apothecary or avoirdupois systems, add together the 
smaller quantities first, then advance to the next higher units. 

3. Always extract the next higher unit, wherever possible, to 
simplify the answer, which should be stated in weighable or 
measurable quantities. 

4. When adding decimals, keep the decimal points directly 
under each other. 

5. When adding fractions, reduce to the lowest common 
denominator (LCD), add the resulting numerators, and reduce 
the fraction, if possible, by canceling. 


Examples 


1. Add 3 kg, 33 g, and 433 mg. 


Convert to a common unit. The gram is convenient because it is the unit 
of weight. 


3kg = 3x1000g =3000 g 
33 g = ABUL Ge 
433 mg = 433mg +1000= 0.433 
3033.433 g 


2. Add 4 pounds, 3 ounces, 1 dram, 59 grains and 5 pounds, 
10 ounces, 7 drams, 2 grains (apoth). 


Ib 5 5 gr 
4 3 1 59 
5 10 ie 2 
9 13 8 61 


Explanation: 
61 grains = 1 dram + 1 grain (60 grains = 1 3) 
Add 1 dram to the next column: 
Sale — oO drams, — deouncer  lidram (3 6 — 1-5) 
Add 1 ounce to the next column: 
13 + 1 = 14 ounces = 1 pound + 2 ounces (12 3= 1 th) 
Add 1 pound to the next column: 
9 + 1 = 10 pounds. 
Answer: 10 tb, 23,13, 1 gr. 
3. Add the following volumes: 5 gal, 3 pt, 2 fl oz; and 2 pt, 3 fl oz, 4 fl dr. 


Write out in proper sequence of the units in the measuring system and 
arrange the numbers given in the problem under each other. Thus, 


gal pt fl oz fl dr 
5 3 OD 
2D 3 
5 5) 5 


Note: 5 pt = 2 qt + 1 pt (2 pt = 1 qt). 
Answer: 5 gal, 2 qt, 1 pt, 5 fl oz, 4 fl dr. 
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Problems 


1. Add 25 mg, 25 g, 210 mg, 2 kg, 1.75 g, 215 mg, 454 g, and 
30 mg. 

2. The following quantities of a drug were removed from a 
container: 31 g, 225 g, 855.6 g, and 45.4 g. What is the total 
weight removed from the container? 

3. What is the weight of powder formed by mixing together 
13, 175 gr of Drug A, 87.5 gr of Drug B, and 6 3, 55 gr of Drug 
C? Give the answer in weighable quantities. 

4. Add 3xi, 3vi, Dii, gr xiv and 3vii, 3v, Dil, gr x. Give the 
answer in weighable quantities. 

5. Each unit of a mixture contains the following drugs: 1/5 gr 
of Drug M, 1/90 gr of Drug N, 1/6 gr of Drug P, and 2% gr of 
Drug Q. What is the total weight of each unit? 

6. The inventory card shows the following amounts of a 
syrup: 3 gal, 2% qt, 6 pt, 8 fl oz, 19 fl oz. What is the total 
volume in stock (in measurable quantities)? 


SUBTRACTION 


Rules 


1. Subtract only like quantities. If the quantities are not 
alike, change to a common unit (metric system) or place in 
columns of like quantities or units arranged in descending 
order of magnitude toward the right (avoirdupois and apothe- 
cary systems). 

2. In the apothecary and avoirdupois systems, begin with 
the smallest quantities and advance to the largest. 

3. When necessary, reduce larger quantities to smaller ones 
and place in the proper column. 

4. Treat common and decimal fractions as indicated in the 
section on addition. 


Examples 


1. Subtract 1 pt, 4 fl oz, and 6 fl dr from 2 gal. 


The problem may be solved as follows: divide 1 gal into 4 qt, leaving 1 
gal in its column; divide 1 of the 4 qt into 2 pt, leaving 3 qt; divide 1 pt 
into 16 fl oz, leaving 1 pt; divide 1 fl oz into 8 fi dr, leaving 15 fl oz. 


gal qt pt fl oz fl dr 
1 3 ] 15 8 
1 4 6 
il 3 0 iil 2 


Answer: 1 gal, 3 qt, 0 pt, 11 fl oz, 2 fl dr. 
2. Subtract 285 mL from 1 L. Convert to a common unit. 


1000 mL 
—285 mL 


715 mL 


Answer: 715 mL. 


Problems 


1. How much is left in a 5-L container after the removal of 
895 mL? 

2. A pharmacist buys 1 oz of Drug C. At intervals she uses 
the following quantities to compound prescription orders: 311, 
38s, Dii, 56 gr, and 48 gr. How much of Drug C remains? 

3. A bottle contains 1 pt of a liquid; 8 fl oz and 6 fl dr were 
removed. How much of the liquid remains? 
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4. A pharmacist buys 5 g of a potent drug and at different 
times dispenses 0.2 g, 0.85 g, 90 mg, and 150 mg on prescrip- 
tion orders. How much of the drug remains? 


MULTIPLICATION 


Rules 


1. The product has the same denomination as the multiph- 
cand. 

2. If the multiplicand is composed of different denomina- 
tions in the metric system, form a common unit before multi- 
plying and reduce the product to measurable units. In the 
apothecary or avoirdupois systems, arrange the quantities in 
descending order of magnitude toward the right, and multiply. 
Extract the next higher units, beginning with the smallest 
unit, and place in the proper columns, proceeding to the left. 

3. Multiply fractions and decimals as in any arithmetic 
problem, and reduce fractional quantities to measurable or 
weighable units. 


Examples 


1. Multiply 4 pt, 7 fl oz and 3 fl dr by 4. 
Begin with the smallest unit, working from right to left. When it 
becomes necessary, change the product to the next higher unit, writing 
only the remainder, if there is any, under the unit multiplied as 


pt fl oz fl dr 
4 i 3 
x4 

16 28 12 


12 fldr = 1 floz + 4 fl dr remainder 
28 floz + 1 floz = 29 floz = 1 pt + 18 fl oz remainder 
16 pt + 1 pt = 17 pt = 2 gal + 1 pt remainder 
Answer: 2 gal, 1 pt, 4 fl dr. 


2. What will be the total weight of the ingredients in a 
prescription order for 25 units, each unit containing 0.4 g of 
Solid F, 0.01 g of Solid G, and 5 mg of Solid H? First, convert to 
a common unit such as grams. 


0.4¢ + 0.01 g + 0.005 g = 0.415 g total weight of 1 unit 
0.415 g/unit X 25 units = 10.375 g total weight of all units 
3. Multiply 22.4 mL by 2.65. 


22.4 mL 
XOenOo 
59.36 mL 


Problems 


1. Multiply 48.5 mL by 3.24. 

2. A certain preparation is to contain 0.0325 g of a chemical 
in each mL of solution. How much must be weighed out to make 
5 L of the solution? 

3. How much cod liver oil is necessary to make 2500 cap- 
sules, each containing 0.33 mL? 

4. A formula calls for 1 pt, 3 fl oz, 4 fl dr of an oil. How much 
is required to make 15 times the formula quantity? Give 
amounts in measurable quantities. 

5. How many mg are used to make 1500 units, each of which 
contains 250 ug of a drug? 


DIVISION 


Rules 


1. The quotient always has the same denomination as the 
dividend. 

2. If the dividend is composed of different denominations, 
form a common unit in the metric system before dividing and 
reduce the quotient to weighable or measurable quantities. In 
the apothecary or avoirdupois systems, arrange as explained in 
the multiplication section; begin division with the largest quan- 
tity at the left, convert the remainder, if any, into the next 
lower units, and add to the next column before proceeding with 
the division. 

3. Treat fractions, and decimals as explained in the multi- 
plication section. 


Examples 


1. Divide 3 L by 25. 


3 L = 3000 mL 
3000 mL 


=120 mL 
2) 


2. Divide 10 gal, 3 pt, 8 fl oz by 8. 


gal pt fl oz 
8)10 3 8 
10 gal : : 
a 1 gal + 2 gal remainder 


2 gal = 16 pt 
Place 16 pt in the next column. 


16 pt + 3 pt = 19 pt 


19 pt 
ie Cs 2 pt + 3 pt remainder 


3 pt = 48 fl oz 
Place 48 fl oz in the next column. 
48 fl oz + 8 fl oz = 56 fl oz 


56 fl oz 
: = 


7 fl oz 


Answer: 1 gal, 2 pt, 7 fl oz or 1 gal, 1 qt, 7 fl oz. 


The alternative method is to reduce all quantities to a small 
unit such as fl oz, then divide and convert to measurable 
quantities. 


(10 gal x 128 fl oz/gal) + (3 pt x 16 floz/pt) + 8 fl oz = 1336 fl oz 


1334 fl oz 


8 = 167 fl oz 


Extract the largest units possible (convert to measurable quantities). 
167 fl oz 


=128 flioz = 1 gal 
39 fl oz remainder 


39 fl oz 
—32 floz = 2 pt = lat 
7 fl oz remainder 


Answer: 1 gal, 1 qt, 7 fl oz. 


3. A pharmacist buys an 8-oz container of a drug. How many 
5-gr capsules can be made from the contents? 


a. The pharmacist usually purchases by the avoirdupois system. The 
first step is to convert ounces to grains. 


437.5 gr/oz X 8 0z = 3500 gr 


b. Since 3500 gr are available and each capsule contains 5 gr, divide the 
total amount by 5 gr. 


3500 gr 
byae | 


Therefore, 700 5-gr capsules can be made. 


Problems 


1. How many 65-mg capsules can be made from 50 g of a 
drug? 

2. How many 15-minim capsules can be filled from 5 fl oz of an oil? 

3. The dose of a drug is 0.1 mg. How many doses are 
contained in 15 mg of the drug? 

4. The dose of a drug is 1/150 gr. How many doses are 
obtainable from 1 gr of the drug? 

5. How many 325-mg capsules of a drug can be filled from a 
454-g amount? 


CONVERSION 


As long as the student knows the interrelationships of the 
various units within the different weighing and measuring 
systems (eg, 20 gr = 19,39 = 13; 1000 mg = 1 g), there are 
only three conversions necessary to memorize in order to con- 
vert between the apoth, avoir, and metric systems. These are 


1 gr (avoir) = 1 gr (apoth) 
15.4 gr = 1g 
16.2 1M = 1mL 


Learn them! 
With these three conversions the student is able to derive all 
other necessary conversions. 


Apothecary Conversions 


Various equalities within the apothecary system may be calcu- 
lated. The number of grains in a dram, grains in a pound, and 
so on may be calculated using the following steps. 

il, 


20 gr/D X 33/3 = 60 gr/3 
60 gr/3 X 83/3 xX 123/lb = 5760 gr/lb 


Cancel the units. If they do not cancel properly, something has been 
omitted. 


2. 
1 gr (apoth) = 1 gr (avoir) 


Since 1 gr (apoth) = 1 gr (avoir), the number of grains in one system 
equals the number of grains in the other system; eg, 480 gr (apoth) = 
480 er (avoir). 

Convert 1 3 (apoth) to weighable quantities in the avoir system 


20 gr/9 X 39/3 xX 83/3 = 480 gr/3 (apoth) 
480 gr (apoth) = 480 er (avoir) 
437.5 gr = 1 oz avoir 


480.0 gr 
— 437.5 gr 
42.5 gr 


Answer: 1 3 (apoth) = 1 oz, 42.5 gr (avoir). 
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3. Conversions in the metric system are made in the same 
manner. 
Convert 1 g to mg. 


1000 mg 
jase eS 


ies = 1000 mg. 


Convert 1 g to kg. 


1gx 1000 g > 0.001 kg 

The same procedure is valid for volume measurements in 
the metric system. 

4. Conversions between the apothecary and metric weight 
systems are based on the fact that 15.4 gr = 1 g, which may be 
restated as 15.4 gr/g or 1 g/15.4 gr. 


a. How many mg equal 1 gr? 


1.000 g 
15.48 


= 0.0648 g/gr = 64.8 mg/gr or 64.8 mg = 1 gr 


Cancel units. 
b. How many grams are in 13? 


1.000 g 


Weiter x 480 gr/35 = 31.1 8/35 


c. How many grams are in 1 oz (avoir)? Remember: 1 gr (apoth) = 1 gr 
(avoir). 


1.000 g 


ee SE MT OVA = tsk 
15.4 gr 437.5 gr/oz 8.4 g/oz 
d. Other weight conversions are then found in a similar manner. 


5. Conversions between the apothecary and metric measur- 
ing systems are based on the fact that 16.217]? = 1 mL, which 
may be restated as 16.2 11)/mL or 1 mL/16.2 Mp. 


a. How many mL are in 1 fl oz? 


60 nP/fl dr x 8 fldr/fl oz = 480 np/fl oz 


a 29,60. 
Top. mL/fl oz 


or 29.6 mL = 1 fl oz 


480 np/fl oz x 


Rules 


1. The USP states that for prescription compounding one 
uses exact equivalents rounded to three (3) significant figures. 

2. To calculate quantities required in pharmaceutical for- 
mulas, the USP directs the use of exact equivalents. 

3. In converting doses the USP uses approximate equiva- 
lents. Use USP tables wherever possible. 


Examples 


1. Convert 1 pt, 4 f3 into mL. 

First, convert into f3. 
16 f£3/pt + 4f3 = 20f3 
Second, convert f3% to mL. 
1f3 = 29.6 mL (as calculated above) 
20f% X 29.6 mL/fZ = 592 mL 

Answer: 1 pt, 4 floz = 592 mL. 

2. What is the weight of 1200 g in the apothecary system? 

lg = 15.4 er 


1200 ¢g X 15.4 gr/g = 18,516 gr 
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Convert to weighable quantities. 


480 gr = 13 
480 gr/5 X 3835 = 18,240 gr 
18,516 gr 
— 18,240 gr (88 35), 38 5 = 3 tb, 25 12 5 = 1 Ib) 
276 gr 
—2A40 gr (60 gr = 1 5), (45) 
36 gr 


Answer: 3 tb, 2 5, 4 3, 36 er (apoth). 


3. Convert 1 pound (apoth) into grams. 


154 gr 48018075 Fol S75 


llb=123 
125 X 31.1 g/35 = 373.3 g/|b 


4. Convert 25 gr to grams. 


lg 
15.4 gr 


25 gr X 1.62 g 


5. Convert 50 grams to grains. 


50g X 15.4 gr/g = 770 gr 


Problems 


Fp > teriigy fer i) 


CROTORO ES 


enna 


SECTORS 


Ws) ead (Emit) ten 


1. Convert: 


6.50 grains into milligrams. 
3/10 grain into milligrams. 
3% apoth ounces into grams. 
2 3 into mg. 

3% avoir ounces into grams. 
1 lb avoir into grams. 


2. Convert: 


550 g into weighable quantities in the avoir system. 
450 mg into grains. 
550 g into weighable quantities in the apoth system. 
100 g into grains. 
1 kg into lb (avoir). 


3. Convert the following doses into metric weights: 


1/100 gr. 
1/320 er. 


4. Convert: 


200 TP into mL. 
3 fl dr into mL. 
8 fl oz into mL. 
1 pt into mL. 
5 11) into mL. 


. 0.1 mg into er. 
. 5 mg into gr. 


5. 


. How many gr are in 1 3? 

. How many drams are in 1 3? 

. How many grains are in 1 oz (avoir)? 

. How many gr are in % lb (apoth)? 

. Convert 250 gr to weighable quantities in the apothecary system. 


HOUSEHOLD EQUIVALENTS 
STUER SRT FD I 
Common household equivalents are found on page 96. These 
are used to interpret the prescriber’s instructions to the pa- 
tient. The teaspoonful usually is indicated by the symbol f3 or 
5 mL, although 1 f3 does not equal 5 mL. The problem of “the 
teaspoonful” has been discussed by Morrell and Ordway.* For 
practical purposes, a teaspoonful is equal to 5 mL, and 1 f3 in 
the directions to the patient on the prescription means 1 tea- 
spoonful; therefore there are 6 teaspoonful quantities in 1 
fluidounce (5 mL < 6 = 30 mL). 

For purposes of solving most compounding and dispensing 
problems, the exact equivalents rounded to three significant 
places should be used. 


DOSAGE CALCULATIONS 

ERLE EE EET TE TO ITE PIRES SA EY 
Over the past years various rules for calculating infants’ and 
children’s dosages have been devised. All of them give only 
approximate dosages because they erroneously assume that 
the child is a small adult; some of them are still used because 
as yet no absolute method of calculating an infant’s or child’s 
dose has been found. Children are sometimes more susceptible 
than adults to certain drugs. Doses for infants and children, 
where they are known, may be found in the USP, and APhA 
booklet entitled Pediatric Dosage Handbook and textbooks on 
pediatrics.” ’ Doses should not be calculated when it is possible 
to obtain the actual infant’s or child’s dose. 


Rules for Approximate Doses for Infants 
and Children 


1. Young’s Rule (for children 2 years old and older). 


Age (years) eer aunt 
era ear Oke Sci s dose 
Age (years) + 12 See eG ild’s dose (approx) 


2. Clark’s Rule. 


Weight (lb) 


150 x Adult dose = Child’s dose (approx) 


3. Fried’s Rule (for infants up to 2 years old). 


Age (months) 


150 x Adult dose = Infant’s dose (approx) 


4. The Square Meter Surface Area Method relates the sur- 
face area of individuals to dose. It is thought that this is a more 
realistic way of relating dosages (see Crawford et al,° Talbot et 
al,? and Butler and Richie’). 


Body surface area of child 


x Adult d 
Body surface area of adult Se ee 


= Child’s dose (approx) 


The average body surface area for an adult has been given as 
1.73 square meters (m7); hence, 


Body surface area of child (m7?) 
1.73 


x Adult dose 


= Child’s dose (approx) 


Calculating Doses for Individuals 


The body surface area for individuals may be found in various 
reference sources such as the previously mentioned APhA 


booklet, and in drug dosage data by Shirkey.'! Talbot et al® 
include a chart that relates weight to body surface area. Wag- 
ner!” presents a discussion on dosage of drugs. 

Many drugs have doses stated as the amount of drug/m” 
body surface area and may be calculated as follows: 


Amount of drugs/m* x Body surface area in m” = Individual’s dose 


Many physiological functions are proportional to body surface 
area, such as metabolic rate and kidney function. 

Drug doses are often stated in mg/kg body weight and may 
be calculated as follows: 


mg/kg x Body weight in kg = Individual’s dose 


This is the most common way of determining children’s doses. 

Drug doses also may be stated in units, as with vitamins A 
and D, penicillin, and hormones. This means that a certain 
quantity of biological activity of that drug is called 1 unit. When 
the term unit is used in connection with a drug, the calcula- 
tions involved are the same as those for more familiar weight or 
volume notations. The USP often standardizes the unit for such 
drugs, so the expression “USP Units” is used. This means the 
units are calculated based on a USP assay procedure and 
reference standard. 


Examples 


1. The adult dose of a drug is 5 gr. What is the dose for a 
3-year-old child? 


Use Young’s Rule: 


e 


34+ 12 


Child’s dose (approx) = x 5 gr = her 


2. What is the dose for a 40-lb child if the average adult dose 
of the medicament is 10 mg? 


Use Clark’s Rule: 


40 
Child’s dose (approx) = 150 x 10 mg = 2.67 mg 


3. What is the dose for an 8-month-old infant if the average 
adult dose of a drug is 250 mg? 


Use Fried’s Rule: 
8 
Infant’s dose (approx) = 150 x 250 mg = 13.3 mg 


4. If the average adult dose of a drug is 50 mg, what is the 
dose for a child who has a body surface area equal to 0.57 m”? 


1.73 


Child’s dose (approx) = x 50 mg = 16.5 mg 


Problems 


1. What is the dose of a drug for a 9-month-old infant if the 
average adult dose is 25 mg? 

2. What is the dose of a drug for a 6-year-old child if the 
average adult dose is 1% gr? 

3. What is the dose of a drug for a child who weighs 28 lb if 
the average adult dose is 100 mg? 

4. What is the dose of a drug for an individual who has a 1.21 

m/” body surface area? The average adult dose is 400,000 units. 

‘ 5. What is the dose of a medicament for a child that weighs 
66 lb if the dose is stated as 2.5 mg/kg body weight? 

6. What is the dose of a drug for an average adult patient if 
the dose of the drug is 45 mg/m”? 
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PROBLEM-SOLVING METHODOLOGY 
ee 
Two problem-solving methods will be illustrated in solving 
pharmaceutical problems: ratio and proportion, and dimen- 
sional analysis. Ratio and proportion forms the basis for nearly 
all calculations and is a concept that seems to be generally 
understood and used. However, many students and pharmacy 
practitioners have difficulty in problem interpretation and 
identifying a place to start. Dimensional analysis is based on 
ratio and proportion and offers an alternate way to solve prob- 
lems and overcome some problem-solving difficulties. 


RATIO AND PROPORTION 


A ratio states the relation of one quantity to another and may 
be written as a common fraction (implying division) or with a 
colon between the two numbers. For example, three parts com- 
pared with four parts is written 3/4, 3:4, or three is to four. Any 
units may be substituted for “parts” but the value of the ratio 
does not change. The units must be the same. 

Two equal ratios that are set equal to each other result in an 
equation a proportion. For example, 3/4 = 15/20, 3:4::15:20, or 
“three is to four as fifteen is to twenty” are ways of writing and 
stating that 3 and 4 form the same ratio or fraction as 15 and 20. 

The first and last terms of a proportion are called the ex- 
tremes, and the second and third terms are called the means. 


ilove 20) 


3 8 al os 
er | 
extremes 


Rules 


The following statements are true for any proportion: 


1. The product of the means equals the product of the extremes. 

2. The product of the means divided by one extreme gives the other 
extreme. 

3. The product of the extremes divided by one mean gives the other 
mean. Therefore, if any three terms of a proportion are known, the 
fourth can be found by simple calculation. 


In solving problems involving proportions, the following pro- 
cedure may be used: 


1. Let the unknown quantity be represented by X, and let it be the 
fourth term. 

2. Let the third term be that number in the question which expresses 
the same kind of value (unit) as is expected in the answer. 

3. Arrange the remaining two quantities in the same ratio as the third 
term and X. Thus, the first and second terms will express the same 
kind of values (units) and the third and fourth terms will express the 
same kind of values. If the answer sought (X) is to be greater than the 
third term, the second term will be larger than the first, and vice versa. 

4. Tosolve for X, divide the product of the means by the known extreme. 
Cancel to simplify. Since the first and second terms form a ratio, 
common factors may be removed without altering the ratio; the first 
and third terms are actually numerators of equal fractions, so they can 
be divided by the same number without changing the proportion. 


Example 


If 100 g of a drug cost $1.80, how much will 25 g cost? 


If the three quantities in the problem, namely 100 g, $1.80, and 25 g, are 
considered, it will be seen readily that 100 g bears the same relation to 
25 g as $1.80 does to the unknown quantity to be calculated. In other 
words, the quantities and prices form equal ratios. The following pro- 
portion can be made: 
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100 g:25 g::$1.80:X 


There are three known terms in the statement and X, the unknown 
term. Arithmetically, the product of the means must equal the product 
of the extremes. Therefore, if one of the extremes is unknown, it may be 
calculated by dividing the product of the means by the known extreme. 


_ 25g X $1.80 nas 
Ca lOO a = Sa 

The proportion is set down preferably as given above, but it may be 
stated in several other ways. These are given below merely to show 
their relationship to the original form. It may be stated as two equal 
ratios in equation form: 


100g $1.80 
Dw aie 


DIMENSIONAL ANALYSIS 


The basis for dimensional analysis is the formation of relation- 
ships between quantities, multiplication and canceling units 
until only the units of the desired answer remain. 

As in the example used previously, if 100 g of a drug cost 
$1.80, how much will 25 g cost? 


Begin by collecting all of the information in the problem and identify all 
relationships with units and labels. In this problem, we know 


$1.80 


—— eee 
100 g drug’ 20.2. NS 


Write down the units you want for the answer. 
= X§$ 


Identify a relationship from the problem that contains the units desired 
for the answer, forming the skeleton of the process. 


$1.80 2 
100 g drug © 


Complete the process by adding terms from the problem (or equiva- 
lents) necessary to cancel out units until only the units of the answer 
remain on the left side. 


$1.80. si 
100 g drug ~> gate 
Solve mathematically. 
X = $0.45 


Dimensional analysis can be used to solve most pharmaceu- 
tical problems, regardless of complexity, using a consistent 
procedure: 


1. Collect all the information and relationships in the problem com- 
plete with units and labels. 

2. Write down the units and label of the answer. 

3. Select a starting point corresponding to the units and label of the 
answer in the numerator. 

4. Complete the process using relationships in the problem and known 
conversions to cancel units. 

5. Solve the problem mathematically. 


More complex problems use the same basic procedure; eg, if 
100 g of a drug cost $1.80, what would be the cost of the drug 
to prepare 4 f3 of a solution containing 5 g of the drug per 
teaspoonful? 


Collect all information and relationships: 


$1.80 
100 g drug’ 


5 g drug 


lteasp ’ °°” 


Present Steps 2—4 together: 


$1.80 
100 g drug 


5gdrug. lteasp 29.6 mL 


x 
5 mL 1 f5 


1 leasp x 415 = 2 $ 


(The 3rd and 4th terms are known definitions and equivalents needed 
to cancel units.) 
Solve: x = $0.53. 


The problems in the remainder of this chapter will be illus- 
trated using both problem-solving methods. Readers should 
evaluate both methods and select the one they feel most com- 
fortable with. 


Examples 


1. Determine the dose for each ingredient contained in one 
dose of the following prescription. 


SOLTCAN Friatotaca scate agers rasages tyaie ty ony ni cceye heh On eee cee 300 mg 
OG BM mentee ak cee eerie net hepa neo eee 150 mg 
Solid * he Sea ee a eo haat, Sa 200 mg 


M ft capsules, D.T.D. No 12. 
The directions to the pharmacist are to mix and send 12 capsules 
containing in the three solids in the amounts indicated. Thus, the dose 
of each ingredient is as stated in the prescription. 
2. How much of each ingredient is used in compounding the 
following prescription? 


R 

Drag ira cciteone siento aknenelin Stans aie te een ts ke 7.2¢ 
Drags Bet bgrosnaeh diets captains epg ole Gana oe or 0.24 ¢ 
Drug! Goan aactvenine:. cure seer an connie Mee ete ee 12¢ 


M div capsules, No 24. 


In this prescription the prescriber requests that 24 capsules be made 
from the three ingredients. The amounts of the ingredients requested 
are considerable, and drugs usually do not have doses of 7.2 g or 1.2 g, 
so division of the amounts by the number of doses (24) is required. The 
pharmacist should check a textbook or compendium to confirm the 
average adult dose. 


2 
Drug E: Shisana x 1 cap = 0.300 g 
— rap = 0.01 
Drug F Paeaps x lcap = 0.01 g 
G as 1 0.05 
Drug G: 24 caps eae 


3. A prescription calls for 10 units of a drug to be taken 3 
times a day. How much will the patient have taken after 7 
days? 


10 units/dose X 3 doses/day X 7 days = 210 units 


4. If 250 units of an antibiotic weigh 1 mg, how many units 
are in the 15 mg? 


250 units/mg X 15 mg = 3750 units 


5. If the dose of a drug is 0.5 mg/kg of body weight/24 hours, 
how many grams will a 33-lb infant receive per 24 hours and 
per week? 


lg 0.5 mg 1 kg 
1000 mg * kg X 24 hours * 2.2 Ib 


x 33 lb x 24 hours = 0.0075 g 


0.0075 g 


7 days 
yin 
day week 


x 1 week = 0.0525 g 


6. A patient is to receive 260 yg of a drug 4 times a day for 
14 days. How many 1/250-gr tablets must be dispensed? 


1 tab l gr 1 mg 260 ug 4 doses 


Yoso Br * 64.8 mg * 7000 pg * dose * day 


x 14 days = 56 tabs 


7. An antibiotic is available as an injection containing 10 mg 
antibiotic/mL. How many mL are needed for an infant weigh- 
ing 8 kg, the dose being 1.4 mg/kg of body weight? 


1 mL 


1.4 mg 
10 mg A kg 


x 8 kg = 1.12 mL 
8. A preparation for coughs contains 1.5 g of an expectorant per 
100 mL. How many gr of the expectorant are there in a teaspoonful? 
1 teaspoonful = 5mL 


15.4 2s 1.5¢ 5 mL 
lg 100 mL “ 1 teasp 


x 1 teasp = 1.16 gr 


Problems 


1. Calculate the dose for each ingredient in the following 
prescription. 


& 
Clrennteall dl! . o QUO S Eee see er ee eee eee ae 


10 mg 
(Cheer tanieal TES Ge e758 SRS eae EN cE gt 50 mg 
ORNCRM CAM re Hoc ice ais atts cred Fes te smote Bea mes ies 300 g 


M ft capsules, D.T.D. No 14. 


2. Calculate the dose of each ingredient in the following 
prescription. 


M2 
yet NC) ONE Reasons re bur coh MG ie ibe wliecbingelss a8 eos Laneae 10.5 g 
JDSFULEE IN, a 6 & chase RAIMA ge eRe RENCE hn a Re eae 6.3 g 


Make 21 doses. 


3. An 8 fl oz prescription contains 6 fl dr of a tincture. If 1 
teaspoonful 4 times a day is prescribed, how much tincture does 
the patient take per dose and how much is taken daily? 

4. How many 0.3-mL doses are contained in 15 mL of a solution? 

5. If 1 mg of a hormone equals 22.5 units, how many mg are 
required to obtain 1 unit? 

6. If a bottle contains 80 units of a drug/mL, how many mL 
must the patient take to get a 60-unit dose? If the bottle 
contains 10 mL total volume of the drug solution, how many 
days’ supply will patients have if they use 60 units a day? 

7. A 10-mL ampul contains a 2.5% solution of a drug. How 
many mL are needed to give a dose of 150 mg? 

8. The dose of an antibiotic is 75 mg for a child. How much 
of a flavored suspension containing 125 mg antibiotic/5 mL 
must be given to the child per dose? 

9. How many gr of a drug are there in each teaspoonful of a 
syrup that contains 0.5% of the drug? 


REDUCING AND ENLARGING FORMULAS 


TIS STOR 
Determine the total weight or volume of ingredients and convert, 
if necessary, to the system of the quantities desired. The quanti- 
ties in the original and new formulas will have the same ratio. 


Examples 

1. The formula for a syrup is 
SLs og praesent irs So eee dis aMig ata Ree RMF GE ls tn abe woah 140 g 
SC LOS CMMI oie G ncsanst«’d et la.Gh ahs ses sale Saene ww aee tt 450 g 
PUBCON ALCL AOS tLOLIMAKG: 2. clans aces snes vw gretens cee ee 1000 mL 


a. Find the quantities required for 100 mL. 


40g 

Drug M7000 mL x 100 mL = 14.0 g 
450 g 

Sucrose: 7000 mL x 100 mL = 45.08 


Purified Water: to make 100 mL 
b. What quantities are required to compound 60 mL of the syrup? 
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& 
Drug M: 1000 mL x 60 mL = 8.40 fa 
_ 4008 ri 
ucrose: 1000 mL x 60 mL = 27.0 g 


Purified Water: to make 60 ml 


2. Calculate the amounts needed for 100 g of antiseptic 
powder as follows: 


SOlidyAcerrn wr are ici c emer tera eon ict s aac ee: AR A Aen a ne 2g 
SOUGUS Siena betes as a bees bt ee we ene lg 
SONG Camera eer eee Crea cenie ee come ee tae 7g 
SIOLUCCN ID), Sa aya the tena Gia otto Me PSC gr eee ean eee 25¢ 
Soliddhiy ip seep yoc ea Ae eee ela nid aetated: Cutcie tenes 115 g 
150 ¢ 
Solid A 2g X 0.667 = 1.33 ¢g 
Solid B 1g X 0.667 = 0.667 g 
Solid C 7g X 0.667 = 4.67 ¢ 
Solid D 25 g X 0.667 = 16.7¢ 
Solid E 115 g x 0.667 = 76.7 
100.067 g 


3. Prescriptions, where the instruction to the pharmacist 
calls for making a certain number of doses of an ingredient or 
mixture of several ingredients, are a type of formula enlarge- 
ment. The expression usually used is DTD, which means let 
such doses be given (see Table 98-1). Occasionally the pre- 
scriber will not use this expression, but inspection of amounts 
of the ingredients indicates that this is what is desired. For 
example, 


B 

SolighiiGe reer coe eee tice te Retr cern eite cer ters 50 mg 
SOMCHKUEE, Nestea So CN tone ae sen etre ae ee 150 mg 
Giro, DOCIN me Ae reer ar cc.8 cocine ORTe Deh aetean Sag See ts OF 0.2 mL 


M ft capsules, D.T.D. No 24. 


The pharmacist checked the individual doses of the ingredients and 
found them to be slightly below the average adult dose, confirming that 
the prescriber wanted the quantities listed to be multiplied by 24. 


NEW 

INGREDIENTS AMOUNTS MULTIPLIER AMOUNTS 
Solid H 50 mg x24 1200 mg or 1.2 g 
Solid K 150 mg x24 3600 mg or 3.6 g 
Liquid N 0.2 mL x24 4.8 mL 
Problems 

1. The formula for a liquid preparation is 
RCo [boKe Oxi ad SionS nie LL RE ALOE Ras Re ar ot A Pi facies 35 mL 
SOLIDE verates cst Braet eed chs itiser MOM pack e See RIGN ERNE sere 9g 
LBToAOUVG Mine gighe eee MOOE © 4.7 COM OR DAB Ona nS cHENO DE RCERS Ran ome 2.5 mL 
AEA (Ur lel Ee a Rieger etcetera Seine geno Ce een eR a Ra 20 mL 
Purified Water SULmCleNnt TOVIMAKEC)..ces.ccseeeseeeatc ores teee eae tetec seins 100 mL 
Calculate the quantities of the ingredients to make 2.5 L. 

2. The formula for an ointment is 
iy 
SL Grane eee RR oe sce ea tenes ee oars tu a elegans snegshess esgin 1 
PLU AD Beret Sete a TeeD Saye atolcds above s See cheia sakes Pe ess eNews ors 30 
Solidi ee sae eee os, Sir: Pal eae aeaeteneerues 2 3 
Ointment bases cuilcrentiLO UNA KGmanyoetia ean cbea ie erteee cies 1 


Calculate quantities of the ingredients for 2 lb. 

3. How much of each of the three solids and how much 
purified water are needed to properly compound the following 
prescription order? 


Gyo) fo LAIR ee ie, Reh cer cis aad Ais ote ROC ROHR Onc to ILE eer 0.1 mg 
SOLE) ey tere ope I erct cnet oas erate ore MR is Sntuinie Siasielcone 2.5 mg 
Solis path. tity parang Paradise utsi aciak aoe tisiawe wlsvartals nletars)s 150.0 mg 
Buritied Water .Qsutoun AKeirarcsey nce ies oate erent 5 mL 


M ft solution, D.T.D. No 48. 
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4. How much of each ingredient is required to compound 90 mL 
of the following product? 


SOM ACS 22 sansacnyar tou Ohta teak ene RSTO Pcie Ee Cee See es 7.52 
A Y6) bs Gl Maberararyre Wee Aes ewear Qh? On A San Cte eeee Sie APO Ee ln 6 ce 25 g 
(Gy Md Gri eeotnne pean A rem ANN cle Cine. Sa ont one te AR Rm tae 350 mL 
YN Koro) 60) EAE nes Sahn ioc & Oeae a bid odith deo oeeRcd 250 mL 


PERCENTAGE 


Percent, written as %, means per hundred. Fifteen percent is 
written 15% and means 15/100, 0.15, or 15 parts in a total of 
100 parts. Percent is a type of ratio and has no units. Thus, 10% 
of 1500 tables is 10/100 < 1500 tablets = 150 tablets. 

To change percent to a fraction, the percent number be- 
comes the numerator and 100 is the denominator. To change a 
fraction to percent, put the fraction in a form having 100 as its 
denominator; multiply by 100 so that the numerator becomes 
the percent. 


50 ~=—«50 
y= + = 0, 
= T5g} Joo x 100 = 50% 

9.5 12.! 

y= eee <2 xX 100 = 12.5% 

a OE eL00 


Calculations involving percentages are encountered contin- 
ually by pharmacists. They must be familiar not only with the 
arithmetical principles, but also with certain compendial inter- 
pretations of the different type percentages involving solutions 
and mixtures. 

The USP states 


Percentage concentrations of solutions are expressed as follows: 

Percent weight in weight—(w/w) expresses the number of g of a 
constituent in 100 g of solution. 

Percent weight in volume—(w/v) expresses the number of g of a 
constituent in 100 mL of solution, and is used regardless of whether 
water or another liquid is the solvent. 

Percent volume in volume—(v/v) expresses the number of mL of a 
constituent in 100 mL of solution. 

The term percent used without qualification means, for mixtures of 
solids, percent weight in weight; for solutions or suspensions of solids in 
liquids, percent weight in volume; for solutions of liquids in liquids, 
percent volume in volume; and for solutions of gases in liquids, percent 
weight in volume. For example, a 1 percent solution is prepared by 
dissolving 1 g of a solid or 1 mL of a liquid in sufficient of the solvent to 
make 100 mL of the solution. 


Ratio Strength 


Ratio is another manner of expressing strength. Such phrases 
as “1 in 10” are understood to mean that 1 part by volume of a 
liquid is to be diluted with, or 1 part by weight of a solid 
dissolved in sufficient of the solution to make the finished 
solution 10 parts by volume. For example, a 1:10 solution 
means 1 mL of a liquid or 1 g of a solid dissolved in sufficient 
solvent to make 10 mL of solution. It can be converted to 
percent by 


1 g:10 mL::X g:100 mL 
X = 10 gin 100 mL of solution which is 10% 


or 


lg 
10m 100 mL = 10g 


10g 


——— 0 
Trl aaa 


The expression “parts per thousand” (eg, 1:5000) always 
means parts weight in volume when dealing with solutions of 
solids in liquids and is similar to the above expression. A 1:5000 
solution means 1 g of solute in sufficient solvent to make 5000 
mL of solution. This can be converted to percent by 


1 g:5000 mL::X g:100 mL 
X = 0.02 gin 100 mL solution which is 0.02% 


or 

5000 mL x 100 mL = 0.02 g 
0.02 g 
100 mL 


= 0.02% 


The expression “trituration” has two different meanings in 
pharmacy. One refers to the process of particle-size reduction, 
commonly by grinding or rubbing in a mortar with the aid of a 
pestle. The other meaning refers to a dilution of a potent 
powdered drug with a suitable powdered diluent in a definite 
proportion by weight. It is the second meaning that is used in 
this chapter. 

When pharmacists refer to a “1 in 10 trituration” they mean 
a mixture of solids composed of 1 g of drug plus sufficient 
diluent (another solid) to make 10 g of mixture of dilution. In 
this case the “1 in 10 trituration” is actually a solid dilution of 
a drug with an inert solid. The strength of a trituration may 
also be stated as percent w/w. 

Thus, the term trituration has come to mean a solid dilution 
of a potent drug with a chemically and physiologically inert 
solid. 

The meanings implied by the USP statements in the section 
on percentage are illustrated below with a few examples of the 
three types of percentages. 


Weight-in-Volume Percentages 


This is the type of percent problem most often encountered on 
prescriptions. The volume occupied by the solute and the vol- 
ume of the solvent are not known because sufficient solvent is 
added to make a given or known final volume. 


Examples 


1. Prepare 1 f3 of a 10% solution. 
Since this is a solution of a solid in a liquid, this is a w/v solution. 


10g. 29.6mL 
100mL 3 


x1f%=2.96¢g 
2.96 g is dissolved in sufficient purified water to make 29.6 mL of 


solution. 


2. How much of a drug is required to compound 4 f3 of a 3% 
solution in alcohol? 


3g 29.6 mL 
100mL ~*~ f% 


x 43 =3.55¢ 
3. How much 0.9% solution of sodium chloride can be made 
from % 3 of NaCl? 


100 mL 
0.9 ¢ 


31.1¢ 


1 
13 X 9 3 1730 mL 


4. How many grams of a drug are required to make 120 mL 
of a 25% solution? 


252 


700 mL x 120 mL = 30 g drug 


5. How would you prepare 480 mL of a 1 in 750 solution of 
an antiseptic? 


Remember: percent w/v is indicated. 

1 in 750 means 1 g of the antiseptic dissolved in sufficient solvent to 
make 750 mL solution. 

By ratio and proportion, 


1 g:750 mL::U g:480 mL 
U = 1g X 480 mL/750 mL = 0.64 g antiseptic needed 


Dissolve 0.64 g of antiseptic in sufficient solvent to make 480 mL 
solution. 


6. How much of a substance is needed to prepare 1 L of a 
1:10,000 solution? 


The ratio 1:10,000 means 1 g of a substance in 10,000 mL of solution. 
1L = 1000 mL 
By ratio and proportion, 


1 g:10,000 mL::V g:1000 mL 
V = 1g X 1000 mL/10,000 mL = 0.1 g substance needed 


7. How would you prepare 120 mL of 0.25% solution of 
neomycin sulfate? The source of neomycin sulfate is a solution 
which contains 1 g neomycin sulfate/10 mL. 


10 mL stock soln 
1 g drug 


0.25 g drug 
zt 100 vol soln 


x 120 mL soln = 3 mL stock soln 


Add sufficient purified water to 3 mL of stock solution to make 
120 mL. 


Problems 


1. How would you make 3 fl oz of a 12.5% solution? 

2. How many liters of a 4% solution can be made from 4 oz 
of a solid? 

3. How many liters of an 8% solution can be made from 500 g 
of a solid? 

4, How many grams of a drug are needed to make 4 L of a 1 
in 500 solution? 


Weight-in-Weight Percentages 


Density must be considered in some of these problems. If a 
weight-in-weight solution is requested on a prescription, both the 
solute and solvent must be weighed, or the solute and the solvent 
may be measured if their densities are taken into consideration in 
determining the volumes. Since the solutions are made to a given 
weight, a given volume is not always obtainable. 


Examples 


1. What weights of solute and solvent are required to make 
2 3 of a 3% w/w solution of a drug in 90% alcohol? 


3gsolute 31.1 gsoln 

100 g soln ii 3 soln x 23 soln = 1.87 g solute 
31.1 gsoln 
ie 23 soln = 62.2 g soln 


62.2 g soln — 1.87 g solute = 60.3 g solvent 


2. The solubility of boric acid is 1 g in 18 mL of water at 25°C. 
What is the percentage strength, w/w, of a saturated solution? 


1 g of boric acid + 18 mL of water make a saturated solution, 18 mL of 
water weighs 18 g; hence, the weight of solution is 19 g. The amount of 
boric acid present is 1 g in 19 g of solution; therefore, the following 
proportion can be set up: 
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1 g:19 g::X g:100 g 
X = 1g X 100 g/19 g = 5.26 g 5.26 g/100 g or 5.26% 


3. How many grams of a chemical are needed to prepare 
200 g of a 10% w/w solution? 


10% w/w means 10 g of solute in 100 g total solution. If 100 g solution 
contains 10 g of solute, there are 90 g of solvent (100 g of solution — 10 g 
of solute = 90 g of solvent). The following proportion may be set up: 


10 g:100 g::M g:200 g 
M = 10 g X 200 g/100 g = 20 g solute needed 
4. How would one make a 2% w/w solution of a drug in 240 
mL of alcohol? The density of alcohol is 0.816 g/mL. 


a. First, convert 240 mL to weight. Remember: alcohol is the solvent 
and it has a density different from that of water. 


Density = Weight/Volume 
Weight = Density x Volume 


Weight = 0.816 g/mL x 240 mL = 195.8 g (196 g) 


b. 2% w/w means 2 g solute in 100 g solution. In this problem the final 
weight of solution is not known; 240 mL (196 g) of alcohol represents 
the solvent only. The solvent is 98% w/w of the total solution, so the 
following proportion may be set up: 


2 g:98 g::N g:196 g 
N = 2g X 196 g/98 g = 4.00 g 


c. Dissolve 4.00 g of the drug in 240 mL alcohol. The resulting solution 
will be 2% w/w and have a volume slightly larger than 240 mL 
because of the volume displacement of the drug. 


5. How much of a 5% w/w solution can be made from 28.4 g 
of a chemical? 


100 g soln 


Schon x 28.4 g chem = 568 g soln 


6. How many mL of a 70% w/w solution having a density of 
1.2 g/mL will be needed to prepare 600 mL of a 10% w/v 
solution? 


a. 10 g:100 mL::Z g:600 mL 
Z = 60 g of drug needed 
b. 70 g:100 g::60 g:T g. 
T = 85.7 g of 70% w/w solution needed. 


c. Volume = Weight/Density = 85.7 g/1.2 g/mL = 71.4 mL of the 70% 
w/w solution needed. 


Compounding problems involving solid preparations (such 
as mixtures of powder) and semisolid preparations (such as 
ointments, creams, and suppositories) are also percent w/w. 
The following is an example of this. 

1. How much drug is required to make 2 3 of a 10% ointment? 


10 g drug 
100 g oint ~ 


31.1 g oint 


3 oint 


x 23 = 6.22 g drug 


The same procedure could be used for such mixtures as 
powders and suppository masses. Instead of using units in the 
various measuring systems, quantities can be indicated “by 
parts.” The term “parts” then can mean any unit in any mea- 
suring system, as long as the units are kept constant. 

2. How many grams of each of the following three ingredi- 
ents are required to make 30 g of the product? 


i 

SoliduApaeyveraeist thet an Wer tetera metal. ralatere lo eeskaghrane ais teforstalataranatets 0.5 part 
Moncks (all Bay aes Sots OF OOOO OD OURO RR AAA OD CCE eet ERIE 3.0 parts 
ow deriG gs:tougerracmr rrr ry orem iid setae te roleteual sete 30.0 parts 


Since the product is a mixture of powders, percent w/w is indicated. In 
the above prescription order the total product is 30 parts because 
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Powder C is used to “qs to” or “make up to” 30 parts. Therefore, 0.5 g of 
Powder A and 3.0 g of Powder B are needed. 


ROWER *A seen Se See ee eT EEE RCC ERC eT Ie 0.5 ¢ 
Powder Bo. s.bno a. cope chars a eet eee aac ad ss. ciay bis Spareaeie ace era + 3.0 ¢ 
3.5 ¢ 
otal product, societal crea eee 30.0 ¢ 
SEs 
26.5 g Powder C needed 
3. 

BR 
OVO ts LID ba tots. Alchemea techy ciciiat ker nomtetd a 1 3.0 part 
SOL ee ant enn de Re tne tte ee ee ee 6.0 parts 
OintmentsBaseiQ@ 4. 4.2 +-scc.sia cual ena A ccudeetoekete mete eee 30.0 parts 


How much of each of the following ingredients is needed to 
make 60 g of the ointment? ? 


Solid: Ds suit. anstis bene ee ee ene tee nee 3.0 part 
Solid. By ccye corinne aire oe en eet ioe rates 6.0 parts 
Ointment Base! Q\y ce sccm ot Comets aan seo rete 30.0 parts 


39.0 parts total 


Since a total of 60 g is needed, the following proportions can be 
made: 


39 Parts total:60 g total needed::3.0 parts Solid D:X g 


x 


60 g X 3.0 parts/39 parts = 4.62 g Solid D needed 
39 Parts:60 g::6.0 parts:Y g 

Y = 60 g X 6.0 parts/39 parts = 9.23 g Solid E needed 

4.62 g Solid D 


+ 9.23 g Solid E 
13.85 g 


60.00 g 
—13.85 g Total 
46.15 g Base Q needed 


The amount of ointment base needed can also be calculated by the above 
ratio and proportion method. 


4, What is the percent strength of a salt solution obtained by 
diluting 100 g of a 5% solution to 200 g? 


Assign the 5% solution as Soln 1 
Assign the final solution as Soln 2 


5 g drug 
100 g Soln 1 


400 g Soln 1 
* 300 g Soin 2 


x 100 g Soln 2 = 2.5 g drug 


2.5 g drug 


————~ = 2.5% w/w 
WO esomein so 


Problems 


1. How much of the drug and solvent are needed to com- 
pound the following prescription? 


h 
Compound Ate, Se aecey ce me semis ee eens oe ee ee pn ede 
Solvent, qs to make 


2. How many grams of solute are needed to prepare 240 g of 
a 12% w/w solution? 

3. How many kg of a 20% w/w solution can be made from 1 
kg of the solute? 

4. How would you prepare, using 120 mL of glycerin (den- 
sity, 1.25 g/mL), a solution that is 3% w/w with respect to a 
drug? 

5. How much of each substance is needed to prepare a total 
of 24 g of the following suppository mass? 


WO (oraal aYoyobats lel SAN Metoimces een orme ane ony aateraiemene cia aise ame ioe ula da & 0.3 g 
POCO UTC LEA eee sean aire ost ero a Gecicmuneere eR e  ee deas meaty 94 0.15 g 
SUPPOsitory. bases Gs to Make menor sree iene sates ee 2.0¢ 


6. How would one prepare 500 mL of a 15% w/w aqueous 
solution? 


7. How much of each of the ingredients is required to make 
1 kg of the following mixture? 


Powder Po viiwan veces cnn aes one os ea ee 1 part 
Powder: Q\y aorcttesgs sic detanecraurehs cncsp tants ator tee ke eee 8 parts 
Powder R's i-dinaariee cotrei Se iene home snake See 12 parts 
Powder'S. ood cicnane cocesnds aa oul en 0 toh oe eee 15 parts 
36 parts 


8. How much of each ingredient is required to prepare the 
following ointment? 


iy 
Coal. Tar ‘Solution wees. 2s ak 1s. Seen Ls ee 10% 
Hydrophilic Ointment, qs to make. j.. 2.2.25. 4. 10.0 eee 30 g 


Volume-in-Volume Percentages 


A direct calculation of percentage from the total volume is 
made. Volumes, unlike weights, may not be additive. However, 
this does not present a problem because the final solution is up 
to the desired volume with the diluent. 


Examples 


1. How many minims of a liquid is needed to make 6 fl oz of 
a hand lotion containing 0.5% v/v of the liquid? 


29.6 mL lotion 
1 f3 lotion 


16.2 TP liq 0.5 mL liq 
1 mL liq s 100 mL lotion % 


x 6 f3 lotion = 14.4 np liq 


Add sufficient lotion to 14.4 M[= of the liquid to make 6 f3 of the 
product. 


2. How much 90% alcohol is required to compound 500 mL 
of a 10% alcohol mixture? In v/v mixtures, percentage is di- 
rectly proportional to volume. 


a. Since alcohol, a liquid, is mixed with water, percent v/v is indicated. 
Assume no shrinkage. 
b. 500 mL of the 10% solution contains the following amount of alcohol: 


10 mL:100 mL::X¥ mL:500 mL 


X = 10 mL X 500 mL/100 mL = 50 mL alcohol 


ce. 90% alcohol contains 90 mL of alcohol in 100 mL of solution. 50 mL 
of pure alcohol is needed; therefore, the following proportion may be 
set up: 

90 mL:100 mL::50 mL:Y mL 


Y = 100 mL X 50 mL/90 mL = 55.5 mL of 90% alcohol needed 


Problems 


1. How many minims of a liquid are needed to make 4 f5 of 
a 12.5% v/v solution? 

2. What volume of 50% v/v alcohol could be prepared from 
1 L of 95% v/v alcohol? 

3. What is the percentage strength, weight in weight, of a 
liquid made by dissolving 16 g of a salt in 30 mL of water? 

4. How much drug will be required to prepare 1 fl oz of a 
2.5% solution? 

5. What is the percentage, weight in weight, of sugar in a 
syrup made by dissolving 5 kg of sugar in 8 kg of water? 

6. How many grams of a drug are required to prepare 120 
mL of a 12.5% aqueous solution? 

7. How much drug is needed to compound a liter of a 1:2500 
aqueous solution? 

8. A solution contains 37% of active ingredient. How much of 
this solution is needed to prepare 480 mL of an aqueous solu- 
tion containing 2.5% of the active ingredient? 

9. How much of a drug is required to make 2 qt of a 1:1200 
solution? 


STOCK SOLUTIONS 

1 ST TR TESTI 
To facilitate the dispensing of certain soluble substances, the 
pharmacist frequently prepares or purchases solutions of high 
concentration. Portions of these concentrated solutions are di- 
luted to give required solutions of lesser strength. These con- 
centrated solutions are known as stock solutions. This proce- 
dure is satisfactory if the substances are stable in solution or if 
the solutions are to be used before they decompose. 

In the case of potent substances, a properly prepared stock 
solution permits the pharmacist to obtain accurately a quantity 
of solid that might otherwise be difficult to weigh. In the case of 
frequently prescribed salt solutions, a stock solution readily 
provides the required amount of salt without the necessity of 
weighing and dissolving it every time. 

Stock solutions may be of various concentrations depending 
on the requirements for use. The stock solutions should be 
labeled properly and fractional parts needed to make various 
strengths also may be listed as a further convenience. 

There is a type of compounding and dispensing problem that 
involves the concept of stock solutions. This involves the pa- 
tient diluting a dose from the prescription order to a given 
volume to obtain a solution of desired concentration. 

For example, how many grams of a salt are required to make 
90 mL of a stock solution, 5 mL of which makes a 1:3000 
solution when diluted to 500 mL? 


a. Determine how many grams are in 500 mL of a 1:3000 solution. 
1 g:3000 mL::X g:500 mL 
X = 1g X 500 mL/3000 mL = 0.167 g 


salt in 500 mL of 1:3000 solution 


b. The 0.167 g in the dilute solution came from the 5 mL of the original 
stock solution (prescription order). The following proportion can be 
used. 


0.167 g:5 mL::Y g:90 mL 
Y = 0.167 g X 90 mL/5 mL = 3.01 g 
salt needed to make the original 90 mL of stock solution 
Alternately, 


Assign stock solution as Soln 1 
Assign final dilution as Soln 2 


1 g salt 500 mL Soln 2 
3000 mL Soln2 ~ 5 mL Soin 1 


x 90 mL Soln 1 = 3.0 g salt 


Problems 


1. How much of a drug is needed to compound 120 mL of a 
prescription order such that when 1 teaspoonful of the solution 
is diluted to 1 qt, a 1:750 solution results? 

2. How many grams of a drug are needed to make 240 mL of 
a solution of such strength that when 5 mL is diluted to 2 qt, a 
1:2500 solution results? 

3. An ampul of solution of an anti-inflammatory drug con- 
tains 4 mg of drug/mL. What volume of the solution is needed 
to prepare a liter of solution that contains 2 wg of the drug/mL? 


PARTS PER MILLION 

Ne tp ON RS i TN TEA TT SITS 
An expression that is occasionally used in compounding pre- 
scriptions is parts per million (ppm). This is another way of 
expressing concentration, particularly concentrations of very 
dilute preparations. A 1% solution may be expressed as 1 
part/100; a 0.1% solution is 0.1 part/100 or 1 part/1000. A 1 ppm 
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solution contains 1 part of solute/1 million parts of solution; 5 
ppm is 5 parts solute/1 million parts solution, and so on. Re- 
member that the two parts must have the same units, except in 
the metric system where 1 g = 1 mL of water. 

Sodium fluoride is a drug that may be prescribed by a 
dentist as a preventative for tooth decay in children. It is used 
only in very dilute solutions due to the drug’s toxicity and 
because only minute quantities are needed. For example, how 
much sodium fluoride would be needed to prepare the following 
prescription? 


a7 

Sod Fluoride, qs 

Purified water, qs 60 mL 

Make soln such that when 1 f3 is diluted to 1 glassful of water a 2 ppm 
soln results. 

Sig: 1 f3 in a glassful of water a day. 


The mathematics to solve this compounding problem are 
easy once the steps for calculating the answer are outlined. 
This problem should be worked “backward.” 


a. The amount of NaF needed is not known. 

b. One glassful of water has a volume of 240 mL. The concentration of 
NaF in 240 mL is 2 ppm. 

c. The NaF solution poured into the glass came from a teaspoonful dose 
(1 3), which is equal to 5 mL. 

d. The 5-mL dose came from the prescription order bottle containing a 
NaF solution. 


Now, inserting numbers 
a. 240 mL contains 2 ppm NaF. 
2 ¢:1,000,000 mL::X g:240 mL 


X = 2g X 240 mL/1,000,000 mL = 0.00048 g 


b. The 0.00048 g of NaF in the glass came from the teaspoonful dose; 
therefore, the teaspoonful (5 mL) contained 0.00048 g of NaF. 
c. The 5 mL came out of the original prescription order bottle (60 mL). 


5 mL:0.00048 g::60 mL:Y g 
Y = 0.00048 g X 60 mL/5mL = 0.00576 g 


The pharmacist would weigh out 5.76 mg (actually, one 
would weigh out a larger quantity and take an aliquot part) 
and qs to 60 mL. 

Another variation of this problem is the prescriber request- 
ing the concentration in terms of fluoride ion (F-). In this case 
the atomic weight of F- and molecular weight of NaF are used 
in the calculation. If the request called for 2 ppm fluoride, the 
initial calculations would be the same as above, and an addi- 
tional step would be added at the end. The 5.76 mg would now 
represent the weight of fluoride ion needed. This must be 
converted to weight of NaF. The molecular weight of NaF is 42 
and the atomic weight of fluorine is 19. The following propor- 
tion can be set up. 


5.76 mg:19::Z mg:42 


Z = 5.76 mg X 42/19 = 12.7 mg 


Problems 


1. How many mg of NaF are needed in the following 
prescription? 


Sodium Fluoride 

Purified water, gs to 90 mL 

M ft solution such that when 1 3 is dil to 1 glassful of water a 3 ppm NaF 
soln results. 
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DILUTION AND CONCENTRATION 


Stock solutions can be diluted to make a product that has a 
lower concentration; also mixtures of powders or semisolids (eg, 
ointments) can be diluted to give a product of lower concentra- 
tion of the drug(s). The diluent is an inert solid or semisolid or 
base that does not contain any active ingredients. 

Mixtures also may be concentrated by adding pure drug or 
mixing with a product containing a higher concentration of the 
drug. For example, how much ofa diluent must be added to 50 g 
of a 10% ointment to make it a 5% ointment? 

1. How many grams of active ingredient are in 50 g of 10% 
ointment? 


10 g:100 g::V g:50 g 
V=10¢g x 50 ¢/100g=5¢g 


2. How many grams of a 5% ointment can be made from 5 g 
of active ingredient? 


Assign the 10% ointment as Oint 1 
Assign the 5% ointment as Oint 2 


100 g Oint 2 
5 g drug 


10 g drug 
100 g Oint1 


x 50 g Oint 1 = 100 g Oint 2 


3. How many grams of base must be added to the 50 g of the 
original 10% ointment? 


100 g 5% ointment 
= o0ls 10% base 
50 g base 


The term trituration was used previously to mean a dilute 
powder mixture of a drug. It is often necessary to dilute this 
mixture further to obtain the required amount of drug. 

1. How much of a 1 in 10 trituration of a potent drug 
contains 200 mg of the drug? 

A 1 in 10 trituration means 1 g of drug in 10 g of mixture or 
1 g of drug plus 9 g diluent. Remember: mixtures of solids are 
present w/w. The following proportion can be made: 


1 g:10 g::0.2 g:T g 
T=10gx02g¢/lg=2¢ 
2. How much diluent must be added to 10 g of a 1:100 

trituration to make a mixture that contains 1 mg of drug in 
each 10 g of the final mixture? 
a. Determine the amount of drug in 10 g of trituration. 

1 ¢g:100 g::M g:10 ¢ 

M=1g¢g X10 ¢/100g=0.1¢ 


b. Determine the amount of mixture that can be made from 0.1 g 
(100 mg) of drug. 


1 mg:10 g::100 mg:N g 
N = 10 g X 100 mg/1 mg = 1000 g 
c. Determine the amount of diluent needed. 


1000 g total mixture 
— 10 g trituration 


990 g diluent 


Problems 


1. The following prescription order was received in a phar- 
macy. If the only R cream available is a 10% concentration, how 
much of the 10% cream and how much diluent are required to 
compound the prescription? 


17 
R Cream 3 ig. aid eh steskes cee ae aero Pr 30020 001 909-002 30 g 


2. How many grams of a 1:100 trituration contain 100 pg of 
the active ingredient? 

3. How many grams of a 1:1000 dilution can be made from 
1 g of a 1:25 trituration? 


MIXING DIFFERENT STRENGTHS 


Rules 


1. The sum of the products obtained by multiplying a series 
of quantities by their respective concentrations equals the 
product obtained by multiplying a concentration by the sum of 
the quantities. For example, the sum of the products— obtained 
by multiplying the individual weights or volumes of a series of 
preparations by the concentration of a given ingredient con- 
tained in each preparation—is equal to the product obtained by 
multiplying the total weight of the series of preparations by the 
percentage of the given ingredient resulting from a homoge- 
neous mixture of the same series of preparations. 

2. When mixing products of varying strengths, the units and 
type of percent (w/w, w/v, v/v) must be kept constant. 


Examples 


1. What is the percent of alcohol in a mixture made by 
mixing 5 L of 25%, 1 L of 50%, and 1 L of 95% alcohol? 


a. Determine the total amount of alcohol in the three solutions and the 
total amount of solution (1 L = 1000 mL). Assume additivity of 
volumes on mixing. 


Ee 5000 mL 250 mL al 
100 mL x5 mL = 1 mL ale 
eo 000 mL = 500 mL al 
100 mL x I mL = 500 mL ale 
95mLale 1000 mL 


100 mL % 7000 mL BEBO 


b. Determine the percent of alcohol in the mixture. There is a total of 
2700 mL of alcohol in 7000 mL of total solution. 


2700 mL ale OO raTies SOLE 
7000 mL eal mL = 38.6 mL ale 
38.6 mL alc ate 
1LOOniaaaeti. Gees 


2. What is the strength of a mixture obtained by mixing 50 g 
of a 5%, 100 g of a 7.5% and 40 g of a 10% ointment? 


a. 


5% xX 50g = 2. 
7.5% X 100g = 7. 
10%x 40g = 4. 

‘1908 14.0¢g 


b. There is a total of 14.0 g of active ingredient in 190 g of total mixture. 
14 g:190 g::W g:100 ¢ 


W = 14g X 100 g/190 g = 7.37 ¢ 


Since there are 7.37 g of active ingredients in 100 g of the 
mixture, a 7.37% preparation results. 


Problems 


1. What percent of a drug is contained in a mixture of 
powder consisting of 0.5 kg, containing 0.038% of a drug, and 
10 kg, containing 0.043% of a drug? 

2. What is the strength of a mixture produced by combining 
the following lots of alcohol: 2 L of 95%, 2 L of 50%, and 7 L 
of 60%? 

3. What is the percent of drug content in the following 
mixture: 2 kg of 3%, 300 g of 2.5%, and 500 g of 4.2% resin? 


ALLIGATION ALTERNATE 


Alligation is a rapid method of calculation that is useful to the 
pharmacist. The name is derived from the Latin alligatio, 
meaning the act of attaching, and it refers to lines drawn 
during calculation to bind quantities together. This method is 
used to find the proportions in which substances of different 
strengths or concentrations must be mixed to yield a mixture of 
desired strength or concentration. When the proportion is 
found, a calculation may be performed to find the exact 
amounts of the substances required. 


Rules 


1. The substance with a higher value than that required is 
the one with the lower amount. 

2. The gain in value or amount of one substance balances the 
loss in value or amount of another substance. 


Examples and Procedure 


1. In what proportion must a preparation containing 10% of 
drug be mixed with one containing 15% of drug to produce a 
mixture of 12% drug strength? 


The 10% drug is 2% too weak and the 15% is 3% too strong. Therefore, 
the excess in strength of three parts of the stronger can be calculated to 
just balance the deficiency of two parts of the weaker drug. Set up the 
problem in this manner: 


IS 907 aus 2 Parts of 15% 


oe 


12 
from 2% 


et 


10% Parts of 10% 


3 
5 Parts of 12% 

The desired percent or concentration is placed in the center, 
the lower percentage is placed on the left side below the center 
and the higher percentage is placed on the left side above the 
center. The figure obtained by subtracting 10% from 12% is 
placed opposite the 15% on the right side, and that obtained by 
subtracting the 12% from 15% is placed opposite the 10% figure 
on the right side. 

Then, mixing 2 parts of 15% drug preparation with 3 parts 
of 10% drug preparation will produce a drug mixture of the 

desired 12% strength. 

2. In what proportion must 30% alcohol and 95% alcohol be 
mixed to make 500 mL of 50% alcohol? Set up the problem in 
the following manner: 
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20 Parts of 95% 


95% minus Sawa 
from © 
Se 45 Parts of 30% 


65 Parts of 50% 


In a total of 65 parts, 20 parts of 95% alcohol + 45 parts of 30% alcohol 
are needed. Since the total parts is proportional to 500 mL, the follow- 
ing proportion can be made: 


20 part (mL) 95% 


Oy) = ile 959 
65 part (mL) 50% x 500 mL 50% = 154 mL 95% 


Add sufficient 30% alcohol to make 500 mL. 

3. How many grams of an ointment containing 0.18% of 
active ingredient must be mixed with 50 grams of an ointment 
containing 0.14% of active ingredient to make a product con- 
taining 0.15% of active ingredient? 


0.01 Parts of 0.18% 


arts of 0.14% 


B12 
Parts of 0.15% 


0.01 parts (g) 0.18% 
0.03 parts (g) 0.14% 


x 50 g 0.14% = 16.7 g 0.18% 


4. Occasionally, it is necessary for a pharmacist to increase 
the strength of a product. For example, a prescription calls for 
50 g of a 10% ointment. The pharmacist only has a 5% ointment 
and the pure ingredient available. How much of the 5% oint- 
ment and the pure ingredient are needed to compound the 
prescription? 


ee 5 Parts 100% 
“ES 90 Parts 5% 
95 Parts 10% 


100% 


Ss 
gor 


5% 


10% 


5 parts (g) 100% 
95 parts (g) 10% 
90 parts (g) 5% 
95 parts (g) 10% 


x 50 g 10% = 2.63 g 100% 


x 50 g 10% = 47.4 g 5% 


Problems 


1. How much ointment containing 12% drug and how much 
ointment containing 16% drug must be used to make 1 kg of a 
product containing 12.5% drug? 

2. In what proportion should 50% alcohol and purified water 
be mixed to make a 35% alcohol solution? (The purified water is 
0% alcohol.) 


Note: This problem may be solved by a method other than alligation as 
was shown above. 


3. How many grams of 28% w/w ammonia water should be 
added to 500 g of 5% w/w ammonia water to produce a 10% w/w 
ammonia concentration? 
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4. How many mL of 20% dextrose in water and how many 
mL of 50% dextrose in water are needed to make 1 L of 35% 
dextrose in water? 


PROOF SPIRIT 
SLATS NERS ER 
For tax purposes, the US government calculates the strength of 
pure or absolute alcohol (herein referred to as C,H;OH) by 
means of proof degrees. This means that 100 proof spirit con- 
tains 50% (by volume) or 42.49% (by weight) of C,H;OH, and 
its specific gravity is 0.93426 at 60°F. Thus, 2 proof degrees 
equals 1% (by volume) of C,H;OH. One proof gallon is 1 gal of 
50% (by volume) of C,H;OH at 15.56°C (60°F). In other words, 
a proof gallon is a gallon that contains 2 gal of C,H;OH. A 
proof gallon is 100 proof. 

The term 10 degrees under proof (10° up) signifies that 100 
volumes of the spirit contains 90 volumes of proof spirit plus 10 
volumes of water, and 30 degrees over proof (30° op) indicates 
that 100 volumes diluted with water yields 130 volumes of 
proof spirit. To prepare proof spirit, 50 volumes of C,H;OH are 
mixed with 53.71 volumes of water to allow for the contraction 
that occurs to yield 100 volumes of product. 

The terms proof strength, proof gallon, and proof spirit are 
used so that the tax is levied only on the actual quantity of 
C,H;OH contained in any mixture. Therefore, it is sometimes 
necessary for the pharmacist to convert alcohol purchased to 
proof strength to compute tax refunds or convert proof 
strengths to percent for compounding purposes. 

A quantity of solution that contains 12 gal of C,H;OH is said 
to contain 1 proof gal. Proof gallons may be calculated by the 
following two equations: 


gal x v/v strength 
50% v/v 


Proof gal = 


gal x proof strength 
100 proof 


Proof gal = 
The second equation is the same as the first because proof 


strength is always twice the % v/v strength. With these equa- 
tions, given any two variables the third can be calculated. 


Examples 


1. What is the taxable alcohol in 1 pt of Alcohol USP? 
1 pt = % gal (8 pt = 1 gal) 
Alcohol USP is 95% v/v; therefore, 


gal x % strength '% gal x 95% 
50% - 50% 


Proof gal = = 0.2375 proof gal 


2. How much Diluted Alcohol USP can be made from 1 qt of 
alcohol labeled 2 proof gallon? 
Diluted Alcohol USP is 49% v/v; therefore, 


gal x % strength 


Proof gal = 50% 


0.5 proof gal x 50% 
49% 


gal = = 0.510 gal 


Problems 


1. How many proof gallons are there in 1 qt of a preparation 
that is labeled 75% v/v alcohol? 

2. How many proof gallons are there in a pint of an elixir 
that contains 14% alcohol? 

3. How much Diluted Alcohol USP can be made from 1 gal of 
190 proof alcohol? 


SATURATED SOLUTIONS 
SELLS SS 
Occasionally, it is necessary for a pharmacist to make satu- 
rated solutions. Solubility in the USP/NF is expressed as the 
number of milliliters of a solvent that will dissolve 1 g of a solid; 
for example, 1 g dissolves in 0.5 mL of water. In other words, if 
1 g of a solid is dissolved in 0.5 mL of water, a saturated 
solution results. An example will illustrate this. 

How much of a drug is needed to make 120 mL of a satu- 
rated solution if 1 g of the drug dissolves in 7.5 mL of water? 


Calculate the amount of drug that can be dissolved in 120 mL water. 
X =1g X 120 mL/7.5 mL = 16 ¢ 


When 16 g of the drug are dissolved in 120 mL of water, a saturated 
solution results that has a volume greater than 120 mL because the 
solid will take up a certain volume. Only 120 mL would be dispensed. 


What is the % w/w of the above solution? 
120 g (mL) water + 16g drug = 136 g of solution 


of total solution weight. There is 16 g of solute in 136 g of solution; 
therefore, 


16 g:136 g::P g:100 g 
P= 16g x 100 g/136g=118¢ 


in 100 g of solution. Therefore, this is a 11.8% w/w solution. 


Problems 


1. What is the solubility of a chemical if a saturated aqueous 
solution is 0.5% w/w? 

2. How many grams are needed to make 500 mL of a satu- 
rated solution if 1 g of the solute is soluble in 14 mL of solvent? 


MILLIEQUIVALENTS 

SR LE 
The quantities of electrolytes administered to patients are usu- 
ally expressed by the term milliequivalents (mEq). The reason 
that weight units (mg, g) are not used is because the electrical 
activity of the ions, which in this instance is important, may be 
best expressed as mEq. (See Chapter 17 for additional discus- 
sion on electrolytic equilibria.) 

A mKq is 1/1000 of an equivalent (Eq). An Eq is the weight 
of a substance that combines with or replaces one gram-atomic 
weight (g-at wt) of hydrogen. In pharmacy the terms equivalent 
and equivalent weight (Eq wt) have been used interchangeably. 
For problem solving it is convenient to identify the molar 
weight in terms of mg per mmol and the number of mEq per 
mmol as follows: 


; mg 
Molecular weight = ——— 
mmol 
Faq = mmol 
ed ~ valence 


For example, KCl has a molecular weight is 74.5; the above 
parameters would be 74.5 mg/mmol and 1 mEq/mmol. 

Water of hydration contributes to the molecular weight (mol 
wt) of a compound but not to the valence, and the total mol wt 
is used to calculate mEq. 


Examples 


1. Calcium (Ca?*) has a gram-atomic weight of 40.08. Determine 
the number of mEq/mmol. As the valence of the calcium ion in 2, 


2 mEq 


mmol Ca 


2. A solution (100 mL) that contains 409.5 mg of NaCl/100 
mL has how many mEq of Na“ and Cl? 
Molecular wt = 58.5 mg/mmol 
1 mEq Cl- 1 mEq Nat 
mmol NaCl ey mmol NaCl 
1 mEq Cl- lmmolNaCl 409.5 mg NaCl 
mmol NaCl ~ 58.5mg NaCl * 100 mL 
= 7.0 mEq of Nat 


There is 


x 100 mL 


3. A prescription order calls for a 500 mL solution of potas- 
sium chloride to be made so that it will contain 400 mEq of K™. 
How many grams of KCl (mol wt: 74.5) are needed? 


1 mEq 74.5 mg 
an 
mmol mmol 
1gkCl 74.5 mg KCl 1mmol KCl 
1000 mg KCl ~ mmol KCL ~~ neg K* 


x 400 mEq K* = 29.8 g KCl 


4. How many mEq of K* are in a 250-mg tablet of potassium 
phenoxymethy] penicillin (mol wt: 388.5; valence: 1)? 


1 mEq Kt 388.5 mg Pen 
mmol Pen mmol Pen 
1 mEq K* 1 mmol Pen 250 mg Pen 
x3 x x 1 tab 
mmol Pen 388.5 mg Pen tab 
= 0.644 mEq Kt 


5. How many mEq of Mg are there in 10 mL of a 50% 
Magnesium Sulfate Injection? The mol wt of MgSO, - 7H.O is 
246. 


2 mEq Mg?* 246 mg drug 

mmol drug oo mmol drug 

2 mEq Mg?* 1s mmol drug 1000 mg drug 50g drug 
mmol drug ~ 246mgdrug ~ g drug Toor 


x 10 mL = 40.7 mEq Mg?*+ 


6. A vial of Sodium Chloride Injection contains 3 mEq/mL. 
What is the percentage strength of this solution? The mol wt of 
NaCl is 58.5. 


1 mEq 58.5 mg 
and 
mmol 


mmol 


lg 58.5mg 1mmol 3mEq 


1000 mg * mmol ¢ 1 mEq ‘ mL et on 
=17.6¢8 
17.68 
100 mL > 17.6% 


Problems 


1. What is the mEq wt of ferrous ion (Fe?*) which has a 
gram atomic weight of 55.85 g? 

2. What is the mEq wt of sodium phosphate (Na,HPO, - 
7H,O)? 

3. How many mEq of Na are in 60 mL of an 5% solution of 
sodium saccharin (g mol wt: 241 g; valence:1)? 

4. How many mKq of Ca”* are there in a 600-mg calcium 
lactate pentahydrate (g mol wt: 308.30 g) tablet? 

5. How many mEq of sodium are there in a 5 gr sodium 
_ bicarbonate tablet? The mol wt of NaHCO, is 84 and the 
valence is 1. 
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6. How many mEq of Na are there in 500 mL of % normal 
saline solution? Normal saline solution contains 9 g NaCl/L; 
mol wt NaCl is 58.5. 

7. How much KC] is needed to make a pint of syrup that 
contains 10 mEq of K" in each tablespoonful? The mol wt of 
KCl is 74.5. 


TEMPERATURE 


Rules 


The relationship of Centigrade (C) and Fahrenheit (F) degrees 
is 


9(°C) = 5(°F) — 160 


where °C is the number of degrees Centigrade, and °F is the 
number of degrees Fahrenheit. 


Examples 


1. Convert 77°F into °C. 

9CC) = 5(CF) — 160 

9(°C) = 5(77) — 160 
* 385 — 160 
a 9 


° 


= 25°C 


2. Convert 10°C into °F. 
9(°C) =5(°F)—-160 
9(10)=5CF)—160 


90 + 160 
Saas Re oOR 


Problems 


Convert 

. 80°C into °F 
100°C into °F 
mSoie into ch 
120°F into °C 


Bare 


REFERENCES 


1. Specifications, Tolerances, and Other Technical Requirements for 
Weighing and Measuring Devices. NBS Handbook 44. Washington 
DC:US Department of Commerce, NBS, USGPO, 1989. 

2. Goldstein SW, Mattocks AM. Professional Equilibrium and Com- 
pounding Accuracy (pamphlet). Washington DC: APhA, 1967. 

3. USP XXII, 1990. 

4. Morrell CA, Ordway EM. Drug Std 22: 216, 1954. 

5. Shirkey HC. Dosage (posology). In Shirkey HC, ed. Pediatric Ther- 
apy, 5th ed. St Louis: Mosby, 1975, p 19. 

6. Benitz WE, Tatro DS. The Pediatric Drug Handbook. 3rd ed. Chi- 
cago: St Louis, Mosby 1995. 

7. Nelson JD. Pocketbook of Pediatric Antimicrobial Therapy, 4th ed. 
Dallas: Jodane, 1981. 

8. Crawford JD, et al. Pediatrics 1950; 5: 783. 

9. Talbot NB, et al. Metabolic Homeostasis. A Syllabus for Those 
Concerned with the Care of Patients. Cambridge: Harvard Univer- 
sity Press, 1959. 

10. Butler AM, Richie RH. N Engl J Med 1960; 262: 903. 

11. Shirkey HC. In Nelson WE, ed. Textbook of Pediatrics, 10th ed. 

Philadelphia: Saunders, 1975, pp 287, 1713. 
12. Wagner J. Drug Intell Clin Pharm 1968; 2: 144. 


122 CHAPTER 11 


DENSITY 


ig 
2. 
3. 


816 g 
363 mL 
54.2 mL 


LOGARITHMS 


il, 
2. 


V = —0.000084 cm/sec or —8.4 X 10° cm/sec 


S = 65.6 dynes/cm 
[Un-ionized] 
[Ionized] 


ADDITION 


opie ines Ce SS 


2481.23 g or 2.48123 kg 
1157 g or 1.157 kg 

2%, 2d, Oy ll 288 
etsy OY Sele, 7) Sy A rexe 
2 79/90 gr 

4 gal, 2 qt, 11 fl oz 


SUBTRACTION 


1 


2. 
3. 
re 


4105 mL or 4.105 L 
143% gr 

7 fl oz, 2 fldr 

3.71 ¢ 


MULTIPLICATION 


CARSON AS 


157 mL 

163 ¢ 

825 mL 

2 gal, 1 qt, 4 fl oz, 4 fl dr 
375 mg 


DIVISION 


CAI SON) 


769 capsules + 15 mg remainder 


160 capsules 
150 doses 
150 doses 


1396 capsules + 300 mg remainder 


CONVERSIONS 


il 


ens feel) toate) 


wo perp 


Ae Be op 


Gey Seayfe iSetol ents) 


. 422 mg 


19.4 mg 
109 g 
7780 mg 
99.4 g 
454 g 


Ib; Bioz eer 
6.94 gr 
Wlloys Bi, 8) Shy PAS boa 


. 0.00154 gr 


2.2 lb 


0.648 mg 
0.203 mg 
10.8 mg 


. 0.325 or 0.324 g 


1.299 or 1.296 g 


12.3 mL 
11.1 mL 
237 mL 
473 mL 
0.309 mL 


. 0.00154 gr 


0.0772 gr 


= VGN 1 


PRO TD NK 
(ee) 
Ww 


DOSAGE CALCULATION 


1.5 mg 

Ve or 

18.7 mg 
280,000 units 
75 mg 

77.9 mg 


PROBLEM-SOLVING METHODOLOGY 


1. D.T.D. No. 14 means, send 14 such doses. Assuming the doses have 
been checked, they are for chemicals J, K, and L (10 mg, 50 mg, and 
300 mg, respectively). 

Drug Q: 0.5 g 

Drug R: 0.3 ¢ 

7.6 TiP/dose: 30.4 M/day 

50 doses 

0.0444 mg 

0.75 mL contains 60 units: 13 1/3-day supply. 

6 mL 

3 mL 

0.386 gr 


REDUCING AND ENLARGING 


1. Liquid C 875 mL 
Solid B 225 ¢ 
Liquid R 62.5 mL 
Liquid P 500 mL 
2. Solid G 243 or 33 
Liquid D 720 TP= or 1 f3, 4 f3 
Solid M 72 3 or 9% 
3. Solid N 4.8 mg 
Solid Q 120 mg 
Solid R 7.2 g 


Add sufficient purified water to make 240 mL solution. 


4. Solid S 0.675 ¢ 
Solid T 2.25 g 
Oil C 31.5 mL 
Alcohol 22.5 mL 


PERCENTAGE 
w/v Solutions 


OS ie ON 


S 


Yo: Coss ED EAS CO 


1. Dissolve 11.1 g in sufficient solvent to make 3 f3. 
2. 2.84L 

3. 6251 

4. 8g 


w/w Products 


1. Compound A 115 gr or 13, 2 9, 15 gr 
Solvent 3 3, 365 gr 
28.8 g 
5 kg 
Dissolve 4.64 g of drug in 120 mL (150 g) of glycerin. 
Compound K 3.6 g 
Solid H 1.8 ¢ 
Base18.6 g 
6. Dissolve 88.2 g of the solute in 500 mL of purified water. Dispense 
500 mL 
7. Powder P 27.8 g 
Powder Q 222.2 g 
Powder R333.3 g 
Powder $416.7 g 
8. 3 g of coal tar solution; 27 g of hydrophilic ointment 


PERCENT 
(v/v, w/v, and w/w) 


1. 240 Tp 
2. 1900 mL 


CA 


34.8% w/w 

11.4 gr 

38.5% w/w 

15¢g 

0.4¢ 

32.4 mL of a 37% solution 
1.58 g 


STOCK SOLUTIONS 


1. 30.3¢ 
2. 36.3¢ 
3. 0.5 mL 


PARTS PER MILLION 
1. 13 mg 
DILUTION AND CONCENTRATION 


1. 9g of 10% cream and 21 g of diluent (base) 
2. 0:01 ¢ 
3. 40¢g 


MIXING PRODUCTS OF DIFFERENT STRENGTHS 


1. 0.0428% 
2. 64.5% 
3. 3.16% 


ALLIGATION ALTERNATE 
1. 875 g of 12% ointment and 125 g of 16% ointment 


ODA A co 
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2. 35 parts of 50% alcohol and 15 parts of purified water 
3. 139 g of 28% ammonia water 
4. 500 mL each of the 20% and 50% solutions are needed 


PROOF SPIRIT 


1. 0.375 proof gal 
2. 0.035 proof gal 
3. 1.94 gal 


SATURATED SOLUTIONS 


il, al eps IR} soo 
2. 35.7 g of solute 


MILLIEQUIVALENTS 


27.925 mg/mEq 
89.3 mg/mEq 
12.5 mEq 

3.9 mEq 

3.86 mEq Na 
38.5 mEq Na 
23.5 g 


TEMPERATURE 


DIN BC 


ab, 

a. 86°F 
b. 212°F 
C98:62F 
d. 48.9°C 
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CHAPTER 942 


Statistical methods are an integral part of the development, 
evaluation, and marketing of drug products. In this chapter, 
elementary definitions and some common statistical applica- 
tions to problems of pharmaceutical interest will be presented 
and discussed. 

Statistics is often thought of as a collection of numbers and 
averages, such as vital statistics, baseball statistics, or statis- 
tics derived from the census. Indeed, this is an important 
aspect of statistical thinking, and such collections of data and 
counting do play a role in pharmacy and medicine, such as in 
marketing or disease-incidence data. However, here more em- 
phasis will be placed on the use of statistics in presenting, 
analyzing, and interpreting data that are often, but not neces- 
sarily always, derived from planned experiments. 


OVERVIEW AND INTRODUCTION 


Although the material in this chapter is elementary for the 
most part, those readers who have had little or no exposure to 
statistical methods may be overwhelmed by the large amount 
of information presented in a relatively small space. This in- 
troduction presents an overview of the chapter so that the 
student can get a feeling for what is contained here. Many 
illustrations are interspersed in the didactic discussion to show 
the applications in a practical way. 

The first part of the chapter deals with introductory defini- 
tions and methods. An understanding of this material is essen- 
tial if one wishes to use elementary techniques intelligently, or 
if one wishes to pursue more advanced topics. Definitions in- 
clude statistical jargon, design of scientific experiments (both 
laboratory and clinical experiments), the concept of sampling 
(including methods of obtaining samples for experiments), and 
the concept and definition of probability distributions. These 
concepts lay the foundation for the understanding of practical 
applications of statistics to scientific research. Although not 
complete, an understanding of this introductory material 
should allow the student to feel confident about applying ele- 
mentary methods to real data. 

Some words of caution are necessary here. Real examples 
often have twists that are not obvious to the initiate, which 
make them different from simple textbook examples. At the 
beginning, students should try to seek advice from more expe- 
rienced persons, preferably a statistician, to make sure that 
they are using the techniques in a proper manner. 

For those with some background in statistics, the initial 
portion of the chapter should serve as a quick review and an 
introduction to the material that follows. The elementary def- 
initions include the usual measures of central tendency and 
spread, such as the mean, median, standard deviation, vari- 
ance, coefficient of variation, and range. The nature of varia- 
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tion and its basis for statistical thinking is discussed, as with- 
out variation, statistical reasoning would be unnecessary. 
Statistical approaches take the experimental variability (often 
referred to as error) into account during the analysis. 

Statistical “proof” is different from mathematical proofs. In 
statistics, one is never sure of an answer or a decision. The 
decision has a given probability of being correct. Discrete and 
continuous variables are defined and discussed. Discrete vari- 
ables include binomial measurements, which may have a “yes 
or no” outcome (eg, accept or reject). Continuous variables can 
have any number of outcomes and include typical measure- 
ments (eg, weight or assay). 

Definitions of a population and a sample are presented; 
these are very important concepts in statistical reasoning. Def- 
initions and examples of bias, precision, and accuracy are in- 
troduced. Examples are used to illustrate the fact that data 
may be precise but not accurate and vice versa. 

The analysis of any data set depends on the experimental 
design, the detailed experimental procedure. A description of 
some common designs and the manner in which data may be 
collected are presented in this chapter. The integrity of data 
from any experiment is only as good as the design and the care 
that was taken to implement the design. Each experiment is 
different. Design and sampling considerations are different for 
questionnaire surveys, censuses (complete sampling), and lab- 
oratory or clinical experiments. Good experimental design 
should result in optimality, increased precision, and lack of 
bias. The random selection of objects to be included in an 
experiment and/or assigned to treatments is of vital impor- 
tance in pharmaceutical and clinical research. In particular, 
controlled clinical studies should be designed as double-blind 
studies if at all possible. A controlled study is a designed study 
that includes a placebo or a positive control (eg, a known active 
drug). 

Statistical inference and estimation are cornerstones of sta- 
tistical applications in pharmaceutical research. Statistical in- 
ference results from the formulation and testing of a hypothe- 
sis, the null hypothesis. In this procedure, a hypothesis is 
formulated with regard to the true, but unknown, values of 
parameters of the data distribution that is investigated in an 
experiment. For example, the average potency of a commercial 
batch of tablets may be of interest, or the mean blood pressure 
reduction of a new drug compared to an effective marketed 
product may be assessed. The experimental outcome is ob- 
served and analyzed. Using statistical procedures that usually 
are based on the normal probability distribution, an inference 
based on probability is drawn as to whether the proposed 
hypothesis is true; eg, “Is the true average potency equal to 100 
mg?” or “Are the two comparative drugs equally efficacious?” 

Again, these inferences are not proofs. Two treatments may 
be declared to be equal, but only with a given degree of assur- 
ance expressed in probability terms. For example, two treat- 


ments may be considered different, but there may be a 5% 
chance that this decision is in error; that means there is a 5% 
chance that the treatments are truly not different. These pro- 
cedures are based on a knowledge of the underlying probability 
distribution of the experimental outcome. In this chapter, some 
properties of the binomial and normal distributions are pre- 
sented as a basis for the inference procedures. 

When estimating a parameter, such as the mean, from sam- 
ple data, computation of a confidence interval is a useful way of 
showing the precision of the estimate. For example, if an ex- 
periment shows that a generic drug is absorbed 90% relative to 
a reference drug, a confidence interval of 80 to 100% places 
limits on the true relative absorption. This statement suggests 
that the true relative absorption is probably between 80 and 
100%. The concepts of a confidence interval and simple hypoth- 
esis testing are discussed following the presentation of the 
properties of the normal and binomial distributions. 

The ¢ test is a common and well-known test that is used to 
make statistical decisions. This test is used to determine sig- 
nificance when comparing average results from two groups or 
treatments (a two-sample ¢ test), or when comparing an aver- 
age result to some hypothetical value (a one-sample ¢ test). In 
the latter case, an example would be the comparison of the 
average dissolution time to some given compendial standard 
value. The null hypothesis is the hypothesis that is tested, and 
the alternative hypothesis is the hypothesis accepted if the null 
hypothesis is rejected. The test is deemed significant if the null 
hypothesis is rejected at a given probability level, the alpha 
error or level of significance. Thus, the alpha error is the prob- 
ability of mistakenly rejecting the null hypothesis, usually 
taken as 5%. This, and other important concepts relating to 
statistical inference are presented in more detail in another 
part of the chapter. 

The ¢ test is appropriate for normally distributed variables. 
For dichotomous experimental outcomes following the binomial 
distribution, other statistical methods may be used. With suf- 
ficiently large samples, a chi-square test may be appropriate to 
compare the proportion of responders in two groups. A discus- 
sion of these tests is included following the examples of use of 
the ¢ test. 

The F distribution is introduced as used in a test to compare 
the variances of two independent samples. The more common 
use of the F test is in analysis of variance (ANOVA). The 
comparison of two means using the ¢ test is the most elemen- 
tary of comparisons. In more complicated experiments where 
more than two groups are being compared, and where the 
experimental design is complicated and includes many factors, 
the ¢ test cannot be used. In these cases ANOVA is indicated. 

A good deal of this chapter is devoted to ANOVA applica- 
tions. Briefly, ANOVA is a method of separating the variance 
due to factors imposed on the experiment. For example, in a 
crossover design, subjects are treated on two occasions, Period 
I and Period II. If the results in one period tend to be higher 
than in the other, but the treatment differences are not af- 
fected, the variance due to period differences may be substan- 
tial without affecting the treatment comparison. By separating 
the variance due to period differences from the variation in the 
experiment, the residual error that is used to test treatment 
differences is smaller. This results in a more sensitive experi- 
ment—differences are detected more easily. If period differ- 
ences exist and are not taken into account, the variance be- 
comes part of the residual error, which is inflated, resulting in 
a less sensitive test. 

Because of the more complex structure of experimental de- 
signs that are analyzed using ANOVA, several problems arise 
that need special attention. Procedures based on multiple com- 
parisons have been devised to compare means in a pairwise 
fashion when more than two means are compared and it is not 

obvious how to identify significant effects. Also, in complex 
~ designs, the choice of the proper error term for an effect is not 
always obvious; ie, different effects may net all have the same 
denominator error term for the F test. Various designs common 
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to pharmaceutical sciences are discussed, including crossover 
designs used in bioequivalence and some clinical studies, and 
repeated measure designs used in clinical studies. 

If the assumptions underlying ANOVA are not met, eg, if 
distributions are highly skewed, nonparametric methods of 
analysis may be used. These analyses do not quite have the 
flexibility of the parametric ANOVA, but are generally almost 
as efficient in detecting treatment differences compared to 
ANOVA. Several nonparametric tests are discussed. For more 
details, and for a description of other nonparametric tests, see 
Siegal’s Nonparametric Statistics.+ 

A persistent problem in data analysis is the presence of 
outliers, one or more values that seem to be remote from the 
main body of data. If no obvious reason can be found to discard 
such data, the nature of the data, including the experimental 
technique and the history of such experiments, should be in- 
vestigated carefully. If this investigation reveals no cause for 
the presence of the outlier(s), a statistical test may be applied 
to determine if the data can be discarded. If such procedures 
are applied, a report should include a description of what was 
done. Some people recommend performing the analysis with 
and without the outlier. In any event, before discarding an 
outlier, one should evaluate the consequences of this action. 

The remainder of the chapter considers some specialized 
topics of interest to pharmaceutical scientists. An understand- 
ing of basic statistics is necessary to apply this material. Basic 
Shewhart and Fraction Defective Control Charts are discussed 
with examples. Often, Shewhart charts do not work for phar- 
maceutical processes where the material is heterogeneous (eg, 
solid dosage forms) or the manufacturing equipment is variable 
from batch to batch. In these cases, other approaches may give 
a satisfactory analysis.! 

Regression analysis, a process familiar to most scientists, 
concerns the fitting of data to linear models, ie, to models that 
are linear in the parameters. In particular, the fitting of 
straight lines is common to many different fields of scientific 
research. The process of least-squares fitting and the statistical 
properties of the slope and intercept are discussed, with appli- 
cations to stability, dose-response relationships, calibration 
plots, kinetics, and so on. In particular, an analysis of stability 
data to predict shelf life is presented in some detail. This 
analysis includes hypothesis tests for the slope and intercept, 
as well as confidence limits for the line. 

Regression is used when one of the variables (X) is mea- 
sured with little or no error, and the other variable (Y) is 
measured with error. Correlation is related to linear regres- 
sion. This analysis may be appropriate when both variables are 
subject to error, and an estimate of the degree of their associ- 
ation is desired. A correlation coefficient is calculated, which 
can have values between +1 and —1. A correlation coefficient of 
0 suggests that the variables are not correlated. Care should be 
exercised in the interpretation of correlation coefficients. A 
value of the correlation coefficient close to 1 does not prove that 
the variables have a linear relationship. 

The chapter concludes with a discussion of transformations, 
which are useful when data distributions do not conform to that 
assumed for the statistical analysis. In particular, a transfor- 
mation may help to normalize data that are not normal (eg, 
skewed). The most common transformation is the logarithmic 
transformation, which will equalize variances for data that 
have a relatively constant relative standard deviation, S/X. 

This chapter covers a wide variety of material in a small 
space. Although the concepts here should provide a basic un- 
derstanding, much effort is needed to understand and apply 
statistics in the real world. The chapter bibliography should 
help students in this endeavor. 

VARIABILITY AND VARIABLES—The prime reason for 
the need of statistical approaches to the analysis of real-life 
data is the inherent variability present in experimental data, 
in particular, in biological material and laboratory processes. 
Variability has the same meaning in statistics as it does in 
everyday usage. In its statistical sense, variability implies a 
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Table 12-1. Examples of Discrete and Continuous Data 


Measurement of LD,,—Although the number of animals dead at 
each of a series of doses is a discrete variable, the measurement 
of LDcg is a continuous variable. For example, the LD., could 
take on any value between 1 and 100 mg, limited perhaps only 
by the precision of the analytical computations. 

Preference Tests—If 100 consumers are asked for their preference 
for one of two products, the number who prefer one of the 
products is discrete. 

Defects in Quality Control—The number of defects observed in a 
sample of 200 capsules sampled for quality control is a discrete 
variable. 

Dissolution Test—The average time for 50% dissolution obtained 
from 12 tablets is a continuous variable. The 50% dissolution 
time is interpolated from the data. The dissolution time of the 
12 tablets can have any number of possible outcomes of the 
average dissolution, limited only by the sensitivity of the 
measuring instruments, ie, the measurement of time and 
amount of drug dissolved. 


lack of exact predictability of an experimental outcome. For 
example, although 50% of prescriptions are written for generic 
warfarin tablets, it cannot be predicted with certainty that a 
new prescription written by Dr Jones will be for the generic 
product. On the other hand, the chances that the new prescrip- 
tion will be for the generic product is ¥% or 0.50. 

In statistical terms, variability commonly is called error. 
Measurement error does not mean that a mistake was made, 
but rather that the measurement yields inherently variable 
results. 

A variable, simply put in statistical jargon, is a measure- 
ment that exhibits variability. Practically all measurements in 
scientific research and data collection are variable. Variables 
can be divided conveniently into two classes, discrete and 
continuous. 

Discrete data have a countable number of possible outcomes. 
The number of animals that die when 12 animals are given 10 
mg/kg of an experimental drug in an LD50 experiment, or the 
number of bottles missing a label in a packaging run of tablets 
are examples of discrete variables. In the former case, the 
number of animals that could die in the experiment could be 0, 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12. There are 13 possible 
outcomes. The number of dead animals is a discrete variable. 
Similarly, the number of bottles without labels is an integer 
that can vary between 0 and N, where N is the number of 
bottles in the run. 

A continuous variable is one in which there are an unlimited 
Gnfinite) number of possible outcomes in some interval. The 
weight of a tablet may be any value between 180 and 220 mg, 
for example. The only limitation on the weight measurement is 
the accuracy and precision of the weighing device. Blood pres- 
sure measurement is a continuous variable. Although the ac- 
tual measurement may appear to be limited to some countable 
number of outcomes—integers between 0 and 300, for exam- 
ple—this is due only to the approximate nature of the measur- 
ing instrument, the sphygmomanometer. With a more sophis- 
ticated device, one could expect a systolic blood pressure to be 
any value such as 160.629837465 torr. This exaggerated exam- 
ple is meant only to illustrate that the number of decimal 
places is limited only by the precision of the measuring device. 
To make this concept clearer, Table 12-1 gives further exam- 
ples of discrete and continuous data encountered in pharma- 
ceutical science. 

SAMPLES AND POPULATIONS—Many experiments 
have as an objective the definition or comparison of two or more 
groups of data. For example, one may wish to compare the 
efficacy of two antihypertensive agents, or a new antipsychotic 
drug versus a placebo. Or it may be desired to estimate the 
average drug content and variability of a batch of tablets. In 
virtually all such experiments, it is not realistic to observe all 


possible experimental units. In fact, sometimes the entire pop- 
ulation of conceivable observations cannot be identified com- 
pletely. The potential experimental material for a clinical study 
comparing an antipsychotic drug to a placebo would include not 
only patients but also persons with the disease who are not yet 
diagnosed. All of these people are the population or universe. 
Clearly, one would not perform an experiment that included 
the entire population for many reasons: 


e All of these people could not be identified. 

e The time or money to conduct such a huge experiment is not 
available. 

e To include so many people in such an experiment could be danger- 
ous or unethical. 


It is not necessary to run such a large experiment to arrive at 
a fair conclusion regarding the efficacy of the drug. In fact, in 
most cases, the test consists of a relatively small sample taken 
from a relatively large population. 

Another more concrete example is the process of sampling in 
quality control. It may be of interest to estimate the proportion 
of defective tablets or the average drug content and uniformity 
of tablets in a production batch. Certainly in the latter case 
every tablet in the batch would not be examined because the 
test is destructive, ie, the tablet is destroyed during the anal- 
ysis for drug content. Rather, a sample of 20 tablets would be 
chosen to estimate the average drug content of the more than 
1 million tablets in the batch. 

Thus, in typical experiments in the pharmaceutical sci- 
ences, a small sample from the population is examined in order 
to make inferences about the large population. 

THE AVERAGE OR MEAN—Suppose that a sample of n 
objects is taken from a population or universe in order to 
estimate some characteristic of the population, such as the 
average reduction of blood pressure after drug treatment, the 
average age of consumers purchasing an over-the-counter 
(OTC) acne product, or the average dissolution rate of drug 
from a tablet. The sample of n determinations can be desig- 
nated by 
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The sample mean, x, is calculated as 
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where i goes from 1 to n. 

The sample mean, x, estimates the actual or true population 
mean, designated as the Greek letter mu (). That is, the sample 
mean would not be expected to exactly equal the population mean 
2 in any given experiment, but should equal the population mean 
on the average. Figure 12-1 illustrates this idea. 


Figure 12-1. On an average the duck was dead. A hunter fired both 
barrels of a shotgun at a duck. The first hit 2 feet in front, the 
second hit 2 feet behind, and on an average the duck was dead. 
What the hunter really wanted was meat on the table. In duck 
hunting one wants to keep trying until a single shot hits the mark. 
But in estimating purity by a chemical test the best estimate is 
usually the average. 


Example 1—The weights, in mg, of nine tablets are 


201 204 200 
203 202 207 
209 206 207 


The average, x, is > x,/n = 1839/9 = 204.33 mg. 

The average is a measure of the center of a set of data. 
Another measure of central tendency is the median. The me- 
dian divides the data set in half; that is half of the data is below 
the median and half is above. For a sample with an odd num- 
ber of observations, the median is the middle number—the 
(n + 1)/2 data point—after the data has been listed in order of 
magnitude. 


200, 201, 202, 203, 204, 206, 207, 207, 209 


For the tablet weights in this example, the median is 204 
mg, the 5th, (9+1)/2, ordered value. 

For an even number of data points, the median is the aver- 
age of the two middle values after the data have been ordered. 

MEASURES OF VARIATION—The mean alone is not 
sufficient to describe a set of data. When describing data, in 
addition to the mean or average value, some measure of the 
variability or spread of the data should be calculated and 
reported. Two sets of data may have the same mean or average, 
but may have different distributions. 


Example 2—The data in Example 1 have a mean of 204.33 mg. 
These data are reproduced below. 


201 204 200 
203 202 207 
209 206 207 


The following data set also has a mean of 204.33. 


151 154 150 
153 202 257 
259 256 257 


Clearly, the second set of data is spread out more, ie, it is 
more variable than the first set. The difference between the 
largest and smallest value in a data set is known as the range. 
For the first data set, the range is 209 — 200 = 9. In the second 
data set, the range is 259 — 150 = 109. 

The standard deviation is a more common way of expressing 
the variability of data. The standard deviation of a sample of n 
values, designated as S or SD, is calculated as 


S =SD = Sa, —%)2/(m — 1) 


The standard deviation of the numbers 1, 3, 5, 9, and 12 is 


V(x; — £)?/(n — 1) 


= via — 6)? + (3 — 6)? + ( — 6)? + (9 — 6)? + (12 — 6)?]/4 
= 80/4 = y20 = 4.47 
Exercise 1—Calculate the SD of the two sets of data in Example 2 
above. 


Answer: 3.08 and 52.65, respectively. 
A shortcut formula for computing the SD is 


VIZ 22 - (2 x)2/nI/(n - 1) 


For the numbers 1, 3, 5, 7, 9, and 12, the computation is 


[12 + 32 + 52 + 92 + 12? — 302/5]/4 = 20 = 4.47 


The sample SD calculated as shown abuve is an estimate of 
the population SD, designated as the Greek letter sigma (a). As 
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with the mean, the population SD is usually unknown. One can 
obtain an estimate of o from the sample SD. 

The SD measures the spread of a data set, but it is more 
difficult to interpret than the range. When the normal distri- 
bution is introduced, the SD will have a more tangible inter- 
pretation. For the moment, it can be said that the larger the 
spread of numbers in a data set, the larger the SD and vice 
versa. 

The coefficient of variation or relative standard deviation 
(RSD) is defined as SD/x. This manner of expressing variability 
is useful when the SD is proportional to the magnitude of the 
measurement. This relationship often is seen in physical and 
biological measurements. For example, the analysis of large 
amounts of material often will have larger variability than the 
analysis of small quantities. 

A very important concept in statistics is the standard error 
of the mean, designated as s,. Intuitively, one would expect that 
means of n observations would be less variable than the single, 
individual observations. The individual observations vary from 
extremes on the low side (below the average) to high values 
(above the average). When the means of 10 observations are 
taken, for example, the means will tend to be closer to the true 
average, wz, than the individual values. This can be better 
understood by visualizing the averaging effect of the mean, 
averaging extreme values with the other observations. In fact, 
the smaller variability of means can be proved mathematically; 
the SD of means of size n is equal to 


Sz= s/n 


For example, if the SD of individual values is 10, the standard 
error of means of size 25 is 10/\/25 = 2. Thus, the means of size 
25 are considerably less variable than the individual data 
points. 

An examination of the equation for the standard error of the 
mean reveals that means constructed from very large sample 
sizes will be very stable, ie, nonvariable. If individual measure- 
ments are very variable, and a precise estimate of the mean is 
desired, this can be attained by making observations on large 
samples. Of course, this is more easily said than done. Time 
and expense usually are limiting factors in data gathering and 
observation. However, it is true that the more observations, the 
more precise is the estimate of the mean (as well as estimates 
of other parameters such as the SD). 

FREQUENCY DISTRIBUTIONS—A frequency distribu- 
tion of a data set can be constructed by counting the number of 
data points falling into a series of intervals (usually of equal 
size). The frequency distribution and its corresponding graph, a 
histogram or bar chart, show the distribution of the data, its 
central value (eg, mean or median) and variability (eg, SD or 
range). Example 3 shows the weights of 50 weanling rats to be 
used in an experiment. 


Example 3—The weights of 50 rats at weaning were as follows: 


30g 47g 37g 29g 38¢ 
32 42 32 30 34 
34 32 33 37 36 
39 33 45 40 35 
43 41 35 32 41 
36 27 28 35 30 
38 28 41 37 34 
41 36 32 30 37 
31 31 35 28 25 
26 49 34 34 33 


Table 12-2 is a frequency distribution with 13 intervals 
derived from the data given in Example 3. A rule of thumb is to 
use 8 to 20 intervals, depending on the quantity and spread of 
the data. The histogram or bar chart of these data is shown in 
Figure 12-2. 

BIAS, PRECISION, AND ACCURACY—Precision refers 
to the reproducibility of a series of measurements. If the values 
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Table 12-2. Frequency Distribution of Rat Weights 


WEIGHT GROUP FREQUENCY 


24-25 g 
26-27 
28-29 
30-31 
32-33 
34-35 
36-37 
38-39 
40-41 
42-43 
44-45 
46-47 
48-49 
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are very close to each other, the measurements are said to be 
precise. Accuracy refers to the closeness of measurements to 
the true value. For example, if a tablet contains exactly 200 mg 
of drug, and three analyses show a drug content of 205, 205, 
and 206 mg, it might be concluded that the analysis is precise, 
but not accurate. Bias refers to a systematic difference from the 
true value. Figure 12-3 illustrates these concepts. 

The three assays observed) above seem to be biased on 
the high side, ie, errors in the assay procedure result in 
too-high values. Figure 12-3 shows that “precise” data need 
not be accurate. In fact, there need not be any relationship 
or correlation between the qualities of precision and accur- 
acy. Note that biased data cannot be accurate but can be 
precise. 

In addition to the concept of bias in the area of experimental 
measurements, it appears also in the field of experimental 
design. Bias can be introduced into an experiment, not because 
of an error in an experimental measurement, but because of 
poor judgment. For example, consider an experiment where the 
efficacy of oral and sublingual nitroglycerin are to be compared 
by administering both products to 20 patients on two different 
occasions and measuring the time to incidence of an angina 
attack in a treadmill test. Each of 20 patients will receive both 
the oral and buccal forms. If each patient receives the buccal 
drug on Monday and the oral drug on the following Sunday, a 
bias may be observed in the experimental results even if the 
measurements are not biased. This could be due to either the 
day of the week when the test was given (gloomy Monday 
versus a holiday weekend day) or an order effect where there is 
a different effect depending on which drug is given first. For 
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Figure 12-2. Bar chart showing frequency distribution of weights of 
50 weanling rats (data in Example 3). 
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Figure 12-3. Diagram illustrating bias, precision, and accuracy. The 
shots on targets 1 and 2 are biased; in both cases the shots cluster 
away from the bull’s-eye. The clusters on targets 3 and 4 both are 
unbiased; the center of each cluster is on the bull’s-eye. The shots 
on targets 1 and 3 are precise; both sets are bunched together. The 
shots on targets 2 and 4 are scattered widely, hence imprecise. Only 
the shots on target 3 are accurate—precise and unbiased. (Courtesy 
Lilly) 


example, there may be psychological factors causing the re- 
sponse to drug taken first to be systematically better (or worse) 
than that taken second, or the weather may be such as to cause 
more positive results on the first occasion. In the latter case, 
differences between the two dosage forms would be exagger- 
ated (biased) in favor of the drug administered first, the buccal 
drug. To obviate this potential bias, we would give ten of the 
patients the oral drug first (Monday) and the buccal drug 
second (Sunday). The other ten patients would receive the 
products in opposite order. Perhaps, an improvement in this 
design would be to test the drugs on the same day of the week, 
eg, Monday. 


DESIGN OF EXPERIMENTS 
AND COLLECTION OF DATA 
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The application of statistics in the analysis of data is optimal 
when the data are collected in a planned or designed manner. 
If data are analyzed after the fact (retrospective analysis), 
great care should be taken to examine the data for possible 
bias. For example, prescription-volume data gathered for the 
years 1970 to 1980 may be available only from cities with 
populations greater than 500,000 or from cities in the Western 
States. Clearly, conclusions from such data should not be ap- 
plied indiscriminately to the entire country. Also, the informa- 
tion may have been gathered on a voluntary basis; without 
knowledge of the characteristics of those who did and did not 
supply the information, the conclusions could be tainted. 

The manner in which data are collected is connected to the 
planning and design of experiments. In the collection of data, a 
small sample generally is taken from a large population or 
universe. Sometimes a sample is taken inadvertently when the 
original intention was to obtain data from the population. For 
example, when a questionnaire is sent to every pharmacist in 
the state, there always will be some people who do not respond 
to the questionnaire, and anything less than 100% response 
constitutes a sample. A variety of examples of sampling meth- 
ods is illustrated below. 

SAMPLING BY QUESTIONNAIRE—Suppose that ques- 
tionnaires on the sales of certain drugs were sent to all phar- 


macists in a state and only 50% were returned. In this type of 
survey, the results tabulated from such a sample probably 
would be biased because those who did not return the ques- 
tionnaire would not be represented in the sample. 

It has been shown that persons who respond may have 
different characteristics from those who do not respond. In this 
hypothetical example, perhaps unanswered questionnaires 
were represented largely by pharmacists who had large drug 
sales and were too busy to answer. In another community, a 
pharmacist may have little or no sales of the drugs, resulting in 
a nonresponse. The reason for each unanswered questionnaire 
is unknown. These unreturned questionnaires cause a bias, the 
direction and magnitude of which is unknown. 

Other potential errors in this type of response that may 
introduce bias include the way in which the question is asked, 
the order in which questions are asked, and the psychological 
interaction between the interviewer and respondent. Question- 
naire and survey techniques have been proposed by mathemat- 
ical statisticians that can be employed to reduce or eliminate 
bias in the sample of responses.” 

For example, public opinion polls use certain statistical 
sampling techniques that not only reduce bias but optimize the 
information gathered. The Census Bureau has information 
about the percentages of men, women, and children in the US 
in various income and nationality groups, in addition to many 
other detailed categorizations. A sample may be designed to 
contain the same proportion of particular group(s) as that in 
the population. Instead of mailing questionnaires, interviewers 
may be recruited and assigned quotas of the types of people 
to interview. The interviewers fill out the questionnaires for 
each respondent during the interview, ensuring a complete 
response. 

It is not possible to elaborate fully on the various methods of 
sampling here. One should be aware of problems in sampling, 
and that a sampling design can be used that will give the limits 
of error of the resulting compilation for any given cost.” 

SAMPLING IN THE CHEMICAL LABORATORY—The 
procedure for gathering data in the laboratory differs from that 
of the questionnaire. Different kinds of sampling processes 
include the sampling of material to be assayed chemically, 
sampling of analytical reagents and instruments, and sampling 
of analysts, the chemists who will perform the assay. 


By way of illustration, several samples may be taken from a large lot 
of digitalis leaves for the chemical determination of acid-insoluble ash. 
For the sample to be representative of the lot, the samples should be 
taken from different parts of the lot to ensure that every part of the lot 
is represented. Ash determinations from five samples taken from the 
same part of a lot (eg, the top of a container) probably will have values 
closer together than five samples taken from different parts of the lot 
(eg, the top, top-middle, middle, low-middle, and bottom of a container). 
Despite the good precision, the former five samples may give a biased 
estimate of the average ash value for the lot. The more heterogeneous 
the lot, the more effort should be expended in being sure that every part 
of the lot is represented by a sample. It might be that the leaves having 
the most ash are in the bottom of the lot; samples all taken from the top 
would give too low an estimate of average ash content of the lot in this 
example. 


Another aspect of sampling in a chemical determination is 
the sampling of the chemists who perform the chemical anal- 
ysis. If a single chemist makes several determinations on por- 
tions taken from the same sample of thoroughly mixed mate- 
rial, one expects the results to be more precise than if several 
chemists made these determinations. Probably the true repro- 
ducibility of a method can be indicated only in terms of how 
closely an analyst at one laboratory can check an analyst at 
another laboratory on exactly the same material. Thus, due to 


/slight differences in technique, one chemist always might ob- 


tain higher results than another chemist. Thus, the technique 
of chemists will have an effect on the results and the reproduc- 
ibility of the method. 
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Table 12-3. A Short Table of Random Numbers 
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SAMPLING IN BIOLOGICAL AND CLINICAL EX- 
PERIMENTS—A typical animal experiment might involve 
determining the temperature response of rabbits to pyrogens. 
The results of such an experiment constitute a sample of all 
possible results that could be obtained from the population of 
all possible rabbits, laboratories, and technicians. Using differ- 
ent rabbits, laboratories, and technicians will give different 
results, all contributing to the variability or error in the exper- 
iment. The differences between results from two or more labo- 
ratories are usually greater than differences between results 
obtained by two or more technicians in the same laboratory. 

Concurrent conditions—such as season of the year, temper- 
ature, and humidity—sometimes can contribute to the experi- 
mental variability. In biological experiments, differences be- 
tween animals are relatively large, so experiments repeated in 
the same laboratory with different animals but under other- 
wise identical conditions will give different results. The use of 
statistical procedures gives an estimate of the amount of vari- 
ation to be expected due to animal differences. 

Appropriate statistical designs and procedures will elimi- 
nate or account for potential bias in experiments. This point 
may be illustrated by an extreme example, an illustration of 
what not to do. A technician wishes to compare two drugs as to 
their effects on the growth of rats. Thirty rats from a single 
cage are used; the first 15 rats caught are put on Drug 1 and the 
last 15 caught are put on Drug 2. The first 15 rats caught are 
less lively than the last 15, and because they are less lively they 
very likely differ in size and temperament from the last 15 rats. 
Thus, the results were biased from the very beginning, and one 
drug was favored merely because of the method of choosing the 
animals used for each drug. 

Obviously, some method entirely free from subjective influ- 
ences (unconscious or conscious) should be used. A table of 
random numbers? or computer-generated random numbers 
commonly are used to assign animals or patients to treatments. 
Table 12-3 is a short table of random numbers. 


Example 4 (The use of the random number table)—Suppose that 10 
patients are to be assigned to two treatment groups, five in each group. 
Table 12.3 can be used to assign patients randomly to groups. Patients 
first are numbered from 1 to 10. One way of assigning treatments to 
patients is to read across Table 12.3, and the first five distinct numbers 
will be assigned to the first treatment. The remaining patients are 
assigned to the second treatment. A zero will correspond to patient 
number 10. The first five numbers are 3, 9, 6, 1, and 0. (Note that if a 
number repeats itself, we skip the number and proceed to the next one.) 
Therefore, patients numbered 3, 9, 6, 1, and 10 are assigned to the first 
treatment. If 100 patients are to be assigned to the two treatments, 
two-digit numbers would be used: reading across, the 50 patients as- 
signed to the first group would be numbered 39, 61, 9, 51, and so on. 

There are many ways of using random numbers to ensure random- 
ness in statistical experiments. The number of ways is limited only by 
the ingenuity of the experimenter. For example, random assignment 
could be accomplished by assigning patients to Group 1 or 2 as they 
enter the study, according to the appearance of an odd or even number 
in the random-number table. 

In a biological assay, it often is advantageous to design a dosage 
schedule to take advantage of the reduced within-animal variation 
compared to between-animal variation. Because more than one dose 
may be given to a single animal, the order of dosing also must be 
designed to account for possible trends in response to consecutive doses 
caused by changes in the animal with time or due to site of application. 
This can be illustrated by an epinephrine assay (see Remington’s Prac- 
tice of Pharmacy, 14th ed, page 633), where a single dog is given 16 
consecutive doses, the order of which is determined by a Latin square 
design, illustrated by 
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Note that in a Latin square each letter occurs only once in each 
row and each column of the square. A Latin square design was 
applied to an assay involving two levels of doses of the standard 
(high and low doses, s;,; and s;, respectively), and two levels of 
doses of the unknown (u;, and u;,). The dosage schedule is given 
in Table 12-4. In this type of design each dose occurs once 
in each order of administration (eg, each of the four prepara- 
tions are represented once in each group). In such an assay 
equal doses of epinephrine elicit a smaller and smaller rise in 
blood pressure with each succeeding dose. Therefore, order is 
important. 

In all biological experimentation the design should be 
planned so that differences in treatment do not coincide with 
differences in age, weight, sex, dates of administration, and so 
forth. This is known as confounding in statistical jargon. For 
example, if males are given a control treatment and females are 
given a comparative active treatment, the differences between 
treatments are said to be confounded with sex. That is, it 
cannot be determined if, the differences observed are due to 
treatment, sex, or a combination of these factors. 

Animals or patients should be assigned to doses or treat- 
ments at random, taking advantage of the availability of opti- 
mal experimental designs. Fisher* has written an excellent 
book on planning or designing experiments, which explains 
fully the various types of designs mentioned here. Cochran and 
Cox® detail useful experimental designs and provide complete 
directions for the analysis of data using these designs. Another 
book by Cox® is less mathematically oriented and compre- 
hended more easily. 

DESIGN AND CONDUCT OF CLINICAL TRIALS— 
Proof of the efficacy and safety of new drugs or treatments 
requires testing in human subjects. This is best achieved by 
carrying out controlled clinical trials. The use of a placebo 
treatment or an established treatment as a control, a basis of 
comparison, usually is necessary. Thus, the effects of treatment 
with those of a concurrently tested control or placebo are com- 
pared. The trial includes an adequate number of patients to 
allow a reliable projection of the results to future patients. 
Theoretically, the results cannot be projected beyond the types 
of severity of disease or the ages and sex of the patients in- 
cluded in the trial, although in practice this is not always the 
case. 

The distribution of variables such as age, sex, differences in 
diagnosis, and initial severity of disease among treatments 
may be controlled by stratification. Usually patients are as- 
signed to treatments at random, and allowances are made for 
the effects of the variables by using suitable statistical meth- 
ods. A restricted randomization procedure is useful if it is 
desired to insure that about an equal number of patients enter 
the trial on each treatment. Table 12-5 illustrates a completely 
randomized design in which 15 patients are allocated at ran- 
dom, five to each of three treatments. 

Note that the individual patients in each triad (the groups of 
three) are assigned randomly to one of the three treatments. 


Table 12-4. Typical Dosage Schedule 
for an Epinephrine Assay 
Using a Latin Square Design 


FIRST DOSE SECOND DOSE THIRD DOSE FOURTH DOSE 
First group u, Si Uy S, 

Second groups, Si u, Uy 

Third group Uy U, Si Si4 

Fourth groups, Ups Sy uy 


Table 12-5. Allocation of Patients 
in Randomized Design 


Another example is shown in Table 12-6 for a simple crossover 
design in which the individual patients are assigned randomly 
to one of two treatment order groups. 

The latter design may be more efficient than a completely 
randomized design because each patient acts as his or her own 
control, thus eliminating patient-to-patient variability in the 
statistical analysis. However, this advantage may be offset if 
drug carryover effects are present, or if the severity of the 
disease wanes in the second period to the point where treat- 
ment differences no longer can be demonstrated. 

To be certain that the random allocation is followed strictly, 
and to remove subjective bias on the part of both the patient 
and the clinical investigator in assessing the effects of the 
treatments, the clinical trial should be carried out blind. A 
double-blind trial is one in which neither the patient nor the 
investigator is made aware of the nature of treatment 
administered. 

To ensure that the study remains blinded, all treatments 
must be packaged as identical-appearing dosage forms. This 
may require a great deal of ingenuity on the part of the pack- 
aging pharmacist, especially with respect to the taste of orally 
administered liquid products, the color and shape of tablets, 
and so on. In some cases, the characteristic side effects of the 
drugs make it difficult to keep a study blind. In these situa- 
tions, one must rely more heavily on objective measures of 
response, and less on subjective measures. However, the pla- 
cebo effect may also result in changes in so-called objective 
measure of response. 

Federal regulations require that drugs shipped to clinical 
investigators must be labeled properly with the name of the 
drug. To keep the study blind, one suggested procedure is to use 
a two-part tear-off label. 


One part is glued to the container and reveals only the patient’s 
study number, the period number, and directions for taking the drug; 
the tear-off part shows the identity of the drug. The name of the drug is 
overlaid with a water-washable or erasable ink so as not to reveal the 
identity of the drug to the investigator. This portion of the label is torn 
off and stapled to the back of the clinical form. The investigator is 
instructed to break the code for an individual patient, if necessary, by 
washing off or erasing the overlaid ink. 


Laboratory determinations usually include such measures 
as complete blood count, liver function tests, and analyses on 
urine and stool specimens. The occurrence of adverse effects 
may be recorded as ascertained by inquiry or as volunteered by 


Table 12-6. Crossover Design 


GROUP PATIENT PERIOD 1 PERIOD 2 
1 
4 
5 A B 
7 
10 
2 
3 
I 6 B A 
8 
S 


the patient. It is informative also to determine the severity as 

well as the frequency of occurrence of adverse effects, and 

whether the investigator feels the effects were drug related. 
Generally, it is more difficult to evaluate clinical data than 

laboratory animal data. Some of the contributing factors are 

e The failure of patients to take the medication as directed and to 
report for examination at stated intervals. 

e Patients’ use of ancillary or concomitant medications. 

e Incomplete data that may result from patients dropping out of the 
study for various reasons. 


These factors are more prevalent among outpatients than 
among hospitalized patients. A trial secretary can be of great 
help in assuring the completeness and accuracy of clinical 
forms. 


THE BINOMIAL AND NORMAL 
PROBABILITY DISTRIBUTIONS 
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Statistical conclusions are based on probability. The process of 
statistical inference first considers an assumption about the 
distribution of the population data. If the observed data from 
the sample collected do not conform reasonably to the assumed 
distribution, the results are viewed as significant, ie, the sam- 
ple data show significant differences from the assumed distri- 
bution. For example, it may be assumed or hypothesized that 
an antibiotic will cure 80% of the patients treated. If three of 
six patients are cured with the drug, this is the question: What 
is the probability that three or fewer of six patients treated will 
be cured if the probability of a single patient being cured is 
80%? If this calculated probability is small, the probability of a 
cure is probably not 80%, but rather some lesser value. 

To compute these probabilities, the properties of the as- 
sumed probability distribution must be known. Two important 
and often-used distributions in statistical theory are the bino- 
mial and normal distributions, which are examples of a discrete 
and continuous probability distribution, respectively. The ex- 
periment discussed in the preceding paragraph that related to 
the cure of patients treated with an antibiotic is an example of 
one application of the binomial distribution. 

THE BINOMIAL DISTRIBUTION—The binomial distri- 
bution is applicable to data where one of two mutually exclu- 
sive and independent outcomes are possible as a result of a 
single observation or experimental trial. A patient may be 
cured or not cured. Only one of these two mutually exclusive 
events can occur at the time of observation. Independence, in 
this context, means that the probability of a cure for any given 
patient is 80%, regardless of the experimental outcome of the 
other patients in the study. 

The problem to be solved is to compute the probability that 
three (or less) of six patients will be cured if the probability of 
a cure for an individual patient is 0.8, or 80%. The general 
solution to this problem uses the binomial distribution. If two 
independent and mutually exclusive outcomes are possible as 
the result of an experimental trial, the probability of x out- 
comes of one kind (arbitrarily called successes) in n binomial 
trials (n patients in this example) is 


Peo) =(_) pa 


where P(x) is the probability of exactly x successes and n is the 
number of binomial trials. 


ny) n! 
(;) * Gen = a)! 
Hormexample! =n w x aoa 12) de 
0! = 1 by definition.) 
p = probability of success 
q=1-—p = probability of a failure 
(note that p + q = 1) 


(! means factorial. 
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Now it is possible to calculate the probability of exactly three 
successes (cures) in six trials (patients) if P = 0.8; ie, the 
probability of a success or cure is 0.8. 


P(3) = (3) 0.80.2 


36 by ZS) x PO Il 
NG <2) Giaeb a) 
= 20 x 0.512 x 0.008 = 0.082 


x 0.512 x 0.008 


Thus, the probability of exactly three cures in six patients is 
0.082. This is interpreted to mean that the chance of observing 
exactly three successes in six binomial trials with P = 0.8 is 
approximately 8 in 100. 

There are seven possible outcomes for the treatment of six 
patients as shown in Table 12-7, an example of a binomial 
probability distribution defined by n = 6 and P = 0.8. It lists all 
the possible outcomes, with the probability of each outcome. 
The sum of all the probabilities is equal to 1. This distribution 
is shown graphically in Figure 12-4. A knowledge of this dis- 
tribution allows a decision to be made as to whether three or 
fewer cures in six patients is a probable outcome for patients 
treated with a drug that has a cure rate of 80%. The probability 
of observing three or less successes (0, 1, 2, or 3 successes) is 
0.08192 + 0.01536 + 0.001536 + 0.0000026 = 0.0988, or about 
1/10. Is this sufficient evidence to say that the true probability 
of a cure for the drug is less than 0.8? This question will be 
discussed in more detail in the section on Statistical Inference. 

Table 12-8 lists individual probabilities for P = 0.2, 0.5, and 
0.8, for N equal to 6 to 10, inclusive. For probabilities not listed 
in this table, the student should consult tables of binomial 
probability distribution’ or use one of the statistical software 
packages listed at the end of this chapter. 


Exercise 2—Calculate the probability of four successes in six trials 
for P = 0.8. 

Answer: 0.246. The mean of the binomial distribution can be ex- 
pressed in two equivalent ways. In terms of probability (or proportions), 
the mean is equal to P, the probability of success. In terms of the 
number of successes in n trials, the mean is NP. Thus, for the binomial 
distribution with P = 0.8 and N = 100, the mean is P = 0.8 or NP = 80. 
That is, if 100 patients were treated with the antibiotic that has a cure 
rate of 80%, one could expect to see 80% or 80 patients cured of 100 treated 
on the average. The standard deviation of a binomial distribution is Vpq/n 
or Vnpq, depending on whether one is looking at P or NP, respectively. 
The standard deviation of the proportion of patients cured of 100 
treated in the above example is 


\pq/n = V0.8 x 0.2/100 = 0.04 


The standard deviation of the number cured is 
ynpq = 100 x 0.2 x 0.8 = 4 


This can be interpreted as follows. If 100 patients are treated, it may be 
expected that 80 are cured on the average, but in any given experiment 
one probably would not see exactly 80 cured. The number cured will 
vary around 80, the mean, with a standard deviation equal to 4. 
THE NORMAL DISTRIBUTION—The normal distribu- 
tion can be considered as the underlying foundation of statis- 
tical theory and its applications. It is a continuous probability 


Table 12-7. Binomial Distribution for n = 6 and P = 0.8 


NUMBER OF SUCCESSES PROBABILITY OF OUTCOME 


0.0000026 
0.001536 
0.01536 
0.08192 
0.24576 
0.39322 
0.262144 
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Figure 12-4. Binomial distribution for n = 6 and P = 0.8. 


distribution with values ranging from —« to +. Each of the 
infinite number of different normal distributions is defined by 
its mean and standard deviation. The mean can be any positive 
or negative value, but the standard deviation must be a posi- 
tive value. Figure 12-5 shows two normal probability curves. 
The normal distribution is characterized by the symmetry 
about its mean; most of the data cluster around the mean. 
There are fewer values as the deviation is farther from the 
mean. The normal distribution is a theoretical probability dis- 
tribution, not exactly observed in practical situations. How- 
ever, much data approximate the normal distribution closely 
enough to make its application useful. 

The Central Limit Theorem (CLT) is perhaps the most pow- 
erful theorem in statistics. It supports the pervasive use and 
importance of the normal distribution in statistical analyses. In 
simple terms, the CLT states that averages or means approach 
normality as n, the sample size, increases, no matter what the 


Table 12-8. Short Table of Binomial Probabilities 


distribution of the individual variables. For data that are close 
to normal, means from even a small sample size will be approx- 
imately normal. For data that have distributions far from nor- 
mal, larger sample sizes will be needed for the averages to be 
close to normal. The concept of the CLT is illustrated by the 
following example.® 


The outcome of a disease after treatment can be (1) death = 1, (2) 
not cured but continue treatment = 2, and (3) cured = 3. The proba- 
bilities of these three outcomes are 0.1, 0.3, and 0.6, respectively. This 
distribution is shown in Figure 12-6. This is a discrete distribution 
(three possible outcomes in a single trial), and it clearly is not normal. 
Figure 12.7 shows the distribution of means of size 20 (n = 20). The 
means are obtained by treating 20 patients, assigning outcomes of 1, 2, 
or 3, according to the previous definition, and computing the mean. The 
distribution shown in Figure 12-7 was constructed from a computer 
simulation representing outcomes that can be expected in realistic 
situations. Note that the averages cluster almost symmetrically around 
2.5 (the mean), and are beginning to look like a normal distribution. 
One also should note the small variability of the mean results, most 
values ranging between approximately 2.2 to 2.7. A single outcome 
varies from 1 to 3. 


The CLT allows the use of statistical methods that assume an 
underlying normal distribution of the data when dealing with 
averages of data that do not come from a normal distribution. 

COMPUTING PROBABILITIES FROM THE NORMAL 
DISTRIBUTION—The area under the normal curve is 1 and 
area represents probability. The probability of observing a sin- 
gle value from a continuous distribution such as the normal is 
0. However, one can calculate the probability of observing val- 
ues in any interval x,, x.—designated as P(x, = x S x.)—by 
computing the area under the curve in that interval. Table 12.9 
is a short compilation of cumulative probabilities from the 
standard normal curve (Fig 12-8) that has a mean of 0 and a 
standard deviation of 1. Table 12-9 shows the probability of 
observing a value less than or equal to Z. For example, the 
probability of observing a value less than or equal to —1 from 
the standard normal distribution is 0.16. The symmetry of the 


P=0.2 
Probability of x successes in rn trials 
x 0 1 2 3 4 5 6 7 8 9 10 
n 
6 0.262 0.393 0.246 0.082 0.015 0.002 
7 0.210 0.367 0.275 OMS 0.029 0.004 
8 0.168 0.336 0.294 0.147 0.046 0.009 0.001 
9 0.134 0.302 0.302 0.176 0.066 0.017 0.003 
10 0.107 0.268 0.302 0.201 0.088 0.026 0.006 0.001 
P=0.5 
Probability of x successes in n trials 
X 0 1 Z 3 4 5 6 7, 8 S) 10 
n 
6 0.016 0.094 0.234 0.313 0.234 0.094 0.016 
7 0.008 0.055 0.164 0.273 0.273 0.164 0.055 0.008 
8 0.004 0.031 0.109 0.219 0.273 0.219 0.109 0.031 0.004 
9 0.002 0.018 0.070 0.164 0.246 0.246 0.164 0.070 0.018 0.002 
10 0.001 0.010 0.044 Om, 0.205 0.246 0.205 0.117 0.044 0.010 0.001 
P=0.8 
Probability of x successes in rn trials 
3% 0 1 2 3 4 5 6 7 8 9 10 
n 
6 0.002 0.015 0.082 0.246 0.393 0.262 
7 0.004 0.029 0.115 0.275 0.367 0.210 
8 0.001 0.009 0.046 0.147 0.294 0.336 0.168 
9 0.003 0.017 0.066 0.176 0.302 0.302 0.134 
10 0.001 0.006 0.026 0.088 0.201 0.302 0.268 0.107 


Average 
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Figure 12-5. Normal probability curves. 


normal curve indicates that the probability of a value being 
greater than or equal to +1 is also 0.16. Since the total area 
under the normal curve is 1 and area represents probability, 
the area less than or equal to Z = +1 is 1 — 0.16 = 0.84. This 
relationship is illustrated in Figure 12-8. In general, to calcu- 
late the area in any interval, Z,, Z,, look up the cumulative 
areas corresponding to Z, and Z,. The difference of the two 
areas is the area between Z, and Z,, or the probability of 
observing a value in that interval. 


Exercise 3—Calculate the probability of a value falling between 
—1.96 and +1.28 for the standard normal curve. 

Answer: The area corresponding to Z = —1.96 is 0.025. The area 
corresponding to +1.28 is 0.90. The difference is 0.875. Thus, the 
probability of observing a value between —1.96 and +1.28 is 0.875. 

Since there are an infinite number of normal distributions (defined 
by their means and standard deviations) a reasonable question is, How 
would one calculate probabilities from a normal distribution that is 
different from the standard normal distribution? Fortunately, there is a 
simple transformation that converts data from any normal distribution 
into the standard normal distribution; Table 12.9 can then be used to 
compute the probabilities. 

The Z transformation is 


Example 5—What is the probability that a tablet will weigh between 
185 and 210 mg if tablet weights have an approximately normal distri- 
bution with mean 200 mg and a standard deviation of 10? Using the Z 
transformation, 


(185 — 200)/10 = -1.5 
(210 — 200)/10 = + 1.0 


The cumulative areas corresponding to Z = -1.5 and Z = 1.0 
are found from Table 12-9. These areas are 0.07 and 0.84, 
respectively. Therefore, the probability of finding a tablet 
weighing between 185 and 210 mg is 0.84 — 0.07 = 0.77. Note 
carefully that the transformation is equivalent to finding a 
value that is between —1.5 and +1.0 standard deviations from 
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Figure 12-6. Probability distribution of outcomes after drug 
treatments. 
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Figure 12-7. Simulation of distribution in Figure 12-6 with average 
of sample size of 20. 


the mean (ie, 185 is -15 mg from the mean, which is equal to 
—1.5 standard deviation units). 

What is the probability that a tablet will weigh less than 
180.4 or more than 219.6 mg? The Z transformation results in 
the values —1.96 and + 1.96. The student can verify that 95% of 
the values are found in this interval. 

Several Z values appear frequently when testing for statis- 
tical significance: 


e 68% of the values are within + 1 standard deviation of the mean 
value. 

e 80% of the values are within + 1.28 standard deviations of the 
mean value. 

e 90% of the values are within + 1.65 standard deviations of the 
mean value. 

e 95% of the values are within + 1.96 standard deviations of 
the mean value. 

e 99% of the values are within + 2.58 standard deviations of 
the mean value. 


NORMAL APPROXIMATION TO THE BINOMIAL 
DISTRIBUTION—The CLT can be applied to the binomial 
distribution if n, the number of binomial trials, is sufficiently 
large. As a general rule, if both np) and nq, are equal to 
or greater than 5 (py is the true probability of success), the 
normal approximation can be used. For binomial distributions 
with pp close to 0.5, the approximation is good for values of npo 
and ng, smaller than 5. Under these conditions, (p — po)/ 
VPodo/n is approximately normally distributed with mean 0 
and standard deviation 1 (the standard normal distribution). 
This transformation allows easy calculation of binomial prob- 
abilities. The approximation is improved if 1/(27) is subtracted 
from the absolute value of the numerator. This is known as the 
Yates continuity correction. 


Example 6—When inspecting 100 tablets for quality, what is the 
probability of observing a proportion of defective tablets equal to or 


Table 12-9. Short Table of Areas for the Standard 
Normal Distribution (Area for Values Less Than Z) 


Z AREA # AREA Zz AREA 
=3 0.0013 —1.28 0.1003 1.2 0.8849 
SNe 0.0049 =| 72 0.1151 1.28 0.8997 
23 0.0107 =1|,0) 0.1587 1.4 0.9192 
badd 0.0139 —0.84 0.2005 les) 0.9332 
=e 0.0179 —0.8 OZ 1.6 0.9452 
= 2240) 0.0228 —0.6 0.2743 1.645 0.950 
= 1.96 0.025 —0.4 0.3446 1.8 0.9641 
saileS 0.0287 =(0)2) 0.4207 eS: 0.9713 
= 11283 0.0359 0.0 0.500 1.96 0.975 
Sila’, 0.0446 0.2 0.5793 2.00 0.9772 
— 1.645 0.050 0.4 0.6554 2o\\ 0.9821 
Salo 0.0548 0.6 0.7257 Deh 0.9861 
= RS) 0.0668 0.8 0.7881 23) 0.9893 
—1.4 0.808 1.0 0.8413 2.58 0.9951 
3.00 0.9987 
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=| Oo +! 
Figure 12-8. Standard normal distribution. 


greater than 0.10, if the true proportion defective is 0.07? Using the 
continuity correction, 


va [0.10 — 0.07| — 1/200 | 


0.07 x 0.93/100 
From Table 12-9, the probability of a value less than Z = 0.98 
is approximately 0.84. The probability of a value greater than 
Z = 0.98 is 1 — 0.84 = 0.16. Therefore, the probability of observ- 
ing a proportion greater than 0.10 when inspecting 100 tablets 
from this batch is approximately 0.16. 


0.98 


ESTIMATION AND STATISTICAL INFERENCE 
(SES EE RS 

ESTIMATION AND CONFIDENCE INTERVALS—Af- 
ter gathering data from, for example, a survey or an experi- 
ment, it is often of interest to estimate the mean value or 
average of the population. As has been noted, the sample av- 
erage, x, is not exactly equal to the population average, p, but 
in a well-designed and implemented experiment, x should be an 
unbiased estimate of the true mean. Thus, the best estimate 
of the true, but unknown, population average is the sample 
mean x. 

However, the mean of the sample gives no idea of the pre- 
cision of this average. If the average assay of 10 tablets is 100 
mg, it is not known how close this value is to the unknown true 
value. It would be important to have some estimate of the 
reliability of the result. Confidence intervals, or confidence lim- 
its, give an interval that may encompass the mean with a 
known probability. That is, a 95% confidence interval of 97 to 
103 mg means that one would give 19 to 1 odds that the true 
mean is in this interval. It cannot be said for certain that the 
true mean is in the interval, but if the experiment were re- 
peated many times and a 95% confidence interval constructed 
each time, then 19 of 20 such intervals would contain the true 
mean. For any given experiment, there is no way to tell if the 
true mean is in the interval, but it is known that the chances 
are 95% that the true mean is in the interval. 

In statistical inference, no statements can be made with 
assurity. Statistical proofs are not like mathematical proofs. 
Statistical conclusions are couched in terms of probability. A 
statement such as “The means are significantly different,” 
means that it is believed that the means are different but there 
is a chance, albeit a small one, that the conclusion is incorrect. 
However, the probability of making the wrong decision is 
known. 

Symmetric confidence limits are computed as 


where Z is an appropriate constant, depending on the proba- 
bility statement (degree of confidence) associated with the con- 
fidence interval. For a normally distributed variable with stan- 
dard deviation o known, the value of Z is obtained from Table 
12-9. For example, to obtain a 95% confidence interval, +1.96 
standard deviations covers 95% of the area. For a 90% con- 
fidence interval, Z = 1.65; for a 99% confidence interval, 
Z = 2.58. Note that if the standard deviation is unknown but 
estimated from the sample data, the value of Z for normally 


distributed variables is replaced by t, obtained from the ¢ dis- 
tribution, which will be introduced in the next section. 


Example 7—A drug shows an average blood pressure reduction of 9.8 
torr when tested on 100 patients. The standard deviation is known to be 
8 torr. A 95% confidence interval for the mean blood pressure reduction 
is 


9.8 + 1.96 x 8/y100 = 9.8 + 1.57 


A 99% confidence interval is 


9.8 + 2.58 x 8/100 = 9.8 + 2.06 


Note that if the interval has a higher probability of containing the true 
mean, the confidence interval is wider. 

Example 8—A survey of 1000 pharmacists showed that 30% have 
more than 15 yr of experience and 70% have less than 15 yr of experi- 
ence. A 95% confidence interval on the proportion of pharmacists with 
more than 15 yr of experience is 


p + 1.96 \pq/n = 0.3 + 1.96 V0.3 x 0.7/1000 


= 0.3 + 0.028 


This means that the true proportion is between 0.272 and 0.328 with 
95% probability. 

On rare occasions, a one-sided or an unsymmetrical confidence in- 
terval may be appropriate. One use of a one-sided interval is described 
under linear regression as applied to stability prediction. 

STATISTICAL INFERENCE AND THE ¢ DISTRIBU- 
TION—Statistics are used most often as a decision-making 
tool. The familiar phrase “the difference is statistically signif- 
icant” results from the application of statistical inference to 
experimental data. The procedure allows a probability state- 
ment to be made about comparative data. Statements made 
using this approach cannot be made with absolute certainty. 
Because experimental results generally come from sample 
data, one never can be sure of the exact properties of population 
data. However, decisions can be made with a known probability 
of error. 


Example 9—Consider the estimation of the tablet potency of a batch 
of tablets based on an assay of 10 individual randomly selected tablets. 
The assay values (mg) are 


Ceo. WLS Qe 
98.0 100.1 97.5 


100.3 99.6 
98.4 99.1 


The average is 98.88 mg and the standard deviation is 0.954. In 
this example, an estimate of the mean and standard deviation 
is obtained from a sample of size 10. 

When the standard deviation is unknown but an estimate is 
available from a relatively small sample, the ¢ distribution is 
used to describe the distribution of the means. The ¢ distribu- 
tion may be defined as the distribution of 


cn — [h) 
SD/Vn 


The ¢ values show a symmetrical distribution centered at 0; 
ie, the mean is 0. The ¢ distribution is spread out more than the 
standard normal distribution. Some commonly used points 
from the ¢ distribution are shown in Table 12-10. The ¢ distri- 
bution is defined by degrees of freedom (DF), which in Example 
9 is n — 1. Note that when the DF are large (ie, n is very large), 
the values in the ¢ table approach the corresponding values 
from the standard normal-curve table (see Table 12-9). For 
example, the value below which 97.5% of the area is found is 
1.96 when the DF are infinite in the ¢ table. 

When the SD is unknown, values from the ¢ table are used 
to construct confidence intervals in exactly the same manner as 
was done using Table 12-9. Table 12-10 shows ¢ values that cut 
off areas of the ¢ distribution in one tail or symmetrically in 
both tails of the distribution. For example, the two-tailed 5% 
points cut off 2.5% of the area in each tail. For DF = 9, ¢t values 


Table 12-10. The t Table 
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Distribution of t Giving Both the Two-Sided or Two-Tailed Probability and the One-Sided or One-Tailed Probability 


According to Degrees of Freedom 


SS SL A ES SE IP EE SA SE BS SR SES SS YDS SC A AS DE SS SSE 


ONE TAIL 
P=04 P=03 P=0.2 P=0.1 P= 0.05 P = 0.025 P=0.01 P = 0.005 

TWO TAILS 
DF P=0.8 P=0.6 P=0.4 P=0.2 P=0.1 P= 0.05 P=0.02 P=0.01 
1 0.325 0.727 1.376 3.078 6.314 12.706 31.821 63.657 
2 0.289 0.617 1.061 1.886 2.920 4.303 6.965 91925 
3 0.277 0.584 0.978 1.638 2355 3.182 4.541 5.841 
4 0.271 0.569 0.941 1.533 2.132 2.776 3.747 4.604 
5 0.267 0.559 0.920 1.476 2.015 25/4 3.365 4.032 
6 0.265 0.553 0.906 1.440 1.943 2.447 3.143 3.707 
7 0.263 0.549 0.896 1.415 1.895 2.365 2.998 3.499 
8 0.262 0.546 0.889 1-397 1.860 2.306 2.896 3°35) 
g) 0.261 0.543 0.883 1.383 1.833 2.262 2.821 3.250 
10 0.260 0.542 0.879 (ee 72 1.812 2.228 2.764 3.169 
11 0.260 0.540 0.876 1.363 1.796 2.201 2.718 3.106 
12 0.259 0.539 0.873 12356 1.782 29 2.681 3.055 
13 0.259 0.538 0.870 1.350 7A 2.160 2.650 3.012 
14 0.258 0.537 0.868 1.345 1.761 2.145 2.624 2977, 
15 0.258 0.536 0.866 1.341 (ays! 2.131 2.602 2.947 
16 0.258 0.535 0.865 15337 1.746 2.120 2.583 AYA 
17 0.257 0.534 0.863 sss 1.740 2.110 2.567 2.898 
18 0.257 0.534 0.862 1.330 1.734 2.101 2.552 2.878 
19 0.257 0.533 0.861 1.328 1.729 2.093 27939 2.861 
20 0.257 0.533 0.860 16325) e725 2.086 2.528 2.845 
21 0.257 0.532 0.859 1.323 L7PA| 2.080 2.518 2.831 
22 0.256 0.532 0.858 32 WIA 2.074 2.508 2.819 
23 0.256 02552 0.858 Wess) 1.714 2.069 2.500 2.807 
24 0.256 0.531 0.857 1.318 lean 2.064 2.492 21917, 
25 0.256 0.531 0.856 1.316 1.708 2.060 2.485 2.787 
26 0.256 0.531 0.856 15315 1.706 2.056 2.479 279 
a7, 0.256 0.531 0.855 1.314 1.703 2.052 2.473 PIM 
28 0.256 0.530 0.855 1.313 1.701 2.048 2.467 2.763 
29 0.256 0.530 0.854 leSulul 1.699 2.045 2.462 2.756 
30 0.256 0.530 0.854 1.310 1.697 2.042 2.457 2.750 
40 0.255 0.529 0.851 1.303 1.684 2.021 2.423 2.704 
60 0.254 0.527 0.848 1.296 1.671 2.000 2.390 2.660 
120 0.254 0.526 0.845 1.289 1.658 1.980 2.358 2.617 
20 0.253 0.524 0.842 1.282 1.645 1.960 2.326 2.576 


below —2.262 and greater than +2.262 comprise 5% of the area. 
Conversely, it can be said that the probability of finding a ¢ 
value between —2.262 and +2.262 is 95% for DF = 9. 

Similarly, Table 12-10 gives values for one-tailed probabil- 
ities for P = 0.5% and 2.5%. These values correspond to the 
two-tailed probabilities of 0.01 (1%) and 0.05 (5%). For exam- 
ple, for 9 DF, the probability of finding a ¢ value greater than 
+2.262 (or —2.262) is 2.5%. Examples throughout the remain- 
der of this chapter should make the use of the ¢ table clear. In 
the current example of tablet assays, a 95% confidence interval 
can be constructed using the ¢ distribution. The mean is 98.88 
and the sample SD is 0.954. The ¢ value for 95% of the area for 
9 DF is 2.262. The 95% confidence interval is 


98.88 + 2.262 x 0.954/y10 = 98.88 + 0.68 
= 98.20 to 99.56 


This can be interpreted to mean that the probability is 
95% that the true mean of the batch lies between 98.20 and 
99.56 mg. 

Are you surprised by the narrow limits of the interval based 
on only 10 tablets? The reason for the tight limits is the small 
standard deviation. Note that this does not guarantee that the 
true mean, p, lies in this interval. As has been emphasized 
~ before, statistical statements and conclusions are probabilistic 
in nature. 

t TEST—In addition to estimating the mean assay of a 
batch of 10 tablets, the 10 assay values were obtained to per- 


form a statistical test comparing the average result to that 
expected based on the labeled potency of 100 mg. If every one of 
the 3,000,000 tablets in this batch were assayed, the average 
potency would be known. The random sample of 10 is repre- 
sentative of the entire batch, but it is extremely unlikely that 
the sample average exactly will equal the batch average. The 
question to be asked is, in view of the variability of the 10 
assays and the average result, can it be ascertained that these 
10 tablets came from a population with an average of 100 mg? 
The solution to this question, an example of statistical infer- 
ence, is obtained using a simple ¢ test. This ¢ test consists of the 
following steps, which can be considered typical in many de- 
signed experiments. 

Construct a Null Hypothesis—A null hypothesis is an assump- 
tion about the parameter under investigation, which is the mean value 
in this example. The null hypothesis is a statement that assumes that 
the parameter is equal to some value, usually a null value. That is, the 
hypothetical value is considered to represent a situation of no change. 
How to construct the null hypothesis is not always obvious, but a few 
examples should make this concept clearer. 

For the tablet assays, no change means that the population average, 
2, is equal to the labeled potency, 100 mg. The null hypothesis is of the 
following form 


H,:~ = 100 mg 


The statistical test allows a decision to be made: the sample of tablets 
are or are not representative of a population with mean 100 mg. 
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Construct an Alternative Hypothesis—An alternative hypothe- 
sis makes an assumption about alternative values of the parameter, 
usually encompassing complementary values. Thus, if H, is .= 100 mg, 
an alternative could include all values greater than or less than 100 mg. 
This is a two-sided alternative represented as H,:u # 100 mg. In some 
cases, a one-sided alternative may be suitable. This may be expressed 
as H,:4 > 100 mg or H,:4 < 100 mg. 

The process of statistical inference will result in one of two possible 
decisions: either accept or reject the null hypothesis. Rejection means 
the alternative is accepted. For a two-sided alternative, it is anticipated 
in advance that if the null hypothesis is not true, that the true average 
could be either greater or smaller than the hypothetical or assumed 
value. A one-sided alternative is viable if the alternative only can take 
on either a lower or higher value than the hypothetical value, or only 
higher (or lower) values are of interest. 

It is not clear always which alternative (one- or two-sided) is correct 
or appropriate for any given situation. Usually, two-sided alternatives 
must be considered because, in most situations, smaller and larger 
values of the parameter are possible and relevant. Some situations 
where one-sided alternatives may be best will be discussed. 

Choose the Level of Significance—The level of significance also 
is known as the alpha level (a) or error of the first kind. This is the basis 
of the well-known statement (eg, the difference is significant at the 5% 
level). The a error is set in advance and has the following meaning. The 
level of significance or a error is the probability of erroneously stating 
that the difference between the observed value of the parameter (the 
mean in this example) and the hypothetical value is real or significant. 

The a error commonly is chosen as 5%, although this is not obliga- 
tory. A more conservative approach would be to choose a level of 1%. 
This would mean that an error of the first kind, ie, erroneously declar- 
ing a difference, is only 1%. It will be seen that a larger difference is 
needed for significance if the a error is made smaller. That is, it is more 
difficult to find a significant difference. 

Beta Error and Power—Usually, only the a error is chosen in 
advance of the experiment. However, it should be understood that 
there is a second kind of error that should be considered when 
making statistical decisions. This error, the beta error (3), is the 
probability of declaring no difference between the observed sample 
value and hypothesized value of the parameter when, in fact, a 
difference of size delta (5) exists. The a level, 8B error, and sample size 
are related. Sample-size determination, an important topic, is dis- 
cussed in most elementary statistics books.*? When it is declared 
that differences are (or are not) significant, only the a level is 
considered, and not the £ error. 

Choose a Sample—The choice of a proper sample and the size of 
the sample are very important considerations in statistical experimen- 
tation and experimental design. The number of objects to be included in 
the sample is a consequence of the a and £ errors. The manner in which 
samples are chosen will dictate the statistical analysis. 

In this simple example, the choice of experimental units (tablets to 
be analyzed) appears to be uncomplicated. However, further thought 
reveals many alternatives. Ten tablets are to be chosen from 3,000,000. 
Some possible sampling schemes include (1) take the first 10 tablets 
from the batch, (2) take the last 10 tablets, (3) take tablets at regular 
intervals during the run and select 10 of these tablets at random, or (4) 
take 10 tablets at random from the entire batch. A random sample is 
one in which each object has an equal probability of being chosen (see 
under Sampling for more detail). Random samples will assure a valid 
statistical analysis. 

Random sampling can be visualized as a kind of lottery device, in 
which all of the tablets are mixed and one selected. In many cases, 
random sampling is not convenient, or the design can be improved by 
using variations of random sampling schemes. Although the statistical 
analysis in the present example assumes a random sample, it would not 
be convenient to implement this procedure for a batch of 3,000,000 
tablets. Scheme 3, above, is a more realistic sampling scheme; although 
it is not truly random, one can proceed as though it were random for this 
example. In this case, a sample size of 10 tablets is chosen, not for 
statistical reasons, but because this number has been written into the 
quality-control procedure. A better procedure would be to base the 
number of samples on the a and 8 levels.* 

Determine Whether the Test Should Be One- or Two- 
Sided—In this example, a two-sided test is chosen because the ob- 
served average potency could be either lower or higher than the hypo- 
thetical value of 100 mg. That is, there is no reason to believe, based on 
the manufacturing process, that the observed value should deviate on 
one side rather than the other of the labeled potency. 

Make Observations and Construct a t Test—Having gathered 
the tablets and performed the assays, the value of ¢ is computed. This 


allows one to make the decision, significant or not significant. For a 
two-sided test, the ¢ value is computed as 


eee [z= p| 
n-1 SD/yn 


where yp is the hypothetical mean defined by the null hypothesis. In this 
example, ¢ is 


; |Z-—p| |98.88 — 100| 
"! sp/yn ——:0.954/y/10 


The ¢ value then is compared to the ¢ values in Table 12.10 at the 
specified a level with n — 1 DF. For a two-sided test, the absolute value 
of t is noted, because either small or large values of the difference 
(x — w) will lead to significance. If the observed value of ¢ is equal to or 
greater than the value in the table, the difference between the observed 
and hypothetical values of the parameter, the mean in this example, is 
declared to be statistically significant. The value of t for a two-sided test 
at the 5% level for 9 DF is 2.262, the same value used for the 95% 
confidence interval. This is no coincidence, as will be shown below. 
Since the observed absolute value of t (3.71) is larger than the value in 
Table 12.10 (2.262), significance is declared. The true potency is apt not 
to be 100 mg, but rather some lower value, based on the observed value 
of 98.88. 

An examination of the equation for ¢ reveals that large differences 
between the observed and hypothetical mean coupled with a small SD 
of the mean lead to large values of t. This makes sense, from an intuitive 
point of view, as large differences with small variability suggest that 
the difference is real. Also, one should note that had the test showed a 
nonsignificant difference, it cannot be said with any assurance that the 
mean of the batch is 100 mg. In fact, it seems extremely unlikely that 
this should be true. The data simply do not provide sufficient evidence 
to show that the mean is different from 100 mg. In this case, the 
confidence interval would give a region in which the mean probably lies. 

If the above test had been performed at the 1% level, it still might 
have been concluded that the mean of the batch was not 100 mg. The 
value of t at the 1% level with 9 DF from Table 12-10 is 3.25. As 3.71 is 
greater than 3.25, one would declare significance. A test significant at 
the 1% level gives greater assurance that the true mean differs from 100 
mg, compared to a test significant at the 5% level. 

There is a relationship between the two-sided ¢ test and the confi- 
dence interval. For example, if the 95% confidence interval does not 
cover the hypothetical value defined by Ho, the test will show signifi- 
cance and vice versa. This suggests that the true mean is different from 
the hypothetical mean. In the example discussed above, the 95% confi- 
dence interval was calculated as 98.2 to 99.56, which does not cover the 
hypothetical value 100. Therefore, it may be concluded correctly that 
the ¢ test will show a significant result at the 5% level. Had the 
confidence interval included 100, the ¢ test would not be significant. 

The example described above is known as a one-sample ¢ test. In this 
test, the experimental design consists of determining the mean value of 
a random sample from a single population and comparing the mean to 
some hypothetical value. Thus, it may be of interest to compare the 
mean tail-flick value of an analgesic compound in rats to some value 
that represents activity based on previous experience, or to compare the 
average assay result of 10 tablets to the labeled amount or to a previ- 
ously accumulated average, as may be available from quality-control 
records. 

TWO INDEPENDENT SAMPLE t TEST—A common de- 
sign in research involves the comparison of two treatments 
applied to two independent groups. For example, in a clinical 
study, a drug is compared to a placebo using 20 patients for the 
drug treatment and 20 different patients for the placebo treat- 
ment. Or the dissolution of tablets prepared by a marketed 
formulation is compared to the dissolution of tablets prepared 
from an experimental formulation. Note that this design differs 
from the one-sample test in that averages are obtained from 
two groups for purposes of comparison, whereas in the one- 
sample test, the average of a single group is compared to some 
hypothetical value. 

Three key assumptions are necessary for the two inde- 
pendent sample ¢ test to be valid: (1) each of the two groups 
are distributed normally, (2) each of the two groups are distrib- 
uted with the same variance, and (3) the two samples are 
independent. 

The independence assumption is very important. Indepen- 
dent samples mean that the results for any single individual do 


not influence the results of any other individual. In the case of 
a clinical trial, independence would mean that the treatment 
effect for one patient does not influence the result of a treat- 
ment for other patients. If one patient discussed the results of 
his or her medication with another patient in the study, their 
results would not be independent. If treatments are applied to 
more than one rat in a cage, their results would not be inde- 
pendent. In the latter case, competition for food and other 
animal interactions might favor the stronger animal and influ- 
ence the treatment effect. 

Equality of variance also is an important assumption. If the 
variances are reasonably close, the test should be conducted as 
usual. As a general rule, if the variances do not differ by more 
than a factor of four, no special procedure is needed. If the 
variances differ widely, a modified procedure should be used 
(the Behrens-Fisher test'°). The normality assumption is less 
critical. The CLT results in approximate normality of means of 
non-normal variables. 

This statistical design consists of randomly dividing n ob- 
jects into two groups of size n, and n,. Treatment 1 is applied 
to the first group (7,) and Treatment 2 is applied to the second 
group (n,). Optimal treatment allocation in this design is to 
have an equal number of experimental units (n/2) in each group 
if the primary objective is to compare the means of the two 
groups. However, if n, is not equal to n., the data are analyzed 
easily, and not much is lost if the two samples are close in size. 
In animal and human experiments, samples often are lost due 
to patient dropouts and animal deaths. An experiment that is 
carried out according to this plan sometimes is called a parallel 
design—two separate groups are treated in parallel. 

The test is similar to the one-sample test. In a typical 
experiment to compare the mean results of the two samples, 
the null hypothesis is 


A two-sided alternative has an alternative hypothesis: 

Aah) * Wy 
Once the a level (usually 0.05) is specified and data are ob- 
tained, a ¢ test is performed. This allows a decision to be made 


about the equality of the underlying population averages. As in 
the one-sample case, a value of ¢ is computed as 


Difference 


t= F 
Standard error of difference 


For calculation purposes, 


where 
Xx, = mean of first sample of n, observations. 
%5 = mean of second sample of n, observations. 
and 


a Ge © 2y)2/m + > 2s, — Ce We,)7/ Me 


2 
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where 


> x”,, is the sum of squares of observations in first sample. 

> x,; is the sum of observations in first sample. 

> x*,, is the sum of squares of observations in second sample. 
> xX; is the sum of observations in second sample. 

s* is the pooled variance of the two samples. 


Example 10—Suppose one sample of four and one sample of five are 
_ taken, respectively, from each of two lots of amobarbital capsules and 
the amount of amobarbital is determined in each capsule. It is de- 
sired to determine if there is a significant difference between the two 
samples. 
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where pp, and uw, represent the true averages of the two lots of capsules. 
This is a two-sided test at the 5% level. 


Sample 1 Sample 2 
10.1 9.8 
13.6 9.6 
12-5 11.4 
11.4 91 
S27 = 406 > ax; = 50.0 
i ORES io D098 
%, = 11.90 %2 = 10.00 
n,=4 N, = 5 


573.18 — (47.6)?/4 + 502.98 — (50.0)2/5 
"7 SD) 
573.18 — 566.44 + 502.98 — 500.00 9.72 


( 


= 1.3886 


S= 1-18 


XH, — % | nyne 
si s nN; + Ns 
11.90 — 10.00 ee 

¥ 1.18 4+5 


1.61(1.49) = 2.40 


The degrees of freedom involved in the pooled standard devia- 
tion are 7, DF = (n, — 1) + (n,— 1). In the ¢ table (see Table 12-10), for 
P = 0.05 and DF = 7 (two tails) the value of t given is 2.365. The value 
of t calculated is greater than this. Therefore, since the probability of 
these two samples being drawn from the same population is less than 
0.05, we conclude that they were drawn from different populations. 
(This conclusion may be wrong 5 times in 100. )It can be stated that 
there is a statistically significant difference between the two samples. 


The examples illustrated so far have used a two-sided test. 
A one-sided test may be used when the difference can only 
occur in one direction or when only one direction is relevant. 


Example 11—A drug is formulated to be dissolved more rapidly by 
substituting lactose for part of the lipoidal lubricant in the regular- 
release product. The formulator is convinced that this formulation 
change only could increase the rate of drug dissolution. A one-sided test 
at the 5% level is proposed when comparing the drug dissolution from 
the two products. The time to 50% dissolution for six tablets of each 
product (minutes) is 


Original product: 25, 22, 29, 30, 26, 24 
Modified product: 18, 23, 24, 22, 19, 16 


For this test, H) and H, are defined as 


Hip, = We 
Ay) > pe 


where 2, is the 50% dissolution time for the original product. 

If the test indicates rejection of the null hypothesis, it must be 
concluded that the new formulation has a faster dissolution time. If the 
test shows a nonsignificant difference, it is concluded that the data is 
insufficient to show that the new formulation reduces the dissolution 
time. Note that if the data show a longer dissolution time for the new 
formulation, a test would not be performed, but it would be concluded 
that the new formulation did not decrease the dissolution time. The 
average results and standard deviation for the two sets of data are 


%,=26 % = 20.33 

SD, = 3.033 SD, = 3.141 

pesieioine i 
3.087/y3 


Note that the pooled standard deviation is equal to 


(SD? + SD2 
2 


when the sample sizes are equal in the two groups. 
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For a one-sided test, refer to one tail of the ¢ distribution. For 10 
degrees of freedom (6 + 6 — 2), the ¢ value, leaving 5% of the area in the 
upper tail, is 1.812 (see Table 12-10). Therefore, it is concluded that the 
new formulation causes faster dissolution of the drug. Note that it is 
easier to get significance with a one-sided test. Had the test been 
two-sided, the t would have had to exceed 2.228 at the 5% level for 
significance, according to Table 12-10. 

PAIRED ¢ TEST—In many situations, the scientist is in- 
terested in comparing the means of two experimental treat- 
ments using a paired-sample design. This differs from the 
independent two-sample design in that each of two different 
treatments are applied to a single group of experimental units 
(eg, patients). In a bioavailability study, a generic drug is 
compared to a standard drug in each of 20 patients. A new 
analytical method is compared to a previously used method by 
comparing assay results on different concentrations of the 
same material divided into two parts. 

The paired design has certain advantages over the two 
independent sample or parallel groups design. It has been 
noted that significance is determined by the ratio of the differ- 
ence of the averages divided by the standard error. This ratio 
can be increased by reducing the standard error. One way is to 
increase the sample size. Another way of increasing the value 
of t is to reduce the variability. 

In a two independent sample test, the variability is a result 
of the differences among different experimental units (differ- 
ences among patients’ responses to a drug, for example). In the 
paired test, the variability results from differences within ex- 
perimental units. The within-individual variability should be 
less than the between-individual variability. (Theoretically, the 
measured between-individual variation includes the within- 
variation; therefore, the between-variation is larger than the 
within-variation.) Therefore, the paired-sample design has the 
advantage of reduced variability. 

The paired-sample test also needs less experimental mate- 
rial. In a two independent sample design, comparing the re- 
sponse to two drugs, one might use 24 patients in each of two 
groups. In a paired design, each patient receives both drugs, on 
two different occasions if necessary. Thus, there is the need to 
recruit 24 patients rather than 48. For example, when testing 
a skin preparation, the products could be applied randomly to 
each arm of the 24 patients. 

The paired design can be used only when there is a natural 
or easy way of pairing the experimental units. When comparing 
the dissolution of two different formulations, there seems to be 
no obvious way of pairing the tablets from the two different 
formulations, as is the case of applying two treatments to the 
same individual. In animal experiments, litter mates may be 
paired. Pairing implies that the paired units are more alike 
than are two different units. In clinical studies, test units may 
be paired or matched on the basis of certain characteristics 
such as sex, age, or severity of disease. Then each subject in the 
pair is assigned to one of the experimental treatments. 

A disadvantage of the paired design is that if treatments 
cannot be applied concurrently, as may be the case where two 
drugs administered orally are to be compared, the time to 
complete the experiment can be extended. In the case of clinical 
studies, this may be an important detriment because time 
usually is of the essence. Also, as these studies are prolonged, 
the chances of patient dropouts increase. 

In the paired design, a missing value means that the single 
unpaired datum is of no value. In this design, each experimen- 
tal unit (eg, each patient) essentially acts as its own control. 
That is, the comparison is made within each experimental unit. 
If one of the two paired values is missing, a comparison cannot 
be made. 

Another potential disadvantage is that a carryover effect 
may be present. This means that effects from one treatment 
may affect the results of the other. For example, in a bioavail- 
ability study, if the first drug administered is not eliminated 
completely before the second drug is given, blood levels of the 
second drug will be contaminated. Or, in a clinical study, the 


first drug administered may modify the disease condition so 
that the effect of the second drug is not comparable directly 
with that of the first drug. * 

In any event, there are many situations where the advan- 
tages of the paired-sample design strongly suggests its use. For 
computational purposes, the formula is 


where 


d = mean of the differences, x; — %», of the n pairs of observations 


> a? — @ d,)?/n 
= I 


oe 


Ss 


where 


> d’, = the sum-of-squares of the n differences 
> d; = the sum of the n differences 
n = the number of differences or pairs of observations 


Example 12—The duration of loss of the righting reflex (minutes) 
was measured in 16 mice following treatment with a barbiturate. The 
drug was administered in the morning and the afternoon on two differ- 
ent occasions; the order of giving the morning or the afternoon dose was 
randomized in each mouse. It was desired to test the null hypothesis 
that the duration of loss of the righting reflex is the same in the morning 
and the afternoon (Table 12-11). 


354 — (40)?/16 354 — 100 
16-1 a 15 
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= 16.9333 


2.5 2.5(4) 


\n = —— y16 = a = 2-48 
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DF=n—-1=16-1=15 


In the ¢ table (see Table 12-10), for P = 0.05 and DF = 15 
(two tails) the value of ¢ is 2.131. The value of t calculated is 
greater than this. Therefore, as the probability of the morning 
and afternoon values being the same is less than 0.05, we 
conclude that they are different. Apparently, the duration of 
loss of the righting reflex in mice tested on the barbiturate in 
the morning was longer than when tested in the afternoon. 

Note the similarity of the one-sample ¢t test and the paired t 
test. The test is identical after differences between pairs have 
been calculated in the paired test. The null hypothesis in the 


Table 12-11. Loss of Righting Reflex on 16 Mice 


DIFFERENCE 
MOUSE NO AM X1 PM X2 d = x; — x2 
1 75 73 2 
2 86 89 =3 
3 98 89 4 
4 87 79 8 
5 Si 95 —4 
6 87 81 6 
7 76 Wi) =| 
8 83 89 =O 
9 87 82 5 
10 95 91 4 
ial 91 87 4 
12 86 86 0 
13 83 78 5 
14 76 69 7 
15 82 78 4 
16 93 88 5 
Sd, = 40 
Sd? = 354 
d= 2.5 
n= 16 


Table 12-12. The Chi-Square Table’ 


Probability 

DF P=0.20 P=0.10 P=0.05 P=0.01 
1 1.64 2.71 3.84 6.64 
2 3,22 4.61 5.99 9.21 
3 4.64 6.25 7.82 11.34 
4 5.2)) 7.78 9.49 13.28 
5 Ta29) 9.24 11.07 15.09 
6 8.56 10.64 2259 16.81 
iy 9.80 12.02 14.07 18.48 
8 11.03 13.36 15.51 20.09 
9 12.24 14.68 16.92 21.67 

10 13.44 5-99) 18.31 PIX72| 

20 25.04 28.41 31.41 Si 150/ 

30 36.25 40.26 43.77 50.89 


° Adapted from Fisher and Yates.3 


paired test almost always is of the form H):5 = 0, where 6 is the 
hypothesized difference of the true means. It is hypothesized 
that the mean results of the two treatments are identical. 

TESTS FOR PROPORTIONS—The ¢ test is applicable for 
continuous data that is distributed normally. Much of the data 
that is seen in pharmaceutical experiments is dichotomous. 
That is, answers to a questionnaire regarding filling a prescrip- 
tion for a specified drug may be yes or no, or a bottle of tablets 
may be acceptable or not acceptable, or a patient may be cured 
or not cured. Tests similar to the ¢ test may be constructed for 
binomial data. The principle is to compute proportions that are 
probable, based on the sample proportion. If the probable pro- 
portions do not include the hypothetical proportion, the null 
hypothesis is rejected. 

For large sample sizes (n is large), such computations can be 
tedious and difficult. Therefore, the normal approximation to 
the binomial is used whenever possible. Fortunately, in most 
practical cases, the normal approximation is applicable. When 
comparing proportions from two independent samples when 
the normal approximation is clearly not applicable, the Fisher 
Exact test can be used.® In general, use the rule that np and ng 
should be equal to or greater than 5 in order to use the normal 
approximation. In practice, this rule may be relaxed somewhat. 
When in doubt, a professional statistician should be consulted. 

Simple statistical tests for proportions are analogous to the 
t tests. For a one-sample test, where the hypothetical value 
defined by H, is Po, the ratio 


al, 
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may be computed, where p is the observed proportion and n is 
the number of binomial trials, the sample size. 

The calculated value of Z is compared to the standard nor- 
mal distribution, rather than the ¢ distribution. Refer to Table 
12-9 or to the last line in the ¢ table, Table 12-10. For a 
two-sided test at the 5% level, the test statistic, Z, must exceed 
1.96 for the difference to be considered significant. 


Example 13—A one-sample test for proportions. A questionnaire 
was sent to pharmacists asking which of two cold medications the 
pharmacist would recommend to customers. A statistical test was pro- 
posed to decide which product was most recommended. The null hy- 
pothesis was that the two products, A and B, were recommended equal- 
ly: Ho:p, = Pp = 0.50. The test is two-sided at the 5% level. Two- 
hundred and fifty (250) pharmacists responded; Product A was 
recommended 145 times, and Product B was recommended 105 times. 

The scientist conducting the experiment had sent out 400 question- 
naires and was rightfully concerned about the nonresponders. However, 
she decided that there was no reason to suspect a bias because of the 
lack of 100% response and proceeded to analyze the data. The observed 
proportion of successes (A is a success) is 145/250 = 0.58 (or the 
observed proportion could be 0.42 as well). The absolute value of the 
numerator of the Z statistic will be the same for p = 0.42 or p = 0.58. 
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|0.58 — 0.50| 


=2 
y0.5 x 0.5/250 


Since 2.53 exceeds the tabled value for a of 5% (1.96), it is concluded 
that Product A is the more recommended product. The normal approx- 
imation is improved if 1/(2) is subtracted from the absolute value of the 
numerator, although the effect of the continuity correction is more 
evident for small sample sizes. In the present example, the corrected 
value of Z is 2.47. A 95% confidence interval for the proportion recom- 
mending Product A alse was reported. 


0.58 + 1.96 y0.58 x 0.42/250 = 0.519 to 0.641 


Exercise 4—Compute Z, with and without the continuity correction, 
if 141 of 250 pharmacists recommended Product A. Determine whether 
the result is significant by using a two-sided test at the 5% level. 

CHI-SQUARE TEST—To test for differences of two pro- 
portions from two independent samples, the chi-square test is 
used. Chi-square (”) is a probability distribution derived from 
the sum of squares of normal variables. The chi-square distri- 
bution is not symmetrical and can have only positive values. 
Table 12-12? is a short table of chi-square probabilities. This 
table is used in the same way as the normal and ¢ tables: first 
compute a chi-square statistic and if the value exceeds the 
tabled value, a significant effect is declared. 

Chi-square is calculated as 


=> 


(Observed frequency — Expected frequency)? 


Expected frequency 


Example 14—In tossing a coin, 50% tails and 50% heads are ex- 
pected. Suppose a coin is tossed 40 times and 25 heads and 15 tails are 
obtained, whereas 20 heads and 20 tails are expected. Is the coin biased 
or weighted in some way? 


| (5-20) (15 - 20)? 
Sl PROOIIGE oo ©D0 


The degrees of freedom (DF) associated with y” are one less than the 
number of categories. Here y* = 2.5 with 1 DF. The greater the dis- 
agreement between expected and observed, the larger will be y*. See 
Table 12.12 for probabilities of getting this value or larger. For 1 DF the 
probability of getting a value larger than 2.5 is somewhere between P = 
0.20 and P = 0.10. To say that there is a statistically significant 
departure from the expected values, y* would have to be larger than 
3.84, which is the value for P = 0.05 at 1 DF. A value of ” larger than 
6.64 for 1 DF would indicate a statistically highly significant (P < 0.01) 
departure of the observed from the expected values. 


The chi-square test commonly is used for comparing two 
percentages in a 2 X 2 or fourfold contingency table (Table 
12-13). 


Example 15—Table 12-13 gives the survival rates for drug-treated 
and control pigs with swine dysentery. The survival rates for the drug- 
treated and control pigs are pp, = 25/39 = 64% and po = 21/43 = 49%, 
respectively. To test the null hypothesis that there is no difference in 
the survival rates of drug-treated and control pigs, y~ is calculated: 


, _ (Observed frequency — Expectancy frequency)? 
y= 


Expected frequency 


The expected values in each of the four cells can be obtained by multi- 
plying the column total by the row total and dividing this result by the 
grand total. The expected value for Cell a is 46 Xx 39/82 = 21.9. The 
expected frequencies for Cells b, c, and d are 17.1, 24.1, and 18.9, 


Table 12-13. Survival Rates in Swine Dysentery 


TREATMENT SURVIVED DIED TOTAL 
Drug a=25 b=14 a+ b= 39 
Controls G12 Gi 22 e+ d= 43 

Totals a+c=46 De d= 36 N = 82 
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respectively. Note that the sum of the expected frequencies across any 
row or column equal the totals for the row or column. For example, the 
expected frequencies for b and d are 17.1 and 18.9, which sums to 36, 
the total number who died. The calculation of chi-square is 


(25 — 21.9 (14-1712 (21-24.1)2 (22 — 18.9? 
5K Pekdadbia hina Wii ambi RAP 18.9 


= 1.91 


The DF associated with an R X C contingency table = (R —1)(C — 1), 
so that for a 2 x 2 contingency table we have 1 DF. Table 12.12 shows 
that for 1 DF the probability of getting a value of y* larger than the 
calculated value 1.91 is greater than P = 0.10. Since P is not equal to 
or less than 0.05, we conclude that there is insufficient evidence to indi- 
cate that the survival rates for the drug-treated and control pigs are 
different. 


The chi-square test for comparing two correlated percent- 
ages for paired data takes a somewhat different form. 


Example 16—Two different types of penicillin were given to each 
of 22 patients in random order, on successive occasions, and the 
presence or absence of a detectable blood level was determined 
(Table 12-14). The percentage of patients with detectable blood levels 
for the two forms of penicillin are p, = 16/22 = 73% and p,, = 8/22 = 
36%. To test the null hypothesis that there is no difference in the 
percentage of patients with detectable blood levels for the two forms 
of penicillin, we calculate 


2 


(oe 1)° 10 2] 2 1 9 49 
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In Table 12-13 for P = 0.05 and DF = 1, the value of x” given is 3.84. The 
value of y” calculated is greater than this. Therefore, as the probability 
of the percentages for Type I and Type II penicillin being the same is 
less than 0.05, we conclude that they are different. 

Note that this test compares the number of patients who are positive 
on one test and negative on the other. 


The chi-square distribution is an approximation of the dis- 
crete distribution represented by the fourfold table. The ap- 
proximation can be improved by applying a correction factor for 
the Observed — Expected values. If the absolute difference is an 
exact integer (eg, 4.0), subtract 0.5 from the absolute differ- 
ence; 4.0 would become 3.5. If the absolute difference has a 
decimal between 0.5 and 0 (eg, 3.8), change the decimal to 0.5; 
3.8 would become 3.5. If the decimal is between 0 and 0.5, 
reduce the absolute difference to its integer value; 4.1 would 
become 4. In Example 15, the absolute difference of Observed — 
Expected would be reduced to 3.0. The corrected chi-square 
would be 1.79. 


Exercise 5—Calculate the corrected chi-square for Example 15. 
Answer: 1.79. 


THE F DISTRIBUTION AND TESTS OF SIGNIFI- 
CANCE—tThe ¢ distribution is suitable for a statistical test 
comparing two means. The F distribution is used to compare 
two variances, F being defined by the ratio of the variances, 
with n, —1 DF in the numerator and n, —1 DF in the denomi- 
nator of the ratio 


= RE 
ey es i $1/85 


Similar to the chi-square distribution, the F' distribution 
consists of only positive values and is a skewed distribution. 
The ratio of two variances is compared to values in the F table 
(Table 12-15'") with the appropriate DF in the numerator and 


Table 12-14. Data for Example 16 


TYPE Il 
+ — Totals 
Type | + a= 6 bi=310 16 
= c=2 di 6 
Totals 8 14 22 


denominator to test for statistical significance. If the calculated 
ratio exceeds the value in the table at a given a level, the 
variances differ at the a level of significance. The following two 
examples describe the use of the F test for comparing variances 
for independent and dependent samples. 

Example 17 shows a test to compare the variances of two 
independent samples using the F test. Example 18 shows the 
test for comparing variances in related or paired samples, 
which uses the ¢ statistic to determine significance. To compare 
the variances of samples from two independent populations, 
the calculation is 


T= s4/S5 with sa Se 


where 


»_= Li i) Oy 


Si = larger variance 
Wy = 1 
2 
5 4X5; — (% Xai)"/Ny : 
SoS = smaller variance 
ra Nz — il 


To test for significance, the F ratio is referred to the F table (see 
Table 12-15) with f, = n, — 1 and fg = nz — 1 DF. The null 
hypothesis that the two variances are the same is rejected at 
the 2P level of significance. 


Example 17—Two treatments showed the results in Table 12-16. 
Entering Table 12-15 with f, = 6 and f, = 5 DF, we find that the 
tabulated values of F are 4.95 and 6.98 for P = 2 (0.05) = 0.10 and P = 
2 (0.025) = 0.05, respectively. Thus, the probability of getting a value of 
F larger than the calculated value 5.75 is between P = 0.05 and P = 
0.10. Since P is not equal to or less than 0.05, we conclude that there is 
insufficient evidence to indicate that the two variances are different. 

If it is desired to compare the variances from paired data, the F test 
described above would be inappropriate. Instead, proceed as exempli- 
fied below. 

Example 18—A characteristic was measured before and after aging 
for each of 10 items (Table 12-17). Has the variability changed with 


aging? 
iG = Deol DSA DSA, PD 
> XpX%4 = 2,298.92 
[xp]? = 2,393.81 — (148.5)?/10 


= 188.59 
[22] = 2,252.72 — (147.2)2/10 
= 85.94 
[xpr4] = 2.298.92 — (148.5)(147.2)/10 
= 113.00 


(a2) — [a2 Dyn — 2 (188.59 — 85.94)/8 : 
2y[a2)[22] — [wpr,]2 2V88.59)(85.94) — (113.00)? 
DF =n-2=10-2=8 


In the ¢ table (see Table 12-10), for P = 0.05 and DF = 8 (two tails), the 
value of t given is 2.306. The value of ¢ calculated is greater than this. 
Therefore, because the probability of the variance before and after 
aging being the same is less than 0.05 it is concluded that they are 
different. Apparently, the variability decreased after aging. 


The F distribution is used most often for the comparison of 
more than two means through the analysis of variance, and is 
equivalent to the ¢ test if used to compare two means. 

ANALYSIS OF VARIANCE (ANOVA) AND EXPERI- 
MENTAL DESIGN—There is almost always more than one 
way to conduct an experiment to achieve a given objective. It 
was seen that when comparing the means of two treatment 
groups, two independent groups or a paired design could be 
used. For example, in a clinical study, two treatments could be 
applied to two separate and independent groups of patients, or 
each patient could take both treatments. 
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Table 12-15. The F Table” 
10%, 5%, 2.5%, and 1% Points for the Distribution of F 
f; DEGREES OF FREEDOM (FOR GREATER MEAN SQUARE) 
ta P. 1 2 3 4 5 6 7 8 9 10 20 30 40 60 120 x 
i (Oe) 4.06 3.78 3.62 Sb 3.45 3.40 Bye) 3.34 Bese SelO) SAM Ss SIRE. SIME ia? eho) 
0.05 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 ATl4 456 450 446 4.43 440 4.36 
(02025, 10.01 8.43 Disth) 7.39 Uesilss 6.98 6.85 6.76 6.68 GG (55; EAs GA eile E07 OZ 
0.01 LO; 2 OS 272200 1398 10:97 10:67) 1045) 10.27) 1045 s005 955° 9.38. 9:29 9:20) 9.11 9:02 
10 0.10 3.28 2.92 2.73 2.61 BAS 2.46 2.41 2.38 PLES ASP PLIKY PENI) “Wes PSL ~ PAE AE 
0.05 4.96 4.10 3.71 3.48 Bs5'5 B22) 3.14 3.07 3.02 BS} PLAT PEG PS PACD IB} BD Sy! 
0.025 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78 SH 2a ASS es OS Ome S148 5-08 
0.01 10.04 7.56 6.55 5.99 5.64 5.39 ial 5.06 4.95 AO ea: 4425 47 4:08) 4:00) 3.911 
sy @skG) 3.07 2.70 2.49 2.36 PLAT) Pip) 2.16 ADP 2.09 206 O2meROTe mltOD. wilco) lk 9ee 176 
0.05 4.54 3.68 3.29 3.06 2.90 2.79 PLA 2.64 2.59 Asya Baie} DMs © FEPKD) — DGG PLN AO 
0.025 6.20 4.76 4.15 3.80 3.58 3.41 3.29 3.20 Sa SHO AL Ks) PRY ph ays ey AYN 7X0) 
0.01 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 S26 0S 305-20) Srl es, ODO OmmrZ OW, 
20P O10 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 {PAE SITAR SSIEZAL  Maptotey® Kays easy 
0.05 (s\so\s) 3.49 3.10 2.87 Dal 2.60 254 2.45 2.39 PBs) Pag |e PLO GIRS ey IAS ISy IES Ko a letsv4! 
0.025 5.87 4.46 3.86 3.51 3.29 Sas 3.01 2.91 2.84 Beit? PES PLB PRR) PEPE ORAM POS) 
0.01 8.10 5.85 4.94 4.43 4.10 3.87 Sasa 3.56 3.45 339/  P De PAS) P| PAB AL 
2 SO sO 2.92 2.53 2:32 2.18 2.09 2.02 1.97 1.93 1.89 ESV Amel 1EOO mesILOS om 1k DON a SO oo 
0.05 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 PLA PEO ASD ge STA Gil HET Alara 
0.025 5.69 4.29 3.69 S55 345} 2.97 2.85 PLIES 2.68 PEXSWW oe ZERSK Oe DENS ite Paes AS ONS Pe SCRE ce ASH 
0.01 UI! S\.50/ 4.68 4.18 3.86 3.63 3.46 Bro. 3.21 Biles ATA). APAsy 8 pale spk cvoye | PAE P29) 
3 OmeOs10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 (FOZteee pOvae er 1k Ol mele een 54 ee Oe e446) 
0.05 4.17 3.32 2.92 2.69 2A5S 2.42 238: PDT 22 Zao mMROSe WALO4ue le euler 4s we 1kO Oe clon. 
0.025 557) 4.18 3.59 B25 3.03 2.87 Da 2.65 2.57 PIAS PLONE | ZO = 210 MOA tS iaalen9 
0.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 Bei, 3.06 2EO See 550 BASS re 2229232) ee e011 
40 0.10 2.84 2.44 28 2.09 2.00 1.93 1.87 1.83 1.79 JON maleOit sy hel ile) abd aees} 
0.05 4.08 3228 2.84 2.61 2.45 2.34 2225 2.18 ALAN ZAOS BaeS 4a 74s eo Ome mlEG AY e153) e251 
0.025 5.42 4.05 3.46 Bis | 2) 2.90 2.74 2.62 pLsys' 2.45 225 Ott: Ojeeel OA eleOS ele SOm miles 2s 1.04. 
0.01 TBA 5.18 4.31 3.83 35) 3.29 Sez 2.99 2.88 PEgAV)  PESYE REPLO) PAS PLO P Cee Ma eroh 
60 0.10 P2Tfs) 2.39 2.18 2.04 1.95 1.87 1.82 Ae /F 1.74 eat SA AG ae ee COS EDO 
0.05 4.00 Ba5 2.76 2.53 237, 2.25 PAVE 2.10 2.04 (ESO Ey Dee EODes al DOM Ose 47. ES 
0.025 5.29 3.93 3.34 3.01 2.79 2.63 251 2.41 233 D2 OS wLOZ enon ee OV Men eon peleao 
0.01 7.08 4.98 4.13 3.65 BSA Baie 2.95 2.82 AAP PUSS} | PL PAV PE(VEN I ARCs AIRC YAR SIRT H me 4 /(Sf0) 
120 0.10 2.7/5 25 2.13 1.99 1.90 1.82 ey 1.72 1.68 ODM IE Oummn Ee | Se ISA Sale) 
0.05 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 1.91 ihocKowm elSiSey SESO meg 'Ste » eels e245) 
0.025 Syl bs) 3.80 S23) 2.89 2.67 PS 2.39 2.30 Dele. PROM IROL LOO en Ole MIE OSmnIEoor eee) 
0.01 6.85 4.79 3.95 3.48 Bay, 2.96 2.79 2.66 2.56 Zi ee OS eGose ait On 1 OOM Dom alesSo 
co ©6. 0.10 PTE | 2.30 2.08 1.94 1.85 Near tavAr2 1.67 1.63 TLOOCm Ea 28 1S 4a On ee Ameena 1hOO 
0.05 3.84 3.00 2.60 Lehi) 2.21 2.10 2.01 1.94 1.88 Wasistes hsv wiles NRE). S74 GEA an EOLO) 
0.025 5.02 3.69 3.12 2.79 PLIST 2.41 2.29 2.19 Passa | DIOS Mile coy Meee aS 1-39" 1227" 21200 
0.01 6.64 4.60 3.78 Sey 3.02 2.80 2.64 2.51 2.41 ZOO AO? Ph O9 sees oee slay wiles 1200 


? Adapted from Snedecor and Cochran." 


In the paired experiment, a further refinement could be 
added with regard to treatment order. For example, if drugs 
cannot be administered concurrently, the order of drug admin- 
istration can be balanced. Half of the patients receive Drug A at 


Table 12-16. Data for Example 17 


A B 
6 15 
4 4 
3 10 
7 10 
6 5 
4 11 
9 
2 x; 30 64 
Se 162 668 
n; 6 7 
se 2.40 13.81 
ti 5 6 
is54/55—113:81/2.40 = 5.75 
fi 6 
(= p= SO 


the first administration and the other half receive A on the 
second administration. The patients who receive A on the first 
occasion will receive B on the second occasion and vice versa. 
This is known as a crossover design. 

An alternative design is to assign each patient an order of 
administration randomly. In the latter case, it is likely that a 
balanced allocation would not be achieved, as in the crossover 
design. In fact, there is always a possibility, albeit a small one, 
that all patients will receive one and the same treatment first 
and the other treatment second, a situation that intentionally 
is avoided in the crossover design. 

When more than two treatments are to be used in an exper- 
iment, a variety of designs are possible. In these cases, one 
design usually will be optimal, depending on the nature of the 
experiment, the treatments, and the experimental units or 
subjects. A common feature of most good designs is symmetry. 
That is not to say that all good designs are symmetrical. In 
some special cases, an asymmetrical design may be optimal, 
but this is not the usual circumstance. 

The most simple analysis of variance design is known as a 
one-way analysis of variance (one-way ANOVA) or completely 
randomized design. This is the ANOVA analogy of the two 
independent sample ¢ test. In the ANOVA design, there is 
interest in comparing the means of two or more treatment 
groups. As has been noted before, in the jargon of clinical trials 
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Table 12-17. Measurement Before and After Aging 


ITEM NO BEFORE AGING AFTER AGING 
1 8.3 s)3} 
2 8.4 10.9 
3 14.9 eh 
4 22 12.8 
5 1255 16.0 
6 15.0 52 
7 17.1 16.8 
8 92. 16.2 
9 22.0 729) 
10 18.9 S:9 
> Xp = 148.5 DX, = 147.2 


this design often is one of a class known as parallel-groups 
designs. 

In the following description, an example from clinical trials 
will be used. However, one should understand that tablets, 
bottles, or consumers could be substituted for patients and the 
process is the same: 7 patients are available for the experiment 
with ¢ treatments. For example, 150 patients are to be assigned 
to three treatment groups, one placebo and two actives. The n 
patients are assigned randomly to the three groups (see the 
discussion on random assignment). The optimal assignment in 
the examples discussed in this chapter will result in equal 
numbers in each group, n/t units per group. Note that n is 
chosen to be divisible by ¢. If there are three treatments and 
n = 150, we randomly would assign 50 units per treatment. A 
loss of observations will not invalidate the analysis, as is also 
true in the two independent groups ¢ test. Observations are 
made, and the null hypothesis that all t-means are equal is 
tested by an ANOVA procedure. 

The ANOVA separates the total sum-of-squares, >(x; — x)”, 
into parts determined by the experimental structure. For the 
one-way ANOVA, the sum-of-squares consists of the between 
(among) and within sum-of-squares. The between sum-of- 
squares (BSS) represents differences among treatments, large 
values indicating large treatment differences (eg, if the treat- 
ment means are identical, the BSS will be 0 on the average). 
The within sum-of-squares (WSS) represents differences 
within treatments, or error; ie, the differences among ob- 
jects within a treatment is a measure of the variability of the 
observations. 

An ANOVA table is prepared consisting of source of varia- 
tion, degrees of freedom, sums-of-squares, and mean square. In 
the one-way ANOVA, the sources consist of the between, 
within, and total terms. The sum-of-squares divided by the DF 
is known as the mean square, between mean square (BMS) and 
within mean square (WMS) in the one-way ANOVA (Table 
12-18). 

For a one-way ANOVA, the DF for treatments is t — 1. The 
DF for error (within treatments) is n — t, where n is the total 
number of observations. The total sum-of-squares (SS) is ex- 
actly the sum of the between and within sums of squares. The 
error mean square (WMS) corresponds to the variance for the 
test, and in the case of two treatments, corresponds to the 
pooled variance in the ¢ test. 

The ratio BMS/WMS has an F distribution under the null 
hypothesis, with (¢ — 1) DF in the numerator and (n — t) DF in 
the denominator. If the ratio exceeds the appropriate F value 
found in the table, then at least two of the treatments tested 
are significantly different. The computations consist of simple 
arithmetic, summing individual values and their squares. The 
following numerical example illustrates the computations and 
should clarify these concepts. Although it always is useful to 
practice some calculations, computer programs are available 
that should be used for most practical situations. 


Example 19—Groups of three subjects each were given one of 10 
food regimens and showed the weight gains (lb) in Table 12-19. These 


are unpaired data, and this type of study is referred to as a completely 
randomized experiment. There are only two sources of variation; the 
variation between regimens and the variation within regimens, as 
indicated in Table 12-18. The sums-of-squares are obtained as 


Total SS = > a? — ( x)?/N = 934 — (148)?/30 = 203.87 


é ,_ a)? x)? (2X0)? x)? 
Between regimens SS = + Seo SS 
ny, No N10 N 
nO” 302 (16)? (148)2 
res Te” OTE See 
= 160.54 
Within regimens SS = 203.87 — 160.54 = 43.33 


The mean squares are obtained by dividing the sums-of-squares by 
their corresponding DF. The mean square within regimens, s”, is the 
pooled variance for the 10 samples. Since this is the only variance that 
can be identified as random sampling error (the mean square between 
regimens has in addition a component due to the variability among 
regimens), it becomes the denominator in the F ratio, so that 


mean square between regimens 17.81 


8.22 


mean square within regimens 217 


To test for significance, the F ratio is referred to the F table (see 
Table 12-15) with f, = t—1 = 9 and f, = S(n, - 1) = 20 DF. We find that 
the calculated value 8.22 is larger than the tabulated value 3.45 for P = 
0.01. Therefore, as the probability of these 10 samples being drawn 
from the same population is less than 0.05 (actually, it is less than 0.01), 
it is concluded that they are not all the same (ie, not all the means are 
equal). 

MULTIPLE COMPARISONS IN ANOVA—If the F test is 
significant and more than two treatments are included in the 
experiment (ft > 2), it may not be obvious immediately which 
treatments are different. Some or all of the treatments may be 
different. Various multiple-comparison procedures have been 
proposed to solve this problem. It is not always apparent when 
a particular procedure is best, given the variety of procedures 
available. Several of these tests are described here, with dis- 
cussion of their application. The general procedure is to list the 
ranked means from lowest to highest and underline the means 
that are not statistically significantly different from each other. 
Sometimes brackets or parentheses are used instead of an 
underline. The procedure is carried out by calculating a 5% 
allowance, which is defined as the critical difference between 
means which allows one to reject the null hypothesis (u; = »,;) 
and accept the alternative hypothesis (u; # y;) for any two 
sample means x; and x, at P = 0.05. To calculate the 5% 
allowance the following data is required. 


s* = pooled variance from the analysis of variance. 
DF = degrees of freedom for the pooled variance from the 

analysis of variance. 

n;, n,; = the number of observations from which the means x; and 
x, were determined, respectively. 

t = a critical value at P = 0.05 which depends upon the DF 

and the degree of conservatism desired as exemplified by 
the multiple comparison procedures described below. 


Least Significant Difference Procedure—For this procedure 


5% allowance = t y¥s?(1/n; + 1/n;) 


Table 12-18. ANOVA for Example 19 
ANALYSIS OF VARIANCE 


SOURCE OF DEGREES OF SUMS-OF- MEAN 
VARIATION FREEDOM SQUARES SQUARES F RATIO 
Between tal—19 160.54 17.81 8.22 
regimens 
Within regimens >(n;—1)?=20 43.33 s?=2.17 
Total N-1=29 203.87 


ON) N= te 


Table 12-19. Weight Gains in Ten Food Regimens 
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SS ES I ES IL I STE EST 8 SEE EI A BT I I TS RE ES ST ESTES TPO 


FOOD REGIMEN 


A B G D E G H / i) (t = 10 REGIMENS) 

2 1 2 4 9 3 6 7 4 4 

3 2 4 8 8 8 5 6 4 6 

2 0 1 7 11 6 6 6 If 6 

Sums 

2X ey, 3 7 19 28 17 17 19 15 16 Dex — 148 
xe 17 5 21 129 266 109 97 121 81 88 Dx? = 934 
nj 3 33 3 3 3 3 5 3 3 3 N = 30 
ne 2 2 2 2 2 2 2 2 2 2 (a a) 20) 
Xx; 2S 1.0 aS 6.3 9.3 5.7 Bu 6.3 5.0 Sys} 


where ¢ is the value of t from Table 12-10 (two tails). This is the 
least conservative procedure, and assures that the probability 
that any one comparison is judged to be significant by chance 
alone is 5%. However, the probability of one or more compari- 
sons being judged significant would be greater than 5%. Ap- 
plied to the results of Example 19, 


Seen 
Ty, 1; = hf) 
DE 20) 


and t = 2.086 from Table 12-10 for 20 DF and P = 0.05 (two 
tails). 


5% allowance = t /s?(1/n; + 1/n;) = 2.086 V2.17(1/3 + 1/3) = 2.51 


Thus, any two means differing by 2.51 or more are judged to be 
different. 


Ranked Means 
B A, C I J F,G D, H E 
1.0 23 5.0 did ond 6.3 9.3 


or, (BAC) (IJFGDH) (E). 


Any two means underscored by the same line (or included in 

the same parentheses) do not differ statistically at P = 0.05. 
Any two means not underscored by the same line (or not 

included in the same parentheses) are statistically significantly 


Studentized Range Procedure—For this method 


a OM esinci aa ae 

5% allowance = — ys*(1/n; + 1/n;) 

2 
Vo 


where Q is the Studentized Range value for k treatments from 
Table 12-20.'* This is one of the more conservative procedures, 
and it ensures that the probability of one or more comparisons 
being judged significant by chance alone is 5%. Applied to the 
results of Example 19, 


Q = 5.01 from Table 12-20 
fork = 10 treatments, 20 DF and P = 0.05. 
5.01 


Wish / 90g it.) = ——— 
9 
v2 


i) 


5% allowance = y2.17(1/3 + 1/3) = 4.26 


=< 
Ww] 


Thus, any two means differing by 4.26 or more are judged to be 
different. 


Ranked Means 


B A,¢C I J 
1) 2.3 5.0 


or, (BACT) (ACIJFGDH) (JFGDHE). 


Duncan’s New Multiple Range Procedure—For this method: 


——— 
5% allowance = 7 vs7(1/n; + 1/7) 


different at P < 0.05. y2 

Table 12-20. The Q Table’ 

Upper 5% Points, Q, in the Studentized Range 

k (NUMBER OF TREATMENTS) 

DF 2 3 4 5 6 7 8 9 10 11 12 13 14 15) 16 iy 18 19 20 
OMNI DEES COM 4-55) 8 40600 4.91 52128 5.30) 5,46 995.60) 5.72) 75:83, 95:9387996.03' 6.112) 6.20" "6.276134" 6/41 96.47 
SMES 620426 4 59.4 625 OS 5 205.35) 5:49) 561m S75: Sih) 5190 5:98) 61066145 6.20" 6:27) 633 
en CMS / ee ObeTA Sile / AO > Dl aD 40) Seale 5.6) ee Se71y 095180) 5:88 5:95 6102" 6109) 62152 66:21 
ee OOM S/S 415544000 469) 4°88 95105) 15:19) 5.32995.43 95.53 5:63 5:71 5.79 5.86 5:93 6100 6.06 6.11 
(Atoms OL 4a)  44in 464 4083 94:99)) 5513) 5.25) 55.36 546 5:56 5164 5.72 5:79. 5:86 5:92 5.98 6.03 
i SOEs O74 0S N44 sy e459 478 94:94. 5:08) 5:20) 5.381) 5,40 88 5149 S57 5:05. 9597285. 79S 5185 55:91 915.96 
TicomerOO me StO5N 6405) 4.347456 54:74 4.90) 5103 5:15 5.26 5.35 5:44 5:52 15.59 5.66 5:73 5:799)55:84'0 75190 
(aoc Ol) 4028 4.31) 9452470) 94:86) "4:99" 5:11 5:21 5.31 5:39" 5:47 5.55" 5-61 5:68" 5:74 ~5.79" 5.84 
ome OVaeesS ot 8 400) 4:28) "4.49 4167 4:83) © 4:96 95:07 5:17 5.27 5:35 5:43" 5:50" 5157 5:63 «5.69 5.74 5.79 
meno OMS) 5 ONS 9S) 420 4°47 4644.79) 8492) 95104 5:14 5:23) 5:32 5:39" 5.46 ~ 5253 95:59" 5:65 5.70 5.75 
DOME DES DO 5206424. 4245) 416245777) 42907 75.01 «645.11 «35.20 5.28 «65586 «(C543 5150) 5.56 5.61 5.66 5.71 
ee Ss Ss ON AuliZ e437 4:54 974168) 418i 4:92 5.01 5.10 5.18 525° 5.32 5:38 5.44 5.50 555 5.59 
DOMED COMME Gre 3/645) 4.4111 64-30) 4:46) 84160. 4.72) .4:83 4:92 5.00 5.08 5.155 5.21 527 533 5.38 5.43 5.48 
Quer oOmmS 455.79) 41040 °4.23° 4.39 452 4.63 474 4:82 4:90 4:98 5:05 5.11 95:17 5.22) 5:27 5.32 5:36 

"60mE2 85m 2:40) 874 3.98 4416 4:31 444 455° 465 473 4.81 488 4:94 5.00 5.06 5.17 5.15 5.20 5.24 

i 2Omee2tSOmeS S60 5169 3.92 4 10eu4 24-436 447456 4.64 4.71 4.78 4:84 4:90 4:95 5.00 5.04 5:09 5.13 

Cees 5363) 5.86) 4.03.) 47 94929. 4.399 4.47 455 4.62 4.68 4574 4:80 74:84 4:89' 4:93 4.97 5:01 


? Adapted from Snedecor and Cochran. !2 
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Table 12-21. The Multiple Range Table°’ 


Values of t, for Duncan’s New Multiple Range Test at the 5% Level of Significance 
k (NUMBER OF TREATMENTS) 


DF 2 3 4 5 6 8 10 14 20 
10 Sols 3.30 Sh. 350/ 3.43 3.46 3.47 3.47 3.47 3.48 
12 3.08 3.23 3:53 3.36 3.40 3.44 3.46 3.46 3.48 
14 3.03 3.18 ST) 333 3:37 3.41 3.44 3.46 3.47 
16 3.00 Sal5 3.23 3.30 3.34 S)s}y) 3.43 3.45 3.47 
18 2297), Sy 3.21 B27, 3:32 3.37 3.41 3.45 3.47 
20 2:95 3.10 3.18 3225 3.30 3.36 3.40 3.44 3.47 
24 2.92 3.07 Seip 3.22 3.28 3.34 3.38 3.44 3.47 
30 2.89 3.04 S302 3.20 3:25 3.32 S57 3.43 3.47 
60 2.83 2.98 3.08 3.14 3.20 3.28 B55 3.40 3.47 

100 2.80 295 3.05 Sri 3.18 3.26 S152 3.40 3.47 

20 2.77 Soy) 3.02 3.09 Sall5 325 3229 3.38 3.47 


? Adapted from Duncan."? 


where ¢, are values for 2, 3,..., k treatments obtained from 
Table 12-21.1° The critical values will be Az, Az, ... , A,, 
depending upon how many means are included in the range of 
ranked means being compared. This is next to the least con- 
servative procedure. Applied to the results of Example 19, 


tk - — ty 
5% allowance = s Vs2C1/n; + 1/n) = == y2.17(1/3 + 1/3) 
V v2 


Values of t, from Table 12-21 for k = 2 to 10 treatments, 20 DF, 
and P = 0.05 give the allowances in Table 12-22. Thus, the 
critical difference between FE and B is 2.89 because the range 
includes 10 means, the critical difference between F and H is 
2.64 because the range includes three means, and so on. 


Ranked Means 


B A,C I J FSG Dt E 
1.0 2.3 5.0 5 5.7 Jee 


or, (BAC) (IJFGDH) (E). 


Dunnett’s Procedure—The three procedures previously de- 
scribed are appropriate when it is desired to compare all pos- 
sible pairs of means. Dunnett’* considered the problem when 
the objective of the study is to compare several treatments with 
a standard or control. In his method, 


5% allowance = lt, ys*(1/n; + 1/nj) 


where ¢, is Dunnet’s tp value for k treatments (excluding the 
standard or control) obtained from Table 12-23. 

Like the Studentized Range procedure, this is one of the 
most conservative procedures, and it ensures that the prob- 
ability of one or more comparisons between treatments and 
a standard or control being judged significant by chance 
alone is 5%. The one-tail values (listed in tables for P = 0.10) 
are used when the objective of the study is to select only 
those treatments that have higher (or lower) means than the 


Table 12-22. Critical Values using Duncan's Test 
for Example 19 


k te Ax 
2 2.95 2.51 
3 3.10 2.64 
4 3.18 270 
5 3.25 2.76 
6 3.30 2.81 
i 3.34 2.84 
8 3.36 2.86 
S) 3.38 2.87 

10 3.40 2.89 


standard or control. The two-tail values (listed in the table 
for P = 0.05) are used when the objective of the study is to 
select those treatments that are either higher or lower than 
the standard or control. Of course, the decision to carry out 
a one-tailed or a two-tailed test must be made before the 
study begins. 

In Example 19, suppose J is a standard regimen, and it is 
desired to determine which regimens show different weight 
gains from J. Here, tp = 3.07 from Table 12-23 for k = 9 
treatments, 20 DF, and P = 0.05 (two-tails). 


5% allowance = tp ys?(1/n, + 1/n;) = 3.07 ¥2.1701/3 + 1/3) = 3.68 


Thus, any regimen mean that differs from the mean for Regi- 
men J by 3.68 or more is judged to be different from JJ. 


Ranked Means 
B A,C if df BAG DUE E 
1.0 2.3 5.0 Bee) ll 6.3 9.3 


It would be concluded that B showed a statistically significant 
smaller weight gain than J, E showed a statistically signifi- 
cantly larger weight gain than J, and there was insufficient 
evidence to indicate that the other regimens were different 
from J. 

In the same example, if Regimen A is a control group and we 
knew beforehand that all of the other regimens had to be at 
least as good as the control or better, it may be desired to select 
those regimens that are statistically significantly better. We 
would proceed as follows: 


tp = 2.60 from Table 12.23 for k = 9 treatments, 20 DF, and 
P = (0.10 (this corresponds to a one-tail P = 0.05) 


5% allowance = tp ys*(1/n; + 1/n)) = 2.60 y2.17(1/3 + 1/3) = 3.12 


Thus, any regimen mean that is larger than the mean for 
Regimen A by 3.12 or more is judged to be better than A. 


Ranked Means 
B A, C I J F,G DEL E 
1.0 27S) 5.0 5.3 etl 6.3 9.3 


It can be concluded that F, G, D, H, and E showed a statis- 
tically significantly better weight gain than A, and that there is 
insufficient evidence to indicate that B, C, J, and J were any 
better than A. 

OTHER ANOVA DESIGNS COMMON TO PHARMA- 
CEUTICAL PROBLEMS—A somewhat more complex design 
is the two-way ANOVA. This design is analogous to the paired 
t test, but consists of more than two treatments; ie, more than 


Table 12-23. The t, Table® 
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Values of tp for Dunnett's Procedure for Comparing Several Treatments With a Control at the 5% Level of Significance (Use P = 0.10 Values 


for a One-Tailed Test and P = 0.05 Values for a Two-Tailed Test.) 


k (NUMBER OF TREATMENTS, EXCLUDING THE CONTROL) 


DF PB 2 3 4 5 6 7 8 9 
10 0.10 25 2.34 2.47 2.56 2.64 2.70 2.76 2.81 
0.05 DSI 2.76 2.89 Zag, 3.07 3.14 Sa9) 3.24 
i} 0.10 2.13 Zi 2.44 2S 2.60 2.67 2.72 DeJii 
0.05 2.03 2alfP 2.84 2.94 3.02 3.08 3.14 Selle) 
12 0.10 2a 229 2.41 2.50 2.58 2.64 2.69 2.74 
0.05 2.50 2.68 2.81 2.90 2.98 3.04 3.09 3.14 
13 0.10 2.09 2.27 AS) 2.48 22D 2.61 2.66 Zs 
0.05 2.48 2.65 2.78 2.87 2.94 3.00 3.06 3.10 
14 0.10 2.08 22S 2.37 2.46 2253 2.59 2.64 2.69 
0.05 2.46 2.63 2.75 2.84 2-9 sy 3.02 3.07 
15 0.10 2.07 2.24 2.36 2.44 7.3) 2.57 2.62 2.67 
0.05 2.44 2.61 Pod f es 2.82 2.89 2295 3.00 3.04 
16 0.10 2.06 223 2.34 2.43 2.50 2.56 2.61 2.65 
0.05 2.42 2259 2a 2.80 2.87 2.92 2.97 3.02 
17 0.10 2.05 2.22 233 2.42 2.49 2.54 Piss) 2.64 
0.05 2.41 2.58 2.69 2.78 2.85 2.90 2295 3.00 
18 0.10 2.04 2.21 232 2.41 2.48 2253 2.58 2.62 
0.05 2.40 2.56 2.68 2.76 2.83 2.89 2.94 2.98 
19 0.10 2.03 2.20 OS} 2.40 2.47 2.52 2.57 2.61 
0.05 29 72)5)5) 2.66 2.75 2.81 2.87 DEW. 2.96 
20 0.10 2.03 BAS 2.30 239 2.46 225i 2.56 2.60 
0.05 2.38 2.54 2165 PLTfe: 2.80 2.86 2.90 2:95 
24 0.10 2.01 2\\If 2.28 230 2.43 2.48 Paasys' ZED 
0.05 2235 225i 2.61 2.70 2.76 2.81 2.86 2.90 
30 0.10 1ESS ZAS 2725 2.33 2.40 2.45 2.50 2.54 
0.05 2032 2.47 2.58 2.66 2.72 2a 2.82 2.86 
40 0.10 1.97 218 2228 2.3 23h 2.42 2.47 251 
0.05 BPE, 2.44 2.54 2.62 2.68 253 27, 2.81 
60 OO U5 2.10 22 2.28 2.35 By 2.44 2.48 
0.05 2.27 2.41 225i 2.58 2.64 2.69 273 2a, 
120 0.10 less} 2.08 2.18 2.26 AV 237 2.41 2.45 
0.05 2.24 2.38 2.47 2.55: 2.60 2.65 2.69 23 
% 0.10 1292 2.06 2.16 2.23 229 2.34 2.38 2.42 
0.05 2.21 2:35 2.44 2.51 257, 2.61 2.65 2.69 


? Adapted from Dunnett. 4 


one treatment is applied to the same experimental unit (eg, 
patient) or related units (eg, litter mates, males between 50 
and 60 yr, etc). This design has the same advantages and 
disadvantages as the paired ¢ test described earlier in this 
chapter. The ANOVA table is similar to the one-way table, but 
includes some new terms. The between-treatments term has 
the same interpretation as that in the one-way analysis, rep- 
resenting differences between treatments. A new term, be- 
tween rows, represents the variability of the units to which the 
treatments have been applied (eg, patients). Finally, the table 
contains an error term, sometimes referred to as row X treat- 
ment interaction (patient < drug in a clinical trial). 

The treatment mean square is divided by the error mean 
square (EMS) to form an F ratio, for purposes of performing a 
statistical test. Some complications can exist in the interpreta- 
tion of this table and the F ratios. The examples here consider 
treatments as including all treatments of interest, and rows as 
a random selection of experimental units taken from a large 
population of such units. 

For example, to compare a placebo, a generic drug, and a 
standard drug (three treatments) use a random selection of 
patients as the experimental units, with each patient to take 
each of the three treatments. Another example is the compar- 
ison of five analytical methods (five treatments) where 10 an- 
alysts, selected at random, each perform assays with each 
method. 


Example 20—Three variations of an acne preparation and a control 
are to be tested for skin irritation. The four products, A, B, C, and the 
control, each are applied to sites on the backs of eight rabbits. The 
assignment of the four products to the four sites on the rabbit is 


random; ie, a random assignment of treatments to the four sites on each 
rabbit is done for each rabbit, using a random-number table. The 
products are applied, and after 24 hr, the degree of irritation is deter- 
mined by assessing irritation subjectively on a scale of 1 to 10. A value 
of 1 means no irritation and a value of 10 means extreme irritation. The 
results are shown in Table 12-24. 

The computations are similar to those for the one-way ANOVA. The 
sum-of-squares for treatments is obtained as before. The sum-of- 
squares for rabbits is determined exactly as for treatments except the 
operation is across rows. This is the same as rotating the table 90° and 
treating the rows as columns in the table matrix. The EMS is obtained 
by subtracting the row and column sum-of-squares from the total sum- 
of-squares. The student may wish to follow the computations for this 
example, in general, however, the use of a statistical computer program 
is encouraged, as it is much quicker and eliminates arithmetical errors. 


Table 12-24. Skin Irritation Test 


TREATMENT 
RABBIT A B @ CONTROL Sx yx? 
1 7 5 5 4 21 115 
2 4 3 5 2 14 54 
3 8 9 7 6 30 230 
4 8 6 4 5 23 141 
5 7 7 4 2 20 118 
6 6 7/ 5 4 22 126 
7 5 6 4 5 20 102 
8 4 7 5 4 20 106 
Totals 49 50 39 BZ 170 992 
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Table 12-25. ANOVA for Data of Table 12-24 
ANALYSIS OF VARIANCE 


SOURCE OF VARIATION DF  SUMS-OF-SQUARES MEANSQUARE  FRATIO 
Between treatments SB} Toys) 9.208 5.07 
Between rabbits Te 231125 3.304 

Error PA) Bs}. 1|2/5) 1.815 

Total 31 88.875 


Total SS = ¥ a? — (2 2;,)?/n, where (2 x,)?/n = CT 
= 992 — 1707/32 = 88.875 
Between treatments SS = [49? = 50? + 39? + 327]/8 — 1707/32 
= 27.625 
Between rabbits SS = [212 + 142 +... 20?]/4 — CT 3705/4 — CT 
= 23.125 
Error = Total SS — Between treatments SS 
— Between rabbits SS = 88.875 — 27.625 
— 23.125 = 38.125 


Table 12-25 shows the ANOVA. Since the F ratio for treatments (5.07) 
exceeds the tabled F value with 3 and 21 DF at the 5% level, it can be 
concluded that at least two of the treatments differ. Although one may 
apply one of the a posteriori tests discussed under one-way ANOVA, 
inspection of the results suggests that results for Treatments A and B 
are similar and both are greater in magnitude than Treatments C and 
the control. 

CROSSOVER DESIGN—A design that is popular in ex- 
perimental research is the crossover design. This is in the class 
of paired-sample or two-way designs in that all treatments are 
applied to each experimental unit. For example, in practically 
all human bioequivalence studies, each subject takes all of the 
treatments. That is, if a control marketed drug is to be com- 
pared to two new formulations, each subject takes all three 
products. 

The difference between the crossover and the two-way de- 
sign (also known as a randomized block design) is that in the 
two-way design, the order or placement of treatments are as- 
signed randomly to each patient. In the crossover design, an 
additional constraint, order or balance, is imposed on the ex- 
periment. For example, in a bioequivalence study of three prod- 
ucts, these are taken sequentially during three periods. In the 
crossover design, each product appears an equal number of 
times in each period. 

Table 12-26 shows how three products, A, B, and C, may be 
assigned to nine subjects in a bioavailability study. Note that 
Treatments A, B, and C appear exactly three times in each 
period and that each subject takes all three products. The 
balancing of order of administration compensates for period 
effects. If any extraneous variables affect the outcome differ- 
ently in one period compared to another, all treatments may be 
affected equally. This would result in a fair comparison of the 
different treatments. In a purely random assignment of treat- 
ments, it would be unlikely that treatments would be assigned 


Table 12-26. Example of Crossover Design 


SUBJECT PERIOD 1 PERIOD 2 PERIOD 3 
1 B E A 
Z A € B 
3 B A C 
4 E B A 
5 A B C 
6 G A B 
7 B A G 
8 G B A 
9 A C B 


Table 12-27. Results of Bioavailability Study 


SUBJECT PERIOD, 1 PERIOD 2 PERIOD 3 SUM 

1 B = 107 C =102 A= 99 308 
2 A = 100 = 106 B=89 295 
3 B = 98 A= 90 C= 128 316 
4 Gay B=54 A = 63 188 
5 A= 92 B= 111 G=a07, 310 
6 G= 118 A= 115 B=91 319 
7 B = 169 A = 187 C= 195 551 
8 C = 88 B=95 A=77 260 
9 j\ = 2h) €= 168 B = 155 445 
Period sum |: 960 Il: 1028 Ill: 1004 2992 
Treatment sum A: 945 B: 969 C: 1078 
Treatment average 105 107.7 119.8 


in such a balanced order. In an unbalanced design, differences 
due to periods would not affect treatments equally, resulting in 
a potential bias and a larger experimental error—the experi- 
mental error would include the usual causes of variability plus 
variability due to period effects. Thus, the crossover design can 
be considered an improvement over the two-way design in that 
the error has been reduced and the experiment made more 
efficient. 

Many such designs are available, but care should be exer- 
cised to apply the correct design to each experimental situation. 
The crossover design is related to the Latin square design. 
Several very good references are available on principles of 
experimental design. In particular, the book by Cox® is recom- 
mended because it is not overly technical and can be under- 
stood without resorting to too much mathematics. 


Example 21—Three drug formulations were administered to nine 
subjects in a bioavailability study according to the crossover design 
illustrated in Table 12-26. The area under the blood level curves were 
computed for each dosing, and the results are shown in Table 12-27. 

The ANOVA (Table 12-28) separates the total variance into four 
parts: subjects, period (order of administration), treatments, and error. 

La; = 2992 y a = 364,720 


Total SS = = a? — (2 x)?/n = 33,162.1 
Subject SS = > (row’)/3 — (2 %,)?/n = 29,834.1 
Treatment SS = = (treat. sum?)/9 — (2 x,)?/n = 1116.5 
Order SS = (2/2 + ¥ 2 + 3 II?\/9 — (2 x,)*/n = 264.3 
Error SS = Total SS — Subject SS — Treatment SS — Order 
SS = 1947.2 


Neither treatments nor order are significant (see Table 12- 
15). For 2 and 14 DF, an F value of 3.70 is needed for signifi- 
cance. Treatment C has a higher average result, but fails to 
reach significance in this study. Until recently, bioequivalence 
studies were designed to have a power of 0.8 to detect a differ- 
ence of 20% between treatments. This means that a sufficient 
number of subjects should be included in the study so that if a 
true difference of 20% or more exists between two treatments, 
there will be at least an 80% chance of finding a significant 


Table 12-28. ANOVA for Bioavailability Study 
ANALYSIS OF VARIANCE 


SOURCE OF VARIATION DF | SUMS-OF-SQUARES MEANSQUARE  FRATIO 
Between subjects 8 29,834.1 3729.3 

Between treatments 2 1,116.5 558.3 275 
Order 2 264.3 132.1 0.75 
Error 14 1,947.2 177.0 

Total 26 33,162.1 


Table 12-29. Reduction in Diastolic Blood Pressure 


from Baseline 
ee 


DRUG WEEK PLACEBO WEEK 
PLACEBO 2 4 6 PATIENT 2 4 6 
1 10 8 12 2 10 8 12 
3 8 6 14 5) 6 2 10 
4 12 14 8 6 4 0 2 
Hl 10 10 14 8 0 4 10 
Average 10.0 De 120) 5035 8.5 


difference. This method of evaluating equivalence has been 
replaced by a more meaningful confidence interval approach.® 

If the crossover design becomes unbalanced, due to drop- 
outs, or other conditions, a computer analysis can be used 
(eg, SAS). 

Another experimental design common in clinical trials is the 
repeated-measures design, often called a split-plot design. For 
example, two treatments are compared by making observations 
in two independent groups of patients over time. Although an 
equal number of patients in each group is desirable, it is not 
necessary for the data analysis. The observations are made at 
the same time periods in both groups. The example shows the 
basic design and ANOVA table. The details of the calculations 
are not shown. Usually, a software program is used to analyze 
and summarize the data. The details of the analysis are given 
in Bolton® and Winer.'° 


Example 22—A pilot study to compare the effects of an antihyper- 
tensive drug versus placebo was designed with four patients on drug 
and four on placebo. Blood pressure changes from baseline were mea- 
sured for 6 weeks at biweekly intervals. The results are shown in Table 
12-29. 

The ANOVA is shown in Table 12-30. The terms of interest are 
Treatments and Treatment x Times. The former term measures differ- 
ences of the overall average results of the two treatments. The error 
term for Treatments is the mean square for Patients. The Treatment 
x Times term compares the time trends for the two treatments. The 
error term for the Treatment x Times effect is Patient x Times (treat- 
ments). If the trends are parallel, this term will not be significant. 
Significance for this term indicates a lack of parallelism, suggesting 
that differences between treatments depend on the time of observation. 

As with most experimental data, a graphic display is recommended. 
Figure 12-9 is a plot of the average results versus time. The significant 
difference between treatments (P < 0.05) is apparent from the plot and 
the ANOVA. The time trends of both treatments are similar, and can be 
explained by the experimental variability (Treatment x Times is not 
significant). 

NONPARAMETRIC TESTS OF SIGNIFICANCE—The 
validity of the ¢ test for comparing two means depends to some 
extent (especially for small samples) on the assumptions that 
the two populations sampled are distributed approximately 
normally and have essentially equal variances. A procedure for 
testing the equality of variances has been discussed previously. 
Statistical procedures that do not depend on the assumption of 
normality are called nonparametric tests. Three commonly 
used procedures are the Rank Sum test for unpaired data, and 
the Signed-Rank Sum and Sign tests for paired data. 

Rank Sum Test of Significance—The rank sum test of sig- 
nificance is the nonparametric analog of the two-independent 


Table 12-30. ANOVA for Example 22 


SOURCE OF SS Ms F 
Patients 6 109 18.2 
Treatments 1 140.2 140.2 US 
/Times 2 60.3 30.2 335) 
Treatment X times 2 6.3 3.2 0.4 
Patient X times {22 104 8.7 
(treatments) 
Total 23 419.8 
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Figure 12-9. Plot of average results for Example 22. 


sample ¢ test. The n, and nz observations are taken from two 
independent groups. After the n,; and n, observations are ar- 
ranged in order of size, the combined values are ranked from 1, 
for the lowest, to (n, + n.) for the highest, and the sum of the 
ranks 7 of the n, observations in the smaller sample is com- 
puted. Values that are tied are given average ranks. Also 
calculate T’ = n,(n, + ny + 1)—T, and enter Table 12-31'° with 
N,N, and T or T"’, whichever is smaller. If the calculated T (or 
T’) is equal to or less than the tabled value, the null hypothesis 
is rejected at the significance level P. 


Example 23—Data were available on the duration of loss of the 
righting reflex (min) for 10 mice given a standard barbiturate and for 11 
mice given a test barbiturate (Table 12-32). Entering Table 12-31 with 
n, = 10,n, = 11, and T’ = 69.5, we find that the calculated T’ value 69.5 
is less than the tabulated value 73 for P = 0.01. Therefore, because the 
probability of the standard drug and test drug values being the same is 
less than 0.05 (actually, it is less than 0.01), it is concluded that they are 
different. This test compares the medians of the two-populations sam- 
pled. The median of an ordered set of observations is defined as the 
middlemost value for an odd number of observations, and as the aver- 
age of the two middlemost values for an even number of observations. 
Thus, the median for the standard drug is (130 + 148)/2 = 139 and the 
median for the test drug is 103. 


Signed-Rank Sum Test of Significance—The signed-rank 
sum test of significance is the nonparametric analog of the 
paired ¢ test. The differences between the n paired values are 
ranked in order of absolute size from 1, for the lowest, to n, for 
the highest, ignoring zero differences. Tied values are assigned 
an average rank. After the differences are ranked, the signs of 
the differences are attached to the ranks, and the sum of the 
positive ranks and of the negative ranks are obtained. Enter 
Table 12-33 with n = the number of non-zero differences and 
the sum T of positive or negative ranks, whichever is smaller. 
When the calculated T is equal to or less than the tabled T, the 
null hypothesis is rejected at the significance level P. 


Example 24—The procedure is illustrated for data given in Example 
12 (Table 12-34). Entering Table 12-33 with n = 15 and T = 22.5, we 
find that the calculated T value 22.5 is less than the tabulated value 25 
for P = 0.05. Therefore, because the probability of the morning and 
afternoon values being the same is less than 0.05, it is concluded that 
they are different. 


Sign Test—The sign test also is used for paired data, but it 
is not as powerful as the signed-rank test; it is more difficult to 
find significant differences when they exist with the sign test. 
Count the number of positive differences (6) and the number of 
negative differences (c), ignoring zero differences, and calculate 


(jb — c| -— 1) 
OiEIG 


9 


X 


where | b —c | is the absolute (ie, positive) difference b —c. 
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Table 12-31. The Rank Sum Table’ 


Values of T or T', Whichever Is Smaller, Significant at the 10%, 5%, and 1% Levels 
n, (SMALLER SAMPLE) 


n2 in 4 5 6 7 8 “) 10 11 


12 03 14 15 16 17 18 i) 20 


8 0.10 15 23 31 41 51 
0.05 14 21 29 38 49 
0.01 11 17 25 34 43 
$) 0.10 16 24 33 43 54 66 
0.05 14 22 31 40 51 62 
0.01 11 18 26 eS) 45 56 
10 0.10 17 26 35 45 56 69 82 
0.05 5 23 32 42 53 65 78 
0.01 12 19 2 By 47 58 71 
it 0.10 18 27 37 47 59 72 86 100 
0.05 16 24 34 44 55 68 81 96 
0.01 12 20 28 38 49 61 73 87 
12 0.10 19 28 38 49 62 75 89 104 
0.05 17 26 35 46 58 71 84 99 
0.01 13 21 30 40 51 63 76 90 
13 0.10 20 30 40 52 64 78 92 108 
0.05 18 27 37 48 60 13 88 103 
0.01 14 22 31 41 53 65 79 93 
14 0.10 21 31 42 54 67 81 96 112 
0.05 19 28 38 50 62 76 91 106 
0.01 14 22 32 43 54 67 81 96 
iS 0.10 22 33 44 56 69 84 99 116 
0.05 20 29 40 52 65 79 94 110 
0.01 15 23 33 44 56 69 84 99 
16 0.10 24 34 46 58 72 87 103 120 
0.05 21 30 42 54 67 82 oF 113 
0.01 15 24 34 46 58 72 86 102 
17 0.10 25 35 47 61 US 90 106 123 
0.05 21 32 43 56 70 84 100 Walz 
0.01 16 25 36 47 60 74 89 105 
18 0.10 26 37 49 63 Wi 93 110 127 
0.05 22 33 45 58 72 87 103 121 
0.01 16 26 37 49 62 76 92 108 
19 0.10 on 38 51 65 80 96 iS, 131 
0.05 23 34 46 60 74 90 107 124 
0.01 17 27 38 50 64 78 94 lity 
20 0.10 28 40 53 67 83 99 117 135 
0.05 24 35 48 62 Wf 93 110 128 
0.01 18 28 39 52 66 81 97 114 


when n, > 20 and nz > 20, significance values are given to a good 
approximation by 


n,(n, + ng + 1)/2 — zVn,n(n, + nz + 1)/12 


where z is 1.64 for the 10% level, 1.96 for the 5%, and 2.58 for the 1%. 
The probability figures given are for a two-tailed test. For a 
one-tailed test, P is halved. 


120 
115 
105 
125 142 
119 136 
109 125 


129 147 166 

123 141 160 

2 29) 147 

133 152 171 Sy 

127 145 164 184 

115 133 151 171 

138 156 176 197 219 

131 150 169 190 211 

119 136 155 75 196 

142 161 182 203 225 249 

135 154 174 195 217 240 

122 140 159 180 201 223 

146 166 187 208 231 255 280 

iso 158 179 200 222 246 270 

125 144 163 184 206 228 252 

150 171 192 214 251) 262 287 313 

143 163 182 205 228 252 277, 303 

129 147 168 189 210 234 258 283 

155 175 197 220 243 268 294 320 348 
147 167 188 210 234 258 283 309 sisy7/ 
132 151 172 193 215 239 263 289 315 


? Adapted from Tate and Clelland.'© 


This is referred to the chi-square table (see Table 12-12) 
with DF = 1, the test being essentially the same as the chi- 
square test illustrated in Example 16. 


Example 25—The procedure is illustrated for the data given in 
Examples 12 and 24. 


b = number of positive differences = 11 
c = number of negative differences = 4 
5 WO —ar= bP Qi = 4) =i se 


om dtc z 11+4 ie 


Table 12-12 shows that for 1 DF the probability of getting a value of 
larger than the calculated value 2.40 is between P = 0.10 and P = 0.20. 
Since P is not equal to or less than 0.05, it is concluded that there is 
insufficient evidence to indicate that the morning and afternoon values 
are different. This conclusion is not in agreement with that of the t test 
and the signed-rank test. The reason for this is that the statistical sign 
test considers only the sign of the difference and not the magnitude, and 
thus is a less-sensitive test in borderline situations such as this one. 

REJECTION OF ABERRANT OBSERVATIONS—It is 
common practice among chemists and others working in the 
physical sciences to make observations in duplicate or tripli- 
cate. This is usually done for the purpose both of obtaining a 
more accurate result and also detecting mistakes in dilution, 
weighing, and so on. It is quite a common practice to reject the 
most extreme of the three results if it appears to disagree with 
the others. 


Youden,'”’'® a chemist as well as a statistician, made a 


study of the problem of rejection of observations in an attempt 
to answer three questions: 


1. If the extreme observation of triplicates is always rejected when 
only normal variation is present, how accurate is the result? 

2. Is the average of the two closest observations as good an estimate as 
the average of all three? 

3. By how much should the outlying observation of triplicates differ 
from the other two in order to be reasonably assured that this 
difference is due to a blunder rather than normal variation? 


He found that rejection of the outlying observation resulted 
not only in the variation being greatly underestimated but the 
mean was biased. If the extreme observation was rejected 
for each sample in a group of 20 samples of three observation 
each, the variation among the averages of the 20 samples was 
increased. 

If one wished to follow a simple rule of rejection 
observations in samples of three so as to reject not more than 
5% of the extreme observations arising from normal variation, 
a rejection ratio of D/d greater than 20 would be required. 


17,18 of 


D/d = 20 


where 


D = difference between the most extreme observation and its 
closest neighbor 
d = difference between two closest observations 


Table 12-32. Data for Example 23 


STANDARD DRUG RANK TEST DRUG RANK 
96 4.5 0 1 
109 8 91 2 
126 its 92 3 
130 15 96 4.5 
130 15 99 6 
148 17 103 7 
153 18 Asy7. 9 
158 19 118 10 
169 20 119 11 
Died 21 120 12 
130 15 
T = 150.5 n= 11 
n, = 10 


nnn ns 1) = f= 10(0-= 11, 1) = 15055 = 69:5 


In the USP there is an excellent chapter on the design and 
analysis of biological assays in which are included some tests 
for rejection of outlying observations. These and other tests can 
be applied to chemical, as well as, biological assays.'? Two 
criteria are presented here, one for rejecting single suspect 
observations in one group and the other for rejecting a whole 
group of observations. 

To use the first criterion, arrange the observations in the 
group in order of their magnitude and number them from 1 to 
n beginning with the supposedly erratic or outlying observa- 
tion, thus 


Yio V21 V3. -- +9 Vn 


where y, is the suspect observation. If there are 3 to 7 observations 
in the group, calculate 


Mee) 
= 
Uy, TY 


Table 12-33. The Signed-Rank Sum Table 
Values of T for Signed-Rank Test, Significant at the 10%, 5%, 
and 1% Levels 


P 
n 0.10 0.05 0.01 

5 0 

6 2 0 

yi 3 2 

8 5 3 0 

9 8 5 1 
10 10 8 3 
11 14 10 5 
12 17 13 Uf 
13 21 17 $) 
14 25 21 12 
15 30 25 16 
16 35 29 9 
17 4) 34 23 
18 47 40 27 
19 53 46 32 
20 60 52 37 
21 67 58 43 
22 75 65 49 
23 83 73 5D 
24 91 81 61 
25 100 89 68 
26 110 97 75 
27 120 106 83 
28 130 116 | 
29 141 126 100 
30 152 136 109 
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Table 12-34. Signed Ranks from Example 24 
a et ee 
DIFFERENCES SIGNED-RANKS 


2 2 
=3) =3 
4 6 
8 15 
—4 =(5) 
6 225 
al =i 
=5 = (25 
5 10 
4 6 
4 6 
0 ignore 
5 10 
7 14 
4 6 
5 10 


Sum of positive ranks = 9 
Sum of negative ranks = 2 
n= 15 


ll 
4 


If there are 8 to 13 observations in the group, and the 
smallest value seems suspect, again arrange them in order 
from lowest to highest and calculate 


¥3— U1 
Yn-1 — YU) 


If there are 14 to 24 observations, follow the same procedure, 
but use the statistic 


7 


Y3 — YW 
Simi eeT 


Yn-2— Yi 


If the largest value is open to suspicion as possibly being 
aberrant, arrange the observations in order from highest to 
lowest and number them, always labeling the suspect observa- 
tion y,. 

If the calculated value of G,, Gs, or G. is larger than the 
tabled value (which gives the probability of a value being so 
extreme as that observed), it can be assumed that the obser- 
vation truly does not belong to the group and the observation is 
rejected. The values of G,, G,, and G, for a probability P = 0.01 
that an outlier could occur at either end (high or low value) or 
P = 0.02 that it would occur only at one end are given in the 
right-hand column of Table 12-35. This same criterion could be 
used for testing whether the largest or smallest average in a 
group of averages differs significantly from the remainder of 
the averages. 


Example 26—Suppose among the gains in weight of six rats after a 
feeding experiment, one weight was found to be much less than the 
other five. Can that observation be discarded? The six gains in weight 
are 36, 40, 38, 42, 20, and 39. 

Rearrange these in order from smallest to largest and label y,,..., 
Ye, Where n = 6. 


yy 20 
Yo 36 
Ys 38 
Ya 39 
y 40 
UG 42 
tp oy op AY Ae 


ier ast pee na = 59 — 997" 
Referring to the value of G, for n = 6 in the table, G, = 0.644 for 


P = 0.01. Since the calculated value of G, is larger than this value, 
reject the value of 20 and work with the remaining five values. 
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Table 12-35. Criteria for Testing Extreme Value 


n, NUMBER OF 


STATISTIC OBSERVATIONS CRITICAL VALUES 
= 3 976 
Gas A 846 
pee 5 729 
6 644 
7 586 
s 8 780 
— 9 725 
pn 10 678 
1 638 
12 605 
13 578 
oer 14 602 
G3 = Ree 15 579 
aig ike 16 559 
17 542 
18 57 
19 514 
20 502 
21 491 
22 481 
23 ‘472 
24 464 


The second criterion for an aberrant observation as given in 
the USP compares the variation or range between various 
groups. It is a test for the homogeneity of the ranges (the range 
is again the highest value in a group minus the lowest value) 
and is for the purpose of locating outliers within one group of 
values. This method and its accompanying table are presented 
in considerable detail in the USP. The rejection of outliers 
using only statistical criteria is controversial. A knowledge of 
the characteristics or properties of the chemical or biological 
systems being studied should be used when making decisions 
to reject outlying data. 

QUALITY CONTROL METHODS-—A very short explana- 
tion is given here regarding the quality control methods that 
were developed primarily by Dr Walter Shewhart of the Bell 
Telephone Laboratories. A more complete explanation can 
be found in two short publications of the American Stan- 
dards Association*°?! and many texts, including Dixon and 
Massey.” 

The quality control method for variables involves plotting 
the data as dots on a graph with the variable measured on the 
vertical axis and time (hours, days, etc) on the horizontal axis. 
The control is maintained by inserting on the chart the grand 
average and control limits that have been calculated from 
accumulated experience and drawn on the chart as parallel 
horizontal lines as shown in Figure 12-10. When all the dots 
fall within the limits, the results are said to be in a state of 


Control Limit 


Average 


RESULTS 


Control Limit 


DATE 
Figure 12-10. A typical quality control chart. 


Table 12-36. Calculation of Standard Deviation 
from Range . 


AVERAGE NUMBER OF 
STANDARD DEVIATIONS 

IN THE AVERAGE RANGE (a) 
1.128 

1.693 

2.059 

2.326 

2.534 

2.704 

2.847 

2.970 

3.078 


SIZE OF SAMPLE (n) 


DOONDUBWN 


ah 


statistical control. When a dot falls outside the limits, a poten- 
tial problem is indicated. 

In a control chart, usually each dot is an average for a 
sample consisting of, say, four observations. The standard error 
of the average then is calculated for each group of four obser- 
vations, and an average value for the standard error of the 
average is obtained. This is designated by s,. The grand aver- 
age of all the averages plotted also is calculated and is labeled 
x. The 3-sigma control limits used on the control chart can be 
obtained from 


Upper limit = % + 38> 


Lower limit = % — 38> 


Thus, it can be seen that the control-chart technique is a 
graphic means of investigating whether the variation exhibited 
over a very short period of time is the same as the variation 
that occurs over a long period of time. If the two variations are 
identical and all of the plotted dots fall within the control 
limits, the experiments or processes that produced the data are 
said to be in a state of statistical control. 

For many pharmaceutical processes, particularly heteroge- 
neous processes, typical Shewhart control charts do not de- 
scribe the process adequately. The process seems to not be in 
control. In these cases, alternative methods should be consid- 
ered.”° Control charts are a valuable tool for process validation. 

It is possible to calculate the control limits by using the 
range in each group of four, instead of calculating the standard 
deviation. This is because, on the average, for samples of less 
than 10, the range and the standard deviation are related very 
closely. Given the number of observations in the sample, the 
standard deviation can be calculated by dividing the range by 
the appropriate figure given in Table 12-36 for the size of the 
sample, n. The factors for calculating 3-sigma limits from the 
range are given as Column A, in Table 12-37. 

Control charts using 3-sigma limits can be obtained by the 
use of figures given in Table 12-37. The formulas are 


Table 12-37. Factors for 3-Sigma Limits’ 
FACTORS FOR R CHART 


SIZE OF FACTOR FOR 
SAMPLE (n) D3 Dy X CHART A> 
2 0 3747/ 1.880 
3 0 2257 1.023 
4 0 2.28 0.729 
3 0 PAN 0.577 
6 0 2.00 0.483 
Z 0.08 1.92 0.419 
8 0.14 1.86 0.373 
9 0.18 1.82 0.337 
10 0.22 1.78 0.308 


° This table contains parts of the tables in Appendix 1 of Z1.3—1958.2° 


Table 12-38. Calculations for a Quality-Control Chart 
On Averages and Ranges for Samples of 4 from a Filling Machine 


TIME AVERAGE (g) RANGE (q) TIME AVERAGE (g) RANGE (g) 
Jan6 Jan7 
8 am 38.1 15 8 AM 37.6 al 
9am 37.6 2a 9am 39.1 1.4 
10am 38.3 ilet 10 am 38.5 1.1 
11am 36.5 2.4 11 Am Sis 1.9 
12M 38.9 3.1 12M 38.1 2.3 
1pm 37.8 2.8 1 PM 38.5 2.4 
2 PM 38.5 ‘eZ 2 PM 37.6 1.6 
3 PM 39.4 1.6 3PM 37.9 1.8 
4pm ~=—s36..4 25 4pm 38.6 1.0 


Le) 


Grand average = x = 38.1 

Average range = R = 1.9 

Control limits? for average = x + AR = 38.1 + 0.729(1.9) 

Upper limit = 39.49 

Lower limit = 36.71 

Control limits? for range, are D3R and D,R or 0(1.9) and 2.28(1.9) 
which equal 0 and 4.33, respectively. 


? A, is the factor for using the range to calculate 3-sigma limits for the 
average (ie, 3 times the standard error of the average). See Table 12-37 for 
N= 4. 

» D, and D, are the factors for using the range to calculate 3-sigma limits for 
the range (ie, 3 times the standard error of the range). These values are taken 
from Table 12-37. In two instances the point plottings fell below the lower 
control limit, indicating a lower average fill than one might expect, ie, there 
is a lack of statistical control. 


Upper limit for averages = 7 + A 
Lower limit for averages = t= A,R 
Upper limit for ranges = D,R 
Lower limit for ranges = DR 


Where R = average range 


These calculated limits are drawn on the charts as described 
above. 


Example 27—A drug manufacturer keeps a record of the uniformity 
of the machine that is filling a given weight of a drug into ampuls. 
Samples of the finished product are taken at definite time intervals. The 
data are accumulated and arranged into groups of four ampuls accord- 
ing to the order in which they were taken from a filling machine. The 
average and the range are computed for each group of four as given in 
Table 12-38 according to the time the samples are taken. The resulting 
quality-control charts are shown in Figure 12-11. 


AVERAGE (grams) 


RANGE (grams) 


JAN.6 


JAN.7 
Figure 12-11. Quality control charts for data from Table 12-38. 
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FRACTION DEFECTIVE 


ESE TY a ey YL TT 
5 10 iS 20 25 30 


SECTION NUMBERS 
Figure 12-12. Control chart for fraction defective. (Courtesy Lilly) 


CONTROL CHART FOR FRACTION DEFECTIVE— 
The control chart for fraction defective may be applied to re- 
sults of an inspection that accepts or rejects individual items of 
a product. It is designed with the same objectives in mind as 
the x and R charts. Its most effective use is in the improvement 
of quality, although it also discloses the presence of assignable 
causes of variation. It provides management with an effective 
quality history. Fraction defective, p, may be defined as the 
ratio of the number of defective articles found in any inspection 
or series of inspections to the total number of articles actually 
inspected. This is expressed nearly always as a decimal fraction 
(Fig 12-12). The formula for the control limits on a fraction 


defective chart is 
oS DCN) 
p+3 rao ana 


Example 28—A department head in the capsule department of a 
pharmaceutical company keeps a record of the number of defective 
capsules found in sections of large lots of capsules (Table 12-39). Each 
section consists of approximately 19,000 capsules. In Table 12-39 and 
Figure 12-12, where points fall above the upper control limit, a greater 
number of defects are present than may be expected—there is a lack of 


Table 12-39. Data Collected from the Process 
in Example 28 


SECTION NUMBER FRACTION SECTION NUMBER FRACTION 
NUMBER DEFECTIVES ~— DEFECTIVE =NUMBER DEFECTIVES —_—_ DEFECTIVE 
1 3 0.01 17 2 0.0067 

2 2 0.0067 18 3 0.01 
3 3 0.01 19 4 0.0133 
4 5 0.0167 20 5 0.0167 
BY 4 0.0133 21 12 0.04 
6 3} 0.01 22 5 0.0167 
7 3) 0.01 23 7 0.0233 
8 5 0.0167 24 7 0.0233 
9 1 0.0033 25 2 0.0067 
10 2 0.0067 26 7, 0.0233 
11 1 0.0033 27 3 0.01 
12 3 0.01 28 4 0.0133 
13 2 0.0067 29 13 0.0433 
14 zZ 0.0067 30 9 0.03 
5 2 0.0067 S11 4 0.0133 
16 3 0.01 
SS AA EI SE IE TEE IS PEE EGS AS ETE SIE UIE EE SSS 
Total number of defectives 131 131 
p=- 5 = = 0.01408 
Total number inspected 31x 300 9300 
5(7 = 
Control limits for 6 = p + 3 HA 


0.01408(1 — 0.01408) 
300 


= 0.01408 + 3 | 


Upper limit = 0.0349 
Lower limit = 0 
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PROBABILITY OF ACCEPTANCE 


Lo 20 
PERCENT DEFECTIVE 


Figure 12-13. Operating characteristic curve.*4 


26 30 


statistical control. These sections are reinspected carefully and action is 
taken at the machine to correct the causes of bad quality. 

The sample size, n, from each section is 300 capsules and typical 
data are shown in Table 12-39, plotted in Figure 12-12. Note that 
Sections 21 and 29 appear to be out of control. These sections were 
subjected to 100% reinspection. Approximately 4.5% of the capsules 
were defective and were removed. 

ACCEPTANCE SAMPLING—Acceptance sampling has 
become one of the major fields of statistical quality control. It is 
used in many phases of manufacturing such as inspection of 
incoming materials, process inspection at various points in the 
manufacturing operations, and final inspection of the finished 
product. Sampling inspection usually is used in lieu of 100% 
inspection for several reasons: 


1. The cost of 100% inspection is prohibitive. 

2. 100% inspection is fatiguing and may result in the inspectors mak- 
ing errors. 

3. The inspection operation may involve destructive testing. 

4. A statistical sampling plan well applied may give better quality 
assurance than 100% inspection. 


In sampling one must consider the laws of probability. The 
risk of rejecting good-quality material and the risk of accepting 
bad merchandise should be appraised. Sampling plans can be 
designed and applied in such a mannery as to reduce these risks 
to a minimum and, over a period of time, give assurance of 
quality products. 

The graph illustrating the performance of a sampling plan 
Ge, ability to discriminate between acceptable and unaccept- 
able lots) is called an operating characteristic curve (OC curve). 
For any given quality of submitted material it is possible to 
determine the probability of acceptance. 

Figure 12-13 is an example of an OC curve for the sampling 
plan described in Example 29. The government publication MIL- 
STD-105E** gives many different sampling plans with their cor- 
responding OC curves. A plan that is appropriate for a product is 
chosen depending on lot size and seriousness of the defect. 


Example 29—Example of a statistical sampling plan. A pharmaceu- 
tical manufacturer receives empty bottles of a particular size from a 
supplier in lots of 20,000 bottles each. The drug firm would like the 
producer to submit material that is not more than 1.0% defective most 
of the time, or specifically 95% of the time. See point A, Figure 12-13. 
However, the pharmaceutical firm has agreed to take one chance in 10 
of accepting a lot that is 2.6% defective. See point B, Figure 12-13. 

The acceptance sampling plan that complies with these specifica- 
tions is as follows. Take a random sample of 540 bottles. Inspect the 


bottles for defectives. If zero to nine bottles are found defective, accept 
the lot; if 10 or more defectives are found, reject the lot. The operating 
characteristic curve for this plan is illustrated in Figure 12-13.** 

One also can see that, using this sampling plan, submitted lots 
having 0.5% defective will be accepted about 99 times in 100 (probabil- 
ity of acceptance = 0.99) and thus rejected about one time in 100. 
Submitted lots having 1.75% defective will be accepted 50 times in 100 
(probability of acceptance = 0.50) and rejected half the time. 

STATISTICS OF THE STRAIGHT LINE—The use of 
straight lines to illustrate and define relationships or to help 
interpret data is common in research investigations. In pharma- 
ceutical research, straight lines may be used for predictive pur- 
poses in stability studies, or to estimate future events such as 
sales figures in market research studies. Straight lines are found 
in many theoretical relationships in physical and biological chem- 
istry. First-order and zero-order kinetics can be expressed in a 
linear fashion. Michaelis-Menten kinetics and the Arrhenius re- 
lationship can be transformed to a linear form. Dose-response 
curves often are linearized if the response is plotted versus log 
dose. In fact, it is almost always desirable to express a relation- 
ship in the form of a straight line, if at all possible. 

Reasons for the desirability of straight-line relationships 
include the ease of extrapolation and interpolation as well as 
the simplification of the determination of the parameters of the 
line, the slope and the intercept. The straight line is defined by 
these two parameters and these often have biological and/or 
physical significance. Consider the example of a first-order 
kinetic relationship 


Cea Chen 


where 


C = concentration at time f 
C, = concentration at time 0 
k = first-order rate constant 


This equation is not linear—a plot of C versus ¢ will not result 
in a straight line. If the experimental data are gathered for C as 
a function of time, one usually is interested in defining the 
first-order relationship, in particular to evaluate the constants 
(sometimes called parameters) k and Cy. This is done most 
easily by linearizing the equation using a logarithmic (log) 
relationship. Using log to the base 10, the following linear 
relationship is obtained. 


log C = log Cy — kt/2.3 


This has the form of a straight line. The general equation of a 
straight line can be expressed as 


y=at bx 


where 


y is the dependent variable. 

a is the Y intercept (the value of y when x = 0). 
b is the slope of the line. 

x is the independent variable. 


Figure 12-14 shows this linear relationship and calculation of 
the parameters. 


10g Cy log C,-log C 
logC Slope = = 
oO ' ie 
o 
iS 
log C, 


t t 
1 
Time (f) s 


Figure 12-14. Plot of log C versus time. 


Time (hr) 


Figure 12-15. Drug plasma levels following an intravenous bolus 
dose of a drug. 


The linearized first-order kinetic equation will show a 
straight line when log C is plotted versus time, with intercept 
log C, and slope —k/2.3. The linearized form makes it easy to 
obtain the values of C, and k. Cy is the antilog of the intercept, 
log Co, and k = —2.3 X slope. 

One of the problems in estimating these values from real 
data is the variability; a plot does not clearly define a straight 
line. If variability is large, it may be very difficult to decide how 
to draw the line. Figure 12-15 shows real data from a pharma- 
cokinetic study where plasma drug concentrations are mea- 
sured following an intravenous bolus injection of drug (a one- 
compartment model). 

When confronted with a relationship that should be linear 
from a theoretical viewpoint but where the x,y values do not lie 
exactly on a single line, the lack of an exact fit will be consid- 
ered to be due to variability (error) in y (the dependent vari- 
able). In most cases that are encountered, the x variable (the 
independent variable) tends to have little error relative to the y 
variable. For example, in a dose-response relationship, the 
drug is carefully prepared so that an almost unerring dose is 
administered. However, the response is unpredictable due to 
the biological variability of the natural material (eg, animals or 
bacteria). In a kinetic study, the x variable, time, can be mea- 
sured with great accuracy. The dependent variable, concentra- 
tion, is variable due to analytical error, for example. The best 
line for such variable data is called the least-squares (LS) line. 
This line is such that the sum of the squared deviations of each 
point from the line is minimized. That is, if the vertical distance 
from each point to the LS line is calculated, and the squares of 
these distances are summed, the LS line would minimize the 
sum-of-squares. Using methods of calculus, one easily can show 
that the slope and intercept of the LS line are as follows.”° 


> LY, — > G2 Y;ln 
2 (x; a Tay 


== (OM 


Table 12-40. Concentration vs Time for Example 30 


Time (x) Thr 2hr Ahr 8hr 12 hr 
Concentration (ug/mL) 18 15 10 4 2 
Log concentration 1h25500e 1e i7 6) - 0008106025 0:30i1 
16.036 — 27(4.334)/5 6.0886 
229-2775 


a = 0.8669 + 0.0886 (5.4) = 1.34534 
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Table 12-41. Absorbance vs Concentration 


10 mg/L 20 mg/L 30 mg/L 
0.241 0.492 0.710 


Concentration 
Absorbance 


40 mg/L 
0.978 


Example 30—Consider the data from Figure 12-15. See Table 12-40. 
The equation of the LS line is 


Log (Concentration) = 1.345 — 0.0886 (Time) 
k 2.3(—0.0886) = 0.204 
“C = 22.) eo 2041 


This procedure can be used to fit a line for any two variables. 
If statistical inference procedures are to be applied to the line, 
certain assumptions about the data are necessary. 


1. The x variable is measured without error. In practical situations, 
the error in x should be small compared to the error in the y 
variable. 

2. The y variable is distributed normally with a true mean equal to 
A + Bx (A and B are the true values of the intercept and slope) and 
with the same variance, o*, at all values of x. 


With these assumptions, the confidence intervals for the 
line can be computed and statistical tests performed on the 
parameter estimates, a and b. 


Example 31—In analytical procedures for drugs, a calibration curve 
often is constructed using known concentrations of the material to be 
analyzed. The relationship of drug concentration and the analytical 
measurement usually is linear. In spectrometric methods, absorption 
usually is proportional to concentration. The data in Table 12-41 were 
obtained for the construction of such a calibration curve. These data and 
the LS line are plotted in Figure 12-16. The LS slope, 6, is 


(72.67 — 2.421 X 100/4)/500 = 0.02429 
The LS intercept, a, is 
0.60525 — 0.02429(25) = —0.002 
The estimate of the variance of y, s*,,, is 


Ly? — @y)2/n = ba a? — @ x)?/n} 
ae "2, 


1.7607 — (2.421)2/4 — 0.02497(3000 — (100)2/4} 
» 


a 


= [0.2954 — (0.02429)2(500}]/2 = 0.000208 


The value of the numerator is the sum-of-squares of the difference 
between the actual values of y and the value of y on the LS line, for each 
y. The divisor, n — 2, is the number of data pairs minus 2, the DF. Thus, 
the estimate of the variance of y in this example has 2 DF. The reason 
that 2 is subtracted from the number of data points to obtain the DF is 
that two parameters are being estimated in the case of a straight line. 


0.8 
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Figure 12-16. Beer’s law plot. 
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In previous examples, such as the ¢ test, only the mean is estimated for 
a treatment group, and DF = n — 1. 


With an estimate of the variance, statistical procedures can 
be applied to these data if the assumptions, stated above, hold. 
Concentration is measured with little error, whereas the spec- 
trometric readings, y, have error due to instrumental variabil- 
ity, sample processing, and handling (diluting, pipetting, etc), 
among other sources of variability. If it is assumed that the 
variance is the same at each concentration value and that the 
concentration values are distributed normally, the following 
statistical procedures can be used. 

Confidence Limits and Test of the Slope—As in the statistical- 
hypothesis testing procedures described previously in this chapter, a 
test of the slope versus a hypothetical value can be performed. Also, 
confidence limits can be placed on the slope. 

Example 32—Suppose that a value of 0.025 for the slope of the line 
is reported in an authoritative publication on this assay procedure. It is 
desired to determine if the slope in the experiment of Example 31 
is different from 0.025 (ie, Hy:B = 0.025). The estimate of the variance 
of a slope is 


eden ple 
Sih = SiG, Oaie 


The test is a two-sided ¢ test with n — 2 DF of the following form: 


|b — Bl 


t= 


os 


Sp 
; {0.02492 — 0.025 | 
y0.000208/500 


1.10 


Since ft is less than the ¢ value in the tables with 2 DF at the 5% level 
(see Table 12-10), it is concluded that the observed slope is not signif- 
icantly different from 0.025. Note that a relatively large difference from 
0.025 would be necessary to obtain significance because of the few DF in 
this test (the test is not very powerful). To increase the DF, more 
observations would be needed. 

A confidence interval for the slope can be constructed in a manner 
similar to that described for means. A 95% confidence interval is 


b + t ys? = 0.02429 + 4.30 /0.000208/500 
= 0.00243 + 0.0028 = 0.0215 to 0.0271 


Confidence Limits and Test of the Intercept—tTests for the 
intercept and confidence limits are analogous to those presented imme- 
diately above for the slope. The variance estimate of the intercept is 


S2= S82 [U/n + &/3@; — £)?) 


In Example 32, the calibration curve, a reasonable test would be to 
compare the intercept to zero. That is, one discovers whether zero 
concentration could correspond to a reading of zero. This would be a 
reasonable assumption if no interfering substances are present and if 
the optical density versus concentration relationship is a straight line 
from 0 to the highest concentration tested. 


|-0.002 — 0} 
¥0.00028(1/4 + 625/500) 


= 0.1132 


Since 0.1132 is less than the tabled value at the 5% level (see Table 
12-10) with 2 DF, it is concluded that the intercept is not significantly 
different from zero. 

A 95% confidence interval for the intercept is 


—0.002 + 4.3 /0.00028(1/4 + 625/500) = —0.002 + 0.082 


These ideas as applied to analytical data are discussed in some 
detail by Youden.”° 

FITTING A LINE WITH AN INTERCEPT OF ZERO— 
In some situations, it is desirable to force the LS line to have a 
y intercept equal to zero. 


Example 33—In the Beer’s Law line in Example 32, if it is known 
that there are no interfering substances and that the relationship is 
linear throughout the region of concentration being tested, the assump- 


tion that the line must pass through the origin is valid. The slope of this 
line is calculated as 


DIS TAUPE; 


= 72.67/3000 = 0.02422 


| 


The slope of the line with 0 intercept is very close to that obtained above 
where the intercept was computed with no constraints on the value of 
the intercept. 

CONFIDENCE INTERVAL FOR y AND x—Many situa- 
tions arise where a confidence interval for y at some specified x 
is of interest. 


Example 34—The data from Figure 12-17 show the results of a 
kinetic stability study, where drug content in tablets is measured as a 
function of time. The labeled content is 100 mg. The LS line was 
calculated as p = 103.3 — 0.483 t, where p is tablet potency and ¢ is time. 
Note that the intercept is greater than 100 mg because a slight overage 
is built into the manufacturing process. The variance estimate, S”,,.., 
with 3 DF is equal to 0.367. In such stability studies, it often is of 
interest to predict the time for drug potency to reach 90% of the labeled 
amount in order to estimate shelf life or an expiration period. Substi- 
tuting 90 for p (potency) and solving for time, 


_ 103.3 — 90 


Or 
0.483 = 27.54 months 


Therefore, the best estimate of the time to 90% potency is 27.54 months. 

When establishing an expiration date, a conservative approach 
would take into account the error in the estimated values. A two-sided 
confidence interval can be constructed for the true value of y at a given 
x using 


y +t yS2_[1/n + (@ — %)?/2(@; — X?) 
where y is a point on the LS line. The value of ¢ (3 DF) for a two-sided 


95% interval is 3.182. The width of the confidence interval depends on 
the value of x, being minimal when x = x. The value of y when x = X is 


y = 103.3 — 0.483(12) = 97.5 


The 95% confidence interval when x = x = 12 is 


97.5 + 3.18 J0.367[1/5 + 0/360] = 96.64 — 98.36 


Exercise 6—Calculate the 95% confidence interval for potency when 
t = 24 months. 
Answer: 90.21 to 93.19. 


Figure 12-18 shows 95% confidence intervals (confidence 
band) for the line calculated from the data of Figure 12-17. 
Note the hyperbolic shape, the interval being smallest at x and 
wider as x deviates more from its mean value. Using the lower 
line of the confidence interval to compute the time to 90% 
potency yields a conservative estimate. In the example in Fig- 
ure 12-18, a reasonable estimate of the expiration date would 
be 24.4 months. A one-sided interval (below the line) has been 
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Figure 12-17. Tablet stability study. 
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Figure 12-18. Two-sided confidence interval for stability data. 


proposed as being more appropriate for stability data, as one 
usually is concerned with the loss of potency. For a 95% one- 
sided confidence interval, for 3 DF, the value of t from Table 
12-10 is 2.353. Using this value of t to calculate the one-sided 
confidence interval, the one-sided confidence band shown in 
Figure 12-19 is obtained. For example, when x = 12 (months), 
the lower limit has the value 96.86 months. 

With this approach, the expiration date would be set at 25.1 
months (see Fig 12-19). 

A confidence interval can be computed for x at a given value 
of y. This is sometimes known as inverse estimation. In the 
stability example, interest would be in computing a confidence 
interval for the time at which 90% of the potency remains. This 
time was estimated as 27.5 months. The formula for the confi- 
dence interval for x is more complex than that for y, but the 
computations are relatively simple. 


Ogee )vi[s,7./blVCl = c2)/m + Gi w)2/S (a; — a)? 
Se? 


where 


eo = [t-sP/[b°2@; — x?) 


Exercise 7—Use the above formula to show that a one-sided lower 
interval for x (time); 90% potency is 25.1. 

Answer: This answer corresponds to the value of time taken from 
Figure 12-19. 

COMPARISON OF THE SLOPES OF TWO LINES—A 
statistical test may be performed to compare the slopes of two 
lines, using a ¢ test. The null hypothesis is 
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Figure 12-19. One-sided confidence interval for stability study. 
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Ho:B, = By or B, — B, = 0 


The ¢ test compares the difference of the two slopes to the 
standard error of the difference. The variances of y for the two 
lines are assumed to be equal, and the estimates are pooled as 
in the two-sample ¢ test 

SF (My —2)+ Si (Me — 2) 


(nm, + n, — 4) 


s* pooled = 


A two-sided ¢ test with (n, + ny —4) DF is 
|b. — bj | 


t 


V's? pooled(1 /x? + 1/22) 
where, x”, and x”, are (x; — x)”, and S(x,; — X)y, respectively. 


Example 35—The line for the stability data depicted in Figure 12-17 
has a slope of —0.483, with a variance estimate of 0.367 with 3 DF. 

The value of (x, — x)? is 360. Another formulation was prepared and 
tested for stability. Ten sampling times were used for the stability 
study, and the slope was determined to be —0.533. The variance esti- 
mate (8 DF) was 0.289, and >(x, — x)” was equal to 2565. The test for 
equality of the slopes (rate of decomposition) is 


[0.533 — 0.483] 
¥0.310(1/2565 + 1/500) 


1.84 


Since 1.84 is less than the tabled ¢ value for the 5% signif- 
icance level with 11 DF, 2.20 (3 from one line and 8 from the 
other), it can be concluded that the slopes of the two lines are 
not significantly different. 

In a biological assay, a common procedure is to determine 
the relative potency of two or more substances using the par- 
allel line assay. In this procedure, the lines from a plot of 
response versus log dose are forced to be parallel and the 
distance between the lines is a measure of the relative potency. 
Before performing this procedure, a test is made to ensure that 
the lines are parallel. Nonparallel lines will cross, suggesting 
that at low doses one product gives a greater response, whereas 
at higher doses the other product gives the greater response. 
Figure 12-207° illustrates the principle of this assay. The com- 
putations are tedious, and the book by Finney~’ should be 
consulted for those who wish more detail on the statistical 
treatment of this and other biological assay methods. 

CORRELATION—Correlation is related to, but should not 
be confused with, linear regression. It is a measure of the linear 
relationship between two variables but does not prove linear- 
ity. In fact, the usual formulas for determining the significance 
of the correlation assume that the variables already are related 
linearly. The question that is usually posed indirectly when 
testing the correlation is, can the value of one of the variables 
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=log(Xp 7X,) 
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Xo 


Log dose(x) 
Figure 12-20. Relative potency estimate using a parallel line assay. 
Doses shown for log x, and log x, give the same response for 
Products A and B, respectively.?? 
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be used to predict the value of the second variable? This 
amounts to testing the slope of the line relating the variables 
versus 0. If the slope is significantly different from 0, then the 
variables have a significant correlation. Correlation is used 
when both variables are subject to error. If one variable is not 
subject to error (fixed), the linear regression approach to estab- 
lish the relationship of the variables is more appropriate. 
The measure of association is the correlation coefficient, r. 


2» Uy; — VUXzy;,/n 


V> Gy = PY ye 


r= 


The correlation coefficient can vary between +1 and -l. A 
correlation coefficient of +1 would result if all points fall ex- 
actly on a single line with positive slope; this is a perfect 
positive correlation. Similarly, if all points fall on a line with 
negative slope, r = —1, a perfect negative correlation is ob- 
served. If r = 0, the variables are not correlated. These three 
cases are shown in Figure 12-21. 

In real situations, these extreme results are seen rarely, but 
rather some intermediate value of r is observed. The statistical 
question of interest usually is concerned with the significance 
of the correlation—a test of r versus 0. One should appreciate, 
however, that the meaning of the correlation should be consid- 
ered carefully. For example, if n, the number of data pairs, is 
large, correlation coefficients that are very small (practically 
insignificant) will be deemed statistically significant. Also, data 
that is not linear, but clearly related, may show small correla- 
tion coefficients. 


Exercise S—Compute the correlation between x and y for x = —2, -1, 
0, +1 and +2, for the relationship y = x*. Answer: r = 0. 
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Figure 12-21. Correlation diagrams (scatter plots). 
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Figure 12-22. Scatter plot of hardness versus dissolution data 
(Example 36). 


The test of the correlation coefficient versus 0 is 


rin —2 
1-?r 


t= (DE =w— 2) 


Example 36—An experiment was performed to examine the rela- 
tionship of tablet hardness to tablet dissolution. Dissolution was mea- 
sured as the time (minutes) for 50% of the drug to dissolve in the USP 
Dissolution Test. Hardness was measured in kilograms. The following 
results were obtained for 12 tablets: 


Hardness: 6:8 5:3) 5:8" 7.2° 6:9) (6.0) *O:S RSet PoOmOrS 
Dissolutions 18 by 2 26; 28. “205 525enR2 Ome 18 


These data are plotted in Figure 12-22, known as a scatter plot. This 
plot suggests a trend toward slower dissolution as hardness increases. 
In this example, r is equal to 


1585.5 — 233(66.7/10) 


236.1 - 6.321 


0.81 


The test of the significance of the correlation coefficient shows t = 
3.94 with 8 DF. 

It is concluded that r is significantly different from 0, and hardness 
and dissolution are correlated (P < 0.05; see Table 12-10; t = 2.228 for 
significance at P = 0.05). 


DATA TRANSFORMATIONS 

OO aT 
Probabilities calculated from statistical analyses are based on 
assumptions underlying the nature of the data. The typical 
analyses presented in this chapter often assume normality of 
data and variance homogeneity. When dealing with means of a 
sufficiently large sample size, the assumption of normality is 
not critical. However, small sample sizes and a large deviation 
from normality can result in a significant violation of the nor- 
mality assumption. When comparing samples from two or more 
groups, lack of homogeneity of variance (heteroscadiscity) is an 
important problem that can result in an unreliable analysis. 
One way of overcoming these problems is the use of transfor- 
mations. Each data point is transformed, resulting in data that 
more closely fits the normality and variance homogeneity 
assumptions.9 

The logarithmic, square root, and arcsine transformations 
will be presented here as examples of the more popular data 
transformations. 

LOGARITHMIC (Log) TRANSFORMATION—This trans- 
formation (log to the base 10 or log to the base e, In, may be 
used) is most applicable for skewed data of the form illustrated 
in Figure 12-23. These data typically show a relatively constant 


Probability density 


x 
Figure 12-23. Example of a skewed distribution. 


coefficient of variation (CV). That is, the larger the value, the 
larger is the SD; the SD is proportional to the mean (SD/x is 
constant). This transformation is applicable to data that meet 
the above conditions and also are greater than 0; the log of 0 or 
a negative number is undefined. 

This probably is the most common transformation for data 
in the pharmaceutical sciences. Many physical and biological 
measurements show larger variability as the size of the mea- 
surement increases. This is logical for many types of data. For 
example, the measurement of a large value such as the assay of 
a concentrated solution may be expected to show considerable 
variability about its mean (eg, 1000 mg/mL + 50, a 5% vari- 
ability). The assay of a dilute solution, 10 mg/mL, cannot show 
very large variation, particularly on the low side where zero (0) 
is the lower limit. If the CV were 5% (10 mg/ mL + 0.5), a 
log transformation would be suitable. If the data are skewed 
(see Fig 12-23) and the CV is constant, a log transformation 
will tend to normalize the data distribution and equalize the 
variances. 

When data are presented as ratios, a log transformation 
often is appropriate. Unless the data are extremely variable, 
the conclusions using the original or transformed data should 
be similar. The conclusions using the transformed data, how- 
ever, will be more reliable if the transformation is appropriate. 

Care should be taken that the log transformation does not 
help to improve one assumption while making another less 
valid. For data that are skewed but have constant variance, the 
normality assumption may improve while causing problems 
with the variance homogeneity assumption. Fortunately, the 
log transformation, when indicated, does not seem to cause 
such difficult and perplexing problems. 


Example 37—The means of two treatment groups are to be com- 
pared where it is known that large values are associated with propor- 
tionally larger standard deviations. The measurements are 50% disso- 
lution time in minutes (Table 12-42). 

A two independent sample ¢ test (two-sided) comparing the means 
shows 


4317S 6ri7 2 
= a 
19.11 1/3 


Table 12-42. 50% Dissolution Time 
for Two Formulations 


FORMULATION A 


FORMULATION B 


27 65 
35) 60 
38 98 
69 47 
36 57 
39 43 
Mean 43.17 61.67 
sD 15.75 119259 
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Table 12-43. Log Transformation of Data of Table 12-42 
RAS SE SR EE SY ET ATES 05 WS ES ESS Se 


FORMULATION A FORMULATION B 


1.431 1.813 
1.740 1.778 
1.519 1.991 
1.839 1.672 
1.556 1.756 
1.591 1.633 
Mean 1.613 Wat 7 
SD 0.150 0.126 
1-603 esi 4 
= —— Ol 
0.139 \/ 1/3 


A log transformation results in the data in Table 12-43. 
Neither test is significant at the 5% level but the log-transformed 
values in this example result in a test with a lower probability level. 


Exercise 9—A bioequivalence study comparing two dosage forms, A 
and B, with six subjects in a paired design resulted in the following 
ratios of AUC,/AUC,: 


127, 065 02907 1°30), W515, 0796 


Calculate the mean, standard deviations and a 95% confidence in- 
terval for the data using the untransformed data and a log transfor- 
mation. For the log transformation, calculate the antilogs for the 
lower and upper limit of the confidence interval. Repeat the cal- 
culations for the mean and standard deviation of the ratio of 
AUC,/AUC,. (Note that this is the reciprocal of the data presented 
above.) What can be said about the confidence intervals for the two 
kinds of ratios, A/B and B/A? 


Answer: 


Mean = 1.107; SD = 0.1627; CI = 1.107 + 0.171. 
Mean = 0.0400; SD = 0.0646; CI = 0.04 + 0.0678 


log transformation: 


Cl=0:9338— 1-282 
Reciprocal: Mean = 0.92;SD = 0.1376 
log transformation: Mean = —0.0400; SD = 0.0646 


For bioequivalence data, a log transformation of AUC and 
max 1S currently recommended. 

SQUARE-ROOT TRANSFORMATION—A square-root 
transformation is useful for data where the sample means are 
proportional or equal to the variances (s*). The transformation 
will cause the data to have approximately homogeneous vari- 
ance. This transformation may be used to replace the log trans- 
formation when the data consist of small numbers. If the num- 
bers are less than 10 and zeros are present, Vx + 1 may be an 
appropriate transformation.”° This transformation, like the log 
transformation, will tend to normalize distributions skewed to 
the right (distributions with a relative small number of very 
large values). 


Cc 


Exercise 10—Compute the mean and standard deviation of the 
following data before and after applying the square-root transformation 
(Vx). Draw a histogram of the original and transformed values. Note 
the greater symmetry of the transformed data. 


O, 10k, 7,8, ©, Ss, 4), 2, GOL. O, UPA Ss; yO 
Answer: 


SD = 4.272 
2.00 SD = 1.206 


Original data: 
Transformed data: 


ARCSINE (INVERSE SINE) TRANSFORMATION— 
The arcsine (inverse sine) transformation is used for binomial 
data or data expressed as percentages or proportions. The 
transformation is arcsine Vp, where p, the proportion or prob- 
ability, is expressed as a decimal. The variance of a binomial 
proportion is pq/n, where p is the proportion of successes and q 
the proportion of failures in n binomial observations. If p varies 
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in different treatment groups, the variance will vary. The arc- 
sine transformation applied to the proportions tends to equal- 
ize the variances and normalize the data.’ The variance of the 
transformed proportion is 821/n when the transformed data are 
in degrees. This transformation assumes that all proportions 
transformed have the same value of n. If n is approximately 
equal for the different groups, the transformation may still be 
used. 


Example 38—Use a normal test to compare the proportion of rats 
who developed tumors in placebo-control and active-drug groups. In the 
placebo group, 15 of 100 animals developed tumors, whereas in the drug 
group, 22 of 100 developed tumors. The arcsines of V0.15 and V0.22 
are 22.786 and 27.972, respectively. The normal test is 


|27.972 — 22.786 | 
V(821/100) + (821/100) 


1.28 


The proportions are not significantly different. 

Exercise 11—Calculate the value of chi-square for the test of these 
two proportions. 

Answer: 1.625. Note that chi-square = Z* in this example. 
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The many significant advances in the pharmaceutical sciences 
in recent years are in large part attributable to the accumula- 
tion of knowledge of the molecular structure and physicochem- 
ical properties of drugs, and to the correlation of this knowledge 
with that of the nature of biological reactions of drugs. This 
chapter discusses fundamental principles of atomic and molec- 
ular structure and certain physicochemical properties that are 
important in the pharmaceutical sciences, to aid in the under- 
standing of drug action at the molecular level. 


ATOMIC STRUCTURE 
(ea RR ee ee I TERE 

ATOMS AND ELEMENTARY PARTICLES—The atoms 
(from the Greek atomos, indivisible) were believed to be the 
minute, indivisible particles of which all material things were 
made. The search for the ultimate particle has been a contin- 
uous effort since the time of Democritus (about 460-370 BCE). 
Before the discovery of mesons and hyperons, the structure of 
matter was believed to be much simpler. The nucleus was 
thought to consist of protons and neutrons; and to form an 
atom, only electrons needed to be added in external shells. 
Therefore, protons, neutrons, and electrons were considered as 
the elementary particles. In theory, all the elements in the 
periodic table can be made by splitting neutrons into electrons 
and protons, and by combining these particles in proper ratios. 

During the past three decades, nuclear physics progressively 
has probed atoms from their periphery to their center. The search 
for ultimate units of nuclear structure, by means of experiments 
consisting in large part of bombarding nuclei with high-energy 
particles, has revealed a spectrum of over 100 species, most of 
them unstable. Some of these particles are listed in Table 13-1. 
The proton is no longer considered an ultimate particle, but is 
believed to be made up of particles called quarks (from “three 
quarks for Muster Mark,” in James Joyce’s Finnigans Wake). One 
theory of quark structure of protons calls for nine kinds of quarks 
(along with antiquarks) and eight kinds of gluons (analogous to 
photons) to hold the quarks together. Whether these and other 
elementary particles are all composed of yet simpler elements 
remains to be investigated.’ 

In 1924, de Broglie raised the question that if light waves 
show corpuscular character, should not particles also show 
wave character? Now it generally is accepted that in the case of 
a photon there are two fundamental equations to be obeyed: 
E = hv and E = mc’, where E is the energy, h is Planck’s 
constant, v is the frequency and c is the speed of light. Com- 
bining both equations gives hv = mc? or A = c/v = h/me = hip, 
where p is the momentum of the proton. 


De Broglie proposed that a similar equation should govern 
the wavelength of the electron wave. It is interesting to note 
that X-ray diffraction is a good example of the use of the wave 
property of electromagnetic radiation. 

Scattering of slow neutrons has been employed to provide 
information about the structure and dynamic properties of 
biological structures, for example, myoglobin and membranes.” 

DALTON’S ATOMIC THEORY—In 1808, Dalton pro- 
posed his atomic theory on the basis of three generalizations: 
the Law of Conservation of Mass, the Law of Definite Propor- 
tions, and the Law of Multiple Proportions. The essential parts 
of the theory can be summarized as 


1. All elements are composed of very small, discrete, indivisible par- 
ticles called atoms. 

2. All atoms of any one element are identical. Modern structural 
theory tells us that electronic differences between the atoms of an 
element may occur, but these differences arise as a consequence of 
electronic excitation. The lowest energy state of an atom is more 
appropriate for purposes of classification. 

3. The atoms of no two elements are alike. 

4. Atoms undergo no fundamental change during chemical reaction. 
There are subtle changes in the electronic character of atoms, 
although this does not change the identity of an atom. 

5. Compounds are formed when atoms of two or more different ele- 
ments combine to form a molecule. 

6. In general, atoms combine in simple, integral ratios. 


PERIODIC TABLE—The periodic classification of the el- 
ements is one of the most striking advances in generalizing 
many isolated facts; moreover, it contributes tremendously to 
the strength of the atomic theory and extends it to new sets of 
facts. The periodic table serves as an easily learned summary of 
almost limitless information about the chemical nature of the 
elements; it is of prime importance to students of pharmaceu- 
tical sciences as well as to students of chemistry. 

After the publication of the independent researches of 
Mendeleyey and Meyer in 1869, the periodic law was well-estab- 
lished. The periodic table is an arrangement of the elements in 
accordance with the periodic law (see Periodic Chart of the Ele- 
ments). The present arrangement is essentially the same as that 
of Mendeleyev, although there are now minor variations due to 
the incorporation of new elements and modern data. A few terms 
should be carried in mind for a thorough understanding of the table. 


e Atomic number (Z) is the positive charge of the nucleus expressed as 
multiples of the electronic charge e. 

e Atomic weight is the average weight expressed in atomic weight 
units of the natural atoms of an element existing as a mixture of 
isotopes in the same ratio as found in nature. An atomic weight unit, 
used in chemistry, is exactly 1/16 the average mass of the oxygen 
isotopes taken in the same ratio as they occur in nature. One atomic 
weight unit is equivalent to 1.000272 atomic mass units. 
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Table 13-1. Subatomic Particles 
RELATIVE MASS 


ELECTRIC MEAN LIFE-TIME 


GROUP PARTICLES (ELECTRON = 1) CHARGE — (sec) 
Heavy a-Particle 7348 +2 Stable 
particles (He?*, a) 
Triton 5451 Sel 3.8 x 108 
(Uy, aa) 
Deuteron 3674 +1 Stable 
(D, d, 7H) 
Neutron 1837 0 WAX ANGE 
(n) 
Proton 1837 +1 Stable 
(p, 'H) 
Hyperons  A°Particle ~2181 0 PS On 
SOS lor & 
>* Particle ~2326 | SF Es<e10= © 
=~ Particle ~2580 ate Se 10me 
K meson 966 +1 12 Ore 
(K~) 
K meson 974 0 10m: — 10m 2 
(K°) 
Mesons Pi meson 273 2GEa 10m 
(1) 
Pi meson 264 0 TO ant Ome 
(7°) 
Mu (u-) 209 + 2 +4 DO ea One 
Electrons : ={ Stable 
(em em) 
Leptons Positron 1 oa Stable 
(Cie) 
Neutrino 0.01 0 Stable 
(v) 
Photons 0 0 Stable 


(y) 


e Anisotope is one of a group of nuclides of the same element (same Z), 
having the same number of protons in the nucleus but differing in 
the number of neutrons, resulting in different mass numbers. 

e A nuclide is any one of the more than 1000 species of atoms and is 
characterized by the number of protons and neutrons in the nucleus. 


BOHR’S THEORY OF ATOMIC STRUCTURE—In 1913 
Bohr proposed a theory of atomic structure for the interpreta- 
tion of atomic spectra. His picture of the atom had the extra- 
nuclear electrons revolving around the nucleus in definite or- 
bits. These orbits were assigned principal quantum numbers 
1, 2, 3,...,n, counting outward from the nucleus. 

When an electron absorbs a definite increment (quantum) of 
energy, it is promoted to an orbit of higher energy (excited 
state), and when it falls back to the original orbit, it emits 
radiation energy. The energy of the various levels in the atom 
can be related to the frequency of radiation that is emitted from 
or absorbed by the atom. This relationship is expressed by 


AE = E,-E, = hy (1) 


where AE is the difference of the energy in ergs between two 
levels, h is Planck’s constant (6.624 < 10°” erg sec) and vis the 
frequency. Because the frequency is equivalent to the speed of 
light, c, divided by the wavelength, Equation 1 can be written 
as 


AE = he/d (2) 


When the electrons possess the lowest energy possible, the 
atom is said to be in its ground state. 
The energy of an electron in an orbit is given by 


- —27°Z*me' 5 

at nh? (8) 

where Z is the atomic number, m is the mass of the electron 
(9.1 x 10°*° g), e is the charge of the electron in electrostatic 


units (4.8 x 107!° esu), n is the principal quantum number, and 
h is Planck’s constant. One can calculate the radiation energy 
emitted when an electron falls from 7, orbit to n, orbit by 


Qa°Z?mei [ 1 ] 


Japa I ie (- | (4) 


h? (Ore ee 


When n, is ~, Equation 4 gives the energy required for ioniza- 

tion; for example, the ionization potential of the hydrogen atom 

can be calculated as 

2.x (8.14)? x 1)? X GA & 1052 GSS ame 
(6.624 x 10-272 


lara 
AA Wais ene 
Oa e): 
2.18 x 107"! erg 
2.18 x 1071! erg 
~ 1.60 x 10-!2 erg/electron volt (ev) 
13.6 ev 


E,-E,= 


ll 


It is interesting to note that the quantum theory is founded on 
the principle that the energy of an atom or molecule does not 
change continuously but only by some definite whole number 
unit of energy referred to as a quantum. 

MODERN MODEL OF ATOMIC STRUCTURE—After 
Bohr published his theory, there was a period of intense activ- 
ity by theoreticians and experimental physicists. Based on 
mathematical principles and considerable experimental data, a 
more definite picture of atomic structure emerged. The modern 
interpretation of the atom is more elaborate than the original 
idea of Bohr. Four quantum numbers are used to describe the 
energy levels or orbitals of each electron. 

The principal quantum number, n, is an approximate 
measure of the size of the electron cloud—that is, the or- 
der of magnitude of the potential energy. It has the values 
1, 2, 3,..., 7, corresponding to the K, L, M,..., Q shells of 
electrons. 

The azimuthal quantum number, l, is related to the shape of 
the electron cloud, indicating whether it is spherical, dumbbell- 
shaped, or of more complex geometry. It may have values of 
0,1, 2,...,(n—1), corresponding, respectively, to the terms s, 
p, d, or f used by spectroscopists; for example, a 4d electron 
would have an n number of 4 and an/ value of 2. 

The magnetic quantum number, m, is related to the 
orientation of the electron cloud in space. It has values of 
0, +1, +2,..., +l. For a spherical cloud there is only one 
orientation. However, the dumbbell-shaped orbital, for exam- 
ple, could be oriented in three different directions correspond- 
ing to the x, y, and z axes of a set of Cartesian coordinates. 

The spin quantum number, s (or m,), gives the orientation of 
the magnetic component of an electron. There are only two 
discrete ways an electron can interact with an external mag- 
netic field. Like a tiny magnet, it either can line up in the 
direction of the field or orient itself in the opposite direction. 
The electron’s magnetic moment was at first pictured as being 
due to the rotation of the electron on its axis, and for this 
reason an electron was said to exhibit spin. The two spin 
quantum numbers, s = +4 ands = —, were used to describe 
the two observable spin states. 

Considerable progress has been made in the recent years in 
the application of quantum mechanical and molecular orbital 
theories in studying drug-receptor interactions and in correlat- 
ing chemical structure with pharmacological activities of 
drugs. (See Chapter 27.) 

ELECTRONIC CONFIGURATION OF THE ELE- 
MENTS—Two rules are of extreme importance in explaining 
the building up of electronic shells of elements (Fig 13-1 and 
Table 13-2). 

The Pauli exclusion principle states that an atom cannot 
exist in a state where two electrons in the same energy level or 
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Figure 13-1. Atomic energy levels and the order of filling of orbit- 
als: (*) a single 5d electron is added before the 4f orbitals can be 
filled; (**) one or more 6d electrons must be added before the 5f 
orbitals can be filled. 


orbital have the same set of four quantum numbers. This is 
analogous to the principle in classical physics that no two 
bodies can be in the same place at the same time. Thus, two 
electrons in the K shell may have the same principal, azi- 
muthal, and magnetic quantum numbers (n = 1,/ = 0, m, = 0), 
but different spin quantum numbers (s = +42 and —'4). 

Hund’s rule of maximum multiplicity states that when or- 
bitals are of the same energy, electrons distribute themselves 
one to each orbital so as to maintain parallel spins; for example, 
oxygen, with an atomic number of eight, possesses eight elec- 
trons. Two electrons are in the K shell (1s”), and six are in the 
L shell. In the L shell, two electrons fill the 2s orbitals (2s”) and 
the remaining four fill the 2p orbitals (2p*). 

According to Hund’s rule, three electrons occupy 2p,, 2p,, 
and 2p, orbitals and spin in the same direction (see the direc- 
tion of the arrow in Fig 13-2); the fourth electron can pair 
up with any one of these three electrons (say 2p,). The elec- 
tronic configuration for oxygen atom can be expressed as 
Ais? 2s" 2p.” 2p, 2p,,. 


Table 13-2. Electronic Configurations of Some Elements 
in Their Ground States 


n= 1 2 3 4 
SHELL K f M N 
I= Oo ie Sth i ee ae ra rie: 
SUBSHELL ig 2 Ea ee 
ATOMIC 
NO ELEMENT 
1 H 1 
2 He 2 
3 Li 2 Rt a 
4 Be Zi 22 
5 B CA hn a 
6 C ZY 2A 
7 N ZORE 2 Tye 
8 O 2h 2) sar 
9 F 2243 2ehw DS 
10 Ne ee) 
11 Na 1 
12 Mg 2 
13 Al BR | 
14 Si Neon'core, 97 272 
15 P 23 
16 S) PB eo 
17 cl Ze ie} 
18 Ar 226 
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> a) 2p? 2p 2p 
© a Sse 
g 252 
S 
a 2p 
@ 
Iga He 


K 


Figure 13-2. The electronic configuration of an oxygen atom. 


MOLECULAR STRUCTURE 


A molecule is the smallest possible quantity of a substance. It 
is composed of two or more atoms, for example, N., O., CHCls, 
or H,SO,. There is a chemical bond between atoms when the 
forces acting between them are strong enough to give an ag- 
gregate with sufficient stability to make it convenient for the 
chemist to consider the aggregate as an independent molecular 
species. Different types of chemical bonds will be discussed in 
the following sections. 

COVALENT BONDS—When two electrons of two atoms 
are paired and localized in the space between the two atoms, a 
covalent bond results. The paired electrons (with opposed 
spins) then will occupy the new molecular orbital encompass- 
ing the two atoms. It should be noted that the electron pair held 
jointly by two atoms is considered to do double duty by com- 
pleting a stable electronic configuration for each atom. 

For instance, in the case of methane, the carbon atom, with 
its two inner electrons and its outer shell of eight shared 
electrons, has assumed the stable 10-electron configuration of 
neon; and the hydrogen atoms have achieved the configuration 
of helium. Covalent and ionic bonds are found in both organic 
and inorganic chemistry. 


THE UNIQUENESS OF CARBON 
EE 
Since organic chemistry is concerned mainly with carbon and 
its compounds, closer attention is warranted to the kinds of 
bonds exhibited by the carbon atom. 

Carbon (and, to a much lesser extent, boron and beryllium) 
is in a special class. Although only the twelfth most abundant 
element on earth, its compounds far outnumber those of the 
remainder of the periodic table combined. The exact number of 
existing carbon compounds is probably unknown, and the the- 
oretical number is infinite. This uniqueness stems from the 
simple fact that carbon is capable of bonding with itself in 
many unusual modes. 


Carbon-Carbon Bonds 


Ordinarily, carbon is said to exhibit a valence of four. Thus, it 
can combine with four other monovalent atoms or groups or 
with four other carbon atoms in a linear or cyclic fashion, with 
or without branching, or any combination thereof. 
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Also, carbon atoms can unite to each other or to other atoms 
such as nitrogen, oxygen, or sulfur by means of multiple bonds. 

To compound the situation further, the structural diagrams 
just presented are not flat objects, but are three-dimensional. 
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For example, a six-membered carbon ring may have several 
configurations, such as 


ea eee 


“Chair” form “Boat” form 
This feature alone could essentially double the number of pos- 
sible compounds of this type. 

HYBRIDIZATION—What is so unusual about the consti- 
tution of the carbon atom that allows so many diverse com- 
pounds? Simply stated, the reason is hybridization, and a re- 
view of the electronic configuration of the atom is required 
to explain what hybridization is and how it is attained. The 
extra-nuclear configuration of an isolated carbon atom is 
1s?2s*2p,.'2p,,'2p,°, which means that there are two electrons 
in the 1s level, two in the 2s level, and two in the 2p level, but 
since the two 2p electrons reside in different subshells 
(p, and p,,), they are unpaired. As only unpaired valence elec- 
trons are capable of bonding, it would be expected that carbon 
should exhibit a valence of two. However, in every instance 
(except for possibly carbon monoxide), carbon combines with 
four univalent atoms or groups. 

Bond formation is a stabilizing (exothermic) process, and 
there is a tendency to form as many bonds as possible, even if 
the resulting molecular orbitals bear little resemblance to the 
atomic orbitals that exist in the isolated or ground state of an 
atom. A carbon atom must be elevated or excited (energetically) 
to assume a valence state of four; to do this, four unpaired 
electrons must be created. This feat can be accomplished by 
promoting one electron from the 2s level to the vacant 2p, level; 
thus, the resulting extranuclear electronic configuration be- 
comes 1s*2s'2p,'2p,'2p,'. More than enough energy is avail- 
able during the process of bond formation to excite the 2s 
electron. Four unpaired electrons are now available for bonding 
purposes. 

It might now be expected that carbon could form two differ- 
ent types of bonds, such as three bonds of a type using p 
orbitals (2p,, 2p,, 2p,) and a fourth bond using the 2s orbital. 
But this is contrary to known fact—all four bonds are equiva- 
lent so far as bond energy and bond length are concerned. 

The simplest two-dimensional picture of such a carbon 
atom, as noted in the diagram of the molecule dichloromethane, 
CH.Cl,, would be as in A. 


Cl 7 
ie 1 (Cl 13— ie 
H Cl 
A B 


However, it readily can be observed that if the molecule were 
flat, it should exist in the two isomeric forms, A and B. As only 
one dichloromethane is known (and for other, more convincing, 
reasons) the structure as depicted is spatially incorrect. In 
1874, LeBel and van’t Hoff demonstrated, using the concept of 
stereoisomerism, that a carbon atom assumes a tetrahedral 
configuration. That is, each covalent bond is directed to a cor- 
ner of a regular tetrahedron. 


109 50 


To more clearly illustrate the three-dimensional aspect of 
this arrangement, the usual two-dimensional diagram is better 
shown by 
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in which a solid line is understood to be in the plane of the 
paper, a broken line extends behind the plane, and solid arrow- 
heads extend in front of the plane. 

Study of the many kinds of three-dimensional organic mod- 
els is very beneficial in the understanding of this concept. A 
cursory look at such models (or diagrams) indicates that A and 
B are not identical (not superimposable), but rather are in 
reality isomers. This situation, stereoisomerism, is a phenome- 
non that essentially doubles the number of possible compounds 
of this particular type. 

Since the resultant bonds are comprised of one s and three 
p electrons, and neither are of the spherical s or linear p 
configuration but rather some combination thereof, they are 
said to be hybridized. This tetrahedral or sp® hybridization can 
be explained by the tendency for unshared electrons to get as 
far from each other as possible (the Pauli exclusion principle); 
for four bonds, the tetrahedral configuration satisfies this re- 
quirement. Covalent bonds, besides having characteristic bond 
length and energy, also are associated with direction in space. 

Another peculiarity is associated with carbon-to-carbon 
bonding. In addition to the aforementioned tetrahedral, or sp®, 
hybridization, two other possibilities are known to occur in the 
bonding of two carbon atoms: trigonal or sp”, and linear (diag- 
onal) or sp hybridization. 

SIGMA (oa) AND PI (IT) BONDS—Alkenes are examples of 
the sp” type of carbon-to-carbon bonding: the hybrid orbitals 
are directed toward the corners of an equilateral triangle. This 
permits the hybrid orbitals to be as far removed from each 
other as possible. An unhybridized p orbital also exists perpen- 
dicular to the plane of the sp” orbitals. 
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The union of two carbon atoms of this type produces a 
multiple bond involving two electron pairs (a double bond), as 
shown in the next set of figures. Overlap of the sp” orbitals 
forms a sigma (a) bond and the p orbital overlap produces a pi 
(7) bond. A carbon-carbon double bond is not composed of two 
similar bonds, as might be interpreted from the usual notation 
of C=C that is used. Rather, each bond is a distinct and sepa- 
rate entity and many physical and chemical properties confirm 
this feature. 

All of the sigma bonds lie in the same plane, but the pi bonds 
project above and below the plane, as is evident from the 
previous diagram. As might be expected, because of the added 
“cementing” properties of the extra electrons, the carbon atoms 
of a multiple bond are held more closely. Thus the carbon- 
carbon bond distance for a double bond is 1.34 A in ethylene, 
compared to 1.54 A for the single carbon-carbon bond of ethane. 

Another situation occurs due to the configuration of the 
sigma-pi double bond. Reference to the following illustration of 
the completed molecule shows that groups a, b, c, and d are in 
the same plane, and, by reversing the two substituent groups at 
either end of the molecule (as in B and C), an isomer is gener- 
ated—a geometric isomer. 
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Again, this phenomenon leads to a doubling of the number of 
possible compounds of this particular type. 

A third variety of hybridization that exists involves the 
coalition of one s and one p electron (sp).The resulting two sp 
orbitals produced are directed axially, 180° apart and 90° re- 
moved from the plane of the unhybridized p orbitals. 


A combination of two carbon atoms exhibiting sp hybridiza- 
tion along the sp axis will yield carbon-carbon triple bonds. 


axial view 


The p orbitals form a cylindrical sheath about the sigma bond. 
For a carbon-carbon triple bond the interatomic distance is 
smaller than a single or double bond, being 1.20 A. Isomerism 
(geometric or stereoisomerism) is not possible with a triple 
bond as the substituents, a and b, are located axially. 
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DELOCALIZATION AND RESONANCE—Benzene rep- 
resents a large series of compounds exhibiting a kind of bond- 
ing that is perhaps as unique and different from the usual 
carbon-carbon bond types as is carbon from the rest of the 
periodic table. Although the six annular carbon atoms are 
bonded to each other via sp” orbitals (as with ethylene), the 
resultant molecule does not behave as an unsaturated com- 
pound. The compound is depicted as having a conjugate system 
of three double bonds (B, C, and D). 


However, the benzene molecule does not behave chemically like 
a simple conjugated triene. Reactions normally occur by sub- 
stitution of a hydrogen atom, rather than by the expected 
addition to the double bond. Also, two simple disubstitution 
products would be expected. 


However, only one disubstitution product is known. Benzene, 
therefore, must exhibit an entirely different kind of bonding 
than those previously discussed. It is believed that the p orbit- 
als, above and below the plane of the benzene ring, overlap in 
both directions and each electron can participate in several 
bonds. The ability of the 7 electrons to be active in joining 
several atoms results in stronger bonds and a more stable 
molecule. This phenomenon of delocalization of electrons re- 
sults in a delocalization, or resonance, energy of stability. 


eS ate a 
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Due to the delocalization of the electrons only one type of 
bond exists and the classic alternate arrangement of single and 
double bonds between carbon atoms of the benzene molecule is 
misleading and incorrect. The carbon-carbon bond distance for 
benzene is 1.39 A, lying between the single- and double-bond 
interatomic distance. The term delocalization better describes 
the resultant molecular orbital picture of benzene, as opposed 
to the concept of resonance, which may imply a rapid alterna- 
tion between two or among several structural forms, which is 
totally incorrect. 

Delocalization (resonance) stabilization is evidenced by 
many organic compounds that contain multiple bonds. Just as 
a lowering of energy results from the formation of molecular 
orbitals, whereby electrons are associated with two positive 
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nuclei, a further lowering results if a molecular orbital is 
formed by using several nuclei. This extra energy-lowering 
increases the stability of a compound; the net energy difference 
derived from summing bond energies and that of the heat of 
combustion of the molecule is termed resonance or delocaliza- 
tion energy. 

Several types of organic compounds, other than benzene, 
exhibit delocalization. 
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Delocalization accounts for the stability of aromatic com- 
pounds such as naphthalene, anthracene, pyridine, pyrimidine, 
thiophene, furan, etc. Aromaticity has become synonymous 
with the unusual stability and chemical behavior of benzene- 
like compounds. A quantum mechanical treatment of cyclic, 
conjugated systems indicates that aromaticity exists in those 
rings associated with (4n + 2) am electrons, where n is an 
integer. Thus, rings having 6, 10, or 147 electrons may be 
aromatic (if they are planar), whereas those of 4, 8, or 127 
electrons cannot be. The supporting mathematical theory is 
beyond the scope of this chapter, but chemical evidence easily 
suggests that compounds such as pyridine, thiophene, or furan 
do behave as benzene, while cyclooctatetraene—although a 
cyclic, conjugate system—behaves merely as a typical conju- 
gated alkene and does not show the exceptional stability of an 
aromatic compound. 


Carbon-Heteroatom Bonds 


Practically all of the foregoing material pertains to the struc- 
ture of a carbon-to-carbon or carbon-to-hydrogen bond. A ma- 
jority of the compounds normally included in the area of or- 
ganic chemistry also contain heteroatoms (atoms other than 
carbon and hydrogen), and the mode of bonding between carbon 
and the heteroatoms is of great importance. A rigorous treat- 
ment of this subject is beyond the limits of this chapter, but 
several general observations are in order. 

Carbon forms a typical sigma bond with the univalent non- 
metals (halogens) and with other electronegative polyvalent 
elements such as oxygen, nitrogen, sulfur, and phosphorus. 
Because of the differing electronegativities of the atoms on 
either side of the sigma bond, the bond is not entirely symmet- 
rical and the slightly uneven distribution of bonding electrons 
causes an asymmetry leading to increased values of dipole 
moments with increased difference in electronegativities. 

Multiple bonds also can exist between the polyvalent ele- 
ments and carbon. Typical of this group is the carbonyl function 
(=C=0), an example of sp” hybridization. The carbon atom is 
joined to two other atoms and the oxygen atom by sigma bonds; 
the remaining p orbital of the carbon overlaps a p orbital of 
oxygen to form a typical pi bond. Thus, carbon and oxygen are 
joined by a double bond. Each of the three sigma bonds radi- 
ating from the carbon atom is at an angle of 120°, and the 
carbonyl portion and the two atoms to which it is attached lie in 
the same plane. 

The electrons of the carbonyl] double bond join two elements 
of quite different electronegativity, and hence are not shared 
equally, the electron cloud being pulled more strongly toward 
the electronegative oxygen atom. As the 7z electrons are of a 
lower energy than o electrons, they are influenced more easily 
by the electronegative oxygen atom. This effect is much more 
pronounced with multiple bonds than for a single (sigma) bond 
and results in the occurrence of a permanent polarity. There- 
fore, aldehydes and ketones (which contain the carbonyl func- 
tion) exhibit fairly large dipole moments (2.30—2.75 D) because 
of the polarity of the carbonyl group, as shown below. A lower- 


case delta (6) indicates that a fractional charge of appropriate 
sign resides on the designated atoms. 
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The structure of the carbonyl group largely determines the 
physical and chemical properties of aldehydes and ketones. 
Similar analogies can be drawn for carbon-to-sulfur and car- 
bon-to-nitrogen multiple bonds. 

Although carbon usually bonds to other elements by covalent- 
type linkages, several examples of ionic-type bonds are known 
(carbanion, RC’; and carbonium ion or carbocation, R3C *), but 
these are very short lived and are primarily useful in explain- 
ing the mechanisms of various organic reactions via interme- 
diates of transient existence. 


Noncarbon Bonds 


The magnitude of the number of organic compounds is not due 
solely to the intricacies shown in carbon-to-carbon and carbon- 
to-heteroatom bonds. The electronegative elements, especially 
nitrogen and oxygen, impart their individualities such that a 
carbon-to-oxygen or carbon-to-nitrogen bond can participate in 
new types of bonds not discussed previously. As an example, 
the hydrogen bond or bridge can cause intermolecular associ- 
ation which can lead to an apparent increase in molecular 
weight. The hydrogen bond also may be the reason for a drug 
binding to certain sites of activity. Formation of chelates, clath- 
rates, coordination complexes, and so on also extends the num- 
ber of compounds that would be possible if only classic types of 
bonding existed between elements. Chapter 14 deals in depth 
with the concepts mentioned in this paragraph. 

Interatomic distances decrease appreciably to achieve the 
overlap needed to form pi bonds between atoms. The bond 
distance is characteristic of the atoms involved and the type of 
bond between them. Table 13-3 gives the bond energy and the 
bond distance for some covalent bonds. 

POLAR BONDS: PARTIAL IONIC BOND AND IONIC 
BOND—There are many different types of partial ionic bonds 
between the two extremes of a covalent bond and an ionic bond. 
The tendency of a pair of atoms to form an ionic or a partial 
ionic bond is measured by the difference in their abilities to 
attract an electron, or in their electronegativities. 

If a molecule acts as if it has a positive and negative pole (ie, 
has a partial separation of charge), it is called a dipole. A 
molecule with a dipolar bond is said to be polar, while an 
electrically symmetric molecule is designated as nonpolar. 


Table 13-3. Covalent Bond Energy 
BOND ENERGY, 


BOND AH kcal/mol BOND DISTANCE A 
H-H 103.2? 0.74° 
H-Cl 102.1? 1227S 
O-H 109.4? 0.96° 
N-H 92.2° 1Onie 
C-H 98.2? 1.09" 
CCl 78.0° Azim 
CI-Cl 57.8° 1.99° 
CE 80.0° 1.54 
(exe 130.0? 1.33% 
cc 193.02 1.20° 
C=O 152.0° eri 


° From Pitzer.3 
> From Fieser and Fieser.4 
© From Pauling.® 
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Table 13-4. Electronegativity Values 
for Some Elements* 


F 4.0 | 2.4 Be 1135) 
O B55 P 2 Mg 1.2 
N 3.0 H al Li 40) 
cl 3.0 B 2.0 Ca 1.0 
Br 2.8 Si 1.8 Na 0.9 
S DLS Sn 1.7 K 0.8 
Cc 2 Al eS) Cs 0.7 


* Adapted from Pauling,® arranged in decreasing order. 


The electronegativity values for some common elements are 
listed in Table 13-4. The relationship between electronegativity 
differences and the partial ionic character is shown in Table 
13-5. It is interesting to point out that fluorine, the most elec- 
tronegative of all elements, has not only unique chemical qual- 
ities but also important physiological properties. In very low 
doses fluorides can reduce the number of dental caries by well 
over 50%, while in excessive doses mottled enamel may result 
during the period of tooth formation. Lithium, a metal of very 
low electronegativity has been used in the treatment of manic 
depressive disorders; both the carbonate and citrate are the 
salt forms used clinically (see Chapters 24 and 82). 

DIPOLE MOMENT —The process by which dipoles arise is 
known as polarization. The total polarization P can be written as 


PPE Py als (5) 


The induced or electronic polarization, P,;, represents the shift of 
the electron cloud due to the influence of an electric field or an 
electromagnetic wave such as light. The induced molar polariza- 
tion P, can be determined from molar refraction measurements 
using the D-line of a sodium lamp, as the permanent dipole 
cannot follow an electromagnetic wave of such high frequency. 
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Equation 6 is known as the Lorentz-Lorenz equation, where np 
is the refractive index of the liquid measured with the D-line of 
a sodium lamp, M is the molecular weight, d is the density, and 
MR is the molar refraction (refractivity). 

One also can calculate the induced molar polarization from 
the electron-group refractions given by Smyth, or from the 
Atomic Refractivities compiled by Fajans (see Fajans® and Ta- 
ble 13-6). For example, the molar refraction of methyl acetate, 
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Table 13-5. The Difference in Electronegativities 
and lonic Character of Some Chemical Bonds? 


ELECTRONEGATIVITY 
DIFFERENCE, X; — 


PARTIAL IONIC 


BOND Zp CHARACTER, % 
Gi 0.4 4 
I-Br 0.4 4 
-Cl 0.6 9 
O-H 1.4 30 
GF 1S 44 
Si-F Aft 70 
"Beat 225) 79 
K-F 3h 92 


° From Pauling,’ arranged in increasing order. 


Table 13-6. Atomic and Group Refractions 
for Sodium-D Light 


ELEMENT Nap cc ELEMENT Nap cc 
E 2.42 Nin 
H 1.10 Aliphatic oximes 3.93 
O in OH 1.52 R—CONH, 2.65 
O in ester OR 1.64 R—CONHR’ PHT] 
Oo= 2.21 R—CONR’R" 2a 
F 1.22 NO, group in 
cl 5.96 Alkyl nitrates 7209 
Br 8.86 Alkyl nitrites 744 
| 13.90 Nitroparaffins 6.72 
S in SH 7.69 Aromatic nitro compounds 7.30 
Sin RS UE 7.30 
S in RCNS Ties) Nitramines i 
Sin RS 8.11 NO group in 
Nin Nitrites 5.92 
Hydroxylamines 2.48 Nitrosamines 537 
Hydrazines 2.47 Structural units 
RNH, 2.32 Double bond le7s 
RNHR’ 2.49 Triple bond 2.40 
RNR’R’ 2.84 3-membered ring 0.71 
ArNH, 3.21 4-membered ring 0.48 
ArNHR 3.59 Oxirane 
ArNRR’ 4.36 Terminal 2.02 
Roca 3.05 Nonterminal 1.85 
Ar—G=N 3.79 Conjugation—(see Ref 6) 


can be calculated as 


Nap 
3X C=38 X 2.42 = 7.26 
6 xX H=6 x 1.10 = 6.60 
1 xX =O = 1 X 2.21 = 2.21 
1 xX —O—=1X1.64 =1.64 
Total = 17.71 
or 
n—1 M 
MR = — x= 
nm+2 d 


x 


(1.8593) ~ 1] [74.08] |. 
= 1.3593) + 2| <|0.928] “2 


= 17.57 


An apparent correlation between the activity of chloramphen- 
icol analogs, as determined by microbial kinetics, and the group 
refraction of their aromatic substituents has been reported.” 

In Equation 5, P, is the orientation polarization due to the 
permanent dipole and P, is the atomic polarization, which may 
be neglected for practical purposes because it is only 5 to 10% 
of P;. The orientation polarization, Pp, arises from the separa- 
tion of charges due to the difference in electronegativities of the 
atoms. 

Using an electromagnetic wave of much lower frequency 
than the frequency of light, such as a radio wave, one can 
measure the total polarization, as the permanent dipole as well 
as the electron cloud can follow the alternation of direction of 
the radio wave. In other words, one can calculate P from di- 
electric constant and molar volume (M/d) measurements. 


x 
Gary | (al (7) 


Combining Equations 5 through 7, Debye’s equation (Eq 8) for 
a pure compound, and the Clausius-Mossotti equation (Eq 9), 
and neglecting P.,, gives Equation 10: 
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4 uw? 
P=37Na a+ Sor (8) 
fe é N, 
rears Ad (9) 
4 p? 
IE pI Al = 3 TN aur (10) 


where NV, is Avogadro’s number, a is the induced polarizability 
(a measure of the ease of polarization by an electric field), j: is 
the dipole moment (esu - cm), k is the Boltzmann constant, and 
T is the absolute temperature. It should be noted that molar 
refraction is a molar property and induced polarizability is a 
molecular property. 

Equation 8 can be written as 


P=a+b/T (11) 


where a = 4nN, 0/3 = P, and b = 4nN,u7/9k. Because Equa- 
tion 11 is a linear equation, by plotting values of P at several 
temperatures (calculated from dielectric constant measure- 
ments) versus 1/T, one can compute a and P; from the intercept 
and the permanent dipole moment (w) of the compound from 
the slope, 6. This procedure usually is applied to gases. 

For a pure liquid, one can obtain the total polarization, P, 
according to Equation 7 and the induced polarization, P,, from 
refractive index and molar-volume measurements at a constant 
temperature (Eq 6). Regardless of the manner of obtaining P,, 
the final equation for the calculation of the dipole moment, 
usually expressed in Debye units, is the same (Eq 12). One 
Debye unit (D) is equivalent to 10-'® * esu-: cm. 


9kb oe 
b= V ann, = 0.0128 x 10718 yb 


= 0.0128 x 10-18 \(P — P,)T (esu- em) 


= 0.0128 \(P — P,) T (Debye units) (12) 


There are other equations for calculating dipole moments 
from measured values of the dielectric constant, refractive in- 
dex, and density of liquids. However, for pure liquids the re- 
sults are not very satisfactory. The dipole moment of medicinal 
substances usually is measured in a nonpolar solvent (eg, ben- 
zene, cyclohexane, or heptane) or in a solvent with some polar- 
ity but without resultant moment (eg, dioxane). 

It has been suggested that, to eliminate the inaccuracies 
that arise from treating the solvent in a different way than 
solutions, only the results of measurements on dilute solutions 
be used. 

Correlations of biological activity with dipole moment have 
been reported for the insecticidal activity of chlorophenothane 
(DDT) isomers, the cholinesterase inhibitory activity of N-alkyl 
substituted amides, and the respiratory stimulation activity of 
cyclic ureas and cyclic thioureas. Investigations have shown 
that high dipole moment enhances central nervous system 
(CNS) stimulatory activity or toxicity, whereas low dipole mo- 
ment favors anticonvulsant or CNS-depression activity. The 
use of dipole moment as a parameter in drug-receptor interac- 
tion and quantitative structure—activity relationship studies 
has been reviewed by Lien et al.1°-!” 

When the electronegativities of the bonded atoms are quite 
different, a formal electron-pair bond can no longer exist. The 
bonding electron pair is now associated exclusively with the 
more electronegative atom, and an anion is formed. The atom 
that has lost its electron becomes positively charged, and a 
cation is formed. 


COORDINATE COVALENT BONDS—A coordinate cova- 
lent bond is formed when only one atom donates both electrons; 
for example, the unshared electron pair on the nitrogen atom of 
an amine (a Lewis base) can serve to form such a bond with a 
proton or trimethyl boron (a Lewis acid). 

R’ R” -2 


| | 
foe, + H® +> | R’—N:H 
a CH; R’ CH; 
| | 
R’—N: + b_cH, — | R’—N : B—CH; 


sakeGET; rR én, 


Because the nitrogen suffers a loss of negative charge and the 
boron atom gains an equivalent negative charge, it is more 
realistic to depict the complex molecule as the adduct. 


R’ CH; 
R’—N-—_s-_CH, 
rk én, 


Amine oxides are other examples of coordinate covalent 
compounds. 


R’—N-—-O or 


Because oxygen is much more electronegative than boron 
(see Table 13-4), the ionic character of the N-oxide is more 
pronounced than that of the N—B bond. This is evidenced by 
the relatively high melting point, high solubility in water, and 
low solubility in nonpolar solvents of the amine oxides. One 
also can infer the polar character by a comparison of dipole 
moments: 6.2 D for KCl (ion pairs), 5.02 D for trimethylamine 
oxide, and 3.92 D for the trimethylamine-trimethylboron 
complex. 

CHELATES—The term chelate (from the Greek chela, 
claw) describes this class of compounds appropriately. Chelates 
consist of a partial ring of atoms that close up by holding a 
given atom, usually a metal, in a molecular claw. The com- 
pounds capable of forming a ring structure with a metal are 
designated as ligands (see Chapter 14 for a thorough discus- 
sion of complex formation). 

Cisplatin, a platinum coordination compound with the am- 
mine groups at the cis position, has been used in the treatment 
of testicular and ovarian tumors in combination with other 
anticancer drugs (see Chapter 86). 

Some biologically important compounds (eg, chlorophyll, he- 
moglobin, peroxidases, cytochromes, oxidases, ascorbic acid ox- 
idase, tyrosinase, polyphenoloxidase, lactase, phosphatase, 
carboxylases, insulin, and cyanocobalamin) are naturally oc- 
curring chelates. Tetracyclines also are capable of forming che- 
lates with metals. Chelating agents may be used for a number 
of purposes, such as sequestration of metals, stabilization of 
drug preparations vulnerable to oxidation in the presence of 
trace-metals, and the treatment of heavy metal poisoning. 

MOLECULAR BONDS—Several classes of compounds 
contain intermolecular coordinate covalent bonds (eg, sandwich 
compounds, charge-transfer complexes, and the molecular-ad- 
dition compounds). These types of bonds are referred to as 
molecular bonds for brevity. 

METALLOCENES—In 1951 Kealy and Pauson acciden- 
tally discovered ferrocene by oxidizing cyclopentadienemagne- 
sium bromide with anhydrous ferric chloride in ether solution. 
Ferrocene has aromatic character and is an unusually stable 
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iron-containing orange product, formula C,)H, Fe, that melts 
at 174° and boils at 249°; it is soluble in common organic 
solvents but insoluble in water. The generally accepted struc- 
ture of ferrocene was first proposed by Woodward et al in 1952. 
X-ray and electron diffraction studies have shown that the iron 
is packed between two parallel cyclopentadienyl rings like a 
sandwich (I, below). 

The solubility, volatility, and other properties of metal- 
locenes are due to the covalent character of the molecular 
bonds. This indicates that each cyclopentadienyl ion donates an 
electron pair to the metal ion. Ferrocene is diamagnetic, hence 
the six 3d electrons of iron are paired up to make available two 
open 3d orbitals. A large number of metallocenes have been 
prepared and studied since the discovery of ferrocene. 


Fe 


I 


Ferrocene Structure of 


(x-C5H5) Fe(x(3)-1,2,-BeC2H11) 


III 


Several different aromatic rings (eg, indene, azulene, and 
benzene) also will form metallocenes. In many metallocenes, 
CO or NO molecules are found in place of one of the aromatic 
rings, and the metal may be Cr or Mn, as well as Fe. Metal- 
locenes undergo most of the typical aromatic reactions. 

It has been shown that daily oral administration of ferro- 
cene produced hemosiderosis with an unusually high, dose- 
related accumulation of iron in dogs. A decrease in hemoglobin, 
packed-cell volume and erythrocyte count occurred within 4 
weeks in dogs receiving 300 mg/kg of ferrocene. This and higher 
dosage resulted in cirrhosis, which was considered to be an 
effect of the hydrocarbon moiety. 

There is a field of research that combines polyhedral carbo- 
rane and transition metal chemistry. Several families of poly- 
hedral species now are known in which a transition metal 
resides in the polyhedral surface (II, III). 

CHARGE-TRANSFER COMPLEXES—Certain © sub- 
stances combine in a 1:1 molar ratio to form crystalline addi- 
tion products. The molecular addition compound is held to- 
gether by weak forces, such as van der Waals (dipole-dipole, 
dipole-induced dipole, induced dipole-induced dipole), ion- 
dipole, and even hydrogen bonds. Polynitroaromatic com- 
pounds, such as trinitrobenzene and picric acid, are well known 
for their ability to form charge-transfer complexes (pi com- 
plexes) (see Chapter 14). 

Caffeine complexes with various drugs such as sodium 
benzoate, sodium salicylate, sulfonamides, barbiturates, and 
5-chlorosalicylic acid. 


AROMATIC SIGMA (o) BOND COMPLEXES—Aro- 
matic compounds react with HCl - AICI, or HF’: BF; to produce 
salts that ionize in highly polar nonaqueous solvents, for ex- 
ample, liquid hydrogen fluoride or sulfuric acid. 


R® R 
+ HAICI, 
— — is Alc © 
Hager HAH 


Using NMR spectrometry, Olah et al’® detected the p-aniso- 
nium and the 2,4,6-trimethylphenonium ions produced by ion- 
izing B-p-anisylethyl chloride and B-mesitylethyl chloride, re- 
spectively, in SbF,—SO, at —70° to —60°. 


R 


O— CH; OCH, 
SbF,—SO, 
> CS) SbF,CI© 
==) 
[\ 
CH= Ch—Cl 
CH, CH; 
SbF,—SO, 
Bone. E) SbF,CI2 
CH, CH; CH, Xx ~CH; 
Ost—= CH Ol 


Sigma complexes are molecular complexes resulting from 
the rupture of a sigma bond (eg, H—AIC1,, ArCH,CH,—C)); 
they also occur in Friedel—Crafts reactions. Because they are 
reactive toward water, no practical pharmaceutical uses have 
been made of these complexes. Refer to Chapter 14 for a more 
extensive treatment of complexation. 

STEREOISOMERISM—FKarly in 1874 van’t Hoff envis- 
aged a double bond by joining two tetrahedrons at two corners 
and correctly predicted that unsymmetrically substituted de- 
rivatives of ethylene should exist in two stereochemical forms, 
or as a pair of cis and trans isomers. 


Sea aN > 
cis trans 


As in the previous discussion of sigma and pi bonds, it was 
shown that in an alkene, rotation about the sigma bond is 
restricted by the overlap of p orbitals comprising the pi bond. 

Stereoisomerism as a result of the rigid configuration about 
a double bond, or other rigid structure such as a ring, is known 
as geometric isomerism. It is interesting to note that in the case 
of the synthetic estrogens, the cis isomer of diethylstilbestrol is 
unstable and has less than one-tenth the activity of the trans 
isomer. One should note the structural similarity between 
trans-diethylstilbestrol and estradiol. 


trans-Diethylstilbestrol 


OH 


ie 
avy 


Estradiol 


OH 


HO 


It has been reported that tamoxifen, a drug that structurally 
resembles trans-diethylstilbestrol, arrested or reduced breast 
tumor growth rate in 77% of patients given 20 mg of the drug 
orally twice a day. The compound is believed to block estrogen 
receptor sites. 
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Due to the presence of symmetry, the type of geometric 
isomerism occurring in substituted ethylenes usually is not 
associated with optical activity; some other site in the molecule 
ordinarily gives rise to optical isomerism. 

Another type of geometric isomerism is found in ring com- 
pounds, the ring taking the place of the rigid double bond. For 
example, trans-2-phenylcyclopropylamine is more stable than 
the cis isomer and is a potent monoamine oxidase inhibitor. 


H NH, 
H An 


cls-2-  Remyicvels 
propylamine 


trans-2-Phenylcyclo- 
propylamine 
(Tranylcypromine) 


A substance that rotates the plane of polarized light is said 
to be optically active. Optical rotation may be considered as a 
consequence of the phenomenon of circular double refraction in 
which a beam of polarized rays is resolved into two circularly 
polarized rays, one turning clockwise and the other counter- 
clockwise as the beam advances. In an optically active medium 
these rays have different velocities and on recombination they 
vibrate in a plane different from that of the incident ray. Refer 
to Chapter 35 for a more complete discussion. 

The necessary and sufficient condition for a molecule to 
show optical activity is that the molecule should be asymmetric 
(ie, the molecule should not be superimposable with its mirror 
image); in other words, it should be chiral (from the Greek 
cheir, hand; thus, right- or left-handedness). Although many 
optically active compounds have asymmetric carbon atoms 
(carbon atoms bearing four different groups), not all com- 
pounds possessing asymmetric carbon atoms are optically 
active; for example, meso-tartaric acid has two asymmet- 
ric carbon atoms, but it is optically inactive due to the pres- 
ence of a plane of symmetry within the molecule (internal 
compensation). 

Optical isomerism due to restricted rotation (as with tetra- 
ortho-substituted biphenyls and dissymmetric polyphenyls) is 
well documented in Eliel’s book (see the bibliography). Atoms 
other than carbon can serve as a center of asymmetry. For 
instance, optically active N-oxides, quaternary ammonium 
compounds, sulfonium and selenonium salts, and sulfoxides 
and sulfinic esters have been resolved. As living organisms are 
made of numerous chiral macromolecules, stereoselectivity 
commonly is observed for stereoisomers. Increasing emphasis 
is being placed on the use of the more active enantiomer (eu- 
tomer), instead of the racemic mixture (equal amounts of both 
eutomer and distomer) as the therapeutic agent (see Ariéns et 
al in the bibliography). 

ENANTIOMERS—Molecules whose mirror images are 
nonsuperimposable are called enantiomorphs, enantiomers, or 
optical antipodes. Enantiomers have identical physicochemical 
properties in an optically inactive environment—they rotate 
the plane of polarized light to the same degree, but in opposite 
directions. The measurement of optical rotation is useful for 
the purpose of identifying and/or assaying an optically active 
substance. The specific rotation is defined as 


lol = ie7o) 


where D is the pD-line of sodium vapor lamp, ¢t is the tempera- 
ture, a is the observed rotation in degrees, / is the length of the 
cell in decimeters (1 dm = 10 cm) and g/v is the concentration 
in g/100 mL of solvent. 

When equal amounts of dextro (+) and levo (—) isomers are 
mixed, a racemic modification arises. They are denoted as d, l 
(which no longer are used to designate direction of rotation of 


light) or +. Racemic modifications are the products of most 
organic syntheses that involve a chiral center; they also may be 
obtained by racemization of a pure enantiomer. In a racemic 
modification the substance in bulk is not optically active, even 
though an individual molecule is optically active. The resultant 
rotation is zero as the concentration of the molecules that 
rotate light to the left is equal to those that rotate it to the 
right. 

DIASTEREOISOMERS-—Stereoisomers that are not mir- 
ror images of each other are called diastereoisomers or diaster- 
eomers. Diastereoisomerism exists when a given structural 
formula has at least two asymmetric atoms. Diastereoisomers 
should have different physicochemical properties like melting 
points, solubilities, and optical rotation. 


ae CHO CHO CHO 
| 

anes suai cial eames 

HO—C—H | H—C—OH HO—C—H 


CH.OH 
(—) Erythrose 


CH,OH CH,OH CH.OH 
(+) Erythrose (—) Threose (+) Threose 


I II Il “= IV 


For one above example, compounds I and II or III and IV are 
enantiomers; compounds I and III, I and IV, If and III or II 
and IV are diastereomers. 

ABSOLUTE CONFIGURATION—The designations (+), 
(-), d, and / refer to the rotation of plane polarized light by a 
molecule, but the actual three-dimensional arrangement in 
space of atoms in a chiral molecule may bear no relation to 
these descriptors. Even with the carbohydrates, the small cap- 
ital D or L refers to the configuration of but a portion of a 
molecule relative to a reference compound, glyceraldehyde. 
Fortunately, the selection of the reference configurations for 
absolute and assumed configurations happened to coincide. 

With the improvement of x-ray crystallographic techniques 
in the 1950s, it became possible to reveal the actual three- 
dimensional arrangement of atoms and the absolute configu- 
ration of (+)-tartaric acid was determined. This became a ref- 
erence point to which other chiral molecules could be related, 
by chemical conversions, that previously had been demon- 
strated to retain or invert a configuration. 

From these studies the R and S, or Cahn-Ingold-Prelog 
system (named after the chemists who devised the method), 
was developed. A series of sequence rules was promulgated, 
which is beyond the scope of this chapter. These rules accom- 
modate geometric cis (zusammen or Z) and trans (entgegen or 
E) structures, as well as R (rectus or right) and S (sinister or 
left). The symbols R and S refer only to the right- or left- 
handedness of the chiral centers and not to the direction of 
rotation of polarized light. 

OPTICAL ROTATORY DISPERSION (ORD)—Optical 
rotatory dispersion (ORD) involves the measurement of the 
angle of optical rotation of linearly polarized light at various 
wavelengths. Usually greater rotational angles are obtained at 
shorter wavelengths. The source of energy consists of a xenon 
arc and a monochromator to isolate the desired wavelength in 
the ultraviolet region. A photomultiplier and photometer are 
used to measure the intensity after the light has passed 
through the polarimeter. 

As the wavelength of the polarized light is varied, the abso- 
lute value of rotation may increase continuously so that the 
plot of [a] versus 4 is a plain curve (Line A, Fig 13-3 ). On the 
other hand, the rotation may change direction either from left 
to right or right to left, and show one or more maxima and 
minima. 

The appearance of a maximum and a minimum in a plot of 
specific rotation versus wavelength is referred to as a single 
Cotton effect (Line B, Fig 13-3), whereas the appearance of 
several maximums and several minimums is referred to as a 
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Figure 13-3. Rotatory dispersion curves: (A) levorotatory plain 
curve, (B) positive simple Cotton effect. 


multiple Cotton effect. If, in approaching the region of the 
Cotton effect from long wavelengths, one passes first through a 
maximum and then through a minimum, the Cotton effect is 
called positive. If the minimum is reached first and then the 
maximum at shorter wavelength, it is called a negative Cotton 
effect. 

The Cotton effect is due to the presence of an asymmetric 
center near a chromophoric group, such as =—C=O, in the 
optically active molecule which has unequal absorption of right 
and left circularly polarized light. The concept of ORD is useful 
for the study of the stereochemistry of natural products, keto- 
steroids, and the analysis of randomly coiled and helical con- 
figurations of polypeptide chains. 

CIRCULAR DICHROISM (CD)—A circular dichroic 
curve is a plot of the molecular ellipticity [6] versus the wave- 
length A’. The CD effect results from the fact that the right 
circularly polarized ray is absorbed differently from the left 
circularly polarized beam of light. The molecular ellipticity is 
defined as 


[6] = 3300 - Ae,Ac = €, — ep 


where Az is the differential dichroic absorption and ¢;, and ep 
are the molar extinction coefficients for the left and right 
rays. 

If in a dichrograph the oscillating crystal is oriented 
correctly, the plane-polarized beam of light passed through 
the instrument can be resolved into right and left compo- 
nents. These are passed through the optically active me- 
dium. When these unequally absorbed circular components 
are recombined in the region of electronic absorption, they 
give elliptically polarized light. Measurements involving CD 
have been used for studying drug—protein binding with 52 
analgesic, sedative, and antidepressive drugs.‘* From this 
study it was suggested that a plane-ring system with high 
electron density (eg, benzodiazepine and dibenzazepine de- 
rivatives) appeared to be an essential factor for strong bind- 
ing to human serum albumin. 

CONFIGURATION AND CONFORMATION—The spa- 
tial arrangement of the groups about a central atom is referred 
to as the configuration of the atom. Three-dimensional models, 
their projections, or perspective drawings must be used to 
illustrate the difference between stereoisomers. The particular 
shape that a molecule assumes by free rotation about single 
bonds is referred to as its conformation. 
~ An ethane molecule may have an infinite number of confor- 
mations because of rotation about the C—C bond; however, 
only a few conformations are possible that will make the mo- 
lecular energy a minimum. The conformational preferences of 


some diastereoisomers have been determined from nuclear 
magnetic resonance (NMR) studies. 

For a series of diastereoisomers involving a substituted 
phenylethyl skeleton, when the alkyl groups attached to each 
asymmetric center are small (eg, methyl), both gauche- and 
trans-conformers (rotamers) 


9 3 


=H athe a a 
OH CH; 


H C.Hs 
CH; H CH; 
CH; C.Hs CH; H 
H OH 
(gauche) (trans or anti) 


have substantial populations because of the relatively low ro- 
tational barriers. Newman projection formulas are used for the 
illustrations, in which the molecules are viewed from front to 
back in the direction of the bond linking the asymmetric carbon 
atoms. In the following formulas, the center of the circle rep- 
resents C-2 and the circle itself represents C-3 of 3-phenyl-2- 
butanol. 


C.Hs CH; 
CH, [07H CH, H 
H CH; H CH; 
OH OH 
(trans or anti) (gauche) 
Erytho -3-phenyl- Threo-3-phenyl- 
2-butanol 2-butanol 


When the alkyl groups are bulky (eg, isopropyl), steric in- 
teractions cause these groups to prefer a trans orientation; the 
vicinal hydrogens are then trans in the erythro but gauche in 
the threo isomers. 


C,H; H 
H CH(CH;), H CH(CH,), 
H (CH;),CH C.Hs 
OH OH 
(trans or anti) (guache) 
2,5-Dimethyl-4-pheny]-3-hexanol 


(CH,),CH 


For a more detailed discussion of potential-energy barriers in 
various systems, consult Eliel’s book (see the bibliography). 

The preferred conformation of serotonin has been calculated 
using molecular orbital theory. Complementary features of the 
serotonin receptor have been postulated, and the relationship 
of serotonin in its preferred conformation to the serotonin an- 
tagonist, lysergic acid diethylamide (LSD), has been presented 
as an explanation of LSD’s antagonism. 


INTERMOLECULAR BINDING FORCES 


An understanding of intermolecular and intramolecular bind- 
ing forces is very important in many different aspects of phar- 
maceutical sciences, such as in the manufacture of various 
preparations, in stability studies, and in the design of new 
drugs. A knowledge of these forces is not only essential for 
predicting some physicochemical properties of various dosage 
forms but also indispensable for the interpretation of drug 
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action at the molecular level and for structure—activity corre- 
lations. Martin’s classification’ for various types of forces will 
be used in the following discussion. 

REPULSIVE AND ATTRACTIVE FORCES—Intermo- 
lecular repulsive forces exist when two dipolar molecules are 
brought close together head-to-head or tail-to-tail, or when any 
two molecules are brought so close that their nonbonding elec- 
tronic clouds interpenetrate. Otherwise, two molecules having 
opposite charges closer together than the like charges will 
attract each other. When the repulsive and the attractive forces 
are equal, the potential energy of the two molecules is a mini- 
mum and an equilibrium will be established. Similar forces 
may exist in the same molecule (intramolecular) as well as 
between different molecules. Only intermolecular forces will be 
discussed here. 

VAN DER WAALS’ FORCES—Due to electrostatic attrac- 
tion, dipolar molecules tend to align themselves with neighbor- 
ing molecules so that the negative pole of one molecule points 
towards the positive pole of the next, for example, 


This type of attraction is known as a dipole-dipole interaction 
and has a force of 1 to 7 kcal/mol. Dipole—dipole forces vary 
inversely as the fourth power of the distance between mole- 
cules, F a (1/d*). 

The importance of the permanent dipole attractions in the 
stabilization of an a-helix has been pointed out. The electric 
dipoles in an a-helix add to one another along the direction of 
the axis. Two helices that wind in the same direction will, 
therefore, repel each other and two that wind in opposite di- 
rections will attract each other, as in DNA. 

Permanent dipoles can induce a transient electric dipole in 
nonpolar molecules and produce dipole-induced dipole, or De- 
bye, forces. These interactions involve an energy of about 1 to 3 
kcal/mol. 

When any two atoms belonging to different molecules are 
brought sufficiently close together, induced dipole-induced 
dipole, or London, attractions arise. In this case, the energy 
is about 0.5 to 1 kcal/mol. These forces originate from mo- 
lecular internal vibrations. The temporary dipoles that this 
vibration creates in the constituent atoms induce dipoles in 
neighboring atoms of other molecules, and this process re- 
sults in a net attraction. This type of force is responsible for 
the liquefaction of nonpolar gases. London forces vary in- 
versely as the seventh power of the distance between mole- 
cules, F a (1/d"). 

HYDROGEN BONDS—When a hydrogen atom holds two 
other atoms, a hydrogen bond (hydrogen bridge or H-bond) is 
formed. The two bonds attached to the same hydrogen cannot 
both be covalent bonds. The H-bond must be in part ionic. 
Indeed, the hydrogen bond usually is formed only between 
hydrogen and electronegative atoms. In addition, the atoms 
capable of forming H-bonds have at least one unshared electron 
pair. 

Without hydrogen bonds this world would be much differ- 
ent, as water would boil at a temperature far below 0°. The 
surprisingly high boiling point of H,O (100°), compared to 
H.S (-60.7°) and H,Se (—41.5°), can be attributed to the 
higher H-bonding ability of oxygen, which in turn is due to its 
smaller volume and higher electron density as compared to S 
and Se. 

The most common atoms capable of forming H-bonds are 
F, O, N and, to a lesser degree, Cl and S. There also is some 
evidence that hydrogen attached to a triply-bound carbon 
(eg, HCN, HC=CH, or CHC1,) forms H-bonds. The strength 
of most H-bonds ranges from 1 to 7 kcal/mol. 


BOND STRENGTH 


H-BOND (keal/mol) 
F-H...F i 
O-H...O 4.5-7.6 
O-H...N 4-7 
C-H...7 electrons 2-4 
C-H...0 2-3 
N-H...O 2-3 
N-H...N 13 


The strength of the H-bond depends on the solvent as well as 
the state. For instance, the H-bond strength of O—H ... O for 
(CH,;COOH), as a vapor is 7.64 kcal/mol, while that of 
(CH,;COOH), in benzene is 4.85 kcal/mol. In water the H-bond 
has been estimated to have an energy of 4.5 kcal/mol; in ice, the 
bond strength is 6 kcal/mol. Hydrogen-bonding is responsible 
for the higher boiling point of a carboxylic acid compared with 
that of its ester. This is because in the free acid dimerization 
can occur by H-bonding, while this is impossible for an ester. 

Hydrogen-bonding is also responsible for the high solubility 
of polyhydroxy compounds, such as sugars, in water. During 
the replication of DNA molecules, hydrogen bonds between 
base pairs are broken and rematched. 

Various physical methods may be used to study H-bonding, 
such as molecular-weight determination, and infrared (IR) and 
NMR spectrometry. 

ION-DIPOLE AND ION-INDUCED DIPOLE FORCES 
—Ion pairs in the solid state have bond strengths comparable 
to or even stronger than covalent bonds (100-200 versus 50— 
150 kcal/mol). However, in a biological system, due to hydra- 
tion and the large amount of inorganic salts present for ion 
exchange, the bond strength would be weakened substantially 
to the neighborhood of 5 kcal/mol. 

When an ionic bond is reinforced by the simultaneous pres- 
ence of other forces, such as hydrogen-bonding, the bond be- 
comes stronger (10 kcal/mol). 


H O 
| NN 
—N® e@=— 
DON, 7 
He HA O 


An ion pair can attract a-dipole or induce a dipole in a 
neighboring nonpolar molecule. The strength of an ton-di- 


pole bond (eg, R,N ... NR) is about 1 to 7 kcal/mol, and that 
of an ion-induced dipole (eg, K—I . .. I—I) would be some- 
what weaker. 

HYDROPHOBIC INTERACTIONS—tThe association of 
nonpolar groups with each other in aqueous solution, arising 
because of the tendency of water molecules to exclude nonpolar 
molecules, is known as a hydrophobic interaction, or hydropho- 
bic bonding. The word hydrophobic really is a misnomer, be- 
cause it implies that the nonpolar molecule dislikes water— 
in fact, it is water that dislikes the nonpolar molecule. 

The formation of hydrophobic bonds is favored because of an 
entropy effect. Before the formation of a hydrophobic bond, 
water molecules are arranged in an ordered fashion around 
exposed nonpolar groups. When hydrophobic interactions oc- 
cur, the order is disrupted and results in a favorable entropy 
change, which is great enough to overcome the enthalpy for the 
interaction of the nonpolar groups; hence, the free energy is 
negative and the process is spontaneous. The strength of hy- 
drophobic interactions has been reported to be 0.37 kcal/mol 
per CH, group. 

A chain of 14 carbon atoms that binds with another nonpo- 
lar counterpart would have a bond strength of 5.2 kcal/mol. 
This bond, being stronger than an ionic bond or other weak 
forces in the biological system, then may dominate the mode of 
binding of a complicated drug molecule. The importance of 
hydrophobic interactions in stabilizing protein structure, drug- 
protein binding, transport, and storage of drugs and drug- 
receptor interaction has been noted in recent years. A summary 
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Table 13-7. Intermolecular Forces and Molecular Recognition 
SS SE SRS I BS TS TEE ODI ERT EO ON IB IES PETE ATI TB 
Principles 


|. Like dissolves like (polar vs nonpolar) 


PROCESSES 


Diffusion 
Dispersion 
Solution 
Non- Mixing 
specific Phase transfer 
Passive absorption 
Excretion 
Non-chiral chromatographic separation 


Self- Crystallization 


association Formation of 4° protein structure, 
DNA, RNA 


Enzyme-substrate 

Drug-receptor 

Antigen-antibody 

DNA replication 

Transcription (DNA/RNA) 
Translation 

Active transport 

Facilitated transport 

Active secretion 

Chiral chromatographic separation 


Specific 


of the different types of intermolecular forces and molecular 
recognition is given in Table 13-7.1°-'” 


ADDITIVE PHYSICAL PROPERTIES 

(ea im eI tN RR RT 
The division of physical properties into additive, constitutive, 
and colligative can be found in many textbooks. Additive phys- 
ical properties depend on the number and kind of atoms in a 
molecule. Such additivity enables one to calculate many molec- 
ular values from a few fundamental constants. The best exam- 
ple is the calculation of molecular weights from atomic weights. 
The additive nature of molar refractions has been used for the 
calculation of induced polarization (see the discussion of dipole 
moment in Chapter 15). 

MOLAR VOLUME —This term is self-explanatory. It is 
defined as the molecular weight divided by the density of a 
liquid (molar volume = MW/d). By using statistical analysis, it 
has been shown that the additivity of molar volume is better 
fulfilled at ordinary temperatures (20°) than at the boiling 
point of each individual substance. This is an interesting re- 
sult, as from the principle of corresponding states it might be 
expected that additivity would hold better at the boiling point. 
_ Inthe homologous series of nonbranched primary derivatives, the 
accuracy of a calculation of molar volume is relatively good. The 
deviations increase gradually with poly-substituted derivatives, 1,1- 
bis-derivatives, ortho derivatives, and branched isomers; never- 
theless, the additivity scheme can serve as a first approximation. 

PARTITION COEFFICIENTS AND THE ii CONSTANT— 
In the early theory of narcosis, lipid solubility was regarded as 
the most important factor for the inhibition of cell activity. At 
the beginning of the 20> century Meyer and Overton proposed 
that narcotic efficiency parallels the coefficient for the partition 
of a drug between oil and water. Although this theory cannot 
explain the mechanism of narcotic action, it does explain the 
role of transport to nerve tissues. 

It is more logical to use partition coefficients than solubility 
in a single solvent for structure—activity correlations since, in a 
biological system, one is dealing with a heterogeneous system 
rather than a simple solution. Partition coefficients have been 
used in the study of drug absorption, distribution, metabolism, 
toxicity, and structure—activity correlation. 


Non-stereospecific 
in general 


Stereospecific 
in general 


Il. Opposite charges attract each other (acids and bases; cations and anions) 


FORCES INVOLVED (ALL INTERMOLECULAR FORCES ARE ELECTROSTATIC IN ORIGIN.) 


lonic, ion-dipole, ion-induced dipole 

Dipolar (dipole-dipole, Keesom forces; 

dipole-induced dipole, Debye forces; induced 
dipole-induced dipole, London forces) (van der Waals’ 
forces) 

H-bonding 

Hydrophobic interactions 


All of the above, size, shape, complementarity, and group asymmetry are 
important 


All of the above 
Complementarity is involved 
Shape, group symmetry as well as size are important 


It has been shown that the partition coefficients for a given 
compound in two different solvent systems (eg, ether/water, 
octanol/water) are related as follows: 


log P; =a log P, + b 


where a and 6 are constants. This suggests that one can use the 
results from one set of solvents to predict results in a second set. 

Hansch’s group'®~*° systematically has extended the use of 
partition coefficients, measured from octanol/water, to serve as 
a measure of the ease of passage of organic molecules through 
various lipoprotein barriers and/or as a measure of the hydro- 
phobic binding with protein (such as bovine serum albumin). 
From the partition coefficients of a variety of derivatives of the 
type X—C,H,OCH,COOH, X—C,H;, and C,H;(CH,),—X, the 
substituent constants (7) for the aromatic and the aliphatic 
function (X) have been determined. 

The 7 constant is defined as 


a = log Px — log Py 


where Py is the partition coefficient of a derivative, and P;, is that of 
the parent compound. Although 7 varies continuously for a given 
function depending on its electronic environment, the variation gen- 
erally is small; therefore, it is called additive-constitutive. 

The application of log P and the additive-constitutive na- 
ture of constants for the correlation of biological activity 
with chemical structure has been illustrated in many cases. 
(See Chapter 28 for a discussion of the Hansch equation.) Ta- 
ble 13-8 lists the constants for some important functional 
groups. !°-!5?1,22 One can calculate many log P values from a 
few constants. The method of calculation can be illustrated 
with diphenhydramine. 


i i i i 
} ‘ ' + CH 
'>CH——0- CH,+— CH, +-NZ 
1 : H : CH; 
: : i : 
H : : : 
Dr = 4.261400! 0.98 $ +0.50 }—0.32 
: “ } * 3.76 = calc log P 
3.40 = obs log P 
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Table 13-8. 7 Constants for Some Functional Groups’ 


AROMATIC ALIPHATIC 

FUNCTION X SYSTEM? SYSTEM 

in -e= 0 0 

= 0.13 ee OIE, 

(qi 0.76 0.39 

Br— 0.94 0.60 

I— el 1.00 

(Cris 0.50 0.50 

Ghee 0.48 

CH,==CH— 0.70 

Cri 1.00 1.00 

CH,=—=CCH, 1.00 
| 

CH,;=CHCH,— 1.20 

n-C,H;— 1.50 1.50 

Cla — 1.30 1.30 

n-C,Ho— 2.00 2.00 

sec-C,Hy— 1.80 1.80 

(HCAs 1.68 1.68 

cyclo-C,H.=— 1.21 

cyclo-C;Ho— 2.14 2.14 

cyclo-CgH, ;— 725) 2.51 

Adamanty! 3.30 

C,H=— 243 2.13 

—{CH,)3— 1.04 

—(CH;),— 1.39 

ahs 1.07 

—CH,OH —1.03 —0.66 

—-Gi-GOOH =O —0.76 

—COOH 10) By =| 876) 

—COO— —4.36 

—CONH, —1.49 = lnd/ 

—COOGHs —0.01 = O.27, 

—COCH, —0.55 -0.71 

—CN (0) 57/ —0.84 

Ot —0.67 ello 

=—OGiHs —0.02 —0.47 

—OCH,COOH —0.86 

—OCOCH, —0.64 (0): 

CH=NNHCONH, —0.85 

CH==NNHCSNH, 0027 

—O--glucose —2.84 

—NH, e238 = Jee) 

—N(CH;)> —0.18 —0.32 

—NO 2102 

—N@> —0.28 —0.82 

—NHCOCH, =—0197, 

—NHCOC,H, 0.72 

—N=NC,H., 1.69 

—NHCONH, —1.01 

—N(CH3)3 —5.96 

OCH. 0.62 

==-SGhs 1.58 

—SO5CH; —1.26 

—SO,CF; 0.93 

35 1.50 

—SO,NH, =P 


* Hansch and Anderson, '®-18 Fujita et a/,2' lwasa et a/.22 

© From X-CgH., or X-CgH,OCH COOH system. For different positions in the 
latter system slightly different values were reported in the original paper.2! 
In cases where a strong interaction between two functions can occur (eg, in 
phenol or aniline series), different values should be used. 


Table 13-9 shows the common intermolecular forces by 
which various neurotransmitters may bind to their receptors. 
They all have a positively charged nitrogen atom (under phys- 
iological conditions) separated from a dipolar function by two 
carbon atoms. Refer to Chapter 28. For the quantitative struc- 
ture—activity relationship analysis of stereoisomers, the differ- 
ent 7 values of the different substituents at the chiral center 
should be used as independent variables, because the substitu- 


ent groups are binding to an asymmetric environment. Lien 
gives specific examples (see the bibliography). 


X-RAY ANALYSES 
ERLE LR 
In recent years the number of compounds of medicinal value 
that have been isolated from plant and animal sources and 
prepared by purely synthetic means has increased astronomi- 
cally. In addition to the many compounds isolated, the more 
sophisticated isolation techniques now available have extended 
the capabilities of exploring biological molecules heretofore 
thought too complex to understand or investigate. The phar- 
maceutical chemist thus is faced with the task of identifying 
the chemical structure of a large number of complex materials 
in order to understand their biological functions. 

For many of the compounds the chemist may rely on stan- 
dard spectrometric methods (ie, IR, UV, NMR, and ORD), to- 
gether with other chemical measurements, to elucidate molec- 
ular structure. Newer methods, especially mass spectrometry, 
have emerged as useful means of elucidating the structures of 
complex organic materials. In many instances these ap- 
proaches have shortcomings, as they provide only fragmentary 
evidence about various portions of the molecule, which must be 
pieced together to get the picture of the whole compound. See 
also Chapter 34. 

One of the most powerful of all techniques, when it is appli- 
cable, is that of X-ray crystallographic analysis. Using this 
method, the three-dimensional structure of a molecule can be 
determined without relying on any chemical information. 

The maximum resolution that can be obtained through an 
ordinary light microscope under the most favorable conditions 
is about 2000 A. This limitation is imposed primarily by the 
wavelength of the illumination. However, other forms of radi- 
ation capable of giving atomic resolution (1 A or less) exist, 
namely electron beams, neutrons, and X-rays. Lenses have 
been constructed only for the first of these kinds of radiation, 
and at best they have a resolving power of about 6 A. This 
resolution is insufficient to measure the distances between 


Table 13-9. The Common Functional Groups Present 
in Different Neurotransmitters 


VAN DER WAALS 


DIPOLE AND/OR AND/OR 
NEUROTRANSMITTER H-BONDING HYDROPHOBIC IONIC 
} ® 
Acetylcholine gy, c 6:= Cha = er N(CH3)3 
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atoms. It is possible, however, to study the details of molecules 
without lenses, by means of diffraction experiments. Of the 
three types of radiation, X-rays have proved to be the most 
useful and fruitful for studying molecular structure. 


Crystalline State 


Atoms and molecules tend to organize themselves into their 
most favorable thermodynamic state, which under certain con- 
ditions results in their appearance as crystals. This form is 
characterized by a highly ordered arrangement of the mole- 
cules, associated with which is a three-dimensional periodicity. 
The repeating three-dimensional patterns, ideally depicted as 
lattices, are essential for X-ray structural analysis. 


X-ray Diffraction 


In 1912 von Laue and two of his students, Friedrich and Knip- 
ping, carried out an experiment with X-rays that opened the 
door to crystallographic structural analysis. They allowed a 
beam of nonhomogeneous X-rays to pass through a crystal of 
copper sulfate pentahydrate; they recorded, by means of pho- 
tographic plates, the diffracted X-ray beam. A diagram of the 
experiment is shown in Figure 18-4. 

The results showed that X-rays, which had been discovered 
by Roentgen less than two decades earlier, had wave charac- 
teristics (wavelength: approximately 1 A). As a crystal is com- 
posed of a regular array of atoms with interatomic separations 
of the angstrom (A) range, they were able to show that the 
diffraction pattern obtained on the plates was due to the crystal 
acting as a three-dimensional diffraction grating towards the 
X-rays. 

This discovery led Bragg to make use of X-rays for the study 
of the internal structures of crystals. He considered that X-rays 
are reflected from planes of atoms within the crystal lattice. 
The reflections from a particular family of planes will occur 
only at a particular angle of incidence and reflection. The 
essential condition for reflection is diagramed in Figure 13-5. 
In this figure the crests of the two incident waves will stay in 
phase if the thickened portion of the path (as shown in the 
diagram) of one wave is an integral multiple (n) of the wave- 
length (A). The condition for reflection is given by the well- 
known Bragg equation: 


IN . 
2 = Anh kml sin 6 
The equation is satisfied only when n = 1, 2,3,...Ifmis nota 


whole number, there will be destructive interference between 
the diffracted waves. 

In any crystal there are an infinite number of families of 
planes that can be constructed. These planes usually are de- 


A B Cc D 


Figure 13-4. Diagram of Laue experiment:(A) x-ray tube, (B) lead 
slits, (C) crystal, (D) photographic plate. 


Figure 13-5. Bragg condition for reflection. 


noted by their Miller indices (hkl), as shown in Figure 13-6. 
These indices dictate the spacing between the planes (d,,,,) for 
a particular crystal. Because the highest value of @ that is 
theoretically possible to measure is 90° (reflected beam comes 
back along the incident beam’s path), the number of planes 
(highest order) that one is capable of orienting in a diffracting 
position is limited by the wavelength of the radiation. 

The planes that are accessible for a particular wavelength 
(X-ray) can be brought into a diffracting position by the proper 
orientation of the crystal relative to the collimated beam. In 
turn, many sets of planes can be recorded on a photographic 
plate by the movement of the crystal, when each of the planes 
will come into its diffracting position. In diffraction photo- 
graphs, in which the crystal has been oscillated about an axis 
relative to the incident radiation, the various spots on the film 
arise from reflections from different planes; each spot can be 
indexed, according to the Miller indices of the respective plane, 
by its location on the film. The spacing between the various 
spots enables one to derive the distances and angles between 
the primitive translations—that is, the unit-cell dimensions. 

In most cases little information can be gleaned from a 
knowledge of the unit-cell dimensions alone. To learn about the 
crystal and molecular structure, it is necessary to consider the 
intensities of the Bragg reflections. 


Application of X-ray Diffraction 


MOLECULAR WEIGHT—The measurement of the unit- 
cell parameters provides a means of accurately determining 
molecular weights of compounds. The density of a crystal can 
be obtained by means of flotation in mixtures of suitable liq- 
uids, the density of which may be altered by dilution until it 
matches that of the crystal. 

The density (g/em?) is proportional to the molecular weight 
of the material in the unit cell. 

The relationship is 


Density X Voeoy X Ng 
Z 


where N,, is Avogadro’s number (6.023 x 107°) and Z is the 
number of molecules in the unit cell. The unit-cell volume (V,...;) 
can be measured to a very high degree of accuracy. The number 
of molecules in the unit cell (Z) must be a whole number, with 
values of 1, 2, 4, and 8 being the most common among organic 
materials. When there is a high degree of solvation, it is nec- 
essary to approximate the amount of liquid bound by another 
means. 

IDENTIFICATION OF MATERIALS—Every compound 
that is crystalline will give a characteristic X-ray diffraction 
pattern. These patterns can be very useful for identification 


Mol wt = 


3 R= a/1 
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2 DD Sie=a/3 
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Figure 13-6. Crystal axes intercepted by a crystal plane. 
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purposes, and also for quantitative analysis of solid mixtures 
(see Chapter 34). They also have been used to a great extent by 
the pharmaceutical industry for the identification and classifi- 
cation of polymorphic and solvated forms of drugs. The powder 
method, in which the specimen is ground to a fine powder 
containing minute crystals oriented in every possible direction 
and a large number with their Bragg planes in correct orien- 
tation for reflection, is a valuable technique when quick com- 
parisons of different forms are to be made and also when 
quantitative work is done. An example of such a comparison 
between the hydrated and anhydrous form of theophylline is 
shown in Figure 13-7. 

Extraction of quantitative information from diffraction pat- 
terns permits measurements of the physical and chemical sta- 
bility of solid dosage forms. The kinetics of phase transforma- 
tions are obtained easily by following the disappearance and/or 
appearance of various diffraction maxima corresponding to cer- 
tain solid states as a function of time. One easily can visualize 
how this can be accomplished for theophylline hydrate by look- 
ing at the patterns in Figure 13-7. 

STRUCTURE DETERMINATION—The body of sub- 
stances of medicinal value whose structures were elucidated 
primarily by X-ray diffraction techniques is quite large. They 
range in molecular size from penicillin to vitamin B,,, and on 
up to the globular proteins. The structural determinations, in 
most instances, have played a major role in uncovering the 
secrets associated with the biological functions of the various 
molecules. A photograph of the ribonuclease molecule as deter- 
mined by the X-ray studies of Kartha, Bello, and Harker is 
shown in Figure 13-8. This enzyme catalyzes the hydrolysis of 
phosphodiester bonds in RNA chains. 

There also are large numbers of macromolecules of biologi- 
cal importance that do not form three-dimensional crystals in 
the usual sense, but will form fibers. The bundles of molecules 
in the fiber are aligned with respect to one another in a some- 
what crystalline manner. These materials give X-ray diffrac- 
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Figure 13-7. A tracing of the powder-diffraction patterns of the- 
ophylline monohydrate and an anhydrous form. 


Figure 13-8. Model of bovine ribonuclease derived from X-ray data. 
The snakelike tube marks the backbone of the protein. (Courtesy Dr 
G Kartha.) 


tion patterns which have proved very useful in deriving molec- 
ular information. By fitting models to the X-ray pattern, many 
valuable biological polymers have had their secrets exposed. 
The two best examples are the a-helices of keratin and the 
double helix of deoxyribonucleic acid. 

In recent years X-ray studies have been coupled with com- 
puter graphic and quantitative structure—activity relationship 
(QSAR) approaches in computer-assisted drug design (CADD) 
(see Chapter 28 for a more detailed discussion). 

INTRAMOLECULAR BONDING AND CONFIGURA- 
TIONS—tThe precise determination of a crystal structure en- 
ables the bond lengths and angles between the various atoms to 
be determined accurately. This information is extremely valu- 
able in the further understanding of how various chemical 
substituents influence the valence states and configurations of 
a molecule. With such knowledge, structure—activity relation- 
ships, which are of fundamental interest to the medicinal 
chemist, have much more depth. The observed bond orders also 
serve as experimental criteria by which theoretical models can 
be judged. It also is possible to compare quantum mechanical 
calculations relating drug interaction with actual observation. 

Intramolecular steric effects, which tend to distort mole- 
cules, are unraveled easily by the scrutiny of their structures. 
It is possible to distinguish between repulsive and attractive 
effects of substituents. The torsional angles about various 
bonds can be calculated from the atomic positions and are 
extremely helpful in correlating NMR data to structure. 

In recent years the combination of X-ray and neutron- 
diffraction studies has enabled information on the bonding and 
nonbonding electrons within a molecule to be delineated 
clearly. Neutron-diffraction experiments enable atomic nuclei 
in a crystal to be positioned accurately; on the other hand, 
X-rays locate the electron clouds. Both types of data can be 
combined to calculate three-dimensional electron density maps 
with the inner-core electrons around each atom subtracted; this 
makes the unshared pairs and bonding electrons clearly visi- 
ble. The atomic positions derived from neutron data are used 
for phases in calculating electron density maps with the X-ray 
data. 

Refer to Chapter 34 for additional information on the phys- 
ical methods discussed in this chapter. 


STATES OF MATTER 


The aim of this section is to discuss both generalities and 
specifics, most of which are not related explicitly to dosage 
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forms, because the latter will be discussed in other chapters. 
Some of the principles should be useful to have in mind when 
dosage forms and their manufacture and processing are stud- 
ied by the product-development pharmacist. It should be noted 
that due to the range of subjects covered by the section title it 
was necessary to take an eclectic approach in developing 
mostly qualitative discussions. The goal has been not to pro- 
duce a difficult, in-depth section, but rather one that presents 
a mostly macroscopic overview of the significant states of 
matter. 

Normally, matter exists in one of three states: solid, liquid, 
or gas. Although it is not pharmaceutically important, two 
other states of matter exist: the plasma state, in which matter 
exists as a hot gaseous cloud of atoms and electrons; and a more 
speculative state, possibly having only a momentary existence, 
is one which has characteristics of a superdense supermetal. 
The latter transient state is produced when material is sub- 
jected to very high pressures such as those used to make 
diamonds when compressing graphite. 

To avoid the pitfalls of semantics, there is no need to call 
attention to other systems of classification, because for all 
practical purposes it is convenient to think only of the three 
most obvious states. These states are actually a continuum, 
with two common factors determining the position on the scale 
of states. 

The first factor is the intensity of intermolecular forces of all 
kinds: solids have the strongest forces, and gases have the 
weakest. The other common factor is temperature. Obviously, 
as the temperature of a substance is raised, it tends to pass 
from a solid to a liquid to a gas. When the phrase “as temper- 
ature is increased” is used, it should be remembered that this 
is a relative phrase. Even at what is called room temperature, 
some of the effects of a temperature increase are present be- 
cause room temperature is far above absolute zero. 

SOLVATES AND HYDRATES—During the process of 
crystallization, some compounds have a tendency to trap a 
fixed molar ratio of solvent molecules in the crystalline (solid) 
state. These are called solvates. When water is used as the 
solvent, hydrates may be formed. Some recent pharmaceutical 
examples include gallium nitrate (Ga(NO,),-9H.,O) and na- 
farelin acetate, where each decapeptide contains 1—2 molecules 
of acetic acid and 2—8 molecules of water. 

As a point of historical interest, note that Lavoisier, the 
great “father of modern chemistry,” thought of heat as a type of 
matter; the view even as late as the 18th century was that the 
three states of aggregation differ only with respect to how much 
heat they contain. Thus, although not all are satisfied with this 
phraseology, the term enthalpy (or heat content) is still used in 
thermodynamics. 

Thinking further back to the ancient Greek philosophers 
and their original four elements (earth, air, fire, and water), 
note again the great significance attached to heat. Although the 
ancient philosophers’ concepts of the nature of matter were not 
correct, they did recognize heat as an integral part of the 
scheme of things, and nothing could be truer. Heat, a vital form 
of energy, the mirror of molecular motion, is the form of energy 
of greatest importance to mankind. 

As alluded to above, there is no clear line of demarcation 
between the states of matter, but the following arbitrary divi- 
sion may make the approach this section takes more coherent. 


Changes of State 


As a solid becomes a liquid and then a gas, heat is absorbed and 
the enthalpy (heat content) increases as the material passes 
through these phase changes. Thus, the enthalpy of a liquid is 
greater than that of its solid form, and the enthalpy of a gas is 
greater than that of its liquid form, because heat is absorbed 
when melting and vaporization occur. The entropy (a measure 
of the degree of total molecular randomness) also increases as 
materials go from solid to liquid to gas. 


It is the balance of enthalpy, entropy, and temperature that 
determines if changes proceed spontaneously. Obviously, if sys- 
tems tend to settle to states of lowest energy, it means that 
enthalpy and entropy considerations may counteract each 
other. Much of thermodynamics is concerned with explaining 
and quantitating the changes which systems undergo. 

Latent heat is heat absorbed when a change of state takes 
place without a temperature change, as when ice turns to water 
at 0°. This example is one in which the heat required to produce 
the change of state is designated the heat of fusion. The coun- 
terpart, the heat of vaporization, is used when a change of state 
from liquid to gas is involved. 

As molecules of a liquid in a closed, evacuated container 
continually leave the surface and go into the free space above it, 
some molecules return to the surface, depending on their con- 
centration in the vapor. Ultimately, a condition of equilibrium 
is established, and the rate of escape equals the rate of return. 
The vapor then is saturated and the pressure is known as the 
vapor pressure. 

Vapor pressure depends on the temperature, but not on the 
amounts of liquid and vapor, so long as equilibrium is estab- 
lished and both liquid and vapor are present. Heat is absorbed 
in the vaporization process, and therefore the vapor pressure 
increases with temperature. As the temperature is raised fur- 
ther, the density of the vapor increases, and that of the liquid 
decreases. Ultimately, the densities equal each other and liquid 
and vapor cannot be distinguished. The temperature at which 
this happens is called the critical temperature, and above it 
there can be no liquid phase. 

A very important process that involves a change of state 
from liquid to vapor and back to liquid is that of distillation. 

Solids also have vapor pressures that depend on tempera- 
ture. When a solid is converted directly into gas, it is said to 
sublime. Sublimation pressures of solids are much lower than 
those of liquids at any given temperature. When a solid is 
transformed directly into a liquid, two types of melting may be 
distinguished. In the first type, crystalline melting, a rigid solid 
becomes a liquid, during which procedure two phases are 
present—the bulk of the solid or its inner parts are not really 
changing. The second type is amorphous melting. This involves 
an intermediate plastic-like condition that envelops the whole 
mass; the viscosity decreases and a state of liquidity follows. 
Crystalline melting involves more definite melting points and 
latent heats than does amorphous melting. 


Sublimation 


All solids have some tendency to pass directly into the vapor 
state. At a given temperature each solid has a definite, though 
generally small, vapor pressure; the latter increases with a rise 
in temperature. Sublimation is the term applied to the process 
of transforming a solid to vapor without intermediate passage 
through the liquid state. In pharmaceutical manufacturing the 
process commonly includes also the condensation of the vapor 
back to the solid state. 

A solid sublimes only when the pressure of its vapor is below 
that of the triple point for that substance. The triple point is the 
point, having a definite pressure and temperature, at which the 
solid, liquid, and vapor phases of a chemical entity are able to 
coexist indefinitely. If the pressure of vapor over the solid is 
above that of the triple point, the liquid phase will be produced 
before transformation to vapor can proceed. 

Figure 13-9 depicts a phase diagram illustrating the prin- 
ciple involved. The line OA indicates the melting point of the 
solid form of a substance at various pressures; only along 
this line can both solid and liquid forms exist together in 
equilibrium. To the left only the solid form is stable; to the 
right only the liquid form remains permanently. The line OB 
shows the vapor pressure of the liquid form of the substance 
at various temperatures. It is called the vapor-pressure curve 
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Figure 13-9. Phase diagram to illustrate the principle of sublimation. 


of the liquid and represents the conditions of temperature 
and vapor pressure for coexistence of liquid and vapor 
phases. Above this line only the liquid phase exists perma- 
nently; below it only vapor occurs. The line OC represents 
the vapor pressure of the solid at various temperatures. It is 
designated as the sublimation curve of the solid and repre- 
sents the conditions of temperature and vapor pressure for 
the coexistence of solid and vapor phases. To the left of this 
line only solid can exist; to the right only the vapor form is 
stable. The intersection of the three lines, point O, is the 
triple point. It is apparent from the diagram that at pres- 
sures of vapor below that of the triple point it is possible to 
pass directly from the vapor to the solid state, and vice versa, 
simply by changing the temperature. 

At pressures above the triple point the liquid phase must 
intervene in transformations between solid and vapor phases, 
in a closed system. Because the melting point of a solid com- 
monly is taken at 1 atm (atmosphere) of pressure, it is evident 
that if the triple-point pressure is less than 1 atm, fusion of the 
solid form will occur on heating in a closed vessel. If, on the 
other hand, the triple-point pressure is greater than 1 atm, 
the solid form cannot be melted by heating at atmospheric 
pressure. 

In a current of air, however, the conditions are somewhat 
different; some solids that melt when heated in a closed system 
now sublime appreciably even at ordinary temperatures, be- 
cause the vapor pressure of the solid does not attain the triple- 
point pressure. Thus, camphor, naphthalene, p-dichlorobenzene, 
and iodine, all of which have a triple-point pressure below 1 
atm, will vaporize in a current of air but melt when heated in 
a closed system. 


Critical Point 


The critical point is expressed as a certain value of temper- 
ature or pressure (or molar volume) above which or below 
which certain physical changes will not take place or certain 
states of being will not exist. At these points, some proper- 
ties are constant and are referred to as the critical temper- 
ature, pressure, or volume. At the usual critical point, the 
properties of liquid and gas are identical and the phase 
diagram curve of P versus T ends. (Phase diagrams will be 
discussed later.) When a liquid changes to a vapor, increased 
disorder or randomness—and therefore increased entropy— 
results. At the critical temperature, the entropy of vaporiza- 
tion is zero, as is the enthalpy of vaporization, as the gas and 
liquid are indistinguishable. 

Although the gas-liquid critical point is the one most dis- 
cussed, others do occur. Each critical point marks the disap- 
pearance of a state. Note that most liquids behave similarly not 


only at their critical temperatures, but also at equal fractions of 
their critical temperatures. For example, the normal boiling 
points of many liquids are approximately equal fractions (about 
60%) of their critical temperatures (in absolute temperature 
degrees). 


Supercritical Fluid 


When the temperature and pressure of a liquid go beyond the 
critical points, a supercritical fluid may form. Under these 
stressed conditions, polar and nonpolar compounds are com- 
pletely miscible. For example, dense fluid solvents, like 
supercritical CO, (T. = 31.1°, P. = 73.8 bar) and ethane 
(T.. = 32.3°, P. = 48.8 bar) have been shown to offer advantages 
for the solubilization of amino acids. Other applications of 
supercritical fluids include chromatography of polar drugs and 
elimination of toxic wastes.”*4 


Visualization of Changes of State 


This section is to serve as an introduction to the following one 
on eutectics. When a pure substance cools and is transformed 
from a liquid to a solid, a graph (Fig 13-10 ) of decreasing 
temperature versus time is continuous. At the temperature at 
which solid crystallizes (ie, the melting point), the cooling curve 
becomes horizontal. The same is true at the boiling point—the 
temperature of a liquid at which the continuing application of 
heat no longer raises the temperature, but rather converts the 
liquid into vapor. It is the point where the vapor pressure of the 
liquid (or the sum of its components) equals that of the atmo- 
sphere above the liquid. 

Increasing the pressure above the liquid or adding solutes 
raises the boiling point and vice versa. These plateaus observed 
at certain specific temperatures are due to the release of the 
heats of fusion or vaporization. Similarly, when solutions are 
cooled, the slope of the cooling curve (Fig 13-11) changes when 
one of the components starts to crystallize. Although a truly 
horizontal plateau may not be formed, as in the case of pure 
materials, the change in slope indicates precipitation of one of 
the components. If the same plateaus are formed when binary 
solutions of varied composition are cooled, it indicates that both 
components of the binary solution are coming out together. The 
temperature at which this occurs is the eutectic temperature, 
and the composition is generally called a eutectic. 

Normally, cooling curves per se are converted to phase dia- 
grams to facilitate visualization of the interrelationships as 
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Figure 13-10. A single change of state as shown by a slowing of the 
cooling rate. 
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phase changes take place. If, instead of a minimum point or 
eutectic, a maximum point is observed, it may indicate that the 
components are reacting to form a solid compound that can 
exist in equilibrium with the melt over a range of compositions. 

It is undoubtedly true that many unknown phase equilibria 
exist. Thus, when conditions are changed (eg, when a process is 
scaled up in a manufacturing process), different phase changes 
may take place and produce different final products. The phar- 
maceutical use of heterogeneous materials such as waxes and 
fats certainly provides ample opportunity for these changes to 
occur. 


Eutectics 


Although many very complex and complicated diagrams, in- 
cluding some three-dimensional models, are needed to charac- 
terize certain systems, most interesting to pharmacy are the 
diagrams (Fig 13-12) indicating eutectic formation. This sec- 
tion will only briefly describe this area of technology. 

Phase diagrams are constructed by determining the melting 
points and cooling rates of a series of binary liquid solutions of 
compositions varying from pure A to pure B. This will be 
illustrated shortly—first, consider the Fig 13-12 phase dia- 
gram. The points where the V-shaped boundary of the melt 
intersect the right and left vertical axes are the melting points 
of the pure materials. To the left of the base of the V (ie, when 
solutions rich in A are cooled) solid A separates as the temper- 
ature falls; to the right, solid B separates as shown. Thus, the 
left arm of the V is the curve that represents the temperature 
conditions under which various liquid mixtures are in equilib- 
rium with solid A, and the right arm of the V is that curve that 
shows which mixtures are in equilibrium with solid B. 

At the point of the V, both solid A and solid B are in 
equilibrium with the liquid; this point, the lowest temperature 
at which any of the infinite possible combinations of liquid 
solutions of A and B will freeze (or the lowest melting point of 
any possible mixture of solids A and B) is called the eutectic 
point. Only at this point is the composition of the solid the same 
as that of the solution from which it is separating; this does not 
mean necessarily that the composition of the eutectic is a 
chemical compound of A and B. Thus, at the eutectic point, both 
A and B come out together in a constant proportion. 

The eutectic composition is a simple two-phase mixture, but 
when made in situ it has a very fine-grained structure that 
could impart to it different properties (eg, solubility or gastro- 
intestinal absorption rate), compared to a gross mixture of the 
same composition. The structure is very fine-grained because 
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Figure 13-11. Two changes of state with resulting temporary de- 
creases in cooling rate. 
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Figure 13-12. Simple phase diagram of system showing eutectic 
point. 


the crystallization was very intimate, because crystals of both 
phases were formed simultaneously. This is quite a different 
situation than one in which only one component is separating. 
It is important to remember that one can be only at one place 
on a phase diagram at any one time; that is, the diagram 
describes what a particular system is like at a certain temper- 
ature, which components are in the liquid and/or solid state, 
and the proportions of each. 

The diagrams are constructed from information obtained on 
the cooling rates of binary solutions. Consider again a cooling 
curve analysis in which temperature versus time are plotted. 
The curves change slope to form plateaus when any solid phase 
separates; the plateaus tend to become more horizontal as 
absolute temperatures are lower because the intensity of radi- 
ation and conduction is lessened. A final plateau results when 
the whole liquid mass (or the last of it) solidifies. Thus, if a 
molten liquid having a composition lying between, for example, 
pure A and the eutectic were cooled, the following would be 
observed in a plot of temperature versus time (see Fig 13-11): 


First, T drops with time; then solid A will come out of solution, 
release its heat of fusion, and thus slow the cooling rate to produce the 
first (upper) plateau. The temperature then starts to drop more sharply 
again as enough A comes out of solution, and the system changes 
composition until it contains only the eutectic composition. 

When the eutectic composition is reached, the second solid (B) also 
coprecipitates, and the temperature remains constant (lower plateau) 
until all of A and B have solidified, after which, of course, the temper- 
ature will be able to drop further. 

If the system being cooled started as the eutectic composition, only 
the lower break and plateau would be observed; that is, a pure material 
and a eutectic would have similarly shaped cooling diagrams. 

Note then that a phase diagram can he constructed by studying a 
number of cooling curves made on a series of mixtures of known com- 
position. To do this, the temperatures at which cooling-rate changes are 
plotted against each particular composition studied. 

Note that Figure 13-12 is idealized in that no solid—solid solution of 
A and B is formed. If the two components are somewhat soluble in each 
other, the diagram would differ by having two thin solution areas along 
the left and right axes; such are partly in evidence in Figure 13-13. 


Two pharmaceutical examples of eutectic formation are 


1. A mixture of two common antipyretic-analgesic compounds: 
aspirin and acetaminophen. There always has been some “magic” 
associated with eutectic formation; indeed, as such a binary compo- 
sition does melt at a lower temperature than other combinations, the 
eutectic probably does have weaker bonding forces, if any. And, being 
very fine grained, it dissolves more rapidly. It is known that many 
drug compounds form eutectics, and the aspirin-acetaminophen 
(APAP) eutectic (37% APAP by weight) does dissolve more quickly 
than a simple mixture of the two of the same composition. Because a 
formed eutectic is created under equilibrium conditions of intimate 
mixing as noted, the contact of the two compounds is much closer 
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Figure 13-13. Phase diagram of the urea:acetaminophen (APAP) 
(46%:54%) eutectic melting in the 110 to 115° range. (Courtesy, 
Goldberg et al.*°) 


than that achievable by simply mixing the dry powders. The increase 
in dissolution rate obtained by using the eutectic may result in a 
greater speed of physiological absorption. 

2. This example is illustrated in Figure 13-13. It was found that urea 
and acetaminophen formed a eutectic containing approximately 46% 
urea and 54% acetaminophen (by weight) which melted in the 110 to 
115° range. 


Gases 


AEROSOLS—Gases are used directly in dosage forms in 
the field of aerosols. Although this subject, including the use of 
the so-called liquefied propellants, is covered elsewhere, note 
that pressure packs often use nitrogen, nitrous oxide, or carbon 
dioxide to expel the contents from their containers. The latter 
two gases are much more soluble in water, so some aeration 
(which may be desired) of the material discharged will take 
place. 

Carbon dioxide is about six times as soluble in water as 
nitrogen, and nitrous oxide about four times as soluble as 
nitrogen. Thus, if it is desired to have some of the gas dissolved 
in the product, either nitrous oxide or carbon dioxide can be 
used. In organic solvents and in fatty materials, such as found 
in emulsions, nitrous oxide is somewhat more soluble than 
carbon dioxide. There is not a great deal of difference in solu- 
bility properties; however, the possibility exists that the pH- 
lowering effect of carbon dioxide as it forms carbonic acid may 
be just as undesirable, as it may cause precipitation of a car- 
bonate in an alkaline product. 

INHALERS—Inhalers are classified as being one of two 
types, surface or solution. 


Surface-Type Inhaler—The volatile material resides on the sur- 
face of the pledget (cotton or other cellulosic material, usually). This 
represents a conventional adsorption situation; it is easy to appreciate 
the fact that the more surface area the pledget has, the greater the 
surface area of the material exposed to the airflow and the greater the 
opportunity for volatilization. Hence, a larger or more loosely packed 
pledget will cause a larger dose to emanate from an inhaler than will a 
smaller or tightly packed pledget. 

It is convenient to make this type of inhaler if the volatile material 
itself is a liquid. The doses produced stay relatively high because the 
pledget charge is being depleted according to a zero-order scheme. This 
is reasonable because the volatile material has formed a multimolecular 
(as distinguished from a monomolecular) layer on the pledget surfaces. 
Thus, even though molecules are stripped off, the surface area—and 
hence the dose—remain essentially unchanged. However, as some ar- 
eas of the pledget are denuded, the total exposed surface area of the 
volatile material decreases and so does the dose during successive uses. 


Solution-Type Inhaler—The volatile material is dissolved in a 
suitable nonvolatile solvent, and this solution is placed on the pledget. 
The situation may be taken as an example of the operation of Raoult’s 
and Henry’s laws; that is, the vapor pressures of the components are 
proportional in some way to their concentrations. To keep the vapor- 
pressure contribution of the solvent low in order to enhance the vapor 
pressure of the solute, a solvent of very low vapor pressure is used as 
the vehicle. 

In this inhaler type the exposed surface area of the material does not 
change as the inhaler is used; what does change is the concentration of 
the volatile material in the solvent. Thus, the dose gradually decreases 
according to a first-order scheme as the drug concentration decreases. 
Of course, the nature of the pledget and the inhaler body exert some 
effect here also, because if the airflow through the inhaler and the 
pledget does not permit volatilization of the material, insignificant, low 
doses will result. 


If the drug is a volatile solid, the solution-type inhaler 
should be made because solids do not lend themselves to easy 
pledget-charging procedures even if a volatile solvent such as 
ether is used to deliver the material to the pledget during 
manufacturing. 

Further amplification and clarification of the surface-and 
solution-type classification of inhalers might be achieved by 
considering the existing analogy to chromatographic systems. 
The surface-type inhaler corresponds to adsorption chromatog- 
raphy, with the material being adsorbed initially on a carrier 
and then desorbed by a passing stream of liquid or gas. The 
solution-type inhaler corresponds to partition chromatography, 
in which material in a solvent is supported by some medium, is 
partitioned between its original solvent and a passing stream of 
gas or liquid, and thus is removed. 

Another point of significance concerns the relationship of 
the volatile active ingredient to the solvent. An increase in dose 
should result when the active ingredient is dissolved in sol- 
vents that cause it to deviate more positively from Raoult’s law. 
Thus, the less the solute—solvent interaction and the greater 
the solute—solute interaction, the more pronounced will be the 
tendency toward volatilization of the solute. Using relative 
solubility as a gauge of such interaction, one would ex- 
pect delivery of larger doses of a volatile solid from dibutyl 
phthalate Gf the solute was less soluble in it) than from 
benzyl salicylate (if it was more soluble in it) at the same 
concentrations. 

Although it might seem that the vapor pressure of the drug 
and additives would assume a position of primary importance, 
this does not appear to be the case. Vapor-pressure values 
represent an equilibrium situation, whereas what is involved 
in the inhaler situation is a process controlled by factors affect- 
ing rates of volatilization. 

Although it is true that volatile materials usually have 
appreciable vapor pressures, it generally is not true that a 
compound with a vapor pressure value of twice that of another 
compound will volatilize twice as fast. Besides this fact, inhaler 
recovery times may be essentially zero and no equilibration 
time may be needed. Also, no decrease in dosage would be noted 
with the surface-type inhaler and no regular (ie, linear with 
concentration) decreases in dose would be noted with the solu- 
tion-type inhaler if the vapor pressure was the controlling 
factor. 

Unfortunately (from the standpoint of not having a more 
straightforward system to analyze), equilibrium and rate con- 
cepts are inextricably mixed in the present situation. This 
easily can lead to the basically incorrect tendency to try to 
predict kinetic data from thermodynamic values. However, be- 
cause vaporization relatively is unencumbered with entropy 
and orientation factors, rates of volatilization often are quali- 
tatively proportional to the equilibrium properties of the ma- 
terials involved. 

Equimolar quantities of the following compounds, allowed 
to evaporate at room temperature under the same conditions, 
will complete the evaporation process in this order: ether, ac- 
etone, chloroform, carbon tetrachloride, ethyl acetate, and wa- 
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ter. This order corresponds both to the vapor pressures of the 
materials and their boiling points. 

To further cloud the cause-and-effect relationship, the very 
magnitude of the numbers (the concentrations in mole frac- 
tions) is such that the partial vapor pressure of a volatile solid 
may increase proportionately with the mole fraction. Hence, 
although vapor-pressure concepts should not be neglected in 
inhaler development, it is the rates of volatilization that must 
be controlled or modified. For more information and experimen- 
tal data on inhalers see Kennon and Gulesich.”° Various drug- 
delivery systems for use with metered-dose inhalers (MDIs) are 
commercially available. They are intended for delivering oral 
aerosolized medication from MDIs to the lungs. 

RELATIVE HUMIDITY—In the production of efferves- 
cent products, one of the most vital factors to be considered is 
the use of controlled-humidity conditions. It is well-known that 
the effective control of humidity is related closely to the success 
or failure of attempts to produce effervescent products. 

It is useful to bring to light some of the facets of this area of 
technology. Two factors predominate when one views the situ- 
ation: the effective concentration of water in the air and the 
temperature. In chemical reactions, particularly the kind in- 
volved here, the effect of temperature on an equilibrium con- 
dition is not very significant when compared to the influence 
manifested by concentration. Certainly, water of hydration, 
crystallization, or simple adsorption (which is tenaciously held 
at room temperature) does not disappear at temperatures un- 
der 100°F.What is effective and influential, however, in keep- 
ing and increasing such additional moisture on solids, is the 
concentration of water in the air. 

The concept proposed here is that considerations based 
purely on relative humidity probably will be unfruitful. For 
purposes of illustration, Table 13-10 shows the amounts of 
water that are found under conditions encountered during the 
development of effervescent products. The following points may 
be drawn from this information. A 10% relative humidity (RH) 
at 36°F is equivalent to 25% RH at room temperature. Either of 
these conditions represents a fairly dry day, but certainly not a 
very dry day. Therefore, although heating the air surely lowers 
the RH, it probably does not lower the ability of the water in the 
air to cause trouble. Regardless of the temperature of the 
processing rooms, experience has shown that for water concen- 
trations present at 72°F, the range of 10 to 15% RH should not 
be exceeded if minimum difficulties are desired. 


Liquids 


The liquid state may be considered an intermediate in the 
phase transitions from solid to gas. Liquids have neither the 
strong cohesive forces of solids nor the weak ones of gases. They 
are also intermediate in that they have neither the orderliness 
of a crystal nor the randomness of a gas. One then might 
consider a liquid a highly compressed gas or slightly released 
solid. 

Due to the concept of molecular motion, there must be some 
free space in liquids. Also, if the motion is completely random, 
some spaces may be larger than others at a particular point in 
time. Thus, liquids may have holes, and this concept has ex- 
plained phenomena such as the expansion of volume that ma- 
terials undergo upon fusion (holes are created), diffusion in 
liquids, viscosity (movement of holes in the opposite direction of 


Table 13-10. Moisture Content (g/m?) Existing 
at the Conditions Noted 


RELATIVE HUMIDITY (%) 
_/TEMPERATURE 10 15 25 40 


RT (22°C or 72°F) 1:9 29 48 Te, 
Hot (36°C or 97°F) 4.1 6.2 10.3 16.5 


the viscous flow), and density decreases as temperature rises 
(the solubility of holes increases). It might be said that liquids 
are solutions of holes in material, whereas gases are solutions 
of matter in free space. 

With respect to fluid mechanics, a fluid can be considered a 
material that cannot sustain shear forces when in static equi- 
librium. This is the factor distinguishing solids from fluids, the 
latter of which may be gases or liquids. This movement under 
the slightest stress sometimes is referred to as “no sideways 
friction.” It can be seen in operation in the case where a sailor 
standing watch near the gangplank of a docked ship can step on 
a mooring rope and cause the ship to move toward the dock. 

Liquids, just like gases, take the shape of their container, 
but only the lower part of it, as the liquid occupies a definite 
volume; gases, on the other hand, expand to fill their entire 
container. Intermolecular spaces are greater in a gas than ina 
liquid, thus they can be compressed. Relative to gases, both 
liquids and solids are quite incompressible. They can be con- 
sidered already compressed due to the stronger intermolecular 
forces. 

After a fluid is set in motion, it comes to rest because of the 
internal friction caused by the molecules sliding over each 
other; this resistance to flow is called viscosity, and it can be 
quantified. To effect good quantification with viscometers, a 
normal, smooth (laminar or layer) flow is needed. With exces- 
sive stirring, at a so-called critical velocity, the fluid becomes 
turbulent, and instrumental measurements are difficult to ef- 
fect. As the temperature of fluids increases, viscosity decreases. 
In general, also, as pressure increases, viscosity increases. 

Because fluids have some structure, they may change upon 
standing so that, when one is considering viscous behavior, the 
recent past history of the sample may have great effects. Thixo- 
tropy is the term used for liquids that flow freely if recently 
stirred, but gel when left undisturbed. Solids also flow, but 
more slowly, even under minor stresses including those 
produced by their own weight. The wavy, bumpy surface of 
tarred roads, particularly seen on hills, is a result of a flow 
phenomenon. 

Of interest also is the cluster theory of liquids, the main 
concept being that localized order exists but does not extend to 
a great distance. One property explained by this visualization 
is that, as the temperature rises, the clusters disintegrate and 
viscosity decreases. Another is that transmitting momentum 
through a liquid is due not only to molecular movement, but 
also to the transmissions of elastic waves through the groups of 
semistationary clusters. It is possible that the cluster theory 
affords another way of looking at pharmaceutical complexes in 
solution. 


Complexes 


In addition to structure in solvents, it also is possible for 
solutes to create a structure of a sort within the solvent. Thus, 
it has been shown that benzocaine in water solution with 
caffeine exhibits a much-reduced rate of hydrolysis. In a some- 
what similar vein, it also has been noted that different salts of 
the same compound (eg, hydrochloride versus nitrate) may 
exhibit different stability characteristics. Similarly, it has been 
shown that saccharin in certain chlorpromazine hydrochloride 
solutions enhances the light-stability of the drug. It appears 
that such changes are because the ionic environment may form 
a protective molecular overcoat or loose ionic atmosphere com- 
plex around the drug. 


Liquid Crystals 


Lipids, when heated, usually do not pass directly from a crys- 
talline to an isotropic structure, but rather assume intermedi- 
ate liquid crystal phases. Of most interest pharmaceutically 


180 CHAPTER 13 


and physiologically is the concept that these structures are 
undoubtedly involved intimately in the structure, and hence in 
the function, of membranes and cells. 

All biological systems are basically aqueous, and it is par- 
ticularly in such systems that lyotropic mesomorphism (the 
formation of liquid-crystal phases in the presence of water) 
takes place; that is, the lipid phases undergo transformations 
involving crystal, liquid-crystal, and liquid forms. It is these 
changes that are mediators of the various physiological absorp- 
tion, transport, storage, and excretory functions of cells. Many 
in vitro studies of biologically significant lipids have been per- 
formed in an attempt to elucidate the mechanisms of their 
interaction and behavioral properties in aqueous systems. 

Liquid-crystals differ from solids and gases in that they 
have some freedom to move and to take on many different 
shapes while maintaining a high degree of order through quite 
long distances, relatively speaking. In the laboratory, liquid- 
crystals can be prepared from one component by heat treat- 
ment (thermotropic systems) or from one or more components 
by adding controlled amounts of water or other polar solvents 
(lyotropic mesomorphism). Note that the only molecules of sig- 
nificance here are asymmetric and have a definite long direc- 
tion, so their tridimensional orientation is essential. This 
should be remembered throughout the discussion. 

For present purposes, three types of liquid-crystal phases 
will be described briefly so that at least some appreciation for 
this particular state of matter may be gained. The phases 
generally are characterized as being nematic, smectic, or 
cholesteric. 


Nematic Phase—Nematic molecules (Fig 13-14 ) are set in parallel 
arrangements and have restricted rotation about at least one axis. The 
molecules are parallel or nearly so. One might picture this as a long box 
filled with pencils with the latter being able to roll. Overall, the system 
might be considered to be thread- or cable-like. Another picture would 
be that of a group of logs going through a pipe. There is overlap of the 
pencils or logs somewhat, as there is with cars in an auto race. 

Smectic Phase—The smectic or “two-dimensional” crystal (Fig 
13-15) has its molecules arranged in layers with their long axes essen- 
tially normal (ie, at right angles) to the plane of the layers. Their 
centers of gravity are then mobile in two directions in their plane, and 
the molecules can rotate about one axis. Overall, one could consider the 
arrangement layer-like, with the degree of order just described in each 
layer. 

The smectic arrangement is similar to the nematic in that there is 
still essentially only one axis of rotation, except in this case there is no 
overlap. The logs go through the pipe as a member of a group—it would 
be like a series of drag races in which no one wins and all are tied. Each 
successive group, however, does not follow the same paths as the others; 


of 


Figure 13-14. The nematic phase of a liquid crystal. (Based on Fer- 
gason and Brown.”’) 


Figure 13-15. The smectic liquid-crystal phase. (Based on Fergason 
and Brown.?’) 


within any one group there may, or may not, be equal spacings sideways 
between the long axes. Note also that the thickness of the layers is 
about the same as the length of the molecules. 

Cholesteric Phase—The cholesteric arrangement (Fig 13-16) is to 
some extent a combination of the nematic and smectic; the layers are 
nematic, but in addition certain layering formations that resemble the 
smectic phase are incorporated. In essence, the result is a helical, 
twisting repetition of the nematic phase that, corkscrew-like, slowly 
changes head direction (eg, the lead end of the pencil) as one proceeds 
to examine underlying layers of molecules. The cholesteric arrange- 
ment is, in toto, much thicker than a smectic layer. 


All three structures are involved in building cells, and each 
type can (when viewed totally) form curved surfaces, mem- 
branes, or any other required micelle-like shapes. Some re- 
searchers have constructed cell models using these structures 
and have shown how the mechanics of many cellular functions 
can be visualized using the known properties of liquid crystals. 


The Glassy State 


Although glass usually is thought of as a specific, nonconduct- 
ing, transparent solid, it actually is a type of solid matter. It 
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Figure 13-16. A 180° turn of the molecules in the cholesteric liquid— 
crystal phase. (Based on Fergason and Brown.’’). 
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can be considered neither a typical solid nor liquid. The atoms 
of most solid states generally are strictly ordered structurally, 
whereas glassy materials are highly disordered. Glasses may, 
however, have some short-range order, just as do polymers. 
Another characteristic of glasses is that they do not have spe- 
cific melting points, but rather slowly and gradually become 
liquids when they are heated. Sometimes glasses are consid- 
ered supercooled liquids, but this is not strictly accurate. 

A graph of volume versus temperature for most substances 
shows that the volume of a liquid decreases as the crystalliza- 
tion temperature is approached. If solidification is accom- 
plished by crystallization, the volume decreases sharply at the 
freezing point, after which it continues to decrease gradually 
depending on its coefficient of thermal expansion. This type of 
behavior is not exhibited when solidification is followed by 
glass formation. 

The uniqueness of the glassy state is evident in its cooling 
curve. As indicated in Figure 13-17, as a glass-former is cooled, 
it does not suddenly undergo a large drop in volume (or density, 
or index of refraction) at any particular temperature or as it 
passes through the melting point, nor does its volume decrease 
as rapidly as that of a supercooled liquid, although it follows 
the curve of the latter initially during cooling. With supercooled 
liquids, the cooling curve is a simple continuation of the liquid 
curve itself, with no melting or transition points. 

Atomically, the structure of the glassy state is marked by a 
random selection of polyhedral molecules considered to be 
linked together at their corners. Certain materials are easy to 
cast into a glassy state, others can be made glassy with great 
difficulty, and some seemingly not at all. At present there 
seems to be no specific theory to help predict this behavior. 
Materials that do form glasses appear, however, to have a very 
high viscosity at their melting point; this inhibits the formation 
of an ordered structure. In addition, non—glass-formers tend to 
exhibit large energy differences between the ordered form of 
the solid and the disordered liquid. Thus, the low-energy, or- 
dered form of the solid tends to be developed. Obviously, the 
energetic tendencies here are balanced by entropy factors, 
which tend to favor states of minimum order. 

Although the most well-known glass-formers are the metal 
oxides, many other materials can exist in the glassy state; even 
steel can be so cast if it is cooled very, very quickly. This 
technique produces glasses as the materials become solid be- 
fore they have a chance to develop a crystalline structure. With 
regard to crystal formation, note that, in a crystallization pro- 
cess, when concentrated solutions of the material to be crystal- 
lized are cooled slowly, larger and more perfect crystals form. 

Incomplete or imperfect crystallization, whether due to 
technique or to the nature of the material itself (eg, natural and 
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Figure 13-17. Composite cooling curve of liquids forming glass, 
supercooled liquid and solid-crystal states. 


synthetic high polymers), often causes the formation of crystal- 
lites, glasses, or liquid crystals. Crystallites have no recogniz- 
able regular crystal pattern; rather, they are, in a sense, incip- 
ient crystals. Many shapes and arrangements are possible such 
as globular, rows or clouds of globules, threads, cylinders, or 
rods. 


Solids 


The most significant physical property of the solid state is the 
high degree of order in which substances such as metals and 
minerals exist. The structure may be crystalline and lattice- 
like or noncrystalline, such as in plastic, glass, or gels, which 
are not lattice-like or only partly so. These latter materials do 
have much more order than liquids and gases. These materials 
also have, in varying degrees, some plastic and elastic proper- 
ties, wherein some resistance to applied stresses exists, but 
when the stress reaches a certain intensity either flow or frac- 
ture ensues. 

Although different classifications exist, four major different 
types of bonds hold solids together; the strong bonds impart 
higher melting points to substances. In order of decreasing 
strength, the bond types are metallic, ionic (salts), valence 
(diamond), and molecular (many organic compounds). Thus, in 
some solids, the atoms or molecules or ions may be arranged in 
a regularly repeating pattern (crystalline state), whereas other 
solids are considered noncrystalline or amorphous if they do 
not have this characteristic of regularity. There is some blur- 
ring of the division, but in general, metals, minerals, rocks, and 
alloys are examples of the former class; glass, wood, ceramics, 
and plastics are examples of the latter. 

Alloys are an example of a mixed solid having characteris- 
tics of regularity but being intermediate between the strictly 
crystalline and amorphous states. They are metal substances 
consisting of two or more elements, not counting the trace 
amounts of materials which make any element less than 100% 
pure. Alloys are solid solutions of one of two types. In the 
interstitial type, the smaller solute atoms occupy the interstices 
between the solvent atoms; the overall structure is quite lke 
the parent or solvent metal. In the other type, substitutional, 
all atoms occupy (ie, contribute to building) a common lattice. 

In general, alloys are stronger and harder than pure metals. 
This is probably because both dislocations in the crystalline 
lattice and the perfectly regular crystal structure of pure met- 
als permit the planes of the crystals to slip over each other. 
These processes are inhibited in alloys because the resident or 
solute atoms interact with the dislocations and with the regu- 
lar sections, so any lattice distortions produced make slipping 
more difficult. 

A process that also depends on the internal structure, and 
possibilities for partial shifting of it, is annealing. This is based 
on the concept that a ductile metal becomes harder and less 
workable as cold work is done on it. Finally, a point is reached 
where cracking is imminent. To restore the original ductility, 
the metal is heated and slowly cooled. The temperatures used 
just permit the relaxation of the overstrained areas. A visual- 
ization might consider this a type of partial recrystallization or 
atomic rearrangement. 


Polymorphism 


Polymorphism, the existence of one or more crystalline and/or 
amorphous forms, is a characteristic of most solid substances. 
As applied to crystals, it refers to the different crystal struc- 
tures the same chemical compound may have. The various 
forms also usually have different X-ray diffraction patterns, 
melting points, infrared spectra, and, most importantly from a 
pharmaceutical standpoint, different solubilities. 
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Particularly, in many cases in which dissolution in the gas- 
trointestinal tract is the rate-limiting factor in absorption, dif- 
fering solubilities may have a great effect, either good or bad. 
Different polymorphic forms are produced, depending on such 
factors as storage temperature, recrystallization solvent, and 
the rate of cooling (and, hence, the rate of crystallization) of the 
solvent. It appears that all organic materials exist in several 
polymorphic forms with the number of forms found depending 
on the effort spent searching. 

In drugs, polymorphs of such diverse molecules from corti- 
sone and prednisolone to aspirin have been found. As an exam- 
ple of the latter case, two different aspirin polymorphs form, 
depending on whether the material is crystallized from 95% 
alcohol or n-hexane. The two forms have different melting 
points, but, most importantly, the form produced from the 
hexane dissolves in water much more quickly. Toscani, et al?® 
have reported the stability hierarchy of three polymorphic 
forms of sulfanilamide. 
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The word complex has many meanings in chemistry, so it is 
necessary at the outset to describe the types of systems that are 
included in this chapter. A complex is a species formed by the 
association of two or more interacting molecules or ions. To 
sharpen this concept the following definitions are provided: 


e A substrate, S, is the interactant whose physical or chemical prop- 
erties are observed experimentally. 

e A ligand, L, is the second interactant whose concentration may be 
varied independently in an experimental study. 

e Acomplex is a species of definite substrate-to-ligand stoichiometry 
that can be formed in an equilibrium process in solution, and also 
may exist in the solid state. 


It is obvious that the complex must possess some properties 
that are different from those of its constituents; otherwise, 
there would be no evidence for its existence. Among the prop- 
erties that may be altered upon complex formation are solubil- 
ity, energy absorption, conductance, partitioning behavior, and 
chemical reactivity. It is by studying such properties of the 
substrate, as a function of ligand concentration, that complex 
formation may be recognized and described quantitatively. The 
terms complex formation, complexation, binding, and associa- 
tion are synonymous in the context of this chapter. Because 
complex formation is an equilibrium process, the methods of 
thermodynamics can be applied to describe it in the state of 
equilibrium. Moreover, the methods of chemical kinetics can be 
used to study the rate of approach to equilibrium. Finally, there 
may be interest in establishing the structure and properties of 
the complex. 

These definitions are expressed succinctly in the following 
chemical equation for the formation of a complex SL 


ie T° 


sy =P HO SS Sloe 


This shows that the distinction between substrate and ligand is 
arbitrary, and is made solely for experimental convenience. 
The definition omits any consideration of the forces acting 
between substrate and ligand in the complex; thus, it is very 
general. Therefore, the phenomena of interest may be re- 
stricted further by specifying that complexes are not formed 
with classic covalent bonds. 

TYPES OF COMPLEXES—tThe definition of a complex 
leads to a classification into two groups based on type of chem- 
ical bonding. 


Coordination Complexes—These complexes are formed by coor- 
dinate bonds in which a pair of electrons is, in some degree, transferred 
from one interactant to the other. The most important examples are the 
metal-ion coordination complexes between metal ions and bases. Such 
complexes can be viewed as products of Lewis acid—base reactions. 
Proton acids then constitute a special case of this type. 

Molecular Complexes—These species are formed by noncovalent 
interactions between the substrate and ligand. The noncovalent forces 
arise from electrostatic, induction and dispersion interactions, and they 
— include, or give rise to, hydrogen-bonding, charge-transfer, and hydropho- 
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bic effects. Among the kinds of complex species that are included in this 
class are small molecule-small molecule complexes, small molecule—mac- 
romolecule species (eg, drug-protein and enzyme-substrate complexes), 
ion-pairs, dimers, and other self-associated species, inclusion complexes, 
intramolecular interactions (such as base—base interactions in the DNA 
helix), and clathrate complexes, in which the crystal structure of one 
interactant encloses molecules of the second interactant. 


The following sections amplify these brief descriptions of 
coordination complexes and molecular complexes. 


METAL-ION COORDINATION COMPLEXES 
ER ELS LE AE PT ES ES TT PDT 
DESCRIPTIVE COORDINATION CHEMISTRY—Coordi- 
nation complexes consist of a central metal ion (the substrate) 
bonded to an electron-pair donor (a base, the ligand). The 
ligand may be a conventional Brgnsted base such as ammonia, 
an ion such as chloride ion, or even an aromatic compound. The 
complex may be neutral or charged. Coordination complexes 
also are called coordination compounds. 

The number of bonds from the metal ion to the ligand (or 
ligands) is called the coordination number of the complex, and 
the maximum coordination number is evidently the largest 
possible number of such bonds. The maximum coordination 
number is determined by the electronic structure of the metal 
ion; numbers of 4 and 6 are most common, but other coordina- 
tion numbers are possible. In solutions of Cu(II) in the presence 
of ammonia, these coordination complexes can form: 
Cu(NH,)?*, Cu(NH,)2*, Cu(NH,)2*, Cu(NH,)2*. The maxi- 
mum coordination number of Cu(II) is 4. 

A ligand, like ammonia, that has a single basic group capa- 
ble of bonding to the metal ion is a wnidentate ligand. A ligand 
having more than one accessible basic binding site is multiden- 
tate; for example, ethylenediamine, H,NCH,CH.NHag, is a bi- 
dentate ligand. If a metal ion binds to two or more sites on a 
multidentate ligand, a cyclic complex is formed necessarily; 
this cyclic complex is a chelate. Thus, ethylenediamine forms a 
chelate with Cu(II): 


NH» HoN 
yt ; 
TaN 

NH» HoN 

1 


Table 14-1 shows several common multidentate ligands, and 
Table 14-2 lists abbreviations for some ligands. Thus, the com- 
plex shown in Structure 1 may be written Cu(en)3*. Of course, 
this complex ion must be associated with an appropriate num- 
ber of anions. 

The nomenclature of coordination complexes is fairly com- 
plicated, and only the simplest features are reviewed here.' 


183 


184 CHAPTER 14 


Table 14-1. Some Important Multidentate Ligands” 


H,NCH,CH,NH, Ethylenediamine 
Wy oc 2,2'-Bipyridine 
\ x \ Vi, 
1,10-Phenanthroline 
EP \a 
Ne Nes 
8-Hydroxyquinoline 
Ss (oxine) 
N~ 
OH Dimethylglyoxime 
CH3C—=NOH 
CH3C==NOH Ethylenediaminetetra- 


acetic acid 
(HO,CCH,),NCH,CH,N(CH,CO5H), 


? Proton acid groups in these ligands are converted to basic groups upon the 
dissociation of the proton. 


If the complex is an ion, the cation is listed first, then the anion. 

2. Ligands (names): neutral ligands are named as the molecule, except 
for H,O (aquo) and NH, (ammine). Positive ligands end in -ium (eg, 
hydrazinium, H,NNH,,’) and negative ligands in -o (eg, acetato). Some 
exceptions are chloro, fluoro, cyano, oxo, and hydroxo (OH ). 

3. Ligands (order): the order is anionic, neutral, and cationic. There 
are subrules within these categories; for example, simple ions gen- 
erally precede polyatomic ions, and organic ions appear last. 

4. Complex names (endings): anionic complexes end in -ate or -ic (if 
named as the acid). Cationic or neutral complexes do not have 
characteristic endings. 

5. Central atom or ion (oxidation state): given by a Roman numeral in 

parentheses; no sign is used for positive oxidation states, but a 

negative sign indicates a negative oxidation state. 


Examples: 

[Pt(en)(NH;). Chloronitrodiammine ethylenediamine-plati- 
NO,Cl1JSO, num(IV) sulfate 

NH,[Cr(SCN), Ammonium tetrathiocyanatodiammine-chromate 
(NH3).] (IID) 

[Co(en)3],(SO,), Tris(ethylenediamine)cobalt(III) sulfate 
K,[Fe(CN),] Potassium hexacyanoferrate(II) 

K[CrOF,] Potassium oxotetrafluorochromate(V) 


Not all coordination complexes can be formed simply by mixing 
the reactants in solution. It has been found convenient to classify 
coordination complexes as either labile or inert complexes: 


A labile complex is one whose rates of formation and dissociation are 
faster than, or comparable to, the typical time of mixing of the reactant 
solutions. An inert complex is one whose formation and dissocia- 
tion rates are slower than the typical time of mixing of the reactant 
solutions. 


Clearly, the classification of labile versus inert is arbitrary, but 
it has experimental utility because inert complexes can be inves- 
tigated by conventional chemical techniques, as they may persist 
long enough to be studied as isolated species; however, labile 
complexes tend to dissociate upon perturbation of the chemical 
system. At a more fundamental level, the lability or inertness of a 
complex can be related to its electronic configuration.” 

It is important to note that the labile or inert classification 
is a kinetic one, and generally is distinct from a consideration 
of complex stability, which is a thermodynamic concept (to be 
treated subsequently). To express this distinction more con- 
cretely, consider the example of complex formation 


ky 
SL — Si 
k-4 
where k, is the rate constant for association and k_, is the disso- 
ciation rate constant. Then, approximately, if (k,[Z] + k_,) is 
greater than the rate of mixing, the complex is labile. The stability 


of the complex, however, is described by the equilibrium constant 
for its formation, which is equal to the ratio k,/k_,. 

Although labile complexes form and dissociate rapidly, even 
inert complexes can undergo reactions in which one or more 
ligands are replaced, thus forming a new complex. Such reac- 
tions are called substitution reactions, and because ligands are 
bases, these are nucleophilic substitutions. A nucleophile, or 
nucleus-lover, is an electron-rich species that reacts with an 
electrophilic site; nucleophilicity refers to reactivity, i.e., kinet- 
ics. Basicity refers to equilibrium behavior. The following equa- 
tion is a typical nucleophilic substitution reaction (a hydrolysis 
reaction) in which water is the nucleophile. 


Co(NH;);Cl?* + H,O > Co(NHs);(H,0)** + Cl 


ISOMERISM AND STEREOCHEMISTRY—From or- 
ganic chemistry it is known that the geometry of bonding about 
the saturated carbon atom is that of a regular tetrahedron (the 
coordination number of carbon being 4). As a consequence, 
there is only one substance with the formula CA,Bz, where C is 
carbon and A or B represent atoms or groups bonded to the 
carbon. For example, there is only one compound (methylene 
chloride) with the formula CH,Cly. 

It is otherwise with metal-ion coordination complexes hav- 
ing coordination number 4, for which it has been found that 
there may be two compounds of structure MA,B., where M 
represents the metal ion. These two compounds are geometri- 
cal isomers, and their existence means that they have a square 
planar structure. For example, the two dichlorodiammineplati- 
num(II) isomers have these structures: 


Cl NH3 
fiicie dre ads Cl=—Pt——GI 

NH; NH3 

cis trans 


In the cis isomer, two like ligands are adjacent; in the trans 
isomer, they are opposite each other. The metal and the four 
ligand groups all lie in the same plane. Figure 14-1 shows 
alternative representations of the square planar complex struc- 
ture. The demonstration of geometrical isomerism by chemical 
methods was based on the isolation of both isomers, which is 
possible if the complexes are inert. 

There exists also the possibility of cis and trans isomerism 
in square planar complexes of the structure M(AB)., where AB 
is an unsymmetrical bidentate ligand, such as glycinate. 


rn Aone abion 
Seal call 
cis trans 


Most complexes of coordination number 4 have the square 
planar structure, but some are tetrahedral. Nearly all com- 
plexes with coordination number 6 are octahedral; ie, the coor- 
dinate bonds lie along the x, y, and z axes of a Cartesian 


Table 14-2. Common Abbreviations of Some Ligands 


LIGAND ABBREVIATION 
Pyridine py 
Thiourea tu 
Ethylenediamine en 

Glycine gly 
Oxalate Ox 
2,4-Pentanedione (acetylacetone) acac 
1,10-Phenanthroline phen 
2,2'-Bipyridine bipy 
Ethylenediaminetetraacetate EDTA, Y 


A 
B A 
rma. ie 
| eX 
A K B 
Us Bo yA 
B—M—B 'M 
A a “3 
B A Boos ! 
fof DS 
(oe ae 


Figure 14-1. Equivalent representations of the square planar com- 
plex trans-MA,B,. 


coordinate system with the metal ion at the origin. This struc- 
ture is consistent with the experimental observations that only 
two isomers can be isolated of each of the structures MA,B, and 
MA,B;. The cis and trans isomers of the octahedral dichloro- 
tetraamminecobalt(III) chloride have these structures: 


+ NH ~ 
Cl NH 3 NHg 
CI—Co—NH;| |CI—Co—Cl 
4 
NHs NH, NHe NH, 
cis trans 


Figure 14-2 shows equivalent ways to draw an octahedral 
complex. ‘ 

It should be noted that chloride in the above cobalt com- 
pounds plays two different roles; two chlorides are ligands, 
being coordinately bound to the cobalt, whereas the other chlo- 
ride serves as a counterion to the complex cation. 

Octahedral complexes can exhibit optical isomerism when 
two structures are related as nonsuperimposable mirror im- 
ages. Such isomers are called enantiomers. The optical isomers 
of M(AA);, where AA is a symmetrical bidentate ligand, are 
shown in Figure 14-3 , which also shows the specific example 
[Pt(en),]**. 

The existence of geometrical and optical isomers of coordi- 
nation complexes has provided valuable insight into possible 
complex structures, as noted above; but, in addition, these 
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Figure 14-2. Equivalent representations of the octahedral complex 
cis-MA3B3. 
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Figure 14-3. Optical isomers of M(AA), (top pair) and [Pt(en),]** 
(bottom pair). Each enantiomer is a nonsuperimposable mirror im- 
age of the other as reflected in the central vertical plane. 


isomers, when subjected to substitution reactions, have led to 
important inferences concerning the mechanisms of these re- 
actions. For example, nucleophilic substitution reactions of 
square planar complexes are known to be bimolecular displace- 
ment processes, on the basis (in part) of complete retention of 
configuration; cis reactants yield cis products, and trans reac- 
tants yield trans products.” This rules out a dissociation (S,1) 
mechanism. The reaction is believed to take place via a trigonal 
bipyramidal structure in which the metal-ion coordination 
number is increased as shown below. 


A A A 
| ees | 
(eae) Masa ROI gy \ LO os a geese ain My 
| Ny | 
cis cis 
i +Y eben i 
B i re NN —x, B—Pt—y 
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THEORIES OF COORDINATE BONDING—A great 
range in complexing behavior is observed in the interactions of 
different metal ions with different ligands. A successful theory 
of coordinate bonding should be able to describe and predict the 
chemistry of coordination complexes given the identities of the 
metal ion and the ligand. Developments in this field have been 
concerned particularly with the transition elements, which 
may be defined as those elements having partly filled d or f 
shells in any of their common oxidation states;* with this def- 
inition, slightly more than half of the elements are transition 
elements. In addition, of course, some main group elements 
may form complexes. 

A theory of coordinate complexing should be able to account 
for the coordination numbers of ions and the stereochemistry of 
their complexes. It should explain commonly observed regular- 
ities in complex stability, such as the chelate effect: the greater 
the number of sites of bonding of each ligand to the metal ion, 
the greater the complex stability. Another pattern is that of the 
complexes of certain divalent metal ions, whose stabilities vary 
in the order Mn < Fe < Co < Ni < Cu > Zn. The electronic 
absorption spectra (ie, the allowed electronic transitions) of 
complexes are a readily observed property that a theory should 
describe. Many metal coordination complexes absorb strongly 
in the visible region. Metal ions and their complexes also 
may have magnetic properties that can be accounted for theo- 
retically. Substances having no unpaired electrons are diamag- 
netic, whereas those with unpaired electrons are paramag- 
netic, and these properties easily are distinguished 
experimentally. Thus, a theory should be able to predict the 
number of unpaired electrons in the coordination complex. 

Many theories have been developed, and they are essen- 
tially all different in concept. It is not possible here to treat any 
of them in detail, but their basic approaches will be outlined. 
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The electrostatic theory is completely classical (ie, nonquantum me- 
chanical).° Ions are treated as spherical charges and molecules are 
treated as dipoles; the energy of a complex is calculated as a sum of 
charge—charge, charge—dipole, and charge-induced dipole terms and 
repulsive forces. Experimental values of dipole moments and intermo- 
lecular distances are employed in the calculations, which yield results 
for bond energies in remarkably good agreement with experimental 
values for many complexes. However, the theory necessarily is approx- 
imate, because it does not include quantum mechanical effects and it 
oversimplifies the structural differences among metal ions and ligands. 

The valence bond theory of Pauling® is a quantum mechanical the- 
ory. A coordinate bond is formed when a pair of electrons on a ligand is 
donated to a vacant orbital on the metal ion. The coordination number 
is determined by the number of available orbitals, and the geometry of 
the complex is determined by the directional properties of the hybrid 
orbitals formed by combination of the atomic orbitals (the tetrahedral 
arrangement of hybrid sp® orbitals of carbon). 

This theory has been quite successful in accounting for complex 
stereochemistry. It also can incorporate observations on magnetic type, 
as illustrated by the electronic configurations in Table 14-3.’ From the 
vacant atomic orbitals of Fe** or Fe** there can be formed six equiva- 
lent hybrid orbitals of composition 3d*4s4p*; thus, octahedral com- 
plexes are anticipated. Each ligand contributes two electrons to a hy- 
brid orbital, resulting, in the case of Fe(CN)g-, in a complex having no 
unpaired electrons and, therefore, diamagnetic; Fe(CN)2 , on the other 
hand, possesses one unpaired electron, in agreement with experimental 
conclusions. 

The valence bond theory is useful mainly in this qualitative pictorial 
way. In principle, bond energies can be calculated; in practice, this is 
extremely difficult. 

As the coordinate bond has been treated thus far, it consists entirely 
of a pair of electrons donated by the ligand to a vacant metal orbital. 
Another type of donation is sometimes possible (as in the case of the two 
hexacyanato complexes shown in Table 14-3). If the ligand possesses 
vacant orbitals, the metal may contribute electrons from its d orbitals to 
vacant p or d orbitals on the ligand, thus producing a bond with 
double-bond character. This phenomenon is called back-bonding. 

The valence shell electron-pair repulsion theory is a very simple 
approach to the prediction of complex geometry. This is based on the 
principle that the valence shell electrons of the metal are directed in 
space so as to minimize their total repulsive energy. Thus, if there were 
two electron pairs, they will distribute themselves on opposite sides of 
the central ion, and a linear complex will be formed. This theory is not 
able to calculate bond energies. 

The crystal field theory has been very fruitful in the study of coor- 
dination complexes. (The word “crystal” in this context is a historical 
accident; the theory is applicable to complexes in solution as well as in 
the solid state.) The basis of the theory is seen readily with the example 
of an octahedral complex of a metal ion, such as iron. The five 3d 
orbitals are of equal energy (they are said to be 5-fold degenerate). 
According to crystal field theory, arranging the ligands colinear with d 
orbitals requires more energy (because of electron—electron repulsion) 
than does the approach of ligands between d orbitals. Two d orbitals (d, 
and d,2_,2) have lobes along the three Cartesian coordinates that define 
the geometry of the octahedral complex; thus, the electrical field of the 
ligands destabilizes (raises the energy of ) these two orbitals. The other 
three orbitals (d.,, d,,, d,.) are directed between the axes, so they are 
stabilized by the field of the ligands. Thus, the 5-fold degeneracy is split 
to produce two doubly degenerate orbitals (labeled e,) and three triply 
degenerate orbitals (labeled ¢,,), with no net energy change. This 
crystal-field splitting is shown in Figure 14-4. The total-energy differ- 
ence A is conventionally labeled 10D,,. It, therefore, follows that the e, 
orbitals are destabilized by 6D,, and the t,, orbitals are stabilized 
by 4Dq." 


Table 14-3. Electronic Configurations of Some Iron 
Species According to Valence Bond Theory’ 
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? Electrons in closed shells are not shown; thus, the electron configuration 
of Fe® is 1572s*2p°3s*3d°4s?. 
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Figure 14-4. Energy-level diagram showing crystal-field splitting of 
the 5-fold degeneracy of metal-ion 3d orbitals in an octahedral 
complex. 


Now, the first orbitals to be filled upon formation of the complex will 
tend to be the lower energy f,,, orbitals, unless the stabilization is slight, 
in which case normal Hund’s rule behavior will be observed, the elec- 
trons tending to remain unpaired. Thus, large splitting will lead to the 
formation of paired electrons (low-spin complexes), whereas small split- 
ting will lead to more unpaired electrons (high-spin complexes). 

A further subtlety can occur in which a distortion of the regular 
octahedral geometry takes place to lower the total energy of the system. 
This is known as the Jahn-Teller effect, with the result that for many 
octahedral complexes four of the ligands are coplanar with, and equi- 
distant from, the metal ions; the other two ligands lie at a greater 
distance from the metal ion. 

The crystal field theory has been developed in great detail, and many 
explanations and predictions have been achieved successfully. It especially 
is useful for explaining complex absorption spectra, and spectral measure- 
ments can be used to obtain values of the crystal field splitting, A. 

The molecular orbital theory (which also is called the ligand field 
theory) is a quantum mechanical description in which molecular orbit- 
als are constructed mathematically by the linear combination of atomic 
orbitals (MO-LCAO). The number of molecular orbitals (MOs) formed is 
equal to the number of atomic orbitals (AOs) taken, but the MOs are 
formed in pairs; one member of each pair is a symmetric, lower energy, 
bonding MO, and the other is an antisymmetric, higher energy, anti- 
bonding MO. The complex electronic configuration and energy are es- 
tablished by assigning electrons to the bonding MOs. 

This concept is illustrated in Figure 14-5, which shows a schematic 
MO diagram for an octahedral complex in which the ligand forms only 
single coordinate bonds (no back-bonding).? The combination of AOs 
must take place according to certain quantum mechanical rules. For 
example, the metal s orbital combines with a ligand o orbital to gener- 
ate a bonding o orbital and an antibonding o* orbital. The nine metal 
AOs combine with six ligand AOs to produce 15 MOs. The octahedral 
complex is formed by using the six bonding MOs (lowest energy MOs). 

The MO theory is the most powerful of the theories of coordinate 
bonding, although quantitative calculations may be extremely difficult 
to make. Basolo and Pearson!” have presented a comparison of the 
several theories. 

Another view that has been found useful for its explanatory and 
predictive power is the hard and soft acid-base (HSAB) concept. A hard 
acid is defined as one in which the electron-pair acceptor atom is small 
in size, with high positive-charge density and low polarizability. A soft 
acid is large and polarizable. A hard base has high electronegativity 
and low polarizability, whereas a soft base is easily polarizable. Exam- 
ples of these classes are listed in Table 14-4. Polarizability is a measure 
of the ease with which the electron cloud can be deformed under the 
influence of a field. Hardness and softness are related inversely. 

The HSAB principle states that hard acids prefer to coordinate to 
hard bases and soft acids to soft bases. This empirical generalization 
can account qualitatively for much coordinate-complex chemistry. The 
HSAB concept has been extended by the introduction of a quantitative 
definition of hardness’! as 
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Figure 14-5. Schematic molecular orbital diagram for an octahedral 
complex. The vertical distance represents energy. Each circle de- 
notes an orbital. 


where 7 is the hardness, J is the ionization potential (a measure of the 
ease with which an electron can be lost), and A is the electron affinity, 
which measures the ease with which an electron combines with the 
species. Pearson has related hardness to the MO theory and developed 
the quantitative aspects of HSAB theory." 

At the start of this chapter it was specified that complexes are not 
formed with covalent bonds, but in the case of coordination complexes it 
is seen that a coordinate bond may have extensive covalent character, 
even though both electrons are donated by one of the reactants. One of 
the goals of theory is to be able to calculate the fractions of ionic and 
covalent character of the coordinate bond. Very roughly, it may be 
expected that when the bond is between atoms that differ greatly in 
their electronegativities (propensities for attracting negative charge), 
the bond will be largely ionic, whereas if the atoms have similar elec- 
tronegativities, the bond will be largely covalent. 


MOLECULAR COMPLEXES 

a ST ET TIE 
NONCOVALENT INTERMOLECULAR FORCES—Mole- 
cules in condensed systems (liquids and solids) experience mu- 
tual forces of attraction, which is why the systems are con- 
densed. These forces are much weaker than those of “chemical” 
(ie, covalent) bonds, as shown by the ease with which they can 
be broken, such as by vaporization or dissolution. These are the 
noncovalent intermolecular forces. '* 

Two different kinds of solute molecules or ions are to be 
noted, labeled S (substrate) and L (ligand), in a solvent that is 
thought of conveniently (but somewhat artificially) as a homo- 
geneous continuum; ie, for the present, neglect the molecular 
nature of the solvent. The intermolecular forces between S and 


Table 14-4. Examples of the Hard-Soft Classification 
of Lewis Acids and Bases 


ACIDS BASES 


Hard H*, Lit, Nat, K*, Mg2", HUQNOHTAF™Cla, POZ= 
~ Ca?*, Mn2", Al>* 502-, ClO,, NO;, NH; 
Soft Gu Agr, Aub, Hgsn, lneSGNis-CN- 


Pd2*, Pt2* 
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L are of interest. The force of interaction F is related to the 
potential energy of interaction V by 


dV 


dr 


where r is the distance between the interacting species. It is 
conventional to express the intermolecular forces in terms of 
the corresponding energies. The most important noncovalent 
potential energy functions, as established by theoretical argu- 
ments, are listed in Table 14-5. 

The noncovalent forces are of three broad types: 


e The electrostatic forces among ions and molecules possessing per- 
manent dipole moments. 

e The induction (or polarization) forces between an ion and a nonpolar 
molecule or a polar molecule and a nonpolar molecule. 

e The dispersion (London) force, which operates between all mole- 
cules. 


The electrostatic forces are the consequence of classical at- 
traction and repulsion effects between charges. In the poten- 
tial-energy terms in Table 14-5 the magnitudes of the charges 
are to be accompanied by their signs; a negative value for the 
energy is attractive, whereas a positive value is repulsive. Note 
that charges and dipole moments always appear as squared 
quantities. 

The induction forces arise as a result of an ion or a polar 
molecule inducing a dipole in a neighboring molecule. Thus, 
their strength depends upon the ionic charge or the dipole 
moment of the inducing species and the polarizability (a mea- 
sure of electron-cloud deformability) of the induced species. 

The dispersion force is nonclassical in origin; ie, it is a 
quantum mechanical effect. At any moment the electronic dis- 
tribution in one molecule, such as S, may result in the produc- 
tion of a dipole moment in S, even if it is a nonpolar molecule. 
This instantaneous dipole then can induce a dipole in L. The 
dispersion force, therefore, is general and acts among all mol- 
ecules, both polar and nonpolar. (The term van der Waals’ force 
sometimes is used to describe the dispersion force, but some 
authors use this term to include all noncovalent forces.) 

It is important to notice that, for neutral molecules, the 
electrostatic, induction, and dispersion-energy terms all pos- 
sess an intermolecular-distance dependence of r-®. As two mol- 


Table 14-5. Potential-Energy Functions 
for Noncovalent Interactions° 


TYPE OF INTERACTION 


POTENTIAL-ENERGY FUNCTION 


Electrostatic 


Charge-charge 4 CsCe 
5 
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Induction 
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? Cis the charge on an ion, pu is permanent dipole moment, a is polarizability, 
ris intermolecular distance, « is a specific energy term, T is absolute tempera- 
ture, and k is Boltzmann’s constant, where k = R/N,. 
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ecules approach each other they will experience a force of 
attraction that varies with distance as r~’. They cannot con- 
tinue to approach closely indefinitely because ultimately they 
experience repulsive forces as their electron clouds tend to 
repel each other, and at an even closer distance there is an 
internuclear repulsive force. The net force between molecules is 
a balance between the attractive and repulsive forces. This 
often is described by the potential-energy function below, which 
is called the Lennard-Jones 6-12 potential, 


y,\12 r,\6 
v= Amel) (7 a 


where V,,,;, is the value of V at the minimum in the “potential 
well,” ie, where r = r,,, the equilibrium intermolecular dis- 
tance. This is the distance at which the attractive and repulsive 
forces are balanced. The term in r-”” is the repulsive term, that 
in r° is the attractive term, and ry is the value of r when 
V = 0. Figure 14-6 shows a plot of the Lennard-Jones 6-12 
potential for a hypothetical system to illustrate the qualitative 
features of noncovalent interaction. Values of V,,,;,, are typically 
5 kcal/mol, or less, which are much smaller than typical cova- 
lent bond energies. 

Although Table 14-5 includes the most important noncova- 
lent interactions, additional types of bonding often are invoked 
when describing complex formation. One of these is hydrogen 
bonding. The formation of a hydrogen bond (H-bond) between a 
proton-donor HA and a proton-acceptor B can be represented 
formally as 


A-H+B=A-H---B 


The strength of the hydrogen bond is controlled, in part, by 
the acid strength of HA and the base strength of B, but the 
solvent also is very important. The A—H bond is mainly 
covalent in character, and the hydrogen bond H---B is 
predominantly electrostatic.'* Structure 2 shows intermolec- 
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Figure 14-6. Potential-energy diagram according to Equation 1, the 
Lennard-Jones potential; r., is the equilibrium intermolecular dis- 
tance, which minimizes the potential energy of the system. 


ular hydrogen bonding in a dimer of acetic acid, and Struc- 
ture 3 shows an intramolecular hydrogen bond of the sali- 
cylic acid anion. i. 


H 
O20 
y) \ 2 
CH3C pers 
O-ttO 
2 3 


Another type of bonding is charge-transfer bonding, which 
is a consequence of the transfer of an electron from a molecu- 
lar orbital on an electron-donor molecule to an orbital on an 
electron-acceptor molecule. Because charge-transfer results in 
a change in electron configuration, it produces a change in the 
electronic energy levels and, therefore, in the ultraviolet- 
visible absorption spectra of the interacting molecules. The 
appearance of new absorption bands often is cited as evidence 
for charge-transfer bonding. 

Since an electron transfer is involved in this type of bonding, 
the resulting bond may have some covalent character. In addi- 
tion, the usual noncovalent forces of Table 14-4 also are 
present, and the contribution of the charge-transfer phenome- 
non to the overall stability of the complex depends upon the 
particular molecules involved. A classification of the types of 
electron donors and acceptors, with some examples, is given in 
Table 14-6.'° 

ROLE OF THE SOLVENT—The preceding discussion of 
intermolecular forces focused on the interactions between 
two molecules or ions that may be viewed as the substrate 
and the ligand in a complex-formation reaction. The solvent 
was ignored in this treatment, which strictly is applicable 
only in the vapor state. However, in this discussion, interest 
in complexes arises largely from their occurrence in solu- 
tions and solids, so the solvent must be introduced as a 
component of the system. Table 14-7 presents some useful 
groupings of solvents according to structure and chemical 
behavior. 

As the solvent is a molecular species, it is subject to the 
same types of intermolecular forces as the solute species. Thus, 
a competition is set up among the several species, and the net 
effect, as manifested by the stability of the complex, is a con- 
sequence of this competition. The role of the solvent on complex 
stability may be expressed as 


AGue = AGyu + AGys + AGgs (2) 


where AG,,,, is the overall free-energy change for complex for- 
mation, AGyy,, is a contribution from medium—medium (ie, 
solvent—solvent) interactions, AG,,< describes medium-—solute 
interactions, and AGgg includes all solute—solute interactions. 
The value of AGgg is determined by the substrate—ligand in- 
termolecular interactions, but Equation 2 shows that the net 
stability of the complex also can be influenced by the solvent. 


Table 14-6. Classification of Charge-Transfer Donors 
and Acceptors‘4 


TYPE ORBITAL INVOLVED EXAMPLE 
Electron donors 

n Nonbonding pair :NR3 

ba Bonding 7 orbital Benzene 
Electron acceptors 

V Vacant orbital BCl, 

at Antibonding = orbital TCNE? 

ao Antibonding a orbital l 


? Tetracyanoethylene, (N==C),C—C(G=N)>. 


Table 14-7. Classification of Solvents 


SOLVENT CLASS EXAMPLES 


Hydroxylic 
H-bond donors 


Water, alcohols, glycols 

Water, alcohols, glycols, carboxylic acids, 
amides, imides, chloroform 

Amines, ethers, aldehydes, ketones 

Acetonitrile, dimethylsulfoxide, acetone, 
N,N-dimethylformamide 

Hydrocarbons, halogenated hydrocarbons 


H-bond acceptors 
Dipolar aprotic? 


Nonpolar 


“These are solvents with large dipole moments and no readily donated 
proton. 


The term AG,,, represents a solvation contribution, and its 
effect can be either stabilizing (if the complex is solvated more 
extensively than the reactants) or destabilizing (if the converse 
is applicable). The AGj,,, term represents another way in 
which the solvent can influence complex stability. 

Consider a nonpolar solvent, in which the MM interactions 
are weak (arising only from the dispersion force). In such a 
solvent the AGy,s term probably also will be small, and then 
the AGgg term will make the major contribution to AG,,,,. If, on 
the other hand, the solvent is polar (such as water, in particu- 
lar), the solvent—solvent interaction may be the predominant 
contributor to AG,,,. The AGj,;,, term in water may be identi- 
fied as the hydrophobic effect, which will be considered in more 
detail. There are two points of view from which the hydrophobic 
effect can be discussed. 

One of these theories takes as its key feature the struc- 
ture of water, ie, the intermolecular network of water mole- 
cules generated by their mutual hydrogen-bonding.'° When 
a nonpolar solute dissolves in water, no H-bonds from water 
to the solute can form, so the water structure in the vicinity 
of the solute must be modified to compensate for the water— 
water H-bonds that were broken upon insertion of the solute 
into the water. The number of possible orientations of water 
molecules is decreased in the presence of the solute, so its 
dissolution is unfavorable entropically; this is why nonpolar 
compounds have low aqueous solubilities, according to this 
view. 

When two such dissolved solute molecules come into con- 
tact, some of the structured water surrounding them must be 
released into the bulk medium, resulting in an increase in 
entropy, which (through its contribution to the AGyaj;,y 
term) is the main driving force in the hydrophobic interac- 
tion of nonpolar molecules in water. Although this descrip- 
tion is acceptable for nonpolar solutes, it must be modified 
for polar solutes, for which the main driving force may be 
either a favorable entropy change or a favorable enthalpy 
change. '® 

The second theory of the hydrophobic effect is the cavity 
model, which treats the solvent as a continuum. The surface 
tension y of a solvent is a measure of its surface energy, and in 
water, whose surface tension is unusually high (72 dynes/cm), 
there is a strong driving force for the minimization of surface 
area. In order to dissolve a solute molecule in a solvent, a cavity 
must be created in the solvent, and then the solute is inserted 
in the cavity. This can be thought of as “digging a hole in the 
solvent,” and it takes an energy equal to the product of the 
surface area of the cavity (which is determined by the size of 
the solute molecule) and the surface tension of the solvent. 
Some of this energy cost may be offset by the subsequent 
interaction energy, through solvation, of the molecule with the 
solvent. 

When two dissolved molecules unite to form a complex, the 
two cavities containing the separated species coalesce into a 
single cavity holding the complex. There is a net decrease in 
surface area (AA) in this process, and the product AAy is the 

driving force for the complex formation. Figure 14-7 is a rep- 
resentation of this cavity model of the hydruphobic effect. 

It now can be anticipated that if the hydrophobic effect 
makes a major contribution to the stability of a complex in 
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Figure 14-7. Representation of complex formation between S$ and L 
(planar molecules viewed in cross section through the molecular 
planes) to form complex SL. The total surface area exposed to sol- 
vent / is less for the complex than for the separated species. 


water, the incorporation of an organic cosolvent into the me- 
dium (resulting in a lower surface tension) will decrease the 
stability of the complex. On the other hand, if the interest is in 
a complex (in a nonhydroxylic solvent) whose stability is de- 
rived largely from strong intermolecular substrate—ligand H- 
bonding, then incorporation of water or an alcohol will reduce 
the stability of the complex due to competition by the hydroxy- 
lic solvent. 

Thus, it is seen that solvent effects on complex-formation 
can be varied and complicated, but that their study may offer 
insight into the nature of the intermolecular interactions 
responsible for the formation of the complex. A quantita- 
tive theory of solvent effects on complex formation has been 
developed.'” 

EXAMPLES OF MOLECULAR COMPLEXES—There is 
no systematic classification of molecular complexes, nor has a 
system of nomenclature been developed to describe complexes. 
Particular types may be classified in terms of the kinds of 
interactions involved in their formation, the kinds of inter- 
actants involved, or the kinds of complexes formed. Table 
14-8 gives an outline of molecular complexes according to this 
classification. 

Since molecular complexes are formed by noncovalent inter- 
actions, their bonding is localized less than that observed with 
covalent and coordinate bonds, which are highly directional. As 
a consequence, for many of these complexes it is not possible to 
indicate a specific complex structure. Hydrogen-bonded com- 
plexes are exceptions because of the requirements for the exis- 
tence of the H-bond, and many H-bonded structures are known. 

Studies by X-ray diffraction on crystalline complexes can 
reveal the mutual orientations of interactants in the solid 
state, but this knowledge does not indicate the nature or loca- 
tion of the noncovalent bonding directly. Theoretical calcula- 
tions have been helpful in suggesting how the substrate and 
ligand are positioned in the complex, and this approach is being 
used to design new drugs that can bind specifically to biological 
receptors. 


Table 14-8. Classification of Molecular Complexes 


|. Type of bonding or interaction 
Charge-transfer 
Hydrogen-bonding 
Hydrophobic interaction 
Stacking interaction 

\l. Type or structure of interactants 
Small molecule-small molecule complex 
Small molecule-macromolecule binding 
Drug-protein binding 
Enzyme-substrate complex 
Drug-receptor complex 
Antigen-antibody complex 

lll. Type or structure of complex 
Self-associated aggregate 
Micelle 
Inclusion complex 
Clathrate 
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Some examples of complexes, or of substrates and ligands 
that form complexes, will follow, using the outline in Table 14-8 
as a guide. 

Charge-transfer (CT) complexes, also called electron do- 
nor—acceptor (EDA) complexes, may be formed when one 
interactant can perform as the electron donor and the other 
as the electron acceptor. The appearance of a new electronic 
absorption band, not attributable to either the donor or the 
acceptor, often is taken as evidence for charge-transfer com- 
plexing. A classic example is provided by solutions of iodine 
in organic solvents. When I, is dissolved in aliphatic hydro- 
carbons or carbon tetrachloride, the solution has a violet 
color characteristic of iodine, but solutions in aromatic hy- 
drocarbons, alcohols, or ethers are brown. It is inferred that, 
in these latter solvents, a complex is formed and, because of 
the color (spectral) change, charge-transfer is implicated. In 
solvents in which iodine forms a complex (“brown” solvents), 
the solvent is the electron donor and the iodine is the accep- 
tor. Thus, from Table 14-6, the benzene—iodine complex may 
be described as a br—ao CT complex, whereas the ethanol— 
iodine complex is an n—ao complex. Investigation of the 
benzene—bromine complex by X-ray crystallography shows 
that in the solid state the axis of the halogen molecule is 
perpendicular to the plane of the aromatic ring, as in Struc- 
ture 4. The structure of the complex in solution may, how- 
ever, be different from this. 


Referring to Table 14-8, it is noted that electron donors of 
the n type will be found among the amines, ethers, alcohols, 
and sulfides, whereas bz donors include alkenes, alkynes, 
and aromatic hydrocarbons. Substitution on the donors by 
alkyl groups (which are electron-releasing) enhances their 
donor properties, unless the bulkiness of the substituent 
leads to steric hindrance. Hexamethylbenzene is a good elec- 
tron donor. Lewis acids are electron acceptors, but among 
organic compounds the most important acceptors are unsat- 
urated and aromatic compounds substituted with electron- 
withdrawing groups, exemplified by tetracyanoethylene, 
Structure 5, picric acid, Structure 6, and pyromellitic dian- 
hydride, Structure 7. 


OH 
OoN NO. 
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Structures 2 and 3 show hydrogen-bonding interactions. 
H-bonded complexes are observed readily in solvents that do 
not compete as H-bond donors or acceptors. The complex 
between phenol and pyridine in inert solvents is an H-bond 
complex. Perhaps the most famous hydrogen-bonded com- 
plexes are those of adenine-to-thymine and guanine-to- 
cytosine, which, as constituents of desoxynucleic acid, are 
responsible for the double-helix structure of the DNA mole- 
cule. Structure 8 shows the hydrogen bonds linking the 


cytosine of one polynucleotide strand to the guanine of a 
second strand.!® : 


Any complex in aqueous solution may receive some por- 
tion of its stability from the hydrophobic effect, and for 
nonpolar interactants the hydrophobic contribution probably 
is the major one. According to the cavity model (see Fig 14-7), 
solvents other than water also can lead to complex formation 
via this surface-energy effect, although less effectively than 
in water because the surface tensions are lower; in solvents 
other than water this is called the solvophobic effect. 

When two planar molecules undergo a primarily hydropho- 
bic association, the total surface area of the complex exposed to 
the solvent can be minimized if the molecules are in plane- 
to-plane contact, as suggested in Fig 14-7. This plane-to- 
plane orientation is called a stacking interaction. The purine— 
pyrimidine H-bonded base pairs in DNA (Structure 8) are 
planar assemblies that undergo stacking interactions with 
adjacent pairs. 

Aside from the interactions specifically mentioned in Ta- 
ble 14-8, complex formation also can be the result of the 
several types of noncovalent interactions depicted in Table 
14-5, and most complexes probably involve a combination of 
interactions. 

The third class listed in Table 14-8 is not depicted so easily 
as is the second class. Self-association is a type of complexation 
in which a molecule forms complexes with others of its own 
species. If S represents a molecule capable of self-association, 
then S, is called its dimer, S. its trimer, S, its tetramer, and so 
on. Structure 2 shows a hydrogen-bonded dimer of acetic acid, 
which can exist in the vapor phase and in inert solvents. 
Benzene forms dimers in aqueous solution, as does caffeine; 
these planar molecules probably undergo hydrophobic stacking 
interactions in water. 

A micelle is a special form of self-aggregated complex in 
which the interactant is a surfactant, a molecule possessing 
both a nonpolar and a polar portion. See Chapter 20 for an 
in-depth treatment of micelles. 

Inclusion complexes are formed when a macrocyclic com- 
pound, possessing an intramolecular cavity of molecular di- 
mensions, interacts with a small molecule that can enter the 
cavity. The macrocyclic molecule is called the host, the small, 
included molecule is the guest, and the inclusion process gives 
rise to host-guest chemistry. Both synthetic and naturally oc- 
curring macrocyclic hosts are known, and Figure 14-8A and B 
show an example of each. Crown ethers, such as the one shown 
in Figure 14-8A, present a nonpolar external molecular surface, 
but the interior of the cavity is relatively polar. As a conse- 
quence, polar guests such as ions can enter the cavity and, 
because their polarity now is masked by the surrounding host, 
exhibit unusual chemistry. For example, potassium permanga- 
nate, which is not soluble in nonpolar solvents, can be extracted 
into organic solvents from water in the presence of a crown 
ether. 

The cyclodextrins are macrocyclic hosts that are formed 
by the action of certain bacterial enzymes on starch. They 
consist of a-D-glucose units joined with glycosidic (ether) 
linkages. The interior of the cavity is lined with these gly- 
cosidic bonds and, therefore, is relatively nonpolar (ie, rela- 
tive to water), whereas the exterior of the molecule is quite 
polar because of the large number of hydroxy groups. The 
three commercially available cyclodextrins are called a-, B-, 
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Figure 14-8. Structure of (A) dibenzo-18-crown-6 and (B) a-cyclo- 
dextrin. 


and y-cyclodextrins (or, alternatively, cyclohexamylose, cy- 
cloheptaamylose, and cyclooctaamylose), and they consist of 
6, 7, and 8 glucose units, respectively. The diameters of the 
cavities of the cyclodextrins are approximately 5 A (for a), 6 
to 7 A (for B), or 8 to 9 A (for y). Thus, small guest molecules, 
or parts of molecules, may enter the host cavity to form 
inclusion complexes, whose stabilities are in part the re- 
sult of the hydrophobic effect. Many properties of a guest 
molecule may be altered by inclusion in a cyclodextrin;'® 
these include volatility, solubility, and chemical stability, 
so numerous practical applications have been suggested.7° 
The stabilities of cyclodextrin complexes have been dis- 
cussed.”! 

There is a special type of inclusion compound, called a 
clathrate, in which the host molecules form a crystal lattice 
containing spaces into which guest molecules can fit.2” In cage 
clathrates, the cavity is a space completely surrounded by a 
network of host molecules. Some “gas” hydrates are examples; 
in these structures, a hydrogen-bonded network of water mol- 
ecules, analogous to ice, encloses gaseous small molecules such 
as argon, methane, or nitrogen. The stoichiometry is not inte- 
gral, but it can be explained on the basis of the hydrate crystal 
structure and size of the cages.”° 

Channel clathrates form when the host crystal contains 
continuous channels in which the guest can be included. Urea, 
(H,N),C=O, forms channel clathrates with many long-chain 
molecules as the guests. Such clathrates have been used to 
isolate guest molecules from mixtures by crystallization in the 
clathrate form. 

The literature on molecular complexes frequently now uses 
the term molecular recognition, which can be taken to mean a 

“noncovalent interaction in which complementary features of 
the two interactants (exemplified by the hydrogen-bonding 
sites in Structure 8) result in significant specificity in the 
complex-formation process. 
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Binding Constants 
and Stoichiometric Models 


For the general complex-formation equilibrium 


HOS) > 1 Ie. 


the overall binding constant, B,,,,,, is defined 
Seely 
Bie [S,,Ly] (3) 
[Sy"{L]" 


where brackets denote molar concentrations. Actually, com- 
plexes probably form in a stepwise fashion by the coming to- 
gether of two interactant species at a time. For example, the 1:2 
complex SL, is formed in these two consecutive steps. 


Sie Le 
Ses SS 
Therefore, defining the stepwise binding constants as 
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Algebraic substitution shows that B,. = K,,K,,. Binding con- 
stants also are known as stability constants, formation con- 
stants, or association constants. The reciprocal quantity is a 
dissociation constant or an instability constant. These con- 
stants obviously depend on the identities of the substrate, S, 
and ligand, L; they also depend on the solvent and the temper- 
ature. Throughout most of this discussion the simplest example 
will be used, that of 1:1 complex formation, to illustrate con- 
cepts and methods, but in many situations it also may be 
necessary to consider the possibility of other stoichiometric 
ratios.”* 

The binding constant is an important measure of complex 
stability, and it is related to the standard free energy of com- 
plex formation by 


INCA. = MONA TG (6) 


where R is the gas constant and T is the absolute temperature. 
The standard free-energy change is related to the standard 
enthalpy change AH, ,° and the standard entropy change AS9, 
by 

ANGE = INET — TNS (7) 
AH’, can be determined from measurements of K,, at several 
temperatures. From 

AH®, 

2.303RT 


+ constant (8) 


log K\, = 
a linear plot of log K,, against 1/T (a van’t Hoff plot) yields 
AH®, from the slope. From Equation 7, AS?, then can be cal- 
culated. Complex stability commonly is discussed in terms of 
K,,, log K,,, AGS,, or (less often) AH?,. 

Before an experimentally measured binding constant can be 
accepted as a valid measure of complex stability, there must be 
a firm basis for believing that the stoichiometry has been iden- 
tified correctly. This is achieved by formulating and then test- 
ing a hypothesis. This hypothesis is simply a statement or an 
equation giving the assumed stoichiometry; for example, 
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which expresses the assumption of 1:1 stoichiometry. The test 
of this model consists of showing that K,, is a constant over all 
concentration ranges. 

This procedure is oversimplified above, because it ignores 
nonideality effects that lead to differences between concen- 
trations and activities. A more rigorous discussion is given 
elsewhere.”* 

This may be illustrated by building and testing a 1:1 model. 
The first step is to define K,, as in Equation 4. The second step 
is to write the material-balance relationship for the substrate. 


S, = [S] + [SZ] (9) 


Here, S, is the total substrate concentration. Also f,, is defined 
as the fraction of substrate in the complexed form. 


fi = [SL)/S, (10) 
Algebraic combination of Equations 4, 9, and 10 yields 


(fo ay) 
1 + K,, [LZ] 

Equation 11 is the binding isotherm for this model; it shows 
how f;, depends on the free-ligand concentration. The mathe- 
matical form of Equation 11 is very important in all 1:1 equi- 
libria. The model is tested by measuring /,, (or some experi- 
mental variable that is proportional to f,,) and showing that it 
is quantitatively related to [L] by Equation 11. 

This procedure is of sufficient importance to be illustrated 
with a hypothetical example. Suppose K,, = 10 M'; by assign- 
ing reasonable values to [L] the corresponding values of f,, 
can be calculated with Equation 11. The result is plotted in 
Figure 14-9. Several features are of interest. The binding iso- 
therm is nonlinear; in fact, it is a rectangular hyperbola. At 
very low values of the free-ligand concentration the fraction 
bound rises sharply (the slope is relatively steep), but at high 
values of [LZ] the curve flattens out and approaches the value 
f;; = 1, asymptotically. This change to a very small slope value 
at high [L] is called a saturation effect; the physical interpre- 
tation is that in this region most of the substrate molecules are 
already bound (complexed) to ligand, so addition of more ligand 
cannot create additional complex as efficiently as at lower 
values of f,,. Notice, also, that when f,, = 2, [L] = 1/K,,, as can 
be seen from Equation 11. This condition is familiar in the 
context of acid—base chemistry, for at the condition of half- 
neutralization, [H*] = K, or pH = pK,, where K, is defined to 
be a dissociation constant. 

One way to test the assumed model against the experimen- 
tal data is to perform a nonlinear least-squares regression 
analysis of f,, on [LZ] according to Equation 11, observing the 
goodness of fit of the regression line to the data points. Another 
way is to rearrange Equation 11 into a linear form and plot the 
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Figure 14-9. Plot of the 1:1 binding isotherm, Equation 11, with 
K,, = 10M". 


data accordingly. For example, Equation 11 is transformed 
easily to the “double-reciprocal” form 


1 1 


Lye me (12) 
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This predicts that a plot of 1/f,, against 1/[Z] will be linear if 
the model is valid. Other linear transformations also are pos- 
sible, as shown below. Note that K,, can be evaluated from the 
slope of the double-reciprocal plot. 

The Michaelis-Menten equation of enzyme kinetics has the 
same mathematical form as Equation 11, because it is based on 
the formation of a 1:1 enzyme-substrate complex. Another im- 
portant example arises in the study of the binding of drugs to 
proteins. The simplest model of this process supposes that the 
protein possesses n identical, independent binding sites for 
drug L, each site having a site-binding constant of k. Mathe- 
matical treatment of this model leads to Equation 13 as the 
isotherm. 


nk[L] 


eee (13) 
1+ k{L] 


i 


where i is defined to be the average number of drug molecules 
bound per protein molecule at free-drug concentration [LZ]; i is 
defined by 


(14) 


where L, is the total drug concentration and S, is the total 
protein concentration. The quotient z/n = @ is called the degree 
of saturation. 

Once again, in Equation 13, can be seen the characteristic 
hyperbolic dependence on ligand concentration. Drug—protein- 
binding often is analyzed with the aid of another linear trans- 
formation, Equation 15, according to which a plot of :/[{L] 
against 7 will be linear. 


a = -k-it+n/k (15) 


From the slope and either intercept, the parameters n and k 
can be estimated. A plot according to Equation 15 is called a 
Scatchard plot. If the Scatchard plot is curved, evidently the 
simple model leading to Equation 13 is not valid. 


Measurement of Complex Stability 


If a property of the substrate is altered upon its complexation 
with a ligand, measurement of the property as a function of 
ligand concentration provides a means for estimating the bind- 
ing constant. Many properties are suitable for this purpose. To 
demonstrate the method, a 1:1 complex formation will be used 
as a model, for just a few of these. 

SPECTROMETRY—Suppose the absorption spectrum of 
the substrate is changed significantly upon binding. Figure 
14-10 shows a typical example in which the ultraviolet spec- 
trum of p-nitrophenol changes upon complexation with a- 
cyclodextrin. The presence of well-defined isosbestic points is 
consistent with the assumption of 1:1 stoichiometry. Selecting 
a wavelength at which a substantial change in absorption 
occurs and assuming that Beer’s law is obeyed by all species, 
then, at total substrate concentration S, in the absence of a 
ligand, the solution absorbance is 


Ao = esbS; (16) 


where 6 is the path length and ¢«g is the molar absorptivity. In 
the presence of a ligand the absorbance is 


A, = e,b[S] + e,b[L] + €,b[SL] (17) 
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Figure 14-10. Ultraviolet absorption spectrum of p-nitrophenol in 
the presence of varying concentrations of a-cyclodextrin. The p- 
nitrophenol concentration is 1.99 x 10°* M, and the cyclodextrin 
concentration ranges from zero (topmost spectrum) to 0.01 M. 


where ¢,, is the absorptivity of the complex. Combining Equa- 
tion 17 with the mass balances S, = [S] + [SL] and L, = [L] 
+ [SL] gives 


A, = esbS, + e,bL, + Ae,,0[SL] (18) 


where Ag,, = £1; — &s —€,. If the solution absorbance is mea- 
sured against a reference solution containing the same total 
ligand concentration, L,, the measured absorbance is 


A = esbS, + Ae, b[(SL] (19) 


Equation 19 is combined with Equation 4 to give Equation 20, 
the binding isotherm, where AA = A — Ao. 
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(20) 


Equation 20 is identical in form with Equation 11, and it can be 
analyzed in the same way. The two unknown parameters K,, 
and A¢,, are obtained from this analysis. From the data shown 
in Figure 14-10 the values K,, = 256 M' and Ae,, = -1726 M' 
em | (at 317 nm) were obtained. 

There is a further matter to consider in this treatment of the 
data. Equation 20 is expressed in terms of free-ligand concen- 
tration [Z], but only the total ligand concentration L, is known. 
From the relationship L, = [Z] + [SL] is found 


SK (0) 
1+ K,,{L) 


L, = [L] + (21) 


The assumption that [L] = L,, is used widely, but when this 
approximation is not justified, [L] must be estimated with the 
aid of Equation 21. Methods have been devised to solve this 
problem.”° 

This spectrometric method is applicable in the ultraviolet, 
visible, and infrared regions. Nuclear magnetic resonance 
(NMR) spectrometry can be applied in a similar manner, but 
with NMR a change in the chemical shift is measured. 

CHEMICAL REACTIVITY—If the rate of a chemical re- 
action (such as hydrolysis) undergone by the substrate is either 
increased or decreased by binding to the ligand, the stability 
constant can be measured. Consider this kinetic scheme: 


ks 
SRP 
— Ky 


SL+R—P 


Here, R is a reagent that reacts with S and SL, but does not 
form complexes, P is the product of the reaction, and kg, k,, are 
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second-order rate constants. The mathematical development is 
similar to that in the spectrometric treatment, and the result is 


ke — ki 
S oe qi) K\ (LZ) (22) 
Ks 1+ K,,(Z] 
where qj, is given by q,,; = 1—k,,/k& and k¢ is the measured 


second-order rate constant in a solution having ligand concen- 
tration, [L]. If the reaction rate is decreased upon binding, then 
ki < kg, and q,, will lie between 0 and 1. Equation 22 has the 
usual hyperbolic form, and is treated as described earlier for 
similar functions. 

POTENTIOMETRY—If the activity of an ion is changed 
upon complex formation, it may be possible to make use of the 
measurement of electrical potential, LE, according to the Nernst 
equation: 


RT 


& = constant + —Ina 
nF 


where a is the ion activity, n is the number of electrons in the 
redox process, and F is the Faraday. Potentiometry is the most 
widely used method for the study of metal-ion coordination 
complexes, for which the activity of the metal ion, the ligand, or 
the hydrogen ion may be measured.”° 
Potentiometry also is applicable to structures that are weak 
acid—bases. If HA and A’ are the conjugate acid and base of 
such a substrate, with L being the ligand, two possible com- 
plexes can form: 
Kita 
HA = HAL 
Kiib 
Ame ately Aoi 


The experiment consists of measuring the apparent acid disso- 
ciation constant K/, of HA in the presence of the ligand. Math- 
ematical treatment gives Equation 23 as the binding isotherm, 
where ApK/, = pK; — pK,, and pK, is the value when L, = 0. 


ad i Ky [L)) 
CG + Ki,,[L) 


(23) 


ApKi, = log 


Thus, if ApK/, # 0, K,,,, # Ky,,; that is, the conjugate acid and 
base forms of the substrate have different affinities for the 
ligand. The sign of ApK;, indicates which form of the substrate 
forms the stronger complex, and K,,, and K,,, can be evalu- 
ated from the dependence of ApK/, on [LZ]. 

SOLUBILITY—In this technique the total apparent solu- 
bility, S,, of the substrate is measured as a function of total 
ligand concentration, L,. Because the system is prepared to 
contain excess (solid) substrate, the free-substrate concentra- 
tion is maintained constant at its intrinsic molar solubility, so. 
Therefore, the mass balance on substrate can be written 


S, = so + [SL] 
which, combined with Equation 4 and L, = [L] + SL, yields 


Ky Sol, 


+ ———— (24) 
1 + Ky\S0 


S, = So 


Equation 24 predicts that S, is a linear function of L,. The 
binding constant is obtained with 


Emus (25) 


fine So(1 — slope) 
Figure 14-11 is a plot according to Equation 24 for 
the system naphthalene (substrate)-theophylline (ligand). 
The equilibrium constant evaluated with Equation 25 is 
Ky ='64 M™ 
It will be noted that in the solubility method, the isotherm is 
linear, rather than hyperbolic. This is because [S] is held con- 
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Figure 14-11. Solubility (S,) of naphthalene as a function of concen- 
tration (L,) of theophylline, in water at 25°. 


stant in this method, whereas in the methods discussed earlier, 
S, is constant and [S] varies. 

There are other methods that, like the solubility method, 
involve a distribution between two phases. The apparent par- 
tition coefficient of a solute between two immiscible solvents 
can be a measure of complex formation. Several chromato- 
graphic methods are based on a similar principle, the retention 
volume, or time, of a substrate being measured as a function of 
ligand concentration. 

DIALYSIS—This is a technique applicable when one inter- 
actant, such as the substrate, is a very large molecule, and the 
other, the ligand, is a small molecule. Therefore, it is used 
widely to study the binding of drugs to proteins. 

In dialysis, two compartments containing solvent are sepa- 
rated by a semipermeable membrane, ie, a membrane whose 
pores permit the free transport of the small ligand molecules 
but do not permit the passage of the large substrate molecule. 
In one compartment (No 1) this nondiffusible substrate is 
placed, and in the other (No 2) the diffusible ligand is placed. 
The system then is allowed to come to equilibrium. 

At equilibrium the free-ligand concentration [L] is equal in 
the two compartments. The solutions in the two compartments 
are analyzed for their total ligand concentrations. 

With the above designations of compartment numbers, we 
can write 


(L,); = {Z], + [bound LZ], 
(L,)2 = [EL] 


and the equilibrium condition is [L], = [L],. Therefore, i can be 
calculated for compartment No 1 using Equation 14, because 
S,, the total protein or macromolecule concentration, is known. 
The experiment is repeated at different ligand concentrations 
to obtain 7 as a function of [L]. The data then are analyzed in 
terms of the model equation.”° 


Factors Affecting Complex Stability 


This is a large and poorly understood subject so any treatment 
must be cursory. Much of the earlier discussion on bonding and 
intermolecular forces is pertinent here. 


Consider a general effect that operates in all systems having 
multiple equilibria. In the simplest example there exists a 
substrate, S, with n identical independent binding sites, so that 
complexes SL, SL,, SL3,..., SL, may form, with correspond- 
ing binding constants K,,, Ky, K,3,..., K,,,. Even though the 
binding sites are identical, it will be found that K,, > Ky, 
> Ky3,..., > K,,. This is a result of a statistical effect. The 
origin of the statistical effect can be demonstrated readily for 
the case n = 2. The formation of the 1:1 complex is favored over 
the formation of the 1:2 complex by a factor of 2, because there 
are two available sites for binding in reactant S, whereas there 
is only one available site in reactant SL. Moreover, dissociation 
of SL, is favored over dissociation of SL by a factor of 2 because 
SL. has twice as many ligands to surrender. The combination 
of these statistical factors leads to the result K,, = 4Kj9, solely 
as a consequence of the statistical effect. This argument was 
generalized by Jones.”’ 

Considering the stability of metal-ion coordination com- 
plexes, when successive complexes form, two additional factors 
may operate in addition to the statistical effect. 

One of these is the steric effect, which is a result of the bulky 
nature of the ligand (relative to the H,O that it replaces). As 
successive ligands are added to the metal ion, crowding inhibits 
the addition of the next ligand, resulting in a decrease in the 
value of the binding constants. 

A second factor is the electrostatic effect, which plays a role 
when the central cation complexes with an anionic ligand. 
Then, as successive ligands approach the central ion they ex- 
perience different fields, because the net charge on the central 
ion changes with the addition of each ligand.?® 

The chelate effect was mentioned earlier in this chapter. The 
formation of a cyclic complex upon binding of a metal ion to a 
multidentate ligand leads to greater complex stability than 
when the same metal ion complexes with an analogous uniden- 
tate ligand. Complex stability is favored especially by the for- 
mation of 5- and 6-membered rings. A multidentate ligand that 
is also a macrocycle (such as a crown ether) can form particu- 
larly strong complexes; this is called the macrocyclic effect.7® 

A useful approach in understanding complex stability is to 
seek correlations of stability with other properties of the inter- 
actants. For example, the Irving-Williams order of stability of 
complexes of divalent cations with a common ligand, 


Mne <aiex*<Com = Ni“ = Cute ain 


can be correlated with the ionization potentials (corresponding 
to the last electron lost) of the ions. Similarly, for complexes of 
a common metal ion, with a series of structurally related h- 
gands of measurable Brgnsted basicity, the complex stabilities 
(expressed as the logarithms of the binding constants) often are 
correlated linearly with the pK,, values of the bases.”° Bases of 
different structural classes (eg, aliphatic primary amines or 
substituted pyridines) usually give rise to different lines, show- 
ing that basicity is not the only controlling feature. The hard— 
soft acid—base concept described earlier provides additional 
insight into the effects that properties such as polarizability, 
electronegativity, ionization potential, electron affinity, and 
basicity can have in affecting complex stability. 

In molecular complexes, it is useful to start with Equation 2, 
in which AG,,,, corresponds to AG’, in Equation 6. The value of 
AG,,.; 18 determined by the three terms AGyjy,, AGys, and 
AGgg. If one of these terms greatly predominates over the 
others, then fairly simple correlations between AG?, and a 
molecular property related to the dominant term might be 
expected. If, however, two or three terms contribute signifi- 
cantly to AG.,.,, they may combine in complicated ways, per- 
haps even opposing each other, so clear relationships may not 
be observed. Often the most fruitful experiments are those in 
which one interactant is held as a constant feature, and 
changes in the structure of the other interactant are made. 

Table 14-5 provides some theoretical guidance. If solute— 
solute interactions of the dipole or induced-dipole type are 
important, one might anticipate correlations with interactant 


dipole moment or polarizability. In charge-transfer complexing, 
substituent effects that increase electron density in the donor 
or decrease it in the acceptor (Structures 5, 6, and 7 are exam- 
ples of the latter type) may be expected to increase complex 
stability. Such effects have been observed.®”:*! 

If the hydrophobic interaction makes an important contri- 
bution to complex stability, the incorporation of organic sol- 
vents will reduce the stability. According to the cavity theory of 
the hydrophobic effect, complex stability is related to the 
change in surface area upon complex formation, so it may be 
anticipated that, for such systems, complex stability is related 
to the size of the interactants. Such a dependence has been 
seen, but it is complicated by the presence of additional ef- 
fects.°* Another prediction of the cavity model is that, for a 
given complex, stability should be determined primarily by the 
solvent surface tension, and there is some experimental sup- 
port for this prediction.'7?13° 


COMPLEXES IN PHARMACY 
AE DET RT SIS LL SU DTPA 
APPLICATION TO DRUG DELIVERY—Some of the prop- 
erties of a drug are so pertinent to dosage forms and drug 
delivery that it is reasonable to identify them as pharmaceuti- 
cal or biopharmaceutical properties. Complex formation may 
affect these properties, sometimes to advantage and sometimes 
adversely. Many of these properties, with corresponding exam- 
ples of drug complexes, are given in Table 14-9.°4 

A dosage form might be prepared either with the separate 
components S (the substrate or drug) and L (the ligand or 
complexing agent), or with the preformed solid complex. 

In a solution dosage form the method of preparation makes no 
difference, because the complexation equilibrium immediately es- 
tablishes the equilibrium composition. It must be remembered 
that the fraction of drug in the complexed form is given by Equa- 
tion 11, so that the free-ligand concentration is a critical variable, 
and excess ligand may have to be added in order to “drive the 
equilibrium” in favor of the bound (complexed) form. 

In a solid dosage form it may be preferable to incorporate 
the solid complex rather than a physical mixture of the drug 
and complexing agent. For many systems it has been shown 
that the complex provides faster dissolution and greater bio- 
availability than does the physical mixture. The processing 
characteristics (physical state, stability, flowability, etc) of the 
complex also may be better than those of the free drug. 

Not all complexation is intentional or desirable, and some 
dosage-form incompatibilities may be the result of unwanted 
complexation reactions. For example, some widely used poly- 
ethers (Tweens, Carbowaxes, or PEGs) can form precipitates 
with H-bond donors such as phenols and carboxylic acids. 

A substance used widely in liquid dosage forms as a com- 
plexer of metal ions is EDTA (ethylenediaminetetraacetic acid). 


Table 14-9. Pharmaceutical Properties Affected 
by Complexation 


PROPERTY 


EXAMPLE??? 


Physical state 
Volatility 
Solid-state stability 
Chemical stability 
Solubility 
Dissolution rate 
Partition coefficient 
Permeability 
Absorption rate 
Bioavailability 
Biological activity 


Nitroglycerin-cyclodextrin 
lodine-PVP 

Vitamin A-cyclodextrin 
Benzocaine-caffeine 
Aspirin-caffeine 
Phenobarbital-cyclodextrin 
Benzoic acid-caffeine 
Prednisone-dialkylamides 
Salicylamide-caffeine 
Digoxin-cyclodextrin 
Indomethacin-cyclodextrin 


? Listed in order of drug-complexing agent. 
» Citations of the original literature will be found in Ref 34. 
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The purpose of this application of complexation is to improve 
drug stability by inhibiting reactions (usually oxidations) that 
are catalyzed by metal ions, the complexed form of the metal 
ion being catalytically inactive. Citric acid (in the form of the 
citrate anion) also is used for this purpose.”° 

The cyclodextrins have been shown to have effects on all of 
the properties listed in Table 14-9, and many pharmaceutical 
applications have been proposed. !9-7°:?°37 

COMPLEXES JN PHARMACEUTICAL ANALYSIS— 
The formation of metal-ion coordination complexes provides 
the basis of many analytical methods for the determination of 
metals. Titration of divalent and trivalent metal ions with a 
solution of EDTA is a standard procedure called complexomet- 
ric or chelatometric titration.** The theoretical titration curve 
is calculated readily, and it can be shown that the very large 
endpoint “break” is the result of the 1:1 stoichiometry between 
the metal ion and the multidentate EDTA tetraanion. The end- 
point can be detected visually with metallochromic indicators 
or, potentiometrically, with ion-selective membrane electrodes. 

Very low concentrations of metal ions can be determined 
spectrometrically by complexation with a ligand that produces 
a spectral change. If the complex absorbs in the visible region 
of the spectrum, this is called colorimetric analysis. Thou- 
sands of such methods have been developed.*” Two examples 
are the determination of Fe(III) by complexation with 1,10- 
phenanthroline (see Table 14-1), and of Hg(II) by complexation 
with dithizone (diphenylthiocarbazone), S=C(NHNHC,H;)o. 
Gravimetric analysis of metal ions can be accomplished via 
their precipitation as insoluble coordination complexes. For 
example, Ni(II) forms an insoluble square planar bis(dimeth- 
ylglyoxime) complex, and many metal ions yield insoluble com- 
plexes with 8-hydroxyquinoline (see Table 14-1 for the struc- 
tures of these ligands). 

In some instances the analytical situation can be reversed to 
make the metal ion serve as the analytical reagent and the 
organic ligand as the sample. The ferric hydroxamate method 
for the detection and determination of carboxylic acid deriva- 
tives is a good example, in which a carboxylic acid derivative 
such as an ester, amide, or anhydride is reacted with hydroxyl- 
amine to form the corresponding hydroxamic acid. 
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An excess of Fe(III) is added, and this forms a red-violet coor- 
dination complex with the hydroxamic acid; the concentration 
of the complex is determined spectrometrically. 

Colorimetric analyses also can be based on molecular com- 
plex formation. Recall that charge-transfer complexation often 
is accompanied by the development of an intense charge-trans- 
fer absorption band, and this can be put to analytical use. For 
example, tertiary amines can be determined spectrometrically 
by complexation with tetracyanoethylene (Structure 5). 

Many complex formation reactions are used in conjunction 
with, or as the basis for, a separation, either by liquid—liquid 
extraction or chromatography. A classical method for amines, 
the acid-dye method, is based upon complex formation between 
an amine and a dye molecule. The complex is extracted from 
the aqueous phase in which it is formed into an organic solvent, 
where the dye concentration is measured spectrometrically. 

The success of the method is based on the condition that 
only the complexed form of the dye is extractable, so each 
molecule of amine results in the complexation of one molecule 
of dye, and this is extracted into the organic phase, where its 
concentration is an indirect measure of the amount of amine. In 
order to ensure the nonextractability of the excess (uncom- 
plexed) dye, a dye is used that is a neutral weak acid, and the 
aqueous pH is controlled at a level above the pK, of the dye, 
thus converting it to its anionic form.*? The principle can be 
reversed to determine acidic compounds with basic dyes.*! In a 
similar way metal ions may be extracted into organic solvents 
upon complexation with hydrophobic ligands. 
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Chromatographic separations can make use of the same 
principle, most notably in a technique called ion-pair chroma- 
tography. In an application of great pharmaceutical impor- 
tance, an amine sample in its cation form is complexed with a 
hydrophobic anion (eg, an alkyl sulfonate, RSO, ), and reverse- 
phase liquid chromatography is performed. The mobile phase is 
polar (often aqueous), and the stationary phase is nonpolar (eg, 
a C-18-bonded packing). Although the protonated amine has 
little affinity for the nonpolar stationary phase, its complex 
(called an ion-pair) with the hydrophobic counterion masks its 
polar nature, and the ion-pair can partition between the two 
chromatographic phases. 

Several other forms of chromatography take advantage of 
complex formation between a sample solute and a molecular 
entity in the stationary phase to generate selective chromato- 
graphic retention behavior. See Chapter 33 


In hydrophobic chromatography the hydrophobic interaction pro- 
vides the driving force for association. 

Affinity chromatography is based on fairly specific interactions be- 
tween the migrating solute and a ligand that is chemically bonded to the 
stationary phase. For example, an enzyme can be isolated by affinity 
chromatography on a column prepared with an inhibitor of the enzyme; 
formation of the enzyme-inhibitor complex on the column removes the 
enzyme from the sample mixture. In a similar way the very specific 
antigen—antibody interaction can be applied to isolate antibodies. 

Another type of chromatography based on complex formation is 
chiral chromatography, used to separate optical isomers based on in- 
teractions between the isomers and a stationary phase that possesses 
chiral binding sites. For example, stationary phases have been pre- 
pared with covalently bound cyclodextrins, which are capable of effect- 
ing chiral separations. 


PROTEIN-BINDING OF DRUGS—Systemically deliv- 
ered drugs are made available to the tissues and organs of the 
body by means of the blood, which is a complicated mixture of 
substances, some of which are capable of forming complexes 
with drugs. Because it is widely accepted that the pharmaco- 
logical response to a drug is determined by the concentration of 
the “free” (ie, unbound, uncomplexed) drug rather than the 
total drug concentration, drug-binding by constituents of the 
blood has important practical implications. 

Of all the constituents of blood that might take part in 
complex formation, the most important and most studied is the 
protein serum albumin (HSA for human serum albumin, BSA 
for the closely related bovine serum albumin). The normal HSA 
concentration in the blood is remarkably high, being 3.5 to 4.5 
g/100 mL, and the concentration can vary with age, exercise, 
stress, and disease.*” It is a very soluble, very stable protein 
and consists of 585 amino acid residues, having a calculated 
molecular weight of 66,439 and a net charge of —15 units at 
pH 7. The amino acid sequence is known.** 

Serum albumin is a strikingly indiscriminate complexing 
agent, having a significant affinity for very many compounds, 
including drugs. The molecule appears to be appreciably flexi- 
ble and able to adapt its shape to fit the molecular shape of the 
ligand binding to it. There are multiple binding sites, but the 
number that are accessible appears to depend upon the partic- 
ular ligand; moreover, not all the sites are equivalent.*” The 
principal driving force for complexing is the hydrophobic inter- 
action, and hydrophobic compounds, such as long-chain fatty 
acids (actually as their anions at physiological pH) are bound 
avidly to HSA. Typical site-binding constants are 10* to 10° 
M '. Certain metal ions also can bind to HSA, and the complex 
with Cu(II) is particularly stable. 

Since the binding sites of HSA are evidently not all identi- 
cal, the simple binding model exemplified by Equation 13 is not 
applicable precisely, but this equation often forms the basis for 
discussions of the binding equilibria. Provided that this over- 
simplification is recognized, some useful insights can be gained. 
The symbolism is recast as follows: let P = protein, P, = total 
protein concentration, D = drug (ligand), D, = total drug con- 
centration, and [D] = free (unbound) drug concentration. 
Then i = (D, — |D])/P,, is the average number of drug molecules 


bound per molecule of protein at free-drug concentration [D]. 
Equation 13 now is written 


nk[D] 


a4 (26) 
1 + k[D] 
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In the context of drug-protein binding, workers often make use 
of the concepts fraction of drug bound (f,,) and fraction of drug 
unbound (f,,). Obviously, f,, + f,, = 1. One can write the defini- 
tions f,, = [D]/D, and f,, = (D, — [D])/D,. Algebraic combination 
of these expressions leads to 


nkP, 


1 + k[D] + nkP, 


Jo 


and 


1+k{D] 


= (28) 
+ k(D) nike; 
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Equations 27 and 28 show that f, and f,, depend upon the 
concentrations of both the protein and the drug. Clearly, how- 
ever, when k[D] << 1 (ie, at very low free-drug concentrations), 
f,, and f,, essentially become independent of drug concentration, 
but this condition may not always hold in a therapeutic situa- 
tion. Moreover, because f, increases as P, increases, changes in 
serum protein concentration as a result of physiological or 
pathological states may result in significant alterations in free- 
drug levels. Another implication is that for a strongly bound 
drug (high k) the protein-binding sites may become saturated 
with drug, so at higher doses a larger fraction of drug is in the 
free form. 

There are several pharmacological or pharmacokinetic con- 
sequences of drug-protein binding.** Besides binding to pro- 
teins in the blood, drugs also may bind to constituents of the 
tissues in the organs perfused by the blood supply. If the 
binding ability of the blood (which may be roughly measured by 
the product nk) is greater than that of the tissues, the drug will 
tend to be retained in the blood, whereas tissue retention can 
occur for the opposite situation. Thus, the distribution of the 
drug can be affected by its binding characteristics. 

The drug clearance also-can be affected. If the extraction 
ratio for a tissue is high, the clearance is determined primarily 
by blood flow, and blood-protein binding has little effect on the 
clearance; if the extraction ratio is small, the clearance depends 
upon binding, and only the free drug is cleared.** 

The pharmacokinetic parameters, volume of distribution, 
and elimination-rate constant may be dose-dependent if the 
protein can be saturated by the drug. A high loading dose may 
be appropriate in such a case to saturate the protein, followed 
by lower maintenance doses. It generally is advisable to per- 
form experimental studies (eg, by dialysis) that allow free-drug 
concentration, as well as total-drug concentration, to be deter- 
mined. Such studies can detect nonlinear dependencies of [D] 
on D, (ie, nonconstancy of f, and f,,) and, therefore, can be 
helpful in developing dosage regimens to optimize therapeutic 
response and minimize undesirable side effects. 

COMPLEXES IN THERAPEUTICS—Complexes occur 
widely in biological systems, so the application of complex 
formation processes in therapy is a reasonable approach to 
drug design. Among the most obvious and important biological 
manifestations of complexation are many metal-ion coordina- 
tion complexes, whose study in this context constitutes a large 
part of bioinorganic chemistry. Examples of these complexes, 
with the metals involved, are hemoglobin (iron), cytochrome 
(iron), carboxypeptidase A (zinc), carbonic anhydrase (zinc), 
superoxide dismutase (zinc and copper), vitamin B,, (cobalt), 
chlorophyll (magnesium), and urease (nickel). Molecular com- 
plexation in biological systems also occurs, as noted earlier for 
DNA base-pairing and stacking interactions. The folding of 
proteins is a consequence of intramolecular noncovalent inter- 
actions. Charge-transfer interactions may play a role in phys- 


iological processes, and some membrane-transport processes 
may involve inclusion phenomena. 

Numerous antimicrobial and antineoplastic agents are be- 
lieved to exert their action by means of complex formation with 
DNA base-pairs. These drug molecules are large planar aro- 
matic compounds, and they can be inserted between the planar 
base-pair assemblies in the DNA double helix; this type of 
inserted molecular interaction is called intercalation. Interca- 
lating drugs include ethidium, quinacrine, proflavine, dauno- 
rubicin, adriamycin, and actinomycin D.*” 

The structure of cis-dichlorodiammineplatinum(II) (cispla- 
tin, Structure 9) is unusual for a drug. 


Cl 
H3N—Pt——Cl 


NH3 
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This antineoplastic drug is a square planar complex of Pt(II). 
Its biological activity probably arises from the cis geometry. 

Many toxic effects of excessive metal-ion concentrations can 
be treated by agents that form strong coordination complexes, 
via chelation, thus aiding the excretion of the metal. Among the 
metals whose toxicity can be treated by chelation therapy are 
iron, lead, copper, cobalt, nickel, mercury, and zinc. The stan- 
dard chelating agents for this purpose are the monocalcium 
disodium salt of EDTA, dimercaprol (BAL, Structure 10), and 
D-penicillamine (Structure 11). 


CH2—CH—CH0H (CH3)2C —CHCOOH 


SH SH SH NH> 
10 | 


Iron poisoning is treated with the chelator, deferoxamine, 
Structure 12. 


See ie 
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CHAPTER 45 


Thermodynamics rests upon three basic laws that took over 
500 years to establish. Although quantum mechanics has de- 
fined the limits of its scope, the concepts laid out in this chapter 
have remained unchanged for over a century. The reader is 
therefore encouraged to appreciate not only the many years of 
effort spent in defining the laws of thermodynamics but also 
the likely fact that the contents will be relevant for a lifetime of 
applications. 

The approach will involve the development of concepts 
within the framework of very specific examples, as the great 
value of thermodynamics lies in its general applicability. Sim- 
ple examples will be used to introduce the concepts that form 
the basis of a thermodynamic description. 

A system is that part of the universe under consideration 
and, as such, is separated from the surroundings or, equiva- 
lently, the rest of the universe. The focus of the analysis will 
center on how the properties of a system are altered through an 
interaction with the surroundings. The interaction occurs at 
the boundary that separates the system from the surroundings. 

When a sufficient number of properties of the system have 
specified, fixed values, then the system is at equilibrium. Cer- 
tain systems at equilibrium have a simple equation that pro- 
vides a relationship among the values of the properties. For 
example, a system containing an ideal gas has the properties of 
pressure, P, volume, V, number of mols, n and temperature (K), 
T related by 


PV = nRT (1) 


where R is the gas law constant. Such a relationship is referred 
to as an equation of state because it specifies the relationship 
among the properties of a system in a definite state. Further- 
more, if the system is at equilibrium, only three of the above 
values for the properties need to be specified, as the fourth may 
be calculated from the equation of state. 


THE FIRST LAW 


Rt wT RE RR SF SE ENE ST OS TE 
The first law of thermodynamics is a statement of the principle 
of conservation of energy; that is, energy may neither be cre- 
ated nor be destroyed. It is mathematically written as 


dE = 8q -5W (2) 


where dE is the differential change in the internal energy, dq is 
the differential change in the absorbed heat, and 6W is the 
differential change in the expended work. 

The change in internal energy of a system in going from 
state A to state B is given by 


B 
AB =f dE AL. 
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From this equation, it is observed that the internal energy is a 
state function since d represents an exact differential. 

The implication is that the change in the internal energy 
depends only on the initial and final state and does not depend 
on how the change in state was achieved. Because the change 
in energy does not depend on the path, there is no net change 
in the energy for any system that undergoes a cyclic 
change. The expression is 


$ dE =0 a 
This fact will be useful when a system undergoing a cyclic 
change is considered, as will be encountered with the discus- 
sion of a heat engine. And, finally, the equation provides only a 
relation for the change in the internal energy and does not 
provide an absolute value of the internal energy of the system 
in a particular state. 

In the first law, the change in internal energy is related to 
heat flow and work done. The concepts of work and heat now 
will be defined precisely, thereby providing the framework for 
the use of the first law, as well as the other laws. In contrast to 
the internal energy, the differential change in heat and work 
are inexact differentials. This means that neither the heat nor 
the work are state functions of the system; thus, the integral of 
the differential depends on the path taken. To elaborate on this 
point, consider the change in going from state A to state B. The 
heat and work are given as 


q= J. daanaw = f° aw (5) 
which will depend on what path was taken in going from state 
A to state B. The work and heat may be determined only if more 
information is provided concerning how the change in the state 
of the system was achieved. 

WORK—The concept of work in thermodynamics may be 
expressed as a product of an intensity factor and a capacity 
factor; for example, mechanical work is given as 


6W = Fadl (6) 


where the differential quantity of work done, 6W, is the product 
of the force, F (intensity factor), and a differential distance, dl 
(capacity factor). Other types of work include gravitational 
(gravitational potential and mass), electrical (potential differ- 
ence and quantity of electricity or charge), surface increase 
(surface tension and area) and, most important for our pur- 
poses, volume expansion or PV work (pressure and volume). 
Some peculiarities of the work are that it appears only at 
the boundary and thus may be thought of as flowing into or out 
of the system. Work may be generated only through a change in 
the state of the system, and it is an algebraic quantity that may 
be positive or negative. The convention chosen is that if the 


system does work on the surroundings, the work is a positive 
quantity; conversely, if the surroundings does work on the 
system, the work is a negative quantity. 

As alluded to above, PV work is given by 


éW = PdV (7) 


Under the condition that the system is kept under a constant, 
external pressure, P.,,, the pressure may be brought out from 
under the integral 


bW = P. SJ dV (8) 
with the integrated expression being 
Wie PgVEVv) (9) 


where V;and V, are the final and initial volumes of the system. 
Therefore, it becomes clear that if the system expands (V; > V,) 
against a constant external pressure, the system does work on 
the surroundings, and W > 0. In dealing with PV work, a 
distinction concerning the nature of the boundary is made. The 
boundary can be rigid and not allow PV work or it may be 
movable, thereby permitting changes in the volume of the 
system. If there is no heat flow into or out of the system, 
6q = 0, the change in the internal energy may be calculated 
from the work, 


fdE=-W (10) 
or 
AE = — P.(V;-— Vi) (11) 


which indicates that, with the expansion of a system against a 
constant pressure and without heat flow, there is a decrease in 
the internal energy of the system. This convention agrees with 
intuition: work is done by the system at the expense of its 
internal energy. 

HEAT—The other quantity appearing in the first law is 
heat. It shares many properties with work. Specifically, it, too, 
appears only at the boundary and only with a change in the 
state of the system. By definition, heat flow into the system, 
which is taken to be a positive quantity, results in an increase 
in the internal energy of the system. For a system where there 
is no work done, 5W = 0, the change in internal energy is given 
by 


fdE =f 8q (12) 
AE =q (13) 


Thus, g often is referred to as a transfer of thermal energy. 

Boundaries are classified as either diathermal, thereby al- 
lowing free exchange of heat, or conversely, adiabatic, where no 
heat flow is allowed. As an example, consider the change in 
internal energy for a system where only PV work is possible. 
The first law is written 


J dE = f 8q-f Pav (14) 


where f PdV has been substituted for the work term. 

Further, stipulating that the boundary be rigid, or dV = 0, 
the change in the internal energy is equal to the heat flow, or 
equivalently 


AE = q, (15) 


where the subscript v has been added to the heat term to reflect 
the constraint of constant volume. Thus, adding a quantity of 
heat to the system increases the internal energy. 


Q—What is the change in the internal energy and heat for a system 
that does 1.0 kcal of work on the surroundings? Assume a closed system 
where there is no exchange of matter across the boundary. 

A—The adiabatic boundary prevents the transfer of heat, g = 0 and 
AE = 0- 1.0 or AE = -1.0 kcal. 


THERMODYNAMICS 199 


Q—What is the work done by a system expanding from 2 L to 8 L 
against a constant external pressure of 2 atm? 

A—W = f PdV = P.,., J dV = P.,. (Vf — Vi) = 2 atm (8 L- 2 L) = 8 
L atm. 


It is desirable to quantify the change in thermal energy for 
the purposes of determining the heat flow associated with 
chemical reactions or physical changes. The pressure would be 
constant, as determined by the atmosphere. As reactions fre- 
quently are carried out under such conditions, it is expedient to 
define another state function, the enthalpy, H. 


[if Slouch Jey (16) 


The definition is given in terms of state properties of the sys- 
tem; however, to determine the change in the system, the 
differential is taken, resulting in 


dH = dE + d(PV) (17) 
Expansion of the latter term yields 
aH = dE + PdV + VdP (18) 


but because the pressure is constant, VdP = 0, the change in 
enthalpy becomes 


dH = dE + PdV (19) 


However, from the first law the change in energy of systems 
restricted to PV work is 


dE = 8q, - PdV (20) 


where 6q,, is the heat absorbed under constant pressure. Com- 
bining the latter two equations reveals 


dH = 8q, (21) 
or with integration 
Nie Gs (22) 


which implies that the enthalpy is no more than the heat 
absorbed by the system under the condition of constant 
pressure. 

The heat capacity at constant pressure may be defined as 


C,, = (dq, /dT) (23) 


or assuming the heat capacity is constant over the range of AT, 
given as 


f dq, = j €,dT (24) 
and the integrated form 
qp = C,AT = AH (25) 


Thus, knowing the heat capacity, the change in enthalpy of the 
system with a change in temperature may be determined. 

In an analogous fashion, the heat capacity at constant vol- 
ume may be defined as 


Cr—aoqniak 
with the integrated form being 
q = C,AT 


assuming the heat capacity is constant over the range of AT. 
Before proceeding to the application of these concepts to 
specific problems, the two types of processes involved with a 
change in the state of the system require elaboration. A process 
is reversible if, and only if, the difference between the driving 
and opposing force is infinitesimal; a process is irreversible if 
the forces are not infinitesimally different. The important point 
is that if a system is displaced from equilibrium by some 
vanishing small force, equilibrium may be restored by applica- 
tion of an equal force in the opposite direction. That is, the 
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restoring force applied is equal in magnitude but is in the 
reverse direction of the force originally applied. The process 
then is said to be reversible. Any process that occurs in a 
different manner is irreversible, and the original state of the 
system may not be restored without some change in the sur- 
roundings. Because vanishing small forces cannot be achieved 
experimentally, all real processes are irreversible, although a 
reversible process can be approximated closely. Nevertheless, 
reversibility is an important concept to establish the maximum 
value of work associated with a process. If a specific transfor- 
mation occurs that produces work, carrying out the process 
reversibly yields the maximum work that can be obtained, 
whereas the actual process must yield less work. 


Q—Suppose a system containing 1 mole of an ideal gas at 300 K 
undergoes a reversible, isothermal compression from 4 to 2 liters. What 
are the values of AE, g, W, AH and the final pressure if, from the kinetic 
molecular theory, the internal energy of an ideal gas is known to be a 
function solely of the temperature? 

A—Although W = f PdV is correct, the expression no longer may be 
integrated directly, because the pressure is not constant. However, the 
equation of state for an ideal gas provides the pressure in terms of the 
volume, that is, P = nRT/V; thus, upon substitution 


f, 6W = f nRTdV/V 
and with integration 


W = nRT In (V,/V;) 
= (1 mol)(0.082 L atm/mol K)(300 K) In (2/4) = -17.1 L atm 


For all isothermal processes involving ideal gases, AE = 0. Using this 
fact, the heat flow out of the system is 


AE=0=q-W 
or 
q=W=17.1Latm 
The change in enthalpy is found from the relationship 


AH = AE + A(PV) 


and, noting that A(PV) = PV,—P,V, = nRT —nRT = 0, and from above, 
AE = 0, thus, AH = 0. 

For the final part of the problem, calculation of the final pressure 
may be accomplished, again, by using the equation of state 


P, = nRT/V = (1 mol)(0.082 L atm/mol K)(300 K)/(4) = 6.15 atm 


THERMOCHEMISTRY—tThe subject that deals with heat 
effects, associated with chemical reactions and certain physical 
processes, is known as thermochemistry. One aspect of this 
topic already has been introduced with the definition of the 
heat capacity. Recall that the heat capacity relates the flow of 
heat to the resulting temperature change in the system. It is 
instructive to determine the relationship between the heat 
capacity at constant pressure, and that at constant volume, for 
an ideal gas. The most direct approach is to consider the alge- 
braic difference; that is, 


C, — C, = (dH/aT), — (aE/aT), (26) 


and expansion of the first term, with use of the definition of 
enthalpy yields 


= [a(E + PV)/0dT), — (dE/dT), (27) 
= (dE/dT), + [d(PV)/dT), — (aE/0dT), (28) 

and, because the energy is only a function of temperature, 
(dE/dT), = (dE/dT), = [d(PV)/dT], (29) 


which may be simplified by noting that PV = nRT and com- 
pleting the differential 


= d(nRT)/dT (30) 


or 
CC wee (31) 
where the molar heat capacities are given as C,/n, thus 
c,-¢, =R (32) 


Although the heat capacity of a gas depends on whether the 
determination is performed at constant pressure or constant 
volume, for liquids and solids C, ~ C,,. This can be deduced 
from the observation that the change in volume or pressure 
with temperature is very small. Thus, the term o(PV)/oT ~ 0, 
which when substituted into the equation yields C, —C, = 0. 

HEAT OF REACTION—Consider the following reaction, 
which represents both a mass and energy balanced equation, 


H.(g, 1 atm) + %20.(g, 1 atm) = H,O(1) 
AHoo, = —68,300 cal 


where AHoog is defined as the heat of reaction. This quantity 
specifies the change in enthalpy of the above reaction as writ- 
ten at the specified temperature of 298 K. The implication is 
that when a mole of H, combines with 2 mol of O, at 298 K, 
68,300 cal of heat are released in this exothermic reaction, and 
the enthalpy of the system is reduced by the same value. 
Alternatively, a reaction is endothermic if heat is absorbed by 
the system from the surroundings, which would result in an 
increase in enthalpy of the system. Because this is a balanced 
energy equation, the reverse reaction of the breakdown of liq- 
uid water into the respective components of H, and O, is an 
endothermic process requiring 68,300 cal of heat. The choice of 
the temperature of 298 K is arbitrary, although by convention 
it is taken as typical room temperature of 25°. It is important to 
note that, in general, the enthalpy change would be different if 
the reaction were carried out at another temperature. 

The thermodynamic concept of the enthalpy change of the 
system may be extended to include coupled reactions. Because 
the enthalpy is a state function, only the difference between the 
initial and final state is important for determining the change 
in enthalpy for the entire process. This is simply Hess’s law, 
which states that the enthalpy change of a reaction is the same, 
whether it occurs in one or several steps. Therefore, energy 
equations may be manipulated algebraically just like the cor- 
responding mass balanced equations. 

Consider the following two equations: 


C(s) + Ong) = CO.(g) —— AH = —94,052 cal 


CO(g) + ¥202(g) = CO.(g) —— AH = —67,636 cal 


From these equations, the enthalpy change associated with the 
reaction 


C(s) + Og) = CO(g) + Y20, 
may be calculated as 
AH = (-—94,052) — (-67,636 cal) = —26,416 cal 


HEAT OF FORMATION—tThe standard state of a com- 
pound is defined as its normal state of aggregation at a speci- 
fied temperature and pressure. For example, the normal state 
of aggregation of hydrogen is a gas at the specified temperature 
of 298 K and pressure of 1 atm, whereas elemental zinc is a 
solid under the same conditions. Furthermore, the standard 
molar enthalpy is defined to be zero, AH59, = 0, for each 
element in its standard state. Thus, the standard molar en- 
thalpy of hydrogen and zinc have the same value of zero. The 
liberty of assigning the value of the enthalpy arises from the 
fact that only the change in enthalpy can be determined. Thus 
chosen, the enthalpy of formation of any compound, in the 
standard state, then simply equals the heat of reaction for the 
formation of the compound from the reactants, which are con- 
stituent elements in their standard state. 


Consider the formation of water in the standard state from 
the elements of oxygen and hydrogen also in their standard 
state. The standard enthalpy of formation of water may be 
calculated as 


AA", = Ay 0(1) = [Puce ote Fo) (33) 


Note: The use of the bar is to indicate that the enthalpy refers 
specifically to 1 mol. Because the quantity in the brackets 
already has been defined as being zero, the molar enthalpy of 
reaction is equal to the standard molar enthalpy of formation of 
liquid water, or mathematically, 


AH?, = FP 

8) (34) 
The importance of establishing standard molar enthalpies is 
apparent in that the associated enthalpy change for any reac- 
tion involving compounds in their standard state may be cal- 
culated by the following equation, which is just an extension of 

Hess’s law 
AH° = > AH° 


SOE ae (35) 


f,products 


where AH°, represents the heat of formation. Thus, the heat of 
other reactions may be determined from the numeric values of 
the enthalpy of formations found in tables and the appropriate 
reaction scheme. For example, the formation of acetic acid may 
be written as 


CH,(g) + CO(g) = CH;CO,H(1) 


The enthalpy of reaction may be calculated from those values 
listed in Table 15-1 as 


AH® = [(-116,400)] — [(-17,889) + (-94,052)] 
AH® = —4.459 cal/mol 


HEAT OF REACTION AS A FUNCTION OF TEMPER- 
ATURE—At this point the information presented is useful if 
every reaction was carried out under standard conditions of 
298 K and 1 atm pressure; however, most reactions are not. 
Nevertheless, the heat of the reaction may be calculated at any 
other temperature by the temperature dependence of the heat 
capacity. 

Consider the problem of the heat of reaction for the freezing 
of water at —10° (263 K). One should note that a simple phase 
change may be treated in a manner analogous to a chemical 
reaction for the purposes of calculating the enthalpy change. 

The approach to the problem is to calculate the enthalpy 
change associated with the temperature change of the reactant 
(water) from 0° to -10° and the product (ice) from —10° to 0°, 
and then use the value for the enthalpy change at the melting 
point. The following schematic illustrates the approach and 
also provides insight into the concept of path independence of 
state functions. 


H,0(1, —10°) ----?----> HO (s, —10°) 
| 1 
AH; AA 
1 | 
H,0(1, 0)° --- AH; --> H,0(s, 0°) 


Table 15-1. Heats of Formation 


COMPOUND H; (cal/mol) 
CH, (g) ~17,889 
CO, (g) ~94,052 
H,0 (I) ~68,315 
CH;CO,H ~116,400 
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Specifically, the molar enthalpy for the reaction at —10° is given 
by 


AH(-10°) = AH, + AH, + AH, (36) 
with 
AH, = f c,(H,0, 1)dT = ¢,(1)AT 
AH, = (8.7)(263 — 273) = —87 cal/mol 
AH; = —1436 cal/mol (found in tables) 
AH, = J c,(H20, s)dT = c,(s)AT 
AH, = (18)(273 — 263) = 180 cal/mol 


Thus, the enthalpy for the conversion of water to ice at —10° is 
given by the sum or 


AH(-10°) = -87 — 1436 + 180 


—1343 cal/mol 


As shown, the direction around the circle dictates the limits 
of integration (final less initial), although care must be taken 
not to confuse them. The heat capacity was assumed to be 
independent of temperature, which in this case is reasonable 
for such a small temperature change (10°). However, in gen- 
eral, heat capacity is a function of temperature, which will not 
present severe difficulties if the functional relationship is 
known. In this case the temperature dependence may be sub- 
stituted into the equation and then integrated with the appro- 
priate limits. For example, the molar heat capacity of oxygen 
over the range of 300 to 1500 K has been determined experi- 
mentally and is approximated closely by 


Cy 6.0954 8.2538 x 10° — 10170 a (37) 


The change in the molar heat of formation for oxygen from 
temperature T, to T, would then be given by 


fi dH = f(610954 + 3.2533 x 10°2)— 10:171 xX 10 )dr (38) 


AH = [6.0954(T, — T,) + @2)(8/2533 x 10°) 73-77] 
+ (u)(—10.171 x 107)(73 — 7?) (89) 


HEAT OF SOLUTION—When a compound is dissolved in 
a solvent, the resulting enthalpy change of the system is re- 
ferred to as the heat of solution. The heat evolved or absorbed 
reflects the energy required to disrupt the cohesive forces of the 
solid and the energy generated from interaction of the solute 
molecules with solvent molecules. There are two ways of ex- 
pressing the enthalpy change per mol of material dissolved: the 
integral and differential heats of solution. The two conventions 
arise from the dependency of the heat of solution on the amount 
of solvent used to dissolve the solute. Thus, the integral heat of 
solution describes the enthalpy change when 1 mol of solute is 
dissolved to yield a specified concentration, perhaps a 1 molar 
solution, whereas the differential heat of solution provides a 
value of the enthalpy change when the amount of solute dis- 
solved is negligible. 

One way of understanding the difference between these 
representations, and also a way of remembering, is as follows: 


e The integral heat of solution gives the enthalpy change for a discrete 
or integral change in concentration of the solution. 

e The differential heat of solution provides the enthalpy change for an 
essentially zero or differential (dC) change in concentration. 


Q—If the differential heat of solution of two polymorphic forms of a 
drug were measured in water at standard temperature and pressure 
(STP) and form A had a larger heat than form B, which is more stable 
at STP? 

A—More energy is required to dissolve form A; therefore, it must be 
the more stable polymorph at STP. 
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ENTROPY AND THE SECOND LAW 
ESL SL SE ES TO 
Although the first law provides the framework for calculating 
the change in energy associated with chemical reactions or 
physical changes in state, there is insufficient information to 
allow prediction of the likelihood of whether the change will 
occur. Consider a system composed of two parts that are at 
different temperatures, T, and T,, separated by an imperme- 
able, adiabatic partition. When the partition is removed, heat 
will flow from the part at a higher temperature to the part at a 
lower temperature. According to the first law, the energy of the 
whole system, the sum of parts one and two, has not changed. 

Intuitively it is known that the above change will occur 
regardless of the fact that the first law does not provide a 
method of predicting the occurrence. Such changes are de- 
scribed as spontaneous, for the obvious reason that they occur 
without additional stimulation. It should be noted that this 
spontaneous change involved an increase in the disorder or, if 
you will, the randomness of the system. Thus, the system 
initially was separated into two parts at different tempera- 
tures, but after thermal contact, a uniform temperature was 
reached. The entropy, S, is the function that provides a quan- 
titative description of the randomness or disorder of the system 
and is fundamental for predicting the spontaneity of chemical 
reactions and physical changes. The entropy is a state function 
that depends only on the initial and final state of the system. 

The definition of the entropy change is given by the seem- 
ingly surprising form 


dS = 8qy,/T (40) 


where the subscript rev denotes that the heat flow occurs in a 
reversible manner. By carrying out the integration, the change 
in entropy for a reversible, isothermal change from state 1 to 
state 2 is given by 


AS = f Sqyoy/T = Goy/T (41) 


With the introduction of entropy, the second law may be 
stated as follows: 


For any spontaneous process in an isolated system, there is an 
increase in the value of entropy. Alternatively, the first and second laws 
may be combined with the classic thermodynamic statement, “the en- 
ergy of the universe is constant, the entropy is increasing.” 


CARNOT CYCLE—Before giving specific examples for the 
calculation of the entropy, it is instructive to provide the back- 
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Figure 15-1. A schematic of one possible heat engine. 
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Figure 15-2. The four steps involved in the completion of the Carnot 
cycle, indicating the relationship among the pressure, volume, and 
temperature. 


ground leading to the above definition. The concepts of heat 
and work have been developed already and thus can be used to 
show the origin of the entropy function. By permitting the flow 
of heat into a system, work may be done by the system. The 
hypothetical instrument that is capable of converting heat to 
work is referred to as a heat engine (see Fig 15-1). The second 
law dictates that not all of the heat may be converted into work, 
even if all changes occur in a reversible manner. In fact, the 
maximum work, W,,,,,, that may be obtained is specified by the 
heat flow into the system and the temperature difference over 
which the heat engine is operating; that is, 


Where OUR T/T, (42) 


where T, > T3. 

In 1824 Carnot established this equation, which perhaps 
may be understood best by introducing the Carnot cycle. Con- 
sider the system, as shown in Fig 15-1, containing an ideal gas 
that can perform PV work due to its connections with two heat 
reservoirs. A heat reservoir is a system that has a constant 
temperature throughout, and the temperature is not affected 
by the transfer of heat into or out of the reservoir. Take a 
starting point at some pressure and volume and let the system 
undergo a cyclic, reversible change involving three other points 
on a pressure and volume diagram as shown in Figure 15-2. 
The first step is an isothermal expansion; the second is an 
adiabatic expansion; the third is an isothermal compression; 
and finally, the forth is an adiabatic compression. The proof of 
Equation 42 is provided by calculating the heat and work for 
each step and noting that not all of the heat energy may be 
converted into work. 

As this is a cyclic change, the total energy change in one 
complete cycle, AF,,,, is zero. The change in energy, along with 
the heat and work with each step, may be determined using the 
first law. For the first step of the cycle, consisting of an isother- 
mal expansion, the energy is given as 


AE, = q:-W, (43) 


Since the energy change for an isothermal process involving 
an ideal gas is zero, the heat is equal to the work: 


qi = W, = J PdV (44) 


Substituting for the pressure, to allow integration between the 
limits of the initial and final volumes, V, and V,: 


qi = J nRTdAV/V (45) 
qi = nRT In (V/V) (46) 


The second step is an adiabatic expansion. The heat flow is 
zero, and thus, 


KES = We (47) 


The energy change may be obtained from the definition of the 
heat capacity at constant volume, or mathematically, 


f C,dT = -W, (48) 
which is equal to the following, for an ideal gas. 
CAT, - T,) = -W» (49) 


The third step is an isothermal compression, which is essen- 
tially the reverse of the first step, with the volume limits 
altered accordingly: 


qd3 = NRT In (V,/V3) (50) 


The final step is an adiabatic compression, which is dealt with 
in a manner similar to the second step by noting that g, = 0, 
yielding 


CAT, — T,) = -W, (51) 


Summing up the results for each individual step to obtain the 
total work for the cycle, W,,,, 


Wi. = 2RT In (V/V) - C\(T - T,) 
+ nRT In (V,/V3) — C,(T,; — Tz) (52) 
which may be simplified by canceling terms, yielding 
Wow = NRT, In (V./V,) + nRT, In (V4/Vs) (53) 
The heat flow into the system occurs with the first step, thus 
Qi = nRT, In (V,/V,) (54) 


The efficiency of an engine, «, is given by the amount of work 
extracted divided by the heat flow into the system, 


€ = Would: (55) 
where W,,, = W, 


max 


for reversible changes or, equivalently, 
6 = [nRT, In (V./V,) + nRT» In (Vi/V3)]/[nRT, In (V./V,)]_ (56) 


Although it is not obvious, it may be shown that V./V, = V./V,, 
thus 


Bate TT (57) 


The efficiency is proportional to the difference in temperature 
between the heat reservoirs. In addition, there is no work done 
unless there is a difference in temperature between the heat 
reservoirs. Finally, 100% efficiency is obtained only when T, — 0, 
which as will be noted from the third law, is impossible. 

The above analysis elucidates the connection between en- 
tropy and heat flow. The second law provides the quantitative 
limit on the amount of work that can be done with a cyclic 
operation performed in a reversible manner. This result has 
the powerful implication that it is impossible to construct a 
perpetual motion machine. The latter is a hypothetical device 
that once set into motion continues to interconvert work and 
heat without exhausting its finite source of energy. No machine 
is 100% efficient; therefore, there can be no perpetual motion 
machine! 

ENTROPY CHANGES FOR REVERSIBLE AND IRRE- 
VERSIBLE PROCESSES—Given the above background, the 
entropy changes associated with several reversible processes 
may be determined. Consider the melting of ice at the melting 
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point under 1 atm pressure where AH,,,. = 1436 cal/mol (heat 
of fusion). The entropy of fusion, AS,,., is given by 


J dS = f 5q/T (58) 


which may be determined from f 5g = q, = AH, because the 
pressure is constant and the temperature is the melting point. 
Thus, 


f dS=AH,,./T,, (59) 


S,-S, = AA qs/T (60) 
AS = 1436/2783 = 5.275 cal/mol K 


The positive change in entropy also confirms the intuition concerning 
such an event; liquids are in a state of more disorder than solids, thus 
the entropy also is greater in the liquid state. 


Q@—What is the entropy change for a reversible, adiabatic expansion 
of an ideal gas? 

A—As q = 0 for an adiabatic change, AS = 0. 

Q—What is the relationship for the entropy change of a reversible 
expansion of an ideal gas, given that the pressure (isobaric condition) 
and heat capacity are constant over the range of T, to T.,? 

A—Although AS = f 6q/T, T is no longer a constant and, therefore, 
may not be taken outside the integral. However, note that 


AS = f dH/T = f (C,/T)dT (61) 
AS = C, In (T,/T,) (62) 


The discussion, thus far, has been limited to reversible 
processes that are strictly impossible to achieve in the labora- 
tory (even though such a process may be approximated very 
closely). The question is, what is the entropy change for an 
irreversible change? Here the entropy change is given by 


dS > oqir./T (63) 
Thus, all real processes may be written as 
dS = bq/T (64) 


This concept may be extended to determine the condition of 
spontaneity. Consider a system that is transformed irrevers- 
ibly from state 1 to state 2 and then reversibly from state 2 
back to state 1. The overall change is given by 


State 2 State 2 _ 
i roel oat <0 


State 1 


be a (ie 2 1s 0 
State 1 8G ine! T iu State 1 : = (66) 


(65) 


which may be rearranged, with changing the limits of integra- 
tion, to yield 


dae 5 IT e: ees 1S 
State. irr See! (67) 
or, equivalently, for infinitesimal changes 

8qi./T < dS (68) 


This is known as the Clausius inequality. For isolated systems, 
where boundaries do not permit the passage of energy or mat- 
ter, 5q;,, = 0, the result is given 


dS > 0 (69) 


That is, for every spontaneous change in an isolated system 
there is an increase in the entropy. 

The second law may be generalized in another way. The 
total entropy for any process is given by the sum of the entropy 
of the system and the surroundings; that is, 


AS, = CIS ae (aliSherc (70) 


For reversible processes, the entropy change in a system is the 
negative of the entropy change produced in the surroundings. 
The total entropy, therefore, is zero. For irreversible processes 
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the total entropy, system plus surroundings, increases. The 
mathematical statement of this relationship is 

> AS,,, = 0 reversible process (71) 


Y AS,,, > 0 irreversible process (72) 


THE THIRD LAW 
LRT TT 
The third law of thermodynamics simply defines the zero point 
of the entropy scale. The entropy of a pure, perfectly crystalline 
substance is zero at absolute zero. Intuitively, at the lowest 
possible temperature a system that has perfect three-dimen- 
sional order should have no entropy. The defining of a zero for 
the entropy is unlike the other state functions introduced pre- 
viously. Thus, the value of the entropy, S, of a system in any 
state, in principle, may be calculated. 

What would be the entropy of a crystalline solid at 150 K, 
S59? This may be calculated as 


AS = Sy59 - So (73) 
= f(c,/T)dT-0 (74) 

or 
NS See (75) 


If the heat capacity over the range of 0 to 150 K is known, the 
value of the entropy may be calculated. 

With the absolute entropies of compounds available, the 
change in the entropy of a system as a result of a chemical 
reaction may be determined. The approach is analogous to the 
previous discussion of the calculations involving enthalpy 
changes. The entropy change of a chemical reaction occurring 
at 298 K is given by 


AS3os —— (18 598) products = (nS 398) reactants (76) 


where the summations are carried out over the products and 
reactants, respectively. As was shown with enthalpy, the en- 
tropy change of a reaction, occurring at different conditions of 
temperature or pressure, may be calculated if the dependence 
of the entropy on the temperature or pressure change is known. 


Free Energy 


The concept of free energy is probably the most useful aspect of 
thermodynamics. The criteria for determining the spontaneity 
of a chemical reaction or phase change were presented above; 
however, it involved carrying out the change in an isolated 
system. One can imagine how inconvenient and often impossi- 
ble it would be to apply such a constraint to the laboratory 
setting. For this sake, additional state functions have been 
defined to allow prediction of the spontaneity of a change in 
state. The rationale for the development of other functions was 
to allow maximum flexibility in their application. The two 
functions introduced are Helmholtz free energy, A, and Gibbs 
free energy, G. The functions for predicting spontaneity are 


1. Isolated system: dS > 0 

2. Isothermal and isochoric system: dA < 0 
3. Isothermal and isobaric: dG < 0 

4. Constant volume and entropy: dE < 0 


Helmholtz free energy is defined as 
A=E-TS (77) 


It can be shown why Helmholtz free energy also is referred to 
as the work function by first taking the differential, 


dA = dE —- TdS — SdT 


then substituting for the internal energy as a given by the first 
law, dE = dq — 6W, giving: 


dA = 8q —- 6W - TdS — SdT (78) 
Recognizing that 6q = TdS, 
dA = -5W — SdT (79) 


which yields the final expression by imposing the constraint of 
constant temperature; thus, 


dA = —5W (80) 
or 
AA = - (81) 


Helmholtz free energy is the energy available to do pres- 
sure—volume work for reversible isothermal processes; a de- 
crease in the Helmholtz free energy is equal to the capacity of 
the system to do work. An alternative view is that, for systems 
at constant volume and temperature, a change in state is 
spontaneous if, and only if, there is a decrease in the Helmholtz 
free energy. Thus, with the introduction of AA, the spontaneity 
of changes occurring at constant volume and temperature may 
be predicted. 

As most reactions carried out in the laboratory are under 
conditions of constant pressure and temperature, Gibbs free 
energy is the most useful function and is defined as 


G=E+PV-TS (82) 


which can be converted into a more usable form by an analo- 
gous method used with the Helmholtz function. Taking the 
differential and applying the constraints of constant pressure 
and temperature yields 


dG = dE + PdV-TdS (83) 
6W = TdS 


but dH = 6q dW; thus, upon substitution, 


—dG = 6W - PdV (84) 


A decrease in Gibbs free energy is equal to the non-PV work 
done by the system or, equivalently, 


dG = —6 W (non-PV) (85) 


which also provides the conditions of a spontaneous change 
under the constraints of constant temperature and pressure. A 
direct application of the relationship between Gibbs free energy 
and non-PV work is used in potentiometry. 

These relationships for predicting spontaneity often are ex- 
pressed in a differential form, which presents the state func- 
tions in a concise manner as well as facilitating their use to 
specific problems. The four differential equations are 


dE = TdS — PdV (86) 
dH = TdS + VdP (87) 
dA = -—SdT — PdV (88) 
dG = -SdT + VdP (89) 


These expressions represent the four fundamental equations 
of thermodynamics, which in reality are four ways of look- 
ing at one fundamental equation describing the conditions of 
spontaneity. 


Q—One mol of liquid water is vaporized reversibly at 100° and 1 atm 
pressure. The molar heat of vaporization is 9.725 kcal/mol; what are q,,, 
AH, AE, AA, AG, and AS? 

A—tThe value of q,, actually is given in the question, as the heat 
required to vaporize 1 mol of liquid is the definition of the molar heat of 
vaporization; thus, g, = 9.725 keal. Recognizing that the pressure is 
constant, AH = q,, = 9.725 kcal. To calculate AE, the work first must be 
determined. The work is given by 


W = f PdV = PAV (90) 
= PVEays (91) 


However, the volume of the gas, V,, is much larger than the volume of 
the liquid, V,, which implies that the work is given by 


W = PV, (92) 
Assuming the gas is ideal, the work is 
W = nRAT = (1 mol)(1.987 cal/mol K)(373 K) = 741 cal 


From the above, AK may be calculated from 


AE = q-—w = 9725 — 741 = 8984 cal 


The change in entropy is a straightforward calculation, once the en- 
thalpy is known: 


AS = AH/T,, = 9725/373 = 26 cal/K 


Helmholtz free energy is given by 


AA = AE - TAS = 8984 — (373)(26.0) = -741 cal 
which also may have been obtained by recognizing that 

AA = —W,,, = —741 cal 
Finally, the change in Gibbs free energy is determined from 


AG = AE + PAV - TAS = 8984 + 741 — (373)(26.0) = 0 cal 


which, too, may have been obtained by recognizing the absence of 
non-PV work. 


STANDARD MOLAR GIBBS FREE ENERGY—tThe fun- 
damental equation for Gibbs free energy has been given as 


aG = -SdT + VdP (93) 


Consider the change in free energy with pressure at constant 
temperature. One may begin by defining a standard free en- 
ergy, G°(T), which corresponds to the free energy of the ideal 
gas under a pressure of 1 atm. Because the temperature is 
constant, the change in free energy is given by 


f dG = f VdP (94) 


between the limits of 1 atm and the pressure, P. For an ideal 
gas, the volume is a strong function of pressure; thus, with 
substitution, and after integration, the result is 


G(T, P) — G°(T) = f (nRT/P)dP (95) 
Simplifying yields 
G Geen. Ine (96) 
Dividing through by the number of mols gives 
G/n = G°/n + RT In P (97) 


Molar free energy, G/n, is encountered so frequently it is given 
a special symbol, 1, and Equation 102 is written as 


fee YTS SE VIN thoy JZ (98) 


The molar free energy also is referred to as the chemical 
potential. 

NONIDEALITY—Equation 98 describes the molar free en- 
ergy of an ideal gas, but for real gases the molar free energy is 
not related directly to the pressure. Thus, a function, the fu- 
gacity, f, has been introduced, which provides the same func- 
tional form of equation for a real gas: 


mH ee RT In f (99) 


The fugacity is related to the pressure by the following equa- 
tion, which is provided without derivation: 


In f = In P + (1/nRT) J (V — Via)dP (100) 
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where V,, represents the volume of an ideal gas. This equation 
may be justified by considering the assumptions of an ideal gas, 
which are that the molecules are point particles without vol- 
ume, and no intermolecular attractive or repulsive forces. Both 
of these effects have a direct impact on the measured volume; 
thus, the fugacity may be conceived as a function that corrects 
for inaccuracies of these assumptions. Clearly, the fugacity 
approaches the pressure as the real volume approaches the 
ideal volume. 

A similar approach is applied when dealing with mixtures. 
Consider the molar free energy of a mixture of gases. From 
Raoult’s law, the partial pressure, P,, of a gas is given by 

P; = x,P (101) 
where x, is the mol fraction of the ith component and P is the 
total pressure. Molar free energy is 


w= om) RII P+ In x) (102) 


For the purposes of evaluating mixtures, it generally is more 
convenient to define a new standard state, u°(7, P), which 
consists simply of the pure gas at 1 atm, thereby yielding 


(te = [oreo (CMS ID) ae eM bale (103) 


In fact, this equation is applicable not only to the gas state but 
any ideal state of aggregation. This becomes more apparent by 
letting the mol fraction go to unity (that is, a pure substance), 
whence the logarithmic term goes to zero and the molar free 
energy is equal to the standard-state molar free energy. 

For solutions, there is a corresponding term that describes 
the departure for an ideal mixture, the activity, a. Equation 103 
is applicable only for ideal mixtures. However, with the intro- 
duction of the activity, a, the above expression may be written 
as follows, which is general for all mixtures: 

wi; = w(T, P) + RT In a; (104) 


For solutions, p; (7, P) is the molar free energy of the liquid in 
the pure state. 


Equilibria 


Equilibrium is related intimately to spontaneity, thus the func- 
tions above used to predict the spontaneity also may be used for 
establishing conditions of equilibrium. In essence, if no spon- 
taneous change is predicted, the system is at equilibrium. 
Consider the following chemical reaction for an ideal gas: 


aA =bB 
For this reaction, the equilibrium constant is written as 
Ke= tee Pa (105) 


Let the molar free energy of each component for the condition 
of equilibrium be defined as G, and Gp, and as G4 and Gz for 
the nonequilibrium state. The changes in free energy at equi- 
librium and in a nonequilibrium state are given as 

AG = 6G; - aG, (106) 
AG' = 6G; - aGh (107) 


The change in free energy between these two states is given 
by the difference between the changes in free energy; that is, 


AG’ — AG = b(G5 — Gg) — a(G) — Ga) (108) 


The difference between Gj, and G,; may be calculated for an 
ideal gas with the use of the fundamental equation given above: 


dG = VdP —- SdT (109) 


206 CHAPTER 15 


which is related, under the condition of constant temperature, 
as 


dG = VdP (110) 
AG = f VdP (111) 
AG = f (nRT/P)dP (112) 


After integration between limits of the two states, it yields 


AG = nRT In (P2/P3) (113) 


Substituting into the Equation 108, to find the overall change 
in AG: 


AG' — AG = bRT In (P}/P3) — aRT In (P4/P4) (114) 


The quantity under the logarithm is given a special definition 
because it may be generalized to other cases not involving ideal 
gases; thus, the reaction quotient is defined as 


Q = [B')’/[A')" (115) 
where Equation 114 may be rearranged to yield 
AG’ —-AG = RT InQ@-RT ln Kk (116) 


Under conditions of both constant pressure and temperature, 
dG and AG = 0; thus, 


AG’ = RT 1nQ-RTInK (117) 


In a similar fashion to the standard enthalpies of formation of 
specific compounds, a standard Gibbs free energy, AG°, for the 
above reaction, may be defined as the free energy associated 
with the conversion of a mols of reactants to 6 mols of products 
when the pressure and temperature are held constant, or AG’ 
= AG° and In Q = 0. The concentrations (or in this example, the 
pressures) are equal to unity, thus 


AG° = -RT Ink (118) 


This equation is of great importance because it provides the 
energy per mole of any chemical reaction, provided the equilib- 
rium constant is known under standard conditions. Alterna- 
tively, the equilibrium constant may be calculated if the free 
energy is known. The universal applicability of thermodynam- 
ics also is displayed in Equation 118. Although it was derived 
for an ideal gas, it is equally applicable to reactions conducted 
in solution or even in the solid state. 


TEMPERATURE DEPENDENCE OF THE EQUILIB- 
RIUM CONSTANT-—A related aspect is the question of the 
temperature dependence of the equilibrium constant or, from a 
different perspective, the temperature dependence of the 
change in free energy. Using the fundamental equations, it can 
be shown that Gibbs free energy is related to the following state 
functions: 


AG° = AH° —- TAS° (ae)) 


The determination of the temperature dependence is obtained 
through the Gibbs—Helmholtz equation, which is derived as 
follows. First, both sides are divided by the temperature: 


AG°/T = AH°/T — AS° (120) 

then, the derivative with respect to temperature is taken: 
(AG?/T)/aT = 0(AH°/T)/3T (EAI) 
= —AH°/7" (122) 


This is referred to as the Gibbs—Helmholtz equation, which 
provides the relationship between the change in Gibbs free 
energy with temperature and the enthalpy change. However, 
the standard free-energy change also is related to the equilib- 
rium constant, which, in general, also is temperature depen- 
dent, as 


a(AG*/T)daT = —a(R In K)dT (123) 


Combining Equations 122 and 123 yields 
—0(R In K)/aT = —AH°/T? 


which may be rearranged and integrated over the limits of T, 
and T,, assuming that AH° is not a of function of temperature, 
which is a reasonable approximation for a small temperature 
range: 


J a(ln K) = -f (AH°/RT”)aT (124) 


Thus, the temperature dependence of the equilibrium constant 
is given as 


In [K,/K,) = AH°/R((1/T,) - (1/T,)) (125) 


where K, and Ky are the equilibrium constants at temperature 
T, and Ty, respectively. This is known as the vant Hoff equa- 
tion; this equation is extremely important because of its wide 
applicability, to not only equilibrium constants of chemical 
reactions, but also other phenomena such as solubility, com- 
plexation, dissociation, and vapor pressure. 


Q—If an equilibrium constant is 13.6 at STP, at what temperature 
will it be 20 if the standard enthalpy for the reaction is 8.3 kcal/mol? 
A—Using the following equation: 


(-R/AH°) In (K./K,) + 1/T, = 1/T, 
1/T, = (-1.987/8300) In (20/13.6) + 1/298 
Wy = BOG S108 =] BOG IK = Ba" 


CLAPEYRON EQUATION—A special case of the van’t 
Hoff equation is known as the Clapeyron equation. The inter- 
esting feature is that the free-energy change with temperature, 
in connection with phase changes, is approached in a different 
manner, with the same result. Consider a liquid in equilibrium 
with a vapor, such that the free energy associated with each 
phase, liquid and vapor, may be written from the fundamental 
equations as 


aG, = -S.dT + VidP (126) 


dG, = -S,dT + V,dP (127) 


However, because the phases are in equilibrium, dG, = dG,, or 
equating the above relationships, 


—S,dT + VdP = -S,dT + V,dP (128) 
these can be rearranged to yield 
(S, — S)dT = (V, — V)dP (129) 


or with separation of the differential with the incremental 
changes to give 


aPlaT = (S, — S)MV, - V)) (130) 


or equivalent 


aP/dT = AS/AV (131) 


The interesting aspect of this equation is that the derivative, 
dP/dT, is related to the discontinuous changes that occur with 
a phase change. Although this relation was derived for a liq- 
uid—vapor equilibrium, it is general and may be applied to any 
phase change. 

The relationship may be manipulated further by recalling 
that AS = AH/T, where T is the temperature at the point of 
equilibrium. Thus, by substitution, the following is obtained: 


dP/dT = AH/TAV (132) 


An approximation may be made, as before, by noting that 
V,-V,-V,, which for 1 mol of an ideal gas is V, = RT/P and 
affords 


dP/dT = PAH/RT* (133) 


The expression may be rearranged, thereby providing a means 
for measuring the change in enthalpy and entropy: 


dP/P = (AH/RT’)dT (134) 


This is known as the Clausius—Clapeyron equation. Assuming 
AH is constant over the small temperature range between 7. 


and T,, this expression may be integrated yielding 
In (P,/P,) = (AH/R){((1/T,) — CA/T,)] (135) 


Q—If the equilibrium constant is 1.3 x 10° at 25° and 1.7 x 107! at 
150°, what are AH°, AG°, and AS°? 

A—The temperature of 25° is taken as the standard temperature; 
Gibbs free energy is given by 


AG®° = —RT In K(298) 
= ~(1.987)(298) In (1.2 X 10°)= 2.62 kcal/mol 


The standard enthalpy change may be calculated from the temperature 
dependence as follows: 


AH® = R In [K(423)/(K(298)]/[((1/T,) — (A/T )] = 5.15 kcal/mol 


Finally, AS° may be calculated, knowing the free energy and enthalpy 
changes, from 


AS® = —(1/T)(AG° — AH°) 
= —(1/298)(2620 — 5150)= 8.48 eu (entropy units) 


Q@—Justify the following expression of the temperature dependence 
of the vapor pressure of a liquified gas: 


In P = -AH,,,/RT + C 


where C is a constant. 
A—Taking the indefinite integral of Equation 134, 


f dP/P = f (AH,,,/RT?)dT 
the result is obtained directly: 


AH, ap 


nP= RT 


PROTEIN BINDING—As a final example of equilibria, the 
protein-binding of drugs should be mentioned. Consider the 
case where a protein has a single binding site for a drug. A 
mass-balanced equation may be written as 


+C 


Alay WARS suero (136) 


where [P] is the concentration of unbound protein, [D] is the 
concentration of unbound drug, and [PD] is the concentration of 
the drug—protein complex. The equilibrium constant may be 
written for this reaction as 


K, = (PD)/[P][D] (137) 


where K,, is the association constant. Assuming ideality, the 
standard free energy for the above equilibrium may be imme- 
diately identified as 


AG° = -RT In (K,) (138) 


This concept often is taken a step farther in order to charac- 
terize the nature of the binding site of the drug. This has 
application in structure—activity relationships used for predict- 
ing pharmacological activity. 
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Suppose the association constants of two structurally re- 
lated drugs, K;, and K”, were determined experimentally. The 
standard free energy of each association is given as AG°’ and 
AG°"’. The effect of the change in the chemical structure on the 
energetics of the association then can be calculated from the 


association constants as 


AAG? = AG“ — AG?’ = RT In (KK. (139) 
where AAG® is the standard free-energy change of protein- 


binding associated with the specific chemical modification. 


Q—At room temperature and a protein concentration of 2 4M, the 
fraction of penicillin G and penicillin V bound was found to be 0.65 and 
0.80, respectively. Calculate the change in the standard free energy of 
binding associated with the replacement of the benzyl group in penicil- 
lin G by the phenoxy moiety in penicillin V. 

A—tThe fraction bound may be related to the equilibrium constant 
by assuming there is only one binding site on each protein molecule. 
The fraction of drug bound, F, is defined as 


F = [DP]/((D] + [DP]) 
and since the concentration of the drug—protein complex is given by 
[PD] = K,[P][D] 


this may be substituted into the above equation yielding 


F = K,{P](D\/((D] + K,[P][D]) 


After cancelling terms and solving for K,, the desired expression is 
obtained: 


K, = F/(P](1 — F) 
The association constants for each drug then are calculated: 
K,{G} = (0.65)/[2 .M)(1 — 0.65) = 0.93 pM 
K,{V} = (0.80)/[2 uM](1 — 0.80) = 2.0 pM 


From the association constants, the change in standard free energy 
associated with replacing the benzyl group with a phenoxy moiety is 


AAG® = AG*(V) — AG°(V) = RT In (0.93/2.0) 
AAG® —453 cal/mol K 


The change in the standard free energy is negative, in agreement with 
the concept that binding of the phenoxy group is more favorable than 
the benzyl group. 
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SOLUTIONS AND SOLUBILITY 
ERS LHD a TDP SE ES TINO 
A solution is a chemically and physically homogeneous mixture 
of two or more substances. The term solution generally denotes 
a homogeneous mixture that is liquid, even though it is possible 
to have homogeneous mixtures that are solid or gaseous. Thus, 
it is possible to have solutions of solids in liquids, liquids in 
liquids, gases in liquids, gases in gases, and solids in solids. The 
first three of these are most important in pharmacy, and ensu- 
ing discussions will be concerned primarily with them. 

In pharmacy different kinds of liquid dosage forms are used and 
all consist of the dispersion of some substance or substances in a 
liquid phase. Depending on the size of the dispersed particle they are 
classified as true solutions, colloidal solutions, or disperse systems. If 
sugar is dissolved in water, it is supposed that the ultimate sugar 
particle is of molecular dimensions and that a true solution is formed. 
On the other hand, if very fine sand is mixed with water, a suspen- 
sion of comparatively large particles, each consisting of many mole- 
cules, is obtained. Between these two extremes lie colloidal solutions, 
the dispersed particles of which are larger than those of true solu- 
tions but smaller than the particles present in suspensions. In this 
chapter only true solutions will be discussed. 

It is possible to classify broadly all solutions as one of two types. 


In the first type, although there may be lesser or greater interaction 
between the dispersed substance (the solute) and the dispersing me- 
dium (the solvent), the solution phase contains the same chemical 
entity as found in the solid phase; thus, upon removal of the solvent, the 
solute is recovered unchanged. One example would be sugar dissolved 
in water where, in the presence of sugar in excess of its solubility, there 
is an equilibrium between sugar molecules in the solid phase with sugar 
molecules in the solution phase. A second example would be dissolving 
silver chloride in water. Admittedly, the solubility of this salt in water 
is low, but it is finite. In this case the solvent contains silver and 
chloride ions and the solid phase contains the same material. The 
removal of the solvent yields initial solute. 

In the second type the solvent contains a compound that is different from 
the one in the solid phase. The difference between the compound in the solid 
phase and solution is due generally to some chemical reaction that has oc- 
curred in the solvent. An example would be dissolving aspirin in an aqueous 
solvent containing some basic material capable of reacting with the acid 
aspirin. Now the species in solution would not only be undissociated aspirin, 
but aspirin also as its anion, whereas the species in the solid phase is aspirin 
in only its undissociated acid form. In this situation, if the solvent were 
removed, part of the substance obtained (the salt of aspirin) would be different 
from what was present initially in the solid. 


Solutions of Solids in Liquids 


REVERSIBLE SOLUBILITY WITHOUT CHEMICAL 
REACTION—From a pharmaceutical standpoint, solutions of 
solids in liquids, with or without accompanying chemical reac- 
tion in the solvent, are of the greatest importance, and many 
quantitative data on the behavior and properties of such solu- 
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tions are available. This discussion will be concerned with 
definitions of solubility, with the rate at which substances go 
into solution, and with temperature and other factors that 
control solubility. 

SOLUBILITY—When an excess of a solid is brought into 
contact with a liquid, molecules of the former are removed from 
its surface until equilibrium is established between the mole- 
cules leaving the solid and those returning to it. The resulting 
solution is said to be saturated at the temperature of the 
experiment, and the extent to which the solute dissolves is 
referred to as its solubility. The extent of solubility of different 
substances varies from almost imperceptible amounts to rela- 
tively large quantities, but for any given solute the solubility 
has a constant value at a given constant temperature. 

Under certain conditions it is possible to prepare a solution 
containing a larger amount of solute than is necessary to form 
a saturated solution. This may occur when a solution is satu- 
rated at one temperature, the excess of solid solute is then 
removed, and the solution cooled. The solute present in solu- 
tion, even though it may be less soluble at the lower tempera- 
ture, does not always separate from the solution and there is 
produced a supersaturated solution. Such solutions, formed by 
sodium thiosulfate or potassium acetate, for example, may be 
made to deposit their excess of solute by vigorous shaking, 
scratching the side of the vessel in contact with the solution, or 
introducing into the solution a small crystal of the solute. 

METHODS OF EXPRESSING SOLUBILITY—When 
quantitative data are available, solubilities may be expressed 
in many ways. For example, the solubility of sodium chloride in 
water at 25° may be stated as 


1. 1g of sodium chloride dissolves in 2.786 mL of water. (An approx- 
imation of this method is used by the USP.) 

2. 35.89 g of sodium chloride dissolves in 100 mL of water. 

3. 100 mL ofa saturated solution of sodium chloride in water contains 
31.71 g of solute. 

4. 100 g of a saturated solution of sodium chloride in water contains 
26.47 g of solute. 

5. 1L of a saturated solution of sodium chloride in water contains 
5.425 mols of solute. This also may be stated as a saturated solu- 
tion of sodium chloride in water is 5.425 molar with respect to the 
solute. 


In order to calculate item 3 above from items 1 or 2 it is 
necessary to know the density of the solution, in this case 1.198 
g/mL. To calculate item 5, the number of grams of solute in 1000 
mL of solution (obtained by multiplying the data in item 3 by 10) 
is divided by the molecular weight of sodium chloride, namely 
58.45. 

Several other concentration expressions are used. Molality 
is the number of mols of solute in 1000 g of solvent and could be 
calculated from the data in item 4 by subtracting grams of 
solute from grams of solution to obtain grams of solvent, relat- 


ing this to 1000 g of solvent and dividing by molecular weight 
to obtain mols. 

Mol fraction is the number of mols of a component divided 
by total number of mols in that solution. Mol % may be ob- 
tained by multiplying mol fraction by 100. Normality refers to 
the number of gram equivalent weights of solute dissolved in 
1000 mL of solution. 

In pharmacy, use also is made of three other concentration 
expressions. Percent by weight (% w/w) is the number of grams 
of solute per 100 g of solution and is exemplified by item 4 
above. Percent weight in volume (% w/v) is the number of 
grams of solute per 100 mL of solution and is exemplified by 
item 3 above. Percent by volume (% v/v) is the number of 
milliliters of solute in 100 mL of solution, referring to solutions 
of liquids in liquids. The USP indicates that the term percent, 
when unqualified, means percent weight in volume for solu- 
tions of solids in liquids and percent by volume for solutions of 
liquids in liquids. 

In pharmacopeial texts, when it has not been possible, or in 
some instances not desirable, to indicate exact solubility, a 
descriptive term is used. Table 16-1 indicates the meaning of 
such terms. 

RATE OF SOLUTION—It is possible to define quantita- 
tively the rate at which a solute goes into solution. The simplest 
treatment is based on a model depicted in Figure 16-1. A solid 
particle dispersed in a solvent is surrounded by a thin layer of 
solvent having a finite thickness, /, in centimeters. The layer is 
an integral part of the solid, and thus is referred to character- 
istically as the stagnant layer. This means that, regardless of 
how fast the bulk solution is stirred, the stagnant layer re- 
mains a part of the surface of the solid, moving wherever the 
particles moves. The thickness of this layer may get smaller as 
the stirring of the bulk solution increases, but it is important to 
recognize that this layer will always have a finite thickness 
however small it may get. 

Using Fick’s First Law of Diffusion, the rate of solution of 
the solid can be explained, in the simplest case, as the rate at 
which a dissolved solute particle diffuses through the stagnant 
layer to the bulk solution. The driving force behind the move- 
ment of the solute molecule through the stagnant layer is the 
difference in concentration that exists between the concentra- 
tion of the solute, C,, in the stagnant layer at the surface of the 
solid and its concentration, C,, on the farthest side of the 
stagnant layer. The greater this difference in concentration 
(C, — C.), the faster the rate of dissolution. 

According to Fick’s Law, the rate of solution also is directly 
proportional to surface area of the solid, A in cm”, exposed to 
solvent and inversely proportional to the length of the path 
through which the dissolved solute molecule must diffuse. 

Mathematically, then, the rate of solution of the solid is 
given by 


DA 
Rate of solution = ie. (Cy 1G5)) (1) 


where D is a proportionality constant called the diffusion coef- 
ficient in cm*/sec. In measuring the rate of solution experimen- 
tally, the concentration C, is maintained at a low value com- 
pared to C, and hence is considered to have a negligible effect 


Table 16-1. Descriptive Terms for Solubility 
PARTS OF SOLVENT FOR 1 PART 


DESCRIPTIVE TERMS OF SOLUTE 
Very soluble Less than 1 
Freely soluble From 1 to 10 
Soluble From 10 to 30 


From 30 to 100 
From 100 to 1000 
From 1000 to 10,000 
More than 10,000 


Sparingly soluble 

Slightly soluble 

Very slightly soluble 

Practically insoluble, or insoluble 
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Figure 16-1. Physical model representing the dissolution process. 


on the rate. Furthermore, C, most often is the saturation 
solubility of the solute. Hence Equation 1 is simplified to 


Rate of solution = TT (saturation solubility) (2) 


Equation 2 quantitatively explains many of the phenomena 
commonly observed that affect the rate at which materials 
dissolve. 


1. Small particles go into solution faster than large particles. For a 
given mass of solute, as the particle size becomes smaller, the 
surface area per unit of mass of solid increases; Equation 2 shows 
that as area increases, the rate must increase proportionately. 
Hence, if a pharmacist wishes to increase the rate of solution of a 
drug, its particle size should be decreased. 

2. Stirring a solution increases the rate at which a solid dissolves. This 
is because the thickness of the stagnant layer depends on how fast 
the bulk solution is stirred; as stirring rate increases, the length of 
the diffusional path decreases. Because the rate of solution is pro- 
portional inversely to the length of the diffusional path, the faster 
the solution is stirred, the faster the solute will go into solution. 

3. The more soluble the solute, the faster is its rate of solution. Again, 
Equation 2 predicts that the larger the saturation solubility, the 
faster the rate. 

4. With a viscous liquid the rate of solution is decreased. This is 
because the diffusion coefficient is proportional inversely to the 
viscosity of the medium; the more viscous the solvent, the slower 
the rate of solution. 


HEAT OF SOLUTION AND TEMPERATURE DEPEN- 
DENCY—Turning from the kinetic aspects of dissolution, this 
discussion will be concerned with the situation where there is 
thermodynamic equilibrium between solute in its solid phase 
and the solute in solution. (It is assumed that there is an 
amount of solid material in excess of the amount that can go 
into solution; hence, a solid phase is always present.) As de- 
fined earlier, the concentration of solute in solution at equilib- 
rium is the saturation solubility of the substance. 

When a solid (Solute A) dissolves in some solvent, two steps 
may be considered as occurring: the solid absorbs energy to 
become a liquid, then the liquid dissolves. 


= Ss 
A (sotia) s= Aiquia) = Avectution) 


For the overall dissolution, the equilibrium existing between 
solute molecules in the solid and solute molecules in solution 
may be treated as an equilibrium. Thus, for Solute A in equi- 
librium with its solution, 


—_ 
A (cotia) == A (cotution) 


Using the Law of Mass Action, an equilibrium constant for this 
system can be defined, just as any equilibrium constant may be 
written, as 


Asolution) 
Re ree ae 
A solid) 


where a denotes the activity of the solute in each phase. Be- 
cause the activity of a solid is defined as unity, 


16a = GA solution) 


Because the activity of a compound in dilute solution is approx- 
imated by its concentration, and because this concentration is 
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the saturation solubility, Ks, the van’t Hoff equation (for a 
more complete treatment, see Martin et al!) may be used, 
which defines the relationship between an equilibrium con- 
stant (here, solubility) and absolute temperature. 


d log Ks AH 
dT — 2.3RT? 


(3) 


where d log K./dT is the change of log K, with a unit change 
of absolute temperature, 7; AH is a constant that, in this 
situation, is the heat of solution for the overall process 
(solid = liquid = solution); and R is the gas constant, 1.99 
cal/mol/deg. Equation 3, a differential, may be solved to give 


ee (4) 
SERINE) 
where J is a constant. A more useful form of this equation is 


Ksr, AH(T, — T)) 
oe Kopee ort, © 


(5) 


where Kg 7, is the saturation solubility at absolute tempera- 
ture T,, and Kg 7, is the solubility at temperature T,. Through 
the use of Equation 5, if AH and the solubility at one temper- 
ature are known, the solubility at any other temperature can be 
calculated. 

EFFECT OF TEMPERATURE —As is evident from Equa- 
tion 4, the solubility of a solid in a liquid depends on the 
temperature. In the process of solution, if heat is absorbed (as 
evidenced by a reduction in temperature), AH is by convention 
positive and the solubility of the solute will increase with 
increasing temperature. Such is the case for most salts, as is 
shown in Figure 16-2 in which the solubility of the solute is 
plotted as the ordinate and the temperature as the abscissa, 
and the line joining the experimental points represents the 
solubility curve for that solute. 

If a solute gives off heat during the process of solution (as 
evidenced by an increase in temperature), by convention AH is 
negative and solubility decreases with an increase in temper- 
ature. This is the case with calcium hydroxide and, at higher 
temperatures, with calcium sulfate. (Because of the slight sol- 
ubility of these substances, their solubility curves are not in- 
cluded.) When heat is neither absorbed nor given off, the solu- 
bility is not affected by variation of temperature as is nearly 
the case with sodium chloride. 


SOLUBILITY, GMS. OF SALT IN 100 GMS OF WATER 
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Figure 16-2. Effect of heat on solubility. 
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Figure 16-3. Typified relationship between the logarithm of 
the saturation solubility and the reciprocal of the absolute 
temperature. 


Solubility curves usually are continuous as long as the 
chemical composition of the solid phase in contact with the 
solution remains unchanged, but if there is a transition of the 
solid phase from one form to another, a break will be found in 
the curve. Such is the case with Na,SO,-10H;0O, which dis- 
solves with absorption of heat up to a temperature of 32.4°, at 
which point there is a transition of the solid phase to anhydrous 
sodium sulfate, Na,SO,, which dissolves with evolution of heat. 
This change is evidenced by increased solubility of the hy- 
drated salt up to 32.4°, but above this temperature the solubil- 
ity decreases. 

These temperature effects are what would be predicted from 
Equation 4. When the heat of solution is negative, signifying 
that energy is released during dissolution, the relation between 
log K, and 1/T is typified in Figure 16-3 (Curve A), where as 1/T 
increases, log Kg increases. It can be seen that with increasing 
temperature (7 itself actually increases proceeding left in Fig 
16-3A) there is a decrease in solubility. On the other hand, 
when the heat of solution is positive—that is, when heat is 
absorbed in the solution process—the relation between log Kg 
and 1/T is typified in Figure 16-3B. Hence, as temperature 
increases (1/T decreases), the solubility increases. 

EFFECT OF SALTS—tThe solubility of a nonelectrolyte in 
water either is decreased or increased generally by the addition 
of an electrolyte; it is only rarely that the solubility is not 
altered. When the solubility of a nonelectrolyte is decreased, 
the effect is referred to as salting-out; if it is increased, it is 
described as salting-in. Inorganic electrolytes commonly de- 
crease solubility, though there are some exceptions to the 
generalization. 

Salting-out occurs because the ions of the added electrolyte 
interact with water molecules, and thus, in a sense, reduce the 
amount of water available for dissolution of the nonelectrolyte. 
(Refer to the section on Thermodynamics of the Solution Pro- 
cess for another view.) The greater the degree of hydration of 
the ions, the more the solubility of the nonelectrolyte is de- 
creased. If, for example, one compares the effect of equivalent 
amounts of lithium chloride, sodium chloride, potassium chlo- 
ride, rubidium chloride, and cesium chloride (all of which be- 
long to the family of alkali metals and are of the same valence 
type), lithium chloride decreases the solubility of a nonelectro- 
lyte to the greatest extent and the salting-out effect decreases 
in the order given. 

This is also the order of the degree of hydration of the cations; 
lithium ion—being the smallest ion and, therefore, having the 
greatest density of positive charge per unit of surface area (see 
Chapter 13 under Electronegativity Valuwes)—is the most exten- 
sively hydrated of the cations, whereas cesium ion is hydrated the 
least. Salting-out is encountered frequently in pharmaceutical 
operations. 


Salting-in commonly occurs when either the salts of various 
organic acids or organic-substituted ammonium salts are added to 
aqueous solutions of nonelectrolytes. In the first case, the solubi- 
lizing effect is associated with the anion; in the second, it is 
associated with the cation. In both cases the solubility increases 
as the concentration of added salt is increased. The solubility 
increase may be relatively great, sometimes amounting to several 
times the solubility of the nonelectrolyte in water. 

SOLUBILITY OF SOLUTES CONTAINING TWO OR 
MORE SPECIES—In cases where the solute phase consists of 
two or more species (as in an ionizable inorganic salt), when the 
solute goes into solution, the solution phase often contains each 
of these species as discrete entities. For some such substance, 
AB, the following relationship for the solution process may be 
written. 


=> 
AVE (esha) =A elution), FE (aolution) 


As there is an equilibrium between the solute and saturated 
solution phases, the Law of Mass Action defines an equilibrium 
constant, K,, 


Aa(solution) * YB(solution) 
K.,=—* ~ (6) 


eq 
AAB(solid) 


where Q@A(solution)» &B(solution)» and GA B(solid) ATE the activities of A 
and B in solution and of AB in the solid phase. Recall from the 
earlier discussion that the activity of a solid is defined as unity, 
and that in a very dilute solution (eg, for a slightly soluble salt) 
concentrations may be substituted for activities. Equation 6 
then becomes 


Ke = CyCz 


where C,, and C, are the concentrations of A and B in solution. 
In this situation K,, has a special name, the solubility product, 
Kgp. Thus, 


Kgp = C,Cz (7) 


This equation will hold true theoretically only for slightly sol- 
uble salts. 

As an example of this type of solution, consider the solubility 
of silver chloride, 


Ksp = [Ag ][Cl] 


where the brackets | ] designate molar concentrations. 

At 25° the solubility product has a value of 1.56 x 10°1°, 
the concentration of silver and chloride ions being expressed 
in mol/liter. The same numerical value applies also to solu- 
tions of silver chloride containing an excess of either silver or 
chloride ions. If the silver-ion concentration is increased by 
the addition of a soluble silver salt, the chloride-ion concen- 
tration must decrease until the product of the two concen- 
trations again is equal numerically to the solubility product. 
To effect the decrease in chloride-ion concentration, silver 
chloride is precipitated, and hence its solubility is decreased. 
In a similar manner an increase in chloride-ion concentra- 
tion by the addition of a soluble chloride effects a decrease in 
the silver-ion concentration until the numerical value of the 
solubility product is attained. Again, this decrease in silver- 
ion concentration is brought about by the precipitation of 
silver chloride. This phenomenon of decrease in solubility 
due to the presence of one of the ions in solution is known as 
the common-ion effect. 

The solubility of silver chloride in a saturated aqueous so- 
lution of the salt may be calculated by assuming that the 
concentration of silver ion is the same as the concentration of 
chloride ion, both expressed in mol/liter, and that the concen- 
tration of dissolved silver chloride is numerically the same as 
each silver chloride molecule gives rise to one silver ion and one 
chloride ion, because 


{dissolved AgCl] = [Ag*] = [Cl] 
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the solubility of AgCl is equal to V1.56x10-1°, which is 
1.25 x 10° mol/liter. Multiplying this by the molecular weight 
of silver chloride (143), we obtain a solubility of approximately 
1.8 mg/liter. 

For a salt of the type PbCl, the solubility product expression 
takes the form 


[Pb?*] [Cl]? = Kgp 
while for As.S, it would be 

[As®"]?[S7]* = Kgp 
because from the Law of Mass Action 


24 ‘ = 
PHC .cciiay = Pb (solution) + 2Cl (solution) 


and 


€ 3 2- 
ASSaiso1ia) > 2AS* (solution + 397 Golution) 


For further details of methods of using solubility-product 
calculations, see textbooks on qualitative or quantitative anal- 
yses or physical chemistry. 

Recall that the solubility-product principle is valid for aqueous 
solutions of slightly soluble salts, provided that the concentration 
of added salt is not too great. Where the concentrations are high, 
deviations from the theory occur and these have been explained 
by assuming that in such solutions the nature of the solvent has 
been changed. Frequently, deviations also may occur as the result 
of the formation of complexes between the two salts. An example 
of increased solubility, by virtue of complex-ion formation, is seen 
in the effect of solutions of soluble iodides on mercuric iodide. 
According to the solubility-product principle, it might be expected 
that soluble iodides would decrease the solubility of mercuric 
iodide, but because of the formation of the more soluble complex 
salt K,HglI,, which dissociates as 


K,HglI, — 2K* + (Hgl,)> 


the iodide ion no longer functions as a common ion. 

It is possible to formulate some general rules regarding the 
effect of the addition of soluble salts to slightly soluble salts 
where the added salt does not have an ion common to the 
slightly soluble salt. If the ions of the added souble salt are not 
highly hydrated (see the previous section, Effect of Salts), the 
solubility product of the slightly soluble salt will increase be- 
cause the ions of the added salt tend to decrease the interionic 
attraction between the ions of the slightly soluble salt. On the 
other hand, if the ions of the added soluble salt are hydrated, 
water molecules become less available and the interionic at- 
traction between the ions of the slightly soluble salt increases 
with a resultant decrease in solubility product. Another way of 
considering this effect is discussed later (see Thermodynamics 
of the Solution Process). 

In general, the effect of temperature is what would be ex- 
pected: increasing the temperature of the solution results in an 
increase of the solubility product. 

SOLUBILITY FOLLOWING A CHEMICAL REAC- 
TION—Thus far the discussion has been concerned with 
solubility that comes about because of interplay of entirely 
physical forces. The dissolution of some substance resulted 
from overcoming the physical interactions between solute 
molecules and solvent molecules by the energy produced 
when a solute molecule interacted physically with a solvent 
molecule. The solution process, however, can be facilitated 
also by a chemical reaction. Almost always the chemical 
enhancement of solubility in aqueous systems is due to the 
formation of a salt following an acid—base reaction. 

An alkaloidal base, or any other nitrogenous base of rela- 
tively high molecular weight, generally is slightly soluble in 
water, but if the pH of the medium is reduced by addition of 
acid, the solubility of the base is considerably increased as the 
pH continues to be reduced. The reason for this increase in 
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solubility is that the base is converted to a salt, which is 
relatively soluble in water. Conversely, the solubility of a salt of 
an alkaloid or other nitrogenous base is reduced as pH is 
increased by addition of alkali. 

The solubility of slightly soluble acid substances is, on the 
other hand, increased as the pH is increased by addition of 
alkali, the reason again being that a salt, relatively soluble 
in water, is formed. Examples of acid substances whose 
solubility is thus increased are aspirin, theophylline and the 
penicillins, cephalosporins, and barbiturates. Conversely, 
the solubility of salts of the same substances is decreased as 
the pH decreases. 

Among some inorganic compounds a somewhat similar be- 
havior is observed. Tribasic calcium phosphate, Ca3(PO,)., for 
example, is almost insoluble in water, but if an acid is added its 
solubility increases rapidly with a decrease in pH. This is 
because hydrogen ions have such a strong affinity for phos- 
phate ions forming nonionized phosphoric acid that the calcium 
phosphate is dissolved in order to release phosphate ions. Or, 
stated in another way, the solubilization is an example of a 
reaction in which a strong acid (the source of the hydrogen ions) 
displaces a weak acid. 

In all of these examples solubilization occurs as the result of 
an interaction of the solute with an acid or a base, and thus the 
species in solution is not the same as the undissolved solute. 
Compounds that do not react with either acids or bases are 
slightly, or not at all, influenced in their aqueous solubility by 
variations of pH. Such effects if observed are generally due to 
ionic salt effects. 

It is possible to analyze quantitatively the solubility follow- 
ing an acid—base reaction by considering it as a two-step pro- 
cess. The first example is an organic acid, designated as HA, 
that is relatively insoluble in water. Its two-step dissolution 
can be represented as 


HA Goiay 2 HAGeiution) 
followed by 
TIA eoiution) <> ElMeeintion = Alseotetion) 


The equilibrium constant for the first step is the solubility 
of HA(Ks, = [HA] .oiution)» Just as was developed earlier when 
no chemical reaction took place, and the equilibrium con- 
stant for the second step is the dissociation constant of the 
acid is 

Wea 
a [HA] 
Since the total amount of compound in solution is the sum of 


nonionized and ionized forms of the acid, the total solubility 
may be designated as S,,;;4), or 


pe [HA] 
Stay = [HA] + [7] = THA] + Ka ar cS) 
and because K, = [HA], Equation 8 becomes 
= —— (9) 
Sica) wl) fe 4 


Equation 9 is very useful because it equates the total solu- 
bility of an acid drug with the hydrogen-ion concentration of 
the solvent. If the water solubility, Ks, and the dissociation 
constant, K,, are known, the total solubility of the acid can be 
calculated at various hydrogen-ion concentrations. 

Equation 9 demonstrates quantitatively how the total solu- 
bility of the acid increases as the hydrogen-ion concentration 
decreases (ie, as the pH increases). 

It is possible to develop an equation similar to Equation 9 
for the solubility of a basic drug B, such as a relatively insoluble 
nitrogenous base (eg, an alkaloid), at various hydrogen-ion 


concentrations. The solubility of the base in water may be 
represented in two steps as 


= 
Besotia) an Bigolution) 


IB esnon) = BE eaten) ai OH Wecncen 


Again, if Kg is the solubility of the free base in water and K, 
is its dissociation constant, 


[BH* ][OH ] 


the total solubility of the base in water S,,p) is given by 


KiB) _ Rg 
Si» = (B] + [BH] = (B] + 694 = Ks( 1+ oR (10) 


It is convenient to rewrite Equation 10 in terms of hydrogen- 
ion concentration by making use of the dissociation constant for 
water 


Ky = (HOH =1 x 10" 


Equation 10 then becomes 


Ky, K,[H*] 
= Ks{1 + (11) 


Sip) = Ke a K,/(H"] Ky 

Equation 11 quantitatively shows how the total solubility of 
the base increases as the hydrogen-ion concentration of the 
solvent increases. If Kg and K, are known, it is possible to 
calculate the total solubility of a basic drug at various hydro- 
gen-ion concentrations using this equation. 

Equations 9 and 11 have assumed that the salt formed 
following a chemical reaction is infinitely soluble. This, of 
course, is not an acceptable assumption, as suggested and 
demonstrated by Kramer and Flynn.” Rather, for an acidic or 
basic drug there should be a pH at which maximum solubility 
occurs where this solubility remains the sum of the solution 
concentrations of the free and salt forms of the drug at that pH. 
Using a basic drug B as the example, this would mean that a 
solution of B, at pH values greater than the pH of maximum 
solubility, would be saturated with free-base form but not with 
the salt form, and the use of Equation 11 would be valid for the 
prediction of solubility. On the other hand, at pH values less 
than the pH of maximum solubility, the solution would be 
saturated with salt form and Equation 11 is no longer really 
valid. Because in this situation the total solubility of the base, 
Sip Is 


Sys) = [B] + [BH], 


where the subscript s designates a solution saturated with salt, 
the correct equation to use at pH values less than the pH 
maximum would be 


[OH] 


Kw (12) 


| = oar ( 4! 
K,[H* | 


Sup) = wou ( ar 
b 


A relationship similar to Equation 12 likewise can be devel- 
oped for an acidic drug at a pH greater than its pH of maximum 
solubility. 

EFFECTING SOLUTION OF SOLIDS IN THE PRE- 
SCRIPTION LABORATORY—The method usually em- 
ployed by the pharmacist when soluble compounds are to be 
dissolved in water in compounding a prescription requires the 
use of the mortar and pestle. The ordinary practice is to crush 
the substance into fragments in the mortar with the pestle and 
pour the solvent on it, meanwhile stirring with the pestle until 
solution is effected. If definite quantities are used and the 
whole of the solvent is required to dissolve the given weight of 
the salt, only a portion of the solvent should be added first, and, 
when this is saturated, the solution is poured off and a fresh 
portion of solvent added. This operation is repeated until the 


solid is dissolved entirely and all the portions combined. Other 
methods of affecting solution are to shake the solid with the 
liquid in a bottle or flask or to apply heat to the substances in 
a suitable vessel. 

Substances vary greatly in the rate at which they dissolve; 
some are capable of producing a saturated solution quickly, 
others require several hours to attain saturation. 

With hygroscopic substances like pepsin, silver protein com- 
pounds, and some others, the best method of effecting solution 
in water is to place the substance directly upon the surface of 
the water and then stir vigorously with a glass rod. If the 
ordinary procedure, such as using a mortar and pestle, is em- 
ployed with these substances, gummy lumps form that are 
exceedingly difficult to dissolve. 

The solubility of chemicals and the miscibility of liquids are 
important physical factors for the pharmacist to know, as they 
often have a bearing on intelligently and properly filling pre- 
scriptions. For the information of the pharmacist, the USP 
provides tabular data indicating the degree of solubility or 
miscibility of many official substances. 

DETERMINATION OF SOLUBILITY—For the pharma- 
cist and pharmaceutical chemist the question of solubility is of 
paramount importance. Not only is it necessary to know solu- 
bilities when preparing and dispensing medicines, but such 
information is also necessary to effect separation of substances 
in qualitative and quantitative analysis. Furthermore, the ac- 
curate determination of the solubility of a substance is one of 
the best methods for determining its purity. 

The details of the determination of the solubility are af- 
fected markedly by the physical and chemical characteristics of 
the solute and solvent and also by the temperature at which the 
solubility is to be determined. Accordingly, it is not possible to 
describe a universally applicable method, but in general the 
following rules must be observed in solubility determinations. 


1. The purity of both the dissolved substance and the solvent is essen- 
tial, because impurities in either affect the solubility. 

2. Aconstancy of temperature must be maintained accurately during 
the course of the determination. 

3. Complete saturation must be attained. 

4. Accurate analysis of the saturated solution and correct expression 
of the results are imperative. 


Consideration should be given also to the varying rates of 
dissolution of different compounds and to the marked effect of 
the degrees of fineness of the particles on the time required for 
the saturation of the solution. 

THE PHASE RULE AND PHASE-SOLUBILITY ANAL- 
YSIS—Phase-solubility analysis is a useful and accurate 
method for the determination of the purity of a substance. It 
involves the application of precise solubility methods to the 
principle that constancy of solubility, in the same manner as 
constancy of melting point, indicates that a material is pure 
or free from foreign admixture. It is important to recognize 
that the technique can be used to obtain the exact solubility 
of the pure substance without the necessity of the experi- 
mental material itself being pure. 

The method is based on the thermodynamic principles of het- 
erogeneous equilibria that are among the soundest of theoretical 
concepts of chemistry. Thus, it does not depend on any assump- 
tions regarding kinetics or structure of matter, but is applicable to 
all species of molecules, and is sufficiently sensitive to distinguish 
between optical isomers. The requirements for an analysis are 
simple, as the equipment needed is basic to most laboratories and 
the quantities of substances required are small. 

The standard solubility method consists of five steps: 


1. Mixing, in separate systems, increasing amounts of a substance 
with measured amounts of a solvent. 
2. Establishment of equilibrium for each system at identical constant 
temperature and pressure. 
_3. Separation of the solid phase from the solutions. 
4. Determination of the concentration of the material dissolved in the 
various solutions. 


SOLUTIONS AND PHASE EQUILIBRIA 213 


5. Plotting the concentration of the dissolved material of interest per 
unit of solvent (y-axis, or solution concentration) against the mass 
of total material per unit of solvent (x-axis or system concentration). 


The solubility method has been established on the sound 
theoretical principles of the Gibbs phase rule: F = C — P + 2, 
which relates C, the number of components; F, the degrees of 
freedom (pressure, temperature, and concentration); and P, the 
number of phases for a heterogeneous equilibrium. 

Solubility analyses are carried out at constant temperature 
and pressure, so a pure solid in solution would show only one 
degree of freedom, because only one phase is present at con- 
centrations below saturation. This is represented by section AB 
in Figure 16-4. For a pure solid in a saturated solution at 
equilibrium (Fig 16-4, BC), two phases are present, solid and 
solution; there is no variation in concentration, and thus, at 
constant temperature and pressure, no degrees of freedom. 

The curve ABC of Figure 16-4 represents the type of solu- 
bility diagram obtained for: (1) a pure material, (2) equal 
amounts of two or more materials having identical solubilities, 
or (3) a mixture of two or more materials present in the unique 
ratio of their solubilities. These latter two cases are rare and 
often may be detected by a change in solvent system. 

Line segment BC of Figure 16-4 indicates purity because it 
has no slope. If, however, this section does exhibit a slope, its 
numerical value indicates the fraction of impurity present. 
Line segment BC, extrapolated to the y-axis at D, is the actual 
solubility of the pure substance. 

A representative type of solubility curve, which is obtained 
when a substance contains one impurity, is illustrated in Fig- 
ure 16-5. Here, at B the solution becomes saturated with one 
component. From B to C there are two phases present: a solu- 
tion saturated with Component I (usually the major compo- 
nent) containing also some Component II (usually the minor 
component), and a solid phase of Component I. The one degree 
of freedom revealed by the slope of the line segment BC is the 
concentration of Component II, which is the impurity (usually 
the minor component). A mixture of d and / isomers could have 
such a curve, as would any simple mixtures in which the 
solubilities are independent of each other. 

The section CD indicates that the solvent is saturated with 
both components of the two-component mixture. Here, three 
phases are present: a solution saturated with both components 
and the two solid phases. No variation of concentration is 
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Figure 16-4. Phase-solubility diagram for a pure substance. 
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Figure 16-5. Type of solubility curve obtained when a substance 
contains one impurity. 


possible; hence, no degree of freedom is possible (indicated by 
the lack of slope of section CD). The distance AE on the ordi- 
nate represents the solubility of the major component, and the 
distance HF represents the solubility of the minor component. 

The equilibration process is time consuming, requiring as 
long as 3 weeks in certain cases, but this is offset by the fact 
that all of the sample can be recovered after a determination. 
This adds to the general usefulness of the method, particularly 
in cases where the substance is expensive or difficult to obtain. 
A use for the method other than the determination of purity or 
of solubility is to obtain especially pure samples by recovering 
the solid residues at system concentration, corresponding 
to points on section BC in Figure 16-5. Thus, the method is 
useful not only as a quantitative analytical tool, but also for 
purification. 


Solutions of Liquids in Liquids 


BINARY SYSTEMS—tThe following types of liquid-pairs 
may be recognized as binary systems. 


1. Those that are soluble completely in each other in all proportions. 
Examples: alcohol and water, glycerin and water, alcohol and 
glycerin. 

2. Those that are soluble in each other in definite proportions. Exam- 
ples: phenol and water, ether and water, nicotine and water. 

3. Those that are imperceptibly soluble in each other in any propor- 
tion. Examples: castor oil and water, liquid petrolatum and water. 


The mutual solubility of liquid pairs of Type 2 has been 
studied extensively and found to show interesting regularities. 
If a series of tubes containing varying, but known, percentages 
of phenol and water are heated (or cooled, if necessary) just to 
the point of formation of a homogeneous solution, and the 
temperatures at such points is noted, upon plotting the results 
a curve is obtained similar to that in Figure 16-6. On this graph 
the area inside the curve represents the region where mixtures 
of phenol and water will separate into two layers, while in the 
region outside of the curve homogeneous solutions will be ob- 
tained. The maximum temperature on this curve is called the 
critical solution temperature, that is, the temperature above 
which a homogeneous solution occurs regardless of the compo- 
sition of the mixture. For phenol and water the critical solution 
temperature occurs at a composition of 34.5% phenol in water. 

Temperature versus composition curves, as depicted in Fig- 
ure 16-6, provide much useful information in the preparation of 
homogeneous mixtures of substances showing mutual-solubil- 
ity behavior. At room temperature (here assumed to be 25°), by 
drawing a line parallel to the abscissa at 25°, we find that we 
actually can prepare two sets of homogeneous solutions, one 
containing from 0% to about 7.5% phenol and the other con- 
taining phenol from 72% to about 95% (its limit of solubility). 
At compositions between 7.5% and 72% phenol at 25° two liquid 
layers or phases will separate. In sample tubes containing a 


concentration of phenol in this two-layer region at 25° one layer 
always will be phenol-rich and always contain 72% phenol 
while the other layer will be water-rich and always contain 
7.5% phenol. These values are obtained by interpolation of the 
two points of intersection of the line drawn at 25° with the 
experimental curve. 

As it may be deduced, at other temperatures, the composi- 
tion of the two layers in the two-layer region is determined by 
the points of intersection of the curve with a line (called the tie 
line) drawn parallel to the abscissa at that temperature. The 
relative amounts of the two layers or phases, phenol-rich and 
water-rich in this example, will depend on the concentration of 
phenol added. As expected, the proportion of phenol-rich layer 
relative to the water-rich layer increases as the concentration 
of phenol added increases. For example, at 20% phenol in water 
at 25° there would be more of the water-rich layer than of the 
phenol-rich layer, whereas at 50% phenol in water there would 
be more of the phenol-rich layer. The relative portion of each 
layer may be calculated from such tie lines at any temperature 
and compositions as well as the amount of phenol present in 
each of the two phases. To determine how these calculations 
are made and for further discussion of this topic the student 
should consult Martin, ef al." 

A simple and practical advantage in the use of phase dia- 
grams is pointed Martin, et al. Based on diagrams such as 
Figure 16-6, they point out that the most concentrated stock 
solution of phenol that should perhaps be used by pharmacists 
is one containing 76% w/w phenol in water (equivalent to 80% 
w/v). At room temperature this mixture is a homogeneous 
solution and will remain homogeneous to around 3.5°, at which 
temperature freezing occurs. It should be noted that Liquefied 
Phenol USP contains 90% w/w phenol and freezes at 17°. This 
means that if the storage area in the pharmacy falls to about 
63°F, the preparation will freeze, resulting in a stock solution 
no longer convenient to use. 

In the case of phenol and water, the mutual solubility in- 
creases with an increase in temperature and the critical solu- 
tion temperature occurs at a relatively high point. In a certain 
number of cases, however, the mutual solubility increases with 
decrease in temperature and the critical solution temperature 
occurs at a relatively low value. Most of the substances that 
show lower critical solution temperatures are amines as, for 
example, triethylamine with water. 

In addition to pairs of liquids that show either upper or 
lower critical solution temperatures, there are other pairs that 
show both upper and lower critical solution temperatures and 
the mutual solubility curve is of the closed type. An example of 
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Figure 16-6. Phenol-water solubility.? 


this type of liquid pair is found in the case of nicotine and water 
(Fig 16-7). Mixtures of nicotine and water represented by 
points within the curve will separate into two layers, but mix- 
tures represented by points outside of the curve are perfectly 
miscible with each other. 

In a discussion of solutions of liquids in liquids it is evident 
that the distinction between the terms solute and solvent loses 
its significance. For example, in a solution of water and glyc- 
erin, which shall be considered to be the soluble and which the 
solvent? Again, when two liquids are only partially soluble in 
each other, the distinction between solute and solvent might be 
reversed easily. In such cases the term solvent usually is given 
to the constituent present in larger quantity. 

TERNARY SYSTEMS—tThe addition of a third liquid to a 
binary liquid system to produce a ternary or three-component 
system can result in several possible combinations. 

If the third liquid is soluble in only one of the two original 
liquids or if its solubility in the two original liquids is markedly 
different, the mutual solubility of the original pair will be 
decreased. An upper critical solution temperature will be ele- 
vated and a lower critical solution temperature lowered. On the 
other hand, the addition of a liquid having roughly the same 
solubility in both components of the original pair will result in 
an increase in their mutual solubility. An upper critical solu- 
tion temperature then will be lowered and a lower critical 
solution temperature elevated. 

An equilateral-triangle graph may be used to represent ter- 
nary systems. In this type of graph, each side of the triangle 
represents 0% of one of the components and the apex opposite that 
side represents 100% of that component. This is illustrated using 
a particularly common ternary system involving two solvents that 
are completely miscible and a third that is miscible with only one 
of the two. In Figure 16-8, water and alcohol are the miscible 
solvents and castor oil is the third solvent that is soluble in alcohol 
but not in water. Such diagrams could be applied, for example, to 
surfactant/oil/water systems, flavor/water/alcohol systems, drug/ 
propellant mixture systems, drug/water/propylene glycol systems 
or any other such system you might think of that would fit into 
this category. 

The data in Figure 16-8 were obtained by determining the 
amount of water needed to just cloud solutions of oil in alcohol 
at different concentrations and at room temperature. The per- 
centage of each solvent just clouding the system was then 
calculated and plotted as shown in the figure. For example, a 
cloudy solution developed at a mixture of about 67% alcohol, 
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Figure 16-7. Nicotine—-water solubility. 
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Figure 16-8. Phase diagram at constant temperature for a ternary 
system: two liquids completely miscible in one another with a third 
liquid soluble in only one of the two. (Constructed from data in 
Loran and Guth.’*) 


27% oil, and 6% water. Note that the percentages of the three 
components must always equal 100%. In the region labeled 
miscible, any combination of the three components will result 
in a solution. The pharmacist can pick any combination in this 
region for reasons of taste, safety, stability, or cost. Figure 16-8 
is constructed for room temperature; any other temperature 
would have its own phase diagram. Including temperature as a 
variable would create a three-dimensional relationship with 
ternary diagrams such as Figure 16-8 stacked in the x-y plane 
as a function of temperature on the z-axis. 

Other possibilities exist in ternary liquid systems—for ex- 
ample, those in which two components are completely miscible 
and the third is partially miscible with each, and that in which 
all combinations of two of the three components are only par- 
tially miscible. 


Solutions of Gases in Liquids 


Nearly all gases are more or less soluble in liquids. One has but 
to recall the solubility of carbon dioxide, hydrogen sulfide, or air 
in water as common examples. 

The amount of gas dissolved in a liquid in general follows 
Henry’s law, which states that the weight of gas dissolved by a 
given amount of a liquid at a given temperature is proportional 
to its pressure. Thus, if the pressure is doubled, twice as much 
gas will dissolve as at the initial pressure. The extent to which 
a gas is dissolved in a liquid, at a given temperature, may be 
expressed in terms of the solubility coefficient, which is the 
volume of gas measured under the conditions of the experiment 
that is absorbed by one volume of the liquid. The degree of 
solubility also is expressed sometimes in terms of the absorp- 
tion coefficient, which is the volume of gas, reduced to standard 
conditions, dissolved by one volume of liquid under a pressure 
of one atmosphere. 

Although Henry’s law expresses fairly accurately the solu- 
bility of slightly soluble gases, it deviates considerably in the 
case of very soluble gases such as hydrogen chloride and am- 
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monia. Such deviations most frequently are due to chemical 
interaction of solute and solvent. 

The solubility of gases in liquids decreases with a rise in 
temperature and, in general, also when salts are added to the 
solvent, the latter effect being referred to as the salting-out of 
the gas. 

Solutions of gases potentially are dangerous when exposed 
to warm temperatures because of the liberation and expansion 
of the dissolved gas, which may cause the container to burst. 
Bottles containing such solutions (eg, strong ammonia solution) 
should be cooled before opening, if practical, and the stopper 
should be covered with a cloth before attempting its removal. 


Solutions of Solids in Solids 


Various mixtures of one solid in another are being considered 
in the pharmaceutical sciences primarily as a means to in- 
crease bioavailability. For example, melts of solid mixtures of 
drugs with excipients and eutectic mixtures are being investi- 
gated (see Chapter 13). It is possible to have a true solution of 
one solid in another to give rise to a continuum of one solid 
dispersed in another as depicted in Figure 16-9. Such a system 
is referred to as a continuous dispersion; it is very rarely found. 
To achieve this would mean that two materials would have to 
be of similar size, structure, and interaction energy so that they 
might enter and occupy a mutual crystalline structure at the 
molecular level. Hence, such solid solutions may occur only 
among racemic mixtures of chiral compounds. If it were possi- 
ble to form a solid solution of a drug in a water-soluble excip- 
ient, bioavailability could increase dramatically because the 
drug would transfer into water as individual molecules. 

There are three types of continuous dispersions depicted in 
Figure 16-9: [1] shows an ideal dispersion of constant melting 
point, while [2] and [3] (nonideal solutions) show dispersions 
having a maximum or minimum, respectively. Each of the 
latter dispersions show an upper or liquidus line and a lower or 
solidus line that might be viewed as representing the direction 
(cooling or heating) used to arrive at the temperature of melt- 
ing or solidification in each mixture. The composition of the 
liquid and solid phases in the region between the two lines can 
be quantified in a way that is related to the tie-line treatment 
for phenol-water systems, although more complicated. 

More common are the discontinuous solid dispersions illus- 
trated in Figure 16-10 where two true solid solutions a and B 
are separated by a eutectic phase. Such a system is found for 
urea/acetaminophen; which exists as solid solutions in very 
small regions at very high urea concentration and very high 
acetaminophen concentration. 

At this point it is worthwhile to briefly consider solid com- 
plexes. The interaction of a drug with an excipient to form a 
new solid phase through strong hydrogen-bond formation can 
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Figure 16-9. Phase diagram for a continuous solution of a Solid A in 
a Solid B (or of Bin A: [1] is an ideal solution, [2] and [3], nonideal 
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Figure 16-10. Phase diagram for a discontinuous solid solution for 
Solid A and Solid B: true solid solutions a and 6 are separated by a 
eutectic phase. (Adapted from Grant and Abougela.”) 


give a solid phase that is not precisely a solid solution, but 
nonetheless potentially important in its effects on bioavailabil- 
ity—both in a positive and negative sense. The phase diagram 
in Figure 16-11 was obtained by fusing and cooling mixtures of 
griseofulvin (G) and phenobarbitone (P). When a complex is 
stable up to its melting point, the liquidus curve shows a peak 
referred to as a congruent melting point. Two congruently melt- 
ing complexes, PG, and P.G (at x = 0.25 and 0.75 in Fig 16-11), 
are found for the griseofulvin-phenobarbital system. 


Thermodynamics of the Solution Process 


In this discussion of the thermodynamics of the solution pro- 
cess, the solute is assumed to be in the liquid state, hence, the 
heat of solution (AH") is a term different from that in Equation 
3 (AH). The heat of solution for a solid solute going into solution 
as defined in Equation 3 is the net heat effect for the overall 
dissolution 
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and assuming that the solute is a liquid (or a super-cooled 
liquid in the case of a solid) at a temperature close to room 
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Figure 16-11. Temperature—concentration relationship for fused 
mixtures of griseofulvin (G) and phenobarbital (P). (Adapted from 
Grant and Abougela.’) 


temperature, where the energy needed for melting (heat of 
fusion) is not being considered. 

For a physical or chemical reaction to occur spontaneously 
at a constant temperature and pressure, the net free-energy 
change, AG, for the reaction should be negative (see Thermo- 
dynamics, Chapter 15). Furthermore, it is known that the 
free-energy change depends on heat-related enthalpy (AH’) and 
order-related entropy (AS) factors as seen in 


AG = AH’ - TAS (13) 


where T is the temperature. Recall also that the relation be- 
tween free energy and the equilibrium constant, K, for a reac- 
tion is given by 


AG =-1RTInK (14) 


Equations 13 and 14 certainly apply to the solution of a drug. 
Because the solubility is, in reality, an equilibrium constant, 
Equation 14 indicates that the greater the negative value of 
AG, the greater the solubility. 

The interplay of these two factors, AH’ and AS in Equation 
13, determines the free-energy change, and hence whether 
dissolution of a drug will occur spontaneously. Thus, if in the 
solution process AH’ is negative and AS positive, dissolution is 
favored because AG will be negative. 

As the heat of solution is quite significant in the dissolution 
process one must look at its origin. (For an excellent and more 
complete discussion of the interactions and driving forces un- 
derlying the dissolution process, see Higuchi.°) The mechanism 
of solubility involves severing of the bonds that hold together 
the ions or molecules of a solute, the separation of molecules of 
solvent to create a space in the solvent into which the solute 
can be fitted and the ultimate response of solute and solvent to 
whatever forces of interaction may exist between them. In 
order to sever the bonds between molecules or ions of solute in 
the liquid state, energy must be supplied, as is the case also 
when molecules of solvent are to be separated. If heat is the 
source of energy it is apparent that both processes require the 
absorption of heat. 

Solute—solvent interaction, on the other hand, generally is 
accompanied by the evolution of heat as the process occurs 
spontaneously. In effecting solution there is, accordingly, a 
heat-absorbing effect and a heat-releasing effect to be consid- 
ered beyond those required to melt a solid. If there is no, or very 
little, interaction between solute and solvent, the only effect 
will be that of absorption of heat to produce the necessary 
separations of solute and solvent molecules or ions. If there is 
a significant interaction between solute and solvent, the 
amount of heat in excess of that required to overcome the 
solute—solute and the solvent—solvent forces is liberated. If the 
opposing heat effects are equal, there will be no change of 
temperature. 

When AH’ is zero, and there is no volume change, an ideal 
solution is said to exist because the solute—solute, solvent— 
solvent, and solute—solvent interactions are the same. For such 
an ideal solution, the solubility of a solid can be predicted from 
its heat of fusion (the energy needed to melt the solid) at 
temperatures below its melting point. The student is referred 
to Martin et al’ to see how this calculation is made. 

When the heat of solution has a positive (energy absorbed) 
or negative (energy liberated) value, the solution is said to be a 
nonideal solution. A negative heat of solution favors solubility 
while a positive heat works against dissolution. 

The magnitude of the various attractive forces involved be- 
tween solute, solvent, and solute-solvent molecules may vary 
greatly and thus could lead to varying degrees of positive or 
negative enthalpy changes in the solution process. The reason for 
this is that the molecular structure of the various solutes and 
solvents determining the interactions can themselves vary 
greatly. For a discussion of these effects, see Martin et al.* 

The solute—solute interaction that must be overcome can 
vary from the strong ion—ion interaction (as in a salt), to the 
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weaker dipole—dipole interaction (as in nearly all organic me- 
dicinals that are not salts), to the weakest induced dipole— 
induced dipole interaction (as with naphthalene). 

The attractive forces in the solvent that must be overcome 
are, most frequently, the dipole—dipole interaction (as found in 
water or acetone) and the induced dipole—induced dipole inter- 
action (as in liquid petrolatum). 

The energy-releasing solute—solvent interactions that must 
be taken into account may be one of four types. In decreasing 
energy of interaction these are ion—dipole interactions (eg, a 
sodium ion interacting with water), dipole—dipole interactions 
(eg, an organic acid dissolved in water), dipole-induced dipole 
interaction, to be discussed later (eg, an organic acid dissolved 
in carbon tetrachloride) and induced dipole—induced dipole in- 
teractions (eg, naphthalene dissolved in benzene). 

Since the energy-releasing solute—-solvent interaction 
should approximate the energy needed to overcome the solute— 
solute and solvent—solvent interactions, it should be apparent 
why it is not possible to dissolve a salt like sodium chloride in 
benzene. The interaction between the ions and benzene does 
not supply enough energy to overcome the interaction between 
the ions in the solute and therefore gives rise to a positive heat 
of solution. On the other hand, the interaction of sodium and 
chloride ions with water molecules does provide an amount of 
energy approximating the energy needed to separate the ions 
in the solute and the molecules in the solvent. 

Consideration must next be given to entropy effects in dis- 
solution processes. Entropy is an indicator of the disorder or 
randomness of a system. The more positive the entropy change 
(AS) is, the greater the degree of randomness or disorder of the 
reaction system and the more favorably disposed is the reac- 
tion. Unlike AH’, the entropy change (an entropy of mixing) in 
an ideal solution, is not zero, but has some positive value as 
there is an increase in the disorderliness or entropy of the 
system upon dissolution. Thus, in an ideal solution with AH’ 
zero and AS positive, AG would have a negative value and the 
process would therefore be spontaneous. 

In a nonideal solution, on the other hand, where AH’ is not 
zero, AS can be equal to, greater than, or less than the entropy 
of mixing found for the ideal solution. A nonideal solution with 
an entropy of mixing equal to that of the ideal solution is called 
a regular solution. These solutions usually occur with nonpolar 
or weakly polar solutes and solvents. Such solutions are accom- 
panied by a positive enthalpy change, implying that the solute— 
solvent molecular interaction is less than the solute—solute and 
solvent—solvent molecular interactions. Regular solutions are 
amenable to rigorous physical chemical analysis, which will not 
be covered in this chapter but which can be found in outline 
form in Martin et al." 

The possibility exists in a nonideal solution that the entropy 
change is greater than for an ideal solution. Such a solution 
occurs when there is an association among solute or solvent 
molecules. In essence, the dissolution process occurs when 
starting at a relatively ordered (low entropy) state and pro- 
gressing to a disorderly (high entropy) state. 

The overall entropy change is positive, greater than that of 
the ideal case, and favorable to dissolution. As may be ex- 
pected, the enthalpy change in such a solution is positive be- 
cause association in a solute or solvent must be overcome. The 
facilitated solubility of citric acid (an unsymmetrical molecule), 
as compared to inositol (a symmetrical molecule), may be ex- 
plained on the basis of such a favorable entropy change.° 

The solubility of citric acid is greater than that of inositol, 
yet on the basis of their heats of solution, inositol should be 
more soluble. One may regard this phenomenon in another 
way. The reason for the higher solubility of citric acid is that, 
although there is no hindrance in the transfer of a citric acid 
molecule as it goes from the solute to the solution phase, when 
the structurally unsymmetrical citric acid attempts to return to 
the solute phase from solution, it must assume an orientation 
that will allow ready interaction with polar groups already 
oriented. If it does not have the required orientation, it will not 
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return readily to the solute, but rather will remain in solution, 
thus bringing about a solubility larger than expected on the 
basis of heat of solution. 

On the other hand, the structurally symmetrical inositol, as 
it leaves the solution phase, can interact with the solute phase 
without requiring a definite orientation; all orientations are 
equivalent. Hence, inositol can enter the solute phase without 
hindrance, and therefore no facilitation of its solubility is ob- 
served. In general, unsymmetrical molecules tend to be more 
soluble than symmetrical molecules. 

Another type of nonideal solution occurs when there is an 
entropy change less than that expected of an ideal solution. 

Such nonideal behavior can occur with polar solutes and 
solvents. In a nonideal solution of this type there is significant 
interaction between solute and solvent. As may be expected, 
the enthalpy change (AH') in such a solution is negative and 
favors dissolution, but this effect is tempered by the unfavor- 
able entropy change occurring at the same time. The reason for 
the lower-than-ideal entropy change can be visualized where 
the equilibrium system is more orderly and has a lower entropy 
than that expected for an ideal solution. The overall entropy 
change of solution thus would be less and not favorable to 
dissolution. 

One may rationalize the lower-than-expected solubility of 
lithium fluoride on the basis of this phenomenon. Compared 
with other alkali halides, it has a solubility lower than would 
be expected based solely on enthalpy changes. Because of the 
small size of ions in this salt there may be considerable order- 
ing of water molecules in the solution. This effect must, of 
course, lead to a lowered entropy and an unfavorable effect on 
solubility. The effect of soluble salts on the solubility of non- 
electrolytes may be considered as a result of an unfavorable 
entropy effect (see Solubility of Solute Containing Two or More 
Species, above). 


PHARMACEUTICAL SOLVENTS 
RE SFR SPEC i EEE 
The discussion will focus now on solvents available to pharma- 
cists and on the properties of these solvents. Pharmacists must 
obtain an understanding of the possible differences in solubility 
of a given solute in various solvents because they are often 
called on to select a solvent that will dissolve the solute. A 
knowledge of the properties of solvents will allow the intelli- 
gent selection of suitable solvents. 

On the basis of the forces of interaction occurring in solvents 
one may broadly classify solvents as one of three types: 


1. Polar soluvents—those made up of strong dipolar molecules having 
hydrogen bonding (water or hydrogen peroxide). 

2. Semipolar solvents—those also made up of strong dipolar molecules 
but that do not form hydrogen bonds (acetone or pentyl! alcohol). 

3. Nonpolar solvents—those made up of molecules having a small or 
no dipolar character (benzene, vegetable oil, or mineral oil). 


Naturally, there are many solvents that may fit into more 
than one of these broad classes; for example, chloroform is a 
weak dipolar compound but generally is considered nonpolar in 
character, and glycerin could be considered a polar or semipo- 
lar solvent even though it is capable of forming hydrogen 
bonds. 


Solvent Types 


WATER — Water is a unique solvent. Besides being a highly 
associated liquid, giving rise to its high boiling point, it has 
another very important property, a high dielectric constant. 
The dielectric constant (e) indicates the effect that a substance 
has, when it acts as a medium, on the ease with which two 
oppositely charged ions may be separated. The ease of solubi- 
lizing salts in solvents like water and glycerin can be explained 


on the basis of their high dielectric constant. Also, in general, 
the more polar the solvent, the greater its dielectric constant. 

An important concept has been introduced to pharmaceuti- 
cal systems: pharmacists frequently are concerned with dis- 
solving relatively nonpolar drugs in aqueous or mixed polar 
aqueous solvents.'! To understand what may be happening in 
such cases, factors concerned with the entropic effects arising 
from interactions originating with the nonpolar solutes must be 
considered. Previously it had been noted that the favorable 
entropic effect on dissolution was due to the disruption of 
associations occurring among solute or solvent molecules. Now 
consider the effects on solubility due to solute interactions in 
the solution phase—because the solutes under discussion are 
relatively nonpolar, the interactions are of the London Force 
type or a hydrophobic association. 

This hydrophobic association in aqueous solutions may 
cause significant structuring of water with a resultant ordered 
or low-entropy system that is unfavorable to solution. There- 
fore, the solution of an essentially nonpolar molecular in water 
is not a favorable process. It should be stressed that this is due 
to not only an unfavorable enthalpy change but also an unfa- 
vorable entropy change generated by water structuring. 

Such an unfavorable entropy change, known as the hydro- 
phobic effect, is quite significant in the solution process. As an 
example of this effect, the aqueous solubility of a series of alkyl 
p-aminobenzoates shows a 10-million-fold decrease in solubil- 
ity in going from the 1-carbon analog to the 12-carbon analog. 
These findings demonstrate clearly the considerable effect that 
hydrophobic associations can have. 

ALCOHOLS—Ethanol, as a solvent, is next in importance 
to water. An advantage of ethanol is that growth of microor- 
ganisms does not occur in solutions containing alcohol in a 
reasonable concentration. 

Resins, volatile oils, alkaloids, glycosides, ete are dissolved 
by alcohol, but many therapeutically inert principles, such as 
gums, albumin, and starch, are insoluble, which makes it more 
useful as a selective solvent. Mixtures of water and alcohol, in 
proportions varying to suit specific cases, are used extensively. 
They are often referred to as hydroalcoholic solvents. 

Glycerin is an excellent solvent, although its range is not as 
extensive as that of water or alcohol. In higher concentrations 
it has preservative action. It dissolves the fixed alkalies, a large 
number of salts, vegetable acids, pepsin, tannin, and some 
active principles of plants, but it also dissolves gums, soluble 
carbohydrates, and starch. It also is of special value as a simple 
solvent (as in phenol glycerite), or where the major portion of 
the glycerin simply is added as a preservative and stabilizer of 
solutions that have been prepared with other solvents (see 
Glycerines, Chapter 41). 

Propylene glycol, which has been used widely as a substitute 
for glycerin, is miscible with water, acetone, or chloroform in all 
proportions. It is soluble in ether and will dissolve many es- 
sential oils but is immiscible with fixed oils. It is claimed to be 
as effective as ethyl alcohol in its power of inhibiting mold 
growth and fermentation. 

Isopropyl alcohol possesses solvent properties similar to 
those of ethyl alcohol and is used instead of the latter in a 
number of pharmaceutical manufacturing operations. It has 
the advantage in that the commonly available product contains 
not over 1% of water, whereas ethyl alcohol contains about 5% 
water, often a disadvantage. Isopropyl alcohol is employed in 
some liniment and lotion formulations. It cannot be taken 
internally. 

General Properties—Low-molecule-weight and polyhydroxy 
alcohol forms associated structures through hydrogen bonds 
just as in water. When the carbon-atom content of an alcohol 
rises above five, generally only monomers then are present in 
the pure solvent. Although alcohols have high dielectric con- 
stants compared to other types of solvents, they are small 
compared to water. As has been discussed, the solubility of 
salts in a solvent should be paralleled by its dielectric constant. 
That is, as the dielectric constant of a series of solvents in- 


Table 16-2. Solubilities of Potassium lodide and Sodium 
Chloride in Several Alcohols and Acetone” ’ 


g KI/100 g g Nacl/100 g 
SOLVENT SOLVENT SOLVENT 
Water 148 35.9 
Glycerin oo: 8.3 (20°) 
Propylene glycol 50 7.1 (30°) 
Methanol 117 1.4 
Acetone 2.9 nee 
Ethanol 1.88 0.065 
1-Propanol 0.44 0.0124 
2-Propanol 0.18 0.003 
1-Butanol 0.2 0.005 
1-Pentanol 0.089 0.0018 


? All measurements are at 25° unless otherwise indicated. 


creases, the probability of dissolving a salt in the solvent in- 
creases. This behavior is observed for the alcohols. Table 16-2, 
taken from Higuchi,° shows how the solubility of salts follows 
the dielectric constant of the alcohols. 

As mentioned earlier, absolute alcohol rarely is used phar- 
maceutically. However, hydroalcoholic mixtures such as elixirs 
and spirits frequently are encountered. A very useful general- 
ization is that the dielectric properties of a mixed solvent, such 
as water and alcohol, can be approximated as the weighted 
average of the properties of the pure components. Thus, a 
mixture of 60% alcohol (by weight) in water should have a 
dielectric constant approximated by 


€(mixture) = 0.6(€(atcohor)) aie 0.4(€(ater)) 
E(mixturey = 0.6(25) + 0.4(80) = 47 


The dielectric constant of 60% alcohol in water is found 
experimentally to be 43, which is in close agreement with that 
just calculated. The dielectric constant of glycerin is 46, close to 
the 60% alcohol mixture. One would therefore expect a salt like 
sodium chloride to have about the same solubility in glycerin as 
in 60% alcohol. The solubility of sodium chloride in glycerin is 
8.3 g/100 g of solvent and in 60% alcohol about 6.3 g/100 g of 
solvent. This agreement would be even closer if comparisons 
were made on a volume rather than weight basis. At least 
qualitatively it can be said that the solubility of a salt in a 
solvent or a mixed solvent closely follows the dielectric con- 
stant of the medium, or conversely that the polarity of mixed 
solvents is paralleled by their dielectric constant, based on salt 
solubility. 

Although the dielectric constant is useful in interpreting the 
effect of mixed solvents on salt solubility, it cannot be applied 
properly to the effect of mixed solvents on the solubility of 
nonelectrolytes. It was seen earlier that unfavorable entropic 
effects can occur upon dissolution of relatively nonpolar non- 
electrolytes in water. Such an effect due to hydrophobic asso- 
ciation considerably affects solubility. Yalkowsky'' studied the 
ability of cosolvent systems to increase the solubility of non- 
electrolytes in polar solvents where the cosolvent system es- 
sentially brings about a reduction in structuring of solvent. 
Thus, by increasing, in a positive sense, the entropy of solution 
by using cosolvents, it was possible to increase the solubility of 
the nonpolar molecule. Using as an example the solubility of 
alkyl p-aminobenzoates in propylene glycol-water systems, 
Yalkowsky reported that it is possible to increase the solubility 
of the nonelectrolyte by several orders of magnitude by increas- 
ing the fraction of propylene glycol in the aqueous system.® 
Sometimes, it is found that, as a good first approximation, the 
logarithm of the solubility is related linearly to the fraction of 
propylene glycol added by 


log S; = log S;-» + ef 


where S;is the solubility in the mixed aqueous system contain- 
ing the volume fraction f of nonaqueous cosolvent, S; — 9 is the 
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solubility in water, and « is a constant (not dielectric constant) 
characteristic of the system under study. Specifically, when a 
50% solution of prolyene glycol in water is used, there is a 
1000-fold increase in solubility of dodecyl p-aminobenzoate, in 
comparison to pure water. 

Another empirical equation sometimes used to estimate sol- 
ubility of a poorly water-soluble substance in a mixed-solvent 
system is written as 


log Si= LoeS 7 <yinh log Sa xX fi oe 


where S, is the total solubility, S,, and S, are solubilities in 
pure water and cosolvent 1, respectively, and f,, and /, are the 
fractions of water and cosolvent 1, respectively. 

In a series of studies, Martin et al? have made attempts to 
predict solubility in mixed solvent systems through an exten- 
sion of the regular solution theory. The equations are logarith- 
mic in nature and can reduce in form to the equations of 
Yalkowsky.® 

ACETONE AND RELATED SEMIPOLAR MATERI- 
ALS—Even though acetone has a very high dipole moment 
(2.8 X 10-15 esu), as a pure solvent it does not form associated 
structures. This is evidenced by its low boiling point (57°) in 
comparison with the boiling point of the lower molecular 
weight water (100°) and ethanol (79°). The reason why it does 
not associate is because the positive charge in its dipole does 
not reside in a hydrogen atom, precluding the possibility of its 
forming a hydrogen bond. However, if some substance which is 
capable of forming hydrogen bonds, such as water or alcohol, is 
added to acetone, a very strong interaction through hydrogen 
bonding will occur (see Mechanism of Solvent Action, below). 
Some substances that are semipolar and similar to acetone are 
aldehydes, low-molecular-weight esters, other ketones, and 
nitro-containing compounds. 

NONPOLAR SOLVENTS—tThe nonpolar class of solvents 
includes fixed oils such as vegetable oil, and petroleum either 
(ligroin), carbon tetrachloride, benzene, and chloroform. On a 
relative basis there is a wide range of polarity among these 
solvents; for example, benzene has no dipole moment whereas 
that of chloroform is 1.05 x 10-'* esu. 

It should be emphasized that when a solvent (such as chlo- 
roform) has highly electronegative halogen atoms attached to a 
carbon atom that also contains at least one hydrogen atom, 
such a solvent will be capable of forming strong hydrogen bonds 
with solutes which are polar in character. Thus, through the 
formation of hydrogen bonds such solvents will dissolve polar 
solutes. For example, it is possible to dissolve alkaloids in 
chloroform. 


Mechanism of Solvent Action 


A solvent may function in one or more ways. When an ionic salt 
is dissolved (eg, by water), the process of solution involves 
separation of the cations and anions of the salt with attendant 
orientation of molecules of the solvent about the ions. Such 
orientation of solvent molecules about the ions of the solute—a 
process called solvation (hydration, if the solvent is water)—is 
possible only when the solvent is highly polar, whereby the 
dipoles of the solvent are attracted to and held by the ions of 
the solute. The solvent also must possess the ability to keep the 
solvated, charged ions apart with minimal energy. 

A polar liquid such as water may exhibit solvent action also 
by virtue of its ability to break a covalent bond in the solute and 
bring about ionization of the latter. For example, hydrogen 
chloride dissolves in water and functions as an acid as a result 
of 


HCle HO H.0" + Cls 


The ions formed by this preliminary reaction of breaking the 
covalent bond are subsequently maintained in solution by the 
same mechanism as ionic salts. 
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Still another mechanism by which a polar liquid may act as 
a solvent is that involved when the solvent and solute are 
capable of being coupled through hydrogen-bond formation. 

The solubility of the low-molecular-weight alcohols in water, 
for example, is attributed to the ability of the alcohol molecules 
to become part of a water—alcohol association complex. 


H R H R 


As the molecular weight of the alcohol increases, it becomes 
progressively less polar and less able to compete with water 
molecules for a place in the lattice-like arrangement formed 
through hydrogen bonding; high-molecular-weight alcohols 
are, therefore, poorly soluble or insoluble in water. When the 
number of carbon atoms in a normal alcohol reaches five, its 
solubility in water is reduced materially. 

When the number of hydroxyl groups in the alcohol is in- 
creased, its solubility in water generally is increased greatly; it 
is principally, if not entirely, for this reason that such high- 
molecular-weight compounds as sugars, gums, and many gly- 
cosides, and synthetic compounds such as the polyethylene 
glycols, are very soluble in water. 

The solubility.of ethers, aldehydes, ketones, acids, and an- 
hydrides in water and in other polar solvents also is attribut- 
able largely to the formation of an association complex between 
solute and solvent by means of the hydrogen bond. The mole- 
cules of ethers, aldehydes, and ketones, unlike those of alco- 
hols, are not associated themselves, because of the absence of a 
hydrogen atom that is capable of forming the characteristic 
hydrogen bond. Notwithstanding, these substances are more or 
less polar because of the presence of a strongly electronegative 
oxygen atom, which is capable of association with water 
through hydrogen-bond formation. 

Acetone, for example, dissolves in water, in all likelihood 
principally because of the following type of association: 


H 


| 
(CH,)»CO + H,O0 > (CH,),CO--- H—O 
The maximum number of carbon atoms that may be present per 
molecule possessing a hydrogen-bondable group, while still retaining 
water solubility, is approximately the same as for the alcohols. 

Although nitrogen is less electronegative than oxygen, and 
thus tends to form weaker hydrogen bonds, amines are at least 
as soluble as alcohols containing an equivalent chain length. 
The reason for this is that alcohols form two hydrogen bonds 
with a net interaction of 12 kcal/mol. Primary amines can form 
three hydrogen bonds; two amine protons are shared with the 
oxygens of two water molecules, and the nitrogen accepts one 
water proton. The net interaction for the primary amine is 
between 12 and 13 kcal/mol; hence, it shows an equal or greater 
solubility compared with corresponding alcohols. 

The solvent action of nonpolar liquids involves a somewhat 
different mechanism. Because they are unable to form dipoles 
with which to overcome the attractions between ions of an ionic 
salt, or to break a covalent bond to produce an ionic compound 
or form association complexes with a solute, nonpolar liquids 
are incapable of dissolving polar compounds. They only can 
dissolve, in general, other nonpolar substances in which the 
bonds between molecules are weak. The forces involved usually 
are of the induced dipole—induced dipole type. Such is the case 
when one hydrocarbon is dissolved in another, or an oil or a fat 
is dissolved in petroleum ether. 

Sometimes it is observed that a polar substance, such as alco- 
hol, will dissolve in a nonpolar liquid, such as benzene. This 
apparent exception to the preceding generalization may be ex- 
plained by the assumption that the alcohol molecule induces a 
temporary dipole in the benzene molecule which forms an associ- 
ation complex with the solvent molecules. A binding force of this 
kind is referred to as a permanent dipole-induced dipole force. 


Some Useful Generalizations—The preceding discussion indi- 
cates that enough is known about the mechanism of solubility to be able 
to formulate some generalizations concerning this important physical 
property of substances. Because of the greater importance of organic 
substances in the field of medicinal chemistry, certain of the more 
useful generalizations about organic chemicals are presented here in 
summary form. However, it should be remembered that the phenome- 
non of solubility usually involves several variables, and there may be 
exceptions to general rules. 

One general maxim that holds true in most instances is, the greater the 
structural similarity between solute and solvent, the greater the solubility. 
As often stated to the student, like dissolves like. Thus, phenol is almost 
insoluble in petroleum ether but is very soluble in glycerin. 

Organic compounds containing polar groups capable of forming hy- 
drogen bonds with water are soluble in water, provided that the molec- 
ular weight of the compound is not too great. It is demonstrated easily 
that the polar groups OH, CHO, COH, CHOH, CH,OH, COOH, NO,, 
CO, NH., and SO.H tend to increase the solubility of an organic com- 
pound in water. On the other hand, nonpolar or very weak polar groups, 
such as the various hydrocarbon radicals, reduce solubility; the greater 
the number of carbon atoms in the radical, the greater the decrease in 
solubility. Introduction of halogen atoms into a molecule in general 
tends to decrease solubility because of an increased molecular weight 
without a proportionate increase in polarity. 

The greater the number of polar groups contained per molecule, the 
greater the solubility of a compound, provided that the size of the rest 
of the molecule is not altered; thus, pyrogallol is much more soluble in 
water than phenol. The relative positions of the groups in the molecule 
also influence solubility; thus, in water, resorcinol (m-dihydroxyben- 
zene) is more soluble than catechol (o-dihydroxybenzene), and the latter 
is more soluble than hydroquinone (p-dihydroxybenzene). 

Polymers and compounds of high molecular weight can be poorly 
soluble. 

High melting points frequently are indicative of low solubility for 
organic compounds. One reason for high melting points is the associa- 
tion of molecules, and this cohesive force tends to prevent dispersion of 
the solute in the solvent. 

The cis form of an isomer is more soluble than the trans form. See 
Table 16-3. 

Solvation, which is evidence of the existence of a strong attractive 
force between solute and solvent, enhances the solubility of the solute, 
provided there is not a marked ordering of the solvent molecules in the 
solution phase. 

Acids, especially strong acids, usually produce water-soluble salts 
when reacted with nitrogen-containing organic bases. 


COLLIGATIVE PROPERTIES OF SOLUTIONS 


Up to this point our concern has been with dissolving a solute 
in a solvent. Once the dissolution has been brought about, 
naturally the solution has a number of properties that are 
different from that of the pure solvent. Of very great impor- 
tance are the colligative properties that a solution possesses. 


Table 16-3. Demonstration of Solubility Rules 
CHEMICAL COMPOUND SOLUBILITY? 
Aniline, C;H;NH, 28.6 


Benzene, CoH, 1430.0 
Benzoic acid, C;H;COOH 275.0 
Benzyl alcohol C;H,CH,OH 25.0 
1-Butanol, C,H,OH 12.0 
t-Butyl alcohol, (CH3);COH Miscible 
Carbon tetrachloride, CCl, 2000.0 
Chloroform, CHCl, 200.0 
Fumaric acid (trans-butenedioic acid) 150.0 
Hydroquinone, C,H,(OH)> 14.0 
Maleic acid, cis-butenedioic acid 5.0 
Phenol, C;H,OH 15.0 
Pyrocatechol, Cs;H,(OH)> 23 
Pyrogallol, C;H3(OH) lez. 
Resorcinol, Cg,H,(OH)> 0.9 


* The number of mL of water required to dissolve 1 g of solute. 


The colligative properties of a solution are those that depend 
on the number of solute particles in solution, irrespective of 
whether these are molecules or ions, large or small. Ideally, the 
effect of a solute particle of one species is considered to be the 
same as that of an entirely different kind of particle, at least in 
dilute solution. Practically, there may be differences that may 
become substantial as the concentration of the solution is in- 
creased. 

The colligative properties that will be considered are 


Osmotic pressure. 
Vapor-pressure lowering. 
Boiling-point elevation. 
Freezing-point depression. 


Coa 


Of these four, all of which are related, osmotic pressure has 
the greatest direct importance in the pharmaceutical sciences. 
It is the property that largely determines the physiological 
acceptability of a variety of solutions used for therapeutic pur- 
poses. 


Osmotic-Pressure Elevation 


OSMOSIS—The phenomenon of osmosis is based on the fact 
that substances tend to move or diffuse from regions of higher 
concentration to regions of lower concentration. When a solution 
is separated from the solvent by means of a membrane that is 
permeable to the solvent but not to the solute (such a membrane 
is referred to as a semipermeable membrane), it is possible to 
demonstrate visibly the diffusion of solvent into the concentrated 
solution, as volume changes will occur. In a similar manner, if two 
solutions of different concentration are separated by a membrane, 
the solvent will move from the solution of lower solute concentra- 
tion to the solution of higher solute concentration. This diffusion 
of solvent through a membrane is called osmosis. 

There is a difference between the activity or escaping tendency 
of the water molecules found in the solvent and salt solution 
separated by the semipermeable membrane. Because activity, 
which is related to water concentration, is higher on the 
pure solvent side, water moves from solvent to solution in or- 
der to equalize escaping-tendency differences. The difference in 
escaping-tendency gives rise to what is referred to as the osmotic 
pressure of the solution, which might be visualized as follows. A 
semipermeable membrane is placed over the end of a tube and a 
small amount of salt solution placed over the membrane in the 
tube. The tube then is immersed in a trough of pure water so that 
the upper level of the salt solution initially is at the same level as 
the water in the trough. With time, solvent molecules will move 
from solvent into the tube. The height of the solution will rise 
until the hydrostatic pressure exerted by the column of solution is 
equal to the osmotic pressure. 

OSMOTIC PRESSURE OF NONELECTROLYTES— 
Quantitative studies using solutions of varying concentration 
of a solute that does not ionize have demonstrated that osmotic 
pressure is proportional to the concentration of the solute; that 
is, twice the concentration of a given nonelectrolyte will pro- 
duce twice the osmotic pressure in a given solvent. (This is not 
strictly true in solutions of fairly high solute concentration, but 
does hold quite well for dilute solutions.) 

Furthermore, the osmotic pressures of solutions of different 
nonelectrolytes are proportional to the number of molecules in 
each solution. Stated in another manner, the osmotic pressures of 
two nonelectrolyte solutions of the same molal concentration are 
identical. Thus, a solution containing 34.2 g of sucrose (mol wt 
342) in 1000 g of water has the same osmotic pressure as a 
solution containing 18.0 g of anhydrous dextrose (mol wt 180) 
in 1000 g of water. These solutions are said to be iso-osmotic 
(isosmotic) with each other because they have identical osmotic 
pressures. 

OSMOTIC PRESSURE OF ELECTROLYTES—In dis- 
cussing the generalizations concerning the osmotic pressure of 
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solutions of nonelectrolytes it was stated that the osmotic pres- 
sures of two solutions of the same molal concentration are iden- 
tical. This generalization, however, cannot be made for solutions 
of electrolytes—acids, alkalies, and salts (see Chapter 17). 

For example, sodium chloride is assumed to ionize as 


NaCl ~ Na’ + Cl 


It is evident that each molecule of sodium chloride that ionizes 
produces two ions; if sodium chloride is completely ionized, 
there will be twice as many particles as would be the case if it 
were not ionized at all. Furthermore, if each ion has the same 
effect on osmotic pressure as a molecule, it might be expected 
that the osmotic pressure of the solution would be twice that of 
a solution containing the same molal concentration of nonion- 
izing substance. 
For solutions that yield more than two ions—for example, 


K,SO, > 2K* + SOF 
FeCl, > Fe** + 3Cl- 


it is expected that the complete dissociation of the molecules 
would give rise to osmotic pressures that are three and four 
times, respectively, the pressure of solutions containing an 
equivalent quantity of a nonionized solute. Accordingly, the 
equation PV = nRT, which may be employed to calculate the 
osmotic pressure of a dilute solution of a nonelectrolyte, also 
may be applied to dilute solutions of electrolytes if it is changed 
to PV = inRT, where the value of 1 approaches the number of 
ions produced by the ionization of the stronger electrolytes 
cited in the preceding examples. For weak electrolytes i repre- 
sents the total number of particles, ions, and molecules to- 
gether in the solution, divided by the number of molecules that 
would be present if the solute did not ionize. The experimental 
evidence indicates that at least in dilute solutions the osmotic 
pressures approach the predicted values. It should be empha- 
sized, however, that in more concentrated solutions of electro- 
lytes the deviations from this simple theory are considerable, 
due to interionic attraction, solvation, and other factors. 

BIOLOGICAL ASPECTS OF OSMOTIC PRESSURE— 
Osmotic pressure experiments were made as early as 1884 by the 
Dutch botanist Hugo de Vries in his study of plasmolysis, the term 
applied to the contraction of the contents of plant cells placed in 
solutions of comparatively high osmotic pressure. The phenome- 
non is caused by the osmosis of water out of the cell through the 
practically semipermeable membrane surrounding the proto- 
plasm. If suitable cells (eg, the epidermal cells of the leaf of 
Tradescanta discolor) are placed in a solution of higher osmotic 
pressure than that of the cell contents, water flows out of the cell, 
causing the contents to draw away from the cell wall. On the other 
hand, if the cells are placed in solutions of lower osmotic pressure, 
water enters the cell, producing an expansion that is limited by 
the rigid cell wall. By immersing cells in a series of solutions of 
varying solute concentration, a solution may be found in which 
plasmolysis is barely detectable or absent. The osmotic pressure of 
such a solution is then the same, or very nearly the same, as that 
of the cell contents, and it is then said that the solution is isotonic 
with the cell contents. Solutions of greater concentration than this 
are said to be hypertonic, and solutions of lower concentration are 
called hypotonic. 

Red blood cells, or erythrocytes, have been studied similarly 
by immersion into solutions of varying concentration of differ- 
ent solutes.!° When introduced into water or into sodium chlo- 
ride solutions containing less than 0.90 g of solute per 100 mL, 
human erythrocytes swell, and often burst, because of the 
diffusion of water into the cell and the fact that the cell wall is 
not sufficiently strong to resist the pressure. This phenomenon 
is referred to as hemolysis. If the cells are placed in solutions 
containing more than 0.90 g of sodium chloride per 100 mL, 
they lose water and shrink. By immersing the cells in a solution 
containing exactly 0.90 g of sodium chloride in 100 mL, no 
change in the size of the cells is observed; because in this 
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solution the cells maintain their tone, the solution is said to be 
isotonic with human erythrocytes. For the reasons indicated it 
is desirable that solutions to be injected into the blood should 
be made isotonic with erythrocytes. The manner in which this 
may be done is described in Chapter 18. 

DISTINCTION BETWEEN ISO-OSMOTIC (ISOS- 
MOTIC) AND ISOTONIC—The terms isosmotic and isotonic 
are not to be considered as equivalent, although a solution 
often may be described as being both isosmotic and isotonic. If 
a plant or animal cell is in contact with a solution that has the 
same osmotic pressure as the cell contents, there will be no net 
gain or loss of water by either solution provided the cell mem- 
brane is impermeable to all the solutes present. As the volume 
of the cell contents remains unchanged, the tone, or normal 
state, of the cell is maintained, and the solution in contact with 
the cell may be described not only as being isosmotic with the 
solution in the cell, but also as being isotonic with it. If, how- 
ever, one or more of the solutes in contact with the membrane 
can pass through the latter, it is evident that the volume of the 
cell contents will change, thus altering the tone of the cell; in 
this case the two solutions may be isosmotic, yet not be isotonic. 


Vapor-Pressure Lowering 


When a nonvolatile solute is dissolved in a liquid solvent the 
vapor pressure of the solvent is lowered. This easily can be 
described qualitatively by visualizing solvent molecules on the 
surface of the solvent, which normally could escape into the 
vapor, being replaced by solute molecules which have little if 
any vapor pressure of their own. For ideal solutions of nonelec- 
trolytes the vapor pressure of the solution follows Raoult’s law 


IDX SOG IE) (15) 


where P, is the vapor pressure of the solution, PA is the vapor 
pressure of the pure solvent, and X, is the mol fraction of 
solvent. This relationship states that the vapor pressure of the 
solution is proportional to the number of molecules of solvent in 
the solution. Rearranging Equation 15 gives 


gees 
Ph 


= (Uh= 260 (16) 


where X; is the mole fraction of the solute. This equation states 
that the lowering of vapor pressure in the solution relative to 
the vapor pressure of the pure solvent—called simply the rel- 
ative vapor-pressure lowering—is equal to the mol fraction of 
the solute. The absolute lowering of vapor pressure of the 
solution is defined by 
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Example—Calculate the lowering of vapor pressure and the vapor 
pressure at 20°, of a solution containing 50 g of anhydrous dextrose 
(mol wt 180.16) in 1000 g of water (mol wt 18.02).The vapor pressure of 
water at 20°, in absence of air, is 17.535 mm. 

First calculate the lowering of vapor pressure, using Equation 17 in 
which X, is the mol fraction of dextrose, defined by 


ne 


Xp = 
Ny + Np 


where n, is the number of mols of solvent and n, is the number of mols 
of solute. Substituting numerical values 


50 
UB 1802 > 0.278 
1000 _ = 
Na 1802 > Y5p55) 
0.278 


reese s male ie 


the lowering of vapor pressure is 
Pi Px —0,00498 aie 535 


= 0.0873 mm 


The vapor pressure of the solution is 


P, = 17.535 — 0.0873 


= 17.448 mm 


Boiling-Point Elevation 


In consequence of the fact that the vapor pressure of any 
solution of a nonvolatile solute is less than that of the solvent, 
the boiling point of the solution—the temperature at which the 
vapor pressure is equal to the applied pressure (commonly 760 
mm)—must be higher than that of the solvent. This is clearly 
evident in Figure 16-12. 


Freezing-Point Depression 


The freezing point of a solvent is defined as the temperature at 
which the solid and liquid forms of the solvent coexist in equi- 
librium at a fixed external pressure, commonly 1 atmosphere 
(1 atm = 760 mm [torr] of mercury). At this temperature the 
solid and liquid forms of the solvent must have the same vapor 
pressure, for if this were not so, the form having the higher 
vapor pressure would change into that having the lower vapor 
pressure. 

The freezing point of a solution is the temperature at which 
the solid form of the pure solvent coexists in equilibrium with 
the solution at a fixed external pressure, again commonly 1 
atm. Because the vapor pressure of a solution is lower than 
that of its solvent, it is obvious that solid solvent and solution 
cannot coexist at the same temperature as solid solvent and 
liquid solvent; only at some lower temperature, where solid 
solvent and solution do have the same vapor pressure, is equi- 
librium established. A schematic pressure-temperature dia- 
gram for water and an aqueous solution, not drawn to scale and 
exaggerated for the purpose of more effective illustration, 
shows the equilibrium conditions involved in both freezing- 
point depression and boiling-point elevation (see Fig 16-12). 

The freezing-point lowering of a solution may be quantita- 
tively predicted for ideal solutions, or dilute solutions that obey 
Raoult’s law, by mathematical operations similar to (though 
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Figure 16-12. Vapor-pressure-temperature diagram for water and 
an aqueous solution, illustrating elevation of boiling point and 
lowering of freezing point of the latter. 


somewhat more complex than) those used in deriving the 
boiling-point elevation constant. The equation for the 
freezing-point lowering, AT,, is 


RT7Mym 
reg aves Verh, (18) 
pe mOOOAm aM on 
where 
RT 
K; = pean, (19) 
1000AH,,. 


The value of K; for water, which freezes at 273.1°K and has 
a heat of fusion of 79.7 cal/g, is 


1.987 x 273.1? x 18.02 


a Zs é (20) 
a 1000 x 18.02 x 79.7 1.86 


The molal freezing-point depression constant is not in- 
tended to represent the freezing-point depression for a 1-molal 
solution, which is too concentrated for the premise of ideal 
behavior to be applicable. In dilute solutions the freezing-point 
depression, calculated to a 1-molal basis, approaches the theo- 
retical value—the more dilute the solution, the better the 
agreement between experiment and theory. 

To calculate the molecular weight of the solute, the freezing 
point of a dilute solution of a nonelectrolyte solute may be used 
(as was the boiling point). The applicable equation is 


ae K;1000w, Gin 
w,AT, 

The molecular weight of organic substances soluble in mol- 
ten camphor may be determined by observing the freezing 
point of a mixture of the substance with camphor. This proce- 
dure, called the Rast method, uses camphor because it has a 
very large molal freezing-point—depression constant, about 40. 
Because the constant may vary with different lots of camphor 
and with variations of technique, the method should be stan- 
dardized using a solute of known molecular weight. 

Freezing-point determinations of molecular weights have 
the advantage over boiling-point determinations of greater ac- 
curacy and precision by virtue of the larger magnitude of the 
freezing-point depression compared to boiling-point elevation. 
Thus, in the case of water the molal freezing-point depression 
is approximately 3.5 times greater than the molal boiling-point 
elevation. 


Ideal Behavior and Deviations 


In setting out to derive mathematical expressions for colliga- 
tive properties, such phrases as for ideal solutions or for dilute 
solutions were used to indicate the limitations of the expres- 
sions. Samuel Glasstone defines an ideal solution as “one which 
obeys Raoult’s law over the whole range of concentration and at 
all temperatures” and gives as specific characteristics of such 
solutions their formation only from constituents that mix in the 
liquid state without heat change and without volume change. 
These characteristics reflect the fact that addition of a solute to 
a solvent produces no change in the forces between molecules of 
the solvent. Thus, the molecules have the same escaping-ten- 
dency in the solution as in the pure solvent and the vapor 
pressure above the solution is proportional to the ratio of the 
number of solvent molecules in the surface of the solution to the 
number of the molecules in the surface of the solvent—which is 
the basis for Raoult’s law. 

Any change in intermolecular forces produced by mixing the 
components of a solution may result in deviation from ideality; 
such a deviation may be expected particularly in solutions 
containing both a polar and a nonpolar substance. Solutions of 
electrolytes, except at high dilution, are especially prone to 
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depart from ideal behavior, even though allowance is made for 
the additional particles that result from ionization. When sol- 
ute and solvent combine to form solvates, the escaping-ten- 
dency of the solvent may be reduced in consequence of the 
reduction in the number of free molecules of solvent; thus, a 
negative deviation from Raoult’s law is introduced. On the 
other hand, the escaping-tendency of the solvent in a solution of 
nonvolatile solute may be increased, because the cohesive 
forces between molecules of solvent are reduced by the solute; 
this results in a positive deviation from Raoult’s law. Chapter 
17 considers deviations from ideality in more detail. 

Although few solutions exhibit ideal behavior over a wide 
range of concentration, most solutions behave ideally at least 
in high dilution, where deviations from Raoult’s law are 
negligible. 

COLLIGATIVE PROPERTIES OF ELECTROLYTE 
SOLUTIONS (see Chapter 17)—Earlier in this chapter atten- 
tion was directed to the increased osmotic pressure observed in 
solutions of electrolytes, the enhanced effect being attributed to 
the presence of ions, each of which acts, in general, in the same 
way as a molecule in developing osmotic pressure. Similar 
magnification of vapor-pressure lowering, boiling-point eleva- 
tion, and freezing-point depression occurs in solutions of elec- 
trolytes. Thus, at a given constant temperature the abnormal 
effect of an electrolyte on osmotic pressure is paralleled by 
abnormal lowering of vapor pressure; the other colligative 
properties are (subject to variation of effect with temperature) 
comparably intensified. In general, the magnitude of each col- 
ligative property is proportional to the total number of particles 
(molecules and/or ions) in solution. 

While in very dilute solutions the osmotic pressure, vapor- 
pressure lowering, boiling-point increase, and freezing-point 
depression of solutions of electrolytes would approach values 
two, three, and four times greater for NaCl, Na,SO,, and 
Na3PO, than in solutions of the same molality of a nonelectro- 
lyte, two other effects are observed as the concentration of 
electrolyte is increased. The first effect results in less than 2-, 
3-, or 4-fold intensification of a colligative property. This reduc- 
tion is ascribed to interionic attraction between the positively 
and negatively charged ions. Consequently, the ions are not 
completely dissociated from each other and do not exert their 
full effect in lowering vapor pressure, etc. This deviation gen- 
erally increases with increasing concentration of electrolyte. 
The second effect intensifies the colligative properties and is 
attributed to the attraction of ions for solvent molecules, which 
holds the solvent in solution and reduces its escaping-tendency, 
with consequent enhancement of the vapor-pressure lowering. 
Solvation also may reduce interionic attraction and thereby 
further lower the vapor pressure. 

These factors (and possibly others) combine to effect a pro- 
gressive reduction in the molal values of colligative properties 
as the concentration of electrolyte is increased 0.5 to 1.0 molal, 
beyond which the molal quantities either increase (sometimes 
quite abruptly) or remain almost constant. 


Activity and Activity Coefficient 


Various mathematical expressions are employed to relate prop- 
erties of chemical systems (equilibrium constants, colligative 
properties, pH, etc) to the stoichiometric concentration of one or 
more molecular, atomic, or ionic species. In deriving such ex- 
pressions it is either stated or implied that they are valid only 
so long as intermolecular, interatomic, and/or interionic forces 
may be ignored or remain constant, under which restriction the 
system may be expected to behave ideally. But intermolecular, 
interatomic and/or interionic forces do exist, and not only do 
they change as a result of chemical reaction, but they also 
change with variation in the concentration or pressure of the 
molecules, atoms, or ions under observation. In consequence, 
mathematical expressions involving stoichiometric concentra- 
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tions or pressures generally have limited applicability. The 
conventional concentration terms provide a count of molecules, 
atoms, or ions per unit volume, but afford no indication of the 
physical or chemical activity of the species measured, and it is 
this activity that determines the physical and chemical prop- 
erties of the system. 

In recognition of this, GN Lewis introduced both the quan- 
titative concept and methods for evaluation of activity as a true 
measure of the physical or chemical activity of molecular, 
atomic, or ionic species, whether in the state of gas, liquid, or 
solid, or whether present as a single species or in a mixture. 
Activity may be considered loosely as a corrected concentration 
or pressure that takes into account not only the stoichiometric 
concentration or pressure but also any intermolecular attrac- 
tions, repulsions, or interactions between solute and solvent in 
solution, association, and ionization. Thus, activity measures 
the net effectiveness of a chemical species. 

Because only relative values of activity may be determined, 
a standard state must be chosen for quantitative comparisons 
to be made. Indeed, because activity measurements are needed 
for many different types of systems, several standard states 
must be selected. Because this discussion is concerned mainly 
with solutions, the standard state for the solvent is pure sol- 
vent, while for the solute it is a hypothetical solution with free 
energy corresponding to unit molality under conditions of ideal 
behavior of the solution. The relationship of activity to concen- 
tration is measured in terms of an activity coefficient, which is 
discussed in Chapter 17. 


Practical Applications 
of Colligative Properties 


One of the most important pharmaceutical applications of col- 
ligative properties is in the preparation of isotonic intravenous 
and isotonic lacrimal solutions, the details of which are dis- 
cussed in Chapter 18. 

Other applications of the colligative properties are found in 
experimental physiology. One such application is in the immer- 
sion of tissues in salt solutions, which are isotonic with the 
fluids of the tissue, in order to prevent changes or injuries that 
may arise from osmosis. 

The colligative properties of solutions also may be used in 
determining the molecular weight of solutes, or in the case of 
electrolytes, the extent of ionization. The method of determin- 
ing molecular weight depends on the fact that each of the 
colligative properties is altered by a constant value when a 
definite number of molecules of solute is added to a solvent (see 
Chapter 17). For example, in dilute solutions the freezing point 
of water is lowered at the rate of 1.855 for each mol of a 
nonelectrolyte dissolved in 1000 g of water. 

The boiling-point elevation may be used similarly for deter- 
mining molecular weights. The boiling point of water is raised 
at the rate of 0.52° for each mol of solute dissolved in 1000 g of 
water; the corresponding values for benzene, carbon tetrachlo- 
ride, and phenol are 2.57°, 4.88°, and 3.60°, respectively. The 
observing vapor-pressure lowering and osmotic pressure like- 
wise may be used to calculate molecular weights. 

To determine the extent to which an electrolyte is ionized, it 
is necessary to know its molecular weight, as determined by 
some other method, and then to measure one of the four colli- 
gative properties. The deviation of the results from similar 
values for nonelectrolytes then is used in calculating the extent 
of ionization. 


Quantitative Treatment of Solubility 


The focus of discussion so far has been on the qualitative 
aspects of solubility. It is, however, important to understand 
some quantitative relationships that can help pharmaceutical 


scientists predict the solubility of new-drug entities in various 
solvents and allow them to choose the best solvent system for a 
given drug. The observation that structurally similar chemical 
entities have better solubility in each other is based on the fact 
that cohesive forces operating in such molecules are of the 
same order of magnitude. One measure of these cohesive forces 
is a quantity known as internal pressure (P,). It is given by’ 
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where AH, is the heat of vaporization of a substance and Vis its 
molar volume at temperature 7. Since Equation 22 contains 
AH_,, which depends on the amount of energy required to break 
intermolecular (cohesive) bonds, P; is a measure of cohesive 
forces among the molecules. This value is high in polar sub- 
stances; for example, water has a P, value of 550 cal/mL. 
Therefore, drugs with high internal pressure show higher sol- 
ubility in water. The term P, usually is reserved for solubility of 
liquids in liquids. 

For a quantitative estimate of solubility of solids in liquids, 
it is assumed that in an ideal solution the heat of solution is 
equal to the heat of fusion (heat required to melt one mol of 
solid to liquid without changing its temperature). As ideal 
solubility does not depend on the nature of solvent, it can be 
expressed by!'! 
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where X, is the mol fraction solubility in an ideal solution, AH; 
is the molar heat of fusion of solute, T, is the melting point of 
solute, and T is the solution temperature such that T < To. 
In a nonideal solution, the mol fraction solubility (X) has to 
be replaced by thermodynamic activity (a) of the solute. This 
activity can be expressed in terms of mol fraction solubility as 


dy = Xyyo (24) 


in which yz is a proportionality constant called the activity 
coefficient. The value of y. in ideal solution is equal to its 
maximum value of 1. By taking the log of the above equation 
and substituting in Equation 23, one obtains the equation of 
nonideal solubility as 
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It can be seen that when y. =1, log ys is zero and the equation 
reduces to the ideal solubility equation. 

In general, ideal solutions are rare. Solutions of nonpolar 
solutes in nonpolar solvents usually come close to being ideal. 
However, solutions involving polar solutes or solvents almost 
always show significant deviation from ideality. The value of yz. 
is hard to determine, and varies with concentration of solution. 
It can be, however, estimated by 


1/272 VP i 
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log 89 = [(wy,)"” — (Wa9) (26) 
where w,, is the amount of work involved in separating solvent 
molecules to create space for a solute molecule, wy, is the work 
involved in breaking a solute molecule from its bulk, V. is the 
molar volume of solute at temperature 7, ®, is the volume 
fraction of the solvent, and R is the gas constant. The terms w,, 
and Wy. are ameasure of the internal energy or cohesive forces 
of the solvent and solute, respectively. It can be seen from 
Equation 26 that deviation from ideality is high if values of w,, 
and w., are different from each other, or the molar volume of 
the solute is high. The w terms are also known as the solubility 
parameters, denoted as 6. Thus the equation of nonideal solu- 
bility can be written as 


AH, plane! 
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The following observations can be made from Equation 27. 


1. For dilute solutions ®, is approximately equal to 1 and thus may be 
disregarded in estimating solubility in dilute solutions 

2. The closer the values of 5, and 6,, the greater the solubility for a 
given pair of solute and solvent. In fact, when 6, = 6,, the equation 
reduces to the equation for ideal solution, in which case the solu- 
bility is at its maximum value and depends only on molar heat of 
fusion of the solute. 

3. Solutions of larger solute molecules (high value of V.,) show higher 
deviation from ideality. It is not surprising therefore that solutions 
of polymers and other high-molecular-weight compounds show a 
very different behavior than ideal solution (see Solutions of Poly- 
mers, below). 


The solubility parameters can be measured using property of 
the material that involves molecular or cohesive interactions. 
These include the molar heat of vaporization, surface tension, 
internal pressure, and several others. One method suggested by 
Hilderbrand et al’? is to use the expression for internal pressure 
to estimate the value of solubility parameter as follows. 


Nal Jayde 
os ye 
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The meanings of the symbols are the same as defined earlier. 
The values of solubility parameters are available in several 
references for many commonly used drugs. As intermolecular 
forces are composed of many kinds of forces, including polar and 
nonpolar forces, the individual contribution of these forces can be 
included in quantitative estimate of solubility parameter. Hilder- 
brand and Scott}? suggested Equation 29 for this purpose. 


& = 84 + 8 + 8, (29) 


where 5, is the partial solubility parameter arising from non- 
polar interactions, 6,.is the partial solubility parameter from 
polar interactions, and 6,, is the partial solubility parameter 
from the hydrogen-bonding tendency among the molecules. The 
value of 5p is fairly constant for all types of molecules, polar as 
well as nonpolar, because nonpolar forces operate in all of these 
molecules. This value ranges from 7 to 10 cal/cc. Because 64, is 
due to polar forces, which are essentially absent in nonpolar 
compounds, its value range is broader, 0 to 13 cal/cc. The value 
of 5,,, on the other hand, has the highest contribution where 
present and has a range of 0 to 25 cal/cc Therefore, for nonpolar 
compounds such as linear hydrocarbons, the total value of 6 is 
comprised entirely of 5, and is close to about 7. For this reason 
most hydrocarbons show a similar behavior of solubility. In the 
nonhydrogen-bonding compounds that are relatively polar, 6, 
has significant contribution. 


Solutions of Polymers 


Solubility behavior of polymers is usually significantly differ- 
ent from that of small molecules. Although there is no well- 
defined value of molecular weight cutoff point between poly- 
mers and regular molecules, polymer solutions included in the 
discussion here will focus on molecules whose size approaches 
the colloidal range. 

Depending upon the manner in which the monomers are 
connected to each other, polymers can be of several types. From 
the solubility standpoint, however, the nature of the monomers 
is of great significance. In general, the solubility behavior of 
homopolymers (consisting of monomers repeated N times) 
mimics the solubility behavior of the monomers. This implies 
that the homopolymers consisting of relatively hydrophobic 
monomers will be poorly soluble in water. Examples of such 
polymers include polystyrene and polyamines. 

However, if the hydrophobic monomers form parts of the 
block polymers (consisting of blocks of one repeating monomer 
unit followed by a block of different monomer) or heteropoly- 
mers (several monomers attached in random manner), their 
contribution to solubility may not be as negative as one would 


SOLUTIONS AND PHASE EQUILIBRIA 225 


expect from their structure. This is because polymers are long 
molecules and generally have the flexibility to fold themselves 
in a manner that allows their hydrophobic areas to be folded 
away from water, much the way amphiphiles aggregate to form 
a hydrophobic core. This arrangement allows the hydrophilic 
monomers to stay in contact with water, thereby allowing sub- 
stantial solubility. Examples of such polymers include proteins 
(which may contain hydrophobic amino acid residues). 

Many of the so-called biological polymers consist of mono- 
mers that carry a met negative or positive charge at near 
neutral pH. These are known as polyelectrolytes, and they are 
generally very soluble in water. Their solubility is driven by the 
electrostatic interactions between water and the charged 
monomers. Examples of such polymers include DNA, proteins, 
certain derivatized cellulose polymers, and carrageenans. Such 
polymers are of significant importance in pharmaceutical dos- 
age forms as thickeners, additives, stabilizers, and controlled- 
release matrices. 

Many biological polymers exist as random coil structures in 
aqueous solution. If the structure is treated as an approximate 
sphere, then its radius, known as the radius of gyration (R,,), is 
a function of its molecular weight. In polymers of very high 
molecular weight (typically 100 kd or higher) this radius may 
be so large that the polymer in solution behaves like a particle, 
approaching the size of the colloidal range. The volume of this 
particle is given by* 


oe 
Veo = = aR? (30) 


coil — 3 
where V,,,;, is the volume of a single polymer chain and R, is the 
radius of gyration. When the value of this volume is large, the 
system no longer behaves as a dilute solution even when 
the molar concentration is small, and polymer-polymer inter- 
actions are significant. Depending on the polymer molecular 
weight, significant overlapping between the polymer chains 
may occur at concentration as low as 0.1%.1* At higher concen- 
tration, the swollen polymer and free solvent may occupy com- 
parable volumes in the solution. 

Unlike in regular solutions, the solubility of polymers is 
driven primarily by the entropic changes. Upon mixing a poly- 
mer with a solvent, which is generally water in pharmaceutical 
solutions, two different kinds of entropic effects occur. One is 
the increase in entropy due to mixing of two molecular species. 
This effect is small in a dilute solution. The second effect is that 
the entropy of the polymer configuration increases due to swell- 
ing of the molecules and also due to greater flexibility in solu- 
tion. Based on these entropic changes, Flory’®'!° derived Equa- 
tion 31 to describe the overall entropic change (AS,,;,.) in a 
polymer solution. 


AS nix = —R (n, In ®, + n, In ®,) (31) 


mix 


where n, and n, are the number of molecules of solvent and 
polymer, respectively, and ®, and ®, represent their volume 
fraction, respectively. The free-energy change (AG,,;,,) in the 


process of solubility can be written as 
AGnix = RT (n, In ®, + n, In ®,) + (n, + N,n,) w®, ©, (32) 


The first term on the right side of Equation 32 is the entropy of 
mixing, and the second term is the enthalpy of mixing. N,, in 
the second term is the degree of polymerization, and w is the 
effective molar interaction parameter (effectively, w is the 
square of the difference between solubility parameters of 
the polymer and solvent, multiplied by Avogadro’s number). It 
is clear from the above equation that the value of AG,,;, and 
therefore the polymer solubility are driven primarily by the 
volume fraction of the polymer in solution. 
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In a preceding chapter, attention was directed to the colligative 
properties of nonelectrolytes, or substances whose aqueous so- 
lutions do not conduct electricity. Substances whose aqueous 
solutions conduct electricity are known as electrolytes and are 
typified by inorganic acids, bases, and salts. In addition to the 
property of electrical conductivity, solutions of electrolytes ex- 
hibit anomalous colligative properties. 


COLLIGATIVE PROPERTIES 


In general, for nonelectrolytes, a given colligative property of 
two equimolal solutions will be identical. This generalization, 
however, cannot be made for solutions of electrolytes. 

Van’t Hoff pointed out that the osmotic pressure of a solu- 
tion of an electrolyte is considerably greater than the osmotic 
pressure of a solution of a nonelectrolyte of the same molal 
concentration. This anomaly remained unexplained until 1887 
when Arrhenius proposed a hypothesis that forms the basis for 
our modern theories of electrolyte solutions. 

This theory postulated that when electrolytes are dissolved 
in water they split up into charged particles known as ions. 
Hach of these ions carries one or more electrical charges, with 
the total charge on the positive ions (cations) being equal to the 
total charge on the negative ions (anions). Thus, although a 
solution may contain charged particles, it remains neutral. The 
increased osmotic pressure of such solutions is due to the 
increased number of particles formed in the process of ioniza- 
tion. For example, sodium chloride is assumed to dissociate as 

H,0 


Na*Cl- Nat + Cl- 


It is evident that each molecule of sodium chloride that is 
dissociated produces two ions, and if dissociation is complete, 
there will be twice as many particles as would be the case if it 
were not dissociated at all. Furthermore, if each ion has the 
same effect on osmotic pressure as a molecule, it might be 
expected that the osmotic pressure of the solution would be 
twice that of a solution containing the same molal concentra- 
tion of a nonionizing solute. 

Osmotic-pressure data indicate that, in very dilute solutions 
of salts that yield two ions, the pressure is very nearly double 
that of solutions of equimolal concentrations of nonelectrolytes. 
Similar magnification of vapor-pressure lowering, boiling-point 
elevation, and freezing-point depression occurs in dilute solu- 
tions of electrolytes. 


Van’t Hoff defined a factor, i, as the ratio of the colligative 
effect produced by a concentration, m, of electrolyte, divided by 
the effect observed for the same concentration of nonelectro- 
lyte, or 


T AP AT, AT, 
(T)o (AP)o (AT,)o (AT;)o 


(1) 


in which zw, AP, AT,,, AT; refer to the osmotic pressure, vapor- 
pressure lowering, boiling-point elevation, and freezing-point 
depression, respectively, of the electrolyte. The terms (7), and 
so on refer to the nonelectrolyte of the same concentration. In 
general, with strong electrolytes (those assumed to be 100% 
ionized), the van’t Hoff factor is equal to the number of ions 
produced when the electrolyte goes into solution (2 for 
NaCl and MgSO,, 3 for CaCl, and Na,SO,, 4 for FeCl; and 
NazPOQ,, etc). 

In very dilute solutions the osmotic pressure, vapor-pressure 
lowering, boiling-point elevation, and freezing-point depression 
of solutions of electrolytes approach values two, three, four, or 
more times greater (depending on the type of strong electrolyte) 
than in solutions of the same molality of nonelectrolyte, thus 
confirming the hypothesis that an ion has the same primary 
effect as a molecule on colligative properties. It bears repeat- 
ing, however, that two other effects are observed as the con- 
centration of electrolyte is increased. 


The first effect results in less than 2-, 3-, or 4-fold intensification of a 
colligative property. This reduction is ascribed to interionic attraction 
between the positive and negatively charged ions, in consequence of 
which the ions are not dissociated completely from each other and do 
not exert their full effect on vapor pressure and other colligative prop- 
erties. This deviation generally increases with increasing concentration 
of electrolyte. 

The second effect intensifies the colligative properties and is attrib- 
uted to the attraction of ions for solvent molecules (called solvation, or, 
if water is the solvent, hydration), which holds the solvent in solution 
and reduces its escaping tendency, with a consequent enhancement of 
the vapor-pressure lowering. Solvation also reduces interionic attrac- 
tion and, thereby, further lowers the vapor pressure. 


CONDUCTIVITY 

SR ET 
The ability of metals to conduct an electric current results from 
the mobility of electrons in the metals. This type of conductivity 
is called metallic conductance. On the other hand, various 
chemical compounds—notably acids, bases, and salts—conduct 
electricity by virtue of ions present or formed, rather than by 
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electrons. This is called electrolytic conductance, and the con- 
ducting compounds are electrolytes. Although the fact that 
certain electrolytes conduct electricity in the molten state is 
important, their behavior when dissolved in a solvent, partic- 
ularly in water, is of greater concern in pharmaceutical science. 

The electrical conductivity (or conductance) of a solution of 
an electrolyte is merely the reciprocal of the resistance of the 
solution. Therefore, to measure conductivity is actually to mea- 
sure electrical resistance, commonly with a Wheatstone bridge 
apparatus, and then to calculate the conductivity. Figure 17-1 
is a representation of the component parts of the apparatus. 

The solution to be measured is placed in a glass or quartz 
cell having two inert electrodes, commonly made of platinum or 
gold and coated with spongy platinum to absorb gases, across 
which passes an alternating current generated by an oscillator 
at a frequency of about 1000 Hz. The reason for using alter- 
nating current is to reverse the electrolysis that occurs during 
flow of current that would cause polarization of the electrodes 
and lead to abnormal results. The size of the electrodes and 
their distance apart may be varied to reduce very high resis- 
tance or increase very low resistance to increase the accuracy 
and precision of measurement. Thus, solutions of high conduc- 
tance (low resistance) are measured in cells having small elec- 
trodes relatively far apart, whereas solutions of low conduc- 
tance (high resistance) are measured in cells with large 
electrodes placed close to each other. 

Electrolytic resistance, like metallic resistance, varies di- 
rectly with the length of the conducting medium and inversely 
with its cross-sectional area. The known resistance required for 
the circuit is provided by a resistance box containing calibrated 
coils. Balancing of the bridge may be achieved by sliding a 
contact over a wire of uniform resistance until no (or minimum) 
current flows through the circuit, as detected either visually 
with a cathode-ray oscilloscope or audibly with earphones. 

The resistance, in ohms, is calculated by the simple proce- 
dure used in the Wheatstone bridge method. The reciprocal of 
the resistance is the conductivity, the units of which are recip- 
rocal ohms (also called mho). As the numerical value of the 
conductivity will vary with the dimensions of the conductance 
cell, the value must be calculated as specific conductance, L, 
which is the conductance in a cell having electrodes of 1-cm” 
cross-sectional area and 1 cm apart. If the dimensions of the 
cell used in the experiment were known, calculating the specific 
conductance would be possible. Nevertheless, this information 
actually is not required, because calibrating a cell by measur- 
ing in it the conductivity of a standard solution of known 
specific conductance is possible—and much more convenient— 
and then calculating a cell constant. Because this constant is a 
function only of the dimensions of the cell, it can be used to 
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Figure 17-1. Alternating current Wheatstone bridge for measuring 
conductivity. 


convert all measurements in that cell to specific conductivity. 
Solutions of known concentration of pure potassium chloride 
are used as standard solutions for this purpose. 

EQUIVALENT CONDUCTANCE — In studying the varia- 
tion of conductance of electrolytes with dilution it is essential to 
make allowance for dilution so that the comparison of conduc- 
tances may be made for identical amounts of solute. This may 
be achieved by expressing conductance measurements in terms 
of equivalent conductance, A, which is obtained by multiplying 
the specific conductance, L, by the volume in milliliters, V,, of 
a solution containing 1 g-eq of solute. Thus, 


ee cy peewee (2) 


bs C 


where C is the concentration of electrolyte in the solution in 
g-eq/L, that is, the normality of the solution. For example, the 
equivalent conductance of 0.01 N potassium chloride solution, 
which has a specific conductance of 0.001413 mho/em, may be 
calculated in either of the following ways: 


A = 0.001413 x 100,000 = 141.3 mho cm*/eq 
or 


1000 x 0.001413 
- 0.01 


STRONG AND WEAK ELECTROLYTES—Electrolytes 
are classified broadly as strong electrolytes and weak electro- 
lytes. The former category includes solutions of strong acids, 
strong bases, and most salts; the latter includes weak acids and 
bases, primarily organic acids, amines, and a few salts. The 
usual criterion for distinguishing between strong and weak 
electrolytes is the extent of ionization. An electrolyte existing 
entirely or very largely as ions is considered a strong electro- 
lyte, while one that is a mixture of some molecular species 
along with ions derived from it is a weak electrolyte. For the 
purposes of this discussion, classification of electrolytes as 
strong or weak will be based on certain conductance character- 
istics exhibited in aqueous solution. 

The equivalent conductances of some electrolytes, at differ- 
ent concentrations, are given in Table 17-1 and for certain of 
these electrolytes again in Figure 17-2, where the equivalent 
conductance is plotted against the square root of concentration. 
By plotting the data in this manner a linear relationship is 
observed for strong electrolytes, while a steeply rising curve is 
noted for weak electrolytes; this difference is a characteristic 
that distinguishes strong and weak electrolytes. The interpre- 
tation of the steep rise in the equivalent conductance of weak 
electrolytes is that the degree of ionization increases with di- 
lution, becoming complete at infinite dilution. 

Interionic interference effects generally have a minor role in 
the conductivity of weak electrolytes. With strong electrolytes, 
which are usually completely ionized, the increase in equiva- 
lent conductance results not from increased ionization but from 
diminished ionic interference as the solution is diluted, in 


= 141.3 


Table 17-1. Equivalent Conductances°® at 25° 


g-Eq/L HCl HOAc Nacl KCl Nal KI NaOAc 
Inf dil 426.1. ,,390.6° 126:5° 149.9 126:9) | 150iSme 900) 
0.0005 422.7 67.7 124.5 147.8 125.4 —_ 89.2 
0.0010 421.4 49.2 123.7 146.9 124.3 = 88.5 
0.0050 415.8 22.9 120.6 143.5 121.3, 1444 eS5o7, 
0.0100 412.0 16.3 118.5, 1411.3) 1192, sla 2e2 Sess 
0.0200 407.2 11.6 115.8. 138.3) 116.7939 5earone2 
0.0500 399.1 74 111.1 133.4 112.8) Si35:00se 769 
0.1000 391.3 Sy 106.7 «129.0 «*108:8)) 1S ieiei2:5 


° The equivalent conductance at infinite dilution for acetic acid, a weak 
electrolyte, is obtained by adding the equivalent conductances of hydrochlo- 
ric acid and sodium acetate and subtracting that of sodium chloride. 


consequence of which ions have greater freedom of mobility (ie, 
increased conductance). 

The value of the equivalent conductance extrapolated to 
infinite dilution (zero concentration), designated by the symbol 
Ao, has special significance. It represents the equivalent con- 
ductance of the completely ionized electrolyte when the ions are 
so far apart that there is no interference with their migration 
due to interionic interactions. It has been shown, by Kohl- 
rausch, that the equivalent conductance of an electrolyte at 
infinite dilution is the sum of the equivalent conductances of its 
component ions at infinite dilution, expressed symbolically as 


Ay = l)(cation) + /)(anion) (3) 


The significance of Kohlrausch’s law is that each ion, at infinite 
dilution, has a characteristic value of conductance that is in- 
dependent of the conductance of the oppositely charged ion 
with which it is associated. Thus, if the equivalent conduc- 
tances of various ions are known, the conductance of any elec- 
trolyte may be calculated simply by adding the appropriate 
ionic conductances. 

As the fraction of current carried by cations (transference 
number of the cations) and by anions (transference number of 
anions) in an electrolyte may be determined readily by exper- 
iment, ionic conductances are known. Table 17-2 gives the 
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Figure 17-2. Variation of equivalent conductance with square root 
of concentration. 
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Table 17-2. Equivalent lonic Conductivities 
at Infinite Dilution, at 25° 


SS I PR SS ETE OE MEETS 


CATIONS ib ANIONS i 

Fa 349.8 OH 198.0 
Eig 38.7 Glia 76.3 
Na~ 50.1 Bra 78.4 
Ke 7325 = 76.8 
NH,* 61.9 AcO- 40.9 
Vp@ace 59.5 VrSO,?— 79.8 
Y2Mg?* 53.0 


equivalent ionic conductances at infinite dilution of some cat- 
ions and anions. It is not necessary to have this information to 
calculate the equivalent conductance of an electrolyte, for Kohl- 
rausch’s law permits the latter to be calculated by adding and 
subtracting values of A, for appropriate electrolytes. For exam- 
ple, the value of A, for acetic acid may be calculated as 


Ao(CH,;COOH) = A,(HCl) + Ap(CH;COONa) — A,(NaCl) 


which is equivalent to 


1(H*) + 1(CH;COO) = 1,(H*) + I,(Cl) 
+ (l0(Na*) + 1o(CH;COO_) — 1,(Na‘*) — 1,(Cl) 


This method is especially useful for calculating for weak 
electrolytes such as acetic acid. As evident from Figure 17-2, 
the A, value for acetic acid cannot be determined accurately by 
extrapolation because of the steep rise of conductance in dilute 
solutions. For strong electrolytes, on the other hand, the ex- 
trapolation can be made very accurately. Thus, in the example 
above, the values of for HCl, CH;COONa, and NaCl are deter- 
mined easily by extrapolation as the substances are strong 
electrolytes. Substitution of these extrapolated values, as given 
in Table 17-2, yields a value of 390.6 for the value of A, for 
CH,COOH. 

IONIZATION OF WEAK ELECTROLYTES—When Ar- 
rhenius introduced his theory of ionization he proposed that 
the degree of ionization, a, of an electrolyte is measured by the 
ratio 


Ge—s ALN (4) 


where A is the equivalent conductance of the electrolyte at any 
specified concentration of solution and A, is the equivalent 
conductance at infinite dilution. As strong electrolytes were 
then not recognized as being 100% ionized, and interionic in- 
terference effects had not been evaluated, he believed the equa- 
tion to be applicable to both strong and weak electrolytes. It 
now is known that the apparent variation of ionization of 
strong electrolytes arises from a change in the mobility of ions 
at different concentrations, rather than from varying ioniza- 
tion, so the equation is not applicable to strong electrolytes. It 
does provide, however, a generally acceptable approximation of 
the degree of ionization of weak electrolytes, for which devia- 
tions resulting from neglect of activity coefficients and of some 
change of ionic mobilities with concentration are, for most 
purposes, negligible. The following example illustrates the use 
of the equation to calculate the degree of ionization of a typical 
weak electrolyte. 


Example—Calculate the degree of ionization of 1 x 10° N acetic 
acid, the equivalent conductance of which is 48.15 mho cm’/eq. The 
equivalent conductance at infinite dilution is 390.6 mho cm*/eq. 

48.15 ze 
~ 390.6 


% ionization = 100a = 12% 


a 0.12 


The degree of dissociation also can be calculated using the van’t Hoff 
factor, 7, and 
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d= It 
Dil 


(5) 


where v is the number of ions into which the electrolyte dissociates. 


Example—A 1.0 < 10°? N solution of acetic acid has a van’t Hoff 
factor equal to 1.12. Calculate the degree of dissociation of the acid at 
this concentration. 


t= 1h o—A 
C= Ne Loa 


a= 


This result agrees with that obtained using equivalent conductance and 
Equation 4. 


MODERN THEORIES 


The Arrhenius theory explains why solutions of electrolytes 
conduct electricity, and why they exhibit enhanced colligative 
properties. The theory is satisfactory for solutions of weak 
electrolytes. Several deficiencies, however, do exist when it is 
applied to solutions of strong electrolytes. It does not explain 
the failure of strong electrolytes to follow the law of mass action 
as applied to ionization; discrepancies exist between the degree 
of ionization calculated from the van’t Hoff factor and the 
conductivity ratio for strong electrolyte solutions having con- 
centrations greater than about 0.5 M. 

These deficiencies can be explained by the following obser- 
vations 


1. In the molten state, strong electrolytes are excellent conductors of 
electricity. This suggests that these materials are already ionized in 
the crystalline state. Further support for this is given by x-ray 
studies of crystals, which indicate that the units comprising the 
basic lattice structure of strong electrolytes are ions. 

2. Arrhenius neglected the fact that ions in solution, being oppositely 
charged, tend to associate through electrostatic attraction. In solu- 
tions of weak electrolytes, the number of ions is not large and it is 
not surprising that electrostatic attractions do not cause apprecia- 
ble deviations from theory. In dilute solutions, in which strong 
electrolytes are assumed to be 100% ionized, the number of ions is 
large, and interionic attractions become major factors in determin- 
ing the chemical properties of these solutions. These effects should, 
and do, become more pronounced as the concentration of electrolyte 
or the valence of the ions is increased. 


It is not surprising, therefore, that the Arrhenius theory of 
partial ionization involving the law of mass action and neglect- 
ing ionic charge does not hold for solutions of strong electro- 
lytes. Neutral molecules of strong electrolytes, if they do exist 
in solution, must arise from interionic attraction rather than 
from incomplete ionization. 

ACTIVITY AND ACTIVITY COEFFICIENTS—Due to 
increased electrostatic attractions as a solution becomes more 
concentrated, the concentration of an ion becomes less efficient 
as a measure of its net effectiveness. A more efficient measure 
of the physical or chemical effectiveness of an ion is known as 
its activity, which is a measure of the concentration of an ion 
related to its concentration at a universally adopted reference- 
standard state. The relationship between the activity and the 
concentration of an ion can be expressed as 


a=my (6) 


where m is the molal concentration, y is the activity coefficient, 
and a is the activity. The activity also can be expressed in terms 
of molar concentration, c, as 


a= fe (7) 


where f is the activity coefficient on a molar scale. In dilute 
solutions (below 0.01 M) the two activity coefficients are iden- 
tical, for all practical purposes. 

The activity coefficient may be determined in various ways, 
such as measuring colligative properties, electromotive force, 


solubility, or distribution coefficients. For a strong electrolyte, 
the mean ionic activity coefficient, y.. or f,, provides a measure 
of the deviation of the electrolyte from ideal behavior. The 
mean ionic activity coefficients on a molal basis for several 
strong electrolytes are given in Table 17-2. It is characteristic 
of the electrolytes that the coefficients at first decrease with 
increasing concentration, pass through a minimum and finally 
increase with increasing concentration of electrolyte. 

IONIC STRENGTH—lIonic strength is a measure of the 
intensity of the electrical field in a solution and may be ex- 
pressed as 


w= 2% ¢;2? (8) 


where z; is the valence of ion i. The mean ionic activity coeffi- 
cient is a function of ionic strength as are such diverse phe- 
nomena as solubilities of sparingly soluble substances, rates of 
ionic reactions, effects of salts on pH of buffers, electrophoresis 
of proteins, and so on. 

The greater effectiveness of ions of higher charge on a spe- 
cific property, compared with the effectiveness of the same 
number of singly charged ions, generally coincides with the 
ionic strength calculated by Equation 8. The variation of ionic 
strength with the valence (charge) of the ions comprising a 
strong electrolyte should be noted. 

For univalent cations and univalent anions (called uniuni- 
valent or 1-1) electrolytes, the ionic strength is identical with 
molarity. For bivalent cation and univalent anion (biunivalent 
or 2-1) electrolytes, or univalent cation and bivalent anion 
(unibivalent or 1-2) electrolytes, the ionic strength is three 
times the molarity. For bivalent cation and bivalent anion 
(bibivalent or 2-2) electrolytes, the ionic strength is four times 
the molarity. These relationships are evident from the follow- 
ing example. 


Example—Calculate the ionic strength of 0.1 M solutions of NaCl, 
Na,SO,, MgCl,, and MgSO,, respectively, for 


NaCl = 22) Onl 122 01 x12) Ot 


Na SO =) 22) (0.2 al Ola) 


I 


0.3 
MgCl, w = % (0.1 x 22 + 0.2 x 12) = 0.8 
MgSO, » = %(0.1 x 22 + 0.1 x 22) = 0.4 


The ionic strength of a solution containing more than one 
electrolyte is the sum of the ionic strengths of the individual 
salts comprising the solution. For example, the ionic strength 
of a solution containing NaCl, Na,SO,, MgCl,, and MgSO,, 
each at a concentration of 0.1 M, is 1.1. 

DEBYE-HUCKEL THEORY—The Debye-Huckel equa- 
tions, which are applicable only to very dilute solutions (about 
0.02 yw), may be extended to somewhat more concentrated so- 
lutions (about 0.1 yw) in the simplified form 


log f —0.51 ee b 
i= (9) 
: Scifi, 


The mean ionic activity coefficient for aqueous solutions of 
electrolytes at 25° can be expressed as 


-0.51z2,2_ vp 


ears 


in which z, is the valence of the cation and z_ is the valence of 
the anion. When the ionic strength of the solution becomes high 
(approximately 0.3 to 0.5), these equations become inadequate 
and a linear term in p is added. This is illustrated for the mean 
ionic activity coefficient, 


log (10) 


—(Qrolkzres Vu 
log fs = ——— = + Ku (1) 


jeans 


Table 17-3. Values of Some Salting-Out Constants 
for Various Barbiturates at 25° 


BARBITURATE KCl KBr NaCl NaBr 

Amobarbital 0.168 0.095 0.212 0.143 
Aprobarbital 0.136 0.062 0.184 0.120 
Barbital 0.092 0.042 0.136 0.088 
Phenobarbital 0.092 0.034 0.132 0.078 
Vinbarbital 0.125 0.036 0.143 0.096 


in which K, is a salting-out constant chosen empirically for 
each salt. This equation is valid for solutions with ionic 
strength up to approximately 1. 

SALTING-OUT EFFECT—The aqueous solubility of a 
slightly soluble organic substance generally is affected mark- 
edly by the addition of an electrolyte. This effect is particularly 
noticeable when the electrolyte concentration reaches 0.5 M or 
higher. If the aqueous solution of the organic substance has a 
dielectric constant lower than that of pure water, its solubility 
is decreased and the substance is salted-out. The use of high 
concentrations of electrolytes, such as ammonium sulfate or 
sodium sulfate, for the separation of proteins by differential 
precipitation is perhaps the most striking example of this 
effect. The aqueous solutions of a few substances such as hy- 
drocyanic acid, glycine, and cystine have a higher dielectric 
constant than that of pure water, and these substances are 
salted-in. These phenomena can be expressed empirically as 


log S =log Sy) + K,m (12) 


in which S, represents the solubility of the organic substance in 
pure water and S is the solubility in the electrolyte solution. 
The slope of the straight line obtained by plotting log S versus 
m is positive for salting-in and negative for salting-out. In 
terms of ionic strength this equation becomes 


log S = log Sy) + Kip (13) 


where K! = K, for univalent salts, K, = K,/3 for unibivalent 
salts, and K{ = K,/4 for bivalent salts. The salting-out constant 
depends on the temperature as well as the nature of both the 
organic substance and the electrolyte. The effect of the electro- 
lyte and the organic substance can be seen in Table 17-3. In all 
instances, if the anion is constant, the sodium cation has a 
greater salting-out effect than the potassium cation, probably 
due to the higher charge density of the former. Although the 
reasoning is less clear, it appears that, for a constant cation, 
chloride anion has a greater effect than bromide anion upon the 
salting-out phenomenon. 


ACIDS AND BASES 
NE AT EES DY ELE TT 
Arrhenius defined an acid as a substance that yields hydrogen 
ions in aqueous solution and a base as a substance that yields 
hydroxyl ions in aqueous solution. Except for the fact that 
hydrogen ions neutralize hydroxyl ions to form water, no com- 
plementary relationship between acids and bases (eg, that be- 
tween oxidants and reductants) is evident in Arrhenius’ defi- 
nitions for these substances; rather, their oppositeness of 
character is emphasized. Moreover, no account is taken of the 
behavior of acids and bases in nonaqueous solvents. Also, al- 
though acidity is associated with so elementary a particle as 
the proton (hydrogen ion), basicity is attributed to so relatively 
complex an association of atoms as the hydroxy] ion. It would 
seem that a simpler concept of a base could be devised. 
PROTON CONCEPT —In pondering the objections to Ar- 
rhenius’ definitions, Brgnsted and Bjerrum in Denmark and 
Lowry in England developed, and in 1923 announced, a more 
satisfactory, and more general, theory of acids and bases. Ac- 
cording to this theory, an acid is a substance capable of yielding 
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a proton (hydrogen ion), whereas a base is a substance capable 
of accepting a proton. This complementary relationship may be 
expressed by 


AN Se lgbe sb 1B} 


acid base 


The pair of substances thus related through mutual ability to 
gain or lose a proton is called a conjugate acid—base pair. 
Specific examples of such pairs are 


Acid Base 
Ostet Ole 
CH;,COOH = Ht + CH,COO7 
NH,* = H* + NH, 
HCOke = He COLF 
HERO} a— Hae HPO} 
io Okie Obie 
igl{O)" adel" Sh jal 
Al(H50)¢?* = H* + Al(H,0),0H2* 


It is apparent that not only molecules, but also cations and 
anions, may function as acids or bases. 

The complementary nature of the acid—base pairs listed is 
reminiscent of the complementary relationship of pairs of oxi- 
dants and reductants where, however, the ability to gain or lose 
one or more electrons—rather than protons—is the distin- 
guishing characteristic. 


Oxidant Reductant 


Fe?+ +e = Fe?* 
Nat +e =Na 


vl, +e° =I 


However, these examples of acid—base pairs and oxidant— 
reductant pairs represent reactions that are possible in princi- 
ple only. Ordinarily acids will not release free protons any more 
than reductants will release free electrons. That is, protons and 
electrons, respectively, can be transferred only from one sub- 
stance (an ion, atom, or molecule) to another. Thus, it is a 
fundamental fact of chemistry that oxidation of one substance 
will occur only if reduction of another substance occurs simul- 
taneously. Stated in another way, electrons will be released 
from the reductant (oxidation) only if an oxidant capable of 
accepting electrons (reduction) is present. For this reason 
oxidation—reduction reactions must involve two conjugate 
oxidant-reductant pairs of substances: 


oxidant, + reductant, = reductant, + oxidant, 


where Subscript 1 represents one conjugate oxidant—reductant 
pair and Subscript 2 represents the other. 

Similarly, an acid will not release a proton unless a base 
capable of accepting it is present simultaneously. This means 
that any actual manifestation of acid—base behavior must in- 
volve interaction between two sets of conjugate acid—base 
pairs, represented as 


ee et ons San Byes AS 
acid; basez base, acid, 


In such a reaction, which is called protolysis or a protolytic 
reaction, A, and B, constitute one conjugate acid—base pair, 
and A, and B, the other; the proton given up by A, (which 
thereby becomes B,) is transferred to B, (which becomes Ag). 

When an acid, such as hydrochloric, is dissolved in water, a 
protolytic reaction occurs. 


Ole wh On— Cla tt tisOv 


acid, base, base, acid, 
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The ionic species H,0°, called hydronium or oxonium ion, 
always is formed when an acid is dissolved in water. Often, for 
purposes of convenience, this is written simply as H* and is 
called hydrogen ion, although the “bare” ion practically is non- 
existent in solution. 

When a base (eg, ammonia) is dissolved in water, the reac- 
tion of protolysis is 


NH, + H,O = NH,t + OH- 


base, acid, acid, base2 


The proton theory of acid—base function makes the concept 
of hydrolysis superfluous. When, for example, sodium acetate is 
dissolved in water, this acid—base interaction occurs 


CH3;COO- + H,0 = CH;COOH + OH- 


base, acid, acid, base2 
In an aqueous solution of ammonium chloride the reaction is 


NH,t + H,O = NH3 + H,0* 
acid, base2 base, acids 


Transfer of protons (protolysis) is not limited to dissimilar 
conjugate acid—base pairs. In the preceding examples H,O 
sometimes behaves as'an acid and at other times as a base. 
Such an amphoteric substance is called, in Brgnsted’s termi- 
nology, an amphiprotic substance. 

ELECTRON-PAIR CONCEPT—The proton concept of ac- 
ids and bases provides a more general definition for these 
substances, but it does not indicate the basic reason for proton 
transfer, nor does it explain how such substances as sulfur 
trioxide, boron trichloride, stannic chloride, or carbon dioxide— 
none of which is capable of donating a proton—can behave as 
acids. Both deficiencies of the proton theory are avoided in the 
more inclusive definition of acids and bases proposed by Lewis 
in 1923. In 1916 he proposed that sharing of a pair of electrons 
by two atoms established a bond (covalent) between the atoms; 
therefore, an acid is a substance capable of sharing a pair of 
electrons made available by another substance called a base, 
thereby forming a coordinate covalent bond. The base is the 
substance that donates a share in its electron pair to the acid. 

The following equation illustrates how Lewis’ definitions 
explain the transfer of a proton (hydrogen ion) to ammonia to 
form ammonium ion. 


H H Ay 
H+ + :N:H —| H:N:H 
H H 


The reaction of boron trichloride, which according to the Lewis 
theory is an acid, with ammonia is similar, for the boron lacks 
an electron pair if it is to attain a stable octet configuration, 
while ammonia has a pair of electrons that may be shared, 
thus, 


Cle et ClH 
Cl:B + :N:H — Cl:B:N:H 
Cl H ClH 


LEVELING EFFECT OF A SOLVENT— When the strong 
acids such as HClO,, H,SO, HCl, or HNO, are dissolved in 
water, the solutions—if they are of identical normality and are 
not too concentrated—all have about the same hydrogen-ion 
concentration, indicating the acids to be of about the same 
strength. The reason for this is that each one of the acids 
undergoes practically complete protolysis in water. 


Olt HON Clase ee h.On 


acid; base2 base, acid, 


This phenomenon, called the leveling effect of water, occurs 
whenever the added acid is stronger than the hydronium ion. 
Such a reaction manifests the tendency of proton-transfer re- 


actions to proceed spontaneously in the direction of forming a 
weaker acid or weaker base. 

Since the strongest acid that can exist in an amphiprotic 
solvent is the conjugate acid form of the solvent, any stronger 
acid will undergo protolysis to the weaker solvent acid. HC1O,, 
H,SO,, HCl, or HNO are all stronger acids than the hydro- 
nium ion, so they are converted in water to the hydronium ion. 

When the strong bases sodium hydride, sodium amide, or 
sodium ethoxide are dissolved in water, each reacts with water 
to form sodium hydroxide. These reactions illustrate the level- 
ing effect of water on bases. Because the hydroxide ion is the 
strongest base that can exist in water, any base stronger than 
the hydroxide ion undergoes protolysis to hydroxide. 

Intrinsic differences in the acidity of acids become evident if 
they are dissolved in a relatively poor proton acceptor such as 
anhydrous acetic acid. Perchloric acid (HCIO,), a strong acid, 
undergoes practically complete reaction with acetic acid to 
produce the acetonium ion (acid): 


HClO, + CH3;COOH — ClO,- + CH3COOH2* 
acid, base, base, acid: 
(strong) (strong) (weak) (weak) 


but sulfuric acid and hydrochloric acid behave as weak acids. It 
is because perchloric acid is a very strong acid when dissolved 
in glacial acetic acid that it has found many important appli- 
cations in analytical chemistry as a titrant for a variety of 
substances that behave as bases in acetic acid. Because of its 
ability to differentiate the acidity of various acids, it is called a 
differentiating solvent for acids; this property results from its 
relatively weak proton-acceptor tendency. A solvent that dif- 
ferentiates basicity of different bases must have a weak proton- 
donor tendency; it is called a differentiating solvent for bases. 
Liquid ammonia is typical of solvents in this category. 

Solvents that have both weak proton-donor and proton- 
acceptor tendencies are called aprotic solvents and may serve 
as differentiating solvents for both acids and bases; they have 
little if any action on solutes and serve mainly as inert disper- 
sion media for the solutes. Useful aprotic solvents are benzene, 
toluene, or hexane. 

IONIZATION OF ACIDS AND BASES—Acids and bases 
commonly are classified as strong or weak acids and strong or 
weak bases depending on whether they are ionized extensively 
or slightly in aqueous solutions. If, for example, 1 N aqueous 
solutions of hydrochloric acid and acetic acid are compared, it is 
found that the former is a better conductor of electricity, reacts 
much more readily with metals, catalyzes certain reactions 
more efficiently, and possesses a more acid taste than the 
latter. Both solutions, however, will neutralize identical 
amounts of alkali. A similar comparison of 1 N solutions of 
sodium hydroxide and ammonia reveals the former to be more 
active than the latter, although both solutions will neutralize 
identical quantities of acid. 

The differences in the properties of the two acids is attrib- 
uted to differences in the concentration of hydrogen (more 
accurately hydronium) ion, the hydrochloric acid being ionized 
to a greater extent and thus containing a higher concentration 
of hydrogen ion than acetic acid. Similarly, most of the differ- 
ences between the sodium hydroxide and ammonia solutions 
are attributed to the higher hydroxyl-ion concentration in the 
former. 

The ionization of incompletely ionized acids may be consid- 
ered a reversible reaction of the type 


EAC Acs 
where HA is the molecular acid and A’ is its anion. An equi- 
librium expression based on the law of mass action may be 


applied to the reaction 


_ [AIA] 
a [HA] 


(14) 


where K, is the ionization or dissociation constant, and the 
brackets signify concentration. For any given acid in any spec- 
ified solvent and at any constant temperature, K, remains 
relatively constant as the concentration of acid is varied, pro- 
vided the acid is weakly ionized. With increasingly stronger 
acids, however, progressively larger deviations occur. 

Although the strength of an acid commonly is measured in 
terms of the ionization or dissociation constant defined in 
Equation 14, the process of ionization probably is never as 
simple as shown above. A proton simply will not detach itself 
from one molecule unless it is accepted simultaneously by 
another molecule. When an acid is dissolved in water, the latter 
acts as a base, accepting a proton (Brgnsted’s definition of a 
base) by donating a share in a pair of electrons (Lewis’ defini- 
tion of a base). This reaction may be written as 


HA H5Oe— A=" ste HaO™ 


acid; base, base, acid, 


Application of the law of mass action to this reaction gives 


= [H;07}[A"] (15) 
[HA]{H,0] 
Because [H.O] is a constant, this equation may be written 
a [H;0*][A’] (16) 
[HA] 


This equation is identical with Equation 14 because [H,O°] is 
numerically equal to [H*]. 

Acids that are capable of donating more than one proton are 
termed polyprotic. The ionization of a polyprotic acid occurs in 
stages and can be illustrated by considering the equilibria 
involved in the ionization of phosphoric acid: 


HebO ph On PO mc h.Om 


H,PO, + H,O = HPO,? + H,0° 


HP Oi ea, O— POea HO: 


Application of the law of mass action to this series of reactions 
gives 


__ HaPO.r1H0" a7) 
[H;PO,] 
HPO,?~ ][H;0* 
me 1 |[H307] (18) 
2 [EieO me 
3-1/H.O+ 
PEO RAO] (19) 
UBIO), 2-) 


If the three expressions for the ionization constants are multi- 
plied together, an overall ionization, K, can be obtained 


[PO,3- ][H30* }* 
[H3PO,] 


K = K\KoK, = (20) 


Each of the successive ionizations is suppressed by the hy- 
dronium ion formed from preceding stages according to Le 
Chatelier’s principle. The successive dissociation constants al- 
ways decrease in value, as successive protons must be removed 
from species that always are charged more negatively. This can 
be seen from the data in Table 17-4, in which K, for phosphoric 
acid is approximately 100,000 times greater than K,, which is 
in turn approximately 100,000 times greater than K.,. Although 
successive dissociation constants are always smaller, the dif- 
ference is not always as great as it is for phosphoric acid. 
Tartaric acid, for example, has K, = 9.12 xX 10°* and K, 
TAO eel One 

Ionization of a base can be illustrated by using the specific 
substance NH, for an example. According to Brgénsted and 
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Table 17-4. Dissociation Constants in Water at 25° 
SUBSTANCE K 

Weak acids 
Acetic (lex nO 
Acetylsalicylic 3327] 10) 
Barbital p23) 0ne 
Barbituric MOS Oe 
Benzoic 6.30 x 10°° 
Benzyl penicillin 740m 
Boric K, 5.8 x 107" 
Caffeine ibseior 
Carbonic K, AEN) Se Or? 
K, 4.7.x 10°" 
Citric (1H,O) K, POSS AORS 
K, 18x 1075 
K; 4.0 x 10-7 
Dichloroacetic 511057 
Ethylenediaminetetra- K, <0? 
acetic acid (EDTA) K, Daa Ome 
K; 6.92 x 10~” 
K, 5.5 x 10-1 
Formic ESS Oy 
Glycerophosphoric K, S74e a Ole 
K, 6.4 x 10-7 
Glycine K, AMS 82 {I= 
K, 1.7 x 10-10 
Lactic eee SX Ore 
Mandelic A29 <10ne 
Monochloroacetic TAS Oe 
Oxalic (2H,O) Ke 5.5 X 1072 
K, 5.3 Xx 10-5 
Phenobarbital 89h 105° 
Phenol lea One’ 
Phosphoric K, 7255 a0 
K, 6.2 x 10-8 
K; 2.1 x 10773 
Picric Aix Oni! 
Propionic 1:34 1052 
Saccharin 2a Ome 
Salicylic (hOGE a1 Ole 
Succinic K, 64-102 
K, 23 105o 
Sulfadiazine pews HO e 
Sulfamerazine Spe Ore 
Sulfapyridine BUS {Or 
Sulfathiazole TO 0m 
Tartaric K, 91656 10=4 
K, 4.4x 10-5 
Trichloroacetic (eS) 3< (Om! 
Weak bases 
Acetanilide Ariens (402) 
Ammonia 174 10 
Apomorphine HOD 10 
Atropine Ase tOm2 
Benzocaine 6.0 x 10 '? 
Caffeine Axe Omeen(402) 
Cocaine 2.6 X 10° 
Codeine 9x 10°’ 
Ephedrine DEVS Or” 
Morphine 7.4 xX 10°’ 
Papaverine SeculOme 
Physostigmine K, LO X<n0ne 
Ke 5) <1l0r © 
Pilocarpine K, PaO 
K, DBS NO 
Procaine PAO? 
Pyridine 1.4 x 10°? 
Quinine K, (LO oy 
K, ISSeTOs & 
Reserpine Aan0ms 
Strychnine Ke Te 10-° 
K, BS AO- 1 
Theobromine 4.8 x 10° '* (40°) 
Thiourea ai), << Om 
Urea lesy< Ore 
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Lewis, when the base NH, is dissolved in water, the latter acts 
as an acid, donating a proton to NH3, which accepts it by 
offering a share in a pair of electrons on the nitrogen atom. This 
reaction is written 


NHz + HeO = NH,t + OH- 
base acid 


The equilibrium expression for this reaction is 


= (NH,*][OH] (21) 
(NH; ][H,0] 
With [H,O] constant, this expression may be written 
A e 
a [NH,*][OH | (22) 
[NH3] 


IONIZATION OF WATER—Although it is a poor conduc- 
tor of electricity, pure water does ionize through a process 
known as autoprotolysis, in the following manner: 

2H,0 = H,0) = OH 

Application of the law of mass action to this reaction gives 
H,0* ][OH- 
r, [H;0*][ , J (23) 

[HO]? 

where K is the equilibrium constant for the reaction. Because 
the concentration of H,O (molecular water) is very much 
greater than either the hydronium-ion or hydroxyl-ion concen- 
trations, it can be considered to be constant and can be com- 
bined with K to give a new constant, K,,, known as the ion 


Ww? 


product of water, and Equation 23 becomes 


K,, = (H30*][OH™] (24) 


The numerical value of K,, varies with temperature; at 25° it is 
approximately equal to 1 x 10-™. 

Since the autoprotolysis of pure water yields one hydronium 
ion for each hydroxyl ion produced, [H,0*] equal to [OH ]. At 
25° each has a value of 1 X 107’ mol/L (1 x 10-7 X 1 x 10°’ 
= K,, = 1 x 10°"). A solution in which [H,0°] is equal to 
[OH | is termed a neutral solution. 

If an acid is added to water, the hydronium-ion concentra- 
tion will be increased and the equilibrium between hydronium 
and hydroxyl ions will be disturbed momentarily. To restore 
equilibrium, some of the hydroxy] ions, originally present in the 
water, will combine with a part of the added hydronium ions to 
form nonionized water molecules, until the product of the con- 
centrations of the two ions has been reduced to 10 '*. When 
equilibrium again is restored, the concentrations of the two 
ions no longer will be equal. If, for example, the hydronium-ion 
concentration is 1 < 10°? N when equilibrium is established, 
the concentration of hydroxy] ion will be 1 x 10~'! (the product 
of the two concentrations being equal to 10°). As [H,0"] is 
much greater than [OH ], the solution is said to be acid or 
acidic. 

In a similar manner, the addition of an alkali to pure water 
momentarily disturbs the equilibrium between hydronium and 
hydroxyl ions. To restore equilibrium, some of the hydronium 
ions originally present in the water will combine with part of 
the added hydroxyl ions to form nonionized water molecules. 
The process continues until the product of the hydronium and 
hydroxyl ion concentrations again is equal to 10-'*. Assuming 
that the final hydroxyl-ion concentration is 1 < 10* N, 
the concentration of hydronium ion in the solution will be 1 
x 101°. Because [OH ] is much greater than [H,0°], the 
solution is said to be basic or alkaline. 

RELATIONSHIP OF K, AND K,—A particularly inter- 
esting and useful relationship between the strength of an acid 
and its conjugate base, or a base and its conjugate acid, exists. 
For illustration, consider the strength of the base NH, and its 


conjugate acid NH,” in water. The behavior of NH, as a base is 
expressed by 


NH; 4+ HO = NE + Os 
for which the equilibrium, as formulated earlier, is 


_ [Nyt }[OH7] 


(a). (25) 
[NH3] 
The behavior of NHj as an acid is represented by 
NH, + H,O = NH; + H30° 
The equilibrium constant for this is 
pel (NH3][H30*] (26) 
[NH,*] 
Multiplying Equations 25 and 26 
: 30+ |]{[NH,* ][OH- 
ga (NH3][H30*][NH4"][ ] (27) 
(NH, *][NH3] 
It is obvious that 
K, = KK, (28) 


where K,,, is the ion product of water as defined in Equation 24. 

The utility of this relationship, which is a general one for 
any conjugate acid—base pair, is evident from the following 
deductions: (1) The strength of an acid may be expressed in 
terms either of the K, or the K, of its conjugate base, or vice 
versa; (2) the K, of an acid may be calculated if the K, of its 
conjugate base is known, or vice versa; and (3) the stronger an 
acid is, the weaker its conjugate base, or vice versa. 

Bases that are capable of interacting with more than one 
proton are termed polyacidic, and can be illustrated by 


PO,? + H,O = HPO, + OH- 
HPO, + H,O = H,PO, + OH” 


H,PO, + H,O = H;PO, + OH” 


Applying the law of mass action to this series of reactions, and 
using the concepts outlined in Equations 25 to 28, the relation- 
ship between the various K,, and K, values for phosphoric acid 
are 


Ky = Ka, X Ko3 = Kaz X Kyo = Kaz X Koi (29) 


where K,,, K,2, and K, refer to the equilibria given by Equa- 
tions 17, 18, and 19, respectively; K,,, K,2, and K,3 refer to the 
reaction of PO,?>, HPO, , and H,PO,, respectively, with 
water. 

ELECTRONEGATIVITY AND DISSOCIATION CON- 
STANTS—Table 17-4 gives the dissociation constants of sev- 
eral weak acids and weak bases, in water, at 25°. Strong acids 
and strong bases do not obey the law of mass action, so dis- 
sociation constants cannot be formulated for these strong 
electrolytes. 

Table 17-4 shows that great variations occur in the strength 
of weak acids and weak bases. The effect of various substitu- 
ents on the strength of acids and bases depends on the electro- 
negativity of the substituent atom or radical. For example, the 
substitution of one chlorine atom into the molecule of acetic 
acid increases the degree of ionization of the acid. Substitution 
of two chlorine atoms further increases the degree of ionization, 
and introduction of three chlorine atoms produces a still stron- 
ger acid. Acetic acid ionizes primarily because the oxygen atom 
adjacent to the hydrogen atom of the carboxyl group has a 
stronger affinity for electrons than the hydrogen atom. Thus, 
when acetic acid is dissolved in water, the polar molecules of 
the water have a stronger affinity for the hydrogen of acetic 


acid than the hydrogen atoms of water. The acetic acid ionizes 
as a consequence of this difference in affinities. 

When an atom of chlorine is introduced into the acetic acid 
molecule, forming ClICH,COOH, the electrons in the molecule 
are attracted very strongly to the chlorine because of its rela- 
tively high electronegativity; the bond between the hydrogen 
and the oxygen in the carboxyl group is thereby weakened, and 
the degree of ionization increased. Introduction of two or three 
chlorine atoms weakens the bond further and increases the 
strength of the acid. On the other hand, substitution of chlorine 
into the molecule of ammonia reduces the strength of the base 
because of its decreased affinity for the hydrogen ion. 

IONIC STRENGTH AND DISSOCIATION CONSTANTS— 
Most solutions of pharmaceutical interest are in a concentra- 
tion range such that the ionic strength of the solution may have 
a marked effect on ionic equilibria and observed dissociation 
constants. One method of correcting dissociation constants for 
solutions with an ionic strength up to about 0.3 is to calculate 
an apparent dissociation constant, pK, as 


05VO7Z=H Vi 


Te Vie 


in which pK, is the tabulated thermodynamic dissociation con- 
stant, Z is the charge on the acid, and p is the ionic strength. 


IG = OG, se (30) 


Example—Calculate pK}, for succinic acid at an ionic strength of 0.1. 
Assume that pK, is 5.63. The charge on the acid species is —1. 


0.51 (-2 -1) V0.1 


ee ORI 


pK3 = 5.63 
= 5.63 — 0.37 = 5.26 


DETERMINATION OF DISSOCIATION CONSTANTS 
—Although the dissociation constant of a weak acid or base can 
be obtained in a wide variety of ways including conductivity 
measurements, absorption spectrometry and partition coeffi- 
cients, the most widely used method is potentiometric pH mea- 
surement (see Potentiometry, page 242). The simplest method 
involving potentiometric pH measurement is based on the mea- 
surement of the hydronium-ion concentration of a solution 
containing equimolar concentrations of the acid and a strong- 
base salt of the acid. The principle of this method is evident 
from an inspection of Equation 16; when equimolar concentra- 
tions of HA (the acid) and A (the salt) are present, the disso- 
ciation constant, K, , numerically is equal to the hydronium-ion 
concentration (also, the pK,, of the acid is equal to the pH of the 
solution). Although this method is simple and rapid, the disso- 
ciation constant obtained is not sufficiently accurate for many 
purposes. 

To obtain the dissociation constant of a weak acid with a 
high degree of accuracy and precision, a dilute solution of the 
acid (about 10° to 10°* M) is titrated with a strong base, and 
the pH of the solution taken after each addition of base. The 
resulting data can be handled in a wide variety of ways, per- 
haps the best of which is the method proposed by Benet and 
Goyan.' The proton balance equation for a weak acid, HA, 
being titrated with a strong base such as KOH, would be 


Sl) se PBEM = Oe se lee (31) 


in which [K”*] is the concentration of the base added. Equation 
31 can be rearranged to give 


Zo AS) = (Ko HO} = [OH] (32) 


When a weak monoprotic acid is added to water, it can exist 
in the unionized form, HA, and in the ionized form, A-. After 
equilibrium is established, the sum of the concentrations of 
both species must be equal to C,, the stoichiometric (added) 
concentration of acid, or 


C, = [HA] + [A] = [HA] + Z (33) 
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The term [HA] can be replaced using Equation 16 to give 


Le (34) 
(a K, 35 Z 
which can be rearranged to 
Z[H;07 | 
- sss ( ees St (35) 
Z Cr K 


a 


According to Equation 35, if Z, which is obtained from the 
experimental data using Equation 32, is plotted versus the 
terms Z[H,O°], a straight line results with a slope equal to 
1/K,, and an intercept equal to C,. In addition to obtaining an 
accurate estimate for the dissociation constant, the stoichio- 
metric concentration of the substance being titrated is also 
obtained. This is of importance when the substance being ti- 
trated cannot be purified, or has an unknown degree of solva- 
tion. Similar equations can be developed for obtaining the 
dissociation constant for a weak base.! 

The dissociation constants for diprotic acids can be obtained 
by defining P as the average number of protons dissociated per 
mole of acid, or 


P=, (36) 
and 
[H,0* }°P 
Cee eee 


K,[H;07]1 — P) 


(37) 


A plot of Equation 37 should yield a straight line with a slope 
equal to K, and an intercept of K,K,. Dividing the intercept by 
the slope yields K,. 

MICRO DISSOCIATION CONSTANTS—tThe dissocia- 
tion constants for polyprotic acids, as determined by potentio- 
metric titration, are known generally as macro, or titration, 
constants. As it is known that carboxyl groups are stronger 
acids than protonated amino groups, there is no difficulty in 
assigning K, and K,, as determined by Equation 37, to the 
carboxyl and amino groups, respectively, of a substance such as 
glycine hydrochloride. 

In other chemicals or drugs such as phenylpropanolamine, 
in which the two acidic groups are the phenolic and the pro- 
tonated amino group, the assignment of dissociation constants 
is more difficult. This is because, in general, both groups have 
dissociation constants of equal magnitude. Thus, there will be 
two ways of losing the first proton and two ways of losing the 
second, resulting in four possible species in solution. This can 
be illustrated using the convention of assigning a plus (+) toa 
positively charged group, a 0 to an uncharged group, and a 
minus (—) to a negatively charged group. Thus, +0 would rep- 
resent the fully protonated phenylpropanolamine, +— the dipo- 
lar ion, 00 the uncharged molecule, and 0-, the anion. The total 
ionization scheme, therefore, can be written 


ky +-  , 
Za 3 
+0 0- 
— ZO 
ky 00 k, 
The micro constants are related to the macro constants as 

Ret vba be (38) 

KK, = kiks = Rok, (39) 


It can be seen from Equation 38 that unless k, or kz is very 
much smaller than the other, the observed macro constant is a 
composite of the two and cannot be assigned to one or the other 
acidic group in a nonambiguous way. 

Methods for determining k, are given by Riegelman et al?” 
and Niebergall et al.*? Once k,, K,, and Ky have been deter- 
mined, all of the other micro constants can be obtained from 
Equations 38 and 39. 
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The numerical values of hydronium-ion concentration may 
vary enormously; for a normal solution of a strong acid the 
value is nearly 1, while for a normal solution of a strong base 
it is approximately 1 < 10 '*; there is a variation of 
100,000,000,000,000 between these two limits. Because of 
the inconvenience of dealing with such large numbers, in 
1909 Sgrenson proposed that hydronium-ion concentration 
be expressed in terms of the logarithm (log) of its reciprocal. 
To this value he assigned the symbol pH. Mathematically it 
is written 


(40) 


H =) 
ba Ka ees 


Since the logarithm of 1 is zero, the equation also may be 
written 
pH = — log [H;0°7] (41) 


from which it is evident that pH also may be defined as the 
negative logarithm of the hydronium-ion concentration. In gen- 
eral, this type of notation is used to indicate the negative 
logarithm of the term that is preceded by the p, which gives rise 
to the following 


pOH = - log [OH] (42) 
pK = - log K (43) 
Thus, taking logarithms of Equations 28 and 24 gives 
pK, + pK, = pK, (44) 
pH + pOH = pK,, (45) 


The relationship of pH to hydronium-ion and hydroxyl-ion con- 
centrations may be seen in Table 17-5. 

The following examples illustrate the conversion from expo- 
nential to p notation. 


1. Calculate the pH corresponding to a hydronium-ion concentration of 
1 X 10-4 g-ion/L. 
Solution: 


1 


Ja lhl Woy 
Sa OE Ter 
= log 10,000 or log (1 x 10*4) 
log (1 x 10**) = +4 


pH =4 


Table 17-5. Hydronium-lon 
and Hydroxyl-lon Concentrations 


NORMALITY IN TERMS OF 


NORMALITY IN TERMS OF 


pH _HYDRONIUM ION HYDROXYL ION 
0 1 Omi 
1 1): 1@- 
2 Om Ome 
Increasing 3 1Oa= Ome 
acidity 4 10> 1Omie 
5 Ome 10 = 
6 10 °° Ome 
Neutral point 7 10°? 1Or 2 
8 Ome Ome 
9 1Oime Oma 
10 LO 1 Oleg 
11 Om Or 
Increasing ‘Zeal Ome 1O-? 
alkalinity js 10> OF 
14 Or 1 


2. Calculate the pH corresponding to a hydronium ion-concentration 
of 0.000036 N (or g-ion/L). (Note: This more frequently is written 
as a number multiplied by a power of 10, thus, 3.6 x 10° for 
0.000036.) 


Solution: 
i= 
pH = log 36 x 1079 
= log 28,000 or log (2.8 x 10*4) 
log (2.8 x 10*4) = log 2.8 + 10*4 


log 2.8 = +0.44 
log 10*4 = +4.00 
pH = 4.44 


This problem also may be solved as follows: 


pH = —log (3.6 x 107°) 
log 3.6 = +0.56 
log 10-° = —5.00 
= —4.44 = log (3.6 x 107°) 
pH = —(—4.44) = +4.44 =4.44 


The following examples illustrate the conversion of p nota- 
tion to exponential notation. 


1. Calculate the hydronium-ion concentration corresponding to a pH of 
4.44. 


Solution: 
1 
pH = log [H,0"] 
4.44 = log : 
[H3;07] 
1 
[H,0°) = antilog of 4.44 = 28,000 (rounded off) 
[H30*] = = 0.000036 or 3.6 x 10° 
28,000 


This calculation also may be made as 


+ 4.44 


— log [H;0*] 
or —4.44 = + log [H;07] 


In finding the antilog of —4.44 it should be kept in mind that the 
mantissa (the number to the right of the decimal point) of a log to the 
base 10 (the common or Briggsian logarithm base) is always positive but 
that the characteristic (the number to the left of the decimal point) may 
be positive or negative. As the entire log —4.44 is negative, it is obvious 
that one cannot look up the antilog of —0.44. However, the number -4.44 
also may be written (—5.00 + 0.56), or as more often written, 5.56; the 
bar across the characteristic indicates that it alone is negative, while 
the rest of the number is positive. Looking up the antilog of 0.56 it is 
found to be 3.6; as the antilog of —5.00 is 10°°, it follows that the 
hydronium-ion concentration must be 3.6 X 10° mols/L. 

2. Calculate the hydronium-ion concentration corresponding to a pH 

of 10.17. 


Solution: 
10.17 = —log[H,0*] 
~10.17 = log{H,0*) 
—10.17 = (11.00 + 0.83) = 11.83 


The antilog of 0.83 = 6.8. 
The antilog of -11.00 = 10°"! 
The hydronium-ion concentration is therefore 6.8 < 107'! mol/L. 


In the section Jonization of Water, it was shown that the 
hydronium-ion concentration of pure water, at 25°, is 1 x 10°" 
N, corresponding to a pH of 7. 

This figure, therefore, is designated as the neutral point, and 
all values below a pH of 7 represent acidity—the smaller the 
number, the greater the acidity. Values above 7 represent alka- 
linity—the larger the number, the greater the alkalinity. The pH 
scale usually runs from 0 to 14, but mathematically there is no 
reason why negative numbers or numbers above 14 should not be 
used. In practice, however, such values are never encountered 
because solutions that might be expected to have such values are 
too concentrated to be ionized extensively or the interionic attrac- 
tion is so great as to materially reduce ionic activity. 

The pH of the purest water obtainable, so-called ‘conductiv- 
ity water’, is 7 when the measurement is made carefully under 
conditions to exclude carbon dioxide and prevent errors inher- 
ent in the measuring technique (such as acidity or alkalinity of 
the indicator). Upon agitating this water in the presence of 
carbon dioxide in the atmosphere (equilibrium water), the 
value drops rapidly to 5.7. This is the pH of nearly all distilled 
water that has been exposed to the atmosphere for even a short 
time and often is called ‘equilibrium’ water. 

It should be emphasized strongly that the generalizations 
stated concerning neutrality, acidity, and alkalinity hold ex- 
actly only when (1) the solvent is water, (2) the temperature is 
25°, and (3) there are no other factors to cause deviation from 
the simply formulated equilibria underlying the definition of 
pH given in the preceding discussion. 


SPECIES CONCENTRATION 

LA EL La ETT 
When a weak acid, H,,A is added to water, n + 1 species, 
including the un-ionized acid, can exist. After equilibrium is 
established, the sum of the concentrations of all species must 
be equal to C,, the stoichiometric (added) concentration of acid. 
Thus, for a triprotic acid H,A, 


C, = (H3A) + (H,AJ + [HA*] + [A5] (46) 


In addition, the concentrations of all acidic and basic species 
in solution vary with pH, and can be represented solely in 
terms of equilibrium constants and the hydronium-ion concen- 
tration. These relationships may be expressed as 


{H,,A] = [H30°]’C,/D (47) 


Poe Ads (HsOrl? ke ep (48) 


in which n represents the total number of dissociable hydro- 
gens in the parent acid, j is the number of protons dissociated, 
C, is the stoichiometric concentration of acid, and K represents 
the acid dissociation constants. The term D is a power series in 
{[H,07] and K, starting with [H,0°] raised to the nth power. 
The last term is the product of all the dissociation constants. 
The intermediate terms can be generated from the last term by 
substituting [HO "| for K,, to obtain the next-to-last term, then 
substituting [H,0'] for K,_, to obtain the next term, and 
onward until the first term is reached. The following examples 
show the denominator, D, to be used for various types of acids: 


H,A: D =[H,0°]? + K,[H,0°]? + K,K[H,;0°]+ K,K.K, (49) 
H,A: D = (H,0*]? + K,[H,0*] + KK, (50) 
HA: D = [H,0+*] + K, (51) 


The numerator in all instances is C,, multiplied by the term from 
the denominator that has [H,O "] raised to the n —j power. Thus, 
for diprotic acids such as carbonic, succinic, tartaric, and so on, 
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[H,0*}?C, 
[HA] = - (52) 
([H,0*]}° + K,[H,0*] + K\K, 


K,[H,07]C, 
~ [H,0*)? + K\[H,0*] + KK, 


[HA™] (53) 


K\ KC, 
[H,0*]? + K,[H,0+] + KiK, 


[A2-] = (54) 


Example—Calculate the concentrations of all succinic acid species 
in a 1.0 x 10° M solution of succinic acid at pH 6. Assume that K, = 
GACe lOmeand ker 2-320. ° 

Equations 52-54 have the same denominator, D, which can be 
calculated as 


D= [H;0*]? +7 K,[H,0 7] ae Kk, 
=) NO) Se OE 3S GE Se GOS oe AON SE EH! 
Sal SS SY SS alg 


=I enlO= eto TOs ts AT wie 


= OSLO Se AND 
Therefore, 
Hos [H,0+*}?C, 
[H»A] = D 
OP Omiaexs 0 10m é 
= aA excl 
PEP) <A! 
__ K,[H;,07]C, 
PEAS = D 
64 10m 1 ORal0ge 
= 3.0 X 10°-*M 
PUP Se HO 
yey = Ekin 
[ |= D 
LAO ee <mle Ol LOR? 
=16:9) << 10s Mi 
PND Se Oe 


PROTON-BALANCE EQUATION 


In the Brgnsted—Lowry system, the total number of protons 
released by acidic species must equal the total number of pro- 
tons consumed by basic species. This results in a very useful 
relationship known as the proton-balance equation (PBE), in 
which the sum of the concentration terms for species that form 
by proton consumption is equated to the sum of the concentra- 
tion terms for species that are formed by the release of protons. 
The PBE forms the basis of a unified approach to pH calcula- 
tions, as it is an exact accounting of all proton transfers occur- 
ring in solution. 

When HCl is added to water, for example, it dissociates 
yielding one Cl for each proton released. Thus, Cl is a species 
formed by the release of a proton. In the same solution, and 
actually in all aqueous solutions 


2H,0 = H,0* + OH” 


where H,O° is formed by proton consumption and OH is 
formed by proton release. Thus, the PBE is 


[H,0*] = [OH] + [CI] (55) 


In general, the PBE can be formed in the following manner: 


1. Start with the species added to water. 
2. Place all species that can form when protons are released on the 
right side of the equation. 
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3. Place all species that can form when protons are consumed on the 
left side of the equation. 

4. Multiply the concentration of each species by the number of photons 
gained or lost to form that species. 

5. Add [H,0°] the left side of the equation and [OH ] to the right side 
of the equation. These result from the interaction of two molecules 
of water as shown above. 


Example—When H;PO, is added to water, the species H,PO,— 
forms with the release of one proton; HPO,” forms with the release of 
two protons; and PO} forms with the release of three protons, which 
gives the following PBE: 


[ELOn = (OLE (HEPOm) = 2 [HPO sesh On an(o6) 


Example—When Na,HPO, is added to water, it dissociates into two 
Na* and one HPO,” . The sodium ion is neglected in the PBE because 
it is not formed from the release or consumption of protons. The species 
HPO,” , however, may react with water to give H,PO, with the con- 
sumption of one proton, H,PO, with the consumption of two protons, 
and PO,” with the release of one proton to give the following PBE: 


{H;,0°] al [H.PO, I] 3 2(H;P0,] = [OH] + [PO,7 1 (57) 


CALCULATIONS 


The pH of solutions of acids, bases, and salts may be calculated 
using the concepts presented in the preceding sections. 


Strong Acids or Bases 


When a strong acid such as HCl is added to water, the following 
reactions occur: 


HC) + HO sEL07 =.-Ccl- 
2H; Ose Ome Ole 
The PBE for this system would be 
[H,;0*] = [OH] + [Cl] (58) 


In most instances (C, > 4.5 < 10°’ M) the [OH] would be 
negligible compared to the Cl and the equation simplifies to 


{H;0°] = [Cl] =C, (59) 


Thus, the hydronium-ion concentration of a solution of a strong 
acid would be equal to the stoichiometric concentration of the 
acid. This would be anticipated, because strong acids generally 
are assumed to be 100% ionized. 

The pH of a 0.005 M solution of HCl therefore is calculated 
as 


pH = — log 0.005 = 2.30 


In a similar manner the hydroxyl-ion concentration for a 
solution of a strong base such as NaOH would be 


[OH ]=[Na‘]=C, (60) 
and the pH of a 0.005 M solution of NaOH would be 
pOH = - log 0.005 = 2.30 


pH = pK, — pOH = 14.00 — 2.30 = 11.70 


Weak Acids or Bases 


If a weak acid, HA, is added to water, it will equilibrate with its 
conjugate base, A’, as 


HA + H,O = H,0* + AW 


Accounting for the ionization of water gives the following PBE 
for this system: 


{[H;0*] = [OH] + [A] (61) 


The concentration of A” as a function of hydronium-ion concen- 
tration can be obtained as shown previously to give 


KC, 
(62) 


[H;07] = [OH] + [H,O*) + K, 


Algebraic simplification yields 


(Cy = [Hj0*] + [OH7) 
He Oval ake (63) 
abadl ((H,0*] — (OH) 


In most instances for solutions of weak acids, [H;07] >> 
[OH J, and the equation simplifies to give 


[H,0*}? + K,[H,0*] — K,C, = 0 (64) 


This is a quadratic equation* that yields 


EG tr VK,” aR 4K Cy (65) 


tT] = 
[H;0*] 5) 


since [H,0"] can never be negative. Furthermore, if [H,0"] is 
less than 5% of C,, Equation 64 is simplified further to give 


[H,0*] = VK,C, oe 


It generally is preferable to use the simplest equation to 
calculate [H,0°]. However, when [H,0"] is calculated, it must 
be compared to C, in order to determine whether the assump- 
tion C, >> [H30"] is valid. If the assumption is not valid, the 
quadratic equation should be used. 


Example—Calculate the pH of a 5.00 x 10° M solution of a weak 
acid having a K, = 1.90 x 10°. 


[H;0*) = yK.C, 
= 1.90 x 10-° x 5.00 x 10~° 
= 3.08 x 10M 


As C,, [(5.00 X 10° M)] is not much greater than {H,O°], the quadratic 
equation (Equation 65) should be used. 


— 1.90 x 10-5 + ¥(1.90 x 10-5)? + 4(5.00 x 10-5) 
2 


[HZ0" = 
= (108 SO” 


pH = — log (7.06 x 10-3) = 2.15 


Il 


Note that the assumption [H,0~] >> [OH ] is valid. The hydronium- 
ion concentration calculated from Equation 66 has a relative error of 
about 100% when compared to the correct value obtained from Equa- 
tion 65. 


When a salt obtained from a strong acid and a weak base— 
such as ammonium chloride, morphine sulfate, or pilocarpine 
hydrochloride—is dissolved in water, it dissociates as 


HO 
BHtX- —> BHt + X- 


in which BH™ is the protonated form of the base B, and X_ is 
the anion of a strong acid. Because X is the anion of a strong 
acid, it is too weak a base to undergo any further reaction with 


* The general solution to a quadratic equation of the form 


—b + yb? — 4ac 


aXe DX + G= 0) is) X= ; 
2a 


water. The protonated base, however, can act as a weak acid to 
give 


Bg Orsi ue. Or 


Thus, Equations 65 and 66 are valid, with C, being equal to the 
concentration of the salt in solution. If K, for the protonated 
base is not available, it can be obtained by dividing K,, for the 
base B, into K,,,. 


Example—Calculate the pH of a 0.026 M solution of ammonium 
chloride. Assume that K, for ammonia is 1.74 x 10° and K,, is 1.00 x 
Om 


iy, UOOsiaie 
K, =~ = - = 
Ky (x One 


5. 


ie 


5 D4 107-19 


[H30*] = yK.C. 


= 5.75 x 10-!° x 2.6 x 1072 
SS MOR OAVE 
pH = — log (3.87 x 10-6) = 5.41 
As C, is much greater than [H,0°'] and [H,O°] is much greater than 


[OH], the assumptions are valid and the value calculated for pH is 
sufficiently accurate. 


Weak Bases 


When a weak base, B, is dissolved in water it ionizes to give the 
conjugate acid as 


B + H,O = BH’ + OH 
The PBE for this system is 
[BH*] + [H,;0*] = [OH] (67) 


Substituting [BH "] as a function of hydronium-ion concentra- 
tion and simplifying, in the same manner as shown for a weak 
acid, gives 


[OH-] = K, (C, — a! + ae ) (68) 
({OH] — [H;07]) 


If [OH | [H,0°], as is true generally, then 
[OH ]? = K,[OH] - K,C, = 0 (69) 


which is a quadratic with the following solution: 


— K, + VK,? + 4K,C, (70) 


2 


[OH sli 


If C, >> [OH], the quadratic equation simplifies to 


s soa var) 
[OH-] = \K,C, 


Once [OH] is calculated, it can be converted to pOH, which can 
be subtracted from pK,, to give pH. 


Ww 


Example—Calculate the pH of a 4.50 x 10 M solution of a weak 
base having K, = 2.00 x 10-*. Assume that K,, = 1.00 x 10°. 


[OH-] = VK,C, 


= /2.00 x 10-4 x 4.50 x 102 
= 9.00 x 10-6 = 3.00 x 10-3 M 


Both assumptions are valid. 


DOME log 31000 = 2252 


pH = 14.00 — 2.52 = 11.48 
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When salts obtained from strong bases and weak acids (eg, 
sodium acetate, sodium sulfathiazole, or sodium benzoate) are 
dissolved in water, they dissociate as 


in which A’ is the conjugate base of the weak acid, HA. The 
Na’ undergoes no further reaction with water. The A, how- 
ever, acts as a weak base to give 


Neel © =e LAGE OEe 


Thus, Equations 70 and 71 are valid, with C,, being equal to the 
concentration of the salt in solution. The value for K, can be 
obtained by dividing K, for the conjugate acid, HA, into K,,,. 


Example—Calculate the pH of a 0.05 M solution of sodium acetate. 
Assume that K, for acetic acid = 1.75 x 10° and K,, = 1.00 x 10-™. 


Ke, 1.00% 10-4 
Ke» Ws 10 


Ky = 


ol X105%? 


OH- = \K,C, = v5.71 x 10-! x 5.0 x 10-2 
= biod <nOnoyl 
Both assumptions are valid: 
DOH =—loe1(5.34 x 10°) = 5.27, 
pH = 14.00 — 5.27 = 8.73 


Ampholytes 


Substances such as NaHCO. and NaH,PO, are termed am- 
pholytes, and are capable of functioning both as acids and 
bases. When an ampholyte of the type NaHA is dissolved in 
water, the following series of reactions can occur: 
NatHA~ #29 Nat + HA- 
HAs HO Ae HO 
HA; + H,O = H5A + OH” 
2H,0 = H,0* + OH- 


The total PBE for the system is 
[H,0°] + [HA] = [OH] + [A*] (72) 


Substituting both [H,A] and [A*] as a function of [H,0*] (see 
Equations 52 and 54), yields 
(H;0°]? C, 
[H,0']’ + K,[H,0°] + Kk, 
Ky, Kk) KC, 
- [H,0*] ' [H,0*}? + K,[H,0*] + Kik, 


[H;0°] + 


(73) 


This gives a fourth-order equation in [H,;0°], which can be 
simplified using certain judicious assumptions to 


KiK,C 
A a a nes (74) 
[H;0 ] IG +4 on 


In most instances, C, >> K,, and the equation further simpli- 
fies to 


[H,0*) = VK, a 


and [H,0°] becomes independent of the concentration of the 
salt. A special property of ampholytes is that the concentration 
of the species HA” is maximum at the pH corresponding to 
Equation 75. 
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When the simplest amino acid salt, glycine hydrochloride, is 
dissolved in water, it acts as a diprotic acid and ionizes as 


NH;CH,COOH + H,O = *NH;CH,COO™ + H;0° 
*NH;CH,COO + H,O = NH,CH,COO + H;07 


The form, 'NH3CH.COO , is an ampholyte because it also can 
act as a weak base: 


*NH3CH,COO- + H.O = “NH;CH,COOH + OH™ 


This type of substance, which carries both a charged acidic and 
a charged basic moiety on the same molecule is termed a 
zwitterion. Because the two charges balance each other, the 
molecule acts essentially as a neutral molecule. The pH at 
which the zwitterion concentration is maximum is known as 
the isoelectric point, which can be calculated from Equation 75. 
On the acid side of the isoelectric point, amino acids and 
proteins are cationic and incompatible with anionic materials 
such as the naturally occurring gums used as suspending 
and/or emulsifying agents. On the alkaline side of the isoelec- 
tric point, amino acids and proteins are anionic and incompat- 
ible with cationic materials such as benzalkonium chloride. 


Salts of Weak Acids and Weak Bases 


When a salt such as ammonium acetate (which is derived from 
a weak acid and a weak base) is dissolved in water, it under- 
goes the following reactions: 


BH*A- 2° BHY + Aq 
BHy + HOI Bi HeOF 
A- + H,O = HA] OH= 
The total PBE for this system is 
[H,0°] + [HA] = [OH] + [B] (76) 


Replacing [HA] and [B] as a function of [H,0°], gives 


[H,0°* Ic, K, C, 
NEO! | Fe ee OL) 
[H;0*] + K, [H;0°] + Ky 


(77) 
in which C, is the concentration of salt, K, is the ionization 
constant of the conjugate acid formed from the reaction be- 
tween A and water, and K;, is the ionization constant for the 
protonated base, BH”. In general, [H;0*], [OH], K,, and K/, 
usually are smaller than C, and the equation simplifies to 


[H,0*] = VK.Ky its 


Example—Calculate the pH of a 0.01 M solution of ammonium 
acetate. The ammonium ion has a K, equal to 5.75 x 10°'°, which 
represents K’ in Equation 78. Acetic acid has a K, of 1.75 x 10-°, which 
represents K, in Equation 78: 


[H30+] = v1.75 x 10-° x 5 
1.00 x 1077 


fy <1) MY 


I 


pH = — log (1.00 x 10-7) = 7.00 


All of the assumptions are valid. 


BUFFERS 

LLL TIO IIE LIE GI TOES IOE ET TITER TEI 
The terms buffer, buffer solution, and buffered solution, when 
used with reference to hydrogen-ion concentration or pH, refer 
to the ability of a system, particularly an aqueous solution, to 
resist a change of pH on adding acid or alkali, or on dilution 
with a solvent. 


If an acid or base is added to water, the pH of the latter is 
changed markedly, for watér has no ability to resist change of 
pH; it is completely devoid of buffer action. Even a very weak 
acid such as carbon dioxide changes the pH of water, decreas- 
ing it from 7 to 5.7 when the small concentration of carbon 
dioxide present in air is equilibrated with pure water. This 
extreme susceptibility of distilled water to a change of pH upon 
adding very small amounts of acid or base is often of great 
concern in pharmaceutical operations. Solutions of neutral 
salts, such as sodium chloride, similarly lack ability to resist 
change of pH on adding acid or base; such solutions are called 
unbuffered. 

Characteristic of buffered solutions, which undergo small 
changes of pH on addition of acid or base, is the presence either 
of a weak acid and a salt of the weak acid, or a weak base and 
a salt of the weak base. An example of the former system is 
acetic acid and sodium acetate; and of the latter, ammonium 
hydroxide and ammonium chloride. From the proton concept of 
acids and bases discussed earlier, it is apparent that such 
buffer action involves a conjugate acid—base pair in the solu- 
tion. It will be recalled that acetate ion is the conjugate base of 
acetic acid, and that ammonium ion is the conjugate acid of 
ammonia (the principal constituent of what commonly is called 
ammonium hydroxide). 

The mechanism of action of the acetic acid—sodium acetate 
buffer pair is that the acid, which exists largely in molecular 
(nonionized) form, combines with hydroxyl ion that may be 
added to form acetate ion and water; thus, 


CH;COOH + OH —CH;COO + H,O 


The acetate ion, which is a base, combines with the hydrogen 
(more exactly hydronium) ion that may be added to form es- 
sentially nonionized acetic acid and water, represented as 


CH;COO + H;0° > CH;COOH + H,O 


As will be illustrated later by an example, the change of pH is 
slight as long as the amount of hydronium or hydroxyl ion 
added does not exceed the capacity of the buffer system to 
neutralize it. 

The ammonia—ammonium chloride pair functions as a 
buffer because the ammonia combines with hydronium ion that 
may be added to form ammonium ion and water; thus, 


NH; + H;07 


> NH,* + H,O 


Ammonium ion, which is an acid, combines with added hy- 
droxyl ion to form ammonia and water, as 


NH, + OH — NH; + H,O 


Again, the change of pH is slight if the amount of added 
hydronium or hydroxy] ion is not in excess of the capacity of the 
system to neutralize it. 

Besides these two general types of buffers, a third appears 
to exist. This is the buffer system composed of two salts, as 
monobasic potassium phosphate, KH.PO,, and dibasic potas- 
sium phosphate, K,HPO,. This is not, however, a new type of 
buffer; it is actually a weak-acid/conjugate-base buffer in which 
an ion, HPO, , serves as the weak acid, and HPO,’ is its 
conjugate base. When hydroxy] ion is added to this buffer the 
following reaction takes place: 


H,PO,, + OH-=> HPO,> + H,0 
and when hydronium ion is added, 
HPO,’ + H,0* > H,PO, + H,O 


It is apparent that the mechanism of action of this type of 
buffer is essentially the same as that of the weak-acid/conju- 
gate-base buffer composed of acetic acid and sodium acetate. 

CALCULATIONS—A buffer system composed of a conju- 
gate acid—base pair, NaA—HA (such as sodium acetate and 
acetic acid), would have a PBE of 


[H,0'] + [HA] = [OH] + [A] (79) 


Replacing [HA] and [A] as a function of hydronium-ion con- 
centration gives 


H,0*] + [Hs 1G OH Fao (80) 
a@y ———- = ~) + ——_ 
ms oie — (mom 


where C;, is the concentration of the salt, NaA, and C, is the 
concentration of the weak acid, HA. This equation can be re- 
arranged to give 


(C, — [H30*] + [OH ]) 
[H3,0*] = K, — = (81) 
(C, + [H3;0*] — [OH ]}) 


In general, both C, and C, are much greater than [H,0'], 
which is in turn much greater than [OH ] and the equation 
simplifies to 


K.C, 
a (82) 


[HsO7] = C 


2) 


or, expressed in terms of pH, as 


C, 
pH = pK, + log = (83) 


This equation generally is called the Henderson—Hasselbalch 
equation. It applies to all buffer systems formed from a single 
conjugate acid—base pair, regardless of the nature of the salts. 
For example, it applies equally well to the following buffer 
systems: ammonia—ammonium chloride, monosodium phos- 
phate—disodium phosphate, and phenobarbital-sodium pheno- 
barbital. In the ammonia—ammonium chloride system, ammo- 
nia is obviously the base and the ammonium ion is the acid (C, 
equal to the concentration of the salt). In the phosphate system, 
monosodium phosphate is the acid and disodium phosphate is 
the base. For the phenobarbital buffer system, phenobarbital is 
the acid and the phenobarbital anion is the base (C;, equal to 
the concentration of sodium phenobarbital). 

As an example of the application of this equation, the pH of 
a buffer solution containing acetic acid and sodium acetate, 
each in 0.1 M concentration, may be calculated. The K,, of acetic 
acid, as defined above, is 1.8 X 10~°, at 25°. 


Solution: 
First, the pK, of acetic acid is calculated: 


pK, = — log K, = — log 1.8 x 10° 
= — log 1.8 — log 10° 


= — 0.26 +4.74 


(-5) = 
Substituting this value into Equation 83: 


pH = log + 4.74 = +4.74 

The Henderson-Hasselbalch equation predicts that any so- 
lutions containing the same molar concentration of acetic acid 
as of sodium acetate will have the same pH. Thus, a solution of 
0.01 M concentration of each will have the same pH, 4.74, as 
one of 0.1 M concentration of each component. Actually, there 
will be some difference in the pH of the solutions, for the 
activity coefficient of the components varies with concentration. 
For most practical purposes, however, the approximate values 
of pH calculated by the equation are satisfactory. It should be 
pointed out that the buffer of higher concentration of each 
component will have a much greater capacity for neutralizing 
added acid or base and this point will be discussed further in 
the discussion of buffer capacity. 

The Henderson-Hasselbalch equation is useful also for cal- 
culating the ratio of molar concentrations of a buffer system 
required to produce a solution of specific pH. As an example, 
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suppose that an acetic acid—sodium acetate buffer of pH 4.5 
must be prepared. What ratio of the buffer components should 
be used? 


Solution: 
Rearranging Equation 83, which is used to calculate the pH of weak 
acid—-salt type buffers, gives 


eee) = pH — pK, 
[acid] 
= 4.5 — 4.76 = —0.24 = (9.76 — 10) 
[base] 
[acid] = antilog of (9.76 — 10) = 0.575 


The interpretation of this result is that the proportion of 
sodium acetate to acetic acid should be 0.575 mol of the former 
to 1 mol of the latter to produce a pH of 4.5. A solution con- 
taining 0.0575 mol of sodium acetate and 0.1 mol of acetic acid 
per liter would meet this requirement, as would also one con- 
taining 0.00575 mol of sodium acetate and 0.01 mol of acetic 
acid per liter. The actual concentration selected would depend 
chiefly on the desired buffer capacity. 

BUFFER CAPACITY—The ability of a buffer solution to 
resist changes in pH upon addition of acid or alkali may be 
measured in terms of buffer capacity. In the preceding discus- 
sion of buffers, it has been seen that, in a general way, the 
concentration of acid in a weak-acid/conjugate-base buffer de- 
termines the capacity to “neutralize” added base, while the 
concentration of salt of the weak acid determines the capacity 
to neutralize added acid. Similarly, in a weak-base/conjugate- 
acid buffer the concentration of the weak base establishes the 
buffer capacity toward added acid, while the concentration of 
the conjugate acid of the weak base determines the capacity 
toward added base. When the buffer is equimolar in the con- 
centrations of weak acid and conjugate base, or of weak base 
and conjugate acid, it has equal buffer capacity toward added 
strong acid or strong base. 

Van Slyke, the biochemist, introduced a quantitative ex- 
pression for evaluating buffer capacity. This may be defined as 
the amount, in gram-equivalents (g-eq) per liter, of strong acid 
or strong base required to be added to a solution to change its 
pH by 1 unit; a solution has a buffer capacity of 1 when 1 L 
requires 1 g-eq of strong base or acid to change the pH 1 unit. 
(In practice, considerably smaller increments are measured, 
expressed as the ratio of acid or base added to the change of pH 
produced.) From this definition it is apparent that the smaller 
the pH change in a solution caused by the addition of a specified 
quantity of acid or alkali, the greater the buffer capacity of the 
solution. 

The following examples illustrate certain basic principles 
and calculations concerning buffer action and buffer capacity. 


Example 1—What is the change of pH on adding 0.01 mol of NaOH 
to 1 L of 0.10 M acetic acid? 


(a) Calculate the pH of a 0.10 molar solution of acetic acid: 


[H;0+] = /K,C, = v1.75 x 10-4 x 1.0 x 10-! = 4.18 x 10-3 


pH = — log 4.18 x 10°* = 2.38 


(b) On adding 0.01 mol of NaOH to a liter of this solution, 0.01 mol of 
acetic acid is converted to 0.01 mol of sodium acetate, thereby 
decreasing Ca to 0.09 M, and C, = 1.0 x 10° M. Using the 
Henderson-Hasselbach equation gives 


0.01 
108 O99 


pH = 4.76 + = 4.76 — 0.95 = 3.81 


The pH change is, therefore, 1.43 unit. The buffer capacity as defined 
above is calculated to be 


mols of NaOH added 
change in pH 


= 0.011 
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Example 2—What is the change of pH on adding 0.1 mol of NaOH to 
1 L of buffer solution 0.1 M in acetic acid and 0.1 M in sodium acetate? 


(a) The pH of the buffer solution before adding NaOH is 


[base] 
pH = log [acid] + pK, 


0.1 
=log 57 + 4:76 = 4:76 


(b) On adding 0.01 mol of NaOH per liter to this buffer solution, 0.01 
mol of acetic acid is converted to 0.01 mol of sodium acetate, thereby 
decreasing the concentration of acid to 0.09 M and increasing the 
concentration of base to 0.11 M. The pH is calculated as 


pH + 4.76 


= 108 5.99 


= 0.087 + 4.76 = 4.85 


The change of pH in this case is only 0.09 unit, about 1/10 the change 
in the preceding example. The buffer capacity is calculated as 


mols of NaOH added 0.01 
mOL0omm 


0.11 
change of pH 


Thus, the buffer capacity of the acetic acid—sodium acetate buffer solu- 
tion is approximately 10 times that of the acetic acid solution. 


As is in part evident from these examples, and may be 
further evidenced by calculations of pH changes in other sys- 
tems, the degree of buffer action and, therefore, the buffer 
capacity, depend on the kind and concentration of the buffer 
components, the pH region involved and the kind of acid or 
alkali added. 

STRONG ACIDS AND BASES AS “BUFFERS”—In the 
foregoing discussion, buffer action was attributed to systems of 
(1) weak acids and their conjugate bases, (2) weak bases and 
their conjugate acids, and (3) certain acid—base pairs that can 
function in the manner either of system 1 or 2. 

The ability to resist change in pH on adding acid or alkali is 
possessed also by relatively concentrated solutions of strong 
acids and strong bases. If to 1 L of pure water having a pH of 
7 1s added 1 mL of 0.01 M hydrochloric acid, the pH is reduced 
to about 5. If the same volume of the acid is added to 1 L of 
0.001 M hydrochloric acid, which has a pH of about 3, the 
hydronium-ion concentration is increased only about 1% and 
the pH is reduced hardly at all. The nature of this buffer action 
is quite different from that of the true buffer solutions. The 
very simple explanation is that when 1 mL of 0.01 M HCl, 
which represents 0.00001 g-eq of hydronium ions, is added to 
the 0.0000001 g-eq of hydronium ions in 1 L of pure water, the 
hydronium-ion concentration is increased 100-fold (equivalent 
to two pH units), but when the same amount is added to the 
0.001 g-eq of hydronium ions in 1 L of 0.001 M HCl, the 
increase is only 1/100 the concentration already present. 
Similarly, if 1 mL of 0.01 M NaOH is added to 1 L of pure wa- 
ter, the pH is increased to 9, while if the same volume is added 
to 1 L of 0.001 molar NaOH, the pH is increased al- 
most immeasurably. 

In general, solutions of strong acids of pH 3 or less, and 
solutions of strong bases of pH 11 or more, exhibit this kind of 
buffer action by virtue of the relatively high concentration of 
hydronium or hydroxyl ions present. The USP includes among 
its Standard Buffer Solutions a series of hydrochloric acid 
buffers, covering the pH range 1.2 to 2.2, which also contain 
potassium chloride. The salt does not participate in the buffer- 
ing mechanism, as is the case with salts of weak acids; instead, 
it serves as a nonreactive constituent required to maintain the 
proper electrolyte environment of the solutions. 


DETERMINATION OF PH 


Colorimetry 


A relatively simple and inexpensive method for determining 
the approximate pH of a solution depends on the fact that some 
conjugate acid—base pairs (indicators) possess one color in the 
acid form and another color in the base form. Assume that the 
acid form of a particular indicator is red, and the base form is 
yellow. The color of a solution of this indicator will range from 
red when it is sufficiently acid, to yellow when it is sufficiently 
alkaline. 

In the intermediate pH range (the transition interval) the 
color will be a blend of red and yellow depending upon the ratio 
of the base to the acid form. In general, although there are 
slight differences between indicators, color changes apparent to 
the eye cannot be discerned when the ratio of base to acid form, 
or acid to base form exceeds 10:1. The use of Equation 83 
indicates that the transition range of most indicators is equal to 
the pK, of the indicator + 1 pH unit, or a useful range of 
approximately two pH units. Standard indicator solutions can 
be made at known pH values within the transition range of the 
indicator, and the pH of an unknown solution can be deter- 
mined by adding the indicator to it and comparing the resulting 
color with the standard solutions. 

Another method for using these indicators is to apply them 
to thin strips of filter paper. A drop of the unknown solution is 
placed on a piece of the indicator paper and the resulting color 
is compared to a color chart supplied with the indicator paper. 
These papers are available in a wide variety of pH ranges. 


Potentiometry 


Electrometric methods for the determination of pH are based 
on the fact that the difference of electrical potential between 
two suitable electrodes dipping into a solution containing hy- 
dronium ions depends on the concentration (or activity) of the 
latter. The development of a potential difference is not a spe- 
cific property of hydronium ions. A solution of any ion will 
develop a potential proportional to the concentration of that ion 
if a suitable pair of electrodes is placed in the solution. 

The relationship between the potential difference and con- 
centration of an ion in equilibrium with the electrodes may be 
derived as follows. When a metal is immersed into a solution of 
one of its salts, there is a tendency for the metal to go into 
solution in the form of ions. This tendency is known as the 
solution pressure of the metal and is comparable to the ten- 
dency of sugar molecules (eg, to dissolve in water). The metallic 
ions in solution tend, on the other hand, to become discharged 
by forming atoms, this effect being proportional to the osmotic 
pressure of the ions. 

For an atom of a metal to go into solution as a positive ion, 
electrons, equal in number to the charge on the ion, must be left 
behind on the metal electrode with the result that the latter 
becomes negatively charged. The positively charged ions in 
solution, however, may become discharged as atoms by taking 
up electrons from the metal electrode. Depending on which 
effect predominates, the electrical charge on the electrode will 
be either positive or negative and may be expressed quantita- 
tively by the following equation proposed by Nernst in 1889: 


wa (84) 


where F£ is the potential difference or electromotive force, R is 
the gas constant (8.316 joules), T is the absolute temperature, 
n is the valence of the ion, F is the Faraday of electricity (96,500 


Figure 17-3. Hydrogen-ion concentration chain. 


coulombs), p is the osmotic pressure of the ions, and P is the 
solution pressure of the metal. 

Inasmuch as it is impossible to measure the potential dif- 
ference between one electrode and a solution with any degree of 
certainty, it is customary to use two electrodes and to measure 
the potential difference between them. If two electrodes, both of 
the same metal, are immersed in separate solutions containing 
ions of that metal—at osmotic pressure p, and ps, respectively 
—and are connected by means of a tube containing a nonreact- 
ing salt solution (a so-called salt bridge), the potential devel- 
oped across the two electrodes will be equal to the difference 
between the potential differences of the individual electrodes; 
thus, 


TRUE Wo IIE yaks 


= = = (85) 
E=E,—-£, -In Ee, 


As both electrodes are of the same metal, P, = P, and the 
equation may be simplified to 


a a Are ast P\ (86) 
= pn Pi — pp ln 2 = ppl 


In place of osmotic pressures it is permissible, for dilute 
solutions, to substitute the concentrations c, and c, that were 
found (see Chapter 16), to be proportional to p,; and py. The 
equation then becomes 


TaN Gy 
aisha eee) (87) 
E nF ih . 


If either c, or c, is known, it is obvious that the value of the 
other may be found if the potential difference, F, of this cell can 
be measured. 

For the determination of hydronium-ion concentration or 
pH, an electrode at which an equilibrium between hydrogen 
gas and hydronium ion can be established must be used in 
place of metallic electrodes. Such an electrode may be made by 
electrolytically coating a strip of platinum, or other noble 
metal, with platinum black and saturating the latter with 
pure hydrogen gas. This device functions as a hydrogen elec- 
trode. Two such electrodes may be assembled as shown in 
Figure 17-3. 

In this diagram one electrode dips into Solution A, contain- 
ing a known hydronium-ion concentration, and the other elec- 
trode dips into Solution B, containing an unknown hydronium- 
ion concentration. The two electrodes and solutions, sometimes 
called half-cells, then are connected by a bridge of neutral salt 
solution, which has no significant effect on the solutions it 
connects. The potential difference across the two electrodes is 
measured by means of a potentiometer, P. If the concentra- 
tion, c,, of hydronium ion in Solution A is 1 N, Equation 87 
simplifies to 
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dD a i (88) 


or in terms of Briggsian logarithms 


RT 1 
E = 2.303 [Flogio > (89) 


If for log,;, 1/c, there is substituted its equivalent pH, the 
equation becomes 


RT 
paths t a oe (90) 
E = 2.303 —, pH 
and finally by substituting numerical values for R, n, T, and F, 
and assuming the temperature to be 20°, the following simple 
relationship is derived: 


E 
= 5 pen (91) 
E = (0.0581 pH or pH = 0.0581 

The hydrogen electrode dipping into a solution of known 
hydronium-ion concentration, called the reference electrode, 
may be replaced by a calomel electrode, one type of which is 
shown in Figure 17-4. The elements of a calomel electrode are 
mercury and calomel in an aqueous solution of potassium chlo- 
ride. The potential of this electrode is constant, regardless of 
the hydronium-ion concentration of the solution into which it 
dips. The potential depends on the equilibrium that is set up 
between mercury and mercurous ions from the calomel, but 
the concentration of the latter is governed, according to the 
solubility-product principle, by the concentration of chloride 
ions, which are derived mainly from the potassium chloride in 
the solution. Therefore, the potential of this electrode varies 
with the concentration of potassium chloride in the electrolyte. 
Because the calomel electrode always indicates voltages 
that are higher, by a constant value, than those obtained when 
the normal hydrogen electrode chain shown in Figure 17-3 is 
used, it is necessary to subtract the potential due to the calomel 
electrode itself from the observed voltage. As the magnitude of 
this voltage depends on the concentration of potassium chloride 
in the calomel-electrode electrolyte, it is necessary to know the 
concentration of the former. For most purposes a saturated 
potassium chloride solution is used that produces potential 
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Figure 17-4. Calomel electrode. 
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difference of 0.2488 V. Accordingly, before using Equation 86 
for the calculation of pH from the voltage of a cell made up of a 
calomel and a hydrogen electrode dipping into the solution to 
be tested, 0.2488 V must be subtracted from the observed 
potential difference. Expressed mathematically, Equation 92 is 
used for calculating pH from the potential difference of such a 
cell. 


E — 0.2488 (92) 


PES 50,0581 


In measuring the potential difference between the elec- 
trodes, it is imperative that very little current be drawn from 
the cell, for with current flowing the voltage changes, owing to 
polarization effects at the electrode. Because of this it is not 
possible to make accurate measurements with a voltmeter that 
requires appreciable current to operate it. In its place a poten- 
tiometer is used that does not draw a current from the cell 
being measured. 

There are many limitations to the use of the hydrogen 
electrode: 


e It cannot be used in solutions containing strong oxidants such as 
ferric iron, dichromates, nitric acid, peroxide, or chlorine or reduc- 
tants such as sulfurous acid and hydrogen sulfide. 

e Itis affected by the presence of organic compounds that are reduced 
fairly easily. 

e It cannot be used successfully in solutions containing cations that 
fall below hydrogen in the electrochemical series. 

e Erratic results are obtained in the measurement of unbuffered 
solutions unless special precautions are taken. 

e Itis troublesome to prepare and maintain. 


As other electrodes more convenient to use now are available, 
the hydrogen electrode today is used rarely. Nevertheless, it is 
the ultimate standard for pH measurements. 

To avoid some of the difficulties with the hydrogen electrode, 
the quinhydrone electrode was introduced and was popular for 
a long time, particularly for measurements of acid solutions. 
The unusual feature of this electrode is that it consists of a 
piece of gold or platinum wire or foil dipping into the solution to 
be tested, in which has been dissolved a small quantity of 
quinhydrone. A calomel electrode may be used for reference, 
just as in determinations with the hydrogen electrode. 

Quinhydrone consists of an equimolecular mixture of qui- 
none and hydroquinone; the relationship between these sub- 
stances and hydrogen-ion concentration is 


Quinone + 2 Hydrogen ions + 2 Electrons = Hydroquinone 


In a solution containing hydrogen ions the potential of the 
quinhydrone electrode is related logarithmically to hydronium- 
ion concentration if the ratio of the hydroquinone concentration 
to that of quinone is constant and practically equal to 1. This 
ratio is maintained in an acid solution containing an excess of 
quinhydrone, and measurements may be made quickly and 
accurately; however, quinhydrone cannot be used in solutions 
more alkaline than pH 8. 

An electrode that, because of its simplicity of operation and 
freedom from contamination or change of the solution being 
tested, has replaced both the hydrogen and quinhydrone elec- 
trodes is the glass electrode. It functions because when a thin 
membrane of a special composition of glass separates two so- 
lutions of different pH, a potential difference develops across 
the membrane that depends on the pH of both solutions. If the 
pH of one of the solutions is known, the other may be calculated 
from the potential difference. 

In practice, the glass electrode usually consists of a bulb of 
the special glass fused to the end of a tube of ordinary glass. 
Inside the bulb is placed a solution of known pH, in contact 
with an internal silver—silver chloride or other electrode. This 
glass electrode and another reference electrode are immersed 
in the solution to be tested and the potential difference is 
measured. A potentiometer providing electronic amplification 
of the small current produced is employed. The modern instru- 


ments available permit reading the pH directly and provide 
also for compensation of Variations due to temperature in the 
range of 0° to 50° and to the small but variable asymmetry 
potential inherent in the glass electrode. 


PHARMACEUTICAL SIGNIFICANCE 

SSE ILE ONES] 
In the broad realm of knowledge concerning the preparation 
and action of drugs few, if any, variables are so important as 
pH. For the purpose of this presentation, four principal types of 
pH-dependence of drug systems will be discussed: solubility, 
stability, activity, and absorption. 


Drug Solubility 


If a salt, NaA, is added to water to give a concentration C,, the 
following reactions occur: 


Na* A7 ae INES? se NS 
A” + H,O = HA + OH” 


If the pH of the solution is lowered, more of the A” would be 
converted to the unionized acid, HA, in accordance with Le 
Chatelier’s principle. Eventually, a pH will be obtained, below 
which the amount of HA formed exceeds its aqueous solubility, 
So, and the acid will precipitate from solution; this pH can be 
designated as pH,,. At this point, at which the amount of HA 
formed just equals So, a mass balance on the total amount of 
drug in solution yields 


(C= [WSU] ae Wel] = By ae (Ie) (93) 


Replacing [A] as a function of hydronium-ion concentration 
gives 
KC, 
+ 
[HE Om acta Ke 


C, = So (94) 


where K, is the ionization constant for the conjugate acid, HA, 
and [H;0°], refers to the hydronium-ion concentration above 
which precipitation will occur. This equation can be rearranged 
to give 


So 
20+], = (95) 
[H30*], = Ka 6 2S3 
Taking logarithms gives 
CaesS 
pH, = pK, + log ——— (96) 
So 


Thus, the pH below which precipitation occurs is a function of 
the amount of salt added initially, the pK, and the solubility of 
the free acid formed from the salt. 

The analogous equation for salts of weak bases and strong 
acids (such as pilocarpine hydrochloride, cocaine hydrochlo- 
ride, or codeine phosphate) would be 


pH, = pK, + log (97) 


0 
C, Tr So 


in which pK, refers to the protonated form of the weak base. 


Example—Below what pH will free phenobarbital begin to precipi- 
tate from a solution initially containing 1.3 g of sodium phenobarbital/ 
100 mL at 25°? The molar solubility of phenobarbital is 0.0050 and its 
pK, is 7.41. The molecular weight of sodium phenobarbital is 254. 

The molar concentration of salt initially added is 


0.051 — 0.005 
0.005 
= 7.41 + 0.96 = 8.37 


pH, = 7.41 + log 


Example—Above what pH will free cocaine begin to precipitate from 
a solution initially containing 0.0294 mol of cocaine hydrochloride per 
liter? The pKb of cocaine is 5.59, and its molar solubility is 5.60 x 10°°. 


PA — PK = PK, 


14.00 — 5.59 = 8.41 


apy 0.0056 
pip = 0.21 + 108 9.0294 — 0.0056 
= 8.41 + (-—0.63) = 7.78 


Drug Stability 


One of the most diversified and fruitful areas of study is the 
investigation of the effect of hydrogen-ion concentration on the 
stability or, in more general terms, the reactivity of pharma- 
ceutical systems. The evidence for enhanced stability of sys- 
tems when these are maintained within a narrow range of pH, 
as well as of progressively decreasing stability as the pH de- 
parts from the optimum range, is abundant. Stability (or in- 
stability) of a system may result from gain or loss of a proton 
(hydrogen ion) by a substrate molecule— often accompanied by 
an electronic rearrangement—that reduces (or increases) the 
reactivity of the molecule. Instability results when the sub- 
stance desired to remain unchanged is converted to one or more 
other, unwanted, substances. In aqueous solution, instability 
may arise through the catalytic effect of acids or bases—the 
former by transferring a proton to the substrate molecule, the 
latter by accepting a proton. 

Specific illustrations of the effect of hydrogen-ion concentra- 
tion on the stability of medicinals are myriad; only a few will be 
given here, these being chosen to show the importance of pH 
adjustment of solutions that require sterilization. 

Morphine solutions are not decomposed during a 60-min 
exposure at a temperature of 100° if the pH is less than 5.5; 
neutral and alkaline solutions, however, are highly unstable. 
Minimum hydrolytic decomposition of solutions of cocaine oc- 
curs in the range of pH of 2 to 5; in one study a solution of 
cocaine hydrochloride, initially at a pH of 5.7, remained stable 
during 2 months (although the pH dropped to 4.2 in this time), 
while another solution buffered to about pH 6 underwent ap- 
proximately 30% hydrolysis in the same time. Similarly, solu- 
tions of procaine hydrochloride containing some hydrochloric 
acid showed no appreciable decomposition; when dissolved in 
water alone, 5% of the procaine hydrochloride hydrolyzed, 
whereas when buffered to pH 6.5, from 19 to 35% underwent 
decomposition by hydrolysis. Solutions of thiamine hydrochlo- 
ride may be sterilized by autoclaving without appreciable de- 
composition if the pH is below 5; above this, thiamine hydro- 
chloride is unstable. 

The stability of many disperse systems, and especially of 
certain emulsions, is often pH dependent. Information concern- 
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ing specific emulsion systems, and the effect of pH upon them, 
may be found in Chapter 21. 


Drug Activity 


Drugs that are weak acids or weak bases—and hence may exist 
in ionized or nonionized form (or a mixture of both)—may be 
active in one form but not in the other; often such drugs have an 
optimum pH range for maximum activity. Thus, mandelic acid, 
benzoic acid, or salicylic acid have pronounced antibacterial 
activity in nonionized form but have practically no such activity 
in ionized form. Accordingly, these substances require an acid 
environment to function effectively as antibacterial agents. For 
example, sodium benzoate is effective as a reservative in 4% 
concentration at pH 7, in 0.06 to 0.1% concentration at pH 3.5 
to 4, and in 0.02 to 0.03% concentration at pH 2.3 to 2.4. Other 
antibacterial agents are active principally, if not entirely, in 
cationic form. Included in this category are the acridines and 
quaternary ammonium compounds. 


Drug Absorption 


The degree of ionization and lipoid solubility of a drug are two 
important factors that determine the rate of absorption of 
drugs from the gastrointestinal tract, and indeed their passage 
through cellular membranes generally. Drugs that are weak 
organic acids or bases, and that in nonionized form are soluble 
in lipids, apparently are absorbed through cellular membranes 
by virtue of the lipoidal nature of the membranes. Completely 
ionized drugs, on the other hand, are absorbed poorly, if at all. 
Rates of absorption of a variety of drugs are related to their 
ionization constants and in many cases may be predicted quan- 
titatively on the basis of this relationship. Thus, not only the 
degree of the acidic or basic character of a drug, but also 
consequently the pH of the physiological medium (eg, gastric or 
intestinal fluid, plasma, cerebrospinal fluid) in which a drug is 
dissolved or dispersed—because this pH determines the extent 
to which the drug will be converted to ionic or nonionic form— 
become important parameters of drug absorption. Further in- 
formation on drug absorption is given in Chapter 58. 
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BASIC DEFINITIONS 


If a solution is placed in contact with a membrane that is perme- 
able to molecules of the solvent, but not to molecules of the solute, 
the movement of solvent through the membrane is called osmosis. 
Such a membrane often is called semi-permeable. As the several 
types of membranes of the body vary in their permeability, it is 
well to note that they are selectively permeable. Most normal 
living-cell membranes maintain various solute concentration gra- 
dients. A selectively permeable membrane may be defined either 
as one that does not permit free, unhampered diffusion of all the 
solutes present, or as one that maintains at least one solute 
concentration gradient across itself. Osmosis, then, is the diffu- 
sion of water through a membrane that maintains at least one 
solute concentration gradient across itself. 

Assume that Solution A is on one side of the membrane, and 
Solution B of the same solute but of a higher concentration is on 
the other side; the solvent will tend to pass into the more 
concentrated solution until equilibrium has been established. 
The pressure required to prevent this movement is the osmotic 
pressure. It is defined as the excess pressure, or pressure 
greater than that above the pure solvent, that must be applied 
to Solution B to prevent passage of solvent through a perfect 
semipermeable membrane from A to B. The concentration of a 
solution with respect to effect on osmotic pressure is related to 
the number of particles (unionized molecules, ions, macromol- 
ecules, aggregates) of solute(s) in solution and thus is affected 
by the degree of ionization or aggregation of the solute. See 
Chapter 16 for review of colligative properties of solutions. 

Body fluids, including blood and lacrimal fluid, normally have 
an osmotic pressure that often is described as corresponding to 
that of a 0.9% solution of sodium chloride. The body also attempts 
to keep the osmotic pressure of the contents of the gastrointestinal 
(GD tract at about this level, but there the normal range is much 
wider than that of most body fluids. The 0.9% sodium chloride 
solution is said to be iso-osmotic with physiological fluids. In 
medicine, the term isotonic, meaning equal tone, is commonly 
used interchangeably with iso-osmotic. However, terms such as 
isotonic and tonicity should be used only with reference to a 
physiological fluid. Iso-osmotic actually is a physical term that 
compares the osmotic pressure (or another colligative property, 
such as freezing-point depression) of two liquids, neither of which 
may be a physiological fluid, or which may be a physiological fluid 
only under certain circumstances. For example, a solution of boric 
acid that is iso-osmotic with both blood and lacrimal fluid is 
isotonic only with the lacrimal fluid. This solution causes hemo- 
lysis of red blood cells because molecules of boric acid pass freely 
through the erythrocyte membrane regardless of concentration. 
Thus, isotonicity infers a sense of physiological compatibility 
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where isoosmoticity need not. As another example, a chemically 
defined elemental diet or enteral nutritional fluid can be iso- 
osmotic with the contents of the GI tract, but would not be con- 
sidered a physiological fluid, or suitable for parenteral use. 

A solution is isotonic with a living cell if there is no net gain 
or loss of water by the cell, or other change in the cell, when it 
is in contact with that solution. Physiological solutions with an 
osmotic pressure lower than that of body fluids, or of 0.9% 
sodium chloride solution, are referred to commonly as being 
hypotonic. Physiological solutions having a greater osmotic 
pressure are termed hypertonic. 

Such qualitative terms are of limited value, and it has become 
necessary to state osmotic properties in quantitative terms. To do 
so, a term must be used that will represent all the particles that 
may be present in a given system. The term used is osmol: the 
weight, in grams, of a solute, existing in a solution as molecules 
(and/or ions, macromolecules, aggregates, etc), which is osmoti- 
cally equivalent to a mole of an ideally behaving nonelectrolyte. 
Thus, the osmol weight of a nonelectrolyte, in a dilute solution, 
generally is equal to its gram molecular weight. A milliosmol, 
abbreviated mOsm, is the weight stated in milligrams. 

If one extrapolates this concept of relating an osmol and a mole 
of a nonelectrolyte as being equivalent, then one also may define 
an osmol in the following ways. It is the amount of solute that will 
provide 1 Avogadro’s number (6.02 x 10*”) of particles in solution 
and it is the amount of solute that, on dissolution in 1 kg of water, 
will result in an osmotic pressure increase of 17,000 torr at 0° or 
19,300 torr at 37°. One mOsmol is 1/1000 of an osmol. For exam- 
ple, 1 mol of anhydrous dextrose is equal to 180 g. One osmol of 
this nonelectrolyte is also 180 grams. One mOsmol would be 180 
mg. Thus, 180 mg of this solute dissolved in 1 kg of water will 
produce an increase in osmotic pressure of 19.3 torr at body 
temperature. 

For a solution of an electrolyte such as sodium chloride, one 
molecule of sodium chloride represents one sodium and one 
chloride ion. Hence, 1 mol will represent 2 osmol of sodium 
chloride theoretically. Accordingly, 1 osmol NaCl = 58.5 g/2 or 
29.25 g. This quantity represents the sum total of 6.02 x 107? 
ions as the total number of particles. Ideal solutions infer very 
dilute solutions or infinite dilution. 

However, as the concentration is increased, other factors enter. 
With strong electrolytes, interionic attraction causes a decrease in 
their effect on colligative properties. In addition, and in opposi- 
tion, for all solutes, including nonelectrolytes, solvation and pos- 
sibly other factors operate to intensify their colligative effect. 
Therefore, it is very difficult and often impossible to predict accu- 
rately the osmoticity of a solution. It may be possible to do so for 
a dilute solution of a single pure and well-characterized solute, 
but not for most parenteral and enteral medicinal and/or nutri- 
tional fluids; experimental determination likely is required. 


THERAPEUTIC CONSIDERATIONS 


It generally is accepted that osmotic effects have a major place 
in the maintenance of homeostasis (the state of equilibrium in 
the living body with respect to various functions and to the 
chemical composition of the fluids and tissues, eg, temperature, 
heart rate, blood pressure, water content, or blood sugar). To a 
great extent these effects occur within or between cells and 
tissues where they cannot be measured. One of the most trou- 
blesome problems in clinical medicine is the maintenance of 
adequate body fluids and proper balance between extracellular 
and intracellular fluid volumes in seriously ill patients. It 
should be kept in mind, however, that fluid and electrolyte 
abnormalities are not diseases, but are the manifestations of 
disease. 

The physiological mechanisms that control water intake 
and output appear to respond primarily to serum osmoticity. 
Renal regulation of output is influenced by variation in rate of 
release of pituitary antidiuretic hormone (ADH) and other fac- 
tors in response to changes in serum osmoticity. Osmotic 
changes also serve as a stimulus to moderate thirst. This mech- 
anism is sufficiently sensitive to limit variations in osmoticity 
in the normal individual to less than about 1%. Body fluid 
continually oscillates within this narrow range. An increase of 
plasma osmoticity of 1% will stimulate ADH release, result in 
reduction of urine flow, and, at the same time, stimulate thirst 
that results in increased water intake. Both the increased renal 
reabsorption of water (without solute) stimulated by circulat- 
ing ADH and the increased water intake tend to lower serum 
osmoticity. 

The transfer of water through the cell membrane occurs so 
rapidly that any lack of osmotic equilibrium between the two 
fluid compartments in any given tissue usually is corrected 
within a few seconds and, at most, within a minute or so. 
However, this rapid transfer of water does not mean that 
complete equilibration occurs between the extracellular and 
intracellular compartments throughout the entire body within 
this same short period of time. The reason is that fluid usually 
enters the body through the gut and then must be transported 
by the circulatory system to all tissues before complete equili- 
bration can occur. In the normal person it may require 30 to 60 
min to achieve reasonably good equilibration throughout the 
body after drinking water. Osmoticity is the property that 
largely determines the physiological acceptability of a variety 
of solutions used for therapeutic and nutritional purposes. 

Pharmaceutical and therapeutic consideration of osmotic 
effects has been, to a great extent, directed toward the side 
effects of ophthalmic and parenteral medicinals due to abnor- 
mal osmoticity, and either to formulating to avoid the side 
effects or to finding methods of administration to minimize 
them. More recently this consideration has been extended to 
total (central) parenteral nutrition, to enteral hyperalimenta- 
tion (“tube” feeding), and to concentrated-fluid infant formu- 
las.t Also, in recent years, the importance of osmometry of 
serum and urine in the diagnosis of many pathological condi- 
tions has been recognized. 

There are a number of examples of the direct therapeutic 
effect of osmotic action, such as the intravenous (IV) use of 
mannitol as a diuretic that is filtered at the glomeruli and thus 
increases the osmotic pressure of tubular urine. Water must 
then be reabsorbed against a higher osmotic gradient than 
otherwise, so reabsorption is slower and diuresis is observed. 
The same fundamental principle applies to the IV administra- 
tion of 30% urea used to affect intracranial pressure in the 
control of cerebral edema. Peritoneal dialysis fluids tend to be 
somewhat hyperosmotic to withdraw water and nitrogenous 
metabolites. Two to five percent sodium chloride solutions or 
dispersions in an oleaginous base (Muro, Bausch & Lomb) and 
a 40% glucose ointment are used topically for corneal edema. 
Ophthalgan (Wyeth-Ayerst) is ophthalmic glycerin employed for 
its osmotic effect to clear edematous cornea to facilitate an 
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ophthalmoscopic or gonioscopic examination. Glycerin solu- 
tions in 50% concentration Osmoglyn (Alcon) and isosorbide 
solution Ismotic (Alcon) are oral osmotic agents for reducing 
intraocular pressure. 

The osmotic principle also applies to plasma extenders such 
as polyvinylpyrrolidone and to saline laxatives such as magne- 
sium sulfate, magnesium citrate solution, magnesium hydrox- 
ide (via gastric neutralization), sodium sulfate, sodium phos- 
phate, and sodium biphosphate oral solution and enema (Fleet). 

An interesting osmotic laxative that is a nonelectrolyte is a 
lactulose solution. Lactulose is a nonabsorbable disaccharide 
that is colon-specific, wherein colonic bacteria degrade some of 
the disaccharide to lactic and other simple organic acids. These, 
in toto, lead to an osmotic effect and laxation. An extension of 
this therapy is illustrated by Cephulac (Marion Merrell Dow) 
solution, which uses the acidification of the colon via lactulose 
degradation to serve as a trap for ammonia migrating from the 
blood to the colon. The conversion of ammonia of blood to the 
ammonium ion in the colon ultimately is coupled with the 
osmotic effect and laxation, thus expelling undesirable levels of 
blood ammonia. This product is employed to prevent and treat 
frontal systemic encephalopathy. 

Osmotic laxation is observed with the oral or rectal use of 
glycerin and sorbitol. Epsom salt has been used in baths and 
compresses to reduce edema associated with sprains. Another 
approach is the indirect application of the osmotic effect in 
therapy via osmotic pump drug delivery systems.” 


OSMOLALITY AND OSMOLARITY 

SRDS RTS ST RE TE EET 
It is necessary to use several additional terms to define expres- 
sions of concentration in reflecting the osmoticity of solutions. 
The terms include osmolality, the expression of osmolal 
concentration, and osmolarity, the expression of osmolar 
concentration. 

OSMOLALITY—A solution has an osmolal concentration 
of one when it contains 1 osmol of solute/kg of water. A solution 
has an osmolality of n when it contains n osmol/kg of water. 
Osmolal solutions, like their counterpart molal solutions, re- 
flect a weight-to-weight relationship between the solute and 
the solvent. Because an osmol of any nonelectrolyte is equiva- 
lent to 1 mol of that compound, then a 1 osmolal solution is 
synonymous to a 1 molal solution for a typical nonelectrolyte. 

With a typical electrolyte like sodium chloride, 1 osmol is 
approximately 0.5 mol of sodium chloride. Thus, it follows that 
a 1 osmolal solution of sodium chloride essentially is equivalent 
to a 0.5 molal solution. Recall that a 1 osmolal solution of 
dextrose or sodium chloride each will contain the same particle 
concentration. In the dextrose solution there will be 6.02 107° 
molecules/kg of water and in the sodium chloride solution one 
will have 6.02 x 107° total ions/kg of water, one-half of which 
are Na’ ions and the other half Cl ions. 

As in molal solutions, osmolal solutions usually are em- 
ployed where quantitative precision is required, as in the mea- 
surement of physical and chemical properties of solutions (Je, 
colligative properties). The advantage of the w/w relationship 
is that the concentration of the system is not influenced by 
temperature. 

OSMOLARITY—tThe relationship observed between mo- 
lality and osmolality is shared similarly between molarity and 
osmolarity. A solution has an osmolar concentration of 1 when 
it contains 1 osmol of solute per liter of solution. Likewise, a 
solution has an osmolarity of n when it contains n osmols/L of 
solution. Osmolar solutions, unlike osmolal solution, reflect a 
weight in volume relationship between the solute and final 
solution. A 1 molar and 1 osmolar solution would be identical 
for nonelectrolytes. For sodium chloride a 1 osmolar solution 
would contain 1 osmol of sodium chloride per liter which ap- 
proximates a 0.5 molar solution. The advantage of employing 
osmolar concentrations over osmolal concentrations is the abil- 
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ity to relate a specific number of osmols or milliosmols to a 
volume, such as a liter or milliliter. Thus, the osmolar concept 
is simpler and more practical. Volumes of solution, rather than 
weights of solution, are more practical in the delivery of liquid 
dosage forms. 

Many health professionals do not have a clear understand- 
ing of the difference between osmolality and osmolarity. In fact, 
the terms have been used interchangeably. A 1 osmolar solu- 
tion of a solute always will be more concentrated than a 1 
osmolal solution. With dilute solutions the difference may be 
acceptably small. For example, a 0.9% w/v solution of sodium 
chloride in water contains 9 g of sodium chloride/L of solution, 
equivalent to 0.308 osmolar; or 9 g of sodium chloride/996.5 g of 
water, equivalent to 0.309 osmolal, less than a 1% error. For 
concentrated solutions the percent difference between osmolar- 
ity and osmolality is much greater and may be highly signifi- 
cant; 3.5% for 5% w/v dextrose solution and 25% for 25% w/v 
dextrose solution. One should be alerted to the sizable errors 
that may occur with concentrated solutions or fluids, such as 
those employed in total parenteral nutrition, enteral hyperali- 
mentation, and oral nutritional fluids for infants. 

Reference has been made to the terms hypertonic and hy- 
potonic. Analogous terms are hyperosmotic and hypo-osmotic. 
Assuming normal serum osmolality to be 285 mOsmol/kg, as 
serum osmolality increases due to water deficit, the following 
signs and symptoms usually are found to accumulate progres- 
sively at approximately these values: 294 to 298 —thirst (if the 
patient is alert and communicative); 299 to 3183—dry mucous 
membranes; 314 to 329—weakness, doughy skin; above 330 — 
disorientation, postural hypotension, severe weakness, faint- 
ing, CNS changes, stupor, and coma. As serum osmolality 
decreases due to water excess the following may occur: 275 to 
261—headache; 262 to 251—drowsiness, weakness; 250 to 
233— disorientation, cramps; below 233—seizures, stupor, and 
coma. 

As indicated previously, the mechanisms of the body ac- 
tively combat such major changes by limiting the variation in 
osmolality for normal individuals to less than about 1% (ap- 
proximately in the range 282 to 288 mOsmol/kg, based on the 
above assumption). 

The value given for normal serum osmolality above was 
described as an assumption because of the variety of values 
found in the literature. Serum osmolality often is stated loosely 
to be about 300 mOsmol/L. Various references report 280 to 
295 mOsmol/L, 275 to 300 mOsmol/L, 290 mOsmol/L, 306 
mOsmol/L, and 275 to 295 mOsmol/kg. 

In recent years, much attention has been directed at deter- 
mining osmoticity of total parenteral nutrition solutions, en- 
teral formulas, and parenteral and enteral medications.*° 
Hyperosmoticity of parenteral and enteral formulas and med- 
ications serves as an indicator for potential risks, including 
thrombophlebitits, pain at injection site, diarrhea, and abdom- 
inal cramping. However, the terms osmolality and osmolarity 
often have been used interchangeably and caused much confu- 
sion for practitioners. Often, when the term osmolarity is used, 
one cannot discern whether this simply is incorrect termi- 
nology, or if osmolarity actually has been calculated from 
osmolality. 

Another current practice that can cause confusion is the use 
of the terms normal or physiological for isotonic sodium chlo- 
ride solution (0.9%). The solution surely is iso-osmotic. How- 
ever, as to being physiological, the concentration of ions are 
each of 154 mEq/L whereas serum contains about 140 mEq of 
sodium and about 103 mEq of chloride. 

The range of mOsmol values found for serum raises the 
question as to what really is meant by the terms hypotonic and 
hypertonic for medicinal and nutritional fluids. One can find 
the statement that fluids with an osmolality of 50 mOsmol or 
more above normal are hypertonic; and, if they are 50 mOsmol 
or more below normal, they are hypotonic. One also can find the 
statement that peripheral infusions should not have an osmo- 
larity exceeding 700 to 800 mOsmol/L.° Examples of osmol 


concentrations of solutions used in peripheral infusions are 
(D5W) 5% dextrose solution, 252 mOsmol/L; (D10W) 10% dex- 
trose solution, 505 mOsmol/L; and Lactated Ringer’s 5% Dex- 
trose, 525 mOsmol/L. When a fluid is hypertonic, undesirable 
effects often can be decreased by using relatively slow rates of 
infusion, and/or relatively short periods of infusion. For exam- 
ple, 25% dextrose solution (D25W)—4.25% Amino Acids is a 
representative of a highly osmotic hyperalimentation solution. 
It has been stated that when osmolal loading is needed, a 
maximum safe tolerance for a normally hydrated subject would 
be an approximate increase of 25 mOsmol/kg of water over 4 
hours.’ 


COMPUTATION OF OSMOLARITY 


Several methods are used to obtain numerical values of osmo- 
larity. The osmolar concentration, sometimes referred to as the 
theoretical osmolarity, is calculated from the w/v concentration 
using the following equation: 


1000 mOsmol 


osmol - L 


g mols’ osmol mOsmol 


on g * mol 


(1) 


The number of osmol/mol is equal to 1 for nonelectrolytes 
and is equal to the number of ions per molecule for strong 
electrolytes. 

This calculation omits consideration of factors such as sol- 
vation and interionic forces. By this method of calculation, 0.9% 
sodium chloride has an osmolar concentration of 308 mOsmol/L 
and a concentration of 154 mOsmol/L in either sodium or 
chloride ion. 

Two other methods compute osmolarity from values of os- 
molality. The determination of osmolality will be discussed 
later. One method has a strong theoretical basis of physical- 
chemical principles® using values of the partial molal volume(s) 
of the solute(s). A 0.9% sodium chloride solution, found exper- 
imentally to have an osmolality of 286 mOsmol/kg, was calcu- 
lated to have an osmolarity of 280 mOsmol/L, rather different 
from the value of 308 mOsmol/L calculated as above. The 
method, using partial molal volumes, is relatively rigorous, but 
many systems appear to be too complex and/or too poorly de- 
fined to be dealt with by this method. 

The other method is based on calculating the weight of 
water from the solution density and concentration 

g water 


g solution g solute 


mL solution mbLsolution mL solution 


then 
: mOsmol 
osmolarity L solution 
~ mOsmol g water 
= osmolality \ 7900 g water/ mL solution 


The experimental value for the osmolality of 0.9% sodium chlo- 
ride solution was 292.7 mOsmol/kg; the value computed for 
osmolarity was 291.4 mOsmol/L. This method uses easily ob- 
tained values of density of the solution and of its solute content 
and can be used with all systems. For example, the osmolality 
of a nutritional product was determined by the freezing-point 
depression method to be 625 mOsmol/kg;'° its osmolarity was 
calculated as 625 X 0.839 = 524 mOsmol/L. 

Monographs in the USP for solutions provide IV replenish- 
ment of fluid, nutrients, or electrolytes, and for osmotic diuret- 
ics such as Mannitol Injection, require the osmolar concentra- 
tion be stated on the label in osmol/L; however, when the 
contents are less than 100 mL, or when the label states the 
article is not for direct injection but is to be diluted before use, 


the label alternatively may state the total osmolar concentra- 
tion in mOsmol/mL. 


An example of the use of the first method described above is the 
computation of the approximate osmolar concentration (theoretical os- 
molarity) of a Lactated Ringer’s 5% Dextrose Solution (Abbott), which is 
labeled to contain, per liter, dextrose (hydrous) 50 g, sodium chloride 
6 g, potassium chloride 300 mg, calcium chloride 200 mg, and sodium 
lactate 3.1 g. Also stated is that the total osmolar concentration of the 
solution is approximately 524 mOsmol/L in part contributed by 130 
mq of Na*, 109 mEq of Cl, 4 mEq of K’, 3 mEq of Ca”*, and 28 mEq 
of lactate ion. 

The derivation of the osmolar concentrations from the stated com- 
position of the solution may be verified by calculations using Equa- 
tion 1. 


Dextrose 


1000 mOsmol 
Osmol 


50g 1mol_ 1 osmol 
L ~ 198g mol 


= 252 mOsmol/L 


Sodium Chloride 


1000 mOsmol 
osmol 


6g 1mol 2 osmol 
L ~ 584g mol 


= 205 


mOsmo] | (102.7 mOsmol Na*) 
L {102.7 mOsmol Cl-) 


Potassium Chloride 


1000 mOsmol 


osmol 


0.3g 1mol 2osmol 


L * 746g mol 


8.04 mOsmol | (4.02 mOsmol K*) 
v) L (4.02 mOsmol Cl-) 


Calcium Chloride 
1000 mOsmol 


osmol 


0.2g 1mol 3 osmol 
i dite mol 


5.41 mOsmol! | (1-80 mOsmol Ca?*) 
‘i L (3.61 mOsmol Cl-) 


Sodium Lactate 


1000 mOsmol 
osmol 


3.1g 1mol 2 osmol 
Me niae moi 


55.4 mOsmol ee mOsmol Na*) 


Fi L (27.7 mOsmol lactate) 


The total osmolar concentration of the five solutes in the solution is 
526, in good agreement with the labeled total osmolar concentration of 
approximately 524 mOsmol/L. 

The mOsmol of sodium in 1 L of the solution is the sum of the 
mOsmol of the ion from sodium chloride and sodium lactate: 102 + 
27.6 = 129.6 mOsmol. Chloride ions come from the sodium chloride, 
potassium chloride, and calcium chloride, the total osmolar concentra- 
tion being 102 + 4.02 + 3.61 = 109.6 mOsmol. The mOsmol values of 
potassium, calcium, and lactate are calculated to be 4.02, 1.80, and 27.6, 
respectively. 


The osmolarity of a mixture of complex composition, such as 
an enteral hyperalimentation fluid, cannot be calculated with 
any acceptable degree of certainty; therefore, the osmolality of 
such preparations should be determined experimentally. 


OSMOMETRY AND THE CLINICAL 
LABORATORY 


Serum and urine osmometry may assist in the diagnosis of 
certain fluid and electrolyte problems. However, osmometry 
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values have little meaning unless the clinical situation is 
known. Osmometry is used in renal dialysis as a check on the 
electrolyte composition of the fluid. In the clinical laboratory, 
as stated above, the term osmolality is used generally, but 
usually is reported as mOsmol/L. It may seem unnecessary to 
mention that osmolality depends not only on the number of 
solute particles, but also on the quantity of water in which they 
are dissolved. However, it may help one to understand the 
statement that the normal range of urine osmolality is 50 to 
1400 mOsmol/L, and for a random specimen is 500 to 800 
mOsmol/L. 


Serum Osmoticity 


Sodium is by far the principal solute involved in serum osmo- 
ticity. Therefore, abnormal serum osmoticity is most likely to 
be associated with conditions that cause abnormal sodium con- 
centration and/or abnormal water volume. 

Thus, hyperosmotic serum is likely to be caused by an in- 
crease in serum sodium and/or loss of water. It may be associ- 
ated with diabetes insipidus, hypercalcemia, diuresis during 
severe hyperglycemia, or with early recovery from renal shut- 
down. Alcohol ingestion is said to be the most common cause of 
the hyperosmotic state and of coexisting coma and the hyper- 
osmotic state. An example of hyperosmoticity is a comatose 
diabetic with a serum osmoticity of 365 mOsmol/L. 

In a somewhat analogous fashion, hypo-osmotic serum is 
likely to be due to decrease in serum sodium and/or excess of 
water. It may be associated with the postoperative state (espe- 
cially with excessive water replacement therapy), treatment 
with diuretic drugs and low-salt diet (as with patients with 
heart failure, cirrhosis, etc), adrenal disease (eg, Addison’s 
disease, adrenogenital syndrome), or SIADH (syndrome of in- 
appropriate ADH secretion). There are many diseases that 
cause ADH to be released inappropriately (ie, in spite of serum 
osmoticity and volume having been normal initially). These 
include oat-cell carcinoma of the lung, bronchogenic carcinoma, 
congestive heart failure, inflammatory pulmonary lesions, por- 
phyria, severe hypothyroidism, or cerebral disease (such as 
tumor, trauma, infection, and vascular abnormalities). It also 
may be found with some patients with excessive diuretic use. 
Serum and urine osmoticity are measured when SIADH is 
suspected. In SIADH there is hypo-osmoticity of the blood in 
association with a relative hyperosmoticity of urine. The usual 
cause is a malfunction of the normal osmotic response of osmo- 
receptors, an excess of exogenous vasopressin, or a production 
of a vasopressin-like hormone that is not under the regular 
control of serum osmoticity. The diagnosis is made by simulta- 
neous measurement of urine and serum osmolality. The serum 
osmolality will be lower than normal and much lower than the 
urine osmolality, indicating inappropriate secretion of a con- 
centrated urine in the presence of a dilute serum. 

Cardiac, renal, and hepatic disease characteristically reduce 
the sodium/osmolality ratio, this being partially attributed to 
the effects of increased blood sugar, urea, or unknown meta- 
bolic products. Patients in shock may develop disproportion- 
ately elevated measured osmolality compared to calculated 
osmolality, which points toward the presence of circulating 
metabolic products. 

There are several approximate methods for estimating se- 
rum osmolality from clinical laboratory values for sodium ion. 
They may be of considerable value in an emergency situation. 


1. Serum osmolality may be estimated from 


blood sugar BUN 7 
igebansQerio" 


mOsmol = (1.86 x sodium) + 


(Na in mEd/L, blood sugar and BUN in mg/100 mL). 
2. A quick approximation is 
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BS BUN 
mOsmol = 2 Na + 30 + 3 


3. The osmolality is usually, but not always, very close to two 
times the sodium reading plus 10. 


Urine Osmoticity 


The two main functions of the kidney are glomerular filtration 
and tubular reabsorption. Clinically, tubular function is mea- 
sured best by tests that determine the ability of the tubules to 
concentrate and dilute the urine. Tests of urinary dilution are 
not as sensitive in the detection of disease, as are tests of 
urinary concentration. As concentration of urine occurs in the 
renal medulla (interstitial fluids, loops of Henle, capillaries of 
the medulla, and collecting tubules), the disease processes that 
disturb the function or structure of the medulla produce early 
impairment of the concentrating power of the kidney. Such 
diseases include acute tubular necrosis, obstructive uropathy, 
pyelonephritis, papillary necrosis, medullary cysts, hypokale- 
mic and hypercalcemic nephropathy and sickle cell disease. 

Measurement of urine osmolality is an accurate test for the 
diluting and concentrating ability of the kidneys. In the ab- 
sence of ADH, the daily urinary output is likely to be 6 to 8 
liters or more. The normal urine osmolality depends on the 
clinical setting; normally, with maximum ADH stimulation, it 
can be as much as 1200 mOsmol/kg, and with maximum ADH 
suppression as little as 50 mOsmol/kg. Simultaneous determi- 
nation of serum and urine osmolality often is valuable in as- 
sessing the distal tubular response to circulating ADH. For 
example, if the patient’s serum is hyperosmolal, or in the upper 
limits of normal ranges, and the patient’s urine osmolality 
measured at the same time is much lower, a decreased respon- 
siveness of the distal tubules to circulating ADH is suggested. 

Measurement of urine osmolality during water restriction is 
an accurate, sensitive test of decreased renal function. For 
example, under the conditions of one test, normal osmolality 
would be greater than 800 mOsmol/kg. With severe impair- 
ment the value would be less than 400 mOsmol/kg. Knowledge 
of urine osmolality may point to a problem even though other 
tests are normal (eg, the Fishberg concentration test, blood 
urea nitrogen, PSP excretion, creatinine clearance, or IV py- 
elogram). Knowledge of its value may be useful especially in 
diabetes mellitus, essential hypertension, and silent pyelone- 
phritis. The urine/serum osmolality ratio should be calculated 
and should be equal to or greater than 3. 


UNDESIRABLE EFFECTS 
OF ABNORMAL OSMOTICITY 


a Ee] 
OPHTHALMIC MEDICATION—It is generally accepted 
that ophthalmic preparations intended for instillation into the 
cul-de-sac of the eye should, if possible, be approximately iso- 
tonic to avoid irritation (see Chapter 43). It also has been stated 
that the abnormal tonicity of contact lens solutions can cause 
the lens to adhere to the eye and/or cause burning or dryness 
and photophobia. 

PARENTERAL MEDICATION—Osmoticity is of great 
importance in parenteral injections, its effects depending on 
such factors as the degree of deviation from tonicity, the con- 
centration, the location of the injection, the volume injected, 
the speed of the injection, and the rapidity of dilution and 
diffusion, etc. When formulating parenterals, solutions other- 
wise hypotonic usually have their tonicity adjusted by the 
addition of dextrose or sodium chloride. Hypertonic parenteral 
drug solutions cannot be adjusted. Hypotonic and hypertonic 
solutions usually are administered slowly in small volumes, or 
into a large vein such as the subclavian, where dilution and 


distribution occur rapidly. Solutions that differ from the serum 
in tonicity generally cause tissue irritation, pain on injection, 
and electrolyte shifts, the effect depending on the degree of 
deviation from tonicity: 

Excessive infusion of hypotonic fluids may cause swelling of 
red blood cells, hemolysis, and water invasion of the body’s cells 
in general. When this is beyond the body’s tolerance for water, 
water intoxication results, with convulsions and edema, such 
as pulmonary edema. 

Excessive infusion of isotonic fluids can cause an increase 
in extracellular fluid volume, which can result in circulatory 
overload. 

Excessive infusion of hypertonic fluids leads to a wide vari- 
ety of complications. For example, the sequence of events when 
the body is presented with a large IV load of hypertonic fluid, 
rich in dextrose, is as follows: hyperglycemia, glycosuria and 
intracellular dehydration, osmotic diuresis, loss of water and 
electrolytes, dehydration, and coma. 

One cause of osmotic diuresis is the infusion of dextrose at a 
rate faster than the ability of the patient to metabolize it (as 
greater than perhaps 400 to 500 mg/kg per hour for an adult on 
total parenteral nutrition). A heavy load of unmetabolizable 
dextrose increases the osmoticity of blood and acts as a di- 
uretic; the increased solute load requires more fluid for excre- 
tion, 10 to 20 mL of water being required to excrete each gram 
of dextrose. Solutions such as those for total parenteral nutri- 
tion should be administered by means of a metered constant- 
infusion apparatus over a lengthy period (usually more than 24 
hr) to avoid sudden hyperosmotic dextrose loads. Such solu- 
tions may cause osmotic diuresis; if this occurs, water balance 
is likely to become negative because of the increased urinary 
volume, and electrolyte depletion may occur because of excre- 
tion of sodium and potassium secondary to the osmotic diure- 
sis. If such diuresis is marked, body weight falls abruptly and 
signs of dehydration appear. Urine should be monitored for 
signs of osmotic diuresis, such as glycosuria and increased 
urine volume. 

If the IV injection rate of hypertonic solution is too rapid, 
there may be catastrophic effects on the circulatory and respi- 
ratory systems. Blood pressure may fall to dangerous levels, 
cardiac irregularities or arrest may ensue, respiration may 
become shallow and irregular, and there may be heart failure 
and pulmonary edema. Probably the precipitating factor is a 
bolus of concentrated solute suddenly reaching the myocar- 
dium and the chemoreceptors in the aortic arch and carotid 
sinus.’ 

Abrupt changes in serum osmoticity can lead to cerebral 
hemorrhage. It has been shown experimentally that rapid in- 
fusions of therapeutic doses of hypertonic saline with osmotic 
loads produce a sudden rise in cerebrospinal fluid (CSF) pres- 
sure and venous pressure (VP) followed by a precipitous fall in 
CSF pressure. This particularly may be conducive to intracra- 
nial hemorrhage, as the rapid infusion produces an increase in 
plasma volume and venous pressure at the same time the CSF 
pressure is falling. During the CSF pressure rise, there is a 
drop in hemoglobin and hematocrit, reflecting a marked in- 
crease in blood volume. 

Hyperosmotic medications, such as sodium bicarbonate (os- 
molarity of 1560 at 1 mEq/mL), which are administered intra- 
venously, should be diluted prior to use and should be injected 
slowly to allow dilution by the circulating blood. Rapid push 
injections may cause a significant increase in blood osmoticity.® 

As to other possibilities, there may be crenation of red blood 
cells and general cellular dehydration. Hypertonic dextrose or 
saline infused through a peripheral vein with small blood vol- 
ume may traumatize the vein and cause thrombophlebitis. 
Infiltration can cause trauma and necrosis of tissues. Safety, 
therefore, demands that all IV injections, especially highly 
osmotic solutions, be performed slowly, usually being given 
preferably over a period not less than that required for a 
complete circulation of the blood, for example, 1 min. The exact 
danger point varies with the state of the patient, the concen- 


tration of the solution, the nature of the solute, and 
the rate of administration. 

Hyperosmotic solutions also should not be discontinued sud- 
denly. In dogs, marked increase in levels of intracranial pres- 
sure occur when hyperglycemia produced by dextrose infusions 
is reversed suddenly by stopping the infusion and administer- 
ing saline. It also has been shown that the CSF pressure in 
humans rises during treatment of diabetic ketoacidosis in as- 
sociation with a fall in the plasma concentration of dextrose 
and a fall in plasma osmolality. These observations may be 
explained by the different rates of decline in dextrose content of 
the brain and of plasma. The concentration of dextrose in the 
brain may fall more slowly than in the plasma, causing a shift 
of fluid from the extracellular fluid space to the intracellular 
compartment of the CNS, resulting in increased intracranial 
pressure. 


Clinical Applications 


Although there are many issues with abnormal osmoticity, 
most pharmacists are concerned with preventable adverse ef- 
fects such as thrombophlebitis and pain at the injection site. 
The understanding of these potential risks from hyperosmotic 
parenteral medications has fine-tuned IV administration tech- 
niques. The site of administration—peripheral versus central 
venous catheter—plays a significant role in determining the 
final concentration of parenteral medications infused IV. At- 
tention should be directed toward establishing the optimal 
osmolarity of [V administered parenteral medications via the 
peripheral venous route that will result in the least adverse 
effects. 

Since the introduction of parenteral nutrition support, hy- 
perosmoticity of these nutrition solutions remains a concern. 
The commonly accepted osmolarity of less than 900 mOsmol/L 
has been quoted for safe peripheral administration of paren- 
teral nutrition solutions.'!!* All attempts should be made to 
prepare solutions with osmoticity close to that of serum osmo- 
ticity or no greater than 900 mOsmol/L. This can be achieved 
by carefully selecting the diluent for dilution and determining 
the final concentration of the parenteral medication. Dextrose 
5% in Water for Injection and Sodium Chloride 0.9% have been 
used routinely as diluents. When comparing the two diluents, 
parenteral medications diluted with Dextrose 5% in Water for 
Injection have a lower osmolarity than do solutions diluted 
with Sodium Chloride 0.9% at the same final concentration. 

Several studies have been conducted to determine optimal 
final concentration of commonly used parenteral medica- 
tions.* ° The published final concentrations for most parenteral 
medications are recommended for peripheral as well as central 
venous catheter IV administration for patients with no special 
needs, such as fluid restriction. In the event that fluid restric- 
tion is required or the recommended final concentration is not 
achievable, the parenteral medication should be administered 
via a central venous catheter, where immediate dilution and 
distribution is achieved rapidly. This will minimize potential 
for the phlebitis and pain at the injection site. 

Osmoticity issues associated with parenteral medications 
are also applicable to total parenteral nutrition (TPN) solu- 
tions, especially via peripheral venous administration. Periph- 
eral parenteral nutrition support remains an integral part of 
therapeutic options for hospitalized patients. The peripheral 
route of administration often is preferred for patients who 
require short-term therapy or supplemental nutrition support. 

In clinical practice, however, many institutions use the ma- 
cronutrient dextrose as the sole determinant for the safety of 
peripheral parenteral nutrition administration. For example, 
the approximate osmolarity of dextrose is 50 mOsmol/% of 
dextrose. Thus, a 10% dextrose solution equals 500 mOsmol/L. 
It is assumed that with normal protein and micronutrient 
requirements, the final osmolarity is estimated to be approxi- 
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mately 900 mOsmol/L. Therefore, guidelines for most institu- 
tions recommend any parenteral nutrition solution with a dex- 
trose concentration less than or equal to 10% is safe for 
peripheral administration, irrespective of other components. 
Conversely, a parenteral nutrition solution with a final dex- 
trose concentration greater than 10% should not be adminis- 
tered peripherally and should be considered for central venous 
catheter administration. Although this method appears to be 
practical and provides quick decision-making ability, it ignores 
the contributions of the other components, restricts its validity 
to adult parenteral nutrition solutions with normal protein and 
micronutrient requirements, and does not address neonatal 
and pediatric parenteral nutrition solutions. Because of the 
different fluid and nutrient requirements of neonates and pe- 
diatric patients, the final concentration of dextrose and amino 
acids are generally greater to provide the calories and protein 
requirements in a smaller volume of liquid. For example, pro- 
tein requirements of neonates are much higher compared with 
adult requirements, 3 g/kg/day versus 1 g/k/day. Thus, the final 
percentage of amino acid in neonatal parenteral nutrition so- 
lution is generally higher. Coupled with an approximate osmo- 
larity of amino acid equal to 100 mOsmol/%, amino acids may 
contribute equally to the final osmolarity of a parenteral nu- 
trition solution. Therefore, components other than dextrose 
cannot be ignored. 

Currently, most institutions use automated compounding 
systems to prepare parenteral nutrition solutions. These sys- 
tems often are computerized and include programs that will 
calculate the osmolarity of the final parenteral nutrition solu- 
tion. This has helped clinicians determine the safety of paren- 
teral nutrition solutions with various macro- and micronutri- 
ent combinations, thereby accounting for all components of 
parenteral nutrition solutions. 


OSMOTICITY AND ENTERAL 
HYPERALIMENTATION 


Some aspects of nutrition are discussed briefly here because of 
the potential major side effects due to abnormal osmoticity of 
nutritional fluids, and because there exists increasing dialogue 
on nutrition among pharmacists, dietitians, nurses, and phy- 
sicians. The professional organization ASPEN (The American 
Society for Parenteral and Enteral Nutrition), for example, has 
a membership open to all of the above health practitioners. 
Pharmacists should be able to discuss these matters with other 
health professionals in terms of nutrition as well as medicine. 

Osmoticity has been of special importance in the IV infusion 
of large volumes of highly concentrated nutritional solutions. 
Their hyperosmoticity has been a major factor in the require- 
ment that they be injected centrally into a large volume of 
rapidly moving blood, instead of using peripheral infusion. Use 
of such solutions and knowledge of their value have led, more 
recently, to the use of similar formulations administered, not 
parenterally, but by instillation into some part of the GI tract, 
orally, by nasogastric tube, via feeding gastrostomy, or by 
needle-catheter jejunostomy. This method has given excellent 
total nutrition, for a period of time, to many patients and 
obviously avoids some of the problems associated with injec- 
tions. 

Enteral nutritional formulas can be modular, allowing indi- 
vidual supplementation of protein, carbohydrate, or fat. Other 
formulas are called defined formula diets and contain protein, 
carbohydrate, fat, minerals, and vitamins. These nutritionally 
complete formulations can be monomeric (or oligomeric), based 
on aminoacids, short peptides, and simple carbohydrates, or 
can be polymeric, based on complex protein and carbohydrates. 

These diets are necessarily relatively high in osmoticity 
because their smaller molecules result in more particles per 
gram than in normal foods. An example is a fluid consisting of 
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L-amino acids, dextrose oligosaccharides, vitamins (including 
fat-soluble vitamins), fat as a highly purified safflower oil or 
soybean oil, electrolytes, trace minerals, and water. As it con- 
tains fat, that component is not in solution and therefore 
should have no direct effect on osmoticity. However, the poten- 
tial for interactions can cause some significant changes in total 
particle concentration and indirectly affect the osmoticity.’° 

Although it is easily digested, dextrose contributes more 
particles than most other carbohydrate sources such as starch, 
and is more likely to cause osmotic diarrhea, especially with 
bolus feeding. Osmoticity is improved (decreased) by replacing 
dextrose with dextrose oligosaccharides (carbohydrates that 
yield on hydrolysis 2 to 10 monosaccharides). Flavoring also 
increases the osmoticity of a product, different flavors causing 
varying increases. 

Commercial diets are packaged as fluids or as powders for 
reconstitution. Reconstitution is usually with water. These 
products are categorized on caloric density, (calories/mL), pro- 
tein content, or osmolality (mOsm/kg of H,O). Parenteral nu- 
tritional products, on the other hand, are labeled in terms of 
osmolarity (mOsm/L). 

The enteric route for hyperalimentation frequently is over- 
looked in many diseases or post-trauma states, if the patient is 
not readily responsive to traditional oral feedings. Poor appe- 
tite, chronic nausea, general apathy, and a degree of somno- 
lence or sedation are common concomitants of serious disease. 
This frequently prevents adequate oral alimentation and re- 
sults in progressive energy and nutrient deficits. Often, sup- 
plementary feedings of a highly nutritious formula are taken 
poorly or refused entirely. However, the digestive and absorp- 
tive capabilities of the GI tract are frequently intact and, when 
challenged with appropriate nutrient fluids, can be used effec- 
tively. By using an intact GI tract for proper alimentation, the 
major problems of sepsis and metabolic derangement that re- 
late to IV hyperalimentation largely are obviated, and ade- 
quate nutritional support is simplified greatly. Because of this 
increased safety and ease of administration, the enteric route 
for hyperalimentation should be used whenever possible.‘4 

When certain foods are ingested in large amounts or as 
concentrated fluids, their osmotic characteristics can cause an 
upset in the normal water balance within the body. For a given 
weight of solute the osmolality of the solution is inversely 
proportional to the size of the particles. Nutritional compo- 
nents can be listed in an approximate order of decreasing 
osmotic effect per gram, as!” 


1. Electrolytes such as sodium chloride 

2. Relatively small organic molecules such as dextrose (glucose) and 
amino acids 

3. Dextrose oligosaccharides 

4. Starches 

5. Proteins 

6. Fats (as fats are not water soluble, they have no osmotic effect) 


Thus, in foods, high proportions of electrolytes, amino acids, 
and simple sugars have the greatest effect on osmolality and, 
as a result, on tolerance. The approximate osmolality of a few 
common foods and beverages is 


mOsmol/kg 
Whole milk 295 
Tomato juice 595 
Orange juice 935 
Ice cream 1150 


When nutrition of high osmoticity is ingested, large 
amounts of water will transfer to the stomach and intestines 
from the fluid surrounding those organs in an attempt to lower 
the osmoticity. The higher the osmoticity, the larger the 
amount of water required; a large amount of water in the GI 
tract can cause distention, cramps, nausea, vomiting, hyper- 
motility, and shock. The food may move through the tract too 
rapidly for the water to be reabsorbed, and result in diarrhea; 
severe diarrhea can cause dehydration. The hyperosmotic en- 


teral effects have been observed by the administration of un- 
diluted hypertonic oral medication.'®~'’ Table I from this work 
lists average osmolality values of some commercially available 
drug solutions and suspensions. Thus, there is some analogy to 
the effect of hyperosmotic IV infusions. 

Hyperosmotic feedings may result in mucosal damage in the 
GI tract. Rats given hyperosmotic feeding showed transient 
decrease in disaccharidase activity, and an increase in alkaline 
phosphatase activity. They also showed morphological alter- 
ations in the microvilli of the small intestines. After a period of 
severe gastroenteritis, the bowel may be unusually susceptible 
to highly osmotic formulas, and their use may increase the 
frequency of diarrhea. Infant formulas that are hyperosmotic 
may affect preterm infants adversely during the early neonatal 
period, and they may produce or predispose neonates to necro- 
tizing enterocolitis when the formulas delivered to the jejunum 
through a nasogastric tube. The body attempts to keep the 
osmoticity of the contents of the stomach and intestines at 
approximately the same level as that of the fluid surrounding 
them. As a fluid of lower osmoticity requires the transfer of less 
water to dilute it, it should be tolerated better than one of 
higher osmoticity. 

As to tolerance, there is a great variation from one individ- 
ual to another in sensitivity to the osmoticity of foods. The 
majority of patients receiving nutritional formulas, either 
orally or by tube, are able to tolerate feedings with a wide range 
of osmoticities when the formulas are administered slowly and 
when adequate additional fluids are given. However, certain 
patients are more likely to develop symptoms of intolerance 
when receiving fluids of high osmoticity. These include debili- 
tated patients, patients with GI disorders, pre- and postopera- 
tive patients, gastrostomy-and jejunostomy-fed patients, and 
patients whose GI tracts have not been challenged for an ex- 
tended period of time. Thus, osmoticity always should be con- 
sidered in the selection of the formula for each individual 
patient. 

With all products, additional fluid intake may be indicated 
for individuals with certain clinical conditions. Frequent feed- 
ings of small volume or a continual instillation (pumped) may 
be of benefit initially in establishing tolerance to a formula. For 
other than iso-osmotic formulas, feedings of reduced concentra- 
tion (osmolality less than 400 mOsmol/kg) also may be helpful 
initially if tolerance problems arise in sensitive individuals. 
Concentration and size of feeding then can be increased grad- 
ually to normal as tolerance is established. 

A common disturbance of intake encountered in elderly 
individuals relates to excess solid intake rather than to reduced 
water intake. For example, an elderly victim of a cerebral 
vascular accident who is being fed by nasogastric tube may be 
given a formula whose solute load requires a greatly increased 
water intake. Thus, tube feeding containing 120 g of protein 
and 10 g of salt will result in the excretion of more than 1000 
mOsmol of solute. This requires the obligatory excretion of a 
volume of urine between 1200 and 1500 mL when the kidneys 
are capable of normal concentration ability. As elderly individ- 
uals often have significant impairment in renal function, water 
loss as urine may exceed 2000 to 2500 mL per day. Such an 
individual would require 3 to 4 liters of water per day simply to 
meet the increased demand created by this high solute intake. 
Failure of the physician to provide such a patient with the 
increased water intake needed will result in a progressive 
water deficit that rapidly may become critical. The import- 
ance of knowing the complete composition of the tube feed- 
ing formulas used for incapacitated patients cannot be 
overemphasized. 


OSMOLALITY DETERMINATION 


The need for experimental determination of osmolality has 
been established. In regard to this there are four properties of 


solutions that depend only on the number of particles in the 
solution. They are osmotic-pressure elevation, boiling-point el- 
evation, vapor-pressure depression, and freezing-point depres- 
sion. These are called colligative properties and if one of them is 
known, the others can be calculated from its value. Osmotic- 
pressure elevation is the most difficult to measure satisfacto- 
rily. The boiling-point elevation may be determined, but the 
values are rather sensitive to changes in barometric pressure. 
Also, for an aqueous solution the molal boiling point elevation 
is considerably less than the freezing-point depression. Thus, it 
is less accurate than the freezing-point method. Determina- 
tions of vapor-pressure lowering are quite easy, rapid, and 
convenient. A vapor pressure osmometer with a precision of < 2 
mOsmol/kg is reported by Dickerson et al.’° Another commonly 
used method is that of freezing-point depression, which can be 
determined quite readily with a fair degree of accuracy (see 
Freezing-Point Depression in Chapter 16). It should be noted 
that the data in Appendix A can be converted readily to vapor- 
pressure lowering if desired. 

The results of investigations by Lund et al'® indicate that 
the freezing point of normal, healthy human blood is —0.52°. 
Inasmuch as water is the medium in which the various constit- 
uents of blood are either suspended or dissolved in this method, 
it is assumed that any aqueous solution freezing at —0.52° is 
tsotonic with blood. Now it is rare that a simple aqueous solu- 
tion of the therapeutic agent to be injected parenterally has a 
freezing point of —0.52°, and to obtain this freezing point it is 
necessary either to add some other therapeutically inactive 
solute if the solution is hypotonic (freezing point above —0.52°) 
or to dilute the solution if it is hypertonic (freezing point below 
—0.52°). The usual practice is to add either sodium chloride or 
dextrose to adjust hypotonic parenteral solutions to isotonicity. 
Certain solutes, including ammonium chloride, boric acid, 
urea, glycerin, and propylene glycol, cause hemolysis even 
when they are present in a concentration that is iso-osmotic, 
and such solutions obviously are not isotonic. See Appendix A. 

In a similar manner solutions intended for ophthalmic use 
may be adjusted to have a freezing point identical to that of 
lacrimal fluid, namely —0.52°. Ophthalmic solutions with 
higher freezing points usually are made isotonic by the addi- 
tion of boric acid or sodium chloride. 

In laboratories where the necessary equipment is available, 
the method usually followed for adjusting hypotonic solutions 
is to determine the freezing-point depression produced by the 
ingredients of a given prescription or formula, and then to add 
a quantity of a suitable inert solute calculated to lower the 
freezing point to —0.52°, whether the solution is for parenteral 
injection or ophthalmic application. A final determination of 
the freezing-point depression may be made to verify the accu- 
racy of the calculation. If the solution is hypertonic, it must be 
diluted if an isotonic solution is to be prepared, but it must be 
remembered that some solutions cannot be diluted without 
impairing their therapeutic activity. For example, solutions 
to be used for treating varicose veins require a high concentra- 
tion of the active ingredient (solute) to make the solution effec- 
tive. Dilution to isotonic concentration is not indicated in such 
cases. 


FREEZING-POINT CALCULATIONS 
a a 0 TE TO 
As explained in the preceding section, freezing-point data often 
may be employed in solving problems of isotonicity adjustment. 
Obviously, the utility of such data is limited to those solutions 
where the solute does not penetrate the membrane of the tissue 
(eg, red blood cells) with which it is in contact. In such cases, 
Appendix A, which gives the freezing-point depression of solu- 
tions of different concentrations of various substances, provides 
information essential for solving the problem. 

For most substances listed in the table, the concentration of 
an isotonic solution (one that has a freezing point of —0.52°) is 
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given. If this is not listed in the table, it may be determined 
with sufficient accuracy by simple proportion using, as the 
basis for calculation, the figure that most nearly produces an 
isotonic solution. Actually the depression of the freezing point 
of a solution of an electrolyte is not absolutely proportional to 
the concentration but varies according to dilution; for example, 
a solution containing 1 g of procaine hydrochloride in 100 mL 
has a freezing-point depression of 0.12°, whereas a solution 
containing 3 g of the same salt in 100 mL has a freezing-point 
depression of 0.33°, not 0.36° (3 X 0.12°). Because the adjust- 
ment to isotonicity need not be absolutely exact, approxima- 
tions may be made. Nevertheless, adjustments to isotonicity 
should be as exact as practicable. 

EFFECT OF SOLVENTS—Besides water, certain other 
solvents frequently are employed in nose drops, ear drops, and 
other preparations to be used in various parts of the body. 
Liquids such as glycerin, propylene glycol, or alcohol may com- 
pose part of the solvent. In solving isotonicity adjustment prob- 
lems for such solutions, it should be kept in mind that these 
solvent components contribute to the freezing-point depression 
but they may or may not have an effect on the tone of the tissue 
to which they are applied; thus, an iso-osmotic solution may not 
be isotonic. In such cases, it is apparent that the utility of the 
methods described above—or for that matter, of any other 
method of evaluating tonicity—is questionable. 


TONICITY TESTING BY OBSERVING 
ERYTHROCYTE CHANGES 


Observation of the behavior of human erythrocytes when sus- 
pended in a solution is the ultimate and direct procedure for 
determining whether the solution is isotonic, hypotonic, or 
hypertonic. If hemolysis or marked change in the appearance of 
the erythrocytes occurs, the solution is not isotonic with the 
cells. If the cells retain their normal characteristics, the solu- 
tion is isotonic. 

Hemolysis may occur when the osmotic pressure of the fluid 
in the erythrocytes is greater than that of the solution in which 
the cells are suspended, but the specific chemical reactivity of 
the solute in the solution often is far more important in pro- 
ducing hemolysis than is the osmotic effect. There is no certain 
evidence that any single mechanism of action causes hemoly- 
sis. The process appears to involve such factors as pH, lipid 
solubility, molecular and ionic sizes of solute particles, and 
possibly inhibition of cholinesterase in cell membranes and 
denaturing action on plasma membrane protein. 

Some investigators test the tonicity of injectable solutions 
by observing variations of red blood cell volume produced by 
these solutions. This method appears to be more sensitive to 
small differences in tonicity than those based on observation of 
a hemolytic effect. Much useful information concerning the 
effect of various solutes on erythrocytes has been obtained by 
this procedure. 


METHODS OF ADJUSTING TONICITY 


There are several methods for adjusting the tonicity of an 
aqueous solution, provided, of course, that the solution is hy- 
potonic when the drug and additives are dissolved. The most 
prominent of these methods are the freezing-point depression 
method, the sodium chloride equivalent method, and the iso- 
tonic solution V-value method. The first two of these methods 
can be used with a three-step problem-solving process based on 
sodium chloride. 

1. Identify a reference solution and the associated tonicity parameter. 
2. Determine the contribution of the drug(s) and additive(s) to the 

total tonicity. 
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3. Determine the amount of sodium chloride needed by subtracting 
the contribution of the actual solution from the reference solution. 


The result of the third step also indicates whether the actual 
solution is hypotonic, isotonic, or hypertonic. If the actual so- 
lution contributes less to the total tonicity than the reference 
solution, then the actual solution is hypotonic. If, however, the 
actual solution contributes a greater amount to tonicity than 
the reference solution, the actual solution is hypertonic and can 
be adjusted to isotonicity only by dilution. This may not be 
possible on therapeutic grounds. 

The amount of sodium chloride resulting in the third step 
also can be converted into an amount of other materials, such 
as dextrose, to render the actual solution isotonic. 

FREEZING-POINT-DEPRESSION METHOD—The freezing- 
point method makes use of a D value (found in Appendix A) 
which has the units of degree centigrade/(x% drug). For exam- 
ple, in Appendix A, dexamethasone sodium phosphate has D 
values of 0.050°/(0.5% drug), 0.180°/(2.0% drug), 0.52°/(6.75% 
drug), etc. It is apparent that the D value is nearly proportional 
to concentration. If a D value is needed for a concentration of 
drug not listed in Appendix A, a D value can be calculated from 
the appendix by direct proportion, using a D value closest to the 
concentration of drug in the actual solution. 

The reference solution for the freezing-point-depression 
method is 0.9% sodium chloride, which has a freezing-point 
depression of AT; = 0.52°. Using the three steps described 
above, the dexamethasone sodium phosphate solution in Ex- 
ample 1 can be rendered isotonic as follows: 


Example 1 
Dexamethasone Sodium Phosphate 0.1% 


Purified Water qs 30 mL 
Mft Isotonic Solution 


Step 1—Reference solution: 0.9% sodium chloride. 

AT; = 0.52° 

D = 0.050°/0.5% (dexamethasone sod phosphate) 
Step 2—Contribution of drug. 


0.050° 


ween ‘ ¥ c 
0.5% drug x 0.1% drug = 0.010 


Step 3—Reference solution — Actual solution. 
052° = 10/002 = 10-5 1° 
Sodium chloride needed. 


0.9% NaCl 


Os 0, 
Onan 0.51° = 0.883% NaCl 


0.883 g NaCl BOL Momes en 
100 mL x mL = 0.265 g NaCl 


The above solution could be made isotonic with any appropriate mate- 
rial other than sodium chloride by using the D value for that material. 
For example, to make the solution isotonic with dextrose with a D value, 
D = 0.091°/1%; 


1% Dextrose 
0.091° 


x 0.51° = 5.60% Dextrose 


5.60 g Dextrose 
ae oO mL = 1:68) g, Dextrose 


100 mL 
Example 2 
Naphazoline HCl (N.HCl) 0.02% 
Zinc Sulfate 0.25% 
Purified Water qs 30 mL 


Mft Isotonic solution 


Step 1—Reference solution: 0.9% sodium chloride. 
AT, = 0.52° 
D = 0.14°/1% (naphazoline HCl) 
D = 0.086°/1% (zine sulfate) 


Step 2—Contribution of drugs. 


0.14° 
pero - 4 Re 
1% N.HCl x 0.02% N.HCI = 0.003 
DLs amoncw avanti ow 
1% ZnSO, x U.20% 4N904 = VU. 


0.003° + 0.022° = 0.025° 
Step 3—Reference solution—actual solution. 
0.52° — 0.025° = 0.495° 


Sodium chloride needed. 


00% NaC) 495° = 0.857% NaCl 
09° * 0-495" = 0.857% Na 
O80 @ NEC da iene leas 
100; ileus deme Ae ceal 


The above solution could be made isotonic with any appropriate mate- 
rial other than sodium chloride by using the D value for that material. 
For example, to make the solution isotonic with dextrose with a D value, 
D = 0.091°/1%; 


1% Dextrose 


co 0 “s 
0.091° x 0.495° = 5.44% Dextrose 


5.44 g Dextrose 
100 mL 


SODIUM CHLORIDE EQUIVALENT METHOD-—A so- 
dium chloride equivalent, E value, is defined as the weight of 
sodium chloride that will produce the same osmotic effect as 1 g 
of the drug. For example, in Appendix A, dexamethasone so- 
dium phosphate has an E£ value of 0. 18 g NaCl/g drug at 0.5% 
drug concentration, 0.17 g NaCl/g drug at 1% drug concentra- 
tion and a value of 0.16 g NaCl/g drug at 2% drug. This slight 
variation in the sodium chloride equivalent with concentration 
is due to changes in interionic attraction at different concen- 
tration of drug; the E value is not directly proportional to 
concentration as was the freezing-point-depression. 

The reference solution for the sodium chloride equivalent 
method is 0.9% sodium chloride as it was for the freezing-point- 
depression method. 

The dexamethasone sodium phosphate solution in Example 
1 can be rendered isotonic using the sodium chloride equivalent 
method as follows: 


x 30 mL = 1.63 g Dextrose 


Example 1 


Dexamethasone Sodium Phosphate 0.1% 
Purified Water qs 30 mL 
Mft Isotonic Solution 


Step 1—Reference solution: 0.9% sodium chloride. 


0.9gNaCl_ iP: 
100 mL x 30 mL = 0.270 g NaCl 
E = 0.18 g NaCl/g drug 

Step 2—Contribution of drug. 


0.18 g NaCl 
1 g drug 


0.1 g drug 
100 mL 


x 30 mL = 0.0054 g NaCl 


Step 3—Reference solution — Actual solution. 
0.270 g NaCl — 0.0054 g NaCl = 0.265 g NaCl 


The above solution can be made isotonic with a material other than 
sodium chloride, such as dextrose, by using the E value of that material. 
For example, to make the solution isotonic with dextrose, E = 0.16 g 
NaCl/g dextrose, the amount of sodium chloride needed in Step 3, can be 
converted to dextrose as follows: 


1 g Dextrose 
x 0.265 g NaCl = 1.66 g Dextrose 


0.16 g NaCl 
Example 2 
Naphazoline HCl (N.HCl) 0.02% 
Zinc Sulfate 0.25% 
Purified Water qs 30 mL 


Mft Isotonic Solution 


Step 1—Reference solution: 0.9% sodium chloride. 


0.9 g NaCl 


100 mL x 30 mL = 0.270 g NaCl 
E = 0.27 g NaCl/g N.HCl 


E = 0.15 g NaCl/g ZnSO, 


Step 2—Contribution of drugs. 


0.27 gNaCl 0.02 gN.HCL 5 aPC 

Samay wenooml:, 9 Oe eee Nat 
0.15 g NaCl 0.25 g ZnSO, Bom SOE Neel 
mre 00m OO ee ee 


0.002 g NaCl + 0.011 g NaCl = 0.013 g NaCl 
Step 3—Reference solution—actual solution. 
0.270 g NaCl — 0.013 g NaCl = 0.257 g NaCl 


The above solution can be made isotonic with a material other than 
sodium chloride, such as dextrose, by using the F value of that material. 
For example, to make the solution isotonic with dextrose, HE = 0.16 g 
NaCl/g dextrose, the amount of sodium chloride needed in Step 3 can be 
converted to dextrose as follows: 


1 g Dextrose 


0.16 g NaCl x 0.257 g NaCl = 1.61 g Dextrose 


ISOTONIC SOLUTION V VALUES—The V value of a 
drug is the volume of water to be added to a specified weight of 
drug (0.3 g or 1.0 g, depending on the table used) to prepare an 
isotonic solution. Appendix B gives such values for some com- 
monly used drugs. The reason for providing data for 0.3 g of 
drug is for convenience in preparing 30 mL (approximately 1 
fluidounce) of solution, a commonly prescribed volume. The 
basic principle underlying the use of V values is to prepare an 
isotonic solution of the prescribed drug and then dilute this 
solution to final volume with a suitable isotonic vehicle. 

The two solutions in the previous examples can be prepared 
as follows using the V-value method: 


Example 1 


Dexamethasone Sodium Phosphate 0.1% 
Purified Water qs 30 mL 
Mft Isotonic Solution 


Step 1—The V value for dexamethasone sodium phosphate can be 
calculated from the sodium chloride equivalent, E, as outlined in the 
footnote in Appendix B. 


100 mL Soln 


0.17 g NaCl 
0.9gNacl * 


nate x 0.3 g drug = 5.67 mL Soln 
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for a dilute solution: 


5.67 mL Soln = 5.67 mL H,O .. V = (5.67 mL H,0)/(0.3 g drug) 
Step 2—Amount of drug needed. 


0.1 g drug 


100 mL x 30 mL = 0.030 g drug 


Volume of water neeced to prepare an isotonic solution. 


5.67 mL H.O 


Old g dross x 0.030 g drug = 0.57 mL H:0 

Step 3—To prepare the solution, dissolve 0.030 g of drug in 0.57 mL 
water, and qs to volume with a suitable isotonic vehicle such as 0.9% 
sodium chloride solution, 5.51% dextrose, or an isotonic phosphate 
buffer. 


Example 2 

Naphazoline HCl (N.HC}l) 0.02% 
Zinc Sulfate 0.25% 
Purified Water qs 30 mL 


Mft Isotonic Solution 


Step 1—The V value for naphazoline HCl can be calculated from the 
sodium chloride equivalent, HZ, as outlined in the footnote in Appendix 
B; the V value for zinc sulfate is taken directly from Appendix B. 


100 mL Soln 
0.9 g NaCl 


0.27 g NaCl 
1 gN.HCI 


x 0.3 g N.HCl = 9.00 mL Soln 


for a dilute solution: 
9.00 mL Soln = 9.00 mL H,O..V = (9.00 mL H,O)/(0.3 g N.HCl) 


V = 5.00 mL H,0/0.3 g ZnSO, 
Step 2—Amount of drugs needed. 


0.02 g N.HCl 


100 mL x 30 mL = 0.006 g N.HCI 


0.25 g ZnSO, 


: = 1 S 
100 mL x 30 mL = 0.075 g ZnSO, 


Volume of water needed to prepare an isotonic solution. 


9.00 mL HO 


03 gNHC x 0.006 g drug = 0.18 mL H,0 


5.00 mL H,0 


.075 g ZnSO, = 1.25 mL H,O0 
OBgmsome ee nSO4 > mL Hy 

Step 3—To prepare the solution, dissolve 0.006 g of naphazoline HCl 
and 0.075 g zinc sulfate in 1.43 mL water, and qs to volume with a 
suitable isotonic vehicle such as 0.9% sodium chloride solution, 5.51% 
dextrose, or an isotonic phosphate buffer. 
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Appendix A—Sodium Chloride Equivalents, Freezing-Point Depressions, and Hemolytic Effects of Certain 


Medicinals in Aqueous Solution 


0.5% 1% 2% 3% 5% Iso-osmotic Concentration? 

E D E D E D E D E D % E D H pH 
Acetrizoate methylglucamine 0.09 0.08 0.08 0.08 0.08 12.12 0.07 0 eal 
Acetrizoate sodium 0.107 0!027 0:10 01055" 0:10" O09 010M Om635.01050:2739 96451009 RO >2aao 6.9" 
Acetylcysteine 0.20, 01055) 0:20) 01 18) 40.205) 102275020 0I341 4:58 0:20 ‘052500520 
Adrenaline HCl 4.24 68 4.5 
Alphaprodine HCl O79 0:0535 0719 0 OSa ONS O 212 Os Sars 1.5 4.98 0.18 052 100 5.3 
Alum (potassium) 0.18 0.15 0.15 6.35 O14, S244 
Amantadine HCl 0.31 0.090 0.31 0.180 0.31 0.354 2.95 0:31 O:SZeeo 5.7 
Aminoacetic acid 0.42 0.119 0.41 0.235 0.41 0.470 2.20, 0.41 (0:52eROF 6.2 
Aminohippuric acid OAS OL0S5) On3)910:075 
Aminophylline 0.098° 
Ammonium carbonate 0.70 0.202 0.70 0.405 1:29) 05/0) 5 0:52aanor Yow! 
Ammonium chloride te 0:3) 1:12" SO S2aaos 5.0 
Ammonium lactate 0:33) 010930 S35 ONSSiemC som OS70 2/6 10:33) 0:52aS 5s 
Ammonium nitrate 0.69 0.200 0.69 0.400 1:30) 10569 052aemon 5:3 
Ammonium phosphate, dibasic 0.58 0.165 0.55 0.315 1.76; .0:5)1 © 0:52aam0 129) 
Ammonium sulfate O555 051585 0550315 1.68 054 052 0 5:3 
Amobarbital sodium 0.25 0.143° 0.25 3.6, (0:25, 0:52a0 9.3 
d-Amphetamine HCl 2.64 98 Se) 
Amphetamine phosphate 0.34 0.20 0.27 0.47 3:47 0.26, 05250 45 
Amphetamine sulfate 0.22 0.129% 0.21 0.36 4.23 0.21 0:52 0 Ba 
Amprotropine phosphate 5.90 0 4.2 
Amylcaine HCl 0.22 0.19 4.98 0.18 100 5.6 
Anileridine HCl O19 OL052 ee ORS OF 10455 OMS O21 2eO she Os On On San O09 mEo als 05252 2.6 
Antazoline phosphate 6.05 90 4.0 
Antimony potassium tartrate 0.18 nls} 0.10 
Antipyrine OM OF10 0:14 0124 0:14 (0:40 6:81 0.13) O:S250CRom 
Apomorphine HCl 0.14 0.080° 
Arginine glutamate O17" 10048) O17" 01097" O17, (0'195 O79 0292 0M 0:487995.3)7 0) 170 >a 6.9 
Ascorbic acid 0.105° 5:05) 0:52?) 100 eae 
Atropine methylbromide 0.14 0.13 0.13 703m OnlS 
Atropine methyInitrate 6.52 0 5.2 
Atropine sulfate 0.13 0.075 OT OFS OMI OZ 8885 ON0NN OS 2amnO 5.0 
Bacitracin 0.05 0.03 0.04 0.07 0.04 0.12 
Barbital sodium OF OM OMe 0.29 0.50 B27) 0:29 5 05 2aaaC 9.8 
Benzalkonium chloride 0.16 0.14 0.13 
Benztropine mesylate 0:26 (10:073 0:21) On oa OMS OM 720 O52 0208 0109 01242. 
Benzyl alcohol 0.17 0.09° 0.15 
Bethanechol chloride 0:50) :05140) 9 50'39 90:2255 50:32) 10:368) 0300512 3.05 0.30 0 6.0 
Bismuth potassium tartrate 0.09 0.06 0.05 
Bismuth sodium tartrate 0.13 0.12 0.11 8.9/1 OM0 0 6.1 
Boric acid 0.50 0.288° 1.9 0:47 0:525 S00RN4:6 
Brompheniramine maleate 0.10 0.026 0.09 0.050 0.08 0.084 
Bupivacaine HCI OF17% 00435 LOZ 10:096R 5087 05193 0517 | 0.290 Oni7, tOr4845133)) On Oro cee 6.8 
Butabarbital sodium O27 e 0,078 027, SONS 5ae0r275 0231399 0227.5 0470 333° 0:27 7 0 S2aae 6.8 
Butacaine sulfate 0.20 0.12 OMS a0 Se OnlOm O29 
Caffeine and sodium benzoate O26 0M5 0.23 0.40 3:92-0:23) 0:52aeN0 7.0 


Appendix A—Continued 


0.5% 
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2% 


3% 


5% 


Iso-osmotic Concentration? 


D E D E D E D E D % E D H pH 
Caffeine and sodium salicylate 0.12 0.12 OM O95 016 O46 5:77) O16, Br OI5201 10 6.8 
Calcium aminosalicylate 4.80 0 6.0 
Calcium chloride O51) 0:298" (eZOESO:5355 0:52 180 5.6 
Calcium chloride (6 HO) 0.35 0.20 22505 OFS 658 02525010 e/ 
Calcium chloride, anhydrous 0.68 0.39 FS ae OOS Re OFS 2a 5.6 
Calcium disodium edetate OFZ O06 O21 On 1205102211 0:240 0208 0357; 41505 0:20) 9 015280 6.1 
Calcium gluconate 0.16 0.091° 0.14 0.24 
Calcium lactate O23n Ons 0.12 0.36 Ary, 0)20) 103527 10 6.7 
Calcium lactobionate 0.08 0.022 0.08 0.043 0.08 0.085 0.07 0.126 0.07 0.197 
Calcium levulinate 0:27 OA16 0.25 0.43 3.58 0 UP 
Calcium pantothenate 5.50 0 7.4 
Camphor 0.127 
Capreomycin sulfate 0.04 0.011 0.04 0.020 0.04 0.042 0.04 0.063 0.04 0.106 
Carbachol 0.205° 2.82 0 59 
Carbenicillin sodium 0.20 0.059 0.20 0.118 0.20 0.236 0.20 0.355 440 0.20 0.52 0 6.6 
Carboxymethylcellulose 

sodium 0.03 0.007 0.03 0.017 0.145 
Cephaloridine 0.09 0.023 0.07 0.041 0.06 0.074 0.06 0.106 0.05 
Chloramine-T 4.10 OOF S95 
Chloramphenicol 0.067 
Chloramphenicol sodium 

succinate 0.14 0.038 0.14 0.078 0.14 0.154 0.13 0.230 0.13 0.382 6.83 0.13 0.52 partial6.1 
Chlordiazepoxide HCl O}ZASOL06Sm Ol2258 On25 S059 0220) 5 ONS 0315.) On799 0437, 5:50) OnGi1052 8166 ZA 
Chlorobutanol (hydrated) 0.24 0.14 
Chloroprocaine HCl 0.20 0.054 0.20 0.108 0.18 0.210 
Chloroquine phosphate ON4>30:039) 0:14) 01082" 0514 .0:162) 0:14) (0:242 0513, 0:379' 7:15) 0113 0.52°-0 4.3 
Chloroquine sulfate 0.10 0.028 0.09 0.050 0.08 0.090 0.07 0.127 0.07 0.195 
Chlorpheniramine maleate ON7 1010487 0:15, 01085" O14" 0:65 Osi) 0:220) 0:09 0:265 
Chlortetracycline HCI OMOF 10!030, SON10) 0106 (Os10) 105121 
Chlortetracycline sulfate 0.13 0.08 0.10 0.17 
Citric acid 0.18 0.10 OZ O2955 O86 OA6Ns 5-520 OMGm O52) 100% a 1:8 
Clindamycin phosphate 0.08 0.022 0.08 0.046 0.08 0.095 0.08 0.144 0.08 0.242 10.73 0.08 0.52 58* 68 
Cocaine HCl 0.16 0.090° OFNSs O!26i SORT45S0140)— 6.33) OMGRR10I5 20847, 4.4 
Codeine phosphate 0.14 0.080° Ohise O28 OMSuO Soa 729 70125) 052580 4.4 
Colistimethate sodium OMS 0045.) 0rl5) (Ot0SSr OMS) (OMZOF OS? OF2538) OMA O41 6:78" OF13 71052950 7.6 
Cupric sulfate 0.18 0.100° 0.15 0.14 6.85 0.13 trace* 3.9 
Cyclizine HCI 0.20 0.060 
Cyclophosphamide CMO OLOS A ONO OLO6H ONO) 0125, 
Cytarabine OR EOOS4S OF Ia 02066) Ohne OFSAS OMe ONSS= Ost eOsii7e 8:92) 0:10) O52 0 8.0 
Deferoxamine mesylate 0.09 0.023 0.09 0.047 0.09 -0.093 0.09 0.142 0.09 0.241 
Demecarium bromide On4 01038) 9 O25 01069) J0-0) O:108; 008% 039) 0107.9 0:1192 
Dexamethasone sodium 

phosphate ONS OL050 0 OMe 01095 O:16n O1SOs ONSs 02260) Of40:410 S6r75) O35 OS2en0 8.9 
Dextroamphetamine HCl O34 010975 0:34 On96== 0:84) 05392 2.64 0.34 0.52 
Dextroamphetamine 

phosphate 0.25 0.14 0.25 0.44 316250: 25 an Olo 2 a0) 4.7 
Dextroamphetamine sulfate 0.24 0.069 0.23 0.134 0.22 0.259 0.22 0.380 A169 0:22)10:525.0 5.9 
Dextrose 0.16 0.091% On6m 0:28 Onlom O:460N 5:5 1 ONl16m 0:52) 10 5.9 
Dextrose (anhydrous) 0.18 0.101% OFS) O%Si 5105) On18) 0i52.) 0. 6.0 
Diatrizoate sodium 0.10 0.025 0.09 0.049 0:09 0.098 0.09 0.149 0.09 0.248 1055 0.09 052 0 IS) 
Dibucaine HCl 0.074° 
Dicloxacillin sodium (1 HO) ONO OLOSON OOM CLOG E0210) 0522 Os10N 0) 182 
Diethanolamine O23 0:089) Os OMiZ7 10:31) 0'358 ZION OS 0527 COM ies 
Dihydrostreptomycin sulfate 0.06 0.03 O105e 0109) 0105. 50:14 19:4 0:05" | 0:52. 420 6.1 
Dimethpyrindene maleate ONS O!039) 20125 O1070F Or) OMI2Z0 
Dimethyl sulfoxide 0.42 0.122 0.42 0.245 0.42 0.480 PANG OL (072 {K0) © tS) 
Diperodon HCl OMS mO045s Ona L079 Ors O14 1 
Diphenhydramine HCl 0.161° 570 SSS 
Diphenidol HCl 0.16 0.045 0.16 0.09 0.16 0.180 
Doxapram HCl O51 25 002520 OF25 1010707 10:12. 0140) Ost 29 0210 
Doxycycline hyclate 0.12 0.035 0.12 0.072 0.12 0.134 0.11 0.186 0.09 0.264 
Dyphylline 0.10 0.025 0.10 0.052 0.09 0.104 0.09 0.155 0.08 0.245 
Echothiophate iodide OMG 010455 ONG, (0:090) OMG: OM79 
Edetate disodium OPA OL07 0 O23 ONS 2501225 80;2485 50:21 01360 444 0.20 052 0 4.7 
Edetate trisodium 

monohydrate 0.29 0.079 0.29 0.158 0.28 0.316 0.27 0.472 Bea 0!27 015210 8.0 
Emetine HCl 0.058° 0.17 0.29 
Ephedrine HCl 0.30 0.165° 0.28 32 (28 96 5.9 
Ephedrine sulfate wprs}« {0)-115} 0.20 0.35 ASA 0:20ieOl52 10, )5// 
Epinephrine bitartrate 0.18 0.104 OMGy O28 OMG) Ol462)5:7.5 ONG) 0152" 1007 sr4 
Epinephrine hydrochloride 0.29 0.16? 0.26 BAT 0:26 
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a SSS SSS SS SSS SS FSP PS IES 


Ergonovine maleate 

Erythromycin lactobionate 

Ethyl alcohol 

Ethylenediamine 

Ethylmorphine HCl 

Eucatropine HCl 

Ferric ammonium citrate 
(green) 

Floxuridine 

Fluorescein sodium 

Fluphenazine 2-HCI 

d-Fructose 

Furtrethonium iodide 

Galactose 

Gentamicin sulfate 

o-Glucuronic acid 

Glycerin 

Glycopyrrolate 

Gold sodium thiomalate 

Hetacillin potassium 

Hexafluorenium bromide 

Hexamethonium tartrate 

Hexamethylene sodium 
acetaminosalicylate 

Hexobarbital sodium 

Hexylcaine HCl 

Histamine 2HCI 

Histamine phosphate 

Histidine HCl 

Holocaine HCl 

Homatropine hydrobromide 

Homatropine methylbromide 

4-Homosulfanilamide HCl 

Hyaluronidase 

Hydromorphone HCl 

Hydroxyamphetamine HBr 

8-Hydroxyquinoline sulfate 

Hydroxystilbamidine 
isethionate 

Hyoscyamine hydrobromide 

Imipramine HCl 

Indigotindisulfonate sodium 

Intracaine HCl 

lodophthalein sodium 

Isometheptene mucate 

Isoproterenol sulfate 

Kanamycin sulfate 

Lactic acid 

Lactose 

Levallorphan tartrate 

Levorphanol tartrate 

Lidocaine HCI 

Lircomycin HCl 

Lobeline HCl 

Lyapolate sodium 

Magnesium chloride 

Magnesium sulfate 

Magnesium sulfate, anhydrous 

Mannitol 

Maphenide HCl 

Menadiol sodium diphosphate 

Menadione sodium bisulfite 

Menthol 

Meperidine HCl 

Mepivacaine HCl 

Merbromin 

Mercuric cyanide 

Mersaly| 

Mesoridazine besylate 

Metaraminol bitartrate 

Methacholine chloride 

Methadone HCl 


0.08 


0.14 
0.14 
0.24 


0.05 


0.40 


0.01 


0.10 


0.34 


0.21 


0.10 
0.20 


0.040 
0.041 
0.070 
0.015 
0.042 
0.032 
0.048 
0.033 
0.045 


0.049 


Onis 


0.004 


0.060 
0.058 
0.085 


0.048 
0.039 
0.021 


0.036 
0.033 
0.045 


0.025 


0.093 


0.27 


0.060 


0.024 
0.060 


0.07 


lso-osmotic Concentration? 


E D E D E D % E D H pH 
0.07 0.078 0.07 0.115 0.06 0.187 
1.39 100 6.0 
2.08 100* 11.4 
ORS 0226 ONS en Or43, 6.18) 0.1530 S2aSS awh, 
6.83 0 5e2 
OMS) OMAT (OZ) 101213) O12 40.385) 8747 0/12 a0 2a 4.5 
O27 Ory. 3°34 0:27) YOSZaO 8.7 
O512> 0145 0109 0n55 
5.05 (oe 5.9 
OP225 02509 02.1 01360 4/44, 0:20 S05 2aaeo 5.4 
4.92 0 5.9 
0.05 0.060 0.05 0.093 0.05 0.153 
5.02 48* 1.6 
2.6 100 5.9 
O15 O66 0:14) 01242) O13) 90:3819 7:22 0:12 OS2amo2e 4.0 
0.10 0.111 0.09 0.159 0.09 0.250 
17, 0.190) 05179 0.284 0517 0:474 5:50) 0:17) 052a0 6.3 
ONGs “05189 OSG 01271) (ONG Or4565) 5:63) 5 ONG OLSz 
0:17 0.199 O17 0:297 0:16) 0.485 5.43 OM6s OS 2eOR 4.0 
4.30 100 48 
0.40 0.466 2.24 0.40’ 0525/93) S77, 
2110 20 4.6 
3.45 40 3.9 
0.16 0.28 0.16 0.46 567 0:16 O05 2aeo2 5.0 
0.15 0.26 0.13 0.38 
3.69 0 49 
0.01 0.013 0.01 0.020 0.01 0.033 
6.39 64 5.6 
Sa7a 92 5.0 
9.75 59* 25 
OFZ) On137 (OM0M 0570 SOlO7I0'216 
6.53 68 5.9 
OMtse O43; 
4.97 85 5.0 
9.58 100 9.4 
0.18 0.196 0.18 0.302 4:95 0.18). 0i52an0 6.2 
0.14 0.156 ON4 0234 0.14 0.389 665 014 0:52°eitracemras 
O07 OL083> (01078 O25) 0207, 8032110 
2.30 100* 2.1 
0.08 0.09 9.75 0.09 (Oe 5.8 
O13) «660143 OF2° 0:210 O12 ~0:329) 9:40 0:10) sOS2ZeSoe 6.9 
0.1 0.136 0.12 0.203 
4.42 85 4.3 
ONS: O70 OM4> 01247 04 5.0.400) 6:60: 0:14 0:52aaao 4.5 
0.09 0.103 0.09 0.157 0.09 0.263 9.96 0.09 0.52 0 6.5° 
2.02 0.45 0 6.3 
0.15 0.26 O15, 910.43 6.3 0.14  0:5250 6.2 
0.30 0.345 0.29 0.495 3.18 0:28>) 0}525aN0 7.0 
5.07 Q* 6.2 
0.153 0.27 0.303 0.26 0.448 B55 O25 ee OnZ 
4.36 0 8.2 
5.07 0 3} 
Onl? 
OM25= 4.80 98 5.0 
O20 02300200342 460 0.20 052 45 4.5 
0.14 0.13 
0.05 0.058 0.04 0.071 0.03 0.087 
0.19 0:210 O18 OF308 0.117 0:505 5:17 Ol7OiSs2aeSS 3.8 
3.21 0 45 
8.59 100* 5.0 
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0.5% 1% 2% 3% 5% Iso-osmotic Concentration? 
E D E D E D E D E D % E D H pH 

Methamphetamine HCl 0.213° 2.75 97 5.9 
Methdilazine HCl 0.12 0.035 0.10 0.056 0.08 0.080 0.06 0.093 0.04 0.112 
Methenamine 0.23 0.24 3.68 0.25 100 84 
Methiodal sodium 0.24 0.068 0.24 0.136 0.24 0.274 0.24 0.410 S2Oi mn Oe2 4m Oso 240) 5.9 
Methitural sodium 0.26 0.074 0.25 0.142 0.24 0.275 0.23 0.407 3250102399 0525978 9.8 
Methocarbamol 0.10 0.030 0.10 0.060 
Methotrimeprazine HCl 0.12 0.034 0.10 0.060 0.07 0.077 0.06 0.094 0.04 0.125 
Methoxyphenamine HCl 0.26 0.075 0.26 0.150 0.26 0.300 0.26 0.450 3.47 0.26 0.52 96 5.4 
p-Methylaminoethanolphenol 

tartrate 0.18 0.048 0.17 0.095 0.16 0.190 0.16 0.282 0.16 0.453 5.83 0.16 0.52 0 6.2 
Methyldopate HCI O21 10.0637 OZ 022 10-2) (0224410210865 4.28 0.21 0.52 partial 3.0 
Methylergonovine maleate 0.10 0.028 0.10 0.056 
N-Methylglucamine O20 0/0575 16720 105i 0818 10:214 JOMSe 0815) 048 4057" 5.02 0:18 0.52, 94 Aes 
Methylphenidate HCl O22 00658 NO225 1 0ni272 10222) 10:258) 10122101888 4:07 10:225 10352 ¥66 4.3 
Methylprednisolone Na 

succinate 0.10 0.025 0.09 0.051 0.09 0.102 0.08 0.143 0.07 0.200 
Minocycline HCl 0.10 0.030 0.10 0.058 0.09 0.107 0.08 0.146 
Monoethanolamine 0153) 051545 30:58' 10306 709025350525 ee OOM eile 
Morphine HCl 0.15 0.086° 0.14 
Morphine sulfate 0.14 0.079° 0.11 0.19 0.09 0.26 
Nalorphine HCl O24 0070 OFZ MOsI21 ONS 0210" 05179 10288) (0515. 40:434 16:36) 0:14) (052) 63 4.1 
Naloxone HCl 0.14 0.042 0.14 0.083 0.14 0.158 0.13 0.230 0.13 0.367 8.07 0.11 0.52 35 5.2 
Naphazoline HCl 0.27 0.14? 0.24 3299022 100 5.3 
Neoarsphenamine 2.32 Wi 7.8 
Neomycin sulfate 0.11 0.063° 0.09 0.16 0.08 0.232 
Neostigmine bromide 0.22 0.127% 0.19 4.98 0 4.6 
Neostigmine methylsulfate 0.20 0.115° 0.18 0.17 B22 Ons, 
Nicotinamide 0.26 0.148° 0.21 0.36 4:49 0.20 0527 100°” 7:0 
Nicotinic acid 0.25 0.144° 
Nikethamide 0.100° 5.94 100 6.9 
Novobiocin sodium 0.12 0.033 0.10 0.057 0.07 0.073 
Oleandomycin phosphate 0.08 0.017 0.08 0.038 0.08 0.084 0.08 0.129 0.08 0.255 10.82 0.08 0.52 0 5.0 
Orphenadrine citrate 0.13 0.037 0.13 0.074 0.13 0.144 0.12 0.204 0.10 0.285 
Oxophenarsine HCl 67 trace* 2.3 
Oxymetazoline HCl 022, (010638; 10922) (0M24 0/20) (0/232) .0H19 0:335 4.92 0.18 0.52 86 57 
Oxyquinoline sulfate 0:24" 10}068 0217 013 (Onl6 O:182> O14" (0:236 .0N1 403815 
d-Pantothenyl alcohol 0:20) 10:0538) 108 {0100)> 0s1i7 > 103193" O57 * 10:283' ONG (0/468 5:60) O16" 10:52" 92 6.8 
Papaverine HCl 0.10 0.061‘ 
Paraldehyde 0.25 0.071 0.25 0.142 0.25 0.288 0.25 0.430 Bi65) 0:25) 052597 53 
Pargyline HCl 0.30 0.083 0.29 0.165 0.29 0.327 0.28 0.491 Shikss “(LAY ULsy 43) 3.8 
Penicillin G, potassium OMS 2OM102= OMS 082 SONG OFA65 5:48) ONG 0.5250 6.2 
Penicillin G, procaine 0.067 
Penicillin G, sodium 0.18 0.100° 0.16 0.28 0.16 0.46 5.90 18 BYZ. 
Pentazocine lactate On Se" 004255 OMSe 10L085—= 0515) 01169) OMS 10:253 OMS. ¥ 0.420 
Pentobarbital sodium 0.145° 4.07 0 99 
Pentolinium tartrate 5.95 SE sy! 
Phenacaine HCI 0.097 
Pheniramine maleate 0.097 
Phenobarbital sodium OA mORIS5: 0.23 0.40 SE O28 Oils (0) 7 
Phenol 0.35 0.20 2.Sa0S 2 OO 2e Oe 5.6 
Phentolamine mesylate O81S0;0527 0h7™ (01096. FOM6" 051738) VONI4™ (01244 SONS 0.364 8723) (0211 1 10:52> 4383 35 
Phenylephrine HCl 0.32 0.184° 0.30 3.0 0.30 0 4.5 
Phenylephrine tartrate 5.90 58% 15:4 
Phenylethy! alcohol 0:25950:070) (025s .044 10:25) 0'283 
Phenylpropanolamine HCl 0.38 0.219% 2165 0:35 95 Dee! 
Physostigmine salicylate 0.16 0.090° 
Physostigmine sulfate 0.074° 
Pilocarpine HCl 0.24 0.138° 0.22 0.38 4:08 0:22, (0:52 89 4.0 
Pilocarpine nitrate 0:28 0Mi382° O20" 0935 4.84 0.20 0.52 88 SHS) 
Piperocaine HCl 0.12% 5.22 65 57) 
Polyethylene glycol 300 Oni2 O0S4emn Os 2am O!O6Sm On Zsa Ol14 le Ont 2 en O2216 Onlin O!3735 06273) ONShe 015253 3.8 
Polyethylene glycol 400 0.08 0.022 0.08 0.047 0.09 0.098 0.09 0.153 0.09 0.272 850 0.11 052 0 4.4 
Polyethylene glycol 1500 0.06 0.015 0.06 0.036 0.07 0.078 0.07 0.120 0.07 0.215 10.00 0.09 052 4 4.1 
Polyethylene glycol 1540 0.02 0.005 0.02 0.012 0.02 0.028 0.03 0.047 0.03 0.094 
Polyethylene glycol 4000 0.02 0.004 0.02 0.008 0.02 0.020 0.02 0.033 0.02 0.067 
Polymyxin B sulfate 0.09 0.052 0.06 0.10 0.04 0.12 
Polysorbate 80 0.02 0.005 0.02 0.010 0.02 0.020 0.02 0.032 0.02 0.055 
Polyvinyl alcohol (99% hydrol) 0.02 0.004 0.02 0.008 0.02 0.020 0.02 0.035 0.03 0.075 
Polyvinylpyrrolidone 0.01 0.003 0.01 0.006 0.01 0.010 0.01 0.017 0.01 0.035 
Potassium acetate 0.59 0.172 0.59 0.342 1-537 0)59e 015250 7.6 
Potassium chlorate 1.88 0 6.9 
Potassium chloride 0.76 0.439° 90576 0.5250 59 
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0.5% 1% 2% 3% 5% Iso-osmotic Concentration? 
E D E D E D E D E D % E D H pH 

Potassium iodide 0.34 0.196° 2.59 0.34 01520 7.0 
Potassium nitrate 0.56 0.324° 1262 0:5 Gano 5.9 
Potassium phosphate 0.46 0.27 2.08 0.43 0!52550 8.4 
Potassium phosphate, 

monobasic 0.44 0.25 2.18 0.41 “OD2aaO 4.4 
Potassium sulfate 0.44 2.11 0.43 0 6.6 
Pralidoxime chloride 0132 010925 0825 083 108250364 2.8/7 0132)) §02525O 4.6 
Prilocaine HCl O22 0106255 022s ORI S082 2a 25 Om OOS 7/5 4.18 0:22 (0:52, 545 4.6 
Procainamide HCl O22 Ons: OH9' O33 5 On 7a0:49 
Procaine HCl Os ON225 0.19 0.33 0.18 5.05 0:18 OS Zaaon 5.6 
Prochlorperazine edisylate 0.08 0.020 0.06 0.033 0.05 0.048 0.03 0.056 0.02 0.065 
Promazine HCl O13 (01050) ONS! 101077 0.09" 011102) C1078 Onii2 OOS ONS 7, 
Proparacaine HCl 0:16 0.044 0.15 01086 (0:15 0569 0:14) 0247 0:13) 0.380) 7:46 02 Siors2 
Propiomazine HCl 0.18 0.050 0.15 0.084 0.12 0.133 0.10 0.165 0.08 0.215 
Propoxycaine HCl 6.40 16 5.3 
Propylene glycol 2.00 lOOR S525 
Pyrathiazine HCl 0:22 0.065 OM 01095 (0:11) O23) 0108) 05140, 0106 0:1;70 
Pyridostigmine bromide 0:225 0,062 9 022 0M 50:22 O25 Om Ona Onsi7i7, 413 0:22 (0520 Up, 
Pyridoxine HCl 3.05 BF pigs 2 
Quinacrine methanesulfonate 0.06° 
Quinine bisulfate 0.09 0.05 0.09 0.16 
Quinine dihydrochloride 0.23 0.130° OnISe O338H 0718 5.07 0.18 0°52) \trace=7255 
Quinine hydrochloride 0.14 0.077° ORO 
Quinine and urea HCl O23 0ns 0.21 0.36 45 0.20 05255864) 29 
Resorcinol 0.161° 3.30 96 5.0 
Rolitetracycline OF | 01032 Oly OL064 O10) S013 SOLOS OnSS10,0750'204 
Rose Bengal 0.08 0.020 0.07 0.040 0.07 0.083 0.07 0.124 0.07 0.198 14.9 0.06 0.52 
Rose Bengal B 0.08 0.022 0.08 0.044 0.08 0.087 0.08 0.131 0.08 0.218 
Scopolamine HBr 0.12 0.07 OM2N 0218 O82) (0135) 97285) O71 1 Osa 4.8 
Scopolamine methylInitrate 0.16 0.14 O38" 16:95) VOni3 910 6.0 
Secobarbital sodium 0.24 0.14 0.23 0.40 3.9 0.23 OS2eeitiacessg:s 
Silver nitrate O83 051905 2.74 0:33 02502 5.0 
Silver protein, mild 0.17 0.10 0:17, 0:29, OMG 10:46) 5:51 OG a OISZaaG 9.0 
Silver protein, strong 0.067 
Sodium acetate 0.46 0.267 210 0.45 "052 
Sodium acetazolamide 0:24 5 0:068) 0:23) 05185) 10:235) 0271) 02280406 3:85. 0/23 QN02 
Sodium aminosalicylate 0.170° B27 0 W533 
Sodium ampicillin 0.16 0:045 O16 01090 0:16 0.181 OM6) 01072 0:16 0:451 5:78 0:6) OSs2aenO 8.5 
Sodium ascorbate 3.00 0 6.9 
Sodium benzoate 0.40 0.230° 2.25 0A0 “0525C TD 
Sodium bicarbonate 0.65 0.375 1.39 0:65. 10}520 8.3 
Sodium biphosphate (H;O) 0.40 0.23 2:45: (0'374 (052aO 4.1 
Sodium biphosphate(2 H,O) 0.36 Dai Ws 0 4.0 
Sodium bismuth thioglycollate 0.20 0.055 0.19 0.107 0.18 0.208 0.18 0.303 0.17 0.493 5.29 0 8.3 
Sodium bisulfite 0.61 0.35 1.5 ‘(0161 s0!52ees0n 3.0 
Sodium borate 0.42 0.241° 2.6 | (0135 F0S2a0 92 
Sodium bromide 1.60 0 6.1 
Sodium cacodylate 0.32 0.28 seh 0)727/ 0 8.0 
Sodium carbonate, 

monohydrated 0.60 0.346 1.56 0:58  10/5250i00Rmiie 
Sodium cephalothin 0.18 0.050 0.17 0.095 0.16 0.179 0.15 0.259 0.14 0.400 6.80 0.13 0.52 partial8.5 
Sodium chloride 1.00 0.576° 1,00" 1:73 1.00. 2.88 0:9 1,00) MOIS 2aRO 6.7 
Sodium citrate 0.31 0.178° 0.30 0.52 3.02 0.30 0 7.8 
Sodium colistimethate 0:16 0.045 (0:15 01087 <0!14) (OMi61) (O}145 01235, 0:13) 0383) 6:85) OMS OS 2aO 8.4 
Sodium hypophosphite 1.60 0 TP) 
Sodium iodide O09 0222— 2.37 (0:38) 01520 6.9 
Sodium iodohippurate 5.92 0 13 
Sodium lactate 1.72 0 6.5 
Sodium lauryl sulfate 0.10 0.029 0.08 0.046 0.07 0.068 0.05 0.086 
Sodium mercaptomerin 5.30 0 8.4 
Sodium metabisulfite 0.67 0.386° 1:38 0.655 (03525apow 4.5 
Sodium methicillin 0:18 0.050) 0218 01099 (0:17, 02192) OMG (0:28 0:15 0/445)" 16.00) O55 05 2nO 5.8 
Sodium nafcillin 0.14 0.039 0.14 0.078 014 0.158 0.13 0.219 0.10 0.285 
Sodium nitrate 0.68 1.36 0.66 0 6.0 
Sodium nitrite 0.84 0.480° 1.08 0.83 o* 8.5 
Sodium oxacillin 0.18 0:050) 0517, 01095 0:16 0.177 OS) 01257 0:14 (0\408 6.64 0:14> OS 2aaRO 6.0 
Sodium phenylbutazone 0.19 0.054 0.18 0.104 0.17 0.202 0.17 0.298 0.17 0.488 5.34 0.17 0.52 
Sodium phosphate 0.29 0.168 0.27 0.47 3533.) 0:27) 01525 9.2 
Sodium phosphate, dibasic 

(2 H,O) 0.42 0.24 2.23 040 052 0 9:2 


Sodium phosphate, dibasic 
(12 H,O) 0.22 0.21 4.45 0.20 0 972 


Appendix A—Continued 


Sodium propionate 
Sodium salicylate 
Sodium succinate 
Sodium sulfate, anhydrous 
Sodium sulfite, exsiccated 
Sodium sulfobromophthalein 
Sodium tartrate 

Sodium thiosulfate 
Sodium warfarin 
Sorbitol (7/2 HO) 
Sparteine sulfate 
Spectinomycin HCl 
Streptomycin HCl 
Streptomycin sulfate 
Sucrose 

Sulfacetamide sodium 
Sulfadiazine sodium 
Sulfamerazine sodium 
Sulfapyridine sodium 
Sulfathiazole sodium 
Tartaric acid 

Tetracaine HCl 
Tetracycline HCl 
Tetrahydrozoline HCl 
Theophylline 
Theophylline sodium glycinate 
Thiamine HCl 
Thiethylperazine maleate 
Thiopental sodium 
Thiopropazate diHCl 
Thioridazine HCI 
Thiotepa 

Tridihexethy! chloride 
Triethanolamine 
Trifluoperazine 2HCI 
Triflupromazine HCl 
Trimeprazine tartrate 
Trimethadione 
Trimethobenzamide HCl 
Tripelennamine HCl 
Tromethamine 
Tropicamide 

Trypan blue 
Tryparsamide 
Tubocurarine chloride 
Urea 

Urethan 

Uridine 

Valethamate bromide 
Vancomycin sulfate 
Viomycin sulfate 
Xylometazoline HCI 
Zinc phenolsulfonate 
Zinc sulfate 
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3% 


lso-osmotic Concentration? 


0.10 


0.20 
0.06 
0.16 
0.16 
0.20 
0.18 
0.10 
0.10 
0.23 
0.12 


0.26 
0.10 
0.26 


0.12 
0.16 
0.06 


0.22 


0.030 


0.053 
0.015 
0.045 
0.047 
0.058 
0.052 
0.031 
0.023 
0.069 
0.033 


0.074 
0.030 
0.075 


0.035 
0.044 
0.015 


0.065 


0.23 
0.10 


0.26 
0.09 
0.26 


0.59 


0.12 
0.15 
0.05 
0.08 
0.21 


0.15 


0.13 
0.13 
0.13 
0.143° 
0.109° 
0.081 


0.02° 


0.139° 
0.050 
0.155° 
0.090 
0.025 
0.090 
0.096 
0.121 
0.100 
0.051 
0.035 
0.133 
0.062 
Ons 
0.150 
0.050 
0.150 
Ons 
0.076° 
0.34 
0.18° 
0.069 
0.085 
0.028 
0.05 
0.121 


0.086° 


0.08 


0.12 
0.04 
0.16 
0.16 
0.22 
0.13 
0.05 
0.04 
0.22 
0.10 


0.26 


0.12 
0.15 
0.04 


0.20 


0.10 


0.089 


0.137 
0.042 
0.182 
0.191 
0.252 
0.144 
0.061 
0.045 
0.257 
0.108 


0.300 


0.138 
0.168 
0.049 


0.232 


0.05 


0.15 


0.10 
0.16 
0.16 
0.06 
0.09 
0.23 
0.24 
0.21 
0.21 
0.20 


0.15 


0.07 


0.10 
0.03 
0.16 
0.16 
0.22 


0.04 
0.03 
0.22 
0.09 


0.26 


OFZ 
0.14 
0.04 
0.07 
0.20 


0.13 


0.084 


0.264 


0.167 
0.280 
0.16 
0.10 
0.16 
0.40 
0.38 
0.36 
0.36 
OF35 


0.26 


0.119 


0.170 
0.055 
0.278 
0.280 
0.383 


0.073 
0.052 
0.378 
Om53 


0.450 


0.208 
0.238 
0.066 
0.12 

0.342 


0.23 


0.12 


0.05 


0.08 
0.03 
0.16 
0.16 


0.03 


0.02 


0.08 


0.12 
0.11 
0.04 
0.07 


0.12 


0.35 


0.153 


0.222 
0.075 
0.460 
0.463 


0.092 


0.061 


0.232 


0.333 
0.324 
0.098 
0.20 


0.35 
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E D H pH 
O61 0!52— +0 7.8 
OF 6m0:525580 6.7 
OFS 0 2 20 8.5 
0:56 710:527 50 6.2 
0 9.6 
O33 052550 73 
03000152970 74 
Ohi Osy @ 8.1 
0 5.9 
OM OLS 2a Oe est 
Os 6G O52 eee 4.4 
OM 0052550 6.4 
072359025200 8.7 
OFZ O52) 0 95 
0207 05250 9.8 
O2Z0F 805255 10.4 
ONSEO5 250 9:9 
Vere MAN: 
607) 1637 
0 8.9 
Sit ees:0 
74 10.3 
ORG 90525 0 a8 2 
OMG ROIS 25 597; 5.4 
O22 O52 OOO 
021 .035255100) 16:0 
100 6.3 
0.26 052 0 10.2 
05505 0.525 100 56-6 
i100 6:3 
OL Oey Oe 6.1 
OOO 25SS: 5.0 
o* 5.4 
0.12 0.52 


@The unmarked values were taken from Hammarlund et a/'?~? and Sapp et a/.?? 


’Adapted from Lund et al.'” 


“Adapted from British Pharmaceutical Codex.?* 


Obtained from several sources. 


°E, sodium chloride equivalents; D, freezing-point depression, °C; H, hemolysis, %, at the concentration that is iso-osmotic with 0.9% NaCl, based on 
freezing-point determination or equivalent test; pH, approximate pH of solution studied for hemolytic action; “, change in appearance of erythrocytes and/or 


25. + 


solution??-2°; ', pH determined after addition of blood. 
Note: See also Budavari S, ed, Merck Index, 11th ed, Rahway, NJ: Merck, 1988: pp MISC 79-103. 
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Appendix B—Isotonic Solution V—Values*® °° 

Water Water : Water 

Needed for needed for needed for 
Isotonicity isotonicity, isotonicity, 

Drug (0.3 g) (mL) Drug (0.3 g) mL Drug (0.3 g) mL 
Alcohol PUT) Epinephrine hydrochloride Cy Silver nitrate 11.0 
Ammonium chloride S73 Ethylmorphine hydrochloride Ds Silver protein, mild 5, 
Amobarbital sodium 8.3 Fluorescein sodium 10.3 Sodium acetate 15:3 
Amphetamine phosphate dies) Glycerin Ae Sodium bicarbonate P21\ 57) 
Amphetamine sulfate es Holocaine hydrochloride 6.7 Sodium biphosphate, 15.3 
Antipyrine Bo, Homatropine hydrobromide Eyy/ anhydrous 
Apomorphine hydrochloride 4.7 Homatropine methylbromide 6.3 Sodium biphosphate 13.3 
Ascorbic acid 6.0 Hyoscyamine sulfate 4.7 Sodium bisulfite 20.3 
Atropine methylbromide 4.7 Neomycin sulfate Sa, Sodium borate 14.0 
Atropine sulfate 4.3 Oxytetracycline hydrochloride 4.3 Sodium iodide 13.0 
Bacitracin lay Penicillin G, potassium 6.0 Sodium metabisulfite 22.3 
Barbital sodium 10.0 Penicillin G, sodium 6.0 Sodium nitrate 22.7 
Bismuth potassium tartrate 3.0 Pentobarbital sodium 8.3 Sodium phosphate OFT 
Boric acid 16.7 Phenobarbital sodium 8.0 Sodium propionate 20.3 
Butacaine sulfate 6.7 Physostigmine salicylate 5.3 Sodium sulfite, exsiccated Dae 
Caffeine and sodium benzoate 8.7 Pilocarpine hydrochloride 8.0 Sodium thiosulfate 10.3 
Calcium chloride 17.0 Pilocarpine nitrate 7.7 Streptomycin sulfate 2.3 
Calcium chloride (6 HO) ie7/ Piperocaine hydrochloride 7.0 Sulfacetamide sodium ei 
Chlorobutanol (hydrated) 8.0 Polymyxin B sulfate 3.0 Sulfadiazine sodium 8.0 
Chlortetracycline sulfate 4.3 Potassium chloride 25 Sulfamerazine sodium 7.7 
Cocaine hydrochloride 5.8 Potassium nitrate 18.7 Sulfapyridine sodium Wi 
Cupric sulfate 6.0 Potassium phosphate, 14.7 Sulfathiazole sodium Ye8 
Dextrose, anhydrous 6.0 monobasic Tetracaine hydrochloride 6.0 
Dibucaine hydrochloride 4.3 Procainamide hydrochloride 3} Tetracycline hydrochloride 4.7 
Dihydrostreptomycin sulfate 2.0 Procaine hydrochloride 7.0 Viomycin sulfate Dal, 
Ephedrine hydrochloride 10.0 Scopolamine hydrobromide 4.0 Zinc chloride 20.3 
Ephedrine sulfate ed! Scopolamine methylnitrate Sas Zinc sulfate 5.0 
Epinephrine bitartrate 6.0 Secobarbital sodium 8.0 


? This table of /sotonic Solution Values shows volumes in mL of water to be added to 300 mg of the specified drug in sterile water to produce an isotonic solution. 
The addition of an isotonic vehicle (commonly referred to as diluting solution) to make 30 mL yields a 1% solution. Solutions prepared as directed above are 
iso-osmotic with 0.9% sodium chloride solution but may not be isotonic with blood (see Appendix A for hemolysis data). 

© The V values for drugs that do not appear in Appendix B but are listed in Appendix A can be calculated from the sodium chloride equivalent for 1% drug. 

Example—Calculate the V value for anileridine HCI (Appendix A defines E = 0.19). 


0.19 g naCl 
1 g drug 


100 mL Soln 
0.9 NaCl 


x 0.3 g drug = 6.33 mL Soln 


for dilute solution 
6.33 mL soln = 6.33 mL water .. V = 6.33 mL water/0.3 g drug. 
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Thermodynamic parameters, such as AG, AE, AH and AS, are 
state functions that only depend on the initial and final states 
of a chemical process—reactants and products—and are inde- 
pendent of the pathway taken to get to the final state from the 
initial state. Chemical kinetics is the discipline that is con- 
cerned with the mechanism by which a chemical process gets to 
its final state from its initial state and the rate in which this 
reaction proceeds. Therefore, chemical kinetics involves the 
study of rate of chemical change and the way in which this rate 
is influenced by the conditions of the concentration of reac- 
tants, products, and other chemical species that may be 
present, and by factors such as solvent, pressure, and temper- 
ature. From these studies, one or more mechanisms involving a 
series of elementary processes may be postulated to explain 
how the reactants are converted to products during a chemical 
process. Applied to pharmaceutics, such information permits a 
rational approach to the stabilization of drug products, and 
prediction of shelf life and optimum storage conditions. 

This chapter is intended as a general introduction to this 
subject. A comprehensive review of experimental approaches 
and interpretation of data can be found in several texts, such as 
the book by House’ and the compilation of information relative 
to kinetic studies on pharmaceuticals by Garrett.” 


REACTION RATE 

Sm na eR a PI I STE LRN | 
The rate of a reaction is the velocity with which a reactant or 
reactants undergoes a chemical change. Experimentally, the 
rate of a reaction must be determined by directly or indirectly 
following the change in the concentration of the reactants or 
products as a function of time. When there is more than one 
reactant, such changes need to be normalized according to the 
stoichiometry of the reaction. For a reaction of the type 


Ae D Grete => CO aC Date ee 


where the uppercase letters represent chemical species and the 
lowercase letters represent stoichiometric coefficients, the rate 
in which reactants go to products can be determined by follow- 
ing the rate of the disappearance of the reactants as a function 
of time 


1d[A]___1d{[B] 


sue dt EE 


(1) 


The brackets denote concentration (usually molar concentration 
unless otherwise indicated) and d represents the derivative func- 
tion. The negative sign signifies that the concentration of the 
reactants is decreasing, as the rate must always be positive as 
long as the reaction is progressing from reactants to products. 
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The rate at which a reaction proceeds for the reaction type 
shown above also can be determined by following the appear- 
ance of the products as a function of time: 


R ae] _i dD] 
ome cnrii a tia «ab 


(2) 


where the positive sign indicates that the concentration of the 
products is increasing. Note that these two expressions for rate 
are only for the type of reaction where the reactants go irre- 
versibly to products, without going through any intermediates. 

If [A], [Blo, [C]p, and [D]y represent the initial concentra- 
tion (ie, t = 0) of each of the reactants and products, at some 
time ¢ (ie, t = t), the concentration of A decreases by aX (ie, 
[A], = [A]) — aX) and the concentration of B decreases by bX (ie, 
[B], = [B]o — 6X). 

Similarly, the concentrations of the products C and D in- 
crease by cX and dX, respectively (ie, [C], = [C]) + cX and 
[D], = [D]y + dX). Thus, upon normalization, the rate ex- 
pressed in Equations 1 and 2 reduces to Equation 3. 


ax 

Rate = yes (3) 
The law of mass action relates these experimentally deter- 
mined rates to the concentration of all of the reacting species. 
This law states that, at a given temperature, the rate of the 
reaction is at each instant proportional to the product of the 
concentration of each of the reacting species raised to a power 
equal to the number of molecules of each species participating 
in the process. Accordingly, the law of mass action applied to 

the above reaction gives the following rate equation, 


Rate = k[A]"[B]”... (4) 


where the proportionality constant k (referred to as the specific 
rate constant or as the rate constant) should be independent of 
the concentrations of all chemical species. The exponents n and 
m are known as the order of the reaction with respect to the 
components A and B, respectively; their sum represents the 
overall order of the reaction. 

It is important to note that for a net equation, which is the 
sum of two or more elementary equations, there is no require- 
ment that the order of the reaction with respect to a chemical 
species be identical to its stoichiometric coefficient in the net 
equation. Further, a proper rate equation should only consist of 
chemical species that are either reactants or products and 
should not contain any chemical species that are an interme- 
diate during a chemical reaction. 

It should be noted that unless the stoichiometric coefficient 
of the reactant or product that is being followed to determine 
the rate of the reaction is unity (one), the rate of the reaction is 
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not equivalent to the change in the concentration of the chem- 
ical species with respect to time. For the case where there is 
only one chemical reactant, which has a stoichiometric coeffi- 
cient that is greater than one, authors of articles and textbooks 
on kinetics often base the reaction rate only on the disappear- 
ance of the reactant without accounting for the stoichiometry. 
When this occurs, the resulting rate constant will be greater 
than the true rate constant by a factor equal to the stoichio- 
metric coefficient. Thus, care must be taken to determine how 
the rates of reactions were determined when comparing rate 
constants of a reaction. 


FIRST-ORDER REACTIONS 
(SELL ESS BOTT 
When the rate of a reaction is proportional to the first power of 
the concentration of a reactant, the rate equation is given by 


ax 
ae = RIAL = R((Al — X) (5) 
where a represents the stoichiometric coefficient for reactant A. 
For the case where a = 1, rearrangement of Equation 5 gives 


ate =k] dt (6) 
([A]o a X) oF ; 


When Equation 6 is integrated over the limits of t = 0 (at which 
X = 0) tot = ¢t (at which X = X), the following first-order 
integrated rate equation is obtained: 


[A], = [A]o e (7) 


Figure 19-1 shows a typical plot where reactant A exponen- 
tially decays to products according to Equation 7. The rate of 
the reaction—that is, the negative value of the tangent of this 
curve at any time—decreases with time as the concentration of 
the reactant decreases. Equation 7 can be linearized by rear- 
rangement to give Equation 8. 


In [A], = —kt + In [A] (8) 


Equation 8 suggests that a plot of the natural logarithm of 
the concentration of the reactant as a function of time should 
give a linear plot with a slope equal to —k and a y-intercept 
equal to the natural logarithm of the initial concentration of 
the reactant (Fig 19-2). Commonly a plot of the common loga- 
rithm of the concentration versus time is found in the literature 
for first-order reactions. In this case, according to Equation 9, 
the slope of this line would be equal to —k/2.303, and the 


[A], 


Jae : eats —- 
0 


Time 
Figure 19-1. Plot of concentration of A versus time for a first-order 
reaction. 


In [A], 


In [A], 


0 


Time 
Figure 19-2. Plot of natural logarithm of the concentration of A 
versus time for a first-order reaction. 


y-intercept would be equal to the common logarithm of the 
initial concentration of the reactant. 


kt 
log [A], = ~ 9 303 + log [A]o (9) 
The rate constant, k, for a first-order reaction has a unit of 
reciprocal time (eg, sec '). 

Sometimes it may be necessary to determine the rate con- 
stant k from only two concentrations of the reactant, [A], and 
[A], obtained at two different times, t, and f,, in which case 
Equation 10 may be used. 


1D pe Oa (10) 


Another useful method for determining k is the fractional- 
life method, of which the half-life method is the most common. 
The half-life method involves measuring the time (¢-= ¢,,.) that 
it takes for half of the initial concentration of the reactant to 
undergo reaction: [A], = [A],/2. Substituting these values into 
Equation 7 and rearranging to solve for k yields 


In 2 
k= (11) 


tive 


It is apparent from Equation 11 that the half-life period for 
first-order reactions is constant and independent of the amount 
of reactant present. Thus, half of the initial concentration of the 
reactant undergoes reaction during the first half-life period, 
leaving 50% of the original concentration unreacted. During 
the second half-life period, which is identical to the time as the 
first half-life period for a first-order reaction, half of the re- 
maining reactant reacts, leaving 25% of the initial concentra- 
tion of the reactant unreacted. Similarly, after the third half- 
life period, 12.5% of the initial reactant would remain. After 10 
first-order, half-life periods, only 0.098% of the original reac- 
tant remains unreacted. For precise studies, the rate of disap- 
pearance of a reactant should be followed over two or three 
half-life periods. 

In some drug stability studies, it is necessary to determine 
the time that it takes for the loss of 10% of the drug, leaving 
90% of the original drug concentration; that is, [A], = 0.90[A], 
at t = to 99. This time can be determined with the knowledge of 
the rate constant by substituting these expressions into Equa- 
tion 7 and rearranging to yield 


In 0.90 


to. 90 = pa (12) 


First-order rate processes are not restricted to chemical 
reactions. The passive diffusion of drugs across biological mem- 
branes, and processes of drug absorption, distribution, metab- 
olism, and excretion often can be shown to occur at rates 
proportional to the concentration of a drug, and thus can be 
described as first-order rate processes. The rate of growth of 
microorganisms and the rate of killing or inactivation of micro- 
organisms by heat or chemical agents usually follow first-order 
kinetic processes. Radioactive decay always follows first-order 
kinetics. 


SECOND-ORDER REACTIONS 

(eS SR AR SN AR I EA SETTER 
There are two forms of second-order reactions. For the first 
case, it is assumed that the rate of reaction is proportional to 
the concentration of reactant A raised to the power of 2—that 
is, the reaction is second order with respect to A, in which case 
the rate equation takes the form 


dx 
dt 


= [A]? = ((A]o — aX)? (13) 


where a represents the stoichiometric coefficient of the reactant in 
the net equation. For the case where the stoichiometric coefficient 
of reactant A is 2, Equation 13 can be rearranged to give 


ee 14 
(Al, — 2X) ~ é (14) 


When Equation 14 is integrated over the limits of t = 0 (at 
which X = 0) to ¢ = ¢ (at which X = X), the following second- 
order integrated rate equation is obtained. 


1 1 
a, 2kt + [A], (15) 
It should be noted that since the stoichiometry was taken into 
account in this derivation, the stoichiometric coefficient, 2, has 
been incorporated into Equation 15. If the rate of reaction was 
determined solely on the disappearance of reactant A without 
considering the stoichiometry, then the rate constant for this 
reaction would be twice as large as the true rate constant. This 
occurs quite frequently in the literature, so the reader should 
be aware of this situation. 
The decomposition of hydrogen iodide is a second-order re- 
action; in the gaseous state, hydrogen iodide forms hydrogen 
gas and molecular iodine according to the reaction 


OHi=> Hy Ip 


The integrated rate expression for this reaction follows the 
form given by Equation 15. 

Equation 15 suggests that, for a second-order reaction, if the 
reciprocal of the concentration of reactant A is plotted as a 
function of time, the slope of the line is equal to the rate 
constant k, and the y-intercept is the reciprocal of the initial 
concentration of A (Fig 19-3). Rearranging Equation 15 and 
solving for k yields 


“fal - TAL 


ental 


(16) 
The rate constant for second-order reactions has units of recip- 
rocal concentration and seconds (eg m“'s~‘). 

The second type of a second-order reaction occurs if the rate 
of the reaction is proportional to the product of the concentra- 
tions of two reactants, each raised to the power of 1, that is, 
first order with respect to both reactants. Equation 17 shows 
the rate equation for such a reaction. 


aX 


ap 7 AMIBI. = (Alo ~ 2X) ((B]y — 6X) (17) 
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LL VIAl, 


slope = +k 


| ast 
| =o 


0 


1/[A], 


Time 
Figure 19-3. Plot of the reciprocal of the concentration of A versus 
time for a second-order reaction. 


The stoichiometric coefficients of the reactants A and B are 
represented by a and 6. For the case where a and b both equal 
1, Equation 17 can be arranged to give the following: 


k i dt (18) 


When Equation 18 is integrated over the limits of ¢t = 0 (at 
which X = 0) tot = ¢ (at which X = X), the following second- 
order integrated rate equation is obtained: 


[A]; [A]o 
n (BI, = ({A], — [B],))kt + In [Blo 


This suggests that if the left side of Equation 19 is plotted 
against time, the slope of the line would be equal to 
([A]y — [B]o)k and the y-intercept is equal to the natural loga- 
rithm of the ratio of the initial concentrations of reactants A 
and B. Equation 19 does not apply if the initial concentration of 
the two reactants are equal; in this case, Equation 18 reduces 
to Equation 14 and the integrated rate equation for this system 
reduces to Equation 15. 

An example of a second-order reaction in which two reac- 
tants are involved is the saponification of an ester, such as 
ethyl acetate, in alkaline solution: 


dx 
([A]o — X)([B]o — X) 


] 


(19) 


CH;COOC,H,; + OH" — CH;COO™ + C,H;,OH 


The course of this reaction may be followed by determining, by 
titration at specified times, the concentration of hydroxide ions 
remaining unreacted during the course of the reaction. This 
information and the initial concentrations of the ethyl acetate 
and hydroxide can be used to determine the rate constant in 
Equation 19. 

Fractional-life methods can be applied readily to second- 
order reactions for the case when the order of the reaction with 
respect to one reactant is 2, or for the case when the initial 
concentrations of each of two reactants are equal when the 
order with respect to each reactant is 1. For example, the half 
life of a second-order reaction is given by Equation 20. 


1 
bij = RIA|o (20) 
Unlike the half-life period for a first-order reaction, the 
half-life period for a second-order reaction is not constant, but 
rather is proportional to the reciprocal of the concentration of 
reactant. This means that the half-life period increases as a 
second-order reaction proceeds with time; thus, it takes twice 
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as long to deplete a second-order reactant from 50 to 25% as it 
did to deplete the reactant from 100 to 50%. 


THIRD-ORDER REACTIONS 
(SS SE 
Except for in the solution phase, third-order reactions are rare, 
as they require a simultaneous three-body collision of chemical 
species. There are a number of ways in which third-order 
reaction can occur—from a combination of three different 
chemical entities, for which the order of the reaction with 
respect to each of these is 1, to the simplest case in which three 
identical substances react, for which the order of the reaction 
with respect to that species is three. For the latter case, assum- 
ing the stoichiometric coefficient of the single reacting entity A 
is 3, then the rearranged rate equation is given by Equation 21. 


BeBe See ney |B (21) 
({A]o aa 3X)? wy 


Upon integration of Equation 21 over the limits of t = 0 (at 
which X = 0) tot = t (at which X = X), the following third-order 
integrated rate equation is obtained. 


il 1 
[Azz = 6Rkt + [Azz (22) 
Again, it should be noted, that if the stoichiometry was not 
taken into account and the rate was only determined by the 
rate of disappearance of reactant A, then Equation 22 would 
have 2 for the coefficient of kt instead of 6 and the value for the 
rate constant would be three times the value of the rate con- 
stant in Equation 22. 
The equation for the half-life period for the case of Equation 
22 is given by 
1 
tio = DRA (23) 
Another type of a third-order reaction occurs when the rate of 
the reaction is proportional to the product of the concentrations of 
two reactants, one raised to the power of 1 and the other raised to 
the power of 2; it is first order with respect to one reactant and 
second order with respect to the other reactant. Equation 24 
shows the rate equation for such a reaction. 
dx 3 ; 
Gh = [A];[B], fe. ({A]o ie aX)*([B]o — bX) (24) 
If the stoichiometric coefficients, a and b, are both equal to 1, 
then Equation 24 can be rearranged and integrated over the 
limits of ¢ = 0 (at which X = 0) tot = ¢ (at which X = X). The 
rate constant from this resulting equation is given by 


[A]o- [A], 1 ee Ae 


[A]o [Alo fA]. © ((B]o — (Alo)? ~~ [B1LATo 


However, if the stoichiometric coefficients are a = 2 and 6 = 1, 
then when Equation 24 is rearranged and integrated over the 
limits of t = 0 (at which X = 0) tot = ¢t (at which X = X), the rate 
constant is determined by Equation 26. 


iL oldens! [Alo = [A]. | 1 iy ABI 
t 2[B]y—[A]o [Alo [Al (2[B]o —[A]o)? ” [BI[A]o 


1 1 
t [B]o he 


k 


k 


(26) 


Because of the rigors of the mathematics, when a third- 
order reaction is suspected, experimental conditions are often 
chosen so as to simplify the calculations. For example, for the 
third-order reaction in which the stoichiometric coefficients of 
the two reacting species are a = 2 and b = 1, such as that which 
led to the development of Equation 26, if the experimental 
conditions are set such that [A],= 2[B]o, it will lead to a much 
simpler integrated rate equation. 


PSEUDO-ORDER REACTIONS 

a a LR ER 
For some reactions, the rate of the reaction may be independent 
of the concentration of one or more of the reacting species over 
a wide range of concentrations. This may occur under these 
conditions: 


1. One or more of the reactants enters into the rate equation in great 
excess compared to the others. 

2. One of the reactants is a catalyst. 

3. One or more of the reactants is constantly replenished during the 
course of a reaction. 


If this happens, the constant concentration term(s) in the rate 
equation is combined with the rate constant to give an apparent 
rate constant. For example, if the concentration of A in Equa- 
tion 4 remains constant, then Equation 4 can be rewritten as 


Rate = (k[A]")[B]”. .. = RaplB]”... (27) 


where the apparent rate constant, k,,,, (sometimes referred to 
as the pseudo-order rate constant) now depends on the concen- 
tration of A raised to its power, n. Unfortunately, no informa- 
tion about n, the order of reaction with respect to A, can be 
determined from a single experiment. Rather, to gain an un- 
derstanding of n, multiple experiments must be performed 
where the concentration of A is varied. A plot of the natural 
logarithm of k,,,, versus the natural logarithm of the concen- 
tration of A will give a slope that is equal to n. 

In 1850, Wilhelmy performed the first quantitative kinetics 
study by following the rate of hydrolysis (inversion) of sucrose 
to glucose and fructose, according to the reaction 


Ci2H2201, + HO > C5H,20¢ + CoH 20¢ 
sucrose water glucose fructose 


Wilhelmy found that this reaction followed the rate equation 


d [C,2H2.0 
Rea eel She iCeH Onl (28) 


which, upon rearrangement and integration, gives Equation 29. 
In [C12H2201,), = Hawt + In [Cy2.H 2011 ]o (29) 


This reaction is now known to be a second-order reaction, as it is 
first order with respect to both sucrose and water. As for most 
typical aqueous solutions, the molar concentration of water (ap- 
proximately 55.5 mol of water per liter) greatly exceeds the con- 
centration of the solute sucrose. Therefore, even at moderate 
concentrations of sucrose, there is only a minor change in the 
molar concentration of water and the concentration of the solvent 
is practically constant over the course of the reaction. This allows 
the concentration of water to be incorporated into the apparent 
rate constant and the reaction appears to be first order. 

As another example, if component A reacts in aqueous solution 
to go to product B, according to the first-order rate equation given 
by Equation 5 and the stoichiometric coefficient a is 1 (unity), then 
the concentration of A as a function of time should follow the 
exponential form of the integrated rate equation given by Equa- 
tion 7. However, if this reaction occurs in a saturated solution of 
A (ie, [A],,,) in the presence of excess solid A, and if the rate of 
converting solid A to aqueous A is greater than the rate of reaction 
in solution, then the rate of disappearance of A is given by 


> an R[A J sat < Rapp (30) 


If Equation 30 is rearranged and integrated between the limits 

of t = 0 (at which X = 0) tot = ¢ (at which X = X) and defining 

[B], = X, the following zero-order rate equation is obtained, 
[B], = Rappt (31) 


which shows that as long as the solution remains saturated 
with A, the formation of B will occur at a constant rate. As an 


example, if a compound for which decomposition in solution is 
first order is present in excess of its maximum solubility (a 
suspension), the concentration of the reactant in solution will 
be invariant so long as there is excess solid reactant present. 
The kinetics of such a system would then follow Equation 30. 

First- and second-order reactions are by far the most com- 
mon types of rate processes encountered regarding drug stabil- 
ity. If a reaction is of higher order than first order, it often is 
convenient to adjust experimental conditions so that the con- 
centrations of all but one of the reactants remain constant 
throughout the experiment. If, for example, the concentration 
of hydroxide ion in the saponification of an ester is in great 
excess of the concentration of ester, or if a buffer system is 
employed to control hydroxide-ion concentration, then the con- 
centration of hydroxide ion essentially is invariant throughout 
the course of the experiment. The observed rate of the reaction, 
therefore, depends only on the changing concentration of the 
ester, and the reaction is said to be pseudo first-order. The 
apparent first-order rate constant, k,,,,, thus obtained is 
k{OH] and, of course, is different for each hydroxide-ion con- 
centration. The actual rate constant, k, can be obtained easily 
by dividing the experimentally determined apparent first-order 
rate constant, k[{OH~'], by the concentration of hydroxide ion 
maintained throughout the study. 

In the study of complex reactions, it is often desirable to use 
this approach of maintaining the concentration of all but one of 
the reactants constant to facilitate determing the dependency 
of the reaction rate on each of the reactants in turn. 


MORE COMPLEX REACTIONS 


Many chemical reactions do not follow the simple reaction 
kinetics listed above, but rather they often consist of two or 
more elementary processes that may lead to more complicated 
rate equations. For example, comparison of experimental mea- 
surements of the rate of the disappearance of the reactants and 
the appearance of the products may indicate that the reactants 
must be forming one or more intermediates before proceeding 
to form the products. Often chemical reactions proceed revers- 
ibly to form products before an equilibrium is established. 
There are many cases were the reactants simultaneously pro- 
ceed through different mechanisms to form two or more prod- 
ucts. These situations can lead to negative or noninteger orders 
of reactions with respect to reactants and products within the 
rate equation. Quite often, a series of experiments must be 
performed in which certain conditions are controlled in order to 
establish the order of the reaction of individual species involved 
in the chemical reaction before an overall rate equation can be 
established. The next several sections will look as some of the 
more common complex reactions. 


Reversible Reactions 


Many reactions are known to be reversible where the reactants 
go to form products but the products will reversibly revert back 
to reactants. The simplest example of this is in the case where 
reactant A follows a first-order kinetic process with a forward 
rate constant, k, to produce product B. 


ky 
A—B 


However, product B then follows a first-order rate process with 
a reverse rate constant, k,., to reform reactant A. 


k, 
BoA 
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Because, during the course of this reaction, reactant A is being 
simultaneously depleted and formed, the rate at which reac- 
tant A disappears is related to the forward and reverse rates 
according to Equations 32 and 33: 


d [A] d [Al ervard d Air everes 
dt dt dt ae) 
or 
d[A], 
— a = RelAl — RABI (33) 


Jf the initial concentration of B is zero, then at time ¢t = 0 
(initially) the rate equation is given solely by the forward rate 
equation. As the reaction proceeds, the reverse rate equation 
begins to contribute more and more substantially to the overall 
rate equation. Finally, a point will be reached at which the rate 
of the forward reaction is equal to the rate of reverse reaction 
and the overall rate is equal to 0. This is defined as a dynamic 
equilibrium and the concentration equilibrium constant, K., 
given by Equation 34, is equal to the ratio of the forward and 
reverse rate constants, where 


EB 


eae arama 


(34) 
"q 
[B].,, and [A],, are the equilibrium concentrations of the prod- 
uct and reactant, respectively. 

The rate equation expressed in Equation 33 can be rewrit- 
ten to give 


ax 
dt 


h([Alo — X) — bX (35) 


Rearrangement and integration of Equation 35 between the 
limits of t = 0 (at which X = 0) to ¢ = ¢ (at which X = X) and 
defining [B], = X, the following expression for the concentration 
of A as a function of time is obtained: 


k,[A]o exp[ — (kp + kt] + k,[A]o 


[A], ea (36) 


Simultaneous Reactions 


Another very common reaction is when the reaction of one or 
more reactants lead to the formation of multiple products 
through different mechanistic pathways, each with character- 
istic rates: 


ky 
A—>B 
and 
hy 
A>C 


For the case in which both reaction pathways are first order, 
then the rate of disappearance of reactant A is then given by 
Equation 37. 


d [A], 
dt 


R,[A], + RelA], = (Ai + Rp )AI, (37) 


Rearrangement and integration of Equation 37 gives 
[A], = [A]y exp [ — (ki + ky)t] (38) 
Since the rate of formation of product B is given by 


d(B)_ 
a = hill. (39) 
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then, assuming that the initial concentration of B is 0, re- 
arranging and integrating, and substituting Equation 38 into 
Equation 39 yields the following expression for the concentra- 
tion of B as a function of time: 


kilAlo 
[Bl =p 74, (1- exp l 


(k, + ko)t] (40) 
Using similar arguments, the concentration of C as a function 
of time is given by Equation 41. 


R{A]o 
hie ks 


ey; (1 exp [ — (Rk, + ko)t] (41) 
It is of particular interest to note that if Equation 40 is 
divided by Equation 41, the ratio of the concentration of the 


products at any time is given by the ratio of the rate constants. 


[B],_ ky 
[Cl ons 


(42) 


An example of this type of simultaneous reaction is the reac- 
tion of phenol with nitric acid to form both ortho- and para- 
nitrophenol through two simultaneous first-order reaction 
pathways. The relative concentrations of these two products is 
found to be given by Equation 42. 

It is clear that if a kinetic experiment was performed with- 
out any a priori knowledge that the reaction is a simultaneous 
reaction, there is a danger that only the disappearance of a 
reactant or the appearance of only one of the products may lead 
to a faulty conclusion of the reaction mechanism. Care must be 
taken to attempt to identify and account for all of the chemical 
species in a chemical reaction to ensure that a proper rate 
mechanism is obtained. 


Consecutive Reactions 


One of the more common complex reactions is when a reactant 
decays through a series of consecutive reactions, forming one or 
more intermediates before forming a product. A simple case of 
a consecutive reaction is when reactant A proceeds through a 
first-order process to intermediate B which then decays to 
product C through another first-order process. 


k, ky 
A>B-C 


For cases such as this, it is often convenient to consider the 
situation in which the initial concentrations of B and C are 0 
and the sum of the concentrations of A, B, and C at any time is 
equal to the initial concentration of the reactant A. In this case, 
the rate of disappearance of A is given by Equation 43 and the 
rate of appearance of product C is given by Equation 44. 


els k,[A] (43) 
dt aad 1 t 
pale [B] (44) 
Gia aas ae 


The derivative of the concentration of the intermediate B with 
respect to time consists of the rate of formation of B from the 
product A and the disappearance of B as it proceeds to product 
C, as shown by 


d [B] 


dt. 7 PAL — Rl Bl. (45) 


Upon integration and rearrangement of Equation 43, the con- 
centration of reactant A as a function of time can be expressed 
by 


[A], = [A]o exp (—R,t) (46) 


It should be noted that Equations 44 and 45 are not consid- 
ered to be valid rate equations because, by convention, the 
concentration of an intermediate may not appear in a final rate 
equation. Therefore, an expression for the concentration of B as 
a function of time in terms of only the reactant or product must 
be developed. Substituting Equation 46 into Equation 45 and 
rearranging and integrating yields the following expression for 
the concentration of B as a function of time. 


ksfAly 
[B], = 5-—g, (exp [- it] 


exp [ — kpt]) (47) 


Equation 47 can be substituted into Equations 44 and 45 to 
give appropriate rate expressions. Then Equation 45 can be 
rearranged and integrated to give an expression for the con- 
centration of C as a function of time. 


[A]o 
[C], = ea 2 (Ro — ky exp [ — kyt]) — (ki — ky exp [ — hot) 


(48) 


EFFECTS ON REACTION RATE 


Temperature 


The application of heat to increase the rate of a chemical 
reaction is a common laboratory procedure. The rate of most 
solvolytic reactions of pharmaceuticals is increased roughly 2- 
to 3-fold by a 10° increase near room temperature. In 1889 
Arrhenius noted that the variation with temperature of the 
rate constant of chemical reactions could be expressed by 


k =A exp [-E,/RT) (49) 


where, according to collision theory, FE, is the Arrhenius acti- 
vation energy (ie, the difference between the average energy of 
reactive molecules and the minimum energy required for reac- 
tants to proceed to products); exp[-H,/RT] is the Boltzmann 
factor, which represents the fraction of molecules having ener- 
gies greater than or equal to L,; the pre-exponential term A is 
a constant called the frequency factor; R is the gas constant 
(8.314 joule/mol-K or 1.987 cal/mol-K); and T is the absolute 
temperature. The Arrhenius equation can be expressed in a 
linear form according to Equation 50. 


IDA 
Ink=pptina (50) 
Equations 49 and 50 are valid so long as the reaction mech- 
anism does not change over the temperature range studied; a 
plot of the natural logarithm of the rate constant versus the 
reciprocal of the absolute temperature in which the rate con- 
stants are determined gives a negative slope that is equivalent 
to -E,,/R (Fig 19-4). If a nonlinear plot is obtained, a thermally 
induced change in the reaction mechanism probably has 
occurred. 
Differentiation of Equation 50 with respect to temperature, 
and then integrating between the limits of k, and k, at tem- 
peratures between T, and 7’, yields 


Pye pea 
(SE ine! RIOR 


n (51) 
This equation allows EF, to be calculated for a reaction when the 
rate constants are known at two temperatures, or the rate 
constant at one temperature to be calculated if E, and the rate 
constant at another temperature are known. 

Most solvolytic reactions of pharmaceuticals exhibit activa- 
tion energies in the range of 8 to 20 kcal/mol. Using Equation 
50 and the appropriate activation energy, one readily can cal- 
culate that a reaction having an activation energy of 8 kcal/mol 


would show an approximately 1.5-fold increase in k for a tem- 
perature increase from 25° to 35°; a reaction having an activa- 
tion energy of 20 kcal/mol would show a 3-fold increase in k for 
a similar temperature increase. 

When two molecules undergo chemical interaction, it is 
reasonable to suppose that they first must collide and then, if 
conditions are right, undergo a rearrangement of certain elec- 
trons to form the bonds characteristic of the new molecules. 
However, not all collisions can cause a chemical change, or else 
chemical reactions would occur with great rapidity because 
collision frequencies are very high. While molecules or atoms 
must first collide if a reaction is to occur, the colliding mole- 
cules may not have an energy greater than or equal to the 
activation energy sufficient to overcome the mutual repulsion 
of the interacting molecules and enable them to approach close 
enough to each other to effect certain bond ruptures and/or 
establish new bonds characteristic of the products. The greater 
this energy requirement, the smaller the proportion of colliding 
molecules that will have the necessary energy, and the slower 
the reaction. In the Arrhenius equation, A is a factor related to 
frequency of collisions, and exp[—E,/RT] is the probability that 
at temperature 7 a collision will occur with sufficient energy to 
provide a successful collision. The concept of energy of activa- 
tion, in relationship to the energy of the reactants and of the 
products, is illustrated in Figure 19-5. 

Eyring, in his transition state theory, proposed that reac- 
tants must proceed through an activated complex before pro- 
ceeding to reactants. This is demonstrated by the reaction 


KG k' 
A+B=2[AB]* — products 


where the reactants are considered to be in a rapid equilibrium 
with the activated complex or transition state, represented by 
[AB]*, which then decays to products by a first-order process, 
according to the rate equation 


Rate = k'[AB]* (52) 


However, as Equation 52 contains the concentration of the acti- 
vated complex, an intermediate, it is not a valid rate equation and 
an expression in terms which include only the reactants or prod- 
ucts must be substituted for this expression. Because the acti- 
vated complex is in equilibrium with the reactants, the concen- 
tration of the activated complex can be given by 


[AB]* = K*{A][B] (53) 


where K* is the equilibrium constant. Substituting Equation 
53 into Equation 52 yields 


ae ty 


slope = —E,/R 


Ink 
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Figure 19-4. Variation of the rate constant with reciprocal absolute 
temperature, illustrating the Arrhenius equation. 
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Energy level of activated complex 


= 
( forward reaction) Ea 


Energy level ve 


of reactants 


Energy 
| 


ee 
Energy level of products 


Figure 19-5. Relation between activation energy and energy levels 
of reactants, products and activated complex. 


Rate = K*k’ [A][B] = k [A][B] (54) 


where k is equal to K*k’ and Equation 54 is a proper rate 
equation. Eyring was able to show that the rate constant, k’, of 
any reaction is given by the expression 


k'= ae, Ke o 
= Nh (55) 
where R is equal to 8.314 ergs/mol-K, N, is Avogadro’s number, 
and h is Planck’s constant, which is equal to 6.625 x 10°?” 
erg-sec. K* can be related to the thermodynamic parameters 


AG*, AH*, and AS* through the equation 


AGY/RT _ e(TAs* AH*)/RT (56) 


K*=e 


If Equation 56 is substituted into Equation 55, after it has 
been divided by the absolute temperature, the following linear 
equation is obtained. 


ki 4 R Ast 
Toe lige 


NT 
lig 0h! 


(57) 


In 


Thus, the thermodynamics of the formation of the activated 
complex can be determined from a plot of the natural logarithm 
of the ratio of the rate constant to absolute temperature versus 
the reciprocal absolute temperature. 


OTHER EFFECTS 


Specific Acid and Specific Base Catalysis 


The terms specific acid catalysis and specific base catalysis 
refer to catalysis by the hydronium or hydrogen ion, and by the 
hydroxide ion, respectively. For example, if the rate of hydro- 
lysis of an ester, such as ethyl acetate, is studied at a constant 
pH in a strongly buffered solution, the rate of disappearance of 
intact ester will be an apparent first-order reaction. If the 
reaction is studied in solutions buffered at several different pH 
values in a sufficiently acid pH region, a different apparent 
first-order rate constant will be observed for each pH value. 
The observed rate actually depends on the concentration of 
both the ester and hydrogen ion and, therefore, is a second- 
order reaction that appears to be a pseudo first-order reaction 
at the constant hydrogen-ion concentration in the buffer. 
Therefore, the observed first-order rate constant, k,),,, is pro- 
portional to the hydrogen ion concentration of the buffer sys- 
tem as shown by Equation 58. 
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Robs = Racia LH") (58) 
Taking the logarithm of Equation 58 yields 
log Ros = log Raciat log [H*] (59) 
which upon applying the definition of pH yields 
log Ros = log Racia - PH (60) 


Equation 60 suggests that a plot of log &,,, versus pH will be 
linear with a slope of —1 and a y-intercept of log k,.iq- 

Similarly, if the same hydrolysis reaction is studied in buffered 
solutions at several pH values in a sufficiently alkaline region of 
the pH scale, the observed apparent first-order rate constants will 
be found to vary with hydroxide-ion concentration: 


Rows = Risase [OH] (61) 
and 
log kins = log Rpase + log [OH] (62) 


However, the hydroxide ion concentration is related to the 
hydrogen ion concentration through the ionization constant of 
water, K,,, and Equation 60 becomes 


w,? 


log Rops = log Rvase + log K, + pH (63) 


Therefore, a plot of log k,,, versus pH in a heavily buffered 
alkaline solution would yield a straight line with a slope of +1 
and a y-intercept equal to log k,,,.. + log K,,. 

Because of the equilibrium that exists between hydroxide 
and hydronium ions in aqueous solutions, each of these ions 
exists at all values of pH and the observed rate constant is 
actually given by the sum of Equations 58 and 61. 


Rvs — Raia WA") + Pyase [OH] (64) 


The complete logarithm k,, versus pH profile would be 
similar to that illustrated in Figure 19-6 for the hydrogen ion 
and hydroxide ion (specific acid and specific base) catalyzed 
hydrolysis of the ester atropine.’ At relatively low values of pH 
the acid-catalyzed hydrolysis predominates; at relatively high 
values of pH the base-catalyzed hydrolysis predominates. The 
pH at which the minimum rate of hydrolysis is observed is a 
function of the relative magnitude of the specific rate constants 
hacia and k,,,... In the atropine example, the minimum rate of 
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Figure 19-6. Apparent first-order rate of hydrolysis of atropine as a 
function of pH at 30°. The reaction is an illustration of specific hydro- 
gen and hydroxide-ion catalysis. (Courtesy Kondritzer and Zvirblis.) 


pH 


Figure 19-7. Apparent first-order rate of decomposition as a 
function of pH for a hypothetical case where ky," = kKoyy- = 0.1, Ky,0 
= 1 X 10°. The uncatalyzed reaction predominates in the pH re- 
gion 5to 9. 


hydrolysis is at pH of 3.7, which indicates that ky... > Raciq- If 
Ryase equals k,.;a, then, at 25° , the expected minimum rate of 
the reaction would be expected to occur at pH 7. 

A reaction may be catalyzed not only by hydrogen ion and 
hydroxide ion, but also by other Brénsted acids or bases such as 
the solvent water. This is referred to as general acid/base 
catalysis. In this case, the observed rate constant is given by 


Rous = ewatertat Cacciatore esaet Ota (65) 


where &,,.:., 1s a pseudo-order rate constant that has the con- 
centration of water, which is in large excess, incorporated into 
it. Figure 19-7 shows how a plot of the logarithm k,,,. versus pH 
might appear in such a case. The flat region, where the rate of 
reaction apparently is not pH dependent, is the region where 
the solvent is much more important as a catalyst than either 
the hydrogen or hydroxide ions. 

For compounds that are weak acids or weak bases, which 
can therefore exist in both ionized and nonionized species, the 
pH rate profiles become even more complex. Often, both the 
ionized and nonionized species are subject to decomposition 
and catalysis by hydrogen and hydroxide ion; but each of these 
species may react at a different rates. For example, the hydro- 
lysis of the weakly basic drug procaine can be represented by” 


— A[Pr] tota/dt = k, (OH ][Pr] + k,[OH][PrH’] (66) 


where Pr is the nonionized procaine molecule and PrH™ is the 
protonated form. The concentration of each species can be 
related to the total procaine concentration by the relationships 


seereiore! 
[ r] ike BE [OH . ] ; (Pr rotat (67) 
and 
eee ee 
[PrH ] a K, ae (OH | [eraleran (68) 


where K, is the classical dissociation constant for the weak 
base procaine. The complete rate expression for procaine hy- 
drolysis is given by Equation 69. 
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Figure 19-8. Apparent first-order rate of hydrolysis of procaine as a func- 
tion of hydroxide-ion concentration at 40°. (Courtesy Higuchi et a/.’) 


The pH dependency of procaine hydrolysis is illustrated 
graphically in Figure 19-8* by a plot of logarithm k,,. versus 
pOH for the pH region 7 to 13. 


obs 


General Acid or Base Catalysis 


Acid or base catalysis is not restricted to the effect of hydrogen 
or hydroxide ion. Undissociated acids and bases often can be 
demonstrated to produce a catalytic effect, and in some in- 
stances metal ions and various anions can serve as catalysts. 
Mutarotation of glucose in acetate buffer is catalyzed by hydro- 
gen ion, hydroxide ion, acetate ion, and undissociated acetic 
acid. Also, the rate of barbiturate hydrolysis in ammonia buff- 
ers is increased by increasing buffer concentration at constant 
pH as a result of catalysis by NH;. Hydrolysis of the amide 
function of chloramphenicol exhibits, in addition to solvent and 
specific acid—base catalysis, general acid—base catalysis in 
phosphate and citrate buffers. General acid—base catalysis is to 
be anticipated if there is evidence of a significant solvent ca- 
talysis, as illustrated in the pH-rate profile of Figure 19-7. 


lonic Strength 


In general, the effects of increasing concentrations of electro- 
lytes on reaction rate can be predicted by consideration of the 
influence of ionic strength on interionic attraction. The Debye— 
Hiickel equation may be used to demonstrate that increased 
ionic strength would be expected to decrease the rate of reac- 
tion between oppositely charged ions, and increase the rate of 
reaction between similarly charged ions. Thus, the hydrogen 
ion catalyzed hydrolysis of sulfate esters is inhibited by in- 
creasing electrolyte concentration. 


H* 
ROSO; + H,O — ROH + HSO; 


Reactions between ions and dipolar molecules, and reac- 
tions between neutral molecules generally are less sensitive to 
ionic strength effects than are reactions between ionic com- 
pounds. However, reactions that result in formation of oppo- 
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sitely charged ions as products may exhibit considerable in- 
crease in rate with increasing ionic strength. 


Dielectric Constant of Solvent 


Reactions involving ions of opposite charge are accelerated by 
solvents of low dielectric constant. For example, the rate of 
hydrogen ion catalyzed hydrolysis of sulfate esters is much 
greater in low dielectric constant solvents, such as methylene 
chloride, than in water. Reaction between similarly charged 
species is favored by solvents with a high dielectric constant. 
Reaction between neutral molecules, which produce a highly 
polar transition state, such as the reaction of triethylamine 
with ethyl iodide to produce a quaternary ammonium salt, also 
will be enhanced by solvents with a high dielectric constant. 


Hydrolysis (Solvolysis) 


Hydrolysis of esters, such as procaine, aspirin, or atropine, repre- 
sents one of the more common types of drug instability. Ester 
hydrolysis is either hydrogen or hydroxide ion catalyzed, although 
the catalysis that is important from the viewpoint of drug-product 
stability depends upon the specific compound and the pH of the 
solution. Amides generally are more stable than esters but are 
subject to catalysis by hydrogen and hydroxide ions, and often by 
general acids and bases. Some examples of the kinds of functional 
groups subject to hydrolytic cleavage and species shown to be 
catalysts for the reactions are presented below. 


H 
Hee 
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Hydrolysis of the ester function of atropine is typical of ester 
hydrolysis in that only catalysis by the hydrogen or hydroxide 
ions are important. Figure 19-6 illustrates a pH-rate profile 
which might be considered typical for such a reaction. Below 
pH 8, the principal reaction is hydrogen ion catalyzed hydroly- 
sis of the protonated form of atropine. Above pH 5, the principal 
reaction is hydroxide ion catalyzed hydrolysis of the same spe- 
cies. Maximum stability at 30° is at pH 3.7. 

Hydrolytic cleavage of aspirin to salicylic acid and acetic 
acid was studied by Edwards.” 


COOH COOH 


0 0 

i il 
Ore cH eo. OH HO=C=CH; 
Aspirin 


Edwards obtained the interesting pH-rate profile reproduced in 
Figure 19-9. The unusual pH-rate profile obtained for aspirin 
was attributed to a reaction of the form 


—d[Aspirin] ia/dt = k,[H*)[HA] + k2 [H)[A] 
+ k3 [OH ][A] + ky [A] (70) 


where [HA] represents undissociated aspirin and [A] repre- 
sents aspirin anion. The pH-independent anion hydrolysis in- 
dicated for the pH region 5 to 9 has been attributed to intramo- 
lecular catalysis by orthocarboxylate anion, rather than to 
general acid—base catalysis by water. It is principally this 
intramolecular catalysis that is responsible for the high insta- 
bility of aqueous solutions of aspirin in the pharmaceutically 
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Figure 19-9. Apparent first-order rate of hydrolysis of aspirin as a 
function of pH at 17. (Courtesy Edwards.°) 
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useful pH range. Fersht and Kirby® represented the intramo- 
lecular carboxylate ion reaction as a general base catalysis of 
attack by a water molecule. For nucleophiles such as ethanol, 
the terminal hydroxyl of polyethylene glycol (PEG) and the 
lysine Samino function in serum albumin also can participate 
in this reaction in the same manner as water. Thus, from 
aspirin in ethanol solution, ethyl acetate appears as a product; 
in polyethylene glycol, a polyethylene glycol acetate is formed; 
and in a solution containing serum albumin (both in vitro and 
in vivo) aspirin produces an acetylated serum albumin. Whit- 
worth et al’ reasoned that an aspirin solution prepared in a 
PEG solvent containing no free hydroxyl groups would provide 
an aspirin solution of improved stability. They used acetylated 
PEG 400 as a solvent for aspirin and demonstrated that in such a 
solvent less than 1% aspirin loss occurred after 30 days at 45°. 
Chloramphenicol decomposition below pH 7 proceeds pri- 
marily through hydrolytic cleavage of the amide function. 
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In the presence of a buffer, the reaction may be represented as 


—d(Camp]/dt = (ko + k,[H*] + k,LOH] 
+ kyplHB)]+ kg[B))(Camp] (71) 


In addition to hydrogen and hydroxide ion catalysis there is an 
uncatalyzed (or water) reaction, and there may be general acid—base 
catalysis, represented above by the buffer species HB and B. In 
general, the rate of hydroxide ion catalyzed hydrolysis of amides is 
greater than rate of hydronium ion catalyzed hydrolysis. 

Amides generally are much more stable than esters. Peni- 
cillins and cephalosporins are important exceptions to this rule 


because the amide bond is part of a strained four-membered 
ring (ie, a B-lactam). The decomposition of these compounds in 
aqueous solution is catalyzed by hydrogen ion, solvent, hydrox- 
ide ion, sugars, and many buffer species. Maximum stability 
occurs at about pH 7, but 8-lactam antibiotics are too unstable 
to be formulated as solutions. For example, a buffered aqueous 
solution of penicillin G under refrigeration has a useful life of 
only about 1 week. Formation of the penicillanic acid by water- 
catalyzed rearrangement in acidic and neutral solutions is 
thought to be the first step in the degradation process.® 
Barbiturate hydrolysis involves hydroxide-ion attack on 
both the undissociated acid, HP, and the ionized species, P. 
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Hydrogen ion catalyzed hydrolysis is not observed in the pH 
range of interest in pharmaceutical products. 


—d(Barb)/dt = k, {OH ][HP] + k,[OH][P] (72) 


Hydrolysis of the amide (peptide) bond also occurs in protein 
and peptide drugs. This can occur by cleavage of the primary 
peptide linkage (R-NH-CO-R) between adjacent amino acids in 
the peptide chain. Hydrolysis of the free side-chain amide 
groups of asparagine and glutamine (deamidation) is another 
degradation pathway for proteins. Insulin and recombinant 
human growth hormone undergo deamidation in solution. Fur- 
ther discussion of drugs resulting from biotechnology can be 
found in Chapter 49. 


Racemization 


Many drugs are chiral and racemization is a common mechanism 
of degradation resulting in loss of biological activity. In proteins, a 
mixture of the D and L enantiomers is formed by base-catalyzed 
reaction of the natural L configuration. Acid catalyzed racemiza- 
tion of epinephrine or base-catalyzed racemization of pilocarpine 
result in a loss of pharmacological activity. 
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Oxidation 


Compounds such as phenols, aromatic amines, aldehydes, ethers, 
and unsaturated aliphatic compounds are subject to oxidation 
upon exposure to air or oxidizing chemicals. Epinephrine, ascorbic 
acid, phenothiazines, and vitamin A are examples of important 
pharmaceutical products that are oxidized readily. Proteins can 
undergo oxidative degradation by oxidation of methionine, a 
thioether, to its corresponding sulfoxide. Oxidation of the carbon— 
carbon double bonds in unsaturated fatty acids (eg, oleic acid) 
results in the fats and oils tasting rancid. 

Of particular concern are oxidations that occur when solu- 
tions are exposed to atmospheric oxygen. Such reactions, 
termed autoxidation or self-oxidation, are complex reactions 
that proceed via a free-radical mechanism. A free radical is a 
highly unstable (highly reactive) species containing an un- 
paired electron. Autoxidation reactions are autocatalytic in 
that free-radical reactions generate additional free radicals, 
causing a chain reaction. 

A technique used to protect pharmaceuticals susceptible 
to autoxidation is to include in the formulation agents that 
will react readily with free radicals, but that will terminate 
the chain propagation either by forming relatively stable, 
resonance-stabilized free radicals or by forming products that 
do not include additional free radicals. 


Photochemical Decomposition 


Numerous dyes and drugs are subject to photochemical de- 
composition. Light-catalyzed oxidations and reductions of 
photoexcited species are common and are often mechanisti- 
cally complex reactions involving free-radical intermediates. 
Pharmaceuticals such as riboflavin, nifedipine, and the phe- 
nothiazines are examples of common drugs that are ex- 
tremely light sensitive. 


Interaction between Components 


Because drugs are often combined in solution with buffers, 
antioxidants, flavoring agents, antimicrobial preservatives, 
and other drugs, potential interaction between the components 
of a formulation must be considered in pharmaceutical formu- 
lation development. Some obvious interactions, such as the 
possibility of the reaction of a drug having a primary amino 
function with an aldehyde such as vanillin to produce a Schiff 
base, can be predicted; however, a number of interesting, less 
well-recognized reactions have been encountered. 

In addition to buffer species acting as general acid—base 
catalysts, as previously indicated, some buffer species undergo 
specific interactions with drug molecules to form new chemical 
compounds. The formation of amides in aqueous solution from 
amines such as benzocaine and buffers such as citric acid has 
been observed. 

The aromatic function of procaine reacts with glucose to 
form procaine N-glycoside; also, phenylethylamine reacts with 
dehydroacetic acid to form a Schiff base-type compound. Cat- 
echols have been shown to catalyze penicillin hydrolysis. 

It has been demonstrated that bisulfite, an agent commonly 
employed to protect epinephrine against oxidative decomposi- 
tion, is capable of inducing epinephrine degradation through 
attack on the chiral side chain. 


H H H ia A 
Ho noe sop eno) x 

OHH CH HO;S H CH 
HO HO 


Although a solution of folic acid alone is stable to light, a 
combination of riboflavin and folic acid showed a rapid loss of folic 
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acid through formation of a coupled oxidation—reduction system 
in which riboflavin was photoreduced, with folic acid being used 
as a reducing substrate and being itself irreversibly oxidized. In 
the dark and in the presence of oxygen, the riboflavin was regen- 
erated, and when the solution was again irradiated, the cycle was 
repeated with further destruction of folic acid. In this case, the 
riboflavin acts as a photosensitizer in this reaction and would 
cause the decomposition not only of folic acid, but also of ascorbic 
acid or any other easily oxidized substrate. 

The presence of micellar surfactants and certain high-molecular- 
weight polymers commonly employed in pharmaceuticals also 
have been shown to lead to decreased drug stability in some cases. 
Both nonionic and anionic surfactants, as well as polymers such 
as polyvinylpyrrolidone, accelerate the photodecomposition of ri- 
boflavin in aqueous solution. Nonionic surfactants also are capa- 
ble of increasing the rate of hydrolysis of sulfate esters which may 
be incorporated in or on the micellar surface. 


Physical Instability 


The introduction of an increasing number of drugs derived from 
developments in biotechnology necessitates greater awareness 
of instability occurring as a result of loss of drug activity 
through structural changes unrelated to disruption of covalent 
bonds. Protein-based drugs may lose activity as a result of a 
change in superstructure (secondary, tertiary, quaternary) 
that is independent of chemical modification. Superstructure 
changes, which may alter protein drug activity, include de- 
naturation (unfolding), aggregation, surface adsorption, and 
precipitation. Treatments with potential for inducing such 
changes include temperature changes, pH extremes, and agi- 
tation or foaming resulting from shaking. High shear encoun- 
tered in manufacturing or in drug delivery systems also may 
denature protein drugs. Detection of instability of a physical 
nature generally requires one or more biological assays, or 
physical assay methods that are sensitive to the critical super- 
structure change. 


DRUG STABILIZATION 

LSS A ES EG TDN URE BLL TI 
Some drug decomposition reactions, such as photolytic and 
oxidative reactions, are relatively easy to avoid by protecting 
the components from light (photodecomposition) or exclusion of 
oxygen and by use of chain-terminating reagents or free-radical 
scavengers to minimize free-radical-mediated reactions. Solvol- 
ysis reactions, however, cannot be stopped by such procedures, 
but several techniques may be employed to retard reactions 
sufficiently to permit the formulation of a suitable drug prod- 
uct. The following approaches may be useful in attempts to 
retard solvolytic reactions. 


Selection of Optimum pH, Buffer, 
and Solvent 


Consideration of the mechanism of the reaction and the way in 
which the reaction rate is influenced by pH, buffer species, and 
solvent permits the selection of the optimum conditions for 
drug stability. Often, however, ideal conditions for maximum 
stability may be unacceptable from the viewpoint of pharma- 
ceutically acceptable formulation or therapeutic efficacy; thus, 
it may be necessary to prepare a formulation with conditions 
less than optimum for drug stability. If a suitable compromise 
between conditions for maximum stability and conditions for a 
pharmaceutically acceptable formulation cannot be achieved, 
techniques such as those described below may be useful in 
retarding solvolysis reactions. 
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Specific Complexing Agents 


The technique of stabilization by forming complexes in solution 
was introduced by Higuchi and Lachman,? who demonstrated 
that the rate of hydrolysis of the ester function of benzocaine was 
retarded significantly in the presence of caffeine, a reagent with 
which the benzocaine formed a soluble complex. It was demon- 
strated further that, in these systems, the complexed drug did not 
hydrolyze at all, and that the observed rate of hydrolysis could be 
ascribed to the concentration of the free or uncomplexed drug that 
was in equilibrium with the drug complex. 

Boric acid chelation of the catechol function of epinephrine 
stabilizes epinephrine against attack by bisulfite and sulfite. 
The complex of povidone (polyvinylpyrrolidone) and iodine has 
been used for many years as a topical antiseptic because of its 
higher iodine concentration, slow release of iodine from the 
complex, and lower toxicity. 


Surfactants 


It has been demonstrated that the incorporation of benzocaine 
into surfactant micelles could retard significantly the rate of 
ester hydrolysis. Nonionic and anionic surfactants retarded the 
hydroxide ion catalyzed hydrolysis, but cationic surfactants 
somewhat increased the rate of hydroxide ion catalyzed hydro- 
lysis. Similar observations have been reported for a number of 
drugs that are sufficiently lipophilic to be solubilized by sur- 
factant micelles. 


Suspensions 


If the solubility of a labile drug is reduced and the drug is 
prepared in a suspension form, the rate at which the drug 
degrades will be related only to the concentration of dissolved 
drug rather than to the total concentration of drug in the 
product. Thus it has been demonstrated that penicillin G pro- 
caine suspensions degraded at a rate proportional to the low 
concentration of penicillin in solution. Because the penicillin in 
solution was in equilibrium with excess solid penicillin G pro- 
caine, the penicillin concentration in solution was constant and 
the observed order of reaction was apparently zero-order. 


Refrigeration 


Storage below room temperature usually will retard solvolytic 
reactions. Storage in the frozen state generally is an effective 
means of retarding degradative reactions. Several antibiotics 
are sold as frozen solutions in flexible plastic bags. An excep- 
tion is sodium ampicillin dissolved in 5% dextrose solution, 
which showed approximately 10% decomposition after 4 hr of 
storage at 5° and more than 13% loss after storage for the same 
period in the frozen state at —20°. 


Stability Testing 
of Pharmaceutical Products 


If a product is to be marketed, it must be stable over relatively 
long storage times at room temperature or at the actual tem- 
perature at which it will be shipped and stored prior to its 
ultimate use. Thus, the rate of degradation may have to be 
studied over an undesirably long period of time in order to de- 
termine the product’s stability under normal storage 
conditions. 

To avoid this undesirable delay in evaluating possible for- 
mulations, the manufacturer attempts to predict stability un- 


der conditions of room temperature or actual storage conditions 
by using data for the rate of decomposition obtained at several 
elevated temperatures. This is accomplished by an Arrhenius 
plot to predict, from high-temperature data, the rate of product 
breakdown to be expected at actual lower temperature storage 
conditions. See Chapter 52. 

A prediction based on data obtained at elevated tempera- 
tures generally is satisfactory for solution dosage forms. Suc- 
cess is more uncertain when nonhomogeneous products are 
involved. Suspensions of drugs may not provide linear Arrhe- 
nius plots because often there is the possibility that the solid 
phase, which exists at elevated temperature, may not be the 
same solid phase that exists at room temperature. Such differ- 
ences in the solubility of the several solid phases may invali- 
date the usual Arrhenius plots. These difficulties should be 
anticipated when polymorphic crystal forms or several differ- 
ent solvates are known to exist for a specific solute. Also, when 
solid dosage forms (eg, tablets) are subjected to high tempera- 
tures, changes in the quantity of moisture in the product may 
greatly influence the stability of the product. 

Arrhenius plots also suffer limitations when applied to re- 
actions that have relatively low activation energies and, there- 
fore, are not accelerated greatly by an increase in temperature. 
Although it usually is desirable to determine drug stability by 
analyzing samples for the amount of intact drug remaining—in 
instances where there is very little drug decomposition and 
particularly when it is not convenient to accelerate the reaction 
by increasing temperature—it sometimes is advantageous to 
determine initial reaction rates from the determination of the 
amount of reaction product formed. 

Using modern methods of analysis, such as high-perfor- 
mance liquid chromatography (HPLC), it is often possible to 
measure the rate of formation of a degradation product. By 
using this technique, very small amounts of degradation (less 
than 1% loss of parent compound) can be detected, resulting in 
a more sensitive indication of product stability than can be 
obtained by analyzing potency. 

Since manufacturers are interested primarily in the time 
required to produce just a few-percent breakdown in their 
product, so it is not uncommon to employ terminology such as 
to.99 OF to.95, Which is the time required for the drug to decom- 
pose to 90 or 95%, respectively, of original potency. 

An Arrhenius-type plot, analogous to that illustrated in 
Figure 19-4, can be obtained by plotting the logarithm of the 
time required for the specified fractional decomposition versus 
the reciprocal of absolute temperature. The time required for 
the product to decrease in potency to 90% of original potency at 
room temperature then can be obtained directly from the plot. 


REFERENCES 


1. House JE. Principles of Chemical Kinetics. Dubuque, IA: WC 
Brown, 1997. 

2. Garrett ER. In: Bean HS et al, eds. Advances in Pharmaceutical 
Sciences, vol 2. New York: Academic Press, 1967, Chapter 2. 

. Kondritzer AA, Zvirblis P. J APhA Sci Ed 1957; 46: 531. 

. Higuchi T et al. J APhA Sci Ed 1950; 39: 405. 

Edwards LJ. Trans Faraday Soc 1950; 46: 723. 

Fersht AR, Kirby AJ. J Am Chem Soc 1967; 89: 4857. 

. Whitworth CA et al. J Pharm Sci 1973; 62: 1184. 

. Yamana T et al. J Pharm Sci 1977; 66: 861. 

. Higuchi T, Lachman L. J APhA Sci Ed 1955; 44: 521. 


© OID NW 


BIBLIOGRAPHY 


Carstensen JT. Drug Stability, Principles and Practices. New York: 
Dekker, 1990. 

Connors KA et al. Chemical Stability of Pharmaceuticals, 2nd ed. New 
York: Wiley, 1986. 

Fung HL. In: Banker GS, Rhodes CT, eds. Modern Pharmaceutics, 2nd 
ed. New York: Dekker, 1990, Chapter 6. 

Lachman L, DeLuca P, Akers M. In: Lachman L et al, eds. The Theory 
and Practice of Industrial Pharmacy, 3rd ed. Philadelphia: Lea & 
Febiger, 1986, Chapter 26. 


Interfacial Phenomena 


Paul M Bummer, PhD 

Associate Professor of Pharmaceutical Sciences 
College of Pharmacy 
University of Kentucky 
Lexington, KY 40536 


CHAPTER 2O 


Very often it is desirable or necessary in the development of 
pharmaceutical dosage forms to produce multiphasic disper- 
sions by mixing together two or more ingredients that are not 
mutually miscible and capable of forming homogeneous solu- 
tions. Examples of such dispersions include 


Suspensions (solid in liquid) 
Emulsions (liquid in liquid) 
Foams (vapor in liquids) 


Because these systems are not homogeneous and thermody- 
namically stable, over time they will show some tendency to 
separate on standing to produce the minimum possible surface 
area of contact between phases. Thus, suspended particles 
agglomerate and sediment, emulsified droplets cream and co- 
alesce, and the bubbles dispersed in foams collapse to produce 
unstable and nonuniform dosage forms. One way to prevent or 
slow down this natural tendency for further phase separation is 
to add materials that can accumulate at the interface to pro- 
vide some type of energy barrier to aggregation and coales- 
cence. Such materials are said to exhibit surface activity or to 
act as surface-active agents. 

In this chapter the fundamental physical chemical proper- 
ties of molecules situated at interfaces will be discussed so that 
the reader can gain a better understanding of how problems 
involving interfaces can be resolved in designing pharmaceuti- 
cal dosage forms by the use of surface-active agents. 


INTERFACIAL FORCES AND ENERGETICS 


In the bulk portion of each phase, molecules are attracted to 
each other equally in all directions, such that no resultant 
forces are acting on any one molecule. The strength of these 
forces determines whether a substance exists as a vapor, liquid, 
or solid at a particular temperature and pressure. 

At the boundary between phases, however, molecules are 
acted upon unequally because they are in contact with other 
molecules exhibiting different forces of attraction. For example, 
the primary intermolecular forces in water are due to hydrogen 
bonds, whereas those responsible for intermolecular bonding in 
hydrocarbon liquids, such as mineral oil, are due to London 
dispersion forces. 

Thus, molecules situated at the interface experience inter- 
action forces dissimilar to those experienced in each bulk 
phase. In liquid systems such unbalanced forces can be satis- 
fied by spontaneous movement of molecules from the interface 
into the bulk phase. This leaves fewer molecules per unit area 
at the interface (greater intermolecular distance) and reduces 
the actual contact area between dissimilar molecules. 

Any attempt to reverse this process by increasing the area of 
contact between phases—that is, bringing more molecules into 


the interface—causes the interface to resist expansion and 
behave as though it is under a tension everywhere in a tangen- 
tial direction. The force of this tension per unit length of inter- 
face generally is called the interfacial tension, except when 
dealing with the air—liquid interface, where the terms surface 
and surface tension are used. 

To illustrate the presence of a tension in the interface, 
consider an experiment where a circular metal frame, with a 
looped piece of thread loosely tied to it, is dipped into a liquid. 
When the frame is removed and exposed to the air, a film of 
liquid will be stretched entirely across the circular frame, as 
when one uses such a frame to blow soap bubbles. Under these 
conditions (Fig 20-1A), the thread wiil remain collapsed. If a 
heated needle is used to puncture and remove the liquid film 
from within the loop (Fig 20-18), the loop will stretch sponta- 
neously into a circular shape. 

The result of this experiment demonstrates the spontaneous 
reduction of interfacial contact between air and the liquid re- 
maining; indeed, it illustrates that a tension causing the loop to 
remain extended exists parallel to the interface. The circular 
shape of the loop indicates that the tension in the plane of the 
interface exists at right angles or normal to every part of the 
looped thread. The total force on the entire loop divided by the 
circumference of the circle, therefore, represents the tension 
per unit distance of surface, or the surface tension. 

Just as work is required to extend a spring under tension, 
work should be required to reverse the process seen in Figure 
20-1A and B, thus bringing more molecules to the interface. 
This may be seen quantitatively by considering an experiment 
where tension and work may be measured directly. Assume 
that we have a rectangular wire with one movable side (Fig 
20-2). Assume further that by dipping this wire into a liquid, a 
film of liquid will form within the frame when it is removed and 
exposed to the air. As seen earlier in Figure 20-1, when it comes 
in contact with air, the liquid surface will tend to contract with 
a force, F, as molecules leave the surface for the bulk. To keep 
the movable side in equilibrium, an equal force must be applied 
to oppose this tension in the surface. The surface tension, y, of 
the liquid may be defined as F/2/, where 2/ is the distance of 
surface over which F is operating. The factor 2 arises out of 
considering two surfaces, top and bottom. Upon expansion of 
the surface by a very small distance, Ax, the work done (W) is 


W = FAx (1) 
and therefore, 
W = y2lAx (2) 
Since 
AA = 2lAx (3) 


where AA is the change in area due to the expansion of the 
surface, it may be concluded that 
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Figure 20-1. A circular wire frame with a loop of thread loosely tied 
to it: (A) a liquid film on the wire frame with a loop in it; (B) the film 
inside the loop is broken. ' 


W = yAA (4) 


Thus, the work required to create a unit area of surface, known 
as the surface free energy/unit area, is equivalent to the surface 
tension of a liquid system—the greater the area of interfacial 
contact between phases, the greater the free-energy increase 
for the total system. Because a prime requisite for equilibrium 
is that the free energy of a system be at a minimum, it is not 
surprising to observe that phases in contact tend to reduce area 
of contact spontaneously. 

Liquids, being mobile, may assume spherical shapes (small- 
est interfacial area for a given volume), as when ejected from 
an orifice into air or when dispersed into another immiscible 
liquid. If a large number of drops are formed, further reduction 
in area can occur by having the drops coalesce, as when a foam 
collapses or when the liquid phases making up an emulsion 
separate. 

In the centigrade-gram-second (cgs) system, surface tension 
is expressed in units of dynes per centimeter (dyne/cm), while 
surface free energy is expressed in erg/em”. As an erg is a 
dyne-cm, both sets of units are equivalent. In the SI (interna- 
tional units) system, surface tension is expressed in mN/m and 
surface free energy in mJ/m?. 

Values for the surface tension of a variety of liquids are 
given in Table 20-1, and interfacial tension values for various 
liquids against water are given in Table 20-2. Other combina- 
tions of immiscible phases could be given, but most heteroge- 
neous systems encountered in pharmacy usually contain water. 
Values for these tensions are expressed for a particular tem- 
perature. Because an increased temperature increases the 
thermal energy of molecules, the work required to bring mole- 
cules to the interface should be less, and thus the surface and 
interfacial tension will be reduced. For example, the surface 
tension of water is 76.5 dynes/cm at 0° and 63.5 dynes/cm at 
SS. 

As would be expected from the discussion so far, the relative 
values for surface tension should reflect the nature of intermo- 
lecular forces present, hence the relatively large values for 
mercury (metallic bonds) and water (hydrogen bonds), and the 
lower values for benzene, chloroform, carbon tetrachloride, and 
the n-alkanes. 

Benzene, with 7 electrons, exhibits a higher surface tension 
than the alkanes of comparable molecular weight, but increas- 


Figure 20-2. A movable wire frame containing a film of liquid being 
expanded with a force, F. 


Table 20-1. Surface Tension of Various Liquids at 20° 


SUBSTANCE SURFACE TENSION (dyne/cm) 
Mercury J 476 
Water 72.8 
Glycerin 63.4 
Oleic acid 32.5 
Benzene 28.9 
Chloroform Ail 
Carbon tetrachloride 26.8 
1-Octanol 26.5 
Hexadecane 27.4 
Dodecane 25.4 
Decane 23.9 
Octane 21.8 
Heptane ORT, 
Hexane 18.0 
Perfluoroheptane 11.0 
Nitrogen (at 75 K) 9.4 


ing the molecular weight of the alkanes (and hence intermo- 
lecular attraction) increases their surface tension closer to that 
of benzene. The lower values for the more nonpolar substances, 
perfluoroheptane and liquid nitrogen, demonstrate this point 
even more strongly. 

Values of interfacial tension should reflect the differences in 
chemical structure of the two phases involved—the greater the 
tendency to interact, the less the interfacial tension. The 20- 
dyne/cm difference between air—water tension and that at the 
octane—water interface reflects the small but significant inter- 
action between octane molecules and water molecules at the 
interface. This is seen also in Table 20-2 by comparing the 
values for octane and octanol, oleic acid and the alkanes, or 
chloroform and carbon tetrachloride. In each case the presence 
of chemical groups capable of hydrogen bonding with water 
markedly reduces the interfacial tension, presumably by satis- 
fying the unbalanced forces at the interface. These observa- 
tions strongly suggest that molecules at an interface arrange 
themselves or orient so as to minimize differences between 
bulk phases. 

That this phenomenon occurs even at the air—liquid inter- 
face is seen when one notes the relatively low surface-tension 
values of very different chemical structures such as the n- 
alkanes, octanol, oleic acid, benzene, and chloroform. Presum- 
ably, in each case the similar nonpolar groups are oriented 
toward the air with any polar groups oriented away toward the 
bulk phase. This tendency for molecules to orient at an inter- 
face is a basic factor in interfacial phenomena and will be 
discussed more fully in succeeding sections. 

Solid substances such as metals, metal oxides, silicates, and 
salts, all containing polar groups exposed at their surface, may 
be classified as high-energy solids, whereas nonpolar solids 
such as carbon, sulfur, glyceryl tristearate, polyethylene, and 
polytetrafluoroethylene (Teflon) may be classified as low-energy 
solids. It is of interest to measure the surface free energy of 
solids; however, the lack of mobility of molecules at the surface 


Table 20-2. Interfacial Tension of Various Liquids 
Against Water at 20° 


SUBSTANCE INTERFACIAL TENSION (dyne/cm) 
Decane 52.3 

Octane S167 

Hexane 50.8 

Carbon tetrachloride 45.0 

Chloroform 32.8 

Benzene 35.0 

Mercury 428 

Oleic acid 15.6 

1-Octanol 8.51 


of solids prevents the observation and direct measurement of a 
surface tension. It is possible to measure the work required to 
create new solid surface by cleaving a crystal and measuring 
the work involved. However, this work not only represents free 
energy due to exposed groups but also takes into account the 
mechanical energy associated with crystal fracture (ie, plastic 
and elastic deformation and strain energies due to crystal 
structure and imperfections in that structure). 

Also contributing to the complexity of a solid surface is the 
heterogeneous behavior as a result of the exposure of different 
crystal faces, each having a different surface free energy/unit 
area. For example, adipic acid, HOOC(CH,),COOH, crystal- 
lizes from water as thin hexagonal plates with three different 
faces, as shown in Figure 20-3. Each unit cell of such a crystal 
contains adipic acid molecules oriented such that the hexago- 
nal planes (faces) contain exposed carboxyl groups, while the 
sides and edges (A and B faces) represent the side view of the 
carboxy] and alkyl groups and thus are quite nonpolar. Indeed, 
interactions involving these different faces reflect the differing 
surface free energies.” 

Other complexities of solid surfaces include roughness and 
porosity.® Even in the absence of chemical contamination, such 
as that occurring during recystallization, surface energy 
changes in a solid can be induced by unit operations such as 
milling, resulting in an altered pattern of drug dissolution.*® 
In view of all these potential complications that are difficult to 
quantify, surface free energy values for solids, when reported, 
should be regarded as average values, often dependent on the 
method used and not necessarily the same for other samples of 
the same substance. 

Table 20-3 lists some average values of y,,, for a variety of 
solids, ranging in polarity from Teflon to copper, obtained by 
various indirect techniques. 


ADHESIONAL AND COHESIONAL FORCES 

SES ALLY IE IRI NTE S 
Of prime importance to those dealing with heterogeneous sys- 
tems is the question of how two phases will behave when 
brought in contact with each other. It is well known, for in- 
stance, that some liquids, when placed in contact with other 
liquid or solid surfaces, will remain retracted in the form of a 
drop (known as a Jens), while other liquids may exhibit a 
tendency to spread and cover the surface of this liquid or solid. 

Based upon concepts developed to this point, it is apparent 
that the individual phases will exhibit a tendency to minimize 
the area of contact with other phases, thus leading to phase 
separation. On the other hand, the tendency for interaction 
between molecules at the new interface will offset this to some 
extent and give rise to the spontaneous spreading of one sub- 
stance over the other. 

In essence, therefore, phase affinity is increased as the 
forces of attraction between different phases (adhesional 
forces) become greater than the forces of attraction between 
molecules of the same phase (cohesional forces). If these adhe- 
sional forces become great enough, miscibility will occur and 
the interface will disappear. The present discussion is con- 
cerned only with systems of limited phase affinity, where an 
interface still exists. 

A convenient approach used to express these forces quanti- 
tatively is work of adhesion and work of cohesion. The work of 
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Figure 20-3. Adipic acid crystal showing various faces.” 
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Table 20-3. Values of y,,, for Solids of Varying Polarity 
SS Ss IT EE ES 


SOLID ysv (dyne/cm) 
Teflon 19.0 
Paraffin 25.5 
Polyethylene 37.6 
Polymethyl methacrylate 45.4 
Nylon 50.8 
Indomethacin 61.8 
Griseofulvin 62.2 
Hydrocortisone 68.7 
Sodium Chloride 155 
Copper 1300 


adhesion, W,, is defined as the free energy/cm” required to 
separate two phases at their boundary and is equal but oppo- 
site in sign to the free energy/cm” released when the interface 
is formed. In an analogous manner the work of cohesion for a 
pure substance, W., is the work/cm? required to produce two 
new surfaces, as when separating different phases, but now 
both surfaces contain the same molecules. This is equal and 
opposite in sign to the free energy/cm” released when the same 
two pure liquid surfaces are brought together and eliminated. 

By convention, when the work of adhesion between two 
substances, A and B, exceeds the work of cohesion for one 
substance (eg, B), spontaneous spreading of B over the surface 
of A should occur with a net loss of free energy equal to the 
difference between W, and W.. If W. exceeds W., no spontane- 
ous spreading of B over A can occur. The difference between W,, 
and W, is known as the spreading coefficient, S. Only when S is 
positive will spreading occur. 

The values for W, and W, (and hence S) may be expressed 
in terms of surface and interfacial tensions, when one con- 
siders that upon separation of two phases, A and B, yap ergs 
of interfacial free energy/cm” (interfacial tension) are lost, 
but that y, and yz, erg/cm” of energy (surface tensions of A 
and B) are gained; upon separation of bulk-phase molecules 
in an analogous manner, 2y, or 2y, erg/cm” will be gained. 
Thus, 


We GIN ae 975 (5) 
and 
W. = 2y, or 2yz (6) 
for B spreading on the surface of A. Therefore, 
Sp = ya + Ya- Yas — 2B (7) 
or 
Sp = ya- (ye + Yas) (8) 
Using Equation 8 and the values of surface and interfacial 
tension given in Tables 20-1 and 20-2, the spreading coefficient 


can be calculated for three representative substances— decane, 
benzene, and oleic acid—on water at 20°. 


Decane: S = 72.8 — (23.9 + 52.3) = -3.4 
Benzene: S = 72.8 — (28.9 + 35.0) = 8.9 
Oleic Acid: ‘Su—e2.8i = (3822514 io.6) = 2457 


As expected, relatively nonpolar substances such as decane 
exhibit negative values of spreading coefficient, whereas the 
more-polar materials yield positive values—the greater the 
polarity of the molecule, the more positive the value of S. 

The importance of the cohesive energy of the spreading 
liquid may be noted also by comparing the spreading coeffi- 
cients for hexane on water and water on hexane. 
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(Som 7208 1181045 0.8) — a 050 
Sw = 18.0 — (72.8 + 50.8) = -105.6 


Here, despite the fact that both liquids are the same, the high 
cohesion and air—liquid tension of water prevents spreading on 
the low-energy hexane surface, while the very low value for 
hexane allows spreading on the water surface. This also is seen 
when comparing the positive spreading coefficient of hexane to 
the negative value for decane on water. 

To see whether spreading does or does not occur, a powder 
such as talc or charcoal can be sprinkled over the surface of 
water such that it floats; then, a drop of each liquid is placed on 
this surface. As predicted, decane will remain as an intact drop, 
while hexane, benzene, and oleic acid will spread out, as shown 
by the rapid movement of solid particles away from the point 
where the liquid drop was placed originally. 

An apparent contradiction to these observations may be 
noted for hexane, benzene, and oleic acid when more of each 
substance is added: lenses now appear to form even though 
initial spreading occurred. Thus, in effect a substance does not 
appear to spread over itself. 

It is now established that the spreading substance forms a 
monomolecular film that creates a new surface that has a lower 
surface free energy than pure water. This arises because of the 
apparent orientation of the molecules in such a film so that 
their most hydrophobic portion is oriented toward the spread- 
ing phase. It is the lack of affinity between this exposed portion 
of the spread molecules and the polar portion of the remaining 
molecules that prevents further spreading. This may be seen by 
calculating a final spreading coefficient where the new surface 
tension of water plus monomolecular film is used. For example, 
the presence of benzene reduces the surface tension of water to 
62.2 dyne/cm so that the final spreading coefficient, is 


S = 62.2 —- (28.9 + 35.0) = -1.7 


The lack of spreading exhibited by oleic acid should be reflected 
in an even more negative final spreading coefficient, as the very 
polar carboxyl groups should have very little affinity for the 
exposed alkyl chain of the oleic acid film. Spreading so as to 
form a second layer with polar groups exposed to the air also 
would seem very unlikely, thus leading to the formation of a 
lens. 


WETTING PHENOMENA 


In the experiment described above it was shown that talc or 
charcoal sprinkled onto the surface of water float despite the 
fact that their densities are much greater than that of water. In 
order for immersion of the solid to occur, the liquid must 
displace air and spread over the surface of the solid; when 
liquids cannot spread over a solid surface spontaneously, and, 
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Figure 20-4. Forces acting on a nonwetting liquid drop exhibiting a 
contact angle of 0.° 


Table 20-4. Contact Angle on Paraffin and Nylon 
for Various Liquids of Differing Surface Tension 


CONTACT ANGLE (°) 


SURFACE TENSION 


SUBSTANCE (dyne/em) PARAFFIN NYLON 
Water 72.8 105 70 
Glycerin 63.4 96 60 
Formamide 58.2 91 50 
Methylene iodide 50.8 66 41 
a-Bromonaphthalene 44.6 47 16 
tert-Butylnaphthalene 8307) 38 spreads 
Benzene 28.9 24 spreads 
Dodecane 25.4 Wi spreads 
Decane 23.9 7 spreads 
Nonane 229 spreads spreads 


therefore, S, the spreading coefficient, is negative, we say that 
the solid is not wetted. 

An important parameter reflecting the degree of wetting is 
the angle made by the liquid with the solid surface at the point 
of contact (Fig 20-4). By convention, when wetting is complete, 
the contact angle is 0°; in nonwetting situations it theoretically 
can increase to a value of 180°, where a spherical droplet makes 
contact with solid at only one point. 

To express contact angle in terms of solid—liquid—air equi- 
libria, one can balance forces parallel to the solid surface at the 
point of contact between all three phases (see Fig 20-4), as 
expressed in 


Ysv = Ysz + Yiv cos 8 (9) 


where Ysy, Ysz, and yzy represent the surface free energy/ 
unit area of the solid—air, solid—liquid and liquid—air inter- 
faces, respectively. Although difficult to use quantitatively 
because of uncertainties with ysy and ys, measurements, 
conceptually the equation, known as the Young equation, is 
useful because it shows that the loss of free energy due to 
elimination of the air—solid interface by wetting is offset by 
the increased solid—liquid and liquid—air area of contact as 
the drop spreads out. 

The y,y cos 6 term arises as the horizontal vectorial com- 
ponent of the force acting along the surface of the drop, as 
represented by y,y. Factors tending to reduce y;y and yg;, 
therefore, will favor wetting, while the greater the value of ycy, 
the greater the chance for wetting to occur. This is seen in 
Table 20-4 for the wetting of a low-energy surface, paraffin 
(hydrocarbon), and a higher energy surface, nylon (polyhexa- 
methylene adipamide). Here, the lower the surface tension of a 
liquid, the smaller the contact angle on a given solid, and the 
more polar the solid, the smaller the contact angle with the 
same liquid. 

With Equation 9 in mind and looking at Figure 20-5, it is 
now possible to understand how the forces acting at the solid— 
liquid—air interface can cause a dense nonwetted solid to float 
if yg, and y;y are large enough relative to yxy. 

The significance of reducing y;y was first developed empir- 
ically by Zisman® when he plotted cos @ versus the surface 
tension of a series of liquids and found that a linear relation- 
ship, dependent on the solid, often was obtained. When such 
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Figure 20-5. Forces acting on a nonwettable solid at the 
air+liquid+solid interface: contact angle 6 greater than 90°. 


Table 20-5. Critical Surface Tensions of Various 
Polymeric Solids 


POLYMERIC SOLID 


yc (dyne/cm AT 20°C) 


Polymethacrylic ester of d’-octanol 10.6 
Polyhexafluoropropylene 16.2 
Polytetrafluoroethylene 19 
Polytrifluoroethylene 22 
Poly(vinylidene fluoride) 25 
Poly(vinyl fluoride) 28 
Polyethylene 31 
Polytrifluorochloroethylene 31 
Polystyrene 33 
Poly(vinyl! alcohol) 3Y/ 
Poly(methy! methacrylate) 39 
Poly(vinyl chloride) 39 
Poly(vinylidene chloride) 40 
Poly(ethylene terephthalate) 43 
Poly(hexamethylene adipamide) 46 


plots are extrapolated to cos @ equal to 1, or 0° contact angle, a 
value of surface tension required to just cause complete wetting 
is obtained. Doing this for a number of solids, it was shown that 
this surface tension (known as the critical surface tension, y,.) 
parallels expected solid surface energy ygy—the lower y,, the 
more nonpolar the surface. 

Table 20-5 indicates some of these y, values for different 
surface groups, indicating such a trend. Thus, water with a 
surface tension of about 72 dyne/cm will not wet polyethylene 
(y. = 31 dyne/em) but heptane, with a surface tension of about 
20 dyne/cm, will. Likewise, Teflon (polytetrafluoroethylene) (y, 
= 19) is not wetted by heptane but is wetted by perfluorohep- 
tane with a surface tension of 11 dyne/cm. 

One complication associated with the wetting of high-energy 
surfaces is the lack of wetting after the initial formation of a 
monomolecular film caused by the spreading substance. As in 
the case of oleic acid spreading on the surface of water, the 
remaining liquid retracts because of the low-energy surface 
produced by the oriented film. This phenomenon, often called 
autophobic behavior, is an important factor in many systems of 
pharmaceutical interest because many solids expected to be 
wetted easily by water may be rendered hydrophobic if other 
molecules dissolved in the water can form these monomolecular 
films at the solid surface. 


CAPILLARITY 


Because water shows a strong tendency to spread out over a 
polar surface such as clean glass (contact angle equal to 0°), one 
would expect to observe a meniscus forming when water is 
contained in a glass vessel such as a pipet or buret. This 
behavior is accentuated dramatically if a fine-bore capillary 
tube is placed into the liquid (Fig 20-6). Not only will the 
wetting of the glass produce a more highly curved meniscus, 


Figure 20-6. Capillary rise for a liquid exhibiting 0° contact angle.’ 
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Figure 20-7. Capillary fall for a liquid exhibiting a contact angle, 9, 
that is greater than 90°.' 


but the level of the liquid in the tube will be appreciably higher 
than the level of the water in the beaker. 

The spontaneous movement of a liquid into a capillary or 
narrow tube due to surface forces is defined as capillarity and 
is responsible for a number of important processes involving 
the penetration of liquids into porous solids. In contrast to 
water in contact with glass, if the same capillary is placed into 
mercury (contact angle on glass: 130°), not only will the menis- 
cus be inverted (Fig 20-7), but the level of the mercury in the 
capillary will be lower than in the beaker. In this case one does 
not expect mercury or other nonwetting liquids to penetrate 
pores easily unless external forces are applied. 

To examine more closely the factors giving rise to the phe- 
nomenon of capillarity, consider the case of a liquid that rises to 
a height, h, above the bulk liquid in a capillary having a radius, 
r. As shown in Figure 20-6, if the contact angle of water on 
glass is 0, a force, F, will act upward and vertically along the 
circle of liquid—glass contact. Based upon the definition of 
surface tension, this force will be equal to the surface tension, 
y, multiplied by the circumference of the circle, 277. Thus, 


F = y2ar (10) 


This force upward must support the column of water, and 
because the mass, m, of the column is equal to the density, d, 
multiplied by the volume of the column, mr*h, the force W 
opposing the movement upward will be 


W = mg = tr*dgh (11) 


where g is the gravity constant. 
Equating the two forces at equilibrium gives 


ar’dgh = y2ar (12) 


so that 
eae (13) 


Thus, the greater the surface tension and the finer the capillary 
radius, the greater the rise of liquid in the capillary. 

If the contact angle of liquid is not 0 (Fig 20-8), the same 
relationship may be developed, except the vertical component 
of F which opposes the weight of the column is F cos @ and, 
therefore 


Figure 20-8. Capillary rise for a liquid exhibiting a contact angle, 6, 
that is greater than 0° but less than 90°.' 
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2y cos 8 


rdg (14) 
This indicates the very important fact that if @ is less than 90°, 
but greater than 0°, the value of h will decrease with increasing 
contact angle until at 90° (cos @ = 0°), h = 0. Above 90°, values 
of h will be negative, as indicated in Figure 20-7 for mercury. 
Thus, based on these equations it may be concluded that cap- 
illarity will occur spontaneously in a cylindrical pore even if the 
contact angle is greater than 0°, but it will not occur at all if the 
contact angle becomes 90° or more. In solids with irregularly 
shaped pores the relationships between parameters in Equa- 
tion 14 will be the same, but they will be more difficult to 
quantitate because of nonuniform changes in pore radius 
throughout the porous structure. 


PRESSURE DIFFERENCES 
ACROSS CURVED SURFACES 


A SCT EI OSE AR PT eS TES ER 
From the preceding discussion of capillarity another important 
concept follows. In order for the liquid in a capillary to rise 
spontaneously it must develop a higher pressure than the lower 
level of the liquid in the beaker. However, because the system 
is open to the atmosphere, both surfaces are in equilibrium 
with the atmospheric pressure. To be raised above the level of 
liquid in the beaker and produce a hydrostatic pressure equal 
to hgd, the pressure just below the liquid meniscus, in the 
capillary, P,, must be less than that just below the flat liquid 
surface, Py, by hgd, and therefore 


P)-P, =hgd (15) 
Because, according to Equation 14, 


2y cos 0 


rgd 
then 


2y cos 8 
Lei SIE * ve) 


For a contact angle of 0°, where the radius of the capillary is the 
radius of the hemisphere making up the meniscus, 


Leave tee (17) 
The consequences of this relationship (known as the Laplace 
equation) are important for any curved surface when r becomes 
very small and y is relatively significant. For example, a spher- 
ical droplet of air formed in a bulk liquid and having a radius 
r will have a greater pressure on the inner concave surface than 
on the convex side, as expressed in Equation 17. Direct mea- 
surement of the pressure difference, (Py) — P,), for an air bubble 
of known radius allows the determination of the surface ten- 
sion of either a pure liquid or a solution of surface active 
substance. Both static (constant radius) and dynamic (radius 
changing in a cyclic fashion as a function of time) measure- 
ments have been employed. The latter treatment, known as the 
pulsating bubble method, has been very useful in the study of 
some of the biophysical properties and associated disease 
states of pulmonary surfactant, a mixture of surface active 
materials lining the small airways of the mammalian lung.’ 
One of the less appreciated advantages of this method for 
measuring surface tension is the need for only a very small 
sample size, typically on the order of 50 wL. 

Another direct consequence of what Equation 17 expresses 
is the fact that very small droplets of liquid, having highly 
curved surfaces, will exhibit a higher vapor pressure, VP, than 
observed are over a flat surface of the same liquid at VP’. 


Table 20-6. Ratio of Observed Vapor Pressure (P) to 
Expected Vapor Pressure (P’) of Water at 25°C With 
Varying Droplet Size 


PIP’ DROPLET SIZE (um) 
1.001 1 

1.01 0.1 

1.1 0.01 

2.0 0.005 

3.0 0.001 

4.2 0.00065 

Se 0.00060 


Equation 18, called the Kelvin equation, expresses the ratio of 
VP/VP’ to droplet radius r, and surface tension y: 


Je 2yM 
lo8 Br = 5 303RTpr *) 
where M is the molecular weight, R is the gas constant in 
erg/mol/degree, T is temperature, and p is the density in g/em”. 
Values for the ratio of vapor pressures are given in Table 20-6 
for water droplets of varying size. Such ratios indicate why it is 
possible for very fine water droplets in clouds to remain uncon- 
densed despite their close proximity to one another. 

This same behavior may be seen when measuring the solu- 
bility of very fine solid particles, as both vapor pressure and 
solubility are measures of the escaping tendency of molecules 
from a surface. Indeed, the equilibrium solubility of extremely 
small particles has been shown to be greater than the usual 
value noted for coarser particles; the greater the surface energy 
and smaller the particles, the greater this effect. 


ADSORPTION 


Vapor Adsorption on Solid Surfaces 


It was suggested earlier that a high surface or interfacial free 
energy may exist at a solid surface if the unbalanced forces at 
the surface and the area of exposed groups are quite great. 

Substances such as metals, metal oxides, silicates, and 
salts—all containing exposed polar groups—may be classified 
as high-energy or hydrophilic solids; nonpolar solids such as 
carbon, sulfur, polyethylene, or Teflon (polytetrafluoroethyl- 
ene) may be classified as low-energy or hydrophobic solids (see 
Table 20-3). Whereas liquids satisfy their unbalanced surface 
forces by changes in shape, pure solids (which exhibit negligi- 
ble surface mobility) must rely on reaction with molecules 
either in the vapor state or in a solution that comes in contact 
with the solid surface to accomplish this. 

Vapor adsorption is the simplest model demonstrating how 
solids reduce their surface free energy in this manner. Depend- 
ing on the chemical nature of the adsorbent (solid) and the 
adsorbate (vapor), the strength of interaction between the two 
species may vary from strong specific chemical bonding to 
interactions produced by the weaker, more nonspecific London 
dispersion forces. Ordinarily, these latter forces are those re- 
sponsible for the condensation of relatively nonpolar sub- 
stances such as Ng, O., COs, or hydrocarbons. 

When chemical reaction occurs, the process is called 
chemisorption; when dispersion forces predominate, the 
term physisorption is used. Physisorption occurs at temper- 
atures approaching the liquefaction temperature of the 
vapor; for chemisorption, temperatures depend on the 
particular reaction involved. Water-vapor adsorption to var- 
ious polar solids can occur at room temperature through 


hydrogen-bonding, with binding energies intermediate to 
physisorption and chemisorption. 

To study the adsorption of vapors onto solid surfaces, one 
must measure the amount of gas adsorbed/unit area or unit 
mass of solid, at different pressures of gas. Because such stud- 
ies usually are conducted at constant temperature, plots of 
volume adsorbed versus pressure are known as adsorption 
isotherms. If the physical or chemical adsorption process is 
monomolecular, the adsorption isotherm should appear similar 
to those shown in Figure 20-9. Adsorption significantly in- 
creases with increasing pressure, followed by a leveling off, 
which is due either to a saturation of available specific chemical 
groups, as in chemisorption, or to the entire available surface 
being covered by physically adsorbed molecules. Adsorption 
reduction with increasing temperature occurs because the ad- 
sorption process is exothermic. In the case of physical adsorp- 
tion at low temperatures after adsorption levels off, often a 
marked increase in adsorption occurs, presumably due to mul- 
tilayered adsorption. In this case vapor molecules essentially 
condense upon themselves as the liquefaction pressure of the 
vapor is approached. Figure 20-10 illustrates one type of iso- 
therm generally seen with multilayered physisorption. 

To have a quantitative understanding of the adsorption 
process and to be able to compare different systems, two factors 
must be evaluated. It is important to know the capacity of the 
solid or the maximum amount of adsorption under a given set 
of conditions and the affinity of a given substance for the solid 
surface—how readily does it adsorb for a given amount of 
pressure? In effect, the second term is the equilibrium constant 
for the process. For many systems vapor-adsorption data 
may fit a very general, but somewhat empirical equation, the 
Freundlich equation: 


Van = lig (19) 


where V, is the volume of gas adsorbed, p is the gas pressure, 
and k and n are constants reflecting adsorption affinity and 
capacity. 

A significant theoretical improvement along these lines was 
the theory of monomolecular adsorption proposed by Lang- 
muir. He postulated that for adsorption to occur a solid must 
contain uniform adsorption sites, each capable of holding a 
single gas molecule. Molecules colliding with the surface may 
bounce off elastically or they may remain in contact for a period 
of time. It is this contact over a period of time that Langmuir 
termed adsorption. 

Two major assumptions were made in deriving the adsorp- 
tion equation: 
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Figure 20-9. Adsorption isotherms for ammonia on charcoal.® 
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Figure 20-10. Typical plot for multilayer physical adsorption of a 
vapor on a solid surface. 


1. Only those molecules striking an empty site can be adsorbed; hence, 
only monomolecular adsorption occurs. 

2. The forces of interaction between adsorbed molecules are negligible 
and, therefore, the probability of a molecule adsorbing onto or 
desorbing from any site is independent of the surrounding sites. 


With these assumptions and applying the kinetic theory of 
gases, it can be shown that 


Von SAW hls FOAL a 18510) (20) 


where V,,, is the volume of gas covering all of the adsorption 
sites with a single layer of molecules and k’ is a constant that 
reflects the affinity of the gas for the solid. 

A test of fit to this equation can be made by expressing it in 


linear form. 


p ] Pp 
V, = Vk a V,, (21) 
The value of k’ is, in effect, the equilibrium constant and may 
be used to compare affinities of different substances for the 
solid surface. The value of V,,, is valuable because it indicates 
the maximum number of sites available for adsorption. In the 
case of physisorption the maximum number of sites is actually 
the total surface area of the solid; therefore, the value of V,,, can 
be used to estimate surface area if the volume and area/mole- 
cule of vapor are known. 
Since physisorption most often involves some multilayered 
adsorption, an equation based on the Langmuir equation, the 
B.E.T. equation, normally is used to determine V,,, and solid 


surface areas. Equation 22 is the B.E.T. equation: 


7 VCD 
“(po — PL + C= Dy/po)) 


(22) 


where c¢ is a constant and pp, is the vapor pressure of the 
adsorbing substance.? Experimentally, the most widely used 
vapor for this purpose is nitrogen, which adsorbs nonspecifi- 
cally on most solids near its boiling point at -195° and appears 
to occupy about 16 A?/molecule on a solid surface. 


Adsorption from Solution 


By far one of the most important aspects of interfacial phenom- 
ena encountered in pharmaceutical systems is the tendency for 
substances dissolved in a liquid to adsorb to various interfaces. 
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Adsorption from solution is generally more complex than that 
from the vapor state because of the influence of the solvent and 
any other solutes dissolved in the solvent. Although such ad- 
sorption generally is limited to one or two molecular layers at 
most, the presence of other molecules often makes the inter- 
pretation of adsorption mechanisms much more difficult than 
for chemisorption or physisorption of a vapor. Because mono- 
molecular adsorption from solution is so widespread at all 
interfaces, we will first discuss the nature of monomolecular 
films and then return to a discussion of adsorption from 
solution. 


Insoluble Monomolecular Films 


It was suggested above that molecules exhibiting a tendency to 
spread out at an interface might be expected to orient so as to 
reduce the interfacial free energy produced by the presence of 
the interface. Direct evidence for molecular orientation has 
been obtained from studies dealing with the spreading on wa- 
ter of insoluble polar substances containing long hydrocarbon 
chains, such as fatty acids. 

In the late 19th century Pockels and Rayleigh showed that 
a very small amount of olive or castor oil, when placed on the 
surface of water, spreads out, as discussed above. If the amount 
of material was less than could, physically cover the entire 
surface, only a slight reduction in the surface tension of water 
was noted. However, if the surface was compressed between 
barriers, as shown in Figure 20-11, the surface tension was 
reduced considerably. 

Devaux extended the use of this technique by dissolving 
small amounts of solid in volatile solvents and dropping the 
solution onto a water surface. After assisting the water- 
insoluble molecules to spread, the solvent evaporated, leaving a 
surface film containing a known amount of solute. 

Compression and measurement of surface tension indicated 
that a maximum reduction of surface was reached when the 
number of molecules/unit area was reduced to a value corre- 
sponding to complete coverage of the surface. This suggested 
that a monomolecular film forms and that surface tension is 
reduced upon compression because contact between air and 
water is reduced by the presence of the film molecules. Beyond 
the point of closest packing, the film apparently collapses very 
much as a layer of corks floating on water would be disrupted 
when laterally compressed beyond the point of initial physical 
contact. 

Using a refined quantitative technique based on these stud- 
ies, Langmuir’! spread films of pure fatty acids, alcohols, and 
esters on the surface of water. Comparing a series of saturated 
fatty acids, differing only in chain length, he found that the 
area/molecule at collapse was independent of chain length, 
corresponding to the cross-sectional area of a molecule oriented 
in a vertical position (see Fig 20-11). He further concluded that 
this molecular orientation involved association of the polar 
carboxyl group with the water phase and the nonpolar alkyl 
chain out toward the vapor phase. 

In addition to the evidence for molecular orientation, Lang- 
muir’s work with surface films revealed that each substance 
exhibits film properties which reflect the interactions between 


Figure 20-11. Insoluble monomolecular film compressed between a 
fixed barrier B, and a movable barrier A.'° 
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Figure 20-12. A surface pressure—area curve for an insoluble mono- 
molecular film: Region A, gaseous film; Region B, liquid film; Re- 
gion C, solid film; Region D, film collapse. 


molecules in the surface film. This is seen best by plotting the 
difference in surface tension of the clean surface yo, and that of 
the surface covered with the film y, versus the area/molecule A 
produced by film compression (total area/the number of mole- 
cules). The difference in surface tension is called the surface 
pressure, 7, and thus 


ie = y= (23) 


Figure 20-12 depicts such a plot for a typical fatty acid 
monomolecular film. At areas greater than 50A7/molecule the 
molecules are far apart and do not cover enough surface to 
reduce the surface tension of the clean surface to any extent 
and thus the lack of appreciable surface pressure. Because the 
molecules in the film are quite free to move laterally in the 
surface, they are said to be in a two-dimensional gaseous or 
vapor state. 

As the intermolecular distance is reduced upon compres- 
sion, the surface pressure rises because the air—water surface 
is being covered to a greater extent. The rate of change in 7 
with A, however, will depend on the extent of interaction be- 
tween film molecules—the greater the rate of change, the more 
“condensed” the state of the film. 

In Figure 20-12, from 50 to 30 A”/molecule, the curve shows a 
steady increase in 7, representative of a two-dimensional “liquid” 
film, where the molecules become more restricted in their freedom 
of movement because of interactions. Below 30 A?/molecule, the 
increase in 7 occurs over a narrow range of A, characteristic of 
closest packing and a two-dimensional “solid” film. 

Any factor tending to increase polarity or bulkiness of the 
molecule—such as increased charge, number of polar groups, 
reduction in chain length, or the introduction of aromatic rings, 
side chains, and double bonds—should reduce molecular inter- 
actions. On the other hand, the longer the alkyl chain and the 
less bulky the polar group, the closer the molecules can ap- 
proach and the stronger the extent of interaction in the film. 


Soluble Films and Adsorption 
from Solution 


If a fatty acid exhibits highly gaseous film behavior on an 
aqueous surface, a relatively small change in 7 with A over a 
considerable range of compression should be expected. Indeed, 
for short-chain compounds such as lauric acid (12 carbons) or 
decanoic acid, not only is the change in 7 small with decreasing 
A, but at a point just before the expected closest packing area, 
the surface pressure becomes constant without any collapse. 
If lauric acid is converted to the laurate ion, or if a shorter 
chain acid such as octanoic acid is used, spreading on water and 
compression of the surface produces no increase in 7. These 


results illustrate that the more polar the molecule (hence, the 
more gaseous the film), the higher the area/molecule where a 
constant surface pressure occurs. This behavior may be ex- 
plained by assuming that polar molecules form monomolecular 
films when spread on water but that, upon compression, they 
are caused to enter the aqueous bulk solution rather than to 
remain as an intact insoluble film. The constant surface pres- 
sure with increased compression arises because a constant 
number of molecules/unit area remain at the surface in equi- 
librium with dissolved molecules. The extent of such behavior 
will be greater for substances exhibiting weaker intermolecular 
interaction and greater water solubility. 

Starting from the other direction, it can be shown that 
short-chain acids and alcohols (when dissolved in water) reduce 
the surface tension of water, thus producing a surface pressure, 
just as with insoluble films (see Equation 23). That dissolved 
molecules are accumulating at the interface in the form of a 
monomolecular film is suggested from the similarity in behav- 
ior to systems where lightly soluble molecules are spread on the 
surface. For example, compressing the surface of a solution 
containing “surface-active” molecules has no effect on the ini- 
tial surface pressure, whereas increasing bulk-solution concen- 
tration tends to increase surface pressure, presumably by shift- 
ing the equilibrium between surface and bulk molecules. 

At this point one may ask, why should water-soluble mole- 
cules leave an aqueous phase and accumulate or adsorb at an 
air—solution interface? Because any process will occur sponta- 
neously if it results in a net loss in free energy, such must be 
the case for the process of adsorption. A number of factors will 
produce such a favorable change in free energy. 


e The presence of the oriented monomolecular film reduces the sur- 
face free energy of the air—water interface. 

e The hydrophobic group on the molecule is in a lower state of energy 
at the interface, where it no longer is as surrounded by water 
molecules, than when it is in the bulk-solution phase. 

e Increased interaction between film molecules also will contribute to 
this process. 


A further reduction in free energy occurs upon adsorption 
because of the gain in entropy associated with a change in 
water structure. Water molecules, in the presence of dissolved 
alkyl chains are more highly organized or ice-like than they are 
as a pure bulk phase; hence, the entropy of such structured 
water is lower than that of bulk water. 

The process of adsorption requires that the ice-like struc- 
ture melt as the chains go to the interface, and thus an increase 
in the entropy of water occurs. The adsorption of molecules 
dissolved in oil can occur but it is not influenced by water 
structure changes, and hence, only the first factors mentioned 
are important here. 

It is very rare that significant adsorption can occur at the 
hydrocarbon—air interface as little loss in free energy comes 
about by bringing hydrocarbon chains with polar groups at- 
tached to this interface. On the other hand, at oil—water inter- 
faces, the polar portions of the molecule can interact with water 
at the interface, leading to significant adsorption. 

Thus, whereas water-soluble fatty acid salts are adsorbed 
from water to air—-water and oil—water interfaces, their undis- 
sociated counterparts, the free fatty acids, which are water 
insoluble, form insoluble films at the air—water interface, are 
not adsorbed from oil solution to an oil—air interface, but show 
significant adsorption at the oil-water interface when dissolved 
in oil. 

From this discussion it is possible also to conclude that 
adsorption from aqueous solution requires a lower solute con- 
centration to obtain the same level of adsorption if the hydro- 
phobic chain length is increased or if the polar portion of the 
molecule is less hydrophilic. On the other hand, adsorption 
from nonpolar solvents is favored when the solute is quite 
polar. 

Because soluble or adsorbed films cannot be compressed, 
there is no simple, direct way to estimate the number of mol- 
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ecules/unit area coming to the surface under a given set of 
conditions. For relatively simple systems it is possible to esti- 
mate this value by application of the Gibbs equation, which 
relates surface concentration to the surface-tension change 
produced at different solute activities. The derivation of this 
equation is beyond the scope of this discussion, but it arises 
from a classical thermodynamic treatment of the change in free 
energy when molecules concentrate at the boundary between 
two phases. The equation may be expressed as 


a dy 
~ RT da 


(24) 


where I is the moles of solute adsorbed/unit area, R is the gas 
constant, T is the absolute temperature and dy is the change in 
surface tension with a change in solute activity, da, at activity 
a. 

For dilute solutions of nonelectrolytes, or for electrolytes 
when the Debye—Hiickel equation for activity coefficient is ap- 
plicable, the value of a may be replaced by solute concentration, 
c. Because the term dc/c is equal to d In c, the Gibbs equation 
is often written as 


1 dy 
RT d inc 


(25) 


In this way the slope of a plot of y versus Inc multiplied by 1/RT 
should give I at a particular value of c. 

Figure 20-13 depicts typical plots for a series of water- 
soluble surface-active agents differing only in the alkyl chain 
length. A greater reduction of surface tension occurs at lower 
concentrations for longer chain-length compounds. In addition, 
there are greater slopes with increasing concentration, indicat- 
ing more adsorption (Equation 25), and an abrupt leveling of 
surface tension at higher concentrations. This latter behavior 
reflects the self-association of surface-active agent to form mi- 
celles which exhibit no further tendency to reduce surface 
tension. The topic of micelles will be discussed later in Chap- 
ter 21. 

If one plots the values of surface concentration, I versus 
concentration c, for substances adsorbing to the vapor—liquid 
and liquid—liquid interfaces, using data such as those given in 
Figure 20-13, one generally obtains an adsorption isotherm 
shaped like those in Figure 20-9 for vapor adsorption. Indeed, 
it can be shown that the Langmuir equation (Equation 20) can 
be fitted to such data when written in the form 

lps k'c 
= (26) 

et aon@ 
max 18 the maximum surface concentration attained 
with increasing concentration and k’ is related to k in Equation 
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Figure 20-13. The effect of increasing chain length on the surface 
activity of a surfactant at the air-aqueous solution interface (each 
curve differs from the preceding or succeeding by two methylene 
groups with A, the longest chain, and D, the shortest). 
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bdr 


Figure 20-14. A mixed monomolecular film. ®, a long-chain ion; O, 
a long-chain nonionic compound. 


20. Combining Equations 24 and 26 leads to a widely used 
relationship between surface-tension change II (see Equa- 
tion 23), and solute concentration c, known as the Syszkowski 
equation. 


TT = Pax RT In (1 + k'c) (27) 


Mixed Films 


It would seem reasonable to expect that the properties of a 
surface film could be varied greatly if a mixture of surface- 
active agents were in the film. As an example, consider that a 
mixture of short- and long-chain fatty acids would be expected 
to show a degree of condensation varying from the gaseous 
state when the short-chain substance is used in high amount to 
a highly condensed state when the longer chain substance 
predominates. Thus, each component in such a case would 
operate independently by bringing a proportional amount of 
film behavior to the system. 

More often, the ingredients of a surface film do not behave 
independently, but rather interact to produce a new surface 
film. An obvious example would be the combination of organic 
amines and acids which are charged oppositely and would be 
expected to interact strongly. In addition to such polar-group 
interactions, chain—chain interactions strongly favor mixed 
condensed films. An important example of such a case occurs 
when a long-chain alcohol is introduced along with an ionized 
long-chain substance. Together the molecules form a highly 
condensed film despite the presence of a high number of like 
charges. Presumably this occurs as seen in Figure 20-14, by 
arranging the molecules so that ionic groups alternate with 
alcohol groups; however, if chain—chain interactions are not 
strong, the ionic species often will be displaced by the more 
nonpolar unionized species and will “desorb” into the bulk 
solution. 

On the other hand, sometimes the more soluble surface- 
active agent produces surface pressures in excess of the col- 
lapse pressure of the insoluble film and displaces it from the 
surface. This is an important concept because it is the under- 
lying principle behind cell lysis by surface-active agents and 
some drugs, and behind the important process of detergency. 


Adsorption from Solution 
on to Solid Surfaces 


Adsorption to solid surfaces from solution may occur if the 
dissolved molecules and the solid surface have chemical groups 
capable of interacting. Nonspecific adsorption also will occur if 
the solute is surface active and if the surface area of the solid is 
high. This latter case would be the same as occurs at the 
vapor—liquid and liquid-liquid interfaces. As with adsorption 
to liquid interfaces, adsorption to solid surfaces from solution 
generally leads to a monomolecular layer, often described by 
the Langmuir equation in the form 


x/M = [(x/M)mk*c]/(1 + k*c) (28) 


where x is the amount of adsorbed solute, M is the total weight 
of solid, x/M is the amount of solute adsorbed per unit weight of 
solid at concentration c, k* is a constant, and (x/M)m is the 


amount of solute per unit weight covering the surface with a 
complete monolayer. However, as Giles!” has pointed out, the 
variety of combinations of solutes and solids, and hence the 
variety of possible mechanisms of adsorption, can lead to a 
number of more complex isotherms. In particular, adsorption of 
surfactants and polymers, of great importance in a number 
of pharmaceutical systems, still is not understood well on 
a fundamental level, and may in some situations even be 
multilayered. 

Adsorption from solution may be measured by separating 
solid and solution and either estimating the amount of ad- 
sorbate adhering to the solid or the loss in concentration of 
adsorbate from solution. In view of the possibility of solvent 
adsorption, the latter approach really only gives an apparent 
adsorption. For example, if solvent adsorption is great 
enough, it is possible to end up with an increased concentra- 
tion of solute after contact with the solid; here, the term 
negative adsorption is used. 

Solvent not only influences adsorption by competing for the 
surface, but as discussed in connection with adsorption at 
liquid surfaces, the solvent will determine the escaping ten- 
dency of a solute; for example, the more polar the molecule, the 
less the adsorption that occurs from water. This is seen in 
Figure 20-15, where adsorption of various fatty acids from 
water onto charcoal increases with increasing alkyl chain 
length or nonpolarity. It is difficult to predict these effects, but, 
in general, the more chemically unlike the solute and solvent 
and the more alike the solid surface groups and solute, the 
greater the extent of adsorption. Another factor that must be 
kept in mind is that charged solid surfaces, such as polyelec- 
trolytes, will strongly adsorb oppositely charged solutes. This is 
similar to the strong specific binding seen in gas chemisorption, 
and it is characterized by significant monolayer adsorption at 
very low concentrations of solute. See Figure 20-16 for an 
example of such adsorption. 

Adsorption onto activated charcoal has been shown to be 
extremely useful in the emergency treatment of acute overdos- 
age of a variety of drugs taken by the oral route.'° Overall 
effectiveness of commercially available activated-charcoal sus- 
pensions as an antidote in oral poisonings appears to be di- 
rectly related to the total charcoal surface area. Drug adsorp- 
tion to charcoal tends to follow both the Langmuir model as 
well as the Freundlich model. In addition, a drug that is un- 


*/m, Millimoles per Gram Charcoal 


fe) 1 2 3 
Concentration, Moles per Liter 


Figure 20-15. The relation between adsorption and molecular 
weight of fatty acids.'? 


Adserbed LNt 


jons 


© 


© 
Solution © 


: — 
Wee J 
Figure 20-16. The adsorption of a cationic surfactant, LN’, onto a 


negatively charged silica or glass surface, exposing a hydrophobic 
surface as the solid is exposed to air.'* 


ionized at gastric pH will adsorb to charcoal to a greater extent 
than will the ionized form of the drug, probably because of less 
repulsive interactions in the adsorbed state of neutral mole- 
cules. Great care must be exercised in the formulation of 
activated-charcoal suspensions because pharmaceutical adju- 
vants employed in suspensions have the potential to adsorb to 
the charcoal and block sites for drug adsorption. 


SURFACE-ACTIVE AGENTS 


Throughout the discussion so far, examples of surface-active 
agents (surfactants) have been restricted primarily to fatty 
acids and their salts. It has been shown that both a hydropho- 
bic portion (alkyl chain) and a hydrophilic portion (carboxyl 
and carboxylate groups) are required for their surface activity, 
the relative degree of polarity determining the tendency to 
accumulate at interfaces. It now becomes important to look at 
some of the specific types of surfactants available and to see 
what structural features are required for different pharmaceu- 
tical applications. 

The classification of surfactants is quite arbitrary, but one 
based on chemical structure appears best as a means of intro- 
ducing the topic. It is generally convenient to categorize sur- 
factants according to their polar portions because the nonpolar 
portion usually is made up of alkyl or aryl groups. The major 
polar groups found in most surfactants may be divided as 
follows: anionic, cationic, amphoteric, and nonionic. As shall be 
seen, the last group is the largest and most widely used for 
pharmaceutical systems, so that it will be emphasized in the 
discussion that follows. 


Types 


ANIONIC AGENTS—The most commonly used anionic 
surfactants are those containing carboxylate, sulfonate, and 
sulfate ions. Those containing carboxylate ions are known as 
soaps and generally are prepared by the saponification of nat- 
ural fatty acid glycerides in alkaline solution. The most com- 
mon cations associated with soaps are sodium, potassium, am- 
monium, and triethanolamine; the chain length of the fatty 
acids ranges from 12 to 18. 
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The extent of solubility in water is influenced greatly by the 
length of the alkyl chain and the presence of double bonds. For 
example, sodium stearate is quite insoluble in water at room 
temperature, whereas sodium oleate under the same conditions 
is quite water soluble. 

Multivalent ions, such as calcium and magnesium, produce 
marked water insolubility, even at lower alkyl chain lengths; 
thus, soaps are not useful in hard water that is high in content 
of these ions. Soaps, being salts of weak acids, are subject also 
to hydrolysis and the formation of free acid plus hydroxide ion, 
particularly when in more concentrated solution. 

To offset some of the disadvantages of soaps, a number of 
long alkyl chain sulfonates, as well as alkyl aryl sulfonates 
such as sodium dodecylbenzene sulfonate, may be used; the 
sulfonate ion is less subject to hydrolysis and precipitation in 
the presence of multivalent ions. A popular group of sulfonates, 
widely used in pharmaceutical systems, are the dialkyl sodium 
sulfosuccinates, particularly sodium _ bis-(2-ethylhexyl)sulfo- 
succinate, best known as Aerosol OT or docusate sodium. This 
compound is unique in that it is soluble both in oil and water, 
and hence forms micelles in both phases. It reduces surface and 
interfacial tension to low values and acts as an excellent wet- 
ting agent in many types of solid dosage forms (Table 20-7). 

A number of alkyl sulfates are available as surfactants, but 
by far the most popular member of this group is sodium lauryl 
sulfate, which is used widely as an emulsifier and solubilizer in 
pharmaceutical systems. Unlike the sulfonates, sulfates are 
susceptible to pH-dependent hydrolysis leading to the forma- 
tion of the long-chain alcohol. 

CATIONIC AGENTS—A number of long-chain cations, 
such as amine salts and quaternary ammonium salts, often are 
used as surface-active agents when dissolved in water; how- 
ever, their use in pharmaceutical preparations is limited to 
that of antimicrobial preservation rather than as surfactants. 
This arises because the cations adsorb so readily at cell mem- 
brane structures in a nonspecific manner, leading to cell lysis 
(eg, hemolysis), as do anionics to a lesser extent. It is in this 
way that they act to destroy bacteria and fungi. 

Since anionic and nonionic agents are not as effective as 
preservatives, one must conclude that the positive charge of 
these compounds is important; however, the extent of surface 
activity has been shown to determine the amount of material 
needed for a given amount of preservation. Quaternary ammo- 
nium salts are preferable to free amine salts as they are not 
subject to effect by pH in any way; however, the presence of 
organic anions such as dyes and natural polyelectrolytes is an 
important source of incompatibility and such a combination 
should be avoided. 

AMPHOTERIC AGENTS—The major groups of molecules 
falling into the amphoteric category are those containing car- 
boxylate or phosphate groups as the anion, and amino or qua- 
ternary ammonium groups as the cation. The former group is 
represented by various polypeptides, proteins, and the alkyl 
betaines; the latter group consists of natural phospholipids 
such as the lecithins and cephalins. In general, long-chain 


Table 20-7. Effect of Aerosol OT Concentration on the 
Surface Tension of Water and the Contact Angle 
of Water with Magnesium Stearate 


CONCENTRATION 


(m x 10°) Ven 0(°) 
1.0 60.1 120 
3.0 49.8 113 
5.0 45.1 104 
8.0 40.6 89 

10.0 38.6 80 

12.0 37.9 71 

15.0 35.0 63 

20.0 32.4 54 

25.0 29.5 50 
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amphoterics, which exist in solution in zwitterionic form, are 
more surface active than are ionic surfactants having the same 
hydrophobic group, because in effect the oppositely charged 
ions are neutralized. However, when compared to nonionics, 
they appear somewhere between ionic and nonionic. 

PROTEINS—Considering the rapidly growing importance 
of proteins as therapeutic agents, the unique surface charac- 
teristics of these biological macromolecules deserve some spe- 
cial attention. Therapeutic proteins have been shown to be 
extremely surface active, and they adsorb to clinically impor- 
tant surfaces such as glass bottles and syringes, sterile filters, 
and plastic IV bags and administration sets; the result is treat- 
ment failures. In general, proteins can adsorb to a whole vari- 
ety of surfaces, both hydrophobic and hydrophilic. From the 
standpoint of the surface, protein adsorption appears to be 
maximized when the electrical charge of the surface is opposite 
that of the protein or when the surface is extremely hydropho- 
bic. From the standpoint of the protein, the extent of adsorption 
depends on the molecular weight, the number of hydrophobic 
side chains, and the relative distribution of cationic and anionic 
side chains. The effect of ionic strength is usually to enhance 
adsorption by shielding adjacent proteins from repulsive elec- 
trical interactions. Adsorption is also maximized when the pH 
of the protein solution is equal to the pl (isoelectric point) of the 
molecule, again due to minimized electrical repulsion. 

When different proteins compete for adsorption sites on a 
single surface, the effect of molecular weight becomes most 
striking. Early in the adsorption process the protein with the 
smaller molecular weight, which can diffuse to the surface 
more rapidly, initially occupies the interface. After some time, 
it is found that the larger molecular weight protein has dis- 
placed the smaller protein since the larger molecule has more 
possible interaction points with the surface and thus greater 
total energy of interaction. 

The most important consequence of therapeutic protein ad- 
sorption is the loss of bioactivity, the reasons for which include 
loss of therapeutic agent by irreversible adsorption to the sur- 
face, possible structural changes in the protein induced by the 
interface, and surface-associated aggregation and precipitation 
of the protein. Each of these consequences is related to the 
structure adopted by the protein in the interfacial region. The 
native three-dimensional structure of a protein in solution is 
the result of a complex balance between attractive and repul- 
sive forces. Surface can easily disrupt the balance of forces in 
proteins residing in the interfacial region and cause the mole- 
cule to undergo a change, unfolding from the native to the 
extended configuration. As it is unlikely that the extended 
configuration will refold back to the native state upon release 
from the interface, the protein is considered to be denatured. 
Like other polymers, the unfolding of the protein at the inter- 
face is thought to minimize the contact of apolar amino acid 
side chains with water. 

In addition, electrical interactions, both within the protein 
and between the protein and the surface, strongly modulate the 
configuration assumed at the interface. Motion of the interface, 
such as comes about during shaking of a solution, appears to 
accelerate the surface-associated denaturation. Some proteins 
appear to be rather vulnerable to surface-induced structural 
alterations, whereas others are very resistant. Algorithms for 
predicting those proteins most vulnerable to the structure- 
damaging effects of interfaces are not yet available. Empirical 
observations suggest that those proteins easily denatured in 
solution by elevated temperatures may also be most sensitive 
to interfacial denaturation. 

The best defense against untoward effects on the structure 
of proteins induced by surfaces appears to be prevention of 
adsorption. Research in the field of biomaterials has shown 
that surfaces that are highly hydrophilic are less likely to serve 
as sites for protein adsorption. Steric hindrance of adsorption 
by bonding hydrophilic polymers, such as polyethylene oxide, to 
a surface also appears to be successful in minimizing adsorp- 
tion. Formulations of proteins intended for parenteral admin- 


istration frequently contain synthetic surfactants to preserve 
bioactivity. The specific molecular mechanism of protection is 
not understood and can involve specific blocking of adsorption 
to the interface or enhanced removal from the interface before 
protein unfolding can occur. In support of the former mecha- 
nism is the observation that surfactants most successful at 
protecting proteins from interfacial denaturation contain long 
polyethylene oxide chains capable of blocking access of the 
protein to the surface. 

PHOSPHOLIPIDS—AII lecithins contain the L-a-glycero- 
phosphoylcholine skeleton esterified to two long-chain fatty 
acids (often oleic, palmitic, stearic, and linoleic). Typically, for 
pharmaceutical use, lecithins are derived from egg yolk or 
soybean. Although possessing a polar zwitterionic head group, 
the twin hydrocarbon tails result in a surfactant with very low 
water solubility in the monomer state. With the exception of 
the skin, phospholipids make up a vast majority of the lipid 
component of cell membranes throughout the body. As a result, 
the biocompatibility of lecithin is high, accounting for the in- 
creasing popularity of use in formulations intended for oral, 
topical, and intravenous use. Egg yolk lecithins are used ex- 
tensively as the main emulsifying agent in the fat emulsions 
intended for intravenous use. 

The ability of the lecithins to form a tough but flexible film 
between the oil and water phases is responsible for the excel- 
lent physical stability shown the IV fat emulsions. In aqueous 
media, phospholipids are capable of assembling into concentric 
bilayer structures known as liposomes. The therapeutic advan- 
tage of such a lipid assembly for drug delivery depends upon 
the encapsulation of the active ingredient either within the 
interior aqueous environment or within the hydrophobic region 
of the bilayer. Deposition of the liposome within the body 
appears to be dependent upon a number of factors, including 
the composition of the phospholipids employed in the bilayer 
and the diameter of the liposome. 

The unique surface properties of phospholipids are critical 
to the function of the pulmonary system. Pulmonary surfactant 
is a mixture of phospholipids and other associated molecules 
secreted by type II pneumocytes. In the absence of pulmonary 
surfactant (as in a neonate born prematurely), the high surface 
energy of the pulmonary alveoli and airways can be diminished 
only by physical collapse of these structures and resulting 
elimination of the air-water interface. As a consequence of 
airway collapse, the lung fails to act as an organ of gas ex- 
change. Pulmonary surfactant maintains the morphology and 
function of the alveoli and airways by markedly decreasing 
surface energy through decreasing the surface tension of the 
air—water interface. 

The most prevalent component of pulmonary surfactant, 
dipalmitoylphosphatidylcholine (DPPC), is uniquely responsi- 
ble for forming the very rigid surface film necessary to reduce 
the surface tension of the interface to a value near 0. Such an 
extreme reduction in surface tension is most critical during the 
process of exhalation of the lung where the air—water interfa- 
cial area is decreasing. Although DPPC does form the rigid 
film, in the absence of additives it is unable to respread over an 
expanding interface typical of a lung during the inhalation 
phase. An anionic phospholipid, phosphatidylglycerol, in con- 
junction with a surfactant-associated protein, SP-C, appears to 
aid the respreading of DPPC and to maintain mechanical sta- 
bility of the interface. A truly remarkable feature is that pul- 
monary surfactant is able to carry out the cycle of reducing 
surface tension to near 0 during exhalation and then reexpand- 
ing over the interface during inhalation at whatever rate is 
necessary by the respiratory pattern. 

Commercially available pulmonary surfactant replacement 
preparations contain DPPC as the primary ingredient. Agents 
that aid in the respreading of DPPC may differ depending upon 
the source of the surface-active material. 

NONIONIC AGENTS—The major class of compounds 
used in pharmaceutical systems are the nonionic surfactants, 
as their advantages with respect to compatibility, stability, and 


potential toxicity are quite significant. It is convenient to divide 

these compounds into those that are relatively water insoluble 

and those that are quite water soluble. The major types of 
compounds making up this first group are the long-chain fatty 
acids and their water-insoluble derivatives. These include 

e Fatty alcohols such as lauryl, cetyl (16 carbons), and stearyl 
alcohols. 

e Glyceryl esters such as the naturally occurring mono-, di-, and 
triglycerides. 

e Fatty acid esters of fatty alcohols and other alcohols such as pro- 
pylene glycol, polyethylene glycol, sorbitan, sucrose, and cholesterol. 
Included also in this general class of nonionic water- 
insoluble compounds are the free steroidal alcohols such as 
cholesterol. 


To increase the water solubility of these compounds and to 
form the second group of nonionic agents, polyoxyethylene 
groups are added through an ether linkage with one of their 
alcohol groups. The list of derivatives available is much too 
long to cover completely, but a few general categories will be 
given. 

The most widely used compounds are the polyoxyethylene 
sorbitan fatty acid esters, found in pharmaceutical formula- 
tions that are to be used both internally and externally. Closely 
related compounds include polyoxyethylene glyceryl and ste- 
roidal esters, as well as the comparable polyoxypropylene es- 
ters. It is also possible to have a direct ether linkage with the 
hydrophobic group, as with a polyoxyethylene—stearyl ether or 
a polyoxyethylene—alkyl phenol. These ethers offer advantages 
because, unlike the esters, they are quite resistant to acidic or 
alkaline hydrolysis. 

Besides the classification of surfactants according to their 
polar portion, it is useful to have a method that categorizes 
them in a manner that reflects their interfacial activity and 
their ability to function as wetting agents, emulsifiers, and 
solubilizers. Variation in the relative polarity or nonpolarity of 
a surfactant significantly influences its interfacial behavior, so 
some measure of polarity or nonpolarity should be useful as a 
means of classification. 

One such approach assigns a hydrophile—lipophile balance 
(HLB) number for each surfactant; although the method was 
developed by a commercial supplier of one group of surfactants, 
it has received widespread application. 

The HLB value, as originally conceived for nonionic surfac- 
tants, is merely the percentage weight of the hydrophilic group 
divided by 5 in order to reduce the range of values. On a molar 
basis, therefore, a 100% hydrophilic molecule (polyethylene 
glycol) would have a value of 20. Thus, an increase in polyoxy- 
ethylene chain length increases polarity, and hence the HLB 
value; at constant polar chain length, an increase in alkyl chain 
length or number of fatty acid groups decreases polarity and 
the HLB value. One immediate advantage of this system is that 
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to a first approximation one can compare any chemical type of 
surfactant to another type when both polar and nonpolar 
groups are different. 

Values of HLB for nonionics are calculable on the basis of 
the proportion of polyoxyethylene chain present; however, to 
determine values for other types of surfactants, it is necessary 
to compare physical chemical properties reflecting polarity 
with those surfactants having known HLB values. 

Relationships between HLB and phenomena such as water 
solubility, interfacial tension, and dielectric constant have been 
used. Those surfactants exhibiting values greater than 20 (eg, 
sodium lauryl sulfate) demonstrate hydrophilic behavior in 
excess of the polyoxyethylene groups alone. Refer to Chapter 22 
for further information. 
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The term colloid, derived from the Greek word for glue, was 
applied ca 1850 by the British chemist Thomas Graham to 
polypeptides such as albumin and gelatin, to vegetable gums such 
as acacia, starch and dextrin, and to inorganic compounds such as 
gelatinous metal hydroxides and Prussian blue (ferric ferrocya- 
nide). These compounds did not crystallize, and diffused very 
slowly when dissolved or dispersed in water. They could be sepa- 
rated from ordinary solutes such as salts and sugar, called “crys- 
talloids,” as the latter diffused through the fine pores of dialysis 
membranes made from animal gut which retained the “colloids.” 
“Crystalloids” crystallized readily from solution.!~* 

Von Weimarn was the first to identify colloidality as a state of 
subdivision of matter rather than as a category of substances. 
Many of Graham’s “colloids,” especially proteins, have been crys- 
tallized. Moreover, von Weimarn was able to prepare all “crystal- 
loids” investigated in the colloidal state. Colloidal dispersions by 
the condensation method resulted from high relative supersatu- 
ration, which produced a large number of small nuclei. For 
instance, clear, transparent solidified jellies were prepared by 
cooling aqueous solutions of CaCl,, Ba(SCN), and Al,(SO,)3, and 
aqueous-alcoholic solutions of NaCl, KCl, NH,Cl, KSCN, NaBr 
and NH,NO, which were nearly saturated at room temperature.® 

Colloid chemistry became a science in its own right around 
1906, when Wolfgang Ostwald wrote the booklet “The World of 
the Neglected Dimensions.” In it, he focused on colloidal systems 
as a state of matter that has disperse phases intermediate in size 
between small molecules or ions in solution and large, visible 
particles in suspension. Ostwald became the first editor of the 
journal Kolloid-Zeitschrift in 1907. The studies of colloidal sys- 
tems and surface or interfacial phenomena are intimately related. 
The properties of colloidal dispersions are governed largely by the 
nature of the surface of their particles. The division of the Amer- 
ican Chemical Society specializing in colloidal systems and inter- 
faces is called the “Division of Colloid and Surface Chemistry,” 
while the pertinent session of the Gordon Research Conferences is 
called “Chemistry at Interfaces.” 

Colloid and surface chemistry deals with an unusually wide 
variety of industrial and biological systems. A few examples are 
catalysts, lubricants, adhesives, latexes for paints, rubbers and 
plastics, soaps and detergents, clays, ink, packaging films, ciga- 
rette smoke, liquid crystals, cell membranes, blood, mucous secre- 
tions and aqueous humors. 


DEFINITIONS AND CLASSIFICATIONS 


Colloidal Systems and Interfaces 


Colloidal dispersions consist of at least two discrete phases, 
namely, one or more disperse, dispersed or internal phases 
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and a continuous or external phase called the dispersion 
medium or vehicle. What distinguishes colloidal dispersions 
from solutions and coarse dispersions is the particle size of 
the disperse phase. Systems in the colloidal state contain one 
or more substances that have at least one dimension in the 
range of 10 to 100 A (1 Angstrom unit = 10-° cm = 10 1° m) 
or 1-10 nm (1 nanometer = 10 ° m) at the lower end, anda 
few micrometers (um) at the upper end (1 4m = 10*A = 10 © 
m). Thus blood, cell membranes, the thinner nerve fibers, 
milk, rubber latex, fog and beer foam are colloidal systems. 
Some types of materials, such as many emulsions, and oral 
suspensions of most organic drugs, are coarser than true 
colloidal systems but exhibit similar behavior. Even though 
serum albumin, acacia and povidone form true or molecular 
solutions in water, the size of the individual solute molecules 
places such solutions in the colloidal range (particle size > 
10 A or 1 nm).!-46-10 

The following features distinguish colloidal dispersions 
from coarse suspensions. Disperse particles in the colloidal 
range are usually too fine to be visible in a light microscope, 
because at least one dimension measures 1 um or less. They 
are often visible in the ultramicroscope and always in the 
electron microscope. Coarse suspended particles are fre- 
quently visible to the naked eye and always in the light 
microscope. Colloidal particles, as opposed to coarse parti- 
cles, pass through ordinary filter paper but are retained by 
dialysis or ultrafiltration membranes. Because of their small 
size, colloidal dispersions undergo little or no sedimentation 
or creaming: Brownian motion maintains the disperse par- 
ticles in suspension (see below). 

Except for high polymers, most soluble substances can be 
prepared either as low-molecular-weight solutions, or as col- 
loidal dispersions or coarse suspensions depending on 
the choice of the dispersion medium and the dispersion 
technique.®.? 

Because of the small size of colloidal particles, apprecia- 
ble fractions of their atoms, ions or molecules are located in 
the boundary layer between a particle and air (surface) or 
between a particle and a liquid or solid (interface). The ions 
in the surface of a sodium chloride crystal and the water 
molecules in the surface of a rain drop are subjected to 
unbalanced forces of attraction, whereas the ions or mole- 
cules in the interior of the materials are surrounded by 
similar ions or molecules on all sides, with balanced force 
fields. Thus a surface free energy component is added to the 
total free energy of colloidal particles, which becomes rela- 
tively more important as the particles become smaller, ie, as 
greater fractions of their ions, atoms or molecules are located 
in their surface or interfacial region. Hence the solubility of 
very fine solid particles and the vapor pressure of very small 
liquid droplets are larger than the corresponding values of 


Table 21-1. Effect of Comminution on Specific Surface 
Area of a Volume of 47/3 cm?, Divided into Uniform 
Spheres of Radius R° 


NUMBER OF SPHERES R Asp, cm/cm? 
1 1cm 3 

10? 0.1cm = 1mm 3 x 10 
10° 0.1 mm BE 102 
10° 0.01 mm = 10 wm 3x 10° 
16 1 um 3°10" 
10°° 0.1 wm 3 x 102 
10° 0.01 um 3 x 10° 
102! 10A=1nm 3x 10’ 
1073 1A 3 x 108 


° Shaded region corresponds to colloidal particle-size range. 


coarse particles and large drops of the same materials, re- 
spectively. 

SPECIFIC SURFACE AREA—Decreasing particle size 
increases the surface-to-volume ratio, which is expressed as the 
specific surface area A,,, namely, the area A (em?) per unit 
volume V (1 cm®) or per unit mass M (1 gram). For a sphere, 
A = 4nr* andV = 4/3nr°. If the density, d, of the material is 
expressed in g/cm’, the specific surface area is 


a aly 4ar? 3 em? = = 
Pay dba ri oor 
or 
Pe ei ark Sah 48 , 
% "YM Vd 4/30r'd rd °™'® 


Table 21-1 illustrates the effect of comminution on the spe- 
cific surface area of 47/3 cm’ of a material consisting initially of 
one sphere of 1 cm radius. As the material is broken up into an 
increasingly larger number of smaller and smaller spheres, its 
specific surface area increases commensurately. 

The solid adsorbents, activated charcoal and kaolin, have 
specific surface areas of about 6 X 10° cm?/g and 10* cm?/g, 
respectively. One gram of activated charcoal, because of its 
extensive porosity and internal voids, has an area equal to % 
acre. 

In conclusion, colloidal systems by definition are those 
polyphasic systems where at least one dimension of the dis- 
perse phase measures between 10 or 100 A (1 or 10 nm) anda 
few micrometers. The term “colloidal” designates a state of 
matter characterized by submicroscopic dimensions rather 
than certain substances. Any dispersed substance with the 
proper dimension or dimensions is in the colloidal state. 
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Physical States of Disperse 
and Continuous Phases 


A useful classification of colloidal systems (systems in the col- 
loidal particle size range) is based on the state of matter of the 
disperse phase and the dispersion medium, ie, whether they 
are solid, liquid or gaseous.7:8:1° Table 21-2 summarizes the 
various combinations and lists examples. A sol is the colloidal 
dispersion of a solid in a liquid or gaseous medium. Prefixes 
designate the dispersion medium, such as hydrosol, alcosol, 
aerosol for water, alcohol and air, respectively. Sols are fluid. If 
the solid particles form bridged structures possessing some 
mechanical strength, the system is called a gel (hydrogel, alco- 
gel, aerogel). 


Interaction Between Disperse Phase 
and Dispersion Medium 


A second useful classification of colloidal dispersions, origi- 
nated by Ostwald, is based on the affinity or interaction 
between the disperse phase and the dispersion medium.?:3:8 
It refers mostly to solid-in-liquid dispersions. According to 
this classification, colloidal dispersions are divided into the 
two broad categories of lyophilic and lyophobic. Some solu- 
ble, low-molecular-weight substances have molecules with 
both tendencies, forming a third category called association 
colloids. 

LYOPHILIC DISPERSIONS—Where there is consider- 
able attraction between the disperse phase and the liquid ve- 
hicle, ie, extensive solvation, the system is said to be lyophilic 
(solvent-loving). If the dispersion medium is water, the system 
is said to be hydrophilic. Such solids as bentonite, starch, 
gelatin, acacia and povidone swell, disperse or dissolve sponta- 
neously in water. 

Hydrophilic colloidal dispersions can be subdivided further 
as follows: 


True solutions, formed by water-soluble polymers (acacia and 
povidone). 

Gelled solutions, gels or jellies if the polymers are present at high 
concentrations and/or at temperatures where their water 
solubility is low. Examples of such hydrogels are relatively 
concentrated solutions of gelatin and starch, which set to gels on 
cooling, or of methylcellulose, which gel on heating. 

Particulate dispersions, where the solids do not form molecular 
solutions but remain as discrete though minute particles. 
Bentonite and microcrystalline cellulose form such hydrosols. 


Lipophilic or oleophilic substances have pronounced af- 
finity for oils. Oils are nonpolar liquids consisting mainly of 
hydrocarbons, with few polar groups and low dielectric con- 


Table 21-2. Classification of Colloidal Dispersions According to State of Matter 
DISPERSION MEDIUM (VEHICLE) 


DISPERSE 

PHASE SOLID LIQUID GAS 

Solid Zinc oxide paste (zinc oxide + starch in Sols: Bentonite Magma NF. Solid aerosols: Smoke, dust. 
petrolatum). Toothpaste (dicalcium Trisulfapyrimidines Oral Suspension Epinephrine Bitartrate Inhalation 
phosphate or calcium carbonate with USP. Magnesia and Alumina Oral Aerosol USP. Isoproterenol Sulfate 
aqueous sodium carboxymethylcellulose Suspension USP. Tetracycline Oral Inhalation Aerosol USP. 
binder). Pigmented plastics (titanium Suspension USP. Betamethasone 
dioxide in polyethylene). Valerate Lotion USP. Prednisolone 

Acetate Ophthalmic Suspension USP. 

Liquid Absorption bases (aqueous medium in Emulsions: Mineral Oil Emulsion USP. Liquid aerosols: Mist, fog. Nasal relief 
Hydrophilic Petrolatum USP). Emulsion Benzyl Benzoate Lotion USP. sprays (naphazoline hydrochloride 
bases (oil in Hydrophilic Ointment USP). Soybean oil in water emulsion for IV solution). Bitolterol Mesylate 
Butter. feeding. Milk. Mayonnaise. Inhalation Aerosol USP. Povidone- 

lodine Topical Aerosol Solution USP. 

Gas Solid foams (foamed plastics and rubbers). Foams. Carbonated beverages. No colloidal dispersions. 


Pumice. 


Effervescent salts in water. 
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stants. Examples are mineral oil, benzene, carbon tetrachlo- 
ride, vegetable oils (cottonseed or peanut oil) and essential 
oils (lemon or peppermint oil). Substances which form oleo- 
philic colloidal dispersions include polymers like polystyrene 
and unvulcanized or gum rubber, which dissolve molecularly 
in benzene, magnesium or aluminum stearate which dissolve 
or disperse in cottonseed oil, and activated charcoal, which 
forms sols or particulate dispersions in all oils. 

Because of the high affinity or attraction between the dis- 
persion medium and the disperse phase, lyophilic dispersions 
form spontaneously when the liquid vehicle is brought into 
contact with the solid phase. They are thermodynamically sta- 
ble and reversible, ie, they are easily reconstituted even after 
the dispersion medium has been removed from the solid 
phase.1-4.6-10 

LYOPHOBIC DISPERSIONS—When there is little at- 
traction between the disperse phase and the dispersion me- 
dium, the dispersion is said to be lyophobic (solvent-hating). 
Hydrophobic dispersions consist of particles that are not 
hydrated, so that water molecules interact with or attract 
one another in preference to solvating the particles. They 
include aqueous dispersions of oleophilic materials such as 
polystyrene or gum rubber (latex), steroids and other organic 
lipophilic drugs, paraffin wax, magnesium stearate and of 
cottonseed or soybean oil (emulsion). While lipophilic mate- 
rials are generally hydrophobic, materials like sulfur, silver 
chloride and gold form hydrophobic dispersions without be- 
ing lipophilic. Water-in-oil emulsions are lyophobic disper- 
sions in lipophilic vehicles. 

Because of the lack of attraction between the disperse and 
the continuous phase, lyophobic dispersions are intrinsically 
unstable and irreversible. Their large surface free energy is not 
lowered by solvation. The dispersion process does not take 
place spontaneously, and once the dispersion medium has been 
separated from the disperse phase, the dispersion is not easily 
reconstituted. The dividing line between hydrophilic and hy- 
drophobic dispersions is not very sharp. For instance, gelati- 
nous hydroxides of polyvalent metals such as Al(OH), and 
Mg(OH)., and clays such as bentonite and kaolin, possess some 
characteristics of both.?:3-6.8.10 

ASSOCIATION COLLOIDS—Organic compounds which 
contain large hydrophobic moieties together with strongly 
hydrophilic groups in the same molecule are said to be am- 
phiphilic. While the individual molecules are generally too 
small to bring their solutions into the colloidal size range, 
they tend to associate in aqueous or oil solutions into mi- 
celles (see p 274). Because micelles are large enough to 
qualify as colloidal particles, such compounds are called 
association colloids. 


LYOPHOBIC DISPERSIONS 


Most of the discussion of lyophobic dispersions deals with 
hydrophobic dispersions or hydrosols (hydrophobic solids or 
liquids dispersed in aqueous media) because water is the 
most widely used vehicle. They comprise aqueous disper- 
sions of insoluble organic and inorganic compounds which 
usually have low degrees of hydration. Organic compounds 
which are preponderantly hydrocarbon in nature and pos- 
sess few hydrophilic or polar groups are insoluble in water 
and hydrophobic. 

Hydrophobic dispersions are intrinsically unstable. The 
most stable state of such systems contains the disperse phase 
coalesced into large crystals or drops, so that the specific sur- 
face area and surface free energy are reduced to a minimum. 
Therefore, mechanical, chemical or electrical energy must be 
supplied to the system to break up the disperse phase into 
small particles, providing for the increase in surface free en- 


ergy resulting from the parallel increase in specific surface 
area. Furthermore, special means must be found to stabilize 
hydrophobic dispersions, preventing the otherwise spontane- 
ous coalescence or coagulation of the disperse phase after it has 
been finely dispersed. 


Preparation and Purification 
of Lyophobic Dispersions 


Colloidal dispersions are intermediate in size between true 
solutions and coarse suspensions. They can be prepared by 
aggregation of small molecules or ions until particles of colloi- 
dal dimensions result (condensation methods), or by reducing 
coarse particles to colloidal dimensions through comminution 
or peptization (dispersion methods). 

DISPERSION METHODS—The first method, mechanical 
disintegration of solids and liquids into small particles and 
their dispersion in a fluid vehicle, is carried out frequently by 
input of mechanical energy via shear or attrition. Equipment 
such as colloid and ball mills, micronizers and, for emulsions, 
homogenizers is described in Chapters 86 and 91 and in Ref 11. 
Dry grinding with inert, water-soluble diluting agents also 
produces colloidal dispersions. Sulfur hydrosols may be pre- 
pared by triturating the powder with urea or lactose followed 
by shaking with water. 

Ultrasonic generators provide exceptionally high concen- 
trations of energy. Successful dispersion of solids by means 
of ultrasonic waves can only be achieved with comparatively 
soft materials such as many organic compounds, sulfur, tal- 
cum and graphite. Where fine emulsions are mandatory, 
such as soybean oil-in-water emulsions used for intrave- 
nous feeding, emulsification by ultrasound waves is the 
method of choice.!! The formation of aerosols is described in 
Chapter 95. 

It should be reiterated that hydrosols of hydrophobic sub- 
stances are intrinsically unstable. While mechanical disin- 
tegration may break up the disperse phase into colloidal 
particles, the resultant dispersions tend toward separation 
of that phase. Recrystallization, coagulation or coalescence 
causes the disperse particles to become progressively coarser 
and fewer, ultimately resulting in the separation of a mac- 
roscopic phase. To avoid this, stabilizing agents must be 
added during or shortly after the dispersion process (see 
below). For instance, lecithin may be used to stabilize soy- 
bean oil emulsions. 

Peptization is a second method for preparing colloidal 
dispersions. The term, coined by Graham, is defined as the 
breaking up of aggregates or secondary particles into smaller 
aggregates or into primary particles in the colloidal size 
range. Particles which are not formed of smaller ones are 
called “primary.” Peptization is synonymous with defloccu- 
lation. It can be brought about by the removal of flocculating 
agents, usually electrolytes, or by the addition of defloccu- 
lating or peptizing agents, usually surfactants, water-solu- 
ble polymers or ions which are adsorbed at the particle 
surface.®8 

The mechanisms of the following examples are explained 
in subsequent sections. When powdered activated charcoal is 
added to water with stirring, the aggregated grains are 
broken up only incompletely and the resultant suspension is 
gray and translucent. The addition of 0.1% or less of sodium 
lauryl sulfate or octoxynol 9 disintegrates the grains into 
finely dispersed particles forming a deep black and opaque 
dispersion. Ferric or aluminum hydroxide freshly precipi- 
tated with ammonia can be peptized with small amounts of 
acids which reduce the pH below the isoelectric points of the 
hydroxides (see below). Even washing the gelatinous precip- 
itate of Al(OH). with water tends to peptize it. In quantita- 
tive analysis, the precipitate is therefore washed with dilute 


solutions of ammonium salts that act as flocculating agents, 
rather than with water. 

CONDENSATION METHODS—The preparation of sul- 
fur hydrosols is employed to illustrate condensation or ag- 
gregation methods. Sulfur is insoluble in water but some- 
what soluble in alcohol. When an alcoholic solution of sulfur 
is mixed with water, a bluish white colloidal dispersion 
results. In the absence of added stabilizing agents, the par- 
ticles tend to agglomerate and precipitate on standing. This 
technique of dissolving the material in a water-miscible sol- 
vent such as alcohol or acetone and producing a hydrosol by 
precipitation with water is applicable to many organic com- 
pounds, and has been used to prepare hydrosols of natural 
resins like mastic, of stearic acid and of polymers (the so- 
called pseudo-latexes). 

For sulfur, another less common physical method is to 
introduce a current of sulfur vapor into water. Condensation 
produces colloidal particles. Alternatively, the very fine pow- 
der produced by condensing sulfur vapor on cold solid sur- 
faces (sublimed sulfur or flowers of sulfur) can be dispersed 
in water by addition of a suitable surfactant to produce a 
hydrosol. 

Chemical methods include the reaction between hydrogen 
sulfide and sulfur dioxide, eg, by bubbling H.S into an aqueous 
SO, solution: 


2H.S+SO, > 38+ 2H,0 


The same reaction occurs when aqueous solutions containing 
sodium sulfide and sulfite are acidified with an excess of sul- 
furic or hydrochloric acid. Another reaction is the decomposi- 
tion of sodium thiosulfate by sulfuric acid, using either very 
dilute or very concentrated solutions to obtain colloidally dis- 
persed sulfur: 


H,SO, + 3 Na,S,0; > 45 + 3 Na,SO, + H,O 


Both reactions also produce pentathionic acid, H,S,;O,, as a 
by-product. The preferential adsorption of the pentathionate 
anion at the surface of the sulfur particles confers a negative 
electric charge on the particles, stabilizing the sol (see be- 
low).29 When powdered sulfur is boiled with a slurry of lime, 
it dissolves with the formation of calcium pentasulfide and 
thiosulfate. Subsequent acification produces the colloidal “milk 
of sulfur,” which on washing and drying yields Precipitated 
Sulfur USP (see Chapter 39). 

Sols of ferric, aluminum, chromic, stannic and titanium 
hydroxides or hydrous oxides are produced by hydrolysis of the 
corresponding chlorides or nitrates: 


AICl; + 3 H,O = Al(OH); + 3 HCl 


Hydrolysis is promoted by boiling the solution and/or by adding 
a base to neutralize the acid formed.!° 

Double decompositions producing insoluble salts can lead to 
colloidal dispersions. An example is silver chloride: 


NaCl + AgNO; — AgCl + NaNO; 


Compare also the preparation of White Lotion, which con- 
tains precipitated zinc sulfide and sulfur (Chapter 77). 
Reducing salts of gold, silver, copper, mercury, platinum, 
rhodium and palladium with formaldehyde, hydrazine, hy- 
droxylamine, hydroquinone or stannous chloride produces 
hydrosols of the metals. These are strongly colored, eg, red or 
blue.1:2.6.8 

RADIOACTIVE COLLOIDS—Colloidal dispersions con- 
taining radioactive isotopes find increasing diagnostic and 
therapeutic application in nuclear medicine. Radioactive col- 
loids that accumulate in tumors and/or lesions or emboli, 
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indicating their location and size, may be used as diagnostic 
aids. Radioactive colloids with a particle size of about 300 A, 
injected intravenously, locate mainly in the reticuloendothe- 
lial systems of liver, spleen and other organs and are used in 
scintillation imaging. The radiation emitted by the colloids is 
made visible by stationary or scanning devices which show 
the location, size and shape of the organ being investigated, 
as well as any tumors within. Radiocolloids are useful in 
anticancer radiation therapy because of their low solubility, 
radiation characteristics and their ability to accumulate and 
remain located in certain target organs or tumors. !2 

Colloid gold Au 198 is made by reducing a solution of gold 
(?°SAu) chloride either by treatment with ascorbic acid or by 
heating with an alkaline glucose solution. Gelatin is added as a 
protective colloid (see below). The particle size ranges from 5 to 
50 nm with a mean of 30 nm. The color of the sol is cherry-red 
in transmitted light. Violet or blue sols have excessively large 
particle sizes and should be discarded. Colloidal gold is used as 
a diagnostic and therapeutic aid (see Chapter 51). The half-life 
of 1°°Au is 2.7 days. 

Technetium 99m sulfur colloid is prepared by reducing so- 
dium pertechnetate °°™Tc with sodium thiosulfate. The prod- 
uct, a mixture of technetium sulfide and sulfur in the colloidal 
particle size range, is stabilized with gelatin. It is used chiefly 
in liver, spleen and bone scanning. Its half-life is 6.0 hour. 

Microspheres of gelatin or human serum albumin can be 
prepared in fairly narrow particle-size ranges from 100-200 A 
through 45-55 um. A variety of B- and y-emitting radionuclides 
such as 181], 9°™T¢, 11°™Tn or °'Cr can be incorporated to label 
the microspheres. Such products have been used to scan heart, 
brain, urogenital and gastrointestinal tracts, liver, and in pul- 
monary perfusion and inhalation studies.'? 

Refer to Chapters 25 and 51 for an in-depth discussion of 
radioisotopes. 

Organic compounds that are weak bases, such as alka- 
loids, are usually much more soluble at lower pH values 
where they are ionized than at higher pH values where they 
exist as the free base. Increasing the pH of their aqueous 
solutions above their pKa may cause precipitation of the free 
base. Organic compounds which are weak acids, such as 
barbiturates, are usually much more soluble at higher pH 
values where they are ionized than at lower pH values where 
they are in the un-ionized acid form. Lowering the pH of 
their solutions well below their pKa may cause precipitation 
of the un-ionized acid. Depending on the supersaturation of 
the un-ionized acids or bases and on the presence of stabi- 
lizing agents, the resultant dispersions may be in the colloi- 
dal range. 

KINETICS OF PARTICLE FORMATION—When the 
solubility of a compound in water is exceeded, its solution 
becomes supersaturated and the compound may precipitate 
or crystallize. The rate of precipitation, the particle size 
(whether colloidal or coarse) and the particle size uniformity 
or distribution (whether a narrow distribution and nearly 
monodisperse or homodisperse particles, or a broad distribu- 
tion and polydisperse or heterodisperse particles) depend on 
two successive and largely independent processes, nucle- 
ation and growth of nuclei. 

When a solution of a salt or sucrose is supercooled, or 
when a chemical reaction produces a salt in a concentration 
exceeding its solubility product, separation of the excess 
solid from the supersaturated solution is far from instanta- 
neous. Clusters of ions or molecules called nuclei must ex- 
ceed a critical size before they become stable and capable of 
growing into colloidal size crystals. These embryonic parti- 
cles have much more surface for a given weight of material 
than large and stable crystals, resulting in higher surface 
free energy and greater solubility. 

Whether nucleation takes place depends on the relative 
supersaturation. If C is the actual concentration of the solute 
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before crystallization has set in, and C, is its solubility limit, 
C — C, is the supersaturation and (C — C,)/C, is the 
relative supersaturation. Von Weimarn recognized that the 
rate or velocity of nucleation (number of nuclei formed per 
liter per second) is proportional to the relative supersatura- 
tion. Nucleation seldom occurs at relative supersaturations 
below 3. The foregoing statement refers to homogeneous 
nucleation, where the nuclei are clusters of the same chem- 
ical composition as the crystallizing phase. If the solution 
contains solid impurities, such as dust particles in suspen- 
sion, these may act as nuclei or centers of crystallization 
(heterogeneous nucleation). 

Once nuclei have formed, the second process, crystallization, 
begins. Nuclei grow by accretion of ions or molecules from 
solution forming colloidal or coarser particles until the super- 
saturation is relieved, ie, until C = C,. The rate of crystalli- 
zation or growth of nuclei is proportional to the supersatura- 
tion. The appropriate equation, 


dm _ A,,D 
ds © 


(G=C) 


is similar to the Noyes-Whitney equation governing the dis- 
solution of particles (see Chapter 34) except that C < C, for 
the latter process, making dm/dt negative. In both equa- 
tions, m is the mass of material crystallizing out in time t, D 
is the diffusion coefficient of the molecules or ions of the 
solute, 5 is the length of the diffusion path or the thickness 
of the liquid layer adhering to the growing particles, and A,,, 
is their specific surface area. The presence of dissolved im- 
purities may affect the rate of crystallization and even 
change the crystal habit, provided that these impurities are 
surface-active and become adsorbed on the nuclei or growing 
crystals.2-8 For instance, 0.005% polysorbate 80 or octoxynol 
9 significantly retard the growth of methylprednisolone crys- 
tals in aqueous media. Gelatin or povidone, at concentra- 
tions < 0.10%, retard the crystal growth of sulfathiazole in 
water. 

Von Weimarn found that the particle size of the crystals 
depends strongly on the concentration of the precipitating sub- 
stance. At a very low concentration and slight relative super- 
saturation, diffusion is quite slow because the concentration 
gradient is very small. Sufficient nuclei will usually form to 
relieve the slight supersaturation locally. Crystal growth is 
limited by the small amount of excess dissolved material avail- 
able to each particle. Hence, the particles cannot grow beyond 
colloidal dimensions. This condition is represented by points A, 
D and G of the schematic plot of von Weimarn (Fig 21-1). At 
intermediate concentrations, the extent of nucleation is some- 
what greater but much more material is available for crystal 
growth. Coarse crystals rather than colloidal particles result 
(points B, E or H). 

At high concentrations, nuclei appear so quickly and in such 
large numbers that supersaturation is relieved almost imme- 
diately, before appreciable diffusion occurs. The high viscosity 
of the medium also slows down diffusion of excess dissolved 
ions or molecules, retarding crystal growth without substan- 
tially affecting the rate of nucleation. A large number of very 
small particles results which, because of their proximity, tend 
to link, producing a translucent gel (points C and F). On sub- 
sequent dilution with water, such gels usually yield colloidal 
dispersions. 

Thus, colloidal systems usually are produced at very low 
and high supersaturations. Intermediate values of supersatu- 
ration tend to produce coarse crystals. Low solubility is a nec- 
essary condition for producing colloidal dispersions. If the sol- 
ubility of the precipitate is increased, for instance by heating 
the dispersion, a new family of curves will result, similar in 
shape to ABC, DEF and GHI of Fig 21-1, but displaced upwards 
(towards larger particle sizes) and to the right (towards higher 
concentrations).°.7~° 
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Figure 21-1. Effect of the concentration of the precipitating mate- 
rial and of aging on particle size.>'3 Curves ABC, DEF and GHI 
correspond to increasing aging. Both axes are on a logarithmic 
scale. 


Condensation methods generally produce polydisperse sols 
because nucleation continues while established nuclei grow. 
The particles in the resultant dispersion grew from nuclei 
formed at different times and had different growth periods. 

A useful technique for preparing monodispersed sols in 
the colloidal range by precipitation consists in forming all 
the nuclei in a single, brief burst: When, in the course of the 
precipitation process, the rate of homogeneous nucleation 
becomes appreciable, a brief period of nucleation relieves the 
supersaturation partially to such an extent that no new 
nuclei form subsequently. By controlling the precipitation 
process, it is rendered so slow that the supersaturation re- 
mains too small for further nucleation. Therefore, the nuclei 
formed in the initial burst grow uniformly by diffusion of the 
precipitating material as the precipitation process proceeds 
slowly. Throughout the rest of the precipitation, the super- 
saturation never again reaches sufficiently high values for 
forming new nuclei. It is relieved by continuous growth of the 
existing nuclei.4:7:13.14 

Controlled hydrolysis of salts of di- and trivalent cations 
in aqueous solution at elevated temperatures has been used 
to produce colloidal dispersions of metal (hydrous) oxides of 
uniform size and shape, in a variety of well-defined shapes 
(eg, sphere, lath, cube, disc, hexagonal). Complexation of the 
cations, concentration and temperature control the rate of 
hydrolysis and, hence, the chemical composition, crystallin- 
ity, shape and size of the dispersed phase.!*:16 

A feature of Fig 21-1 is that aging increases the particle 
size. Curves ABC, DEF and GHI correspond to increasing 
times after mixing the reagents. Typical ages are 10-30 
minutes, several hours and weeks or years, respectively. 
This gradual increase in particle size of crystals in their 
mother liquor is a recrystallization process called Ostwald 
ripening. Very small particles have a higher solubility than 
large particles of the same substance owing to their greater 
specific surface area and higher surface free energy. In a 
saturated solution containing precipitated particles of the 
solute in a wide range of particle sizes, the very smallest 
particles dissolve spontaneously and the material deposits 
onto the large particles. The growth of the large crystals at 
the expense of the very small ones occurs because this pro- 
cess lowers the free energy of the dispersion. As mentioned 
above, the most stable system is the suspension of a few 
coarse crystals, whereas the colloidal dispersion of a great 
many fine particles of the same substance is intrinsically less 
stable. 

The spontaneous coarsening of colloidal dispersions on 
aging is accelerated by a relatively high solubility of the 
precipitate and can be retarded by lowering the solubility or 


by adding traces of surface-active compounds which are ad- 
sorbed at the particle surface. For instance, barium sulfate 
precipitated by mixing concentrated solutions of sodium sul- 
fate and barium chloride is largely in the colloidal range and 
passes through filter paper. The colloidal particles gradually 
grow in size by Ostwald ripening, forming large crystals 
which can be removed quantitatively by filtration. Heating 
the aqueous dispersion speeds up this recrystallization by 
increasing the solubility of barium sulfate in water. The 
addition of ethyl alcohol lowers the solubility, retarding Os- 
twald ripening so that the dispersion remains in the colloidal 
state for years. 

The relation between particle size and solubility is given by 
the Ostwald-Freundlich or Kelvin equation which, for nonionic 
solutes, is45.10 


S 2yM 
nS. rdRT 
where S and S,, are the solubility of colloidal particles with a 
radius r and of large, flat particles (- = ~), respectively. For 
electrolytes, the mean ionic activity is included. The solid/ 
solvent interfacial free energy, y, is determined indirectly (for 
instance, by means of this equation). The ratio of the molecular 
weight of the solute to its density, M/d, equals its molar 
volume. 

Assuming M = 500 g/mol, d = 1.00 g/mL, y = 30 
erg/cm” and using the values of 8.314 x 10’ erg/mol°K for the 
gas constant, R, and 298°K for the absolute temperature, T, 
results in ratios S/S. of 3.36, 1.18, 1.012 and 1.0012 for 
particles with radii of 1 x 10 °cm(10 nm), 1 X 10 ° em (0.1 
pm), 1 X 10 4 cm (1 wm) and 1 X 10 * cm (10 pm), respec- 
tively. Thus, while particles with sizes at the lower end of the 
colloidal range are appreciably more soluble than coarse 
particles of the same compound, the solubility of finely 
ground drug and excipient powders (r in the 1-10 pm range) 
is only increased by =1%. 

Two techniques are used to increase the solubility of very 
slightly soluble drugs and, hence, their rate of dissolution in 
vivo. Many organic compounds exist in various polymorphic 
modifications. For instance, corticosterone, testosterone, sul- 
faguanidine and pentobarbital each have four polymorphic 
forms, with different melting points and crystal structures. 
The three metastable polymorphs have higher solubilities 
than the stable form. Solvates of solid drugs, eg, hydrates, 
have different crystalline structures and either higher or 
lower solubilities than the anhydrous forms. Theophylline 
monohydrate is less soluble than the anhydrous form while 
succinylsulfathiazole is less soluble than its solvate with 
1-pentanol. Milling and grinding organic crystals may pro- 
duce significant proportions of amorphous or strained crys- 
talline material, which has higher solubility than the origi- 
nal crystalline material.'© 


Purification of Hydrosols by Dialysis 
and Ultrafiltration 


Many hydrosols contain low molecular-weight, water-soluble 
impurities. Inorganic dispersions often contain salts formed 
by the reaction producing the disperse phase. Salts are es- 
pecially objectionable in the case of hydrophobic dispersions 
because they tend to coagulate such dispersions. Protein 
solutions often contain salts added as part of the separation 
procedure. The blood of patients with renal insufficiency 
contains excessive concentrations of urea and other low mo- 
lecular weight metabolites and salts. These dissolved impu- 
rities of small molecular size are removed from the colloidal 
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dispersions by means of membranes with pore openings 
smaller than the colloidal particles. 

MEMBRANES—Conventional filter papers are perme- 
able to colloidal particles as well as to small molecules. 
Among the early membranes capable of retaining colloidal 
particles but permeable to small solute molecules were pig’s 
bladder and parchment. Most membranes in current use 
consist of cellulose, cellulose nitrate prepared from collodion, 
cellulose acetate or synthetic polymers, and are available in 
a variety of shapes, gauges and pore sizes. Gel cellophane is 
most widely used. It consists of sheets or tubes of cellulose 
made by extruding cellulose xanthate solutions (viscose) 
through slit or annular dies into a sodium bisulfate/sulfuric 
acid bath which decomposes the xanthate, precipitating the 
regenerated cellulose in a highly swollen or gel state. If the 
cellulose film were permitted to dry after purification and 
washing with water, it would crystallize and shrink exces- 
sively, losing most of its extensive micropore structure and 
turning somewhat brittle. The film, therefore, is impreg- 
nated with glycerin before drying. Glycerin remains in the 
film rather than evaporating like water. It reduces the 
shrinkage and blocks crystallization. This action prevents 
the collapse of the porous gel structure and plasticizes the 
film, keeping it flexible. A typical dialysis tube made from 
sausage casing swells to about twice its thickness in water 
and has an average pore diameter of 3-4 nm. While the pore 
structure of cellophane films used in dialysis and ultrafiltra- 
tion causes retention of colloidal particles but permits the 
passage of small solute molecules, osmotic membranes are 
only permeable to water and retain small solute molecules as 
well as colloidal particles. 

DIALYSIS—tThe colloidal dispersion is placed inside a 
cellophane sac dipping in water. The small solute molecules 
diffuse out into the water while the colloidal material re- 
mains trapped inside because of its size. The rate of dialysis 
is increased by increasing the area of the membrane, by 
stirring and by maintaining a high concentration gradient 
across the membrane. For the latter purpose, the water is 
replenished continuously or at least frequently. A membrane 
configuration which provides a particularly extensive trans- 
fer area for a given volume of dispersion is the hollow fiber. 
A typical fiber measures 175 zm inside diameter and 225 »m 
outside diameter. The dispersion to be dialyzed is circulated 
inside a bundle of parallel fibers while water is circulated 
outside the fibers throughout the bundle. Dialysis of the 
diffusing species takes place across the thin fiber wall. Di- 
alysis is used in the laboratory to purify sols and to study 
binding of drugs by proteins, as well as in some manufactur- 
ing processes. 

ELECTRODIALYSIS—If the low-molecular-weight im- 
purities to be removed are electrolytes, the dialysis can be 
speeded up by applying an electric potential to the sol which 
produces electrolysis. An electrodialyzer (Fig 21-2) is divided 
into three compartments by two dialysis membranes sup- 
ported by screens. The two outer compartments, in which the 
two electrodes are placed, are filled with water while the sol 
is placed into the center compartment. Under the influence 
of the applied potential, the anions migrate from the sol into 
the anode (right) compartment while the cations migrate 
into the cathode compartment. Low-molecular-weight non- 
electrolyte solutes diffuse into either compartment. 

Colloidal particles usually are charged and therefore 
tend to migrate toward the membrane, sealing off the com- 
partment with the electrode of opposite charge. The combi- 
nation of electrophoresis (see below) and gravitational 
sedimentation produces the accumulation of negatively 
charged sol particles shown in Fig 21-2. Hence the superna- 
tant liquid can be changed by decantation. This process, 
which may be used to speed up electrodialysis, is called 
electrodecantation. 1:78 
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Figure 21-2. Electrodialyzer showing electrodecantation. 


ULTRAFILTRATION—When a sol is placed in a com- 
partment closed by a dialysis membrane and pressure is 
applied, the liquid and the small solute molecules are forced 
through the membrane while the colloidal particles are re- 
tained. This process, called ultrafiltration, is based on a 
sieving mechanism in which all components smaller than the 
pore size of the filter membrane pass through it. The pres- 
sure difference required to push the dispersion medium 
through the ultrafilter is provided by gas pressure applied on 
the sol side or by suction on the filtrate side. The membrane 
is usually supported on a fine wire screen.®—!° 

As ultrafiltrate is being removed, the sol becomes more 
concentrated because a constant amount of disperse parti- 
cles is confined to a decreasing volume of liquid. Some dis- 
solved small molecules or ions are left in the sol together 
with the residual water. To avoid the increase in concentra- 
tion of the colloidal particles and remove the dissolved im- 
purities completely, the ultrafiltrate squeezed from the sol is 
replenished continuously or intermittently with an equal 
volume of water. During ultrafiltration, solids tend to accu- 
mulate on and near the membrane. To prevent this buildup 
and maintain uniform composition throughout the sol, it is 
stirred. 

Bundles of hollow fibers are used for ultrafiltration in the 
laboratory and on large scale. To withstand higher pressures, 
the wall thickness of the fibers used in ultrafiltration is usually 
greater than that of fibers used exclusively for dialysis. When 
hollow fibers are fouled by excessive accumulation of solids on 
the inner wall, they are cleaned by backflushing with water or 
ultrafiltrate. 

HEMODIALYSIS—tThe blood of uremic patients is dia- 
lyzed periodically in “artificial kidney” dialyzers to remove 
urea, creatinine, uric acid, phosphate and other metabolites, 
and excess sodium and potassium chloride. The dialyzing 
fluid contains sodium, potassium, calcium, chloride and ac- 
etate ions (the latter are converted in the body to bicarbon- 
ate), dextrose and other constituents in the same concentra- 
tion as normal plasma. Since it contains no urea, creatinine, 
uric acid, phosphate nor any of the other metabolites nor- 
mally eliminated by the kidneys, these compounds diffuse 
from the patient’s blood into the dialyzing fluid until their 
concentration is the same in blood and fluid. Sodium and 
potassium chloride diffuse from blood to fluid because of 
their higher initial concentration in the blood, and continue 
to diffuse until the concentration is equalized. The volume of 
dialyzing fluid is much greater than that of blood. The great 
disparity in volume and the replenishment of dialyzate with 
fresh fluid ensure that the metabolites and the excess of 
electrolytes are removed almost completely from the blood. 
Hemodialysis is also employed in acute poisoning cases. 

Plasma proteins and blood cells cannot pass through the 
dialysis membrane because of their size. Edema resulting 
from water retention can be relieved by ultrafiltration 
through the application of a slight pressure on the blood side 
or a partial vacuum on the fluid side. 

The three geometries used to circulate the blood and the 
dialyzing fluid in a countercurrent fashion are a coil of 


flattened cellulose tubing wound concentrically with a sup- 
porting mesh screen around a core, a stack of flat cellulose 
sheets separated by ridged or grooved plates, and hollow 
fibers. The regenerated cellulose used in the former two is 
precipitated from a cuprammonium solution. The hollow cel- 
lulose acetate fibers have an outside diameter of about 270 
ym and a wall thickness of 30 wm.!7 The advantage of hollow 
fibers is their compactness. A bundle of 10,000 fibers 18 cm 
long has a surface area of 1.4 m?. 


Particle Shape, Optical and Transport 
Properties of Lyophobic Dispersions 


Hydrophobic materials handled by pharmacists in aqueous 
dispersion range from metallic conductors to inorganic pre- 
cipitates to organic solids and liquids which are electric 
insulators. Despite the great diversity of the hydrophobic 
disperse phase, their hydrosols have certain common char- 
acteristics. 

PARTICLE SHAPE AND PARTICLE SIZE DISTRIBU- 
TION—Both of these properties depend on the chemical and 
physical nature of the disperse phase and on the method 
employed to prepare the dispersion. Primary particles exist 
in a great variety of shapes. Their aggregation produces an 
even greater variety of shapes and structures. Precipitation 
and mechanical comminution generally produce randomly 
shaped particles unless the precipitating solids possess pro- 
nounced crystallization habits or the solids being ground 
possess strongly developed cleavage planes. Precipitated 
aluminum hydroxide gels and micronized particles of sulfon- 
amides and other organic powders have typical irregular 
random shapes. An exception is bismuth subnitrate. Even 
though its particles are precipitated by hydrolyzing bismuth 
nitrate solutions with sodium carbonate, its particles are 
lath-shaped. Precipitated silver chloride particles have a 
cubic habit which is apparent under the electron microscope. 
Lamellar or plate-like solids in which the molecular cohesion 


Figure 21-3. Transmission electron micrograph of a well crystal- 
lized, fine-particle kaolin. Note hexagonal shape of the clay plate- 
lets (courtesy, John L. Brown, Engineering Experiment Station, 
Georgia Institute of Technology). 


between layers is much weaker than within layers fre- 
quently preserve their lamellar shape during mechanical 
comminution, because milling and micronization break up 
stacks of thin plates in addition to fragmenting plates in the 
lateral dimensions. Examples are graphite, mica and kaolin 
(see Fig 21-3). Similarly, macroscopic asbestos and cellulose 
fibers consist of bundles of microscopic and submicroscopic 
fibrils. Mechanical comminution or beating splits these bun- 
dles into the component fibrils of very small diameters as 
well as cutting them shorter. 

Microcrystalline cellulose is a fibrous thickening agent 
and tablet additive made by selective hydrolysis of cellulose. 
Its manufacture is described in the 16—18th editions of this 
text, which also contain an electron micrograph of its porous, 
spongy and compressible aggregates of bundles of fibrils 
used in tableting. Shear breaks up the aggregated bundles 
into the individual, needle- or rod-shaped cellulose crystal- 
lites shown in Fig 21-4. They average 0.3 zm in length and 
0.02 um in width, ie, they are of colloidal dimensions. These 
primary particles act as suspending agents in water, produc- 
ing thixotropic structured vehicles. At concentrations above 
10%, eg 14 or 15%, the cellulose microcrystals gel water to 
ointment consistency by swelling and producing a continu- 
ous network of rods extending throughout the entire vehicle. 
Attraction between the elongated particles is presumably 
due to flocculation in the secondary minimum (see below). 
Treatment of the microcrystalline mass with sodium car- 
boxymethylcellulose facilitates its disintegration into the 
primary needle-shaped particles and enhances their thick- 
ening action. 

While in the special cases of certain clays and cellulose, 
comminution produces lamellar and fibrillar particles, re- 
spectively, as a rule regular particle shapes are produced by 
condensation rather than by disintegration methods. Colloi- 
dal silicon dioxide is called fumed or pyrogenic silica because 
it is manufactured by high-temperature, vapor-phase hydro- 
lysis of silicon tetrachloride in an oxy-hydrogen flame, ie, a 
flame produced by burning hydrogen in a stream of oxygen. 


Figure 21-4. Transmission electron micrograph of Avicel RC-591 
_ thickening grade microcystalline cellulose. The needles are individ- 
ual cellulose crystallites; some are aggregated into bundles (cour- 
tesy, FMC Corporation; Avicel is a registered trademark of FMC 
Corporation). 
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Figure 21-5. Transmission electron micrograph of Aerosil OX 50, 
ground and dusted on. The spheres are translucent to the electron 
beam, causing overlapping portions to be darker owing to in- 
creased thickness (courtesy, Degussa AG of Hanau, Germany; Aero- 
sil is a registered trademark of Degussa). The suffix 50 indicates the 
specific surface area in m7/g. 


The resultant white powder consists of submicroscopic 
spherical particles of rather uniform size (narrow particle 
size distribution). Different grades are produced by different 
reaction conditions. Relatively large, single spherical parti- 
cles are shown in Fig 21-5. Their average diameter is 50 nm 
(500 A), corresponding to the comparatively small specific 
surface area of 50 m*/g. Smaller spherical particles have 
correspondingly larger specific surface areas; the grade with 
the smallest average diameter, 5 nm, has a specific surface 
area of 380 m’/g. During the manufacturing process, the 
finer-grade particles tend to sinter or grow together into 
chain-like aggregates resembling pearl necklaces or strepto- 
cocci (see Fig 21-6). 

Since fumed silica is amorphous, its inhaled dust causes 
no silicosis. The spheres of colloidal silicon dioxide are non- 
porous. While the density of the spherical particles is 2.13 
g/em®, the bulk density of their powder is a mere 0.05 g/cm”; 
the powder is extremely light. This results in two pharma- 
ceutical and cosmetic applications for colloidal silicon diox- 
ide. It is used to increase the fluffiness or bulk volume of 
powders. Even more than microcrystalline cellulose, the 
high porosity of silica enables it to absorb a variety of liquids 
from fluid fragrances to viscous tars, transforming them into 
free-flowing powders that can be incorporated into tablets or 
capsules. The porosity in colloidal silicon dioxide is due 
entirely to the enormous void space between the particles, 
which themselves are solid. 

When these ultrafine particles are incorporated at levels as 
low as 0.1 to 0.5% into a powder consisting of coarse particles 
or granules, they coat the surface of the latter and act as tiny 
ball bearings and spacers, improving the flowability of the 
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Figure 21-6. Transmission electron micrograph of Aerosil 130, 
ground and dusted on. The spheres are fused together into chain- 
like aggregates (courtesy, Degussa AG of Hanau, Germany; Aerosil 
is a registered trademark of Degussa). The suffix 130 gives the 
specific surface area in m2/g. 


powder and eliminating caking. This action is important in 
tableting. Moreover, colloidal silicon dioxide improves tablet 
disintegration. 

The surface of the particles contains siloxane (Si—O—Si) 
and silanol (Si—OH) groups. When colloidal silicon dioxide 
powder is dispersed in nonpolar liquids, the particles tend to 
adhere to one another by hydrogen bonds between their 
surface groups. With finer grades of colloidal silicon dioxide, 
the spherical particles are linked together into short chain- 
like aggregates as shown in Fig 21-6, thus agglomerating 
into loose three-dimensional networks which increase the 
viscosity of the liquid vehicles very effectively at levels as 
low as a few percent. These hydrogen-bonded structures are 
torn apart by stirring but rebuilt while at rest, conferring 
thixotropy to the thickened liquids. 

The grades which consist of relatively large and unat- 
tached spherical particles, such as those of Fig 21-5, are less 
efficient thickening agents as they lack the high specific 
surface area and the asymmetry of the finer grades, which 
consist of short chains of fused spherical particles. In the 
latter category is Aerosil 200, the grade most widely used as 
a pharmaceutical adjuvant, whose primary spheres, which 
are extensively sintered together, have an average diameter 
of 12 nm. At levels of 8 to 10%, it thickens liquids of low 
polarity such as vegetable and mineral oils to the consistency 
of ointments, imparting considerable yield values to them. 
The consistency of ointments thickened with colloidal silicon 
dioxide is not appreciably reduced at higher temperatures. 
Incorporation of colloidal silicon dioxide into ointments and 
pastes, such as those of zinc oxide, also reduces the syneresis 
or bleeding of the liquid vehicles. 


Hydrogen-bonding liquids like alcohols and water solvate 
the silica spheres, reducing the hydrogen bonding between 
particles. These solvents are gelled at silica levels of 12-18% or 
higher. 

Latexes of polymers are aqueous dispersions prepared by 
emulsion polymerization. Their particles are spherical be- 
cause polymerization of solubilized liquid monomer takes 
place inside spherical surfactant micelles which swell be- 
cause additional monomer keeps diffusing into the micelles. 
Examples include latex-based paints. Some clays grow as 
plate-like particles possessing straight edges and hexagonal 
angles, eg bentonite and kaolin (see Fig 21-3). Other clays 
have lath-shaped (nontronite) or rod-shaped particles (atta- 
pulgite).1§ 

Emulsification produces spherical droplets to minimize 
the oil-water interfacial area. Cooling the emulsion below 
the melting point of the disperse phase freezes it in the 
spherical shape. For instance, paraffin can be emulsified in 
80° water; cooling to room temperature produces a hydrosol 
with spherical particles. 

Sols of viruses and globular proteins, which are hydrophilic, 
contain compact particles possessing definite geometric shapes. 
Poliomyelitis virus is spherical, tobacco mosaic virus is rod- 
shaped, while serum albumin and the serum globulins are 
prolate ellipsoids of revolution (football-shaped). 

Dispersion methods produce sols with wide particle size 
distributions. Condensation methods may produce essen- 
tially monodisperse sols provided specialized techniques are 
employed. Monodisperse polystyrene latexes are available 
for calibration of electron micrographs. Biological hydro- 
philic polymers, such as nucleic acids and proteins, form 
largely monodisperse particles, as do more highly organized 
structures such as lipoproteins and viruses. 

LIGHT SCATTERING BY COLLOIDAL PARTICLES— 
The optical properties of a medium are determined by its re- 
fractive index. When the refractive index is uniform 
throughout, light will pass the medium undeflected. When- 
ever there are discrete variations in the refractive index 
caused by the presence of particles or by small-scale density 
fluctuations, part of the light will be scattered in all direc- 
tions. An optical property characteristic of colloidal systems, 
called the Tyndall beam, is familiar to everyone in the case 
of aerosols. When a narrow beam of sunlight is admitted 
through a small hole into a darkened room, the presence of 
the minute dust particles suspended in air is revealed by 
bright flashing points. 

A beam of light striking a particle polarizes the atoms and 
molecules of that particle, inducing dipoles which act as 
secondary sources and reemit weak light of the same wave- 
length as the incident light. This phenomenon is called 
light scattering. The scattered radiation propagates in all 
directions away from the particle. In a bright room, the 
light scattered by the dust particles is too weak to be 
noticeable. 

Colloidal particles suspended in a liquid also scatter light. 
When an intense, narrowly defined beam of light is passed 
through a suspension, its path becomes visible because of the 
scattering of light by the particles in the beam. This Tyndall 
beam becomes most visible when viewed against a dark 
background in a direction perpendicular to the incident 
beam. The magnitude of the turbidity or opalescence de- 
pends on the nature, size and concentration of the particles. 
When clear mineral oil is dispersed in an equal volume of a 
clear aqueous surfactant solution, the resultant emulsion is 
milky white and opaque due to light scattering. Microemul- 
sions, where the emulsified droplets are about 40 nm (400 A) 
in diameter, ie, much smaller than the wavelength of visible 
light, are transparent and clear to the naked eye. 

The dark-field microscope or ultramicroscope, which per- 
mits observation of particles much smaller than the wave- 


length of light, was the only means of detecting submicro- 
scopic particles before the advent of electron microscopy. A 
special cardioid condenser produces a hollow cylinder of light 
and converges it into a hollow cone focused on the sample. 
The sample is at the apex of the cone, where the light 
intensity is high. After passing through the sample, the cone 
of light diverges and passes outside of the microscope objec- 
tive. A homogeneous sample thus gives a dark field. A sim- 
ilar effect can be produced with a regular Abbe condenser 
outfitted with a central stop and a strong light source. Col- 
loidal particles scatter light in all directions. Some of the 
scattered light enters the objective and shows up the parti- 
cles as bright spots. Thus, even particles smaller than the 
wavelength of light can be detected, provided their refractive 
index differs sufficiently from that of the medium. Dissolved 
polymer molecules and highly solvated gel particles do not 
scatter enough light to become visible. Asymmetric particles 
like flat bentonite platelets give flashing effects as they 
rotate in Brownian motion, because they scatter more light 
with their basal plane perpendicular to the light beam than 
edgewise. Brownian motion, sedimentation, electrophoretic 
mobility and the progress of flocculation can be studied with 
the dark-field microscope. Polydispersity can be estimated 
qualitatively because larger particles scatter more light and 
appear brighter. The resolving power of the ultramicroscope 
is no greater than that of the ordinary light microscope. 
Particles closer together than 0.2 wm appear as a single blur. 

Turbidity may be used to measure the concentration of 
dispersed particles in two ways. In turbidimetry, a spectro- 
photometer or photoelectric colorimeter is used to measure 
the intensity of the light transmitted in the incident direc- 
tion. Turbidity, 7, is defined by an equation analogous to 
Beer’s law for the absorption of light (see Chapter 33),°-1° 
namely 


where [, and J, are the intensities of the incident and trans- 
mitted light beams, and / is the length of the dispersion 
through which the light passes. The theoretical and practical 
aspects of determining the particle size of suspensions by 
turbidimetry and the feasibility to estimate their particle- 
size distribution are discussed in two chapters by Kourti 
et al.19 

If the dispersion is less turbid, the intensity of light 
scattered at 90° to the incident beam is measured with a 
nephelometer. Both methods require careful standardization 
with suspensions containing known amounts of particles 
similar to those to be measured. The concentration of colloi- 
dal dispersions of inorganic and organic compounds and 
of bacterial suspensions can thus be measured by their 
turbidity. 

The turbidity or Tyndall effect of hydrophilic colloidal 
systems like aqueous solutions of gums, proteins and other 
polymers is far weaker than that of lyophobic dispersions. 
These solutions appear clear to the naked eye. Their turbid- 
ity can be measured with a photoelectric cell/photomultiplier 
tube and serves to determine the molecular weight of the 
solute. 

The theory of light scattering was developed in detail by 
Lord Rayleigh. For white nonabsorbing nonconductors or di- 
electrics like sulfur and insoluble organic compounds, the equa- 
tion obtained for spherical particles whose radius is small 
compared to the wavelength of light A is°~!° 
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I, is the intensity of the unpolarized incident light; J, is the 
intensity of light scattered in a direction making an angle 0 
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with the incident beam and measured at a distance d. The 
scattered light is largely polarized. The concentration c is ex- 
pressed as the number of particles per unit volume. The refrac- 
tive indices n, and ny refer to the dispersion and the solvent, 
respectively. 

Since the intensity of scattered light is inversely propor- 
tional to the fourth power of the wavelength, blue light (A = 
450 nm or 4500 A) is scattered much more strongly than red 
light (A = 650 »m or 6500 A). With incident white light, 
colloidal dispersions of colorless particles appear blue when 
viewed in scattered light, ie, in lateral directions such as 90° 
to the incident beam. Loss of the blue rays due to preferen- 
tial scattering leaves the transmitted light yellow or red. 
Preferential scattering of blue radiation sideways accounts 
for the blue color of the sky, sea, cigarette smoke and diluted 
milk and for the yellow-red color of the rising and setting sun 
viewed head-on. 

The particles in pharmaceutical suspensions, emulsions 
and lotions are generally larger than the wavelength of light 
. When the particle size exceeds A/20, destructive interfer- 
ence between light scattered by different portions of the 
same particle lowers the intensity of scattered light and 
changes its angular dependence. Rayleigh’s theory was ex- 
tended to large and strongly absorbing and conducting par- 
ticles by Mie and to nonspherical particles by Gans.1.2:6-10 By 
using appropriate precautions in experimental techniques 
and in interpretation, it is possible to determine an average 
particle size and even the particle size distribution of colloi- 
dal dispersions and coarser suspensions by means of turbid- 
ity measurements. 

DIFFUSION AND SEDIMENTATION—The molecules 
of a gas or liquid are engaged in a perpetual, random thermal 
motion which causes them to collide with one another and 
with the container wall billions of times per second. Each 
collision changes the direction and the velocity of the mole- 
cules involved. Dissolved molecules and suspended colloidal 
particles are continuously and randomly buffeted by the 
molecules of the suspending medium. This random bombard- 
ment imparts to solutes and particles an equally unceasing 
and erratic movement called Brownian motion, after the 
botanist Robert Brown who first observed it under the mi- 
croscope with an aqueous pollen suspension. The Brownian 
motion of colloidal particles mirrors on a magnified scale the 
random movement of the molecules of the liquid or gaseous 
suspending medium, and represents a three-dimensional 
random walk. 

Solute molecules and suspended colloidal particles undergo 
rotational and translational Brownian movement. For the lat- 
ter, Einstein derived the equation 


z= 2Dt 


where x is the mean displacement in the x-direction in time ¢ 
and D is the diffusion coefficient. Einstein also showed that for 
spherical particles of radius r under conditions specified in 
Chapter 20 for the validity of Stokes’ law and Einstein’s law of 
viscosity 


where R is the gas constant, T the absolute temperature, N 
Avogadro’s number and 7 the viscosity of the suspending 
medium. 

The diffusion coefficient is a measure of the mobility of a 
dissolved molecule or suspended particle in a liquid medium. 
Representative values at room temperature, in cm?/sec, are 
4.7 X 10 © for sucrose and 6.1 < 10 7 for serum albumin in 
water. With a diffusion coefficient of 1 x 10 7 cm*/sec, 
Brownian motion causes a particle to move by an average 
distance of 1 cm in one direction in 58 days, by 1 mm in 14 
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hours and by 1 4m in 0.05 seconds. Smaller molecules diffuse 
faster in a given medium. Assuming spherical shape, the 
radius of a serum albumin molecule is 35 A and that of a 
sucrose molecule 4.4 A. The ratio of the radii of the two 
molecules, 35/4.4 = 7.9, is nearly identical with the inverse 
ratio of their diffusion coefficients in water, 4.7 X 10 °/6.1 x 
10’ = 7.7, in agreement with the above equation. Diffusion 
coefficients of steroids and other molecules of similar size 
dissolved in absorption bases based on petrolatum are gen- 
erally in the 10 1° to 10 ° em*/sec range. Steroids have only 
slightly higher molecular weights than sucrose. Their much 
smaller diffusion coefficients are due to the much higher 
viscosity of the vehicle. 

DYNAMIC LIGHT SCATTERING—Dynamic light scat- 
tering or photon correlation spectroscopy is based on the fact 
that the light scattered by particles in Brownian motion un- 
dergoes a minute shift in wavelength by the usual Doppler 
effect. The shift is so small that it can be detected only for laser 
light beams, which are strictly monochromatic and very in- 
tense. The wavelength shift, which shows up as line broaden- 
ing, is used to determine the diffusion coefficient of the parti- 
cles, which in turn yields their radius according to the equation 
above. 

This radius is the hydrodynamic radius, which comprises 
the particle plus its attached water of hydration. Particles that 
are asymmetric rather than spherical and extensively hydrated 
have larger r values and hence smaller D values than unsol- 
vated spherical particles with the same dry volume. It is not 
possible to separate the effect of hydration on r and D from the 
effect of asymmetry with photon correlation spectroscopy 
alone: either hydration or particle shape must be determined 
by other means. Polydispersity adds a further complication to 
this particle size determination method.*?:1° 

Fiber Optic Dynamic Light Scattering permits direct mea- 
surements on concentrated dispersions without the usual sam- 
ple dilution. The tip of an optical fiber is immersed in the 
dispersion. Laser light passes through the fiber into the disper- 
sion and the light backscattered from the particles returns up 
the same fiber to a photomultiplier and a correlator.2° (See also 
the chapter by J C Thomas in Ref 19.) 

Brownian motion and convection currents maintain dis- 
solved molecules and small colloidal particles in suspension 
indefinitely. As the particle size and r increase, the Brownian 
motion decreases; x is proportional tor”. Provided that the 
density of the particle dp and of the liquid vehicle d,; are 
sufficiently different, larger particles have a greater tendency 
to settle out when dp > d, or to rise to the top of the sus- 
pension when dp, < d, than smaller particles of the same 
material. 

The rate of sedimentation is expressed by the Stokes equa- 
tion, which can be written as 


2(dp — d,)r’gt 
en 
In 


where / is the height through which a spherical particle settles 
in time ¢ and g is the acceleration of gravity. The rate of 
sedimentation is proportional to r?. Thus, with increasing par- 
ticle size, the Brownian motion diminishes while the tendency 
to sediment increases. The two become equal for a critical 
radius when the distance h through which the particle settles 
equals the mean displacement x due to Brownian motion in the 
same time interval ¢.2! In most pharmaceutical suspensions, 
sedimentation prevails. Intravenous vegetable oil emulsions do 
not tend to cream because the mean droplet size, ca 0.5 ym, is 
smaller than the critical radius. 

Passive diffusion caused by a concentration gradient and 
carried out through Brownian motion is important in the re- 
lease of drugs from topical preparations (see Chapter 90) and in 
the gastrointestinal absorption of drugs (see Chapter 41). 


ADDITIONAL PARTICLE-SIZING METHODS—Novel 
methods for determining the particle size and its distribution 
for colloidal dispersions, including the disk centrifuge (MJ 
Devon) and sedimentation field flow fractionation (JC Gid- 
dings), are reviewed in a recent text.!9 A variety of methods for 
assessing the degree of flocculation of coarser suspensions is 
described in Refs 22 and 23. 

VISCOSITY—Most lyophobic dispersions have viscosities 
not much greater than that of the liquid vehicle. This holds 
true even at comparatively high volume fractions of the 
disperse phase unless the particles form continuous network 
aggregates throughout the vehicle, in which case yield val- 
ues are observed. By contrast, the apparent viscosities of 
lyophilic dispersions, especially of polymer solutions, are 
several orders of magnitude greater than the viscosity of the 
solvent or vehicle even at concentrations of only a few per- 
cent solids. Lyophilic dispersions are also generally much 
more pseudoplastic or shear-thinning than lyophobic disper- 
sions (see Chapter 20). 


Electric Properties and Stability 
of Lyophobic Dispersions 


DIFFERENCE BETWEEN LYOPHILIC AND LYO- 
PHOBIC DISPERSIONS—Lyophilic or solvent-loving sol- 
ids are called hydrophilic if the solvent is water. Owing to 
the presence of high concentrations of hydrophilic groups, 
they dissolve or disperse spontaneously in water as far 
as is possible without breaking covalent bonds. Among 
hydrophilic groups are ionized ones which dissociate into 
highly hydrated ions like carboxylate, sulfonate or 
alkylammonium ions, and organic functional groups like 
hydroxyl, carbonyl, amino and imino which bind water 
through hydrogen bonding. 

The free energy of dissolution or dispersion, AG,, of hy- 
drophilic solids includes a large negative (exothermic) heat 
or enthalpy of solvation, AH,, and a large increase in en- 
tropy, AS,. Since AG, = AH, — TAS,, AG, has a large 
negative value: the dissolution of hydrophilic macromole- 
cules and the dispersion of hydrophilic particulate solids in 
water occur spontaneously (see Chapter 16), overcoming the 
parallel increases in surface area and surface free energy. 
Dissolution and dispersion take place so that water can come 
into contact and interact with the hydrophilic groups of the 
solids (enthalpy of solvation), and to increase the number of 
available configurations of the macromolecules and particles 
(entropy increase). 

The van der Waals energies of attraction between dissolved 
macromolecules or dispersed hydrophilic solid particles are 
smaller than AG, and are, therefore, insufficient to cause sep- 
aration of a solid polymer phase or agglomeration through 
flocculation or coagulation of the dispersed particles. Further- 
more, the hydration layer surrounding dissolved macromole- 
cules and dispersed particles forms a barrier preventing their 
close approach. 

Hydrophobic solids and liquids such as organic com- 
pounds consisting largely of hydrocarbon portions with few if 
any hydrophilic functional groups, like cholesterol and other 
steroids, and some nonionized inorganic substances like sul- 
fur, are hydrated slightly or not at all. Hence they do not 
disperse or dissolve spontaneously in water: AG, is positive 
because of a positive (endothermic) AH, term, making the 
reverse process (agglomeration) the spontaneous one. Aque- 
ous dispersions of such hydrophobic solids or liquids can be 
prepared by physical means which supply the appropriate 
energy to the system (see above). They are unstable, how- 
ever. The van der Waals attractive forces between the par- 
ticles cause them to aggregate, since the solvation forces 
which promote dispersal in water are weak. If aqueous dis- 


persions of hydrophobic solids are to resist reaggregation 
(coagulation and flocculation), they must be stabilized. Sta- 
bilizing factors include electric charges at the particle sur- 
face (due to dissociation of ionogenic groups of the solid or 
pertaining to adsorbed ions such as ionic surfactants) and 
the presence of adsorbed macromolecules or nonionic surfac- 
tants. These stabilizing factors do not alter the intrinsic 
thermodynamic instability of lyophobic dispersions; AG, is 
still positive so that the reverse process of phase separation 
or aggregation is energetically favored over dispersal. They 
establish kinetic barriers which delay the aggregation pro- 
cesses almost indefinitely; the dispersed particles cannot 
come together close enough for the van der Waals attractive 
forces to produce coagulation.®®—1° These stabilization mech- 
anisms are discussed below. 

The reductions in surface area and surface free energy 
accompanying flocculation or coagulation are small because 
irregular solid particles, being rigid, touch only at a few 
points upon aggregation. The loose initial contacts may grow 
with time by sintering or recrystallization. Sintering con- 
sists of the “fusion” of primary particles into larger primary 
particles which propagates from initial small areas of con- 
tact. This recrystallization process is spontaneous because it 
decreases the specific surface area of the disperse solid and 
the surface free energy of the dispersion. Sintering is anal- 
ogous to Ostwald ripening, the recrystallization process of 
transferring solid from colloidal to coarse particles discussed 
above. Low solubility and the presence of adsorbed surface- 
active substances retard both processes. 

ORIGIN OF ELECTRIC CHARGES—Particles can ac- 
quire charges from several sources. In proteins, one end 
group of the polypeptide chain and aspartic and glutamic 
acid units contribute carboxylic acid groups, which are ion- 
ized into carboxylate ions in neutral to alkaline media. The 
other chain end group and lysine units contribute amino 
groups, arginine units contribute guanidine groups and his- 
tidine units contribute imidazole groups. The nitrogen atoms 
of these groups become protonated in neutral to acid media. 
For electroneutrality, these cationic groups require anions, 
such as Cl if hydrochloric acid was used to make the me- 
dium acid and to supply the protons. The neutralizing ions, 
called counterions, dissociate from the ionogenic basic func- 
tional groups and can be replaced by other ions of like 
charge: they are not an integral part of the protein particle 
but are located in its immediate vicinity. The alkylammo- 
nium, guanidinium and imidazolium ions, which are at- 
tached to the protein molecule by covalent bonds, confer a 
positive charge to it. In neutral and alkaline media, Na‘, K’, 
Ca”* and Mg”* are among the counterions neutralizing the 
negative charges of the carboxylate groups. The latter are 
covalently attached to and constitute an integral part of the 
protein particle, conferring a negative charge to it. 

At an intermediate pH value, which ranges from 4.5 to 7 
for the various proteins, the carboxylate anions and the 
alkylammonium, guanidinium and imidazolium cations neu- 
tralize each other exactly. There is no need for counterions 
since the ionized functional groups which are an integral 
part of the protein molecule are in exact balance. At this pH 
value, called the isoelectric point, the protein particle or 
molecule is neutral; its electric charge is neither negative 
nor positive, but zero.?.68 

Many other organic polymers contain ionic groups and are, 
therefore, called polyelectrolytes (polymeric electrolytes or 
salts). Natural polysaccharides of vegetable origin such as aca- 
cia, tragacanth, alginic acid and pectin contain carboxylic acid 
groups, which are ionized in neutral to alkaline media. Agar 
and carrageenan, as well as the animal polysaccharides hepa- 
rin and chondroitin sulfate, contain sulfuric acid hemiester 
groups, which are strongly acidic and ionize even in acid media. 
Cellulosic polyelectrolytes include sodium carboxymethylcellu- 
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lose, while synthetic carboxylated polymers include carbomer, a 
copolymer of acrylic acid. 

Aluminum hydroxide, Al(OH)3, is dissolved by acids and 
alkalis forming aluminum ions, Al®*, and aluminate ions, 
[Al(OH),] , respectively. In neutral or weakly acid media, at 
acid concentrations too low to cause dissolution, an aluminum 
hydroxide particle has some positive charges attributable to 
incompletely neutralized positive Al?* valences. The portion of 
the surface of an aluminum hydroxide particle represented 
schematically below has one such positive charge neutralized 
by a Cl counterion: 
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In weakly alkaline media, at base concentrations too low to 
transform the aluminum hydroxide particles completely into 
aluminate and dissolve them, they bear some negative 
charges due to the presence of a few aluminate groups. The 
portion of the particle surface represented schematically 
below has one such negative group neutralized by a Na’ 
counterion: 
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At a pH of 8.5 to 9.1,2425 there are neither [Al(OH).]" nor 
[Al(OH),] ions in the particle surface but only neutral Al(OH). 
molecules. The particles have zero charge and therefore need 
no counterions for charge neutralization. This pH is the iso- 
electric point. In the case of inorganic particulate compounds 
such as aluminum hydroxide, it also is called zero point of 
charge. 

Bentonite clay is a lamellar aluminum silicate. Each lattice 
layer consists of a sheet of hydrated alumina sandwiched be- 
tween two silica sheets. Isomorphous replacement of Al®* by 
Mg?* or of Si** by Al®* confers net negative charges to the thin 
clay lamellas in the form of cation-exchange sites resembling 
silicate ions built into the lattice. The counterions producing 
electroneutrality are usually Na‘ (sodium bentonite) or Ca?’ 
(calcium bentonite). 

Silver iodide sols can be prepared by the reaction 


AgNO; + Nal — Agl(s) + NaNO; 


In the bulk of the silver iodide particles, there is a 1:1 
stoichiometric ratio of Ag’ to I ions. If the reaction is 
carried out with an excess silver nitrate, there will be more 
Ag* thanI ions in the surface of the particles. The particles 
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will thus be positively charged and the counterions sur- 
rounding them will be NO.. If the reaction is carried out 
using an exact stoichiometric 1:1 ratio of silver nitrate to 
sodium iodide or with an excess sodium iodide, the surface of 
the particles will contain an excess 1 over Ag’ ions.6-§ The 
particles will be negatively charged, and Na” will be the 
counterions surrounding the particles and neutralizing their 
charges. 

An additional mechanism through which particles acquire 
electric charges is by the adsorption of ions,’° including ionic 
surfactants. 

ELECTRIC DOUBLE LAYERS—tThe surface layer of a 
silver iodide particle prepared with an excess of sodium iodide 
contains more I than Ag” ions, whereas its bulk contains the 
two ions in exactly equimolar proportion. The aqueous solution 
in which this particle is suspended contains relatively high 
concentrations of Na’ and NO3 , a lower concentration of I~ 
and traces of H*', OH and Ag’. 

The negatively charged particle surface attracts positive 
ions from the solution and repels negative ions: the solution 
in the vicinity of the surface contains a much higher concen- 
tration of Na‘, which are the counterions, and a much lower 
concentration of NO; ions than the bulk of the solution. A 
number of Na’ ions equal to the number of excess I" ions in 
the surface (ie, the number of I ions in the surface layer 
minus the number of Ag” ions in the surface layer) and 
equivalent to the net negative surface charge of a particle 
are pulled towards its surface. These counterions tend to 
stick to the surface, approaching it as closely as their hydra- 
tion spheres permit (Helmholtz double layer), but the ther- 
mal agitation of the water molecules tends to disperse them 
throughout the solution. As a result, the layer of counterions 
surrounding the particle is spread out. The Na’ concentra- 
tion is highest in the immediate vicinity of the negative 
surface, where they form a compact layer called the Stern 
layer, and decreases with distance from the surface, 
throughout a diffuse layer called the Gouy-Chapman layer: 
the sharply defined negatively charged surface is surrounded 
by a cloud of Na* counterions required for electroneutrality. 
The combination of the two layers of oppositely charged ions 
constitutes an electric double layer. It is illustrated in the 
top part of Fig 21-7. The horizontal axis represents the 
distance from the particle surface in both the top and bottom 
parts. 

The electric potential of a plane is equal to the work 
against electrostatic forces required to bring a unit electric 
charge from infinity (in this case, from the bulk of the solu- 
tion) to that plane. If the plane is the surface of the particle, 
the potential is called surface or Ww. potential, which mea- 
sures the total potential of the double layer. This is the 
thermodynamic potential which operates in galvanic cells. 
On moving away from the particle surface towards the bulk 
solution in the direction of the horizontal axis, the potential 
drops rapidly across the Stern layer because the Na’ ions in 
the immediate vicinity of the surface screen Na’ ions farther 
removed, in the diffuse part of the double layer, from the 
effect of the negative surface charge. The decrease in poten- 
tial across the Gouy-Chapman layer is more gradual. The 
diffuse double layer gradually comes to an end as the com- 
position approaches that of the bulk liquid where the anion 
concentration equals the cation concentration, and the po- 
tential approaches zero asymptotically. In view of the indef- 
inite end point, the thickness 6 of the diffuse double layer is 
arbitrarily assigned the value of the distance over which the 
potential at the boundary between the Stern and Gouy- 
Chapman layers drops to l/e = 0.37 of its value.6-!© The 
thickness of double layers usually ranges from 10 to 1000 A. 

It decreases as the concentration of electrolytes in solution 
increases, more rapidly for counterions of higher valence. 
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Figure 21-7. Electric double layer at the surface of a silver iodide 
particle (upper part) and the corresponding potentials (lower part). 
The distance from the particle surface, plotted on the horizontal 
axis, refers to both the upper and lower parts. 


The value of 5 is approximately equal to the reciprocal of the 
Debye-Hiickel theory parameter, k. 

Of practical importance, because it can be measured ex- 
perimentally, is the electrokinetic or ¢ (zeta) potential. In 


aqueous dispersion, even relatively hydrophobic inorganic 
particles and organic particles containing polar functional 
groups are surrounded by a layer of water of hydration 
attached to them by ion-dipole and dipole-dipole interaction. 
When a particle moves, this shell of bound water and all ions 
located inside it move along with the particle. Conversely, if 
water or a solution flows through a fixed bed of these solid 
particles, the hydration layer surrounding each particle re- 
mains stationary and attached to it. The electric potential at 
the plane of shear or slip separating the bound water from 
the free water is the ¢ potential. It does not include the Stern 
layer and only that part of the Gouy-Chapman layer which 
lies outside the hydration shell. The various potentials are 
shown on the bottom part of Fig 21-7. 

STABILIZATION BY ELECTROSTATIC REPULSION— 
When two uncharged hydrophobic particles are in close prox- 
imity, they attract each other by van der Waals secondary 
valences, mainly by London dispersion forces. For individual 
atoms and molecules, these forces decrease with the seventh 
power of the distance between them. In the case of two 
particles, every atom of one attracts every atom of the other 
particle. Because the attractive forces are nearly additive, 
they decay much less rapidly with the interparticle distance 
as a result of this summation, approximately with the second 
or third power. Since energies of attraction are equal to 
force X distance, they decrease approximately with the first 
or second power of the distance. Therefore, whenever two 
particles approach each other closely, the attractive forces 
take over and cause them to adhere. Coagulation occurs as 
the primary particles aggregate into increasingly larger sec- 
ondary particles or flocs. 

If the dispersion consists of two kinds of particles with 
positive and negative charges, respectively, the electrostatic 
attraction between oppositely charged particles is superim- 
posed on the attraction by van der Waals forces, and coagu- 
lation is accelerated. If the dispersion contains only one 
kind, as is customary, all particles have surface charges of 
the same sign and density. In that case, electrostatic repul- 
sion tends to prevent the particles from approaching closely 
enough to come within effective range of each other’s van der 
Waals attractive forces, thus stabilizing the dispersion 
against interparticle attachments or coagulation. The elec- 
trostatic repulsive energy has a range of the order of 6. 

A quantitative theory of the interaction between lyopho- 
bic disperse particles was worked out independently by Der- 
jaguin and Landau in the USSR and by Verwey and Over- 
beek in the Netherlands in the early 1940s.!:6-1!9 Detailed 
calculations also are found in Chapter 21 of RPS-17. The 
so-called DLVO theory predicts and explains many but not 
all experimental data. Its refinement to account for discrep- 
ancies is still continuing. 

The DLVO theory is summarized in Fig 21-8, where curve 
WA represents the van der Waals attractive energy which 
decreases approximately with the second power of the inter- 
particle distance, and curve ER represents the electrostatic 
repulsive energy which decreases exponentially with dis- 
tance. Because of the combination of these two opposing 
effects, attraction predominates at small and large distances 
whereas repulsion may predominate at intermediate dis- 
tances. Negative energy values indicate attraction, and pos- 
itive values repulsion. The resultant curve DPBA, obtained 
by algebraic addition of curves WA and ER, gives the total, 
net energy of interaction between two particles. 

The interparticle attraction depends mainly on the chem- 
ical nature and particle size of the material to be dispersed. 
Once these have been selected, the attractive energy is fixed 
and cannot readily be altered. The electrostatic repulsion 
depends on jf, or the density of the surface charge and on the 
thickness of the double layer, both of which govern the 
magnitude of the ¢ potential. Thus, stability correlates to 
some extent with this potential. The ¢ potential can be 
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Figure 21-8. Curves representing the van der Waals energy of at- 
traction (WA), the energy of electrostatic repulsion (ER), and the 
net energy of interaction (DPBAS) between two identical charged 
particles, as a function of the interparticle distance. 


adjusted within wide limits by additives, especially ionic 
surfactants, water-miscible solvents and electrolytes (see 
below). If the absolute value of the ¢ potential is small, the 
resultant potential energy is negative and van der Waals 
attraction predominates over electrostatic repulsion at all 
distances. Such sols coagulate rapidly. 

The two identical particles whose interaction is depicted 
in Fig 21-8 have a large (positive or negative) ¢ potential, 
resulting in an appreciable positive or repulsive potential 
energy at intermediate distances. They are on a collision 
course because of Brownian motion, convection currents, 
sedimentation or because the dispersion is being stirred. 

As the two particles approach each other, the two atmo- 
spheres of counterions surrounding them begin to interpen- 
etrate or overlap at point A corresponding to the distance d,. 
This produces a net repulsive (positive) energy because of 
the work involved in distorting the diffuse double layers and 
in pushing water molecules and counterions aside, which 
increases if the particles approach further. If the particles 
continue to approach each other, even after most of the 
intervening solution of the counterions between them has 
been displaced, the repulsion between their surface charges 
increases the net potential energy of interaction to its max- 
imum positive value at B. If the height of the potential 
energy barrier B exceeds the kinetic energy of the approach- 
ing particles, they will not come any closer than the distance 
d,, but move away from each other. A net positive potential 
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energy of about 25 kT units usually suffices to keep them 
apart, rendering the dispersion permanently stable; k is the 
Boltzmann constant and T is the absolute temperature. At 
T = 298°K, this corresponds to 1 xX 10 '2 erg or 1 Xx 10° J. 
The kinetic energy of a particle is of the order of kT. 

On the other hand, if their kinetic energy exceeds the 
potential energy barrier B, the particles continue to ap- 
proach each other past dp, where the van der Waals attrac- 
tion becomes increasingly more important compared to the 
electrostatic repulsion. Therefore, the net potential energy of 
interaction decreases to zero and then becomes negative, 
pulling the particles still closer together. When the particles 
touch, at a distance dp, the net energy has acquired the large 
negative value P. This deep minimum in potential energy 
corresponds to a very stable situation in which the particles 
adhere. Since it is unlikely that enough kinetic energy can be 
supplied to the particles or that their ¢ potential can be 
increased sufficiently to cause them to climb out of the 
potential energy well P, they are attached permanently to 
each other. When most or all of the primary particles ag- 
glomerate into secondary particles by such a process, the sol 
coagulates. 

Any closer approach, of two particles, than the touching 
distance dp, is met with a very rapid rise in potential en- 
ergy along PD because the solid particles would interpene- 
trate each other, causing atomic orbitals to overlap (Born 
repulsion). 

COAGULATION OF HYDROPHOBIC DISPERSIONS— 
The height of the potential energy barrier and the range over 
which the electrostatic repulsion is effective (or the thick- 
ness of the double layer) determine the stability of hydro- 
phobic dispersions. Both factors are reduced by the addition 
of electrolytes. The transition between a coagulating and a 
stable sol is gradual and depends on the time of observation. 
By using standard conditions, however, it is possible to clas- 
sify a sol as either coagulated or coagulating, or as stable or 
fully dispersed. 

To determine the value of the coagulating concentration 
of a given electrolyte for a given sol, a series of test tubes is 
filled with equal portions of the sol. Identical volumes of 
solutions of the electrolyte, of increasing concentration, are 
added with vigorous stirring. After some time at rest (eg, 2 
hours), the mixtures are agitated again. After an additional, 
shorter rest period (eg, ¥2 hour), they are inspected for signs 
of coagulation. The tubes can be classified into two groups, 
one showing no signs of coagulation and the other showing at 
least some signs, eg, visible flocs. Alternatively, they can be 
classified into one group showing complete coagulation 
and the other containing at least some deflocculated colloid 
left in the supernatant. In either case, the separation 
between the two classes is quite sharp. The intermediate 
agitation breaks the weakest interparticle bonds and 
brings small particles in contact with larger ones, thus in- 
creasing the sharpness of separation between coagulation 
and stability. After repeating the experiment with a nar- 
rower range of electrolyte concentrations, the coagulation 
value coy of the electrolyte, ie, the lowest concentration at 
which it coagulates the sol, is established with good 
reproducibility.® 8.10 

Typical cy, for a silver iodide sol prepared with an excess of 
iodide are listed in Table 21-3. The following conclusions can be 
drawn from the left half of Table 21-3: 


1. The c,y, does not depend on the valence of the anion, since nitrate 
and sulfate of the same metal have nearly identical values. 

2. The differences among the c,,,’s of cations with the same valence 
are relatively minor. However, there is a slight but significant 
trend of decreasing c,, with increasing atomic number in the 
alkali and in the alkaline earth metal groups. Arranging these 
cations in the order of decreasing c,, produces the Hofmeister or 
lyotropic series. It governs many other colloidal phenomena, in- 
cluding the effect of salts on the temperature of gelation and the 
swelling of aqueous gels and on the viscosity of hydrosols, the 


Table 21-3. Coagulation Values for Negative 
Silver lodide Sol’ : 


ELECTROLYTE ccy, MMIL ELECTROLYTE cv, mMIL 
LINO; 165 AgNO; 0.01 
NaNO, 140 Ya (C,>H>sNH3),5O, 0.07 
YaNa,SO, 141 Strychnine nitrate ilsZ/ 
KNO, 136 V2 Morphine sulfate 2s} 
Y2K,SO, 138 
RbNO, 126 

Mean 141 
Mg(NO3)> 2.60 Quinine sulfate 0.7 
MgSO, 2157 
Ca(NO3), 2.40 
Sr(NO3). 2.38 
Ba(NO3)> 2.26 
Zn(NO3), 2.50 
Pb(NO;), 2.43 

Mean 2.45 
Al(NO3)3 0.067 
La(NO3)3 0.069 
Ce(NO3)3 0.069 

Mean 0.068 


? From Ref 1 and unpublished data. 


salting out of hydrophilic colloids, the cation exchange on ion- 
exchange resins, and the permeability of membranes toward 
salts. The series also is observed in many phenomena involving 
only small atoms or ions and true solutions, including the ion- 
ization potential and electronegativity of metals, the heats of 
hydration of cations, the size of the hydrated cations, the viscos- 
ity, surface tension and infrared spectra of salt solutions and the 
solubility of gases therein. For monovalent cations, the lyotropic 
series 1s 
Te Nan Kea NEN = Rove Oca 

A similar lyotropic series exists for anions.1!.2:6—10 

The lithium ion has a higher c,,, than the cesium ion because it 
is more extensively hydrated, so that Li’ (aq), including the 
hydration shell, is larger than Cs’ (aq). Owing to its smaller size, 
the hydrated cesium ion can approach the negative particle sur- 
face more closely than the hydrated lithium ion. Moreover, be- 
cause of its greater electron cloud, the Cs* ion is more polarizable 
than the Li’ ion. Therefore, it is more strongly adsorbed in the 
Stern layer, which makes it a more effective coagulating agent. 


3. The coagulation values depend primarily on the valence of the 
counterions, decreasing by one to two orders of magnitude for 
each increase of one in their valence (Schulze-Hardy rule). Ac- 
cording to the DLVO theory, the coagulation values vary in- 
versely with the sixth power of the valence of the counterions. 
For mono-, di- and trivalent counter-ions, they should be in the 
ratio 
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3 
The mean Cys of Table 21-3 are 141:2.45:0.068, or 100:1.7:0.05, in 
satisfactory agreement with the DLVO theory. 


The following conclusions can be drawn from the right half of Table 21-3: 


4. The cations on the right side of Table 21-3 constitute obvious 
exceptions to the preceding. Ag’ is the potential-determining 
counterion. Potential-determining ions are those whose concen- 
tration determines the surface potential. When silver nitrate is 
added to the negative silver iodide dispersion, some of its silver 
ions are incorporated into the negatively charged surface of the 
particles and lower the magnitude of their charge by reducing 
the excess of I ions in the surface. Thus, silver salts are excep- 
tionally effective coagulating agents because they reduce the 
magnitude of the yw as well as of the ¢ potential. Indifferent salts, 
which reduce only the latter, require much higher salt concen- 
trations for comparable reductions in the ¢ potential. The other 
potential-determining ion of silver iodide is I . Alkali iodides 
have higher c,,’s than 141 millimole/liter because they supply 


iodide ions which enter the surface layer of the silver iodide 
particles and increase its excess of I over Ag’ ions, thereby 
making W, more negative. Bromide and chloride ions act simi- 
larly but less effectively. 

The principal potential-determining ion for proteins is H*; those for 
aluminum hydroxide are OH (and hence H") and Al®*, but also 
Fe®* and Cr** which form mixed hydroxides with Al’ *. 

5. The cationic surfactant in Table 21-3 and the alkaloidal salts, 
which also behave as such, constitute the second exception to the 
Schulze-Hardy rule. Surface-active compounds contain hydro- 
philic and hydrophobic moieties in the same molecule, the latter 
being hydrocarbon portions which by themselves are water- 
insoluble. Their dual nature causes these compounds to accumu- 
late in interfaces. Dodecylammonium and alkaloidal cations dis- 
place inorganic monovalent cations from the Stern layer of a 
negatively charged silver iodide particle because they are at- 
tracted to it not only by electrostatic forces like sodium ions but 
also by van der Waals forces between their hydrocarbon moieties 
(dodecyl chains in the case of the dodecylammonium ions) and 
the solid. Because they are strongly adsorbed from solution onto 
the surface and do not tend to dissociate from it, surface-active 
cations are very effective in reducing the ¢ potential of the 
negative silver iodide particles, ie, they have lower c,,, than 
purely inorganic cations of the same valence. 

6. Anionic surfactants like those containing lauryl sulfate ions also 
have a tendency to be adsorbed at solid-liquid interfaces. How- 
ever, because of electrostatic repulsion between the negatively 
charged surface of silver iodide particles whose surface layer 
contains an excess iodide ions and the surface-active anions, 
adsorption usually does not occur below the critical micelle con- 
centration (see below). If such adsorption does occur, it increases 
the density of negative charges in the particle surface, raising 
the c,y of anionic surfactants above that corresponding to their 
valence. 


Ionic solids with surface layers containing the ionic species in 
near proper stoichiometric balance, and most water-insoluble 
organic compounds have relatively low surface charge densi- 
ties. They adsorb ionic surfactants of like charge from solution 
even at low concentrations, which increases their surface 
charge densities and the magnitude of their ¢ potentials, sta- 
bilizing their aqueous dispersions. 

The addition of water-miscible solvents such as alcohol, 
glycerin, propylene glycol or polyethylene glycols to aqueous 
dispersions lowers the dielectric constant of the medium. This 
reduces the thickness of the double layer and, therefore, the 
range over which electrostatic repulsion is effective, and lowers 
the size of the potential energy barrier. Addition of solvents to 
aqueous dispersions tends to coagulate them. At concentrations 
too low to cause coagulation by themselves, solvents make the 
dispersions more sensitive to coagulation by added electrolytes, 
ie, they lower the coy. 

Progressive addition of the salt of a counterion of high 
valence reduces the ¢ potential of colloidal particles gradu- 
ally to zero. Eventually, the sign of the ¢ potential may be 
inverted and its magnitude may increase again, but in the 
opposite direction. The i) and ¢ potentials of aqueous sulfa- 
merazine suspensions are negative above their isoelectric 
points; those of bismuth subnitrate are positive. As dis- 
cussed above, the addition of Al®* to the former and of PO," 
to the latter in large enough amounts inverts the sign of 
their ¢ potentials; their ww) potentials remain unchanged. 
Surface-active ions of opposite charge also may produce such 
charge inversion. 

The superposition of the van der Waals attractive energy 
with its long-range effectiveness and the electrostatic repul- 
sive energy with its intermediate-range effectiveness fre- 
quently produces a shallow minimum (designated S in Fig 
21-8) in the resultant energy-distance curve at interparticle 
distances d,s several times greater than 6. If this minimum 
in potential energy is small compared to kT, Brownian mo- 
tion prevents aggregation. For large particles such as those 
of many pharmaceutical suspensions and for particles which 
are large in one or two dimensions (rods and plates), the 
secondary minimum may be deep enough to trap them at 
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distances d, from each other. This requires a depth of sev- 
eral kT units. Such fairly long-range and weak attraction 
produces loose aggregates or flocs which can be dispersed by 
agitation or by removal or reduction in the concentration of 
flocculating electrolytes.1:7-1°.26 This reversible aggregation 
process involving the secondary minimum is called floccula- 
tion. By contrast, aggregation in the deep primary minimum 
P, called coagulation, is irreversible. 

STABILIZATION BY ADSORBED SURFACTANTS— 
As discussed above, surfactants tend to accumulate at inter- 
faces because of their amphiphilic nature. This process is an 
oriented physical adsorption. Surfactant molecules arrange 
themselves at the interface between water and an organic 
solid or liquid of low polarity in such a way that the hydro- 
carbon chain is in contact with the surface of the solid 
particle or sticks inside the oil droplet while the polar head- 
group is oriented towards the water phase. This orientation 
removes the hydrophobic hydrocarbon chain from the bulk of 
the water, where it is unwelcome because it interferes with 
the hydrogen bonding among the water molecules, while 
leaving the polar headgroup in contact with water so that it 
can be hydrated. 

Figure 21-9A shows schematically that at low surfactant 
concentration and low surface coverage, the hydrocarbon 
chains of the adsorbed surfactant molecules lie flat against 
the solid surface. At higher surfactant concentrations, the 
surfactant molecules are adsorbed in the upright position to 
permit the adsorption of more surfactant per unit surface 
area. Figure 21-9B shows a nearly close-packed monolayer of 
adsorbed surfactant molecules. The terminal methyl groups 
of their hydrocarbon tails are in contact with the hydropho- 
bie surface and the hydrocarbon tails are in lateral contact 
with each other. London dispersion forces promote attraction 
between both types of adjoining groups. The polar head- 
groups protrude into the water and are hydrated. 


2 a 


Figure 21-9. Schematic representation of the physical adsorption of 
surfactant molecules at a hydrophobic solid (S)/water (W) interface. 
Cylindrical portions and spheres represent hydrocarbon chains and 
polar headgroups of the surfactant molecules, respectively. (A) low 
surfactant concentration/low surface coverage; (B) near critical mi- 
celle concentration/surface coverage near saturation. 


304 CHAPTER 21 


The adsorption of ionic surfactants increases the charge 
density and the ¢ potential of the disperse particles. These two 
parameters are low for organic substances lacking ionic or 
strongly polar groups. The increase in electrostatic repulsion 
among the nonpolar organic particles due to adsorption of 
surface-active ions stabilizes the dispersion against coagula- 
tion. This “charge stabilization” is described by the DLVO 
theory. 

Most water-soluble nonionic surfactants are polyoxyethy- 
lated. Each molecule consists of a hydrophobic hydrocarbon 
chain combined with a hydrophilic polyethylene glycol chain, 
eg CH,(CH,),<(OCH,CH.),,OH. Hydration of the 10 ether 
groups and of the terminal hydroxyl group renders the sur- 
factant molecule water-soluble. It adsorbs at the interface 
between a hydrophobic solid and water, with the hydrocar- 
bon moiety adhering to the solid surface and the polyethyl- 
ene glycol moiety protruding into the water, where it is 
hydrated. The particle surface is thus surrounded by a thin 
layer of hydrated polyethylene glycol chains. This hydro- 
philic shell forms a steric barrier which prevents close con- 
tact between particles and, hence, coagulation (“steric stabi- 
lization”). Nonionic surfactants also reduce the sensitivity of 
hydrophobic dispersions.toward coagulation by salts, ie, they 
increase the coagulation values.?” 

In a flocculated dispersion, groups of several particles are 
agglomerated into flocs. Frequently, the particles of a floc are in 
physical contact. When a surfactant is added to a flocculated 
sol, the dissolved surfactant molecules become adsorbed at the 
surface of the particles. Surfactant molecules tend to pry apart 
flocs by wedging themselves between the particles at their 
areas of contact. This action opens up for surfactant adsorp- 
tion additional surface area that was previously blocked by 
adhesion of another solid surface. The breaking up of flocs 
or secondary particles is defined above as deflocculation or 
peptization. 

Ophthalmic suspensions should be deflocculated because 
the large particle size of flocs causes eye irritation. Parenteral 
suspensions should be deflocculated to prevent flocs from block- 
ing capillary blood vessels and hypodermic syringes, and to 
reduce tissue irritation. Deflocculated suspensions tend to 
cake, however, ie, the sediment formed by gravitational set- 
tling is compact and may be hard to disperse by shaking. 
Caking in oral suspensions is prevented by controlled floccula- 
tion as discussed below. 

STABILIZATION BY ADSORBED POLYMERS—Wa- 
ter-soluble polymers are adsorbed at the interface between 
water and a hydrophobic solid if they have some hydrophobic 
groups that limit their water solubility and render them 
amphiphilic and, hence, surface-active. Such polymers also 
tend to accumulate at the air-water interface and lower the 
surface tension of the aqueous phase. A high concentration of 
ionic groups in polyelectrolytes tends to eliminate surface 
activity and the tendency to adsorb at interfaces, because the 
polymer is excessively water-soluble. An example is sodium 
carboxymethyl-cellulose. Polyvinyl alcohol is very water-sol- 
uble due to the high concentration of hydroxyl groups and 
does not adsorb extensively at interfaces. Polyvinyl alcohol is 
manufactured by the hydrolysis of polyvinyl acetate, which 
is water-insoluble. Incomplete hydrolysis of, say, only 85% of 
the acetyl groups produces a copolymer which is water- 
soluble but surface-active as well. Other surface-active poly- 
mers include methylcellulose, hydroxypropyl] cellulose, high- 
molecular-weight polyethylene glycols (polyethylene oxides) 
and proteins. The surface activity of proteins is due to the 
presence of hydrophobic groups in the side chains at concen- 
trations too low to cause insolubility in water. Proteins are 
denatured upon adsorption at air-water and solid-water in- 
terfaces. 

The long, chain-like polymer molecules are adsorbed from 
solution onto solid surfaces in the form of loops projecting into 


the aqueous phase, as shown in Fig 21-10A, rather than lying 
flat against the solid substrate. Only a small portion of the 
chain segments of an adsorbed macromolecule is actually in 
contact with and adheres directly to the surface. Because of its 
great length, however, there are enough of such areas of con- 
tact to anchor the adsorbed macromolecule firmly onto the 
solid. Figure 21-9 is drawn on a much more expanded scale 
than Fig 21-10. 

The sol particles are surrounded by a layer consisting of the 
adsorbed polymer chains, the water of hydration associated 
with them and water trapped mechanically inside the chain 
loops. This sheath is an integral part of the particle surface. 
The layers of adsorbed polymer prevent the particles from 
approaching each other closely enough for the interparticle 
attraction by London dispersion forces to produce coagulation. 
These forces are effective only over very small interparticle 
distances of less than twice the thickness of the adsorbed 
polymer layer. 

The mechanisms of steric stabilization by which adsorbed 
nonionic macromolecules prevent coagulation of hydrophobic 
sols (protective action) are also operative in the stabilization 
of sols by nonionic surfactants. The difference between ad- 
sorbed nonionic surfactants and adsorbed polymers is that 
the hydrophilic polyethylene glycol moieties of the adsorbed 
surfactant molecules protruding into water resemble the 
chain ends of the adsorbed macromolecules rather than their 
looped segments. The following protective mechanisms are 
operative: 


1. The layer of adsorbed polymer and enmeshed water surrounding 
the particles forms a mechanical or steric barrier between them that 
prevents the close interparticle approach necessary for coagulation. 
At dense surface coverage, these layers are somewhat elastic. They 
may be dented by a collision between two particles but tend to 
spring back. 

2. When two particles approach so closely that their adsorbed poly- 
mer layers overlap, the chain loops of the two opposing layers 
compress and mix with or interpenetrate each other. The result- 
ing restriction to the freedom of motion of the chain segments in 
the overlap region produces a negative entropy change which 
tends to make the free energy change for the reduction in 
interparticle distance required for coagulation positive. The re- 
verse process of disentanglement of the two opposing adsorbed 
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Figure 21-10. Protective action (A) and sensitization (B) of sols of 
hydrophobic particles by adsorbed polymer chains. 


polymer layers resulting from separation of the particles occurs 
because it is energetically more favorable. The particles thus are 
prevented from coagulation by entropic repulsion through the 
mechanism of entropic stabilization of the sol. This mechanism 
predominates when the concentration of polymer in the adsorbed 
layer is low. 

3. As the polymer layers adsorbed on two approaching particles 
overlap and compress or interpenetrate each other, more poly- 
mer segments become crowded into a given volume of the aque- 
ous region between the particles. The increased polymer concen- 
tration in the overlap region causes a local increase in osmotic 
pressure, which is relieved by an influx of water. This influx to 
dilute the polymer loops pushes the two particles apart, prevent- 
ing coagulation. 

4. If the adsorbed polymer has some ionic groups, stabilization by 
electrostatic repulsion or charge stabilization described above is 
added to the three steric stabilization mechanisms to prevent a 
close interparticle approach and, hence, coagulation. 

5. The adsorption of water-soluble polymers changes the nature of the 
surface of the hydrophobic particles to hydrophilic, resulting in an 
increased resistance of the sol to coagulation by salts.28 


The water-soluble polymers whose adsorption stabilizes hy- 
drophobic sols and protects them against coagulation are called 
protective colloids. Gelatin and serum albumin are the pre- 
ferred protective colloids for stabilizing parenteral suspensions 
because of their biocompatibility. These two polymers, as well 
as casein (milk protein), dextrin (partially hydrolyzed starch) 
and vegetable gums like acacia and tragacanth are metabolized 
in the human body. Cellulose derivatives and most synthetic 
protective colloids such as povidone are not biotransformed. 
Because of this and because of their large molecular size, poly- 
mers pertaining to the last two categories are not absorbed but 
excreted intact when they are administered in an oral dosage 
form. 2 

Sensitization is the opposite of protective action, namely, 
a decrease in the stability of hydrophobic sols. It is brought 
about by some protective colloids, at concentrations well 
below those at which they exert a protective action. A pro- 
tective colloid may, at very low concentrations, flocculate a 
sol in the absence of added salts and/or lower the coagulation 
values of the sol. 

In the case of nonionic polymers or of polyelectrolytes 
with charges of the same sign as the sol, flocculation is the 
result of the bridging mechanism illustrated in Fig 21-10B. 
At very low polymer concentrations, there are not nearly 
enough polymer molecules present to cover each sol particle 
completely. Since the particle surfaces are largely bare, a 
single macromolecule may be adsorbed on two particles, 
bridging the gap between them and pulling them close to- 
gether. Flocs of several particles are formed when one par- 
ticle is bridged or connected to two or more other particles by 
two or more polymer molecules adsorbed jointly on two or 
possibly even three particles. Such flocculation usually oc- 
curs over a narrow range and at very low values of polymer 
concentrations. At higher concentrations, when enough poly- 
mer is available to cover the surface of all particles com- 
pletely, bridging is unlikely to occur and the adsorbed poly- 
mer stabilizes or peptizes the sol.4:19.25 

The nonionic Polymer A of Fig 21-11 stabilizes the sol at 
all concentrations. Neither sensitization by bridging nor by 
charge neutralization is observed. The reason that Polymer 
A lowers the positive ¢ potential of the sol slightly is that 
increasing amounts of adsorbed polymer chains gradually 
shift the plane of shear outward, away from the positively 
charged surface. If Polymer A was a cationic polyelectrolyte, 
the ¢ potential-protective colloid concentration plot would 
gradually rise with increasing polymer adsorption rather 
than drop. 

If the polymer has ionic groups of charge opposite to the 
charge of the sol particles, limited adsorption neutralizes the 
charge of the particles, reducing their ¢ potential to near 
zero. With stabilization by electrostatic repulsion thus inop- 
erative, and steric stabilization ineffective because of low 
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Figure 21-11. Protective action and sensitization: Polymer A exerts 
protective action at all concentrations, while Polymer B sensitizes at 
low concentrations and stabilizes at high concentrations. Horizon- 
tal and vertical hatching indicates region of flocculation for a sol 
treated with various concentrations of Polymers A and B, respec- 
tively. Clear region underneath indicates sol is deflocculated. 


surface coverage with adsorbed polymer, the sol either coag- 
ulates by itself or is coagulated by very small amounts of 
sodium chloride. At higher polymer concentrations and more 
extensive adsorption, charge reversal of the particles to the 
sign of the charge of the polyelectrolyte reactivates charge 
stabilization and adds steric stabilization, increasing the 
coagulation value of the sol well above the initial value 
before polymer addition. 

For example, a partly hydrolyzed polyacrylamide with about 
20% of ammonium acrylate repeat units is an anionic polyelec- 
trolyte. At the ppm level, the polymer flocculates aluminum 
hydroxide sols at a pH of 6 to 7, where the sols are positively 
charged and the polyelectrolyte is fully ionized. At a polymer 
concentration of 1:10,000, the sol becomes negatively charged 
because extensive polymer adsorption introduces an excess of 
—COO groups over =Al" ions into the particle surface. Steric 
stabilization plus electrostatic repulsion make the sol more 
stable against flocculation by salts than it was before the poly- 
acrylamide addition. 

Polymer B in Fig 21-11 illustrates this example. The curve 
in the lower plot indicates sensitization, with the coagulation 
value of sodium chloride lowered by as much as 60%. Zeta 
potential measurements can distinguish between sensitization 
by bridging and by charge neutralization. The charge reversal 
caused by adsorption of Polymer B shown in the upper plot 
pinpoints charge neutralization as the cause of sensitization. If 
Polymer B had a ¢ potential-polymer concentration plot similar 
to Polymer A, sensitization would be ascribed to bridging. 
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Even water-soluble polymers which are too thoroughly hy- 
drophilic to be adsorbed by hydrophobic sol particles can sta- 
bilize those sols. Their thickening action slows down Brownian 
motion and sedimentation, giving the particles less opportunity 
to come into contact and hence retarding flocculation. 

ELECTROKINETIC PHENOMENA—When a dc electric 
field is applied to a dispersion, the particles move towards the 
electrode of charge opposite to that of their surface. The coun- 
terions located inside their hydration shell are dragged along 
while the counterions in the diffuse double layer outside the 
plane of slip, in the free or mobile solvent, move towards the 
other electrode. This phenomenon is called electrophoresis. If 
the charged surface is immobile, as is the case with a packed 
bed of particles or a tube filled with water, application of an 
electric field causes the counterions in the free water to move 
towards the opposite electrode, dragging solvent with them. 
This flow of liquid is called electroosmosis, and the pressure 
produced by it, electroosmotic pressure. Conversely, if the liquid 
is made to flow past charged surfaces by applying hydrostatic 
pressure, the displacement of the counterions in the free water 
produces a potential difference between the two ends of the 
tube or bed called streaming potential. 

The three phenomena depend on the relative motion of a 
charged surface and of the diffuse double layer outside the 
plane of slip surrounding that surface. The major part of the 
diffuse double layer is within the free solvent and can, there- 
fore, move along the surface.®—!°.29 All three electrokinetic phe- 
nomena measure the identical ¢ potential, which is the poten- 
tial at the plane of slip. 

The particles of pharmaceutical suspensions and emulsions 
are visible in the microscope or ultramicroscope, as are bacte- 
ria, erythrocytes and other isolated cells, latex particles and 
many contaminant particles in pharmaceutical solutions. Their 
¢ potential is conveniently measured by microelectrophoresis. A 
potential difference H applied between two electrodes dipping 
into the dispersion and separated by a distance d produces the 
potential gradient or field strength EH/d, expressed in v/cm. 
From the average velocity v of the particles, measured with the 
eyepiece micrometer of a microscope and a stopwatch, the ¢ 
potential is calculated by the Smoluchowski equation 
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The electrophoretic mobility 4 = v/(E/d) is the velocity in a 
potential gradient of 1 v/cm. Particle size and shape do not 
affect the ¢ potential according to the above equation. However, 
if the particle radius is comparable to 6 or smaller (in which 
case the particles cannot be detected in a microscope), the 
factor 4 is replaced by 6. The viscosity 7 and the dielectric 
constant D refer to the aqueous medium in the double layer and 
cannot be measured directly.*° Using the values for water at 
25°, expressing the velocity in m/sec and the electrophoretic 
mobility in (wm/sec)/(volts/em), and converting into the appro- 
priate units reduces the Smoluchowski equation to ¢ = 12.9 p, 
with ¢ given in millivolts (mV). If the particle surface has 
appreciable conductance, the ¢ potential calculated by this 
equation may be low.’:?9:3° Dispersions of hydrophobic particles 
with ¢ potentials below 20-30 mV are frequently unstable and 
tend to coagulate. On the other hand, values as high as +180 
mV have been reported for the ¢ potential.1.%29 

The chief experimental precautions in microelectrophoresis 
measurements are: 


1. Electroosmosis causes liquid to flow along the walls of the cell 
containing the dispersion. This in turn produces a return flow in the 
center of the cell. The microscope must be focused on the stationary 
boundary between the two liquid layers flowing in opposite direc- 
tions in order to measure the true velocity of the particles. 

2. Only in very dilute dispersions is it possible to follow the motion of 
single particles in the microscope field and to measure their veloc- 
ity. Since the ¢ potential depends largely on the nature, ionic 
strength and pH of the suspending medium, dispersions should be 


diluted not with water but with solutions of composition identical to 
their continuous phase, eg, with their own serum separated by 
ultrafiltration or centrifugation. 


When the particles cannot be observed individually with a 
microscope or ultramicroscope, other electrophoresis methods 
are employed.®8.29:31.32 In moving boundary electrophoresis, the 
movement of the boundary formed between a sol or solution 
and the pure dispersion medium in an electric field is studied. 
If the disperse phase is colorless, the boundary is located by the 
refractive index gradient (Tiselius apparatus, used frequently 
with protein solutions). If several species of particles or solutes 
with different mobilities are present, each will form a boundary 
moving with a characteristic velocity. Unlike microelectro- 
phoresis, this method permits the identification of different 
colloidal components in a mixture, the measurement of the 
electrophoretic mobility of each and an estimation of the rela- 
tive amounts present. 

Zone electrophoresis theoretically permits the complete sep- 
aration of all electrophoretically different components, requires 
much smaller samples than moving boundary electrophoresis 
and can be performed in simpler and less expensive equipment. 
The method avoids convection by supporting the solution in an 
inert and porous solid like filter paper, cellulose acetate mem- 
brane, agar, starch or polyacrylamide gels cut into strips, or 
disks or columns of polyacrylamide gel. 

A strip of filter paper or gel is saturated with a conducting 
buffer solution, and a few microliters of the solution being 
analyzed is deposited as a spot or narrow band. A potential 
difference is applied between the ends of the strip which are in 
contact with the electrode compartments. The spot or band 
spreads and unfolds as each component migrates towards one 
or the other electrode at a rate determined primarily by its 
electrophoretic mobility. Evaporation of water due to the heat- 
ing effect of the electric current may be minimized by immers- 
ing the strip in a cooling liquid or sandwiching it between 
impervious solid sheets. After a sufficient time has elapsed to 
afford good separation, the strip is removed and dried. The 
position of the spots or bands corresponding to the individ- 
ual components is detected by color reactions or radioactive 
counting. 4 

Zone electrophoresis is applied mainly in analysis and for 
small-scale preparative separations. It does not permit mobil- 
ity measurements. Because several samples can be analyzed 
simultaneously (in parallel strips or gel columns), because only 
minute amounts of sample are needed, and because the equip- 
ment is simple and easy to operate, zone electrophoresis is 
widely used to study the proteins in blood serum, erythrocytes, 
lymph and cerebrospinal fluid, saliva, gastric and pancreatic 
juices and bile. 

Immunodiffusion combined with electrophoresis is called 
immunoelectrophoresis.*!:33 The proteins in a fluid, including 
the antigens, are first separated by gel electrophoresis. A lon- 
gitudinal trench is then cut along one or both sides of the gel 
strip near the edge in the direction of the electrophoresis axis. 
The trench is filled with the antibody solution. On standing, 
antibody and antigen proteins diffuse in all directions, includ- 
ing towards each other. Precipitation occurs along an elliptical 
are (precipitin band) wherever an antigen meets its specific 
antibody. The precipitin bands are either visible directly or 
may be developed by staining. Since diseases frequently pro- 
duce abnormal electrophoretic patterns in body fluids, zone 
electrophoresis and immunoelectrophoresis are convenient and 
powerful diagnostic techniques. 

Isoelectric focusing®?:*4 uses electrophoresis to separate pro- 
teins according to their isoelectric points. At pH values equal to 
their isoelectric points, proteins do not migrate in an electric 
field because their net charge is zero. In a liquid column on 
which a pH gradient is imposed, different species arrange 
themselves so that the protein with the highest isoelectric point 
will be located nearest to the cathode, which is immersed in the 


solution of a strong base. The protein with the lowest isoelectric 
point will be located nearest to the anode, which is immersed in 
the solution of a strong acid. The other proteins settle into 
intermediate positions, where the pH values are intermediate 
and equal to their isoelectric points. 


HYDROPHILIC DISPERSIONS 


Most liquid disperse systems of pharmaceutical interest are 
aqueous. Therefore, most lyophilic colloidal systems discussed 
below consist of hydrophilic solids dissolved or dispersed in 
water. Most of the products mentioned below are official in the 
USP or NF, where more detailed descriptions may be found, 
also elsewhere in this text. 

Hydrophilic colloids can be divided into particulate and 
soluble materials. The latter are water-soluble linear or 
branched polymers dissolved molecularly in water. Their aque- 
ous solutions are classified as colloidal dispersions because the 
individual molecules are in the colloidal particle size range, 
exceeding 50 or 100 A (5 or 10 nm). Particulate or corpuscular 
hydrophilic colloidal dispersions are formed by solids which 
swell and are peptized in water but whose primary particles do 
not dissolve or break down into individual molecules or ions. 
One subdivision of particulate hydrophilic colloids is comprised 
of dispersions of cross-linked polymers whose linear, uncross- 
linked analogues are water-soluble. 


Particulate Hydrophilic Dispersions 


The disperse phase of these sols consists of solids which in 
water swell and break up spontaneously into particles of col- 
loidal dimensions. The disperse particles have high specific 
surface areas and are, therefore, extensively hydrated. They 
have characteristic shapes. If the attraction between individual 
particles is strong, the dispersions have yield values at rela- 
tively low solids content. 

Bentonite is an aluminum silicate crystallizing ina layer 
structure (see above), with individual lamellas 9.4 A thick. 
Their top and bottom surfaces are sheets of oxygen ions from 
silica plus an occasional sodium ion neutralizing a silicate 
ion-exchange site. The clay particles consist of stacks of these 
lamellas. Water penetrates inside the stacks between lamellas 
to hydrate the oxygen ions, causing extensive swelling. Ben- 
tonite particles in bentonite magma consist of single lamellas 
and packets of a few lamellas with intercalated water. The 
specific surface area amounts to several hundred square 
meters per gram. Kaolin also has a layer structure, but does 
not swell in water because water does not intercalate between 
individual lattice layers. Kaolin plates dispersed in water are, 
therefore, much thicker than those of bentonite, ca 0.04 to 0.2 
pm. In kaolin, hydrated alumina lattice planes alternate with 
silica planes. Thus, one of the two external surfaces of a kaolin 
plate consists of a sheet of oxygen ions from silica, the other is 
a sheet of hydroxide ions from hydrated alumina. Both surfaces 
are well hydrated. Magnesium aluminum silicate is a clay 
similar to bentonite but contains magnesium; it is white 
whereas bentonite is gray. Attapulgite, the fourth clay listed as 
a monograph in the USP/NF, is also a magnesium aluminum 
silicate. However, rather than having a lamellar habit, like the 
_ other three clays, it crystallizes in the form of long needles 
approximately 20 nm across.!§ 

Additional hydrophilic particles producing colloidal disper- 
sions in water are listed below. Colloidal silicon dioxide con- 
sists of roughly spherical particles covered with siloxane and 
silanol groups. Titanium dioxide is a white pigment with ex- 
cellent covering power due to its high refractive index. Micro- 
crystalline cellulose is hydrophilic because of the hydroxyl and 
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ether groups in the surface of the cellulose crystals. Gelatinous 
precipitates of hydrophilic compounds such as aluminum hy- 
droxide gel, aluminum phosphate gel and magnesium hydrox- 
ide consist of coarse flocs produced by agglomeration of the 
colloidal particles formed in the initial stage of the precipita- 
tion. They possess large internal surface areas, which is one of 
the reasons why the first two are used as substrates for ad- 
sorbed vaccines and toxoids. 

CROSS-LINKED POLYMERS—When linear, water-solu- 
ble polymers are cross-linked, they merely swell in water but 
no longer dissolve. The cross-links tie the macromolecular 
chains together by primary covalent bonds, transforming each 
particle into a single, giant molecule. The water-swollen grains 
are permeable to low molecular weight solutes. Examples of 
cross-linked polyelectrolytes are the cation-exchange resin so- 
dium polystyrenesulfonate copolymerized with divinylbenzene 
(it reduces hyperkalemia by exchanging some of its Na* with 
K") and the anion-exchange resins cholestyramine and colesti- 
pol hydrochloride (they reduce hypercholesterolemia by bind- 
ing bile salt anions). Polycarbophil, a lightly cross-linked poly- 
mer of acrylic acid, ionizes and swells only in the nearly neutral 
small intestine, where it absorbs water and reduces the fluidity 
of diarrheal stool. These resins are described in the 16-18th 
editions of this text and in Ref 35. Crospovidone and croscar- 
mellose sodium are cross-linked povidone and carboxymethyl- 
cellulose sodium, respectively. Because they swell rapidly and 
extensively in aqueous media, they are used as tablet disinte- 
grants. Starch performs the same function. Its major constitu- 
ent, amylopectin, is insoluble in water because it is highly 
branched and merely swells. Hydrogels are hydrophilic poly- 
mers, such as poly(2-hydroxyethyl methacrylate), that are 
cross-linked to allow extensive swelling without dissolution. 
They are used as matrices for controlled-release dosage forms. 


Soluble Polymers as Lyophilic Colloids 


Most hydrophilic colloidal systems used in dosage forms are 
molecular solutions of water-soluble, high molecular weight 
polymers. The polymers are either linear or slightly branched 
but not cross-linked. 

CLASSIFICATIONS—According to their origin, water-sol- 
uble polymers are divided into three classes. Natural polymers 
include polysaccharides (acacia, agar, heparin sodium, pectin, 
sodium alginate, tragacanth, xanthan gum) and polypeptides 
(casein, gelatin, protamine sulfate). Of these, agar and gelatin 
are only soluble in hot water. 

Cellulose derivatives are produced by chemical modification 
of cellulose obtained from wood pulp or cotton to produce sol- 
uble polymers. Cellulose is an insoluble, linear polymer of glu- 
cose repeat units in the ring or pyranose form joined by B-1,4 
glucosidic linkages. Each glucose repeat unit (except for the 
two terminal ones) contains a primary hydroxyl group on the 
No 6 carbon and two secondary hydroxyls on No 2 and 3 
carbons. The primary hydroxy] is more reactive. Chemical mod- 
ification of cellulose consists in reactions or substitutions of the 
hydroxyl groups. The extent of such reactions is expressed as 
degree of substitution (DS), namely, the number of substituted 
hydroxyl groups per glucose residue. The highest value is DS = 
3.0. Fractional values are the rule because the DS is averaged 
over a multitude of glucose residues. A DS value of 0.6 indicates 
that some glucose repeat units are unsubstituted while others 
have one or even two substituents. 

Soluble cellulose derivatives are listed below. The DS values 
correspond to the pharmaceutical grades. The groups shown 
are the replacements for the hydrogen atoms of the cellulosic 
hydroxyls. Official derivatives are methylcellulose (DS = 1.65— 
1.93), —O—CH, and sodium carboxymethylcellulose (DS 
= 0.60-—1.00), —O—CH,—COO Na’. Hydroxyethyl cellulose 
(DS = 1.0), —O—(—CH,CH,—O—)—,,H and hydroxypropyl 
cellulose (DS = 2.5) are manufactured 
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by the addition of ethylene oxide and propylene oxide, respec- 
tively, to alkali-treated cellulose. The value of n is about 2.0 for 
the former and not much greater than 1.0 for the latter. Hy- 
droxypropyl methylcellulose is prepared by reacting alkali- 
treated cellulose first with methyl chloride to introduce me- 
thoxy groups (DS = 1.1-1.8) and then with propylene oxide to 
introduce propylene glycol ether groups (DS = 0.1—0.3). In 
general, the introduction of hydroxypropyl] groups into cellulose 
reduces the water solubility somewhat while promoting the 
solubility in polar organic solvents like short-chain alcohols, 
glycols and some ethers. 

The molecular weight of native cellulose is so high that 
soluble derivatives of approximately the same degree of poly- 
merization would dissolve too slowly, and their solutions would 
be excessively viscous even at concentrations of 1% and less. 
Controlled degradation is used to break the cellulose chains 
into shorter segments, reducing the viscosity of the solutions of 
the corresponding soluble derivatives. Commercial grades of a 
given cellulose derivative such as sodium carboxymethylcellu- 
lose come in various molecular weights or viscosity grades as 
well as with various degrees of substitution, offering the phar- 
macist a wide selection. 

Official cellulose derivatives which are insoluble in water 
but soluble in some organic solvents include ethylcellulose 
(DS = 2.2—2.7), —O—C,H;; cellulose acetate phthalate (DS = 
1.70 for acetyl and 0.77 for phthalyl); hydroxypropyl methylcel- 
lulose phthalate and polyvinyl acetate phthalate. Collodion, a 
4.0% (w/v) solution of pyroxylin (cellulose dinitrate) in a mix- 
ture of 75% (v/v) ether and 25% (v/v) ethyl alcohol, constitutes 
a lyophilic colloidal system. 

The third class, water-soluble synthetic polymers, consists 
mostly of vinyl derivatives including polyvinyl alcohol, povt- 
done or polyvinylpyrrolidone and carbomer (Carbopol), a co- 
polymer of acrylic acid. High molecular weight polyethylene 
glycols are also called polyethylene oxides. 

A second classification of hydrophilic polymers is based on 
their charge. Nonionic or uncharged polymers include methy]l- 
cellulose, hydroxyethyl and hydroxypropyl cellulose, ethylcel- 
lulose, pyroxylin, polyethylene oxide, polyvinyl alcohol and po- 
vidone. Anionic or negatively charged polyelectrolytes include 
the following carboxylated polymers: acacia, alginic acid, pec- 
tin, tragacanth, xanthan gum and carbomer at pH values lead- 
ing to ionization of the carboxyl groups; sodium alginate and 
sodium carboxymethylcellulose; also polypeptides at pH values 
above their isoelectric points, eg, sodium caseinate. A stronger 
acid group is sulfuric acid, which exists as a monoester in agar 
and heparin and as a monoamide in heparin. Cationic or pos- 
itively charged polyelectrolytes are rare. Examples are chitin, a 
polysaccharide found in the shell of beetles and crustaceans, 
and polypeptides at pH values below their isoelectric points. 
Protamines are strongly basic due to a high arginine content, 
with isoelectric points around pH 12, eg protamine sulfate. 

GEL FORMATION—As described in Chapter 22 and illus- 
trated in Fig 21-7A, the flexible chains of dissolved polymers 
interpenetrate and are entangled because of the constant 
Brownian motion of their segments. The chains writhe and 
forever change their conformations. Each chain is encased in a 
sheath of solvent molecules that solvate its functional groups. 
In the case of aqueous solutions, water molecules are hydrogen- 
bonded to the hydroxyl groups of polyvinyl alcohol, hydroxyl 
groups and ether links of polysaccharides, ether links of poly- 
ethylene oxide or polyethylene glycol, amide groups of polypep- 
tides and povidone, and carboxylate groups of anionic polyelec- 
trolytes. The envelope of water of hydration prevents chain 
segments in close proximity from touching and attracting one 
another by interchain hydrogen bonds and van der Waals 
forces as they do in the solid state. The slippage of solvated 


chains past one another when the solution flows is lubricated 
by the free solvent between their solvation sheaths. 

Factors that lower the hydration of dissolved macromole- 
cules reduce or thin out the sheath of hydration separating 
adjacent chains. When the hydration is low, contiguous chains 
tend to attract one another by secondary valence forces includ- 
ing hydrogen bonds and van der Waals forces. Hydrophobic 
bonding makes an important contribution to interchain at- 
traction between polypeptide chains even in solution. Van 
der Waals forces and hydrogen bonds thus establish weak 
and reversible cross-links between chains at their points of 
contact or entanglement, bringing about phase separation or 
precipitation. 

Most water-soluble polymers have higher solubilities in hot 
than in cold water and tend to precipitate on cooling, as the 
sheaths of hydration surrounding adjacent chains become too 
sparse to prevent interchain attraction. Dilute solutions sepa- 
rate into a solvent phase practically free of polymer and a 
viscous liquid phase containing practically all of the polymer 
but still a large excess of solvent. This process is called simple 
coacervation and the polymer-rich liquid phase a coacervate.1°6 
If the polymer solution is concentrated enough and/or the tem- 
perature low enough, cooling causes the formation of a contin- 
uous network of precipitating chains attached to one another 
through weak cross-links consisting of interchain hydrogen 
bonds and van der Waals forces at the points of mutual contact. 
Segments of regularly sequenced polymer chains even associ- 
ate laterally into crystalline bundles or crystallites. Irregular 
chain structures as found in random copolymers, randomly 
substituted cellulose ethers and esters, and highly branched 
polymers like acacia prevent crystallization during precipita- 
tion from solution. Chain entanglements provide the sole tem- 
porary cross-links in those cases. The network of associated 
polymer chains immobilizes the solvent and causes the solution 
to set to a gel. Gelatinous precipitates or highly swollen flocs 
may separate when cooling more dilute polymer solutions. 

Besides the chemical nature of polymer and solvent, the 
three most important factors causing phase separation, precip- 
itation and gelation of polymer solutions are temperature, con- 
centration and molecular weight. Lower temperatures, higher 
concentrations and higher molecular weights promote gelation 
and produce stronger gels. 

For a typical gelatin, 10% solutions acquire yield values and 
begin to gel at about 25°, 20% solutions at about 30° and 30% 
solutions at about 32°. The gelation is reversible: the gels 
liquefy when heated above these temperatures. Gelation is 
rarely observed above 34° regardless of concentration, so that 
gelatin solutions do not gel at 37°. Conversely, gelatin will 
dissolve readily in water at body temperature. The gelation 
temperature or gel point of gelatin is highest at the isoelectric 
point, where the attachment between adjacent chains by cou- 
lombic attraction or ionic bonds between carboxylate ions and 
alkylammonium, guanidinium or imidazolium groups is most 
extensive. Since the carboxyl groups are not ionized at gastric 
pH, interchain ionic bonds are practically nonexistent, and 
interchain attraction is limited to hydrogen bonds and van der 
Waals forces. The gelation temperature or the melting point of 
gelatin gels depends more strongly on temperature and con- 
centration than on pH.*7.38 The combination of an acid pH 
considerably below the isoelectric point and a temperature of 
37° completely prevents the gelation of gelatin solutions. Con- 
versely, these two conditions promote rapid dissolution of gel- 
atin capsules in the stomach. Agar and pectic acid solutions set 
to gels at only a few percent of solids. 

Unlike most water-soluble polymers, methylcellulose, hy- 
droxypropyl] cellulose and polyethylene oxide are more soluble 
in cold than in hot water. Their solutions therefore tend to gel 
on heating (thermal gelation). 

When dissolving powdered polymers in water, temporary 
gel formation often slows the process down considerably. As 


water diffuses into loose clumps of powder, their exterior fre- 
quently turns to a cohesive gel of solvated particles encasing 
dry powder. Such blobs of gel dissolve very slowly because of 
their high viscosity and the low diffusion coefficient of the 
macromolecules. Especially for large-scale dissolution, it is 
helpful to disperse the polymer powder in water before it can 
agglomerate into lumps of gel. In order to permit dispersion to 
precede hydration and to prevent temporary gel formation, the 
polymer powders are dispersed in water at temperatures where 
the solubility of the polymer is lowest. Most polymer powders, 
such as sodium carboxymethylcellulose, are dispersed with 
high shear in cold water before the particles can hydrate and 
swell to sticky gel grains agglomerating into lumps. Once the 
powder is well dispersed, the solution is heated with moderate 
shear to about 60° for fastest dissolution. Because methylcel- 
lulose hydrates most slowly in hot water, the powder is dis- 
persed with high shear in ¥% to % of the required amount of 
water heated to 80 to 90°. Once the powder is finely dispersed, 
the rest of the water is added cold or even as ice, and moderate 
stirring causes prompt dissolution. For maximum clarity, full- 
est hydration and highest viscosity, the solution should be 
cooled to 0 to 10° for about an hour. 

The following are two alternative methods for preventing 
the formation of gelatinous lumps upon addition of water. The 
powder is prewetted with a water-miscible organic solvent such 
as ethyl alcohol or propylene glycol that does not swell the 
polymer, in the proportion of from three to five parts solvent to 
each part of polymer. If other nonpolymeric powdered adju- 
vants are to be incorporated into the solution, these are dry- 
blended with the polymer powder. The latter should comprise 
Y or less of the blend for best results. 

A pharmaceutical application of gelation in a nonaqueous 
medium is the manufacture of Plastibase or Jelene (Squibb), 
which consists of 5% of a low-molecular-weight polyethylene 
and 95% of mineral oil. The polymer is soluble in mineral oil 
above 90°, which is close to its melting point. When the solution 
is cooled below 90°, the polymer precipitates and causes gela- 
tion. The mineral oil is immobilized in the network of entan- 
gled, and adhering, insoluble polyethylene chains which prob- 
ably even associate into small crystalline regions. Unlike 
petrolatum, this gel can be heated to about 60° without sub- 
stantial loss in consistency. 

Large increases in the concentration of polymer solutions 
may lead to precipitation and gelation. One way of effectively 
increasing the concentration of aqueous polymer solutions is to 
add inorganic salts. The salts will bind part of the water of the 
polymer solution in order to become hydrated. Competition for 
water of hydration dehydrates the polymer molecules and pre- 
cipitates them, causing gelation. This phenomenon is called 
salting out. Because of its high solubility in water, ammonium 
sulfate often is used by biochemists to precipitate and separate 
proteins from dilute solution. To the pharmacist, salting out 
usually represents an undesirable problem. It is reversible, 
however, and subsequent addition of water redissolves the 
precipitated polymers and liquefies their gels. Salting out may 
cause the polymer to separate as a concentrated and viscous 
liquid solution or simple coacervate rather than as a solid gel. 

The effectiveness of electrolytes to salt out, precipitate or gel 
hydrophilic colloidal systems depends on how extensively the 
electrolytes are hydrated. The Hofmeister or lyotropic series 
arranges ions in the order of increasing hydration and increas- 
ing effectiveness in salting out hydrophilic colloids. The series, 
for monovalent cations, is 


Coe Ribm<INin6 = Koi—aNial eli 
and for divalent cations, 
Bac’ ST" "=< Car #<Mes* 


This series also arranges the cations in the order of decreasing 
coagulating power or increasing coagulation values for nega- 
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tive hydrophobic sols (see Table 21-3) and of increasing ease of 
their displacement from cation-exchange resins: K* displaces 
Na* and Li’. For anions, the lyotropic series in the order of 
decreasing coagulating power and decreasing effectiveness in 
salting out is 

> tartrate?” > 


Bie > citrate > HPO; 


SO? > acetate” > Cl” > NO; > C10; > 


Br- > ClO; >1I- > CNS- 
Iodides and thiocyanates and to a lesser extent bromides and 
nitrates actually tend to increase the solubility of polymers in 
water, salting them in.!.2-10 These large polarizable anions 
destructure water, reducing the extent of hydrogen bonding 
among water molecules and thereby making more of the hy- 
drogen-bonding capacity of water available to the solute. Most 
salts except nitrates, bromides, perchlorates, iodides and thio- 
cyanates raise the temperature of precipitation or gelation of 
most hydrophilic colloidal solutions or their gel melting points. 
Exceptions among hydrophilic colloids are methylcellulose, hy- 
droxypropyl cellulose and polyethylene oxide, whose gelation 
temperatures or gel points and gel melting points are lowered 
by salting out. 

Hydrophobic aqueous dispersions are coagulated by electro- 
lytes at 0.0001—0.1 M concentrations (see Table 21-3). More- 
over, the coagulation is irreversible, ie, removal of the coagu- 
lating salt does not allow the coagulum to be redispersed, 
because the hydrophobic sols are intrinsically unstable. By 
contrast, most hydrophilic sols require electrolyte concentra- 
tions of 1 M or higher for precipitation. Their precipitation or 
gelation can be reversed, and the polymer redissolved by re- 
moving the salt through dialysis or by adding more water. 
Hydrophilic colloids disperse or dissolve spontaneously in wa- 
ter, and their sols are intrinsically stable. 

Most of the hydrophilic and water-soluble polymers men- 
tioned above are only slightly soluble or insoluble in alcohol. 
Addition of alcohol to their aqueous solutions may cause pre- 
cipitation or gelation because alcohol is a nonsolvent or precip- 
itant, lowering the dielectric constant of the medium, and it 
tends to dehydrate the hydrophilic solute. Alcohol lowers the 
concentrations at which electrolytes salt out hydrophilic col- 
loids. Phase separation through the addition of alcohol to an 
aqueous polymer solution may cause coacervation, ie, the sep- 
aration of a concentrated viscous liquid phase, rather than 
precipitation or formation of a gel. Sucrose also competes for 
water of hydration with hydrophilic colloids, and may cause 
phase separation. However, most hydrophilic sols tolerate sub- 
stantially higher concentrations of sucrose than of electrolytes 
or alcohol. Lower viscosity grades of a given polymer are usu- 
ally more resistant to electrolytes, alcohol and sucrose than 
grades of higher viscosity and higher molecular weights. 

Whenever hydrophilic colloidal dispersions undergo irre- 
versible precipitation or gelation, chemical reactions are in- 
volved. Neither dilution with water nor heating nor attempts to 
remove the gelling or precipitating agent by washing or dialysis 
will liquefy those gels or redissolve the gelatinous precipitates 
formed at higher polymer concentrations. Carboxyl groups are 
not ionized in strongly acid media. If a polymer owes its solu- 
bility to the ionization of these weakly acid groups, reducing 
the pH of its solution below 3 may lead to precipitation or 
gelation. This is observed with such carboxylated polymers as 
many gums, sodium carboxymethylcellulose and carbomer. Hy- 
drogen carboxymethylcellulose swells and disperses but does 
not dissolve in water. Neutralization to higher pH values re- 
turns the carboxyl groups to their ionized state and reverses 
the gelation or precipitation. 

Only the sodium, potassium, ammonium and triethanolam- 
monium salts of carboxylated polymers are well soluble in 
water. In the case of carboxymethylcellulose, salts with heavy 
metal cations (silver, copper, mercury, lead) and trivalent cat- 
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ions (aluminum, chromic, ferric) are practically insoluble. Salts 
with divalent cations, especially of the alkaline earth metals, 
have borderline solubilities. Generally, higher degrees of sub- 
stitution tend to increase the tolerance of the carboxymethy]l- 
cellulose to salts. 

Precipitation or gelation occur due to metathesis when in- 
organic salts of heavy or trivalent cations are mixed with alkali 
metal salts of carboxylated polymers in solution. For instance, 
if a soluble copper salt is added to a solution of sodium car- 
boxymethlycellulose, the double decomposition can be written 
schematically as 


R,COO Na* + R,COO Na’* + CuSO, — 


O O 
AE Py Ao SS 
R,C Cu 
Noe aa 
O O 


CR, + Na,SO, 


R, and R, represent two carboxymethylcellulose chains which 
are cross-linked by a chelated copper ion. Dissociation of the 
cupric carboxylate complex is negligible. 


SURFACTANT PROPERTIES IN SOLUTION 
AND MICELLE FORMATION 


The dual or amphiphilic nature of surfactants or surface- 
active agents is discussed in Chapter 19. Water attracts their 
polar headgroups but repels their hydrocarbon tails. Conse- 
quently, surfactants tend to concentrate and adsorb at inter- 
faces (air-water, oil-water and solid-water). The surface tension 
of aqueous surfactant solutions decreases with increasing con- 
centration up to a point, beyond which it becomes nearly con- 
stant (see Fig 21-12). Curves A and B of Fig 21-12 show the 
surface tension (against air) and the interfacial tension 
(against oil) of an aqueous surfactant solution as a function of 
concentration. Surface-active impurities may cause a minimum 
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Figure 21-12. Effect of surfactant concentration and micelle forma- 
tion on various properties of the aqueous solution of an ionic sur- 
factant. A: Surface tension; B: interfacial tension; C: osmotic pres- 
sure; D: equivalent conductivity; E: solubility of compound with 
very low solubility in pure water.21 


in the surface tension (dotted curve) rather than a mere level- 
ing off. ‘ 

The abrupt changes occur not only in the surface and inter- 
facial properties but also in the bulk properties of the surfac- 
tant solutions such as colligative properties like osmotic pres- 
sure (Curve C), equivalent conductivity (Curve D) and co-ion 
and counterion activities in the case of ionic surfactants, tur- 
bidity (but the increase is far too weak to be visible to the naked 
eye), refractive index, UV and NMR spectra, partial molar 
volume, relative viscosity, diffusion coefficient and the solubil- 
ity of water-insoluble, oil-soluble compounds (Curve £). All 
changes occur in a very narrow concentration range shown as 
the cross-hatched band. 

As its bulk concentration is increased, the monolayers of 
the surfactant adsorbed at the surface of the solution and its 
interface with the container wall become increasingly 
crowded. When they are as tightly packed as possible, the 
surface and interfacial tensions reach essentially constant 
values.?2 At that concentration, the surfactant would seem to 
have reached its bulk solubility limit. However, the surfac- 
tant molecules in solution begin to associate into small ag- 
gregates called micelles. All surfactant in excess of that 
concentration associates into micelles, while the concentra- 
tion of nonassociated surfactant molecules remains nearly 
constant. This concentration, at which all solution properties 
change abruptly, is called the critical micelle concentration 
(CMC). Above the CMC, the concentration of micellar sur- 
factant is equal to the total surfactant concentration minus 
the CMC. Diluting the surfactant solution to below the CMC 
causes the micelles to disperse or break up into single or 
nonassociated surfactant molecules. 

Micelles are not static aggregates but dissociate, regroup 
and reassociate rapidly. The half-life of micelles of ionic sur- 
factants in the absence of additives is a small fraction of a 
second. Furthermore, there is a dynamic equilibrium (ie, an 
incessant exchange) between single surfactant molecules in 
solution, micelles and surfactant molecules adsorbed in mono- 
layers at interfaces. 

The shape of micelles in dilute surfactant solutions is ap- 
proximately spherical (see Fig 21-13A). The polar headgroups 
of the surfactant molecules are arranged in an outer spherical 
shell while their hydrocarbon chains are oriented towards the 
center, forming a spherical core. These hydrocarbon chains are 
randomly coiled and entangled; the micellar interior has a 
nonpolar, liquid-like character resembling a liquid, normal par- 
affin such as dodecane. In the micelles of nonionic surfactants, 
the polyoxyethylene moieties are oriented outwards and per- 
meated by water while the hydrocarbon moieties form an “oil 
droplet” core as in ionic micelles (see Fig 21-13B). 

This arrangement is energetically favorable all around. The 
hydrophilic headgroups, located externally, are in contact with 
water and remain extensively hydrated. The hydrocarbon moi- 
eties are removed from the aqueous medium and partly 
shielded from contact with water by the polar headgroups. 
They no longer interfere with hydrogen bonding among water 
molecules. This interference is the reason why surfactant mol- 
ecules are pushed out of aqueous media towards interfaces. The 
hydrocarbon tails of the surfactant molecules, located in 
the micellar interior, attract one another by weak dispersion 
forces.27,40-42 

Representative values of the CMC and of the aggregation 
number (number of surfactant molecules/micelle) are listed in 
Table 21-4.42:48 Tonic surfactants have higher CMC values than 
nonionic surfactants because the electrostatic repulsion of the 
charged headgroups in the periphery of ionic micelles makes 
micellization more difficult. The addition of simple salts re- 
duces these repulsive forces, lowering the CMC of anionic and 
cationic surfactants. Within any homologous series, the CMC 
decreases regularly with increasing length of the hydrocarbon 
chain and, therefore, with increasing surface activity of the 
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Figure 21-13. Different types of micelles. A: Spherical micelle of an anionic surfactant; B: spherical micelle of a nonionic surfactant; C: 
cylindrical micelle of an ionic surfactant; D: lamellar micelle of an ionic surfactant; E: reverse micelle of an anionic surfactant in oil.2! 


surfactant. As is seen in Table 21-4, each additional methylene 
group approximately halves the CMC. This is a consequence of 
Traube’s rule which states that, within a homologous series of 
surfactants, the molar concentration required to produce equal 
lowering of the surface tension of water decreases threefold for 
each additional methylene group. The CMC, which is the con- 
centration at which the surface tension begins to level off, is 
reduced by a factor of anti-log (Ys) = 2. The CMC of nonionic 
surfactants increases with the hydrophilicity of the molecule as 
expressed by its hydrophile-lipophile balance (defined in Chap- 
ter 19) and with decreasing temperature. These two factors 
also reduce the size of nonionic micelles. 

The micelles of the surfactants listed in Table 21-4 are 
either spherical or ellipsoidal. They are rather small because 
their sizes were determined in relatively dilute solutions (con- 


taining only a few percent of surfactant) and mostly in pure 
water at room temperature. Their diameters are between 2 and 
8 nm, which places micelles at the lower end of the colloidal size 
range. For this reason, surfactants are sometimes called asso- 
ciation colloids. 

Adding salts increases the size of ionic micelles. Raising the 
temperature increases the size of nonionic micelles, especially 
if the temperatures are within 20° of their respective cloud 
points. These factors reduce the water solubility of ionic and 
nonionic surfactants and thereby render them more surface- 
active. As the micelles become larger, they also become more 
asymmetric. Their shape changes from spherical or ellipsoidal 
to cylindrical and eventually to lamellar. In cylindrical mi- 
celles, the polar headgroups form the periphery and the hydro- 
carbon tails fill the interior of the cylinders (Fig 21-13C). In 
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Table 21-4. Critical Micelle Concentrations and Micellar Aggregation Numbers of Various Surfactants 


in Water at Room Temperature 


STRUCTURE 


NAME 


n-C,,H,;COOK 
n-CgH,7SO3Na 
n-C,9Hz,S03Na 
n-C,5H>,,<SO3Na 
n-C,,H,,OSO3Na 
n-C,,H,,OSO3Na 


n-C,oH>,N(CH3)3Br 
n-C,5H><N(CH3)3Br 
n-C,gH>9N(CH3)3Br 
n-C,4H>gN(CH)3Cl 
n-C,H5.NH3Cl 
n-C,H><O(CH5CH5O) gH 
n-C,H5<O(CH5CH,0)gH 
n-C,>H5,O0(CH,CH,O),H 
n-C,5H5,O0(CH,CH,0),H? 


b 


Potassium laurate 

Sodium octane sulfonate 

Sodium decane sulfonate 

Sodium dodecane sulfonate 

Sodium lauryl sulfate 

Sodium lauryl sulfate? 

Docusate sodium 
Decyltrimethylammonium bromide 
Dodecyltrimethylammonium bromide 
Tetradecyltrimethylammonium bromide 
Tetradecyltrimethylammonium chloride 
Dodecylammonium chloride 

Polyoxyl 8 dodecyl ether 

Polyoxyl 8 dodecyl ether 

Polyoxyl 12 dodecyl ether 

Polyoxyl 12 dodecyl ether 


Pp-CgH,5Cs5H,O(CH CHO) 9H 
p-CgH,9CgH,O(CH»CH50)39H 


Nonoxynol 10 
Nonoxynol 30 


? Interpolated for physiologic saline, 0.154 M NaCl. 
» At 55° instead of 20°. 


lamellar micelles, the surfactant molecules are arranged in 
parallel bimolecular sheets with a tail-to-tail orientation, ie, 
the hydrocarbon tails form the inner layer. Water is stratified 
between sheets, hydrating the external polar headgroups (Fig 
21-13D). In both types of micelles, the hydrocarbon tails are 
randomly coiled and in a liquid-like state.2! In concentrated 
aqueous solutions containing 20% or more surfactant, cylindri- 
cal micelles often line up parallel and arrange themselves into 
hexagonal arrays. Likewise, lamellar micelles are often packed 
parallel and equidistant from each other, with the intervening 
water layers of equal thickness. These ordered solutions are 
liquid crystals or mesophases: they are birefringent and very 
viscous. Even though they are liquids, they have some of the 
properties of crystalline solids.®.27,41.42 

Oil-soluble surfactants (heavy metal soaps, docusate sodium 
and nonionic surfactants with HLB < 7, etc) form aggregates 
when dissolved in organic liquids of low polarity such as hy- 
drocarbons and chlorinated hydrocarbons. These micelles are 
inverted or turned inside out (Fig 21-13E): the hydrocarbon 
tails are oriented outwards into the oil phase while the polar 
headgroups are in the center of the micelle, where water can be 
solubilized. Because the bulky headgroups are in the center, 
the aggregation numbers of such reverse micelles are small, 
usually between 3 and 20.4144 


Drugs as Surface-Active Agents 


Many water-soluble drugs are surface-active: they lower the 
surface and interfacial tension of water, promote foaming and 
associate into micelles. Among drugs that behave as cationic 
surfactants are antihistamines (diphenhydramine hydrochlo- 
ride, chlorpheniramine maleate), antiparkinson drugs (aman- 
tadine hydrochloride, benztropine mesylate), antimuscarinic 
drugs (atropine sulfate and its quarternized derivative, ipra- 
tropium bromide, scopolamine hydrobromide, propantheline 
bromide, methantheline bromide), antidepressants (imipra- 
mine hydrochloride, chlordiazepoxide hydrochloride), phe- 
nothiazine and thioxanthene tranquilizers (chlorpromazine 
hydrochloride, fluphenazine hydrochloride, thiothixene hydro- 
chloride), analgesics (propoxyphene hydrochloride, morphine 
sulfate, codeine phosphate), antibacterials (chlorhexidine ace- 
tate, benzalkonium chloride, cetylpyridinium chloride, hydro- 
chlorides of acridines, methylene blue), antibiotics (sulfates of 


SURFACTANT 
CMC, mMI/L MOLECULES/MICELLE 
24 50 
150 28 
40 40 
9 54 
8 62 
1 96 
5 48 
63 36 
14 50 
3 75 
3 64 
13 2)5) 
0.13 132 
0.10 301 
0.14 78 
0.091 116 
0.07 276 
0.24 44 


gentamicin, neomycin and streptomycin), local anesthetics (di- 
bucaine hydrochloride, tetracaine hydrochloride) and antihy- 
pertensives (propranolol hydrochloride). 

Among drugs that act like anionic surfactants are antibiot- 
ics (most of the penicillins and cephalosporins), prostaglandins, 
nonsteroidal anti-inflammatory agents (meclofenamate so- 
dium, naproxen sodium, tolmetin sodium) and the disodium 
salts of the monophosphate esters of some adrenal hormones 
(betamethasone, dexamethasone, hydrocortisone, prednisolo- 
ne). Much of this information is due to the investigations of 
Attwood.*! 

Certified acid coal-tar dyes that behave as anionic surfac- 
tants include azo dyes such as FD&C No. 40 (Allura Red), 
triphenylmethane dyes such as FD&C Green No. 3 (Fast Green 
FCF) and fluorescein dyes such as D&C Red No. 22 (Kosin YS). 
The bile salts are natural anionic surfactants that act as emul- 
sifiers and solubilizers in the digestion of lipids. 


Micellar Solubilization 


The pharmacists Engler and Dieckhoff discovered, at the 
end of the 19th century, that water-insoluble materials like 
tars and phenols could be dissolved in concentrated aqueous 
soap solutions, forming clear solutions rather than milky 
opaque emulsions. The solubilization mechanism was eluci- 
dated 30 years later by Hartley and McBain.*® 

As seen in Fig 21-13, the interior of surfactant micelles 
formed in aqueous media consists of hydrocarbon tails in 
liquid-like disorder. The micelles, therefore, resemble minis- 
cule pools of liquid hydrocarbon surrounded by shells of polar 
head groups. Compounds which are poorly soluble in water but 
soluble in hydrocarbon solvents can be dissolved inside these 
micelles, ie, they are brought homogeneously into an overall 
aqueous medium. 

Being hydrophobic and oleophilic, the solubilized molecules 
are located primarily in the hydrocarbon core of the micelles 
(see Fig 21-14A). Even water-insoluble drugs usually contain 
polar functional groups such as hydroxyl, carbonyl, ether, 
amino, amide and cyano. Upon solubilization, these hydrophilic 
groups locate on the periphery of the micelle among the polar 
headgroups of the surfactant in order to become hydrated (see 
Fig 21-14B). For instance, when cholesterol or dodecanol is 
solubilized by sodium lauryl sulfate micelles, their hydroxyl 
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Figure 21-14. The locations of solubilizates in spherical micelles. A: lonic surfactant (solubilized molecule has no hydrophilic groups); 
B: ionic surfactant (solubilized molecule has a hydrophilic group); C: nonionic surfactant (polar solubilizate).4° 


groups penetrate between sulfate ions and are even bound to 
them by hydrogen bonds, while their hydrocarbon portions are 
immersed among the dodecyl tails of the surfactant which 
make up the core of the micelle. 

Micelles of polyoxyethylated nonionic surfactants consist of 
an outer shell of hydrated polyethylene glycol moieties and a 
core of hydrocarbon moieties. Compounds like phenol, cresol, 
benzoic acid, salicylic acid and esters of p-hydrobenzoic and 
p-aminobenzoic acids have some solubility in water and in oils 
but considerable solubility in liquids of intermediate polarity 
like ethanol, propylene glycol or aqueous solutions of polyeth- 
ylene glycols. When solubilized by nonionic micelles, they are 
located in the hydrated outer polyethylene glycol shell as 
shown in Fig 21-14C. Since these compounds have hydroxy] or 
amino groups, they frequently form complexes with the ether 
oxygens of the surfactant by hydrogen bonding.?7:40- 42.44 

Solubilization is generally nonspecific: any drug which is 
appreciably soluble in oils can be solubilized. Each has a solu- 
bilization limit, comparable to a limit of solubility, which de- 
pends on temperature and on the nature and concentration of 
the surfactant. Hartley distinguishes two categories of solubi- 
lizates. The first consists of comparatively large, asymmetrical 
and rigid molecules forming crystalline solids, such as steroids 
and dyes. These do not blend in with the normal paraffin tails 
which make up the micellar core; because of dissimilarity in 
structure, they remain distinct as solute molecules. They are 
sparingly solubilized by surfactant solutions, a few molecules/ 
micelle at saturation (see Table 21-5). The number of carbon 
atoms in the micellar hydrocarbon core required to solubilize 
one molecule of steroid or dye at saturation is of the same order 
of magnitude as the number of carbon atoms of bulk liquid 
dodecane or hexadecane per molecule of steroid or dye in their 
saturated solutions in these liquids. 

Since solubilization depends on the presence of micelles, it 
does not take place below the CMC. It can, therefore, be used to 
determine the CMC, particularly when the solubilizate is a dye 
or another compound easy to assay. Plotting the maximum 
amount of a water-insoluble dye solubilized by aqueous surfac- 
tant, or the absorbance of its saturated solutions, versus the 
surfactant concentration produces a straight line which inter- 
sects the surfactant concentration axis at the CMC. Above the 
CMC, the amount of solubilized dye is directly proportional to 
the number of micelles and, therefore, proportional to the over- 
all surfactant concentration. Below the CMC, no solubilization 
takes place. This is represented by Curve E of Fig 21-12. 

The second category of compounds to be solubilized are often 
liquid at room temperature and consist of relatively small, 


symmetrical and/or flexible molecules such as many constitu- 
ents of essential oils. These molecules mix and blend in freely 
with the hydrocarbon portions of the surfactants in the core of 
the micelles, so as to become indistinguishable from them. Such 
compounds are extensively solubilized and in the process usu- 
ally swell the micelles: they augment the volume of the hydro- 
carbon core and increase the number of surfactant molecules 
per micelle. Their solubilization frequently lowers the CMC. 


Microemulsions‘°-¢2 


Microemulsions are liquid dispersions of water and oil that are 
made homogeneous, transparent and stable by the addition of 
relatively large amounts of a surfactant and a cosurfactant. Oil 
is defined as a liquid of low polarity and low miscibility with 
water, eg, toluene, cyclohexane, mineral or vegetable oils. 
Microemulsions are intermediate in properties between mi- 
celles containing solubilized oils and emulsions. While emul- 
sions are lyophobic and unstable, microemulsions are on the 
borderline between lyophobic and lyophilic colloids. True mi- 
croemulsions are thermodynamically stable.®° Therefore, they 
are formed spontaneously when oil, water, surfactants and 
cosurfactants are mixed together. The unstable emulsions re- 
quire input of considerable mechanical energy for their prepa- 


Table 21-5. Micellar Solubilization Capacities 
of Different Surfactants for Estrone’ 


MOLES 
SURFACTANT/ 
MOLE 
CONCENTRATION TEMP. SOLUBILIZED 
RANGE, MOLARITY °C ESTRONE 
0.0.25-0.23 40 91 
0.002-0.35 40 as) 
0.004—0.15 40 71 
0.09-0.23 20m ZSS 
0.007-0.36 20 476 
0.08-0.4 40 833 
0.002-0.05 40 196 
0.005-0.08 20 45 


SURFACTANT 


Sodium laurate 

Sodium oleate 

Sodium lauryl sulfate 

Sodium cholate 

Sodium deoxycholate 

Diamyl sodium sulfosuccinate 

Dioctyl sodium sulfosuccinate 

Tetradecyltrimethylammonium 
bromide 

Hexadecylpyridinium chloride 

Polysorbate 20 

Polysorbate 60 


0.001—0.1 20 32 
0.002-0.15 20 161 
0.0008-0.11 20 83 
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ration, which may be supplied by colloid mills, homogenizers or 
ultrasonic generators. 

Both emulsions and microemulsions may contain high vol- 
ume fractions of the internal phase. For instance, some O/W 
systems contain 75% (v/v) of oil dispersed in 25% water, al- 
though lower internal phase volume fractions are more com- 
mon. 

At low surfactant concentrations, viz, low multiples of the 
CMC, micelles are spheres (Fig 21-13A, B and £) or ellipsoids. 
When an oil is solubilized by micelles in water, it blends into 
the micellar core formed by the hydrocarbon tails of the sur- 
factant molecules (Fig 21-14A) and swells the micelles. 

Spherical or ellipsoidal micelles are nearly monodisperse, 
and their mean diameters are in the range of 25 to 60 A. 
Microemulsions droplets also have a narrow droplet size dis- 
tribution with a mean diameter range of approximately 60 to 
1000 A. Since the droplet diameters are less than %4 of the 
wavelength of light (4200 A for violet and 6600 A for red light), 
microemulsions scatter little light and are, therefore, transpar- 
ent or at least translucent. By contrast, emulsions have broad 
droplet-size distributions. Because the bulk of their droplets 
are greater than the wavelength of light and most oils have 
higher refractive indices than water, most emulsions are 
opaque. 

The three disperse systems—micellar solutions, microemul- 
sions and emulsions—can be of the O/W (oil-in-water) or W/O 
type. Aqueous micellar surfactant solutions can solubilize oils 
and lipid-soluble drugs in the core formed by their hydrocarbon 
chains. Likewise, oil-soluble surfactants like sorbitan mono- 
oleate and docusate sodium form “reverse micelles” in oils (Fig 
21-13E) capable of solubilizing water in the polar center. The 
solubilized oil in the former micelles and the solubilized water 
in the latter may in turn enhance the micellar solubilization of 
oil-soluble and water-soluble drugs, respectively. 

Oil-soluble drugs have been incorporated into O/W emul- 
sions by dissolving them in the oil phase before emulsifica- 
tion. Similarly, oil-soluble drugs are being incorporated into 
topical and oral microemulsions by prior dissolution in oils. 
The advantage of microemulsions as dosage forms compared 
to conventional emulsions is their smaller droplet size, 
which speeds up the drug release, and their superior shelf 
stability. 

Emulsions and micellar solutions of oils solubilized in 
aqueous surfactant solutions consist of three components, 
oil, water and surfactant. Microemulsions generally require 
a fourth component, called cosurfactant. Commonly used 
cosurfactants are linear alcohols of medium chain length, 
which are sparingly miscible with water. Since the cosurfac- 
tants as well as the surfactants are surface-active, they 
promote the generation of extensive interfaces through the 
spontaneous dispersion of oil in water, or vice-versa, result- 
ing in the formation of microemulsions. The large interfacial 
area between oil and water permits the extensive formation 
of a mixed interfacial film consisting of surfactant and co- 
surfactant. This film is called the “interphase” because it is 
thicker than the surfactant monolayers formed at oil-water 
interfaces in emulsions. The interfacial tension at the oil- 
water interface in microemulsions approaches zero, which 
also contributes to their spontaneous formation. According 
to another viewpoint, microemulsions are regarded as mi- 
celles extensively swollen by large amounts of solubilized oil. 

Typical formulations for an O/W and a W/O microemulsion 
are shown in Table 21-6. The ratio, g surfactant/g solubilized or 
emulsified oil or water, is in the range of 2 to 20 for micellar 
solutions and 0.01 to 0.1 for emulsions. Microemulsions have 
intermediate values: The ratios for the formulations in Table 
21-6 are near unity. In industrial formulations, the ratios are 
closer to 0.1 to reduce costs. Microemulsions are used in such 
diverse applications as floor polish and agricultural pesticide 
formulations and in tertiary petroleum recovery. O/W micro- 


Table 21-6 Microemulsion Formulations 


‘ CONTENT IN 
MICROEMULSIONS, % 


COMPOUND FUNCTION Ow w/o 
Sodium lauryl sulfate Surfactant is 10 
1-Pentanol Cosurfactant 8 25 
Xylene Oil 8 50 
Water Tal 15 


emulsions are being formulated as aqueous vehicles for oil- 
soluble drugs to be administered by the percutaneous, oral or 
parenteral route. 
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This chapter includes the formation of suspensions and emul- 
sions and the factors that influence their stability and perfor- 
mance as dosage forms. For the purpose of the present discus- 
sion, a dispersed system, or dispersion, will be regarded as a 
two-phase system in which one phase is distributed as particles 
or droplets in the second, or continuous, phase. In these sys- 
tems, the dispersed phase frequently is referred to as the dis- 
continuous or internal phase, and the continuous phase is 
called the external phase or dispersion medium. Discussion 
will be restricted to those solid—liquid and liquid-liquid disper- 
sions that are of pharmaceutical significance, namely, suspen- 
sions and emulsions. However, more complicated phase sys- 
tems (eg, a combination of liquid and liquid crystalline phases) 
can exist in emulsions. This situation will be discussed in the 
section dealing with emulsions. 

All dispersions may be classified into three groups based of 
the size of the dispersed particles. Chapter 21 deals with one 
such group—colloidal dispersions—in which the size of the 
dispersed particles is in the range of approximately 1 nm to 0.5 
wm. Molecular dispersions, the second group in this classifica- 
tion, are discussed in Chapter 20. The third group, consisting of 
coarse dispersions in which the particle size exceeds 0.5 ppm, is 
the subject of this chapter. Knowledge of coarse dispersions is 
essential for the preparation of both pharmaceutical suspen- 
sions (solid—liquid dispersions) and emulsions (liquid—liquid 
dispersions). 


THE DISPERSION STEP 


The pharmaceutical formulator is concerned primarily with 
producing a smooth, uniform, easily flowing (pouring or spread- 
ing) suspension or emulsion in which dispersion of particles can 
be effected with minimum expenditure of energy. 

In preparing suspensions, particle—particle attractive forces 
need to be overcome by the high shearing action of such devices 
as the colloid mill, or by use of surface-active agents. The latter 
greatly facilitate wetting of lyophobic powders and assist in the 
removal of surface air that shearing alone may not remove; 
thus, the clumping tendency of the particles is reduced. More- 
over, lowering of the surface free energy by the adsorption of 
these agents directly reduces the thermodynamic driving force 
opposing dispersion of the particles. 

In emulsification, shear rates are frequently necessary for 
dispersion of the internal phase into fine droplets. The shear 
forces are opposed by forces operating to resist distortion and 
subsequent breakup of the droplets. Again surface-active 
agents help greatly by lowering interfacial tension, which is the 
primary reversible component resisting droplet distortion. 
Surface-active agents also may play an important role in de- 
termining whether an oil-in-water (O/W) or a water-in-oil 
(W/O) emulsion preferentially survives the shearing action. 
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Once the process of dispersion begins there develops simul- 
taneously a tendency for the system to revert to an energeti- 
cally more stable state, manifested by flocculation, coalescence, 
sedimentation, crystal growth, and caking phenomena. If these 
physical changes are not inhibited or controlled, successful 
dispersions will not be achieved or will be lost during shelf-life. 


INTERFACIAL PROPERTIES 
Ee a I NL] 
Because suspensions and emulsions are dispersions of one 
phase within another, the process of dispersion creates a tre- 
mendous increase in interfacial area between the dispersed 
particles or droplets and the dispersion medium. When consid- 
ering the interfacial properties of dispersed particles, two fac- 
tors must be taken into account, regardless of whether the 
dispersed phase is solid or liquid. The first relates to an in- 
crease in the free energy of the surface as the particle size is 
reduced and the specific surface increased. The second deals 
with the presence of an electrical charge on the surface of the 
dispersed particles. 

SURFACE FREE ENERGY—When solid and liquid ma- 
terials are reduced in size, they tend to agglomerate or stick 
together. This clumping, which can occur either in an air or 
liquid medium, is an attempt by the particles to reduce the 
excess free energy of the system. The increase in surface free 
energy is related to the increase in surface area produced when 
the mean particle size is reduced. It may be expressed as 


AF = yAA () 


where AF is the increase in surface free energy in ergs, AA is the 
increase in surface area in cm”, and y is the interfacial tension in 
dyn/cm, between the dispersed particle or droplet and the disper- 
sion medium. The smaller AF is, the more thermodynamically 
stable is the suspension of particles. A reduction in AF is effected 
often by the addition of a wetting agent (discussed in Chapter 20), 
which is adsorbed at the interface between the particle and the 
vehicle, thereby reducing the interfacial tension. This causes the 
particles to remain dispersed and settle relatively slowly. Unfor- 
tunately, in solid—liquid suspensions, the particles can form a 
hard cake at the bottom of the container when they eventually 
settle. Such a sediment, which can be extremely difficult to redis- 
perse, can lead to dosing errors when the product is administered 
to the patient. 

SURFACE POTENTIAL—As discussed in Chapter 20, both 
attractive and repulsive forces exist between particles in a liquid 
medium. The balance between these opposing forces determines 
whether two particles approaching each other actually make con- 
tact or are repulsed at a certain distance of separation. Although 
much of the theoretical work on electrical surface potentials has 
been carried out on lyophobic colloids, the theories developed in 
this area have been applied to suspensions and emulsions. 


A pharmaceutical suspension may be defined as a coarse dis- 
persion containing finely divided insoluble material suspended 
in a liquid medium. Suspension dosage forms are given by the 
oral route, injected intramuscularly or subcutaneously, in- 
stilled intranasally, inhaled into the lungs, applied to the skin 
as topical preparations, or used for ophthalmic purposes in the 
eye. They are an important class of dosage form. Because some 
products occasionally are prepared in a dry form to be placed in 
suspension at the time of dispensing by the addition of an 
appropriate liquid vehicle, this definition is extended to include 
these products. 

There are certain criteria that a well-formulated suspension 
should meet. The dispersed particles should be of such a size 
that they do not settle rapidly in the container. However, in the 
event that sedimentation does occur, the sediment must not 
form a hard cake. Rather, it should be capable of redispersion 
with a minimum of effort on the part of the patient. Finally, the 
product should be easy to pour, have a pleasant taste, and be 
resistant to microbial attack. 

The three major concerns associated with suspensions are 
Ensuring adequate dispersion of the particles in the vehicle. 
Minimizing settling of the dispersed particles. 

Preventing caking of these particles when a sediment forms. 


Pe 


Much of the following discussion will deal with the factors 
that influence these processes and the ways in which settling 
and caking can be minimized. 

FLOCCULATION AND DEFLOCCULATION—Zeta po- 
tential, y,, is a measurable indication of the potential existing 
at the surface of a particle. When 4, is relatively high (25 mV 
or more), the repulsive forces between two particles exceed the 
attractive London forces. Accordingly, the particles are dis- 
persed and are said to be deflocculated. Even when brought 
close together by random motion or agitation, deflocculated 
particles resist collision due to their high surface potential. 

The addition of a preferentially adsorbed ion whose charge 
is opposite in sign to that on the particle leads to a progressive 
lowering of ¢,. At some concentration of the added ion, the 
electrical forces of repulsion are lowered sufficiently and 
the forces of attraction predominate. Under these conditions 
the particles may approach each other more closely and form 
loose aggregates, termed flocs. Such a system is said to be 
flocculated. 

Some workers restrict the term “flocculation” to the aggre- 
gation brought about by chemical bridging; aggregation involv- 
ing a reduction of repulsive potential at the double layer is 
referred to as coagulation. Other workers regard flocculation as 
aggregation in the secondary minimum of the potential energy 
curve of two interacting particles and coagulation as aggrega- 
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tion in the primary minimum. In the present chapter the term 
flocculation is used for all aggregation processes, irrespective of 
mechanism. 

The continued addition of the flocculating agent can reverse 
the above process, if the zeta potential increases sufficiently in 
the opposite direction. Thus, the adsorption of anions onto 
positively charged, deflocculated particles in suspension will 
lead to flocculation. The addition of more anions eventually can 
generate a net negative charge on the particles. When this has 
achieved the required magnitude, deflocculation may occur 
again. The only difference from the starting system is that the 
net charge on the particles in their deflocculated state is neg- 
ative rather than positive. Some of the major differences be- 
tween suspensions of flocculated and deflocculated particles are 
presented in Table 22-1. 

FLOCCULATION KINETICS—tThe rate at which floccu- 
lation occurs is a consideration in the stability of suspended 
dispersions. Whether flocculation is judged to be rapid or slow 
depends on the presence of a repulsive barrier between adja- 
cent particles. In the absence of such a barrier, and for a 
monodispersed system, rapid flocculation occurs at a rate given 
by the Smoluchowski equation 

8N/d5t = —-4rDRN* (2) 
where 5N/ét is the disappearance rate of particles/mL, R is 
the distance between the centers of the two particles in 
contact, N is the number of particles per mL, and D is the 
diffusion coefficient. Under these conditions the rate is pro- 
portional to the square of the particle concentration. The 
presence or absence of an energy barrier is influenced 
strongly by the type and concentration of any electrolyte 
present. When an energy barrier does exist between adjacent 
particles, the flocculation rate likely will be much smaller 
than predicted by Equation 2. 


SETTLING AND ITS CONTROL 


To control the settling of dispersed material in suspension, the 
pharmacist must be aware of those physical factors that will 
affect the rate of sedimentation of particles under ideal and 
nonideal conditions. Also important are the various coefficients 
used to express the amount of flocculation in the system and 
the effect flocculation will have on the structure and volume of 
the sediment. 


Table 22-1. Relative Properties of Flocculated and Deflocculated Particles in Suspension 


DEFLOCCULATED 


FLOCCULATED 


1. Particles exist in suspension as separate entities. 

2. Rate of sedimentation is slow, as each particle settles 
separately and particle size is minimal. 

3. Asediment is formed slowly. 

4. The sediment eventually becomes very closely packed, due to 
weight of upper layers of sedimenting material. Repulsive 
forces between particles are overcome and a hard cake is 
formed that is difficult, if not impossible, to redisperse. 

5. The suspension has a pleasing appearance, as the suspended 
material remains suspended for a relatively long time. The 
supernate also remains cloudy, even when settling is 
apparent. 


ie 
Ze 


3: 
4. 


Particles form loose aggregates. 

Rate of sedimentation is high, as particles settle as a floc, which 
is a collection of particles. 

A sediment is formed rapidly. 

The sediment is packed loosely and possesses a scaffold-like 
structure. Particles do not bond tightly to each other and a 
hard, dense cake does not form. The sediment is easy to 
redisperse, so as to reform the original suspension. 

. The suspension is somewhat unsightly, due to rapid 
sedimentation and the presence of an obvious, clear 
supernatant region. This can be minimized if the volume of 
sediment is made large. Ideally, volume of sediment should 
encompass the volume of the suspension. 
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Sedimentation Rate 


The rate at which particles in a suspension sediment is related 
to their size and density and the viscosity of the suspension 
medium. Brownian movement may exert a significant effect, as 
will the absence or presence of flocculation in the system. 

STOKES’ LAW—The velocity of sedimentation of a uni- 
form collection of spherical particles is governed by Stokes’ law, 
expressed as 


_ 2r°(p, = pag 

Ema ere (3) 
where uv is the terminal velocity in cm/sec, r is the radius of the 
particles in cm, p,; and py are the densities (g/cm®) of the 
dispersed phase and the dispersion medium, respectively, g is 
the acceleration due to gravity (980.7 cm/sec”), and 7 is the 
Newtonian viscosity of the dispersion medium in poises (g/em 
sec). Stokes’ law holds only if the downward motion of the 
particles is not sufficiently rapid to cause turbulence. Micelles 
and small phospholipid vesicles do not settle unless they are 
subjected to centrifugation. 

While conditions in a pharmaceutical suspension are not in 
strict accord with those laid down for Stokes’ law, Equation 3 
provides those factors that can be expected to influence the rate 
of settling. Thus, sedimentation velocity will be reduced by 
decreasing the particle size, provided that the particles are 
kept in a deflocculated state. The rate of sedimentation will be 
an inverse function of the viscosity of the dispersion medium. 

However, too high a viscosity is undesirable, especially if the 
suspending medium is Newtonian rather than shear-thinning 
(see Chapter 23), because it then becomes difficult to redisperse 
material that has settled. It also may be inconvenient to re- 
move a viscous suspension from its container. When the size of 
particles undergoing sedimentation is reduced to approxi- 
mately 2 um, random Brownian movement is observed and the 
rate of sedimentation departs markedly from the theoretical 
predictions of Stokes’ law. The actual size at which Brownian 
movement becomes significant depends on the density of the 
particle as well as the viscosity of the dispersion medium. 

EFFECT OF FLOCCULATION—In a deflocculated sys- 
tem containing a distribution of particle sizes, the larger par- 
ticles naturally settle faster than the smaller particles. The 
very small particles remain suspended for a considerable 
length of time, with the result that no distinct boundary is 
formed between the supernatant and the sediment. Even when 
a sediment becomes discernible, the supernatant remains 
cloudy. 

When the same system is flocculated (in a manner to be 
discussed later), two effects are immediately apparent. First, 
the flocs tend to fall together, so a distinct boundary between 
the sediment and the supernatant is readily observed; second, 
the supernatant is clear, showing that the very fine particles 
have been incorporated into the flocs. The initial rate of settling 
in flocculated systems is determined by the size of the flocs and 
the porosity of the aggregated mass. Under these circum- 
stances it is perhaps better to use the term subsidence, rather 
than sedimentation. 


Quantitative Expressions 
of Sedimentation and Flocculation 


Frequently, the pharmacist needs to assess a formulation in 
terms of the amount of flocculation in the suspension and 
compare this with that found in other formulations. The two 
parameters commonly used for this purpose are outlined below. 

SEDIMENTATION VOLUME—tThe sedimentation vol- 
ume, F, is the ratio of the equilibrium volume of the sediment, 
V,,, to the total volume of the suspension, V,. Thus, 


Deflocculated 


Flocculated 


Figure 22-1. Sedimentation parameters of suspensions. Defloccu- 
lated suspension: F,, = 0.15. Flocculated suspension: F = 0.75; 
B=5.0. 
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As the volume of suspension that appears occupied by the 
sediment increases, the value of F',, which normally ranges from 
nearly 0 to 1, increases. In the system where F = 0.75, for 
example, 75% of the total volume in the container is apparently 
occupied by the loose, porous flocs forming the sediment. This is 
illustrated in Figure 22-1. When F = 1, no sediment is apparent 
even though the system is flocculated. This is the ideal suspen- 
sion for, under these conditions, no sedimentation will occur. 
Caking also will be absent. Furthermore, the suspension is 
esthetically pleasing, there being no visible, clear supernatant. 

DEGREE OF FLOCCULATION—A better parameter for 
comparing flocculated systems is the degree of flocculation, B, 
which relates the sedimentation volume of the flocculated sus- 
pension, F’, to the sedimentation volume of the suspension 
when deflocculated, F,,. It is expressed as 


B = FIF. (5) 


The degree of flocculation is, therefore, an expression of the 
increased sediment volume resulting from flocculation. If, for 
example, B has a value of 5.0 (see Fig 22-1), this means that the 
volume of sediment in the flocculated system is five times that 
in the deflocculated state. If a second flocculated formulation 
results in a value for B of say 6.5, this latter suspension obvi- 
ously is preferred, if the aim is to produce as flocculated a 
product as possible. As the degree of flocculation in the system 
decreases, 8 approaches unity, the theoretical minimum value. 


FORMULATION OF SUSPENSIONS 


The formulation of a suspension possessing optimal physical 
stability depends on whether the particles in suspension are to 
be flocculated or to remain deflocculated. One approach in- 
volves use of a structured vehicle to keep deflocculated parti- 
cles in suspension; a second depends on controlled flocculation 
as a means of preventing cake formation. A third, a combina- 
tion of the two previous methods, results in a product with 
optimum stability. The various schemes are illustrated in 
Figure 22-2. 

DISPERSION OF PARTICLES—tThe dispersion step has 
been discussed earlier in this chapter. Surface-active agents 
commonly are used as wetting agents; maximum efficiency is 
obtained when the HLB value lies within the range of 7 to 9. A 
concentrated solution of the wetting agent in the vehicle may 
be used to prepare a slurry of the powder; this is diluted with 
the required amount of vehicle. Alcohol and glycerin may be 
used sometimes in the initial stages to disperse the particles, 
thereby allowing the vehicle to penetrate the powder mass. 

Only the minimum amount of wetting agent should be used, 
compatible with producing an adequate dispersion of the par- 
ticles. Excessive amounts may lead to foaming or impart 
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Figure 22-2. Alternative approaches to the formulation of 
suspensions. 


an undesirable taste or odor to the product. Invariably, as a result of 
wetting, the dispersed particles in the vehicle are deflocculated. 

STRUCTURED VEHICLES—Structured vehicles are gen- 
erally aqueous solutions of polymeric materials, such as the 
hydrocolloids, that are usually negatively charged in aqueous 
solution. Typical examples are methylcellulose, carboxymeth- 
ylcellulose, bentonite, and carbomer. The concentration em- 
ployed will depend on the consistency desired for the suspen- 
sion that, in turn, will relate to the size and density of the 
suspended particles. They function as viscosity-imparting sus- 
pending agents and, as such, reduce the rate of sedimentation 
of dispersed particles. 

The rheological properties of suspending agents are consid- 
ered elsewhere (Chapter 23). Ideally, these form pseudo-plastic 
or plastic systems that undergo shear-thinning. Some degree of 
thixotropy is also desirable. Non-Newtonian materials of this 
type are preferred over Newtonian systems because, if the 
particles eventually settle to the bottom of the container, their 
redispersion is facilitated by the vehicle thinning when shaken. 
When the shaking is discontinued, the vehicle regains its orig- 
inal consistency and the redispersed particles are held sus- 
pended. This process of redispersion, facilitated by a shear- 
thinning vehicle, presupposes that the deflocculated particles 
have not yet formed a cake. If sedimentation and packing have 
proceeded to the point where considerable caking has occurred, 
redispersion is virtually impossible. 

CONTROLLED FLOCCULATION—When using the con- 
trolled flocculation approach (see Fig 22-2B and C), the formu- 
lator takes the deflocculated, wetted dispersion of particles and 
attempts to bring about flocculation by the addition of a floc- 
culating agent; most commonly, these are electrolytes, poly- 
mers, or surfactants. The aim is to control flocculation by add- 
ing that amount of flocculating agent that results in the 
maximum sedimentation volume. 

FLOCCULATION USING ELECTROLYTES—Llectro- 
lytes are probably the most widely used flocculating agents. 
They act by reducing the electrical forces of repulsion between 
particles, thereby allowing the particles to form the loose flocs 
so characteristic of a flocculated suspension. As the ability of 
particles to come together and form a floc depends on their 
surface charge, zeta potential measurements on the suspen- 
sion, as an electrolyte is added, provide valuable information as 
to the extent of flocculation in the system. 
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This principle is illustrated by reference to the following 
example, taken from the work of Haines and Martin.” Particles 
of sulfamerazine in water bear a negative charge. The serial 
addition of a suitable electrolyte, such as aluminum chloride, 
causes a progressive reduction in the zeta potential of the 
particles. This is due to the preferential adsorption of the 
trivalent aluminum cation. Eventually, the zeta potential will 
reach zero and then become positive as the addition of AICI, is 
continued. 

If sedimentation studies are run simultaneously on suspen- 
sions containing the same range of AICl, concentrations, a 
relationship is observed (Fig 22-3) between the sedimentation 
volume F’, the presence or absence of caking, and the zeta 
potential of the particles. To obtain a flocculated, noncaking 
suspension with the maximum sedimentation volume, the zeta 
potential must be controlled so as to lie within a certain range 
(generally less than 25 mV).This is achieved by the judicious 
use of an electrolyte. A comparable situation is observed when 
a negative ion such as PO,* is added to a suspension of 
positively charged particles such as bismuth subnitrate. 

Work by Matthews and Rhodes*® involving both experi- 
mental and theoretical studies has confirmed the formulation 
principles proposed by Martin and Haines. The suspensions 
used by Matthews and Rhodes contained 2.5% w/v of griseo- 
fulvin as a fine powder together with the anionic surfactant 
sodium dioxyethylated dodecyl sulfate (10°? molar) as a wet- 
ting agent. Increasing concentrations of aluminum chloride 
were added and the sedimentation height (equivalent to the 
sedimentation volume, see Chapter 21) and the zeta potential 
recorded. Flocculation occurred when a concentration of 10° 
molar aluminum chloride was reached. At this point the zeta 
potential had fallen from —46.4 to -17.0 mV. Further reduction 
of the zeta potential, to —4.5 mV by use of 10-? molar aluminum 
chloride did not increase sedimentation height, in agreement 
with the principles shown in Figure 22-3. 

Matthews and Rhodes then went on to show, by computer 
analysis, that the DLVO theory (see Chapter 21 ) predicted the 
results obtained—namely, that the griseofulvin suspensions 
under investigation would remain deflocculated when the con- 
centration of aluminum chloride was 10°* molar or less. Only 
at concentrations in the range of 10-° to 10°? molar aluminum 
chloride did the theoretical plots show deep primary minima, 
indicative of flocculation. These occurred at a distance of sep- 
aration between particles of approximately 50 A, which led 
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Figure 22-3. Typical relationship between caking, zeta potential, 
and sedimentation volume, as a positively charged flocculating 
agent is added to a suspension of negatively charged particles. @: 
zeta potential. Ml: sedimentation volume. 
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Matthews and Rhodes to conclude that coagulation had taken 
place in the primary minimum. 

Schneider et al° have published details of a laboratory in- 
vestigation (suitable for undergraduates) that combines calcu- 
lations based on the DLVO theory carried out with an interac- 
tive computer program with actual sedimentation experiments 
performed on simple systems. 

FLOCCULATION BY POLYMERS—Polymers can play 
an important role as flocculating agents in pharmaceutical 
suspensions. As such, polymers can have an advantage over 
ionic flocculating agents in that they are less sensitive to added 
electrolytes. This leads to a greater flexibility in the use of 
additives such as preservatives, flavoring, and coloring agents 
that might be needed for the formulation. 

The effectiveness of a polymer as a stabilizing agent for 
suspensions primarily depends on the affinity of the polymer 
for the particle surface as well as the charge, size, and orien- 
tation of the polymer molecule in the continuous phase. Many 
pharmaceutically useful polymers contain polar functional 
groups that are separated by a hydrocarbon backbone. As a 
result of this structure, many active centers exist on a given 
polymer molecule that are capable of interacting with a particle 
surface. If one considers that each of these active centers is 
reversibly adsorbed to the surface of the particle, then numer- 
ous equilibria are established between each of the active cen- 
ters of a given polymer molecule and a particle. At any partic- 
ular time, some active centers will be adsorbed and others will 
be desorbed, but due to the large numbers of active centers, it 
is highly unlikely that all sites will be desorbed at the same 
time. This model may account for the strong attraction of many 
pharmaceutically useful polymers for dispersed solids. 

Although DLVO theory provides the most successful de- 
scription of suspension stability in general, it does not always 
predict the behavior of suspensions that are formulated with 
polymeric stabilizing agents. This is because factors other than 
electrostatic interactions are responsible for flocculation and 
other interparticle interactions in suspensions. As observed 
with ionic flocculating agents, polymers can produce both floc- 
culated and deflocculated suspensions. It is believed that the 
primary mechanism by which polymers act as flocculants is due 
to the bridging of the polymer between the surfaces of two 
different particles. The effect can be highly concentration de- 
pendent as illustrated in Figure 22-4. The effect has been 
interpreted as follows. 

At very low concentrations of polymer, a large number of 
sites on the surface of the dispersed solid are available for 
adsorption of polymer. Bridging between particles occurs as a 
result of the simultaneous adsorption of a polymer molecule 
onto the surfaces of different particles. At low polymer concen- 
trations, the number of particle—particle bridges is relatively 
low. At somewhat higher concentrations of polymer, sufficient 
binding sites are still available on the particles, permitting 
additional interparticle attachments to form. It is these inter- 
mediate concentrations that result in optimum flocculation and 
sedimentation volume. At high concentrations of polymer, com- 
plete coverage of the particle surface with polymer occurs and 
insufficient binding sites remain on the particles to permit 
interparticle bridging. In this instance, the polymer can lead to 
the formation of a deflocculated or peptized system because 
adsorbed layers of polymer on separate particles will prevent 
close attraction of the particles via the phenomenon of steric 
stabilization (discussed further in the section on emulsions). In 
general, steric stabilization refers to the ability of adsorbed 
polymers to prevent close approach and cohesion of dispersed 
particles due to the fact that the mixing of polymers adsorbed 
at the particle surfaces is energetically unfavorable. Suspen- 
sions formulated with relatively high concentrations of polymer 
would be deflocculated and therefore tend to have small sedi- 
mentation volumes. 

A potential complicating factor in the above analysis is that 
the degree of flocculation may depend upon the length of time 
and magnitude of mixing during formulation. In some cases, 


gentle mixing could result in a flocculated suspension; however, 
continued or more vigorous mixing could result in reorientation 
of the polymer at the particle surface with fewer interparticle 
bridges formed. It must also be remembered that high concen- 
trations of polymer may result in the formation of a structured 
vehicle, the advantage of which must be weighed against pos- 
sible effects of deflocculation. Practical considerations in the 
formulation of suspensions using polymers have been pre- 
sented by Scheer.’ 

The sedimentation volume achieved by addition of poly- 
meric flocculating agents may or may not agree with DLVO 
theory. For example, Kellaway and Najib® found that sulfadi- 
midine suspensions stabilized with the anionic polymer sodium 
carboxymethylcellulose obeyed the expected relationship be- 
tween electrophoretic mobility, a measurement that is pro- 
portional to zeta potential, and to sedimentation volume in 
agreement with Figure 22-3. However, stabilization of the sus- 
pension with the nonionic polymer polyvinylpyrrolidone (PVP) 
did not obey the expected relationship between electrophoretic 
mobility and sedimentation volume. At high concentrations of 
PVP, particles had a low zeta potential, but contrary to the 
predictions of Figure 22-3 a low sedimentation volume was 
observed. Although adsorption of the polymer reduced the 
charge at the plane of shear, flocculation did not occur. This is 
believed to be due to steric stabilization of the particles at high 
concentrations of PVP that prevents close approach and attach- 
ment of particles to form floccules. 

The conformation of the polymers in the continuous phase 
may also have an effect on the degree of flocculation. At con- 
centrations where flocculation occurs, polymers that have a 
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Figure 22-4. Flocculation by hydrophilic polymers. Optimal degree 
of flocculation and sedimentation volume occurs when a large 
number of interparticle brides are formed. High concentrations of 
polymer result in a deflocculated suspension via steric repulsion. 


linear conformation in the continuous phase will generally be 
more effective flocculants than polymers that are coiled in the 
continuous phase. 

In some situations, a combination of polymeric and ionic 
flocculating agents have been used. In general, the sensitivity 
of the dispersed solid to flocculation by added electrolyte is 
enhanced by the presence of the polymer. 

Table 22-2 contains a list of suspending agents that have 
been used in the formulation of pharmaceutical suspensions. 
Many of these can serve dual functions as flocculating/stabiliz- 
ing and viscosity enhancing agents. 

FLOCCULATION USING DETERGENTS—Both ionic 
and nonionic detergents can be used to produce flocculation in 
suspensions. Ionic detergents can produce flocculation in a 
manner that is similar to other electrolytes; they can reduce 
the zeta potential of the dispersed particles. Nonionic deter- 
gents have also been observed to reduce the zeta potential of 
dispersed particles. Both flocculation and deflocculation can 
occur. Relatively high concentrations of nonionic detergents 
can form a hydrated layer around particles that can lead to 
deflocculation via a mechanism that is similar to steric stabi- 
lization described for polymers. Alternatively, some liquid de- 
tergents can induce flocculation through the formation of liquid 
bridges between particles. High-molecular-weight detergents 
would be expected to behave similarly to polymers with regard 
to their action as a flocculant or stabilizer of suspensions. 

FLOCCULATION IN STRUCTURED VEHICLES—The 
ideal formulation for a suspension would seem to be when 
flocculated particles are supported in a structured vehicle. As 
shown in Figure 22-2 (under C), the process involves dispersion 
of the particles and their subsequent flocculation. Finally, a 
lyophilic polymer is added to form the structured vehicle. In 
developing the formulation, care must be taken to ensure the 
absence of any incompatibility between the flocculating agent 
and the polymer used for the structured vehicle. A limitation is 
that virtually all the structured vehicles in common use are 
hydrophilic colloids and carry a negative charge. This means 
that an incompatibility arises if the charge on the particles is 
originally negative. Flocculation in this instance requires the 
addition of a positively charged flocculating agent or ion; in the 
presence of such a material, the negatively charged suspending 
agent may coagulate and lose its suspendability. This situation 
does not arise with particles that bear a positive charge, as the 
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negative flocculating agent that the formulator must employ is 
compatible with the similarly charged suspending agent. 

A method that can be used to circumvent incompatibilities 
between an anionic suspending agent and a cationic flocculat- 
ing agent is to reverse the charge on the particle through the 
use of a positively charged surface active material such as 
gelatin. Adsorption of gelatin to the surface of a negatively 
charged particle can reverse the particle charge when the con- 
tinuous phase is adjusted to a relatively low pH. This may 
permit flocculation to be achieved with an anionic flocculating 
agent such as citrate ion or phosphate ion. Addition of these 
flocculating agents would be compatible with polymeric sus- 
pending agents that largely consist of molecules of anionic 
charge. Martin et al? have suggested that this effect can also be 
achieved using surface active amines, provided their toxicity 
does not prevent their use. 

PARTICLE SIZE AND DISTRIBUTION—Particle size is 
an important consideration for the physical stability of a suspen- 
sion. As predicted by Stokes’ law, particles of small diameter tend 
to settle more slowly compared to larger particles; however, small 
particles will have an increased tendency to cake upon settling if 
they are not flocculated. In addition, particle—particle interactions 
can also have a significant effect on suspension stability. For 
suspensions with a relatively high percentage of solids, interpar- 
ticle interactions may produce more viscous or thixotropic disper- 
sions. Smaller particles will have a high surface area/weight ratio 
that favors interactions between the particles and may produce 
desirable rheological characteristics. 

In addition to the effects on the physical properties of a 
suspension, particle size has important implications on the 
biopharmaceutical performance of the drug. Aqueous suspen- 
sions can effectively serve as a means to deliver poorly water- 
soluble drugs by the enteral, parenteral, and topical routes. For 
drugs whose solubility in water is low, the dissolution rate of 
the drug particles may be a primary factor that limits absorp- 
tion of the drug. In these cases, the rate and extent of absorp- 
tion of the drug may be enhanced through the use of particles 
of small diameter. Small particles dissolve faster than larger 
particles due to the increased surface area per unit weight of 
drug of the former. Lastly, the uniformity of dosing over the life 
of the product will be enhanced by ensuring that a relatively 
small particle size is achieved. This is especially true for sus- 
pensions whose individual doses are withdrawn from a larger 


Table 22-2. Suspending Agents Used in the Formulation of Pharmaceutical Suspensions 


TYPE OF POLYMER EXAMPLES 


STRUCTURE 


COMMERCIAL NAMES 


Cellulose derivatives 


Cellulose ether 
Crystalline cellulose 


Avicel 


+ cellulose ether 


Anionic Carboxymethylcellulose (CMC) 
Microcrystalline cellulose blends 
Nonionic Methylcellulose (MC) 


Ethylcellulose (EC) 
Hydroxyethylcellulose (HEC) 
Hydroxypropylcellulose (HPC) 
Hydrdoxypropylmethylcellulose 
(HPMC) 
Natural polymers 


Cellulose ether 


Crosslinked 


MC - Methocel, Metocel, Tylopur, Culminol, Celocol, 
Walsroder EC - Ethocel HEC - Natrasol, Cellocize, 
Bermocol, Tylose, Blanose HPC-Klucel, Lacrisert 

HPMC - Methocel, Methlose, Pharmacoat, Culminol, 
Tylose, Celocol 


Polysaccharide 


Polysaccharide 


Carbopol 


polyacrylate 


Anionic Alginates, carageenan, Xanthan 
gum, acacia, tragacanth 
Nonionic Locust Bean Gum, guar gum 
Synthetic polymers 
Anionic Carbomers 
Nonionic Polyvinyl pyrrolidone (PVP), 
polyvinyl alcohol (PVA) 
poloxamer 
Clays Magnesium aluminum silicate 


(Veegum), bentonite 
Hectorite 


Plasdone, Povidone, Kollidon 


Hydrated aluminum 
silicaate 
Magnesium hectorite 
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container, such as suspensions for oral use. Additional infor- 
mation on the bioavailability of drug from suspensions is pre- 
sented at the end of this chapter. 

As most pharmaceutical powders are polydipserse rather 
than monodisperse, the distribution of particle sizes may also 
play an important role in the physical stability of a suspension. 
A relatively narrow distribution of particle sizes is desirable for 
good stability. A narrow particle size distribution provides a 
more uniform settling rate and allows for better predictability 
of suspension properties from batch to batch of finished sus- 
pension. In addition, the phenomenon of Ostwald ripening will 
be minimized when the distribution of particles is narrow. 
Ostwald ripening is the phenomenon in which larger particles 
grow in size due to the dissolution of smaller particles. This 
phenomenon could result in pharmaceutically unstable suspen- 
sions (caking) and alter the bioavailability of the product 
through an alteration in the dissolution rate. The use of an 
appropriate polymer with an affinity for the surface of the 
dispersed solid reduces or eliminates crystallization in suspen- 
sions that may occur due to Ostwald ripening or dissolution/ 
crystallization phenomenon caused by temperature fluctua- 
tions. This effect occurs at concentrations of polymer that 
provide complete surface coverage of the particles. Thus, a 
hydrophilic colloid, such as a cellulose derivative, with high 
affinity for the particle surface is often added initially to the 
suspension formulation to provide a protective action. 

In flocculated suspensions, a narrow distribution of parti- 
cles also tends to result in floccules with a more opened struc- 
ture. If a flocculated suspension is prepared using a powder 
with a wide distribution of particles, the floccules would consist 
of links between larger particles with small particles filling the 
voids created by the interparticle links between larger parti- 
cles. This would create a floccule that is more dense compared 
to the more open structure that would be expected from a 
floccule composed of particles of more uniform size. The more 
opened floc structure is desirable, as it may exhibit thixotropic 
properties in addition to a large sedimentation volume. 

NONAQUEOUS SUSPENSIONS—Although most phar- 
maceutical suspensions have a primarily aqueous continuous 
phase, formulation of a drug in a nonaqueous continuous phase 
is occasionally required. Suspension of a water-soluble drug in 
a nonaqueous vehicle may provide a means to prepare a liquid 
formulation of a drug that has poor long-term stability in 
aqueous solution. Dispersions of drugs in oleaginous vehicles 
can also provide a sustained release form of drug as observed 
with certain depot injections and topical products. 

Aerosols represent another important class of nonaqueous 
suspensions. The physical stability of suspended drugs in non- 
aqueous propellents for aerosol products can have a significant 
impact on the uniformity of dose and operation of the aerosol 
system. Caking of the suspended particles can cause clogging of 
the various mechanical components of the aerosol system. 

According to Coulomb’s law, the force between two charges 
is inversely proportional to the dielectric constant of the me- 
dium between the charges: 

W192 
jf = (6) 
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where f is the force between the particles, g, and qs are the 
charges on the particles, D is the dielectric constant, and x is 
the distance between the charges. 

In general, most nonaqueous pharmaceutical liquids have a 
dielectric constant that is lower than water. This would result 
in a greater attraction between ions or particles of opposite 


An emulsion is a dispersed system containing at least two 
immiscible liquid phases. The majority of conventional emul- 
sions in pharmaceutical use have dispersed particles ranging 


charge and greater repulsion between ions or particles of sim- 
ilar charge. The effect of a continuous phase of low dielectric 
constant can therefore affect a suspension formulation in dif- 
ferent ways. The use of added electrolytes will be less useful 
due to their low degree of ionization and poor solubility in some 
nonaqueous media. In addition, the density of charges on the 
particle surfaces will be reduced, but repulsion between parti- 
cles may be facilitated. The result is that controlled flocculation 
is difficult to achieve as with aqueous suspensions, and caking 
may occur upon settling. Thus, alternate means of producing 
pharmaceutically acceptable suspensions must be employed. 

Nonionic surfactants of low HLB values can be used to 
improve the physical stability of the suspensions. Stearic and 
other aliphatic acids and stearate salts, particularly aluminum 
monostearate, have been used as suspending agents. These 
materials increase the viscosity of the oil and produce a struc- 
tured medium that can hinder the settling of drug particles. 
Alternatively, thickening agents such as Avicel, colloidal sili- 
con dioxide, and long-chain alcohols can be used to reduce the 
sedimentation rate in nonaqueous suspensions. 

Few studies have been performed to predict formulation and 
physical stability of drugs in nonaqueous suspensions. Parsons 
et al’° found that the suspension properties of a number of 
solids in a nonaqueous aerosol propellant depended on the 
surface properties of the solids. Solids that had relatively polar 
surfaces tended to aggregate to larger extents than solids with 
relatively nonpolar surfaces. The moisture content of the dis- 
persed solid and continuous phase may also play an important 
role on the aggregation of the solid. Adsorbed moisture on the 
dispersed solid may help to create a liquid bridge between 
particles when dispersed in certain nonaqueous solvents. If 
carefully controlled, this could provide a means to obtain some 
degree of flocculation in certain nonaqueous vehicles. Examples 
are discussed by Hiestand.1 

CHEMICAL STABILITY OF SUSPENSIONS—Particles 
that are completely insoluble in a liquid vehicle are unlikely to 
undergo most chemical reactions leading to degradation. How- 
ever, most drugs in suspension have a finite solubility, even 
though this may be of the order of fractions of a microgram per 
milliliter. As a result, the material in solution may be suscep- 
tible to degradation. However, Tingstad et al'' developed a 
simplified method for determining the stability of drugs in 
suspension. The approach is based on the assumptions that 


1. Degradation takes place only in the solution and is first order. 

2. The effect of temperature on drug solubility and reaction rate 
conforms with classical theory. 

3. Dissolution is not rate-limiting on degradation. 


PREPARATION OF SUSPENSIONS—The small-scale 
preparation of suspensions may be undertaken readily by the 
practicing pharmacist with the minimum of equipment. The 
initial dispersion of the particles is best carried out by tritura- 
tion in a mortar, the wetting agent being added in small incre- 
ments to the powder. Once the particles have been wetted 
adequately, the slurry may be transferred to the final con- 
tainer. The next step depends on whether the deflocculated 
particles are to be suspended in a structured vehicle, floccu- 
lated, or flocculated and then suspended. Regardless of which 
of the alternative procedures outlined in Figure 22-2 is em- 
ployed, the various manipulations can be carried out easily in 
the bottle, especially if an aqueous solution of the suspending 
agent has been prepared beforehand. 

For detailed discussion of the methods used in the large-scale 
production of suspensions, see the relevant section in Chapter 39. 


in diameter from 0.1 to 100 ym. As with suspensions, emul- 
sions are thermodynamically unstable as a result of the excess 
free energy associated with the surface of the droplets. The 


dispersed droplets, therefore, strive to come together and re- 
duce the surface area. In addition to this flocculation effect, also 
observed with suspensions, the dispersed particles can coa- 
lesce, or fuse, and this can result in the eventual destruction of 
the emulsion. To minimize this effect, a third component, the 
emulsifying agent, is added to the system to improve its stabil- 
ity. The choice of emulsifying agent is critical to the prepara- 
tion of an emulsion possessing optimum stability. The effi- 
ciency of present-day emulsifiers permits the preparation of 
emulsions that are stable for many months and even years, 
even though they are thermodynamically unstable. 

In recent years, it has been recognized that complex 
multiple-phase combinations can exist in emulsions. Thus, liq- 
uid crystalline phases and gel structures can form from the 
combination of the basic three-component mixture of water, oil, 
and surfactant (emulsifying agent). Often, these structures 
confer significant stability to the emulsion and therefore are to 
be desired. Such multiple-phase emulsions and their stability 
have been reviewed by Eccleston. 1!” 

Emulsions are widely used in pharmacy and medicine, and 
emulsified materials can possess advantages not observed in 
formulations in other dosage forms. For example, certain me- 
dicinal agents that have an objectionable taste have been made 
more palatable for oral administration when formulated in an 
emulsion. The principles of emulsification have been applied 
extensively in the formulation of dermatological creams and 
lotions. Intravenous emulsions of contrast media have been 
developed to assist the physician in undertaking x-ray exami- 
nations of the body organs while exposing the patient to the 
minimum of radiation. Considerable attention has been di- 
rected towards the use of sterile, stable intravenous emulsions 
containing fat, carbohydrate, and vitamins all in one prepara- 
tion. Such products are administered to patients unable to 
assimilate these vital materials by the normal oral route. 
Emulsions are also used to deliver nutrients via the enteral 
route in the form of nutritional supplements. 

Emulsions offer potential in the design of systems capable of 
giving controlled rates of drug release and affording protection 
to drugs susceptible to oxidation or hydrolysis. There is still a 
need for well-characterized dermatologic products with repro- 
ducible properties, regardless of whether these products are 
antibacterial, sustained-release, protective, or emollient lo- 
tions, creams, or ointments. In addition, emulsions may pro- 
vide a useful way to deliver poorly water-soluble drugs via 
enteral and parenteral routes. The principle of emulsification is 
also involved in an increasing number of aerosol products. 

The pharmacist must be familiar with the types of emul- 
sions and the properties and theories underlying their prepa- 
ration and stability; such is the purpose of the remainder of this 
chapter. Microemulsions, which can be regarded as isotropic, 
swollen micellar systems are discussed in Chapter 39. 


EMULSION TYPE AND MEANS 
OF DETECTION 


A stable emulsion must contain at least three components: the 
dispersed phase, the dispersion medium, and the emulsifying 
agent. Invariably, one of the two immiscible liquids is aqueous, 
and the second is an oil. Whether the aqueous or the oil phase 
becomes the dispersed phase depends primarily on the emul- 
sifying agent used and the relative amounts of the two liquid 
phases. Hence, an emulsion in which the oil is dispersed as 
droplets throughout the aqueous phase is termed an oil-in- 
water (O/W) emulsion. When water is the dispersed phase and 
an oil the dispersion medium, the emulsion is of the water-in- 
oil (W/O) type. Most pharmaceutical emulsions designed for 
oral administration are of the O/W type; emulsified lotions and 
creams are either O/W or W/O, depending on their use. Butter 
and salad creams are W/O emulsions. 
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So-called multiple emulsions have been developed with a 
view to delaying the release of an active ingredient. In these 
types of emulsions three phases are present: the emulsion has 
the form W/O/W or O/W/O. In these “emulsions within emul- 
sions,” any drug present in the innermost phase must now 
cross two phase boundaries to reach the external, continuous 
phase. 

It is important for pharmacists to know the type of emulsion 
they have prepared or are dealing with, because this can affect 
its properties and performance. Unfortunately, the several 
methods available can give incorrect results, so the type of 
emulsion determined by one method should always be con- 
firmed by means of a second method. 

DILUTION TEST—The dilution method depends on the 
fact that an O/W emulsion can be diluted with water and a W/O 
emulsion with oil. When oil is added to an O/W emulsion or 
water to a W/O emulsion, the additive is not incorporated into 
the emulsion and separation is apparent. The test is greatly 
improved if the addition of the water or oil is observed 
microscopically. 

CONDUCTIVITY TEST—An emulsion in which the con- 
tinuous phase is aqueous can be expected to possess a much 
higher conductivity than an emulsion in which the continuous 
phase is an oil. Accordingly, it frequently happens that when a 
pair of electrodes, connected to a lamp and an electrical source, 
are dipped into an O/W emulsion, the lamp lights because of 
the passage of a current between the two electrodes. If the lamp 
does not light, it is assumed that the system is W/O. 

DYE-SOLUBILITY TEST—The knowledge that a water- 
soluble dye will dissolve in the aqueous phase of an emulsion 
while an oil-soluble dye will be taken up by the oil phase 
provides a third means of determining emulsion type. Thus, if 
microscopic examination shows that a water-soluble dye has 
been taken up by the continuous phase, we are dealing with an 
O/W emulsion. If the dye has not stained the continuous phase, 
the test is repeated using a small amount of an oil-soluble dye. 
Coloring of the continuous phase confirms that the emulsion is 
of the W/O type. 


FORMATION AND BREAKDOWN 
OF DISPERSED LIQUID DROPLETS 


ESET eA TDS ESL IIS TELLIER, SSIES FNS 
An emulsion exists as the result of two competing processes: 
the dispersion of one liquid throughout another as droplets, 
and the combination of these droplets to reform the initial bulk 
liquids. The first process increases the free energy of the sys- 
tem, while the second works to reduce the free energy. Accord- 
ingly, the second process is spontaneous and continues until 
breakdown is complete—that is, until the bulk phases are 
reformed. 

It is of little use to form a well-dispersed emulsion if it 
quickly breaks down. Similarly, unless adequate attention is 
given to achieving an optimum dispersion during preparation, 
the stability of an emulsion system may be compromised from 
the start. Dispersion is brought about by well-designed and 
well-operated machinery, capable of producing droplets in a 
relatively short period of time. Such equipment is discussed in 
Chapter 39. The reversal back to the bulk phases is minimized 
by using those parameters that influence the stability of the 
emulsion once it is formed. 

DISPERSION PROCESS TO FORM DROPLETS—Con- 
sider two immiscible liquid phases in a test tube. To disperse 
one liquid as droplets within the other, the interface between 
the two liquids must be disturbed and expanded to a sufficient 
degree so that “fingers” or threads of one liquid pass into the 
second liquid, and vice versa. These threads are unstable, and 
become varicosed or beaded. The beads separate and become 
spherical, as illustrated in Figure 22-5. Depending on the agi- 
tation or the shear rate used, larger droplets are also deformed 
to give small threads, which in turn produce smaller drops. 
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The time of agitation is important. Thus, the mean size of 
droplets decreases rapidly in the first few seconds of agitation. 
The limiting size range is generally reached within 1 to 5 min, 
and results from the number of droplets coalescing being equiv- 
alent to the number of new droplets being formed. It is uneco- 
nomical to continue agitation any further. 

The liquids may be agitated or sheared by several means. 
Shaking is employed commonly, especially when the compo- 
nents are of low viscosity. Intermittent shaking is frequently 
more efficient than continual shaking, possibly because the 
short time interval between shakes allows the thread that is 
forced across the interface time to break down into drops that 
are then isolated in the opposite phase. Continuous, rapid 
agitation tends to hinder this breakdown to form drops. A 
mortar and pestle is employed frequently in the extemporane- 
ous preparation of emulsions. It is not a very efficient technique 
and is not used on a large scale. Improved dispersions are 
achieved by the use of high-speed mixers, blenders, colloid 
mills, or homogenizers. Ultrasonic techniques also have been 
employed and are described in Chapter 39. 

The phenomenon of spontaneous emulsification, as the 
name implies, occurs without any external agitation. There is, 
however, an internal agitation arising from certain physico- 
chemical processes that affect the interface between the two 
bulk liquids. For a description of this process, see Davies and 
Rideal in the bibliography. 

COALESCENCE OF DROPLETS—Coalescence is a pro- 
cess distinct from flocculation (aggregation), which commonly 
precedes it. Flocculation is the clumping together of particles, 
but coalescence is the fusing of the agglomerates into a larger 
drop, or drops. Coalescence usually is rapid when two immis- 
cible liquids are shaken together, as there is no large energy 
barrier to prevent fusion of drops and reformation of the orig- 
inal bulk phases. When an emulsifying agent is added to the 
system, flocculation still may occur but coalescence is reduced 
to an extent depending on the efficacy of the emulsifying agent 
to form a stable, coherent interfacial film. It is therefore possi- 
ble to prepare emulsions that are flocculated yet do not coa- 
lesce. In addition to the interfacial film around the droplets 
acting as a mechanical barrier, the drops also are prevented 
from coalescing by the presence of a thin layer of continuous 


Final emulsion 
is O/W type when 
Rate 2 > Rate 1 


Initial stage: Intermediate 
separate stage: O/W and 
bulk phases W/O dispersions 


present in system 


Final emulsion is 
W/O type when 
Rate 1> Rate 2 


Figure 22-5. Effect of rate of coalescence on emulsion type. Rate 1: 


O/W coalescence rate. Rate 2: W/O coalescence rate. @: oil. O: wa- 
ter. For an explanation of Rates 1 and 2, refer to the discussion of 
Davies on page 329". 


phase between particles clumped together. Davies’? showed 
the importance of coalescence rates in determining emulsion 
type; this work is discussed in more detail on page 329. 


EMULSIFYING AGENT 

LSS LA IT TL A TPE TE YO S E 
The process of coalescence can be reduced to insignificant levels 
by the addition of a third component—the emulsifying agent or 
emulsifier. The choice of emulsifying agent is frequently critical 
in developing a successful emulsion, and the pharmacist should 
be aware of 


e The desirable properties of emulsifying agents. 

e How different emulsifiers act to optimize emulsion stability. 

e How the type and physical properties of the emulsion can be affected 
by the emulsifying agent. 


Desirable Properties 


Some of the desirable properties of an emulsifying agent are 
that it should 


1. Be surface active and reduce surface tension to below 10 dynes/cm. 

2. Be adsorbed quickly around the dispersed drops as a condensed, 
nonadherent film that will prevent coalescence. 

3. Impart to the droplets an adequate electrical potential so that 
mutual repulsion occurs. 

4. Increase the viscosity of the emulsion. 

5. Be effective in a reasonably low concentration. 


Not all emulsifying agents possess these properties to the 
same degree; in fact, not every good emulsifier necessarily 
possesses all these properties. Further, there is no one ideal 
emulsifying agent because the desirable properties of an emul- 
sifier depend, in part, on the properties of the two immiscible 
phases in the particular system under consideration. 

INTERFACIAL TENSION—Lowering of interfacial ten- 
sion is one way in which the increased surface free energy 
associated with the formation of droplets, and hence surface 
area, in an emulsion can be reduced (Equation 1). Assuming 
the droplets to be spherical, it can be shown that 


AT (7) 


where V is the volume of dispersed phase in milliliters, and d is 
the mean diameter of the particles. To disperse 100 mL of oil as 
1-um (10-*-cm) droplets in water when yoy = 50 dynes/em, 
requires an energy input of 
6 x 50 x 100 
I Ome 
= 30 joules or 30/4.184 = 7.2 cal 


= 30 x 10’ ergs 


In the above example the addition of an emulsifier that will 
reduce y from 50 to 5 dynes/cm will reduce the surface free 
energy from 7.2 to around 0.7 cal. Likewise, if the interfacial 
tension is reduced to 0.5 dynes/cm (a common occurrence), the 
original surface free energy is reduced a hundredfold. Such a 
reduction can help to maintain the surface area generated 
during the dispersion process. 

FILM FORMATION—The major requirement of a poten- 
tial emulsifying agent is that it readily form a film around each 
droplet of dispersed material. The main purpose of this film— 
which can be a monolayer, a multilayer, or a collection of small 
particles adsorbed at the interface—is to form a barrier that 
prevents the coalescence of droplets that come into contact with 
one another. For the film to be an efficient barrier, it should 
possess some degree of surface elasticity and should not thin 
out and rupture when sandwiched between two droplets. If 
broken, the film should have the capacity to reform rapidly. 


Table 22-3. Factors Influencing Emulsion Viscosity 


1. Internal phase 

a. Volume concentration (¢); hydrodynamic interaction 
between globules; flocculation, leading to formation of 
globule aggregates. 

b. Viscosity (7,); deformation of globules in shear. 

c. Globule size, and size distribution, technique used to 
prepare emulsion; interfacial tension between the two 
liquid phases: globule behavior in shear; interaction with 
continuous phase; globule interaction. 

d. Chemical constitution. 

2. Continuous phase 

a. Viscosity (7), and other rheological properties. 

b. Chemical constitution, polarity, pH; potential energy of 
interaction between globules. 

c. Electrolyte concentration if polar medium. 

3. Emulsifying agent 

a. Chemical constitution; potential energy of interaction 
between globules. 

b. Concentration, and solubility in internal and continuous 
phases; emulsion type; emulsion inversion; solubilization 
of liquid phases in micelles. 

c. Thickness of film adsorbed around globules, and its 
rheological properties, deformation of globules in shear; 
fluid circulation within globules. 

d. Electroviscous effect. 

4. Additional stabilizing agents 

a. Pigments, hydrocolloids, hydrous oxides. 

b. Effect on rheological properties of liquid phases, and 
interfacial boundary region. 


Source: Davies, Rideal 1961.14 


ELECTRICAL POTENTIAL—The origin of an electrical 
potential at the surface of a droplet has been discussed earlier 
in the chapter. Insofar as emulsions are concerned, the pres- 
ence of a well-developed charge on the droplet surface is sig- 
nificant in promoting stability by causing repulsion between 
approaching drops. This potential is likely to be greater when 
an ionized emulsifying agent is employed. Electrical potential 
has been shown to be a significant factor for maintaining the 
stability of intravenous fat emulsions that are stabilized with 
lecithin. 

CONCENTRATION OF EMULSIFIER—The main objec- 
tive of an emulsifying agent is to form a condensed film around 
the droplets of the dispersed phase. An inadequate concentra- 
tion will do little to prevent coalescence. Increasing the emul- 
sifier concentration above an optimum level achieves little in 
terms of increased stability. In practice the aim is to use the 
minimum amount consistent with producing a satisfactory 
emulsion. 

It frequently helps to have some idea of the amount of 
emulsifier required to form a condensed film, one molecule 
thick, around each droplet. Suppose we wish to emulsify 50 g of 
an oil, density = 1.0, in 50 g of water. The desired particle 
diameter is 1 um. Thus, 

Particle diameter = 1 ym = 1 X 10°* cm 

Volume of particle = (md*/6) = 0.524 x 107’? cm® 

Total number of particles in 50 g = (50/0.524 x 10-'*) = 95.5 

x 10 

Surface area of each particle = md? = 3.142 x 10-* cm? 

Total surface area = 3.142 x 10-® x 95.5 x 102 = 300 x 10% cm? 


If the area each molecule occupies at the oil-water interface 
is 30 A? (30 x 10-1° cm?’, we require 
300 x 104 


30 x 106 = 1 x 10?! molecules 


A typical emulsifying agent might have a molecular weight 
of 1000. Thus, the required weight is 
1000 x 10?! 


6.023 x 102 1-668 
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To emulsify 10 g of oil would require 0.33 g of the emulsifying 
agent. 

While the approach is an oversimplification of the problem, 
it does at least allow the formulator to make a reasonable 
estimate of the required concentration of emulsifier. 

EMULSION RHEOLOGY—The emulsifying agent and 
other components of an emulsion can affect the rheologic be- 
havior of an emulsion in several ways, as summarized in Table 
22-3.'4 It should be borne in mind that the droplets of the 
internal phase are deformable under shear and that the ad- 
sorbed layer of emulsifier affects the interactions between ad- 
jacent droplets and also between a droplet and the continuous 
phase. The means by which the rheological behavior of emul- 
sions can be controlled have been discussed by Rogers.1° 


Mechanism of Action 


Emulsifying agents may be classified in accordance with the 
type of film they form at the interface between the two phases. 

MONOMOLECULAR FILMS—tThose surface-active agents 
that are capable of stabilizing an emulsion do so by forming a 
monolayer of adsorbed molecules or ions at the oil—water in- 
terface (Fig 22-6). In accordance with Gibbs’ law (Chapter 20) 
the presence of an interfacial excess necessitates a reduction in 
interfacial tension. This results in a more stable emulsion 
because of a proportional reduction in the surface free energy. 
Of itself, this reduction is probably not the main factor promot- 
ing stability. More significant is the fact that the droplets are 
surrounded now by a coherent monolayer that prevents coales- 
cence between approaching droplets. If the emulsifier forming 
the monolayer is ionized, the presence of strongly charged and 
mutually repelling droplets increases the stability of the sys- 
tem. With un-ionized, nonionic surface-active agents, the par- 


Monomolecular 
film 


QB Q Multimolecular 
film 


; Solid particle 
O/W emulsion 


Figure 22-6. Types of films formed by emulsifying agents at the 
oil-water interface. Orientations are shown for O/W emulsions. @: 
oil. C1: water. 
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Table 22-4. Classification of Emulsifying Agents 


TYPE TYPE OF FILM EXAMPLES 
Synthetic (surface- Monomolecular Anionic Cationic 
active agents) Soaps Quaternary ammonium compounds 


Potassium laurate 
Triethanolamine stearate 


Sulfates 


Sodium lauryl sulfate 
Alkyl polyoxyethylene sulfates 


Sulfonates 


Dioctyl sodium sulfosuccinate 


Natural Multimolecular = Hydrophilic colloids 
Acacia 
Gelatin 
Lecithin 
Cholesterol 
Colloidal clays 
Bentonite 
Veegum 


Metallic hydroxides 


Monomolecular 


Finely divided solids Solid particle 


Magnesium hydroxide 


Cetyltrimethyllammonium bromide 
Lauryldimethylbenzylammonium chloride 
Nonionic 
Polyoxyethylene fatty alcohol ethers 
Sorbitan fatty acid esters 
Polyoxyethylene sorbitan fatty acid esters 
Polyoxyethylene polyoxypropylene block copolymers 
(poloxamers) 
Lanolin alcohols and ethoxylated lalnolin alcohols 


ticles may still carry a charge; this arises from adsorption of a 
specific ion or ions from solution. 

MULTIMOLECULAR FILMS—Hydrated lyophilic col- 
loids form multimolecular films around droplets of dispersed oil 
(see Fig 22-6). The use of these agents has declined in recent 
years because of the large number of synthetic surface-active 
agents available that possess well-marked emulsifying proper- 
ties. Although these hydrophilic colloids are adsorbed at an 
interface (and can be regarded therefore as surface active), they 
do not cause an appreciable lowering in surface tension. 
Rather, their efficiency depends on their ability to form strong 
coherent multimolecular films. These act as a coating around 
the droplets and render them highly resistant to coalescence, 
even in the absence of a well-developed surface potential. Fur- 
thermore, any hydrocolloid not adsorbed at the interface in- 
creases the viscosity of the continuous aqueous phase; this 
enhances emulsion stability. 

SOLID PARTICLE FILMS—Small solid particles that are 
wetted to some degree by both aqueous and nonaqueous liquid 
phases act as emulsifying agents. If the particles are too hy- 
drophilic, they remain in the aqueous phase; if too hydrophobic, 
they are dispersed completely in the oil phase. A second re- 
quirement is that the particles are small in relation to the 
droplets of the dispersed phase (see Fig 22-6). 


Chemical Types 


Emulsifying agents also may be classified in terms of their 
chemical structure; there is some correlation between this clas- 


Table 22-5. Auxiliary Emulsifying Agents 


sification and that based on the mechanism of action. For 
example, the majority of emulsifiers forming monomolecular 
films are synthetic, organic materials. Most of the emulsifiers 
that form multimolecular films are obtained from natural 
sources and are organic. A third group is composed of solid 
particles, invariably inorganic, that form films composed of 
finely divided solid particles. 

Accordingly, the classification, adopted divides emulsifying 
agents into synthetic, natural, and finely dispersed solids (Ta- 
ble 22-4). A fourth group, the auxiliary materials (Table 22-5) 
are weak emulsifiers. The list of agents is not meant to be 
exhaustive, but rather merely illustrates the various types 
available. 

SYNTHETIC EMULSIFYING AGENTS—Synthetic emul- 
sifying agents, a group of surface-active agents that act as 
emulsifiers, may be subdivided into anionic, cationic, and non- 
ionic, depending on the charge possessed by the surfactant. 

Anionics—In the anionic subgroup, the surfactant ion bears 
a negative charge. The potassium, sodium, and ammonium 
salts of lauric and oleic acid are soluble in water and are good 
O/W emulsifying agents. They do, however, have a disagreeable 
taste and are irritating to the gastrointestinal (GI) tract; this 
limits them to emulsions prepared for external use. Potassium 
laurate, a typical example, has the structure 


CH3(CHs);)COO° K* 


Solutions of alkali soaps have a high pH; they start to 
precipitate out of solution below pH 10 because the un- 
ionized fatty acid is now formed, and this has a low aqueous 
solubility. Further, the free fatty acid is ineffective as an emul- 


PRODUCT SOURCE AND COMPOSITION 


PRINCIPAL USE 


Cetyl alcohol Chiefly C,,H330H 


Glyceryl monosterate C,7H3,;COOCH,CHOHCH,OH 
Methylcellulose 


Sodium carboxymethylcellulose 


Stearic acid 
and palmitic 


Series of methyl ethers of cellulose 
Sodium salt of the carboxymethyl esters of cellulose 


A mixture of solid acids from fats, chiefly stearic 


Lipophilic thickening agent and stabilizer for 
OW lotions and ointments 

Lipophilic thickening agent and stabilizer for 
OW lotions and ointments 

Hydrophilic thickening agent and stabilizer for 
O/W emulsions; weak O/W emulsifier 

Hydrophilic thickening agent and stabilizer for 
O/W emulsions 

Lipophilic thickening agent and stabilizer for 
O/W lotions and ointments. Forms a true 
emulsifier when reacted with an alkali 


sifier, so emulsions formed from alkali soaps are not stable at 
pH values less than about 10. 

The calcium, magnesium, and aluminum salts of fatty acids, 
often termed the metallic soaps, are water insoluble and result 
in W/O emulsions. 

Another class of soaps are salts formed from a fatty acid and 
an organic amine such as triethanolamine. These O/W emulsi- 
fiers also are limited to external preparations, but their alka- 
linity is considerably less than that of the alkali soaps and they 
are active as emulsifiers down to around pH 8. These agents 
are less irritating than the alkali soaps. 

Sulfated alcohols are neutralized sulfuric acid esters of such 
fatty alcohols as lauryl and cetyl alcohol. These compounds are 
an important group of pharmaceutical surfactants. They are 
used chiefly as wetting agents, although they do have some 
value as emulsifiers, particularly when used in conjunction 
with an auxiliary agent. 

Sulfonates are a class of compounds in which the sulfur 
atom is connected directly to the carbon atom, giving the gen- 
eral formula 


CH;(CH,),,CH,SO, Na’ 


A frequently used compound is sodium lauryl sulfate. Sulfon- 
ates have a higher tolerance to calcium ions and do not hydro- 
lyze as readily as the sulfates. A widely used surfactant of this 
type is dioctyl sodium sulfosuccinate. 

Cationics—The surface activity in the cationic group resides 
in the positively charged cation. These compounds have 
marked bactericidal properties. This makes them desirable in 
emulsified anti-infective products such as skin lotions and 
creams. The pH of an emulsion prepared with a cationic emul- 
sifier lies in the pH 4 to 6 ranges. Because this includes the 
normal pH of the skin, cationic emulsifiers are advantageous in 
this regard also. 

Cationic agents are weak emulsifiers and generally are for- 
mulated with a stabilizing or auxiliary emulsifying agent such 
as cetostearyl alcohol. The only group of cationic agents used 
extensively as emulsifying agents are the quaternary ammo- 
nium compounds. An example is cetyltrimethyl-ammonium 
bromide. 


CH;(CHy,),,CH2N * (CH3); Br- 


Cationic emulsifiers should not be used in the same formu- 
lation with anionic emulsifiers because they will interact. The 
incompatibility may not be immediately apparent as a precip- 
itate, but virtually all of the desired antibacterial activity will 
generally have been lost. 

Nonionics—Nonionics, undissociated surfactants, find wide- 
spread use as emulsifying agents when they possess the proper 
balance of hydrophilic and lipophilic groups within the mole- 
cule. Their popularity is based on the fact that, unlike the 
anionic and cationic types, nonionic emulsifiers are not suscep- 
tible to pH changes and the presence of electrolytes. The num- 
ber of nonionic agents available is legion; the most frequently 
used are the glyceryl esters, polyoxyethylene glycol esters and 
ethers, and the sorbitan fatty acid esters and their polyoxyeth- 
ylene derivatives. More recently, the polyoxyethylene/polyoxypro- 
pylene block copolymers have become popular surfactants and 
emulsifying agents. 

A glyceryl ester, such as glyceryl monostearate, is too li- 
pophilic to serve as a good emulsifier; it is used widely as an 
auxiliary agent (see Table 22-5) and has the structure 


CH,OOCC,, Ha, 


CHOH 


CH,OH 


Sorbitan fatty acid esters, such as sorbitan monopalmitate 
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. Jt 
Omnc—CECR 
I 
OH 


[R is (CisH3,) COO] 


are nonionic oil-soluble emulsifiers that promote W/O emul- 
sions. The polyoxyethylene sorbitan fatty acid esters, such as 


polyoxyethylene sorbitan monopalmitate 
HO(CsHaOhy _OCzHa)x OH 
f 
(e) C(OC2Hs)y OH 
H,C(OC,Ha)2R 
(Sum of w,x,y and z is 20, 
R 1s (CygH 3,)COO J 


~ 


are hydrophilic water-soluble derivatives that favor O/W 
emulsions. 

Polyoxyethylene glycol esters, such as the monostearate, 
C,7H3;COO(CH,OCH,),,H, also are used widely. Polyoxyethyl- 
ene/polyoxypropylene block copolymers 


HO(CH,CH,0),(CHCH,0),(CH,CH,0).H 
CH, 


also known as poloxamers consist of combined chains of oxy- 
ethylene with oxypropylene where the oxyethylene portion im- 
parts hydrophilicity and the oxypropylene portion imparts li- 
pophilicity. The molecules are synthesized as long segments of 
the hydrophilic portions combined with long segments of the 
hydrophobic portions, with each portion referred to as a block. 
This organization produces hydrophilic and hydrophobic do- 
mains that impart the surface active character to these agents. 
Poloxamers have been used in the formulation of intravenous 
emulsions and can impart structure to vehicles and interfacial 
films that can protect the dispersed phase against coalescence. 
The polymeric nature of these surfactants protects emulsions 
against coalescence via steric stabilization at the droplet 
interface. 

Very frequently, the best results are obtained from blends of 
nonionic emulsifiers. Thus, an O/W emulsifier customarily will 
be used in an emulsion with a W/O emulsifier. When blended 
properly, the nonionics produce fine-textured stable emulsions. 

NATURAL EMULSIFYING AGENTS—Of the numerous 
emulsifying agents derived from natural (ie, plant and animal) 
sources, consideration will be given only to acacia, gelatin, 
lecithin, and cholesterol. Many other natural materials are 
only sufficiently active to function as auxiliary emulsifying 
agents or stabilizers. 

Acacia is a carbohydrate gum that is soluble in water and 
forms O/W emulsions. Emulsions prepared with acacia are 
stable over a wide pH range. Because it is a carbohydrate it is 
necessary to preserve acacia emulsions against microbial at- 
tack by the use of a suitable preservative. 

Gelatin, a protein, has been used for many years as an 
emulsifying agent. Gelatin can have two isoelectric points, 
depending on the method of preparation. So-called Type A 
gelatin, derived from an acid-treated precursor, has an isoelec- 
tric point of between pH 7 and 9. Type B gelatin, obtained from 
an alkali-treated precursor, has an isoelectric point of approx- 
imately pH 5. Type A gelatin acts best as an emulsifier around 
pH 3, where it is positively charged; on the other hand, Type B 
gelatin is best used around pH 8, where it is negatively 
charged. The question as to whether the gelatin is positively or 
negatively charged is fundamental to the stability of the emul- 
sion when other charged emulsifying agents are present. To 
avoid an incompatibility, all emulsifying agents should carry 
the same sign. Thus, if gums (such as tragacanth, acacia, or 
agar) that are negatively charged are to be used with gelatin, 
then Type B material should be used at an alkaline pH. Under 
these conditions the gelatin is similarly negatively charged. 
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Lecithin is an emulsifier obtained from both plant (eg, soy- 
bean) and animal (eg, egg yolk) sources and is composed of 
various phosphatides. The primary component of most leci- 
thins is phosphatidylcholine and the term “lecithin” is often 
used to describe purified samples of phosphatidylcholine. Fre- 
quently, lecithins that are used as emulsifiers also contain 
mixtures of phosphatides, including phosphatidylserine, phos- 
phatidylinositol, phosphatidylethanolamine, and phosphatidic 
acid in addition to phosphatidylcholine. Although phosphati- 
dylcholine is a zwitterionic compound, the presence of other 
phosphatides such as phosphatidylinositol and phosphatidic 
acid, as well as small quantities of lysophosphatides, result in 
an emulsifier that imparts a net negative charge to dispersed 
particles. 

Lecithin can be an excellent emulsifier for naturally occur- 
ring oils such as soy, corn, or safflower. Highly stable O/W 
emulsions can be formed with these oils. Purified lecithins from 
soy or egg yolk are the principal emulsifiers for intravenous fat 
emulsions. Lecithin provides stable emulsions with droplet 
sizes of less than 1 ym in diameter. It is critical that a small, 
uniform particle size be maintained in these emulsions to elim- 
inate the risks of fat embolism after intravenous injection. The 
excellent stability observed with these emulsions may a result 
of the large negative zeta potential that results from the small 
quantity of charged lipids present in lecithin as well as the 
ability of the lecithin to form mesophases resembling lipo- 
somes. During manufacture of the emulsions, homogenization 
produces small droplets that are surrounded by concentric lay- 
ers of phospholipids. The latter may form a protective layer 
that prevents coalescence of the droplets. As an emulsifier, 
lecithin produces the best results at a pH of around 8. 

As with any natural product, the content of lecithins will 
vary from source to source and their emulsifying properties and 
toxicity may also vary. For highly critical applications, such as 
intravenous emulsions, the source and composition of the leci- 
thin must be carefully controlled and monitored. 

Cholesterol is a major constituent of wool alcohols, obtained 
by the saponification and fractionation of wool fat. It is choles- 
terol that gives wool fat its capacity to absorb water and form 
a W/O emulsion. 

FINELY DISPERSED SOLIDS—Finely dispersed solids 
are emulsifiers that form particulate films around the dis- 
persed droplets, producing emulsions that are coarse-grained 
but have considerable physical stability. It appears possible 
that any solid can act as an emulsifying agent of this type, 
provided it is reduced to a sufficiently fine powder. In practice, 
the group of compounds used most frequently are the colloidal 
clays. 

Bentonite is a white to gray, odorless and tasteless powder 
that swells in the presence of water to form a translucent 
suspension with a pH of about 9. Depending on the sequence of 
mixing it is possible to prepare both O/W and W/O emulsions. 
When an O/W emulsion is desired, the bentonite is first dis- 
persed in water and allowed to hydrate so as to form a magma. 
The oil phase is then added gradually with constant titration. 
Because the aqueous phase is always in excess, the O/W emul- 
sion type is favored. To prepare a W/O emulsion, the bentonite 
is first dispersed in oil; the water is then added gradually. 

Although Veegum is used as a solid particle emulsifying 
agent, it is employed most extensively as a stabilizer in cos- 
metic lotions and creams. Concentrations of less than 1% Vee- 
gum will stabilize an emulsion containing anionic or nonionic 
emulsifying agents. 

AUXILIARY EMULSIFYING AGENTS—Auxiliary emul- 
sifying agents include those compounds that are normally in- 
capable themselves of forming stable emulsions. Their main 
value lies in their ability to function as thickening agents and 
thereby help stabilize the emulsion. Agents in common use are 
listed in Table 22-5. 


Emulsifying Agents and Emulsion Type 


For a molecule, ion, colloid, or particle to be active as an 
emulsifying agent, it must have some affinity for the interface 
between the dispersed phase and the dispersion medium. With 
the monolayer and multilayer films, the emulsifier is in solu- 
tion, and therefore it must be soluble to some extent in one or 
both of the phases. At the same time it must not be overly 
soluble in either phase; otherwise, it will remain in the bulk of 
that phase and not be adsorbed at the interface. This balanced 
affinity for the two phases also must be evident with finely 
divided solid particles used as emulsifying agents. If their 
affinity, as evidenced by the degree to which they are wetted, is 
either predominantly hydrophilic or hydrophobic, they will not 
function as effective wetting agents. 

The great majority of the work on the relation between 
emulsifier and emulsion type has been concerned with surface- 
active agents that form interfacial monolayers. Thus, the 
present discussion will concentrate on this class of agents. 

HYDROPHILE-LIPOPHILE BALANCE—As the emul- 
sifier becomes more hydrophilic, its solubility in water in- 
creases and the formation of an O/W emulsion is favored. 
Conversely, W/O emulsions are favored with the more l- 
pophilic emulsifiers. This led to the concept that the type of 
emulsion is related to the balance between hydrophilic and 
lipophilic solution tendencies of the surface-active emulsifying 
agent. 

Griffin'® developed a scale based on the balance between 
these two opposing tendencies. This so-called HLB scale is a 
numerical scale, extending from 1 to approximately 50. The 
more hydrophilic surfactants have high HLB numbers (in ex- 
cess of 10), whereas surfactants with HLB numbers from 1 to 
10 are considered to be lipophilic. Surfactants with a proper 
balance in their hydrophilic and lipophilic affinities are effec- 
tive emulsifying agents because they concentrate at the oil— 
water interface. The relationship between HLB values and the 
application of the surface-active agent is shown in Table 22-6. 
Some commonly used emulsifiers and their HLB numbers are 
listed in Table 22-7. The utility of the HLB system in rational- 
izing the choice of emulsifying agents when formulating an 
emulsion will be discussed in a later section. 

RATE OF COALESCENCE AND EMULSION TYPE— 
Davies’? indicated that the type of emulsion produced in sys- 
tems prepared by shaking is controlled by the relative coales- 
cence rates of oil droplets dispersed in the oil. Thus, when a 
mixture of oil and water is shaken together with an emulsifying 
agent, a multiple dispersion is produced initially that contains 
oil dispersed in water and water dispersed in oil (see Fig 
22-5).The type of the final emulsion that results depends on 
whether the water or the oil droplets coalesce more rapidly. If 
the O/W coalescence rate (Rate 1) is much greater than W/O 
coalescence rate (Rate 2), a W/O emulsion is formed because 
the dispersed water droplets are more stable than the dis- 
persed oil droplets. Conversely, if Rate 2 is significantly faster 
than Rate 1, the final emulsion is an O/W dispersion because 
the oil droplets are more stable. 

According to Davies,!* the rate at which oil globules coalesce 
when dispersed in water is given by the expression 


Rate 1 = CjeWi/er (8) 


Table 22-6. Relationship between HLB Range and 
Surfactant Application 


HLB RANGE USE 
0-3 Antifoaming agents 
4-6 W/O emulsifying agents 
7-9 Wetting agents 
8-18 OW emulsifying agents 

13-15 Detergents 

10-18 Solubilizing agents 


Table 22-7. Approximate HLB Values for a Number 
of Emulsifying Agents 


GENERIC OR CHEMICAL NAME HLB WATER DISPERSIBILITY 
Sorbitan trioleate 1.8 No dispersion 
Sucrose distearate 3.0 
Propylene glycol monostearate 3.4 
Glycerol monostearate 

(non-self-emulsifying) 3.8 Poor dispersion 
Propylene glycol monolaurate 4.5 
Sorbitan monostearate 4.7 
Glyceryl monostearate 

(self-emulsifying) 55 
Sorbitan monolaurate 8.6 Milky dispersion 
Polyoxyethylene-4-lauryl ether 95 
Polyethylene glycol 400 

monostearate 11.6 Translucent to clear 
Polyoxyethylene-4-sorbitan 

monolaurate (38) Clear solution 
Sucrose stearate 14.5 
Polyoxyethylene-20-sorbitan 

monopalmitate 15.6 
Polyoxyethylene-40-stearate 16.9 
Sodium oleate 18.0 
Sodium lauryl! sulfate 40.0 


The term C;, is a collision factor that is directly proportional to 
the phase volume of the oil relative to the water, and is an 
inverse function of the viscosity of the continuous phase (wa- 
ter). W, defines an energy barrier made up of several contrib- 
uting factors that must be overcome before coalescence can 
take place. First, it depends on the electrical potential of the 
dispersed oil droplets, as this affects repulsion. Second, with an 
O/W emulsion, the hydrated layer surrounding the polar por- 
tion of emulsifying agent must be broken down before coales- 
cence can occur. This hydrated layer is probably around 1 nm 
thick with a consistency of butter. Finally, the total energy 
barrier depends on the fraction of the interface covered by the 
emulsifying agent. 

Equation 9 describes the rate of coalescence of water glob- 
ules dispersed in oil: 


Rate 2 = Cye-W2/R? (9) 


Here, the collision factor C. is a function of the water—oil phase 
volume ratio divided by the viscosity of the oil phase. The 
energy barrier W, is, as before, related to the fraction of the 
interface covered by the surface-active agent. Another contrib- 
uting factor is the number of —CH.,— groups in the emulsify- 
ing agent; the longer the alkyl chain of the emulsifier, the 
greater the gap that has to be bridged if one water droplet is to 
combine with a second drop. 

Davies’? showed that the HLB concept is related to the 
distribution characteristics of the emulsifying agent between 
the two immiscible phases. An emulsifier with an HLB of less 
than 7 will be preferentially soluble in the oil phase and will 
favor formation of a W/O emulsion. Surfactants with an HLB 
value in excess of 7 will be distributed in favor of the aqueous 
phase and will promote O/W emulsions. 


PREPARATION OF EMULSIONS 

ESE LS DE A TP TE EL SI TE 
Several factors must be taken into account in the successful 
preparation and formulation of emulsified products. Usually, 
the type of emulsion (ie, O/W or W/O) is specified; if not, it 
probably will be implied from the anticipated use of the prod- 
uct. The formulator’s attention is focused primarily on the 
selection of the emulsifying agent, or agents, necessary to 
achieve a satisfactory product. No incompatibilities should oc- 
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cur between the various emulsifiers and the several compo- 
nents commonly present in pharmaceutical emulsions. Finally, 
the product should be prepared in such a way as not to preju- 
dice the formulation. 


Selection of Emulsifying Agents 


The selection of the emulsifying agent or agents is of prime 
importance in the successful formulation of an emulsion. The 
pharmacist must ensure that, in addition to its emulsifying 
properties, the material chosen is nontoxic and that the taste, 
odor, and chemical stability are compatible with the product. 
Thus, an emulsifying agent that is entirely suitable for inclu- 
sion in a skin cream may be unacceptable in the formulation of 
an oral preparation due to its potential toxicity. This consid- 
eration is most important when formulating intravenous 
emulsions. 

THE HLB SYSTEM— With the increasing number of avail- 
able emulsifiers, particularly the nonionics, the selection of 
emulsifiers for a product was essentially a trial-and-error pro- 
cedure. Fortunately, the work of Griffin'®1’ provided a logical 
means of selecting emulsifying agents. Griffin’s method, based 
on the balance between the hydrophilic and lipophilic portions 
of the emulsifying agent, is now widely used and has come to be 
known as the HLB system. It is used most in the rational 
selection of combinations of nonionic emulsifiers, and we shall 
limit our discussion accordingly. 

As shown in Table 22-6, if an O/W emulsion is required, the 
formulator should use emulsifiers with an HLB in the range of 
8 to 18. Emulsifiers with HLB values in the range of 4 to 6 are 
given consideration when a W/O emulsion is desired. Some 
typical examples are given in Table 22-7. 

Another factor is the presence or absence of any polarity in 
the material being emulsified, because this will affect the po- 
larity required in the emulsifier. Again, as a result of extensive 
experimentation, Griffin evolved a series of “required HLB” 
values—that is, the HLB value required by a particular mate- 
rial if it is to be emulsified effectively. Some values for oils and 
related materials are contained in Table 22-8. Naturally, the 
required HLB value differs depending on whether the final 
emulsion is O/W or W/O. 

Fundamental to the utility of the HLB concept is the fact 
that the HLB values are algebraically additive. Thus, by using 
alow HLB surfactant with one having a high HLB it is possible 
to prepare blends having HLB values intermediate between 
those of the two individual emulsifiers. The following formula 
serves as an example. 


O/W Emulsion 


Liquid petrolatum (Required HLB 10.5) ........cececeeeessseeeeeeeees 50 g 
Emoullsifyin ggac en tae ee srcesn tees: eee sorter tear age coasters cyst snes ana 5g 
Sorbitan monooleate (HLB 4.3) 
Polyoxyethylene 20 sorbitan monoleate (HLB 15.0) 
WY COIN CS are ter stent sac esee ss wot rasta ieee Sons acecicndat a saape iaanitua avast aareses acces 100 g 


By simple algebra it can be shown that 4.5 parts by weight of 
sorbitan monooleate blended with 6.2 parts by weight of 


Table 22-8. Required HLB Values for Some Common 
Emulsion Ingredients 


nn eR RE ES PI EE 


SUBSTANCE w/o OW 
Acid, stearic — 17.0 
Alcohol, cetyl — 13.0 
Lanolin, anhydrous 8 15.0 
Oil, cottonseed — eS 
Mineral oil, light 4 10-12.0 
Mineral oil, heavy 4 10.5 
Wax, beeswax 5 10-16.0 
Microcrystalline — Ss 
Paraffin a 9.0 
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polyoxyethylene 20 sorbitan monooleate will result in a mixed 
emulsifying agent having the required HLB of 10.5. Because 
the formula calls for 5 g, the required weights are 2.1 and 2.9 g, 
respectively. The oil-soluble sorbitan monooleate is dissolved in 
the oil and heated to 75°; the water-soluble polyoxyethylene 20 
sorbitan monooleate is added to the aqueous phase that is 
heated to 70°. At this point the oil phase is mixed with the 
aqueous phase and the whole is stirred continuously until cool. 

The formulator is not restricted to these two agents to 
produce a blend with an HLB of 10.5. Table 22-9 shows the 
various proportions required, using other pairs of emulsifying 
agents, to form a blend of HLB 10.5. When carrying out pre- 
liminary investigations with a particular material to be emul- 
sified, it is advisable to try several pairs of emulsifying agents. 
Based on an evaluation of the emulsions produced, it becomes 
possible to choose the best combination. 

Occasionally, the required HLB of the oil may not be known, 
in which case it becomes necessary to determine this parame- 
ter. Various blends are prepared to give a wide range of HLB 
mixtures and emulsions are prepared in a standardized man- 
ner. The HLB of the blend used to emulsify the best product, 
selected on the basis of physical stability, is taken to be the 
required HLB of the oil. The experiment should be repeated 
using another combination of emulsifiers to confirm the value 
of the required HLB of the oil to within, say, + 1 HLB unit. 

There are methods for finding the HLB value of a new 
surface-active agent. Griffin'’ developed simple equations that 
can be used to obtain an estimate with certain compounds. It 
has been shown that the ability of a compound to spread at a 
surface is related to its HLB. In another approach a linear 
relation between HLB and the logarithm of the dielectric con- 
stant for a number of nonionic surfactants has been observed. 

An interesting approach, developed by Davies,‘ is related 
to his studies on the relative rates of coalescence of O/W and 
W/O emulsions (page 329). According to Davies, hydrophilic 
groups on the surfactant molecule make a positive contribution 
to the HLB number, whereas lipophilic groups exert a negative 
effect. Davies calculated these contributions and termed them 
HLB Group Numbers (Table 22-10). Provided the molecular 
structure of the surfactant is known, one simply adds the 
various group numbers in accordance with the following 
formula: 


HLB = S(hydrophilic group numbers) 
— m(group number/—CH,—group) + 7 


where m is the number of —CH,— groups present in the 
surfactant. Poor agreement is found between the HLB values 
calculated by the use of group numbers and the HLB values 
obtained using the simple equations developed by Griffin. How- 
ever, the student should realize that the absolute HLB values 
per se are of limited significance. The utility of the HLB ap- 
proach (using values calculated by either Griffin’s or Davies’ 
equations) is to 
1. Provide the formulator with an idea of the relative balance of 
hydrophilicity and lipophilicity in a particular surfactant. 
2. Relate that surfactant’s emulsifying and solubilizing properties to 
other surfactants. The formulator still needs to confirm experimen- 
tally that a particular formulation will produce a stable emulsion. 


Table 22-9. Nonionic Blends Having HLB Values of 10.5 
REQUIRED AMOUNTS (%) 


SURFACTANT BLEND HLB TO GIVE HLB = 10.5 
Sorbitan tristearate Ds 34.4 
Polyoxyethylene 20 sorbitan 

monostearate 14.9 65.6 
Sorbitan monopalmitate 6.7 Wis 
Polyoxyethylene 20 sorbitan 

monopalmitate 15.6 42.7 
Sorbitan sesquioleate By, 48.5 
Polyoxyethylene lauryl ether 16.9 Sis 


Table 22-10. HLB Group Numbers 
. GROUP NUMBER 


Hydrophilic groups 


—SO, Na‘ 38.7 
—Ccoo K’' Ziel 
—COO Na’ 19.1 
N (tertiary amine) 9.4 
Ester (sorbitan ring) 6.8 
Ester (free) 2.4 
—COOH 2a 
Hydroxyl (free) 1.9 
—O— 3} 
Hydroxyl (sorbitan ring) 0.5 
Lipophilic groups 
—CH,— 
CH;— ~0.475 
=CH— 
Derived groups 
—(CH,—CH,—O)— +0.33 
(CH,—CH,—CH,—O) —0.15 


Source: Wedderburn 1964.18 


Later, Davies and Rideal'® attempted to relate HLB to the 
C\ater/C oi; partition coefficient and found good agreement for a 
series of sorbitan surfactants. Schott showed, however, that the 
method does not apply to polyoxyethylated octylphenol surfac- 
tants. Schott concluded that “so far, the search for a universal 
correlation between HLB and another property of the surfac- 
tant that could be determined more readily than HLB has not 
been successful.”’® 

The HLB system gives no information as to the amount of 
emulsifier required. Having once determined the correct blend, 
the formulator must prepare another series of emulsions, all at 
the same HLB, but containing increasing concentrations of the 
emulsifier blend. Usually, the minimum concentration giving 
the desired degree of physical stability is chosen. 

When varying the amounts of emulsifier in an emulsion it is 
useful to consider the use of a phase diagram to select the 
proper ratio of oil/water/surfactant. The use of the phase dia- 
gram to aid in the formulation of emulsions has been discussed 
by Swarbrick.?° This approach can provide a systematic way to 
optimize an emulsion formulation and help to identify the 
existence of liquid crystalline phases that, when present in an 
emulsion formulation, can enhance the stability. Because liq- 
uid crystals exhibit birefringence, observation of prototype 
emulsions under polarized light microscopy can be a useful tool 
to identify combinations of water—oil and emulsifier that pro- 
duce liquid crystals. It should be noted that liquid crystals are 
often formed when relatively high concentrations (eg, 20% or 
more) of surfactant are used in a formulation. The toxicity 
of the emulsifier for the intended use (eg, topical, oral, or 
parenteral) must be considered in addition to the physical 
characteristics. 

MIXED EMULSIFYING AGENTS—Emulsifying agents 
are frequently used in combination because a better emulsion 
usually is obtained. This enhancement may be due to several 
reasons, one or more of which may be operative in any one 
system. Thus, the use of a blend or mixture of emulsifiers may 
1. Produce the required hydrophile—lipophile balance in the emulsi- 

fier. 

2. Enhance the stability and cohesiveness of the interfacial film. 
3. Affect the consistency and feel of the product. 


The first point has been considered in detail in the previous 
discussion of the HLB system. 

With regard to the second point, Schulman and Cockbain in 
1940 showed that combinations of certain amphiphiles formed 
stable films at the air—water interface. It was postulated that 
the complex formed by these two materials (one, oil-soluble; the 
other, water-soluble) at the air—water interface was also 


present at the O/W interface. This interfacial complex was held 
to be responsible for the improved stability. For example, so- 
dium cetyl sulfate, a moderately good O/W emulsifier, and 
elaidyl alcohol or cholesterol, both stabilizers for W/O emul- 
sions, show evidence of an interaction at the air—water inter- 
face. Furthermore, an O/W emulsion prepared with sodium 
cetyl sulfate and elaidyl alcohol is much more stable than an 
emulsion prepared with sodium cetyl sulfate alone. 

Elaidyl alcohol is the trans isomer. When oleyl alcohol, the 
cis isomer, is used with sodium cetyl sulfate, there is no evi- 
dence of complex formation at the air—water interface. Signif- 
icantly, this combination does not produce a stable O/W emul- 
sion either. Such a finding strongly suggests that a high degree 
of molecular alignment is necessary at the O/W interface to 
form a stable emulsion. This high degree of molecular align- 
ment may be a prerequisite event for the formation of lamellar 
liquid crystalline phases. As illustrated in Figure 22-7, the 
combination of certain long chain acids and alcohols with water 
can result in the formation of micelles and liquid crystals. If the 
correct ratios of water, acid and alcohol are maintained at an 
oil-water interface, enhanced stability can result from the 
presence of the liquid crystalline phase. 

When using combinations of emulsifiers, care must be taken 
to ensure their compatibility, as charged emulsifying agents of 
opposite sign are likely to interact and coagulate when mixed. 

STERIC STABILIZATION—Many useful nonionic surfac- 
tants consist of hydrophobic portions composed of fatty acids or 
other lipophilic organic compounds and hydrophilic portions 
composed of polyoxyethylene chains. When used to prepare 
O/W emulsions, the oxyethylene chains protrude into the aque- 
ous side of the O/W interface while the hydrophobic portion of 
the emulsifier will be primarily located in the oil side. As in the 
case of suspensions, approaching oil droplets will be influenced 
by van der Waals attractive forces as well as repulsive forces. 
For an emulsion that is stabilized by a non-ionic surfactant, the 
repulsive forces consist of electrostatic and non-electrostatic 
forces. The electrostatic repulsive forces are similar to those 
discussed for suspensions and depend largely upon the zeta 
potential of the oil droplets. 
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Figure 22-7. Phase diagram illustrating the formation of micellar 
and liquid crystalline phases in mixtures of a long-chain alcohol, 
long-chain acid, and water. Compositions that form the lamellar 
liquid crystalline phase can provide enhanced emulsion stability. 
(Reprinted with permission°). 
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Non-electrostatic forces may also arise from a phenomenon 
that is frequently described as steric stabilization. This effect 
has been explained as follows. First, as emulsion droplets ap- 
proach, the adsorbed layers of surfactant on each droplet begin 
to mix. The hydrophilic oxyethylene chains behave as soluble 
polymers; as their concentration increases in the region of 
interfacial mixing, segments of the polymers from separate 
droplets compete for water molecules. This results in restricted 
movement of the polymer chains or a loss of entropy. Likewise, 
a positive heat of solution (enthalpy) may result from the 
mixing of the polymers in the interfaces. The loss of entropy 
and/or increase in enthalpy results in an increase in the free 
energy of mixing, meaning that spontaneous mixing in the 
interfacial region is not favorable. The particles will tend to 
separate in order to reverse the temporary increase in the free 
energy of mixing. 

An additional effect that causes repulsion of the droplets 
may be a result of the increased osmotic pressure that results 
in the area of contact between the two emulsion droplets. The 
concentration of oxyethylene groups in the region of overlap 
between the two droplets increases, necessitating an influx of 
water into the region. This increase in osmotic pressure has the 
effect of forcing the droplets apart. Thus, in addition to their 
favorable effect of reducing interfacial tension, nonionic surfac- 
tants that possess long, hydrophilic chains provide additional 
emulsion stabilization via the energetically unfavorable result 
of mixing of polymer chains at the droplet—droplet interface. 


Method of Preparation 


Different methods are employed, depending on the type of 
emulsifying agent used and the scale of manufacture. Tradi- 
tionally, the mortar and pestle was used for the small scale 
preparation of emulsions stabilized by the presence of such 
agents as acacia and tragacanth. However, the use of these 
agents has declined drastically in recent years; as a result, the 
use of the mortar and pestle has declined as well. (Refer to the 
18th edition of this text, page 306, for details of the mortar and 
pestle method.) 

An increasing number of emulsions are being formulated 
with synthetic emulsifying agents, especially of the nonionic 
type. The components in such a formulation are separated 
into those that are oil-soluble and those that are water- 
soluble. These are dissolved in their respective solvents by 
heating to about 70° to 75°. When solution is complete, the 
two phases are mixed and the product is stirred until cool. 
This method, which requires nothing more than two beakers, 
a thermometer, and a source of heat, is necessarily used in 
the preparation of emulsions containing waxes and other 
high-melting-point materials that must be melted before 
they can be dispersed in the emulsion. The relatively simple 
methodology involved in the use of synthetic surfactant-type 
emulsifiers is one factor that has led to their widespread use 
in emulsion preparation. This, in turn, has led to a decline in 
the use of the natural emulsifying agents. 

With hand homogenizers, an initial rough emulsion is 
formed by trituration in a mortar or shaking in a bottle. The 
rough emulsion then is passed several times through the ho- 
mogenizer. A reduction in particle size is achieved as the ma- 
terial is forced through a narrow aperture under pressure. A 
satisfactory product invariably results from the use of a hand 
homogenizer and overcomes any deficiencies in technique. 
Should the homogenizer fail to produce an adequate product, 
the formulation, rather than the technique, should be suspected. 

For a discussion of the techniques and equipment used in 
the large-scale manufacture of emulsions, see Chapter 39. 
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STABILITY OF EMULSIONS 


Several criteria must be met in a well-formulated emulsion. 
Probably the most important and most readily apparent re- 
quirement is that the emulsion possess adequate physical sta- 
bility; without this, any emulsion soon will revert back to two 
separate bulk phases. In addition, if the emulsified product is 
to have some antimicrobial activity (eg, a medicated lotion), 
care must be taken to ensure that the formulation possesses 
the required degree of activity. Frequently, a compound exhib- 
its a lower antimicrobial activity in an emulsion than, say, ina 
solution. Generally, this is because of partitioning effects be- 
tween the oil and water phases, which cause a lowering of the 
effective concentration of the active agent. Partitioning has also 
to be taken into account when considering preservatives to 
prevent microbiological spoilage of emulsions. Finally, the 
chemical stability of the various components of the emulsion 
should receive some attention, as such materials may be more 
prone to degradation in the emulsified state than when they 
exist as a bulk phase. 

In the present discussion, detailed consideration will be 
limited to the question: of physical stability. Reviews of this 
topic have been published by Garrett?’ and Kitchener and 
Mussellwhite.”* For information on the effect that emulsifica- 
tion can have on the biologic activity and chemical stability 
of materials in emulsions, see Wedderburn,”’ Burt”* and 
Swarbrick.”° 

The theories of emulsion stability have been discussed by 
Eccleston’ in an attempt to understand the situation in both a 
simple O/W emulsion and complex commercial systems. A re- 
cent review by the same author’” has discussed the stability of 
multiple phase emulsions and the role of bilayer gels and liquid 
crystalline phases on the physical stability of these systems. 

The three major phenomena associated with physical sta- 
bility are 
1. The upward or downward movement of dispersed droplets rela- 

tive to the continuous phase, termed creaming or sedimentation, 

respectively. 

2. The aggregation and possible coalescence of the dispersed droplets 
to reform the separate, bulk phases. 

3. Inversion, in which an O/W emulsion inverts to become a W/O 
emulsion and vice versa. 


CREAMING AND SEDIMENTATION—Creaming is the 
upward movement of dispersed droplets relative to the contin- 
uous phase; sedimentation, the reverse process, is the down- 
ward movement of particles. In any emulsion one process or the 
other takes place, depending on the densities of the disperse 
and continuous phases. This is undesirable in a pharmaceuti- 
cal product where homogeneity is essential for the administra- 
tion of the correct and uniform dose. Furthermore, creaming, or 
sedimentation, brings the particles closer together and may 
facilitate the more serious problem of coalescence. 

The rate at which a spherical droplet or particle sediments 
in a liquid is governed by Stokes’ law (Equation 3). Other 
equations have been developed for bulk systems, but Stokes’ 
equation is still useful because it points out the factors that 
influence the rate of sedimentation or creaming. These are the 
diameter of the suspended droplets, the viscosity of the sus- 
pending medium, and the difference in densities between the 
dispersed phase and the dispersion medium. 

Usually, only the use of the first two factors is feasible in 
affecting creaming or sedimentation. Reduction of particle size 
contributes greatly toward overcoming or minimizing cream- 
ing, because the rate of movement is a square-root function of 
the particle diameter. There are, however, technical difficulties 
in reducing the diameter of droplets to below about 0.1 um. The 
most frequently used approach is to raise the viscosity of the 
continuous phase, although this can be done only to the extent 
that the emulsion still can be removed readily from its con- 
tainer and spread or administered conveniently. 


AGGREGATION AND COALESCENCE—Even though 
creaming and sedimentation are undesirable, they do not 
necessarily result in the breakdown of the emulsion, as the 
dispersed droplets retain their individuality. Furthermore, 
the droplets can be redispersed with mild agitation. More 
serious to the stability of an emulsion are the processes of 
aggregation and coalescence. In aggregation (flocculation) 
the dispersed droplets come together but do not fuse. Coales- 
cence, the complete fusion of droplets, leads to a decrease in 
the number of droplets and the ultimate separation of the 
two immiscible phases. Aggregation precedes coalescence in 
emulsions; however, coalescence does not necessarily follow 
from aggregation. Aggregation is, to some extent, reversible. 
Although it is not as serious as coalescence, it will accelerate 
creaming or sedimentation, because the aggregate behaves 
as a single drop. 

Aggregation is related to the electrical potertial on the 
droplets, but coalescence depends on the structural proper- 
ties of the interfacial film. As discussed previously, it has 
been recognized that combinations of emulsifiers produce 
more stable emulsions than a single emulsifier alone. One 
reason for this synergy, as suggested by Shulman and Cock- 
bain, is that appropriate combinations of surfactants form 
densely packed complex films at the oil-water interface. 
Additional beneficial effects of mixed emulsifier films could 
result from an increase in viscosity of the interfacial emul- 
sifier film. A viscous interfacial film could enhance emulsion 
stability because thinning of the film at the points of droplet 
to droplet contact would be inhibited. An additional 
explanation for the beneficial effect of mixed-film emulsifiers 
suggests that appropriate mixtures of surfactants provide a 
more elastic interfacial film. A more elastic interfacial 
film would resist rupture upon collision of emulsion 
droplets. 

It has also been observed that when emulsifiers are com- 
bined in certain concentrations and proportions, liquid crys- 
talline phases can be formed. The preparation of emulsions 
with surfactants that form liquid crystalline states can have 
greater stability against coalescence compared to emulsions 
that are formulated in the absence of liquid crystalline 
states. Friberg and Larson”® have explained the enhanced 
stability of emulsions due to liquid crystals in terms of a 
reduced van der Waals attraction between emulsion drop- 
lets. Such an effect depends upon the formation of layers or 
lamellae around the emulsion droplets. Each layer of liquid 
crystal contributes to a further reduction in the van der 
Waals attractive force. 

An additional effect of liquid crystals may be related to the 
high viscosity that often is observed upon their formation. 
Liquid crystals possess a viscosity that is on the order of 100- 
fold greater than most oil-water interfaces. The high viscosity 
may result in reduced rates of coalescence. A key factor that 
may be important for the stabilizing effect of liquid crystals is 
the location of the liquid crystalline phase in relation to the 
dispersed droplets. To effectively inhibit coalescence, the liquid 
crystals should concentrate at the interface between the drop- 
let and the continuous phase. This may not occur with all 
oil-water—surfactant combinations. 

Particle-size analysis can reveal the tendency of an emul- 
sion to aggregate and coalesce long before any visible signs of 
instability are apparent. The methods available have been 
reviewed by Groves and Freshwater.’ 

INVERSION—An emulsion is said to invert when it 
changes from an O/W to a W/O emulsion, or vice versa. Inver- 
sion sometimes can be brought about by the addition of an 
electrolyte or by changing the phase-volume ratio. For exam- 
ple, an O/W emulsion having sodium stearate as the emulsifier 
can be inverted by the addition of calcium chloride, because the 
calcium stearate formed is a lipophilic emulsifier and favors the 
formation of a W/O product. 

Inversion often can be seen when an emulsion, prepared 
by heating and mixing the two phases, is being cooled. This 


takes place presumably because of the temperature-dependent 
changes in the solubilities of the emulsifying agents. The phase 
inversion temperature (PIT) of nonionic surfactants has been 
shown by Shinoda and Kunieda”* to be influenced by the HLB 
number of the surfactant—the higher the PIT value, the 
greater the resistance to inversion. 


Yj 


All dosage forms must be capable of releasing the drug in a 
known and consistent manner following administration to the 
patient. Both the rate and extent of release are important. 
Ideally, the extent of release should approach 100%, while the 
rate of release should reflect the desired properties of the 
dosage form. For example, with products designed to have a 
rapid onset of activity, the release of drug should be immediate. 
With a long-acting product, the release should take place over 
several hours or days, depending on the type of product used. 
The rate and extent of drug release should be reproducible from 
batch to batch of the product, and should not change during 
shelf-life. 

The principles on which biopharmaceutics is based are dealt 
with in some detail in Chapters 57 to 59. Although most pub- 
lished work in this area has been concerned with the bioavail- 
ability of solid dosage forms administered by the oral route, the 
rate and extent of release from both suspensions and emulsions 
are also important and so must be considered in some detail. 

BIOAVAILABILITY FROM SUSPENSIONS—Suspen- 
sions of a drug may be expected to demonstrate improved 
bioavailability compared to the same drug formulated as a 
tablet or capsule. This is because the suspension already con- 
tains discrete drug particles, whereas tablet dosage forms must 
invariably undergo disintegration in order to maximize the 
necessary dissolution process. Frequently, antacid suspensions 
are perceived as being more rapid in action and therefore more 
effective than an equivalent dose in the form of tablets. Bates et 
al?® observed that a suspension of salicylamide was more rap- 
idly bioavailable, at least during the first hour following ad- 
ministration, than two different tablet forms of the drug; this 
study was also able to demonstrate a correlation between the 
initial in vitro dissolution rates for the several dosage forms 
studied and the initial rates of in vivo absorption. A similar 
argument can be developed for hard gelatin capsules, where 
the shell must rupture or dissolve before drug particles are 
released and can begin the dissolution process. Such was ob- 
served by Antal et al®° in a study of the bioavailability of 
several doxycycline products, including a suspension and hard 
gelatin capsules. Sansom et al*! found that mean plasma phe- 
nytoin levels were higher after the administration of a suspen- 
sion than when an equivalent dose was given as either tablets 
or capsules. It was suggested that this might have been due to 
the suspension having a smaller particle size. 

In common with other products in which the drug is present 
in the form of solid particles, the rate of dissolution, and thus 
potentially the bioavailability of the drug in a suspension, can 
be affected by such factors as particle size and shape, surface 
characteristics, and polymorphism. Strum et al*? conducted a 
comparative bioavailability study involving two commercial 
brands of sulfamethiazole suspension (Product A and Product 
B). Following administration of the products to 12 normal 
individuals and blood samples taken at predetermined times 
over a period of 10 hr, the Strum study found no statistically 
significant difference in the extent of drug absorption from the 
two suspensions. The absorption rate, however, differed, and 
from in vitro studies it was concluded that product A dissolved 
faster than Product B, and that the former contained more 
particles of smaller size than the latter, differences that may be 
responsible for the more rapid dissolution of particles in Prod- 
uct A. Product A also provided higher serum levels during in 
vivo tests 0.5 hr after administration. The results showed that 
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Apart from work on PIT values, little quantitative work has 
been carried out on the process of inversion; nevertheless, it 
would appear that the effect can be minimized by using the 
proper emulsifying agent in an adequate concentration. Wher- 
ever possible, the volume of the dispersed phase should not 
exceed 50% of the total volume of the emulsion. 


the rate of absorption of sulfamethiazole from a suspension 
depended on the rate of dissolution of the suspended particles, 
which in turn was related to particle size. Previous studies***4 
had shown the need to determine the dissolution rate of sus- 
pensions to gain information as to the bioavailability of drugs 
from this type of dosage form. 

The viscosity of the vehicle used to suspend the particles has 
been found to have an effect on the rate of absorption of nitro- 
furantoin but not the total bioavailability. Thus Soci and Par- 
rott®’ were able to maintain a clinically acceptable urinary 
nitrofurantoin concentration for an additional 2 hr by increas- 
ing the viscosity of the vehicle. 

BIOAVAILABILITY FROM EMULSIONS—There are 
indications that improved bioavailability may result when a 
poorly absorbed drug is formulated as an orally administered 
emulsion. However, little research appears to have been done 
to directly compare emulsions and other dosage forms such as 
suspensions, tablets, and capsules; thus, it is not possible to 
draw unequivocal conclusions as to advantages of emulsions. If 
a drug with low aqueous solubility can be formulated so as to be 
in solution in the oil phase of an emulsion, its bioavailability 
may be enhanced. It must be recognized, however, that the 
drug in such a system has several barriers to pass before it 
arrives at the mucosal surface of the GI tract. 

For example, with an O/W emulsion, the drug must diffuse 
through the oil globule and then pass across the oil—water 
interface. This may be a difficult process, depending on the 
characteristics of the interfacial film formed by the emulsifying 
agent. In spite of this potential drawback, Wagner et al*° found 
that indoxole, a nonsteroidal anti-inflammatory agent, was 
significantly more bioavailable in an O/W emulsion than in 
either a suspension or a hard gelatin capsule. Bates and Se- 
queira®’ found significant increases in maximum plasma levels 
and total bioavailability of micronized griseofulvin when for- 
mulated in a corn O/W emulsion. In this case, however, the 
enhanced effect was not due to emulsification of the drug in the 
oil phase per se, but more probably because of the linoleic and 
oleic acids present having a specific effect on GI motility. 
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CHAPTER 23 
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Rheology is the branch of physics which deals with deformation 
and flow of matter. It is important in many fields. To the 
physiologist, rheology governs the circulation of blood and 
lymph through capillaries and large vessels, flow of mucus, 
bending of bones, stretching of cartilage, contraction of muscles 
and spreading of the gluteal region when sitting down. To the 
physician, the fluidity of solutions to be injected with hypoder- 
mic syringes or infused intravenously, flexibility of tubing used 
in catheters, extensibility of gut, action of fecal softeners and 
strength of sutures and ligatures are important rheological 
properties. To the pharmacist, rheology is important in the flow 
of emulsions through colloid mills and pumps, working oint- 
ments on slabs or roller mills, triturating suspensions in mor- 
tar and pestle, and mechanical properties of glass or plastic 
containers and of rubber closures. To the consumer, rheology 
comes into play when he squeezes toothpaste from a collapsible 
tube, spreads lotion on his skin or butter on a slice of bread or 
paint on a surface, writes with a pen, sprays liquids from 
atomizers or aerosol cans, chews food, hits balls with racket, 
paddle, bat or club, jumps on a trampoline or off a diving board, 
swims and lies down in bed and compresses the stuffing and 
metal springs in the mattress. 

From the rheological viewpoint, systems are solid if they 
preserve shape and volume, liquid if they preserve their vol- 
ume and gaseous if neither shape nor volume remains constant 
when forces are applied to them. Of the three systems, the 
transport properties of gases, described by the kinetic theory of 
gases, are best understood, but they are of minor importance in 
pharmacy. 

Ideal solids are deformed when stresses are applied to them 
but regain their original shape completely when the stresses 
are released. The ability to restore their shape is called elas- 
ticity. Similarly, liquids can be compressed to somewhat 
smaller volumes, but assume their original volumes when the 
pressure is released. The dividing line between solids and liq- 
uids is not clear-cut. As explained below, some systems which 
behave as elastic solids when subjected to small stresses and/or 
to moderate stresses of short duration will undergo permanent 
deformation, resembling very viscous liquids, if the stresses are 
larger and/or applied for longer periods of time. 


FUNDAMENTALS 


The concepts and quantitative aspects of rheology are de- 
scribed in this section. 


Elastic Solids 


When a ball (rubber ball, steel ball bearing or baseball) is 
dropped on the floor or hit with a bat, it is temporarily flattened 


at the point of impact. After the impact, the original spherical 
shape is restored. When one pulls on a rubber band, steel 
spring or muscle, it stretches or extends. On release, it resumes 
its original length. This behavior, characteristic of solids, is 
called elasticity. 

The force F producing the deformation, or the equal and 
opposite restoring force in the deformed solid, divided by the 
area A over which F is applied, is called stress. In the stretch- 
ing process, A is the cross-sectional area of the filaments, and 
the deformation is said to be in tension. Other modes of defor- 
mation are by bending or flexure, torsion, compression and 
shear. The deformation or strain of the stretched filaments, or 
their elongation, is the difference between their length while 
under tension, L, and their original length, L,, which is equal 
to the length after the stress is released, expressed as a fraction 
of the original length, namely, (L, — L,)/L,. 

For an ideal elastic solid, the stress is directly proportional 
to the strain. In tension 
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This relationship, called Hooke’s law, is obeyed by real solids at 
moderate stresses and strains sustained for short periods of 
time. The proportionality constant EF, called the modulus of 
elasticity or Young’s modulus, is a measure of the stiffness, 
hardness or resistance to elongation. There is also a modulus of 
shear or rigidity and a compression or bulk modulus. Tensile 
compliance is the reciprocal of Young’s modulus, or the ratio of 
strain to stress. 

In the CGS system, the units of stress are dynes/cm* or, 
since force = mass X acceleration, (g-cm/sec”)/em” = g/cm sec’. 
To convert dynes/cm? to the SI unit, Newton/m? or Pascal, 
divide by 10. Since strain is dimensionless, Young’s modulus 
has the same dimensions as stress. Modulus values for solids 
important in appliances, as packaging materials, and in phys- 
iology are listed in Table 23-1. 

Figure 23-1 shows representative stress-strain curves in 
tension, also called load-elongation curves. The cross-sectional 
area of a fiber or cylinder becomes smaller as the solid is 
stretched. Therefore, to calculate the actual or true tensile 
stresses, the forces are divided by A, = A,L,/L,; subscripts o 
designate the original dimensions and s those at each appro- 
priate elongation. Stress-strain curves often are plotted with 
the strain or extension, the dependent variable, on the ab- 
scissa!-> while consistency or flow curves (see below) usually 
are plotted with stress, the independent variable, on the ab- 
scissa.!2.5-8 The practice followed here is to plot stress on the 
ordinate for both stress-strain and consistency®.® curves, in 
order to make modulus and viscosity, respectively, the slopes 
rather than the reciprocal slopes of these curves. 

The characteristic portions in the representative stress- 
strain curve OLYAHB in Figure 23-1 are as follows.?-+ Hooke’s 
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Table 23-1. Values of Modulus of Elasticity 
of Representative Solids at Room Temperature 


MATERIAL YOUNG'S MODULUS dynes/cm? 
Steel DRS NON 
Glass Sx 110!" 
Potassium chloride 2310 
Silk, viscose rayon iS a0 
Microcrystalline cellulose eS 110" 
Polystyrene By e104 
Polyethylene (low density) ALN 0 
Rubber (vulcanized) DEanOs 
Tooth enamel ALTE SS (IO 
Bone DiPd Se Toy! 
Tendon tise 102 
Muscle 6 x 10° 
Soft tissue TS SOO 
Gelatin gels 

10% solids DIESE NOP 

20% solids 1.0 x 10° 

30% solids 1.5 x 10° 


law of proportionality between stress and strain is obeyed 
throughout the linear portion OL. The elastic modulus of the 
solid is the slope of OL or the tangent of the angle LOC. The 
material behaves elastically up’ to the yield point Y, where 
the stress is called yield stress. When stresses below the yield 
stress are applied to the sample and then released, it stretches 
and contracts along the same curve OLY. 

Beyond Y, the material behaves as a plastic, rather than as 
an elastic solid. Along the (nearly) horizontal portion YAH, the 
material is ductile; it flows or creeps under practically constant 
stress like a viscous liquid. If the stress is released at A, the 
sample retracts along AC. The nonrecoverable deformation OC 
is called permanent set. Many materials undergoing such “cold 
flow” are strengthened by some change in structure, causing an 
upturn HB in the stress-strain curve. This is called work (or 
strain) hardening. It may result from the elimination of flaws,! 
from a reduction in crystal size as in the case of metals? or from 
reversible crystallization on stretching, as in the case of homo- 
polymer elastomers.* 

At B, the sample ruptures; R is the elongation at (or:to) 
break or the ultimate elongation, and the stress corresponding 
to B is the ultimate strength or tensile strength. These values, 
as well as the load-elongation curve beyond Y, depend on the 
rate at which the sample is stretched. 


Stress 


oO Cc 


Elongation R 


Figure 23-1. Stress-strain curves in tension. Loads or tensile stresses 
are corrected for actual cross-sectional areas. 


A B 
Figure 23-2. Effect of shear on a rivet. 


The area OLYAHBRCO under the stress-strain curve is the 
energy or work required to break or rupture the material. It 
measures its toughness or brittleness. Glass is hard because of 
its high elastic modulus. Owing to the absence of a yield point 
and to a very low elongation to break, it is brittle as opposed to 
steel, which undergoes work hardening, has a high elongation 
to break and is tough. Plastics are medium-hard or soft. Those 
which exhibit comparatively high elongations at break, like 
polyethylene but unlike polystyrene, are tough. Vulcanized 
rubbers are tough even though they are soft (low elastic mod- 
ulus) because their elongation to break is very high, namely, 
600 to 800%. 


Liquids 


Compressive stresses are the only kind of stresses which liq- 
uids can support and from which they recover. All other 
stresses produce infinite deformation if applied long enough, so 
that the elastic and shear moduli of liquids are zero. 

Upon cutting a sheet of paper or of metal with scissors or 
shears, the deformation before severance is called shear. Push- 
ing a deck of playing cards sideways is also deformation in 
shear. In Figure 23-2, the upper of the two metal plates held 
together by a rivet is pulled by a tangential force, F, while the 
lower plate is held stationary. Shear stress, 7, is F divided by 
the cross-sectional area A of the rivet parallel to the force. The 
shear strain or deformation in shear, y, is the displacement y 
divided by the height, x, of the sheared or deformed portion of 
the rivet, as shown in Figure 23-2C. It equals the tangent of the 
displacement angle 6 which, at low @ values, is approximately 
equal to 6 expressed in radians. 


y=—= tan 0=6 (2) 


One can imagine a liquid contained between two very large, 
parallel plates as being divided into a stack of very thin, par- 
allel layers much like a deck of cards, as shown in Figure 23-3. 
Shear is applied to the liquid by pulling or pushing the top 
plate with a constant force F while holding the bottom plate 
stationary. The velocities of the liquid layers are represented 
by the arrows in Figure 23-3, whose length measures the mag- 
nitude of the velocities and which point in the direction of flow 
(y-direction). The top liquid layer, in contact with the moving 
plate, adheres to it and moves with the same velocity as the 
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Figure 23-3. Laminar flow of a liquid contained between two par- 
allel plates. 


plate. The second layer, adjacent to the top one, is dragged 
along by friction, but its velocity is reduced somewhat by the 
resistance of the layers beneath it. Each layer is pulled forward 
by the layer moving above it but is held back by the layer 
underneath it, over which it moves and which it drags along. 
The farther the liquid layers are from the moving plate, the 
smaller their velocities. The bottom layer adheres to the sta- 
tionary plate and has zero velocity. Thus, the velocity of the 
liquid layers increases in the direction x perpendicular to the 
direction of flow y. 

In due time, all layers except the bottom one undergo infi- 
nite deformation. What distinguishes one liquid from another 
is the rate at which the deformation increases with time. This 
is called rate of (deformation in) shear. It is represented by yj, 
which is the derivative of y with respect to time, ¢. An equiva- 
lent definition for 7 is as the velocity gradient, ie, the rate at 
which the velocity, v, changes with the distance, x, perpendic- 
ular to the direction of flow. 


Paya au 
ara teey: (3) 
The rate of shear or velocity gradient, 7, indicates how fast the 
liquid flows when a shear stress is applied to it. Its unit accord- 
ing to both definitions is sec ', since y is dimensionless, veloc- 
ity is expressed in cm/sec and x in cm. 

Equation 3 is illustrated by calculating the rate of shear 
when lotion is rubbed into the skin. If the hand (moving sur- 
face) slides across the skin (stationary surface) with a velocity 
v = 45 cm/sec and if the thickness of the lotion film isx = 0.05 
cm, the rate of shear is 7 = (45 cm/sec)/0.05 cm = 900 sec _'. For 
a given force and a constant viscosity, the rate of shear is 
uniform throughout the layer of lotion. Characteristic y values 
for pharmacy-related operations are listed in Table 23-2. Even 
for a given operation, the shear rate can vary within wide 
limits, depending on the dimensions of the equipment and the 
speed at which it is operated. 

The flow of liquids by parallel layers moving past each other 
and dragging adjacent layers along is called /aminar or stream- 
line flow. At higher velocities and/or if the plates have rough 
surfaces, eddies or swirls develop. This phenomenon is called 
turbulent flow and is described quantitatively in chemical en- 
gineering texts. 

NEWTONIAN FLOW—Newton? observed that the shear 
stress, 7, or force F divided by the area A of the plate, is directly 
proportional to the rate of shear or velocity gradient. The 
proportionality constant is called (coefficient of) viscosity, 1, 
while its reciprocal is called fluidity. 


ee ay (4) 


Viscosity or internal friction is the resistance to the relative 
motion of adjacent layers of liquid. According to Eq 4, it is 
calculated as the ratio of shear stress to rate of shear. In the 
CGS system, viscosity is defined as the tangential force per unit 
area in dynes/cm? required to maintain a difference in velocity 


Table 23-2. Approximate Shear Rate Levels 
for Pharmaceutical Operations 


RATE OF SHEAR, 


OPERATION sec | 

Pouring from a bottle 50 

Spreading lotion on skin, levigating ointment 400-1000 
on slab with spatula 

Injecting through hypodermic syringe 4000 

Dispensing nasal spray from plastic squeeze 20,000 
bottle 

Processing in colloid mill 10°-10° 
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Table 23-3. Newtonian Viscosities and Activation 
Energies for Viscous Flow? 


CARES EE ESE I IEE I RS PE EE Ce 


ACTIVATION 
ENERGY FOR 
TEMPERATURE, VISCOSITY, VISCOUS FLOW, 
MATERIAL Je POISE kcal/mole 
Water 20 0.0100 4.2 
50 0.0055 3.4 
99 0.0028 2.8 
Ethanol: 
absolute 20 0.0120 She) 
50 0.0070 3.3) 
40% w/w 20 0.0291 6.8 
50 0.0113 53 
Benzene 20 0.0065 25 
50 0.0044 2.5 
Ethyl ether 20 0.0024 1.65 
Glycerin: 
anhydrous 20 15.00 1225 
95% wiw 20 5.45 10.6 
Castor oil 20 10.3 1322 


° At 1 atm pressure. 


of 1 cm/sec between two parallel layers of liquid 1 cm apart. Its 
unit is therefore dynes/cm?-sec ! or g/em-sec, which is called a 
poise. Because many common liquids including water have 
viscosities of the order of “ioo of a poise, their viscosity is often 
expressed in centipoises. In the SI system, the unit of viscosity 
is Newton/m?-sec | or Pascal sec, which equals 10 poise. Rep- 
resentative values are listed in Table 23-3. 

Flow through cylindrical pipes or capillaries is laminar at 
low velocities and/or for small tube radii and/or viscous liquids. 
The liquid layers are very thin cylinders concentric with the 
duct.2 During flow, they telescope past one another as shown in 
Figure 23-4A.!° The arrows in Figure 23-4B represent the 
velocity uv of the individual cylindrical layers of radius r; v is 
maximum in the center of the tube and decreases in the radial 
direction, ie, in the direction r (previously x) perpendicular to 
the direction of flow y. The velocity is zero in the outermost 
liquid layer adjacent and adhering to the wall, whose radius is 
equal to the inside radius of the tube R. In the center of the 
tube, where v is maximum, the velocity gradient dv/dr = yis 
zero. This is shown in Figure 23-4C, where the arrows repre- 
sent 7 and the velocity gradient is maximum at the wall. 

If V is the volume of liquid flowing through a cylindrical 
tube of radius R in time t¢, the volumetric flow rate is V/t, and 
the shear rate at the wall is 


; 4 V 
Ywa = T5p8 | (5) 


The shear stress is zero in the center of the tube and maximum 
at the wall. 


_ RAP (6) 
Tmax — ype 


The liquid is made to flow through the tube by pressure, 
either caused by its own weight (hydrostatic) or produced by a 
pump. This pressure is used to overcome the viscous friction of 
the liquid, and is converted into heat. The pressure drop along 
a length L of tube, AP, is the difference in the pressure at the 
beginning and at the end of that length. 

Viscosity is shear stress divided by rate of shear. Since both 
vary in the x-direction perpendicular to the direction of flow, 
both must be taken at the same location. Using the values at 
the wall of a cylindrical tube, dividing Eq 6 by Eq 5 and 
rearranging gives 

V aR*AP 


Ze eee u 
if 8Ly of 
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Figure 23-4. Laminar flow of a liquid through a cylindrical duct. 
A: Three-dimensional view of telescoping layers;'° B: cross-section 
showing radial distribution of velocity; C: cross-section showing 
radial distribution of velocity gradient. 


This is Poiseuille’s law, found experimentally by this French 
physician while studying the flow of liquids through capillary 
tubes representative of blood vessels. The poise is also named 
in his honor. In the CGS system, pressure is expressed in 
dynes/cm? and V/t in cm*/sec; 10 dynes/em? equals 1 Newton/m?, 
or Pascal. 

In the human body, the pumping action of the heart supplies 
the driving pressure for the flow of blood, which is the differ- 
ence between the arterial and venous pressure.!! Digitalis in- 
creases the force of contraction of the heart muscle and makes 
the heart a more efficient pump. This increases AP and, hence, 
the rate of flow of blood V/t. Vasodilator drugs like nitroglycerin 
or hydralazine hydrochloride increase the radius of blood ves- 
sels by relaxing the vascular smooth muscles. Since the flow 
rate varies with the fourth power of the radius of the blood 
vessel, a mere 5% increase in radius causes a 22% increase in 
the flow rate at constant blood pressure, because (1.05)4 = 1.22. 

The viscosity of simple liquids, ie, pure liquids consisting of 
small molecules and solutions where solute and solvent are 
small molecules, depends only on composition, temperature 
and pressure. It increases slowly with increasing pressure and 
fast with decreasing temperature. For solutions of solid solutes, 
the viscosity usually increases with concentration. Simple liq- 
uids follow Newton’s law (Eq 4) of direct proportionality be- 
tween shear stress and rate of shear, so that their viscosity 
does not depend on either. This is called Newtonian flow be- 
havior. The liquids listed in Table 23-3 and their viscosities are 
Newtonian. 

The flow curves or consistency curves of Newtonian liquids, 
like those of Figure 23-5, are straight lines going through the 
origin. Viscosity is the slope of such a line or the tangent of the 
angle it makes with the horizontal axis. Of the two liquids 
shown in Figure 23-5, A has a higher viscosity than B because 


a> B, so that ny = tana > yp = tan B; Na = To/Yo = T1/Y, and 
Np = 71/3 = T3/Yo. A given shear stress, 7,, produces a greater 
rate of shear, 3, in the more fluid Liquid B than y, in the more 
viscous Liquid A. Alternatively, to produce a given rate of 
shear, Ys, in the two liquids requires a higher shear stress, Tp, 
for the more viscous Liquid A than 7; for the more fluid Liq- 
uid B. Some texts plot consistency curves with shear stress on 
the horizontal axis and rate of shear on the vertical axis.1.2* 
The slope of those plots represents fluidity; viscosity is the 
reciprocal slope. 

The variation of viscosity with temperature often is de- 
scribed by an Arrhenius equation: 


n= AeZ/Rt 


or 
In y= In A + E/RT (8) 


where A and £ are constants, T is the absolute temperature 
and R is the gas constant. Values of E, the activation energy for 
viscous flow, are listed in Table 23-3. Large values of E indicate 
that the viscosity decreases fast with rising temperature. Ac- 
cording to Eq 8, plots of In y versus the reciprocal of the 
absolute temperature should be straight lines with slopes of 
E/R. For associated, eg, hydrogen-bonded, liquids such plots 
are often somewhat curved. 

According to the “hole theory,” liquids contain vacancies or 
holes which are essential to flow. The activation energy is used 
largely to form these holes.!2 H# is about ¥3 to % of the latent 
heat of vaporization for nonassociated liquids. 

TIME-INDEPENDENT NON-NEWTONIAN BEHAV- 
IOR—Pseudoplasticity—Many colloidal systems, especially 
polymer solutions and flocculated solid/liquid dispersions, be- 
come more fluid the faster they are stirred. This shear-thinning 
behavior is called psewdoplasticity.®®.912—> It is an example of 
non-Newtonian flow behavior because the viscosity is not con- 
stant (at constant temperature and composition) as required by 
Newton’s law of viscous flow (Eq 4), but decreases with increas- 
ing shear. The shear rate increases faster than the shear 
stress, making the flow curve of Figure 23-6 concave towards 
the shear-rate axis. ; 

There is an apparent viscosity for each value of shear rate or 
shear stress, which can be expressed in two different ways. At 
point P in Figure 23-6, the apparent viscosity can be taken as 
the slope of the secant to the flow curve at P, or tan 0, which is 
the viscosity of a Newtonian liquid whose flow curve passes 
through P.°.14 This is equal to the ratio tp/yp.3:° The second 
method!® defines the apparent viscosity as the slope of the 
tangent to the flow curve at P, ie, dtp/dyp = tan ¢. Since both 
6 and ¢ decrease with increasing shear stress or shear rate, so 
does the viscosity. 
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Figure 23-5. Consistency or flow curves of two Newtonian liquids. 
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Figure 23-6. Flow curve of a pseudoplastic liquid. 


The causes for pseudoplastic flow are the progressive break- 
down of structure in the liquid medium by increasing shear, 
and the rebuilding of structure by Brownian motion. In the case 
of polymer solutions, the entanglement of macromolecules and 
the immobilization of solvent by the entangled macromolecules 
provide the structure. The flexible, thread-like molecules of 
methylcellulose or polyvinylpyrrolidone in aqueous solution, 
for instance, are buffeted constantly by the surrounding water 
molecules in thermal agitation. This causes continuous motion 
of chain segments by translation, and by rotation around bonds 
between the carbon and oxygen atoms which make up the 
polymer backbone. These thermal fluctuations are random, so 
that the polymer chains form loose coils of roughly spherical 
shapes which are permeated by water. The coiled macromole- 
cules, in constant segmental motion, become entangled (see 
Figure 23-7A). The polymer chains are encased in sheaths of 
water of hydration. Additional water is mechanically trapped 
inside the open coils. 

Upon the application of shear, a unidirectional laminar 
motion is superimposed on the random thermal motion of the 
water molecules and chain segments. The randomly coiled, 
entangled polymer chains tend to disentangle themselves and 
to align themselves in the direction of flow, as shown in Figure 
23-7B. The viscosity of the solution—its resistance to flow— 
depends on the size and shape of the flow units. Shear affects 
these in three ways: 


The polymer chains uncoil progressively and become streamlined or 
elongated, offering less resistance to flow than the original, approx- 
imately spherical, shapes. 

Simultaneously, the amount of water trapped inside the coils and 
dragged along decreases. 

The chains become gradually more disentangled. 


The latter two phenomena reduce the size of the flow unit; all 
three increase with increasing shear and reduce the viscosity. 
At each rate of shear, there is an average equilibrium degree 
of entanglement and alignment of the macromolecules, result- 
ing from competition between the shear-induced disentangle- 
ment and alignment of chains which releases trapped water, 
and the entanglement and random (ie, spherical) coiling ten- 
dency caused by Brownian motion which entraps water inside 
the coils. The rate of entanglement and randomization by 
Brownian motion is constant, while the rate of disentangle- 
ment and alignment increases with increasing shear. There- 
fore, the viscosity diminishes as the shear increases. 
Dispersions of flocculated solid particles are pseudoplastic if 
the particle-particle bonds are too weak to withstand the ap- 
plied shear stresses. This occurs if particles are flocculated in 
the secondary minimum (see Chapter 20), or in the case of 
lamellar clays like sodium bentonite and kaolin. The platelets 
of these clays have positively charged edges and negatively 
charged faces. The electrostatic bonds between the edges and 
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faces of different platelets produce a house-of-cards structure 
in the aqueous suspension which entraps and immobilizes 
large amounts of water. Aggregates of randomly shaped parti- 
cles also entrap water in the interparticle voids. 

Shear progressively breaks up these aggregates at a rate 
which increases with increasing shear stress, releasing in- 
creasing amounts of trapped water. Brownian motion tends to 
rebuild the aggregates at a rate which is independent of shear. 
There is an average equilibrium size for the aggregates at each 
rate of shear which decreases with increasing shear, resulting 
in a decrease in the resistance to flow, or viscosity, as the shear 
increases. 

At extremely low shear rates, well below 1 sec ', the rate of 
disentanglement and alignment of polymer chains and the rate 
of breaking up of aggregates of particles under the influence of 
shear are negligible compared to the rate of entanglement and 
randomization of polymer chains and to the rate of aggregation 
of particles produced by Brownian motion, respectively. Hence, 
the flow units are neither noticeably deformed nor reduced in 
size by shear, and the systems exhibit Newtonian flow, with a 
constant and high viscosity designated as the lower Newtonian 
or zero-shear viscosity, No.2" 

At very high shear rates, the dissolved polymer chains are 
wholly disentangled and well aligned in the direction of flow, 
and the aggregates of particles are broken up as far as possible. 
There is no residual structure left which can be broken up by 
further increments in shear rate: The viscosity levels off at a 
constant value called the upper Newtonian viscosity, 7... Tur- 
bulent flow and shear-induced rupture of polymer chains may 
set'in before the upper Newtonian regime is reached. As can be 
seen in Figure 23-8, 7, is considerably lower than 7. The value 
of the non-Newtonian viscosity observed at intermediate shear 
rates, including those encountered in most practical situations, 
depends on the amount of residual structure. It is, therefore, 
called structural viscosity. +2146 

Dilatancy—The opposite behavior, shear-thickening or an 
increase in viscosity with increasing shear, called dila- 
tancy,2-6-9-13-15 ig rare. It is shown by concentrated dispersions 
of particles which do not tend to aggregate or stick together, 
provided the amount of liquid present is not much larger than 
that needed to fill the voids between the particles. Sediments of 
suspensions from which the supernatant liquid has been de- 
canted are sometimes dilatant. When such a concentrated sus- 
pension is poured or stirred slowly, there is just enough liquid 
to lubricate the slipping of particle past particle, and the vis- 
cosity is low. When stirred fast, the particles get into each 


B 


Figure 23-7. Three randomly coiled polymer chains in solution. A: at 
rest; B: in shear field.1° 
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Figure 23-8. The three flow regions of a pseudoplastic liquid. 
Shaded areas refer to lower (left) and upper (right) Newtonian 
regions; center area represents pseudoplastic behavior. 


other’s way, block each other and bunch up rather than slip- 
ping past each other. Large voids form between the unevenly 
clustered particles, and as the liquid seeps into these, the 
suspension appears dry—as if the suspended solids had ex- 
panded or become dilated (see sketches in Refs 13 and 15). This 
phenomenon, which results in progressive viscosity increases, 
becomes more severe with increasing shear. When high shear 
is followed by low shear or rest, the particles that had been 
crowded together separate again, the interparticle void volume 
decreases and the viscosity drops as the suspension appears 
again wet. Wet sand offers small resistance to slow flow or 
penetration, but stiffens and appears dry when deformed fast. 

Among the few systems reported!® to exhibit dilatant flow 
are suspensions of starch in water, aqueous glycerin or ethyl- 
ene glycol containing about 40 to 50% v/v starch and concen- 
trated suspensions of inorganic pigments in water and in fluid 
nonpolar liquids with enough surfactant added to deflocculate 
the disperse phase completely, eg, red iron oxide (12% v/v in 
water or 18% v/v in carbon tetrachloride), zinc oxide (30% v/v in 
water or 33% v/v in carbon tetrachloride), barium sulfate (39% 
v/v in water) and titanium dioxide (30 to 50% v/v in water). 

Pseudoplastic and dilatant liquids frequently follow the em- 
pirical power law (Ostwald-de Waele equation).2°.68.9 over 
wide ranges of shear rates: 


y= Kr 
or 
log y=log K +n log rt (9) 


For power-law liquids, a plot of log 7 versus log 7 is a straight 
line of slope n. This equation has the advantage of representing 
the flow behavior in terms of only two constants, K and n. It has 
the disadvantage of all power laws, namely, the dimensions of 
K depend on the value of n?. Moreover, the power-law curve 
does not go through the origin, whereas pseudoplastic and 
dilatant flow curves always do. 

The exponent, n, is an index of the deviation from New- 
tonian flow behavior. For n = 1, K = 1/n, and Newton’s law 
(Eq 4) results. For pseudoplasticity, n > 1 and for dilatancy, 
n < 1. The more n differs from unity, the more non-Newtonian 
is the flow behavior, ie, the faster will the viscosity decrease or 
increase with increasing shear. 

Yield Value, Elasticity and Plasticity—Other materials, 
called semisolids, do not flow at low shear stresses but undergo 
reversible deformation like elastic solids. When a characteristic 
shear stress, called the yield value or yield stress, is exceeded, 
they flow like liquids. Yield stresses usually are caused by 
structural networks extending throughout an entire system. To 
break such a network requires stresses equal to or exceeding 
the yield stress. Smaller stresses produce no flow but only 


elastic deformation. When the yield stress is exceeded, the 
network is partly ruptured arid flow occurs. 

There are two classes of semisolid materials with yield 
stresses, gels and pastes; the distinction between the two is not 
sharp. 

Gels—Gels or jellies are characterized by a comparatively 
high degree of elasticity. They undergo rather large elastic 
deformations at shear stresses below the yield value, from 
which they recover their shape when the stresses are re- 
moved.®-!4 Recoverable deformations of 10 to 30% are not un- 
usual, especially for polymer gels. Clay gels are less elastic and 
more like pastes. 

Two types of gels are of pharmaceutical importance. 


Gels of colloidal clays, especially of sodium bentonite whose platelike 
particles have strong edge-to-face attraction, are discussed first. 
Their elastic deformability is limited. Their elastic modulus or ri- 
gidity and their yield value are not particularly sensitive to changes 
in temperature. However, the presence of flocculating or defloccu- 
lating agents affects these parameters markedly. When subjected to 
shear stresses well above their yield values, these gels break down 
to smooth and free-flowing sols. 

The second type comprises aqueous gels of organic polymers such as 
gelatin, agar, pectin, methylcellulose and high molecular-weight 
polyethylene glycol. Nonaqueous gels such as natural rubber in 
benzene are of little pharmaceutical importance. 


Solutions of gelatin in water and/or glycerin set to gels on 
cooling and melt on heating. The gelation temperature and the 
melting point for a given gel are close together; gelation is a 
reversible process. Gelatin gels are used in pharmacy as glyc- 
erogelatins and as suppository bases. The gelation temperature 
or melting point of gelatin-water systems is in the range of 20 
to 40°. It increases with increasing gelatin content and with 
increasing gelatin molecular weight, as does the solution vis- 
cosity above the gelation temperature and the gel rigidity be- 
low it. While the modulus and the ultimate strength of aqueous 
gels increase with increasing gelatin content, the elongation at 
break is not much affected.® Gel strength and rigidity are 
highest at the isoelectric point, where cross-linking by salt 
bridges between amino or guanidino and carboxylate groups is 
most extensive. While typical aqueous gelatin gels contain 20 
to 45% solids, pectin and agar form strong gels at room tem- 
perature which contain only 1 to 4% solids. 

The high viscosity of polymer solutions is due largely to the 
entanglement of the long, threadlike molecules. The polymer 
chains are surrounded by a hydration layer, ie, a sheath of 
water molecules attracted to the polar groups of the macromol- 
ecules by secondary valence bonds. Being encased in a solva- 
tion sheath largely prevents a polymer chain from forming 
attachments with neighboring chains at points of entangle- 
ment through secondary valence bonds. When the solution is 
made to flow, the chains slip past one another rather freely and 
tend to disentangle themselves. If the solvent action decreases, 
eg, through lowering the temperature or by adding alcohol or 
another water-miscible nonsolvent to aqueous solutions of gel- 
atin, pectin or agar, the hydration sheath around the dissolved 
macromolecules becomes thinner. Therefore, some entangled 
polymer chains come into direct contact with one another at 
crossover points, where they form attachments by secondary 
valence bonds. These weak and temporary crosslinks between 
segments of adjacent polymer chains offer some resistance to 
the slippage of polymer chains past one another when shear is 
applied. When enough of these interchain links are formed to 
establish a three-dimensional network throughout a solution, it 
sets to a gel. Methylcellulose and high molecular-weight poly- 
ethylene glycol are more soluble in cold than in hot water. They 
are hydrated less extensively at higher temperatures. There- 
fore, their solutions gel on heating and melt on cooling. 

Polymer gels are strong and elastic. When subjected to 
shear stresses well in excess of their yield values, they tend to 
rupture or crumble rather than to flow. Only gels which are 
weak by virtue of being close to their gelation temperature or of 


having low solids contents liquefy to sols and flow under the 
effect of high shear stresses. 

The official gels (Aluminum Hydroxide Gel and Aluminum 
Phosphate Gel) are aqueous suspensions of gelatinous precip- 
itates. They are not gels according to the rheological meaning of 
the word, but rather are thixotropic liquids. 

Plastic Materials—When suspensions of particles which 
tend to agglomerate or stick together are so concentrated that 
continuous bridges of particles extend throughout the entire 
suspension volumes, forming three-dimensional networks, 
they acquire yield values. Such pastes have little elasticity. 
They cannot recover their shape except from very small defor- 
mations. At stresses above their yield values, pastes turn into 
free-flowing liquids. This type of behavior is called plastic- 
ity; plastic materials are sometimes called Bingham bodies or 
Semisolids.1:2,5-9,13-15 

Brownian motion builds up the networks in gels and pastes 
and restores them when they have been ruptured by stresses 
higher than their yield stresses. Thixotropy often is observed. 
The addition of surfactants or other deflocculating agents to 
pastes or clay gels often lowers or eliminates the yield value by 
reducing the attraction among the particles, thereby weaken- 
ing the three-dimensional structure. Deflocculation also lowers 
the apparent viscosity of pastes and suspensions.!° 

Examples of plastic materials are ointments and pastes, 
including those of Chapters 52 and 90, creams, salves, cata- 
plasms, cerates, butter and margarine, dough, putties and 
modeling clay. The following are advantages of yield values: 
ointments, clay slips (potter’s clay made into a dough with 
water) and butter do not drip from fingers, spatulas and knives 
but hold their shape until sheared by spreading pressures 
which exceed their yield values, whereupon they flow and 
spread. Toothpaste does not sink into the toothbrush under its 
own weight. Bread dough and potter’s clay preserve their shape 
when put into the baking oven. 

Figure 23-9 shows the flow curves for two plastic systems. 
System B has a lower yield value than System A and Newto- 
nian behavior at stresses above the yield value; BC7,,,.,\4 is a 
straight line of inclination 6, so that the plastic viscosity of B, ie, 
its viscosity above the yield value, is the slope of this line or 
tan 0: 


(P= GA 


y 


yield 


(10) 


TN plastic = 


This is equivalent to moving the origin of the flow curve from 
zero stress to the yield stress, and treating System B as a 
Newtonian liquid at stresses beyond. Semisolids with high 
yield values are described as “hard.” When their plastic viscos- 
ity is high, they are described as “stiff.”1° 
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Figure 23-9. Flow curves of two plastic systems. 
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Some Bingham bodies have flow curves which deviate from 
straight lines at stresses close to the yield stress, such as the 
portion CD in the flow curve of System B, where flow occurs 
even below the yield stress. This phenomenon is called plug 
flow because the material moves in chunks or as a plug rather 
than by laminar motion, often through slippage at the wall of 
the duct. In such cases, the yield value usually is obtained by 
extrapolating the linear portion BC to the stress axis. 

System A is pseudoplastic above its yield stress. This type of 
flow behavior is observed frequently with suspensions thick- 
ened with dissolved polymers, where the vehicle itself is shear- 
thinning. 

TIME-DEPENDENT NON-NEWTONIAN BEHAVIOR—In 
the previous discussion, pseudoplastic and plastic behavior was 
seen to arise from competition between the detachment of 
entanglement links among dissolved macromolecules or the 
rupturing of van der Waals links among dispersed particles by 
shear, and the reestablishment of such links by Brownian 
motion. The balance between breakdown and restoration of 
links shifts more and more towards breakdown as the shear 
increases. Reduction in interchain or interparticle links results 
in smaller flow units and lower apparent viscosity. It was 
assumed tacitly that the system adapts itself to changing shear 
“instantaneously,” ie, so fast that by the time the instrumental 
conditions had been changed to higher or lower shear and 
readings are taken, the equilibrium between breakdown and 
restoration of links at the new shear already had been reached, 
producing flow units of the new average equilibrium size and 
the corresponding new apparent viscosity. Points representing 
pairs of y, tr values determined at increasing and at decreasing 
shear rates or shear stresses in Figures 23-5, 23-6, and 23-9 fall 
on the same single curves. It is immaterial whether a given 
shear rate was reached by increasing or decreasing the speed of 
the viscometer. This is the meaning of the double arrows on 
these curves. 

If the suspension is viscous and/or the particles are large 
and heavy, their Brownian motion is too slow to restore the 
broken interparticle links “instantaneously”. Likewise, the en- 
tanglements of polymer chains are slow to be reestablished by 
Brownian motion if their solution is viscous. If the rate of link 
restoration by Brownian motion is lower than the rate of link 
breakdown by shear, the apparent viscosity decreases even 
while the system is under constant shear, as the size of the 
particle aggregates or the extent of macromolecular entangle- 
ment is progressively reduced. Furthermore, the apparent vis- 
cosity at a given shear rate is lower if the system was stirred 
recently at high speeds than if that shear rate was approached 
from low speeds or from rest. 

The extreme behavior is an isothermal, reversible sol = gel 
transformation produced by rest and by shear, respectively. 
For example, an aqueous dispersion of 8% w/w sodium benton- 
ite sets to a gel within an hour or two after preparation when 
undisturbed, but flows and can be poured within many minutes 
after it had been stirred above the yield value. After prolonged 
rest it reverts to a gel as the Brownian motion rebuilds the 
house-of-cards structure throughout the material. 

Such materials, whose consistency depends on the duration 
of shear as well as on the rate of shear, are said to be thixo- 
tropic or to exhibit thixotropy.!>-913- Their apparent viscosity 
depends not only on temperature, composition and rate of 
shear or shear stress, but on the previous shear history and 
time under shear. 

Thixotropy in a shear-thinning liquid is shown in Figure 
23-10. Starting with the system at rest (at the origin O) and 
gradually increasing the speed of the viscometer produces the 
“up” branch ODAB of the flow curve. After the maximum shear 
rate 7, and shear stress 7, corresponding to point B have been 
reached, the speed of the instrument is reduced. If there is not 
enough time for Brownian motion to regenerate completely the 
structure torn down at the high speed, the liquid will be less 
viscous and the “down” branch of the flow curve, BCO, is lower 
than the “up” branch. Thus, the shear stress required to main- 
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Figure 23-10. Flow curves of a shear-thinning liquid exhibiting 
thixotropy. 


tain the rate of shear 7. has been reduced from 7, to 7, and the 
apparent viscosity has dropped from 1,/y. to 7/72. This con- 
trasts with the flow curve of Figure 23-6, where the “up” and 
“down” branches coincide. 

When starting from rest, if the speed is not increased all the 
way up to y, but only to y. corresponding to point A in Figure 
23-10 and then decreased, the “down” branch is AHO: Since the 
maximum speed is lower than previously, less structure is 
broken down and the apparent viscosity is not reduced by as 
much. 

If the liquid in the instrument is kept at rest for a sufficient 
time period after it was subjected to the shear cycle ODABCO, 
Brownian motion rebuilds its structure, restoring its original 
high consistency. Starting from rest, the flow curve is again 
ODABCO. If no rest period is allowed and the shear cycle is 
repeated as soon as the “down” branch is completed, the next 
“up” branch is below ODAB, say, OFB in Figure 23-11. A third 
shear cycle following immediately after the second may give 
the “up” branch OGB. The “down” branch BCO may be curved 
as in Figure 23-10 or straight as in Figure 23-11. If the buildup 
of structure is very slow, there may be no structure left after 
the third shear cycle. In that case, the “up” branch coincides 
with the straight “down” branch BCO and the liquid has be- 
come Newtonian. This is only temporary because the flow curve 
reverts to OABCO of Figure 23-11 after a prolonged rest period. 
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Figure 23-11. Flow curves representing successive shear cycles for a 
thixotropic, shear-thinning liquid. 
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Figure 23-12. Flow curves of plastic systems exhibiting thixotropy 
(see text). 


Thixotropy frequently is superimposed on plastic flow be- 
havior. The yield value may disappear after one or more shear 
cycles, as in curve C of Figure 23-12; it may be reduced as in 
curve B (sometimes called false body behavior™®), or it may 
remain unaltered as in curve A. 

The difference between the “up” and “down” branches of a 
flow curve illustrates a common phenomenon called hysteresis. 
The area enclosed by the two branches (eg, areas ODAEO and 
ODABCO in Figure 23-10) or by the two branches and the 
stress axis (as in Figure 23-12 B and C) is called the hysteresis 
loop.®-®8:13.15 Tts size is a measure of the extent of thixotropic 
breakdown in the structure of the system. In Figure 23-11, the 
areas enclosed by the two branches of the flow curves repre- 
senting successive shear cycles become progressively smaller: 
OABCO > OFBCO > OGBCO. This parallels a decrease in 
the amount of structural breakdown of the system as each cycle 
leaves intact less residual structure which can be broken down 
in the next cycle. When no structure remains, the Newtonian 
flow curve OCBCO of Figure 23-11 results. The absence of 
hysteresis in the flow curves of Figures 23-6 and 23-9 is due to 
another cause: The rebuilding of structure by Brownian motion 
is as fast or faster than the shear-induced structural break- 
down or the response time of the viscometer. 

Thixotropy can be represented quantitatively by the area of 
the hysteresis loop,®*:!%:!5 by a coefficient of thixotropic break- 
down (Eq 12; also Eq 94 of Ref 6, Eq 25 of Ref 13 or Eq 31 of 
Ref 15), or by the decay of shear stress or apparent viscosity as 
a function of time at constant rate of shear.®*9.15 The latter 
method is illustrated in Figure 23-13. When a system is stirred 
at a constant shear rate, it eventually reaches constant or 
equilibrium values for shear stress and apparent viscosity. 
This is shown by the levelling off of the curve. Equilibration at 
a given shear rate may take half an hour or longer. 

Thixotropy is particularly useful in the formulation of phar- 
maceutical suspensions and emulsions. These must be poured 
easily from containers, which implies low viscosity. Low viscos- 
ity, however, causes rapid settling of solid particles in suspen- 
sions and rapid creaming of emulsions. According to Stokes’ 
equation (see Chapter 20), the rate of sedimentation is in- 
versely proportional to the viscosity of the medium. Solid par- 
ticles which have settled out frequently stick together, produc- 
ing a sediment difficult to redisperse (“caking” or “claying”). 
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Figure 23-13. Time dependence of shear stress or of apparent vis- 
cosity of a thixotropic system. 


Creaming in emulsions is a first step towards coalescence. 
Thixotropy can be used to solve this dilemma. A thixotropic 
agent such as sodium bentonite magma, other colloidal clays 
(magnesium bentonite, attapulgite), colloidal silicon dioxide or 
microcrystalline cellulose is incorporated into the suspensions 
or emulsions to confer a high apparent viscosity or even a yield 
value. High viscosities retard sedimentation and creaming 
while yield values prevent them altogether; since there is no 
flow below the yield stress, the apparent viscosity at low shear 
becomes infinite. When it is desired to pour some of the sus- 
pension or emulsion from its container, it is shaken well, at 
shear stresses considerably above the yield value. The agita- 
tion breaks down temporarily the thixotropic structure such as 
the house-of-cards scaffold of bentonite, reducing the yield 
value to zero and lowering the apparent viscosity. This makes 
for easy pouring. Back on the shelf, the viscosity slowly in- 
creases again and the yield value is restored as Brownian 
motion rebuilds the house-of-cards structure of bentonite. This 
prevents sedimentation and claying of the suspended particles 
and creaming of the emulsion droplets; the disperse particles 
again become trapped in the plastic matrix. The optimum flow 
curve for such formulations is that of Figure 23-12C. 

Once the links among suspended particles or the entangle- 
ments among dissolved polymer chains have been broken by 
shear, their restoration by Brownian motion is slow if the 
suspensions or solutions are viscous. In such cases slow flow, 
gentle agitation or moderate and rhythmic vibration may ac- 
celerate the rebuilding of the structure, ie, the restoration of 
the links between particles or macromolecules by Brownian 
motion. Low shear rates thus hasten the reappearance of high 
apparent viscosities or onset of gelation in thixotropic sols. In 
the case of sheared dispersions of bentonite, gentle vibration or 
rotation of the beaker speeds up the rebuilding of the house- 
of-cards structure. Such an increase in apparent viscosity 
or the advent of a yield value by gentle agitation is called 
rheopexy.2-7-9-14.15 


Rheology of Dispersions 


Many pharmaceutical preparations are dispersions of solids or 
liquids in liquid or semisolid vehicles, and their usefulness 
often depends on their flow properties. Few disperse systems 
are Newtonian. Most exhibit non-Newtonian flow behavior, 
some of it time-dependent. 

EINSTEIN’S LAW OF VISCOSITY—This is the simplest 
equation derived to describe the flow behavior of disper- 
sions.!.2:5-8.13-15 Unfortunately, it applies only to Newtonian 
and idealized systems. 
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The Newtonian viscosities n,, and 7, are those of the disper- 
sion and of the liquid vehicle or solvent, respectively; 1... 
represents the specific viscosity of the dispersion, ie, the in- 
crease in viscosity of the dispersion over that of the solvent, 
expressed as a multiple of the viscosity of the solvent. ¢ is the 
volume fraction of the disperse phase: Blood contains 45% v/v of 
red and 1% v/v of white cells; the corresponding ¢ values are 

0.45 and 0.01. The viscosity of dispersions obeying Einstein’s 

law depends only on the viscosity of the solvent and on the 

volume of solvent replaced by the disperse phase, but not on the 
size of its particles. 
The following conditions were imposed in the derivation of 

Eq 11: 

1. Gravitational and inertial effects are negligible, and turbulence is 
absent. 

2. The particles are large compared to the solvent molecules, or the 
discontinuities between the solvent molecules are negligible com- 
pared to the size of the dispersed particles: The solvent is a con- 
tinuous medium. This condition is fulfilled by pharmaceutical 
dispersions. 

3. The particles are small compared to the dimensions of the viscom- 
eter (gap between the coaxial cylinders or diameter of the capillary). 

4. The particles are unsolvated, smooth and rigid spheres. Examples 
are glass beads, polymer latex particles and many spores and fungi. 
Emulsion droplets are deformable and the liquid inside them can 
circulate. This decreases the distortion of the flow pattern around 
the droplets and reduces the numerical constant in Eq 11 below 2.5. 
Rigid anisometric particles offer increased resistance to flow, rais- 
ing the constant above 2.5. If the solvation layer of solvated spher- 
ical particles is included in 4, their dispersions may obey Eq 11. 
Examples are solutions of globular proteins at their isoelectric 
point, where their net electric charge is zero. 

5. The particles do not interact, ie, neither attract nor repel one 
another. Most dispersions consist of particles of like charge. The 
increase in the viscosity of dispersions due to interparticle electro- 
static repulsion is called electroviscous effect. It can be minimized or 
swamped by adding salts to aqueous dispersions. 

6. The dispersions are so dilute that the distortion of the laminar 
streamlines of the solvent at the surface of one particle does not 
overlap and reinforce the distortions around its neighbors. At 
higher concentrations, the perturbation of laminar flow produced by 
one particle reaches into the fields of other particles. This produces 
additional resistance to flow and increases 7,,,,. and 9,2 above the 
values given by Eq 11. Pharmaceutical dispersions are too concen- 
trated to satisfy this condition. 


All deviations from these conditions result in higher disper- 
sion viscosities than those calculated by Einstein’s law except 
that, when the disperse phase is fluid, the calculated viscosity 
is too high. An example of an extreme positive deviation is 
found in aqueous sodium bentonite dispersions. Their specific 
viscosity is about 70 times greater than that calculated from Eq 
11. The particles are thin plates, deviating considerably from 
spherical shape. They are hydrated, and their negatively 
charged faces attract the positively charged edges but repel the 
negatively charged faces of other particles. Polymer solutions 
with their thread-like, highly solvated and entangled macro- 
molecules also deviate considerably from Einstein’s law. Sev- 
eral modifications, derived to broaden its stringent conditions, 
express the specific viscosity as a polynomial in ¢. In one 
modification, the term 14.1 7 is added to the right side of Eq 
11 to take into account the increased resistance to flow due to 
overlapping and reinforcing of streamline distortions ruled out 
by Condition 6. This extends the use of the modified Eq 11 to 
more concentrated dispersions.?:>-7-!8 

OTHER EQUATIONS—Many theories, models, and em- 
pirical equations were developed to describe the flow behavior 
of non-Newtonian systems.!7 Two successful approaches to the 
flow of pseudoplastic dispersions and polymer solutions are 
mentioned below. The impulse theory of Goodeve and Gillespie 
is based on Williamson’s concept of pseudoplasticity.° Some of 
the shear is used to rupture links between particles (thixotropic 
effect), while the remainder is used to produce higher shear 
rates by transfer of momentum from a moving layer to an 
adjacent layer which moves more slowly (Newtonian effect).'* 
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Cross derived his equation by comparing the rates of rupture of 
interparticle links by shear and by Brownian motion with the 
rate of formation of links by Brownian motion for a particulate 
dispersion or polymer solution in steady shear.®19 Both ap- 
proaches result in equations containing a small number of 
constants which can be evaluated from experimental data with 
comparative ease and which have physical significance. The 
equations are applicable to a wide variety of pseudoplastic 
systems and fit the experimental data over a wide range of 
shear rates. Sherman discusses the rheology of emulsions in 
detail.®.2° 


Viscoelasticity 


Viscoelastic materials exhibit viscous flow combined with elas- 
tic deformation when stressed. They range from steel springs 
or rubber bands which are primarily elastic but creep or un- 
dergo cold flow under large and prolonged stresses to viscous 
liquids which recoil at the cessation of high speed stirring or 
fast extrusion. 

Two of the basic elements used to represent viscoelastic 
behavior are a helical spring (which obeys Hooke’s law and is 
characterized by a modulus £) and a dashpot (ie, a cylindrical 
container with a loosely fitting piston filled with a Newtonian 
liquid, characterized by its viscosity, n). When the deformation 
is in shear rather than in tension, Young’s modulus E is re- 
placed with the rigidity or shear modulus G. When a spring and 
a dashpot are connected in series, they form a Maxwell element 
(Figure 23-14A); when they are connected in parallel, they form 
a Voigt-Kelvin element (Figure 23-14B). Several Maxwell 
and/or Voigt-Kelvin elements can be combined in parallel 
and/or in series to represent the complex viscoelastic behavior 
of polymer melts and solutions, raw and vulcanized rubbers, 
doughs, ice cream, butter, ointments, pastes, creams, asphalt, 
etc. A simple combination is Burgers’ model, which consists of 
a Maxwell and a Voigt-Kelvin element in series (Figure 23- 
14C) and is characterized by two elastic moduli and two vis- 
cosities. 

When a constant load or stress, tT), is applied to a Maxwell 
element, the elastic spring extends immediately to the recov- 
erable strain or elongation, y,, = OA = 7,/E (see Figure 
23-15A). The piston in the dashpot pulls upwards gradually; 
this permanent deformation, y,;., is directly proportional to 
time, t. The two deformations are additive: y = y,., + yyi,. At 
time D, y = BD = BC + CD = OA + CD. When the stress 


A B 


Figure 23-14. Elements of mechanical models for viscoelastic behav- 
ior. A: Maxwell element; B: Voigt-Kelvin element; C: Burgers’ 
model. Arrows show applied force or load. 
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Figure 23-15. Deformation of three rheological models at constant 
applied stress. A: Maxwell element; B: Voigt-Kelvin element; 
C: Burgers’ body. 


is removed at time D (Point B), the spring retracts immediately 
and fully, and the specimen contracts from B to C by a length, 
Ye) = BC = OA. The permanent or nonrecoverable deforma- 
tion, or creep, is y,;, = CD = Tot/n. 

In plots like those of Figure 23-15, compliance (ie, strain per 
unit stress) often is used instead of strain. Compliance (eg, 
shear or tensile) is the reciprocal of modulus. 

If the Maxwell element is stretched to a given deformation, 
Yo, the stress required to maintain this deformation constant 
decreases gradually. As the piston of the dashpot is pulled 
gradually upwards and the dashpot extended, it increasingly 
relieves the stress on the spring, which gradually contracts. 
After a long time, as y > y,;., T > 0. 

If the initial stress is 7) and the stress at time, ¢, is 7, the 
stress relaxation is 


-~(Et/n) 


Sere (12) 


T= Te 


The exponent Et/yn is dimensionless and the ratio 6 = 7w/E, 
which has the dimension of time, is called relaxation time. It is 
the time required for the stress to decay to l/e = 36.8% of its 
initial value.2-9 

When a constant stress 7) is applied to a Voigt-Kelvin ele- 
ment, the spring can stretch only as fast as the slow extension 
of the viscous dashpot permits (see Figure 23-15B). The greater 
the viscosity of the liquid in the dashpot, the greater is 
this retardation. The stress is shared by spring and dashpot: 
T = Ey + ny. As 7) stretches the spring-dashpot assembly, 
the retarded elastic deformation of the specimen increases with 
time until, at tf = %, the spring reaches the full extension 
corresponding to the applied stress: y,. = t)/H. No additional 
deformation then takes place. When the stress is removed at 
time G, the specimen retracts fully to its original shape where 
y = 0, because of the elasticity of the spring, but the motion is 
damped along the exponential curve BD, which is the mirror 
image of OB, because the plunger is pulled back only slowly to 
its original position through the viscous liquid in the dashpot. 
A retardation time, 94, analogous to the relaxation time, is 


defined as 0, = E/y. Along the retarded elastic deformation 
branch OB 
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When the stress is removed, the exponential curve CD is de- 
scribed by 
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Under constant load, Voigt-Kelvin elements reach a con- 
stant deformation; Maxwell elements continue to deform in 
creep as long as the load is applied. Upon removal of the load, 
Maxwell elements recover instantly, but not completely, while 
Voigt-Kelvin elements recover gradually, but completely. Most 
materials require more than one Maxwell or Voigt-Kelvin ele- 
ment to characterize their rheological behavior and to describe 
their load-deformation curves. The most suitable models fre- 
quently have a range or spectrum of relaxation or retardation 
times. 

One simple model, whose stress-strain behavior is approxi- 
mated by many viscoelastic materials, such as disperse and 
polymeric systems, is Burgers’ body (see Figure 23-14C). Its 
creep deformation-time curve is shown in Figure 23-15C.*8 The 
OAB portion of the curve, corresponding to the period when the 
model is under a constant stress, T), consists of two segments. 
When the load is applied, spring 2 stretches instantly and the 
specimen is elongated from O to A. On a molecular level, this 
corresponds to the elastic stretching of bonds between primary 
structural units, such as primary particles aggregated into 
flocs, or crystallites in a semicrystalline polymer above its glass 
transition temperature. If the stress is removed at A, the spec- 
imen would recover its original structure completely. 

The second segment, AB, results from the combination of 
the recoverable deformation of spring 3 retarded by dashpot 3, 
which are connected in parallel, and the nonrecoverable creep 
of dashpot 1. The recoverable deformation predominates in the 
initial, strongly curved region of AB. In this region, interpar- 
ticle bonds break and reform. The remainder of AB, which 
approaches a straight line, represents mainly the creep of 
dashpot 1. Here, some of the bonds that break are too slow to 
reform within the test period. The rupture of such interparticle 
bonds releases some structural units, which flow past one an- 
other to produce the permanent deformation.® 

At time G, the overall deformation is the sum of the instan- 
taneous deformation of spring 2 (BC or AO or JG), of spring 3 
damped by dashpot 3 (CF) and of dashpot 1 (HE). The first two 
deformations are completely recoverable; the third is not recov- 
ered at all. 
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where the retardation time 0, = 73/E3. 


The recovery, BCD, follows a pattern similar to the defor- 
mation. When the stress is removed at time G, spring 2 retracts 
instantly, and the specimen contracts along BC = OA. The 
retraction of spring 3 is retarded by dashpot 3 along CD. The 
nonrecoverable part of the deformation, due to dashpot 1, is 
represented by FG = HE. 

Most viscoelastic materials have a range of relaxation or 
retardation times rather than a single value at any one tem- 
perature. If the mean relaxation time of the material is very 
long compared to the time scale of the measurement, the ma- 
terial behaves as an elastic solid. If the mean relaxation time is 
very short compared to the time of observation or measure- 
ment, it cannot be observed, and the material behaves as a 
viscous liquid. When the mean relaxatien time and the time 
scale of measurement are of comparable orders of magnitude, 
the material is viscoelastic. Silicone putty (Silly Putty) has a 
comparatively short mean relaxation time at room tempera- 
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ture. It bounces, behaving like an elastic solid when the time of 
observation or of application of stress is short, but flows and 
shows little elasticity when slowly stretched. 

Viscoelasticity is widespread even among liquids and plastic 
materials which seem to lack elasticity or stringiness to the 
touch, especially if they are tested at small deformations. 
Higher deformations or rates of shear approaching use condi- 
tions frequently rupture the elastic network in these materials, 
causing the loss of the elastic components from their rheologi- 
cal properties. For instance, fluid emulsions are often slightly 
viscoelastic at very low shear due to flocculation of the disperse 
droplets and interlinking of the flocs; they flow readily and lose 
all recovery properties under slightly higher shear.2° Davis 
determined the viscoelastic properties of oleaginous, emulsion 
and absorption-type ointment bases by creep measurements.?1 
Under the conditions of extreme stress used in the compaction 
of pharmaceutical compressed tablets, plasticity and viscoelas- 
ticity are observed in the solids as they are formed into tablets. 
The viscoelastic parameters of a number of drugs and excipi- 
ents have been measured, under various conditions, during the 
stress-unloading phase of the tablet compaction cycle in a ro- 
tary tablet machine.??,23 

During viscosity, creep and relaxation measurements, the 
test samples usually are subjected to large deformations that 
may rupture or rearrange their structure, altering their rheo- 
logical properties. This problem is avoided by dynamic testing 
involving small oscillatory deformations (see below). 


BIORHEOLOGY 


The importance of rheology in characterizing physiological flu- 
ids and tissues and the effect of disease and drugs on these is 
exemplified by two journals, Biorheology and Clinical Hemo- 
rheology. Two examples of the application of rheology to bio- 
logical systems are the flow properties of blood and mucus. 

HEMORHEOLOGY—Blood is a very concentrated suspen- 
sion whose flow properties are important as well as unusual. 
The Fahraeus-Lindquvist effect!' consists of a lowering in the 
apparent viscosity of blood flowing through capillaries com- 
pared to the same blood flowing through larger vessels. Three 
possible contributory causes are 


1. The hematocrit value is lower for blood in capillaries. For instance, 
blood flowing through a capillary of 50 wm diameter has only 70% 
of the red blood cells of blood flowing through large vessels. 

2. Red blood cells are biconcave discs with an average diameter, d, of 
7.5 um. Their size is by no means negligible compared to the radius 
R of capillaries. This leads to a reduction in the apparent viscosity 
by a factor of (1 + d/R)* according to the so-called sigma effect." 

3. The tubular pinch effect consists of an accumulation of red cells in 
an annular region located at a distance of about 60% of the tube 
radius from the tube axis during laminar flow of blood through 
cylindrical capillaries. Almost colorless plasma flows in the vicinity 
of the capillary wall.1! Blood flowing in the center of the tube is also 
deficient in red cells. This phenomenon commonly is observed when 
suspensions of spherical or asymmetric particles flow through ducts 
whose diameter is only a low multiple of the particle size. 


Flow of blood through bends and bifurcations, which are a 
common occurrence in the circulatory system, is turbulent but 
reverts to laminar within a short distance downstream. Tur- 
bulence results in additional pressure losses and increases the 
pumping work of the heart. The pulsatile nature of the flow of 
blood, its non-Newtonian characteristics and the elasticity of 
the blood vessels further complicate hemorheology.* 

RHEOLOGY OF MUCUS—Mucus is a viscoelastic, gel- 
like, stringy, slime secreted by cells of the mucous membranes 
lining the respiratory tract (nose, trachea, bronchi, bronchi- 
oles), gastrointestinal tract and the uterus. Glycoproteins are 
the main polymeric constituents of mucus and are chiefly re- 
sponsible for its consistency. The glycoprotein molecules are 
cross-linked by disulfide bridges and further joined by hydro- 
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gen bonds, electrostatic bonds, hydrophobic bonds and chain 
entanglement. The elasticity and viscosity of mucus are due to 
a three-dimensional gel network of these macromolecular 
chains, which are sometimes associated into fibrils.?° 

Normal functions of mucus depend on its rheological prop- 
erties. Pathological conditions are reflected by changes in these 
properties. Tracheal or bronchial mucus protects the lining of 
the respiratory tract from foreign particles by trapping and 
removing them. Mucus has pronounced pseudoplasticity and 
thixotropy.26-28 The cilia of the cells lining the mucosal surface 
beat with a frequency of about 20 vibrations/sec, which corre- 
sponds to a shear rate of about 100 sec 1.25.29 This action 
maintains the mucus relatively fluid in the immediate vicinity 
of the mucosal surface and permits it to flow. Farther removed 
from the surface and the cilia, the apparent viscosity of the 
mucus film increases markedly, enabling it to retain contami- 
nating particles. 

Bronchitis and bronchial asthma cause an abnormal thick- 
ening of the mucus, increasing its viscosity and elasticity. 
Among expectorants are mucolytic agents (see Chapter 56), 
which function by liquefying or reducing the viscoelastic con- 
sistency of mucus. Potassium iodide and sodium thiocyanate 
break the structure of water, thereby reducing hydrophobic 
bonding between glycoprotein chains. Urea and guanidine 
hydrochloride disrupt hydrogen bonds between these macro- 
molecules in addition to reducing hydrophobic interactions. 
N-Acetyleysteine and dithiothreitol break disulfide bridges 
that cross-link glycoprotein molecules by reducing disulfide to 
thiol groups. Proteolytic enzymes such as chymotrypsin and 
trypsin also liquefy mucus.?9~2 

The consistency of cervical mucus changes markedly during 
the menstrual cycle. During the period of ovulation, the mucus 
is “thin” and easily penetrated by spermatozoa. At other times, 
the mucus forms a dense, three-dimensional network almost 
impenetrable to sperm. One of the effects of progestagen con- 
traceptives is to thicken the cervical mucus. In pregnancy, 
cervical mucus is a highly viscous gel which occludes the 
cervical canal, thus providing an effective barrier against 
bacteria.?>.29 

One of the adverse effects of cystic fibrosis is the accumula- 
tion of thick mucus in lungs, pancreas, and intestine (muco- 
viscidosis). 

SYNOVIAL FLUID?* 3>—Synovia or synovial fluid is a 
clear liquid contained in joint cavities, bursae and tendon 
sheaths. It resembles egg white in consistency. The fluid owes 
its high viscosity and its non-Newtonian flow behavior largely 
to hyaluronic acid, and its viscoelastic behavior to the complex 
between hyaluronic acid and soluble proteins (mainly albu- 
min). The rheological properties of the normal fluid, from 
healthy joints, are described first. 

NORMAL SYNOVIAL FLUID—In view of the relatively 
low concentration of hyaluronic acid the zero-shear viscosity of 
synovial fluid, ranging from 100 to 1000 poise, is unusually 
high. This indicates extensive interchain entanglement produc- 
ing a network structure throughout the liquid. Thus, synovial 
fluid approximates a weak, highly hydrated gel. There are 
considerable variations between the rheological properties of 
normal synovial fluid from different human subjects. 

Synovial fluid is strongly pseudoplastic. At a shear rate of 
100 see ', the apparent viscosity was on average 160 times 
smaller (ranging from 70 X to 250 X) than the zero-shear 
viscosity. The viscoelasticity of synovial fluid, represented by 
its complex viscosity and the viscous and elastic components 
thereof, as defined by Eq 25, were nearly independent of shear 
rate up to at least 10 sec | and decreased only slowly at higher 
rates. At a frequency of 2 Hz, a typical complex viscosity was 
slightly below 1 poise. 

The shear modulus, G, (analogous to the modulus of elas- 
ticity, H, when the deformation is in shear rather than in 
tension) of synovial fluid at low shear rates is surprisingly low. 
The combination of an extremely high zero-shear viscosity and 
an extremely low initial shear modulus renders their ratio, the 


relaxation time 0 = 7/G (discussed after Eq 12), very long: 126 
to 300 poise/20 to 40 dynes/cm? = 8 to 10 sec. 

Increasing shear affects the modulus in two opposite ways. 
Progressive disentanglement of the long hyaluronic acid mole- 
cules with the attached protein side chains breaks up their 
network and tends to lower the modulus. However, as the shear 
rate increases, the relaxation time cannot keep pace with it. 
This results in incomplete relaxation, which causes the poly- 
mer chains to stiffen and tends to increase the modulus. Con- 
sequently, the shear modulus retains a nearly constant value, 
ranging from 20 to 40 dynes/em” between 0 and 100 sec ', and 
increases moderately at higher shear rates. Because increasing 
shear rates lower the apparent viscosity of synovial fluid 
strongly but leave the shear modulus nearly unchanged, they 
shorten the relaxation time considerably; at 100 sec ', typi- 
cally, 0 = 3/30 = 0.1 sec. 

The viscoelastic nature of synovial fluid also is shown by its 
normal (ie, perpendicular) stress. 


Viscoelastic polymer solutions exhibit the so-called normal-force or 
Weissenberg effect. When they flow in laminar shear, such solutions 
climb up a rotating rod partly immersed in them, or the inner cylinder 
of a coaxial viscometer. In a cone-and-plate viscometer (see below), the 
tangential stress that causes the cone to rotate also produces an upward 
thrust due to a stress component perpendicular to the horizontal plane 
of rotation or shear.°°37 (See Refs 2, 14 and 38 for photographs and 
explanations.) The magnitude of the normal stress at a given shear rate 
(or a given frequency in oscillatory testing, see below) is a measure of 
the viscoelasticity of the liquid. 


Normal stresses in synovial fluid can be measured only at 
high shear rates. They increase even faster with increasing 
shear rates than do the tangential stresses. At comparable 
shear rates, the normal stress component of synovial fluid 
exceeds the tangential stress up to tenfold. 

The rheological properties of synovial fluid are well adapted 
to its functions. Its very high viscosity at low or zero shear, 
combined with its viscoelasticity, enable it to maintain the 
space or clearance between articular surfaces. Its lubricity is 
aided by its pronounced pseudoplasticity. When a joint moves 
rapidly and the motion-induced shear and pressure are high, 
the apparent viscosity is lowered substantially and the amount 
of energy dissipated as heat by viscous friction is reduced 
commensurately. However, the amount of energy stored elas- 
tically during the loading phase of a motion cycle is nearly the 
same as at rest because the elastic properties of synovial fluid 
(eg, the elastic component of the complex viscosity and the 
shear modulus) undergo only small changes with increasing 
shear. Therefore, the lubricating film of synovial fluid between 
articular surfaces is squeezed out only very slowly by pressure 
and protects the cartilage from wear. 

Because motion-induced shear lowers the apparent viscosity 
of synovial fluid so strongly, while leaving its shear modulus 
nearly constant or somewhat higher, it shortens its relaxation 
times appreciably. Shorter relaxation times permit the stress- 
relaxation mechanisms to be carried to completion within each 
loading-unloading cycle during articular motion. Thus, syno- 
vial fluid can store energy elastically during each new loading 
phase without building up excessive peak stresses. 

PATHOLOGICAL SYNOVIAL FLUID?*?*>—Different 
joint diseases reduce the hyaluronic acid content of synovial 
fluid to different extents below the normal 1.5 to 2.9 g/L range. 
Meniscus lesions reduce it to values of 1.1 to 1.4, degenerative 
diseases to ~0.9, but inflammatory diseases reduce it to 0.5 or 
less. Moreover, joint diseases reduce the molecular weight of 
hyaluronic acid, which normally amounts to several million, by 
as much as 2 to *%4. Both types of reduction impair the rheo- 
logical/functional properties of synovial fluid. The protein con- 
tent of pathological synovial fluid is not lower than that of 
normal fluid. 

Noninflammatory joint diseases lower the zero-shear viscos- 
ity of synovial fluid to 0.5 to 20% of the median value of normal 
synovial fluid and reduce the apparent viscosity at 100 sec ! to 


0.15 to 0.2 poise. Inflammatory diseases lower the zero-shear 
viscosity to 0.1 to 0.4% of the median value for normal synovial 
fluid and reduce the apparent viscosity at 100 sec ‘| to 0.07 to 
0.1 poise. Thus, pathological synovial fluid is much less pseudo- 
plastic than the normal fluid, because the latter possesses such 
an exceptionally high zero-shear viscosity that shear can re- 
duce it drastically. By the same token, disease states also 
increase the shear rate at which the flow behavior of synovial 
fluid changes from Newtonian to pseudoplastic. The transition 
occurred at <10 * sec ' for normal and at ~1 sec ! for patho- 
logical synovial fluid. 

The viscoelasticity of synovial fluid is reduced considerably 
by inflammatory joint diseases. Rheumatoid arthritis, espe- 
cially seropositive, reduces the complex viscosity by ~85% and 
its viscous and elastic components by 75 and 95%, respectively. 
However, the corresponding parameters for synovial fluid from 
joints with degenerative and traumatic disorders, especially 
meniscus lesions, are not far below those of normal synovial 
fluid. 

The average relaxation times at zero shear for synovial fluid 
from joints with noninflammatory diseases (meniscus lesion, 
trauma or arthrosis) averaged 0.52 poise/8.0 dynes/em” = 0.06 
sec at zero shear and 0.12/4.9 = 0.02 sec at 100 sec '. The 
corresponding values for synovial fluid from arthritic joints 
averaged 0.18/4.1 = 0.04 and 0.098/3.6 = 0.02 sec, respectively. 
The short relaxation times of pathological compared to normal 
synovial fluid are due to the fact that the zero-shear viscosities 
and the apparent viscosities at 100 sec ' (the numerators) 
decreased several hundred times and 25x to 30, respectively, 
while the shear moduli (the denominators) decreased only 4x 
to 8X compared to normal synovial fluid. 

The following are additional indications that disease states 
impair the viscoelasticity of synovial fluid. 


During rhythmic joint motion at frequencies corresponding to walk- 
ing and running, the loss moduli, G”, (defined by Eq 23) of pathological 
synovial fluid were significantly larger than their storage moduli, GQ’. 
Therefore, much more of the applied mechanical energy is dissipated as 
heat by viscous friction than is stored elastically to be recovered. The 
opposite is true for normal synovial fluid. 

The normal stresses in pathological synovial fluid were either 
smaller than those in normal synovial fluid or were absent. The syno- 
vial fluid from two-thirds of the joints with inflammatory diseases, but 
only from one-quarter of the joints with noninflammatory diseases, 
lacked measurable normal stresses. Those normal stresses that were 
large enough to be measured at 574 sec ' amounted to 9% of the mean 
value for normal synovial fluid (namely, 2170 dynes/cm”) for the former 
and 15% for the latter. 


In summary, the rheological shortcomings of pathological 
synovial fluid are caused mainly by reduced concentration 
and/or molecular weight of hyaluronic acid. Despite the large 
individual variations of normal synovial fluid and of the fluid 
from joints afflicted with the same disease, the rheological 
properties are a promising diagnostic tool. 


SELECT PHARMACEUTICAL SYSTEMS 


Powders and granulated solids are the only type of materials 
omitted from this chapter whose flow properties are important 
to dosage forms. Their rheology is discussed in Chapter 23 and 
by Neumann.?9 Martin et al!? and Sherman? have reviewed the 
literature of the rheology of traditional pharmaceutical sys- 
tems. The case history described below illustrates some impor- 
tant and typical problems as well as the complexity of such 
systems, and shows how each ingredient can affect the flow 
properties of the entire formulation. 
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Effect of Additives on the Rheology 
of Ointments 


Kostenbauder and Martin!® determined the effect of various 
components of ointments on the rheological properties of pet- 
rolatum. With the aid of a Stormer viscometer, they measured 
the up and down curves of petrolatum containing various in- 
gredients for two different maximum shear rates, 125 and 210 
sec |. The down curves were straight lines which were extrap- 
olated to the shear stress axis to obtain yield values. Plastic 
viscosities were calculated from their slopes by Eq 10. A thixo- 
tropic index was defined®-!3:15.16 by 

Mir ( Mplastic,125 sec! — )plastic,210 sec )/n (210/125) (16) 
The higher the value of M, the more extensive the thixotropic 
breakdown of the ointment structure by shear. 


The following conclusions can be drawn from the data of Table 23-4, 
which summarizes their results. Incorporation of white wax made pet- 
rolatum harder (increased its yield value) and stiffer. The plastic vis- 
cosity increased logarithmically with the percentage of white wax. The 
addition of mineral oil had the opposite effect on petrolatum. When 
increasing concentrations of the particulate solid zinc oxide were incor- 
porated into a 70:30 mixture of petrolatum and mineral oil, the yield 
value went through a minimum at 10% zinc oxide while the plastic 
viscosity and the thixotropic index increased monotonically. 

In the three series of tests involving the addition of mineral oil or 
white wax to petrolatum, or the addition of zinc oxide to a mixture of 
petrolatum and mineral oil, the yield value was affected more strongly 
by the change in composition than either the plastic viscosity or the 
thixotropic index. 

For no pharmaceutical dosage forms are rheological properties more 
important than for ointments. In consultation with dermatologists, 
Kostenbauder and Martin divided ointments into three categories ac- 
cording to their consistency. Class I consists of ophthalmic ointments, 
which are the softest. Their flow properties should be similar to those of 
ointments No 5 and 6 of Table 23-4. Class II includes the common 
medicated ointments which are soft yet stiff enough to remain in place 
upon application to the skin. Their flow properties are represented by 
ointments No 3 and 4 of Table 23-4. Class II consists of protective 
ointments, which must be hard and stiff enough to remain in place even 
when applied to moist, ulcerated areas. Representative flow properties 
for this class are not listed.'6 


To determine the most desirable viscosity for spreading 
semisolids on the skin, it is important to measure their appar- 
ent viscosity at the appropriate rate of shear, since they are 
non-Newtonian. Lipophilic, W/O creams had higher optimum 
apparent viscosities than hydrophilic, O/W creams and aqueous 
gels.4° In addition to viscosity,4°-4* other important rheological 
attributes of ointments that have been correlated with their 
subjective spreadability include stickiness,*! firmness*? and 
texture.*? 


Additional Systems 


The following example illustrating the application of rheology 
to optimize pharmaceutical formulations is described in detail 
in Chapter 20 of the 18th ed of this text. Injectable aqueous 
suspensions of procaine penicillin G were made concentrated 
enough to form thixotropic pastes. The high pressures encoun- 
tered in hypodermic syringes liquefied them, so that they 
flowed through the needles. Within minutes after being 
sheared, they recovered their yield values to form compact and 
cohesive depots in the tissue. The consistency of these depots 
delayed their disintegration and the dissociation of the insolu- 
ble complex, causing the penicillin G to be released gradually 
into the bloodstream.*4 

Oil-in-water emulsions of mineral oil stabilized with an- 
ionic, cationic or nonionic surfactants tend to cream and co- 
alesce because of their low viscosity. The addition of myristyl, 
cetyl or cetostearyl alcohol thickened the emulsions to stable 
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Table 23-4. Rheological Properties of Ointments Based on Petrolatum’® 


COMPOSITION, % 


RHEOLOGICAL PROPERTIES 


Tyield” is ied fs mM“ 
sens Nplastic” eynee Nplastic dynes-sec 

NO WHITE PETROLATUM MINERAL OIL WHITE WAX em? POISE em? POISE cm? 

1 80 0 20 27,400 120 33,900 66 100 

2 90 0 10 14,200 60 14,900 40 40 

3 100 0 0 9,900 38 11,600 26 23 

4 90 10 0 4,000 30 5,400 20 21 

5 80 20 0 900 31 2,500 18 26 

6 70 30 0 800 23 2,000 14 17 

ZnO° 

7 70 30 0 800 23 2,000 14 U7 

8 66.5 28.5 5 200 33 1,700 18 29 

9 63 27 10 0 36 1,500 21 29 
10 DoS 25.5 15 3,700 38 6,600 20 35 
11 56 24 20 4,700 43 6,500 24 35 


7 
1 


° Maximum shear rate 125 sec 
© Maximum shear rate 210 sec 
© Thixotropic index, defined by Eq 16. 

3 Zinc oxide replaces white wax in Lines 7 to 11. 


semisolid creams. The mechanism of this self-bodying ac- 
tion4>-46 is described in Chapter 22 of the 17th ed of this text. 


TECHNIQUES FOR RHEOLOGICAL 
MEASUREMENTS 


This section outlines the basic aspects of some of the most 
frequently used instruments. Detailed descriptions are given in 
specialized texts.3.>.8.13.47.48 


Techniques for Measuring the Mechanical 
Properties of Solids 


Tensile properties such as yield point, ultimate strength, elon- 
gation to break, Young’s modulus and energy to break are 
determined with tensile testers, eg, those manufactured by 
the Instron Corp, Canton MA, or Testing Machines Inc, Amity- 
ville NY. 

A flat specimen, cut into an appropriate (eg, dumbbell) 
shape, is attached to two clamps. One clamp is stationary. It is 
connected to an electromechanical transducer which translates 
the applied force into an electric signal, eg, through a change in 
the electric resistance of a strain-gage wire. The other clamp is 
moved at a controlled speed by a motor, thereby stretching the 
sample. An x-y recorder plots stress versus time or strain, 
tracing curves such as those in Figure 23-1. The sample also 
can be subjected to programmed stress cycles, held at constant 
stress while the strain or creep is being recorded, or held at 
constant elongation while the stress decay is being measured. 

With proper attachments, Instron testers have been used for 
measurements other than tensile tests. The resistance of poly- 
meric films to puncture, and to shear stress in addition to 
tensile stress, provides expanded criteria to predict their per- 
formance as granulation binders and tablet coatings.49 A 
plunger-operated capillary extrusion rheometer for molten 
polymers uses the load-displacement-measuring capacity of the 
Instron.® 


Viscometers for Liquids and Semisolids 


A wide variety of viscometers is available commercially. It is 
necessary to select one suitable for the range of viscosities 


encountered in a given application. The instrument must pro- 
vide the required rheological information over the desired 
range of shear, time under shear and temperature. This should 
be combined with ease of operation, good reproducibility and 
relatively low cost. 

The danger inherent in measuring the apparent viscosity of 
a material at a single rate of shear instead of covering a wide 
range? is illustrated in Figure 13 of Ref 13. A Newtonian and a 
pseudoplastic liquid as well as two plastic materials of different 
yield values and different plastic viscosities all have the same 
apparent viscosity at 200 sec | and 4000 dynes/cm?, which is 
the point of intersection of their consistency curves. Measuring 
the apparent viscosity over a range of shear rates but main- 
taining the material for only short times at each shear rate also 
can give misleading results by missing thixotropic effects. The 
latter usually are detected by measuring the consistency first 
at increasing shear rates and, after reaching the desired max- 
imum value, at decreasing shear rates. This cycle may be 
repeated until the up and down curves coincide or until they 
undergo no further changes. Curves like those of Figures 23-5, 
23-6, 23-9, 23-11 or 23-12 may result, establishing the differ- 
ence between thixotropic and nonthixotropic behavior. An al- 
ternate technique is to keep the material at a constant shear 
rate for a given period of time and to observe the decay, if any, 
of the shear stress required to maintain this shear rate. This 
may be interspersed with periods at rest, as shown in Figure 
23-13. 

One of the two principal methods for measuring viscosity is 
based on the rate of flow of a liquid through an orifice or a duct 
of simple geometry. The other method depends on the resis- 
tance to rotation of a metallic body in contact with or immersed 
in the liquid. A third method, based on the velocity of a metal 
sphere rolling or falling through the liquid under the effect of 
gravity, or of an air bubble rising through the liquid, is not 
described here because of its limited use. Its principle is given 
by Stokes’ equation discussed in Chapter 20. 

CAPILLARY VISCOMETER—The glass capillary Cannon- 
Fenske, Ubbelohde and Ostwald viscometers are the most pop- 
ular instruments based on the first method. The duct is a 
cylindrical capillary, and the driving force causing the liquid to 
flow through it is its weight. Thus, AP in Poiseuille’s law (Eq 7) 
is replaced by the hydrostatic pressure hdG of a liquid column 
of height h and density d; G is the acceleration of gravity. A 
standard volume of the liquid is transferred into the viscome- 
ter. Liquid is then drawn into the upper reservoir bulb of the 
instrument by suction (see Figure 23-16). The efflux time ¢ 
required for the liquid level to fall from the upper to the lower 
benchmark, emptying the upper reservoir, is measured with a 


_ 
h final 


cA 
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Figure 23-16. Glass capillary viscometer.'° 


stopwatch. The height h is the difference between the liquid 
levels in the two arms of the viscometer. It decreases as liquid 
flows through the capillary, but its time-averaged value is 
constant for a given viscometer containing a constant volume of 


liquid. 
After replacing AP by hdG in Eq 7 and rearranging it, an 
instrumental constant K = 7aR*hG/8LV can be separated, 


reducing Eq 7 to 
n = Ktd (17) 


Calibration of the viscometer consists in determining the con- 
stant K with a liquid of known viscosity and density by mea- 
suring the efflux time t¢. 

The major portion of the potential energy represented by the 
hydrostatic pressure head is dissipated in overcoming the vis- 
cous resistance against flow in the capillary tube, ie, the fric- 
tion of layer slipping past concentric layer. This portion is 
converted into heat. However, a small portion of the potential 
energy is required to accelerate the liquid as it enters the 
capillary from the reservoir (kinetic energy correction). Another 
small amount is used up in converging the streamlines from 
the broad reservoir into the narrow capillary and in spreading 
the streamlines upon issuing from the capillary (entrance or 
end effects, also called Couette correction),2:>68-14.47,48 

The liquid used to calibrate the viscometer should have 
approximately the same flow time ¢ as the unknown, in order to 
minimize these two corrections when using Eq 17. It is not even 
necessary to evaluate K. It suffices to measure the flow time ¢, 
for the reference liquid of known viscosity 7, and density d,, 
and to compare it with the flow time t, for the liquid of density 
d, whose viscosity yn, is to be determined. The equation 


= ne) 18 
Up tid, m1 (18) 


gives the unknown viscosity. 

A range of glass capillary viscometers of different diameters 
is available for liquids of different viscosity. The efflux times 
should exceed 200 sec to minimize the kinetic energy correction 
and the possible error when starting and stopping the stop- 
watch. The usual glass capillary viscometers afford viscosity 
measurements at only one time-averaged value of shear rate. A 
range of shear rates can be covered when external pressure 
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must be applied to force a viscous liquid through a narrow 
capillary. A variety of capillary extrusion viscometers operat- 
ing under pressure are commercially available.8.47.48 

ROTATIONAL VISCOMETERS—These instruments de- 
pend on the fact that a solid rotating body immersed in a liquid 
is subjected to a retarding force due to the viscous drag, which 
is proportional to the viscosity of the liquid. The advantages of 
rotational viscometers are that the shear rate can be varied 
over a wide range of values, and that continuous measure- 
ments at a given shear rate or shear stress can be made for 
extended periods of time, affording measurements of the time- 
dependency as well as of the shear-dependency of the viscosity. 

The entire liquid sample is in shear for as long as the 
rotational viscometer is being operated. Its temperature rises 
progressively as the energy used to overcome its viscous resis- 
tance is transformed into heat. The higher the viscosity, the 
greater the heat buildup. Since the viscosity of liquids depends 
strongly on temperature, accurate temperature control is es- 
sential. Rotational viscometers have arrangements for circulat- 
ing water from a constant-temperature bath past the liquid 
sample, eg, around the cup. In capillary viscometers, only a 
small portion of the test liquid is sheared at any given moment, 
and the measurements are intermittent. Despite the minimal 
heat buildup, glass capillary viscometers usually are operated 
in constant-temperature baths. 

COAXIAL-CYLINDER VISCOMETERS—In Couette- 
type or coaxial-cylinder viscometers, the material is contained 
in the annular gap between an inner cylindrical bob or spindle 
and an outer, concentric cylindrical cup. In the Stormer viscom- 
eter, the cup is stationary. The bob or rotor is driven by weights 
suspended at the end of a pulley to which the shaft of the bob 
is connected. The shear stress is varied by applying different 
weights. The weights fall freely. The shear rate is measured as 
the speed of rotation of the bob: The number of revolutions per 
minute (rpm) is determined by means of a revolution counter 
connected to the shaft of the bob, and a stopwatch. The instru- 
ment is stopped between readings while the pulley is rewound 
and the weights are changed. This makes it poorly suited for 
the study of thixotropic materials of short recovery times. 

In the more advanced and versatile Haake Rotovisco, the 
cup likewise is fixed. The bob is rotated at a constant though 
adjustable speed which can be varied to cover four decades of 
rpm or shear rates. The torque on the rotating bob required to 
maintain a constant speed of rotation against the viscous drag 
of the liquid is measured with a dynamometer consisting of a 
torsion spring interposed between the motor and the bob. 
Torque is the product of the force producing the rotation times 
the length of the lever or the perpendicular distance between 
the axis of rotation and the line along which the force acts. The 
deflection or twist of the spring generates an electric signal by 
means of a potentiometer. The shear stress is read as the 
deflection of a needle on the torque scale or plotted on the 
vertical scale of an x-y recorder where the horizontal scale 
represents the rpm. Modern rotational viscometers are inter- 
faced with computers in order to subject samples to preselected 
shear stress-shear rate schedules, which print out the flow 
curve and compute apparent viscosities at preselected shear 
rates, including zero-shear viscosity, and yield stresses. 

In another concentric-cylinder viscometer, the outer cup is 
rotated at a constant though adjustable speed. The torque on 
the bob is measured as the deflection or twist of the torsion wire 
from which the bob is suspended. This is the principle of the 
MacMichael viscometer. 

The geometry of a coaxial-cylinder viscometer is shown in 
Figure 23-17. The viscosity is calculated?:>.6*.1> by means of the 
Margules equation,?® 


le 7 zz) (3) 
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Figure 23-17. Geometry of a coaxial-cylinder viscometer. 


where 7 is the Newtonian viscosity, or the apparent viscosity of 
a non-Newtonian material, R, and R, the radii of bob and cup, 
respectively; h is the height of the bob immersed in the liquid, 
T the torque, and ( the angular velocity in radians/sec; (1) times 
60/27 or 9.55 equals rpm. This conversion factor and the in- 
strumental constants are combined to give the calibration fac- 
tor K, which can be determined experimentally for each com- 
bination of bob and cup by means of a Newtonian calibrating 
liquid of known viscosity. S is the number of divisions on the 
torque scale. 

Equation 19 was derived for two coaxial cylinders of infinite 
length. The end effect is the traction on both end surfaces of the 
bob if it is completely immersed in the liquid, or on its bottom 
surface if it is only partly immersed. It is corrected approxi- 
mately by using the calibration factor K. The shear rate is 
lower at the ends of the bob than in the gap between cup and 
bob. Therefore, pseudoplastic liquids have higher apparent vis- 
cosities in the end zones, and this procedure is not accurate for 
them. Another approximate correction for the end effect con- 
sists in adding an increment Ah to the height h of the bob to 
arrive at an effective height. For a partly immersed bob with a 
flat bottom, Ah is frequently of the order of 0.1h. The added 
height can be determined experimentally for each material by 
filling the annular gap to different depths of immersion of the 
bob. The ratio 7/Q is plotted against the height or depth of 
immersion h. The negative intercept of this usually straight 
line with the h axis represents Ah.>8 

The shear stress in the material at a given radius R is 
expressed by the equation 


T 


~ 2aRh vor 


T 


The rate of shear is given by 


(21) 


R varies between R, and R,,. Since R, is the smallest value of R, 
and R? is in the denominator in Eqs 16 and 17, shear stress and 
rate of shear are maximum at the surface of the bob or inner 


cylinder where R = R,. R,.is the largest value of R and, 
therefore, shear stress and shear rate have their minimum 
values at the wall of the cup or outer cylinder, where R = R.. 
Making these substitutions into Eqs 20 and 21 gives the max- 
imum and minimum values for 7 and 4. 

A disadvantage of the Couette viscometers is that the shear 
rate is not uniform at a given rpm but varies across the annular 
gap. Couette viscometers have several bobs and/or cups. The 
variation of the shear rate across the gap can be minimized by 
choosing a combination with a small gap. Two precautions are 
recommended when studying suspensions. The gap should be 
10 to 100 times wider than the diameter of the largest particles. 
The cylinder surfaces should be roughened for fine particles 
and ribbed or knurled for coarse particles to cause some of the 
particles to be entrapped and carried around with the rotating 
cylinder. Otherwise, fluid suspending medium separates at the 
moving surface and its viscosity, rather than the viscosity of 
the entire suspension, is being measured.*.8:47.48 

Brookfield Synchro-Lectric Viscometer—This instrument 
measures the viscous traction on a spindle rotating in the 
liquid, which is contained in a beaker: 1/R.” is essentially zero, 
and the rate of shear varies widely throughout the sample. 
There are various models equipped with either four or eight 
fixed speeds. Each instrument has a set of interchangeable 
cylindrical spindles or discs of different diameters, to be used 
for liquids of different viscosities. The spindle is driven by a 
synchronous motor through a beryllium-copper torsion spring. 
Different models have springs of different degrees of stiffness 
and are suitable for different viscosity ranges. The degree to 
which the spring is wound at a given rpm is indicated by a 
pointer on a dial calibrated in torque units. Multiplying the dial 
reading by the constant appropriate for the spindle and for the 
rpm gives the apparent viscosity of the liquid in centipoises at 
that rpm. A guard can be mounted around the spindle to 
prevent it from being deflected laterally and thereby cause 
misalignment of the shaft. The viscometer spindle can be in- 
serted not only into beakers in the laboratory but also into 
kettles, reactors and mixing tanks in the plant. Thus, the 
viscometer can be adapted for continuous in-line viscosity 
measurements as well as for recording and/or controlling 
viscosities. 

Cone-and-Plate Viscometers—These instruments consist of 
a rotating cone with a very obtuse angle and a stationary lower 
flat plate. The plate is raised until the apex of the cone just 
touches its surface. The liquid fills the narrow triangular gap 
between cone and plate (see Figure 23-18). Its surface tension 
prevents it from spreading on the plate. The plate is main- 
tained at a constant temperature by circulating water. The 
cone is driven at controlled speeds which can be varied contin- 
uously. The viscous drag on the rotating cone exerts a torque on 
a dynamometer which is proportional to the shear stress. The 
angle @ formed by cone and plate is usually less than 3° and the 
average gap width is less than 2 mm. This results in a uniform 
rate of shear throughout the sample, given by 0/6. An added 
advantage of the instrument is that sample volumes smaller 
than 0.5 cm? are required. For small values of @ in radians, 
the Newtonian viscosity, or the apparent viscosity for non- 
Newtonian materials, is®*:9.47.48 


=( 30 | ; 
ie: aan ag 


where T and ( are as defined for Eq 19 and R, is the maximum 
cone radius. Cone-and-plate viscometers are manufactured by 
Ferranti Electric Inc (Ferranti-Shirley viscometer) and by 
Brookfield Engineering Laboratories Inc. The Haake Rotovisco 
also has a cone-and-plate attachment. 

FALLING BALL OR NEEDLE VISCOMETERS—With 
these instruments, viscosities are determined by measuring 
the velocity of a falling or sliding ball, a falling needle or a 
rising air bubble in the liquid being studied. This method is 
best suited for Newtonian liquids because it measures viscosi- 


Figure 23-18. Geometry of a cone-and-plate viscometer. 


ties at a single shear rate. For non-Newtonian liquids, an 
apparent viscosity is obtained which depends on that shear 
rate. 

When a sphere of radius, R, and density, d,, descends ver- 
tically through a liquid of density, d,, the driving force is the 
effective weight of the sphere, ie, the weight of the sphere 
minus the weight of the liquid it displaces. It equals the volume 
of the sphere multiplied by the net density d, — d, and by the 
acceleration of gravity G, namely (47R°/3)\(d, — d,)G. The 
viscous resistance of the liquid is given by Stokes’ law, namely, 
6anRv. When the sphere attains the terminal or constant ve- 
locity, v, (which occurs soon after it is dropped into the liquid 
column), the two opposing forces are equal, so that the viscosity 
is given by 


Re aos (23) 


When deriving his law, Stokes assumed that the velocity of 
sedimentation was very low and that the liquid medium 
extended at an infinite distance from the ball. Among the 
factors requiring correction, therefore, is the proximity of the 
wall.5-8.14.47.48 

Instead of spheres, viscosities can be obtained from the 
velocity of sedimentation of cylindrical metal needles with 
hemispherical ends falling vertically through liquids contained 
in glass capillaries. The latter have much larger diameters 
than the needles and are closed at the bottom. To make mea- 
surements at different shear rates, hollow needles are used and 
their densities are varied with different inserts.°° 

For very viscous liquids, values of the Newtonian or the 
apparent viscosity at a single shear rate can be measured with 
a metal rod plunger immersed concentrically in a vertical cy- 
lindrical glass tube filled with the liquid. The tube is closed at 
the bottom and thermostatted. The diameter of the metal 
plunger is ~68% of the inside diameter of the glass tube. The 
weight of the plunger forces the liquid upward through the 
narrow annular space between plunger and tube. The terminal 
or steady-state velocity of descent of the plunger is proportional 
to the viscosity of the liquid.*! 

All of these instruments have guides to insure that the 
probes descend along the vertical axis of the cylindrical con- 
tainers. 

PENETROMETERS—In the case of semisolids or very 
viscous liquids, a cone or needle attached to a holding rod is 
released and plunges vertically into the sample under the in- 
fluence of its own or added weight. The depth of penetration 
within a given time interval, eg, 10 sec, is used to rate the 
consistency of the material.®8.!°> The results cannot be trans- 
lated into viscosity and yield values. 

COMPARISON BETWEEN INSTRUMENTS—When a 
material is to be studied over a wide range of shear rates, more 
than one viscometer may be used because each individual in- 
strument may have too limited a range. When the flow curves 
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are plotted as maximum shear stress versus maximum rate of 
shear, instruments of different dimensions and even based on 
different principles produce a single curve for a given material 
at a given temperature. Maximum rate of shear and maximum 
shear stress are measured at the surface of the bob in coaxial- 
cylinder viscometers (Eqs 20 and 21 with R = R,) and at the 
wall of the capillary in capillary viscometers (Eqs 5 and 6). 
When studying a material with two viscometers, it is advisable 
to use both instruments in the range of overlapping shear rates 
to ensure that the corresponding flow curves do indeed coin- 
cide. When flow curves are plotted as torque units versus rpm, 
they depend on the geometry of the viscometer. 


Techniques for Measuring 
Viscoelastic Properties 


Creep and stress relaxation can be measured with instruments 
having a coaxial-cylinder or cone-and-plate geometry and with 
specially adapted tensile and torsion testers. 

DYNAMIC TESTING?2:*.5.78.26.47.48_Testing viscoelastic 
materials at large deformations for relatively long times may 
break or rearrange the structures responsible for their rheo- 
logical properties and promote hysteresis. To prevent this, vis- 
coelastic materials may be tested at small, periodic defor- 
mations for short times instead. Such periodic tests, which 
are nondestructive, supply the so-called dynamic rheological 
properties. 

Small cyclical, harmonic deformations are produced in a 
concentric-cylinder configuration (or with cone and plate or two 
parallel plates), where the outer cylinder is made to oscillate 
alternately clockwise and counterclockwise at a small fixed 
amplitude. The forced oscillations of the outer cylinder and the 
responsive oscillations of the inner cylinder are sinusoidal. The 
time course of the applied (input) strain and of the resulting 
(output) stress are shown in Figure 23-19. The inner cylinder 
oscillates with the same frequency as the outer cylinder, but 
there may be a phase lag, depending on the nature of the 
testing material between the cylinders. 

For purely elastic materials the shear modulus, G = 1/y, is 
constant, so that maxima in the stress curve occur at the same 
time as maxima in the strain curve: there is no phase shift, the 
two sinusoidal curves are in-phase, and the phase angle, 6, 
between the strain and the stress curves is zero. For viscous 
Newtonian liquids, the torque on the inner cylinder depends on 
the viscosity, 7 = 7/y, and on the rate of shear. (Strain between 
coaxial cylinders is in shear.) At maximum strain values, the 
rate of shear is zero because the oscillatory rotation changes 
direction. Since 7 is constant, the stress is then also zero. 
Therefore, maxima in the strain curve coincide with zero 
stress, and the strain and stress curves are exactly out of phase 
(5 = 90°). Thus, the phase angle, 5, varies from 0° for elastic 
materials to 90° for viscous liquids. A viscoelastic material has 
a characteristic intermediate 6 value. The phase of its stress 
curve is intermediate between those of the two bottom curves of 
Figure 23-19. 

In a viscoelastic material, a part of the energy applied to 
produce a swing of the cylinders is stored elastically and is 
recovered in the counterswing. This part is measured by the 
elastic modulus. The remaining energy is dissipated as fric- 
tional heat. It is represented by the viscosity. 

Two problems arise when adding the elastic and viscous 
components. 

1. According to Eq 1, elastic moduli have the dimensions of force/area 
or ML 31T~? (M = mass, L = length and T = time) while, 
according to Eq 4, the viscosity has the dimensions of force/area/ 
reciprocal time or ML 'T' |. This problem is solved by multiply- 
ing the viscosity by the frequency of the oscillations, v, in hertz or 
w = 27v in radians/sec (dimensions 7 ~ '), which results in the same 
dimensions as a modulus. 

2. The elastic and viscous components are out of phase. This problem 
is handled in a way similar to the representation of alternating 
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Deformation in shear (y) 


Shear stress (7) 


3 ; , 
0 . radians mradians 2radians 2m radians 5 radians 7m radians 
=90° =180° =n =360° =90° =180° 
Time 


Figure 23-19. Sinusoidal stress and strain curves. The top curve represents the strain applied to the outer cylinder of a Couette viscometer; 
the bottom curves represent the responsive stress imparted to the inner cylinder by a purely elastic (—) and a purely viscous (-----) material. 
The scale of the vertical axis represents the amplitude of strain (top curve) and stress (bottom curves); 5 is the phase angle. 


electrical currents by introducing the operator i = V—1 (an 
“imaginary” number because one cannot extract the square root of 
a negative number). The operation represented by 7 is a counter- 
clockwise rotation through 90°. Two successive rotations, from 0° to 


90° and from 90° to 180°, signify a change of sign because V —1 
VS ile 


The complex dynamic shear modulus, G*, like all complex 
numbers, consists of a real component, G’, that is in phase, 
drawn along the horizontal axis in Figure 23-20, and an imag- 
inary component, G”, that is 90° out of phase, drawn along the 
vertical axis, which has become the 1-axis. The shear storage 
modulus, G’, measures the elastic component, ie, the energy 
stored in the material and recovered during the sinusoidal 
deformation; G” = 7’, which is known as the shear loss 
modulus, is a measure of the energy dissipated as heat by 
viscous friction. 


The complex modulus is a vector. From Figure 23-20, it is 
Gs — Ga GY (24) 

The loss tangent, tan 5, is a useful parameter because it mea- 
sures the ratio of energy dissipated as heat to energy stored 


elastically during sinusoidal deformation. From Figure 23-20 


tan 6 = G"/G' (25) 


For a purely viscous material, G’ = 0,6 = 90° and tan 6 = ~. 
A purely elastic material has no phase lag: 6 = 0°, tan 6 = 0 and 
G" = 0. 

Three additional equations are obtained from Figure 23-20: 


G' = |G*| cos § = (Tmax/Ymax) COS 5 
and 
G" = |G*| sin 5 = (Tmax/Ymax) Sin 6 


where |G*| represents the length or magnitude of the vector G*, 
and 7,,,, and y,,,, represent the maximum amplitude of shear 
stress and strain, respectively. 

For polymer solutions, it is customary to subtract the con- 
tribution of the solvent of Newtonian viscosity n,, namely wn,, 
from the observed loss modulus; thus G” — wn, represents the 
contribution of the dissolved polymer to G”’. Of course, the 
solvent makes no contribution to G’. 

Instead of describing viscoelastic behavior by the complex 
modulus (Eq 24), it can be described by the complex dynamic 
shear viscosity, expressed in units of poise or kg/m sec:°? 


n* = G*/iw = 9! — in" (26) 
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Figure 23-20. Resolution of the vector representing the complex 
dynamic shear modulus, G*, into its viscous, imaginary component 
G" (shear loss modulus) and its elastic, real component G’ (shear 
storage modulus). 
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where 7’ is the ratio of stress in phase with the rate of strain to 
the rate of strain, and 1’ is the ratio of stress 90° out of phase 
with the rate of strain to the rate of strain. Thus, the phase 
relations are the reverse of those for G*. The out-of-phase or 
imaginary component is 7” = G'/w. The in-phase or real com- 
ponent, 7’ = G"/w, for viscoelastic liquids such as polymer 
solutions approaches their steady-flow zero shear viscosity as w 
approaches zero.*6 

The equations for the dynamic shear functions of a Maxwell 
and a Voigt element are listed in Refs 5, 8 and 36. For instance, 
the loss tangent equals 1/w@ for the former and w@ for the latter. 
Qualitatively, the situation can be illustrated by comparing the 
relaxation time, 0, with the reciprocal of the frequency 1/w. At 
high frequencies, the oscillatory shear causes the elastic 
springs to extend and contract in unison, while the viscous 
dashpots have scarcely time to move; 1/m < @ and the system 
behaves essentially like an elastic solid of modulus G. At very 
low frequencies, where 1/w > 6, both the springs and dashpots 
extend and contract and even the dashpots can keep up with 
the oscillations. Since the dashpots extend considerably more 
than the springs, the applied energy is almost completely dis- 
sipated and the system acts primarily like a viscous liquid. 
Viscoelasticity is observed at intermediate frequencies, where 
Vow ~ 80. 

The frequency dependence of the elastic and viscous re- 
sponses of viscoelastic materials supplies important informa- 
tion on their structure. High frequency oscillatory testing is 
particularly useful for viscoelastic liquids having short relax- 
ation times. For solutions, gels and melts of uncrosslinked 
polymers,*:*° the dynamic viscosity, represented by 7’, is usu- 
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Figure 23-21. Typical plot of storage modulus, G’, and loss modulus, G” — wy, in shear (dynes/cm?), dynamic viscosity 7’ (poise) and loss 


tangent of a dilute polymer solution as a function of frequency w. Because of the large range of values, all three scales are logarithmic; the 


numbers represent powers of 10. 
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ally large at low frequencies but decreases with increasing 
frequency (see Figure 23-21). The elasticity, represented by G’, 
is usually small at low frequencies, w. It increases markedly 
with increasing w up to a point, beyond which it tends to level 
off. In this plateau region at intermediate frequencies, G’ is 
often even more nearly horizontal than is shown in Figure 
23-21. At high frequencies, G’ turns up again. 

The decrease of G’ with decreasing w at low frequencies 
indicates the absence of permanent cross-links between mac- 
romolecular chains. The plateau region is due to interchain 
entanglements and because of their flexibility and segmental 
mobility, polymer chains in solution and in the molten state are 
enmeshed. Their large steady-flow viscosity and pronounced 
pseudoplasticity are due to such temporary entanglements. At 
increasing shear rates, the interchain entanglements are un- 
done gradually by slippage as the chains are pulled apart, 
becoming increasingly disentangled and lined up in the direc- 
tion of flow. Brownian motion of chain segments re-entangles 
the chains. 

As shown in Figure 23-21, the plateau region of G’ corre- 
sponds to minima in G" and in tan 6. In this region of inter- 
mediate frequencies, the period of oscillation is too short to 
promote the rearrangement of entanglements (formation or 
disruption) but too long to promote the motion of short-chain 
segments between entanglements. As a result, the frictional 
losses go through a minimum at these intermediate frequencies 
while the elastic component changes little. Polymer solutions and 
melts of higher molecular weight have more extended and more 
pronounced plateaus for G’ and deeper minima for G” and tan 6 
than those of lesser molecular weight. The density of temporary 
entanglements between polymer chains, ie, the average length of 
chain segments between pairs of adjacent entanglement points, 
can be estimated from plots like Figure 23-21. 

Equally useful structural information can be obtained when 
dynamic or oscillatory testing is applied to semisolids, such as 
lanolin®* and creams,*°-455 instead of polymeric systems. Ow- 
ing to their small amplitude, oscillatory measurements are 
particularly useful for fluid disperse systems and soft creams 
because some structural features important for end uses, such 
as flocculation and low yield values due to weak particle- 
particle interaction, are fragile and destroyed readily by larger 
deformations and steady-state flow. 

Experimentally, a concentric cylinder viscometer can be 
used to measure viscoelastic properties. The frequency and 
amplitude of the strain for the outer cylinder are controlled by 
the operator. The sinusoidal oscillations imposed on the outer 
cylinder are transmitted to the inner cylinder by the viscoelas- 
tic material between the two. The inner cylinder oscillates with 
the same frequency as the outer cylinder but with a phase 
difference. The complex modulus or the complex viscosity and 
their real and imaginary components are determined by mea- 
suring the responsive torque on the inner cylinder and the 
phase angle between the two, using Eqs 24 and 26. In other 
instruments, a known sinusoidal stress applied to the outer 
cylinder forces the sample to undergo oscillations at an ampli- 
tude and frequencies controlled by the operator while the re- 
sponsive strain and phase lag of the inner cylinder are being 
measured. 

An alternative to applying forced oscillations at controlled 
frequencies is the method of freely decaying resonant oscillations: 
The system is set into oscillation and continues to oscillate freely 
at its characteristic, constant resonant frequency while the am- 
plitude decreases gradually. The viscoelastic parameters are cal- 
culated from the resonant frequency and the rate of decay of the 
sinusoidal strain. In other instruments, instead of freely decaying 
vibrations, the sample is made to oscillate with a fixed strain 
amplitude at its resonant frequency. 

Among commercial instruments, Rheometrics Inc supplies 
two for viscoelastic liquids with various interchangeable geom- 
etries such as parallel plates, cone and plate, concentric cylin- 
ders and tapered cones. One instrument has dynamic strain 
control and measures the responsive stress as in Figure 23-19, 


the other has dynamic stress control and measures the respon- 
sive strain. It automatically compensates for inertial effects. 
Rheometrics Inc and T A Instruments Inc (formerly Du Pont) 
manufacture oscillatory testing equipment for solids ranging 
from soft rubbers to hard ceramics. In the latter instrument, 
viscoelastic liquids can be investigated by supporting them on 
a glass fiber braid. While this arrangement does not supply 
absolute values of G’, G” or 7’, it detects changes in these 
properties caused, for instance, by glass transition or curing. 

Such instruments can be operated in various modes: oscil- 
lation (at adjustable forced frequencies covering a range of four 
or more decades, as well as at resonant frequency), stress 
relaxation (at constant strain), creep (at constant stress) and 
creep recovery (after the stress is removed). Both temperature 
and frequency are controlled and can be programmed. The 
instruments interface with computers that calibrate them, col- 
lect, tabulate and fit data to rheological models, and plot the 
various moduli and viscosities as a function of time, tempera- 
ture, frequency or rate of shear. 
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Inorganic chemicals have been used in pharmacy and medicine 
for many reasons, ranging from therapeutic agents to nutri- 
tional supplements to pharmaceutical necessities. In this chap- 
ter a review of some chemical principles and properties of 
elements is followed by a discussion of the wide variety of 
useful inorganic chemicals. 


BASIS OF CHEMICAL REACTIONS 


Although many subatomic particles have been identified, only 
the protons and neutrons of the nucleus of an atom and the 
extranuclear electrons will be considered here. 

Each atom of an element is described uniquely by two pure 
numbers: its atomic number and its atomic weight. The atomic 
number gives the number of protons present in the nucleus 
and, therefore, its positive charge. Because the ground state 
atom must be neutral, this in turn defines the number of 
extranuclear electrons. The difference between the atomic 
number and the atomic weight of a given isotope of an element 
defines the number of neutrons in the nucleus. (Atomic weights 
in the tables are not whole numbers because they represent the 
weighted average of the atomic weights of all isotopes present.) 

The electrons are arranged in major quantum groups (en- 
ergy levels or orbitals) occupying the space about the nucleus. 
Each electron is assigned four quantum numbers: 


The principle quantum number, n, describes the relative position of an 
energy level with respect to the other energy levels present. 

The subquantum number, /, describes the different electron distribu- 
tions possible for a given value of n. 

The magnetic quantum number, m,, is best described as the magnetic 
contribution to the angular momentum due to the movement of the 
electrons in space. 

The magnetic spin quantum number, m,, is the magnetic component 
contributed by the spin of the electron. 


The permitted values for n are 1, 2, 3,..., for] are 0, 1, 2, 
mene!) for are. —)... 0)... +), and tory, 2) 1/2: 
Returning to the subquantum number /, when / is 0 the elec- 
trons occupying the suborbital are known as s electrons; when 
lis 2, theyre known as p electrons; when / is 3, theyre known 
as d electrons; and when /7 is 4, they’re known as f electrons. 
Thus if 2 electrons occupy suborbital 0 of major quantum group 
3, they are represented as 3s”. 

In assigning electrons to the atom the Au Principle is used. 
It is an application of quantum theory, Hund’s rules, and the 
Pauli exclusion principle. Simply stated, a given entering elec- 
tron must occupy the lowest unoccupied energy level of the 
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atom. In other words, each electron must have a unique set of 
quantum numbers. 

As a result of the above process, all atoms, except hydrogen 
and the inert gases, have one or more completely occupied 
lower major quantum groups and have the suborbitals of their 
highest major quantum group only partially filled. The elec- 
trons of this outer, partially filled, energy level give each ele- 
ment its distinct chemical properties. These are the valence 
electrons. 

Chemical reactions entail the removal of valence electrons, 
adding electrons to a partly filled valence shell, or sharing a 
pair of valence electrons between two atoms. Most atoms at- 
tempt to achieve a rare gas outer shell (ns? or ns?np®) by these 
processes. The energy required for the removal of the electron 
of least energy is known as the first ionization potential. It is 
unique for each element. The metals have low ionization po- 
tentials and, therefore, readily form cations. Nonmetals have 
high ionization potentials. 

The attraction of a nucleus for electrons is termed its elec- 
tronegativity. Metals have low electronegativities (they are 
electropositive), whereas nonmetals (especially the halogens) 
have high electronegativities. This allows the latter to attract 
additional electrons to form anions. 

When atoms with widely differing electronegativities react, 
such as sodium, 0.93, and chlorine, 3.98, an electron transfer 
takes place. The one valence electron of sodium (3s') enters the 
incompletely filled (3s73p®) valence shell of the chlorine. So- 
dium now has an inert gas (Ne) electron structure with a +1 
charge. The chlorine achieves the argon structure with a —1 
charge. There is no formal electron-pair bond between the two 
entities. A crystal of sodium chloride consists of equal numbers 
of sodium and chloride ions held in place by the interaction of 
the spherically symmetrical positive cation field and the spher- 
ically symmetrical negative anion field. These ionic (electro- 
static) compounds are characterized by high boiling and melt- 
ing points and most are water soluble. 

If two reacting atoms have similar electronegativities, such 
as two hydrogen atoms, a sharing of electrons takes place. One 
electron is donated to the bond from an incompletely filled 
suborbital of each atom. A covalent bond is formed by the 
overlap of the two atomic orbitals involved. With the formation 
of the bond a molecule results. The bonding electrons are no 
longer restricted to their atomic orbitals. They now are free to 
move in a molecular orbital between the two atoms in what is 
known as a o molecular orbital. 

When the electronegativities of the two atoms involved in 
the formation of a covalent bond are not identical the atom with 
the higher electronegativity tends to attract the electrons of 
the molecule more strongly than its partner. This leads to po- 
larization of the molecule and a dipole results. The extent 
of polarization is directly proportional to the difference in 
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electronegativities. Such bonds are said to have partial ionic 
character. 

In practice, only the most electropositive atoms reacting 
with the most electronegative atoms result in purely electro- 
static compounds, and only atoms with equal electronegativi- 
ties form purely covalent bonds. Those bonds formed from 
elements between these extremes have partial covalent or par- 
tial electrostatic character. 

Atoms with orbitals occupied by an unshared pair of elec- 
trons can share this electron pair with an atom lacking two or 
more electrons in its valence shell. The bond formed is said to 
be a coordinate covalent bond. Once this bond has been formed 
it cannot be distinguished from an ordinary covalent bond; the 
difference lies only in the manner of formation. 

The formation of the ammonium ion from an ammonia mol- 
ecule, which has an unshared electron pair, and a hydrogen 
ion, which has an empty s orbital, illustrates this type of 
reaction. 

Covalent compounds have low melting and boiling points, 
and usually are insoluble in water. Solubility in water can be 
induced by introducing an acid or base group into the molecule. 
Reaction with base or acid will now give a soluble salt. 

Other types of bonding exist. Those of interest are weakly 
bonded; the compounds formed decompose more readily than 
the electrostatic and covalent types. Hydrogen bonding (bridg- 
ing) is quite common. Dipole—dipole bonding also is possible; 
very weak associations result. 

Complexes are compounds or ions formed when an atom or 
cation central unit acts as a center about which anions or 
molecules, ligands, arrange themselves. The central unit is 
said to have a coordination number equal to the number of 
complexing ligands. The maximum number of ligands that can 
arrange themselves about the central unit is known as its 
maximum coordination number and is a function of the size of 
the central unit. Usual maximum coordination numbers are 2, 
4, 6, or 8. The number of ligands that can coordinate with the 
central unit also is a function of ligand size. Thus, even though 
the maximum coordination number of aluminum is 6, only four 
of the relatively large chloride ions can be accommodated as 
ligands, for example, [AlF,]®* versus [AIC1,]*~ (see Chapter 14). 

The bonding involved in the formation of complexes can be 
coordinate covalent or electrostatic. Bonds depending on per- 
manent dipoles are also common, such as with hydrates. 


NOMENCLATURE 

LEST LE IE 
The great advances in chemistry during the past several de- 
cades have made necessary constant revision of systems of 
nomenclature, designed to give precise information with re- 
spect to the composition of chemical compounds. Whereas oil of 
vitriol and lunar caustic at one time were useful names, today 
they must be looked upon as trivial. 

CLASSICAL NOMENCLATURE—Prior to elucidation of 
the structure of coordination complexes, the naming of com- 
pounds was handled reasonably well by using nonnumerical 
prefixes and suffixes and Latin or Greek numerical prefixes. 
In general the main function of these prefixes and suffixes 
was to indicate the oxidation state of elements of variable 


Table 24-1. Nomenclature for Oxygenated Acids 
and Salts 


cl OxID ACID 

STATE FORMULA ACID NAME ANION NAME 
al HCl Hydrochloric acid Chloride 

aa HClO Hypochlorous acid Hypochlorite 
+3 HClO, Chlorous acid Chlorite 

55) HClO, Chloric acid Chlorate 

+7 HClO, Perchloric acid Perchlorate 


Table 24-2. Nomenclature for the Phosphoric Acids _ 


WATER 

MOLECULES RESULTANT ACID NAME 

H5O + %2P50: HPO, Metaphosphoric acid 
Pyrophosphoric acid 

2h On ar Or HgP507 Diphosphoric acid 

30 POn HPO, Orthophosphoric acid 


Phosphoric acid? 


5H,O + 3P,0. Triphosphoric acid 


? The phosphoric acid of commerce and science is orthophosphoric acid. 


HsP3046 


valence, although some were intended to connote structural 
characteristics. 

Systematic nomenclature must consider two problems; or- 
der of citation and stoichiometry. Order of citation is usually 
well defined; for salts and salt-like compounds the most elec- 
tropositive element is named first, for example, sodium chlo- 
ride. For nonmetals the International Union of Pure and Ap- 
plied Chemistry (IUPAC) recommends the following order of 
citation: B, Si, C, Sb; As), P, N, Hy Se; SS, Br, ClVOn re 

Cations with a single oxidation state simply are named as 
the element. If a cation has two oxidation states the suffix -ous 
is used to indicate the lower oxidation state; for example, mer- 
curous; the suffix -ic indicates a higher oxidation state: mercu- 
ric. (Obviously this system breaks down when an element ex- 
ists in more than two oxidation states.) The simple anions are 
named using the suffix -ide. Although the newer Stock system 
of nomenclature uses only the English names of the elements, 
classical nomenclature uses the stems of the Latin names in 
identifying the cations of copper, gold, tin, lead, and iron. 

For the oxygenated anions a system of prefixes and suffixes 
was developed to indicate the oxidation state of the central 
atom. These are illustrated in Table 24-1 using the chlorine 
anions. 

Sometimes one or more oxygen atoms of the anion are re- 
placed by another element. The stem of the name of the sub- 
stituting element is used as a prefix to the name for the fully 
oxygenated anion, for example, Na,S.,0, is sodium thiosulfate, 
or Na;AsS, is sodium thioarsenate (sodium tetrathioarsenate). 

In addition to variable oxidation numbers, oxygenated acids 
(and their salts) present two other nomenclature problems: (1) 
a variation in the degree of hydration of the parent acid anhy- 
dride and (2) the naming of the different salts arising from 
partial neutralization of polyprotic acids. Table 24-2 shows the 
prefixes used for naming the different phosphoric acids (P®*). 

For salts of diprotic acids, the salt resulting from neutral- 
ization of only one proton per acid molecule is named by using 
the prefix bi- or the words hydrogen or acid with the anion; for 
example, NaHCO, is sodium bicarbonate, acid carbonate, or 
hydrogen carbonate. The latter form is preferred. Several 
methods have been devised for the triprotic acids. These are 
shown in Table 24-3. Due to very strongly basic reaction of the 
solutions of Na3;PO, and other tertiary phosphates, the phar- 
macist must be alert, especially when using containers labeled 
sodium phosphate. 

It is evident from Table 24-3 that the numerical Greek 
prefixes hemi-, mono-, sesqui-, di-, tri-, tetra-, penta-, hexa-, 
hepta-, octa-, ennea- (nona-), and deca- also are used in naming 
compounds. In fact there are compounds such as N.O,, dini- 
trogen tetraoxide, that must be named using numerical pre- 
fixes because modern systems of nomenclature are unable to 
identify them precisely. 

STOCK NOMENCLATURE—Classical nomenclature is 
satisfactory for simpler compounds involving atoms with one or 
two oxidation states. It cannot indicate proper stoichiometry 
when atoms having three or more oxidation states are involved. 
The Stock system of nomenclature attempts to overcome the 
problem. 

In the Stock system simple cations are named as the ele- 
ment followed by its oxidation state, expressed in Roman nu- 


Table 24-3. Nomenclature of the Phosphate Salts 
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FORMULA NaH>PO, 


Na ,HPO, 


Na3POq 


Preferred name 
Other names 


Sodium dihydrogen phosphate 
Monobasic sodium phosphate 
Primary sodium phosphate 


USP 23 Monobasic sodium phosphate 


Sodium monohydrogen phosphate 
Dibasic sodium phosphate 
Secondary sodium phosphate 
Dibasic sodium phosphate — 


Sodium phosphate 
Tribasic sodium phosphate 
Tertiary sodium phosphate 


merals enclosed in parentheses—for example, Fe”* is iron(II), 
Fe®* is iron(III), and Fe®* is iron(VI). Simple anions use the 
suffix -ide as before. However, complex anions are named using 
the stem of the name of the central unit and the suffix -ate 
followed by its oxidation state, in Roman numerals enclosed in 
parentheses. The ligand(s) involved are cited before the central 
unit of the complex. If two or more different ligands are present 
they are cited in alphabetical order, ignoring Greek prefixes. 
The number of each of the individual ligands involved is indi- 
cated by the use of Greek numerical prefixes. These latter rules 
also govern the citing of ligands associated with complex cat- 
ions. The preferred nomenclature for common ligands is given 
in Table 24-4. 

Stock names are not used for complex anions with well- 
established classical names. These include sulfate, sulfite, ni- 
trate, nitrite, carbonate, phosphate, thiosulfate, cyanate, and 
thiocyanate. 

EWENS-BASSETT SYSTEM—Sometimes it is advanta- 
geous to cite the charge on a complex ion rather than the 
oxidation state of the central unit. The Ewens-Bassett system 
gives the charge of the complex ion in Arabic numerals enclosed 
in parentheses, after the name. Other than this, the rules for 
naming a compound are similar to the Stock system. Thus, the 
common ferrocyanide ion, [Fe(CN),]*~ becomes hexacyanofer- 
rate(II) using Stock nomenclature, and hexacyanoferrate(—4) 
using the Ewens-Bassett system. Table 24-5 gives some exam- 
ples of modern nomenclature. 

A more thorough review of inorganic nomenclature may be 
found in Discher et al’ or Huheey, Keiter, and Keiter.? A 
comprehensive report on the subject will be found in Report of 
the Commission on Nomenclature of Inorganic Chemistry, is- 
sued by IUPAC.? 


THE PERIODIC TABLE AND FAMILIES 
OF ELEMENTS 


The periodic table constitutes a valuable tool that systematizes 
the physical and chemical properties of the elements. A Peri- 
odic Chart of the Elements can be found in the back of this 
book. 


Table 24-4. Nomenclature for Common Ligands 


LIGAND PREFERRED PREFIX LIGAND PREFERRED PREFIX 

H,O Aqua HSS Mercapto 

NH; Ammine Sa Thio (sulfo)? 
(sulfido) 

co Carbonyl Srl Disulfido 

F- Fluoro SOrae Sulfito 

Gls Chloro SOl-e Sulfato 

Br= Bromo S,0;° _—_ Thiosulfato 

|= lodo NO~ Nitrosyl 

Our Oxo (oxy) ONO” Nitrito 

O32 Peroxo (peroxy) NO,” Nitro 

OH ~ Hydroxo (hydroxy) CN~ Cyano 

Core Oxalato SCN~ Thiocyanato 

NH,CH,CH,NH, = Ethylenediamine, NCS” Isothiocyanato 

oren 


° Forms in parentheses are also used. 


The utility of the periodic table lies in its ability to provide 
clues to the physical and chemical behavior of the elements and 
their compounds. Mendeleyey, the chemist who first arranged 
atoms systematically, could predict the existence and behavior 
of elements unknown during his time, such as eka-silicon, now 
known as germanium. A knowledge of periodic relationships 
enabled atomic scientists to postulate the properties of un- 
known post-uranic elements successfully so that procedures 
could be designed for their recovery from atomic reaction 
products. 

Based on periodic law, the periodic table arranges the ele- 
ments into horizontal rows, with the same outermost, partly 
filled, major quantum groups, and into vertical columns that 
have elements with the same valence electron structures. As a 
result, in any given vertical group (family) the members exhibit 
similar behavior patterns. Differences are a matter of degree, 
depending upon atomic radius and the type of closed shell 
underlying the valence electron(s). 

The preferred way of designating columns in the periodic 
table is controversial. In this chapter the vertical groups of the 
periodic table are identified by the Roman numerals I to VIII, 
except for the inert gases which are assigned as Group 0. Each 
group divides into two subfamilies, A and B. In this chapter the 
typical elements will be designated the A subgroup—thus, I-A 
is the alkali metals; the transition element members of the 
family will be designated the B subgroup. Group VIII is not 
divided into A and B subgroups. It consists of three triads of 
elements. The members of a given triad are remarkably similar 
in both physical and chemical properties, such as the first triad 
of cobalt, nickel, and iron. 

Hydrogen (1s') and helium (1s”) constitute the first row of 
the periodic table. Although helium clearly is the first member 
of Group 0, hydrogen customarily is placed at the head of both 
Group I-A, the alkalies, and Group VII-A, the halogens. Like 
the alkali metals, it exists as the monovalent cation H*, but 
like the halogens, it also can exist as the monovalent anion H_, 
the hydride ion. 

Many of the vertical groups of the periodic table have com- 
mon names. Those already identified are Group 0, the inert 
gases; Group I-A, the alkali metals; Group IJ-A, the alkaline 
earths; and Group VII-A, the halogens. Additional named 
groups are Group VI-A, the chalcogens; Group I-B, the coinage 
elements; and Group II-B, the volatile elements. 

Those elements in which a d orbital is filled partially, start- 
ing at Group III-B and ending at Group II-B, are known as the 
transition elements. Horizontal similarities exist to a varying 
degree in the transition elements, especially in the lower oxi- 
dation states. As an example, the element palladium, to the left 
of silver, forms an insoluble chloride, PdCl,, which is soluble in 
ammonia. 

The lanthanides and actinides (inner transition elements) 
are fourteen member families in which f orbitals have 1 to 14 
electrons. Each family has very strong horizontal similarities 
because the electrons in the partly filled external s, p, and d 
orbitals are identical for most. 

Because the energy levels of the electrons in the d and f 
orbitals of the transition elements and the inner transition 
elements, respectively, differ only slightly, these elements give 
rise to colored compounds. The energy emitted when an excited 
electron falls to a vacant lower level within the d or f orbitals is 
that of radiation in the visible range of light. 
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Table 24-5. Examples of Modern Nomenclature 


FORMULA CLASSIC NAME STOCK NAME EWENS-BASSETT? 
K5[Hgl,] Potassium mercuric iodide Potassium tetraiodomercurate (II) (—2) 
[Ag(NH3)>]~ Silver ammonia ion Diamminesilver (I) ion (+1) 
Na,[Au(S503).] Sodium gold thiosulfate Sodium dithiosulfatoaurate (I) (3) 
[Fe(H,O),]Cl, Hydrated ferric chloride Hexaaquairon (Ill) chloride (+3) 

BiOCl Bismuthyl chloride Bismuth (Ill) chloride oxide £ 

[Ni(CO),] Nickel carbonyl Tetracarbonyl nickel (O) € 
[(NH3);CoO,Co(NH3).]** _ Decammine-u-peroxodicobalt (Ill) ion? (+4) 
Na[Fe(CN).<(NO)] - 2H,O Sodium nitroprusside Sodium pentacyanonitrosylferrate (III) (2) 

dihydrate 


? This number, as shown, substitutes for the Roman numeral of the Stock name. 


© This ion illustrates the use of 1 to indicate a bridging structure, in this case the peroxo group. 


© Not applicable. 


Starting at the upper-right corner of the periodic table, as 
one proceeds down and to the left, the elements assume in- 
creasing metallic character; they become more basic, and less 
electronegative (more electropositive). The simple anions be- 
come less stable and the simple cations more stable. Thus, it 
may be said the nonmetals occupy the upper-right area of the 
periodic table and the metallic elements are found to the left 
and toward the bottom. The so-called heavy metals are found in 
the two bottom rows. Metallic elements, for the most part, are 
protein precipitants, the major exception being the alkali met- 
als. Being protein precipitants, metals, especially heavy met- 
als, are toxic. For example Ba, Tl, Pb, and Hg are violent 
poisons. 

From the above it is obvious there must be an area in the 
periodic table where the elements are equally acidic and basic, 
that is, amphoteric. If a line is drawn diagonally through hy- 
drogen and beryllium and through aluminum, germanium, an- 
timony, and polonium, the elements on the line and some 
adjacent to it, are amphoteric. Thus, as a base, aluminum 
forms compounds such as aluminum chloride; as an acid, it 
forms sodium aluminate equally well. 

In every typical element family the first member of the 
family can be quite unlike the other members. It more closely 
resembles the second member of the adjacent group to the 
right. These diagonally related elements are known as diago- 
nals or bridge elements. They are 


IA JIA IIA IVA VA _ VIA _ VIIA 

Linge bewa C N O F 

ERIN Seah BS SS el 
Beryllium and aluminum constitute a bridge pair. Beryllium 
fluoride is water soluble (but poorly ionized), whereas the flu- 
orides of magnesium and the other alkaline earths are spar- 


ingly soluble. Unlike magnesium and the alkaline earths, be- 
ryllium readily acts as the central ion of complexes, both in the 


Because the inert gases were unknown at the time, Mende- 
leyev made no provision for them in his proposed atomic 
table. With their subsequent discovery Group 0 seemed the 
most appropriate designation. The group fits very nicely into 
Mendeleyev’s arrangement. Its presence explains the ex- 
treme transition of properties in going from the very electro- 
negative halogen family to the very electropositive alkali 
metal family. This shift in properties in going from halogen 
to inert gas to alkali metal is shown clearly by the change in 
the valence electron structures: 


(n — 1)s*(n — 1)p® > (n — 1)s*(n — 1)p® > (n — 1)8?(n 


1)p*ns! 


solid state and in solution. Like aluminum, beryllium is am- 
photeric, gives rise to alums, catalyses the Friedel-Craft reac- 
tion, and so on. 

Tables 24-6 to 24-17 will summarize some useful properties 
and facts concerning the groups of the periodic table. The 
second and third row triads of Group VIII and the lanthanides 
and actinides are not included in these tables because they 
present no important applications in pharmacy and 
medicine. 

The orbital electrons are important because they predict the 
possible oxidation states, the shielding of the nuclear charge, 
and the polarizability for each element. Those oxidation states 
that have been identified for each element also are listed. 

The atomic radius and the tonic radii give an indication of the 
relative size of the members of a family. The negative ions of an 
element are always larger than the neutral atom; the positive ions 
are always smaller. Because of the increasing effective nuclear 
charge for a given element, cations of higher charge always are 
smaller than those with a lower charge. This is important because 
it gives an indication of the effective coordination number of 
cations and atoms as central units of complexes. 

The ionization potential is a measure of the energy required to 
remove an electron by overcoming the attractive force of the 
nucleus. Note: This use of the word potential is improper; ioniza- 
tion potential is a measure of energy. It is related to atomic size; 
removal of the first electron from beryllium and barium requires 
9.3 ev and 5.2 ev, respectively. Because the removal of one elec- 
tron effectively increases the nuclear charge by one unit, the 
second ionization potential is about double that of the first, 18.2 ev 
and 9.95 ev for beryllium and barium, respectively. 

Electronegativity, discussed previously, gives an indication 
of the type of bonding resulting when two atoms react. It gives 
an indication of the extent of polarization in covalent com- 
pounds. It also is used to determine the order of citation in the 
naming of binary compounds (page 359). 


All Group 0 elements except radon occur in the atmosphere. 
Helium also occurs in commercial quantities in certain natural 
gases in the southwestern US. Argon, neon, krypton, and xenon 
are produced from liquid air by fractional distillation. Helium 
is produced similarly from the natural gases named above. 
Radon is recovered from the natural decay products of radium. 

The inert gases are monoatomic and are colorless, odorless 
gases under ordinary conditions of temperature and pressure. 
They vary widely in atomic mass and atomic volume. These dif- 
ferences are reflected in the values of their physical constants 
(Table 24-6). 

Each inert gas, except helium, is characterized by an outer- 
most electron shell of the inert gas structure, ns’np® (see Table 


Table 24-6. The Elements of Group 0° 
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ELEMENT HELIUM NEON ARGON KRYPTON XENON RADON 

Symbol He Ne Ar Kr Xe Rn 

Atomic number 2 10 18 36 54 86 

Atomic weight? 4.003 20.18 39.95 83.80 13-3 (222)? 

Orbital electrons flise [He]2s7p® [Ne]3s73p° [Ar]3d'°4s74p° [Kr]4d'°5s*5p° [Xe]4f'*5d'°6s76p°® 
Atomic radius (A) 1.80 1.60 1.92 2.00 2.20 2.29 

lonization potential,* ev 24.6 21.6 15.8 14.0 121 10.7 

% by volume in air 5 10 5) <0) 0.94 I << 102 SP ame — 


7 Physical data are from reference 4. Atomic and ionic radii are from Pauling® and modified by the work of Shannon and Prewitt.® See also reference 7. 


® Given to four significant figures. 

© First ionization potential, unless otherwise noted. 

¢ Atomic weights in parenthesis are now known exactly. 
Note: The above apply to Tables 24-6 to 24-17. 


24-6). Helium has the 1s” structure; the ns? structure is 
achieved in many stable cations, for example, Pb?” . Because all 
electrons are paired, the chemical inertness of the group is 
predictable and is reflected in terms of peak ionization poten- 
tials and various other characteristics. However, under unusual 
reaction conditions, there is evidence of hydrate formation. Some 
relatively stable fluorides, such as XeF,, XeF',, and XeF',, a crys- 
talline sodium perxenate, and possibly a perkryptate, are known. 

However, in comparison with other elements, those of Group 
0 still are classed logically as chemically inert. 

Helium, because of its low density and low solubility in 
blood is used to prepare synthetic airs (page 382). 

Argon is relatively plentiful as it is a byproduct of the 
fractionation of liquid air for the production of oxygen and 


The elements of Group I (Tables 24-7 and 24-8) are charac- 
terized by having only one valence electron, ns‘. The 
subgroups differ in that Group I-A has an underlying, 
stable, inert gas shell, (n — 1)s*(n — 1)p®ns', whereas in 
Group I-B this has been replaced by a completed d shell, 
Ge=1)d'°ns'. 

These elements are strongly metallic, giving rise to cations, 
M~. Because electrons can be removed from the underlying d 
shell, Group I-B elements can exhibit higher positive oxidation 
states, M?* and M®*. 


Group I-A comprises the most reactive of all the metallic 
elements, and the activity increases with atomic number. 
The cations of these elements are stable chemically; the free 
elements are not found in nature. The single positive charge 


Table 24-7. Elements of Group I-A 


nitrogen. It is used as an inert atmosphere for industrial pro- 
cesses in which nitrogen, the usual inert atmosphere, reacts 
with the materials present. 

Krypton and xenon have been investigated for possible use 
as anesthetics. However, the sparsity of these elements in 
nature imposes severe limitations on such use. '**Xe is used 
for diagnostic studies both by inhalation and intravenous 
injection. 

Radon is used instead of radium in the treatment of certain 
types of cancer. Sealed tubes containing the gas are embedded 
in the tissues to be treated. Both radium and radon emit alpha 
particles in the first stage of their radioactive decay. Radon is 
a public health concern because it has been found in the base- 
ments of some private homes. 


of the nucleus is screened effectively by the inert gas shell, 
thus these cations have little or no polarizing effect on an- 
ions and molecules and therefore do not form complexes. 

The hydroxides give alkaline solutions, alkalinity increas- 
ing with atomic number. Alkali metal salts of common inor- 
ganic and organic acids are ionic, are usually colorless and, 
with few exceptions, are readily soluble in water. Aqueous 
solutions of the salts are neutral to strongly basic, depending 
on the strength of the anion as a Brgnsted base (page 380). 
Most distinguishing properties of the salts and their solu- 
tions are due to the anion present, rather than the cation; if 
they are colored, the anion is responsible. 

The cations hydrate in aqueous media; the degree of solva- 
tion decreases with increasing atomic number. In the crystal- 
line state only lithium and sodium regularly form hydrates. 
Potassium and ammonium salts (below) rarely are hydrated; if 
hydrated, the water usually is associated with the anion. 


ELEMENT HYDROGEN LITHIUM SODIUM POTASSIUM RUBIDIUM CESIUM FRANCIUM 
Symbol H Li Na K Rb Cs Fr 
Atomic number 1 3 i] 19 By, 55 87 
Atomic weight 1.008 6.94, 22.99 39.10 85.47 132.91 (223) 
Orbital electrons 1s! [He]2s' [Ne]3s' [Ar]4s" [Kr]5s' [Xe]6s' [Rn]7s' 
Oxidation states —1, +1 +1 +1 +1 +1 +1 +1 
Atomic radius (A) 0.37 1.50 1.86 2.31 2.44 2.62 = 

lonic radius (A) 1.36 (—1)? 0.60 (+1) 0.95 (+1) 1.33 (+1) 1.48 (+1) 1.69 (+1) 1.76 (+1) 
lonic (hydrated) radius (A) _ 3.40 2.76 3.32 2.28 2.28 — 
lonization potential e527) 5.39 5.14 4.34 4.18 3.89 — 
Electronegativity,” ev 2.1 0.98 0.93 0.82 0.82 0.79 0.7 

% of earth’s crust 0.127 6.5 x 10 2 2.8 2.6 Ssh SAO = AO 


? Hydride ion; figure in parenthesis is the oxidation state. 
» Pauling scale.> 
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Table 24-8. The Elements of Groups I-B and II-B 


ELEMENT COPPER SILVER GOLD ZINC CADMIUM MERCURY 
Symbol Cu Ag Au Zn Cd Hg 
Atomic number 29 47 79 30 48 80 
Atomic weight 63.54 107.87 196.97 65.38 112.4 200.5, 
Orbital electrons [Ar]3d1°4s' [Kr]4d1°5s! [Xe]4#14501°6s! [Ar]3d'°452 [Kr]4dq'°5s2 [Xe]4f145d1°6s? 
Oxidation states +1, +2 +1, +2 +1, (+2), +3 +2 +2 +1, +2 
Atomic radius (A) 1.40 1.70 1.70 1.40 1.60 1.50 
lonic (crystal) radii (A) 0.96 (+1) 1.26 (+1) 1.37 (+1) — — 1.27 (+1) 
0.72 (+2) 0.89 (+2) 0.99 (+3) 0.88 (+2) 1.09 (+2) 1.16 (+2) 
lonization potential, ev 7.724 7.574 O28 6.92 8.99 10.42 
Electronegativity 1.90 1293 2.54 1.65 1.69 2.00 
% of earth’s crust 10me 10% Ome 13 <a 15) 1082 ca0me 


SODIUM AND POTASSIUM 


Except for those properties due to mass and degree of hydra- 
tion, sodium and potassium compounds are remarkably simi- 
lar. Sodium salts are selected more frequently for use on a 
strictly economic basis. In addition, because of the lower atomic 
weight of sodium, there usually are more reactive units per 
gram when using sodium salts. (However, the greater hydra- 
tion of the sodium versus the potassium salts may partially or 
entirely erase this latter advantage;) 

Despite the foregoing factors, subtle differences often favor 
use of the potassium salt. Generally, a given potassium salt is 
more soluble in nonpolar solvents. Potassium salts generally 
are less deliquescent than the corresponding sodium salt; for 
example, potassium permanganate is used rather than the 
deliquescent sodium permanganate. Finally, the living cell dif- 
ferentiates between the two cations; sodium is the cation of the 
extracellular fluids, whereas potassium is the cation of the 
intracellular fluids. 

Sodium compounds are used widely in pharmacy and med- 
icine. With a few exceptions, such as sodium chloride in elec- 
trolyte replenishers, the therapeutic activity is referable to the 
anionic component of the salt. Sodium is commonly the cation 
of choice to optimize the pharmaceutical utility of organic me- 
dicaments, as in methiodal sodium, phenobarbital sodium, or 
sodium citrate. 

Because of the propensity of sodium ion to promote reten- 
tion of water in the tissues, sodium salts are used with caution 
in the treatment of cardiac and renal conditions in which 
edema is a problem. Some drugs, such as hydrochlorothiazide, 
promote excretion of potassium ion to an extent requiring aux- 
iliary dietary intake of potassium, usually as the chloride or 
gluconate. Potassium ion has a diuretic effect. The thiazides 
also cause the excretion of magnesium ion. 


RUBIDIUM AND CESIUM 

SS ED I 
Rubidium and its cation are very similar in behavior to potas- 
sium. Neither rubidium nor cesium find application in phar- 
macy and medicine at this time. 


LITHIUM 


Being a bridge element, the behavior of the element lithium 
and its compounds often is decidedly different from that of the 
other members of the alkali family. At room temperature the 
free metal is much less reactive with water; on burning it forms 
the normal oxide rather than the peroxide. Lithium carbonates 
and phosphates are only slightly water soluble. Its chloride is 
soluble in organic solvents. Lithium salts are highly hydrated. 


In all of these properties lithium resembles magnesium, and to 
some extent calcium, more closely than sodium. 

Lithium has no normal physiological role. In its former 
therapeutic applications (eg, lithium bromide) the activity was 
inherent in the anion. However, because of the toxic character 
of the lithium ion, as revealed by use of lithium chloride in salt 
substitutes, continued use of these lithium compounds is not 
justified. Lithium Carbonate USP and Lithium Citrate USP 
have been found valuable in the treatment of hypomanic and 
manic states. However, these patients must be monitored care- 
fully for blood lithium levels because of the toxicity of the 
cation. 


AMMONIA AND AMMONIUM COMPOUNDS 


Ammonia [NH,] coordinates readily with a proton to form 
the ammonium ion [NH,]*. This ion displays many of the 
properties of the alkali metal ions. Its salts show a striking 
resemblance to potassium and rubidium salts, with which 
they are commonly isomorphous. The relationship extends to 
solubilities, as evidenced by the general water solubility of 
ammonium salts of inorganic and organic acids, but the low 
water solubility of such salts as the bitartrate, chloroplati- 
nate, and perchlorate. 

However, there are important differences. Ammonium hy- 
droxide (mainly a solution of ammonia molecules in water) is 
feebly basic. The equilibrium 


NH, + H,O = NH,* + OH- 


hes strongly to the left unless the hydroxyl ion is removed by 
neutralization. Solutions of ammonium salts are acidic rather 
than basic. 

Ammonium salts commonly used therapeutically include 
the carbonate (page 383), chloride, and bromide. The bromide is 
used as a central depressant. Both the chloride and carbonate 
are common ingredients in expectorant preparations. 

In aqueous solution form, ammonia is used in pharmacy as 
a mild alkalizer. It often is preferred to the alkali bases because 
of its volatility, any excess being detected by its odor, and it is 
removed readily by heat. The ammonia in household use con- 
tains 10% NH, and is known as 16° ammonia (degrees Baumé, 
a concentration term). 


The Group I-B elements have been known since antiquity. 
Because they occur in the free metallic state, are relatively easy 
to recover from their ores, and are very malleable, they have 
been used throughout history to make decorative vessels and 
jewelry. They have been employed for centuries as a measure of 
monetary wealth and for the fabrication of coins, hence the 
family name coinage metals. 


These elements and their compounds are strikingly differ- 
ent from those of Group I-A. Colored compounds are numerous. 
The hydroxides and many of the simple salts are insoluble in 
water. All readily act as the central unit of complexes. The 
soluble compounds of these elements are toxic. A summary of 
their important characteristics is given in Table 24-8. 


COPPER 

TG A TP TREE TED, 
Of the monovalent compounds, copper(I) oxide, Cu,O, and cop- 
per(I) chloride, Cu,Cl,, are used most frequently. Important 
copper(II) (cupric) salts are the oxide, CuO, and sulfate, 
CuSO,°5H,O. Copper compounds are toxic. 

Copper is an essential trace element. Small quantities en- 
hance the physiological utilization of iron. It occurs in the 
respiratory pigment hemocyanin, in many enzymes, and is 
distributed widely in foods. 

Copper compounds have been used in a variety of medicinal 
applications. Copper gluconate, cupric chloride dihydrate, and 
cupric sulfate pentahydrate are the officially cited copper com- 
pounds at this time. The radioactive °‘Cu isotope has been 
employed in mineral metabolism studies. Copper(II) sulfate is 
the basis for Fehling’s and Benedict’s Solutions, the classic test 
solutions for reducing sugars. Various copper compounds find 
commercial application as fungicides and insecticides, and they 
are particularly effective algaecides. 


SILVER 
(SSR Te NR GS SRE ATI IU TE SES 
With the exception of the nitrate and fluoride, the common 
salts of silver in the +1 oxidation state are insoluble or only 
slightly soluble in water. Many, including the oxide, react with 
and dissolve in ammonia water; the iodide and sulfide are 
important exceptions. Silver also forms a +2 series of salts. 
Silver has an oligodynamic action. Water distilled in contact 
with silver metal remains sterile over long periods of time. 
Because of the ability of silver ion to precipitate protein and 
chloride in the affected tissue, silver compounds such as silver 
nitrate are employed to provide local germicidal action. Silver 
sulfadiazine is used topically as a germicide. Silver is released 
slowly from these in situ precipitates to give lasting germicidal 
action. Cosmetic problems can result because of discoloration 
due to the photosensitivity of silver ion. 


Each element in Group II is characterized by the presence of 
two s electrons in the outermost orbital. Subgroup II-A ele- 
ments have a (n — 1)s*(n — 1)p°ns? outer electron structure, 
except for the small beryllium atom whose structure is 1s72s”. 
Subgroup II-B differs in that its underlying electron structure 
is the filled d orbital, (n — 1)d1°ns?. 


Although Group II-A is called the alkaline earth group, there is 
some question whether magnesium, and especially beryllium, 
should be included under that title. Except for amphoteric 
beryllium, these elements are strictly metallic. Like the alkali 
metals, because of chemical reactivity, they do not occur free in 
nature. They function uniformly in the +2 oxidation state 
(Table 24-9). 

The similarity existing between calcium, strontium, and 
barium is especially striking. Calcium, strontium, and barium 
react readily with water to form hydroxides with the simulta- 
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Preparations containing silver or silver compounds in col- 
loidal solution once were used widely as topical antiseptics; eg 
Mild Silver Protein, for which there is a renewed interest in 
ophthalmology. By increasing their concentration, silver ions 
may be used to bring about protein precipitation. To reduce 
brittleness, some silver chloride (5%) is formed in silver nitrate 
by adding hydrochloric acid or potassium chloride; the product, 
Toughened Silver Nitrate, is cast into sticks and used as a 
styptic. 

The ready reducibility of silver ion to elemental silver gives 
rise to various instability problems and incompatibilities. Be- 
cause silver compounds are light sensitive, they must be pro- 
tected by the use of light-resistant containers. The soluble 
silver salts are toxic. However, the toxicity usually is limited, 
owing to local precipitation of adherent layers of silver protein 
and silver chloride. 


GOLD 

SE AT TS LA ITT DRIES PESTA SLI DEE TERT LD 
Two series of gold compounds exist: for example, AuCl, gold(1) 
chloride (aurous chloride); and AuCl;, gold(III) chloride (auric 
chloride). Gold readily acts as the center for the formation of 
complexes, for example, Na.[Au(S,03),], sodium dithiosul- 
fatoaurate(I), sodium dithiosulfatoaurate(—3), gold sodium 
thiosulfate. 

Chemically gold salts are characterized by instability to 
heat, light, and even very mild reducing agents. Simple gold(I) 
salts can undergo autoxidation, giving rise to finely divided 
metal and the corresponding gold(III) compound. The stability 
of the gold ions is improved by complexation. This particularly 
is true if a sulfur linkage is available. Because of the ease of 
reduction, gold compounds must be handled with exceptional 
care and, if possible, dispensed separately. 

At the present time, gold compounds are employed in the 
treatment of lupus erythematosus and rheumatoid arthritis. 
Aurothioglucose and gold sodium thiomalate are listed in the 
USP. Because these gold compounds are absorbed poorly when 
given orally, parenteral administration is required. 

Dimercaprol is used as an antidote if the patient shows 
signs of gold toxicity. Auranofin, [(2,3,4,6-tetra-O-acetyl-1-thio- 
B-d-glucopyranosato)(triethylphosphine)gold], is available in a 
tablet dosage form and is showing some success in the oral 
treatment of rheumatoid arthritis. 

The radioactive isotope '°*Au is employed therapeutically in 
the treatment of certain malignancies (Chapter 104). 


neous evolution of hydrogen. Magnesium reacts similarly but 
only at elevated temperatures. The hydroxides of beryllium 
and magnesium are insoluble in water; that of beryllium is 
amphoteric. Although less soluble than the alkali hydroxides, 
the hydroxides of calcium, strontium, and barium give strongly 
basic solutions. The carbonates, phosphates, sulfates, and flu- 
orides are insoluble; they are important in analytical work. 

Except for hydrate formation, the three heavier members of 
the family do not form complex ions. Magnesium forms a few 
crystalline complexes of the type K,MgF,. 


BERYLLIUM 

SR TTT TT IE 
Being amphoteric, the element beryllium appears both as sim- 
ple salts and berylates. The cation complexes readily, as in 
[Be(H,0),]?* or [Be(NH;),]°*. As a bridge element, beryllium 
resembles aluminum in its behavior. This similarity is so strik- 
ing that many early workers considered beryllium a lighter 
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Table 24-9. The Elements of Group II-A 


ELEMENT BERYLLIUM MAGNESIUM 
Symbol Be Mg 
Atomic number 4 12 
Atomic weight 9.012 24.31 
Orbital electrons [He]2s? [Ne]3s? 
Oxidation states +2 +2 
Atomic radius (A) 0.90 1.70 
lonic (crystal) radius (A) 0.31 (+2)? 0.65 (+2) 
(coordination number 6) 

lonization potential, ev (Il)? 9.3 7.6 

18.2 15.0 
Electronegativity 57) esi 
% of earth’s crust 6o<l0me P| 


* Coordination number 4. 
© Second ionization potential. 


member of the aluminum family before Mendeleyevy correctly 
placed it in Group II. Although its ionic diameter is consider- 
ably greater than that of beryllium, the higher +3 charge on 
the aluminum ion results in a polarizing ability similar to that 
of beryllium. Both elements dissolve in caustic alkalis and both 
form a protective coating on their surface when placed in nitric 
acid. The halides of both elements have similar solubilities in 
organic solvents. Both elements act as Lewis acids and give rise 
to alums. 

Beryllium metal and its compounds are extremely toxic 
when ingested, inhaled, or absorbed through the skin. None of 
its compounds are employed as therapeutic agents. 


MAGNESIUM 

ELA LL ET TD 
Magnesium is a relatively abundant element that is chemically 
active. The cation, Mg?~, is stable under all conditions ordi- 
narily met in pharmaceutical practice. Magnesium compounds 
are employed for a variety of purposes in therapeutics. Many of 
its insoluble compounds are used as gastric antacids, (page 
381). The hydroxide and sulfate are used as cathartics (page 
383), and the sulfate as an anticonvulsant. A concentrated 
solution of the sulfate often is applied topically for its anti- 
inflammatory action. 

Toxic manifestations following magnesium administration 
are relatively rare; calcium gluconate given intravenously is an 
effective antidote. The stearate is employed as a lubricant in 
the preparation of compressed tablets. The artificial radioac- 
tive isotope *’Mg, has been employed in research involving 
photosynthesis. 

There is an increasing awareness of the critical importance 
of magnesium ions in human biochemistry. Because ion- 
specific electrode potentiometry now allows measurement of 
free, unbound magnesium ions, plasma concentrations may be 
measured and the concentration in the cytosol may be inferred. 
As the second most plentiful cation inside the cell and a natural 
calcium channel blocker, magnesium ions are important in 
many cardiovascular diseases. Successful absorption from the 
gastrointestinal tract appears to depend on the nature of the 
magnesium salt that is used. 


CALCIUM 
© LOLS SET 
Calcium is a relatively reactive metal whose cation is stable. 
However, soluble calcium salts undergo metathesis with solu- 
ble borates, carbonates, citrates, oxalates, phosphates, sul- 
fates, and tartrates to yield insoluble calcium compounds. 
These reactions often lead to pharmaceutical incompatibilities. 
Calcium is indispensable to life. Calcium, and to a much 
lesser degree, magnesium, is the cation of hydroxyapatite, the 


CALCIUM STRONTIUM BARIUM RADIUM 
Ca Sr maa Ra 

20 38 56 88 

40.08 87.62 is7e3 226.03 
[Ar]4s2 [Kr]5s? [Xe]6s? [Rn]7s2 
+2 +2 +2 5572 

1.74 1.92 1.98 — 

0.99 (+2) 1.13 (+2) 1.35 (+2) 1.43 (+2) 
6.1 oe7/ Be. e252. 
11.9 11.0 9.95 10.099 
1.00 0.95 0.89 0.9 

3.6 0.03 0.025 1:3. <a1Omee 


major constituent (98%) of the bones and teeth. Calcium is 
essential to many physiological processes. Therapeutic catego- 
ries represented by official calcium compounds include: antac- 
ids (page 381) and calcium replenishers. 

Calcium is frequently the cation of choice to carry therapeu- 
tically active anions, such as calcium aminosalicylate and cal- 
cium cyclobarbital. In some instances, this is referable to better 
physical characteristics of the calcium compound; in others, it 
is a deliberate attempt to avoid an unnecessary intake of so- 
dium. The artificial radioactive *°Ca isotope has been employed 
in studies involving mineral metabolism. 


STRONTIUM 

EELS SE TEES 
The behavior of the element strontium is very similar to cal- 
cium. Ingested, its distribution is similar to that of calcium. At 
this time it has no application in pharmacy or medicine. In the 
past it has been used as the carrier cation for therapeutically 
active anions, as in strontium bromide. 


BARIUM 


Chemically, barium is the most active of Group II-A. Its cation is 
stable under all ordinary conditions. Barium hydroxide is soluble 
and is a strong base. Because of this, it often finds application in 
analytical and synthetic operations. 

In sharp contrast to the lighter members of Group II-A all 
barium compounds that are soluble either in water or in dilute 
acid are poisonous. The most readily available antidote for 
barium ingestion is magnesium sulfate (Epsom Salt). 

With the exception of barium sulfate, which finds use as a 
radiopaque (page 383), barium compounds are not employed as 
medicinal agents. Barium hydroxide lime is employed as a carbon 
dioxide absorber (page 383). Artificial radioactive isotopes of bar- 
ium have been employed in pharmacokinetic investigations. 


Because zinc, cadmium, and mercury (see Table 24-8) have 
comparatively low boiling points, 907°, 768°, and 357°, respec- 
tively; they are referred to frequently as the volatile metals. 
The common oxidation state is +2, but mercury also exists in 
the +1 state. This latter state is achieved by the formation 
of a covalent, two electron bond between two mercury atoms. 
Thus the mercury(I) ion (mercurous) is always written Hg3*. 
The filled (n — 1)d'° orbital is stable in this family. Unlike 
Group I-B there are no oxidation states involving loss of 
ad electron. There is increasing covalent character in the salts 
of these elements; for example, fused zinc chloride conducts 


whereas the mercury chlorides do not. These elements read- 
ily complex with most common ligands and concentrated sol- 
utions exhibit autocomplexation. Only zinc is sufficiently 
amphoteric to form a stable oxygen complex, ZnO,” , the 
zincate ion. 


ZINC 


(CoE SSR a Re il 
All soluble zinc salts show some degree of hydrolysis, 


Zn** + 2H,0 = [Zn(OH)]* + H;0* 


Thus, all zinc salts of weak Bronsted bases show an acid 
reaction. 

Zinc has many therapeutic applications in the treatment of 
various external surfaces of the body (page 382) and in wound 
healing and taste acuity. Strong zinc sulfate solution is used as 
an emetic; its emetic action is so rapid that little or no zinc salt 
is absorbed. Zinc is present in all living organisms; it is distrib- 
uted widely in foods. It is an essential trace element and an 
essential component of carbonic anhydrase and many other 
enzymes. 

Zine compounds soluble in water or in the gastric fluid, eg, 
ZnO, may be poisonous. There is a relatively wide margin 
of safety between the required intake and toxic intake. The 
most readily available antidote is sodium bicarbonate (baking 
soda). 

Artificial radioactive isotopes of zinc have been employed in 
studies of mineral metabolism. 


CADMIUM 

SSCS ESD TIES 
Cadmium is truly intermediate in properties to zinc and mercury. 
Soluble cadmium compounds are astringent; CdSO, has been 
used both as a topical astringent and for eye infections. Cadmium 
sulfide has been introduced for the treatment of seborrheic der- 
matitis. In Japan, Itai-Itai disease is believed to be caused by 
drinking water contaminated with cadmium. 


Group III of the periodic table includes some 36 elements 
which, on the basis of external electron structure, divide into 
the usual Group III-A (Table 24-10) with 5 elements, and 
Group III-B with 31 elements. Subgroup III-B further di- 
vides into the usual transition elements (see Table 24-11), 
the lanthanides (14 elements) and actinides (14 elements). 
(See the Periodic Chart of the Elements in the back of this 


Table 24-10. The Elements of Group III-A 
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MERCURY 

eR ER  i  eiiSaa Tia] 
Mercury is a true metal. As indicated previously, it alone of the 
family has two series of salts. Mercury and its compounds are 
extremely toxic. Mercury metal, because of its low boiling point, 
has an appreciable vapor pressure even at room temperature. 

All common mercury salts are poisonous. The best antidote 
for mercury poisoning, particularly the bichloride, is Sodium 
Formaldehyde Sulfoxylate NF (see Chapter 55). Egg albumen 
may be used in an emergency if the poisoning is discovered 
shortly after ingestion. The white of one egg should be admin- 
istered for each 250 mg of mercuric chloride ingested. Emesis 
should be induced promptly thereafter. If mercury is spilled it 
should be recovered immediately. Mercury that falls into 
cracks and other difficult to clean places is removed best by 
covering with powdered sulfur, allowing several days for con- 
version to sulfide, then vacuuming. 

In former years, metallic mercury was important therapeu- 
tically as a cathartic and parasiticide, but it has been replaced 
largely by more efficacious and less toxic medicaments. The 
FDA has now issued guidelines for the over-the-counter use of 
mercury compounds. The April 22, 1998 Federal Register con- 
tained an FDA announcement about OTC mercury compounds, 
a summary of which is given here. 


“Since 1980, the FDA has instituted progressively restrictive 
rules on mercury-containing OTC drug products. Now in the 
absence of any components or data from manufacturers sup- 
porting the use of these products, FDA has declared all 
mercury-containing drugs for OTC products as ‘not generally 
recognized as safe and effective’ or ‘misbranded.’ Effective Oct. 
19, 1998, the new rule outlaws well-known products such as 
Mercurochrome (merbromin), calomel (mercurous chloride), 
and thimerosal for all OTC first-aid antiseptics, diaper rash 
products, and vaginal contraceptives.” 


Monographs for Ammoniated Mercury (ointment and ophthal- 
mic ointment) and Nitromersol (and topical solution) are found 
in the USP. 

The radioactive nuclides '°’Hg and 7°°Hg are used in a 
diagnostic capacity (Chapter 104). 


textbook.) The lanthanide cerium, as cerium(IV), is a widely 
used analytical reagent. Because the lanthanides and actin- 
ides have no applications in pharmacy, further discussion is 
unnecessary. 

The members of this family are very reactive and do not 
appear in nature in the free state. They have no known biolog- 
ical role. 


ELEMENT BORON ALUMINUM GALLIUM INDIUM THALLIUM 
Symbol B Al Ga In Tl 
Atomic number 5 13 31 49 81 
Atomic weight 10.81 26.98 69.72 114.8 204.3, 
Orbital electrons [He]2s72p' [Ne]3s73p' [Ar]3d'°4s74p' [Kr]4d"°5s?5p' [Xe]4#'45d"°6s76p' 
Oxidation states +3 (+1), +3 +1, +2, +3 +1, +3 +1, +3 
Atomic radius (A) 0.82 1.25 1.26 1.44 2.0 
lonic (crystal) radius (A) = a 1.90 (+1) 1.90 (+1) 1.64 (+1) 
(coordination number 6) 0.20 (+3)? 0.675 (+3) 0.76 (+3) 0.94 (+3) 1.03 (+3) 
lonization potential, ev 8.30 5.95 6.0 5.8 6.1 
(IN)? 25.15 18.82 20.4 18.8 20.3 
(INN)? 37.92 28.44 30.6 27.9 29.7 
Electronegativity 2.04 1.61 1.81 1.78 1.62 
% of earth’s crust 3 10re 8.13 ESE On 10m GanlOne 


? Coordination number 4. 
’ Second and third ionization potential. 
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In this family of elements an electron appears in the p orbital 
of the valence shell for the first time; each element has the 
structure ns*np'. Theoretically two oxidation states are possi- 
ble. The first, +1, arises by the loss of the single p electron. The 
resulting helide structure, ns”, has sufficient stability to give 
rise to stable ions such as Ga’, In”, and Tl*. Aluminum has 
this oxidation state only at elevated temperatures and it is not 
evident with B, Sc, Y, La. 

With the loss of all three valence electrons the +3 oxidation 
state appears in all the elements of the family. With increasing 
atomic number the +3 state becomes more electrovalent in 
character. Boron trichloride is a covalent compound, aluminum 
chloride is for practical purposes covalent, and gallium(III) 
chloride has some covalent character. Because a normal octet is 
not achieved in these compounds, an electron deficient struc- 
ture results. As there are only three electron pairs in the 
valence shell the electron-pair repulsive forces are weaker, and 
the molecules become electron-pair acceptors. 

Due to the weaker repulsive forces, these MX. molecules 
give rise to triangular structures with hybrid sp” orbitals. The 
metal occupies the center of the triangle. By accepting a fourth 
electron-pair the octet is completed and sp” hybrids form. The 
addends rearrange to give tetrahedral structures with the 
metal ion in the center of the tetrahedron. 

Because the initial compounds, such as AICl., are electron- 
pair deficient, they are Lewis acids. As such, they act as cata- 
lysts for the Friedel-Crafts synthesis. 

Members of this family give rise to an interesting se- 
ries of double salts, the alums. The common formula is 
M*.M?*.(SO,)424H,O, where M~* is a monovalent ion (eg, 
Na‘, K*, Rb*, NH,", Tl”) and M®* is a trivalent ion (eg, Al®*, 
Tl°*, Cr?*, or Fe®*). The prototype of these double salts is 
alum, K,Al,(SO,),°24H,O. 


BORON 


Boron appears only in the +3 oxidation state and is a non- 
metal. Several oxyacids are known. Metaboric acid, (HBO,),, 
and the metaborate ion do not exist as monomers. Orthoboric 
acid, (H,BO3;),,, exists as a hydrogen-bonded layered structure, 
which explains the flaky form in which it is available. Discrete 
H.BO, molecules exist in the gaseous state and in solution. It 
is a weak acid, ionizing in solution. 


H,BO; + 2H,.0 = H,O* + [B(OHM),)- 


The pH of a 0.1M solution is 5.3. In addition there is a 
tetraborate, available as borax, usually formulated as Na,B,O, - 
10H,O. In water the tetraborate ion reacts as 


[B,0;(OH),)]* + 5H,0 = 2[B(OH),] + 2[B(OH),)- 


The strong alkalinity of solutions of all borates is due to the 
reaction 


{[B(OH),]° = [B(OH);] + [OH]- 


Boric acid is soluble in polyhydroxy compounds such as 
glycerol. In anhydrous media esterification takes place to 
form glyceroborate. In aqueous media glyceroboric acid forms 
an acid that is valuable in the analytical determination of 
boric acid. 

Since it is a bridge element, certain properties of boron 
resemble those of silicon, its diagonal neighbor in Group IV-A. 
The boron hydrides and boranes resemble the silanes (page 
371). The borohydride ion, [BH,]-, is available commercially as 
the sodium salt, which is a valuable reducing agent. 

Boron and its compounds are toxic, both by ingestion and by 
absorption through broken or inflamed skin. Numerous fatali- 
ties have occurred; especially depressing are infants deaths as 


a result of the use of dusting powders containing boric acid. 
However, some dietary mineral formulas include boron in some 
form, such as amino acid chelate, because boron appears to be 
involved in bone metabolism. 

Boric acid and the borates have no germicidal activity and, 
at best, are feebly bacteriostatic. On the basis of their toxicity 
and negligible antiseptic value the use of these compounds is 
unwarranted. 

Boric acid in various dosage forms is employed as a topical 
anti-infective; in solution it is used as an eye wash. Sodium 
borate is bacteriostatic and is a frequent ingredient of cold 
creams, eye washes, and mouthwashes. Sodium perborate is an 
oxidizing type of local anti-infective. Various borate buffers are 
used in collyria. A common incompatibility in the use of these 
buffers is the precipitation of insoluble borates from neutral or 
alkaline buffers. All common metals, except the alkalies, pre- 
cipitate as insoluble borates. 

Boric Acid and Sodium Borate (borax) are cited in the NF. 


ALUMINUM 


Aluminum is the most abundant of the metals and the third 
most abundant element, being exceeded in natural occurrence 
only by oxygen and silicon. The metal and its hydroxide are 
amphoteric, but only those compounds in which it acts as a 
base are pharmaceutically important. As a result of its high 
charge, small diameter, and electron-pair deficiency, the alu- 
minum(IID) ion is incapable of independent existence in polar 
solvents. Due to the very high field strength surrounding this 
ion, complexation always takes place. 

Many insoluble aluminum compounds find use as gastric 
antacids (page 381). Due to their astringency, soluble alu- 
minum salts are used for various skin conditions and in 
antiperspirants and deodorants (page 382). Kaolin is used as 
an adsorbent and demulcent, and bentonite is useful as a 
suspending agent (page 371). In paste form, elemental alu- 
minum is employed topically as a protective (page 382). 

There is some concern about chronic aluminum toxicity and 
its effect on the brain, possibly manifesting itself in the elderly. 
The use of aluminum sulfate at very low levels in water puri- 
fication and the presence of aluminum in baking powder is 
being questioned. 


GALLIUM, INDIUM, AND THALLIUM 


The remaining elements of Group III-A, gallium, indium, and 
thallium, are not of interest in pharmacy except for the use of 
their radioactive isotopes as diagnostic aids, °’Ga, 11In, 11In, 
and *°!T] (see Chapter 104). 

Thallium compounds are among the most toxic and are ab- 
sorbed from the intestine and through the skin from ointments 
and creams. Its action is somewhat similar to that of arsenic. 
Deaths have been recorded from a thallium cosmetic use. Thal- 
lium compounds have been used in insecticides, especially ant 
poisons. Thallium(]) is similar to potassium ion in that TIOH is a 
strong base and their salts are isomorphous. Thallium(II]) is 
similar in behavior to aluminum(IID) and gold(III). 

Gallium is interesting because, except for mercury, it has 
the lowest melting point of the metals (29.75°). It also is un- 
usual for its +2 oxidation state. Because this requires an odd 
electron it is difficult to explain because gallium(II) compounds 
are not paramagnetic. It has been postulated that equal num- 
bers of gallium(I) and gallium(III) ions may exist in these 
compounds to give a formula M * [MX,]~. Gallium(III) has prop- 
erties very similar to iron(III). In fact, gallium (III) binds to 
transferrin, an iron transport protein, and appears to be useful 
in treating cancer-related hypercalcemia. 


Table 24-11. Transition Elements 
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a SR SSS SS ES EE EE 


GROUP III-B GROUP IV-B 
ELEMENT SCANDIUM YTTRIUM LANTHANUM TITANIUM ZIRCONIUM HAFNIUM 
Symbol Sc 4 La Ti Zr Hf 
Atomic number 21 39 57 22 40 Hi 
Atomic weight 44.96 88.91 138.9 47.90 91.22 178.5 
Orbital electrons [Ar]3d'4s? [Kr]4d'5s2 [Xe]5d'6s7 [Ar]3d74s2 [Kr]4d75s* [Xe]4f'*5d76s7 
Oxidation states 3+ 3+ 3+ 2+,3+,4+ 2+, 4+ (2+), 44 
Atomic radius (A) TEDL 1.8 1.87 1.36 1.45 1.44 
lonic radii (A) 0.81 (3+) 0.93 (3+) 1.15 (3+) 1.00 (2+) = = 
(coordination number 6) 0.75 (4+) 0.86 (4+) 0.85 (4+) 
lonization potential, ev 6.7 6.5 5.6 6.82 6.84 ca 5.5 
Electronegativity 1.54 HESS les) — -- — 
% of earth's crust 0.44 0.022 AMS S< Air 0.629 0.028 _ 


Indium is quite similar to both aluminum and gallium. It too, 
under very special conditions, exists as a divalent chloride. 


Some properties of the Group III-B elements are given in 
Table 24-11. These three elements exhibit only the +3 oxi- 
dation state and are quite similar. The differences are 


The elements of this group are similar in that each has four 
valence electrons, two of which are s electrons. However, the 
remaining two valence electrons enter different orbitals to give 
the structure ns?np” for Group IV-A and (n — 1)d?ns? for Group 
IV-B. Because of this there is a strong tendency for all members 
of the family except carbon and silicon to form inert pair ions. 
Except for the larger atoms, many of the compounds are cova- 
lent or predominantly covalent. All elements of the family show 
the +4 oxidation state. Important characteristics of these ele- 
ments are found in Tables 24-11 and 24-12. 


Of the Group IV-A elements (Table 24-12), carbon and silicon 
usually are considered apart from germanium, tin, and lead 
because of their nonmetallic character and property of catena- 
tion. Boron, with which silicon forms a bridge element pair, is 
quite similar to silicon. The +2 oxidation state rarely is en- 
countered in carbon and silicon. The bonding in carbon is 
covalent; corresponding silicon bonds have a somewhat greater 
electrovalent character. Simple carbon compounds are either 
linear (CO,), planar triangular (CO,” ), or tetrahedral (CCl,). 
Because the radius of the carbon atom is small, and it lacks d 
orbitals to expand its valence shell, carbon never increases its 


Table 24-12. The Elements of Group IV-A 


ELEMENT CARBON SILICON 
Symbol C Si 

Atomic number 6 14 

Atomic weight 12.01 28.08 
Orbital electrons [He]2s*2p7 [Ne]3s73p7 
Oxidation states 4—to4+ 4—to4+ 


Atomic radius (A) 0.77 1.17 


lonic (crystal) radii 2.60 (4—) DNC) 
(coordination number 6) 0.30 (4+)? 0.54 (4+) 

lonization potential, ev 11.264 8.149 

Electronegativity 2.55 1.90 

% of earth’s crust DA SeMNO Bild 


? Coordination number 4. 


mostly of degree, dependent on the increasing atomic radius. 
As scandium is the smallest, it has the greatest polariz- 
ing power and most readily forms complexes of the type 
K,ScF,. Yttrium has properties approximately midway be- 
tween scandium and lanthanum. This gradation of proper- 
ties is shown nicely with the three hydroxides: Sc(OH)s; is a 
weak base, Y(OH), is stronger, and La(OH), is a very strong 
base. 


coordination number beyond four. Unlike carbon, because of its 
available d orbitals, silicon can achieve sp°d” hybridization and 
appears in the octahedral configuration, SiF,”-, with a maxi- 
mum coordination number of six. Similarly, germanium, tin, 
and lead have a maximum coordination number of six. 

Carbon is exclusively nonmetallic. Metallic properties ap- 
pear with silicon and germanium and become predominant in 
tin and lead. The oxides of carbon and silicon are acidic, 
whereas those of the other elements of the group are ampho- 
teric. The characteristics such as electron configuration, atomic 
size, and electronegativity of the carbon atom combine to give 
the chemistry of carbon a uniqueness that is the basis for the 
classical division of the field of chemistry into inorganic and 
organic disciplines. 

Silicon also is unique for the extensive range of complex, 
insoluble alumino-silicates it forms (page 371). 


CARBON 


Carbon appears widely distributed in nature, both in the free 
and combined states. The free element is produced in various 
forms, such as coke, lampblack, or charcoal. Activated char- 
coals are prepared from ligneous materials (sometimes pre- 


GERMANIUM TIN LEAD 
Ge Sn Pb 

32 50 82 

72.5, 118.6, 207.2 
[Ar]3d1°4s74p7 [Kr]4d'°5s75p7 [Xe]4f'45d"°6s*6p7 
Dae Ce 2+,44+ Dae Uae 

A272 1.41 1.54 

0.87 (2+) 0.93 (2+) 1.20 (2+) 

0.67 (4+) 0.83 (4+) 0.91 (4+) 

8.09 7.30 7.38 

2.01 1.58 1.87 

7 100 GxaOr POelor 
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treated with a dehydrating agent) by carbonization in the ab- 
sence of air. This is followed by heat and/or chemical treatment 
to increase surface area and porosity. Activated charcoal is 
available in two forms: finely powdered (300 to 350 mesh) for 
use in liquid media; and coarse, hard, porous particles for gas 
absorption. The fine form is official in the USP, and is used as 
an adsorbent in the treatment of diarrhea. 

Carbon dioxide usually is obtained as a byproduct from 
either the production of alcohol by fermentation or by recovery 
from the stack gases of power plants. Unlike carbon monoxide, 
its toxicity is not due to interaction with hemoglobin, but 
through suffocation. Carbon dioxide is an effective respiratory 
stimulant (page 383), cited in the USP. 

Under appropriate conditions, carbon forms many binary 
compounds, such as cyanogen, carbon disulfide, carbon tetra- 
chloride, and numerous carbides. Its important inorganic acids 
are carbonic, percarbonic (peroxocarbonic) and the pseudobi- 
nary hydrocyanic acid (HCN). All are weak acids and are avail- 
able primarily in the form of salts. 

Sodium bicarbonate and the slightly soluble carbonates or 
basic carbonates of calcium, magnesium, and aluminum find 
extensive use as gastric antacids. Potassium bicarbonate is 
used as a source of potassium ion in electrolyte replenishers. 
Bismuth subcarbonate is an astringent and protective (page 
382). Ammonium carbonate is an effective reflex stimulant 
(page 383) and expectorant (page 383). 


SILICON 


Next to oxygen, silicon is the most abundant element on earth. 
It does not appear free in nature. Silicon forms an inert oxide, 
silicon dioxide (silica), which occurs abundantly in nature in 
both amorphous and crystalline states such as sand, quartz, 
opal, or siliceous earths. 

Siliceous earth (diatomaceous earth, Fuller’s earth, Kie- 
selguhr, Celite) and infusorial earth are the siliceous skeletal 
remains of diatoms and infusoria. The deposits are in the form 
of spicules, rods, and stars of silica. Because of their shapes, 
these materials act as excellent, inert, nonadsorbent filter aids. 
Because of their moderate hardness they are used as mild 
abrasives. Purified Siliceous Earth is official in the NF. 

Synthetic amorphous silicas are manufactured by two meth- 
ods. Silica fume is prepared by condensation of silica from its 
vapor phase. Silica gel is prepared by hydrolysis of inorganic or 
organic orthosilicates. Structurally, both forms may be consid- 
ered condensation polymers of the silicic acids. They are avail- 
able in various commercial grades, differing in such variables 
as particle size, degree of hydration, surface type (silanol 
and/or siloxane), porosity, and hardness. By selection of the 
product having the desired properties, amorphous silicas find 
employment as gas adsorbents, desiccants, carriers, fillers, 
thickeners, and abrasives. Colloidal Silicon Dioxide (fumed 
form) is official in the NF; Silicon Dioxide, a more general 
monograph title, replaces the title Silica Gel and now provides 
for both forms of SiO., silica gel and precipitated silica. 

Silicosis, a lung condition resembling chronic tuberculosis, 
develops after long exposure (7 years or more) to respirable 
dust (silica particles 5 xm or less in mean diameter). 

Silicon forms numerous silicic acids, such as metasilicic acid 
[H,SiO3], orthosilicic acid [H,Si0,], or disilicic acid [H,Si,O,]. 
These and others occur in nature as silicates. Except for the 
alkali salts, silicates are insoluble in water or acids, but they 
are attacked readily by hydrofluoric acid, forming gaseous sil- 
icon tetrafluoride. The alkali silicates do not occur in nature, 
but rather are prepared by fusion of finely divided silica with 
the desired alkali base or carbonate. 

The insoluble silicates have structural arrangements dom- 
inated by the large diffuse oxide ion. Because cations of high 
charge, such as Si** or Al®*, are small and compact, they have 
only a secondary role in determining the structures. Physi- 


cal properties such as density, hardness, and refractive index 
are determined almost completely by the oxygen-packing 
arrangement. 

There are two close-packed oxide ion arrangements, cubic 
and hexagonal. In each, the oxygen arranges in identical lay- 
ers; the difference arises from the placement of the layers with 
respect to one another. Two types of openings are possible 
between neighboring spheres. The smaller openings are occu- 
pied by small cations, such as Si**, resulting in a tetrahedral 
arrangement of four oxide ions around each cation. The larger 
openings between adjacent oxide ions are occupied by some- 
what larger cations, such as Li+, Mg”*, or Fe®*. Six oxide ions 
surround each cation in an octahedral arrangement. The alu- 
minum ion, which is intermediate in size, can occupy either 
tetrahedral or octahedral spaces. 

When cations too large to occupy either of the inter-oxide ion 
spaces, such as NH,*, Na*, K*, Ca”", are present, the oxide 
structure opens in one of two ways. Groups of the oxide ion 
layers separate to give an overall layered structure with the 
large cations forming a new layer between. The clays have this 
structure. Or the oxide ions may spread in a three-dimensional 
manner to give room-like cavities within the structure. The 
cavities are occupied by the large cations. Feldspars and zeo- 
lites have this latter structure. 

A persistent problem preventing early workers from suc- 
cessfully elucidating silicate structures was their failure to 
recognize that ions of the ideal structure may be substituted to 
some extent by other ions of the same radius, irrespective of 
charge. This phenomenon, isomorphous replacement, is wide- 
spread among the silicates. Because of this, empirical formulas 
based on analytical data are meaningless. The illustrative for- 
mulas used in the following discussions are ideal formulas. 
Because of isomorphous replacement, the actual formula of a 
given silicate may differ somewhat from the ideal. 

Before discussing specific insoluble silicates it must be said 
that all are chemically inert. The properties that distinguish 
them and determine their use are structural or related to 
surface phenomena. 

Chain silicates are unidimensional arrangements of silicate 
tetrahedra sharing two oxygens per tetrahedron; in effect each 
chain is a macroanion. Because these chains consist of Si-O 
bonds having 50% covalent character, they are difficult to 
break. Electrical neutrality is maintained by placing a suffi- 
cient number of cations, usually K* and/or Ca?*, between 
the chains. Electrostatic forces being weaker than covalent 
forces, these crystals cleave readily to give rise to the typical 
fibrous structure of asbestos, such as serpentine asbestos, 
(HO),Mg,(Si,0,,)-H,0. These asbestos chains are useful as 
filter aids and as insulation. Note: Asbestosis is a pulmonary 
condition similar to silicosis. 

Attapulgite, Mg-(Si,0.))(OH).:°8H,0, is a double-chain 
structure with rather large open spaces between the chains. 
These spaces are occupied by water molecules, which provide 
hydrogen bonding to hold the chains together. It has adsorptive 
properties similar to kaolin. 

The layer silicates include talc (talcum, soapstone), the mi- 
cas, the chlorites (no relationship to ClO”) and the three clay 
minerals, the montmorillonites (bentonites), kaolins, (kaolin- 
ite) and the illites. 

Talc, Mg;(OH),Si,0,o, is the softest mineral known. There 
are no cementing cations or molecules between silicate layers; 
they are held together by van der Waals forces. Consequently, 
the tale layers cleave easily to give the characteristic smooth, 
unctuous feel. Talc adheres readily to the skin, is chemically 
inert, and has very low adsorptive powers. It is used in dusting 
powders as a protective and lubricant, to prevent irritation due 
to friction. It also is used in medicated dusts and used widely in 
cosmetic applications. There are no problems in its use on 
intact skin, but tale must not be used on broken skin, wounds, 
or surgical incisions. This precludes its former use as a dusting 
powder and lubricant for surgical gloves. 


Because of its inertness and nonadsorptive character, talc is 
a useful filter aid. Only particles which are passed by a No 80 
sieve, but retained by a No 100 sieve, should be used. Finer 
particles suspend and are not removed easily by subsequent 
filtration. Talc is official in the USP. 

In mica, Al,[(OH)2(Si30,,)]K, and chlorite, Mg;[(OH),(Si,0,9)], 
negatively charged silicate layers are bound together by cat- 
ions. Thus, these silicates cleave readily along the cation layer 
because the electrostatic forces are weaker than the covalent 
bonds within the silicate layer. Neither has pharmaceutical 
applications. 

The clays—montmorillonite (Smectite), Al,[(OH),(Sig00)] - 
38,H,O and kaolinite, [(OH),Al,][((OH),(Si,0,,)]—are layer 
structures built of alternating layers of aluminum oxide (hy- 
drargillite) and silicate. The montmorillonites have higher 
Si0,:Al,0. ratios with much isomorphous replacement of alu- 
minum. Magnesium never is present in the kaolins. 

The distinguishing feature of the bentonite (montmoril- 
lonite) clays is the insertion of up to three distinct layers of 
hydrogen-bridged water molecules between the aluminosili- 
cate layers. Not all water hydrogens are needed to bond the 
water molecules within their layer; the unused hydrogens 
bind the layers to each other and to the aluminosilicate 
layers. These water layers may be removed, one at a time, by 
heat. The thickness of the individual crystals decreases in 
steps as each water layer is removed. By treating with water, 
the water layers are restored, one at a time, with a return to 
the original thickness. This may be repeated indefinitely. 
Because of this phenomenon, bentonite clays are known as 
swelling clays. 

The bentonites have gelling properties that make them use- 
ful suspending agents, as well as ion-exchange properties and 
detergent properties. Bentonite and Bentonite Magma are of- 
ficial in the NF, as is Purified Bentonite, a colloidal montmo- 
rillonite. 

Kaolins are found always in the form of microcrystals of 
colloidal dimensions. The properties are somewhat similar to 
bentonite. They are used as clarifying agents and are good 
excipients for inorganic salts. They find employment as intes- 
tinal adsorbents and protectives. Externally they are used as 
dusting powders. Kaolin is official in the USP. 

The three-dimensional or lattice silicates have been de- 
scribed previously. In the feldspars, KAISi,O;, the most com- 
mon rock, the large cations (eg, K’) are trapped in enlarged 
cavities within the aluminosilicate network. On the other hand, 
in the zeolites, CaAl,Si,01,-6H,O, and in the synthetic molec- 
ular sieves, these cavities have connecting openings, or hall- 
ways, between one another and to the exterior of the crystal. 
Thus the cations (and water molecules) in these cavities are 
free to move about within the crystal and may be exchanged 
with external cations. These latter silicates are valuable as ion 
exchangers, desiccants, carriers for catalysts and for the sepa- 
ration of organic gases, as with ethylene from ethane. Certain 
forms of molecular sieves have been tried as antacids. See 
Clathrates, Chapter 14. 

Pumice is a porous rock of volcanic origin, usually found in 
the vitreous state. Being a three dimensionally linked sodium 
aluminosilicate it is a hard, chemically inert, nonadsorptive 
material. In the powdered form it is used as a filter medium 
and dispersing agent. It is found in dental preparations as an 
abrasive. 

Magnesium trisilicate is prepared by precipitation, using a 
soluble silicate and a soluble magnesium salt. Although it has 
an analytical composition approaching disilicate, it is actually 
a mixture of magnesium hydroxide, hydrated magnesium ox- 
ide, and silica gel. The insoluble magnesium compounds are 
responsible for the antacid action; the silica gel acts as a pro- 
tective. Magnesium trisilicate also is employed as a suspending 
agent. 

GLASS—Glass is a generic term used to identify vitreous 
silicate materials prepared by fusing a base, such as Na,CO, 
and CaCOs, with pure silica. On cooling, a clear vitreous mass 
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results. There is no clearly defined melting point; a gradual 
softening takes place on heating as a result of the somewhat 
haphazard arrangement of the silicon—oxygen bonds. 

Certain other cations may be included, such as manganese 
dioxide, to hide the blue-green color of the iron usually present 
in silica; borates, to reduce the coefficient of expansion; and 
potassium ion to give a brown and light-resistant glass. 

Since the surface of the glass is an exposed oxide network, it 
can be reactive. On standing in contact with aqueous solutions, 
alkali will leach from it. This leaching is accelerated by heat, as 
occurs with sterilization. The surface of glass also has adsorb- 
ing powers, but this can be a problem only in extremely dilute 
solutions. The compendia usually specify the type of glass 
container to be used for certain materials and include tests for 
four types of glass. 

SILANES AND SILOXANES—The close relationship be- 
tween carbon and silicon has prompted much interest in the 
organic chemistry of silicon. The compounds involved are 
analogs of carbon compounds or compounds in which silicon 
functions in place of one or more of the carbon atoms. Simple 
silanes and their derivatives, such as silane [SiH,], silanol 
[SiH.,OH], and disiloxane [H,SiOSiH;], have been known for 
a long time. The present interest is in complex compounds 
that contain both carbon and silicon. The silicones (alkylsi- 
loxanes), condensation polymers of various types of alkyl- 
silanols, represent a field finding extensive commercial ap- 
plication. Simethicone USP, a polymeric dimethylsiloxane, is 
employed as an antifoaming agent. It has found use as an 
antiflatulent in gastric bloating and in postoperative gaseous 
distention in the gastrointestinal tract. Also see the discus- 
sion of silicones in Chapter 65. 


GERMANIUM 

SU RSS PET TT BT LTE TST 
The properties of the element germanium are intermediate to 
those of silicon and tin. Germanium, found in bis-B-carboxy- 
ethyl germanium sesquioxide, is purported to have immune 
system enhancing and antitumor effects. Germanium also has 
remarkable electrical properties, which make it valuable in the 
manufacture of semiconductors and other microelectronic 
parts. 


TIN 

SEE AT ELL LL ELTA SST 
Tin forms compounds in both +2 and +4 oxidation states. The 
lower oxidation state is somewhat electrostatic but the higher 
state is largely covalent in character. Both oxides are ampho- 
teric, giving rise to stannate(II) (stannite) [SnO,]”, and stan- 
nate(IV) (stannate) [SnO.]?" ions. 

The only official compound is stannous fluoride tin(II) fluo- 
ride, applied topically as a dental prophylactic. Experimental 
evidence demonstrates the superiority of this fluoride over 
other soluble fluorides for this application. The ready suscep- 
tibility of tin(II) fluoride to oxidative and hydrolytic decom- 
position causes problems in the preparation and storage of 
suitable dosage forms. Various tin dioxide [tin(IV) oxide] prep- 
arations have been used externally for their germicidal effect, 
particularly against staphylococcal organisms that are often 
resistant to other germicides. 


LEAD 

ALG PLE SH GE TS 
Lead is the most metallic element of the group. However, some 
residual amphoteric character is present, particularly in the 
+4 oxidation state. At one time, lead compounds found employ- 
ment in pharmacy and medicine, usually as astringents. How- 
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ever, because of its highly toxic nature as a cumulative poison, 
it is no longer used. It is absorbed readily in the intestinal tract 
and broken skin, and is deposited in the bone. 


Because of their minor importance, a detailed treatment of 
Group IV-B elements is unnecessary. Some important charac- 
teristics are given in Table 24-11. All members of the group 
occur in nature only in the combined state. The +2 and +4 
oxidation states are common to all. All members of the group 
possess amphoteric properties and their cations readily form 
complexes. 


TITANIUM 

Ec ON BOT RN REE] 
Titanium forms three oxides (TiO, Ti,03, and TiO.) and corre- 
sponding binary salts. The soluble salts of divalent and triva- 
lent titanium are violet or red and are powerful reducing 
agents. 


The elements of this group have five valence electrons. Two of 
the electrons occupy s orbitals. The three remaining electrons 
are in different orbitals in the A and B subgroups, giving the 
structures ns*np® and (n — 1)d°ns”, respectively. 


This group displays strikingly regular gradations in proper- 
ties, ranging from exclusively nonmetallic nitrogen to almost 
exclusively metallic bismuth (Table 24-13). Oxidation states 
of +3 and +5 are common to all. Bismuth functions primar- 
ily in the +3 state. All members except bismuth also exist in 
a —3 oxidation state. Hydrides are of the covalent MH, type, 
characterized by an unshared electron pair. This allows 
these hydrides to form coordinate covalent bonds. The oxides 
of nitrogen and phosphorus are acidic. Those of arsenic and 
antimony are amphoteric, but are sufficiently acidic for the 
elements to be classified as nonmetals. The common oxide of 
bismuth, Bi,O3, is basic; the less-important pentoxide is 
acidic. 


NITROGEN 


Nitrogen occurs free in the atmosphere (78%) and combined 
in nitrates and organic compounds. It is a colorless, taste- 


Table 24-13. The Elements of Group V-A 


The most important compound is the dioxide, TiO,, which is 
official in the USP. It is used as a solar-ray protective. As such, 
it is a popular ingredient in various lotions and creams for the 
prevention of sunburn. This action is the result of its high 
covering power as a white pigment, a consequence of its high 
refractive index. 


ZIRCONIUM AND HAFNIUM 


Hafnium occurs in small quantities in zirconium ores. As a 
consequence, unless highly purified, zirconium compounds in- 
clude varying percentages of hafnium. Zirconium as the hy- 
drous oxide or carbonate has been used as a lotion or cream for 
contact dermatitis. There are a number of basic aluminum— 
zirconium compounds used as antiperspirants. However, the 
prohibition against the use of zirconium in aerosols where 
inhalation is possible is still in effect. 


less, and odorless inert gas. It is nonflammable and does not 
support combustion. Due to its stable triple-bond structure, 
the Nz molecule shows little reactivity with other elements. 
The free nitrogen atom is very reactive. 

The inertness of nitrogen is the result of the bonding exist- 
ing in the molecule. There is a o bond between the atoms and 
two 7 bonds, which fuse to form an electron cloud (doughnut) 
encasing the entire molecule. This electron cloud effectively 
prevents breaking of the o bond for reaction with other ele- 
ments. The cyanide ion and carbon monoxide have electron 
structures similar to that of the nitrogen molecule and also 
show an extraordinary stability. 

Nitrogen is prepared primarily by the fractional distilla- 
tion of liquid air. At the temperature of the electric arc it 
combines with oxygen forming nitrogen(V) oxide, which is 
converted into nitric acid. In the presence of catalysts and at 
great pressure and elevated temperature, it combines with 
hydrogen to form ammonia. 

Unlike phosphorus and the other members of the family, 
nitrogen does not expand its coordination sphere beyond three. 
The nitric acid of chemistry is the meta acid. There is no ortho 
acid (hypothetically H,;NO,). Nitrogen in the +5 state is too 
small to accommodate four oxygen atoms. 

Therapeutically inactive, elemental Nitrogen NF is em- 
ployed pharmaceutically as an inert atmosphere in ampules 
and other containers of substances that would be affected 
adversely by air. Nitrogen(I) Oxide (nitrous oxide) USP, is an 


ELEMENT NITROGEN PHOSPHOROUS ARSENIC ANTIMONY BISMUTH 

Symbol N P As Sb Bi 

Atomic number 7 15 33 51 83 

Atomic weight 14.01 30.97 74.92 121.7, 208.98 

Orbital electrons [He]2s?2p? [Ne]3s?3p? [Ar]3d'°4s*4p? [Kr]40"°5s?5p? [Xe]4f'45d'°6s*6p? 

Oxidation states 3, sc, Sas, Ar 3, sr, Sse Sj, Sie, Sar 3=, 3+, 5+ Si, Siar, se 

Atomic radius (A) 0.70 1.06 VA 1.41 1.5 

lonic (crystal) radii (A) 1.32 (3+) 0.58 (3+) 0.72 (3+) 0.90 (3+) 1.17 (3+) 
(coordination number 6) 0.27 (5+) 0.52 (5+) 0.60 (5+) 0.74 (5+) 0.90 (5+) 

lonization potential, ev 14.48 11.10 10.5 8.5 8.0 

Electronegativity 3.04 2ZA9 2.18 2.05 2.02 

% of earth’s crust 46x10 8 0.12 Silas Ome 210m 


inhalatory general anesthetic (page 383). Sodium Nitrite 
USP is used as an antidote to cyanide poisoning; it also is a 
vasodilator but is slower acting than the organic nitrite and 
nitrate esters commonly used for this purpose. The nitrate 
ion frequently is used as an anion for medicinally active 
cations, such as silver nitrate and thiamine mononitrate. 

Very significant work has shown that the simple, paramag- 
netic molecule, nitric oxide, NO, is an important neurotrans- 
mitter produced by neurons and other cells, causing responses 
such as vasodilation by acting as a ligand for iron in a heme 
group with a resulting lowering of blood pressure. This knowl- 
edge rationalizes the action of drugs such as the organic ni- 
trites and sodium nitroprusside. 

Nitrite ion is toxic; it reacts with hemoglobin to form met- 
hemoglobin. Nitrites are also potentially dangerous because 
they can form N-nitroso derivatives of amines and amides, 
which may be carcinogenic. Nitrate ion is reducible to nitrite in 
the intestine and may cause methemoglobinemia. For the 
above reasons the use of nitrates and nitrites as food preser- 
vatives has been questioned. 


PHOSPHORUS 

(ESE He er a a SR EERE RSE TE] 
Phosphorus exists in two common allotropic forms, yellow and 
red. Yellow phosphorus (white phosphorus) has a distinctive, 
disagreeable, ozone-like odor. On exposure to air, or when 
heated at about 50°, it ignites spontaneously. It is almost 
insoluble in water, but is soluble in chloroform, benzene, or 
carbon disulfide. It is poisonous and on the skin it causes 
severe, slow to heal burns. Copper(II) sulfate is used as an 
antidote. 

Red phosphorus is a brown to red amorphous powder. It is 
nonpoisonous and nonflammable in air, except at high temper- 
atures. It is insoluble in any common solvent. 

The use of inorganic phosphorus compounds in modern 
medicine is restricted primarily to the orthophosphates. Tri- 
basic calcium, magnesium, and aluminum phosphates are 
used as gastric antacids, and the monobasic alkali phos- 
phates are effective urinary acidifiers. Dibasic sodium phos- 
phate is the active ingredient in various saline cathartics 
and enemas. 

Phosphoric Acid NF, is used to form soluble salts of insolu- 
ble medicinal bases. The dihydrogen phosphate—monohydrogen 
phosphate system is a valuable buffer in physiological ranges. 
Hypophosphorous Acid NF is an antioxidant, used primarily 
with iodide and iron(II) salts. The radioactive isotope, °”P, is 
employed therapeutically (Chapter 104). 

Phosphorus is essential to plant and animal life. A complex 
basic calcium phosphate constitutes the main inorganic com- 
ponent of bones and teeth. Dihydrogen phosphate and mono- 
hydrogen phosphate ions constitute the ion pair of one of the 
buffer systems of the blood and body fluids. The phosphate 
moiety has important roles in the metabolism of various or- 
ganic materials, such as carbohydrates. 


ARSENIC 

Gl aU 
Inorganic arsenic compounds rarely are employed in modern 
medicine. There no longer are official compounds; arsenic 
trioxide and potassium arsenite were the last; they were 
used as alternatives, tonics, and antileukemics. There has 
been renewed interest in the value of Potassium Arsenite 


Soe ne Ae LE ae ee ee ee SO oe ee eee a eae Ie wiw 


Solution (Fowler’s Solution) as an antileukemic agent. So- 
dium arsenate, ("*As), has been used as a diagnostic aid. 

Arsenic compounds are poisonous. If they are still in the 
gastrointestinal tract, a freshly prepared mixture of iron(III) 
and magnesium hydroxides is administered orally as an anti- 
dote. If the arsenic has already been absorbed, dimercaprol by 
intramuscular injection is effective. 


ANTIMONY 


Antimony compounds have physiological reactions resembling 
those of arsenic. The compounds are potentially toxic. Except 
for Antimony Potassium Tartrate (antimonyl potassium tar- 
trate, tartar emetic) USP, and for Antimony Sodium Tartrate 
USP, antimony compounds are no longer in common medical 
usage. Both antimony potassium and antimony sodium tar- 
trates are used in the treatment of schistosomiasis, a parasitic 
disease involving flukes. 


BISMUTH 

ER EE TLE DY ISIE TEE | 
With the exception of sodium bismuthate, [NaBiO.] in which 
the bismuth functions anionically in the +5 oxidation state, the 
important bismuth compounds of commerce are the Bi®* vari- 
ety. The basic salts—bismuth subcarbonate, bismuth subgal- 
late, and bismuth subnitrate—are employed for their astrin- 
gent, mildly germicidal, and antacid properties. 

Bismuth Subnitrate, Bismuth Subgallate, and Milk of 
Bismuth are official in the USP. Milk of Bismuth owes its 
antacid properties to the hydroxyl and carbonate ions 
present. Because of the adherent properties, it provides pro- 
tective action. The small amount of dissolved bismuthyl ion 
present exerts a mild antiseptic effect. Colloidal bismuth 
subcitrate is used clinically in the treatment of peptic ulcer 
disease. 

Hydrogen sulfide, from the breakdown of proteins in the gut, 
reacts with bismuthyl ion to form the insoluble, dark brown, 
bismuth(II]) sulfide. As a result stools appear black. Soluble 
bismuth compounds are poisonous; intramuscular dimercaprol 
is an effective antidote. 


Unlike previous transition elements, the valence electron 
structure of the Group V-B elements is not identical. Vanadium 
and tantalum have a (n — 1)d°ns” structure, whereas niobium 
has the structure (n — 1)d‘ns' (Table 24-14). The difference has 
no apparent effect on their chemistry. In addition to the Group 
V oxidation states, +3 and +5, these elements also appear in a 
+2 and +4 oxidation state. The —3 oxidation state does not 
occur. There is a close similarity between niobium and tanta- 
lum. Tantalum, because of its size, has a maximum coordina- 
tion number of eight and the compounds of these elements are 
colored. 

The Group V-B elements are of little pharmaceutical impor- 
tance; only tantalum metal is employed therapeutically. Be- 
cause tantalum is unaffected by the body fluids, it is used in 
sheet form for the surgical repair of bones. Muscle tissue will 
attach itself to tantalum as though it were bone. 
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Table 24-14. Transition Elements 


GROUP V-B 
ELEMENT VANADIUM NIOBIUM 
Symbol Vv Nb 
Atomic number 23 41 
Atomic weight 50.94 92:91 
Orbital electrons [Ar]3d?4s7 [Kr]4d*5s' 
Oxidation states 2+, 3+, 4+, 5+ 2+,3+,44+,5+ 
Atomic radius (A) (|. 22 1.34 
lonic (crystal) radii (A) 0.40 (5+) 0.70 (5+) 

(coordination number 6) 

lonization potential, ev 6.71 6.79 
Electronegativity — — 
% of earth’s crust 0.021 — 


GROUP VI-B 
TANTALUM CHROMIUM MOLYBDENUM TUNGSTEN 
Ta Cr Mo W 
73 24 42 74 
180.95 52.00 95.94 183.8, 
[Xe]4f 14507657 [Ar]3d74s' [Kr]4d°5s' [Xe]4f "4506s 
2a Se. Hes. Bee 2+, 3+, 4+, 6+ 2 ee Oat 2 On 
1.34 1.18 1.30 1.30 
0.73 (5+) 0.76 (3+) 0.79 (4+) 0.80 (4+) 
0.58 (6+) 0.73 (6+) 0.74 (6+) 
ca 6 6.77 7.38 7.98 
{lesis! 1.66 2.2 2.36 
— Deal Ome ca'5 X 106%) “caltse alma 


The members of Group VI have six valence electrons. Although 
theoretically a —2 oxidation state is possible for all, —2 and -1 
appear only in the subgroup A elements. The common positive 
oxidation states are +4 and +6; +1 and +2 also exist. 


There is a very clear gradation of properties in the Group VI-A 
family (the chalcogens). Oxygen is nonmetallic in character 
whereas polonium is metallic; the other members show both 
characteristics. Polonium is further distinguished by its natu- 
ral radioactivity. 

The sulfur—selenium-tellurium triad displays especially 
strong family relationships. Allotropic varieties of each element 
in the triad are numerous. Although there are quantitative 
differences, each functions generally in the —2, +4, and +6 
oxidation states, forming many analogous compounds. Some of 
the more important characteristic properties of Group VI-A 
elements are presented in Table 24-15. 


OXYGEN 

eS Lo 
In free form, oxygen constitutes about one-fifth of air, by 
weight. The primeval atmosphere of the earth probably had no 
oxygen. In combined form, it constitutes about seven-eighths, 
by weight, of water and important fractional parts of minerals 
such as CaCO, or Fe,03. The industrial process for preparing 
oxygen is the fractional distillation of liquid air. When liquid 
air is allowed to evaporate under controlled conditions, the 
nitrogen and inert gases escape initially, followed by nearly 
pure oxygen. 


Table 24-15. The Elements of Group VI-A 


The weighted atomic mass of the mixture of naturally oc- 
curring oxygen isotopes formerly was the standard for all 
chemical atomic weights. This standard has been replaced by 
the most abundant carbon isotope, '“C. The isotopes of oxygen 
have been separated and introduced into specific molecules as 
tracer elements. 

Oxygen USP is employed as a therapeutic gas in the treat- 
ment of conditions involving hypoxia. Ozone, O3;, an allotropic 
form of oxygen, is a powerful oxidizing agent. Ozonized air (air 
treated to convert some of its oxygen into ozone) is used in 
various disinfecting and bleaching operations. 

Chemically, oxygen is very reactive, combining directly, un- 
der appropriate conditions, with all elements except mercury, 
silver, gold, and members of the platinum family. It is electro- 
negative with respect to all elements except fluorine. The ox- 
ides of nonmetallic elements are acidic, while those of metals 
are basic. The oxides of many elements, such as antimony and 
tellurium, are amphoteric. In all, oxygen has the —2 oxidation 
number. 

Hydrogen peroxide and the peroxides are a series of oxygen 
compounds in which oxygen has an oxidation number of —1. 
They are valuable oxidizing and reducing agents. 

Hydrogen peroxide is prepared by the electrolysis of a con- 
centrated solution of either sulfuric acid or ammonium sulfate. 
Persulfate, [S,02], forms in the anode compartment. After 
electrolysis the analyte is reacted with water and the hydrogen 
peroxide formed is separated by distillation under reduced 
pressure. 

Pure concentrated hydrogen peroxide is stable. However, 
commercial preparations must be stabilized; usually, a preser- 
vative is added such as acetanilid. Traces of mineral acid (eg, 


ELEMENT OXYGEN SULFUR SELENIUM TELLURIUM POLONIUM 
Symbol O S Se Te Po 
Atomic number 8 16 34 52 84 
Atomic weight 16.00 32.06 78.9, 127.6 (209) 
Orbital electrons [He]2s?2p* [Ne]3s?3p* [Ar]3d'°4s74p* [Kr]4d"°5s*5p* [Xe]4f'45d'°6s*6p* 
Oxidation states =, b= 2-—, 2+, 6+ 2-, 44+, 6+ 2-,4+, 6+ 4+,6+ 
Atomic radius (A) 0.66 1.04 1.16 1.37 1.53 
lonic (crystal) radii (A) 

(simple anion) 1.26 (2—) 1.70 (2—) 1.84 (2-) 2.07 (2—) 1.08 (4+) 

(coordination number 6) — 0.43 (6+) 0.56 (6+) 0.57 (6+) 0.81 (6+) 
lonization potential, ev 13.61 10.36 7/3) 9.0 — 
Electronegativity 3.44 2.58 2.55 Za 2.0 
% of earth's crust 46.6 0.052 Ome Oleg Oia 


phosphoric acid) often are added, as the stability increases in 
acid medium. 

Hydrogen peroxide is available as the 3, 6, 30, 70, and 
90% solutions. Concentration also is expressed as volume 
strength, the volume of oxygen gas released from one volume 
of solution; ten volume is 3%. Hydrogen Peroxide Concen- 
trate USP is the 30% solution. It is a powerful oxidant and 
must not be used on the skin. Hydrogen Peroxide Topical 
Solution USP is the 3% solution. It is a mild, fast acting, 
oxidizing germicide that will destroy most pathogenic bacte- 
ria. Hydrogen peroxide, 6%, is the only common bleach mild 
enough for use on hair. 

Hydrogen peroxide is available as a solution in anhydrous 
glycerine (1.5%) and as urea peroxide, a stable crystalline 
1:1 compound, usually in 4 to 10% solution in anhydrous 
glycerine. A monograph for Carbamide Peroxide is found in 
the USP, and the monograph for Carbamide Peroxide Topi- 
cal Solution USP has a generic purity rubric statement. 
These preparations are preferable to hydrogen peroxide in 
treatment of oral and ear infections. Zinc peroxide and so- 
dium perborate, a compound that has a hydrogen peroxide 
molecule in its hydration complement, have been listed in 
past compendia. 


SULFUR 


Sulfur is an element that exists in several allotropic forms. At 
room temperature a-sulfur (rhombic sulfur) is the stable form. 
At the equilibrium point, 96, 6-sulfur (monoclinic sulfur) be- 
comes the stable form. Other allotropes exist. Commer- 
cial, Sublimed Sulfur USP and Precipitated Sulfur USP are 
a-sulfur. Precipitated sulfur has a smaller particle size than 
sublimed; therefore, it is more reactive. 

As an ointment, precipitated sulfur is used as the scabicide. 
Sulfur ointments and lotions are used in dermatological appli- 
cations as keratolytics. Elemental sulfur also has fungicidal 
action. Sublimed sulfur is used as a cathartic. 

Sulfur appears in three series of compounds. The first, based 
on the —2 oxidation state, gives rise to hydrogen sulfide and the 
sulfides. The second and third series, based on +4 and +6 
oxidation states, give rise to the two sulfur oxides and their 
acids and salts. 

Hydrogen sulfide and soluble sulfides in solution react 
readily with suspended, finely divided sulfur to give rise to 
mixtures of polysulfides, S.”, S,7, S,°, S,”, usually writ- 
ten S,?. 

Sulfurated Potash USP consists largely of potassium poly- 
sulfides, sulfate, and thiosulfate. It is prepared by careful heat- 
ing of a mixture of potassium carbonate and sublimed sulfur. 
The compound is very soluble in water, giving an alkaline 
reaction. The polysulfide component is soluble in ethanol. Sul- 
furated potash is used in the form of lotions, ointments, and 
aqueous solutions for the treatment of psoriasis and other 
chronic skin conditions and has parasiticidal activity. 

Sulfurated potash must be stored in tightly sealed contain- 
ers to prevent reaction with carbon dioxide and oxygen. It is 
incompatible with acid. 

White Lotion USP is prepared by adding freshly pre- 
pared, filtered, sulfurated potash solution to zinc sulfate 
solution. The order of mixing is important. It is an astringent 
and protective. 

Selenium Sulfide (and Lotion) USP is employed as a 2.5% 
suspension in the topical treatment of seborrheic dermatitis 
(dandruff). Care is essential to prevent introduction into the 
eyes or mouth. In addition, the hands must be cleansed thor- 
oughly after using because selenium is toxic. Cadmium sulfide 
also is used in the treatment of seborrheic dermatitis. Although 
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it is less irritating, it requires the same precautions as sele- 
nium sulfide. 

Sulfur Dioxide NF usually is prepared industrially by burn- 
ing sulfur. It is the acid anhydride of sulfurous acid and its 
salts, the sulfites. All are used in pharmaceutical practice as 
antioxidants and preservatives. 

Attempts to crystallize sodium bisulfite yield, instead, nor- 
mal sodium sulfite crystals. If the crystallization is carried out 
under a sulfur dioxide atmosphere crystals of the metabisulfite, 
Na,.S,0,, form. On dissolving metabisulfite in water, a solution 
of bisulfite results 


S,0;> + H,0 > 2HS0O, 


Sodium Metabisulfite NF should be used when sodium 
bisulfite is specified. It is used as an antioxidant. A monograph 
for Potassium Metabisulfite is included in the NF. 

Sodium Thiosulfate USP is prepared from the sulfite by 
reaction with sulfur. Because the sulfite ion has an unshared 
electron pair, and elemental sulfur lacks one electron pair for 
completion of a stable octet, a coordinate covalent bond forms 
easily, giving the thiosulfate ion. It is used as an antidote for 
cyanide poisoning. It is a valuable analytical reagent for the 
determination of iodine. 

In the +6 oxidation state sulfur gives rise to sulfuric acid 
and the sulfates. Sulfuric acid is an important acid and is listed 
in the NF. Several sulfates are cited officially but with the 
exception of sodium sulfate (saline cathartic), all applications 
are ascribed more appropriately to the cation present, such as 
barium sulfate or bleomycin sulfate. 


SELENIUM AND TELLURIUM 
ESI TEST EET TER 
In general, selenium and tellurium compounds are analogous 
to those of sulfur. Observed differences are largely those to be 
expected in terms of relative atomic size and electronegativity. 

Although selenium is toxic in large doses, it is an important 
trace element. It is absorbed very slowly through the skin. 
Toxicity usually is not a problem if it is applied to small areas 
of unbroken, unirritated skin. Prolonged contact with the skin 
results in contact dermatitis. The use of selenium sulfide, the 
only official compound, is described in the section on sulfides. 
Selenomethionine Se 75 Injection USP is used in the diagnosis 
of pancreatic tumors and growths. 

Tellurium has no medicinal applications at this time. 


The Group VI-B elements are metallic in behavior. The lower 
oxidation state oxides are basic, whereas those of the higher 
oxidation states are acidic, giving rise to the chromates, 
molybdates, and tungstates. The cations of high oxidation 
numbers have a tendency to unite with oxygen to give stable 
-yl cations, such as CrO”* chromyl. These elements show 
great similarity in behavior to their horizontal neighbors 
in Groups V-B and VII-B. Some properties are given in 
Table 24-14. 

Chromium and molybdenum are essential trace elements. 
Monographs for Chromic Chloride (and Injection) and Am- 
monium Molybdate (and Injection) are found in the USP. 
Chromium has a wide margin of safety between amounts 
usually ingested and those showing adverse effects. The 
radioactive isotope, ®'Cr, is employed as a biological tracer 
in certain hematological procedures (Chapter 104). Their 
compounds are important in analytical pharmaceutical 
operations. 
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The elements of Group VII subdivide into Group VII-A (Table 
24-16), members of which have an outer electron configuration 
ns*np®, and Group VII-B (Table 24-17) with the (n — 1)d°ns? 
valence electron configuration. 

The halogens are nonmetallic in character; the transition 
elements of the family are metallic. Except for the higher 
oxidation states of +5 and especially +7, the elements of the 
subgroups and their compounds are quite dissimilar. The free 
halogens are colored, but almost all of their compounds are not. 


Examination of the valence electron structure of Group VII-A 
elements suggests —1, +1, +3, +5, and +7 as possible oxidation 
states. Fluorine, the most electronegative element, appears 
only as the simple fluoride ion (which readily acts as a ligand). 
Only chlorine forms compounds in all five oxidation states. 

The halogen binary compounds may be ionic and/or cova- 
lent, depending on electronegativity differences. All halogens 
unite with hydrogen to form covalent gaseous hydrogen ha- 
lides. These gases are extremely soluble in water, giving rise to 
very strong acids such as hydrochloric acid. The ionic binary 
compounds show a displacement series: a halogen of lower 
atomic weight will displace a halide ion of higher atomic 
weight, 


21° + Clo > 2Cl5 + Ip 


Thus, of the halogens, fluorine is the strongest oxidizing agent 
and iodine the weakest. Conversely, iodide is the strongest 
reducing agent, and fluoride the weakest. In fact, the fluoride 
ion is the most stable of all simple anions. 

Chlorine, bromine, and iodine form well-defined oxides, oxy- 
acids, and their salts in most of the positive oxidation states. 
The stability of the higher oxidation states increases with in- 
creasing atomic weight. (For the nomenclature of these acids 
and salts, see Table 24-1.) 


FLUORINE 


Fluorine is the most reactive of the electronegative elements. 
With the exception of gold and platinum it attacks all metals at 
ordinary temperatures. It combines directly with all nonmet- 
als, including the other halogens. Beryllium fluoride is one of 
the very few fluorides not ionized completely. Fluorine is an 
essential element and is present in the teeth and bone. 
Sodium Fluoride, Sodium Fluoride Tablets, Sodium Fluo- 
ride Oral Solution, Stannous Fluoride (Tin(II) Fluoride), Stan- 
nous Fluoride Gel, Sodium Fluoride and Phosphoric Acid Gel, 


Table 24-16. The Elements of Group VII-A 


Sodium Fluoride and Phosphoric Acid Topical Solution and 
Sodium Monofluorophosphate are listed in the USP. 

Stannous fluoride is oxidized easily by oxygen of the air to 
give the tin(IV) ion, which is ineffective as a dental prophylac- 
tic. For this reason solutions of this salt must be prepared 
freshly at the time of use. A developing cloudiness of the solu- 
tion indicates that the oxidation is proceeding, as the tin(IV) 
ion formed is precipitated as the insoluble hydroxide. 

In addition to its use over several decades as a dental 
prophylactic, fluoride also has found use, in larger doses, in the 
treatment of osteoporosis. However, in spite of its officially 
sanctioned addition to some drinking water, controversy over 
the advisability and safety of ingesting fluoride at the 1 ppm 
level for long periods persists. 

The use of fluoride to prevent, halt, or reverse osteoporosis 
is questionable because studies have been reported in which a 
positive correlation exists between the use of fluoridated water 
and an elevated risk of hip fracture. 


CHLORINE 


Elemental chlorine is a very reactive nonmetallic element. 
Most common chlorides are water soluble, the main exceptions 
being AgCl, Hg.Cl,, and Cu,Cl,. A few, eg, PbCl,, are slightly 
soluble. The oxygenated chlorine compounds are mostly water 
soluble. 

Hydrochloric acid NF is a pharmaceutical necessity for pur- 
poses such as neutralizing, stabilizing, or solubilizing other 
substances. In diluted form, it is a gastric acidifier but other 
compounds, more readily amenable to administration, usually 
are preferred. Sodium, potassium, and calcium chlorides are 
employed in electrolyte replenishers; the first named is the sole 
ingredient of physiological salt solution. Ammonium chloride is 
an expectorant and a systemic acidifying agent. The chloride 
ion is frequently the carrier of choice for other metal cations 
such as those of zinc, aluminum, and mercury, but with these 
the medicinal value is referable to the metal rather than the 
chloride. 

Sodium Hypochlorite Solution USP is an effective germi- 
cide, viricide, and deodorant because of the oxidizing power of 
hypochlorous acid. The hypochlorite ion is reduced rapidly by 
organic matter. 

Sodium Hypochlorite Topical Solution contains 0.025% so- 
dium hypochlorite, has a pH of 8 (close to plasma pH of 7.4), 
and, with the use of a phosphate buffer system, has an osmo- 
lality that is very close to that of human plasma. This solution 
allows tissue to regenerate, as noted by tissue culture studies, 


ELEMENT FLUORINE CHLORINE BROMINE IODINE ASTATINE 
Symbol F Cl Br | At 
Atomic number 9 17 35 53 85 
Atomic weight 19 35.45 79.90 126.90 (210) 
Orbital electrons [He]2s*2p° [Ne]3s73p° [Ar]3d'°4s74p° [Kr]4d"°5s?5p° [Xe]4f'45d1°6s*6p° 
Oxidation states 1- 1—,14+,34+,5+, 7+ 1-, 1+, (+), 5+ 1—, 1+, +), 5+, 7+ _ 
Atomic radius (A) 0.64 0.99 1.14 1.33 = 
lonic (crystal) radii (A) 
(halide anion) 1.19 1.67 1.82 2.06 — 
(coordination number 6) 0.022 (7+) 0.41 (7+) 0.53 (7+) 0.67 (7+) 0.76 (7+) 
lonization potential, ev 17.42 13.01 11.84 10.44 — 
Electronegativity 3.98 3.16 2.96 2.66 2.2 


% of earth’s crust Sean Ome 31082 


THO <n Oles 3x 1062 — 


Table 24-17. Transition Elements 
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GROUP VII-B GROUP VIII—FIRST TRIAD 
ELEMENT MANGANESE TECHNETIUM RHENIUM IRON COBALT NICKEL 
Symbol Mn ilic Re Fe Co Ni 
Atomic number 25 43 75 26 27 28 
Atomic weight 54.94 (98) 186.2 55.85 58.93 58.71 
Orbital electrons [Ar]3d°4s* [Kr]4q°5s? [Xe]4f'*5d°6s2 [Ar]3d°4s? [Ar]3d74s? [Ar ]3®4s2 
Oxidation states 2+,3+,4+,6+,7+ 2+,34+,4+,6+,7+ 34+,44+,5+,6+,7+  24+,3+ 2+, 3+ 2+, 34 
Atomic radius (A) loaly/ Wi 1225 (ely 1.16 eS 
lonic (crystal) radii (A) 0.81 (2+) — 0.81 (3+) 0.75 (2+) 0.79 (2+) 0.83 (2+) 
(coordination number 6) 0.40 (6+) 0.56 (7+) 0.69 (5+) 0.69 (3+) 0.69 (3+) 0.70 (3+) 
lonization potential, ev 7.43 7228} 7.87 7.83 ca 8.5 7.6 
Electronegativity 1.55 19 1.9 1.85 1.88 1.91 
% of earth’s crust 0.085 zero (?) Ome? 5 BBS NO = B92 41On* 


as when burns are healing but it is also antiviral and anti- 
microbial. 

Sodium hypochlorite is prepared by electrolysis of sodium 
chloride solutions under conditions such that the chlorine 
formed at the anode reacts with the hydroxy] ion resulting from 
removal of hydrogen ion as hydrogen gas at the cathode 


Cle > 20> — ClO; + HO! + Cl 


Sodium chloride is always an impurity in the resulting solu- 
tion. To improve its stability the pH is adjusted to 10 or greater. 

Bleaching powder, calcium hypochlorite, is one of the most 
effective and least expensive disinfectants. The product is 
formed by passing chlorine gas over moist, slaked lime. Its 
composition is variable, but hydroxide, hypochlorite, and chlo- 
ride ions are present in the mixture. 

Potassium chlorate occasionally is present in mouth 
washes, vaginal douches, and other local cleansing prepara- 
tions; however, its antiseptic value is too weak to be of any 
value. 


BROMINE 
LLL OE ETP SN 
Bromine is a dark reddish brown, fuming liquid with a suffo- 
cating odor. The fumes are highly irritating to the mucous 
membranes and they burn and blister the skin. It attacks most 
metals and organic tissue. Chemically, bromine resembles chlo- 
rine with slight differences referable to the comparative size of 
the two atoms and their electronegativities. 

Bromine is a powerful caustic and germicide but is not 
employed as such. It is a common chemical reagent. 

Utmost care should be exercised in handling bromine. All 
work with bromine should be done under ideal conditions of 
ventilation. If the skin is exposed to bromine, the area should 
be washed immediately with a solution of sodium bicarbon- 
ate and treated with glycerine. Caution: Bromine containers 
should be opened only after they have been cooled thor- 
oughly. 

Bromine has no known biological role. In proper dosage the 
bromide ion provides central depressant action. Sodium, potas- 
sium, and ammonium bromides are employed commonly. 
Excessive continued dosage may elicit a toxic condition, 
brominism. 


IODINE 


RE] 
Except for astatine, iodine is the most metallic of the halogens. 
Its oxo-salts are very stable while the simple anion is oxidized 
slowly by the oxygen of the air. When reacting with the other 


halogens it assumes the cationic role, such as IC]. Many work- 
ers consider IOH the hydroxide of iodine. Iodine is an effective 
antimicrobial. 

Iodine solutions include potassium or sodium iodide to 
enhance the solubility of the iodine by the formation of 
polyiodide ions. Loss of the element to air is reduced greatly 
because polyiodide solutions have a lower iodine vapor pres- 
sure. Iodine, Potassium Iodide, Sodium Iodide, and various 
iodine solutions are cited in the USP, as is Povidone-Iodine 
and its dosage forms. Povidone is a synthetic polymer that 
has a special affinity for iodine molecules. The advantages of 
povidone-iodine are reduced volatility of the iodine and a 
decreased irritation on application. Iodine also is available 
in the form of cationic and nonionic surface active salts, used 
as sanitizing agents. 

Iodine is essential for proper thyroid functioning and is 
utilized physiologically either in the elemental form or as po- 
tassium or sodium iodide. In proper dosage, iodide ion exerts 
expectorant action; examples are hydrogen iodide (as hydriodic 
acid syrup) and potassium iodide. Potassium iodide (in solu- 
tion) is used to protect the thyroid when the possibility of 
accidental exposure to '*'I is anticipated as, for example, 
in a nuclear power plant failure. The radioactive isotopes, 
°T and '°'I, have diagnostic and therapeutic applications 
(Chapter 104). 

Elemental iodine is toxic; corn starch and sodium thiosul- 
fate are effective chemical antidotes. 


ASTATINE 


AS RR AAA EM SG EIEN ENE SESSA SE 
Astatine is a synthetic radioactive element. It resembles 
iodine but is more metallic. It has no pharmaceutical appli- 
cations. 


PSEUDOHALOGENS (HALOGENOIDS) 


PRA IRE LT ST SED AT EE TS 
Inorganic anions such as CN, CNO, CNS, N,, and 
[Fe(CN),]®> resemble the halide anions and are known as 
pseudohalogens. The similarity of the cyanide ion especially is 
marked; it has properties intermediate to those of the chloride 
and bromide ions. Similarities include insoluble silver salts 
soluble in ammonia, preparation of HX by adding concentrated 
sulfuric acid to the sodium salt, preparation of X, by adding 
MnO, and concentrated sulfuric acid to the sodium salt, the 
formation of polyions, etc. 

The most striking difference is the very weak acidic charac- 
ter of the pseudohalogen hydrides; for example, the pK, of HCN 
is 8.9, whereas that of HCl is about —10. 

The pseudohalogens have no pharmaceutical applications. 
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The elements of Group VII-B are metallic in character. The 
higher oxides give rise to very stable oxo-salts with the +6 and 
+7 oxidation states, such as manganate (MnO,” ) and pertech- 
netate (TeO, ). A summary of important properties appears in 
Table 24-17. Compounds of these elements are colored. 


MANGANESE 
ERTS RPT SE IT ISL STS STEER 
Pharmaceutically, manganese is the most important element 
in this group. Potassium Permanganate USP is categorized as 
a local anti-infective of the oxidizing type and is also an astrin- 
gent and a powerful deodorant and cleanser. It is used in the 
form of dilute (0.01 to 1.00%) solutions. As the compound re- 
acts, manganese(IV) oxide precipitates on the skin causing a 
temporary darkening of the surface. Gastric lavage using dilute 
permanganate solutions is antidotal for various alkaloids and 
other toxic substances that have been ingested in small 
amounts and are readily susceptible to oxidation. 

Caution must be exercised to keep permanganate from con- 
tact with organic and other easily oxidized compounds either in 
the dry state or in solution. Dangerous explosions may occur. 


Group VIII of elements represents those in which the single 
electron already present in each of the five d orbitals is being 
paired with a second electron of opposite spin. The group con- 
sists of three elements (triads) in each of the long rows and fills 
the space between the elements of Groups VII-B and I-B. 

The first triad follows manganese and includes iron, co- 
balt, and nickel (see Table 24-17), known as the ferrous 
metals. They are characterized by their strong ferromag- 
netism. The second triad follows technetium and includes 
ruthenium, rhodium, and palladium. The third triad follows 
rhenium and includes osmium, iridium, and platinum. The 
elements of these latter two triads are known as the plati- 
num metals; the term noble metals also is used. The plati- 
num metals are characterized by their extreme inertness to 
chemical reaction. 

These elements are definitely metallic and all participate 
readily in the formation of coordination complexes. The com- 
pounds of the first row triad are stable under most conditions 
whereas those of the second triad are moderately stable. How- 
ever, osmium, iridium, and platinum compounds are unsta- 
ble and easily revert to the free element. All form colored 
compounds. 

None of the elements of the second triad have compounds of 
medicinal value, but platinum, a member of the third triad, is 
used in cancer chemotherapy as cisplatin, cis-diaminedichloro- 
platinum(II); monographs for Cisplatin and Cisplatin for In- 
jection are found in the USP. Carboplatin, cis-diamine (1,1- 
cyclobutanedicarboxylato)platinum, is another compound used 
in cancer therapy. 


The important oxidation states are +2, achieved by the loss of 
the two s electrons, and +3 in which an additional d electron is 
lost (see Table 24-17). The stability of the +2 oxidation state 
increases from iron to nickel. The free metals and the +2 
cations are important reducing agents. The cations have a 
tendency to form both cationic and anionic complex ions of high 
stability. 


Manganese is an essential trace element, being necessary 
for the activation of a variety of enzymes such as pyruvate 
carboxylase. Manganese Chloride, Manganese Gluconate, and 
Manganese Sulfate are listed in the USP. It is included in 
mineral supplements, but there are no well-defined deficiency 
states in humans. 


TECHNETIUM 


Technetium (from Greek technetos, meaning “artificial”) was so 
named because it was the first element produced artificially. 
Radioactive technetium, °°Tc, is used diagnostically in various 
forms (Chapter 104). 


RHENIUM 

SS a a EE 
Rhenium is a very rare element and finds few technical appli- 
cations. Alone and in combination with other metals, it has 
been employed as a catalyst for dehydrogenation. 


IRON 


Iron is distributed widely in nature. It functions in divalent and 
trivalent states to form iron(II) ferrous and iron(III) ferric 
compounds, respectively. Iron(II) compounds are usually green 
in the hydrated state and white in the anhydrous state. 
Iron(IID) salts are usually yellow to brown in the hydrated state 
but vary in color when anhydrous. Aqueous solutions of iron- 
(III) salts hydrolyze strongly to give acid solutions. Iron(II) 
salts undergo slight hydrolysis and are oxidized easily in solu- 
tion. The behavior of the iron(III) ion is similar to that of 
aluminum(III). 

Iron, in either oxidation state, readily forms soluble coordi- 
nation complexes with ligands such as phosphate, citrate, tar- 
trate, and amines. Iron does not precipitate from many of these 
complexes with the usual iron precipitants. 

Iron is an essential trace element. It is the important ele- 
ment in the transportation of oxygen by hemoglobin. It func- 
tions in various cytochromes, which are essential oxidative 
enzymes of the body cells. 

A study carried out in Finland has cast doubt on the advisabil- 
ity of the routine use of hematinics because men with higher 
levels of ferritin (an iron storage protein) were found to be more 
prone to heart attacks. Interpretation of the results included 
speculation about iron’s ability to give rise to free radicals after 
reaction with oxygen. The caveat that persists is that ferritin 
levels must be measured and found to be low before an iron 
deficiency is pronounced requiring use of a hematinic. The use of 
hematinics without substantiated need is not advised. 

Numerous iron(II) and iron(II) compounds, complexes, and 
solutions have been used as hematinics in the past. However, 
because of their greater gastrointestinal irritation and poor 
absorption, iron(III) compounds and their preparations are 
used rarely today. Ferrous Fumarate (Tablets and, together 
with Docusate Sodium, Extended Release Tablets), Ferrous 
Gluconate (Tablets, Capsules, and Elixir), Ferrous Sulfate 
(Oral Solution, Syrup, and Tablets) and Dried Ferrous Sulfate 
are official in the USP. Iron Dextran Injection, a colloidal 
iron(II) hydroxide with partially hydrolyzed dextran, and Iron 
Sorbitex Injection, a complex of iron with sorbitol and citric 
acid, are cited in the USP as injectable forms for patients with 


poor gastrointestinal tolerance or poor absorption of iron. Re- 
duced iron formerly was used as a hematinic; it survives today 
in the fortification of foods such as flour. 

Iron(III) compounds are astringent (page 382). Sodium ni- 
troprusside USP, Na.[Fe(CN);(NO)]-2H,O, is a vasodilator. A 
monograph for Sterile Sodium Nitroprusside is provided in the 
USP. 


COBALT 


CD DS SE ET 
The important cobalt salts of commerce are those of cobalt(II). 
Most contain water of hydration and are red in color, but when 
rendered anhydrous they are blue. Because of this color change 
anhydrous cobalt(II) chloride is included in dehydrating agents 
for gases to indicate when they are spent. 


Water is omnipresent. About 75% of the earth’s surface is 
covered with liquid water. Land masses in polar regions are 
covered with thick sheets of ice. In vapor form, water is an 
important constituent of the earth’s atmosphere. In combined 
form, water occurs abundantly in many minerals, such as gyp- 
sum (CaSO,:2H,O). In addition, water occurs in all animal 
and vegetable tissues; it constitutes some 70% of the human 
body and over 90% of vegetables such as cucumbers and 
watermelons. 

Together with ammonia and hydrogen fluoride, water is 
distinguished from other covalent hydrides by the strong 
hydrogen bonds existing between adjacent molecules. De- 
spite the ability of fluoride ion to form stronger hydrogen 
bonds than oxide, hydrogen bonding reaches its peak in 
water because two protons are available per molecule. Hy- 
drogen fluoride has only one available proton per molecule 
and ammonia has only one open site per molecule for hydro- 
gen bonding. 

Because of the extensive hydrogen bonding, the physical 
properties of water are unique among the other hydrides. 
Most obvious is the existence of water as a liquid under 
normal conditions. All other covalent hydrides are gases. 
The heat of fusion and melting point, heat of vaporization 
and boiling point, specific heat, surface tension, viscosity, 
and dielectric constant of water are all much higher in ab- 
solute value than those of other covalent hydrides. The world 
as we know it would be impossible without these unusual 
properties of water. 

Water is a chemically stable compound. Even at 2000 K, less 
than 1% is dissociated into its elements. The K,, for water is 
only 10°‘. Despite this relative nonreactivity it acts as a sol- 
vent, especially for ionic compounds, as a ligand, as an acid or 
base, and as an oxidizing or reducing agent. In traces, water is 
frequently a catalyst. The acid—base properties are discussed 
later. 

Because of its strong permanent dipole, water often acts as 
a ligand in complex substances. Almost all cations form one or 
more hydrates, divalent cations being more highly hydrated 
than the monovalent because of their stronger electro- 
static fields. Having reduced field strengths because of their 
greater size, large cations (eg, cesium) do not hydrate. 
Many anions hydrate; for example, CuSO,°5H,O is actually 
[Cu(H,0),][SO,-H,O]. 

Water acts as a solvent for an unusual range of sub- 
stances. This solvent action results from one or more of its 
properties: small size, strong permanent dipole, high dielec- 
tric constant, and availability of protons for hydrogen 
bonding. 
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There is evidence that the presence of traces of cobalt may 
catalyze the physiological utilization of iron. This has led to the 
introduction of medicinal specialty products containing iron in 
association with cobalt designed for use in the treatment of iron 
deficiency anemias. Cyanocobalamin (vitamin B,,) is the only 
cobalt compound officially cited. The radioactive isotopes, 
°7Co and °°Co, are used diagnostically and therapeutically 
(Chapter 104). 


NICKEL 


The important nickel compounds are in the +2 oxidation state. 
There are no nickel compounds of medical importance. 


NATURAL WATERS 


Naturally occurring waters contain dissolved minerals indige- 
nous to the region. Such waters are described variously as 
mineral waters, lithia waters, sulfur waters, and so on. Owners 
of springs or other sources of such waters often claim fanciful 
therapeutic effects but, in general, these claims have not been 
substantiated. 

Natural waters contain varying amounts of suspended mat- 
ter, such as clay, sand, microorganisms, and fragments of 
plants and animals. Commonly, they are a very dilute solution 
(parts per million or ppm) of calcium, magnesium, iron(III), 
sodium, and potassium ions, having bicarbonate, sulfate, and 
chloride as counterions. 

The dissolved bicarbonate constitutes temporary hardness 
whereas sulfate and chloride constitute permanent hardness. 
In addition, natural water contains traces of dissolved atmo- 
spheric gases, ammonia, and metabolic decomposition prod- 
ucts. Waters in inhabited areas often include dissolved miner- 
als such as nitrate, phosphate, and organic compounds from 
homes, industry, and farms. Detergents and dissolved traces of 
insecticides and herbicides are proving especially troublesome. 
The Environmental Protection Agency (EPA) has water-quality 
criteria for a number of priority pollutants. 


POTABLE WATER 


Potable water is water that is fit to drink. Providing potable 
water is one of the most important functions of modern com- 
munities. The overall process involves the removal of insoluble 
matter through appropriate coagulating, settling, and filtering 
processes; destruction of pathogenic microorganisms by aera- 
tion, chlorination, or other methods; and improvement of pal- 
atability through aeration and filtration through charcoal. 

Activated charcoal also removes some harmful trace impu- 
rities (eg, trihalomethanes) not removed or destroyed by pre- 
vious operations. In regions where water is excessively hard, 
softening is effected by adding lime or ammonia to partially 
remove dissolved salts by precipitation as carbonates (Ca”' 
and Mg”"*) and hydroxide [iron(III)]. To assure an adequate 
provision of the essential element fluorine, fluoridation is ac- 
complished by adding sodium fluosilicate. Standards for pota- 
ble water are issued by the EPA. 

In emergencies water may be purified (rendered free of 
viable microorganisms) by boiling for 15 to 20 minutes, or by 
treatment with halazone or iodine. 
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PURIFIED WATER AND OTHER WATERS 
USED IN PHARMACY 


(0 
Purified water is prepared by distillation, ion-exchange (deion- 
ized, demineralized), reverse osmosis, or other methods. Potable 
water, meeting EPA standards, is used in its preparation. The 
object is the removal of dissolved solids. Ion-exchange and reverse 
osmosis are particularly effective in removing electrolytes. Distil- 
lation is not effective in the removal of weak electrolytes and 
nonelectrolytes if they are volatile. 

Purified water may be rendered sterile and pyrogen-free by 
repeated distillation. 

Primarily because of its solvent powers and physiological in- 
ertness, water is an extremely important pharmaceutical agent. 
It is official in six different monographs: Purified Water, Sterile 
Purified Water, Water for Injection, Bacteriostatic Water for In- 
jection, Sterile Water for Inhalation, Sterile Water for Injection, 
and Sterile Water for Irrigation. General Chapter 123 in the USP is 
an excellent summary of the various waters and a guide to their use. 


ACIDS AND BASES 

(RS SS ENR 
Acid—base theories range from the limited, classic Arrhenius 
theory to the comprehensive theory of Lewis. In between are 
the Franklin solvent system of acids and bases and the Brgn- 
sted proton donor theory. 

As the body functions with aqueous media and pharmaceu- 
ticals frequently are dispensed in aqueous solution, the Brgn- 
sted theory is convenient for use in pharmacy. A molecule or 
ion that can provide a proton (proton donor) is an acid; one that 
can accept a proton (proton acceptor) is a base. On accepting a 
proton, a base becomes an acid; on losing its proton, the acid 
becomes a base. An acid and its base are related by the pres- 
ence or absence of a proton, and are known as a conjugate pair. 
The transfer of a proton from the acid of one conjugate pair to 
the base of another conjugate pair is neutralization. Some 
conjugate pairs of pharmaceutical interest are given in Table 
24-18. It is evident that acids and bases may be cations, neutral 
molecules, or anions. Some structures may be members of two 
different conjugate pairs, as an acid in one and as a base in the 
other. 

A strong acid is an acid that loses its proton easily; a weak 
acid holds its proton tenaciously. The conjugate base of a 
strong acid is a weak base, whereas that of a weak acid is a 
strong base. In neutralization, the proton goes to the strongest 
of the bases present. The percent ionization and the ionization 
constant are measures of the strength of a given acid. 

Acids and bases are used in pharmacy for analytical proce- 
dures, as buffer systems, and to dissolve insoluble medicinals. 
To accomplish the latter the insoluble compound must have a 
functional group capable of acting as a strong base or as an 
acid. Lidocaine Hydrochloride Injection USP and Niacin Injec- 
tion USP are examples. The former is prepared by reacting 
lidocaine with hydrochloric acid; the diethylamino group is a 


Table 24-18. Conjugate Acid-Base Pairs 


ACID BASE ACID BASE 

H,0 OH- H,SO, HSO, 

H30* H,0 HSO, SOs 

NH, * NH, H3PO, H,PO,- 

RNH,* RNH, H5PO,- HPO,2- 

HCI Cle [A](H,0).]?* [A](H,0),(OH)]?* 
H,CO; HCO,” [A](H,0)<(OH)]?* [A](H,0),(OH)»]* 
HCO, cO,7> HBO, - HO [B(OH),] 


HEAVY WATER 


The isotopes of hydrogen have been named deuterium (two 
neutrons) and tritium (three neutrons). The presence of 
three neutrons in tritium results in an unstable nucleus. 
However, like hydrogen, deuterium is stable and gives rise 
to deuterium oxide, D,O. This compound occurs in ordi- 
nary water in a few parts per million. Because of its 
greater molecular weight, the physical properties of deute- 
rium oxide differ from those of water (eg, bp 101.4°, sp 
gr 1.10). 

Deuterium oxide has no known therapeutic role. It has 
been used as a research tool in biological and pharmacolog- 
ical investigations. Use of deuterium oxide for drinking pur- 
poses has caused retardation or stunted growth in experi- 
mental mammals. It is available commercially and finds use 
as a moderator in nuclear reactors and as a solvent in nu- 
clear magnetic resonance studies. 


stronger base than either the water molecule or the chloride 
ion. Lidocaine goes into solution as a cation. Niacin Injection is 
prepared by reacting niacin with either sodium carbonate or 
sodium hydroxide; the carboxyl group loses its proton to the 
carbonate or hydroxyl ion and the niacin goes into solution as 
an anion. 

In neutralization, as above, the pharmacist must be cogni- 
zant of two requirements that are not important in ordinary 
chemical neutralizations. The counterion being introduced— 
chloride ion and sodium ion, respectively, in the above 
examples—must be compatible physiologically with the body 
fluids. Also, because strong acids or bases are being used, there 
can be no excess acid or base because of the corrosive nature of 
these reagents. 

Acids and bases are also necessary for the preparation of 
effervescent mixtures, a medicinal dosage form sometimes used 
to render a medicinal more palatable for oral administration. 
Sodium bicarbonate is used as the carbon dioxide source. Solid 
acids such as citric acid, tartaric acid, or sodium dihydrogen 
phosphate are used, frequently in combination. Reaction rate is 
very important in these formulations. Sodium bicarbonate 
must have the correct particle size; if too fine, the reaction is too 
violent, and if too coarse, the reaction is too slow. To lower the 
activity of the acid, a normal salt of the acid is included in the 
mixture as a diluent. 

Some acids and bases listed in the compendia at present are 
Calcium Hydroxide, Potassium Bicarbonate, Potassium Hy- 
droxide, Sodium Bicarbonate, Sodium Carbonate, Sodium Hy- 
droxide, Strong Ammonia Solution, Acetic Acid, Hydrochloric 
Acid and Diluted Hydrochloric Acid, Nitric Acid, Sulfuric Acid, 
Phosphoric Acid and Diluted Phosphoric Acid. 

Stability and storage problems of these compounds must be 
considered. All strong bases are subject to reaction with carbon 
dioxide if proper closures are not maintained. Volatile com- 
pounds, such as ammonia and hydrogen chloride, must be 
sealed tightly at all times, as must hygroscopic compounds 
such as sodium hydroxide. 


BUFFERS 


Buffers are used to maintain the pH of a medicinal at an optimal 
value. A buffer is a solution of a weak acid and its conjugate base, 
the base being provided by one of its soluble salts. Refer to Chap- 
ter 17 for an extensive discussion of pH and buffers. 


Brgnsted acids and bases have been used to maintain and 
adjust the pH of body fluids for many years. By far the greatest 
interest has been in development of gastric antacids. However, 
an adequate number of suitable reagents are available for 
systemic pH adjustments. 


GASTRIC ANTACIDS 
LLL AL A ST 
The present official magnesium antacids include Magnesium Hy- 
droxide, Milk of Magnesia, Magnesia Tablets, Alumina and Mag- 
nesia Oral Suspension (and Tablets), Magnesium Carbonate, 
Magnesium Carbonate and Sodium Bicarbonate for Oral Suspen- 
sion, Magnesium Oxide, Magnesium Phosphate, and Magnesium 
Trisilicate (and Tablets). The official aluminum antacids include 
Aluminum Hydroxide Gel, Dried Aluminum Hydroxide Gel (and 
Capsules and Tablets), Aluminum Phosphate Gel, Dihydroxyalu- 
minum Aminoacetate (and Magma, and Capsules and Tablets), 
Dihydroxyaluminum Sodium Carbonate (and Tablets), Alumina, 
Magnesia, and Calcium Carbonate Oral Suspension (and Tab- 
lets), Alumina and Magnesium Trisilicate Oral Suspension (and 
Tablets), and the Alumina and Magnesia preparations already 
listed. The calcium antacids include Precipitated Calcium Car- 
bonate (and Tablets), Calcium Carbonate and Magnesia Tablets, 
and Calcium and Magnesium Carbonates Tablets. Magaldrate, 
an aluminum magnesium hydroxide sulfate, is official, as is its 
Oral Suspension and Tablets. Miscellaneous official antacids in- 
clude Milk of Bismuth, Sodium Bicarbonate, and Potassium 
Bicarbonate. 

There are other gastric antacid dosage form monographs, some 
including simethicone, an antiflatulent, and they are Magnesium 
Oxide Capsules (and Tablets); Basic Aluminum Carbonate Gel; 


The roles and behavior of inorganic elements in the electrolyte 
and essential trace elements categories are discussed else- 
where in this book (Chapter 67), but it is instructive to review 
the physical and chemical properties that make possible their 
respective roles. Examination of orbital electron structures, 
ionic radii, oxidation states, etc, as given in Tables 24-7 
through 24-17, can yield valuable clues to their behavior. 

The transition elements have incompletely filled 18-electron 
outer shells and each can exist in several different oxidation 
states. In most cases the shift between two electron states is 
relatively easy; for example, 


Fe?* = Fe®*+ e& 


As a result, the transition elements can act as electron sinks 
and are active in those systems involved in oxidation or reduc- 
tion reactions. 

On the other hand, an element such as zinc achieves a 
completely filled outer 18-electron shell on becoming zinc ion. 
In the 2+ oxidation state this shell becomes stable. Unlike the 
tightly held spherical 8-electron shell the 18-electron shell is 

-mushy and deformed or polarized easily by external fields. In 
turn, it can cause polarization of other moieties. This ion is not 
found in redox systems, but rather in systems such as carbonic 
anhydrase which aid in the splitting or forming of molecules. 

Unlike the incompletely filled shells of the transition elements 
or the 18-electron shell of the zinc ion, 8-electron shell ions ordi- 
narily are stable and are not deformed easily by external fields. 
Those 8-electron outer shell ions with a high charge (eg, calcium) 
have intense charge densities in the volume surrounding the ion. 
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Dried Basic Aluminum Carbonate Gel Capsules (and Tablets); 
Alumina and Magnesium Carbonate Oral Suspension (and Tab- 
lets); Alumina, Magnesium Carbonate, and Magnesium Oxide 
Tablets; Alumina, Magnesia, and Simethicone Oral Suspension 
(and Tablets); Calctum Carbonate Oral Suspension; and Ma- 
galdrate and Simethicone Oral Suspension (and Tablets). A 
monograph for Magnesium Hydroxide Paste, which contains 
about 31 g of magnesium hydroxide per 100 g, describes a sus- 
pension that is an intermediate in the manufacture of Milk of 
Magnesia and other suspensions of magnesium hydroxide. 


SYSTEMIC ALKALIZERS AND ACIDIFIERS 
LAI EN LRT ETE ETT 
Sodium Bicarbonate USP and Potassium Bicarbonate USP are 
used as systemic alkalizers. Because the bicarbonates are un- 
stable to heat, chemical problems arise in the sterilization of 
bicarbonate solutions, 


DHC Op — CO. = = COp HO 


To depress the forward reaction the solution can be saturated 
with carbon dioxide. To prevent the loss of the gas, which would 
result in the permanent formation of the strong carbonate base, 
the ampules used must be sealed tightly before sterilization, 
and must be made of glass sufficiently strong to withstand the 
gas pressure developed during sterilization. On cooling the 
reverse reaction becomes dominant. 

Ammonium Chloride USP, Monobasic Sodium Phosphate 
USP, and Calcium Chloride USP are employed as systemic 
acidifiers. Refer to Chapter 66 for a discussion of alkalizers and 
acidifiers. 


This results in strong interactions with the fields of other moieties 
to form strong permanent associations. However, an 8-electron 
shell effectively screens the single charge of ions such as sodium. 
They are, therefore, chemically inert with very weak interactions 
with other ions. This explains their simple roles in the body fluids 
as osmotic regulators, etc. 

There are a number of monographs for parenteral infusions 
intended to supply electrolytes, water, and carbohydrates 
as nutrients. In addition to new monographs in the USP for 
Ringer’s and Dextrose Injection and Lactated Ringer’s and 
Dextrose Injection (with Half-Strength and Modified varia- 
tions), a series of monographs has been introduced with the 
designation Multiple Electrolytes in each title; these mono- 
graphs offer choices of cations from Na*, K*, Ca", Mg’*, and 
NH,"; of anions from chloride, acetate, citrate, lactate, glu- 
conate, phosphate, and sulfate; plus a choice of carbohydrate 
nutrient from invert sugar and dextrose. These monographs 
indicate an awareness of the importance of inorganic cations 
(including magnesium) and provide a variety of choices to allow 
treatment of patients on an individualized basis. 

In addition to providing official standards for various infu- 
sions used as parenteral rehydration solutions or electrolyte 
replenishers, USP has a generic monograph for Oral Rehydra- 
tion Salts, a dry mixture of sodium chloride, sodium bicarbon- 
ate (or sodium citrate), potassium chloride, and dextrose to be 
dissolved and used to treat chronic diarrhea. 

In recent years there has been an increased awareness of 
the importance of minerals in the diet and of the value of 
mineral supplements. Generally, gluconates, like other organic 
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salts, are less irritating to the gastrointestinal tract; thus, the 
following metal gluconates are found in the USP: Zinc, Sodium, 
Copper, Magnesium, and Manganese. The USP includes a 
monograph USP for Selenious Acid Injection, which can pro- 
vide a source of selenium as a mineral supplement. 

In a new USP section entitled Nutritional Supplements are 
monographs for Mineral Capsules and Mineral Tablets. The 


OXIDIZING GERMICIDES 

RS RNA EC PE EIT 
Hydrogen Peroxide, Sodium Hypochlorite, Iodine, and/or their 
various solutions are cited in the USP. The uses of these prep- 
arations are discussed in Chapter 87. Hypochlorous acid, the 
active moiety in sodium hypochlorite solution, owes its germi- 
cidal activity to both oxidizing and chlorinating activity. 


PRECIPITATING GERMICIDES 

EES ASL BE AA TO NTE DE TT PT 
Silver Nitrate, Silver Nitrate Ophthalmic Solution, and Tough- 
ened Silver Nitrate are listed in USP, as is Ammoniated Mer- 
cury (and its ointments). Zinc Acetate, Zinc Chloride, Zinc 
Sulfate, and Zinc Undecylenate also are official. Only two boron 
compounds are cited: Boric Acid and Sodium Borate. The anti- 
mony compounds listed are Antimony Potassium Tartrate USP 
and Antimony Sodium Tartrate USP. The applications of these 
compounds are discussed in Chapter 87. 


ASTRINGENTS 

ESS TS A EP SE EE SI 
Aluminum ion in solution is an excellent local astringent over 
wide concentration ranges. It also is mildly antiseptic. Alumi- 
num Chloride USP once was used in this application, but the 
high acidity of its solutions caused problems. The acidity re- 
sults from ionization of the hexaaquo ion 


[Al(H,O),]°* + H,O = [Al(OH)(H,0),]?* + H;07 


and is about that of acetic acid. Today, the mixture of two 
compounds (aluminum hydroxychloride, aluminum chlorhy- 
drate, aluminum chlorhydrol) obtained by partial neutraliza- 
tion of aluminum chloride is used. 


[Al(H,0),]°* + OH- > [Al(OH)(H,0),]2* + HO 
[Al(OH)(H,0);]2° + OH- > [Al(OH).(H,0),]° + H,0 


The reaction is stopped before complete conversion to the di- 
hydroxy hydrate. The resulting solution (or dried product) re- 
tains the excellent astringent (and deodorant) properties of the 
aluminum ion, but the pH of the solutions approximates neu- 
trality (5 to 6). 

Aluminum Subacetate Topical Solution USP is essentially a 
solution of the above ions prepared from aluminum sulfate 


ARTIFICIAL ATMOSPHERES 


Five gases are official: nitrogen, oxygen, helium, carbon diox- 
ide, and nitrogen(I) oxide (nitrous oxide or laughing gas). Ni- 
trogen is used as a diluent for oxygen and may be used as a 
protective atmosphere for easily oxidized medicinals. 


minerals present in these dosdge forms are potassium, calcium, 
magnesium, phosphorous, zinc, iron, manganese, copper, mo- 
lybdenum, fluorine, chromium, iodine, and selenium. 

When it is necessary to administer trace elements parenter- 
ally, the monograph entitled Trace Elements USP describes a 
sterile solution that may be used to administer zinc, copper, 
chromium, manganese, selenium, iodine, and molybdenum. 


using carbonate ion (CaCOs) as the base. Aluminum Sulfate 
and Ammonium Alum and Potassium Alum are found in the 
USP and also are used as astringents. Alum may be either the 
potassium or ammonium form. It is shaped into a pencil form to 
be used as a styptic. 

Tron(IIJ) and aluminum ions are very similar. Iron(IID) is 
astringent, and preparations of ferric salts for such use for- 
merly were recognized. Although it is efficient in this capacity, 
its staining property is a major disadvantage. Lime water, a 
saturated solution of fresh calcium hydroxide, is used as a local 
astringent. Bismuth subnitrate and the other bismuth sub- 
salts are used as astringents and protectives. 


PROTECTIVES 


In order to possess good adhering properties, protectives must 
be in very finely powdered form. They also must be relatively 
inert, insoluble compounds. A wide range of compounds are 
suitable as protectives. They usually are used externally, but 
some applications involve the gastrointestinal tract. Some are 
slightly soluble (eg, ZnO) and give some astringent action; 
others (eg, kaolin) have adsorbent action. 

Zinc Oxide, Calamine (and Calamine Lotion and Phenolated 
Calamine Lotion), and Zinc Stearate (all USP) are used for 
their protective and slightly astringent properties. Calamine is 
the calcined native zinc oxide ore. The iron oxide impurity gives 
calamine a flesh color that is cosmetically more appealing. Zinc 
stearate, a mixture of fatty acid zinc soaps, has an unctuous 
feel. White Lotion USP is used for its astringent and protective 
powers. 

Magnesium trisilicate, basic aluminum carbonate, and 
chalk are used as protectives, as are the various insoluble 
bismuth sub-salts. Talc is used because of its smooth, unctuous 
feel. Kaolin and bentonite are used as they also have some 
absorptive properties; titanium dioxide is used as a solar 
screen. 


INORGANIC PIGMENTS 


The most important innocuous pigments are the iron oxides. 
They give colors throughout the visible spectrum. Three vari- 
ables are involved: particle size, oxidation state, and degree of 
hydration. 


NE 


Helium, because of its low density compared to nitrogen, is 
used to prepare a gaseous mixture composed of 20% oxygen and 
helium. This mixture is used to alleviate respiration difficul- 
ties. Because of the low solubility of helium in blood, the same 
mixture is used as an atmosphere for those performing under 
high atmospheric pressures (deep-sea divers, caisson workers). 
When ordinary air is used, rapid decompression causes bubbles 


of gaseous nitrogen to form in the blood; the resulting painful, 
and sometimes fatal, condition is known as the bends. 

Oxygen is used when respiratory problems exist. Ordinarily, 
it is diluted with nitrogen or helium; 100% oxygen should not 
be used continuously. In hyperbaric oxygen therapy, oxygen is 
breathed inside a tank at up to 3 atm (atmospheres) of pres- 
sure. Although the amount of oxygen carried by the hemoglobin 
is little affected, the higher oxygen pressure increases the 
amount of dissolved oxygen in the plasma (Henry’s law). 

It is possible to produce oxygen that is medicinally useful on 
site, as in a hospital or nursing home, by the use of oxygen 
concentrators. There are two types of membranes that are used in 
the concentrators, permeable plastic membranes and molecular 
sieves. The monograph for Oxygen 93% USP sets standards for 
the oxygen produced by the molecular-sieve process. 

Nitrogen(I) oxide usually requires 20 to 25% oxygen during 
administration. It is used for surgical operations of short du- 
ration. Xenon has a general anesthetic action but is too rare for 
use. Magnesium ion has anesthetic action; however, the anes- 
thetic dose and the toxic dose of magnesium are too close for 
use as a general anesthetic. Magnesium Sulfate Injection USP 
is used as an anticonvulsant and central depressant. 


CARBON DIOXIDE ABSORBERS 

LEDS EE TT TEE ST TE 
When, as in general anesthesia, a patient rebreathes air, dan- 
gerous levels of carbon dioxide build up. To prevent this carbon 
dioxide absorbers are used. Soda Lime NF is prepared by fusing 
calcium hydroxide with sodium hydroxide and/or potassium 
hydroxide with sufficient diatomaceous earth to yield a hard, 
nonfriable product. For Barium Hydroxide Lime USP, barium 
hydroxide is substituted for the alkali hydroxide. The particles 
formed must be large enough to allow free passage of air, but 
small enough to give a large surface area for absorption. The 
particles must be hard to prevent dust formation with han- 
dling. Entrainment of absorber dust in the breathed air could 
cause serious alkali burns in the respiratory tract. A colored 
indicator is included in the preparation to indicate when the 
carbon dioxide capacity is depleted. 


RESPIRATORY STIMULANTS 
a LET ERE 
Carbon dioxide is used as a respiratory stimulant, usually with 
5 to 7% oxygen. Because it is the normal respiratory stimulant 
it is of no value where the respiratory center is already de- 
pressed. Carbon dioxide also is used as an inert gas in the 
headspace over medicinals in sealed containers. 

Ammonium Carbonate NF is used as a respiratory stimulant. 
The name is a misnomer, as it is a mixture of ammonium bicar- 
bonate and ammonium carbamate. At room temperature it decom- 
poses to ammonia and carbon dioxide, two respiratory stimulants. 


NH,HCO; + NH,CO.NH, — 3NH; + 2CO, + H,O 


The substance must be stored in tightly sealed containers. 
Aromatic Ammonia Spirit USP is prepared from ammonium 

carbonate, strong ammonia solution, various aromatic oils, al- 

cohol, and water. Light-resistant containers must be used. 


EXPECTORANTS 

ELSE SEE BTN SESE OEE 
Water vapor, an excellent expectorant, is currently considered 
the best. Ammonium chloride and carbonate, and ammonium 
and potassium iodides are used commonly as expectorants. 
Hydriodic acid syrup was official at one time. If the iodides are 
used in solution, they must be protected by an antioxidant such 
as sodium thiosulfate. 
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LAXATIVES, ENEMAS, 
AND IRRIGATION SOLUTIONS 


SLL LTE pT ET IT PTI BE EET 
Cathartics are divided into classes according to mode of action. 
With the exception of sulfur, the inorganic cathartics are saline 
(osmotic, bulk) laxatives. For laxative action one or both of the 
ions of the salt must not be absorbed, or be absorbed with diffi- 
culty. This sets up an osmotic imbalance in the intestinal tract 
that the body attempts to correct by secreting water into the 
intestine. The large volume of fluid in the intestine acts as a 
mechanical stimulus for peristalsis. 

The commonly used salts of the monohydrogen phosphate, 
monohydrogen tartrate, tartrate, and citrate ions are absorbed 
slowly, but in laxative doses their osmotic action is rapid and 
effective. They are swept out of the intestinal tract before 
appreciable absorption can take place. Sulfate ion is relatively 
nonabsorbable and is used either as the magnesium or sodium 
salt (Epsom Salt and Glauber’s Salt, respectively). 

Insoluble laxatives, such as Milk of Magnesia, must be 
dissolved in the stomach before they can exert a laxative effect. 
The soluble magnesium sulfate and citrate of magnesia are 
used widely as laxatives. However, soluble magnesium salts 
frequently are not recommended as laxatives because of the 
danger of absorbing free magnesium ion. Dibasic Sodium Phos- 
phate, Sodium Phosphates Oral Solution, Sodium Citrate and 
Citric Acid Oral Solution, Potassium Sodium Tartrate, Milk of 
Magnesia, and Sodium Sulfate are cited officially. 

PEG 3350 and Electrolytes for Oral Solution USP (Polyethylene- 
glycol 3350, NaHCO., NaCl, Na,SO, and KCl) is a dry mixture 
that is to be dissolved at the time of use and then consumed 
within a prescribed time in order to function as a cathartic and 
accomplish oral colonic lavage in preparation for a barium 
enema or a colonoscopic examination. 

Sulfur, when ingested, has an irritant laxative effect. The 
element is thought to be reduced to hydrogen sulfide by reduc- 
ing agents present in the intestinal fluid. Hydrogen sulfide is a 
mild intestinal irritant. 

Sodium Phosphates Enema USP is a mixture of dibasic and 
monobasic sodium phosphates or dibasic sodium phosphate 
and phosphoric acid in water to give a pH of 5 to 5.8. 

Some solutions are used for irrigating various parts of the 
body. For example, Citric Acid, Magnesium Oxide, and Sodium 
Carbonate Irrigation USP is defined as a sterile solution that, 
after the chemical reactions between citric acid and the other 
two compounds are completed and the resulting solution is 
sterilized, is suitable for use as a urinary bladder irrigant; its 
acidic pH is conducive to dissolving any bladder calculi in 
patients such as those using an indwelling catheter. 


RADIOPAQUES AND IMAGING AGENTS 
TS 
Radiopaque compounds are capable of interfering with the 
passage of X-rays. This interference is directly proportional to 
atomic number. The soft tissues of the body are composed of 
atoms of very low atomic number (1, 6, 7, 8, 15, and 16) that do 
not interfere sufficiently to be discerned. To make the soft 
tissues, the lumen of organs, and body channels show, high 
atomic number atoms must be used. 

Because of the toxicity of these elements, the choices are 
limited. Only two, barium and iodine, atomic numbers 56 and 
53, have proved useful. Barium Sulfate USP and Barium Sul- 
fate for Suspension USP are used for studies of the intestinal 
tract. Iodine is incorporated into organic molecules designed 
to concentrate in the organ or cavity to be studied, such as 
Iopanoic Acid USP designed for visualization of the gall blad- 
der. Each molecule of the acid has three iodine atoms. 

The introduction and development of magnetic resonance im- 
aging (MRI) (Chapter 104) as a means of getting images of parts 
of the body by noninvasive methods has made medical diagnoses 
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simpler and more scientific. The use of gadolinium (element 64) as 
a cationic diethylenetriamine pentaacetic acid complex with a 
meglumine anion has dramatically facilitated the visualization of 
intracranial lesions by paramagnetic enhancement. 


STRUCTURAL REPAIRS 
LN LTE EE ES 
Occasionally, temporary or permanent replacement of support 
structures is necessary. The materials used should be chemically 
inert and insoluble in the body fluids, they must be nontoxic, and 
they must have the strength to withstand any physical stress to 
which they are subjected. Tantalum has been used as a bone 
replacement for temporary braces of long bones, and to close 
openings in the skull. Silver has found similar applications. It 
reacts slightly with body fluids, but as insoluble silver chloride is 
the principal product, this is not a serious threat. Mercury amal- 
gams of gold and silver are used for dental fillings but this ven- 
erable use of mercury is being questioned because of possible 
chronic toxicity. Zinc-eugenol cement also is used for dental fillings. 

Plaster of Paris is used for temporary support structures, 
especially for broken bones. The formula, CaSO,°/2H,O, sug- 
gests a hemihydrate, but there is experimental evidence indi- 
cating the existence of local gypsum (CaSO,:2H,O) nuclei in 
anhydrous calcium sulfate. 

Plaster of Paris also is used for taking dental impressions; 
because it expands slightly on setting, it fills all spaces com- 
pletely to give a true surface replica. 


EPILOGUE 


Because of space considerations, many less important and 
older inorganic medicinals have been omitted. The chemistry 


given necessarily is abbreviated. For further details of basic 
chemistry and omitted uses and products see Discher et al.' 
For more thorough discussions of the etiology and treatment 
involving inorganic substances, see the appropriate chapters 
of this text or of Block et al.° For the chemistry and use of 
many products no longer in general use or entirely aban- 
doned, refer to one of the older editions of Rogers, Soine, and 
Wilson. 

An excellent text by Rayner-Canham!® considers the ba- 
sic properties and descriptive aspects of many inorganic 
compounds and includes some biochemical and _ biological 
information.'° 
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Professor of Chemistry 


It is not the purpose of this chapter to provide a fundamental 
treatment of organic chemistry.’ Readers are expected to have 
pursued the usual basic courses in organic chemistry and be 
cognizant of the various advanced texts and other readily avail- 
able works of reference. Accordingly, this chapter is restricted 
primarily to a listing of the more prominent structural types of 
organic compounds and a brief presentation of the various 
nomenclature systems and of the major chemical classes of 
official (USP) pharmaceuticals, followed by a discussion on the 
identification of organic functional groups and the assignment 
of an approximate acidic, basic, or neutral value. A detailed 
treatment of the individual pharmaceuticals is provided at 
other locations in this book (refer to the index). 


TYPES OF ORGANIC COMPOUNDS 


A comprehensive understanding of organic chemistry would be 
extremely difficult were it not for the fact that the hundreds of 
thousands of known compounds fall conveniently into a very 
much smaller number of general types based on molecular 
structure. Similarities and differences among the physical and 
chemical properties of the diverse compounds thus become 
more apparent and understandable, and this is useful both in 
providing explanations for observed phenomena and in making 
predictions for possible applications of compounds known and 
compounds projected for synthesis. 

Organic compounds may be classified into types in many 
ways, the desired intricacy of any particular scheme depending 
on the purpose of performing the classification. Thus, for one 
purpose it may suffice to construct a single, broad class of 
hydroxy compounds, while for other purposes it is desirable to 
subdivide this broad class into alcohols and phenols and per- 
haps even subdivide these further into subclasses of alcohols 
and phenols. It is appropriate here, for purposes of convenient 
reference, to list those types of compounds most commonly 
encountered in the systematic study of organic chemistry and 
to display their general (type) formulas. The types of com- 
pounds that are pertinent, especially to pharmacy, are treated 
in greater detail later in the chapter where examples of official 
drugs belonging to each class also are provided. 

To enhance this chapter’s utility as a reference tool, the 
listing in Appendix A is alphabetical rather than by any chem- 
ical classification scheme. Prefatorily, the following explana- 
tory notes are provided. 


Unless otherwise specified, the formulas shown are for compounds 
containing only one of the particular functional groups involved. For- 
mulas for compounds containing more than one of the same functional 
group can be derived easily. 

Naturally occurring classes of compounds such as carbohydrates, 
proteins, alkaloids, glycosides, or lipids are not treated as types of 
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compounds in this classification. A separate, more detailed presentation 
of these is provided in Chapter 26. 

Although a few heterocyclic types such as imines (azacyclic), anhy- 
drides of dibasic acids (oxacyclic), lactides (dioxacyclic) automatically 
enter into the listing, it will be observed that parent heterocycles in 
general (eg, thiophene, pyridine, dioxane) are not included. Heterocy- 
cles represented in official drugs are listed later in the chapter. 

In type formulas such as in Appendix A, the symbol R is employed 
conventionally to denote a hydrocarbon radical. Unless otherwise spec- 
ified, it may be aliphatic, alicyclic, or aromatic, and its valence varies to 
satisfy the requirements of its attachment to the rest of the molecule. 
The degree of saturation in R does not enter into the scheme. When a 
formula contains more than one R, the radicals may be either identical 
or different. In a few instances it is possible, that even if two monova- 
lent Rs are replaceable by a single divalent R, the same type of 
compound is retained, as with aliphatic ketones (RCOR) and cyclic ke- 
tones (RCO). 

The type formulas assume a useful broader meaning if R, instead of 
being restricted to designate only a hydrocarbon radical, is permitted to 
(1) be a residue from a heterocycle and (2) carry substituent groups. The 
latter automatically extends the listing to embrace polyfunctional com- 
pounds, but it also introduces the complicating feature of order of 
precedence of functional groups. This matter is discussed later in the 
chapter. 

Unless otherwise specified, the symbol X stands for a member of the 
halogen family. 

In addition to the type formulas, one or more specific examples of 
each type of compound also are provided, showing how the formulas 
usually appear in somewhat condensed form and illustrating the man- 
ner in which the type names become parts of individual compound 
names. However, it should be remembered that, although correct, such 
names are not always the preferred names in modern nomenclature 
practice. 

A linear formula with a horizontal line above the symbols indicates 
a ring structure; the line is a bond joining the two atoms at each end. 
For example, CH,CH,CH.CH.,COO is 6-valerolactone. The oxygen 
atom at the right is bonded to the carbon atom at the left, forming a 
5-membered ring. 

The only formulas and structures that are depicted are those of 
pharmaceutical interest. 


NOMENCLATURE OF ORGANIC 
COMPOUNDS 


SS IE SES TT 
In the early decades of organic chemistry, newly discovered 
compounds commonly were provided with names which indi- 
cated either the source or some outstanding property of the 
compound. Thus, marsh gas, wood alcohol, salicylic acid, ca- 
daverine, morphine, chlorophyll and thousands of other similar 
names were invented. As more and more compounds were 
isolated or synthesized, it became apparent, however, that 
some systematic manner of naming organic compounds in 
terms of their structure would have to be devised. Early sys- 
tems of nomenclature, while adequate for the period in which 
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they were invented, soon required modification as the number 
of known compounds increased. The result has been that the 
system (or rather the combination of systems) now in use 
represents an evolution spreading over many decades. 

That a truly effective system of nomenclature is bound to be 
very complex is obvious when one reflects that it must not only 
discriminate, unequivocally, among the approximately seven 
million compounds already known, but also must allow ade- 
quate provision for encompassing new compounds, which are 
being synthesized at a rate of about 95,000 per year. Funda- 
mentally, therefore, such discrimination means that each spe- 
cific name coined through the system must account for (1) the 
quantitative elementary composition (molecular formula) and 
(2) all of the structural features for one, and only one, specific 
compound. 


The IUPAC and CAS Systems 
of Nomenclature 


Of the various comprehensive systems proposed and used to 
varying extents, the two most widely used and most thoroughly 
updated through revision and enlargement are those devised 
by the International Union of Pure and Applied Chemistry 
(IUPAC) and the Chemical Abstracts Service (CAS). Each of 
these systems represents an implementation of the rules de- 
vised by the [IUPAC Commission on the Reform of the Nomen- 
clature of Organic Chemistry, which has been engaged actively 
and continuously in the subject for many decades. 

The two systems are identical in many respects. The CAS 
system intentionally departs from that of IUPAC wherever 
such departure contributes to the main purpose of Chemical 
Abstracts—indexing the world’s chemical literature. Recogniz- 
ing the desirability to maintain compatibility between the two 
systems, however, CAS identifies each such departure and 
displays the alternative IUPAC treatment. 

Because of the difficulty in converting many structural for- 
mulas into unique, descriptive names, CAS now assigns a Reg- 
istry Number to every chemical compound (organic and inor- 
ganic). All editions of the USAN (see Chapter 27) and 
commencing with USP XIX and NF XIV all monographs for 
pure chemical entities carry the CAS Registry Number, which 
uniquely identifies every compound. Also, in the same editions 
of USP and NF, “New Chemical Abstracts Names” were as- 
signed. CAS has completely revised the older system (which 
parallels the IUPAC rules) so that computer searches may be 
made using nomenclature, rather than topological features, to 
locate molecular fragments as well as complete molecules. 

It obviously is inappropriate and space-prohibitive to in- 
clude in this text a discussion of the multiplicity of details in 
either of these two systems. Suffice it to state that, from a 
structural viewpoint, each system adequately must describe for 
each compound the following: 


Composition and configuration of the carbon skeleton. 
Interruptions of the carbon skeleton by heteroatoms. 

State of hydrogenation of the skeleton. 

Presence and location of substituents, ie, atoms or groups of 
atoms (radicals) functioning in place of hydrogen. 

Features of stereoisomerism. 


The reader desirous of the details of the systems should consult 
the continuing series of reports issued by the IUPAC Commis- 
sion on the Nomenclature of Organic Chemistry, and the CAS 
publication entitled The Naming and Indexing of Chemical 
Compounds from Chemical Abstracts. The latter, which first 
appeared as an introduction to the subject index of volume 56 
of Chemical Abstracts, has undergone very extensive revision 
and enlargement. The introduction to the subject index of vol- 
ume 66 provides a useful summary treatment. The American 
Chemical Society’s publication The Ring Index also offers a 


very detailed systematic presentation of closed-chain systems 
identified through the literature up to 1963. 

Because of major changes in nomenclature and indexing 
procedures, mainly dictated by computerization of nomencla- 
ture and two-dimensional structures, each quinquennial index 
to Chemical Abstracts will be accompanied by an index guide 
that allows the user to follow the transition between the old 
and new (or modified) nomenclature. 

Three general features common to both systems deserve 
special comment, specifically the employment of trivial names, 
the order of precedence of functional groups, and permissive 
ambiguity. 

TRIVIAL NAMES—A trivial name is one that does not 
describe a compound rigidly in terms of the absolute struc- 
ture notations embodied in the system, but rather has earned 
worldwide recognition as being specific for that compound. 
Acetic acid (for ethanoic acid), purine (for 7H-imidazo[4,5-d]- 
pyrimidine), and pregnane (for 108,13@-dimethyl-17-ethyl- 
9a,14a,58,88-perhydrocyclopenta-[a]phenanthrene) are com- 
mon examples. Without allowing for the judicious employment 
of such trivial names, any scheme of nomenclature would be 
hopelessly complex and of little, if any, practical use. On the 
other hand, the wholesale, indiscriminate admission of trivial 
names to a system equally is disastrous. 

Arriving at a satisfactory compromise between these two 
extremes obviously requires detailed deliberation, and the com- 
promise position taken by IUPAC also has been adopted by 
CAS: trivial names admitted by IUPAC are also those admitted 
by CAS. However, with the advent of computer techniques, 
long or unwieldy names are handled with relative ease. Thus, 
trivial and systematic names are assuming equal importance, 
because a trivial-name index cannot be computer-searched to 
locate fragments of two-dimensional structures as these frag- 
ments are not evident in the name. But with long, systematic 
names, every portion of a parent molecule, substituent, func- 
tional group, and so on is apparent in the name and will yield 
to the computer search. 

PRECEDENCE ORDER OF FUNCTIONAL GROUPS— 
An order of precedence (priority) of functional groups is neces- 
sary to manage polyfunctional compounds systematically. As a 
simple example, in the absence of a systematic method, the 
compound CH,(NH,)CH,CH,OH could be named either as an 
aminopropanol or as a hydroxypropylamine. But in the order of 
precedence, hydroxyl is higher than amino and, because the 
system requires that only the function of highest priority shall 
be represented by the suffix part of the name, the systematic 
name becomes 3-amino-1-propanol. The order of precedence of 
functional groups is described clearly (see Table 1 of the intro- 
duction to the subject index of Chemical Abstracts, volume 66, 
or the 11th collective index, volumes 96 to 105, Appendix IV, 
Chemical Substance Index Names) and is identical in both the 
IUPAC and CAS systems. 

PERMISSIVE AMBIGUITY—Ambiguity (lack of complete 
structural specificity) is permitted to the extent that it reflects 
structural features of a compound that either are unknown or 
have not yet been incorporated into the system. Prohibition of 
such ambiguity would disallow the cataloging of a very signif- 
icant percentage of known compounds, especially among those 
that involve features of stereoisomerism. 


Compendial Nomenclature 


The lack of adherence to the principles of systematic nomen- 
clature, in both the commercial and academic worlds, has led to 
a multiplicity in the types of chemical names in actual use. It is 
not at all unusual to find a specific compound referred to by 
several different names, each of which is correct chemically. 
This, of course, creates a very confused state that, if it persists 
in the indexing literature, often renders searching via nomen- 


clature extremely difficult and, not infrequently, impossible. It 
is for this reason that, wherever possible, Chemical Abstracts 
translates an author’s nonsystematic nomenclature into its 
CAS equivalent. 

Recognizing the advantages of adhering to a standard sys- 
tem of nomenclature, the official compendia (USP and formerly 
NF) elected to adopt names preferred by CAS. The principle of 
operation is simply that either the title or one of the subtitles of 
an official chemical must be the currently preferred CAS name. 
It is well to observe that the structural relationships estab- 
lished on the basis of the principal functional group automat- 
ically may hide relationships involving functional groups of 
lesser priority (eg, amphetamine is named as a derivative of 
phenethylamine, whereas hydroxyamphetamine becomes a de- 
rivative of phenol; similarly, sulfamerazine is named as a de- 
rivative of sulfanilamide, whereas phthalylsulfacetamide be- 
comes a derivative of phthalanilic acid). Beginning with USP 
XIX and NF XIV each monograph carries the “new CAS name” 
along with the CAS preferred name currently in use. 


Chemical Syllables 


In addition to whatever numbers, numerical syllables and in- 
dividual Greek and English letters are required, systematic 
chemical names consist of a collection of syllables, each of 
which carrying a chemical connotation of some sort. Many, 
such as chloro-, hydroxy-, and methyl-, clearly indicate specific 
elements or radicals. 

Many others, such as andro- (from the Greek, “man”), tauro- 
(Latin, “bull”), neo- (Greek, “new”), or pseudo- or w (Greek, 
“false”), are of no chemical significance from a structural view- 
point, but often are very useful in forming the so-called trivial 
or common names for complex molecules such as androsterone, 
taurocholic acid, neoantergan, pseudoglobulin—the correct 
chemical names for these structures are often extremely cum- 
bersome. Because of their lack of structural chemical signifi- 
cance, however, these will not be discussed further here. 

The third group of these syllables consists of miscellaneous 
prefixes and suffixes and is of sufficient importance to warrant 
abbreviated treatment, because, like those of the first group, 
these have structural significance and often constitute a nec- 
essary part of systematic chemical names. A list of the more 
commonly encountered ones of this group is provided in Appen- 
dixes B and C. Many of these have multiple meanings, and the 
definitions given herein represent the most common sense in 
which they are used in organic chemistry. Those shown in 
italics are used commonly in italicized form and/or enclosed 
in parentheses when used in organic nomenclature. It also 
must be remembered that the precise meanings shown here do 
not always apply to trivial names (eg, the meaning of -ene or of 
-ylene does not apply to acetylene; similarly, the meaning of -ol 
does not apply to benzol). Caution always must be exercised in 
attempting to attach significance to the various parts of such 
common names. 

The systematic treatment of cyclic systems uses a generous 
miscellany of syllables with specific meanings; for listings and 
explanations, consult the Ring Index. 


RADICALS AND GROUPS 
IN ORGANIC CHEMISTRY 


AE TT TE SEE EP SEEN] 
Through the concept and use of radicals and groups, a logical 
and very helpful classification of the huge number of organic 
compounds is possible. Furthermore, a knowledge of the chem- 
ical properties of commonly used individual radicals makes 
possible either a prediction or an explanation of the chemical 
properties of compounds because, in general, the chemical 
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properties of a compound are completely or partly the combined 
properties of the radicals present in the molecule. 

Several hundred different radicals have been recognized, 
named, and classified. A comprehensive list ordered by both 
names and formulas is published periodically as part of the 
Collective Index to Chemical Abstracts, as Appendix IV, Chem- 
ical Substance Index Names from the index guide for volumes 
96 to 105 of Chemical Abstracts. 

For purposes of convenient reference, a list of radicals and 
groups frequently encountered in pharmaceutical chemistry is 
provided in Appendix D. Classification into chemical types has 
been sacrificed in favor of an alphabetical arrangement. In- 
cluded in the list are many inorganic radicals that frequently 
are present in organic combination. 


Chemical Notation Systems 


The complexity and the cumbersome nature of modern organic 
chemical nomenclature have encouraged attempts to develop 
“shorthand expressions,” variously referred to as notations, 
ciphers, codes, and alphamerics, which for certain purposes 
would be more convenient to use than the chemical names. 
Several systems have been proposed (eg, the NAS-NRC pro- 
vided a comprehensive review of the history of the various 
systems”), and one that has survived is that of Wiswesser.” In 
general, they involve assigning chemical meanings to the char- 
acters usually available on, or readily adapted to, a standard 
typewriter or computer keyboard and devising rules for their 
use in constructing the notations. A recent addition to the 
nomenclature/notation foray is SMILES, an acronym for Sim- 
plified Molecular Line Entry Specification. This is a valence 
model of a structure, not a computer data structure, and is 
relatively simple to master. (A tutorial is available at http:// 
www.daylight.com/.) 

Final assessment of the overall utility of notations has yet to 
be made; they particularly are appealing because their brevity 
(compared with descriptive chemical nomenclature as illus- 
trated in Table 25-1) greatly increases storage efficiency in 
printed indexes and computer memories and facilitates com- 
puterized searching. In addition, they automatically avoid the 
troublesome “trivial name feature” encountered in practical 
nomenclature. However, they are not pronounceable words and 
do not eliminate the need for descriptive chemical nomencla- 
ture in the written and spoken word. 

Several of these notations have been found useful for re- 
trieving compounds on a structural basis from specialized files 
of compounds stored in computers in the same notations. The 
extent to which techniques for accomplishing such retrieval 
may be applied usefully to a file comprising the universe of 
chemical compounds is the subject of considerable interest and 
study. 

Special typewriters have been devised whereby structural 
formulas may be coded directly on punched tape and also 
stored in the memory of a computer in the form of a matrix that 
can be searched at any future time on an atom-by-atom basis. 
This technique permits retrieval of compounds on a highly 
intimate structural basis that need not involve either nomen- 
clature or the above-mentioned notations, but does involve 
computer programs. Auxiliary devices exist for regenerating 


Table 25-1. Illustrations of Notation Brevity 


DESCRIPTIVE WISWESSER 
(CHEMICAL ABSTRACTS) SMILES NOTATION NOTATION 
1-chloro-3-methylbutane CICCC(C)C G2Y 
p-aminobenzoic acid Nelecc(C(=O)0O)CCI ZR-DVQ 
1-naphthalenemethanol OCcle2cccce2ccl L66J-BLQ 
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the actual structural formulas of retrieved compounds either 
by actual printout or by display on a cathode-ray tube. 


Organic Chemical Literature 


The constantly accelerating rate of research and develop- 
ment during the past five decades has created severe litera- 
ture problems, not only in the areas of basic chemistry but 
also in the other fields of science and technology where 
chemical information is primarily applied rather than gen- 
erated. The history of Chemical Abstracts (CA) illustrates 
the magnitude of this so-called “information explosion.” 
Commencing in 1906, the Chemical Abstracts Service (CAS) 
required 32 yr for CA to produce its first million abstracts 
(1938), but only 17 yr for the second million (1955), 8 yr for 
the third million (1963), 6 yr for the fourth million (1969), 5 
yr for the fifth million (1974), and somewhat less than 5 yr 
for the sixth million (1979). By late 1983 the seventh million 
was surpassed, and the 8-million mark was reached in early 
1987. Over 10 million abstracts were published by the end of 
1992. One prediction suggests 20 million abstracts will be 
achieved by the year 2000. 

Today’s volume of chemical literature is so great that 
many libraries, some even of relatively recent construction, 
simply do not have enough shelf space to accommodate it and 
have resorted to microfilming microfiche or, more drastically, 
cancellation of hardcopy in favor of electronic journals. More 
important is the fact that selective retrieval of information 
from the literature has become an extremely arduous task. 
As a consequence, various industrial, academic, and govern- 
mental institutions (several pharmaceutical firms actually 
pioneered the effort) have developed computerized systems 
of storage and retrieval of those kinds of chemical informa- 
tion pertinent to their interests. 

Participating governmental agencies include the US Food 
and Drug Administration, National Library of Medicine, Na- 
tional Science Foundation, US Patent Office, NASA, and 
various elements of the Department of Defense. With sup- 
port from the National Science Foundation, CAS has been 
engaged for several years in computerizing its extensive files 
and now processes all of its information via computer. An 
experimental computer search system was made available in 
1969 which probes connection table representations of struc- 
tural formulas and furnishes CA references to compounds 
contained in a registry numbering in excess of 1 million 
compounds, to which compounds are being added at a rate of 
5000 per week. 

Currently, CA may be searched via its CASIA computer- 
ized index file. This service is offered by several vendors and 
allows very rapid and thorough search of CAS to date; the 
current information is available on computer even before the 
printed copy reaches the subscriber. Arrangements exist 
whereby customers either may purchase the magnetic tapes 
and conduct their own searches or purchase the search ser- 
vice from CAS. The Institute for Scientific Information (ISI) 
in Philadelphia also has computerized its abstract journal, 
Index Chemicus, which has several million compounds in its 
registry, and is adding new compounds at a rate of about 
200,000 per year. Computer programs are available to cus- 
tomers that provide the capability to search and retrieve 
on the basis of either structural features via the Wiswes- 
ser notation, or properties, applications, and bibliographic 
information. 

The huge continuing flood of published literature also has 
taxed severely the abilities of abstracting services to keep 
current. The magnitude of the task is illustrated by the 
experience of CA, which shows that the approximate number 
of papers and patents abstracted annually increased from 
50,000 in 1950 to 120,000 in 1959; 230,000 in 1968; 400,000 


in 19738; over half a million in 1978; approached 750,000 in 
1983; and exceeded 1 million in 1988. The lag between pub- 
lication of original articles and that of their abstracts has 
been sufficiently severe to foster the production of various 
so-called “current awareness tools” and specialty publica- 
tions such as Index Chemicus and Current Contents of ISI 
and Chemical Titles, Chemical-Biological Activities (CBAC), 
Polymer Science and Technology (POST), Basic Journal Ab- 
stracts (BJA), and CA Condensates of CAS; these also are 
computer-based publications. 


ORGANIC PHARMACEUTICALS 

SST RGR SE BP IS HOES IIE CIE TED 
The contrast between the drugs of today and those of yesterday 
is a dramatic one in several respects. Only a half-century ago, 
humans relied almost exclusively on nature to produce the 
organic drugs they needed, and the contributions of pharmacy 
were confined largely to the preparation of extracts, tinctures, 
or other dosage forms of the crude drugs, and to the isolation of 
active principles, especially alkaloids and glycosides. 

Synthetic drugs began to appear at a noticeably accelerated 
rate in the 1920s, and this generally is attributed to the very 
large expansion of the American chemical industry fostered by 
World War I. Many observers view the advent of the sulfa 
drugs in the early 1930s as the beginning of the modern era of 
synthetics. 

The great majority of today’s new basic drugs are distinct 
organic chemical compounds. Most of these are products of 
synthetic organic chemistry, although some, such as reserpine, 
ACTH, and many of the antibiotics, are products of natural 
origin. Even with drugs of the latter group, however, the chem- 
ist has played a very important role in devising processes to 
produce them economically not only in the large quantities 
required but also in a sufficient state of purity. He also has 
succeeded in the deliberate chemical alteration of these natu- 
rally occurring compounds and produced derivatives that are 
either more potent or superior in some other respect (eg, dehy- 
drocholic acid, dihydroergotamine, fluorocorticosteroids, semi- 
synthetic penicillins, methyltestosterone). 

Such molecular modification of known pharmacodynamic 
compounds, both natural and synthetic, constitutes one of the 
main kinds of research effort in the field of chemotherapy. 
Although it is true that such effort frequently results in clut- 
tering the market with drugs that may not be superior to those 
being imitated, nevertheless, a critical review of the results 
achieved over the past quarter century provides abundant ey- 
idence that the effort yields a gratifying percentage of new, 
highly beneficial drugs (see Chapter 28). Many of the new 
admissions to the official compendia are of such genesis. 


Chemical and Pharmacological 
Classifications 


During the early years of the modern era of synthetic organic 
pharmaceuticals, it was common to classify these new drugs on 
a chemical basis. This was logical, not only because they were 
fundamentally the products of chemical research but also 
because the sciences of pharmacology and biochemistry were 
still in their early stages of development. Indeed, the ever- 
increasing need for more precise knowledge concerning the 
efficacy and safety of new drugs has fostered, to a significant 
degree, the rapid growth of these sciences to their present 
impressive status, and will undoubtedly continue to do so in the 
future. The most comforting result is that these complemen- 
tary efforts continuously are providing medicine with better 
tools and knowledge to the end that effective prevention and 
treatment of human physiological and psychological ills con- 


stantly are becoming more and more of a science and less and 
less of an art. 

The guiding hypothesis underlying all efforts to classify 
organic pharmaceuticals on a chemical basis is simply that 
some correlation will exist between the chemistry of the com- 
pounds and their actions and uses as medicinal agents. Early 
efforts to discover useful correlations were based largely on 
gross structural considerations with particular emphasis on 
the presence and location of chemically active (functional) 
groups. In more sophisticated form, such efforts continue to- 
day, and the net result has been the accumulation of a very 
large body of knowledge on the broad subject of drug action. 
This knowledge strengthens materially the belief that the 
pharmacodynamics of drugs ultimately will be explicable in 
terms of their chemical characteristics. It also points indisput- 
ably to the fact that a complete understanding of the mecha- 
nisms of drug action is a long way in the future and that it will 
involve much more information than presently can be visual- 
ized from structural formulas and molecular models. 

It has become clear that the pharmacological actions of 
drugs must be viewed as functions of the total molecules. For 
example, all barbituric acids contain the malonylurea frag- 
ment, but the relative actions of the different barbiturates vary 
widely with respect to quantitativeness, onset time, and dura- 
tion, depending upon substituents at the 1, 3, and 5 positions 
(Chapter 80). The official sulfa drugs provide another example. 
The antibacterial portion common to all sulfas is the parent 
compound sulfanilamide, but chemical alterations at the N' 
and N* positions produce derivatives that differ importantly in 
their actions and chemotherapeutic applications. 

Dependence of pharmacological activity on total molecular 
structure commonly is evident with drugs that are polyfunc- 
tional from a chemical viewpoint. The sulfa drugs provide a 
good example of this as elimination of either the amino or 
sulfonamido portions, or even a change in their relative posi- 
tions, results in loss of bacteriostatic activity. Similarly, aspirin 
loses its analgetic action if either its carboxyl or acetoxy group 
is removed completely or if the relation of these groups is other 
than ortho. 

Similar dependence is common in the area of stereochemis- 
try. Thus, the trans form of diethylstilbestrol is estrogenically 
potent whereas the cis form is not. This is reminiscent of the a- 
and £-forms of estradiol, the latter being about ten times as 
potent as the former. As an example involving diastereoiso- 
mers, the widely different mydriatic and pressor potencies of 
ephedrine and pseudoephedrine might be cited. Similar differ- 
ences in physiological activity also are commonly observed 
between enantiomorphs. Thus, the p- and L-ephedrines differ 
markedly in mydriatic and pressor potencies; the D forms of the 
a-amino acids are vastly inferior to the L forms as nutrients, 
and (—)-epinephrine is more than 20 times as potent a sympa- 
thomimetic agent as the (+)-form. 

From the preceding discussion, it is clear that difficulties 
may be encountered whenever one attempts to classify organic 
drugs on a chemical basis and obtain a system which simulta- 
neously separates these drugs on a pharmacological basis. As 
will be seen in subsequent parts of this text, drugs that fall into 
the same chemical category often display, collectively, quite a 
number of different actions. Conversely, drugs of widely differ- 
ent chemical characteristics frequently provide the same kind 
of action when used as medicinal agents. Since, from a practical 
viewpoint, these agents are important because of the actions 
they provide (irrespective of their chemical composition), their 
monographs are presented in subsequent chapters on a phar- 
macological basis. 

A more extensive treatment of the relationship between 
molecular structure and biological activity may be found in 
Chapter 28. 
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HETEROCYCLES PRESENT 


IN OFFICIAL PHARMACEUTICALS 

SL LL I IT ST EFTTA 
Many important biochemical compounds and drugs of natural 
origin contain heterocyclic ring structures. Numerous exam- 
ples occur, among the carbohydrates, essential amino acids, 
vitamins, alkaloids, glycosides, or antibiotics. The presence of 
heterocyclic structures in such diverse types of compounds is 
strongly indicative of the profound effects such structures exert 
on physiological activity, and recognition of this is reflected 
abundantly in efforts to find useful synthetic drugs. Examples 
include researches leading to a wide variety of modern drugs 
such as chlordiazepoxide (tranquilizer), methazolamide (car- 
bonic anhydrase inhibitor), guanethidine (antihypertensive), 
stanozolol (anabolic), dapsone (leprostatic), cyclophosphamide 
and thiotepa (antineoplastics), hydrochlorothiazide (diuretic 
and antihypertensive), imipramine (antidepressant), lucan- 
thone (anti-schistosomal), and many others. 

As is to be expected, this trend in research is reflected in the 
changing character of the contents of official drug compendia. 
Intensive research in diverse hetero areas continues to yield 
new medicinal agents, and Appendix E is designed to portray 
the spectrum of heterocycles presently represented in USP and 
NF drugs. The classification is patterned after that employed in 
the Ring Index and in Chemical Abstracts. The rings are pre- 
sented in the order of increasing complexity. The boldface fig- 
ures show the total number of atoms in the rings, and the 
number of boldface figures shows the number of rings present 
in the systems. As an example, the notation 5, 6 indicates a 
system composed of two rings, one of which contains five atoms 
while the other one contains six atoms. The formulas such as 
C.NS-C, portray the kind and number of atoms present in the 
ring or rings. Associated with each of these formulas are the 
graphic formulas and Ring Index names* of the individual 
heterocycles, and, in italics, one or more examples of official 
drugs (or the portions of them) containing these heterocycles. 

Structures and numbering schemes’ are according to the 
Ring Index and thus do not portray any inherent features of 
stereospecificity.* It will be observed that some of the names for 
the heterocycles are trivial (eg, pyrimidine, nortropane) while 
others are rigidly systematic. Trivial names are employed in 
the table wherever advisable; ie, wherever, through continued 
use, they have become recognized by chemists (as reflected by 
IUPAC adoption and Chemical Abstracts indexing) as denoting 
the structures to which they refer. In all other instances, sys- 
tematic names must be used to distinguish between the het- 
erocycle of interest and its isomeric forms. 

Presentation is exclusively on the basis of the most complex 
ring “system” containing the hetero atom or atoms, the term 
“system” meaning either a single ring or a combination of rings 
of the fused, bridged, or spiro types. For example, quinine is 
presented only as a quinoline derivative and not also as a 
pyridine derivative, even though quinoline is a benzopyridine. 


*Heterocyclic structures often are produced actually or theoretically by rel- 
atively simple chemical operations such as condensation and dehydrogena- 
tion on aliphatic structures. Because of this, many authors prefer to name 
such heterocycles in a manner designed to disclose the relationship to the ali- 
phatics rather than employ Ring Index nomenclature used in this Appendix. 


‘Extreme caution must be exercised in interpreting position numbers as 
given in the names of compounds in different texts and works of reference. 
The situation often arises in which two different numbering schemes, 
through long-continued usage, have become established firmly for a partic- 
ular ring system; and this leads to different numbers as locants in an 
otherwise identical pair of names for a given compound. Also, authors of 
texts frequently indulge in the reprehensible practice of inventing their own 
pet numbering schemes. 


*The Ring Index, 2nd ed, Washington, DC: American Chemical Society, 1960 
and supplements; also, each annual, quinquennial and decennial index to 
Chemical Abstracts. 
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Similarly, caffeine is presented only as a purine derivative and 
not as either a pyrimidine or an imidazole derivative, even 
though purine is an imidazopyrimidine. 

In a complete presentation of this type, drugs containing 
two or more separate hetero ring systems would appear under 
each of the systems; eg, quinine would emerge both as a quin- 
oline and quinuclidine derivative. 

Wherever possible, only that portion of the official title is 
used that embraces the heterocycle; eg, thiamine is used in- 
stead of thiamine hydrochloride. 

The final volume (IV) of the Ring Index was published in 
1964 and index numbers are no longer assigned to ring struc- 
tures by CAS. Identifiers for all compound types (including 
ring systems) have been organized into a Parent Compound 
Handbook, published by CAS, which consists of seven index 
categories. 


Parent Name—This includes the names of all parent compounds 
and undefined natural products arranged in alphabetical order. Com- 
plex parent names are permuted so that root terms, buried in the 
names, may be located.* 

Wiswesser Line Notation—This includes the Wiswesser line no- 
tation (page 387) for all parent compounds.* 

Parent Formula—Compounds are arranged according to the Hill 
system, but omitting hydrogen atoms in the molecular formula. Ring 
systems are grouped in the same fashion as the Ring Index (see Appen- 
dix E) under the appropriate molecular formula.* 

Registry Number—These are arranged in ascending CAS registry 
number order with associated Parent Compound Identifiers.* 

Stereoparent—This consists of CAS Index Parents whose names 
imply stereochemistry and whose structures are known. The arrange- 
ment is alphabetical with CA references for undefined or partially 
defined natural products. 

Ring Analysis—This includes ring systems only, arranged by the 
classical Ring Index system and states the CA name and Parent Com- 
pound Identifier.* 

Ring Substructure—Rings are listed by 


A component ring formula for each individual ring system listed 
in the Ring Analysis Index, arranged according to the Hill system, 
but not including hydrogen atoms. All entries are permuted to 
allow searching on any atom. 

A component line formula employing a system which identifies 
each ring atom to allow searching substructures for specific ring— 
atom sequences. 

The current CA index name of a ring parent and cyclic 
stereoparent: a Parent Compound Identifier.* 


ACIDS AND BASES 

sa Se I ATR RIE 
Organic pharmaceuticals are often complex molecules that 
have a variety of acidic and basic functional groups. The 
behavior of these groups in an aqueous environment will 
influence the activity of the drug, its transport through the 
body and its passage from one bodily compartment to an- 
other. There are two main theories of acids and bases, the 
Brgnsted theory and the Lewis theory. According to the 
Bronsted theory an acid is a group that can donate a proton 
(a hydrogen ion), and a base is a group that can accept (bond 
to) a proton. Because a proton has no electrons, the base 
must be able to provide a pair of electrons to form a new 
bond. A Lewis acid is a group that can accept an electron pair 
and therefore must have an empty orbital. Groups that can 
donate an electron pair are termed Lewis bases. In this 


*An identifier consists of a 5-letter code through which an entry may be 
found in the Parent Compound File. Each section of the file is assigned a 
range of identifiers by which the type of parent may be recognized. The 
ranges are 


BBBBB to BPZZY 
BQBBR to BZZZP 
CBBBC to DZZZR 
FBBBF to ZZZZK 


Cage parents 

Acyclic stereo parents 
Cyclic stereo parents 
Ring parents 


chapter the discussion will focus on Brgnsted acids and 
bases. See also Chapter 17 Tonic Solutions and Electrolytic 
Equilibria. 

Groups which function as acids must have a proton that 
can be removed in the presence of a base. In the laboratory 
extremely strong bases can be used in nonaqueous solvents 
to remove protons from alkyl groups and aromatic rings. 
Although such reactions are extremely important for drug 
synthesis, the concern of this chapter is with drugs in an 
aqueous environment. In water, the strongest base that can 
exist is hydroxide ion, OH , while the strongest acid is the 
hydrated proton or oxonium ion, H,0°. Although there are 
several exceptions, most hydrogen atoms bonded to carbon 
are not acidic enough to be removed in aqueous solution. In 
general hydrogens bonded to O, N, S, and sometimes P (in 
general, any electronegative atom) are potentially removable 
in aqueous solution. When an acid donates a proton, a new 
species called the conjugate base of the acid is formed 


a 


CH3CO,H CH,CO, + H® 


acid conjugate 
base 


which has a charge one unit less than that of the acid from 
which it is derived. Thus, acetic acid, which is electrically 
neutral, dissociates to a proton and its conjugate base, acetate 
ion, which has a charge of —1. An equilibrium is established 
between the acid and its conjugate base. The equilibrium con- 
stant, which is known as the acid dissociation constant (K,), is 
a property of the acid in question. Because K, values generally 
are exponential numbers, it is convenient to use —log K, which 
is referred to as the pK, of the acid. In water, the pK, scale runs 
from 0 to 14 with the lowest values corresponding to the stron- 
gest acids. Refer to Chapter 17 for a more extensive treatment 
of this concept. 

Basic groups require a pair of electrons, which are used to 
bond with a proton. This electron pair can be either an un- 
shared pair or a formal negative charge. Bases such as ammo- 
nia or amines bond with protons using the lone unshared pair 
electrons of the nitrogen. Other bases such as hydroxide use 
the electron pair made available by dissociation of the cation to 
bond with protons. When a neutral base accepts a proton its 
charge increases by one unit and a new species is formed, called 
the conjugate acid of the base. 


Ky 
:NH, + H® NE 
base conjugate 
acid 


Ammonium ion (+1 charge) is the conjugate acid of ammo- 
nia; water (0 charge) is the conjugate acid of hydroxide ion. The 
equilibrium constant for base dissociation is called the K,, of the 
base. As with K, values, it is more convenient to use —log K, 
which is the pK,, of the base. In water, the pK,, scale extends 
from 0 to 14 with low values representing the strongest bases. 
There is a relationship between the pK, of an acid and the pK, 
of its conjugate base in water.* 


pK,(acid) + pK,(conjugate base) = 14 
A similar relationship holds for bases and their conjugate acids. 
pK,(base) + pK,(conjugate acid) = 14 


Acids are in equilibrium with their conjugate base forms. 
One of these species will be charged, and the equilibrium ratio 
therefore will determine the extent to which the molecule is 


*In medicinal chemistry only pK, values are used to minimize confusion. 
Those compounds with a pK, greater than pK,, are bases; the greater the 
pK,,, the stronger the base. 


ionized in solution. This has profound implications in medicinal 
chemistry because the extent of ionization of a drug in the body 
will affect its transport from one compartment to another. 
Examination of the expression for acid dissociation shows that 
the equilibrium constant 


K, = [A ][H )/[HA] 
Taking the logarithm of both sides of the equation gives 
log K, = log [A>] + log [H*]-log [HA] 
Multiplying both sides of the equation by —1 gives 
-log K, = -log [A ]-log[{H*] + log [HA] 
Substitution of pK, for -log K, and pH for —log [H™] gives 
pK, = pH + log [HAJ/[A‘] 


This is known as the Henderson—Hasselbalch equation and 
gives the relationship between the pK, of an acid and the ratio 
of its acid form to conjugate base form at a given pH. It is 
important to remember that while pK, is a property of the 
molecule, pH is a property of the medium (solvent). In this case 
(for electrically neutral acids) the ratio [HA]/|A ] is the ratio of 
{nonionized]/[ionized] species. 

A more general form of the equation can be expressed as 


pK, = pH + log [acid form]/[conjugate base form] 


This is easy to remember because the base goes in the base- 
ment. For charged acids, such as conjugate acids of amines, the 
equation appears as 


pK, = pH + log [BH }|/[B] 


Here, the ratio [BH *]/[B] equals the ratio of [ionized]/[nonion- 
ized] species. 

The Henderson—Hasselbalch equation allows for calculation 
of the percent ionization of an acid at a given pH. This can be 
calculated as 


% ionization = 100 [ionized]/[(ionized + nonionized)| 


An example of a Henderson—Hasselbalch calculation using 
phenol as the acid at pH 7. 


OH O 
K 


a 


phenol 


pK, (phenol) = 9.9 
9.9 = 7 + log [PhOH}/[PhO ] 
2.9 = log [PhOH]/[PhO] 
794 = [PhOH]/[PhO'] 


In other words the ratio of phenol to phenolate ion (PhO ) at 
pH 7 is 794:1, the compound is largely nonionized. The percent 
ionization is calculated to be 


% ionization = 100[1/(1 + 794)] 
% ionization = 0.126% at pH 7 


A second example is provided for the extent of ionization of 
aniline at pH 7. Aniline (PhNH,) is a base with a pK,, of 9.4. 
The Henderson—Hasselbalch equation uses pK, values how- 
ever, and the calculation is therefore performed using the con- 
jugate acid of aniline, ie, anilinium ion, which has pK, = 14 
—pK,,. The pK, of anilinium ion is 4.6. Using the Henderson— 
Hasselbalch equation gives 
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o. ® 
NH, NH, 


aniline 
4.6 = 7 + log [PhNH, ° |/[PhNH,] 
-2.4 = log [PhNH;  ]/[PhNH,] 
0.004 = [PhNH,  |/[PhNH,] 


The ratio of ionized to nonionized aniline at pH 7 equals 
1:251. The percent ionization at pH 7 is 


% ionization = 100[1/(1 + 251)] 
% ionization = 0.4% at pH 7 


Some compounds have several acidic or basic groups or a 
combination of acidic and basic groups. In these cases, the pK, 
of the strongest acid is used for Henderson—Hasselbalch calcu- 
lations because this is the group that will dissociate most 
readily. It also should be recognized that compounds that pos- 
sess quaternary ammonium groups (N attached to four alkyl or 
aryl groups but not hydrogen) have a permanent +1 charge 
which is unaffected by the pH of the medium. Such compounds 
will always be 100% ionized and calculation of the extent of 
ionization of the molecule is unnecessary. 

It was stated previously that in an aqueous environment 
hydrogen atoms attached to O, N, S, or P may be acidic and that 
an equilibrium is established between the acid form and its 
conjugate base. Groups that stabilize (lower the energy of) the 
conjugate base will drive the equilibrium farther to the right 
and thereby increase the strength of the acid. Such groups 
stabilize the conjugate base by providing a mechanism for the 
dispersal of any developing negative charge. Electronic effects 
from functional groups will therefore have an effect on the 
strength of nearby acidic and basic sites. 

The electronic effects of functional groups can be broken 
down into field, inductive, and resonance effects. The nature of 
these effects and how they are balanced, is the deciding factor 
for the type of electronic effect expressed by an individual 
functional group. Field effects are through-space effects on po- 
larizability due to electronegativity differences. 


field effect 


Polarizability is the ease of distortion of the electron cloud. 
Attachment of a highly electronegative atom to a system will 
draw electron density toward that atom, thereby rendering 
other portions of the molecule positively charged. Field effects 
tend to decrease with increasing distance. Inductive effects 
are the polarization of bonds as a result of electronegativity 
differences. 


+—> 
OSC CRD 
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inductive effect 


Thus an electronegative atom polarizes the bond attached to it 
by increasing the electron density in its vicinity. The opposite 
side of that bond acquires a degree of positive charge. This in 
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turn polarizes the adjacent bond, and so on. These effects, 
which are transmitted through bonds, also decrease with dis- 
tance from the electronegative atom. Resonance effects involve 
the actual movement of electrons through a a-bond system. 
The z-bond system acts as a conductor of electrons, much as 
wires conduct the flow of electricity, which can be moved in 
either direction depending on the needs of the system. This is 
especially prominent in conjugated systems (those with alter- 
nating double and single bonds). The movement of electrons 
through a conjugated system allows for charges to be dispersed 
over several atoms (delocalization). This lowers the energy of 
the system relative to an isolated charge. In contrast to field 
and inductive effects, resonance effects decrease much more 
slowly with distance. Stabilization increases as the number of 
atoms over which the charge is dispersed increases. Resonance 
effects generally contribute more extensively to the overall 
electronic effect of a functional group than do field or inductive 
effects. 

Among the functional groups which are classified as being 
electron-withdrawing are the carbonyl-based groups (alde- 
hydes, ketones, esters, carboxylic acids, amides, etc), nitro, 
nitrile (cyano), sulfinyl, sulfonyl, halo, quaternary ammonium, 
trifluoromethyl, vinyl, ethynyl, and phenyl. The relative con- 
tributions of field, inductive, and resonance effects to the over- 
all electronic effect of these functional groups is discussed 
below. 

The carbonyl group (C=O) is an integral part of a large 
number of functional groups such as ketones, carboxylic acids, 
amides, esters, and carbamates. Field and inductive effects 
within this bond system arise because of the electronegativity 
difference between oxygen and carbon. Electrons in both the o- 
and z-bonds are polarized so that the greater density occurs 
near oxygen. The carbon acquires a partial positive charge 
which can attract excess electrons from neighboring groups. If 
a negative charge develops adjacent to a carbonyl group, that 
charge is stabilized not only by electrostatic effects, but also by 
resonance, which can delocalize the negative charge onto the 
carbonyl oxygen. 


5 > 
O O 
I> LD 
Sy ® 
co ee 
8 
Sane 


Another powerful electron-withdrawing group is the nitro 
group (NO3). Although this group is electrically neutral overall, 
the nitrogen always carries a positive charge that is balanced 
by a negative charge on one of the oxygens. Two resonance 
structures can be drawn which distribute the negative charge 
over both oxygens. The positively charged nitrogen can stabi- 
lize an adjacent negative charge by electrostatic attraction as 
well as by resonance. 
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A nitrile possesses a carbon—nitrogen triple bond. The elec- 
tronegativity difference between carbon and nitrogen results in 
carbon having a partial positive charge. The larger effect of this 
functional group however, comes from resonance stabilization 
of an adjacent negative charge onto the nitrogen. 


The difference between a sulfinyl and a sulfonyl group is 
that the former has one and the latter two S=O bonds. A major 
resonance form of the sulfinyl group has a S—O single bond 
with a formal positive charge on sulfur and a negative charge 
on oxygen. Sulfonyl has two such resonance structures. The 
preference for these structures over those with double bonds is 
a result of the relative inefficiency of p-orbital overlap due to 
the difference in size between sulfur and oxygen. Despite this, 
however, resonance stabilization of an adjacent negative 
charge does contribute to the electron-withdrawing capability 
of these functional groups. 
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The halides (F, Cl, Br, I) are much weaker electron-with- 
drawing groups than might be expected. Fluorine, which is the 
most electronegative element, exerts strong field and inductive 
effects on an adjacent carbon atom. Additional electron-density 
cannot be withdrawn by resonance because there are no avail- 
able vacant orbitals. The lone-pair electrons on fluorine can 
however, be donated by resonance. As a result of this push—pull 
effect, the resonance and field (+ inductive) effects nearly can- 
cel and fluorine usually exerts only a small electron-withdraw- 
ing effect. 


electron-withdrawal by 
field and inductive effects 
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electron-donation by 
resonance 


Chlorine is less efficient at donating electrons by resonance 
because of its size relative to carbon. It does exert substan- 
tial field and inductive effects, and therefore behaves as an 
electron-withdrawing group. The electronegativity difference 
between carbon and bromine is small, and electron-donation by 
resonance is inefficient. As a result, bromine generally behaves 
as a weak electron-withdrawing group. Iodine is weaker still 
because of decreased field and inductive effects. 

Functional groups such as quaternary ammonium and tri- 
fluoromethyl exert their electronic effects primarily through 
field and inductive effects. The quaternary ammonium group 
has a permanent positive charge on nitrogen, which stabilizes 
an adjacent negative charge electrostatically. Because there 
are no lone-pair electrons or vacant orbitals, resonance with 
this group is not possible. Direct resonance with a trifluoro- 
methyl group does not occur. The three highly electronegative 
fluorine atoms exert multiple field and inductive effects on the 
attached carbon, which can then in turn stabilize an adjacent 
negative charge in similar fashion. 

Unsaturated groups such as phenyl, vinyl or ethynyl can 
function as electron-withdrawing groups when needed, by de- 
localizing any excess electron density throughout the 7-system. 


Functional groups, which are classified as being electron-do- 
nating, include alcohols, ethers, amines, and alkyl groups. Each of 
these will stabilize a developing positive charge and, when at- 
tached to basic atoms, tend to increase the association constant. 

Alcohols and ethers have similar inductive effects to those 
present in carbonyl groups but experience decreased field 
effects due to the lack of a polarizable m-bond. Although 
carbonyl groups have the ability to delocalize excess electron 
density onto the oxygen, this is not possible for alcohols and 
ethers. Unshared electrons on the oxygen, however, can be 
delocalized by resonance to help stabilize a developing pos- 
itive charge. In the process a new C=O bond is formed and 
the charge is delocalized onto oxygen. Although it is unfa- 
vorable to place a positive charge on an electronegative 
atom, this is compensated by the formation of a new bond. 
The predominance of resonance over field and inductive ef- 
fects is observed by the fact that alcohols and ethers behave 
as electron-donating groups. 
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A similar situation exists for amino groups where the lone- 
pair electrons can be donated to form a C=N bond and thereby 
delocalize an adjacent positive charge onto the nitrogen. Be- 
cause nitrogen is less electronegative than oxygen, it can better 
tolerate the charge. Amino groups are generally stronger 
electron-donating substituents than either alcohols or ethers. 
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Alkyl groups, unlike alcohol or amino groups, do not have 
lone-pairs of electrons to donate. Instead, o-bonding electrons, 
especially those from C—H bonds, can be donated in a process 
known as hyperconjugation, or no-bond resonance. Hypercon- 
jugation allows an adjacent positive charge to be delocalized by 
resonance onto a proton. Such effects are greatest for methyl 
groups because the charge can be delocalized onto three differ- 
ent hydrogens. Methylene groups (CH,), in contrast, allow for 
charge delocalization onto only two hydrogens. 
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It has been observed that in the absence of other factors, 
certain electron-withdrawing groups affect pK, and pK,, values 
of oxygen- and nitrogen-based functional groups in a predict- 
able manner. A knowledge of such effects allows first-order 
predictions to be made of acid and base strength for a wide 
range of functional groups. 

Some functional groups can be thought of as being derived 
from water by replacement of one or both hydrogens. Alco- 
hols, for example, can be derived from water by replacement 
of one hydrogen by an alkyl group. Replacement of hydrogen 
by an aryl group (aromatic ring) gives a phenol. If both 
hydrogens are replaced by alkyl or aryl groups, an ether is 
formed. Water and simple alcohols are neutral (pK, 14) with 
respect to their acid—base properties. Ethers are neutral by 
virtue of the fact that they have no hydrogen to donate. In 
contrast, unsubstituted phenols behave as moderate to weak 
acids in aqueous solution with pK, values in the range of 9 to 
10. Replacement of H by an aryl group increases acid 
strength relative to water by 4 to 5 pK, units. Substitution 
by an alkyl group however, has a negligible effect on pK,. If 
one of the hydrogens of water is replaced by an acyl group 
(carbonyl), a carboxylic acid is formed. Such compounds typ- 
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ically have pK, values in the range of 4 to 5. An acyl group 
therefore lowers the pK, by 9 to 10 pK, units. Substitution of 
a sulfonyl group for H increases acidity by 14 to 15 pK,, units. 
The resulting compounds, called sulfonic acids, are nearly as 
acidic as sulfuric acid in aqueous solution. A listing of the 
approximate pK, and pK,, values for a number of organic 
compounds is presented here. 


ether fe GO Gie neutral 
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diaylamine Ph—NH—Ph pK, 12-13 base 
O acid 
amide CH3,C—NH, neutral 
O 
N-arylamide CH,C—NH—Ph pK, 12-13 
O O 
| 
imide CH3G—NH—CCHS pk, 9 
O acid 
strength 
sulfonamide CH; S—NH, pK, 9 increases 
O 
O 
N-arylsulfonamide CH, S—NH—Ph pK, 6-7 
O 
O O 
sulfonimide CH; S—NH—CCH, pK, 4 


Electron-withdrawing substituents, when attached to a ba- 
sic group, will decrease base strength by making it more diffi- 
cult to donate lone-pair electrons for bonding with protons. 
Some nitrogen-containing functional groups can be thought of 
as being derived from ammonia by replacement of one, two, or 
three hydrogens. Ammonia has a pK, of 5 about (pK, ~ 9) and 
behaves as a moderately strong base in aqueous solution. Pri- 


* For methyl amine the pK, is approximately 10.6 for the conjugate acid, 
CH,NH};. The pK, for the anilinium ion is about 5. Refer to this listing, 
Table 25-2 and Appendix F for functional group pK, values. 
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mary, secondary, and tertiary alkyl amines can be formed from 
ammonia by replacement of one, two, or three hydrogens, re- 
spectively. Such compounds have approximately the same base 
strength as ammonia in aqueous solution, indicating that the 
alkyl groups had little effect on pK,,. 

Replacement of one hydrogen of ammonia by an unsubsti- 
tuted aryl group gives a weak base with a pK, ~ 10. A second 
aryl group further raises the pK,, to 12 to 13. A single aryl 
substituent therefore has a similar effect (5 pK units) on both 
pK, and pK,,, while a second such group displays an effect that 
is half again as great (2 to 3 pK units). The effect of a third 
group is not as easily quantified because of nonlinear effects 
such as steric hindrance. 

Replacement of one of the ammonia hydrogens by an acyl 
group gives an amide. Such compounds are virtually neutral in 
aqueous medium, suggesting that the acyl group increased the 
pK, by 9 to 10 units, the same magnitude as it increased 
acid-strength in the water model. The electron-withdrawing 
carbonyl group restrains the lone-pair electrons of nitrogen to 
such an extent that they can no longer abstract protons. 

Substitution of a second acyl group on ammonia gives an 
imide. Imides behave as acids in aqueous solution with pK, 
values around 9. The second electron-withdrawing group not 
only makes donation of lone-pair electrons difficult, but weak- 
ens the N—H bond to the point that dissociation can occur. The 
resulting conjugate base is stabilized by the two carbonyl 
groups. It is to be noted that the second acyl group had about 
half the effect (5 pK units) of the first. A sulfonyl group, when 
substituted for hydrogen on ammonia, gives a sulfonamide, 
which is acidic with a pK, of 9 to 10. A single sulfonyl group 
therefore alters the pK by 14 to 15 units. 

Estimates of pK, and pK, values can be made for functional 
groups derived from the water and ammonia systems. The data 
seen in Table 25-2 are useful. When two different substituents 
are attached to nitrogen, the group having the larger effect is 
taken as the first group and that with the smaller effect as the 
second group. Thus, N-methylaniline is calculated to have a 
pK,, of 10 (using the first group value for the aryl substituent) 
and not pK, 7 to 8 as would be obtained if the methyl group 
were taken for the first group. It ts important to realize however, 
these estimates exclude steric and other electronic effects and may 
vary from the actual (experimental) values by several pK units. 

Hybridization also can affect base strength as observed in the 
series amine, imine, nitrile where the hybridization of nitrogen 
changes from sp” to sp” to sp. Although amines function as mod- 
erately strong bases (pKb ~ 5) imines are much weaker with pK,, 
values near 10. Nitriles are essentially neutral (pK, 14). The 
effect of hybridization is to shorten bond length and the general 
trend is that bond length decreases and electronegativity in- 
creases as the percent of s-character increases (25% for sp*; 33% 
for sp?; and 50% for sp). The shorter bond lengths and higher 
electronegativity associated with the nitrogen atom of nitriles 
results in the lone-pair being held much closer to nitrogen than it 
is for imines or amines. Since, basicity is a function of how readily 
the lone-pair is shared, it is reasonable that amines would be the 
most basic, and nitriles the weakest bases, within this series. 
Aromatic nitrogens, such as found in pyridine and pyrimidine, are 
also sp* hybridized and are similar to imines with regard to their 
base-strength (pK, ~ 10). 


Table 25-2. pK Effect of Functional Group 
as Substituents on H,O and NH, 


EFFECT AS FIRST 
GROUP, pK UNITS 


EFFECT AS SECOND 


FUNCTIONAL GROUP GROUP, pK UNITS 


H, Alkyl 0 0 
Aryl, vinyl 5 2-3 
Acyl 10 5 
Sulfonyl iS 7-8 


pk, 5 pk, 10 pK, 14 
v S =the ea . 
er Ls he ea a 
R 
amine imine nitrile 


pyridine pyrimidine 

Two functional groups that are common in pharmaceuticals 
are amidine and guanidine. Refer to Appendix D of this chapter 
for a listing of functional groups and names. These can be 
considered as amino derivatives of imines. Amidines, which 
have a single amino group attached to the imine carbon, are 
strong bases with pK,, values near 3. Guanidines are even more 
basic (pK, ~ 1) and have two amino groups attached to the 
imine carbon. The higher basicity of these functional groups as 
compared to imines is due to two factors: (1) the effect of the 
electron-donating amino nitrogen(s), which can increase elec- 
tron density at the imino nitrogen by resonance, and (2) the 
conjugate acid form is stabilized by charge-delocalization 
among each of the nitrogens again as a result of resonance. 
These effects are more pronounced for guanidines, which have 
an additional resonance structure available. In these func- 
tional groups it is the doubly-bound nitrogen that serves as the 
basic site. The single-bonded nitrogen is neutral due to the 
electron-withdrawing effect of the double bond and the lack of 
resonance stabilization for the conjugate acid form of this ni- 
trogen. It is important to note, however, that if the amino 
nitrogen carries at least one hydrogen, tautomeric structures 
are possible in which either nitrogen can be bonded to hydro- 
gen, with the other than becoming the basic site. 

Tautomers are structures that differ in the placement of one 
small group or atom, usually hydrogen. In amidines, hydrogen 
can shift back and forth between the two nitrogens rapidly 
(with the consequent relocation of a pair of electrons) unless 
structural features favor a particular tautomeric structure. 


pK,3 pK, 1 
eee! R 
R"'— a R'=N— roe 
amidines guanidines 


tautomers 


Another situation where tautomerization occurs involves pro- 
tons on carbons adjacent to a carbonyl group. Ketones, for exam- 
ple, have two tautomeric structures known as the keto and enol 
forms. In the enol form, a hydrogen from an adjacent carbon 
migrates onto the carbonyl oxygen, with concomitant formation of 
a new C=C bond. The resulting hydroxyl group is acidic (when 


viewed as water with one hydrogen substituted by a vinyl group, 
a pK, of 9 would be predicted). For ordinary ketones however, the 
equilibrium constant heavily favors the keto form and in aqueous 
solution ketones behave as neutral compounds. If a second car- 
bonyl group is attached to a carbon with at least one hydrogen the 
situation changes. In such compounds the equilibrium constant 
favors a much higher percentage of the enol tautomer due to 
stabilization by hydrogen bonding with the second carbonyl 
group. Such 1,3-dicarbonyl compounds behave as weak acids in 
aqueous solution. 


aa ae 
CH H ‘OH 
l| (Se | 
Chee Ca OH ——seen ~CH,— C— CH, 
keto enol 
pK, 9 
Yau N “ 
30s EH 30) O PO 
ee I I | 
CHiaa OOH —~C— CH, == CH3;— C— CH=C— CH, 
keto enol - stabilized by 


intramolecular 
hydrogen bonding 


Comparison of Experimental and Predicted 
pK Values 


Several drugs will be examined briefly to emphasize the 
applicability of the generalization presented in this discus- 
sion of pK. Appendix F shows the correlation of the 
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generalized pK values for functional groups with the 
literature. 


SUMMARY 


With the ability of the modern computer to manipulate mil- 
lions of bits of data in a trice, the prediction of many physical 
and chemical constants for known and prospective chemical 
entities, based on the data available in a library of known 
information has really come to the fore. There exist pro- 
grams that predict quite accurate values for pK,, log P 
(octanol—water partition coefficient), fragmentation patterns 
for compounds in mass spectra, the interpretation of IR and 
NMR spectra, and so on, coupled with extensive databases of 
experimentally derived constants. (One such program may 
be viewed at http://www.acdlabs.com/.) 
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Appendices 


Appendix A—Types of Organic Compounds 
CLASS EXAMPLES CLASS 


EXAMPLES 


Acetals 
RC(H or R)(OR),> (cf Ketals) 


Acid Anhydrides 
1. Of Monocarboxylic Acids 
RCOOCOR 


2. Of Dicarboxylic Acids 
RCOOCO 


Acid Halides (Acyl Halides) 
RCOX 
Acids (Carboxylic) (other acids 
are listed under their 
characteristic names, eg, 
Sulfonic Acids, Thio 
Acids, etc) 
RCOOH 
Acyloins (a-Hydroxy Ketone) 
RCOCH(OH)R 


Alcoholates (Alkoxides) 
ROMetal 
where R is aliphatic or 
alicyclic 
Alcohols 
ROH 
where R is aliphatic or 
alicyclic 


CH;CH(OCHS), acetaldehyde 
dimethyl! acetal (1,1- 
dimethoxyethane) (CH3),C(OC,H.) 
acetone diethyl acetal (2,2- 
diethoxypropane) 


(CH3CO),0 acetic (acid) 
anhydride 


CH,CH,COOCO succinic (acid) 
anhydride 


CH3COCI acetyl chloride 


CH;COOH acetic acid 


CH3COCH(OH)CH; acetoin 
C,H,COCH(OH)C,H, benzoin 


C,H.ONa 
sodium ethylate sodium 
ethoxide 


C5H,OH 
ethyl alcohol (ethanol) 


CH5(CH,),CHOH cyclohexyl 
alcohol (cyclohexanol) 
Aldehydes 
RCHO 
Alkoxides (see A/coholates) 
Alkylhalosilanes 
R(SiH.),,.X 
where one or more H’s 
may be substituted by 
additional R’s or X’s 


CH3CHO acetaldehyde 


CH,SiH,Cl 
methylchlorosilane 


Alkylsilanes 
R(SiH),,H CH,SiH, 
where one or more H’s may — methylsilane C,H,SiH,SIH,C5H. 
be substituted by sym-diethyldisilane 
additional R’s 
Alkylsilanols 


Types here illustrated are limited to derivatives of silane; ie, 
(mono)-silane, SiH,. There are similar derivatives of the di-, 
tri-, etc, silanes. 


RSiH,OH RSiH(OH), RSi(OH)5 
alkylsilanols alkylsilanediols alkylsilanetriols 
R,SiIHOH R,Si(OH), 

dialkylsilanols dialkylsilanediols 

R3SiOH 


trialkylsilanols 
Alkylsiloxanes 
Various linear and cyclic 

types. (see Silicones, page 
399). Acommon linear 
type consisting of 
condensation polymers of 
dialkylsilanediols is shown. 


HO(SiR,O),SiR,OH 


396 CHAPTER 25 
Appendix A—Continued 
CLASS EXAMPLES CLASS EXAMPLES 
Amides RN—NNHR C,H;N—NNHC,H. 
RCONH, CH3CONH, acetamide diazoaminobenzene or 1,3- 
Amidines diphenyltriazene 
RC(==NH)NH, CH;C(NH)NH, acetamidine Diazo Compounds 
Amines Type A RNNX C,H,N=NCl 
RN(H or R)(H or R) RNHZ CH3NH, methylamine (C,H.),NH where X = OH or a salt benzenediazochloride 
types = Amino diethylamine CH3N(C,H.)C3H, anion 


Compounds 
Amino Acids 
R(NH,)COOH 
Ammonium Derivatives 
[RH53N]*X 
where X = OH or a salt 
anion and any or all H’s 
may be R’s. If N is a ring 
member, specific “ium” 
nomenclature is 
employed to denote the 
heterocycle. 
Anilides 
RCONHR’ 
where NHR’ is derived 
from aniline 
Note—lf NHR’ is derived 
from: 
toluidine 
xylidine 
anisidine 
phenetidine 
Anils (Schiff bases) 
RCH==NR 


Azides (Acyl Azides) 
RCON==N °==N- 

Azido Compounds 
RN==N °==N ~ 

Azines 
R,C=NN=CR, 


Azo Compounds 
RN==NR 
Azoxy Compounds 
RN==N(O)R 
Benzils (Aromatic a- 
Diketones) 
RCOCOR 
where R is aromatic 
Benzoins (Aromatic a- 
Hydroxy Ketones) 
RCH(OH)COR 
where R is aromatic 


Betaines 
R3N°(CH3),COO~ 


Borates (see Esters) 
Carbonates (see Esters) 
Carbylamines (see 
Isocyanides; lsonitriles) 
RNC 


Cynates 
ROCN 
Cyanides (see Nitriles) 
Cyanohydrins 
RC(CN)(OH)(H or R) 


Diazoamino Compounds 
(Triazene Derivatives) 


methylethylpropylamine 
CH;(NH5)COOH aminoacetic acid 


[(CH3)4N] “1 
tetramethylammonium iodide 
[(C>Hs)2N*H3]Cl~ 
diethylammonium chloride 
(diethylamine hydrochloride) 
[CH==CHCH==CHCH==N *- 
(CH;)]Br_ 1-methyl-pyridinium 
bromide 


CH3CONHC,H, acetanilide 
Compounds are termed: 
toluidides 

xylidides 

anisidides 

phenetidides 


CsHj;CH=NC,H. N- 
Benzylideneaniline 


CH3;CON=N*=N- acetyl azide 
Cj,H,N=N*°=N_~ azidoethane 


(CH3),>4=NN=C(CH,), acetone 
azine 


CgHj;=N—=NC,H, azobenzene 
C,H;N=N(O)C,H, azoxybenzene 


p-CH,C,H,COCOC,H,CH3-p 
p,p'-dimethylbenzil 


p-CH3C,H,CH(OH)CO-C,H,CH3-p 
p,p’ dimethylbenzoin or 
p-toluoin 


(CH3)3N *CH,CH,COO- 
B-alanine, trimethylbetaine 


C,H.NC 


carbylamine, 
phenyl { isocyanide or 
isonitrile 


C,H,OCN phenyl cyanate 


CH C(CN)(OH)CH; acetone 
cyanohydrin 


Type B RN=NOMetal 
(diazoates) 
Type C C(H or R)(H or R)- 
==N|" SNP 
Diazonium Compounds 
RN3X~ 
where X = OH or a salt 
anion 
Epoxy Compounds 
CH,(CH,),,CH,O 
where n = zero or greater 
and any or all H’s may be 
R’s 


Esters (of Carboxylic Acids) 
RCOOR 
Esters (of Inorganic Oxy 
Acids) 
The listing here is intentionally lim 


C,H,N—=NONa sodium 
benzenediazoate 
CH,=—=N*=N_ diazomethane 


[CgHsN3]OH~ 
benzenediazonium hydroxide 


CH,CH,O 
epoxyethane 


CH3CHCH,CH(CH3)O 
2,4-epoxypentane 


CH;COOC,>H, ethyl acetate 


ited to esters of the more 


important oxy acids of nitrogen, phosphorus, sulfur, boron, 
silicon, and carbon. In each instance, the type formula shown is 
for the ester which results from the replacement of all acidic H’s 
by R’s. Where more than one R is present, acid esters (ie, esters 
still containing one or more unreplaced H's) are possible. 


Nitrates RONO, C,H,NO3, ethyl nitrate 
Nitrites RONO C,H,ONO, ethyl nitrite 
(Ortho)phosphates (RO),PO (C,H.)3PO,, (triethyl 
phosphate 
Metaphosphates ROPO, C,H.PO3, ethyl 
metaphosphate 
Pyrophosphates (RO)5PO—O- (CHe)P50-, 
—PO(OR)> (tetra)ethy| 
pyrophosphate 
(Ortho)phosphites P(OR); (C5H.)3PO3, (triethyl 
phosphite 
Hypophosphites cf H,P(O)(OR) C,H.H,PO;, ethyl 
Phosphonic Acids hypophosphite 
Sulfates (RO),SO, (C5H;)2SO,, (di)ethy! 
sulfate 
Sulfites (RO).SO (C5H.)SO3, (di)ethy! 
sulfite 
Orthoborates B(OR); (C5H.)3BO3, (tri)ethyl 
orthoborate 
Metaborates ROBO C5H,BO,, ethyl 
metaborate 
Orthosilicates Si(OR), (GHE)SIO; 
(tetra)ethy| 
orthosilicate 
Metasilicates (RO)>SiO (C5H.)SiO3, (di)ethyl 
metasilicate 
Orthocarbonates C(OR), (GEey,.GOn 
(tetra)ethyl 
orthocarbonate 
Carbonates (RO),CO (C5H.)>CO3, (di)ethyl 
carbonate 
Ethers 
ROR CH30C,H, ethyl methyl ether 
Fluorophosphates (see Phosphorofluoridates) 
Glycerides 
RCOOCH,CH(OCOR)CH,- C3H.(C;H305) or (CH;COO)3-C3H. 
OCOR 
glyceryl triacetate or triacetin 
Glycols 
HOCH,(CH,),CH,OH CH,(OH)CH,OH 


CLASS 
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Appendix A—Continued 
SS aS PS a A RAMEE SST RE 


EXAMPLES 


CLASS 


EXAMPLES 


where n = zero or greater 


Guanidino Compounds 
NH,(C—=NH)NHR 


Haloalkylsilanes 
XR(SiH>),,H 
where one or more of the 
H’s in R may be 
substituted by additional 
X's and one or more of 
silicon hydrogens may be 
substituted to additional 
RX groups 
Halohydrins 
XCH,CH,OH 
where either or both of 
the CH,’s may be CHR or 
CR> 
Hemiacetals 
RC(H or R)(OR)(OH) 


Hydrazides 
RCONHNH, 


Hydrazines 
RN(H or R)N(H or R)- 
(H or R) 
Hydrazones 
R,(or RH)C—=NNH, 


Hydrocarbon Halides (Alkyl, 
Alkylene, Alkylidene, 
Alkenyl, Aryl, Arylene, 
etc Halides) 

RX,, 
where n = valence of R 


Hydroxamic Acids 
RC(==NOH)OH 


Hydroxy Acids 
RCH(OH)COOH 


Hypophosphites (see Esters) 
Imides (Carboximides) 
RCON(H or R)CO 


Imidic Acids 
RC(NH)OH 

Imines 
R=NH 


lodonium Compounds 
[RoI] *X~ 
where X = OH or a salt 
anion 
lodoso Compounds 
RIO 
lodoxy Compounds 
RIO, 
Isocyanates 
RCNO 
Isocyanide Dichlorides 
(Imidocarbony| Chlorides) 


ethylene glycol 
CH,(OH)CH,CH;OH trimethylene 


glycol 


NH,(C—=NH)NHC,H. 
1-ethylguanidine 


CICH,SiH; 
(chloromethyl)silane 


CICH,CH,OH 
ethylene chlorohydrin 


CH3CH(OC3H,)OH acetaldehyde 
ethylhemiacetal 
(1-ethoxyethanol) 


CH3,CONHNH, acetic acid 
hydrazide 


C,H,NHNH, phenylhydrazine 


(CH3),C—=NNH, acetone 
hydrazone C,H,;CH==NNH, 
benzaldehyde hydrazone 


CH,Cl 

methyl chloride (chloromethane) 
CH,—=CHBr vinyl bromide 
CH3CHCI, ethylidene chloride 
C,H.| phenyl iodide 
(iodobenzene) 


CH3CH,C(—NOH)OH 
propionohydroxamic acid 


CH3,CH(OH)COOH 


a-hydroxypropionic acid or lactic 
acid 


CH,CH,CONHCO succinimide 
1,2-ethanedicarboximide 
CH3C(—=NH)OH acetimidic acids 


CH3CH5=NH ethylideneimine 
CH,CH,NH ethyleneimine 


[(G2He)sllMBre 
diphenyliodonium bromide 
C,H,!O iodosobenzene 
C,H,!0, iodoxybenzene 


C;H,NCO phenyl isocyanate 


RN=CCl, 


Isocyanides (see 
Carbylamines) 
Isonitriles (see Carbylamines) 
Isothiocyanates 
(Ilsosulfocyanates; 
Thiocarbimides; Mustard 
Oils) 
RNCS 
Ketals 
R,C(OR)> (Commonly 
treated as Acetals, qv 
above) 
Ketenes 
RC(H or R)=C=O 
Keto Acids (monobasic) 
H(CH>),,CO(CH;),,COOH 
where n = zero or greater 
and any or all H’s may 
be R’s. May also be 
polybasic. 
Ketones 
RCOR 
where R’s are aliphatic or 
alicyclic. If one or both 
R’s are aromatic, 
compounds are termed 
Phenones. 
Lactams 
CH,(CH>),CONH 
where n = 2 or more and 
any or all H’s may be R’‘s. 
Lactides 
CH,COOCH,COO 
where any or all of the H’s 
may be R’s 
Lactims 
as per lactams except 
CH,(CH>),,CONH becomes 
CH,(CH,,,C(OH)==N 
Lactones 
CH,(CH>),,COO 
where n = 2 or more and 
any or all H’s may be R’s 
Mercaptans (see Thiols) 
Mercaptides 
RSMetal 


Mercaptoles 
R5C(SR). 


Morpholides 
RCON(CH,)>0CH,CH, 


Nitrates (see Esters) 
Nitriles (Cyanides; 
Carbonitriles) 
RCN 


Nitrites (see Esters) 
Nitro Compounds 
RNO, 


Nitroso Compounds 
RNO 
Organometallic (Metallo- 
organic) Compounds 


C,H.NCCl, ethyl isocyanide 
dichloride ethylimidocarbony| 
chloride 


CH3NCS methyl isothiocyanate, etc 


(CH3)>C(OC5H.)> acetone 
diethylketal (2,2- 
diethoxypropane) 


(CH3),C—C—0 dimethyl ketene 


CH,COCH,COOH 

3-oxobutyric acid or acetoacetic 
acid HOOCCH,COCOOH 
ketosuccinic acid or oxalacetic acid 


GHEGOGH: 

ethyl methyl ketone or 
2-butanone C,H;=COCH; 
acetophenone 


CH,CH3,CH,CH,CONH 
6-valerolactam (2-piperidone) 


CH,CHCOOCH(CH;)COO 
2-hydroxypropionic acid lactide 
“lactide” 


CH,CH,CH,CH,C(OH)—=N 
6-valerolactim 


CH,CH,CH,CH,COO 
6-valerolactone 


C,H.SNa sodium 
ethylmercaptide 


(CH3),C(SC5H.)> acetone 
diethylmercaptole 


CH,CONCH,CH,OCH,CH, 


acetomorpholide 
(4-acetylmorpholine) 


CH3CH;CN propionitrile ethyl 
cyanide 


CH,NO, nitromethane C,H;NO, 
nitrobenzene 


C,H.NO nitrosobenzene 
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SS a SSE 


EXAMPLES 


CLASS EXAMPLES 


Note—Restricted here to 
compounds having a 
direct metal-carbon 
linkage. 

Commonest types are: 

MRy and Ry_3)MX 

where 

M = metal functioning 
with valence v 

R = univalent 
unsubstituted, or, 
substituted, hydrocarbon 
radical 

X = univalent anion 


Osazones 
[Bis(phenylhydrazones)] 
(H or R)C(=NNHPh)- 
C(=NNHPh)(R or H) 
where Ph = phenyl 


Oximes 
RC(H or RJ=NOH 


Oxo Compounds (see 
Aldehydes, Ketones, 
Quinones, Keto Acids) 

Ozonides 
feaowel 

RCH-O-O-CH-R 


Peptides (Polypeptides) 
NH,(RCONH),,.RCOOH 


Peroxides 
ROO(R or H) 
Peroxy Acids 
RC(O)OOH 
Phenolates (Phenoxides) 
ROMetal 
where R is aromatic 


Phenols 
ROH 
where R is aromatic 
Phenones (see Ketones) 
Phenoxides (see Phenolates) 
Phosphates (see Esters) 
Phosphites (see Esters) 
Phospho Compounds 
RPO, 
Phosphonic Acids 
RPO(OH), 


Phosphorofluoridates (Fluoro- 
phosphates) 
FPO(OR)> 


(CH;).Zn dimethylzinc 
(C5H.)4Pb 
tetraethyl lead 


CH3MgBr 
methylmagnesium bromide 


C,Hj;HgNO; phenylmercuric 
nitrate Ag>CG, silver acetylide 


CsH5C(—=NNHPh)C(—=NNH- 
Ph)C,H. 

benzil osazone [Benzil 
bis(phenylhydrazone)] 


CH3CH=NOH acetaldoxime 


(CH3)>C—=NOH dimethylketoxime 


(acetone oxime) 


pol 
CH3;CHOOCHCH, 
2-butene ozonide 


NH,(CH,CONH).CH,COOH 
glycine tripeptides 
glycylglycylglycine 
C,H,OOC5H, ethyl peroxide 
CH;C(O)OOH peroxyacetic acid 
C;H,ONa 

sodium phenolate 


sodium phenoxide 


p-CH3C,H,OH 
p-methylphenol (p-cresol) 


C,H,PO, phosphobenzene 


CH;PO(OH), methylphosphonic 
acid or methanephosphonic acid 


FPO[OCH(CH3)>], diisopropyl 
phosphororfluoridate 
diisopropyl! fluorophosphate 


Phosphorus Compounds (General) 


Piperidides 


Salts (Metal) 


where R is o-phenylene, R’ 
is p-phenylene and 
either or both may be 
substituted. 


phenolphthalein 


RCON(CH,),CH, CH,CONCH,CH,CH,CH,CH, 
acetopiperidide (1- 


acetylpiperidine) 


Quaternary Ammonium 


Compounds 
[R,N] *X [(CH3),N]* Cl 
where X = OH or a salt tetramethylammonium chloride 
anion 
Quinones 
C= R—O p-O=C,H,—O 


where R is a quinoid cycle p-benzoquinone 
Formulas as per acids except 
that the acidic H’s are replaced 


by metal equivalent. 


Semicarbazones 


RC(H or RJ=NNHCONH, (CH3),>C—=NNHCONH, acetone 


semicarbazone 


Silicates (see Esters) 
Silicon Compounds (General) 


Because of its position in Group IV of the Periodic Table, it is 
not surprising that silicon enters freely into organic-type chemi- 
cal combinations. Like carbon, although to a much lesser extent, 
silicon forms stable chain compounds containing —SiSi— linkages. 
Compounds which contain hydrogen as the only other element 
are termed silanes: eg, SiH,, silane (silicane, silicomethane); Si,He, 
disilane (disilicoethane) and Si;Hg, trisilane. Cyclosilanes, 
SiH,(SiH,),,SiH, are also well-known. These silicon-hydrogen com- 
pounds are analogous to the alkanes and cycloalkanes in the car- 
bon family of compounds. They form various types of derivatives: 
eg, SIH;0H, H,SiO, HSIOOH, HOSIH,SiHOH, SiHCI,, HaSiI—=NH, 
(SiH3)>NH, etc. These structures are analogous to carbon com- 
pounds. Silicon also shows a strong tendency to form stable-chain 
compounds containing —SiOSi— linkages which are the siloxanes: 
eg, H3SiOSiH3, disiloxane, H3SiOSi-H,OSiH;, trisiloxane; etc. Analo- 
gous compounds containing the imino group instead of oxygen, 
are also well-known. These are the silazanes: eg, H3SiINHSiH3, disi- 
lazane; H3SINHSiH,—NH-SiH; , trisilazane; etc. 

It will be noted that none of the above types of compounds 
contain carbon and, in this sense, they are not organic com- 
pounds. However, the alkyl derivatives, which are very numerous, 
are organic in the same sense as alkyl derivatives of hydrogen 
compounds of other elements such as nitrogen and sulfur. Since 
the alkyl groups in the derivatives also may contain substituent 
functional groups, it readily is apparent that there are a great 
many types of organic silicon compounds. Only a few of the bet- 
ter known types are included in this listing. 


Silylalkanols (Silicoalcohols) 


Alcohols in which one (or 
more) of the CH 
hydrogens is replaced by 
silyl (SiH) or substituted 
silyl groups. In contrast to 
the silanols, compounds of 
this type contain hydroxy! 
in true organic 
combination. 

There are many subtypes. 


(CjH.)3SiCH,CH,OH 
2-(triethylsilyl)ethanol 


Sulfamic Acids 
RNH(or R,N)SO,0H 


In addition to the compounds in this listing, phosphorus 
forms a very large number of types of compounds containing 
direct linkages between the phosphorus and halogens, 
cyanogen, nitrogen, and sulfur. Many of these contain also 
phosphorus-oxygen linkages. For a comprehensive presentation Sulfates (see Esters) 
of organic compounds containing phosphorus, see the report Sulfenamides 
entitled Organic Compounds Containing Phosphorus, which is RSNH, 
available from Chemical Abstracts Service. Sulfenic Acids 

Phthaleins, simplest type only RSOH 
RC(R’OH),OCO o-C,H,C(p-C,H,OH),O0CO Sulfenyl Halides 


CH3NHSO,OH methanesulfamic 
acid (C,H;),NSO,OH 
diethylsulfamic acid 


C,H SNH, benzenesulfenamide 


C,H.SOH benzenesulfenic acid 
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EXAMPLES 


CLASS 


EXAMPLES 


Sulfides (Thio Ethers) 
RSR 


Sulfimides 
RCONHSO, 


Sulfinamides 
RSONH, 

Sulfinic Acids 
RSOOH 

Sulfinyl Halides 
RSOX 


Sulfites (see Esters) 
Sulfonamides 
RSO,NH, 


Sulfones 
RSO3R 

Sulfonic Acids 
RSO,OH 

Sulfonium Compounds 
[R38] *X~ 


where X is OH or a salt 


anion. If S is a ring 


C,H.SCl benzenesulfenyl 
chloride 


(CH;).S (di)methyl sulfide 
(di)methy! thioether 


o-C,H,CONHSO,, 
o-benzosulfimide (saccharin) 


C,H,SONH, benzenesulfinamide 
C,H,SOOH benzenesulfinic acid 
C,H SOCI benzenesulfiny! 
chloride 

C,H,SO,NH, 
benzenesulfonamide 

(C5H.)2SO, diethyl sulfone 
C,H;SO,0H benzenesulfonic acid 


[(CH)3S] “I~ 
trimethylsulfonium iodide 


member, specific “ium” 
nomenclature is employed 


to denote the heterocycle. 


Sulfonyl Halides 
RSO>X 


Sulfoxides 
RSOR 
Sultams 


[CH,CH,CH,CH,CH;S *- 
(CjH.)]PtCl, 
1-ethylhexahydrothiapyrylium 
chloroplatinate 


C,H.SO,>Cl benzenesulfonyl 
chloride 


(C5H.)2SO diethyl sulfoxide 


Analogous to Lactams, qv 
with —SO,— replacing 


Analogous to Lactones, qv 
with —SO,— replacing 


SCO = 
Thetins 
R,S*CH,COO- (CH3)$ *CH,COO7 
S,S-dimethylthetin 
Thio Acids 


1. Thiolic RCOSH CH3COSH thioloacetic acid 
ethanethiolic acid 
CH3CSOH thionoacetic acid 
ethanethionic acid 


CH3CSSH thionothioloacetic acid 


2. Thionic RCSOH 


3. Thionothiolic RCSSH 


(Dithioic) ethanedithioic acid 
Thio Aldehydes 
RCHS CH,CHS thioacetaldehyde 
Thiocyanates (Sulfocyanates; 
Rhodanates) 
RSCN C,H.SCN phenyl thiocyanate, etc 


Thio Ethers (see Sulfides) 
Thiols (Mercaptans, Acid 
Sulfides, Hydrosulfides; 
Sulfhydryl Compounds) 
RSH 
C5H.SH ethanethiol 


mercaptan 
ethyl { acid sulfide 
hydrosulfide 
Thiones (Thio Ketones) 
RCSR CH;CSCH; propanethione 
dimethyl thioketone 
Thionium Compounds (see Su/fonium Compounds) 
Thioureides-Ureides (qv) with the urea oxygen replaced by sulfur. 
Ureides, simplest types only 
acyclic RCONHCONH(H or 
COR) 
cyclic RCONHCONHCO 


CH3,CONHCONH, acetic acid 
ureide acetylurea 
CH,CONHCONHCO malonic acid 
ureide (malonylurea) (barbituric 
acid) 
Urethans (Carbamate Esters) 
NH,COOR NH,COOC,H, ethyl urethan 
(ethyl! carbamate) 


=== 
Sultones 
Appendix B—Prefixes 
ald- (or aldo-) refers to aldehyde, as aldoxime and cis- refers to that geometric isomer in which 
aldohexose the two groups are on the same side of 
allo- signifies a close (usually isomeric) a plane produced through rigid 
relationship, as allocholesterol bonding, preventing free rotation (eg, 
(coprostenol) is an isomer of cholesterol unsaturation, ring formation, etc) 
anhydro- denotes abstraction of water, as C,H; H 
anhydrohydroxyprogesterone So 
anti- equivalent to trans, qv, in certain geometric C 
isomers, e.g., anti-benzaldoxime | 
apo- usually signifies formation from the N 
compound whose name is attached, as aod 
apomorphine may be formed mayen : 
(produced) from morphine cyclo- indicates a cyclic structure, as 
ar- abbreviation for aromatic, as aryl cyclopropane 
as- abbreviation for asymmetric d- see dextro- 1 ; 
bis- used instead of di-, meaning two, before D- signifies a structural relationship to 
complex expressions, as in o-glyceraldehyde without any reference 
bis(m-nitrophenyl)- to direction of optical rotation, as p- 
glucose 
de- (or des-) denotes removal of something, as 


hydrogen in dehydrocholic acid, and 
oxygen in desoxyephedrine 
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A (the capital Greek 


letter de/ta) 


dehydro- 
desoxy- 


dextro- [or d- or (+)-] 


dl- (or d,/-) 
EandZ 


Ue 
CH, COOH 
CH, COOH 
XK 


VA 
CH; H 


epi- (or ep-) 


epoxy- 
gem- 


hetero- 

hom- (or homo-) 
hydro- (or hydr-) 
hypo- 


fis 
iso- (rarely, i-) 


levo [or /- or (—)-] 


he 
m- 

meso- 

meta- (or m-) 


n- 
N- 


nor- 
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eS SR SS SSE SS TL 


used to indicate, or focus attention on, 
double bonds, as in A?-butene 
[CH,CH—=CHCH3] 

see de- 

see de- 

signifies dextrorotatory form, as d-glucose 

see racemic 

E (entgegen), Z (zusammen); descriptors 
used to distinguish stereoisomers 
differing in the spatial distribution of 
groups about a doubly-bonded atom pair. 
E signifies that the group of higher 
priority (by the Cahn-Ingold-Prelog 
sequence) on one of the atoms and the 
group of higher priority on the other 
atom are on opposite sides of the double 
bond. Z signifies that these higher priority 
groups are on the same side of the double 
bond. For further discussion, see J Am 
Chem Soc 90: 509, 1968. Examples: 


(E)-3-methyl-2-pentenoic acid 


(Z)-3-methy|-2-pentenoic acid 


connotes a difference in steric 
configuration, as epicholesterol is the 
3a-hydroxy epimer of cholesterol; also 
used to signify a bridge, as in 
epichlorohydrin and 1,3-epoxybutane. 

see epi- 

refers to two groups attached to the same 
carbon atom, as the gem-dimethy| 
grouping in 2,2-dimethylpropane or 
camphor 

means different, or not all the same, as in 
heterocyclic 

indicates a homolog of another 
compound, as homatropine 

refers to hydrogen, as hexahydrobenzene 
and hydracrylic acid 

signifies a lower state of oxidation in 
relation to another compound, as 
hypoxanthine 

sometimes used instead of iso- 

denotes an isomer of another compound, 
as isobutane and isopropyl alcohol 

signifies Jevorotatory form, as /-ephedrine 

signifies a structural relationship to t- 
glyceraldehyde without any reference to 
direction of optical rotation, as t-glucose 

see meta- 

signifies optical inactivity due to internal 
compensation, as mesotartaric acid 

indicates the 1,3-positions in benzene, as 
in m-dihydroxybenzene 

abbreviation for normal, as n-butyl! alcohol 

a locant, indicating substitution on a 
nitrogen atom, as in N-methylaniline, 


H 


a 
o 
S 
CH; 


indicates a relationship, usually through 
alkylation or isomerization, between the 
compound whose name carries the prefix 
and the compound whose name does not. 
Examples: ephedrine is an N- 


O- 
ortho- (or o-) 


p- 
para- (or p-) 


per- 


poly- 


Rand S$ 


racemic [or dl- or 
()5) 

S- 

SandR 

sec- 


sub- 


sym- (or s-) 


syn- 


t-see tert- 
tert- (or t-) 


tetrakis- 


trans- (or anti) 


tris- 


uns- 
unsym- (or uns-) 


V- 


vic- (or v- or adj- or 


a-) 
Zand E 


methylated norephedrine; camphane is 
a trimethylated norcamphane; and 
leucine (2-amino-4-methylpentanoic 
acid) is an isomer of the normal 
form represented by norleucine 
(2-aminohexanoic acid). 

see ortho- 

signifies the 7,2- positions in benzene, as 
in o-hydroxybenzoid acid 

see para- 

signifies the 7,4- positions in benzene, as 
in p-aminobenzoic acid 

signifies maximum state of substitution or 
addition, as in perchloroethane, C,Cl,; 
perchloroethylene, Cl,C—=CCl,; 
perhydrobenzene, C,H,>. Sometimes 
used synonymously with peroxy, qv 

indicates a union of several identical 
molecules or molecular fragments, as in 
polymers and polysaccharides 

R (rectus), S (sinistere); notations used in 
the Cahn-Ingold-Prelog convention to 
describe configuration about a chiral 
center. The system utilizes a set of rules 
to establish a priority rating for the 
substituent groups around a center and 
the rating is then applied to the structure 
to describe the configuration. Unlike the 
D-L system, the convention does not 
involve comparisons with reference 
compounds. For further discussion, see 
J Chem Ed 41 (Mar): 116, 1964. 

signifies optical inactivity due to 
equimolecular mixture of (+)- and 
(—)- forms 

see sym- 

see Rand S$ 

abbreviation for secondary, as in sec-butyl 
alcohol and sec-amines 

denotes a basic sa/t, as in aluminum 
subacetate 

abbreviation for symmetrical, as in sym- 
dichloroethane, CICH,CH,Cl; specifically 
signifies the 1,3,5 positions in benzene, 
as in sym-trinitrobenzene 

equivalent to cis, qv, in certain geometric 
isomers, eg, syn-benzaldoxime 


abbreviation for tertiary, as in tertbutyl 
alcohol and tert-amines 

used instead of tetra, meaning four, 
before complex expressions (see bis-) 

refers to that geometric isomer in which 
the two groups are on opposite sides of 
a planar bo- (see cis) 


OW, 
{ 


oH 

used instead of tri-, meaning three, before 
complex expressions (see bis-) 

see unsym- 

abbreviation for unsymmetrical, as in 
unsym-dichloroethane, CH3CHCI,; 
specifically signifies the 1,2,4 positions 
in benzene, as in unsym- 
trihydroxybenzene 

see VIC- 

signifies the 1,2,3 positions in benzene as 
vic-trimethylbenzene 

see EandZ 
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-al indicates an aldehyde, as methanal, HCHO -oside generic ending for glycosides, as glucoside, rhamnoside, etc 
-ane indicates saturated hydrocarbon or saturated -oyl characteristic ending for acy/ radicals, as ethanoy| (for 
heterocycle as ethane, androstane or furane acetyl), carbamoyl, etc 
-ase characteristic ending for enzymes, as zymase, amylase, -yl indicates a group or radical, especially a univalent 
polypeptidase, etc hydrocarbon radical, as methyl, phenyl, etc 
-ate characteristic ending for sa/ts and esters of acids ending -ylene signifies a bivalent hydrocarbon radical or group with 
in -ic, as acetate, phosphate, etc the free bends on different carbon atoms, as in ethylene 
-ene denotes one double bond, as ethane, butadiene, etc [—CH,CH,—] and o-phenylene 
(see also -ylene) 
-ine characteristic ending for various basic nitrogen 
compounds such as amines or alkaloids, as histamine, ; used also to indicate a double bond in 
epinephrine, morphine, etc 
-ite ee te ending for salts and esters of acids ending olefin hydrocarbons, 48 in ethylene [CH,=CHs] 
-ous, as phosphite, nitrite, etc -vlid ‘anifi ivalenenvd 5 dical Z ‘eh 
-OiC refers to the —COOH group, as in ethanoic, benzoic, eg a eS OEY A Oca Of) Fagicar OF GTOUL Wik 
: the free bonds on the same carbon atom, as in 
etc, acids : : 
-ol characteristic ending for alcohols, phenols, naphthols, ethylidene [CH,CH=] and Boe 5 
etc, as in ethanol, cyclohexanol, etc 
-one indicates a ketone, as in propanone, acetophenone, etc 
-osan generic ending for polysaccharides, as pentosans, O-4 
hexosanes, etc 
-ose characteristic carbohydrate ending, especially for sugars, -yne denotes one triple bond, as in ethyne [CH=CH], ethynyl| 
as dextrose, sucrose, etc [CH=C—], etc 
Appendix D—Organic Groups and Radicals* 
acetamido CH3;CONH— benzenesulfony| GH-sO5— 
acetate Gh GOO— On GhsO> benzhydryl see diphenylmethy! 
acetony| GHEGOCH benzoate C,H,COO— or C,H,O5 
acetoxy see acetate benzoyl Gihl.GO— 
acetyl CH,GO— benzoyloxy (benzoxy) see benzoate 
acridiny| C,3H,N— (5 isomers) benzyl G.hCH5— 
acyl generic term signifying an acid minus its benzylidene CgH(CH= 
OH group or groups as acetyl, CH;-CO— biphenylyl C,H.C,H,— (3 isomers) 
or carbonyl, =CO bisulfate HOSO,O= or SO,H ~ 
adipoyl = <O(CH>),co— bisulfide —SH; see thiol 
alanyl CH3,CH(NH,)CO— bisulfite HOSOO— or SO3H> 
alkoxy generic term signifying a radical borate (orthoborate) Om 
consisting of an alkyl joined to oxygen as B—O— or BO3 
methoxy, CH,0— and ethoxy, C,;H,;O— O= 
alkyl generic term signifying a saturated bromo (bromide) Br— 
hydrocarbon radical with a valence of brosyl p-bromobenzenesulfony| 
one as methyl, CH;— or ethyl, C;H.— n-butyl (butyl) Ghia(GEp) pas 
alkylamino generic term signifying RNH— wherein R __ sec-butyl CH3CH,CH(CH3)— 
is an alky/ tert-butyl (Gh) 
allyl CnC butyrate (butanoate) CH3CH,CH,COO— or C,H,O> 
amide (amido) —CONH,, see carbamoyl cacodyl see dimethylarsino 
amidino H,NC(=NH)— carbamate H,NCOO— 
amine (amino) —NH, (carbamoyloxy) 
aminoacetate H,NCH,COO— carbamoyl H,NCO—, see amide 
aminobenzoate H,NC,H,COO— (o-, m- and p-isomers) carbethoxy see ethoxycarbonyl 
n-amyl (amy]) see pentyl carbomethoxy see methoxycarbonyl 
tert-amy| see tert-penty! carbonyl =CO 
anilino Gann carboxyl (carboxy) —COOH 
anthryl C,,Ho—, from anthracene (3 isomers) cetyl see hexadecy] 
aryl generic term signfying an aromatic chloro (chloride) c= 
hydrocarbon radical as; phenyl, chloromercuri CIHg— 
cinnamoyl Cane Ghi=—-GHiGOo 
CH; cinnamyl CgHj;CH=CHCH,— 
nn citrate se OOCCE (OH MCOO—)CH,COO— or 
; o-toly pete. CgH<O5 © 
or cresyl CH3C,H,O— (3 isomers) 
cyanato (cyanate) C—O 
aro fies cyan (cyanide) —CN 
aod —N—N+==N- cyclohexyl GAnk— 
An auyel us ey ears 
a), = Ni cyclopropy 3h 
ee BE iene n-decy| (decyl) CH3(CH2)o— Ol CroH21— | 
benzamido Cg,H.CONH— dialkylamino R,N— wherein R‘s are alkyls 


benzenesulfonamido 


C,H<SO,NH— 


diazo 


—N(=N)— 
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diazoamino 
diazonium 
dimethylamino 
dimethylarsino 
diphenylmethy! 
dodecyl 

epoxy 


etheny| 

ethoxy 
ethoxycarbonyl 
ethyl 
ethylamino 
ethylene 
ethylenedioxy 
ethylidene 
ethylthio 
ethyny| 

fluoro (fluoride) 
fluorophosphate 
formamido 
formate 

formyl 

furfuryl 


furfurylidene 


furyl 
glucosyl 


glyceryl 

glycinate 

glycyl 

guanidino 

n-heptyl (heptyl) 

hexadecyl 

hexamethylene 

n-hexyl (hexyl) 

hydrazino 

hydrazo 

hydroxy (hydroxyl) 

hydroxyamino 

hydroxyimino 

hydroxymethyl 
(methylol) 

imide 

imino 

indolyl 

iodo (iodide) 

isoamyl 

isobutyl 

isocyanato (isocyanate) 

isocyano (isocyanide) 

isonitrile (isonitrilo) 

isopenty| 

isopropoxy 

isopropyl 

isothiocyano 
(isothiocyanato, 
isothiocyanate) 

keto 

lactate 

malonyl 

mandelate 

menthyl 

mercapto (mercaptan) 

mercuri 

mesityl 

metheny! 

methoxy 

methoxycarbonyl 

methoxyphenyl 

methyl 


SNESN SN 

N*(N)— 

(CH3)>N— 

(CH;)>-As— 

(C-A).cH— 

CH3(CH3),— 

—O— oxygen united to two different 


atoms already united in some other way 


see vinyl 

CHo- 

GH.OCO— 

Che 

C,H.NH— 

—GH5CH5— 

—OCH,CH,O— 

CH;CH= 

CH3CH;S— 

CSe— 

F— 

see phosphorofluoridate 

HC(==0)NH— 

HCOO— or CHO; 

Om) 

OCH==CHCH==CCH,— (two isomers, but 

used unqualified to refer specifically to 

the 2-form) 

OCH=CHCH==CCH= (two isomers, but 

used unqualified to refer specifically to 

the 2-form) 

C,H3;0— (2 isomers) 

dines 
CH,—CH—CH, 

NH,CH,COO— 

NH,CH,CO— 

H,NC(==NH)NH691 

CH3(CH,),— 

CH3(CH>),5— 

--CH3 (CHS eH. — 

Gri(Gab):— Of Ganka 

H,NNH— 

—NHNH— 

On 

HONH— 

HON= 

HOCH,— 


or C,H 


==NH, as in succinimide (cyclic) 
HN== 

CgH,N— (several isomers) 
= 

see isopenty/ 
(CH3),CHCH,— 

Oe SN 

SING 

see /socyano 
(CH3)>CHCH,CH,— 
(CH3),>CHO— 

(CH;)>CH— 

S=C—N— or NCS~ 


see OxO 
CH3CH(OH)COO— or C3H,O3 

= COCHGOn 
C,H;CH(OH)COO— 

C,H, 5— (several isomers) 

—SH; see thiol 

—Hg— 

2,4,6-(CH3)3C,H>— 

see methylidene 

CH,0— 

CHOCO — 

CH30C,H,— o-, m- and p-isomers 


3 


methylene 
methylenedioxy 
methylidene 
methylidyne 
methylol 
methylsulfonyl 

(methanesulfonyl) 
methylthio 
morpholino 
naphthyl 


neopenty| 
nitramino 
nitrate 

nitrile 

nitrilo 

nitrite 

nitro 

nitroso 
n-nonyl (nonyl) 
n-octyl (octyl) 
oleate 


oxalate (oxalato) 
oxalyl 
Oxo 
oxy 
palmitate 
n-pentyl (pentyl) 
tert-penty| 
perchlorate 
perchloryl 
peroxy 
phenethyl 
phenoxy 
phenyl! 
phenylene 
phenylsulfony! 
phosphate 
(orthophosphate) 
phosphino 
phospho 
phosphono 
phosphoro 
phosphorofluoridate 
phosphoroso 
phthalate 
phthalidyl 
phthaloy! 
picrate 
picryl 
piperidino 
piperidyl 
pivaloyl 
propenyl 
propionate (propanoate) 
propionyl 
propoxy 
n-propyl (propyl) 


propylene 
pyranyl 
pyrazolidiny| 
pyridyl 
pyrimidiny! (pyrimidy!) 
quinolyl 
salicy] 
salicylate 
silyl 

stearate 
stibo 

styryl 
succinate 
succinoy| 


CH=. 
=OCH.O=— 
—CH,— 

ie 

see hydroxymethyl 
CHESO5— 


Chis 

CH,CH,OCH,CH,N— 

C,9H,— (from naphthalene; a and B 
isomers) 

(CHE): CGH 

O,NNH— 

—ONO, 

see cyano 

=N 

—ONO 

—NO, 

—NO 

CH;(CH;),— 

CH;(Ch3),— 

CH3(CH,),CH—=CH(CH,,),;COO— or 
CigH3305 

—OOCCOO— or C,04— 

COC = 

Oo= 

—O— as a connective 

CH3(CH,),,4COO— or C,gH3,05 

€H5(GH>);¢H5— 

CH3;CH,C(CH3),— (1,1-dimethylpropyl) 

O,CL—O— or ClO, 

O3Cl— 


C,H,= (o-, m- and p-isomers) 
see benzenesulfonyl 
POye 


H,P— 
—PO, 
(HO),O0P— 
pps 


—PO 
o-C,H,(COO—), 
o-C,H,COOCH— 
o-C,H,(CO—), 
2,4,6-(NO,);C,H,O— 
2,4,6-(NO,)3C,H»— 
CH,CH,CH,CH,CH,N— 
2. 32 on een 
(CHS);6CO—= 
CH,CH=CH— 
GhEGH GOO On GhlsO7 
GHEGHeGO— 
CH,CH,CH,O— 
CH,CH,CH,— 

| 
CH3;—CH—CH,— 
C;H,O— (3 isomers) 
C,H,N,— (many isomers) 
C 3H,N— (3 isomers) 
C,H3N,— (3 isomers) 
CgH,N— (7 isomers) 
o-C,H,(OH)CO— 
o-CgH,(OH)COO— or C,H.O3 
—SiH, 
GHiE (Gis) 5 COO Of Geta Om 
Osh 
CgH;CH=CH— 
—OOCCH,CH,COO— or C,H,03— 
—OCCH5 EH; CO— 


Sa a a SS SSS SSS SE Oe 
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thiocyano (thiocyanato, 
thiocyanate) 
thiol (thiolo, mercapto) 


toloxy (tolyloxy) 
toluenesulfonyl 


valerate (pentanoate) 


xanthenyl (xanthyl) 


C,H3SCH,— (2 isomers) 
C,H,NS— (3 isomers) 
C,H3S— (2 isomers) 
see sulfide 

65 

—SCN 


5a) 

see sulfinyl 

CH3C,H,O— (0-, m- and p-isomers) 
CH3C,H,SO,— (o-, m- and p-forms) 
CH3C,H,— (0-, m- and p-isomers) 
= tolylsulfonyl, qv 

—CH,CH5CH, 
(CH). eG 
H,NCONH— 
CH,(CH,),COO— or C.H,O5 
CH,=CH— 

C,3;H,O— (5 isomers) 

see biphenylyl 
(CH3)5C,H;— (6 isomers) 


sulfamoyl H,NSO,— theny| 
sulfanilamido p-H,NC,H,SO,NH— thiazolyl 
sulfanilyl p-H,NC,H,SO,— thieny! 
sulfate —0OSO,0— or SOZ thio 
sulfhydryl see thiol thiocarbonyl 
sulfide —S—- characteristic of thioethers as 

(di)ethy/ sulfide (ethyl thioether), 

CSr—S—=Girls 
sulfiny! =o— thionyl 
sulfite —OSOO— or SO37 
sulfo see sulfonic acid 
sulfonamido ——SO5Nio tolyl 
sulfonate OO tosyl 
sulfone see sulfonyl trimethylene 
sulfonic acid —SO,0H trityl 
sulfonyl (sulfone) —so,— ureido 
sulfoxide see sulfinyl 
sulfuryl see sulfonyl vinyl 
tartrate —OOCCH(OH)CH(OH)COO— or C,H,02— 
tetradecyl CH;(CH,),,>CH— xenyl 
tetramethylene —CH>(CH,),CH,— xylyl 
tetrazolyl CHN,— (isomers) 


? Anionic radicals have slightly different names than given here when present as ligands. Examples: acetate versus acetato; nitrite versus nitrito; thiol versus 


thiolo. 
Appendix E—Heterocycles in Official Drugs 
3CN C,NS 
N Aziridine (11)? 
,L\, Example: Thiotepa : a Thiazole (122) 
| t Examples: Thiabendazole; Thiamine. 
5 C,0S 
é 1,3-Oxathiole (133) GN, 
.e 2 4,5-dihydro form \ ‘ 
NS Example: Nivirapine £ Y Imidazole (127) ‘ : ; 
| Examples: Azathioprine; Histamine; Pilocarpine. 
5 C,N ia 
1 1 
ie N2  1H-Tetrazole (61) : ye 2-Imidazoline (127) 
al ve Examples: Cefamandole; Cefazolin. , I Example: Phenytoin 
C,N,S 1 
: ; i: Imidazoline (127) 
ee 1,2,5-Thiadiazole (89) ; by Example: Nitrofurantoin 
I ; Example: Timolol. 
1 
1 rds so ~N._-3-Pyrazoline (124) 
op  13,4Thiadiazole (90) ‘ Example: Antipyrine. 
| | Examples: Acetazolamide; Cefazolin; Sulfamethizole. 3 3 
aN N3 
j 5s N2__-Pyrazolidine (124) 
a + 1,3,4-Thiadiazoline (90) } : Examples: Phenylbutazone; Sulfinpyrazone. 
saN——N3 Example: Methazolamide. a 
pate: 
C,NO 
yi 1 . 1,3-Dioxolane (136) 
cn Oxazolidine (119) ei Examples: Ketoconazole; Propylene Carbonate. 
N32 Example: Paramethadione 
C,N 


Isoxazole (118) 
Examples: Cloxacillin; lsocarboxazid; Sulfisoxazole. 


Isoxazolidine (118) 
Example: Cycloserine. 


Pyrrole (142) 
Example: Pyrvinium Pamoate. 


Pyrrolidine (142) 
Example: Methsuximide 
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Appendix D—Continued 
C,0 6 2 1,4-Dihydropyridine (4H-Pyridine) (277) 
0 Furan (145) 5 te Example: Propyliodone. 
| i Example: Nitrofurantoin a 
3 
. N : Piperidine; Hexahydropyridine (277) 
O. 2,5-Dihydrofuran (145) ( BrampleaMereriaine, 
i Examples: Ascorbic Acid; Digitoxin. % 
43 
l Tetrahydrofuran (145) 
O : J wae 6 2 Tetrahydropyran (278) 
; 2 Examples: Polysorbate; Sorbitan; ie Examples: Lactose; Streptomycin. 
4 3 Streptomycin; Sucrose. . 
C,s 7 C,N 
Thiophene (149) ee : 
{ ] 2 Exaiipletcarantn Hexahydroazepine (355) 
4 3 6 3 Example: Tolazamide. 
6 C,NOP as 
3 
8 CN 
. Onn Tetrahydro-2H-1,3,2-oxazaphos- nN 
D phorine (7746) 8 2 : 
*\P? Example: Cyclophosphamide. ome Octahydroazocine (414) 
Js Example: Guanethidine. 
EO, ‘ 
1 
O 
67 2 ~—ss-Trioxane (222) 14 C,30 ish 
sO. 03 Example: Paraldehyde. Oxacyclotetradecane (534) 
CH,(CH,),,CH, Example: Erythromycin. 
C,NO 
A 1 15 C,;NO 
sx,  Morpholine (239) Sere ie 
¢ i) Examples: Pramoxine; Timolol. 5 13 
aC 3 IO Noi 1-Oxa-6-azacyclopentadecane 
4 oN ‘ O- Example: Azithromycin 
et SG 
a’ %2 
{ 16 C,,N 
“ Ns: Pyrimidine (249) iy ; 
E le: Pyrimeth ine. Ne NG 
‘or ee eee eS (ee NS 1,4,7,10, 13-Pentaazacyclohexa- 
1 Cc N7 decane 
; a eee tise Example: Capreomycin. 
3 sy 1,2,3,4-Tetrahydropyrimidine (249) cranes ca eS 
ie Example: Propy/thiouracil. 23 CgN, 
i N CG N G N S N 1,4,7,10, 13,16, 19-Heptaazacyclo- 
1 d i tricosane (11705) 
6 > 1,4,5,6-Tetrahydro form (249) le |’ Examples: Colistin; Colistimethate 
ce Example: Oxyphencyclimine. Crolles NON Sodium. 
% 
3,5 Cy-C,N 
soN\,  Hexahydropyrimidine (249) 2 
2 a Examples: A// barbituric and thio- : , ‘ep 3-Azabicyclo[3.1.0]hexane (690) 
barbituric acids; Primidone. : Example: Trovafloxacin 
4 
4 4,5 C,N-C,NO 
OS Pyrazine (250) 7—N 3 4-Oxa-1-azabicyclo[3.2.0]heptane 
Jt e i Example: Amiloride. on Os Example: Clavulanate Potassium. 
4 
C,N-C3NS 
N Piperazine: Hexahydropyrazine (250) ee 4-Thia-1-azabicycl 
6 2 ) 77—N 3 ia-1-azabicyclo[3.2.0]heptane (774) 
Cok Example: Prochlorperazine. qe ral Example: Penicillins. 
C,N-C.N 
CN 
} No Pyridine (277) ae Ae 1-Azabicyclo [4.2.0] octane 
| Examples: Cetylpyridinium Chloride; A*?-form 
ISA Niacinamide. loans 4 Example: Loracarbef 


C1@) 
— 


C,0S-C, 
1 
7 
6 Po: 
5 3 
4 
C,N-C.N 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene 
(11757) 
Example: Cefotaxin 


1H-Thieno[3,4-d]imidazole, hexahydro 
form (945) 
Example: Biotin. 


Furo[3,2-b]furan, hexahydro form (996) 
Example: /sosorbide Dinitrate. 


Benzothiazole (1152) 
Example: Ethoxzolamide. 


1,2-Benzisothiazole, 2,3-dihydro form 
(1150) 
Example: Saccharin. 


1H-Pyrazolo[3,4-d]pyrimidine (1174) 
Example: Allopurinol. 


Purine? (1179) 
Examples: Caffeine; Dimenhydrinate. 


Benzimidazole (1213) 


Examples: Cyanocobalamin; Droperidol; 


Thiabendazole. 


1,4-Dioxaspiro[4.5]decane (1238) 
Example: Guanadrel. 


3H-2,1-Benzoxathiole (1222) 
Example: Phenolsulfonphthalein. 


Nortropane (1281) or 8-azabicyclo- 
([3.2.1]octane 
Examples: Atropine; Cocaine. 


Indole (1286) 
Example: Indomethacin. 


Indoline (1286) 
Example: Indigotindisulfonate Sodium. 


Isoindoline (1290) 
Example: Chlorthalidone. 
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C;0-C; 
7 


B 


6,6 C,N,S-C, 
1 
8 
7 °SNH 
6 ) 
Y N 
4 
C,N5-C,N, 
8 
7NZ 2 
LX 
ZNN3 
N 4 
Ss 
N 1 
{a Ps 
ING 
ai 
5 
C,N2-Ce 


: z - o 
a n= = 
a Oe, 


wu 
> 


wv o 
oo 
= p—A— 2s 
co g 
zZ- 


CN-C, 
7 2 
6 P78 
5 4 
8 1 
7 SSN2 
6 ZA 
5 4 
C,O-C, 


uw 
S 


Ce 
ae 


Phthalan; (1,3-Dihydroisobenzofuran) (1330) 
Example: Phenolphthalein. 


2H-1,2,4-Benzothiadiazine (8074) 
Example: Chlorothiazide. 


3,4-dihydro form (8074) 
Examples: Hydrochlorothiazide; Polythiazide. 


Pyrimido[5,3-d]pyrimidine (1585) 
Example: Dipyridamole. 


Pteridine (1587) 

Example: Methotrexate. 
1,4,5,6,7,8-hexahydro form. 
Example: Leucovorin. 


Phthalazine (1628) 
Example: Hydralazine. 


Quinazoline (1626) 
Example: Methaqualone. 


2H-1,2-Benzothiazine (1577) 
Example: Piroxicam. 


1,8-Naphthyridine, 1,4-dihydro form (1683) 
Example: Nalidixic Acid. 


Quinuclidine (1690) 
Examples: Clidinium Bromide; Quinine. 


Quinoline (1707) 
Examples: Chloroquine; Quinine. 


Isoquinoline (1708) 
Example: Papaverine. 
1,2,3,4-tetrahydro form 
Example: Emetine. 


2H-1-Benzopyran (1727) 
Examples: Dicumarol; Warfarin. 


Chroman (Dihydrobenzopyran) (1727) 
Example: Vitamin E 
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3,5,6 C,0-C,N-C.N 


8 1 a 


7C No O3 


6 ) 4 


3,6,24 C,0-C,0-C,,0, 
26 


3a 


O No 
g 
P s 4 
COs CNC 


3H-1,4-Benzodiazepine (1829) 
Example: Chlordiazepoxide. 


2H-1,4-Benzodiazepine, 1,3-dihydro 
form (12067) 
Examples: Diazepam; Oxazepam. 


1,5-Benzothiazepine, 
1,2,3,4-Tetrahydro form 
Example: Dilitiazem 


14,39-Dioxabicyclo[33.3.1]nonatria- 
contane 
Example: Amphotericin. 


3-Oxa-9-azatricyclo[3.3.1.0°*]nonane 
(2072) 

Examples: Methscopolamine Bromide; 
Scopolamine. 


6,11,28-Trioxatricyclo[22.3.1.0°’]oct- 
acosane 
Example: Natamycin. 


Imidazo[4,5-c]thieno[1,2-a]thiolium or 
thieno[1',2':1,2]thieno[3,4-d ]Jimidazol- 
5-ium, decahydro form (2215) 

Example: Trimethaphan Camsylate. 


8H-Oxazolo[3,2-a]pyrrolo[2, 1-c]- 
pyrazine, perhydro form (2319) 
Example: Ergotamine. 


3H-Imidazo[2,1-a]isoindole, 2,5-dihydro 
form (2384) 
Example: Mazindol. 


Pyrrolo[2,3-blindole, 1,2,3,3a,8,8a- 
hexahydro form (2442) 
Example: Physostigmine. 


[1,3]-Dioxolo[4,5-g]cinnoline, 1,4-dihydro 
form (2806) 
Example: Cinoxacin. 


[1,3]-Dioxolo[4,5-g]isoquinoline, 
5,6,7,8-tetrahydro form (2810) 
Example: Noscapine. 


C.0:C.0-G 
8 1 


9 


5,6,7 CN-C,-C.N, 


1 


N2 


| 
10 
, NI UZN3 
8 4 
TN, 


7 


C,NO-C,-C, 

9 N 1 
UCHR 
7 3 

eae 

GINS-Gae@ 

9 N 1 
8 S 2 
7 é 3 

10 


9 N 1 


1H-Benz[e]indolium (2933) 
Example: /ndocyanine Green. 


7H-Furo[3,2-g][1]benzopyran (2988) 
Examples: Methoxsalen; Trioxsalen. 


Spiro[benzofuran-2(3H),1'-[2]- 
cyclohexene] (3028) 
Example: Griseofulvin. 


4H-[1,2,4]Triazolo[4,3-a][1,4]benzo- 
diazepine 
Examples: Alprazolam, Triazolam. 


Thieno[2,3-b][1,5]benzodiazepine 
Example: Olanzapine 


Hexamethylenetetramine (3237) or 
1,3,5,7-Tetraazatricyclo[3.3.17’]decane 
Example: Methenamine. 


4H-Pyrazino[2, 1-a]isoquinoline, 
1,2,3,6,7,11b-hexahydro form (10470) 
Example: Praziquantel. 


3H-Phenoxazine (3289) 
Example: Dactinomycin. 


Phenothiazine (3314) 
Examples: Chlorpromazine; Pro- 
chlorperazine. 


Phenazathionium (3315) or Phenothiazin- 
5-ium 
Example: Methylene Blue. 


4H-Pyrano[2,3-b][1,4]benzodioxin, deca 
hydro form (12687) 
Example: Spectinomycin. 


Benzo[g]pteridine, 2,3,4,10-tetrahydro- 
form (3340) 
Example: Riboflavin. 


C.N-C.N-C, 
; 3 
14 1 1b 
Fs ia Né 4 
9 6 
8 7 
C.N-C,-C, 


oN 
D 
co 
Hl 
as 
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5 io 4 
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9 N3 
iG 
8 4 
u 6 5 
C.0-C,-C, 
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C,N-C,N-C.N, 
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6,6,7 Ce 
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Sn) 
s 
won 


cy 
“2 
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C,C,-C,NO 
4 fe) 6 
3 7 
cae 
) N 9 
C,C,-C,O 


3,5,5,6 C,N-C,N-C,N-C, 
7 8 
6 


5 N 


ja 8b 
Ni 


Ja 


2H-Benzo[a]quinolizine, 1,3,4,6,7,- 
11b-hexahydro form (3487) 
Example: Emetine. 


Acridine? (3523) 
Examples: Acrisorcin; Quinacrine. 


2,6-Methano-3-benzazocine, 1,2,3,4,- 
5,6-hexahydro form (3535) 
Example: Pentazocine. 


Xanthene? (3571) 
Example: Propantheline. 


3H-lsoxanthene? (3569) 
Examples: Fluorescein Sodium; Rose 
Bengal Sodium. 


6H-Dibenzo[b,d]pyran, 6a,7,8,10a- 
tetrahydroform (3581) 
Example: Dronabinol. 


Thioxanthene? (3607) 
Example: Thiothixene. 


Dipyrido[3,2-b:2',3',e][1,4]diazepine 
5,11-dihydro form 
Example: Nivirapine 


5H-Benzo[5,6]cyclohepta[1,2-b]- 
pyridine 6,11-dihydro form 
Example: Azatadine. 


5H-Dibenz[b,f]azepine (3689) 
Example: Carbamazepine. 


10,11-dihydro form (3689) 
Examples: Desipramine; Imipramine. 


Dibenz[b,f][1,4]oxazepine. 
Example: Loxapine 


Dibenz[b,e]oxepine, 6,11-dihydro 
form (3697) 
Example: Doxepin. 


Azirino[2',3':3,4]pyrrolo[1,2-a]indole 
(12848), 1,1a,2,8,8a,8b-hexahydro 
form 

Example: Mitomycin. 
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Indolo[4,3-fg]quinoline,4,6,6a,7,8,9- 
hexahydro form (4550) 
Examples: Ergonovine; Ergotamine. 


Cyclopenta[5,6]naphtho[1,2-c]pyran, 
perhydro form (4760) 
Example: Oxandrolone. 


10H-3,7-Methanoazacycloundecino- 
([5,4-b]indole, 1,2,4,5,6,7,8,9-octa- 
hydro form (13276) 

Examples: Vinblastine; Vincristine. 


2,7-(Epoxypentadecanimino)naphtho- 
(2,1-b]]furan 
Example: Rifampin. 


4H-Dibenzo[de, fg]quinoline, 5,6,6a,7- 
tetrahydro form (5171) 
Example: Apomorphine. 


2H-10,4a-Iminoethanophenanthrene,” 
cis-1,3,4,9,10, 10a-hexahydro form; 
morphinan (5180) 

Examples: Dextromethorphan; 
Levorphanol. 


Pyrazino[2, 1-a]pyrido[2,3-c][2] 
benzazepine, 1,2,3,4,10, 
14b-hexahydro form 

Example: Mirtizapine 


Corrin® (5475) 
Example: Cyanocobalamin. 


1H-Cyclopenta[7,8]phenanthro[3,2-d]- 
isoxazole, 2,3,3a,3b,4,5,10,10a,10b, 
11.12.12a-dodecahydro form 
(11036) 

Example: Danazol. 


8H-Cyclopenta[7,8]phenanthro[3,2-c]- 
pyrazole, 1,2,3,3a,36,4,5,5a,6,7,10, 
10a,10b,11,12,12a-tetradecahydro 
form (FKRBA) 

Example: Stanozolol. 


1H-Indolizino[8, 1-cd]carbazole, 
3a,4,5,5a,6,11,12,13a-octahydro 
form (11065) 

Examples: Vinblastine; Vincristine. 
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5,6,6,6,6 C,N-C,N-C,N-C,-C, 


Ore NEGeGa@ 


9 


1 


Benz[g]indolo[2,3-a]quinolizine, 
1,2,3,4,4a,5,7,8,13,13b,14, 14a- 
dodecahydro form (5784) 

Example: Reserpine. 


4aH-8,9c-Iminoethanophenanthro- 
[4,5-bcd ]furan, 5922) 

5,7a,8,9-tetrahydro form 

Examples: Codeine; Morphine; 
Nalorphine. 

5,6,7,7a,8,9-hexahydro form (ring 
marked A saturated) 

Examples: Hydrocodone; 
Hydromorphone. 


€0-G.0:6-62c; 
S! O 4 


6,6,6,6,6,6, 18 C.N-C,-C,-C,-C,-C,,-O, 
30 


29 45 
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Spiro[phthalan-1,9’-xanthene] 
(5935) or Spiro[isobenzofuran- 
1-(3H), 9']9H]xanthene] 

Example: Fluorescein. 


Octahydro form of Ring Index 
No 7408. 

Examples: Tubocurarine; 
Metocurine. 


Natural Products 


Vincent S Venturella, PhD 
Director, Pharmaceutical Consulting 
Ventura Associates 

Wayne, NJ 07470 


This chapter provides a discussion of the fundamental charac- 
teristics of the following, essentially chemical, classes of natu- 
rally occurring products. 


Carbohydrates 

Glycosides 

Lipids (Fixed Oils, Fats, Waxes, Sterols and Phospholipids) 

Proteins (Including Peptides and Polypeptides) 

Alkaloids 

Volatile Oils 

Plant Exudates and Related Substances (Resins, Oleoresins, Gum 
Resins, and Balsams) 

Prostaglandins 

Herbal Medicines 


Each of the classes enumerated above are either official in 
the USP, listed in the Food Chemical Codex (FCC) or generally 
used in pharmacy. Examples are provided at the conclusion of 
each section. The treatment of all individual monographs is 
presented at appropriate places elsewhere in the text, the dis- 
tribution being on a pharmacological basis. For the location of 
other classes of natural products, such as hormones, vitamins, 
enzymes or antibiotics, consult the general index. 


CARBOHYDRATES 


Composition 


This important class of organic compounds embraces (A) ali- 
phatic polyhydric alcohols in which either the primary alcohol 
function has been oxidized to aldehyde or the secondary alcohol 
function has been oxidized to ketone, and (B) condensation 
products of these partially oxidized polyalcohols. The funda- 
mental structural units are thus the aldehyde-alcohols and 
ketone-alcohols that constitute (A). These are frequently 
termed monosaccharides (sometimes simply saccharides) and 
are subclassified into aldoses and ketoses according to whether 
they contain the aldehyde or the ketone group. (The syllable ose 
is often used instead of ide in saccharide names.) 

The condensation products that constitute (B) are some- 
times referred to as saccharide anhydrides; they are subclassi- 
fied into disaccharides, trisaccharides, and so on, according to 
the number of monosaccharide units present. Polysaccharides, 
on the other hand, contain many monosaccharide units joined 
in long linear or branched chains. Most polysaccharides contain 
recurring monosaccharide units of either a single kind or al- 
ternating kinds. Polysaccharides have two major biological 
functions: as storage forms for fuel and as structural elements. 
The term polysaccharide is used differently by different au- 
thors, some using it broadly to embrace all of the polymers 
including the disaccharides, and others restricting it variously 
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so as to exclude the disaccharides, and sometimes also the tri- 
and tetrasaccharides. The di-, tri-, and up to about the decasac- 
charides sometimes are grouped under the term oligosaccha- 
rides (from the Greek, oligo, a few). 

The term sugar also is used with various meanings. It 
sometimes is employed synonymously with the term carbohy- 
drate. Probably, more conventionally, it is used to refer only to 
those carbohydrates that are soluble and have a sweet taste; 
and nutritionists frequently restrict it to mean carbohydrates 
that are assimilable physiologically. The monosaccharides 
sometimes are termed simple sugars. 


3 Classification and Structure 


Space permits scarcely more than a statement of the essential 
features of this complex subject, the elucidation of which con- 
stitutes a brilliant chapter in organic chemistry. 

Monosaccharides have the empirical formula (CH,O)n, 
where n = 2 in the case of the aldehydes and 3 in the case of 
ketones as a minimum. The carbon skeleton of the common 
monosaccharides is unbranched and each carbon atom, except 
one, contains a hydroxy group; at the remaining carbon, there 
is a carbonyl oxygen that, as shall be seen, often is combined in 
an acetal or ketal linkage. Thus, combining the type of 
monosaccharide with the number of carbons in the skeletal 
unit, one can further classify the carbohydrates into being 
dioses, trioses, tetroses, and so on according to the number of 
carbon atoms they contain and then as aldoses or ketoses, 
depending upon whether the main functional carbonyl is an 
aldehyde or ketone. Thus, in descriptive terminology, xylose is 
an aldopentose (contains the aldehyde function and a total of 
five carbon atoms); similarly, fructose is a ketohexose (contains 
the ketone function and a total of six carbon atoms). 

While the simplest aldose is the diose, glycolaldehyde (Table 
26-1); the simplest monosaccharides are the three carbon trio- 
ses such as glyceraldehyde and dihydroxyacetone (see Table 
26-1). Glyceraldehyde is an aldotriose; dihydroxyacetone is a 
ketotriose. All of the more complex aldoses may be predicted 
and visualized by inserting additional —(CHOH)— groups in 
the glycol aldehyde formula, one at a time and always adjacent 
to the terminal —CH,OH group, thus passing successively 
through trioses, tetroses, and so forth. The same may be said 
for the series of ketoses insofar as prediction and visualiza- 
tion are concerned, remembering that the addition of each 
—CH(OH)— group also occurs adjacent to the terminal 
—CH.OH group, however; and in the simplest ones, the addi- 
tion is on the down side of the carbonyl carbon. 

The total scheme for the aldoses and the ketoses is shown in 
Table 26-1, the intermediate —CH(OH)— groups being repre- 
sented by horizontal lines drawn to the side to which the OH 
group is attached. Thus, it will be observed that, starting with 
the aldotrioses, the insertion of each —CH(OH)— group auto- 
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matically introduces a chiral center (asymmetric carbon atom), 
giving rise to an increasing number of stereoisomers. The en- 
antiomorphs of each stereoisomeric pair are distinguished by 
the configurational notations D and L, referring respectively to 
whether the OH of the last inserted —CH(OH)— is on the right 
or left of the vertical axis when the formulas are drawn in the 
stick configuration as shown in the table. It is important to 
remember that the D and L notations have nothing to do with 
direction of optical rotation and also that the actual demon- 
stration of whether a given stereoisomer is D or L is a matter of 
extensive laboratory experimentation. It also should be noted 
that the prefixes D and L refer to the asymmetric carbon atom 
farthest removed from the carbonyl carbon atom. 

Two sugars differing only in the configuration around the 
carbon atom adjacent to the carbonyl group are called epimers 
of each other. Thus, D-glucose and D-mannose are epimers with 
respect to carbon atom 2. 

The simplest ketose is the triose, dihydroxyacetone. The 
scheme in Table 26-1 depicts the more complex members in the 
same manner described above for the aldoses. 

CYCLIC STRUCTURES— Measurements of various char- 
acteristics (propensity to function as reductants, ability to form 
acetal derivatives, mutarotation, etc) have demonstrated con- 
clusively that the open-chain formulas shown above do not 
represent the true structure of at least the higher monosaccha- 
rides, the pentoses and hexoses. For example, in aqueous solu- 
tion, many of the higher monosaccharides behave as if an 
additional chiral center is present; one more than depicted by 
the open-chain formulas. Rather, the structures are cyclic and 
may be looked upon as internal hemiacetals (page 397) formed 
by condensation of the carbonyl oxygen atom and one of the 
alcoholic hydroxyls. Although such a reaction can involve any 
of the hydroxyl groups, theoretical considerations suggest that 
the y- and 5-hydroxyl groups are situated more ideally to par- 
ticipate in the cyclization, thus giving rise to furanose (contain- 
ing the furan ring) and pyranose (containing the pyran ring) 
structures. Experimental evidence indicates that the aldohex- 
oses, in their normal monosaccharide states, exist largely in 
the pyranose form. 

Thus, for example, the open-chain formula (A) for D-glucose 
gives way to the corresponding cyclic structures (B): 


A B 
HOE HO H 
SF NY 
CHO C © 
| 
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| | 
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| 
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CH.0H CH.0H CH20H 
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The two stereoisomeric forms of (B), conventionally distin- 
guished by the a and £ type of nomenclature, arise because the 
cyclization automatically renders the former aldehyde carbon 
atom asymmetric, as mentioned previously. The change or 
isomerization shown by the Fischer formulas, above, occurs 
spontaneously in aqueous solution, causing the specific rota- 
tion to attain a final equilibrium value. This process is termed 
mutarotation. Incidentally, both the a- and B-forms of D-glucose 
are known well; the D-glucose (dextrose) of commerce is the a 
variety. Isomeric forms of monosaccharides that differ from 
each other only in configuration of the chiral carbon atom 
derived from the carbonyl group are anomers and the newly 
formed asymmetric carbon atom is termed the anomeric 
carbon. 
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The two-dimensional representations of cyclic structures as 
in (B) largely have been superseded by the Haworth Projection 
models. In these models, the ring is usually represented as 
planar (although strict planarity is not implied), and the dis- 
position of hydrogen atoms and substituents is portrayed by 
vertical assignment upward and downward from the ring 
plane. Haworth structures for some selected hexoses are shown 
below, along with the conventional ring numbering. Note that 
the edge of the ring nearest the reader is represented by bold 
lines; thus, the plane of the ring is perpendicular to the page. 
For comparison, both the furanose and pyranose structures are 
shown for a-D-glucose. Also note that, in the case of sucrose, the 
stable furan conformation is shown as being dominant for the 
fructose portion of the molecule. 


H OH 


a-p-Glucose 
(a-p-Glucofuranose) 


H OH 
a-p-Glucose 
(a-p-Glucopyranose) 


CH,OH 
H LO OH 
LH 1 
OH H 
HO : H 
ua On 


B-p-Glucose 
(8-p-Glucopyranose) 


OH H 


a-D-Fructose 
(a-p-Fructopyranose) 


H H 
a-p-Mannose 
(a-D-Mannopyranose) 


FOr 


a-p-Galactose 
(a-p-Galactopyranose) 


The structures and systematic names of the four best- 
known disaccharides are shown below. It will be observed that 
the systematic bracketed names identify precisely the location 
of the terminals of the oxygen bridge joining the two monosac- 
charide residues. 


Sucrose 
(6-p-Fructofuranosyl-a-p-glucopyranoside |] 


Lien Old. 


Hy OH 
Lactose (a-Lactose) 
[4-(0-B-D-Galactopyranosyl)-a-D-glucopyranoside] 
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(u,0H ¢H,0H 
HA OF HB OH 
PS leph yam 
OH H OH H 
HO eat O ce Ao)st 
HOH H OH 
Maltose 


[4-(O-a-D-Glucopyranosyl)-a-D-glucopyranoside] 


6 
CH,0H 


Cellobiose 
[4-(0-8-D-Glucopyranosy])-8-D-glucopyranoside] 


The Haworth projections are somewhat misleading, how- 
ever, because they suggest that the five and six-membered 
furanose and pyranose rings are planar, which is not the actual 
case. The pyranose rings exist in two conformations, the chair 
form and the boat form. The chair form of the pyranose ring, 
which is relatively rigid and much more stable than the boat 
form, predominates in aqueous solutions of hexoses. The sub- 
stituent groups in the chair form are not equivalent geometri- 
cally or chemically; they fall into two classes, axial and 
equatorial. 


H OH 
HO CH,OH H 
HOY \H H 
H OH 
Boat Chair 


The equatorial hydroxyl groups of pyranoses are esterified 
more readily than axial groups. 

It also will be observed that the completely systematic 
names are cumbersome and consequently find little use in 
ordinary chemical practice. Recognizing this, both IUPAC and 
Chemical Abstracts admit the commonly used trivial names. A 
pamphlet describing the detailed rules for the systematic no- 
menclature of carbohydrates and their derivatives is available 
through the Chemical Abstracts Service. 

The naturally occurring polysaccharides (eg, the starches, 
cellulose, glycogen, and inulin), although all classed generally 
as high-molecular-weight condensation polymers of monosac- 
charides, vary considerably among themselves in size and 
structure. Thus, inulin appears to be a relatively small polymer 
composed of some 30 fructose (fructofuranose) units, whereas 
cellulose appears to be a relatively large polymer probably 
containing not less than 1000 glucopyranose units. In some 
polysaccharides, such as cellulose, the evidence is strong that 
the polymers are purely linear; in others, such as glycogen, a 
satisfactory explanation for observed experimental data re- 
quires that considerable branching occur along the chain. 

Polysaccharides often are classified on the basis of their 
monomers; for example, hexosans are polymers of hexoses, and 
pentosans are polymers of pentoses. Such classification also 
frequently is rendered specific; for example, cellulose is a glu- 
cosan (the hexose unit is D-glucose), and inulin is a fructosan 
(the hexose unit is D-fructose). 


Physical Properties 


The common monosaccharides, namely the pentoses and hexoses, 
are white, crystalline solids that usually melt rather sharply but 
with simultaneous decomposition. They are readily soluble in 


water, much less soluble in methanol or ethanol, and relatively 
insoluble in ether. The common disaccharides, all hexabioses, also 
display these characteristics. However, the higher polysaccha- 
rides—such as starch, cellulose, and inulin—are amorphous, do 
not melt sharply, and are much less water-soluble. The soluble, 
lower-molecular-weight carbohydrates are characterized by a 
sweet taste, but the relative sweetness varies considerably. This 
forms the rationale for the use of characteristically similar sugar 
substitutes that have a lower caloric value on a weight basis. 
Thus, lactose is only about %, maltose about ¥3, and glucose about 
%, as sweet as sucrose; fructose, on the other hand, is about 1.7 
times as sweet as sucrose and, therefore, is used as an artificial 
sweetener (of lower caloric value) in its own right and is marketed 
as such; it is the one of choice for the manufacture of candies. 
There are substances (some carbohydrates) that are far superior 
to either sucrose or fructose in sweetening power, but the most 
common sugar substitute for all but phenylketonurics is aspar- 
tame (Equal). 

All carbohydrates are optically active, and their specific rota- 
tions serve as one means of differentiation. Many display the 
phenomenon of mutarotation—a continuing change in the value 
of the rotation until a final fixed value is attained. The classic 
example is that of a-p-glucose, a freshly prepared aqueous solu- 
tion of which has an [a]; of +113°, but which gradually changes 
to a final value of +52. This ultimate equilibrium value is derived 
from the aqueous solution containing about ¥% of the a-D-form 
({a]?? = +112.2°) and about 2/3 of the B-D-glucose ([a]?” = +18.7°). 
Elucidation of this phenomenon constitutes one of the high points 
in structural carbohydrate chemistry. It has been demonstrated 
abundantly that such changes in rotation are referable to struc- 
tural shifts, and that the final value is quantitatively character- 
istic of the components present in the equilibrium mixture. In the 
case of glucose, for example, the final rotation value is that to be 
expected of an equilibrium mixture containing both the a and the 
B forms of D-glucose. 

The attainment of the equilibrium state is hastened by acid or 
base, hundreds of times more so by the latter. However, hastening 
the action of the equilibrium should be done with caution and 
with very dilute solutions of acids and very dilute solutions of 
weak alkali since acids that are concentrated will yield other 
compounds such as 5-hydroxymethylfurfural from D-glucose. Ad- 
ditionally, high concentrations of alkali or strong alkali them- 
selves cause D-glucose to form D-fructose and D-mannose through 
enediol structures in an equilibrium reaction. Rapid equilibration 
by the addition of base to carbohydrate solutions for equilibration 
in measuring optical rotation should be done only by the addition 
of dilute solutions of ammonia. 

The ability of many polysaccharides to absorb water is a phys- 
ical property that has found numerous uses. For example, pectin 
and agar are used as gelling agents, and dextran is used as a 
plasma volume extender and matrix for column chromatography. 


Chemical Properties 


The chemical properties of the carbohydrates are, in general, 
those to be expected on the basis of their structural features 
previously described. Treatment here necessarily is limited to a 
brief mention of the more characteristic reactions. 

They behave as compounds having alcohol and carbonyl 
functions, displaying all of the chemical reactions characteris- 
tic of these groups. The aldehyde group of an aldose and the 
terminal hydroxyl group each are capable of being oxidized to 
the corresponding mono- or dicarboxylic acid. The carbonyl 
function also can undergo reduction to the primary or second- 
ary alcohol. Both aldoses and ketoses exhibit the usual addition 
reactions typical of the carbonyl function. 

For identification purposes the carbonyl and adjacent alco- 
hol functions will form phenylhydrazine derivatives known as 
osazones, which give characteristic melting points and exhibit 
definite crystalline structure. It should be noted that glucose, 
fructose, and mannose yield the same osazone since the differ- 


ence in structure and configuration about carbon atoms 1 and 
2 are abolished. Also, the typical reaction with copper or silver 
ion, under proper conditions, in which the metal ion is reduced 
in valence and the carbohydrate is oxidized, is employed to 
distinguish reducing from nonreducing sugars (as is the strong 
acid/substituted furfural reaction above). 

The hydroxyl groups can be esterified or etherified (a pro- 
cess often used to decrease the polarity and thus increase 
volatility for identification and separation purposes, especially 
in gas and liquid chromatography and mass spectrometry). 

All polysaccharides can be hydrolyzed to the simple mono- 
saccharides of which they are composed. Either chemical or 
enzymatic procedures can be employed with the latter showing 
much more specificity. In some instances it is possible to hy- 
drolyze only a-linkages, or even cleave at a specific monosac- 
charidic linkage in the chain. 

The dextran—iron and the dextran sulfate complexes have 
proved to be of medical importance. 

Many microorganisms possess the ability to hydrolyze car- 
bohydrates to simple alcohols, ketones, or acids, usually with 
the production of carbon dioxide, by the process known as 
fermentation. Ethanol, acetic acid, citric acid, 2-butanone, and 
butyl alcohol are several of the products derived from sucrose 
by such a procedure. There are specific microorganisms used in 
fermentation processes to transform a glucose derivative, 1- 
sorbose, to ascorbic acid (vitamin C), which is actually the 
y-lactone of a hexanoic acid having an enediol structure at 
carbon atoms 2 and 3. This process is quite efficient. 


Occurrence 


Carbohydrates occur abundantly in nature. Indeed, it has been 
estimated that more carbohydrate material occurs naturally 
than all other organic material combined. Although they are 
preponderantly important in the vegetable kingdom, carbohy- 
drates also occur abundantly and play very important biologi- 
cal roles in the animal world. 

Glucose and fructose are the only monosaccharides that 
occur in the free state to any important extent. They are 
present in the juices of many ripe fruits. Among the disaccha- 
rides, only sucrose (cane or beet sugar) and lactose (milk sugar) 
occur in important quantities. Prominent, naturally occurring, 
hexosan polysaccharides include cellulose (the primary struc- 
tural material in the vegetable world), starch (the primary 
carbohydrate reserve in the vegetable world), and glycogen, 
often dubbed animal starch (the primary carbohydrate reserve 
in the animal world). Pentosan polysaccharides occur abun- 
dantly in cereal straws and beans (eg, in corncobs); they are 
distinguished by the fact that they yield the industrially im- 
portant furfural upon suitable treatment with sulfuric acid. 

Carbohydrate derivatives (chemical combinations with non- 
carbohydrate substances or carbohydrates slightly altered chem- 
ically) occur plentifully in nature. The role of monosaccharide 
phosphate esters in physiological use has been mentioned al- 
ready; the pentoses D-ribose and a-deoxyribose are monosaccha- 
ride constituents of RNA and DNA, respectively. A special class of 
derivatives, the glycosides, are discussed in the next section. 
Other classes include the gums, pectins, mucilages, glycoproteins, 
and glycolipids (cerebrosides). Chitin, a condensation polymer of 
N-acetyl-p-glucosamine (which contains NH, instead of OH in the 
2 position), comprises the skeletal material of crabs, lobsters, and 
insects of the arthropoda class. This same acetylglucosamine also 
is present in hyaluronic acid, an important constituent of connec- 
tive tissue. Many bacteria have been shown to elaborate complex 
carbohydrate materials, and some are known to have immunolog- 
ical importance. 


OFFICIAL CARBOHYDRATES 
Examples of official articles in the various classes of carbohydrates 
follow. 


Monosaccharides—Dextrose and Fructose. 
Disaccharides—Lactose, Lactose Monohydrate, and Sucrose. 
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Polysaccharides—Dextrin, Collagen, Inulin, Starch, and Rice Starch. 

Natural products (other than the above and which are important 
because of their carbohydrate or carbohydrate derivative content)— 
Acacia, Agar, Pectin, Plantago Seed, and Tragacanth. 

Carbohydrate derivatives (other than the above)—Alginic Acid, Au- 
rothioglucose, Hydroxypropylmethylcellulose, Pyroxylin, Car- 
boxymethylcellulose, Sucrose Octaacetate, Oxidized Cellulose, Dex- 
tran 40, Dextran 70, Absorbable Dusting Powder, Cellulose Acetate 
Butyrate, Sorbitan Monooleate, Sorbitan Trioleate, Sorbitan Ses- 
quioleate, Maltitol, Lactitol, Mannitol, and Sorbitol. 

Carbohydrate residues are essential components of glycosides 
(below) and are frequently present in antibiotics (eg, erythromycin, 
streptomycin, and novobiocin) and in various other biologically ac- 
tive substances (eg, enzymes, coenzymes, glycoproteins, and vita- 
mins). 


GLYCOSIDES 


Glycosides may be defined broadly as condensation products 
of sugars with various kinds of organic hydroxy (occasionally 
thiol) compounds (usually noncarbohydrate in nature), with 
the added restriction that the OH of the hemiacetal portion 
of the carbohydrate must participate in the condensation. It 
is obvious that the polysaccharides also are encompassed in 
this broad definition. The nonsugar portion is termed an 
aglycone (or aglycon), or a genin. From a structural view- 
point, the glycosides may be looked upon as internal acetals 
(see below). 

The most characteristic chemical property of the glycosides 
is their susceptibility to hydrolysis, whereby they yield their 
sugar and nonsugar moieties. Indeed, it is through identifica- 
tion of the hydrolytic decomposition products that the compo- 
sition of glycosides commonly is revealed. In general, the hy- 
drolysis is catalyzed energetically by protons and brought 
about in the laboratory by digestion with dilute acid. 

Acid hydrolysis of the glycosides occurs whether the glyco- 
sidic linkage is alpha or beta. However, nature produces many 
enzymes that also catalyze the hydrolysis; these are often quite 
specific in their actions. At this point it is instructive to make 
note that the naturally occurring enzymes will hydrolyze only 
the beta glycosides. Although one may discuss the specificity of 
the enzymes that occur naturally with regard to the hydrolysis 
of the glycosides, it should be noted that there are two enzymes, 
namely emulsin of almond kernels and myrosin of black mus- 
tard seeds, each of which has the ability to hydrolyze a consid- 
erable number of glycosides. Glycosides that are derivatives of 
rhamnose require a special enzyme known as rhamnase for 
their hydrolysis. The enzymes frequently occur in the same 
plant along with the glycosides, but usually in different cells. 
When the structure of the plant is destroyed by grinding or 
other means, the enzyme contacts the glycoside and soon exerts 
its hydrolytic action. It is, therefore, necessary to destroy any 
enzymes that are present before attempting to isolate glyco- 
sidal constituents. 

CLASSIFICATION—In modern terminology, the glyco- 
sides usually are classified according to the identity of their 
sugar moiety. Thus, in glucosides, the sugar moiety is glucose; 
in fructosides, it is fructose; in galactosides, it is galactose, and 
so on. In older literature, the term glucoside is used in a generic 
sense and is then synonymous with the modern term glycoside. 

Classification according to the complexity of the sugar 
moiety is employed frequently; for example, monosides are 
monosaccharide sugars, biosides are disaccharides, and trio- 
sides are trisaccharides. Total classification on the basis of the 
aglycones, while feasible, is intricate because of the large vari- 
ety of aglycones; however, with certain classes of glycosides 
(such as the cardiotonics) such subclassification occasionally is 
encountered in the literature. 

OCCURRENCE—Glycosides are distributed widely in the 
plant kingdom. Many fruits and other parts (eg, seeds, barks, 
and leaves) of plants contain them. The pigments of flowers 
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(anthocyanins) are of glycosidic character. Glycosides of animal 
origin are relatively rare. The aglycones of the majority of 
glycosides are of cyclic, and frequently of aromatic, structure. 
Steroidal aglycones are very common. 

Many naturally occurring compounds not usually classed 
among the glycosides actually contain glycosidic linkages in 
their structures. Examples include gentamycin, amikacine, 
netilmicin, tobramycin, novobiocin, and streptomycin among 
the antibiotics, solanine and various other alkaloids (glucoal- 
kaloids) and nucleosides (consist of a purine or pyrimidine base 
linked with p-ribose or D-2-deoxyribose). 

Table 26-2 lists a number of common glycosides selected 
partly on the basis of pharmaceutical interest and partly be- 
cause they are composed of a variety of aglycones and sugars. 

STRUCTURE—Two series of stereoisomeric glycosides are 
known, the a- and £-glycosides. Taking the methyl-p-glucosides 
as a simple example, they are represented by 


Table 26-2. Selected Glycosides 


NAMES AND MOLECULAR 


FORMULAS? SOURCES? AGLYCONE (GENIN) 
Amygdalin Seeds of Amygdalaceae, 
C59H27NO,, Drupaceae, and Pomaceae; 


principally from almonds 


HC—OCH, CHO—CH 
ok HCOH 
alls 0 HOCH 0 
a HCOH 
caamcdih HOCH,—CH 


a-Methyl-p-glucoside B-Methyl-p-glucoside 

The glycosidic linkage is formed by dehydration involving a 
hydroxyl group of the aglycone (here, methanol) and the hy- 
droxyl group on the hemiacetal carbon of the sugar, thus form- 
ing an acetal type of structure. If the OR (in the above case, 


SUGAR MOIETIES‘ 


o-Mandelonitrile > Benzaldehyde + HCN 


Gentiobiose — 2 p-Glucose 


Arbutin (Ursin) Leaves of plants of the Hydroquinone p-Glucose 
Gaile Os Ericaceae and Rosaceae 
Coniferin (Abietin; Plants of the Coniferae, eg, Conifery! alcohol [4-Hydroxy-3- p-Glucose 
Laricin) pine, spruce, and fir methoxycinnamy! alcohol] 
Ci6H2208 
Cymarin Various species of Apocynum Strophanthidin (a steroid) Cymarose 
(Gants (3-Methyldigitoxose) 
Daphnin Bark and flowers of varieties 7,8-Dihydroxycoumarin p-Glucose 
Gry .Os of Daphne 
Digitoxin Leaves of Digitalis purpurea Digitoxigenin (a steroid) 3 Digitoxose (Digitoxose is a 
Galil O-s and Digitalis lanata 2,6-bisdesoxyaldohexose) 
Digoxin Leaves of Digitalis anata or Digoxigenin (12-Hydroxydigitoxigenin) 3 Digitoxose 
Caen, Digitalis orientalis (a steroid) 
Frangulin Seeds and barks of various 4,5,7-Trihydroxy-2-methylanthraquinone Rhamnose 
COs species of Rhamnus, 


Lanatoside A 


especially alder buckthorn 
Leaves of Digitalis lanata 


Digitoxigenin (a steroid) 


Cag 76019 
Lanatoside B Leaves of Digitalis lanata Gitoxigen 
Coe Ore (a stero 


Lanatoside C 


Leaves of Digitalis lanata 


Digoxigenin (a steroid) 


2 Digitoxose + 
Acetyldigitoxose + 
p-Glucose 

in (16-Hydroxydigitoxigenin) 2 Digitoxose + 

id) Acetyldigitoxose + 
p-Glucose 

2 Digitoxose + 


CygH 76020 Acetyldigitoxose + 
p-Glucose 
Ouabain (G- Seeds of Strophanthus Ouabagenin (a steroid) Rhamnose 
Strophanthin) gratus and several varieties 
GalalwOas of Acokanthera 
Phlorizin (Phlorhizin; Roots and leaves of various Phloretin [6-(p-Hydroxyphenyl)-2,4,6- p-Glucose 
Phloridzin) plants of the Rosaceae trinydroxypropiophenone] 
Co1H24010 
Prunasin Various parts of many Prunus p-Mandelonitrile — Benzaldehyde + HCN p-Glucose 
€,,H,,NO, plants 
Rutin (Melin, Eldrin, Occurs in many plants Quercetin Rutinose — .-Rhamnose + 
and others) Chief source is the [3,3’,4’,5,7-Pentahydroxyflavone] p-Glucose 
Cr ilesOne buckwheat plant, 
Fagopyrum esculentum 
Salicin Various Salix and Populus Saligenin [o-Hydroxybenzyl alcohol] p-Glucose 
Coal kiOs plants, especially from the 
bark 
Scillaren A Bulbs of Urginea maritima Scillaridin A (a steroid) Scillabiose — .-Rhamnose + 
(Carel mlen\ Ole p-Glucose 
Sinigrin (Potassium Seeds of Brassica nigra, CH,—=CHCH,N=C(SH)OSO3K = p-Glucose 
Myronate) Brassica juncea, and other CH,—=CHCH,NCS + KHSO, 


CoH KNOWS, 
K-Strophanthin-B 
C36H5qO14 


plants of the Cruciferae 
Seeds of Strophanthus 
Kombé 


Strophanthidin (a steroid) 


° Shown for the anhydrous forms. As isolated, many glycosides are hydrated. 
© Typical and well known, but not exclusive. 
© Produced on complete hydrolysis as otherwise indicated. 


Strophanthobiose > 
Cymarose + p-Glucose 


OCH) group is in the same steric sense as the CH,OH group 
on C-5 (for D-family sugars), the glycoside configuration is 
designated £; if it is in the opposite steric sense, it is designated 
as a. For an illustration of how this relationship is reflected in 
the Haworth-type formulas, see amygdalin, a typical f- 
glycoside, below. The great majority of naturally occurring 
glycosides are of the B variety. 

The same enzyme is often able to hydrolyze different glyco- 
sides, but the a- and B-stereoisomers of the same glycoside 
usually are not hydrolyzed by the same enzyme. Emulsin, for 
instance, has been found to hydrolyze all B-glycosides; there- 
fore, those glycosides that are attacked by emulsin are re- 
garded as B-glycosides. Maltase hydrolyzes only a-glycoside. 

The sugar in a large number of glycosides is D-glucose, hence 
the former designation glucosides, but many important glyco- 
sides contain other sugar moieties (see Table 26-2). 

The carbohydrate in condensation union with the aglycone 
is frequently a di- or polysaccharide, such as amygdalin, digi- 
toxin, and rutin (see Table 26-2). In many instances it is pos- 
sible, under carefully controlled hydrolysis, to cleave only a 
portion of the aglycone moiety of the natural (primary) glyco- 
side, thus yielding a derived substance that is still glycosidic. 
Amygdalin, for example, hydrolyzes under the influence of the 
enzyme amygdalase to yield glucose and prunasin (see Table 
26-2). Such derived glycosides are often referred to as second- 
ary glycosides. 

The synthesis of amygdalin was announced in 1924. It has 
the structure 


H OH 
Amygdalin 


The glycosidic linkage is considered to be B because it is hydro- 
lyzed by emulsin; therefore, the formula is written as shown 
above with the linking oxygen on the same side of the plane of 
the ring as the CH,OH group on C-5. This compound, like all 
other glycosides, contains several asymmetric carbon atoms 
and is optically active. In this instance the aglycone is also 
optically active due to the asymmetric carbon to which the 
phenyl, nitrile, hydrogen, and gentiobiose residue are attached. 
Salicin is another B-glycoside. 


CH.OH 
H O O 
H 
OHmaH 
HO H CH,OH 
H OH 


Salicin 


There are no simple identifying tests for glycosides. The 
ultimate test involves characterization of the hydrolytic cleav- 
age products. Methods for the detection of glycosides and for 
their quantitative determination involve the estimation of re- 
ducing sugars before and after hydrolysis by boiling with dilute 
acids, or by the action of enzymes. 

SAPONINS—tThe saponins are a group of amorphous, col- 
loidal glycosides that are readily soluble in water and that 
produce a froth when the aqueous solution is agitated. They are 
excellent emulsifying agents and the aqueous solutions of some 
of them, such as quillaja bark, were used formerly as deter- 
gents to replace soap. They are acrid in taste and in powder 
form cause sneezing. Many conform to the general formula 
C,,He,-8010- 

The aglycones, usually prepared by acid-catalyzed hydroly- 
sis, usually are termed sapogenins. Two general types are well 
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known, namely steroid as in digitonin, and triterpenoid as in 
aesculin. 

Much of the research conducted on the saponin-containing 
plants was motivated by the attempt to discover precursors for 
cortisone. It would appear that the most outstanding plant 
steroids for cortisone production are diosgenin and botogenin 
from the genus Dioscorea; and hecogenin, manogenin, and gi- 
togenin from a species of Agave. 

Many of the saponins are markedly toxic. These are called 
sapotoxins. Saponins usually exert a powerful hemolytic action 
on red blood corpuscles. They have been used as fish poisons. 

The saponins are distributed widely in the botanical king- 
dom. The commercial product saponin is prepared from the 
yucca plant or from quillaja. 

PROPERTIES—tThe greater portion of the known glyco- 
sides, when pure, are colorless or white, optically active, and 
soluble in alcohol or diluted alcohol. They are extracted from 
the plant material by water, alcohol, or a mixture of the two. 
The glycosides occur in the plant in small amounts, and their 
isolation in a pure state is usually difficult and laborious. The 
processes used for their production and purification vary ac- 
cording to the nature of the material and the glycoside. 


OFFICIAL GLYCOSIDES 

Examples of official glycosides are Deslanoside, Digitoxin, and Digoxin. 
The physiological actions of many drugs of plant origin are referable to 
glycosidal constituents. Examples include aloe, cascara, digitalis, gen- 
tian, and senna. 


LIPIDS 


The lipids, known also as lipins or lipoids, are the fat and 
fat-like substances that occur in plants and animals. Like the 
carbohydrates and proteins, the lipids constitute a very impor- 
tant group of organic substances from the standpoint of phys- 
iological use. Unlike the carbohydrates and proteins, the lipids 
comprise a rather heterogeneous group of substances in terms 
of chemical composition. They are grouped together primarily 
on the basis of solubility characteristics; in general, they are 
soluble in the usual fat solvents such as ether and chloroform 
and are insoluble in water. The lipids may be divided into five 
classes according to their chemical structure: 


Fixed Oils and Fats—Esters of glycerol and fatty acids. An exam- 
ple is olive oil. Fixed oils that are solid at ordinary temperatures 
commonly are called fats. An example is lard. 

Waxes—Ksters of high-molecular-weight, monohydric alcohols and 
high-molecular-weight fatty acids. An example is spermaceti. 

Sterols—Alcohols containing the cyclopentanophenanthrene (ste- 
roid) nucleus (see page 417). Typical examples include the familiar 
cholesterol and ergosterol. 

Phospholipids (Phosphatides)—Esters consisting of glycerol in 
combination with fatty acids, phosphoric acid and certain nitrogenous 
compounds. Pharmaceutically, the most important members of this 
group are the lecithins. 

Glycolipids (Cerebrosides)—Substances isolated from the brain 
and from various other sources that, on hydrolysis, yield fatty acids, 
galactose, and the nitrogenous compound sphingosine (2-amino-4-octa- 
decene-1,3-diol). Examples are phrenosin and kerasin. Because the 
sugar moiety is usually galactose, the glycolipids sometimes are re- 
ferred to as galactolipids. At present, the glycolipids have no pharma- 
ceutical applications and will not be discussed further. 


Fixed Oils and Fats 


Fixed oils and fats are mixtures of glyceryl esters of the so- 
called high fatty acids, namely the higher-molecular-weight 
aliphatic acids, especially palmitic, stearic, and oleic acids. The 
individual glyceryl esters themselves frequently are referred to 
as glycerides. 

The difference in consistency between fixed oils and fats is 
caused by the relative proportions of liquid and solid glyceryl 
esters present. Fixed oils contain a relatively high proportion of 
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liquid glycerides (polyunsaturated glycerides), such as glyceryl 
oleate, whereas fats are relatively rich in solid glycerides 
(mostly saturated), such as glyceryl stearate. 

Glycerides of unsaturated fatty acids have lower melting 
points than those of saturated acids with the same number of 
carbon atoms. Although most vegetable oils are liquid at room 
temperature and most animal fats are solids, there are notable 
exceptions, such as cocoa butter (solid) and cod liver oil (liquid). 

Fixed oils are to be distinguished sharply from volatile oils. 
Physically, the former are nonvolatile under ordinary condi- 
tions (hence the name fixed oils), in contradistinction to the 
latter, which, as the name implies, are volatile. From the 
standpoint of composition, the volatile oils differ greatly one 
from the other; as a group, they differ from fixed oils in that 
they do not contain glyceryl] esters. Volatile oils also are known 
as ethereal or essential oils. 

PREPARATION—Most of the fixed oils and fats are ob- 
tained by expression from the plant or animal tissues in which 
they occur. Generally the material first is ground and subse- 
quently submitted to hydraulic pressure, and to heat when 
necessary. 

The oils as obtained by the first expression usually are of the 
highest commercial value as, for example, olive oil where the 
first pressings are called virgin olive oil. But sometimes the 
expressed oil from plant tissues is of crude quality and requires 
subsequent purification, as in the case of cottonseed oil. Fixed 
oils and fats frequently are bleached by treatment with Fuller’s 
earth or similar clays, and subsequent filtration. 

Some oils used for technical purposes are not obtained by 
expression but rather are extracted from the plant tissues by 
means of volatile solvents, which are later recovered. Animal 
fats and oils usually are separated from the tissues by the 
process known as rendering, which consists of heating the 
tissues until the fat melts and separates mechanically. 

ANALYTICAL CHARACTERISTICS—tThe analytical 
factors of greatest importance in identifying fixed oils and in 
judging their quality are 


Iodine Value (the number of grams of iodine monochloride, expressed as 
iodine, absorbed by 100 g of sample under prescribed conditions) 

Saponification Value (the number of milligrams of potassium hydroxide 
required to neutralize the free acids and saponify the esters in 1 g of 
sample) 

Acid Value (the number of milligrams of potassium hydroxide required 
to neutralize the free acids in 1 g of sample). 


The refractive index, specific gravity, color, odor, and congeal- 
ing point are of little value in determining the purity or quality. 
Some oils, such as cottonseed and sesame, are identifiable by 
specific tests, but the identification of a fixed oil is only infer- 
entially possible as a rule, after taking many physical and 
chemical factors into account. 

Gas chromatography (the FAME methods) is a useful means 
by which the identification of fixed oils may be accomplished. 
There are many gas chromatographic methods that bring about 
the separation of free fatty acids or fatty acid methyl esters and 
from the chromatographic pattern, the identity of the fixed oil 
may be deduced. 

PROPERTIES—Fixed oils and fats are rather distinctive 
in their physical properties. They are greasy to the touch and 
leave a permanent oily stain upon filter paper. They are all 
lighter than water and insoluble therein, but are soluble in 
ether, chloroform, and some other water-immiscible solvents. A 
few of them, such as castor oil, are soluble in alcohol. 

When purified, they are nearly colorless and have a bland 
odor and taste with very little distinctiveness. The yellow color 
of fats usually is due to the presence of carotene, which is one 
of the provitamins A. 

When heated moderately, fats liquefy and oils become less 
viscous. When heated strongly, they undergo decomposition 
with the production of acrid, flammable vapors; when ignited, 
they burn with a sooty flame. The acridity of an overheated 


fixed oil or fat is due largely to the formation of acrolein 
(propenal). ; 

The property common to all fats and fixed oils is their 
propensity to undergo hydrolysis to yield glycerol and the fatty 
acids representative of the fat or oil. Uncatalyzed, the reaction 
proceeds very slowly; it usually is accelerated by employing 
high temperatures and high pressures and by the presence of 
either acids or alkalies. If alkalies are employed, the liberated 
acids are converted automatically into their corresponding me- 
tallic salts. Because such salts ordinarily are referred to as 
soaps, the alkali-catalyzed hydrolysis of fats and fixed oils is 
known as saponification. The term also is used to refer to 
hydrolysis of all kinds of esters, regardless of how accom- 
plished. Many naturally occurring enzymes also catalyze fat 
and fixed oil hydrolysis. Such enzymes are termed lipases. 
Steapsin of the human pancreatic juice is an important 
example. 

CONSTITUENTS—Three glycerides, olein, palmitin, and 
stearin, are common to many fixed oils. 

Olein is glyceryl trioleate [(C3H;(C,gH330.)3], a liquid at 
ordinary temperature. It is the predominating constituent in 
expressed almond oil, lard oil, and many of the more fluid 
animal oils and those of vegetable origin. It is separated and 
purified by cold expression, the other constituents being re- 
tained by their lack of fluidity at low temperatures. 

Palmitin is glyceryl tripalmitate [C;H;(C,gH3,O.)3]. It is a 
solid at ordinary temperature (melting point, 60°C). It predom- 
inates in palm oil and coconut oil. 

Stearin is glyceryl tristearate [C,H;(C,3H3,O0.)s]. It melts at 
71°C. It predominates in many of the solid fats and may be 
separated by expression under controlled temperature condi- 
tions, which removes the olein and palmitin. 

Olein, and glyceryl esters of other unsaturated acids, may 
be converted into stearin by hydrogenation in the presence of a 
catalyst such as finely divided nickel. Liquid oils such as cot- 
tonseed, corn, soybean, and peanut commercially are trans- 
formed (hardened) by this process into solid fats. The propri- 
etary cooking fat, Crisco (Procter & Gamble), is a well-known 
example. Through partial hydrogenation, the consistency of 
such hardened oils may be varied between wide limits. How- 
ever, current thinking is that this process, used in making 
many margarine preparations, is a mixed blessing because it 
produces some trans unsaturated fats, which do not have en- 
tirely the wanted action in low-lat, low-cholesterol diets for 
hypercholesteremia. 

The glycerides in a fixed oil may be simple or mixed. In 
simple glycerides, such as olein, palmitin, or stearin, all three 
fatty acid groups are identical. In the more frequently encoun- 
tered mixed glycerides, more than one fatty acid is present. 
Because of the many possible combinations in the mixed glyc- 
erides, different fats having entirely different physical proper- 
ties often show the same chemical analysis. The following for- 
mula illustrates a mixed glyceride. 


CisHs\COOCH, a’ 
| 

C1yHsCOOCH 8 
| 

CyyHs;COOCH, a 


a-Oleo-a’,8-palmitostearin 
(or 1-oleo-3-palmito-2-stearin) 


Mono-, di-, and triglycerides, containing, respectively, one, 
two, or three molecules of fatty acid esterified with one mole- 
cule of glycerol, have been prepared synthetically, but only 
triglycerides occur commonly in nature. The natural fatty acids 
are nearly all straight-chain and contain an even number of 
carbon atoms (C, to Cyg). 

Of all the fatty acids, stearic, palmitic, and oleic are distrib- 
uted the most widely. Stearic acid is found mostly in animal 
fats, but it is occasionally an important constituent in vegeta- 
ble oils. The saturated fatty acids lower than C,, are found in 


the milk of mammals, although butter fat contains all of the 
even-numbered fatty acids from C, to C,, as well as oleic. 

Oils and fats, when subjected to pressure at certain temper- 
atures, can be fractionated to some extent into the glycerides 
composing it. On aging, fixed oils often develop a precipitate of 
stearin that will reliquefy on warming. 

DRYING AND NONDRYING OILS—Fixed oils are clas- 
sified into drying and nondrying oils. The drying oils, when 
exposed to the air, undergo oxidation with the formation of a 
tough, hard film. Linseed oil is an example of the class of drying 
oils that find their greatest use in the manufacture of paints 
and varnishes. The nondrying oils, when exposed to the air, 
remain sticky to the touch for an indefinite period and, there- 
fore, cannot be used in paints and varnishes. Olive oil and 
expressed almond oil are examples. The drying quality is 
caused by the presence of unsaturated fatty acids of a distinc- 
tive character, such as linoleic and linolenic acids. 

USES—Fats and fixed oils contain certain unsaturated 
fatty acids that are essential in human nutrition. Their absence 
in the diet has produced eczematous skin conditions and, in 
experimental animals, has resulted in scaly skin, emaciation, 
necrosis, and premature death. Evidence exists to support the 
view that fats (oils) such as safflower, corn, cottonseed, and 
soybean, which are rich in lineoleic acid and other unsaturated 
acids, play an important role in the mobilization and utilization 
of serum cholesterol. It has been hypothesized that olive oil and 
canola oil (rapeseed) are even more effective in providing a fa- 
vorable high-density lipoprotein/low-density lipoprotein (HDL/ 
LDL) ratio. Combined with controlled dietary fat intake, these 
oils can provide an efficient combination of cholesterols with 
HDL and LDL to ensure a favorable total serum cholesterol/ 
HDL ratio. This is of particular interest in hypercholesterol- 
emia, which is observed commonly in atherosclerosis. Peanut 
and sesame oils are used extensively in the preparation of 
intramuscular injections. A few oils are used medicinally; cas- 
tor oil is used as a cathartic, cod liver oil as an antirachitic, and 
olive oil as an emollient. A variety of phospholipids (eg, 
lecithins) are used as pharmaceutical aids for parenteral 
emulsions. 

Salts of several of the fatty acids are fungicidal, such as zinc 
undecylenate. Other derivatives of glycerides are soaps and 
various related surface-active compounds, which are employed 
as detergents and germicides. 


Waxes 


Waxes, like fixed oils and fats, are esters of fatty acids. They 
differ, however, in that the alcohol represented is not glycerol. 
In place of this trihydric alcohol is found one of the sterols 
(below) or one of the higher, even-numbered, monohydric alco- 
hols from C1, to Cy. Waxes often contain these alcohols and 
fatty acids (C., to C3) in free state, often as the major compo- 
nent; some of the waxes obtained from plants also contain 
paraffin hydrocarbons. The esters in waxes are usually much 
more resistant to saponification than the glycerides of fats and 
fixed oils. 


Sterols 


The sterols are alcohols structurally related to the steroids, 
those naturally occurring compounds obtained from plants and 
animals that contain the partly or completely hydrogenated 
17H-cyclopenta[a]phenanthrene nucleus. In addition to the 
sterols, the naturally occurring steroids include various other 
substances, such as compounds of adrenal origin, certain alka- 
loids, antirachitic vitamins, bile acids, cardiac glycosides, sa- 
ponins, sex hormones, and toad poisons. The general formula 
for the basic structure of these compounds may be represented 
as 
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R 20, 21; 22, etc 
18 


General steroid formula 


In actual conformation, however, the structure is not planar. 

The rings are lettered and numbered conventionally as in- 
dicated. Because usually one or more rings are saturated com- 
pletely, several centers of asymmetry are present; this, plus 
restricted rotations due to ring fusions, results in rather com- 
plex stereochemical relationships. In the naturally occurring 
compounds, substitutions in the rings occur most frequently on 
C-3, C-17, and C-11, and C-18/C-19 may or may not be present 
(ie, CH,). 

Following the more or less standard convention, the direc- 
tion of projection from the plane of the ring system of substi- 
tuting groups located at centers of asymmetry commonly is 
indicated by use of the letters a and B. An a-substituent is 
viewed as projecting beneath the ring plane and is represented 
by a broken line; a B-substituent is viewed as projecting above 
the ring plane and is represented by a solid line. See the 
examples provided below. 

The prefixes cis and trans often are employed (but not in 
standardized nomenclature) to distinguish the a- and B- 
members of a pair of compounds that are otherwise stereo- 
chemically identical. However, this requires the selection of a 
substituting group to serve as a reference point in the steroid 
molecule; a rule frequently used is that the nearest angular 
(branching off at a ring fusion) methyl group is so selected. In 
the case of the sterols, for example, the angular methyl group 
nearest to the 3-hydroxyl group is the one at C-10 and is 
represented as having the B-configuration. Thus, the 3-B-hy- 
droxycholestane becomes cis-3-hydroxycholestane and the 3-a- 
hydroxycholestane becomes trans 3-hydroxycholestane. Most 
naturally occurring sterols have the 3-hydroxyl group in the B, 
or cis, position. The prefix epi is employed often to designate 
specifically the corresponding epimers, in which this OH is a, or 
trans; examples are epicholesterol and epicoprosterol. 

CLASSIFICATION OF STEROIDS— Different investiga- 
tors use slightly different methods of classifying the steroids. 
One method is to divide them into five classes according to the 
type of substituent group at carbon 17, ie, group R. A classifi- 
cation commonly used is 


Sterols—R is an aliphatic side chain. They contain one or more OH 
groups attached in alicyclic linkage. 

Sex Hormones—C-17 bears a ketonic or hydroxyl group and frequently 
carries a two-carbon side chain. 

Cardiac Glycosides—R is a lactone ring. The glycosides also contain 
sugars linked through oxygen in other parts of the molecule. Hydro- 
lysis yields this sugar and the cardiac aglycone. 

Bile Acids—R is a five-carbon side chain terminating in a carboxylic 
acid group. The bile acids are treated in Chapter 66. 

Sapogenins—R contains an oxacyclic (ethereal) ring system. 


DESCRIPTION AND PROPERTIES—The parent hydro- 
carbon of natural sterols is cholestane, which exists in two 
forms depending on the configuration of the hydrogen atom at 
C-5. These are drawn below and labeled with their standard 
(IUPAC) names and, in parentheses, their trivial names: 


CH; 


5a-Cholestane 
(Cholestane) 
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58-Cholestane 
(Coprostane) 


The characteristic function of natural sterols is the 3- 
hydroxyl in beta orientation. Thus, 5a-cholestan-3B-ol and 5£- 
cholestan-36-ol are looked upon as the parent sterols. Other 
sterols may be named as derivatives of them, although most 
have commonly accepted trivial names such as cholesterol, 
ergosterol, and stigmasterol. These parent sterols are shown 
below along with their various names. The two cholesterols also 
are illustrated. In trivial notation, the prefix epi- is employed to 
denote the unnatural alpha orientation of the 3-hydroxyl. Note 
that in the cholest-5-enols, there is no H at C-5 and thus no a 
or B accompanies the numeral 5. 


5a-Cholestan-3£6-ol 
38-Hydroxy-5a-cholestane 
(Cholestanol) 


26 
CHs 


CHs3 


27 


58-Cholestan-3f-ol 
8s8-Hydroxy-58-cholestane 
(Coprostanol) 


CHs 


Cholest-5-en-3f-ol- 
38-Hydroxycholest-5-ene 
(Cholesterol) 


Cholest-5-en-3a-ol 
3a-Hydroxycholest-5-ene 
(Epicholesterol) 


Sterols occur abundantly in nature and often constitute a 
sizable fraction of the total unsaponifiable portion of lipoidal 
extractive matter from animal and vegetable tissue. 


Several empirical color reactions have been developed that 
are useful in steroid chemistry for purposes of identification. 
Most prominently cited are the Salkowski, Liebermann—Bur- 
chard, and Rosenheim reactions. For discussion of these, con- 
sult reference texts in biochemistry. 

The 36-hydroxysteroids readily form sparingly soluble mo- 
lecular complexes with the glycoside digitonin. These com- 
plexes are referred to as digitonides, and they find extensive 
application in various research operations involving isolation 
and characterization of the individual steroids. 

Several sterols undergo intramolecular rearrangement un- 
der the influence of controlled ultraviolet radiation resulting in 
compounds that display antirachitic (vitamin D) activity. Thus, 
for example, ergosterol, a mycosterol occurring abundantly in 
yeast and ergot, is converted readily in good yield to ergocal- 
ciferol (vitamin D,). The structure shown below emphasizes the 
locus of scission of the cyclic nucleus. 


CH, 


CH; 
H,C 


CH; 
CH, 


HO 


Ergosterol 
5,7,22 E -Ergostatrien-3-ol 


HO 


Ergocalciferol (vitamin D2) 
9,10-Seco-5Z,7E,10(19),22E -ergostatetraen-36-ol 


In a similar fashion, the natural vitamin D, metabolite 
1a,25-dihydroxycholecalciferol (calcitriol) is formed by ultravi- 
olet conversion, hydrolysis, and heat isomerization from 1a,25- 
diacetoxy-7-dehydrocholesterol. Calcitriol (Rocaltrol, Roche) is 
used for the hypocalcemia associated with chronic renal dialy- 
sis. Until recently, only the oral form was available. 


CH CH 
CAP H 
CH, 
| 
| cH, 
HO OH 
Calcitriol 


(1a,26,5Z,7 E)-9,10-secocholesta- 
5,7,10(19)-triene-1,3,25-triol 


la,25-diacetoxy-7-dehydrocholesterol 


Phospholipids (Phosphatides) 


The phospholipids include all lipoidal constituents that contain 
phosphorus in their molecules. They appear to be essential 
components of every plant and animal cell, and have been 
categorized as lecithins, cephalins and sphingomyelins. The 
chemical composition in all cases is revealed through quanti- 
tative measurement of the products resulting from hydrolysis 
under various conditions. The only phospholipids with phar- 
maceutical applications are the lecithins. 

THE LECITHINS—When completely hydrolyzed, each 
molecule of a lecithin yields two molecules of fatty acid and one 
molecule each of glycerol, phosphoric acid and a basic nitroge- 
nous compound (usually choline). 

The fatty acids obtained from lecithins on hydrolysis are 
usually oleic, palmitic and stearic. The phosphoric acid may be 
attached to the glycerol in either an a- or the B-position, form- 
ing a-glycerophosphoric acid or B-glycerophosphoric acid, re- 
spectively, and producing the corresponding series of lecithins 
that are known as a- and f-lecithins. The representations 
below are in the zwitterion (internal salt) form. Each series of 
lecithins may differ in the fatty acids attached to the glycerol. 
The naturally occurring lecithins are of the a-variety. 


O Oo 

PEOCE, ances 
fo) o- 

BESET, Andes (CH;)s 
o- b 

ee encust (CH);  CH,OCR, 


a-Lecithin B-Lecithin 

Choline, a very strong base, is a member of the vitamin B 
complex (see Chapter 106). It functions in the body to prevent 
accumulation of fat in the liver; also, as the acetylated deriva- 
tive acetylcholine, it is released at the parasympathetic nerve 
endings when these nerves are stimulated and thus controls 
the transmission of impulses across cholinergic synapses. 


CH; 
le 
HOCH.CH,—N—CH; | OH7- 
| 
CH; 
Choline 
O CH; 
| + 
CH;:COCH;CH.—N—CH; | OH- 
| 
CH; 
Acetylcholine 


Commercially, lecithin is obtained by extraction processes 
from egg yolk, brain tissue or soybeans. Ovolecithin (vitellin) 
from eggs, vegilecithin from soybeans, and purified lecithin 
from calves brains are used as emulsifiers (most recently to 
stabilize microdroplet preparations for subcutaneous and in- 
travenous use, as in intravenous anesthesia), antioxidants, and 
_ stabilizers in foods and pharmaceutical preparations. Lecithins 
oxidize readily on exposure to air and, simultaneously, darken 
in color. 

THE CEPHALINS—Cephalins, which are associated with 
the process of blood-clotting, are related closely to lecithin in 
structure and are known to be essential constituents of various 
body tissues. They differ from lecithins in that choline is re- 
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placed by cholamine (ethanolamine), serine (page 421), or meso- 
inositol (Chapter 106). 

HOCH:CH2NH>» 


Cholamine 


HOCH2CH(NH2)COOH 


Serine 


THE SPHINGOMYELINS—When completely hydrolyzed, 
a sphingomyelin yields a fatty acid, phosphoric acid, choline 
and a second nitrogenous substance, sphingosine, which is 
the unsaturated amino alcohol, 2-amino-4-octadecene-1,3- 
diol CH3(CH,),,CH+CHCH(OH)CH(NH,)CH,OH. Sphingo- 
myelins are found closely associated with the lecithins and 
cephalins in the phospholipid fraction of the brain tissue. 


OFFICIAL LIPIDS 


The following are examples of official articles in the various classes of 
lipids. 


Fixed Oils—Castor Oil, Cod Liver Oil, Corn Oil, Cottonseed Oil, Olive 
Oil, Peanut Oil, Sesame Oil, and Safflower Oil. 

The official Oleovitamin A and D Solution also contains unspecified 
edible fixed oils. Ethiodized Oil is a synthetic product resulting from 
the iodination of the ethyl ester of the fatty acids of poppyseed oil. 

Fats—tThe only official fat is Cocoa Butter. Cocoa contains from 10 to 
22% fat (theobroma oil). Various crude drugs contain significant 
percentages of fat, but this is incidental and their official status is 
not a consequence of their fat content. Crude drugs usually are 
defatted prior to preparing extracts. 

Waxes—Carnauba Wax, Cetyl Esters Wax (a synthetic spermaceti), 
Cetyl Palmitate, Lanolin, White Wax, and Yellow Wax. 

Sterols—tThe only official sterol is Cholesterol. Ergocalciferol, cholecal- 
ciferol, and various other activated sterols sometimes are classed 
with the sterols, although they are actually sterol derivatives (see 
page 417). 

Phospholipid—Lecithin. 


PEPTIDES AND POLYPEPTIDES 
LAL ST EES A EE BL ERS ST DATA SOS 

PEPTIDES—Peptides are very small hydrolytic fragments 
of their original proteins. They contain from 2 to possibly 20 or 
so amino acids and commonly are subdivided into di-, tri-, etc, 
peptides according to the number of amino acid residues they 
contain. Collectively, the higher members are often termed 
polypeptides. 

Various individual peptides have been isolated from protein 
hydrolysates. Many also have been synthesized, such as oxyto- 
cin (see Chapter 77). The peptides are readily soluble in water. 
They are noncoagulable by heat and are not precipitated from 
their solutions by saturation with ammonium sulfate. 

Peptides and polypeptides, like the proteins that follow, are 
condensation products of amino acids (which on occasion may 
have other natural non—amino acid substituents), the conden- 
sation occurring through amide (or peptide) bonds, ie, R(or 
Ar)-CO,-NH-R‘(or Ar’). With regard to classification or catego- 
rization, there is no fine line of distinction between peptides 
and polypeptides, except that the latter usually refers to com- 
pounds that carry a number of amino acid residues but usually 
do not involve a distinct upper limit of residues. For example, 
the polypeptide hormone prolactin carries 199 residues. The 
simplest naturally occurring peptides are the dipeptide pent- 
cillins, and cephalosporins. 

HORMONE POLYPEPTIDES—tThe partially cyclic oc- 
tapeptides oxytocin, vasopressin, argitocin, argipressin and 
lypressin are produced in the mammalian hypothalamus and 
are stored in the posterior pituitary (see Chapter 77). The 
polypeptides ACTH (adrenocorticotropic hormone), lipotropin, 
prolactin and somatotropin originate in the pituitary. The hy- 
pothalamus produces the polypeptide hormones or factors cor- 
ticoliberin (CRF), gonadorelin (GnRH), protirelin (TRH) and 
somatotropin-releasing factor (GHF) which are transported to 
the anterior pituitary. 

Other peptides (nonhormonal) in the hypothalamus net- 
work are neurotensin (anorexiant), a tridecapeptide, and sub- 
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stance P, an undecapeptide. The nerve-tissue—prevalent calci- 
tonin gene-related peptide (CGRP) (37 residues) is 1000 times 
more potent than acetylcholine or substance P. 


Anorexiant Peptides—Calcitonin (Calcimar, Cibacalcin), glucagon 
and somatostatin. 

Antibiotic Polypeptides—Bacitracin, Bleomycin, Capreomycin, Co- 
listin, Colistimethate, Gramicidin, Polymyxin B (see Chapter 87). 


PROTEINS 

(sh 0 a Re NS NED RS POE 
Recognition of the universal occurrence of proteins in all forms 
of animal and vegetable matter and of the intimate roles they 
play in the fundamental processes of tissue formation, regen- 
eration and function has won for this class of substances the 
distinction of being the primary component of all living mat- 
ter—hence the term protein (from the Greek, first). In sharp 
contrast with carbohydrates and fats, which also are essential 
for life and which function primarily as energy sources, pro- 
teins vary widely in composition, not only from one species to 
another but also among the various tissues and cellular fluids 
within a given species. Thus, for example, albumins from dif- 
ferent sources vary in composition, and the proteins character- 
istic of human epithelial tissue, muscle, brain, kidney and 
other tissues differ from one another. These differences in 
composition make for differences in physical and chemical 
properties that, in turn, are reflected in the diverse biofunc- 
tions in which proteins participate. 


Occurrence and Isolation 


Although proteins are present in all living matter, important 
differences in distribution are clearly evident. With plants, in 
which the structural parts are essentially carbohydrate in nature, 
protein concentration is usually very much higher in the seed 
than in any of the other plant parts. No similar gross variation is 
observed in the animal world, but different tissues vary consider- 
ably in the approximate percentage of protein they contain (eg, 
skin, 27; skeletal muscle, 21; brain, 11; adipose tissue, 5). 

Insoluble proteins usually are isolated simply by removing 
contaminating material by means of a suitable array of sol- 
vents. Débridement often is facilitated through the appropriate 
use of enzymes. Soluble proteins usually are obtained first as 
crude extracts in aqueous solutions; after subjecting the solu- 
tion to dialysis to remove contaminating solutes, the protein is 
obtained either through precipitation by means of salt solu- 
tions or organic solvents or through lyophilization techniques. 

As first isolated, proteins are frequently mixtures. Separation 
into individual components formerly was accomplished only by 
means of tedious fractional precipitation operations; currently it 
is achieved much more conveniently and completely through chro- 
matographic procedures using ion-exchange resins or various cel- 
lulose derivatives, and preparative HPLC. 


Composition and Structure 


All proteins contain carbon, hydrogen, oxygen and nitrogen. 
Generally sulfur also is present, phosphorus is frequently 
found and other elements such as iodine, copper, iron and 
occasionally zinc may be present. Nitrogen is the distinguish- 
ing element. It constitutes approximately 16% of most proteins 
and thus leads to the rough factor 6.25 generally employed for 
converting protein nitrogen found by analysis to protein. 

The fundamental structural units of proteins are a-amino 
acids, about 20 of which (Table 26-3) participate prominently in 
protein formation. These building-block molecules contain at 
least one carboxyl group and one a-amino group, but differ in 
the structure of the remainder of the molecule. All except the 


simplest one, glycine, are capable of existing in both D and L 
configurations with respect to their a-carbon, but proteins con- 
tain only the L-enantiomers. The actual protein molecule con- 
sists of long-chain polymers that may be looked upon as having 
resulted from condensation of the amino acids, thus producing 
amide (commonly called peptide) linkages: 
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ae H-N—C—C-0H H+N—-C—CHOH ete 
H H 


In addition to the 20 standard amino acids given, several 
others of relatively rare occurrence have been isolated from hy- 
drolysates of some specialized types of proteins. All are deriva- 
tives of some standard amino acid. Among them is hydroxylysine, 
the 5-hydroxy derivative of lysine, present in collagen (as is hy- 
droxyproline). Desmosine and isodesmosine occur in the fibrous 
protein elastin. As noted in their structures, desmosine and 
isodesmosine can be visualized as being formed from four lysine 
molecules with their side-chain moieties joined to form a substi- 
tuted pyridine ring. Certain muscle proteins have been found to 
contain several e-N-methylated analogs of lysine and histidine. 
B-Alanine, a-aminobutyric acid, homocysteine, homoserine, citrul- 
line, ornithine, canavinine, djenkolic acid, and $-cyanoalanine 
are some naturally occurring amino acids that are not found in 
proteins. 
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The number of amino acid molecules so condensed varies 
widely among different proteins, ranging from perhaps as few 
as 30 up to tens of thousands. Proteins are thus macromole- 
cules that differ primarily from each other in the number and 
kinds of amino acid residues present and in the sequence of 
these in the polymer chain. 


Table 26-3. Prominent Protein Amino Acids 
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Protein structure is divided into four levels: 


Primary—The amino acid sequence, as determined by sequencing 
techniques. 

Secondary—tThe folding of polypeptide chains into coiled structures as 
determined by X-ray diffraction, optical rotatory dispersion (see 
Chapter 34), and electron photomicrography. 

Tertiary—The arrangement of chains into specific layers and/or fibers. 

Quaternary—A fourth level of organization where many monomeric 
units, each displaying primary, secondary, and tertiary architec- 
ture, associate to form a quaternary structure. 


Finally, a fifth level is conceivable whereby aggregates of dif- 
ferent proteins, each composed of the four fundamental struc- 
tural orders, form macromolecular complexes believed to be 
involved in fatty acid synthesis and electron transport. 

As with other kinds of macromolecules, molecular weights 
are less meaningful than usual. Determined by various 
methods—such as diffusion, sedimentation, viscosity, X-ray 
analysis, light-scattering, ultracentrifugation, electron micros- 


Neutral Aliphatic 
Glycine Gly 
aminoacetic acid 
Alanine Ala 
2-aminopropanoic acid 
Serine Ser 
2-amino-3-hydroxypropanoic acid 
Threonine Thr 
2-amino-3-hydroxybutanoic acid 
Valine Val 
2-amino-3-methylbutanoic acid 
Leucine Leu 
2-amino-4-methylpentanoic acid 
Isoleucine lle 
2-amino-3-methylpentanoic acid 


Neutral Thioaliphatic 
Cysteine CySH 
2-amino-3-mercaptopropanoic acid 
Cystine CyS-SCy 
3,3'-dithiodi(2-aminopropanoic acid) 
Methionine Met 
2-amino-4-(methylthio)butanoic acid 


Neutral Aromatic 
Phenylalanine Phe 
2-amino-3-phenylpropanoic acid 
Tyrosine Tyr 
2-amino-3-(p-hydroxyphenyl)propanoic acid 


Neutral Heterocyclic 
Proline Pro 
2-pyrrolidinecarboxylic acid 
Hydroxyproline Hyp 
4-hydroxy-2-pyrrolidinecarboxylic acid 
Tryptophan Trp 
a-aminoindole-3-propanoic acid 


Acidic 
Aspartic Acid Asp 
aminosuccinic acid 
Glutamic Acid Glu 
2-aminoglutaric acid 


Basic 
Histidine His 
a-amino-4-imidazolepropanoic acid 


Lysine Lys 
2,6-diaminohexanoic acid 

Arginine Arg 
2-amino-5-guanidinopentanoic acid 
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copy, or gel permeation—values for different proteins range 
from about 10* up to about 10’; the value found for a given 
protein often varies with the method used. 


Amino Acid Content and Sequence 


The two fundamental problems involved in the elucidation of 
the composition of a protein are the quantitative assay of the 
individual amino acids present and the determination of the 
sequence of all amino acid residues in the chain. Each is a 
highly specialized field of endeavor. Prior to the advent of 
modern techniques based on selective adsorption (ion- 
exchange, paper, thin-layer, high-performance liquid, and 
gas-liquid chromatography), electrophoresis, countercurrent 
distribution, and isotope-dilution methods, progress was dis- 
couragingly slow. That it is excitingly rapid today is abun- 
dantly evident from reports appearing regularly in the litera- 
ture of biochemistry. 

The amino acid composition of various selected proteins is 
presented in Table 26-4.1 In view of the diverse analytical 
methods employed, slight variations in reported values are 
expectable and are encountered in the literature. With simple 
(nonconjugated) proteins, the total mass of the amino acids 
exceeds the mass of the source protein because of the water 
that becomes fixed during hydrolytic cleavage of the peptide 
linkages. 

The precise sequence of amino acid residues now is known 
for a considerable number of proteins, among which are insu- 
lin, ribonuclease, tobacco mosaic virus, and many of the hemo- 
globins, the immunoglobulins, and other specialized proteins. A 
noteworthy example of current progress is the elucidation of 
the sequence in each of the two identical gamma chains (each 
contains 146 residues from 18 different amino acids) of the 
globin in fetal human hemoglobin and the identification of 39 
differences in sequence between each of these chains and its 
analog in adult human hemoglobin. 

As a further example of natural proteins in action, there has 
been success (IND filed) for recombinant human albumin 
(rHA), made using S cerevisiae, which has the advantage of 
ultimate protein purity. Specially denatured albumin also has 
been formulated as a contrast medium for transesophageal 
echocardiography (TEEC). 


Table 26-4. Amino Acid Composition of Selected Proteins’ 


Classification 


A satisfactory practical classification of proteins on the sole 
basis of either composition or structure has not been achieved, 
partly because of their wide diversity and partly because of 
incomplete knowledge. Classifications in terms of occurrence 
and function are encountered frequently in the literature but 
these are designed for special purposes and usually do not 
embrace the total protein field. A classification having some 
practical utility has evolved gradually over the years and is 
presented below. The division into classes is based primarily on 
solubility, coagulability, conjugation, denaturation, and hydro- 
lysis characteristics. 

Simple proteins are naturally occurring proteins that 
yield only alpha—amino acids or their derivatives on hydrolysis. 
They may be of several types and include 


Albumins, which are soluble in water and coagulated by heat, such as 
ovalbumin in egg white and serum albumin in blood. 

Globulins, which are insoluble in water but soluble in dilute salt solu- 
tions and coagulable by heat, such as serum globulin in blood. 
Glutelins, which are insoluble in water or dilute salt solution but 

soluble in dilute acid and alkali, such as glutenin in wheat. 

Prolamines, which are insoluble in neutral solutions but soluble in 80% 
alcohol, such as zein in corn and gliadin in wheat. 

Albuminoids, which are dissolved only by boiling in strong acids, such 
as keratins in hair and horny tissue, elastins in tendons and arter- 
ies, and collagens in skin and tendons. 

Histones, which are basic in reaction, soluble in water but insoluble in 
dilute ammonia, and difficultly heat-coagulable; these include thy- 
mus histone and hemoglobin. 

Protamines, which are strongly basic in reaction and soluble in water, 
dilute acid and ammonia; examples are salmin and sturin in fish 
sperm. They precipitate many other proteins. 


Conjugated proteins are those proteins that are combined 
in nature with some nonprotein substance. They are classified 
according to the nature of the prosthetic (nonprotein) group. 
The classes, which are not mutually exclusive, include 


Phosphoproteins—contain a phosphoric acid moiety as the prosthetic 
group, such as casein in milk and ovovitellin in egg yolk. 

Nucleoproteins—the nonprotein portion is a nucleic acid, for example, 
the nuclein in cell nuclei. 

Glycoproteins—simple proteins united to a carbohydrate group, such as 
mucins in vitreous humor and saliva. 

Chromoproteins—contain a colored prosthetic group, for example, he- 
moglobin in blood, and flavoproteins. 


MILK: 
IUPAC MIXED 
ABBREVIATION GELATINS PROTEINS CASEIN 

Alanine Ala O. ashe 3.0 
Arginine Arg 8.8 4.2 4.1 
Aspartic Acid Asp 6.3 ome Hat. 
Cystine CyS-SCy 0.1 1.0 0.3 
Glutamic Acid Glu iMe7 21.5 22.4 
Glycine Gly 30.5 23 2.7/ 
Histidine His 0.7 2.8 Skat 
Hydroxyproline Hyp 14.5 ae 0 

Isoleucine lle he) 75 6.1 
Leucine Leu 3.2 11.0 92 
Lysine Lys Sl 8.7 8.2 
Methionine Met 0.9 gy) 3.4 
Phenylalanine Phe Zul 5e5) 5.0 
Proline Pro 16.3 neste ies 
Serine Ser 3.8 4.3 6.3 
Threonine Thr 2.2 4.7 49 
Tyrosine Tyr 0.7 6.0 6.3 
Tyrptophan Trp 0 ALS eZ 
Valine Val 3.1 7.0 ee 


CLOSTRIDIUM 
SERUM HEMOGLOBLIN: BOTULINIUM 
ALBUMIN* y-GLOBULIN _ HORSE INSULIN TOXIN 
6.2 74 4.5 3:9 
6.0 4.8 8} 7/ 3.1 4.6 
10.3 8.8 10.6 6.8 20.1 
6.5 Bul 1.0 12.5 0.8 
17.0 11.8 8.2 18.6 15.6 
2.0 4.2 5.6 4.3 1.4 
4.0 25 8.7 4.9 1.0 
0 0? 0? 0? ede 
3.0 Paci] 0? 2.8 11.9 
12.0 9:3 15.2 13.2 10.3 
227, 8.1 8.5 225 7.7 
1s 1.1 1.0 0 1.1 
7.0 4.6 Th! 8.1 N22 
Del 8.1 8.5 2.5 2.6 
7.0 11.4 5.8 Bz 44 
7.1 8.4 4.4 2.1 8.5 
Eye) 6.8 3.0 13.0 13.5 
1.0 2.9 ik7/ 0 AUR) 
6.0 eH 9.0 7.8 5.3 


° The data in this table were taken from a more comprehensive table by Hawk et al,' with the kind permission of the publishers. 
All values are in g/100 g of protein except those marked * which are in g/16 g total nitrogen. 


Lipoproteins—proteins in combination with lipid materials, such as 
sterols, fatty acids, or lecithin. 

Metalloproteins—the prosthetic group contains a metal; for example, 
enzymes such as tyrosinase, arginase, and xanthine oxidase. 


Derived proteins are substances formed from simple or 
conjugated proteins by various means such as the action of 
heat, acids, alkalies, water, enzymes, alcohol, radiant energy 
and mechanical shock. They differ in one or more respects from 
the proteins from which they are formed; and, in general, the 
extent of this difference, as reflected by changes in various 
physical and chemical properties, constitutes the basis for the 
classification described below. 

Primary derived proteins are referred to as denatured pro- 
teins. They differ only slightly from the proteins from which 
they are derived, probably only in conformation, with the pep- 
tide linkages remaining pretty much intact. They are subdi- 
vided as 


Proteans—These are insoluble substances formed during the early 
stages of the action of water, enzymes or dilute acid on the original 
protein. They sometimes result merely from mechanical agitation of 
a solution of protein. Examples are fibrin from fibrinogen and myo- 
san from myosin. 

Metaproteins—These are substances formed during the early stages of 
protein hydrolysis by means of acid or alkali. In general, they are 
easily soluble in dilute acids and alkalies; this is indicative of some 
hydrolytic cleavage of the peptide linkages in the original protein. 
They are insoluble in neutral solvents and, like most natural pro- 
teins, are coagulable. Examples are the acid and alkali albuminates. 

Coagulated proteins—These are insoluble substances formed from pro- 
teins usually by the action of heat or alcohol. They also may be 
produced from protein solutions by actinic irradiation, mechanical 
shock or the application of high pressure. Coagulated egg albumin 
and cooked meat are familiar examples. 


Secondary derived proteins are substances formed during 
the progressive hydrolysis of proteins; thus, in comparison with 
the primary derived proteins, they differ much more decidedly 
from their original proteins. Secondary derived proteins cover a 
very wide range of molecular weights, the weight in each case 
depending upon the extent of the hydrolytic cleavage of the 
original protein. They are subclassified into the following broad 
categories: 


Proteoses—These constitute the highest molecular weight group and 
thus represent the least hydrolyzed state of the original protein. 
They generally are more readily soluble in water than the original 
protein, and are of sufficiently reduced complexity as to be nonco- 
agulable by heat. Saturation of their aqueous solutions with ammo- 
nium sulfate causes them to precipitate. 

Peptones—These are lower in molecular weight than the proteoses and 
thus represent a more degraded hydrolytic state of the original 
protein. Like the proteoses, they are readily soluble in water and 
noncoagulable by heat. Due to their lesser molecular complexity, 
they are not precipitated (salted out) from aqueous solution by 
saturation with ammonium sulfate. They are precipitated as com- 
plexes, however, by phosphotungstic acid. 

Peptides—These are very small hydrolytic fragments of their original 
proteins. They contain from 2 to possibly 20 or so amino acids joined 
via amide linkages, and commonly are subdivided into di-, tri-, etc, 
peptides according to the number of amino acid residues they 
contain; see the previous section on peptides and polypeptides 
(page 419). 


Physical and Chemical Properties 


In general, pure proteins are relatively odorless and tasteless. 
_ In their normal biological environment, they are highly hy- 
drated. Color varies. On heating, they decompose with or with- 
out simultaneous liquefaction, and emit the characteristic odor 
of singed hair. Because proteins are polyelectrolyte macromol- 
ecules with multifunctional groups, it is not unlikely that they 
differ greatly in their physical properties, ic, their solubilities 
in such solvents as water, salt solutions, monohydric and poly- 
hydric alcohols, and dilute acids and bases, forming colloidal 


NATURAL PRODUCTS 423 


solutions from which heat often precipitates the protein in 
coagulated form. Precipitation in unaltered form frequently is 
accomplished, especially at their isoelectric point, by means of 
salt solutions such as sodium chloride and ammonium sulfate, 
and by diluted ethanol. Many proteins have been obtained in 
crystalline form but, unlike crystalline substances in general, 
this is not necessarily evidence of homogeneity as some have 
been further resolved into two or more components through 
chromatographic, electrophoretic and other procedures. 

The exceptional vulnerability of proteins in general to chem- 
ical attack often requires careful control of reaction conditions; 
nevertheless, their chemical characteristics are quite in accord 
with those to be expected from the functional groups present. 

TESTS FOR PROTEINS AND AMINO ACIDS—In addi- 
tion to the modern chromatographic, electrophoretic, and other 
procedures mentioned previously, many older test methods still 
find useful application. 

Before dwelling on the older test methods that find useful 
application, it is worth noting that current technology is such 
that high performance liquid chromatographic procedures are 
becoming more and more useful for the separation and deter- 
mination of not only the amino acid components themselves, 
but of many of the smaller peptides as well. This is made 
possible with the advent of post—column-derivatization tech- 
niques with which the peptides and the amino acids are made 
chromophoric by the use of such fluorescent derivatives as the 
fluorescamine derivative, the PTH amino acid derivatives, 
the derivative formed by reaction in the orthophthaldehyde 
method, and the dansyl and dapsyl derivatives. 

The advent of these fluorescent and highly sensitive deriv- 
atives makes it possible to determine the concentration of in- 
dividual amino acids and small peptides in mixtures in the 
nanomole and picomole range. The hydrolysis of protein yields 
amino acids that, on treatment with nitrous acid, liberate 
nitrogen. This reaction along with other techniques forms the 
basis of Van Slyke’s nitrogen distribution method which has 
important uses in clinical chemistry. Amino acids and the free 
amino groups in proteins react with ninhydrin. The presence of 
peptide linkages can be shown by means of the Biuret test. 

Numerous color tests are available for individual amino 
acids, including the Ehrlich and Hopkins—Cole tests for trypto- 
phan, the Sakaguchi test for arginine, the nitroprusside test for 
cystine and cysteine, the Millon test for tyrosine, the xantho- 
proteic test for tyrosine and phenylalanine, the Pauly diazo test 
for histidine and tyrosine, and the basic lead test for the sulfur- 
containing acids. 

Precipitates are formed with amino acids on the addition of 
various reagents such as heavy metal salts, and certain acids 
such as picric, phosphotungstic, trichloroacetic or sulfosalicylic 
acids. Dilution with acetonitrile is often sufficient to precipitate 
protein from extracted serum samples. 

It has been shown that using mobile phases containing 
surface-active agents such as sodium lauryl sulfate or cetri- 
mide, at concentrations above the critical micelle concentration, 
serum samples can be analyzed directly by HPLC without prior 
protein precipitation. The protein is solubilized as the micelle 
with no partitioning power. This method is superior to the 
preprecipitation of protein material technique prior to the use of 
HPLC, because even the acetonitrile or trichloroacetic acid 
procedure still leaves a sufficient amount of protein behind to 
hinder the trace analysis of most medicaments in plasma or 
serum. 


Precursor Functions of Amino Acids 


In addition to their role as building blocks of proteins, the 
amino acids are precursors of many other important biomol- 
ecules, including various hormones, vitamins, coenzymes, al- 
kaloids and porphyrins. The aromatic amino acids are partic- 
ularly versatile as precursors; from them are made many 
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alkaloids, such as morphine, codeine, and papaverine and a 
number of hormones. Although hormones are mentioned else- 
where, it should be stated here that, with regard to those that 
are involved in the biotransformation from amino acids, hor- 
mones such as the thyroid hormone, thyroxine; the plant hor- 
mone, indoleacetic acid; and an adrenal hormone, epinephrine, 
are included. 


Uses for Amino Acids and Proteins 


NUTRITION—The nutritional value of proteins in our diet 
involves recognition of the quality as well as the quantity of the 
protein. Humans do not have the ability to synthesize all of the 
amino acids required for normal good health. Those that are 
required to be supplied by diet are called essential amino acids 
and include leucine, isoleucine, lysine, methionine, phenylala- 
nine, threonine, tryptophan, and valine; histidine is essential 
only for children. In general it is recommended that an adult 
should ingest 1.5 g of protein/kg daily. Children require about 
two to three times this amount. Of course, this assumes that 
the protein in the diet has an adequate amount of all essential 
and nonessential amino acids. Proteins found in eggs, beef, and 
milk are considered to have the best nutritional value. Ironi- 
cally, these foods are those that should be limited due to 
their effect on serum cholesterol) levels in people who are 
hypercholesterolemic. 

CLINICAL USES—Adequate protein nutrition requires 
the intake of sufficient protein to meet daily requirements. This 
protein must be of the necessary quality, ie, it must supply the 
essential amino acids. Protein deficiency thus may be caused by 
a reduced intake, or the use of low-quality protein. 

Obviously, the actual intake of protein may be influenced by 
factors such as high excretion in conditions of kidney damage 
or blood loss, or an increased requirement associated with 
thyrotoxicosis or high fever. Symptoms of deficiency include 
loss of weight, nutritional edema, and skin changes and are 
associated with such conditions as nephrosis, sprue, and colitis. 
Deficiency also may result in a reduced resistance to infection 
because an adequate protein intake is necessary for the forma- 
tion of phagocytes, leukocytes, and antibodies. Stress, such as 
brought on by accidental or surgical trauma, pregnancy, and 
lactation also may cause a deficiency of amino acids and greater 
intakes of protein are required in these conditions. The disease 
kwashiorkor has been shown to respond to adequate supplies of 
proteins. 

For the treatment of protein deficiency several types of 
products are available. High-protein natural foods should be 
used where possible. Protein concentrates such as skim milk 
powder to which may be added casein and lactalbumin are also 
available. Where the bulk of high-protein foods is undesirable 
or where the patient is unable to digest whole protein, hydro- 
lysates or mixtures of crystalline amino acids may be indicated 
(for description, see Chapter 106). 

OFFICIAL AMINO ACIDS—Those a-amino acids that 
have official status include alanine, arginine, cysteine, cystine, 
histidine, isoleucine, leucine, lysine, proline, serine, trypto- 
phan, tyrosine, valine, and methionine. 


ALKALOIDS 


Sertiiner’s 1817 paper, “Morphis, a New Salt-forming Sub- 
stance, and Meconic Acid, as the Chief Constituents of Opium,” 
opened a new era of discovery in organic plant chemistry. His 
isolation of the first alkaloid soon was followed by the isolation 
of narcotine by Robiquet and strychnine by Pelletier and 
Caventou. These basic compounds at first were called vegetable 
alkalies; later these were renamed alkaloids, meaning alkali- 


like. It is of special interest to note that many of the most 
important alkaloids were discovered by pharmacists. 

Alkaloids, as the active principles of many plants, were 
isolated and announced in rapid succession by various investi- 
gators. Various genera of 158 botanical families have yielded 
compounds with alkaloidal properties. A few are obtained from 
cryptogams (flowerless plants), but the majority are extracted 
from the phanerogams (flowering plants), most of them being 
from dicotyledons. The monocotyledons are not excluded be- 
cause some useful alkaloids are found in species of the Ama- 
ryllidaceae and Liliaceae families. 

Phytochemists estimate that less than 5% of the known 
flowering plants have been investigated for possible alkaloid 
content. Specific alkaloids of complex structures are confined 
ordinarily to specific plant families (hyoscyamine in So- 
lanaceae, and colchicine in Liliaceae). Nicotine, which is found 
in a number of widely scattered plant families, is not an excep- 
tion to this rule because of the biosynthetic simplicity of its 
structure. However, the occurrence of ergot alkaloids in the 
fungus Claviceps purpurea and certain Ipomoea species (Con- 
volvulaceae) is a definite exception and may be attributed to 
either parallel or conversion evolution of certain complex bio- 
chemical pathways. 

Notwithstanding the many extremely valuable synthetic 
medicinal and antibiotic agents that have been added to the list 
of weapons against disease, the alkaloids still constitute an 
indispensable and most potent group of substances for the 
treatment and mitigation of functional disturbances and relief 
from suffering. It is for this reason that some of the larger 
pharmaceutical firms maintain continuing programs for the 
pharmacological screening of alkaloids, both new and old. 

Reserpine, much valued today for its antihypertensive and 
psychotherapeutic actions, emerged from such a program in the 
1950s, and an intensive effort with the Vinca (Catharanthus) 
alkaloids yielded some oncolytic drugs of value in the treat- 
ment of certain types of cancer. 

A number of naturally occurring alkaloids are made syn- 
thetically and there are also a number of synthetic drugs of an 
alkaloidal character that do not occur in nature. Distinction 
should be made between total synthesis, in which the end 
product is the result of chemical processes that employ only 
materials that can be built up from the elements (carbon, 
hydrogen, oxygen, etc), and partial synthesis in which the end 
product is produced from a naturally occurring complex sub- 
stance that is already closely related structurally to the desired 
end product (eg, the synthesis of ergonovine from lysergic acid). 

In their native environment, alkaloids usually exist in the 
form of salts, frequently of the simple organic acids such as 
lactic, malic, tartaric, or citric. Unusual, often distinctive, acids 
also are encountered, such as quinic with cinchona, and 
meconic with opium alkaloids. In addition to their basic nitro- 
gen moiety, alkaloids usually contain one or more chemically 
functional groups. Thus, cocaine contains two ester functions, 
quinine contains both the secondary alcohol and aromatic me- 
thoxy functions, ergonovine contains a substituted amide func- 
tion, and so on. Some alkaloids such as solanine and tomatine 
actually occur as glycosides. 

Perhaps alkaloids should be viewed as products of metabolic 
experimentation that reflect the intermediary evolutionary 
stages now obtained by plants. Alkaloid formation might be 
described best as a metabolic process involving longer or 
shorter reaction sequences that begin with substances normal 
and essential in plant metabolism and end with compounds not 
necessarily serving such a purpose. This process is controlled 
genetically and, as such, an alkaloid-producing plant is merely 
one in which the additional metabolical reaction has evolved 
through mutation of one or more genes. Proof that such 
changes occur, regardless of the utility of the element products, 
is given by the thousands of pigments, tannins, polysaccha- 
rides, glycosides, volatile oils, and resins to which no essential 
role in plant metabolism can be ascribed. 


Therefore, this assumed metabolic error probably will be 
eliminated when plants approach the stage of ultimate adap- 
tation and eliminate all redundant features and processes. 
They are thus the kind of waste product retained within the 
organism that produces them. Unlike many substances with 
which we are familiar, the alkaloids are structurally complex 
end products of energy requiring reaction sequences. 

CLASSIFICATION—Alkaloids may be classified in a vari- 
ety of ways—for example, according to source, chemical struc- 
ture, or pharmacological action. Any attempt at comprehensive 
chemotaxonomic classification is far beyond the scope of this 
text; for such a treatment, consult the continuing encyclopedic 
work of Brossi (see the bibliography). A partial classification 
that includes most of the more important pharmaceutical al- 
kaloids is presented in Table 26-5. As in all such condensed 
classifications, caution must be exercised in interpreting the 
entries under Nucleus. Different hydrogenated forms of a given 
nucleus often are present in different alkaloids; thus, nicotine 
contains the pyridine ring, whereas piperine contains the hexa- 
hydropyridine ring (piperidine). Also, some alkaloids contain 
more than one nucleus; thus, quinine contains both quinoline 
and quinuclidine. In many instances, the nucleus shown in 
Table 26-5 is merely the best-known fragment of the total fused 
ring system actually present in the alkaloid. Thus, for example, 
while it is true that each of the ergot alkaloids contains an 
indole ring in its nucleus, actually the indole is but a fragment 
of the fused tetracyclic ring system, indolo[4,3-fg]quinoline, 
which constitutes the total nucleus. The complete heteronuclei 
represented in official alkaloids are included in the table of 
heterocycles in Appendix E, Chapter 25. 

PROPERTIES—The more important characteristic fea- 
tures of alkaloids are 


In addition to carbon and hydrogen, alkaloids all contain nitrogen and 
generally also oxygen. The nitrogen, which usually is contained in 
whole or in part in the heteronucleus, confers the alkali-like prop- 
erties to alkaloids. 

Most of the nonvolatile alkaloids are solid; the volatile ones are mainly 
liquid and these often contain no oxygen. 

They are mainly crystallizable, though a few are amorphous. Some, 
such as nicotine, are liquid (as the free alkaloid) under ordinary 
conditions. 


Table 26-5. A Partial Classification of Alkaloids 


NUCLEUS PLANT GENERA 

Benzazulene Aconitum, Delphinium 

Diterpenoid Taxus 

Pentadecene 

Imidazole Pilocarpus 

Indole Peganum, Psilocybe, Stropharia, Evodia, 
Corynanthe, Claviceps, Physostigma, 
Strychnos, Rauwolfia 

Isoquinoline Hydrastis, Papaver, Corydalis, Berberis, 


Chondodendron, Ipecacuanha, Sanguinaria 


Phenylalkylamine Ephedra, Lophophora 


Purine Guarana, Cola, Coffea, Thea, Theobroma 

Pyridine Anabasis, Areca, Conium, Lobelia, Piper, 
Punica, Ricinus, Nicotiana 

Quinoline Cinchona, Cusparia 

Quinolizine Anagyris, Laburnum, Lupinus, Sophora 


Spirobenzylisoquinoline | Fumaria, Corydalis 


Steroidal? Solanum, Veratrum, Lycopersicon, Holarrhena, 
Schoenocaulon 
Tropane Erythroxylon, Atropa, Datura, Hyoscyamus, 


Scopola 
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They are generally white, although berberine is yellow; and sangui- 
narine, itself colorless, yields red salts. 

They are either insoluble or sparingly soluble in water (with a few 
exceptions, such as colchicine) but soluble in alcohol, chloroform, or 
benzene, some in ether, and a few in petroleum ether. Their salts 
behave conversely in the matter of solubility. 

Most of them are physiologically active, some being extremely poison- 
ous. In the majority of instances they are medicinally important 
substances of the plants from which they are derived. 

Alkaloids unite with acids to form substituted ammonium salts. The 
stability of these salts toward hydrolysis varies with the basic 
strength of the alkaloid and the nature of the acid used. With the 
exception of the xanthine group, most common alkaloids have pK 
values less than 7. The alkaloids are freed from their salts by the 
addition of alkali. 

They are precipitated by one or more of the following reagents; with 
some, they form definite chemical compounds that are used for their 
identification: mercuric-potassium iodide (Mayer’s reagent), potas- 
sium-cadmium iodide (Marme’s reagent), potassium-bismuth iodide 
(Dragendorff’s reagent), phosphomolybdic acid (Sonnenschein’s re- 
agent), a solution of iodine with potassium iodide (Wagner’s re- 
agent), phosphotungstic acid (Scheibler’s reagent), gold chloride, 
tannic acid, and picric acid. 


IDENTIFICATION—Various kinds of tests have been de- 
vised to identify known alkaloids. Their effective use, however, 
usually requires some relevant knowledge of the history of the 
sample under examination. In general, these tests involve com- 
binations of two or more of the following: melting points of the 
alkaloid and at least one of its salts or other derivatives; spe- 
cific rotation; solubility in various solvents; color reactions with 
specified reagents; and microscopic examination of the crystals 
obtained by the action of suitable precipitants under controlled 
conditions. 

Closely related alkaloids such as morphine and codeine do 
not differ sufficiently in their absorption of ultraviolet light to 
permit differentiation on the basis of their respective spectro- 
grams. However, the infrared spectrum of an alkaloid is indi- 
vidual; if a reference spectrum is available, identification can 
be made with certainty. Modern high-resolution NMR tech- 
niques make possible even more definitive identification. 

EXTRACTION—In a representative type of process, the 
crude milled drug is moistened with an aqueous alkali such as 


ALKALOIDS 


Aconitine, delphinine, delsoline 

Cephalomannine, B-hydoxybaccatin, taiwanxan, taxagafine, 
taxine, taxol 

Pilocarpine, pilocarpidine, pilosine, pseudopilocarpine, 
pseudojaborine, isopilocarpinea 

Brucine, ergonovine, ergotamine, harmine, physostigmine, 
psilocybin, reserpine, strychnine, yohimbine 


Anhalonine, bebeerine, berberine, cephaeline, codeine, 
corydaline, cotarnine chloride, emetine, erythramine, 
erythroidine, hydrastine, menispermine, morphine, 
papaverine, sanguinarine, tubocurarine chloride 

Ephedrine 

Caffeine,” theobromine,’ theophylline? 

Anabasine, aphylline, arecaidine, arecoline, coniine, 
guvacine, lobeline, nicotine, pelletierine, piperine, 
ricinine, trigonelline 

Cinchonine, cinchonidine, cusparine, ethylhydrocupreine, 
quinacrine, quinine, quinidine 

Anagyrine, cytisine, lupanine, lupinine, matrine, sparteine 

Corpaine, fumaricine, fumariline, fumaritine, ochrobirine, 
ochrotensimine, ochrotensine, sibiracine 

Cevadine, cevine, conessine, jervine, rubijervine, solanidine, 
solanine, tomatidine, veratramine, veratridine 

Atropine, benzoylecgonine, cocaine, eucatropine, 
homatropine, hygrine, hyoscyamine, scopolamine 


2 Some authors do not classify these relatively feebly basic compounds as alkaloids. ; 
» Various nuclei are represented in this group. In general, they have some resemblance to the steroid (cyclopentanophenanthrene) nucleus. 
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sodium carbonate, sodium bicarbonate, or lime—to liberate the 
alkaloids from their salts—and percolated with benzene, ether, 
or some other suitable water-immiscible solvent. The solvent 
layer is extracted with dilute acid to convert the alkaloids into 
salts and to bring them into the aqueous phase. The free 
alkaloids, substantially without other plant materials, are pre- 
cipitated by the addition of alkali and then separated by ap- 
propriate means. The operations involved are based on the 
physical as well as the chemical properties of the alkaloids 
sought. Purification usually is accomplished by the crystalliza- 
tion of the alkaloidal salts, but distillation and other proce- 
dures also are employed. 

In some cases, when the alkaloidal content of a drug is low, 
and large volumes of dilute aqueous solutions are obtained, it is 
advantageous to adsorb the alkaloids on ion-exchange resins. If 
the several alkaloids adsorbed on a resin differ sufficiently in 
basicity, it may be possible to effect at least a partial separation 
of the alkaloids in the course of the elution from the resin. 

An excellent example of the problems encountered and of 
some of the modern techniques employed in the separation of a 
complex mixture of alkaloids is provided by the review” of 
researchers on the Vinca alkaloids. 

SYNTHESIS—tThis section briefly presents significant as- 
pects of the very active and diverse roles synthetic organic 
chemistry has in the alkaloid field. On the one hand, the total 
synthesis of a complex alkaloid such as strychnine (Chapter 
85), even though it has no probable future practical manufac- 
turing importance, is recognized as a monumental achieve- 
ment. On the other hand, the emergence of what seemed like a 
simple effective substitute for morphine (methadone) caused a 
flurry of activity in laboratories throughout the world, and 
resulted in the publication of hundreds of individual chemical 
research reports and the results of numerous pharmacological 
investigations. Hach type of development undoubtedly will con- 
tinue to affect the status of alkaloidal drugs. 

Total syntheses usually are undertaken with the purely 
scientific objective of adding to our knowledge. The molecular 
structure of an alkaloid is deduced from experiments in which 
the identity of its chemically functional groups is established, 
and/or the alkaloid is degraded to simpler fragments. The na- 
ture of these functional groups and of the fragments and their 
own reactions lead to a hypothesis concerning the structure of 
the original material. The review article on Vinca alkaloids 
provides a good illustration of structural elucidation.” This 
hypothesis is expressed in the form of a written structural 
formula or other model, which must adequately explain the 
chemical and physicochemical properties (spectra, X-ray anal- 
ysis, nuclear magnetic resonance, etc) of the alkaloid. Final 
confirmation of the hypothesis can come only from a total 
synthesis that, step by step, employs unequivocal reactions and 
at each stage of which produces intermediates of proved 
structure. 

Since the final products usually have several chiral centers, 
syntheses are complicated further by the requirement that 
they proceed through stages that will lead to the product with 
a stereochemical configuration corresponding to that of the 
natural product. This requirement imposes the need for invent- 
ing, at appropriate steps, stereospecific means for proceeding to 
the next step or, alternatively, for choosing at a given step from 
among a mixture of intermediate products, only the one which 
is suitable for the further transformations contemplated. 

The achievement of a total synthesis is a result of imagina- 
tion, intellect, and experimental skill. Whether the methods 
that are used to reach the objective will lend themselves to 
technological exploitation is usually not germane to the issue. 
It is, therefore, often very unlikely that total chemical synthe- 
sis will compete economically with the processes for deriving 
the more complex alkaloids from natural sources. It is conceiv- 
able that a combination of chemical and biological means (use 
of enzymes, etc) may in certain cases lead to practical synthesis 
of alkaloids, but this is not true total synthesis. 


However, the outlook for synthetic analogs of and substi- 
tutes for alkaloids is different. Procaine has displaced cocaine 
to a notable extent; similarly, for many uses the synthetic 
quinolines have replaced quinine, and synthetic morphinan 
derivatives are replacing some opium alkaloids. From the long- 
range point of view it appears likely that many of the naturally 
occurring alkaloids currently in use eventually will be at least 
partly supplanted by synthetic products. 

Using the structural formula of an alkaloid as a prototype, 
efforts have been made to determine the pharmacodynamically 
important portion of the molecule, ie, the structural arrange- 
ment of atoms or groups mostly responsible for the main phys- 
iological action of the compound. Once this has been deter- 
mined (often quite empirically), synthetic variants of the 
fundamental structure are prepared and tested until a single 
compound, or family of compounds, is found that offers greatest 
promise for further pharmacological study. 

The structural resemblance among several alkaloids and 
their respective analogs or substitutes can be seen from tables 
presented throughout this chapter. Often in the past this re- 
semblance was noted only after the therapeutic effectiveness of 
a synthetic had been discovered. At the present time, more and 
more alkaloid substitutes are tailor-made by design. It also will 
be noted that in some cases large sections of the alkaloidal 
molecule are not reproduced in the synthetic molecule because 
they fundamentally are not involved in the physiological effect 
produced. Also, very often the complicated stereochemistry of 
the natural product is not followed in detail in the construction 
of the synthetic product; morphine has several centers of asym- 
metry, whereas meperidine has only one. 

Speculations concerning the biogenesis of alkaloids have 
had fruitful results in increasing our understanding of nature 
and in stimulating the invention of novel synthetic processes. A 
biogenetic theory attempts to deduce how the plant, using in- 
termediates known to be present in it, and known conditions of 
temperature, pH, and so on (physiological conditions), is able to 
elaborate a whole group of alkaloids and sometimes several 
chemical classes of alkaloids. An effort may then be made to 
reproduce these conditions in vitro. 

The building blocks of the alkaloids are presumed to be the 
amino acids and their metabolic degradation products. Form- 
aldehyde sources (eg, glyoxylic and formic acids) also are avail- 
able, and biological processes of deamination, decarboxylation, 
and oxidation are operative. How the plant effects the synthe- 
sis is determined best by a study of the plant chemistry itself, 
but in vitro experiments often provide strong clues. 

INCOMPATIBILITIES—Most alkaloids are soluble in al- 
cohol and other organic solvents and insoluble in water; they 
react with acids to form salts that usually are soluble in water 
and only slightly soluble in alcohol. The addition of a base, 
therefore, to an aqueous solution of an alkaloidal salt generally 
will precipitate the free alkaloid. In the same manner, alkaline 
salts such as the acetates, carbonates, citrates, benzoates, sa- 
licylates, or basic phosphates of sodium, potassium, or ammo- 
nium will precipitate the free alkaloid from such a solution or, 
in some instances, will convert it to a less-soluble salt. 

As a general rule, alkaloids are incompatible with oxidizing 
agents, some undergoing oxidation readily on exposure to air. 
Various antioxidants such as sodium metabisulfite are effective 
in retarding this deterioration. Oxidation is more rapid in 
alkaline solution, and buffers that maintain the solution at a 
pH designed to retard it are used commonly. The rate of hy- 
drolysis of ester and glycosidic alkaloids is pH dependent. 

CLASSIFICATION—Alkaloids may be classified in a vari- 
ety of ways, for example, on a botanical, chemical, or pharma- 
cological basis. Various systems are employed, depending upon 
the nature of the primary interests of the various authors. Each 
system has its advantages and disadvantages, and a realistic 
appraisal of the present situation points to the firm conclusion 
that much more needs to be learned about the occurrence, 
composition, and physiological actions of the alkaloids before a 
comprehensive classification having maximum practical utility 


can be produced. The usual chemical classifications take into 
account the cyclic nuclei and the number, locations, and types 
of substituent functional groups; although it is abundantly 
evident that these classifications have led to the charting of 
research paths that have yielded very useful synthetic drugs, it 
equally is clear that the present state of correlation between 
pharmacological actions and various features of molecular ar- 
chitecture leaves much to be desired. This has led to a revival 
of interest in the various stereochemical aspects of alkaloids in 
an attempt to resolve the many anomalies, and expectations 
are high that sufficiently intensive investigation in this area of 
endeavor will yield useful information. 

For the purpose of the abbreviated presentation here, the 
alkaloids are classified under the following headings: 


Opium Alkaloids 
Cinchona Alkaloids 
Tropane Alkaloids 
Xanthine Alkaloids 
Ergot Alkaloids 
Rauwolfia Alkaloids 
Vinca Alkaloids 
Miscellaneous Alkaloids 


The following discussion is limited strictly to natural alka- 
loids and derivatives of these that may be produced by effecting 
relatively simple chemical operations. This section deliberately 
avoids any attempt to include synthetic compounds such as 
meperidine, methadone, and the several synthetic morphinan 
derivatives, which often are included in other texts in the 
opium group; chloroquine, hydroxychloroquine, and other syn- 
thetic antimalarials, which often are presented with alkaloids 
of the Cinchona group; and eucatropine, procaine, and other 
synthetics, which often are presented with alkaloids of the 
tropane group. ' 

STRUCTURAL FORMULAS AND NOMENCLATURE— 
The structural formulas for all alkaloids in this text are 
presented in the style adopted by Chemical Abstracts. This 
style portrays the alkaloids in what has been termed their 
absolute configuration—portraying the stereochemistry of 
all asymmetric centers—and is employed whenever the ste- 
reochemical configuration is definitive and can be expressed 
unambiguously by the Cahn—Ingold—Prelog sequence con- 
vention. 

The treatment of alkaloids by Chemical Abstracts fre- 
quently abandons the systematic (Ring Index) names in favor 


Table 26-6. Classification of Opium Alkaloids 


Benzylisoquinoline Group 
Codamine [C.H>.NO,]% 
Gnoscopine [C,,H,3NO,]°? 
Laudanidine [C,,H5;NO,]? 
d/-Laudanine [C,)H,NO,]? 
Laudanosine [C,,H5,NO,]? 


Narcotoitne [C,,H>,NO,]°? 
/-Narcotine [C,,H3NO,]°°? 
Oxynarcotine [C,,H»3NO,]°” 
Papaverine [C,)H>,NO,]° 
Xanthaline [C,9H,,NO.]° 
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of stereospecific trivial names such as aporphine, morphinan, 
and yohimban. It frequently also departs from the Ring Index 
orientation and numbering in favor of schemes more commonly 
used in the reporting literature. As to be expected, these dif- 
ferences in orientation and numbering also are reflected in 
differences in nomenclature and thus complicate further liter- 
ature searches and structural comparisons of compounds. The 
preferred Chemical Abstracts names for all official alkaloids 
and alkaloid salts are provided as subtitles to the monograph 
captions at other locations in the text. 

For a detailed listing of the Chemical Abstracts method of 
naming, structuring, and indexing alkaloids, see the Ring Sys- 
tems Handbook (1988) and supplements (1991) of Chemical 
Abstracts. 


Opium Alkaloids 


Opium is official as such, and its monograph, along with those 
on official items containing it, are presented in Chapter 83. The 
many alkaloids obtained from the opium poppy, Papaver som- 
niferum, often are divided into the following five approximate 
chemical groups: Benzylisoquinoline, Phenanthrene, Tetrahy- 
droisoquinoline, Cryptopine, and Alkaloids of Unknown Struc- 
ture. The classification shown in Table 26-6, which gives trivial 
name, systematic name, and Ring Index designation, is on this 
basis. An additional group is provided to accommodate the 
important semisynthetic derivatives of morphine and codeine. 
The specific heteronuclei present are identified by footnotes; 
the number in parentheses following the name is the Ring 
Index (2nd ed) number. 

It will be observed that the pharmaceutically important 
alkaloids displayed in Table 26-7 derive from the so-called 
benzylisoquinoline and phenanthrene groups. The parent het- 
erocycle of the phenanthrene group of alkaloids is 4aH-8,9c- 
iminoethanophenanthro[4,5-bcd]furan. In the hexahydro state 
characteristic of codeine and morphine, its Ring Index (IUPAC) 
orientation, and numbering are shown below. The specific ste- 
reoisomer present in these alkaloids is shown at the right in 
Chemical Abstracts format, which treats it as a 4,5a-epoxymor- 
phinan and numbers it by the familiar Cahn—Robinson 
sequence. 


Cryptopine Group 


Cryptopine [C,,H,3NO.]' Protopine [C5 9H,9NO«]* 


Alkaloids of Unknown Structure 


Papaveramine [C,,Hs;NOg¢] 
Rhoeadine [C,,H2,NO.] 


Lanthopine [C,3H>;NO,] 
Meconidine [C,,H53NO,] 


Narceine [C,3H>,NO,]? 


Phenanthrene Group 
Codeine [C,gH,NO3]” 
Morphine [C,7H,,NO3]” 
y-Morphine [(C,7H;gNO3)2]” 


Tetrahydroisoquinoline Group 
Hydrocotarnine [C,,H,,NO3]* 
Quinoline Group 
Aporeine [C,gH,7NO,]' 


Neopine [C,g3H>,NO3]? 


Thebaine [C,,H>,NO3]* 


Derivatives of Natural Alkaloids 


Apomorphine* 
Hydrocodone 
(dihydrocodeinone) 
Hydromorphone 
(dihydromorphinone) 


Heroin (diacetylmorphine) 
Metopon 
(methyldihydromorphinone) 
Nalorphine (N- 
allyInormorphine) 

Naloxone 


Dionine (ethylmorphine) 
Oxymorphone 
Oxycodone 


? 2,3-dihydrobenzofuran (coumaran); (1328). 
© 4 3-dihydroisobenzofuran (phthalan); (1330). 


© isoquinoline; (1708). 


4 1/2,3,4-tetrahydroisoquinoline; (1708). 


© 5,6,7,8-tetrahydro-1,3-dioxolo[4,5-g]isoquinoline; (2810). 
* 8 9-dihydro-4aH-8, 9c-iminoethanophenanthro[4,5-bcd]furan; (5922). 


2 5,6,8,9-tetrahydro-4aH-8,9c-iminoethanophenanthro[4,5-bcd]furan; (5922). 

5 7a,8,9-tetrahydro-4aH-8, 9c-iminoethanophenanthro[4,5-bcad]furan; (5922). 
'6,7,12,13,14,15-hexahydrobenzo[e]-1,3-dioxolo[4,5-/][2]benzazecine; (4874). 

/ 4,5,6,7,13, 14-hexahydrobis[1,3]benzodioxolo[4,5-c:5’,6’-g]azecine; (5777). 

k AH-dibenzolde, g]quinoline; (5171). 
'6,7,7a,8-tetrahydro-5H-benzo[g]-1,3-benzodioxolo[6,5,4-de]quinoline; (5846). 
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Table 26-7. Opium Alkaloids and Derivatives 
CH; 


N—CH, 


OCH, “0 
Morphine Codeine 
CH; CH, 
N= CH, 


Hydrocodone 
CH,OCO 0 ‘OCOCH; 
Heroin 
CH;0. 
Cc O 
IL © 
HO 
OCH; 
OCH; 
Papaverine 


Apomorphine 


OH OCR TO OH 
Ethylmorphine 


CH, te 


Oxymorphone 
CH,CH==CH, CH; 


N= CH, 


Oo O 


Oxy codone 


CH,;O 


OCH; 


Noscapine (l-Narcotine) 


IUPAC 


Chemical Abstracts 


OFFICIAL OPIUM ALKALOIDS AND DERIVATIVES 


Opium alkaloids and derivatives, official as such and/or as salts, include 
Apomorphine, Codeine, Hydrocodone, Hydromorphone, Morphine, Na- 
lorphine, Naloxone, Oxycodone Hydrochloride, Oxymorphone, and 
Papaverine. 


Cinchona Alkaloids 


There are more than 20 alkaloids obtainable from the bark of 
various species of Cinchona and Remijia (Cuprea) and many of 
these are convertible by chemical processes into closely related, 
useful, synthetic derivatives. 

The most important alkaloids of Cinchona are the pair of 
diastereoisomers, quinine and quinidine, and their 6-deme- 
thoxy analogs, cinchonine and cinchonidine. The structural 
formulas in Table 26-8 indicate the close relationships between 
the various members of this group of alkaloids. 

Examination of the formulas of these compounds shows that 
they all contain a quinoline ring attached through a hydroxy- 
methylene group to a quinuclidine ring. 


Table 26-8. Cinchona Alkaloids and Derivatives 
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H 


CH=CH, 


CH,O. 


CH,0 


Cinchonidine Quinine Ethylcarbonate 
H H H 
CH=CH, CH,CH, CH,CH3 
OS | Ho" | Ho" 
CON Cat Crea Ni 
HO ‘H HO Eas C.H,0. ene 
~ “N N N 
Cupreine Hydrocupreine Ethylhydrocupreine 


N 
"| OO 
i 

Quinuclidine Quinoline 


By altering the side chains attached to these rings and by 
esterifying and/or oxidizing the alcohol group, a large number 
of compounds have been produced and investigated. 

Quinine and quinidine both have a methoxy group attached 
to the quinoline ring and a vinyl group attached to the quinu- 
clidine ring. Each has the same four chiral centers, but the 
diastereoisomerism involves only the configurations at the 
carbinol and 2-quinuclidine carbon atoms. Cinchonine and cin- 
chonidine differ from these two alkaloids in that they do not 
have a methoxy group on the quinoline ring. Quinidine and 
cinchonine are dextrorotatory, whereas quinine and cincho- 
nidine are levorotatory. Hydroquinine, obtained from quinine 
by reduction with hydrogen and a catalyst, has the same struc- 
ture as quinine except the vinyl group is reduced to an ethyl 
group. Cupreine, another naturally occurring Cinchona alka- 
loid, has an OH group in place of the methoxy group, and 
hydrocupreine is cupreine with an ethyl group instead of a vinyl 
group. Thus quinine is the 6-methyl ether of cupreine and 
hydroquinine is the corresponding ether of hydrocupreine. Qui- 
nine was synthesized first in 1944 by Woodward and Doering, 
but the process is too costly for commercial use. 

The salts of the alkaloids are typical amine salts. Since 
there are two nitrogen atoms present in the molecules of the 
Cinchona alkaloids it is possible to form salts containing one or 
two equivalents of acid, such as mono- and dihydrochlorides. 


IDENTIFICATION—Quinine and its diastereoisomer, 
quinidine, are characterized by the blue fluorescence of their 
solutions in dilute sulfuric or other oxyacids and by the thal- 
leioquin reaction. The addition of two drops of bromine TS to 5 
mL of a saturated solution of quinine or quinidine or a 1:1000 
solution of their salts, followed by 1 mL of ammonia TS pro- 
duces an emerald green color due to the formation of thalleio- 
quin. They are differentiated by their optical rotations and by 
their behavior toward alkali tartrate. In neutral or slightly acid 
solutions quinine is precipitated by this reagent; quinidine is 
not. On the other hand, quinidine in moderately dilute solution 
is precipitated by soluble iodides, but quinine is not affected. 
The same differences are exhibited by cinchonidine and its 
diastereoisomer cinchonine; the former is levorotatory and, like 
quinine, is precipitated by alkali tartrates, but cinchonine is 
unaffected by the reagent and is dextrorotatory. 


CINCHONA 


Cinchona Bark; Peruvian Bark 

The dried bark of the stem or the root of Cinchona succirubra Pavon et 
Klotzsch or its hybrids (known in commerce as Red Cinchona), or of 
Cinchona Ledgeriana (Howard) Moens et Trimen, Cinchona Calisaya 
Weddell or hybrids of these with other species of Cinchona (known in 
commerce as Calisaya Bark or as Yellow Cinchona) (family Rubiaceae). 
It yields 5% of the alkaloids of Cinchona. The crude drug is no longer 
official. 

History—This drug derives its name from the Countess of Cinchon, 
who was instrumental in introducing it into European medical practice 
in 1640. It also was called Jesuit’s Bark in recognition of the fact that it 
was used by the members of this ecclesiastical order in treating fever 
and ague. Its adoption as a valuable official remedy followed the pur- 
chase by Louis XIV, in 1680, of the secret of a proprietary remedy sold 
by an English apothecary’s clerk named Robert Talbor that contained 
Cinchona as a basis. The romance of Cinchona has been published in 
various books and is well worth perusal. 
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Constituents—Other than quinine, quinidine, cinchonine, and cin- 
chonidine, 18 other alkaloids have been isolated from cinchona barks. 
Some of these, such as cupreine, are found in only one kind of bark, and 
some are doubtless split products, ie, not existing naturally in the bark, 
but the result of the action of chemical agents upon it. 

The acids present are quinic acid (hexahydro-1,3,4,5-tetrahydroxy- 
benzoic acid), quinotannic acid, and quinovic acid (3B-hydroxyurs-12- 
ene-27,28-dioic acid). Also present are a-quinovin (a glycoside), cinchona- 
red, other coloring matter, and a volatile oil. 

The quinine and total alkaloid content is highest in bark from the 
cultivated variety. In bark from the uncultivated plant, cinchonine and 
cinchonidine predominate. Java bark, representing the highly culti- 
vated plant, contains 7 to 10% of total alkaloids, of which about 70% is 
quinine. 

Comments—It is little used in modern therapeutics in the US, but 
is employed elsewhere as a cheap substitute for quinine. It shares the 
antimalarial, antipyretic, and analgetic actions of quinine, but the 
alkaloidal salts are to be preferred to the galenical preparations. 

One of the principal difficulties in preserving its galenical prepara- 
tions arises from the alteration and precipitation that the cinchotannic 
acid and its compounds undergo on storage. Glycerin has proved to be 
very useful by dissolving and holding these in solution, and hence it is 
present in nearly all of the preparations. 


OFFICIAL CINCHONA ALKALOIDS 


Cinchona alkaloids official as such and/or salts include Quinidine, Qui- 
nine, and Cinchonine. 


Tropane Alkaloids 


These alkaloids will be considered in two groups: (1) atropine 
and related alkaloids, and (2) cocaine. They are grouped to- 
gether because all are formally derivatives of tropane. 


ATROPINE AND RELATED ALKALOIDS 


The alkaloids of the atropine group (Table 26-9) are related closely 
chemically. Most of the natural alkaloids are esters of mandelic acid or 
tropic acid with tropine or scopine. (Esters of tropine are called tro- 
peines; eg, tropine mandelate is mandelyltropeine.) Atropine is the 
racemic variety of tropine tropate, hyoscyamine is the levorotatory 
enantiomorph of the same compound, and scopolamine is scopine 
tropate. Scopine is epoxytropine, the only difference being the 6,7- 
oxygen bridge. 


Table 26-9. Atropine and Related Alkaloids and Derivatives 
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Tropic Acid 


It is therefore to be expected that these three alkaloids give similar 
color reactions. Eumydrine also is related closely; it is 8-methylatro- 
pinium nitrate, a quaternary ammonium salt. Homatropine is tropine 
mandelate, and novatropine is 8-methylhomatropinium bromide. Benz- 
tropine is the benzhydry] ester of tropine. See Table 26-9. 

Belladonna (Chapter 73), hyoscyamus, and stramonium yield myd- 
riatic alkaloids, characteristic of the Solanaceae family. There are also 
many other plants of this group that are being used largely in the 
manufacture of the various alkaloids. 

Atropine rarely occurs as such in any of the plants but is always the 
product of the racemization of the levo-isomeride hyoscyamine, which is 
converted into atropine by the action of weak alkalies. This racemiza- 
tion involves the conversion of the (—)-tropic acid moiety of hyoscyamine 
to (+)-tropic acid. 

In the US, stramonium is the principal source of the hyoscyamine 
used in the manufacture of atropine. Scopolamine (hyoscine) is pro- 
duced to a large extent from the mother liquors remaining after crys- 
tallization of the hyoscyamine. Other alkaloids of lesser importance 
present in various members of the Solanaceae include atropamine, 
belladonnine, meteloidine, and several others. 

Atropine, as well as a number of other tropeines that do not occur 
naturally, have been prepared by total synthesis. Of the several classi- 
cal syntheses of tropine, the most interesting is that of Robinson® in 
1917. Variations of this process are employed commercially. Racemic 
tropic acid also has been synthesized and resolved. 

The most characteristic physiological property of the Solanaceous 
alkaloids is their mydriatic effect (dilation of the pupil of the eye). This 
property is the basis for the most sensitive test for their identification. 
As little as one drop of a 1 in 25,000 solution will cause a distinct 
dilation of the pupil of a cat’s eye. 


COCAINE AND RELATED ALKALOIDS 


The cocaine group of tropane alkaloids is distinguished chemically from 
the atropine group by the presence of an exo-carboxyl (or esterified 
carboxyl) at the 2-position and by the exo-configuration (instead of 
endo-) of the 3-ester function. They thus become derivatives of ecgonine 
({1R-(exo,exo)]-3-hydroxy-8-methyl-8-azabicyclo[3.2.1]octane-2-carboxylic 
acid) having the general structure: 
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Table 26-10 portrays the identities of R and R’ for the common 
ecgonine derivatives. Further discussion on cocaine is found in Chap- 
ter 79. 


OFFICIAL TROPANE ALKALOIDS AND DERIVATIVES 

Tropane alkaloids and derivatives, official as such and/or as salts, 
include Atropine, Benztropine, Cocaine, Homatropine, Hyoscyamine, 
Scopolamine, and Methscopolamine. 


Xanthine Alkaloids 


The purine base alkaloids, better known as the xanthine alka- 
loids, have three important medicinal agents. These three com- 
prise the bulk of the group. These alkaloids are caffeine, the- 
ophylline, and theobromine. These three agents are bases that 
are all methylated derivatives of 2,6-dioxypurine (xanthine). 
The structural relationships of the xanthine alkaloids or purine 
alkaloids are portrayed in Table 26-11. The parent molecule of 
each one is purine. The common practice of portraying the 
two-dimensional structure in box form is still the one that is 
used primarily. For example, the xanthine structure can be 
represented by 
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Other bases closely related to purine are hypoxanthine, ad- 
enine, and guanine, all of which are found normally in animal 
tissues. The primary significance of the last two bases is the 
fact that they are constituents of nucleic acids and nucleopro- 
teins that are found in cell nuclei, and the fact that hypoxan- 
thine is produced in the body during the first stage of adenine 
oxidation. Subsequent oxidation yields xanthine and, finally, 
uric acid. In humans, the end product of protein metabolism is 
urea. In certain animals the end product is allantoin, which is 
formed by further oxidation of uric acid. The two-dimensional 
structures of these compounds are illustrated in Table 26-11. 
The oxygen-containing compounds are depicted here in keto 
form, but they often are shown in texts in enol form as illus- 
trated below with xanthine. As noted, the presence of oxygen in 
several of these structures also causes a slight alteration in 
the position of unsaturation because of the tautomerization 
that can occur. The enol forms often are named specifically to 
reflect the hydroxyl groups, such as purine-2,6,8-triol or 2,6,8- 
trioxypurine for uric acid. 

PROPERTIES—The xanthines are very weak bases, having 
a pK,, of approximately 13 to 14. They form salts with the stronger 


Table 26-10. Ecgonine Derivatives 


R R’ NAME OF DERIVATIVE 
H H Ecgonine 

CH; C,H,CO-(benzoyl) Cocaine 

H CH, Methylecgonine 

H C,H,CH=CHCO-(cinnamoyl) Cinnamoylecgonine 


H C,H,CO Benzoylecgonine 
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Table 26-11. Xanthine Alkaloids 
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acids that, of course, are hydrolyzed readily. By tautomeric shift of 
hydrogen from nitrogen to keto oxygen (enolization) a weakly 
acidic H (pK, of about 9) is formed on the resulting OH group. 
Thus xanthine, along with various other oxopurines and their 
derivatives, forms salts with the stronger bases. Having no NH 
group to participate in enolization, caffeine is an exception. 


HO 


ed 
oe 


keto structure enol structure 


The xanthines are characterized by the murexide reaction, 
which involves evaporating a nitric acid solution of the test sam- 
ple to dryness and treating the residue with ammonia, whereupon 
a purplish-red color develops. The color is due to the formation of 
murexide, an ammonium salt of purpuric acid. Uric acid and 
various other purine derivatives also respond to the test. 
OFFICIAL XANTHINE ALKALOIDS AND DERIVATIVES 

Xanthine alkaloids and derivatives, official as such and/or as salts, 


include Aminophylline [Theophylline Ethylenediamine Compound 
(2:1)], Caffeine, and Theophylline. 


Ergot Alkaloids 


ERGOT 

Ergot is a morbid growth formed when the fungus Claviceps purpurea 
develops on various plants of the Gramineae (grass) and Cyperaceae 
(sedge) families such as rye, wheat, oats, barley, and rice. If the infes- 
tation of the plant occurs naturally, the resulting ergot is called natural 
ergot; if the infestation is brought about artificially (ie, wholly or partly 
by human intervention) the resulting ergot is referred to in the trade as 
cultivated ergot. Ergots from different plants vary in composition and 
they are thus not medicinally equivalent. It is for this reason that rye is 
stipulated as the source of the official ergot. 

Constituents—Ergot contains various carbohydrates, glycerides, 
sterols (eg, ergosterol and fungisterol), amino acids (eg, histidine, 
leucine, and tyrosine), amines (eg, histamine and tyramine), quater- 
nary ammonium compounds (eg, choline and betaine), and coloring 
principles. The lysergic acid group of alkaloids are the important me- 
dicinal constituents, and further treatment here is confined to them. 
They are all substituted amide derivatives of lysergic acid, which is 
shown below along with the official compounds and the important, but 
unofficial, diethylamide. 

An understanding of the ergot alkaloids requires a knowledge of the 
isomerism of lysergic acid, which exists in two diastereoisomeric forms 
depending on the spatial configuration of the carboxyl group relative to 


that of the 5B-hydrogen. In the normal lysergic acid (commonly called 
lysergic acid), this relative configuration is of the cis variety (carboxyl 
in B-configuration); in the isolysergic acid, it is of the trans type (car- 
boxyl in a-configuration). Chemical Abstracts treats lysergic and iso- 
lysergic acid compounds as derivatives of ergoline, which is the 
4,6,6a,7,8,9,10,10aa-octahydro form of indolo[4,3-fg]quinoline, Ring 
Index No 4550. 

Ergot has yielded 12 different, well-defined alkaloids, each of which 
is an N-monosubstituted amide of either the normal or the isolysergic 
acids. The substituting group on the amide nitrogen is commonly re- 
ferred to as the peptide moiety of the alkaloid because it always contains 
one or more peptide (amide) linkages. 

Ergonovine, simpler by far than any of the other ergot alkaloids, is 
commercially available both as the natural alkaloid and as a synthetic 
compound (see Chapter 76). The crude lysergic acid required for the 
synthesis is prepared readily by subjecting the total ergot alkaloid 
fraction to alkaline hydrolysis and then acidifying. Lysergic acid itself 
has been synthesized starting with the commercially available coal tar 
derivative indole-3-propionic acid, but the synthesis is lengthy and the 
cost unfavorable. A microbiological synthesis using Claviceps paspali 
and suitable for relatively large-scale manufacture has been patented. 


Lysergic Acid 
(9,10-Didehydro-6-methylergoline-88-carboxylic Acid) 


Ergonovine (R = CH3) 
Methylergonovine (R = CH2CH3;) 


Methylergonovine is not a natural ergot alkaloid. It is synthesized 
from lysergic acid by the same procedure as that employed for ergono- 
vine except that (+)-2-amino-1-butanol is used to furnish the peptide 
moiety. 


Methysergide, another unnatural alkaloid, is the 1-methyl ho- 
molog of methylergonovine. 


CH, Ni 
Methysergide 


N,N-Diethy]-p-lysergamide, a compound of considerable interest, 
does not occur in nature. The physiologically active isomer is the (+)- 
enantiomorph of the N,N-diethylamide of normal lysergic acid and com- 
monly is referred to as LSD-25 or simply LSD. Methods for its synthesis 
from lysergic acid have been developed. In normal subjects, LSD elicits a 
temporary combination of physiological and psychological effects that col- 
lectively mimic syndromes characteristic of psychotic states such as schizo- 
phrenia. LSD has been the subject of intense clinical investigation since 
the mid-1960s. There are no established therapeutic applications at 
present, but it has found some application as a tool in psychopharmacology 
and in psychiatric diagnosis (see Chapter 76). Discovery of the psychoto- 
genic activity of LSD has led to extensive research with various types of 
lysergic acid derivatives. It also has given rise to serious social problems. 
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Dihydro analogs of lysergic acid and its derivatives form readily by 
catalytic hydrogenation, the addition occurring at the expense of the 9:10 
double bond. Such hydrogenation of the ergot alkaloids results in marked 
changes in their physiological actions (see the discussion of dihydroergot- 
amine Chapter 76). Dihydro-LSD is relatively devoid of psychotogenic 
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Ergotamine 
Dihydroergotamine—double bond in ring D saturated 


OFFICIAL ERGOT ALKALOIDS 

Ergot alkaloids, official as salts, include Ergonovine, Ergotamine, 
Methylergonovine (synthetic), Ergoloid (mixture), and Methysergide 
(synthetic). 


Rauwolfia Alkaloids 


Reserpine, obtained from several Rauwolfia species, was the first 
alkaloid of this group to be recognized officially. Interest in the 
remarkable therapeutic properties of these powerful agents be- 
came so keen that reserpine alkaloid injection and tablets were 
admitted to the USP XV (by the 1959 supplement). Rescinnamine 
soon followed in NF XT in 1960 and syrosingopine gained NF XII 
recognition in 1965. Currently, only reserpine has official status. 

The general structure of these three alkaloids is shown below. 
Chemical Abstracts uses the familiar Barger-Scholz numbering. It 
will be observed that they are all esters of methyl reserpate, the 
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only difference being in the identity of the acyl represented in the 
ester group at locus 18 of the heteronucleus. By the Chemical 
Abstracts system, methyl reserpate is the methyl ester of 
186-hydroxy-11,17a-dimethoxy-3B,20a-yohimban-16B-carboxylic 
acid. Yohimban is the 4a6,13ba,l4aa stereoisomer of the 
1,2,3,4,4a,5,7,8, 13,13b,14,14a-dodecahydro form of Ring Index 
No 5874, benz|g]indolo[2,3-a]quinolizine. Reserpine and rescin- 
namine occur naturally; syrosingopine is synthetic. 


O—Acyl 
Alkaloid Acyl 
Reserpine 3,4,5-trimethoxybenzoyl 


Rescinnamine 
Syrosingopine 


3,4,5-trimethoxycinnamoyl 
carbethoxysyringoyl 


HISTORY—The genus Rauwolfia, natural order Apoc- 
ynaceae, contains almost 50 species that grow in tropical and 
semitropical regions (India, Burma, Ceylon, Java, etc). The 
genus name honors a German physician and botanist of the 
16th century, Leonard Rauwolf, who made a study of medicinal 
plants in Asia and Africa. The most extensively investigated 
species are Rauwolfia serpentina Benth, R canescens Linn, R 
vomitoria Afzel, and R heterophylla Roem. 

In ancient literature mention is made of the use of Rauwolfia 
as a remedy for snake bites and scorpion stings, as a febrifuge, 
and as a cure for dysentery. The sedative action of the drug also 
was noted, for it was considered useful in moon’s disease (lunacy), 
to induce sleep in children, and in hypochondria. 

Despite this long history, very few pharmacological and chem- 
ical studies were undertaken on Rauwolfia until the Indian in- 
vestigators Bose and Sen reported successful clinical trials with 
the drug in 1941; the Indian chemists Siddiqui and Siddiqui had 
isolated the first crystalline alkaloid from the plant in 1931. At 
present, at least 25 substances have been reported from R serpen- 
tina alone, which, when assayed as directed, contains not less 
than 0.15% of reserpine-rescinnamine group alkaloids, calculated 
as reserpine. 

PREPARATIONS—Rauwolfia preparations (known collec- 
tively as Rauwolfia) are available to the pharmaceutical manu- 
facturer in the form of powdered whole root, extracts, selected 
alkaloidal fractions, the pure crystalline alkaloids reserpine and 
rescinnamine, and the synthetic, syrosingo pine. For further dis- 
cussion of the official crude drug, Rauwolfia, see Chapter 72. 

USES—The most prominent actions of its alkaloids are 
upon the cardiovascular and central nervous systems. They are 
widely employed as antihypertensive agents and as adjuncts in 
psychotherapy. 


Vinca Alkaloids 


Pharmacological inquiries during the late 1950s into the pur- 
ported antihyperglycemic activity of principles contained in the 
apocynaceous plant, Vinca rosae Linn, led to the initial discov- 
ery that two of the alkaloidal constituents, vincaleukoblastine 
and leurosine, possessed certain demonstrable kinds of onco- 
lytic (antitumor) activity. The overall result of these discoveries 
has been that the plant has been the subject, for several de- 
cades, of one of the most intensive phytochemical studies on 
record. Over 70 different alkaloids have been demonstrated to 
be present, and more than half of these are recognized as new 
chemical compounds. The complete structure has been deter- 
mined for most of the compounds which have been isolated. 
The therapeutic efficacy of vincaleukoblastine and leuroc- 
ristine as antineoplastic agents has been established. The 
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structures of these two closely related alkaloids are portrayed 
below. The four-ring heterosystem is a stereospecific hydroge- 
nated form of 10H-3,7-methanoazacycloundecino[5,4-b]indole, 
Ring Index No 13276, and the five-ring system is a similar form 
of 1H-indolizino[8,1-cd]carbazole, Ring Index No 11065. 


OH 


CH,O 


‘COOCHYR”) 


Vinblastine (vincaleukoblastine), R = CH3 
Vincristine (leurocristine), R = CHO 
Vinglycinate, R = CH3, R' = OCOCH2N(CHs3)2 
Vindesine, R = CH3, R' = OH, R” = CONH2 


The costliness of vinblastine and vincristine provided in- 
creased interest in producing them synthetically. The five-ring 
indoline system is known to be available from other natural 
alkaloid sources. Vinglycinate and vindesine are additions 
wherein the structure has been modified synthetically. 

An excellent review of the accomplishments during the first 
7 yr of intense research on the Vinca alkaloids with an exten- 
sive bibliography is available.” For further discussion of the 
official articles, see the monographs on Vinblastine Sulfate and 
Vincristine Sulfate at other locations in this text. 


OFFICIAL VINCA ALKALOIDS (SALTS) 
Vinblastine Sulfate and Vincristine Sulfate. 


Miscellaneous Alkaloids 


Several official and unofficial alkaloids, such as Arecoline, Col- 
chicine, Emetine, Ephedrine, Metocurine Iodide, Physostig- 
mine, Pilocarpine, and Tubocurarine, do not fall within the 
classes of alkaloids presented in this chapter. For locations of 
discussions of these, consult the general index. 


VOLATILE OILS 

(Re oe Te 
Volatile, or essential, oils are found in various plant organs and 
tissues. In some countries they are called olea aetherea. In 
some instances they are called essences, a name that conflicts 
with our ordinary use of the word to designate an alcoholic 
solution of a volatile oil. They usually constitute the savory and 
odorous principles of the plants in which they exist, and they 
either preexist in the tissues or are produced by the reaction of 
certain constituents when the tissues are brought into contact 
with water. Volatile oils sometimes are formed through de- 
structive distillation, as the oils of tar and of amber, these 
occasionally being referred to as pyrolea or empyreumatic oils. 


Constituents 


In some volatile oils, such as thyme, a separation into a solid 
and a liquid portion occurs on standing in the cold. The solid 
portion frequently is known by the name stearoptene, and 
the liquid portion is called eleoptene. Some of the stearop- 


tenes are of commercial importance (eg, thymol, camphor, 
and menthol). : 

The following groups of compounds occur in the volatile oils: 
hydrocarbons, alcohols, acids, esters, aldehydes, ketones, phe- 
nols and phenol ethers, lactones, and various nitrogen and 
sulfur organic compounds. 

The hydrocarbons of chief importance are the terpenes 
(C,)H,,) and the sesquiterpenes (C,;H,,; literally, one and one- 
half terpenes). The terpenes have the formula C,,H,,_, and can 
occur theoretically in the following configurations: 


Three double bonds and no cycle, such as myrcene (found in Myrcia Oil) 
and ocimene (found in the volatile oil from the leaves of Ocimum 
gratissimum) 

Two double bonds and one cycle, such as limonene (of widespread 
occurrence, but especially in the citrus oils) 

One double bond and two cycles, such as either a-pinene or B-pinene 
(the first of which is of very widespread occurrence; together, these 
two terpenes comprise at least 90% of the bulk of turpentine oil). 

Three cycles. 


No examples are known of terpenes having the last structure. 
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The sesquiterpenes have the formula C,,H,,,_, and theoret- 
ically can, therefore, occur in an even more varied configura- 


tion. Although a number of members of this group of hydrocar- 
bons have been isolated, in many instances the structure is not 
definitely known. Among those of known structure may be 
mentioned zingiberene (from Ginger oil) and bisabolene (from 
Bisabol myrrh oil). 

Hydrocarbons other than the terpene types are sometimes 
present. An example is the saturated hydrocarbon n-heptane 
(C,H,,), which occurs in the volatile oil obtained from the 
oleoresin of Pinus Sabiniana and P Jeffreyi and from the fruits 
of Pittosporum resiniferum (the so-called petroleum nut of a 
tree growing in the Philippines). 

The terpenes and sesquiterpenes, in general, are practi- 
cally insoluble in water, but soluble in alcohol, ether, chlo- 
roform, benzene, petroleum benzin, and the fixed and vola- 
tile oils. 

Many of the essential oils, however, owe their character 
and their value to constituents other than hydrocarbons. 
Among these will be found organic acids, such as acetic, 
benzoic, cinnamic, and phenylacetic; alcohols such as benzyl 
alcohol, borneol, cinnamy] alcohol, citronellol, geraniol, lina- 
lool, menthol, phenylethyl alcohol, and terpineol; aldehydes 
such as anisaldehyde, cinnamaldehyde, benzaldehyde, cit- 
ral, piperonal or heliotropin, salicylaldehyde, and vanillin; 
ketones such as carvone, camphor, thujone, and pulegone; 
esters such as bornyl acetate, methyl] salicylate, benzyl ben- 
zoate, geranyl acetate, and linalyl acetate; phenols such as 
thymol, carvacrol, and chavicol; phenol ethers such as 
anethol, eugenol, and safrol; and many other more complex 
compounds such as coumarin and indole. Many of these 
products are found in flower oils and are used in the produc- 
tion of synthetic perfumes. 

It is beyond the scope of this book to attempt an exhaus- 
tive presentation of the chemistry of the numerous constit- 
uents occurring in the volatile oils. In the case of those 
compounds that are official, the structural formulas are 
given in the respective monographs. In certain other in- 
stances, substances such as carvone, borneol, and linalyl 
acetate are mentioned in the official text; and since their 
structures are not provided, a few of the more important of 
these are given here. 


Properties 


COLOR—Most of the volatile oils are colorless when pure 
and fresh, or can be made colorless by redistillation. On expo- 
sure to the air they acquire various colors, becoming green, as 
in oil of wormwood; yellow, as in oil of peppermint; red, as in oil 
of origanum; and brown, as in oil of cinnamon. The blue color of 
oil of chamomile is an inherent property of the oil even when 
freshly distilled and is due to the highly unsaturated hydrocar- 
bon chamazulene (C,;H,3). 

ODOR—The odors of volatile oils are extremely variable. 
It is their most characteristic feature. The odor of an oil is 
modified sensibly by exposure to the air. Oil of turpentine 
may be rectified by redistillation in an atmosphere of carbon 
dioxide, or in vacuo, so that it will be almost odorless, or have 
an agreeable, fragrant odor. A very slight exposure to the air 
is sufficient, however, to restore the well-known unpleasant 
odor. Other terpene-containing oils are oxidized quickly and 
the delicacy and fineness of their flavor and odor are seri- 
ously impaired. This is especially true of orange and lemon 
oils. 

TASTE—The tastes of volatile oils are almost as variable as 
their odors. Some are sweet, others have a mild, pungent, hot, 
acrid, caustic, or burning taste. 
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Aldehydes 
CH;—C=CH—CH,—CH,—C—=CH—CHO 
| | 
CH; CH; 
Citral 
(cis-Neral) 


(trans-Geranial) 


CH;—C=C H—CH,—CH,—CH—CH.—CHO 
| | 
CH; CHs 
Citronellal 
O—— CH 
Salicylaldehyde Aes os eamells 
Ketones 
H3C CH Hz ia ue ee <M 
Carvone Thujone Pulegone 


DENSITY—tThe specific gravity of official volatile oils also 
varies (from 0.842 to 1.172). The majority of them are lighter 
than water. 

OPTICAL ACTIVITY—This property is used in determin- 
ing the purity of many oils. 

REFRACTIVE INDEX—This property serves as a delicate 
test for both the identity and purity of oils and fats. 

BOILING RANGE—Because most volatile oils consist of 
complex mixtures of many types of compounds, the boiling 
point is of little significance. 


Phenols and Phenol Ethers 


CH, OH 
CH CH,CH=CH, 
EX 
HC CH; 
Carvacrol Chavicol 
OCH, Oo 
CH,CH=CH, CH,CH=CH, 


O-Methylchavicol Safrol 
SOLUBILITY—Water is a poor solvent for volatile oils, 
although it acquires a decided odor and flavor when brought in 
contact with the oil in a finely divided state, as in preparing 
medicated waters. Alcohol, ether, chloroform, glacial acetic 
acid, petroleum ether, benzene, and many other organic sol- 
vents will dissolve volatile oils. Alcohol is a better solvent for 
oxygenated oils than for terpenes. Many official oils are re- 
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quired to meet specific solubility tests in 70, 80, or 95% alcohol. 
Volatile oils freely dissolve fixed oils, fats, resins, camphors, 
and usually sulfur and phosphorus. 

DETERIORATION—Exposure to light and air impairs the 
quality and destroys the fragrance of volatile oils. Peroxides 
frequently develop in oils containing terpenes and, after ex- 
tended exposure, the oils thicken and become resinified, or 
deposit crystalline compounds. The whitening of corks, in- 
serted for a long time in bottles containing certain volatile oils, 
is caused by the bleaching action of the peroxides that are 
produced gradually during their decomposition. This is true 
only of oils containing notable amounts of terpenes. Volatile 
oils should be kept in well-filled, tightly stoppered, amber- 
colored bottles in a cool place. A suggestion has been made to 
replace the air with nitrogen in original packages to prevent 
oxidation. Storage in metal cans causes pronounced deteriora- 
tion in odor and the development of color. 


Preparation 


Volatile oils generally are obtained from plants by distillation 
with steam, distillation per se, expression, and extraction. Re- 
fer to the 18th edition of this text (page 408) for a more detailed 
discussion. 

OFFICIAL VOLATILE OILS 

Volatile oils of the following botanical sources are official: Anise, Car- 
away, Cardamom, Cinnamon, Clove, Coriander, Eucalyptus, Fennel, 
Lavender, Lemon, Nutmeg, Orange, Orange Flower, Peppermint, Pine 
Needle, Rose, and Spearmint. 


PROSTAGLANDINS 


SERS LLIN PLETE NSE TO TO STS, 
In 1933, Swedish Nobel laureate Ulf von Euler, detected the 
first prostaglandin.*” Independently, he and Maurice Gold- 
blatt, in England, found that one or more substances in human 
seminal fluid not only stimulated the contraction of a variety of 
smooth muscles but affected the blood pressure of animals 
when it was injected into them. It was in a paper in 1935 that 
von Euler suggested the name prostaglandin for the new factor 
because he found trace amounts of it in prostate gland tissue. 
The prostaglandins form a class of natural products with di- 
verse and potent biological activities. They are involved in 
platelet aggregation, blood pressure, gastrointestinal motility, 
gastric acid secretion and cytoprotection, relief of glaucoma, 
pain and inflammation, nerve conduction, fetal development, 
uterine contraction, thermoregulation and fever production, 
food intake, vasodilation and vasoconstriction, bronchodilation 
and bronchoconstriction topical vasodilation, baldness, and the 
movement of fluid and electrolytes across membranes. It was 
not until 1949 that research and knowledge about the prosta- 
glandins started to increase at a fast pace. The natural pros- 
taglandins are unsaturated, hydroxylated fatty acids, all deriv- 
atives of the parent compound called prostanoic acid. Indeed, 
prostaglandins are associated with most mammalian tissues 
and implicated in an ever-increasing number of physiological 
systems. 


Nomenclature 


The parent compound for the prostaglandins is prostanoic acid 
and nine principal groups or series of modifications are recog- 
nized, as listed in Table 26-12. 


1 
ree Pano wle bekieel COOH 


10 


Prostanoic acid 
5-Octylcyclopentaneheptanoic acid 


Table 26-12. Prostaglandins 
SUBSTITUENTS 


ABBREV C=C >C=0 —OH O—O OOH —O 
PGA, 10, 13E 9 15S _ —_— — 
PGB SUZ) ise 9 15S — —- —~ 
PGC, ii, Uae 9 15S — _— — 
PGD, 13E 11 9a, 15S — — —_— 
PGE, 13E 9 11a, 15S — -= — 
PGF, sé — 9a, 11a, 15S — — — 
PGG, Ses a — 9a,11a 158 — 
PGH, 13E — 15S 9a, lla — —_— 
PGR see PGH series — — — —_ — 
PGI, 5Ziee —— 11a, 15S — -= 6,9a 


The abbreviations in Table 26-12 often are shortened to the last letter, 
by dropping the PG prefix. 

A subscript following the abbreviation pertains to the prostaglandin 
depicted in Table 26-12 or the following modifications: 


e Subscript 2—Additional double bond at C-5 (Z) 

e Subscript 3—Two additional double bonds, at C-5 (Z) and C-17 (Z) 

e The subscripts a or f indicate the configuration at C-9 and the same 
designation used for the steroids is employed; a is down and B is up. 
At C-15 the Cahn—Prelog—Ingold convention defines the chirality 
and the S configuration (a or dotted line) is found in most natural 
substances. 


Thus, the compound PGF,,, or simply, F,,, (dinoprost, prostin F, alpha) 
is 


PGF2, 


The subscript 2 depicts a trans (E) configuration at C-13 and cis (Z) at 
C-5, alpha hydroxyl at C-9, and a cis (a) diol at C-9 and 
C-11. 


Occurrence 


Prostaglandins are known to be distributed widely in mam- 
mals. They can be extracted from most animal tissues. The 
human seminal fluid contains the highest concentration and 
the greatest number of prostaglandins. Over 31 prostaglandins 
have been isolated from human seminal fluid.° It is present in 
low concentration in numerous other organs and fluids, such as 
in the iris of the eye, the brain, thymus, the bronchials, pan- 
creas, lungs, human seminal plasma, ovary and uterus. After 
appropriate stimulation, prostaglandins also are found in the 
intestines, adrenal glands, stomach, kidneys, nervous tissues, 
and so on. However, the total prostaglandin production in the 
adult human is only of the order of 1 to 2 mg/24 hours. Metab- 
olism occurs by hydroxylation, oxidation, and/or degradation of 
the carboxylic acid chain. The prostaglandins are perhaps the 
most versatile, ubiquitous, and powerful substances found in 
humans. Many prostaglandins are characterized both by their 
multiplicity of effects and their generally short lifetime. 

It has been suggested that the biological activity of the 
prostaglandin molecule is associated with a right-handed 
chirality, best visualized as a right-handed wedge in which all 
the hydrophilic functional groups are oriented to one side and 
the hydrophobic groups to the other side of the molecule while 
both ends are hydrophilic. 

The Gorgonian, Plexaura homomalla (Espers), a Caribbean 
coral (Florida sea whip contains from 0.2 to 1.3% of the 15R- 


PGA,. Although of low biological activity the 15R compound 
easily can be converted chemically to the active 15S variety. 


Biosynthesis 


Prostaglandins are formed from the 20-carbon straight-chain 
carboxylic acid arachidonic acid, and from closely related fatty 
acids such as dihomo-y-linoleic acid. The enzymatic process 
using vesicular extracts from sheep or bulls yields mainly the E 
series. Employing lung homogenates as the enzyme source, F, 
compounds have been formed by a similar process. 


Chemical Synthesis 


During the early stages of prostaglandin development, phar- 
macological studies were the major consumer of the natural 
materials. The small amounts required were supplied fairly 
rapidly by biosynthesis. The need to find compounds that would 
more selectively express the diverse effects produced by the 
prostaglandins and that were more stable to metabolism than 
was the case with the natural materials led to an overwhelming 
outburst of synthetic activity in the late 1960s that continues 
today. The exact number of syntheses is now essentially im- 
possible to determine because of overlapping routes and inter- 
mediates from one synthesis to another. 

One process known to have industrial importance was de- 
veloped by Elias J Corey et al at Harvard University, who 
reported a landmark total synthesis in 1969. This synthesis 
was particularly notable in several respects. It controls the 
stereochemistry at every center except C-15, proceeds in excel- 


Table 26-13. Structures of Representative Prostaglandins 
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lent yield and involves an intermediate now known to many as 
Corey’s lactone aldehyde. This intermediate was elaborated to 
the natural prostaglandins and has been used by others for the 
creation of a host of analogs having modified upper and lower 
side chains. This route has been refined and modified in vary- 
ing degrees both by Corey’s group and others” and appears to 
be the basis of processes for the preparation of prostaglandins 
at several pharmaceutical companies. 

Another industrially important process was developed at 
Upjohn by Robert C Kelly’s group.* This process leads to the 
enone similar to one elaborated in the Corey process and also 
passes through a core intermediate from which many upper 
and lower side chain analogs have been prepared. It has been 
scaled up to produce the equivalent of more than 50 kg/year of 
PGF,,, and has reduced the cost of preparing prostaglandins to 
less than 1/100 of that for the biosynthesis. 


Activity 


The principal pharmacological activity of the various prosta- 
glandins, where comparative data are available, includes the 
stimulation of gastrointestinal and reproductive smooth mus- 
cle, relaxation and contraction of respiratory smooth muscle, 
hypotensive activity, inhibition of lipolysis of fatty acids, gas- 
tric acid secretion, and blood-platelet aggregation. Structure— 
activity relationships for the family of prostaglandin molecules 
has been characterized only partially and much cross-activity 
is evident. 

Currently, prostaglandins are on the market or are under 
clinical investigation for potential applications in treating fer- 
tility problems, as oxytocic agents, in gastric or cardiovascular 


NAME FORMULA OH DOUBLE BONDS Ry Ro OTHER 
Alprostadil? CE HuLO: a, 15a 13-14 —OH n-C4Ho 9-0xo 
Carboprost (Prostin/15 M) (Cy lnlexOr 9a, 11a, 15a 5-6 cis, 13-14 —OH n-C,Ho 15B-CH,— 

(Tromethamine? salt) 
Cloprostenol Sodium C5H2,CINaO, 9a, 11a, 15a 5-6, 13-14 —OH m-CIC,H,O — 
Dinoprost (Prostin F,) Gyalry(Os 9a, 11a, 15a 5-6, 13-14 —OH n-C,Ho— 

(Tromethamine’) 
Dinoprostone? (Prostin E5) GoH320; 9a, 15a 5-6, 13-14 —OH n-C,Ho— 9-0xo 
Enprostil CH Or 11a, 15a 4-5-6(allene), 13-14 —OCH, 0; GH. " 9-0x0 
Epoprostenol Sodium C,9H3,Na0, 11a, 15a 13-14° —ONa n-GaHo— 15B-CH3 

(Prostacyclin) 
Latanoprost Co6H4005 Dar aian lia: 5,6-cis OCH(CH3)> CH>C,H; = 
Misoprostil C-Hy.Os 11a, 168 13-14 —OCH, n-CyHy 9-0xo, 16B-CH; 
Nocloprost Cee Glos, 11a, 15a 5-6 cis, 13-14 =O); n-C,Ho 9B-Cl, 16-di-CH, 
Rioprostil Goalie gOn 11a, 166 13-14 (footnote) n-C,H, 9-0xo 

(1-OH)* 
Rosoprostol Sodium C,3H3;Na0; 9p —_— —ONa —GH:- = 
Vapiprost HCl GrasoNOy tt Cline 1116 45 —OH Footnote d 
Viprostol CoHLO: 11a, 166 5-6 cis, 13-14 OCH; n-C,Ho 9-oxo, 166-viny| 
* Denotes Official status. 
b yer 
er : CHLOH 
COON re et d 
x eR 


Table 26-14. Popular Herbal Medicines, Their Basis° and Source 


HERBAL SOURCE ACTIVES HISTORICAL USES COMMENTS OFFICIAL AND SPECIFIC NOTES 
Alfalfa Allergy, high cholesterol, No evidence of human Not recommended. 
ulcers, am fatigue/om usefulness. 
sleeplessness Aggravates immune 
system. 
Echinacea Echinacea, Venomous bites; Very useful, backed by Use as a tea. 
purpurea Stimulates immune good science Capsule dosage too 
(commerce) system; colds/flu/anti- variable. 
E augustifolia infective 
(common) 
Comfrey Symphytum Topical wound healer Banned in Britain. USP: “NOT 
officinale Causes cancer in rats. RECOMMENDED” 
Hepatotoxic 
Matricaria Matricaria (—)-a-bisabolol and its Topical diabetic wound Well known, PF 24(1)° 
flower recutita; oxides A and B; healer; insomnia; established use as a Relaxes uterus; avoid 
(chamomile) | Chamaemelum — matricin. nervousness; carminative in pregnancy. 
nobile irritability; colic; (antispasmodic) and 
menstrual cramps anti-inflammatory. 
Feverfew Tanacetum Parthenolide Migraine; colds; Migraine maintenance PF 23 (6) 
parthenium menstrual pain. only not treatment; Approved in Canada 
contraindicated in =0.2% parthenolide; 
pregnancy or standardization of 
nursing. active needed. 
Ginger (NF) Zingiber Gingerols; Shogaol Prevent motion sickness; Substantive usefulness Present in NF 18 Suppl 
officinale cough; stomach ache; in morning sickness 7. Pulmonary, cardiac 
gallbladder disease. in 1° trimester use anecdotal. 
Subject of a number 
of positive results in 
Europe. 
Ginkgo Ginkgo biloba Flavonol and flavone Tinnitus; arterial spasm Antioxidant. PF 23(5) 
glycosides (eg, of (intermittent Free radical Approved in Europe. 
quercetin and claudication); short- scavenger. Delayed action (6 


Asian ginseng Panax ginseng 


Garlic (NF) Allium sativum 


St John’s wort Hypericum 
perforatum 

Valerian (NF)  Valeriana 
officinalis 


Saw palmetto Serenoa repens 


fruit 
Milk thistle Silybum 
marianum 
Hawthorn Crataegus 
laevigata 
Cranberry Vaccinium 
extract macrocarpon 


kaempferol); rutin 


Ginsenosides 
(triterpenoid saponin 
glycosides) 


Alliin[(+)-S-allyl-t- 
cysteine sulfoxide] 


Hypericin, W-hypericin, 
and related 
naphthodianthrones. 


Valepotriates, valerenic 
acid, valeranone 


B-sitosterol-3-p-glycoside; 


other lipophilics of 
the volatile and fatty 
oils. 


Silymarins 


(flavanolignanssilybin, 


isosilybin, 
dehydrosilybin, 
silydianin and 
silychristin). 
Oligomeric procyanidins 
(epicatechin) 
(flavonoids) 


UTI antiadhesins 


(fructose + a polymeric 


high-molecular-weight 
inhibitor) 


term memory loss. 


Tonic and adaptogenic. 
Stimulates immune 


system; inhibit platelet 


aggregation. 
Aphrodisiac. 
Antihyperlipidemic, 


antibiotic, antiplatelet 


activity. 


Antidepressant (MAO 
inhibition); 
restlessness; diuretic 
and gastritis use 
anecdotal. 


Mild tranquilizer; used as 


a calmative and in 
hysteria. Anecdotal: 
menstrual and 
stomach cramps. 


Prostatic (BPH); cystitis; 


partly antiandrogenic; 


anti-inflammatory, 
antiedematous. 


Supportive for 
inflammatory liver 
conditions and 
cirrhosis. 


Cardiotonic; direct 
dilation of coronary 
vessel smooth muscle; 
positive inotropic 
effect. 


Antibacterial (UTI). 
Chronic kidney 
inflammation. 


Platelet aggregation 
inhibitor. 

Wide quality swings; a 
very expensive root; 
US investigators 
suggest need for 
much human study. 

Requires enzymatic 
release of allicin. 
Very high doses 
needed. 


Action probably from 
flavanoids. 
Photoreactions on 
high dose or 
prolonged use. 

Quality product from 
fresh root or that 
dried at <40°C. Can 
be used as a tea or 
tincture. Bad odor 
from oil. 

Little value from the 
tea. Doesn't falsely 
lower PSA. 


Teas ineffective. 


Not in acute angina; 
self medication 
danger! 

Nontoxic but needs 
better 
standardization. 

Action not from 
acidification. Bitter 
raw berries. 


weeks to 
improvement). 

PF 23(5) 
Only whole root or 
conc extract is 
potent. 


NF 18 Supplement 8. 
800 mg powder/day 
effective 
antihyperlipidemic; 
>5 cloves/day 
otherwise. 

PF 23(6) 

Sanctioned and very 
popular in Germany; 
Use 1-2 cups of teas 
from 2-4 g of herb. 

NF 18, Supplement 8. 
Initial presumed 
toxicity, a myth. 


PF 23(6) 
Official—1906-1950. 
320 mg a day; delay 
in maximum effect 
(>6 wk). 

PF 24(1) 

Mostly as a food 
supplement in US at 
200 mg capsule dose 
due to poor 
absorption. 

PF 24(1) 

Minimum daily dose 
based upon standard 
concentrations of 
herb. 


PF 24(3) 
90 mL as protective; 
10 as treatment. 


° First listed use is the prevalent or compendial recommendation. Other uses traditionally claimed. 


» PF is Pharmacopeial Forum. 


therapy, as bronchodilators, and in a variety of uses in animal 
husbandry. Among the active uses of prostaglandins, for exam- 
ple, is the use of prostacyclin to prevent blood clotting in car- 
diopulmonary bypass operations, and for protecting the stom- 
ach mucosa against rebound ulceration during the use of 
nonsteroidal anti-inflammatory agents (NSAIDs) employed for 
arthritis. 

It was thought for a long time that the mechanism of action 
of the prostaglandins in anti-ulcer therapy was the inhibition of 
gastric acid secretion. However, a recent study shows that the 
anti-ulcer effect may result from both antisecretory and cyto- 
protective properties of the prostaglandins. 

PGE, has been introduced for a rare but frequently life- 
saving application. In certain instances of congenital heart 
disease, the normal closure of the ductus arteriosus is undesir- 
able until corrective surgery has guaranteed the passage of 
blood to the lungs. Such surgery is more likely to be successful 
if PGE, is infused into the blood of the infant to prevent closure 
of the ductus until after successful surgery. 

Although the general implication is that prostaglandins are 
too irritating to be used as potent ocular hypertensive agents 
for glaucoma by direct ocular application, some success has 
been obtained with latanoprost.'° Table 26-13 shows the struc- 
tures of some representative prostaglandin derivatives cur- 
rently marketed and under investigation. 


HERBAL MEDICINES 


Herbals are defined in many ways. In the context of medical or 
pharmaceutical use, they are defined as crude drugs of vegeta- 
ble origin, the parts or extracts of which are used to alleviate 
symptoms or for the treatment of disease states. Clearly, this is 
not much different than the definition of any of the drugs in 
current use. There is, in most cases, a clear distinction between 
herbals and pharmaceuticals; in the herbals’ native state, a 
significant dilution problem exists, whereas in pharmaceuti- 
cals the active ingredient or principle is present in the effective 
concentration. Herbs are classified as foods (or food supple- 
ments), or drugs, or both. 

The recent resurgence of sincere interest in herbal medi- 
cines had its beginnings in the last decade (1980s) and has 
every indication of continuing through the 1990s and beyond. 
Herbal and other natural products are playing a greater role in 
the quest for people to feel at their best. It is not hard to fathom 
that the movement has had its most recent origin in the disil- 
lusionment with modern medicine’s inability to cure everything 
and its high cost.'’ Most of those herbals in this branch of 
natural products are the ones involved in the OTC category 
that do not require a physician’s prescription and, even though 
some are of benefit, are covered under FDA’s historical DESI 
program that arose after the 1962 “Thalidomide tragedy” in one 
of the 17 “Drug Efficacy Panels.” Simply stated, this means 
that the Herbal Medicines of the greatest popularity (although 
not all those of interest) at present cannot include efficacy 
claims in their labeling, but only in advocacy literature. 

Even considering our (US) official limited view of botanicals, 
over 80% of the world continues to rely on folklore medicine (ie, 
herbal treatments) because many countries don’t have either 
the research facilities of the west or the money to support the 
use of modern prescription medicines.'* Even with the forego- 
ing and the presumed regulatory agency/official position, 
Americans spend over $1 billion yearly on 600 different natural 
health products (excluding teas and homeopathic prepara- 
tions).'” A number of questions arise about efficacy, safety, the 
unregulated (and usually inconsistent) production of the herbs 
and whether untested herbs should really be self-administered. 
The inconsistencies are being addressed with the recent inter- 
est taken by the USP with process and reviews in the Pharma- 
copeial Forum (see below and Table 14). 
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Herbal teas are distinguished from teas as such, eg, the high 
use of green teas by the Japanese. The herbal teas are such 
things as Ginger and Chamomile (Matricaria) both of which are 
useful (and official) and nonhazardous, but ephedra (ma 
huang) is not since it’s converted to the stimulants ephedrine 
and pseudoephedrine. In this regard, much use is now attrib- 
uted to Herbal Phen-Fen as a diet preparation, the use of which 
has been negatively received by the medical community. As a 
matter of composition and use, many diet teas have laxatives 
as ingredients, a mode of weight loss which should be deplored. 
Ingredients or combinations of them that may be found in some 
diet teas are senna, castor oil, aloe and uva ursi which contains 
the toxic suspect arbuin. Other teas that are potentially toxic 
include canigre, guarana, maté, foti and comfrey (discussed 
below). Herbal teas are prepared from the herb by decoction, 
maceration or infusion. Early in 1998,'° a USP expert advisory 
panel determined that consumer use of comfrey can be harmful 
due to the lack of scientific evidence in medical literature that 
support its safe use or any that dispels the information on 
hepatic toxicity. 

Notwithstanding the vast number of herbal remedies for 
which historical, traditional and anectodal uses have been 
noted (of which about 30 or so are the most used), late spring 
1998 saw a renewed interest on the part of the compendial 
review boards (after the 7th and 8th supplements to NF 18 
listed ginger, valerian and garlic) to start the process to include 
a number of other herbs for standardization. These, together 
with the NF 18 supplementals, are collected with pertinent 
information on their sources, uses and dosage/intricacies in 
Table 14. 
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CHAPTER 27 


Drug Nomenclature—United States 
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Advances in the scientific disciplines continue to occur at such 
an accelerated rate that the processing of information has 
become a separate and distinct discipline in its own right. 
Precise and current terminology is an important tool of science, 
and nowhere is it more important than in medicine and phar- 
macy. Drug nomenclature, particularly, would become con- 
fusing, meaningless, and incomprehensible without a well- 
developed system of rules. 

It is not unusual for each drug entity to be known by several 
chemical names, more than one code number, several trivial 
designations, a formally selected nonproprietary name, and 
one or more trademarks. Therefore, it is essential that a logical, 
well-defined nonproprietary nomenclature system is available 
to facilitate the exchange of drug information. 

This chapter describes the mechanisms for creating nonpro- 
prietary drug names that are used in the US. It includes 
history, scope, function, and operation of the nomenclature 
system devised by the United States Adopted Names (USAN) 
Council. A brief introduction of the policies of the World Health 
Organization (WHO) International Nonproprietary Name 
(INN) program and its relationship to the USAN Council have 
been added. 


DRUG NAME TYPES 

Sgr ERR a SB NON TS SET ATONE CPR 
The term drug nomenclature implies that drugs may have 
several types of names, each having its own function, and 
indeed this is the case. While some names are scientifically 
precise, but others may be ambiguous or misleading. 

The first type of name, usually applied to compounds of 
known composition, is the chemical name. Among the several 
conventions that exist for creating chemical names, the most 
widely established is the American Chemical Society's Chemi- 
cal Abstracts Services (CAS) Index naming system. Use of this 
system results in the creation of systematic (CAS Index) names 
for chemical entities that serve as a key to the chemical liter- 
ature of the world. The CAS system is used by the USAN 
program. 

For substances of plant or animal origin that cannot be 
classified as pure chemical compounds, scientific identification 
is given in terms of precise biochemical, botanical, or zoological 
names. Such designations are also scientifically exact, but like 
their chemical counterparts, they tend to be complex, unwieldy, 
and generally not useful to the physician, pharmacist, or other 
users of drug nomenclature. 

Most developing drug materials while being investigated 
acquire a code designation as a convenient means of referring 
to the compound before it has been assigned either a nonpro- 
prietary name or a trademark. Such codes are generally a letter 


and number combination, eg, SC-40230 (bidisomide, Searle), 
Ro 4-3780 (isotretinoin, Roche), or RP 56976 (docetaxel, Rhone- 
Poulenc Rorer). The letter(s) generally represent an abbrevia- 
tion of the research laboratory name; the numbers are assigned 
by the firm in an arbitrary manner or following some internally 
created convention. Codes may be acronyms or letter combina- 
tions derived from portions of the chemical or common name 
(eg, AZT for azidothymidine or TPA for tissue plasminogen 
activator). 

Code designations usually are considered as convenient 
“shop labels” and are meant to be discarded when a more 
appropriate name is selected. However, many of these codes 
appear in early scientific literature dealing with investigative 
work prior to the selection of a nonproprietary name. Fre- 
quently they are used in clinical studies in the absence of a 
nonproprietary name to identify the chemical entity. Code des- 
ignations, therefore, must be considered a part of drug nomen- 
clature, but they are not acceptable for general use. In them- 
selves, these codes give no information about the compound 
they represent. 

The use of acronyms instead of the proper nonproprietary 
names may also be dangerous because many contractions are 
extremely similar, such as DDI (didanosine) and DDC (zalcit- 
abine). Similarly, AZT, is commonly used for the antiviral 
zidovudine (derived from azidothymidine, its shortened chem- 
ical name). However, AZT can just as readily represent the 
immunosuppressant azathioprine. Medication errors due to 
use of acronyms have been reported both by the Institute for 
Safe Medication Practices and the USP Medication Errors Re- 
porting Program. 

Trivial names occasionally are assigned to a new compound, 
usually by the researchers working on it. Nomenclature agen- 
cies strongly discourage the use of trivial names as generally 
they are coined haphazardly and are usually not suited for 
adoption as official nonproprietary names. Too frequently triv- 
ial names are confusingly similar to existing names, which 
may lead to confusing them with established nonproprietary 
names. 

When a new drug has successfully survived the successive 
research stages and testing to the point where it appears it may 
become a marketable product, a trademark is developed by the 
manufacturer. Properly registered trademarks become the le- 
gal property of their owners and cannot be used freely in the 
public domain. Selected for their brevity and ease of recall, 
trademarks usually give little or no scientific information about 
the drug. 

Each type of name described thus far aims to serve its 
specific purpose; however, none fulfill the need for a single, 
simple, informative designation available for unrestricted pub- 
lic use. The nonproprietary name is the only name intended to 
function in this capacity. The nonproprietary name often is 
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referred to as the generic name, but this practice is inaccurate, 
as each nonproprietary name is specific for a given compound, 
even though it may possess a stem that is common to a related 
group of drugs. 

Throughout this chapter, the term nonproprietary name 
applies to those names that have been selected by the formal 
process of negotiation between the drug manufacturer and the 
USAN Council. 


THE USAN COUNCIL 

2 SNR ET ET 
The agency responsible for the selection of nonproprietary 
names for single-entity drugs marketed in the US is the United 
States Adopted Names (USAN) Council. This expert committee 
on drug nomenclature is jointly sponsored by the American 
Medical Association (AMA), the United States Pharmacopeial 
Convention Inc (USPC), and the American Pharmaceutical 
Association (APhA). All three agencies were involved in the 
selection of drug names for many years prior to the establish- 
ment of the USAN Council in the 1960s. 

The United States Pharmacopeia (USP) has been supplying 
standards for pharmaceutical preparations since the first edi- 
tion appeared in 1820. Because there was a need for titles for 
monographs included in the USP, that described the drugs for 
which standards were being prepared, the USP was one of the 
first publications to recognize the necessity for a standardized 
system of drug nomenclature and the first to take action to 
establish such a system. 

The American Pharmaceutical Association began publica- 
tion of a second compendium, the National Formulary (NF) in 
1888 and established quality standards for drugs included in 
the NF. The editor of the NF quickly became involved with 
providing nonproprietary names for the monographs published 
in the NF. 

In 1906, the US government legally recognized the signifi- 
cance of the work being done by the USP and the NF by 
declaring both publications official compendia. Since that time, 
monograph titles have had the status of official nonproprietary 
names. 

As new pharmaceutical products increased in number, other 
organizations recognized the need for formally approved names 
while the drug entity was still in its investigational stages. The 
AMA Council on Pharmacy and Chemistry (CPC), later known 
as the Council on Drugs, was created in 1905 as an advisory 
body to the Board of Trustees to encourage rational drug use by 
physicians. In conjunction with screening and evaluating new 
remedies, the CPC initiated a nomenclature program to pro- 
vide nonproprietary names for individual drugs available com- 
mercially under more than one trademark. This activity con- 
tinued until the early 1940s when the Council on Drugs began 
to require a nonproprietary name for every active compound 
listed in all AMA publications. 

The 1938 Food, Drug and Cosmetic (FD&C) Act stipulated 
that the common or usual name should be used as part of drug 
labeling to identify the drug entity. In the absence of such a 
name (or until a name attained such status), a chemical name 
was to be used. 

The Drug Amendments of 1962 replaced the “common or 
usual” terminology with the more meaningful requirement that 
nonproprietary names must be “simple and useful.” Also, for 
the first time, the Commissioner of the Food and Drug Admin- 
istration (FDA) was given the authority to designate the offi- 
cial name if he determined that such action was necessary or 
desirable. 

Despite the nomenclature activities of the AMA, USP, and 
APhA, large numbers of drug products did not become the 
subject of either the NF, the USP, or the Council on Drugs 
monographs and continued to be identified by their chemical 
names, trivial names, or trademarks selected by the manufac- 
turers. As medicine and pharmacy advanced and drugs became 


more specific in their actions and structurally more complex, 
other nomenclature-related needs were recognized that made it 
apparent that each new drug needed a nonproprietary name 
selected early in its development. A systematic approach to 
assure drug name appropriateness and acceptability to AMA, 
USP, NF and the drug manufacturer now became more obvi- 
ous. Each new drug also needed a global name—one name used 
and accepted worldwide. 

A significant step toward supplying this need was taken in 
June 1961, with the formation of the AMA-USP Nomenclature 
Committee. The names adopted by this committee were 
deemed acceptable as potential compendia monograph titles, 
and the acronym USAN (United States Adopted Name) was 
coined to designate names formally processed and approved by 
the Committee. The APhA participated in the program from its 
inception but did not become a full and official sponsor until 
January 1964, at which time the name of the committee was 
changed to the USAN Council. 

The FDA and the USAN Council conducted an unofficial 
liaison until early 1967 when it was determined that a formal 
cooperative effort in the development of nonproprietary names 
would be more beneficial to both. In June 1967 an official 
agreement was signed between the sponsors of the USAN 
Council and the FDA that required the FDA to appoint annu- 
ally one voting member to the Council. This contract stipulated 
that the FDA would accept as the “official or established” name 
any drug name the USAN Council adopted. In this agreement, 
the Commissioner of the FDA reserved the right to select the 
official name in those instances in which the USAN Council 
could not reach consensus. It should be noted that the desig- 
nation of a name as an Official or established name by the FDA 
did not follow automatically, but rather was accomplished by 
publication, subject to public comment, in the Federal Register. 
All parties upheld this agreement until it was modified 17 
years later. 

On November 26, 1984, the Commissioner of Food and 
Drugs and the Secretary of Health and Human Services pub- 
lished in the Federal Register an amendment to the FD&C Act 
that stated in part that 


“the Food and Drug Administration agrees with ‘Guiding Prin- 
ciples for Coining US Adopted Names for Drugs’, published in 
USAN and the USP Dictionary of Drug Names. .. [, and that] 
the established name .. . will ordinarily be either the compen- 
dial name of the drug or, if there is no compendial name, the 
common or usual name of the drug. Interested persons, in the 
absence of the designation of an official name, may rely on the 
USAN listed in USAN and the USP Dictionary of Drug Names 
as being the established name in accordance with the Federal 
Food, Drug, and Cosmetic Act.” 


Today, the USAN Council is comprised of five members: one 
member is appointed by each of the three sponsoring organi- 
zations, one is a liaison member from the FDA, and one is a 
member-at-large who must be approved by the three sponsor- 
ing organizations. Council members are nominated by their 
sponsoring organization annually. Every year their nomination 
must be approved by the boards of trustees of the other spon- 
soring organizations, who also approve the nominees for the 
FDA liaison and the member-at-large positions. Council mem- 
bers may serve for up to 10 consecutive years. The council 
members for 1998 are 


Daniel L Boring, PhD (FDA) 

Everett Flanigan, PhD (USP) 

William M Heller, PhD (Member-at-Large) 
John E Kasik, MD, PhD (AMA) 

Alice J Matuszak, PhD (AphA) 


The USA Council Secretariat is located at the AMA head- 
quarters in Chicago, Illinois. Ruta Freimanis, PharmD, RPh, 
serves the Council as Secretary; Sophia V Fuerst is the Asso- 
ciate Secretary, and Sandra Van Laan serves as the Technical 
Assistant. Dr Freimanis and her staff conduct the necessary 
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negotiations among the Council, drug manufacturers, the FDA, 
and other nomenclature committees such as the International 
Nonproprietary Names (INN) Committee of the World Health 
Organization (WHO). Kurt L Loening, PhD; Topterm; and the 
staff of the Chemical Abstracts Service provide expert chemical 
input to the USAN Council during the negotiation process. The 
Council conducts its negotiation activity by correspondence. 
Twice a year, the Council convenes to discuss nomenclature 
policy, liaison activity, and new nomenclature strategies. 

At an early stage in the development of the USAN Council, 
it was anticipated that occasional disagreements might arise 
between the Council and a manufacturer over the selection of a 
particular nonproprietary name. In the majority of such cases, 
the Council and the firm can, in time, work out an acceptable 
compromise; however, in rare instances, an impasse may de- 
velop that needs adjudication by someone not directly involved 
with the USAN Council or the drug manufacturer. The USAN 
Review Board was established as the final arbitrator of nomen- 
clature disputes when normal procedures have failed. Each 
sponsoring organization nominates two members to the Review 
Board annually; nominations must be approved annually by 
the Boards of Trustees of the other sponsoring organizations. 
No term limits have been placed on member’s participation on 
the Review Board. Members of the Review Board for 1998 are 


Donald R Bennett, MD, PhD 
Stuart Feldman, PhD 

Alan H Kaplan, JD 

Charles O Rutledge, PhD 
Lawrence C Weaver, PhD 
Lauren A Woods, MD, PhD 


The USAN Review Board secretariat is supported by the 
USP. Joseph G Valentino, JD, serves the Board as Secretary. 
At the time of any appeal to the Board, representatives of the 
drug firm involved in the specific case can participate in the 
deliberations, but they have no voting privileges. The Secretary 
of the USAN Council becomes the spokesperson for the Council. 
The determination of the USAN Review Board is final and not 
subject to appeal. 


PROCEDURE FOR OBTAINING A USAN 


The negotiation of a USAN originates with a drug manufac- 
turer, a licensee of that firm, or its legal representative. On 
rare occasions a formal request for a nonproprietary name will 
be initiated by an individual who has developed a substance of 
potential therapeutic usefulness to the point where there is a 
distinct possibility of the compound being marketed in the US. 
Occasionally, the initiative for the development of a USAN is 
assumed by the FDA or the USP. The criteria set by the Council 
for initiating the negotiation process states that the drug must 
have progressed in its development to the point where clinical 
studies have been started. At that time an Investigational New 
Drug (IND) application must have been approved by the FDA. 

The USAN application form was standardized in the early 
1970s. Currently, each nomenclature request must be submit- 
ted on this form and accompanied by detailed chemical, phar- 
macological, and manufacturing information and reprints of 
clinical studies or other published information. Use of this form 
facilitates handling data and ensures that pertinent items have 
not been omitted. Requests for USAN are expected to conform 
to the established Guiding Principles for the Selection of Non- 
proprietary Names for Drugs and to be reasonably free from 
conflicts with other names, including both trademarks and 
nonproprietary names. Forms can be obtained by writing to 
USAN Secretariat at the AMA Headquarters, 515 N State 
Street, Chicago, IL 60610, or by photocopying the forms ap- 
pearing in the current edition of the USAN Handbook. 

Each USAN application is supplemented by comments and 
summaries of searches conducted’ by the Council staff and 


forwarded to Council members for evaluation and balloting. 
Council members’ opinions and decisions relative to the list of 
proposed nonproprietary names are exchanged until unanimity 
is attained on one name. At that time, the applicant is notified 
of the Council’s decision and has the option of accepting or 
rejecting the Council’s recommendation. 

If the recommended name is accepted by the applicant, this 
tentatively approved name is transmitted to the World Health 
Organization (WHO) International Nonproprietary Name 
(INN) Committee for additional evaluation and linguistic re- 
view. When the Council’s recommendation is rejected by the 
sponsor, the negotiation is continued until a mutually accept- 
able name is found. 

Throughout the negotiation process, proposed USANs are 
routinely published in the Trademark Bulletin of the Pharma- 
ceutical Research and Manufacturers of America (PhRMA), 
and in the USP publication Pharmacopeial Forum. Each pub- 
lished entry consists of the proposed name and therapeutic 
category supplied by the applicant. This publication step serves 
as a means to elicit comments and objections from drug man- 
ufacturers, health practitioners, and scientists. Entries pub- 
lished in the US are circulated to the WHO INN Committee, to 
Spain and other countries for comments on the linguistic com- 
position of the proposed names. 

The WHO INN review process of the tentatively approved 
name lasts approximately 22 weeks. At the end of this process, 
and in the absence of significant conflicts with trademarks and 
existing nonproprietary names or linguistic issues, the tenta- 
tively approved name is adopted as the USAN. USAN adoptions 
are scheduled for the third Wednesday of each month. The 
applicant then is formally notified by a letter of adoption and 
a Nomenclature Statement that the negotiation process has 
been completed and that a USAN has been issued for the 
compound. 

After the Nomenclature Statement has been reviewed by 
the applicant, the USAN is submitted for publication in the 
“New Names” column in the journal of Clinical Pharmacology 
and Therapeutics, the USP DI Update (“USAN Designations”), 
and the Pharmacopeial Forum (“Nomenclature Column”). Re- 
prints of “New Names” columns are distributed to the Ameri- 
can pharmaceutical press. 

The USAN entry published in the New Names column for 
each definable chemical substance is identified by two chemical 
names: the first name is the Chemical Abstracts (CA) Index 
name; the second is a systematic name developed in accordance 
with rules devised by the International Union of Pure and 
Applied Chemistry (IUPAC). Occasionally, a third chemical 
name may be added, one that has become firmly established 
through extensive use. In conjunction with use of CA nomen- 
clature, a CAS Registry number is included in the published 
entry. Structural and molecular formulas, and the molecular 
weight, are listed where applicable. The intended therapeutic 
classification is supplied by the manufacturer. The name of the 
manufacturer, brand name, code designation, and trivial name 
formerly used are included to further identify the new USAN. 
Reprints of the monthly New Names columns are available on 
request from the USAN Council Secretariat. 

In 1986 the USAN Council Secretariat published the first 
USAN Handbook to aid pharmaceutical manufacturers, spon- 
sors, and/or legal representatives with the preparation of a 
nomenclature application. The USAN Handbook 4, issued in 
January 1995, is currently undergoing extensive revision. It 
furnishes detailed information on the procedure for obtaining 
an USAN. It also contains USAN Council’s Guiding Principles 
for Coining Nonproprietary Names, the latest list of official 
stems for the creation of new names and the approved names 
for radicals and adducts. 

Prior to explaining the nomenclature philosophy of the 
USAN Council, the WHO INN program and its relationship to 
USAN needs to be explained. 
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INTERNATIONAL NONPROPRIETARY NAMES 


In an age when drug manufacturers market their products in 
many countries and medical and pharmaceutical literature is 
widely translated around the world, the need for cooperation in 
nomenclature activities among the major drug-producing coun- 
tries clearly is evident. Besides the USAN Council, nomencla- 
ture agencies exist in Great Britain, France, Italy, Japan, the 
Nordic countries, Spain, and Switzerland. Each of these agen- 
cies operates at varying levels of authority and cooperates with 
pharmaceutical manufacturers within their areas of jurisdic- 
tion to select appropriate nonproprietary names. These agen- 
cies maintain liaison with one another to secure the adoption of 
the most appropriate designation for each drug. 

To prevent confusion that arises when several nonpropri- 
etary names are used for a single drug, either in the same 
country or in several different countries, the World Health 
Organization (WHO) has assumed the responsibility of coordi- 
nating drug nomenclature at the international level. Through 
its Committee on Nonproprietary Names, whose members are 
drawn primarily from representatives of the national nomen- 
clature agencies, WHO has developed procedures and formu- 
lated guiding principles for the selection of International Non- 
proprietary Names (INN). National nomenclature agencies 
usually act as agents for the manufacturers by referring mu- 
tually selected designations (usually prior to national adoption) 
to the WHO with their request that these names be selected 
as INN. 

A manufacturer located in a country without a nomencla- 
ture agency can make a direct request for a nonproprietary 
name to the WHO or, in some instances, to an existing agency 
in another country, preferably one in which the drug is likely to 
be marketed. 


THE WHO NOMENCLATURE PROGRAM 


In 1915 the International Pharmaceutical Federation estab- 
lished a Committee on International Nomenclature and as- 
signed it the responsibility for identifying each pharmaceutical 
substance by a globally available and unique nonproprietary 
name. The WHO Constitution in 1946 relegated the duty of 
drug nomenclature to the WHO. By 1953, the WHO initiated 
the selection and publication of International Nonproprietary 
Names (INN) for pharmaceutical substances. The present INN 
program is administered by the Secretariat (Dr Sabine Kopp- 
Kubel) located in Geneva, Switzerland. Nonproprietary names 
are selected biannually by members of the Expert Advisory 
Panel on the International Pharmacopoeia and Pharmaceutical 
Preparations, Nomenclature Section. This advisory panel is 
composed of representatives from national nomenclature 
groups: the USAN Council Secretary; the British Approved 
Names (BAN) Committee Secretary; the French, Japanese, and 
Spanish nomenclature Secretariat; and representatives from 
Nigeria, Indonesia, and Poland. 

Under its charter, the WHO is empowered simply to recom- 
mend specific actions or procedures to its member states. The 
INN Committee initially publishes in WHO Drug Information 
the selected names as proposed International Nonproprietary 
Names. From the date of publication, 4 months are allowed for 
member states or interested parties to submit comments or 
objections to any proposal. An objection generally reflects the 
belief that the proposal is confusingly close to a name already 
in use. 

If no objection is received, the proposed INN will attain the 
status of recommended INN. Subsequently, the WHO will pub- 
lish biannually lists of recommended INN, which many mem- 
ber states then recognize as the sole or preferred nonpropri- 
etary name for use in their respective countries. 


A cumulative list of INN and the guidelines for coining an 
INN can be obtained from the WHO in Geneva, Switzerland. 
The INN Cumulative List now contains more than 7000 names 
for drug entities designated since the publication of the first 
INN list. The INN Committee adds 120 to 150 new designa- 
tions each year. 

The first edition of the Guidelines on the Use of Interna- 
tional Nonproprietary Names (INN) for Pharmaceutical Sub- 
stances was made available recently for public distribution. 


PHILOSOPHY OF THE USAN PROGRAM 
LL A 
A closer examination of nonproprietary names for drugs will 
likely result in an inaccurate understanding of present nomen- 
clature practices. Many drug names for products on the market 
were coined prior to the creation of systematized nomenclature 
procedures, principles, and drug classifications. Indeed, many 
of the older names demonstrate the obvious need for selection 
of useful, simple, and appropriate nonproprietary names for 
drugs. Existing names, therefore, reflect a mixture of old and 
new nomenclature practices and philosophies. In many in- 
stances, poor naming of drugs was due to the now discarded 
practice of condensing the full chemical name into a chemically 
oriented nonproprietary name, eg, (1) amphetamine was as- 
signed to the parent central stimulant, and methamphetamine 
to its methyl analog; and (2) the large perazine antipsychotic 
series—butaperazine, prochlorperazine [Compazine], triflu- 
operazine [Stelazine]—have very close names, represented by 
chlorpromazine [Thorazine] and triflupromazine [Vesprin]. 
Names for each new member in the perazine or promazine 
series were devised by adding a structure-based prefix, such 
as but- (butyl group), prochlor- (propyl- and chloro-), trifluo- 
(trifluoro-) to the base name -perazine. At the time this practice 
came into being, the chemistry of most drugs was not too 
complex, nor were there that many drugs on the market. The 
nomenclature confusion was lessened because each of these 
agents was marketed under a short, memorable trademark. 
With advancing chemical complexity of drug entities, however, 
nonproprietary names so derived became increasingly long and 
difficult to spell, pronounce, or remember. Using the above 
presented perazine series as an example, one can see that it 
becomes increasingly more difficult to distinguish one perazine 
from the others. 

In addition to the problems caused by the complexity of the 
word itself, chemically derived names have been criticized be- 
cause they fail to provide useful information to anyone but a 
scientist involved in drug development. 

Nonproprietary nomenclature is intended primarily for phy- 
sicians, pharmacists, and those in related health professions. A 
physician is not concerned with the sometimes subtle struc- 
tural manipulation of molecules that produce a potential new 
drug. His or her primary concern is to understand the drug’s 
pharmacological and therapeutic properties. Therefore, it must 
be emphasized again that nonproprietary names should be 
coined in such a way as to be most useful to the health profes- 
sionals who are their primary users. 

A well-coined nonproprietary name should be distinctive. 
How many hundreds of drug names begin with the familiar 
letters di-, tri-, meth-, chlor-, oxy-, or phen-? Repetitious use of 
chemical prefixes leads to similar, look-alike, and sound-alike 
names, so this practice has now been discarded. By abandoning 
strict adherence to chemical antecedents, names can be made 
not only simpler but unique. 

To assign meaningful nonproprietary names to new drug 
compounds, it is necessary to indicate through the name any 
relationship that exists between the new entity and established 
drugs. Conversely, inappropriate names suggesting nonexist- 
ing relationships are misleading and must be avoided. The 
USAN Council has used standardized prefixes, infixes, or suf- 
fixes in nonproprietary names to classify and relate new chem- 
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ical entities to existing drug families. These standardized syl- 
lables collectively are called stems, and they can emphasize a 
special chemical nucleus, a pharmacological property, or a com- 
bination of both these attributes. 


Chemically derived stems 
cef- (cephalosporins) 
cefotetan, cefmetazole, cefixime 
-nab- (cannabinols) 
dronabinol, tinabinol 
-conazoles (antifungal imidazoles) 
ketoconazole, fluconazole, cisconazole 
Pharmacologically derived stems 
-stat- (enzyme inhibitors) 
alrestatin, lovastatin 
-vir- (antivirals) 
aciclovir, ribavirin, viroxime 
-astine (antihistaminics) 
acrivastine, temelastine, zepastine 
Combination Stems 
-olol (propranolol-type beta-blockers) 
timolol, atenolol 
-profen (ibuprofen-type anti-inflammatory/analgesic agents) 
ibuprofen, flurbiprofen 
-tecan (camptothecine antineoplastics) 
topotecan, irinotecan 


The USAN recommended list of stems (see Appendix B) is 
revised and updated regularly to keep pace with the changing 
chemical and pharmacological nature of new drugs. 

Again, a random survey of names for drugs currently in use 
will show a mixture of “old” and “new” nomenclature practices. 
In fact, such a survey, presented below, should illustrate effec- 
tively the principles behind the newer nomenclature approach. 

Figure 27-1 presents a pair of compounds named many 
years ago, meprobamate and carisoprodol, that are related both 
chemically and pharmacologically; despite these similarities, 
the drugs have dissimilar names. 

The opposite situation is illustrated in Figure 27-2; the 
relationship between fluorometholone and oxymetholone is 
limited to the classification of both agents as steroids: fluoro- 
metholone is an anti-inflammatory corticosteroid, and oxy- 
metholone is an anabolic 17a-alkylated testosterone derivative 
used as an erythropoietic. This class of compounds, however, is 
so large and so diverse that the common ring nucleus alone is 
hardly sufficient to warrant the use of a common stem 
(-metholone). 

The steroids are, in fact, typical of several large groups of 
compounds that (within each group) exhibit somewhat similar 
chemical and pharmacological properties. Because of diversity 
within the group, however, it is desirable to establish subseries 
of names based on the nature of the substituent groups and on 
the placement of such substituents. In recent years the USAN 
Council increasingly has developed this principle, which is 
typified by the examples in Figure 27-3. 

Figure 27-3 depicts a basic glucocorticoid structure (glu- 
cocorticoids, in themselves, being a division of the broader 
category of steroids) in which the R groups indicate the posi- 
tions at which the principal differences in the subseries occur. 
There is no common suffix for the entire glucocorticoid series, 
but the suffixes -olone, -sone, and -onide are indicative of this 
series and are used in the stems of the various subseries. 

A more recent example of stem subdivision is represented by 
the various subgroups formed based on the stem vir: the vir 


Hy 
NH,COOCH,CCH,OOCNH, 
CH,CH,CHs 


CH, 

I 
NH,COOCH,CCH,O0C NHCH(CHs}e 

CH,CH,CHy 


Figure 27-1. Meprobamate (top) and carisoprodol (bottom) are 
closely related chemically and pharmacologically; the assigned 
names, however, do not indicate this relationship. 


Figure 27-2. Illustrative of poor practice in nomenclature are the 
compounds fluorometholone (A) and oxymetholone (B). The com- 
pounds are not as closely related as the names suggest. 


stem represents drugs exhibiting antiviral properties, which 
was further subdivided to form the subclassification -amivir for 
antivirals capable of inhibiting the enzyme neuraminidase, 
-ciclovir for acyclovir-type antivirals, -virsen for antisense 
antivirals, -navir for antiviral HIV protease inhibitors, plus 
other lesser known subclasses of antivirals. 

The use of common stems to indicate particular classes of 
drugs is reexamined constantly by the USAN Council. The 
development of nomenclature for the tetracycline series of 
drugs (Fig 27-4) demonstrates the review and revision pro- 
cesses by which the Council’s principles are assessed to ensure 
their validity in the light of current nomenclature require- 
ments. The first drugs in this series were chlortetracycline and 
oxytetracycline, both of which can be converted chemically to 
the parent compound, tetracycline. Further research led to still 
another variant, demethylchlortetracycline, which, in keeping 
with the standard practice of the time, was named in strict 
accordance with its chemical derivation to represent the des- 
methyl variant of chlortetracycline. The next member of this 
series to require a nonproprietary name was characterized by a 
distinctive pyrrolidine group and, following traditional pat- 
terns, the name might have become pyrrolidinotetracycline. 
Instead, the first step was taken toward simplifying names in 
this series by shortening the prefix, and the resulting name 
became rolitetracycline. The logical next step taken by the 
USAN Council members was to drop the syllables tetra from 
the suffixes of newer nonproprietary names for drugs in this 
group, thus yielding simpler and more useful designations. 


Figure 27-3. The R groups indicate the position on the glucocorti- 
coid nucleus where the principal modifications occur. Such changes 
give rise to various structurally defined subseries differentiated by 
means of the following stems: 


-olone 
-cinolone triamcinolone 
fluocinolone 
-cortolone fluocortolone 
clocortolone 
-sone 
-sone cloticasone 
ticabesone 
-met(h)asone dexamethasone 
mometasone 
-onide (16,17-acetal) 
-cinonide amcinonide 
fluocinonide 
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Figure 27-4. Chlortetracycline. Other names in this series include 
rolitetracycline, meclocycline, and amicycline. 


Examples of such designations are amicycline, sancycline, and 
doxycycline; the series stem became -cycline. 

Although it is a very difficult thing to do for several valid 
reasons, occasionally the need and the opportunity arise to go 
back and change the poorly coined name of a well-established 
drug. Such was the case with demethylchlortetracycline. 
The name of this compound, which is commercially available 
as the hydrochloride salt, was changed to demeclocycline 
hydrochloride. 

Captopril and the subsequently named angiotensin-converting 
enzyme inhibitors (enalapril, spirapril, quinapril, etc) were 
assigned names using the pril stem derived from proline, a 
common structural feature present in members of this series 
(Fig 27-5). The second member, enalapril, a tripeptide deriva- 
tive, is a substituted alanylethyl ester. Later, when the di-acid 
form of enalapril was made available, the pril stem was mod- 
ified to prilat (eg, enalaprilat) to accommodate this structural 
change from the ethyl ester to the acid. 

The stat stem has been used to identify various enzyme 
inhibitors. As the series developed, it became apparent that 
subdivision was needed to group chemically related agents 
inhibiting a specific enzyme. Two very prominent subgroups in 
this series are (1) -vastatin HMG-CoA reductase inhibitors 
(mevastatin, lovastatin, simvastatin, pravastatin), and (2) 
-restat- for the aldose-reductase inhibitors (alrestatin, tolre- 
stat) as seen in Figure 27-6. 

These examples illustrate the USAN Council’s developed 
policy of coining meaningful nonproprietary names. Its aim is 
to select short, unique names that are informative and useful to 
the primary health providers, the medical and related health 
professionals. These examples also illustrate the Council’s pol- 
icy of establishing classifications of stems based on chemical 
and/or pharmacological similarities and of subdividing stem 
classifications by the addition of, usually, structurally based 
infixes to create a taxonomy of drug nomenclature useful to the 
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Figure 27-5. The pril series of related angiotensin-converting en- 
zyme inhibitors. Hydrolysis of the ethyl ester of enalapril produced 
the modification from pril to prilat. 
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Figure 27-6. The -vastatin and -restat subgroups within the large 
stat (enzyme inhibitors) series. 


intended primary target of this nomenclature system, the var- 
ious health practitioners. 


PROTECTION OF USAN AND INN 
SA a BST ITS SS) 
After adoption of a USAN, the entry is submitted for publica- 
tion in the “New Names” column in the journal of Clinical 
Pharmacology and Therapeutics and is transmitted to the USP 
for publication in the annually released USP Dictionary of 
USAN and International Drug Names. The 35th edition of the 
USP dictionary contained 8713 nonproprietary drug name en- 
tries, with more than 4115 trademarks. 

With the growing number of USAN/INN and brand names, 
the possibility of conflicts between nonproprietary names, be- 
tween trademarks, and between trademarks and nonpropri- 
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etary names has increased significantly. A frequent source of 
conflict in the latter category is the practice of piggybacking on 
the USAN/INN or the incorporation of a nomenclature stem in 
the trademark. If trademark registration is obtained for names 
containing an officially reserved stem, this may diminish the 
freedom of the USAN and the INN programs in the selection of 
further nonproprietary names in the same series of substances. 

To inhibit this practice at the WHO INN level, the issue of 
piggybacking and incorporation of the official stems into trade- 
marks was taken up in a resolution of the World Health As- 
sembly WHA46.19. Based on recommendations made by the 
WHO Expert Committee on the use of Essential Drugs, reso- 
lution WHA46.19 on Nonproprietary Names for pharmaceuti- 
cal substances was adopted in May 1993, during the 46th 
World Health Assembly. 

WHA resolution WAH46.19 was discussed by the USAN 
Council, and on January 22, 1996, the USAN Council approved 
the following statement as part of its nomenclature policy. 


CO-EXISTENCE OF NONPROPRIETARY NAMES AND TRADEMARKS 
In devising the Guiding Principles for coining USAN for drugs, the 
program originators included a rule stating that a USAN “should be 
free from conflict with other nonproprietary names and with estab- 
lished trademarks and should be neither confusing nor misleading.” 
Through its various name-screening procedures, the Council Staff at- 
tempts to comply with this requirement. Unfortunately, the same kind 
of protection is not afforded to nonproprietary names by many drug 
manufacturers. The USAN Council, WHO INN Committee, and other 
nomenclature committees have actively discouraged the undesirable 
practices of devising trademarks from the nonproprietary names or 
incorporating into trademarks the stems used by the nomenclature 
committees to create new nonproprietary names. 


USAN STATEMENT ON WHA RESOLUTION 46.19 

As the designated drug nomenclature agency of the US, the USAN 
Council is responsible for the selection of simple and useful nonpropri- 
etary names for drugs and such related substances as pharmaceutic 
aids, contact lens plastics, surgical materials, diagnostic agents, carri- 
ers, and excipients. The USAN Council cooperates and works with the 
WHO in devising nonproprietary names for drugs, in standardizing 
drug nomenclature, and in establishing rules governing the classifica- 
tion of new substances. 

In 1993, the WHO Executive Board placed Resolution WHA46.19 
before the World Health Assembly (WHA) seeking to encourage the 
WHO member states to intensify their efforts to discourage manufac- 
turers from devising trademarks derived from recommended Interna- 
tional Nonproprietary Names (rINN) and from including INN stems in 
trademarks. Resolution WHA46.19 was adopted by the 46th WHA on 
May 12, 1993. Resolution WHA46.19 was discussed by the USAN Coun- 
cil on January 28, 1994. The USAN Council agreed in principle with 
the resolution statements and supported the premises stated in the 
resolution. 

The expression of general support for WHA Resolution 46.19, al- 
though in keeping with the historical support by the USAN Council for 
harmonization of global drug nomenclature policies, has led to a mis- 
apprehension of USAN Council views in some US-based and multina- 
tional pharmaceutical corporations and associations. A statement of the 
USAN Council’s views is provided below. 


WHO RESOLUTION WHA46.19: NONPROPRIETARY NAMES 
FOR PHARMACEUTICAL SUBSTANCES 
The Forty-sixth World Health Assembly Requests Member States: 


“',. to enact rules or regulations, as necessary, to ensure that 
international nonproprietary names (or the equivalent nation- 
ally approved generic names) used in labeling and advertising of 
pharmaceutical products are always displayed prominently.” 


The principle that the USAN should be prominently displayed is not 
an issue in the US, as this has been required by the FD&C Act for more 
than three decades. Section 502(E) requires, for labeling, that 


“(tlhe established name ... is printed prominently and in type 
at least half as large as that used thereon for any proprietary 
name or designation for such drug ... to encourage manufac- 
turers to rely on their corporate name and the international 
nonproprietary names, rather than on trade-marks, to pro- 
mote and market multisource products introduced after patent 
expiration.” 


The USAN Council also recognizes that trademarks constitute in- 
tellectual property for their holders. USAN Council encourages manu- 
facturers of multisource prescription drug products, other than those 
who obtained the original NDA approvals, to rely on the USAN and 
their corporate names in marketing such products instead of creating 
additional trademarks. Nevertheless, USAN Council recognizes that 
the use of trademarks is common and valuable in marketing over-the- 
counter drug products and is often useful in special cases with prescrip- 
tion drug products. Such special cases may arise when, for example, (1) 
there are differences in bioavailability between a drug product mar- 
keted by an innovator firm and a later version introduced by the same 
or another firm, and (2) drug products, containing the same drug sub- 
stance but with different uses, are introduced “to develop policy guide- 
lines on the use and protection of international nonproprietary names, 
and to discourage the use of names derived from INNs, and particularly 
names including established INN stems as trade-marks.” The USAN 
Council discourages the use in trademarks of substantial portions of 
USAN and established USAN stems. This practice is an infringement 
on USAN and an impediment to the work of USAN Council in estab- 
lishing new USAN in a class of drugs. It should be noted that USAN 
Council attempts to avoid establishing USAN that are in conflict with 
US and foreign trademarks as well as other nonproprietary names of 
drugs. Furthermore, the USAN Council is cognizant of the US FD&C 
Act, Section 508(A), which states, in part, “[IJn no event ... shall the 
secretary establish an official name so as to infringe a valid trademark.” 


CONCLUSION 
The USAN Council was established to serve the health professions in 
the US by 


1. Selecting simple, informative, and unique nonproprietary names 
for drugs. 

2. Establishing a logical nomenclature classification based on phar- 
macological and/or chemical relationships. 

3. Formulating nomenclature rules for selecting appropriate nonpro- 
prietary names for drugs. 


The USAN Council, other national nomenclature groups, and the 
WHO Nomenclature Committee aim for global standardization and 
unification of drug nomenclature and related rules to ensure that drug 
information is communicated accurately and unambiguously. 


GUIDING PRINCIPLES FOR COINING 
UNITED STATES ADOPTED NAMES 
FOR DRUGS 


By definition, nonproprietary names are not subject to propri- 
etary trademark rights, but exist entirely in the public domain. 
This feature distinguishes them from the trademarked names 
that have been registered for private use. A USAN is a non- 
proprietary name selected by the USAN Council according to 
principles developed to ensure safety, consistency, and logic in 
the choice of names. These principles take into account practi- 
cal considerations, such as the existence of trademarks and the 
fact that the intended uses of substances for which names are 
being selected may change. These guidelines are and must be 
sufficiently flexible to be revised if this is considered to be 
desirable and/or necessary. 


GENERAL RULES 


1. A nonproprietary name should be useful primarily to health practi- 
tioners, especially physicians, dentists, pharmacists, nurses, and 
veterinarians. Secondarily, they must be useful to educators, regu- 
latory authorities, health facilities, and maintenance organizations. 


a. The primary criterion for judging usefulness is suitability, includ- 
ing safety, for use in the routine processes of prescribing, order- 
ing, dispensing, and administering drugs throughout the US. 

b. The second criterion is suitability for use in educational programs 
for teachers and students in medically oriented professions and 
for use in scientific and lay publications. 

c. The third criterion is suitability for use internationally for drug 
identification, for the exchange of drug information, and for trans- 
lation into different languages. 

2. Attributes that contribute to usefulness are simplicity (brevity and 
ease of pronunciation), euphony, ready recognition, and recall. 
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a. The name for the active moiety of a drug should be a single word, 
preferably not more than four syllables. 

b. The name for the active moiety may be modified by a single term, 
preferably not more than four syllables, to show a chemical mod- 
ification, such as salt or ester formation (eg, cortisone acetate 
from cortisone, cefamandole sodium from cefamandole, or eryth- 
romycin acistrate from erythromycin). 

c. Only under compelling circumstances is a name with more than 
one modifying term acceptable (eg, pharmaceuticals containing 
radioactive isotopes, the different classes of interferons). 

d. Acronyms, initials, and condensed words may be acceptable in 
otherwise appropriate terminology. 

. Aname should reflect characteristics and relationships that will be 
of practical value to the users. 

a. Acommon, simple, word element (a stem) should be incorporated 
in the names of all members of a group of related drugs when 
pertinent common characteristics can be identified (eg, similarity 
of pharmacological action). When pharmacological similarity is 
found in drugs of distinctly different chemical nature, stems 
should differ (eg, antipsychotics, promazine and haloperidol; 
non-steroidal anti-inflammatory agents [NSAIDs], ibuprofen, 
etodolac, and isoxicam). 

b. Distinctive terminology should be used for specific drugs or 
groups (eg, insulin I 131, dextran 40, interferon alfa-2a and 
interferon alfa-n1; licryfilcon A and licryfilcon B; epoetin alfa and 
epoetin beta). 

. Aname should be free from conflict with other nonproprietary names 
or with established trademarks and should be neither confusing nor 
misleading. Prefixes that imply “better, newer, more effective,” or 
evoke the name of the manufacturer, dosage form, duration of action, 
or rate of drug release, or have an anatomical connotation are not 
acceptable. 

. Preference should be given to names of established usage, pro- 
vided that they conform to these guiding principles and are deter- 
mined to be free from conflict with existing nonproprietary names 
or trademarks. 

. Identical negotiations submitted by two or more manufacturers will 
be conducted in accordance with Council’s practice of maintaining 
confidentiality. The applicants involved will not be notified of the 
multiple sources of the submission. However, the name selected by 
the USAN Council will need to be accepted by each manufacturer 
involved in the negotiation process. 

. A request for a USAN should be made after the drug manufacturer 
or sponsor has submitted an Investigational New Drug (IND) appli- 
cation to the Food and Drug Administration (FDA) to obtain permis- 
sion to initiate studies in humans. 

. Deferred Negotiations: 

a. The USAN Council Secretariat will defer an on-going negotiation 
for 6 months plus one additional 3-month extension upon receipt 
of a written request from the manufacturer. If the USAN Council 
has selected a name candidate and recommended this name to 
the manufacturer, the maximum deferral is one 6-month period. 

b. The negotiation will be canceled after the maximum 9-month 
deferral has lapsed. 

c. If the negotiation is to be reopened at a later time, it will receive 
anew USAN file number and will be treated as a new application. 
The manufacturer will be expected to submit a new USAN nego- 
tiation form, to update the background information, and to sub- 
mit an appropriate user’s fee. 


SPECIFIC RULES 


1. Because of the international exchange of drug information, specific 
guidelines have been formulated to ensure appropriate transla- 
tion of nonproprietary names into other languages. The following 
rules of preferred spelling should be used when coining USAN 
designations. 

. The letter f should be used instead of ph. 

. The letter t should be used instead of th. 

. The letter e should be used instead of ae or oe. 

. The letter i should be used instead of y. 

e. The letter h should be avoided. 
f. The letter k should be avoided. 

2. Isolated letters, numbers, or hyphenations are restricted to those 
groups of substances for which such usage fulfills a clearly demon- 
strable purpose (eg, interferon alfa-2b, paflufocon A, technetium Tc 
99m siboroxime). 

3. Group relationships in a name preferably should be indicated by 
use of syllables or stems. Conversely, use of the stem for other than 
the appropriate group must be avoided. When multiple stems are 
available, the stem conveying the most information should be used. 


anon 


10. 


it. 


12. 


13. 


14. 


. Esters, salts, chelates, or complexes ordinarily require a two-word 


name to indicate the inactive as well as the active portion. 


. The preferred order for the name of an inorganic salt is cation— 


anion (eg, sodium bromide). The same order is preferred for well- 
known salts of simple organic acids (eg, sodium lactate, magnesium 
citrate, potassium acetate). However, for more complex organic 
compounds, the pharmacologically active portion should be identi- 
fied first (eg, oxacillin sodium, ibuprofen piconol, dexibuprofen 
lysine). 


. A name for a salt or ester generally should be derived from the 


name of the pharmacologically active moiety or corresponding acid 
(eg, sodium acetate or ethyl acetate, derived from acetic acid). 
When a nonacid suffix is used, as in the penicillin series, a salt 
should be named without modification of the parent acid name (eg, 
oxacillin sodium, derived from oxacillin). Names for different salts 
or esters of the same active moiety should differ only in the name of 
the inactive portion; exceptions are permissible when the salt and 
ester forms possess pharmacological activity. 


. Aname for the salt form of the pharmacologically active moiety is 


specific to the number of molecules used to react with the active 
moiety (eg, balsalazide disodium, gusperimus trihydrochloride). If 
only one molecule is used to react with the active moiety, the 
designation for the salt name is used without reference to the mono- 
prefix (eg, besipirdine hydrochloride, afovirsen hydrochloride). 


. A name for a quaternary ammonium substance should designate 


the cation and anion separately (eg, octonium bromide, not octonine 
methylbromide). The name assigned to the cation must contain the 
-tum suffix stem. 


. A name for a complex of two or more components should list the 


name of the principle active ingredient followed by a coined desig- 
nation for the second component ending with an -ex suffix to indi- 
cate complex (eg, bisacodyl tannex, doxycycline fosfatex). Com- 
plexes formed from sulfonated diethenylbenzene—ethyenylbenzene 
copolymers and an active ingredient should list the name of the 
principal active ingredient followed by polistirex (eg, chlorphenir- 
amine polistirex, codeine polistirex). 
A name for a drug containing a radioactive atom should list, in the 
order given: (1) the name of the drug containing the radioactive 
atom, (2) the element symbol, (3) the isotope number, and (4) the 
name of the carrier agent, if any (eg, rose bengal sodium I 131, 
cyanocobalamin Co 60, potassium bromide Br 82, technetium Tc 
99m butilfenin, technetium Tc 99m medronate, indium In 111 
oxyquinoline, indium In 111 satumomab pendetide). 
The nonproprietary name for a substance generally should not 
indicate the state of hydration, the morphology or the mode of 
preparation. Reference to the water of hydration is retained in the 
chemical information (chemical names, formulas, weight) but is 
excluded from the nonproprietary name. The degree of hydration 
becomes a part of the chemical entity identified by the USAN. 
Under the terms of the Orphan Drug Act of 1983, the development 
and marketing of drug products that are of limited commercial 
application but are potentially useful in rare disease conditions are 
encouraged. The selection of a USAN for an orphan drug may be 
based on special considerations. Therefore, when the name of an 
orphan drug appears to follow a more chemically oriented termi- 
nology style than is customary for drug nomenclature generally, 
this is not to be regarded as a basis or a precedent for a future 
selection of a USAN. 
A USAN coined for a new chemical entity routinely does not specify 
the stereoisomeric form of the molecule in the nonproprietary 
name. If the stereochemical configuration has been determined, 
this information is presented in the chemical name(s) and is re- 
flected in the structural formula. A USAN can, therefore, identify 
the racemic mixture (eg, carnitine, ibuprofen, tetramisole), the levo 
isomer (eg, remoxipride, quadazocine), or the dextro form (eg, bu- 
topamine). Subsequently, if a USAN is needed for a different en- 
antiomer or for the racemic form, the following prefixes should be 
added to the existing name: 

a. For the racemate, the rac-/race- prefix is used (eg, racemethi- 
onine, racepinephrine, ractopamine). 

b. For the levo rotatory form, the lev-/levo- prefix is added (eg, 
levocarnitine, levamisole, levcromakalim, levdobutamine). 

c. For the dextro rotatory form, the dex-/dextro- prefix is used (eg, 
dexamisole, dexibuprofen, dextroamphetamine, dexverapamil, 
dexfosfoserine, dexniguldipine). 

Official names have been selected for a number of radicals and 

adducts used to form salts or esters of the pharmacologically active 

moiety. In a majority of cases, these names represent contractions 
of the chemical name assigned to the radical or adduct. In four 
specific cases, the official name identifies a multicomponent adduct: 


acistrate identifies the 2'-acetate (ester) and octadecanoate (salt) (eg, 
erythromycin acistrate) 

probutate identifies the double ester 1-oxobutoxy and 1-oxopropoxy (eg, 
hydrocortisone probutate) 

estolate identifies the double salt propanoate and dodecyl] sulfate (eg, 
erythromycin estolate). 

hyclate identifies the monohydrochloride salt, hemiethanolate, hemihy- 
drate combination (eg, doxycycline hyclate). 


The complete list of official names for radicals is presented under 
Appendix A. 


SPECIFIC NOMENCLATURE RULES FOR CONTACT-LENS MATERIALS 


The USAN Council began its involvement in the area of polymer no- 
menclature in 1971 and formulated the first nomenclature rules for 
assigning nonproprietary names to contact lens materials in 1972. 
Based on then available polymer technology and input and discussions 
with the FDA, lens polymers were divided into the filcon and focon 
series for, respectively, hydrophilic and hydrophobic materials. 

The following nomenclature rules represent several expansions and 
revisions of the initial guidelines; they were approved by the USAN 
Council in June 1994. 

For nomenclature purposes, contact lens materials are divided into 
hydrophilic and hydrophobic groups depending on their water content. 
The hydrophilic lens materials with water content equal to or more 
than 10% by weight at ambient temperature (23°F (2°C)) are assigned 
-filcon names; -focon names are given to hydrophobic lens material with 
water content less than 10%. 

In addition to water content, nomenclature for contact lens materi- 
als depends primarily on the polymeric composition, ie, the repeating 
monomer units comprising the lens material. These repeating units 
include linear monomers and cross-linking monomers. Initiators, cata- 
lysts, fillers, and chemically bound or physically entrapped color addi- 
tives or ultraviolet absorbers are excluded in establishing the polymeric 
composition of the contact lens material for nomenclature purposes. 

The first member of a series is assigned a unique nonproprietary 
name containing the proper -filcon or -focon suffix stem. A separate 
capital letter A is added after each parent designation. Subsequent 
designations for polymers consisting of identical monomers receive the 
same parent name but a different appended letter (B, C, D, etc). These 
letters are needed to differentiate between polymers of identical mono- 
meric units but with different ratios of units that have different physio- 
chemical properties as determined by water content, oxygen permeabil- 
ity [DK] value, specific gravity, refractive index, surface charge, wetting 
angle, elasticity, and toughness of the lens. 

A contact lens material having the same repeating monomeric units 
as a named substance but made by a different manufacturing process 
(eg, lathe-cut versus cast-molded) is not required to obtain a new USAN 
if the lens material has the same water content and oxygen permeabil- 
ity as the initially named polymer. 

The addition of a surface treatment to an existing lens material that 
has been assigned a USAN does not require a new USAN. 

A new USAN will not be assigned to contact lens materials contain- 
ing chemically bound or physically entrapped color additives. USAN 
Council defers to FDA labeling rules to identify color additives used to 
make tinted lenses. 

Anew USAN will not be assigned to contact lens materials contain- 
ing either chemically bound or physically entrapped ultraviolet absorb- 
ers. USAN Council defers to FDA labeling rules to identify UV absorber 
used to make these lenses. 

Publication of USAN for contact-lens materials is essential for the 
protection of newly coined designations. Each USAN assigned to a 
contact lens material is identified by listing the monomer repeating 
units, the corresponding CAS index name, the IUPAC chemical name, 
and the molecular formula for each monomer. The USAN Council 
Secretariat will honor a publication deferral request from the manufac- 
turer of up to 4 months with an extension not to exceed 2 months upon 
receipt of a reasonable justification for requesting the deferral. At the 
end of this period, the information will be scheduled for publication in 
the “New Names” column in the Journal of Clinical Pharmacology and 
Therapeutics. 

, Contact lens materials are not assigned nonproprietary names by 
the World Health Organization (WHO) INN Committee. Names for 
contact lens polymers have USAN status only. 


SPECIFIC NOMENCLATURE RULES FOR BIOLOGICAL PRODUCTS 


The USAN Council has been involved in coining names for various 
biological products: the insulins, interferons, interleukins, growth hor- 
mones, colony-stimulating factors, cytokines, and monoclonal antibod- 
ies. With increasing development of highly purified biological extracts 
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and recombinant materials, the Council expects to have an increasingly 
greater role in developing nomenclature rules for these agents. 

Listed below are specific guidelines created by the USAN Council, in 
conjunction with the FDA, the US FDA Center for Biologics Evaluation 
and Research (CBER), and the WHO INN Committee. 

Interferons—The following multi-tiered style for creating nonpro- 
prietary names for new interferons was adopted by the USAN Council: 


1. The word interferon is the first element in the name. Interferon is 
defined as the class name for a family of species-specific proteins (or 
glycoproteins) that are produced according to information encoded 
by species of interferon genes, and exert complex antineoplastic, 
antiviral, and immunomodulating effects. The three main forms of 
interferon used in therapy are interferon alfa (formerly leukocyte or 
lymphoblastoid interferon), interferon beta (formerly fibroblast in- 
terferon), and interferon gamma (formerly immune interferon). 

2. The appropriate Greek letter (spelled out) is the second word of the 
name: alfa, beta, gamma. 

3. An appropriate Arabic numeral and letter are appended to the 
Greek letter by a hyphen (no space) to delineate subcategories. The 
numbers conform to the recommendation of the Interferon Nomen- 
clature Committee. The lowercase letter is assigned by the drug 
nomenclature agencies to differentiate one manufacturer’s inter- 
feron from another’s. Examples of pure interferon substances are 


interferon alfa-2a 
interferon alfa-2b 
interferon beta-la 
interferon beta-1b 
interferon gamma-la 


4. For mixtures of naturally occurring interferons, the lowercase letter 
n precedes the number. Examples of names of mixtures of interfer- 
ons obtained from a natural source, whether the exact percentage of 
a mixture is known or not, are 


interferon alfa-nl 
interferon alfa-n2 


Interleukins—tThe suffix -/ewkin is used in naming interleukin 2 
(IL-2) type substances, eg, 


aldesleukin 
celmoleukin 
teceleukin 


Somatotropins—The following guidelines have been developed for 
somatotropin analogs: 


1. The som- prefix is used for growth hormone derivative, eg, 


somatropin for human growth hormone 
somatrem for methionyl human growth hormone 


2. The som- prefix and the -bove suffix are required for bovine soma- 
totropin derivatives, eg, 


somidobove 
sometribove 
somagrebove 


3. The som- prefix and the -por suffix are required for porcine soma- 
totropin derivatives, eg, 


somalapor 

somenopor 
sometripor 
somfasepor 


Colony-Stimulating Factors—The following guidelines have 
been selected for recombinant colony-stimulating factors: 


1. The suffix -grastim is used for granulocyte colony-stimulating fac- 
tors (G-CSF), eg, 


lenograstim 
filgrastim 


2. The suffix -gramostim is used for granulocyte macrophage colony- 
stimulating factors (GM-CSF), eg, 


molgramostim 
regramostim 
sargramostim 


3. The suffix -mostim is used for macrophage colony-stimulating fac- 
tors (M-CSF), eg, 


mirimostim 
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4. The suffix -plestim is used for interleukin 3 (IL-3) factors classified 
as pleiotropic colony-stimulating factors, eg, 


muplestim 
daniplestim 


Erythropoietins—The word epoetin is used for recombinant hu- 
man erythropoietin, followed by the appropriate Greek letter (spelled 
out). The word epoetin describes erythropoietin preparations that have 
an amino acid sequence identical to the endogenous cytokine; the words 
alfa, beta, gamma are added to designate the preparations that differ in 
the composition and the nature of the carbohydrate moieties. Erythro- 
poietins assigned USAN are 


epoetin alfa 
epoetin beta 
epoetin gamma 


Monoclonal Antibodies—The following guidelines have been de- 
vised for monoclonal antibodies: 


1. The suffix -mab is used for monoclonal antibodies and fragments. 

2. Identification of the animal source of the product is an important 
safety factor based on the number of products that may cause 
source-specific antibodies to develop in patients. The following let- 
ters were approved as product source identifiers: w = human, e = 
hamster, 0 = mouse, i = primate, a = rat, xi = chimera, and zu = 
humanized. These identifiers are used as infixes preceding the -mab 
suffix stem, eg, 


-umab (human) 
-omab (mouse) 
-ximab (chimera) 
-zumab (humanized) 


3. The general disease state subclass must be incorporated into the 
name by use of a code syllable. The following disease state sub- 
classes were approved based on products currently before the Coun- 
cil. Additional subclasses will be added as necessary. 


Disease or Target Class 


Viral -vIr- 
Bacterial -bac- 
Immune (immunomodulator) -lim- 
Tumors 
colon -col- 
melanoma -mel- 
mammary -mar- 
gonad 
testis -got- 
ovary -gou- 
prostate -pr(o)- 
miscellaneous -tum- 
Cardiovascular -cir- 


4. In order to create a unique name, a distinct, compatible syllable 
should be selected as the starting prefix. 
5. Sequence of stems—the order for the key elements is as follows: 
a. Infix representing the target disease state, the source of the 
product. 


b. The monoclonal root -mab used as a suffix (eg, biciromab, 
satumomab, nebacumab, sepirumab, and tuvirumab). 

c. When combining a target or disease infix stem with the source stem 
for chimeric (xi) or humanized (zw) monoclonal antibody, the last 
consonant of the target/disease specific syllable is dropped, eg, 


target source -mab stem USAN 
-cir- -x1- -mab abciximab 
-lim- -ZU- -mab daclizumab 


These modifications were deemed necessary to facilitate pronunciation 
of the resultant designation. 


6. If the product is radiolabeled or conjugated to another chemical 
such as a toxin, identification of this conjugate is accomplished by 
use of a separate, second word or other acceptable chemical desig- 
nation. For monoclonals conjugated to a toxin, the -tox stem must be 
included as part of the name selected for the toxin (eg, in zolimomab 
aritox, the designation aritox was selected for ricin A-chain). For 
radiolabeled products, the word order is: name of the isotope, ele- 
ment symbol, isotope number, and name of the monoclonal anti- 
body, eg, technetium Tc 99m biciromab, indium In 111 altumomab 
pentetate. 

7. A separate, distinct name must be assigned to any linker/chelator 
used to conjugate the monoclonal antibody to a toxin, isotope, or for 
pegylated monoclonal antibodies, eg, telimomab aritox, indium In 
111 satumomab, pendetide, and enlimomab pegol. For the USAN 
Council to initiate the selection of a name for a monoclonal antibody 
or fragment, the nomenclature application must provide the follow- 
ing relevant information: 


1. The immunoglobulin class and subclass and the type of associated 

light chain. Identity of the fragment of the immunoglobulin used (if 

applicable). 

Identity of the fragment of the immunoglobulin used (if applicable) 

Species source from which the coding region for the immunoglobu- 

lin originated and specific, complete origin of all parts of chimeric, 

humanized, or semi-synthetic immunoglobulins. 

4. The antigen specificity of the immunoglobulin, including its source. 

The clone designation (specify if vector or vector-cell combination). 

6. For conjugated monoclonal antibodies, the identity of any linkers, 
chelators, toxins, and/or isotopes present in the product. 

7. Identity of other modifications to the antibody, eg, reduction of 
disulfide bonds, glycosylation or deglycosylation, amino acid modi- 
fication, or substitution. 


ww 


oH 
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Appendix A—Contractions for Radicals and Adducts 


CHEMICAL NAME AND GRAPHIC FORMULA 


aceturate 


acistrate 


axetil 


besylate 


camsylate 


caproate 


closylate 


cyclotate 


cypionate 


dapropate 


diolamine 


edamine 


edetate* 


N-acetylglycinate 
CH3;CONHCH,COO — 


2'-acetate (ester) and octadecanoate (salt) 
O 
| 


CH;—CO— and 


O 


| 
CH3;—(CH»)1¢—CO— 


1-acetoxyethyl 
O 


| 
CH;COCH— 


CH; 


benzenesulfonate 


O-= 


camphorsulfonate 
CH,SO;- 


O 


hexanoate 
CH3(CH,),COO ~ 


p-chlorobenzenesulfonate 


a{O)-s0- 


4-methylbicyclo[2.2.2]oct-2-ene-1- 
carboxylate 


cs {\)-co0 


cyclopentanepropionate 


sd CH,CH,COO > 


N,N-dimethyl-B-alanine 


diethanolamine 
CH,CH,OH 
HN& 
CH,CH,OH 


ethylenediamine 
H,N 
Ne 


ethylenediaminetetraacetate 
NaOOCCH, CH,COONa 


| | 
NCH,CH.N 


| 
NaOOCCH, CH,COONa 
(All anions derived from edetic acid; 
edetate sodium is portrayed here.) 
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edisylate 


enanthate 


epolamine 


erbumine 


estolate 


esylate 


etabonate 


fostedate 


gluceptate 


hybenzate 


hyclate 


isethionate 


meglumine 


CHEMICAL NAME AND GRAPHIC FORMULA 


1,2-ethanedisulfonate 
CH,SO,, 


| 


CH,SO,- 


heptanoate 
CH3(CH,),<COO- 


1-pyrrolidineethanol 
CH,—CH,—OH 
| 


2 


2-methyl-2-propanamine 
H5NC(CH3); 


propanoate and dodecyl sulfate (salt) 
CH3CH,COO— in ester linkage plus 
C,2H230SO3 


ethanesulfonate 


CH3CH,SO, 
(ethoxycarbonyl)oxy 
O 
CH;CH,O0CO 
tetradecyl hydrogen phosphate 
O OH 
\/ 
Pp 


H3C ESOS GEO OY” EG 
glucoheptonate 
COO 
HCOH 
HCOH 
HOCH 
HCOH 


HCOH 


CH;OH 


o-(4-hydroxybenzoyl) benzoate 
O 
coo || 
L Opa 


monohydrochloride, hemiethanolate 
hemihydrate 
HCI - %2C,H.OH : %2H,O 


2-hydroxyethanesulfonate 


CH,CH,SO; 

OH 

N-methylglucamine 
Heed On tk 


Lae ae Oa 
HOCH;—¢— C— C= C=CH,NHCH, 


(a ee 
OH OH H_ OH 
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CONTRACTION 


CHEMICAL NAME AND GRAPHIC FORMULA 


mesylate 


mofetil 


napsylate 


olamine 


pamoate 


pendetide 


phenpropionate 


pivalate 


methanesulfonate 
CH,SO; 


2-(4-morpholinyl)ethy| 


CH,CH,— 
Na 
x 


2-naphthalenesulfonate 


ethanolamine 
H,NCH,CH5OH 


4,4'-methylenebis[3-hydroxy-2-naphthoate] 


GOOx 
Coe 
Cor 
(lS GOOn 


N°-[N-[2-[[2-[bis(carboxymethy])- 
aminolethyl](carboxymethy|)amino]- 
ethyl]-N-(carboxymethyl)glycyl]-N7-(N- 
glycyl-i-tyrosyl-t-lysine-tyrosyl) 

| i | 


N COOH 


3-phenylpropionate 


(O)-erich.coo 


trimethylacetate 
CH 
| 
CH3;C—COO 


| 
CHs 


pivoxetil 


pivoxil 


probutate 


proxetil 


tebutate 


tosylate 


triflutate 


trolamine 


xinafoate 


1-(2-methoxy-2-methyl-1- 
oxopropoxy)ethy| 

CH,O CH, 

ig on 
CH,0C—COCH— 

| 


CH; 


(2,2-dimethyl-1-oxopropoxy)methy! 
CH,0 
| | 
CH. €—— GOGH. 
| 
CH: 
(1-oxobutoxy) (ester) and (1-oxopropoxy) 
(ester) 
O 


| 
=OCCH}CHsCH, 


O 


| 
and —OCCH,CH3 


1-[(isopropoxycarbonyl)oxyJethy| 
CH, O OH; 


| | | 
H,C—CH—O—C—O—CH 


tertiary butyl acetate 
CH; 
CH;C—CH,COO 


CH; 


p-toluenesulfonate 


cs {O)-50y 


trifluoroacetate 


Oo 
| 
TOGGE; 
triethanolamine 
_ CH,CH,OH 
HOCH,CH,N . 
CH,CH,OH 


1-hydroxy-2-naphthalenecarboxylate 
OH 


é ; CcCOO- 


The sodium salts are named as follows: edetate monosodium (1 Na ion); edetate disodium (2 Na ions); edetate trisodium (3 Na ions); edetate sodium (4 Na ions). 
[NOTE: “edetate” has replaced the name “edathamil,” which formerly was used.] 


STEM EXAMPLES 


-ac 
-actide 
-adol or -adol- 


-adox 
-afenone 
-aj- 
-aldrate 
-alol 


-andr- 
-anserin 


-antel 
-arabine 


-aril, -aril- 


-arit 


-arol 
-arot- 


arte- 
-ase 


-ast 


-astine 
-atadine 


-azenil 


-azepam 
-azepide 
-azocine 


-azoline 
-azosin 

-bactam 
-bamate 


-barb or -barb- 


-bendazole 
bol- or -bol- 


-butazone 
-caine 
calci- or -calci- 


-camsule 
-carbef 
cef- 
-cept 


-cic 
-cidin 
-cillin 
-citabine 


-clidine 
-clone 
-cog 
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Appendix B—Stems Used by the USAN Council 


DEFINITION 


anti-inflammatory agents (acetic acid derivatives) 
synthetic corticotropins 
analgesics (undefined group) 


antibacterials (quinoline dioxide derivatives) 
antiarrhythmics (propafenones) 
antiarrhythmic (ajmaline derivatives) 
antacid aluminum salts 
combined alpha and beta blockers (Ar-CH-CH,-NH-R) 
| 
OH 
androgens 
serotonin 5-HT, receptor antagonists 


anthelmintics (undefined group) 
antineoplastic (arabinofuranosy! derivatives) 


antiviral (arildone derivatives) 


antirheumatics (lobenzarit) 
anticoagulants (dicumarol type) 


arotinoids 


antimalarials (artemisin derivatives) 
enzymes 


antiasthmatics/antiallergenic; leukotriene biosynthesis inhibitors 


antihistamines (histamine-H, receptor antagonists) 
tricyclic antiasthmatics 


benzodiazepine receptor agonists/antagonists 
antianxiety agents (diazepam type) 


cholecystokinin receptor antagonists 
narcotic antagonists/agonists related to 6,7-benzomorphan 


antihistamines or local vasoconstrictors of the antazoline group 


antihypertensive (prazosin type) 
beta-lactamase inhibitors 
tranquilizers of the propanediol and pentanediol groups 


barbituric acid derivatives 


anthelmintics (tibendazole type) 
anabolic steroids 


anti-inflammatory analgesics of the phenylbutazone type 
local anesthetics 
vitamin D analogs 


camphorsulfonic acid derivatives used as UVA sunscreens 
antibiotic (carbacephem derivatives) 

cephalosporins 

receptors 


hepatoprotectives (timonacic type) 
natural antibiotics (undefined group) 
penicillins 

nucleoside antivirals/antineoplastics 


muscarinic agonists 
hypnotics/tranquilizers 
blood coagulation factors 


bromfenac 
scractide 
tazadol/ene 
spirado/ene 
levonantrado/ 
carbadox 
alprafenone 
lorajrnine 
magaldrate 
labeta/o/ 


medroxalo/ 
nandrolone 
altanserin 
tropanserin 
carbantel 
fazarabine 
fludarabine 
pleconaril 
arildone 
fosarilate 
labcnzarit 
clobuzarit 
dicumarol 
etarotene 
sumarotene 
tazarotene 
arte‘lene 
algucerase 
dornase alfa 
quazolast 
eclazolast 
ebastine 
olopatadine 
loratadine 
bretazenil 
flumazenil 
lorazepam 
devazepide 
quadazocine 
ketazocine 
antazoline 
doxazosin 
sulbactam 
meprobamate 
felbamate 
phenobarbital 
secobarbital 
eterobarb 
cambendazole 
bolandiol 
mibolerone 
oxyphenbutazone 
dibucaine 
calcipotriol 
tacalcitol 
ecamsule 
loracarbef 
cefazolin 
alvircept 
lenercept 
limazocic 
gramicidin 
ampicillin 
gemcitabine 
fiacitabine 
zalcitabine 
vedaclidine 
pagoclone 
eptacog alfa 
moroctocog alfa 
nonacog alfa 
octocog alfa 
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STEM EXAMPLES 


DEFINITION 


-conazole 
-cort- 
-crinat 
-crine 


-cromil 


-curium (also -curonium) 


-cycline 
-dan 


-dapsone 
-dar 
-dil, dil- or -dil- 


-dipine 


-dismase 
-ditan 
-dopa 
-dralazine 


-dronate 
-ectin 


-entan 
.erg- 
-eridine 
-ermin 


estr- or -estr- 


-etanide 
-ezolid 
-fenamate 
-fenamic acid 
-fenin 
-fenine 
-fentanil 
-fiban 
-fibrate 
-filcon 


-fingol 


-flapon 
-flurane 
-focon 


-formin 

-fradil 

-fungin 

-fylline or -phylline 


-gab- 
-gado- 


-ganan 
-gatran 


-gest- 
-giline 
-gillin 

gli- 
-glitazone 
-gramostim 


-grastim 


systemic antifungals (miconazole type) 


cortisone derivatives 
diuretics (ethacrynic acid derivatives) 
acridine derivatives 


antiallergics (cromoglicic acid type) 
neuromuscular blocking agents (quaternary ammonium compounds) 


antibiotics (tetracycline derivatives) 
positive inotropic agents (pimobendan type) 


antimycobacterial (diaminodipheny1sulfone derivatives) 
multidrug resistance inhibitors 
vasodilators (undefined group) 


phenylpyridine vasodilators (nifedipine type) 


superoxide dismutase activity 
antimigraine 5-HT, receptor agonists 
dopamine receptor agonists 
antihypertensive (hydrazine-phthalazines) 


calcium metabolism regulators 
antiparasitics (ivermectin type) 


endothelin receptor antagonists 
ergot alkaloid derivatives 
analgesics (meperidine group) 
growth factors (cytokines) 


estrogens 


diuretics (piretanide groups) 

oxazolidinone antibacterials 

fenamic acid esters or salts 

anti-inflammatory (anthranilic acid derivatives) 

diagnostic aids (pheny1carbamoyl)methyliminodiacetic acid derivatives 
analgesics (subgroup of -fenamic acid group) 

narcotic analgesics 

fibrinogen receptor antagonusts 

clofibrate type compounds 

hydrophilic contact lens material 


sphingosines 


5-lipoxygenase-activating protein inhibitors 
general inhalation anesthetics (halogenated alkane derivatives) 
hydrophobic contact lens material 


oral hypoglycendc agents (phenformin type) 
calcium channel blockers acting as vasodilators 
antifungal antibiotics (undefined group) 
theophylline derivatives 


gabamimetics 
gadolinium derivatives (principally for diagnostic use) 


antibacterial magainin derivatives 
thrombin inhibitors 


progestins 

MAO inhibitors, type B 

antibiotics produced by Aspergillus strains 

oral hypoglycemic agents (glipizide type) 

antidiabetics (thiazolidine derivatives) 

granulocyte macrophage colony-stimulating factors (GM-CSF) 


granulocyte colony-stimulating factors (G-CSF) 


fluconazole 
oxiconazole 
hydrocortisone 
brocrinat 
amsacrine 
quinacrine 
nedocromil 
atracurium 
alcuronium 
pipecuranium 
minocycline 
prinoxodan 
indolidan 
acedapsone 
elacridar 
fostedi/ 
diltiazem 
darodipine 
felodipine 
sudismase 
alniditan 
levodopa 
hydralazine 
endralazine 
etidronate 
doramectin 
moxidectin 
avermectin 
bosentan 
pergolide 
anileridine 
murodermin 
ersofermin 
mecasermin 
estrone 
fenestre| 
bumetanide 
eperezolid 
etofenamate 
flufenamic acid 
arclofenin 
floctafenine 
alfentanil 
lamifiban 
bezafibrate 
amfilcon A 
xylofilcon A 
cedefingol 
safingol 
quiflapon 
enflurane 
pasifocon B 
trifocon A 
buformin 
mibefradil 
kalafungin 
enprofylline 
bamifylline 
fengabine 
gadodiamide 
gadoteridol 
pexiganan 
efegatran 
napsagatran 
megestrol 
selegiline 
mitogi/lin 
gliflumide 
englitazone 
molgramostim 
regramostim 
sargramostim 
filgrastim 
lenograstim 
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-grel- or -grel 
guan- 

-icam 

-ifen(e) 

-ilide 


-imex 


-imib 


-imod 
-imus 


io- 

-irudin 

-isomide 

-iurn (also -oniurn) 


-kacin 
-kalant 


-kalim 
-kef- or -keph- 
-kin 


-kinra 
-kiren 


-lazad 
-leukin 


-lubant 
-lukast 


-lutamide 


-mab 
-mantadine or -mantine 


-meline 
-mer 


-mesine 


_-mestane 
-metacin 
-micin 


-monam 


-mostim 
-motine 
-moxin 


-mustine 
-mycin 
-nab or -nab- 


nal- 
-nidap 
-nidazole 
nifur- 
-nixin 
-olol 


platelet antiaggregants (undefined group) 
antihypertensive substances (guanidine type) 
anti-inflammatory agents (isoxicam group) 
antiestrogens of the clomifene and tamoxifen group 
class Ill antiarrhythmics (sematilide type) 


immunostimulants 


acyl-CoA: cholesterol acetyltransferase (ACAT) inhibitors 


immunomodulators 
immunosuppressives 


iodine-containing contrast media 
anticoagulants (hirudin type) 
antiarrhythmics (disopyramide type) 
quaternary ammonium derivatives 


antibiotics obtained from Streptomyces kanamyceticus (related to kanamycin) 


potassium channel antagonists 
potassium channel agonists 

enkephalin agonists (various indications) 
interleukin type substances 

interleukin receptor antagonists 

renin inhibitors 


lipid peroxidation inhibitors 
interleukin-2 type compounds 


leukotriene antagonists 
leukotriene receptor antagonists (for antiasthmatic use) 


antiandrogen 


monoclonal antibodies (see expanded definition and scheme) 


adamantane derivatives; antivirals or antiparkinsonians 


cholinergic agonists (arecoline derivatives used in treatment of Alzheimer’s disease) 


polymers 
sigma receptor ligands 


antineoplastics (aromatase inhibitors) 
anti-inflammatory substances (indomethacin type) 
aminoglycoside antibiotics (Micromonosporra strains) 


monobactam antibiotics 


monocyte macrophage colony-stimulating factors (M-CSF) 
antiviral (quinoline derivatives) 
monoamine oxidase inhibitors 


antineoplastic agents ([6-chlorethyl]amine derivatives) 
antibiotics produced by Streptomyces strains 
cannabinol derivatives 


narcotic agonists/antagonists related to normorphine 
nonsteroidal antiinflammatory agents (tenidap type) 
antiprotozoal substances (metronidazole type) 
5-nitrofuran derivatives 

antiinflammatory (anilinonicotinic acid derivatives) 
beta-blockers 


itazigrel/ 
dimetagre/ 
furegrelate 
guanoctine 
enolicam 
tenoxicam 
nitromifene 
raloxifene 
ibutilide 
risotilide 
forfenimex 
roquinimex 
ubenimex 
eldacimibe 
lecimibide 
octimibate 
ivarimod 
pidotimod 
tacrolimus 
napirimus 
jiodamide 
desirudin 
bidisomide 
clidinium 
disiquonium 
amikacin 
almokalant 
terikalant 
cromakalim 
aprikalim 
casokefamide 
metkephamide 
oprelvekin 
teceleukin 
emoctakin 
anakinra 
ditekiren 
terlakiren 
tirilazad 
tece/eukin 
aldes/eukin 
tico/ubant 
tomelukast 
sulukast 
bica/utamide 
flutamide 
imciromab 
rimantadine 
dopamantine 
xanomeline 
cadexomer 
carbetimer 
igmesine 
panamesine 
plomestane 
zidometacin 
maduramicin 
gentamicin 
gloximonam 
oximonam 
mirimostim 
famotine 
benmoxin 
domoxin 
carmustine 
lincomycin 
nabazenil 
dronabinol 
nalmefene 
tenidap 
tinidazole 
nifurate 
clonixin 
timolo/ 
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DEFINITION 


-olone 
-onide 
-orex 
-orphan 
-oxacin 


-oxan 
-oxanide 
-oxef 

-oxetine 


-pafant 


-pamide 
-pamil 
-pamine 
-parcil 


-parcin 
-parin 


-paroid 


-penem 
perfl(u)- 


-peridol 
-perone 
-pirox 
-plact 
-planin 
-platin 
-plon 
-poetin 
-porfin 
-pramine 
-prazole 


pred-, -pred-, or -pred 


-pressin 
-pride 


-pril 


-prilat 


-prim 
-profen 
-prost- or -prost 


-queside 
-racetam 
-relin 
-relix 
-renone 
-retin- 
-ribine 
rifa- 


-rinone 
-rozole 
-rubicin 


-sal-, -sal, or sal- 


-sartan 


steroids (NOT prednisolone derivatives) 

steroids for topical use (acetal derivatives) 

anorexiants 

morphinan derivatives that are narcotic antagonists or agonists 
quinolone antibacterial agents (nalidixic acid type) 


alpha-adrenoceptor antagonists (benzodioxanc derivatives) 
antiparasitic salicylanilide analogs 

antibiotic (oxacefalosporanic acid derivatives) 
antidepressants (fluoxetine type) 


platelet-activating factor antagonists 


diuretics (sulfamoylbenzoic acid derivatives) 
coronary vasodilators (verapamil type) 
dopaminergics (butopamine type) 
antithrombotics 


glycopeptide antibiotics 
heparin derivatives and lov molecular weight (or depolymerized) heparins 


heparinoid type substances 


antibiotics modified in the five-membered ring (carbapenem type) 
per-fluorochemicals used as blood substitutes and/or diagnostics 


antipsychotics (haloperidol type) 
4'-fluoro-4-piperidinobutyrophenone derivatives; antianxiety agents; 
antimycotic pyridone derivatives 

platelet factor 4 analogs and derivatives 
antibacterials (Actinoplanes strains) 

antineoplastics (platinum derivatives) 
non-benzodiazepine anxiolytics, sedatives, hypnotics 
erythropoietins 

benzoporphyrin derivatives 

imipramine type antidepressants 

antiulcer (benzimidazole derivatives) 


prednisone and prednisolone derivatives 


vasoconstrictors (vasopressin derivatives) 
antipsychotics 


antihypertensive agents (captopril type) 


antihypertensive agents, ACE inhibitors prodrug (diacid analogs of the -pril entity) 


antibacterial substances of the trimethoprim group 
anti-inflammatory/analgesic substances (ibuprofen type) 
prostaglandin derivatives 


cholesterol sequestrants (glycosides) 

nootrope substances (piracetam type) 

prehormones or hormone-release stimulating peptides 
hormone-release inhibiting peptides 

aldosterone antagonists (spironolactone type) 

retinol derivatives 

ribofuranil derivatives (pyrazofurin type) 

antibiotics (rifamycin derivatives) 


cardiotonic agents (amrinone type) 
aromatase inhibitors (imidazole/triazole derivatives) 
antineoplastic antibiotics (daunorubicin type) 


salicylic acid derivatives 


angiotensin Il receptor antagonists 


minaxo/one 
amcinonide 
fludorex 


dextromethorphan 


difloxacin 
ciprofloxacin 
imiloxan 
bromoxanide 
flomoxef 
dapoxetine 
seproxetine 
apafant 
dacopafant 
tulopafant 
alipamide 
tiapamil 
ibopamine 
beciparcil 
iliparcil 
avoparcin 
ardeparin 
dalteparin 
heparin 
tinzaparin 
sulparoid 
danaparoid 
imipenem 
perflubron 
perflunafene 
perflisopent 
haloperidol 
duoperone 
ciclopirox 
iroplact 
mideplanin 
cisplatin 
ocinap/on 
epoetin alfa 
verteporfin 
lofepramine 
omeprazole 
disuprazole 
prednicarbate 
predcloprednol 
oxisopred 
desmopressin 
remoxipride 
zacopride 
pentopril 
quinopril 
fosinopril 
enalapril 
enalaprilat 
spiraprilat 
ormetoprim 
suprofen 
rioprostil 
dinoprost 
pamaqueside 
piracetam 
nafarelin 
detirelix 
canrenone 
etretinate 
loxoribine 
rifapentine 
rifampin 
milrinone 
fadrozole 
esorubicin 
idarubicin 
mesa/amine 
diflunisa/ 
losartan 
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-semide diuretics (furosemide group) azosemide 
-serpine derivatives of Rauwolfia alkaloids reserpine 
-setron scrotonin (5-HT3) antagonists ondansetron 
granisetron 
-sidomine antianginals (sydnone derivatives) pirsidomine 
som- growth hormone derivatives somatrem 
somatropin 
som-, -bove bovine somatotropin derivatives sometribove 
som-, por porcine somatotropin derivatives sometripor 
-spirone anxiolytics (buspirone type) zalospirone 
tiospirone 
-sporin immunosuppressants (cyclosporine type) geclesporin 
-stat or -stat- enzyme inhibitors 
-mastat antineoplastics (matrix metalloproteinase inhibitors) batimastat 
-restat- or -restat aldose-reductase inhibitors ponalrestat 
-vastatin antihyperlipidemics (HMG-CoA inhibitors) atorvastatin 
-ster- steroids (androgens, anabolics) testosterone 
-steride testosterone reductase inhibitors epristeride 
-stigmine anticholinesterases (physostigmine type) quilostigmine 
-stinel NMDA receptor antagonists (glycine recognition site) licostinel 
sulfa- antimicrobial sulfonamides sulfasalzine 
-sulfan antineoplastic, alkylating agents (methanesulfonate group) busulfan 
-tant tachykinin (neuroiinin) receptor antagonists saredutant 
lanipitant 
dapitant 
-tecan antineoplastics (camptothecine derivatives) topotecan 
irinotecan 
-tepa antineoplastic (thiotepa derivatives) azetepa 
-teplase tissue-type plasminogen activators alteplase 
-terol bronchodilators (phenethylamine derivatives) albutero/ 
-tesind thymidilate synthetase inhibitors metesind 
-thiazide diuretics (thiazide derivatives) chlorothiazide 
-tiapine antipsychotics (dibenzothiazepine derivatives) quetiapine 
-tiazem calcium channel blockers (dilitiazem derivatives) clentiazem 
-tibant antiasthmatics (bradykinin antagonists) icatibant 
-tide peptides octreotide 
-tidine H, receptor antagonists (cimetidine type) lupitidine 
donetidine 
-tocin oxytocin derivatives oxytocin 
-toin antiepileptics (hydantoin derivatives) albutoin 
-trexate folic acid analogs used as antimetabolites methotrexate 
-trexed antineoplastic thymidylate synthase inhibitors pemetrexed 
nolatrexed 
ralitrexed 
-tricin antibiotics (polyene derivatives) mepartricin 
-triptan antidepressants (dibenzo[a,d] derivatives naratriptan 
-triptyline antidepressants (dibenzo[a,d]cycloheptane derivatives) amitriptyline 
-troban antithrombotics (thromboxane A, receptor antagonists) daltroban 
-trodast thromboxane A, receptor antagonists seratrodast 
-troline antipsychotics (dopamine D, antagonists) carvotroline 
trop- or -trop- atropine derivatives benztropine 
-udine antineoplastics; antivirals (zidovudine group) stavudine 
edoxudine 
-uplase urokinase-type plasminogen activators saruplase 
-uracil uracil derivatives used as thyroid antagonists and as antineoplastics fluorouracil 
-uridine uridine derivatives used as antiviral agents and as antineoplastics idoxuridine 
-verine spasniolytic agents having a papaverine-like action mebeverine 
vin- or -vin- vinca alkaloids vinepidine 
apovincamine 
-vir-, -Vir, Or Vir- antiviral substances (undefined group) ganciclovir 
-amivir neuraminidase inhibitors zanamivir 
-navir HIV protease inhibitors indinavir 
saquinavir 
-virsen antisense afovirsen 
-vudine antineoplastics/antivirals (zidovudine type) stavudine 
-xanox antiallergic respiratory tract drugs of the xanoxic acid group tixanox 
-zolamide carbonic anhydrase inhibitors brinzolamide 
dorzolamide 
-zolast benzoxazole antiasthmatics ontazolast 


This list represents common stems for which chemical and/or pharmacological parameters have been established. These stems and their definitions have been 
approved by the USAN Council and are recommended for use in coining new nonproprictary names for drugs that belong to an established series of related 
agents. The list is not exhaustive in that it does not include all stems used by the Council and other national or international nomenclature groups. It is the nature 
of the nomenclature process that new, potential stems are being created constantly and that definitions of older stems may need to be modified as new 
information becomes available. 
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For centuries humans have observed not only that natural 
substances could be used for their nutritional value and for 
treatment of diseases, but they could also bring about toxic or 
lethal effects. The Chinese Emperor Sheng Nang in 2735 BCE 
compiled a book of herbs and employed Chang Shan in the 
treatment of malaria. Although the majority of the drugs used 
from antiquity to the 19th century came from natural sources, 
in the past century a new era was brought about by treatment 
of diseases with synthetic drugs. Also, the modification of nat- 
ural products, through various synthetic processes, has pro- 
vided useful semisynthetic drugs. 

The field of medicinal chemistry has evolved from an em- 
phasis on the synthesis, isolation, and characterization of 
drugs to an increased awareness of the biochemistry of disease 
states and the design of drugs for the prevention of diseases. An 
important aspect of medicinal chemistry has been to establish 
a relationship between chemical structure and biological activ- 
ity. An increased consideration in recent years has been to 
correlate the chemical structure with chemical reactivity or 
physical properties and these correlations can, in turn, be re- 
lated to their therapeutic actions. 

Although there has been a great deal of success in under- 
standing the relationship between chemical structure and bio- 
logical activity in a number of areas, especially for antibacterial 
drugs, there are still many human afflictions that require new 
and improved drugs. Cancer, viral infections, cardiovascular 
disease, and mental disease need new agents and approaches 
for treating and preventing these maladies. As more informa- 
tion is gained as to causative factors of different diseases, the 
move will be from the empirical approach to the rational design 
of new drugs. General principles of drug design have been and 
are continuing to be developed in medicinal chemistry. 

In developing drugs with specific activities, several ap- 
proaches are used. The effects of natural products or synthetic 
drugs are determined on various biological systems (or screens) 
for “leads” to specific biological activities. Once the effect of the 
drug is known, the medicinal chemist and pharmacologist work 
together to improve the activity of a known active molecule or 
“lead molecule.” This process normally goes through a synthe- 
sis—biological test—synthesis—biological test cycle until a 
drug with the desired activity is obtained. Today, the structure 
of receptors and function of enzymes, which may be involved in 
the pathogenesis of a disease, are understood better. These 
molecules, in turn, are used as targets for the design of drugs 
that act as agonists or antagonists of receptors or inhibitors 
of the enzymes. Thus, this information adds a new phase to 
the cycle, which is now drug design—synthesis— biological ac- 
tivity—drug design, and so on. 
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ANALOG APPROACH 


The most frequent approach to obtaining drugs to treat a par- 
ticular disease is to synthesize analogs of drugs that are known 
to be effective in the treatment of the disease. The pharma- 
cophore is a chemical segment of a molecule that is responsible 
for biological action. Normally, it is found that the specific type 
of biological activity of a molecule depends on more than just 
one functional group. Consequently, the addition of a single 
functional group to an inert organic substance ordinarily does 
not imbue a molecule with a specific biological activity because 
more than one functional group normally is required for potent 
activity. 

Drug activity depends on the size, shape, and degree of 
ionization of the drug molecule. These parameters are studied 
by making analogs or molecular modifications of a parent mol- 
ecule. In those instances where a molecule has a known biolog- 
ical action, this substance serves as a prototype or lead mole- 
cule for the synthesis of analogs for further biological testing. 
In the past this process has produced a greater number of 
active analogs than just preparing and testing molecules ob- 
tained through a random process. In addition, structure— 
activity relationship studies often are used to determine the 
pharmacophore and also to obtain drugs with increased po- 
tency, greater selectivity, increased or decreased duration of 
action, low toxicity, and increased stability. 

Finally, economics may be a prime reason for the search for 
analogs if a natural product is too difficult to obtain or if a 
synthetic molecule is too expensive to prepare in quantities 
needed for the manufacturing process. 


Homologs 


A homologous series refers to a series of analogs that differ in 
structure by a simple increment in the molecular formula. 
These may be produced by sequential chemical change that 
includes increasing or decreasing the length of a carbon chain. 
A series of homologs is used to provide insight into the re- 
lationship of biological activity and chemical changes that in- 
volve only the number of methylene groups. This type of deter- 
mination has provided valuable information as to the impor- 
tance of the partition coefficient and biological action. Often, 
the short, alkyl chains are low in activity; as the chain length 
is increased, the biological activity increases to an optimum 
point, and as more methylene groups are added, activity de- 
creases. An interesting example of this phenomenon is the 


activity of the n-alkylresorcinols in which the optimum biolog- 
ical activity, as measured by phenol coefficients against B ty- 
phosus, is hexylresorcinol (1) 


OH 


hexylresorcinol (n = 5) 
1 


with six carbon atoms (n = 5) in the side chain. If the alkyl 
chain is lengthened or decreased, a decrease in activity is 
observed relative to hexylresorcinol. 

There are times in which changing the number of methylene 
groups may lead to a change in the type of biological activity 
rather than its intensity. For example, it is known that alkyl- 
trimethylammonium analogs (2) 


CH, 


CHj—'N—(CH,), CH, CI7 


CH, 


alkyltrimethylammonium 
2 


possess different types of activity depending on the length of 
the alkyl group. 

If the alkyl group is up to six carbons (n = 5), as in 2, the 
compounds are muscarinic agonists. Thus, these compounds 
have activity similar to acetylcholine (3) 


Il is lr 
CH3CO(CHa)2N"(CH3)3 
acetylcholine chloride 

3 


on muscarinic receptors. With seven carbons (n = 6) to eight 
(n = 7) carbons, these compounds are partial agonists; when 
the length is greater than nine carbons (n = 8), these com- 
pounds are muscarinic antagonists. 


Molecular Fragmentation 


The synthesis and biological evaluation of molecular fragments 
of a lead compound often is used in structure—activity studies. 
This process also may be called molecular simplification, mo- 
lecular dissociation, or disjunction. Often, this process is used 
when the structure of a natural product is elucidated and the 
molecule has an important and possibly new biological action. 
When the natural product may be too difficult or expensive to 
obtain for drug use, the process of trial and error is used to 
determine which portion of the molecule is required for a de- 
sired biological activity. Several illustrations of the molecular 
fragmentation approach will be given in which the starting 
point is a natural product. 
Cocaine (4), 


cocaine 
4 


an alkaloid obtained from Erythroxylon coca, has served as the 
prototype molecule for the development of a number of local 
anesthetics. The carbomethoxy group of cocaine is not required 
for local anesthetic action, as can be seen with tropacocaine 
which lacks this group (5). 
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tropacocaine 
5 


The synthesis of B-eucaine (6) 


pa Ne 
O— 


CH, fe} 


B-eucaine 
6 


and subsequent biological testing showed that a tropane ring 
system also was not a prerequisite for local anesthetic activity. 
The synthesis of procaine (7) 


nie{C)-coocrs cranes 


procaine 
7 


demonstrated that the critical part of the molecule required for 
activity was the hydrophilic amine segment attached to an 
intermediate chain, which in turn was attached to a lipophilic 
ester function. Many analogs of procaine have potent local 
anesthetic activity. The amine section of procaine can be re- 
moved to give benzocaine (8), 


benzocaine 
8 


a substance known to possess local anesthetic activity. How- 

ever, the mechanism of action of benzocaine in the production 

of local anesthesia is different from that of procaine. Therefore, 

one must be cautious in relating chemical changes to activity, 

particularly because the drug may retain activity but the mech- 

anism by which the activity is produced may change. 
Vitamin K, (9) 


i 
i ee CH 
0) C==G es cts 
H BRe CHa Hea G-CHela=--C=--(CHa)eCHICHs)e 
H H 
vitamin K; 
9 


is anatural product (phytonadione) composed of a naphthoqui- 
none bearing a 2-methyl group and a side-chain phytyl group at 
the 3 position. It is known that vitamin K is useful in prevent- 
ing hemorrhage, and attempts have been made to prepare 
drugs that were less complex but maintained vitamin K activ- 


ity. Menadione (10) 
ce) 


OSs 
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is a highly active, vitamin K—like drug that can be prepared by 
the oxidation of 1-methylnaphthalene with chromic acid. It is 
an analog of vitamin K that lacks the phytyl side chain at the 
3 position. A bisulfite-addition product, menadione sodium 
bisulfite (11), 


Il 
(0) 

menadione sodium bisulfite 
11 


is available as a water-soluble anticoagulant. The substance is 
known to decompose under appropriate conditions to liberate 
menadione, the free quinone (10). 

Another area in which molecular fragmentation has led to 
the development of a number of useful drugs is with the 
analgesics related to morphine. The structure of morphine 
was determined in 1925; subsequently, many analogs were 
prepared and examined for analgesic activity. In most in- 
stances new analogs were prepared with the goal of possibly 
separating the analgesic effects from the undesirable effects 
of dependence liability, nausea, constipation, and respira- 
tory depression. 

It can be seen that, through molecular fragmentation, one 
can reduce the number of ring systems from the pentacyclic, 
morphine (12) 


morphine 
12 


to a tetracyclic, levorphanol (13), 


tH 
H N—= CH, 


levorphanol 
13 


and a tricyclic, pentazocine (14), 


a 


yo teCH= CICHs)g 
C---CH, 
7 
HO H 


CH, 
pentazocine 
14 


a bicyclic, meperidine (15); 


CH; 


COOC2Hs 


meperidine 
15 


methadone and to (16) 


Cesare 


CO CHs 
Op-fonetrnios 


methadone 
16 


which has only the A ring of morphine remaining, but still 
retains potent analgesic activity. Certainly, the amine and 
aromatic ring play an important role in the production of an- 
algesic activity. The intermediate carbon atoms between the 
amine and the phenyl ring do not have to be in a specific 
configuration for the molecule to possess analgesic activity. 


Addition of Functional Groups 


Another approach often used in structure—activity relation- 
ships is to add functional groups to a molecule with known 
biological activity. This approach was used by Bently and 
Hardy! to see if a molecule more complex than morphine could 
be synthesized that would interact with the analgesic receptor 
but, because of its complex structure, would not interact with 
the receptors that produced side effects. One of the analogs, 
etorphine (17), 


etorphine 
17 


is some 1000 times more potent than morphine and is used 
primarily in veterinary medicine to immobilize large animals. 
Of major importance is the fact that etorphine and related 
agents have enhanced potency, suggesting that etorphine may 
bind to an additional site that dramatically enhances the an- 
algesic activity of morphine. 

It also is known that replacement of the N-methyl group 
with the larger N-phenethyl group to give N-phenethylnormor- 
phine (18) 


N-phenethylInormorphine 
18 


produces a compound six times as potent as morphine. An 
important observation is that not only may a quantitative 
change be brought about by modifying the N-methyl group of 
morphine but also a qualitative change in activity is observed if 
it is changed to an N-allyl group as shown in 19, 


CH,CH=CHp 


nalorphine 
19 


to produce N-allylnormorphine (nalorphine), a morphine an- 
tagonist. This finding has stimulated a great deal of study of 
structure—activity relationships with the N-substituents to find 
potent agonists, antagonists, and mixed agonist-antagonists of 
opioid receptors. 

In other drug categories, it has been shown that tolazoline 


(20) 
H 
fie 


tolazoline 
20 


is an antagonist of a-adrenergic receptors, while the addition of 
another phenyl ring produces naphazoline (21), 


naphazoline 
21 


which is an a-adrenergic agonist. This is a rather unusual 


transformation of an antagonist into an agonist by the addition 
of a functional group. 


Isosteric Replacements 


The concept of isosterism or bioisosterism has been used for a 
number of years in the search for new drugs. This has been an 
extremely important approach in the design of antimetabolites. 
In 1919, Langmuir”? first defined isosteres as those molecules 
or groups of atoms that have the same number and types of 
electrons. For example, N. and CO or N; and NCO are ex- 
amples of isosteres. These substances have similar physical 
properties. Later, Friedman‘ introduced the concept of bioisos- 
teres, compounds that fit the broadest definitions for isosteres 
and have a similar type of biological activity. This concept 
included drugs with agonist or antagonist activity. When a 
substance is found that does possess promising therapeutic 
activity, the medicinal chemists will attempt to prepare closely 
related compounds with improved properties such as greater 
potency or fewer side effects. In the past, a considerable 
amount of intuition had been used by medicinal chemists in 
selecting bioisosteric replacements. The standard isosteric 
replacements are divided into five classes, as illustrated in 
Table 28-1. 

A variety of nonclassic bioisosteric replacements also are 
known and include paired examples such as H and F,—CO,H 
and —SO.H and —CO— and —SO, 


Table 28-1. lsosteric Replacements 


CLASS 1 2 3 4 5 
(MONOVALENT) _(DIVALENT) (TRIVALENT) (TETRAVALENT) —_ (RINGS) 
EF, GiB | O. INES ea ——eri—Glitas 
OH, SH S P= Si = 
NH,, PH, Se As: Nt O 
Gris —Tc— —Sb= Pp —NH— 

ey = =As— 

=S hi 
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Some of the examples of isosteric replacement that have 
provided useful drugs are a fluorine replacement of the hydro- 
gen in uracil (22) 


uracil 5-fluorouracil hypoxanthine 
22 23 24 


to give 5-fluorouracil (23), a very useful anticancer drug; 
and the exchange of the OH in hypoxanthine (24) to give 6- 
mercaptopurine (25), 


N CH,CHyCHaN(CH3)o 


N | 
N (e)] 
H : s 


6-mercaptopurine chlorpromazine 
25 26 


a potent antitumor antimetabolite. The replacement of oxygen 
by sulfur in chlorpromazine (26) to give the oxygen isostere (27) 


Geena 
GOs 
0) 
oxygen isostere of chlorpromazine 
27 


produced a compound with Mo the tranquilizing activity of the 
parent molecule. 

The replacement of the ester function of procaine (7), a local 
anesthetic, with an amide function produced procainamide 


(28), 
wie {C))-connenscri cat 


procainamide 
28 


which has found an important role in the treatment of cardiac 
arrhythmias. An important difference between the two drugs is 
that the amide function, which allows for similar biological 
activity, is more stable chemically, can be given orally, and is 
not affected by the esterases that catalyze the hydrolysis of 
procaine. 

The antibiotic puromycin (29), 


CH30 {(C)-28.-<—cote OH 


NHp 
puromycin 
29 


which has antibacterial, antitumor, and antitrypanosomidal 
activity, inhibits protein synthesis by interfering with the uti- 
lization of transfer-RNA. Puromycin is the isosteric analog of 
the aminoacyl-t-RNA (30); 
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OO 


[-° 0 


NH, Q OH 


lie i 


terminus of tyrosinyl-t-RNA 
30 


after puromycin is taken up, it blocks the subsequent protein 
synthesis. 

The isosteric replacement of ester groups does not always 
produce compounds with significant biological activity, as the 
modification of acetylcholine ester (3) with an amide function 
resulted in the amide analog (31) 


i 
+ 
CHCNH(CH,),N"(CH.), 


amide analog of acetylcholine 
31 


that does not show significant agonist or antagonist activity. 
One of the oldest nonclassic isosteric replacements that pro- 
vided an important class of antibacterial agents was the re- 
placement of carboxylic acid group of p-aminobenzoic acid 


(PABA, 32) 
rn-{(C)-coom nes-{O))-s0.th 


p-aminobenzoic acid sulfanilamide 
32 33 


with a sulfonamide group to give sulfanilamide (33). 

A final illustration of bioisosteric replacement in drug de- 
sign is the replacement of the thiourea functional group of 
metiamide (34), 


X = S, metiamide 
N CH 34 


3 
f | i X = NCN, cimetidine 


CH,SCH.CHNHCNHCH,, 35 


a histamine H,-blocker, with the cyanoguanidine group to pro- 
duce the drug cimetidine (35). This bioisosteric replacement 
overcame the granulocytopenia toxicity that had been observed 
with metiamide, thus producing the popular antiulcer drug 
cimetidine. 


Stereochemistry 


An important consideration in drug—receptor interactions is 
the stereochemistry of the drug and the proper positioning of 
functional groups so that they will interact optimally with an 
enzyme or receptor. Four types of isomeric drugs will be con- 
sidered: positional isomers, geometrical isomers, optical iso- 
mers, and diastereomers. 

With positional, or constitutional, isomers the compounds 
have the same empirical formula but the atoms of the molecule 
are rearranged in a different order. To illustrate positional 
isomers, one can consider the relationship of pentobarbital (36) 


H 
ess i 
> Zz 
0. fe) 
C3Hs q Sa Pig 
NH CH3CH, 
CH3(CHp)2 CH NH 
| II (CH3),CHCH2CH2 i 
CH ie) 0 
pentobarbital amobarbital 
36 37 


and amobarbital (37), both of which belong to the barbiturate 
family. These positional isomers differ only in the makeup of 
the 5-carbon side chain attached to the barbiturate ring sys- 
tem. The former compound has a short duration of action while 
the latter has an intermediate duration of action. 

Another example of positional isomers is N-(tert-butyl)- 
norepinephrine (38) 


HO HO 


HO CHCH, NHC(CH..) CHCH,NHC(CHs)3 
| 2 3s | 
OH 
as HO 
N-tertiary-butyl norepinephrine terbutaline 
38 39 


and terbutaline (39). The resorcinol portion of 39 has served 
as a biologically effective replacement of the catechol group 
in 38. The resorcinol analog (39), in contrast to the catechol 
(38), is not a substrate for catechol-O-methyltransferase 
(COMT), an important metabolic enzyme; therefore, it has a 
longer duration of action. Terbutaline is a useful selective 
Bo-adrenergic stimulant for the treatment of bronchial 
asthma and related conditions, and it can be administered 
orally. 

Geometrical isomers are another important set of mole- 
cules in which a possible difference in biological activity 
between isomers may exist. The trans, or E, isomer of tripro- 
lidine (40) 


(trans or Eisomer) (cis or Z-isomer) 
triprolidine triprolidine 
40 41 


is over 1000 times as potent as the cis, or Z, isomer (41) as a 
H,-histamine antagonist. Another example of a set of geomet- 
rical isomers is the cis and trans-2-acetoxycyclopropyltrimethyl 
ammonium iodides (42 and 43), 


(cis-isomer) (Z) 
cis-2-acetoxycyclopropyltrimethyl ammonium iodide 
42 


CHCO H 


(trans-isomer) (E) 
trans-2-acetoxycyclopropyltrimethyl ammonium iodide 
43 


respectively. The trans isomer is much more potent as a mus- 
carinic agonist than the cis isomer and also is a good substrate 
for the enzyme acetylcholinesterase. 

The term absolute configuration refers to the arrangement 
of atoms in space of a chiral compound. In a number of in- 
stances there is a distinct difference in biological activity of the 
optical isomers (enantiomers). For example, the R(—) isomer of 
epinephrine (44) 


R (—) isomer S (+) isomer 
epinephrine epinephrine epinine 
44 45 46 


is more potent on both a- and B-adrenergic receptors than the 
S(+) isomer (45). The binding of the isomers of epinephrine and 
epinine (46) (the desoxy analog of epinephrine) is illustrated. 
The three points of binding on the receptor are the catechol 
binding site (A), hydroxy binding site (B), and anionic binding 
site (C). 

According to the Easson—Stedman theory,” the relative or- 
der of activity of the isomers on adrenergic receptors are 
R > S ~ deoxy. Only the R isomer can bind to all three sites, 
whereas both the S isomer and the deoxy isomer, which show 
similar activity, can bind only to two of the sites. Refer to 
Chapter 13 for a discussion of isomerism. 

Although enantiomers have the same chemical and physical 
properties, except for the direction of rotation of polarized light, 
diastereomers have different physical properties. Diaste- 
reomers are compounds with two or more chiral centers. While 
1R,2S(—)-ephedrine (47) 


CH, CH, 
H NHCH3 


H OH H OH 


1R,2S (-)-ephedrine 1R,2R (—)--ephedrine 
47 48 


has direct activity on both a- and B-adrenergic receptors, the 
1R,2R (—)--ephedrine (48) shows a-adrenergic blocking activ- 
ity. Both diastereomers show indirect adrenergic activity. 

An important strategy often used in drug design is to take a 
conformationally flexible molecule and to convert it into a con- 
formationally rigid molecule in order to find the optimum con- 
formation for binding to a drug receptor. This approach may be 
used to introduce selectivity for receptors, eliminate undesired 
side effects, and learn about the spatial relationships of func- 
tional groups for receptors. 

Dopamine (49A) 


OH OH 


H NH, 
8=60° 8=180° 
B Cc 
dopamine 
49 


can exist in an infinite number of conformations about the 
side-chain carbon—carbon bond. Two such conformations are 


STRUCTURE-ACTIVITY RELATIONSHIP AND DRUG DESIGN 463 


illustrated [6 = 60° gauche and @ = 180° trans conformation 
(49B and C)). 
Apomorphine (50) 


N—-CH, 
H 
Ho we ae 
© 
Ho HO 
apomorphine D, agonist 
50 51 


and 6,7-dihydroxy-2-aminotetralin (ADTN) (52) 


HO 
6,7-dihydroxy-2-aminotetralin (ADTN) 
52 


are two potent dopamine D, and D, agonists that exist in the 
trans conformation, whereas the selective D, agonist SKF 
38393 (51) does not exist in a similar conformation. Apomor- 
phine, a conformationally rigid molecule, can bind to dopamine 
receptors. 

In other instances, a drug molecule may need conforma- 
tional flexibility for proper binding to the receptor to produce 
biological activity in an induced-fit receptor model. Thus, con- 
formational flexibility may in some instances be a prerequisite 
for drug agonist activity. 


lonization 


Many of the substances used as drugs are weak acids or weak 
bases. Therefore, an important question is whether the charged 
or uncharged form of the drug binds to the receptor. Also of 
importance is the degree of ionization and the effect ionization 
may have upon absorption and distribution. In general, the 
ionization can be demonstrated as 


[Weak Acids] AH asi IN Ap Jal 
(nonionized drug) (ionized drug) 
[Weak Bases] BHt = B+ Ht 


(ionized drug) (nonionized drug) 

It is very difficult to know which molecular form of the drug is 
active if the charged and uncharged form of a drug is in equi- 
librium in physiological solution; for example, with dopamine 
the pK, of the amine is ~ 10. Thus, although most of the drug 
in solution is in the ionized form (49D), the un-ionized form of 
the drug molecule still may be the active form. 

The quaternary salt of dopamine (53) 


OH 


HO 
al? 
N(CH), 


quaternary salt of dopamine 
53 


has been prepared and exhibits agonist activity on D,- 
receptors, indicating that the ionized form of the drug is an 
active molecular species. However, it is almost impossible to 
determine if a primary, secondary, or tertiary amine is active 
as the un-ionized form of the drug because these amines are 
always in equilibrium under physiological conditions. 

It has been shown that the permanently charged dimethyl- 
sulfonium analog (54) 
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OH 
HO 1° Ph 
@ UCH, 
aS CH 
s~ 3 


CH, 


dimethylsulfonium analog permanently uncharged sulfide 
54 55 


is active as a D,-dopamine agonist, whereas the permanently 
uncharged sulfide (55) is inactive as a D,-dopamine agonist.°® 
This suggests that the uncharged form of a dopamine agonist is 
unlikely to produce D,-dopamine activity. It also has been 
found using this approach that both charged agonists and 
antagonists are responsible for binding to and activating dopa- 
mine D,-receptors. This work, along with observations made 
using agents that interact with carboxyl groups that block 
dopaminergic receptors, indicate an ionic attraction between 
dopamine D,-agonists and D,-antagonists, and illustrate that 
the dopamine receptor is critical for binding to the receptor. 

In order to improve on the pharmacological activity of a drug 
or to enhance metabolic stability, various replacements of acid 
and basic groups have been attempted. One of the bioisosteric 
replacements of an acid functional group often employed is that 
of the tetrazole group, which has a pK, ~ 4.9. It was found that 
the tetrazole analog (56) 


tetrazole analog of nicotinic acid nicotinic acid 
56 57 


of nicotinic acid (57) was more active as an antihyperlipidemic 
than the parent molecule, nicotinic acid. 


Drug Disposition 


It should be recognized that a number of factors can affect the 
interaction of a drug with a receptor, including interatomic 
distances, shape, size, absolute configuration, rigidity, flexibil- 
ity, and charge distribution. Some or all of these factors play a 
part in the consideration of drug design. Normally, by starting 
the drug-design process at the level of receptors or enzymes, 
the variables such as absorption, transportation, metabolism, 
and excretion are set aside temporarily in order to optimize 
affinity and potency. Regardless of how the medicinal chemist 
chooses to modify the structure, the process of developing a 
drug is very complex and the additional factors that must be 
considered in obtaining a useful drug will be discussed below. 

ABSORPTION—Most drugs are administered orally and 
pass through the stomach, small intestine, and colon; they may 
be absorbed at any location. During their passage through the 
gastrointestinal (GI) tract, drugs will experience a range of pH 
changes starting at about 1.5 in the stomach and reaching as 
high as pH 8 in the colon. Additionally, drugs are subjected to 
a variety of enzymes and complexing agents, all of which tend 
to reduce the effective concentration of the compound. 

For a drug to be absorbed (through lipid membranes), it 
must be present in the fat-soluble un-ionized form. The pK, of 
the drug and the pH of the absorption site determine the ease 
of absorption. Acidic drugs (eg, aspirin) are absorbed best from 
the stomach, whereas basic compounds (eg, ephedrine) are 
absorbed preferentially in the small intestine. Permanently 
ionized molecules (eg, quaternary ammonium salts) lack lipid 
solubility and usually are absorbed poorly from any region of 
the GI tract. 

TRANSPORT—The blood is the primary carrier of drugs 
throughout the body. Independent of the method of adminis- 
tration, the drug must pass through several membranes on its 
way to the active site. Solubility, degree of ionization, and other 


colligative properties all affect the transport process. Other 
factors that complicate the transport process include complex- 
ation or protein-binding. Most drugs move through a mem- 
brane by a simple diffusion mechanism (passive transport); a 
few compounds that resemble normal body substrates may 
bind to transport molecules and are carried via an active- 
transport process in which drugs can move against a concen- 
tration gradient—that is, they can be transported from a com- 
partment of low concentration to one of higher concentration. 

METABOLISM—As soon as a drug enters the body it be- 
comes susceptible to a variety of metabolic processes that usu- 
ally detoxify the foreign substance. In addition, through oxida- 
tion, reduction, hydrolysis, esterification, or conjugation the 
drug usually is made more water soluble, to enhance its excre- 
tion from the body. However, there are instances when a drug 
metabolite actually may be the active compound, having activ- 
ity similar to the original compound. Usually, after several 
biotransformations, the modified form is excreted. 

The liver is the primary site of detoxification, but enzyme 
processes also may occur in the stomach, intestine, and other 
areas in the body. The metabolic reactions occurring in the liver 
traditionally are separated into two categories. 


1. The drug undergoes what might be termed functional-group 
changes, such as ring or side-chain hydroxylation, nitrogroup re- 
duction, aldehyde oxidation, dealkylation, or deamination. 

2. The drug undergoes what is called conjugation, in which the me- 
tabolized compound combines with solubilizing groups such as glu- 
curonic acid or glycine to form excretable conjugates. 


Because drugs can undergo such a wide variety of chemical 
changes in the body, the specifics of which are unpredictable, 
the medicinal chemist must at least be aware of these meta- 
bolic processes. At some point in the development of a new 
drug, the molecular structure of the drug may have to be 
altered in order to change the way in which it is metabolized. 

INTERACTION WITH ACTIVE SITES—Ehrlich’ first 
introduced the concept that a drug must first combine with a 
receptor (active site) to produce an effect. A receptor is consid- 
ered to be a cellular substance on which a drug acts to produce 
its effects. A receptor may be composed of protein, RNA, or 
DNA. Proteins are an important set of receptors, and drug 
action may be a consequence of the influence of a drug on an 
enzyme. Often, the drugs reserved for cancer and viral diseases 
interact with DNA. 

An enzyme system is composed of a coenzyme, usually non- 
protein in nature; an apoenzyme (the protein portion), which 
also may enjoin a nonprotein prosthetic group; and cofactors, 
often inorganic metallic ions and the substrate, which is acted 
upon by the enzyme. The active site on the enzyme may consist 
of an anionic, cationic, acidic, basic, and/or neutral sites. In 
addition, the physical shape of the site is such that the contour 
of the molecule that interacts with the receptor must have a 
proper shape to insure a fit on the receptor. 

BINDING AND STORAGE—It is known that other sub- 
stances, including mucins and proteins, bind drugs. If the bind- 
ing force is strong, the drug may combine quickly with the 
macromolecules and thus be removed from the transport sys- 
tem, metabolized, and excreted. Besides complexation to mac- 
romolecules, storage also can occur by partitioning in the body 
lipids or chelation by bony tissue. In any case, the location and 
degree of storage is a factor influencing the potency, toxicity, 
and duration of action of a drug. For example, the short-acting 
barbiturates are thought to be bound very rapidly by body 
tissues, and thus the active species is removed quickly from the 
transport system and its action ceases. Yet suramin sodium 
has an extremely long biological half-life, with noticeable con- 
centrations evident months after cessation of dosing with the 
drug. 

EXCRETION—The excretion process is coupled closely to 
metabolism and results in the removal of the drug from the 
body. Elimination may occur via the kidney, liver, skin, lungs, 
or GI tract. The route of excretion used is determined largely by 


the drug; the volatile compounds (ether, alcohol) excrete via the 
lungs, poorly absorbed or insoluble substances through the GI 
tract with the feces, and very few through the skin. The main 
route of elimination is through the kidney. The biochemical 
aspects relating to the complexity of the biosystem that the 
drug must survive are intricate and little understood. 


QUANTITATIVE STRUCTURE-ACTIVITY 
RELATIONSHIPS 


LS ETE 
A long-standing goal of workers in the area of quantitative 
structure—activity relationships (QSAR) has been the develop- 
ment of quantitative methods of determining the activities of a 
series of compounds. One of the earliest hypotheses that at- 
tempted to relate activity to a physicochemical parameter was 
the Meyer—Overton narcosis theory. ° In 1901, both men work- 
ing independently observed that, for general anesthetics, activ- 
ity was related to the lipid/water partition coefficient; cyclopro- 
pane with a value of 65 was far more effective than nitrous 
oxide with a coefficient of 2.2. 

In the field of theoretical chemistry, Hammett? was the first 
to demonstrate that the pK, values of substituted benzoic acids 
could be predicted as a function of the various substituents 
attached to the ring and their abilities to either donate or 
withdraw electrons from the carboxyl group. These results then 
were extended to other reactions and other series of compounds 
using the same substituent constants derived from the benzoic 
acid series. In the Hammet equation, 


log k/ky = po (G8) 


where k is the rate constant for the reaction of a substituted 
aromatic compound, k, is the rate constant for the unsubsti- 
tuted aromatic compound, p is the reaction constant, and o is 
the substituent constant. Later work led to substituent con- 
stants in which the electronic effect is separated into inductive 
and resonance terms; in the Taft equation, a term E, is defined 
as a measure of the steric requirements of a substituent. 

In more recent times there have been numerous mathemat- 
ical attempts to correlate molecular structure with drug activ- 
ity. Many of these attempts were destined to fail because they 
grossly oversimplified what is now known as a very complex 
problem, even more so than simple chemical reactivity. Mod- 
erate success has been achieved within narrow limits of drug 
type, but a universal equation has yet to find expression. 

One of the most successful investigators in this field is 
Hansch,'° who derived a general equation based on linear 
free-energy considerations. Inherent in this equation is the 
ability to incorporate parameters that encompass the full range 
of known biological requirements for drug activity. Among 
these are terms for biological transport, drug/enzyme binding 
energies, substituent effects (both electronic and steric), and 
electron densities of possible active sites on the drug molecule. 

The most general form of the Hansch equation usually is 
written 


log 1/C = —a(log P)? + b log P + pa +e (2) 


Activity is expressed as 1/C, where C is the concentration of a 
drug required to elicit a given response and P is the octanol/ 
water partition coefficient, a measure of the hydrophobic bond- 
ing power of the drug. Its magnitude is indicative of the con- 
stant, p, which is characteristic of a given molecular type; and 
o is the Hammett substituent constant, which is a measure of 
the electronic effect on the rate of reaction. 
The equation also is expressed as 


log 1/C = -an’? + ba+ pate (3) 


where 7 = log P., — log P,,. P,, is the partition coefficient of the 
substituted molecule, and P,, is the partition coefficient of the 
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parent unsubstituted molecule. The particular benefit of the 7 
term is the observation by Hansch that 7 values are additive 
and thus numerous partition coefficients can be calculated 
without the necessity of synthesizing and measuring P, of the 
actual compound. An example was the calculation of P, values 
for a series of substituted benzeneboronic acids. The values of 
am were taken from the known series of substituted benzoic 
acids and, when added to the log P,, value for benzeneboronic 
acid, gave values of lug P, for the substituted boronic acids (58). 


B(OH), 
xX 


substituted boronic acid 
58 


When these values were used in a Hansch equation to predict 
drug penetration into brain tissue, excellent correlation with 
experimental values was obtained. 

Another feature of Hansch’s work is the use of the technique 
of regression analysis. In seeking structure—activity correlation 
it often is not necessary to include all of the defined parameters 
in the equation to obtain good results. In effect, what has been 
done is to fit the data to several forms of the equation using the 
method of least squares, to determine which equation is statis- 
tically the best. Thus, if good correlation can be obtained by 
including only 7 values, it is probable that the electronic effect 
of the substituent is not critical for drug activity in that series. 

Postulates as to specific drug mechanisms thus can be made 
when activity dependence, or lack thereof, is found for a given 
parameter. Further expansions of the equation also permit 
mechanistic considerations to be formulated. The po term (ac- 
tually a log k term) can be expanded to include a steric param- 
eter (Z.) or electron-density parameters for various parts of a 
molecule. Thus, if inclusion of a steric substituent constant 
leads to improved correlation, the steric requirements of the 
drug/enzyme interaction can be better understood. Several ex- 
amples are given below for derived equations in which excellent 
correlation with experimental results is found when one or 
more parameters are omitted. 

For the antibacterial effects on gram-negative bacteria of a 
series of diguanidines, the structures of which are shown in 59, 


Ee Sor 
(CH), = (NH—C—NH,), HO 


diguanidines substituted phenols 
59 60 
the equation 
log 1/C = —0.081 aw? + 1.4837 — 1.578 (4) 


predicts quantitative activity very accurately. Substituent ef- 
fects are neglected here because molecular modification in- 
volves only a change in the number of methylene groups. 

For the antibacterial activity of substituted phenols of the 
structure indicated by 60, the equation 


log 1/C = 0.684 log P — 0.9210 + 0.268 (5) 


fits the data best. 

It would seem that substituents that donate electrons 
(—o values) would have the highest activity, but in the series 
studied, these compounds have relatively small values of log P, 
and this offsets much of the substituent effect. Thus, the most 
active compounds were those that had the best balance be- 
tween partition coefficient and electronic effect. 

For a series of phosphonate esters known cholinesterase 
inhibitors (61), 
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61 
the equation that gave the best correlation was 
log K = —0.1527 — 1.680 + 4.053 E, + 7.212 (6) 


where K is the inhibition constant, o is the substituent con- 
stant for aliphatic systems, and E, is the Taft steric constant. 
Here is a series in which the steric effect of the substituents 
plays an important role. The bulkier groups cause a decrease in 
cholinesterase inhibition. 

These are just a few of the many structure—activity correla- 
tions that Hansch has been able to formulate. A study of those 
equations of best-fit also can give an indication of how to modify 
a structure to affect biological activity. In a study of thyroxine 
derivatives, it was predicted (and substantiated) that the re- 
placement of iodine by a t-butyl group should lead to a more 
active molecule. To date, the Hansch equation is one of the 
most ambitious attempts to explain drug activity in terms of 
structural variations. 

To obtain a good statistical correlation in fitting data to an 
equation that should lead to the prediction of the most active 
compound in a series, the more compounds that are prepared, 
the better the results. At least five compounds should be pre- 
pared for each variable on the right side of the equation; and 
the greater the number of compounds synthesized, the more 
likely an optimum compound will be found. 

Topliss!! devised an operational scheme (62), 


aa eee 


40CH, CH, a CH 3 4c C1 
FA 


40 4 | 3,4° Al 3,4 


3C) is 
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Topliss decision tree appraoch 
62 


which shows the beginning steps in this decision-tree ap- 
proach) for the optimization of compounds using the substitu- 
ent constants 7 and o values used in the Hansch method. 
However, this approach avoids the mathematical and statisti- 
cal requirements of the Hansch equation. For optimum aro- 
matic substitution a p-chloro analog is prepared; if this is more 
(M) active than the parent, unsubstituted compound (A), a 
positive 7 and o value is thought to be important, and the next 
type of substitution would be a 3,4-dichloro analog. If the 
p-chloro analog is less active (L), a 4-methoxy substituent 
would be the next compound to be prepared and tested; if 
equally (E) active, a 4-methyl substituent would be tried. Using 
this selection-grid approach, the optimum compound normally 
can be found with a fewer number of synthesized compounds 
than with the Hansch approach. A similar type of scheme has 
been devised by Topliss for side-chain substitutions. 


MECHANISM-BASED DRUG DESIGN 


Theories of drug design have evolved from the concept of drug- 
receptor interactions. In a viable biosystem, a variety of sub- 


strates are known to be metabolized through the intervention 
of enzyme systems. A large proportion of drugs are believed to 
act by altering the ability of the substrate to interact with the 
enzyme or receptor. Without attempting to be comprehensive, 
extensions of the drug-receptor concept that have some exper- 
imental verification will be discussed. 

The theory of metabolite antagonism, or antimetabolites, is 
one that has gained credence. An antimetabolite can, through 
structural or functional group similarity, compete with a me- 
tabolite by blocking a site on an enzyme at which the metabo- 
lite ordinarily acts. This latter mechanism, enzyme inhibition, 
probably has been studied more than any other single mecha- 
nism. In its most recent version the theory postulates that 
there are sites of particular conformation on the surface of the 
enzyme. Spacing and chemical affinity are such that only a 
molecule having a shape that is the mirror image of the enzyme 
surface and has the correct chemical groups can interact with 
the enzyme. 

The classic example of metabolite antagonism by a drug is 
sulfanilamide (33) and its derivatives. In work carried out 
by Woods,'” sulfanilamide was shown to be antagonistic to 
p-aminobenzoic acid (PABA), a biological precursor of dihydro- 
folic acid. A fascinating feature of these studies was the dem- 
onstration that PABA would reverse the effect of sulfanilamide 
on a bacterial culture, an example of metabolite antagonism in 
reverse. Because the two compounds are isosteres, it is easy to 
see why they are mutually antagonistic. 

Either the metabolite or its antagonist can attach itself to 
the critical area of the dihydrofolate synthetic enzyme surface. 
If the former occurs, PABA begins its transformation into di- 
hydrofolic acid, but if the latter happens, the metabolic process 
ceases and, in the case of bacteria, multiplication is inhibited. 
The degree of inhibition depends on the relative concentrations 
of the substrate and the inhibitor. Selective toxicity is shown 
for bacteria because mammals do not need to synthesize dihy- 
drofolic acid, but obtain it in their diets. 

Another mode of drug action involves enzyme deactiva- 
tion without actual competition. Here, the drug can react 
with the enzyme or even the enzyme-substrate complex and, 
in some manner, prevent the metabolism of the substrate. 
The nitrogen mustards, and other alkylating agents used for 
cancer chemotherapy, act in this fashion. These drugs are 
relatively nonspecific inhibitors that act by forming irrevers- 
ible bonds with enzyme and nucleic acid molecules. In doing 
so they may not block necessarily a particular site, but 
rather many active sites; in this way, they inactivate en- 
zymes and react with base residues of DNA, to form cross- 
links. Nitrogen mustards can prevent replication, and thus 
arrest cell division. 

One of the recent advances in the treatment of hypertension 
came about through a better understanding of the mechanism 
of angiotension. The renin—angiotensin system (RAS) (68), 
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plays a key role in the maintenance of sodium and fluid 
volume, resulting in the regulation of blood pressure. The 
system is composed of two important enzymes: renin and 
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Figure 28-1. 


angiotensin-converting enzyme (ACE). Renin converts an- 
giotensinogen to the decapeptide angiotensin I; ACE acts 
upon angiotensin I to give the octapeptide angiotensin II, 
which is responsible for the peripheral effects leading to an 
elevation of blood pressure. 

Although ACE was identified in the mid-1950s, it wasn’t 
until 1977 that Cushman and Ondetti!® reported a new drug, 
captopril (64), that competitively could inhibit ACE. This pro- 
vided a major advance in the treatment of hypertension. 

Based on the concepts learned from a knowledge of the 
binding points of captopril—that the mercapto group binds to 
Zn ion, the amide carbonyl to a hydrogen-bonding site, and the 
carboxylate to a positive center on the enzyme—new inhibitors 
have been synthesized. One of the most successful of these new 
analogs is enalaprilat (65), 
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which has the advantage of oral activity and lacks central 
effects. Modern approaches at preparing new drugs that will 
affect the RAS include inhibitors of renin and the preparation 
of angiotensin receptor antagonists. 

Besides substrate analogs, the design of transition-state 
inhibitors also is an important approach to drug design. Tran- 
sition-state analogs are intended to resemble the substrate in 
transition from substrate to products, and they should be sta- 
ble substances. In designing this inhibitor, a very good under- 
standing of the specific enzyme mechanism and the chemical 
nature of the transition state is needed. Another approach that 
is being used is to prepare k,,, or suicide-substrate inhibitors. 
In designing these types of inhibitors, the mechanism of the 
enzyme should be known; it is important to generate a reactive 
intermediate that, in turn, undergoes an irreversible reaction 
with the enzyme. 

Enzymes using pyridoxal phosphate have been used a great 
deal with this approach. An example is monofluoromethy] di- 
hydroxyphenylalanine (Fig 28-1), which inhibits the enzyme 
aromatic amino acid decarboxylase (AAAD). The inhibition of 
the enzyme is shown with the cofactor in Figure 28-1. There are 
many examples of k,,, inhibitors, but at this time one of the 
most-used classes of drugs therapeutically are the propar- 
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gylamine derivatives, which inhibit monoamine oxidase 
(MAO). The inhibitors form a covalent bond with the flavine 
portion of MAO. 


COMPUTER USE IN DRUG DESIGN 

LT TTT I ET 
One of the early uses of computer-assisted drug design 
(CADD)"* was in the QSAR approaches of Hansch, as previ- 
ously discussed. Other uses of the computer have been to apply 
computational chemistry to learn about the shape of molecules. 
In conformational studies, molecular mechanics and quantum 
mechanics using a number of programs such as CNDO (com- 
plete neglect of differential overlap) are used to provide insight 
as to the preferred conformation of a molecule. Although a 
preferred-conformation, low-energy form of a drug may be cal- 
culated using these concepts, this may not be the conformation 
required to produce drug activity. 

Molecular modeling and molecular graphics have shown 
dramatic growth and are becoming an integral part of the 
drug-discovery process. Molecular modeling is the generation, 
manipulation, and representation of the three-dimensional 
form of molecules; molecular graphics refers to the use of com- 
puter graphics to represent the molecular structure. In the 
past, synthetic chemists have used molecular models, but com- 
puter modeling has enhanced the detailed display of molecular 
structures. 

An important use of CADD is in the design of hypothetical 
drugs. For example, when the structure of an enzyme or recep- 
tor obtained through X-ray studies is known, one can begin to 
design hypothetical drugs that actually can be shown to inter- 
act with the active site. Using different color codes for the 
enzymes and the drugs provides a very powerful means of 
communicating information on these docking experiments. 
This type of work, using X-ray, nuclear magnetic resonance 
(NMR), and infrared spectroscopy, should provide a powerful 
tool for the future design of drugs. 


COMBINATORIAL CHEMISTRY 
AND DRUG DISCOVERY 


The drug-discovery environment underwent a major evolution 
in the 1990s. These revolutionary changes are evident to those 
close to the drug-discovery process. The need for a more effi- 
cient and effective means of finding new drug molecules is one 
of a number of factors driving this new approach. Combinato- 
rial chemistry has shown itself to be both effective and efficient 
in both drug-lead generation and the optimization of a new 
drug-lead molecule. An important part of this process is the 
introduction of new computing and chemical automation pro- 
cesses, along with the merging of the combinatorial chemistry 
with biology via high-throughput screening. 
Two basic combinatorial processes are currently used.'” 


Parallel Synthesis—This process was invented in the 1980s by H 
Mario Geysen. He used this approach initially to find the small segment 
of a protein that bound to antibodies. In parallel synthesis, reactions 
are carried out separately but simultaneously using different starting 
materials and reactants with such reactions yielding a single product. 
Thus, using an 8 X 12 array of reaction vessels and 20 different starting 
materials, one can obtain a library of 96 different compounds. Advances 
in robotics have allowed full automation of the routine chemistry in- 
volved. Pharmaceutical companies are expanding upon this process and 
are currently are generating thousands of new compounds every day. 

Split and Mix Synthesis—This method’°was used in the late 
1980s by Arpad Furka. The parallel synthesis affords a single product 
per reaction vessel, but a split and mix synthesis produces a mixture of 
compounds in each reaction vessel. This reduces the number of vessels 
needed per number of compounds, making it possible to prepare mil- 
lions of compounds for a library. Split and mix synthesis has several 
complications compared to parallel synthesis; for example, it is difficult 
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to keep track of the compounds in a given vessel. Furthermore, decon- 
volution of the mixture to identify the active component(s) of a mixture 
is also difficult and time consuming. 


The rate of discovery of new drugs has been accelerated 
greatly, almost beyond belief, by these new chemical technolo- 
gies. Thus, combinatorial chemistry should increase cross-dis- 
ciplinary research and already has started an exciting era in 
the discovery of new drugs. 
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For years the alchemist sought the secret of transmutation 
without success. Today, this nuclear process—converting one 
element into another—is commonplace, but the knowledge of 
nuclear processes is of recent origin. It was not until 1896 that 
Becquerel observed the fogging of his photographic plates by a 
uranium salt. His observation aroused the curiosity of the 
Curies concerning the uranium ore, pitchblende, from which 
they isolated the elements polonium and radium. Research 
over the next few years by the Curies, Becquerel, Schmidt, 
Debierne, and others soon resulted in the discovery and isola- 
tion of still other new elements from uranium and thorium 
ores. These elements, too, were found to fog photographic 
plates. 

It was known that the fogging of photographic plates was 
caused by some sort of radiation. By 1899 Rutherford con- 
cluded that this radiation was of two types, which he called 
alpha and beta. The next year Pierre Curie and Villard 
observed a third, very penetrating, type of radiation, which 
they called gamma. 

The theory of radioactive disintegration was proposed by 
Rutherford and Soddy in 1903. They suggested that atoms of 
radioactive elements undergo spontaneous emission of alpha 
and beta particles with the formation of atoms of a new ele- 
ment. These deductions were amazing when one considers the 
status of atomic knowledge of that day. 

The electron, later found to be physically identical with the 
beta particle, had been discovered by Thomson in 1897. In 1909 
Rutherford and Royds identified the alpha particle as a helium 
nucleus; in 1911, data on alpha particle scattering provided the 
evidence needed for Rutherford to propose the nuclear theory of 
the atom, that the positive charge of an atom is concentrated in 
a centrally located nucleus rather than being interspersed with 
the negatively charged electrons. 

Two years later, Bohr published his theory of atomic struc- 
ture, based upon Rutherford’s nuclear theory and the quantum 
theory of Planck. The same year (1913) Soddy proposed the 
name isotope (from the Greek, for “same place”), for Aston had 
just separated two isotopes of neon by fractional diffusion in 
confirmation of Thomson’s discovery of these two forms of neon 
in 1912. 

Rutherford was the foremost nuclear scientist of his time. In 
1919 it was he who first observed and identified transmutation 
of one element into another. It was achieved by bombarding 
nitrogen with alpha particles. In the process, the nitrogen was 
converted into an isotope of oxygen with a mass of 17. Ruther- 
ford died in 1937 believing that nuclear power would never be 
achieved. It was achieved only 5 years later when Fermi built 
the first nuclear reactor in Chicago. 

Constructive research on the nucleus of the atom has 
resulted not only in the means to harness this tremendous 
power for the production of electricity and other forms of 
useful energy but also has provided scientists with more 
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than 2500 different species of atoms. These find innumerable 
applications in industry, medicine, pharmacy, agriculture, 
and other disciplines where the atom is used for the benefit 
of humanity. 

The purpose of this chapter is to review some fundamental 
properties of radionuclides, including their nature and source, 
and methods for their detection and measurement. This basic 
information should facilitate a better understanding of how 
and when they can be applied to the disciplines of medicine and 
pharmacy. 


APPLICATIONS OF RADIONUCLIDES 
IN MEDICINE AND PHARMACY 


ER STG NCTA POI S EES TENET EG 
Radium has the distinction of being the first radionuclide used 
in medicine, employed as early as 1901. This nuclide was the 
most important medical radionuclide in use up to about 1946 
when artificially produced radionuclides became available in 
quantity. Since that date, growth in the medical applications of 
radionuclides has been very rapid as their usefulness has be- 
come more and more apparent in medical diagnosis, therapy, 
and research and as greater numbers of physicians and other 
scientific personnel have been trained in their use. Current 
medical procedures employ more than 50 radionuclides in a 
wide variety of chemical and physical forms. 

Radionuclides are used in medicine and pharmacy in two 
different ways: as radiation sources or radioactive tracers. 

As radiation sources, their principal roles are in (1) therapy 
and (2) calibration of radiation detection instrumentation. For 
therapy, the choice of the nuclide for a given application is 
governed largely by the properties of the radiation required for 
treatment; the type and energy of the radiation and range in 
tissues are prime considerations. Except in special cases, where 
the radionuclide is bound to a chemical moiety or to an anti- 
body or peptide that concentrates it in a particular tissue, the 
chemical properties or chemical form of a given nuclide are 
relatively unimportant. Likewise, for calibration purposes, the 
nature of the radiation emitted is usually pertinent whereas 
the chemical properties are not. 

As a radioactive tracer, the chemical identity and form of 
the nuclide are most important because, with few exceptions, 
the tracer must be isotopic with the element being traced or 
be otherwise capable of being incorporated as a part of a 
particular molecule. The nature of the radiation emitted by 
a tracer radionuclide is important primarily for its ease of 
detection. Radioactive tracers, available in the form of ra- 
diopharmaceuticals, are used in medicine principally for di- 
agnostic purposes. 

A radiopharmaceutical is a preparation, intended for in vivo 
use, that contains a radionuclide in the form of an element, a 
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simple salt, or a complex. It may exist in the form of a solid, 
liquid or gas. Radiopharmaceuticals are used for diagnosis and 
therapy. For diagnostic applications, a radiopharmaceutical 
should not be pharmacologically active in that it should not 
produce a physiological effect. It is administered in extremely 
small (tracer) quantities so that it does not alter that which is 
being measured. For therapy, the radiopharmaceutical prepa- 
ration contains enough radioactivity to produce the intended 
specific changes in tissue. 

The development, evaluation, preparation, testing, and clin- 
ical use of radiopharmaceuticals have led to the introduction of 
the specialty disciplines known as nuclear medicine and nu- 
clear pharmacy. In the US alone, practitioners in these special- 
ties are responsible for the care of approximately 40,000 to 
50,000 patients each day on average. 


RADIOACTIVITY AND RADIATION 


Radioactivity is defined as the phenomenon by which one 
nuclide is spontaneously transformed into another nuclide 
with the emission of energy in the form of radiation. There- 
fore, a nuclide that undergoes a spontaneous nuclear reac- 
tion is said to be radioactive. Such elements are radioactive 
because the configuration of protons and neutrons in the 
nucleus produces an unstable structure. During the process 
of spontaneous transformation (decay) the ratio of neutrons 
to protons changes. After one or more decay processes, a 
stable nucleus is formed. Because of its special importance in 
nuclear pharmacy and nuclear medicine, radioactive decay is 
discussed in detail in a subsequent section. There are several 
types of radiation that may be emitted from radionuclides, 
each of which has found usefulness in some medical appli- 
cation. 


RADIATION FROM RADIOACTIVE NUCLEI 


Three types of radiation are emitted most frequently from 
radioactive nuclei: alpha, beta, and gamma. 

Alpha particles, which constitute alpha radiation, are com- 
pound particles consisting of two protons and two neutrons. 
The alpha particle is identical with the helium nucleus—that 
is, a helium atom, less two orbital electrons. As an alpha 
particle loses energy, its velocity decreases. It then attracts 
electrons to its K-shell and becomes an ordinary helium atom. 
The range of alpha particles in air is about 5 cm; the range is 
less than 100 um in tissue. 

Beta radiation exists as two types because there are two 
kinds of electrons, the negative electron (or negatron), and the 
positive electron (or positron). The positron is identical with the 
negatron in all respects except for its charge of +1 instead of 
—1. The positron also is known as the antiparticle of the elec- 
tron. When these electrons are emitted from radioactive nuclei, 
they are called beta particles. That is, the two particles B— and 
B+ are the same as e— and e+, respectively, except for their 
origin. Beta particles may have a range of over 3 m in air and 
up to about 1 mm in tissue (some even over 1 mm), depending 
on the specific energy of the beta particle. 

Because alpha and beta particles release large amounts of 
energy over a short distance (path), they are locally destructive 
to tissue. As a result, radionuclides that emit these particles 
are useful as therapeutic agents if deposited internally or 
placed strategically in proximity to lesions (eg, therapeutic 
radiopharmaceuticals or sources for brachytherapy). To date, 
beta-emitting radionuclides have been used more commonly 
than alpha-emitters in medicine, although several radio- 
pharmaceuticals containing the latter are currently under 
investigation. 

Gamma radiation is different from alpha and beta radia- 
tion. Gamma radiation is electromagnetic, whereas alpha and 


beta radiation are particulate. Gamma rays are radiated as 
photons or quanta of energy at a velocity c of 3. 0 x 10’” m/sec. 
They are often emitted as a result of nuclear deexcitation, 
which is required when nuclei produced in nuclear reactions 
are in an excited state rather than in the ground state. When 
excited, nucleons occupy high-energy quantum levels. They 
tend to lose excess energy, returning to the ground quantum 
state by gamma ray emission. Gamma radiation differs from 
X-rays, ultraviolet rays, and visible light only in wavelength (or 
frequency), as illustrated in Figure 29-1. 

Gamma rays are the most penetrating of all types of radia- 
tion emitted by radionuclides (except neutrinos) and can pass 
easily through more than 25 cm of tissue or several centimeters 
of lead, again depending on the specific energy of the gamma 
ray. Radiotracers typically contain radionuclides that emit 
gamma rays. Gamma-emitting radionuclides are particularly 
useful for diagnostic radiopharmaceuticals; once the radiophar- 
maceutical has distributed within the body, the photons can 
penetrate the tissues and be detected externally using specially 
designed imaging equipment. 


EXTRANUCLEAR RADIATION 


There is a certain probability that, instead of emitting a 
gamma ray during nuclear deexcitation, the excited nucleus 
may transfer its excitation energy to an electron in an electron 
shell of its own atom. In this case, the electron is ejected from 
its shell provided that the excitation energy exceeds the elec- 
tron binding energy. The ejected electron is called a conversion 
electron, and this entire process is referred to as internal con- 
version. When an electron is emitted from its electron shell, the 
vacancy will be filled with an electron from an upper shell. The 
energy difference between the two shells will appear as an 
X-ray. Because this process may result in multiple electron 
shell vacancies, a cascade effect may induce the emission of 
multiple X-rays. 

Atomic deexcitation is a process that of necessity must follow 
any change in the identity of a nucleus. The daughter produced 
in a radioactive decay process is a different element. Orbital 
electrons find themselves in excited states and proceed to lose 
energy, either as fluorescence radiation or as Auger electrons, 
until a stable configuration is achieved. 

Conversion electrons and Auger electrons are particulate 
radiation and thus are useful for therapeutic applications; 
X-rays are electromagnetic radiation, and hence are more ap- 
plicable to radiotracer methodologies. 


THE ATOM 

eS SE SD 
To better understand the concepts of radioactivity and radia- 
tion, it is helpful to review selected properties of the atom. 


ATOMIC STRUCTURE 


A neutral atom consists of a positively charged nucleus (com- 
posed of protons and neutrons) with which are associated or- 
bital electrons. The number of orbital electrons is equal to the 
number of protons in the nucleus, and the number of protons in 
the nucleus defines the atomic number, Z. The neutron number, 
N, is the number of neutrons in the nucleus, and the mass 
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Figure 29-1. Electromagnetic spectrum. 


number, A, is equal to the sum of the protons and neutrons. 
Thus, A = Z +N. 

The radius of an atom is approximately 10°-!° m or 1 A. The 
nucleus is roughly 1/100,000 the size of the atom. For example, 
the radius of the oxygen nucleus is about 3 X 10 '° m and that 
of the lead nucleus is about 7 x 10-'° m. To gain some appre- 
ciation of the smallness of the nucleus, let us suppose that the 
oxygen nucleus is magnified until it appears to be the size of a 
golf ball. The golf ball, similarly magnified, would appear to 
have a diameter of about 100 million miles, or roughly the 
distance from the earth to the sun. 

Atoms are quite empty. The nucleus and orbital electrons 
occupy but a very small fraction of space in matter. Further, 
most of the mass of matter is concentrated in the nucleus, 
which has a density of 2.4 x 10'* g/mL. For example, 1 mL of 
the substance of which nuclei are made would weigh over 200 
million tons. It is with this very unusual material of the 
nucleus that we are concerned in nuclear reactions and 
radioactivity. 


NUCLIDES AND ISOTOPES 


In 1912, Thomson developed an analytical process known as 
positive ray analysis by which he could measure the mass of 
particles such as atoms. When he attempted to determine the 
mass of the neon atom, two lines appeared on the screen of his 
apparatus, indicating two types of neon atoms having masses 
of 20 and 22, respectively. Using a process that would be the 
forerunner of mass spectrometry, Thomson demonstrated the 
existence of nuclei possessing the same number of protons (and, 
hence, of the same chemical element) but a different number of 
neutrons (and, hence, of different mass). Soddy later called 
these isotopes. 

The atomic number, Z, of neon is 10. From the relationship 
A = Z +N, we can deduce that the difference between these 
two forms of neon lies in the number of neutrons, N, in the 
nucleus. 


A=20=10+WN ..N = 10 
A=22=10+N ..N = 12 


Today, at least eight isotopes of neon are known. These are 
illustrated in Figure 29-2. 

Isotopes are species of nuclides that possess the same num- 
ber of protons but a different number of neutrons. That is, 
isotopes are nuclides of the same chemical element and, there- 
fore, have the same chemical properties but differ in mass. 
They also may differ in stability. Certain mass numbers may 
represent stable nuclei, whereas other mass numbers may 
represent radioactive nuclei. A nuclide is any one of the more 
than about 2500 known species of atoms characterized by the 
number of protons and the number of neutrons in the nucleus. 
Nuclides that have the same mass are called isobars. Nuclides 
which possess the same number of neutrons are called isotones. 


10p 
8n 


17\Ne 18\Je 19Ne 20Ne 
Radioactive Radioactive Radioactive Stable 
B* Decay B* Decay B” Decay 90.9% Abundance 


21Ne 22 23nNe 24Ne 
Stable Stable Radioactive Radioactive 
0.3% Abundance 8.8% Abundance B- Decay 6B Decay 


Figure 29-2. Isotopes of neon. 
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The nuclides illustrated in Figure 29-3—'H, 7H (deuterium), 
and °H (tritium)—are isotopes; *He and “He are isotopes also. 
On the other hand, °H and *He are isobars, and °H and *He are 
isotones. 


NUCLEAR EQUATIONS 


A nuclear equation is a representation of a nuclear reaction. A 
nuclear reaction occurs when there is a change in the configu- 
ration of the nucleus of an atom. Nuclear reactions may occur 
spontaneously, as occurs during the decay of radionuclides; or 
they may be induced, as occurs during the production of arti- 
ficial radionuclides. The nuclear equation expressing the first 
artificial transmutation observed by Rutherford is expressed by 
the notation 


74N + $He > 3H + 270 


In this reaction, nitrogen of mass 14 is bombarded with a 
helium nucleus of mass 4 (ie, an alpha particle) to produce 
oxygen of mass 17 and a proton. In writing the symbol for a 
nuclide, the atomic number is written as a subscript preced- 
ing the symbol for the element, and the mass number is 
written as a superscript. Thus, the symbol ,'*N describes the 
nitrogen nucleus whose atomic number, Z, is 7 and whose 
mass, A, is 14. 

It will be noted that nuclear equations must balance. The 
sum of the masses on the left (14 + 4 = 18) must equal the 
sum of the masses on the right (1 + 17 = 18). Also, the sum 
of the atomic numbers on the left (7 + 2 = 9) must equal the 
sum of the atomic numbers on the right (1 + 8 = 9). This 
same nuclear reaction also may be represented by a short- 
hand notation 


“N(a, p)'70 


RADIOACTIVE DECAY 


STATISTICS 


As stated previously, unstable nuclei that undergo a spontane- 
ous nuclear reaction are said to be radioactive. If a single 
radioactive atom could be separated for observation, there 
would be no way to predict at which moment the decay of its 
nucleus would occur. If, however, a large number of similar 
radioactive atoms is considered, it becomes possible to predict 
how many will decay within a certain interval of time. This 
problem can be understood if a comparison is made to the 
similar situation existing with life insurance. Although the 
insuring company cannot predict when a particular policy 
holder will die, the fraction of a large group of policy holders 
who will die within a given time interval can be predicted. The 
larger the group considered, the more accurate the prediction. 
Such is the case with nuclei—the greater the number of nuclei 
considered, the more accurate the measurement of decay rate. 

The need to recognize the influence of random decay upon 
analytical results is extremely important. When radioactivity 
is measured, the value p, the true count, is required. Because 
radioactive decay is random, «. cannot be measured. It is ex- 
pected that replicate measurements of count n; of the same 
sample will give a range of values on either side of yw. The best 
estimate of is given by the average 


n= Si n/N 


where N is the number of replicate observations. The precision 
with which the decay rate can be measured is expressed by the 
standard deviation o, which is a measure of the spread of data 
on either side of the mean. For radioactive decay, an estimate 
of o is given by n. There is a 68% chance that a particular 
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SO SS IO SEE TE 
OR A 68% CHANCE THAT 
THE OBSERVED VALUE IS 
IN ERROR BY NO MORE 
THAN 100 o/n % 


IF THE TOTAL NUMBER 
OF DECAYING ATOMS 
OBSERVED IS n 


THERE IS A 68% CHANCE 
THAT THE ERROR WILL 
BE LESS THAN o = Vn 


50 7.07 14.14% 
100 10.00 10.00% 
500 22°30 4.47% 

1000 Sir62 3.16% 
5000 70.71 1.41% 
10000 100.00 1.00% 
50000 223.60 0.44% 


measurement will fall within the range n + co. About one-third 
of the observations result in values of n lying outside the range 
n + o. The significance is illustrated by the statistical analysis 
in Table 29-1 and the normal probability curve depicted (refer 
to Chapter 12). 

Assume that a radioactive sample is decaying at the rate of 
exactly 500 atoms per minute. If the number of decaying atoms 
during each of 100 different 1-min intervals were measured, for 
68 of these intervals the data would lie between 500 — 500 and 
500 + 500, or between 478 and 522. Data for the other 32% of 
the measurements will fall either below 478 or above 522. Such 
variations, if truly of a statistical nature, should not be inter- 
preted as indicating faulty equipment, faulty technique, or 
inaccurately calibrated samples. An increase in counting time 
to record a greater number of decay processes will result in an 
increase in counting accuracy. 

When radionuclides are used in analytical procedures, the 
overall error in the measurement is due not only to random 
decay but also to instrumental error, pipetting, weighing, and 
other procedural errors. The overall error can be estimated in 
terms of the sample standard deviation, s, where 


Samir? 
Sl esa aRe Rey 


If the only source of error is that due to random decay, the 
value of s should approach o as N, the number of observations, 
approaches infinity. 


KINETICS OF DECAY 


Decay rate is the time rate at which atoms undergo radioactive 
disintegration. It is expressed by —dN/dt, where —dWN is the 
change in the number of atoms N, and dt is the change in the 
time ¢. The negative sign indicates merely that the number of 
atoms is decreasing in time. The rate of decay (—dN/dt) is 
proportional to the number of atoms N, present at any time f¢. 
Therefore, 


— dN/dt = N 


where A is a proportionality constant usually called the decay 
constant. The decay of radioactive atoms, therefore, is a first- 
order reaction. 

Integration of the equation above results in the useful 
relation 


In N,/No = —At 


where NV, is the number of atoms present at zero-time and JN, is 
the number of atoms present at time ¢t. This relationship some- 
times is used more conveniently in the exponential form 


N,=Nye™ 


which is illustrated graphically in Figure 29-4. 
The rate of decay, —dN/dt, sometimes is called the activity 
and is represented by the symbol A. Because the activity A is 
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Time 


Figure 29-4. Energy-level diagram for the decay of phosphorus-32. 


proportional to the number of atoms JN, the following useful 
relationships also can be derived: 


A = AN 


In A,/Ay = —At or A,=Aje 


or 
In A, = In Ap = At 


The last relationship is shown in Figure 29-5. 

The absolute activity usually is expressed as disintegrations 
per sec (d/s or dps) or disintegrations per minute (d/m or dpm). 
The observed activity, which is less than the absolute activity 
by a factor equal to the efficiency of the counting system, is 
expressed in counts per second (c/s or cps) or in counts per 
minute (c/m or cpm). 

The half-life of a radioactive species is the time required for 
one-half of a given number of atoms to decay. The half-life, ¢,,., 
is related to the disintegration constant, A, by 


ty = 0.693/A 


where 0.693 = In 2. 

Consecutive, sequential, or series decay results when a par- 
ent nuclide A decays to produce a radioactive daughter or 
progeny B, which, in turn, decays to C: 


A Xa Fa B Az => C 


If only atoms of A are present initially, the number of atoms of 
B present at time ¢ is given by 


40 


30 


% of initial activity 


20 


1 2 3 
Half-lives 


Figure 29-5. Radioactive decay curve. 
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Nz = Nal/Ag — Xa Nao (eo —e =) 


Of particular interest in nuclear medicine are combinations 
where nuclide A has a relatively long half-life and nuclide B a 
short half-life, for example, 


°Mo 67h > *"Tc6.0h > “Te 


After a time equal to many half-lives of the daughter, a state of 
secular equilibrium or transient equilibrium is said to have 
been achieved. At this time in-growth of the daughter has 
reached a maximum. This process of series decay is used in 
radionuclide generators as a source of short-lived radionu- 
clides. This topic is discussed further in the section on produc- 
tion of radionuclides. 


UNITS OF RADIOACTIVITY 


One gram of radium was selected as the unit of radioactivity 
and was called the curie. It has been extremely difficult to 
measure the absolute decay rate (dps) of a curie of radium, 
although the average of many measurements, using a variety 
of methods, is approximately 3.7 < 101° dps. In view of these 
discrepancies, the International Radium Standards Commis- 
sion has recommended the use of the arbitrary value of exactly 
3.7 X 10'° until the third significant figure is agreed upon. 
Although originally defined in terms of radium, the curie has 
been used as a standard for the disintegration rate of any 
radionuclide. For example, 1 curie of carbon-14 means that 
amount of carbon-14 necessary to provide 3.7 x 101° dps. 
Despite its continued use on a limited basis in the US, the curie 
has generally been replaced by the becquerel, Bq, named for 
Henri Becquerel, which is equal to an activity of one disinte- 
grating atom per second. For convenience of a wide range 
of units, multiples of the becquerel have been established (Ta- 
ble 29-2). 


MODES OF RADIOACTIVE DECAY 


When it is desired to measure the absolute decay rate of a 
particular nuclear species, it is necessary to establish its mode 
of decay, or decay scheme, in order to determine the relation- 
ship of the number of particles or gamma rays emitted to the 
number of atoms actually undergoing decay. There are several 
important modes of decay. 

Alpha decay is illustrated by the decay of polonium-210 to 
lead-206. 


210 4 206 
pyllett) =e plelGy oe SSS 1210) 


In this example, the nucleus of lead-206, which contains 82 
protons and 124 neutrons, is stable and does not undergo 
further decay. The majority of nuclides that undergo alpha 
decay have atomic numbers greater than 82. 

There are three types of isobaric decay: negatron emission, 
positron emission, and electron capture. If the ratio of neutrons 
to protons is too high for stability, a nucleus may decay by 
negatron emission (negatron decay). Decay by negatron emis- 
sion is illustrated by the decay of phosphorus-32 to sulfur-32 
(Fig 29-6): 


32 32 = 
gis 2 sigen a (Sh a> 


Table 29-2. Becquerel Units 
RADIOACTIVITY 


UNITS SYMBOL (dps) CURIE EQUIVALENT 
Becquerel Bq 1 PEW SS ON Gi 
Kilobecquerel kBq 10? 20a Gi 
Megabecquerel MBq 10° Delf IO > Ei 
Gigabecquerel GBq 10° 2 <NOme Gi 
Terabecquerel TBq lot 27 Ci 


Figure 29-6. Energy level diagram. 


Note that the atomic number of the daughter, sulfur-32, is 
greater than that of the parent, phosphorus-32. In this pro- 
cess a proton has been produced, but because a neutron has 
been consumed, there is no change in the mass number and 
thus the reaction is isobaric. This is explained by the particle 
reaction 


1 1 
ee eile) ar ee 


which shows the decay of a neutron into a proton, a negative 
electron and a neutrino. 

The beta particles emitted during the decay of a given ra- 
dioactive species do not all possess the same energy but are 
emitted with a continuous energy distribution extending from 
zero to a specific maximum value, E,,,,,. This posed an enigma 
for some time. The decay of phosphorus-32 of energy E, to 
sulfur-32 of energy LE, should be associated with the release of 
energy equal to AH, where AE = E, — E, (see Fig 29-6). A new 
particle, the neutrino, was postulated to explain the energy 
change not associated with the beta particle. Thus, the sum of 
the energies of the beta particle and its associated neutrino is 
equal to AF or E.,,,,, (Fig 29-7). 

If the ratio of neutrons to protons is too low for stability, a 
nucleus may decay by positron emission (ie, positron decay): 


Cr 4B Hip im y 


In this instance the particle reaction that illustrates the change 
is 


Fo => gyn Se Cae Dy 


Again, no change in mass number occurs (ie, the reaction is 
isobaric), since the decay of ''C to '’B is accompanied by the 
change of a proton into a neutron. The energies of the positrons 
extend from zero to E,,,, in a manner analogous to the energy 
distribution of negative beta particles because the neutrino is 
required to account for the balance of the energy. 

An alternative to positron emission for increasing the neu- 
tron-to-proton ratio to a more stable condition is a process 
known as electron capture. In this process, an orbital electron is 
captured by the nucleus. An example is the decay of 7°'T] to 
201g 


201T] + e (K) > 8H 


Number of Beta Particles 


Energy (mev) Emax 
Figure 29-7. Typical beta spectrum. 
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Figure 29-8. Modes of decay. Radioactive atoms may decay by any 
one of numerous processes. Negatron decay is shown by an arrow 
slanting to the right, electron or K-capture by an arrow slanting to 
the left and gamma emission by a vertical arrow. 


The corresponding particle reaction is 


e + ip >in 

Electron capture also has been called K-capture because 
the electron captured in the process is usually from the K 
shell. However, the electron may come from the L or M shell 
instead. 

The mode of decay often is represented by an energy-level 
diagram (Fig 29-8). Three different modes of decay are illus- 
trated. The first is the simple beta decay of phosphorus-32. In 
this instance, each decaying atom of *“P emits one beta parti- 
cle. Thus, if the number of beta particles is measured, the 
number of decaying atoms also is known. The decay of an atom 
of cobalt-60 also results essentially in the emission of a single 
beta particle, but two gamma rays also are emitted. Thus, if the 
decay rate is measured by counting the number of beta parti- 
cles emitted, a 1:1 ratio exists. If, on the other hand, the decay 
rate is determined from the number of gamma rays emitted, it 
must be remembered that the number of decaying atoms is 
equal to only one-half the number of gamma rays (neglecting a 
small correction for internal conversion). In the third example, 
the decay of “°K results in the emission of beta particles in 
88.5% of decay events. The other 11.5% of decay events are by 
electron capture. Thus, a microcurie of *°K does not emit 3.7 x 
10* beta particles per second, but only 0.885 x 3.7 < 10* beta 
particles. Decay schemes for nuclides used in medicine are 
shown in Figure 29-9. 


PRODUCTION OF RADIONUCLIDES 
(SR ETI RETEST 
Most if not all radionuclides used in medicine and pharmacy 
are produced artificially. Table 29-3 is a compilation of medical 
radionuclides along with their physical properties. These ra- 
dionuclides are produced by three general methods: (1) in a 
nuclear reactor as a fission byproduct, (2) as the product of a 
neutron reaction—either by activation or transmutation, and 
(3) by use of an accelerator such as a cyclotron. 


FISSION BY-PRODUCTS 


Fission is a radioactive process in which a relatively heavy 
nucleus splits into two new nuclei of nearly equal size with the 
simultaneous emission of two or three neutrons. Fission may be 
spontaneous, but normally the reaction is induced by bombard- 
ment of the parent nucleus with a neutron: 
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2a0U) + gn > Xt Y $25 n 


where X and Y are fission products (new nuclei) with a value of 
Z between about 30 and 65 and a sum of 92. Fission reactions 
may be self-sustaining. For each neutron consumed, an average 
of 2.5 new neutrons are produced that may initiate the fission 
of other nuclei. Such a reaction is called a chain reaction. If at 
least one of the 2.5 neutrons produced is used to sustain the 
reaction, the reaction is said to be critical. 

The following illustrates but one of many combinations of 
fission reactions that are possible: 


238 1 131 1 
op Urioha eege nt tes Mole 4 ne ton 


The '*'Sn and the '°°Mo are very radioactive and have very 
short half-lives. They immediately decay by a series of beta 
decay processes: 


131 131 
Sqr O 


> 52 Le > 53 1 


106 
ag Mo 


> 43 Te > 44°Ru > 45°Rh 


Both '3'I and 1°°Ru are available commercially as fission- 
produced radionuclides, although '°°Ru is not routinely used 
for medical applications. 

Before use, the nuclide must be separated chemically from a 
large number of other fission-produced radionuclides. For 
many of the radionuclides produced by fission, separation of the 
desired nuclide from the mixture of fission products is too 
difficult or costly. 


NEUTRON REACTIONS 


Many radioactive nuclides used in radiopharmaceuticals are 
prepared by neutron activation (n, y) or transmutation (n, p) 
reactions by placing a suitable target material in a nuclear 
reactor where it is bombarded by neutrons. By means of (n, y) 
and (n, p) reactions, reactors produce radionuclides having a 
high neutron-to-proton ratio that typically decay by emission of 
a negatron. For example, radioactive phosphorus (°*P) can be 
prepared from stable phosphorus (*!P) by neutron capture: 


31 1 32 
isP + on > 45P + y 


The disadvantage of this method is that the radioactive phos- 
phorus (°?P) is diluted highly with stable °4P. Phosphorus-32 of 
low specific activity can be used for certain purposes, such as 
the investigation of phosphate fertilizers, but would be less 
useful for many biological and medical applications. 

Radioactive phosphorus can be made by transmutation if 
high specific activities are required: 


32 1 32 1 
ig + 9N > j5P + yp 


In this case, the radioactive phosphorus can be separated 
from the unreacted sulfur by chemical procedures. Where 
°2P is made from °!P, such chemical separations are not 
practical. 

Transmutation is useful for the preparation of many radio- 
active nuclides, especially those of low atomic number. As the 
atomic number increases, (n, y) reactions are favored over (n, p) 
reactions. For example, cobalt-60 is produced by the reaction 
5°Co(n, y)®°Co because the reaction °°Ni(n, p)®°Co does not 
occur with sufficient frequency to make the process commer- 
cially feasible. 


257 (tj. = 60d) is produced from '*Xe 


124Xe(n, y)!>Xe EC > I 
Secondary neutron capture results in the side reaction 


1251(n, y)!?°]. Because 1°°I (t1,. = 14 d) is an undesirable 
impurity in '°I, it is removed by decay. 
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Figure 29-9. Decay schemes for nuclides commonly used in medicine. 
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Table 29-3. Physical Characteristics of Radionuclides Commonly Used in Medicine 
————————— 


GAMMA RAY 
PRINCIPLE CONSTANT 
NUCLIDE COMMON PRODUCTION HALF-LIFE DECAY MODE EMISSIONS (MeV) (R/mCi-HOUR AT 1 cm) 
IG M4N(p, a)"'C 20.4 minutes Bia 0.97 B® (100%) 5.9 
+ Ms 0.511 y (200%) 
N O(p, a)'?N 10.0 minutes Bt 1.2 B* (100%) 5.9 
ty B a : 0.511 y (200%) 
ae waN(n, p) G 5730 years B 0.156 8B (100%) 
O N(d, n)'°O 2.05 months B* 1.74 B* (100%) 5.9 
‘ 0.511 y (200%) 
SF '8O(p, n)'8F 110 months BinEC 0.635 B* (97%) N/ 
0.511 y (194%) 
32p 315(n, p)?2P 14.3 days B 1.71 B (100%) 
oUGh >°Cr(n, y)?'Cr 27.8 days EC 0.320 y (9%) 0.18 
21EO >6Fe(p, y)?’Co 271 days EG 0.014 y (9%) 0.57 
0.122 y (86%) 
0.136 y (10%) 
S°Go °°Co(n, y)°°Co 5.27 years B 0.31 B (99%) BD 
1.173 y (100%) 
1.332 y (100%) 
87Ga °87n(p, 2n)°’Ga 78.3 hours EC 0.093 y (38%) 1.6 
0.184 y (20%) 
0.300 y (16%) 
0.394 y (5%) 
8Ga °8Ge daughter 68.3 minutes BAEC 1.9 B* (88%) 5.4 
0.511 y (176%) 
SUG 8'Rb daughter 13 seconds IT 0.191 y (66%) 1.6 
82Rb 82sr daughter 75 seconds Ba EG 3.15 B” (96%) 6.1 
0.511 y (192%) 
225i 88Sr(n, y)2?Sr 50.5 days B 1.46 B (100%) 
ov °°sr daughter 64 hours B- 2.27 B (100%) 
°2Mo fission 2.75 days B 0.45 B (18%) 
1.23 B (82%) 1.8 
0.181 y (6%) 
0.740 y (13%) 
0.778 y (5%) 
22rTc °°Mo daughter 6.02 hours IT 0.140 y (89%) 0.7 
Mtn ™2Cd(p, 2n)'""In 67.3 hours EC 0.171 y (90%) 3.2 
0.246 y (94%) 
23) 1271(p, 5n)'23Xe daughter 13.2 hours EC 0.159 y (83%) 1.6 
0.027 x (71%) 
22 124X@(n, y)'*°Xe daughter 60.2 days EC 0.036 y (7%) 1.4 
0.027 x (110%) 
11 fission 8.04 days (ee 0.61 B (90%) 2.2 
0.284 y (6%) 
0.364 y (82%) 
0.637 y (7%) 
133X@ fission 5.25 days B 0.35 B (100%) 0.5 
0.081 y (36%) 
0.031 x (39%) 
ENS fission 30 years B 0.51B (94%) 3.3 
1.18 B- (6%) 
0.662 y (84%) 
1535m 1525m(n, y)'235m 46.3 hours om 0.640 B (30%) 0.9 
0.710 B (50%) 
0.810 B- (20%) 
0.103 y (29%) 
186Re 185Re(n, y)'®°Re 3.72 days [Be , |X 1.07 B (77%) 0.08 
0.93 B (23%) 
0.137 y (9%) 
ONT] 203T|(p, 3n)?°'Pb daughter 73 hours EG 0.135 y (3%) 0.47 


0.167 y (10%) 
0.070 x (74%) 
0.080 x (20%) 


Adapted from Madsen MT, Ponto JA. Medical Physics Handbook of Nuclear Medicine, Madison, WI: Medical Physics, 1992; and individual product package 


inserts. 


CYCLOTRON-PRODUCED RADIONUCLIDES 


Certain radionuclides are cyclotron-produced. The cyclotron 
and similar particle accelerators can be used only with charged 
particles such as electrons, protons, alpha particles, or deuter- 


ons because the operation of such machines depends upon the 
interaction of magnetic and/or electrostatic fields with the 
charge (either + or —) of the particle undergoing acceleration. 
When the particles have been accelerated to a high velocity, 
even approaching the velocity of light and representing enor- 
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Table 29-4. Selected Radionuclide Generators 


PARENT HALF- DAUGHTER HALF- MODE OF 
ISOTOPE LIFE ISOTOPE LIFE DECAY 
°8Ge 271d 8Ga 68 m B* 
SIRb 47h SI 156 le 
8257 25d 82Rb 1.3m Be 
oY, 80h BUNS 2.8h fic 
ES 28 y NG 64h B 
°°Mlo 67h 22076 6.0h ell 
zd 453d LOAN BAAS (ale 
Si 118d Si 1.7h |r. 
ead 53.4h Soin 45h ie 
122Xe 20h 122| 3.6m Bt 
132Te@ Bid 122) 2.3h Ba 
137s 30y 137mBa 2.6m LT. 
iGe 285d Pr 17.3m om 
178\\y 21a eT 9.4m (oe 
ts 16d Laat, 4.95 ile 
ag 4th MUAY Ny) 30.65 EVE 


mous energies, they are caused to strike a target containing the 
atoms to be bombarded. Sodium-22 is prepared in this way, by 
the interaction of high-velocity deuterons with magnesium. 
The nuclear equation is 


“Me(d, a)”’Na 


Cyclotrons produce neutron-deficient isotopes; that is, the 
neutron-to-proton ratio is low. These nuclides usually decay by 
positron emission or electron capture. Cyclotron-produced ra- 
dionuclides are generally carrier-free because they are nor- 
mally produced by transmutation. 

The following reactions are typical for the cyclotron produc- 
tion of some medically useful nuclides: 


LOB (ds 0) 26 

NEGO, n)! 1c 

=Bady2n) ae 

MN(p, fc) a ©) 

MB(a, n)!3°N 

“Cal, n)'°N 

16Q(p, a)*3N 

MN(d, n)°O 

MN(p, n)&’O 

16O(p, pn)°O 

18Q(p, n)18F 

2°Ne(d, a)1®F 

7°7n(p, w)®’Cu 

667n(d, n)*’Ga 

°8Zn(p, 2n)®’Ga 

“°Ga(p, 2n)*°Ge 

82K r(p, 2n)**Rb > *'™Kr 
12+ Cd(p; n)!4JIn 

20d (p.2m) asin 

BENG oy, 3n)?°!Pb mass 201) 


Usually a nuclide can be made by more than one reaction. 
For example, '”°I can be prepared either directly or indirectly. 
Direct reactions include 

PEA US Go), meson 

PAS bichem2a)acel 

122Te(d, meee 

2 Te(p: Qn)!?8J 

PAS (ey 3n)!?°Xe =a, 1237 

le Ghles 2n)!*°Xe = 1237 

23Te(?He, 3n)!?"Xe ES 1237 

LIN oy, 5n)!?8Xe pe, 1237 

124Xe(p, 2n)322Cs ans 123Xe as 1237 


Indirectly, the intermediate '”*Xe (or '*°Cs, which decays to 
123Xe) is prepared, which then decays to !2°I. 


RADIONUCLIDE GENERATORS 


When clinical procedures require that a radionuclide be admin- 
istered internally, it is advantageous to use a nuclide with a 


short half-life to minimize the radiation dose received by the 
patient. It is evident, however, that the shorter the half-life, the 
greater the problem of supply. One answer to this problem is 
the radionuclide generator, which uses the phenomenon of 
sequential decay. A radionuclide generator provides a mecha- 
nism for separating a clinically useful, short half-life daughter 
nuclide from a long-lived parent nuclide. Radioactive decay of 
the long-lived parent results in the production of a short-lived 
radioactive daughter nuclide that is eluted or milked from the 
generator by means of an appropriate eluant. Characteristics of 
a number of parent—daughter systems that have been used in 
radionuclide generators will be found in Table 29-4. 

The molybdenum-99/technetium-99m generator (Fig 29-10) 
consists of an alumina (AI,O.,) column on which molybde- 
num-99 is adsorbed as ammonium molybdate. Radioactive de- 
cay of °°Mo produces °°™Tc, which is eluted from the column 
with sterile, pyrogen-free normal saline. Upon elution, the 
°°™Te is in the form of sodium pertechnetate (Na?°™TcO,). 
Elution repeated every 24 hours provides a satisfactory balance 
between concentration and quantity of eluted °°™Tc. If a high 
activity of °°™Tc is not required, the generator can be eluted 
more frequently. A typical elution curve for a °?Mo/?°™Tc gen- 
erator is shown in Figure 29-11. Normally the generator must 
be replaced about once a week due to the decay of ?°Mo. 


RADIOLABELING OF COMPOUNDS 
TO PREPARE RADIOTRACERS 
AND RADIOPHARMACEUTICALS 


LLL TS ESDP IE HT ET 
RADIOLABELING METHODS 


For medical and pharmaceutical purposes, some radionuclides 
can be used in their elemental or salt forms, and thus do not 
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Figure 29-10. Schematic diagram of a radionuclide generator for 
the production of technetium-99m by elution from molybdenum- 
99 absorbed on an alumina column. 
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Figure 29-11. Elution curve. The lower solid lines show the theoret- 
ical activity of °°™Tc in the generator as a result of ingrowth fol- 
lowed by elution of °°™Tc at 24-hour intervals. If the generator 
were not eluted, ingrowth would follow the broken line and a 
transient equilibrium would be established. The upper solid line 
represents decrease in activity of ??Mo, the parent nuclide, due to 
radioactive decay. 


require extensive processing beyond their separation and pu- 
rification following production. However, most radionuclides 
must be incorporated into some molecule or compound to form 
a useful radiotracer or radiopharmaceutical. There are several 
ways that radionuclides are incorporated into the final radio- 
pharmaceutical, a process known as radiolabeling. Some of the 
more common methods of radiolabeling include the following. 

Introduction of a Foreign Label—For example, °°™Tc is not 
a natural part of any medically useful compound, and thus a 
method must be developed to chelate °°™Tc to various com- 
pounds of interest. 

Isotope Exchange—This process occurs when a radioactive 
isotope is substituted for a stable atom of the same element that 
is already a natural part of the molecule. An example would be 
substituting !°I for stable '”’I in some iodinated molecule. 

Labeling With Bifunctional Chelates—A bifunctional chelate 
is a molecule used to link another molecule with a radionuclide. 
An example would be linking °°Y to a peptide without direct 
attachment to the peptide by using a compound such as (DOTA). 

Biosynthesis—This reaction occurs when a radionuclide is 
incorporated into a molecule through some biosynthetic pro- 
cess. An example is when radioactive °’Co is placed in the 
growth media of the bacteria that produces cyanocobalamin, 
vitamin B,,, as a metabolic by-product and yields radioactive 
vitamin B,, for use in the Schilling test. 


DESIGN OF RADIOPHARMACEUTICALS 


Not all radiopharmaceuticals use metal atoms as the radionu- 
clide, but many do. When a molecule is radiolabeled with a 


FUNDAMENTALS OF MEDICAL RADIONUCLIDES 479 


metal atom, sometimes the metal atom does not change the 
biologic properties of the molecule into which it is incorporated; 
but sometimes it changes the biologic properties considerably. 
The result of the former instance is sometimes classified as a 
metal-tagged radiopharmaceutical, and the latter as a metal 
essential radiopharmaceutical. In the case of metal essential 
radiopharmaceuticals, the radioactive metal atom is absolutely 
essential in determining where that molecule will distribute in 
the body. Therefore. when designing a new radiopharmaceuti- 
cal, one must be aware of how the addition of a metal atom 
(such as °°"Tc) will affect the molecule in question. 

In the design of radiopharmaceuticals, it is obviously impor- 
tant to select compounds that are likely to distribute to the 
organs or tissues of interest. As with nonradioactive drugs, 
computer modeling can quite often be helpful. It is not always 
easy to match a radionuclide that has appropriate physical 
properties with a candidate compound for a particular diagnos- 
tic or therapeutic purpose. It is important to make sure that the 
chemistries are compatible and that the resulting molecule has 
the desired biodistribution pattern. 

With radiodiagnostic agents, structure—distribution rela- 
tionships (SDR) are used to design candidate molecules. The 
SDR is similar to using structure—activity relationships for 
designing pharmacologically active drugs. The goal of SDR is 
to optimize target site delivery of the candidate radiophar- 
maceutical. This involves predicting, investigating, and de- 
termining changes in the biokinetics of a candidate radio- 
pharmaceutical by effecting small changes in its structure, 
such as through the addition of functional groups to the 
compound. The newly altered candidate is tested for its 
pharmacokinetic behavior and compared with the prototype. 
Eventually, the most effective radiopharmaceutical candi- 
date is selected for animal and human testing. 


TECHNETIUM RADIOPHARMACEUTICALS 


Technetium 99m (°°"Tc) is the most commonly used metal 
atom in radiopharmaceuticals; probably 75% of all radiophar- 
maceuticals include °°"Tc as the radionuclide. Technetium- 
99m has desirable physical properties for imaging purposes. It 
has a 6-hour half-life and a 140 keV gamma photon that is 
emitted with high abundance. It also has a versatile chemistry 
that allows it to be chelated with a variety of compounds (but 
certainly not all compounds). 

Technetium-99m is derived from the decay of ?’Mo. Since 
°°Mo decays to °°™Tc, it is chemically separated and used to 
make various °°™Tc radiopharmaceuticals. This separation 
process occurs in what is known as a ?’Mo/*?™Te radionuclide 
generator system, as was discussed in a previous section. The 
°°™T¢ is eluted from the generator in the form of sodium per- 
technetate in the +7 oxidation state. As such, it is not very 
chemically reactive and will not bind to other compounds. The 
oxidation state of technetium must be reduced to a lower value 
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Figure 29-12. Tc-hexakis-2-methoxyisobutylisonitrile (Tc-sestamibi). 


480 CHAPTER 29 


Table 29-5. Radiopharmaceutical Names 


USAN/GENERIC NAME 


LIGAND; 
COMMON CHEMICAL NAME 


OTHER COMMON NAMES 
OR ABBREVIATIONS 


COMMON TRADE NAMES 


Albumin, aggregated iodinated 
1131 serum? 

Albumin, chromated Cr 51 
serum? 

Albumin, iodinated | 125 serum 


Albumin, iodinated | 131 serum 


Ammonia N 13? 
Carbon monoxide C 11? 
Carbon C 14 urea 
Chromic phosphate P 32 
Cyanocobalamin Co 57 
Cyanocobalamin Co 58/Co 57° 
Ferrous citrate Fe 59° 
Fibrinogen | 125? 
Fludeoxyglucose F 18? 
Fluorodopa F 18? 
Gallium citrate Ga 67 
| 131 radiolabeled B1 
monoclonal antibody* 
Indium In 111 capromab 
pendetide 


Indium In 111 chloride 
Indium In 111 imciromab 
pentetate? 


Indium In 111 immune globulin 
intravenous pentetate® 


Indium In 111 oxyquinoline 

Indium In 111 pentetate 

Indium In 111 pentetreotide 

Indium In 111 satumomab 
pendetide? 


lobenguane sulfate | 1237 
lobenguane sulfate | 131 
locanlidic acid | 123? 


lodocholesterol | 131° 
lodohippurate sodium | 123? 
lodohippurate sodium | 131 


lodomethylnorcholesterol 
(esi 

lofetamine hydrochloride | 123? 

lothalamate sodium | 125 

Krypton Kr 81m 

Mesiperone C 11° 

Methionine C 11? 

Raclopride C 11? 

Rhenium Re 186 etidronate? 

Rubidium chloride Rb 82 

Samarium Sm 153 lexidronam 
pentasodium 

Selenomethionine Se 75? 

Sodium acetate C 11? 

Sodium chromate Cr 51 

Sodium fluoride F 18? 

Sodium iodide | 123 

Sodium iodide | 131 

Sodium pertechnetate Tc 99m 


Sodium phosphate P 32 
Stannic pentetate Sn 1177” 


macroaggregated albumin 


radio-iodinated serum albumin; 
iodinated human serum albumin 

radio-iodinated serum albumin; 
iodinated human serum albumin 


vitamin B,> 
vitamin B,,/instrinsic factor 


2-fluoro-2-deoxy-p-glucose 
fluoro-levodopa 


iodinated IgG anti-B1 murine 
monoclonal antibody 

IgG 1 murine monoclonal 7E11-C5.3 
conjugated with DTPA [antiprostate 
carcinoma monoclonal antibody] 


IgG 2a murine monoclonal R11D10 Fab 
conjugated with DTPA [antimyosin 
monoclonal antibody] 

immunoglobulin G (human polyclonal), 
disulfide with light chain, dimer, 

N, N-bis[2-[bis(carboxymethyl)amino]- 

ethyl] glycine conjugate 
8-hydroxyquinoline 
diethylenetriaminepentaacetic acid 
octreotide-p-Phe-DTPA 

IgG1 murine monoclonal B72.3 
conjugated with DTPA 
[anticolorectal/ovarian carcinoma 
monoclonal antibody] 

meta-iodobenzylguanidine 

meta-iodobenzylguanidine 

iodobenzenepentadecanoic acid; (p- 
iodophenyl)pentadecanoic acid 

19-iodocholest-5-en-36-ol 

ortho-iodohippurate 
ortho-iodohippurate 


6-B-iodomethyl-19-norcholesto- 


5(10)en-3f-ol 
N-isopropyl-p-iodoamphetamine 


N-methylspiperone 
ethylene hydroxydiphosphonate 


ethylenediamine tetramethylene 
phosphonic acid 


product from Mo-99/Tc-99m generator 


tin (IV) diethylenetriaminepentaacetic 
acid 


1131 MAA 
Cr 51 HSA 
1125 RISA; | 125 IHSA 
1131 RISA; | 131 IHSA 


N 13 NH, 

(itt! (<o) 

C 14 urea 

P 32 colloid 
ColS7iBre 

Co 58 B,,/Co 57 B,,-IF 
Fe 59 citrate 

1 125 fibrinogen 


F 18 fluorodeoxyglucose; FDG 


F 18 fluorodopa 
Ga 67 citrate 
1131 anti-B1 


In 111 CYT 356 


In 111 Cl, 
In 111 antimyosin 


In 111 IgG 


In 111 oxine 

In 111 DTPA 

In 111 octreotide 

In 111 CYT 099; CYT 103 


1123 MIBG 
1131 MIBG 


| 131 iodocholesterol 
1123 OIH 
1131 OIH 


NP 59 


1123 IMP 

1125 iothalamate 
Kr 81m 

C 11 NMSP 

C 11 methionine 
C 11 raclopride 
Re 186 EHDP 

Rb 82 

Sm 153 EDTMP 


Se 75 selenomethionine 
C 11 acetate 

Cr 51 Na,CrO, 

F 18 NaF 

1123 Nal 

1131 Nal 

Na* TcO, 


P 32 Na;PO,/Na,HPO, 
Sn 117 DTPA 


Albumotope-Ls; 
Macroscan-131 
Tomatope 


Albumotope | 125; 
Jeanatope | 125 

Albumotope | 131; 
Megatope | 131 


PYtest 
Phosphocol 
Rubratope 
Dicopac 
Ferrutope 
Ibrin 


Neoscan 
Bexxar 
ProstaScint 


Indiclor 
Myoscint 


Macroscint 


OctreoScan 
OncoScint OR/OV 


Nephroflow 
Hippuran | 131; 
Hipputope 


Spectamine 
Glofil 


Cardiogen-82 
Quadramet 


Chromitope 


lodotope 

generators: Minitec; 
Technelite; Ultra- 
TechneKow 


Table 29-5. Radiopharmaceutical Names 
anrrnn reer nner rn rrr rnc enna ssereeeeceeceeecececece ccc eeeseerseres er aceaeesss rcs SSS SS SY ROSAS SY SE AD GEE AS SOA IS 


USAN/GENERIC NAME 


LIGAND; 
COMMON CHEMICAL NAME 
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OTHER COMMON NAMES 
OR ABBREVIATIONS 


COMMON TRADE NAMES 


Strontium chloride Sr 89 

Technetium Tc 99m albumin 

Technetium Tc 99m albumin 
aggregated 

Technetium Tc 99m albumin 
colloid? 

Technetium Tc 99m antimony 
trisulfide colloid? 

Technetium Tc 99m apcitide 

Technetium Tc 99m 
arcitumomab 


Technetium Tc 99m 
bectumomab? 


Technetium Tc 99m biciromab? 


Technetium Tc 99m bicisate 
Technetium Tc 99m disofenin 


Technetium Tc 99m etidronate? 

Technetium Tc 99m 
exametazime 

Technetium Tc 99m furifosmin? 


Technetium Tc 99m gluceptate 


Technetium Tc 99m lidofenin 
Technetium Tc 99m mebrofenin 


Technetium Tc 99m medronate 


Technetium Tc 99m mertiatide 
Technetium Tc 99m 
nofetumomab merpentan 


Technetium Tc 99m oxidronate 

Technetium Tc 99m pentetate 

Technetium Tc 99m 
pyrophosphate 

Technetium Tc 99m (pyro- and 
trimeta-) phosphates 

Technetium Tc 99m red blood 
cells 

Technetium Tc 99m sestamibi 

Technetium Tc 99m succimer 

Tc 99m sulesomab? 


Technetium Tc 99m sulfur 
colloid 

Technetium Tc 99m 
teboroxime? 


Technetium Tc 99m tetrofosmin 


Thallous chloride TI 201 
Water 0 15° 

Xenon Xe 1277 

Xenon Xe 133 


macroaggregated albumin 


Sb,S3 


GP Ilb/Illa receptor peptide 

IgG murine monoclonal IMMU-4 Fab 
[anti-CEA monoclonal antibody 
fragment] 

IgG 2a murine monoclonal IMMU-LL2 
Fab [anti-non-Hodgkin’s lymphoma 
monoclonal antibody fragment] 

IgG murine monoclonal T2G1s Fab 
[antifibrin monoclonal antibody 
fragment] 

ethyl cysteinate dimer 

diisopropylacetanilidoiminodiacetic 
acid 

ethylenehydroxydiphosphonate 
hexamethylpropyleneamineoxime 


ethylenebis(nitrilomethylidyne)bis- 
(dihydrotetramethylfuranonato)- 
bis(tris[ methoxypropyl])- 
phosphine) 

glucoheptonate 


dimethylacetanilidoiminodiacetic acid 


trimethylbromoacetanilidoiminodiacetic 


acid 
methylenediphosphonate 


mercaptoacetyltriglycine 

IgG murine monoclonal NR-LU-10 Fab 
[anti-small cell lung cancer 
monoclonal antibody fragment] 

hydroxymethyldiphosphonate 

diethylenetriaminepentaacetic acid 


hexakis(methoxyisobutyl)isonitrile 

dimercaptosuccinic acid 

IgG 1 murine monoclonal IMMU-MN3 
Fab [anti-NCA-90 granulocyte cell 
antigen monoclonal antibody 
fragment] 


boronic acid adduct of technetium 
dioxime; bis-cyclohexanedione 
dioxime methylborato- 
chlorotechnetium 

1,2-bis[bis(2-ethoxyethyl)phosphino] 
ethane 


Sr 89 

Tc 99m HSA 

Tc 99m MAA 

Tc 99m AC 

Tc 99m ASC 

Tc 99m P280 

Tc 99m anti-CEA Fab 
Tc 99m IMMU-LL2 
Tc 99m antifibrin Fab 
Tc 99m ECD 

Tc 99m DISIDA 


Tc 99m EHDP 
Tc 99m HMPAO 


Tc 99m Q-12 


Tc 99m GH; GHA 


Tc 99m HIDA 
Tc 99m BRIDA 


Tc 99m MDP 
Tc 99m MAG, 
Tc 99m NR-LU-10 


Tc 99m HDP; HMDP 

Tc 99m DTPA 

Tc 99m PYP 

Tc 99m PYP 

Tc 99m RBC [in vitro] 

Tc 99m MIBI; hexamibi; RP 30A 


Tc 99m DMSA 
Tc 99m IMMU-MN3 


Tc 99m SC 


SQ-30217; CDO-MEB; BATO 


Tc 99m P53 


TI 201 
OWS HO 
Xe 127 
Xe 133 


Metastron 
Pulmolite; Macrotec 
Microlite 
Lymph-Scan 
Accutech 

CEA-Scan 
ImmuRaid-LL2 


Fibroscint 


Neurolite 
Hepatolite 


Ceretec 


TechneScan Q-12 


Glucoscan; TechneScan 

Gluceptate 
TechneScan HIDA 
Choletec 


Osteolite; TechneScan 
MDP 

TechneScan MAG3 

Verluma 


Osteoscan-HDP 
Techneplex 
Phosphotec; 

TechneScan PYP 
Pyrolite 


UltraTag RBC 
Cardiolite; Miraluma 


LeukoScan 


TechneColl; Tesuloid; 
TSC 
Cardiotec 


Myoview 


? Not commercially available (investigational, discontinued, or extemporaneously compounded). 
» Official generic name not yet established. 
Source: Table courtesy of James A Ronto. 
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in order to make it chemically reactive. This is typically done by 
using stannous ion. 

Manufacturers develop compounds that can be labeled with 
°°mTc and used for imaging various organ systems or tissues. 
These compounds are frequently available in what are known 
as reagent kits. The reagent kits are vials containing the par- 
ticular compound, usually in freeze-dried form, along with the 
stannous ion and any other necessary ingredients such as 
buffers or preservatives. The radioactive °°™Tc, as pertechne- 
tate, is added to the reagent kit vial and the stannous ion 
reduces the technetium, allowing it to chelate with the com- 
pound. Binding occurs through coordinate covalent bonds with 
certain moieties on the compound molecule, known as ligands. 
Some of the more common ligands that bind to technetium are 
—NH,, —NH;*, —CN, —SH, —COO—, —CO—, and —OH, 
among others. 

Technetium, in its various oxidation states, has a variety of 
coordination numbers. Compounds will complex with techne- 
tium in specific ways, depending on the oxidation state of 
technetium and the associated coordination number. Figure 
29-12 illustrates how isonitrile molecules are complexed with 
°°mTe¢ in the +1 oxidation state. 


PREPARATION OF RADIOPHARMACEUTICALS 


Some radiopharmaceuticals are prepared in their final form 
at the manufacturing site, whereas others are compounded 
at a nuclear pharmacy or nuclear medicine department. 
There are several levels of sophistication in compounding 
these agents, ranging from simple addition of radiopertech- 
netate to the reagent kit vial, to radiolabeling of autologous 
blood cells, custom radiolabeling of peptides and antibodies, 
and rapid hot lab chemistry compounding of short-lived 
positron-emitting radiopharmaceuticals. Different diagnos- 
tic and therapeutic needs require the use of different prep- 
aration techniques. Table 29-5 includes a list of radiophar- 
maceuticals in current use. 
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From the time of the early apothecaries, who worked with 
meager equipment in small laboratories, pharmacists have 
made important contributions in the field of medicinal chemis- 
try, both in discovering or isolating new therapeutic agents and 
in developing methods for standardizing and controlling me- 
dicinals. Today, such activity is rarely a function of the pre- 
scription laboratory, but in manufacturing laboratories phar- 
macists often perform physical and chemical analyses either in 
the course of developing dosage forms of new products or in the 
control of standard products. In small laboratories the respon- 
sibility for performing analyses may be delegated entirely to 
pharmacist staff members. But whether or not pharmacists 
may have occasion to conduct analyses, they at least should 
understand the basic principles involved in the standardization 
and control of the medicinal agents dispensed. 


VALIDATION OF ANALYTICAL METHODS 
LSE SR LEED TL TET ETL 
The use of an analytical method is justified only after it has 
been found to be valid (has been validated). Both the FDA and 
USP are vitally interested in formal assay method validation to 
be certain that methods are as they purport to be. In a section 
entitled Validation of Compendial Methods, the USP describes 
analytical performance parameters that must be measured to 
validate an analytical procedure. These parameters are preci- 
sion (reproducibility); accuracy (exactness); limit of detection 
(concentration that gives the smallest perceptible response, eg, 
limit test); limit of quantitation (lowest concentration measur- 
able with good precision and accuracy); selectivity (ability to 
measure analyte in presence of any possible impurities, as in 
stability-indicating assay); range and linearity (the concentra- 
tion range over which concentration and response are related 
linearly); and ruggedness (degree of reproducibility of results 
when obtained by analysis of the same sample under a variety 
of normal conditions, eg, different instruments, different ana- 
lysts, different laboratories). 


ANALYTICAL BALANCES 
SS SE EET 
The analytical balance is an indispensable requirement for any 
analytical procedure whether the method is a classic or stoichi- 
ometric analysis or a modern, instrumental method of a non- 
stoichiometric nature. If the determination of mass is not ab- 
solutely reliable, the ultimate analytical result is unacceptable. 
It is assumed that there will be available balances that are 
sensitive enough to serve for analytical procedures. An analyt- 
ical balance differs from a high-class prescription balance in 
the matter of sensitiveness. A satisfactory analytical balance is 


sensitive to the tenth of a milligram and should never be used 
for weighing a total load greater than that specified. 

The electronic analytical balance is of the null type, but the 
restoring torque is not applied by adding or removing weights 
but rather by varying a current applied to a coil in a magnetic 
field. The great advantage of the electromagnetic principle is 
the freedom from drift or change in sensitivity. The balances 
have a digital display, and tare-out capabilities, as well as 
internally programmed test and calibration routines. Some 
balances have small maximum capacity (about 0.1 to 1.0 g). 
Other electronic analytical balances using load cells are avail- 
able with capacities of up to 200 g and a readability of + 0.10 
mg or + 0.01 mg and have data outputs making them capable 
of incorporation into automated systems. Some balances can 
continuously record variations in weight with time. 


SOURCES OF INFORMATION 


The reference works needed in an analytical laboratory depend 
entirely upon the scope of work. For pharmaceutical testing of 
official substances, the USP-NF is, of course, given primary 
consideration. Among the indispensable adjuncts of the ana- 
lyst’s library are the following. 


Analytical Profiles of Drug Substances and Excipients, Florey K, ed. 

Budavari S, et al, eds. The Merck Index: An Encyclopedia of Chemicals, 
Drugs, and Biologicals, 12th ed. Whitehouse Station, NJ: Merck & 
Co, 1996. 

Connors KA. Textbook of Pharmaceutical Analysis, 3rd ed. New York: 
Wiley, 1982. 

Cunniff P, ed. Official Method of Analysis of the Association of Official 
Analytical Chemists, 16th ed. Arlington, VA: AOAC International, 
1998. 

Feigl F. Spot Tests in Organic Analysis, 7th ed. Amsterdam/New York: 
Elsevier, 1966. 

Hadjiioannou TP, et al. Quantitative Calculations in Pharmaceutical 
Practice and Research. New York: VCH, 1993. 

Kibbe AH, ed. Handbook of Pharmaceutical Excipients, 3rd ed. Wash- 
ington, DC: American Pharmaceutical Association, 2000. 

Knevel AM, DiGangi FE, Byrn SR. Quantitative Pharmaceutical Chem- 
istry, 7th ed. Prospect Heights, IL: Waveland Press, 1982. (Reprint 
of Knevel AM, DiGangi FE, Byrn SR. Jenkins’ Quantitative Phar- 
maceutical Chemistry, 7th ed. New York: McGraw-Hill, 1977). 

Kolthoff IM, Elving PJ, et al, eds. Treatise on Analytical Chemistry, 
New York: Wiley, 1959-. 

Mills T, Roberson JC. Instrumental Data for Drug Analysis, 2nd ed. 

Moffat AC, et al, eds. Clarke’s Isolation and Identification of Drugs in 
Pharmaceuticals, 2nd ed. London: The Pharmaceutical Press, 1986. 

Munson JW, ed. Pharmaceutical Analysis: Modern Methods, New York: 
Dekker, part A, 1981; part B, 1984. 

Pfleger K, Maurer HH, Weber A. Mass Spectral and GC Data of Drugs, 
Poisons, Pesticides, Pollutants, and Their Metabolites, 2nd ed. Wein- 
heim, Germany/New York: VCH, 1992. 
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Reagent Chemicals, 9th ed. Washington, DC: American Chemical Soci- 
ety, 1999. 

Schirmer RE. Modern Methods of Pharmaceutical Analysis, 2nd ed, vols 
1, 2. Boca Raton, FL: CRC Press, 1991. 

Food Chemicals Codex, 4th ed. Washington, DC: National Academy 
Press, 1996. Loose-leaf supplements issued by the US National 
Research Council, Committee on Food Protection. 


Many valuable publications may be obtained from various de- 
partments of the US government. 


Specialized Analytical Methods 
and Equipment 


In the following section some important analytical methods 
used by pharmaceutical manufacturers are discussed. Practic- 
ing pharmacists do not, as a rule, require such sophisticated 
apparatus as is used for analysis, but they should at least 
be familiar with the types of analyses conducted with each 
instrument. 

Some of the medicinal products are still being assayed by 
the time-honored procedures of gravimetric and titrimetric 
analysis, although here, too, the use of electronic balances and 
the recording titrator have improved these classic procedures 
considerably. 

Familiar examples of analytical methods that are purely 
physical in their nature include those that involve the use of 
the microscope, the polarimeter, or the refractometer. The 
identity and relative purity of many substances often are de- 
termined by microscopical examination. The polarimeter, 
which also is referred to as the polariscope, has long been 
recognized for its usefulness in assaying certain liquids by 
determining their ability to bend or rotate the plane of polar- 
ized light. Polarimeters are available that measure the rotation 
of polarized light at wavelengths in addition to the D line of 
sodium (589 nm). Both the Abbé and the immersion or dipping 
types of refractometer generally are used for determining the 
purity of a substance on the basis of its refractive index. 

The determination of the moisture content in various sub- 
stances involves several types of analytical measurement. 
These methods include drying in a desiccator or in a heated 
oven, either under ordinary atmospheric conditions or in vac- 
uum under reduced pressure. An innovation is the moisture 
balance in which the sample pan is directly heated by an 
infrared lamp, thus eliminating removal of the sample from the 
balance. Other procedures involve distillation of vegetable 
drugs with toluene or with benzene, then noting the volume of 
water that separates in a graduated tube containing the distil- 
late. A more specific and convenient procedure for determining 
water in many substances is the Karl Fischer titrimetric 
method. In this procedure, the water is quantitatively mea- 
sured by titration under anhydrous conditions by the use of a 
reagent containing iodine, sulfur dioxide, pyridine, and meth- 
anol. The endpoint may be detected visually, or preferably by 
the use of the electrometric and automatic titration assembly. 
Some instruments use coulometric titration to generate the 
reagent at an electrode surface. Electrical methods for deter- 
mining water are being applied now to a variety of industrial 
products, in some cases during continuous processing opera- 
tions. These are based upon the principle that if a substance is 
placed between two condenser plates, the capacitance will vary 
with the dielectric constant of the medium between the plates. 
Because the dielectric constant of water is greater than that of 
other substances, the capacitance will vary with the amount of 
moisture present. 

The determination and adjustment of pH or hydrogen ion 
concentration (activity) has become an important function in 
the control analysis of medicinal products. For a discussion of 
pH determination see Chapter 33. 


Separation techniques, particularly chromatographic meth- 
ods, are necessary and valuable in the analysis of pharmaceu- 
ticals. The partitioning of a solute between two immiscible 
solvents is used many times to isolate a drug from other com- 
ponents in a mixture. Open column chromatographic methods 
likewise are used in the separation of a drug from a dosage 
form matrix or of a drug from a natural biological environment. 
Separations such as solvent—solvent extraction, open column 
chromatography, or thin-layer chromatography may be re- 
quired as a preparatory step when spectrometric analysis in 
the ultraviolet region is to follow. This preliminary treatment 
introduces specificity by providing for the isolation of the drug 
from its surroundings prior to its measurement by a relatively 
nonspecific means. 

Gas chromatography (GC) and high-performance liquid 
chromatography (HPLC) represent two nonstoichiometric 
methods that have achieved very great popularity because of 
their capabilities. In GC, any compound, directly or with deri- 
vatization, can be analyzed if it has a perceptible vapor pres- 
sure and if a suitable column can be found. The use of various 
detectors adds another element of selectivity to the procedure. 
More recently, HPLC has been rapidly developing with the 
introduction of new pumping methods, more reliable columns, 
and a variety of detectors. But the great attraction of chromato- 
graphic techniques to the industrial laboratory is the possibil- 
ity of automation. The chromatographic procedure and instru- 
mentation may be so designed that the method largely may be 
automated, involving automated sampling, separations, detec- 
tion, recording, and finally, calculation and printing of results, 
leaving only the preparation of drug substance or of dosage 
form solutions to be done by the analyst. Capillary electro- 
phoresis offers many advantages for the analysis of drugs. The 
subject of chromatography is discussed in Chapter 32. 

The modern spectrometer, which incorporates such features 
as microprocessor control and diode array detectors, has be- 
come an especially useful instrument for analysis, as it enables 
analysts to seek the answers to their analytical problems with 
eyes that see not only in the visible range, but throughout the 
electromagnetic spectrum. The analytical possibilities in this 
direction can be understood more readily when one considers 
that the ultimate molecules and atoms that make up a material 
transmit, absorb, and scatter radiation according to their indi- 
vidual natures. Assay methods based upon absorption in the 
ultraviolet, infrared, and visible portions of the spectrum are 
used extensively. The principles underlying such determina- 
tions are discussed in Chapter 33. In some spectrometric ana- 
lytical procedures, a colorless substance that must be analyzed 
is converted to a derivative having color, the intensity of the 
color being measured in a suitable spectrometer and compared 
with that developed by a known amount of a reference standard 
grade of the same substance. 

Other widely used instruments which are quite suitable for 
routine colorimetric measurements are the colorimeter and the 
combination nephelocolorimeter, which is of considerable value 
in making quantitative turbidimetric measurements. 

Not the least important of spectrometric instruments is the 
fluorometer, which provides for measurement of fluorescence 
that may be present in the sample or, more frequently, may be 
developed in the sample. This method provides a means of 
evaluating the potency of many pharmaceutical products, as, 
for example, those containing thiamine hydrochloride. A solu- 
tion in which the thiamine has been converted quantitatively 
into thiochrome is placed in the fluorometer where it is caused 
to fluoresce on exposure to light. This fluorescence intensity is 
compared with readings obtained on standard control samples 
prepared and observed under exactly the same conditions. This 
comparison serves as a basis on which the potency of the 
unknown vitamin sample can be calculated readily. At the 
opposite end of the electromagnetic spectrum are the infrared 
radiations. These are heat rays and their utilization marks 
another important contribution to analytical research. Infrared 


spectrometry involves placing the sample in a cell that is tra- 
versed by radiation from an infrared source. The transmitted 
radiation on passing into the spectrometer is dispersed into a 
spectrum by a prism of sodium chloride, or other salt, or by a 
diffraction grating. The radiation intensity is sensed by a bo- 
lometer, a device capable of detecting exceedingly small 
changes in temperature; with the aid of an electronic amplifier, 
radiation intensity thus measured is recorded by a pen-type 
recorder or other device that involves a printer. Fourier trans- 
form infrared spectrometers are available that can acquire an 
infrared spectrum very rapidly (see Chapter 33). An important 
application of infrared spectrometry in the USP is in the fin- 
gerprinting of organic compounds, by which means they may be 
identified. Pattern recognition techniques and the use of neural 
networks to compare spectra are very impressive. 

The ability to detect and measure elements in a complex 
dosage-form system is very important, because some elements 
such as the heavy metals are toxic and must be monitored. The 
emission spectrograph is used for identification and for the 
quantitative measurement of many elements by providing pho- 
tographic records of their emission spectra. These elements 
include most metals and some nonmetals, such as boron, sili- 
con, and phosphorus. By determining the wavelengths of the 
lines, the various elements present in the sample may be de- 
termined by reference to wavelength tables. By the use of a 
densitometer, which measures the relative darkness of the 
lines, the quantitative evaluation is accomplished. 

An emission technique that is largely solution based and is 
newer than emission spectrography is inductively coupled 
plasma optical emission spectrometry (ICP-OES). In this tech- 
nique the sample solution is aspirated into an inductively cou- 
pled plasma (argon gas), a medium whose temperature is about 


There appears to be a misconception on the part of some indi- 
viduals concerning the assay procedures of the official compen- 
dia. A material may well fall within the assay limits stated in 
the individual monograph for a particular substance, and yet 
not be of suitable quality to conform to the complete specifica- 
tions indicated for the compound, even though the assay is 
performed exactly as indicated in the official method. It is 
essential, then, to realize that even though a substance meets 
the purity specifications of an official monograph, as estab- 
lished by a chemical or physical assay procedure, it is not of 
USP quality unless it conforms to all of the specifications 
contained in the monograph for that material. Also, some offi- 
cial substances do not have an assay procedure, as such, listed 
in the monograph for the basic drug. A quantitative analytical 
method is not required in such cases because other specifica- 
tions in the monograph serve to characterize the substance 
both quantitatively and qualitatively. 

In the following sections, various aspects of the official drug 
analyses are considered. The classic titrimetric and gravimet- 
ric methods are considered in some detail and, even though the 
subjects are treated in Chapters 32 and 33, some aspects of 
instrumental procedures are examined. Tables 30-3 and 30-4 
contain the indicators and other reagents; some examples of 
the various classes of analyses are presented, together with an 
explanation of the chemical principles or other pertinent detail. 
A comprehensive tabulation of all official assays, which uses 
the classification outline of Appendix A, is found in Appendix B 
at the end of this chapter. 

Because of the selectivity, specificity, and sensitivity that 
can be achieved by HPLC methods, there has been a definite 
tendency to choose HPLC procedures for the analysis of many 
drugs, as may be seen for USP-NF analyses in Appendix B. 
Chapter 32 presents a detailed consideration of HPLC. 
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10,000 K, a condition that results in atomization and excitation 
of even the most refractory elements (eg, sulfur). The results 
provide both qualitative and quantitative data in a rapid, effi- 
cient manner, identifying and measuring multiple elements 
from a single sample. The disadvantage of this technique is its 
high instrumental cost and its operating expense. 

The flame spectrometer serves a useful purpose in some 
industrial and hospital laboratories for making routine emis- 
sion determinations, particularly of alkali metals and alkaline 
earth metals. The mass spectrometer and the X-ray spectrom- 
eter are among the more sophisticated instruments that are 
useful as analytical tools. 

Electrochemical methods offer a level of selectivity that 
some spectroscopic analyses cannot provide. Ion-specific elec- 
trode potentiometry measures free-unbound species rather 
than the total amount of metal ion in a solution. The polaro- 
graph provides for rapid qualitative and quantitative analyses 
by automatic recording of current-voltage curves. In the oper- 
ation of this instrument, reducible ions and organic compounds 
are reduced at the dropping mercury electrode, yielding polaro- 
grams that serve as records of the analysis. The polarogram 
establishes the identity of the substance by its half-wave po- 
tential, while the height of the step in the curve is taken as a 
direct measurement of concentration. Variations of polarogra- 
phy, such as differential pulse polarography, increase the sen- 
sitivity of quantitative analysis, whereas cyclic voltametry pro- 
vides a means whereby the qualitative oxidation—reduction 
behavior of a species may be examined. 

The nonstoichiometric methods used in drug analysis are 
discussed in Chapters 31, 32, and 34, and the stoichiometric 
analyses are treated in this chapter as they apply to specific 
drug substances and to specific dosage forms. 


THE PREPARATION OF SOLUTIONS 


The preparation of a solution of a drug substance is vital to any 
method of analysis. The nature of the system chosen to express 
the concentration of the solute is important, particularly in 
stoichiometric methods, because the nature of a chemical reac- 
tion is used to calculate the analytical result. The useful con- 
centration systems, molarity, formality, molality, normality, 
and titer, are defined here. 


Molarity = Mols of solute/liter = Millimols of solute/millimeter. 
Formality = Number of formula weights/liter. 

Formula Weight = Molecular weight in grams. 

Molality = Mols of solute/1000 grams of solvent. 


The most useful concentration system is normality, because 
the reaction capability of a reagent or an analyte is taken into 
account when solutions are prepared. 


Normality = Number of equivalents/liter. 

Equivalent = Grams of drug or reagent used/equivalent weight. 

Milliequivalents = Grams of drug or reagent used/milliequivalent 
weight. 

Equivalent Weight = Molecular weight in grams/n. 

Milliequivalent Weight = Equivalent weight/1000. 

n = number of reacting entities per reagent aggregate. 


The number of reacting entities per reagent aggregate for acids 
is the number of accessible protons. For bases, it is the number 
of available basic anions or pairs of unshared electrons that can 
accept a proton. For oxidizing or reducing agents, it is the 
number of electrons that an aggregate can lose or gain in an 
electron transfer reaction as is seen from a half-reaction; for 
example, MnO, +5e +8H,0* = Mn** + 12H,0. Textbooks 
that provide tables of standard oxidation or reduction poten- 
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tials may be consulted for half reactions. The-values of n for 
reagents are shown in Table 30-1. 

A number of equations are useful when calculations in volu- 
mentric analysis are needed. 


STaMSanalyte 
milliequivalent weightanaytc 


(milliliters,..cen.)(normality;casent) 


STAMS analyte 


Frain x 100 = % analyte in sample 
sample 


The concept of titer is very useful because it allows a titrant 
to be labeled in terms of the analyte and simplifies calculations. 


milligrams of analyte 


RAS milliliter of titrant 


For a titrant whose normality is 0.1000, the calculation is 
(1.00) (0.1000) (milliequivalent weight of analyte) = titer 


The USP-NF uses titer in titrimetric assays. Some examples 
are given in Table 30-2. 


The titrimetric assay procedure is the one most frequently en- 
countered by the pharmaceutical chemist in the standardization 
of official products. Every titrimetric assay is based on the deter- 
mination of the volume of a solution of known strength required to 
complete a chemical reaction with the substance being analyzed. 
Such a solution is called a standard or volumetric solution and is 
commonly referred to by the abbreviation VS. 


Indicators for Determining Endpoints 


It is imperative to avoid the error of using an insufficient 
amount of a volumetric solution, thus failing to complete a 
reaction; it is equally necessary to guard against overstepping 
a reaction by adding too much of the volumetric solution. To 
meet this situation, a group of chemicals known as Indicators is 
used. These are substances that show when the endpoint of a 
reaction has been reached, either by a change in color or by the 
formation of a precipitate. 


INDICATOR SOLUTIONS 

Solutions of indicators used for volumetric determinations are referred 
to as Test Solutions (TS), and those used for determination of hydrogen 
ion concentration are termed pH indicators. 

The indicators used for colorimetric pH determinations are either 
weakly acid or weakly basic. However, most indicators used for this pur- 
pose, such as the phthaleins and sulfonated phthaleins, behave like weak 
acids. 

The usual concentration of the indicator solution is 0.05%. From 
0.1 to 0.2 mL of the indicator solution is generally used for 10 mL of the 
liquid being examined. 

Solutions of indicators of the basic type and of the phthaleins are 
prepared by dissolving them in alcohol. In preparing solutions of indi- 
cators containing an acid group, this group must first be neutralized 
with sodium hydroxide. 

Unless otherwise stated each acid—base indicator solution is so 
adjusted that when 0.15 mL of the indicator solution is added to 25 mL 
of carbon dioxide-free water, 0.25 mL of 0.02 N acid or alkali, respec- 
tively, will develop the characteristic color changes. 


Table 30-1. Reaction Capacity Values (n) 
for Selected Reagents 


ACIDS BASES ELECTRON TRANSFER 

HCl — 1 NaOH — 1 KMnO, — 5 (MnO, — Mn?2*) 
H,SO,~-2 NH3-H,O — 1 ee oie) 

H;PO,—2 Ba(OH),-—2 Naps0, = '2(25;02m5— S107) 
HOAc—1  CH3;CH,NH,—1  Na,Cr,02- — 6 (Cr,02~ — 2Cr?*) 


Table 30-2. Titer Values for Selected Pharmaceuticals 


NATURE OF TITER 
ANALYTICAL (1.00 mL =), 

ANALYTE REACTION TITRANT mg 

Ascorbic acid Elie ZOMG 8.806 
mw = 176.13 

Chlorpromazine NAB? 1 0.1N HCIO, 31.89 
mw = 318.87 

Hydrogen peroxide El 2 0.1NKMnO, 1.701 
concentrate 
mw = 34.01 

Betaine hydrochloride NAB 1 0.1N HClO, 15.36 
mw = 153.61 

Butabarbital ee 1 0.1N AgNO; 22.43 
mw = 224.26 

Calcium acetate Complex? 1 0.05 NEDTA 7.909 
mw = 158.17 

Sodium hypochlorite ET 20:1) N Naess Olesa 22 
solution 
mw = 74.44 

Sulfabenzamide NAB 1 0.1NNaOMe~ 27.63 
mw = 276.32 

Zinc oxide AB® 2) AON AESOR 40.69 
mw = 81.39 


° ET indicates electron transfer. 

© NAB indicates nonaqueous acid-base. 
© P indicates precipitation. 

7 Complex indicates complex formation. 
© AB indicates aqueous acid-base. 


The solutions should be kept in glass-stoppered bottles, and must 
be protected from light. 


Indicators for Reactions Involving Neutralization 

In the USP, indicators are used either to indicate the completion of a 
chemical reaction in volumetric analyses or to indicate the hydrogen ion 
concentration (pH) of solutions. Most of the indicators for acid—base 
titrations and for pH measurement are acidic. They contain a carboxyl, 
a sulfonic or a phenolic group. In many instances the same indicator is 
applicable either to acid—base titrations or to pH measurements, the 
difference being only in the preparation of the indicator solution. The 
following are the pH indicators of the Pharmacopeia; in each case Test 
Solutions (TS) of the following indicators are used. 


Bromocresol Green (Bromocresol Blue: Tetrabromo-m-cresolsulfon- 
phthalein)—Transition interval: from pH 4.0 to 5.4. Color change: 
from yellow to blue. 

Bromocresol Purple (Dibromo-o-cresolsulfonphthalein)—Transition 
interval: from pH 5.2 to 6.8. Color change: from yellow to purple. 
This solution and the next two are satisfactory in the titration of 
weak bases. 

Bromophenol Blue (Tetrabromophenolsulfonphthalein)—Transition 
interval: from pH 3.0 to 4.6. Color change: from yellow to blue. 
Bromothymol Blue (Dibromothymolsulfonphthalein)—Transition in- 

terval: from pH 6.0 to 7.6. Color change: from yellow to blue. 

Cresol Red (0-Cresolsulfonphthalein)—Transition interval: from pH 
7.2 to 8.8. Color change: from yellow to red. 

Cresol Red-Thymol Blue TS—Transition interval: from pH 7.7 to 9.1. 
Color change: from yellow to violet. 

Malachite Green—The oxalate salt is used. Transition interval: from 
pH 0.0 to 2.0. Color change: from yellow to green. 

Methyl Orange (Helianthin or Tropaeolin D)—The sodium salt of 
dimethylaminoazobenzenesulfonic acid or dimethylaminoazoben- 
zene sodium sulfonate. Transition interval: from pH 3.2 to 4.4. Color 
change: from pink to yellow. Useful in the titration of weak bases. 

Methyl Red (Dimethylaminoazobenzene-o-carboxylic acid; o-carboxy- 
benzeneazodimethylaniline)—Transition interval: from pH 4.2 to 
6.2. Color change: from red to yellow. Useful in the titration of weak 
bases. 

Methyl Red-Methylene Blue TS—Transition interval: from pH 4.8 to 
6.2. Color change: from red-violet to green. 

Methyl Yellow (p-Dimethylaminoazobenzene)—Transition interval: 
from pH 2.9 to 4.0. Color change: from red to yellow. 

Phenolphthalein—Use Phenolphthalein USP. Transition interval: 
from pH 8.0 to 10.0. Color change: from colorless to red. Useful in 
the titration of acids with strong bases. 


Phenol Red—Use Phenolsulfonphthalein USP. Transition interval: 
from pH 6.8 to 8.2. Color change: from yellow to red. 

Quinaldine Red (5-Dimethylamino-2-styrylethylquinolinium  io- 
dide)—Transition interval: pH 1.4 to 3.2. Color change: from color- 
less to red. 

Thymol Blue (Thymolsulfonphthalein). Acid—Transition interval: 
from pH 1.2 to 2.8. Color change: from red to yellow. Alkaline— 
Transition interval: from pH 8.0 to 9.2. Color change: from yellow to 
blue. 

Thymolphthalein—Transition interval: from pH 9.3 to 10.5. Color 
change: from colorless to blue. 


Indicators for Reactions Involving Precipitation 


Dichlorofluorescein TS. 

Eosin Y (Sodium Tetrabromofluorescein) TS. 

Ferric Ammonium Sulfate TS—8% in water. This indicator, well- 
known as Ferric Alum, generally is used when titrating with stan- 
dard ammonium thiocyanate in the presence of silver nitrate. A red 
color of the ferric thiocyanate complex forms immediately when the 
silver thiocyanate has been completely precipitated. 

Potassium Chromate TS—10% in water. This indicator gives a red 
precipitate of silver chromate in a neutral or slightly alkaline solu- 
tion, after silver halides have been completely precipitated by titra- 
tion with standard silver nitrate. 

Sodium Alizarinsulfonate TS. 

Tetrabromophenolphthalein TS. 

Tetrabromophenolphthalein, Ethyl Ester TS. 


Indicators for Nonaqueous Titrations 


Azo-violet. 

Crystal Violet (TS)—1% in glacial acetic acid. 

Malachite Green—Use Malachite Green TS. 

Methyl Red—Use Methyl Red TS. 

Methyl Violet—Use Methy] Violet TS. 

p-Naphtholbenzein— 4-[a-(4-hydroxy-1-naphthy])benzylidene]-1- 
(4H) [naphthalenone]. 

Phenol Red—Use Phenol Red TS. 

Quinaldine Red—Use Quinaldine Red TS. 

Thymol Blue—Use Thymol Blue TS. 


Indicators for Complexometric Titrations 


Diphenylamine TS. 

Dithizone (Diphenylthiocarbazone) TS. 

Eriochrome Black TS—0.05% aqueous solution (should be freshly 
prepared but can be stabilized). 

Hydroxynaphthol Blue. 

Murexide (Acid Ammonium Purpurate) 

Used as a powder; usually mixed with an inert carrier (potassium 
sulfate) to facilitate handling. 

Naphthol Green TS. 

1-(2-Pyridylazo)-2-naphthol. 


Indicators for Reactions Involving Changes in Valence 


2,6-Dichloroquinone-chlorimide —(Dichlorophenolindophenol)—Usu- 
ally used as the sodium salt in a solution containing sodium bicarbon- 
ate to titrate ascorbic acid dosage forms. In oxidized form, it is blue in 
alkaline and rose-pink in acid solution; when reduced, it is colorless. 

Dicyanobis(1,10-phenanthroline)iron II Dihydrate—An indicator 
that reacts similarly to ortho-phenanthroline. 

Diphenylamine—Employed in titrations involving potassium dichro- 
mate as titrant. In reduced form it is colorless; in a reversible 
oxidation reaction it produces a brilliant violet diphenylbenzidine 
derivative. 

Iodine—Free iodine serves as its own indicator in assays where it is 
liberated and determined volumetrically by titration with standard 
potassium iodate. The endpoint is the disappearance of the violet 
color of iodine in chloroform added to the mixture being titrated for 
the purpose of dissolving and concentrating the iodine. 

Methyl Orange—Used as a test solution in titrations with potassium 
bromate; the color of this external indicator is discharged by excess 
titrant. 

Nitrophenanthroline—An indicator that reacts similarly to ortho- 
phenanthroline. 

Ortho-phenanthroline—Used in 1.5% concentration in 1.5% ferrous 
sulfate solution as an indicator in titrations involving standard ceric 
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sulfate solution. The color changes from red to pale green when the 
slightest excess of ceric sulfate is added to the oxidized solution. 

Oxalic Acid VS—This standard solution generally is used without an 
indicator because most reactions in which it takes part depend on 
decolorization of potassium permanganate. 

Potassium Permanganate VS—This highly colored solution is de- 
colorized on being reduced, so a separate indicator is not required. 

Potassium Thiocyanate—Used in conjunction with ferric chloride 
volumetric solution, a red compound is produced at the endpoint. 

Starch Iodide Paste TS—Approximately 5% suspension of potato 
starch in 0.75% potassium iodide with zinc chloride preservative. May 
be used as an external indicator for titrations with sodium nitrite VS. 
Starch iodide paste test solution must show a definite blue streak when 
a glass rod, dipped in a mixture of 1 mL of 0.1 M sodium nitrite, 500 mL 
of water, and 10 mL of hydrochloric acid is streaked on a smear of the 
paste. 

Starch-Potassium Iodide TS—0.5% KI in Starch TS. Must be freshly 
prepared. 

Starch TS—A 0.5% suspension of arrowroot starch in water, freshly 
prepared. A blue color is produced by starch in the presence of free 
iodine. 


INDICATOR PAPERS 


Strong, white filter paper is treated with hydrochloric acid and washed 
with water until the washings no longer show an acid reaction to methyl 
red. It then is treated with ammonia TS and again washed with water, 
until the washings are no longer alkaline toward phenolphthalein. It 
then is dried thoroughly. 

The dry paper is saturated with the proper strength indicator solu- 
tion and carefully dried by suspending the paper in a room free from 
acid or alkali fumes. 

The papers so prepared are kept in glass-stoppered bottles, and 
must be protected from light and moisture. 


Lead Acetate Test Paper—Prepared from lead acetate TS. 

Litmus Paper, Blue—Usually in the form of strips about 50 mm in 
length and 6 mm in width. 

Litmus Paper, Red—Usually in the form of strips about 50 mm in 
length and 6 mm in width. 

Mercuric Bromide Test Paper—Prepared from alcoholic mercuric 
bromide TS. 

Phenolphthalein Paper—Prepared from a 0.1% solution of phenol- 
phthalein in diluted alcohol. 

Potassium Iodate-Starch Paper—Strips of white filter paper im- 
pregnated with a solution prepared by mixing a 5% solution of 
potassium iodate with an equal volume of freshly prepared starch 
TS. 

Starch Iodate Paper—Strips of white filter paper impregnated with a 
mixture of equal volumes of starch TS and potassium iodate solution 
(1 in 20). 

Starch Iodide Paper—Strips of white filter paper impregnated with a 
solution of 500 mg of potassium iodide in 100 mL of freshly prepared 
starch TS. 

Turmeric Paper—Strips of white filter paper impregnated with tur- 
meric solution prepared as directed in the USP. 


Potentiometric Determination 
of Endpoints 


The detection of the endpoint in titrimetric assays by use of 
colorimetric indicators may sometimes be difficult, especially if 
the solution being titrated is colored or turbid. In some in- 
stances, titration to the equivalence or true endpoint is essen- 
tial, a requirement that is not met conveniently when an indi- 
cator is employed. In such cases the endpoint may be indicated 
potentiometrically, most commonly employing the millivolt 
scale of a pH meter. The potentiometric determination of end- 
points depends on the fact that in most titrations the potential 
across two suitable electrodes immersed in the solution being 
titrated undergoes a sharp change at the true endpoint (equiv- 
alence point); this change corresponds to the point where an 
indicator undergoes marked change of color. In some titrations 
neither the change of color nor the change of potential is sharp 
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at the endpoint, in which case titration to a predetermined 
voltage or voltage deflection is necessary. As it generally is 
more convenient to do this potentiometrically, rather than colo- 
rimetrically, this electrochemical method is employed. Suitable 
electrodes, such as a combination glass-calomel electrode, serve 
as a means of detecting the endpoint by sensing ionic activities. 

It may be pointed out here that the change of other electrical 
properties, such as resistance or the amount of current flowing 
in a solution being titrated, may be used to indicate the end- 
point in a titration. The general term electrometric titrations 


sometimes is applied to such titrations; specific titrations in 
this category are referred to as amperometric, conductometric, 
and high-frequency titrations. 


sys 


Table 30-3 contains the indicator abbreviations used in these 
sections. See Appendix A for explanation of abbreviations in 
parentheses appearing at the end of headings used throughout 
the rest of this chapter. 


Table 30-3. Indicators, Color Developing Reagents, and Techniques” 


AAP 4-Aminoantipyrine 

AAPF 4-Aminoantipyrine and potassium ferricyanide 

AC Antimony trichloride 

ACBD 4-Amino-6-chloro-1,3-benzenedisulfonamide (diazotized) 

ACT Ammonium cobaltothiocyanate 

AMDB Alkaline metadinitrobenzene 

ANB Alpha-nitroso-beta-naphthol (diazotized) 

ANS 1,2,4-Aminonaphtholsulfonic acid 

AP Alkaline picrate, TS 

AS Ammonium molybdate and stannous chloride 

AT Ammonium thiocyanate 

AV Azoviolet 

BcB Bromocresol blue 

BcG Bromocresol green 

BcP Bromocresol purple 

BF Basic fuchsin 

BM Bratton-Marshall reagent; N-(1-naphthyl)ethylenediamine 
added to the diazotized solution 

BnF Beta-Naphthoquinone sulfonate—formaldehyde 

BpB Bromophenol blue 

BPy 2,2'-Bipyridine 

BT Blue tetrazolium 

BtB Bromothymol blue 

CAN Ceric ammonium nitrate, TS 

cs Cyanogen bromide—sulfanilic acid 

CR Cresol red, TS 

CRTB Cresol red—thymol blue, TS 

CrV Crystal violet, TS 

CTA Chromotropic acid 

DCF Dichlorofluorescein 

DC Diphenylcarbazone, TS 

DBP Dicyanobis(1,10-phenanthroline)iron II dihydrate 

DBQ 2,6-Dibromoquinone chlorimide 

DcD 2,6-Dichloroquinone chlorimide 

DNP 2,4-Dinitrophenylhydrazine 

DP Diphenylamine, TS 

DT Dithizone 

EBT Eriochrome black T 

EY Eosin Y, TS 

FAS Ferric ammonium sulfate, TS 

FC Ferric chloride, acid, TS 

FCIT Ferrocitrate reagent 

FCP Folin-Ciocalteau-Phenol, TS 

FEH Ferric chloride and hydroxylamine 

FEN Ferric nitrate 

FET Ferrous tartrate reagent 

HDA Hexanitrodiphenylamine 

HNB Hydroxynaphthol blue 

HQ 8-Hydroxyguinoline 

IN Isoniazid reagent 

IP lron-phenol reagent 

MaG Malachite green, TS 


MDB Metadinitrobenzene 

MeB Methylene blue 

MeO Methyl! orange 

MeP Methyl purple, TS 

MeR Methyl red, TS 

MeY Methyl yellow (p-dimethylaminoazobenzene) 
MP Molybdophosphotungstate, TS 

MRB Methyl red—methylene blue, TS 

MV Methyl violet, TS 

Nb Para-Naphtholbenzein 

NiB Nile blue hydrochloride 

Np Nitrophenanthroline, TS 

ON Oxidized nitroprusside solution 

ONA Ortho-Nitroaniline 

Op Ortho-Phenanthroline, TS 

PAN 1-(2-Pyridylazo)-2-naphthol 

PBA Para-Bromoaniline 

PC Potassium chromate, TS 

PDA Para-Dimethylaminoazobenzene 

PDB Para-Dimethylaminobenzaldehyde 
PdC Palladium chloride 

PDS Phenoldisulfonic acid 

PH Phenylhydrazine hydrochloride 

Phth Phenolphthalein 

Poten Potentiometric determination of the endpoint 
PR Phenol red 

PTB Phenolphthalein—thymol blue 

PIG Potassium thiocyanate 

PyA Pyridine-acetic anhydride 

QR Quinaldine red 

R Reinecke’s salt 

SA Sulfuric acid in methanol 

SAF Sodium acetate-potassium ferricyanide 
SAS Sodium alizarinsulfonate, TS 

SD Sudan IV 

SN Sodium nitrite in acid solution 

SNF Sodium nitroferricyanide, TS 

SaO Safranin O 

SPI Starch-potassium iodide, TS, or paper or paste 
Sil Starch, TS 

TB Thymol blue 

TBP Tetrabromophenolphthalein, TS 

TBPE Tetrabromophenolphthalein, ethyl ester, TS 
TNP Trinitrophenol (picric acid) 

ne Thymolphthalein 

ALE Triphenyltetrazolium chloride 

UV Ultraviolet radiation 

VS Vanadyl sulfate 7 

XyO Xylenol orange 


° These are coded in the last column of Appendix B. They usually are employed as solutions, and often are the official Test Solutions (TS). 


ACID-BASE REACTIONS 

ELLE ET ET SS ETT ACT OE 
DIRECT OR RESIDUAL TITRATION OF AN ACID 

BY BASE (lA1a,lA2a) 

In this category a free acid is titrated directly using the method indi- 
cated in the monograph to determine the endpoint. 


Phosphoric Acid—Titrated in water with 1 N NaOH to a TP endpoint. 

Boric Acid—The use of glycerin increases the acid strength of the boric 
acid by formation of a glycero-borate complex according to the equa- 
tion given here. 


CH,OH 
H;BO, + 2 H—C—OH=H,0® + 2H, + 


CH,OH 


iS) 


CH,OH. HOH,C 


i ee: aie dea 
H,C—O OCH, 


Cellulose Acetate Phthalate—Phthalyl] content. 

Dibasic Sodium Phosphate—Treatment of the salt with hydrochloric 
acid forms phosphoric acid and the endpoint is determined potentiomet- 
rically from pH readings. Only one hydrogen of phosphoric acid is titrated 
in this procedure. 

Oxyphenbutazone—Even though a phenol, it is sufficiently strong to 
be titrated directly. 

Potassium Phosphate, Monobasic—See Sodium Phosphate, above. 

Sodium Citrate and Citric Acid Oral Solution—For citric acid, 
titration to a phenolphthalein endpoint. 

Sodium Phosphates Enema and Oral Solution—After the addition 
of a standard base, the solution is titrated potentiometrically, with 
standard acid, to two inflection points in the titration curve. 

Sulfinpyrazone—The sulfonyl group (—SO,—) makes the alpha- 
hydrogen sufficiently acid so that it may react with base. 

Sulfur—Sulfur is oxidized to sulfuric acid by the oxygen flask tech- 
nique, then titrated. In the oxygen flask technique, the sample is 
burned in a thick-walled iodine flask in an atmosphere of oxygen, in 
the presence of an absorbing solution (the nature of which depends 
on the sample being analyzed). After combustion the flask is shaken 
to absorb any gaseous product and treated as directed in the specific 
monograph. 


TITRATION OF A LIBERATED ACID BY A BASE (IA1ai) 


Cellulose, Oxidized—The sample is shaken with calcium acetate 
solution, to exchange calcium ion for hydrogen ion of the free car- 
boxyl groups. The liberated hydrogen ion is then titrated with stan- 
dard base. 

Phenacemide (and Tablets)—The amide is hydrolyzed to phenylacetic 
acid, extracted with chloroform, evaporated, and the free acid titrated. 


SORENSEN FORMOL TITRATION (IA 1aii) 


Meprobamate (and Oral Suspension)—After hydrolysis of the ester. 
Protein Hydrolysate Injection—For alpha-amino nitrogen. 


In each case the free amino acid is treated with formaldehyde to form 
the methylimino or methylol derivative, reducing the basicity of the amino 
group so that the free carboxyl group may be titrated. 


RCH(NH,)COOH + HCHO 
= RCH(NHCH,OH)COOH or RCH(N=CH,)COOH 


RESIDUAL TITRATION OF EXCESS BASE AFTER INTERACTION 

WITH ACID (IA2b) 

In this type of assay a measured excess of standard base is added to the 
prepared sample and the excess titrated with standard acid. Quite often 
a blank titration is performed, whereby the same volume of base, which 
was added to the sample, is titrated with standard acid. The difference 
in the volume of titrant used for the blank and sample is the volume of 
titrant equivalent to the sample. 
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Chloral Hydrate (and Capsules and Syrup)—The chloral-con- 
taining compounds are treated with excess standard sodium hydroxide 
which hydrolyzes the chloral to chloroform and sodium formate. Excess 
base is titrated with standard acid. 


CCl1,;CHO:-H,O + NaOH = CHCl; + HCOONa + H,O 


With Chloral Hydrate Syrup a correction must be made for original 
acidity by a preliminary titration of the sample with base. 


Ethyl Chloride—For ethyl chloride the halogen is hydrolyzed with 
excess standard alcoholic alkali and the excess titrated with acid. 

Formaldehyde Solution—The formaldehyde is oxidized to formic acid 
with peroxide in the presence of excess standard base and the excess 
titrated. 

Glutaral Concentrate—to a solution of hydroxylamine hydrochloride, 
neutralized to BpB with triethanolamine, a measured excess of trieth- 
anolamine is added, followed by the sample. The HC] liberated in the 
following reaction combines with triethanolamine and the excess is 
titrated with standard sulfuric acid. A blank is run on the reagents. 


OHC(CH;);CHO + 2NH,OH: HCl 
= HON=CH(CH,);CH=NOH + 2H,O + 2HCl 


Methenamine and Monobasic Sodium Phosphate Tablets—for 
sodium biphosphate. 


All of the phosphates above are assayed by first precipitating am- 
monium phosphomolybdate from a dilute nitric acid solution of the 
sample: 


AIPO, + 12(NH,),>MoO, + 24HNO, = (NH,);PO,-12MoO, 
+ 21NH,NO, + Al(NO;), + 12H,0 


The precipitated yellow molybdate is filtered, washed free of adhering 
nitric acid, and dissolved in an excess of standard alkali: 


(NH,),PO, - 12Mo0, + 23NaOH = 11Na,Mo0, 


+ NaNH,HPO, + (NH,),.MoO, + 11H,O 
Excess standard alkali then is titrated with standard acid. 


DIRECT TITRATION OF BASE BY ACID (IA1b) 


Oxtriphylline—For choline, using MeB. 

Potassium Hydroxide—For potassium hydroxide using Phth and for 
potassium carbonate content using MeO. 

Tromethamine (and for Injection)—For tromethamine using BcP. 


TITRATION OF VOLATILE BASES AFTER DISTILLATION (IA2ai,IA1c) 
Compounds in this category usually are hydrolyzed by boiling with 
strong alkali, and the ammonia or amines formed are distilled into 
excess standard acid or into a saturated boric acid solution. In either 
case, the excess standard acid is titrated with standard base, or the 
ammonia-boric acid complex titrated with acid; methyl red is the indi- 
cator for either method. 

If the nitrogen content only is determined, the Kjeldahl procedure is 
used. The general procedure for the Kjeldahl method involves digestion of 
the sample with a mixture of sulfuric acid and potassium sulfate in the 
presence of a catalyst. Copper, selenium, or mercury salts have been used 
as catalysts. After conversion of the organic nitrogen to ammonia (ammo- 
nium ion in the acidic medium), alkali is added and the liberated ammonia 
is distilled and collected in standard sulfuric acid or in boric acid. Titration 
of the residual sulfuric acid or the ammonium ion in the boric acid solution 
allows calculation of the nitrogen content (IA1c). 


Calcium Pantothenate—Nitrogen content by Kjeldahl method. 

Glucagon—Nitrogen content by Kjeldahl method. 

Ichthammol (and Ointment)—For ammonia; make alkaline and dis- 
till into excess standard acid. 

Neostigmine Methylsulfate—Dimethylamine distilled. 

Pyrazinamide—Amide hydrolyzed and ammonia distilled. 


TITRATION OF METAL SALTS WITH ACID (IA1bi) 


Caffeine and Sodium Benzoate Injection—The caffeine is ex- 
tracted with chloroform, ether is added to the residual aqueous 
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solution, and the mixture is titrated with acid, shaking vigorously. 
As free benzoic acid is liberated by titration with hydrochloric acid, 
it is immediately extracted into the ether phase. As the endpoint is 
exceeded, excess titrant causes the indicator (MeO) to change. 


RESIDUAL TITRATION OF EXCESS ACID AFTER INTERACTION 

WITH BASE (IA2a) 

For this category, a basic substance is treated with a measured excess 
of standard acid and the excess acid titrated with standard base. 


Ammonia Spirit, Aromatic—For the total ammonia assay, the sam- 
ple is boiled with excess standard acid and the excess titrated with 
sodium hydroxide. The ammonium carbonate is converted into an 
equivalent amount of sodium carbonate. 

Magnesium Trisilicate—For magnesium oxide (MeO). 

Zinc Undecylenate—Excess standard sulfuric acid is boiled with the 
salt, the liberated undecylenic acid is extracted with hexane, and 
the aqueous phase is titrated with standard base (MeO). 


RESIDUAL TITRATION OF EXCESS ACID FOLLOWING LIBERATION 
OF A BASE BY A STRONGER BASE (IA2a) 

Assays of this kind also are applied to extractions made of vegetable 
drugs containing alkaloidal principles and to the pharmaceutical prep- 
arations obtained from them. 

All of the assays are based on the principle that relatively weak 
organic bases are displaced readily from their salts by a stronger base, 
such as sodium hydroxide, sodium carbonate, or ammonium hydroxide. 
The last compound is more generally employed to liberate alkaloids from 
their salts. The liberated free bases are then extracted into an organic 
solvent (ether or chloroform) and the separated organic phase evaporated. 


TITRATION OF CARBONATE RESIDUES 

FROM IGNITED SALTS (lA2aii) 

In general the ignition of an alkali metal salt of a carboxylic acid forms 
sodium carbonate, carbon dioxide and water as exemplified by sodium 
citrate: 


2Na3;CgH;O, + 90, = 3Na,CO; + 9CO. + 5H,0 


Excess standard acid is added to the ignition residue and the residue 
titrated with base. The volume of standard acid consumed is multiplied 
by the appropriate conversion factor to determine the amount of alkali 
salt in the sample taken. 

Magnesium Citrate Oral Solution—For citric acid (Phth), after 
precipitation of calcium citrate and ignition of the filtered salt. 


RESIDUAL TITRATION INVOLVING SAPONIFICATION 

OF AN ESTER (IA2bi) 

In general, esters are determined by a saponification procedure of 
boiling the sample in excess standard alcoholic alkali, which acts as a 
mutual solvent. The excess alkali is determined with standard acid. A 
blank usually is run on the same volume of alkali used for the saponi- 
fication procedure. 


Oxandrolone—tThe ester is present in lactone form. 

Peppermint Oil—For total menthol content. The free menthol first is 
acetylated with acetic anhydride to form the ester, menthy] acetate. 
After purification to remove excess acetic acid and water, the ester 
is subjected to the saponification procedure. 

Polysorbates—Saponification value. 

Polyvinyl Alcohol—Degree of hydrolysis. 

Storax—Saponification value. 

Tolu Balsam—Saponification value. 


RESIDUAL TITRATION FOLLOWING AN ACYLATION 

REACTION (lA2aiii) 

The general method involves the treatment of an alcohol with an acylating 
reagent, usually acetic anhydride or phthalic anhydride in pyridine. Any 
excess anhydride remaining after the esterification reaction is converted to 
the free acid with water, and the acid titrated with standard base. A blank 
usually is run employing all the reagents except the sample. The difference 
in titer between the blank and the sample is the volume of base equivalent 
to the alcohol content of the sample taken. 


Polyethylene Glycol—For average molecular weight, using phthalic 
anhydride in pyridine. 


RESIDUAL TITRATION FOLLOWING THE HYDROLYSIS 

OF ALKOXYL GROUPS (IA2bii) 

A previously neutralized sample is saponified with excess standard 
base, and the excess is determined in the usual manner. 


Pectin—For methoxy] groups (galacturonic acid). 


PRECIPITATION REACTIONS 
SL LS ET 
TITRATION OF LIBERATED NITRIC ACID (IB1e) 

In assays of this type, silver nitrate reacts with the substance being 
assayed to form an insoluble silver derivative, simultaneously releasing 
an equivalent amount of nitric acid, which is titrated with standard 
alkali. 


Oxtriphylline—For theophylline. The solution from the choline assay 
is treated with silver nitrate and the above method followed. 


DIRECT TITRATION OF A THEOPHYLLINE-SILVER COMPLEX (IB1bi) 
The theophylline-silver complex is separated by filtration, dissolved in 
nitric acid, and the liberated silver ion titrated with thiocyanate (FAS 
indicator). 


Aminophylline—Some dosage forms, for theophylline. 


RESIDUAL TITRATION OF A THEOPHYLLINE-SILVER 

COMPLEX (IB2ai) 

The insoluble silver complex is precipitated from an ammoniacal solu- 
tion of the sample by warming with excess standard silver nitrate. After 
filtration, the excess silver ion is determined in the filtrate by titration 
with thiocyanate (FAS indicator). 


Dimenhydrinate—For 8-chlorotheophylline. 


DIRECT TITRATION OF HALOGEN (IB1a) 
These assays may involve the conversion of organic halogen to halide 
ion (if covalently bound) before titration. Silver nitrate is the titrant in 
all cases. 

The following are titrated without previous treatment: 


Anticoagulant Heparin Solution and Heparin Lock Flush Solu- 
tion—For NaCl. 


The following require hydrolysis with alkali: 


Melphalan. 

Methyclothiazide—Although two chlorine atoms occur in the mole- 
cule, only the benzylic halogen is sufficiently active to be hydrolyzed 
and then titrated with silver nitrate. 


The following require refluxing with zinc and alkali to liberate the 
halogen: 


Diatrizoate Meglumine (and Injection). 

Diatrizoate Meglumine and Diatrizoate Sodium Injection— 
The assay gives both compounds and a correction is made for Dia- 
trizoate Meglumine. 

Diatrizoate Sodium (and Injection and Solution). 

Diatrizoic Acid. 

Iocetamic Acid (and Tablets). 

lodipamide. 

Iodipamide Meglumine Injection. 

Iopanoic Acid. 

Iothalamate Meglumine Injection. 

Iothalamate Meglumine and Iothalamate Sodium Injection. 

Iothalamate Sodium Injection. 

Iothalamic Acid. 

Ipodate Calcium (and for Oral Suspension). 

Ipodate Sodium (and Capsules). 


RESIDUAL TITRATION OF HALOGEN (IB2aii) 

Excess standard silver nitrate is added to a solution of the prepared 
sample containing ionic halogen. The excess silver nitrate is then ti- 
trated with standard ammonium thiocyanate. This method is known as 
the Volhard procedure. Nitrobenzene is added, in the titration involving 
silver chloride, to prevent its interaction with thiocyanate. Ferric Alum 
(FAS) is the usual indicator. Quite often the ionic halogen must be 
liberated from an organic compound. 


Chlorobutanol—After hydrolysis with base. 
Mannitol in Sodium Chloride Injection—For sodium chloride. 
Sodium Chloride and Dextrose Tablets—For sodium chloride. 


TITRATION WITH THIOCYANATE (IB1b) 

Silver ion or mercury(II) ion is titrated with thiocyanate. With silver, 
insoluble silver thiocyanate is formed; with mercury(II) un-ionized mer- 
curic thiocyanate is produced. Ferric alum (FAS) is the usual indicator. 


Nitromersol (and Solution)—The sample is digested with sulfuric acid 
and peroxide, and oxidized with permanganate to form mercuric ion. 


Phenylmercuric Acetate and Phenylmercuric Nitrate—Both are 
decomposed with formic acid to release mercury, which is scavenged 
with zinc metal and then dissolved in nitric acid. 


TITRATION WITH THORIUM(IV) (IB1d) 


Sodium Monofluorophosphate—The sample, acidified with sulfuric 
acid, is distilled and the fluoride-containing distillate is titrated 
with thorium nitrate solution, using sodium alizarinsulfonate indi- 
cator. Insoluble thorium tetrafluoride is formed in the acid solution, 
and when all the fluoride ion is precipitated the pink-red thorium 
salt of the indicator is produced. 


REDOX REACTIONS 


TITRATIONS INVOLVING DIRECT OXIDATION 
WITH CERIC SULFATE (IC1a) 


Ceric sulfate is of value in titrating iron(II) salts in mixtures that 
contain excipients or diluents that have a reducing action on per- 
manganate, but have no effect on ceric sulfate. The equation that 
applies is 


2FeSO, + 2Ce(SO,). = Feo(SO,4), + Ceo(SO,)3 


Ferrous Fumarate—Prior to titration with ceric sulfate, stannous 
chloride is added to ensure that all the iron is in the reduced state; 
excess tin is removed by precipitation with mercuric ion. 

Homatropine Hydrobromide—Following hydrolysis with base, the 
mandelic acid thereby liberated is oxidized by the titrant. 

Menadione—The quinone groups are reduced with zine and acid to 
hydroquinone and then reoxidized with the titrant. 


DIRECT TITRATION WITH POTASSIUM PERMANGANATE (IC1b) 


The sample is oxidized directly by the permanganate titrant. No indi- 
cator is required, as a slight excess of permanganate imparts a distinct 
pink color indicating the endpoint. 


Hydrogen Peroxide Concentrate (and Topical Solution). 


TITRATION USING FERRIC ALUM AND PERMANGANATE (IC1bi) 


In this reaction category an excess of ferric ammonium sulfate is added 
to the sample, which reduces the ferric iron to iron(II), and the latter is 
titrated with permanganate. 


Titanium Dioxide—The sample is dissolved by heating with sulfuric 
acid and ammonium sulfate; the titanium(IV) is reduced to titani- 
um(III) with zinc amalgam, and ferric alum is added to reoxidize the 
titanium with simultaneous formation of an equivalent amount of 
ferrous ion, which is titrated with permanganate. 


RESIDUAL TITRATION USING OXALIC ACID 
AND PERMANGANATE (IC2e) 


Potassium Permanganate—An excess of standard oxalic acid is re- 
acted with a warm, acidified solution of the sample; the excess oxalic 
acid then is titrated with permanganate. 

Sodium Nitrite—tThe nitrite first is oxidized to nitrate with an excess 
of standard permanganate and the unreacted permanganate is re- 
duced with an excess of oxalic acid, which is titrated with more 
standard permanganate. The reason for using an excess of perman- 
ganate in the first step is to prevent loss of nitrous acid on acidifying 
the sodium nitrite; the addition of an excess of oxalic acid is to 
ensure reduction of permanganate to manganous ion rather than an 
intermediate of higher valence. 


DICHLOROPHENOL-INDOPHENOL TITRATION (IC1c) 


Ascorbic acid in Ascorbic Acid Injection may be oxidized quantitatively 
by titration with dichlorophenol-indophenol volumetric solution, which 
also serves as its own indicator. During the titration, the blue color of 
the dichlorophenol-indophenol solution is discharged by the reducing 
action of the ascorbic acid; when the endpoint is reached, a permanent 
reddish color is imparted by the slightest excess of titrant. The reaction 
is explained as 
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Cl 
HO. O 
Leen 
N 
Cl 
2,6-dichlorophenolindophenol 
(blue in alkaline— 


OH 
O. 20 
Sox + 
HO OH 
red in acid solution) 
ss OH 
HO OH a 
oO 
NH alk + HO 
Cl 
oO oO 


reduced indicator 
(colorless) 


SODIUM TETRAPHENYLBORON TITRATION (IE1) 


Quaternary ammonium salts are capable of forming chloroform-soluble 
compounds with bromophenol blue as 


Br Br Br Br 
HO OH O OH 
Br Cc Br Br C Br 
; 
O 
i. + 2RCl 
SOp SO3R 
bromophenol quaternary chloroform- 
blue salt soluble product 


The product is extracted from alkaline solutions into chloroform. Titration 
with sodium tetraphenylboron removes the quaternary salt from the prod- 
uct, discharging the color from the chloroform layer. In this assay, the 
quaternary salt and bromophenol blue, in a mixture of chloroform and 
water, are titrated with the sodium tetraphenylboron solution. 


ASSAYS INVOLVING DIPHASIC AMINE-SURFACTANT TITRATION 
(IE2 AND 3) 


Cetylpyridinium Chloride Lozenges—See A, below. 
Docusate Calcium—See B, below (TBA). 

Docusate Potassium—See B, below (TBA). 

Docusate Sodium—See B, below (TBA). 
Methylbenzethonium Chloride Dosage Forms—See A, below. 


A.—In this type of assay, the amine salt is dissolved in chloroform, 
the indicator is added, and the mixture is shaken. The indicator dis- 
solves in the organic phase. Titration of this two-phase system (with 
adequate shaking) with a surfactant solution, such as sodium lauryl 
sulfate, produces a water-soluble complex between amine and surfac- 
tant. As the endpoint is exceeded, the excess surfactant reacts with the 
basic dye (in the organic layer) and the indicator color changes from 
pale yellow to red (MeY), blue (BpB), or pink (SaO). Standardization of 
the titrant is effected using a pure sample of the substance being 
assayed as the standard. 

B.—In this modification, the surfactant is the substance being assayed 
and is added to the chloroform-water—indicator mixture. The titration 
is now performed using a solution of a quaternary amine (cetalkonium 
chloride-CAC or tetrabutylammonium iodide-TBA) and the endpoint is 
reached when the color disappears from the chloroform layer. 


DIRECT TITRATION WITH TITANIUM TRICHLORIDE (IC1f) 
These titrations depend on the reduction of the colored sample and 
subsequent discharge of the color at the endpoint. 


RESIDUAL TITRATION WITH TITANIUM TRICHLORIDE (IC2d) 

The sample is heated with excess standard titanium trichloride, in an inert 
atmosphere. Excess reagent is determined by titration with ferric ammo- 
nium sulfate; as the indicator, thiocyanate ion gives a red endpoint. 


TITRATION OF IODINE LIBERATED FROM POTASSIUM IODIDE 

(IC 1lii) 

Assays in this category involve addition of the substance being assayed 
to an acidified solution of potassium iodide as exemplified by the equa- 
tion with cupric sulfate: 


2CusO),, + 4K = 2Cul - Ik 2kK5S0; 


The liberated iodine is titrated with thiosulfate; starch is employed as 
the indicator: 
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I, + 2Na,S,03 = 2Nal + NayS4O¢ 
In many cases the sample requires an initial special treatment. 


Ethiodized Oil Injection—See A, below. 

Ethylcellulose—For ethoxyl, by the Zeisel alkoxy procedure. 

Ferric Oxide—As for Ferrous Fumarate Tablets, replacing nitric acid 
with hydrochloric acid. 

Ferrous Fumarate Tablets—The sample is decomposed with nitric 
and perchloric acids. Addition of KI to the iron(II] solution causes 
reduction of the iron and liberation of free iodine, which is titrated 
with thiosulfate. 

Iodoquinol (and Tablets)—See A, below. 

Iophendylate and Injection—Treatment with sodium biphenyl in 
toluene liberates iodide ion, which is extracted into dilute phospho- 
ric acid. Addition of hypochlorite then liberates free iodine. 

Methyleellulose Ophthalmic Solution and Oral Solution—Me- 
thoxyl; see Hthylcellulose, above. 

Propyliodone (and dosage forms)—See A, below. 

Selenium Sulfide (and Lotion)—After treatment with fuming nitric 
acid to form selenious acid. Potassium iodide then reduces the 
selenium, liberating iodine: 


H,SeO; + 4KI + 4H* Se + 21, + 4K* + 3H,0 


A.—Substances in this category are initially decomposed using the 
Oxygen Flask Combustion Method, and the sample is treated with 
bromine, as directed for B; below. 

B.—The sample is fused with potassium carbonate, acidified, and 
oxidized with bromine to form iodate and bromide ions. The solution is 
boiled to expel bromine; phenol or formic acid is added to scavenge any 
remaining halogen; then KI is added and the iodate ion liberates free 
iodine, which is titrated. 


TITRATIONS WITH POTASSIUM IODATE (IC1n) 
When potassium iodate solution is titrated into an acidified solu- 


tion of an alkali metal iodide, free iodine is liberated according to 
SKI + KIO; + 6HCl>= 6KC) + si, + 3.0 


When this step of the reaction is complete, and if a sufficiently high 
concentration of hydrochloric acid is present, the liberated iodine is 
converted into iodine monochloride, as is shown by 


KIO; + 21, 4) GHC! —sKel => Sicily. 3H.0 
Combining both reactions, 
KiO; > 2h = 6HhCl = skCl se siCir ehZ@ 


The endpoint of this titration is the disappearance of the iodine color 
from a few milliliters of chloroform, added to serve as an indicator. 


Benzalkonium Chloride (and Solution)—Each equivalent of the 
quaternary chloride yields one equivalent of iodide ion, which is 
titrated according to the above reaction. 

Hydralazine Hydrochloride Injection—The hydrazino group of hy- 
dralazine is oxidized by potassium iodate to nitrogen and is replaced 
by a hydroxyl group on the phthalazine ring in accordance with 


oe + KIO, + 2HCl = 
N 
hydralazine 
OH 
KC] + ICl + Qe: + 2H.0 
N Z 2 


1-phthalazinol 


Iodine Topical Solution—For sodium iodide; free iodine is first re- 
duced by titration with arsenite. 

Strong Iodine Solution—For potassium iodide; as for Iodine Topical 
Solution. 

Iodine Tincture, Strong Iodine Tincture—For sodium iodide and 
potassium iodide; as for Iodine Topical Solution. 

Stannous Fluoride—For tin(IJ); in HCl solution, KI is added and 
iodide is converted to iodine, which is titrated with iodate. 


REACTION OF KI WITH EXCESS PERIODATE (IC1liii) 


Mannitol Injection—An acidified solution of the prepared sample is 
heated with periodate and acid, oxidizing the mannitol as 


C.H,,0O, + 5HIO, = 2HCHO + 4HCOOH + 5HIO, + H,O 


The excess periodate and the iodate formed in the reaction react with KI 
to liberate iodine 


HIO, + HIO, +42H1 = 715.4 7hee 


A blank is performed and the difference in the volumes of thiosulfate 
titrant is equivalent to the mannitol in the sample. 


Mannitol in Sodium Chloride Injection—For Mannitol Injection, as 
above. 


DIRECT TITRATION OF IODINE WITH THIOSULFATE (IC1l) 
No preliminary preparation of the sample is necessary, as the iodine is 
present in the free state. 


Povidone-lodine—For available iodine. 


RESIDUAL TITRATION OF IODINE FOLLOWING DICHROMATE 
PRECIPITATION (IC2ai) 

These assays are based on the insolubility of the dichromate precipi- 
tated from an aqueous solution of the sample on the addition of excess 
standard potassium dichromate. After removal of the precipitate, the 
excess dichromate in the filtrate is determined by adding excess KI, 
which liberates free iodine and is titrated with thiosulfate. 


Cr O— + 7H 


RESIDUAL TITRATION OF EXCESS STANDARD IODINE (IC2a,f) 

A sample of the assay material is oxidized or converted to a periodide or 
iodine substitution product with standard iodine, and the excess iodine 
is determined by titration with thiosulfate. 


4H -Gle—= 1315 2Ors 


Phenelzine Sulfate—The hydrazine is oxidized by iodine as indicated 
by 


C,H;CH,NHNH,-H,SO, + 21, + 5NaHCO;= C,H;CHyI 
+ 3NaI + Na,SO, + 5CO, + 5H,O + N, 


IODIMETRIC DETERMINATION OF PHENOLS (IC2a,c) 

In these assays a bromophenol derivative is precipitated by adding a 
bromine (potassium bromate—potassium bromide) volumetric solution 
to a solution of the sample and acidifying to release free bromine, 
according to 


5KBr + KBrO; + 6HCl = 6KCl + 3Br. + 3H,O 


The free bromine immediately reacts with the phenolic substance, as in 
the following equation using phenol as an example: 


C,H;0H + 3Br. = C,H,Br;0H + 3HBr 


Potassium iodide then is added, and the excess bromine liberates free 
iodine: 


2K SE Br = 2K Bra 15 


It is titrated with thiosulfate. A blank is run on the same quantity of 
reagents, omitting the sample. 


DIRECT TITRATION WITH STANDARD IODINE (IC1k) 
The sample is titrated directly; starch TS is usually employed as the 
indicator. 


Ascorbic Acid—A direct titration. If ascorbic acid is present in a 
multiple vitamin preparation, the dichlorophenol-indophenol proce- 
dure is employed. 

Echothiophate Iodide (and for Ophthalmic Solution)—The ester 
first is hydrolyzed with pH 12 buffer to yield the free mercaptan, 
which then is oxidized, by titration with iodine, to the disulfide. Any 
free mercaptan in the original sample is corrected for by a prelimi- 
nary titration. The following equations apply: 


[(C,;H;O0).(PO)—S—CH,CH,N(CHs)3] "I + H,0 


Echothiophate 


= [HSCH,CH.N(CH3)3]° ID + (CsH;0).(PO)OH 


2(HSCH,CH,N(CHs)3] Ir + I, 


mercaptan 
= 2(—SCH,CH,N(CH,);*]I- + 2HI 


Sulfur Dioxide—On absorption in sodium hydroxide, bisulfite ion is 
produced and then titrated with iodine. 


RESIDUAL TITRATION OF EXCESS THIOSULFATE 
WITH IODINE (IC2b) 


Mechlorethamine Hydrochloride and Mechlorethamine Hydro- 
chloride for Injection—Thiosulfate reacts with the active chlo- 
rine atoms according to 


CH;N(CH,CH,Cl),- HCl + NaHCO; + 2Na,S,0, 
= CH;N(CH,CH,S,03;Na), + 3NaCl + CO, + H,O 


DIRECT TITRATION OF IODINE WITH ARSENITE (IC1m) 


Free or liberated iodine is titrated with a standard sodium arsenite 
solution. 


Iodine Topical Solution—For iodine. 
Iodine Solution, Strong—For free iodine. 
Iodine Tincture and Strong Iodine Tincture—For free iodine. 


DIRECT TITRATION WITH FERRIC CHLORIDE (IC1g) 
Articles in this category are titrated with ferric chloride using thiocy- 
anate indicator. 


DIRECT TITRATION WITH STANDARD BROMINE (IC1h) 


Thymol—A warm solution of the sample is titrated to produce a bromo- 
derivative, analogous to the determination of phenols. However, 
an excess is not employed, because methyl orange, whose color 
is bleached as the equivalence point is exceeded, is used as an 
indicator. 


TITRATIONS INVOLVING SODIUM NITRITE SOLUTION (IC1j) 

Most compounds in this group, being primary aromatic amines or deriva- 
tives that may be converted to such amines, are capable of undergoing 
quantitative diazotization of the amino group substituted on the aromatic 
ring, as illustrated by the following equation using p-aminobenzoic acid. 


H,.NC,H,COOH + NaNO, + 2HCl = CIN,C,H,COOH 
+ NaCl + 2H,O 


The titration with sodium nitrite is performed potentiometrically in a 
solution containing crushed ice (to prevent decomposition of the diazonium 
salt), or until a drop of the titrated solution produces an immediate blue 
color with starch iodide paste used as an external indicator. Sulfonamides 
in which the reactive amino group is acylated must first be hydrolyzed to 
release the free amine form of the sulfonamide prior to diazotization. 


Primaquine Phosphate (and Tablets)—This substance contains a 
secondary amino group and nitrosation rather than diazotization 
occurs, the —=NH group being converted to =N—NO (N-nitroso). 

Procaine and Tetracaine Hydrochlorides, Procaine and Tetra- 
caine Hydrochlorides, and Levonordefrin Injection—For pro- 
caine and tetracaine, after removal as the thiocyanate. 


COMPLEXATION REACTIONS 


DIRECT WITH ETHYLENEDIAMINETETRAACETIC ACID 

(EDTA) (1D1a,IDib) 

EDTA complexes with many polyvalent metals to form an undissociated 
chelate. A buffered solution of the sample is titrated with EDTA (as the 
disodium salt). The indicator used is a dye that forms a weak chelate 
with the analyte metal. At the endpoint the color changes when the 
indicator-metal complex can no longer exist. 


Alumina and Magnesia Oral Suspension (and Tablets)—For mag- 
nesium hydroxide, using ammonium hydroxide and ammonium 
chloride buffer (EBT). 

Calcium Pantothenate (and Tablets)—For calcium content. 

Calcium Pantothenate, Racemic—For calcium content. 

Edetate Calcium Disodium (and Injection)—Mercury(II) nitrate is 
the titrant. 
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Edetate Disodium (and Injection)—Primary standard calcium car- 
bonate, after suitable preparation, is titrated with a solution of the 
Assay Preparation. 

Edetic Acid—Calcium carbonate (primary standard) is titrated with a 
solution of the Assay Preparation. 

Magaldrate (and Oral Suspension and Tablets)—For magnesium 
hydroxide. 

Magnesia and Alumina Oral Suspension (and Tablets)—For mag- 
nesium hydroxide. 


RESIDUAL TITRATION INVOLVING EDTA (ID2a) 

To assay for aluminum, in many combinations containing both mag- 
nesium and aluminum a residual method is employed. Excess EDTA 
is added to a suitably buffered sample, and the excess determined by 
titration with standard zinc sulfate solution. By use of proper buffers 
and masking agents (weak complexing materials), it often is possible 
to determine mixtures of calcium and aluminum, calcium and mag- 
nesium, or zinc and aluminum without preliminary separation. 


Alumina and Magnesia Oral Suspension (and Tablets)—For alu- 
minum hydroxide (DT). 

Aluminum Acetate Topical Solution—For aluminum oxide (DT). 

Aluminum Subacetate Topical Solution—For aluminum oxide (DT). 

Magaldrate (and Oral Suspension and Tablets)—For aluminum 
hydroxide (DT). 

Magnesia and Alumina Oral Suspension (and Tablets)—For alu- 
minum hydroxide (DT). 


Acid-Base Reactions 
in Nonaqueous Solvents 


Titrimetric methods employing nonaqueous solvents are used 
extensively for the assay of certain materials that cannot be 
titrated easily in aqueous systems. Water is a leveling solvent, 
and many weak acids or bases do not give a sufficiently sharp 
break in the titration curve to evidence a distinct endpoint. 
However, in a nonaqueous solvent such as glacial acetic acid, 
weak organic bases and their salts can be titrated with an 
acetic acid solution of perchloric acid. The strongest acid avail- 
able in aqueous medium is the oxonium ion, H;O’, in acetic 
acid, but the proton of perchloric acid forms the acetacidium 
ion, CH,C(OH),. 


CH;COOH + HClO, = CH;C(OH), + ClO; 


The reaction between acetacidium ion and an amine (a weak 
base) is illustrated by the following equation, forming the am- 
monium ion and acetic acid. 


CH;C(OH); + RNH, = CH,COOH + RNH; 


No difficulty is experienced in the titration of amine salts other 
than salts of halogen acids. In the latter case, mercury(II) 
acetate is added to form undissociated mercury(II) halide, thus 
preventing interference by the halogen acid, which would be 
liberated in its absence (Pifer—Wollish method). 

Weak organic acids, such as carboxylic acids, phenols, bar- 
biturates, sulfonamides, or enols, also may be titrated in non- 
aqueous medium using a strong base. These include the sodium 
or lithium salts of methanol or ethanol, and the reaction is of 
the ordinary neutralization type, as illustrated below for an 
organic acid with sodium ethoxide. 


RCOOH + C,H;ONa = RCOONa + C.H;0H 


In both types of titration, acid or base, the endpoint may be 
determined with indicators or potentiometrically as depicted in 
the accompanying chart (Table 30-4) taken from the USP. 


TITRATION OF BASIC SUBSTANCES (IA1bii) 
Dimenhydrinate—For diphenhydramine (poten). 


Diphenoxylate Hydrochloride and Atropine Sulfate Oral Solu- 
tion and Tablets—For diphenoxylate hydrochloride. 
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Table 30-4. Systems for Nonaqueous Titrations 


RELATIVELY NEUTRAL 
(FOR DIFFERENTIAL 
TITRATION OF BASES) 


ACIDIC (FOR TITRATION 


TYPE OF SOLVENT OF BASES AND THEIR SALTS) 


RELATIVE NEUTRAL 
(FOR DIFFERENTIAL 


BASIC (FOR TITRATION OF ACIDS) TITRATION OF ACIDS) 


Solvent? Glacial acetic acid Acetonitrile 
Acetic anhydride Alcohols 
Formic acid Chloroform 
Propionic acid Benzene 
Sulfury! chloride Ch!orobenzene 
Ethyl acetate 
Dioxane 
Indicator Crystal violet Methyl red 
Quinaldine red Methyl orange 
p-Naphtholbenzein p-Naphtholbenzein 
Alphazurine 2-G 
Malachite green 
Electrodes Glass-calomel Glass-calomel 


Glass-silver-silver chloride 
Mercury-mercuric acetate 


Calomel-silver-silver chloride 


Dimethylformamide Acetone 

n-Butylamine Acetonitrile 

Pyridine Methyl ethyl ketone 
Ethylenediamine Methyl isobutyl ketone 
Morpholine tert-Buty! alcohol 
Thymol blue Azo biolet 
Thymolphthalein Bromothymol blue 
Azo violet p-Hydroxyazobenzene 


o-Nitroaniline 
p-Hydroxyazobenzene 
Antimony-calomel 
Antimony-glass 
Antimony-antimony? 
Platinum-Calomel 
Glass-calomel 


Thymol blue 


Antimony-calomel 
Glass-calomel 
Glass-platinum? 


? Relatively neutral solvents of low dielectric constant such as benzene, chloroform, or dioxane may be used in conjunction with any acidic or basic solvent to 


increase the sensitivity of the titration endpoints. 
° In titrant. 


Mepivacaine Hydrochloride and Levonordefrin Injection— 
For mepivacaine. 

Potassium Acetate—Titration of a salt of a carboxylic acid. 

Potassium Sorbate—See Potassium Acetate. 


TITRATION OF ACIDIC SUBSTANCES (IA 1aiii) 

A strong base is used to titrate very weak acids. Special precautions 
must be employed to exclude atmospheric carbon dioxide, which inter- 
feres with the titration. The titrants used frequently are indicated. 
Titrants employed are 


1—Lithium methoxide solution. 

2—Sodium methoxide solution. 
3—Tetrabutylammonium hydroxide solution. 
4—Tributylethylammonium hydroxide solution. 


GRAVIMETRIC METHODS 

LEAL LL ST 
In gravimetric methods of analysis, the assay results generally 
are obtained by determining either the weight of a substance in 
the sample, or the weight of some other substance derived from 
the sample, the equivalent weight of which serves as the basis 
for calculating the result. Separation of the substance ulti- 
mately weighed is accomplished frequently by purely physical 
methods. On the other hand, there are many instances in which 
it is necessary to use a chemical reaction to convert the sub- 
stance to a corresponding amount of some other substance that 
can be separated, purified, and weighed. The various types of 
official gravimetric assays may be grouped conveniently into 
the following categories. 


WEIGHING THE ACTIVE INGREDIENT AFTER SEPARATION (IIA) 
The active principle is separated, dried and, weighed. 


Caffeine and Sodium Benzoate Injection—For caffeine, after solu- 
tion of the sodium benzoate in water. 

Collodion—Pyroxylin is precipitated by water, dried, and weighed. 

Estrone Injection—An elaborate purification procedure is involved 
whereby the estrone is converted to a water-soluble derivative using 
trimethylacethydrazide ammonium chloride (Girard’s reagent for car- 
bonyl compounds); the aqueous extract contains only ketonic material, 
as the reagent reacts only with carbonyl compounds. The aqueous 
extract then is decomposed with acid to regenerate estrone, which is 
extracted into chloroform; the solvent is removed and the residue 
weighed. 


PRECIPITATION AND WEIGHING OF A DERIVATIVE 
OF THE ACTIVE INGREDIENT (IIB) 


Anticoagulant Citrate Phosphate Dextrose Solution—For dex- 
trose, a precipitate of Cu,O, from reaction with Fehling’s solution, is 
weighed. 


Barium Sulfate—The sample is fused with sodium carbonate, forming 
barium carbonate, which is dissolved in acid; the barium is precip- 
itated as the chromate, and is weighed. 

Camphor Spirit—For camphor, as the 2,4-dinitrophenylhydrazone. 

Ichthammol (and Ointment)—For total sulfur as barium sulfate after 
oxidation with nitric acid and perchlorate (see Sulfur Ointment). 

Lanolin Alcohols—The cholesterol content is determined by precipi- 
tation as digitonide. 

Magnesium Citrate Solution—For MgO as the 8-hydroxyquinolate. 

Parachlorophenol, Camphorated—For para-chlorophenol: silver 
chloride is precipitated after release of chloride by oxidation with 
hot permanganate. For camphor: as the 2,4-dinitrophenylhydra- 
zone. 

Potash, Sulfurated—For sulfur by treatment with copper(ID sulfate 
to precipitate copper(II) sulfide, which is ignited to oxide and 
weighed. 

Sorbitan Esters—The sample is saponified, the fatty acid is separated 
from the acidified aqueous solution, and it is weighed. The aqueous 
phase is concentrated and extracted with ethanol; the extract is 
concentrated to yield the polyols, which are weighed, 

Sulfur Ointment—The sample is oxidized with nitric acid to convert 
sulfur to sulfate, which is precipitated and weighed as barium 
sulfate. 


WEIGHING OF THE RESIDUE AFTER IGNITION OF THE SAMPLE (IIC) 


Aluminum Monostearate—As aluminum oxide. 

Silica Gel—See Silicon Dioxide, Colloidal. 

Silicon Dioxide, 

Colloidal—Silica is determined by difference; the sample is weighed 
before and after treatment with hydrofluoric acid, which converts 
silica into the volatile silicon tetrafluoride. The difference in weight 
represents the silica content of the sample. 

Zine Oxide and Salicylic Acid Paste—For total zinc, as the oxide. 


SPECTROMETRIC METHODS 


Photometric analysis depends upon the measurement of the 
amount of light absorbed by a solution (spectrophotometry), a 
suspension (turbidimetry), the amount of light scattered by a 
suspension (nephelometry), or the intensity of the light emit- 
ted by an element when subjected to high temperatures 
(flame photometry). The measurement of light in the visible 
region (colorimetry) may be accomplished using a colorime- 
ter or spectrometer or less accurately by visual comparison 
with color standards. See Chapter 33 for a more detailed 
treatment. 

Radiant energy waves that are of importance to spectropho- 
tometry range from 200 to 400 nm in the ultraviolet, from 400 


to 750 nm in the visible range, and from 750 to 25,000 nm in the 
near infrared and infrared regions. The relatively large num- 
ber of spectrometric assays that are described now in the offi- 
cial compendia testifies to the widespread development and 
general acceptance of the analytical methods that belong in 
this category. 


VISIBLE ABSORPTION (COLORIMETRY) ASSAYS (IIIA) 

If an absorption spectrometric analysis is specified in the USP-NF, a 
formula is provided to ensure accuracy in the calculation of the analyt- 
ical result. In most cases, a numerical constant is found in the formula 
and may be deduced as follows. As Beer’s Law holds for both the analyte 
(A) and standard (S) solutions, Equations 1 and 2 may be written 


Ay = abe, (i) 
As = abes (2) 


where A, is the absorbance of the analyte solution whose concentration 
is C,; Ag is the absorbance of the standard solution whose concentration 
is C.; and a is the absorptivity of the drug substance, and b is the path 
length or cell thickness. If cells of the same thickness are used, Equa- 
tion 1 may be divided by Equation 2 and the resulting expression solved 
for C, to give 


A 
C, = am Cs (3) 
For a solution to have a proper concentration such that the 
absorbance may be in the range of the spectrometer, an initial 
analyte sample, large enough to minimize weighing errors, is chosen 
and the initial solution is then carried through a series of dilutions 
to produce the final desired solution concentration. The final analyt- 
ical measurement should be related back to the original analyte 
sample, W,, in milligrams; thus, Equation 4 may be written to 
indicate the total volume V,, in liters of solution of concentration, C, 
in milligrams per liter, which would result if the entire quantity W, 
were diluted directly. 


Wa = Vila (4) 


Equation 4 may be solved for C, and substituted into Equation 3 to 
yield Equation 5. Thus, the constant V, is the numerical constant that 
is found in spectrometric analyses and represents the total volume of 
solution of concentration C, that could be made from the entire initial 
analyte sample, W,. 


A 
Wa = Va is Cs (5) 
It should be carefully noted that the spectrophotometric measure- 
ment allows the calculation of the mass of absorbing material, W,. If 
the original sample is not pure drug substance but is a dilution, such 
as drug substance plus excipients, it should be clear that the per- 
centage of the analyte in the sample taken, W. is given by 
Equation 6. 


sample? 


Wa 


Wieser 


x 100 (6) 


Under this heading are considered those assays that depend on 
the development of color or upon the color of the substance being 
assayed. The absorbances are measured accordingly at wavelengths 
that are within the visible range of the spectrum. These colorimetric 
assays generally consist of adding a reagent to the assay preparation 
or to the substance being tested, to produce a color that is compared 
with that of a standard preparation that has been prepared simul- 
taneously and contains approximately an equal quantity of a refer- 
ence standard. When the absorbance of a frequently assayed sub- 
stance has been found to conform to Beer’s law over a reasonable 
range of concentration, it is considered permissible to use a standard 
curve, prepared with the respective reference standard, for interpo- 
lation of the data obtained with the assay preparation. 

In some instances characteristic colors are developed in flame pho- 
tometers by subjecting an inorganic element or its compound in solution 
to an intensely hot flame. The intensity of the colors (radiations) is 
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compared photometrically in a suitable spectrometer with standard 
solutions containing the same element. 

The various models of available spectrometers are suitable for mak- 
ing these colorimetric measurements. Photoelectric colorimeters of the 
filter type, in which the light absorption is measured by sensitive 
photoelectric cells, also are used largely for making these determina- 
tions and several of these are commercially available. 


DYE-COMPLEX METHOD (IIIA2) 

Quaternary salts and many amines are capable of forming chloroform- 
soluble complexes with indicators, such as bromophenol blue. The usual 
procedure is to shake a mixture of the assay preparation, chloroform, 
and a buffer containing the indicator. The dye-complex partitions into 
the organic layer, which is separated and filtered to remove any adher- 
ing aqueous phase; the absorbance is then determined. 


COLORIMETRY INVOLVING A CHROMOGENIC REAGENT (IIIA1,4) 
When a three-digit number followed by a letter code is given, this indicates 
the analytical wavelength and color-developing reagent employed. 


Anticoagulant Citrate Phosphate Dextrose Solution—For mono- 
basic sodium phosphate; 660, ANS. For citrate; 425, PyA. 

Carbachol Ophthalmic Solution—Hypochlorite is employed to form 
the N-chloroamide and this derivative with KI forms free iodine 
which reacts with starch TS, 590. 

Mepivacaine Hydrochloride and Levonordefrin Injection— 
For levonordefrin; 530, FCiT. 

Methenamine and Monobasic Sodium Phosphate Tablets— 
For methenamine; 570, CTA. 

Norgestrel and Ethinyl Estradiol Tablets—For ethinyl] estradiol; 
536, H,SO,. 

Procaine and Phenylephrine Hydrochlorides Injection—For 
phenylephrine; 500, AAP. 

Procaine and Tetracaine Hydrochlorides and Levonordefrin In- 
jection—For levonordefrin; 530, FCiT. 

Propoxycaine and Procaine Hydrochlorides and Levonordefrin 
Injection—For levonordefrin; 530, FCiT. 

Propoxycaine and Procaine Hydrochlorides and Norepineph- 
rine Bitartrate Injection—For norepinephrine; 530, FCiT. 

Propoxyphene Napsylate and Aspirin Tablets—For aspirin; 530, 
FEN. 

Reserpine, Hydralazine Hydrochloride, and Hydrochlorothia- 
zide Tablets—For reserpine; 390, SN. For hydralazine hydrochlo- 
ride; 510, FAS-Op. 

Terpin Hydrate and Dextromethorphan Hydrobromide Elixir— 
For dextromethorphan; 420, BcG. 


SPECTROMETRIC ASSAYS IN THE ULTRAVIOLET (IIIB) 
Spectrometric assays in which the absorbances are measured directly in 
the ultraviolet range are described in official monographs. 

Applied to solutions, spectrometry is more specific than colorimetry 
because the absorption depends upon wavelength in a complicated 
manner that is generally characteristic of the chemical composition of 
the absorbing substance. Measurement of absorption at several wave- 
lengths may permit identification of the solute as well as the determi- 
nation of its concentration. Tests of this kind are made usually on 
solutions, rarely on pure liquids or solids. 

Solvents used for dilution usually require special purification that is 
often exacting and different from the requirements for other uses. Some 
assays direct that blank runs be made on the solvent and reagents used 
to obtain a correction for their inherent absorbances. 

Spectrometers used in official assays must be calibrated carefully 
with the aid of standard glasses or standard solutions.’ 


REFERENCE STANDARDS 

In practically all cases a reference standard is used in conjunction with 
the sample under assay. The standard preparation is prepared and 
observed in the same manner as the test specimen. The purpose of this 
specification is to avoid errors due to wavelength or slit-width variation 
among various spectrophotometers, as well as to avoid errors arising 
from differences in transmittance and placement of cells. 


INFRARED ASSAYS (IIIc) 

The quantitative estimation of compounds by infrared methods is quite 
similar to the techniques employed in the ultraviolet and visible re- 
gions. However, due to the difficulties involved in measuring the abso- 
lute absorbance at a particular absorbance maximum, the baseline 
technique often is used. In this method a synthetic baseline is con- 
structed between the minima at the sides of the absorption maximum, 
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Absorbance 


Figure 30-1. Illustration of baseline technique. 


and a vertical line, intersecting the peak of the maximum, is erected 
perpendicular to the abscissa. The length of the vertical line, measured 
from the intersection of the synthetic baseline and the peak of the 
absorption maximum, is used as the absorbance in quantitative calcu- 
lations, as illustrated in Figure 30-1. For a further discussion of the 
theory involved in infrared absorption, see Chapter 33. 


ASSAYS INVOLVING FLAME PHOTOMETRY (ilID) 

The flame photometry method deals with the emission of energy of a 
particular wavelength when a dilute solution of a metallic ion is 
sprayed into a colorless flame. The intensity of the emitted radiation is 
determined by a suitable spectrometer and compared to standards. 
Sodium, at 588 nm, and potassium, at 766 nm, are determined by this 
technique for the official substances indicated below. 


Potassium Citrate and Citric Acid Oral Solution—For potassium. 
Ringer’s Injections and Irrigation—For potassium and sodium. 


FLUOROMETRIC ASSAY METHODS (IIIE) 

Riboflavin is assayed quantitatively by measuring its degree of fluores- 
cence. Thiamine also is assayed by a fluorometric method, the principal 
difference from the riboflavin assay being that thiamine is oxidized first to 
thiochrome, the fluorescence of which is quantitatively measured in isobu- 
tyl alcohol solution. The intensity of fluorescence is measured at right 
angles to the incident monochromatic radiation in an instrument known as 
a fluorometer, or in certain spectrometers equipped with the required 
accessories. Quantitative evaluation of the fluorescence data is achieved 
through comparison with similar data obtained from solutions containing 
known amounts of the reference standard thiamine hydrochloride. 


ATOMIC ABSORPTION ANALYSIS (IIIF) 

Atomic absorption analysis is similar to flame photometry except that 
the photometer determines the decrease in intensity of a beam of energy 
passed through a flame into which the metallic ion under test is 
sprayed. The incident radiation is generated by a lamp, the cathode of 
which is fabricated from the same metal as the ions of the solution being 
assayed. See Chapter 33 for a detailed discussion. 


NUCLEAR MAGNETIC RESONANCE METHODS (IIIG) 

With NF XIV, a new spectrometric technique for the assay of organic 
pharmaceuticals was employed. Because this technique is an absorptive 
process, the area under the resonance peak is related to the concentra- 
tion of that substance. The methods are similar to infrared or ultra- 
violet techniques, and an internal standard often is employed. See 
Chapter 33 for further discussion. 


Amy] Nitrite (and Inhalant)—Benzy] benzoate internal standard. 


POLAROGRAPHIC ANALYSIS (IVA1) 

Quantitative polarographic methods of analysis are specified for several 
official substances. The diffusion current (i) is proportional to the concen- 
tration of the electroactive species under test, whereas the half-wave 
potential (E,,.) is characteristic of the kind of electroactive species and is 
independent of concentration. In the official assay methods the diffusion 
current of a sample and a reference standard solution is measured under 
identical conditions, and the concentration of the sample is calculated from 
the ratio of the sample to reference standard diffusion currents. A review 
of the theory of polarography can be found in Chapter 33. 


MISCELLANEOUS METHODS 


GASOMETRIC ASSAY METHODS (VIA) 

Gasometric methods of analysis depend on the measurement of 
the volume of a gas liberated under the conditions that are de- 
scribed in the assay, or of the decrease in volume of a gas when a 
suitable reagent is used to remove one of the gases present. These 
determinations usually are conducted in a gas buret or nitrome- 
ter, which is provided with a two-way stopcock and a two-way 
outlet and is properly connected with a balancing tube. 


Carbon Dioxide—The sample is absorbed in 50% potassium hydrox- 
ide, and the volume of residual gas is measured. 

Cyclopropane—The sample is absorbed by concentrated sulfuric acid, 
and the residual volume is measured. 

Oxygen—The gas sample is exposed to the action of an ammoniacal 
copper solution, which reacts with oxygen. The residual volume is a 
measure of the impurities present. 


ASSAYS INVOLVING VOLUMETRIC MEASUREMENTS (VIB) 

Assays that depend on the separation and measurement of oily or 
aqueous immiscible layers are considered here. In general, these volu- 
metric measurements are made possible as the result of processes that 
involve solvent separations, steam distillations, or chemical changes, in 
which an important constituent of the official substance (ie, volatile oil), 
such as an aldehyde, a ketone, or a phenol, is converted purposely to a 
water-soluble substance. In the latter case, the volume of residual oil is 
measured, and the assay result then is determined by difference. 


Peppermint Spirit—For mixed oils; the oils are separated in a Bab- 
cock bottle after first mixing and centrifuging with kerosene and an 
acidified, saturated calcium chloride solution. A correction in the 
measured volume is made for the kerosene used. 


ASSAYS DEPENDING ON MEASUREMENT 

OF OPTICAL ROTATION (VIC) 

Many organic substances, or their solutions, have the property of ro- 
tating the plane of polarized light either to the right or to the left; this 
property is referred to as the optical activity or rotation of that sub- 
stance. Measurement of this rotatory power serves as the basis for 
determining the purity, as well as the identity, of a number of official 
substances as the optical activity is a function of their chemical consti- 
tution, as well as their concentration. When the rotation is to the right, 
the dissolved substance is said to be dextrorotatory; whereas levorota- 
tory substances are those that rotate the plane of polarized light to the 
left. The extent of observed rotation is measured and expressed in terms 
of degrees, and the instrument used in making these measurements is 
called a polariscope or polarimeter. 

The term optical rotation when used in the official monographs 
refers to angular rotation, and this represents the number of degrees a 
substance, or its solution, under specified conditions of wavelength of 
the polarized light, concentration, temperature, and length of the tube, 
will rotate the plane of polarization. 

The specific rotation, [a], of a liquid is defined as the angular rotation 
in degrees through which the plane of polarization of polarized monochro- 
matic light is rotated by passage through 1 decimeter (100 mm) of the 
liquid, calculated on the basis of a specific gravity of 1. In the case of 
solutions of an optically active substance, the specific rotation is calculated 
on the basis of a concentration of 1 g of solute in 1 mL of solution. 

For calculating the specific rotatory power of an optically active 
liquid substance, or the solution of an optically active solid, the follow- 
ing formulas apply generally: 


For liquid substances, [a]h = 


id 
Repeoine , _ 100a 
or solutions, [a]p = ind 
‘pees 100a 
OU ee le 


where 


a = the observed rotation in degrees of the liquid at a temperature f¢, 
using a sodium light. 
1 = the length of the tube in decimeters. 


d = the specific gravity of the liquid or solution at the temperature of 
observation. 

p = the concentration of the solution expressed as the number of grams 
of active substance in 100 g of solution. 

c = the concentration of the solution expressed as the number of grams 
of active substance in 100 mL of solution. 

¢ = temperature of measurement. 

D = D line of sodium (light source). 


Anticoagulant Citrate Dextrose Solution—For dextrose. 

Dextrose and Sodium Chloride Injection—For dextrose. 

Diatrizoate Meglumine and Diatrizoate Sodium Injection— 
For diatrizoate meglumine. 

Epinephrine Inhalation Solution, Sterile Oil Suspension, Nasal 
Solution—Rotation of the triacetyl derivative. 

Epinephry]l Borate Ophthalmic Solution—As for Epinephrine Na- 
sal Solution. 

Iothalamate Meglumine and Iothalamate Sodium Injection— 
For iothalamate meglumine. 

Sodium Chloride and Dextrose Tablets—For dextrose. 

Sterile Epinephrine Oil Suspension. 


SPECIFIC GRAVITY (VID) 

Many substances are mixtures of several compounds and can have 
varied composition. A simple assay procedure will not establish the 
purity or efficacy of such a material; therefore, they are characterized 
quite often by physical methods, one of which may be specific gravity. 


ASSAYS INVOLVING MEASUREMENT OF RADIOACTIVITY (VIE) 
In this type of assay, the radioactivity of a sample and of a calibrated 
radioactive standard are determined at the same time and under iden- 
tical geometric conditions, as outlined in Chapter 29. 

The radiochemical purity of many official radioactive substances is 
determined by first chromatographing the substance on a paper strip, then 
determining the radioactive distribution on the developed chromatogram. 


ASSAYS OF ENZYME-CONTAINING SUBSTANCES (VIF) 

The official enzymatic assays depend on the ability of enzymes to 
catalyze reactions of a certain type under the conditions that are de- 
scribed in the assay. These enzymes that bring about the conversion of 
starch into water-soluble sugars are known as diastatic enzymes. Other 
official enzyme-containing substances are those that digest proteins 
and peptides, changing them into peptones and eventually amino acids. 
These are called proteolytic enzymes. A third type of enzyme encoun- 
tered in the official assays is the one that causes or prevents the 
coagulation of serum. In all of these assays the enzymatic activity of the 
sample is determined by comparison with that of a reference standard. 


Chymotrypsin—A dilute hydrochloride solution of the sample is incu- 
bated with buffered N-acetyl-L-tyrosine ethyl ester in a spectrometer 
cell with the instrument set at 237 nm. The change in absorbance with 
respect to time is noted. One Chymotrypsin Unit is the activity causing 
a change in absorbance of 0.0075/min under the conditions of the assay. 

Heparin Sodium (and Injection, Anticoagulant Heparin Solution, 
Heparin Calcium and Injection, and Lock Flush Solution)— 
The anticoagulant activity of heparin sodium is determined by its 
ability to inhibit the clotting of sheep plasma in vitro. Assay prepara- 
tions are compared to a reference standard, and the calculation of 
potency is based on determinations of the extent of clotting which has 
occurred 1 hour after addition of heparin and calcium chloride to 
samples of citrated plasma. 

Hyaluronidase Injection (and for Injection)—Hyaluronidase activ- 
ity is assayed on the basis of the ability of preparations of the 
enzyme to decrease the turbidity of colloidal suspensions of a sub- 
strate consisting of potassium hyaluronate and protein in vitro. 
Assay preparations are compared to a reference standard, and the 
calculation of potency is based on measurements of the absorbance 
of solutions containing hyaluronidase, potassium hyaluronate, hy- 
drolyzed gelatin, phosphate buffer, and serum. 

Pancreatin (and for Capsules and Tablets)—The starch digestive 
power (amylase activity) is determined on a prepared sample by 
testing its quantitative ability to hydrolyze starch to the extent that 
no blue or reddish color develops upon the addition of iodine. The 
casein digestive power (protease activity) is determined by placing a 
suitably prepared casein solution in each of two tubes. To one tube 
is added a solution of Pancreatin and to the other tube is added a 
similar amount of Pancreatin Reference Standard. Both mixtures 
are diluted and incubated at 40°C for 1 hour. The addition of alco- 
holic acetic acid solution produces no more haze in the tube contain- 
ing Pancreatin than in that containing the Reference Standard, 
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indicating that the proteolytic activity of the former is at least as 
great as that of the latter. The fat digestive power (lipase activity) is 
determined on an olive oil substrate by titration of liberated fatty 
acid with base. The activity is determined from a standard curve in 
mean acidity released per minute. 

Pancrelipase (and Capsules and Tablets)—The amylase activity is 
measured by hydrolysis of starch, after which the starch substrate is 
reacted with iodine. The lipase activity is determined by the diges- 
tion of olive oil and the concomitant production of acid. The protease 
activity is determined by the digestion of casein, after which the 
hydrolysis products are measured spectrophotometrically. 

Protamine Sulfate (and Injection and for Injection)—tThe activity 
of Protamine Sulfate Injection is assayed on the basis of its ability to 
nullify the anticoagulant action of sodium heparin in vitro. Varying 
concentrations of sodium heparin are added to a series of test tubes 
containing uniform amounts of citrated sheep plasma, calcium chlo- 
ride-thromboplastin solution, and Protamine Sulfate Injection. Calcu- 
lation of potency is based on that amount of heparin sodium that 
results in a clotting time most nearly approaching the clotting time 
observed in the control tube. 

Sutilains (and Ointment)—Using a casein substrate and a tyrosine 
reference standard, the amount of tyrosine cleared per unit time, 
measuring the absorbance at 275 nm, is related to the enzyme 
activity. 

Trypsin, Crystallized (and for Inhalation Aerosol)—The method is 
similar to that used for Chymotrypsin; N-benzoyl-L-arginine ethyl 
ester hydrochloride is the substrate measured at a wavelength of 
253 nm. One Trypsin Unit is the activity causing a change in 
absorbance of 0.003/min under the conditions of the assay. 


PROXIMATE ASSAYS (VIG) 

At one time the extensive use of vegetable drugs, extracts, and other 
galenicals in pharmacy required that the analyst be concerned with a great 
many proximate assays. Currently, more specific, well-defined medicinals, 
usually of synthetic origin, are in common use, so the proximate assay is 
required to a much lesser degree. By proximate assay is meant the deter- 
mination of the amount of any organic constituent that may be present in 
any vegetable drug or plant to which its value or therapeutic activity is 
attributed. The separations depend mainly on the use of a variety of 
solvents selected after elaborate and painstaking research. Acid and alkali 
solutions, chloroform, ether, alcohol, or many other organic solvents play 
an important role in proximate assays. 

Although largely associated with the alkaloidal content of vegetable 
drugs, proximate assays also include the determination of alcohol- 
soluble, ether-soluble, or water-soluble constituents of various drugs by 
solvent extraction. 


ALKALOIDAL DRUG ASSAYS (VIG1) 

Alkaloidal assays present the most important application of proximate 
assay methods with which the pharmaceutical chemist has to deal. 
Quantitative experiments necessarily must be done with great care, 
and in conducting proximate assays of alkaloidal drugs particular at- 
tention must be paid to all details. The alkaloidal substances to be 
separated are organic chemical compounds that are difficult to extract 
from the drug. They are present in comparatively small quantities and 
in many cases are easily destroyed by improper manipulation. 

These assays are conducted largely through the use of immiscible 
solvents, such as chloroform, ether, or amyl alcohol, except where the 
properties of the alkaloid sought necessitate a special method, as for 
morphine in opium. Advantage is taken of the fact that the free alka- 
loids are practically insoluble in water (except colchicine, ephedrine, 
sparteine, nicotine, and a few others), whereas they are very soluble in 
one or more of the immiscible solvents such as chloroform or ether. The 
salts of the alkaloids behave in the reverse manner, being practically 
insoluble in the immiscible solvents and soluble in water. There are 
several exceptions, such as the salts of caffeine, theobromine, or colchi- 
cine; their bases are feebly basic, and the salts hydrolyze readily with 
the liberation of the free alkaloid. 

Three general steps are required for the separation and estimation 
of alkaloids in vegetable drugs. 


1. Extraction of the drug. 

2. Subsequent separation and purification of the alkaloid. 

3. Determination of the amount of alkaloid obtained, either by gravi- 
metric or titrimetric means. 


Extraction of the Crude Drug 
After reduction to proper fineness by grinding, the drug may be defatted 
by extraction with petroleum benzin, or directly treated with a solvent 
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to extract the active constituent. Depending on the alkaloid present, the 
drug is treated in one of the following methods: 


1. Extraction with an organic solvent, after addition of ammonia to 
ensure the complete liberation of the basic alkaloid (belladonna and 
ipecac). 

2. Extraction with water (morphine in opium). 

3. Extraction with acidulated water, if the alkaloid is present as such 
or in the form of weakly combined organic salts. 


The extraction procedure usually is accomplished by use of separatory 
funnels (separators) with mechanical agitation or in a Soxhlet extrac- 
tion apparatus. 

The assay processes for extracts, fluidextracts, tinctures, and 
powdered extracts of an alkaloidal drug are in general similar to those 
described for the crude drug. Powdered and pilular extracts usually are 
liquefied by the use of an appropriate solvent and then extracted di- 
rectly. Fluidextracts often are diluted with water, and tinctures are 
concentrated to a small volume by means of a preliminary evaporation. 
After the mixture is made alkaline it is extracted, directly, with the 
most suitable solvent. 


Automatic Extraction Apparatus—The need for an automatic ex- 
traction apparatus for use in the assay of alkaloidal galenicals 
prompted the design of an improved apparatus. The simple type is 
constructed easily, requires only a small amount of solvent and 
practically no attention, and gives a clear extraction in one opera- 
tion. 

In the simple type of apparatus (Fig 30-2) the same jacket, con- 
denser, and boiling flask are used for light and heavy solvent. For 
light solvents, the funnel tube containing very small openings at its 
lower end is used in the jacket, as shown in B. For heavy solvents, 
as shown in A, the wide tube open at both ends is used. 

The illustration shows the manner in which the extractors func- 
tion. In both cases the extracting solvent is returned continuously to 
the boiling flask and reused. In A, the chloroform returns to the 
boiling flask under the bottom and around the inner jacket; in B, the 
nonaqueous layer is always on top and is returned by overflow. 


Separation and Purification of the Alkaloid 

The extract of the crude drug or galenical usually contains impurities 
that may interfere with the ultimate method of assay, especially in the 
case of extraction with immiscible solvents, whereby oils, tannins, and 
soluble coloring matter can obscure the endpoint in a titration or add to 
the weight of a gravimetric method. For these reasons, purification of 
the alkaloidal extract is accomplished by crystallization (as in the case 
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Figure 30-2. Automatic extraction apparatus for alkaloids. 


of morphine in opium), removal of associated alkaloids by chemical 
methods, or by use of immiscible solvents. This latter method most often 
is employed and involves repeated extraction of the alkaloid from aque- 
ous and organic solvent. For éxample, the original organic solvent 
extract containing the basic alkaloid is shaken with dilute acid, thus 
transferring the alkaloid to the aqueous layer due to the formation of 
the more polar acid salt. The aqueous acid layer then is made basic with 
ammonia (or a stronger base if required) and again extracted into an 
immiscible organic solvent as the free base. This process is repeated 
until the alkaloid is sufficiently pure for the final assay. 


Estimation of the Alkaloid 

Final determination of the alkaloid is accomplished either by a quan- 
titative gravimetric or volumetric procedure, the latter being preferred. 
In the gravimetric method all, or a definite fraction (aliquot), of the 
solution containing the extract is evaporated to dryness in a tared 
container, the increase in weight of the container representing the 
weight (or some fraction thereof) of the alkaloid in the sample. 

In the volumetric method the solvent is evaporated carefully to a small 
volume and an excess of standard acid plus a small amount of alcohol is 
added and the evaporation continued. The residual titration method is 
used, because the acid, by converting the alkaloid(s) to salt(s), prevents loss 
of some alkaloids that are fairly volatile in the form of the free base. 


MISCELLANEOUS ASSAY METHODS 
OR FUNCTIONAL TESTS (VIK,M) 


Barium Hydroxide Lime—The weight of carbon dioxide absorbed 
under specified conditions of rate of gas flow and time is determined. 

Charcoal, Activated—The adsorptive power with respect to alkaloids 
(strychnine) and dyes (methylene blue) is determined by measuring 
the amount (if any) of unadsorbed material. 

Mecamylamine Hydrochloride—Phase solubility analysis is applied 
to 50- to 250-mg portions of sample by equilibration with isopropyl 
alcohol and determination of the solution concentrations of the 
portions. From a plot of these concentrations versus the system 
concentrations, the purity of the sample may be calculated (see 
Chapter 16). 

Soda Lime—See Barium Hydroxide Lime, above. 

Sodium Alginate—The carbon dioxide, liberated when the sample is 
heated with hydrochloric acid in a special apparatus for alginates 
assay, is drawn into an excess of standard base and the excess 
titrated with acid (IA2b). 


BIOLOGICAL ASSAYS (VIH) 

Substances in this category may not need to be assayed by a chemical 
or physical method. If a biological assay is required, information con- 
cerning it may be found in Chapter 31. Some of these substances 
require batch certification by either the US Food and Drug Adminis- 
tration or the National Institutes of Health. 


MULTIVITAMIN AND MULTIMINERAL DOSAGE FORMS (VIL) 

The analysis of vitamins in a mixture of vitamins may be different from 
the procedures used when the individual vitamins or minerals are 
alone. The following methods are used in multivitamin and multimin- 
eral mixtures. 


Vitamins 

Vitamin A HPLC; VB1la, 325 nm. 
Vitamin D HPLC; VB1a, 265 nm. 
Vitamin E HPLC; VB1b, 254 nm. 
Vitamin K HPLC; VB1b, 325 nm. 
6-Carotene Spectrometry; III A4, 452 nm. 
Vitamin C Titration; ICIK. 

Biotin (1) HPLC; VB1b, 200 nm. 


Biotin (2) 

Vitamin B,, (1) 

Vitamin B,, (2) 

Folic Acid 

Calcium Pantothenate (1) 
Calcium Pantothenate (2) 
Dexpanthenol or Panthenol 
Niacin or Niacinamide 


Microbial; VIL. 
HPLC; VB1b, 280 nm. 
Microbial; VIL. 
HPLC; VB1b, 280 nm. 
HPLC; VB1b, 210 nm. 
Microbial; VIL. 
Microbial, VIL. 
HPLC; VB1b, 280 nm. 


Pyridoxine HPLC; VB1b, 280 nm. 
Riboflavin HPLC; VB1b, 280 nm. 
Thiamin HPLC; VB1b, 280 nm. 


Minerals 


Metals—Atomic Absorption Spectroscopy, III F1, at A given, in nanome- 
ters: Ca 422.7; Cr 357.9; Cu 324.7; Fe 248.3; Mg 285.2; Mn 279.5; Mo 
313; K 766.5; Zn 213.8. Additional Mo: spectroscopy, III A4, 465 nm. 

Nonmetals—F, potentiometry, IVB1; I, titration, IC10; P, spectros- 
copy, IIIA4, 650 nm; Se, (1) Atomic Absorption Spectroscopy, III, F1, 
196 nm, (2) spectroscopy, III, B1, 380 nm, (3) fluorescene, III, E2, 
excitation 366 nm, emission 525 nm. 


Dosage Forms 
Minerals Capsules and Tablets 


Trace Elements Injection 

Oil-soluble Vitamin Capsules and Tablets 

Water-soluble Vitamin Capsules and Tablets 

Oil-and Water-soluble Vitamin Capsules and Tablets 

Oil-and Water-soluble Vitamins with Minerals Capsules and Tablets 
Water-soluble Vitamins with Minerals Capsules and Tablets 


FIXED OILS AND WAXES (VII1) 

The fixed oils (corn, cottonseed, olive) and waxes are composed 
largely of mixtures of fatty acid esters, and it is possible that 
each component has a relatively wide concentration limit with- 
out sacrificing the quality of the oil. It is for this reason that a 
single-substance assay is of little value; many parameters are 
necessary to stipulate the quality of the oil. Some of the many 
kinds of tests performed on the materials in this category in- 
clude saponification value, acid number, acetyl value, iodine 
number, specific gravity, and melting range of fatty acids. 


PENICILLIN CLASS ANTIBIOTIC ASSAYS (VIN2,3) 


Penicillin G Determination 

Penicillin G determination is a reversed-phase HPLC procedure that 
can measure the penicillin G content in an antibiotic drug substance by 
measuring responses of the major peaks in the chromatogram. 


lodometric Assay—Antibiotics 

Treatment of penicillins with alkali or penicillinase causes the B-lactam 
to open, yielding a derivative with an acidic and an amine function (eg, 
penicillin yields penicilloic acid). The derivative consumes iodine, 
whereas the initial intact penicillin antibiotic does not. This behavior 
forms the basis for the iodometric assay. 


Hydroxylamine (Hydroxamic Acid) Assay—Antibiotics 

When penicillins are reacted with hydroxylamine, the B-lactam is opened 
and a hydroxamic acid derivative forms. The derivative reacts with iron III 
to produce a color whose intensity is used as a measure of the penicillins. 
This method is specific, because the B-lactam must be intact for the 
hydroxamic acid derivative to form. This assay has been automated. 
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MONOGRAPHS FOR COMPOUNDED PREPARATIONS 

During the 1995-2000 revision period the USP has undertaken the devel- 
opment of monographs for compounded preparations. These compounded 
preparations represent those dosage forms that are not commercially 
available but for which there is a demonstrated need. The concept of a 
compliance assay has been introduced, and an assay is included in the 
monograph. The pharmacist who is compounding the preparation is not 
required to analyze the preparation; however, it is expected that the 
compounded preparation which results when the compounding directions 
are followed will meet the purity rubric requirements as determined by the 
compliance assay. The compliance assay is used in stability studies of the 
compounded preparation and provides the data from which a beyond-use 
date is specified in the monograph. 

An example of a compounded preparation is Sodium Hypochlorite 
Topical Solution. The compliance assay is of the class Iclii and the 
beyond-use date is 7 days after that day on which the preparation was 
compounded. Cocaine and Tetracaine Hydrochlorides and Epinephrine 
Topical Solution, Hydralazine Hydrochloride Oral Solution, and Ri- 
fampin Oral Suspension are other compounded preparations whose 
monographs do not yet specify an assay, but each of which has a 
beyond-use date of 30 days. Other monographs will be added. 


MONOGRAPHS FOR BOTANICALS 

The Revision Committee of the USP has been providing monographs for 
botanicals during the 1995-2000 revision cycle. This is, of course, a 
timely activity, as botanicals are being used extensively by the public. 
The list of monographs is growing with each supplement to the USP; 
the following is a partial list: Chamomile, Cranberry Liquid Prepara- 
tion, Feverfew, Powdered Feverfew, Garlic, Powdered Garlic, Ginkgo, 
Oriental Ginseng, Powdered Oriental Ginseng, Milk Thistle, Powdered 
Milk Thistle, Saw Palmetto, Powdered Saw Palmetto, St John’s Wort, 
Powdered St John’s Wort, Valerian, and Powdered Valerian. 

The approaches to qualitative and quantitative analysis in these 
botanical monographs are very similar. Thin-layer chromatography is 
used in all but one monograph (Cranberry Liquid Preparation) to iden- 
tify plant principles. In some cases, characteristic color tests are used to 
supplement identification. For quantitative analysis, the quantity of a 
particular plant principle is determined by high-performance liquid 
chromatography (HPLC), using spectrophotometric detection in all but 
two cases. For Cranberry Liquid Preparation, there is an HPLC proce- 
dure that uses a refractive index detector to determine dextrose and 
fructose. In the monographs for Saw Palmetto and Powdered Saw 
Palmetto, gas chromatography (GC) is used to measure 11 methyl 
esters of fatty acids using flame ionization detection. 
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APPENDIX A 


For the purpose of this chapter, the official chemical, physicochemical, and physical assay methods have been classified in an 
outline form. The first two classes are stoichiometric analyses; the next three are modern or nonstoichiometric analyses; the last 
class encompasses miscellaneous methods, including many older procedures and some more modern ones. 


I. Titrimetric Methods 
A. Acid—Base Reactions 
1. Direct Titrations 
a. Titration of an acid by a base 
i. Titration of a liberated acid 
ii. Sgrenson—Formol titration 
ili. Nonaqueous titration 
b. Titration of a base by an acid 
i. Titration of metal salts 
ii. Nonaqueous titration 
iii. Nonaqueous titration—Pifer—Wollish re- 
agent 
c. Kjeldahl Determination 


2. Residual Titrations 
a. Titration of excess acid by a base 
i. After distillation of a volatile base 
ii. After addition to carbonate residues 
iii. After acylation reactions 
iv. Nonaqueous titration 
b. Titration of excess by an acid 
i. After saponification of an ester 
ui. After hydrolysis of an alkoxyl group 
iu. After distillation of a volatile base 
B. Precipitation Reactions 
1. Direct Titrations 
a. With silver nitrate 
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b. With thiocyanate 
i. Of theophylline—-silver compound 
u. Of halogen 
iii. Of mercury 
iv. Of silver 
Of a halogen with mercuric ion 
Of a halogen with thorium (IV) 
Of liberated nitric acid 
f. Of thiol with mercuric ion 
2. Residual Titrations 
a. With thiocyanate 
i. Of theophylline—-silver compound 
i. Of silver 
C. Redox Reactions 
1. Direct Titrations 
a. Involving ceric sulfate or ceric ammonium nitrate 
b. Involving potassium permanganate 
i. Using ferric alum and potassium perman- 
ganate 
Involving dichlorophenol-indophenol 
Involving potassium dichromate 
Involving ferrous ammonium sulfate 
Involving titanium trichloride 
Involving ferric chloride 
Involving standard bromine 
Involving potassium ferricyanide 
Involving sodium nitrate 
With iodine 
Involving iodine and thiosulfate 
i. Iodimetric determination of phenols 
ii. Titration of iodine liberated from potassium 
iodide 
iii. Reaction of potassium iodide with excess 
periodate 
m. Of iodine with arsenite 
n. Involving potassium iodate 
o. With thiosulfate 
2. Residual Titrations 
a. Of excess standard iodine 
i. Titration of iodine following dichromate 
reaction 
Of excess thiosulfate with iodine 
Of generated iodine with thiosulfate 
Of residual titanium with iron (III) 
Of residual oxalic acid by potassium permanga- 
nate 
f. Of residual iodine by sodium thiosulfate 
D. Complexation Reactions 
1. Direct Titrations 
a. With EDTA 
b. With miscellaneous titrant 
2. Residual Titrations 
a. With EDTA 
b. With metal ion 
EK. Large Anion Reagent and Large Cation Reagent 
Reactions 
1. Titrations with sodium tetraphenylboron 
2. Titration with sodium lauryl sulfate 
3. Titration with tetra-n-butyl ammonium iodide 
4. Titration with dioctyl sodium sulfosuccinate 


Il. Gravimetric Methods 
A. Weighing Drug after Separation 
B. Weighing a Derivative after Separation 
C. Weighing a Residue after Ignition 


III. Spectrometric Methods 
A. Visible Absorption (Colorimetry) 
1. Steroid 
2. Dye—complex 
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IV. 


VI. 


3. Direct 
4. Derivative formed 
5. Starch-iodine reaction 
B. Ultraviolet (UV) Absorption 
1. Direct 
2. Derivative formed 
3. Amphetamine 
C. Infrared (IR) Absorption 
1. Direct 
2. Derivative formed 
Flame Photometric Emission 
Fluorometric Emission 
1. Native fluorescence 
2. Fluorescent derivative formed 
F. Atomic Absorption (AA) 
1. Flame 
2. Furnace used 
G. Nuclear Magnetic Resonance (NMR) Absorption 
1. Absolute method 
2. Relative method 


ao 


Electrochemical Methods 
A. Voltammetry 

1. Polarography 

2. Differential pulse polarography 

3. Use of electrodes other than DME 
B. Potentiometry 

1. Ion-selective electrodes 


Chromatographic Methods 
A. Gas Chromatography (GC) 
1. Direct assay 
2. Derivative formed 
B. High-Performance Liquid Chromatography (HPLC) 
1. Direct assay 
a. Normal phase 
b. Reverse phase 
2. Derivative formed 
a. Normal phase 
b. Reverse phase 
C. Thin-Layer Chromatography (TLC) 
1. Mobile phase 
a. Normal 
b. Reverse 


Miscellaneous Methods 

A. Gasometric Assay 

B. Assays Involving Liquid Volume Measurements 
C. Assays Involving Optical Rotation 
1. Direct 

2. Derivative formed for assay 
Assays Involving Specific Gravity 
Assays of Radioactivity 

Enzyme Assay 

Proximate Assay 

1. Alkaloid assay 

Biological Assay 

Miscellaneous 

1. Fixed oils and waxes 
Distillation 

Functional Test 

Vitamin Assays 

Phase Solubility 

Antibiotic Assays 

1. Microbial 

2. Iodometric 

3. Hydroxylamine 

See individual components 
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APPENDIX B 


This appendix presents a classification of the assay for the majority of official drugs taken from USP23-NF18. In column 1, the drug 
substance or dosage form is listed. Column 2 gives the assay category whose interpretation may be taken from Appendix A. Column 
3 gives the analytical wavelength for spectrometric analyses (Class III) in nanometers for visible and ultraviolet regions and in 
micrometers for the infrared; it also gives the detector type that is used for chromatographic methods (Class V). For example, for 
GC methods, FID-P represents a flame ionization detector—temperature programmed mode, whereas TC-I means thermal 
conductivity detector—isothermal mode. For HPLC, UV-280 means UV detector used at 280 nm, RI indicates refractive index, and 
EC electrochemical detectors. Finally, column 4 lists the indicator employed in titration procedures or the internal standard, where 
used, for the chromatographic procedures and for the quantitative NMR analyses. 
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CHAPTER 314 


Biological testing includes the quantitative assay of drugs by 
biological methods as well as the application of qualitative 
biological tests. Such testing uses intact animals, animal prep- 
arations, isolated living tissues and cells, or microorganisms. 

The practices of the USP are a good index of the state of 
biological testing. Currently there is a trend to use less animals 
in research and biological testing and to use alternatives such 
as cells and microorganisms in culture. This decrease in animal 
use can be observed in the decreased requirement for animal 
testing by the USP as documented in their monographs. In 
addition, biological tests are a requirement for plastics to be 
used as containers or closures for ophthalmic and parenteral 
preparations or to be used as implants, devices, or other related 
systems. Wherever possible, in vitro procedures should be used 
to complement or replace in vivo tests for evaluating the suit- 
ability of plastics. 

The majority of currently available therapeutic agents are 
substances of known chemical composition that can be assayed 
by quantitative chemical or physical analyses. However, there 
are a limited number of useful drugs that cannot be assayed 
satisfactorily by chemical or physical means. Such drugs, 
which are primarily of natural origin, are assayed by biological 
methods. Biological standardization procedures generally are 
less precise, more time-consuming, and more expensive to con- 
duct than are chemical assays; therefore, they generally are 
reserved for use: 


1. If the chemical identity of the active principle has not been eluci- 
dated fully. 

2. If no adequate chemical assay has been devised for the active 
principle, although its chemical structure has been established (eg, 
insulin). 

3. If the drug is composed of a complex mixture of substances of 
varying structure and activity (eg, digitalis, posterior pituitary). 

4. If purification of the crude drug, sufficient for the performance of a 
chemical assay, is not possible or practical (eg, the separation of 
vitamin D from certain irradiated oils). 

5. Ifthe chemical assay is not a valid indication of biological activity, 
due, for example, to lack of differentiation between active and 
inactive isomers. 


There are several situations in which factors such as spec- 
ificity, sensitivity, or practicality dictate the use of a biological 
rather than a chemical assay procedure. 

A chemical assay quantitatively determines the amount 
of a specific compound or structural moiety present in a 
given sample. Once the concentration has been established 
an assumption is made relative to the biological activity of 
the sample. In contrast, a biological assay measures the 
actual biological activity of a given sample, which may rep- 
resent the algebraic sum of the interaction of a number of 
chemical and physical-chemical factors. For example, the 
data obtained from a chemical assay will not provide infor- 
mation concerning the contribution to the net biological ac- 
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tivity of trace amounts of substances that do not influence 
the chemical analysis. Such substances may produce quali- 
tative variations in biological activity that may be responsi- 
ble for unexpected side effects or toxic reactions. Further- 
more, the augmentory or inhibitory influence of variations in 
the physical state of the active principle is not reflected in 
the results of a chemical assay. The safety, efficacy, and 
dependability of dosage of drugs are contingent upon stan- 
dardization, and biological assays must be employed in some 
instances even though the chemical identities of the active 
principles in the preparation may be known. 


ANIMAL TESTING 

A LT RE LTE IT 
As animals are an important wnknown factor in most biological 
assays, the need for their proper selection and adequate care is 
self-evident. Most laboratories seek a reliable source of animals 
that can supply their needs from colonies maintained for this 
purpose. In any one test it is desirable to use animals of only 
one strain. Actually bioassayists may adopt a specified strain 
for all work of a particular type. In this manner experience is 
gained as to the normal variation that is to be expected. For 
some assays a specific sex must be employed (eg, estrogenic 
tests); in other assays either sex may be used, but the effect 
that sex may play in the response should not be overlooked. 
The male rat, for instance, has a faster growth rate than the 
female; therefore, indiscriminate use of both males and females 
in a rat growth test should be avoided. Differences in the 
response of the sexes may extend into other categories, such as 
response toward toxic materials. Animals used in these biolog- 
ical assays should be handled according to the National Insti- 
tutes of Health guidelines. ! 


BIOASSAY PROCEDURES 

TA TTT ELL TI WITS LN DE 
Bioassays are conducted by determining the amount of a prep- 
aration of unknown potency required to produce a defin- 
ite effect on suitable test animals or organs under standard 
conditions. 


REFERENCE STANDARDS 


To minimize the source of error resulting from animal varia- 
tion, standard reference preparations are used in certain bio- 
assay procedures. The principle of the standard consists of 
testing successively the unknown and standard preparations 
on two groups of similar animals, or, in some cases (eg, epi- 
nephrine, posterior pituitary) on the same animal or organ. The 


amount of the unknown preparation required to produce an 
effect equal to that produced by a defined amount of the stan- 
dard will be inversely proportional to their relative potencies. 
The potency of the unknown therefore can be expressed as a 
percentage of that of the standard. 

In some assays it is necessary to adopt precise methods of 
calculating potency based upon observations of relative, but not 
necessarily equal, effects. Likewise, methods of computation 
have been devised to determine the statistical reliability of the 
results. These procedures are discussed in Chapter 12. The 
section on Biological Tests and Assays in the USP also presents 
a detailed consideration of factors germane to the Design and 
Analysis of Biological Assays. 

Reference standards for use in assays in which they are 
required are available as a service from USP-NF Reference 
Standards, 12601 Twinbrook Parkway, Rockville, MD 20852. 
They are standardized in terms of the appropriate existing 
international standards. 


DISADVANTAGES OF BIOASSAYS 


Biological assays leave much to be desired in several respects. 
Although some are extremely sensitive in detecting small dif- 
ferences in concentration, their quantitative accuracy usually 
falls considerably below that obtainable with most chemical 
analyses. The techniques and interpretations involved often 


In the following section biological assay procedures involving 
the use of intact animals, animal preparations, or isolated, 
surviving animal tissues or organs are considered. The presen- 
tation is restricted largely to the general principles and basic 
experimental approaches involved in each of several represen- 
tative types of biological assay methods. For complete details of 
the official procedures, the reader should consult the corre- 
sponding official compendial monographs. 


DIGITALOID DRUGS 


The digitaloid group of drugs includes digitalis (the dried leaf of 
Digitalis purpurea), which is used medicinally as the powdered 
material in the form of capsules or tablets. These products of 
natural origin contain, in addition to the cardioactive glyco- 
sides digitoxin and gitoxin, a saponin-like glycoside, termed 
digitonin, that is largely devoid of the cardiac effects of digi- 
talis, and a complex mixture of constituents including digitofla- 
vin, digitophyllin, lipids, carbohydrates, and other nonspecific 
plant components. Although the cardioactive glycosides are 
similar in chemical structure and pharmacodynamic activity, 
they differ markedly in milligram potency, efficiency of gastro- 
intestinal (GI) absorption, speed of onset, and duration of ac- 
tion. Furthermore, there is considerable variation among dif- 
ferent lots of crude drug in respect to the total active glycoside 
content and the relative concentration of each active principle. 

It is apparent that chemical assay procedures, such as the 
determination of total glycosides or total aglycones, cannot 
adequately measure the pharmacodynamic activity of the 
crude drug or galenical preparation of digitalis. Such drugs, 
composed of a complex mixture of substances of varying struc- 
ture and activity, must be subjected to a biological assay. 

The biological assay of digitalis is based on determination of 
the amount of test material required to cause death due to 
cardiac arrest in the anesthetized pigeon, relative to the 
amount of a reference standard preparation required to pro- 
duce the same effect. 
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can vary with different operators, in spite of the rigid require- 
ments specified by the official publications; hence, there is a 
considerable subjective element present. 

Furthermore, the effect measured in the test animals often 
is not that which the drug is intended to produce in treating 
patients. The importance of this discrepancy was minimized 
formerly, but recent studies have shown that when several 
active principles are present in a crude drug, those producing 
the maximal therapeutic effect are not necessarily the ones 
chiefly responsible for the action measured in the assay. As a 
result, samples found to be of equal strength by assay may 
show different potencies when employed clinically. An example 
of this situation is found in the discussion on digitalis. 


CLASSIFICATION OF BIOASSAY PROCEDURES 


Bioassays are classified in three groups according to whether 
the effect produced is all or none (as death), graded (as rise in 
blood pressure), or is characterized by developing in a mea- 
sured period of time (as the curative response to thiamine). It 
should be noted that in all three types, with few exceptions, the 
calculations of potency are based on the sizes of doses necessary 
to produce approximately equal effects and not on the intensi- 
ties of the responses. Furthermore, the results derived from all 
are quantitative in that the potency of the unknown is ex- 
pressed in terms of the standard. 


As a rule, it is desirable that the parameters of a biological 
assay simulate, as closely as practicable, the conditions gener- 
ally associated with clinical usage of the drug in question. In 
this respect the currently employed biological assay procedure 
for digitalis has several disadvantages and limitations. For 
example, the preparation to be assayed is given by fractional, 
intermittent, intravenous injection, whereas in the treatment 
of patients with cardiac disorders digitaloid drugs most often 
are administered orally. The assay procedure does not, there- 
fore, take into consideration variations in clinical effectiveness 
among different members of this medicinal group that may be 
attributable to differences in the rate and completeness of 
absorption from the GI tract. Furthermore, the calculation of 
potency is based on the amount of drug required to produce 
death of the test animal due to cardiac arrest. Thus the end 
point of the assay corresponds to a toxic rather than a thera- 
peutically desirable event. 

However, it may be claimed that the toxic effects of digitalis 
on the heart constitute extensions of the cardiodynamic 
changes that are beneficial in certain cardiac disorders. Be- 
cause of the limitations of the pigeon method, many attempts 
have been made to develop more satisfactory bioassay proce- 
dures. None of the alternatives devised to date has any com- 
pelling advantage over the current official method. 

Separation and identification of the active principles of 
crude drugs having characteristic digitalis-like effects on the 
heart have resulted in the availability, for therapeutic use, of 
products consisting essentially of a single relatively pure car- 
diotonic glycoside. These additional members of the digitaloid 
group of drugs include Acetyldigitoxin, Deslanoside, Digoxin, 
and Lanatoside C (all of which are derived from Digitalis 
lanata), Digitoxin (a glycosidal constituent of both Digitalis 
purpurea and Digitalis lanata), and Ouabain (a glycoside ob- 
tained from the seeds of Strophanthus gratus). Preparations 
containing these glycosides are assayed quantitatively by spec- 
trometric methods described in Chapter 28. 

Chemical assay procedures enable precise determination of 
the amount of glycoside present in a particular dosage formu- 
lation. However, it must be emphasized that the response to 
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digitaloid drugs varies considerably among cardiac patients. A 
clinical assay must, therefore, be performed with each patient, 
regardless of whether the digitaloid preparation being used 
was standardized on the basis of a chemical or biological assay 
procedure. 

Biological assay by the pigeon method is specified for the 
following official preparations: Digitalis, Powdered Digitalis, 
Digitalis Capsules, and Digitalis Tablets. 


INSULIN 

LLL 
Insulin is a hormone that is synthesized and secreted by the 
beta cells of the pancreatic islets and is stored in intracellular 
granules. Human insulin has a molecular weight of 5807 and is 
composed of two polypeptide chains joined by two disulfide 
linkages. The shorter A chain is composed of 21 amino acids 
and the longer B chain is composed of 30 amino acids. In the 
beta cells, insulin is synthesized from a long single-chain pre- 
cursor designated as proinsulin. Through proteolysis, 35 amino 
acids (connecting chain) are cleared from proinsulin, resulting 
in the double-chain insulin molecule. 

Although the structure of insulin varies from species to 
species, these variations are slight. The molecular weight for 
bovine insulin is 57338, and for porcine insulin is 5777. Most of 
the insulin used for medicinal purposes is human insulin pre- 
pared by recombinant DNA technology or by enzymatic modi- 
fication of insulin isolated from porcine pancreas. 

Insulin is used to control blood-glucose levels in people with 
diabetes mellitus. Diabetes mellitus, which results from an 
inadequate secretion of insulin from the pancreas, is charac- 
terized by hyperglycemia, ketoacidosis, hyperlipemia, azoturia, 
and ketonemia. 

Accurate standardization of insulin preparations is essen- 
tial because discrepancies of about 10% from the required dose 
may result in severe adverse reactions in the diabetic patient. 
Inadequate insulin replacement therapy may be associated 
with the appearance of any of the characteristic symptoms of 
diabetes mellitus, including ketoacidosis and diabetic coma; 
overdosage may result in marked hypoglycemic reactions. 

Preparations of insulin are divided into three classes: fast-, 
intermediate-, and long-acting types. Insulin Injection and 
Prompt Insulin Zinc Suspension are classified as fast-acting, 
with an approximate time of onset of 1 hr. The intermediate- 
acting preparations include Isophane Insulin Suspension, 
which has a time of onset of approximately 2 hr. Protamine 
Zinc Insulin Suspension and Extended Insulin Zinc Suspension 
are classified as the long-acting preparations, with the time of 
onset being approximately 4 hr. 

There are eight different official insulin monographs with 
different approaches to standardization. The monographs for 
Insulin and Insulin Injection specify both the biological (rabbit) 
Insulin Assay and an HPLC assay, but use the biological assay 
results for the rubric definition of potency. The biological assay 
is of importance because it accurately reflects the activity of the 
preparation in the diabetic patient. Briefly, the assay is based 
on a comparison between the potencies of the unknown prep- 
aration and the standard preparation in lowering the blood 
sugar level of intact rabbits following subcutaneous injection. 
The assay is required for the validation of new insulin prepa- 
rations and the determination of the activity of insulin analogs. 
It should be noted that the monographs for Insulin Human and 
Insulin Human Injection have only an HPLC assay and define 
potency in terms of chromatographically derived Insulin Hu- 
man Units; however, both monographs use a biological potency 
specification, which requires a biological assay whose results 
are not reflected in the rubric statement. 

The remaining four monographs—Isophane Insulin Suspen- 
sion, Insulin Zinc Suspension, Extended Insulin Zine Suspen- 
sion, and Prompt Insulin Zinc Suspension—do not specify an 
assay but rather define potency in their rubric statements 


based on their proper preparation from insulin. However, the 
Isophane Insulin Suspension monograph requires the specifi- 
cation biological activity of the supernatant. All eight mono- 
graphs involve a bacterial endotoxins requirement. These fea- 
tures of the insulin articles are summarized in Table 31-1. 

Insulin preparations are subject to the regulations of the 
Federal Food, Drug, and Cosmetic (FD&C) Act, which requires 
certification by the Food and Drug Administration (FDA) of 
each lot marketed. Many of the tests and criteria employed by 
the FDA follow closely those specified by the official compendia. 
In addition to the biological assays, certain chemical and bac- 
teriological tests must be performed to meet the requirements 
for certification by the FDA. The Act (particularly Section 506) 
and regulations thereunder should be consulted for specific 
details concerning the steps that must be followed in obtaining 
such certification. 

Insulin Injection is available as solutions containing 40, 
100, and 500 USP Insulin Units per mL. Extended Insulin Zine 
Suspension, Prompt Insulin Zinc Suspension, Isophane, and 
Insulin Zine Suspensions provide either 40, 80, or 100 units/ 
mL. A variation of not more than 5% from the labeled potency 
is permitted. 


GLUCAGON 


Glucagon is a straight-chain polypeptide hormone comprised of 
29 amino acids and has a molecular weight of 3482.78. The 
polypeptide structure of human glucagon is identical to the 
structure of bovine and porcine glucagon. 

Glucagon, which is synthesized and secreted by the alpha 
cells of the islets of Langerhans in the pancreas, acts to in- 
crease blood-glucose concentrations by stimulating glycogenol- 
ysis in the liver. Glucagon increases the synthesis of cyclic 
adenosine monophosphate (cAMP) in the liver, which in turn 
activates phosphorylase, the rate-limiting enzyme in the con- 
version of liver glycogen to glucose. Glucagon for Injection 
contains glucagon hydrochloride and one or more suitable dry 
diluents. 

Glucagon is used in the treatment of acute hypoglycemic 
reactions, especially in diabetics with insulin-induced hypogly- 
cemia. The subcutaneous, intramuscular, or intravenous ad- 
ministration of 1 mg of glucagon elicits a rapid increase in 
blood-glucose concentration. Glucagon also has a spasmolytic 
effect on the GI tract and, as such, is used in radiographic 
examinations to relax the intestinal tract. 

In the bioassay of Glucagon for Injection, the glucagon test 
sample and Glucagon Reference Standard, at a specified con- 
centration, are injected into anesthetized cats and the subse- 
quent elevations in blood glucose are monitored over specified 
time intervals. In this procedure 16-hour fasted cats are anes- 
thetized with a long-acting barbiturate and both femoral veins 
are exposed surgically. The glucagon samples are injected into 
one femoral vein and blood samples are taken from the vein on 
the opposite side for glucose determinations. 

One hour after each cat is injected with a specified amount 
of the Glucagon Reference Standard, an initial blood sample is 
withdrawn and each cat is randomized for further assessment 
in a two 4 X 4 Latin-squares dose regimen. The specific proce- 
dures employed in this bioassay and the method for potency 
calculation are detailed in the USP-NF. 


PARATHYROID 


Parathyroid hormone is responsible for maintaining extracel- 
lular calcium ions at a constant concentration in the body. 
Porcine, bovine, and human parathyroid hormones are linear 
polypeptide chains of 84 amino acids with molecular weights of 
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COMPENDIAL ARTICLE 
Digitalis 


Insulin injection 


Insulin 


Insulin Human 
Insulin Human 
Injection 


Isophane Insulin 
Suspension 


Glucagon for 
injection 


Oxytocin injection 
Oxytocin Nasal 
Solution 


Vasopressin 
injection 


Posterior pituitary 
injection 


ROUTE OF 
ADMINISTRATION 


Units 


OF TEST END POINT OF ADDITIONAL BIOLOGICAL 
ACTIVITY ASSAYED ANIMAL EMPLOYED MATERIAL ASSAY UNITAGE TESTS REQUIRED 
Cardiac Pigeon IV infusion Cardiac arrest 100 mg is — 
(cardiotonic) (death) equivalent to 
action not less than 
1 USP 
Digitalis Unit 
Hypoglycemic Rabbit SC injection Reduction of 1 mLis Bacterial endotoxins 
blood equivalent to 
glucose level 40, 100, or 
500 USP 
Insulin Units 
(potency not 
less than 
95% and not 
more than 
105% of that 
stated on the 
label) 
Hypoglycemic Rabbit SC injection Reduction of Each mg has a Bacterial endotoxins 
blood biological 
glucose level potency of 
not less than 
26.0 USP 
Insulin Units 
= = = = _ Biological potency 
(uses Insulin Assay, 
but rubric definition 
uses HPLC) 
Bacterial endotoxins 
= _— — _ Biological Activity of 
the supernatant 
liquid (uses Insulin 
Assay, with 
modifications) 
Bacterial endotoxins 
Hyperglycemic Cat (injected IP with IV injection Elevation of —_ — 
dextrose 16 hr prior blood 
to assay) glucose 
Vasodepressor Chicken Intermittent Reduction of 1 mL possesses Pressor 
activity in IV arterial oxytocic activity—oxytocin 
anesthetized injection blood activity injection must not 
chickens as an pressure equivalent to contain excessive 
index of not less than vasopressor activity 
oxytocic 85% and not as determined by 
activity more than elevation of arterial 
120% of that blood pressure 
stated on the following IV 
label in USP injection of the test 
Posterior sample in 
Pituitary phenoxybenzamine 
Units pretreated rats 
Vasopressor Rat (pretreated with Intermittent Elevation of 1 mL possesses Oxytocic 
phenoxybenzamine) IV arterial a pressor activity—vasopressin 
injection blood activity injection must not 
pressure equivalent to contain excessive 
not less than oxytocic activity as 
85% and not determined by 
more than contraction of 
120% of that uterine smooth 
stated on the muscle isolated 
label in USP from the guinea pig 
Posterior 
Pituitary 
Units 
Vasodepressor Refer to assays for — — 1 mL possesses — 
and Oxytocin Injection USP Posterior 
vasopressor and Vasopressin Pituitary 
(Each mg of Injection activity 
USP Posterior equivalent to 
Pituitary not less than 
Reference 85% and not 
Standard more than 
represents 2.4 120% of the 
USP units of oxytocic 
oxytocic activity and 
activity and vasopressin 
2.1 USP units activity 
of vasopressor stated on the 
activity.) label in USP 
Posterior 
Pituitary 
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ROUTE OF 


ADMINISTRATION 


OF TEST END POINT OF ADDITIONAL BIOLOGICAL 
COMPENDIAL ARTICLE ACTIVITY ASSAYED ANIMAL EMPLOYED MATERIAL ASSAY UNITAGE TESTS REQUIRED 
Corticotropin Adrenal cortical Hypophysectomized SC injection Reduction of —" Vasopressin activity— 
injection stimulation rat ascorbic acid corticotropin 
Repository content of injection must not 
corticotropin adrenal contain excessive 
injection glands vasopressor activity 
Sterile corticotropin as determined by 
zinc hydroxide elevation of arterial 
suspension blood pressure 
Corticotropin for following IV 
Injection injection of the test 
sample in 
phenoxybenzamine- 
pretreated rats (this 
test is not required 
with Sterile 
Corticotropin Zinc 
Hydroxide 
Suspension) 
Bacterial endotoxins 
Chorionic Gonaa- Female rat SC injection Increase in 1 mg is Estrogenic activity— 
gonadotropin stimulating daily for 3 weight of equivalent to chorionic 
Chronic days uterus not less than gonadotropin must 
gonadotropin for 1500 USP not contain 
injection Chorionic excessive estrogenic 
Gonadotropin activity as 
Units determined by 
cytological 
examination of 
vaginal smears 
taken from 
ovariectomized rats 
injected SC with the 
test sample 
Bacterial endotoxins 
Acute toxicity 
(determined by 
minimal toxicity in 
mice injected IV 
with 1000 USP 
Chorionic 
Gonadotropin Units) 
Heparin sodium Anticoagulant Sheep In vitro Inhibition of 1 mg is Bacterial endotoxins 
Heparin sodium addition clot equivalent to 
injection of formation not less than 
Anticoagulant heparin 140 USP 
Heparin Solution sodium to Heparin Units 
Heparin Calcium blood when derived 
Heparin Calcium plasma from 
Injection intestinal 
mucosa or 
other tissues 
from 
domesticated 
food animals. 
Heparin Lock Flush —_ — _ — — 
Solution 
Dihydroergotamine 
Mesylate, 
Heparin Sodium 
and Lidocaine 
Hydrochloride 
Injection 
Protamine sulfate Heparin Sheep In vitro Reduction of 1 mg Bacterial endotoxins 
Protamine sulfate neutralization addition clotting time neutralizes 
injection of of not less than 
Protramine sulfate protamine heparinized 100 USP Units 
for injection sulfate to plasma of heparin 
blood activity from 
plasma lung tissue or 
containing not less than 
known 100 USP Units 
amounts of heparin 
of derived from 
heparin intestinal 
sodium mucosa 
Cod liver oil Antirachitic Rachitic rat Oral Calcification of 1 g contains 1 g also contains not 
(vitamin D) feeding rachitic not less than less than 255 pg 
(one-half metaphysis 2.125 pg (85 (850 USP Units) of 
of total of radius USP Units) of vitamin A (assayed 
dose on and tibia vitamin D bya 
day 1; spectrophotometric 
one-half method) 
on day 3 


or day 4) 


approximately 9500. Amino acids 1 to 27 of the N-terminal 
portion of the peptide are associated with biological activity. 

The bioassay for Parathyroid Injection, which is found in 
USP XXI but is not included USP XXIII, is based on measuring 
the increase in serum calcium in dogs. In this assay, the serum 
calcium levels are determined just prior to, and 16 to 18 hours 
after, the subcutaneous injection of the dose of Parathyroid 
Injection. Each mL of Parathyroid Injection possesses a po- 
tency of not less than 100 USP Parathyroid Units. One USP 
Parathyroid Unit represents 1/100th of the amount of Parathy- 
roid Injection required to raise the calcium content of 100 mL of 
the blood serum of normal dogs, 1 mg within 16 to 18 hours 
after administration. 

Parathyroid Injection no longer is available for clinical use. 
Parathyroid hormone was used extensively to raise plasma 
calcium levels in hypocalcemic patients. Presently, this can be 
achieved more safely by the administration of calcium and/or 
vitamin D. 


POSTERIOR PITUITARY, OXYTOCIN 
AND VASOPRESSIN 


Extracts of the posterior lobe of the neurohypophysis, when 
injected into responsive animals, may exert a variety of phar- 
macodynamic effects, including a rise in blood pressure, con- 
traction of uterine smooth muscle (oxytocic effect), an increased 
renal tubular reabsorption of water (antidiuresis), and milk- 
ejection (galactokinesis) in the lactating mammary gland. Al- 
though there is no conclusive agreement on the number of 
different hormones elaborated by the neurohypophysis, two 
distinct active principles have been separated from extracts of 
this structure. These are oxytocin, which possesses primarily 
oxytocic and galactokinetic activities, and vasopressin, which 
exhibits predominantly pressor and antidiuretic activities. 
Both of these hormones are nonapeptides; the amino acid se- 
quences of these fractions obtained from several animal species 
have been determined, and corresponding nonapeptide amides 
have been synthesized. 

Posterior Pituitary Injection, which is prepared from the 
posterior lobe of the pituitary gland of domestic animals used 
for food by man, contains both oxytocic and vasopressor prin- 
ciples in varying amounts. Since oxytocin and vasopressin are 
available in purified form, Posterior Pituitary Injection, which 
represents a mixture of the active principles, is used relatively 
infrequently. 

The potency of Oxytocin Injection is determined by monitor- 
ing the decreases in blood pressure in an anesthetized chicken 
following intravenous administration of the Oxytocin Injection. 
The vasodepressor activity of the sample is compared to that 
activity observed with a USP Posterior Pituitary Reference 
Standard preparation. Each milligram of the standard prepa- 
ration contains 2.4 USP Posterior Pituitary Units of oxytocic 
activity. Oxytocin Nasal Solution, assayed by the same biolog- 
ical method as the Injection, is available for use as a lactational 
stimulant. 

Currently, all commercially available preparations of oxyto- 
cin are prepared synthetically. Oxytocin Injection for intrave- 
nous or intramuscular administration contains 10 USP Poste- 
rior Pituitary units per milliliter. Oxytocin Injection is used to 
induce labor, control postpartum uterine bleeding, and treat 
incomplete abortion. 

Vasopressin, also known as antidiuretic hormone, exerts 
antidiuretic activity and is a potent vasopressor. Vasopressin 
Injection is prepared by extraction of the posterior lobe of the 
pituitary glands of domestic animals or by synthesis. The po- 
tency of Vasopressin Injection is determined by monitoring the 
elevations in blood pressure in a male rat following intravenous 
administration. Blood pressure elevations are monitored and 
compared to those obtained with Vasopressin Injection, to de- 
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termine potency of the assay sample relative to a USP Posterior 
Pituitary Reference Standard. On a unit basis, the antidiuretic 
activity of Vasopressin is identical to the pressor activity. 

Vasopressin Injection contains 20 USP Units and not more 
than 1.2 USP Posterior Pituitary oxytocic units per milliliter of 
solution. Vasopressin Tannate is available commercially and 
used to prevent or control the symptoms and complications of 
diabetes insipidus caused by deficiency of endogenous antidi- 
uretic hormone. 


CORTICOTROPIN 

AA ELSE TDRSS TESTE DD IE TED ETI BE OLDE IOS IE IG DTT ETE 
Corticotropin (or ACTH, adrenocorticotropic hormone) is a 
polypeptide hormone that is synthesized and secreted by baso- 
philic cells of the adenohypophysis. This hormone is a straight- 
chain polypeptide comprised of 39 amino acids. Corticotropin 
stimulates the release of cortisol, corticosterone, and aldoste- 
rone from the adrenal cortex. Stimulation of the median emi- 
nence of the hypothalamus causes the release of a polypeptide 
called corticotropin-releasing factor (CRF) into the circulatory 
system. CRF stimulates the release of corticotropin from the 
adenohypophysis. Endogenous corticosteroids influence the se- 
cretion of corticotropin through a negative feedback loop. In- 
creased circulating levels of corticosteroids exert a negative 
influence on the adenohypophysis and decrease the secretion of 
corticotropin. 

Corticotropin Injection is a sterile solution of the polypep- 
tide hormone obtained from the pituitary glands of mammals 
used for food. It possesses the ability to stimulate the release 
of corticosteroids from the adrenal cortex. Corticotropin for 
Injection is the sterile, dry material of the polypeptide hor- 
mone and is made into a solution with suitable diluents, 
buffer, and an antimicrobial agent. Corticotropin Injection 
and Corticotropin for Injection can be administered by the 
subcutaneous, intramuscular or intravenous routes. Repos- 
itory Corticotropin Injection is corticotropin in a solution of 
partially hydrolyzed gelatin and is intended for subcutane- 
ous and intramuscular administration. Sterile Corticotropin 
Zine Hydroxide Suspension is a suspension of corticotropin 
adsorbed on zinc hydroxide and is intended for intramuscu- 
lar administration. 

The Third International Standard for Corticotropin® has 
been adopted as the reference standard for corticotropin. In the 
biological assay” for corticotropin, rats are injected subcutane- 
ously with specified diluted standard solutions and test solu- 
tions of corticotropin, 16 to 48 hours after the removal of the 
hypophysis. Three hours after the injections, the rats are anes- 
thetized, and both adrenal glands of each rat are removed, and 
cleaned from adhering tissue, weighed and assayed for ascorbic 
acid content. The methodology involved in the preparation of 
the standard and test solutions, as well as the exact procedure 
of the bioassay, ascorbic acid determination and calculations 
are detailed in the USP. The bioassay for Corticotropin Injec- 
tion and Corticotropin for Injection, labeled for intravenous 
administration, is identical to the procedure outlined above 
with the exception that the preparations are injected intrave- 
nously in the rats. For the bioassay of Sterile Corticotropin Zinc 
Hydroxide Suspension sufficient 0.1 N hydrochloric acid is 
added to the preparation for solubilization prior to being as- 
sayed in rats by the subcutaneous method. 

Corticotropin Injection and Repository Corticotropin Injec- 
tion also are assayed for vasopressin activity according to the 
procedure for Corticotropin Injection and the assay for Vaso- 
pressin Injection in the USP. Anesthetized rats are injected 
with a specified dose of USP Posterior Pituitary Reference 
Standard at 12- to 15-minute intervals and the blood pressure 
elevations are monitored and recorded. At the midpoint of the 
timed injections of the Reference Standard, specified dilutions 
of the Corticotropin Injection are injected into the rat and the 
blood pressure response is recorded. The blood pressure eleva- 
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tion observed with the Corticotropin Injection should not ex- 
ceed the average elevation observed with the Reference Stan- 
dard before and after the Corticotropin Injection. 


CHORIONIC GONADOTROPIN 
a] 
Chorionic gonadotropin is a gonad-stimulating principle, of 
placental origin, prepared from the urine of pregnant women. 
The biological activity of chorionic gonadotropin is essentially 
identical to that of the luteinizing hormone (interstitial cell- 
stimulating hormone) of the anterior pituitary. Chorionic go- 
nadotropin is used in sequence with menotropins (human 
menopausal gonadotropins) in the treatment of infertility in 
women in whom anovulation is due to low or absent endoge- 
nous gonadotropins. Follicular growth and maturation are pro- 
moted by initial treatment with menotropins, followed by ad- 
ministration of chorionic gonadotropin to induce ovulation 
by simulating the normal preovulatory surge of luteinizing 
hormone. 

Chorionic gonadotropin also is used in the treatment of 
cryptorchism in cases in which there is no apparent anatomical 
obstruction to descent of the testis. Combined therapy with this 
hormone and menotropins may promote spermatogenesis 
in patients with hypogonadotropic eunuchoidism. Diagnosti- 
cally, chorionic gonadotropin is used to evaluate Leydig cell 
responsiveness. 

Chorionic Gonadotropin for Injection is a sterile, dry mix- 
ture of chorionic gonadotropin with suitable diluents and buff- 
ers. Biological assay of the preparation is based on the increase 
in weight of the uterus excised from young female rats sacri- 
ficed 2 days after the last of three daily subcutaneous injections 
of dilutions of the test sample. The response is compared to that 
obtained in a series of animals similarly treated with USP 
Chorionic Gonadotropin Reference Standard. The uterotropic 
effects depend on elaboration of ovarian hormones in response 
to the gonad-stimulating activity of chorionic gonadotropin. 
Chorionic Gonadotropin for Injection is satisfactory if it con- 
tains not less than 80% and not more than 125% of the potency 
stated on the label. 

It is also necessary to ascertain, biologically, that Chorionic 
Gonadotropin for Injection meets the requirements of the es- 
trogenic activity test. This is accomplished by examination of 
vaginal smears taken from ovariectomized rats on each of three 
successive days following subcutaneous injection of 0.25 mL of 
chorionic gonadotropin test solution twice a day (morning and 
afternoon) for 2 days. The requirements of the test are met if 
the cellular elements in the smears consist of leukocytes and a 
few nucleated epithelial cells, but no cornified epithelial cells. 


HEPARIN 
ERR eS TTL 
Heparin consists of straight-chain mucopolysaccharides, called 
glycosaminoglycans, and has an average molecular weight 
of 15,000. The commercially available product consists of 
polymers of two alternating disaccharide units, namely, D- 
glucosamine-D-glucuronic acid and pD-glucosamine-L-iduronic 
acid. It is an anticoagulant that prolongs the clotting time of 
blood and inhibits the formation of fibrin clots both in vivo and 
in vitro. It exerts its activity by forming a complex with anti- 
thrombin III to accelerate the inactivation of thrombin and to 
inhibit other coagulation proteases such as factor Xa, which is 
responsible for the conversion of prothrombin to thrombin. 
The biological assay for heparin sodium consists of compar- 
ing the activity of the heparin sample and USP Heparin So- 
dium Reference Standard in preventing the clotting of citrated 
sheep plasma. The USP unit of heparin is the concentration of 
heparin that will inhibit 1.0 mL of citrated sheep plasma from 
clotting up to 1 hour after the addition of 0.2 mL of CaCl, 


solution (1:100). Because the potency of heparin varies from 
different preparations, heparin always should be expressed 
and prescribed in units, rather than by weight. 

Heparin Sodium Injection USP is used in the prophylaxis and 
treatment of venous thrombosis and pulmonary embolism, in 
atrial fibrillation with embolization, and for the prevention of 
clotting in cardiac and arterial surgery. Commercially available 
preparations of Heparin Sodium Injection are obtained from bo- 
vine lung and porcine intestinal mucosa. Heparin Lock Flush 
Solution is prepared from porcine intestinal mucosa and is a 
sterile preparation of Heparin Sodium Injection containing so- 
dium chloride in an amount to make it isotonic with blood. This 
preparation of heparin is used for clearing intermittent infusion 
sets. Heparin Calcium and Heparin Calcium for Injection are also 
available and are obtained from porcine intestinal mucosa. 


PROTAMINE SULFATE 
LA a RE ES 
Protamine Sulfate is a mixture of simple proteins of low mo- 
lecular weight that are rich in arginine. They are found in the 
sperm or mature testes of salmon and various other species of 
fish. Due to the high content of arginine, the protamines are 
strongly basic. In the absence of heparin, the intravenous ad- 
ministration of protamine exerts an anticoagulant effect 
through its interaction with platelets and fibrinogen. In the 
presence of heparin, protamine and heparin interact to form a 
stable salt that results in the loss of anticoagulant activity of 
both drugs. 

The biological assay for protamine sulfate depends on the 
ability of protamine to neutralize the anticoagulant activity of 
heparin in citrated sheep plasma. In this assay, various amounts 
of heparin are added to plasma containing a constant concentra- 
tion of protamine. A solution of calcium chloride containing 
thromboplastin is added to the above samples and the clotting 
times are monitored. A detailed description of this assay can be 
found in the USP. Each milligram of protamine sulfate, calculated 
on the dried basis, neutralizes not less than 100 USP Units of 
heparin activity derived from lung tissue or intestinal mucosa. 
Protamine Sulfate for Injection is a sterile mixture of protamine 
sulfate with one or more suitable, dry diluents. Protamine Sulfate 
Injection, a sterile isotonic solution of Protamine Sulfate, is used 
in the treatment of heparin overdosage. 


VITAMINS 

ES AFORE RIT NETS ETE ITS RAEI EN ENON 
Chemical or spectrometric assay procedures are specified for all 
preparations of vitamin A, vitamin B, (thiamine), and vitamin D. 
A biological method for assaying vitamin D has been recently 
approved by the USP (4th Supplement, USP 23-NF 18). This 
assay measures the ability of vitamin D to stimulate calcification 
of the rachitic metaphysis in rats. Because calcification depends 
on adequate amounts of vitamin D, rats fed a diet deficient in 
vitamin D develop rickets; supplementation of the diet with ade- 
quate amounts of vitamin D results in recalcification of the bone. 
Briefly, the assay uses young rats (not older than 55 days) who 
have developed rickets on a rachitogenic diet. These rats are 
divided into groups and fed the rachitogenic diet that has been 
supplemented with either USP Cholecalciferol Reference Stan- 
dard, unknowns, or no supplementation (control). One half of the 
dose of vitamin D either as the USP Cholecalciferol Reference 
Standard or unknown is given to the rats on day 1 and day 3 (or 
4) of the assay period. At the end of a fixed period (between 7 and 
10 days) the rats are weighed and sacrificed. Any rats whose 
weight has decreased are removed from further analysis. The leg 
bones of the remaining rats are dissected out and assayed for 
amount of recalcification of the bones. The activity of the vitamin 
D may be determined by the amount of recalcification relative to 
the reference standards. 


Additionally, a biological assay for determination of vitamin 
D activity of Cod Liver Oil, Nondestearinated Cod Liver Oil, 
Oleovitamin A and D, and descriptions of formerly official 
biological assay methods for vitamins A and B, will be found in 
the 13th edition of this text (RPS-13, pp 1600-1604). 


As previously noted in this chapter, biological assay refers to 
measurement of the relative potency or activity of compounds 
by determining the amount required to produce a specific, 
defined effect on a suitable test animal or organ under standard 
conditions. The experimental animals mentioned in specific 
test procedures described in the previous section include mice, 
rats, guinea pigs, rabbits, cats, dogs, and pigeons. As noted 
earlier, a biological assay may involve observations or mea- 
surements of effects obtained in any form of living matter, 
plant or animal. The term microbial (a contraction of microbi- 
ological) assay designates a type of biological assay, specifi- 
cally, a biological assay performed with microorganisms, such 
as bacteria, yeasts, and molds. 

In general, the principles involved in microbial assays are 
the same as those that apply to assays using higher forms of 
plant or animal life. One notable difference involves the rela- 
tive size of the experimental population. In the bioassays de- 
scribed above, the response of each individual test animal is 
noted and the results are obtained when a series of animals are 
subjected to statistical analysis to calculate mean activity, 
standard error, and so on. In a typical microbial assay, each 
evaluation is performed with a culture of microorganisms, and 
the measurement represents the average response of an ex- 
tremely large population of test organisms. In the case of most 
bioassays, a linear relationship exists between the log dose and 
the response, whereas in most microbial assays there is a linear 
relationship between the dose and the response (within certain 
limits). The importance of this relationship in the evaluation of 
microbial assays is considered in Chapter 12. 


VITAMINS 


BaD SDS we SOR A RE ET PPT TTS] 
Microbiological procedures are available for the assay of Cal- 
cium Pantothenate, Niacin or Niacinamide, and Vitamin B,, 
activity of Cyanocobalamin Co 57 Solution and Capsules, and 
Cyanocobalamin Co 60 Solution and Capsules. 

A fundamental requirement in a microbial assay for the 
activity of a vitamin or amino acid (factor) is the inability of the 
test organism to synthesize the factor being assayed. Further- 
more, the test organism must require the factor being assayed 
for normal growth, and should be sensitive to very small 
amounts of the required factor. For these types of microbial 
assays, special media are prepared that are nutritionally com- 
plete in all respects except for the factor under study. Examples 
of these media may be found in the USP section (81). Control 
tubes containing the suitable media inoculated with the test 
species exhibit no, or only minimal, growth. If the basic re- 
quirements specified above are satisfied, the growth response 
of the test organism is, within limits, proportional to the 
amount of factor added to the medium. 

The extent of the growth response may be determined either 
turbidimetrically, spectrometrically, or by titration of the acid 
produced as metabolic waste. The turbidity of the culture is 
proportional to the amount of microbial growth; the develop- 
ment of acidity also reflects quantitatively the growth re- 
sponse. Sufficient levels of reference standard are included to 
enable construction of a curve of response for each assay. The 
activity of the factor (or factor dilution) being tested is deter- 
mined by interpolation from the standard curve. 
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SUMMARY TABLE 
A EADIE EIR IEE OES TOT TN OD BO RAE) SESE AT IE EEE, 


Major aspects of the biological assay procedures for several 
official articles are summarized in Table 31-1. 


Niacin or Niacinamide 


The techniques and procedures used in the microbiological 
assay for niacin are common to many of the microbiological 
methods, and a description of the niacin method will serve to 
give the pattern generally employed. 


THE MICROORGANISM 


In the case of niacin, it has been demonstrated adequately that 
the assay organisms employed metabolize only the forms of 
niacin that are available to the host in which they grow. The 
fact that some organisms are more limited than the host ani- 
mal in their ability to use niacin derivatives serves as a basis 
for differentiating such compounds in biological materials. For 
example, in addition to the free niacin, Lactobacillus planta- 
rum is able to use niacinamide, nicotinuric acid, cozymase, and 
niacinamide nucleoside. 

Although a number of microorganisms require niacin for 
their metabolic processes and are unable to synthesize it for 
themselves, the acid-forming organism L plantarum is used 
most widely for assay purposes. It is nonpathogenic, easy to 
culture, and affected to only a limited degree by stimulatory or 
inhibitory substances normally found in foods or pharmaceuti- 
cal preparations containing niacin. It may be grown on a simple 
stab-culture medium containing gelatin, yeast extract, and glu- 
cose, and is cultured for use in the assay tubes by direct trans- 
fer to the liquid medium consisting of the basic assay medium 
containing an optimum amount of added niacin. 

One important advantage of microbiological procedures is 
that only a minute quantity of a vitamin is needed to give a 
measurable response. For example, the range of niacin added 
to the series of standard tubes is 0.05 to 0.50 ug/tube. Thus, the 
niacin content of extremely small amounts of biological mate- 
rials may be measured readily. Modifications using microana- 
lytical apparatus and a lower range of vitamin additions have 
been described for blood and tissue analysis. 


THE TEST SOLUTION 


The first step in the assay procedure is the preparation of the test 
solution of the material to be assayed. If the sample is a dry or 
semisolid material, the niacin is extracted by heating the sample 
in a measured volume of dilute H,SO, in an autoclave for 30 
minutes. Liquid preparations are autoclaved 30 minutes after 
addition of the H,SO, to give a concentration of 1 N H,SO,. 
Although niacin is soluble in water, certain precursors, found 
particularly in cereals, are unavailable to the test organism un- 
less hydrolyzed. Either acid or alkali is equally effective for the 
extraction but acid is preferred, owing to the possibility of hydro- 
lysis of trigonelline in an alkaline solution. Preparation of the test 
solution is completed by neutralizing with strong NaOH solution, 
then diluting to a volume that contains 0.1 ug of niacin per 
milliliter. Further purification of the test solution is not ordinarily 
important, because L plantarum is relatively unaffected by sub- 
stances that inhibit or stimulate other test organisms. 


THE MEDIUM 


The basic medium employed in a niacin assay is simple to 
prepare and, with properly treated casein hydrolysate, is oth- 
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erwise nutritionally complete. Both dehydrated complete me- 
dia and dehydrated casein hydrolysates are available commer- 
cially and appear to be entirely satisfactory for assay purposes. 
To prepare a medium suitable for assaying amino acids, the 
casein hydrolysate is replaced with an amino acid mixture, 
omitting only the amino acid being assayed. 

Details of the microbial assay procedure for niacin (includ- 
ing preparation of standard niacin solution, spectrometric de- 
termination of cell density and calculation of the niacin content 
of the test samples) are given in the official compendium. 


Calcium Pantothenate 


In the assay of Calcium Pantothenate, stock complete media 
supplemented with casein hydrolysate and additional vita- 
mins, as described in the USP, are prepared. Sets of tubes are 
supplemented with Calcium Pantothenate standards or test 
solutions. Inoculum of L plantarium are prepared in broth from 
agar slants. One drop of L plantarium—containing broth is used 
to inoculate 10 mL of the broth for test purposes. The amount 
of growth of the L plantarium culture is determined by mea- 
suring light transmittance in a spectrophotometer following 16 
to 24 hours of incubation. A concentration-response curve is 
drawn by plotting the transmittance for each level of the stan- 
dard solution against the concentrations in the respective 
tubes. The amount of Calcium Pantothenate contained in the 
test solution is determined by proper interpolation of the ob- 
served values with the standard curve. 


Vitamin B,, Activity 


Determination of vitamin B,, activity requires special treatment 
of the material to be assayed so that the vitamin is made available 
to the test organism, which is a culture of Lactobacillus leichman- 
nit. The basic medium used is quite complex, prepared as a mix- 
ture in solution of a variety of essential nutrients. Measured 
amounts of the material to be assayed are added to one set of 
tubes containing this medium, and measured amounts of the 
Standard Cyanocobalamin Solution are added to a corresponding 
second set of tubes. The tubes are inoculated with a small amount 
of culture of the test organism and then incubated overnight. The 
extent of growth of the microorganisms is measured by determin- 
ing light transmittance by means of a spectrometer. A concentra- 
tion-response curve is drawn as described for Calcium Pantothe- 
nate, and the amount of vitamin B,, contained in the test solution 
is determined by proper interpolation of the observed values on 
the standard curve. 


ANTIBIOTICS 

SE ES ET 
The term antibiotic, as used in the official compendia, desig- 
nates a medicinal preparation containing a significant quantity 
of a chemical substance that is produced naturally by a micro- 


In the context of bioassay, a biological test has as its objec- 
tive the qualitative determination of a specific characteristic 
of a biological product or of the container in which it is 
supplied (eg, transfusion assemblies). These tests are de- 
signed to determine with a high degree of certainty the 
absence or presence of a type of activity (such as antibacte- 
rial activity or pressor activity), or quality (such as nonan- 
tigenicity or toxicity), or constituent (such as depressor sub- 
stances or pyrogens). Animals are employed in some tests 
and microorganisms in others. 


organism, or artificially by synthesis, and that has the capacity 
to inhibit or destroy microorganisms in dilute solution. Under 
the terms of the Federal Food, Drug, and Cosmetic Act of 1938, 
batch certification for antibiotics, whether for human or veter- 
inary use, was introduced in stages: 1945, penicillin; 1948, 
streptomycin; 1949,aureomycin, bacitracin, and chloramphen- 
icol. In 1962, as part of the Kefauver-Harris Amendments, 
batch certification was applied to all antibiotics intended for 
human use. On 1982 the FDA issued regulations that ex- 
empted antibiotics from batch certification requirements so 
long as the articles complied with standards; however, Section 
507 (Certification of Antibiotics) remains intact. 

Standards of potency and purity for antibiotics are estab- 
lished by the FDA in the form of regulations published from 
time to time in the Federal Register. Because all recognized 
antibiotics are subject to the provisions of the regulations, 
these determine the official standards. The federal regulations 
governing all aspects of antibiotic testing are extremely de- 
tailed and are subject to periodic amendment; they should be 
consulted with regard to prescribed methods for the assay of 
individual antibiotics and their preparations. 

In evaluation of the potency of antibiotic substances, the 
measured effect is inhibition of the growth of a suitable strain 
of microorganisms—that is, the prevention of the multiplica- 
tion of the test organisms. The procedures employed in micro- 
bial assay of antibiotics may be divided into two broad classi- 
fications: the Cylinder-Plate Method and the Turbidimetric 
Method. 


Cylinder-Plate Method 


The Cylinder-Plate Assay of antibiotic potency is based on 
measurement of the diameter of zones of microbial growth 
inhibition surrounding cylinders containing various dilutions 
of test compound, which are placed on the surface of a solid 
nutrient medium previously inoculated with a culture of a 
suitable organism. Inhibition produced by the test compound is 
compared with that produced by known concentrations of a 
Reference Standard. 


Turbidimetric Method 


The Turbidimetric Assay of antibiotic potency is based on in- 
hibition of microbial growth as indicated by measurement of 
the turbidity (transmittance) of suspensions of a suitable mi- 
croorganism in a fluid medium to which have been added 
graded amounts of the test compound. Changes in transmit- 
tance produced by the test compound are compared with those 
produced by known concentrations of reference material. 

Detailed descriptions of appropriate microbial assays for 
specific antibiotics (ie, cylinder-plate or turbidometric method) 
may be found in the Fourth, Fifth, Sixth, and Eighth Supple- 
ments of USP 23-NF 18. These supplements also catalog the 
test organisms to be used with each antibiotic. 


PYROGEN TEST 


The USP pyrogen test requires healthy, mature rabbits to 
determine the absence or presence of pyrogens in products that 
can be tolerated by the rabbit. Three rabbits are used; each 
receives 10 mL of the test solution/kg by injection into an ear 
vein, completing the injection within 10 min. The rectal tem- 
perature is recorded at 1, 2, and 3 hr after the injection. The 
Decision Statements specify a limit on the temperature rise 


allowed for any one rabbit as 0.6° and the total for three rabbits 
as 1.4°. If these limits are exceeded, the test is expanded to 
include five additional rabbits; after which the requirement for 
absence of pyrogen states that no more than three rabbits each 
exhibit a temperature rise of less than 0.6°, and the total 
temperature rise for all eight rabbits is 3.7° or less. 


BACTERIAL ENDOTOXIN TEST 

«LED a TTI TEENY 
Since USP 21-NF 15, an alternative to the rabbit pyrogen test 
exists in the form of the Bacterial Endotoxin Test (BET). In this 
in vitro procedure, the aqueous extract of the circulating ame- 
bocytes of the horseshoe crab, Limulus polyphemus, called 
Limulus Amebocyte Lysate (LAL) is used because it causes the 
formation of a gel-clot if pyrogen (bacterial endotoxin) is 
present above a limiting concentration. Briefly, an aqueous 
sample is mixed with the LAL and incubated at 37°. The end 
point of the assay is determined spectrometrically by an in- 
creased turbidity due to gel formation or by the presence of a 
clot. This procedure requires a USP Reference Standard (de- 
fined potency of 10,000 USP Endotoxin Units per vial, endo- 
toxin obtained from Escherichia coli) and provides a more sen- 
sitive detection of pyrogen (endotoxin) than does the rabbit 
test. Another advantage of the BET is that the presence of 
pyrogens may be detected in drugs that have definite physio- 
logical effects and for which the classic rabbit response could 
not be used. 

The BET procedure has been widely adopted; for example, 
216 monographs that used the rabbit pyrogen test now require 
the BET procedure instead. In 164 cases where the rabbit 
pyrogen test was unreliable, BET requirements are now found. 
BET is an ideal assay for ensuring that water used for phar- 
maceutical purposes is pyrogen free. 

A discussion of pyrogens may be found in Chapter 40. This 
section discusses the nature, sources, and means of destruction 
of pyrogens. In addition, the testing for pyrogens is considered. 


DEPRESSOR SUBSTANCES TEST 
ST I FSET NT SITS] 
In the Depressor Substances Test, a female nonpregnant 
adult cat is anesthetized and the carotid or other suitable 
artery is exposed, separated from surrounding tissue, and 
monitored for continuous blood pressure. A femoral artery is 
exposed as a means to facilitate the intravenous injections of 
standard and test drugs. In this procedure, the depressor 
responses of the substance under test is compared to those 
responses elicited by several doses of a Standard Solution of 
Histamine. The substance under test is dissolved in a des- 
ignated diluent to give the required concentration specified 
in the individual monograph. Refer to Biological Tests in the 
USP for the specific experimental steps required by the 
Depressor Substances Test. 


BIOLOGICAL REACTIVITY TESTS, IN VITRO 
AND IN VIVO 


RR NSIT 
In order to find suitable in vitro replacements for animal pro- 
cedures, in 1985 the United States Pharmacopeial Convention 
established a standing group, the Subcommittee on in Vitro 
Toxicity, that has made impressive progress in gathering in- 
formation about and in stimulating research into in vitro meth- 
ods. The work of the Subcommittee has resulted in two pro- 
posed chapters, Biological Reactivity Tests in Vitro, and 
Biological Reactivity Tests in Vivo. Biological reactivity is the 
response of a biological system or the products of a biologi- 
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cal system, such as cells from tissue culture, to an imposed 
stimulus. 

In the Biological Reactivity Tests in Vitro, three tests called 
the Agar Diffusion Test, the Direct Contact Test, and the Elu- 
tion Test are used to evaluate the suitability of elastomers and 
other polymers that are to have direct or indirect patient con- 
tact. The choice of test is dependent on the material, final 
product, and intended use. 


Agar Diffusion and Direct Contact Tests 


The Agar Diffusion Test is designed to assay elastomeric 
closures. In this assay, an agar layer protects tissue culture 
cells from contact with the material but allows diffusion of 
leachable chemicals from the polymers to reach the cells. To 
perform the test, monolayers of cultured cells are grown to 
80% confluence in 60-mm diameter plates and the tissue 
culture media is replaced by media containing not more than 
2% agar. After the agar has solidified, filter paper to which 
extracts from the polymers have been applied are placed on 
the agar. 

The Direct Contact Test is designed for materials with a 
variety of shapes and also uses 80% confluent tissue culture 
cells. In the Direct Contact Test, the monolayers are incu- 
bated in direct contact with the samples. For both the Agar 
Diffusion and the Direct Contact Tests the cells are incu- 
bated with sample preparations or USP Negative Control 
Plastic RS or USP Positive Bioreaction Solid RS. After 24 
hours of culture, the monolayer is examined microscopically 
and the observations made according to prescribed guide- 
lines. The response is defined in terms of a series of Reac- 
tivity Grades. 


Elution Test 


The Elution Test evaluates the effects of extracts of polymeric 
materials on cultured cells. The materials are extracted into 
cell culture media (with or without serum supplementation) at 
either physiologic or nonphysiologic temperatures. When the 
monolayers are 80% confluent, the media is replaced with 
media containing the polymer extracts and the cells are incu- 
bated for an additional 48 hours at 37°. The evaluation once 
again is based on the microscopic appearance of the cells after 
incubation. 


Systemic Injection Test 


The Systemic Injection Test uses mice that receive an intra- 
venous (IV) or intraperitoneal (IP) injection of a defined 
quantity of an extract of a plastic, after which the mice are 
observed just after the injection and then after 4, 24, 48, and 
72 hours. The animal response from injection of the sample 
is compared with the animal response from injection of a 
blank (same quantity of the same extraction medium treated 
the same way). The sample passes the test only if the ani- 
mals do not display biological reactivity significantly greater 
than that seen in the blank. 


Intracutaneous Test 


The Intracutaneous Test determines the local responses to the 
polymer extracts following intracutaneous injection into rab- 
bits. The evaluation is based on erythema and eschar formation 
and on edema production and uses a defined response value to 
label the intensity of the biological reactivity. The difference 
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between the sample and blank must be less than one for the 
test to be met. 


Implantation Test 


The Implantation Test is a procedure that evaluates the suit- 
ability of the polymeric materials intended for containers or 
container accessories for use in parenterals and for use in 
medical devices, implants, and other related systems that may 
come into direct contact with living tissue. This test uses adult 
rabbits into whose paravertebral musculature are implanted 
strips no smaller than 10 X 1 mm. The animals are maintained 
for at least 120 hours following implantation, after which they 
are sacrificed and the tissue around the implant examined 
grossly and microscopically for reactions to the implant. Refer- 
ence standard material called USP Negative Control Plastic RS 
is provided to act as a control. 


Safety Tests—Biologicals 


The Safety Tests—Biologicals is a procedure used to determine 
the acceptability, in terms of safety, of biologicals and biotech- 
nology derived products. A dose of 0.5 mL of a test solution 
containing the biological is injected IP into mice and guinea 
pigs, after which they are observed for 48 hours or 7 days, 
depending on the test. 

Because biologicals derived from biotechnology may include 
contaminants from the cell lines as well as adventitious infec- 
tious agents, the Federal Government has drafted a number of 


Table 31-2. Summary of Biological Test Procedures 


Points to Consider for use in characterization of monoclonal 
antibodies and characterization of cell lines used to produce 
biologicals. The current approach is to focus on the production, 
identification, and characterization of the cells being used to 
produce the biological, the validation of the manufacturing 
process, and the testing of bulk and final product for safety. 
With regard to safety, the Points to Consider recommend test- 
ing for bacteria, fungi, and mycoplasma as well as tests for 
adventitious viruses including lymphocytic choriomeningitis 
virus, Epstein-Barr virus, cytomegalovirus and hepatitis B and 
C. If the cell lines being used are nonhuman lines, the recom- 
mendation includes assaying for viruses appropriate to the cell 
line. In addition, samples should be tested for retroviruses. 
Should viral contamination be found, the manufacturer should 
include steps to inactivate or remove the virus and these steps 
should be validated. 

Medical devices labeled nonpyrogenic that make contact 
directly or indirectly with the cardiovascular system or other 
soft body tissue must meet the specifications for sterility, non- 
pyrogenicity, and safety as outlined under Transfusion and 
Infusion Assemblies in the USP. The pyrogen procedure uses 
the Bacterial Endotoxin Test (BET) using Limulus Amoebocyte 
Lysate (LAL) and, when appropriate, the rabbit pyrogen test. 
The mouse safety tests referred to before are used for extracts 
of the plastic. 

Plastics for use in parental preparations, elastomeric clo- 
sures for injections, and plastic containers for ophthalmics 
are subject to both in vitro and in vivo Biological Reactivity 
Tests. Plastic material from the three categories is tested for 
in vitro biological reactivity in the Agar Diffusion Test, Di- 
rect Contact Test, and Elution Test. Materials from plastics 


ANIMAL OR ROUTE OF 

TEST SYSTEM ADMINISTRATION 

COMPENDIAL ARTICLE ACTIVITY TESTED EMPLOYED OF TEST MATERIAL ENDPOINT OF TEST PROCEDURE 
Iron dextran injection Absorption of iron Rabbit IM No heavy black deposit of 
compound unabsorbed iron 7 days after 
injection 
Diphtheria toxoid, tetanus Antigenicity Guinea pig SC Not less than 80% survival (for 
toxoid and combinations at least 10 days) of immunized 
with pertussis vaccine animals injected with test 
doses of toxin 
Protein hydrolysate injection Nutritional completeness Rat PO Weight gain while maintained 
on test product and nitrogen- 
deficient diet 
lsofluorophate ophthalmic Miotic Rabbit Ocular Pupil constriction 
ointment instillation 
Insulin products Lower blood sugar level Rabbit SG Glucose analysis 
Technetium Distribution of Rats or mice IV Residual radioactivity in 
Tc99m-containing radioactivity specified tissues 
compounds 
Diphtheria toxoid, tetanus Toxin poisoning Guinea pig SC No symptoms of toxin poisoning 
toxoid within 21 days 
Many articles Pyrogen test or bacterial Rabbits IV (Pyrogen) Rectal temperature increase not 
endotoxins test (BET) (Pyrogen) more than 0.6° (Pyrogen) 

LAL In vitro Increased turbidity by 
spectrophotometry or clot 
formation 

Elastomeric closures, plastic Systemic toxicity of Mouse IP, IV No toxic reaction within 72 hr 
containers, transfusion extract 
assemblies 
Intracutaneous toxicity Rabbit Intracutaneous No significant irritation 
of extract compared to blank 
Implantation toxicity of Rabbit Aseptic No significant encapsulation 
designated material implant compared to blank 
Agar Diffusion, Direct Tissue culture In vitro Minimal damage to monolayer 
Contact Elution Test cells 
Biologics and biotechnology- Toxicity Mice IV, IP Abnormal or untoward toxicity 
derived products Guinea pigs or death 


Note: These tests are described in detail in the USP/NF and the Official Supplements. 


for use in parenteral preparations and elastomeric closures 
for injections that meet the in vitro tests are not required to 
undergo in vivo testing. Materials in the plastics for use in 
parenteral preparations category that do not meet the in 
vitro test requirements are subjected to the Systemic Injec- 
tion, Intracutaneous, and Implantation Tests. Materials in 
the elastomeric closures for injections category that do not 
meet the in vitro test requirements are subjected to the 
Systemic Injection, Intracutaneous, and Pyrogen Tests. Ma- 
terials intended for use in plastic containers for ophthalmics 
that do not meet the requirements of the in vitro tests are 
tested by the Systemic Injection and Intracutaneous Tests. 
Materials cannot be used for containers for ophthalmic prep- 
arations if they do not meet the requirements of the Systemic 
Injection and Intracutaneous Tests. 

The USP search for alternatives to in vivo tests is an ongo- 
ing activity. Work is in progress for selective replacements for 
the Eye Irritation procedure: methods involving the irritation 
of the chorioallantoic membrane (from the chicken egg), the 
uptake of neutral red dye by living cell lyosomes, the total cell 
protein assay, and the rabbit corneal epithelial cell healing and 
other characteristics. Two bacterial tests are under study to 
determine their potential value, v12, the Bacterial Biolumines- 
cence Test, a toxicity procedure applicable not only to extracts 
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of plastics but also to solutions of bulk pharmaceuticals; 
and the bacterial colorimetric test, a procedure based on f- 
galactosidase measurement and with potential value in the 
determination of the biological reactivity of chemicals and ex- 
tracts of plastics. 


SUMMARY TABLE 


An outline of compendial articles subject to identification, ac- 
tivity, or toxicity tests of a biological nature is presented in 
Table 31-2. 
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CHAPTER B2 


The characterization and quantitation of the various compo- 
nents of blood, urine, and other body fluids are the primary 
functions of the clinical laboratory. The major divisions of clin- 
ical analysis are clinical biochemistry, hematology, blood-bank 
technology, histopathology, immunology, and microbiology. 
The accurate diagnosis of disease and determination of a po- 
tential therapeutic regimen frequently are based on the labo- 
ratory analysis of blood, urine, feces, gastric secretions, or 
cerebrospinal fluid. Modern medical practice is tending toward 
greater reliance on laboratory results as definitive measures of 
pathological or normal states. 

Pharmacists should familiarize themselves with the basic 
principles involved in sample collection, analysis, and diagnos- 
tic significance of the various clinical parameters. Their role in 
community health necessitates comprehension of the method- 
ology and diagnostic value of clinical laboratory procedures. 
The influence of various drugs and drug interactions on these 
parameters must be considered in both the clinical and drug- 
abuse situation. 


HEMATOLOGY 


The determination of the morphological, physiological, and bio- 
chemical properties of peripheral blood and the blood-forming 
organs (hematopoietic system) is a function of the hematology 
laboratory. The functional categories of hematology are (1) 
analysis of cellular elements, and specific biochemical and 
physiological parameters of peripheral blood and the hemato- 
poietic system, (2) blood-coagulation analysis, and (3) blood- 
bank technology. 

Peripheral blood is a biphasic liquid tissue system of cellular 
elements suspended in a liquid plasma phase. The cellular 
phase comprises about 45% of the blood volume and contains 
erythrocytes (red blood cells, RBC), leukocytes (white blood 
cells, WBC), and thrombocytes (platelets). The plasma phase is 
primarily water (90 to 92%) and protein (7%). 

The hematological analysis of blood is concerned primarily 
with enumeration and differentiation of the various cellular 
elements. An analysis of the hematopoietic system (eg, bone 
marrow and lymphoid tissue) determines the status of blood- 
cell precursors in these tissues. Determinations of specific bio- 
chemical (hemoglobin) and physiological (blood or plasma vol- 
ume) parameters are performed in a complete evaluation of the 
erythron system (blood and marrow RBC and their precursors). 
The normal hematological values in the adult are presented in 
Table 32-1." 
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ERYTHROCYTES AND HEMOGLOBIN 


The erythrocytic system is composed of the mature erythro- 
cytes in peripheral blood and their precursors in bone marrow. 
The precursors of erythrocytes, as found in the erythropoietic 
system (red bone marrow), are classified as to the degree of 
nucleation and characteristics of cytoplasmic constituents. The 
sequence of erythrocyte formation in bone marrow—based on 
the gradual denucleation of the cell, generation of the chroma- 
tin structure, and changes in nucleolar structure and cytoplas- 
mic constituents—is 


pronormoblast — basophilic normoblast — 
polychromatic normoblast — orthochromatic normoblast — 


polychromatophilic erythrocyte — erythrocyte 


The first four types are nucleated and normally are seen 
only in bone marrow. In normal erythrocyte formation these 
immature bone-marrow cells are designated as normoblastic or 
normocytic. In pernicious anemia and related conditions they 
become abnormally large and are designated megaloblastic or 
megalocytic. In iron-deficiency anemia, these cells become ab- 
normally small and are designated microblastic or microcytic, 
of the iron-deficiency type. 

Normal blood contains 0.5 to 1.5% of circulating erythro- 
cytes as reticulocytes. These cells contain a fine network of 
basophilic reticulum that is demonstrable on staining with a 
vital dye such as brilliant cresyl blue. The number of these cells 
in the blood is a measure of effective erythropoiesis. High 
circulating-reticulocyte values are an index of erythropoietic 
activity and are found in the first few days of life, after hem- 
orrhage and after treatment of iron-deficiency or vitamin B,.- 
deficiency anemias. 

The normal erythrocyte (normocyte) is a flexible, elastic, 
biconcave, enucleated structure with a mean diameter of 7.3 
pm and a thickness near 2.2 um. The chemical constituents of 
the red blood cell include water (63%), lipids (0.5%), glucose 
(0.8%), minerals (0.7%), nonhemoglobin protein (0.9%), methe- 
moglobin (0.5%), and hemoglobin (33.6%). The primary func- 
tion of the erythrocyte is transport of oxygen and carbon diox- 
ide. The red cell membrane, a dynamic, semipermeable 
component of the cell, is associated with energy metabolism in 
the maintenance of the permeability characteristics of the cell 
to various cations (Na*, K*) and anions (Cl, HCO;). The 
stroma of insoluble material which remains after red-cell dis- 
ruption (hemolysis) constitutes 2 to 5% of the wet-cell weight; it 
is primarily protein (40 to 60%) and lipid (10 to 12%). The 
membrane includes stromatin (a fibrous or structural protein) 
and mucopolysaccharides associated with A, B, and O blood- 
group substances. The lipid fractions include phosphatides (lec- 


Table 32-1. Normal Hematological Values in Man’ 


NORMAL NORMAL RANGE 
VALUE OF VALUES 

Erythrocytes (10°/yL) 

Male Bw 4.2-6.1 

Female 4.6 3.7-5.5 
Reticulocytes (107/wL) 50 25-75 
Hemoglobin (g/dL) 

Male 15.6 13.0-18.2 

Female 13.6 11.0-16.3 
Hematocrit (%) 

Male 45.0 36.5-52.0 

Female 40.0 33.0-47.0 
Mean corpuscular volume (fL) 88 75-100 
Mean corpuscular hemoglobin (pg) 30 27-35 
Mean corpuscular hemoglobin 34 31-37 

concentration (%) 

Leukocytes (10?/uL) 7.0 3.9-10.9 
Leukocyte differential (%) 

Neutrophils 58 50-75 

Bands 4 2-6 

Eosinophils 2 1-5 

Basophils 1 0-2 

Lymphocytes 30 20-40 

Monocytes 5 8-38 
Platelets (10?/yL) 300 150-450 
Erythrocyte sedimentation rate 

(Westergren) (mm in 1 hr) 
Male 4 0-10 
Female 10 0-20 


ithin, cephalin), cholesterol, cholesterol esters, neutral fats, 
cerebrosides, and sialic acid glycoproteins. 

Erythrocytes may be enumerated by either visual or elec- 
tronic procedures. In the visual procedures, a measured quan- 
tity of blood is diluted with a fluid which is isotonic with blood 
and will prevent its coagulation. The diluted blood is then 
placed in a counting chamber (hemocytometer), and the num- 
ber of cells in a circumscribed area is enumerated microscopi- 
cally. Hayem’s solution (sodium sulfate, 2.5 g; sodium chloride, 
0.25 g; mercuric chloride, 0.25 g; distilled water, 100 mL), 
Toison’s fluid (sodium sulfate, 8 g; sodium chloride, 1 g; methyl 
violet, 0.025 g; glycerin, 30 mL; distilled water, 180 mL) or 0.9% 
sodium chloride are used as diluting fluids. The overall error of 
this method is about 8%. 

A greater degree of accuracy and reproducibility can be 
achieved by erythrocyte enumeration in an electronic counting 
apparatus, such as the Coulter Counter or various flow cyto- 
metric instruments. The Coulter method (Fig 32-1) determines 
the number and size of particles suspended in an electrically 
conductive liquid. The blood cells traverse a small aperture and 
displace their own volume in the diluent as to produce a change 
in resistance between the electrodes; the magnitude of the 
voltage pulse is proportional to cell volume, and the resultant 
pulses are then amplified, scaled and automatically counted. 

In instruments such as the Bayer ADVIA 120 (Fig 32-2), the 
principles of laser flow cytometry are used to count cells. Hy- 
drodynamic focusing and laminar flow are combined in the 
system to count a large number of individual cells. Light fo- 
cused by a laser diode is scattered by the cells as they pass 
through the flow channel. The scattered light is monitored by a 
photoelectric sensor and transfers the electrical pulses which 
are processed by the systems circuitry. In addition to increased 
counting speed, the overall error of the electronic procedures is 
reduced to about 1%. 

The hematocrit value is also a measure of the erythrocyte 
portion of blood. A sample of blood containing an anticoagulant 
is placed in a graduated hematocrit capillary tube, centrifuged, 
and the volume ratio of packed red cells to total blood volume 
(hematocrit value) determined. The centrifuged sample ap- 
pears as a red layer of packed erythrocytes over which is found 
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an off-white layer of packed leukocytes and platelets, and a 
supernatant plasma phase. The hematocrit value is an index of 
both the number and size of the red cells. 

Hemoglobin, a conjugated hemoprotein with an approxi- 
mate molecular weight of 67,000 daltons, contains basic pro- 
teins, the globins, and ferroprotoporphyrin (heme). It is essen- 
tially a tetramer, consisting of four peptide chains, to each of 
which is bound a heme group. Heme, which constitutes about 
4% of the weight of the molecule, consists of a divalent iron 
atom in the center of a pyrrole-porphyrin structure. Four dis- 
tinct polypeptide chains (a, B, y, 5) can be incorporated into 
hemoglobin. Normal adult hemoglobin is HbA = a,“8,*. Fe- 
tal hemoglobin contains 2a and 2y chains and is designated 
HbF = a,“y,*. 

Differences in the structural sequences of amino acids in the 
peptide portion of the hemoglobin molecules are controlled 
genetically and are responsible for different types of hemoglo- 
bin. Based on the characteristic mobility of the hemoglobin, in 
an electric field (electrophoresis) on starch, paper, cellulose 
acetate, agar, or acrylamide gel media, many hemoglobin types 
have been recognized (see Chapter 33). Only types P, F, 
and A,-A, are considered normal. Sickle-cell anemia and B- 
thalassemia are hemolytic anemias associated with abnormal 
hemoglobins (ie, Type S in sickle-cell anemia and abnormal 
production of the 6 chain in B-thalassemia). In homozygous 
HbS disease, sickling of the red cells is due to the low solubility 
of the abnormal hemoglobin in its reduced state, with the 
production of semicrystalline bodies (tactoids), which distort 
and elongate the cells. In the sickle-cell trait (heterozygous), 
the blood smear shows no sickle cells. In the homozygous con- 
dition, HbS accounts for nearly all of the hemoglobin with small 
amounts of HbF. In the heterozygous condition, HbS consti- 
tutes 50% or less of the hemoglobin, with the balance as HbA. 

The detection of sickle-cell disease is performed by micro- 
scopic observation of the induction of red-cell sickling in the 
presence of a reducing agent such as sodium metabisulfite, or 
by quantitative determination of urea-dispersible turbidity in- 
duced by dithionite following reduction of HbS to deoxy-HbS in 
RBC lysates. The microscopic procedure will detect only ho- 
mozygotes, whereas HbAS and HbS and its structural variant 
HbC-Harlem both are detected in the urea-dithionite tech- 
nique. Commercial qualitative test kits are available for detect- 
ing sickle-cell trait and anemia by solubility determinations. 
All hemoglobins positive to the dithionite test must be electro- 
phorized (cellulose acetate, citrate agar, or starch gel) to differ- 
entiate HbS from HbC and thalassemia traits. Drugs causing 
hemolysis in glucose 6-phosphate dehydrogenase (G6PD) defi- 


Internal 
Electrode 


Aperture 
Bath 


External 
Electrode 


Aperture Diluent 


Figure 32-1. Coulter-counting cells by electronic impedance (cour- 
tesy, Beckman Coulter). 
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Figure 32-2. Sheath stream flow cell accomplishes hydrodynamic focusing, where cells pass single file through the detection area. Sensors 


detect high- and low-angle laser light-scatterer (courtesy, Bayer). 


ciency include sulfones, nitrofurans, chloroquine, dimercaprol, 
nalidixic acid, and probenecid. 

The hemoglobin concentration is measured spectrophoto- 
metrically after lysis of whole blood and conversion of hemo- 
globin to hematin, oxyhemoglobin, or cyanmethemoglobin. The 
addition of a strong base (NaOH) to pH 10 converts oxyhemo- 
globin, carboxyhemoglobin, and methemoglobin to hematin, 
which can be estimated photometrically. Weaker bases 
(Na,CO, or NH,OH) convert hemoglobin to oxyhemoglobin for 
analysis. 

Total hemoglobin is measured also by conversion to cyan- 
methemoglobin using alkaline sodium cyanide—potassium fer- 
ricyanide reagent. Hemoglobin standards certified by the 
Clinical Standards Committee of the College of American Pa- 
thologists are used in these procedures, and all results are 
expressed as “grams hemoglobin per 100 mL (g/dL) blood.” 

In the normal state, the oxygen consumption of the RBC is 
low and it is involved in the conversion of hemoglobin to oxi- 
dized (Fe®*) methemoglobin (HbM), which cannot bind oxygen. 
The normal balance of HbM (<0.5%) is maintained by two 
enzyme systems: NADH and NADPH methemoglobin reduc- 
tases. An inherited deficiency of the RBC enzyme, G6PD, will 
increase the rate of reduction of glutathione and methemoglo- 
bin, make the cell more vulnerable to oxidative attack, and 
result in susceptibility to drug-induced or immune-mediated 
nonspherocytic hemolytic anemia. G6PD deficiency is found 
predominantly in persons of Mediterranean descent, Southeast 
Asians, Africans, and American blacks. The enzyme can be 
quantitated spectrometrically or by fluoronephelometry by 
measuring the rate of reduction of nicotinamide adenine dinu- 
cleotide phosphate (NADP) in the presence of G6PD. Presump- 
tive screening tests based on reduced glutathione (GSH) 
content of blood before and after incubation with acetylphenyl- 
hydrazine also are used. 

Erythrocyte count, hemoglobin content, and hematocrit 
value are used to determine various blood indices in the diag- 
nosis and treatment of anemia. These measurements are 
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Hemoglobin (g/dL) x 10 
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Other parameters used to characterize red-cell variation in- 
clude the red-cell distribution width (RDW). The RDW is cal- 
culated directly by the standard deviation and coefficient of 
variation from a red-cell size-distribution histogram. The dif- 
ference in cell size may be used to monitor patients with per- 
nicious or hemorrhagic anemia. 

Anemias are classified as to red-cell volume and hemoglobin 
concentration. Macrocytic (large cell: MCV > 94), normocytic 
(normal cell: MCV, 82 to 92), or microcytic (small cell: MCV 
< 80) are the classifications according to cell volume. Cellular 
hemoglobin concentration categorizes the cells as to hyperchro- 
mic (MCHC > 38), normochromic (MCHC = 32 to 36), or 
hypochromic (MCHC < 30). Examples of anemias are 


I. Hypochromic Microcytic—erythroid normoblastic anemia in 
bone marrow 
A. Iron Deficiency—low hemoglobin (Hbg) and RBC, low serum 
iron, high total iron binding capacity, absent hemosiderin 
1. Dietary—low iron intake 
2. Intestinal problems—decreased iron absorption 
3. Pregnancy, infants—increased iron requirements 
4. Iron loss—due to chronic hemorrhage, parasitic infec- 
tions, GI tract lesions, excess menstrual bleeding 
B. Hereditary Sideroblastic—defect in the heme synthesis, an 
inability to utilize ingested iron 
C. Thalassemia—genetic abnormality that produces normal to 
increased HbgF and/or HbgA, 
II. Normochromic Normocytic 
A. Hemolytic—increased destruction of erythrocytes 
Autoimmune hemolytic 
Cold agglutinin hemolytic 
Mechanical destruction of RBCs 
Paroxysmal nocturnal hemoglobinuria 
Lymphomas and Hodgkin’s disease 
. Infections 
B. Hemoglobinopathies—abnormalities in structure of alpha 
or beta chains of hemoglobin molecule; normoblastic ery- 
throid hyperplasia in bone marrow 
1. Sickle-cell 
2. Hemolysis 
3. Hemoglobin CC 
Acute Hemorrhage 
Other 
1. Aplastic Anemia, Leukemia, Malignancy 
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2. Renal failure and drug-related anemias caused by chlor- 
amphenicol and antineoplastic drugs 
III. Normochromic Macrocytic—due to deficiency of vitamin B,, or 
folate; bone marrow is hypercellular with increased erythroid 
precursors 
1. Pernicious 
2. Sideroblastic 
3. Sprue—total iron-binding capacity is decreased; hemo- 
siderin is increased in the bone marrow 
4. Pregnancy 


Determinations of the suspension stability of whole blood 
and erythrocyte fragility are useful adjuncts in the diagnosis of 
various diseases. 

The erythrocyte sedimentation rate (ESR) is an estimate of the suspen- 
sion stability of red blood cells in plasma; it is related to the number and 
size of the red cells and to the relative concentration of plasma proteins, 
especially fibrinogen and the a- and #-globulins. This test is performed by 
determining the rate of sedimentation of blood cells in a standard tube. 
Normal blood ESR is 0 to 15 mm/hr. Increases are an indication of active 
but obscure disease processes such as tuberculosis and ankylosing spon- 
dylitis. ESR is affected by anemia and does not respond linearly with 
changes in asymmetrical macromolecules such as fibrinogen and globins. 

The zeta sedimentation ratio (ZSR) technique overcomes these dis- 
advantages. It is based on a measure of the closeness with which RBC 
will approach each other after standardized cycles of dispersion and 
compaction. 

The erythrocyte fragility test is based on resistance of cells to hemo- 
lysis in decreasing concentrations of hypotonic saline. 

Increased osmotic fragility of the red cells is associated with various 
types of spherocytosis and acquired hemolytic anemia; increased resis- 
tance has been observed in thalassemia, sickle-cell anemia, and hypo- 
chromic anemia. The test can be performed manually by colorimetric 
estimation of hemoglobin released by hypotonic cell rupture or auto- 
matically in an instrument which continually records the increase in 
light transmittance through a suspension of red cells in a continuously 
decreasing salt gradient during dialysis. 


LEUKOCYTES 


Mature leukocytes (white blood cells, WBC) in peripheral blood 
and their precursors in bone and lymphoid tissue comprise the 
leukocytic system. Various types of leukocytes are found in 
normal blood. Differentiation of the lymphocytic, monocytic, 
and granulocytic leukocyte types is based on cell size, color, 
chromatin structure, and cytoplasm constituents. 

The primary function of leukocytes is the development of the 
various defense mechanisms and repair processes in inflammatory 
and immune-response mechanisms. The migration of leukocytes 
to the site of inflammation is associated with the release or acti- 
vation of various biochemical substances (5-hydroxytryptamine, 
histamine, complement, immunoglobulins, prostaglandins, lyso- 
somal enzymes). The tissue histiocyte or monocyte (macrophage) 
also can engulf and destroy foreign particles by the process of 
endocytosis, and certain leukocyte types by phagocytosis. 

The chemical composition of the leukocyte includes water 
(82%), nucleoprotein, phospholipids, and trace minerals. En- 
zyme content, glycogen, and histamine levels vary in the dif- 
ferent types of white cells. Deficiency in enzymes associated 
with glycolytic metabolism (hexokinase) and increases in phos- 
phomonoester hydrolases (alkaline phosphatase) have been ob- 
served in leukocytes of certain leukemia patients. 

The precursors of granulocytic leukocytes are found in bone 
marrow and are classified according to the degree of cytoplas- 
mic granulation, dye-affinity of the granules, and shape of the 
nucleus (Schilling, Arneth, or Cooke-Ponder Classification). As 
undifferentiated cells (myeloblasts) mature 


promyelocyte — myelocyte — metamyelocyte — 


band leukocyte — segmented leukocyte 


metachromatic granules appear in the cytoplasm (granulo- 
cytes). All segmented leukocytes are motile, a requirement for 
participation in the inflammatory or phagocytic processes. 

In the mature basophilic and eosinophilic leukocytes, these 
granules develop an affinity for a basic or acidic dye, respec- 
tively; those cells containing granules that do not stain are 
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called neutrophils. In peripheral blood, the mature granulocytic 
cells are designated polymorphonuclear leukocytes: neutro- 
philic, eosinophilic, or basophilic. 

The other types of white cells normally observed in peripheral 
blood have no granules and are classified as to size and shape into 
the monocyte and lymphocyte, which are formed in lymphoid 
tissue. The small lymphocyte is thymic-derived and is found in the 
circulation and germinal centers of lymphoid tissue. The origin of 
the large lymphocyte is a gut-associated lymphoid stem cell that 
can further differentiate into the immunoglobulin-producing plas- 
macyte. The interaction of thymic (T) and bone-marrow (B) lym- 
phocytes is the basis for the development and maintenance of 
humoral and cellular immune mechanisms. 

Leukocytes are enumerated by procedures similar to those 
used for erythrocytes. In the visual procedures, the blood is di- 
luted with a fluid (3% v/v acetic acid) that lyses the red cells, and 
the total leukocyte count is determined microscopically. Eosino- 
phils also may be analyzed differentially with a diluting fluid that 
renders the red cells nonrefractile and invisible, and lyses the 
base-labile leukocytes, leaving the base-stable eosinophils intact. 
A suitable diluting fluid for this purpose is Pilot’s Fluid (propylene 
glycol, 50 mL; distilled water, 40 mL; 1% phloxine, 10 mL; 10% 
sodium carbonate, 1 mL; and heparin sodium, 100 units). Electronic 
counting procedures are similar to those used for erythrocytes with 
the added advantages of speed, accuracy, and reproducibility. 

The normal adult leukocyte value is 5000 to 10,000 cells 
uL*. Values greater than 10,000 (leukocytosis) are encountered 
in the newborn infant, young children, leukemia, cancer, con- 
vulsive seizures of epilepsy, and after extreme exercise. Values 
of less than 5000 (leukopenia) are observed in certain microbial 
infections (eg, typhoid fever, measles, malaria, overwhelming 
septicemia), cirrhosis of the liver, pernicious anemia, radiation 
injury, and replacement of marrow by malignant tissue. 

A differential count of the leukocytes provides information as 
to the relative numbers of each type. A thin film of blood is 
prepared on a microscope slide, stained with a polychromatic 
preparation such as the Leishman, Wright, or Giemsa stain, 
and analyzed microscopically. Wright’s stain contains poly- 
chromed methylene blue and eosin dyes; the erythrocytes are 
stained pink; the nuclei of the leukocytes, purplish-blue; neu- 
trophilic granules, violet-pink; eosinophilic granules, red; ba- 
sophilic granules, blue; and platelets, blue. 

The introduction of automated systems for differential 
white-cell counts has reduced the errors inherent with the 
subjective nature of the visual counting procedure. Differenti- 
ation of the various cell types can be made on the basis of 
cytochemistry and staining properties of enzymes specific for 
a single cell type. The granules of neutrophils and eosino- 
phils are stained by action of their peroxidases on 4-chloro- 
1-naphthol to form a colored quinone in the presence of a per- 
oxide and further differentiated by the optimum pH for 
peroxidase activity between these two cell types. The monocytic 
lipase is used as a specific marker by the reaction of basic 
fuchsin with a-naphthol liberated by lipase on a-naphthylbu- 
tyrate substrate. The lymphocytes are not stained in this pro- 
cedure but are measured by electronic sizing. 

Automated differential WBC counts also are obtained in 
systems that count large populations of cells by simultaneous 
measurement of two optical properties (axial light loss and/or 
narrow-angle scatter and/or multiple-wavelength fluores- 
cence). Laser light also is used to differentiate cell size, gran- 
ularity, and volume of cells. The collected light measured by 
forward versus right-angle scatter is converted to a histogram 
giving the percent of lymphocytes, monocytes, and granulo- 
cytes. Another type of system utilizes computer processing of 
two-dimensional images of the various cell types after staining, 
employing an automatic scanning microscope. 

Polymorphonuclear neutrophilic leukocytes (neutrophils, 
“polys”) normally comprise 62% (50 to 67%) of the total leuko- 
cyte count. These cells are irregular in shape (10 to 15 wm in 
diameter) and usually contain a multilobated nucleus with fine, 
lightly stained cytoplasmic granules. An immature or juvenile 
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form of neutrophil, with a band-shaped nonsegmented nucleus 
constitutes 3 to 5% of peripheral blood leukocytes. Increases in 
the relative percentage of these cells (neutrophilia) are ob- 
served in acute microbial infections (eg, meningitis, smallpox, 
poliomyelitis), metabolic disorders (diabetic acidosis, gout), 
drug intoxication (digitalis, epinephrine), vaccination, coronary 
thrombosis, and malignant neoplasms.” 

Polymorphonuclear eosinophilic leukocytes (eosinophils) 
normally comprise about 1 to 3% of total circulating white blood 
cells. In appearance they are similar to the neutrophil with the 
exception of large, red-stained cytoplasmic granules. Eosino- 
philia has been observed in certain skin diseases (psoriasis, 
eczema), parasitic infestations (pork round worm—trichinosis), 
certain hypersensitivity reactions, and in scarlet fever and 
pernicious anemia. Charcot-Leyden crystals, which are found 
in bronchial secretions from asthmatics, are derived from 
nucleoprotein-disintegration products of eosinophils. 

Polymorphonuclear basophilic leukocytes (basophils) pos- 
sess large cytoplasmic granules that stain a deep blue. These 
cells, which are primarily sources of blood heparin and hista- 
mine, constitute less than 1.0% of the leukocytes. Basophilic 
leukocytosis is seen in chronic myelocytic leukemia, hemolytic 
anemia, and Hodgkin’s disease. Basophilic leukopenia occurs 
following radiation or therapy with glucocorticoids. 

Lymphocytes have a cell diameter from 7 to 10 m (small) to 
10 to 18 wm (large). They have a round, or slightly indented, 
deeply stained nucleus and normally comprise 25 to 33% of the 
leukocytes. Lymphocytosis is seen in infectious mononucleosis, 
lymphocytic leukemia, rickets, and in most conditions associ- 
ated with neutrophilic leukopenia (neutropenia). 

Monocytes constitute 3 to 7% of the leukocytes. They are 
larger (12 to 20 um) than the other leukocytes and possess an 
abundant, pale, bluish-violet-stained cytoplasm with a fine, 
reticulated chromatin structure in the nucleus. The monocytes 
(macrophages) phagocytize bacteria, parasitic protozoa, foreign 
particles, and even erythrocytes. Monocytosis is seen in certain 
microbial infections (tuberculosis, typhus, malaria), Hodgkin’s 
disease and monocytic leukemia. 

Drug therapy frequently causes neutrophil dysfunction, 
which can be characterized by a decreased number of mature 
neutrophils or a defect in cellular function resulting in the 
inability of the body to defend itself against infection. Drugs 
such as nitrogen mustard and chloramphenicol degenerate 
bone-marrow stem cells, and DNA synthesis is impaired by 
antimetabolites such as methotrexate and fluorouracil. Depo- 
lymerization of DNA is caused by procarbazine and alkylating 
agents. Mitosis is inhibited by colchicine and vinca alkaloids. 
The following outline lists drugs that cause granulocytopenia.” 


Nonchemotherapeutic Phenothiazines 
rifampin chlorpromazine 
ristocetin mepazine 
benzene methotrimeprazine 
nitrous oxide prochlorperazine 
ethanol thioridizine 

Antithyroid Antibiotics 
carbimazole chloramphenicol 
methimazole carbenicillin 
thiouracil griseofulvin 

Diuretics isoniazid 
acetazolamide novobiocin 
chlorthalidone Cardiovascular 
chlorothiazide diazoxide 
ethacrynic acid procainamide 
hydrochlorothiazide methyl dopa 
mercurials quinidine 

Antihistamines propranolol 
thenyldiamine 
thenalidine 
pyribenzamine 


As qualitative and quantitative changes in leukocytes in 
peripheral blood and their precursors in bone marrow and 
lymphatic tissue are associated with the various types of 


leukemia, this disease has been classified on the basis of the 
predominating type of leukocyte, ie, myelocytic (granulo- 
cytic), lymphocytic, monocytic, or plasmacytic. Leukemia 
may be either acute or chronic and involve the replacement 
of bone-marrow elements by malignant cells, infiltration of 
the reticuloendothelial system, anemia, thrombocytopenia, 
and hemorrhage. Leukemia usually is associated with an 
elevated WBC count and increase in the specific cell and its 
precursors in peripheral blood, but in certain instances there 
is an aleukemic blood picture with no evidence of leukocyto- 
sis. Leukocytes in acute leukemia are more immature 
(“blast”-type cells) than those encountered in the chronic 
type. 

In many diseases of the hematopoietic system, it is neces- 
sary to examine the bone marrow to determine the rates of 
formation, maturation, and release of blood cells into the pe- 
ripheral circulation. Using a puncture biopsy needle, samples 
of bone marrow may be obtained from the sternum, iliac crest, 
or proximal end of the tibia. Smears of marrow then are pre- 
pared, stained (Wright’s stain or specialized histopathological 
procedure) and examined microscopically. The ratio of myeloid 
leukocyte to nucleated red cells in bone marrow, the presence of 
abnormal (nonmyeloid) cells, the number of platelet precursors 
(megakaryocytes), the signs of cell-maturation arrest, and the 
presence of focal lesions are important factors in the diagnosis 
of various disease states. 

Systemic lupus erythematosus (SLE) is a disease character- 
ized by numerous clinical and pathological manifestations as- 
sociated with various organs. Although the disease chiefly af- 
fects the lymphatic system, the cardiac, renal, and articular 
systems also are involved. The diagnosis of this disease is based 
on the presence of an SLE-cell factor in the gamma-globulin 
fraction of blood in the diseased state. This factor dissolves the 
nuclei of leukocytes by depolymerization of deoxyribonucleic 
acid to form the SLE-body. If serum from patients with SLE is 
incubated with white cells, the “polys” will engulf the liberated 
SLE-body and form the typical SLE-cell with a characteristic 
progressive loss of nuclear detail. Drugs that cause SLE and 
produce a positive SLE-prep include hydralazine, procain- 
amide, isoniazid, and phenytoin. 

These antibodies to nucleoprotein also can be detected by 
immunologic techniques. In the double-antibody technique, the 
test serum containing antibodies to nuclear protein is incu- 
bated with a rat kidney slice (antigen). The second antibody is 
a fluorescein-labeled goat antihuman immunoglobulin (IgG) 
that binds to the human IgG which is also bound to the antigen 
site in a positive test. The fluorescence is estimated by immu- 
nomicroscopy. Normal light-microscopy can be used if the goat- 
antihuman IgG is labeled with peroxidase. 


THROMBOCYTES 


The primary functions of thrombocytes (blood platelets) are the 
maintenance of hemostasis (arrest of blood flow from a vessel) 
and blood coagulation (clot formation). Platelets are oval to 
spherical in shape and have a mean diameter of 2 to 4 wm. They 
originate from an immature cell (megakaryocyte) in bone mar- 
row; ranges of 140,000 to 450,000 wL have been reported in 
normal blood. 

Adhesiveness, aggregation, and agglutination are the 
principal physical properties of platelets responsible for he- 
mostasis and coagulation reactions. Chemically, they con- 
tain protein (60%), lipid (15%), and carbohydrate (8.5%). 
Their content of serotonin, epinephrine, and norepinephrine 
aids in promoting constriction at the site of injury. The 
release of “platelet thromboplastin”, a cephalin-type phos- 
phatide, and adenosine diphosphate (ADP) are important in 
blood coagulation. 

Manual methods for the enumeration of blood platelets are 
notoriously imprecise due to the size and physical properties of 
the platelet. Indirect methods of analysis are based on the 


proportion of platelets to erythrocytes in a stained blood smear. 
Blood samples obtained directly from the fingertip puncture 
are diluted with an anticoagulant fluid that simultaneously 
will stain the platelets. The ratio of platelets to red cells then is 
determined microscopically and the number calculated from 
the predetermined red-cell count (normal 3 to 8 platelets/100 
RBC). In the direct procedures, a sample of blood is obtained by 
venipuncture, placed in a siliconized tube, diluted, and subse- 
quently analyzed by counting the platelets in a microscopic 
counting chamber using conventional or phase-microscopy ap- 
paratus. Suitable diluting fluids are the Rees-Ecker Fluid (so- 
dium citrate, 3.8 g; formaldehyde, 0.22 mL; brilliant cresyl 
blue, 0.05 g; water, qs 100 mL) or Brecker Fluid (1% ammo- 
nium oxalate). Automated procedures for platelet counting 
have increased the accuracy to + 5 to 10%. Blood is collected in 
a special anticoagulant, diluted, and centrifuged at specified 
speeds to obtain a “platelet-rich” supernatant fluid, which then 
is counted in an automated counting apparatus similar to those 
used for RBC counting. 

Methods for counting platelets in whole blood include elec- 
tronic impedence instruments and laser-optical counters using 
hydrodynamic focusing.* These multiparameter hematology 
analyzers provide greater accuracy, precision, and increased 
rate of analysis performed on a small volume of blood. The 
automated instruments provide precise platelet measurements 
for monitoring chemotherapy-induced thrombocytopenia and 
transfusion therapy. 

Persistent increases in platelet count (thrombocythemia or 
piastrenemia) have been observed in chronic myelocytic leuke- 
mia, polycythemia, megakaryocytic hyperplasia, and splenic 
atrophy. Acute or temporary increases in platelet values 
(thrombocytosis) are seen in trauma and asphyxiation. 

Thrombocytopenia or a decrease in platelets to values less 
than 60,000/uL occurs in various purpuras or hemorrhagic 
states (idiopathic or symptomatic thrombocytopenic purpura). 
Inherited platelet defects include Glanzmann’s thrombasthe- 
nia, which is characterized by prolonged bleeding time and poor 
clot retraction, whereas Bernard-Soulier Syndrome and Von 
Willebrand’s disease demonstrates defective platelet adhesive- 
ness. Defects in the release reaction include “Storage Pool 
Deficiency” and “Aspirin-like Syndrome.” 

A rare, inherited, structural and functional platelet abnor- 
mality is the grey-platelet syndrome, characterized by large 
platelets lacking alpha granules and appearing grey on 
Wright’s-stained peripheral blood smears. Patients have a his- 
tory of bleeding, petechiae, easy bruising, and epistaxis. Diag- 
nosis is confirmed by radioimmunoassay procedures to detect 
levels of platelet-specific alpha-granule proteins. 

Leukemia, extensive burns, splenic disorders, and agents 
such as quinidine, sulfonamides, hydrochlorothiazide, diuret- 
ics, antiepileptics, and neuropharmacological agents have been 
implicated in the etiology of symptomatic thrombocytopenia. 
Decreases in platelet count also are accompanied by morpho- 
logical changes in the size, shape, and cytoplasmic granulation 
of these cells and changes in adhesiveness and normal function 
in hemostasis and coagulation. 

Studies on platelet aggregation have been of significant 
value in the study of platelet abnormalities and their role in 
disease states. The rate and extent of the aggregation and 
clotting response to adrenaline, ADP, collagen, and thrombin 
have been measured by observing changes in optical density of 
platelet-rich plasma on adding of these agents or other test 
substances. Low amounts of ADP give reversible aggregation, 
whereas a biphasic-aggregation pattern occurs with interme- 
diate concentrations of ADP or with epinephrine. The second 
phase is the release of the platelets’ endogenous ADP. High 
concentrations of ADP result in an irreversible aggregation. 
Aspirin acts as an inhibitor of the intrinsic-platelet ADP and 
the collagen reaction. 
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RETICULOCYTES 


In normal peripheral blood 0.5 to 1.5% of the erythrocytes 
possess a fine reticulum in the cytoplasm. In blood smears 
prepared with Wright’s, Giemsa, and other Romanowsky meth- 
ods, basophilic stippling of the erythrocytes occurs in lead 
poisoning (plumbism). This is not to be confused with the 
basophilic staining of the reticulocyte, which can only be seen 
when cells are stained by supravital procedures (mixture of 
dyes with wet blood prior to preparing of an air-dried blood 
smear). The observed granular filaments or reticulum of this 
immature erythrocyte are a result of endoplasmic coagulation 
by lipophilic dyes used in the supravital procedures. Reticulo- 
cytes can be enumerated manually by supravital staining of 
fresh blood with an anticoagulant-dye solution. 
The usual method of expression is 


No of reticulocytes/1000 RBC 
10 (1) 


% Retics = 


The “corrected” reticulocyte count is calculated for a more 
meaningful clinical approach in the degree of anemia by ex- 
pressing the percentage of reticulocytes per microliter of whole 
blood. 


Corrected 
reticulocyte = 
count 


Reticulocyte  (Patient’s hematocrit) 


count 


(Normal hematocrit) 


In indirect counting methods a thin film of the blood-dye 
mixture is prepared on a microscope slide, counterstained with 
Wright’s stain, and the reticulocytes enumerated in proportion 
to a predetermined erythrocyte count. In direct procedures, 
reticulocytes are enumerated in wet films without counter- 
staining. Suitable dyes are brilliant cresyl blue, methylene 
blue, and Janus green. These methods are subject to a high 
counting error. 

Flow cytometric analysis using RNA-staining fluorescent 
dyes has improved greatly the precision and accuracy of reticu- 
locyte counts. Dedicated analyzers such as the Sysmex R-3000 
Reticulocyte Analyzer (TOA Medical Instruments) examine 
hundreds of thousands of cells during a 45-sec counting cycle 
and can subclassify reticulocytes by age. 

An increase in the number of reticulocytes is an index of 
accelerated hematopoiesis and is observed in acute hemorrhage 
or adequate therapeutic management of iron-deficiency or per- 
nicious anemia. In cases of chronic blood loss or bone-marrow 
depression a decrease in reticulocytes is seen. 


BLOOD-VOLUME AND ERYTHROPOIETIC 
MECHANISMS 


The mean red-cell mass in normal males is 2095 + 384 mL (30 
mL/kg), the average plasma volume is 2766 + 459 mL (40 
mL/kg), and the total blood volume is 4861 + 795 mL (70 
mL/kg). The specific determination of red-cell mass is esti- 
mated accurately by tagging erythrocytes with °'Cr in vitro or 
5°Fe in vivo. These isotopes are incorporated into the 
B-polypeptide (Cr) or porphyrin (Fe) of hemoglobin in the RBC 
and subsequent isotope dilution in blood after injection of 
tagged erythrocytes is used for calculation of red-cell mass. In 
hemolytic anemia there is also a decrease in the normal life 
span (108 to 120 days) of the erythrocyte as indicated by a 
decreased survival time of °'Cr-tagged red cells in blood (refer 
to Chapter 104). 

Plasma volume is estimated by measurement of hemodilu- 
tion of intravenous-injected !”°I or '°'I human serum albumin. 
The activity of labeled albumin steadily decreases after injec- 
tion due to the loss of albumin to the extravascular space. 
Estimates of zero-time radioactivity levels can be made by 
extrapolation of a typical first-order blood-level decay curve. 
Dyes (Evans Blue) and other isotopes are less satisfactory for 
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Table 32-2. Blood-Coagulation Factors 


FACTOR SYNONYM 
| Fibrinogen 
ll Prothrombin 
Il Thromboplastin (tissue) 
IV Calcium 
V Labile factor, proaccelerin, Ac globulin 
Vi Accelerin 
Vil Stable factor, proconvertin, serum prothrombin 
conversion accelerator (SPCA) 
Vill Antihemophilic globulin (AHG) 
IX Christmas factor, plasma thromboplastin component 
(PTC) 
Xx Stuart-Prower factor 
XI Plasma thromboplastin antecedent (PTA) 
XII Hageman factor 
XIII Fibrin-stabilizing factor (FSF) 


accurate assessment of plasma volume. The total blood volume 
is equal to the red-cell mass and plasma volume. 

Chronic expansion of the red-cell mass is seen in primary 
and secondary polycythemia associated with erythrocytosis due 
to hypoxia, tumors, and renal disease. In these conditions, 
there is an increased hemoglobin and hematocrit and absolute 
increase in red-cell mass. In relative polycythemia, the high 
hematocrit is due to contraction of the plasma volume. Chronic 
expansion of the blood volume, with a resultant decrease in 
hematocrit value, and in some cases a “hemodilution” anemia, 
is seen in cardiac failure, normal pregnancy, hepatic cirrhosis, 
splenomegaly, and arteriovenous fistula. 

The metabolic defect in pernicious anemia, characterized by 
inadequate gastrointestinal absorption of vitamin Bs, is diag- 
nosed readily by monitoring urinary radioactivity following 
oral administration of cyanocobalamin-?’Co with and without 
intrinsic factor. The percent recovery of the isotope in normal 
patients is 3 to 25% and in pernicious anemia 0 to 2.5%. 

Erythrocytes tagged with °'Cr also are used in studying the 
effects of various compounds, such as the nonsteroidal anti- 
inflammatory drugs, on gastrointestinal (GI) bleeding. The pa- 
tient’s blood cells are tagged with °'Cr and the agent under test 
is administered. If GI bleeding occurs, there is an increase in 
the °'Cr content of fecal samples as a result of blood loss into 
the lumen of the GI tract. 

Measurement of the absorption of radioactive iron (°°Fe), its 
tissue distribution (liver, spleen, precordium, sacral bone mar- 
row), plasma elimination, and urinary excretion establish var- 
ious ferrokinetic parameters. Iron is absorbed to the greatest 
extent as the ferrous salt in the upper small intestine. Absorp- 
tion is decreased in iron overload, erythropoiesis, and various 
malignant, inflammatory, or infectious diseases. Iron is trans- 
ported in plasma bound to transferrin, a specific iron-binding 
protein. Alterations in plasma iron and iron-binding capacity 
are seen in pregnancy, thalassemia major, and iron deficiency 
(hypochromic) anemia. Iron is stored in the liver, bone marrow, 
skeletal muscle, and spleen as ferritin and hemosiderin. The 
daily turnover of iron is about 35 mg, primarily from an “eryth- 
ropoietic labile pool” in bone marrow. 

Hemosiderosis is simply an increase in iron storage, 
whereas hemochromatosis denotes increased iron storage with 
associated tissue damage. Both of these states can result from 
oral or parenteral medicinal/transfusion iron overload. Iron 
excretion is limited and occurs by desquamation of iron- 
containing cells from the bowel, skin, and urinary tract. 
Iron-deficiency anemia is a symptom and not a disease. Treat- 
ment is based on evaluation of ferrokinetic parameters, correc- 
tion of hemoglobin and tissue-iron deficiency, and recognition 
of the underlying cause (eg, chronic blood loss). 


BLOOD COAGULATION 


Hemostasis, the arrest of blood flow from a vessel, is regulated 
by extravascular (muscle, skin, and subcutaneous tissue), vas- 
cular (blood vessels), and intravascular (platelet-adhesion, clot- 
retraction, and blood-coagulation) mechanisms. The following 
discussion will be limited to those processes related to the 
blood-coagulation mechanism. When blood is allowed to clot, 
the free-flowing liquid is converted into a firm cell clot sur- 
rounded by serum. If an anticoagulant is added to blood, coag- 
ulation does not occur and the blood cells are suspended in a 
liquid phase—plasma. The clotting mechanism involves three 
stages: the formation of plasma thromboplastin, the conversion 
of prothrombin to thrombin, and the conversion of fibrinogen to 
fibrin. 

The International Committee on Nomenclature of Blood 
Clotting Factors has numerically designated the blood- 
coagulation factors (Table 32-2). Fibrinogen and Factors V 
and VIII are absent in normal blood serum as a result of the 
clotting process. The absorption characteristics of certain 
blood-coagulation factors on calcium phosphate or barium 
sulfate are used in the differential analysis of specific fac- 
tors. The interaction of coagulation factors may be initiated 
through either the intrinsic or extrinsic pathways. In the 
intrinsic system all the factors are present in the blood, 
while the extrinsic system is activated by the release of 
tissue thromboplastin. Figure 32-3 shows the activities of 
both pathways to form a stabilized fibrin clot. 


In Stage 1 of the coagulation process, the contact of injured 
tissue with blood results in the activation of Factor XII, which 
reacts with calcium, plasma thromboplastin antecedent (PTA, 
Factor XI), plasma thromboplastin component (PTC, Factor IX), 
antihemophilic globulin (AHG, Factor VIII), and Factors III, V, 
and X to yield intrinsic or blood thromboplastin. This stage 
normally is completed in 3 to 5 min. Extrinsic or tissue throm- 
boplastin is formed rapidly (<12 sec) in various tissues in the 
body such as lung and brain in the presence of calcium and 
Factors V, VII, and X. 


Intrinsic 
XII 
XI 
| Ca?+ 
Ix Extrinsic 
| 111 (Tissue Thromboplastin) 
Vii 
(VIIL + Cat + PL*) Ca** 


xX — (V+ PL + Ca’) 


(Prothrombin) || —* Thrombin 


! 


Fibrinogen ——®> Fibrin 


Thrombin 
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Ca? 


Stabilized Fibrin Clot 
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Figure 32-3. Blood coagulation process. 


In Stage 2, thromboplastin catalyzes the conversion of pro- 
thrombin to thrombin (8 to 15 sec) in the presence of Factors V, 
VII, X and calcium. 

In Stage 3, the thrombin rapidly converts fibrinogen into 
fibrin, which then forms a network of fibers that traps red cells 
and thus forms the blood clot. 


Although the exact nature of the enzymatic sequences in the 
coagulation process is not clear, it is definitely a biological 
amplification process starting from the small reaction of tissue 
contact to rapid conversion of fibrinogen to fibrin. 

Blood contains natural inhibitors of coagulation such as 
antithrombin, heparin, and antithromboplastin, which can pre- 
vent a particular reaction in the coagulation sequence. The 
dissolution of blood clots occurs by the action of the blood 
proteolytic enzyme—plasmin or fibrinolysin. Plasmin is formed 
from its precursor, plasminogen, after activation by tissue and 
body fluids or substances of bacterial origin (streptokinase). 

The routine tests performed in the coagulation laboratory 
are indices of vascular function (vascular phase and platelet 
adhesion) or intrinsic clotting mechanisms. Determinations of 
bleeding time and capillary fragility provide estimates of blood 
coagulation in the presence of platelets and tissue or vascular 
factors. In the Ivy method for determination of capillary bleed- 
ing time, a blood pressure cuff is placed on the forearm and 
inflated to 40 torr; a puncture wound is made and the time 
required for bleeding to stop is noted. Bleeding time is a screen- 
ing test for disorders of platelet function or vascular defects but 
is usually normal in coagulation disorders. The test is useful in 
the differential diagnosis of Von Willebrand’s disease (reduced 
factor VIII, with a normal bleeding time) from mild hemophilia. 
The normal bleeding time, as determined by this method, is 
1 to 9 min. Dextran, pantothenyl alcohol and derivatives, 
penicillin G, nonsteroidal anti-inflammatory drugs, and 
streptokinase-streptodornase may cause a prolonged bleeding 
time. The Simplate 11 (General Diagnostics) is a standardized, 
disposable, spring-loaded bleeding-time device for platelet 
function testing. It uses two blades that are released automat- 
ically to produce two uniform incisions 6 mm long x 1 mm 
deep, making the procedure reliable and reproducible. 

The capillary fragility or tourniquet test is based on the 
incidence of petechiae (small red marks) formation produced by 
an inflated blood pressure cuff over a 5-min period. Normally, 
a few tiny petechiae may appear. The most common cause of 
abnormalities in vascular-function and platelet-adhesion tests 
is thrombocytopenia. 

An analysis of the intrinsic coagulation mechanism is con- 
cerned with the determination of the levels of the specific 
clotting factors in whole blood. In preliminary studies of a 
suspected hemorrhagic disorder, determinations of coagulation 
time, clot retraction, platelet count, bleeding time, and capillary 
fragility usually are performed. 

In the Lee-White procedure, the coagulation time of whole 
blood is determined in regular or siliconed tubes. Normal val- 
ues are 8.5 to 15 min in glass and 19 to 60 min in siliconed 
tubes. Anticoagulants and tetracyclines may cause increased 
times while corticosteroids and epinephrine cause decreased 
values. The siliconization of glassware prevents platelet aggre- 
gation, and thus delays coagulation. The samples used in the 
analysis of coagulation time are then inspected at 0.5, 1.0, 2.0, 
4.0, and 24.0 hr after clotting to determine the time required 
for the various phases of clot retraction. The tubes also are 
observed for evidence of clot lysis or dissolution. The clot nor- 
mally will start to retract in 30 min, completely retract within 
24 hr and show no evidence of lysis over a 72-hr period. Pro- 
longed coagulation times are associated with hemophilia, hy- 
pofibrinogenemia, and Factor IX deficiency. Abnormalities in 
any of these tests indicate the requirements for further coagu- 
lation studies. 

The prothrombin time test is a measure of the levels of all 
coagulation factors, except III, IV, and VII, and is an index of 
the capacity of plasma to form thrombin. In the “One Stage” 


CLINICAL ANALYSIS 559 


test, the plasma sample is mixed with calcium chloride and 
tissue thromboplastin, and the time required for fibrin-clot 
formation is determined. Results are compared with a normal 
plasma control, and the prothrombin time is reported either in 
seconds or as the percent of prothrombin calculated from a 
standard activity curve. Correction studies using normal se- 
rum, adsorbed normal plasma, or whole normal plasma added 
to test serum indicate deficiencies of Factors VII and X, Factor 
V, and Factor II, respectively. If none of these additives shorten 
the prothrombin time, a circulating anticoagulant problem can 
be suspected. 

A modification of this technique (the prothrombin-proconvertin 
procedure) using a 1:10 dilution of both patient and control 
plasma in the presence of prothrombin-free plasma as a source of 
Factors I and V, is a more sensitive index of specific deficiencies in 
prothrombin, Factor VII, IX, and X. 

Owren’s thrombotest, as performed on whole blood, is sen- 
sitive to changes in both extravascular and intravascular clot- 
ting mechanisms, including Factor IX. The dosage of anticoag- 
ulant drugs, such as dicumarol, is adjusted in accordance with 
prothrombin-time determinations; patients are maintained 
usually within a therapeutic range of 20 to 40% of prothrombin 
activity (normal range, 80 to 130%). Reduced prothrombin lev- 
els, with prolonged prothrombin times, are observed in vitamin 
K deficiency, hemorrhagic disease of the newborn, excessive 
anticoagulant therapy, and liver and biliary disease. The inter- 
action of other drugs with anticoagulants may cause increased 
prothrombin times. Drugs such as salicylates, phenylbutazone, 
oxyphenbutazone, indomethacin, and some sulfonamides in- 
crease the amount of active anticoagulant activity. Other drugs 
decrease the amount of vitamin K produced by gut bacteria, 
including chloramphenicol, kanamycin, neomycin, streptomy- 
cin, and the sulfonamides. 

The prothrombin consumption test 1s an index of the effi- 
ciency of conversion of prothrombin to thrombin in the coagu- 
lation process. The blood sample is allowed to clot under stan- 
dardized conditions and then the quantity of prothrombin 
complex removed in the serum is determined in the presence of 
extrinsic fibrinogen. At least 80% of the prothrombin is con- 
sumed normally. Reduced consumption of prothrombin (<80%) 
is observed in coagulation deficiencies (hemophilia) related to 
thromboplastin generation. 

Other types of coagulation tests detect deficiencies in throm- 
boplastin generation mechanism. The thromboplastin genera- 
tion time test (TGT) provides a means of detecting specific 
deficiencies of Factors V, VIII, IX, X, XI, or XII. In the initial 
phase of this procedure, the clotting time of the patient’s ad- 
sorbed plasma is determined in the presence of a standardized 
platelet factor reagent, calcium chloride, plasma substrate re- 
agent (Factors I, II, and V), and the patient’s serum. If the 
clotting time is abnormal (>16 sec), further tests are performed 
with the patient’s plasma or serum. The adsorption of the 
plasma sample on barium sulfate removes Factors II, VII, [X, 
and X and facilitates differentiation of a Factor IX to X from V 
to VIII deficiency in the thromboplastin-generation mecha- 
nism. Thromboplastin generation is reduced in hemophilia and 
thrombocytopenia. 

The activated partial thromboplastin time (PTT) test is 
based on the observation that hemophilic plasma has a normal 
clotting time in the presence of a complete thromboplastin 
(extrinsic-saline extract of brain tissue), as used in prothrom- 
bin determinations, but will give a markedly prolonged clotting 
time with an incomplete thromboplastin (cephalin). Cephalin is 
a thromboplastic, ether-soluble phospholipid factor with plate- 
let-like activity. In this test, the clotting time of the patient’s 
plasma is determined in the presence of calcium chloride and 
activated cephalin. This test is used primarily to detect defi- 
ciencies in Stage 1 of the coagulation mechanism and is rather 
sensitive to changes in Factors VIII and IX, as seen in classic 
hemophilia and Factor IX deficiency (Hemophilia B or Christ- 
mas disease). 
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In Stage 3 of the coagulation process, the presence of ade- 
quate levels of fibrinogen and thrombin is critical. Fibrinogen 
levels are analyzed semiquantitatively by determining the clot- 
ting time of a diluted plasma sample in the presence of extrin- 
sic thromboplastin. This test is basically independent of pro- 
thrombin levels. Fibrinogen concentrations of 125 mg/dL or 
greater are adequate; deficiencies (hypofibrinogenemia) have 
been observed in liver disease, carcinomatosis, and in certain 
complications of pregnancy. 

Increased levels of fibrinogen degradation products (FDP) 
have been demonstrated in serum due to primary activation of 
the fibrinolytic system (pathological fibrinolysis) or by second- 
ary activation following increased blood clotting (disseminated 
intravascular coagulation). Fibrinogen (mol wt 3.4 * 10° dal- 
tons) is degraded sequentially to fragments X, Y, D, and E with 
molecular weights of 2.7, 1.65, 0.85, and 0.55 x 10° daltons, 
respectively. Fragments X and Y are more potent anticoagu- 
lants than fragments D and E and are responsible for hemor- 
rhagic states in defibrination. Complexes between fibrin mono- 
mer, fragment X, and other FDP interfere with thromboplastin 
generation and platelet formation. FDP can be measured by 
immunological techniques involving latex agglutination of par- 
ticles sensitized with specific antibodies to FDP or by a hema- 
glutination-inhibition test. The normal level of serum FDP is 
4.9 + 2.8 g/mL. Increased levels are seen in acute myocardial 
infarction, menstruation, complications of pregnancy, hypoxic 
newborns, malignancy, and renal disease. 

Deficiencies in the clotting mechanisms usually can be cor- 
rected partially and temporarily by transfusion of normal blood 
or plasma. When this fails, the presence of circulating antico- 
agulants (antithrombin, antithromboplastins, heparin) must 
be considered. Heparin acts indirectly by means of antithrom- 
bin III, which neutralizes several activated clotting factors 
(XIla, activated Fletcher factor, XIa, [Xa, Xa, Ila, and XIIIa). 
The pharmacological effect of an oral anticoagulant is the 
inhibition of blood clotting by interfering with vitamin K— 
dependent clotting factors II, VII, IX, and X. Circulating anti- 
coagulants are detected by determining the effect of normal 
plasma on the clotting time (recalcification time) of the pa- 
tient’s oxalated plasma in the presence of calcium chloride. If 
the addition of the normal plasma does not shorten the pro- 
longed recalcification time, a circulating anticoagulant state 
can be reported. 

Because the end point of all coagulation tests is the conver- 
sion of fibrinogen to fibrin, it is vital that analysts rigidly 
standardize their concepts of fibrin formation in visual record- 
ing procedures. The use of mechanical instrumentation in the 
detection of clot formation has increased significantly the stan- 
dardization, accuracy, and reproducibility of coagulation pro- 
cedures. These instruments measure and record the process of 
fibrin formation via increased turbidity (coagulogram or pho- 
tometric clot detection) or changes in electrical conductance in 
the reaction mixtures. As well as performing routine coagula- 
tion tests simultaneously or sequentially, updated systems can 
run Fibrinogen and Factor assays, achieving rapid throughput 
and accuracy. New performance features are available with 
many of the automated coagulation instruments. These include 
precise temperature regulation, digital displays, automatic di- 
lutions of patient samples, and the ability to measure specific 
clotting factors using chromogenic substrates. 

Hemophilia is a classic deficiency of AHG (Factor VIII), 
Christmas disease of PTC (Factor IX), and Hageman trait of 
Factor XII. Hereditary or acquired deficiencies of Factors II, V, 
VII, X, and XI also are associated with disease states. The 
process of blood coagulation, analysis of coagulation factors, 
and interpretation of results comprise a highly complex system. 
The coagulation laboratory and the physician function together 
in the diagnosis and treatment of coagulation-deficiency 
diseases. 


BLOOD-BANK TECHNOLOGY 
SE AS I I I LO | 


Blood-bank technology in the modern laboratory is part of the 
blood-transfusion service. As whole blood for transfusion and 
its components are biologically active therapeutic substances, a 
complete analysis of their chemical and biological characteris- 
tics is vital to the assurance of successful therapeutic effects. 
The transfusion service is responsible for 


Receiving and examining of the donor. 

Collecting, processing, and storing the blood. 

Typing of recipient and donor for ABO and Rh blood-group factors. 
Compatibility (cross-matching) testing before transfusion. 

Issuing of blood for transfusion and extracorporeal circulation. 
Evaluating transfusion complications. 

Performance of special serological tests pertinent to blood groups 
and other factors. 


USD Sl 


In this section a discussion of pertinent factors related to the 
various phases of the transfusion service will be presented. 


RECEIVING AND EXAMINING OF THE DONOR 


A complete registry* of prospective donors should be main- 
tained, with specific reference to age, sex, weight, address, 
occupation, and telephone number. Computerized blood bank- 
ing has increased the efficiency of this service. Donors should 
preferably be between the ages of 21 and 60 and should weigh 
no less than 110 pounds. The donor may be rejected on the 
basis of previous or active incidence of certain microbial dis- 
eases (recurrent malaria, syphilis, infectious or homologous 
serum hepatitis, tuberculosis), bleeding abnormalities, convul- 
sions, allergic syndromes, skin or heart diseases, diabetes, al- 
cohol or drug addiction, pregnancy, cancer, recent immuniza- 
tion with live vaccine product, acquired immune deficiency 
syndrome (AIDS), or blood pressure abnormalities (acceptable 
blood pressure: between 100/50 and 200/100; pulse rate: 60 to 
120/min). The screening of blood for exposure to human immu- 
nodeficiency virus (HIV) is crucial to reducing the risk of infec- 
tion from transfusion. ELISA (enzyme-linked immunosorbent 
assay) screening tests for the detection of antibodies against 
HIV are available from manufacturers. More sensitive tests are 
available to detect viral DNA in body fluids. 

A period of at least 8 weeks should have elapsed since blood 
was withdrawn and the blood hemoglobin level should be 12.5 
to 13.5 g/dL or greater. Serum bilirubin and transaminase 
levels also should be evaluated in donors with previous inci- 
dence of jaundice. 


COLLECTING, PROCESSING, AND STORING 
THE BLOOD 


A tourniquet is applied to the arm of the donor to occlude the 
venous return, the skin area is sterilized, and the blood is 
collected by venipuncture (phlebotomy). NIH Formula A or B 
ACD (Acid-Citrate-Dextrose) or ACD-phosphate solutions are 
used as anticoagulants in the sterile blood-collecting contain- 
ers. Evacuated containers may be of regular or siliconed glass; 
collapsible plastic containers offer many advantages in dona- 
tion, blood-banking, and transfusion procedures. 

The preservation of the red cells in blood is improved by the 
complete removal of trapped air in the blood-collection appara- 
tus, rapid cooling after collection, and storage at 4°. Properly 
collected whole blood is usually stable for 21 days at 1° to 6°. 
The deterioration of whole blood is related to increased cellular 
fragility (increased plasma K") and decreased glucose utiliza- 
tion. Blood that is used for correction of any bleeding tendency 
or clotting defect should be as fresh as possible. Leukocytes, 
platelets, and Factors V and VIII deteriorate in stored plasma 
or whole blood. 


ABO BLOOD-GROUP CLASSIFICATION? 


Human red cells can be classified into various groups or types 
on the basis of reactivity of certain blood factors (agglutino- 
gens) located on the erythrocyte membrane. The Landsteiner 
system (Table 32-3) for the four blood groups is based on the 
presence or absence of either A or B agglutinogen on the cell 
surface (Group A, B, AB, or O, respectively). 

Serum does not contain the antibody (agglutinin-IgM type) 
for the antigen present in an individual’s own red cells, but 
does contain the isoagglutinin (eg, anti-B in blood group A) due 
to exposure, early in life, to bacterial and plant antigens similar 
in structure to the A-B antigens. The clumping or agglutination 
of the red cells by reaction of agglutinogen with agglutinin is 
used in blood-grouping techniques. In certain instances hemo- 
lysin antibodies, present in serum containing anti-A or anti-B 
agglutinins, cause the disruption of cells and release of hemo- 
globin (hemolysis). 

Human blood cells are grouped by two separate reactions: 
cellular or “front” grouping and serum or reverse grouping. The 
blood group ordinarily is determined by testing an individual’s 
red cells with standardized anti-A or anti-B serum (certified by 
the Bureau of Biologics, FDA). Confirmation of the blood group 
(reverse typing) is accomplished by an analysis of an individu- 
al’s agglutinin titer. In this procedure the individual’s serum is 
heated at 56° for 10 min to destroy hemolysins, and then mixed 
with known Subgroup A, or B, human red (Rh-negative) cells 
in the agglutination test. These two tests should be in agree- 
ment prior to the release of blood for transfusion. 

Although human blood cells of Group B react uniformly with 
Anti-B serum, Group A and AB cells show a wide range of 
reactivity with Anti-A or Anti-A,B serum. Blood-group A may 
be further categorized into Subgroups A,, A,,;., Ao, As, Ap, and 
A, on the basis of the reaction with absorbed Anti-A, Anti-A,- 
lectin, Anti-H-lectin, Anti-A, 5, and Anti-AB serum and the 
presence of Anti-A, in the serum. Certain Group O individuals 
possess anti-H in their serum and are further subcategorized 
into the Bombay or O,, phenotype. Tests for A, B, and H in 
saliva can establish the genotype of an individual, that is, A 
and H in saliva of blood-group A; B and H in B; H and O and A, 
B, H in AB. This is helpful in cases of poorly developed red-cell 
antigens or in the loss of cellular antigen in some patients with 
leukemia. 

As the human blood cell contains many antigens with rather 
complex biochemical and immunochemical properties, the 
blood factors have been classified further into various sub- 
systems. The Kell (K), Lutheran (Lu), Lewis (Le), Duffy (Fy), 
Kidd (Jk), MNS, Sutter (Js), Diego (Di), and P blood-factor 
systems are based on the detection of a specific antigen on or 
within the red cell by means of antibody (tsohemagglutinin) 
reactions with specific antisera or panels of reagent red cells. 
Some of these factors (eg, Kidd, Kell, and Lewis) have been 
involved in transfusion reactions. 


THE RH-HR SYSTEM AND ANTIHUMAN 
GLOBULIN TEST 


The presence or absence of Rh, antigen in human blood is of 
prime importance in transfusion reactions, paternity disputes, 


Table 32-3. Blood-Group Systems 


REACTION? REACTION? 

WITH WITH FREQUENCY 
BLOOD AGGLUTINOGEN AGGLUTININ  ANTI-A ANTI-B (%) IN 
GROUP IN CELL IN SERUM SERUM SERUM CAUCASIANS 
A A Anti-B + = 41 
B B Anti-A-A, + 10 
AB AB None 3f a5 4 
Oo None Anti-A = = 45 

and B 


? Agglutination. 


CLINICAL ANALYSIS 561 


and isosensitization phenomena. There are eight blood Rh phe- 
notypes that are determined by their reaction with three spe- 
cific serum agglutinins (Anti-Rho, Anti-rh’, and Anti-rh”): rh, 
rh’, rh”, rh'rh’, Rho, Rho, RhO’, and RhjRh§. The rh groups do 
not contain the Rh, factor on the cell surface and are desig- 
nated “Rh-negative”. The terminology of the Wiener system 
(Rh, rh) is comparable to the Fisher-Race (CDE) as follows: 
rh'(C), Rh,(D), rh’(E). The Rosenfeld system uses a numerical 
classification: RH1 = Rho. 

The absence of the Rh antigen in about 15% of the popula- 
tion does not preclude the presence of other factors; the use of 
specific antisera (Anti-hr’ and Anti-hr’) has demonstrated the 
existence of the Hr factors (Hry hr’, hr’). For example, the 
Rh-negative cell (rh”) possesses rh"hr’Hr, antigens. The anti- 
gen Rh,(D) is the most potent immunogen of all the Rh anti- 
gens. 

The Rh antibodies are either saline agglutinins (complete) 
or “blocking” antibodies (incomplete). The latter are of the IgG 
type. They are used in Rh testing procedures and are produced 
more commonly, and in higher titer, in the human isosensiti- 
zation or autoantibody reactions. They will not agglutinate 
saline suspensions of normal Rh-positive red cells except in the 
presence of a high concentration of albumin, serum or conglu- 
tinin (AB serum with albumin) at a temperature of 35° to 37°. 

In routine Rh testing procedures, a sample of blood (ox- 
alated or heparinized) or a suspension of cells in serum or 
albumin is mixed with Anti-Rh, serum on a slide or in a tube at 
37° to 47°. The presence of clumping indicates that the blood 
possesses Rhy antigen. Confirmation of an Rh-negative test 
may be performed by retesting with Anti-rh’Rhprh” serum. 

In Rh testing procedures, red cells from patients with ac- 
quired hemolytic anemia are partially coated with human au- 
toantibody, and cells from erythroblastic infants are coated 
with maternal antibody globulins and may be clumped falsely 
by Rh typing serum containing a high protein concentration, or 
may appear to be Rh-positive in the saline-cell suspension test. 
Demonstration of anti-Rho(D) in an eluate from these antibody- 
coated cells can help to establish true Rh type. 

Anti-Rh antibodies are not normally present in human se- 
rum; they may be acquired via isosensitization. The transfu- 
sion of Rh-positive blood to an Rh-negative recipient, or trans- 
fer of cells of Rh-positive fetus through the placental barrier to 
the Rh-negative mother, will result in formation of antibodies 
to Rh agglutinogens not present in the cells of the recipient or 
mother, respectively. 

Hemolytic blood-transfusion reactions and hemolytic dis- 
ease of the newborn (erythroblastosis fetalis) involve isosensi- 
tization phenomena usually related to the Rhy antigen. Hr and 
ABO antigens also can be responsible for hemolytic disease of 
the newborn. If an expectant mother is Rh-negative and the 
father is Rh-positive, the Rh genotype of the father should be 
determined. If the father is homozygous, the erythrocytes will 
contain a pair of Rhy factors and the offspring will inherit the 
Rh, factor; if he is heterozygous, one Rhy and one Hry factor 
will be present and his offspring may or may not inherit the 
factor. 

If the fetus is Rh-positive, the mother may be sensitized to 
the Rh antigen and in subsequent pregnancies the develop- 
ment of high titers of Anti-Rh, antibodies will result in hemo- 
lytic disease of the fetus. These antibodies enter the fetal 
circulation via the placental barrier, coat the red cells of the 
fetus, and cause excessive erythrocyte destruction, hyper- 
bilirubinemia, and associated potential for brain damage, hy- 
drops fetalis (edema), and congenital anemia of the newborn. 
This Rh disease can be avoided now by proper therapeutic use 
of Rh,p(D) Human Immune Globulin (Rhy-GAM, Ortho) to pre- 
vent the postpartum formation of active antibodies in the Rhy 
(D)-negative, D’-negative mother who has delivered an Rh,(D)- 
positive or D’-positive infant. 

The Coombs’ antiglobulin test is a method of detecting the 
blocking-type antibodies, globulins, and complement that are 
attached to red-cell antigens in isosensitization phenomena. 
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In the direct test procedure, a saline suspension of washed red 
cells is mixed with antihuman gamma globulin antiserum and 
agglutination is indicative of the combination of human anti- 
body with antigen on the red cell, such as maternal incomplete 
isoantibody on infant’s red cells in hemolytic disease of the 
newborn, autoimmune, drug-induced, alloantibody-induced he- 
molytic anemia, and after transfusion of incompatible red cells. 

An indirect procedure is used to demonstrate the presence of 
blocking antibody in the serum of pregnant Rh-negative women 
and in transfusion reactions. In this procedure the patient’s 
serum is incubated with a suspension of Group O Rh-positive 
red cells; the cells are washed and then antihuman globulin 
antiserum is added to detect the coating of the red cells with 
antibody globulin from the patient’s serum by agglutination 
phenomena. If agglutination occurs in the first part of the pro- 
cedure, a saline agglutinin is also present. 


Anticomplement sera (anti-nongammaglobulin antiserum) 
are used to detect reactions involving anti-JK. 

The Du allele is a clinically important variant of the Rhy 
factor and usually associated with rh’(C) and rh’'(E). Individ- 
uals with this factor are considered Rh-positive; the red cells 
fail to react with anti-Rhy in the saline-tube method but react 
with incomplete anti-Rh,(D) by other slide or tube techniques. 
Rh-negative donors should be tested for Du factor. If positive, 
their blood must only be given to Rh-positive recipients. 


DRUG-RELATED PROBLEMS 


Hematological abnormalities may be caused by the administra- 
tion of drugs that can cause a positive direct antiglobulin test 
and immune hemolytic anemia, such as cephaloridine, cephalo- 
thin (Keflin), methyldopa (Aldomet), penicillin, L-dopa, quini- 
dine, phenacetin, and insulin. 


COMPATIBILITY TESTING 


Cross-matching procedures are designed to detect incompati- 
bilities in the blood of donors and recipient. The test is designed 
to prevent transfusion reaction and assure maximum benefit to 
the patient. Although erroneous ABO grouping usually will 
result in an incompatible cross match, no such protection exists 
in the Rh system. An incorrectly typed Rh-positive donor blood 
can result in primary immunization to Rh,(D) antigen if trans- 
fused to an Rh-negative recipient. For each transfusion, a ma- 
jor and minor cross match should be performed. 

In the major cross match (1) a saline suspension of the 
donor’s cells is mixed with the recipient’s serum and (2) the 
donor’s cells are suspended in recipient’s serum or in serum 
with added albumin. The saline cross match is an additional 
check on the ABO typing and may detect incompatibilities 
caused by antibodies to M, N, S, P, and Lu subgroups. The 
high-protein or albumin cross match can demonstrate antibod- 
ies in the Rh system. The presence of agglutination or hemo- 
lysis indicates incompatibility. 

The minor cross match includes the donor’s serum and the 
recipient’s cells, and is useful as a check of the ABO typing and 
an indication of the possibility of transfusion reactions caused 
by a rare antigen on the recipient’s cells or uncommon antibod- 
ies directed against an antigen in the serum of the donor. The 
minor cross match has been replaced in many instances with 
screening of the donor’s serum against a panel or pool of red 
cells of known antigenicity. 

The indirect antihuman globulin procedure also must be 
performed with the recipient’s serum and donor’s cells with and 
without albumin (major side) and may be tested with the do- 
nor’s serum and recipient’s cells (minor side). The use of pro- 
teolytic enzymes (bromelain) enhances the agglutination of red 
cells by low-titer or weakly reacting Rh-Hr antibodies, probably 
by removing sialic acid residues on the RBC surface. The red 
cells used in the indirect Coombs’ test are treated with the 


enzyme prior to absorption of antibodies and addition of anti- 
globulin reagent. 

The usual cross-matching techniques involve (1) a room- 
temperature or 30° procedure, preferably with the addition of 
albumin, (2) a high-protein procedure, and (3) an antiglobulin 
procedure. 

The presence of nonspecific autoantibodies, cold aggluti- 
nins, and bacteriogenic agglutination sometimes complicates 
the cross-matching procedure. If the recipient’s serum reacts 
more strongly with his or her own cells than with the donor’s, 
autoantibodies should be suspected. Cold agglutinins usually 
will agglutinate all blood, regardless of type, at low tempera- 
tures, but will not react at 37°. Agglutination as a result of 
bacterial contamination of blood is called panagglutination. 


HEPATITIS TESTING 


Post-transfusion hepatitis is associated with the transmission 
of virus-like particles referred to as Australia or serum hepati- 
tis antigen or the hepatitis-associated antigen (HAA). All donor 
blood must be tested for the presence of HAA. Agar gel diffu- 
sion (AGD), counterelectrophoresis (CEP), complement fixation 
(CF), and rheophoresis procedures can be used.° The rheo- 
phoresis procedure uses a modified gel-diffusion technique for 
the detection of HAA by precipitin-type reaction with HAA 
antibody. It offers the sensitivity of CEP and CF procedures 
with the simplicity of the AGD procedure. Other tests for HAA 
are based on radioimmunoassay (RIA) technique for detection 
of antigen by hemagglutination (HA) or HA-inhibition for the 
presence of HAA antibody. In the RIA technique, the donor’s 
serum is added to a test tube coated with HAA antibody (solid 
RIA). If the serum contains HAA, it will bind to the antibody. 
125T_HAA is then added to the tube. If the antibody binding site 
is occupied previously with HAA from the donor’s serum, 
'25T HAA will not bind and the determination of '”°I bound 
versus free is an index of HAA content of the donor’s serum. 


ISSUING OF BLOOD AND EVALUATING 
TRANSFUSION REACTIONS 


Whole-blood, red-cell, or leukocyte suspensions, plasma, 
platelet-rich plasma, platelet concentrates, leukocyte-poor 
blood, AHF, factor IX complex, plasma protein fractions, and 
RhoGAM are products of the transfusion service.’ Transfusion 
reactions are related to antibody phenomena or disease trans- 
mission. The hemolytic reaction resulting from the transfusion 
of incompatible cells is the most serious problem. The transfu- 
sion of microbially contaminated blood can result in a pyrogenic 
reaction or transmission of infectious diseases, such as ma- 
laria, syphilis, AIDS, or hepatitis. Allergic reactions (urticaria, 
asthmatic seizures), circulatory overload, embolic complica- 
tions (blood clot, air emboli) also may be encountered. Leuko- 
cyte and platelet antibodies develop in repeat transfusions and 
in transplantation patients. The transfusion service is an inte- 
gral unit in evaluating such complications. 


TECHNIQUES OF ANALYSIS 

NE i SW i ET I TEU SRV RS] 
This section will describe the principles of the procedures used 
in the analyses of various substances in blood, plasma or urine. 
Examples of the significance of such tests in clinical diagnosis 
will be presented. For a complete description of the physiolog- 
ical and pharmacological aspects of these blood constituents, 
see the Bibliography. 


INSTRUMENTATION 


The development of instrumentation has accelerated progress 
in clinical chemistry. An excellent review of the principles and 


applications in clinical chemistry of automation, atomic- 
absorption spectroscopy, ultraviolet and visible spectropho- 
tometry, fluorometry, phosphorimetry, infrared and Raman 
spectroscopy, microwave, and radiowave spectroscopy and nu- 
cleonics was prepared by Broughton and Dawson.®* Quality- 
control techniques are a vital part of any clinical laboratory. 
Standard reference materials,” !° standardization of quantities 
and units,’ and continual evaluation of precision and accuracy 
of various determinations’? are incorporated into procedures of 
all reliable clinical laboratories. The manufacture of certified 
standards and reagents and the certification of clinical chem- 
ists and clinical laboratories are under the supervision of either 
the Food and Drug Administration (FDA), National Institutes 
of Heath (NIH), Pharmaceutical Manufacturers Association 
(PMA), American Association for Clinical Chemistry, the Col- 
lege of American Pathologists, and the National Committee for 
Clinical Laboratory Standards (NCCLS). 


INTERACTION OF DRUGS WITH CLINICAL 
LABORATORY TESTS 


Drugs may interfere with the interpretation of laboratory tests 
by three classes of mechanisms: 


1. Chemical or biochemical interference due to reaction of a drug or its 
metabolite in biological fluids with test reagents in analytical pro- 
cedures. Examples of Class 1 interference include false-positive 
urine glucose results due to the reducing properties of drugs or 
metabolites such as ascorbic acid, p-aminosalicylic acid, tetracy- 
cline, cephaloridine and levodopa, which are excreted in urine. 
Spironolactone will result in an elevation of certain urinary ketoste- 
roids through cross-reaction of the drug in the analytical procedure. 

2. Pharmacological interference due to normal drug-induced alter- 
ations in various physiological parameters. Examples of Class 2 
interference include the decrease in serum-potassium levels in pa- 
tients receiving thiazide diuretics, the alteration in serum uric acid 
with probenecid, and the elevation in various plasma proteins and 
thyroid function tests with estrogen-progesterone combinations. 
Drug-—drug interaction also can result in changes in these param- 
eters. Guanethidine enhances the effect of the coumarin anticoagu- 
lants. Barbiturates induce hepatic microsomal enzyme synthesis 
and subsequently increase the metabolism and decrease the ther- 
apeutic effect of drugs, such as warfarin, even after these drugs are 
terminated. 

3. Toxicological interference as a consequence of the toxicity of a drug. 
Examples of Class 3 interference include changes in liver- and 
kidney-function tests and hematological parameters (anemia, 
agranulocytosis, leukopenia) due to drug-induced toxicity and pos- 
itive LE and ANA tests due to a “lupus-like” syndrome induced by 
hydralazine. 


It is beyond the scope of this chapter to include a complete 
listing of drug interactions in laboratory tests. The reader is 
referred to an annual, readily available, computerized review 
of the effect of normal therapeutic drug doses, as well as 
overdoses, on clinical laboratory tests'? and to other review 
articles.’* 


Blood 


COLLECTION AND PREPARATION 
FOR CHEMICAL ANALYSIS 


Using aseptic technique, a blood sample is obtained by veni- 
puncture and usually drawn directly into evacuated glass 
tubes. The choice of anticoagulant, type of specimen, stability of 
test component, and use of preservatives depends on the type of 
analysis requested and the specific analytical procedure in- 
volved. If serum is desired, the blood sample is allowed to clot 
and the serum is separated by centrifugation. When whole 
blood or plasma is to be used in the analysis, an anticoagulant 
is added to the collecting tube. 
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The following concentrations of specific anticoagulants are 
used routinely per 10 mL blood: lithium, potassium, or sodium 
oxalate (15-25 mg), sodium citrate (40—60 mg), heparin so- 
dium (2 mg), disodium or tripotassium ethylene-diaminetet- 
raacetate (EDTA-Na,, 10-30 mg), or ACD-Formula B solution 
(1.0 mL). 

Heparin prevents blood coagulation by inhibiting the throm- 
bin-catalyzed conversion of fibrinogen to fibrin. The other an- 
ticoagulants either precipitate blood calcium or convert ionized 
calcium into a nontonized (chelated) form that cannot function 
in the coagulation reaction. Heparin and EDTA do not alter the 
cellular elements of blood significantly. Sodium fluoride and 
thymol are used as preservatives or enzyme inhibitors to pre- 
vent the deterioration of various substances in the blood sam- 
ple; for example, glucose — lactic acid. Preservatives and an- 
ticoagulants can interfere with some enzyme tests. Serum 
usually is used for these procedures. 

The separation of plasma or serum, and chemical analysis, 
usually are performed as soon as possible after the collection of 
the sample. The addition of polystyrene granules to the blood 
sample prior to centrifugation facilitates the isolation of serum 
or plasma. Hemolysis interferes with analytical procedures for 
bilirubin, albumin, nonprotein nitrogens, pH, phosphorus, po- 
tassium, and various enzymes. The serum also should be ob- 
served for presence of lipemia. Changes in the ratio of COs, 
chloride, and electrolytes in cells and plasma, glycolytic con- 
version of glucose to lactic acid, hydrolysis of ester phosphate to 
free inorganic phosphate, bacterial conversion of urea to am- 
monia, and conversion of pyruvate to lactate are examples of 
changes that can occur in contaminated, improperly preserved, 
or unrefrigerated blood specimens. 

The first stage in many of the classic manual chemical 
determinations is the removal of blood protein and preparation 
of protein-free blood filtrate. The protein is precipitated with 
tungstic acid, trichloroacetic acid, zinc hydroxide or organic 
solvents, such as alcohol and acetone, and then filtered or 
centrifuged to remove the protein coagulum. Tungstic acid 
precipitation is performed by mixing 1 volume of blood or 2 
volumes of plasma with 9 volumes of stabilized tungstic acid 
reagent. The filtrate obtained in this procedure should be in the 
pH range of 3.0 to 5.1 to assure the adequate removal of 
proteins (<2 mg/dL in filtrate). 

The Somogyi filtrate is prepared by mixing 1 volume of blood 
with 5 volumes of water, 2 volumes of 5% zinc sulfate, and 2 
volumes of 0.3 N barium hydroxide. The barium sulfate is 
precipitated and the zinc hydroxide formed in the reaction 
precipitates the blood proteins. Trichloroacetic acid (10%), in a 
ratio of 9:1 with blood, yields greater volumes of filtrate due to 
a more complete formation of protein agglomerates. 


BLOOD GLUCOSE 


Methods for determining blood glucose are based on the use of 
glucose as a reducing agent or on the enzymatic oxidation of 
glucose to gluconic acid. In the Folin-Wu technique, glucose is 
determined in a protein-free blood filtrate by reduction of al- 
kaline cupric sulfate and subsequent reaction with phosphomo- 
lybdic or arsenomolybdic acid reagent to form a blue complex 
that can be estimated colorimetrically. The Nelson-Somogyi 
method uses a protein-free blood filtrate prepared with zinc hy- 
droxide to remove most of the interfering reducing substances. 

The presence of a terminal aldehyde in the glucose molecule 
is the basis of a colorimetric determination with phenolic hy- 
droxyl reagents (phenol in aqueous methy] salicylate or phos- 
phorylated 1,3-dihydroxybenzene) in the presence of strong 
sulfuric acid and heat. The o-toluidine procedure is a color 
reaction specific for hexoses— glucose, mannose, and galactose. 
Because aldohexoses other than glucose are normally present 
in very small concentrations, results obtained by this method 
approach the true value of glucose. o-Toluidine is condensed 
with glucose in glacial acetic acid to yield a green chromogen by 
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forming an equilibrium mixture of a glycosylamine and Schiff 
base. 

In the preceding techniques, interfering substances such as 
lactose, galactose, and glutathione are measured and the value 
is reported in the nonspecific term “sugar.” Enzymatic deter- 
mination with glucose oxidase is the only test specific for blood 
glucose. Blood glucose is converted to gluconic acid and hydro- 
gen peroxide by glucose oxidase; the peroxide is then esti- 
mated by iodimetric procedures or by oxidation of a chromo- 
gen (o-dianisidine or 2,2'-azino[diethylbenzothiazolinesulfonic 
acid]) in the presence of a peroxidase to form a colored product. 
Drugs that cause a slight increase in glucose values include 
ACTH, corticosteroids, D-thyroxine, diazoxide, epinephrine, es- 
trogens, indomethacin, oral contraceptives, lithium carbonate, 
phenothiazines, phenytoin, thiabendazole, and diuretics. Drug 
interferences with o-toluidine methods, which cause a slight 
increase, include ascorbic acid, dextran, fructose, galactose, 
mannose, ribose, xylose, and bilirubin. 

Another enzymatic procedure uses the hexokinase- 
catalyzed conversion of glucose to glucose 6-phosphate 
(G6P), and then to 6-phosphogluconate and nicotinamide- 
adenine-dinucleotide phosphate (NADPH) in the presence of 
NADP and G6P dehydrogenase. The NADPH thus formed is 
equivalent to the amount of glucose present and is estimated 
spectrometrically at 340 or 366 nm. 

Normal fasting blood-sugar values for adults are 80 to 120 
mg/dL; true glucose is 65 to 100 mg/dL. When the blood-sugar 
values exceed 120 (hyperglycemia), diabetes mellitus should be 
suspected and can be confirmed by evidence of diminished 
carbohydrate tolerance. The effect of ingested carbohydrate on 
blood sugar can be determined by the glucose tolerance test; 
100 g of glucose (1.75 g/kg) in water or a flavored beverage is 
administered orally, and glucose determinations are performed 
on blood and urine samples at hourly intervals for 3 hr. Values 
above 160 at 1 hr and 110 at 2 hr in blood samples are abnor- 
mal. The renal threshold for glucose is 180 to 200 mg/dL of 
blood, and thus sugar should not appear in the urine of normal 
subjects in the tolerance test. 

Hyperglycemia and decreased glucose tolerance are seen in 
diabetes mellitus (to 500 mg/dL) and hyperactivity of the ad- 
renal, pituitary, and thyroid glands. Hypoglycemia, with a 
blood-sugar value of <60 mg/dL and increased glucose toler- 
ance, is encountered in insulin overdose, glucagon deficiencies, 
and hypoactivity of various endocrine glands. Intravenous glu- 
cose tolerance studies are used to circumvent defective absorp- 
tion of glucose in the GI tract, for example, in steatorrhea. 

Monitoring hemoglobin A,. is another way to follow patients 
with hyperglycemia. This is more specific for diagnosing diabe- 
tes but less sensitive than the glucose tolerance test.” Nor- 
mally, hemoglobin A,, accounts for 3 to 6% of the total hemo- 
globin, whereas in diabetics it is 6 to 12%.The concentration of 
Hgb A,, in the blood reflects the patient’s carbohydrate status 
over a period of time, providing a marker for hyperglycemia. 
Pancreatic function tests include studies on intravenous and 
oral glucose, glucagon, and tolbutamide tolerance. The beta 
cells of pancreatic islet tissue secrete insulin and the alpha 
cells secrete glucagon, a substance antagonistic to insulin and 
having a hyperglycemic effect induced by its glycogenolytic 
action. In glucagon tolerance studies, the effect of parenteral 
administration of glucagon on blood-sugar values is useful in 
the diagnosis of pancreatic and hepatic function. Insulin and 
tolbutamide tolerance studies are used in the diagnosis of en- 
docrine disorders, differentiation of insulin-resistant diabetics, 
and determination of functional hypoglycemia and islet-cell 
tumors. 

Galactosemia, the presence of galactose (>4.5 mg/dL) in 
blood, is usually due to an inborn error of galactose metabo- 
lism. Congenital deficiencies in galactokinase or galactose 
1-phosphate uridyl transferase result in inadequate galactose 
metabolism with accumulation of galactose 1-phosphate in the 
liver. Oral administration of galactose in galactosemia leads to 
a decrease in blood glucose and an increase in concentrations of 


galactose in the urine and blood. Galactose is measured by 
estimation of NADH liberated in the conversion of galactose to 
galactonolactone in the presence of nicotinamide-adenine dinu- 
cleotide (NAD) and galactose dehydrogenase. Deficiencies in 
intestinal disaccharidases such as lactase will preclude effi- 
cient conversion of lactose to galactose and glucose, and oral 
administration of lactose will cause no increase in blood galac- 
tose and usually produce diarrhea. Galactose-loading studies 
are useful in the diagnosis of toxic or inflammatory conditions 
of the liver. In hepatic cirrhosis, there is a decrease in the 
galactose-metabolizing capacity of the liver due to the inhibi- 
tion of hepatic diphosphogalactose-4-epimerase. 

Lactic acid is a product of glucose metabolism; it is con- 
verted into pyruvic acid and NADH by lactate dehydrogenase 
(LDH) in the presence of NAD. Blood lactic acid is estimated by 
reaction with LDH to form pyruvate and NADH; the NADH 
level is determined spectrophotometrically at 340 nm and is a 
function of lactic acid concentration. It is elevated (>20 mg/dL) 
following exercise, anesthesia, and certain types of acidosis. 
The blood lactate/pyruvate ratio should be calculated to deter- 
mine the presence of excess lactic acid in the blood in acidosis, 
thiamine deficiency, and decompensated heart disease. 

Blood pyruvic acid is determined by the reverse procedure, 
that is, the conversion of pyruvate to lactate in the presence of 
LDH and NADH. Normal blood pyruvic acid ranges from 0.6 to 
1.3 mg/dL by chemical methods and 0.3 to 0.7 mg/dL by enzy- 
mic procedures. 


NONPROTEIN NITROGEN COMPOUNDS 


Nonprotein nitrogen (NPN) compounds refer to all nitrogen- 
containing compounds in biological fluids exclusive of protein, 
including nitrogen from amino acids, low-molecular-weight 
peptides, urea, nucleotides, uric acid, creatinine, creatine, and 
ammonia. Blood NPN usually is determined by digesting a 
protein-free blood filtrate with sulfuric acid in the presence of a 
catalyst (SeO.) to convert nitrogen to ammonium sulfate (Kjel- 
dahl digestion—see page 491); the excess acid is neutralized 
and ammonia determined by Nesslerization or reaction with 
alkaline hypochlorite. 

The normal blood NPN is 25 to 45 mg/dL (48% urea N, 14% 
amino acid N, 4% creatine N, 1% creatinine N, 3% uric acid N 
and 30% residual N). In renal damage, NPN is elevated to 
values ranging from 60 to 500 mg/dL (azotemia). As variations 
in NPN mainly reflect alterations in blood urea nitrogen 
(BUN), urea determinations are more sensitive and preferred 
as a guide to kidney function. 

The primary pathway of nitrogen metabolism in man is the 
synthesis of urea from ammonia in the liver and then rapid 
renal excretion of urea. In renal disease (nephritis), the excre- 
tion of urea is diminished, and blood NPN and BUN are in- 
creased. In BUN procedures, urea is converted enzymatically to 
ammonia by urease; the ammonia then is determined by 
Nesslerization, reaction with phenol-alkaline hypochlorite, 
aeration into standard acid and subsequent titration or reac- 
tion with salicylate-nitroprusside reagent at pH 12 in the pres- 
ence of alkaline dichloroisocyanurate to form a green chromo- 
gen that can be estimated colorimetrically. The ammonia also 
can be estimated by spectrophotometric determination of NAD 
produced in the conversion of ammonia and a-ketoglutarate to 
glutamate by NADH-.L-glutamate dehydrogenase. Direct chem- 
ical determinations of urea are based on the reaction with 
2,3-butanedione in an acid medium (Fearon reaction). 

BUN (normal = 5-25 mg/dL) is increased in chronic and 
acute nephritis, metallic poisoning, and cardiac failure; re- 
duced levels occur in rapid dehydration or following diuresis. In 
severe liver damage due to diminished urea formation, an 
increase in blood ammonia and decrease in BUN are observed. 
Urine urea output (6 to 17 g/day) is an index of glomerular 
filtration rate (GFR) and kidney function. Increased dietary 
protein and gastrointestinal hemorrhage will increase urine 


urea. Decreases in urea excretion involve either tubular reab- 
sorption or secretion defects. 

The nitrogen balance represents the balance between nitro- 
gen input or produced (N,,,) and nitrogen excreted (N,,,); in 
normal individuals N,,, = No... Nout is regulated by renal GFR; 
in renal disease GFR is decreased, N;,, > N,,,,, and BUN is 
increased. The rate of urinary excretion of parenterally ad- 
ministered dyes (phenolsulfonphthalein), inulin sodium, p- 
aminohippurate, and mannitol are sensitive indices of GFR in 
renal clearance studies. 

Creatine (methylguanidoacetic acid) and creatinine (creat- 
ine anhydride) are involved in the physiology of muscle con- 
traction. Creatine phosphate is an intracellular source of high- 
energy phosphate bonds via the reaction of adenosine 
triphosphate (ATP) and creatine kinase. Creatinine is the 
waste product of creatine metabolism and is the normally ex- 
creted compound. 

Serum creatinine is determined by reaction with alkaline 
picrate to form a red chromogen. These values usually repre- 
sent 20 to 30% of noncreatinine-interfering substances. Abso- 
lute determinations can be made by the absorption of creati- 
nine from protein-free blood filtrates on aluminum silicate 
prior to the final determination. Drugs causing nephrotoxicity 
result in a slight increase in creatinine, and those that interfere 
with color formation in the reaction include bromosulfophtha- 
lein (BSP), phenolsulfonphthalein (PSP), acetoacetate, ascorbic 
acid, levodopa, methyldopa, glucose, and fructose. Creatine is 
determined after hydrolytic conversion to creatinine with boil- 
ing, aqueous picric, or hydrochloric acid. 

Renal clearance of endogenous creatinine is related to GFR 
and is normally 1 to 2 g/day (creatinine coefficient = 20-26 
mg/kg/24 hours). Normal serum creatinine is 1 to 2 mg/dL; 
creatine 0.2 to 1.0 mg/dL. Higher values (5 mg/dL) indicate 
glomerular damage or cardiac insufficiency. 

Uric acid is a catabolite of purine metabolism as derived 
from nucleic acids or nucleotide cofactors. Direct methods for 
determining uric acid involve the reaction with alkaline phos- 
photungstic acid to form a “tungsten blue”, which is estimated 
colorimetrically. In another method, alcoholic NaOH is added 
to a protein-free filtrate to eliminate interfering reducing sub- 
stances (ascorbic acid, glutathione) prior to the reduction of 
uric acid with acid copper chelate to form a cupric chromogen 
complex. 

In indirect procedures, uric acid is hydrolyzed by the en- 
zyme uricase; the decrease in absorbance at 290 to 293 nm is a 
function of the initial concentrations of uric acid. The normal 
blood value is 1.5 to 6.0 mg/dL. It is elevated in renal disease, 
gout due to increased metabolic pools of uric acid and leukemia 
as a result of increased turnover of cellular nucleoprotein. 

Amino acid determinations in blood are performed by con- 
ventional colorimetric ninhydrin techniques or reaction with 
alkaline B-naphthoquinone-4-sulfonate. Normal plasma values 
range from 3.9 to 7.8 mg/dL. A variety of metabolic disorders 
may be detected by analyzing for increased levels of specific 
amino acids in the urine or blood. Total urine amino acids are 
determined by formol titration; formaldehyde reacts with basic 
amino groups and thus permits subsequent titration of the 
acidic groups of the amino acids. Daily excretion of amino acid 
nitrogen ranges from 100 to 400 mg, constituting 1 to 2% of 
total urine nitrogen. 

The identification and quantitation of specific amino acids in 
the blood and urine are accomplished by paper, thin-layer 
(TLC), column, and ion-exchange chromatographic and electro- 
phoretic separation of electrolytically desalted blood or urine 
samples. See Chapter 33. 

Abnormal amino acid metabolism (aminoacidopathies) usu- 
ally results in the presence of abnormal quantities of specific 
amino acids in the urine (aminoaciduria). The aminoacidurias 
are divided into two main groups: 
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1. Primary overflow aminoaciduria in which blood amino acids are 
elevated phenylketonuria (PKU), maple syrup urine disease 
(MSUD), tyrosinosis, and alkaptonuria. 

2. Aminoacidurias characterized by elevated amino acid urine levels 
with normal blood levels: transport diseases with a defect in the 
kidney tubule (eg, cystinuria), and “no-threshold” aminoaciduria in 
which the kidney has no mechanism for reabsorbing the amino acid 
involved (eg, homocystinuria). 


PKU, a disease characterized by mental deficiency, is asso- 
ciated with the presence of phenylpyruvic acid in the urine and 
elevated serum phenylalanine levels due to a hereditary (au- 
tosomal recessive) deficiency of hepatic phenylalanine hydrox- 
ylase, which converts phenylalanine to tyrosine. The availabil- 
ity of treatment through dietary intake is predicated upon 
early detection. Many states have passed legislation for mass- 
screening for PKU in all infants. The Guthrie test is performed 
by placing filter paper discs impregnated with serum or blood 
on the surface of an agar culture medium containing B-(2- 
thienyl)alanine at a concentration sufficient to inhibit the 
growth of Bacillus subtilis. Phenylalanine will reverse this 
inhibition, and the Bacterial Inhibition Assay (BIA) is a direct 
measure of this amino acid. Serum phenylalanine determina- 
tions also can be performed by estimating the fluorescence of a 
complex with ninhydrin and copper in the presence of L-leucyl- 
L-alanine. 

MSUD is characterized by the odor of the urine and is 
rapidly fatal to infants. It is associated with a deficiency in the 
oxidative decarboxylation of a-keto acids leading to an accu- 
mulation of both the keto and amino acids in the blood and 
urine (valine, leucine, isoleucine). TLC and BIA assays can be 
used to detect MSUD. 

Alkaptonuria is a rare, hereditary disease in which ho- 
mogentisic acid cannot be metabolized further due to a lack of 
homogentisic acid oxidase. This causes homogentisic acid-uria, 
ochronosis, and arthritis. 

In Hartnup disease, indole and tryptophane appear in the 
urine due to defective renal and intestinal absorption of tryp- 
tophane. Tryptophane is an intermediary metabolite in the 
synthesis of serotonin (5-hydroxytryptamine) and 5-hydroxyin- 
dole acetic acid (HIAA). Excessive production of serotonin and 
the presence of its HIAA metabolite in the urine are associated 
with metastatic carcinoid tumors. HIAA is measured after re- 
moval of interfering keto acids with dinitrophenylhydrazine, 
extraction, and estimation with nitrosonaphthol reagent. 

Routine screening tests for congenital metabolic defects and 
the substance under test in the newborn include PKU (phenyl- 
alanine), MSUD (leucine), tyrosinemia (tyrosine), homocystin- 
uria (methionine), histidinemia (histidine), valinemia (valine), 
galactosemia (galactose or galactose uridyltransferase), orotic 
aciduria (orotidine-1-phosphate decarboxylase), arginosuccin- 
uria (arginosuccinic lyase), hereditary angioneurotic edema 
(C!-1-esterase inhibitor), and sickle-cell disease (hemoglo- 
bin S). 

The analyses for these substances are based on BIA, metab- 
olite bacterial inhibition assay (MIA), enzyme auxotroph bac- 
terial assay (ENZ-Aux), fluorescent spot tests or TLC, and 
electrophoresis. 


PROTEINS 


The plasma proteins (albumins, globulins, and fibrinogen) are 
involved in nutrition, electrolyte and acid—base balance, trans- 
port mechanisms, coagulation, immunity, and enzymatic ac- 
tion. Total plasma proteins may be determined by Kjeldahl, 
Nesslerization, specific ion pair (bromcresol green dye plus 
albumin) or biuret procedures. The last technique is based on 
the reaction of —CONH— groups joined by carbon or nitrogen 
linkages in protein with alkaline copper sulfate to yield the 
biuret complex that can be estimated colorimetrically. Total 
protein also can be estimated by specific gravity, or refracto- 
metric or UV spectrometric methods. These methods are 
subject to large errors in the presence of a pathology in- 
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volving increased glucose, lipid, urea, or abnormal protein 
concentrations. 

The albumin-globulin (A/G) ratio is determined by the bi- 
uret method after precipitation of the globulins with a sodium 
sulfate—-sulfite reagent. The normal range is 5.5 to 8.0 g/dL 
total protein with an A/G ratio of 1.4 to 2.4. Changes in total 
protein and A/G ratio occur in kidney and liver disease, hem- 
orrhage, dehydration, rheumatoid arthritis, and multiple my- 
eloma. Gastrointestinal albumin loss, as seen in GI bleeding, 
ulcerative colitis, sprue, and enteritis, can be detected by mon- 
itoring fecal radioactivity after intravenous injection of °'Cr- 
human serum albumin. 

The physiochemical properties of the plasma proteins—(mol 
wt 68,000 to 300,000 daltons) and isoelectric point (pH of min- 
imum solubility and ionic neutrality)—provide the basis for the 
electrophoretic separation of plasma proteins (Fig 32-4). The 
plasma sample is spotted on a paper or cellulose acetate strip, 
or in a polyacrylamide gel (disc or gel electrophoresis) at pH 
8.6. At this pH the proteins are electroanionic and, under the 
influence of electric current, will migrate to the anode at a rate 
dependent on their isoelectric point and, in the case of cellulose 
acetate or gel electrophoresis, their molecular size. The strips 
are then stained with a protein dye (bromophenol blue, Amido 
black, or Ponceau S), and the concentrations of the various 
proteins are estimated by densiometric scanning. 

The normal ranges for the major proteins are (in g/dL): 
albumin 3.8 to 5.0; total globulin, 2.0 to 3.9; a,-globulin, 0.1 to 
0.5; ag-globulin, 0.5 to 0.9; B-globulin; 0.5 to 1.2; y-globulin, 0.7 
to 1.6. 

Ordinary electrophoresis does not identify the subgroups of 
immunoglobulins, IgA, IgM, IgG, and IgE. This is accomplished 
by immunoelectrophoresis, a process involving electrophoresis 
and immunodiffusion. The sample is electrophorized in an agar 
gel (zone electrophoresis) and then antiserum to the specific Ig 
or to total globulins is placed in a trough aligned parallel to the 
axis of the original electrophoresis. The serum proteins and 
antisera diffuse toward each other and form precipitin (anti- 
gen-antibody complex) lines. Ordinary cellulose acetate or gel 
electrophoresis will permit the recognition of diffuse, polyclonal 
elevation of serum immunoglobulins seen in chronic infections, 
isolated M-protein peaks of macroglobulinemia and multiple 
myeloma, and absent gamma component in a hypogamma- 
globulinemia or agammaglobulinemia. Immunoelectrophoresis 
will indicate specific Ig abnormalities or, by noting the presence 
of any displacement, bowing or broadening of the precipitin 
band will aid in the diagnosis of the paraimmunoglobulin 
monoclonal diseases such as multiple myeloma, macroglobu- 
linemia, or chronic lymphatic leukemia. 
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Figure 32-4. Electrophoretic separation of serum proteins (I), isoen- 
zymes (II), hemoglobins (Ill), and immunoelectrophoresis of plasma 
protein (IV). (Courtesy, Spinco) 


Radial immunodiffusion is a simple process that also can be 
used for quantitation of IgA, IgM, and IgG.’° It is performed by 
incorporating the antibody in an agar gel and then introducing 
the antigen or test sera into wells punched in the agar. The 
antigen diffuses radially out of the well into the surrounding 
gel media, and a visible precipitin line forms where the antigen 
and antibody have reacted. Quantitation of IgA, IgM, and IgG 
aids in the diagnosis and differentiation of collagen diseases, 
chronic infections, and liver disease. IgE is best quantitated by 
immunoelectrophoresis or RIA (see section on Immunology for 
the basis and principles of RIA and Chapter 104). 

Nephelometric techniques detect immunological constitu- 
ents by measuring the light-scattering properties of various 
antigen-antibody complexes in a test solution. The Hyland 
system measures the amount of laser-beam deflection at an 
angle by employing a photomultiplier tube that is sensitive in 
the red region of the spectrum. Results are calculated by an 
electronic-screening system and read in percent relative light- 
scatter on a digital readout. Automated electrophoresis instru- 
mentation offers computer-controlled sample application, 
staining options, densitometry, and pattern interpretation for 
serum proteins and isoenzymes. 


ENZYMES 


Enzymes are proteins whose biological function is the catalysis 
of chemical reactions in living systems. Enzymes combine with 
the substances on which they act (substrates) to form an inter- 
mediate enzyme-substrate complex, which is then converted to 
a reaction product and liberated enzyme that continues its 
catalytic function. Enzymes are highly specific; a few exhibit 
absolute specificity and catalyze only one particular reaction, 
whereas others are specific for a particular type of chemical 
bond, functional group, or stereoisomeric structure. 

Most serum enzymes of clinical significance are intracellu- 
lar in origin and are elevated in hyperactivity disease, malig- 
nancy, or injury to cardiac, hepatic, pancreatic, muscle, bone, 
and tissue. As the specific tissue involved will determine the 
type of enzyme that will be elevated, such determinations are 
valuable diagnostic tools in the differentiation of various patho- 
logical states. 

Enzymes are named and classified according to the type of 
reaction that they catalyze, and to their substrate specificities. 
Enzyme activity usually is expressed in International Units 
(IU) where 1 unit (U) is that amount of the enzyme which will 
catalyze the transformation of 1 umole of substrate/min at a 
specific temperature, pH and substrate-concentration condi- 
tions. Refer to Chapter 105 for a more complete discussion of 
enzymes. 

Transferases are enzymes that catalyze the transfer of 
amino or phosphate groups from one compound to another. 
Aspartate aminotransferase (AST) and alanine aminotransfer- 
ase (ALT) are important in clinical diagnosis. These enzymes 
catalyze the transfer of the amino group from glutamic acid 
to keto acids (oxaloacetic or pyruvic) to form aspartic and 
a-ketoglutaric acids with AST (aspartate aminotransfer- 
ase) and alanine and a-ketoglutaric acid with ALT (alanine 
aminotransferase). 

Colorimetric methods are based on an estimation of the 
reaction products (oxaloacetic or pyruvic acid) with dinitrophe- 
nylhydrazine, or substrate (a-ketoglutaric acid) by coupling 
with 6-benzamido-4-methoxy-m-toluidinediazonium chloride. 

Spectrometric methods are based on the reaction of the 
product pyruvate with lactic dehydrogenase and NADH, or of 
oxaloacetate with malic dehydrogenase and NADH. The rate of 
NADH utilization is measured by the decrease in absorbance at 
340 or 360 nm and is directly proportional to transaminase 
activity. 

Normal AST and ALT levels are < 40 U/L. AST is present in 
large amounts in liver, cardiac, and skeletal muscle, whereas 
ALT is found primarily in liver tissue. AST is elevated in 


myocardial infarction and Duchenne muscular dystrophy; AST 
and ALT are increased in liver disease, acute toxic or viral 
hepatitis, infectious mononucleosis, obstructive jaundice, and 
hepatic cirrhosis. 

Creatine kinase (CK) is a transferase found in muscle and 
brain tissue. It catalyzes the transfer of phosphate groups from 
creatine phosphate to ADP to form ATP. Activated CK activity 
is measured by following the increase of ATP in the creatinine 
phosphate-ADP reaction in the presence of glutathione or cys- 
teine thiol activators. The ATP can be measured by the fluoro- 
metric determination of light emitted by luciferinase conver- 
sion of luciferin to adenyl-oxyluciferin in the presence of ATP. 
Normal serum levels are < 50 U/L; it is elevated in myocardial 
infarction and Duchenne muscular dystrophy, but remains at 
normal levels in liver disease. 

Ornithine transcarbamylase (OTC) in serum is the only 
enzyme of the urea cycle that has been used in the clinical 
investigation of liver disease. It catalyzes the conversion of 
ornithine to citrulline. The normal serum value is 0 to 0.4 U/L. 

Oxidoreductases or dehydrogenases are enzymes that cata- 
lyze hydrogen transfer in cellular oxidation processes. Lactic 
(LDH), a-hydroxybutyric (HBDH), malic (MDH), glutamic 
(GLDH), isocitric (ICDH), and sorbitol (SDH) dehydrogenases 
are of diagnostic importance in myocardial and liver disease. 

LDH catalyzes the reversible conversion of pyruvic to lactic 
acid in the presence of NADH. The activity may be estimated 
colorimetrically by forming the pyruvic acid hydrazone with 
2,4-dinitrophenylhydrazine; spectrometric or fluorometric esti- 
mation of NADH in this reaction also is used to estimate 
enzyme activity. The normal serum LDH value is < 200 U/L 
(pyruvic — lactic) and < 50 U/L (lactate — pyruvate). LDH is 
increased to a much greater extent and for a more prolonged 
period than AST or CK in myocardial infarction; it also is 
increased to varying degrees in certain types of hepatic disease, 
disseminated malignancies, pernicious anemia, and muscular 
dystrophy. 

Recent advances in protein chemistry and technical meth- 
odology have led to fractionation of enzymes, previously 
thought to be homogeneous, into heterogeneous moieties. 
These multiple-molecular forms of enzymes (isoenzymes) have 
similar substrate specificity but different biophysical proper- 
ties. LDH, MDH, CK, phosphatases and leucine aminopepti- 
dase exist in isoenzyme forms. 

CK isoenzymes are important in the early detection of myo- 
cardial damage. Two CK molecular subunits, M and B, produce 
three isoenzymes: CK-MM found primarily in skeletal muscles, 
CK-MB in the myocardium, and CK-BB primarily from the 
brain. After acute myocardial infarction (MI), CK-MB ap- 
pears in the serum in approximately 4 to 6 hr, reaches peak ac- 
tivity at 18 to 24 hr and may disappear within 72 hr. Diagnostic 
testing of MI includes CK and LDH isoenzymes. Early detec- 
tion of CK-MB allows the management of myocardial infarcts 
with agents such as streptokinase or tissue plasminogen acti- 
vator (tPA). The methods of assessment include electrophore- 
sis, column chromatography, and immunoinhibition. 

Serum contains five LDH isoenzymes, each a tetramer com- 
posed of one or two monomers. LDH 1 and 2 are found in 
preponderance in heart, kidney, and RBC; whereas liver and 
skeletal muscle largely contain LDH 4 and 5. Intermediate 
forms prevail in lymphatic tissues and many malignancies. The 
fractionation of LDH isoenzymes is important in the differen- 
tial diagnosis of cardiac, muscle, and liver disease. It can be 
accomplished with DEAE-cellulose chromatography, electro- 
phoresis, sulfite, or urea inhibition of specific isoenzymes, ther- 
mal stability, and substrate-concentration requirements. 

HBDH reduces a-ketobutyric acid to a-hydroxybutyric acid 
in the presence of NADH; estimation of the a-keto acid via 
hydrazone formation or NADH is the basis of activity measure- 
ments. The normal serum HBD level is <140 U/L; it is elevated 
in myocardial infarction. LDH 1 is high in HBDH activity. The 
ratio of total LDH/HBDH often is used in place of LDH isoen- 
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zyme determination. Ratios > 0.8 are seen in myocardial in- 
farction and <0.6 in acute liver damage. 

MDH and SDH, in the presence of NAD, catalyze the con- 
version of malate or sorbitol to oxaloacetate or fructose, respec- 
tively. They are of diagnostic value in MI (MDH > 48 U/L) and 
acute liver injury (SDH > 96 U/L). 

ICDH oxidizes isocitrate, in the presence of NADP or NAD, 
to a-ketoglutarate; it is elevated (>5.0 U/L) in acute hepatitis. 

Hydrolases are enzymes that catalyze the addition of the 
elements of water across the bond which is cleaved. 

Amylases, lipases, phosphatases, 5'-nucleotidase, +y-glu- 
tamyl transferase, and leucine aminopeptidase are specific ex- 
amples of clinically important hydrolases. 

Salivary and pancreatic amylases hydrolyze the substrate 
starch to maltose and dextrins. Amylase activity can be mea- 
sured by procedures based on the loss in certain properties of 
starch as it is hydrolyzed (amyloclastic), or by the generation of 
reducing substances (saccharogenic). The amyloclastic meth- 
ods use the decrease in viscosity and turbidity of hydrolyzed 
water-soluble starch substrates, or the reaction of starch with 
iodine as the method of estimation. A newer procedure uses an 
improved substrate, ethylidene-G;PNP, which prevents unde- 
sired hydrolysis of the substrate by a-glucosidase. This results 
in greater accuracy in amylase testing. Normal serum level 
using this methodology is <88 U/L; elevations are noted in 
acute pancreatitis, acute abdominal conditions (perforated pep- 
tic ulcer, common bile-duct obstruction), and salivary gland 
disease. 

Lipases catalyze the conversion of triglycerides to glycerol 
and fatty acids. Classic clinical determination was based on the 
titrimetric analysis of fatty acids liberated from an emulsified 
olive oil substrate, a slow, tedious methodology requiring sev- 
eral hours of incubation. Modern methods are based on the 
hydrolysis by pancreatic lipase of 1,2-diglyceride to 2-mono- 
glyceride and fatty acid. The 2-monoglyceride then is measured 
by coupled-enzyme reactions catalyzed by monoglyceride 
lipase, glycerol kinase, glycerolphosphate oxidase, and peroxi- 
dase. This assay is simple to perform and can be adapted easily 
to automated analyses. The measurement of serum lipase is 
used widely for the diagnosis of acute pancreatitis, in which a 
10-fold increase above the upper reference limit (60 U/L) is 
suggestive of pancreatitis, pancreatic injury, or inflammation 
of organs contiguous to the pancreas. 

Phosphatases catalyze the hydrolysis of orthophosphoric 
acid esters, and are classified according to the pH of optimal 
activity into alkaline or acid phosphatases. Activity (alkaline, 
pH 8 to 10; acid, pH 4 to 6) is measured with phenyl phosphate, 
glycerophosphate, p-nitrophenyl phosphate, or thymolphtha- 
lein monophosphate substrates. With the latter two chromo- 
genic substrates, the amount of p-nitrophenol or thymolphtha- 
lein liberated by phosphatase hydrolysis is estimated 
colorimetrically in an alkaline medium. With a glycero- 
phosphate or phenyl phosphate substrate, the liberated phos- 
phorus is determined by molybdenum blue formation with 
phosphomolybdic-phosphotungstic acids; phenol also may be 
estimated with 4-aminoantipyrine or Folin-Ciocalteau reagent. 

Acid phosphatase activity may be differentiated by the use 
of inhibitors in the assay mixture; formaldehyde has no effect 
on acid phosphatase of prostatic origin, but it inhibits other 
acid phosphatases, whereas tartrate is a selective inhibitor of 
the prostatic enzyme. Acid phosphatase is of a primary diag- 
nostic value in metastatic carcinoma of the prostate. Normal 
values for alkaline phosphatase activity depend on the sub- 
strate used; elevations in osteomalacia and in bone tumors 
depend on the degree of osteolytic or osteoblastic activity. The 
enzyme (isoenzyme) also is elevated in obstructive jaundice, 
and bone and liver disease. 

The enzyme 5’-nucleotidase is an alkaline phosphomonoes- 
terase that hydrolyzes nucleotides with a phosphate radical 
attached to the 5’-position of the pentose (eg, adenosine mono- 
phosphate). The normal serum value is 17 U/L; it is elevated in 
hepatic disease. 
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Leucine aminopeptidase (LAP) is an exopeptidase that hy- 
drolyzes the peptide bond adjacent to a free amino group. It 
liberates amino acids from the N-terminal group of proteins 
and polypeptides in which the free amino group is an L-leucine 
residue. Activity is determined by spectrophotometric estima- 
tion following hydrolysis of the amide bond of a leucin-amide 
substrate at 238 nm. Clinical estimations usually are per- 
formed on synthetic substrates, and as there is no correlation 
between cleavage of leucinamide and these substrates, the 
LAP-like activity is designated leucine arylamidase. A fluoro- 
metric determination of naphthylamine liberated from a leucy]l- 
B-naphthylamide substrate or colorimetric determination of 
p-nitroaniline liberated from leucine-p-nitroanilide substrate 
also has been used. The normal value is 8 to 22 U/L; it is 
elevated in the last trimester of pregnancy, hepatobiliary dis- 
ease, and pancreatic carcinoma. 

Serum y-glutamyl transferase (yGT) is increased in diseases 
of the liver, bile ducts, and pancreas. Together with alkaline 
phosphatase, LAP, and 5’-nucleotidase, yGT usually is tested 
in the group of cholestasis-indicating enzymes. The assay is 
based on the hydrolysis of y-glutamyl]-p-nitroanilide. 

Serum lysozyme (muramidase) activity is increased in cer- 
tain types of leukemia. Serum arginase, an enzyme that hydro- 
lyzes arginine to ornithine and urea, and serum guanase are 
sensitive indicators of hepatic necrosis. 

Lyases are enzymes which split C—C bonds without group 
transfer. Aldolase is a glycolic lyase that catalyzes the revers- 
ible splitting of fructose 1,6-diphosphate to form dihydroxyac- 
etone phosphate and glyceraldehyde 3-phosphate. In the esti- 
mation of activity, the triose phosphate reaction products are 
hydrolyzed with alkali and the resultant trioses are reacted 
with 2,4-dinitrophenylhydrazine to form chromogenic hydra- 
zones for colorimetric analysis. A spectrophotometric estima- 
tion is made by coupling the aldolase reaction products with a 
dehydrogenase acting on one of the triose phosphates and mea- 
suring concomitant changes in NADH. The normal value is < 8 
U/L; it is elevated in muscular dystrophy, polymyositis, and 
acute hepatitis. 

The significance of serum-enzyme changes in hepatitis is 
seen in Figure 32-5 and enzyme activity following myocardial 
infarction in Figure 32-6. 
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Figure 32-5. Typical course of alterations in serum enzyme activity 
in acute viral hepatitis (courtesy, with alterations, Schmidt E, 
Schmidt FW Med Welt 1970; 21: 805). 
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Figure 32-6. Serum enzymes following myocardial infarction, AST, 
CK, LDH, and HBD are compared. 
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LIPIDS 


The major classes of blood lipids are fatty acids, cholesterol, 
triglycerides, phospholipids, and lipoproteins. Hyperlipidemia 
is not a single aberration and there are a number of different 
hyperlipidemic states. Lipid-profile tests include measure- 
ments of cholesterol, triglyceride, phospholipids, and determi- 
nation of lipoprotein phenotypes. 

Cholesterol, a sterol molecule, is an essential substance in 
steroid-hormone synthesis by the adrenal cortex and bile acid 
production in the liver. It exists in blood as the free sterol and 
as cholesterol esters of fatty acids. 

In the determination of total cholesterol, the serum is ex- 
tracted with an alcohol—ether mixture and the cholesterol es- 
timated colorimetrically after reaction with acetic anhydride— 
sulfuric acid reagent (Liebermann-Burchard reaction). The 
precipitation of free cholesterol with digitonin will differentiate 
free from esterified cholesterol. Chromatographic separation of 
cholesterol from its esters on alumina, silicic acid, or magne- 
sium silicate columns with organic solvents also has been used. 

Gas chromatographic procedures have resulted in the sep- 
aration and quantitation of cholesterol, its metabolites, and 
precursors; this is a type of partition chromatography in which 
a volatilized sample is partitioned between a liquid stationary 
phase and a mobile gas phase. The normal-adult total-serum- 
cholesterol level is 150 to 270 mg/dL; it is increased in hyper- 
lipemia and specifically in hyper-B-lipoproteinemia, nephrosis, 
diabetes mellitus, and myxedema, and decreased in hyper- 
thyroidism and hepatic disease. Free cholesterol comprises 
20 to 40% and the ester fraction 60 to 80% of the total serum 
cholesterol. 

Phospholipids are “compound” or “heterolipids” that contain 
phosphorus, a nitrogen base and a long-chain fatty acid. Leci- 
thin (phosphatidylcholines) and cephalin (phosphatidyletha- 
nolamine or serine) are the principal plasma phospholipids, 
which normally comprise one-third of the total plasma lipids. 
They usually are bound to lipoproteins. These serum lipids are 
extracted into an alcohol—ether mixture, digested with sulfuric 
acid-hydrogen peroxide and the liberated phosphorus deter- 
mined by colorimetric techniques. The normal lipid phosphorus 
is 6 to 11 mg/dL; about one-half is lecithin. The average ratio of 
cholesterol to lipid phosphorus when cholesterol is normal is 
21. Phospholipid changes usually are associated with choles- 
terol changes and are of interest in coronary artery and liver 
diseases and the hyperlipoproteinemias. 


Sphingolipids differ from lecithin and cephalin. They are 
phosphate esters of sphingosine bound to choline or ethanol- 
amine and primarily are found in brain tissue (eg, sphingomy- 
elin, galactolipin). The ratio of lecithin to sphingomyelin (L/S) 
in amniotic fluid or resuscitated amniotic fluid from the oral 
cavity of the newborn is an accurate assessment of fetal matu- 
rity and the respiratory-distress syndrome. Changes in phos- 
pholipid biosynthesis during gestation reflect the aging of the 
fetal lung, as the L/S ratio normally increases. 

Tay-Sachs disease is a lipid-storage disease in which the 
central nervous system degenerates because of the progressive 
intraneuronal accumulation of excess amounts of the sphingo- 
lipid ganglioside GM,. The accumulation of GM, in Tay-Sachs 
disease has been shown to be caused by a lack of the enzyme 
hexosaminidase A. Therefore, the measurement of serum, 
WBG, or amniotic fluid hexosaminidase A is important in eval- 
uating carriers and in diagnosing Tay-Sachs disease in the 
fetus. 

Both hexosaminidase A (heat-labile) and hexosaminidase B 
(heat-stable) can catalyze the conversion of 4-methylum- 
belliferyl-N-acetylgalactosamine (a synthetic substrate) to N- 
acetylgalactosamine and 4-methylumbelliferone. The cleavage 
product, 4-methylumbelliferone, fluoresces under ultraviolet 
radiation and the intensity of the fluorescence is a measure of 
the activity of the enzyme. In noncarriers, 50 to 75% of the total 
hexosaminidase activity is heat-labile (hexosaminidase A), and 
in carriers 20 to 45% of the total hexosaminidase activity is 
heat-labile. 

The blood fatty acids occur in esterified (EFA) and nones- 
terified (NEFA) forms. Triglyceride determinations are of value 
in differentiating the hyperlipidemic states, that is, essential 
(diet-induced) hypertriglyceridemia from familial hypocholes- 
terolemia with or without triglyceridemia. After the prelimi- 
nary separation from phospholipids, triglycerides most often 
are determined in terms of their glycerol moiety. The glycerol 
released by saponification is oxidized to formaldehyde and the 
latter determined by fluorometric or colorimetric procedures. 
Triglycerides also can be determined by coupling the glycerol 
liberated from lipase/a-chymotrypsin treatment of serum with 
a glycerol kinase—pyruvate kinase-LDH system and spectro- 
metric estimation of NADH. Normal triglyceride levels are 110 
to 140 mg/dL. An increase in triglycerides will produce a milky 
appearance in serum (lipemic). EFA analyses are based also on 
the reaction of alkaline hydroxylamine with esters of fatty 
acids to form hydroxamic acids that produce a red color with 
ferric chloride. 

Gas chromatographic procedures have been used to quanti- 
tate the various fatty acids, that is, palmitic, stearic, oleic, 
linoleic, and linolenic acids. Mono-, di-, and triglycerides also 
can be separated into classes and quantitated by column or 
thin-layer chromatography, and infrared spectrometry. The 
total fatty acids of plasma range from 200 to 450 mg/dL in the 
fasting state; they are derived from glycerides, cholesterol es- 
ters, and phospholipids. 

All the lipids in plasma circulate in combination with pro- 
tein. The free fatty acids are bound to albumin and the lipids 
aggregate with other proteins to form lipoproteins. Electro- 
phoresis and ultracentrifugation are the principal methods 
used to separate and identify lipoprotein families. Chylomi- 
crons (S- > 400), pre-B-lipoproteins (Sp 20-400), B-lipoproteins 
(S,;0-20), and a-lipoproteins are the four major classes in order 
of increasing density and migration on cellulose acetate elec- 
trophoresis. Chylomicrons are representative primarily of di- 
etary or exogenous triglycerides, pre-B-lipoproteins of endoge- 
nous glycerides, 6-lipoproteins of cholesterol and its esters, and 
a-lipoproteins of cholesterol and phospholipids. Abnormal li- 
poproteins that may appear in plasma include floating f-li- 
poproteins, lipoprotein X, and complexes of normal lipoproteins 
with IgA and IgG myeloma proteins (autoimmune hyperlipo- 
proteinemia). Age, sex, diet, fasting, pusture changes, and 
trauma can alter the lipid profile. 
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The lipoprotein classes usually are separated by paper, aga- 
rose, or cellulose acetate electrophoresis. The strips are stained 
with fat-soluble dyes (Sudan Black or Oil Red O) and quanti- 
tated by densiometric scanning. Primary hyperlipoprotein- 
emias are classified into normal and five abnormal types based 
on cholesterol and triglyceride levels and lipoprotein analysis. 
Hyperchylomicronemia (type I), hyper-B-lipoproteinemia (type 
II), broad B-band (type III), hyper-pre-B-lipoproteinemia (type 
IV), and hyper-pre-B-lipoproteinemia and chylomicronemia 
(type V) are the major classes. Carbohydrate and fat-tolerance 
studies, post-heparin lipase activity, and clinical symptomatol- 
ogy also are integrated into the diagnosis of the various sub- 
classes. The presence or predisposition to coronary artery dis- 
ease and other disease states is associated with the various 
types.'” 


STEROIDS AND OTHER HORMONES 


The steroids possess a common structure, the perhydrocyclo- 
pentanophenanthrene nucleus, and include cholesterol, bile 
acids, androgens, and the adrenocortical, adrenomedullary, es- 
trogenic, and progestational hormones. 

Androsterone, dehydroepiandrosterone, etiocholan-3a-ol- 
17-one, 11-ketoandrosterone, 11-ketoetiocholanolone, 116-hy- 
droxyandrosterone, and 11-hydroxyetiocholanolone are the 
principal urinary 17-ketosteroids (17KS). These androgenic 
hormones are derived from the adrenal and, in males, testicu- 
lar function. The principal urinary steroid metabolites in this 
group of androgens are found both in the free form, and as 
conjugates of glucuronides, sulfates, or acetates. Their deter- 
mination in urine involves the acid hydrolysis of the conju- 
gates, extraction with organic solvent, reaction with alkaline 
m-dinitrobenzene (Zimmerman reaction), and colorimetric es- 
timation of the chromogen. The individual 17KS can be sepa- 
rated by TLC prior to analysis to obtain further information on 
the individual steroids. The normal adult urine values are: 
male, 9 to 24 mg/day; female, 5 to 17 mg/day. Decreased excre- 
tion is seen in hypoactive disease of the pituitary, gonads, and 
adrenals. Increased excretion is seen in hyperplasia, cancer, or 
tumors of the adrenals. 

Testosterone is the most potent androgen in blood. The mea- 
surement of urinary or serum testosterone is useful in distin- 
guishing normal and hypogonadal males and in treating hir- 
sutism in the female. This hormone is determined by gas 
chromatography, competitive protein-binding, isotope dilution, 
or RIA procedures. Normal serum testosterone is 0.2 to 1.1 
ug/dL in the male and <0.1 yg/dL in the female. 

The natural estrogenic hormones are estradiol, estrone, and 
estriol, produced in the gonads, adrenals, and placenta. The 
relative amounts of the three estrogens rise and fall concomi- 
tantly during the menstrual cycle. Maternal urinary total- 
estrogen excretion, especially estriol, is an indirect index of the 
integrity and viability of the fetoplacental unit. Analysis in- 
volves acid or glucuronidase—arylsulfatase hydrolysis of the 
conjugates, removal of urinary glucose if present, extraction, 
and colorimetric or fluorometric analysis. In the determination, 
after acid hydrolysis and ether extraction of the urine, the 
estrogens are methylated with dimethyl] sulfate and chromato- 
graphically separated prior to reaction with phenolsulfuric acid 
to yield a red chromogen for colorimetric analysis. The normal 
estrogen output is 4 to 60 yg/24 hr in the female and up to 25 
pg in the male. Estrogen deficiency can be related to ovarian 
failure and pituitary deficiency. 

Progesterone is a progestational hormone that is secreted by 
the corpus luteum of the ovary and also by the adrenal cortex. 
Serum progesterone determination is of value in the detection 
of ovulation and is a measure of the secretory activity of the 
placenta during pregnancy. Progesterone is determined in se- 
rum by RIA, double-isotope derivatization, gas-liquid chroma- 
tography, or competitive protein-binding techniques. Normal 
menstrual-cycle serum progesterone levels vary between 0 and 
1.6 pg/dL. 
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Pregnanediol is the principal metabolite of progesterone. 
The urinary determination of pregnanediol excretion is an in- 
direct index of progesterone levels but is subject to variation 
due to individual differences in hepatic metabolism of this 
hormone and is not representative of total endogenous proges- 
terone production. 

Adrenal cortex steroids include glucocorticoids, androgens, 
estrogens, progesterone, and mineralocorticoids. Glucocorti- 
coids can be determined as plasma cortisol (plasma 17-OH 
corticosteroids), urinary-free (unconjugated cortisol), or total- 
urinary 17-OH corticosteroids. The latter are determined in 
urine as 17-ketogenic steroids (17KGS). The 17KS in urine are 
reduced with borohydride to alcohols; the 17-OH steroids are 
oxidized with sodium bismuthate or periodate to 17KS and 
quantitated by the alkaline dinitrobenzene method. The 17-OH 
steroids can be quantitated directly by the phenylhydrazine- 
sulfuric acid reaction after hydrolysis of glucuronide conjugates 
and chromatographic purification. The 17-OH steroid analysis 
only determines compounds with the dihydroxyacetone side 
chain, such as tetrahydrocortisol or tetrahydrocortisone; the 
17KGS analysis includes the 17-OH-corticosteroids with the 
dihydroxyacetone side chain and the pregnanetriol type of com- 
pound. Normal 17KGS daily urinary excretion is 5 to 23 mg in 
the male and 3 to 15 mg in the female. They are reduced 
significantly in myxedema and adrenal or anterior pituitary 
insufficiency. Plasma cortisol usually is measured by fluoro- 
metric or gas chromatographic procedures. 

Aldosterone is the most active member of the mineralocor- 
ticoid group. The determination of urinary aldosterone is of 
value in differentiating benign essential hypertension from 
primary aldosteronism (Conn’s syndrome), which is caused by 
an adrenal adenoma and is accompanied by hypertension. A 
double-isotope derivatization technique is used. Urinary aldo- 
sterone is acetylated with *H-acetic anhydride; aldosterone- 
4C-diacetate standard is added early in the procedure. The 
°H/MC specific activity of the final product is measured after 
chromatographic purification and is a direct measurement of 
aldosterone. The normal aldosterone levels of about 10 uwg/day 
are elevated in Conn’s disease and usually are associated with 
low serum potassium, sodium retention, and low-concentration 
alkaline urine. 

The anterior pituitary secretes three substances (gonadotro- 
pins) that regulate gonadal activity: follicle-stimulating hor- 
mone (FSH), luteinizing hormone (LH) or interstitial cell hor- 
mone (ICSH), and luteotropin (LTH). The gonadotropins are 
glycoproteins. Bioassay methods can be used to determine go- 
nadotrophic activity. After fractionation and isolation the urine 
extract is assayed in test animals as to the follicular growth of 
the ovaries in hypophysectomized animals or increase in tes- 
ticular, ovarian, or uterine weight in various animal models. 
RIA techniques have been developed for these gonadotropins 
and represent the most sensitive and precise measurement 
method, although nonisotopic enzyme immunoassays (EIA) 
rapidly are becoming popular due to the increased costs of 
isotope disposal and their analytical performance equaling or 
surpassing RIA procedures. 

Analysis of serum or urinary placental lactogen (HPL) and 
chorionic gonadotropin (HCG), a placental-derived protein hor- 
mone, is useful in the diagnosis of threatened abortion, hyda- 
tiform mole, and choriocarcinoma. HCG, pregnanediol, and 
progesterone as well as total and fractionated estrogens are 
useful in testing for pregnancy. HCG and HPL readily are 
measured by RIA or EIA, and low values are seen in threatened 
abortion and intrauterine fetal death. 

The increase in HCG in the serum or urine of the pregnant 
female is the basis of a routine pregnancy test. Test components 
consist of an antigen in the form of HCG latex particles and an 
HCG antiserum. When antiserum is mixed with urine contain- 
ing a detectable level of HCG, it is neutralized and no agegluti- 
nation of latex-antigen particles occurs (agglutination inhibi- 
tion test). The commercial application of the HCG assay gives 
laboratories a rapid, accurate pregnancy test by taking advan- 


tage of monoclonal antibody specificity and sensitivity. A mono- 
clonal slide procedure on urine, Duoclon (Organon Diagnos- 
tics), uses two different monoclonal antibodies, one against 
HCG and one against the HCG, subunit for maximum speci- 
ficity. Agglutination indicates a positive test with a sensitivity 
level of 500 miU HCG/mL, detecting pregnancy a few days after 
conception. 

Human growth hormone and insulin are proteins that are of 
diagnostic value in growth-rate studies and diabetes. They are 
best quantitated by RIA. 

Epinephrine and norepinephrine are biologically active cat- 
echolamines derived from the adrenal medulla and sympa- 
thetic nerve endings. Catecholamines are measured in the 
blood and urine after fractionation on alumina or ion-exchange 
columns, oxidation at pH 3.5 or 6 and subsequent fluorometric 
analysis. Urine catecholamines are increased to > 350 pg/24 
hour in adrenal medullary tissue tumors (pheochromocytoma). 
The normal plasma level is 2.1 to 6.5 ug/L with about 80% as 
norepinephrine. 

Vanillylmandelic acid (VMA) is the urine metabolite of 
these two catecholamines. Its quantity in urine reflects the 
endogenous secretion of catecholamines. VMA can be deter- 
mined colorimetrically, after extraction of the urine with ethyl 
acetate, and diazotization with p-nitroaniline and ethanol- 
amine in the presence of carbonate ion. VMA also can be 
measured spectrometrically following periodate oxidation to 
vanillin and solvent extraction. The normal output is 0 to 12 
mg/24 hour. 

Homovanillic acid (HVA) is not a metabolite of epinephrine 
or norepinephrine, but is produced from a common precursor, 
dopamine. Elevated HVA excretion is diagnostic in cases of 
neuroblastoma. 

The biosynthesis of serotonin (5-hydroxytryptamine) and 
urinary excretion of its metabolite, 5-hydroxyindoleacetic acid 
(5-HIAA), are increased in argentaffine tumors. These have a 
very large capacity to metabolize tryptophane stores to seroto- 
nin. Urinary 5-HIAA increases from 1 to 7 mg/24 hr to as much 
as 1 g/24 hr in this type of tumor. 

Bilirubin, a tetrapyrrole that is derived from senescent red- 
cell degradation, normally occurs in low concentration in the 
blood. In bile, it is present as the water-soluble conjugated 
acyldiglucuronide. In blood, bilirubin is bound tightly to 
plasma albumin. The reduction of bilirubin in the intestine 
yields urobilinogen, which is, in turn, oxidized to a brown 
pigment— urobilin. 

Serum bilirubin is determined by coupling with diazotized 
sulfanilic acid to form azobilirubin for colorimetric analysis. 
The direct or conjugated bilirubin test is performed in aqueous 
media; the indirect or free bilirubin analysis is performed in 
methanol or caffeine-sodium benzoate solution. Normal values 
in serum are: direct, 0 to 0.3 mg/dL; total, 0 to 1.5 mg/dL. 

Clinical jaundice is a yellowing of the tissues associated 
with hyperbilirubinemia; in hemolytic disease of the newborn 
due to Rh and ABO incompatibilities, indirect serum bilirubin 
is elevated, whereas acute hepatitis results in increases in the 
direct type. 


ELECTROLYTES 


The normal plasma electrolyte level is 154 mEq/L of cations 
and 154 mEq/L of anions. The osmotic effects of chloride, bi- 
carbonate, sodium, and potassium are important in the main- 
tenance of normal muscle contraction and water distribution 
between cells, plasma, and interstitial fluid. 

Flame photometry, atomic-absorption spectrometry, neutron- 
activation analysis, X-ray fluorescence, ion-specific electrodes, 
and colorimetric techniques are used in the identification and 
determination of cations or anions in biological fluids. Ad- 
vances in technology have developed multiphase systems capa- 
ble of measuring not only sodium and potassium but also chlo- 
ride, carbon dioxide, and calcium simultaneously. 


Sodium and potassium serum concentrations are readily 
measured by flame photometry or highly sensitive and specific 
atomic-absorption spectrometry. The latter technique is simi- 
lar to emission-flame photometry, except that it measures en- 
ergy as it is absorbed by atoms rather than as it is emitted by 
atoms. Both techniques are based on the characteristic absorp- 
tion or emission wavelengths of the cations. Ion-specific elec- 
trodes also are used for Na‘ and K* determinations, eliminat- 
ing the use of a flame or combustible gas, and this can be 
performed on whole blood, plasma, or serum. 

Chloride levels in serum or urine are determined by titra- 
tion with acid mercuric nitrate solution in the presence of 
s-diphenylcarbazone indicator. They also may be determined 
potentiometrically with a silver—silver chloride pH electrode 
assembly. The normal serum values are 135 to 155 mEq Na/L, 
3.9 to 5.6 mEq K/L, and 95 to 106 mEq Cl/L; urine levels are 
150 to 197 mEq Na/day, 20 to 64 mEq K/day, and 180 to 270 
mEq Cl/day. 

Serum sodium, potassium, chloride, and bicarbonate deter- 
minations are useful indicators in adrenal cortical insuffi- 
ciency, renal and cardiac failure, anuria, dehydration, alimen- 
tary tract diseases associated with diarrhea and vomiting, and 
increased renal electrolyte excretion (diuretic therapy). 

The determination of excess chloride (>50 mEq/L) in the 
perspiration of patients with pancreatic cystic fibrosis is an 
accurate diagnostic tool. Perspiration is stimulated by placing 
the patient’s hand in a plastic bag for 15 to 20 min or, prefer- 
ably, by an iontophoresis technique in which pilocarpine ni- 
trate ions are transported through small areas of the skin to 
produce local perspiration. The chloride content may be quan- 
titated with silver nitrate—potassium chromate-impregnated 
papers or with ion-selective electrodes. 

Bicarbonate, phosphates, sodium, potassium, and chloride 
concentrations are related to maintenance of acid—base bal- 
ance in the body. The pH of the blood reflects the state of the 
acid—base balance and is related mathematically to HCO; 
concentration and partial pressure of CO, (pCO.) in blood by 
the Henderson-Hasselbalch equation. 


[HCO; J 


SM (2) 
8 TH,CO,] 


pH = 6.1 + lo 


Blood pH, as measured electrometrically, has a normal 
range of 7.36 to 7.40 for venous samples and 7.38 to 7.42 for 
arterial samples. The pCO, level in blood is determined by 
measuring the pH of the blood at three different pCO, concen- 
trations—one native to the blood and the other two obtained by 
equilibration with gas mixtures of known pCOg,. Blood bicar- 
bonate levels also may be determined by measuring the 
amount of acid neutralized by plasma or serum and pCO, 
calculated by Equation 2. The relationship between pCO, and 
carbonic acid concentration is 


[H,CO3] = 0.03 x pCO, (3) 
mM/L torr 


The role of oxygen and hemoglobin in respiration has been 
discussed previously. Measurements of blood pH and CO, con- 
tent are used in differentiating respiratory acidosis (low pH, 
high CO.) from metabolic acidosis (low pH, low CO,). 

Blood oxygen (pO;) and percent oxygen saturation are mea- 
sured by a polarographic method; the blood sample is placed 
in a chamber and separated from a combined platinum and 
silver—silver chloride electrode by a polypropylene membrane. 
By diffusion through the membrane, equilibrium is established 
between the pO, of the blood and a film of solution in contact 
with the electrode. A current, which is proportional to blood 
pOz, is generated after the application of a polarizing voltage. 

Calcium and phosphorus are important minerals in the 
processes of bone calcification, nerve irritability, muscle 
contraction, and blood coagulation. Calcium is present in 
plasma as an ultrafilterable (ionic and nonionic) form and 
a protein-bound fraction. Blood phosphorus consists of inor- 
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ganic phosphorus, organic phosphate ester (G6P, ATP), and 
phospholipids. 

Serum and urine calcium levels are determined routinely by 
titration with EDTA or EGTA using a fluorescent calcein or 
calcichrome indicator. Other methods are based on the colori- 
metric analysis of calcium—methylthymol blue complex in the 
presence of 8-quinolinol to prevent interference by magnesium. 
Bis-(o-hydroxyphenylimino)ethane forms a colored complex 
with calcium; in the presence of polyvinylpyrrolidone to inhibit 
phosphate interference, it is a sensitive and specific method for 
calcium. Total calcium is determined best by atomic-absorption 
spectrometry. As with all cations, calcium can be determined 
by emission- or absorption-flame photometry or ion-selective 
electrodes. 

Inorganic phosphorus levels are determined by reaction 
with acid molybdate reagent to form phosphomolybdic acid 
which, in turn, is reduced with aminonaphtholsulfonic acid or 
p-dimethylaminophenol sulfate to give a blue complex which is 
estimated colorimetrically. Normal serum levels are 2.5 to 4.5 
mg P/dL and 9 to 11 mg Ca/dL. 

Calcium levels are decreased and phosphorus increased in 
hypoparathyroidism; an opposite effect is seen in hyperactivity 
of this gland. In rickets and osteomalacia, the concentrations of 
both elements are decreased. In establishing primary hyper- 
parathyroidism and other causes of hypercalcemia, daily mea- 
surements for ionized calcium (Ca”*) are replacing total Ca 
measurements using ISE technology. 

Magnesium is an essential electrolyte that is a natural 
calcium channel blocker. This ion is involved with cardiac and 
vascular smooth muscle contraction. Hypomagnesemia may 
pose a risk to humans in terms of increased cardiovascular 
disease (such as cardiac arrhythmias and stroke), whereas 
hypermagnesemia may result in bradycardia, asystole, or res- 
piratory insufficiency. A chemical analyzer (Nova Biomedical) 
is capable of measuring in 1 min Na, K, Ca, Mg, and the 
hematocrit in less than 200 wL of blood. Using an ion-specific 
electrode, the free, unbound magnesium ion activity is mea- 
sured and may be related to intracellular levels of magnesium 
ions. 

Copper, zinc, and iron are trace elements in blood. They are 
quantitated readily by flame photometric, colorimetric, or 
atomic-absorption techniques. 


ORGAN FUNCTION TESTS 


The analyses of various blood or urine constituents, determi- 
nation of metabolic excretion rates of exogenous compounds or 
endogenous metabolites, and effect of exogenous stimuli on 
these parameters are used for evaluation of in situ activity and 
function of various organs. Organ function studies are per- 
formed in diseases associated with the liver, kidney, parathy- 
roid, thyroid, and pituitary gland, gastrointestinal tract, pan- 
creas, adrenals, and gonads. The principles and significance of 
the analysis used in such evaluations have been described also 
in other sections of this chapter. 

Tests for hepatic function are based on bilirubin metabolism 
and excretion, carbohydrate metabolism (galactose tolerance 
test), plasma-protein changes (cephalin flocculation test and 
A/G ratio), abnormal fat metabolism, detoxification mecha- 
nisms (hippuric acid synthesis), excretion of injected sub- 
stances (BSP), prothrombin formation, and previously dis- 
cussed enzyme levels. 

Diseases of the liver are due to cellular alterations (hepato- 
cellular) or obstructions to the flow of bile (obstructive jaun- 
dice). Hepatocellular liver disease can be chronic (postnecrotic 
cirrhosis, carcinoma) or acute (viral hepatitis, alcoholism, 
toxin- or chemical-induced). 

The cephalin flocculation test is based on the flocculation of 
cephalin-emulsified cholesterol by y-globulin. In normal serum 
an albumin-like protein will inhibit this reaction; in hepatic 
diseases, which produce abnormal y-globulin or reduced albu- 
min levels, the flocculation will occur. 
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The detoxification mechanisms of the liver can be evaluated 
by intravenous administration of sodium benzoate and estima- 
tion of the benzoic acid metabolite, hippuric acid, in the urine. 
In hepatoparenchymal disease, a reduced capacity of the liver 
to form hippuric acid by conjugation of glycine and benzoic acid 
is observed. 

The ability of the liver to excrete an injected dye is deter- 
mined in the BSP test; the serum is analyzed for dye concen- 
tration at a suitable time interval after intravenous adminis- 
tration of 2 to 5 mg BSP/kg. Radioiodinated ('°'I) Rose Bengal 
Sodium dye also has been used in dye-excretion studies with 
isotopic estimation of urine dye levels. 

Kidney function tests are based on the determination of 
blood nonprotein nitrogen (urea, uric acid, and creatinine), 
electrolytes, blood acid—base balance, routine urinalysis, 
and the clearance of administered compounds in the urine. 
Most clearance studies are performed with substances that 
are not resorbed or secreted by the renal tubules: inulin, 
mannitol, sodium p-aminohippurate, or '*°I-iothalamate 
sodium (sodium 5-acetamido-2,4,6-triiodo-N-methylisoph- 
thalamate). These are administered intravenously and the 
rate of urine clearance and glomerular filtration is estimated 
by analysis of the urine. The excretory capacity of the renal 
tubular epithelium can be determined by measuring the 
clearance rate of PSP. The dye is injected intravenously and 
the rate of its clearance in urine is determined. PSP is bound 
loosely to serum albumin and is removed rapidly from the 
blood by the renal tubules. 

Sodium iodohippurate-(1?°1), which is extracted almost com- 
pletely from the blood on a single passage through the kidney, 
also has been used in renal function studies; a renogram or 
isotopic scan of both kidneys is performed. The test provides 
data on renal tubular secretion, renal vascular competence, 
and renal evacuation and is primarily useful as a comparison of 
individual kidney function. It is important to note that 50% of 
kidney function can be compromised without any significant 
change in the routine renal function parameters. 

Thyroid function tests usually measure the circulating levels 
of the thyroid hormones, and not the end-organ effect. The 
thyroid gland converts inorganic iodide to thyroxine (T,) and 
triiodothyronine (T';). T; and T, are stored in the colloid part of 
the gland as part of the thyroglobulin molecule. Hypothalamic 
thyrotropin-releasing hormone (TRH) mediates the release of 
the pituitary thyrotropin (thyroid-stimulating hormone, TSH). 
Excess levels of circulating T, depress, and low levels of T, 
increase, TSH release. TSH stimulates the proteolytic degra- 
dation of thyroglobulin to release T, and T3, and increases 
organification of iodine. T, accounts for 90% of secreted thyroid 
hormones and exists in blood bound to thyroxine-binding glob- 
ulin (TBG) or thyroxine-binding prealbumin (TBPA) or to al- 
bumin. T, is not protein-bound and has 5 to 10 times the 
biological potency of T, on a weight basis. Therefore, T, repre- 
sents the major part of protein-bound iodine (PBI). The level of 
free thyroxine (FT.,), the active fraction in blood, is regulated by 
T, and T. release and the levels of binding proteins in blood 
and tissues. 

The uptake of orally administered Na '*'I preparations by 
the thyroid gland can be estimated by isotopic scanning of the 
gland 24 hr after '*'I administration and is an index of glan- 
dular function (hyperactive, > 50% uptake; hypoactive, <15%). 

PBI determinations are based on the precipitation of pro- 
tein-bound thyroxine, removal of inorganic iodine by basic- or 
anion-exchange chromatography, alkaline incineration to con- 
vert thyroxine to inorganic iodide, and finally quantitation of 
iodide by reaction with arsenous acid and ceric ammonium 
sulfate. PBI is a good estimate of total circulating hormonal 
iodine. The normal range is 4 to 8 ywg/dL serum. 

T, can be determined by column chromatography in which it 
is separated and isolated by ion-exchange chromatography, 
and then analyzed colorimetrically. Nonisotope thyroid assays 
have been developed using fluorescence polarization methods 
for T, and free-thyroxin index. In the competitive protein- 


binding assay for T,, serum T, competes with '”°I-T, for bind- 
ing sites on a known amount of TBG. The ratio of bound to free 
125T is determined by adsorption of }*°I-T,, not bound to TBG on 
an anion-exchange resin embedded in a polyurethane sponge or 
a porous dextran gel, and is a direct index of T, levels. The 
presence of mercurials, inorganic iodide, or iodinated radio- 
graphic compounds in serum interferes with the T, column and 
PBI procedures. The competitive-binding procedure is affected 
by the presence of highly protein-bound drugs or changes in 
TBG levels in serum. The normal range of serum T, is 2.9 to 6.4 
pg/dL by column and 3.0 to 7.0 ug/dL by binding assay. T, and 
PBI are increased in hyperthyroidism and the early stages of 
hepatitis. T, and PBI are decreased in hypothyroidism and 
nephrosis. 

FT, also is determined in a competitive protein-binding 
assay in which '”°J-T, and serum are incubated, and then 
dialyzed to determine the percent dialyzable '”°I-T,. FT, anal- 
ysis is used in suspected abnormalities in protein-binding glob- 
ulins. T, binding capacity of serum TBG, albumin and preal- 
bumin can be determined after electrophoretic separation of 
these proteins. 

T; analysis is determined by the resin-uptake test. The 
uptake of !”°I-T, by a resin is determined in the presence of the 
test serum. In hyperthyroidism, the primary TBG-binding sites 
are saturated and '”°I-T,, is taken up by the resin. The resin 
uptake is decreased in hypothyroidism, and most of !”°I-T, is 
bound to TBG in serum. A free thyroxine index can be obtained 
by multiplying T, (resin) * T, (competitive binding) x 0.01. 
This product deviates from normal in the same direction as T; 
and T, in hyper- and hypothyroidism. This product is stable 
during euthyroidism in spite of changes in binding proteins; for 
example, a euthyroid patient on phenytoin therapy will show a 
decreased TBG and T, and increased T;, but (T, xX Ts) is 
normal. The indication of hyper- or hypothyroidism in the 
presence of abnormal amounts of TBG is observed in the 
(T, X T3) product. 

The determination of TSH by RIA or EIA appears to be the 
most useful test in discriminating patients with primary hy- 
perthyroidism from the euthyroidism or hypothyroidism sec- 
ondary to pituitary disease. Serum TSH is increased in the 
primary disease state. 

The PBI conversion ratio is an estimate of the rate of con- 
version of inorganic iodide to PBI. Radioiodide-(*71]) is admin- 
istered to the subject; after 24 hr, a sample of blood is obtained 
and the '*"I to PB!*"I is estimated by radiochromatographic 
procedures with ion-exchange resins (normal conversion, 13 
to 42%). 

Adrenocortical function is evaluated by estimation of se- 
rum or urinary 17-ketosteroids (17-KS) and 17-hydroxycor- 
ticosteroids (17-OH-CS) (androgen and corticosteroid metab- 
olism), serum electrolytes (aldosterone metabolism), and 
blood adrenocorticotrophic hormone (ACTH) levels in the 
basal state, after stimulation with intramuscular or intra- 
venous ACTH, or after adrenal inhibition with dexametha- 
sone. In the normal individual, ACTH will increase plasma 
cortisol and urine 17-OH-CS, and dexamethasone will sup- 
press plasma cortisol. Metapyrone, an inhibitor of 118-hy- 
droxylase, will cause selective secretion of compound S (11- 
deoxycortisol) by the adrenals in place of cortisol. Compound 
S will not inhibit the adrenal-pituitary feedback mechanism; 
the pituitary will secrete more ACTH and the adrenal will 
secrete more compound S. The determination of urinary 
17-OH-CS or tetrahydro-compound S (THS) following meta- 
pyrone administration is a good index of the functional in- 
tegrity of the pituitary-adrenal axis; patients with virilizing 
adrenal hyperplasia excrete excessive THS due to an 11f- 
hydroxylase defect. 

Common clinical chemistry reference values are listed in 
Table 32-4.'® 


Table 32-4. Reference Values* '® 
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Electrolytes 


Calcium 
Chloride 


CO, content 
Magnesium 


Phosphorus 
Potassium 


Sodium 
Metabolites 


Bilirubin 
Cholesterol 


Creatinine 


Glucose 
Iron 


Triglycerides 
Urea nitrogen (BUN) 
Uric acid 


Proteins and enzymes 
Alanine 

aminotransferase 
Albumin 


Alkaline phosphatase 
Amylase 


Aspartate 
aminotransferase 

Carcinoembyronic 
antigen (CEA) 

Creatine kinase (CK) 


y Glutamy| 
transferase (GGT) 

Lactate 
dehydrogenase 
(LDH) 


Total protein 
Hormones 
Cortisol in plasma 


9.0-10.6 mg/dL 


1.2-2.4 mEq/L 


2.5-5.0 mg/dL 


0.1-1.2 mg/dL 
150-250 mg/dL 


0.7-1.5 mg/dL 
(adults) 

60-95 mg/dL 

50-165 pg/dLb 


20-180 mg/dL 
8-26 mg/dL 
2.5-7.0 mg/dL 
(ALT, SGPT) 
3.5-5.0 g/dL 
35-120 U/L at 37° 
(adults) 
60-180 Somogyi 
units 


(AST, SGOT) 


<2.5 ng/mL 


60-220 U/L at 37° 


6.0-8.0 g/dL 


7-20 pg/dL (at 
8:00 am) 
(200-550 mmol/L) 


2.25-2.65 mmol/L 
98-109 mmol/L 


23-30 mmol/L 
0.6-1.2 mmol/L 


0.81-1.62 mmol/L 
3.7-5.3 mmol/L 


138-146 mmol/L 
1.7-20.5 mol/L 
3.9-6.5 mmol/L 
62-123 mol/L 


3.33-5.28 mmol/L 
9.0-29.5 umol/L 


0.22-1.98 mmol/L 

2.9-9.3 mmol/L 

0.15-0.41 mmol/L 

5-40 U/L at 37° 

35-50 g/L 

50-400 U/L at 37° 
(children) 

110-330 U/L 

8-40 U/L at 37° 

<2.5 pg/L 

10-180 U/L at 37° 

5-40 U/L at 37° 


(lactate > 
pyruvate) 


60-80 g/L 


3-13 pg/dLb 
(at 4:00 pm) 
(80-360 mmol/L) 


Cortisol (free) in 
urine 


20-90 9/24 hr 55-248 nmol/24 hr 


Follicle-stimulating 
hormone (FSH) 


(adult males) (adult females) 


2-15 mlU/mL Follicular phase 


3-15 mlU/mL 


Ovulatory spike 
10-50 mIU/mL 


Luteal phase 3-15 
mlU/mL 


Postmenopause 
30-200 mIU/mL 
17-Hydroxycortico- 
steroids in urine 


3-10 mg/24 hr 


17-Ketosteroids in 
urine 


5-15 mg/24 hr (adult females) 


8-20 mg/24 hr 
0.1-3.0 mg/24 hr 


(adult males) 
(prepubertal 
children) 


Luteinizing hormone 
(LH) 


(adult males) (adult females) 


5-25 mlU/mL Follicular phase 
5-30 mlU/mL 


Ovulatory spike 
50-150 mIU/mL 

Luteal phase 5-40 
mlU/mL 

Postmenopause 
30-200 mIU/mL 


Metanephrine in <1.3 mg/24 hr 


urine 
Prolactin 1-20 ng/mL 1-25 ng/mL 
(males) (females) 
(1-20 g/L) (1-25 g/L) 
Thyroxine (Ty) 5.5-12.5 g/dL 7.8-16.0 g/dL 
(adults) (newborns) 


(72-163 nmol/L) 
<6.8 mg/24 hr 


(101-208 nmol/L) 
Vanillylmandelic acid 
(VMA) in urine 


* Serum specimens unless otherwise indicated. 


AUTOMATED ANALYSIS 


The automation of analytical techniques used in blood and 
urine chemistry, hematology, blood typing, and immunology 
has increased the productivity and accuracy of the clinical 
laboratory.1° Computerization of the automated analytical sys- 
tem also has increased the rapidity of reporting test results, 
reduced clerical error, and provided a unified and updated 
report of the laboratory tests for each patient. 

In one of the first widely used multichannel chemistry an- 
alyzers, the SMA-6 (Sequential Multiple Analysis) Autoana- 
lyzer (Technicon), a continuously operating, multiple-channel 
proportioning pump moved the samples, diluents, and reagent 
streams. Air bubbles segmented the flowing streams of samples 
and reagents, which then either flowed through dialyzers to 
remove interfering substances, and/or moved them directly into 


chambers preset at desired temperatures; they finally went 
into detection devices (colorimeters, fluorometers, flame pho- 
tometers, spectrophotometers). A serum standard was run si- 
multaneously with the samples. The results could be read 
directly from a recorder or were later coupled into a digital 
computer for numeric output. Sequential, multiple analyses in 
the SMA-12, a later model for 12-parameter analysis, was 
accomplished by distributing the sample to 12 different ana- 
lytical streams, so that all 12 analyses were in progress at the 
same time. The SMA-12 profile usually determined calcium, 
inorganic phosphorus, glucose, BUN, uric acid, cholesterol, to- 
tal protein, albumin, total bilirubin, alkaline phosphatase, 
LDH, and AST. SMA analyzers ushered in the era of automa- 
tion in the clinical chemistry laboratory, spawning a high- 
technology industry that resulted ultimately in tremendous 
productivity gains, enhanced test accuracy and precision, and 
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the ability to measure numerous constituents from micro- 
samples in a very short time. 

Typical high-throughput chemistry analyzers using stan- 
dard wet reagent methodologies in combination with ion- 
specific electrodes (ISH) include the Synchron CX analyzers 
(Beckman Coulter), BM/Hitachi and the COBAS analyzers 
(Roche Diagnostics), and Dimension analyzers (Dade Behring). 
The non-ISE portions of these instruments basically are auto- 
mated spectrometers, with robotic pipetting from on-board re- 
agents to disposable or rewashed reaction cuvettes whose prod- 
ucts are monitored continuously at one or more wavelengths. 
Stable calibration, sophisticated quality-control monitoring, 
off-hour preprogrammed maintenance, and self-diagnostics are 
regular features on these analyzers. 

Vitros series analyzers (Ortho Clinical Diagnostics) have 
successfully implemented the use of “dry-slide” technology in 
which multilayered pads are impregnated with reagents, elim- 
inating the need for extensive tubing and liquid reagent- 
handling components. Reaction end-products are measured us- 
ing reflectance spectrometry in these analyzers, and analytical 
performance rivals or surpasses that of the more “conventional” 
instruments listed above. 

Clinical chemistry technological innovations have enabled 
the laboratory to provide therapeutic drug-monitoring tests, 
drugs-of-abuse testing, and all manner of hormone analyses 
routinely. The advent of automated polymerase chain reaction 
(PCR) and other nucleic acid amplification technologies prom- 
ises the development of new assays for highly sensitive detec- 
tion of nucleic acid sequences, which will provide the clinician 
with a whole new spectrum of diagnostic information. 

The hematology laboratory has kept pace with advances in 
automation. Multichannel analyzers sample directly from 
blood tubes after identifying their origin by scanning the bar- 
code label. This “closed-sample” approach minimizes operator 
exposure to infectious agents that may be present in the blood. 
Besides performing the standard 8-parameter complete blood 
count, these instruments perform flow-through differential and 
reticulocyte counts and provide extensive graphical outputs of 
cell size and complexity while flagging out-of-expected-range 
results. Examples of these instruments include the Sysmex SE 
9500 (TOA Medical), Coulter GEN-S (Beckman Coulter), 
ADVIA 120 (Bayer), and Abbott Cell-DYN 4000 (Abbott). New 
coagulation analyzers sample plasma directly from centrifuged 
blood tubes and offer full menus of tests, including factor as- 
says. An automated workstation for urinalysis (Yellow IRIS) 
combines standard specific gravity and semiquantitative test- 
strip analyses with real-time flow-through video microscopy of 
the urine specimen’s formed elements, enabling the operator to 
identify and quantify cells, casts, and bacteria rapidly and 
precisely. In this era of health care cost containment, innova- 
tions in laboratory automation will continue to play a leading 
role in maximizing diagnostic effectiveness. 


Urine 


The formation of urine and its excretion are critical physiolog- 
ical activities of the body that provide a mechanism for the 
maintenance of a constant internal environment for all cells, 
tissues, and organs. This internal ecology of the body is well- 
recognized and known as homeostasis. Inasmuch as the urine 
reflects what is occurring within the body, it offers a fluid that 
is an important source of information, most useful as an aid in 
the definition of the states of health and disease. More specif- 
ically, the kidney, by means of urine formation, performs these 
functions: 


1. Regulates the body water. 

2. Excretes metabolic waste products, many of which are of a nitrog- 
enous nature. 

3. Excretes toxic substances of both endogenous and exogenous origin. 

4. Regulates the electrolyte equilibrium of the body by either excreting 
or retaining each specific ion. 


5. Maintains the delicate balance of pH within the body by excretion 
of excess acid or excess base. 

6. Provides an important route for the elimination of pharmaceutical 
agents and their breakdown products from the body. 


Normal urine contains several thousand compounds, most of 
which occur in minute quantities. Table 32-5 identifies some 
of the constituents of normal urine that are of particular 
significance. 

Urine is studied quite widely as a means of identifying 
abnormalities associated with disease. The importance of such 
study is emphasized by the fact that the number of tests carried 
out on urine far exceeds those made on all other body fluids 
combined. Urine not only is important in providing information 
relating to kidney disease, but it may provide information 
relative to many other body activities. Information from urine 
studies is of diagnostic value in functional diseases of the 
kidney, liver, pancreas, blood, bone, muscle, and the urinary, 
gastrointestinal, and cardiovascular systems. Urine studies 
provide vital clinical information on electrolyte and water bal- 
ance, acid—base equilibrium, intermediary metabolism, inborn 
errors of metabolism, drug abuse, intoxication, pregnancy, and 
hormone balance. Most of these parameters have been dis- 
cussed earlier and this section will be devoted to routine 
urinalysis. 

It is important to recognize that urine test information, like 
all other laboratory data, helps provide a picture of the whole 
body, but any single result requires interpretation to be most 
meaningful. It also should be recognized that negative results 
can be essentially as useful as positive results in a great many 
instances. The ready availability of urine is an advantage that 
makes it practical as a material for monitoring the course 
of the treatment of disease as well as for its recognition and 
definition. 

Most urine examinations include observations with regard 
to the majority of the following: color, odor, turbidity, pH, 
protein, glucose (or reducing substances), ketone bodies (ace- 
tone), occult blood, bilirubin, urobilinogen, bacteria (culture or 
chemical tests), specific gravity, and microscopic examination 
of sediment, including erythrocytes, leukocytes, casts, epithe- 
lial cells, crystals, bacteria, parasites, and exfoliative cytology. 
A “routine” urinalysis varies in different institutions but ordi- 
narily involves the inclusion of the majority of the above tests. 

Urine for laboratory study should be collected in clean con- 
tainers—preferably into a disposable unit (polystyrene tube) 
with a capacity of 15 mL that can be used for collecting, trans- 
porting, centrifuging, and testing. Refrigeration is desirable for 
any specimen that is not tested within 1 to 2 hr. 

If urine is to be transported through the mails or is to be 
held for a significant time at room temperature, it is desirable 
to add a urine preservative (formalin, methenamine, thymol, 
toluene) that will interfere with microbial growth in the spec- 
imen. Several proprietary urine preservative tablets are avail- 
able. If urine is allowed to stand at room temperature, bacteria 
will grow in the specimen and cause degradation of many 
constituents. Frequently, the bacteria decompose urea into am- 


Table 32-5. Normal Constituents of Urine 


CONSTITUENT g/DAY CONSTITUENT g/DAY 
Water 1400 Amino acids 2.1 
Total solids 60 Purine bases 0.01 
Urea 30 Phenols 0.03 
Uric acid 0.4 Proteins (total) 0.025 
Hippuric acid 0.9 Chloride (as NaCl) 12 
Creatinine ez Sodium 5 
Indican 0.01 Potassium 2 
Citric acid 0.8 Calcium 0.2 
Lactic acid 0.2 Magnesium 0.15 
Oxalic acid 0.03 Sulfur (total) 1 
Nicotinic acid 0.00025 Phosphate (as P) ead 
Allantoin 0.04 Ammonia 0.7 


monium carbonate with a resulting increase in the alkalinity of 
the specimen. Formed elements, particularly casts and red 
blood cells, disintegrate in alkaline solution. 

The majority of urine tests are done on random specimens, 
but in certain instances it is necessary to have a 24-hr speci- 
men for certain specialized analyses. For urine-sugar testing in 
diabetes detection, it is desirable to use a postprandial urine 
specimen (ie, after a meal). For protein tests, as well as chem- 
ical or culture tests for bacteriuria, the first morning specimen 
is preferred. Most laboratories use commercially available, 
standardized, reagent-impregnated strips (“dipsticks”) or tab- 
lets (Bayer) for routine urinalysis. See also the discussion in 
Chapter 64, Diagnostic Drugs and Reagents. 


INSTRUMENTATION IN URINALYSIS 


Automated urine-testing systems, semi-automated reagent- 
strip readers, and a system that performs the complete urinal- 
ysis procedure have been developed. The strip reader is a 
reflectance photometer that measures urine pH, protein, glu- 
cose, ketones, blood, bilirubin, nitrate, and urobilinogen. The 
Yellow IRIS (International Remote Imaging Systems) mea- 
sures urine specific gravity by refractometry on one channel 
and urine sediment on another channel by staining, passing 
formed elements through a flow cell, and storing individual 
images using video microscopy and image processing. A third 
channel incorporates an automated strip reader to quantify the 
“strip” analytes listed above. Such systems achieve more accu- 
rate and precise results for routine urinalysis than the manual 
or semi-automated methods. 


VOLUME 


The normal volume of urine excreted during a 24-hr period is 
usually in the range of 1000 to 1500 mL. It is possible for a 
healthy person to modify the volume either by severe fluid 
restriction or by ingestion of excessive quantities of fluid. In 
certain disorders there is a change in urine volume. Urine- 
volume increases are identified as polyuria and are encoun- 
tered in diabetes mellitus, diabetes insipidus, and in certain 
stages of chronic renal disease. Urine volume is increased dur- 
ing diuretic therapy and with the ingestion or injection of large 
volumes of fluid. A decrease in urine volume usually occurs in 
dehydration, water restriction, and in acute or terminal renal 
disease. Extensive water loss from severe diarrhea or vomiting 
causes oliguria or decreased urine volume. Acute renal failure 
precipitated by shock, poisons, or transfusion reaction may 
result in a complete absence of urine excretion or anuria. In the 
majority of instances urine study does not require volume 
measurements, but these are quite critical in severely ill per- 
sons when oliguria or anuria is present. 


SPECIFIC GRAVITY-OSMOLALITY 


The urine density or specific gravity is related to the amount of 
solids excreted in a given volume of urine. In the majority of 
instances, in healthy persons the specific gravity varies be- 
tween 1.010 and 1.030 and is related to dietary habits of fluid 
and food ingestion and, secondarily, to the loss of fluid by other 
routes such as extensive sweating. The measurement of urine 
density or specific gravity is a part of “routine urinalysis”, and 
as such provides information with regard to water and solids 
turnover in the body. The specific gravity information alone is 
not nearly so important as it may be in conjunction with other 
observations. Thus, if dehydration is suspected, a specific grav- 
ity in the midrange of 1.015 would cast doubt about dehydra- 
tion unless there was a concurrent renal dysfunction. 

The kidney possesses a remarkable ability to either form a 
concentrated urine or a very dilute urine ranging from a spe- 
cific gravity of 1.001 to 1.032. This concentrating or diluting 
capacity is diminished in cases of a loss of renal function. In 
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fact, one of the sensitive tests for measuring renal function 
involves the so-called dilution-concentration tests where fluid 
is administered or withheld, and the specific gravity of the 
urine is measured. With a serious loss of renal function, the 
kidney cannot excrete a urine in excess of 1.020 even with 
marked fluid restriction. In advanced renal disease the specific 
gravity of the urine may become “fixed” or constant in the range 
of 1.010 to 1.012, with all urine being of this specific gravity 
regardless of overhydration or dehydration. 

Specific gravity is measured readily with a special hydrom- 
eter, called a urinometer. There is a correlation between the 
density of urine and its refractive index, and a special refrac- 
tometer has been designed that gives readings in specific grav- 
ity units on a single drop of urine. 

Certain abnormal constituents of urine, such as glucose or 
protein, when present in high concentrations, will cause signif- 
icant increases in specific gravity. Certain X-ray contrast me- 
dia, when excreted in the urine, also will cause marked in- 
creases in specific gravity. 

Urine specific gravity is only an indirect index of solute 
concentration; that is, 1 mol of urea will produce a lower spe- 
cific gravity than 1 mol of glucose. Osmolality is a direct mea- 
sure of the molal concentration of solutes in solution regardless 
of their molecular weight; 1 mol of NaCl dissociates into 1 mol 
of chloride ion and 1 mol of sodium ion. Osmolality is deter- 
mined in a direct-reading osmometer by comparing the freezing 
point of urine with that of a standard sodium chloride solution. 
See also Chapter 18. 

The kidneys normally excrete 800 to 1400 mOsm/kg (an 
osmol is that weight of any substance when dissolved in water 
depresses the freezing point 1.86° of solutes/day. Humans con- 
centrate urine and eliminate the daily solute load at a maxi- 
mum volume of 1200 mOsm/kg water. Urine osmolality is an 
inverse function of urine volume in the normal catabolic state. 
Urine volume is regulated by the antidiuretic hormone (ADH) 
and sodium excretion by the hormone aldosterone. Increased 
osmolality of body fluids stimulates, and increased dilution 
inhibits, the release of ADH. The major determinant of body- 
fluid osmolality is sodium. Sodium conservation is mediated 
through the renin-angiotensin-aldosterone axis. Determina- 
tions of plasma and urine sodium, and osmolality and urinary 
volume, are of diagnostic value in Addison’s disease, vasomotor 
nephropathy (acute tubular necrosis), inapparent volume de- 
pletion, incomplete urinary tract obstruction, and hepatorenal 
disease. 


pH 


Freshly voided urine usually has a slightly acid pH. The nor- 
mal range is 5 to 8, and essentially this is also the abnormal pH 
range. The kidneys, by reason of excreting a urine of variable 
pH, provide a regulatory mechanism for the body to get rid of 
excess acid or alkaline waste products. Because the normal pH 
range and the abnormal pH range are comparable, the mea- 
surement of pH alone provides minimal information, but when 
used in conjunction with other information, it is a very useful 
urinary parameter. In conditions of acidosis, the urine is quite 
acid; in conditions of alkalosis, the urine pH is above 7. When 
metabolic or respiratory acidosis is suspected, an alkaline- 
urine pH result almost eliminates the possibility of acidosis. 
Conversely, if respiratory or metabolic alkalosis is suspected, 
the excretion of an acid urine indicates that alkalosis is likely 
not present. 

Dip-and-read tests are used widely for pH testing; pH-meter 
measurements are used less commonly. In certain situations 
involving kidney stone susceptibility, it is quite important to 
maintain a narrow range of urinary pH. For example, in cystin- 
uria an alkaline pH is maintained to keep the cystine solubi- 
lized and to avoid as much as possible the crystallization of 
cystine into renal calculi. The maintenance of urinary pH is 
also important for optimum results in certain types of drug 
therapy. 
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COLOR 


Urine normally has a yellow color, mostly due to urochrome; 
the color varies from pale straw to dark amber. Darker speci- 
mens usually have a high specific gravity. Occasionally, either 
normal or abnormal urine may show a color different from 
yellow. Bilirubin may cause fresh urine to be dark in color. In 
addition, urine that is allowed to stand darkens because of the 
oxidation of urobilinogen to urobilin. Red, reddish-brown, or 
“smoky” urine usually is due to the presence of hemoglobin 
(hemoglobinuria), myoglobin (myoglobinuria), or red blood cells 
(hematuria). Porphyria is an uncommon cause of red colora- 
tion. Black urine can be caused by melanin, which may occur in 
the urine of patients with far-advanced malignant melanoma. 
An inborn error of metabolism, alkaptonuria, is characterized 
by the urinary excretion of homogentisic acid, which causes the 
urine to turn dark brown or black on standing. Many of the 
unusual colors occasionally found in urine are derived from 
exogenous sources, including both foods and drugs. Among 
these are the red color caused by beets, particularly in in- 
fants, the golden-yellow or orange-red color of metabolites of 
pyridium-like drugs or azo drugs, and the green or blue color 
from methylene blue. 


ODOR 


Normal, freshly voided urine has a faint aromatic and charac- 
teristic odor, which is more intense in concentrated specimens. 
If the urine is allowed to stand, the odor becomes strongly 
ammoniacal and unpleasant because of bacterial destruction of 
urea. Freshly voided urine having a foul odor indicates severe 
infection. A sweet, fruity odor may be due to ketones. 


APPEARANCE 


Freshly voided urine is usually clear. On standing, a precipi- 
tate may form that usually consists of amorphous urates if the 
urine is acid or calcium and magnesium phosphates if the urine 
is alkaline. The formation of a precipitate is more likely to 
occur if the urine is refrigerated. Most specimens will become 
clear again if they are warmed gently to room temperature. 
Large quantities of mucus, cells, leukocytes, or bacteria may 
cause cloudiness. Protein usually does not cause cloudiness. 


PROTEIN 


A small amount of protein is present in the urine obtained from 
healthy subjects, although the quantity is not sufficient to give 
a positive reaction with the tests commonly used for the recog- 
nition of protein in urine. The majority of the 25 to 50 mg of 
protein that is excreted daily is microprotein (low-molecular- 
weight polypeptide), with properties quite different than those 
of albumin and globulin, which are the principal proteins of the 
blood serum. Albumin and globulins do occur in the normal 
urine in minute concentrations. 

Plasma proteins, hemoglobin, abnormal Bence-Jones pro- 
tein, and proteins (nucleo-, phospho-, and glycoproteins) de- 
rived from leukocytes and mucus may be present in urine in 
nephritis, nephrosis, lesions of the urinary tract, GI dehydra- 
tion, and renal congestion. Abnormal amounts of protein in the 
urine may be recognized by either precipitation or colorimetric 
tests. The precipitation depends on the heat coagulation of the 
protein or on the chemical precipitation of the protein. The 
most popular of the heat-precipitation tests is the heat- and- 
acetic acid test in which a tube of urine is heated to boiling after 
the addition of a drop or two of acetic acid. Sulfosalicylic acid is 
employed commonly in chemical precipitation tests; in this 
test, equal quantities of 3% sulfosalicylic acid and urine are 
mixed in a test tube, and the mixture is examined for turbidity 
indicative of precipitated protein. 


Colorimetric tests for proteins involve dip-and-read type of 
systems and are based on the protein error of indicators. Cer- 
tain indicators have a point of color change that is different in 
the presence of protein compared to the same system in the 
absence of protein. Thus, by buffering the indicator tetrabro- 
mophenol blue on this dip-stick at a specific pH, it is possible to 
have a yellow color in the absence of protein and a green or blue 
color in the presence of protein. This test, Albustix (Bayer), not 
only indicates the presence or absence of protein in the urine 
but also can be made to indicate the approximate amount of 
protein. Strongly alkaline or fermented urines will give false- 
positive results. The sensitivity of the colorimetric method is 
such that quantities of 10 to 20 mg of albumin/dL of urine can 
be recognized with confidence. 

A positive test for protein in the urine may have any one of 
several meanings, and it is only when this information is re- 
lated to other observations that it has optimum value. Protein- 
uria may be benign and appear following strenuous exercise or 
simply as a result of standing (orthostatic proteinuria). Protein 
frequently occurs in the urine during pregnancy and in some 
instances this is benign, but in other cases it indicates renal 
complications. Transient proteinuria may occur following se- 
vere infections, high fever, exposure to cold, and in congestive 
heart failure. Proteinuria may be an early and sensitive indi- 
cator of renal disease and may indicate an abnormality prior to 
other signs and symptoms of renal impairment in the glomer- 
ulus or tubules. In the majority of instances there is no corre- 
lation between the amount of protein in the urine and the 
severity of the renal disease. 

Patients with severe nephrosis may lose up to 25 g of pro- 
tein/day. Such a marked loss of protein causes a decrease in 
plasma protein concentration with an accompanying edema. In 
both chronic and acute glomerulonephritis there is protein 
in the urine. Tumors of the kidney and renal infection usually 
will have an accompanying proteinuria. Bence-Jones protein 
is a unique protein that occurs in the urine of about 50% of pa- 
tients with multiple myeloma. It has the unusual property of 
precipitating between 50° and 60° and dissolving at higher 
temperatures. 


GLUCOSE (REDUCING SUBSTANCES) 


Glucose normally occurs in urine in such low concentration 
that it escapes detection by the usual testing methods. The 
urine of untreated or poorly controlled diabetic patients char- 
acteristically contains easily detectable amounts of glucose. A 
positive test for glucose in urine usually suggests hyperglyce- 
mia and the diagnosis of diabetes mellitus; further studies, 
such as the glucose tolerance test to confirm the diagnosis, are 
indicated. Glucosuria also may occur when the renal tubules 
fail to reabsorb glucose normally, and glucose appears in the 
urine despite normal blood glucose levels, in contrast to true 
diabetes. 

Glucose is the sugar almost always found in urine; however, 
lactose, galactose, levulose, sucrose, and pentoses may be en- 
countered. These other sugars are identified by paper chroma- 
tography, selective fermentation, polarimetry, special chemical 
tests, or the formation of their osazones. Other reducing sub- 
stances occur in urine and may cause falsely positive reducing 
reactions for glucose. Examples are ascorbic acid, glucuronides, 
many drugs, homogentisic acid, and the preservatives formalin 
and chloroform. 

Benedict’s test, the traditional test for glucose in urine, 
relies on the reduction of cupric ions in alkaline solution to 
reddish-orange insoluble cuprous oxide. The copper is reduced 
totally by large amounts of glucose and results in a brick-red 
sediment with no remaining blue color. Lesser concentrations 
form green to rust-colored solutions with some red sediment. A 
modification of this test, Clinitest (Bayer), is available in tablet 
form. The tablet contains copper sulfate, anhydrous sodium 
hydroxide, citric acid, and sodium carbonate. When added to 


dilute urine, the tablet dissolves and generates enough heat 
and effervescence to yield results comparable with the Benedict 
TeESU, 

A specific but extremely simple enzyme test for glucose is 
available—Tes-Tape (Lilly), Clinistix (Bayer), and Multistix 
(Bayer). Reagent strips are impregnated with glucose oxidase, 
peroxidase, and orthotolidine. When the stick is dipped into a 
solution of glucose, oxidation occurs and hydrogen peroxide is 
formed which oxidizes orthotolidine to a blue color. This test is 
more sensitive than Clinitest, but is not as reliable for estimat- 
ing the concentration of glucose. The enzymatic test is specific 
and thus useful in determining whether a reducing substance 
is glucose. Diastix (Bayer) is a specific urine glucose test using 
glucose oxidase, which also indicates the quantity of glucose 
present. 


KETONE BODIES 


The ketone bodies acetone, acetoacetic acid, and beta-hydroxy- 
butyric acid are present in the urine when fats are metabolized 
incompletely. Ketonuria is seen most commonly in poorly con- 
trolled diabetes and indicates ketonemia and diabetic acidosis. 
Other causes for ketonuria are starvation, fever, protracted 
vomiting, and Von Gierke’s disease. Ketonuria also occurs fol- 
lowing anesthesia. Acetoacetic acid and acetone produce a dis- 
tinctive purple color when treated with a mixture of sodium 
nitroprusside, ammonium sulfate, and concentrated ammo- 
nium hydroxide. A similar reagent is available in tablet form 
(Acetest, Bayer). A drop of urine is placed on the tablet; if 
ketones are present, a lavender to deep-purple color develops in 
30 sec. The color intensity indicates the concentration of ke- 
tones. The reagent strip Ketostix (Bayer), used as a dip-and- 
read test on urine or serum, contains the same reagents, which 
are available on Multistix (Bayer) and other multiple reagents 
as well. These tests will detect 5 to 10 mg acetoacetic acid/dL 
urine. 


PHENYLPYRUVIC ACID 


Phenylketonuria (PKU) is an inborn error of metabolism in 
which the normal conversion of phenylalanine to tyrosine in 
the body does not occur and there is a buildup of phenylalanine 
concentration in the blood. This metabolic disorder causes men- 
tal retardation. A portion of the phenylalanine is excreted by 
the kidneys into the urine and in the process is converted to 
phenylpyruvic acid (or phenylketone). If this genetic disorder is 
discovered soon after birth, it is possible to place the infant on 
a diet very low in phenylalanine-containing proteins and thus 
minimize the phenylalanine buildup in the body, averting the 
serious mental retardation which ordinarily is seen in the 
untreated PKU patient. 

Recognition of PKU can be made by the use of a test for 
phenylpyruvic acid using a dip-and-read reagent composition 
containing ferric ions. This test, Phenistix (Bayer), can be used 
on urine from all newborn babies. A positive reaction gives a 
green color, whereas a normal infant’s urine gives a pale-ivory 
or yellow color to the strip. PKU also can be recognized by 
employing a chemical or microbiological test for elevated phe- 
nylalanine in serum, as discussed under Amino Acids. 


BILIRUBIN 


Bilirubin is found in the urine of patients with hepatitis or 
obstructive jaundice but not in patients with hemolytic jaun- 
dice. Tests for bilirubin and urobilinogen combine to give ex- 
cellent information in the differential diagnosis of jaundice. 
Tests for bilirubin are of two kinds: oxidation tests form a green 
color of biliverdin from bilirubin usually using ferric chloride as 
the oxidative reagent, and diazotization tests form colored com- 
pounds when bilirubin reacts with diazonium salts in a 
strongly acid medium. Most oxidation tests adsorb the bilirubin 
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onto barium sulfate or similar material before the addition of 
Fouchet’s reagent. The tablet test Ictotest (Bayer) is the most 
sensitive diazo test and it uses an absorption mat to concen- 
trate the bilirubin from 5 drops of urine. A reagent tablet is 
added to the moist spot on the mat and 2 drops of water are 
added to dissolve the effervescent reagent and wash some of it 
off the tablet onto the mat where the reaction takes place. A 
blue or purple color on the mat around the tablet in 30 sec 
indicates the presence of bilirubin. In addition, a dip-and-read 
test composition also based on the diazo reaction has been 
incorporated into the Bili-Labstix and Multistix (Bayer) multi- 
ple urinalysis reagent strips. It is less sensitive than the tablet 
test, but its convenience allows it to be used in routine urinal- 
ysis quite readily. An incidence of approximately 0.1% positives 
on health-screening population groups, 0.2% on clinic patients, 
and 0.9% on hospitalized patients has been reported. 


UROBILINOGEN 


Bilirubin in the bile is reduced to urobilinogen by bacteria in 
the lower intestine. A portion of the urobilinogen is reabsorbed 
from the intestine into the blood. A portion of this urobilinogen 
is excreted into the urine by the kidney and the balance is 
reexcreted via the bile into the intestine. Although the quantity 
of urobilinogen in the urine is quite small, it is an important 
indicator of liver function and red-blood-cell catabolism. 

If there is an obstruction to bile flow such as in obstructive 
jaundice, the amount of urobilinogen formed and reabsorbed 
into the blood and excreted in the urine is decreased. With 
impairment of liver function, the excretion of urobilinogen in 
the bile is decreased, the blood concentration increases, and 
there is a corresponding increase in urinary urobilinogen ex- 
cretion. Actually, the increase in urinary urobilinogen is one of 
the most sensitive tests for impaired liver function and this test 
may indicate an abnormality when all other tests of liver func- 
tion remain unchanged from normal. 

In hemolytic diseases in which there is an increased rate 
of hemoglobin breakdown, the amount of bilirubin formation 
is increased with a corresponding increase in urobilinogen 
formation and excretion in the urine. The concentration of 
urobilinogen in urine can be established by the use of a dip- 
and-read test that uses the interaction of urobilinogen and 
p-dimethylaminobenzaldehyde (Urobilistix, Bayer). 


HEMATURIA, HEMOGLOBINURIA, 
AND MYOGLOBINURIA 


Hematuria refers to a condition in which intact red blood cells 
appear in the urine. This condition is indicative of a specific 
defect in the microscopic functional unit (the nephron) of the 
kidney or it may be indicative of bleeding in the kidney, the 
ureter, the bladder, or the urethra. In the female there may be 
variable numbers of red blood cells in the urine during 
menstruation. 

Hemoglobinuria is a condition in which free hemoglobin is 
present in the urine without red blood cells. This may be caused 
by intravascular hemolysis as a result of a transfusion reaction 
or by poisoning or toxins. The free hemoglobin in the plasma is 
excreted by the kidney into the urine. In some situations actual 
total hemolysis of the red cells occurs after they have entered 
the urine. This occurs particularly with alkaline urines. 

Myoglobin is the red respiratory pigment of muscle. This 
pigment is quite comparable to hemoglobin in its composition 
and chemical reactions. Myoglobin may be liberated from mus- 
cle cells in certain types of injury and, in such cases, will 
circulate in the plasma and be excreted in the urine. There are 
also certain genetic muscle disorders in which myoglobin is lost 
from the muscles and appears in the plasma and subsequently 
in the urine. 

Chemical tests for red cells, free hemoglobin, and myoglobin 
are based on the peroxidase-like activity of hemoglobin or myo- 
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globin. When a chromogen mixture such as orthotolidine and 
peroxide is exposed to this peroxidase activity, it will interact 
rapidly to generate an intense blue color. A dip-and-read solid 
state system is available called Hemastix (Bayer). This specific 
composition uses cumene hydroperoxide as the peroxide. The 
same dip-and-read test for occult blood is incorporated as a 
component part of multiple, urine dip-and-read tests such as 
Multistix (Bayer). 


MICROSCOPIC EXAMINATION 


Ordinarily, urine contains a number of formed elements or 
solid structures of microscopic dimensions. These are studied 
readily by centrifuging 10 to 15 mL of urine, pouring off the 
supernatant, and resuspending the sediment in the drop or so 
of urine which remains in the tube. This suspension of sedi- 
ment is placed on a microscope slide and viewed with low- 
power magnification. Specific structures can be studied with 
higher magnification. The urinary sediments can be classified 
into unorganized (chemical substances) and organized (cells 
and casts) constituents. 

In an alkaline urine, amorphous or crystalline ammonium- 
magnesium phosphates, calcium carbonate or oxalate crystals, 
and ammonium urate may occur normally. Amorphous or crys- 
talline urates, uric acid, and calcium oxalates normally are 
seen in acid urines. The presence of tyrosine, leucine, or cystine 
crystals is associated with various diseases. Chemical crystals 
are identified by solubility in acid and/or alkali, colorimetric 
reactions and crystalline structure. 

The urine sediment ordinarily contains residues of epithe- 
lial cells, crystals, and an occasional red or white blood cell. 
Increased numbers of erythrocytes are seen when there is 
bleeding into the urinary tract. If the red cells are formed into 
a red-cell cast, it is suggestive that bleeding has occurred at the 
glomerular level. An increased number of leukocytes is sugges- 
tive of infection and inflammation of the kidney. Casts are 
microscopic concretions that have the form of a tubule; they 
have a matrix of precipitated protein and, depending on their 
appearance, may be identified as hyaline, granular, waxy, or 
red-cell casts. Renal-failure casts are larger and are associated 
with severe necrosis of the kidney. 

Numerous crystals, mucus fibers, bacteria, yeast cells, sper- 
matozoa, and parasites (such as Trichomonas vaginalis) may 
be identified in the urine sediment. The majority of these 
crystals do not have any unusual significance but in certain 
disorders may be indicative of crystal deposits in kidney tissue 
or predisposition to formation of calculi. 

Tissue cells can be recognized in urine sediment. This pro- 
vides an excellent means of detection and diagnosis of cancer of 
the lower urinary tract when the sediment is fixed in alcohol 
and stained by the Papanicolaou procedure. Exfoliative cytol- 
ogy of urine may be applied as a routine to all urology patients. 
In one large clinic, the number of positive cases found among 
urology patients was almost 5%, which is a much higher return 
of positive results than is obtained with routine staining of 
cervical smears. 


BACTERIA 


Freshly voided specimens of urine ordinarily contain a few 
microorganisms, which primarily represent bacteria picked up 
from the external genitalia. There are fewer contaminating 
organisms in a clean-catch specimen, which involves extensive 
washing of the external genitalia prior to collection of the 
specimen. A specimen collected at the midpoint of urination or 
a “midstream” specimen ordinarily has more organisms than 
a clean-catch specimen, but fewer than a so-called random 
specimen. 

When there is an infection of the kidney or urinary tract, the 
number of organisms in the urine is increased markedly. Or- 
dinarily, if the urine contains 100,000 or more organisms/mL, 


the result strongly suggests the presence of an active infection. 
Infection of the urinary tract.with accompanying bacteriuria is 
relatively common in young girls and women. Quite often the 
condition is asymptomatic and is recognized only as a result of 
a study of the urine. If bacteriuria is not treated, it may lead to 
serious renal injury. 

If there is a very large number of bacteria in the urine, the 
specimen actually may be turbid. This can be recognized by 
gross visual inspection of the urine. Bacteriuria also can be 
recognized by microscopic examination of the urine sediment, 
particularly if there is a large number of organisms present. 
The most widely employed procedure for recognizing bacteria 
involves plating a specimen of diluted urine on a culture plate, 
incubating it, and counting the number of colonies. A more 
convenient approach to this same measurement involves the 
use of a microscope slide coated with nutrient agar. Such a 
slide, when dipped in a urine specimen and then incubated, will 
indicate the presence or absence of bacteriuria and also the 
approximate count. 

Methods to determine the presence of significant numbers of 
bacteria in urine samples have been developed and incorpo- 
rated into various automated systems.2° The Bac-T-Screen 
(Marion) system was a dispensing and filtering system used 
with a straining process to detect the presence of bacteria on 
special filter cards by noting the color change on the card. 
Analysis on the Abbott MS-2 was performed by photometric 
monitoring of bacterial growth, which changed the light trans- 
mitted in a broth culture over a period of time. A decrease in 
the light transmission due to turbidity or color identified a 
positive specimen. 

The Lumac Biocounter M2010 measured bacterial ATP in 
urine by the bioluminescence produced in a luciferin-luciferase 
system. Once these rapid techniques were performed to deter- 
mine which specimens had increased bacteria, further identi- 
fication and sensitivity testing was performed. Chemical tests 
for the metabolic activity of bacteria have been used in study- 
ing bacteriuria. The most popular chemical test is that for 
nitrite. Ordinarily, all urine specimens contain nitrate, but do 
not contain nitrite. If Escherichia coli or certain other organ- 
isms are present in sufficient numbers, they will reduce the 
nitrate to nitrite. 

A widely used advanced automated system, the VITEK Sys- 
tem (bioMérieux) has a urine identification test card that can 
not only detect and enumerate bacteria from urine samples, 
but also selectively identify the organism or organisms present 
using nutritionally selective components and unique metabolic 
indicators. 


CALCULI 


Knowledge of the composition of renal and bladder calculi, or 
“stones,” is essential in planning the therapeutic regimen for 
such diseases. Mixed calcium phosphate and oxalate stones 
usually occur over the entire urine pH range. Uric acid, cystine, 
and calcium hydrogen phosphate calculi generally are associ- 
ated with acid urines, whereas magnesium ammonium phos- 
phate calculi usually occur in alkaline urine. Hyperexcretion of 
one of the calculi components, pH, renal blockage, and the 
presence of foreign objects in the urinary tract are the most 
probable causal factors in the formation of renal calculi. Cal- 
cium oxalate stones are the most common type. The chemical 
content of the stones is established by routine qualitative anal- 
ysis for calcium, magnesium, ammonium, phosphate, carbon- 
ate, oxalate, uric acid, and cystine. Subsequent confirmation by 
optical crystallography, X-ray diffraction, and infrared spec- 
troscopy is also used in the characterization of the physical 
properties of the calculi. 


Feces 


Normal feces consists of undigested food remnants, products of 
digestion, bacteria, and secretions of the GI tract. Macroscopic, 
chemical, and microscopic determinations are performed rou- 
tinely. The normal quantity of feces is about 200 g/day. The 
brown color is a result of the reduction of bilirubin to urobilino- 
gen and then to uribilin (stercobilin); bilirubin is not normally 
present in feces, but porphyrins and biliverdin (a component of 
meconium) are excreted during the first days of life. Bilirubin 
can be detected by tests previously described for bile pigments. 

Color changes in the stool can be the result of dietary intake 
or diagnostic for biliary obstruction and gastrointestinal bleed- 
ing.”! Patients with steatorrhea and malabsorption may show 
a yellow bulky stool containing fat and gas. The feces is clay 
colored when bile is prevented from entering the gut. A red or 
black stool can occur when excessive doses of anticoagulants, 
phenylbutazone, or salicylates are taken, producing bleeding in 
the gastrointestinal tract. Substances that interfere with the 
coloration of the stool include antacids (whitish or speckling), 
bismuth salts (black), iron salts (black), pyridium (orange), 
senna (yellow to brown), and tetracyclines (red). 

Fecal urobilinogen can be determined colorimetrically by 
reduction of urobilin to urobilinogen with alkaline ferrous sul- 
fate, and then reaction with acidified p-dimethylaminobenz- 
aldehyde (Ehrlich’s reagent). It is increased from a normal 
range of 40 to 280 mg/day, to 400 to 1400 mg in hemolytic 
jaundice (dark brown stool), and is decreased in obstructive 
jaundice (clay-colored stool). 

Porphyrins and porphyrinogens do not arise from hemoglo- 
bin catabolism, such as bilirubin, but are by-products of the 
synthesis of heme. Increases in fecal and urinary elimination of 
coproporphyrin, uroporphyrin, and protoporphyrin are valu- 
able diagnostic aids in distinguishing the various hepatic and 
erythropoietic porphyrias. Fecal coproporphyrins (CP) and co- 
proporphyrinogens (CPP) are determined after extraction, con- 
version of CPP to CP by iodine and triple-point spectrometric 
estimation at 380, 401, and 430 nm to correct for interfering 
substances (also see section on urinalysis). 

Fecal occult blood is detected readily by the o-tolidine, ben- 
zidine, guaiac, or diphenylamine tests; this is valid only if the 
patient has been on a meat-free diet for 3 days. Guaiac and 
diphenylamine are preferred due to the carcinogenic potential 
of the other two chemicals. 

The Seracult test kit (Propper) uses an impregnated guaiac 
paper slide for detecting occult blood, which is a useful screen- 
ing test for colon cancer. Two slides are prepared each day for 
3 days from different parts of the same stool while the patient 
is on a meat-free high-bulk diet. Interfering substances include 
aspirin, indomethacin, and corticosteroids because they can 
produce bleeding, and vitamin C, which interferes with the 
oxidation reaction of the test. If bleeding occurs high in the GI 
tract, the blood is digested and converted to acid hematin; 50 
mL of blood in the feces will cause melena (black stool). Bleed- 
ing from the lower GI tract is apparent from red streaking of 
stools. Also, °'Cr-tagged erythrocytes have been used to quan- 
titate and locate the source of GI bleeding. The subject’s red 
cells are mixed with an isotonic °'Cr solution and then rein- 
jected intravenously. If bleeding occurs, the *'Cr-isotope con- 
tent of the feces will be increased. Location of the hemorrhagic 
area also can be approximated by an isotopic scan of the ab- 
dominal area. 

The presence of excessive quantities of mucus is usually 
indicative of dysentery, colitis, or other inflammatory processes 
in the intestinal mucosa. Strongly alkaline or acidic reaction in 
the feces is indicative of excessive quantities of protein or 
carbohydrate in the diet, respectively. 

Quantitative determination of fecal nitrogen is useful in 
analysis of pancreatic function. In pancreatic disease, increases 
in fecal nitrogen will occur as a result of decreased secretion of 
pancreatic proteolytic enzymes. The normal individual will ex- 
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crete 4 to 13% of ingested nitrogen in the feces; in chronic 
pancreatitis, 9 to 30% will be excreted. Fecal nitrogen can be 
determined by the Kjeldahl digestion procedure. 

Fecal fat is present in the form of triglycerides of fatty acids 
(neutral fat), free fatty acids (FFA) and soaps. Fat determina- 
tions are based on the solubility of neutral fat and FFA in 
ether; the soaps are insoluble in ether and have to be acid- 
hydrolyzed to their respective FFA prior to extraction. Neutral 
fat will liberate FFA only on alkaline hydrolysis. The FFA, 
isolated from the above fractionations, are then determined by 
titrimetric, colorimetric, or gas-chromatographic procedures. 

Determinations of blood, urine, and fecal !*°I after oral 
administration of an iodinated glyceryl trioleate or !?°I-oleic 
acid preparation is an index of pancreatic, biliary, and intesti- 
nal absorptive function and correlates with fecal fat excretion. 
The bile must emulsify the '°°I-triglyceride prior to enzymatic 
hydrolysis by pancreatic lipase to yield FFA-!2°I, which subse- 
quently is absorbed and metabolized. An increased amount of 
™°T in the feces is associated with pancreatic diseases (cystic 
fibrosis with achylia), obstructive jaundice, malabsorption dis- 
ease (sprue, celiac disease), and steatorrhea. The latter entity 
can be differentiated as to a pancreatic lipase or intestinal 
absorptive defect. In the “absorptive disease,” increased excre- 
tion of '*°I is seen after administration of '*°I-triolein or oleic 
acid. In the pancreatic defect, adequate absorption of !*°I oleic 
acid occurs but fecal !”°I is increased after the triolein meal. 

A microscopic examination of emulsified feces includes anal- 
ysis for the presence of crystals, food residues, body cells, bac- 
teria, and parasites. Crystals of triple phosphate, calcium ox- 
alate, fat and cholesterol, starch granules, vegetable fibers, and 
neutral fat globules are normally present. Octahedral needle- 
shaped crystals (Charcot-Leyden crystals) are present in par- 
asitic infestation and mucous colitis. Excessive quantities of fat 
or starch are seen in malabsorption disease. 

Adult, larval, or ova phases of parasites may be encountered 
in the feces. The most common parasitic infestations are caused 
by cestodes (tapeworms), trematodes (flukes), nematodes 
(roundworms), and protozoa (amoeba) (see the section on 
microbiology). 


Toxicology 


The determination of drug or chemical concentrations in bio- 
logical fluids is an important aspect in diagnosing and treating 
the toxic syndrome induced by various agents in acute or 
chronic drug-abuse situations or in chemical poisoning. 

Barbiturates, glutethimide, methaqualone, chlordiazepox- 
ide, diazepam, diphenhydramine, ethchlorvynol, morphine, 
phenothiazines, and salicylates are encountered in drug-abuse 
situations. Preliminary screening of serum or urine samples for 
drug substances is accomplished through the use of homoge- 
neous immunoassay techniques EMIT (enzyme-mediated im- 
munologic technique) or FPIA (fluorescence polarization immu- 
noassay), or less commonly by TLC. The analysis of serum or 
urine levels of intact drug or its metabolites usually is per- 
formed by extraction of the sample with an organic solvent, 
separation by gas-liquid (GLC), or high-performance liquid 
(HPLC) chromatography, and quantitation by spectrometric, 
fluorometric, or electrochemical techniques. The technique of 
GC-MS (gas chromatography—mass spectrometry) methodol- 
ogy has become the “gold standard” because of its great sen- 
sitivity and reliability. The interpretation of the serum- 
concentration data in relation to clinical significance and 
toxicology must not be limited to numbers. 

In acute drug overdosage the time of drug ingestion, time of 
blood or urine sampling and severity of clinical symptoms or 
time of death must be interpreted in reference to data on the 
absorption, tissue distribution, metabolism, and elimination of 
the drug and its metabolites. The specificity of the chemical 
assay as to interference from other drugs or metabolites of the 
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parent drug must be considered. The use of GC-MS confirms 
the identity of specific drugs in biological matrices. The extent 
of absorption of many drug substances is not related directly to 
the dose when large amounts of a drug are ingested, in com- 
parison to the therapeutic dose. 

The tissue-distribution and metabolic rates can be affected 
by large drug overdoses in which renal or hepatic failure is 
encountered. The plasma-elimination rate also can be affected, 
and it is important to recognize the change in elimination 
kinetics and to be aware of the nature of plasma elimination as 
defined by a mono-, bi-, or polyexponential elimination curve. 
The drug overdose usually involves several drug substances 
and the chemical, metabolic, and pharmacological aspects of 
drug interaction must be considered. 

The methodology for the analysis of drugs in biological fluids 
or tissues can be found in the books listed in the Bibliogra- 
phy. Classic analyses for serum barbiturate levels will be de- 
scribed in this section as a specific example of the analytical 
methodology. 

Serum is extracted at pH 6.5 with chloroform; the chloro- 
form extract is washed with pH 7 phosphate buffer and ex- 
tracted with 0.45N NaOH. The UV spectrum of the alkaline 
aqueous layer is determined at pH 13 and 10.5. The UV spectra 
are characteristic and: distinguish barbiturates, N-methylbar- 
bituric acids and thiobarbiturates. The barbiturates also can be 
detected by acidifying the alkaline layer, extracting with chlo- 
roform, and spotting this organic extract on a silica-gel TLC 
plate. Sequential spraying of the plate with KMnO,, HgSO,, 
and diphenylearbazone will show R, values and color reactions 
typical of the various barbiturates. 

Blood barbiturates can be determined more accurately by a 
GLC procedure in which the retention times are used to iden- 
tify the specific barbiturates. The degree of severity of clinical 
symptoms has been correlated with blood barbiturate levels. 
Comatose, areflexic signs are observed at 5.0 mg% amobarbital, 
2.0 mg% pentobarbital, 8.0 mg% phenobarbital, and 1.5 mg% 
secobarbital. 

Opiates, amphetamines, barbiturates, and methadone can 
be detected rapidly by “homogenous” immunoassay.” In this 
procedure, the addition of drug antibodies to a conjugate of 
drug and lysozyme results in the inhibition of lysozyme activ- 
ity. The addition of free drug to this reaction mixture increases 
the enzyme activity in proportion to the amount of free drug 
added. The sensitivity of this type of assay is 0.1 »g/mL of 
amphetamine and barbiturates, 0.5 wg/mL of methadone, 0.3 
pg/mL of opiates, and 1.0 wg/mL of benzoylecgonine, a cocaine 
metabolite. This assay is applicable to large drug-screening 
programs. 

Electron-spin-labeling techniques also can be employed on 
large-scale drug-screening programs. In this procedure known 
amounts of drug antibodies are mixed with drug labeled with a 
stable nitroxide radical (spin-label) and with the specimen to be 
analyzed. Due to the competition for antibody between spin- 
labeled drug and drug in the specimen, the spin-labeled drug 
becomes detached from the antibody and can be detected by 
electron-spin resonance spectroscopy. This procedure is 1000 
times more sensitive than TLC. 

Blood-alcohol levels may be determined by aeration, distil- 
lation, gas chromatography, or specific enzymatic analysis with 
alcohol dehydrogenase. In the chemical techniques, the blood 
sample is either oxidized or distilled into a dichromate—sulfuric 
acid mixture; the excess dichromate is then determined by 
titration with potassium iodide or methyl orange—ferrous sul- 
fate solutions or by colorimetric analysis. The gas chromato- 
graphic and enzyme procedures are specific for ethanol, 
whereas the chemical techniques are influenced by other vola- 
tile or oxidizable substances in the blood. The enzymatic 
method is based on the reaction of ethanol and NAD in the 
presence of alcohol dehydrogenase to form acetaldehyde and 
NADH; the acetaldehyde is removed with semicarbazide and 
the NADH formed in the reaction is estimated spectrophoto- 
metrically at 340 nm. Ethanol levels of >0.10% are indicative 


of intoxication and apparent psychomotor disturbance. Levels 
of 0.40 to 0.50% are associated with medullary and dience- 
phalic disturbances such as tremors, coma, respiratory depres- 
sion, peripheral collapse, and death. 

Specific analysis of heavy metals is best performed by 
atomic absorption spectroscopy. Analyses for arsenic, beryl- 
lium, bismuth, copper, iron, lead, lithium, mercury, nickel, 
thallium, and zinc are encountered frequently in the toxicol- 
ogy laboratory. Blood lead is determined by forming a lead- 
dithiocarbamate chelate in the presence of ammonium pyrro- 
lidinedithiocarbamate and extracting the chelate into methyl 
isobutyl ketone for subsequent atomic-absorption analysis. A 
lead concentration of > 60 g/mL in children usually reflects 
significant absorption and accumulation of lead and is inter- 
preted as an indicator of lead toxicity (plumbism). 

Increased lead exposure will result in a decrease in delta- 
aminolevulinic acid (ALA) conversion to porphobilinogen by 
ALA-dehydrase in heme synthesis. ALA blood levels will in- 
crease to the point that ALA is excreted in the urine. Determi- 
nation of urinary ALA is performed by removing urine porpho- 
bilinogen and urea by ion-exchange chromatography, reacting 
ALA with p-dimethylaminobenzaldehyde and determining the 
chromogen colorimetrically. Urinary ALA levels > 2.5 mg/dL 
are unacceptable in children and industrial lead workers. Uri- 
nary ALA levels are not as sensitive an indicator of lead toxicity 
as blood lead, but they can be used to monitor prophylactic 
treatment procedures. 

Cholinesterase determinations are of value in the diagnosis 
of suspected cases of organophosphate or carbamate pesticide 
poisoning. Two types of cholinesterase are found in tissues. 
True cholinesterase is found in RBC and nerve tissue and 
exhibits a specificity for acetylcholine substrate. Pseudocho- 
linesterase is found in plasma and has a greater affinity for 
hydrolyzing butyrylcholine and other esters. The organophos- 
phate and carbamate insecticides inhibit both enzymes. The 
activity of the plasma enzyme is inhibited more rapidly than 
the RBC cholinesterase, and recovers more rapidly due to syn- 
thesis of new enzyme by the liver. The recovery of the erythro- 
cyte enzyme is slow and is governed by red-cell turnover rate. 
Cholinesterase activity usually is determined spectrometri- 
cally using acetylthiocholine as the substrate. Cholinesterases 
split this substrate into acetic acid and thiocholine which reacts 
with 5,5’-dithiobis(2-nitrobenzoic acid) (Ellman’s reagent) to 
form the yellow-colored 2-nitro-5-mercaptobenzoic acid. In- 
creasing color intensity is directly proportional to cholinester- 
ase activity. Expected values are 3167 to 6333 U/L (serum), 
1667 to 5833 U/L (plasma), and 6000 to 9167 U/L in whole blood 
by this methodology. 


Gastric Analysis 


The chief constituents of gastric juice are hydrochloric acid, 
gastric proteases (pepsin and gastricsin), hematopoietic fac- 
tor (intrinsic factor and vitamin B,, binders), gastric hor- 
mones, and mucosubstances (aminopolysaccharides, muco- 
polyuronides, mucoids, and mucoproteins). Tests for gastric 
function”® usually are performed on gastric juice samples col- 
lected by direct intubation into the stomach. The fasting con- 
tent (normal, <100 mL) of the stomach is removed and gastric 
secretion is collected in the basal state, or after stimulation by 
the oral administration of caffeine-benzoate or alcohol, or par- 
enteral administration of histamine, insulin, or the hormone 
pentagastrin. Samples are collected by continuous aspiration 
and analyzed for acidity and gastric protease activity at various 
time intervals. The extent of recovery of total juice can be 
estimated by oral, nonabsorbable indicators (polyethylene gly- 
col-'4C, phenol red and '”°I-HSA) instilled into the stomach 
prior to the aspiration. The recovery and specific concentration 
of these indicators in gastric juice is an index of gastric secre- 
tory volume, completeness of collection, and gastric emptying 
rate. 


Gastric juice is a heterogeneous mixture of clear juice and 
flocculent, clear mucus. The color of the juice should be noted as 
to the appearance of blood, bile, and excessive quantities of 
mucus. The acidity can be determined by a simple pH measure- 
ment and conversion to mEq of H’ or by titration of centrifuged 
gastric juice to pH 3.5, 4.5 and 7.4, the respective end points for 
free acid (HCl), protease activity, and physiological neutrality. 
The basal acid output is about 1 mEq/hour in normal subjects 
and 2 to 4 mEq/hour in duodenal ulcer patients. The peak acid 
output (PAO) after histamine stimulation is 10 to 20 mEq/hour 
in normals and 40 to 50 mEq/hour in duodenal ulcer; PAO 
following pentagastric stimulation is similar to histamine. Gas- 
tric acid secretion is decreased in atrophic gastritis, gastric 
carcinoma, and certain types of gastric ulcer. Hypersecretion is 
seen in duodenal ulcer, Zollinger-Ellison (ZE) syndrome, and 
hyperparathyroidism. 

In situ measurements of pH may be made with a Heidelberg 
capsule apparatus. In this technique the subject swallows a 
small pH-sensitive capsule (transmitter); radiowaves are 
transmitted from the capsule to a sensing device (receiver), and 
the signals are recorded as a function of pH. The normal pH of 
the stomach is 1.2 to 1.8. 

The principal gastric proteases are pepsin and gastricsin; 
pepsinogen is a precursor that is converted to active pepsin by 
free HCl and by an autocatalytic process. Total gastric protease 
activity is determined on hemoglobin or radioiodinated human 
serum albumin (RISA) substrates at pH 1.8 to 3.1 (RISA-!”°I); 
protease activity on hemoglobin will liberate tyrosine, which 
can be estimated spectrometrically at 280 nm. With RISA, 
liberated tyrosine-!*°I, as estimated by isotopic procedures, is 
an index of proteolytic activity. 

Pepsin activity can be distinguished from the total protease 
activity by estimation of the 3,5-diiodotyrosine liberated from 
N-acetyl-l-phenylalanyl-3,5-diiodotyrosine substrate at pH 
2.1.Pepsin will react on this substrate; gastricsin will not. 
Normal gastric juice protease activity ranges from 200 to 1200 
pg total protease activity/mL and 50 to 300 ug pepsin/mL. The 
presence of bile, blood, saliva, or excess mucus in the sample 
will decrease both acidity and gastric protease activity. 

Gastrin, cholecystokinin, secretin, and pancreozymin are 
gastrointestinal hormones." The role of gastrin and its inter- 
action with other gastrointestinal hormones in the etiology and 
proliferation of ulcer disease is of recent interest. Accurate RIA 
techniques have been developed for gastrin and secretin-6- 
tyrosine due to the availability of a pure synthetic polypeptide. 
Biological assays based on the effect of these substances on 
gastric, pancreatic, and biliary secretion also have been used. 

Gastrin is found in various species in two forms, G-I and 
G-IL. The only difference is in sulfation of the 12-tyrosyl residue 
in G-II of the heptadecapeptide amides. Gastrin is found pri- 
marily in the gastrin-producing cells (G-cells) of the antral 
mucosa. The C-terminal tetrapeptide represents the biologi- 
cally active part of the molecule. Gastrin infusion will stimu- 
late secretion of gastric acid, pepsin, and intrinsic factor. It has 
a slight secretin-like effect and a powerful pancreozymin-like 
effect on pancreatic secretion. Gastrin also stimulates bile flow. 
The instillation of HCl into the stomach will inhibit gastrin 
release; protein and meal stimulation will increase serum 
gastrin. 

The RIA of serum gastrin is of diagnostic value in the ZE 
syndrome, pernicious anemia and duodenal ulcer. Basal serum 
gastrin levels in the normal individual are 20 to 30 wg/mL and 
increase about twofold after a protein meal stimulus. 

Basal serum gastrin levels in duodenal ulcer are normal or 
slightly elevated, but increase four- to fivefold after a protein- 
meal stimulus. Basal serum gastrin levels are elevated in ZE to 
500 to 4000 pg/mL due to the presence of a gastrin-producing 
tumor. The ZE patient is uniquely sensitive to intravenous 
calcium stimulation, which will increase both gastric acid se- 
cretion and serum gastrin in this syndrome. Basal serum gas- 
trin levels also are elevated in gastric hyposecretion as seen in 
pernicious anemia and Type A gastritis, and in chronic renal 
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failure due to the decreased metabolic turnover of gastrin in 
the kidney. 

The RIA of serum gastrin is based on the competition of 
gastrin in test sample with '”°I-gastrin for gastrin antibody 
binding sites. The antibodies used in this procedure are usually 
cospecific for G-I and G-II. However, they detect all forms of 
circulating gastrin: Big-Big Gastrin (G-39), Big Gastrin (mol wt 
7000; G-33), gastrin heptadecapeptide (G-17, mol wt 2200), 
G-13 and G-8 (mini-gastrin). The Big components can be con- 
verted to gastrin by trypsin hydrolysis. The significance of 
changes in the ratio of the circulating gastrins is not known, 
but it has been suggested that G-39 and G-33 predominate in 
the basal state and cleave to G-17, which is the major serum 
form after a protein meal. 


Other Body Fluids 


Physical, chemical, and microscopic examination of cerebrospi- 
nal fluid, seminal fluid, synovial fluid, human milk, transu- 
dates, and exudates also are performed by the clinical labora- 
tory. The principles of the various determinations are similar 
to those described for blood and urine. 


MICROBIOLOGY 


Clinical medical microbiology is a science concerned with the 
isolation and identification of disease-producing microorgan- 
isms: bacteria, fungi (including yeast), viruses, rickettsia, and 
parasites. The techniques employed in the isolation and iden- 
tification of the suspect organisms involve the propagation on 
suitable primary culture media, selective isolation on special 
culture media, use of suitable living host material (mouse, 
embryonated egg, tissue culture, etc), determination of mor- 
phological and, where applicable, staining characteristics of the 
organism, and confirmation by biochemical and/or immuno- 
chemical analysis. Suitable animal inoculation, where applica- 
ble, may be employed to determine pathogenicity. Site, timing, 
technique (aseptic), instrumentation, and transportation of 
clinical specimens (blood, urine, feces, cerebrospinal fluid, etc) 
are prime variables involved in the final differentiation and 
confirmation process. 

Rapid manual enzymatic and immunological test kits have 
been introduced to identify pathogens for cerebrospinal fluid 
analysis. The latex-agglutination test coats a specific antibody 
onto latex particles and when an antigen is present, the latex 
particles are visible.”° In the coagglutination test, the specific 
antibody is bound to protein A on the surface of a staphylococ- 
cal cell and the presence of antigen produces agglutination.”” 

Staphylococcus aureus (Micrococcus pyogenes var aureus) is 
a Gram-positive coccus frequently found on normal human skin 
and mucous membranes and frequently associated with ab- 
scesses, septicemia, endocarditis, and osteomyelitis. Some 
strains elaborate an exotoxin capable of causing food poisoning. 
The primary isolation is on blood agar and in thioglycollate 
broth. With feces and other heavily contaminated specimens, 
phenylethy] alcohol agar and/or mannitol-salt agar should be 
inoculated to suppress growth of other bacteria. The identifi- 
cation of pathogenic staphylococci is based on colonial (pigmen- 
tation) and microscopic morphology (grape-like clusters), posi- 
tive catalase production, positive coagulase production 
(staphylocoagulase-plasma clotting factor), and positive man- 
nitol fermentation. 

Streptococcus pyogenes is another Gram-positive coccus fre- 
quently associated with tonsillitis or pharyngitis, erysipelas, 
pyoderma, and endocarditis. Neopeptone agar containing 5% 
defibrinated sheep blood is preferred for primary isolation and 
to demonstrate characteristic hemolysin production by observ- 
ing a zone of clear (beta) hemolysis around the colonies on blood 
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agar. Streptococcal groups are identified by precipitin tests 
with group-specific antisera for A, B, C, D, F, and G. Streptex 
(Diagnostic Product Corp.) uses a latex agglutination sys- 
tem for identifying the Lancefield group of streptococci. 
Other groups usually are not associated with human clinical 
materials. 

Legionella pneumophila identification includes specimen 
cultures on lung tissue or sterile body fluids (eg, pleural fluid or 
pericardial fluid). Direct fluorescent antibody method is a test 
for L pneumophila. Organisms are best seen in the acute stage 
of the disease. Because the antiserum is species-specific, poly- 
valent antisera are necessary for identification. 

Neisseria gonorrhoeae is a Gram-negative diplococcus asso- 
ciated with the venereal disease gonorrhea. The identification 
is based on the primary isolation of the gonococcus from ure- 
thral exudates on chocolate agar or Thayer-Martin (TM) me- 
dium. The microscopic observation of Gram-negative intracel- 
lular diplococci resembling the gonococcus constitutes a 
presumptively positive diagnosis of gonorrhea. Confirmation of 
the oxidase enzyme activity of the gonococci is performed by a 
reaction with p-dimethylaminoaniline, which turns oxidase- 
positive colonies black. A positive oxidase test by Gram- 
negative diplococci isolated on TM medium constitutes a pre- 
sumptively positive test for N gonorrhoeae. Final identification 
rests on typical sugar fermentation or specific (fluorescent an- 
tibody) staining. 

Neisseria meningitidis is the primary cause of bacterial 
meningitis and septicemia. The primary isolation is based on 
culturing of a specimen (blood, spinal fluid, or nasopharyngeal 
secretions) on a Mueller-Hinton medium or chocolate agar con- 
taining a vancomycin-colistimethate-nystatin antibiotic mix- 
ture. The confirmation of the isolate by biochemical reactions 
(positive oxidase, positive catalase, etc) and serological agglu- 
tination with group-specific (A, B, and C) antiserum is used in 
the differentiation. Young cultures of groups A and C may show 
capsular swelling (Quellung reaction) in the presence of a spe- 
cific antiserum. 

The enteric bacilli (Enterobacteriaceae) are Gram-negative, 
nonsporulating rods associated with dysentery (Shigella spp) 
typhoid fever (Salmonella typhi), urinary tract and tissue in- 
fections (Escherichia coli, Proteus spp, and Pseudomonas spp), 
and pulmonary infections (Klebsiella spp). The primary isola- 
tion of enteric bacilli is on selective and differential infusion 
agar such as MacConkey and eosin-methylene blue (EMB), and 
enrichment media such as selenite broth and tetrathionate 
broth. The primary isolation of Salmonella spp is on Leifson’s 
deoxycholate citrate agar (LDC) or Salmonella-Shigella agar 
(SS); if Salmonella typhi is suspected, brilliant green agar (BG) 
and bismuth sulfite agar (BS) may be used and would consti- 
tute a presumptively positive diagnosis of S typhi. 

The confirmation and identification of enteric bacilli may be 
performed by serological tests and biochemical reactions: H,S 
production (triple-sugar iron agar), indole production, acetyl- 
methylcarbinol production, citrate utilization, urease, lysine, 
and arginine decarboxylase and phenylalanine deaminase ac- 
tivity. Enterotube (Roche Diagnostics) employs conventional 
media to perform 11 standard biochemical tests that can be 
inoculated simultaneously in one compartmented tube, with a 
single bacterial colony. The serological identification of Salmo- 
nella and Shigella spp is based on the agglutination of antigens 
that fall into three categories: “K” capsular (Klebsiella spp and 
Shigella spp), “O” (Salmonella spp, Arizona spp, E coli, Shi- 
gella spp, etc), and “H” flagellar (Salmonella spp). 

Other Gram-negative rods of medical importance are the 
hemophilic bacilli (Bordetella pertussis, whooping cough; and 
Haemophilus influenzae, bacterial meningitis), the hemor- 
rhagic bacilli (Pasteurella pestis, bubonic plague; and P tula- 
rensis, tularemia), and pyrogenic bacillus (Brucella melitensis, 
undulant fever). 

Spore-forming Gram-positive rods of medical importance 
belong to the genus Clostridium, which are associated with 
tetanus (C tetani), gas gangrene (C perfringens or welchii), and 


botulism (C botulinum). The isolation of these organisms re- 
quires anaerobic conditions..Once the strain to be identified is 
obtained in pure culture by single-colony selection, its morpho- 
logical characteristics are noted; the strain then is grown in a 
variety of definitive media to determine catalase activity, hy- 
drogen peroxide decomposition, and fermentation or hydrolysis 
of carbohydrates and organic acids. The analysis of fermenta- 
tion products (gas chromatography) also is used for the identi- 
fication of pathogenic anaerobic Clostridia. The major clostrid- 
ial exotoxin type can be determined by typing with specific 
antitoxin sera. A Gram-positive, aerobic, spore-former of med- 
ical importance is Bacillus anthracis, responsible for anthrax, a 
disease of animals that is transmissible to humans. 

The mycobacteria are acid-fast bacilli associated with tuber- 
culosis in man (Mycobacterium tuberculosis) and in cattle (My- 
cobacterium bovis), and leprosy (Mycobacterium leprae). Tuber- 
cle bacilli in man are isolated from sputum cultured on a tubed 
or bottled egg medium (Lowenstein-Jensen) following enzy- 
matic digestion and concentration of the specimens. A provi- 
sional diagnosis of tuberculosis usually is made by demonstrat- 
ing acid-fast bacilli microscopically, X-ray diagnosis, and a 
positive tuberculin skin test. 

Other weakly and partially acid-fast bacilli of medical im- 
portance are members of the Actinomycetales, Nocardia aster- 
oides, and Nocardia brasiliensis, which are responsible for 
severe pulmonary infections and cutaneous and subcutaneous 
abscesses. 

Bacteriophages (phages) are a special group of viruses that 
are hosted by bacteria. Any given phage is highly host-specific 
and when in contact, lysis of the host occurs (phage-typing). 
They are used primarily as epidemiological tools in subtyping 
strains of E coli, staphylococci, or Salmonella spp that are 
presumed to be related epidemiologically. Phages also furnish 
ideal material for studying host-parasite relationships and vi- 
rus multiplication. 

The medically important fungal diseases include the super- 
ficial mycoses—fungal invasion is restricted to the outermost 
layers of the skin or to the hair shafts (such as Microsporum 
audouini, Trichophyton spp, Epidermophyton floccosum)—and 
the systemic pathogenic fungi (Blastomyces dermatitidis, Coc- 
cidioides immitis, Histoplasma capsulatum, Candida albi- 
cans). The diagnosis of the causative agent is based on the 
isolation of organisms on Sabouraud’s dextrose agar or trypti- 
case soy agar with or without cycloheximide and chloramphen- 
icol to suppress the growth of saprophytic fungi and bacteria, 
macroscopic examination of morphological characteristics, and 
microscopic examination using potassium hydroxide (KOH) or 
lactophenol cotton-blue stain. Biochemical reactions usually 
are limited to Candida spp. Immunological reactions include 
skin tests, where applicable; agglutination tests, such as latex 
particle agglutination for histoplasmosis; and tube precipitin 
and complement-fixation tests. 

An antimicrobial susceptibility test is a determination of the 
least amount of an antimicrobial chemotherapeutic agent that 
will inhibit the growth of a microorganism in vitro, using a 
tube-dilution method, agar cup, or disk-diffusion method. The 
test may function as an aid in the selection of a chemothera- 
peutic agent by the physician. Also, the concentration of anti- 
microbial agents in body fluids may be determined by biological 
assay with an organism of known susceptibility for the specific 
agent. 

The laboratory diagnosis of viral infections is based upon 


1. Examination of the infected tissues for pathognomonic changes or 
for the presence of viral material. 

2. Isolation and identification of the viral agent. 

3. Demonstration of a significant increase in antibody titer to a given 
virus during the course of the illness. 

4. Detection of viral antigens in lesions, using fluorescein-labeled 
antibodies. 

5. Electron microscopic examination of vesicular fluids or tissue 
extracts. 


Blood is used for serological tests but seldom for virus iso- 
lation. Acute and convalescent-phase blood specimens must be 
examined in parallel to determine whether antibodies have 
appeared or increased in titer during the course of the disease. 
Some examples of human viral infections are respiratory infec- 
tions (Adenovirus group); diseases of the nervous system, such 
as polio and Coxsackie viruses of the picornavirus group; small- 
pox (poxvirus group); measles (paramyxovirus group); chicken 
pox (herpesvirus group) and influenza (myxovirus group). 

Members of Mycoplasmataceae pleuropneumonia-like or- 
ganisms (PPLO) are of a range of size similar to the larger 
viruses. They are highly pleomorphic because they lack a rigid 
cell wall, they can reproduce in cell-free media, and they do not 
revert to or from bacterial parental forms as the L-forms. 
Specimens (sputum, bronchial secretions, urinary sediment, 
etc) for the primary isolation of mycoplasmas (Mycoplasma 
pneumoniae, M hominis, etc) should be cultured on agar media 
containing peptone, serum, ascitic fluid, whole blood, or egg 
yolk. The species identification may be by growth inhibition on 
agar medium containing type-specific rabbit antisera. Anti- 
genic variants or subspecies may be detected by immunodiffu- 
sion. Various PPLO are pathogenic, parasitic, or saprophytic. 
Mycoplasmas have a predilection for mucous membranes 
and are associated with primary atypical pneumonia and 
bronchitis. 

Clinical parasitology is a science that is concerned with the 
parasitic protozoa (amoeba), the helminths (cestodes, tape- 
worms; trematodes, flukes; nematodes, roundworms), and the 
arthropods. The identification of protozoan ova is based on 
detailed microscopic morphology (nuclei and so on) using wet 
mounts (saline or iodine) or stained preparations (such as iron 
hematoxylin) obtained from fecal specimens (fresh or preserved 
with polyvinyl alcohol) that are concentrated by sedimentation, 
centrifugation, or flotation techniques. Trophozoite and/or cys- 
tic stages may be detected in fecal specimens associated with 
intestinal protozoa as in amebic dysentery caused by Enta- 
moeba histolytica. 

The commonly encountered helminths are Necator america- 
nus (hookworm), Trichuris trichiura (whipworm), and Entero- 
bius vermicularis (pinworm); they are identified by character- 
istic ova. Characterization of tapeworm segments (proglottids) 
or head (scolex) in a fecal specimen will differentiate Taenia 
saginata (beef tapeworm) from Taenia solium (pork tapeworm). 
Eggs of T solium and T saginata cannot be differentiated on a 
morphological basis. 

Adult flukes oviposit a characteristic egg that may reach the 
urine, sputum, or feces. Schistosoma japonicum eggs have a 
small, indistinct spine; S mansoni, a distinct, large, lateral 
spine; and S haematobium, a distinct terminal spine. 

Arthropoda is the largest of the animal phylum; arthropods 
are characterized by a segmented body, with the segments 
usually grouped in two or three distinct body regions; by a 
chitinous exoskeleton; several pairs of jointed appendages; and 
characteristic internal organs. Most arthropods can be pre- 
served in 70% alcohol. They are of medical importance because 
they can infest humans and cause mechanical trauma or pro- 
duce hypersensitivity from repeated exposure (eg, Cimex lectu- 
larius, the bedbug) or by toxin injection (eg, Latrodectus mac- 
tans, the black widow spider), by skin invasion (eg, Sarcoptes 
scabiei, the itch mite), and by transmitting disease (eg, Anoph- 
eles mosquitoes and malaria; fleas and Yersinia pestis or 
plague). 

The serodiagnosis of parasitic diseases includes the follow- 
ing immunodiagnostic tests: complement-fixation (trichinosis), 
precipitin test (schistosomiasis), bentonite flocculation (asca- 
riasis), hemagglutination (echinococcosis), latex agglutina- 
tion (trichinosis), cholesterol flocculation (schistosomiasis), 
fluorescent antibody (malaria), and methylene blue dye test 
(toxoplasmosis). 
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IMMUNOCHEMISTRY 
NE SAE EA RIS LITT DOTA TET LVER GEER TES 


Clinical immunopathology”® includes general immunology (im- 
munofluorescence, immunodiffusion, immunoelectrophoresis, 
and agglutination tests), radioimmunoassay (RIA-hormones, 
vitamins, drugs, immunoglobulins), tissue typing (histocompat- 
ibility tests in organ transplants), cellular immunology, cancer 
immunology, and immunohematology. Examples of each of 
these disciplines are discussed in this section and other parts of 
this chapter. 

The ELISA, enzyme-linked immunosorbent assay, detects 
antibodies by an indirect technique using enzyme-linked anti- 
bodies to label antigenic substances in tissue or body fluid. The 
antigen is attached to a solid matrix and reacts with a speci- 
men that may contain a complementary antibody. The antihu- 
man globulin, which is conjugated with the enzyme, is added 
and the antigen reacts with the bound antibody of the patient. 
By adding the substrate molecule the enzyme is detected. This 
analytical test system has been used to identify antibodies to 
viruses, parasites, bacterial products, and in quantitation of 
some drugs. 

Antibody response is a complex process involving the lym- 
phoid cell system response to foreign stimulus or antigen. He- 
matopoietic cells in the fetal yolk sac, liver, or marrow develop 
into lymphoid stem cells which, in turn, differentiate into T 
lymphocytes of thymic origin and B lymphocytes of bone- 
marrow origin. The T cells further differentiate into lympho- 
blasts, which are responsible for cell-mediated cellular immu- 
nity (graft-versus-host reaction, tissue transplant rejection, 
tuberculin skin testing, delayed-type hypersensitivity). B cells 
differentiate into plasma cells, which are responsible for hu- 
moral immunity which is mediated by circulating serum im- 
munoglobulins (immediate-type hypersensitivity). 

Macrophages can cooperate in presentation of antigen to the 
T or B lymphoblasts. Cooperation between T and B cells, im- 
munological memory, development of immune tolerance to an- 
tigens, and genetic control of the immune response are integral 
properties of the immune system and are related to develop- 
ment of immune deficiency and autoimmune disease. 

The identification and determination of immunoglobulins 
(IgG, IgM, IgA) by radial immunodiffusion and immunoelectro- 
phoresis were discussed in the section on proteins. IgM (yM) is 
the earliest antibody found in the primary immune response 
and falls rapidly after the onset of IgG antibody synthesis. IgG 
(yG) is the major class of antibody in both the primary and 
secondary immune response. IgG can cross the placenta to 
provide the early forms of antibody protection for the newborn. 
IgG and IgM can participate in the complement fixation reac- 
tion. IgA (yA) is found predominantly in saliva and secretions 
of the gastrointestinal and respiratory tracts. In contrast to 
IgM and IgG, only a small portion of total IgA is found in blood. 
IgA functions in protection against pathogens that enter the 
host through the respiratory or gastrointestinal tract. gD (yD) 
is found in trace quantities in sera and its function is unknown. 
IgE (yE) is probably the most important antibody in acute 
hypersensitivity or allergic reactions. Reaction of mast cell- or 
basophil-bound IgE with antigen initiates the release of hista- 
mine, slow-reacting substance (SRS), serotonin, and bradyki- 
nin and the subsequent allergic response. IgE is best quanti- 
tated by RIA. Mean serum levels (mg/dL) in healthy adults 
are IgG 1200 + 500, IgA 210 + 140, IgM 140 + 70, IgD 3, and 
IgE < 0.1. 

Heterophile antibodies are agglutinins that are capable of 
reacting with antigens that are entirely unrelated to those that 
stimulate their production. These antibodies, which occur in 
the serum of patients with infectious mononucleosis or serum 
sickness, will agglutinate formalized horse erythrocytes. To 
distinguish the specific heterophile agglutinins of infectious 
mononucleosis, the serum sample is mixed with guinea-pig 
kidney tissue or beef erythrocyte stromata; the infectious 
mononucleosis antibody will be absorbed and inactivated by 
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the beef cells but not by the kidney tissue, and subsequent 
agglutination of horse erythrocytes will occur only in the 
kidney-tissue system. This test is used to detect infectious 
mononucleosis even prior to clinical symptoms. The heterophile 
titer has no relation to the course or severity of the disease. 

Two protein constituents of human plasma, rheumatoid fac- 
tor (RF) and C-reactive protein (CRP) are of value in the differ- 
ential diagnosis of rheumatoid diseases. CRP is a protein 
present in the serum of patients in the acute stages of bacterial 
and viral infections, collagen diseases, and other inflammatory 
processes. The presence of this antigen in serum is detected by 
agglutination of polystyrene latex particles sensitized with spe- 
cific CRP antibody globulin. In the management of rheumatic 
fever, decreases in CRP blood levels are used to measure the 
effectiveness of therapy. 

Rheumatoid arthritis is characterized by the presence of a 
reactive group of macroglobulins known as RF in blood and 
synovial fluid. RF is a protein of the IgM globulin fraction and 
is regarded as an autoantibody against antigenic determinants 
of IgG. Analysis of RF is based on agglutination procedures 
employing polystyrene latex particles coated with a layer of 
adsorbed human gamma globulin. The RF-antibody reaction 
causes a visible agglutination of the inert latex particles. CRP 
is not elevated in rheumatoid arthritis. 

B-Hemolytic streptococci, the causative agent in rheumatic 
fever, produce streptolysin O and S, streptokinase, hyaluroni- 
dase, desoxyribonuclease, and NADase in the body. The growth 
of streptococci in tissue with elaboration of these proteins 
serves as the antigenic stimulus to evoke the production of 
specific antibodies (eg, antistreptolysin-O, ASO). The quantita- 
tion of the antibody titer to these enzymes is an index of the 
strength of the antigenic stimulus and the extent of the strep- 
tococcal infection. These antibodies can be detected by latex 
agglutination (ASO) or tests dependent on the inhibition of 
enzyme action by the antibody (anti-hyaluronidase inhibition 
of hyaluronic acid depolymerization by hyaluronidase). 

The laboratory diagnosis of syphilis (treponemal disease) 
and the evaluation of a chemotherapeutic approach is based on 
serological tests. Demonstration of an antibody-like substance 
reagin, or of true antitreponemal antibody in the serum of 
infected individuals is accomplished by complement fixation or 
flocculation tests for reagin, or immunofluorescent techniques 
for treponemal antibody. 

In the complement fixation tests (Kolmer CF), reagin reacts 
with a complex phosphatidic acid antigen (cardiolipin) and 
complement; the complement is bound and will not lyse hemo- 
lysin-sensitized red cells, which were added in the second 
phase of the test. In normal serum the reagin-cardiolipin com- 
plex is not formed and the complement is free to react with 
hemolysin and lyse the erythrocytes. 

Flocculation tests for determining syphilis use a cardiolipin- 
lecithin-cholesterol antigen that clumps in the presence of se- 
rum reagin occurring in nontreponemal diseases and syphilis 
(Venereal Disease Research Laboratory, VDRL Test; rapid 
plasma reagin, RPR test). 

Treponemal antibody can be detected also by the reaction of 
the patient’s serum with treponemal antigen and subsequent 
confirmation with fluorescein-labeled antihuman globulin as 
an indicator of primary antigen-antibody reaction (fluorescent 
treponemal antibody, FTA test). The patient’s serum can be 
treated with an extract of treponemes prior to the FTA test to 
remove interfering antibodies and eliminate biological false- 
positives (FTA-Abs test). False-positives occur in related trepo- 
nematosis such as yaws, pinta, and bejel. Increased reagin 
titers also occur in malaria, leprosy, infectious mononucleosis, 
chronic rheumatoid arthritis, or systemic lupus erythematosus 
and in patients on hydralazine therapy. 

Febrile antibodies are present in the serum of patients with 
certain bacterial or rickettsial infections (spotted, typhus, or Q 
fever). In typhus the patient’s serum contains a febrile anti- 
body that will agglutinate a suspension of Proteus OX-19 bac- 
teria (Weil-Felix reaction). Salmonella O-H, Pasteurella tula- 


rensis, and Brucella abortus antigens are used in febrile 
antibody tests for diagnosis of typhoid or paratyphoid fever, 
tularemia, and brucellosis, respectively. 

Toxoplasmosis is a major cause of birth defects. An expectant 
mother may become infected with oocysts in uncooked meat or 
from cat fur, and may infect the fetus transplacentally. Toxoplas- 
mosis testing is based on detecting serum antibody by a hemag- 
glutination procedure. Red cells sensitized by exposure to toxo- 
plasmosis antigen are agglutinated by the specific antibody. 

Radioimmunoassay (RIA)?" (see also Chapter 104) has been 
mentioned in various sections of this chapter as an analytical 
tool in the measurement of hormones, immunoglobulins, drugs, 
and steroids. The basic principle of RIA is 


Ag* + Ag + Ab=Ag*Ab + AgAb + Ag* + Ag 


RIA is not to be confused with the specific reactor assay, which 
uses labeled antigen and nonantibody protein receptors for 
vitamin B,,, T*, T°, and cortisol assays. 

All procedures are based on the observation that radiola- 
beled antigens (Ag*) compete with nonlabeled antigen (Ag) for 
binding sites on specific antibody (Ab) in the formation of 
antigen-antibody complexes (Ag*Ab, AgAb). When increasing 
amounts of Ag are added to the assay, the binding sites of Ab 
are saturated progressively and the antibody can bind less Ag*. 
Therefore, the ratio of bound to free Ag* (B/F) or percent Ag* 
bound is a direct index of the concentration of Ag in the assay. 

The requirements for RIA are (1) preparation and charac- 
terization of Ag, (2) radiolabeling of Ag, (3) preparation of 
specific Ab, and (4) development of the assay system and meth- 
ods to separate free (Ag, Ag*) from antibody bound (AgAb, 
Ag*Ab) antigen. 

Antigens can be prepared from natural tissue sources or pref- 
erably synthesized. “H, “C, or '”°I-labeled antigens are used 
routinely in the assay. The biological and immunochemical activ- 
ity of the antigen must not be altered in the tagging procedure, 
and the specific activity of Ag* must be extremely high so that 
tracer quantities can be used in the assay. Tritium labeling and 
iodination (77°I) produce the highest specific activity, but also 
increase susceptibility of Ag* to internal degradation and self- 
radiolysis, in contrast to ‘*C. In many instances, the original 
antigen cannot be iodinated, but can be altered chemically in such 
a way as to retain full antigenic cross-reactivity in RIA; for exam- 
ple, cyclic adenosine monophosphate (cAMP) has no tyrosyl or 
histidyl residue for iodination; 1*°I-succinylcyclic AMP-tyrosine 
methyl ester retains full cross-reactivity with antibodies to cAMP 
and is used in the assay. 

Hormones, steroids, and drug substances are haptens. They 
do not produce the antibody response when injected by them- 
selves, but will produce antibodies specific for the hapten when 
injected as a hapten-protein carrier conjugate. Gastrin (hap- 
ten) is coupled to albumin (protein-carrier) by treatment with 
carbodiimides (CCD), which couple functional carboxyl, amino, 
alcohol, phosphate, or thiol groups. Morphine must be con- 
verted to the 3-O-carboxymethyl derivative prior to CCD cou- 
pling with albumin to provide a functional coupling group in 
the hapten. The hapten-conjugate usually is emulsified in a 
mineral oil preparation of killed Mycobacterium (Complete 
Freund’s Adjuvant) and injected intradermally in rabbits or 
guinea pigs on several occasions. The serum antibody must 
have both high specificity and affinity for the antigens. 

The assay system contains Ag*, sample-containing endoge- 
nous Ag or a standard Ag and antibody, at specified pH (6.5 to 
8.5). After incubation at 5° to 37° for anywhere from 1 hour to 
several days, free and antibody-bound antigen must be sepa- 
rated. This is accomplished by double-antibody technique, 
solid-phase RIA, resin techniques, or salt or solvent precipita- 
tion. In the double-antibody technique, antiglobulin (Ab’) se- 
rum is added to the assay system after incubation. Ab-Ag* and 
Ab-Ag complexes are antibody-globulin antigen complexes. The 
antiglobulin will react to form insoluble Ab’-Ab-Ag* and 
Ab'-Ab-Ag complexes, which can be removed by centrifugation. 
The free Ag*, Ag is in the supernate. 


The solid phase RIA is performed by coating tubes with Ab; 
Ag and Ag* react, compete, and bind with Ab on the wall of the 
tube. Unreacted Ag and Ag* are separated by decanting and 
rinsing the tube. Ab also can be bound covalently with isothio- 
cyanate to dextran gel particles. Ag and Ag* will compete and 
bind with Ab on particles. Bound antigen then can be separated 
from free antigen by centrifugation. 

RIA has been applied to analysis of hormones (ACTH, an- 
giotensin I and II, gastrin, HCG, FSH, GH, glucagon, HLH, 
HPL, insulin, thyroxine), steroid hormones (aldosterone, an- 
drostenedione, glucocorticoids, testosterone, estrones, proges- 
terone), drug substances (digoxin, digitoxin, amphetamines, 
barbiturates, morphine, LSD, ouabain), endogenous sub- 
stances (cAMP, cyclic GMP, prostaglandins, immunoglobulins, 
hepatitis antigen, carcinoembryonic antigen—CEHA). Examples 
of the specific assays are discussed in other sections. 

CEA and a-1-fetoprotein (AFP) are proteins found in fetal 
tissue. CEA analysis was first proposed as a specific test for the 
early detection of bowel cancer. Although the test does not have 
absolute specificity for this disease, it may prove of value as a 
diagnostic aid and therapy monitor. CEA can be detected by 
RIA. Serum levels > 2.5 ng CEA/mL are found in 60 to 70% of 
patients with adenocarcinoma of the colon; positive levels also 
are found in lower percentages in carcinomas of the pancreas, 
stomach, liver, breast, endometrium, ovary, kidney, and bron- 
chus, as well as in other conditions such as gastrointestinal 
polyps, colitis, diverticulitis, and cirrhosis. CEA appears to be 
associated primarily with tumors of entodermally derived epi- 
thelial tissue. The similarity between CEA and cell-surface 
glycoproteins and sialic acids has stimulated considerable re- 
search interest in a new approach to cancer chemotherapy. 

The study of tissue-transplantation antigens is an important 
factor in studies on tissue and organ transplants. ABO blood 
group antigens are involved in survival of skin and renal grafts. 
Because of the presence of natural occurring anti-A and B, 
avoidance of ABO incompatibility is important in clinical graft- 
ing. The HL-A antigens are found on tissue and on the white 
cells. There is one major histocompatibility locus, comprising a 
number of alleles or linked genes, on a single chromosome 
segment. Each allele controls four to five groups of major trans- 
plantation antigens. These HL-A isoantigens affect the sur- 
vival of allogenic tissue grafts and organ transplants. HL-A 
antigens can be typed by a leukoagglutination method in which 
the patient’s or donor’s white cells are reacted with specific 
HL-A antisera. HL-A typing also can be performed by a cyto- 
toxicity test in which lymphocytes are mixed with antisera and 
complement. The antibody can destroy the lymphocytes if a 
corresponding antigen is present on the cell surface. 
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Modern pharmaceutical formulations are complex mixtures in- 
cluding, in addition to one or more medicinally active ingredi- 
ents, a number of inert materials such as diluents, disinte- 
grants, colors, and flavors. To ensure quality and stability of 
the final product, the pharmaceutical analyst must be able to 
separate these mixtures into individual components prior to 
quantitative analysis. Moreover, comparison of the relative 
efficacy of different dosage forms of the same drug entity re- 
quires the analysis of the active ingredient in biological matri- 
ces such as blood, urine, and tissue. 

Among the most powerful techniques available to the ana- 
lyst for the resolution of these mixtures are a group of highly 
efficient methods collectively called chromatography (color- 
writing). Because this technique is involved so intimately in all 
aspects of pharmaceutical research and development, the phar- 
macist should possess a working knowledge of chromato- 
graphic principles and techniques. Electrophoresis, a separa- 
tion technique especially useful for resolving mixtures of 
biological molecules, has some similarities to chromatography 
and is also discussed in this chapter. 

Chromatography comprises a group of methods for separat- 
ing molecular mixtures that depends on the differential affin- 
ities of the solutes between two immiscible phases. One of the 
phases is a fixed bed of large surface area, whereas the other is 
a fluid that moves through, or over the surface of, the fixed 
phase. The components of the mixture must be of molecular 
dimensions, which requires that they be in solution or in the 
vapor state. The relative affinity of the solutes for each of the 
phases must be reversible to ensure that mass transfer occurs 
during the chromatographic separation. 

The fixed phase is called the stationary phase, and the other 
is termed the mobile phase. The stationary phase may be a 
porous or finely divided solid, or a liquid that has been coated 
in a thin layer on an inert supporting material. It is necessary 
that the stationary phase particles be as small and homoge- 
neous as possible to provide a large surface area so that sorp- 
tion and desorption of the solutes will occur frequently. De- 
pending on the type of chromatography employed, the mobile 
phase may be a pure liquid or a mixture of solutions (eg, 
buffers) or it may be a gas (pure or a homogeneous mixture). 

Chromatographic methods can be classified according to the 
nature of the stationary and mobile phases. If the stationary 
phase is a solid, the process is called adsorption chromatogra- 
phy, whereas if the stationary phase is a liquid, it is termed 
partition chromatography. The difference between adsorption 
and partition chromatography can be ascribed to the nature of 
the forces that influence the distribution of the solutes between 
the two phases. 

In adsorption chromatography the mobile phase containing 
the dissolved solutes passes over the surface of the stationary 
phase. Retention of the components and their consequent sep- 
aration depends on the ability of the atoms on the surface to 
remove the solutes from the mobile phase and adsorb them 
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temporarily by means of electrostatic forces. If the mobile 
phase is a liquid, the process is called liquid-solid chromatog- 
raphy (LSC) but when the mobile phase is a gas, the method is 
called gas—solid chromatography (GSC). 

In partition chromatography an inert solid material—such 
as silica gel, diatomaceous earth, or even the walls of the 
column itself—serves to support a thin layer of liquid which is 
the effective stationary phase. As the mobile phase containing 
the solutes passes in close proximity to this liquid phase, re- 
tention and separation occur due to the relative solubility of the 
analytes in the two fluids as determined by their partition 
coefficients. If the mobile phase is a liquid, this is called liquid- 
liquid chromatography (LLC) and, if the mobile phase is a gas, 
the process is termed gas-liquid chromatography (GLC). 

Three other modes of chromatography in which the station- 
ary phase is a solid are classified differently from LSC and 
GSC because of the unique nature of their separation pro- 
cesses. These are ion-exchange, size-exclusion, and affinity 
chromatography. 


Ion-Exchange Chromatography—tThe stationary phase consists of a 
polymeric matrix onto the surface of which ionic functional groups, 
such as carboxylic acids or quaternary amines, have been bonded 
chemically. As the mobile phase passes over this surface, ionic 
solutes are retained by forming electrostatic chemical bonds with 
the functional groups. The mobile phases used in this type are 
always liquid. 

Size-Exclusion Chromatography—The stationary phase is a poly- 
meric substance containing numerous pores of molecular dimen- 
sions. Solutes whose molecular size is sufficiently small leave the 
mobile phase to diffuse into the pores. Larger molecules that will not 
fit into the pores remain in the mobile phase and are not retained. 
This method is most suited to the separation of mixtures in which 
the solutes vary considerably in molecular size. The mobile phase in 
this type may be either liquid or gaseous. 

Affinity Chromatography—A specific ligand, such as an antibody, is 
bound to the inert stationary phase to achieve a highly selective 
separation. When a mixture of solutes containing a molecule that 
preferentially binds to the ligand, such as an antigen, is passed 
through the system, the antigen binds strongly to the ligand anti- 
body and is retained, while the other solutes elute. The antigen then 
can be displaced and eluted in a purified state. 


The classifications given above for the various types of chro- 
matography can be deceptive in their simplicity. Except in 
isolated cases, pure adsorption or partition chromatography 
rarely occur. The ultimate success of a chromatographic sepa- 
ration depends on the ability of analysts to recognize the 
limitations of the methods and adjust their experiments 
accordingly. 


THE CHROMATOGRAPHIC PROCESS 
aM A STERN Pe NOR AE TIEN a PS I ERE MIS SS TL PER SY 


To appreciate the theory and applications of chromatography, 
it is worthwhile to consider the events taking place in an ideal 
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chromatograph. Conceptually, chromatography may be consid- 
ered as being similar to the processes occurring in fractional 
distillation or sequential solvent extraction. In distillation, 
mixtures of liquids are separated by a series of steps involving 
vaporization and subsequent condensation. Each step involves 
an equilibrium between a vapor enriched in the more-volatile 
component and a liquid condensate of the same composition. 
Each single equilibration between the phases is termed a the- 
oretical plate and the length of the column required for one 
equilibration is called the height equivalent to a theoretical 
plate (HETP). The nomenclature has been adopted by chro- 
matographers to describe the equivalent transfer of solute be- 
tween the mobile and stationary phases. 

In solvent extraction, a solute, commonly dissolved in an 
aqueous vehicle, is transferred partially in one step into an 
immiscible solvent. The amount of solute transferred is deter- 
mined by its partition coefficient, which is the ratio of its 
concentration (in reality, activity) in the nonaqueous and aque- 
ous phases, respectively. After the first step, the layers are 
separated, fresh solvent is brought in contact with the aqueous 
phase and, as a result, a new equilibrium based on the partition 
coefficient is established and more solute is transferred to the 
nonaqueous phase. Each of these extraction steps is equivalent 
to one theoretical plate and is analogous to the solute-transfer 
process occurring in a chromatographic system. 

As seen in Figure 33-1, these concepts can be applied to the 
visualization of the passage of a solute through a chromato- 
graphic system containing six theoretical plates. The process is 
started by applying 80 yg of a solute with a partition coefficient 
of unity to the area of the first theoretical plate. As the mobile 
phase is brought in contact with the stationary phase, the 
solute distributes itself equally into each phase according to its 
partition coefficient. Next, the mobile phase is allowed to flow 
so that it carries its dissolved solute into the area of the next 
theoretical plate. Now the solute retained on the stationary 
phase in the first plate partitions equally into fresh mobile 
phase, while the solute in the mobile phase of the second plate 
distributes itself into the stationary phase. If the process is 
continued through the remainder of the plates, an equilibrium 
is established such that equal amounts of solute are present in 
the mobile and stationary phases. 

If the flow is stopped after the last equilibration and the 
total amount of solute in each plate is plotted as a function of 
plate number (Fig 33-2A), it can be seen that the graph as- 
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NUMBER OF EQUILIBRATIONS 


Figure 33-1. Chromatography depicted as a discontinuous equilib- 
rium process. For purposes of illustration the stationary (S) and 
mobile (M) phases are shown separately. The mobile phase mi- 
grates up through the system causing a solute with a partition 
coefficient of unity to successively equilibrate between the two 
phases. 
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Figure 33-2. Effect on peak shape of the number of theoretical 
plates in a chromatographic system. A. Typical Gaussian curve pro- 
duced by an eluting solute. B. Compression of the curve as the plate 
height is reduced. C. Separation of solute bands as the number of 
plates is increased. 


sumes the approximate shape of a Gaussian distribution. This 
shape is characteristic of an elution distribution, and from it 
some inferences about chromatographic behavior can be 
drawn. 


1. As a solute moves through a chromatographic system, it is subject 
to a phenomenon called band-broadening. Even though the entire 
mass of solute is introduced into one theoretical plate, it soon 
becomes distributed over a broader area of the system. However, 
the large majority is concentrated at the center of the band as 
predicted by the Gaussian distribution. If the system is altered (by 
changing the mobile or stationary phases, or both) so that more 
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Figure 33-3. Frontal analysis for determining the number of com- 
ponents in a mixture. A solution containing a mixture of the Solutes 
A, B, and C is percolated through the adsorption column at the 
right. A is adsorbed least strongly and appears first in the effluent 
solution. This is followed by a mixture of A + Band finally A + B + 
C. The elution diagram illustrates the increasing concentration of 
solutes in the effluent. 


theoretical plates are present in the same column length, the HETP 
is reduced and the band becomes narrower (as in Fig 33-2B). This 
increases the efficiency of the system and so it has become common 
to compare the efficiencies of different chromatographic processes 
by stating N, the number of theoretical plates, or the respective 
HETPs. 

2. The separation of a mixture of compounds can be achieved only if 
their bands can be made to move at different rates through the 
system so that eventually they do not overlap. This is possible only 
if the partition coefficients of the solutes are different. This condi- 
tion can be demonstrated by carrying out the idealized elution 
procedure as before except for assuming that the partition coeffi- 
cient of the second solute is 3. By using the same stepwise scheme 
as in Figure 33-1, it can be shown that after six equilibrations the 
greater mass of the second solute will be concentrated in the second 
plate, whereas the first solute is predominantly in the third and 
fourth plates. As more and more plates are introduced, the bands 
become narrower and no longer overlap. This results in an elution 
pattern similar to the one in Figure 33-2C, in which each solute is 
concentrated in a different area of the column and complete sepa- 
ration is achieved. 


Although this example is sufficient to give an understanding 
of the basic processes occurring in chromatography, it should 
be realized that actual chromatograms may depart signifi- 
cantly from this ideal state because the process is not a discon- 
tinuous one as described above. Rather, the mobile phase is 
moving at a more or less constant rate over the stationary 
phase. If the rate of solute transfer from one phase to the other 
is not much faster than the linear velocity of the mobile phase, 
equilibrium will not be attained at each plate. This results in 
broadening the band to a size greater than would be predicted 
by the ideal treatment and subsequent loss of separation. In 
more severe cases, this may result in peaks that are asymmet- 
ric (skewed or tailed). The efficiency and sensitivity of the 
method is reduced and its potential for quantitative analysis is 
lessened. 


TECHNIQUES OF COLUMN DEVELOPMENT 
eA) Pa UE a i Ra TN 
Chromatographic processes are classified according to the 
physical states of the mobile and stationary phases, that is, 
whether they are gaseous, liquid, or solid. Each of these tech- 
niques may be classified further depending on the method of 
mobile-phase development into frontal analysis, displacement 
analysis, and elution analysis. 


FRONTAL ANALYSIS 


In frontal analysis a large volume of a sample mixture is 
allowed to flow continuously through a chromatographic col- 
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umn. The most weakly retained component of the mixture 
emerges alone from the column first (Fig 33-3). After a period of 
time, during which the first component elutes continually at a 
constant rate, a sharp front appears indicating the appearance 
of the next most weakly retained compound. This now elutes as 
a mixture with the first component. The appearance of the next 
front indicates the emergence of the third most weakly retained 
compound in a mixture with the first two. This process contin- 
ues until the effluent has the same composition as the sample 
being introduced into the column. After this point, no further 
separation can occur. 

Because only the component that elutes first can be ob- 
tained in a pure state, frontal analysis never has been used 
extensively. However, research has indicated that it may be 
useful for the analysis of complex mixtures that cannot be 
resolved by other means. If the first derivative of the frontal 
chromatogram is taken, the resulting graph resembles exactly 
a normal elution pattern (see Fig 33-2C). The point of maxi- 
mum height of the peak for each component corresponds to the 
inflection point of each rising front. The flat portions of the 
frontal chromatogram, because they are constant, give deriva- 
tives of zero and thus form the baseline. The computations of 
the derivatives can be done easily by a computer. 


DISPLACEMENT ANALYSIS 


In displacement analysis, the sample mixture, dissolved in a 
small volume of solvent, is introduced onto the column as a 
narrow band at the top. The mobile phase, containing a dis- 
placing agent, then is allowed to pass through the column. The 
displacing agent is a substance that is retained more strongly 
by the stationary phase than any of the components of the 
sample mixture and it, therefore, forces them off the surface of 
the stationary phase into the mobile phase. 

As each of the displaced solutes move through the column in 
the mobile phase, it in turn acts as a displacing agent for less 
strongly retained compounds. The final result is that the solute 
that is bound least firmly is eluted first, followed in order by 
those more tightly bound and finally by the displacing agent. A 
displacement chromatogram is illustrated in Figure 33-4. The 
pattern is similar to that obtained with frontal analysis except 
that the trailing edge of each solute zone does not extend back 
through the length of the column. 

Although displacement analysis is not used in quantitative 
studies, it has two potential advantages: it is possible to isolate 
in a pure state at least a portion of each of the compounds 
eluting from the column and in the course of the separation 
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Figure 33-4. Displacement development for determining the num- 
ber, nature and concentration of solutes. A sample containing Sol- 
utes A + B + Cis applied to the top of an adsorption column. The 
chromatogram is developed with a solvent containing a displacing 
agent (D) that is adsorbed more strongly on the column than either 
A, B, or C. 
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process the sample is concentrated, instead of being diluted as 
usually occurs in chromatographic analyses. 


ELUTION ANALYSIS 


This the most frequently used technique of chromatographic 
development. The credit for the initial discovery of this method 
is usually accorded to Michael Tswett, a Russian botanist 
working at the University of Warsaw, who used it to separate 
leaf pigments, such as chlorophyll. Instead of percolating a 
large volume of sample solution through the column, he applied 
a small amount of a petroleum ether extract to the top of a 
calcium carbonate column. He then developed the column with 
pure solvent and was able to separate the extract into seven 
colored bands. He also is credited with coining the terms chro- 
matography (color-writing) to describe the process and chro- 
matogram to describe the developed column. 

Elution analysis is carried out by introducing the sample in 
as small a volume as possible onto the head of the column. The 
mobile phase then is allowed to flow through the system. The 
components with larger partition coefficients will be retarded 
in their passage through the system and will “elute” later. A 
typical elution chromatogram is shown in Figure 33-5. 

The advantages of elution chromatography are that each 
component of a separated mixture can be isolated in a rela- 
tively pure state contaminated only by mobile phase and that 
the method can be used readily for quantitative analysis. If the 
composition of the mobile phase is not changed during the 
course of the development of the chromatogram, the technique 
is called isocratic-elution analysis. 

A widely used modification of elution analysis, which is 
capable of overcoming the difficulties of long elution times and 
poor resolution of complex mixtures, is called gradient-elution 
analysis. In this adaptation two eluting solvents, one weak and 
one strong, are used to develop the chromatogram. The weak 
solvent has a lower affinity for the solutes, whereas the strong 
solvent has a higher affinity. The elution begins using only the 
weak solvent and, as the development progresses, the concen- 
tration of the strong solvent is increased gradually until the 
final mobile phase has a composition approaching that of the 
strong solvent. The mixing of the two solvents is done in a 
specially designed chamber at the top of the column. The result 
is that the composition and strength of the mobile phase 
change constantly during the analysis. Weakly retained solutes 
are eluted first by the weak solvent, and strongly retained 
solutes, which would not elute at all with the weak solvent or 
which would have undesirably long retention times, are eluted 
by the increasingly stronger mobile phase. 
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Figure 33-5. Elution development for separating components of a 
mixture. Asample containing Solutes A + B + Cis applied to the top 
of an absorption column, and the chromatogram developed by 
percolating pure solvent (S) through the column. The components 
separate as they pass down the column and are collected separately 
in the effluent. 


THEORY OF CHROMATOGRAPHY 
TTT EST TEE IS ET TTT ETE 
Two theoretical approaches have been developed to describe 
the processes involved in the passage of solutes through a 
chromatographic system. 

The plate theory, based on the work of Martin and Synge, 
considers the chromatographic system as a series of discrete 
layers of theoretical plates. At each of these, equilibration of 
the solute between the mobile and stationary phases occurs. 
The movement of the solute is considered as a series of stepwise 
transfers from plate to plate. 

The rate theory, discussed in the book by Giddings (see 
Bibliography), considers the dynamics of the solute particle as 
it passes through the void spaces between the stationary phase 
particles in the system as well as its kinetics as it is transferred 
to and from the stationary phase. 

Aspects of both of these theories will be presented in the 
discussion following in order to exemplify the basic principles 
underlying the chromatographic process and introduce the ex- 
perimental parameters necessary for the understanding and 
interpretation of chromatograms. 

Chromatographic systems achieve their ability to separate 
mixtures of chemicals by selectively retarding the passage of 
some compounds through the stationary phase while permit- 
ting others to move more freely. Therefore, the chromatogram 
may be evaluated qualitatively, by determining the R,, or re- 
tardation factor, for each of the eluted substances. The Ris a 
measure of the fraction of its total elution time that any com- 
pound spends in the mobile phase. Because the solute particle 
proceeds down the column only when it is in the mobile phase, 
the R, is related directly to the fraction of the total amount of 
solute that is in the mobile phase, and it can be expressed as 


VurCu 
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where V,, is the volume of the mobile phase, and Vg is the 
effective volume of the stationary phase—the volume available 
for interaction with the solutes. The variables Cy, and Cx, 
indicate the concentrations of the solute in the respective 
phases at any time. By dividing each term of the fraction by Cy, 
this can be simplified to 


area 
Noe Vy + KVs ) 
where K, the partition coefficient, equals Cy/Cy,, the ratio of 
the solute concentration in the stationary phase to that in the 
mobile phase, and is an equilibrium constant that indicates the 
differential affinity of the solute for the two phases. It can be 
seen from this expression that a component with a large par- 
tition coefficient—one that is attracted strongly to the station- 
ary phase—will have a small R,and a long elution time because 
only a small fraction of its total mass will be in the mobile 
phase at any time. By dividing each term of the fraction by Vj, 
an alternate expression results 
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R, (3) 
where the capacity factor, k' = KV.</Vj,. The capacity factor, 
which normally is constant for small samples, is a parameter 
that expresses the ability of a particular solute to interact with 
a chromatographic system. Because the volumes of the station- 
ary and mobile phases are constant for any chromatographic 
experiment, k’ is directly proportional to the partition coeffi- 
cient. Therefore, the larger the value of k’, the more the sample 
is retarded. 

Both the retardation factor and the capacity factor may be 
used for qualitative identification of a solute or for developing 
strategies for improving separations. In terms of parameters 
easily obtainable from the chromatogram, the R; is defined as 


the ratio of the distance from the origin traveled by the solute 
band to the distance traveled by the mobile phase in a partic- 
ular time. 

The R;is used most conveniently in complete chromatography, 
such as paper and thin-layer chromatography, which occurs when 
the mobile phase is allowed to develop to a predetermined point in 
the system and then is stopped. Solutes then will have moved only 
a fraction of the distance traveled by the mobile phase. In contin- 
uous chromatography, as exemplified by the gas- and liquid- 
column techniques, mobile-phase development is permitted to 
continue indefinitely until the solutes elute from the end of the 
stationary phase. Measurement of the capacity factor, described 
below, is more useful in the latter cases. 

The time that elapses from the start of the chromatogram to 
the elution maximum of the solute is called the retention time, 
tz, a function of the length of the column and the rate of travel 
of the solute. The rate of travel is determined by 


Rate = wR; (4) 


where yp is the linear velocity of the mobile phase, usually 
expressed in cm/sec. Thus, 


Length 
Rate 


L 
tr = rae +k’) = to + k’) (5) 


where f, is the time for the elution of a solute that is not 
retained by the chromatographic system. From this, a conve- 
nient expression for the experimental determination of the 
capacity factor can be formulated as 


fol (tr = to) 


(6) 
bo 


The values of k’ ideally should be between 1 and 10; that is, 
solutes should be retained from 2 to 11 times as long as the 
unretained compound. Values of k’ greater than 10 result in 
longer retention times and broad peaks, while values less than 
1 lead to poor separation. 

Another parameter used to describe the retardation of a 
solute is the retention volume, Vp, which is equal to the volume 
of mobile phase required to elute a compound from the system. 
Therefore, the retention volume is equal to the product of the 
retention time and the flow rate of the mobile phase, t,F’, or 
to(1 + k')F. Because t)F is equal to the volume of mobile phase 
in the system (V,,, or the void volume), the retention volume 
can be expressed as 


Ve = Vy(1 + k') = Vy + K Vs (7) 


Therefore, the retention volume of a solute depends on the 
relative volumes of the two phases and the partition coefficient. 
Because the phase volumes are identical for each solute in a 
mixture, the most important influence on retention arises from 
the partition coefficient. A large partition coefficient results in 
long retention since the solute spends more time in the station- 
ary phase. 

The retention time and retention volume frequently vary 
slightly from run to run due to small changes in operating 
parameters such as temperature and flow rate. To minimize 
the errors caused by these variations, retention time and/or 
volume frequently are measured with respect to another peak 
in the chromatogram, rather than from the origin. Because the 
peak of interest and the reference peak are affected similarly 
by the changes in experimental conditions, the retention mea- 
surements are more accurate. In these cases, the parameters 
are termed relative retention time, RRT, and relative retention 
volume, RRV. 

The elution pattern of an ideal chromatographic peak is a 
curve whose shape is Gaussian. Thus, it can be described by 
parameters derived from the normal statistical distribution, ie, 
the standard deviation, o, and the variance, o*. It can be seen 
clearly by reference to Figure 33-6 that the peak width at any 
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Figure 33-6. Distribution characteristics of a typical Gaussian peak. 


point can be expressed as a multiple of the standard deviation. 
The inflection points are located at one standard deviation on 
either side of the mean at a level that is 60.7% of the overall 
height of the peak. The width at this point is therefore 2c. If 
tangents to the peak are drawn through the inflection points 
and extended to the baseline, the width at the base, Wa, is 4c. 
The width at one-half the height is 2.3540 (W,,). 

Two further characteristics of the peak are the height and 
area. The area is equal to the integral of the equation repre- 
senting the curve from the point where it leaves the baseline to 
the point where it returns and is proportional to the amount or 
concentration of the solute. The height is measured at the 
maximum and, therefore, corresponds to the greatest concen- 
tration in the zone. It is at the point of maximum height that 
retention times and volumes are measured. 

Two parameters commonly used for estimating the effec- 
tiveness of a chromatographic system are N, the number of 
theoretical plates, and H, the height equivalent to a theoretical 
plate (HETP), which is defined as L/N, where L is the length of 
the column. Because the width and standard deviation of a 
peak can vary depending on experimental conditions, a better 
indicator of the sharpness of a peak is its relative standard 
deviation (RSD), a/t,. In practice, N is defined in terms of the 
reciprocal of the RSD by the expression N = (t,/c)”. Because it 
would be difficult to determine o for each peak, the relation- 
ships given above (W, = 40, W,, = 2.3540) can be substituted 
to arrive at the equations 


N = 16(tp/W,)? and N = 5.545(t9/Wy)? (8) 


which are evaluated readily from the chromatogram. Although 
these are mathematically equivalent expressions, the former is 
used more frequently. However, the latter is useful particularly 
for nonideal peaks of unsymmetrical shape and possibly 
skewed or tailed, as the asymmetry is less pronounced at the 
half-height. At any particular retention time a system with a 
greater number of theoretical plates per unit length will pro- 
duce a narrower peak and, therefore, will be capable of sepa- 
rating more complex mixtures. 

Chromatographic systems are available in which N is 
50,000/m or better. These values are established with selected 
test compounds, and the analyst should be aware that such 
levels will not be obtained with every sample. Because of in- 
trinsic differences in the affinities of different compounds for 
the stationary phase, every solute will have a unique value for 
N in a particular system. 

These procedures enable the chromatographer to derive 
from the experimental data a number of parameters which 
characterize the retention behavior of individual compounds in 
a system. However, the greatest utility of chromatography lies 
in its ability to separate mixtures of solutes so that a number of 
individual substances may be quantitated or isolated in a pure 
state. 

To develop strategies for accomplishing these objectives, 
consideration must be given to parameters that describe the 
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interrelationships of both the retention- and peak-shape vari- 
ables for more than one peak. The most significant of these 
parameters are separation, which is concerned with the rela- 
tive positions of the band centers, and resolution, which de- 
scribes the overlap of the leading and trailing edges of succes- 
sive peaks. These are illustrated in Figure 33-7. In Figure 
33-7A, a chromatogram with poor separation and resolution 
indicates the presence of two peaks, but is useful neither for 
quantitation nor for isolation of either substance. In Figure 
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Figure 33-7. Effect of changes in separation and resolution on the 
elution pattern of adjacent peaks. A. The band centers are sepa- 
rated poorly and resolution is poor. B. Separation has been in- 
creased but band overlap remains, causing poor resolution. C. Peak 
separation is the same as in B, but overlap is reduced, giving good 
resolution. 


33-7B, adequate separation has been achieved, but resolution 
remains poor because of overlap of the trailing edge of Peak 1 
and the leading edge of Peak 2. In Figure 33-7C, the separation 
has remained constant while resolution has been optimized to 
lessen band overlap, resulting in an ideal chromatogram. 

To achieve adequate separation of two adjacent peaks it is 
necessary to adjust the experimental variables so that the band 
centers or peak maxima elute at significantly different points 
on the chromatogram. This requires that the partition coeffi- 
cients of the two solutes be sufficiently different so that one 
substance is retained more strongly than the other. Therefore, 
a, the separation factor or selectivity factor, may be defined as 
K,/K,, which is the ratio of the partition coefficient of the solute 
producing the second band to that of the solute producing the 
first. Because k’, the capacity factor, is directly proportional to 
K, the separation factor also may be stated as the ratio of the 
respective k’ values, k,'/k,’. From an experimental viewpoint, 
this is more useful, because k’ can be determined more easily 
from peak retention parameters than K. Therefore, the sepa- 
ration factor usually is stated in terms of the adjusted retention 
times or volumes as 


Re (t,o — to = (Vr)o -— Vu 
Cyne Ween 2 


Qa 


Because it is based on RRT and RRYV, the separation factor also 
is termed the relative retention. In addition to being useful in 
optimizing chromatographic separation, a also has value in 
qualitative analysis by chromatography. If, under identical 
experimental conditions, an unknown compound has the same 
relative retention as a known substance, the identity of the 
unknown substance can be inferred. However, more positive 
identification, with greater confidence, requires that the same 
relative retention for the test sample be exhibited in two dif- 
ferent chromatographic systems. 

As shown in Figure 33-7B, it is possible to attain adequate 
separation of the peak maxima and yet fail to have a useful 
chromatogram because of overlap of the adjacent portions of 
the two peaks. In this case the partition coefficients of the two 
compounds are sufficiently different to effect separation, but 
the efficiency of the chromatographic system in terms of the 
number of theoretical plates is low. For the purpose of compar- 
ison the resolution between two adjacent peaks can be defined 
as the distance between the band centers divided by the aver- 
age peak width 


_ 2p = tei) 
TG EG (T0) 


where the peak widths at the baseline are measured by draw- 
ing tangents through the inflection points and are, therefore, 
taken as four times the standard deviation. For two adjacent 
peaks of equal size, when Rg, = 1.00 there will be a 4% contam- 
ination of each component by the other due to overlap. At Rg = 
1.25 the overlap will be 2%, and at Rg = 1.50 it will be 0.3%. 
The calculation of resolution is useful especially when chroma- 
tography is being used to isolate pure compounds, as it gives 
the chromatographer an indication of where to start and end 
the collection of the peak to achieve the desired purity. An 
alternate equation that treats resolution in terms of easily 
measurable experimental parameters is 


Bethe: 


where N is the number of theoretical plates, a is the selectivity 
or separation factor, and k’ is the capacity factor. Using this 
equation, the chromatographer can devise strategies for im- 
proving resolution by altering experimental conditions so as to 
affect one or all of N, a, or k’ favorably. A more-detailed dis- 
cussion of resolution, especially in those cases where the adja- 
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cent peaks are not equal in size and shape, can be found in the 
text by Snyder, Kirkland, and Glajch (see Bibliography). 


TECHNIQUES OF CHROMATOGRAPHY 
a TERRE SERIE 
The five basic modes of chromatography—adsorption, parti- 
tion, ion-exchange, size-exclusion, and affinity—can be applied 
to the analysis of pharmaceutical systems by a number of 
techniques that differ from each other according to the nature 
of the stationary and mobile phases and the apparatus used. 
Although it may be possible to analyze a sample using more 
than one of these methods, the choice of a particular technique 
depends on a number of factors, including the complexity of the 
sample, the chemical and physical properties of the compounds 
to be separated, the resolution required, the ease and speed of 
the technique and its ability to be automated, the availability 
and cost of the equipment, and the need to isolate the separated 
analytes. 

If the materials are volatile and stable in the gas phase, gas 
chromatography may be the technique of choice because it is 
simple to perform, rapid, and capable of high resolution. If it is 
necessary to isolate eluted compounds in quantity, liquid- 
partition or thin-layer chromatography may be a more advan- 
tageous choice. Gas-chromatographic columns cannot handle 
large quantities of material and it is difficult to retrieve the 
eluants from the hot effluent gases. If the substances have a 
high molecular weight, such as proteins, triglycerides or poly- 
mers, liquid chromatography using the size-exclusion mode is 
necessary to achieve separation. 

For compounds that are ionized in solution, such as amino 
acids, the ion-exchange mode of liquid chromatography partic- 
ularly is useful. Highly polar or hydrophilic compounds of in- 
termediate molecular weight, such as sugars, can be separated 
by partition techniques involving paper or column chromatog- 
raphy. Substances that are nonionizable, hydrophobic, or non- 
polar are amenable to separation by liquid-adsorption meth- 
ods. Highly selective isolation of certain biological substances, 
such as antibiotics or enzymes, may be effected using affinity 
chromatography. 


GAS CHROMATOGRAPHY 

ne eS GED gS TO 
In 1941, in their paper on partition chromatography which 
outlined the plate theory, Martin and Synge proposed the tech- 
nique of gas chromatography with the following statement: 


The mobile phase need not be a liquid but may be a vapour. . . 
Very refined separations of volatile substances should there- 
fore be possible in a column in which a permanent gas is 
made to flow over gel impregnated with a non-volatile solvent 
in which the substances to be separated approximately obey 
Raoult’s Law." 


In the subsequent 10 years, no one followed up on this sugges- 
tion, so Martin returned to it himself and with James devel- 
oped the first separations using gas chromatography.” Once the 
validity and utility of the method had been demonstrated, other 
workers quickly adopted it and gas chromatography became 
applied more rapidly and broadly to scientific research than 
any other analytical technique developed before that time. 
Tens of thousands of papers have been published using it as the 
~ analytical technique and thousands of instruments are in use 
in laboratories throughout the world. 

Gas-chromatographic methodology is divided into two 
classes, depending only on the nature of the stationary phase 
as the mobile phase is always a gas. These are gas—solid chro- 
matography (GSC), in which the stationary phase is a solid 
adsorptive material and solute particles are removed from the 
mobile phase by electrostatic forces, and gas—liquid chromatog- 
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raphy (GLC), in which the stationary phase is a thin layer of 
liquid, coated or bonded on the surface of an inert particle or on 
the walls of the column itself. In this method solute molecules 
are retained in the liquid phase based on their partition coef- 
ficients between it and the gaseous mobile phase. 

THEORY—In the mid-1950s a group of Dutch chemical 
engineers began a study of the processes that caused band- 
broadening in chromatography. They derived an expression, 
commonly called the van Deemter equation, relating the height 
equivalent to a theoretical plate (HETP) to a number of exper- 
imental parameters, including the diameter of stationary 
phase particles, the diffusion coefficients of the solute in the 
stationary and mobile phases, and the flow rate of the mobile 
phase. For descriptive purposes the original, complicated equa- 
tion frequently is given in the simplified form 


HETP = A+ B/p + Cu (12) 


where yp is the linear velocity, in cm/sec, of the mobile phase, 
and A, B, and C are coefficients that describe the various 
diffusion processes occurring in the chromatography that lead 
to band-broadening. 


Coefficient A is called the eddy diffusion or multiple-path coefficient 
and is concerned with the different paths traveled by the molecules 
of a particular solute during their passage through the column. The 
particles of the stationary phase, whether irregularly or spherically 
shaped, are packed as tightly as possible, and the solute molecules 
must pass around them to proceed along the column. Because of the 
large number of possible paths, some molecules of the same kind 
will reach the end of the column before others. Faster molecules are 
found in the leading edge of the peak, and slower ones form the 
trailing edge. The net effect of this distribution is band-broadening. 
In a modern chromatographic column which is packed with small, 
uniformly sized particles, the value of A is minimal and the contri- 
bution of this term to increasing the HETP is negligible. In a 
capillary GC column, which contains no solid particles, the value of 
A is zero. 

Coefficient B in the van Deemter equation is termed the coefficient of 
longitudinal diffusion. Because the concentration of solute is lower 
at the edges of the band than in the center, a gradient exists and, 
during the travel of the band through the column, solute is diffusing 
continually through the mobile phase away from the center of the 
band. This phenomenon occurs at both the leading and trailing 
edges of the peak and contributes further to band-broadening. Be- 
cause the equation predicts that the contribution to the HETP of 
this term is inversely proportional to the mobile phase velocity, the 
effect is more pronounced at low flow rates. Diffusion effects are 
more severe in gas chromatography than in liquid chromatography 
because diffusion coefficients are several orders of magnitude higher 
in a gas. The contribution of longitudinal diffusion to band-broad- 
ening can be lessened by the proper adjustment of flow rate and by 
increasing the viscosity of the mobile phase. 

Coefficient C, the coefficient of mass transfer, is concerned with the 
transfer of the solute between the two phases. Because the mobile 
phase is moving rapidly, equilibrium between the two phases may 
not be attained. Therefore, some solute molecules in the mobile 
phase are not transferred to the stationary phase quickly enough, 
and, as a result, are carried ahead of the center of the band. Those 
in the stationary phase are retained too long and, hence, lag behind. 
In contrast to longitudinal diffusion, the contribution to the plate 
height of this term is directly proportional to flow rate; thus, to 
minimize the overall effect, a compromise in flow rate is necessary. 
Mass-transfer effects also may be lessened by using a very thin 
coating of stationary phase so that the area in contact with the 
mobile phase is maximized while diffusion deep into the stationary 
phase is reduced. 


In Figure 33-8 a graph of the simplified form of the van 
Deemter equation is shown as well as the contributions of each 
of the terms throughout a range of flow rates. A distinct min- 
imum corresponding to a narrow range of flow velocities can be 
seen. Although this ideal curve may not be achieved in practice, 
it is possible to optimize a gas-chromatographic analysis by 
running the test compound at various flow rates, determining 
the respective values for HETP, and plotting the van Deemter 
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Figure 33-8. Graph of the simplified form of the van Deemter equa- 
tion showing the contribution of each of the terms throughout a 
range of flow rates. 


curve. In this manner the HETP for any solute under a partic- 
ular set of experimental conditions can be minimized. For a 
more detailed treatment of the applicability of the van Deemter 
equation to both gas and liquid chromatography, the review by 
Hawkes? is recommended. 


BASIC INSTRUMENTATION 


The essential components of a gas chromatograph are the same 
whether the instrument is an inexpensive student-grade appa- 
ratus or a research instrument costing tens of thousands of 
dollars. The basic components are shown in the block diagram 
in Figure 33-9. 

The carrier gas, which serves as the mobile phase, is sup- 
plied in steel tanks under high pressure. To reduce the pres- 
sure to a level compatible with the requirements of the instru- 
ment, a suitable two-stage diaphragm-controlled pressure 
regulator is fitted to the tank. The carrier gas, now at a pres- 
sure of approximately 40 to 80 psi, passes into a flow controller 
that allows the operator to adjust the flow rate to the desired 
operating level before the carrier gas moves into the instru- 
ment proper, which is contained within a thermostatted cham- 
ber capable of achieving temperatures ranging from less than 
ambient to as high as 400°. 

The next component in the line of flow is the sample injec- 
tion port. This is a small chamber, usually separately heated to 
a temperature slightly above that of the column, in which the 
analytical sample is made to vaporize rapidly before entering 
the column. The sample is introduced into the flowing gas 
stream through a self-sealing rubber or silicone septum using a 
microliter syringe. Injection of the sample solution may be done 
either manually or using and automatic injector, which gives 
more reproducible results. The sample may be injected into the 
chamber directly on the beginning of the column to minimize 
diffusion due to turbulence. Samples may be pure liquids, sol- 
ids dissolved in liquid solvents, or gases. The gaseous mixture 
next enters the column, which is a tube, usually silica or stain- 
less steel, 1 to 300 m long and with an internal diameter of 0.2 
to 4.6 mm. The column may be straight, coiled, or U-shaped. 

The interior of the column is filled with either a solid adsor- 
bent material for GSC, or in the case of GLC, a liquid phase 
coated as a thin layer either directly on the walls or on a 
packing of small, inert solid particles. Based on their electro- 
static attraction for the surface of the solid or their partition 
coefficients between the two fluids, the solutes are retained 
temporarily by the stationary phase. As the carrier gas contin- 
ues to flow, the retained molecules diffuse back into the mobile 
phase. 


At the end of the column, each of the separated solutes 
exists as a binary mixture with carrier gas and moves into the 
detector, which also may be heated to a level slightly higher 
than that of the column to prevent condensation of the solutes. 
The detector is a device that converts some physical property of 
the solute, such as thermal conductivity, ionizability, or elec- 
tron-capturing ability, into an electrical signal that is propor- 
tional to the amount of solute in the carrier gas. This is ampli- 
fied electronically and fed to a suitable signal processor that 
produces a record of the level of the signal versus time. The 
output also may be sent simultaneously to a computer for 
storage and calculation. 


CARRIER GAS 


Because it is the mobile phase, the choice of the carrier gas is 
crucial to the success of the chromatography. In theory any gas 
may be used, but for practical reasons such as inertness, purity, 
availability, and expense, usually helium or nitrogen and occa- 
sionally hydrogen or argon are employed. One of the most 
important considerations is the purity of the gas, as a contam- 
inated carrier gas will cause a drifting or elevated baseline or it 
may deposit its impurities on the column. In addition, it is 
essential that the carrier gas be inert with respect to the 
sample components, the column-packing materials, and the 
components of the instrument. The viscosity also is important 
because low-viscosity gases such as hydrogen or helium allow 
higher flow rates to be maintained, whereas a gas with rela- 
tively high viscosity, such as nitrogen, may be useful in less- 
ening longitudinal diffusion of the solutes and thereby reducing 
band-broadening. 

One of the chief disadvantages of gas chromatography is 
that the choice of mobile phases is so limited that the analyst 
can affect resolution and separation only by changing the sta- 
tionary phase. A number of columns with different station- 
ary phases must be maintained and time is lost cooling the 
instrument, fitting a new column, and returning to operating 
temperature. 
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Figure 33-9. Block diagram of a gas chromatograph showing the 
essential components of the system. 


STATIONARY PHASE 


The interior of a GC column contains either an uncoated solid 
material for GSC or an inert solid support coated with a thin 
layer of liquid phase for GLC. The particles of the packing 
material are small (80- to 120-mesh) to minimize void volume 
(total volume of interstitial space between particles), while at 
the same time providing a large surface area for interaction 
with the solutes. Alternatively, in a column of capillary dimen- 
sions (<0.75 mm), the liquid phase may be coated directly on 
the wall. 

In GSC the adsorbents most frequently used are activated 
charcoal, silica gel, alumina, or glass beads. For the analysis of 
low-molecular-weight compounds such as water or alcohols, 
molecular sieves may be used or columns may be chosen from 
a group of porous polymers made from styrene and divinylben- 
zene. These are manufactured in such a way that their porosity 
is controlled carefully, and their separation ability is achieved 
by a combination of adsorption and size exclusion. 

For GLC, the most commonly used solid support material is 
diatomaceous earth, which is treated with acid and base to 
remove impurities and then calcined to activate the surface. 
Nonporous supports such as glass microbeads also have been 
used. The liquid phase is coated uniformly on the surface of the 
solid support usually at levels of 1 to 5% by weight. For the 
separation of compounds that are retained only slightly, 
amounts as high as 40% have been used. The liquid must be 
chemically stable, have a low vapor pressure at operating tem- 
peratures, and have specific solvent properties toward the com- 
pounds to be analyzed. 

Today, there are in common use about 15 or 20 highly 
purified liquid phases that differ from each other in their over- 
all polarity and specific selectivity for particular functional 
groups on the solute molecules. Most of these are based on 
silicone polymers with substituents such as phenyl, cyano, or 
trifluoropropyl introduced to affect polarity and selectivity. 
Ethylene glycol polymers also are used frequently, mainly for 
the separation of polar compounds such as alcohols and 
amines. In the case of the nonpolar liquid phases, the elution of 
a mixture of solutes occurs usually in order of increasing mo- 
lecular weight, as the larger the compound, the more nonpolar 
it likely is to be and the more strongly it will be retained. As the 
polarity of the liquid phase is increased, elution order will be 
based more on the relative polarities of the solutes, with the 
most polar substances being retained more strongly. 

Several methods have been developed to facilitate the choice 
of the most-efficient stationary phase for a particular analysis. 
The Retention Index system of Kovats, a measure of the rela- 
tive retention of a compound with respect to a series of n- 
alkanes, was formulated to catalog the relative polarities of the 
liquid phases. If the retention of the compound is determined 
on a polar and a nonpolar column, the difference in relative 
retention is a measure of the column polarity. 

Subsequently, Rohrschneider, and then McReynolds,* de- 
veloped more efficient methods for predicting the selectivity of 
liquid phases. The method of McReynolds is the one most 
frequently used, and suppliers of chromatographic materials 
will indicate the McReynolds constants for each of the liquid 
phases offered in their catalogs. These constants are based on 
the difference in retention of a series of test compounds be- 
tween a standard column with the stationary phase of 20% 
squalane and a column containing the liquid phase whose 
selectivity is to be determined. The test compounds—benzene, 
1-butanol, 2-pentanone, nitropropane, and pyridine—were cho- 
sen because each has a different functional group to interact 
with the stationary phase. A high McReynolds number indi- 
cates a strong interaction of that liquid phase with the partic- 
ular functional group. By consulting the McReynolds numbers 
for various liquid phases, the chromatographer is able to make 
a more logical selection of the optimum stationary phase. 
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COLUMN DESIGN 


Capillary Columns 


Because of the relatively low viscosity of the mobile phase in 
gas chromatography, the contribution of solute diffusion to 
band-broadening can be substantial. In an effort to reduce the 
volume within which the solute can diffuse, narrow-diameter 
columns are used frequently. A small increase in efficiency has 
been achieved by using tubing with an inner diameter of about 
1 mm. However, the greatest increase in efficiency has occurred 
with the use of capillary columns. These are tubes of glass or 
highly purified fused silica with internal diameters of 0.2 to 
0.75 mm. The liquid phase is contained within these columns in 
either of two ways. 

In the more frequently used wall-coated open tubular 
(WCOT ) columns the stationary phase is deposited as an ex- 
tremely thin layer directly on the inner surface of the tube. 
This may be either as a film or, more frequently, by bonding it 
chemically to the wall of the capillary column. The latter is 
advantageous because it prevents bleeding or loss of the liquid 
phase due to its volatility at elevated temperatures. 

In support-coated open tubular (SCOT) columns the inner 
surface of the tube is coated with a layer of inert support onto 
which the liquid is coated. Because of the irregularity of the 
support particles, the surface area of the SCOT column is 
larger, and therefore a more stationary phase is available to 
interact with the solutes. However, the mechanics of packing 
these columns are difficult and they are not used as often as the 
WCOT type. 

Because of its narrow diameter, the void volume in a capil- 
lary column is much lower than in the usual packed column 
and the ratio of V, to Vj, is high compared to a larger diameter 
column. In terms of plates per unit length, efficiencies four to 
five times greater than those of packed columns can be 
achieved by lessening eddy diffusion and increasing mass 
transfer (terms A and C in Equation 12). The absence of par- 
ticles in the capillary decreases resistance to gas flow and 
permits the use of columns as long as 300 m. This results in 
much higher efficiencies, and columns of several hundred thou- 
sand theoretical plates are available. 

The disadvantage of capillary columns is that they have low 
capacities due to the small volume of the stationary phase. 
Therefore, injection volumes must be very small (<0.1 wL) or 
injections must be made through a splitter that diverts more 
than 95% of the sample away from the column. The method 
also is not useful when it is desirable to collect the eluted 
solutes. 


Packed Columns 


Large-bore columns with inner diameters of 2.0 to 4.6 mm and 
packed with inert, solid particles coated with a thin layer of 
liquid phase also are used. They usually are made of stainless 
steel or glass and range in length from 1 to 3 m. They are 
attached at either end to the injection port and the detector, 
using compression fittings to achieve a gas-tight seal. Because 
the shape of the column has no effect on the chromatographic 
process, it is designed to conform to the dimensions of the oven. 
Shorter columns may be straight or U-shaped, but longer ones 
usually are coiled into a spiral. 

For certain compounds, notably steroids, which are highly 
susceptible to degradation and molecular rearrangement on 
hot metal surfaces, glass columns are employed widely as their 
surfaces are relatively inert. The disadvantages of glass are 
that it is difficult to get a gas-tight seal at the injector and 
detector connectiens, and they are brittle enough to break 
under limited stress. 
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OPERATING CONDITIONS 


Most chromatographic analyses are done in the isothermal 
mode in which the temperature of the instrument is main- 
tained constant throughout the run. However, this method 
frequently is unsatisfactory for complex mixtures, when both 
volatile and comparatively nonvolatile solutes are present. If 
for these mixtures the column is operated at a high tempera- 
ture, the low-boiling solutes will be eluted rapidly but not 
resolved while the less-volatile substances may be separated 
satisfactorily. At a lower operating temperature all substances 
may be resolved, but the retention time for the less-volatile 
compounds will be excessively long and the peaks may be so 
broad as to be undetectable. 

To obviate these problems, the technique of temperature 
programming may be used. In this method the temperature of 
the column is raised at a preset rate beginning at the time of 
injection of the sample. The programming rate may be constant 
during the run or, in more sophisticated instruments, periods 
of isothermal operation may be interspersed between temper- 
ature rises. The result of temperature programming is a chro- 
matogram with evenly spaced peaks having good heights, re- 
sulting in an overall savings of time. The initial temperature 
should be chosen to minimize the retention time for the least- 
retained solute; the final temperature must be sufficient to 
elute the least-volatile compound in a reasonable time without 
exceeding the operating limits of the liquid phase. 


DETECTORS 


Much of the overall progress in gas chromatography has re- 
sulted from the development of detectors that are sensitive to 
amounts of solute in the submicrogram range and that have 
responses rapid enough to prevent band-broadening. These are 
grouped into two general classifications, mass flow rate detec- 
tors, which are sensitive to the rate of flow of the solute through 
the detector, and concentration-sensitive detectors, which re- 
spond to the concentration of solute in the mobile phase in the 
detector. 

The Thermal Conductivity Detector (TCD), also called the 
Hot Wire Detector (HWD) or katharometer, is a concentration- 
sensitive detector and is used widely because it is a universal 
detector in that it responds to all solutes. In this device, a coil 
of fine wire, usually made of a tungsten—rhenium alloy, resides 
in a small chamber into which the column effluent flows. In 
practice most TCDs consist of a matched pair of wires, one of 
which is placed in the gas stream before it enters the column, 
while the other is at the end of the column. An electrical 
potential is placed across the wire filaments and they heat up 
due to their resistance. 

The resistance of the filament is a function of its tempera- 
ture. When only carrier gas is flowing through the chamber, the 
filaments maintain a steady temperature, which is determined 
by the thermal conductivity of the gas; however, when a binary 
mixture of solute and carrier gas emerges from the column, the 
mixture has a different thermal conductivity and heat is con- 
ducted from the sample filament at a greater or lesser rate. 
This changes the resistance of the wire, and the change in 
resistance or current is a measure of the concentration of the 
solute in the detector. 

The thermal conductivities of hydrogen and helium are as 
much as 10 times higher than those of most organic com- 
pounds, so even a small amount of solute will cause a large 
change in the output of the detector. Nitrogen, however, has a 
conductivity close to that of most organic compounds, so sensi- 
tivity is lower with this carrier gas and, in fact, it is possible to 
obtain negative peaks. TCDs are simple, inexpensive, and non- 
destructive to the sample. They are relatively insensitive, how- 
ever, compared to other detectors, and are generally not useful 
for analyses requiring detection of low levels of solutes such as 
drugs in biological fluids. 


The Flame Ionization Detector (FID) is a mass flow detector 
and is the most frequently used detector in GC because it is 
highly sensitive, able to detect microgram quantities of solutes, 
and an almost universal detector. It responds well to most 
organic compounds but is insensitive to water and most inor- 
ganic substances. In this device, hydrogen and air or oxygen 
are introduced into the column effluent stream. The mixture is 
ignited and, as a result of the energy of the flame, electrons are 
stripped from the solutes and ions are formed. These charged 
particles migrate to a pair of oppositely charged collector elec- 
trodes in the chamber and cause a small electrical current to 
flow. The current, which is amplified to produce a useful signal, 
is proportional to the rate of flow of solute through the detector. 
In addition to their exceptional sensitivity, flame-ionization 
detectors are useful because of their large linear dynamic 
range. They will respond in a linear manner to amounts of 
solute that differ in concentration by several orders of 
magnitude. 

Other highly sensitive detectors are available but their re- 
sponse is limited to compounds containing certain specific func- 
tional groups, such as nitrogen, phosphorus, or the halogens. 
This property of selectivity can be very useful, but even if the 
chromatographic separation is not optimal, an interfering sol- 
ute will not be detected unless it contains the functional group 
for which the detector is specific. Thus, they impart a second 
level of selectivity to the procedure. 

The Electron Capture Detector (ECD) is one of the most 
sensitive of detectors, being able to respond to nanogram, or 
even picogram, quantities of materials having functional 
groups that possess high electron affinity, such as the halogens 
or nitro groups. In this device, a radioactive source, usually 
°3Ni, emits beta particles that interact with the carrier-gas 
molecules to form positive ions and electrons. These, in turn, 
migrate to oppositely charged electrodes in the detector cham- 
ber to produce a standing current. When a detectable solute 
elutes from the column, it is able to “capture” some portion of 
the electrons, thereby lowering the standing current. This de- 
crease in the current is detected electronically and is propor- 
tional to the amount of solute. 

The ECD is extremely sensitive to low levels of halogenated 
compounds such as pesticides. However, its linear response 
range is narrow and it is very susceptible to permanent satu- 
ration if it is exposed to too high a concentration of a haloge- 
nated compound. 

The Thermionic Specific Detector (TSD), also called the Ni- 
trogen Phosphorus Detector (NPD), is a modified form of the 
FID that shows increased response to compounds containing 
nitrogen and phosphorus. It consists of a standard FID with an 
electrically heated bead of a solid alkali metal compound, such 
as rubidium silicate, suspended in the area above the flame 
assembly. In the presence of excess air, a plasma is formed in 
the area of the bead. This produces large numbers of ions from 
nitrogen- and phosphorus-containing compounds that are then 
detected at the collector electrodes, as in the FID. The mecha- 
nism of action is not understood fully, but its sensitivity for 
nitrogen- and phosphorus-containing compounds is 10° to 10* 
times greater than for other organic compounds. It, too, has 
important applications in pesticide-residue analysis. 

Another modification of the FID, which has increased selec- 
tivity for sulfur and phosphorus containing compounds, is the 
Flame Photometric Detector (FPD). The eluted compounds first 
are burned in the usual FID flame, from which the products of 
the pyrolysis then pass to another flame where sulfur and 
phosphorus atoms are excited to a higher energy state and 
subsequently detected by emission spectroscopy. The sensitiv- 
ity of this device to sulfur and phosphorus is about 10° times 
greater than that for carbon compounds. 

Probably the most sensitive and useful analyses can be 
made by combining a gas chromatograph with a mass spec- 
trometer. Using a suitable separator to remove the carrier gas 
allows direct introduction of the solute into the ionization 
chamber of the Mass Spectral Detector (MSD) after it exits the 


column. This technique has the advantage of extremely high 
sensitivity (10-'* to 10-1 g) so that usually only one injection of 
the unknown is required. The GC-MS technique also is useful 
for quantitative analysis by using selective-ion monitoring. 

There are a number of other detectors that are available for 
use in gas chromatography but are used less frequently be- 
cause they do not offer significant advantages over the de- 
vices currently employed. These include detectors whose op- 
erating principles are based on coulometry, conductivity, or 
photoionization. 


SPECIAL TECHNIQUES 


It is not unusual in the practice of gas chromatography to 
encounter samples that cannot be analyzed satisfactorily no 
matter what combination of mobile and stationary phases are 
used. For example, petroleum fractions contain tars and other 
high-boiling hydrocarbons that chromatograph with difficulty, 
if at all. In addition, many drugs that contain carboxylic acid or 
primary amine functional groups are volatile enough to chro- 
matograph but will give badly tailed peaks due to nonideal 
interactions of the functional groups with the stationary phase. 
However, for research and quality-control purposes, the phar- 
maceutical and chemical industries require that these sub- 
stances be analyzed; to overcome the problem posed by these 
compounds, special techniques such as pyrolysis and derivati- 
zation have been developed. 

Pyrolysis gas chromatography is used frequently for the 
analysis of very high-molecular-weight compounds such as 
crude oil fractions, rubber vial closures, and packaging mate- 
rials. In this technique, the high-molecular-weight substances 
are decomposed to lighter and more volatile compounds by 
controlled heating in a furnace, which may be external to the 
gas chromatograph or an integral part of the instrument. The 
resulting lighter compounds then will be chromatographed as 
usual, frequently using capillary columns. 

Because the nature of the decomposition products rarely is 
known with any certainty, the chromatogram that is produced 
represents a “fingerprint” of the original sample. If the time 
and temperature of pyrolysis are controlled carefully, the 
method is reproducible and valuable for checking raw materi- 
als from different suppliers to determine if the source or the 
chemical composition has changed over a period of time. 

A number of compounds, such as steroids, do not chromato- 
graph well because they are not sufficiently volatile or they 
decompose at the higher temperatures needed for successful 
GC. Others, such as fatty acids, yield poorly shaped peaks. It 
frequently is possible to obviate these problems and obtain 
good chromatograms by forming derivatives of these sub- 
stances. Many of the procedures used to produce derivatives in 
these cases are the same as those used in qualitative organic 
analysis, such as acylation of alcohols, formation of oximes and 
hydrazones of carbonyls, or esterification of fatty acids. How- 
ever, for gas chromatography, a different class of derivatizing 
reagents called silylating agents has been used most often. 
These agents are intended to react with compounds containing 
labile protons such as alcohols, amines, carboxylic acids, or 
thiols to produce the corresponding ethers, silyl amines, esters, 
or thioethers. Because of the reduced polarity, the derivatives 
have greater volatility and stability than the original com- 
pounds. A number of derivatizing agents have been used, the 
most common of which are N-trimethylsilylimidazole (TSIM), 
N,O-bistrimethylsilyltrifluoroacetamide (BSTFA), and N,O- 
bistrimethylsilylacetamide (BSA). The by-products of the reac- 
tions are very volatile and elute very rapidly so they do not 
interfere with the chromatography. 

Other than being useful as derivatizing agents, silylating 
compounds also are used to deactivate solid supports and the 
surfaces of glass columns. In these applications, they react 
readily with the silanol groups on the silica surface, thereby 
blocking polar sites that would interfere with the separation 
process. 
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QUALITATIVE ANALYSIS 


Although gas chromatography is used primarily as a quantita- 
tive technique, it also is valuable in the qualitative analysis of 
unknown substances. This may be accomplished in either of 
two ways: by comparing the retention parameters of the un- 
known with known compounds, or by trapping the effluents as 
they leave the column and subjecting them to classic chemical 
or spectrometric identification procedures. 

In terms of parameters derived from the chromatogram, the 
retention or relative retention times or their corresponding 
volumes are useful indicators of identity when compared with 
the same parameters for a known compound. The related vari- 
ables, the capacity factor, k’, and the separation factor, a, also 
may be used. If the unknown compound is suspected of being a 
member of a homologous series and sufficient known members 
of the series are available, plots of log tp versus carbon number 
or log fz on a polar column versus log tp on a nonpolar column 
will give a straight line for homologs. 

It also is possible to identify solutes after GC by collecting 
individual fractions as they elute from the column. This can be 
done manually or automatically using a fraction collector that 
is activated by the signal from the detector. In this manner the 
entire procedure can be automated and carried out unattended 
over an extended period of time to ensure that adequate 
amounts are collected for subsequent analysis. 


QUANTITATIVE ANALYSIS 


In addition to providing rapid and efficient separations of com- 
plex mixtures and qualitative information about the eluted 
substances, gas chromatography also can furnish the analyst 
with accurate and precise quantitative data. 

The parameter that is proportional to the concentration of a 
compound in the GC effluent is the area under the elution peak, 
which is the integral of the elution curve from the point where 
it leaves the baseline to the point where it returns. Using 
computerized techniques, this integral can be determined ex- 
actly; however, a number of manual integration methods may 
be employed. These are based on the assumption that the shape 
of the peak is Gaussian; although they do not yield the true 
peak area, the results obtained are proportional to it and may 
be used with equal confidence. Some of the methods used for 
integration are 


Triangulation—Tangents to the inflection points of the peak are 
drawn from the baseline to the point where they meet above the 
peak. The third side of the triangle is drawn along the baseline, and 
the area is determined by multiplying the base width by one-half the 
height. The resulting value is equal to 96% of the actual area of the 
Gaussian peak. 

Height Times Width at Half-Height—The baseline portions of the 
chromatogram before and after the peak are joined with a straight 
line. The height is measured from this base and multiplied by the 
width at one-half height. The result is equal to 84% of the true area. 

Height—If the conditions of temperature and flow rate are controlled 
rigorously, the peak height produced by a given quantity of solute 
will be constant from run to run. It therefore may be used directly as 
an estimate of the area. 

Computer Integration—The computer, or integrator, converts the 
analog voltage produced by the detector into a digitized quantity 
and computes the results. This is by far the most precise method, as 
well as being applicable to peaks whose shape is not ideally Gauss- 
ian. 


Once the relative areas of the peaks in the chromatogram 
have been determined, these data, which are proportional to 
the concentration of each of the species, must be used to deter- 
mine exact concentrations. This is accomplished in one of three 
ways: 


Area Normalization—The assumption is made that each substance in 
the injected mixture produces a separate peak in the chromatogram. 
The weight of the material in any peak is found by determining the 
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ratio of its peak area to the sum of the total areas of all the peaks 
and multiplying this by the total weight of solute in the amount 
injected. This method is used infrequently because the initial as- 
sumption usually is not valid. It is, however, the standard default 
method on computerized integrators and is useful as a check on that 
reproducibility of repeated injections of the same sample. 

External Standardization—A pure reference standard material cor- 
responding to the substance to be determined is dissolved in a 
solvent at a known concentration. Exactly measured quantities of 
this solution (1, 2, 3, 4, and 5 wL) are injected successively. The 
areas of each of the peaks produced are plotted versus the mass of 
solute injected and a calibration curve is produced. Next, the un- 
known solution is injected, the area of the peak determined, and the 
concentration found by interpolation. This method is very accurate, 
but it is necessary that the analyst be skilled in the use of microliter 
syringes or that an automatic injector be used because the volumes 
injected must be known exactly. It also is assumed that instrument 
parameters remain constant for the period during which the sam- 
ples are introduced, an assumption that is not always valid. 

Internal Standardization—To obviate the difficulty of introducing 
precisely measured quantities into the GC, the internal standard 
method may be used. This procedure requires two standards: the 
analytical standard—a pure sample of the compound to be analyzed, 
and the other—an internal standard. This is normally a substance 
that elutes at a position near the substance being analyzed and is 
well resolved (Rg > 1.25), but that cannot be converted to the 
analyte under the conditions of the analysis. A series of solutions is 
prepared containing varying amounts of the analytical standard and 
constant amounts of the internal standard. These are chromato- 
graphed and a calibration curve is determined by plotting the ratio 
of the areas of the two peaks versus the ratios of their concentra- 
tions. The unknown then is dissolved in a suitable solvent, the same 
amount of internal standard is added, and the mixture is chromato- 
graphed. The ratio of the areas is calculated and, by interpolation on 
the calibration curve, the amount of the unknown determined. This 
method is the most frequently used technique for quantitative anal- 
ysis by GC because it is not necessary to know the exact amount of 
solution injected. Usual practice is to prepare a solution of the 
internal standard in the solvent employed to dissolve reference 
standards or samples, thus ensuring unvarying ratios of standard or 
sample peak areas to that of the internal standard. 


LIQUID CHROMATOGRAPHY 


Although in 1906 Michael Tswett published a comprehensive 
paper on liquid chromatography in which he clearly explained 
the nature of the process and his appreciation of its potential, 
the method was not adopted widely until many years later. In 
1941 Martin and Synge, who had been unsuccessful in using 
countercurrent extraction for the separation of amino acids in 
wool samples, developed a liquid-chromatographic process in 
which they used a packed column containing water-saturated 
silica gel and a mobile phase of butanol-chloroform. They per- 
fected the experimental techniques and explained the theoret- 
ical aspects of the procedure so thoroughly that they were 
awarded the Nobel Prize for this work in 1952. 

Since that time, liquid chromatography has become one of 
the most versatile techniques available to the analyst because 
of its simplicity and capacity for high-resolution separations. 
Separations may be developed based on such diverse charac- 
teristics as the polarity of the solutes, their ionic nature, their 
molecular weight, their partitioning ability, or their ability to 
form affinity complexes. 

The term liquid chromatography is used today to refer to 
those methods in which the separation takes place within a 
packed column. The packing material is the stationary phase 
and may be a solid with adsorptive or exclusion capabilities or 
an inert support coated with a liquid phase. A liquid mobile 
phase is used as the eluant. Although thin-layer chromatogra- 
phy and paper chromatography use a liquid mobile phase and 
a solid stationary phase, they differ in that the separations 
take place on a planar surface rather than in a column. 

Liquid chromatography can be performed using either of 
two methods: 


1. The classic procedure developed by Tswett, called open-column 
chromatography, in which the mobile phase is allowed to flow 
through the packed column under the influence of gravity or, at 
most, low pressure (eg, 50 to 100 psi). 

2. The procedure in which the mobile phase is forced through the 
packed column under high pressure. The latter method is called 
high-performance liquid chromatography (HPLC) because of the 
extremely high efficiencies (as many as 50,000 plates/m) attainable, 
or high-pressure liquid chromatography because of the high pres- 
sures (1000 to 3000 psi) required. In HPLC, particle diameter is 
typically 10 um or less and, as a result, columns are packed more 
tightly and develop high back pressures that necessitate pumping 
the mobile phase through the column. 


Whether HPLC or open-column methods are used, the mode of 
separation depends primarily on the nature of the stationary 
phase. Five modes are available: adsorption, partition, ion- 
exchange, size-exclusion, or affinity. Each of these will be dis- 
cussed in detail. 


ADSORPTION CHROMATOGRAPHY 


In the adsorption mode of liquid chromatography, as in gas— 
solid chromatography, solutes are retained as a result of the 
ability of the stationary phase to bond them temporarily to its 
active surface. The forces involved usually are relatively weak 
and effective only over short distances. These include van der 
Waals and London forces, dipole and induced-dipole interac- 
tions with polar groups on the active surface, charge-transfer 
forces, and hydrogen-bonding. 

With this type of binding, termed physical adsorption, the 
energy required to break the bonds is small, and the mobile 
phase, through its ability to dissolve and displace the solutes 
effectively, can counteract these attractive forces. Therefore, an 
efficient chromatographic process can occur based on the com- 
petition between dissolution of the solute in the mobile phase 
and binding at the surface of the stationary phase. However, 
when stronger chemical bonds form between solutes and the 
adsorbent, as in the process of chemisorption, the mobile phase 
is not able to provide sufficient energy to desorb the solutes. In 
this case, equilibrium between the two phases is not reached, 
and solutes are adsorbed irreversibly or give unsatisfactory, 
tailed elution peaks. 

Some of the most common of the large variety of substances 
that have been used as adsorbents are shown in Table 33-1. In 
addition to adsorptivity, surface area, particle size, and surface 
activity are of primary importance in determining the utility of 
a potential adsorbent. A large surface area is necessary to 
provide effective contact between the two phases and ensure 
frequent exchange of the solute. Although areas of 5 to 200 m7/g 
are quoted by suppliers of adsorbents, these values may be 
lower than the actual effective surface area, because the meth- 
ods of measurement used do not account accurately for the 
porous nature of the adsorbent particles or the true shape of 
the solute molecules. Particle size is important, not only as an 
indicator of surface area, but also because it determines the 
resistance of the packed column to solvent flow. Although very 
small particles may provide a large area for solute interaction, 


Table 33-1. Adsorbents Used 
in Column Chromatography 


Sucrose 

Starch 

Inulin 

Talc 

Calcium carbonate 
Calcium phosphate 
Magnesia 

Silica gel 
Magnesium silicate 
Alumina 

Charcoal 


(weakest) 


(strongest) 


they may pack so tightly that a reasonable flow rate cannot be 
achieved without using high-pressure techniques with a conse- 
quent loss in sample capacity. Particles in the range of 75 to 
150 wm in diameter are a useful compromise for open-column 
chromatography, providing a large surface area with good per- 
meability. Surface activity refers to the energy of the active site 
of the adsorbent, and may vary depending on the nature of the 
substance and on the amount of water adsorbed. To provide a 
reproducible surface it is common practice to activate an ad- 
sorbent by heating it to expel most of the water and then to 
deactivate it to a desired level by exposure to a climate of 
known humidity, returning a known quantity of moisture to 
the adsorbent. 

Among the commonly used adsorbents, silica gel and alu- 
mina have surfaces rich in hydroxyl groups and oxygen atoms, 
thus they interact strongly with polar solutes. Charcoal, acti- 
vated at 1000° to make it nonreactive to polar compounds, 
has a very porous surface that slows down the adsorption— 
desorption process and makes it more prone to chemisorption. 
Separations on charcoal are based mainly on molecular weight, 
with larger compounds being retained more strongly. Magne- 
sium silicate has an acid surface characteristic of the insoluble 
silicates and is similar to alumina in adsorptive properties. 

Table 33-2 lists a number of the solvents most commonly 
used in liquid—solid chromatography cataloged in a standard 
order according to their relative energy of adsorption per unit 
surface area on alumina. A listing such as this is called an 
eluotropic series, and, although the relative energies of adsorp- 
tion differ slightly on other surfaces, the choice of solvents 
usually is made according to this series. An exception to this is 
made in the case of charcoal; because of its tendency to adsorb 
nonpolar substances, the order of solvent strength is reversed. 

The solvent used for a particular separation must be chosen 
with regard to the properties of the solutes as well as the 
stationary phase. For example, if a group of very polar com- 
pounds is to be separated using silica gel, the solvent must be 
polar enough to overcome the strong attraction between the 
solutes and the surface or very large retention times will result. 
If a mixture of less-polar solutes is to be analyzed, a weaker 
solvent must be used to permit a longer residence time on 
the column and more equilibrations between the phases. For 
a more detailed discussion of the methods used to corre- 
late solute structure with retention time using adsorption 
chromatography the text by Snyder (see Bibliography) is 
recommended. 


Table 33-2. Characteristics of Solvents 
Used in Chromatography 


ELUOTROPIC DIELECTRIC SOLUBILITY 
SOLVENT VALUE, E° CONSTANT PARAMETER 
Heptane 0.00 eZ 7.4 
Hexane 0.01 1.88 Ips} 
Isoctane 0.01 1.94 7.0 
Cyclohexane 0.04 2.02 8.2 
Carbon tetrachloride 0.18 2.24 8.6 
Toluene 0.29 2.38 8.9 
Benzene 0.32 LPG 9.2 
Ethyl ether 0.38 4.33 7.4 
Chloroform 0.40 4.81 9.1 
Methylene chloride 0.42 8.93 9.6 
Tetrahydrofuran 0.45 7.58 9.1 
Acetone 0.56 20.7 9.4 
Dioxane 0.56 2.25 9.8 
Ethyl acetate 0.58 6.02 8.6 
Acetonitrile 0.65 37.50 11.8 
Pyridine 0.71 12.30 10.4 
|-Propanol 0.82 20.33 10.2 
Ethanol 0.88 24.30 11.2 
Methanol 0.95 32.70 12.9 
Acetic acid large 6.15 12.4 
Water large 78.54 21.0 
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PARTITION CHROMATOGRAPHY 


In this mode of liquid chromatography, mixtures of solutes are 
separated according to the relative tendencies of their compo- 
nents to partition between a mobile phase and a stationary 
phase consisting of a layer of liquid coated or bonded onto the 
surface of a solid support. The liquid is present as an extremely 
thin layer so that equilibration between the phases may be 
attained rapidly by minimizing the diffusion of the solutes into 
the stationary phase. The surface of the solid support fre- 
quently is treated (eg, by silylation) to eliminate adsorptive 
effects. 

Although it has been used for many successful analyses, 
liquid—liquid partition chromatography was, until relatively 
recently, an inconvenient method to use experimentally. The 
liquid phase had to be coated onto the solid support by evapo- 
ration of a solution or by injecting it onto the column with the 
mobile phase flowing. In either case, it was difficult to obtain 
stationary phases that were stable and reproducible. In addi- 
tion, the choice of mobile phase necessarily was restricted to 
those in which the liquid coating had limited solubility. For 
example, if a polyethylene glycol was to be used to provide a 
very polar stationary phase, a mobile phase of hexane or some 
other hydrocarbon of very low polarity had to be used. Even so, 
the liquid stationary phase would be stripped slowly but con- 
tinually from the column, thereby changing the characteristics 
of the separation. To prevent stripping, either the mobile phase 
was saturated with the liquid phase material, or a precolumn 
containing a high concentration of the liquid phase coated on a 
solid support was inserted into the system before the analytical 
column. In either case, the nature of the mobile phase was 
changed and partition coefficients became less favorable. 

Recently, the problems presented by unstable stationary 
phases have been solved by the development of bonded-phase 
chromatography, in which the liquid phase permanently is 
bonded chemically to the surface of the solid support. Silica gel, 
with its high surface population of hydroxyl groups, provides 
an excellent medium onto which various substances can be 
bonded using appropriately substituted silylating agents. For 
example, octadecyldimethylsilyl chloride reacts with silica gel 
to form a stable, nonpolar stationary phase called ODS (octa- 
decylsilyl). Because of steric effects, not all of the hydroxyl 
groups of the silica gel are derivatized by the ODS reagent, so 
the remainder then are reacted with trimethylsilyl chloride in 
a process called capping (or end-capping) to reduce adsorption 
effects. Bonded phases are advantageous in that they can be 
made reproducibly from batch to batch and the surface does not 
change during the chromatographic process. They have the 
disadvantages of being expensive and effective only over the pH 
range within which the backbone of silica gel is stable, usually 
pH 2 to 7. Compared to the inconveniences of the former 
method, however, these disadvantages are not very restrictive, 
and the development of newer bonded phases using a polymeric 
support that is stable over a pH range of 1 to 13 promises to 
alleviate this problem. 

Partition chromatography may be conducted in either of two 
ways: normal or reversed phase. In the normal phase mode, the 
stationary phase is a polar substance, such as polyethylene 
glycol or the untreated silica surface itself, and the mobile 
phase is nonpolar (eg, hexane). Under these circumstances 
polar compounds are retarded preferentially and nonpolar sub- 
stances elute more quickly. In reversed-phase chromatography 
the stationary phase is nonpolar (eg, ODS) and the mobile 
phase is polar, usually a mixture of water, methanol, and/or 
acetonitrile. Nonpolar compounds are retained more strongly 
by this system, while polar solutes elute first. Reversed-phase 
separations are the most frequently used methods in HPLC. 

Because of the efficiency and availability of reversed-phase 
materials, especially the ODS or C-18 type, attempts have been 
made to use them to separate mixtures of ionic compounds such 
as amino acids. Normally these compounds would not be re- 
tained in a reversed-phase packing, because they are too polar 
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to partition appreciably onto the nonpolar stationary phase. 
Several techniques, all of which involve altering the mobile 
phase, have been developed to permit successful chromatogra- 
phy of ionic compounds using these stationary phases. These 
methods are called ion-suppression chromatography, ton- 
pairing chromatography, and “soap” chromatography. 

Ion suppression is used for substances such as weak acids 
(pK, >2) and weak bases (pK, <8), which only are ionized 
partially at the neutral pH values characteristic of the usual 
mobile phases. For example, a carboxylic acid with pK, = 5 
will, at pH = 7, be present in both ionized and un-ionized forms 
with the anionic carboxylate predominating by a ratio of 100 to 
1. To enhance the retention of the substance in a 
reversed-phase system, the pH of the mobile phase can be 
adjusted to a value low enough to suppress the ionization of the 
acid, for example, pH < 3. This causes the free acid to predom- 
inate and, as it is much less polar than the anion, it will be able 
to partition into the stationary phase. 

For stronger acids or bases that remain ionized throughout 
the pH range (2 to 7) where silica is stable, ion-pairing chro- 
matography is the technique of choice. In this method a reagent 
that dissociates to give ions opposite in charge to those of the 
solutes is added to the mobile phase. Although the mechanism 
of action has not been explained fully yet, the added ions may 
interact with the charged solutes in two ways. 

First, they may combine directly with the charged solutes to 
form ion pairs that are nonpolar and will partition more readily 
into the stationary phase. 

Alternatively, the nonpolar end of the ion-pairing reagent 
may itself partition into the stationary phase, leaving its polar 
end extending from the surface into the mobile phase, where it 
acts as an ion exchanger. 

In either case, the retention of ionic solutes in the reversed 
phase materials is increased. Examples of ion-pairing reagents 
are heptanesulfonic acid, used for cationic species such as pro- 
tonated amines, and tetra-n-butylammonium hydroxide, which 
pairs with anionic substances. 

The third method, soap chromatography, is actually a form 
of ion-pairing in which the added reagent is a detergent or 
soap. Examples are sodium lauryl] sulfate for cations and cetyl- 
trimethylammonium chloride for anions. Soap chromatography 
is useful especially for the separation of proteins, because the 
soap not only neutralizes the charge on the molecule but also 
affects the conformation of the protein to allow it to interact 
more favorably with the stationary phase. The practical as- 
pects of ion-pair chromatography are discussed in more detail 
by Gloor and Johnson.” 

Another special technique that can be used with partition 
chromatography is metal-ion complexation. In this process, a 
small quantity of a metal ion, such as Ag’, is added to the 
mobile phase in the chromatography of olefinic compounds. The 
ionic silver interacts with the double bonds, forming charge- 
transfer complexes and altering the partitioning behavior of 
the olefinic solute. This technique is useful for separating mix- 
tures of compounds that differ in the extent and placement of 
the unsaturation. 


ION-EXCHANGE CHROMATOGRAPHY 


Although ion-pairing techniques have proved useful in many 
cases for the separation of mixtures of ionic substances, the 
usual method for the analysis of these compounds is ion- 
exchange chromatography. This method provides a greater de- 
gree of selectivity due to the larger number of combinations of 
mobile and stationary phases that can be employed. It is espe- 
cially useful for inorganic cations, amino acids, or similar 
groups of closely related compounds. 

The stationary phase materials used to effect these separa- 
tions are called ion exchangers, and they comprise a group of 
natural or synthetic organic or inorganic polymers that are 
capable of reversibly removing ions from a solution, while at 


the same time replacing them with ions of equivalent charge. 
At all times during this exchange process the principle of elec- 
troneutrality must be obeyed both in the ion exchanger and the 
solution. An ion exchanger contains fixed ions, which are incor- 
porated permanently into its insoluble skeleton, and loosely 
bound counterions, which are opposite in charge to the fixed 
ions and capable of being exchanged when charged species are 
adsorbed from solution. If the counterions are charged posi- 
tively, the material is called a cation exchanger; if negative, it 
is an anion exchanger. 

The inorganic polymers used in this type of chromatography 
are aluminosilicates, which have lattice, or cage-like, struc- 
tures. Because of the preponderance of oxygen atoms in the 
polymer, it is charged negatively and the counterions, usually 
calcium or sodium, are positive. Therefore, they are cation 
exchangers. The naturally occurring members of this group are 
called zeolites, while the synthetic ones, which were developed 
to provide standardized structures with constant pore sizes, 
are called molecular sieves. Because of their low capacities for 
ion exchange, these inorganic substances are used primarily for 
the size separation of small molecules. 

The most frequently used ion-exchange materials are or- 
ganic copolymers made from styrene (vinylbenzene) and divi- 
nylbenzene (DVB). The styrene polymerizes to give long, 
twisted chains of carbon atoms, with a benzene ring at every 
other carbon. Divinylbenzene is added to cross-link these 
chains and give a three-dimensional bead-like structure. Com- 
mercially available ion-exchange resins are identified accord- 
ing to their percent cross-linking, as X2, <4, X6, and so on, 
corresponding to the initial percentage of DVB in the reaction 
mixture. 

Because the styrene—DVB copolymers have no intrinsic 1on- 
exchanging properties of their own and act only as a skeleton, 
charged functional groups must be added. Reaction with chlo- 
rosulfonic acid places a sulfonic acid group on each of the 
nonlinked benzene rings, yielding a strong cation exchanger, 
that is, one in which the counterions can be removed easily 
from the fixed ions. If methacrylic acid is used in the polymer- 
ization in place of styrene, the resulting copolymer has carbox- 
ylic acid groups attached to the skeleton and functions as a 
weak cation exchanger, that is, one in which the counterions do 
not dissociate at low pH. Strong anion-exchange resins can be 
made from the same skeleton by introducing quaternary amine 
functional groups, while weak anion exchangers use poly- 
amines as the ionizable groups. 

Many other substances are used both as the skeletal com- 
ponents and the functional groups for ion exchange. Carbohy- 
drate polymers, such as dextran and cellulose, when used as 
the insoluble matrix change the selectivity of a resin. For 
example, solute ions with attached polyaromatic groups, such 
as the anthraquinonesulfonic acids, do not chromatograph well 
on polystyrene-based ion exchangers, because they associate 
too strongly with the benzene rings of the resin. On a cellulose- 
based exchanger, however, separation is possible because the 
mechanism is limited entirely to the ion-exchange process. 
Silica gel also is used as a support matrix for preparing ion 
exchangers, especially in HPLC, where strength of the particle 
is important, as it must not be crushed by the high operating 
pressure of the system. 

Other functional groups used frequently are diethylamin- 
oethyl (DEAE) and triethylaminoethyl (TEAE), both of which 
are anion exchangers, and carboxymethyl (CM), which is used 
in cation-exchange resins. Attached to matrices of cellulose or 
dextran, these substances have been employed widely for the 
separation of proteins and peptides. 

The mechanism of action in this mode of chromatography 
depends on the replacement of the counterions of the resin by 
the ionic species being separated. This can be illustrated by the 
procedure used for purifying water by passing it through a 
mixed-bed resin. Using sodium chloride as a typical contami- 
nant, the mechanism is 


(1) RESIN—SO;3H + Na* RESIN—SO,;Na + H’ 


(13) 
(2) RESIN—N(CH;);0H + Cl 


= RESIN—N(CHs3)3;Cl + OH 


Water of the exceptionally high purity needed for making mo- 
bile phases for HPLC is prepared by an ion-exchange column, 
followed by passage through a charcoal adsorption column to 
remove nonionizable organic compounds and then microfil- 
trated to exclude particulate matter and bacteria. 

For a mixture of solute ions that differ in charge, the more 
highly charged species are retained preferentially. Thus, on 
a sulfonic acid resin, aluminum is bound more strongly than 
calcium, and calcium more strongly than sodium. The bind- 
ing of negatively charged species to strong anion exchange 
resins follows the same trend. Among substances of the same 
charge, retention is related to the size of the hydrated ions, 
with smaller ions being held more tightly. Because the 
smaller elements in the periodic table bind more molecules of 
water, their hydrated ions are larger; therefore, for the 
alkali metals the order of retention is Cs’ > Rb’ > K* 
> Nar Sale 

Another parameter that affects retention is the nature of 
the substituents attached to the charged portion of the solute 
species. Polystyrene resins exhibit preference for ions contain- 
ing aromatic groups over aliphatic groups, because in addition 
to binding due to the electrostatic forces of ion exchange, the 
aromatic groups of the solute interact directly with the skeleton 
of the resin. 

Ion-exchange chromatograms may be developed either by 
displacement or by elution methods. In the former case, an ion 
that is retained more strongly than any of the solute ions 
displaces them from the resin, and a continuous series of bands 
results (see Fig 33-4). In elution development, the eluting agent 
is an ion for which the resin has less selectivity than it has for 
the solute ions. Transfer of the solute ions to and from the resin 
depends on their exchange equilibria with the eluting ion. The 
resulting chromatogram consists of a series of separate Gauss- 
ian peaks, as in Figure 33-5. 

Mobile phases used in ion-exchange chromatography are 
usually aqueous salt solutions that may be buffered to a desired 
pH or adjusted to a constant ionic strength. The choice of the 
mobile phase depends on a knowledge of the selectivity of the 
resin for the solute ions and the influence of solution equilibria 
due to pH or complexation. Mixed aqueous-organic or organic 
solvents may be used if the stationary phase is not altered. 
Gradient elution is used for difficult separations. 

Chromatofocusing, first described in 1978 by Sluyterman 
and Elgersma,° is a special method of ion-exchange chroma- 
tography that is of great utility in the separation of mixtures 
of proteins. In this case a buffer, adjusted to a specific pH, is 
added to an anion-exchange column previously adjusted to a 
different pH. As the buffers mix, a pH gradient is formed 
along the length of the column, ranging from the initial pH 
at the far end to that of the added buffer at the beginning. If 
the pH at the start of the column is lower than the isoelectric 
point of the protein to be analyzed, it will carry a positive 
charge and will not interact with the anion exchanger. In- 
stead, it will migrate along the column to a point where the 
pH is just greater than the isoelectric point, at which time it 
will acquire a negative charge and bind to the resin. Thus, a 
group of proteins will arrange themselves on the column in 
order of their isoelectric points. As the pH gradient moves 
down the column, the proteins will migrate downward, so as 
to remain negatively charged, until each elutes from the 
column at its isoelectric point. The fractionation of complex 
mixtures of proteins is therefore possible using this method 
of separation. 
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SIZE-EXCLUSION CHROMATOGRAPHY 


Size-exclusion chromatography, also called gel chromatogra- 
phy, is an efficient technique used to separate groups of solutes 
based on their effective size in solution. The stationary phases 
used to attain these separations are polymers that have been 
cross-linked to yield an open network with numerous pores of 
consistent size. The degree of crosslinking is controlled care- 
fully to yield a series of gels having different pore sizes and 
fractionation ranges. When a mobile phase containing a mix- 
ture of solutes of various sizes is passed through a column of 
these materials, molecules that are too large to fit within the 
pores are “excluded” and remain completely in the mobile 
phase. They are, therefore, eluted rapidly near the void volume. 
Molecules of smaller size are free to diffuse in and out of the 
pores so that, in effect, their path through the column is longer 
and they will elute later, as is depicted in Figure 33-10. The 
extent of retention depends on the size of the included mole- 
cules relative to the size of the pores. Thus, the smallest mol- 
ecules will enter all of the pores, while molecules of intermedi- 
ate size, because of the velocity of the mobile phase, will not 
have sufficient time to diffuse into all of the pores into which 
they would fit normally and, therefore, will be retained less 
effectively. The result is a chromatogram that consists of an 
initial peak containing all of the totally excluded substances, 
followed by a group of peaks representing all of the substances 
that have been retained partially and separated, and finally 
another single peak caused by all of the totally included 
solutes. 

The stationary phases used in this mode of partition chro- 
matography are of two types. 


The soft gels are made usually from cross-linked carbohydrates, 
such as dextran (Sephadex), agarose (Sepharose) or polyacrylamide 
(Bio-Gel), the use of which was described first by Porath and Flodin.’ 
These are very hydrophilic, and before the column can be packed they 
must be mixed with the mobile phase until they have imbibed enough 
liquid to become swollen completely. Once the column has been packed, 
the composition of the mobile phase cannot be altered, because this 
would change the amount of imbibed solvent, resulting in shrinking of 
the bed, or in further swelling that may burst the column. These gels 
are used with mobile phases that are primarily aqueous, and the tech- 
nique is called gel filtration. Because of the low structural strength of 
the soft gels they cannot be used under high pressure. Size-exclusion 
media made from silica gel with controlled pore sizes have been devel- 
oped for HPLC; they do not deform under pressure and can be used with 
aqueous or nonaqueous mobile phases. 

The semirigid or rigid gels consist of materials such as cross-linked 
polystyrene, controlled-porosity glass beads, or alkylated dextran. 
These can be used for the separation of organic-soluble polymers using 
nonaqueous mobile phases, such as chloroform, acetone, pyridine, or 
tetrahydrofuran. This technique is called gel permeation, and was de- 
scribed first in 1964 by Moore.* 


Ideally, the only separation mechanism occurring in size- 
exclusion chromatography is that which depends on the 
diffusion of the solutes into and out of the pores. However, 
depending on the nature of the solute and the stationary phase, 
other retention mechanisms such as ion exchange, hydrophobic 
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Figure 33-10. Size-exclusion chromatography. Small, soluble mole- 
cules (¢) penetrate the pores of the gel (O) and are retarded. Mac- 
romolecules (@) are excluded from the gel matrix and elute first. 
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partitioning, or hydrogen-bonding may have an effect on cer- 
tain solutes. These can result in long retention times, irrevers- 
ible adsorption, or loss of activity in biological molecules. Such 
difficulties can be minimized by changing ionic strength or pH 
of the mobile phase to reduce charge effects, or by using addi- 
tives such as detergents that modify the shape and charge of 
biological molecules. 

Size-exclusion chromatography is used most often in proce- 
dures involving large biological molecules such as proteins, 
nucleic acids, and polysaccharides, which are not chromato- 
graphed well by other techniques. Among the procedures for 
which these gels are useful are desalting, concentration, 
molecular-weight determination, and fractionation. 

Desalting is frequently necessary for the purification of bio- 
chemicals that have been separated from tissue using tech- 
niques involving buffers and precipitating reagents. In this 
procedure, a gel with a fairly low exclusion limit (ie, equivalent 
to a molecular weight of 1000 to 2000) is used. Because of the 
great differences in molecular weight between the biological 
molecules and the contaminating salts, short columns and high 
flow rates may be used. The macromolecules will be eluted in 
the void volume with little dilution, while the salts are retained 
on the column. 

Concentration of dilute solutions of large molecules may be 
achieved with gels whose exclusion limit is less than the mo- 
lecular weight of the substances involved. The solution is mixed 
with a small quantity of dry gel that will absorb 10 to 20 times 
its weight in water. Some salts and small molecules are taken 
up also, leaving the macromolecules in a solution of almost 
unchanged pH and ionic strength but significantly decreased 
volume. 

Perhaps the greatest value of size-exclusion chromatogra- 
phy is for the fractionation and molecular-weight determina- 
tion of macromolecules. It has been found that because the size 
of a molecule is approximately proportional to its molecular 
weight, M, the elution volume, V,, can be expressed by 


Vz =a+t blog M (14) 


where a and b are constants dependent on the mobile and 
stationary phases. To determine the molecular weight of a 
substance, the system must be calibrated by using an ex- 
tremely large molecule, such as blue dextran, to establish the 
void volume of the system, and a substance such as deuterium 
oxide or sucrose to determine the retention time for a totally 
included solute. A series of standard proteins or polymers then 
is used to calibrate the region between these limits. A typical 
calibration curve of V, versus log M for a series of protein 
standards is shown in Figure 33-11. Once the elution volume of 
the unknown compound is determined, the molecular weight 
can be estimated by interpolation. 


AFFINITY CHROMATOGRAPHY 


In situations where very specific separations are desired, affin- 
ity chromatography, a highly specialized form of adsorption 
chromatography, may be employed. This technique makes use 
of a specific ligand, which has been immobilized by being bound 
chemically to an insoluble matrix, to adsorb reversibly a single 
molecular species from a mixture of solutes. This method dif- 
fers from other modes of chromatography already discussed in 
that, rather than attempting to separate a mixture of solutes 
for qualitative or quantitative analysis, it is concerned only 
with removing a single species from the mixture. It achieves its 
greatest utility as a highly specific purification technique for 
biological molecules. 

Affinity chromatography owes its high degree of specificity 
to the nature of the binding forces between the ligand and the 
substance to be purified. Many biological molecules, as a result 
of their unique structure and conformation, form strong, non- 
covalent bonds to related compounds, as a drug would to a 
cellular receptor. Examples of this are found in the association 
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Figure 33-11. Typical size exclusion calibration curve of elution vol- 
ume, V,, versus log M for a series of protein standards. 


of enzymes with coenzymes, antigens with antibodies, lectins 
with carbohydrates, or polynucleotides with nucleic acids. If 
either member of the above-mentioned pairs is bonded perma- 
nently to a chromatographic matrix, it will be able to remove 
the other from solution without interacting significantly with 
any other solute in the mixture. Because the ligand-target 
molecule binding is reversible, a suitable mobile phase can be 
passed through the column to dissociate the pair and elute the 
purified substance. An example of the utility of this technique 
involves the purification of interferon A for structural studies 
and clinical trials.® 


EXPERIMENTAL FACTORS 
AND INSTRUMENTATION 


CLASSIC COLUMN CHROMATOGRAPHY 


The experimental setup for performing this type of chromatog- 
raphy is relatively simple. The column into which the station- 
ary phase is packed consists of a glass or Teflon tube, typically 
10 to 50 mm in diameter and 5 to 100 cm in length, although 
much longer and wider columns have been used for difficult 
separations and preparative work. The bottom of the column is 
fitted with a stopcock or another type of flow restrictor to 
provide control over the flow rate of the mobile phase. The 
packing material is supported inside the column by means of a 
fritted glass disk or a piece of glass wool. 

The packing may be introduced into the column either as a 
dry powder or as a slurry suspended in the mobile phase. In 
either case, it is essential that the bed be formed evenly with no 
air bubbles or channels to disrupt the flow of the mobile phase. 
If it is packed dry, the stationary phase is introduced in small 
quantities and allowed to settle with the aid of gentle tapping 
or vibrating on the outside of the column. If a slurry-packing 
technique is used, the stopcock is left open to allow the solvent 
to flow through the solid material and solvent is added, as 
necessary, to prevent the column from going dry while it is 


tapped to dispel air bubbles. When the bed has reached the 
desired height, the stopcock is closed and a layer of mobile 
phase left at the top of the bed. In slurry packing, positive 
pressure, vacuum, or a tamping rod may be used to ensure that 
the material is packed firmly. 

The sample is placed on the top of the column in either of 
two ways. It may be mixed with a small portion of the station- 
ary phase that then is packed as before or it may be dissolved 
in the mobile phase and deposited on the packing after the 
mobile phase has been allowed to run a slight distance into the 
stationary phase. More mobile phase then is added and the 
stopcock is opened to allow flow to begin. The chromatogram 
then may be developed by allowing the solvent to flow from a 
reservoir under the force of gravity or by introducing it under 
low pressure using a peristaltic pump. The effluent from the 
column is collected in fractions as a function of time or volume, 
and the eluates tested for the presence of the various solutes. 


HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 


Because of the relatively high pressures necessary to perform 
this type of chromatography, a more elaborate experimental 
setup is required. Figure 33-12 shows the block diagram of a 
complete HPLC apparatus. All of these components are not 
necessary to achieve successful analyses (see caption). 

The solvent reservoirs are glass or stainless-steel containers 
capable of holding up to 1 liter of mobile phase, which may 
consist of pure organic solvents or aqueous solutions of salts or 
buffers. The substances used to prepare these mixtures should 
be of the highest purity available because contaminants even- 
tually will be deposited on the column and disrupt the chroma- 
tography. The mobile phases are filtered to remove particulate 
matter that may clog the system and they also are degassed 
using vacuum, sonication, or sparging with helium to eliminate 
outgassing in the pump or detector. 

Because the particles that are used to pack HPLC columns 
are small enough (<50 pm) to prevent solvent flow by gravity, 
pumps that develop pressures up to 5000 psi are needed to 
force the mobile phase though the column. Two types are avail- 
able: mechanical, which deliver at a constant flow rate, and 
pneumatic, which produce a constant pressure. Of the mechan- 
ical pumps, the most frequently used is the reciprocating piston 
type in which a motor-driven cam drives a sapphire plunger 
into a small liquid-end chamber to force out the solvent. Check 
valves control the flow of solvent into and out of the liquid end 
and prevent backflow. Because the flow pulses every time the 
plunger moves in and out, the pressure variations may cause 
an unstable baseline; thus, these pumps usually are equipped 
with a pulse damping device. They may have two liquid cham- 
bers arranged in such a manner that, while one is filling, the 
other is delivering. 

The pneumatic pumps may be either the gas-displacement 
type, which uses direct pressure from a highly compressed gas 
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to force solvent out of a tube, or the pneumatic-amplifier type in 
which compressed gas at a lower pressure impinges on the 
large end of a piston to force the smaller end to deliver the 
liquid. The amplification of the original gas pressure is propor- 
tional to the ratio of the areas of the two ends of the piston. The 
pneumatic pumps have the advantage of pulseless operation. 

If gradient analysis is necessary to achieve a particular 
separation, the most common way of forming the gradient is to 
include a second reservoir and pump and a gradient controller. 
This is an electronic device that synchronizes the operation of 
the two pumps to provide a mobile-phase mixture of the desired 
concentration. For example, if a 50-50 mixture of the solvents 
in the two reservoirs is desired at an overall flow rate of 1.0 
mL/min, the controller will adjust the rate of delivery of each 
pump to 0.5 mL/min. The individual solvents then are com- 
bined in the mixing chamber and delivered to the chromato- 
graph. The controllers are able to provide linear, convex, con- 
cave, or step gradients, thereby yielding a solvent mixture of 
constantly increasing strength to enable the resolution of com- 
plex mixtures. 

In contrast to this high-pressure method of forming gradi- 
ents, a low-pressure technique also is used frequently by some 
instrument suppliers. In this method, the mixing chamber is 
situated before a single pump. As many as four reservoirs are 
connected to the mixing chamber, each reservoir having a 
remotely controlled valve. The gradient controller, either a 
separate device or a computer-resident software package, 
opens and closes the valves in the proper sequence so that 
the mixing chamber can generate mobile phase of the desired 
composition. 

The next component, a solvent-conditioning column, is used 
only under special circumstances. Most HPLC column-packing 
materials are prepared from silica gel, which will dissolve 
slowly in solvents whose pH values are below 2 or above 7. This 
results in a shrinkage of the packing material, giving rise to 
void spaces in which separated solutes remix or are diluted, 
thereby leading to a loss of resolution. Therefore, to minimize 
this occurrence and to protect the expensive silica-based pack- 
ing materials, a small column (5 to 10 cm) packed with HPLC- 
grade silica gel is inserted into the liquid stream after the 
pump but before the injector. The material in this column is 
dissolved preferentially, saturating the mobile phase and pre- 
serving the analytical column. Although there is some slight 
dissolution of the silica even in the pH range of 2 to 7, condi- 
tioning columns need not be used always and may be a disad- 
vantage if fractions are collected with the object of recovering 
the solutes, as dissolved silica is difficult to remove from the 
solute. 

The solute mixture is introduced into the chromatograph by 
means of a suitable injection device. Septum injectors are avail- 
able, in which the sample solution is injected through a self- 
sealing rubber or Teflon disk using a microliter syringe. This 
may be done while the mobile phase is flowing or while it has 


Figure 33-12. Block diagram of a complete HPLC. The 
items connected by dashed lines are necessary only 
for gradient elution. *These items are optional for 
both gradient and isocratic analysis. 
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been stopped temporarily. Although these devices are inexpen- 
sive and easy to use, it is difficult to achieve reproducible 
injections and automate their operation. Therefore, sample 
introduction is done mainly by using a rotary valve-and-loop 
injector. This consists of a stainless-steel and Teflon block that 
has been drilled to provide two alternate paths for solvent flow 
each selectable by a rotating valve. When the valve is in the 
“fill” position, the solvent flows through one path directly onto 
the column. In the other path there is a fixed-volume (10 to 
1000 L) loop of narrow-bore stainless-steel tubing, which is 
filled with the sample solution using a syringe or suction. When 
the valve is moved to the inject “position,” the mobile phase 
path is diverted through the loop and washes its contents onto 
the column. The results obtained are very reproducible and 
the injector can be automated by using a solenoid to change the 
valve position. 

The next component in the instrument, called a precolumn, 
is optional and may be used for either of two reasons. When 
stationary phases consist of a thin layer of a liquid coated on a 
solid support, the liquid slowly dissolves in the mobile phase, 
causing a degradation of resolution. In this case, the precolumn 
will contain solid support coated with a higher percent of liquid 
phase than the analytical column to saturate the mobile phase 
and retard dissolution. Because most stationary phases used 
currently in HPLC are bonded permanently and not subject to 
dissolution, the precolumn is used mainly to protect the main 
column by trapping particulate matter and retaining sub- 
stances, which would be irreversibly adsorbed on the analytical 
column. In this case it usually is called a guard column. The 
guard column is packed with a stationary phase identical to 
that in the main column, except that its particle size may be 
larger so that it will not restrict the flow. The larger material is 
relatively inexpensive and easy to pack so the contents of the 
guard column can be changed frequently. Because of its short 
length (2 to 10 cm), it usually does not affect the separation. 

The analytical column, in which the actual separation takes 
place, is a stainless steel tube, usually 5 to 25 cm in length, 
with an internal diameter of 2 to 4.6 mm. It is packed with the 
stationary phase in one of two ways. 


For materials of larger particle size (>30 ym) the dry packing is 
introduced in small amounts through a funnel while the outside of the 
column is vibrated or tapped to ensure settling of the material into a 
firm bed. 

For the more commonly used stationary phases with particle sizes 
less than 10 xm, the packing is slurried in a solvent or solvent mixture 
approximately equal in density to it and then forced into the column 
under pressures of up to 6000 psi. This method is superior to dry 
packing since it gives a tighter, more uniform bed. 


The materials used to pack the column are of two types: 
superficially porous, or pellicular, and totally porous. 


The pellicular substances consist of a layer of porous stationary 
phase coated on a solid core, usually a glass bead. Solute molecules can 
penetrate the surface layer but not the solid support. Because of the size 
of the core, the particles are relatively large (37 to 50 um) and they are 
less efficient than the smaller particles that are totally porous. Pellic- 
ular packing materials are used mainly as the support in conditioning, 
pre-, and guard columns. 

The totally porous materials are microparticulate and are available 
in sizes of 3, 5, 10, and 20 um with the particle-size distribution closely 
controlled so that they will give a uniform bed when packed. They have 
a very high surface area to interact with the solutes and their average 
pore diameter of about 8 nm permits most substances to diffuse into the 
pores. Materials with larger pore sizes (eg, 30 nm) are available for 
molecules like proteins that are trapped in the ordinary packings and 
elute poorly or not at all. 


Silica gel is the material most frequently employed for mi- 
croparticulate column packings. It may be used as such for 
adsorption chromatography, but more often liquid phases for 
partition chromatography are bonded chemically to its surface. 
These include alkyl groups with chain lengths of 1, 2, 8, or 18 
(ODS) carbons, cyanopropyl groups, phenyl groups, and ion 


exchangers. Packings also are available with chiral stationary 
phases for the separation of optical isomers. 

A satisfactory general purpose detector similar to the FID 
used in gas chromatography has not been developed yet for 
HPLC. However, a number of sensitive and specific detection 
systems based on the spectrometric, refractometric, or electro- 
chemical properties of the solutes are used. 

The most frequently used instrument is an ultraviolet- 
visible spectrometer that has been fitted with a flow cell of very 
small volume (8 wL). The simplest of these are fixed at one 
wavelength, usually 254 nm, because most aromatic organic 
compounds absorb strongly at, or near, this wavelength and the 
low-pressure mercury lamps used as light sources have a 
strong emission line at this point. Fixed wavelength models are 
also available at 280 nm, where the aromatic amino acids of 
proteins and peptides absorb, or at 214 nm, where isolated 
double bonds such as the carbonyl group absorb. The fixed 
wavelength detectors have the advantages of low cost and high 
sensitivity, being able to detect some compounds at the low- 
nanogram range. Sensitivity sometimes can be increased by 
using a variable wavelength detector, as it can be set to the 
exact point of maximum absorptivity for the solute. 

More elaborate models, called photodiode array detectors, 
also are available. These can scan the entire UV spectrum 
repeatedly during the elution of a peak to determine if more 
than one substance is coeluting. 

A much more sensitive, but less broadly applicable, detector 
is the fluorescence spectrometer. Sensitivities in the picogram 
range can be attained with those compounds that fluoresce 
naturally or can be made to do so by derivatization. The less 
expensive models of these instruments are filter fluorimeters 
whereas the more sensitive ones use a prism or grating to 
provide monochromatic excitation and emission radiation. 

The most generally applicable detector available for use in 
HPLC is the differential refractometer, which is capable of 
measuring refractive index changes of 10-* to 10° RI units. 
Although this detector reacts to almost all organic and inor- 
ganic compounds, it is not as sensitive as a spectrometer. In 
addition, changes in ambient temperature cause severe drift 
and it cannot be used with gradient elution because in both 
cases differences in the RI are attributable to the solvent and 
not the solution. 

Detectors based on electrochemical measurements such as 
amperometry, coulometry, polarography, or photoconductivity 
are used for readily oxidizable or reducible compounds such as 
the catecholamines. With the development of separator inter- 
faces that remove part or all of the mobile phase and the 
concurrent use of narrow-bore (=2 mm) columns, spectrometric 
techniques such as mass spectrometry (LC-MS),and Fourier 
transform infrared (LC-FTIR) can be used as HPLC detectors. 
These are suited especially for qualitative identification of 
eluted solutes. 


DERIVATIZATION 


Derivatization procedures are used with HPLC for a number of 
reasons: 


e To allow chromatography of compounds that otherwise could not be 
detected by the instruments currently available, such as aliphatic 
amines, alcohols, and carboxylic acids. 

e To improve resolution by adding a functional group that enhances 
the interaction of the solutes with the stationary phase, such as 
esterification of acids. 

e To improve the sensitivity of the method, such as formation of 
fluorescent derivatives of amino acids. 


Most of the derivatization reactions commonly used involve 
adding a substituted phenyl group to enhance detectability at 
254 nm. These include the formation of p-bromophenacy] esters 
of alcohols, p-nitrobenzyl esters of carboxylic acids and p-nitro- 
benzyl oximes of carbonyls. Fluorescent derivatives (fluores- 
camine adducts of primary amines) are useful especially be- 


cause they not only increase the sensitivity greatly, but they 
also allow selective detection of derivatizable compounds in the 
presence of coeluting substances that do not react with the 
reagent. 

Derivatization may be done before the sample is introduced 
onto the column or after it has been eluted. Precolumn reac- 
tions provide a functional group, which may enhance the sep- 
aration of the solutes as well as their detectability, for example, 
the formation of phthalaldehyde derivatives of amino acids.?° 
Postcolumn derivatization allows the separation of the solutes 
based on their own functionalities but introduces a reagent into 
the column effluent before it reaches the detector in order to 
increase the sensitivity. Special items of equipment are avail- 
able that have the capability of adding reagent, heating the 
reaction mixture, and providing a time delay to allow quanti- 
tative derivatization to occur before introducing the sample 
into the detector. 


QUALITATIVE AND QUANTITATIVE ANALYSIS 


The methods used for qualitative and quantitative analysis 
with HPLC are the same as those used with gas chromatogra- 
phy and the interested reader should consult that section for 
the relevant information. 


RECENT DEVELOPMENTS IN HPLC 


ION CHROMATOGRAPHY (IC) 


This is a special adaptation of ion-exchange chromatography 
that is valuable for the analysis of inorganic and organic ions in 
trace amounts. Because there are other techniques, such as 
atomic absorption spectrometry, by which low levels of cations 
can be determined accurately, ion chromatography is most 
useful for the quantitation of anions. The equipment usually 
consists of a resin- or silica-based low-capacity ion exchanger 
that permits the use of buffers of low ionic strength as eluants. 
This column is coupled to a conductivity detector. In those 
cases where the low signal generated by trace amounts of 
analytes is overwhelmed by the response due to the mobile- 
phase ions, a suppressor column may be used. This is a second 
ion-exchange column, which converts the ions of the mobile 
phase into molecular species of lower conductivity, thereby 
unmasking the analyte signal. The utility of ion chromatogra- 
phy has been demonstrated on samples as diverse as wastewa- 
ter and biological fluids. 


SUPERCRITICAL FLUID CHROMATOGRAPHY 


The supercritical fluid chromatography (SFC) technique is 
based on the use as a mobile phase of a supercritical fluid, one 
held at or above its critical temperature, the point at which a 
gas cannot be liquefied no matter how high the pressure. The 
resulting liquid has density, viscosity, and diffusivity charac- 
teristics midway between its gaseous and liquid states. The 
lower density and viscosity, when compared to that of a liquid, 
allow faster separations than with ordinary HPLC, while 
the higher diffusion than that of a gas reduces longitudinal 
band-spreading. 

The instrumentation employed is common to both HPLC 
and GC. Packed columns with reversed-phase bonded materi- 
als have been used as well as fused-silica open tubular capillary 
columns as long as 60 m. In addition to the usual HPLC 
detectors, the universal detectors used in GC such as the FID 
are also applicable. Solute retention may be influenced by 
gradient-programming of either the temperature or the pres- 
sure. The most commonly used mobile phase, carbon dioxide, 
has a critical temperature of 31° at 73 atmospheres and is an 
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excellent solvent for many organic compounds as well as being 
inexpensive, nontoxic, and nonflammable. The method has 
proved useful especially for large nonvolatile compounds such 
as polymers and biological molecules, which disperse more 
readily and are more stable in a supercritical fluid than in a 
liquid or a gas. 


HYDROPHOBIC INTERACTION CHROMATOGRAPHY 
(HIC) 


Separation and purification of active biological molecules such 
as proteins by normal reversed-phase techniques usually leads 
to denaturation and loss of activity due to the strong hydropho- 
bic interactions with the supports or on account of the organic 
modifier (eg, acetonitrile or methanol) in the mobile phase. In 
HIC, supports are generally hydrophilic polymers, such as 
polyethylene glycol, onto which short hydrophobic ligands (eg, 
methyl, propyl, or butyl) have been bonded. Mobile phases are 
entirely aqueous with retention being controlled by the concen- 
tration of added salts such as ammonium sulfate or surfac- 
tants. High salt concentrations favor retention by increasing 
hydrophobic interactions with the column. Thus, the usual 
method of elution is gradient analysis with decreasing salt 
concentration. The weakness of the interaction with the sta- 
tionary phase and the use of aqueous mobile phases enhance 
retention of biological activity. 


RESOLUTION OF CHIRAL SUBSTANCES 


Many medicinally useful agents occur naturally as members of 
a racemic pair of chiral isomers. Frequently, the medicinal 
activity resides in one of the isomers, while the other has no 
appreciable activity or is toxic. To reduce the chance of unto- 
ward effects in patients, it is desirable to separate the mixture 
into its constituent isomers. A number of methods using HPLC 
have been developed to achieve this separation, the most im- 
portant of which are 


Mobile Phase Additives—One of the classic ways of separating opti- 
cal isomers is by reacting them with a chiral reagent to form diaste- 
reomers. These compounds now have an additional chiral center, 
and their altered geometric structure permits separation by stan- 
dard methods. In HPLC, the chiral reagent is added to the mobile 
phase at a low concentration, and rather than forming a perma- 
nently bonded diastereomer, the chiral isomers repeatedly interact 
with reagent molecules during their travel through the column. 
These loosely bound complexes are adsorbed to the stationary phase 
with different affinities and thus are separated. Although this 
method is efficient, a disadvantage is that isolation of the pure 
isomers requires removal of the chiral reagent. 

Special Stationary Phases—Rather than add a chiral-separating 
reagent to the mobile phase, it can be bonded to the stationary 
phase. The chiral isomers associate loosely with the bound reagent 
to form dissociable diastereomers with different retention times. 
Typical optically active bonded chiral stationary phases (CSP) are 
derivatives of amino acids such as dinitrobenzoylphenylglycine or 
the phenylethylamine derivative of valine. Columns containing sta- 
tionary phases of this type are known as Pirkle columns, after their 
developer." 

Cyclodextrin—This compound consists of 6, 7, or 8 glucose molecules 
(a, B, and y cyclodextrin) bound in a 1,4-configuration to form rings 
of various diameters. Depending on the geometry of the chiral iso- 
mers, only one may enter the cavity in the ring while the other is 
excluded. In this manner, differential retention is achieved. The 
cyclodextrin may be used as an additive to the mobile phase, but it 
more often is bonded to an inert support material. 


MICROBORE CHROMATOGRAPHY 


The microbore chromatography procedure, also known as cap- 
illary HPLC, combines extremely high efficiencies with speed 
and economy of operation. The columns used in this technique 
are narrow-bore (1 mm or less) fused-silica or glass-lined stain- 
less steel. The tubes may be coated with liquid phase or packed 
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with microparticulate stationary phases of the same types used 
in ordinary HPLC. Special equipment is necessary for opera- 
tion in this mode, including pumps that can deliver accurate 
volumes at flow rates of 50 to 200 L/min, injectors that intro- 
duce samples of less than 1 wL, and detector flow cells with 
volumes of as low as 45 pL. 

The chief advantage of this method lies in the efficiency of 
the columns, with HETPs of less than 20 um having been 
reported. In addition, columns can be connected in series to 
achieve additive increases in efficiency, a procedure that is not 
possible with ordinary HPLC columns. Other advantages in- 
clude significant savings in solvents, as flow rates lower than 
50 uL/min are required, and finally the possibility of direct 
coupling to a mass spectrometer (LC-MS). The major disadvan- 
tage is a result of the low solute capacity of the columns, which 
makes preparative work impractical. 


THIN-LAYER CHROMATOGRAPHY 
[ELST ST I ES TT 
Thin-layer chromatography (TLC) is a method of analysis in 
which the stationary phase, a finely divided solid, is spread as 
a thin layer on a rigid supporting plate; and the mobile phase, 
a liquid, is allowed to migrate across the surface of the plate. It 
differs from the techniques previously discussed in that the 
separation does not take place in a closed column, but rather on 
a planar surface; and the mobile phase does not flow under the 
influence of gravity or high pressure, but is drawn across the 
plate by capillary action. Although separation efficiencies 
equivalent to those obtained with gas or high-pressure liquid 
chromatography cannot be obtained by this method, it has the 
advantages of speed, versatility, and simplicity. No dedicated, 
expensive equipment is needed to perform separations by TLC 
and the analyst can modify the experimental conditions easily 
and quickly. It is used for such diverse purposes as trial runs to 
test stationary and mobile phases for liquid chromatography, 
monitoring the progress of synthetic reactions, clinical diagno- 
sis, and monitoring for drug abuse. 

Like liquid chromatography, TLC was not accepted widely 
at the time when its utility and simplicity first were demon- 
strated. The earliest definitive work in this field, done in 1938 
by Izmailov and Schraiber’’ at the Ukrainian Institute for 
Experimental Pharmacy, involved the analysis of plant mate- 
rial for alkaloids using thin layers of alumina on microscope 
slides. Despite the success of this and subsequent work, wide- 
spread acceptance of the technique was not achieved until the 
late 1950s, when Stahl,'* who had been working in the area for 
a number of years, publicized the method and developed a kit of 
basic equipment, which was made commercially available. 
Since then, TLC has remained an important tool for both qual- 
itative and quantitative analyses. 

A wide variety of stationary phases are available in size 
ranges suitable for use in TLC. Because the mechanism of this 
method is essentially the same as that of liquid-column chro- 
matography, the only distinction being that the separation 
takes place on a flat surface, the same modes used in liquid 
chromatography—adsorption, partition, ion-exchange, and 
size-exclusion—are available for thin-layer separations. These 
processes are listed in Table 33-3, along with some of the more 
commonly used mobile and stationary phases. 

Silica gel, the most frequently used stationary phase, is 
employed as such for adsorption TLC and modified for re- 
versed-phase separations by coating with a thin layer of a 
nonpolar substance, such as silicone oil, or by binding a non- 
polar functional group to it, such as octadecylsilyl (ODS). The 
surface of silica is acidic due to the presence of many silanol 
hydroxyl groups; therefore, it is best suited to the analysis of 
acidic compounds. It also is preferable for polar compounds 
such as amino acids and sugars. Alumina (aluminum oxide) 
has a basic surface and is chosen over silica gel for the sepa- 
ration of basic and weakly polar compounds. 


Table 33-3. Stationary and Mobile Phases Used in TLC 


TECHNIQUE STATIONARY PHASES MOBILE PHASES 
Adsorption Silica gel Nonpolar or polar 
Alumina organic solvents 
Charcoal 
Polyamide Polar organics 
Partition Cellulose Mixed aqueous, 
Silica gel organic solvents 
Reversed phase ODS silica gel Mixed aqueous, polar 


Coated silica solvents 

Acetylated cellulose 

lon-exchange resins 
DEAE- and CM- 
cellulose 


Dextran gels 


partition 


lon exchange Buffered aqueous 
solutions 


Size exclusion Aqueous buffers 


Polyamide (nylon) is a long-chain polymer that, because it 
has many free amide and carboxyl groups on its surface, is an 
adsorbent with strong hydrogen-bonding abilities. It will 
readily bond phenols, carboxylic acids, quinones, and nitro 
compounds, all of which require polar solvents such as metha- 
nol and dimethylformamide to displace them. Less active and 
less frequently used sorbents are calcium phosphate, calcium 
carbonate, and diatomaceous earth. 

Cellulose, a polysaccharide, has numerous neutral hydroxyl 
groups on its surface and can adsorb water or polar solvents by 
hydrogen-bonding, making it useful for partition TLC. The 
surface coverage of water on cellulose or silica gel can be 
controlled by drying the plates in an oven and then storing 
them in a controlled-humidity chamber. 

Reversed-phase TLC is performed on plates coated with the 
same material as is packed in HPLC columns. This makes it a 
highly efficient technique and especially useful for trial runs on 
solvent systems for HPLC analysis. Although it is much less 
effective and convenient, reversed-phase TLC can be done 
using silica gel, diatomaceous earth, or cellulose coated 
with nonpolar liquids such as silicone oils or long-chain 
hydrocarbons. 

The stationary phases used in ion-exchange and size- 
exclusion TLC also are identical to those used in liquid chro- 
matography. They, however, must be in a finely divided state to 
prevent band-spreading. Because dextran must be swollen 
with solvent to be effective, TLC plates coated with size- 
exclusion gels are stored “wet.” Capillary action through these 
gels is slow, and development takes 10 to 20 times longer than 
comparable analyses performed using liquid chromatography. 

To ensure that the stationary phase adheres firmly to the 
backing plate and does not flake off during the development, 
binders such as calcium sulfate (gypsum), starch, or carbo- 
methylcellulose are added to the adsorbent. Because these 
substances are not totally inert, it is likely that they influence 
the chromatography, and the analyst must take this into ac- 
count when developing a separation. Commercially available 
plates of the same type (eg, silica gel) may contain different 
kinds and quantities of binders, and therefore a separation 
successfully achieved on plates from one supplier may not work 
on those of another. 

The solvents used as mobile phases in TLC are identical to 
those used in liquid chromatography, and can be chosen using 
the eluotropic series shown in Table 33-2. They must be of high 
purity, because additives such as ethanol in chloroform or 
antioxidants in ethers can affect the separation and must be 
removed or their effects determined. Changes in the viscosity of 
the solvent due to impurities will alter its rate of travel, as the 
more viscous the solvent, the more slowly it is drawn up the 
plate. If possible, it is preferable to use a single solvent to 
develop the chromatogram rather than a multicomponent mix- 
ture, because solvents are adsorbed preferentially by the sta- 
tionary phase, and as the mixture moves up the plate, the 
composition of the mobile phase is always changing. Com- 


pounds that travel a greater distance up the plate, therefore, 
will be exposed to a different mobile phase than those that are 
retained strongly. If a mixture must be used, the components 
should be measured carefully so that subsequent experiments 
will be reproducible; the solvents also should be volatile so they 
can be evaporated from the plate after the development is 
completed. 

The selection of the optimum solvent or mixture for use as 
the mobile phase depends also on the nature of the solutes and 
stationary phase and largely is empirical. A useful procedure 
for initial trials is to run two separate plates, one using a very 
polar solvent (eg, ethanol), and the other employing a nonpolar 
liquid (eg, hexane). After observing which type of mobile phase 
moves the solutes from the origin and determining their k’ or R 
values, the solvent may be modified to increase selectivity an 
resolution in a number of ways. The polarity may be altered by 
adding other solvents chosen by consulting tables of strength or 
dielectric constant. Substances with functional groups similar 
to those of the solutes, such as ethers, alcohols, or carboxyls, 
may be added to increase the R; value by promoting solubility 
in the mobile phase. Acids or bases (acetic acid or ammonia) 
may be added to affect the charges on the solutes to prevent 
tailing. 


PREPARATION OF PLATES 


One of the greatest advantages of TLC is that the experimental 
setup is simple and the chromatographer, therefore, can pre- 
pare plates quickly and easily in the laboratory. Although the 
coatings may not be as reproducible as those on plates from 
commercial suppliers, the procedure is less expensive and the 
opportunity is present to make stationary phases expressly 
modified for a particular separation. 

The simplest method for producing an acceptable TLC plate 
is to dip a microscope slide into a slurry of stationary phase 
suspended in a volatile solvent such as chloroform. The solvent 
then is removed by air drying or in an oven, and the plates can 
be used directly. Although it takes some practice to achieve a 
uniform, reproducible coating and the plates are small, devel- 
opment time is very short. This method is used extensively for 
monitoring the progress of a synthetic reaction or evaluating 
solvents as mobile phases for a particular separation. 

Larger plates with dimensions of 5 X 20 cm or 20 X 20 cm 
are necessary to attain the greater efficiency required for more 
difficult separations. These are usually made of glass, but plas- 
tic, stainless steel, or aluminum backings also are used. The 
material must be cleaned scrupulously to prevent interaction of 
the solutes with contaminants on the backing. 

To reduce band-broadening, the stationary phase should 
consist of small particles of uniform size so as to provide a large 
area for interaction and a small void volume. The particles are 
mixed with water or an organic solvent to form a slurry, a 
suitable binding agent is added, and fluorescent indicators 
such as zinc silicate may be included to aid in detection of the 
solutes after the development. The slurry can be coated onto 
the plates in either of two ways: 

1. A spreading trough similar to the one first developed by Stahl is 
filled with the mixture and drawn across the plates, depositing a 
uniform layer of gel, the thickness of which is determined by an 
adjusting device. 

2. Two or three layers of tape are placed on the edges of the plate, 
slurry is poured into the outlined area, and it is leveled off with a 
stirring rod. 


Either of these methods produces satisfactory plates, but the 
first is preferred as it is both faster and more convenient. 
Instead of coating a plate with one sorbent, two different sub- 
stances may be applied simultaneously so that the layer is 
made of a gradient mixture of both. For example, silica gel and 
alumina can be used to prepare a pH gradient across the width 
of the plates. This may yield separations that otherwise would 
be impossible. 
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The thickness of the layer of stationary phase is important 
to the success of the chromatography, as excessively thick 
layers allow the solutes to diffuse laterally and, as in liquid 
column chromatography, band-broadening results. Layers 
from 0.1 to 2.0 mm in depth are used most often, with thinner 
ones (250 um) being most suitable for precise separations and 
thicker coatings for preparative work, due to their greater 
solute capacity. 

Commercially available plates may differ in a number of 
ways from those extemporaneously prepared. They may be 
coated with lanes of stationary phase separated by uncoated 
dividers to prevent spreading and overlap of adjacent bands. 
They also may contain a preadsorbent area at the bottom of the 
plate, consisting of a 2 to 3 cm layer of an inert material such 
as diatomaceous earth running the width of the plate, which 
does not interact with the solutes. When the mobile phase 
moves across this area, it will concentrate the solutes in 
a narrow band, which it then transfers to the adsorbent. 
This makes sample applications easier and lessens band- 
broadening. 


SAMPLE APPLICATION AND DEVELOPMENT 


After the plates have been dried and conditioned, if necessary, 
in a controlled humidity chamber, the samples, which may 
range from a few yg to mg dissolved in 10 to 1000 wL of a 
volatile solvent, are spotted usually with a capillary tube or a 
microliter syringe. Samples may be applied as spots or as thin 
streaks, but it is essential that all of the solvent be evaporated 
between repeated applications and the area of sample applica- 
tion be kept as small as possible, because the bands will 
broaden as they travel up the plate. Such care is not necessary 
when using plates with a preadsorbent area, because the sol- 
vent will compress the applied solute into a narrow streak 
before depositing it on the plate. 

For ascending development of the thin-layer chromatogram, 
the plate is placed in a rectangular jar that contains developing 
solvent to a depth of about 0.5 cm. The atmosphere of the jar 
should be saturated completely with the mobile phase before 
development, a process usually performed by lining the jar with 
a piece of filter paper that has been wet with mobile phase. 
Instead of this arrangement, a sandwich chamber may be used, 
in which a second glass plate is clamped tightly against the 
TLC plate, the edges sealed with gaskets, and the assembly 
placed in a tray containing mobile phase and allowed to de- 
velop. Because the free space inside the chamber is very small, 
the problem of saturation is minimized. The solvent is allowed 
to move up the plate until it has traveled a distance of about 15 
cm from the point of application of the sample, on a 20-cm 
plate. The plate then is removed from the tank, the mobile 
phase front is marked by scratching the surface, and the sol- 
vent is evaporated in an oven or, if the sample is heat labile, in 
the air. To increase resolution, the techniques of multiple de- 
velopment and two-dimensional development have been used. 

In the multiple development, after it has been dried the 
plate is returned to the chamber and redeveloped in the same 
direction, using the same mobile phase. The process may be 
repeated as many times as is necessary to ensure effective 
separation. This technique is useful for increasing the R, values 
of compounds that move only a short distance from the origin, 
because they are exposed to solvent travel for a longer time 
period than faster eluting substances. 

In two-dimensional TLC, the sample is applied as a small 
spot in the lower left corner of the plate, about 2.5 cm from each 
edge. After the plate has been developed in the usual manner, 
it is dried, rotated 90° counterclockwise, and placed in another 
chamber with a different developing solvent. The separated 
spots produced by the first elution are now located at the origin 
of the second. This method is useful especially for complicated 
mixtures containing many components or groups of substances 
with different functionalities, because selectivity effects of the 
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mobile phases can be exploited more efficiently using two sol- 
vents. 

Two-dimensional TLC is also helpful in determining if 
degradation of any of the solutes takes place during the chro- 
matographic process. If the plate is developed in the usual 
two-dimensional manner, except that the same mobile phase is 
used in both directions, all of the spots from the original sample 
should lie on a diagonal line running from the point of initial 
application to the opposite corner. Those spots not on the diag- 
onal were not components of the original sample, and should be 
assumed to be degradation products. 


DETECTION METHODS 


Once the chromatogram has been developed, the solute spots 
must be made visible in order to determine their R; values. If 
the substances are highly colored (eg, dye pigments), there is no 
difficulty in visual detection. Most organic compounds, how- 
ever, especially those of biological origin, do not absorb visible 
light and special methods must be used for their detection. 
These methods should be very sensitive because it is often 
necessary to detect submicrogram quantities of material as, for 
example, in the analysis of drugs and their metabolites in 
biological fluids. 

The most routinely used method of detection is examination 
of the plate under an ultraviolet (UV) light to detect fluores- 
cence, using light sources that have their maximum emission 
lines at 254 or 365 nm. The longer wavelength is especially 
useful for inducing fluorescence in susceptible compounds, 
while the shorter wavelength is used to detect substances that 
absorb in that region of the UV spectrum. 

Fluorescence quenching is a particularly useful technique 
for detection of compounds that absorb at 254 nm. In this 
process a substance that will fluoresce at the given wavelength 
(zinc silicate) but that will not affect the separation is added to 
the stationary phase before the plates are prepared. After 
development, when the plate is irradiated at 254 nm, the entire 
surface will fluoresce except in those places where a compound 
that absorbs at this wavelength is located. The background 
fluorescence is thus quenched, and the absorbing compounds 
are visible as dark spots on a bright surface. 

Many specific and nonspecific methods have been developed 
for detecting compounds on TLC plates using chemical reac- 
tions. The two most frequently employed nonspecific methods 
involve the use of iodine vapor and charring of organic com- 
pounds. 

Iodine vapor is employed for the detection of organic com- 
pounds by placing the plate in a chamber containing some 
iodine crystals, which sublime to produce an atmosphere sat- 
urated by their vapor. Iodine associates with practically all 
organic compounds, especially with unsaturated or aromatic 
compounds forming charge-transfer complexes. In any case the 
solutes will become visible as brown spots. The spots must be 
marked as soon as the plate is removed from the chamber, 
because the association between the iodine and the compound 
is usually weak, and the color will disappear quickly. Caution 
should be observed as iodine vapor is very toxic; however, the 
method is fast, broad in its application and nondestructive as 
the iodine will evaporate off the plate or can be removed by 
warming. 

Charring is a very widely employed technique for the detec- 
tion of carbon-containing compounds, because it is effective for 
almost all organic compounds. The process involves spraying 
the plate with sulfuric acid, usually as a 50% (v/v) mixture with 
methanol, and then heating it in an oven at 110° for 10 to 30 
min. The organic compounds are destroyed by the acid and a 
dark deposit of carbon (charcoal) remains at the spot. Though 
this method is effective for most organic solutes, it is destruc- 
tive and, hence, cannot be used if the compounds are to be 
removed from the plates. It also is not applicable in those cases 
where a carbon-based stationary phase, such as cellulose or 
dextran, is used, because the entire surface is degraded. 


The more specific methods of detection involve spraying the 
plates with reagents designed to react with specific functional 
groups to produce visible derivatives. These reactions may 
produce products of three types: 

e Those that are detected directly in visible light (2,4-dinitrophenyl- 
hydrazones of carbonyls). 

e Those that absorb UV and quench fluorescence (benzoate esters of 
alcohols). 

e Those that fluoresce directly (phthalaldehyde derivatives of amino 
acids). 


Some of the more common derivatizing reagents, and the 
classes of compounds with which they react, are shown in 
Table 33-4. 

The incorporation of radioactive elements, such as ™C or 
3H, into the solutes provides another convenient method of 
detection, because special instruments are available that will 
scan a TLC strip and produce a chart recording similar to that 
obtained in gas chromatography. Alternatively, adjacent sec- 
tions may be scraped from the plates and counted in a scintil- 
lation counter. Also, the plate may be clamped to a piece of 
X-ray film, which then becomes exposed in the areas containing 
radioactivity, producing an autoradiograph. These radioactive 
detection methods are used extensively in metabolic studies of 
new-drug entities, where radiolabeled drug is administered to 
animals and their urine is collected, extracted, and chromato- 
graphed to isolate and identify metabolites. 


QUALITATIVE ANALYSIS 


In thin-layer chromatography, qualitative correlations of un- 
known compounds with standards are accomplished primarily 
by comparing the R; value, which is the distance from the 
origin to the point of maximum intensity in the spot divided by 
the total distance of solvent travel. Because TLC is a technique 
of complete chromatography, the solutes never travel the full 
length of the stationary phase, and therefore all R, values are 
less then one. Moreover, because fewer theoretical plates are 
involved than in a continuous chromatogram, the R; values are 
not as reliable as retention times obtained by gas or liquid 
chromatography. 

Greater confidence can be obtained in a qualitative identi- 
fication by combining the knowledge of the R, value with a 
specific detection reaction. If an unknown has an Rk; value and 
color identical to that of a standard, their equivalence can be 
assumed with a high level of confidence if the total number of 
unknown possibilities is limited to a relative few. This method 
is used with great success in monitoring drugs of abuse in the 
urine of addicts undergoing treatment. More than 20 narcotic 
and stimulant drugs can be detected in a single sample using a 
combination of R, value and the various colors produced by 
overspraying with different reagents.'* 


QUANTITATIVE ANALYSIS 


Quantitation may be performed either while the solute is still 
on the plate or after it has been removed. The solute can be 


Table 33-4. Commonly Used Derivatizing Agents 


COMPOUND CLASS REAGENT COLOR PRODUCED 
General lodine vapor Brown 
General Sulfuric acid (50%) Black 
Acids Bromcresol green Yellow 
Aldehydes and 

ketones 2,4-Dinitrophenylhydrazine Yellow-red 
Amines and 

amino acids Ninhydrin Fluorescent 
Alkaloids Mercuric nitrate Yellow to brown 
Barbiturates Diphenylcarbazone Purple 
Carbohydrates Aniline phthalate Gray-black 
Lipids Bromthymol blue Light-green 
Steroids Antimony trichloride Various 


isolated from the plate in a number of ways. Using descending 
development, the mobile phase can be allowed to run continu- 
ously until the compound of interest is eluted from the end of 
the plate. This is done rarely and is hard to control due to the 
rigidity of the plate. Alternatively, the area of adsorbent con- 
taining the substance can be removed from the plate by scrap- 
ing or by aspirating it into a Pasteur pipet. The compound then 
is eluted from the adsorbent using a suitable solvent, and the 
solid stationary phase is removed by centrifugation or filtra- 
tion. The solute then may be identified or quantitated by the 
usual spectrometric or chromatographic methods. 

In those cases in which the solute band cannot be seen 
except by chemical reaction, underivatized solute may be ob- 
tained by running portions of the same sample in adjacent 
lanes or a sample in one lane and a standard in the next. After 
development the sample lane is masked with a piece of glass 
and the remainder of the plate is sprayed with developing 
reagent to determine the location of the desired spot. The other 
lane is uncovered and the adsorbent removed in the area ad- 
jacent to the visualized solute. 

Because the bonding between the solutes and adsorbents is 
frequently quite strong, complete removal from the stationary 
phase often is not achieved. Therefore, quantitative analysis of 
the substance while it is still on the plate is more reliable. 
Manual methods, such as comparing the spot sizes and inten- 
sities between unknown and standard, using a template, or 
tracing the spot outline on paper and weighing it, have been 
used, but they are tedious and give high levels of variability. 

An automated method called spectrodensitometry is much 
more convenient and is capable of yielding quantitation in the 
submicrogram range. In this method the plate is placed on a 
movable stage that is driven by a motor so that the lane of 
interest passes under a beam of light. The wavelength of the 
light is one that is absorbed by the compounds on the plate and 
it is selected using a monochromator. The change in the inten- 
sity of the beam, which results from its interaction with the 
samples, is measured as transmittance by a detector placed 
below the plate or as reflectance by a detector on the same side 
of the plate as the incident beam. The results are recorded and 
presented on a chart as a series of Gaussian peaks that can be 
integrated and quantitated. The accuracy and precision of this 
technique may be optimized by adding a suitable internal stan- 
dard in the chromatogram. 

Spectrodensitometric measurements may be made on sub- 
stances that are colored or absorb UV, those that have been 
charred, those that quench fluorescence, and even on photo- 
graphs or X-ray films. A more detailed discussion of the quan- 
titative aspects of densitometry can be found in the paper by 
Touchstone.'? 


PAPER CHROMATOGRAPHY 

Ip CR SO Se 
Although successful paper-chromatographic separations of 
dyes, salts, and other substances had been reported as far back 
as the middle of the 19th century, the method was not used 
widely until 1944 when Consden and co-workers’® rediscovered 
and developed it just as they had done for liquid-partition and 
gas chromatography. They not only optimized the experimental 
procedure but also developed the theory of the separation pro- 
cess and formulated equations to describe the factors influenc- 
ing the technique. Their work led to an appreciation of the 
method and its subsequent widespread application. 

In this type of chromatography the stationary phase ordi- 
narily consists of a sheet of filter paper with controlled texture 
and thickness. Because the paper is made from cellulose, a 
highly hydroxylated polysaccharide, it has a great affinity for 
water and other polar solvents. The tightly bound water is the 
actual stationary phase and, as a mobile phase passes over the 
surface of the paper, the solutes distribute themselves between 
the bound layer of water and the mobile-phase solvent. There- 
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fore, the mechanism that predominates is liquid—liquid or par- 
tition chromatography, although adsorption to the cellulose 
surface also may occur. Papers especially impregnated to per- 
mit ion-exchange and reversed-phase chromatography also are 
available. 


STATIONARY PHASE 


The paper used in this method is prepared especially from 
cotton fibers and highly purified so as to be about 99% alpha- 
cellulose, which consists of polymers of glucose with molecular 
weights above 50,000. The chains of cellulose are bound 
together by hydrogen bonds in two different types of cross- 
linking. In some areas the fibers are held tightly enough to be 
highly structured and almost crystalline, giving the paper its 
strength. A looser association of the polymer chains in the rest 
of the surface yields an almost amorphous structure with a 
porous surface that can absorb water molecules and swell. 
About 6% of the weight of the cellulose consists of water mol- 
ecules permanently bound to the sugar hydroxyl groups, while 
another 10 to 20%, depending on humidity, are held more 
loosely. Because of the potential variability of the water content 
of the paper, moisture must be controlled carefully in its man- 
ufacture, storage, and use to achieve reproducible results. 
Some of the more important chromatographic papers and their 
characteristics are shown in Table 33-5. 

Another variable introduced in the manufacture of the pa- 
per concerns the orientation of the fibers in the direction of 
motion of the machines that form it. Because the mobile phase 
travels across the paper by capillary action, the physical orien- 
tation of the channels is important in determining the rate of 
movement and, as a result, the flow is greater in the direction 
of the fiber orientation (grain) and slower perpendicular to it. 
In addition, there is a distance effect resulting in a slower flow 
as the distance from the origin increases. 

Some of the hydroxyl groups of the glucose molecules can be 
oxidized to aldehydes, ketones, or carboxylic acids, due to the 
processes used during manufacture. This results in the possi- 
bility of adsorption or ion exchange occurring in addition to 
partition. However, the extent of such occurrences is small and 
in most cases they do not contribute significantly to the chro- 
matographic separation. Modified cellulose papers with a 
higher carboxyl content or attached ion-exchange functional 
groups (diethylaminoethyl, DEAE; or carboxymethylcellulose, 
CM) are available for the separation of cations, amines, and 
amino acids. For hydrophobic substances, cellulose-ester pa- 
pers or those impregnated with mineral oil or silicone oil are 
used with polar organic solvents. Glass-fiber paper (Whatman 
GF/A) has been used, the main advantage being that it is not 
affected by reagents that are too corrosive for cellulose. 


Table 33-5. Types and Properties of Common 
Chromatographic Papers 


THICKNESS WATER DEVELOPMENT 


PAPER (mm) ASCENT? TIME? CHARACTERISTICS 
Whatman 

No. 1 0.16 140-220 15-16 Standard paper 

No. 3MM 0.31 140-180 11 Preparative 

No. 4 0.19 70-100 9 Fast 

No. 31ET 0.50 60-120 4 Very fast 

No. 54 0.17 60-120 6 Washed, fast 
Schleicher & 

Schuell 

2040a 0.18 90-140 7 Fast 

2043b (MGI) 0.23 220-260 15 Standard paper 

2045b (GI) 0.16 300-400 45 Slow 


2071 0.67 274-290 23 


# Time in minutes for water to ascend 30 cm up the paper. 
© In hours, for the system: t-butanol:acetic acid:water (4:1:5). 


Preparative 
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MOBILE PHASE 


The solvents used for paper-chromatographic analysis are sim- 
ilar to those employed in other forms of partition chromatog- 
raphy. However, because the surface of the paper binds solutes 
strongly, mobile phases tend to be more polar than those used 
in thin-layer chromatography. Mixtures of alcohols, such as 
butyl or isopropyl, and water commonly are employed with 
ammonia or acetic acid added to control the charge on the 
solutes and reduce tailing. 

Many organic substances are insoluble in water but soluble 
in polar organic solvents. For these compounds, paper impreg- 
nated with 20 to 40% of formamide in ethanol is used. In most 
cases, chloroform (for hydrophilic substances), benzene (for 
substances of medium polarity), cyclohexane (for hydrophobic 
substances), or a mixture of these solvents is used as the mobile 
phase. The advantages of these solvents are good separating 
ability and relatively short developing times, ranging from 1 to 
4 hr. 


SAMPLE PREPARATION AND APPLICATION 


Drugs frequently are applied to the paper in solution in volatile 
solvents, such as ethanol, acetone, or chloroform, in quantities 
of 0.1 to 1000 wg, depending on the sensitivity of the detection 
method and the purpose of the analysis. In the determination of 
pharmaceutical or biological materials in which test substances 
occur at low concentrations, an extraction step generally must 
be employed, because substances like proteins, lipids, and in- 
organic ions may have undesirable effects when present in 
large amounts and, therefore, must be removed before the 
sample is applied to the paper. To enhance separation and 
identification, it often is advantageous to chromatograph de- 
rivatives when the original compounds are volatile. 

Samples are applied at an origin that is located approxi- 
mately 7 to 9 cm from the upper edge of the paper for descend- 
ing development, 3 to 5 cm from the lower edge in ascending 
development, and on a circle with a radius of 1 to 3 cm for radial 
development. The optimum size of the spot varies from 3 to 8 
mm in diameter, and adjacent spots should be 2 to 3 cm apart. 
Samples are applied with capillary pipets or microliter sy- 
ringes, using multiple applications for large sample volumes, 
and drying each spot between applications. 


DEVELOPMENT OF THE CHROMATOGRAM 


The development of a paper chromatogram takes place in a 
glass or glass-lined stainless steel chamber of a size commen- 
surate with the dimensions of the paper. This may range from 
a test tube for a small strip to a large cabinet or jar able to 
contain papers almost 2 feet long. The chamber must be kept 
sealed and saturated with the mobile-phase solvents. If the 
mobile phase is a mixture (eg, butanol—water) the two reagents 
are saturated mutually by shaking in a separatory funnel; the 
layers are separated, and the butanol layer transferred to the 
mobile phase reservoir in the chamber. The aqueous layer then 
is poured into a second container and placed in the chamber; 
the chamber is sealed and the vapors of the two solvents are 
allowed to come to equilibrium. The paper is spotted and placed 
in the chamber, but not yet allowed to contact the mobile phase, 
and the cellulose is permitted to equilibrate with the vapors. 

The chromatogram is developed by allowing the mobile 
phase to travel over the surface of the paper in one of a number 
of ways: ascending, descending, radial, linear horizontal, or 
spiral. 


In the ascending mode the paper may be suspended by clips from the 
top of the tank or rolled into a cylinder and stapled in place. The end of 
the paper nearest to the sample spot is dipped into the mobile phase at 
the bottom of the tank, and the mobile phase is drawn up the paper by 
capillary action. 

In the descending mode, the mobile phase is contained in a trough or 


Petri dish, which is supported in place at the top of the chamber by 
small shelves attached to the glass wall, or by a steel framework. The 
sample-bearing end of the paper is placed in the solvent trough, and 
held in place with a glass rod. The solvent runs over the edge of the 
trough, and is drawn down the paper by capillary action. In descending 
chromatography the paper must be looped over a glass rod (antisiphon 
rod) placed several centimeters above the trough; otherwise, the solvent 
flow will be erratic due to siphoning. 

A simple apparatus for radial development may be constructed from 
two pie plates slightly smaller in diameter than the paper circle con- 
taining the sample. One of the plates is inverted over the other, with the 
paper secured between them. The mobile phase is placed in the bottom 
plate and carried up to the paper by a wick. The solvent then disperses 
radially from the point of contact, and the paper is removed from the 
chamber when the solvent front nears the edge of the plate. 

The linear horizontal and spiral methods are used far less fre- 
quently than the previous techniques. In the linear horizontal mode a 
flat tray is used as the developing chamber, with the filter paper strips 
or sheets resting in a glass rack. Horizontal development trays occupy 
less space than the chambers already described, permitting bench area 
to be used more efficiently. 

In the spiral mode the paper is rolled up in a Teflon sheet and one 
end is held in a solvent trough by a glass rod. This permits a long 
(19-inch) strip of paper to be developed in a small chamber. 


Once the solvent has reached a point near the end of the 
paper, the process is stopped by removing the sheet from the 
chamber and allowing the solvent to evaporate. The spots then 
are made visible by methods similar to those employed in TLC, 
with the exception of charring, which is not useful because of 
the cellulose paper. 

Qualitative analysis also is accomplished in the same man- 
ner as in TLC. The R; values are determined and compared 
with standards, as are the results of specific derivatization 
reactions. Areas of the paper containing the compound of in- 
terest may be cut out and treated with a solvent to elute the 
substances. In descending chromatography, spots may be 
eluted off the paper and collected in small containers at the 
bottom of the chamber. 

Quantitative analysis may be accomplished by comparing 
spot size and intensity with standards developed under iden- 
tical conditions, by densitometry, or by subjecting the material 
to standard spectrometric methods after eluting it off the 


paper. 


ELECTROPHORESIS 


Electrophoresis is defined as the migration of charged mole- 
cules under the influence of an external electric field. Since its 
introduction in 1937 by Tiselius for the purification of proteins, 
it has been used widely, especially for the separation of complex 
mixtures of biological substances such as proteins, nucleic ac- 
ids, and polysaccharides. The name electrochromatography has 
been used for this process because, in some cases, as in chro- 
matography, a narrow zone of solute is applied to a support, 
and migration in the electric field is influenced by the adsorp- 
tive or steric exclusion properties of the support. Electrophore- 
sis is discussed at this point because some of the techniques are 
similar to chromatographic techniques with which they are 
combined readily. 

The migration of particles in an electrophoretic system de- 
pends on properties of the particles as well as the instrumental 
system. Based on Stokes’ Law, the mobility of a particle, 1, may 
be calculated from 


Q 
aries, (15) 
where @ is the charge on the particle in esu, » is in cm7/volt-sec, 
r is the particle radius in cm, and n is the viscosity of the 
medium in poises. 
For ions and peptides with a molecular weight of at least 
5000 that do not obey Stokes’ Law, Equation 16 is valid: 


Q 


Arn 


= (16) 


where A has a value that ranges from 4 to 6 and is related to the 
particle shape. 

Solution conditions are important variables. The solution 
pH determines the nature of species. For example, an acidic pH 
would favor protonation of basic centers of a protein, resulting 
in a positively charged molecule, whereas an alkaline pH leads 
to loss of protons from the protein, producing a negatively 
charged molecule. It is not desirable to choose a pH such that 
the protein is at its isoelectric point and exists as the un- 
charged zwitterion, a species not mobile in the imposed elec- 
trical field. 

Electrophoretic mobility decreases with the supporting elec- 
trolyte ionic strength. Generally, the ionic strengths employed 
in electrophoresis range from 0.01 to 0.10. The temperature of 
the solution is important because the solution viscosity varies 
with temperature and the mobility increases with temperature. 
Because heat is generated during the electrophoretic process, 
this must be provided for in apparatus design and in experi- 
mental conditions. 

The phenomenon of electroendosmosis arises because the 
solution itself migrates in an electrical field. This migration, 
which results from surface charges on the apparatus walls, 
usually is increased when a gel is added to stabilize the elec- 
trolyte and prevent the mixing of separated zones because of 
thermal gradients or diffusion. The stabilizing media develop a 
negative charge that causes the electrolyte and all zones, even 
the neutral compounds, to be carried to the cathode. Electro- 
endosmosis effects are large with agar gels but small with 
polyacrylamide gels. 

When no stabilizing medium is present or when a very 
porous system is used, the separations of species is related to 
the charge-to-size ratios as is seen in Equation 15. If stabilizing 
media are present, interaction of the species undergoing sepa- 
ration with molecules of the media introduce another consid- 
eration into the process. 

Electrophoresis commonly is performed using one of two 
techniques. 


In moving-boundary or free-boundary electrophoresis, the apparatus 
consists of a U-shaped tube with provision for introducing the cathode 
and anode electrodes into each of the arms. The sample solution is 
introduced and each arm is filled carefully with a buffer solution. If the 
sample consists of compounds with different mobilities, their migration 
may be observed as several moving boundaries. This method yields 
information on isoelectric points and mobilities of the compounds but 
usually is not useful for the isolation of the components because com- 
plete separation rarely is achieved. Several problems are associated 
with the technique, including stabilization of ion boundaries, boundary 
anomalies, and the need for specialized equipment. 

Zone electrophoresis makes use of a stabilizing medium to minimize 
the problems associated with free-boundary electrophoresis. Many 
types of stabilizing media are available including paper, starch gels or 
blocks, cellulose, and agar or polyacrylamide gels. 


One of the simplest procedures in electrophoresis involves 
spotting a mixture of solutes in the middle of a paper strip, 
moistening the paper with some electrolyte, and placing it 
between two sheets of glass. The ends of the paper strip ex- 
tending beyond the glass plates are immersed in beakers of the 
electrolyte. A potential of approximately 5 V/cm of paper length 
is placed on this system, from a direct-current source. Electro- 
phoresis is allowed to continue for a period of several hours. 
Usually, sufficient movement occurs in that time to obtain good 

_ separations, but longer periods sometimes are required. 

Many other supporting media have been used for electro- 
phoretic separations. Cellulose acetate strips, which are used 
widely in clinical laboratories, produce excellent separations of 
7 to 9 protein fractions in a few hours. This material is exceed- 
ingly fine and homogeneous, and little tai/ing is encountered 
due to negligible adsorption. It especially is useful for separat- 
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ing a,-globulins from albumin and provides a good background 
for staining glycoproteins (see Chapter 32). 

Electrophoresis in compact gels, which depends at least in 
part on size-exclusion effects to achieve separation, is used 
frequently for the separation of proteins and nucleic acids. 
Although starch gels have been used in this respect, agar and 
especially polyacrylamide gels are employed most often. The 
degree of cross-linking of the individual acrylamide polymer 
strands may be varied during the preparation to produce gels of 
different pore sizes. This allows the separation conditions to be 
varied according to the size of the solutes in the analysis 
mixture. The overall migration in these gels is a combination of 
movement under the influence of the electric field and size 
separation by the pores of the gel. 

The most frequently used technique of polyacrylamide gel 
electrophoresis (PAGE) is the discontinuous buffer system de- 
veloped by Laemmli.'” In this procedure the sample is placed 
on a stacking gel with a low level of cross-linking and, there- 
fore, a large pore size. During movement through this gel, the 
sample is concentrated into a narrow band and then deposited 
onto a separating gel that has a higher cross-linking and 
smaller pore size. The separation of the solutes occurs in this 
phase. 

In a special modification of this technique used for the 
separation of proteins, a detergent, such as sodium dodecylsul- 
fate (SDS), is introduced into the buffer. This interacts with the 
proteins to produce particles of consistent shape and uniform 
negative charge so that separation occurs according to size 
alone. This enables the simple determination of molecu- 
lar weight because the migration distance is proportional 
to the logarithm of molecular weight, as in size-exclusion 
chromatography. 

Various methods have been used for the detection of the 
sample bands on the electrophoretograms. They include reac- 
tion with specific reagents such as Coomassie Blue for proteins 
or ethidium bromide for nucleic acids to form derivatives that 
are detectable spectrally, general reactions such as staining 
with silver, or autoradiography using included radioactive 
labels. 

In a common method of detection known as blotting, the 
macromolecules either are transferred passively or electro- 
eluted onto a suitable medium, such as nitrocellulose or a nylon 
membrane, following the electrophoretic separation. The mem- 
brane then is processed to detect the individual solutes. For 
nucleic acid separations, the membrane is developed using 
nucleotide probes of complementary sequence. These are 
known as Northern (for DNA) or Southern (for RNA) blots. 
Transferred proteins are detected with antibody probes in the 
technique of Western blotting. 

Enzymatic and immunological methods also have been used 
to detect proteins following electrophoresis in gels. Immuno- 
chemical methods add an additional dimension to protein iden- 
tification. Following electrophoresis in an agar gel backed with 
a microscope slide, an antibody is placed into a trough cut 
parallel to the direction of electrophoresis. The antibody and 
electrophoretically separated antigens diffuse toward each 
other resulting in precipitin arcs where antigen—antibody com- 
plexes form. This technique has been referred to as immuno- 
electrophoresis. 

Polyacrylamide gels also have been used successfully for the 
fractionation of DNA and RNA. The technique yields separa- 
tions that are superior to those obtained by zone centrifugation 
through sucrose density gradients; thus, the time of analysis is 
reduced greatly. Larger columns of starch, cellulose, or silica 
gel are suitable for preparative work, yielding highly purified 
fractions in sufficient quantity for chemical analysis. 

A modification of one electrophoretic technique, called iso- 
electric focusing, rapidly is becoming an important tool for the 
separation of ampholytes, especially proteins. All proteins have 
an isoelectric point, pl, which is the pH value when the mole- 
cule has no net charge. When electrophoresis is run in a solu- 
tion buffered at a constant pH, proteins having a net charge 
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will migrate toward the opposite electrode so long as the cur- 
rent flows. The use of a pH gradient across the supporting 
medium causes each protein to migrate to an area of specific 
pH. Proteins are focused at the point in the gradient where 
they carry no net charge—the pl of the protein equals the pH of 
the gradient—thus resulting in sharp, well-defined protein 
bands. 

Whereas separation by isoelectric focusing depends on the 
existence of a pH gradient in the system, the technique of 
isotachophoresis depends on the development of a potential 
gradient. A leading electrolyte (eg, chloride) with a higher 
mobility than the analytes, and a trailing electrolyte (eg, gly- 
cinate) with a lower mobility are used. The analytes are posi- 
tioned between the electrolytes and, when the voltage is ap- 
plied, they migrate in order of decreasing mobility. This 
establishes the potential gradient; from that point on, all 
the analytes move at the same speed. Isotachophoresis has 
been used for the separation of proteins as well as inorganic 
substances, 

A technique that shares the attributes of both chromatog- 
raphy and electrophoresis is called capillary electrophoresis 
(CE). In this method, separation based on electrophoretic 
mobility takes place inside a capillary similar to those used 
in gas chromatography. The effective length of the capillary 
from the point of injection to the detector is commonly 25 to 
50 cm, and the supporting electrolyte or “mobile phase” is 
usually a buffer, although a gel such as polyacrylamide may 
be used. 

The apparatus used in this technique is very simple. The 
ends of the capillary are placed in buffer reservoirs, and these 
are established as anode and cathode by means of a DC power 
supply capable of delivering up to 30,000 V. At some point near 
the cathodic end of the capillary, a detector, usually an UV- 
visible spectrophotometer of the type used in HPLC, is placed 
so that a section of the capillary serves as its flow cell. 

The sample is introduced at the anodic end, either by elec- 
tromigration or positive pressure, and when potential is ap- 
plied, net migration occurs in the direction of the cathode. Even 
substances with a net negative charge migrate in the direction 
of the cathode because of a phenomenon called the electro- 
osmotic effect. Because the capillary is made of silica, the sur- 
face contains many weakly acidic silanol groups. These disso- 
ciate in the presence of the buffer, leaving a negative charge at 
the surface and hydrated positive ions (H") in solution. When 
a potential is applied, the contents inside the capillary move 
toward the cathode, carrying along with them all of the 
analytes. 

Neutral molecules move at the same speed as the electro- 
osmotic flow, while positively charged species move faster, 
their net speed being the sum of the electro-osmotic flow and 
their intrinsic electrophoretic mobility. Negatively charged 
molecules still move toward the cathode under the influence of 
the electro-osmotic flow, but they lag behind the other species. 
Within a group of similarly charged ions, separation is by 
electrophoresis. 

The same modes as used in ordinary electrophoresis—zone, 
gel, isoelectric focusing, and isotachophoresis—are used in CE. 
However, none of these is successful in separating neutral 
molecules, a class exemplified by many pharmaceuticals. Al- 
though these substances will migrate under the influence of the 
electro-osmotic flow, they travel as a group and do not separate. 
Therefore, a mode called micellar electrokinetic capillary chro- 
matography (MECC) is used in which a detergent, such as 
sodium dodecylsulfate (SDS), at a concentration above the crit- 
ical micelle concentration, is included in the running buffer. As 
the resulting anionic micelles travel through the capillary, the 
neutral molecules partition in and out of the micelles selec- 
tively and separation is achieved. 

Because the separation combines electrophoresis and chro- 
matography, CE can achieve outstanding efficiencies even ap- 
proaching 10° plates/m. However, sensitivity is lower than with 
chromatographic methods due to detection difficulties. The 


only detector in widespread use is the UV-visible spectropho- 
tometer; however, because the optical path length across the 
capillary is on the order of.50 m instead of the usual 1 cm, 
sensitivity to a particular compound is lowered by a factor 
of 200. However, research into improved systems, especially 
CE-MS, is actively continuing and applications in pharmaceu- 
tical analysis are increasing. 

A relatively new technique that is also the subject of much 
current research is capillary electrophoresis electrochromatog- 
raphy (CEC).!*?° This method incorporates some of the aspects 
of capillary electrophoresis—specifically, the use of fused-silica 
capillary columns and the employment of a high electric poten- 
tial as the driving forcee—and HPLC, specifically the use of 
small-particle size (about 3 4m) HPLC packing materials. The 
result is a system that not only separates on the basis of 
electrophoretic mobility but also by the traditional partition 
mechanisms of HPLC. 

The apparatus is similar to that described previously for 
CE. Column lengths are typically 35 cm or greater with inner 
diameters of 50 to 200 um. The use of stationary phases com- 
mon to HPLC, such as C-18 (ODS), ion exchange, and chiral 
packings has been described. Column packing usually is done 
manually. Detection is by UV-visible spectrometry. 

Among the advantages over HPLC cited for this method are 
higher resolution and peak capacity, the potential for using 
even smaller particles as the flow is electro-osmotic and not 
pressure-driven, simpler instrumentation because a pump is 
not needed, and easier interfacing to a mass spectrometer. 
Disadvantages are a lack of knowledge of the retention mech- 
anisms, column variability, and low sensitivity. More research 
is necessary to determine the value of this new technique in 
pharmaceutical analysis. 
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Continual advances in instrumental methods of analysis have 
helped to establish these techniques as the mainstream of the 
analytical laboratory. The conventional wet chemical methods 
gradually are becoming obsolete or playing a minor role in the 
analytical discipline. 

Also, one of the major scientific achievements has been the 
introduction of the computer. The invention of the ubiquitous 
microchip in the mid-1970s and the overwhelming spread of 
microelectronics created a new revolution in the analytical 
laboratory, the proportions of which still cannot be foreseen 
fully. The microcomputer, in one form or another, has become 
an integral part of almost every analytical instrument. From 
the analytical balance to the most sophisticated mass spec- 
trometer, it controls the operating parameters, acquires the 
data, and manipulates it as well as managing its storage and 
retrieval. Large separate computers with terminals at many 
locations can perform several functions unattended, such as 
displaying the analytical procedure, preparing the sample, op- 
erating the instrument, acquiring the data, calculating the 
results, and comparing them to the relevant specifications. 

It should be noted, however, that the ultra sophistication of 
analytical instruments of today, combined with the immense 
controlling power of the microcomputer, is creating a new chal- 
lenge for the analytical chemist. The ability to handle infini- 
tesimal amounts of samples with such high accuracy and pre- 
cision is changing the traditional concept of the analytical 
process. Therefore, it is essential today to realize that chemical 
analysis should be applied only to the problems that the sample 
represents rather than the sample itself. Hence, the analytical 


A study of the theory and applications of spectrometric meth- 
ods of analysis necessitates a brief understanding of electro- 
magnetic (EM) theory. The old Newtonian views regarding 
the corpuscular nature of light were abandoned during the 
19th century as they could not explain many observed wave 
properties such as interference, diffraction, and refraction. 
The concept of the electromagnetic field first was expressed 
by Maxwell in 1860. His equations theorized the existence of 
waves that travel through electromagnetic fields and whose 
properties are identical to those of light. The oscillation of an 
electron gives rise to EM radiation. As is illustrated in 
Figure 34-1, at each point in the direction of the beam, the 
electric field and magnetic field, represented by two vectors, 
are perpendicular to each other. The wavelength, i, is de- 
fined as the distance between successive maxima or minima, 
and is expressed in nanometers (nm) or 10° meters, for- 
merly Angstroms (A), (one A = 10 ® cm). The frequency in 
cycles per second (cps or Hz) is denoted by v. The frequency 
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chemist increasingly is required to understand the system un- 
der observation as well as the sophisticated measurement de- 
vice in use. 

This chapter includes three major sections of analytical 
disciplines: spectrometric methods, electrometric methods, and 
thermometric methods. Chromatographic methods of analysis 
are discussed separately in Chapter 33 and radiochemical mea- 
surement in Chapter 29. This chapter is, in general, a sur- 
vey of many analytical techniques. For a full discussion of 
any particular topic the reader is referred to the chapter 
Bibliography. 

Under spectrometric methods, instruments based on the ab- 
sorption or emission of electromagnetic (EM) radiation as a 
result of its interaction with matter are described and their 
applications explored. These include X-ray, ultraviolet (UV), 
visible, infrared (IR), nuclear magnetic resonance (NMR), 
atomic absorption (AA), mass spectroscopy (MS), fluorescence, 
and light-scattering techniques. 

Under electrometric methods, the electrochemical behavior 
of matter characterized by measuring different electrical quan- 
tities, such as voltage, current, and resistance, is discussed. 
This includes potentiometry, polarography, amperometry, and 
voltammetry. 

Under thermometric methods, the thermodynamic changes 
brought about by raising the temperature of the sample under 
study are monitored. These methods include thermogravimetry 
(TGA), differential thermal analysis (DTA), and differential 
scanning calorimetry (DSC). 


is related to A by v = c/A, where c is the velocity of light in 
vacuum. The time required for the completion of 1 cycle is 
designated by +t, which is related to v by 7 = 1/v. The recip- 
rocal of wavelength, 1/A, is referred to as wave number, », 
expressed in reciprocal centimeters, cm '. The wave number 
is employed particularly in describing the position of peak 
maxima for IR spectra. 

Initially, the assignment of wave properties to EM radiation 
did not seem to encounter any difficulty as both light and waves 
share identical properties. Both are forms of energy, and have 
intensity (amplitude), wavelength, and frequency or velocity. 
Maxwell, therefore, was believed to have settled the corpuscu- 
lar versus wave question for all time. However, only a few years 
later (1881 to 1889), Michelson and Morley proved experimen- 
tally the apparent absence of any medium capable of sustaining 
the electromagnetic oscillations. 

Planck, in 1900, formulated his concept of quantum restric- 
tion. He stated that oscillating atoms of a hot body can have 


Figure 34-1. A plane-polarized electromagnetic radiation. £, elec- 
tric vector; H, magnetic vector. 


only energies that are integral multiples of hv. In other words, 
the energy of an oscillator is discontinuous and any change in 
the energy can occur only by a jump between two energy states. 
Planck showed that the energy in a photon of light is related to 
wave frequency by the expression E = hv = hc/X, where h is 
Planck’s constant, 6.6256 < 10?” ergs/sec. In 1903 Einstein 
conducted his experiments on the photoelectric effect of light. 
He concluded that electrons are emitted from the surface of a 
specific metal upon its illumination with light of a relatively 
low wavelength such as blue light. 

Red light, irrespective of its intensity, fails to eject an elec- 
tron from a similar metal. These findings by Michelson and 
Morley, Planck, Einstein, and others could not be explained by 
Maxwell’s assigned wave properties. Considering these facts, a 
reliance on the dual nature of light, behaving both like a wave 
and a particle, seemed to be indispensable for resolving many 
physicochemical phenomena. 


INTERACTION BETWEEN MOLECULES 
AND EM RADIATION 


The presence of radiation of a particular frequency is neces- 
sary, but is not always sufficient, to induce a change in the 
energy level of a molecule. Quantum restrictions specify certain 
conditions for the interaction of radiation with a molecule. On 
many occasions energy is absorbed only if the radiation fre- 
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quency corresponds to the components of the molecular fre- 
quency. This is referred to as resonance absorption. 

The position of maximum absorption, X,,,,,, for a molecule in 
a particular region of the spectrum is a function of the total 
structure of the molecule with a transition energy corresponding 
to a given wavelength. The intensity of the absorption maximum, 
Emax» 1S a function of the probability of EM _ radiation- 
molecule interaction and polarity of the excited state. At room 
temperature a molecule is normally in its lowest energy state, 
the ground state. The transition between EL, and Hz, two energy 
states or levels of a molecule, occurs by the interaction of EM 
radiation with a molecule. The difference between EL, and EF, is 
designated by AE, whose frequency of radiation is expressed as 
AE = hv ergs. 

Very high energies (>10° cm ') disturb and cause changes 
in the nucleus of the atom regardless of its environment. Lower 
energy however, causes a change in the electronic distribution 
around the nucleus. 


REGIONS OF THE SPECTRUM 


The whole range of EM radiation is divided arbitrarily into a 
number of regions. Interaction between a molecule and various 
kinds of EM radiation gives rise to a change in the electronic 
energy and/or kinetic energy of the molecule. In most cases, the 
energy absorbed is converted quickly to vibrational, rotational, 
and translational energy. However, in particular cases, emis- 
sion occurs either immediately as in fluorescence, or after a 
short time as in phosphorescence. As will be seen later, these 
specific changes in the energy of a molecule result in the gen- 
eration of a characteristic spectrum that can be used by the 
pharmaceutical chemist for both structural elucidation and 
quantitative determination. Figure 34-2 depicts a wavelength 
and frequency scale for the different regions of the EM radia- 
tion spectrum. 

A theoretical and practical description of various types of 
spectrometry of primary interest in the pharmaceutical sci- 
ences is given in the following sections. An arbitrary order has 
been adopted in organizing this chapter, beginning with the 
instrumental methods using the highest frequency EM radia- 
tion (X-ray) and proceeding toward the lowest frequency (mi- 
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Figure 34-2. The electromagnetic spectrum. 
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crowave, NMR). The length of discussion of each topic is based 
on the extent of the applicability of the method in pharmaceu- 
tical analysis. 


X-RAY METHODS 


The shortest wavelength section of EM radiation wherein the 
energy change of the involved atoms is reversible lies between 
0.1 to 1.0 nm and is known as the X-ray region. When a sample 
is irradiated with photons in this region, electrons in the inner 
shell of the atoms will be displaced. As electrons return to their 
normal states in the atoms, X-rays will be emitted with fre- 
quencies that depend only on the kind of atom, not on the state 
of the chemical binding. This X-ray emission line (including 
fluorescence), therefore, could only be used for the quantitative 
estimation and qualitative identification of elements present in 
the sample. A second type of emission of X-radiation, a contin- 
uous spectrum, results from the transfer of the kinetic energy 
of the impinging electrons to the atoms of the target. Because 
not all electrons lose all their energy and some are less decel- 
erated, a distribution of energy or a spectrum occurs. It should 
be noted that the characteristic sharp lines of the X-ray emis- 
sion are superimposed on the continuous distribution. The 
generation of the X-ray spectrum is caused by the expulsion of 
an electron from one of the lower quantum levels of the atom. 

This vacancy is filled by an electron from one of the upper 
shells, which results in the emission of a photon possessing 
energy identical to that which was lost by the original electron; 
that is, AZ = EF, — Ey, where E, and E£, are the initial and final 
energy of the electron, respectively. If the vacancy produced in 
the K shell is filled with an electron from the L shell, the 
radiation is called Ka; if it is filled with an electron from the M 
shell, KB. Figure 34-3! shows the production of X-rays, Figure 
34-4? is a diagram of an X-ray spectrometer and Figure 34-5 
depicts the peaks for molybdenum. 

The frequency of the emitted radiation is given by 


ee 2r?me?! [ 1 1 ; 
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where Z is the atomic number of the atom, m and e are the mass 
and charge of the electron, h is Planck’s constant, and N, and 
Nz are 1 and 2 for K and L shell, respectively. 

An X-ray tube consists of an evacuated tube containing a 
heated cathode and an anode (target). The emitted electrons 
are accelerated to the target by imposing a high voltage across 
the electrodes. Usual X-ray methods for obtaining a character- 
istic spectrum of a substance are made by using the sample as 
an anode or affixing the specimen on the target anode. 

The detector is most often the energy dispersive spectrom- 
eter (EDS) with a liquid nitrogen cooled Si(Li) detector at its 
heart. Two X-ray methods are described: powder diffraction 
and emission spectrometry (including fluorescence). 
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Figure 34-3. The production of X-rays.' 
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Figure 34-4. Bragg X-ray spectrometer. 


X-RAY DIFFRACTION 


In 1912 Max von Laue pointed out that if the wavelength of EM 
radiation became as small as the distance between atoms in the 
crystals, a diffraction pattern should result. Later it was found 
that the X-ray region has the right wavelength and a definite 
diffraction pattern was obtained for CuSO, crystals. In essence, 
the crystal diffracts X-rays similar to a diffraction grating, 
whose plane diffracts ordinary light. The three-dimensional 
crystal functions like a series of plane gratings stacked one 
above the other. The wavelength of the X-rays, A, is related to 
the angle of incidence, 6, and the interatomic distance, d, by 
Bragg’s equation; 


nA = 2d sin @ (2) 


where n is the order of the diffraction, 1, 2, 3, and so on. 

For a single crystal the diffracted X-rays consist of a few 
lines; with powder, due to a random distribution of crystals, the 
diffraction pattern consists of a series of concentric cones with 
a common apex on the sample. The atoms in a crystal possess 
the power of diffracting the X-ray beam. Each substance scat- 
ters the beam in a particular diffracting pattern, producing a 
fingerprint for each atomic crystal or molecule (Fig 34-6).? 

If an unknown powder sample is to be identified, its diffrac- 
tion pattern may be compared with those of known substances 
or its d values calculated from the diffraction diagram and 
compared with the d values of known compounds. 

If the diffraction pattern of a single crystal is to be deter- 
mined, the crystal is mounted on a thin glass capillary and the 
capillary is fastened to a brass pin. Metal samples are ma- 
chined into an appropriate shape whereas plastics are pre- 
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Figure 34-5. The X-ray emission spectrum of molybdenum. 


Figure 34-6. X-ray diffraction pattern from a crystal of sperm whale 
myoglobin, using a Buerger precession camera.” 


pared in a desirable shape by extrusion. A substance in powder 
form can be ground finely and transformed into a small rod 
using collodion as a binder or held in a specific device with an 
open cup. Single crystal X-ray diffraction is one of the most 
frequently used techniques for the study of molecular structure 
and configurations in the crystal. 

Powder X-ray diffraction analysis is employed for character- 
ization of crystalline structure. It has been used to determine 
the existence of polymorphic forms of many substances, such as 
carbon in graphite or in diamond and drugs. The method also is 
used to distinguish between various oxides such as FeO and 
Fe,O., and to aid in the identification of levopropoxyphene 
napsylate, flurandrenolide, and so on. The X-ray diffraction 
method is applied also in polymer chemistry to determine the 
degree of orientation of the fibers. 

New pulsed X-ray sources have short beam durations 
with high intensity outputs that are appropriate for flash 
X-ray radiographs of rapid events. They also have some 
diffraction applications. Other techniques such as diffraction 
topography, double-crystal diffractometry, interferometry, 
strain measurements, and texture analysis are very impor- 
tant techniques today for the study of crystal perfection, 
structure defect, grain structure, and orientation. The anal- 
ysis of diffraction data ranges from the use of simple calcu- 
lations to very involved computations using minicomputers. 
Due to its complexity, there are separate computation pack- 
ages available for single-crystal structure analysis and for 
powder diffraction analysis. 


X-RAY EMISSION SPECTROMETRY 

SE ET RL ETE) 
X-ray spectrometric analysis gives qualitative and quantitative 
data about the elements in a sample. The intensity of the 
X-rays emitted by a given element used as the target depends 
on the wavelength. There is a broad continuous emission (white 
x-radiation) and superimposed upon this are sharp line emis- 
sions characteristic of the target material. The study of these 
characteristic X-ray spectra provides a considerable insight 
into the atomic structure of the sample. 


X-RAY FLUORESCENCE 


(SE SR a STL SO ETE TRE 
As a K electron is expelled, either by bombardment with high- 
energy electrons or by absorption of X-ray, it is replaced by an 
L or M electron. Emission of energy of a wavelength longer 
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than the excited wavelength is known as fluorescence radia- 
tion. In X-ray fluorescence, the sample is a secondary target 
and is irradiated by a beam produced by bombarding a primary 
target with high-energy electrons. The sample is rotated to 
ensure uniformity of exposure. The emitted fluorescence lines, 
which are characteristic of a given substance, are collimated 
and directed onto the surface of the analyzing crystal. The 
analyzing crystal consists of a flat, single crystal plate. The 
reflected radiation is directed through an exit slit to the detec- 
tor, where the X-ray energy is transformed into electrical im- 
pulses. X-ray fluorescence is applicable to the quantitative 
determination of elements, especially those for which no other 
reliable “wet” analytical methods exist, such as niobium and 
the rare earths. The method also is complementary to emission 
spectrometry. 


Electron Probe Microanalysis (EPMA) 


Traditional X-ray emission has not proven to be very useful for 
microanalysis. The current availability of low-cost microcom- 
puters however, has led to the emergence of a new class of 
techniques that have X-ray spectrometry as their dominant 
partner and are very useful for the qualitative and quantitative 
determination of an extremely small number of atoms of a 
specific contaminant in complex matrices, (sensitivity = 10 ’% 
of the sample). These techniques are known collectively as 
electron probe microanalysis (EPMA) or analytical electron 
microscopy (AEM) and currently are experiencing widespread 
growth in surface analysis, as they only scan the first few 
angstroms in thickness of the sample surface. 

EPMA, in general, is concerned with the measurement of 
core-electron binding energies. When a molecule is bombarded 
with high-energy electron beams, some electrons are bounced 
off elastically when they approach the sample and these have 
little analytical information to offer. Others are absorbed by 
the sample and exhibit what is known as inelastic bouncing; 
this latter phenomenon is the basis of the information about 
the structure of the sample surface that EPMA techniques 
offer. Two types of X-ray high-vacuum spectrometers could be 
employed. The first and the most common is the energy disper- 
sive spectrometer (EDS) and the second is the wavelength 
dispersive spectrometer (WDS). 


Auger Electron Spectrometry (AES) 


Auger electron spectrometry (AES) differs from other EPMA 
methods in the depth of analysis used, which depends on the 
atomic number of the sample. Whereas traditional X-ray emis- 
sion penetrates between 100 and 400 nm deep, AES penetra- 
tion extends only about 2 nm, a very shallow depth; therefore, 
it is effective for the elemental analysis of the surface of a film 
and layers of metallurgical samples. It is not suitable for a 
glass or polymer however, as it destroys these materials. AES 
uses a sample size of only 0.2 wL or small area of 10 nm and can 
detect all elements except hydrogen. 


X-Ray Photoelectron Spectroscopy 
or Electron Spectroscopy Chemical 
Analysis (ESCA) 


When a molecule or atom is bombarded with an X-ray of suf- 
ficient energy, all electrons whose binding energies are less 
than the energy of the exciting X-ray are ejected. The kinetic 
energies of these photoelectrons are then measured by an elec- 
tron analyzer. The advantage of electron spectroscopy chemical 
analysis (ESCA) is that it is the most sensitive technique to 
determine the chemical shifts observed in the core-electron 
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binding energies. These binding energies are affected by the 
valence electrons and therefore by the chemical state of the 
sample. Because chemical shifts are observed for every element 
in the periodic table except hydrogen, ESCA is very valuable 
and more versatile than NMR from the perspective of elemen- 
tal sensitivity. Due to this sensitivity and its excellent quanti- 
tative ability, ESCA currently enjoys a phenomenal growth as 
an analytical technique. 


lon-Scattering Spectroscopy (ISS), and 
Secondary lon Mass Spectrometry (SIMS) 


These ion techniques also can sample about 2 nm or less of the 
surface. Unlike AES, both ion-scattering spectroscopy (ISS) 
and secondary ion mass spectrometry (SIMS) techniques do not 
destroy the sample, but they require a larger sample size. In 
SIMS, the plasma generated by primary ions produces a sec- 
ondary ion beam that is characteristic of each element. SIMS 
can detect less than 1 ppm and in some cases 1 ppb of certain 
elements such as Cu, Cr, and Ba on the sample surface. It is the 
only EPMA technique that can detect and quantitate hydrogen 
on the surface of a sample. The only limitation of SIMS is its 
prohibitive cost. 


Absorption Spectrometry 


Absorption spectrometry is the measurement of the selective 
absorption by atoms, molecules, or ions of electromagnetic ra- 
diation having a definite and narrow wavelength range, ap- 
proximating monochromatic energy. Absorption spectrometry 
encompasses the wavelength regions; ultraviolet (200 to 380 
nm), visible (380 to 780 nm), near-infrared (780 nm to 2.5 wm) 
and infrared (2.5 to 40 um). The region between 10 nm and 200 
nm, known as the far UV or vacuum UV (as it requires the 
complete absence of air due to its interference), has minimal 
application in pharmaceutical analysis. Atomic absorption 
spectrometry involves the measurement of radiation absorbed 
by the unexcited atoms of a chemical substance that have been 
aspirated into a flame or other high-energy sources. 


THEORY 


When electromagnetic radiation travels through a medium 
containing atoms, molecules, or ions, a number of events may 
take place. 


e The intensity of the emergent energy may be identical to the inten- 
sity of the incident energy. This indicates that no absorption of 
radiation has occurred. 

e Reflection, refraction, and/or scattering may occur. 

e The intensity of the emergent energy is less than that of the incident 
energy. 


This latter condition indicates that some absorption has 
taken place (absorption spectrometry). As a result of this ab- 
sorption, the species involved are activated from their lowest 
energy state (ground state) to higher energy states (excited 
states). For absorption to occur, the energy of the exciting 
radiation must match the quantized energy difference between 
the ground state and one of the excited states of the species. In 
atomic absorption, excitation occurs only through electronic 
transition. In visible and ultraviolet spectrometry, radiation 
energy can excite only the outermost or valence electrons. 
Accompanying the electronic excitation (E,) is a change in 
vibrational energy (H.,) and rotational energy (E.) of the mole- 
cule. For polyatomic molecules, vibrational and rotational tran- 
sitions can occur in addition to electronic excitation. As a re- 
sult, the molecular spectrum consists of closely spaced 
absorption bands instead of the sharp lines as in atomic ab- 


sorption. Pure vibrational and some rotational transitions can 
be achieved by infrared radiation. 

The lifetime of the excited state is brief (10 ° to 10 ° sec), 
its existence being terminated by any of several relaxation 
processes. The most common relaxation occurs with the pro- 
duction of heat, which may cause a slight increase in the 
temperature of the medium. Another form of relaxation results 
as the decomposition of the excited state into new species 
(photochemical reactions) according to 


M + hv > M* (excited state) 
M* — M + heat 
M* — M’ (new species) 


Alternatively, relaxation may result in emission of radiation at 
specific wavelengths characteristic of the excited species (emis- 
sion spectroscopy), or in emission of radiation at longer wave- 
lengths than the incident beam, immediately (fluorescence) or 
after a short time (phosphorescence). 


ULTRAVIOLET AND VISIBLE ABSORPTION 
SPECTROMETRY 


As mentioned previously, UV and visible absorption bands are 
due to electronic transitions in the region of 200 nm to 780 nm. 
In case of organic molecules, the electronic transitions could be 
ascribed to a o, 7, or n electron transition from the ground state 
to an excited state (o*, m*, or n*). Because the o electron is 
involved firmly in the construction of a single bond, its transi- 
tion requires much more energy (usually in far UV) than the 
n electron (nonbonding electrons) or less tightly bonded 7 
electrons. 

There are four types of absorption bands that occur due to 
the electronic transition of a molecule: 


R-Bands: n — 7*, in compounds with C—O or NO, groups ¢,,,, < 100 

K-Bands: 7 — 7*, in conjugated systems e«,,,,. > 10,000 

B-Bands (benzenoid bands): due to aromatic and heteroaromatic sys- 
tems, €,,,. < 2000 


E-Bands (ethylenic bands): in aromatic systems, ¢ 2000 to 14,000 


max 


BEER’S LAW 


If incident light with wavelength \ and intensity J, impinges on 
a solution with concentration c, and pathlength / of 1 cm, the 
radiant energy of the light is diminished in an exponential 
fashion. Thus, if a given concentration of a substance absorbs 
50% of the incident radiation, doubling the concentration will 
not absorb 100% but rather 75% of the light. The thickness of 
the sample or pathlength has a similar effect on the absorption. 
Mathematically, the radiation-concentration and radiation- 
pathlength relation can be expressed by 


dl 
dc 


al 
k,l and Fis kof (3) 


Integration of Equation 3 gives 


Io AT re Io AT l 
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Evaluation of the integrals between limits, combining the two 
formulas, and incorporating the value 2.303 (for transforming 
the natural log into a log of base 10) in the constant provides 
the more familiar equation used in spectrometry, 


log (1)/I) = ecl (5) 


where I, is the intensity of the incident energy, J is the inten- 
sity of the emergent energy, c is the concentration, / is the 
thickness of the absorber (in cm), and « is the molar absorptiv- 
ity (formerly expressed as molar extinction coefficient) for con- 
centration in mol/L. 

If the concentration is expressed in g/L, absorptivity is des- 
ignated by a instead of e. The term log J,/J or log (1/T) is 
referred to as absorbance, A (formerly stated as optical density 
or extinction); J is Transmittance or I/I,. Ei“, which is en- 
countered less frequently in the literature, represents a con- 
centration of 1% w/v and a 1-cm cell thickness and is used 
primarily in the investigation of those substances of unknown 
or undetermined molecular weight (usually impure natural 
products). 

A typical UV absorption spectrum, shown in Figure 34-7, is 
the result of plotting wavelength versus absorptivity. The 
wavelength corresponding to maximum absorptivity, « is 
denoted by 2 


max? 


max* 


UV TERMINOLOGY 


A few of the most generally employed terms in absorption 
spectrometry are 


Chromophore—A moiety of a molecule responsible for selective ab- 
sorption of radiation in a given range. 

Auxochrome—A chemical group which does not give rise to an absorp- 
tion band by itself, but upon being attached to a chromophore alters 
both the position and/or the intensity of the peak. 

Bathochromic Shift—A shift of the peak position (A,,,,) to a higher 
wavelength due to the effect of a substituent or solvent (red shift). 

Hypsochromic Shift—A shift of ,,.. to lower wavelength (blue shift). 

Hyperchromic and Hypochromic Effect—An increase and decrease 
in absorptivity, respectively. 


QUANTITATIVE APPLICATIONS OF UV 
AND VISIBLE SPECTROPHOTOMETRY 


One of the major uses of UV and visible spectrometry is for 
quantitative measurements. An unknown concentration of a 
known compound, if it conforms to Beer’s Law, can be deter- 
mined by using Equation 5. A representative calibration curve, 
shown in Figure 34-8 is constructed by plotting absorbance (A) 
versus concentration. 

Analytical Procedure—Samples for UV absorption can be 
examined in the form of a vapor or a solution. Both polar and 
nonpolar solvents can be employed to prepare an analytical 
sample. The cutoff point of a solvent, however, should be rec- 
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Figure 34-7. The UV absorption spectrum of salicylic acid. 
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Absorbance 
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Figure 34-8. A representative Beer’s law plot. 


ognized as it renders the solvent useless at wavelengths below 
this value. This is the wavelength at which the absorbance of a 
solvent approaches unity, using water as a reference. The cut- 
off points for many solvents can be found in the literature and 
in solvent charts supplied by several suppliers of solvents. 

A thorough understanding of the limitations of Beer’s law 
must be taken into consideration. Some of these are of such a 
fundamental nature that they constitute a real limitation of the 
law. The law does not take into consideration the effects of pH, 
temperature, wavelength, or solute—solvent and solute—solute 
interactions, such as association (intermolecular hydrogen 
bonding), dissociation, and chemical reaction. Because of these 
limitations, the law usually applies only to dilute solutions, 
where these interactions are insignificant. Another limitation 
to the Beer’s law is the inability of most instruments to provide 
monochromatic radiation. 


INSTRUMENTATION 


A simplified diagram of a UV-visible spectrometer is presented 
in Figure 34-9 and its major components are described below. 

Radiation Source—The source for the UV range is usually a 
high-pressure hydrogen (or deuterium) discharge lamp, which 
covers a range of 200 to 375 nm. A xenon arc or a mercury vapor 
lamp provides a more intense radiation. The source employed 
for the visible range is a 6- or 12-V tungsten lamp. 

Monochromator—tThe primary function of a monochromator 
is the dispersion of polychromatic energy by means of a prism 
or grating. The desired monochromatic ray, whose wavelength 
is determined by the angular position of the prism or grating, 1s 
directed toward the sample compartment. 

Sample Compartment—This is the section where monochro- 
matic energy encounters the sample. In a double-beam instru- 
ment, this compartment contains a beam-chopping device or a 
beam-switching assembly that allows the beam to pass alter- 
natively through the sample and reference cells (about 35 
times/sec). This allows the sample-reference relationship to 
remain unaffected by slight changes in the source or optics of 
the instrument. 
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Figure 34-9. A classic UV-visible spectrometer (newer instruments 
use a grating instead of prisms). 
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Figure 34-10. The circuit of a photo multiplier. 


DETECTOR 


The detector is usually a photomultiplier tube. As depicted in 
Figure 34-10, the cathode consists of a surface coated with a 
light-sensitive layer. When energy strikes the layer, it emits 
electrons. A series of electrodes called dynodes, which also are 
coated with an energy-sensitive layer, are connected by a volt- 
age-dividing network of resistors. The electrons are attracted 
from the cathode to dynode 1, from dynode 1 to 2, and so on, 
each impinging quantum thus producing an avalanche of about 
10° electrons. The collection of electrons on the anode creates a 
few milliamperes of current which can be measured as voltage 
across a resistor. 

The output from the detector is amplified and observed on a 
meter, a recorder or a cathode ray tube. Some spectrometers 
are operated manually, while others are equipped for auto- 
matic and continuous recordings. Spectrometers employing the 
latest technology can be interfaced with a digital computer 
through an analog to digital converter for the direct determi- 
nation of difference spectra of analytes as well as for the stor- 
age of reference spectra. 


MODERN SPECTROMETRIC TECHNIQUES 
(SSR PR a RS 
There has been significant progress in the use of holographic 
gratings and microprocessor control in the design of modern 
spectrometers. Recent models feature automatic control of all 
operating parameters such as wavelength selection and cali- 
bration, baseline correction, programmed scanning, first-, 
second-, third-, and fourth-derivative spectra, light-emitting 
diode (LED) readouts of absorbance or concentration in addi- 
tion to screen monitoring and hard-copy printouts. 

Also, because of the advent of stable microelectronics, in 
addition to the wide availability of microprocessor controlled 
and fully automated spectrometers, new interest is rising in all 
of the UV-visible absorption techniques that normally require 
substantial instrument control and data manipulation. These 
include simultaneous multicomponent analysis, reaction rate 
determinations, and dual-wavelength derivatives. Also, there 
is a significant increase in the use of Difference Spectrometry as 
a means for increasing sensitivity, improving detection limits, 
and decreasing noise as compared to conventional absorption 
spectrometry. 

Other new high-sensitivity spectrometric techniques have 
gained wide attention recently, especially in trace analysis 
application and determination of solvent spectra. These new 
techniques include 


e Laser-absorption intracavity techniques based on the dyelaser os- 
cillating mechanism, which are capable of measuring absorbances in 
the 5 x 10 ° range and are more suitable for aqueous systems. 

e Wavelength modulation (peak-sensing) methods suitable for mea- 
suring two different samples simultaneously as well as double der- 
ivation of reflectivity, with a sensitivity of up to 1 x 107g. 

e Colorimetric methods for the measurement of energy absorbed by 
the solution using laser sources. These methods have a range of 
detection between 1 xX 10 ‘to 8 x 10 * g and they include thermo- 


couple colorimetry, photoacoustic colorimetry, and thermal lens 
techniques. Both photoacoustic and thermal lens methods suffer 
great loss of sensitivity in aqueous media. 

e Photon-counting and diode-array detectors. 


Diode-Array UV-Visible Spectrophotometry 


Advances in technology have led to the development and im- 
plementation of photodiode detectors, which when placed in 
closely spaced linear arrays, offer rapid and accurate spectrum 
analysis. The primary advantage of linear-array detectors is 
that they permit the simultaneous analysis of an entire spec- 
trum over a period of a few seconds. This is advantageous when 
performing kinetic studies involving rapidly changing events. 
A simplified diagram is presented in Figure 34-11.° 

Diode-array detectors have an added advantage of increased 
wavelength resolution. Precision-matching of slit sizes to indi- 
vidual photodiodes and focusing the spectrum in a focal plane 
can enhance wavelength-resolving power to 1 to 2 nm. 


Near Infrared Spectrometry (NIR) 


The near infrared region (NIR) comprises the spectral region 
from about 700 to 2500 nm. The NIR encompasses absorption 
bands that are the result of overtones or combination of over- 
tones originating from the fundamental mid-IR region from 
4000 cm ‘to 600 cm ?. The NIR bands are broad, overlapping 
bands and represent mostly the stretching vibrations associ- 
ated with R—H vibrational modes. These stretching modes 
(C—H, O—H, S—H, N—H) are between 10 to 100 times weaker 
than the fundamental bands. Discussion of these different 
modes of vibration and the underlying theory are presented 
later under Infrared Spectrometry. 

Actually, the NIR technique is midway between the UV, 
visible, and infrared where it enjoys the excellent quantitative 
abilities of the former and the wide qualitative properties of the 
latter. Table 34-1 lists the absorption bands of the hydrogenic 
groups common to various organic compounds. The spectrum of 
cyclohexane may be seen in Figure 34-12.4 The NIR also has 
important applications in organic chemistry where it has been 
used in the study of metal complexes, rare earth and transition 
metal compounds. It is used widely in the determination of the 
water content in different materials using the —OH overtones 
bands at 1400 to 1500 nm and combination bands at 2000 nm. 
Other studies include water-protein binding and interaction, 
determination of water in pharmaceutical formulations, and 
crystal structural studies of hemo proteins. In the pharmaceu- 
tical industry NIR had not been fully used as an analysis 
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Figure 34-11. HP 8452A optical system with deuterium lamp.? 


Table 34-1. Near Infrared Bands 


ABSORPTION 


HYDROGENIC GROUP WAVELENGTH (nm) 


—CH; 900, 1150, 1700, 2300 
=—=(GIIP 850, 1120, 1640, 2200 
=CH 1550, 3050 

—CH (aromatic) 850, 1300, 1700, 2450 
—CH (aldehyde) 970, 2080 

NH 1020, 1500, 2000, 2900 
==NH 1020, 1550, 3010 
—OH (alcohol) 920, 1420, 2050, 2750 
—OH (acid) 980, 1430, 2120, 2830 
—OH (peracid) 2950 

—OH (water) 1400, 1900, 2680 
—FH 2620 

—SH 2000 


technique until the 1980s. The use of NIR as both a quantita- 
tive and qualitative tool has resulted from its ease of use for the 
analysis of solid samples using diffuse reflectance techniques 
and chemometric software for data analysis. NIR analysis can 
be performed on a sample in 1 to 2 minutes and provide a 
quantitative result on a constituent whereas a procedure using 
classical methods could take several hours for a quantitative 
analysis. 

Near IR has been used as a substitute for several compen- 
dial methods for ampicillin trihydrate. Plugge and VanDer- 
Vlies used NIR as an alternative to performing identification, 
water content, and assay in the QC release of ampicillin trihy- 
drate.° The identification test by NIR for ampicillin trihydrate 
employed a spectral match value (SMV) using a reference spec- 
trum and calculating the cosine of the angle between vectors of 
the reference and sample spectra. The spectral match value 
may vary between —1 and +1, with +1 indicating a perfect 
match. A threshold value of 0.9980 was established as a min- 
imum value for a positive identification. Values below 0.9980 
were considered failing due to impurities or solvents based on 
a history of 16 batches of ampicillin trihydrate containing a 
mixture of trihydrate and the anhydrous form or high residual 
solvents. 

Plugge and VanDerVlies also developed a Conformity Index 
(CI) for the quality of ampicillin trihydrate. This conformity 
index is based on the degree of conformity of a batch as com- 
pared to the standard quality of ampicillin trihydrate pro- 
duced. The calculation of the CI is based on the average absor- 
bance and standard deviation at each wavelength for the 
spectra representing the reference spectrum. The maximum CI 
found for that spectrum, can be stated as the value Q,,, where 
w is the wavelength, in nanometers, of the sample. The sample 
spectrum is compared to the reference spectrum at each wave- 
length from 1134 to 2466 nm. The value Q,,, is calculated by 
dividing the absolute value of the difference between the ab- 
sorbance at w nm of the sample spectrum and the reference 
spectrum by the standard deviation of the reference spectrum 
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Figure 34-12. NIR absorption spectrum of cyclohexane.* 
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at the same wavelength. A typical NIR diffuse reflectance spec- 
trum of ampicillin trihydrate and a second derivative spectrum 
are shown in Figure 34-13° and Figure 34-14.” 

NIR also has been shown to be capable of determining the 
percentage of active ingredient as well as to identify specific 
tablet formulations. These possibilities extend beyond just an- 
alyzing for a specific blend-ratio during manufacturing, but 
offer the ability to achieve 100% inspection of every tablet. NIR 
also can ensure that a tablet is placed in its correct container. 
This is accompanied with fast data acquisition and/or parallel 
spectrometer systems.® 

Another intriguing aspect is the ability to analyze an entire 
tablet by translumination. Most reports in the literature show 
tablets analyzed by reflective methods, in which the tablet is 
illuminated and the light which is reflected back is analyzed. In 
a translumination configuration, the tablet is illuminated on 
one side and a fiber-optic receiver is placed on the other. As 
light passes through the tablet, the light is scattered randomly 
and a small portion is picked up by the fiber-optic probe and 
transferred to the spectrometer. This technique ensures that 
the data collected is indicative of the entire tablet and not just 
the formulation at the illuminated surface. NIR translumina- 
tion may help show equivalence when modifying a compendial 
method that uses standard wet-chemical analysis. 

Near infrared also has moved into the biotechnology field. 
Because NIR can be implemented noninvasively, fermenter 
analytes can be measured by looking through an optical win- 
dow, thus eliminating problems associated with sterilization of 
sample probes and withdrawing aliquots for analysis.” 

Near IR has several advantages over other classical meth- 
ods of analysis. These include minimum sample preparation, 
high signal-to-noise ratio for data analysis, use of simple in- 
strumentation, and fast sample analysis. 

Near IR method development requires the collection of a 
training set of samples. These samples ideally duplicate the 
samples to be measured in consistency and particle size to 
avoid potential problems in data analysis. The training set is 
used to develop a model using chemometrics. When developing 
a quantitative method, the training set is initially analyzed 
using a primary method of analysis. The quantitative data is 
entered into the computer to develop a set of equations based 
on the correlation of signal intensity at various wavelengths, or 
a single wavelength, to the analyte or sample property. It is 
important when analyzing the training set that the samples 
represent the range of the component being measured. This 
provides a more robust training set for predicting the analyte 
or property of interest. The chemometric software programs 
available include multiple linear regression (MLR), partial 
least squares (PLS), and Principal Component Analysis (PCA). 
The multivariate calibration procedures provide the appropri- 
ate programs for data selection and determination of outliers 
where applicable. More detailed descriptions of the mathemat- 
ical principles are available elsewhere.!°~' 

Today’s typical NIR instrument is designed to provide flex- 
ibility for various attachments. A separate monochromator can 
have several accessory units mounted to it depending on the 
type of sample being analyzed. These can vary from a fiber 
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Figure 34-13. NIR diffuse reflectance spectrum of ampicillin 
trihydrate.® 
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Figure 34-14. NIR diffuse reflectance spectrum of second derivative 
of ampicillin trihydrate.’ 


optic probe, for analyzing incoming raw materials in drums, to 
an analyzer designed for analysis of dry powders that uses 
diffuse reflectance. Figure 34-151? shows the monochromator 
and the module mounting area for accessories. Figure 34-16'* 
has the probe assembly mounted to the monochromator. 

The use of near infrared as an analytical tool for the QC 
laboratory in the pharmaceutical industry is predicted to dra- 
matically increase in the future The nondestructive, rapid 
analysis technique will provide increased efficiency and pro- 
ductivity for the testing and release of products. The online 
monitoring of the manufacturing process by NIR will provide 
analytical tools for process control not currently available using 
routine methods. 


Infrared Spectrometry (IR) 


The range of EM radiation between 0.8 and 500 um is referred 
to as infrared radiation. Development of a commercial IR in- 
strument did not begin until the late 1940s. At present the IR 
spectrometer is one of the instruments most frequently em- 
ployed in the characterization of organic molecules. Unlike the 
UV-visible spectral plots, the IR spectrum usually is repre- 
sented with percent transmittance, rather than absorbance, as 
the ordinate. Also, it is customary to use the unit of reciprocal 
centimeter (em ‘) or the wave number for the abscissa rather 
than the wavelength. This is because of the direct proportion- 
ality between the wave number and the energy as well as the 
frequency of the radiation; the frequency can, in turn, be re- 
lated directly to molecular vibrational frequencies. An example 
of an IR spectrum is shown in Figure 34-17.'° The most com- 
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Figure 34-15. Monochromator, NIR systems scanning spec- 
trometer."? 


Figure 34-16. NIR systems scanning spectrometer with smart probe 
attached." 


monly used region of the IR spectrum in pharmaceutical chem- 
istry is the region between 2.5 um (4000 cm ‘) and 16 um 
(625 cm"). 

The near infrared region (NIR) or the overtone region refers 
to the segment from about 700 nm (12,500 cm‘) to 2.5 wm 
(4000 cm '); the far infrared region (FIR) or the rotational 


region is between 400 and 20 cm |. 


THEORY 


In order for IR radiation to be absorbed by a molecule, two 
criteria must be met: the molecule should possess a vibrational 
or rotational frequency identical to that of the impinging EM 
radiation, and a net change in the magnitude or direction of the 
dipole moment should occur as a result of radiation-molecule 
interaction. When IR radiation impinges upon a molecule at 
the proper frequency, the vibration and/or rotation of the mol- 
ecule is altered. If the frequency of the impinging EM radiation 
matches a natural vibrational frequency of the molecule, a net 
transfer of energy occurs that creates a greater amplitude of 
vibration and, as a result, absorption of radiation occurs. 

The longest wavelength (lowest energy) of IR radiation that 
induces a change in the vibratory motion of a molecule gives 
rise to an absorption band known as the fundamental band. 
There is only one fundamental band in a diatomic molecule, 
although multiples of the band frequency (v), known as over- 
tones, can occur as 2v, 3v, and so on. 

Rotation of unsymmetric molecules around their centers of 
mass results in a periodic dipole change that interacts with the 
incident EM radiation causing a higher frequency of the mo- 
lecular rotation and absorption of radiation occurs. The energy 
required to cause a change in rotational levels only is very 
small (100 em ') and comprises the far IR (FIR) region. Ab- 
sorption by gases in this region appears as discrete, well- 
defined lines. However, because of the intramolecular collisions 
and interactions in liquids and solids, broadening of the ab- 
sorption lines occurs and usually appears as a continuum. The 
FIR region, which experimentally is difficult to study, has little 
application in pharmaceutical chemistry and will not be dis- 
cussed further. 

Because absorption of IR radiation alters both vibrational 
and rotational characteristics of a molecule, absorption bands 
are not defined lines but are bands that are centered upon one 
frequency. As the total kinetic energy is a combination of trans- 
lational, rotational, and vibrational energies of a molecule (ie, 
E, = E,. + E, + E,), a polyatomic molecule consisting of n 
atoms will have 3n degrees of freedom of motion. The possible 
fundamental vibrational modes of a molecule can be calculated 
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by subtracting 3 for translational energy and 3 for rotational 
energy (2, if the molecule is linear). This gives a total of 3n-6 
possible vibrational modes. The theoretical number of funda- 
mental absorption bands, however, is not observed due to such 
factors as weak absorptivity, coalescence of several closely lo- 
cated bands, and lack of required change in dipole moment. 
Because the 2 to 16 um region normally employed for IR in- 
vestigation covers both fundamental and overtone regions, the 
total number of absorption bands in an IR spectrum may 
greatly exceed the theoretical number. 

The atomic stretching vibration can be approximated me- 
chanically by Hooke’s law, F = —kx, where F is the restoring 
force, k is the proportionality or the force constant (dyn/cm), 
and x is the displacement distance. For a diatomic molecule 
with atoms of masses m, and maz, the frequency of fundamental 
vibration is expressed by 


1 k 
SL eomel any ed (6) 
2a Vp 
or in terms of wave number by 
cobsge inte 2 
Baler, if (7) 
where yw is known as the reduced mass, defined by 
MMs 
(8) 


em, + my 


Application of the equation for the C—H stretching fre- 
quency with k = 5 X 10° dynes/em, m, = 19.8 x 10 -*4 g, and 
Ms = 1.64 X 10 ** g gives the value 3040 cm ? (slightly higher 
than the observed value, 2950 cm ', which is caused by neglect 
of the environmental effect). The vibrational modes of a CH, 
group are depicted in Figure 34-18.'° It should be observed that 
more energy is required for the stretching vibration than for 
the bending vibration. 

The position of the absorption bands is determined by the 
symmetry of a molecule, the masses of atoms, the force con- 
stants of the chemical bonds, and the interaction of vibrations 
(Fermi interactions). Hydrogen bonding affects the position of 
the bands by shifting the frequency of the stretching vibration 
to a lower frequency and that of the bending vibration to a 
higher frequency. 


CHARACTERIZATION OF MOLECULES 


There are two major applications of IR spectrometry in the 
characterization of various molecules: determination of the 
identity of a compound by means of spectral comparison with 
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Figure 34-17. Infrared absorption 
spectrum of 3,5-dimethylphenol.'° 


that of an authentic sample, and verification of the presence of 
functional groups in an unknown molecule. The latter aspect is 
quite important in the structural elucidation of synthetic or- 
ganic compounds or substances isolated from natural sources. 

The position of the absorption bands due to stretching and 
in-plane bending vibrations of the functional groups, such as 
C=O, C—H, N—H, O—H, are somewhat independent of the 
influence of the neighboring groups in the molecule. These 
bands usually occur at 4000 to 1300 cm '. The position of 
the bands below 1300 cm? is influenced markedly by neigh- 
boring groups in the molecule. The portion of the spectrum 
from 1300 to 400 cm | is referred to as the “fingerprint” 
region. 

Extensive charts and tables of the characteristic group ab- 
sorption frequencies for common organic functional groups can 
be found in many of the texts listed in the Bibliography. Sev- 
eral catalogs of reference spectra have been published, the most 
voluminous of which is that of the Sadtler Research Laborato- 
ries, currently in excess of 90,000 spectra. Only a brief treat- 
ment of structure-absorption frequency correlation can be 
given here. 

The C—H stretching and bending vibrations occur at 3300 
to 2800 cm ’. Each particular type of hydrocarbon has its own 
characteristic band position; for example, saturated acyclic and 
cyclic hydrocarbons have stretching v at 2960 to 2850 cm ‘and 
in-plane bending 7 at 1470 to 1360 cm !; unsaturated olefinic 
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Figure 34-18. Types of molecular vibrations. Plus sign (+) indicates 
motion from plane of page toward reader, Minus sign (—) indicates 
motion from plane of page away from reader." 
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C—H stretching at 3090 to 3000 cm ' and unsaturated acety- 
lenic C—H stretching 7 at 3300 to 3270 cm '; aromatic C—H 
stretching v at 3100 to 3000 cm ' and the out-of-plane bending 
is at 900 to 650 cm '. The most characteristic band for aro- 
matic compounds, however, is at 1610-1590 cm |! (due to aro- 
matic skeletal vibration). 


O—H Vibration—Stretching at 3700 to 3350 cm ', depending on the 
extent of hydrogen bonding. 

C—O Vibration—Stretching at 1280 to 1000 cm ~', depending on 
whether it is an alcohol, phenol, ester, ether, etc. 

C=O Vibration—Stretching at 1950 to 1640 cm '. These bands are 
quite intense and very conspicuous. Hydrogen bondings, field effect, 
and conjugation affect the position. 

N—H Vibration—Stretching at 3500 to 3300 cm ', hydrogen bonding 
at lower frequency. Bands for N'H;, N° H,, and NH occur at about 
3200, 2700, and 2000 cm ’, respectively. 

C—N Vibration—Stretching of aliphatic compounds at 1210 cm ' and 
for aromatic at 1250 to 1350 cm |‘. For C=N, a band occurs at 1680 
to 1640 cm and for C=N at 2250 cm |. 


QUANTITATIVE IR 


Although IR spectrometry generally is employed for qualitative 
identification, rather limited use of its quantitative aspects is 
being made. Because of the uniqueness of its spectra, quanti- 
tative methods may not require prior separation of the analyte 
from excipients. Beer’s law, discussed earlier with UV-visible 
spectrometry, is also applicable to IR spectrometry. The sensi- 
tivity of IR analysis, however, is poor, only 0.01 to 0.001 of the 
sensitivity of UV, and, therefore, it has only a few applications 
in quantitative analysis. 


INSTRUMENTATION 


A brief description of the major components of an IR spectrom- 
eter is given below, and an IR instrument is illustrated in 
Figure 34-19. 


Radiation Source—Generally, IR radiation is obtained by electrically 
heating a Nernst glower (a mixture of oxides of zirconium, yttrium, 
and thorium) or a globar unit (a small rod of silicon carbide). 

Monochromator—The most commonly used prism materials for dis- 
persion of IR radiation are 


1. NaCl with a refractive index of 1.5442. This provides good 
dispersion at 2000 to 650 cm’, but poor dispersion beyond 


2000 cm ’. 

2. KBr, with a refractive index of 1.53, disperses at 1600 to 
370'em~?. 

3. CsBr, with a refractive index of 1.69, disperses at 1000 to 
250 cm |. 


In recent years grating systems have been employed more widely than 
the prism, primarily because of their high resolving power. 
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Figure 34-19. The optical system of a classic IR spectrometer (newer 
instruments use gratings instead of prisms). 


Detector—The thermocouple and bolometer are two types of detectors 
that are used; the former being employed to a greater extent. A 
bolometer is composed of a resistance element in a bridge circuit. A 
change in the resistance upon heating causes an unbalance signal 
which can be amplified and recorded. 


As seen in Figure 34-19, the source beam is reflected by 
mirrors to form the sample and reference beam. After passing 
through the sample and reference, the beams are chopped by a 
mirror that serves to focus each beam alternately onto the 
entrance slit of the monochromator. If the sample absorbs part 
of the radiation, the intensity of the two beams will be unequal. 

This inequality results in the development of an out of 
balance signal in the detector. After amplification and rectifi- 
cation, the signal is relayed to a comb or wedge to drive the 
reference beam attenuator to reduce the intensity of the refer- 
ence beam. As the difference between the two beams becomes 
zero, the out of balance signal also becomes zero. The pen of a 
recorder, which is connected to the attenuator, will perform the 
function of plotting the absorption coordinates on a paper 
chart. The abscissa of the chart is a function of frequency, and 
the resulting tracing of percent transmission versus frequency 
is known as an IR spectrum. 


PREPARATION OF THE SAMPLE 


Samples for IR determination can be prepared in the form of a 
gas, liquid, or solid. Liquid samples are prepared “neat” (pure 
form) or in solution using a liquid cell. Carbon tetrachloride 
and carbon disulfide are two commonly used solvents. With 
solutions, the solvent alone should be placed in the path of the 
reference beam to cancel absorption due to the solvent. This 
method is particularly useful in the study of various types of 
hydrogen bonding. 

Solid samples are prepared either as a KBr disk or in the 
form of a dispersion in mineral oil. A KBr disk of a sample is 
prepared by grinding the sample with KBr powder, placing the 
mixture between a punch and die and applying a pressure of 
about 50,000 psi. 

A mineral oil dispersion of a sample usually is placed be- 
tween two sodium chloride windows. This method possesses an 
inherent disadvantage in that the C—H absorption bands in 
the sample will be masked by those of the oil. 


Fourier Transform Infrared 
Spectrometry (FT-IR) 


The wide availability of high-powered microcomputers at rea- 
sonable cost has helped popularize the applications of trans- 
form spectroscopy in general and Fourier transform in partic- 
ular to several branches of spectrometry. These include IR, 
NMR, and MS. FT-IR, however, has been one of the first tech- 
niques developed; today, it is the instrumentation of preference 
over dispersive IR for handling ever smaller and more complex 
samples. Superior sensitivity and resolution, absolute wave- 
length accuracy, and higher precision of measurements are 
some of the reasons behind the rapid growth of FT-IR. 
Basically, the technique is a coupling of a Michelson inter- 
ferometer with a sensitive infrared detector. However, because 
of the enormous amount of data generated, a microcomputer is 
essential for data handling. In the Michelson interferometer, 
there is no monochromator and radiation of many frequencies 
passes through the sample. The source radiation is split be- 
tween a fixed mirror and a movable one. The two reflected 
beams then are combined, either constructively or destruc- 
tively, at the beam splitter, depending on the position of the 
movable mirror. As the path difference between the two beams 
is altered and, because only the nonabsorbed frequencies reach 
the detector, the signal pattern becomes the sample interfero- 
gram. For monochromatic radiation, the amplitude of the sig- 


nal is a cosine function of the mirror position. For polychro- 
matic radiation, the signal is a summation of all the 
constructive reinforcement or destructive interferences of each 
wavelength interacting with every other wavelength and re- 
sults in a unique interferogram for each particular sample. 

To handle the complex mathematical treatment needed for 
calculations, it was found that the cosine Fourier transform can 
relate the intensity of the interferogram as a function of the 
mirror travel, /(x) (Eq 9) and the intensity of the frequency I(v) 
(Eq 10) of the IR radiation: 


1(a) = [© 1) cos (av) dv 73) 


and after calculating (using a computer) the inverse trans- 
forms, 


I(v) = ji I(x) cos(2mvx) dx (10) 


by which the interferogram could be related back to the IR 
spectrum. 

Modern FT-IR spectrometers provide full spectra that can 
be monitored continuously on a CRT screen while scanning. 
Standard software packages include spectral subtraction, base- 
line correction, integration, peak picking, multicomponent and 
factor analysis, quantitative analysis, and spectral library 
searching. The use of a new mercury cadmium telluride (MCT) 
detector, diffuse reflectance accessory, cylindrical interval re- 
flection device, and transmission or reflectance microscopy are 
recent features that enhance the instrument’s sensitivity and 
versatility. 


Diffuse Reflectance 


The diffuse reflectance technique has become very popular in 
recent years and is applicable to a wide range of solid samples. 
In this technique, IR radiation is focused on a sample and the 
reflected or scattered radiation is collected over a wide solid 
angle, hence the term diffuse reflectance. Sample handling is 
simple and straightforward. Extensive grinding or use of high 
pressure is not needed, which eliminates the risk of altering the 
sample structure. Some of the samples for which good IR spec- 
tra are obtained are drugs, pharmaceuticals, food products, 
soap powder, coal, clays, paper, painted surfaces, polymer 
foam, and catalysts. Many samples, such as inorganics, may be 
run in neat form. Dilution with KBr powder is often used to 
reduce the intensity of strong absorption bands. 


Circle-Cell Analysis 


The circle cell is a multiple internal reflection (MIR) device that 
uses a cylindrical rod of zinc selenide as the internal reflection 
element. It was designed originally to overcome the problems 
that are encountered with aqueous solutions, but has since 
found many other uses. The analysis of aqueous solutions has 
been difficult if not impossible with conventional short-path 
cells due to the very high IR absorption of water. These trans- 
mission cells are also very difficult to clean. The presence of the 
highly absorbing O—H stretching bands of water obscures 
weaker bands at longer wavelengths that provide much of the 
useful information in the IR. The circular internal reflection 
technique also has been used to obtain IR spectra of additives 
in new and used oil, activators in emulsions and fatty acids in 
soap and detergents. The circle cell overcomes the problems 
that are found with water and these types of samples. An 
effective path length of 8 to 12 ym is obtained as the result of 
10 reflections at a 45° angle of incidence. Concentrations of 
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0.2% of moderately absorbing samples are detectable. The cell 
is easy to fill and to flush with solvent. 


Infrared Microscope 


Often the analyst is confronted with a sample that precludes 
exhaustive sample handling. At times these samples take the 
form of minute flaws or variations from the bulk properties of 
the matrix. Such samples arise from many sources: forensic, 
textile, packaging, polymers, films, coatings, paper, and elec- 
tronic components, all of which can contain small discontinu- 
ous areas of questionable composition. When these imperfec- 
tions arise, the analyst is asked to examine the spot or 
fragment so that its source in relation to the manufacturing 
process can be identified. 

Infrared spectrometry is especially useful in these problems 
because it is nondestructive. In addition, the variety of sample- 
handling techniques available often permits a sample to be 
analyzed in situ. For those problems where it is impossible to 
extract the critical portion of the sample, this is especially 
important. Microsampling techniques are employed in IR to 
improve sensitivity or to restrict the field of view and, thus, 
eliminate gross background interference. Beam condensers and 
other magnification tools have been used for many years. Mi- 
croscopes extend the utility of IR to samples of the order of 10 
ym. Use of a microscope allows alignment of the small sample 
in the IR beam as well as focusing the energy. 

Thermogravimetric analysis (TGA) coupled with FT-IR is a 
new way of monitoring the evolved gases generated during 
sample decomposition or volatilization caused by heating over 
time. Using TGA, identification of the components of the gases 
can be used to determine sample characteristics. 


Advantages and Limitations of FT-IR 


The speed and high sensitivity of FT-IR, which make it ideal for 
microanalysis, arise from two factors. 


1. The use of what is known as the multiplex or the Fellgett advantage 
where a very high signal-to-noise ratio exists due to the fact that the 
sample; thus, the detector is affected by all frequencies at one time. 

2. The radiation power throughput of the interferometer is signifi- 
cantly larger than for the dispersive instrument (about 40 times). 


These advantages of FT-IR make it the technique of choice 
for coupling the qualitative power of IR to such separation 
techniques as gas and liquid chromatography (GC-FT-IR and 
LC-FT-IR). 


PATTERN RECOGNITION ANALYSIS 


As the preceding sections of this chapter have shown, the 
spectra obtained in the UV and IR regions are very useful. This 
utility has been extended by the implementation of pattern 
recognition analysis. This data treatment approach uses so- 
phisticated computer software that allows analysis of vast data 
sets, a process that extracts much meaningful information from 
sample spectra. Subtle differences between data sets can be 
visualized easily, resulting in faster identifications and much 
quicker decisions. 

Two approaches, Principal Component Analysis (PCA, re- 
ferred to previously in the near IR discussion), and Hierarchi- 
cal Cluster Analysis (HCA) are mentioned here. 


In PCA, new sets of variables or factors that are linear combinations 
of the original variables in the data set are calculated. The few dimen- 
sions in the new factor space that are needed to represent all of the 
significant information in the data are called principal components, 
whereas other factors represent noise components only. This view al- 
lows visualization of the natural clustering in the data, identifies out- 
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liers, and facilitates assignment of chemical or physical meaning to the 
data patterns that emerge. 

The primary purpose of HCA is to present data in a manner that 
emphasizes the natural groupings in that data set. Distances between 
the samples (variables) in a data set are calculated and compared. 
When distances between samples are relatively small, the implication 
is that samples are similar. HCA results are presented in the form of a 
dendrogram, a tree-shaped distance map constructed using the sets of 
intersample distances. Dendrograms show clustering, and the branch 
lengths are proportional to the distances between the connecting 
clusters. 

One of the activities that may benefit from the capabilities of pat- 
tern recognition analysis is the identification and differentiation of 
plastic materials used in pharmaceutical packaging. For a discussion of 
this very useful approach to data treatment, see the text by Massart, 
Vandefinste, and Deming in the Bibliography. 


NUCLEAR MAGNETIC RESONANCE 
SPECTROMETRY (NMR) 


eS ER CT 
In 1921 AH Compton suggested that an electron can possess an 
intrinsic angular momentum or “spin” and thus act as a tiny 
magnet. In 1925 Wolfgang Pauli suggested that, similarly, the 
nuclei of certain atoms also could have the property of spinning 
or rotating around their axes. The spinning of these charged 
particles—that is, the circulation of charge—generates a mag- 
netic moment along the axis of spin, or creates a nuclear dipole, 
so these nuclei act like tiny bar magnets. As a consequence, 
when these nuclei are exposed to an external magnetic field, 
their energies are split into two or more quantized levels. The 
reason, according to quantum mechanics, is that the spinning, 
charged particles must align themselves either with the exter- 
nal magnetic field (more stable, lower energy level, ground 
state) or against it (less stable, higher energy level, excited 
state). Transitions among the different energy levels only can 
be brought about if EM radiation of the current frequency is 
absorbed and the tiny bar magnet is “flipped” to the less stable 
excited state (alignment against the field). 

The experimental verification of these theoretical concepts, 
however, was not an easy task. It required about 21 years until 
two scientists, Block from Stanford and Purcell from Harvard, 
working independently, were able to demonstrate the absorp- 
tion of radiation in the radio frequency portion of the EM 
spectrum as a consequence of energy level transitions by nuclei 
exposed to a strong external magnetic field. The radio fre- 
quency radiation ranges from 0.1 to 100 MHz or 3000- to 3-m 
wavelength. 

Although NMR is a general term that can apply to any of 
several atoms, unless otherwise specified it usually refers to 
proton (or 1H) NMR, a technique that grew to be most vital for 
structural elucidation of organic molecules. Most of the discus- 
sion in this chapter will relate to proton magnetic resonance, 
because it is the most commonly used version. 


THEORY 


As discussed above, the angular momentum of the spinning 
charge is expressed by a spin quantum number, J (in units of 
h/27, where h is Planck’s constant). The J value for isotopes 
may vary by integral values 1, 2, 3,... or half-integral values 
1/2, 3/2, ..., 9/2. An I value equal to zero indicates no spin. The 
spin number of isotopes can be determined by observing the 
following rules: 


Nuclei with an even number of protons and neutrons have a spin 
number of zero, or no spin (eg, *He, '*C, '°O). 

Nuclei with an odd number of protons and neutrons have an integral 
Spingotelye 2 onnnen (Cote: Limes Nino) 

Nuclei with an odd mass number have a half-integral spin of 1/2, 3/2, 
... 9/2; either an odd number of protons and even number of neu- 
trons (eg, 'H, '’F, *'P) or an even number of protons and odd number 
of neutrons (eg, '°C). 


The nuclei of an isotope (J > 0) placed in a magnetic field 
will assume a number of orientations equal to (2J + 1). Because 
I for the proton is 1/2, there:will exist two orientations or spin 
states: (1) a low-energy state, wherein the nuclei are in align- 
ment with the external magnetic field (parallel orientation, N 
pole of nucleus near S pole of magnet) and (2) a high-energy 
state, wherein the nuclei are in alignment against the external 
magnetic field (antiparallel orientation, S pole near S pole) (Fig 
34-20). The separation of the energy levels is a function of the 
nuclear magnetic moment, pu, and the external magnetic field 
strength, H,, and inversely proportional to the spin quantum 
number, J, according to 


SaaS (11) 


As shown in Figure 34-21, the spin axis of the nucleus pre- 
cesses about the axis parallel to the field direction. If Ho is 
increased, the precessional frequency of the nucleus increases 
proportionally. The angular velocity, wo, of the precessing nu- 
cleus is expressed as 


Oey = yHy (12) 


where y is the magnetogyric ratio (a nuclear constant). The 
flipping from one energy state to another can occur by absorp- 
tion or transmission of radiation according to 


0 On (13) 


where » is the radio frequency (rf), corresponding to the pre- 
cessional frequency of the nucleus, which causes nuclear tran- 
sition from a low-energy to a high-energy state. Restated, if the 
rotating magnetic vector of rf equal to wo is introduced perpen- 
dicular to Ho, the system will be attuned; that is, the frequency 
of the precessing nucleus and inserted frequency will be in 
resonance. 
Combining Equations 12 and 13 gives 


@) = 217v (14) 


If Hy is 14,092 gauss, an external frequency of 60 mHz (a weak 
magnetic field H,) is required to induce flipping of protons. The 
direction of the rotating magnetic field, H,, is perpendicular to 
the direction of Hy. When resonance occurs, the nuclei flip over 
(revert to alternate energy states). This results in an induced 
voltage in a receiving coil placed at a right angle to both Hy 
and H,. 

In practice, the rf oscillator is maintained at a constant 
frequency and Hy is swept over a narrow range (usually of the 
order of a few milligauss). 

Population of nuclei in each energy level is given by 
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where k is the Boltzmann constant (1.38 x 10 '° erg degree '). 
In the case of proton nuclear spin, AE = 5 X 10 “ ergina 
15,000 gauss field at a temperature of T = 300K, N,,,,.,/ 
Nipwer™ @ > 10 42% 10 ™ or 1 to 1.2 10> for suchemures 


It is this excess that is responsible for the observed absorption 


Figure 34-20. Orientation of nuclear magnets in an external mag- 
netic field. 
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Figure 34-21. The spinning and precessing of a nuclear magnet in 
an external magnetic field. 


of radiation. As the excess of nuclei is very slight, it is impor- 
tant that too large an amount of energy not be introduced into 
the system. If this occurs, all of the excess nuclei are in the 
excited state and the intensity of the absorption signal may 
decrease or even vanish. This is the phenomenon of saturation, 
a situation to be avoided if the quantitative nature of energy 
absorption by nuclei is to be preserved. Therefore, the required 
condition for nuclear resonance is the maintenance of excess 
nuclei in the lower energy level. This is accomplished by a 
process known as relaxation, mechanisms by which a nucleus 
returns from the higher to the lower energy state. 

Two types of relaxations are operative: spin-spin relaxation 
and spin-lattice relaxation. 


Spin-spin (transverse) relaxation involves the mutual exchange of 
energy between two proximal precessing nuclei. This type of relaxation 
does not contribute to the maintenance of an excess lower state spin 
population, but it decreases the lifetime of the excited state nucleus, 
which affects spectral line width. 

Spin-lattice (longitudinal) relaxation involves a transfer of the nu- 
clear energy, as a result of transition to a lower state, to the energy of 
the lattice components. The term Jattice refers to the framework of 
molecules in a system in any physical state. Translational, rotational, 
and vibrational energies of the molecules are the components of a 
lattice. Owing to the magnetic properties of these various types of 
energies, the lattice contains a variety of magnetic fields whose proper 
alignment with a precessing nucleus can cause transition to a lower 
state. The energy thus released increases the translational, vibrational, 
and rotational energies. There is no net change of energy in the system. 
This process is responsible for maintaining the small excess nuclei in 
the lower energy level. 


Both spin-spin and spin-lattice relaxations are responsible 
for spectral line width. The line width is inversely proportional 
to the lifetime of nuclei in the excited state. In solids or viscous 
liquids, restriction of molecular motion does not allow frequent 
occurrence of proper magnetic orientation, resulting in a long 
spin—lattice relaxation time. This condition, however, creates a 
proper orientation of nuclei so that the mutual exchange of 
energy becomes quite facile, thus shortening spin-spin relax- 
ation time, which in turn results in the broadening of the 
spectral line. 


INTERPRETATION OF SPECTRA 


The value of NMR spectra in qualitative determinations arises 
from the nature of the proton resonances. Depending on the 
nature of the immediate molecular environment, protons will 
resonate at characteristic frequencies, allowing protons in dif- 
ferent environments to be differentiated. The interaction of 
protons gives rise to the phenomenon of splitting, a behavior 
that makes an NMR spectrum complex. To be able to interpret 
such a spectrum correctly, it is essential to understand the 
following terms that are unique to NMR. 

Shielding Effect—The frequency of resonance in an NMR 
spectrum depends on the magnetic environment of the protons 
in a molecule. This concept can be elaborated by considering 
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the phenomenon that, when placed in an external magnetic 
field, electrons in an atom or molecule will circulate. 

The circulating electrons create a new magnetic field that 
opposes the external magnetic field, thus reducing its effect on 
the nucleus. This is known as the shielding effect, and its 
magnitude is determined by the density of the electrons around 
the nucleus. Because the electron density around each proton is 
a function of its environment, protons surrounded by different 
substituent groups will experience an unequal effect of the 
external magnetic field. 

Chemical Shift—When the frequency of the rotating mag- 
netic field, H,, whose plane is perpendicular to H,, becomes 
equal to the precessional frequency of the nucleus, energy will 
be absorbed and nuclear transitions will occur, and an NMR 
spectrum is obtained. Therefore, the NMR spectrum is a plot of 
resonant absorption frequencies (or magnetic field strength) 
versus an arbitrary intensity scale. The area under each peak 
(when properly evaluated, as will be discussed later) is propor- 
tional to the number of protons in the environment producing 
such a peak or combination of peaks. Tetramethylsilane (TMS) 
is used as a reference standard because all of the protons are 
equivalent; thus, only one resonant peak is observed and it 
occurs at a point farther “up-field” from most other proton 
resonances. 

All other proton resonances are referred to TMS (arbitrarily 
assigned a value of zero) and are measured from the TMS value 
using a concept known as a chemical shift (distance from the 
TMS value, measured in ppm; see below). Because the chemical 
shift is a function of the magnetic field strength, its value will 
vary if instruments with different rf magnetic fields are em- 
ployed for measurement (eg, 60, 100, and 400 mHz). To make 
the chemical shift expression independent of field strength, a 
chemical shift symbol, 5, in dimensionless units of parts per 
million (ppm), is used 


6 = Hs — Ayys/H, X 10° (16) 


where Hg and Hyg are the field strengths (in Hz) correspond- 
ing to resonance for the sample and reference, respectively. H, 
is the frequency of the rf signal used. The designation 7 (where 
7 = 10 — 8) also is used to designate chemical shift. 

It should be emphasized at this point that although the 
electronegativities of atoms proximal to protons are a contrib- 
utory factor in determining chemical shift values, the position 
of the resonance peak is influenced also by several other struc- 
tural features. A classic example is the peak for acetylenic 
protons at 2.35 ppm, which are more shielded than the olefinic 
protons at 4.60 ppm. This apparent anomaly can be explained 
by considering the diamagnetic anisotropy effect—that is, the 
orientation of the chemical bond in a magnetic field. In Figure 
34-22A, the lines of force, induced by circulating 7 electrons of 
the acetylenic C=C bond, shield the proton. In contrast, the 
induced magnetic field deshields an aldehyde proton (Fig 
34-22B). 


Figure 34-22. The electron-induced magnetic lines of force. 
A. Shielded acetylenic proton. B. Deshielded aldehyde proton. 
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Spin-Spin Coupling—Figure 34-23A depicts the NMR 
spectrum of ethanol as determined by a high resolution 
instrument. Instead of observing three distinct peaks indic- 
ative of the methyl (CH,—), methylene (—CH,—), and hy- 
droxyl (—OH) protons, with peak areas in the relation 3: 2: 
1, several peaks are noted in each area. Each peak represen- 
tative of certain types of protons has been split by coupling 
with adjacent protons. The concept of spin-spin coupling can 
be visualized by considering the effect of one proton on a 
neighboring proton connected by not more than three bonds 
(conjugated systems excepted). The splitting occurs because 
of the tendency of the electron to pair its spin with that of the 
nearest proton. For a simple explanation of spin-spin split- 
ting, consider a molecule with nonequivalent adjacent pro- 
tons, H, and H., in a magnetic field. If the nucleus H, is in 
an antiparallel position, the field experienced by H, becomes 
augmented, corresponding to a higher precessional fre- 
quency. The resonance line for H, occurs at a lower field if H, 
is absent. An opposite effect is observed if the nucleus H, has 
the parallel position. A similar effect is exerted on H, by Hg. 
The combination of these effects thus gives rise to two 
doublets. 

Figure 34-23B illustrates the probable nuclear arrange- 
ment of the —CH,— sand —CHy, groups of ethanol. The 
multiplicity caused by the effect of one group on a neighbor- 
ing group is given by the formula 2nJ + 1, where n is the 
number of equivalent nuclei of spin J. In the case of protons 
with J = ¥, the formula can be written simply as n + 1. In 
Figure 34-23A the CH. group in ethanol consists of four 
peaks with intensities of 1: 3: 3: 1; the CH, group has three 
peaks with intensities of 1: 2: 1. The ratio of the total area of 
CH, to that of CH, is 2: 3. 

The distance between multiplets is referred to as the cou- 
pling constant, J, expressed in Hz and the letter J is sub- 
scripted (eg, Jap; see below) to denote the protons or atoms 
involved in coupling. For protons, the J value rarely exceeds 20 
Hz. The separation of two resonance lines, Av, is expressed in 
Hz. Unlike chemical shift, the J value is independent of the 
strength of the applied magnetic field, Hj, and its magnitude is 
a function of the extent of coupling between two nuclei. Chem- 
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Figure 34-23. A. A high-resolution NMR spectrum of ethanol. 
B. Spin-spin splitting presentation of proximal CH; and CH,. 


ically equivalent protons also undergo spin-spin coupling but 
the transitions are forbidden and not observed. 


QUALITATIVE MEASUREMENT OF NMR SPECTRA 


The use of NMR for qualitative analysis involves several prop- 
erties of the spectrum. First, the chemical shift establishes the 
general nature of the proton. Then the multiplicity of the pro- 
ton resonance indicates the nature of the proton environment 
and the interaction of protons. For the simplest cases, the 
first-order spectra follow idealized rules and may be inter- 
preted directly. More complex spectra may prove to be too 
complex for noncomputer assisted interpretation, and in these 
cases qualitative analysis may be established by use of refer- 
ence standard materials. The magnitude of the resonance in- 
tensity of a proton singlet or multiplet is directly proportional 
to the number of protons. Thus, if the area of the singlets or 
multiplets in a spectrum is integrated, it is possible to assign 
relative values to the areas and determine the number of pro- 
tons that a particular multiplet represents. This information 
simplifies interpretation of spectra and the identification of 
compounds. 


INSTRUMENTATION 


The NMR spectrometers available commercially are of either 
the continuous wave (CW) or Fourier transform (FT) type and 
vary as to magnetic field strength and, accordingly, the reso- 
nance frequency imposed by the radio frequency oscillator. The 
FT instrument systems that permit signal enhancement par- 
ticularly are useful when weak resonance signals are encoun- 
tered, as in the case of '°C, an isotope present in nature only to 
the extent of 1.11%, or in those cases when very dilute samples 
of strongly absorbing nuclei are studied. 

The available spectrometers have different radio frequency 
oscillators, such as 60 mHz, 100 mHz, 200 mHz, or 400 mHz. 
This variation makes it convenient to express field strength in 
a manner independent of oscillator frequency. Figure 34-24 
depicts a 60-mHz NMR CW instrument, consisting of the fol- 
lowing major parts: 


Magnet—Hither a permanent magnet or electromagnet can be em- 
ployed in NMR to supply H,. Currently, superconducting magnets 
cooled in liquid helium are being used in instruments that require 
high magnetic field strengths. Because chemical shift is a function of 
magnetic field strength, greater dispersion is achieved at a higher 
magnetic field strength. In practice, the field is varied over a very 
small range (about a few milligauss) with the aid of a sweep coil. If 
a sawtooth voltage is employed to change the field of the large 
magnet and the same sawtooth is used as an x axis driving voltage, 
the signal can be observed on a recorder or an oscilloscope. 

Radiofrequency Oscillator (Transmitter)—This rf field is provided 
by a transmitter coil whose magnetic vector component moves in a 
plane perpendicular to the direction of H). The field induces nuclear 
transitions when its frequency equals wo. 

Radiofrequency Receiver (Detector)—The flipping of nuclei as a 
result of rf insertion induces a voltage in the receiving coil, whose 
axis is at a right angle to the axis of the transmitter coil and H). 

Oscilloscope and Recorder (Display Device)—The voltage from 
the receiving coil is amplified and observed in an oscilloscope or a 
recorder. The peaks of an NMR spectrum are the result of plotting 
intensity versus frequency of resonance (field strength). 


PREPARATION OF THE SAMPLE 


A sample for NMR spectral determination should be dissolved 
in a solvent devoid of protons or in which the protons have been 
replaced by deuterium, such as CCl,, CDCl, D,0, SO(CDs)o, 
CO(CD3)., or CF;COOD. The choice of solvent depends on the 
nature of the substance and obviously, the solute and solvent 
must not interact. 

Usually, 30 to 70 mg of the compound under investigation is 
dissolved in about 0.2 mL of the solvent in an NMR tube. A 
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small amount of TMS is added for reference. Due to the insol- 
ubility of TMS in some solvents, such as water, an external 
TMS standard often is used. This is done either by placing a 
sealed TMS-containing capillary tube inside the NMR tube or 
by marking the reference point, just prior to determining the 
spectrum of a sample, with a TMS solution in CCl, or CDCl,. 


SPIN-SPIN DECOUPLING 

ES LL IE TEES DES 
SPIN-SPIN DECOUPLING (double irradiation or double 
resonance) is a useful technique for simplifying NMR spectra in 
order to find the relative positions of protons in a molecule or 
for locating a masked absorption. All protons can be decoupled 
as long as they are more than 20 Hz apart at 100 mHz. In 
spin-spin decoupling, the nucleus essentially is irradiated with 
a strong radio frequency signal at its resonance frequency, 
while scanning other nuclei to detect which ones are affected by 
decoupling from the irradiated nucleus. Decoupling usually 
has been applied to '*N, *'P, or '°F because of the large differ- 
ence from proton resonance. Internuclear double resonance 
(INDOR) is another technique which is used to examine cou- 
pling between two nuclei of very different relative sensitivities 
such as *H and PN. 


SHIFT REAGENTS 


These are ions in the rare earth (Lanthanide) series coordi- 
nated to organic ligands such as tris-(6,6,7,7,8,8,8-heptafluoro- 
2,2-dimethyl-3,5-octanedionato)europium, Eu(fod),. The addi- 
tion of these reagents helps to spread out the NMR absorption 
patterns without increasing the strength of the applied mag- 
netic field. This occurs due to a significant magnification of the 
chemical shift differences of nonequivalent protons with cer- 
tain types of compounds. 


QUANTITATIVE APPLICATIONS OF NMR 


The ability to integrate areas under the resonance peaks in 
NMR spectra has quantitative applications. Two methods can 
be employed for quantitative measurements; the relative 
method where the integral areas from two different proton 
types within the same molecule are compared, and the absolute 
method where a known quantity of an organic compound is in 
the same solution with a known quantity ef internal standard. 
An internal standard is a pure organic compound with a struc- 
ture such that the integral for the area of the resonance peak(s) 
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Figure 34-24. A basic NMR instrument (cour- 
tesy, Varian). 


of a single kind of proton may be used as an absolute measure 
of the protons. The integral area for one kind of analyte protons 
may be compared with the integral area for the internal stan- 
dard protons and quantitative analysis accomplished. 

Several factors must be considered when selecting a partic- 
ular resonance peak or cluster of resonance peaks for quanti- 
tative measurement. 


The analytical moiety that gives rise to the resonance peak(s) should be 
stable under analytical conditions. 

The strongest resonance peak or multiplet should be chosen to obtain 
the most sensitive measurement. 

The internal standard should be a compound that possesses a strong 
resonance signal, preferably a singlet, in the proximity of the peak 
of interest. 


Some of the limitations of quantitative NMR are the cost of 
the instrument and, in the case of CW instruments, lack of 
sensitivity. Also, complexity of the sample may give rise to peak 
overlap. Another major problem arises from the very small 
excess nuclei in the lower energy state that can lead to the 
saturation problem. However, by controlling the relaxation 
time for the species, the power of the source and the scanning 
rate, this problem can be minimized. The characterization of 
chemical or biological samples by multidimensional data fol- 
lowed by appropriate data analysis provides a means for the 
quantitative classification of new samples. 


ISOTOPES OF NMR 


As discussed under the theory section, several other isotopes 
possess magnetic moments, and thus can be studied by the 
magnetic resonance technique. The most important nuclei 
studied so far are the following. 

73C NMR—This is a most exceedingly interesting nucleus 
for which an increasing amount of data is being published. '°C 
has a nuclear spin of ¥% which usually can be studied at a 
frequency of 10.705 MHz at a field of 10 kilogauss. However, 
due to the very low natural abundance of this isotope (1.1% 
compared to '*C), its resonance has only 1.6% the sensitivity of 
1H NMR. Another difficulty with '*C NMR is that its relaxation 
time is significantly longer than 'H. 

Because of these problems, ‘°C requires relatively larger 
samples and sophisticated instrumentation where pulsed FT- 
NMR could be applied and computer analysis is used for data 
manipulation and spectra interpretation. It should be pointed 
out that the basic rules for interpretation of '*C spectra are 
essentially similar to proton NMR because the spin number for 
18C is the same as for 'H (14). However, the coupling constants 
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for '°C-'H are large (100 to 250 Hz), and thus interpretation of 
the !°C spectra usually is difficult because of the overlapping 
18C-'H multiplets. Recent studies showed that the complicated 
13C spectra could be simplified by completely decoupling 
the !°C nuclei from all the 'H nuclei using a spin-spin decou- 
pling technique (double resonance). Recently, the development 
of superconducting magnets, together with Fourier transform 
techniques and advanced computer technology has helped '°C 
NMR to develop into one of the most important techniques in 
structure elucidation. 

729 NMR—Fluorine-19 has a spin quantum number of % 
and its resonance frequency is about 56.5 MHz at 14,000 
gauss (as compared with 60.0 mHz for 'H). Therefore, ‘°F 
can be investigated with a slightly modified proton NMR 
spectrometer. Although '°F absorption also was found to be 
sensitive to its molecular environment, the structural corre- 
lations of the fluorine shift are few by comparison to proton 
NMR. 

37P NMR—Phosphorous-31, has a spin quantum number of 
\% and its resonance frequency at 14,000 gauss is 24.3 MHz. It 
exhibits sharp peaks with chemical shifts extending over a 
range of 700 ppm. Recently the use of *!P NMR as a direct, 
noninvasive measurement of several kinetic studies in biolog- 
ical systems has opened a new and exciting field for this tech- 
nique. Employing an Mg-ATP thermometer, measurements 
with small surface coils have been used to observe phosphorous 
metabolism of perfused hearts within localized regions in order 
to assess the altered regional metabolism resulting from myo- 
cardial infarction and response to drug treatment. Also °*’P 
NMR of free Mg-ion, Mg-ATP and Mg-ADP in intact Ehrlich 
ascites tumor cells has been reported. 


HIGH-RESOLUTION NMR AND ITS 
ANALYTICAL APPLICATIONS 


The development of new, pulse, and multiple pulse NMR tech- 
niques has made the study of the NMR of low abundance and/or 
low sensitivity nuclei almost a conventional technique. Today, 
these high resolution NMR techniques constitute a major role 
in the study of molecular structure and conformation, kinetics, 
and biochemical studies. The ubiquitous distribution of hydro- 
gen in the human body and the nature of FT NMR techniques 
have made it possible to apply absorption of NMR radiation by 
hydrogen to the development of a noninvasive imaging tech- 
nique for the human body. The technique, called Magnetic 
Resonance Imaging (MRD), is based on the fact that the de- 
tected EM signal is unique in intensity and duration to each 
type of tissue in the body. Through computerized data acquisi- 
tion, the NMR signal is displayed as vivid cross-sectional im- 
ages of the specific organ under study. 

The MRI technique avoids the harmful effects of the ioniz- 
ing radiation caused by the current prevailing technique, Com- 
puterized Axial Tomography (CAT) scanning, as well as the 
pain and danger associated with the necessary injections of 
contrast agents. The technique has also proven to be a far 
superior and effective diagnostic tool. Recent reports have 
shown an accuracy of 100% in identifying multiple sclerosis 
lesions, as compared to the present success rate of 5 to 35% for 
the CAT scan. It also can reveal the damage from a stroke 
buried deep beneath the skull and differentiates between the 
gray and the white matter of the brain. The potential of the 
new technique is astounding as it promises to reveal not only 
the cellular structure of the body, but its in vivo chemistry as 
well. 


PULSED FOURIER TRANSFORM NMR 
(PULSED FT-NMR) 


Since its introduction in the late 1960s by Ernst and Ander- 
son, pulsed FT-NMR has been the major force behind the 


significant achievements in high resolution NMR and in 
solid-state NMR. In the traditional continuous wave method, 
a frequency/field sweep is ‘applied to the sample and each 
magnetic resonance line has to be recorded sequentially. 
In Pulsed FT-NMR, the sample is irradiated with a high- 
powered pulse of radio frequency energy. The transient re- 
sponse or signal, which results in the time domain (known as 
free induction decay or “FID”) is stored in a computerized 
data acquisition system where it undergoes Fourier trans- 
formation to generate the usual frequency-domain spectrum. 
Therefore, in FT-NMR the data of all resonance lines over a 
specific region is gathered and processed simultaneously. 
This great time saving is of extreme importance in under- 
standing the high sensitivity of FT-NMR. Also its ability to 
handle natural low-abundance nuclei, such as 1°C, where 
consecutive scanning and averaging over long periods of time 
is necessary for resolution enhancement, is an obvious 
advantage. 

Pulsed FT-NMR can be performed either as a single radio 
frequency pulse sequence followed by the acquisition of the FID 
or in a multiple pulsed mode where a series of carefully timed 
radio frequency pulses is applied to the sample prior to the 
acquisition of the FID to measure the spin-lattice relaxation 
time (7) and the spin-spin relaxation time (T.). The important 
applications of multiple pulse techniques include 


Two-Dimensional NMR (2D-NMR)—Data are collected as a function 
of two independent time domains, followed by double Fourier trans- 
formation. The spectrum has two frequency axes and one intensity 
axis. 2D-NMR is very useful in simplifying very complex conven- 
tional spectra. 

Insensitive Nucleus Enhancement by Polarization Transfer 
(INEPT)—This is especially applicable for sensitivity enhancement 
in the study of relatively insensitive multinuclei resonance such as 
IN, 170, etc. 

Incredible Natural Abundance Double Quantum Transition Ex- 
periment (INADEQUATE)—This is of unique value in providing 
detailed C—C bonding information by observing the natural abun- 
dance '*C—'*C scalar (spin-spin) couplings. 

Multiple Quantum Technique (MQ-NMR)—A technique developed 
by Pines where several quanta of energy are absorbed or emitted, 
and several spins flip simultaneously. A multiple-quantum transi- 
tion occurs when several separate transitions occur coherently. MQ- 
NMR is generating new excitement in the study of the orientation of 
molecules in space when coupling between proton spins produces 
a large number of lines in the NMR spectrum. The higher the 
quantum number, the more simplified is the spectrum (see Fig 
34-25A,B'° for benzene). 


SOLID-STATE NMR 


Conventional NMR spectra of solids consists largely of broad 
peaks that are caused by a high proton dipolar (Ho) and qua- 
drupolar (Hq) nuclear spin Hamiltonians; in liquids both Ho 
and Hg vanish and only chemical shift (Hcg) and scalar cou- 
pling terms (H,) contribute. Newer techniques have been in- 
troduced to deal with the broadening problem: 


Magic angle sample spinning (MASS), where the sample spins rapidly 
about an axis inclined at the magic angle of 54°44’ of Ho. 

Multiple pulse techniques, which significantly narrow the lines. 

Magnetic dilution. '’C satisfies this condition for being magnetically 
dilute. 


Hybrid experiments of all three techniques also have been 
applied with great success. 


Electron Spin Resonance (ESR) 


According to Bohr’s nuclear theory, the atomic spectra of 
alkali metals should have a single spectral line correspond- 
ing to the unpaired valence electron. Careful examination, 
however, showed that the spectra have two closely spaced 
lines. In 1925 W Pauli suggested that the doublet could be 


Figure 34-25 A. Oriented benzene spectrum in quantum NMR sim- 
plification of the spectra by using higher quantum numbers.'° 
B. Quantum NMR oriented benzene spectrum using selective, four- 
quantum excitation.'® n, number of quanta absorbed or emitted 


coherently. 


explained only if the electron exists in two distinct states of 
angular momentum, an idea first introduced in 1921, by AH 
Compton, who hypothesized that the electron may have an 
intrinsic magnetic momentum or a spin that makes it act as 
a tiny magnet. A new quantum number for spin, “s,” with 
values +’ was then added to the other three quantum 
numbers of the electron n, /, and m. Therefore, the intrinsic 
angular momentum of the electron may have the value of 
Y(h/27) or —V2(h/27). The angular momentum of the elec- 
tron is almost 1000 times larger than that of the proton; 
therefore, the energy differences between its magnetic quan- 
tum levels are much larger than for the nucleus correspond- 
ing to about 10,000 to 80,000 MHz, which falls in the micro- 
wave region of the EM radiation spectrum. 

ESR spectrometry depends on the splitting of the electron’s 
magnetic energy levels upon subjecting it to an external mag- 
netic field. Only unpaired electrons, contained in an ion, a 
molecule, or an atom, can exhibit ESR. Compounds such as 
transitional-metal ions and their complexes, free radicals, and 
molecules with triplet-state electrons have been studied suc- 
cessfully by ESR spectrometry. 

The basic principles of ESR are very similar to NMR spec- 
trometry. Instruments consist of a power source that produces 
radiation at a constant frequency of approximately 9500 MHz 
and the spectra are obtained by varying the field strength. A 
3500 gauss electromagnet usually is employed with sweep coils 
that allow for field variation within a narrow range. The sam- 
ple is contained in a microwave cavity within the field of the 
magnet. 

ESR spectrometry has not yet enjoyed the popular acclaim 
and analytical importance accorded to NMR. This may be in 
part due to its high initial set-up costs but more importantly 

because of the fact that most molecules fail to exhibit an ESR 

spectrum because they contain an even number of electrons. In 
certain cases, however, ESR has proved to be of prime value in 
providing unique analytical information, such as in the detec- 
tion and identification of free radicals. Other recent applica- 
tions include polymer characterization and metal ion-com- 
plexes studies. 


INSTRUMENTAL METHODS OF ANALYSIS 631 


Emission Spectrometry, Flame 
Photometry, and Atomic Absorption 


The study of atomic spectra is probably the most basic scientific 
phenomenon that has captured the curiosity and the imagina- 
tion of physicists, astronomers, and chemists since the 16th 
century. The information gained from the intensive and unre- 
lenting pursuit to establish its fundamental theories was a 
major factor behind the development of our modern physical 
and chemical sciences. 


THEORY 


When gaseous ions or an aerosol form of metals and some 
nonmetallic elements are heated to a high temperature, the 
kinetic energy of the atoms or molecules is increased. Collisions 
occurring at such an elevated energy incur a high probability of 
transforming the kinetic energy into excitation energy. The 
electronically excited species are unstable, and if no chemical 
reaction occurs after 10 * to 10” sec, the energy is lost 
by emission of EM radiation in the UV and visible region, 
with wavelengths that are characteristic of the species under 
investigation. 

Commonly employed methods of excitation are flame, ac arc, 
de arc, and ac spark. Flame provides low-energy excitation and 
is used for easily activated substances; it has been used more 
recently with great success in Inductively Coupled Plasmas 
(ICP) where a high temperature argon torch is used to excite 
most atoms. Electrical excitation by discharge also is very 
effective in volatilizing and exciting samples and a tempera- 
ture range of 4000 to 8000K is attainable by this method. An ac 
spark provides excitation energies greater than the arc and is 
produced by application of a high voltage (10 to 50 kV) across 
the electrodes. Excitation also can be achieved with an optical 
ruby laser. 


Emission Spectrometry 


INSTRUMENTATION—The optical system of a typical 
emission spectrograph is shown in Figure 34-26. A diffraction 
grating can be used in place of a prism for radiation dispersion. 

ANALYTICAL PROCEDURE —For the qualitative anal- 
ysis of metallic samples, the metal usually is fabricated into the 
electrodes. If quantitative analysis is desired, the sample is 
prepared in the form of a powder or solution and introduced 
onto pure graphite or copper electrodes mounted vertically. The 
lower electrode contains a small depression in the tip for pow- 
der samples. A solution may be placed on the electrode and 
evaporated; the residue then yields an emission spectrum. A 
densitometer is used to identify unknowns by comparing the 
lines at various wavelengths with the lines in the previously 
photographed spectra of known metals. Iron is a valuable in- 
ternal standard. 

The major application of emission spectrometry is in the 
qualitative detection of all metals and most of the nonmetallic 
elements. Detection limits lie in the ppm or ppb range. Quan- 
titative application, which used to be limited, has grown very 
rapidly lately, especially with the introduction of inductively 
coupled plasma techniques and laser sources. Currently, emis- 
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Figure 34-26. A simplified optical diagram of an emission 
spectrometer. 
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sion spectrometry provides an excellent rapid technique for the 
simultaneous or sequential quantitative determination of up to 
30 elements. 


FLAME PHOTOMETRY 
(FLAME EMISSION SPECTROMETRY) 


(Hr aT AA AT REAR, 
Flame photometry employs an emission-measuring device and 
uses a gas—air flame (1100° to 1300°) for excitation. The detec- 
tion is limited to group JA and IJA metals of the periodic table 
which have a low-lying electronic level. Sodium is the most 
active in the series with a detection limit of 0.0002 ppm and 
beryllium is the least active with a detection limit of 25 ppm. 
The detection limit of a few elements is listed in Table 34-2. 


INSTRUMENTATION 


A flame photometer is composed of the following parts: 


The Flame Source—This part consists of pressure regulators and flow 
meters for the fuel, atomizer, and burner. The burner has inlets for 
fuel and oxygen or air. To ensure constant emission, a major re- 
quirement of the flame is the maintenance of a steady state. The 
quality of the burner is important in attaining a proper spectrum. 

The Optical System—The optical system is identical to that of the 
atomic absorption spectrometer. In recent years, instruments have 
been designed to combine both flame photometry and atomic absorp- 
tion spectrometry. In flame photometric measurement, a chopping 
device, located between the flame and the monochromator, is em- 
ployed to provide an ac signal at the detector. The chopping of the 
signal is not employed when the instrument is being used for ab- 
sorption purposes. Other parts of the instrument are identical to 
those required for atomic absorption spectrometry. 


ANALYTICAL PROCEDURE 


Samples are dissolved in a solvent and introduced into the 
burner via an atomizer. Standard solutions used for analysis 
should be similar to the sample solution, as variables such as 
viscosity and temperature affect the nature of atomization, and 
thus the degree of excitation. In clinical laboratories the quan- 
titative measurement of sodium, potassium, and calcium in 
biological samples is made by means of flame photometers. 


PLASMA EMISSION 


Conventional atomization methods, such as combustion flame, 
furnaces, and electric arcs, are usually adequate for most of the 
traditional applications of atomic emission spectroscopy. These 
techniques, however, have several limitations, the most impor- 
tant of which are the instability of the atomization source, the 
possibility of chemical interaction such as metal oxide forma- 
tion, the requirement of a relatively large size sample, low 
sensitivity, and finally, the inability to conduct simultaneous or 
sequential multielemental analyses. To overcome these limita- 
tions, new techniques called plasma emission spectroscopy 
have been developed. 


Table 34-2. The Detection Limits of Some Elements 
Using Flame Photometry 


ELEMENT WAVELENGTH (nm) DETECTION LIMIT (ppm) 
Barium 553.6 1.3000 
Calcium 422.7 0.0030 
Cesium 852.1 0.1000 
Lithium 670.8 0.0020 
Magnesium 285.2 0.2000 
Potassium 766.5 0.0010 
Sodium 589.3 0.0002 


Source: Courtesy Beckman. 


A plasma is a partially ionized gas, usually a mixture of the 
sample vapor and a support gas. The plasma is generated 
electrically and once formed, a greater quantity of electric 
power can be transferred to it, raising its temperature to 
9000K. Such a high temperature provides the analyst with a 
rich and stable source of atoms that act as a reservoir of free 
and highly excited atoms. The other advantages of plasma 
include a wide linear dynamic range, excellent sensitivity, high 
accuracy, and good precision. Also its suitability for simulta- 
neous multielemental determinations at the ng/mL level has 
made it the method of choice for the analysis of trace constit- 
uents in samples of very limited volume. 

Although there have been different types of plasma emis- 
sion sources, the most popular sources that have gained wide 
application are the Direct-Current Argon Plasma and the In- 
ductively Coupled Plasma. 


DIRECT-CURRENT ARGON PLASMA 
(DC ARGON PLASMA) 


The main advantage of de argon plasma is its excellent stability 
even in the presence of solvents, organics, and high acid or 
alkali concentrations. It usually consists of two carbon anodes, 
between which the plasma jet is formed, and a tungsten cath- 
ode. It requires about 1 kW of power and once ignited can be 
sustained by a low voltage. The plasma can sustain a temper- 
ature as high as 10,000K. Samples are introduced in an aerosol 
form, and their emission spectra are observed in a region iso- 
lated from the main plasma core, a procedure by which the 
sensitivity is enhanced greatly. Multielemental sequential 
analysis can be achieved easily with much lower detectable 
limits than with conventional flame emission. 

The de argon plasma also has a special advantage in the 
determination of trace amounts of arsenic and other nonmetal- 
lic elements. One limitation, however, is its unsuitability for 
automation, because the plasma supporting electrodes have to 
be replaced or reshaped after about 2 hours of operation. 


INDUCTIVELY COUPLED ARGON PLASMA (ICP) 


The main difference between inductively coupled argon plasma 
(ICP) and DC plasma is that the ICP derives its sustaining 
power by induction from a high frequency magnetic field. The 
pioneering work of Reed in the early 1960s laid the basis for 
ICP as an exciting new technique that can be used for the 
simultaneous determination of all of the periodic table ele- 
ments with a lower limit of detectability in the ppb range. 

ICP simply consists of a quartz tube (2.5 cm diameter) 
placed inside a coil that is connected to a high-frequency gen- 
erator (4 to 50 MHz range) with output levels of 2.5 kW (Fig 
34-27'"). Because argon is a nonconductor, a seed of electrons 
(from a Tesla discharge coil) is first introduced before turning 
on the power. Argon is fed into the quartz tube and is ionized by 
the magnetic field produced by the induction coil. The seed 
electrons interact with the magnetic field and gain in intensity 
enough to ionize the gas flow and an eddy current, induced by 
the magnetic field, flows in circular closed paths around the 
discharge tube. After complete ionization, a coned flame 
plasma is formed at the tip of the torch. 

Because there is no electrode contact in ICP (as there is with 
de plasma), the excitation and emission zones are separated 
from each other. This, besides the inert environment and the 
high temperature achieved, allows complete ionization of the 
sample with minimum chemical interference and a high signal- 
to-noise ratio of the sample’s emission. These excellent condi- 
tions are the main reasons for the extreme sensitivity of ICP, 
typically in the ppb range. 

Therefore, ICP offers the threefold potential of ultra-trace 
determinations on a multi-element basis, using a very small 
sample size (microliter or microgram level), in any type of 
matrix. ICP also is very amenable to complete automation and 
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Figure 34-27. Argon ICP."” 


the simultaneous determinations of a vast array of both metals 
and metalloids. 


ATOMIC ABSORPTION 
SPECTROMETRY (AA) 


As early as 1860 Kirchhoff described the basic principles of 
atomic absorption (AA) spectra. It was not until 1955, however, 
that the theoretical background for its analytical applications 
were demonstrated by Walsh and by Alkemade and Milatz. The 
simplicity of this technique makes it an attractive tool for the 
analysis of many elements. At present, many chemical and 
clinical laboratories use this method for the quantitative deter- 
mination of most of the elements in multivitamin and mineral 
formulations, drugs, and biological fluids. 


THEORY 


In AA spectrometry, the elements are transformed into the 
atomic vapor form by drawing an aerosol of the sample solution 
into an open flame. A fraction, or most of the freed atoms, are 
then excited by exposure to a suitable source of radiation. The 
radiation absorbed by the unexcited atoms is related to the 
sample concentration. In this sense, AA then could be envis- 
aged as the inverse of emission spectrometry, where the radi- 
ation emitted by the thermally excited atoms is related to 
concentration. It should be emphasized that usually the frac- 
tion of atoms excited by heat (via a flame or an electric arc) is 
relatively small for most elements. Also the atomic absorption 
of any element is generally at its resonance line—that is, a 
narrow range of wavelengths, usually in the UV or visible 
region of the spectrum, corresponding to the electronic transi- 
tion between the lowest excited state and the ground state. 


FACTORS AFFECTING AA SPECTRA 


Solvents—In general, an organic solvent enhances the absorption sig- 
nal, and therefore, it may alter the absorption intensity. 


INSTRUMENTAL METHODS OF ANALYSIS 633 


Anions—These can bond strongly with metals and tend to reduce the 
signal intensity. EDTA chelation could eliminate such effect. 

Metal Binding—Sometimes, the presence of one metal interferes with 
the signal of another. For example, either Si or Al interferes with a 
proper absorption signal of Sr if both are present in a solution. The 
signal can be improved by the addition of La which preferentially 
binds the interfering metal. 

Ionization—If a large quantity of the test element is ionized, a very 
weak absorption is observed. This is due to the ionic absorption 
occurring at wavelengths different from that of the atomic one. The 
condition can be improved by adding a large excess of easily ionized 
elements; for example, in the measurement of Ca, a large amount of 
sodium ion usually is added. 

Emission from the flame itself is minimized by using a chopper 
between the lamp and the flame. As the amplifier is designed to 
amplify only an ac signal (that of the chopping frequency), the 
intensity of light from the hollow cathode tube can be observed and 
recorded. A reduction of intensity due to the presence of the sample 
in the flame then will be detected. The magnitude of the decrease in 
intensity is a function of the quantity of the sample in the flame. 


INSTRUMENTATION 


An atomic absorption spectrometer consists of the following 
elements: 


Source—Single-element or multi-element hollow cathode tubes gener- 
ally are employed as sources in atomic absorption. Less frequently, 
the bright continuum of a xenon arc has been used as a source. The 
cathode of the hollow cathode tube is composed of an element iden- 
tical to that under investigation in the flame. Upon excitation by an 
electric current, metal atoms are sputtered off. Collision of these 
atoms with an inert gas such as argon induces excitation of the 
metal atoms and subsequent emission of characteristic radiation. 

Burner—tThe quality of the burner, the type of fuel, and the ratio of 
fuel to oxidant are the most important factors that affect the result 
of analysis by an atomic absorption instrument. The burner can be 
compared to a sampling cell in a spectrometer. The following char- 
acteristics are desirable in a burner: stability sensitivity, freedom 
from memory, freedom from background, linearity, and lack of self- 
emission. Hither oxyacetylene or nitrous oxide—acetylene flames are 
employed in the burner. The latter mixture has the advantage of 
providing a hot flame with lower explosion hazard. 

Monochromator, Phototube, and Amplifier—These components 
are identical to those employed in visible spectrometry. The mono- 
chromator, however, should be able to pass the resonance line and 
filter out others. A large bandpass causes the absorbance curve to 
bend. Most of the elements are determined at slitwidths correspond- 
ing to bandpasses of 0.7 to 4.0 nm; in atomic absorption a 1 nm 
wavelength accuracy is sufficient. 


ANALYTICAL PROCEDURE 


It is desirable to dissolve the sample in an organic solvent and 
for higher sensitivity the strongest absorption line must be 
chosen. In general, the resonance line resulting from the lowest 
excited state is usually the line exhibiting the strongest absorp- 
tion. The instruction manual of each instrument suggests the 
choice of the line and the sampling technique. 


NEW ATOMIZATION TECHNIQUES 
IN AA SPECTROMETRY 


While flame atomic absorption still is used widely for the rou- 
tine determination of more than 60 elements with new records 
of detection limits, there has been a considerable interest in the 
use of other atomization techniques. These include the mercury 
cold vapor atomic absorption, hydride generation techniques 
especially for As and Se, and an electrothermal atomization 
method. Recent research has concentrated on the latter tech- 
nique as a new powerful tool for the study of trace amounts of 
lead in different matrices. 
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FLUORESCENCE SPECTROMETRY 
(FLUOROMETRY) 


CE LN 
When certain chemical substances are excited electronically by 
the absorption of UV or visible radiation, they emit light at a 
longer wavelength. This phenomenon is called luminescence 
and depending on the lifespan of the excited species, two dif- 
ferent processes could be distinguished. The first is fluores- 
cence, where the luminescence stops within 10 ° to 10 * sec 
after the source of excitation is removed, and the second is 
phosphorescence, where the luminescence continues for a 
slightly longer period of time (~ 10 * to 10 sec). 


THEORY 


Upon absorption of visible or UV radiation by a molecule (usu- 
ally 7 — 7m* transition), the electron from Sp (singlet ground 
state) is promoted to S, or Sz, (singlet excited states). The 
excited species, may return to the ground state by dissipation of 
energy through collision or by vibrational relaxation of the 
excited state. The vibrationally relaxed species can return to 
the ground state with the emission of radiation with a wave- 
length longer than that which originally was absorbed. This 
radiation is referred to as fluorescence. Figure 34-28 illustrates 
different electron spin states. 

There also is a nonradiative process in which the excited 
state gives off energy and proceeds to a lower energy (triplet) 
state T, by a decay process. A return from T to So gives off a 
long-lived radiation, which is called phosphorescence. The ab- 
sorption and emission of radiation is specific for a particular 
molecule. Figure 34-29" is an energy level diagram that sum- 
marizes the electronic processes. 

In order for a molecule to fluoresce, an absorbing molecular 
structure is required. Fluorescence may be expected to occur 
generally with molecules containing a highly conjugated sys- 
tem. At least one electron-donating group such as NH, or OH 
should be a part of the conjugated system. Electron withdraw- 
ing groups such as COOH or NO, diminish, and in some cases 
prevent, fluorescence. Fluorescence is enhanced as the rigidity 
of the molecule increases, a reduction in the internal vibration 
of the molecule. 

In case of dilute atomic vapors, resonance fluorescence oc- 
curs (at the same wavelength as the excitation), however, in 


he 


ehesteys 


Ground Free Radical 

State (Single Electron) 
Doublet Ground 
State 


Eat 
eat 


na 


Excited Excited 
Singlet Triplet 
State State 


Figure 34-28. The different electron spin states. 
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Figure 34-29. Energy level diagram for a photoluminescent 
system.'° 


more complex organic compounds in addition to the resonance 
radiation, emission of radiation at longer wavelength occurs 
(Stokes’ shift). 

The position and intensity of the fluorescence bands are 
affected by pH. The quantum yield, 4, of fluorescence is lower 
than unity due to a “quenching” process; that is, not all of the 
excited molecules return to the ground state by emitting fluo- 
rescence radiation. Energy may be lost by bond dissociation 
and deactivation. 

Fluorescence spectrometry offers detection limits lower 
than those of absorption spectrometry. A quantity of 1.1 pg/L 
can be measured and linearity can be maintained up to 10,000 
pg/L. The method is applicable in the quantitative determina- 
tion of fluorescing substances. 


INSTRUMENTATION 


The source of irradiation of the sample is a mercury-discharge 
or xenon lamp. Selection of the exciting wavelength can be 
accomplished by means of a filter; this type is called a filter 
fluorometer. In a true fluorescence spectrometer two monochro- 
mators usually are employed, one for the excitation source and 
the other for analyzing fluorescence emission. If the fluores- 
cence spectrum is strong, the excitation spectrum can be deter- 
mined by placing the desired solution in the instrument and 
evaluating the fluorescence while varying the wavelength of 
the exciting light. The detector is a photomultiplier tube whose 
output is connected to a meter, a digital display or a recorder. 
The preparation of the sample is similar to that for UV. 


APPLICATION 


Fluorescence spectrometry has the greatest inherent sensitiy- 
ity of all spectrometric techniques. Concentrations as low as 
10 7M can be measured accurately and precisely. It also has 
high selectivity, which makes it useful in the analysis of trace 
amounts of drugs and metabolites in biological fluids. Fluores- 
cence, however, is used less widely than other absorption tech- 


niques due to the relatively limited number of organic com- 
pounds in which fluorescence can be induced. 

Lately, because of computer enhanced techniques, new ar- 
eas are being investigated such as derivative fluorescence spec- 
trometry. In addition, fluorescence has proven to be of great 
value in HPLC where either natural or induced fluorescence 
can significantly lower the limit of detection. Furthermore, pre- 
and post-column derivatization of the sample to introduce flu- 
orescence with such compounds as o-phthalaldehyde is becom- 
ing increasingly common. 


Nonabsorptive Interaction of Matter 
with EM Radiation 


The phenomenon of nonabsorptive interaction of matter with 
EM radiation is applied in such analytical procedures as light- 
scattering photometry, refractive index, and polarimetry. 
These interactions are not quantized, except for Raman spec- 
troscopy, and therefore are considered to be nonspecific. How- 
ever, each compound possesses its own characteristic interac- 
tion. The differentiation of stereoisomers with a polarimeter, 
the quantitative analysis of various substances with a refrac- 
tometer, and the determination of the molecular weight of 
macromolecules by light scattering are examples of this type of 
instrumental analysis. 


LIGHT-SCATTERING SPECTROMETRY 

RE OO BR PERT 
As in reflection and refraction, the scattering of radiation re- 
sults when it passes through a transparent medium in which 
particles of a second phase are suspended. For EM radiation to 
be scattered by particles, two criteria should be met: the di- 
mensions of particles should be equal to or smaller than the 
incident wavelengths, and the dispersing medium should have 
a refractive index different from that of the particles. 

Particles of 0.1 to 1000 nm scatter EM in the UV and visible 
regions. If a beam of light is allowed to illuminate a colloidal 
suspension in a test tube, a pencil of light will be observed in 
the tube, due to the light-scattering phenomenon. This is 
known as the Tyndall effect and is an indication of the presence 
of suspended particles. The simplest kind of scattering is that 
observed by small, spherical and optically isotropic particles 
and is known as Rayleigh scattering. 

Turbidimetry, nephelometry, and Raman spectrometry are 
analytical techniques based on the light scattering phenome- 
non. However, only Raman spectrometry will be discussed 
here. 


RAMAN SPECTROMETRY 
(SSSR eT IS TI TT] 
In 1928 CV Raman, an Indian physicist, noted that under 
certain conditions, when an intense monochromatic light is 
scattered by molecules, the wavelength of a fraction of the 
scattered radiation is different from that of the incident 
beam. Figure 34-30A"° is a diagram of the various types of 
scattering of radiation. This shift (called the Raman effect) 
was found to be related to the chemical structure of the 
sample; therefore, it offered a new technique for structural 
elucidation and, in some cases, quantitative determination 
of several organic and inorganic compounds, in a way similar 
to IR spectroscopy. 

Raman spectra, however, arise under certain conditions 
that are entirely different from IR. For example, molecules 
must undergo a change in their polarizability as they vibrate 
under quantum conditions, but are not required to have a 
dipole moment as in IR. Therefore, vibrations that are inactive 
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Figure 34-30 A. Energy interchange involved in Rayleigh and Ra- 
man scattering (CCI, molecule; source is a He-Ne Laser).'° B. Raman 
spectrum of CCl, obtained with a He-Ne Laser.'° 


in the infrared may be active in the Raman, such as homo- 
nuclear diatomic molecules. Also Raman spectra, unlike IR, 
can be used to study aqueous solutions. 

The main limitation of Raman spectrometry, however, is 
that it is a weak effect, with low sensitivity and high vulnera- 
bility to many interferences. Meticulous sample preparation is 
required, as any dust contamination would cause Tyndall scat- 
tering. Lately, laser sources, usually a helium-neon laser, have 
been employed to provide an intense, coherent, monochromatic 
beam, and this has improved the sensitivity significantly and 
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raised new interest in the technique. Figure 34-30B” is the 
Raman spectrum of carbon tetrachloride. 


POLARIMETRY 

a NS  ) 
The fundamental principle of polarimetric analysis is based 
on the existence of optical activity in a substance, meaning 
the ability of a material to rotate plane-polarized light. Po- 
larimetry is applicable to the determination of the molecular 
structure of substances that do not have a rotation—reflection 
symmetry axis. Determination of the sugar content of food- 
stuffs is an example of the quantitative application of 
polarimetry. 

Modern polarimeters are capable of measuring optical rota- 
tion at more than just the traditional D-line of sodium. Some 
instruments measure optical rotation discretely at a number of 
different wavelengths. When the optical rotation is measured 
continuously as a function of wavelength, the technique known 
as optical rotatory dispersion (ORD) results. ORD has found 
some use in structural studies. 


MASS SPECTROMETRY (MS) 
SFE 
The phenomenon of deflection of ions in electric or magnetic 
fields first was proposed by Wien in 1898. Using this principle, 
Thompson in 1912 and Aston in 1919 performed some experi- 
mental work on the identification and quantification of iso- 
topes. A mass spectrometer for general use, however, did not 
become available until the mid-1930s. 

In MS, the sample, usually in the vapor form, is bombarded 
by an electron beam converting it into a gaseous ionic state, 
consisting of the parent ion and several ionic fragments of the 
original molecule, using different magnetic focusing tech- 
niques. The ions then are separated according to their mass/ 
charge ratio (m/e) (the majority of ions are singly charged). The 
mass spectrum records the amounts of different kinds of ions 
formed under specific conditions plotted against the m/e ratio. 
The spectrum is characteristic for every compound and, there- 
fore, can provide valuable information about its chemical struc- 
ture and, in most cases, a very accurate measurement of its 
molecular weight. 

MS is a very sensitive, highly selective, and quantitative 
analytical technique. Sample size is usually in the microgram 
to the nanogram range and fragmentation patterns are highly 
reproducible even for multicomponent mixtures. The main lim- 
itations of MS are its relatively high cost, its need for extensive 
computerization of data analysis, and its requirement of highly 
skilled analysts for the proper operation and maintenance of 
the mass spectrometer as well as for the successful interpreta- 
tion of the mass spectral data. The recent quantum leaps in 
computer technology, however, have made the overcoming of 
these limitations an attainable task, and today MS data is 
becoming an almost routine adjunct to IR and NMR spectra. 


THEORY AND INSTRUMENTATION 


The theoretical and instrumental aspects of mass spectrometry 
are somewhat intermingled and it is appropriate, therefore, to 
discuss them together. 

The principle of mass spectrometry consists of the gener- 
ation of positive (or in some techniques, negative) ions, pri- 
marily from organic molecules; separation of these ions ac- 
cording to their mass (and charge); and collection of ions and 
recording the quantity of each species. Molecules up to a 
mass of 500 can be analyzed by single-focusing (magnetic- 
focusing) instruments. The double-focusing instruments, in 
which a combination of electrostatic and magnetic fields has 
been employed, provide a higher resolution. An accurate 


molecular weight (to six significant figures) can be obtained 
by the latter instrument. A typical magnetic focusing mass 
spectrometer is shown in*Figure 34-31. The following se- 
quence provides the analytical procedure common to most 
mass spectrometric measurements. 


Introduction of Sample and Ion Production—A gas sample is 
introduced from a gas bulb into a small glass manifold. A known 
volume is passed into a reservoir where the pressure is about 
10 * torr. Liquids are introduced by a micropipet or by injection 
through a silicone rubber dam using a hypodermic syringe and 
needle. Due to the vacuum in the reservoir, the liquid is drawn in 
as a vapor. 

Solid samples ordinarily are volatilized by heating and a vapor 
pressure of 10 ” torr is necessary, while a sample is still below its 
decomposition temperature, in order to introduce sufficient sample 
into the ionization chamber. In recently developed instruments, the 
sample can be heated in high vacuum in the proximity of the 
electron beam. A compound must be stable at a temperature at 
which its vapor pressure is about 10 ‘ torr. 

Special handling techniques are required for compounds ex- 
hibiting thermal instability. The sample in the vapor form enters 
the ion-producing chamber via a small orifice, known as molecu- 
lar leak. 

The sample vapor can be transformed into ions by various means; 
the electron bombardment of the vapor is the most widely used. The 
ionization chamber, where the neutral molecules from the molecular 
leak enter, is maintained at a pressure of 10 ° torr. A hot, carbon- 
ized, tungsten filament provides electrons which are drawn off by a 
pair of positively charged slits and directed on the vaporized sample 
molecules. The collision of electrons with molecules produces both 
negative and positive ions. The electric field can be varied from 6 to 
100 eV and parent ions and fragments with various mass numbers 
are produced in this potential range. 

The positive parent ions and fragment ions are accelerated 
toward the analyzing tube by one positively charged repeller slit, 
placed after the molecular leak, and two negatively charged slits 
located between the electron beam and the entrance to the ana- 
lyzer tube. The ions can be accelerated up to 150,000 miles/sec by 
applying voltages ranging from 400 to 4000 V across the two 
accelerating slits. The potential energy, eV, of an accelerated ion 
will be equal to its kinetic energy; that is, eV = “mv”, where m 
is the mass of the ion of charge e and velocity v in terms of the 
accelerating voltage V. 

The Analyzer Tube—This tube, which guides the ions to the collector, 
is located between two magnetic poles and is maintained at a pres- 
sure of 10 7 to 10 * torr. The path of the ions is shown in Figure 
34-31. Varying the current in the electromagnet increases or de- 
creases the force imposed upon the ions; thereby, each ion beam is 
brought into focus at the exit slit. 

Ion Collector—The ion beam, upon passing through the exit slit of the 
analyzer tube, carries a current of 10 '* to 10 '° amp. This current 
is amplified by an electrometer prior to recording. 

Recorder—Five separate galvanometers can be used to record simul- 
taneously the peaks for fragment ions and the parent ion. The 
relative galvanometer sensitivity ratios are 1: 3: 10: 30: 100. This 
procedure, however, requires extensive data manipulation as all 
peaks have to be counted, measured, and then normalized before 
any interpretation is possible. This consumes time and effort 
and, because of this, electronic data handling now is employed 
exclusively. 

Computerized Data Processing—Digitized electrical data from the 
ion collector is fed into a computer memory where it can be pro- 
cessed further and simultaneously matched with a host of possibly 
identical spectra stored in the computer. This allows rapid accumu- 
lation, manipulation, and interpretation of the mass spectra. Cath- 
ode-ray tubes (CRT) usually are connected to the computer cen- 
tral processing unit (CPU) to give a real time display of the mass 
spectrum. 


RESOLUTION ENHANCEMENT 


Resolution in mass spectrometry is defined as the mass divided 
by the difference between closely related mass numbers: M/AM. 
For example, to differentiate between O. of mass 31.9898 and 
S of mass 31.9721, a resolution of 1800 is necessary. A mass 
spectrometer can be considered high resolution if it can sepa- 
rate two ions differing in mass by at least one part in 10,000 to 
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Figure 34-31. The CEC Model 21-103C mass spectrometer. 


15,000; that is, it can separate an ion of mass 500.00 from one 
of mass 499.95. 


QUADRUPOLE AND TIME OF FLIGHT 
MASS ANALYZERS 


In addition to the double-focusing technique to improve the 
mass resolution, two techniques recently have been introduced. 
In the quadrupole mass analyzer, four electric poles (a quad- 
rupole) replace the magnetic field application procedure. The 
ions entering from the top, travel with a constant velocity in a 
direction parallel to the poles (Z direction) and acquire stable 
oscillation in the X and Y directions. This usually is accom- 
plished by applying a dc voltage as well as radio frequency (rf) 
to the poles. Only one m/e ratio can pass through the quadru- 
pole mass analyzer and be detected for a given rf potential and 
rf frequency. Therefore, a very rapid sweep can be performed by 
varying the rf frequency while rf and dc potentials are constant 
or vice versa. An advantage of the quadrupole is that it does not 
require focusing slits and this results in higher sensitivity as 
the resolution is only a function of the number of cycles an ion 
spends in the field. Figure 34.321° is a diagram of a triple 
quadrupole mass spectrometer. 

In time of flight spectrometers, the ions of different mass are 
given the same kinetic energy allowing them to acquire differ- 
ent velocities, and have a time of flight that depends only on 
their mass—the lighter the ions, the faster they can travel 
through the field-free region. Hence, the original beam of ions 
tends to separate into several layers of ions, depending on their 
mass which bombarded the cathode of the ion-detector sequen- 


tially, and their transit time is calculated. Because a complete 
mass spectrum can be repeated 20,000 times in 1 second, the 
time of flight instrument is extremely useful in kinetic studies 
of fast reactions or in GC-MS, where the effluent peak of the 
gas chromatograph could be scanned simultaneously on-line. 


CHEMICAL IONIZATION MASS 
SPECTROMETRY (CIMS) 


For certain compounds, the negative ion spectrum is signifi- 
cantly more intense than that of the positive ion. For these 
compounds, a new technique called chemical ionization mass 
spectrometry (bimolecular) has been introduced where both the 
negative and positive ions are subjected to an appropriate 
potential and thereby are pulsed alternately from the chemical 
ionization source through a quadrupole analyzer to a separate 
electron multiplier. To collect the negative ions, a positive 
potential is applied to the first dynode of the multiplier. Be- 
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Figure 34-32. Conceptual diagram of the triple quadrupole mass 
spectrometer. '® 


638 CHAPTER 34 


cause of its high sensitivity and unique spectra, CI (bimolecu- 
lar) has become an equal competitor to the traditional electron 
impact (unimolecular, field ionization) technique. Actually, sev- 
eral mass spectrometers today have both ionization modes 
available in the same instrument. 

In the CI mode, a reagent gas is introduced into the ioniza- 
tion chamber to form the new molecular ions that can be 
separated on the basis of the m/e ratio. The major advantage of 
the CI technique is that less fragmentation occurs and the 
mass spectrum is usually much simpler to interpret. 


MASS SPECTRA AND MOLECULAR STRUCTURE 


With the low-energy electron beams in the order of 8 to 14 eV 
it is possible to observe only the molecular ion (parent ion). 
Unlike other analytical methods, mass spectrometry gives an 
exact molecular weight. The mass spectrum of toluene shows a 
peak at m/e = 92 (m/e is the mass to charge ratio; for the parent 
ion this value also is the molecular weight), which is developed 


according to 
CH; CH; |" 
COA Ones 
(17) 


With a high-energy electron beam, in the order of 70 eV, the 
parent ion disintegrates, due to the removal of several elec- 
trons, giving positively charged and uncharged fragments. 
Adopting the symbolism for the transfer of a single electron by 
a single-headed arrow, two typical examples for fragmentation 
can be given by 


Fi 
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77 3105 '121! 135 ! 176 (18) 


The mass spectrum of a compound, therefore, is a display of 
masses of molecular fragments together with the mass of the 
parent ion versus the relative abundance of each species as 
depicted by the peak heights. 

The graphic form of the mass spectrum of toluene and its 
tabular presentation is depicted in Figure 34-33. The most 
intense mass peak is referred to as the base peak and is as- 
signed an arbitrary value of 100; the other peaks are normal- 
ized relative to the base peak. Because the ratios of fragment 
abundance for a given compound remains constant, a mass 
spectrum (like an IR spectrum) becomes a fingerprint for each 
molecule. 

The isotope abundance of atoms such as Cl, Br, S, and Si 
leads to the detection of these elements by mass spectrometry. 
For example, the ratio of *°Cl to °7Cl is 100 to 32.5. 

For compounds of the general formula C,,,H,.N,O., contribu- 
tion from the heavy isotopes can be calculated by 


P+1 
100 —5— = 1.1lw + 0.015a + 0.37y + 0.0372 (19) 


and 


P+2 


= 0.0002wx + 0.004wy + 0.006wiw — 1) + 0.202 (20) 


where P is the monoisotopic peak (parent peak; equivalent to 
the nominal molecular weight value) and P + 1 and P+ 2 are 
the monoisotopic mass number plus one and two mass num- 
bers, respectively. The relative isotope abundance of the 
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Figure 34-33. Relative abundance of various fragments shown in 
mass spectrum of toluene. 


heavy isotopes of each element determines the height of the 
P + 1 and P + 2 peaks. By consulting special tables of 
abundance factors for the P + 1 and P + 2 peaks, it is 
possible to determine an exact molecular formula from mass 
spectral data. 

The following example represents the use of isotopic contri- 
bution in structural elucidation. 

A compound with a mass spectrum of P = 110 (100%), P + 
1 = 111 (5.5%), and P + 2 = 112 (0.3%) could be sorted out of 
the following molecular formulas with the molecular weight of 
110: 


Formula P+ 1 ae 
C3H5N,0 4.84 0.30 
CeNEO> 5.20 0.51 
C,H,N;0 By Sy 0.33 
C,H_N, 5.94 0.15 
ClALOx 5533) 0.73 
C.H,NO, 5.93 0.55 


The data reveal that the molecular formula of the compound is 
CZHYNEO: 

The fragmentation patterns of a few representative chemi- 
cal classes are illustrated below. More detailed information can 
be obtained by consulting reference books on mass spectrome- 
try (see Bibliography). 

Several empirical rules of molecular fragmentation are 


e Cyclic compounds show an intense parent peak and a peak at the 
mass number of the ring. 

e Saturated cyclic compounds lose sidechains at the a-carbon. The 
peaks resulting from the loss of two atoms from the ring is more 
intense than the peaks from the loss of one atom. 

e Incyclic compounds containing a double bond next to the side chain, 
cleavage occurs at the bond f to the ring. 

e In olefins, cleavage occurs B to the double bond. 

e In compounds with heteroatoms, cleavage occurs at the bond B to 
the heteroatom. 

e In hydrocarbon molecules, the ease of cleavage is in the following 
order: tertiary > secondary > primary. The positive charge remains 
on the branched fragment. 

e In carbonyl-containing compounds, cleavage occurs at this group, 
the positive charge remaining on the fragment containing the car- 
bonyl function. 


Molecular fragmentation may occur by one or a combination 
of the following processes: simple fission, simple rearrange- 
ment, complex fission, and complex rearrangement. 


MASS SPECTROMETRIC TECHNIQUES 

(SSL oT TSI 
Mass spectrometry (MS) has served traditionally as an excel- 
lent tool for the elucidation of elemental and isotopic composi- 
tion of organic compounds that are volatile or may be made 
volatile after simple derivatization reaction. However, dra- 
matic improvements in instrumentation capabilities combined 
with the vigorous growth in computer technology, at affordable 
costs, have developed a new host of applications that have 
increased significantly the analytical potential of MS. Nonvol- 
atile substances such as polar compounds with high molecular 
weights, solid-state mixtures, the gas phase of ionic or radical 
species, and transition states of chemical processes can be 
analyzed with these new techniques. 


MASS SPECTROMETRY/MASS SPECTROMETRY (MS/MS) 


In this technique, sequential mass analyzers are used to both 
separate and identify ions in a single instrument. The first 
analyzer generates several parent tons from the sample that 
are separated based on their m/e ratios. Some of these ions are 
then selected for further fragmentation to form daughter ions 
that can be mass-analyzed. There are several methods for the 
secondary fragmentation, but the most common procedure is 
allowing the parent ion to collide with a neutral target gas. An 
MS/MS spectrometer consists of the sample ionization source 
(usually dual CI/EI), two analyzers separated by a reaction 
region and finally the detector. The analyzers can be of the 
sector type (electric or magnetic), quadrupole mass filters or 
hybrids of both the sector and quadrupole. In triple quadrupole 
instruments, the first quadrupole serves as a mass filter for ion 
selection, then an RF-only quadrupole that can be pressurized 
with a collision gas is used for ion fragmentation and/or reac- 
tion. A second quadrupole mass filter is used for product ion- 
selection. The main advantage of MS/MS is in the direct anal- 
ysis of mixtures due to its large mass range (up to 12,000), high 
resolution and extreme sensitivity. 


FOURIER TRANSFORM MASS SPECTROMETRY (FTMS) 


This method is based on the old ton cyclotron resonance (ICR) 
mass spectrometry. In FTMS, the analyzers are temporally 
rather than physically separate. This kind of separation of the 
ion formation, excitation and detection allows very short scan- 
ning time. FTMS essentially makes use of the Fellgett (a mul- 
tiplex) advantage common to all Fourier instruments, where 
the noise is detector, and not source, limited. This generally is 
achieved by the simultaneous observation of the signals from 
all excited ions in the time domain, rather than the space 


Chemical analyses in which electrical current, voltage, or re- 
sistance is involved are known as electrochemical methods. To 
facilitate discussion of this topic, some fundamental concepts of 
electrical and electrochemical phenomena should be reviewed. 

Although the electrical waves associated with the genera- 
tion of power and lighting equipment are classified under EM 
radiation, their interaction with matter differs from the rela- 
tively high-frequency optical waves such as UV and visible. The 
signals from the former travel in metal but those from the 
latter travel in space. 
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domain, followed by Fourier transformation of the data to yield 
a frequency domain that can be assigned mass values according 
to their known relationship, in order to provide the familiar 
mass spectrum. Experimentally this involves obtaining the 
entire spectrum in a single measurement which requires a 
massive computer memory in order to accommodate the huge 
amount of data instantaneously. The major advantages of 
FTMS are its high-resolution measurements, its high speed of 
scanning and its extreme accuracy in mass measurements. 
This makes it ideal tor coupling to high-performance (capillary) 
gas chromatography, chemical ionization measurements and 
MS/MS techniques. It also proved to be a powerful tool for 
the study of the kinetics of gas-phase ionic reactions and ion 
chemistry. 


SOFT IONIZATION TECHNIQUES 
IN MASS SPECTROMETRY 


These techniques allow the ionization of molecules directly 
from the solid state and are used, mainly, for nonvolatile sub- 
stances of high molecular weights. The main concept is to allow 
the sample to be distributed over a large surface area in order 
to greatly reduce the intramolecular forces between the mole- 
cules and thus make the evaporation process more dependent 
on the interactions of the sample-surface forces rather than the 
sample-sample forces that prevail during the regular sample 
heating processes. Early techniques included the in-beam or 
direct CI exposure, where the sample is coated on a surface of a 
probe that can be placed inside the source as close to the 
ionization area as possible. The sample is heated rapidly to 
enhance the evaporation of the intact neutral compounds with- 
out pyrolysis. These early inert probe techniques have been 
replaced mostly by new active desorption emitters such as field 
desorption methods (FD), Plasma Desorption (PD), and Laser 
Desorption. Those techniques are suitable for intermediate mo- 
lecular weight, heat labile or polar compounds. The most recent 
technique, however, is fast atom bombardment (FAB) mass 
spectrometry, and is revolutionizing the analysis of underivat- 
ized polar molecules in the mass range of 1000 to 6000, such as 
carbohydrates, peptides, and glycopeptides. 


SECONDARY ION MASS SPECTROMETRY (SIMS) 


This technique previously has been discussed under X-ray An- 
alytical Techniques. 


MASS SPECTROMETRY TECHNIQUES 


Mass spectrometers have been coupled successfully to both gas 
chromatography (GC/MS) and liquid chromatography (HPLC/ 
MS). Essentially, MS is employed as a detector for mass and a 
means of molecular structure determination of the effluents 
compounds. It also has been used for the qualitative assay of 
trace amounts of compounds in biological fluids and in envi- 
ronmental analysis. 


The following are a few commonly employed units in 
electricity. 


Coulomb (Q)—The coulomb is a quantity of electricity. One electron 
has a charge of 1.602 x 10 '° Q. One Q can deposit 0.0011180 g of 
silver. 

Faraday (F)—The Faraday is 96,489 Q, the charge carried by an 
equivalent weight. 

Ampere (I)—The ampere is the unit of electric current. A rate of flow 
of 1 Q/sec is designated as 1 ampere. 


640 CHAPTER 34 


Ohm (Q)—The ohm is the electrical resistance of a uniform column of 
mercury at 0° with a mass of 14.4521 g, a length of 106.300 cm and 
uniform cross section. 

Volt (V)—The volt is the potential difference required to produce a 
current of 1 amp through a resistance of 1 ohm. The symbol for 
potential is Z. Volt is equal to the product of current and resistance 
(EZ = IR). 

Watt (W)—The watt is the unit of power; work performed at a rate of 
1 joule/sec. It is equal to the product of current and voltage. 


For a proper understanding of electrochemical methods, it is 
appropriate to describe a few pertinent components and terms. 


Electrodes—Metal or carbon conductors immersed in electrolytes are 
known as electrodes. A negative electrode (cathode) is the supplier of 
electrons in a chemical cell. A collector of positive ions in a gas-filled 
tube is also known as an electrode (anode). Electrodes also are 
discussed under Potentiometry. Gases, liquids, or solutions that are 
capable of conducting current, depositing materials at the electrodes 
or dissolving the electrodes are known as electrolytes. 

The standard electrode potential (Z°) is the potential of the 
electrode immersed in a solution of its ions at unit activity (a = 1). 
All the electrode potentials are referred to the hydrogen electrode 
set at E°p.ty.u+ =0. 

When a cell is operating reversibly, the electrical work (AG) 
obtained per g-atom is.the maximum work given by 


AG = —n FE (21) 


where G is the free energy, n is the valence change, F is a Faraday 
(96,489 coulombs), and £ is the voltage or electromotive force (EMF) of 
the cell. 


Electrical Cell—An electrical cell is an electrical circuit that consists 
of two electrodes and a solution of electrolyte(s). One electrode 
functions as an electron acceptor and the other as an electron donor. 
There are two general types of electrochemical cells: 


1. A galvanic cell is one in which the chemical energy is converted 
into electrical energy by spontaneous chemical reaction. The cur- 
rent, which occurs as a result of an oxidation—reduction reaction, 
usually continues as long as all the components are available. 

2. An electrolytic cell is one in which chemical reactions occur as a 
result of an applied potential whether the cell is galvanic or 
electrolytic. The electrode at which chemical reduction occurs is 
called the cathode, and that at which oxidation occurs is called 
the anode. Some electrochemical cells have the electrodes sharing 
the same electrolyte solution (cells without liquid junctions). On 
the other hand, if each electrode has to have its own electrolyte 
solution, it becomes imperative to separate the two electrolytes 
(cells with liquid junctions). In many cases, a simple sintered 
glass plate can serve as a liquid junction. In other cases, however, 
a salt bridge is used as a separator. This can take the form of a 
U-shaped tube containing a saturated solution of potassium chlo- 
ride (double liquid-junction cell). 


Electrochemical methods display a reasonable degree of sensitivity 
and accuracy. The apparatus is often very simple, modestly priced, 
rugged, and requires little training to operate. Also, in some cases, a 
very small amount of sample is needed, with some procedural prepara- 
tions. In pharmaceutical analysis, however, the main limitation of 
electrochemical procedures is that generally they are not stability- 
indicating methods, and in many cases, they are subject to matrix 
interferences and require complex clean-up procedures. 

In electrochemical analysis, four basic parameters are involved: 
current, resistance (or conductance), voltage, and time. Each parameter 
has been used alone or in combination with others for analytical pur- 
poses. Most of the analytical techniques can be classified under three 
major categories: 


1. Potentiometry involves determination of the EMF of chemical 
cells. In these methods (nonpolarized), an equilibrium or steady 
state is maintained and the electrode potential is related to the 
concentration by the Nernst equation. 

2. Voltametry involves the application of an external potential to the 
system to carry out various electrochemical analyses (limited 
electrolysis). In these methods no equilibrium exists, therefore, 
they may be called transient or dynamic (polarized) in nature. 


3. Other Electrochemical Methods include those procedures during 
which exhaustive electrolysis takes place such as coulome- 
try and electrogravimetry or during which conductance is 
measured. 


Potentiometry 


Potentiometric methods of analysis consist of the measurement 
of the EMF of chemical cells. The EMF of a cell is the sum of 
three potentials, 


[Bren = Doha se doe Doh (22) 


where the subscripts denote reference, indicator, and junction 
potentials, respectively; E,.,, is the potential at the liquid junc- 
tion which is constant. As the E,.¢ is known, the indicator 
electrode then can provide information about the concentration 
of a species involved in electron exchange. An inert electrode, 
such as platinum, immersed in a solution of an oxidation— 
reduction system, provides or accepts electrons and indicates 
the ratio of oxidized to reduced species. A general expression of 
this phenomenon is given by the Nernst equation: 


0.0591 


B= E® — . log [Area/Aoxial (23) 


where A is the activity of oxidized or reduced species. 

A chemical cell consists of a reference electrode half-cell and 
an indicator electrode half-cell. 

Potentiometric methods encompass two types of electro- 
chemical analysis: 


1. The direct measurement of the potential of an indicator electrode 
with respect to a reference electrode, from which the calculation of 
the activity (or concentration) of the ion of interest can be achieved. 

2. Potentiometric titrations, involving the measurement of the changes 
in the EMF of the cell brought about by adding a titrant (ie, the 
monitoring of the potential serves only to locate the equivalence 
point for a titration). 


REFERENCE ELECTRODES 


Reference electrodes have to be reversible, be easily reproduc- 
ible with no need for special assembly, and have a small tem- 
perature coefficient and reasonable stability with time. The 
most widely used reference electrodes are the so-called elec- 
trodes of the second kind, which consist of either a mercury— 
calomel electrode or a silver—silver chloride electrode 


Hg|Hg,.Cl.(s), KCl] soln 
or 
Ag|AgCl(s), HCl soln 


For the calomel electrode, the connection to the test solution is 
made through a saturated solution of KCl, whereas the electric 
connection is by a platinum wire that is in contact with the 
mercury. The half-cell reaction is given by 


2Hg + 2Cl = Hg,Cl, + 2e7 (24) 


INDICATOR ELECTRODES 


Noble Metal Electrodes—These are used widely as indicator 
electrodes. For example, platinum is used for the Fe?*/Fe®~ or 
H./H" potentiometric system. 

Electrodes of the First Kind—These are a metal in contact 
with its own ions; example, Zn/Zn?* electrode. They are limited 
to metals below hydrogen in the electromotive series, and are 
only partially ion selective. 

Electrodes of the Second Kind—These consist of the metal 
part covered by a layer of one of its slightly soluble salts and 


immersed in an acid or a salt solution with the same anion. 
They include 


Oxide Electrodes—These are responsive to H’ and are employed in 
nonaqueous acid—base titrations. Examples are Sb—Sb,O, and 
Hg—Hg.0 electrodes. 

Specific-Ion Electrodes—These are the most widely used indicator 
electrodes today. Due to their selectivity, they offer a simple, sensi- 
tive, and accurate method for direct potentiometry. Their selectivity 
is brought about by the use of a membrane, a special crystal, or any 
other suitable discriminating element that allows a selective ion- 
exchange at the boundary of the solution membrane. In general, 
they are composed of an insoluble membrane or layer as the sensi- 
tive element, an inside electrolyte solution, and an internal refer- 
ence electrode. The difference in potential develops between the 
inner and the outer surfaces of the membrane. One of their advan- 
tages is that they also allow the measurement of an anion of a 
slightly soluble salt. Ion-selective electrodes (membrane electrodes) 
include the glass electrodes, liquid membrane electrodes, crystalline 
solid-state membrane electrodes, precipitate-impregnated silicone 
rubber layers, and enzymes or other reactive substances in gel-layer 
electrodes. 


GLASS-MEMBRANE ELECTRODES 
EET GF EN ETS 
HYDROGEN-ION-SENSITIVE GLASS ELECTRODES— 
This electrode is used for the determination of H™ concentra- 
tion in aqueous solutions. The silicate network of the mem- 
brane absorbs water and alkali metal ions and becomes hy- 
drated. An exchange of ions from solution to surface and vice 
versa occurs on a limited scale. The inner and outer glass 
surfaces assume potentials that depend on the solution with 
which they are in contact. The glass-electrode potential varies 
only with the pH of the external solution. The membrane of the 
electrode has a high resistance—5 to 1000 megohms at 25°. 
Considering this, the current drawn from this cell must be kept 
smaller than 10 1! amp if an error greater than 1 mV is to be 
avoided (10 '' amp < 100 megohms = 1 mV). A representative 
glass electrode is shown in Figure 34-34.!% 
METAL-ION-SENSITIVE GLASS ELECTRODES 
(SPECIFIC-ION ELECTRODES)—One of the limitations of 
the glass membrane electrode is that at very low H’ concen- 
tration (pH > 9.0) it responds not only to H" ion but also to the 
alkali metal ions. This is known as the alkaline error. Studies 
first were directed to a glass composition that minimizes this 
effect. Later, however, it became clear that if this alkaline error 
could be significantly potentiated, new glass electrodes that are 
selectively sensitive to an alkali ion could be introduced. It was 
demonstrated that Al,O., or B,O, in glass leads to such an 
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Figure 34-34. Representative pH electrode.'? 
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effect, and the development of membranes that are selective for 
cations other than hydrogen has been growing fast. These 
metal-ion—sensitive glass electrodes have been constructed by 
replacing part of the silica in the glass structure with oxides of 
aluminum or boron. This type of glass electrode responds to 
univalent cations other than H’, but not to polyvalent cations. 
Some of these electrodes are particularly sensitive to Na’, Ag’, 
and other cations. 

LIQUID MEMBRANE ELECTRODES—tThese are based 
on the use of an immiscible ion-exchange organic liquid that 
has an ability to selectively bond with the ion of interest. The 
potential that is generated across the interface between the 
membrane and the aqueous solution to be analyzed is related to 
the specific ion concentration. Therefore, these electrodes can 
be used for the direct potentiometric determination of several 
polyvalent cations as well as certain anions. 

PRECIPITATE AND SOLID-STATE ELECTRODES— 
It is known that the sensitivity of the glass electrode is due to 
anionic sites on its surface that have special affinity for certain 
cations. Solid-state electrodes consist of sparingly soluble com- 
pounds or crystals that have surface cationic sites and, there- 
fore, have a special affinity for anions. These electrodes usually 
are used for the determination of Cl , Br , I , sulfates, and 
phosphates. They are insensitive to cations. 

TRANSISTOR ELECTRODES—lIon-sensitive field-effect 
transistor (ISFET) technology has been in existence since the 
late 1960s. Early performance problems related to poor stabil- 
ity, slow response to pH changes, and subNernstian output 
limited its use as a reliable pH monitoring device.?? Commer- 
cial endeavors in the 1980s advanced JSFET technology to a 
point where these electrodes were able to be used as process 
in-line pH-monitoring devices. They became commercially 
available in the early 1990s under the trade name 
DURAFET.*! The main advantage of ISFET pH electrodes lies 
in their rugged design as they do not use fragile glass mem- 
branes that are subject to breakage when subjected to process 
in-line monitoring conditions. The design of the DURAFET 
(Leeds & Northrup)*! pH electrode is shown in Figure 34-35. 


MEASUREMENT OF THE CELL EMF 


The cell EMF measurement is done potentiometrically by the 
null-balance method. The diagram of a simple potentiometric 
circuit is depicted in Figure 34-36. It should be pointed out that 
all direct measurements using specific ion electrodes indicate 
the activity of the electroactive species in solution and not its 
concentration (see the Nernst equation, Eq 23). 


CLASSES OF POTENTIOMETRIC ANALYSES 
LA TAT NE AIRE HEE IIIT SOLOS SE HEATERS TAME Gy eT IY SMI SAA TO) 


MEASUREMENT OF pH 


Determination of the activity of H' is done either potentiomet- 
rically or by direct reading with a pH meter. For the potentio- 
metric measurements, the apparatus consists of a potentiome- 
ter whose sensitivity has been increased by electronic 
amplification of the unbalanced current. The second type is a 
circuit designed to give meter-needle deflection as a function of 
pH. This is essentially an electronic voltmeter with a high- 
input resistance. 


ACID-BASE TITRATION 


An acid—base titration curve can be obtained by using a pH 
meter with a recorder (or manually plotting points). In an 
aqueous system, to obtain proper curves with well-resolved end 
points, the acid or base to be titrated should be stronger than 
water, and the concentration prepared for titration should be 
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Figure 34-35. Representative ISFET pH electrode. (Courtesy, Leeds & 
Northrup) 


higher than the hydrogen or hydroxyl concentration of water. If 
the EMF (£) obtained during the titration is plotted against 
volume (v) of the titrant, the end point is the inflection point, or 
the steepest slope. The apparatus necessary for potentiometric 
titration is shown in Figure 34-37. 


PRECIPITATION AND COMPLEXATION 


An ion may be determined by a potentiometric precipitation or 
complexation titration. This method requires an indicator elec- 
trode that can detect one of the ions precisely or that the 
reaction be accompanied by a change in electrochemical poten- 
tial. To arrive at an exact equivalence point, the salt formed 
during the titration should have a low solubility or the complex 
should demonstrate high stability. Examples of precipitation 
titrations are the formation of insoluble or undissociated salts 
of Ag’ and Hg’ with Cl, Br ,I_, CN , and CNS . Figure 
34-38'° shows three means of plotting potentiometric data to 
determine the end point. 

Complexation titration by potentiometry has been employed 
for quantification of ions such as Cu?*. Ethylenediaminetetra- 
acetic acid (EDTA) in the form of its disodium salt is the most 
widely used complexing agent. An indicator electrode that is 
sensitive either to the pH or to the metal ion is employed for 
detection of the end point: 


M?* + H EDTA)?” = M(EDTA)?- + 2H (25) 


TITRATIONS IN NONAQUEOUS SYSTEMS 


Many organic acids and bases are too weak to be titrated in 

aqueous solvents. This is because water is a leveling solvent, 

hydroxide ion being the strongest base and hydrogen ion the 

strongest acid that can be titrated. Any substance that is a 

weaker base or acid than water cannot be titrated effectively in 

an aqueous medium. 
There are three general types of solvents: 

1. Amphiprotic solvents, which have both acidic and basic properties. 
Examples: water, the lower alcohols, or acetic acid. 

2. Aprotic solvents, which possess no acidic or basic properties. Due to 
their low dielectric constant, they have a low ionizing potential. 
Examples: hydrocarbons or carbon tetrachloride. 

3. Basic solvents, which have no acidic properties. Examples: amines, 
ketones, or ethers. 


The acidic strengths of various solute molecules vary as a 
function of the dielectric constant of the solvent. Generally, a 
nonaqueous potentiometric titration is unsuitable in solvents 
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Figure 34-36. A simplified potentiometer circuit. 
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Figure 34-37. Apparatus for a potentiometric titration. 


with a dielectric constant less than 5. A decrease in the dielec- 
tric constant of a solvent increases the acidic strength of a 
positively charged acid, such as NH,’, but lowers that of a 
negatively charged acid, such as the hydrogen succinate ion. 
For the titration of weak bases, a solvent with a low basic 
strength, such as acetic acid, is suitable; likewise, for weak 
acids, solvents with moderate basic strength are desirable. 

In the former case the titrant is usually perchloric acid in 
dioxane or acetic acid; in the latter case, the titrant is usually 
sodium ethoxide in toluene-methanol or quaternary ammo- 
nium hydroxides in 2-propanol. 


OXIDATION-REDUCTION REACTIONS 


An inert electrode, such as platinum, that is unaffected by 
oxidizing agents is used in redox titrations. A calomel electrode 
can be used as a reference electrode. The electrode generates a 
potential proportional to the logarithm of the activity ratio of 
the two oxidation states of the reactant or titrant. Titration of 
iron II with cerium IV is an example. The electrode potential 
changes gradually during the major portion of the titration. As 
the equivalence point approaches, the activity ratio changes 
rapidly. 


VOLTAMMETRY 


Voltammetry includes all electroanalytical techniques that in- 
volve the application of an external potential on the system and 
use the current-potential relationship arising at a polarizable 
microelectrode to calculate the concentration of the electroac- 
tive species. Two major types of electrochemical analysis based 
on voltammetric principles are polarography and amperom- 
etry, in which a very small fraction of the test solution is 
involved in the analysis. These methods can be used both for 
quantitative and qualitative analysis. 

Both aqueous and nonaqueous solvents are employed in 
voltammetry. The analysis is primarily for inorganic sub- 
stances, but a number of organic compounds have been ana- 
lyzed, especially in detecting eluting compounds in liquid 
chromatography. 
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Figure 34-38. A. Potentiometric titration curve for 2.433 mEq of Cl with 0.100N AgNOs. B. First derivative curve. C. Second derivative 


curve. '° 


POLAROGRAPHY 


In 1922 J Heyrovsky, a Czechoslovakian chemist, noted that 
the current passing between a polarizable, dropping mercury 
electrode (DME) and a nonpolarizable current-carrying elec- 
trode, when a certain potential is applied, is related to the 
concentration of one of the electroactive species in solution. 
Soon after, Heyrovsky realized that this phenomenon could 
serve as the basis for an elegant, sensitive, and selective quan- 
titative analytical technique for the determination of virtually 
all elements in one form or another. At that time, instrumental 
methods of analysis were a rarity, and the dominant tech- 
niques were the traditional volumetric and gravimetric meth- 
ods. Polarography then, offered a new and exciting analytical 
tool that allowed for the first time, the measurements of con- 
centrations at the submillimolar level without heroic efforts. 
However, classic dc polarography never gained widespread use 
in the analytical laboratory mainly for three reasons: (1) the 
waveforms are usually not sharply defined, making the data 
difficult to calculate, (2) unless ideal conditions exist, the tech- 
nique is vulnerable to several interferences from nonfaradic 
currents that are not diffusion controlled, and (3) efforts were 
futile in trying to apply the technique to nonaqueous organic 
solutions. Fortunately, most of these problems recently have 
been overcome, and modern polarographic methods such as 
differential pulse polarography and anodic stripping voltam- 
metry are enjoying a rapid and wide growth in the analytical 
field. 


THEORY AND INSTRUMENTATION 


Polarographic analysis is based on the current-voltage curves 
arising in a cell consisting of a dropping mercury electrode 
(DME) or a microelectrode and a nonpolarizable current-carry- 

~ing electrode in an unstirred solution. Substances in a concen- 
tration range of 10 ° to 10 ? M can be analyzed, both qualita- 
tively and quantitatively, provided they can undergo cathodic 
reduction or anodic oxidation. 

Polarography provides a limiting electrolysis current that is 
proportional to the concentration of a given compound and a 
half-wave potential, which is characteristic of an individual 
species. Figure 34-39!” shows the simple circuit of a polaro- 
graph. The voltage applied across the electrodes may be in- 
creased gradually and the resulting electrolysis current mea- 
sured with a galvanometer. The plot of EMF (voltage) versus 
current (u amp) provides the curve shown in Figure 34-40. 
Until the decomposition potential is reached, there will be only 
a minor increase in current. The decomposition potential is a 
function of E° of the reaction and the concentration of the ions 
involved. At this point there will be a sharp rise in the current. 
A further voltage increase will cause the curve to level off. The 
sharp increase in current, called the diffusion current (i4), is 
caused by the diffusion of the ions to the electrode, whereupon 


the ions are plated out. This plating causes the concentration at 
the solution—mercury interface to be lowered, and results in a 
concentration gradient being established that causes ions to 
diffuse from the body of the solution into the interface at a rate 
proportional to the concentration difference. The current- 
voltage curve levels off when complete concentration-polariza- 
tion occurs; the diffusion rate becomes constant and propor- 
tional to the ion concentration in the body of the solution. 

A mixture of two ions, Cd?" and Zn", with standard oxi- 
dation potentials of +0.4 and +0.76, respectively, gives the 
polarogram shown in Figure 34-40. The diffusion current for 
Zn?* is the difference between the total diffusion current and 
that for Cd?*. 

In addition to the diffusion current, ions attracted to the 
DME by electric forces also create some current, referred to as 
migration current. The limiting current is, therefore, the sum of 
a migration current and the diffusion current. Current in an 
electrolytic cell is carried by all the ions present, irrespective of 
their participation in electrode reaction. Therefore, if an inert 
electrolyte such as KCl (which at the low potentials employed 
in the polarography of Zn?" or Cd?" is neither oxidized nor 
reduced) is added in excess to the solution, the migration cur- 
rent will be carried almost entirely by the KCl ions. The lim- 
iting current observed then will be the diffusion current for the 
ions under investigation. The KCl is called the supporting 
electrolyte. 

Another type of current that occurs in polarography is re- 
sidual current. Even with inert ions, it is observed that an 
increase in voltage gives rise to a small but observable current. 
This is due to charges acquired by the DME on application of 
higher voltages. In polarography, compensation is allowed for 
this residual current. 

The diffusion current obtained with the DME is given by 
Ilkovic’s equation, 
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Figure 34-39. Schematic diagram of a simple polarographic appa- 
ratus. P, dropping mercury electrode; U, unpolarizable mercury 
pool electrode; G, galvanometer; V, voltmeter.'? 
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Figure 34-40. The polarogram of a solution containing Cd** and 
Zn**. Dp, decomposition potential; E,,., half-wave potential; /,, re- 
sidual current; iy, diffusion current; /,, limiting current. 


a = OOS ae ee (26) 


where i, is the average current in uw amp during the life of the 
drop, 7 is the number of Faradays of electricity required/mole of 
the electroactive species, D is the diffusion coefficient of the 
reducible or oxidizable substance in cm? sec ', m is the rate of 
flow of Hg from the DME capillary in mg sec ', C is the 
concentration of electroactive solute in moles/L, and ¢ is the 
drop time in sec (an optimum drop time is 2 to 5 sec). The 
equation is simplified by keeping all the factors except C 
constant. 


ig = kC (27) 


Plotting 7, versus C will give a straight line. 


HALF-WAVE POTENTIAL 


As shown in Figure 34-40, the half-wave potential (HY) is an 
oxidation or reduction potential at the current midpoint of a 
polarographic curve. A half-wave potential is characteristic of 
an electrolyzable species, is independent of concentration, and 
is related to the standard electrode potentials (H° values). The 
half-wave potential of a compound, however, is related to the 
form in which an oxidizable or reducible molecule exists. For 
example, it can be shifted by varying the pH of a solution. 

Two compounds, whose half-wave potentials overlap at a 
given pH, possibly can be resolved by varying the pH or adding 
a complexing agent. For example, in acid solutions the half- 
wave potentials of tin and antimony are —0.47 V and 0.20 V, 
respectively, but in alkaline solutions they are —1.1 V and 1.8 
V. Therefore, the latter condition is preferred in determining 
these ions in a mixture. 


ELECTRODES 


In polarography the indicator or polarizable electrode is most 
often a DME that is used for reduction reactions. In some cases, 
a platinum electrode (stationary or rotating) is used for oxida- 
tion reactions. The curves provided by these reactions are 
known as cathodic and anodic waves, respectively. By conven- 
tion, diffusion currents are designated as follows: reduction, 
positive; oxidation, negative. The advantages of the DME are 
that it provides a smooth renewable surface and the diffusion 
currents obtained are reproducible. However, it has the disad- 
vantage in that at a small positive potential anodic dissociation 
occurs. Therefore, platinum is preferred. Precision obtainable 
with a platinum electrode is about + 5%. For a reference 
electrode, a saturated calomel electrode is used. Both manual 
and recording polarographs are available; the latter type is 
used most widely. 


OXYGEN WAVES 


The dissolved oxygen in any solution to be analyzed polaro- 
graphically often interferes with accurate determinations; 


therefore, its removal by deaeration before the analysis is es- 
sential (usually by ultrasonification, vacuum, or purging with 
nitrogen). Oxygen interferénce is due to two equal oxygen 
waves: the first is produced by its reduction to hydrogen per- 
oxide, and the second is by the further reduction of the hydro- 
gen peroxide to water. On the other hand, these reductive 
reactions and their well-defined waves, if desired, also could 
serve as the basis for the polarographic measurement of dis- 
solved oxygen in aqueous solutions. 


AMPEROMETRY 


Amperometry is based on the principle of polarography, with 
the exception that the voltage is maintained constant during a 
titration procedure. Substances that cannot be analyzed po- 
larographically because of the absence of a diffusion current 
can be determined amperometrically by using a titrant that 
yields a diffusion current. 

Figure 34-41A—C illustrates typical amperometric titration 
curves. The equivalence point is the intersection of the two 
extrapolated straight lines whose slopes are a function of the 
diffusion current. In contrast to a polarographic measurement, 
in which several ions in a mixture can be determined, an 
amperometric titration involves determinations of a single sub- 
stance only. The substance and its half-wave potential must be 
known prior to titration. A change in volume during the titra- 
tion usually is minimized by selecting a titrant 5 to 10 times 
more concentrated than the material to be analyzed. The best 
potential for the microelectrode is chosen by referring to the 
half-wave potentials of the sample and titrant. The applied 
voltage is located on the plateau of the electrolysis wave. 

As shown in Figure 34-41A, the titration of SO{” with Pb?* 
is carried out at a potential more negative than —0.46 V 
(Pb?* + 2e — Pb, —0.46 V half-wave potential). As sulfate ions 
are removed and Pb”* concentration is increased, the diffusion 
current increases. The opposite is true if Pb?* is to be titrated 
with SO? . In the titration of Pb?* with sodium or potassium 
dichromate at —1.2 V, when the equivalence point is passed, 
the excess Cr,02 gives an increase in the diffusion current. 

In amperometric titrations (as in polarography) an inert 
electrolyte must be added to eliminate the effect of migration 
current; and, prior to titrating, nitrogen is bubbled through the 
solution to remove dissolved oxygen. The titrations are per- 
formed in an H-shaped cell. Either a DME or a rotating plati- 
num electrode can be used with a saturated calomel electrode 
(SCE) as the reference electrode. 

The amperometric procedure is applied to the measurement 
of ions that cannot be evaluated potentiometrically. For exam- 
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Figure 34-41. Titration of A: SO%” with Pb?*; B: Pb?* with S07; 
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ple, no suitable electrode is available to determine sulfate an- 
ion potentiometrically. Amperometrically, however, excellent 
results are obtained. A similar application is used in the deter- 
mination of fluoride ion with thorium or lanthanum nitrate, 
and in titrations involving reagents such as iodine and bromine 
(as bromate). However, the greatest use of the amperometric 
end point is for titrations where a slightly soluble precipitate is 
formed. 

AMPEROMETRIC TITRATIONS USING TWO INDI- 
CATOR ELECTRODES—When a reversible redox reaction is 
present in the system, the amperometric method can be mod- 
ified to use two polarized microelectrodes (usually of platinum) 
immersed in the well-stirred titration cell. The current starts 
flowing when a small potential is applied between the two 
electrodes. This current can be monitored as a function of the 
volume of the titrant until the end point, when the current 
drops to zero or close to zero. The technique used to be called 
the Dead-stop endpoint. 


MODERN VOLTAMMETRIC ANALYTICAL TECHNIQUES 


Classic or DC polarography only refers to electrochemical anal- 
ysis using the dropping mercury electrode under a constant DC 
potential. Because of the limitations inherent in this technique, 
several modifications have been introduced that helped to gen- 
erate a new renaissance in polarographic and voltammetric 
methods of analysis featuring much higher sensitivity and 
better selectivity. The new procedures do not use the standard 
dropping mercury electrode. 

DERIVATIVE POLAROGRAPHY—In this modification, 
the current/voltage curves are differentiated in order to obtain 
a peak-shaped response that can be measured easily and accu- 
rately in place of the traditional sigmoid polarographic waves, 
which are difficult’ to interpret. These differential methods 
usually employ the potentiostatic capabilities of a working 
electrode potential that are based on a three electrode system. 
In addition to two working electrodes, the third is a reference 
electrode of constant potential that draws no current. 


SINGLE-SWEEP POLAROGRAPHY 
(OSCILLOGRAPHIC POLAROGRAPHY) 


In this technique, a voltage range between 0.3 to 0.5 V is 
scanned or swept linearly during the last 2 to 3 sec of the life of 
a mercury drop. An oscilloscope is used to monitor this rapid 
scan on a polarogram that is quite different from that obtained 
in regular polarography (Figs 34-42'°). An advantage of this 
technique is its better sensitivity due mainly to a lower resid- 
ual current and higher “summit” currents. Another advantage 
is its easy and more accurate measurement due to the peak- 
shaped response. 


Current, uA 


Applied voltage, V 


Figure 34-42. Single sweep polarogram. Baseline (dashed) gives 
current in supporting electrolyte alone as a blank.'® 
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PULSE POLAROGRAPHY—One of the major difficulties 
in de polarography is the interference by the non-Faradaic 
capacitance current that flows across the interface. In the early 
1950s, while experimenting with square-wave polarography, G 
Barker discovered that a sudden change in the applied poten- 
tial causes the capacitance current to decay almost to zero 
before the Faradaic (redox) current is observed. A small, fixed- 
height potential pulse (~50 msec duration) is superimposed at 
regular intervals of about one second against the linearly in- 
creasing dc potential normally associated with classic polarog- 
raphy. The pulse usually is applied near the end of the life of 
the mercury drop and is synchronized with its maximum 
growth. 

Two pulse techniques are common. In the “normal or inte- 
gral pulse” procedure, square waves of successively increasing 
amplitude are applied to consecutive mercury drops from the 
dropping mercury electrode at a constant pressure. The polaro- 
grams are similar in shape to de polarography with a greatly 
reduced capacitance component. This allows about six times 
the sensitivity of classical polarography. In the “differential 
pulse” methods, pulses of equal amplitude are applied on a 
linear potential ramp. The current is sampled twice, just before 
the pulse application and at the end of the pulse. These cur- 
rents are stored on a memory capacitance, and the difference is 
plotted versus the potential yielding peak-shaped polarograms. 

Differential pulse methods have less sensitivity than the 
normal pulse method, but they display greatly enhanced detec- 
tion limits because of better resolution of the half-wave poten- 
tial. One of the major advantages of the pulse technique is its 
suitability for the analysis of organic compounds and several 
irreversible electrochemical systems. 


AC POLAROGRAPHY 


A small amplitude, low-frequency periodic potential (usually a 
sinusoidal wave) is superimposed against the slow linear de 
voltage. The instrumentation employed, uses electronic cir- 
cuitry that only allows the measurement of the alternating 
components of the total current flowing into the working elec- 
trode (eliminating the de component). This in effect allows the 
monitoring of the difference in current that flows between the 
minimum and the maximum applied potential during the mod- 
ulation period. 

Therefore, the polarogram is a peak-shaped response with 
its maximum height at the half-wave potential. In ac polarog- 
raphy, the capacitance current can be separated from the Fara- 
daic current by a simple phase-sensitive lock-in amplifier. 


CYCLIC VOLTAMMETRY (FAST LINEAR SWEEP) 


In this technique, the normal, slow de sweep employed in 
classical polarography is substituted with a fast sweep of about 
100 mV/sec and higher, applied to a stationary electrode in a 
diffusion-controlled system. The technique is very fast, is more 
sensitive than classical polarography and can supply informa- 
tion about the reversibility of the reaction as well as its kinet- 
ics. It also does not require the highly sophisticated instru- 
ments usually associated with pulse polarography. For 
identification purposes, cyclic voltammetry monitors four prop- 
erties of a redox system, namely the peak potential, wave slope, 
reversibility, and effect of changing the supporting electrolyte. 

CHRONOPOTENTIOMETRY—In this technique, the 
change in the potential of a working electrode is monitored 
as a function of time while a constant current is passed 
through the solution under study (electrolysis). The transi- 
tion time is a measure of the rate at which the species at the 
electrodes is reduced up to a point where it can no longer 
sustain the required current. Although chronopotentiometry 
is not a voltammetric technique in the real sense, it, like 
polarography, depends on a diffusion-controlled phenome- 
non. It usually is employed to study electrodes processes. It 
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requires a higher concentration due to its relatively low 
sensitivity. 

VOLTAMMETRIC STRIPPING ANALYSIS—tThe strip- 
ping analysis technique has been the fastest growing voltam- 
metric application in recent years. The main reasons for its 
wide popularity are the high degree of sensitivity by means of 
which concentrations below parts per billion can be measured 
easily with inexpensive instrumentation. Also, its suitability 
for simultaneous multi-elemental analysis is an attractive fea- 
ture that other polarographic techniques lack. 

Although the technique itself is a bulk procedure, where the 
whole solution is subjected to the electrolytic process as in a 
coulometric determination, it usually uses a mercury micro- 
electrode that is subjected to a single-sweep voltage scan; 
therefore, it usually is classified as a voltammetric method. The 
stripping concept consists of two basic steps: 


1. The deposition or the concentration step, where the desired electro- 
active species are deposited anodically or cathodically through a 
long electrolysis stage (20 to 40 min). 

2. The stripping step, where the deposited elements are stripped from 
the microelectrode through a reversed electrolysis process, usually 
a linear-potential sweep, such as the one used in single-sweep 
polarography. 


The resulting current/voltage polarograms then are recorded. 
The anodic scan of a blood sample that was analyzed for metals 
(Cu, Pb, Cd) is seen as Figure 34-43.'” 

Unlike polarography, the working electrode is stationary; 
usually a hanging mercury electrode (a thin mercury film on 
nickel or platinum) or other solid electrodes such as platinum 
or gold in anodic stripping voltammetry (ASV) or a glassy 
carbon electrode in cathodic stripping voltammetry (CSV). The 
solid electrodes, however, have several disadvantages. Their 


Anodic scan 


Figure 34-43. Stripping analysis, anodic scan of a blood sample (0.2 
mL). Experimental data: Plating time, 30 min; plating potential, 
—1.0 V; sweep rate, 60 mV/sec; chart speed, 12.7 cm/min; current 
range, 200 A full scale; anodic stripping time, 16 sec.'” 


performance depends on their past history and is affected by 
oxide film formation. : 

In ASV, the electroactive elements of interest are first 
reduced (or concentrated) at the working electrode under 
fixed conditions of diffusion and electrode surface area. The 
stripping process (or oxidation step) is carried out by linear 
anodic scan, usually 2 to 5 mV sec ‘. Usually, very little 
capacitive current exists during stripping; therefore, the 
Faradaic current is very high and , hence, this technique is 
extremely sensitive. 

In CSV, the electroactive species is deposited as an insoluble 
layer with varying potential depending on the concentration of 
the element to be determined. Stripping is carried out through 
a reversed electrolysis process following the anodic pre-electrol- 
ysis step. The stripping voltamograms show peak-shaped re- 
sponses for the electroactive species; their heights or areas 
are used for quantitative purposes, and their potential for 
identification in a way similar to the half-wave potentials in 
polarography. 

DIFFERENTIAL PULSE STRIPPING VOLTAMETRY 
(DPSV)—In this technique, relatively large amplitude (50 to 
100 mV) pulses are superimposed periodically on a slow, linear 
potential range of about 5 mV sec ' for short periods of time. 
As discussed before, this allows a great enhancement in the 
Faradaic current due to the fast decay of the capacitive current. 
The current is measured just before the pulse application and 
again at the end of the pulse. The difference between these two 
currents is amplified and displayed on a recorder. The hanging 
mercury drop electrode is the working electrode of choice in 
DPSV. 


FAST FOURIER TRANSFORM DATA ACQUISITION 
(FFT) FOR ELECTROCHEMICAL RELAXATION 
MEASUREMENTS (ERM) 


The online FFT data acquisition and processing procedure, 
familiar in spectrometric analysis such as NMR or IR, has been 
applied to electrochemical techniques with great success, espe- 
cially in polarographic and voltammetric analyses. This is be- 
cause most of the techniques are actually relaxation measure- 
ments of an electrochemical cell, initially at approximate 
equilibrium, and then observations are made of a time-varying 
response to an applied electrical perturbation. Also, the wide 
availability of relatively inexpensive computers with high 
memory capacity that can handle the complex Fourier trans- 
forms, convolutions, and deconvolutions has helped make FFT 
quite affordable. Many scientists believe that within a few 
years FFT data treatments will be used in all chemical appli- 
cations as often as our familiar logarithmic transforms, due to 
the treatment’s unprecedented speed and precision in data 
acquisition and processing. 


COULOMETRY 


Coulometry involves exhaustive electrolysis and requires cur- 
rents larger than those employed in polarography plus an 
unpolarized working electrode. Either constant current or con- 
stant voltage techniques can be employed and elaborate elec- 
tronic-regulating devices are commercially available. 

In coulometry it is possible to generate a reactant or titrant 
in situ; therefore, unstable reagents may be employed in the 
analytical procedure. 

The quantity of the reactant formed is proportional to Q, the 
number of coulombs when the current is constant: 


Q = it (28) 


where i is the current and ¢ is the time of electrolysis. One 
Faraday of electricity is 96,487 Q, which causes chemical 
changes in mw/n g-ions, where n is the number of electrons. If 


the current is maintained constant, the weight of the reactant 
can be calculated by 


at weight of x 
96,487 equivalent weight of x (29) 


There are two important factors to be considered in coulo- 
metric analysis: the substance of interest must be electrolyzed 
completely, and the exact time at which the reaction is com- 
pleted must be determined. 

In the electrical generation of the analytical reagent, three 
points must be observed. 


1. The working electrode must remain inert during analysis; for ex- 
ample, due to the tendency of halide to react with platinum giving 
PtX; , platinum cannot be employed as an anode when a halide is 
present. 

2. Oxygen should be removed. 

3. Interference occurring as a result of participation of electrons in 
the electrolysis of another substance, such as a solvent, must be 
eliminated. 


To avoid the involvement of the solvent or impurities during an 
analysis, a constant-current procedure is used for the electrical 
generation of the reactant. The use of an excess quantity of the 
inactive form of a reagent (titrant) provides a proper control of 
the electrode voltage. For example, in the titration of Fe?*, a 
large excess of Ce®* is added. On passage of current, Ce** is 
generated easily at the working electrode (anode) and Fe? * is 
oxidized: 


— Fe®* + Ce?’ (30) 


Generation of Ce** ceases at the end point. 

Analytical Procedure and Instrumentation—A_ constant- 
current coulometer is the most widely used instrument. A 
power supply provides a constant current for the cell. Usually 
a current of less than 250 mA is employed and the time of 
electrolysis varies from about 10 to 200 sec. An accurate elec- 
tric timer starts or stops the electrolysis by controlling a 
switch. The end point can be detected potentiometrically, am- 
perometrically, or with an absorption photometric detector. If 
the potentiometer is set at a predetermined voltage, the imbal- 
ance observed during the analysis will be decreased so that at 
the end point the galvanometer deflection will show zero. Silver 
or platinum are the most generally employed electrodes. 


ELECTRIC CONDUCTANCE METHODS 


Electric conductivity of a solution under a given potential is a 
function of the nature of the solute and its concentration. The 


Thermal analysis is a technique in which a physical property of 
a substance is monitored as a function of controlled tempera- 
ture increase. Modern thermal analytical methods can mea- 
sure weight loss on heating, melting points, heat and energy of 
transitions, and changes in form, in dimensions, or in the 
viscoelastic properties of the substance. They find wide appli- 
cations in material characterization, purity of medicinal sub- 
stances, study of relative heat stabilities and dynamic proper- 
ties of new compounds, as well as in crystallography, chemical 
kinetics, and generation of phase diagrams. 


THEORY 


Most thermodynamic events are accompanied by a loss of heat 
or require addition of heat from an externa! source to proceed. 
The event may be a phase transition, loss of a volatile compo- 
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current is conducted by the ions that migrate under the influ- 
ence of an electric field. Conductance in mho units is 1/R, where 
R is the resistance in ohms. Specific conductance, x, is the 
reciprocal of the resistance of a 1-cm cube of liquid and is 
defined by 


RA (31) 


where A is the area of the electrodes and d is the distance 
between the electrodes. In a cell with electrodes of 1-cm? area 
and a l-cm separation, equivalent conductance, A, is 


A = (1000/C,)k (32) 


where C, is the concentration of the solution in moles per 
liter. 

The equivalent conductance of a solution increases on dilution 
because of an increase in ionic mobility and, in the case of a weak 
electrolyte, also an increase in the degree of dissociation. The 
degree of dissociation of a weak electrolyte, a, is given by 


a = A/Ay (33) 


where A, is the equivalent conductance at infinite dilution. Ao, 
which is also denoted by A.,, is the summation of the conduc- 
tances of the cations and anions. 
The dissociation constant of weak electrolytes, K, at an 
initial concentration of C,, can be calculated by 
K, = a’CJ/(1 — a) (34) 


a 


SPECTROELECTROCHEMISTRY 


Spectroelectrochemistry is a hybrid analytical technique that 
combines electrochemistry with a suitable optical measuring 
device. In general, redox reactions are initiated at the elec- 
trodes and simultaneously the electrolysis solution is moni- 
tored by spectrometry to study the nature of the newly electro- 
generated ions. The most common spectrometric techniques 
are UV or IR, where the light beams are directed at a trans- 
parent electrode and its nearby analytical solution. Internal 
reflectance spectrometry also has been used, as well as Raman 
spectrometry. Spectroelectrochemistry has been applied mostly 
to specific redox reactions of organic, inorganic, and complex 
biological systems. 


nent, or a chemical reaction. Each of these occurrences can be 
followed thermodynamically by noting either change of temper- 
ature of the sample under study or energy changes of the 
sample with respect to time. If the sample loses a volatile 
substance by evaporation, sublimation, or chemical conversion 
to a gas, it also is possible to follow the course of events by 
noting weight loss with respect to time, as the temperature of 
the sample is increased at a constant rate. 

The general laws of thermodynamics, specifically those gov- 
erning calorimetry, serve as the basis for understanding the 
theoretical concepts involved in the different thermal analyti- 
cal methods of analysis. Refer to Chapter 15 for these fun- 
damental relationships. For equilibrium transitions, where 
AG = 0 the heat of transition, AH, is related to the entropy of 
transition AS, by 


ie (35) 


648 CHAPTER 34 


Modern instruments for thermal methods of analysis are 
based on these parameters: mass, temperature, and heat flow. 
Table 34-3 illustrates the use of these functions and typical 
data outputs. 


THERMOGRAVIMETRY 
(THERMOGRAVIMETRIC ANALYSIS, TGA) 
PPLE TLE RN EG a TR SO RSP 


Thermogravimetric analysis (TGA), perhaps the simplest form 
of thermal analysis, uses a thermobalance as the analytical 
instrument. The apparatus may be no more than a modified 
single pan analytical balance provided with a digital electronic 
output so that a plot of weight change (y-axis) can be made with 
respect to time or temperature. An infrared lamp may be the 
source of heat to irradiate the balance pan. Many modifications 
of such a device are used to determine the moisture content of 
tablet granulations, hydrated substances, and so on. Much 
more sophisticated instruments are also commercially avail- 
able that include temperature programming and the use of a 
variety of beam, spring, cantilever, or torsion balances to de- 
termine changes in weight of the sample. Because the atmo- 
sphere surrounding the heated sample may influence (retard or 
hasten) decomposition, provision often is made to control the 
atmosphere by addition of inert gases (nitrogen, helium) or 
reactive gases (oxygen, hydrogen, etc). The result of a thermo- 
gravimetric evaluation of calcium oxalate monohydrate may be 
seen in Figure 34-44,19 

Recently several types of thermogravimetric devices have 
been coupled to a gas chromatograph, mass spectrometer, or 
FI-IR so that the effluent products of decomposition can thus be 
characterized. 

A new development in TGA is the high-resolution tech- 
nique.”! The rate of heating of the sample is modified dynam- 
ically and continuously in response to changes in the sample 
decomposition so as to maximize weight change resolution. 


Table 34-3. Typical Curves Produced in Thermal 
Gravimetric Analysis (TGA), Differential Thermal 
Analysis (DTA) and Differential Scanning 
Calorimetry (DSC) 


PARAMETER 
MEASURED 


INSTRUMENT 


TECHNIQUE EMPLOYED TYPICAL CURVE 


Thermogravimetry Mass Thermobalance 
(TG) 


Mass 


Differential T, — TAT) DTA apparatus (+) 
thermal 


analysis (DTA) 


Differential Heat flow, Calorimeter 
scanning dH/dt 
calorimetry 
(DSC) 


dH/dt 


Start 100° 


200° ia 
300° 400° 


—H.20(2.46 mg) 


—CO(3.84 mg) 
20 mg CaC204-H20 y v 
500° 600° 


Weight change, mg 


| 2.00 ne —CO,(6.02 mg) 


900° 1000° 


Temperature, Xe 


Figure 34-44. Thermogravimetric evaluation of calcium oxalate mo- 
nohydrate, heating rate 6°/min.'° 


This technique allows use of very high heating rates while 
avoiding transition temperature overshoot, thereby optimizing 
time to complete a thermal analysis experiment. 


DIFFERENTIAL THERMAL ANALYSIS (DTA) 
SS AT LE DE ST YT 
In differential thermal analysis (DTA), a sample and a ther- 
mally inert reference material are heated (or cooled) linearly 
with the aid of a programming device, and the temperature 
difference between the sample and the reference is measured 
as a function of the temperature applied. Because, during tran- 
sition, the sample may either absorb or evolve heat, the differ- 
ence in the temperature between the sample and the standard 
is equivalent to the temperature of transition and can indicate 
if the transition is endothermic or exothermic. Usually, AT is 
plotted against the temperature, 7’, or as a function of time (¢). 
A block diagram of a typical differential thermal analyzer is 
depicted in Figure 34-45 and a schematic diagram of a modern 
DTA instrument is illustrated in Figure 34-46.'7 DTA data is 
probably the most accurate of all thermal techniques, because 
the thermocouple is inserted into the sample; however, only the 
temperature of transition and not the amount of heat can be 
measured from a DTA curve, as the area under the peak is not 
proportional to the amount of energy transferred into or out of 
the sample. 


DIFFERENTIAL SCANNING 
CALORIMETRY (DSC) 


SAO 
Another technique, very closely related to TGA, is DSC which 
differs only that the sample and reference containers are not 
contiguous, but are heated separately by individual coils that 
are heated (or cooled) at the same rate. Platinum resistance 
thermometers monitor the temperature of the sample and ref- 
erence holders and electronically maintain the temperature of 
the two holders constant. 

If a thermodynamic event occurs that is either endothermic 
or exothermic, the power requirements for the coils maintain- 
ing a constant temperature will differ. This power difference 
(AP) is plotted as a function of the temperature recorded by the 
programming device. 

Unlike DTA, in DSC the amount of heat put into the system 
is exactly equivalent to the amount of heat absorbed or liber- 
ated during a specific transition (transition energy). 


Thermomechanical Analysis (TMA) 


Thermomechanical analysis (TMA) is useful for the measure- 
ments of changes in shape, volume or dimensions, penetration 


ooling 
System 


Atmosphere Temperature tay 
@ Amplifier 
Control Detector 


Temperature 
Program 


characteristics, and viscoelastic properties of different materi- 
als as a function of controlled temperature elevation. The sam- 
ple usually is contained in a small tube that is connected 
through a quartz probe to a differential transformer. Any 
movement in the sample upon heating is monitored by the 
displacement of the transformer. Modifications in the sample 
stage and probe enable the measurements of other sample 
characteristics, such as tensile strength, volume expansion, 
penetration, or elasticity. 


INSTRUMENTAL DATA SYSTEMS 

(ee a RITTER 
Analytical instruments in today’s modem laboratory are inter- 
faced with either individual personal computers or a client/ 
server network environment. Both instrument control and data 
acquisitions, including data management, are integral func- 
tions of the laboratory system. Presented here are brief sum- 
maries on data acquisition, laboratory information manage- 
ment systems, and computer validation. 


Data Aquisition Systems 


Current laboratory data acquisition systems consist of a 
computer-based instrumental interface providing for the col- 
lection and processing of raw data and for user interaction 
with the analytical instrument. These systems provide the 
means to record, store, and analyze the raw data generated 


Heater, block, and 
cell assembly 


Vacuum 
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Coolant 
Coolant 


Vent 


Temperature 
programmer 
and controller 


Rate of change 
(+30° /min to —30° /min) 
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Figure 34-46. Schematic diagram of the DuPont differential ther- 
mal analysis apparatus. '” 
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Figure 34-45. Block diagram of differential thermal 
analyzer. 


by an individual instrument, or by multiple instruments, 
and frequently include some degree of analytical instrument 
control as well. 

The analytical instrument control functions designed into 
a typical liquid chromatographic system, for example, will 
provide the scientist with the means to display, adjust, and 
record the instrumental operating parameters for each of the 
samples tested. These parameters include pump flow and 
pressure settings, injection volume, and detector settings. A 
typical system of this type will allow for the programming of 
timed events for the lab equipment, facilitating automated, 
unattended operation of laboratory instrumentation. System 
suitability tests, including peak resolution, peak tailing fac- 
tors, capacity factors, and peak efficiencies, can be run and 
used for automated decision making by the data system 
during unattended operations. 

Data collection functions allow the user to collect raw data 
from a variety of instrumental systems at different data collec- 
tion rates. This also will include data storage, and additionally 
will provide the tools with which to analyze and report data 
after processing. 

Data processing software is an integral part of the data 
acquisition system, providing for online documentation of stan- 
dard calibrations and for reporting of sample results in a vari- 
ety of presentation formats. This processed data also will in- 
clude any graphical results generated for individual samples 
tested, such as calibration curves or chromatograms from 
HPLC or GC systems. Data can be presented in a format that 
incorporates this graphical presentation into processed data 
reports. Results can be plotted over time to follow trends in 
data, thus enabling real-time monitoring of ongoing processes. 
Computer-based instrumental control and data storage are 
accomplished through one of two basic computer architectures. 
Either the data are collected and stored on a desktop computer, 
or in the case of a laboratory network with a client/server 
architecture, are stored in a centralized database that is 
accessible from multiple desktop computers located in the 
laboratories. 

The single desktop model is usually more appropriate for 
instrumentation where a desktop computer can be dedicated to 
an individual piece of equipment and where the requirement 
does not arise for remote access to the control of an instrument 
or to the data analysis for that piece of equipment. These types 
of systems are inherently more difficult to manage and main- 
tain in larger laboratories because of the fragmented nature 
of the overall laboratory databases, all residing on separate 
computers. 

The client/server model has two main advantages over the 
single desktop computer: 


1. In the realm of data security and ease of database management, 
this architecture provides a centralized, secure database for storage 
and analysis of raw data, connected through a network providing 
access from multiple clients. Data are accessible only through the 
application software, which provides for password-protected secu- 
rity. This prevents unauthorized access to the data and control of 
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instruments while also providing for raw data security in keeping 
with regulatory GMP/GLP compliance guidelines. 

2. This model provides a user interface to a large number of instru- 
ments from any client on the laboratory network. This design can 
connect users in multiple laboratories or even at multiple locations 
to data acquisition functions as well as providing for control of 
instrumentation remotely. This model also allows for distributed 
processing of raw data and for display and presentation of pro- 
cessed laboratory data to multiple locations in a very efficient 
manner. A well-designed, secure database will not allow alteration 
of raw data but will still provide for great flexibility in the analysis 
and interpretation of that data, as well as providing the basic tools 
needed for the generation of laboratory reports. Laboratory reports 
presenting processed data may be highly customized, allowing for 
use with a variety of analytical techniques. 


Laboratory Information Management 
Systems (LIMS) 


Data acquisition systems frequently are interfaced with a Lab- 
oratory Information Management System (LIMS). Sample 
identification and required testing are traced by the LIMS, 
which will provide for electronic scheduling and status reports 
of analyses. A LIMS can incorporate sophisticated tracking 
technology, such as bar-code identification that follows a sam- 
ple throughout the complete testing cycle, from sample submis- 
sion, to the laboratory, to completion of testing; it can provide 
for electronic identification of samples to the analytical instru- 
mentation, thus minimizing the possibility of human labeling 
errors. Additionally, most LIMS provide highly customizable 
reporting services to management and customers. The net- 
working of instrumentation in the laboratory provides the pos- 
sibility for direct reporting of results to those individuals who 
are responsible for tracking samples and approving the result- 
ant data. Data can then be immediately forwarded electroni- 
cally to individuals who are submitting samples for testing. 


Validation of Computerized Systems 


The use of any computerized system in the pharmaceutical 
industry falls under the jurisdiction of the GMPs (Good 
Manufacturing Practices), as defined in the Drug GMP 
Requirements. 


Section 211.68: Automatic, Mechanical, and Electronic 
Equipment 


(a) Automatic, mechanical, or electronic equipment or other types of 
equipment, including computers, or related systems that will 
perform a function satisfactorily, may be used in the manufac- 
ture, processing, packing, and holding a drug product. If such 
equipment is so used, it shall be routinely calibrated, inspected, 
or checked according to a written program designed to assure 
proper performance. Written records of those calibration checks 
and inspections shall be maintained. 

(b) Appropriate controls shall be exercised over computer or related 
systems to ensure that changes in master production and con- 
trol records or other records are instituted only by authorized 
personnel. Input to and output from the computer or related 
system of formulas or other records or data shall be checked for 
accuracy. A backup file of data entered into the computer or 
related system shall be maintained except where certain data, 
such as calculations performed in connection with laboratory 
analysis, are eliminated by computerization or other automated 
processes. In such instances a written record of the program 
shall be maintained along with appropriate data. Hardcopy or 
alternative systems, such as duplicates, tapes, or microfilm, 
designed to ensure that backup data are exact and complete and 
that it is secure from alteration, inadvertent erasures, or loss 
shall be maintained. 


Section 820.61: Measurement Equipment 


All production and quality assurance measurement equipment, such 
as mechanical, automated, or electronic equipment, shall be suit- 
able for its intended purposes and shall be capable of producing 
valid results. Such equipment shall be routinely calibrated, in- 
spected, and checked according to written procedures. Records 
documenting these activities shall be maintained. When comput- 
ers are used as part of an automated production or quality as- 
surance system, the computer software programs shall be vali- 
dated by adequate and documented testing. All program changes 
shall be made by a designated individual(s) through a formal 
approval procedure. 


(a) Calibration: Calibration procedures shall include specific di- 
rections and limits for accuracy and precision. There shall be 
provisions for remedial action when accuracy and precision lim- 
its are not met. Calibration shall be performed by personnel 
having the necessary education, training, background, and ex- 
perience. 

(b) Calibration standards: Where practical, the calibration stan- 
dards used for production and quality assurance measurement 
equipment shall be traceable to the national standards of the 
National Institute of Standards and Technology (NIST), Depart- 
ment of Commerce. If national standards are not practical for 
the parameter being measured, an independent reproducible 
standard shall be used. If no applicable standard exists, an 
in-house standard shall be developed and used. 

(c) Calibration records: The calibration date, the calibrator, and 
the next calibration date shall be recorded and displayed, or 
records containing such information shall be readily available 
for each piece of equipment requiring calibration. A designated 
individual(s) shall maintain a record of calibration dates and of 
the individual performing each calibration. 


Section 820.195: Critical Devices, Automated Data Processing 


When automated data processing is used for manufacturing or quality 
assurance purposes, adequate checks shall be designed and imple- 
mented to prevent inaccurate data output, input, and programming 
errors. 

As the sections of the GMP indicate, any computerized system involved 
in the manufacturing processing, packing, and holding of a drug 
product needs to be calibrated, inspected, or checked according to 
written procedures to ensure proper performance. This also includes 
validation in support of the computer software and records main- 
tained to verify the validation. ‘ 

Terms routinely used to describe the validation associated with com- 
puterized systems are “Installation Qualification,” “Operational 
Qualification,” and “Performance Qualification.” At each part of the 
qualification, defined documented steps are performed based on an 
approved validation protocol. These steps include information relat- 
ing to the hardware installed, specifications of the computer system, 
maintenance of the system, site requirements, software documen- 
tation, error checks, data archiving and storage. The main idea 
associated with computer system validation is “the establishment of 
evidence that a Computer System does what it purports to do and 
will continue to do so in the future.”' For further information on the 
subject, see the bibliography. 
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Dissolution is the process by which a solid of only fair solubility 
characteristics enters into solution. The earliest reference to 
dissolution is probably the 1897 article by Noyes and Whitney, 
“The Rate of Solution of Solid Substances in Their Own Solu- 
tion.” The authors suggested that the rate of dissolution of solid 
substances is determined by the rate of diffusion of a very thin 
layer of saturated solution that forms instantaneously around 
the solid particle. They developed the mathematical relation- 
ship that correlates the dissolution rate to the solubility gradi- 
ent of the solid. Their equation is still the basic formula upon 
which most of the modern mathematical treatments of the 
dissolution phenomenon revolve. 

Noyes and Whitney’s work, as well as most of the work that 
was conducted during the first part of this century, was con- 
centrated on the study of the physicochemical aspects of disso- 
lution as applied to chemical substances. Most important of 
these studies were the application of Fick’s law of diffusion to 
the Noyes and Whitney equation by Nernst and Brunner in 
1904, and the development of the famous Cubic Root Law of 
dissolution by Hixson and Crowell in 1931. 

By the middle of the 20th century, emphasis started to shift 
to the examination of the effects of dissolution behavior of 
drugs on the biological activity of pharmaceutical dosage forms. 
One of the earliest studies with this purpose in mind was 
conducted by J Edwards in 1951 on aspirin tablets. Based on 
his findings, he reported that “because of its poor solubility, the 
analgesic action of aspirin tablets would be controlled by its 
dissolution rate within the stomach and the intestine.” No in 
vivo studies, however, were conducted by Edwards to support 
his postulate. 

About 8 years later, Shenoy and colleagues proved the va- 
lidity of Edward’s suggestion of the in vitro/in vivo correlation 
by demonstrating a direct relationship between the bioavail- 
ability of amphetamine from sustained-release tablets and its 
in vitro dissolution rate. Other studies, especially those re- 
ported by Nelson, Levy, and others, confirmed beyond doubt 
the significant effect of the dissolution behavior of drugs on 
their pharmacological activities. Because of the importance of 
these findings, dissolution testing began to emerge as a domi- 
nant topic within both the pharmaceutical academia and the 
drug industry. 

In the late 1960s dissolution testing became a mandatory 
requirement for several dosage forms. The role of dissolution in 
the absorption of drug products, however, still is far from being 
understood perfectly. In spite of the reported success of several 
in vitro/in vivo correlation studies, dissolution is not a predictor 
of therapeutic efficiency. Rather, it is a qualitative tool that can 
provide valuable information about the biological availability 
of a drug as well as batch-to-batch consistency. Another area of 
difficulty is the fact that the accuracy and precision of the 
testing procedure is dependent, to a large extent, on the strict 
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observance of so many subtle parameters and detailed opera- 
tional controls. 

In spite of these shortcomings, dissolution is considered 
today as one of the most important quality-control tests per- 
formed on pharmaceutical dosage forms. The text by Abdou 
contains a more comprehensive treatment.’ 


THEORY OF DISSOLUTION 


Diffusion-Layer Model (Film Theory) 


In 1897, Noyes and Whitney studied the dissolution rate of 
benzoic acid and lead chloride, two practically insoluble sub- 
stances, by rotating a cylinder of each compound in water at a 
constant rate and sampling the solution for analysis at specific 
time intervals. To examine their data quantitatively, Noyes 
and Whitney developed an equation based on Fick’s second law, 
to describe the dissolution phenomenon 


coe (1) 
at ~ Kees ed) 

where dc/dt is the dissolution rate of the drug, K is the propor- 
tionality constant, c, is the saturation concentration (maximum 
solubility), c, is the concentration at time t, and c, — c¢, is the 
concentration gradient. K also is called the dissolution con- 
stant, and the equation has been shown to obey first-order 
kinetics (Fig 35-1). 

In their experiments, Noyes and Whitney maintained a 
constant surface area by using sticks of the insoluble sub- 
stance. However, because such a condition is not always appli- 
cable, Brunner and Tolloczko modified Equation 1 to incorpo- 
rate the surface area, S, as a separate variable. 


dc 
ap = BiSles-c) @ 


To explain the mechanism of dissolution, Nernst in 1904 
proposed the film-model theory. Under the influence of no re- 


active or chemical forces, a solid particle immersed in a liquid 
undergoes two consecutive steps: 


1. The solution of the solid at the interface, forming a thin stagnant 
layer or film, h, around the particle. 

2. The diffusion from this layer at the boundary to the bulk of the 
fluid. 


The first step, solution, is almost instantaneous; the second, 
diffusion, is much slower and, therefore, is the rate-limiting 
step (see Fig 35-1). 


Stagnant film ‘‘h” 
with concentration = cs 


Crystal 


—__,_ Bulk solution with 
concentration = c; 


Figure 35-1. Diffusion-layer model (film theory). 


In the same year, Brunner was investigating factors other 
than surface area that affect the dissolution process, to deter- 
mine the fundamental components of the proportionality con- 
stant in Equation 1. By using Fick’s first law of diffusion and 
Nernst’s newly proposed film theory, Brunner expanded Equa- 
tion 2 to include the diffusion coefficient, D, the thickness of the 
stagnant diffusion layer, h, and the volume of the dissolution 
medium, v, producing 


dc DS 
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The proportionality constant k, is known as the intrinsic dis- 
solution rate constant and is characteristic of each chemical 
compound. 


SINK CONDITION 

GSR a NT RED RT 
The term sink condition originated from a fact long known by 
pharmacologists that the drug concentration on both sides of 
the epithelial layer of the intestinal wall approaches equilib- 
rium in a short time, and that the gastrointestinal (GI) tract 
acts as a natural sink; that is, the drug is absorbed instanta- 
neously the moment it dissolves. Therefore, under in vivo con- 
ditions, there is no concentration buildup; hence, the retarding 
effect of the concentration gradient on the dissolution rate, as 
predicted by Equation 1, does not occur. 

To simulate the in vivo sink condition, in vitro dissolution 
testing usually is conducted using either a large volume of 
dissolution medium or a mechanism by which the dissolution 
medium is replenished constantly with fresh solvent at a spec- 
ified rate so that the concentration of the solute never reaches 
more than 10 to 15% of its maximum solubility. If such a 
parameter is maintained, the dissolution testing is said to be 
conducted under sink conditions, meaning under no influence 
of the concentration gradient. This can be seen from the follow- 
ing mathematical treatment. 

Assuming that c, > c,, Equation 3 becomes 


dc DS 


Sea ae (4) 
at ke vh “ 


as c, and D are constants for each specific chemical substance; 
therefore, they could be incorporated in k, and appear in Equa- 
tion 5 as k,, 


Penetns 2 (5) 
Gh, SOND 
If the volume of the dissolution medium and the surface area 


are kept constant during the duration of the dissolution test, 
then 


my (6) 


Equation 6 predicts a constant dissolution rate under sink 
condition and represents a zero-order kinetic process—the con- 
centration of the drug increases linearly with time. Equation 6 
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also is believed to approximate the in vivo condition where the 
dissolution rate of sparingly soluble drugs plays a fundamental 
role in determining their bioavailability. Figure 35-2 presents 
plots of data that would be expected under sink and nonsink 
conditions. 


Hixson and Crowell Cubic Root Law 
for Dissolution 


In Equation 2, the surface area was considered constant for the 
duration of the dissolution test. Although this could be 
achieved by using a nondisintegrating disk of the chemical 
substance, a technique usually employed for the determination 
of the intrinsic dissolution rate, the same could not be main- 
tained for a dissolving crystal or a regular solid dosage form 
where complete disintegration is a priority. Therefore, to de- 
velop a dissolution equation that is based on a changing surface 
area, Hixson and Crowell modified Equation 2 to represent the 
rate of appearance of the solute in the solution by multiplying 
each side of the equation by v (volume), letting k,v = K 


dw 
—= == (7) 
dp 7 Boles eu) 
where W is the weight of solute in solution. 

They also assumed that S = kw~*, where k is a constant 
containing the shape factor and the density of the particle, and 
w is the weight of undissolved particles at time f¢. 


aw 

GUS, aoe De (8) 
ai K(kw’) (c,-¢,) 

After mathematical treatments involving the application of 
Fick’s first law and integration under the condition that w is 
equal to w,, the initial weight of the particle at time zero, 
Equation 9 results. 


Dae awe hah (9) 


Equation 9 is called the Hixson and Crowell’s Cubic Root Law 
for dissolution. 


THEORETICAL CONCEPTS FOR THE RELEASE 
OF A DRUG FROM DOSAGE FORMS 


In determining the dissolution rate of drugs from solid dosage 
forms under standardized conditions, one has to consider sev- 


(b) 


(c) 


Concentration 
Log Concentration 


Time 
Figure 35-2. (a) Linear (dissolution rate under nonsink condition). 
(b) Semi-log first-order kinetic plot of (dissolution rate under non- 
sink condition). (c) Linear zero-order kinetic plot (dissolution rate 
under sink condition). 
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eral physicochemical processes in addition to those previously 
discussed under dissolution of pure chemical substances. These 
include the wetting characteristics of the solid dosage forms, 
the penetration ability of the dissolution medium into the dos- 
age forms, the swelling process, disintegration, and deaggrega- 
tion. Wagner proposed the scheme in Figure 35-3 for the pro- 
cesses involved in the dissolution of solid dosage forms. 

Carstensen explained that the wetting of the solid dosage 
form surface controls the liquid access to the solid surface and, 
many times, is the limiting factor in the dissolution process. 
The speed of wetting directly depends on the surface tension at 
the interface (interfacial tension) and upon the contact angle, 0, 
between the solid surface and the liquid. Generally, a contact 
angle of more than 90° indicates poor wettability. Incorporation 
of a surfactant, either in the formulation or in the dissolution 
medium, lowers the contact angle and enhances dissolution. 
Also, the presence of air in the dissolution medium causes the 
air bubbles to be entrapped in the tablet pores and act as a 
barrier at the interface. For capsules, the gelatin shell is ex- 
tremely hydrophilic and, therefore, no problems in wettability 
exist for the dosage itself (although it may exist for the powders 
inside). 

After the solid dosage form disintegrates into granules or 
aggregates, penetration characteristics play a prime role in the 
deaggregation process. Hydrophobic lubricants, such as talc 
and magnesium stearate, commonly employed in tablet and 
capsule formulations, slow the penetration rate and, hence, the 
deaggregation process. A large pore size facilitates penetration, 
but if it is too large it may inhibit penetration by decreasing the 
internal strain caused by the swelling of the disintegrant. 

After deaggregation and dislodgment occur, the drug parti- 
cles become exposed to the dissolution medium and dissolution 
proceeds as previously discussed under Film Theory. Figure 
35-4? graphically presents the model proposed by Carstensen. 


CORRELATION BETWEEN DISINTEGRATION 
AND DISSOLUTION 


SE A SO EE 
The close correlation between disintegration and dissolution 
has been studied by many investigators. Both processes ex- 
hibit “S”-shaped curves and a probit or a weibul function was 
suggested to explain the data. In general, however, disinte- 
gration has proved to be a poor indicator of bioavailability 
because of the turbulent agitation maintained during the 
test. Several other factors such as solubility, particle size, 
and crystalline structure, among others, have been found to 
affect the dissolution of the drug substance but have no 
relevance to disintegration. 


FACTORS AFFECTING THE RATE 
OF DISSOLUTION 


Factors that affect the dissolution rate of drug dosage forms 
can be classified under three main categories. 


Soe Disintegration oe Deaggregation Fine 
Forms Aggregates Particles 
Dissolution Dissolution Dissolution 

(Minor) (Major) (Major) 


Drug in vitro or in vivo 
| Absorption (in vivo) 


Drug in Blood and Other Fluids and Tissues 


Figure 35-3. Wagner's schematic diagram illustrating the processes 
involved in the dissolution of solid dosage forms. 
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Figure 35-4. The S-shaped dissolution curve of solid dosage forms.” 
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Factors Relating to the Physiochemical 
Properties of the Drug 


EFFECT OF SOLUBILITY ON DISSOLUTION 


The physicochemical properties of the drug substance play a 
prime role in controlling its dissolution from the dosage form. 
The modified Noyes and Whitney equation as expressed in 
Equation 3 shows that the aqueous solubility of the drug is the 
major factor that determines its dissolution rate. Actually, 
some studies showed that drug-solubility data could be used as 
a rough predictor of the possibility of any future problems with 
bioavailability, a factor that should be taken into consideration 
in the formulation design. 

Other factors that affect dissolution rate include particle 
size; crystalline state such as polymorphism and state of hy- 
dration, solvation, complexation, as well as surfactants and 
other reactive additives (acids, bases, buffers, etc). Other phys- 
ical properties such as density, viscosity, and wettability con- 
tribute to the general dissolution problems of flocculation, flo- 
tation, and agglomeration. Adsorption characteristics of the 
drug also have been found to have a significant effect on the 
dissolution of certain drugs. 


EFFECT OF PARTICLE SIZE ON DISSOLUTION 


Equation 3 shows a direct relationship between the surface 
area of the drug and its dissolution rate. Because the surface 
area increases with decreasing particle size, higher dissolution 
rates may be achieved through reduction of the particle size. 
This effect has been highlighted by the superior dissolution 
rate observed after micronization of certain sparingly soluble 
drugs as opposed to the regularly milled form. Micronization 
increases the surface area exposed to the dissolution medium 
and hence improves the rate of dissolution. 

Several investigations have demonstrated an increased ab- 
sorption rate for griseofulvin after micronization. Similar ef- 
fects have been reported for chloramphenicol, tetracycline 
salts, sulfadiazine, and norethisterone acetate. In the case of 
chloramphenicol, it has been shown that formulations contain- 
ing smaller particles (50 to 200 wm) were absorbed faster than 
formulations containing larger particles (400 to 800 um). Fig- 
ure 35-5 presents the effect of particle-size differences on the 
dissolution rate of phenacetin and phenobarbital.? 

It should be recognized, however, that the mere increase in 
the surface area of the drug does not always guarantee an 
equivalent increase in dissolution rate. Rather, it is the in- 
crease in the effective surface area or the area exposed to the 
dissolution medium, and not the absolute surface area, that is 
directly proportional to the dissolution rate. 
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Figure 35-5. Effect of particle size on the dissolution rate of drugs 
from solid dosage forms.’ A. Phenacetin: O particle size: 0.11-0.15 
mm; A particle size: 0.15-0.21 mm; A particle size: 0.21-0.30 mm; 
particle size: 0.30—0.50 mm; @ particle size: 0.50—0.71 mm. B. Phe- 
nobarbital @ particle size: 0.07-0.15 mm; A particle size: 0.15-0.25 
mm; A particle size: 0.25-0.42 mm; O particle size: 0.42-0.71 mm. 


Physical properties of the drug particles other than size 
also affect indirectly the effective surface area by modifying 
the shear rate of the fresh solvent that comes in contact with 
the solid. These properties include the particle shape and the 
density. 

Another mechanism by which the reduction in particle size 
improves dissolution is through the enhancement of the drug 
solubility (c,). It should be pointed out that Equation 3 has an 
inherent limitation in assuming that c, is independent of the 
particle size. Actually c, and the surface areas can be correlated 
by the Ostwald—Freundlich equation 


nS i= ae (10) 


where M is the molecular weight, p is the density, y is the 
interfacial tension or surface free energy of the solid, r is the 
radius of the particle, and T is the temperature. 

From Equation 10, 


S=8S,,:e%" (11) 


The equation shows that the solubility is inversely proportional 
to particle radius. Therefore, S could be viewed as the solubility 
of the microparticles and S,, as the solubility of the macro 
particles. However, it is obvious that the particle radius has to 
be reduced to a microlevel before it can effect a change in 
solubility. This extreme reduction in particle size usually can- 
not be achieved through regular milling or even micronization 
procedures, and therefore other methods have been recom- 
mended. One of these involves formation of a solid solution or 
molecular dispersion where the molecules of the sparingly sol- 
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uble drug either are dispersed interstitially in a water-soluble 
drug or replaced in its crystal lattice. 

Another technique, which also produces extremely small 
particles but still larger than the ones produced by solid solu- 
tion, is by dispersion of the drug into a soluble carrier such as 
polyvinylpyrrolidone (PVP) solution. These techniques usually 
are employed for the enhancement of dissolution rate of insol- 
uble drugs. 


EFFECT OF THE CRYSTALLINE STATE OF THE DRUG 
ON DISSOLUTION 


The solid phase characteristics of drugs—such as amorphicity, 
crystallinity, state of hydration, and polymorphic structure— 
have been shown to have a significant influence on the disso- 
lution rate. For example, it was shown that the amorphous 
form of novobiocin has a greater solubility and higher dissolu- 
tion rate than the crystalline form. Blood-level studies con- 
firmed such findings where administration of the amorphous 
form yielded about three to four times the concentration com- 
pared to the administration of the crystalline form. 

Similar differences were demonstrated for griseofulvin, phe- 
nobarbital, cortisone acetate, and chloramphenicol. 


Factors Relating to the Solid Dosage Form 


The effects of various formulations and manufacturing process- 
ing factors on the rate of dissolution and the bioavailability of 
the active ingredients from tablets and capsules have been well 
documented by several investigators since the early 1960s. 
Although the magnitude and significance of these effects must 
be determined individually for each tablet or capsule product, 
the following discussion of past and current findings certainly 
can serve as a guideline for the pharmaceutical scientist, espe- 
cially during the initial stages of formulation design and prod- 
uct development. 

EFFECT OF FORMULATION FACTORS ON TABLET 
DISSOLUTION RATE—It has been shown that the dissolu- 
tion rate of a pure drug can be altered significantly when mixed 
with various adjuncts during the manufacturing process of 
solid dosage forms. These adjuncts are added to satisfy certain 
pharmaceutical functions such as diluents (fillers), dyes, bind- 
ers, granulating agents, disintegrants, and lubricants. Gener- 
ically identical tablet and capsule products, manufactured by 
different pharmaceutical manufacturers, were found to exhibit 
significant differences in dissolution rates for their active in- 
gredients. In certain cases, several studies showed that poor 
tablet and capsule formulations have been shown to cause a 
marked decrease in bioavailability and impairment of the clin- 
ical response. Such findings during the 1960s, especially in the 
case of digoxin and tolbutamide tablets, as well as chloram- 
phenicol and tetracycline HCl (all lifesaving drugs), were the 
triggering factors that compelled the drug-regulatory agencies 
and compendial authorities to institute the dissolution test as 
a legal requirement for most solid dosage forms. 

DILUENTS AND DISINTEGRANTS—Levy, in 1963, 
studied the effect of starch, the most commonly used diluent, on 
the rate of dissolution of salicylic acid tablets manufactured by 
the dry, double-compression process (Fig 35-6*). Increasing the 
starch content from 5 to 20% resulted in a dramatic increase in 
the dissolution rate (almost threefold). This was attributed to 
better and more thorough disintegration. Later, however, Fin- 
holt suggested that the hydrophobic drug crystals acquire a 
surface layer of fine starch particles that imparts a hydrophilic 
property to the granular formulation and thereby increases the 
effective surface area and hence the dissolution rate. 

EFFECT OF BINDERS AND GRANULATING AGENTS 
ON DISSOLUTION—Differences in binders used for tolbut- 
amide tablets resulted in variable dissolution characteristics 
and differences in the hypoglycemic effects observed clinically. 
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Figure 35-6. Effect of starch content on dissolution rate.* O, 5%; @, 
10%; x, 20% starch in granules. 


Wet granulation, in general, has been shown to improve disso- 
lution rates of poorly soluble drugs by imparting hydrophilic 
properties to the surface of the granules. Solvang and Finholt 
showed that phenobarbital tablets granulated with gelatin so- 
lution dissolved much faster in human gastric juice than those 
prepared with sodium carboxymethylcellulose or polyethylene 
glycol 6000 as a binder. They suggested that gelatin imparts 
hydrophilic characteristics to the hydrophobic drug surface, 
whereas polyethylene glycol forms a complex with poor solubil- 
ity and sodium carboxymethylcellulose is converted to its less 
soluble acid form in low pH gastric juice (Fig 35-7°). 

EFFECT OF LUBRICANTS ON DISSOLUTION—Levy 
and Gumtow investigated the effects of different types of 
lubricants on the dissolution rate of salicylic acid tablets. 
They found that magnesium stearate, a hydrophobic lubri- 
cant, tends to retard the dissolution rate of salicylic acid 
tablets, whereas a water-soluble surface-active lubricant, 
sodium lauryl sulfate, enhanced the dissolution rate signif- 
icantly (Fig 35-8°). Investigating the mechanism of retarda- 
tion, they suggested that hydrophobic lubricants, such as 
magnesium stearate, aluminum stearate, stearic acid, and 
talc, decrease the effective drug-solvent interfacial area by 
changing the surface characteristics of the tablets, which 
results in reducing its wettability, prolonging its disintegra- 
tion time, and decreasing the area of the interface between 
the active ingredient and solvent. 

The enhancing effect of sodium lauryl sulfate, on the other 
hand, was suggested to be due, in part, to an increase in the 
microenvironment pH surrounding the sparingly soluble weak 
acid and to increased wetting and better solvent penetration 
into the tablets and granules as a result of lowering the inter- 
facial tension between the solid surface and the solvent. The 
fact that sodium lauryl sulfate is a water-soluble lubricant was 
not considered a factor in improving the dissolution rate of the 
tablet, because sodium stearate, another water-soluble lubri- 
cant, was found to have a retarding effect on the dissolution 
rate. 

EFFECTS OF THE PROCESSING FACTORS ON DIS- 
SOLUTION RATES OF TABLETS—The many processing 
factors used in tablet manufacturing greatly influence the dis- 
solution rates of the active ingredients. The method of granu- 
lation, the size, density, moisture content, and age of the gran- 
ules, as well as the compression force used in the tableting 
process, all contribute to the dissolution-rate characteristics of 
the final product. 


METHOD OF GRANULATION 

(ER a Rea SS OP EDA SIN | 
Studies have shown that the granulation process, in general, 
enhances the dissolution rate of poorly soluble drugs. The use 
of fillers and diluents, such as starch, spray-dried lactose, and 
microcrystalline cellulose, tend to increase the hydrophilicity of 
the active ingredients and improve their dissolution character- 
istics. In this regard, the wet granulation procedure tradition- 
ally was considered as a superior method compared to the dry 
or double compression procedure. 

With the advent of newer tableting machines and materials, 
however, it became more evident that the careful formulation 
and proper mixing sequence and time of adding the several 
ingredients are the main criteria that affect the dissolution 
characteristics of the tablets and not the method of granulation 
per se. Figure 35-9" shows the effect of different granulation 
methods on the dissolution rate of tablets. 


Effects of Compression Force 
on Dissolution Rate 


In his early studies of the physics of tablet compression, T 
Higuchi (1953), pointed to the great influence of the compres- 
sional force employed in the tableting process on the apparent 
density, porosity, hardness, disintegration time, and average 
primary particle size of compressed tablets. There is always a 
competing relationship between the enhancing effect due to the 
increase in surface area through the crushing effect and the 
inhibiting effect due to the increase in particle bonding that 
causes an increase in density and hardness and, consequently, 
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Figure 35-7. Effect of binders and granulating agents on dissolution 
rate of tablets.° A. Rate of dissolution of phenacetin from powder, 
granules, and tablets in diluted gastric juice (surface tension 42.7 
dynes cm~', pH 1.85). O, phenacetin powder; A, phenacetin gran- 
ules; @, phenacetin tablets. B. Dissolution rate of phenobarbital 
tablets in diluted gastric juice (surface tension 39.4 dynes cm_', pH 
1.50). @ Gelatin binder, A CMC, O Polyethylene glycol 6000. 
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a decrease in solvent penetrability. The high compression also 
may inhibit the wettability of the tablet due to the formation of 
a firmer and more effective sealing layer by the lubricant under 
the high pressure and temperature that usually accompanies a 
strong compressive force (Fig 35-10*). The curve profile of the 
compressive force of the tablet versus dissolution rate can take 
one of several shapes, as is observed in Figure 35-11.° 


Modified-Release Dosage Forms 


Since the early 1950s, pharmaceutical preparations with 
controlled-release characteristics have been introduced with 
the purpose of optimizing the bioavailability through the 
modulation of the time course of the drug concentration in 
the blood. Such designed control is intended to complement 
the pharmacological activity of the medicament to achieve 
better selectivity and/or longer duration of action. This adds 
an extra dimension to the traditional functions of the dosage 
form being a mere vehicle for drug storage, portability, and 
administration. 


Per cent dissolution 
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Figure 35-9. Effect of manufacturing process on the dissolution rate 
of tablets.’ B,, Direct compression with spray-dried lactose. B,, Wet 
granulation with ethylcellulose and lactose. B3, Acacia mucilage 
and lactose. B,, Starch paste and lactose. 
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Figure 35-8. Effect of lubricant on the dissolution rate 
of tablets.° A. Effect of magnesium stearate on dissolu- 
tion rate of salicylic acid from rotating discs made from 
fine salicylic acid powder. O, 3% magnesium stearate; 
@, no lubricant added. B. Effect of lubricant on dissolu- 
tion rate of salicylic acid contained in compressed tab- 
lets (formula A). x, 3% magnesium stearate; ®, no lu- 
bricant; O, 3% sodium lauryl sulfate. 


Modified-release dosage forms is a term used by the 
compendia to describe those dosage forms for which the drug- 
release characteristics versus time and/or conditions at the site 
of dissolution are chosen to accomplish therapeutic or conve- 
nience objectives not offered by conventional dosage forms such 
as solutions, ointments, or compressed tablets and capsules. At 
present, three types of modified-release dosage forms are de- 
scribed by USP. Procedures for the laboratory evaluation of the 
behavior of modified-release dosage forms are included in the 
USP in Section 724, Drug Release, and have been modified and 
expanded in supplements. In the Drug Release section five 
different apparatuses are described in addition to the inclusion 
of Apparatuses 1 and 2 from Section 711, Dissolution. 

Delayed-release dosage forms are defined as those that 
release a drug (or drugs) at any time other than promptly after 
administration. Enteric-coated products are an example of 
such dosage forms. To evaluate delayed-release (enteric-coated) 
dosage forms, the USP uses two methods, A and B, which are 
carried out at 37° + 0.5°. Both methods call for use of the 
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Figure 35-10. Effect of precompression pressure on the dissolution 
rate of salicylic acid contained in compressed tablets.* @, 715 kg; x, 
1430 kg; Ml, 2860 kg; O, 5730 kg pressure per cm.* (Average of five 
tablets each, formula D.) 
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Figure 35-11. Different types of relations between compressional 
force of tablets and dissolution rate.® 


apparatus specified in the monograph for the dosage form (eg, 
Aspirin Delayed-release Tablets, Apparatus 1, 100 rpm) and 
expose the dosage units first to 0. LN hydrochloric acid and then 
to a pH 6.8 buffer in order to measure drug release. The same 
acceptance tables are used for both methods (limit of 10% 
dissolved drug in the acid after 2 hours, 75% dissolved drug in 
the buffer after 45 minutes; three-stage testing provided). 

Extended-release dosage forms (popularly known as 
timed-release or sustained-release) are defined as those that 
allow at least a twofold reduction in dosing frequency as com- 
pared to the drug presented in a conventional form, such as a 
solution or a prompt drug-releasing conventional solid dosage 
form. 

Two procedures using different apparatus variations (other 
than USP Apparatuses 1 and 2) are employed to evaluate 
extended-release dosage forms. Apparatus 3 is an assembly 
that consists of a cylindrical, flat-bottomed vessel that accom- 
modates a glass reciprocating cylinder whose ends are closed 
with a polypropylene mesh screen. The dosage unit is placed 
inside the reciprocating cylinder and the release of drug into 
the solvent within the cylinder is measured. 

Apparatus 4 uses a flow-through cell with a filter system 
through which the dissolution medium is pumped. There are 
two different cells, a small and a large cell, for tablets and 
capsules; and there are tablet holders for the small and large 
cells. Procedures that use either Apparatus 3 or 4 are carried 
out at 37° + 0.5° and use the same three-stage acceptance 
criteria for the interpretation of results. 

Transdermal delivery systems are those systems designed to 
deliver drugs by passage from the dosage form through the skin 
to be available for distribution via the systemic circulation. An 
example of this kind of system is the nicotine patch. 

To evaluate the drug-release behavior of transdermal deliv- 
ery systems, three different apparatus systems are used. 


Apparatus 5 uses the paddle and vessel from Section 711, Dissolution, 
Apparatus 2, and adds a stainless-steel disk assembly to hold the 
transdermal system to be evaluated at the bottom of the vessel. 

Apparatus 6 uses the vessel assembly from Apparatus 1, Dissolution, 
except that the basket and shaft are replaced with a stainless-steel 
cylinder stirring element. At the beginning of a measurement, the 
dosage unit is affixed to the cylinder. 

Apparatus 7 uses solution containers in which a specifically designed 
disk sample holder may be made to reciprocate. 


The procedures using Apparatuses 5, 6, and 7 are all carried 
out at 32° + 0.5° (because the delivery systems are used on the 
skin) and yield results whose interpretation is made using the 
same three-stage acceptance criteria. 


Dissolution Apparatus Design 


As the concept of dissolution developed in importance during 
the last several decades, the methods and techniques used in 
the in vitro procedure have evolved considerably from a simple, 
rudimentary apparatus that can be built from everyday 
laboratory tools to a highly sophisticated, microprocessor- 
controlled, and fully automated instrument. The various disso- 
lution apparatuses and techniques usually are classified ac- 
cording to their associated hydrodynamics. 

Two general categories are recognized: the beaker methods 
and the open flow-through compartment system. 


The design of the apparatus affects the dissolution results 
through a number of factors. These include the geometry and 
structure of the container, the type and intensity of agita- 
tion, as well as the composition and volume of the dissolution 
medium. These factors, in turn, affect the abrasion rate of 
the intact solid dosage form on the particles, the dispersion 
of the disintegrated particles, the homogeneity of the disso- 
lution fluid and, finally, the reproducibility of the system 
from run to run. 


Beaker Methods 


These include all closed-compartment systems with a forced 
convection mixing mechanism, in which a relatively large 
volume of the dissolution medium (200 to 2000 mL) is con- 
tained in a beaker or a flask, and agitation is performed by 
some type of a stirring, rotating, or oscillating mechanism. 
The two official apparatuses described in the USP belong to 
this category. 

USP Apparatus 1 consists of a 1000-mL covered cylindrical 
vessel made of glass or an inert material, a cylindrical 40-mesh 
stainless-steel basket connected to a metallic drive shaft, and a 
speed-regulated motor. The assembly is placed in a water bath 
that permits a constant temperature inside the vessel of 37° 
+ 0.5° during the test. Each of six tablets or capsules is in- 
serted into an individual basket, and the baskets are lowered 
into the dissolution vessels containing the specific volume of 
the dissolution medium, usually distilled water or 0.1N HCl. 
Filtered samples from the dissolution medium are collected at 
certain time intervals for the determination of the amount of 
the active ingredient dissolved. 

The USP Apparatus 2 assembly is similar to Apparatus 1, 
except that a metallic paddle, usually coated with an inert 
material, is used in place of the basket assembly. The paddle is 
formed of a blade welded to a shaft that can be connected to the 
speed-regulated motor. The tablets or capsules are dropped 
freely to the bottom of the flask, and the paddle is rotated at the 
specified speed. 

For exact descriptions and specifications of the USP disso- 
lution apparatuses, and the appropriate interpretation of the 
dissolution results, the reader is referred to the USP Section 
711, Dissolution. The supplements to USF/NF appear periodi- 
cally, almost every 6 months; the changes or additions or dele- 
tions that appear in the supplements have first appeared in 
Pharmacopeial Forum, the compendial journal, to provide pub- 
lic notice and to allow for comments from all interested parties. 
Any changes in the subject of dissolution may be monitored 
conveniently in this way. 

Both USP Apparatuses 1 and 2 have to be calibrated before 
use with two types of calibrators recommended by the USP; a 
disintegrating type (prednisone) and a nondisintegrating type 
(salicylic acid). The calibrators are available from the USP. 


Other Methods 


In addition to immediate-release tablets and capsules, extended- 
release formulations are also tested for active drug release versus 
time. The extended-release articles are tested using four types 
of apparatus. Apparatuses 1 and 2 are the same as for the 
immediate-release tablets and capsules. Apparatus 3 is classified 
as a Reciprocating-Cylinder type and Apparatus 4 is a Flow- 
through Cell type. 

Apparatus 3 consists of a set of cylindrical, flat-bottomed 
glass vessels; a set of glass reciprocating cylinders; stainless- 
steel fittings and screens to fit both the top and bottom of the 
glass cylinders; and a motor and drive assembly to reciprocate 
the cylinders vertically inside the vessels. The apparatus also 
has the ability to index the cylinders to a different row of 


vessels. The vessels are partially immersed in a suitable water 
bathsatat: = 0:5°.2 

Apparatus 4 consists of a reservoir and a pump containing 
the dissolution medium. A flow-through cell, mounted verti- 
cally, containing the tablet or capsule has the dissolution me- 
dium pumped upward through the flow-through cell in which 
glass beads are placed to help maintain laminar flow. The 
pump has a delivery range between 240 and 960 mL/hour with 
flows of 4, 8, and 16 mL/min. The flow-through cell is mounted 
vertically with a filter system that prevents the loss of undis- 
solved particles from the top of the cell. The cell is immersed in 
a water bath maintained at 37° + 0.5°. 

The flow-through system provides several advantages com- 
pared to a closed system for dissolution. The flow-through 
system exposes the dosage form to fresh dissolution medium 
maintaining a perfect sink condition. Because the apparatus 
uses no stirring mechanism, the tablet or capsule is exposed 
continuously to a homogeneous, nonturbulent laminar flow 
that can be precisely controlled. All the problems associated 
with shaft wobbling, eccentricity, vibration, and stirrer position 
are eliminated with the flow-through cell. The flow-through 
cell technique was developed initially at Ciba-Geigy in Switzer- 
land under the direction of Dr F Langenbucher. (Fig 35-12A 
and B11), 

The open flow-through system, however, has its own disad- 
vantages, the most important of which is the tendency of the 
filter to clog because of the unidirectional flow. Pressure tends 
to build near the end of the run, and in many cases, it is 
necessary to have built-in pressure transducers and a feedback 
mechanism to increase the pressure gradually in order to keep 
the flow rate constant. Another limitation that should be 
pointed out is the “pump” effect. Different types of pumps, such 
as the peristaltic and centrifugal varieties, have been shown to 
give different dissolution results. In addition, large volumes of 
media are required for long-duration testing. 

A variation of the flow-through concept, is a closed column- 
type system that was introduced by Abdou and colleagues. The 
system is a combination of a miniaturized rotating basket with 
a closed flow-through apparatus to keep the concentration of 
the drug at an acceptable range for quantitative determination 
(Fig 35-131). The system is semiautomated in conjunction with 
a high-performance liquid chromatography (HPLC) and is used 
for the determination of the dissolution rate of 0.1 mg fludro- 
cortisone acetate tablets. 
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Transdermal Delivery Systems— 
Dissolution Method 


There are three dissolution systems for evaluating the trans- 
dermal delivery systems. Apparatus 5 uses the USP Apparatus 
2, a paddle with the addition of a stainless-steel disk designed 
to hold the transdermal system at the bottom of the vessel. The 
disk assembly is located 25 + 2 mm from the bottom of 
the paddle. The temperature of the dissolution medium in 
the beaker is 32° + 0.5°, as compared to the 37° + 0.5° used for 
immediate-release formulations. The disk assembly is designed 
to minimize any dead volume.'? 

Apparatus 6, a cylinder, uses the USP Apparatus 1 except 
that the basket and shaft are replaced with a stainless-steel 
cylinder stirring element. The transdermal patch is glued to 
the outside surface of the cylinder. The dissolution medium is 
maintained at 32° + 0.5°. 

Apparatus 7, a Reciprocating Holder, may be used with a 
variety of dosage forms. The design of the system consists of a 
set of solution containers, a drive and motor to reciprocate the 
system vertically, and sample holders of various designs. (See 
USP 23, Supplement 5, for details.) 


AUTOMATION IN DISSOLUTION TESTING 
SSR DE TESTE ETI 
Due to the large amount of testing required in determining the 
dissolution rate of drugs, automation of the process seemed 
almost a necessity and not simply a convenience to the analyst. 
Also, because of the modular nature of the dissolution appara- 
tus, automation can be accomplished easily in different ways 
and by various techniques. 

At present, however, the setup of the apparatus, media 
preparation, and introduction of the dosage forms mostly are 
done manually. The rest of the process—including the with- 
drawal of the sample, maintenance of a certain pH or of sink 
conditions, assay performance, and data acquisition and calcu- 
lations—is in most cases fully automated. The automation pro- 
cess not only saves money, time, and effort on the part of the 
analyst, but more significantly it improves the overall reliabil- 
ity and enhances the reproducibility of testing procedures. Sev- 
eral approaches have been tried for the automation of dissolu- 
tion such as those recommended by Bayer and Smith, Cioffi 
and colleagues, and Abdou and colleagues. Details of these 


Figure 35-12. Column-type dissolution method.'° A. Sketch of the 
column dissolution apparatus (schematic). B, particle bed; C, cell; 
F,, F>, screens; H, heat exchanger; h, height of cell; P;, Pz, volu- 
metric pumps; R, liquid reservoir; x, circulation factor; Q, x: Q, 
(1 — x)Q, volumetric flow rates. B. Specifications for the 4-cm? 
dissolution cell (drawn to scale). Inner cell diameter, 22.6 mm. 
Height of sample compartment, 40 mm. F,, stainless-steel sieve 
with 30-mm bed of glass beads, 1 mm in diameter. F, 40-mesh 
stainless-steel sieve with glass beads. 
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Figure 35-13. Apparatus for the determination of the dissolution 
rate of dosages with extremely small amounts of active ingredi- 
ents.'2 A. Miniaturized USP basket apparatus, combined with a 
flow-through mechanism. B. Comparison between the dissolution 
rate of fludrocortisone acetate at different rotation speeds. Each 
point is an average of six tablets of the same lot. O, 50 rpm; U1, 100 
rpm; A, 125 rom. 


systems could be found in the indexed literature at the end 
of this chapter. Several commercial companies have also 
introduced semi-and fully automated dissolution systems. 
Some of these are the Hanson Research Dissolution System 
(Northridge, CA; Dissoette and Dissograph apparatuses), Tech- 
nicon (Tarrytown, NY; Sasdra apparatus), and Applied Analyt- 
ical (Wilmington, NC). 

Millipore’s Waters Chromatography Division has intro- 
duced a fully automated dissolution system using a Waters 
pump, detector, and autosampler combined with a Hanson 
Research’s dissolution bath and sample transfer system. Sam- 
ples are analyzed by HPLC, which provides better specificity 
than ultraviolet (UV) methods of analysis. 

Hewlett-Packard manufactures a fully automated dissolu- 
tion-sampling and UV analysis system that can analyze sam- 
ples from three dissolution baths. 


EFFECTS OF TEST PARAMETERS 
ON DISSOLUTION RATE 


. 


Agitation 


The relationship between intensity of agitation and the rate of 
dissolution varies considerably according to the type of agita- 
tion used, degree of laminar and turbulent flow in the system, 
shape and design of the stirrer, and physicochemical properties 
of the solid (Fig 35-14'*'°). When a stirring device is used, such 
as the basket, paddle, or rotating filter, the speed of agitation 
generates a flow that continuously changes the liquid—solid 
interface between the solvent and the drug in a way similar to 
the flow rate in the flow-through dissolution apparatus. 

To prevent turbulence and sustain a reproducible laminar 
flow, which is essential for obtaining reliable results, either the 
speed of agitation or the flow rate, depending on the type of 
apparatus employed, should be maintained at a relatively low 
level. 

Studies of the effect of agitation on the rate of heterogeneous 
reactions led to the empirical relationship between the rate of 
dissolution and the intensity of agitation 


K = a(N)? (12) 


where N is the speed of agitation, K is the dissolution rate, and 
a and 6 are constants. If the dissolution process is diffusion- 
controlled, the value of b should be 1 or close to 1 in accordance 
with the Nernst—Brunner film theory, which states that the 
film thickness is inversely proportional to the stirring speed. 
However, if the dissolution process is controlled purely by an 
interfacial reaction, the stirring speed would have no influence 
on dissolution and 6 should approach zero. 

If both processes are involved (such as the dissolution of 
weak acids in a buffer solution), the value of b should fall 
between 0 and 1. Also, as the nature of the flow changes from 
laminar to turbulent and the distance from the interface in- 
creases, the value of b also varies according to the type of 
agitation used. 

Other factors that affect the correlation between agitation 
and dissolution rate include the density of the solid phase, the 
size and characteristics of the solid, the stirrer, the dissolution 
vessel and the heat of solution of the solute. 
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Figure 35-14. Effect of agitation on dissolution rate.'*'> Dissolu- 
tion rate of aspirin from Type A'™ (open symbols) and Type B'° 
(solid symbols) tablets as a function of stirring rate. Triangles, t,,3; 
circles, t,,.; squares, tz/3. Inset: ratio of t,,3, type B: type A tablets, as 
a function of stirring rate. 


Temperature 


Because drug solubility is temperature dependent, its careful 
control during the dissolution process is very important and 
should be maintained within 0.5°. Generally, a temperature of 
37° always is maintained during dissolution determinations. 
The effect of temperature variations of the dissolution medium 
depends mainly on the temperature/solubility curves of the 
drug and excipients in the formulation (Fig 35-15!°'°). For a 
dissolved molecule, the diffusion coefficient, D, depends on the 
temperature T according to the Stokes equation 


D=kTl(677r) (13) 


where k is the Boltzmann constant and 677nr is the Stokes force 
for a spherical molecule (7 is the viscosity in cgs or poise units, 
and r is the radius of the molecule). 


DISSOLUTION MEDIUM 


The selection of the proper fluid for dissolution testing depends 
largely on the solubility of the drug, as well as mere economics 
and practical reasons. 


pH of the Dissolution Medium 


Great emphasis and effort was first placed on simulating in 
vivo conditions, especially pH, surface tension, viscosity, and 
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Figure 35-15. Effect of temperature on dissolution and disintegra- 
tion rates of tablets.'®'® A. Dissolution and disintegration curves 
according to Equations 1 and 2 for position II of the USP basket. V, 
dissolution at 10°; A, dissolution at 20°; @, dissolution at 30°; and O, 
disintegration at 5°.'° B. Dissolution of phenobarbital anhydrate at 
various temperatures (at 300 rpm).'° 
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sink condition. Most of the early studies were conducted in 
0.1N HCl or buffered solutions with a pH close to that of the 
gastric juice (pH ~ 1.2). The acidic solution tends to disin- 
tegrate the tablets slightly faster than water and thereby 
may enhance the dissolution rate by increasing the effective 
surface area. However, because of the corroding action of the 
acid fumes on the dissolution equipment, currently it is a 
general practice to use distilled water unless investigative 
studies show a specific need for the acidic solution to gener- 
ate meaningful dissolution data. Another approach for avoid- 
ing the deleterious effects of hydrochloric acid is to replace it 
with acidic buffers, such as sodium acid phosphate, to main- 
tain the required low pH. 


Surface Tension 
of the Dissolution Medium 


Surface tension has been shown to have a significant effect on 
the dissolution rate of drugs and their release rate from solid 
dosage forms. Surfactants and wetting agents lower the contact 
angle and thereby improve the penetration process of the ma- 
trix by the dissolution medium. Measurable enhancement in 
the dissolution rate of salicylic acid from an inert matrix was 
reported by Singh and co-workers when the contact angle, 0, 
was lowered from 92° (water) to 31° (using 0.01% dioctyl so- 
dium sulfosuccinate Fig 35-16'’). The surface tension also was 
correspondingly lowered from 60 to 31 dynes/em. The same 
findings were obtained in benzocaine studies when polysorbate 
80 was used as the surface active agent (see Fig 35-16"). 

Other studies conducted on conventional tablet formula- 
tions and capsules also showed significant enhancement in 
the dissolution rate of poorly soluble drugs when surfactants 
were added to the dissolution medium, even at a level below 
the critical micelle concentration, probably by reducing the 
interfacial tension. Low levels of surfactants were recom- 
mended to be included in the dissolution medium as this 
seemed to give a better correlation between the in vitro data 
and in vivo condition. 

Finholt and Solvang compared the dissolution behavior of 
phenacetin and phenobarbital tablets in human gastric juice to 
that in dilute hydrochloric acid with and without various 
amounts of polysorbate 80 in the dissolution medium. The data 
showed that both pH and surface tension have significant in- 
fluence on the dissolution kinetics of the drug studies. For 
example, they found that not only was the dissolution rate 
much faster in diluted gastric juice, but that it increased with 
decreasing particle size, whereas the opposite was the case 
when 0.1N HCl was used. 


Viscosity of the Dissolution Medium 


In the case of diffusion-controlled dissolution processes, it 
would be expected that the dissolution rate decreases with an 
increase in viscosity. In the case of interfacial-controlled disso- 
lution processes, however, viscosity should have very little 
effect. The Stokes—Einstein equation describes the diffusion 
coefficient, D, as a function of viscosity. 

Braun and Parrott showed that the dissolution rate of ben- 
zoic acid is inversely proportional to the viscosity of the disso- 
lution medium using various concentrations of sucrose and 
methylcellulose solutions (Fig 35-17'%). 


DISSOLUTION OF SUSPENSIONS 
A ST AE 
Although most dissolution studies during the last two decades 
have concentrated on tablets and capsules, some studies have 
pointed to the importance of the dissolution characteristics of 
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Figure 35-16. Effect of surfactants on dissolution rate.'” A. Dissolu- 
tion data for benzocaine in different concentrations of polysorbate 
80 using the propeller-driven stirrer apparatus at a stirring speed of 
150 rpm. Polysorbate conc: O, 6%; A, 4%; 0, 2%; @, 1%; A, 0.5%; Mf, 
0%. B. Solubilization data for benzocaine in different concentra- 
tions of polysorbate 80. 


drugs administered in suspension. This hardly is surprising, as 
suspensions are similar to the disintegrated form of tablets and 
capsules; if dissolution has become a priority for these formu- 
lations, it is logical to extend its concept to suspensions. Indeed, 
several studies have shown that the absorption of several 
poorly soluble drugs administered in suspension formulations 
is dissolution rate—limited. 

Such in vivo/in vitro correlation studies have confirmed the 
importance and the viability of dissolution rate determinations 
of suspensions as a discriminative test for rapid screening of 
new formulations and to control lot-to-lot variability within the 
same manufacturer and between different commercial manu- 
facturers. In general, most of the dissolution apparatuses that 
have been described for tablets and capsules easily could be 
used for suspensions. 

The USP Apparatus 2 (Paddle) has been used frequently at 
a rotation speed between 25 to 50 rpm. However, the rotating 
filter apparatus by Shah, with the basket removed, has gained 
wide acceptance for suspensions because it provides mild lam- 
inar liquid agitation and it also functions as an in situ nonclog- 
ging filter. Sufficient volume of the dissolution medium should 
be used to maintain sink condition (about 900 to 1000 mL), and 
a temperature of 37° should be maintained. Rotation speeds of 
up to 300 rpm also have been used on occasion. 


DISSOLUTION OF TOPICAL DOSAGE FORMS 
0G ED SIRS RE ARP PIN LT BO TR ETIES 
Drug-release studies from gels, creams, and ointments are 
becoming an important step both during the developmental 
stages of new formulations and as a routine quality control test 
for assuring the uniformity of the finished product. Also these 
studies often can provide useful information on some physico- 
chemical parameters involved in the in vivo percutaneous ab- 
sorption, such as the diffusion coefficient and the solubility of 
the drug in the specific vehicle used. 


Although many investigators have conducted drug re- 
lease-rate studies from topical dosage forms, it appears that 
no single apparatus or procedure has yet emerged as the 
most favored, or to be accepted widely as a quasi-standard 
for others in the field. In reviewing the literature, however, 
it appears that two general techniques have been employed 
commonly. In the first, the sample is placed in direct contact 
with the receptor phase, which acts as an aqueous sink, and 
the second uses various types of barriers to isolate the donor 
phase from the receiving medium. The barrier could be a 
dialysis membrane, a filter membrane, a membrane of ani- 
mal origin, or a polymer membrane. 


DISSOLUTION OF SUPPOSITORIES 

i Bae TE NT 
Although most of the early work on suppositories has been 
concerned with their physical characteristics, such as soft- 
ening and liquefaction ranges, homogeneity, smoothness, 
and neutrality, several reports appeared in the early litera- 
ture pointing to the direct correlation between their efficacy 
and the release characteristics of the active ingredients. It 
has been reported that fatty bases, such as the popular cocoa 
butter, tend to release hydrophobic drugs, which are highly 
soluble in the oily base, very slowly. Emulsification of the 
fatty base significantly improved the drug-release rate. In- 
corporation of surface-active agents was found to improve 
the release rate of water-soluble drugs from the fatty sup- 
pository base dramatically. 

Although many investigators have conducted extensive re- 
search on the release of drugs from suppositories, no single 
method or apparatus design has yet emerged as the standard 
procedure for the pharmaceutical laboratory. Many methods 
for the determination of the dissolution rate of suppositories 
are based on the dialysis technique, where the suppository is 
placed in a dialyzing bag made of special membrane or cello- 
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Figure 35-17. Effect of viscosity on dissolution rate.'® A. Relation- 
ship of total solubility (C,) of benzoic acid at 25° to dissolution rate 
and concentration of polysorbate 80. @, rate; O, concentration. B. 
Relationship of viscosity to dissolution rate of benzoic acid in aque- 
ous methylcellulose solutions at 25°. 


phane material. The bag is placed in a beaker or wide-mouth 
bottle containing a known volume of distilled water, and the 
concentration of the drug outside of the bag is measured as a 
function of time. 

A slight variation of the basket method of the USP Dissolu- 
tion Apparatus 1 also is used frequently. Hanson Research 
markets a basket apparatus for suppository dissolution testing. 
Hanson’s modified basket uses slots instead of mesh to provide 
a suitable porosity. The use of such a basket avoids the blocking 
of the mesh opening of the regular USP basket when oil-based 
suppositories are used. The system also has the advantage of 
being capable of testing suppositories that float or have such 
low specific gravity that it interferes with the flow dynamics in 
the paddle method. 


DISINTEGRATION AND DISSOLUTION 
OF NUTRITIONAL SUPPLEMENTS 


LLL LS TET 
USP 23 contains a section on Nutritional Supplements. One of 
the specifications appearing in the monographs for some of the 
supplement dosage forms is Disintegration and Dissolution, 
2040. This section has been changed and somewhat expanded 
in the 6th supplement to USP.'° The dissolution procedures for 
the nutritional supplements use Apparatus 1 and Apparatus 2 
and require measurement of one vitamin and folic acid (if 
applicable) and one mineral (if applicable). Oil-soluble vitamins 
are exempted from the dissolution requirement. 


DEVELOPING A NEW 
DISSOLUTION METHOD 


ESS TL FS OTST 
Dissolution data, based on a discriminating and well-thought- 
out dissolution test, is of tremendous value in the selection of 
the proper formulation. The dissolution test also can serve asa 
routine control mechanism to ensure the uniformity of regular 
production batches. One of the first decisions to be made in the 
process of developing a new dissolution method is the choice of 
the apparatus. 

There are three types of apparatuses in the compendia, and 
several others are in current use by pharmaceutical companies, 
universities, and regulatory agencies. Apparatuses differ 
greatly with regard to the shape and geometry of the dissolu- 
tion vessel, type and intensity of agitation, position of the 
dosage form, dispersion of particles, volume of the dissolution 
medium, ability to change the solvent at a certain rate to 
maintain sink conditions, and reproducibility of the system. 

Wagner cautioned that the inherent variability in the dis- 
solution method should be less than the inherent variability 
that can be tolerated in the product. He also recommended that 
the apparatus must be realistic scientifically, economically 
sound, and have the ability to provide an effective hydrody- 
namic condition. 

In deciding on which apparatus is to be used for testing, it 
should be emphasized that its features should allow for a 
convenient and reproducible mechanism for introducing the 
dosage form at a fixed position in the dissolution medium with 
minimal hydrodynamic disruption. The temperature of the dis- 
solution medium should be maintained rigorously with mini- 
mum vibration and no localized overheated spots. 

The dissolution apparatus also should allow for the mainte- 
nance of sink conditions by allowing for continuous exchange of 
the dissolution fluid with fresh solvent. The apparatus also 
should provide for the testing of various types of dosage forms 
with a convenient and reproducible sampling technique that 
results in a minimum disruption of the dosage form dissolving 
bed or the hydrodynamic condition of the dissolution medium. 
Automatic filtration mechanisms that are inserted in the dis- 
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solution fluid are preferred, as they avoid the removal of insol- 
uble drug powder. Simple and rapid analytical methods should 
be used, as many drugs tend to degrade rapidly in dilute 
aqueous solutions. 

In reviewing the above criteria for a sound dissolution ap- 
paratus, it easily could be recognized that the compendial Dis- 
solution Methods 1 and 2 actually do not fare badly when 
compared to other available dissolution systems. 

In general, if a compendial apparatus is to be used, 900 mL 
of distilled water with an agitation speed of 100 rpm for the 
rotating basket and 50 rpm for the paddle method is a good 
starting point. However, a check to determine if deaeration of 
the water is necessary must be conducted. If such parameters 
prove to be inadequate, a slightly higher stirring rate may be 
tried. If not successful, the composition of the dissolution me- 
dium could be changed. Dilute hydrochloric acid or buffer sys- 
tems of different pH could be used. In the case of enteric-coated 
or sustained-release preparations, media pH change may be 
required during the test. 

In regard to the quality-control aspect, it is advisable to set 
dissolution guidelines close to the expected performance of the 
selected formulation. The specification usually includes both 
DT) and DT,,; or DT,, (DT. = time for dissolution of 50 or 
85%) only. The specifications, however, can be altered as fur- 
ther production experience is obtained. Once the specification 
is finalized, any batch that does not comply should be reviewed 
completely to find the cause of its poor dissolution. 

A knowledge of the dissolution rate of poorly soluble drug 
substances (intrinsic dissolution rate, K = kD/h from Eq 3), is 
very useful in predicting whether their biological absorption is 
dissolution limited or not. Such information is essential during 
the early stages of formulation of a new drug dosage form as it 
can point to a future bioavailability problem. 

Depending on how slow the intrinsic dissolution rate is, the 
formulator may choose to improve it by micronization, complex 
formation, derivatization, or any of the other techniques gen- 
erally used for enhancing the dissolution rate of insoluble 
drugs. The information also is very useful for improving exist- 
ing formulations that have exhibited bioavailability problems. 

For the determination of the intrinsic dissolution rate, 
most investigators compress the pure powdered drug under 
extremely high pressure in the absence of any additives. The 
resulting nondisintegrating disc then is transferred to any of 
the previously discussed dissolution apparatuses. Because of 
the nondisintegrating characteristic of the disk, the surface 
area essentially is constant during the entire duration of the 
test. This facilitates the calculation and interpretation of 
the results. Usually, the modified form of the Noyes and 
Whitney equation previously discussed is used as the basis 
for calculation. 

Also, the effects of the various formulation factors as well 
as the key processing factors, such as the compression force, 
mixing time, and in-process storage conditions, have to be 
determined. This will provide information on how critically 
these important variables have to be controlled during rou- 
tine production. 

Furthermore, appropriate stability studies should be con- 
ducted to establish what changes take place, if any, in the 
dissolution characteristics of the selected formulation after it 
has been held in stability storage for a reasonable period of 
time. Accelerated conditions (stress studies) also could be used 
for the same purpose. After the dissolution pattern of the 
selected formulation has been established, an in vivo study 
may be conducted to establish in vitro/in vivo correlation. It is 
advisable that these studies be conducted on humans and not 
on animals, because humans will be the final vehicle for drug 
dissolution. 
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CHAPTER 36 


Separation may be defined as an operation that brings about 
isolation and/or purification of a single chemical constituent or 
a group of chemically related substances. Most medicinal 
agents require some degree of purification before being incor- 
porated into desirable dosage forms. Many times the analysis of 
pharmaceutical preparations requires separation of the chief 
constituent from other formulation constituents before quanti- 
tative measurement can be made. 

Although the problems of separation are the concern chiefly 
of pharmaceutical manufacturers, at times they may be en- 
countered also by the pharmacist in the prescription labora- 
tory; hence, all pharmacy practitioners should have knowledge 
of the underlying principles and the techniques employed in 
the basic processes of separation. 

The processes of separation may be divided into two general 
categories—simple and complex— depending on the complexity 
of the method used. 

Simple processes bring about separation of constituents 
through a single mechanical manipulation. Some examples of 
this type are the use of 


e A separatory funnel or pipette to separate two immiscible liquids 
such as water and ether. 

e A distillation process to separate two miscible liquids such as ben- 
zene and chloroform. 

e A garbling process to separate solids. 

e Centrifugation, filtration, and expression processes to separate sol- 
ids from liquids. 


Processes in this category are limited usually to separations of 
relatively simple mixtures or solutions. 

Complex processes usually require formation of a second 
phase by addition of either a solid, liquid, or gas plus mechan- 
ical manipulation to bring about effective separation. One ex- 
ample is the separation of aspirin (acetylsalicylic acid) from 
salicylic acid. In this mixture, salicylic acid is considered to be 
an impurity, and to separate the impurity from the desired 
constituent, a suitable solvent is added to the mixture for the 
purpose of recrystallizing only the acetylsalicylic acid. The 
contaminant remains in solution and is removed in the filtrate 
during the filtration process. 

Only selected processes involving separations will be cov- 
ered in this chapter. Other methods are discussed in such 
chapters as Complex Formation (Chapter 14), Colloidal Disper- 
sions (Chapter 21), Coarse Dispersions (Chapter 22), and Chro- 
matography (Chapter 33). 


COUNTERCURRENT DISTRIBUTION 


Countercurrent Distribution (CCD) may be defined as a series 
of liquid-liquid extractions (immiscible solvents) conducted in a 


multiple-tube apparatus in which one phase is permitted to 
advance to the next tube in the series independently of the 
other phase.’ The separation of the components in the mixture 
depends upon the distribution coefficients of each of the com- 
ponents, the volume of the solvents used, and the number of 
transfers taken. 

Some important applications of CCD in the pharmaceutical 
sciences are 


e The isolation and purification of chemicals and biochemicals that 
might otherwise be damaged by the extremes of temperature or pH 
that occur during the separation processes. 

e The separation of a crude plant extract into its various chemically 
related fractions as a preparative step. 

e The determination of purity and homogeneity of chemicals and 
medicinal agents. 

e The characterization of substances extracted from biochemical sys- 
tems in studies determining the metabolic or biologic disposition of 
drugs. 


Separation using CCD is based on Nernst Law. According to 
this law, when two practically immiscible solvents are in con- 
tact with each other and a substance that is soluble in each is 
added, the substance distributes itself in such a way that at 
equilibrium and at a given temperature the ratio of the con- 
centrations of the two solutions is a constant. Strictly speaking, 
it is the activity ratio rather than the concentration ratio that 
remains constant. For most purposes, however, concentration 
values give satisfactory approximations. 

When the ratio of concentrations expresses a distribution 
value for a single chemical species, the constant is designated 
as a partition coefficient or distribution coefficient, K, and may 
be expressed mathematically as 


K= Cc, (1) 


In this expression C,, and C, represent concentrations in the 
upper and lower phases, respectively. There is no accepted 
convention to date and the distribution coefficient could just as 
well be expressed as the reciprocal of Equation 1, C/C,,. 

In actual practice one deals with and measures total ana- 
lytical concentrations; thus, more than one chemical species 
usually is present in each phase. This type of distribution 
between solvents is called the partition ratio and is defined 
mathematically as K,, = C,/C,, where C,, and C, represent total 
analytical concentrations of the chemical in the upper and 
lower phases, respectively. An example would be the distribu- 
tion of benzoic acid between benzene and water. In the aqueous 
phase, benzoic acid would be present both in the ionized (A) 
and un-ionized form (HA). In benzene, benzoic acid would be 
present in the un-ionized form (HA) and in the dimerized form 
(HA). The ratio expressing total benzoic acid in the organic 
phase and total benzoic acid in the aqueous phase is the par- 
tition ratio or the apparent distribution coefficient, K,,. 
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Although the purpose of using CCD is to bring about the 
separation of two or more substances, the basic principles of 
operation are best introduced by first considering the distribu- 
tion pattern of a single solute in the two immiscible solvents. 


1. Assume that the solute under consideration has a distribution 
coefficient of unity when distributed between chloroform and buffer 
solution and that there are no deviations from Nernst’s law of 
distribution due to molecular association, dissociation, ionization, 
or chemical reactions. 

2. Consider six containers such as 250-mL glass-stoppered Erlen- 
meyer flasks, each holding 50 mL of chloroform (lower phase) as 
shown in Figure 36-1 (Row A). Add to container No 0, 100 mg of 
solute under consideration dissolved in 50 mL of buffer solution, 
and shake until equilibrium has been established. Because equal 
volumes of solvent are used and the distribution coefficient of solute 
in these two solvents is unity, the solute at equilibrium will distrib- 
ute itself in such a way that one-half is found in each of the upper 
and lower phases (Row B). Because 100 mg was originally present, 
50 mg will be found in both layers of Container 0 (Row B). 

3. Transfer the upper phase of Container 0 holding 50 mg of solute to 
Container 1 (Row B) and add fresh buffer solution to Container 0 
(Row B). Shake both containers until equilibrium has been estab- 
lished. At equilibrium the quantity of solute in each phase of Con- 
tainers 0 and 1 (Row C) will be 25 mg. 

4. Transfer the upper phase of Container 1 (Row C) to Container 2 
(Row C), and the upper phase of Container 0 (Row C) to Container 
1. Add fresh buffer solution to Container 0 (Row C) and shake all 
three containers until equilibrium has been established. At equilib- 
rium the quantity of solute (25 mg) in Container 2 (Row D) will have 
distributed itself so that one-half (12.5 mg) is in the upper phase 
and one-half (12.5 mg) is in the lower phase. Because 25 mg of 
solute was transferred to Container 1 from Container 0, 25 mg of 
solute will be present in each phase of Container 1 (Row D). The 
quantity (25 mg) of solute in Container 0 will distribute itself 
between the chloroform layer and freshly added buffer solution so 
that one-half (12.5 mg) will be present in each layer (Row D). 


Continue this general procedure of transferring the upper 
phases of Containers 0, 1, and 2 to Containers 1, 2, and 3, 
respectively; then add fresh buffer to Container 0. Shake the 
four flasks until equilibrium is established. A distribution is 
obtained as shown in Row E. Continuing in a like manner will 
give a distribution as shown in Row F. 
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Figure 36-1. Theoretical distribution of solute after varying num- 
bers of transfer. 
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Figure 36-2. Distribution of solute after four transfers. 


A plot of the fraction of solute in each container versus 
container number is shown in Figure 36-2. The significance of 
this curve is that the distribution of the solute shows a peak in 
which the maximum is located in a specific container and the 
location of the peak container is a function of the partition 
coefficient. Hence, it can be seen that two or more solutes with 
different K values can be separated effectively after the pas- 
sage of a mixture through many tubes (usually 25 or more, 
depending upon K values) in a CCD apparatus. 

Figure 36-2 illustrates the distribution of a solute after only 
four transfers. In actual practice between 8 and 2000 contain- 
ers or tubes usually are used in multiple extractions of this 
kind. The tubes are connected in series in a train and are 
rocked simultaneously rather than individually to bring about 
distribution of solutes between the two phases. The device also 
permits the transfer of upper phases to the next tube in series, 
in one operation. A device of this type is called a countercurrent 
distribution apparatus. 

To study the fraction of a given solute present in each tube 
r, after n number of transfers, it is convenient to use Equation 
2, 
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where K is defined as the partition coefficient and R is defined 
as the ratio of the volume of the upper phase to the volume of 
the lower phase, (V,,/V,). 

The use of Equation 2 is illustrated as follows: Calculate the 
fraction of solute in tubes no 0, 1, 2, 3, and 4 after four transfers 
are made in a CCD apparatus using equal volumes of upper 
and lower phases. The K value for the solute in the solvent 
system is assumed to be 1.0 in this example. 

For Tube 3, 


4 


(1)? ='0.25 


4! 
~ 31(4 — 8)! 


S4,3 Veet 


By similar calculations the fraction of solutes in Tube 0, 1, 2, 
and 4 is found to equal 


fio = 0.0625; fy, = 0.25; fio = 0.375; fx, = 0.0625 


The distribution of solute using Equation 2 is shown in 
Figure 36-2. 

When a large number of transfers (50) are made and K is 
near unity it is more convenient to use a Gaussian treatment” 
to calculate the fraction of solute in a particular tube. The 
appropriate equations are 
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where y, represents the fraction of solute with distribution 
coefficient K in the tube that is x distant from the peak tube; 
exp is the exponent of the base e, ex, exp{2} = e?; 7 = 3.14; K, 
R, and n are terms that have been defined previously and r,,.,. 
represents the number of the tube containing the maximum 
amount of solute. 

Distribution curves may be prepared from hypothetical data 
using Equations 3 and 4 or from a computer program using 
these equations. Figure 36-3 illustrates a series of curves for a 
solute in which K = 1.0 and R = 1.0 following 8, 32, and 128 
transfers. It is interesting to observe that as the number of 
transfers increases, the amplitude of the curve decreases and 
the solute spreads through more and more tubes. At first 
thought, this would seem undesirable, but the significant point 
is that the fraction of vessels containing solute after 128 trans- 
fers is now much less than after 10 transfers. 

Therefore, two solutes with different but similar K values 
can be separated in 128 transfers because each solute occupies 
a smaller fraction of total tubes. If this separation were at- 
tempted with 10 to 20 transfers, both solutes would occupy 
nearly all of the tubes and no separation would be obtained. 

Figure 36-4 illustrates the distribution patterns obtained in 
a 16-transfer experiment for solutes having distribution coef- 
ficients that differ by one order of magnitude. Under no circum- 
stances can a separation be obtained if the distribution coeffi- 
cients of the solutes are equal. 

The procedure of operation that has been considered thus 
far is known as the fundamental procedure. Here, the solute is 
distributed through a specified number of tubes and nothing is 
withdrawn from the system until the entire operation is com- 
pleted. Then the tube contents are withdrawn and analyzed for 
the purpose of determining solute concentrations, or the sol- 
utes are withdrawn simply for the purpose of isolating them 
from a mixture. — 

Another procedure of operation that is of interest primarily 
due to its analogy to elution chromatography is known as end 
withdrawal. In this operation the fundamental procedure is 
followed for a predetermined number of transfers as previously 
described. Then the upper phase only of the last tube in the 
train is collected. All other upper phases are advanced to the 
next tube in succession and after equilibration the upper phase 
of the last tube, n, is again collected. 

This process is continued until all upper phases have passed 
through n tubes containing lower phase. In elution chromatog- 
raphy the analogy is similar. However, fresh upper phase is 
added continuously to the first tube (called a plate in elution 
chromatography) until only upper phase is eluted from the 
column. 

In summary, the degree of separation of two or more solutes 
using CCD depends upon the distribution coefficients of the 
solutes, nature and volume of the solvents used, and number of 
transfers taken. 
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Figure 36-3. Distribution of solute after varying number of 
transfers. 
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Figure 36-4. Distribution of two solutes with different K values. 


CENTRIFUGATION 
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A large number of separations may be accomplished with the 
centrifuge. This apparatus consists essentially of a container in 
which a mixture of solid and liquid, or of two liquids, is rotated 
at high speeds so that the mixture is separated into its constit- 
uent parts by the action of centrifugal force. A solid or liquid, 
mixed with a liquid of lesser density, may be separated because 
the substance of higher specific gravity is thrown outward with 
greater force—it will be impelled to the bottom cf the container, 
leaving a clear supernatant layer of pure liquid. 

Centrifugation is useful particularly when separation by 
ordinary filtration is difficult, as in separating a highly viscous 
mixture. Separations may be accomplished more rapidly in a 
centrifuge than under the action of gravity. In addition, the 
degree of separation that is attainable may be greater because 
the forces available are of a far higher order of magnitude. The 
centrifuge has become a valuable analytical tool, particularly 
in biochemical and microbiological research. It has wide appli- 
cation in pharmaceutical laboratories and its use as a means of 
predicting emulsion stability has been suggested. 

Two basic types of centrifuges are available: sedimentation 
and filtration. The sedimentation type of centrifuge depends on 
differences in the densities of the two or more phases compris- 
ing the mixture. This instrument is capable of separating both 
solid—liquid and liquid—liquid mixtures. Filtration centrifuges, 
however, are limited to the separation of solid—liquid mixtures 
only. 


Sedimentation Centrifuges 


The design of the bottle centrifuge and the disc centrifuge are 
based on the sedimentation principle (ie, separation by density 
difference). 


BOTTLE CENTRIFUGE 


The bottle centrifuge, which consists of a vertical spindle that 
rotates the containers in a horizontal plane, commonly is used 
to separate materials of different densities. Separation in a 
centrifugal field is brought about because denser particles in a 
mixture require greater forces to hold them in a circular path of 
a given radius than do lighter particles. Thus, the lighter 
particles are displaced toward the axis of the centrifuge by the 
heavier particles. During the centrifugation of blood, for exam- 
ple, a speed of 3000 rpm is required to separate blood corpus- 
cles from serum. If the radius of the centrifuge is assumed to be 
10 cm, the acceleration, a, acting on a particle can be approx- 
imated to be 10° cm/sec”; or about 1000 times the acceleration 
due to gravity, g 
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10? cm/sec? = approximate acceleration due to gravity 


Under these conditions, the blood corpuscles eventually mi- 
grate under the influence of centrifugal force to the tip of the 
centrifuge tube. 

The separation of particles in a liquid medium also depends 
on the nature of the medium. A solid particle settling under the 
influence of acceleration due to gravity in a liquid phase accel- 
erates until a constant terminal velocity is reached. The termi- 
nal velocity is known as the settling velocity of the particle and 
is described mathematically by Stokes’ Law. It can be shown 
that Stokes’ Law can be extended to those cases where settling 
takes place in a centrifugal field, 


UU ra (5) 


where v, is the settling velocity of a particle in a centrifugal 
field, v, is the settling velocity of a particle in a gravitational 
field (Stokes’ Law), w is the angular velocity of the particle in 
the settling zone, and r is the radius at which the settling 
velocity is determined. 

Consider a solid particle at an initial position in a liquid 
medium and a distance r from the axis of rotation. Under these 
conditions, 


D, = whales (6) 


Substituting Equation 6 into Equation 5 gives 


2 
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dr/dt = v, aN (7) 


Rearranging and integrating between limits gives 


Les ROS (9) 


where r, is the distance between the surface of the sedimented 
cake in the tip of the tube and the axis of rotation, and ¢ is the 
time during which the particle is subjected to centrifugal ac- 
celeration while the particle travels the distance from r to r,. 
Equation 9 shows that if centrifuging conditions for a given 
suspension are to be compared in different centrifuges, the 
speed, bottle size, centrifuge dimensions, and centrifuging time 
must be taken into consideration. Lavanchy and Keith? de- 
scribe mathematical approaches that should be taken for this 
purpose. 


THE ULTRACENTRIFUGE 


When extremely fine solid matter must be separated from a 
liquid, such as in colloid or biological research, the ultracentri- 
fuge is employed. In this instrument a relatively small rotor is 
operated at speeds exceeding 100,000 rpm and forces up to one 
million times gravity are exerted. High speeds are attained 
with air or oil turbines and bearings lubricated with a film of 
compressed air. Friction heat may be minimized by the use of 
high vacuum. 

By placing the samples in specially constructed cells and 
spinning them in the ultracentrifuge, it is possible to separate 


the dispersed phase from the continuous phase rather rapidly. 
To aid the investigator, optical attachments may be employed 
to photograph the settling while the centrifuge is in operation. 

Only small batches of material can be handled in these 
instruments during a single run. Ultracentrifuges are em- 
ployed in the determination of particle size and molecular 
weight of polymeric and other high-molecular-weight materials 
such as proteins and nucleic acids by direct or indirect obser- 
vation of the rate of separation of particles in solution or 
suspension. 


Filtration Methods 


The filtration centrifuge is restricted to the separation of solid— 
liquid mixtures. It is similar in principle to the sedimentation 
type, but rather than containers it possesses a porous wall 
through which the liquid phase may pass but upon which the 
solid phase is retained. Analogous to filtration, this process 
requires consideration of the flow of liquid through the solid 
bed that accumulates on the porous plate. 


FILTRATION 
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Filtration is the process of separating liquids from solids with 
the purpose of obtaining optically transparent liquids. This is 
accomplished by the intervention of a porous substance, called 
the filter or the filtering medium. The liquid that has passed 
through the filter is called the filtrate. 


Mathematics of Filtration 


In 1842 Poiseuille proposed a relationship for streamlined flow 
of liquids under pressure through capillaries. This equation in 
its simplified form is represented by 
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where V = flow velocity, r = flow capillary radius, L = capillary 
length, 7 = viscosity of the fluid, and Ap = pressure differential 
at the two ends of the capillary. 

The modified Poiseuille equation has been shown to be valid 
for liquid flow through sand, glass beads, and various porous 
media. It represents the foundation for all mathematical mod- 
els of filtration that where developed subsequently. Of critical 
importance in this equation is the powerful effect of capillary 
radius; ie, by reducing it to 1/8 its size, the pressure differential 
must be increased more than 4000 times in order to obtain the 
same flow velocity, all other factors remaining constant. 

On the basis of the Poiseuille formula, the Kozeny-Carman 
relationship was established. This may be expressed as 
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where A = cross-sectional area of porous bed (filter medium), 
e = porosity of bed, S = surface area of medium, K = constant, 
and the remaining symbols are the same as in the Poiseuille 
equation. 

The Kozeny-Carman relationship, like Poiseuille’s law 
states that the rate of flow is directly proportional to the pres- 
sure drop across the medium and to the area of the bed, and 
inversely proportional to the viscosity of the liquid and the 
thickness of the bed. To characterize the material composing 
the bed, two new quantities, e and S, are introduced, replacing 
capillary radius. 


The use of a nondefinite constant K, rather than the definite 
constant in Poiseuille’s equation, 7/8, offers greater utility in 
the use of this equation in accounting for the geometry of the 
medium. The constant, K, generally ranges in value from 8 to 6. 
The Kozeny-Carman equation finds its greatest limitation in 
complex systems such as filter paper, but provides excellent 
correlation in filter beds composed of porous material. 

In applying Poiseuille’s law to filtration processes, one must 
recognize the capillaries found in the filter bed are highly 
irregular and nonuniform. Therefore, if the length of a capillary 
is taken as the thickness of the bed or medium and the correc- 
tion factor for the radius is applied, the flow rate is more closely 
approximated. These factors have been taken into account in 
the formulation of the Darcy equation 


where k is the permeability coefficient and depends on the 
nature of the precipitate to be filtered and the filter medium 
itself. 

Computer-assisted design of microfiltration systems are un- 
derway.* This technique is used to design an optimum filtration 
system from actual filtration data, thereby predicting its per- 
formance with any given fluid. 

In considering the nature of the precipitate, it is known that 
large particles are easier to filter than are small particles 
because of the tendency of the latter to enter into and occlude 
the pores of the bed, thus hindering the passage of the filtrate. 
In addition, the buildup of small particles on the filter tends to 
form a nonporous, densely packed bed that also resists passage 
of the filtrate. 


Filtering Media 


The filtering medium, whether a filter paper, synthetic fiber, or 
porous bed of glass, sand, or stone, is composed of countless 
channels that impart porosity to the medium. Almost without 
exception these channels or pores are nonuniform and possess 
a rather tortuous nature. 

The mechanism of filtration basically involves a two-step 
process: 


1. The filter medium itself resists the flow of solid material while 
permitting the passage of liquid. 

2. During the course of the filtration the suspended, solid material 
builds up on the filter medium and thereby forms a filter bed, which 
acts as a second, and often more efficient, filter medium. 


The ability of a filter medium to eliminate solid matter from 
a liquid is termed retention. It must be borne in mind that the 
filtration process must compromise retention with filtration 
rate, the speed at which the purified liquid (the filtrate) is 
recovered. To illustrate this point, it will be noted that a slab of 
marble will most effectively retain the solid material contained 
in a suspension; unfortunately, it would require a few centuries 
to collect the purified filtrate. 

Both the retentive ability of a filter medium and filtration 
rate of a liquid through the medium depend on the porosity of 
the medium. Each factor, however, is influenced significantly 
by the viscosity of the liquid, the proportion of solid matter in 
the liquid, and the size, shape, and physical nature of the 
suspended solids. 

The flow of a liquid through a filter bed follows the same 
_ basic rules that govern the flow of any liquid through a medium 
offering resistance. The flow rate through the medium will vary 
directly with the area of the medium, as well as the pressure 
drop or driving force across the bed. 


(driving force)(cross-sectional area) 


Rate of flow « 5 
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The flow rate is retarded by the viscosity of the liquid being 
filtered and by any obstruction to flow. These obstructions 
include the resistance of the filter medium itself and the second 
filter bed or filter cake that builds up on the medium at a rate 
dependent on the solids content of the liquid. The resistance 
offered by the medium itself will not vary significantly during 
the filtration process. It depends on the thickness of the me- 
dium as well as its porosity. The resistance of the filter cake, on 
the other hand, is not constant and generally increases contin- 
uously during the operation. The resistance offered by the cake 
depends both on its thickness and physical nature. The thick- 
ness of the cake is dictated by the amount of filtrate passing 
through the filter and on the solids content of the liquid. The 
physical nature of the cake—whether it is loose, compacted, 
coarse, fine, granular, or gelatinous—determines whether or 
not it will readily allow the flow of liquid. 


FILTER PAPER 


Filter paper most frequently is employed in clarification pro- 
cesses required of the pharmacy practitioner. Only high-quality 
filter paper should be used to ensure maximum filtering effi- 
ciency. When possible the first few milliliters of filtrate should 
be discarded to eliminate (insofar as possible) contamination of 
the pharmaceutical product by free fibers associated with most 
filter paper. This is especially true in the preparation of oph- 
thalmic solutions. 


MEMBRANE FILTERS 


Membrane filter media are produced from pure cellulose, cel- 
lulose derivatives, and polymeric materials. All have an ex- 
tremely uniform micropore structure as well as an exception- 
ally smooth surface. The integral structure contains no fibers or 
particles that can work loose and contaminate a filtrate. This is 
a particular advantage in the filtration of ophthalmic solutions. 
The presence of these fibers is difficult to prevent when using 
many other filter media, including paper filters. 

The efficiency of membrane filters is due to the uniform pore 
system that functions like a highly effective sieve. The pore 
size, of different types of these filters, ranges from 10 nm to 10 
pm. All particles in liquids or gases that are larger than the 
pore of a given filter are retained on the surface. The thickness 
of these membrane filters ranges from 50 to 200 wm. 

The pores that penetrate these filters pass directly through the 
entire thickness of the membrane, with a minimum of crosslink- 
age. Porosity or pore volume is estimated as 80% of the total fiber 
volume. The high porosity of these filters, coupled with the 
straight-through configuration of the pores, results in flow rates 
through membrane filters that are at least 40 times faster than 
flow rates through conventional filter media that possess the 
same particle size retention capabilities. 

Major producers of these filters include the Millipore Filter 
Corp, Bedford, MA; Gelman Instrument Corp, Ann Arbor, MI; 
Pall Corp, Glen Cove, NY; Nuclepore Corp, Pleasanton, CA; 
and Carl Schleicher & Schuell Co, Keene, NH. The membrane 
filters are available as circular discs of varying diameter. Dif- 
ferent types are available for use in the filtration of either 
aqueous or nonaqueous liquids. The discs generally are used in 
conjunction with specialized holders of either metal or glass 
composition. With small volumes (ie, less than 500 mL), solu- 
tions usually are filtered using vacuum techniques. Larger 
volumes require filtration under pressure provided by an inert 
gas such as nitrogen. 

In addition to their obvious utility in routine filtration pro- 
cesses on both a laboratory and industrial scale, these filters 
have been used for a wide range of purposes, including chem- 
ical analysis, microbiological analysis, and bacterial filtration. 
The latter process provides an economical and rapid method for 
sterilizing heat-labile material (see Chapter 40). 
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OTHER FILTERING MEDIA 


Many devices have been advanced to replace filter paper, which 
has many disadvantages, particularly for large-scale opera- 
tions. A great many variations of filtering processes, each de- 
signed to fit the needs of special cases, are found in the modern 
pharmaceutical laboratory. The filter press, the centrifugal 
filter, the vacuum filter, sand-bed filter, charcoal filter, paper- 
pulp filter, and porous porcelain filter are all examples of spe- 
cialized filtration methods. Each one of these possesses some 
advantageous quality, and it is the experience of the laboratory 
operators that guides them in their selection of appropriate 
filtering devices. Reference is made later in the text to many of 
these special-scale filters. 

However, it would not be inappropriate to refer briefly to 
special filtering devices that may be useful in the prescription 
or research laboratory. 

Cotton Filters—A small pledget of absorbent cotton, loosely 
inserted in the neck of a funnel, adequately serves to remove 
large particles of extraneous material from a clear liquid. Al- 
though this properly might be termed colation, the cotton also 
can be used to serve as a fairly efficient filter. It is sometimes 
necessary to return the liquid a number of times to secure 
perfect transparency. This should be remembered in filtering 
ophthalmic solutions through cotton, because small detached 
filaments are carried through on initial filtration. 

Glass-Wool Filters—When solutions of highly reactive 
chemicals, such as strong acids, are to be filtered, filter paper 
cannot be used. In its place glass wool may be used just as one 
uses absorbent cotton for filtering. This material is resistant to 
ordinary chemical action, and when properly packed into the 
neck of a funnel it constitutes a very effective filtering medium. 

Sintered-Glass Filters—These filters have as the filtering 
medium a flat or convex plate consisting of particles of Jena 
glass powdered and sifted to produce granules of uniform size 
that are molded together. The plates can be fused into a glass 
apparatus of any required shape (Fig 36-5). These filters vary 
in porosity, depending on the size of the granules used in the 
plate. They are very useful in the filtration of solutions such as 
those intended for parenteral injection. A vacuum attachment 
is necessary to facilitate the passage of the liquid through the 
filter plate (see Chapter 40). 


Funnels 


Funnels are conical-shaped utensils intended to facilitate the 
pouring of liquids into narrow-mouthed vessels. They also are 
used widely in pharmacy for supporting filter media. Funnels 
may be made of glass, polyethylene, metal, or any other mate- 
rial that serves a specific purpose. The community pharmacist 
will find the glass funnel to be quite adequate for all processes 
of clarification in prescription practice. 


Figure 36-5. Sintered-glass filters. 


Figure 36-6. Filtration of volatile liquids. 


Most funnels used by the pharmacy practitioner are conical 
in shape and may be fluted, grooved, or ribbed for the purpose 
of facilitating the downward flow of the filtrate. 

The Biichner type of funnel is used today largely in phar- 
maceutical laboratories. A piece of round filter paper is laid on 
the perforated porcelain diaphragm and the filtration con- 
ducted. This funnel is especially applicable to vacuum filtration 
(see the discussion, Vacuum Filtration). 


FILTRATION OF VOLATILE LIQUIDS 


It is evident that the ordinary methods of filtering liquids will 
not be practical for very volatile liquids because of the loss 
through evaporation, and the liability to explosion in the case of 
flammable volatile liquids. Funnels must be covered, the re- 
ceiving vessel closed, and provision made for the escape of the 
confined air in the receiving vessel. The following method is 
quite useful. A rubber cover, perforated to admit a tube, is 
placed on top of the funnel; connection between the bottle and 
funnel is effected as shown in Figure 36-6. 


AIDS TO FILTRATION 


It has long been known that addition of an insoluble adsorbent 
powder to a liquid prior to its filtration greatly increases the 
efficiency of the process. Purified talc, siliceous earth (kie- 
selguhr), clays, charcoal, paper pulp, chalk, magnesium car- 
bonate, bentonite, silica gel, and others have been used for this 
purpose. 

It must not be overlooked, however, that powdered sub- 
stances employed for such purposes must be insoluble and 
inert, so not all of those in the foregoing list are applicable for 
general filtration. 

Talc is nonadsorbent to materials in solution and is a chem- 
ically inert medium for filtering any liquid, provided it has been 
purified for this purpose and it is not the impalpably fine 
variety that will pass through the filter paper. 

Kieselguhr is almost pure silica (SiO,). It is as applicable as 
talc for general filtration purposes, with no danger of removing 
active constituents by adsorption. 

Siliceous earths or clays, such as fuller’s earth or kaolin in 
the hydrated form which is produced when they are brought 
into contact with aqueous liquids, are safe for general use only 
in filtering fixed oils. Liquids containing coloring matter or 
alkaloidal principles must not be filtered through these media, 
for adsorption of both color and alkaloids occurs and the filtrate 
is altered in comparison. 

Charcoals, as a rule, possess adsorptive properties not only 
toward color but for many active constituents of medicinal 
preparations, such as alkaloids and glycosides. Consequently, 


charcoal should never be used as a filtering medium unless the 
removal of such constituents is desirable. 

Chalk and magnesium carbonate readily react with acids 
and possess a finite solubility in water and aqueous fluids, with 
the production of alkalinity in the filtrate. This is particularly 
true of magnesium carbonate; the degree of alkalinity imparted 
to the filtrate is sufficiently great to cause precipitation of 
alkaloids. Either of these media, when added to an alkaloidal 
preparation prior to filtration, will precipitate and remove all of 
the alkaloidal constituents. Neither is suitable for general use. 


RAPID FILTERING APPARATUS 


Much attention has been given to methods for increasing the 
rapidity of filtration. This may be accomplished by applying 
pressure on the filter or by creating a vacuum in the receiving 
vessel. 


VACUUM FILTRATION 


One of the first practical efforts made to create a vacuum to aid 
filtration was by means of the Bunsen pump. Its action depends 
on the principle that a column of water descending through 
a tube from a height is capable of carrying with it the air 
contained in a lateral tube, if the latter is placed properly. 
This form of aspirator is practicable where water pressure is 
available. 

Pumps Acting by Water Pressure—The various aspirator or 
vacuum pumps that operate under the influence of water pres- 
sure are all based on the same principle. The following are 
selected for illustration from the great variety in use. Figure 
36-7 shows Chapman’s vacuum pump. Valve a prevents the 
water from flowing into the bottle which carries the filter when 
the pressure of water ceases or is reduced. 

On a larger scale, the vacuum for filtration is produced by 
one of the many types of vacuum pumps now available. The 
pump should be protected from vapors by placing a suitable 
vapor trap between the filter unit and the pump. The trap 
usually is cooled to very low temperatures by means of dry ice 
and acetone when very high vacuum is needed. 

In assembling a filtering apparatus using the vacuum prin- 
ciple, it is necessary that there be no leaks in the connections 
from the filter to the aspirator. If filter paper is used in con- 
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Figure 36-8. Gooch crucible arranged for vacuum filtration (cour- 
tesy, Thomas). 


nection therewith, a plainly folded paper must be used and its 
tip must be protected against breakage by reinforcing it with a 
filter paper support or some other device. A Biichner filter also 
may be used, employing a specially strong filter paper. 

In analytical work it is customary to use the Gooch crucible 
and flask (Fig 36-8) for rapid filtration. The flask, of especially 
thick glass, is provided with a side tube that is connected to a 
water aspirator pump. The perforated crucible bottom is con- 
verted into a filter bed of the required thickness by means of a 
filter mat placed over the perforations in the porcelain base. 


FILTRATION UNDER PRESSURE 


Figure 36-9 illustrates a sectional drawing of a plate-and-frame 
filter press. The material to be filtered enters the apparatus 
under pressure through a pipe at the bottom and is forced into 
one of the many chambers. A filter cloth is positioned on both 
sides of each chamber. As the material passes through the 
filtering cloth, solids remain behind in the chamber and the 
clear filtrate passes through and out of an opening located on 
top of the apparatus. 

Rotary-drum vacuum filters are used widely in the pharma- 
ceutical industry, especially in the preparation of antibiotics by 
the fermentation process. In this type of filtration a perforated 
drum, wrapped with a cloth or other suitable substance holding 
a filter medium, is immersed partially in a tank holding the 
material to be filtered (Fig 36-10). 

The drum is rotated through the slurry of material and a 
vacuum within the drum draws the material into and through 
the filter medium. During this step of the process, the filtrate is 
taken into the drum and collected, while the solid material 
remains deposited on the outer surface of the drum. This ma- 
terial is then removed by a scraper in the last step of the 
operating cycle, just before the rotating drum repeats another 
cycle. 


CLARIFICATION AND DECOLORATION 


Clarification 


Clarification is the process by which finely divided solids and 
colloidal materials are separated from liquids without the use 
of filters. The process is employed to remove suspended oil from 
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Figure 36-9. A plate-and-frame filter press (courtesy, Shriver). 


aqueous solutions, such as aromatic waters, and for the re- 
moval of undesirable solids that interfere with the transpar- 
ency of such natural products as honey and fruit juices. 

Clarification generally is resorted to when the contaminat- 
ing material is finely subdivided, amorphous, or colloidal in 
nature and tends to plug a filtration medium rapidly. A number 
of methods are available to handle this difficult problem. 


When the solids are not of a granular or free-filtering na- 
ture, it may be possible to improve the characteristics of the 
suspended solids. This may involve varying the temperature or 
pH of the medium. When a viscid liquid is heated, its viscosity 
and specific gravity are decreased and particles that are sus- 
pended in it will separate. Those particles that are more dense 
than the liquid will fall to the bottom, while those that are less 


Figure 36-10. Rotary filter (courtesy, Bird Machine). 


dense will rise to the surface. In the latter case the minute 
bubbles of steam formed in the heating process become envel- 
oped in the viscid particles, rise through their buoyancy, and a 
scum is formed that may be separated readily. 

The dewaxing of oils at a reduced temperature offers a 
further example of the possibilities of contaminant modifica- 
tion. Oil that is chilled rapidly often produces an amorphous 
wax that will plug a straining medium. Slow chilling, on the 
other hand, produces a wax with a more crystalline nature, 
which has good filtration characteristics. 

The simplest method of clarification, although not always 
feasible, is gravitational sedimentation. This method involves 
the least amount of labor and expense and is used frequently, 
particularly on a large scale, when haste is unnecessary. The 
deposit formed is called a sediment or sludge. These terms are 
not synonymous with precipitate. A sediment is solid matter 
separated merely by the action of gravity from a liquid in which 
it has been suspended. A precipitate, on the other hand, is solid 
matter separated from a previously clear solution by physical 
or chemical change. Fixed oils usually are clarified by gravita- 
tional sedimentation. In vegetable oils the sediment consists 
principally of albuminous and gummy substances, cellular tis- 
sue, and water, all of which have been separated with the oil 
during the expression process. 

The clarification process generally is carried out by adding a 
clarifying agent such as paper, pulp, talc, infusorial earth, as 
well as a number of other materials to the turbid liquid. These 
agents usually act to reduce turbidity by physical adsorption of 
the contaminating material, although a large number of spe- 
cific, physical-chemical coagulants also are in use. After the 
addition of the clarifying agent, the mixture is agitated and the 
agents, along with the adsorbed impurities, are removed by 
filtration or any other suitable means. Albumin and gelatin are 
examples of clarifying agents obtained from natural sources. 
Substances of a synthetic nature, such as polyamines, also are 
used for this purpose. 


Decoloration 


Decoloration, or decolorization as it sometimes is called, is the 
process of depriving solutions of color by use of an appropriate 
adsorptive medium. In many respects it is closely related to the 
clarification process. Decoloration is used for removal of color- 
ing matter from a number of raw materials, both natural and 
synthetic, and from many finished products. Animal charcoal 
(also called bone black), wood charcoal, or activated charcoal 
frequently are used as decolorizing agents. Clays such as ben- 
tonite, kaolin, and fuller’s earth also are used for this purpose. 


LOTION, DECANTATION, AND COLATION 


Lotion 


Lotion (displacement washing) is the process by which soluble 
impurities are removed from insoluble material by the addition 
of a suitable washing solvent. The wash liquid usually is sep- 
arated from the purified solid by decantation or filtration. An 
expedient method of adding the washing solvent to the solid in 
a fine, controlled spray is by the use of wash bottles. 


CONTINUOUS WASHING 


The use of the wash bottle is limited to small operations. A 
simple method of automatically supplying the wash liquid in 
larger quantities is shown in Figure 36-11. This requires at- 
tention from the operator only at the beginning of the opera- 
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Figure 36-11. Continuous washing. 


tion. The inverted bottle containing the washing solvent is 
furnished with a perforated stopper and a short glass tube. All 
that is necessary is to fill the bottle and adjust it over the funnel 
so that the end of the tube is at the height at which the level of 
liquid in the funnel is to be maintained. When the bottle is 
tilted slightly (if the tube selected is not too narrow in diame- 
ter), the liquid runs into the funnel until it rises to the orifice of 
the tube, whereupon the flow ceases. As the liquid gradually 
passes through the solid substance in the funnel, the level falls 
below the orifice, bubbles of air pass through the tube into the 
bottle, the liquid once more flows, and the operation continues 
until the upper bottle is empty. Many elaborate methods of 
continuous washing have been suggested, but the simple ap- 
paratus just described is quite satisfactory if a tube of proper 
diameter has been selected, one of such size that the force of 
capillary attraction will not be strong enough to prevent the 
passage of air. 


Decantation 


The simplest method available for the separation of a solid 
from its soluble impurities is the technique of decantation. This 
method involves washing and subsequent agitation of the solid 
with an appropriate solvent, allowing the solid to settle and 
removing the supernatant solvent. These three steps are re- 
peated as often as required to attain the desired purity of the 
solid. This method also is applicable to the simple separation of 
solids and liquids, such as after precipitation of a material from 
a mother liquor. Decantation provides an effective method for 
washing magmas and other gelatinous products. 

Some degree of skill is required to decant liquids effectively. 
It is most convenient to decant from a lipped vessel that is not 
filled to capacity. In addition, the use of a stirring rod is sug- 
gested as a guide to steady the hand of the operator. 


Colation 


Colation or straining (from Latin colare, to strain) is the pro- 
cess of separating a solid from a fluid by pouring the mixture on 
a cloth or porous substance that will permit the fluid to pass 
through, but will retain the solid. This operation frequently is 
used for separating sediment or mechanical impurities of var- 
ious kinds from liquids. 

Colation should not be considered as a separate process but 
simply as a crude form of filtration, with larger pores in the 
straining medium than usually are employed for filtration. 

The essential apparatus is a straining medium and a 
strainer support or frame. The straining medium is usually a 
cloth material such as flannel, muslin, wool, or cheesecloth. 
The material should be colorless and washed before use. Fab- 
rics, particularly those of cotton, usually are treated or impreg- 
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nated with a material called sizing to improve their appearance 
and quality for certain purposes; however, for use as a strainer, 
the fabric must be free of sizing because it causes contamina- 
tion. Many different substances are used for sizing, some being 
soluble in cold water, others only in hot water. Thus, the proper 
method for their removal is to soak the fabric for a few hours in 
cold distilled water, rinse thoroughly; then cover with distilled 
water, boil for a few minutes, and rinse well in distilled water 
to remove the last traces of the gelatin, albumin, glue, or starch 
that may have been present in the sizing. 


EXPRESSION 


Expression is a process of forcibly separating liquids from sol- 
ids. A number of mechanical principles have been recognized in 
the operation of expression, namely the use of the spiral twist 
press, the screw press, the roller press, the filter press, and the 
hydraulic press. 

SPIRAL TWIST PRESS—The principle of this press is 
best and most practically illustrated in the usual process of 
manually expressing a substance contained in a cloth. 

ROLLER PRESS—tThis is used for large-scale pressing of 
oily seeds, fatty substances, and so on. Care must be taken to 
apply the force gradually to the bag containing the material to 
be pressed, and not to use it on substances that will be corrosive 
to the rubber rollers. 

HYDROSTATIC OR HYDRAULIC PRESS—Of the 
presses heretofore mentioned, each has some special advantage 
of use, but each also has some objectionable feature. The spiral 
twist is not powerful and its action is limited. The screw 
presses have friction with which to contend; the friction of a 
screw increases with the intensity of the pressure applied, and 
when a certain limit is reached all further force applied is 
wasted, and if continued may result in destruction of the press. 
The roller press is very limited in its action. Although the 
hydraulic press is expensive, after the first coat it is the most 
economical because the greatest power is obtained at the ex- 
pense of the least labor. The principle of a hydraulic press is 
based on the fact that pressure exerted upon an enclosed liquid 
is transmitted equally in all directions. Tremendous pressures 
can be developed with hydraulic presses. 


PRECIPITATION 


Precipitation is the process of separating solid particles from a 
previously clear liquid—a solution—by physical or chemical 
changes. The separated solid is termed a precipitate; the cause 
of precipitation is the precipitant; and the liquid that remains 
in the vessel above the precipitate is called the supernatant 
liquid. 

In pharmacy, precipitation may be useful for many pur- 
poses. It provides a convenient method of obtaining solid sub- 
stances in the form of fine particles, such as the precipitation of 
calcium carbonate (precipitated chalk). White Lotion is an ex- 
ample of a preparation prepared by precipitation, in this case 
by mixing aqueous solutions of zinc sulfate and sulfurated 
potash to form an insoluble, finely divided zinc sulfide, free 
sulfur, and various polysulfides. 

One of the most important uses of precipitation is in the 
purification of solids. The process as applied to purification is 
termed recrystallization. The impure solid usually is dis- 
solved in a suitable solvent at elevated temperatures. On 
cooling, the bulk of the impurities remain solubilized while 
the purified solid product precipitates. This procedure is 
repeated as many times as necessary, using a number of 
solvents if required. 


SEPARATION OF IMMISCIBLE LIQUIDS 


The separation of liquids that are mutually soluble usually is 
effected by distillation, if one or both of the liquids are volatile. 
The separation of liquids that are immiscible is generally a 
simpler process. 

Separations of this kind are necessary in analytical pro- 
cedures, manufacturing operations, distillation of volatile 
oils, and accidental contaminations and admixtures, and are 
usually best made using a separatory funnel. When very 
small amounts of liquids are floating on the surface of an- 
other liquid, separation is accomplished most easily by using 
a pipet, medicine dropper, or glass syringe with an attached 
needle. 


FLORENTINE RECEIVER 


The separation of volatile oils from the water that accompanies 
them during steam distillation is a very important part of their 
manufacturing process. Where the volatile oil is lighter than 
water, the principle shown in Figure 36-12 may be used. The oil 
and water collect in the glass receiver during distillation, the 
oil floating on the top, while the water ascends the bent tube 
from the bottom; further addition of distillate causes the water 
to overflow from the side tube. The reverse action is produced in 
the receiver for light or heavy oils (Fig 36-13), in which either 
a lighter or a heavier fraction may be collected continuously. 


SPECIALIZED SEPARATION TECHNIQUES 


Diffusion Phenomena 


Diffusion is the spontaneous penetration of one substance into 
another under the potential of concentration gradient. Simply 
stated, material will tend to move from a region of higher 
concentration to one of lower concentration. The driving force 
or potential of such a process may be enhanced by the applica- 
tion of an electric field. 

If the two regions of concentration noted are separated by a 
selective membrane, certain species will diffuse through the 
membrane, while other molecular species will be held back. 
When this selectivity is dictated by the porosity of the mem- 
brane, the process is termed dialysis. Dialysis is used princi- 
pally for the separation of small molecules and ions contained 
in a mixture with colloidal material. The latter substances 
diffuse with difficulty or not at all. Materials such as gums, 
starch, albumin, and proteins fall into this colloidal, nondiffus- 
ible category. 

The rate of diffusion across a semipermeable membrane is 
directly proportional to the concentration gradient between the 
two surfaces of the membrane and to the area of the membrane, 
but is inversely proportional to the membrane thickness. These 
factors are expressed in Fick’s law of diffusion 


Figure 36-12. Florentine receiver. 


Figure 36-13. Receiver for light or heavy oils. 
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where S is the amount of substance diffused at time t, k is a 
permeability constant, A is the membrane area, h is the mem- 
brane thickness, dS/dt is the diffusion rate, C; is concentration 
on one side, and Cy is concentration on the other side of the 
membrane. 


Gel Filtration 


The chromatography of cephalosporins in gel filtration chroma- 
tography has been demonstrated and shown to be important in 
the separation of high-molecular-weight impurities. The impu- 
rities frequently are associated with allergic responses in pa- 
tients. This method has been demonstrated to serve as an 
excellent quality-control procedure for the impurities in ceph- 
alosporin preparations.” 

Different types of Sephadex gels were used for separation. 
The study investigated various reagents necessary to perform 
the separation in an ultimate purification of the compound. The 
results indicated that optimization was capable of being done to 
separate the impurities from the active compound. The nature 
of the mobile phase, the ionic type, pH value, and molarity were 
important for the optimization. 

A feasibility study of liposome separation that was under- 
taken to explore the use of size-exclusion chromatography, 
such as gel filtration of a large-scale process, demonstrated 
that it could separate liposomes from freeze-dried material in a 
chromosome preparation.° The chromatographic step was in- 
tended to improve the drug encapsulation by removing free 
(unincapsulated) drugs from external media. The selected sta- 
tionary phase was G-50 Sephadex. The model drug used in the 
study was orciprenaline sulfate. The technique was able to 
produce a suitable size exclusion that efficiently removed the 
free drug from the liposome preparation. 

In a study of liposomes loaded with calcitonin, it was nec- 
essary to observe the location of the protein to protect it from 
enzymatic digestion.’ The analysis of the liposome produced 
from this protein was extracted using suitable gel separation of 
the liposome mixture to ensure the location of the protein 
within the system. It established the stability and the ultimate 
formation of the liposome product. This ensured the appropri- 
ate loading of the protein within the liposome product. 

A process for purifying bovine pancreatic glucagon as a 
byproduct of insulin production was described.* The glucagon, 
containing supernatant from the alkaline crystalline crystalli- 
zation of insulin, was precipitated using ammonium sulfate 
and isoelectric precipitation. The precipitate containing gluca- 
gon then was purified by ion-exchange chromatography on 
Q-Sepharose FF gel filtration on Sephadex G-25 and ion- 
exchange chromatography on S-Sepharose FF. Successful 
yields were obtained using this technique, which was success- 
ful because of the gel filtration procedure. 

A report was presented on the characterization of adenosine 
receptors in porcine striatal membranes and their solubiliza- 
tion by detergent digitonin.? Once the drug was solubilized, the 
material was bound to sites after the removal of receptors from 
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the lipid environment. Gel filtration on Superdex 200 accom- 
plished the separation into appropriate molecular weights. 
Suitable purification was achieved by this means. 

In another report of the use of gel filtration, the expression 
and purification of human gamma-glutamylcysteine syn- 
thetase were studied.'° Specific proteins and polypeptides were 
isolated and their amounts characterized by the use of Super- 
dex 200 along with ATP-affinity resins. Cyclosporin A has 
potential for wide clinical use, limited only by the very narrow 
therapeutic index.'! Potentiation of its clinical efficacy is thus 
very desirable. Preliminary data had indicated that the mix- 
ture of cyclosporin A, with hyaluronate, could increase its effi- 
ciency. In this study, it was found that cyclosporin A could 
reduce the hypersensitivity in test animals when administered 
along with hyaluronate. To demonstrate the association of this 
mixture, gel filtration was required, which showed the protec- 
tion of the molecule from being bound to red blood cells. This 
association would improve the clinical response and was 
proven only by the use of gel filtration. 


Ultrafiltration 


A new type of membrane coating has been developed for 
osmotic delivery that offers significant advantages over 
membrane coatings used in conventional osmotic tablets.!” 
This coating has an asymmetric structure similar to the 
asymmetric membranes made for reverse osmosis membrane 
or ultrafiltration. The study demonstrated clearly how the 
porous membranes could work as a thin outer skin of a 
dosage form. The permeability of the coating to water can be 
controlled by the membrane structure, whose principles 
were derived from ultrafiltration principles. A porosimetric 
technique for verifying the integrity of virus-retentive mem- 
branes, which can be validated, has been studied.!* This 
integrity test of filtration processes was specifically designed 
for and is useful for post-use membrane integrity testing. 


Reverse Osmosis 


As reverse osmosis (Fig 36-14) is used it is necessary to evalu- 
ate which new composite reverse osmosis membranes were 
developed with significant improved performance over commer- 
cially available conventional composite membranes. The ESPA 
membrane chemistry provides a high flux at low operating 
pressure while maintaining a very good salt and organic rejec- 
tion. The membranes have been demonstrated to operate for 
several years. Appropriate transmission and field emission 
electron micrographs of the membrane demonstrated the struc- 
ture of the membrane skin layer is the reason for the improved 
performance. This surface charge of the various membranes 
was demonstrated qualitatively using zeta-potential measure- 
ments. The newer membranes had a low surface charge and 
operated at a low pressure. In an effort to further improve the 


PURE 
WATER 


SALINE 
WATER 


URE 


é 


(c) Reverse Osmosis 


(b) Osmosis 


(a) Initial Condition 


*xsemipermeable membrane 


Figure 36-14. Principles of reverse osmosis. 
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available reverse osmosis water-treatment membranes, other 
studies have been conducted over the past several years to 
evaluate specific ultra-low-pressure membranes. Very little in- 
formation was available to the industry. It is possible to design 
membranes with 30% increase in productivity over conven- 
tional membranes. These improvements are particularly im- 
portant to multistage systems for water purification. Recom- 
mendations have been made by many to improve the systems 
by using ultra-low-pressure membranes. 
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Powders are encountered in almost every aspect of pharmacy, 
both in industry and in practice. Drugs and other ingredients, 
when they occur in the solid state in the course of being pro- 
cessed into a dosage form, usually are in a more or less finely 
divided condition. Frequently, this is a powder whose state of 
subdivision is critical in determining its behavior both during 
processing and in the finished dosage form. Apart from their 
use in the manufacture of tablets, capsules, and suspensions, 
powders also occur as a pharmaceutical dosage form. Although 
the use of powders as a dosage form has declined, the proper- 
ties and behavior of finely divided solid materials are of con- 
siderable importance in pharmacy. 

This chapter is intended to provide an introduction to the 
fundamentals of powder mechanics and the primary means of 
powder production and handling. The relationships of the prin- 
ciples of powder behavior to powders as dosage forms are 
discussed. 


PRODUCTION METHODS 


Molecular Aggregation 


PRECIPITATION AND CRYSTALLIZATION 


The precipitation and crystallization processes are fundamen- 
tally similar and depend on achieving three conditions in suc- 
cession: a state of supersaturation (super cooling in the case of 
crystallization from a melt), formation of nuclei, and growth of 
crystals or amorphous particles. 

Supersaturation can be achieved by evaporation of solvent 
from a solution, cooling of the solution if the solute has a 
positive heat of solution, production of additional solute as a 
result of a chemical reaction, or a change in the solvent medium 
by addition of various soluble secondary substances. In the 
absence of seed crystals, significant supersaturation is required 
to initiate the crystallization process through formation of nu- 
clei. A nucleus is thought to consist of from 10 to a few hundred 
molecules having the spatial arrangement of the crystals that 
will be grown ultimately from them. 

Such small particles are shown by the Kelvin equation to be 
more soluble than large crystals; therefore, they require super- 
saturation, relative to large crystals, for their formation and 
subsequent growth. It is a gross oversimplification to assume 
that, for a concentration gradient of a given value, the rate of 


crystallization is the negative of the rate of dissolution. The 
latter is generally somewhat greater. 

Depending on the conditions of crystallization, it is possible 
to control or modify the nature of the crystals obtained. When 
polymorphs exist, careful temperature control and seeding 
with the desired crystal form are often necessary. The habit or 
shape of a given crystal form often highly depends on impuri- 
ties in solution, pH, rate of stirring, rate of cooling, and the 
solvent. Very rapid rates of crystallization can result in impu- 
rities being included in the crystals by entrapment. 


SPRAY-DRYING 


Atomization of a solution of one or more solids via a nozzle, 
spinning disk, or other device, followed by evaporation of the 
solvent from the droplets is termed spray-drying. The nature of 
the powder that results is a function of several variables, in- 
cluding the initial solute concentration, size distribution of 
droplets produced, and rate of solvent removal. The weight of a 
given particle is determined by the volume of the droplet from 
which it was derived and by the solute concentration. The 
particles produced are aggregates of primary particles consist- 
ing of crystals and/or amorphous solids, depending on the rate 
and conditions of solvent removal. This approach to the pow- 
dered state provides the opportunity to incorporate multiple 
solid substances into individual particles at a fixed composi- 
tion, independent of particle size, and avoiding difficulties that 
can arise in attempting to obtain a uniform mixture of several 
powdered ingredients by other procedures. 


Particle-Size Reduction 


Comminution in its broadest sense is the mechanical process of 
reducing the size of particles or aggregates. Thus, it embraces 
a wide variety of operations including cutting, chopping, crush- 
ing, grinding, milling, micronizing, and trituration, which de- 
pend primarily on the type of equipment employed. The selec- 
tion of equipment in turn is determined by the characteristics 
of the material, the initial particle size and the degree of size 
reduction desired. For example, very large particles may re- 
quire size reduction in stages simply because the equipment 
required to produce the final product will not accept the initial 
feed, as in crushing prior to grinding. In the case of vegetable 
and other fibrous material, size reduction generally must be, at 
least initially, accomplished by cutting or chopping. 

Chemical substances used in pharmaceuticals, in contrast, 
generally need not be subjected to either crushing or cutting 
operations prior to reduction to the required particle size. How- 
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ever, these materials do differ considerably in melting point, 
brittleness, hardness, and moisture content, all of which affect 
the ease of particle-size reduction and dictate the choice of 
equipment. The heat generated in mechanical grinding, in par- 
ticular, presents problems with materials that tend to liquefy 
or stick together and with the thermolabile products that may 
degrade unless the heat is dissipated by use of a flowing stream 
of water or air. The desired particle size, shape, and size dis- 
tribution also must be considered in the selection of grinding or 
milling equipment. For example, attrition mills tend to produce 
spheroidal, more free-flowing particles than do impact-type 
mills, which yield more irregular-shaped particles. 


FRACTURE MECHANICS 


Reduction of particle size through fracture requires application of 
mechanical stress to the material to be crushed or ground. Mate- 
rials respond to stress by yielding, with consequent generation of 
strain. Depending on the time course of strain as a function of 
applied stresses, materials can be classified according to their 
behavior over a continuous spectrum ranging from brittle to plas- 
tic. In the case of a totally brittle substance, complete rebound 
would occur on release of applied stress at stresses up to the yield 
point, where fracture would occur. In contrast, a totally plastic 
material would not rebound nor would it fracture. 

The vast majority of pharmaceutical solids lie somewhere 
between these extremes and thus possess both elastic and 
viscous properties. Linear and, to a lesser extent, nonlinear 
viscoelastic theory has been developed well to account for quan- 
titatively and explain the simultaneous elastic and viscous 
deformations produced in solids by applied stresses. 

The energy expended by comminution ultimately appears as 
surface energy associated with newly created particle surfaces, 
internal free energy associated with lattice changes, and as 
heat. Most of the energy expressed as heat is consumed in the 
viscoelastic deformation of particles, friction, and in imparting 
kinetic energy to particles. Energy is exchanged among these 
modes and some is, of course, effective in producing fracture. It 
has been estimated that 1% or less of the total mechanical 
energy used is associated with newly created surface or with 
crystal lattice imperfections. 

Although the grinding process has been described mathe- 
matically, the theory of grinding has not been developed to the 
point where the actual performance of the grinding equipment 
can be predicted quantitatively. However, three fundamental 
laws have been advanced: 


Kick’s Law—The work required to reduce the size of a given quantity 
of material is constant for the same reduction ratio regardless of the 
original size of the initial material. 

Rittinger’s Law—The work used for particulate size reduction is 
directly proportional to the new surface produced. 

Bond’s Law—The work used to reduce the particle size is proportional 
to the square root of the diameter of the particles produced. 


In general, however, these laws have been useful only in 
providing trends and qualitative information on the grinding 
process. Usually laboratory testing is required to evaluate the 
performance of particular equipment. A work index, developed 
from Bond’s Law, is a useful way of comparing the efficiency of 
milling operations.’ A grindability index, which has been de- 
veloped for a number of materials, also can be used to evaluate 
mill performance.” 

A number of other factors also must be considered in equip- 
ment selection. Abrasion or mill wear is an important factor in 
the grinding of hard materials, particularly in high-speed, 
close-clearance equipment (eg, hammer mills). In some in- 
stances mill wear may be so extensive as to lead to highly 
contaminated products and excessive maintenance costs that 
make the milling process uneconomical. Hardness of the ma- 
terial, which often is related to abrasiveness, also must be 
considered. This usually is measured on the Moh’s scale. 


Qualitatively, materials from 1 to 3 are considered as soft 
and from 8 to 10 as hard. Friability (ease of fracture) and 
fibrousness can be of equal importance in mill selection. Fi- 
brous materials, such as plant products, require a cutting or 
chopping action and usually cannot be reduced in size effec- 
tively by pressure or impact techniques. A moisture content 
above about 5% will in most instances also create a problem 
and can lead to agglomeration or even liquefaction of the milled 
material. Hydrates often will release their water of hydration 
under the influence of a high-temperature milling process and 
thus may require cooling or low-speed processing. 


METHODS AND EQUIPMENT 


When a narrow particle-size distribution with a minimum of 
fines is desired, closed-circuit milling is advantageous. This 
technique combines the milling equipment with some type of 
classifier (see Particle-Size Measurement and Classification). 
In the simplest arrangement, a screen is used to make the 
separation, and the oversize particles are returned to the mill 
on a continuous basis while the particles of the desired size 
pass through the screen and out of the grinding chamber. 
Over-milling, with its subsequent production of fines, thereby 
is minimized. Equipment also has been designed to combine 
the sieving and milling steps into a single operation (see 
Centrifugal-Impact Mills and Sieves). 

To avoid contamination or deterioration, the equipment 
used for pharmaceuticals should be fabricated of materials that 
are chemically and mechanically compatible with the sub- 
stance being processed. The equipment should be easy to 
disassemble for cleaning to prevent cross-contamination. 
Dust-free operation, durability, simplified construction, and 
operation and suitable feed and outlet capacities are additional 
considerations in equipment selection. 

Although there is no rigid classification of large-scale com- 
minution equipment, it generally is divided into three broad 
categories based on feed and product size: 


1. Coarse crushers (eg, jaw, gyratory, roll, and impact crushers). 

2. Intermediate grinders (eg, rotary cutters, disk, hammer, roller, and 
chaser mills). 

3. Fine grinding mills (eg, ball, rod, hammer, colloid, and fluid-energy 
mills; high-speed mechanical screen and centrifugal classifier). 


Machines in the first category are employed ordinarily 
where the size of the feed material is relatively large, ranging 
from 1'% to 60 inches in diameter. These are used most fre- 
quently in the mineral crushing industry and will not be con- 
sidered further. The machines in the second category are used 
for feed materials of relatively small size and provide products 
that fall between 20- and 200-mesh. Those in the third category 
produce particles, most of which will pass through a 200-mesh 
sieve, although often the particle size of the products from fine 
grinding mills is well into the micron range. 

The comminution effect of any given operation can be 
described mathematically in terms of a matrix whose ele- 
ments represent the probabilities of transformation of the 
various-size particles in the feed material to the particle 
sizes present in the output. The numerical values of the 
elements in the transition matrix can be determined exper- 
imentally and the matrix serves to characterize the mill. 
Matrices of this type are frequently a function of feed rate 
and feed particle-size distribution but are useful in predict- 
ing mill behavior. Multiplication of the appropriate commi- 
nution matrix with the feed-size distribution line-matrix 
yields the predicted output-size distribution. 


INTERMEDIATE AND FINE GRINDING MILLS 


The various types of comminuting equipment in this class 
generally employ one of three basic actions or, more commonly, 
a combination of these actions. 


1. Attrition. This involves breaking down of the material by a rubbing 
action between two surfaces. The procedure is particularly applica- 
ble to the grinding of fibrous materials where a tearing action is 
required to reduce the fibers to powder. 

2. Rolling. This uses a heavy rolling member to crush and pulverize 
the material. Theoretically, only a rolling-crushing type of action is 
involved, but in actual practice some slight attrition takes place 
between the face of the roller and the bed of the mill. 

3. Impact. This involves the operation of hammers (or bars) at high 
speeds. These strike the lumps of material and throw them against 
each other or against the walls of the containing chamber. The 
impact causes large particles to split apart, the action continuing 
until small particles of required size are produced. In some in- 
stances high-velocity air or centrifugal force may be used to gener- 
ate high-impact velocities. 


Roller Mills—Roller mills in their basic form consist of two 
rollers revolving in the same direction at different rates of 
speed. This principle, which provides particle-size reduction 
mainly through compression (crushing) and shear, has been 
applied to the development of a wide variety of roller mills. 
Some use multiple smooth rollers or corrugated, ribbed, or 
saw-toothed rollers to provide a cutting action. Most allow 
adjustment of the gap between rollers to control the particle 
size of the product. The roller mill is quite versatile and can be 
used to crush a variety of materials. 

An example of a pharmaceutical roller mill is the Crack-U- 
Lator, in which a series of ribbed rollers are adjusted to reduce 
sequentially the particle size of the product to produce the 
desired distribution. The design allows particles that are 
smaller than the gap between the rollers to pass to the next 
stage without unnecessary size reduction, thus reducing fines. 

Hammer Mills—Hammer mills consist of a rotating shaft on 
which are mounted either rigid or swing hammers (beaters). 
This unit is enclosed with a chamber containing a grid or 
removable screen through which the material must pass. On 
the upper part is the feed hopper. As the material enters the 
chamber, the rapidly rotating hammers strike against it and 
break it into smaller fragments. These are swept downward 
against the screen where they undergo additional hammering 
action until they are reduced to a size small enough to pass 
through the openings and out. Oversize particles are hurled 
upward into the chamber where they also undergo further 
blows by the revolving hammers. 

These mills operate at high speed and generally with con- 
trolled feed rate. Both impact and attrition provide the grind- 
ing action. Particle size is regulated by rotor speed, feed rate, 
type and number of hammers, clearance between hammers and 
chamber wall, and discharge openings. At a constant screen 
opening, the speed of the mill and the thickness of the screen 
will affect the particle size of the milled powder,’ as shown in 
Figure 37-1. The higher the speed, the steeper the approach 
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Figure 37-1. The influence of (a) mill speed and (b) screen thickness 
on particle size at a constant screen-opening size.* 
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Figure 37-2. EZ-Clean FitzMill Comminutor (courtesy, Fitzpatrick). 


angle of the particle to the screen hole. Thus, for any screen size 
opening, the higher the blade speed, the smaller the particle 
obtained. Increasing the screen thickness will have a similar 
effect. In general flat-edged blades are most effective for pul- 
verizing, while sharp-edged blades will act to chop or cut fi- 
brous materials. 

The FitzMill Comminutor (Fig 37-2) is an example of this 
type of mill. It can be used in either the hammer or knife-blade 
configuration and can be fitted with a wide range of screen sizes 
to fulfill a variety of milling specifications. 

A wide range of particle sizes down to the micron size can be 
produced by these mills. The particle shape, however, is gen- 
erally sharper and more irregular than that produced by com- 
pression methods. When very fine particles are desired, ham- 
mer mills can be operated in conjunction with an air classifier. 
Under such conditions a narrower particle-size distribution 
and lower grinding temperatures are obtained. Fine pulveriz- 
ing of plastic material can be accomplished in these mills by 
embrittlement with liquid N., or CO, or by jacketing the grind- 
ing chamber. 

Centrifugal-Impact Mills and Sieves—Centrifugal-impact 
mills and sieves are useful to minimize the production of fine 
particles, because their design combines sieving and milling 
into a single operation. The mill consists of a nonrotating bar 
or stator that is fixed within a rotating sieve basket. The 
particles that are smaller than the hole size of the sieve can 
pass through the mill without comminution; however, the 
particles or agglomerates larger than the hole size are di- 
rected by centrifugal force to impact with the stator. The 
sieve baskets also can be constructed to have a cutting edge 
that can aid in particle-size reduction without impact with 
the stator. The Quick Sieve (Fig 37-3), Turbo Sieve and 
CoMill are examples of this type of mill. 

Cutter Mills—Cutter mills are useful in reducing the parti- 
cle size of fibrous material and act by a combined cutting and 
shearing action. They consist of a horizontal rotor into which is 
set a series of knives or blades. This rotor turns within a 
housing, and into it are set stationary bed knives. The feed is 
from the top and a perforated plate or screen is set into the 
bottom of the housing through which the finished product is 


684 CHAPTER 37 


Figure 37-3. Quick Sieve (courtesy, Glatt Air). 


discharged. The particle size and shape is determined by the 
plate size, gap between rotor and bed knives, and size of the 
openings. A number of rotor styles are available to provide 
different particle shapes and sizes, though cutter mills are 
normally not designed to produce particles finer than 80- to 
100-mesh. 

Attrition Mills—Attrition mills make use of two stone or 
steel grinding plates, one or both of which revolve to provide 
grinding mainly through attrition. These mills are most suit- 
able for friable or medium-hard, free-flowing material. 

A double-runner attrition mill is an example of a mill that 
uses two rotating disks revolving in opposite directions. The 
particle-size reduction is controlled by varying the speed at 
which the disks revolve, the space between the disks and the 
size and number of ridges and indentations in the face of the 
disks. By appropriate combination with a classifier, particle 
sizes ranging from 10-mesh to 20 um can be obtained by these 
attrition mills. 

Chaser Mills—Chaser mills are so called because two heavy 
granite stones, or chasers, mounted vertically like wheels and 
connected by a short horizontal shaft, are made to revolve or 
chase each other upon a granite base surrounded by a curb. 
Revolution of the chasers produces an upward current of air; 
this carries over the lighter particles, which fall outside the 
curb and subsequently are collected as a fine powder. 

Pebble or Ball Mills—Pebble or ball mills, sometimes called 
pot mills or jar mills, are operated on the principle of attrition 
and impact. The grinding is effected by placing the substance in 
jars or cylindrical vessels that are lined with porcelain or a 
similar hard substance and containing pebbles or balls of flint, 


porcelain, steel, or stainless steel. These cylindrical vessels 
revolve horizontally on their long axis and the tumbling of the 
pebbles or balls over one another and against the sides of the 
cylinder produces pulverization with a minimum loss of mate- 
rial. Ball-milling is a relatively slow process and generally 
requires many hours to produce material of suitable fineness. 
To keep the grinding time within reasonable limits, coarse 
material (>10-mesh) should be preground before introduction 
into a ball mill. Figure 37-4 shows a sectional view of a single 
jar mill. Rod mills are a modification in which rods about 3 
inches shorter than the length of the mill are used in place of 
balls. This results in a lower production of fines and a some- 
what more granular product. 

Vibrating Ball Mills—Vibrating ball mills, which also com- 
bine attrition and impact, consist of a mill shell containing a 
charge of balls similar to rotating ball mills. However, in this 
case the shell is vibrated at some suitable frequency, rather 
than rotated. These mills offer the advantage of being free of 
rotating parts, and thus can be integrated readily into a par- 
ticle classifying system or other ancillary equipment. Further- 
more, there have been several studies that have demonstrated 
that the vibrating ball mill will grind at rates often as high as 
20 to 30 times that of the conventional tumbling mill and offer 
a higher order of grinding rate and efficiency than other pre- 
vailing milling procedures. 

Fluid-Energy Mills—Fluid-energy mills are used for pul- 
verizing and classifying extremely small particles of many 
materials. The mills have no moving parts, grinding being 
achieved by subjecting the solid material to streams of high- 
velocity elastic fluids, usually air, steam, or an inert gas. The 
material to be pulverized is swept into violent turbulence by 
the sonic and supersonic velocity of the streams. The parti- 
cles are accelerated to relatively high speeds; when they 
collide with each other, the impact causes violent fracture of 
the particles. 

One type of fluid-energy mill is shown in Figure 37-5. The 
elastic grinding fluid is introduced through nozzles in the lower 
portion of the mill under pressures ranging from 25 to 300 psi. 
In this way, a rapidly circulating flow of gas is generated in the 
hollow, doughnut-shaped mill. A Venturi feeder introduces the 
coarse material into the mill and the particles enter into the jet 
stream of rapidly moving gas. The raw material is pulverized 
quickly by mutual impact in the reduction chamber. As the fine 
particles form, they are carried upward in the track. Particles 
are ground simultaneously and classified in this process. The 
smaller particles are entrapped by the drag of gas leaving the 
mill and are carried out to a collecting chamber or bag. Cen- 
trifugal force at the top of the chamber stratifies the larger, 
heavy particles and their greater momentum carries them 
downward and back to the grinding chamber. 


Figure 37-4. Single jar mill. 
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Figure 37-5. The Jet-O-Mizer fluid energy mill (courtesy, Fluid 
Energy). 


A major advantage of the fluid-energy mill is that the cool- 
ing effect of the grinding fluid as it expands in the grinding 
chamber more than compensates for the moderate heat gener- 
ated during the grinding process. Another advantage is the 
rather narrow range of particle sizes produced. When precise 
control of particle size is an important factor, the fluid-energy 
mill produces very narrow ranges of particles with minimum 
effort. 

One major disadvantage is the necessity of controlling the 
feeding of the coarse, raw material into the jet stream. Often, 
the feeding device becomes clogged by a clump of material, and 
special feeding devices must be built to produce a uniform rate 
of feed. 

Centrifugal-Impact Pulverizers—Centrifugal-impact pul- 
verizers also have been found to be effective for the reduction of 
the particle size of a wide variety of materials ranging from 
very soft, organic chemicals to hard, abrasive minerals. In 
addition, this type of mill is suited well for the size reduction of 
heat-sensitive substances. Basically, in these pulverizers, the 
material is fed into the center of a spinning rotor that applies 
a high centrifugal force to the particles. The material, thus 
accelerated, moves toward the impactor set at the periphery of 
the rotor. On striking these impactors the material is hurled 
against the outer casing where final reduction is achieved. 
Processed material is removed from the bottom of the conical 
discharge hopper (Fig 37-6). Particle-size reduction in the 
range of 10- to 325-mesh can be obtained with this type of mill 
with a minimum of fines. 


PARTICLE-SIZE MEASUREMENT 
AND CLASSIFICATION 


Size and Distribution 


STATISTICAL PARAMETERS 


Monodisperse systems of particles of regular shape, such as 
perfect cubes or spheres, can be described completely by a 
single parameter: the length of a side or diameter. However, 


POWDERS 685 


Figure 37-6. CentriMil, a centrifugal-impact mill, available in mod- 
els ranging from 2 to 250 hp. A. Spinning roto. B. Rotor hub disks. C. 
Impacters (courtesy, Entoleter). 


when either nonuniform size distributions or anisometric 
shapes exist, any single parameter is incapable of totally 
defining the powder. Measurements must be made over the 
total range of sizes present. Statistical diameters, for example, 
are useful measures of central size tendency and are computed 
from some measured property that is a function of size 
and related to a linear dimension. For irregular particles 
the assigned size will depend strongly on the method of 
measurement. 

Once a method of assignment of numerical value for the 
diameter, surface area or other parameter has been estab- 
lished, the average value computed for the parameter depends 
on the weighting given the various sizes. Mean particle diam- 
eter is the most important single statistical parameter because, 
if the proper diameter is chosen, the various other parameters 
of interest such as specific surface area, number, mean particle 
weight often may be calculated. Thus, the choice of the mean 
diameter to be measured or calculated is based on its intended 
use. For example, specific surface area, which may control drug 
dissolution, frequently can be related to the root-mean square 
diameter. Depending on the method of measurement, various 
diameters are obtained; these will be discussed later. The par- 
ticle diameters most commonly used are listed in Table 37-1. 


SIZE DISTRIBUTIONS 
As has been pointed out, size distributions are often complex 


and no single particle-size parameter is sufficient to character- 
ize or permit prediction of the many bulk properties of phar- 


Table 37-1. Definition of Statistical Diameters’ 


TYPE OF MEAN STATISTICAL 

DIAMETER DEFINITION DESCRIPTION 

Arithmetic Ynd/=rn Mean diameter weighted 
by number 

Diameter moment Ynd?/Snd Mean diameter weighted 
by particle diameter 

Surface moment >Ynd?/Snd? Mean diameter weighted 
by particle surface 

Volume moment Ynd*/Snd? Mean diameter weighted 


by particle volume 
(Snd?/Sn) V2 Root mean square 


(Sna?/Sn) 


? When grouped data are used, n is the number of particles in a size interval 
characterized by a diameter, d. 


Surface 
Volume 
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Figure 37-7. Symmetrical particle-size distribution curve. 


maceutical interest, such as flow characteristics, packing 
densities, compressibility, or segregation tendencies. Thus, 
descriptions beyond the central tendency provided by the var- 
ious mean diameters are needed. These generally take the form 
of equations or charts that describe in detail the distribution of 
particle size. In measuring particle size it is important first to 
select the parameter that is related to the ultimate use of the 
product, and then select the method that will measure this 
parameter. 

Certainly, more useful information would be gained if the 
particle size of a powder used in a suspension were determined 
by sedimentation rather than by microscopy, or if the total 
surface area of the particles were the critical factor (as in use as 
an adsorbant) by the more useful method of permeability or gas 
adsorption. 

Particles can be classified by determining the number of 
particles in successive size ranges. The distribution can be 
represented by a bar graph or histogram (Fig 37-7), where the 
widths of the bars represent the size range and the heights 
represent the frequency of occurrence in each range. A smooth 
curve drawn through the midpoints of the tops of the bars in 
this case results in a normal probability size-distribution curve. 
A line drawn through the center of the curve to the abscissa 
divides the area into two equal parts and represents the mean 
value. Because a number of other symmetrical distributions 
could have this same midpoint, a term to describe the scatter 
about the mean value is needed. Standard deviation (the root- 
mean square deviation about the mean) serves to define the 
spread of the curve on either side of the midpoint. 

Most particulate material cannot, however, be described by 
a normal distribution curve. The resultant curves are usually 
skewed as shown in Figure 37-8, making mathematical analy- 
sis complex. In a skewed size distribution, the mean value is 
affected by very large or very small values. In these cases, the 
median (ie, the central value of a series of observations) is a 
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Figure 37-8. Skewed particle-size distribution curve. 


more useful average. In a symmetrical distribution the mean 
and the median values are the same. Most asymmetrical size 
distribution curves relating.to powders can be converted into 
symmetrical curves by using the logarithm of the size—the log 
normal distribution curve. The symmetrical shape of the latter 
curve allows for simplified mathematical analysis. 

Cumulative plots are also useful for particle-size distribu- 
tion analysis. Here, the cumulative percent of the particles that 
are finer (or larger) than a given size is plotted against the size. 
By use of logarithmic-probability paper, the median size (geo- 
metric mean) and standard deviation (geometric standard de- 
viation) can be obtained readily by graphical solution. The 
median is the 50% size and the standard deviation is the 
slope of the line and equal to the ratio 50% size/15.87% size 
(Fig 37-9). 


Size Measurement 


Frequently, particle-size measurements are made in conjunc- 
tion with separation of the powder into fractions on the basis of 
size. Methods that lead primarily to size distribution analysis 
only are discussed first, followed by methods in which classifi- 
cation by size is a central feature. 

The basic processes employed for measurement, classifica- 
tion, or fractionation of fine solid particles involve direct and 
indirect techniques. Direct methods measure the actual dimen- 
sions of the particle by use of a calibration scale, as in micros- 
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Figure 37-9. Log probability plot of particle size versus cumulative 
weight % frequency oversize. 


copy and sieving. Indirect measurements make use of some 
characteristic of the particle that can be related to particle 
size, such as sedimentation rates, permeability, and optical 
properties. 


MICROSCOPY 


Microscopic techniques have been classified as one of the most 
accurate of direct methods. Here, particles are sized directly 
and individually, rather than being grouped statistically by 
some other means of classification. The linear measurement of 
particles is made by comparison with a calibrated scale usually 
incorporated into the microscope. For spherical particles the 
size is defined by the measurement of the diameter. However, 
for other-shaped particles some other single size designation is 
generally used, such as the diameter of a sphere with the same 
projected area as the nonspheroidal particle being measured. 
Other characteristic diameters based on various aspects of the 
projected particle outline as seen through the microscope also 
have been reported in the literature to describe nonspheroidal 
particles. 

The method is rather tedious and other limitations are 
found in the techniques required for preparation of the slides 
and in the maximum resolution that sets the lower limits of 
particle size measurement using visible light. White light can 
resolve particles within the range of 0.2 to 100 um. This lower 
limit can be decreased to about 0.1 xm by the use of ultraviolet 
light and to about 0.01 um by the use of the ultramicroscope. 
The electron microscope finds its greatest usefulness in 
particle-size measurements in the range of 0.200 to 0.001 um. 

Although microscopic methods for particle size determina- 
tion are time consuming, tedious, and generally require more 
skill than some of the other techniques, they offer a number 
of advantages. They supply information about the shape 
and thickness that cannot be obtained by other methods 
and, in addition, supply a permanent record through use of 
photomicrographs. 

A variety of semiautomated procedures have been developed 
to reduce the fatigue and tedium associated with manual 
counting of particles. These are represented by instruments 
such as the Imanco Quantimet 720 and the MC System (Mil- 
lipore), which scan the powder image in a manner similar to a 
TV scanner. The signal obtained is analyzed by a pulse-height 
analyzer and expressed as a particle-size distribution. 


ADSORPTION OF GASES 


Adsorption of a solute from solution or of a gas at low temper- 
atures onto powdered material serves as a measure of the 
particle surface area, generally reported as specific surface 
(area/unit mass). Common adsorption techniques use the ad- 
sorption of nitrogen and krypton at low temperatures. The 
volume of the gas adsorbed by a powdered sample is deter- 
mined as a function of gas pressure, and an appropriate plot is 
prepared. The point at which a monomolecular layer of adsor- 
bate occurs is estimated from the discontinuity that shows in 
the curve. The specific surface area then can be calculated from 
a knowledge of the volume of gas required to achieve this 
monolayer, and the area/molecule occupied by the gas, its mo- 
lecular weight and density. Frequently, more complex expres- 
sions such as the Brunauer, Emmett, and Teller (BET) equa- 
tion must be used to describe the surface adsorption of some 
materials and determine the volume of gas required to produce 
an adsorbed monolayer. The surface properties of a number of 
pharmaceuticals have been investigated by this technique. 


PERMEABILITY 


When a gas or liquid is allowed to flow through a powdered 
material, the resistance to this flow is a function of such factors 
as specific surface of the powder, area of the bed, pore space, 
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pressure drop across the bed, and viscosity of the fluid. This 
resistance can be described and the specific surface calculated 
by the Kozeny—Carmen equation, which relates these factors. 
This method, although it does not provide a size distribution 
analysis, offers a rapid and convenient means of size estima- 
tion that is useful for some industrial operations. 

Instruments that measure the rate of flow of a gas through 
a powder bed under controlled pressure differential are avail- 
able commercially. The Sub-Sieve Sizer (Fisher) permits the 
reading of average particle size directly. The Blaine Permeame- 
ter (produced by Frecision Scientific) uses the principle of filling 
the void spaces in a powder with mercury and then weighing it. 
The void fraction is calculated from the known density of mer- 
cury at different temperatures. 

The calculations involved in permeability techniques are 
often complicated and yield only an average size of particles. In 
measuring particles in the subsieve ranges, rather large devi- 
ations may be encountered. With larger mesh sizes, some good 
agreement is found between the results obtained by techniques 
employing permeability and microscopy, particularly if the 
powders are made up of spherical or near-spherical particles. 


IMPACTION AND INERTIAL TECHNIQUES 


The laws that govern the trajectories of particles in fluid 
streams are used in several methods of particle-size measure- 
ment. Impaction devices are based on the dynamics of deposi- 
tion of fine particles in a moving air stream when directed past 
obstacles of defined geometric form, or when forced from a jet 
device onto a plane surface. 

The cascade impactor, described by Pilcher and co-workers,* 
forces particle laden air at a very high speed and fixed rate 
through a series of jets (each smaller than the preceding one) 
onto glass slides; impaction takes place in a series of stages. 
The velocities of the air stream and the particles suspended in 
it are increased as they advance through the impactor. As a 
result, the particles are classified by impaction on the different 
slides, with the larger particles on the top slides and the 
smaller ones on the downstream slides. Figure 37-10 illustrates 
the principle of the cascade impactor. The exact size of im- 
pacted particles on each slide subsequently must be deter- 
mined. Size analyses may be obtained directly by theoretical 
treatment or prior calibration of the instrument. 

Tillotson® described an instrument based on inertial princi- 
ples similar to those of the cascade impactor. This instrument 
may be adapted for automatic readout of size distribution by 
means of light-scattering techniques and electronic counters. 
The method is claimed to provide complete particle-size distri- 
bution data in a few minutes. 


AUTOMATIC PARTICLE-SIZE COUNTERS 


The Coulter Counter, HIAC Counter, and Gelman Automatic 
Particle Counter represent three examples of automatic count- 
ing equipment. 

The Coulter Counter will determine the particle volume 
distribution of material suspended in an electrolyte-containing 
solution. A table of size ranges of several methods compared 
with the Coulter principle is shown in Figure 37-11. The 
principle underlying use of this instrument is described on 
page 553. 

The HIAC Counter measures the size distribution of parti- 
cles suspended in either liquids or gases. The standard models 
will measure sizes from 2 to 2500 um at pressures up to 3000 
psi. Basically, in this instrument the particles pass a window, 
one by one. As each particle passes, depending on its size it 
interrupts some portion of a light beam. This causes an instan- 
taneous reduction in the voltage from a photodetector that is 
proportional to the size of the particle. Several counting circuits 
with preset thresholds tally the particles by size. 
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Figure 37-10. The principle of the cascade impactor.? 


The Gelman Counter uses the principles of light-scattering 
to count particles in the air in the range of 0.5 wm and larger. 


Size Classification 


SIEVING 


Sieving is one of the simplest and probably most frequently 
used methods for determining particle-size distribution. The 
technique basically involves size classification followed by the 
determination of the weight of each fraction. 

In this technique, particles of a powder mass are placed on 
a screen made up of uniform apertures. By the application of 
some type of motion to the screen, the particles smaller than 
the apertures are made to pass through. The sieve motion 
generally is either (1) horizontal, which tends to loosen the 
packing of the particles in contact with the screen surface, 
permitting the entrapped subsieve particles to pass through, or 
(2) vertical, which serves to agitate and mix the particles as 
well as to bring more of the subsieve particles to the screen 
surface. 

One major difficulty associated with this method is the 
production of screens with uniform apertures, particularly in 
the very fine mesh sizes. As a result the practical lower limit for 
woven-wire mesh screens is about 43 zm (325-mesh). However, 
with the introduction of electroformed screens, sieves capable 
of analyzing particles in the 5-um range are now available. In 
addition, “blinding” of the openings by oversized or irregular 
particles and inefficient presentation of the particles to the 
screen surface are problems associated with this technique. 
The use of horizontal and vertical screening motions, air jets, 
sudden periodic reversal of the sieve motion, and continuous 
cycling all have been used in an attempt to eliminate these 
problems. 


For continuous operations, the screens are attached to me- 
chanical or electromagnetic devices that supply the energy 
required to shake the particles through the openings in the 
screen and also to prevent accumulation of fines within the 
openings, as this tends to clog them and slow down the opera- 
tion. The use of an electromagnetic instead of mechanical drive 
provides a more gentle sieving action with a resultant decrease 
in sieve wear, blinding, and machine noise. Sieves may be used 
either in a sequence of sizes through which the material must 
pass or singly in the required size. 

This apparatus is useful in obtaining size-analysis data 
under controlled conditions. The sample is placed in the top of 
the nest of standard sieves arranged in a descending order. The 
length of time and force of vibration to which the sample is 
subjected may be preset by variable time and voltage controls. 
The controlled vibration causes the powder particles to pass 
through the sieves, each fraction coming to rest in the sieve 
through which it cannot pass. For the purpose of analysis, the 
weight of each fraction is determined and the percentage 
calculated. 

The Sonic Sifter (Allen-Bradley and ATM) is a laboratory 
sifter that uses sonic oscillation to classify particles. A mechan- 
ical pulse action is used to reduce blinding and agglomeration 
in the subsieve sizes. This combination of sonic and mechanical 
agitation permits dry sifting down to 5 um. US Standard Sieves 
are available for this unit from 3¥2- to 400-mesh and in preci- 
sion electroformed mesh sizes from 150 to 5 wm. 

Industrial-size mechanical sieves are varied in design and 
capacity, and include the gyratory, circular rotatory, vibrating, 
shaking, and revolving sifters. In gyratory sifters, the motion is 
in a single horizontal plane, but may vary from circular to 
reciprocal from the feed to the discharge end. The circular sifter 
also confines the screen motion to a horizontal plane, but in this 
case the total motion applied to the sieve is circular. The 
material enters the top of a gyratory sifter and spreads over the 
first sieve. Some of the finer particles drop through and are 
discharged into the throughs channel. The remaining powder 
moves to the next sieve in order, the process is repeated until 
complete separation is accomplished (Fig 37-12). 

In centrifugal screening, the material is pushed through a 
spinning vertical wire cloth cylinder. Sharp cuts in particle size 
can be obtained with this type of equipment. Downward air 
flow, instead of shaking and tapping, has been used to move the 
particles through the screen openings; alternating with a re- 
verse air flow serves to prevent blinding, particularly with 
fine-mesh sieves. 


WET SCREENING 


The addition of water sometimes is employed to dissolve out 
any unwanted binders, remove fines or surface contamination, 
and to reduce surface forces—particularly in micromesh 
sieves—that oppose the flow of particles through the sieve. 
Particles that tend to agglomerate or react with oxygen or 
moisture and thus cannot be dry-sieved often can be handled by 
wet-sieving. Particles in the 6- to 150-um range have been 
classified with good precision using electroformed sieves. Some 


NAAN 
oulter rinci es Sy 
RS NSS 


eee ° oer a ot paneer pies 1 ee 1000 ase 
iR Light Waves Limit of Visibility lem 
Moms Colloids \ SYS 
one X XS 


Sit) SET 


. NS WSS 
AC centeituge S WW Sedimentation SS SASS 
SEES SM MQ GSS SEAS SS 


Figure 37-11. Size range of Coulter method compared with cover- 
age of sieve, sedimentation, and microscopic methods, and overlap 
of electron microscope and centrifuge ranges (courtesy, Coulter). 


Figure 37-12. Gyratory sifter (courtesy, Sprout Waldron). 


hydrophobic substances that resist wetting by water may be 
wet screened by the use of organic liquids such as petroleum 
ether, acetone, or alcohol. Wet screening may be accomplished 
by spraying both the screen surface and the material as it is fed 
onto the screen or by feeding a slurry of material directly onto 
the screen. 


SCREENING SURFACES 


A number of factors must be considered in selecting screening 
surfaces. Primary consideration is given to the size and shape 
of the aperture opening, the selection of which is determined by 
the particle size that is to be separated. Screens commonly used 
in pharmaceutical processing include woven wire screens, bolt- 
ing cloth, closely spaced bars, and punched plates. Punched 
plates are used for coarse sizing; their holes may be round, oval, 
square, or rectangular. The plates must be sturdy and with 
stand rough service. Sizes in common use range upward from 
Y inch. 

Most screening, however, is accomplished with woven-wire 
screens ranging in size from those with 400 openings/inch to 
screens with 4-inch square openings or larger. There are nu- 
merous types of woven wire screens, including plain, twilled, 
and braided weave. An example of the plain and twilled weave 
is shown in Figures 37-13 and 37-14. 

In the US, the two common standards are the Tyler Stan- 
dard and US Standard sieves. In both these series the sieve 
number refers to the number of openings per linear inch. For 
most purposes, screens from the two series are interchange- 
able, though in a few instances the number designations are 
different. Because these numbers do not define the size of the 
openings, the Bureau of Standards has established specifica- 


POWDERS 689 


Figure 37-13. Plain weave screen. 


tions for Standard Sieves, as given in Table 37-2. These spec- 
ifications also establish tolerances for the evenness of weaving, 
as irregularities from careless weaving might permit much 
larger particles to pass the sieve than would be indicated. The 
standard sieves used for pharmaceutical testing are of wire 
cloth. 


SEDIMENTATION 


The sedimentation method employs the settling of particles 
in a liquid of a relatively low density, under the influence 
of a gravitational or centrifugal field. In free settling (ie, no 
particle-particle interference), the particles are supported by 
hydraulic forces and their fall can be described by Stokes’ law. 
However, in most real situations, particle—particle interfer- 
ence, nonuniformity, and turbulence are all present, resulting 
in more complex settling patterns. The Andreason pipet, which 
is based on sampling near the bottom of a glass sedimenta- 
tion chamber, is perhaps the best known of the early instru- 
ments. With centrifugation, entrainment of particles in the 
currents produced by other particles also may interfere with 
fractionation. 

Gravitational settling chambers often are used for large- 
scale separation of relatively coarse particles in the range of 
100 wm. Centrifugal devices are useful for the separation of 
much smaller particles (5 to 10 um). 

Sedimentation balances are available that provide a means 
of directly weighing particles at selected time intervals as they 
fall in a liquid system. For continuous observations, automatic 
recording balances also are available. A commercially available 


Figure 37-14. Twilled weave screen. 
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Table 37-2. Nominal Dimensions of Standard Sieves 
SIEVE OPENING 


PERMISSIBLE VARIATION IN 


PERMISSIBLE VARIATION IN WIRE DIAMETER, 


NO mm am AVERAGE OPENING, % MAXIMUM OPENING, % mm 
2 952 9520 +3 +5 2.11to 2259 
4 4.76 4760 =o +10 1.14 to 1.68 
8 2.38 2380 33 +10 0.74 to 1.10 
10 2.00 2000 +3 +10 0.68 to 1.00 
20 0.84 840 a5 StllD 0.38 to 0.55 
30 0.59 590 at ar tS 0.29 to 0.42 
40 0.42 420 a5 =e) 0.23 to 0.33 
50 07297 297 zie APCS 0.170 to 0.253 
60 0.250 250 #5 CAS) 0.149 to 0.220 
70 0.210 210 ge5 ahs) 0.130 to 0.187 
80 0.177 U7 £6 +40 0.114 to 0.154 
100 0.149 149 +6 +40 0.096 to 0.125 
120 0.125 125 6 +40 0.079 to 0.103 
200 0.074 74 Ey +60 0.045 to 0.061 


instrument called a Micromerograph uses the principle of sed- 
imentation in an air column. This instrument and others re- 
lated to it in principle offer more rapid determinations than 
those that use a liquid medium. There are, however, serious 
uncertainties in the method that must be taken into consider- 
ation. Deviations from Stokes’ law and impaction of particles 
against the inner wall of the settling chamber are sources of 
possible error. ] 

The Carey and Stairmand photosedimentometer photo- 
graphs the tracks of particles as they fall in a dispersion me- 
dium. The size determination is derived from the length of 
the photographic track, which is an indication of the distance 
traveled by the particles, and the time of exposure of the 
photograph. 


ELUTRIATION 


In elutriation, the particles are suspended in a moving fluid, 
generally water or air. In vertical elutriation at any particular 
velocity of the fluid, particles of a given size will move upwards 
with the fluid, while larger particles will settle out under the 
influence of gravity. In horizontal elutriation a stream of sus- 
pended particles is passed over a settling chamber. Particles that 
leave the stream are collected in the bottom of the chamber. 
Normally, for all elutriation techniques, both undersize and over- 
size particles appear in each fraction and recycling is required if a 
clean cut is desired. By varying the fluid velocities stepwise, the 
sample may be separated into fractions. The amount in each 
fraction then can be determined and the size limits calculated by 
the use of the Stokes’ equation or measured directly by micros- 
copy. Air elutriation usually will give a sharper fractionation in a 
shorter time than will water elutriation. 

Centrifugal elutriation is basically the same process, except 
in this case the fluid stream is caused to spin so as to impart a 
high centrifugal force to the suspended particles. Those parti- 
cles that are too large to follow the direction of flow separate 
out on the walls or bottom of the elutriator or cyclone. The finer 
particles escape with the discharge stream. Separation down to 
about 0.5 wm can be achieved with some centrifugal classifiers. 

The DorrClone (Dorr-Oliver) (Fig 37-15) is an example of a 
centrifugal-type classifier. The feed enters tangentially into the 
upper section. Centrifugal forces in the vortex throw the 
coarser particles to the wall where they collect and then drop 
down and out of the unit. The fine particles move to the inner 
spiral of the vortex and are displaced upward and finally out of 
the top of the unit. 

Inertial elutriators, which use an abrupt change in direction 
of the fluid stream to produce separation, are effective down to 
about 200-mesh. However, as with other elutriators, a clean cut 
usually cannot be obtained without recycling. 

Felvation is a unique process that combines elutriation and 
sieving along with a varying fluid flow rate and a turbulent 


fluidized bed to achieve particle separation. The particles are 
fluidized within the felvation column. With a gradual increase 
of the fluid flow rate, the very fine particles are brought up to 
and then through a sieve surface set into the upper section of 
the column. These fines are filtered subsequently out of the 
fluid stream. A further increase in the fluid flow rate causes 
larger and larger particles to move through the sieve. The final 
stage is reached when particles just larger than the sieve 
aperture are elutriated up to the sieve. 

Because of the way in which the particles are presented to 
the sieve, very little blinding of the openings occur. Further- 
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Figure 37-15. DorrClone, a hydrocentrifugal classifier (courtesy, 
Dorr-Oliver). 


more, because the sieve need only serve as a go/no-go gauge and 
not as a supporting surface for the powder, a relatively small 
sieve surface is required. Thus, the more-uniform but more- 
expensive electroform sieves, even down to a 10-um size, can be 
used in this process. 


MISCELLANEOUS METHODS 


Numerous other methods have been applied to particle-size 
determination, including X-ray and electron diffraction, ultra- 
sound, flotation, and electrostatic, magnetic, and dielectro- 
phoretic methods. These techniques either are used principally 
as research tools or are industrial-scale methods of use outside 
the pharmaceutical industry. Detailed descriptions of their 
principles of operation and their applications can be found in 
the Bibliography. 


SOLIDS HANDLING 


Packing and Bulk Properties 


BULK DENSITY; ANGLES OF REPOSE 


Systems of particulate solids are the most complex physical 
systems encountered in pharmacy. No two particles in a pow- 
der are identical and the nature of momentum and energy 
exchange between particles defies description except in the 
most idealized and approximate terms. Bulk properties of pow- 
ders are determined in part by the chemical and physical 
properties of their component solids and in part by the manner 
in which the various components interact. These interactions 
in turn frequently depend on the past history of the powder bed 
as well as on the ambient conditions. 

The static properties of a particulate bed depend on parti- 
cle—particle interactions and, in particular, on the way in which 
applied stresses are distributed through the bed. The number 
of contacts between particles and, hence, the average number 
of interparticulate contact points per particle increases as bed- 
packing increases. Packing may be expressed in terms of po- 
rosity, percent voids, or fraction of solids by volume. Packings 
for regular arrangements of uniform spheres can be calculated 
and range in fractional solids from 0.53 for cubic to 0.74 for 
tetrahedral lattices. Powders composed of irregular-shaped 
particles in a distribution of sizes can pack to fractional densi- 
ties approaching unity. 

The manner in which stresses are transmitted through a 
bed and the bed’s response to applied stress are reflected in the 
various angles of friction and repose. The most commonly used 
of these is the angle of repose, which may be determined ex- 
perimentally by a number of methods, with slightly differing 
results. The typical method is to pour the powder in a conical 
heap on a level, flat surface and measure the included angle 
with the horizontal. Angles of repose range from 23° for smooth 
uniform glass beads to 64° for granular limestone. Cohesive 
materials frequently behave in an anomalous manner, yielding 
values in excess of 90°. 

The angle of internal friction is a measure of internal stress 
distributions and is the angle at which an applied stress diverges 
as it passes through the bed. This angle together with the angle of 
slide are useful parameters in the design of storage/discharge 
bins. The latter angle is defined as the least slope at which a 
powder will slide down an inclined plane surface. Various other 
angles are in lesser use and will not be discussed here. 


STATICS 


Powders at rest experience stresses that vary with location 
throughout their volume and arise from pressures exerted by 


POWDERS 691 


the container as well as from the weight of the bed above. Each 
point within the bed experiences both normal and shear 
stresses in general. Normal stresses may be either tensile or 
compressive. The powder bed will remain motionless and no 
flow will occur unless the normal and/or the shear strength is 
exceeded at some point within the bed. In general, the yield 
strengths, both normal and shear, are functions of the normal 
and shear stresses at the point of interest and depend upon the 
orientation of the axes of reference and the nature of the 
powder itself. It is apparent that to understand powder flow it 
is necessary to understand the conditions under which bed 
failure occurs and powder flow is initiated and sustained. 

Consider the stresses that are applied to the faces of a small 
cube that is centered about a point chosen at random within a 
powder bed. Normal stresses are designated o,, where the 
subscript indicates the axis normal to the face and shear 
stresses are designated 7,;,, where the first subscript indicates 
the face and the second indicates the direction of the applied 
force. If the cube has an edge length, L, which is not infinites- 
imal, and if a stress gradient exists within the region, the 
corresponding stresses on opposite faces of the cube will not be 
equal. However, if the cube is made progressively smaller, and 
as L approaches zero, the stress values will converge to those at 
the point of interest. These forces are illustrated in Figure 
37-16. It can be seen from this diagram that the state of stress 
at a point can be described by nine stress components. 

If the system is in static equilibrium, and is not being acceler- 
ated translationally or rotationally, the forces that otherwise 
would result in movement must be in balance and have the effect 
of canceling each other. For example, 7,, must equal ,,. if rotation 
about the z-axis is not to occur. In a similar manner, shear and 
normal stresses, which would lead to translational movement 
along any of the three axes, also must balance. 

Because the directions of the mutually perpendicular axes 
in Figure 37-16 were chosen arbitrarily, any other orientation 
of the cube corresponding to another set of axes also must 
result in a balance of forces. However, the distribution of stress 
among normal and shear components will depend on the par- 
ticular axes selected. Thus, the stress condition of a powder can 
be analyzed in terms of the dependence of the normal and shear 
stresses on the direction chosen for the reference axes. This can 
be done by a method of analysis devised by Mohr, and can be 
visualized using a Mohr circle diagram, which permits stresses 
at any given point within a powder bed to be graphically re- 
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Figure 37-17. 


solved into normal, o, and shear, 7, stresses for any arbitrary 
choice of axes. 

For simplicity, assume that stress in the z-direction is not a 
function of z and that stress gradients exist in the x and y direc- 
tions only. Stresses then can be analyzed in the xy plane without 
reference to the z-axis. Figure 37-17 shows the relationship be- 
tween stresses relative to two xy coordinate systems at an angle 6 
to each other. If the condition of stress in the powder remains 
constant and only the angle @ between the two sets of reference 
axes is allowed to change, the resolution of stress into normal and 
shear components will be different for each set of axes and will 
depend on @. By means of trigonometry, the relationships between 
these two sets of stresses is shown to be 


Ont Oy Oy Oy ‘ oa 
Cy: 5 an 5 cos26 + 7,, sin20 
On, +O, Of; > Oy 3 a 
Oy = 5 5 cos28 — 7,,, sin20 
mee ; 
Ty'y! = 5 sin20 — 7, cos20 


These equations permit the calculation of o and 7 values for 
any desired set of axes if the values are known for any given set of 
axes. In particular, if o is chosen properly, 7, can be made to 
vanish and normal stresses only will remain. The set of axes for 
which this is true are called the principal axes of stress and the 
corresponding o’s are called the principal stresses. All points 
within static beds of powders can be characterized by principal 
axes and stresses that will, in general, vary from point to point 
throughout the bed. The principal axes do not correspond neces- 
sarily to the orientation of the walls of the powder container. 

These concepts can be extended to three dimensions. Thus, 
it is possible to find a set of three mutually perpendicular 
planes, on which there are no shear stresses acting, for each 
location within the powder. The normals to these planes are the 
principal axes. It also is possible to find a set of planes for which 
the shear stresses are a maximum and the normal stresses are 
equal. The associated axes are called the axes of maximum 
shear. These two sets of axes are important because they rep- 
resent directions of bed failure were it to occur. 

The relationships between stresses, as functions of 0, can be 
illustrated and determined graphically. Figure 37-18 is an ex- 


Figure 37-18. 


ample of a Mohr’s circle diagram for stress. Such diagrams are 
based on the stress equations. This can be seen by comparing 
Figure 37-18 with the equations, noting the relationships of the 
stresses of 6. A Mohr diagram can be constructed for any point 
within the powder, permitting stresses to be resolved graphi- 
cally into normal and shear components for any arbitrary 
choice of axes. 
Steps in constructing a diagram are 


1. Plot the center of the circle, p, on the o axis at the average normal 
stress, (a, + o,)/2. 

2. Plot point x and y with coordinates (o,,7,,.) and (o,,7,,), respectively. 
Note that these three points lie on a diameter of the circle. 

3. Draw a circle with its center at p and passing through points x 
and y. 

4. Locate the x'y’ diameter using the angle 206. 


The stress components corresponding to the new axes can be 
read off the graph. Both o,, and o,' are read off the same axes 
on the graph because both are normal stresses. 

For the particular case in Figure 37-19, the principal axes 
lie at an angle of 6* to the original axes. The axes of maximum 
shear stress lie at an angle of @ from the original axes because 
the xy line corresponding to maximum shear is perpendicular 
to the o axis. Depending on the state of the powder, it is 
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possible to have negative o values, where the Mohr circle 
passes to the left of the 7 axis. 

The application of stress normal to a plane of shear in- 
fluences the shear stress at which the powder fails. Because 
of this, a given powder will fail at various combinations of 
normal and shear stresses. These combinations can be ex- 
pressed graphically by a line in the o,7 plane that separates 
regions on the graph at which the powder either flows or is 
stable. 

This is shown in Figure 37-19 for a typical powder. Various 
powders will display curves that uniquely define their failure 
characteristics. Each point on such a curve corresponds to a a,T 
combination at which failure occurs and can be analyzed by 
constructing a Mohr circle that passes through the point and is 
centered on the intersection of a line perpendicular to the point 
qg and the o axis. An example is shown in Figure 37-19. 


BULK PROPERTIES 


In addition to the angles of repose and friction that reflect bulk 
behavior, tensile and shear strength and dilatancy are of in- 
terest. Tensile strength is measured by forming a powder bed 
on a roughened and split plate. Half of the plate is laterally 
movable and the force necessary to rupture the bed by pulling 
the plate halves apart, minus sliding plate friction corrections, 
represents the bed tensile strength. Various methods of apply- 
ing force to the movable plate are used, including tipping the 
plate from the horizontal and allowing it to react to gravity by 
rolling on steel balls. 

Shear strength is determined from the force necessary to 
shear horizontally a bed of known cross-section. The Jenike 
shear cell is typical of those in use. It permits various loads to 
be applied normal to the plane of shear, whereby a shear 
failure locus can be determined. With the desired normal load 
applied, a steadily increasing shearing force is applied until 
failure occurs. These measurements are the basis for construct- 
ing powder-failure curves such as that in Figure 37-20. 

When packed powder beds are deformed, local expansion 
occurs along the failure planes, barring fracture of the particles 
themselves. This phenomenon is termed dilatancy and is a 
direct consequence of the micromechanics of interparticulate 
movement. For one particle to move past another, it is neces- 
sary for it to move to the side in order to move forward when the 
particles are in an interlocked arrangement. Such arrange- 
ments predominate in packed beds with the consequence that 
the collective sideways movements in the failure zone produce 


Figure 37-20. Cross-flow twin-shell blender (courtesy, Patterson- 
Kelley). 
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bed expansion. Room for expansion therefore must be provided 
when packed beds are forced to flow. 


Mixing of Powders 


DEGREE OF HOMOGENEITY 


Many mathematical expressions have been proposed and used 
to express the degree of homogeneity of powders composed of 
two or more components. For the most part, measures of mix- 
ture uniformity have been statistical and based on either the 
standard deviation or variance of the composition from its 
mean value. It should be recognized that these indices of mix- 
ing are scalar quantities and are incapable of uniquely describ- 
ing the composition profile of a given powder bed. A practical 
definition of mixing uniformity should be selected to relate as 
closely as possible to the desired properties of the mix. The 
manner in which samples are taken (number, size, and location 
of samples) largely determines the validity and interpretation 
of the derived index. 

The standard deviation is presented here as a representa- 
tive index. It can be estimated solely from a set of n samples. If 
sample number i has composition x,, and all samples are of 
uniform size, the sample standard deviation is defined in the 


usual way as 
s= _ (a; — %)?/(n — 1) 
i=) 


where x is the mean composition estimated from the samples 
alone. 

In sampling a bed, there should be assurance that the bed is 
sampled uniformly over its entirety. This can be done either by 
use of a sampling thief designed to probe the bed and collect 
samples at selected points or serially as the powder is dis- 
charged from the mixer. 

The scale of scrutiny at which the powder is examined for 
uniformity is determined by the sample size. This should be 
chosen based on the ultimate use of the powder. For a tablet or 
capsule formulation, the appropriate sample size is that of the 
dosage form. 

Two important concepts related to mixing uniformity have 
been described by Danckwerts as the scale and intensity of 
segregation. Assuming that zones having uniform but differing 
compositions exist in a powder bed, the scale of segregation is 
a function of the size of the zones. The intensity of segregation 
is, in turn, a function of the composition differences among 
zones. Generally, the process of mixing tends to reduce the 
intensity of segregation, whereas the scale of segregation 
passes through a minimum. 


MECHANISMS OF MIXING AND SEGREGATION 


Three primary mechanisms are responsible for mixing: 


e Convective movement of relatively large portions of the bed. 
e Shear failure, which primarily reduces the scale of segregation. 
e Diffusive movement of individual particles. 


Most efficient mixers operate to induce mixing by all three 
mechanisms. Thus, mixing can be considered to be a random 
shuffling-type operation involving both large and small particle 
groups and even individual particles. However, it should be 
noted that the use of random motion to achieve random distri- 
bution assumes that no other factors influence this distribu- 
tion. This is rarely if ever the case in practice. Instead, a variety 
of properties of the powders being mixed influence this ap- 
proach to complete randomness. Stickiness or slipperiness of 
particles must be considered, among other factors. As might be 
expected, the stickier the material, the less readily it mixes and 
demixes. Electrostatic forces on the particle surface also can 
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produce marked effects on the mixing process, and in fact may 
produce sufficient particle-particle repulsion to make random 
mixing impossible. 

By enabling particles to undergo movement relative to each 
other, mixers also provide the conditions necessary for segre- 
gation to occur. Any manipulation of a powder bed for purposes 
of conveying, discharging from a hopper, and so on provides the 
opportunity for segregation. Thus, many of the so-called mech- 
anisms of segregation are actually conditions under which seg- 
regation can happen. 

The segregation that occurs in free-flowing solids usually 
does so as a result of differences in particle size and, to a lesser 
extent, to differences in particle density and shape. The cir- 
cumstances leading to segregation can be generalized from a 
fundamental physical standpoint. The necessary and sufficient 
conditions for segregation to occur are 


1. Various mixture components exhibit mobilities for interparticulate 
movement that differ. 

2. The mixture experiences either a field that exerts a directional 
motive force on the particles, or a gradient in a mechanism capable 
of inducing or modifying interparticulate movement. 


The combination of these conditions results in asymmetric 
particle migrations and leads to segregation. 


RATES OF MIXING AND SEGREGATION 


Rate expressions analogous to those of chemical kinetics can be 
derived using any of the various indices of mixing as time- 
dependent variables. When this is done, it usually is found that 
mixing follows a first-order approach to an equilibrium state of 
mixedness. More recently, mixing has been described as a 
stochastic process (by means of stationary and nonstationary 
Markov chains) in which the probabilities of particle movement 
from place to place in the bed are determined. When applied to 
a mixer, this approach is capable of indicating zones of greater 
and lesser mixing intensity. 


LARGE-SCALE MIXING EQUIPMENT 


The ideal mixer should produce a complete blend rapidly with 
as gentle as possible a mixing action to avoid product damage. 
It should be cleaned and discharged easily, be dust-tight, and 
require low maintenance and low power consumption. All of 
these assets generally are not found in any single piece of 
equipment, thus requiring some compromise in the selection 
of a mixer. 

Rotating-Shell Mixers—The drum-type, cubical-shaped, 
double-cone, and twin-shell blenders are all examples of this 
class of mixers. Drum-type blenders, with their axis of rotation 
horizontal to the center of the drum, are used quite commonly. 
These, however, suffer from poor crossflow along the axis. The 
addition of baffles or inclining the drum on its axis increases 
crossflow and improves the mixing action. 

Cubical-and polyhedron-shaped blenders with the rotating 
axis set at various angles also are available. However, in the 
latter, because of their flat surfaces, the powder is subjected 
more to a sliding than a rolling action, a motion that is not 
conducive to the most efficient mixing. 

Double-cone blenders, an important class of rotating-shell 
or tumbling mixers, were developed in an attempt to overcome 
some of the shortcomings of the previously discussed mixers. 
Here, the mixing pattern provides a good crossflow with a 
rolling rather than a sliding motion. Normally, no baffles are 
required, so cleaning is simplified. The twin-shell blender is 
another important tumbling-type blender. It combines the ef- 
ficiency of the inclined drum-type with the intermixing that 
occurs when two such mixers combine their flow. 

The Cross-Flow blender (Patterson-Kelley) (see Fig 37-20) is 
an example of a twin-shell blender. The uneven length of each 
shell in this blender provides additional mixing action when 
the powder bed recombines during each revolution of the 


blender. The Zig-Zag blender, an extension of the twin-shell 
blender, provides efficient continuous precision blending. 

Fixed-Shell Mixers—The ribbon mixer, one of the oldest 
mechanical solid—solid blending devices, exemplifies this type 
of mixer. It consists of a relatively long troughlike shell with a 
semicircular bottom. The shell is fitted with a shaft on which 
are mounted spiral ribbons, paddles, or helical screws, alone or 
in combination. These mixing blades produce a continuous 
cutting and shuffling of the charge by circulating the powder 
from end to end of the trough as well as rotationally. The 
shearing action that develops between the moving blade and 
the trough serves to break down powder agglomerates. How- 
ever, ribbon mixers are not precision blenders; in addition, they 
suffer from the disadvantage of being more difficult to clean 
than the tumbler-type blenders and of having a higher power 
requirement. 

Sigma-Blade and Planetary Paddle Mixers—Sigma-blade 
and planetary paddle mixers also are used for solid—solid 
blending, although most generally as a step prior to the intro- 
duction of liquids. Mixers with high-speed impeller blades set 
into the bottom of a vertical or cylindrical shell have been 
shown to be very efficient blenders. This type, in addition to its 
ability to produce precise blends, serves also to break down 
agglomerates rapidly. The mechanical heat buildup produced 
within the powder mix and the relatively high power require- 
ment are often drawbacks to the use of this type of mixer; 
however; the shorter time interval necessary to achieve a sat- 
isfactory blend may offset these factors. 

Vertical Impeller Mixers—Vertical impeller mixers, which 
have the advantage of requiring little floor space, employ a 
screw-type impeller that constantly overturns the batch (Fig 
37-21). The fluidized mixer is a modification of the vertical 
impeller type. The impeller is replaced by a rapidly moving 
stream of air fed into the bottom of the shell. The body of the 
powder is fluidized, and mixing is accomplished by circulation 
and overtumbling in the bed (Fig 37-22). Generally, when pre- 
cision solid—solid blending is required, the rotating twin-shell 
or the double-cone-type blenders are recommended. 

Motionless Mixers—These are in-line continuous processing 
devices with no moving parts. They consist of a series of fixed 
flow-twisting or flow-splitting elements. The Blendex (Ross & 
Son), designed for blending of free-flowing solids, is constructed 
to operate in a vertical plane. Four pipes interconnect with 
successive tetrahedral chambers, the number of chambers 
needed depending on the quality of mix desired. The powders 
enter the mixer from overhead hoppers and free-fall through 
the mixer and are mixed by what is described as Interfacial 
Surface Generation. For two input streams entering this mixer 
the number of layers, L, emerging from each of the successive 
chambers, C, is L = 2(4)°. Thus, for 10 chambers over 2 million 
layers are generated. This type provides efficient batch or con- 
tinuous mixing for a wide variety of solids without particle-size 
reduction or heat generation with essentially no maintenance. 
Units are available to mix quantities ranging from 100 to 5000 
lb/hour. 


SMALL-SCALE MIXING EQUIPMENT 


The pharmacist most generally employs the mortar and pestle 
for the small-scale mixing usually required for prescription 
compounding. However, spatulas and sieves also may be used 
on occasion. The mortar and pestle method combines commi- 
nution and mixing in a single operation. Thus, it is particularly 
useful where some degree of particle-size reduction as well as 
mixing is required, as in the case of mixtures of crystalline 
material. 

The blending of powders with a spatula on a tile or paper, or 
spatulation, is used sometimes for small quantities of powders, 
often as an auxiliary blending technique or when the compac- 
tion produced by the mortar and pestle technique is undesir- 
able. Spatulation is a relatively inefficient method of mixing 
and is used rarely to prepare a finished dosage form. 


Figure 37-21. Cutaway view of the Mark II Mixer (courtesy, JH Day). 


Sieving usually is employed as a pre- or post-mixing method 
to reduce loosely held agglomerates and to increase the overall 
effectiveness of a blending process. When used alone as a 
solid—solid blending technique, several passes through the 
sieve are required to produce a reasonably homogeneous mix. 


Storage and Flow 


FLOW PATTERNS 


Discharge of powders from large-scale mixers, storage, bins or 
machine-fed hoppers primarily generates flow in the form of 
shear failure—the powder behaves in a manner analogous to a 
viscous liquid in laminar flow. The analogy ends at that point, 
because conditions are then present in the powder bed condu- 
cive to segregation. The overall pattern of discharge from a bin 
takes the form of either funnel flow or mass flow. Bin-design 
characteristics, which take into account the powder’s angles of 
slide and internal friction and its yield locus in terms of normal 
and shear stresses, determine which flow pattern will occur. 
In funnel flow the powder moves in a column down the 
center of the bin toward the exit orifice at the bottom. Material 
surrounding this relatively rapidly moving core remains sta- 
tionary or is drawn slowly into the core, which is fed primarily 


POWDERS 695 


from the top where powder moves to the center and then down 
in the manner of a funnel. 

The powder in a mass-flow bin moves downward toward the 
orifice as a coherent mass. When it reaches the tapered section 
of the bin leading to the orifice, it is compressed and flows in 
shear analogous to a plastic mass being compressed. This type 
of bin is advantageous for use with powders having a strong 
tendency to segregate. 

The rate of discharge from a hopper varies as a function of 
the cube of the orifice diameter and is nearly independent of the 
height of the bed. An arch forms over the orifice that in effect is 
a boundary between material in essentially free-fall and mate- 
rial in the closely packed condition of the powder bed. The rate 
of mass transport across this constantly renewed surface de- 
termines the rate of orifice flow. It has been shown that flow 
can be increased substantially if gas is pumped through the bed 
and across the orifice in the direction of the solids flow. Flow 
conditioners, an important means of improving flow, are dis- 
cussed in Chapter 20. 


PNEUMATIC TRANSPORT 


The pneumatic transport of powders is of interest because it 
can be used to mix powders at the same time as they are being 
conveyed. The method consists of propelling a solids—gas mix- 
ture along a conduit via a gas pressure drop. The solids are held 
in suspension by the turbulence of the gas stream. At low-solids 
concentrations, where the particles are relatively small, the 
solids are dispersed uniformly over the pipe cross-section. How- 
ever, at higher solids content or with larger particles, some 
stratification will occur in a horizontal pipe and solids will 
settle out if the pipe is overloaded. 

Gas flow must be turbulent so as to suspend the solids; 
however, the solids behave as in laminar flow. Slippage be- 
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Figure 37-22. Fluidized air mixer (courtesy, Sprout, Waldron). 


iN 
S 
\ 
Se 


696 CHAPTER 37 


tween gas and solid occurs, particularly in vertical pipes; con- 
sequently, gas and solids flow rates are not in proportion to 
flow-stream composition. Further, smaller and less dense par- 
ticles flow more rapidly than large and dense material and a 
chromatographic-like separation occurs. This is not a problem, 
however, once steady state is achieved. Because of the indus- 
trial importance of this process in many fields it has been 
investigated extensively and a number of useful theoretical and 
empirical expressions have been derived and may be used 
to predict conditions necessary for satisfactory pneumatic 
transport. 


POWDERS AS A DOSAGE FORM 

LLL LR ETT 
Historically, powders represent one of the oldest dosage forms. 
They are a natural outgrowth of the attempt to prepare crude 
drugs and other natural products in a more conveniently ad- 
ministered form. However, with declining use of crude drugs 
and increasing use of many highly potent compounds, powders 
as a dosage form have been replaced largely by capsules and 
tablets. 

In certain situations, powders possess advantages and thus 
still represent a portion (although small) of the solid dosage 
forms currently being employed. These advantages are flexibil- 
ity in compounding and relatively good chemical stability. The 
chief disadvantages of powders as a dosage form are they are 
time-consuming to prepare and they are not well suited for 
dispensing the many unpleasant-tasting, hygroscopic, or deli- 
quescent drugs. 

Bulk powders have another serious disadvantage when 
compared with divided and individually weighed powders: in- 
accuracy of dose. The dose is influenced by many factors, in- 
cluding size of measuring spoon, density of powder, humidity, 
degree of settling, fluffiness due to agitation, and personal 
judgment. Not only do patients measure varying amounts of 
powder when using the same spoon, but they often select one 
differing in size from that specified by their physician. 


EXTEMPORANEOUS TECHNIQUES 


In both the manufacturing and extemporaneous preparation of 
powders, the general techniques of weighing, measuring, sift- 
ing, and mixing, as described previously, are applied. However, 
the following procedures should receive special attention. 


e Use of geometric dilution for the incorporation of small amounts of 
potent drugs. 

e Reduction of particle size of all ingredients to the same range to 
prevent stratification of large and small particles. 

e Sieving when necessary to achieve mixing or reduction of agglom- 
erates, especially in the preparation of dusting powders or powders 
into which liquids have been incorporated. 

e Heavy trituration, when applicable, to reduce the bulkiness of a 
powder. 

e Protection against humidity, air oxidation, and loss of volatile 
ingredients. 


Powders are prepared most commonly either as divided 
powders and bulk powders, which are mixed with water or 
other suitable material prior to administration, or as dusting 
powders, which are applied locally. They also may be prepared 
as dentifrices, products for reconstitution, insufflations, aero- 
sols, and other miscellaneous products. 

The manually operated procedures usually employed by the 
pharmacist today are trituration, pulverization by intervention, 
and levigation. 


Trituration—This term refers to the process of reducing substances to 
fine particles by rubbing them in a mortar with a pestle. The term 
also designates the process whereby a mixture of fine powders is 


intimately mixed in a mortar. The circular mixing motion of the 
pestle on the powders contained in a mortar blends the powders and 
also breaks up their soft aggregates. By means of the application of 
pressure on the pestle, crushing or grinding also can be effected. 
When granular or crystalline materials are to be incorporated into a 
powdered product, these materials are comminuted individually 
and then blended together in the mortar. 

Pulverization by Intervention—This is the process of reducing the 
state of subdivision of solids with the aid of an additional material 
that can be removed easily after the pulverization has been com- 
pleted. This technique often is applied to substances that are 
gummy and tend to reagglomerate or that resist grinding. A prime 
example is camphor, which cannot be pulverized easily by tritura- 
tion because of its gummy properties; however, on the addition of a 
small amount of alcohol or other volatile solvent, this compound can 
be reduced readily to a fine powder. Similarly, iodine crystals may 
be comminuted with the aid of a small quantity of ether. In both 
instances the solvent is permitted to evaporate and the powdered 
material is recovered. 

Levigation—In this process a paste is first formed by the addition of a 
suitable nonsolvent to the solid material. Particle-size reduction 
then is accomplished by rubbing the paste in a mortar with a pestle 
or on an ointment slab using a spatula. Levigation generally is used 
by the pharmacist to incorporate solids into dermatological and 
ophthalmic ointments and suspensions. 


THE MORTAR AND PESTLE 


The mortar and pestle are the most frequently used utensils in 
small-scale comminution. Mortars made of various materials 
and in diverse shapes are available; although these often are 
used interchangeably, the different kinds of mortars have spe- 
cific utility in preparing or grinding different materials. 

Modern mortars and pestles are prepared usually from 
Wedgwood ware, porcelain, or glass. Although pharmacists 
often use different mortars interchangeably, each type has a 
preferential range of utility. 

Glass mortars are designed primarily for use in preparing 
solutions and suspensions of chemical materials in a liquid. 
They also are suitable for preparing ointments which require 
the reduction of soft aggregates of powdered materials or the 
incorporation of relatively large amounts of liquid. Glass also 
has the advantage of being comparatively nonporous and of not 
staining easily and thus is particularly useful when substances 
such as flavoring oils or highly colored substances are used. 
Glass cannot be used for comminuting hard solids. 

Wedgwood mortars are suited well for comminution of crys- 
talline solids or for the reduction in particle size of most mate- 
rials used in modern prescription practice. They are capable of 
adequately powdering most substances that are available only 
as crystals or hard lumps. However, Wedgwood is relatively 
porous and will stain quite easily. A Wedgwood mortar is 
available with a roughened interior, which aids in the commi- 
nution process but which requires meticulous care in washing 
because particles of the drugs may be trapped in the rough 
surface and cause contamination of materials subsequently 
comminuted in the mortar. 

Porcelain mortars are very similar to Wedgwood, except 
that the exterior surface of the former is usually glazed and 
thus less porous. Porcelain mortars may be used for comminu- 
tion of soft aggregates or crystals but more generally are used 
for blending powders of approximately uniform particle size. 

Pestles are made of the same material as the mortar. Pestles 
for Wedgwood or porcelain mortars are available with hard rub- 
ber or wooden handles screwed into the head of the pestle. Also 
available are one-piece Wedgwood pestles. Pestles made entirely 
of porcelain are objectionable, because they are broken easily. 

Pestles and mortars should not be interchanged. The effi- 
ciency of the grinding or mixing operation depends largely on a 
maximum contact between the surfaces of the head of the 
pestle and the interior of the mortar. The pestle should have as 
much bearing on the interior surface of the mortar as its size 
will permit. A pestle that does not fit the mortar will result in 
a waste of labor. 


Divided Powders 


Divided powders (chartula or chartulae) are dispensed in the 
form of individual doses and generally are dispensed in papers, 
properly folded. They also may be dispensed in metal foil, small 
heat-sealed plastic bags, or other containers. 


DIVIDING POWDERS 


After weighing, comminuting, and mixing the ingredients, 
the powders must be divided accurately into the prescribed 
number of doses. To achieve accuracy consistent with the other 
steps in the preparation, each dose should be weighed individ- 
ually and transferred to a powder paper. Following completion 
of this step, the powder papers are folded. 


FOLDING POWDERS 


The operations of folding powder papers are illustrated in 
Figure 37-23. Care in making the several folds, and experience 
gained by repetition, are necessary to obtain uniformity when 
the powders finally are placed in the box for dispensing. Devi- 
ation from any of the three main folds will result in powders of 
varying height being formed, and variations in the folded ends 
likewise will be noticeable when the powders are placed side by 
side. 


PACKAGING DIVIDED POWDERS 


Specially manufactured paper and boxes are available for dis- 
pensing divided powders. 

Powder Papers—Four basic types of powder papers are 
available. 


1. Vegetable parchment, a thin, semiopaque, moisture-resistant 
paper. 

2. White bond, an opaque paper with no moisture-resistant properties. 

3. Glassine, a glazed, transparent, moisture-resistant paper. 

4. Waxed, a transparent waterproof paper. 


Hygroscopic and volatile drugs can be protected best by using a 
waxed paper, double-wrapped with a bond paper to improve the 
appearance of the completed powder. Parchment and glassine 
papers offer limited protection for these drugs. 

A variety of sizes of powder papers are available. The selec- 
tion of the proper size depends on the bulk of each dose and the 
dimensions of the powder box required to hold the number of 
doses prescribed. 

Powder Boxes—Various types of boxes are supplied in sev- 
eral sizes for dispensing divided powders. The hinged-shoulder 
box shown in Figure 37-23F is the most popular; these have the 
advantage of preventing the switching of lids with the direc- 
tions for use when several boxes of the same size are in the 
same home. The prescription label may be pasted directly on 
top of the lid or inside the lid. In the latter case, the name of the 
pharmacy is lithographed on top of the lid. 


Figure 37-23. Folding powder papers. 
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SPECIAL PROBLEMS 
LAE Se OPIATES IAT APTS NORTE NE PSST 


The incorporation of volatile substances, eutectic mixtures, 
liquids, and hygroscopic or deliquescent substances into pow- 
ders presents problems that require special treatment. 


VOLATILE SUBSTANCES 


The loss of camphox, menthol, and essential oils by volatiliza- 
tion when incorporated into powders may be prevented or 
retarded by use of heat-sealed plastic bags or by double wrap- 
ping with a waxed or glassine paper inside of a bond paper. 


EUTECTIC MIXTURES 


Liquids result from the combination of phenol, camphor, men- 
thol, thymol, antipyrine, phenacetin, acetanilid, aspirin, salol, 
and related compounds at ordinary temperatures. These so- 
called eutectic mixtures may be incorporated into powders by 
addition of an inert diluent. Magnesium carbonate or light 
magnesium oxide are commonly used, effective diluents for this 
purpose, although kaolin, starch, bentonite, and other absor- 
bents have been recommended. Silicic acid prevents eutexia 
with aspirin, phenyl salicylate, and other troublesome com- 
pounds; incorporation of about 20% silicic acid (particle size, 50 
pm) prevented liquefaction even under the compression pres- 
sures required to form tablets. 

In handling this problem, each eutectic compound should be 
mixed first with a portion of the diluent and gently blended 
together, preferably with a spatula on a sheet of paper. Gener- 
ally, an amount of diluent equal to the eutectic compounds is 
sufficient to prevent liquefaction for about 2 weeks. Deliberate 
forcing of the formation of the liquid state, by direct trituration, 
followed by absorption of the moist mass, also will overcome 
this problem. This technique requires use of more diluent than 
previously mentioned methods but offers the advantage of ex- 
tended product stability. Thus, the technique is useful for dis- 
pensing a large number of doses that normally would not be 
consumed over a period of 1 or 2 weeks. 


LIQUIDS 


In small amounts, liquids may be incorporated into divided 
powders. Magnesium carbonate, starch, or lactose may be 
added to increase the absorbability of the powders if necessary. 
When the liquid is a solvent for a nonvolatile heat-stable com- 
pound, it may be evaporated gently on a water bath. Lactose 
may be added during the course of the evaporation to increase 
the rate of solvent loss by increasing the surface area. Some 
fluidextracts and tinctures may be treated in this manner, 
although the use of an equivalent amount of a powdered ex- 
tract, when available, is a more desirable technique. 


HYGROSCOPIC AND DELIQUESCENT SUBSTANCES 


Substances that become moist because of affinity for moisture 
in the air may be prepared as divided powders by adding inert 
diluents. Double-wrapping is desirable for further protection. 
Extremely deliquescent compounds cannot be prepared satis- 
factorily as powders. 


BULK POWDERS 


Bulk powders may be classified as oral powders, dentifrices, 
douche powders, dusting powders, insufflations, and triturations. 
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ORAL POWDERS 


Oral powders generally are supplied as finely divided powders 
or effervescent granules. The finely divided powders are in- 
tended to be suspended or dissolved in water or mixed with soft 
foods such as applesauce prior to administration. Antacids and 
laxative powders frequently are administered in this form. 

Effervescent granules contain sodium bicarbonate and ei- 
ther citric acid, tartaric acid, or sodium biphosphate in addition 
to the active ingredients. On solution in water, carbon dioxide 
is released as a result of the acid—base reaction. The efferves- 
cence from the release of the carbon dioxide serves to mask the 
taste of salty or bitter medications. 

Granulation generally is accomplished by producing a moist 
mass, forcing it through a coarse sieve and drying it in an oven. 
The moisture necessary for massing the materials is obtained 
readily by heating them sufficiently to drive off the water of 
hydration from the uneffloresced citric acid. The completed 
product must be dispensed in tightly closed glass containers to 
protect it against the humidity of the air. 

Effervescent powders may be prepared also by adding small 
amounts of water to the dry salts to obtain a workable mass. The 
mass is dried and ground to yield the powder or granule. Care 
must be used in this procedure to ensure that the reaction that 
occurs in the presence of water does not proceed too far before it is 
stopped by the drying process. Should this happen, the efferves- 
cent properties of the product will be destroyed. 

Other preparative techniques have been reported for effer- 
vescent powders such as a fluidized-bed procedure in which the 
powders are blended and then suspended in a stream of air in 
a Wurster chamber. Water is sprayed into the chamber, result- 
ing in a slight reaction and an expansion of the particles to form 
granules ranging in size from 10- to 30-mesh. This approach 
apparently offers a number of advantages over the older tech- 
niques. The extent of reaction and particle size are controlled 
during the manufacture. A drying oven, trays, or even grinding 
devices are not required. Furthermore, the technique lends 
itself to a continuous as well as a batch operation. 

The heat generated from the blending and mixing operation 
also has been used to mass the powders by causing the release 
of the water of hydration from the citric acid. The massed 
materials can be dried and sieved through a coarse sieve. This 
technique thus eliminates the need of an external heat source 
or a granulating solution. 


DENTIFRICES 


Dentifrices may be prepared in the form of a bulk powder, 
generally containing a soap or detergent, mild abrasive, and an 
anticariogenic agent. 


DOUCHE POWDERS 


Douche powders are completely soluble and are intended to be 
dissolved in water prior to use as antiseptics or cleansing 
agents for a body cavity. They most commonly are intended for 
vaginal use, although they may be formulated for nasal, otic, or 
ophthalmic use. Generally, because aromatic oils are included 
in these powders, they are passed through a No 40 or 60 sieve 
to eliminate agglomeration and ensure complete mixing. Dis- 
pensing in wide-mouth glass jars serves to protect against loss 
of volatile materials and permits easy access by the patient. 
Bulk-powder boxes may be used for dispensing douche pow- 
ders, although glass containers are preferred because of the 
protection afforded by these containers against air and 
moisture. 


DUSTING POWDERS 


Dusting powders are locally applied nontoxic preparations that 
are intended to have no systemic action. They always should be 


dispensed in a very fine state of subdivision to enhance effec- 
tiveness and minimize irritation. When necessary, they may be 
micronized or passed through a No 80 or 100 sieve. 

Extemporaneously prepared dusting powders should be dis- 
pensed in sifter-top packages. Commercial dusting powders are 
available in sifter-top containers or pressure aerosols. The latter, 
while generally more expensive than the other containers, offer 
the advantage of protection from air, moisture, and contamina- 
tion, as well as convenience of application. Foot powders and 
talcum powders are currently available as pressure aerosols. 

Dusting powders are applied to various parts of the body as 
lubricants, protectives, absorbents, antiseptics, antipruritics, an- 
tibromhidrosis agents, astringents, and antiperspirants. 

Although in most cases dusting powders are considered non- 
toxic, the absorption of boric acid through large areas of abraded 
skin has caused toxic reactions in infants. Accidental inhalation of 
zine stearate powder has led to pulmonary inflammation of the 
lungs of infants. The pharmacist should be aware of the possible 
dangers when the patient uses these compounds as well as other 
externally applied products. See also Chapter 65. 


INSUFFLATIONS 


Insufflations are finely divided powders introduced into body 
cavities such as the ears, nose, throat, tooth sockets, and va- 
gina. An insufflator (powder blower) usually is employed to 
administer these products. However, the difficulty in obtaining 
a uniform dose has restricted their general use. 

Specialized equipment has been developed for the admin- 
istration of micronized powders of relatively potent drugs. 
The Norisodrine Sulfate Aerohaler Cartridge (Abbott) is an 
example. In the use of this Aerohaler, inhalation by the 
patient causes a small ball to strike a cartridge containing 
the drug. The force of the ball shakes the proper amount of 
the powder free, permitting its inhalation. Another device, 
the Spinhaler turbo-inhaler (Fisons), is a propeller-driven 
device designed to deposit a mixture of lactose and micron- 
ized cromolyn sodium into the lung as an aid in the manage- 
ment of bronchial asthma. 

Pressure aerosols also have been employed as a means of 
administering insufflations, especially for potent drugs. This 
method offers the advantage of excellent control of dose, 
through metered valves, as well as product protection. 


TRITURATIONS 


Triturations are dilutions of potent powdered drugs, prepared 
by intimately mixing them with a suitable diluent in a definite 
proportion by weight. They were at one time official as 1 to 10 
dilutions. The pharmacist sometimes prepares triturations of 
poisonous substances such as atropine in a convenient concen- 
tration using lactose as the diluent, for use at the prescription 
counter. These medicinal substances are weighed more accu- 
rately and conveniently by using this method. 

The correct procedure for preparing such triturations or any 
similar dilution of a potent powder medicament, to ensure 
uniform distribution of the latter, is 


1. Reduce the drug to a moderately fine powder in a mortar. 

2. Add about an equal amount of diluent and mix well by thorough 
trituration in the mortar. 

3. Successively add portions of diluent, triturating after each addition, 
until the entire quantity of diluent has been incorporated. 


Under no circumstance should the entire quantity of diluent be 
added at once to the drug that is to be diluted in the expectation 
that uniform dispersion of the latter will be more expeditiously 
achieved on brief trituration of the mixture. 
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PREFORMULATION CHALLENGES 


Bridging Discovery and Development 


Preformulation activities range from supporting discovery’s 
identification of new active agents to characterizing physical 
properties necessary for the design of dosage forms. Critical 
information provided during preformulation can enhance the 
rapid and successful introduction of new therapeutic entities 
for humans. For example, the selection of compounds that have 
physical properties favorable for oral absorption early in dis- 
covery can facilitate the rapid progress of these compounds at 
all stages of development. Similarly, the adaptation of technol- 
ogies that permit the rapid selection of a salt that is best suited 
for development can facilitate the manufacturing of the final 
market-image dosage form. The broad range of activities in 
preformulation requires a continuing dialog between scientists 
in many different disciplines, as shown in Figure 38-1. 


Discovery to Development 


The introduction of mechanism-based mass screening of small 
molecules in the late 1980s ushered in a new discovery era. 
Previously, animal tissue and whole animal screens had been 
used to find new chemical entities (NCE) that had therapeutic 
potential. Although the throughput was low, the final candi- 
dates for development had proven activity in animals. Today, 
recombinant enzymes and receptors are used in high-through- 
put in vitro screens that can evaluate quickly the hundreds of 
thousands of compounds that are found in chemical libraries. 
Active compounds (mass screen hits) then are evaluated, and 
some are used as the basis for further synthetic efforts. Be- 
cause synthesis of new compounds can become rate limiting, 
combinatorial methods have been developed to synthesize rap- 
idly new compounds using automated technologies. Today, 
even newer technologies are being used to increase speed and 
reduce material consumption. This is the attraction for using 
nanotechnologies in screening, synthesis, purification, and 
analysis. 

All of these innovative changes have had a cascading impact 
on development. Unprecedented in vitro activity and specificity 
can now be found using recombinant proteins and automated 
mass screening, but aqueous solubility problems are masked by 
dimethyl sulfoxide, a universal solvent that is used to dissolve 
chemical libraries for testing. As a result, although many ini- 
tially promising NCEs are extremely potent in the in vitro 
enzyme assays, they are inactive in vivo because of their unfa- 
vorable solubility and dissolution characteristics in the aque- 
ous media of the body. This provides a demanding challenge for 
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the preformulation scientist because, with mechanism-based 
therapy, testing in humans is often the only means of evaluat- 
ing the efficacy of a new therapeutic strategy. 


Integrating Discovery and Development 


If unfavorable physical properties can be minimized before 
extensive in vitro optimization occurs, it may be possible to 
reduce the time required to discover active and absorbable 
NCEs that are poised for rapid development. Integrating dis- 
covery and development, however, will require that preformu- 
lation scientists develop a greater understanding of the molec- 
ular mechanisms of unfavorable physical properties such as 
aqueous insolubility. This knowledge then will provide a ratio- 
nal basis for making structural modifications that can enhance 
physical properties while in vitro activity also is being opti- 
mized. Figure 38-2 shows the potential time delay in discover- 
ing an orally active NCE when only activity is optimized, com- 
pared to the potential time savings when both activity and 
aqueous solubility are balanced for oral absorption. 

Assume that a company has a chemical library of thousands 
of compounds that it wants to screen for a particular therapeu- 
tic target. It has isolated the appropriate receptor (protein) and 
has developed a high-throughput mass screen for its in vitro 
activity. In addition, for every compound that is screened for 
activity, it can determine aqueous solubility using a high- 
throughput method. Figure 38-2 shows a plot of activity versus 
solubility for the screened compounds. For simplicity, an ellipse 
is used to show regions that are possible for this hypothetical 
receptor. The inverse relationship shown by the ellipse, with 
the major axis decreasing from left to right, is based on anec- 
dotal observations that compounds that have high in vitro 
activity often have poor aqueous solubility. A molecular expla- 
nation for why such a relationship might exist is given in the 
section Aqueous Insolubility, page 716. The two-phase discov- 
ery of an orally active NCE will now be discussed. 

During Discovery Phase A, the company used in vitro activ- 
ity as its only criterion for discovering the best compound to 
develop. Point 0 on the ellipse shows a compound that was 
chosen for further synthetic optimization on the basis of mass 
screening. This compound had the highest in vitro activity. 
During optimization, mass screens were used to provide feed- 
back to direct the synthesis of more active analogs. Compound 
1 was the most active NCE the discovery team found. However, 
this compound is also the most insoluble NCE on the ellipse. 
Enthusiasm for the compound diminished when in vivo animal 
testing showed inadequate blood levels. A lack of absorption 
due to poor aqueous solubility was suspected as the cause 
(other studies had shown that metabolism and permeability 
did not account for the low blood levels). 

During Discovery Phase B, aqueous solubility and in vitro 
activity were optimized simultaneously. The NCE shown at 
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Figure 38-1. The wheels of product development. 


Point 2 was eventually recommended for development. Al- 
though this compound is less active than Compound 1, it rep- 
resented a better compromise between aqueous solubility and 
in vitro activity. Such compromises may be necessary if formu- 
lation techniques cannot be used to obtain good in vivo activity. 
The declaration of Compound 1 as a lead in the hope that 
formulation techniques might solve the absorption issue could 
slow development. For this reason, it is essential that prefor- 
mulation provide the discovery process with rapid feedback 
regarding the feasibility of formulation solutions that may 
compensate for poor physical properties and subsequent ab- 
sorption problems. 

A strategy in which discovery and development work in con- 
cert is also shown in Figure 38-2. In this scenario, both aqueous 
solubility and in vitro activity were used simultaneously in the 
search to improve Compound 0. By using dual feedback, the 
company may have been able to progress more directly from 
Compound 0 to Compound 2. In addition, knowledge of the aque- 
ous solubilities of all the mass screen hits also may have provided 
alternative starting points. Instead of picking Compound 0 as the 
only starting point for synthetic optimization, Compound 3, which 
was not as active but had much better aqueous solubility, could 
have been chosen. Dual activity and solubility feedback in the 
co-optimization of both Compounds 0 and 3 would have been used 
to guide further synthesis. 

The potential time saved using the concerted strategy could 
be considerable. However, for the whole program to be in 
synchrony, it will require that preformulation scientists de- 
velop high-throughput screening methodologies for physical 
properties, analogous to discovery’s biological screens; high- 
throughput screening methods can predict the feasibility of a 
formulation solution for poor absorption. Because technological 
breakthroughs in the discovery process have increased the 
number of NCEs that will be candidates for development, it is 
imperative that new candidates have the requisite physical 
properties that are needed for rapid development. Otherwise, 
development may become an unacceptable bottleneck. 

Preformulation scientists will have to work proactively with 
discovery scientists to design active NCEs that are active and 
transportable through biological tissues such as the gastroin- 
testinal (GI) tract or the endothelial cells of the blood—brain 
barrier. New insight into the molecular basis of physical prop- 
erties and rapid high-throughput physical property screens are 
needed to accomplish this goal. The section on Engineering in 
the Solid State, page 714, will discuss briefly some of these 
areas. In the following sections, characteristics of the solid 
state are discussed. A fundamental understanding of this state 
of matter is essential for making timely preformulation deci- 
sions. 


Critical API Decisions 


Once a NCE is selected for development, choosing the molecu- 
lar form that will be the active pharmaceutical ingredient (API) 
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is a critical milestone because all subsequent development will 
be affected by this decision. For preformulation, physical char- 
acterizations should be focused on making decisions that bal- 
ance solid-state dissolution properties with material consis- 
tency under manufacturing and storage conditions. The 
advantages of having a rapidly dissolving amorphous state 
have to be balanced against the potential conversion of this 
state by time, moisture, and heat to a crystalline state that can 
be less soluble. Similarly, the increased solubility that often 
can occur with hydrochloride and sodium salts may have to be 
balanced with a potential for physical or chemical instability 
due to moisture and heat. These salts are attractive because 
they are simple to make and are relatively nontoxic. The salt 
selection process must project its considerations of the “best” 
properties to encompass dissolution, physical and chemical 
stability, toxicology, market-image formulations, large scale 
manufacturing, and product storage. 

The following section will outline solid-state changes that 
might occur with varying moisture content, pH, and tempera- 
ture. It will be illustrated that water (moisture) is one of the 
most important environmental factors that influences solid- 
state stability. The discussion will then focus on identifying the 
solid-state properties of an NCE that will make it a viable API. 
Ultimately, the best balance between absorption and material 
consistency is sought. Later, the discussion of engineering the 
solid state will explore why these requisite properties should be 
designed into NCEs from the earliest stages of discovery. 


REQUIREMENTS OF THE SOLID STATE 


Challenges to the Solid State 


Solids are a complex state of matter because intermolecular 
forces can arrange the molecules in a variety of different ways, 
each producing a different solid with potentially different phys- 
ical properties. In this section, a symbolic nomenclature is 
introduced to specifically address changes that can occur in the 
solid state (Table 38-1). Application of this notation to the 
effects of moisture, the major environmental factor influencing 
the solid state, will then be examined. 
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Table 38-1. List of Symbols 


SYMBOL MEANING 

a Amorphous solid state as left subscript designation 

> Surface of solid state as right subscript designation 

rc) Defective region of solid state as left subscript 
designation 

p Density 

1 UL UU Crystalline polymorphic forms of the solid state as left 
subscript designation 

4h Positively charged, cationic species as superscript 
designation 

= Negatively charged, anionic species as superscript 
designation 

0 Uncharged, free species as superscript designation 

A Active ingredient in the solid state 

a Dissolved form of the active ingredient 

jAs Surface of active ingredient of charge / and solid state / 

B Reactant of A in the solid state 

b Dissolved form of reactant 

Gs Saturation concentration 

h Monohydrate as left subscript designation 

Oh Anhydrous as left subscript designation 

nh n-Hydrate as left subscript designation 

<h Reduced water content as left subscript designation 

>h Increased water content as left subscript designation 

m Mass 

An~ Negatively charged anionic counterion 

i Charge on the active ingredient as superscript 
designation 

j Solid state form of the active ingredient as left 
subscript designation 

Ky Dissolution rate constant 

k, Recrystallization rate constant 

P Permeability 

(Cay Positively charged cationic counterion 

S Surface area 


SOLID-STATE CHARACTER 
In this chapter, jA’s is a notation that will be used to indicate 
solid-state changes. The A denotes the active drug entity. This 
may be a weak acid, a weak base, or a nonelectrolyte. When A 
dissolves, a denotes the presence of this entity in solution; thus, 
dissolution of the solid A in water to form a will be shown 
schematically as 


H,0 
Ae (1) 


The charge of A is denoted by the usual placement of a right 
superscript, i. The charge of A is assumed to be zero by default. 
For emphasis, a lack of charge may be shown explicitly as A°. 
For a weak acid, A° represents the protonated form (in other 
notations this might be shown as HA). The ionized form of the 
weak acid, A”, represents A° minus the weak acid proton. For 
a weak base, A° denotes the uncharged base that can be pro- 
tonated to A°H*. Equations with A, shown with arrows, are not 
stoichiometric. Instead, they only show essential changes, so 
the focus can be placed on the relevant chemical, ionic, and 
solid-state alterations in the chemical entity. For example, in 
Equation 2, in which a chemical reaction changes the parent 
entity A into a different molecular solid B, 


AN 9183 (2) 


there is no attempt to show the specific details of the functional 
groups that were changed to bring about the formation of B. In 
a similar manner, consider a reversible acid—base reaction 


BN IN: (3) 
A 


where i as a plus sign (+) represents the cationic form, or a 
minus sign (—) the anionic form, of A. The protonation or 
deprotonation of a weak basic or acidic group on A will simply 
be reflected in the charge change that occurs. The scheme is 
nonstoichiometric because counter ions and charge-balance 
considerations have not been included. 

When a particular molecular organization or emphasis of 
the solid state is needed, it will be denoted with the left sub- 
script j. A wide variety of different solid states, denoted by ;A, 
are possible. For example, amorphous solids that have ran- 
domly packed molecules are denoted as ,A in this chapter. 
Crystalline solids, on the other hand, have regular packing 
arrangements and are denoted in a number of ways. Two types 
of crystalline phases, polymorphs and solvates, are possible for 
a given molecule depending on the crystallization conditions. 

Polymorphs are crystals that have the same molecule for- 
mula but have different crystal structures. The Roman numer- 
als I, II, III, .. . are used to denote polymorphs; the most stable 
polymorph under ambient conditions is usually designated 
with Roman numeral I. This solid-state form of A will be 
denoted as ,A in this chapter. 

Solvates, on the other hand, are crystals in which a solvent 
is incorporated into the crystal structure (polymorphs of sol- 
vates could exist). The solvent may be highly bound in the 
crystal or it may be more loosely bound in channels within the 
crystal. To simplify this discussion, only water of solvation will 
be considered. Hydrated solids are denoted by ,,,,A, where n is 
a fraction or an integer. For example, ,,.A denotes a hemihy- 
drate while ,, A denotes a trihydrate. 

In some situations, it will be useful to emphasize that a 
particular chemical reaction or physical change is occurring on 
the surface of a particle. For these purposes, the right subscript 
+ will be used to emphasize the surface of the solid state. It 
should be noted that the right superscript i, used for charge 
designation, and the left subscript j, used for solid-state desig- 
nation, are only general placeholders for more specific in- 
stances that will be detailed below; on the other hand, the right 
subscript > specifically denotes the surface of a solid particle 
and not a more general entity. For most situations, the full 
notation will not be used. 

In actual APIs, crystal defective regions A; are present. 
These were formed during large-scale synthesis and milling 
operations that reduced the API’s particle size. In Figure 38-3, 
defective regions as well as crystalline and amorphous regions 
are shown diagrammatically. 


WATER: A MAJOR ENVIRONMENTAL VARIABLE 


The presence or absence of moisture is one of the most impor- 
tant environmental factors that can affect solid-state stability. 
The surface of an API particle can gain or lose water depending 
on the relative humidity (RH). Figure 38-3 shows how water 
vapor can form regions of dissolved drug on the surface of the 
API particle. The amorphous region would be expected to dis- 
solve the fastest, and the crystalline region the slowest; that is, 
the rank order of dissolution would be A, > A; > ,A. In the 
Figure 38-3 diagram, this is indicated by the font size of the 
saturated dissolved form of A, a,, associated with each of these 
regions. This surface coating results in chemical and physical 
instability. 

Chemical Instability: Water as a Molecular Mobilizer—In 
general, chemical reactivity is slow in solids because of the 
spacial separation of different reactive components. For exam- 
ple, if a small amount of an impurity that can act as a catalyst 
is distributed heterogeneously in an API or a dosage form, the 
overall rate of reaction is limited because the reaction only 
occurs in microenvironmental regions. However, in dosage 
forms, most APIs are usually in contact with moisture-bearing 
excipients and are stress-tested at elevated temperatures and 
humidity. The presence of an adsorbed layer of moisture in- 


creases the catalytic reactivity of the impurity because water, 
acting as a molecular mobilizer, can transport different chem- 
ical species laterally over the surface of the API.’ Equation 4 
shows a chain of reactions from A to a degradant B,: 


[HL] ospor [Hs0],,jon Catalytic impurity (HO vapor 


A >a >b >B (4) 


where 6 is the solubilized form of B. Moisture also induces 
solid-state changes in A. (Further discussion of moisture- 
induced chemical instability will be treated in the section Hy- 
drate Stability: Importance of the Critical Relative Humidity.) 

Microenvironmental pH: Moisture-Induced Sensitivity of 
Acids/Bases—Acid—base reactivity in the solid-state change 
will be enhanced by moisture. Equation 5 shows a moisture- 
induced change of an anionic salt to its free acid on the surface 
of a drug particle: 


Ag (5) 


Conversely, Equation 6 shows a moisture-induced surface con- 
version of a cationic salt into its free base, 


[BLO |enpor 


Ae AS (6) 


where A* = HA’. Because the amount of solid drug is large 
compared to the amount of moisture, Equations 5 and 6 have 
been diagramed as irreversible reactions. Such solid-state 
changes can alter the physical properties of the API. For ex- 
ample, if particles of the sodium salt of an insoluble acid form 
a surface coating of the free acid as in Equation 5, the dissolu- 
tion rate of the surface will be retarded. Testing methods are 
needed during the salt selection stage to anticipate this type of 
solid-state change (see under Salt Selection). 

Solvent-Mediated Transformations of Polymorphs: Water as 
a Transporter—If two polymorphic forms can exist at a given 
temperature, the metastable polymorph will be more soluble 
(see Salt Selection, page 704). When this form is put in contact 
with water, the following solvent-mediated transformation can 
be promoted: 


HO 


wA— |A (7) 


Water, in the vapor phase, has also been shown to be capable of 
mediating transformations between amorphous and crystalline 
forms in both directions.” 

[HO] yr 
Js\ (8) 


a 


Finally, transformations can occur that incorporate water into 
the crystal structure. Here, an anhydrous crystalline form is 
changed into the monohydrate, 
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Figure 38-3. Surface of a milled 
API and dissolution of surface re- 
gions due to adsorbed moisture. 


H,O 


geek ——=2 Ah (9) 


and a salt is transformed into a hemihydrate after passing 
through the amorphous form: 


H,O H,O 


five ee RA SZ py (10) 


Equations 7 to 10 emphasize solid-state changes. It is likely 
that most of these transformations may occur only after dis- 
solving and forming a or a species forming a’. 


DECISION-POINTS IN THE DISCOVERY AND 
DEVELOPMENT OF AN API 


The term active pharmaceutical ingredient (API), also known 
as drug substance and bulk pharmaceutical chemical (BPC), 
highlights both a discovery and a development component. In 
this section, discovery Steps 1 to 4 will be introduced briefly. 
The focus will then shift to a detailed discussion of the devel- 
opmental Steps 5 to 9. Using this background, the section 
Engineering in the Solid State will outline how early parallel 
integration of these activities can reduce the time from concept 
to market. 

The term expansion is used when choices are being en- 
larged, and selection is used when choices are reduced by 
decision-making. Ultimately, the expansion and _ selection 
phases of discovery lead to a single choice, the best candidate 
for further development. 


1. Library expansion refers to additions to a company’s chemical li- 
brary. Established pharmaceutical companies have amassed hun- 
dreds of thousands of compounds through previous discovery ef- 
forts. These collections are cataloged carefully and are used 
systematically in mass screens. 

2. Series selection is a decision-making process in which the most 
active chemicals in the library are identified using a high-through- 
put biological assay. Typically, these assays are used to detect the 
ability of a small molecule to interact with a protein, in vitro. In the 
past, decisions regarding which leads will be pursued further were 
made based on activity, chemical diversity, patentability, and ana- 
log synthetic potential. Today, developmental potential increas- 
ingly is part of series selection decision-making. 

3. Analog expansion is the increase in the number of compounds 
targeting a specific activity based on synthetic exploitation of the 
most promising leads. 

4. Analog selection is the decision-making process in which the best 
new chemical entity is chosen for further development. In the past, 
in vitro activity alone was the dominating decision-maker; today, a 
blend of developmental issues are surfacing earlier. 


Preformulation, as well as other areas of development such 
as metabolism, toxicology, and pharmacokinetics, will play an 
increasingly important role in Steps 1 to 4. Because a funda- 
mental understanding of the solid state is essential for design- 
ing appropriate physical property methodologies for Steps 1 to 
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Figure 38-4. Typical API sequential decision-making: selection and 
expansion cycles. 


4, the remainder of this section will deal with how solid-state 
properties affect absorption and consistency, the two major 
development issues for an API. Salt selection, which deter- 
mines the character of ;A’, is the first critical solid-state deci- 
sion for preformulation in the developmental arena. 


Salt Expansion: Exploring the Molecular 
Possibilities of A’ 


The un-ionized (free) form of weak acids and bases, A°, may not 
be the ideal molecular form for development. During the salt 
expansion Step 5 of Figure 38-4, salts are prepared to explore 
whether one of them would make a more suitable API. Salts are 
formed by reacting A° with an appropriate counter-acid or 
counter-base. In this discussion, HAn is used to represent a 
counter-acid that forms an anion An . Common counter-acids 
like HCl and maleic acid are listed in Table 38-2. Similarly, 
CnOH is used to represent a mineral base of counter cation 
Cn*. Common mineral bases like NaOH and KOH are also 
shown in Table 38-2 along with organic counter-bases. 


When A? is a weak base, the salt, (A°H)* An”, is composed 
of the protonated form of the base, (A°H)* and the ionized form 
of the counter-acid HAn,An_. For salt formation, A° must be 
sufficiently basic to remove the proton from HAn (see Salt- 
Forming Reactivity Potential, page 705). 

Salts have different physical properties than their free 
forms. Salt selection explores whether a particular salt 
might have properties that are more appropriate for an API 
than its parent form. Improving oral absorption by in- 
creasing the dissolution rate is often a goal of the salt ex- 
pansion step. Salts generally dissolve faster in water than 
their free forms because dissolution is enhanced by the rapid 
hydration of the ionized salt species with water. Salts of 
weak bases generally lower the pH of water; salts of weak 
acids elevate it. For the salt of a weak base in water, the 
initial dissociation of the salt into the two ions, APH* and 
An is relatively complete. On the other hand, the deproto- 
nation of A°H* depends on the pK, of A°, as shown by these 
reactions: 


low pK, 
and A°H+t ——*A°+H* (11) 


A°H*An” —> A°H* + An~ 

cc high pK, 
It is the release of the H* in the second reaction by the salt that 
lowers the pH and increases the solubility (see pH-Solubility 
Profiles, page 717). Hydrochlorides are the most common salts 
of weak bases. 

When A® is a weak acid, the salt that forms from a 
reaction with CnOH is A Cn‘ (A” represents A° minus a 
proton). The most common salts for weak acids are the 
sodium salts. 

Even though salts increase aqueous solubility, they only 
alter the pH of the solution so that more of the ionized form is 
present in solution. Salts do not change the ionizable character 
of the free form; this is an intrinsic property of the free acid or 
free base and their associated pK,(s). pH-solubility profiles 
show the solubility relationship between salts and their free 
forms. 


Table 38-2. Molecular Forms Marketed Worldwide Between 1983-1996 


SALT FORM FREQ. GROUP? pK, clogP MW 
No salt form 390 0 

Hydrobromide 1 1 = 0.45 80.91 
Hydrochloride 102 1 =o) 0.24 36.46 
Sulfate 5 1 = 5} =1.58 98.08 
Nitrate 6 1 a4: 2.09 63.01 
Phosphate 2 1 2ai5 =i) S)5) 96.99 
Glucuronate 1 1 32 —3.74 194.14 
Acetate 8 1 4.76 —0.36 59.05 
Maleate 3 2 1.92 SOS 116.07 
Fumarate 8 2 3.02 = (0) 11853 116.07 
Tartrate 1 2 3.03 = 2) 7) 150.09 
Citrate 1 2. 1183 =D 4 189.10 
Succinate 2 2 4.21 —0.62 118.09 
Mesylate 8 3 = 120) ole 96.11 
Acistrate 1 3 4.915 7.98 284.49 
Besylate 2 4 —2.80° 0.23 NSAI 
Tosylate 3 4 = [esH! 0.88 171.20 
Xinafoate 1 4 2.66° 3.00 188.18 
Potassium 1 1 16 39.10 
Sodium By 1 14.77 23.00 
Tromethamine , 1 8.07° SSyil7/ 121.14 
Bismuth 1 1 1.58 208.98 
Bromide 6 5 79.90 
Chloride 2 5 35.45 


* Groups: 0 = No salt, 1 = Polar, 2 = Multifunctional, 3 = Flexible aliphatics, 4 = Planar aromatics, 5 = Quartenary. 


© Calculated pK,. 
©“ CRC Handbook of Basic Tables for Chemical Analysis, page 469. 


Source: Serajuddin ATM, Sheen P, Augustine MA. To market, to market. In: Bristol J, ed. Annu Rep Med Chem. New York: Academic, 1983-1996. 


pH-SOLUBILITY PROFILES 


For a weak base, a plot of solubility versus pH will show the 
highest solubility at low pH and the lowest solubility at high 
pH; for weak acids, the opposite is true. Such plots give a 
graphic view of the impact of ionization on solubility for an 
NCE. The pH range of the small intestine, where oral absorp- 
tion generally occurs, is approximately 6.5 to 8. It is undesir- 
able to have a compound totally charged or uncharged in this 
region. If it is entirely charged, there are no un-ionized species 
that can be transported across the GI membrane. If it is totally 
uncharged, there are no charged species to enhance solubility. 
For a monoprotic NCE, the pK, denotes the pH where the 
number of charged and uncharged species in solution are equal. 
On the ionized side of the pK,, the solubility of the salt limits 
the maximum solubility. The solubility decline at very low pHs 
is due to activity and solubility-product effects.>° On the un- 
ionized side, the solubility of A° (the intrinsic solubility) marks 
the lowest solubility. Salts promote a saturated solution to be 
formed at a pH that is on the ionized side of the pK,. They 
cannot alter the pK, or the intrinsic solubility. Using these 
parameters, a qualitative pH-solubility profile can be con- 
structed. Figure 38-5 shows pH-solubility profiles for different 
counter-acid salts. 
The synthesis of salts depends on 


1. A proton-exchange reactivity between A° and the counter-acid/base 
2. A long-range order that permits crystal formation. 


The discussion that follows will focus on forming salts from 
weak bases, because they comprise the majority of the new 
drug candidates. Weak acids would be treated analogously. 


SALT-FORMING REACTIVITY POTENTIAL 


In order for a salt to form, both the weak base, A°, and the 
counter-acid, HAn, must have sufficiently different pK, values 
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Figure 38-5. pH solubility protile of a weak base.? 


PREFORMULATION 705 


such that a Brénsted-Lowry proton transfer from HAn to A° 
can take place. Table 38-2 gives potential counter-ions and 
their pK, values from a listing of all drugs approved worldwide 
from 1983 to 1996. An acid—base proton transfer should be 
possible as long as the pK, of HAn is less than that of the weak 
base A° (recall that the pK, of A° is referenced to its protonated 
form A°H*; see Solid-State Character, page 702). If ApK, is 
defined as 


ApK. = pK, (weak base) — pK, (HAn) (12) 


a salt-forming reaction should be possible as long as ApK, is 
positive. For example, a succinate salt (pK, 4.2) with doxyl- 
amine (pK, 4.4) is possible® where the ApK, is 0.2. Neverthe- 
less, the greater the ApK,, the greater the probability that a 
salt can be formed. Because the pK, values in Table 38-2 are 
calculated for an aqueous environment, this rule must be used 
only as a guide for salt-forming reactivity in organic solvents. 
In an organic solvent in which the dielectric constant is lower 
than water, the ionization equilibria would be shifted: 


low dielectric solvents 


HAn 


H* + An (13) 


low dielectric solvents 


AH? ———————> H* +.A® (14) 


For acridine bases, 50:50 ethanol:water weakens the aqueous 
pK, by 1.41 pH units. For the counter-acid, HAn, pK, weaken- 
ing is greater than for the protonated base, A°H", because of 
the greater solubility of HAn in the organic phase and the 
production of two charges upon ionization. The net effect of 
organic solvent weakening is to reduce the pK, difference be- 
tween the counter-acid and the weak base. This lowers the 
salt-forming reactive potential. Therefore, in a given organic 
solvent, if salt formation fails to occur for a particular aqueous 
ApK,, it is unlikely that salts can be formed in this organic 
solvent with a smaller aqueous ApK,. 


VARYING SALT PROPERTIES 
USING COUNTER-ACID GROUPINGS 


For weak bases, salt-forming counter-acids can be used to alter 
an API's solubility, dissolution, hygroscopicity, stability, and 
processing.° Table 38-2 shows counter-acids organized into dif- 
ferent functional groups. For each counter-acid, both the pK, 
and the log P is given where appropriate. A starting point for 
salt expansion must begin with the properties of A®. If, for a 
weak base, ApK, = pK, ve = pK, counter-acid, HAn > 0, then 
aqueous salts may be possible. Use of this table and the influ- 
ence of different counter-acids are covered under Decision-Tree, 
Goal-Oriented Approach, page 712. 


CRYSTAL FORMATION REQUIREMENTS 


In general, crystalline solids, including salts, make the most 
promising APIs. The amorphous form of the solid state is usu- 
ally not as stable as crystals, either physically or chemically. 
Crystal formation is a special characteristic of a solid in which 
the molecules self-organize into regular, repeating, molecular 
patterns. Solvents play at least three roles in crystallization. 


1. They provide some solubilizing capacity so that concentrated solu- 
tions can be formed. 

2. They promote the nucleation process. Nucleation may be from a 
pure solution (homogeneous nucleation) or from a seed crystal (het- 
erogeneous nucleation). If a solvent binds too strongly to the mo- 
lecular organizing functionalities of the salt or seed crystal, crys- 
tallization will be impeded. Finding appropriate solvents for crystal 
formation is a very important step in salt expansion. Failure to 
adequately explore and find solvents that can crystallize salts could 
mean that very usable salts would not be evaluated in the salt- 
selection step because they were not synthesized. 
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3. Solvents, temperature, and cooling rate can impact the crystal- 
packing pattern of crystals. Stable polymorphic forms usually are 
desired for APIs. Metastable forms are normally avoided in an API 
because they are prone to physical and chemical instability. Solvent 
conditions that promote metastable and stable crystal formations 
will be explored under Metastable Polymorph Formation, page 710. 


Salt Selection: Choosing the “Best” API 


Salt selection is the first important API decision from the de- 
velopment perspective. Once a salt is chosen, time-consuming 
and lengthy toxicological studies are initiated that would have 
to be repeated if the salt form is changed. This decision involves 
choosing a solid-state phase, ;A, which balances potentially 
conflicting needs: increasing absorption versus maintaining an 
API that is consistent and can be manufactured in a market- 
image dosage form (see Compressibility and Compactibil- 
ity, page 712). Figure 38-6 shows some of the factors involved in 
this decision. 

Permeability, solubility (C,), and pK, are intrinsic proper- 
ties of A° that have been already determined in the analog 
selection phase (see Fig 38-4). The major dependent variables, 
absorption and consistency of the API, can be manipulated and 
balanced in salt selection. In the following sections, the impact 
of dissolution and particle size on absorption will be explored. 
In addition, the consistency of the API solid state under the 
influence of environmental destabilizing factors—such as expo- 
sure time (¢), ultraviolet light (UV), pH, moisture (H,O), tem- 
perature (7), and pharmaceutical processing operations like 
milling, compression, and compaction—will be considered. 


ABSORPTION ASSESSMENT 


Oral absorption is generally viewed as two-step, sequential 
process: 


dissolution 


— 
A solid 


permeation 


AGI tract —————  Aplood (15) 


Destabilizing Factors 


Pharm. Processing 


State of the Solid Phase <——— Recrystallizing ———> Particle Size 
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Figure 38-6. API salt selection decision: a balance between absorp- 
tion and consistency. 


Either dissolution of solid drug, A,,);4, after the dosage form 
disintegrates in the GI tract, or the permeation of the dissolved 
drug, Qc tract» through the GI membrane could be the slowest 
process. The slower of these two steps determines the overall 
rate of absorption and is thus rate-limiting. 

Dissolution-limited absorption occurs when the rate of ap- 
pearance in the GI tract by dissolution (@¢,;) is slower than the 
rate of appearance in the systemic system (@,),,q); permeation- 
limited absorption occurs when the a,),,q4 appearance is the 
slowest process. The impact of these two rate processes on in 
vitro-in vivo (IVIV) correlations will be discussed in the section 
Biopharmaceutical Classification of API, page 714. Dissolution- 
limited absorption will now be considered. 

The rate of dissolution of a particle is given by the Noyes— 
Whitney equation, 


dA/dt = ki, (Cs — Cyun)] (non-sink conditions) (16) 


where 


A is the amount of drug dissolved. 

dA/dt is the rate of dissolution (Q sometimes is used for this rate). 

k, is the intrinsic dissolution constant for the drug. 

S,, is the total surface area of the dissolving particle. 

Cz is the saturation solubility of the drug at the surface of the particle. 
Cy, 18 the concentration of the drug in the bulk solution. 


Because the rate of dissolution depends on the concentration 
difference between Cy and C;,,,;, the maximum rate of disso- 
lution would occur if Ci, = 0 Gie, if drug was removed from 
solution as fast as it dissolved). This would be analogous to a 
sink that could drain the water coming out of a water faucet as 
fast as it comes in so that the water level never built up. This 
analogy is the basis for referring to Equation 16 as nonsink 
conditions for dissolution, because drug does build up in the 
solution and the rate of dissolution is correspondingly reduced. 

The expression for the maximum dissolution rate is found 
by setting Cj, equal to 0:7 


dA/dt = k,S, Cs (sink conditions) (17) 


This initial rate of the Noyes—Whitney equation is termed sink 
conditions for the dissolution rate. 

Particle-Size Effects—For a spherical drug particle of radius 
r, amount m, and of density p, Equation 17 can be rewritten as 


dA/dt = (3kam/p) (A/r) Cs (18) 


This expression emphasizes the inverse relationship between 
the dissolution rate, dA/dt, and the particle size r, assuming no 
dissolution rate-reducing factors are present such as adsorbed 
air bubbles or aggregated particles. 

Smaller particles dissolve faster than larger particles. Thus 
milling, a pharmaceutical unit-operation, increases dissolution 
because the API particle size is reduced. On the other hand, 
when drug particles are suspended in an aqueous solution, 
particles can increase in size due to recrystallization growth® 
(Fig 38-7). Dosing such suspension orally would be expected to 
reduce absorption because of a reduction in the dissolution 
rate. 

Reactive Media 1: Implications for Salts of Weak Acids and 
Weak Bases—When a drug reacts with gastric fluids, its disso- 
lution deviates from Equation 17. For dissolution in 0.1 N HCl, 
acid—base reactivity is most important for salts of weak acids 
and for free bases. It has been found that the low pH environ- 
ment of the stomach dissolves a salt of a weak acid 10 to 100 
times faster than the weak acid itself.? On the other hand, it is 
the free base, and not its HCl salt, that dissolves faster in this 
same environment.’° These deviations from Equation 17 have 
been shown to be due to differences between bulk-solution pHs 
and the pH at the surface of the drug particle. Thus, Equation 
17 becomes 


dAldt = kiS, Csp =o (19) 


FORM | 
INITIAL SUSPENSION 


_} oth 


FORM | 


SUSPENSION AFTER 6 HOURS. 


Figure 38-7. Photomicrographs showing change in crystal size for a 
suspension of Form | of an experimental drug. 


where Cg,,—o is the saturation solubility at the surface of 
the API. 

For weak acid salts, the surface pH has been calculated to be 
6.2 to 6.5 for sodium salicylate (pK, 3.0) and 10.3 for sodium 
theophylline (pK, 8.4) in bulk solutions having pHs of 1.10 and 
2.1, respectively. On the other hand, the weak base phenazo- 
pyridine (pK, 5.2) sees a surface pH of 3.3 to 3.6, while its HCl 
salt sees a surface pH of 1.2 for a bulk-solution pH of 1.10. If the 
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Figure 38-8. Absorption changes due to aqueous-phase trans- 
formations. 


solubility due to surface pH and not the pH of the bulk is 
considered, deviations from Equation 17 become understand- 
able. For the HCl salt, the common-ion effect reduces its solu- 
bility from the maximum solubility of the pH-solubility profile 
at 3.45. Thus, the nonaggregated free base, in this situation, 
has a surface pH that is optimized to give the highest dissolu- 
tion rate because it has the highest surface solubility. 

Reactive Media 2: Implications for Anhydrates and Metasta- 
ble Polymorphs—Aqueous-phase transformations are solid- 
state changes in which water acts as a mediator. During the 
transition from one form to another, dissolution behavior will 
reflect the switch from the dissolution rate of the initial solid 
state to that of the more stable state. Two types of aqueous- 
phase transformations were introduced in Equations 7 and 9: 
(1) a transformation from Polymorph II to Polymorph I and (2) 
a transformation from an anhydrous Form II to a hydrated 
form h.'' In Figure 38-8, the transformation of Equation 7 is 
shown. 

Because the permeability (P) of the dissolved drug is the 
same for the different crystalline forms, the impact on absorp- 
tion will be due to differences in their solubilities (Cg) as 
defined in Equation 17 and thus will be reflected in the disso- 
lution rates, dA,/dt and dA,,/dt, being different. 

When a solvent-mediated transformation like that shown in 
Equation 9 occurs, dissolution profiles become more complex. 
Figure 38-9 shows the biphasic dissolution characteristics for 
Equation 9. In this situation, an anhydrous substance, 9, A, 
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Figure 38-9. Biphasic dissolution of anhydrous to hydrous forms." 
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becomes hydrated as it dissolves and forms a surface layer of 
,A. It is this latter layer that controls subsequent dissolution. 
The concentration versus time plot for the net reaction is o,A 
(phase change). Note that initially the slope for 9, A (phase 
change) approaches that of the very steep slope ,, A (no phase 
change), and that the terminal slope approaches that of ;, A (no 
phase change), the hydrated form. Modifications of Equation 17 
to take into account surface recrystallization of , A on o, Ay give 
the biphasic dissolution behavior, 


dAldt = kS,{Cs,e ~* + Cs,[1 — e*]} (20) 


where k,. is the recrystallization rate constant for the second 
phase, k, is the intrinsic dissolution constant, Co1, is the sat- 
uration concentration for the first phase, and Cg, is the satu- 
ration concentration for the second hydrate phase. '” 

Enhanced and Retarded Dissolution Due to Sinks and 
Plugs—tThe increase in dissolution due to the particle-size re- 
duction of an uncharged API, A®°, can be estimated from Equa- 
tion 18. Equation 21 shows the resulting surface area increase, 
>, and the corresponding dissolution enhancement. 


) milling) jg) fester 
JOE CONES? (21) 


This enhancement, however, is assumed to be under sink con- 
ditions and is driven by Cy = ag in Equation 17. If the concen- 
tration of drug does build up, dissolution is reduced by and is 
given by Equation 16. This slower dissolution is diagramed in 
Equation 22 where ay, ? indicates the buildup of the drug in 
the bulk solution. 


slow 


IN (hs ite fh (22) 


An ionizable drug, on the other hand, reduces a?,,;,, which is 
indicated by | in Equation 23 because it is rapidly converted to 
Quix, the ionized form. Thus, the ionized form (a;,,, = a?n,H*) 
acts as a sink to remove ay), and promotes the dissolution of 
A® by driving the reaction to the right: 


o fet 9 very fast 
IN Gs te =$$$—=> Oi oats 


(sink) (23) 

Reduction of dissolution, on the other hand, can occur for an 
anhydrous API when the hydrated form recrystallizes on the 
surface as in Figure 38-9. This effect is the opposite of the sink 
concept, hence the term plugging. Equation 24 show the species 
involved in plugging. The subscript > emphasizes that this is a 
surface phenomenon. 


recrystallization 
slower 


> Apuk 


slow 


onAs ? Abulk >,As 


(plug) (24) 


Acceptance Criteria Guidance—A simple model to assess the 
impact of particle size on dissolution and absorption of a non- 
ionized drug considers the intestine as a single compartment. 
If the number of particles of uniform size at time ¢ is 


N(t) = Nye” (25) 


where WN, is the initial number of particles, Q is the flow rate 
out of the intestine, and V is the intestinal volume, then the 
surface area for spherical particles of uniform size, r, as a 
function of time can be given by 


S, = 4ar7(t)N(t) (26) 


This expression can then be used in the non-sink dissolution 
expression of Equation 16, with certain assumptions including 
linear intestinal absorption, to approximate the fraction ab- 
sorbed as 


(27) 


where k, is the absorption rate constant, X, is the administered 
dose, X, is the amount of drug dissolved in the GI tract at #,, 
and t, is the GI transit time. Further refinements to this model 
include accounting for polydispersed spherical powders and 
comparing cylindrical with spherical shape factors, with and 
without time-dependent diffusion layer thickness. 

Finally, for poorly soluble drugs, simulated dose absorption 
studies have been carried out over different ranges of solubil- 
ity, absorption rate constants, doses, and particle sizes. Table 
38-3 shows the percent of drug absorbed for a drug that has a 
solubility of 10 wg/mL with a k, of 0.01 min *. Note that, even 
though particle-size reduction from 100 to 10 um increases the 
percent absorbed, as the dose increases, the impact of this 
reduction decreases dramatically. 


CONSISTENCY ASSESSMENT 


Polymorphic Stability: Importance of the Transition Point— 
Polymorphic systems, in which different crystalline forms of 
the same molecular composition can exist, vary in their ability 
to interconvert at different temperatures. The enantiotropic/ 
monotropic classification is based on the observation that some 
systems can reversibly interconvert and some cannot. In enan- 
tiotropic systems, reversible interconversion between the dif- 
ferent forms is possible. For monotropic polymorphic systems, 
interconversion is only possible in one direction, from a meta- 
stable form to a more stable form. 

For enantiotropic systems, a critical temperature exists, the 
transition point, iy at which the rate of conversion from one 
form to another is equal. At temperatures below T,,, one form is 
more stable; at temperatures above T.,, another form is more 
stable (see the section Solid-State Character, page 702; the 
convention of designating Form I as the most stable polymorph 
breaks down for such systems because Form I cannot be the 
most stable form both above and below T,,). 

Figure 38-10 shows a solubility versus temperature dia- 
gram for an enantiotropic polymorphic system.‘** For the 
enantiotropic system on the left, at constant pressure, there are 
three solubility versus temperature curves: Form II is the 
lowest, Form I is the next higher, and the melting curve is M. 
The critical temperature, 7,,, occurs at the intersection of the 
Form II and I curves. At this point the solubilities of Form II 
and Form I are equal and the interconversion rate in any 
direction is zero.'* Below the T,,, Form I interconverts to Form 
II; above the T,,, Form II converts to Form I. The melting point 
of Form I occurs at the intersection of the Form I curve and the 
melting curve M. 

Because enantiotropic forms show a change in relative phys- 
ical stability as temperature is changed, it is important to 
anticipate the impact of temperature on stability. An early 
warning sign that one is dealing with an enantiotropic system 
can be found by relating solubilities with thermal parameters. 
The higher melting Form I has a smaller heat of fusion. Equa- 
tion 28 gives the relationship between the solubilities, 


1 S(T) 4 AH, — AH, of Maa 4 
sco] [a | 


where S, and Sj, are the solubilities and AH, and AH;, are the 
heats of fusion of Forms I and II, respectively.1° The more 


Table 38-3. Reduced Absorption with Increasing Particle 
Size for a Poorly Soluble Drug 


PERCENT OF DOSE ABSORBED 


DOSE 10 um 25 um 50 um 100 um 
1 91.3 66.9 38.5 WS 
10 70.0 50.0 30.7 15.4 
100 9.0 8.7 8.0 6.3 
250 3.6 3.6 3.4 3.1 


Source: Johnson KC, Swindell AC. Pharm Res 1996; 13: 1795. 
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stable form at a given temperature will have lower solubility at 
that temperature. 

Enantiotropicity exists only when the transition point is 
below the melting point of Form I (see Fig 38-10). However, if 
a transition point is not found below the melting point of Form 
I, it does not mean that the system is monotropic.'* The tran- 
sition point, for example, could be below the lowest tempera- 
ture studied. 

For monotropic systems, interconversion is always from the 
metastable Form II to Form I. The solubility curve of Form II is 
always above that of Form I, and a transition point does not 
exist because a crystal cannot be heated above its melting point 
(see Fig 38-10). Oswald’s Law of Stages dictates that if a 
system is supersaturated with respect to Form II at concentra- 
tion C,; and T,, the metastable Phase II will be the first solid 
phase that appears.'® As Form II continues to crystallize, the 
supersaturation is reduced until it reaches its solubility. At this 
point, although there is no longer a driving force to crystallize 
more Form II, the solution continues to be supersaturated with 
respect to Form I. Thus, crystallization of Form I occurs at the 
expense of the dissolution of Form II. 

Polymorphic Solubility: Difference Between Equilibrium 
and Dissolution-Based Solubility—Assume Polymorphs I and 
I are possible for an NCE. Oswald’s Law of Stages tells us that 
a supersaturated solution will first crystallize out as Form II 
and then ultimately Form I. Thus, the thermodynamic equilib- 
rium solubility will be limited by the solubility of Form I. 
However, because the rate of nucleation of II and I is a function 
of a wide variety of variables, equilibrium solubility is not an 
especially useful parameter in estimating the impact of a poly- 
morph form on the absorption of drug from a dosage form. A 
dissolution-based solubility definition is more useful in this 
regard. How might such a solubility be defined? 

Because the metastable state Form II has a faster dissolu- 
tion rate, dA/dt,, > dA/dt;, where it is assumed that dissolution 
is carried out under sink conditions of Equation 17. Because 
dA/dt = k,S,Cs, we can conclude that C.(II) > C.(D if we 
assume that S, andk, are the same for both polymorphs. Thus, 

Equation 17 provides a working definition for the solubility 
_ differences between Polymorph II and Polymorph I, and it 
provides a method for measuring them from dissolution exper- 
iments. More precisely, it provides the solubility at the surface 
of the API, which is the solubility that is most relevant for 
dissolution (see the section Reactive Media 1, page 706). 

Polymorph Characterization Techniques—At a given tem- 
perature, a fluid-phase transformation can cause a metastable 
polymorph to change into a more stable, less soluble poly- 
morph. Using a hot-stage microscope, fluid-phase transforma- 
tions as a function of temperature can be observed.’* As the 
temperature is varied, the more soluble polymorph dissolves 
and the less soluble one grows. If a temperature can be found at 
which both polymorphs have the same solubility, then the 
system is enantiotropic, and the temperature is the transition 
point, 7. Plots similar to Figure 38-10 can be constructed 
qualitatively in which the intersection is the measured transi- 
tion point. These plots are important because they tell which 


Temperature 


PREFORMULATION 709 


Monotropic System 


Figure 38-10. Thermal stability of polymorphic 
systems.'?"4 


form is most stable at low temperatures, and whether the 
system is enantiotropic. 

Differential scanning calorimetry (DSC) is another charac- 
terization tool that is commonly used. It can measure heat 
changes that occur when a solid undergoes phase transitions. 
Melting of a solid into a fluid, for example, requires an influx of 
heat into the crystal. Two techniques are useful for detecting 
polymorphic systems using DSC: scanning-rate variation and 
temperature cycling. 

Scanning-rate variation has been shown to detect some re- 
versible polymorphic systems. In Figure 38-11, crystallization 
of the more stable polymorph shows up as exothermic depres- 
sions as the scanning-rate increases.'’ Hot-stage microscopy 
can be used to confirm these thermal changes. 


2.5°/min 


10°/min 


Endothentt ~~» 


20°/min 


40°/min 


120 180 24 


Temperature (°) 


Figure 38-11. Detection of polymorphs by varying the DSC scanning 
rate.” 
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Temperature cycling using DSC also can be used to study 
the relative interconvertability of crystalline forms. A loss of 
the metastable, lower melting point polymorph of metoclopra- 
mide base was found after heating, cooling, and then reheat- 
ing.'° The more stable polymorph can often be observed as 
exotherms due to crystallization after heat—cool cycles.'? In 
addition, storage of a metastable polymorph below the melting 
point of either polymorph can result in the formation of the 
more stable polymorph. For gepirone hydrochloride, this oc- 
curred after a heat treatment of 3 hours at 150°.” 

Powder X-ray diffraction is the most powerful method for 
detecting polymorphs. Because different polymorphs have dif- 
ferent crystal structures, the packing patterns of their atoms 
are different. Powder X-ray diffraction detects these packing 
differences as differences in diffraction patterns. Comparisons 
of diffraction scans between different polymorphs show char- 
acteristic differences that can be used for identification (finger- 
printing) purposes. 

Single-crystal X-ray diffraction is the most definitive char- 
acterization tool because the exact relative locations of atoms in 
the molecular crystal can be determined. However, most often, 
high-quality crystals for this type of analysis are not available 
from the bulk API (especially if the material was milled). Re- 
crystallization of suitable crystals from saturated solutions 
may be possible. If the single-crystal X-ray diffraction problem 
can be solved, programs are now available that can convert 
single-crystal diffraction data to a powder X-ray diffraction 
pattern. This is necessary to ensure that the recrystallization 
process has not grown a new polymorph. 

Solid-state nuclear magnetic resonance (NMR) is also a 
powerful technique for studying polymorphic systems. In this 
technique, a powder sample must be rotated at a special angle 
(the magic angle) with respect to the magnetic field so that 
preferential orientations of the powder particles are averaged. 
Microcalorimetry also has been used to characterize the ther- 
modynamic properties of different polymorphs. Finally, diffuse 
reflectance infrared Fourier-transform spectroscopy recently 
has been used to quantify binary mixtures of polymorphs using 
the partial least-squares method for spectral analysis.”° 

Metastable Polymorph Formation—Exploring the poten- 
tial that a given salt has for polymorph formation is a very 
important aspect of salt selection. It is important that the 
choice of the final molecular form be based on as much 
information as possible. Other factors being equal, a molec- 
ular entity that forms polymorphs is generally not as desir- 
able as one that does not, because of the potential intercon- 
version of polymorphs and a change in an API’s dissolution. 
This could cause consistency problems both in the API and in 
the dosage forms. Special techniques are used to attempt to 
synthesize metastable polymorphs. Preparation of metasta- 
ble polymorphs requires: 


1. Supersaturating conditions for the metastable form, ,,A. 

2. Crystallization of the metastable state before the stable polymorph 
forms. 

3. Stable conditions for the metastable polymorph so that conversion 
to the stable ,A form is prevented. 


These steps are shown in Figure 38-12. 

For a monotropic system, the metastable state can only 
change to the stable state; for an enantiotropic system, the 
transition point is critical for interconversion. Therefore, the 
formation temperature should be as far above the transition 
point as practical. 

The ideal solution conditions to prevent ,;,A from convert- 
ing to ;A are such that the solution phase, a, should be 
highly supersaturated, of a small volume, and in a relatively 
poor solvent. Rapid cooling is the method of choice for main- 
taining supersaturation with respect to ;,A. To help ensure 
that the rate of metastable crystallization is much greater 
than the rate of thermodynamic equilibration, small volumes 
and poor solvents for ;A are used. The use of dry ice for rapid 


Stable 


Figure 38-12. Formation of a metastable polymorph in a mono- 
tropic system. '* 


cooling with alcohol or acetone is common for these purposes. 
Once crystallization from the saturated solution phase, a, 
has occurred, it is important to filter and dry the precipitate as 
quickly as possible to prevent a fluid-phase transformation to the 
stable polymorph. Alternatively, if ,A can be melted without deg- 
radation, complete melting and rapid cooling of the melt is an 
another method of forming metastable forms. This avoids two 
major problems of solution-phase metastable polymorph forma- 
tion—filtration and drying, both of which can promote intercon- 
version. 

Hydrate Stability: Importance of the Critical Relative Hu- 
midity —Relative humidity (RH) is the percentage of the 
maximum amount of moisture that air can hold. A substance 
is hygroscopic when it takes up this moisture from air. For a 
drug substance, the RH that is in equilibrium with a satu- 
rated aqueous solution of a solute is termed the critical 
relative humidity (CRH).?! It is a key parameter that can 
influence the physical stability of solid-state hydrates. A 
number of studies have shown that the gain or loss of water 
from a hydrate can center on the CRH. Because water in 
organic crystals is never a passive entity (see Hydrate For- 
mation, page 711), solid-state changes in the crystal are very 
likely to follow. 

For the tetrahydrate sodium salt of a tetrazolate derivative, 
a number of different solid-state forms are possible.?” 


above CRH 
=18© 


below CRH 
Oh,aA 
—H,O (29) 


The conversion of ,, A to , A requires elevated temperature and 
a RH above the CRH. Water’s plasticizing action in reducing 
the intermolecular H-bonding between adjacent molecules is 
believed to be the mechanism that facilitates the solid-state 
transformation to the more stable ,,A crystal form.”* Similarly, 
elevation of both temperature and RH were required to convert 
the 9,,A form of paroxetine HCl to the 9 5, A form.”* Water also 
promoted a solid-state transformation of the ,,A form to the 5, A 
form of a disodium leukotriene antagonist. The amorphous 
form initially picked up a small amount of water (2%) and then 
slowly released this water as the anhydrous form was formed. 
Conversely, the humidity-mediated conversion from ;,A to ,A 
has been observed for another leukotriene antagonist.’ Diffi- 
cult hydrate situations have been dealt with by carefully de- 
fining the RH ranges of different species and setting specifica- 
tions consistent with typical manufacturing environments.”° 
In general, hydrates that are more closely packed tend to be 
more physically stable with respect to moisture loss. The ideal 
solid state is one that is stable over a wide range of RH, such as 
the 9 ,A form of paroxetine HCl.** For the sodium salt of the 
tetrazole derivative shown in Equations 29 and 30, the denser 


,A structure is physically more stable than the ,, A structure. 
The latter loses four water molecules from crystal channels at 
a significantly lower temperature than the one water molecule 
of the , A form, which is integrated into the crystal structure in 
amore cohesive manner.” In the sections H-Bonding Networks 
(page 717), and Hydrate Formation (page 717), hydrate forma- 
tion is discussed from a molecular point of view. Crystal for- 
mation involves two mutually opposing principles: (1) satisfy- 
ing the molecule’s intermolecular H-bonding needs and (2) 
packing the atoms in the crystal as closely as possible. Hemi- 
(h/2) and monohydrates (h) evidently satisfy both close packing 
and H-bonding needs more efficiently than hydrates that con- 
tain water in channels. 

Hysteresis is a general term that is used when a material’s 
response to a second exposure of a stress differs from a prior 
response. This has been observed in the moisture uptake of an 
API as a function of RH. A number of instruments are now 
available that can monitor a sample’s weight as RH is cycled 
from 0% to 95%. The noncoincidence of the weight as the 
sample is back cycled from 95% to 0% indicates hysteresis. One 
explanation of this type of behavior is that surface-initiated 
changes occurred in the solid state below or above the sample’s 
CRH. Dehydration of the surface below the CRH, as in Equa- 
tion 29, with the formation of an amorphous coat of 9, ,Ay 
means that any subsequent water vapor will encounter a more 
hygroscopic surface than ,, A, and thus a different hydration 
kinetic behavior. On the other hand, conversion of ,,A to ,A 
above the CRH, as in Equation 30, will produce a different 
kinetic behavior upon rehydration. Thus, RH hysteresis may 
result from changes in both the kinetic and equilibrium behav- 
ior of the surface of the particle. 

Chemical Stability: Common Degradation Sequences— 


BELOW CRH } 

Sorption/Desorption of Surface Water—If an anhydrous form of 
A is exposed to an RH below the CRH, water molecules will slowly 
adsorb onto the surface of the drug particle (denoted as >0h). Adsorp- 
tion of up to a monolayer of water has been shown to provide partial 
protection from oxidation. Dehydrated foods, for example, are more 
stable when moisture coats reactive sites. For the anhydrous phenyl- 
butazone, the oxidation rate has been shown to be lower below the 
CRH.”’ For a hydrate, however, the loss of surface water of hydration 
(denoted as <h) at RHs below the CRH has been shown to increase 
reactivity. Equations 30 and 31 show both of these possibilities. 


below CRH 
OPA Seas Ay 


a ae (partial oxidation protection) (30) 


below CRH 
A (increased chemical reactivity) (31) 


Formation of an Amorphous (a) Surface—A water enriched/ 
depleted surface, (>h/<h), is prone to further solid-state changes shown 
in Equations 32 and 33. For the water-enriched surface, a chemical 
reaction is shown in which the crystalline form of A (j = J) reacts to 
form the product , By, which is amorphous. This type of surface hydro- 
lysis at RHs below the CRH was shown to occur for meclofenoxate HC] 
decomposition** and for propantheline bromide hydrolysis.”° For the 
latter, a lag time occurred that was attributed to the amount of time 
that was necessary to form a monolayer. For the water-depleted hy- 
drate (j = h), the loss of water initiated the formation of an amorphous 
surface layer, , Ay. The consequences of these amorphous surfaces will 
now be explored. 


PAR ae eile BS (32) 
—H,0 
PAS aaa Cras ae OS (33) 


Transformation of Amorphous Surfaces—Because amorphous 
layers are more prone to be hygroscopic than crystalline solids, the 
chemical transformation of ;A, to By, in Equation 32 is significant 
because the latter can attract more water to the surface. Dissolution of 
Bs shown in the first downward reaction of Equation 34 will then form 
a surface coated with by, as shown in Figure 38-3. The reaction of 
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meclofenoxate HCl below the CRH to form amorphous dimethylami- 
noethanol HCl (see Eq 32) is a good example of this.?* Next, the water 
adsorbed to the surface due to the dissolved form of B on the surface, by, 
promotes the dissolution of the surface of A, Ay, to form a surface coated 
also with a, , the dissolved form of A on the surface, which then 
undergoes further decomposition to b,. This is shown in the horizontal 
and final downward reactions of Equation 34. 


bs (34) 


In Equation 35, two possible solid-state changes for , Ay are 
shown. First, the reactive amorphous surface can undergo a 
degradation reaction to form Cy. Second, the surface can con- 
tinue to lose water below the CRH so that the subsurface , A 
undergoes a solid phase transformation to a crystalline phase, 
;A. The dehydration changes for cefixime trihydrate are exam- 
ples of these reactions.*! The partially dehydrated form of this 
compound was more unstable than the fully hydrated or the 
completely dehydrated crystalline forms. 


“tLO. TAs (35) 


ABOVE CRH 

When water is adsorbed to the surface of the particle above the CRH, 
the drug particle becomes coated with a dissolved drug layer, a,, which 
is assumed to be saturated:' 


excess H,O 


As 


ds (36) 


Degradation under these conditions is assumed to occur solely in the 
dissolved layer. This situation has been extensively discussed.’ For the 
Maillard reaction, in which primary amines react with carbohydrates, 
adsorbed water initially increases the reaction rate to a maximum due 
to the enhancement of reactant mobility. Greater amounts of water 
then decrease the reaction rate due to dilution of the reactive species. 
Similarly, for free-radical auto-oxidation of unsaturated groups, reac- 
tivity increases above the CRH because of accelerated reactant mobil- 
ity. Below the CRH, oxidation decreases due to the immobilization of 
hydrogen peroxides and trace metal catalysts and the protective effects 
of a monolayer of water that is insufficient to increase reactant mobility. 


Influence of Salt Form on Hygroscopicity —Table 38-2 shows 
that the non-salt forms, including free bases, free acids, and 
nonelectrolytes, are the most popular molecular forms on the 
market. In general, these forms would be expected to be less 
hygroscopic than salt forms due to their un-ionized character. 
Although the sodium salt is the most popular weak acid form, 
this form has a tendency to be hygroscopic. Alternative salts 
that have proven useful in overcoming hygroscopicity are hy- 
drogen sulfate®” and tromethamine.**** 

Hygroscopic tendencies for weak bases might be overcome 
by using aromatic counter-ions. Aryl sulfonic acids were shown 
to provide moisture protection without decreasing dissolution 
for the sparingly soluble weak base, Xiobam.”° The free-base 
form of this drug (pK, 6.1) was hydrolyzed at 40°C/80% RH. On 
the other hand, one weak base (pK,, 3.67) was chosen for de- 
velopment because it was less reactive to moisture exposure 
than the HCl salt. The latter showed chemical instability with 
moisture and heat and was the only salt that could be formed.”*® 
Stronger bases like pelrinone (pK, 4.71) can form stable and 
nonhygroscopic HCl salts.*° 
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Grinding Impact—Processing of solids can have a major 
impact on dissolution due to solid—solid phase changes. Grind- 
ing is one process that has been shown to cause changes in both 
polymorphs and hydrates. For the ;,;,A polymorph (Form C) of 
chloramphenicol palmitate,*” 


grinding more grinding 


mA >A >A (37) 


grinding causes a successive change to the ;,A polymorph 
(Form B) and finally to the ,A polymorph (Form A).?° Corre- 
spondingly, dissolution from the fastest to the slowest is in the 
order 


ena’ = eagneae) anda > eal (38) 


For hydrates, similar solid-state changes have been observed. 
When cefixime trihydrate is ground, a solid-phase transforma- 
tion takes place: 


grinding 


eV —$$—=> isp (39) 


Water in this situation plays an essential role in crystal forma- 
tion. Its removal causes a collapse of the crystal lattice.?? Other 
pharmaceutical processing operations and their impact on crys- 
tals have been reviewed.*° 


SALT SELECTION DECISION-MAKING 


The pressure to increase the productivity of the knowledge 
worker is readily apparent at the salt-selection stage. Because 
of increased productivity in discovery, the cascading impact on 
development to choose rapidly the best molecular form is 
readily apparent; toxicological and bioavailability studies can- 
not proceed until the salt is chosen. Once these studies are 
initiated, it becomes very costly to change the molecular form 
because many of these biological studies would have to be 
repeated. More importantly, precious time and a competitive 
advantage will be lost. However, if an unanticipated, unaccept- 
able property emerges during the development of an API, the 
sooner the change is made the better. It is for these reasons 
that efficient paradigms are being sought for this stage of 
development. Two approaches will be presented that attempt to 
optimize the probability of success with speed. Previous ap- 
proaches were criticized for excessive characterization of poor 
candidates and for a lack of clear go/no-go decision-making.*! 
As a practical consideration, it is essential that NCEs have 
high purity, and that salts be crystallized. In the following 
discussion, weak bases that are to be absorbed orally are used. 
Similar approaches can be developed for intravenous NCEs 
and for weak acids. 

Multitiered Selection Approach—One approach in which dif- 
ferent critical parameters are used to filter a salt candidate’s 
progression to the next stage has recently been proposed.*! 
Crystalline salts are successively sorted by a three-tier system 
in the following way: 


Tier 1. Hygroscopicity 
Tier 2. Thermal analysis and X-ray diffraction 
Tier 3. Accelerated solid-state stability 


Tier 1 eliminates any form with excessive moisture sorption/ 
desorption characteristics. Only the survivors progress to Tier 
2. In this second tier, changes in crystal structure are examined 
under extremes of moisture conditions by using thermal anal- 
ysis and powder X-ray diffraction to detect desolvation and 
aqueous-phase transformation problems. In addition, aqueous 
solubility is determined to address potential dissolution prob- 
lems. The best candidates for formulation and manufacturing 
are considered here and survivors proceed onto Tier 3. In this 
third tier, accelerated thermal and photo-stability testing is 


carried out. This is considered to be the most time-consuming 
step so the limiting of candidates saves time and effort. Se- 
lected excipient compatibility testing may also occur at this 
stage. If Tier 2 eliminates all of the candidates, additional salts 
or free acid/bases are considered before reevaluating any salt 
that was dropped in an earlier tier. 

Several comments can be made regarding this approach. 


1. The HCl salt of ranitidine, due to its hygroscopicity,*” probably 
would not have been a final candidate in the multi-tiered approach. 
Yet this is one of the most successful drugs ever marketed. This 
emphasizes a need for prioritizing the salt selection process so that 
as wide of a range of development issues are addressed as early as 
possible and that they all are put in perspective. If a hydrochloride 
salt has much better absorption properties than the free base but is 
hygroscopic, it would be very prudent for development to see if it 
can deal with this problem. Otherwise, bioavailability may be com- 
promised by a single-minded emphasis on API consistency. 

2. The free base is not considered in the multi-tiered approach unless 
all alternatives have failed despite its potentially favorable disso- 
lution in gastric fluids and its sensitivity to particle size reduction 
with a reactive sink. 


The decision-tree, goal-oriented approach discussed below ad- 
dresses some of these issues. 


Decision-Tree, Goal-Oriented Approach—An alternative ap- 
proach to the multi-tiered go/no-go selection approach is one 
based on a decision-tree using statistical probabilities and 
functional grouping of counter-ions to seek prioritized physical 
properties. In Figure 38-13, prioritized problems are shown, 
absorption being the highest priority. 

The decision-tree considers the free base, the HCl salt, as 
well as other options. Although this approach uses statistical 
probabilities for molecular form consideration, ideally, a high- 
throughput, automated methodology would be available that 
could determine exhaustively which salts can form crystals and 
under which conditions. Feasible salts would then be synthe- 
sized and placed under accelerated stability and stressing con- 
ditions. This would allow for the maximum amount of exposure 
to the sample before a decision has to be made. Degradant 
evaluation need not be carried out on these stressed samples 
immediately; other issues may eliminate a particular candidate 
and make this unnecessary. However, evaluation for crystal- 
linity should be carried out early to ensure that this does not 
impact physical or chemical stability. Physical property screens 
and absorption-dominated prioritization would then force a 
pharmaceutical evaluation to be made regarding the possibility 
of overcoming consistency and processing problems.*? By using 
functional groupings (see Table 38-2), salt forms would be 
considered that could address specific problems.® 


Compressibility and Compactibility 


Because tablets remain the preferred oral dosage form due to 
high-speed manufacturing, information obtained during pre- 
formulation studies on the ability of powdered drugs to be 
compressed and compacted can be a valuable aid to market- 
image formulators. Compressibility and compactibility relate 
directly to tableting performance. Compressibility can be de- 
fined as the ability of a powder to decrease in volume under 
pressure; compactibility can be defined as the ability of a pow- 
der to be compressed into a tablet of a certain strength or 
hardness. Even though powdered drugs usually are formulated 
with excipients to modify compression and compaction proper- 
ties, the properties of the powdered drug alone may be the 
primary determinant of its ability to be manufactured into a 
tablet. Significant differences in compression and compaction 
behavior often can be observed in different lots of the same 
drug. For example, changes in crystallization or milling proce- 
dures may produce differences in behavior. 
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1. Absorption 
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Figure 38-13. Absorption-dominated decision-tree. 


Compression and compaction most often are evaluated by 
measuring the tensile strength and hardness of compacts. Tensile 
strength commonly is measured by radial compression of round 
tablets, where the analysis of strength accounts for the dimen- 
sions of the tablets. Transverse compression of square compacts 
between platens narrower than the compact is reported to provide 
more reproducible results on a wider variety of powders. 

Hardness can be defined as the resistance of a solid to local 
permanent deformation. Static impression or dynamic methods 
usually measure deformation hardness tests. The static 
method involves the formation of a permanent indentation on a 
solid surface by a gradual and regularly increasing stress load. 
Hardness is determined by the load and size of the indentation 
and is expressed as force per unit area. In dynamic tests, the 
solid surface is exposed to an abrupt impact such as a swinging 
pendulum or an indenter allowed to fall under gravity onto the 
surface. Hardness then is determined from the rebound height 
of the pendulum or the volume of the resulting indentation. 

Hiestand has used adaptations of a compression test and a 
hardness test to obtain measurements that are used to formulate 
three dimensionless parameters or indices.** The indices are used 
to characterize the relative tableting performance of individual 
components or mixtures. The Strain Index is the ratio of dynamic 
indentation hardness to reduced Young’s modulus. The Bonding 


Index is the ratio of tensile strength to indentation hardness. The 
Brittle Fracture Index is obtained by comparing the tensile 
strengths of square compacts with and without a hole at their 
center. The indices themselves do not measure intrinsic proper- 
ties of a chemical compound, but rather the traits that influence 
the tableting performances of a specific lot of chemical. It is nec- 
essary to know the magnitude of all three indices to predict the 
variety of tableting properties that may be incurred. Such infor- 
mation can act as a guide in selecting excipients to overcome 
problem properties of a drug ingredient. 


Excipient Selection: 
Formulation Compatibilities 


Excipients serve many roles and are the backbone of a formu- 
lation. They may be needed to stabilize the API by providing 
antioxidant, heavy-metal chelating, or light-protection proper- 
ties. They also may be used to enhance bioavailability and to 
control the release from dosage forms. For solid dosage forms, 
they provide suitable properties for dispensing the API in ac- 
curate dosage units that have reproducible release proper- 
ties. Diluents provide a flowable bulk, binders hold powders 
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together after wet granulation, lubricants provide punch- 
releasing properties, and disintegrants help to disperse dosage 
forms in the GI tract. On the other hand, judicious choices 
must be made to prevent incompatibilities between the API 
and excipients. 

Screens to detect drug-excipient incompatibilities recently 
have been developed using elevated temperature and added 
water to accelerate potential interactions in ternary and more 
complex powder blends.*® Such methods have been shown to be 
capable of rapidly detecting chemical incompatibilities and giv- 
ing good correlations with results using powder blends of drug 
and excipients at elevated temperatures and humidity. 

Processing incompatibilities can be more difficult to trouble- 
shoot than chemical incompatibilities. For example, tablet per- 
formance has been shown to vary for ketorolac tromethamine, 
depending upon the kind of starch that was used. Cornstarch 
showed a decreased disintegration time and dissolution rate as 
a function of blending time whereas pregelatinized starch 
showed no such dependency. The difference between these two 
excipients was attributed to the formation of drug/cornstarch 
agglomerates with magnesium stearate.*° Blending studies 
have shown the potential benefits of using sodium lauryl sul- 
fate to offset these types of effects.*” 

Finally, manufacturing for a global market has forced a 
reevaluation of excipients that are used in formulations so that 
manufacturing can be carried out with internationally accept- 
able components. The European Economic Community has fo- 
cused recently the pharmaceutical industry on eliminating ex- 
cipients that have the potential for transmissible spongiform 
encephalopathies, replacing ingredients like stearic acid, mag- 
nesium stearate, polysorbate 80, and simethicone with vegeta- 
ble grade sources. 


API Specifications: Meeting Product 
and Regulatory Requirements 


POLYMORPHIC FORMS AND HYDRATES DECI- 
SION TREES—A major portion of this chapter has been de- 
voted to characterizing the solid state, ;A. The left side of 
Figure 38-14*%9 summarizes some of the potential solid states 
that can exist for the un-ionized form of A; if a salt form was 
chosen for the API, the same states also would be possible. 
Previous sections have discussed the impact on API consistency 
and dissolution for the different solid states. The critical rela- 
tive humidity (CRH) and the transition point (T,,) for enantio- 


Solid State Family of ;A 


Figure 38-14. Solid-state forms and_ specification 
setting.4%9 


tropic polymorphic systems are especially important intrinsic 
physical parameters that control solid-state consistency and 
potential solid-state interconversion. Moisture and tempera- 
ture, as we have discussed, are the major environmental vari- 
ables that can promote these changes. Rapid methods, there- 
fore, are needed to characterize potential solid-state forms and 
their physical properties. The decision-tree on the right side of 
Figure 38-14 summarizes when specifications need to be set to 
maintain API consistency. If the physical properties of the solid 
states differ, assessments need to determine the impact this 
will have on a formulated API. Specifications need to be set to 
ensure a consistent product. 

PARTICLE-SIZE ACCEPTANCE CRITERION—Once 
the solid state, ;A, has been characterized, the potential impact 
of particle size on absorption can be assessed. Figure 38-15 
shows a decision-tree approach, suggested by the International 
Committee on Harmonization, for determining whether a par- 
ticle-size acceptance criterion is needed.” Previous sections in 
this chapter have discussed nearly every aspect of this tree. 
Although dissolution-limited absorption is a major concern, 
Figure 38-15 also includes dosage form issues such as content 
uniformity. 

BIOPHARMACEUTICAL CLASSIFICATION OF API— 
Although it is possible to alter the solid state, ;A, such that 
dissolution and absorption can be enhanced, solubility and 
passive permeability are, in general, intrinsic properties of the 
NCE. Thus, even though the amorphous state, ,A, in some 
situations can be stabilized to enhance dissolution, the equilib- 
rium solubility will be determined by the least soluble solid 
state. A classification has been proposed to segregate situations 
when in vitro and in vivo correlations (IVIV) are expected. Such 
designations may be used as a guide for determining when 
bioequivalent studies may need to be carried out. Table 38-4 
shows the four major classes based on solubility and passive 
permeability. 


ENGINEERING THE SOLID STATE 

SS ER YER TSE ET 
Speed is essential for any preformulation innovation if it is to 
be effective in influencing discovery decision-making. In Figure 
38-4, the early discovery stages, Steps 1 to 4 were introduced. 
The potential focal points of high-throughput physical screen- 
ing, predictions of physical properties, and artificial intelli- 
gence are shown in an expanded version of these early steps in 
Figure 38-16. 
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Library Expansion 


The development of mass-screening technologies has 
spawned a number of technologies that complement a com- 
pany’s in-house library. Besides the massive influx of com- 
pounds that can be obtained from combinatorial synthesis, 
computer-based analyses can be used to assess the diversity 
of the in-house chemical library and identify areas of weak- 
ness. Negotiations with other companies then might take 
place to fill in deficiencies. In addition, a number of commer- 
cial libraries, including natural products, are also available 
for mass screening. Figure 38-17 shows these aspects of 
library expansion. 

Modern mechanism-based screens, based on recombinant 
proteins, have vastly increased the number and specificity of in 
vitro screens. However, because the goal of mass screening is to 


Table 38-4. In Vitro/In Vivo Correlation Expectations 
for Immediate-Release Products Based 
on Biopharmaceutics Class for Passive Absorption 


CLASS SOLUBILITY PERMEABILITY 
High High 


IVIV CORRELATION EXPECTATION 


IVIV correlation if dissolution 
rate is slower than gastric 
emptying rate. Otherwise 
limited or no correlation. 

IVIV correlation expected if 
in vitro dissolution rate is 
similar to in vivo 
dissolution rate (unless 
dose is very high). 

Absorption (permeability) is 
rate-determining and 
limited or no IVIV 
correlation with 
dissolution rate. 

Limited or no IVIV 
correlation expected. 


ll Low High 


MT High Low 


IV Low Low 


Source: Amidon GL, et a/. Pharm Res 1995; 12: 413. 
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Figure 38-15. Decision-tree for drug substance particle-size 
distribution. 


find compounds that have high in vitro activity, this exclusive 
focus tends to produce compounds with poor physical proper- 
ties. Such compounds, either because of their conformational 
restriction or their H-bonding with receptors, have much 
greater activity and selectivity than previous generations of 
NCKs that were obtained from tissue screens and in vivo tests. 
These attributes have caused modern chemical libraries to 
expand with compounds that have high melting points and low 
aqueous solubility. Chemists affectionately call such com- 
pounds brick dust. 

Although brick dust compounds may provide a point of 
departure for an in vitro activity search, most of them are 
unacceptable for development because of their poor physical 
properties, especially poor aqueous solubility. It would be un- 
desirable for chemical library expansion to be dominated ex- 
clusively by such compounds because of their poor development 
potential. Selection of a good API, an active chemical with 
acceptable pharmaceutical properties, could be delayed. For 
this reason, there is an urgent need to integrate pharmaceuti- 
cal properties into the chemical library expansion and the 
mass-screening paradigm. 

However, a greater mechanistic understanding is needed of 
those factors that promote desirable physical properties and 
good absorption. In lieu of this understanding, computed pa- 
rameters based on marketed drugs have been used to direct 
immediate library expansion based on the assumption that 
these drugs have physical and chemical properties that are 
desirable.’ The potential future role pharmaceutics can play 
in influencing the rational direction of library expansions based 
on a more fundamental, more molecular-based understanding 
of physical properties will now be discussed. 


AQUEOUS INSOLUBILITY: MOLECULAR MECHANISMS 


Although aqueous solubility is a major factor that affects drug 
absorption, better methods of understanding the molecular 
mechanisms and predicting this parameter are needed. Aque- 
ous insolubility occurs when the attraction between molecules 
is greater than the ability of water to solvate the molecule and 
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Figure 38-16. Proactive pharmaceutical API decision- 
making: potential opportunities for high-through- 
put physical innovations. 


dislodge it from its solid phase. Generally speaking, most phar- 
maceutical solids are manufactured in the form of crystals as 
opposed to amorphous solids because crystals are more stable. 
Crystals are arrays of molecules that pack in a regular pattern 
and thus have long-range order, ie, packing patterns that ex- 
tend in space over large numbers of molecules. Single-crystal 
X-ray diffraction can be used to visualize the conformation of 
molecules in the crystal, the interactions between molecules, 
and exactly how repeating units of molecules are arranged in 
three-dimensional space. When the forces that form crystals 
are sufficiently strong, either because the forces are sufficiently 
strong in themselves or because there are a large number of 
forces on a given molecule, insolubility results. These forces are 
termed intermolecular forces (between molecules) as opposed to 
intramolecular forces (within a molecule). 

In the past, most of the predictive methods for solubility 
have been either thermodynamically or statistically based. In- 
sight into the molecular basis of insolubility is now possible. By 
using single crystal X-ray diffraction, correlations between mo- 
lecular packing motifs and solubility can be carried out. The 
major intermolecular factors that have been identified to date 
are 
1. Hydrophobicity 
2. Conformational restriction 
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Figure 38-17. Expansion of mass-screenable chemicals. 
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Hydrophobicity needs no explanation; this brief focus will con- 
centrate on the cohesive aspects of the latter factors. 

Conformational Restriction—Using biotechnology, very spe- 
cific biological targets can be synthesized from genes. For ex- 
ample, pure dopamine receptor subtypes, D,—D;, have been 
used as mechanistic targets for schizophrenia; cycloxygen- 
ase, and cycloxygenase, similarly are now available for anti- 
inflammatory screening. Developing a drug specifically for cy- 
cloxygenase, inhibition promises to minimize the side effects of 
nonsteroidal anti-inflammatory inhibitors like aspirin. 

Such molecular specificity is now possible because screening- 
feedback enables chemists to rigidify drug molecules such that 
interactions with the target protein are restricted to only a few 
conformations. However, this rigidity has a physical impact. Ri- 
gidified molecules appear to pack better because they can be 
arranged in fewer ways than flexible molecules. Consequently, 
such molecules have increased dispersion force interactions (very 
short ranged). This increased intermolecular interaction leads to 
a conformationally based insolubility that has been observed es- 
pecially in molecules that are planar or linear. 


& 
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H-Bonding Networks—Polar groups generally impart water 
solubility to a flexible molecule. Functional groups that have an 
H-bond donor and an acceptor group can help the molecule to 
form a hydration shell around itself and increase solubility. 
However, in more rigid molecules, these same groups can bind 
one molecule to another in the crystalline state through inter- 
molecular H-bonding. Single-crystal X-ray diffraction studies 
of crystals provide a detailed picture of how H-bonds form 
between such molecules. Insolubility due to H-bonding in con- 
formationally restricted molecules appears to increase as the 
number of H-bonds per molecule and between molecules in- 
creases. Predicting exactly how such molecules arrange in a 
crystal is difficult because there are two mutually opposing 
tendencies in crystal formation: (1) packing molecules as 
closely as possible, and (2) maximizing the number of H-bond- 
ing interactions. Crystals often achieve a balance between 
these opposing tendencies in unexpected ways. 

Conformational restriction also seems to increase the effi- 
ciency of H-bonding in crystals by increasing molecular rigid- 
ity. This may be because rigid molecules can form more uni- 
form, consistent H-bonds that are needed for long-ranged 
crystal order. Intramolecular H-bonding often adds to this 
rigidity. 

The forces directing initial crystal formation would be ex- 
pected to be dominated by H-bonds due to their electrostatic 
nature. These are the longest-ranged intermolecular forces in a 
nonelectrolyte. Packing and dispersion interactions would then 
be expected to dominate the final crystal form. For some mol- 
ecules, the H-bonding of water can be very important in crystal 
formation. When the number of H-bonding acceptor groups is 
large compared to the number of donor groups, hydrates are 
more probable. Water, due to its high H-bonding capacity, often 
strongly binds molecules together in crystals by making up for 
molecular deficiencies. This can increase aqueous insolubility. 
It is generally observed that hemihydrates and monohydrates 
are more insoluble than the anhydrous forms. 

Hydrate Formation—Hydrate formation in organic crystals 
increases the number of molecular options for satisfying the 
dual crystal maximization constraints of H-bonding and dense 
packing. Water, because of its small size and di-donor and 
di-acceptor capacity for H-bonding, often acts as an interstitial 
H-bonding cement and spacer.” Crystal surveys have found 
that water is a very weak donor, but the water oxygen is the 
strongest acceptor. On the other hand, water almost always 
donates two H-bonds but usually accepts one, not two, H-bonds. 
Because of its unique characteristics and flexibility, predicting 
how water will interact with an H-bonding NCE is not possible. 
The earlier presumption of linear and single acceptor H-bonds 
has been shown to be wrong. Nevertheless, although the exact 
structure of water interactions with NCEs cannot be predicted, 
generalizations can be drawn regarding the type of structure 
that is most likely to be hydrated. Water with its di-donor/ 
mono-acceptor role tends to reduce proton deficiencies of the 
parent molecule. Molecules that have donor/acceptor ratios of 
less that 0.5 are most likely to be hydrate candidates. 

Zwitterion Formation—Zwitterions are molecules that at a 
given pH have both a positive and negative charge. If they are 
conformationally restricted, they tend to be very insoluble. 
Evidently the localization of opposite charges at different re- 
gions in the same rigid molecule provide scaffolding that en- 
ables very efficient salt-bridge dimers to form. Sometimes 
a zwitterion not only forms dimers, but also has ample H- 
bonding groups to form H-bonding networks in addition to 
the dimers. Occasionally, zwitterion insolubility is caused by 
metabolism, for example by aromatic hydroxylation and subse- 
quent sulfation of a strong basic drug. Such metabolites have 
the potential to precipitate in the kidneys as urine becomes 
concentrated in the renal tubules. 
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DRUG DELIVERY: MOLECULAR MECHANISMS 


Membrane-Active Sites—The rich interaction of drugs with 
membrane receptors is modulated partially by their complex 
lipid matrix. For drugs that partition into membranes, lateral 
diffusion provides a rapid surface-dispersion mechanism for 
transporting drug to any integral membrane receptor. Func- 
tional groups on a molecule that help position it within the 
membrane help explain why some drugs act superficially or 
more deeply on integral membrane proteins. 

Finally, intrinsic membrane curvature, with its concomitant 
asymmetric distribution of phospholipids, provides a rich po- 
tential for specific and allosteric interactions. Drugs, depending 
on their amphipathic nature, may insert themselves preferen- 
tially into the phosphatidylcholine-rich outer leaflet or the 
phosphatidylserine inner negative leaflet. Protein crystallo- 
graphic studies have confirmed the relationship between mem- 
brane localization and duration of action of a number of drugs. 

Membrane Permeability—Computational approaches have 
been used to develop molecular models for passive membrane 
permeability. Exploration of a number of models, including 
homogeneous solubility-diffusion, defect, and free volume, have 
shown an inability to completely explain the permeability of 
simple molecules like water and ethanol. Recent progress has 
been made in this area by dividing the membrane into zones in 
which the mechanisms of diffusion differ. The preferential im- 
pact of different zones on diffusion and the dynamic simulation 
of spontaneously occurring membrane conformational alter- 
ations can then be used to simulate and average diffusion 
trajectories to estimate permeation rates. 


Series Selection 


PHYSICAL PROPERTY SCREENS 


Until computational methods for predicting physical properties 
reach an advanced state of reliability, high-throughput screens 
for physical properties will play a major role in understanding 
how molecules can be designed for better absorption. New 
instrumentation makes this task more feasible than it was in 
the past. Rapid advances in analytical detection sensitivity, 
especially in powder X-ray diffraction and chromatography— 
mass spectrometry, have helped reduce material consumption 
and analytical development time. Robots, and specialized au- 
tomated dispensers and spectrophotometers that have been 
developed for mass screens can be used creatively for develop- 
mental purposes. In short, the more rapidly and reliably phys- 
ical properties can be assessed, the more impact these mea- 
surements will have on the flow of new leads for development. 
However, the greatest advantage of automation is not physical 
evaluations on a grand scale, but rather the ability to custom- 
ize determinations to solve particular problems rapidly. 


pH-SOLUBILITY PROFILES 


High-throughput determinations of A° and A’ solubilities and 
pK,, values provide the basis for pH-solubility profiles. Series 
selection can then focus on the feasibility of modifying the pK, 
for a given series as part of an optimization strategy to enhance 
absorption. Ideally, a pK, that allows for ionization to enhance 
solubility while still providing some un-ionized form for absorp- 
tion is ideal. Consider Equation 40. 


rapid equilibration h 


A' (ionizing reservoir) < > A°® | > GI membrane — 


systemic circulation (sink) (40) 
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If 99% of the drug in the GI tract is in the ionized form A’, and 
1% in the un-ionized form A° (eg, 99%), A’ provides a reservoir 
of dissolved drug while the systemic circulation provides a sink 
for A°. These conditions should allow for good absorption as 
long as k,,, is not rate limiting. Modifying the pH solubility 
profile to approach this situation is one way to optimize absorp- 
tion. The impact of this type of optimization cannot be overes- 
timated, because pK, values and intrinsic solubilities are mo- 
lecular parameters that neither salt selection nor formulation 
can alter. Further techniques to enhance absorption will be 
discussed in the next section. 


Analog Expansion 


ABSORPTION ENGINEERING 


Absorption-enhancement engineering of analogs can be ad- 
dressed after the rate-limiting mechanism for poor absorption 
has been identified. Like the pK,, absorption-enhanced prop- 
erties must be designed into the NCE before it is passed on to 
development. For this reason, it is important for preformula- 
tion to integrate physical property design into the molecule as 
early as possible. 

Crystal Engineering—lf aqueous solubility and dissolution 
are the problem, crystal engineering might be possible. In this 
case, it is important to identify the mechanism of insolubility as 
discussed above. Each mechanism will require a different ap- 
proach. Hydrophobic problems are usually the simplest and 
can often be handled using formulation approaches. The more 
difficult problems require a molecular understanding of the 
intermolecular forces in the crystal. For H-bonding problems, it 
may be possible to adjust the mix of H-bond donor and acceptor 
groups to reduce the number and strength of H-bonds. It has 
been found that simple changes can alter H-bonding networks 
and solubility in a dramatic way. The substitution, for example, 
of a t-butyl group for a phenyl group for one insoluble com- 
pound increased the intrinsic solubility 4-fold, and the solubil- 
ity at pH 5 increased it 10,000-fold, despite the fact that 
the resulting compound had the exact ionization potential 
of the original compound. These enhancements were due to 
changes in H-bonding network structure that released a water- 
solubilizing group for ionization. Other modifications would be 
directed at minimizing conformational restriction to reduce 
crystal-packing efficiency, such as by introducing an acyl chain 
in a compact heterocyclic system. Practical applications of 
these design suggestions can be difficult because they often 
reduce activity. However, as preformulation scientists work 
more closely with synthetic chemists, crystal-packing disrup- 
tion strategies that are compatible with ease of synthesis and 
in vitro activity will become commonplace. In addition, as com- 
puter predictions of crystal-packing structure and H- 
bonding networks from molecular structure become more prac- 
tical (see Engineering The Solid State, page 714), these types of 
design considerations will be made as a matter of course as 
activity is being optimized. 

Permeability Enhancement—This is another intrinsic pa- 
rameter of an API that, in general, is not enhanced in oral 
formulations. Recently, increased knowledge has helped to de- 
sign drugs that will passively penetrate membrane barriers 
more easily. There has been a great emphasis in the past on the 
partitioning of a solute out of the aqueous phase into a li- 
pophilic membrane and not enough emphasis on the need for a 
drug molecule to desolvate from the aqueous phase. Molecules 
have been designed successfully to enhance permeability by 
reducing the desolvating step. One way this has been accom- 
plished is by reducing a molecule’s solvation through the pro- 
motion of intramolecular H-bonding in the molecule. In addi- 
tion, the ability of a membrane-bound drug to flip-flop from the 
outer leaflet of the bilayer membrane to the inner leaflet ap- 


pears to be important for efficient membrane permeability. 
Ultimately, such insight may be possible from molecular mod- 
eling studies of membranes. 

Intrinsic Dissolution Engineering—Correlating molecular 
orientation with morphology in crystals has provided insight 
into molecular mechanisms of dissolution. In one study, it was 
shown that the relatively strong binding of a solvent at one 
subset of surface sites and repulsion at others provided a relay 
type of dissolution that favored erosion from particular faces of 
the crystal. Such a mechanism also perpetuates the natural 
corrugation of the surface at the molecular level and helps 
define the factors that may limit dissolution in the bulk phase. 
In this regard, some progress has been made in predicting the 
intrinsic dissolution rate of an API from considerations of the 
surface pH of the API. Modifications of the classic Noyes— 
Whitney relationship have to be made for weak acids, bases, 
and their salts. The impact of dissolution in a reactive media 
was discussed under Preformulation Challenges, page 700. Pre- 
dictions using such considerations are possible for NCEs when 
the pH of the medium, the solubility of the un-ionized form of 
the drug in water, and the pK, of the NCE are known.”? 


SOLID-STATE ENGINEERING 


The computational ability to link molecular structure with 
crystal packing has advanced to the point that polymorphic 
predictions are becoming more reliable for small molecules. 
This has a number of implications. 


1. Exploring the polymorphic possibilities of a given molecular struc- 
ture should allow evaluations to be made regarding which struc- 
tures have more elaborate polymorphic possibilities. In some in- 
stances, it may be desirable to avoid such structures; in others, 
these structures may provide the means for improving physical 
properties, assuming adequate conditions can be found to ensure 
physical and chemical stability. 

2. As our molecular understanding of the dissolution process increases 
(see Intrinsic Dissolution Engineering, above), it will eventually be 
possible to predict molecular structures that can enhance dissolu- 
tion for a particular analog series and to predict the solvents that 
will be necessary to obtain the most advantageous crystal habit. 
Hydrate predictions are also within the realm of possibility as the 
molecular study of existing hydrates yields rules that can be used 
by expert systems and molecular-modeling programs. Finally, an 
increased understanding of the molecular conditions necessary for 
the homogeneous and heterogeneous nucleation process of crystal- 
lization will aid in the practical synthesis of industrial APIs. 


STABILITY ENGINEERING 


The ability to predict the products of chemical reactions means 
that evaluations of potential NCEs that are being considered 
at the analog-expansion stage can be considered on the basis of 
their presumptive chemical stability and degradation 
pathways before they are even synthesized. Although poor 
predictions have the potential to inhibit the synthesis of poten- 
tially valuable compounds, with future advances in computer- 
generated molecular diversity such considerations may become 
less important as predictions become more accurate. The pre- 
formulation implications for such predictions are also evident. 
Anticipation of potential degradants and their characterization 
can be used to identify proactively unknown chromatography 
peaks and predict pharmaceutical excipient incompatibilities. 


Analog Selection 


Physical properties that are oriented toward in vivo conditions 
are most useful at this stage. Solubility and dissolution deter- 
minations in media and pHs that mimic physiological pHs can 
be used as an early indicator of how well an in vitro/in vivo 
correlation can be drawn. At this stage, a number of other 


studies from different divisions will be carried out. In vitro and 
in vivo metabolism studies, bioavailability studies in different 
animals, as well as possible selective toxicological studies can 
be used to determine the best analog. Degradant predictions of 
the different analogs at this stage may also help to differentiate 
and minimize problems that can occur later in development. In 
addition, high-throughput methods to determine the best salt 
form for a particular analog would mean that therapeutic test- 
ing could be carried out on the salt form that will be eventually 
used in development. 


Conclusion: Application of Knowledge 


“The actual product of the pharmaceutical industry is knowl- 
edge; pills and prescriptions ointments are no more than pack- 
aging for knowledge.”°4 The introduction of methods to probe 
and exploit human and animal genomics has had a cascading 
impact on the industry. These new concepts had a number of 
qualities that ensured adaptation.°° The systematic use of 
mechanism-based reagents was a tangibly better solution for 
finding new therapeutic entities than the more serendipitous 
methods of the past. Such high-throughput screens were com- 
patible with increasing use of robotics whose advantages could 
easily be understood by all in the pharmaceutical industry. 
Each company was able to hold trial runs to test the utility 
of such screens and in the end obtain observable results. To- 
day, the recombinant DNA innovations of the 1980s still pro- 
vide the driving force for other innovations in the pharma- 
ceutical industry: miniaturization, customizing, and artificial 
intelligence. 

Miniaturization began in earnest with the micronization of 
the transistor concept onto silicone chips. In the pharmaceuti- 
cal industry, mass screening, the demand for higher and higher 
throughput, and the need to conserve chemical libraries have 
accelerated analytical and synthetic nanotechnology. This lat- 
ter need is extremely important because chemical libraries are 
expendable resources that are not easily replaced. Old library 
entries were synthesized in gram quantities, and newer entries 
in milligrams. Conservation of this resource will require a 
combination of nanotechnology along with a host of regenera- 
tion technologies including combinatorial synthesis, high- 
throughput purification, and promotion of an increasingly di- 
verse molecular library for mass screening. In addition, 
chromatographic columns, HPLCs, and electrophoresis on the 
nanoscale hold promise for extremely high resolution with ex- 
tremely low material consumption. On this scale, area can 
efficiently be converted to a linear dimension. Thus a chip 
10 X 10 mm can be converted easily to an electrophoretic path 
of 9.5 cm. The potential for massive parallel processing is 
evident when one contemplates the possibilities of 100 nano- 
laboratories on a single chip. 

Customization at low cost also will be possible with new 
technology. DNA probes located on biochips will permit the 
individualization of a treatment course depending on a person’s 
ability to metabolize a given drug. Such innovations likely will 
cause a cascading demand on development to individualize 
dosage forms. Finally, the rapid and parallel demands placed 
on preformulation will force more decisions to be made us- 
ing artificial intelligence. High-throughput determinations of 
physical properties will result in high quality databases, which 
can in turn be systematically exploited by expert systems. 
Highly accurate predictions of solubility, permeability, and 
dissolution will be possible in the 21st century. 

Although artificial intelligence is still in its infancy, the 
benefits of its applications can be appreciated from a consider- 
ation of the differences between knowledge and information. A 
chemical reaction database, for example, stores information on 
particular reactions. However, it cannot apply this information 
to new molecules. Expert systems, on the other hand, so codify 
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knowledge that they can be applied to entirely new situations. 
Knowledge differs from information in that information is ran- 
dom and miscellaneous, and it tends to expand too rapidly and 
overwhelm us.” Knowledge, on the other hand, requires that 
the structure of a subject be understood in a way that permits 
other things to be related to it in a meaningful way; it permits 
intuitive heuristic procedures to be developed to solve problems 
when no algorithms are available.°” Such applications of arti- 
ficial intelligence, however, are still in the early-stage knowl- 
edge revolution, in which knowledge is applied to produce 
results. In the postcapitalist society, knowledge will be applied 
toward systematic innovation: “It will be applied systemati- 
cally and purposefully to define what new knowledge is needed, 
whether it is feasible, and what has to be done to make knowl- 
edge more effective.” 

Knowledge and the productive application of knowledge are 
anticipated to be the sole factors that will drive the postcapi- 
talist society into the 21st century. In the pharmaceutical in- 
dustry, massive diffusion of innovations from discovery into 
development will pose an accelerating challenge for preformu- 
lation. To meet this challenge, preformulation, through a better 
understanding of the solid state, must seek to design improved 
characteristics into APIs at the earliest stages of discovery. 
This will be the edge that any company will need to facilitate 
the rapid movement of new therapeutics entries to market- 
place. The patient is waiting! 
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CHAPTER 39 


Emulsions, Suspensions, and Extracts 


The dosage forms described in this chapter may be prepared by 
employing pharmaceutically and therapeutically acceptable ve- 
hicles. The active ingredient(s) may be dissolved in an aqueous 
or nonaqueous solvent or combination, by suspending the drug 
Gf it is insoluble) in an appropriate medium, or by incorporat- 
ing the medicinal agent into one of the two phases of an oil and 
water system. Such solutions, suspensions, and emulsions are 
further defined in subsequent paragraphs but some, with sim- 
ilar properties, are considered elsewhere in Remington. 

These dosage forms are useful for a number of reasons. They 
can be formulated for different routes of administration: oral 
use, introduction into body cavities, or external application. 
The dose easily can be adjusted by dilution, and the oral liquid 
form can readily be administered to children or people unable 
to swallow tablets or capsules. Extracts eliminate the need to 
isolate the drug in pure form, allow several ingredients to be 
administered from a single source (eg, pancreatic extract), and 
permit the preliminary study of drugs from natural sources. 
Occasionally, solutions of drugs such as potassium chloride are 
used to minimize adverse effects in the gastrointestinal tract. 

The preparation of these dosage forms involves several con- 
siderations on the part of the pharmacist, namely; purpose of 
the drug, internal or external use, concentration of the drug, 
selection of the liquid vehicle, physical and chemical stability of 
the drug and any excipients, preservation of the preparation, 
and use of appropriate excipients such as buffers, solubilizers, 
suspending agents, emulsifying agents, viscosity controlling 
agents, colors, and flavors. Oral preparations require that con- 
sideration be given to improving patient compliance by making 
an acceptable product; consequently, color, odor, and taste 
must be considered. These organoleptic factors are described in 
Chapter 55. The viscosity of a product also must be considered 
so that it has the proper palatability for an oral preparation 
and has the appropriate suspending properties if it is an emul- 
sion or suspension. The theory pertaining to these systems is 
provided in Chapters 21 to 23. The theory of solutions, which 
involves solubility, ionization, pH control through the use of 
buffers, and solubilization, is discussed in Chapters 16 and 17. 
Because of the complexity of some manufactured products, 
compounding may be carried out with the aid of linear pro- 
gramming models to obtain the optimal product. Chapters 41 to 
43 should be consulted for information on the preparation and 
characteristics of those liquid preparations that are intended 
for ophthalmic or parenteral use. 

Much has been written during the past decade about the 
biopharmaceutical properties of, in particular, the solid dosage 
forms. In assessing the bioavailability of drugs in tablets and 
capsules, many researchers first have studied the absorption of 
drugs administered in solution. Because drugs are absorbed in 
their dissolved state, frequently it is found that the absorption 
rate of oral dosage forms decreases in the following order: 
aqueous solution > aqueous suspension > tablet or capsule. 


The bioavailability of a medicament, for oral ingestion and 
absorption, should be such that eventually all of the drug is 
absorbed as it passes through the gastrointestinal tract, re- 
gardless of the dosage form. Some formulation factors that may 
influence the bioavailability and pharmacokinetics of drugs in 
solution include concentration of the drug, volume of liquid 
administered, pH, buffer capacity, surface tension, specific 
gravity, viscosity, and excipients. Emulsions and suspensions 
are more complex systems and consequently the extent of ab- 
sorption and pharmacokinetic parameters may be affected by a 
number of additional formulation factors such as; surfactants, 
type of viscosity agent, particle size and particle-size distribu- 
tion, polymorphism, and solubility of drug in the oil phase. 
Specific examples are provided in Chapter 22. 

There are a number of reasons for formulating drugs in 
forms in which the drug is not in the molecular state. These 
are improved stability, improved taste, low water solubility, 
palatability, and ease of administration. It becomes appar- 
ent then that each dosage form will have advantages and 
disadvantages. 

Liquid preparations may be dispensed in one of three ways. 
The pharmacist may dispense the product in its original con- 
tainer, buy the product in bulk, and repackage it at the time a 
prescription is presented by the patient or compound the solu- 
tion, Suspension, or emulsion in the dispensary. Compounding 
may involve nothing more than mixing marketed products in 
the manner indicated on the prescription or, in specific in- 
stances, may require the incorporation of active ingredients 
and excipients in a logical and pharmaceutically acceptable 
manner into the aqueous or nonaqueous solvents that will form 
the bulk of the product. 

The pharmacist, in the first instance, depends on the phar- 
maceutical manufacturer to produce a product that is effective, 
elegant, and stable when stored under reasonably adverse con- 
ditions. Most manufacturers attempt to guarantee efficacy by 
evaluating their products in a scientifically acceptable manner 
but, in some instances, such efficacy is relative. For example, 
cough mixtures marketed by two different manufacturers may 
contain the same active ingredients, and it becomes difficult to 
assess the relative merits of the two products. In such instances 
the commercial advantage gained by one over the other may be 
based on product acceptability and preference that includes 
such factors as color, odor, taste, pourability, uniformity, and 
packaging. Two additional important factors that must be con- 
sidered in formulations are the stability of active and other 
ingredients, and the prevention of microbial contamination. 

The stability of the active ingredient in the final product is 
of prime concern to the formulator. In general, drug substances 
are less stable in aqueous media than in the solid dosage form 
and it is important, therefore, to properly stabilize and pre- 
serve, in particular those solutions, suspensions, and emul- 
sions that contain water. Certain simple chemical reactions can 
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occur in these products. These may involve an ingredient-— 
ingredient interaction that implies a poor formulation, a 
container—product interaction that may alter product pH and 
thus, for pH-sensitive ingredients, be responsible for the sub- 
sequent formation of precipitates, or a direct reaction with 
water, as in hydrolysis. The stability of pharmaceutical prod- 
ucts is discussed in Chapter 55. 

The more complicated reactions usually involve oxygen. Vi- 
tamins, essential oils, and almost all fats and oils can be oxi- 
dized. Formulators usually use the word autoxidation when the 
ingredient(s) in the product react with oxygen but without 
drastic external interference. Such reactions first must be ini- 
tiated by heat, light (including ultraviolet radiant energy), 
peroxides, or other labile compounds or heavy metals such as 
copper or iron. This initiation step results in the formation of a 
free radical (R*) that then reacts with oxygen. 


R* + O, — RO% (peroxy radical) 
ROS + RH — ROOH + R* 


The free radical thus is regenerated and reacts with more 
oxygen. This propagation step is followed by the termination 
reactions. 


ROS + ROS = inactive product 
ROS + R* = inactive product 


R* + R* — inactive product 

The effect of trace metals can be minimized by using citric 
acid or EDTA, that is, sequestering agents. Antioxidants, how- 
ever, may retard or delay oxidation by reacting with the free 
radicals formed in the product. Examples of antioxidants are 
the propyl, octyl and dodecyl esters of gallic acid, butylated 
hydroxyanisole (BHA), and the tocopherols or vitamin E. For a 
more detailed approach to the prevention of oxidative deterio- 
ration in pharmaceuticals, the information provided by Con- 
nors and co-workers’ should be consulted. A description of 
many antioxidants is given in Chapter 55. 

The problem of drug stability has been well-defined by phar- 
maceutical scientists, but during the past few years a second- 
ary, and in some respects more serious, problem has confronted 
the manufacturer of liquid preparations. Such pharmaceuti- 
cally diverse products as baby lotions and milk of magnesia 
have been recalled from the market because of microbial con- 
tamination. In a survey of retail packages of liquid antacid 
preparations containing magnesium hydroxide, it was found 
that 30.5% of the finished bottles were contaminated with 
Pseudomonas aeruginosa. The aerobic plate count ranged from 
less than 100 to 9,300,000 organisms/g. Kurup and Wan? de- 
scribe many preparations that are not preserved adequately 
and thus are not able to resist microbial contamination. Other 
examples could be cited but the range of microorganisms that 
can contaminate the liquid preparation includes the Salmo- 
nella spp, Escherichia coli, certain Pseudomonas spp, including 
P aeruginosa, and Staphylococcus aureus. Bruch? describes the 
types of microorganisms found in various products and at- 
tempts to evaluate the hazards associated with the use of 
nonsterile pharmaceuticals. Coates* in a series of papers de- 
scribes various interactions that must be considered when pre- 
servatives are selected. 

The USP describes the microbiological attributes of nonster- 
ile pharmaceutical products. It recommends that certain 
classes of products be tested for microbial count and for speci- 
fied indicator microbial contaminants, such as natural plant, 
animal, and some mineral products, for freedom from Salmo- 
nella spp; oral solutions and suspensions, for freedom from EF 
coli; articles applied topically, for freedom from P aeruginosa 
and S aureus; and articles for rectal, urethral, or vaginal ad- 


ministration, for yeasts and molds. The specific monograph 
should be consulted. 

Products may become contaminated for a number of 
reasons. 


Raw materials. The raw materials used in the manufacture of solu- 
tions, suspensions, and emulsions are excellent growth media for bac- 
teria. Water, in particular, must be handled with care but substances 
such as gums, dispersing agents, surfactants, sugars, and flavors can be 
the carriers of bacteria that ultimately contaminate the product. 

Equipment. Bacteria grow well in the nooks and crevices of phar- 
maceutical equipment (and in the simple equipment used in the dis- 
pensary). Such equipment should be cleaned thoroughly prior to use. 

Environment and personnel. Environment and personnel can con- 
tribute to product contamination. Hands and hair are the most impor- 
tant carriers of contaminants. General cleanliness thus is vital. Head 
coverings must be used by those involved in the manufacturing process 
and face masks should be used by those individuals suffering from 
colds, coughs, hay fever, and other allergic manifestations. 

Packaging. Packaging should be selected so that it will not contam- 
inate the product and also will protect it from the environment. 

Consumers. Consumer use may result in the introduction of microor- 
ganisms as a source of contamination, and this is of particular concern if 
the organism is pathogenic. The consumer should be instructed in the 
proper technique to minimize contamination, and the manufacturer 
should ensure, through the use of suitable challenge tests, that the product 
is preserved appropriately and will reduce a severe microbial challenge. 


Most factors cited above relate to good manufacturing prac- 
tice. However, the formulator should add a preservative to the 
product and decrease the probability of product contamination. 
If the product contains water, which is an important require- 
ment for microbial growth, it almost is mandatory to include a 
preservative in the formulation. Nearly all products described 
in this chapter contain water and thus, with certain exceptions 
such as aqueous acids, will support microbial growth. Microbes 
will grow in an aqueous solution, and in the aqueous phase of 
multiphase systems such as emulsions and suspensions. It 
must be stressed that the addition of an appropriate preserva- 
tive in no way replaces good manufacturing practice but merely 
provides further assurance that the product will retain its 
pharmaceutically acceptable characteristics until it is used by 
the patient and for sometime thereafter. 

The major criteria that should be considered in selecting a 
preservative are as follows: it should be effective against a wide 
spectrum of microorganisms, stable for its shelf life, nontoxic, 
nonsensitizing, compatible with the ingredients in the dosage 
form, inexpensive, and essentially relatively free of taste and odor. 

In addition to the above discussion, there are a number of 
specific factors that should be taken into account when a pre- 
servative is selected: 


1. The site of use, such as external, internal, or ophthalmic. 

2. The pH of the liquid, as it may affect both the ionization of the 
preservative and its stability. 

3. The solvent, as this will affect the solubility of the preservative. 

4. Partitioning into the oil phase of an emulsion, thereby reducing the 
concentration in the aqueous phase where preservative action takes 
place. 

5. Adsorption onto the solid phase of a suspension, thereby reducing 
the concentration in the aqueous phase. 

6. Processing and packaging variables such as heat, order of addition 
of the ingredients, stirring, or container materials. 

7. Type of dosage form, such as solution, emulsion, or suspension. 


Preservatives”® may be grouped into a number of classes 
depending upon their molecular structure, and only a few will 
be discussed. The reader should consult Chapter 55 or selected 
texts in the bibliography for further description. 


_Alcohols— Ethanol is useful as a preservative when it is used 
as a solvent; however, it does need a relatively high concentra- 
tion, somewhat greater than 10%, to be effective. Too high a 
concentration may result in incompatibilities in suspension and 
emulsion systems. Propylene glycol also is used as a solvent in 
oral solutions and topical preparations, and it can function as a 
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preservative in the range of 15 to 30%. It is not volatile like It now should be obvious that when the pharmacist dis- 
ethanol and is used frequently not only in solutions but also in penses or compounds the various liquid preparations responsi- 
suspensions and emulsions. Other alcohols used in lower con- bility is assumed, along with the manufacturer, for the main- 
centrations, about 1%, for preservative action, include chloro- tenance of product stability. The USP includes a section on 


butanol and phenylethyl alcohol. 

Acids—Benzoic acid has a low solubility in water, about 0.34% 
‘at 25°. The concentration range used for inhibitory action varies 
from 0.1 to 0.5%. Only the nonionized form is effective, and 
therefore its use is restricted to preparations with a pH below 
4.5. Sorbic acid also has a low solubility in water, 0.3% at 30°. 
Suitable concentrations for preservative action are in the range 
of 0.05 to 2%. Its preservative action is due to the nonionized 
form; consequently, it is only effective in acid media. Because of 


stability considerations in dispensing, which should be studied 
in detail. Certain points are self-evident. Stock should be ro- 
tated and replaced if expiration dates on the label so indicate. 
Products should be stored in the manner indicated in the com- 
pendium, for example, in a cool place or a tight, light-resistant 
container. Further, products should be checked for evidence of 
instability. With respect to solutions, elixirs, and syrups, major 
signs of instability are color change, precipitation, and evidence 


the double bonds in its structure, it is subject to oxidation. of microbial or chemical gas formation. Emulsions may cream, 
Esters—Parabens are esters of p-hydroxybenzoic acid and in- but if they break (ie, there is a separation of an oil phase) the 
~“Clude the methyl, ethyl, propyl, and butyl derivatives. The sol- product is considered to be unstable. Sedimentation and caking 
ubility in water decreases as the molecular weight increases are primary indications of instability in suspensions. The pres- 
from 0.25% for the methyl ester to 0.02% for the butyl ester. ence of large particles may mean that excessive crystal growth 
These compounds are used widely in pharmaceutical products has occurred. 
and are effective and stable over a pH range of 4 to 8. They are The USP states that, if the product must be repackaged, 
employed at concentrations up to about 0.2%. Frequently, two care and the container specified by the compendium must be 
esters are used in combination in the same preparation. This used. For example, a suitably opaque plastic container should 
achieves a higher total concentration, and the mixture tends to be used if a light-resistant container is specified. If a product is 
be active against a wider range of microorganisms. Their activ- diluted, or where two products are mixed, the pharmacist 


ity is reduced in the presence of nonionic surface active agents 


ae : : ete should use his or her knowledge to guard against incompati- 
due to binding. In alkaline solutions, ionization takes place and 


: : oe see : < bility and instability. Oral antibiotic preparations constituted 
ne their activity; mM oe kane okie tala decomposition into liquid form should never be mixed with other products. If 
ORY eae Broun Cees on ‘oumias itera eat hl the chemical stability of extemporaneously prepared liquid 

_ Quaternary Oa. oRPOURSS—Saza’ xontum ehlo- preparations is unknown, their use should be minimized and 
ride is a mixture consisting principally of the homologs C,,H;, é ae : 

Ree ok rie : every care taken to ensure that product characteristics will not 
and C,,Hs5. This preservative is used at a relatively low con- Hy are eee it ei qe ih abe 
centration, 0.002 to 0.02%, depending on the nature of the COD (ne Le uae sens sere BEN ee aR 

Because of the number of excipients and additives in these 


pharmaceutieal product. This class of compounds has an opti- ; a f A 
mal activity over the pH range of 4 to 10 and is quite stable at preparations, it is recommended that all the ingredients be 


room temperature. Because of the cationic nature of this type of listed on the container to reduce the risks that confront hyper- 
preservative, it is incompatible with many anionic compounds sensitive patients when these products are administered. Fi- 
such as surfactants and can bind to nonionic surfactants. It is nally, the pharmacist should inform the patient regarding the 
used generally in preparations for external use or those solu- appropriate use of the product, the proper storage conditions 
tions that come in contact with mucous membranes. and the time after which it should be discarded. 


Although it is true that municipal supplies must comply with 
po —— Environmental Protection Agency (EPA) regulations (or com- 


aide hats parable regulations in other countries), drinking water must be 


f oo Boag pono Cone SUR that ae prepared by, dis: repurified before it can be used in pharmaceuticals. For further 
solving a solid, liquid, or gas in another liquid and represents a aie : 
information on water, see Chapter 24. 


erouP of preparations in which the molecules of the solute or Five of the six solvent waters described in the USP are used 
dissolved substance are dispersed among those of the solvent. er 


2 ; : : in the preparation of parenterals, irrigations, or inhalations. 
poo ane meaty le CBG We, We une BR BUR. g Purified Water must be used for all other pharmaceutical op- 
chemical properties, method of preparation, use, physical state, — - en oo re iinadencedadanvall USP tectevana 

umber of ingredients, and particle size. The narrower defini- g 8 ; : ; ‘ 


tion in this subsection limits the solvent to water and excludes cae re paust aes rigid Sia oe eee ae ar iaaa i 
those preparations that are sweet and/or viscid in character a Wea Bea Ee Aen SNES 
and nonaqueous solutions. This section includes, therefore, SEED ORBEA CEN A DY Never ee qeseeen 1 ieee Fi 
those pharmaceutical forms that are designated as Water, Ar- = mode ene of commercially available stills are used to 
omatic Waters, Aqueous Acids, Solutions, Douches, Enemas, produce distilled Water ipo end uso ofthe ee. 
Gargles, Mouthwashes, Juices, Nasal Solutions, Otic Solutions, ee of the still and extent of ie agree of t o a ans 
and Irrigation Solutions. water introduced into the system. escription of stills is 
provided in Chapter 41. Such water may be sterile, provided 
the condenser is sterile, but to be called sterile it must be 


WATER... subjected to a satisfactory sterilization process. However, it has 
TE been shown that P aeruginosa (and other microorganisms) can 
The major ingredient in most of the dosage forms described grow in the distilled water produced in hospitals. The implica- 
herein is water. It is used both as a vehicle and as a solvent for tions of this are obvious. Sterile water may be sterile at the 
the desired flavoring or medicinal ingredients. Its tasteless- time of production but may lose this characteristic if it is stored 
ness, freedom from irritating qualities, and lack of pharmaco- improperly. Hickman and colleagues,’ by regrouping the com- 
logical activity make it ideal for such purposes. There is, how- ponents of conventional distillation equipment, have described 
ever, a tendency to assume that its purity is constant and that a method for the continuous supply of sterile, ultrapure water. 


it can be stored, handled, and used with a minimum of care. Quality-control procedures for monitoring the microbiological 
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quality of water should be performed in the pharmaceutical 
manufacturer’s production facilities. 

The major impurities in water are calcium, iron, magne- 
sium, manganese, silica, and sodium. The cations usually are 
combined with the bicarbonate, sulfate, or chloride anions. 
Hard waters are those that contain calcium and magnesium 
cations. Bicarbonates are the major impurity in alkaline 
waters. 

Ion-exchange (deionization, demineralization) processes 
will remove most of the major impurities in water efficiently 
and economically. A cation exchanger, H5R, first converts bi- 
carbonates, sulfates, and chlorides to their respective acids, for 
example, 


CaSO, Ca 
MgsSO,| + H.R > Mg| R + H,SO, 
Na, SO, Na, 
Ca(HCO3), Ca 
Mg(HCO;).| + H,R > Mg] R + 2H,COs 
2NaHCO; Nay 


Carbonic acid decomposes to carbon dioxide (which is removed 
by aeration in the decarbonator) and water. 

The anion exchanger may contain either a weakly basic or a 
strongly basic anion resin. These adsorb sulfuric, hydrochloric, 
and nitric acids. Chemical reactions may involve complete ad- 
sorption or an exchange with some other anion. 


H,SO, + A > A: H,SO, 


If the resin contains a hydroxyl group, water is formed during 
the purification process. 


H,SO; + 2AOH)=9AgS0) 4°20. 


Weakly dissociated carbonic and silicic acids can be removed 
only by strongly basic anion resins. 


H,Si0O, + 2AOH — A,Si0O3 + 2H,O 


Unit capacity varies with the nature of the installation, but it 
is possible to process as much as 15,000 gal of water/min. 

Deionization processes do not necessarily produce Purified 
Water that will comply with EPA requirements for drinking 
water. Resin columns retain phosphates and organic debris. 
Either alone or in combination, these substances can act as 
growth media for microorganisms. Observations have shown 
that deionized water containing 90 organisms/mL contained, 
after 24-hour storage, 10° organisms/mL. Columns can be 
cleaned partially of pseudomonads by recharging, but a 0.25% 
solution of formaldehyde will destroy most bacteria. The col- 
umn must be washed thoroughly and checked for the absence of 
aldehyde (with a Schiffs Reagent) before it can be used to 
generate deionized water. 

Ultraviolet radiant energy (240 to 280 nm), heat, or filtra- 
tion can be used to limit the growth of, kill, or remove micro- 
organisms in water. The latter method employs membrane 
filters and can be used to remove bacteria from heat-labile 
materials as described under membrane filters in Chapter 40. 

The phenomenon of osmosis involves the passage of water 
from a dilute solution across a semipermeable membrane to a 
more concentrated solution. Flow of water can be stopped by 
applying pressure, equal to the osmotic pressure, to the con- 
centrated solution. The flow of water can be reversed by apply- 
ing a pressure greater than the osmotic pressure. The process 
of reverse osmosis uses the latter principle; by applying pres- 
sure, greater than the osmotic pressure, to the concentrated 
solution (eg, tap water), pure water may be obtained (see the 
discussion of reverse osmosis in Chapter 36. 

Cellulose acetate is used in the manufacture of semiperme- 
able membranes for purifying water by reverse osmosis. This 


polymer has functional groups that can hydrogen-bond to wa- 
ter or other substances such as alcohol. The water molecules 
that enter the polymer are transported from one bonding site to 
the next under pressure. Because of the thin layer of pure 
water strongly adsorbed at the surface of the membrane, salts, 
to a large extent, are repelled from the surface, the higher- 
valent ions being repelled to a greater extent, thus causing a 
separation of ions from the water. 

Organic molecules are rejected on the basis of a sieve mech- 
anism related to their size and shape. Small organic molecules, 
with a molecular weight smaller than approximately 200, will 
pass through the membrane material. Because there are few 
organic molecules with a molecular weight of less than 200 in 
the municipal water supply, reverse osmosis usually is suffi- 
cient for the removal of organic material. The pore sizes of the 
selectively permeable reverse-osmosis membranes are between 
0.5 and 10 nm. Viruses and bacteria larger than 10 nm are 
rejected if no imperfections exist in the membrane. The mem- 
branes may and do develop openings that permit the passage of 
microorganisms. Because of the semistatic conditions, bacteria 
can grow both upstream and downstream of the membrane. 
Improvements in membranes are being made continually in 
type and manufacturing process such as the use of polyamide 
materials. It is expected that the preparation of water with 
negligible or no bacteria present will be achieved by this 
process. 

The selection of water-treatment equipment depends upon 
the quality of water to be tested, the quality of water required 
and the specific pharmaceutical purpose of the water. Fre- 
quently, two or more methods are used to produce the water 
desired, for example, filtration and distillation, or filtration, 
reverse osmosis, and ion exchange. r 


\ 
a t 


(yy ‘ ‘is KL 
x Ney Bi 


YN 1s) - Yr UL 


AROMATIC WATERS ~~ 


Aromatic waters, known also as medicated waters, are clear, 
saturated aqueous solutions of volatile oils or other aromatic 
or volatile substances. Their odors and tastes are similar to 
those of the drugs or volatile substances from which they are 
prepared. They are used principally as flavored or perfumed 
vehicles. Aromatic Waters may be prepared by distillation or 
solution of the aromatic substance with or without the use 
of a dispersing agent such as talc. Peppermint Water USP 
and Stronger Rose Water USP are examples of aromatic 
waters. 

Other methods have been suggested for preparing aromatic 
waters based on the use of soluble concentrates or on incorpo- 
ration of solubilizing agents such as polysorbate 20. 

Concentrated waters, such as peppermint, dill, cinnamon, 
and caraway, may be prepared as follows: 


Dissolve 20 mL of the volatile oil in 600 mL of 90% ethanol. Add 
sufficient purified water in successive small portions to produce 
1000 mL. Shake vigorously after each addition. Add 50 g of 
sterilized purified talc, shake occasionally for several hours, and 
filter. 


The aromatic water is prepared by diluting the concentrate 
with 39 times its volume of water. The British Pharmacopeia 
(BP) provides specific directions for preparing a few concen- 
trated aromatic waters. 

The chemical composition of many of the volatile oils is 
known, and suitable synthetic substances may be used in pre- 
paring pharmaceuticals and cosmetics. Similarly, many syn- 
thetic aromatic substances have a characteristic odor; for ex- 
ample, geranyl phenyl acetate has a honey odor. Such 
substances, either alone or in combination, can be used in 
nonofficial preparations. Additional information regarding the 


appropriate preparation of aromatic waters is provided in RPS- 
18, Chapter 83, and RPS-17, Chapter 84. 

The principal difficulty experienced in compounding pre- 
scriptions containing aromatic waters is due to a salting out 
action of certain ingredients, such as very soluble salts, on the 
volatile principle of the aromatic water. A replacement of part 
of the aromatic water with purified water is permissible when 
no other function is being served than that of a vehicle. 


PRESERVATION 


Aromatic waters will deteriorate with time and should, there- 
fore, be made in small quantities, protected from intense light 
and excessive heat, and stored in airtight, light-resistant con- 
tainers. 


AQUEOUS ACIDS 

SLL LL LI TE 
The official inorganic acids and certain organic acids, although 
of minor significance as therapeutic agents, are of great impor- 
tance in chemical and pharmaceutical manufacturing. This is 
especially true of acetic, hydrochloric, and nitric acids. 


PERCENTAGE STRENGTHS 


Many of the more important inorganic acids are available com- 
mercially in the form of concentrated aqueous solutions. The 
percentage strength varies from one acid to another and de- 
pends on the solubility and stability of the solute in water and 
on the manufacturing process. Thus, the official Hydrochloric 
Acid contains from 36.5 to 38.0% by weight of HCl, whereas 
Nitric Acid contains from 69 to 71% by weight of HNOs. 

Because the strengths of these concentrated acids are stated 
in terms of percent by weight, it is essential that specific 
gravities also be provided if one is to be able to calculate 
conveniently the amount of absolute acid contained in a unit 
volume of the solution as purchased. The mathematical rela- 
tionship involved is given by the equation M = V X S x F, 
where M is the mass in g of absolute acid contained in V mL of 
solution having a specific gravity S and a fractional percentage 
strength F. 

As an example, Hydrochloric Acid containing 36.93% by 
weight of HCl has a specific gravity of 1.1875. Therefore, the 
amount of pure HCl supplied by 100 mL of this solution is given 
by: 


M = 100 X 1.1875 X 0.3693 = 43.85 g HCl 


INCOMPATIBILITIES 


Although many of the reactions characteristic of acids offer 
opportunities for incompatibilities, only a few are of sufficient 
importance to require more than casual mention. Acids and 
acid salts decompose carbonates with liberation of carbon di- 
oxide; in a closed container, sufficient pressure may be devel- 
oped to produce an explosion. Inorganic acids react with salts of 
organic acids to produce the free organic acid and a salt of the 
inorganic acid. If insoluble, the organic acid will be precipi- 
tated. Thus, salicylic acid and benzoic acid are precipitated 
from solutions of salicylates and benzoates. Boric acid likewise 
is precipitated from concentrated solutions of borates. By a 
similar reaction, certain soluble organic compounds are con- 
verted into an insoluble form. Phenobarbital sodium, for exam- 
ple, is converted into phenobarbital that will precipitate in 
aqueous solution. 

The ability of acids to combine with alkaloids and other 
organic compounds containing a basic nitrogen atom is used in 
preparing soluble salts of these substances. 
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It should be borne in mind that certain solutions, syrups, 
elixirs, and other pharmaceutical preparations, may contain 
free acid, which causes these preparations to exhibit the incom- 
patibilities characteristic of the acid. 

Acids also possess the incompatibilities of the anions that 
they contain and, in the case of organic acids, these are fre- 
quently of prime importance. These are discussed under the 
specific anions. 


DILUTED ACIDS 


The diluted acids in the USP are aqueous solutions of acids, of 
a suitable strength (usually 10% w/v but Diluted Acetic Acid is 
6% w/v) for internal administration or for the manufacture of 
other preparations. 

The strengths of the official undiluted acids are expressed as 
percentages in weight (w/w), whereas the strengths of the 
official diluted acids are expressed as percent in volume (w/v). 
It, therefore, becomes necessary to consider the specific gravi- 
ties of the concentrated acids when calculating the volume 
required to make a given quantity of diluted acid. The following 
equation will give the number of milliliters required to make 
1000 mL of diluted acid: 


Strength of diluted acid x 1000 
Strength of undiluted acid x sp gr of undiluted acid 


Thus, if one wishes to make 1000 mL of Diluted Hydrochloric 
Acid USP using Hydrochloric Acid that assays 37.5% HCl (sp ger 
1.18), the amount required is 


10 x 1000 


ois ya 

Diluted Hydrochloric Acid USP has been used in the treatment 
of achlorhydria. However, it may irritate the mucous mem- 
brane of the mouth and attack the enamel of the teeth. The 
usual dose is 2 to 4 mL, well-diluted with water. In the treat- 
ment of achlorhydria no attempt is made to administer more 
than a relief-producing dose. 


SOLUTIONS 

DS SASS TE DE AS SS ETE PLOTS TE 
A solution, in the present context, is a liquid preparation that 
contains one or more soluble chemical substances dissolved in 
water. The solute usually is nonvolatile. Solutions are used for 
the specific therapeutic effect of the solute, either internally or 
externally. Although the emphasis here is on the aqueous so- 
lution, certain preparations of this type such as syrups, infu- 
sions, and decoctions have distinctive characteristics and, 
therefore, are described later in the chapter. 

Solvents, solubility and general methods for the incorpora- 
tion of a solute in a solvent are discussed in Chapter 16. 
Solutions are usually bottled automatically with equipment of 
the type shown in Figure 39-1. 


PREPARATION 


A specific method of preparation is given in the compendia for 
most solutions. These procedures fall into three main catego- 
ries. 


Simple Solutions—Solutions of this type are prepared by dis- 
solving the solute in most of the solvent, mixing until dissolved, 
then adding sufficient solvent to bring the solution up to the 
proper volume. The solvent may contain other ingredients that 
stabilize or solubilize the active ingredient. Calcium Hydroxide 
Topical Solution USP (Lime Water), Sodium Phosphates Oral 
Solution USP, and Strong Iodine Solution USP are examples. 


Figure 39-1. A rotary gravity bottle 
filler (courtesy, US Bottlers). 
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Calcium Hydroxide Topical Solution USP contains, in each 
100 mL, not less than 140 mg of Ca(OH),. The solution is 
prepared by agitating vigorously 3 g of calcium hydroxide with 
1000 mL of cool, purified water. Excess calcium hydroxide is 
allowed to settle out and the clear, supernatant liquid 
dispensed. 

An increase in solvent temperature usually implies an in- 
crease in solute solubility. This rule does not apply, however, to 
the solubility of calcium hydroxide in water, which decreases 
with increasing temperature. The official solution is prepared at 
25°; 

Solutions containing hydroxides react with the carbon dioxide 
in the atmosphere. 


OH- + CO, > HCO; 
OH- + HCO; > CO2.+ H,0 
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Calcium Hydroxide Topical Solution, therefore, should be pre- 
served in well-filled, tight containers, at a temperature not 
exceeding 25°. 

Strong Iodine Solution USP contains, in each 100 mL, 4.5 to 
5.5 g of iodine, and 9.5 to 10.5 g of potassium iodide. It is 
prepared by dissolving 50 g of iodine in 100 mL of purified water 
containing 100 g of potassium iodide. Sufficient purified water 
then is added to make 1000 mL of solution. One g of iodine 
dissolves in 2950 mL of water. However, solutions of iodides 
dissolve large quantities of iodine. Strong Iodine Solution is, 
therefore, a solution of polyiodides in excess iodide. 


Js nl, Tag Ton + iL) 
Doubly charged anions may be found also. 
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Strong lodine Solution is used in the treatment of iodide defi- 
ciency disorders such as endemic goiter. 

Several antibiotics (eg, cloxacillin sodium, nafcillin sodium, 

and vancomycin), because they are relatively unstable in aque- 
ous solution, are prepared by manufacturers as dry powders or 
granules in combination with suitable buffers, colors, diluents, 
dispersants, flavors and/or preservatives. These preparations, 
Cloxacillin Sodium for Oral Solution, Nafcillin for Oral Solu- 
tion, and Vancomycin Hydrochloride for Oral Solution meet the 
requirements of the USP. Upon dispensing to the patient, the 
pharmacist adds the appropriate amount of water. The products 
are stable for up to 14 days when refrigerated. This period 
usually provides sufficient time for the patient to complete the 
administration of all the medication. 
Solution by Chemical Reaction—These solutions are pre- 
pared by reacting two or more solutes with each other in a 
suitable solvent. An example is Aluminum Subacetate Topical 
Solution USP. 

Aluminum sulfate (145 g) is dissolved in 600 mL of cold water. 
The solution is filtered, and precipitated calcium carbonate (70 
g) is added, in several portions, with constant stirring. Acetic 
acid (160 mL) is added slowly and the mixture set aside for 24 
hours. The product is filtered and the magma on the Buchner 
filter washed with cold water until the total filtrate measures 
1000 mL. 

The solution contains pentaquohydroxo- and tetraquodihy- 
droxoaluminum(III) acetates and sulfates dissolved in an aque- 
ous medium saturated with calcium sulfate. The solution con- 
tains a small amount of acetic acid. It may be stabilized by the 
addition of not more than 0.9% boric acid. 

The reactions involved in the preparation of the solution are 
given below. The hexaquo aluminum cations first are converted 
to the nonirritating [Al(H.O),(OH)|?* and [Al(H,O),(OH).I | 


cations. 
[AIGH.O).|°* + COZ- = [AI(H,0),(OH))?* + HCO; 
LANGECOVR cs HCO; — [Al(.,.0).(OM)ii?* + HO + CO, 


As the concentration of the hexaquo cations decreases, second- 
ary reactions involving carbonate and bicarbonate occur. 


[AI(H,0);(OH)]?* + CO; — [A1(H,0),(OH).]° + HCO; 


[AIG.O);(OH))?* + HCO; = [Al(H,0),(OH),]* + H.CO, 


The pH of the solution now favors the precipitation of dissolved 
calcium ions as the insoluble sulfate. Acetic acid now is added. 
The bicarbonate that is formed in the final stages of the proce- 
dure is removed as carbon dioxide. 

Aluminum Subacetate Topical Solution is used in the prepa- 

ration of Aluminum Acetate Topical Solution USP (Burow’s 
Solution). The latter solution contains 15 mL of glacial acetic 
acid, 545 mL of Aluminum Subacetate Topical Solution and 
sufficient water to make 1000 mL. It is defined as a solution of 
aluminum acetate in approximately 5%, by weight, of acetic acid 
in water. It may be stabilized by the addition of not more than 
0.6% boric acid. 
Solution by Extraction—Drugs or pharmaceutical necessi- 
ties of vegetable or animal origin often are extracted with water 
or with water containing other substances. Preparations of this 
type may be classified as solutions but, more often, are classified 
as extracts and are described at the end of this chapter. 


A douche is an aqueous solution directed against a part or into 
a cavity of the body. It functions as a cleansing or antiseptic 
agent. An eye douche, used to remove foreign particles and 
discharges from the eyes, is directed gently at an oblique angle 
and allowed to run from the inner to the outer corner of the eye. 
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Pharyngeal douches are used to prepare the interior of the 
throat for an operation and cleanse it in suppurative condi- 
tions. Similarly, there are nasal douches and vaginal douches. 
Douches usually are directed to the appropriate body part by 
using bulb syringes (Chapter 109). 

Douches most frequently are dispensed in the form of a 
powder with directions for dissolving in a specified quantity of 
water (usually warm). However, tablets for preparing solutions 
are available (eg, Dobell’s Solution Tablets) or the solution may 
be prepared by the pharmacist. If powders or tablets are sup- 
plied, they must be free from insoluble material in order to 
produce a clear solution. Tablets are produced by the usual 
processes (see Chapter 45) but any lubricants or diluents used 
must be readily soluble in water. Boric acid may be used as a 
lubricant and sodium chloride normally is used as a diluent. 
Tablets deteriorate on exposure to moist air and should be 
stored in airtight containers. 

Douches are not official as a class of preparations but sev- 
eral substances in the compendia frequently are employed as 
such in weak solutions; for example, benzalkonium chloride is 
used in various douches and Compound Sodium Borate Solu- 
tion NFXI (Dobell’s Solution) has been used as a nasal or 
pharyngeal douche. A sodium bicarbonate vaginal douche has 
been used to improve the postcoital test. 

Vaginal douches are the most common type of douche and 
are used for cleansing the vagina and hygienic purposes. Liquid 
concentrates or powders, which may be prepared in bulk or as 
single-use packages, should be diluted or dissolved in the ap- 
propriate amount of warm water prior to use. The ingredients 
used in vaginal douches include antimicrobial agents such as 
benzalkonium chloride, the parabens or chlorothymol, anes- 
thetics or antipruritics such as phenol or menthol. Astringents 
such as zinc sulfate or potassium alum, surface-active agents 
such as sodium lauryl sulfate, and chemicals to alter the pH 
such as sodium bicarbonate or citric acid also are used. 


ENEMAS. 


Enema preparations are rectal injections employed to evacuate 
the bowel (evacuation enemas), influence the general system by 
absorption, or to affect a local disease. The latter two are called 
retention enemas. They may possess anthelmintic, nutritive, 
sedative, or stimulating properties, or they may contain ra- 
diopaque substances for roentgenographic examination of the 
lower bowel. 

Sodium chloride, sodium bicarbonate, sodium monohydro- 
gen phosphate, and sodium dihydrogen phosphate are used in 
enemas to evacuate the bowel. These substances may be used 
alone, in combination with each other, or in combination with 
irritants such as soap. Enema of Soap BPC 1963 is prepared by 
dissolving 50 g of soft soap in sufficient purified water to make 
1000 mL of enema. Sodium Phosphates Enema USP contains 
6 g of dibasic sodium phosphate heptahydrate and 16 g of 
monobasic sodium phosphate monohydrate in each 100 mL. 
Evacuation enemas usually are given at body temperature in 
quantities of 1 to 2 pt injected slowly with a syringe. 

An official retention enema used for systemic purposes 1s 
aminophylline. Retention enemas are to be retained in the 
intestine and should not be used in larger quantities than 150 
mL for an adult. Usually, the volume is considerably smaller, 
such as a few mL. Microenema is a term used to describe these 
small-volume preparations. Vehicles for retention microen- 
emas have been formulated with small quantities of ethanol 
and propylene glycol, and no significant difference in irritation, 
as compared with water, was found. A number of other drugs 
such as valproic acid, indomethacin, and metronidazole have 
been formulated as microenemas for the purpose of absorption. 
The absorption of large-molecular-weight drugs, such as insu- 
lin, is under current investigation. 
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Sulfasalazine rectal enema has been administered for the 
treatment of ulcerative colitis and may be prepared by dispers- 
ing the tablets (1-g strength) in 250 mL water. An enema in the 
form of a suspension is 5-aminosalicylic acid, 168 g; NaH,PO,, 
1.6 g; Na,HPO,, 17.9 g; NaCl, 36 g; sodium ascorbate, 2 g; 
tragacanth, 16 g; methylparaben, 8 g; propylparaben, 2 g; pro- 
pylene glycol, 100 mL; and distilled water to make 4000 mL. It 
has been prepared by Montgomery and co-workers® and shown 
to be stable for 90 days at both room and refrigerator temper- 
atures. Barium sulfate enema contains 120 g of barium sulfate, 
100 mL of acacia mucilage, and sufficient starch enema to 
make 500 mL. An enema containing 30 to 50 g of sodium 
polystyrene sulfonate has been prepared using 100 mL of sor- 
bitol solution. 

Starch enema may be used either by itself or as a vehicle for 
other forms of medication. A thin paste is made by triturating 
30 g of powdered starch with 200 mL of cold water. Sufficient 
boiling water is added to make 1000 mL of enema. The prepa- 
ration then is reheated to obtain a transparent liquid. 


GARGLES—— 

eS TT RE US TT IE PTT 
Gargles are aqueous solutions frequently containing antisep- 
tics, antibiotics, and/or anesthetics used for treating the phar- 
ynx and nasopharynx by forcing air from the lungs through the 
gargle that is held in the throat; subsequently, the gargle is 
expectorated. Many gargles must be diluted with water prior to 
use. Although mouthwashes are considered as a separate class 
of pharmaceuticals, many are used as gargles, either as is, or 
diluted with water. 

A gargle/mouthwash containing the antibiotic tyrothricin 
has been shown to provide levels of gramicidin, a component of 
tyrothricin, in saliva when used as a gargle rather than a 
mouthwash. Higher saliva levels of gramicidin were obtained 
when a lozenge formulation was employed. Rapid relief of pha- 
ryngeal and oral pain was obtained when Cepacaine solution, 
which contains a topical anesthetic, was used as a gargle. 

Potassium Chlorate and Phenol Gargle is official in the 
Pharmaceutical Codex (PC), 11th edition. It contains potas- 
sium chlorate (30 g), patent blue V (Color Index No 42051) 
commercial food grade (0.01 g), liquified phenol (15 mL), and 
water for preparations qs to 1000 mL. It should be diluted with 
10 volumes of warm water before use. The product should be 
labeled so that it cannot be mistaken for preparations intended 
for internal administration. 

A flavored solution containing 7.5% povidone-iodine and 
35% alcohol (Isodine) is available commercially as a mouth- 
wash or gargle after suitable dilution. 


MOUTHWASHES — 

SA RD I 
Mouthwashes are aqueous solutions often in concentrated 
form containing one or more active ingredients and excipi- 
ents described below. They are used by swishing the liquid in 
the oral cavity. Mouthwashes can be used for two purposes, 
therapeutic and cosmetic. Therapeutic rinses or washes can 
be formulated to reduce plaque, gingivitis, dental caries, and 
stomatitis. Cosmetic mouthwashes may be formulated to 
reduce bad breath through the use of antimicrobial and/or 
flavoring agents. 

Recent information indicates that mouthwashes are being 
used as a dosage form for a number of specific problems in 
the oral cavity; for example, mouthwashes containing a com- 
bination of antihistamines, hydrocortisone, nystatin, and 
tetracycline have been prepared from commercially available 
suspensions, powders, syrups, or solutions for the treatment 
of stomatitis, a painful side effect of cancer therapy. Other 


drugs include allopurinol, also used for the treatment of 
stomatitis, pilocarpine for xerostoma (dry mouth), tranex- 
amic acid for the prevention of bleeding after oral surgery, 
amphotericin B for oral candidiasis, chlorhexidine gluconate 
for plaque control, and hexetidine as an antibactericidal and 
antifungal agent. 

Mouthwashes may be used for a number of other purposes. 
For example, cetylpyridinum chloride and dibucaine hydrochlo- 
ride mouthwashes provide satisfactory relief of pain in patients 
with ulcerative lesions of the mouth; mouthwashes or creams 
containing carbenoxolone are highly effective dosage forms for 
the treatment of orofacial herpes simplex infections; and unde- 
tected oral cancer has been recognized using toluidine blue in 
the form of a mouth rinse. 

Mouthwashes generally contain four groups of excipients as 
suggested by Tricca.? 

ALCOHOLS—Alcohol is often present in the range of 10 
to 20%. It enhances the flavor, provides a certain sharpness 
to the taste, aids in masking the unpleasant taste of active 
ingredients, functions as a solubilizing agent for some fla- 
voring agents, and may function as a preservative. Humec- 
tants such as glycerin and sorbitol, may form 5 to 20% of the 
mouthwash. These agents increase the viscosity of the prep- 
aration and provide a certain body or mouth feel to the 
product. They enhance the sweetness of the product and, 
along with the ethanol, improve the preservative qualities of 
the product. 

SURFACTANTS—Surfactants of the nonionic class such 
as-polyoxyeth ylene/polyoxypropylene block copolymers or poly- 
oxyethylene derivatives of sorbitol fatty acid esters may be 
used. The concentration range is 0.1 to 0.5%. An anionic sur- 
factant occasionally used is sodium lauryl] sulfate. Surfactants 
are used because they aid in the solubilization of flavors and in 
the removal of debris by providing foaming action. Cationic 
surfactants such as cetylpyridinium chloride are used for their 
antimicrobial properties, but these tend to impart a bitter 
taste. 

FLAVORS—Flavors are used in conjunction with alcohol 
and humectants to overcome disagreeable tastes, at the same 
time flavors must be safe to use. The principle flavoring agents 
are peppermint, spearmint, cinnamon, wintergreen oils, men- 
thol, or methyl salicylate. Other flavoring agents may be used 
singly or in combination. 

G AGENTS—Coloring agents also are used in 


—— 


‘these products. 

Commercial products (eg, Cepacol,, Listerine, Micrin, or 
Scope) vary widely in composition. Antiseptic Solution and 
Mouthwash are described in NF XII. The latter wash contains 
sodium borate, glycerin, and potassium bicarbonate. The reac- 
tions that take place when these substances are dissolved in 
water are given below. 


CH,OH oars HOCH; | — 
| 
obHOH + B(OH); ~| CH—O O—CH |H+t-+ 3H.0O 
SF 
Van 
CH,0H CH,—O O—CH, 
CH,OH HOCH, ] - | 
| | KHCO; 
CH—O O—CH | Kt —~ 
NO 
aS 
CH.0 O—CH, 
+ H.O + CO, 


Compound Sodium Chloride Mouthwash and Zine Sulphate 
Mouthwash are described in the BP and the PC 11th ed, re- 
spectively. The former wash contains sodium chloride, sodium 


bicarbonate, concentrated peppermint emulsion, and double- 
strength chloroform water. Extemporaneously compounded 
preparations include allopurinol at a strength of about 0.1% 
prepared from tablets in a suspending vehicle of 0.5% methyl- 
cellulose sweetened and flavored. Modifications of this prepa- 
ration have been shown to have considerable stability. 


JUICES ate 


A juice is prepared from fresh ripe fruit, is aqueous in charac- 
ter, and is used in making syrups that are employed as vehi- 
cles. The freshly expressed juice is preserved with benzoic acid 
and allowed to stand at room temperature for several days, 
until the pectins that naturally are present are destroyed by 
enzymatic action, as indicated by the filtered juice yielding a 
clear solution with alcohol. Pectins, if allowed to remain, would 
cause precipitation in the final syrup. 

Cherry Juice (RPS-18 page 1320) is described in the USP 
XXI and Raspberry Juice in USP XVIII. Concentrated Rasp- 
berry Juice (PC, 11th ed) is prepared from the clarified juice 
“of raspberries. Pectinase is stirred into pulped raspberries 
and the mixture allowed to stand for 12 hours. The pulp is 
pressed, the juice clarified, and sufficient sucrose added to 
adjust the weight at 20° to 1.050 to 1.060 g per mL. The juice 
then is concentrated to one-sixth of its original volume. 
Sufficient sulfurous acid or sodium metabisulfite is added as 
a preservative. 

Artificial flavors now have replaced many of the natural fruit 
juices. Although they lack the flavor of the natural juice, they are 
more stable and easier to incorporate into the final pharmaceuti- 
cal form. Commercial juices such as orange, apple, grape, and 
mixed vegetables have been used recently to prepare extempora- 
neous preparations of cholestyramine and nizatidine. 

Information on cranberry juice indicates that it may be 
effective in controlling some urinary tract infections and 
urolithiasis. 


NAS 


SOLUTIONS ___ 


Nasal solutions are usually aqueous solutions designed to be 
administered to the nasal passages in drops or sprays. Other 
nasal preparations may be in the form of emulsions or suspen- 
sions. Although many of the drugs are administered for their 
local sympathomimetic effect—such as Ephedrine Sulfate or 
Naphazoline Hydrochloride Nasal Solution USP, to reduce na- 
sal congestion—a few other official preparations, Lypressin 
Nasal Solution USP and Oxytocin Nasal Solution USP, are 
administered in spray form for their systemic effect for the 
treatment of diabetes insipidus and milk letdown prior to 
breast feeding, respectively. The current route of administra- 
tion of peptides and proteins is limited to parenteral injection 
because of inactivation within the gastrointestinal tract. As a 
result, there is considerable research on intranasal delivery of 
some of these drugs such as analogs of enkephalins or luteinizing- 
hormone-releasing hormone and insulin. Other drugs that are 
absorbed poorly from the GI tract, such as gentamicin sulfate, 
are being administered in the form of nasal solutions to obtain 
appropriate blood levels. Some pharmaceuticals such as meper- 
idine HCl and lidocaine HCl may be administered in the form 
of nasal solutions for analgesia and headaches, respectively. 
Nasal solutions are prepared so that they are similar in 
many respects to nasal secretions in regard to toxicity, pH, and 
viscosity so that normal ciliary action is maintained. Thus, the 
aqueous nasal solutions usually are isotonic and slightly buff- 
ered to maintain a pH of 5.5 to 6.5. In addition, antimicrobial 
preservatives, similar to those used in ophthalmic prepara- 
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tions, and appropriate drug stabilizers, if required, are in- 
cluded in the formulation. 

Commercial nasal preparations, in addition to the drugs 
listed above also include antibiotics, antihistamines, and drugs 
for asthma prophylaxis. 

A formula for Ephedrine Nasal Drops (PC, 11th ed) is: 


Ephedrine Hydrochloride 0.5 g 
Chlorobutanol 0.5¢ 
Sodium Chloride 0.5 g 
Water for preparations to 100 mL 


Current studies indicate that nasal sprays are deposited 
mainly in the atrium and cleared slowly into the pharynx with 
the patient in an upright position. Drops spread more exten- 
sively than the spray, and three drops cover most of the walls 
of the nasal cavity with the patient in a supine position and 
head tilted back and turned left and right. It is suggested that 
drop delivery, with appropriate movement by the patient, leads 
to extensive coverage of the walls of the nasal cavity. 


OTIC SOLUTIONS 
RR RE SUE TN RE 
These solutions occasionally are referred to as aural prepara- 
tions. Other otic preparations often include formulations such 
as suspensions and ointments for topical application in the ear. 

The main classes of drugs used for topical administration to 
the ear include analgesics, such as benzocaine; antibiotics, such 
as neomycin; and anti-inflammatory agents, such as cortisone. 
The USP preparations include Antipyrine and Benzocaine Otic 
Solution. The Neomycin and Polymyxin B Sulfates and Hydro- 
cortisone Otic Solutions may contain appropriate buffers, sol- 
vents, and dispersants usually in an aqueous solution. The 
main solvents used in these preparations include glycerin or 
water. The viscous glycerin vehicle permits the drug to remain 
in the ear for a long time. Anhydrous glycerin, being hygro- 
scopic, tends to remove moisture from surrounding tissues, 
thus reducing swelling. Viscous liquids like glycerin or pro- 
pylene glycol are used either alone or in combination with a 
surfactant to aid in the removal of cerumen (ear wax). Sodium 
Bicarbonate Ear-Drops BP may be used if wax is to be removed 
from the ear. This preparation contains sodium bicarbonate (5 
g), glycerin (30 mL), and purified water (a sufficient quantity to 
make 100 mL). 

To provide sufficient time for aqueous preparations to act, it 
is necessary for patients to remain on their side for a few 
minutes so the drops do not run out of the ear. Otic prepara- 
tions are dispensed in a container that permits the adminis- 
tration of drops. 


IRRIGATION SOLUTIONS. 


Irrigation solutions are used to wash or bathe surgical inci- 
sions, wounds, or body tissues. Because they come in contact 
with exposed tissue, they must meet stringent requirements of 
the USP such as sterility, total solids, and bacterial endotoxins. 
These products may be prepared by dissolving the active ingre- 
dient in Water for Injection. They are packaged in single-dose 
containers, preferably Type I or Type II glass, or suitable plas- 
tic containers, and then sterilized. See Chapter 40 for steriliza- 
tion procedures. A number of irrigations are described in the 
USP, eg, Acetic Acid Irrigation for bladder irrigation, Dimethyl 
Sulfoxide Irrigation for relief of internal cystitis, Neomycin and 
Polymyxin B Sulfates Solution for Irrigation for infection, and 
Sodium Chloride Irrigation for washing wounds. 
Extemporaneous formulations frequently are prepared us- 
ing an isotonic solution of sodium chloride as the solvent. For 
example, cefazolin or gentamicin in 0.9% sodium chloride are 
used as anti-infective irrigations, dinoprostone in lactated ring- 
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ers injection is used by continuous intrauterine irrigation for 
severe postpartum hemorrhage, and 5-fluororacil in 0.9% so- 
dium chloride is employed for bladder irrigation. Alum, either 
potassium or ammonium, in either sterile water or 0.9% so- 
dium chloride for irrigation has been used for bladder hemor- 
rhage. Amphotericin in sterile water has been used for the 
treatment of localized infections of the bladder and urinary 
tract. All the extemporaneous preparations should meet the 
general requirements noted above for USP irrigations. 


Solutions that are sweet or viscid include syrups, honeys, mu- 
cilages, and jellies. All of these are viscous liquids or semisol- 
ids. The basic sweet or viscid substances giving body to these 
preparations are sugars, polyols or polysaccharides (gums). 


SYRUPS __ 

Eg REARS TS TE ITI 
Syrups are concentrated solutions of sugar such as sucrose in 
water or other aqueous liquid. When Purified Water alone is 
used in making the solution of sucrose, the preparation is 
known as Syrup, or simple syrup. In addition to sucrose, certain 
other polyols, such as glycerin or sorbitol, may be added to 
retard crystallization of sucrose or to increase the solubility of 
added ingredients. Alcohol often is included as a preservative 
and also as a solvent for flavors; further resistance to microbial 
attack can be enhanced by incorporating antimicrobial agents. 
When the aqueous preparation contains some added medicinal 
substance, the syrup is called a medicated syrup. A flavored 
syrup is one that usually is not medicated, but rather contains 
various aromatic or pleasantly flavored substances and is in- 
tended to be used as a vehicle or flavor for prescriptions, such 
as Acacia, Cherry, Cocoa, and Orange USP XXI. 

Flavored syrups offer unusual opportunities as vehicles in 
extemporaneous compounding and are accepted readily by both 
children and adults. Because they contain no, or very little, 
alcohol they are vehicles of choice for many of the drugs that 
are prescribed by pediatricians. Their lack of alcohol makes 
them superior solvents for water-soluble substances. However, 


sucrose-based medicines continuously administered to children _ 


apparently cause an increase in dental caries and gingivitis; 
consequently, alternate formulations of the drug either un- 
sweetened or sweetened with noncariogenic substances should 
be considered. A knowledge of the sugar content of liquid med- 
icines is useful for patients who are on a restricted calorie 
intake; a list has been prepared by Bergen.'° 

Syrups possess remarkable masking properties for bitter or 
saline drugs. Glycyrrhiza syrup has been recommended for 
disguising the salty taste of bromides, iodides, and chlorides. 
This has been attributed to its colloidal character and its dou- 
ble sweetness—the immediate sweetness of the sugar and the 
lingering sweetness of the glycyrrhizin. This syrup is also of 
value in masking bitterness in preparations containing the B 
complex vitamins. Acacia Syrup USP XXI (page 1020), because 
of its colloidal character, is of particular value as a vehicle for 
masking the disagreeable taste of many medicaments. Rasp- 
berry Syrup BP 1988 is one of the most efficient flavoring 
agents and is especially useful in masking the taste of bitter 
drugs. Many factors, however, enter into the choice of a suit- 
able flavoring agent. Literature reports are often contradictory 
and there appears to be no substitute for the taste panel. The 
literature on this subject has been reviewed by Meer’! and this 
reference and Chapter 55 should be consulted for further in- 
formation on the flavoring of pharmaceuticals and the prepa- 
ration of a number of official syrups. A series of papers by 
Schumacher deals with improving the palatability of bulk- 
compounded products using flavoring and sweetening agents. !” 
In manufacturing syrups, the sucrose must be selected care- 
fully and a purified water, free from foreign substances, and 
clean vessels and containers must be used. The operation must 


be conducted with care to avoid contamination, if the products 
are to be stable. 

It is important that the concentration of sucrose approach 
but not quite reach the saturation point. In dilute solutions 
sucrose provides an excellent nutrient for molds, yeasts, and 
other microorganisms. In concentrations of 65% by weight 
or more, the solution will retard the growth of such micro- 
organisms. However, a saturated solution may lead to crystal- 
lization of a part of the sucrose under conditions of changing 
temperature. 

When heat is used in the preparation of syrups, there is 
almost certain to be an inversion of a slight portion of the 
sucrose. Sucrose solutions are dextrorotary, but as hydrolysis 
proceeds, the optical rotation decreases and becomes negative 
when the reaction is complete. This reaction is termed inver- 
sion because invert sugar (dextrose plus levulose) is formed. 
The speed of inversion is increased greatly by the presence of 
acids; the hydrogen ion acts as a catalyst in this hydrolytic 
reaction. Invert sugar is more readily fermentable than sucrose 
and tends to be darker in color. Nevertheless, its two reducing 
sugars are of value in retarding the oxidation of other 
substances. 

Invert Syrup is described in the BP. It may be prepared by 
hydrolyzing sucrose with hydrochloric acid and neutralizing 
the solution with calcium or sodium carbonate. The sucrose in 
the 66.7% w/w solution must be at least 95% inverted. Invert 
syrup, when mixed in suitable proportions with syrup, prevents 
the deposition of crystals of sucrose under most conditions of 
storage. 

The levulose formed during inversion is sweeter than su- 
crose, and thus the resulting syrup is sweeter than the original 
syrup. The relative sweetness of levulose, sucrose, and dextrose 
is in the ratio of 173:100:74. Thus, invert sugar is 1/100 (173 + 
74)% = 1.23 times as sweet as sucrose. The levulose formed 
during the hydrolysis also is responsible for the darkening of 
syrup. It is sensitive to heat and darkens readily, particularly 
in solution. When syrup or sucrose is overheated, it caramel- 
izes. Occasionally, it is appropriate to use a sugar free liquid 
preparation; a list of these has been published.!® 


Syrups are prepared in various ways, the choice of the proper 
method depends on the physical and chemical characteristics of 
the substances entering into the preparation. 


Solution with Heat—This is the usual method of making 
syrups when the valuable constituent is neither volatile nor 
injured by heat, and when it is desirable to make the syrup 
rapidly. The sucrose usually is added to the purified water or 
aqueous solution and heated until solution is effected, then it is 
strained and sufficient purified water added to make the desired 
weight or volume. If the syrup is made from an infusion, a 
decoction or an aqueous solution containing organic matter, 
such as sap from maple trees, it usually is proper to heat the 
syrup to the boiling point to coagulate albuminous matter; sub- 
sequently, this is separated by straining. If the albumin or other 
impurities were permitted to remain in the syrup, fermentation 
probably would be induced in warm weather. Saccharometers 
are very useful in making syrups by the hot process in cases 
where the proper specific gravity of the finished syrup is known. 
They may be floated in the syrup while boiling, and thus the 
exact degree of concentration determined without waiting to 
cool the syrup and having to heat it again to concentrate it 
further. When taking a reading of the specific gravity of the hot 
syrup, allowance must be made for the variation from the offi- 
cial temperature (specific gravities in the USP are taken at 25°). 
Excessive heating of syrups at the boiling temperature is 
undesirable because more or less inversion of the sucrose occurs 
with an increased tendency to ferment. Syrups cannot be ster- 
ilized in an autoclave without some caramelization. This is 


indicated by a yellowish or brownish color resulting from the 
formation of caramel by the action of heat upon sucrose. 

The formula and procedure given for Acacia Syrup (page 
1020) illustrates this method of preparation. 
Agitation without Heat—This process is used in those cases 
where heat 


‘would cause the loss of valuable, volatile constitu- 
ents. In making quantities up to 2000 mL the sucrose should be 
added to the aqueous solution in a bottle of about twice the size 
required for the syrup. This permits active agitation and rapid 
solution. Stoppering the bottle is important, as it prevents con- 
tamination and loss during the process. The bottle should be 
allowed to lie on its side when not being agitated. Glass-lined 
tanks with mechanical agitators, especially adapted to dissolv- 
ing of sucrose, are used for making syrups in large quantities. 

This method and that previously described are used for the 
preparation of a wide variety of preparations that are described 
popularly as syrups. Most cough syrups, for example, contain 
sucrose and one or more active ingredients. However, the exact 
composition of such products is not given on the label. Further- 
more, some of these products are listed in the USP but no 
directions are given for their preparation. For example, 
Guaifenesin Syrup USP (glyceryl guaiacolate syrup) is of- 
ficial but the only specified ingredient is guaifenesin (glyceryl 
guaiacolate). 

The BP gives a method for the preparation of Codeine Phos- 
phate Oral Solution. This contains codeine phosphate (5 g), 
water (15 mL), chloroform spirit (25 mL), and sufficient syrup to 
make 1000 mL. It can be used for the relief of cough. Another 
syrup for this purpose is Codeine Linctus PC (11th ed). This is 
really a medicated syrup that possesses demulcent, and cough 
suppressant properties. Unlike the syrup, it is colored and fla- 
vored. The formula for Codeine Linctus PC (11th ed) is 
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Many other active ingredients (eg, ephedrine sulfate, dicyclo- 
mine hydrochloride, chloral hydrate, or chlorpromazine hydro- 
chloride) are marketed as syrups. Like cough syrups, these 
preparations are flavored, colored, and recommended in those 
instances where the patient cannot swallow the solid dosage 
form. 

Addition of a Medicating Liquid to Syrup—This method is 
resorted to in those cases in which fluidextracts, tinctures, or 
other liquids are added to syrup to medicate it. Syrups made in 
this way usually develop precipitates because alcohol is often an 
ingredient of the liquids thus used, and the resinous and oily 
substances dissolved by the alcohol precipitate when mixed 
with the syrup, producing unsightly preparations. A modifica- 
tion of this process, frequently adopted, consists of mixing the 
fluidextract or tincture with the water, allowing the mixture to 
stand to permit the separation of insoluble constituents, filter- 
ing and then dissolving the sucrose in the filtrate. It is obvious 
that this procedure is not permissible when the precipitated 
ingredients are the valuable medicinal agents. The formula and 
procedure given for Aromatic Eriodictyon Syrup USP XXI 
(RPS-18 page 1301) illustrate this method of preparation. 
Percolation—In this procedure, purified water, or an aqueous 
solution, is permitted to pass slowly through a bed of crystalline 
sucrose, thus dissolving it and forming a syrup. A cotton pledget 
is placed in the neck of the percolator and the water or aqueous 
solution added. By means of a suitable stopcock the flow is 
regulated so that drops appear in rapid succession. If necessary, 
a portion of the liquid is recycled through the percolator to 
dissolve all the sucrose. Finally, sufficient purified water is 
passed through the cotton to make the required volume. 

To be successful in using this process, care in several partic- 
ulars must be exercised: (1) the percolator used should be cy- 
lindrical or semicylindrical and cone-shaped as it nears the 


Codeine Phosphate 38¢g ‘ 

Compound Tartrazine Solution 10 mL lower orifice; (2) a coarse granular sugar must be used, other- 
Benzoic Acid Solution 20 mL wise it will coalesce into a compact mass, which the liquid 
Chloroform Spirit 20 mL cannot permeate; (3) the purified cotton must be introduced 
Water for Preparations 20 mL with care. 

Lemon Syrup 200 mL : . . 

Sa to 1000 mL If pressed in too tightly, the cotton will stop the process 


effectually; if inserted too loosely, the liquid will pass through 
the cotton rapidly and the filtrate will be weak and turbid (from 
imperfect filtration); it should be inserted completely within the 
neck of the percolator, because a protruding end, inside the 
percolator, up through the sucrose, will permit the last portions 
of water to pass out at the lower orifice without dissolving all 
the sucrose. For specific directions see Syrups (RPS, page 1027). 
The process of percolation is applied on a commercial scale for 


Dissolve the codeine phosphate in the water, add 500 mL of the 
syrup, and mix. Add the other ingredients and sufficient syrup 
to produce 1000 mL. 

For pediatric use, 200 mL of this linctus is diluted with 
sufficient syrup to make 1000 mL. If sugar is contraindicated in 
the diet, Diabetic Codeine Linctus PC (11th ed) can be used: 


Codeine Phosphate 3g the making of official syrups as well as those for confectionary 
Citric Acid monohydrate 5¢ use. 

Cae th Eee Solon is oa Percolation is the preferred method for the preparation of 
Benen seid Solution Ome Syrup USP (RPS, page 1027). The sucrose, in this instance, is 
Chloroform Spirit 20 mL placed in the percolator. However, a slightly modified approach 
Water for Preparations 20 mL must be used if a drug of vegetable origin is to be incorporated 


Sorbitol Solution to 1000 mL into the syrup. For example, wild cherry bark is first percolated 


Dissolve the codeine phosphate and the citric acid in the 
water, add 750 mL of the sorbitol solution, and mix. Add the 
other ingredients and sufficient sorbitol solution to produce 
1000 mL. 

Sorbitol Solution is the sweetening agent and contains 70% 
w/w of total solids, consisting mainly of d-sorbitol. It has about 
half the sweetening power of syrup. In the US the Food and 
Drug Administration (FDA) has banned the use of chloroform in 
medicines and cosmetics because of reported carcinogenicity in 
animals. 

Basic formulations can be varied easily to produce the highly 
advertised articles of commerce. The prescription only drug (eg, 
codeine phosphate or methadone) must, of course, be omitted 
from the formulation, but in certain countries, such as Canada, 
a decreased quantity of codeine phosphate is permitted in an 
over-the-counter (OTC) cough syrup. In addition to the ingredi- 
ents cited or listed in the official compendia (eg, tolu, squill, or 
ipecacuanha), many cough syrups contain an antihistamine. 


with water; the collection vessel contains sucrose (800 g) and 
glycerol (50 mL). When the total volume is 1000 mL, the perco- 
late is agitated to produce Wild Cherry Syrup PC (11th ed). 
Reconstitution—To improve stability and minimize microbial 

“contamination, dry syrup formulations can be prepared and 
Purified Water USP added just prior to dispensing or use. Pow- 
der mixtures, wholly granulated products and partially granu- 
lated products have been investigated for this purpose by Ry- 
der.'* 

The powder mixture preparation requires less equipment and 
energy to prepare. Chemical stability problems are minimal, 
because heat or solvents may be avoided in the process and a 
low moisture content can be obtained in the final product; un- 
fortunately, powder mixtures are prone to homogeneity prob- 
lems. In the case of the wholly granulated product, all the 
ingredients are included in the granulation stage. The drug may 
be incorporated into the dry product before granulation or dis- 
solved or suspended in the granulating fluid. After formation, 
the granules are dried and then screened to break down over- 
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size particles. The advantages of granulated over powder mix- 
tures include better appearance, better flow, fewer segregation 
problems, and less dust during processing. Partially granulated 
mixtures are used to gain some of the advantages of granulation 
without the disadvantages. Usually the drug, and other fine 
particles, are included at the granulation stage, perhaps with 
some diluents to improve flow and reduce segregation and dust. 
Materials selected for mixing with the dried granules would 
include thermolabile excipients, such as flavors, and free flow- 
ing materials, such as sugars. 


PRESERVATION — 


~ Syrups should be made in quantities that can be consumed 
within a few months, except in those cases where special facil- 
ities can be employed for their preservation; a low temperature 
is the best method. Concentration without super-saturation is 
also a condition favorable to preservation. The USP states that 
syrups may contain preservatives. Glycerin, methylparaben, 
benzoic acid, and sodium benzoate may be used to prevent 
bacterial and mold growth. Combinations of alkyl esters of 
p-hydroxybenzoic acid are effective inhibitors of yeasts that 
have been implicated in the contamination of commercial 
syrups. 

The official syrups should be preserved in well-dried bottles, 
preferably those that have been sterilized. These bottles should 
not hold more than is likely to be required during 4 to 6 weeks 
and should be filled completely, stoppered carefully, and stored 
in a cool, dark place. 


Syrups Prepared from Juices 


Blackberry, pineapple, and strawberry syrups may be prepared 
by following the directions for Raspberry Syrup BP 1988. One 
volume of the concentrated raspberry juice is diluted with 11 
volumes of syrup. The BP provides specific information for the 
production of Black Currant Syrup, and it is prepared either 
from the clarified juice of black currant or from concentrated 
black currant juice of commerce. It contains a suitable antiox- 
idant, and appropriate food grade colors may be added. Cherry 
Syrup USP XXI1 is prepared from cherry juice by the addition of 
alcohol, sucrose, and water (page 1028). 


Syrups Containing Pharmaceuticals 


Syrups, either as a syrup or as a flavored syrup, are useful for 
preparing liquid oral dosage forms from not only the pure drug, 
as described above, but also injections, capsules, or tablets if 
the pure drug is not readily available. On one hand, if the drug 
and all the excipients in the preparation, such as injectables or 
capsules, are water soluble, a solution will frequently result if 
a syrup is prepared. On the other hand, if the preparation to be 
used contains water-insoluble ingredients, as is usually the 
case with tablets and some capsules, a suspension will be 
formed (see below under preparations from tablets). Several of 
these preparations have been described in the literature, not 
only in regard to their formulation but also in regard to stabil- 
ity and bioavailability. Some drugs that have been prepared 
from either the pure drug or an injectable form include mida- 
zolam, atropine, aminocaproic acid, terbutaline, procainamide, 
chloroquine, propranolol, and citrated caffeine. If the appropri- 
ate salt of the drug is used, a solution will result. 

When tablets are used to prepare liquid formulations, a 
suspension usually is formed because there is usually a non- 
water-soluble ingredient used in tablet preparations. Some 
formulations prepared from tablets are clonidine hydrochlo- 
ride, cefuroxime axetil, famotidine, terbutaline sulfate, spi- 
ronolactone, ranitidine, propranolol, and rifampin. The result- 
ing suspensions should have a uniform distribution of particles 


so that a consistent dose is obtained. If the materials are not 
distributed uniformly, more appropriate suspending formula- 
tions should be considered, which are described later in the 
chapter. If pharmaceutical preparations contain a liquid that is 
insoluble in water, such as valproic acid or simethicone, to be 
incorporated into syrups, an emulsion will form and it will be 
difficult to prepare a uniform product. 


Honeys are thick liquid preparations somewhat allied to the 
syrups, differing in that honey, instead of syrup, is used as a 
base. They are unimportant as a class of preparations today, 
but at one time, before sugar was available and honey was the 
most common sweetening agent, they were used widely. The 
BP has a monograph for purified honey and the BP lists one 
preparation for coughs containing honey. Squill Oxymel con- 
tains squill, water, acetic acid, and honey and is prepared by a 
maceration process. 

Honey and sugar pastes are used to a small extent and have 
been discussed in the pharmaceutical literature for topical 
application for the treatment of certain types of ulcers and 
abscesses. Thick and thin sugar pastes containing Caster sugar 
(very fine granular sugar), icing sugar (additive-free), polyeth- 
ylene glycol 400, and hydrogen peroxide (in a final concentra- 
tion of 0.15%) have been prepared and shown to be beneficial in 
the process of wound healing. 


MUCILAG 3 


The official mucilages are thick, viscid, adhesive liquids, pro- 
duced by dispersing gum in water, or by extracting the muci- 
laginous principles from vegetable substances with water. The 
mucilages all are prone to decomposition, showing appreciable 
decrease in viscosity on storage; they should never be made in 
quantities larger than can be used immediately, unless a pre- 
servative is added. Acacia Mucilage NF XII contains benzoic 
acid and Tragacanth Mucilage BPC (1973) contains alcohol and 
chloroform water. Chloroform in manufactured products for 
internal use is banned in some countries. 

Acacia Mucilage may be prepared by placing 350 g of acacia 
in a graduated bottle, washing the drug with cold purified 
water, allowing it to drain, and adding enough warm purified 
water, in which 2 g of benzoic acid has been dissolved, to make 
the product measure 1000 mL. The bottle then is stoppered, 
placed on its side, rotated occasionally, and the product is 
strained when the acacia has dissolved. 

Tragacanth Mucilage BPC (1973) is prepared by mixing 
12.5 g of tragacanth with 25 mL alcohol (90%) in a dry bottle 
and then quickly adding sufficient chloroform water to 1000 
mL and shaking vigorously. The alcohol is used to disperse the 
gum to prevent agglomeration on addition of the water. 

Mucilages are used primarily to aid in suspending insoluble 
substances in liquids; their colloidal character and viscosity 
help prevent immediate sedimentation. Examples include sul- 
fur in lotions, resin in mixtures, and oils in emulsions. Both 
tragacanth and acacia either are partially or completely insol- 
uble in alcohol. Tragacanth is precipitated from solution by 
alcohol, but acacia, on the other hand, is soluble in diluted 
alcoholic solutions. A 60% solution of acacia may be prepared 
with 20% alcohol, and a 4% solution of acacia may be prepared 
even with 50% alcohol. 

The viscosity of tragacanth mucilage is reduced by acid, 
alkali, or sodium chloride, particularly if the mucilage is 
heated. It shows maximum viscosity at pH 5. Acacia is hydro- 
lyzed by dilute mineral acids to arabinose, galactose, and aldo- 
bionic and galacturonic acids. Its viscosity is low but is main- 
tained over a wide pH range. 


Recent research on mucilages includes the preparation of 
mucilage from plantain and the identification of its sugars, the 
preparation and suspending properties of cocoa gum, the prep- 
aration of glycerin ointments using flaxseed mucilage, and the 
consideration of various gums and mucilages obtained from 
several Indian plants for pharmaceutical purposes. 

Several synthetic mucilage-like substances such as polyvi- 
nyl alcohol, methylcellulose, carboxymethylcellulose and re- 
lated substances, as described in Chapter 55, are used at the 
appropriate concentration as mucilage substitutes, and emul- 
sifying and suspending agents. Methylcellulose (page 1032) is 
used widely as a bulk laxative because it absorbs water and 
swells to a hydrogel in the intestine, in much the same manner 
as psyllium or karaya gum. Methylcellulose Oral Solution USP 
is a flavored solution of the agent. It may be prepared by adding 
slowly the methylcellulose to about one-third the amount of 
boiling water, with stirring, until it is thoroughly wetted. Cold 
water then should be added and the wetted material allowed to 
dissolve while stirring. The viscosity of the solution will depend 
upon the concentration and the specifications of the methylcel- 
lulose. The synthetic gums are nonglycogenetic and may be 
used in the preparation of diabetic syrups. Sodium carboxy- 
methyl cellulose 0.25 to 1% of a medium grade in water is 
generally suitable for preparing a suspending vehicle. Several 
formulas for such syrups, based on sodium carboxymethylcel- 
lulose, have been proposed. 

Uniformly smooth mucilages sometimes are difficult to pre- 
pare because of the uneven wetting of the gums. In general, it 
is best to use fine gum particles and disperse them with good 
agitation in a little 95% alcohol or in cold water (except for 
methylcellulose). The appropriate amount of water then can be 
added with constant stirring. A review of the chemistry and 
properties of acacia and other gums has been prepared.'? 


Jellies are a class of gels in which the structural coherent 
matrix contains a high portion of liquid, usually water. They 
are similar to mucilages, in that they may be prepared from 
similar gums, but they differ from the latter in having a jelly- 
like consistency. A whole gum of the best quality, rather than 
a powdered gum, is desirable to obtain a clear preparation of 
uniform consistency. Tragacanth is the gum used in the prep- 
aration of Ephedrine Sulfate Jelly NF XII. Although the spe- 
cific thickening agent in the USP jellies is not indicated, refer- 
ence usually is made in the monograph to a water-soluble, 
sterile, viscous base. These preparations also may be formu- 
lated with water from acacia, chondrus, gelatin, carboxymeth- 
ylcellulose, hydroxyethylcellulose, and similar substances. 

Jellies are used as lubricants for surgical gloves, catheters, 
and rectal thermometers. Lidocaine Hydrochloride Jelly USP is 
used as a topical anesthetic. Therapeutic vaginal jellies are 
available and certain jelly-like preparations are used for con- 
traceptive purposes, which often contain surface-active agents 
to enhance the spermatocidal properties of the jelly. Aromatics, 
such as methyl salicylate and eucalyptol, often are added to 
give the preparation a desirable odor. 

Jellies are prone to microbial contamination and therefore 
contain preservatives; for example, methyl p-hydroxybenzoate 
is used as a preservative in a base for medicated jellies. One 
base contains sodium alginate, glycerin, calcium gluconate, and 
water. The calcium ions cause a cross-linking with sodium 
alginate to form a gel of firmer consistency. A discussion of gels 
is provided later in the chapter. 


It is difficult to evaluate fairly the importance of nonaqueous 
solvents in pharmaceutical processes. That they are important 
in the manufacture of pharmaceuticals is an understatement. 
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However, pharmaceutical preparations, and, in particular, 
those intended for internal use, rarely contain more than minor 
quantities of the organic solvents that are common to the 
manufacturing or analytical operation. For example, industry 
uses large quantities of chloroform in some operations but the 
solvent is of only minor importance with respect to the final 
product. One mL of chloroform dissolves in about 200 mL of 
water and the solution so formed finds some use as a vehicle 
(see the section on Aromatic Waters). Chloroform has been an 
ingredient in a number of cough syrups in the past but it has 
been banned in the US by the FDA in manufactured products 
intended for internal use. Solvents such as acetone, benzene, 
and petroleum ether must not be ingredients in preparations 
intended for internal use. 

Products of commerce for internal use may contain solvents 
such as ethanol, glycerin, propylene glycol, certain oils, and 
liquid paraffin. Preparations intended for external use may 
contain solvents in addition to those just mentioned, namely 
isopropyl alcohol, polyethylene glycols, various ethers, and cer- 
tain esters. A good example of preparations of this type are the 
rubefacient rubbing alcohols. Rubbing Alcohol USP must be 
manufactured in accordance with the requirements of the Bu- 
reau of Alcohol, Tobacco, and Firearms of the US Treasury 
Department, using Formula 23-H denatured alcohol. This mix- 
ture contains 8 parts by volume of acetone, 1.5 parts by volume 
of methyl isobutyl ketone, and 100 parts by volume of ethanol. 
Besides the alcohol in the Rubbing Alcohol, the final product 
must contain water, sucrose octaacetate, or denatonium ben- 
zoate and may contain color additives, perfume oils, and a 
suitable stabilizer. The alcohol content, by volume, is not less 
than 68.5% and not more than 71.5%. The isopropyl alcohol 
content in Isopropyl Rubbing Alcohol USP can vary from 68 to 
72% and the finished product may contain appropriate color 
additives, perfume oils, and suitable stabilizers. 

Although the lines between aqueous and nonaqueous prep- 
arations tend to blur in those cases where the solvent is water 
soluble, it is possible to categorize a number of products as 
nonaqueous. This section is, therefore, devoted to groups of 
nonaqueous solutions: the alcoholic or hydroalcoholic solutions 
(eg, elixirs and spirits), ethereal solutions (eg, collodions), glyc- 
erin solutions (eg, glycerins), oleaginous solutions (eg, lini- 
ments, oleovitamins, and toothache drops), inhalations, and 
inhalants. 

Although the above list is limited, a wide variety of solvents 
are used in various pharmaceutical preparations. Solvents 
such as glycerol formal, dimethylacetamide and glycerol di- 
methylketal have been suggested for some products produced 
by the industry. However, the toxicity of many of these solvents 
is not well established and, for this reason, careful clinical 
studies should be carried out on the formulated product before 
it is released to the marketplace. 

It is essential that the toxicity of solvents be tested appro- 
priately and approved to avoid problems; for example, lives 
were lost in 1937 when diethylene glycol was used in an elixir 
of sulfanilamide. The result of this tragedy was the 1938 Fed- 
eral Food, Drug, and Cosmetic Act, which required that prod- 
ucts be tested for both safety and effectiveness. 


COLLODIONS 


Collodions are liquid preparations containing pyroxylin (a ni- 
trocellulose) in a mixture of ethyl ether and ethanol. They are 
applied to the skin by means of a soft brush or other suitable 
applicator and, when the ether and ethanol have evaporated, 
leave a film of pyroxylin on the surface. The official medicated 
collodion, Salicylic Acid Collodion USP, contains 10% w/v of 
salicylic acid in Flexible Collodion USP and is used as a kera- 
tolytic agent in the treatment of corns and warts. Collodion 
USP and Flexible Collodion USP are water-repellent protec- 
tives for minor cuts and scratches. Collodion is made flexible by 
the addition of castor oil and camphor. Collodion has been used 
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to reduce or eliminate the side effects of fluorouracil treatment 
of solar keratoses. Vehicles other than flexible collodion, such 
as a polyacrylic base, have been used to incorporate salicylic 
acid for the treatment of warts with less irritation. 


ELIXIRS———— 
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Elixirs are clear, pleasantly flavored, sweetened hydroalcoholic 
liquids intended for oral use. The main ingredients in elixirs 
are ethanol and water but glycerin, sorbitol, propylene glycol, 
flavoring agents, preservatives, and syrups often are used in 
the preparation of the final product. The solvents are often used 
to increase the solubility of the drug substance in the dosage 
form. Elixirs are more fluid than syrups, due to the use of less 
viscous ingredients such as alcohol and the minimal use of 
viscosity-improving agents such as sucrose. They are used as 
flavors and vehicles such as Aromatic Elixir USP (page 1028) 
for drug substances; when such substances are incorporated 
into the specified solvents, they are classified as medicated 
elixirs, such as Dexamethasone Elixir USP and Phenobarbital 
Elixir USP. Occasionally, certain adverse effects (eg, mucosal 
erosions) may be eliminated or reduced if the active drug (eg, 
potassium chloride) is administered in elixir rather than in a 
solid dosage form. 

The distinction between some of the medicated syrups and 
elixirs is not always clear. For example, Ephedrine Sulfate 
Syrup USP contains between 20 and 40 mL of alcohol in 1000 
mL of product. Ephedrine Elixir BP contains a suitable flavored 
vehicle and 12% alcohol. Definitions are sometimes inconsis- 
tent and, in some instances, not too important with respect to 
the naming of the articles of commerce. To be designated as an 
elixir, however, the solution must contain alcohol. 

The alcoholic content will vary greatly, from elixirs contain- 
ing only a small quantity to those that contain a considerable 
portion as a necessary aid to solubility. For example, Aromatic 
Elixir USP contains 21 to 23% of alcohol; Compound Benzal- 
dehyde Elixir USP, on the other hand, contains 3 to 5%. 

Elixirs also may contain glycerin and syrup. These may be 
added to increase the solubility of the medicinal agent, for 
sweetening purposes, or to decrease the pharmacological ef- 
fects of the alcohol. Some elixirs contain propylene glycol. 
Claims have been made for this solvent as a satisfactory sub- 
stitute for both glycerin and alcohol. Sumner,'® in his paper on 
terpin hydrate preparations, summarized the advantages and 
disadvantages of this solvent and suggested several formula- 
tions with therapeutic characteristics superior to those of the 
elixir described in NF XIII. 

One of the four formulations described in Sumner’s paper is 
given below: 


Terpin Hydrate 6.0 ¢ 
Orange Oil 0.1 mL 
Benzaldehyde 0.005 mL 
Sorbitol Solution USP 10.0 mL 
Propylene Glycol 40.0 mL 
Alcohol 43.0 mL 
Purified Water, a sufficient quantity to make 100.0 mL 


Dissolve the terpin hydrate in the propylene glycol and sor- 
bitol solution that have been heated to 50°. Add the oil and the 
benzaldehyde to the alcohol and mix with the terpin hydrate 
solution at 25°. Add sufficient purified water to make the prod- 
uct measure 100 mL. 


The elixir contains 300 mg terpin hydrate/5 mL, a minimal 
quantity of alcohol, and flavoring agents that adequately mask 
the taste of propylene glycol. 

Although alcohol is an excellent solvent for some drugs, it 
does accentuate the saline taste of bromides and similar salts. 


It often is desirable, therefore, to substitute some other solvent- 


that is more effective in masking such tastes for part of the 
alcohol in the formula. In general, if taste is a consideration, 


the formulator is more prone to use a syrup rather than a 
hydroalcoholic vehicle. 

Because only relatively small quantities of ingredients have 
to be dissolved, elixirs are more readily prepared and manu- 
factured than syrups, which frequently contain considerable 
amounts of sugar. An elixir may contain both water- and alco- 
hol-soluble ingredients. If such is the case, the following pro- 
cedure is indicated: 


Dissolve the water-soluble ingredients in part of the water. 
Add and solubilize the sucrose in the aqueous solution. Prepare 
an alcoholic solution containing the other ingredients. Add the 
aqueous phase to the alcoholic solution, filter, and make to 
volume with water. 


Sucrose increases viscosity and decreases the solubilizing 
properties of water and so must be added after primary solu- 
tion has been effected. A high alcoholic content is maintained 
during preparation by adding the aqueous phase to the alco- 
holic solution. Elixirs always should be brilliantly clear. They 
may be strained or filtered and, if necessary, subjected to the 
clarifying action of purified talc or siliceous earth. 

One of the former official elixirs, Iso-Alcoholic Elixir NF XV 
(page 1049), actually is a combination of two solutions, one 
containing 8 to 10% alcohol and the other containing 73 to 78%. 
It is used as a vehicle for various medicaments that require 
solvents of different alcoholic strengths. For example, the alco- 
holic strength of the elixir to be used with a single liquid 
galenical, which is a liquid preparation of vegetable origin, is 
approximately the same as that of the galenical. When prepa- 
rations with different alcoholic strengths are employed in the 
same prescription, the elixir to be used is the one that produces 
the best solution. This is usually the average of the alcoholic 
strengths of the several preparations. For nonextractive sub- 
stances, the lowest alcoholic strength of elixir that will produce 
a clear solution should be selected. 

The formula for High-Alcoholic Elixir is: 


Compound Orange Spirit 4mL 
Saccharin Papo IS. 

Glycerin 200 mL 
Alcohol, a sufficient quantity, to make 1000 mL 


This elixir, and many other liquid preparations intended for 
internal use, such as the diabetic syrups thickened with sodium 
carboxymethylcellulose or similar substances, contain saccha- 
rin as a sweetening agent. In the past, scientists have studied 
the toxic effects of this sweetening agent and found bladder 
tumors in rats. However, it is now generally accepted that this 
does not apply to humans when saccharin is used as a sweet- 
ener. Research on another sweetening agent, cyclamate,'” 
showed that it could produce cancer in animals and, as a result, 
this substance was removed from a wide variety of products. 

Cyclamates and saccharin have been banned in some coun- 
tries as ingredients in manufactured products. Much research 
has been done to find a safe synthetic substitute for sucrose. As 
a result, aspartame (methyl M(-L-a-aspartyl)-L-phenylalani- 
nate), which is about 200 times sweeter than sucrose, is being 
used now in many commercial preparations as the sweetening 
agent. It is sparingly soluble in water and is most stable at a 
pH of 4.3. 

Research concerning the preparation of a dry elixir has been 
conducted by Kim and co-workers.'* Dry Elixirs containing a 
nonsteroidal anti-inflammatory drug and ethanol were encap- 
sulated in a dextran wall. The dissolution rate constant of the 
drug from the microcapsules usually increased considerably 
compared to the drug alone, possibly due to the cosolvent eth- 
anol. It is suggested that this type of dosage form may be useful 
to improve the solubility, dissolution rate, and bioavailability of 
the drug. 


~ Because elixirs contain alcohol, incompatibilities of this solvent 


are an important consideration during formulation. Alcohol 


precipitates tragacanth, acacia, and agar from aqueous solu- 
tions. Similarly, it will precipitate many inorganic salts from 
similar solutions. The implication here is that such substances 
should be absent from the aqueous phase or present in such 
concentrations that there is no danger of precipitation on 
standing. 

If an aqueous solution is added to an elixir, a partial pre- 
cipitation of alcohol soluble ingredients may occur. This is due 
to the reduced alcoholic content of the final preparation. Usu- 
ally, however, the alcoholic content of the mixture is not suffi- 
ciently decreased to cause separation. As vehicles for tinctures 
and fluidextracts, the elixirs generally cause a separation of 
extractive matter from these products due to a reduction of the 
alcoholic content. 

Many of the incompatibilities between elixirs, and the sub- 
stances combined with them, are due to the chemical charac- 
teristics of the elixir per se, or of the ingredients in the final 
preparation. Thus, certain elixirs are acid in reaction while 
others may be alkaline and will, therefore, behave accordingly. 


GLY 


Glycerins or glycerites are solutions or mixtures of medicinal 
substances in not less than 50% by weight of glycerin. Most of 
the glycerins are extremely viscous and some are of a jelly-like 
consistency. Few of them are used extensively. Glycerin is a 
valuable pharmaceutical solvent forming permanent and con- 
centrated solutions not otherwise obtainable. 

Glycerin is used as the sole solvent for the preparation of 
Antipyrine and Benzocaine Otic Solution USP. As noted under 
Otic Solutions, glycerin alone is used to aid in the removal of 
cerumen. Externol, a commercial product, contains 5% carbam- 
ide peroxide (urea hydrogen peroxide) in glycerin, has shown 
superior qualities in dispersing ear wax. A glycerin base was 
chosen as the optimum solvent for an otic preparation in a 
study involving the stability and antimicrobial activity of kana- 
mycin sulfate otic drops. 

Glycerins are hygroscopic and should be stored in tightly 


closed containers. — 


INHALATIONS AND INHALANTS 


Inhalations— 


—S 


Inhalation preparations are so used or designed that the drug 
is carried into the respiratory tree of the patient. The vapor or 
mist reaches the affected area and gives prompt relief from the 
symptoms of bronchial and nasal congestion. The USP defines 
Inhalations in the following way: 


Inhalations are drugs or solutions or suspensions of one or 
more drug substances administered by the nasal or oral respi- 
ratory route for local or systemic effect. Solutions of drug sub- 
stances in sterile water for inhalation or in sodium chloride 
inhalation solution may be nebulized by the use of inert gases. 
Nebulizers are suitable for the administration of inhalation 
solutions only if they give droplets sufficiently fine and uniform 
in size so that the mist reaches the bronchioles. Nebulized 
solutions may be breathed directly from the nebulizer, or the 
nebulizer may be attached to a plastic face mask, tent or inter- 
mittent positive pressure breathing (IPPB) machine. 

Another group of products, also known as metered-dose in- 
halers (MDIs) are propellant-driven drug suspensions or solu- 
tions in liquified-gas propellant with or without a cosolvent and 
are intended for delivering metered doses of the drug to the 
respiratory tract. An MDI contains multiple doses, often exceed- 
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ing several hundred. The most common single-dose volumes 
delivered are from 25 to 100 wL (also expressed as mg) per 
actuation. 

Examples of MDIs containing drug solutions and suspensions 
in this pharmacopeia are Epinephrine Inhalation Aerosol and 
Isoproterenol Hydrochloride and Phenylephrine Bitartrate In- 
halation Aerosol, respectively. 


Powders also may be administered by mechanical devices 
that require manually produced pressure or a deep inhalation 
by the patient, such as Cromolyn Sodium for Inhalation. 

As stated in the USP, particle size is of major importance in 
the administration of this type of preparation. The various 
mechanical devices that are used in conjunction with inhala- 
tions are described in some detail in Chapter 109. It has been 
reported that the optimum particle size for penetration into the 
pulmonary cavity is of the order of 0.5 to 7.0 xm. Fine mists are 
produced by pressurized aerosols and hence possess basic ad- 
vantages over the older nebulizers; in addition, metered aero- 
sols deliver more uniform doses (see Chapter 50). A number of 
inhalations are described in the USP XXI; for example, Epi- 
nephrine Inhalation Solution is a solution of Epinephrine in 
Purified Water prepared with the aid of Hydrochloric Acid, and 
Isoproterenol Inhalation Solution is a solution of Isoproterenol 
Hydrochloride in Purified Water and may contain Sodium 
Chloride. 

The term inhalations, defined by the BP, has a different 
meaning. These are solutions or suspensions of one or more 
active ingredients that may contain an inert, suspended diffus- 
ing agent. They are intended to release volatile constituents for 
inhalation, either when placed on a pad or when added to hot, 
but not boiling, water. Benzoin Inhalation BP contains benzoin, 
storax, and alcohol. The vapors from a preparation containing 
1 teaspoonful of the tincture and 1 qt of boiling water may be 
inhaled. The device known as a vaporizer may be used with a 
number of commercially available preparations of this type (see 
Chapter 109). 


Inhalants _ 


The USP defines “inhalants” as follows: 


A special class of inhalations termed “inhalants” consists of 
drugs or combinations of drugs that, by virtue of their high 
vapor pressure, can be carried by an air current into the nasal 
passage where they exert their effect. The container from which 
the inhalant is administered is known as an inhaler. 


Propylhexedrine Inhalant USP and Tuaminoheptane Inhal- 
ant USP XXII consist of cylindrical rolls of suitable fibrous 
material impregnated with propylhexedrine or tuaminohep- 
tane (as carbonate), usually aromatized, and contained in a 
suitable inhaler. Propylhexedrine is the active ingredient in 
the widely used Benzedrex Inhaler. Both of these drugs are 
vasoconstrictors used to relieve nasal congestion. Inhalers that 
come in contact with the mouth or nasal passages become 
contaminated by bacteria, thus they should be restricted to 
personal use. 

Another inhalant, Amy] Nitrite USP, is very flammable and 
should not be used where it may be ignited. It is packaged in 
sealed glass vials in a protective gauze. Upon breaking the vial, 
the gauze absorbs the drug that is then inhaled for the treat- 
ment of anginal pain (see page 1283). 


LINIMENTS __.__ 
LLL LA SR 


~ Liniments are solutions or mixtures of various substances in 
oil, alcoholic solutions of soap, or emulsions and may contain 
suitable antimicrobial preservatives. These preparations that 
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may be liquid or semiliquid are intended for external applica- 
tion and should be so labeled. They are rubbed onto the affected 
area; because of this, they were once called embrocations. 

Liniments usually are applied with friction and rubbing of 
the skin, the oil or soap base providing for ease of application 
and massage. Alcoholic liniments are used generally for their 
rubefacient, counterirritant, mildly astringent, and penetrat- 
ing effects. Such liniments penetrate the skin more readily 
than do those with an oil base. The oily liniments, therefore, 
are milder in their action but are more useful when massage is 
required. Depending on their ingredients, such liniments may 
function solely as protective coatings. Liniments should not be 
applied to skin that is bruised or broken. 

Many of the marketed “white” liniments are based on the 
formulation below or variations thereof. 


White Liniment BP 


Oleic Acid 85 mL 
Turpentine Oil 250 mL 
Dilute Ammonia Solution 45 mL 
Ammonium Chloride 12.5 ¢ 
Purified Water 625 mL 


Mix the oleic acid with the turpentine oil. Dilute the dilute 
ammonia solution with 45 mL of the water, previously warmed, 
add to the oily solution, and shake to form an emulsion. Sepa- 
rately dissolve the ammonium chloride in the remainder of the 
water, add to the emulsion, and mix. 


Other liniments contain antipruritics, astringents, emol- 
lients, or analgesics and are classified on the basis of their 
active ingredient. Here is an example. 


Compound Calamine Application PC (11th ed) 
(Compound Calamine Liniment) 


Calamine 100 g 
Zine Oxide 50 g 
Wool Fat 25 g 
Zinc Stearate 25 ¢ 
Yellow Soft Paraffin 250 g 
Liquid Paraffin 550 g 


The powders, finely sifted, are triturated to a smooth paste 
with some of the liquid paraffin (Liquid Petrolatum). The wool 
fat, zinc stearate, and yellow soft paraffin (Petrolatum) are 
melted together and mixed with some of the liquid paraffin; the 
mixture is incorporated with the triturated powders, and the 
rest of the liquid paraffin is added with mixing. 

Dermatologists prescribe products of this type but only 
those containing the rubefacients are advertised extensively 
and used by consumers for treating minor muscular aches and 
pains. It is essential that these applications be marked clearly 
“For External Use Only”. Liniments containing a nonsteroidal 
anti-inflammatory agent are being investigated for their anti- 
inflammatory and analgesic effects. 

In the past, camphorated oil (camphor liniment) has been 
confused with castor oil; because this has resulted in ingestion 
and perhaps to poisoning, camphorated oil has been banned 
from the market. Camphorated Oil presently is classified as a 
new drug by the FDA for which a new drug application is 
required. 


/ 


OLEOVITAMINS_— 
LEBEN PSI SE TI DT 


poe 


teovitamins are fish-liver oils diluted with edible vegetable oil 


or solutions of the indicated vitamins or vitamin concentrates. 


(usually vitamin A and D) in fish-liver oil. The definition is 
broad enough to include a wide variety of marketed products. 

Oleovitamin A and D is official; vitamin D may be present as 
ergocalciferol or cholecalciferol obtained by the activation of 
ergosterol or 7-dehydrocholesterol, or may be obtained from 
natural sources. Synthetic vitamin A, or a concentrate, may be 
used to prepare oleovitamin A. The starting material for the 


concentrate is a fish-liver oil, the active ingredient being iso- 
lated by molecular distillation or by a saponification and ex- 
traction procedure. The latter procedure is described in detail 
in the monograph for Concentrated Vitamin A Solution PC 
(11th ed). 

These vitamins are unstable in the presence of rancid oils; 
therefore, these preparations should be stored in small, tight 
containers, preferably under vacuum or under an atmosphere 
of an inert gas, protected from light and air. 


SPIRITS 

ET TO ATV ES 
Spirits, sometimes known as essences, are alcoholic or hydroal- 
coholic solutions of volatile substances. Like the aromatic wa- 
ters, the active ingredient in the spirit may be a solid, liquid, or 
gas. The genealogical tree for this class of preparations begins 
with the distinguished pair of products, Brandy (Spiritus Vint 
Vitis) and Whisky (Spiritus Frumenti), and ends with a wide 
variety of products that comply with the definition given above. 
Physicians have debated the therapeutic value of the former 
products and these are no longer official in the compendia. 

Some spirits are used internally for their medicinal value, a 
few medicinally by inhalation and a large number as flavoring 
agents. The latter group provides a convenient and ready 
means of obtaining the volatile oil in the proper quantity. For 
example, a spirit or spirit-like preparation may be used in the 
formulation of aromatic waters or other pharmaceuticals that 
require a distinctive flavor. 

The BP’s definition of Spirits is very broad. Some examples 
are Aromatic Ammonia Spirit BP, which has a different for- 
mula from the USP XXI, is used as a flavoring agent, Soap 
Spirit BP is used instead of a shampoo for scalp disorders and 
Surgical Spirit BP is used for its astringent action on unbroken 
skin. 

Spirits should be stored in tight, ight-resistant containers 
and in a cool place. This tends to prevent evaporation and 
volatilization of either the alcohol or the active principle and to 
limit oxidative changes. Spirits usually contain a high alcohol 
content and consequently should be kept away from an open 
flame. 


PREPARATION 


There are four classic methods of preparation. 


Simple Solution—This is the method by which the majority of 
spirits are prepared. Aromatic Ammonia Spirit USP is official and a 
formula and procedure is given in USP XXI, which illustrates this 
method of preparation. 


Aromatic Ammonia Spirit USP XXI 


Ammonium Carbonate, in translucent pieces 34 ¢ 

Strong Ammonia Solution 36 mL 
Lemon Oil 10 mL 
Lavender Oil 1mL 
Nutmeg Oil 1mL 
Alcohol 700 mL 


Purified Water, a sufficient quantity to make 1000 mL 


Dissolve the ammonium carbonate in the strong ammonia 
solution and 195 mL of purified water by gentle agitation and 
allow the solution to stand for 12 hours. Dissolve the oils in the 
alcohol, contained in a graduated bottle or cylinder, and grad- 
ually add the ammonium carbonate solution and enough puri- 
fied water to make the product measure 1000 mL. Stopper and 
set the mixture aside in a cool place for 24 hours, occasionally 
agitating it; then filter, using a covered funnel. 

The spirit is a respiratory stimulant and is administered by 
inhalation of the vapor as required. It is marketed in suitable 
tight, light-resistant containers but is also available in a single- 
dose glass vial wrapped in a soft cotton envelope. The vial is 
broken easily; the cotton acts as a sponge for the spirit. 


Ammonium carbonate is a mixture of ammonium bicarbonate 
and ammonium carbamate (NH,COONH,). The carbamate re- 
acts with water to form the carbonate. An ammonium carbonate 
solution is, therefore, a solution of ammonium bicarbonate and 
ammonium carbonate in water. However, it decomposes in wa- 
ter, the decomposition products being ammonia, carbon dioxide, 
and water. The stability of the spirit is improved by the addition 
of strong ammonia solution. This represses the hydrolysis of 
ammonium carbonate and, in this way, decreases the loss of 
dissolved gases. 

Solution with Maceration—In this procedure, the leaves of a 
drug are macerated in purified water to extract water-soluble 
matter. They are expressed and the moist, macerated leaves are 
added to a prescribed quantity of alcohol. The volatile oil is 
added to the filtered liquid. Peppermint Spirit USP is made by 
this process. Peppermint Spirit BP differs from the official prod- 
uct in that it is a solution of the volatile oil in ethanol 90% only. 
The concentration of volatile oil in the final product is about the 
same, but the official preparation possesses a green color. 
Chemical Reaction—No official spirits are prepared by this 
process. Ethyl nitrite is made by the action of sodium nitrite on 
a mixture of alcohol and sulfuric acid in the cold. This substance 
then is used to prepare Ethyl Nitrite Spirit (Sweet Spirit of 
Nitre), a product that is no longer official and has been removed 
from the market. 

Distillation—Brandy and Whisky are made by distillation. 
The latter is derived from the fermented mash of wholly or 
partially germinated malted cereal grains, and the former from 
the fermented juice of ripe grapes. 


INCOMPATIBILITIES 


Spirits are, for the most part, preparations of high alcoholic 
strength and do not lend themselves well to dilution with 
aqueous solutions or liquids of low alcoholic content. The addi- 
tion of such a solution invariably causes separation of some of 


An emulsion is a two-phase system prepared by combining two 
immiscible liquids, one of which is dispersed uniformly 
throughout the other and consists of globules that have diam- 
eters equal to or greater than those of the largest colloidal 
particles. The liquid that is dispersed into small droplets is 
called the dispersed, internal, or discontinuous phase. The 
other liquid is the dispersion medium, external phase, or con- 
tinuous phase. 

Most emulsions incorporate an aqueous phase into a non- 
aqueous phase (or vice versa). However, it is possible to prepare 
emulsions that are basically nonaqueous. For example, inves- 
tigations of the emulsifying effects of anionic and cationic sur- 
factants on the nonaqueous immiscible system, glycerin and 
olive oil, have shown that certain amines and three cationic 
agents produced stable emulsions. This broadening of the basic 
definition for the term emulsion is recognized in the USP. 

Although the USP definition is broad enough to encompass 
nonaqueous systems, emphasis is placed on those emulsions 
that contain water, as they are by far the most common in 
pharmacy. The USP defines emulsions as follows: 


Emulsions are two-phase systems in which one liquid is dis- 
persed throughout another liquid in the form of small droplets. 
Where oil is the dispersed phase and an aqueous solution is the 
continuous phase, the system is designated as an oil-in-water 
(O/W) emulsion. Conversely, where water or an aqueous solu- 
tion is the dispersed phase and oil or oleaginous material is the 
continuous phase, the system is designated as a water-in-oil 
(W/O) emulsion. 
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the material dissolved in the spirit, evidenced by a turbidity 
that in time may disappear as distinct layering occurs. Salts 
may be precipitated from their aqueous solutions by the addi- 
tion of spirits due to their lesser solubility in alcoholic liquids. 

Some spirits show incompatibilities characteristic of the 
ingredients they contain. For example, Aromatic Ammonia 
Spirit cannot be mixed with aqueous preparations containing 
alkaloids (eg, codeine phosphate). An acid—base reaction 
(ammonia-phosphate) occurs, and if the alcohol content of the 
final mixture is too low, codeine will precipitate. 


TOOTHACHE DROPS 


Toothache drops are preparations used for temporary relief of 
toothache by application of a small pledget of cotton saturated 
with the product into the tooth cavity. Anesthetic compounds 
include clove oil, eugenol, or benzocaine; other ingredients 
include camphor, creosote, menthol, and alcohol. Clove oil, 
containing a high concentration of eugenol, which is the 
main constituent, has been considered safe and effective for 
toothache. 

These preparations no longer are recognized officially. Fur- 
thermore, dentists do not recommend the use of toothache 
drops if the patient has ready access to adequate dental ser- 
vices. Some preparations may damage the gums and produce 
complications more severe than the original toothache. How- 
ever, many areas do not have adequate dental services and the 
pharmacist will, of necessity, handle these preparations; the 
patient should be warned of possible hazards associated with 
their use. 

Toothache Drops NF XI contains 25 g of chlorobutanol in 
sufficient clove oil to make the product measure 100 mL. An- 
other formulation contains creosote, clove oil, benzocaine, and 
alcohol in a flexible collodion base. 


APPLICATIONS 


When it is necessary to administer oils by the oral route, 
patient acceptance is enhanced when the oil is prepared in 
emulsion form. Thus, mineral oil, a laxative, valproic acid an 
anticonvulsant, oil-soluble vitamins, vegetable oils, and prep- 
arations for enteral feeding are formulated frequently in an 
O/W emulsion form to enhance their palatability. 

The bioavailability of oils for absorption may be enhanced 
when the oil is in the form of small droplets. Furthermore, 
the absorption of some drugs, such as griseofulvin, sulfon- 
amides, and vitamin A, may be enhanced when they are 
prepared in the form of an O/W emulsion. Emulsion formu- 
lations of drugs such as erythromycin and physostigmine 
salicylate have been considered, in order to improve their 
stability. Finally, the greatest use of emulsions is for topical 
preparations. Both O/W and W/O emulsions are used widely, 
depending upon the effect desired. Emulsion bases of the 
W/O type tend to be more occlusive and emollient than O/W 
emulsion bases, which tend to be removed more easily by 
water. Further information may be found in Chapter 44. The 
effects of viscosity, surface tension, solubility, particle size, 
complexation, and excipients on the bioavailability of oral 
suspensions and emulsions have been discussed in detail by 
Rettig.1” 

Practically, emulsions possess a number of important ad- 
vantages over other liquid forms. These may be summarized in 
the following way: 
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e Inanemulsion, the therapeutic properties and the spreading ability 
of the constituents are increased. 

e The unpleasant taste or odor of an oil can be masked partially or 
wholly, by emulsification. Secondary masking techniques are avail- 
able to the formulator but these must be used with caution. If flavors 
and sweetening agents are added to the emulsion, only minimal 
amounts should be used to prevent the nausea or gastric distress 
that results on ingestion of larger quantities of these excipients. 

e The absorption and penetration of medicaments are controlled more 
easily if they are incorporated into an emulsion. 

e Emulsion action is prolonged and the emollient effect is greater than 
that observed with comparable preparations. 

e Water is an inexpensive diluent and a good solvent for the many 
drugs and flavors that are incorporated into an emulsion. 


Although this section on emulsions focuses primarily on those 
for oral use and to a lesser degree those for topical application, it 
should be noted that there are a number of emulsions used par- 
enterally that are described in specialized textbooks on this topic. 
For example, emulsions of the O/W type are used for intravenous 
feeding of lipid nutrients. These are used to provide a source of 
calories and essential fatty acids. These emulsions must meet 
exacting standards in regard to particle size, safety, and stability. 
Examples of commercial products include Intralipid (Cutter) and 
Liposyn (Abbott). Other specialized uses of emulsions include 
radiopaque emulsions that are used as diagnostic agents for X-ray 
examination. Other types of emulsions employed parenterally 
include W/O emulsions of allergenic extracts that are given sub- 
cutaneously and radiopaque O/W sustained-release depot prepa- 
rations given intramuscularly. 


INGREDIENTS 
ESS a IE 


~The selection of the oil phase for oral preparations depends upon 
the purpose of the product. For example, mineral oil is used as a 
laxative and corn oil is used for its nutrient properties. Vegetable 
oils can be used to dissolve or suspend pharmaceuticals such as 
oil-soluble vitamins. The selection of the oil phase for topical O/W 
or W/O preparations is discussed in Chapter 44. 

Emulsions are thermodynamically unstable because of the 
large increase in surface energy that results from the combi- 
nation of interfacial tension and large surface area of the dis- 
persed phase and the different densities of the two phases. 
Thus, emulsions tend to cream—the less dense phase rises and 
the more dense phase falls in the container. Subsequently, the 
droplets can coalesce with a considerable reduction in surface 
free energy. Consequently, considerable research has been con- 
ducted on their preparation and stabilization. The theory of 
emulsification is described in Chapter 22. To prepare suitable 
emulsions and to have them remain stable for a suitable period 
of time, a number of excipients are used in their preparation. 
The most important are those called emulsifying agents, which 
may be divided into three classes. 


1. Natural Emulsifying Agents—These substances may be derived 
from vegetable sources and include acacia, tragacanth, alginates, 
chondrus, and pectin. Athough the surface activity of these is low, 
they achieve their emulsifying power by increasing the viscosity of 
the aqueous phase, as indicated by White.'? Examples of emulsify- 
ing agents derived from animal sources include gelatin, egg yolk, 
casein, wool fat, cholesterol, and lecithin. Because of the widely 
different chemical constitution of these compounds, they have a 
variety of uses, depending upon the specific compound, in both oral 
and topical preparations. All naturally occurring agents show vari- 
ations in their emulsifying properties from batch to batch. 

2, Finely Divided Solids—The compounds most frequently used in 
pharmacy are the colloidal clays: bentonite (aluminum silicate) and 
Veegum (magnesium aluminum silicate). These compounds are 
good emulsifiers and tend to be absorbed at the interface; effect an 
increase in viscosity, generally in the aqueous phase; and usually 
are used in conjunction with a surfactant to prepare O/W emul- 
sions. However, both O/W and W/O preparations can be prepared by 
adding the clay to the external phase first. They are used frequently 
for external purposes such as a lotion or cream. 


3. Synthetic Emulsifying Agents—This group of emulsifying 
agents is most effective at. lowering the interfacial tension between 
the oil and water phases because the molecules possess both hydro- 
philic and hydrophobic properties. This property is described by 
their hydrophilic—lipophilic balance (HLB) number that may vary 
from 40 for sodium dodecyl sulfate to 1 for oleic acid. Emulsifying 
agents, sometimes used singly, are preferably a combination of two 
emulsifying agents, which will give a weighted HLB of 8 to 16 that 
is satisfactory for O/W emulsions and an HLB 3 to 8 for W/O 
emulsions. These emulsifying agents are available in different ionic 
types: anionic, such as sodium dodecyl sulfate; cationic, such as 
benzalkonium chloride; nonionic, such as polyethylene glycol 400 
monostearate; and ampholytic, such as long-chain amino acid de- 
rivatives. Many of these agents are described in Chapter 55 and the 
mechanism of action is discussed in Chapters 20 and 22. 

In addition to the emulsifying agents, viscosity agents are employed, 
namely the hydrophilic colloids such as naturally occurring gums, 
noted above, and partially synthetic polymers such as cellulose deriy- 
atives (eg, methylcellulose, hydroxypropylmethylcellulose, sodium car- 
boxymethylcellulose) or a number of synthetic polymers that may be 
used, such as carbomer polymers. These materials are hydrophilic in 
nature and dissolve or disperse in water to give a viscous solution and 
function as emulsion stabilizers. 


The aqueous phase of the emulsion favors the growth of 
microorganisms; because of this, a preservative usually is 
added to the product. Some of the preservatives that have been 
used include chlorocresol, chlorobutanol, mercurial prepara- 
tions, salicylic acid, the esters of p-hydroxybenzoic acid, benzoic 
acid, sodium benzoate, or sorbic acid. The preservative should 
be selected with regard for the ultimate use of the preparation 
and possible incompatibilities between the preservative and 
the ingredients in the emulsion (eg, binding between the sur- 
face-active agent and the preservative). Low pH values of 5 to 
6 and low concentrations of water are characteristics also likely 
to inhibit microbiological growth in emulsions. 

Most emulsions consist of a nonaqueous (or oil or lipid) phase 
and an aqueous (or water) phase, thus some of the preservative 
may pass into the oil phase and be removed from the aqueous 
phase. It is in the aqueous phase that microorganisms tend to 
grow. As a result, water-soluble preservatives are more effective 
because the concentration of the unbound preservative in the 
aqueous phase assumes a great deal of importance in inhibiting 
the microbial growth. Esters of p-hydroxybenzoic acid appear to 
be the most satisfactory preservatives for emulsions. 

Many mathematical models have been used to determine the 
availability of preservatives in emulsified systems. One model 
takes into account the O/W partition coefficient of the preserva- 
tive, interaction of the preservative with the surfactant, interfa- 
cial tension and membrane permeability. However, because of the 
number of factors that reduce the effectiveness of the preserva- 
tive, a final microbiological evaluation of the emulsion must be 
performed. 

While emphasis concerning preservation of emulsions deals 
with the aqueous phase, microorganisms can reside also in the 
lipid phase. Consequently, it has been recommended that pairs of 
preservatives be used to ensure adequate concentration in both 
phases. Esters of p-hydroxybenzoic acid can be used to ensure 
appropriate concentrations in both phases because of their differ- 
ence in oil and water solubilities. 

The oxidative decomposition of certain excipients, the oil 
phase, and some pharmaceuticals is possible in emulsions, not 
only because of the usual amount of air dissolved in the liquid 
and the possible incorporation of air during the preparation of 
the product, but also the large interfacial area between the oil 
and water phase. The selection of the appropriate antioxidant 
briefly described at the beginning of the chapter depends on 
such factors as stability, compatibility with the ingredients of 
the emulsion, toxicity, effectiveness in emulsions, odor, taste, 
and distribution between the two phases. Additional informa- 
tion can be found in appropriate references and in textbooks 
listed in the Bibliography. 

Other excipients for the proper formation of emulsions in- 
clude flavoring agents and fragrances. 


After the purpose of the emulsions has been determined (eg, oral 
or topical use), the type of emulsions (O/W or W/O) and appropri- 
ate ingredients selected, and the theory of emulsification consid- 
ered (described in Chapter 22), then experimental formulations 
may be prepared. One method is suggested by Griffin.”° 


1. Group the ingredients on the basis of their solubilities in the aque- 
ous and nonaqueous phases. 

2. Determine the type of emulsion required and calculate an approx- 
imate HLB (hydrophile—lipophile balance) value. 

3. Blend a low HLB emulsifier and a high HLB emulsifier to the calculated 
value. For experimental formulations, use a higher concentration of emul- 
sifier (eg, 10 to 30% of the oil phase) than that required to produce a 
satisfactory product. Emulsifiers should, in general, be stable chemically, 
nontoxic, and suitably low in color, odor, and taste. The emulsifier is 
selected on the basis of these characteristics, as well as the type of 
equipment being used to blend the ingredients and the stability charac- 
teristics of the final product. Emulsions should not coalesce at room 
temperature, or when frozen and thawed repeatedly, or at elevated tem- 
peratures of up to 50°. Mechanical energy input varies with the type of 
equipment used to prepare the emulsion. The more the energy input, the 
less the demand on the emulsifier. Both process and formulation vari- 
ables can affect the stability of an emulsion. 

4. Dissolve the oil-soluble ingredients and the emulsifiers in the oil. 
Heat, if necessary, to approximately 5° to 10° over the melting point 
of the highest melting ingredient or to a maximum temperature of 
70° to 80°. 

5. Dissolve the water-soluble ingredients (except acids and salts) in a 
sufficient quantity of water. 

6. Heat the aqueous phase to a temperature that is 3° to 5° higher 
than that of the oil phase. 

7. Add the aqueous phase to the oily phase with suitable agitation. 

8. If acids or salts are employed, dissolve them in water and add the 
solution to the cold emulsion. 

9. Examine the emulsion and make adjustments in the formulation if the 
product is unstable. It may be necessary to add more emulsifier, to 
change to an emulsifier with a slightly higher or lower HLB value, or 
to use an emulsifier with different chemical characteristics. 


The technique of emulsification of pharmaceutical prepara- 
tions has been described by White.’ The preparation of an 
emulsion requires work to reduce the internal phase into small 
droplets and disperse them throughout the external phase. 
This can be accomplished by a mortar and pestle or a high- 
speed emulsifier. The addition of emulsifying agents not only 
reduces this work but also stabilizes the final emulsion. 

Emulsions may be prepared by four principal methods. 


Addition of Internal Phase to External Phase—This is 
usually the most satisfactory method for preparing emulsions as 
there is always an excess of the external phase present that pro- 
motes the type of emulsion desired. If the external phase is water 
and the internal phase is oil, the water-soluble substances are 
dissolved in the water and the oil-soluble substances mixed thor- 
oughly in the oil. The oil mixture is added in portions to the 
aqueous preparation with agitation. To give a better shearing 
action during the preparation, sometimes all of the water is not 
mixed with the emulsifying agent until the primary emulsion with 
the oil is formed; subsequently, the remainder of the water is 
added. An example using gelatin Type A is given below. 

Addition of the External Phase to the Internal Phase— 
Using an O/W emulsion as an example, the addition of the water 
(external phase) to the oil (internal phase) will promote the for- 
mation of a W/O emulsion due to the preponderance of the oil 
phase. After further addition of the water, phase inversion to an 
O/W emulsion should take place. This method especially is useful 
and successful when hydrophilic agents such as acacia, traga- 
canth, or methylcellulose are first mixed with the oil, effecting 
dispersion without wetting. Water is added, and eventually an 
O/W emulsion is formed. This “dry gum” technique is a rapid 
method for preparing small quantities of emulsion. The ratio 4 
parts of oil, 2 parts of water and 1 part of gum provides maximum 
shearing action on the oil globules in the mortar. The emulsion 
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then can be diluted and triturated with water to the appropriate 
concentration. The preparation of Mineral Oil Emulsion described 
below is an example. 

Mixing Both Phases after Warming Each—This method 
is used when waxes or other substances that require melting 
are used. The oil-soluble emulsifying agents, oils, and waxes are 
melted and mixed thoroughly. The water-soluble ingredients 
dissolved in the water are warmed to a temperature slightly 
higher than the vil phase. The two phases then are mixed and 
stirred until cold. For convenience, but not necessity, the aque- 
ous solution is added to the oil mixture. This method frequently 
is used in the preparation of ointments and creams. An example 
of an oral preparation containing an insoluble drug is given 
below. 

Alternate Addition of the Two Phases to the Emulsifying 
Agent—A portion of the oil, if an O/W emulsion is being prepared, 
is added to all of the oil-soluble emulsifying agents with mixing, 
then an equal quantity of water containing all the water-soluble 
emulsifying agents is added with stirring until the emulsion is 
formed. Further portions of the oil and water are added alternately 
until the final product is formed. The high concentration of the 
emulsifying agent in the original emulsion makes the initial emul- 
sification more likely and the high viscosity provides effective 
shearing action leading to small droplets in the emulsion. This 
method often is used successfully with soaps. 


Examples of some emulsions are given below. 

In NF XIII it was suggested that only O/W emulsions are 
suitable for oral use because these are water-miscible and thus 
their oiliness is masked. This compendium gave specific direc- 
tions for the preparation of emulsions using gelatin as an 
emulsifying agent. These preparations are based on either 
Type A or Type B gelatin. 

Type A gelatin is prepared by acid-treated precursors and is 
used at a pH of about 3.2. It is incompatible with anionic 
emulsifying agents such as the vegetable gums. The following 
formula was recommended. 


Gelatin (Type A) 8¢ 
Tartaric Acid 0.6 g 
Flavor as desired 

Alcohol 60 mL 
Oil 500 mL 
Purified Water, to make 1000 mL 


Add the gelatin and the tartaric acid to about 300 mL of 
purified water, allow to stand for a few minutes, heat until the 
gelatin is dissolved, then raise the temperature to about 98° and 
maintain this temperature for about 20 min. Cool to 50°, add the 
flavor, the alcohol, and sufficient purified water to make 500 
mL. Add the oil, agitate the mixture thoroughly, and pass it 
through a homogenizer or a colloid mill until the oil is dispersed 
completely and uniformly. 

This emulsion cannot be prepared by trituration or by the use 
of the usual stirring devices. 


Type B gelatin is prepared from alkali-treated precursors 
and is used at a pH of about 8. It may be used with other 
anionic emulsifying agents but is incompatible with cationic 
types. If the emulsion contains 50% oil, 5 g of Type B gelatin, 
2.5 g of sodium bicarbonate and sufficient tragacanth or agar 
should be incorporated into the aqueous phase to yield 1000 mL 
of product of the required viscosity. 

An emulsion that may be prepared by the mortar and pestle 
method is the following Mineral Oil Emulsion USP. 


Mineral Oil 500 mL 
Acacia, in very fine powder 125 g 

Syrup 100 mL 
Vanillin 40 mg 
Alcohol 60 mL 
Purified Water, a sufficient quantity 1000 mL 


The mineral oil and acacia are mixed in a dry Wedgwood 
mortar. Purified water (250 mL) is added and the mixture 
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triturated vigorously until an emulsion is formed. A mixture of 


the syrup, 50 mL of purified water, and the vanillin dissolved in — _..——~—~_ : \v 


alcohol is added in divided portions with trituration; sufficient 
purified water is then added to the proper volume; the mixture 
is mixed well and homogenized. 


An Oral Emulsion (O/W) Containing an Insoluble Drug?’ 


Cottonseed Oil 460 g 
Sulfadiazine 200 g 
Sorbitan Monostearate 84 g 
Polyoxyethylene 20 Sorbitan Monostearate 36 g 
Sodium Benzoate 2¢ 
Sweetener qs 
Purified Water 1000 g 
Flavor Oil qs 


The procedure as indicated by Rieger”! is 


1. Heat the first three ingredients to 50° and pass through colloid mill. 

2. Add the next four ingredients at 50° to the first three ingredients at 
65° and stir while cooling to 45°. 

3. Add the flavor oil and continue to stir until room temperature is 
reached. 
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“The type of emulsion O/W or W/O depends, to some extent, on 


the phase—volume ratio. The higher the fraction of one phase, 
the greater likelihood it will form the external phase. Thus, 
O/W emulsions are favored if water forms a greater fraction of 
the volume than the oil phase. However, it is possible for the 
internal phase of an emulsion to occupy up to 0.74 of the 
volume of the emulsion and still form a stable product. Emul- 
sifiers with high HLB level values (8 to 16) tend to form an O/W 
emulsion, whereas those with low HLB values (3 to 8) tend to 
form a W/O emulsion. 

The consistency of emulsions, as suggested by White,’® can 
be increased by increasing the viscosity of the continuous 
phase, increasing the fractional volume of the internal phase, 
reducing the particle size of the internal phase, increasing the 
proportion of the emulsifying agent, or adding hydrophobic 
emulsifying agents to the oil phase of the emulsion. 

The physical stability of emulsions may be defined by a num- 
ber of expressions. The first of these, which is called creaming, is 
the movement of the droplets either upward or downward, de- 
pending upon their density. This gives a product that is not 
homogenous and can lead to a nonuniform dose. Generally, 
creaming is not a serious problem because a moderate amount of 
shaking will redisperse the droplets uniformly. The rate of cream- 
ing may be decreased by considering the theory of creaming using 
Stokes’ law (Chapter 22). This equation relates the rate of cream- 
ing to the size of the droplets, the difference in densities, and the 
viscosity of the external phase. Thus, the rate of creaming may be 
decreased by decreasing the size of the droplets and increasing the 
viscosity of the external phases, both of which were discussed 
above. Minimizing the difference between densities is more diffi- 
cult to achieve due to a number of practical difficulties. 

When the droplets aggregate, they come together and act as 
a single unit, but do not fuse. As a result of the larger size, they 
tend to cream faster and further provoke physical instability. 
Aggregation is to some extent reversible and may be controlled 
by choosing a somewhat different surfactant system and con- 
trolling the electrical potential of the droplets. Coalescence of 
an emulsion is the fusion of the droplets, leading to a decrease 
in their numbers and eventually the complete separation of the 
two phases, yielding an unsatisfactory product that should be 
reformulated completely (see Chapter 22). 

General methods are available for testing the instability of 
emulsions including bulk changes, centrifugal and ultracen- 
trifugal studies, dielectric measurement, surface-area mea- 
surement, and accelerated-motion studies. Low-shear rheologi- 
cal studies measuring viscoelasticity are suggested as the 
optimal method of stability testing. 
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MULTIPLE EMULSIONS : Wee \W ire: 
A recent innovation in emulsion technology is the development 
of multiple emulsions. The dispersed phase of these emulsions 
contains even smaller droplets that are miscible with the con- 
tinuous phase. Thus, the multiple emulsion may be O/W/O, 
where the aqueous phase is between two oil phases, or W/O/W, 
where the internal and external aqueous phases are separated 
by an oil phase. In these systems both hydrophobic and hydro- 
philic emulsifiers are used, and both have an effect on the yield 
and stability, as noted by Florence and Whitehill.?” 

It appears that O/W/O emulsions are formed better by li- 
pophilic, nonionic surfactants using gum acacia-emulsified simple 
systems, whereas W/O/W multiple emulsions are formed better by 
nonionic surfactants in a two-stage emulsification procedure. A 
specific formulation for a W/O/W emulsion may be prepared by 
forming the primary (W/O) emulsion from isopropyl myristate 
(47.5%), sorbitan monooleate (2.5%), and distilled water to 100%. 
This primary emulsion (50%) is added to a polyoxyethylene sor- 
bitan monooleate (2% w/v) solution in water as suggested by 
Florence and Whitehill.2” Other formulations of multiple emul- 
sions include carboxymethylcellulose sodium, microcrystalline 
cellulose, sorbitan monooleate, and sorbitan trioleate. 

Although the technique of preparing these emulsions is more 
complicated, research indicates potential use of these emulsions / 
for prolonged action, taste-masking, more effective dosage forms 
improved stability, parenteral preparations, protection agai 
the external environment, and enzyme entrapment. These erhul- 
sions also may be used to separate two incompatible hydrophilic 
substances in the inner and outer aqueous phases by the middle 
oil phase. Some drugs that have been investigated in these types 
of emulsions are vancomycin cytarabine and prednisolone. Oral 
bioavailability of griseofulvin and nitrofurana as improved 
when formulated as multiple emulsions. 
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MICROEMULSIONS 


The coarse pharmaceutical macroemulsions appear white and 
tend to separate on standing. Microemulsions are translucent 
or transparent, do not separate, and have a droplet diameter in 
the nanometer size range. The microemulsions are not always 
distinguishable from micellar solutions. 

Both O/W_and W/O types are possible and may be converted, 
one to the other, by adding more of the internal phase or by 
altering the type of emulsifier. As the internal phase is added, 
the emulsion will pass through a viscoelastic gel stage; with 
further addition, an emulsion of the opposite type will occur. 

The most obvious benefit of microemulsions is their stabil- 
ity, thus providing dose uniformity. Usually, the emulsifier 
should be 20 to 30% of the weight of the oil used. The W/O 
systems are prepared by blending the oil and emulsifier with a 
little heat, if required, and then adding the water. The order of 
mixing for O/W systems is more flexible. One of the simplest 
methods is to blend the oil and the emulsifier and pour this into 
water with a little stirring. In no case can a microemulsion be 
formed unless there is a match between the oil and emulsifier. 

If the emulsifier has been selected properly, microemulsifi- 
cation will occur almost spontaneously, leading to a satisfac- 
tory and stable preparation. The details of various prepara- 
tions and the relationship between microemulsions and 
micellar solutions have been reviewed by Prince and co-work- 
ers.”?> Microemulsions containing hydrocortisone have been 
prepared. Oral bioavailability of cyclosporine was improved 
when formulated as microemulsion. 

Other authors suggest that the preparation of microemul- 
sions is considerably more difficult than the preparation of 
coarse emulsions. Rosano and colleagues”* discuss the use of a 
primary surfactant adsorbed at the interface that influences 
the curvature of the dispersed phase. The amount of surfactant 


required may be estimated from the surface area of the droplets 
and the cross-sectional area of the surfactant molecule. The use 
of a cosurfactant to form a duplex film has been indicated. The 
authors also suggest that the order of mixing is important. 


EQUIPMENT 


The preparation of emulsions requires a certain amount of 
energy to form the interface between the two phases, and 
additional work must be done to stir the system to overcome 
the resistance to flow. In addition, heat often is supplied to the 
system to melt waxy solids and/or reduce the viscosity of the oil 
phase. Consequently, the preparation of emulsions on a large 
scale usually requires the expenditure of considerable amounts 
of energy for heating and mixing. Careful consideration of 
these processes has led to the development of low-energy emul- 
sification that uses an appropriate emulsification temperature 
and selective heating of the ingredients. This process, described 
by Lin,”° involves the preparation of an emulsion concen- 
trate subsequently diluted with the external phase at room 
temperature. 

Because of the variety of oils used, emulsifier agents, phase— 
volume ratios, and the desired physical properties of the prod- 
uct, a wide selection of equipment is available for preparing 
emulsions, and the main classes of equipment are discussed 
below. Homogenization speed and time and rate of cooling may 
influence the viscosity of the product. Further information may 
be obtained from the Bibliography. 

Special techniques and equipment in certain instances will 


produce superior emulsions, including rapid cooling, reduction. 


in particle size, or ultrasonic devices. A wide selection of equip- 
ment for processing both emulsions and suspensions has been 
described by Eisberg.2° A number of improvements have been 
made to make the various processes more effective and energy 
efficient. 

The mortar and pestle may be used to prepare small quan- 
tities of an emulsion, and it is one of the simplest and least 
expensive methods. It may be used for most of the different 
techniques of preparing emulsions. Generally, the final particle 
size is considerably larger than is achieved by the equipment 
described below. In addition, it is necessary for the ingredients 
to have a certain viscosity prior to trituration to achieve a 
satisfactory shear. Satisfactory emulsions of low-viscosity in- 
gredients and small volumes may be prepared using the appro- 
priate equipment described below. 


AGITATORS 


Ordinary agitation or shaking may be used to prepare the 
emulsion. This method frequently is employed by the pharma- 
cist, particularly in the emulsification of easily dispersed, low- 
viscosity oils. Under certain conditions, intermittent shaking is 
considerably more effective than ordinary continuous shaking. 
Continuous shaking tends to break up not only the phase to be 
dispersed but also the dispersion medium, thus impairing the 
ease of emulsification. Laboratory shaking devices may be used 
for small-scale production. 


MECHANICAL MIXERS 
a —— SS 


Emulsions may be prepared by using one of several mixers that 
are available. Propeller-type mixers that have a propeller at- 
tached to a shaft driven by an electric motor are convenient and 
portable and can be used for both stirring and emulsification. 
This type operates best in mixtures that have low viscosity, 
that is, mixtures with a viscosity of glycerin or less. They are 
also useful for preparing emulsions. A turbine mixer has a 
number of blades that may be straight or curved, with or 
without a pitch, mounted on a shaft. The turbine tends to give 
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a greater shear than propellers. The shear can be increased by 
using diffuser rings that are perforated and surround the tur- 
bine so that the liquid from the turbine must pass through 
holes. The turbines can be used for both low-viscosity mixtures 
and medium-viscosity liquids, up to that of molasses. The de- 
gree of stirring and shear by propeller or turbine mixers de- 
pends upon several factors, such as the speed of rotation, pat- 
tern of liquid flow, position in the container, and baffles in the 
container as discussed by Fox.?” 

Production-size mixers include high-powered propeller- 
shaft stirrers immersed in a tank or self-contained units with 
propeller and paddle systems. The latter usually are con- 
structed so that the contents of the tank either may be heated 
or cooled during the production process. Baffles often are built 
into a tank and these increase the efficiency of mixing. Two 
mixers manufactured by the same company are shown in Fig- 
ures 39-2 and 39-3. 

Small electric mixers may be used to prepare emulsions at 
the prescription counter. They will save time and energy and 
produce satisfactory emulsions when the emulsifying agent is 
acacia or agar. 

The commercially available Waring Blendor disperses effi- 
ciently by means of the shearing action of rapidly rotating 
blades. It transfers large amounts of energy and incorporates 
air into the emulsion. If an emulsion first is produced by using 
a blender of this type, the formulator must remember that the 
emulsion characteristics obtained in the laboratory will not be 
duplicated necessarily by the production-size equipment. 


COLLOID MILLS 


The principle of operation of the colloid mill is the passage of 
the mixed phases of an emulsion formula between a stator and 
a high-speed rotor revolving at speeds of 2000 to 18,000 rpm. 
The clearance between the rotor and the stator is adjustable, 
usually from 0.001 in upward. The emulsion mixture, in pass- 
ing between the rotor and stator, is subjected to a tremendous 
shearing action that effects a fine dispersion of uniform size, as 
indicated by Griffin and colleagues.”° A colloid mill and various 
rotors are shown in Figures 39-4 and 39-5. The operating 
principle is the same for all, but each manufacturer incorpo- 
rates specific features that result in changes in operating effi- 


Figure 39-2. Standard slurry-type dispersal mixer with vaned-rotor 
mixing element and slotted draft-tube circulating element (courte- 
sy, Abbe Eng). 
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Figure 39-3. Standard paste-type dispersal mixer with cupped-rotor 
milling element and double-rotating mixing arm circulating ele- 
ment (courtesy, Abbe Eng). 


ciency. The shearing forces applied in the colloid mill usually 
result in a temperature increase within the emulsion. It may be 
necessary, therefore, to cool the equipment when the emulsion 
is being produced. Maa and Hsu”® have shown that droplet size 
of emulsions was mainly determined by shear force within the 
gap between the spinning rotor and stationary rotor. Droplet 
size decreased with homogenization intensity and duration, 
increasing viscosity of the continuous phase, and with decreas- 
ing viscosity of the dispersed phase. 

Colloid mills are used frequently for the comminution of 
solids and for the preparation of suspensions, especially sus- 
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Figure 39-4. A colloid mill shown in cross section (courtesy, Tri- 
Homo). 


Figure 39-5. Types of rotors used in colloid mills. These may be 
smooth (for most emulsions), serrated (for ointments and very vis- 
cous products), or of vitrified stone (for the paints and pigment 
dispersions) (courtesy, Tri-Homo). 


pensions containing solids that are not wetted by the disper- 
sion medium. 
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Impeller types of equipment frequently produce a satisfactory 

emulsion; however, for further reduction in particle size, ho- 

mogenizers may be employed, as indicated by Scott.”° 
Homogenizers may be used in one of two ways: 


1. The ingredients in the emulsion are mixed and then passed through 
the homogenizer to produce the final product. 

2. A coarse emulsion is prepared in some other way and then passed 
through a homogenizer for the purpose of decreasing the particle 
size and obtaining a greater degree of uniformity and stability. 


The mixed phases or the coarse emulsion are subjected to 
homogenization and are passed between a finely ground valve 
and seat under high pressure. This, in effect, produces an 
atomization that is enhanced by the impact received by the 
atomized mixture as it strikes the surrounding metal surfaces. 
They operate at pressures of 1000 to 5000 psi and produce some 
of the finest dispersions obtainable in an emulsion. 

Figure 39-6 shows the flow through the homogenizing valve, 
the heart of the high-pressure APV Gaulin homogenizer. The 
product enters the valve seat at high pressure, flows through 
the region between the valve and the seat at high velocity with 
a rapid pressure drop, causing cavitation; subsequently, the 
mixture hits the impact ring causing further disruption and 
then is discharged as a homogenized product. It is postulated 
that circulation and turbulence are responsible mainly for the 
homogenization that takes place. Different valve assemblies, 
two-stage valve assemblies, and equipment with a wide range 
of capacities are available. 

Two-stage homogenizers are constructed so that the emul- 
sion, after treatment in the first valve system, is conducted 
directly to another where it receives a second treatment. A 
single homogenization may produce an emulsion that, although 
its particle size is small, has a tendency to clump or form 
clusters. Emulsions of this type exhibit increased creaming 
tendencies. This is corrected by passing the emulsion through 
the first stage of homogenization at a high pressure (eg, 3000 to 
5000 psi) and then through the second stage at a greatly re- 
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Figure 39-6. Operation of the homogenizer value assembly (cour- 
tesy, APV Gaulin). 
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duced pressure (eg, 1000 psi). This breaks down any clusters sify properly if they are processed at too high a temperature. 
formed in the first step. Emulsions of this type are processed first at an elevated tem- 

The Macro Flow-Master Kom-bi-nator employs a number of perature and then homogenized at a temperature not exceed- 
different actions, each of which takes the ingredients a little ing 40°. 


farther along in the process of subdividing droplets, until com- Homogenizers have been used most frequently with liquid 
plete homogenization results. The machine is equipped with a emulsions, but now they may be used with suspensions, as the 
pump that carries the liquid through the various stages of the metal surfaces are formed from wear-resistant alloys that will 
process. In the first stage, the ingredients are forced between resist the wear of solid particles contained in suspensions. 


two specially designed rotors (gears) that shoot the liquid in 

opposite directions in a small chamber; in this way, the ingre- 

dients are mixed thoroughly. These rotors also set up a swirling DETRASONIC DEVICES 
action in the next chamber into which the liquid is forced and 
swirled back and forth in eddies and crosscurrents. The second 
stage is a pulsing or vibrating action at rapid frequency. The 
product then leaves this chamber, goes through a small valve 
opening, and is dashed against the wall of the homogenizing 
chamber. Pressure is applied, but it is not as great as that used 
in other types of homogenizers. Pressure is controlled accu- 
rately by adjusting devices on the front of the machine, and 
temperature is controlled by passing coolants through the 
stators. 

For small-scale extemporaneous preparation of emulsions, 
the inexpensive hand-operated homogenizer (available from 
Central Scientific) is particularly useful. It is probably the most 
efficient emulsifying apparatus available to the prescription 
pharmacist. The two phases, previously mixed in a bottle, are 
hand-pumped through the apparatus. Recirculation of the 
emulsion through the apparatus will improve its quality. 

A homogenizer does not incorporate air into the final prod- 
uct. Air may ruin an emulsion because the emulsifying agent is 
adsorbed preferentially at the air—water interface, followed by 
an irreversible precipitation termed denaturization. This is 
particularly prone to occur with protein emulsifying agents. 

Homogenization may spoil an emulsion if the concentration 
of the emulsifying agent in the formulation is less than that 
required to take care of the increase in surface area produced DEVICES TO PROVIDE VERY FINE PARTICLES 
by the process. 


The preparation of emulsions by the use of ultrasonic vibra- 
tions also is possible. An oscillator of high frequency (100 to 500 
kHz) is connected to two electrodes between which is placed a 
piezoelectric quartz plate. The quartz plate and electrodes are 
immersed in an oil bath and, when the oscillator is operating, 
high-frequency waves flow through the fluid. Emulsification is 
accomplished by simply immersing a tube containing the emul- 
sion ingredients into this oil bath. Considerable research has 
been done on ultrasonic emulsification, particularly with re- 
gard to the mechanism of emulsion formation by this method. 
Limited data indicate that these devices will produce stable 
emulsions only with liquids of low viscosity. The method is not 
practical, however, for large-scale production of emulsions. 

Commercial products may be prepared using ultrasonics 
based upon the device known as the Pohlman whistle. In this 
apparatus, the premixed liquids are forced through a thin 
orifice and are allowed to impinge upon the free end of a 
knife-edge bar that is made to vibrate. Ultrasonic waves are 
produced and areas of compression and rarefaction are formed. 
Shock waves are produced by the collapse of bubbles that 
produce a shear effect, thereby producing fine particle sizes as 
described by Scott.?9 


The temperature rise during homogenization is not very One type of equipment that will produce fine particles is the 
large. However, temperature does play an important role in the Microfluidizer. The process subjects the slurry to an extremely 
emulsification process. An increase in temperature will reduce high velocity in an interaction chamber; as a result water 
the viscosity and, in certain instances, the interfacial tension insoluble particles are subjected to shear, impact, and cavita- 
between the oil and the water. There are, however, many tion. Two advantages of this type of equipment are lack of 
instances, particularly in the manufacturing of cosmetic contamination in the final product and ease of production scale 
creams and ointments, where the ingredients will fail to emul- up as reported by Illig and co-workers.*° 


L Se 
The physical chemist defines the word “suspension” as a two- suitable dosage form. If a drug is unstable in an aqueous 
phase system consisting of a finely divided solid dispersed in a medium, a different form of the drug, such as an ester or 
solid, liquid, or gas. The pharmacist accepts this definition and insoluble salt that does not dissolve in water, may be used in 
can show that a variety of dosage forms fall within the scope of the the preparation of a suspension. 
preceding statement. There is, however, a reluctance to be all- To improve the stability of an antibiotic such as ampicillin, 
inclusive, and it is for this reason that the main emphasis is formulations are made in such a way that the dispersion me- 
placed on solids dispersed in liquids. In addition, and because dium, water, is added upon dispensing to form a satisfactory 
there is a need for more specific terminology, the pharmaceutical suspension. Generally, the taste of pharmaceuticals can be 
scientist differentiates between such preparations as suspensions, improved if they are supplied in suspension form, rather than 
mixtures, magmas, gels, and lotions. In a general sense, each of solutions; thus, chloramphenicol palmitate is used instead of 
these preparations represents a suspension, but the state of sub- the more soluble form, chloramphenicol. Another way to de- 
division of the insoluble solid varies from particles that settle crease the solubility of the drug is to replace part of the water 
gradually on standing to particles that are colloidal in nature. The with another appropriate liquid such as alcohol or glycerin. 
lower limit of particle size is approximately 0.1 wm, and it is the Insoluble drugs may be formulated as suspensions for topical 
preparations containing dispersed solids of this magnitude or use such as calamine lotion. 
greater that are defined pharmaceutically as suspensions. Other preparations of suspensions, in addition to those 
Suspensions have a number of applications in pharmacy. noted above, include parenteral preparations, ophthalmic prep- 
They are used to supply drugs to the patient in liquid form. arations, or medicated applications discussed in Chapters 41, 
Many people have difficulty swallowing solid dosage forms, 43, and 44, respectively. 
consequently a liquid preparation has an advantage for these Certain authors also include liniments, and the newer sus- 
people; in addition, the dose of a liquid form may be adjusted tained-release suspensions, in any discussion of this particular 
easily to meet the patient’s requirements. Thus, if the drug is subject. The former preparations now usually are considered as 


insoluble or poorly soluble, a suspension may be the most solutions, although a number of older liniments were, in fact, 
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suspensions. The sustained-release suspensions represent a 
very specialized class of preparation and, as such, are discussed 
in more detail in Chapter 47. Some insoluble drugs also are 
administered in aerosol form; one example is dexamethasone 
phosphate suspended in a propellant mixture of fluorochloro- 
carbons. More detail on aerosols is available in Chapter 50. 

Suspension formulation and control is based on the princi- 
ples outlined in Chapters 20 and 22. Formulation involves 
more than suspending a solid in a liquid. A knowledge of 
the behavior of particles in liquids, of suspending agents, 
and of flavors and colors is required to produce a satisfactory 
suspension. 

Well-formulated suspensions should possess certain basic 
properties. The dispersed phase should settle slowly, if at all, 
and be redispersed readily on shaking. The particles that 
should have a narrow size distribution should not cake on 
settling, and the viscosity should be such that the preparation 


pours easily. As with all dosage forms, there should be no >= 


question as to the chemical stability of the suspension. In 


addition, the product should have an elegant appearance and 
be resistant to microbial contamination. 


INGREDIENTS —_ 


~The main ingredients in a suspension are the drug and agents 
to wet the drug, influence flocculation, control viscosity, adjust 
pH, and the external medium, usually water. In addition, fla- 
voring, sweetening, and coloring agents and preservatives are 
employed. 

A wetting agent, ie, a suitable surfactant with a HLB value 
between 7 and 9, is used. Surfactants with higher HLB values 
are recommended sometimes, such as certain polysorbates and 
poloxamers. They are employed at a low concentration (0.05 to 
0.5%) to allow the displacement of air from hydrophobic mate- 
rial and permit the liquid, usually water, to surround the 
particles and provide a proper dispersion. If it is desirable to 
flocculate the particles, then flocculating agents are employed. 
Usually low concentrations, less than 1%, of electrolytes such 
as sodium or potassium chloride are employed to induce floc- 
culation. Water-soluble salts possessing divalent or trivalent 
ions may be considered if the particles are highly charged. 

Viscosity agents such as natural gums (eg, acacia, xanthan) 
and cellulose derivatives, such as sodium carboxymethylcellu- 
lose and hydroxypropylmethylcellulose, may be used at low 
concentrations (<0.1%) to function as protective colloids, but at 
higher concentrations they can then function as viscosity- 
increasing agents and decrease the rate of settling of defloccu- 
lated particles or provide stability in a flocculated suspension. 

The choice of an appropriate viscosity agent depends upon 
the use of the product (external or internal), facilities for prep- 
aration, and the duration of storage. 

Extemporaneous preparations of suspensions for internal 
use showing good flow and suspending properties are provided 
by sodium carboxymethylcellulose 2.5%, tragacanth 1.25%, and 
guar gum 0.5%. Avicel RC-591, a coprecipitate of microcrystal- 
line cellulose and sodium carboxymethylcellulose stabilized 
with hydroxypropylmethylcellulose, has been used as a sus- 
pending vehicle for propranolol and orphenadrine hydrochlo- 
ride dispersions prepared from tablets. It also may serve as a 
general-purpose suspending agent. Carbopol 934, 0.3% or 
greater, was a satisfactory suspending agent for sulfametha- 
zine 10%, maintaining a permanent suspension for more than 
6 months. Other agents include acacia, methylcellulose, or 
other cellulose derivatives and sodium alginate or tragacanth. 

Buffers may be considered if the drug has ionizable groups 
in order to maintain a low solubility of the drug. Buffers also 
may be considered to control the ionization of preservatives, 
ionic viscosity agents, or to maintain the pH of the suspensions 
within a suitable range. The external phase is usually water for 
oral preparations; however, other polar liquids such as glycerin 


or alcohol may be considered to control solubility, stability, and 
taste. The selection of the external phase is based upon taste, 
viscosity, density, and stability. Nonpolar liquids such as ali- 
phatic hydrocarbons and fatty esters may be considered if the 
preparation is used for external purposes. 

Appropriate preservatives should be incorporated to mini- 
mize microbiological contamination as discussed previously. 
The suspension must be acceptable to the patient on the basis 
of its taste, color, and cosmetic qualities (elegance), the latter 
two factors being of particular importance in preparations in- 
tended for external use. 


PREPARATION ___ 
RLF ELT 


The preparation of suspensions involves several steps; the first 
is to obtain the particles in the proper size range that is in the 
lower micrometer size. Oral preparations should not feel gritty, 
topical preparations should feel smooth to the touch, and in- 
jectables should not produce tissue irritation. Particle size and 
distribution also should be considered in terms of bioavailabil- 
ity, or alternately, to control the rate of release. Particles of an 
extremely small size, less than 1 ym will have a higher solu- 
bility than larger particles, which may cause problems in re- 
gard to dissolution and then the formation of larger particles. 

Milling is the term given to the mechanical process of re- 
ducing the particle size, which may be accomplished by a num- 
ber of different types of machines, as described by Parrot.*+ The 
hammer mill grinds the powders by the impact of rotating 
hammers and particles that subsequently fall through a screen 
in a range of 4 to 325 mesh are obtained. A ball mill contains a 
number of steel balls in a container that revolves, and the balls 
reduce the particle size to a 20 to 200 mesh by both attrition 
and impact. A fluid-energy mill produces particles 1 to 30 um 
through violent turbulence in high-velocity air. Roller mills 
have two or more rollers that revolve at different speeds and 
the particles are reduced to a mesh of 20 to 200 by means of 
compression and a shearing action. 

On a small scale, in a pharmacy, the drug particles should 
be triturated to a fine particle size and wetted thoroughly with 
a small quantity of water-miscible solvent, such as glycerin or 
alcohol, which reduces the liquid—air interfacial tension. The 
suspending agent in the aqueous medium containing other 
soluble ingredients then is added. Alternately, the dry sus- 
pending agent can be triturated with the drug particles using a 
small quantity of glycerin or alcohol and then brought up to 
volume with the diluent water and triturated to a smooth 
uniform product. 

On a large scale, the fine drug particles are treated with a 
small portion of water that contains the wetting agent and 
allowed to stand for several hours to release entrapped air. At 
the same time, the suspending agent should be dissolved or 
dispersed in the main portion of the external phase and allowed 
to stand until complete hydration takes place. Subsequently, 
wetted drug particles should be added slowly to the main 
portion of the dissolved suspending agent. Other excipients 
such as electrolytes or buffers should be added in a careful 
manner to prevent variation in particle charge. The preserva- 
tives, flavoring agents, and coloring agents are added. After all 
additions have been made, treatment with homogenizers or 
ultrasonic devices should be used to reduce the size of agglom- 
erated particles, as described previously and reported by 
Nash.” 

Suspension equipment, such as colloid mills or homogeniz- 
ers, normally are used in wet-milling finished suspensions to 
reduce particle agglomerates and to form a suitable prepara- 
tion (see Figs 39-4, 39-5, and 39-6). 


— 


QUALIFY — 


2 The quality of the suspension can be determined in a number of 


ways, such as photomicroscopy, to determine particle shape, 
size, and flocculation. The Coulter counter can be used to de- 
termine the size distribution. Physical stability, the degree of 
settling or flocculation, may be determined by using cylindrical 
graduates. Viscosity of the final product and the suspending 
agent dissolved in the liquid medium may be determined by 
instruments such as the Brookfield viscometer. Specific-gravity 
measurements are useful for determining the degree of air 
entrapped. Of course both microbiological as well as aging tests 
should be performed to determine the efficiency of the preser- 
vative and the appropriateness of the formulation with respect 
to stability and time. 


PREPARATIONS FROM TABLETS 


=Occastonally, it is necessary to prepare a liquid formulation of 

a drug to meet certain requirements of the patient, such as 
inability to ingest a solid dosage form, or to prepare a product 
for a different route of administration or different strength. 
The pure drug should be used to prepare the dosage form 
rather than a tablet or a capsule because there is only one 
ingredient; thus, no consideration has to be given to the excipi- 
ents in the tablet or capsule. If it is necessary to prepare a 
liquid dosage form from tablets or capsules, a suspension is 
formed if either the drug or one of the excipients in the tablets 
or capsules is insoluble. It is desirable to prepare a product 
from the pure drug, and it is essential in some cases because 
ingredients in the tablets may cause increased decomposition 


when formulated as a liquid form (eg, captopril). The solubility _= 
of the drug may be determined from the literature; however, — 


the excipients in the tablets or capsules are usually not known. 

Insoluble excipients in these dosage forms may include cer- 
tain disintegrants, lubricants, glidants, colors, diluents, and 
coatings; consequently, although the drug may be soluble in 
water, many excipients are not. It is preferable to use the 
contents of capsules, or tablets that are not coated; if coated, 
those tablets with a water-soluble coat are preferred. In any 
case, the contents of the capsules or the tablets should be 
ground finely with a mortar and pestle and then wetted using 
a little alcohol or glycerin as mentioned above, or with the 
dispersion medium using the mortar and pestle. 

Finally, it may be desirable to use a hand homogenizer to 
prepare a more suitable product. Some drugs that have been 
formulated in this manner include clonidine hydrochloride and 
simple syrup, cefuroxime axetil in an orange syrup vehicle, 
famotidine in cherry syrup, terbutaline in syrup, prednisone in 
a tuttifrutti formulation, metoprolol tartrate or spironolactone 
in a tragacanth-suspending vehicle, or propranolol hydrochlo- 
ride in a simple syrup. Enteral hydrochlorothiazide suspension 
for infants has been prepared from both the pure drug and 
tablets. Many other examples may be found in current hospital 
and community pharmacy journals such as the American Jour- 
nal of Hospital Pharmacy, Canadian Journal of Hospital Phar- 
macy, U.S. Pharmacist, International Journal of Pharmaceuti- 
cal Compounding and Drug Development, and Industrial 
Pharmacy. Frequently, stability data and, occasionally, bio- 
availability and/or taste data are provided. 

If the drug is soluble in water, a solution of the drug may be 
prepared by crushing the tablets in a mortar and pestle, tritu- 
rating with sufficient water, filtering, and bringing the solution 
up to appropriate volume with water or other suitable vehicle if 
the preparation is for topical application, or with a flavored 
aqueous vehicle if it is for oral use. 

If the active ingredient in the tablet or capsule is not stable 
in an aqueous system, a different method of preparing the 
suspension is required. The tablet may be crushed and placed 
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in a powder paper and dispensed in the form of individual 
powders. Each paper contains the active drug in one tablet or 
an appropriate dose. The powder is placed in a glass of water or 
suitable liquid, stirred, and administered immediately. See 
Chapter 37 for divided powders. 

A general formula to prepare suspensions from crushed 
tablets is given in Martindale.** 
Methylcellulose 20 0 
Parabens 0. 
Purified Water 60 
Propylene Glycol 2 
Simple Syrup, to make 

An extemporaneous suspension of cimetidine tablets that 
retained its potency at 40° over 14 days is 


Cimetidine 300-mg tablets 24 (7.2 g) 
Glycerin 10 mL 
Simple Syrup, to make 120 mL 


The tablets are triturated to a fine powder using a mortar, 
the mixture is levigated with the glycerin, and the simple syrup 
added; it is mixed well, placed in a blender until smooth, and 
then refrigerated as described by Tortorici.** 

Satisfactory suspensions have been compounded from diaz- 
epam tablets and propranolol hydrochloride tablets, and they 
possess chemical stability for 60 days and 4 months, respec- 
tively, at room temperature or under refrigeration. Frequently, 
because the drug may be soluble, it is the excipients that are 
being suspended. 

A comprehensive checklist of suspension formulations has 
been reported in the literature by Scheer.*° 
VL 0 x l \ aX is 


GELS___—— ae 


At best, pharmaceutical terminology is confusing, and no two 
texts will classify gels, jellies, magmas, milks, and mixtures in 
the same way. The USP’s definition for gels is given below. 


\\ 


Gels (sometimes called Jellies) are semisolid systems consist- 
ing of either suspensions made up of small inorganic particles or 
large organic molecules interpenetrated by a liquid. Where the 
gel mass consists of a network of small discrete particles, the gel 
is classified as a two-phase system (eg, Aluminum Hydroxide 
Gel). In a two-phase system, if the particle size of the dispersed 
phase is relatively large, the gel mass is sometimes referred to 
as amagma (eg, Bentonite Magma). Both gels and magmas may 
be thixotropic, forming semisolids on standing and becoming 
liquid on agitation. They should be shaken before use to en- 
sure homogeneity and should be labeled to that effect (see 
Suspensions). 

Single-phase gels consist of organic macromolecules distrib- 
uted uniformly throughout a liquid in such a manner that no 
apparent boundaries exist between the dispersed macromole- 
cules and the liquid. Single-phase gels may be made from syn- 
thetic macromolecules (eg, Carbomer) or from natural gums (eg, 
Tragacanth). The latter preparations also are called mucilages. 
Although these gels are commonly aqueous, alcohols and oils 
may be used as the continuous phase. For example, mineral oil 
can be combined with a polyethylene resin to form an oleaginous 
ointment base. 

Gels can be used to administer drugs topically or into body 
cavities (eg, Phenylephrine Hydrochloride Nasal Jelly). 


The definition in the BP states that gels consist of liquids 
gelled by means of suitable gelling agents, and indicates that 
there are two classes, namely: 


Hydrophobic gels. The bases of hydrophobic gels (oleogels) usu- 
ally consist of liquid paraffin with polyethlene or fatty oils gelled 
with colloidal silica or aluminum or zinc soaps. 

Hydrophilic gels. The bases of hydrophilic gels (hydrogels) usu- 
ally consist of water, glycerol, or propylene glycol gelled with 
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suitable gelling agents such as tragacanth, starch, cellulose, 
derivatives, carboxyvinyl polymers, and magnesium—alumi- 
nium silicates. 


Schott®® has described various aspects of gels. At appropri- 
ate concentrations of solute and solvent, gels consisting of two 
phases (eg, bentonite) are formed because of the attraction 
between positively charged edges and the negatively charged 
faces, producing a three-dimensional network penetrated by 
the liquid phase. In the case of a single-phase system, the gels 
are formed as a result of secondary valence forces between the 
polymer molecules due to entanglement of the chains. Perma- 
nent gels are formed when three-dimensional polymerization of 
multifunctional polymers occurs or when there is cross-linking 
of dissolved polymer molecules by primary valence bonds. 
These permanent gels are used as matrices for prolonged- 
release preparations (see Chapter 47) and are not discussed 
further in this chapter. 


TWO-PHASE GELS 


Two-phase gels containing bentonite may be used as a base for 
topical preparations such as plaster and ointment. Another 
two-phase gel, Aluminum Hydroxide Gel USP is used for its 
therapeutic properties. 

The USP states that 


Aluminum Hydroxide Gel is a suspension of amorphous alu- 
minum hydroxide in which there is a partial substitution of 
carbonate for hydroxide. 


The gel itself usually is prepared by the interaction of a 
soluble aluminum salt, such as a chloride or sulfate, with 
ammonia solution, sodium carbonate, or bicarbonate. The re- 
actions that occur during the preparation are 


3COls + sHoOpssHCOs -- 30H. 


[Al(H,0)<]?* + 30H” — [Al(H,0);(OH)3] + 3H,0 


2HCOs > CO2= HO. COs 
The physical and chemical properties of the gel will be affected 
by the order of addition of reactants, pH of precipitation, temper- 
ature of precipitation, concentration of the reactants, the reac- 
tants used, and the conditions of aging of the precipitated gel. 
Aluminum Hydroxide Gel is soluble in acidic (or very 
strongly basic) media. The mechanism in acidic media is 


Aluminum Hydroxide Gel + 3H,O —[AI(H,O)3(OH)s]° 


[Al(H,0)3(OH)s]° + H3;0* — [Al(H,0),(OH).]* + H,O 


[Al(H,0),(OH)»] * spills Ou [Al(H,O);(OH) |]? * + H,O 


[Al(H,O);(OH)]?* + H;0* — [Al(H,0).]** + H,O 


It is unlikely that the last reaction given proceeds to comple- 
tion. Because the activity of the gel is controlled by its insolu- 
bility (solubility will decrease with an increase in the pH of the 
gastric media), there is no acid rebound. Further, because a 
certain quantity of insoluble gel always is available, the neu- 
tralizing capability of the gel extends over a considerable pe- 
riod of time. 

Aluminum hydroxide gels also may contain peppermint oil, 
glycerin, sorbitol, sucrose, saccharin, and various preserva- 
tives. Sorbitol improves the acid-consuming capacity, appar- 
ently by inhibiting a secondary polymerization that takes place 
on aging. In addition, polyols such as mannitol, sorbitol, and 
inositol have been shown to improve the stability of aluminum 
hydroxide and aluminum hydroxycarbonate gels. 

Other two-phase gels of the USP include Aluminum Phos- 
phate Gel and Aluminum Carbonate gels. Some of these prod- 
ucts also occur in the dried form and are also called gels. 


SINGLE-PHASE GELS 


The single-phase gels aré being used more frequently in phar- 
macy and cosmetics because of several properties: semisolid 
state, high degree of clarity, ease of application, and ease of 
removal and use. The gels often provide a faster release of drug 
substance, independent of the water solubility of the drug, as 
compared to creams and ointments. 

Some recent gel formulations include ophthalmic prepa- 
rations of pilocarpine, carbachol, and betamethasone valer- 
ate; topical preparations for burn therapy, anti-inflamma- 
tory treatment, musculoskeletal disorders, and acne; peptic 
ulcer treatment with sucralfate gel; and bronchoscopy using 
lidocaine. Cosmetic gels include shower gels, aftershave gels, 
and sunscreen gels. The USP lists a number of gels: Sodium 
Fluoride and Phosphoric Acid Gel for application to the teeth 
to reduce cavities; Betamethasone Benzoate Gel and Fluoci- 
nonide Gel, anti-inflammatory corticosteroids; Tolnaftate 
Gel, an antifungal agent; and Tretinoin Gel for the treat- 
ment of acne. Gels may be used as lubricants for catheters 
and bases for patch testing, and sodium chloride gels are 
used for electrocardiography. 

Gels can be prepared from a number of pharmaceutical agents 
such as tragacanth 2 to 5%, sodium alginate 2 to 10%, gelatin 2 to 
15%, methylcellulose 450 at 3 to 5%, sodium carboxymethylcellu- 
lose 2 to 5%, carbomer 0.3 to 5.0% or polyvinyl alcohols 10 to 20% 
as noted by Collett.*’ Other gelling agents include methylhy- 
droxyethy] cellulose, polyoxyethylene-polyoxypropylene, hydroxy- 
ethylcellulose, and gelatin. Gels prepared from nonpolar materi- 
als such as magnesium soap-hydrocarbon and hydrocarbons are 
being investigated. The percentages above indicate the concentra- 
tion ranges of the gelling agent. 

Some fluid gels at or below the lower of the above concen- 
trations can be used as artificial saliva and artificial tears. The 
lower-percentage preparations, noted above, may be used as 
lubricants and the higher-percentage preparations as derma- 
tological bases. Some of the gelling agents are available in 
different grades, indicating the viscosity at a definite concen- 
tration. In general, high-viscosity grades result in gels at lower 
concentrations. An example of a gel containing a natural poly- 
mer, tragacanth, is 


Ephedrine Sulfate Jelly NF XII 


Ephedrine Sulfate 10 ¢g 
Tragacanth 10g 
Methyl Salicylate O.1¢g 
Eucalyptol 1.0 mL 
Pine Needle Oil 0.1 mL 
Glycerin 150 ¢ 
Purified Water 830 mL 


Dissolve the ephedrine sulfate in the purified water and add 
the glycerin, tragacanth, and then the remaining ingredients. 
Mix well and keep in a closed container for 1 week, stirring 
occasionally. 


To prepare uniform gels, it is necessary to disperse the 
gelling agent in such a manner that it does not form clumps 
upon the addition of water. Some techniques include the addi- 
tion of a small quantity of dispersing agent such as alcohol or 
glycerin, and trituration. Another technique is to sprinkle the 
gelling agent into a vortex of stirred water. If there are a 
number of other powders in the preparation, the gelling agent 
first may be triturated with these powders, followed by the 
addition of water. Shaking the material in a bottle, mixing in a 
mortar with a pestle, or using a mechanical stirrer also are 
employed. Specific information on the gelling agents is useful 
in preparing the gels, as described by Zatz and Kushla.*® 

Gels have been prepared in adhesive form to increase the 
contact time of the active ingredients, such as insulin with the 
oral and nasal mucosa, leading to a decrease in plasma glucose. 
This system also has been investigated as a vaginal dosage 
form for cervical cancer and a topical dosage form for aphthous 
stomatitis. 


Preservatives should be incorporated into the gels, espe- 
cially those prepared from natural sources. Appropriate pre- 
servatives, depending upon use and the gelling agent, include 
the parabens at about 0.2%, benzoic acid 0.2% (if the product is 
acidic), and chlorocresol 0.1%. 

The preparation of two bases is given below. 


Sodium Alginate Gel Base 


Sodium Alginate 2-10 g 
Glycerin 2-10 g 
Methyl Hydroxybenzoate 0.2 g 
A soluble calcium salt (calcium gluconate) 0.5 g 
Purified Water, to make 100 mL 


The sodium alginate is wetted in a mortar with glycerin, 
which aids the dispersion. The preservative is dissolved in 
about 80 mL of water with the aid of heat, and is allowed to cool; 
then the calcium salt is added, which will increase the viscosity 
of the preparation. This solution is stirred in a high-speed 
stirrer and the sodium alginate-glycerin mixture added slowly 
while stirring, until the preparation is homogeneous. The prep- 
aration should be stored in a tightly sealed container in a 
wide-mouth jar or tube. 


Carbomer Jelly 


Carbopol 934 2¢g 
Triethanolamine 1.65 mL 
Parabens 0.2 ¢ 
Purified Water, to make 100 mL 


The parabens are dissolved in 95 mL of water with the aid of 
heat and allowed to cool. The Carbopol 934, a commercial grade 
of carbomer, is added in small amounts to the solution using a 
high-speed stirrer and, after a smooth dispersion is obtained, 
the preparation is allowed to stand, permitting entrapped air to 
separate. Then the gelling agent, triethanolamine, is added, 
dropwise, while stirring with a plastic spatula to avoid entrap- 
ping air; the remaining water is then incorporated. Other con- 
centrations of carbomer can be used to prepare gels, creams, or 
suspensions. 


Gels may contract on standing, and some of the solvent then 
is squeezed out. This process is called syneresis and will present 
a problem in the long-term stability of gels. The addition of 
relatively large quantities of salts may cause a salting-out of 
polymers, especially those of an ionic nature. The effect of 
increasing the temperature may cause rigid gels to melt. An 
example of an exception to this phenomenon is the gelification 
of methylcellulose, which gels as the temperature rises above 
approximately 50°. This phenomenon is called thermal gela- 
tion, as described by Schott.?° To minimize water loss from 
single-phase gels, humectants such as propylene glycol, glyc- 
erin, or sorbitol are added. 


\ 
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Z Lotions are not defined specifically in the USP, but the BP 


provides a definition that is broad in nature and indicates that 
lotions are either liquid or semiliquid preparations that contain 
one or more active ingredients in an appropriate vehicle. Lo- 
tions may contain antimicrobial preservatives and other appro- 
priate excipients such as stabilizers. Lotions are intended to be 
applied to the unbroken skin without friction. Lotions are usu- 
ally suspensions of solids in an aqueous medium. Some lotions 
are, in fact, emulsions or solutions. 

Even though lotions usually are applied without friction, the 
insoluble matter should be divided very finely. Particles ap- 
proaching colloidal dimensions are more soothing to inflamed 
areas and effective in contact with infected surfaces. A wide 
variety of ingredients may be added to the preparation to 
produce better dispersions or to accentuate its cooling, sooth- 
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ing, drying, or protective properties. Bentonite is a good exam- 
ple of a suspending agent used in the preparation of lotions. 
Methylcellulose or sodium carboxymethylcellulose, for exam- 
ple, will localize and hold the active ingredient in contact with 
the affected site and at the same time be rinsed off easily with 
water. A formulation containing glycerin will keep the skin 
moist for a considerable period of time. The drying and cooling 
effect of a lotion may be accentuated by adding alcohol to the 
formula. 

Dermatologists frequently prescribe lotions containing an- 
esthetics, antipruritics, antiseptics, astringents, germicides, 
protectives, or screening agents, to be used in treating or pre- 
venting various types of skin diseases and dermatitis. Antihis- 
tamines, benzocaine, calamine, resorcin, steroids, sulfur, zinc 
oxide, betamethasone derivatives, salicylic acid, safflower oil, 
minoxidil, and zirconium oxide are ingredients common in un- 
official lotions. In many instances the cosmetic aspects of the 
lotion are of great importance. Many lotions compare badly 
with cosmetic preparations of a similar nature. The manufac- 
ture of fine lotions to meet the specialized needs of the derma- 
tologist provides the pharmacist with an excellent opportunity 
to demonstrate professional competence. Extensive studies on 
lotions, as described by Harb,°® will assist the pharmacist to 
attain this goal. 

Lotions may be prepared by triturating the ingredients to 
a smooth paste and then adding the remaining liquid phase 
with trituration. High-speed mixers or colloid mills produce 
better dispersions and, therefore, are used in the prepara- 
tion of larger quantities of lotion. Calamine Lotion USP is 
the classic example of this type of preparation and consists of 
finely powdered, insoluble solids held in more or less perma- 
nent suspension by the presence of suspending agents and/or 
surface-active agents. 

The formula and the method of preparation of Calamine 
Lotion USP is 


Calamine Lotion 


Calamine 80 g 
Zinc Oxide 80 g 
Glycerin 20 mL 
Bentonite Magma 250 mL 
Calcium Hydroxide Topical Solution, 

a sufficient quantity, to make 1000 mL 


Dilute the bentonite magma with an equal volume of calcium 
hydroxide topical solution. Mix the powder intimately with the 
glycerin and about 100 mL of the diluted magma, triturating 
until a smooth, uniform paste is formed. Gradually incorporate 
the remainder of the diluted magma. Finally add enough cal- 
cium hydroxide topical solution to make 1000 mL, and shake 
well. 

If a more viscous consistency in the Lotion is desired, the 
quantity of bentonite magma may be increased to not more than 
400 mL. 


Many investigators have studied Calamine Lotion and this 
has led to the publication of many formulations, each possess- 
ing certain advantages over the others but none satisfying the 
collective needs of all dermatologists. 

Formulations containing Avicel R (hydrated microcrystal- 
line cellulose, FMC) and carboxymethylcellulose settle less 
than the official preparations. 


Calamine Lotion 


Calamine 

Zinc Oxide 

Glycerin 

Avicel R Gel 

Carboxymethylcellulose 

Calcium Hydroxide Solution, a sufficient quantity, to make 10 


ie 
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Mix 45 g of Avicel R with 55 g of water with a suitable electric 
mixer. This gel is used in the preparation of the calamine lotion. 
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Mix the calamine and the zinc oxide with the glycerin, the gel, 
and the carboxymethylcellulose. Add sufficient calcium hydrox- 
ide solution to make the product measure 100 mL. 


Although most lotions are prepared by trituration, some 
lotions are formed by chemical interaction in the liquid. White 
Lotion USP is an example. 


White Lotion 
Zine Sulfate 40 g 
Sulfurated Potash 40 g 


Purified Water, a sufficient quantity to make 1000 mL 

Dissolve the zinc sulfate and the sulfurated potash sepa- 
rately, each in 450 mL of purified water, and filter each solution. 
Add slowly the sulfurated potash solution to the zinc sulfate 
solution with constant stirring. Then add the required amount 
of purified water, and mix. 


Sulfurated potash is a solid of variable composition but 
usually is described as K,S, -K,S,0, The chemical reaction 
that occurs when sulfurated potash solution is added to the zinc 
sulfate is 


ZnsO,° 7H,O 1 K.S31K,S.03 ae 
ZnS + S, + K,SO, + K,S,03;+ 7H,O 


This lotion must be prepared fresh and does not contain a 
suspending agent. Bentonite Magma has been used in some 
formulations. Coffman and Huyck*® include a detailed discus- 
sion of the chemistry and the problems involved in the prepa- 
ration of a suitable product. 

An example of a lotion that is an emulsion is Benzyl Ben- 
zoate Lotion USP. The formula and method of preparation are 


Benzyl Benzoate 250 mL 
Triethanolamine 5g 
Oleic Acid 20 g 
Purified Water 750 mL 
To make about 1000 mL 


Mix the triethanolamine with the oleic acid, add the benzyl 
benzoate, and mix. Transfer the mixture to a suitable container 
of about 2000-mL capacity, add 250 mL of purified water, and 
shake the mixture thoroughly. Finally add the remaining puri- 
fied water, and again shake thoroughly. 


The triethanolamine forms a soap with the oleic acid and 
functions as the emulsifying agent to form a stable product. 
This type of emulsifying agent is almost neutral in water and 
gives a pH of about 8 and thus should not irritate the skin.° An 
example of the wide variety of formulations of benzyl benzoate 
is provided by Bhargava and Nicolai.*! 

Some lotions are clear solutions as exemplified by Amino- 
benzoic Acid Lotion BP. 


Aminobenzoic Acid 50 ¢ 
Glycerol 200 mL 
Ethanol 96% 600 mL 
Purified Water freshly boiled and cooled, 

sufficient to produce 1000 mL 


Dissolve the aminobenzoic acid in the ethanol 96%, add the 
glycerol and sufficient purified water to produce 1000 mL, and 
mix. 

The ethanol is used to dissolve the aminobenzoic acid and 
provide a cooling effect. The glycerol (glycerin) is used for its 
emollient effect. Because lotions may be solutions, suspensions 
or emulsions, the method of preparation is similar to those types 
of formulations described above. 


Several lotions are listed in the USP and contain, for exam- 
ple, antibiotics, steroids, scabicides, and protectants. 

A formula for hydrocortisone lotion is given in the PC 
(11th ed). 


Hydrocortisone Lotion 


Hydrocortisone, in ultrafine powder 10g 
Chlorocresol : 0.5 ¢ 
Self-emulsifying monostearin 40 g 
Glycerol 63 ¢ 


Purified water, freshly boiled and cooled to make 


To prepare the base, the chlorocresol is dissolved in 850 mL of 
water with the aid of gentle heat, the self-emulsifying monos- 
tearin is added, and the mixture heated to 60° with stirring 
until completely dispersed. The hydrocortisone is triturated 
with the glycerol and the trituration is then incorporated, with 
stirring, into the warm base, and allowed to cool while stirring; 
then add the remainder of the water and mix. 


Certain lotions tend to separate or stratify on long standing, 
and they require a label directing that they be shaken well 
before each use. All lotions should be labeled “For External Use 
Only.” 

Microorganisms may grow in certain lotions if no preserva- 
tive is included. Care should be taken to avoid contaminating 
the lotion during preparation, even if a preservative is present. 


MAGMAS AND MILKS 


Magmas and milks are aqueous suspensions of insoluble, inor- 
ganic drugs and differ from gels mainly in that the suspended 
particles are larger. When prepared, they are thick and viscous 
and, because of this, there is no need to add a suspending 
agent. The USP indicates that the term Milk is sometimes used 
for suspensions in aqueous vehicles intended for oral adminis- 
tration (eg, Milk of Magnesia). The term Magma is often used 
to describe suspensions of inorganic acids such clays in water 
where there is a tendency for strong hydration and aggegation 
of the solid, giving rise to gel-like consistency and thixotropic 
rheological behavior (eg, Bentonite Magna). 

Bentonite Magma USP is prepared by simple hydration. 
Two procedures are given for the preparation of this product, 
and these are described in Chapter 55. Dihydroxyaluminum 
Aminoacetate Magma is the other magma in the USP. 

Milk of Magnesia USP is a suspension of magnesium hy- 
droxide containing approximately 80 mg of Mg(OH), per milli- 
liter. The specifications for double strength or triple strength 
are that these products should contain approximately 160 mg 
or 240 mg of Mg(OH), per mL, respectively. It has an unpleas- 
ant, alkaline taste that can be masked with 0.1% citric acid (to 
reduce alkalinity) and 0.05% of a volatile oil or a blend of 
volatile oils. Magnesium hydroxide is prepared by the hydra- 
tion of magnesium oxide. 


MgO + H,O > Mg(OH), 


Milk of Bismuth USP contains bismuth hydroxide and bismuth 
subcarbonate in suspension in water. The Magma is prepared 
by reacting bismuth subnitrate with nitric acid and ammonium 
carbonate with ammonia solution and then mixing the result- 
ing two solutions. 

The following reactions occur during the preparation of the 
magma. 


(NH,)sCO,; — 2NHj + CO2- 
NH; + H,O — NH; + OH 

2Bi0* + COZ” — (BiO),COs 
BiO* + OH — BiO(OH) 


If the insoluble substance is precipitated fresh by mixing 
hot, dilute solutions, there is only slight sedimentation on 
standing. This characteristic of milks or magmas sometimes is 
enhanced by passing the product through a colloid mill. 


For the most part, magmas and milks are intended for 
internal use, such as Milk of Magnesia USP and Dihydroxy 
Aluminum Aminoacetate Magma USP, although Bentonite 
Magma is used primarily as a suspending agent for insoluble 
substances for local application and occasionally for internal 
use. All magmas require a “Shake Well” label. Freezing must 
be avoided. 

Several antimicrobial preservatives have been tested in liq- 
uid antacid preparations for their stability and effectiveness, 
such as benzoic acid, chlorhexidine, methylparaben, pro- 
pylparaben, sorbic acid, propylene glycol, or ethanol. It was 
found that a combination of methylparaben and sorbic acid was 
superior to the parabens alone. 


3 ‘The USP does not define the term mixture; however, the BP 
defines the term as the following: 


Mixtures are oral liquids containing one or more active ingre- 
dients, dissolved, suspended or dispersed in a suitable vehicle. 
Suspended solids may separate slowly on standing, but are 
easily redispersed on shaking. 


The term mixture more commonly refers to a combination of 
two or more ingredients usually prepared by mechanical mix- 
ing. The insoluble substance usually does not make the mixture 
very viscous, and the particles may be held in suspension by 
using suitable suspending or thickening agents. This class was 
introduced originally to secure uniformity in the formulas of 
certain well-known and widely used preparations. 

Frequently, the term mixture is applied loosely to aqueous 
preparations of every description. The term shake mixture is 
used often for liquid preparations that contain insoluble ingre- 
dients and, therefore, must be shaken before use. The term sus- 
pension is used to describe a number of similar preparations. 

The following is a formula for a mixture in the BP, which is 
a solution for an extemporaneous preparation. 


Ammonium Chloride Mixture 


Ammonium Chloride 100 g 

Aromatic Ammonia Solution 50 mL 
Liquorice Liquid Extract 100 mL 
Water, sufficient to produce 1000 mL 


It should be prepared recently. 


The following mixture is an example of a suspension and 
is used for the treatment of diarrhea. The pectin and the 
tragacanth in Kaolin Mixture with Pectin act as suspending 
agents. An alternate formula, based on Veegum (RT Vander- 
bilt) and sodium carboxymethylcellulose, has been proposed 
by Kalish.*” 


Kaolin Mixture with Pectin 


Veegum 

Sodium Carboxymethylcellulose 
Purified Water 

Kaolin 

Pectin 

Saccharin 

Glycerin 
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Add the Veegum and the sodium carboxymethylcellulose to 
the water with continuous stirring. Add, with mixing, the ka- 
olin. Mix the pectin, saccharin, and glycerin and add to the 
suspension. A preservative and flavoring agent may be added to 
the product. 


The insoluble material in mixtures must be in a very finely 
divided state and uniformly distributed throughout the prepa- 
ration. This is accomplished with colloid mills, special methods 
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of precipitation, and suspending agents. There are three main 
reasons for having the insoluble substances in as fine a state of 
subdivision as possible. 


1. The more nearly the colloidal state is approached by protectives, 
such as kaolin, magnesium trisilicate, or magnesium phosphate, 
the more active they become as adsorbents and protectives when in 
contact with inflamed surfaces. 

2. Finely divided particles are suspended more readily and settle out 
much more slowly than large particles, thus enabling the patient to 
obtain uniform doses of suspended substances. Homogeneous mix- 
tures are desirable, especially when administering medication to 
form an evenly distributed, protective coating on the gastrointesti- 
nal tract. 

3. The palatability of many preparations is enhanced by the use of 
colloidal suspending agents. 


Mixtures containing suspended material should have a 
Shake Well label affixed to the container in which they are 
dispensed. 

Mixtures, including suspensions, are subject to contamina- 
tion by microorganisms that remain viable and are a potential 
health hazard during the period of use of the products. Survival 
times of organisms depend on the preservative used. A kaolin 
pediatric mixture that contains benzoic acid kills organisms 
rapidly, whereas organisms survived for more than 1 week in a 
magnesium trisilicate mixture that contained no more than a 
trace of peppermint oil, as noted by Westwood.*? 


OFFICIAL SUSPENSIONS 


The USP places particular emphasis on the term suspension by 
providing specific definitions for a variety of oral, parenteral, 
and ophthalmic preparations formulated in such a way that an 
insoluble substance is suspended in a liquid at some stage of 
the manufacturing or dispensing process. The USP definition 
begins as follows: 


Suspensions are liquid preparations that consist of solid par- 
ticles dispersed throughout a liquid phase in which the particles 
are not soluble. Dosage forms officially categorized as Suspen- 
sions are designated as such if they are not included in other 
more specific categories of suspensions, such as Oral Suspen- 
sions and Topical Suspensions (see these other categories). 
Some suspensions are prepared and ready for use, while others 
are prepared as solid mixtures intended for constitution just 
before use with an appropriate vehicle. Such products are des- 
ignated for Oral Suspension .. . 


This definition relates the term suspension to milks, magmas, 
and lotions that have been described above. 

Although there are a number of monographs dealing with sus- 
pensions in the USP, neither the definition nor the monographs give 
specific directions for the preparation of the suspension, although 
pharmacopeias usually permit the addition of suitable flavoring 
agents, suspending agents, preservatives, and certified color addi- 
tives. One procedure for the preparation of the commonly used 
Trisulfapyrimidines Oral Suspension is given below. 


Trisulfapyrimidines Oral Suspension 
Veegum 1 
Syrup USP 90. 
Sodium Citrate 0 
Sulfadiazine De 
Sulfamerazine 2 
Sulfamethazine 2 


Add the Veegum slowly and with continuous stirring to the 
syrup. Incorporate the sodium citrate into the Veegum—syrup 
mixture. Premix the sulfa drugs, add to the syrup, stir, and 
homogenize. Add sufficient 5% citric acid to adjust the pH of the 
product to 5.6. A preservative and a flavoring agent may be 
added to the product. 
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Methods of preparation for those formulations that contain 
several active ingredients and are produced in large quantities 
tend to be more complex than that given above and are de- 
scribed previously. 

Many formulations for suspensions are given in the BP and 
the PC under Mixtures. A properly prepared suspension has a 
number of desirable properties: 


1. The suspended material should not settle rapidly. 

2. Particles that do settle should not form a hard cake and easily 
should be resuspended uniformly on shaking. 

3. The suspension should pour freely from the container. 


EXTRACTION 


Extraction, as the term is used pharmaceutically, involves the 
separation of medicinally active portions of plant or animal 
tissues from the inactive or inert components by using selective 
solvents in standard extraction procedures. 

The products so obtained from plants are relatively impure 
liquids, semisolids, or powders intended only for oral or exter- 
nal use. These include classes of preparations known as decoc- 
tions, infusions, fluidextracts, tinctures, pilular (semisolid) ex- 
tracts, and powdered extracts. Such preparations popularly 
have been called galenicals, after Galen, the 2nd century Greek 
physician. For additional information concerning extraction 
and extractives, see RPS 15, Chapter 86. 


Extraction continues to be of considerable interest in order to 
obtain improved yields of drugs derived from plant and animal 
sources. For example, improved extraction of digitalis glyco- 
sides has been carried out using a pulsating, perforated, bottom 
column. Other techniques include ultrasonics, rotary-film evap- 
orators, liquid and supercritical carbon dioxide, hydrodistilla- 
tion, liquid chromatography, multiple-solvent extraction, coun- 
tercurrent extraction, and gravitation dynamics. 

This discussion is concerned primarily with basic extraction 
procedures for crude drugs to obtain the therapeutically desir- 
able portion and eliminate the inert material by treatment with 
a selective solvent, known as the menstruum. Extraction differs 
from solution in that the presence of insoluble matter is implied 
in the former process. The principal methods of extraction are 
maceration, percolation, digestion, infusion, and decoction. The 
quality of the finished product can be enhanced by standardiz- 
ing primary extracts and carrying out analytical assays during 
production on the raw materials, intermediate products, and 
manufacturing procedures. 


The processes of particular importance, insofar as the USP 
is concerned, are those of maceration and percolation, as de- 
scribed specifically for Belladonna Extract USP and Cascara 
Sagrada Extract USP. Most pharmacopeias refer to such pro- 
cesses for extraction of active principles from crude drugs. The 
USP provides general directions for both maceration and per- 
colation under the heading of Tinctures. 

Techniques of extraction methods continue to be investi- 
gated and applied to obtain higher yields of the active sub- 
stance from natural sources, some of these methods include the 
use of different grinding and shearing techniques of plants, use 
of specific membranes for extraction, and different extraction 
procedures such as distillation, digestion, percolation, and mi- 
crowaves. Some extraction methods are described. 


Maceration—In this process the solid ingredients are placed 
in a stoppered container with 750 mL of the prescribed solvent 
and allowed to stand for a period of at least 3 days in a warm 
place with frequent agitation, until soluble matter is dissolved. 
The mixture is filtered and, after most of the liquid has drained, 
the residue on the filter is washed with sufficient quantity of the 


Insoluble powders that do not disperse evenly throughout 
the suspending medium when it is shaken should be powdered 
finely and levigated with # small amount of an agent such as 
glycerin, alcohol, or a portion of the dispersion of the suspend- 
ing agent. The other ingredients are incorporated and the re- 
mainder of the dispersion of the suspending agent is incorpo- 
rated gradually by trituration to produce the appropriate 
volume. 

Suspensions intended for parenteral or ophthalmic use also 
are described in the USP. For a discussion of these suspen- 
sions, see Chapters 41 and 43. 


prescribed solvent or solvent mixture; the filtrates are combined 
to produce 1000 mL. 

Percolation—The ground drug is mixed with the appropri- 
ate quantity of the prescribed solvent to make it evenly and 
uniformly damp. It is allowed to stand for 15 min, then trans- 
ferred to a percolator (a narrow coned-shaped vessel, open at 
both ends) and packed. Sufficient prescribed solvent is added to 
saturate the drug. The top is placed on the percolator, and when 
the liquid is about to drip from the apparatus, the lower opening 
is closed. The drug is allowed to macerate for 24 hours or for the 
specified time. If no assay is directed, the percolation is allowed 
to proceed slowly or at the specified rate gradually adding 
sufficient solvent to produce 1000 mL of solution. If an assay is 
required, only 950 mL of percolate are collected and mixed and 
a portion assayed as directed. The rest of the percolate is diluted 
with the solvent to produce a solution that conforms to the 
required standard and then mixed. 

Digestion—This is a form of maceration in which gentle heat 
is used during the process of extraction. It is used when mod- 
erately elevated temperature is not objectionable and the sol- 
vent efficiency of the menstruum is increased thereby. 

Infusion—An infusion is a dilute solution of the readily 
soluble constituents of crude drugs. Fresh infusions are pre- 
pared by macerating the drugs for a short period of time with 
either cold or boiling water. US official compendia have not 
included infusions for some time. An example is Concentrated 
Compound Gentian Infusion BP 1973. 

Decoction—This once-popular process extracts water-solu- 
ble and heat-stable constituents from crude drugs by boiling in 
water for 15 min, cooling, straining, and passing sufficient cold 
water through the drug to produce the required volume. 


EXTRACTIVE PREPARATIONS 


After a solution of the active constituents of a crude drug is 
obtained by maceration or percolation, it may be ready for use 
as a medicinal agent, as with certain tinctures or fluidextracts, 
or it may be processed further to produce a solid or semisolid 
extract. 

For a discussion of resins and oleoresins obtained by solvent 
extraction of plant exudates see Chapter 26, under Plant 
Exudates. 


TINCTURES 


Tinctures are defined in the USP as being alcoholic or hydroal- 
coholic solutions prepared from vegetable materials or from 
chemical substances, an example of the latter being Iodine 
Tincture. Traditionally, tinctures of potent vegetable drugs 
essentially represent the activity of 10 g of the drug in each 100 
mL of tincture, the potency being adjusted following assay. 
Most other tinctures of vegetable drugs represent the extrac- 
tive from 20 g of the drug in 100 mL of tincture. 


The USP specifically describes two general processes for 
preparing tinctures, one by percolation designated as Process 
P, and the other by maceration, as Process M. These use the 
methods similar to those described under Extraction. 

Process P includes a modification so that tinctures that 
require assay for adjustment to specified potency thus may be 
tested before dilution to final volume. A tincture prepared by 
Process P as modified for assayed tinctures is Belladonna 
Tincture. 

Examples of tinctures prepared by Process M are Compound 
Benzoin Tincture USP and Sweet Orange Peel Tincture USP 
XXI (the latter contains the extractive from 50 g of sweet 
orange peel in 100 mL of tincture). 


FLUIDEXTRACTS 


The USP defines fluidextracts as being liquid preparations of 
vegetable drugs, containing alcohol as a solvent or as a preser- 
vative, or both, so made that, unless otherwise specified in an 
individual monograph, each milliliter contains the therapeutic 
constituents of 1 g of the standard drug that it represents. 
Although the USP indicates that pharmacopeial fluid extracts 
are usually made by percolation, the official compendia previ- 
ously have described general procedures for three percolation 
methods used in making fluidextracts. 


e Process A is a percolation method that can be modified for fluidex- 
tracts that must be assayed. 

e Process E is an alternative for Process A in which percolation is 
conducted on a column of drug much greater in length than in 
diameter. 

e Process D is used for preparing fluidextracts with boiling water as 
the menstruum, alcohol being added as a preservative to the con- 
centrated percolate; this is the procedure used for preparing Cas- 
cara Sagrada Fluidextract USP XXI. 


The BP and PC use the designation Liquid Extracts for 
fluidextracts. 


EXTRACTS 


Extracts are defined in the USP as concentrated preparations 
of vegetable or animal drugs obtained by removal of the active 
constituents of the respective drugs with suitable menstrua, 
evaporation of all or nearly all of the solvent, and adjustment of 
the residual masses or powders to the prescribed standards. 

Three forms of extracts were recognized in USP XXI: semi- 
liquids or liquids of syrupy consistency, plastic masses (known 
as pilular or solid extracts), and dry powders (known as pow- 
dered extracts). Extracts, as concentrated forms of the drugs 
from which they are prepared, are used in a variety of solid or 
semisolid dosage forms. The USP XXI states that pilular ex- 
tracts and powdered extracts of any one drug are interchange- 
able medicinally, but each has its own pharmaceutical advan- 
tages. Pilular extracts, so-called because they are of a 
consistency to be used in pill masses and made into pills, are 
also suited for use in ointments and suppositories. Powdered 
extracts are suited better for incorporation into a dry formula- 
tion, as in capsules, powders, or tablets. Semiliquid extracts, or 
extracts of a syrupy consistency, may be used in the manufac- 
ture of some pharmaceutical preparations. 

Most extracts are prepared by extracting the drug by per- 
colation. The percolate is concentrated, generally by distillation 
under reduced pressure. The use of heat is avoided where 
possible because of potential injurious effect on active constit- 
uents. Powdered extracts that are made from drugs that con- 
tain inactive oily or fatty matter may have to be defatted or 
prepared from defatted drug. For diluents that may be used to 
adjust an extract to prescribed standards, see the USP XXI. 

Pure Glycyrrhiza Extract USP XXI is an example of a pilu- 
lar extract. Belladonna Extract USP and Hyoscyamus Extract 
PC (11th ed) are examples of powdered extracts (the former is 
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prepared also as a pilular extract and the latter also as a liquid 
extract). 
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The aim of a sterilization process is to destroy or eliminate 
microorganisms that are present on or in an object or prepara- 
tion, to make sure that this has been achieved with an ex- 


tremely high level of f probabilit ty and to e ensure that the object 


or preparation is free from infection hazards. “The currently 
accepted performance target for a sterilization process is that it 
provide for a probability of finding a nonsterile unit of less than 
1in 1 million. That is, the process (including production, stor- 
age, and shipment) will provide a Sterility Assurance Level 
(SAL) equal to or better than 10-°. 

The variety and amounts of sterile products and their pack- 
ages required for health care have increased continuously and 
been modified in recent years. Accordingly, sterilization tech- 
nologies have adapted to the changing need. Some of these also 
are brought about by changing requirements and guidelines 
issued by regulatory or advisory bodies. 

Not many years ago, sterility testing of the finished product 
was the basic means of monitoring the success of a sterilization 
process. Today, qualification and validation of the equipment 
and the process carried out in that equipment is considered 
essential. This stems from the general principles of Total Qual- 
ity systems. National and international standards that define 
this system (such as ISO-9000 and EN-29000) indeed state that 
“sterilization is a special process because its efficacy cannot be 
verified by simple inspection and testing on the final product 

. For this reason, sterilization processes have to be validated 
before use, the performance monitored routinely and the equip- 
ment regularly maintained ...” 

The purpose of this chapter is to provide a basic understand- 
ing of the following sterilization methods currently being used 
in pharmaceutical technology and the equipment employed to 
carry out these methods: 


Method 
Moist heat sterilization 


Equipment 

Saturated steam autoclaves 
Superheated water autoclaves 
Air over steam autoclaves 
Batch sterilizers 

Continuous tunnel sterilizers 
Ethylene oxide 

Vaporized hydrogen peroxide 
Hydrogen peroxide/steam 
Other gases 


Dry heat sterilization 


Chemical cold sterilization 


Radiation sterilization Electromagnetic 

Particulate 
Filtration Membranes 
DEFINITIONS 


The following terms, relating to sterilization, should be under- 
stood by those carrying out sterilization processes or handling 
sterile products: 


Antiseptic—A substance that arrests or prevents the growth of micro- 
organisms , by inhibiting their activity without necessarily destroy- 
ing them. _ 

Aseptic Processing—Those-operations performed between the steril- 
ization of an object. or preparation-and the final sealing of its pack- 
age. These operations are, by definition, carried out in the complete 
absence of microorganisms. 

Bactericide—Any agent that destroys microorganisms. 

Bacteriostat—Any agent that arrests or retards the growth of micro- 
organisms. — 

Bioburden—The number of viable microorganisms in or on an object 
or preparation entering a sterilization step (usually expressed in 
colony forming units per unit of volume). 

Disinfection—A process that decreases the probability of infection by 

~~ destroying vegetative microorganisms, but not ordinarily bacterial 
spores. The term usually is applied to the use of chemical agents on 
inanimate objects. 

Germicide—An agent that destroys microorganisms, but not necessar- 

“ily bacterial spores. 

Sterility—The absence of viable microorganisms. 

Sterility Assurance Level (SAL)—A term related to the probability 
of finding a nonsterile unit following a sterilization step. It usually 
is expressed in terms of the negative power of 10 (ie, 1 in 1 million = 
10°°) 

Sterilization—A process by which all viable microorganisms are re- 
moved or destroyed, based on a probability function. 

Terminal Sterilization—A process that destroys all viable microor- 
ganisms within the final, sealed package. 

Validation—The act of verifying that a procedure is capable of produc- 
‘ing the intended result under all expected circumstances. This usu- 
ally is accomplished through appropriate challenge(s). 


Viricide—An agent that will destroy viruses. 


STERILITY AS A TOTAL SYSTEM 


It is necessary to reiterate the concept already briefly ad- 
dressed in the introduction. The task of the technology we are 
dealing with is to provide the product in sterile conditions to 
the end user. 

It is currently acknowledged that the quality of the product 
must be built into the process. This concept is particularly true 
when one of the essential qualities of the product is sterility. 

Accordingly, the above-mentioned task is accomplished with 
a series of design, production, and distribution steps that can 
be summarized as activities for the selection and routine check- 
ing of the following items: 


e Active constituents, additives, raw materials in general 

e Water used both as solvent and as washing/rinsing agent 

e Packaging suitable for the product and for the sterilization process 
that will be used 

e Working environment and equipment 

e Personnel 


These procedures clearly have the purpose of providing the 
sterilization process with a product that has a minimum, def- 
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inite, and consistent bioburden. There are also the following 
activities: 


e Selection of the sterilization method that most suits the unit formed 
by the product and its packaging, and definition of the process 
variables for obtaining the intended SAL 

e Selection of the machine that is most suitable for performing the 

selected method and of the utilities that this machine requires 

Qualification and validation of the machine and of the process 

Routine checking of the process 

Checking of the results of the sterilization process 

Proper storage of sterile goods and verification that their sterility is 

maintained with full reliability throughout the allowed storage 

period 

e Delivering, opening, and using sterile goods without recontamina- 
tion. 


It also should be noted that, on October 11, 1991, the US 
Food and Drug Administration (FDA) proposed new regula- 
tions for aseptic processing and terminal sterilization. The 
proposed rules require that manufacturers of sterile products 
use terminal sterilization wherever possible. The proposal will 
affect 21 CFR 211, 314, and 514. Aseptic processing may be 
used only in those cases where terminal sterilization has sig- 
nificant detrimental effects on the product. This ruling is based 
on the ability to prove higher SAL’s with current terminal 
sterilization processes, thus reducing the risk of a nonsterile 
unit reaching the patient. 
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CONTAMINATION 


Certain facts about microorganisms must be kept in mind 
when preparing sterile products. Some microbes (bacteria, 
molds, etc) multiply in the refrigerator, others at temperatures 
as high as 60°. Microbes vary in their oxygen requirements 
from the strict anaerobes that cannot tolerate oxygen to aer- 
obes that demand it. Slightly alkaline growth media will sup- 
port the multiplication of many microorganisms while others 
flourish in acidic environments. Some microorganisms have the 
ability to use nitrogen and carbon dioxide from the air and thus 
can actually multiply in distilled water. In general, however, 
most pathogenic bacteria have rather selective cultural re- 
quirements, with optimum temperatures of 30° to 37° and a pH 
of 7.0. Contaminating yeasts and molds can develop readily in 
glucose and other sugar solutions. 

Actively growing microbes are, for the most part, vegetative 
forms with little resistance to heat and disinfectants. However, 
some forms of bacteria—among them the bacteria that cause 
anthrax, tetanus, and gas gangrene—have the ability to as- 
sume a spore state that is very resistant to heat as well as to 
many disinfectants. For this reason, an excellent measure of 
successful sterilization is whether the highly resistant spore 
forms of nonpathogenic bacteria have been killed. 

The nature of expected contamination and the bioburden 
are important to pharmacists preparing materials to be steril- 
ized. The raw materials they work with rarely will be sterile, 
and improper storage may increase the microbial content. Be- 
cause the pharmacist seldom handles all raw materials in a 
sterile or protected environment, the environmental elements 
of the manufacturing area (air, surfaces, water, etc) can be 
expected to contribute to the contamination of a preparation. 
The container or packaging material may or may not be pre- 
sterilized and thus may contribute to the total microbial load. 

Understanding the nature of contaminants prior to steril- 
ization and application of methods for minimizing such con- 
tamination is vital to preparing for successful pharmaceutical 
sterilization. Examples of such methods include: 


Maintenance of a hygienic laboratory. 

Frequent disinfection of floors and surfaces. 

Minimization of traffic in and out of the area. 

Refrigerated storage of raw materials and preparations that support 
microbial growth. 


e Use of laminar airflow devices for certain critical operations. 

e Use of water that is of appropriate USP quality and is free of 
microbial contamination. It is preferable to use presterilized water 
to avoid any possible contamination. 


METHODS 


General 


The procedure to be used for sterilizing a drug, a pharmaceu- 
tical preparation, or a medical device is determined to a large 
extent by the nature of the product. It is important to remem- 
ber that the same sterilization technique cannot be applied 
universally because the unique properties of some materials 
may result in their destruction or modification. Methods of 
inactivating microorganisms may be classified as either phys- 
ical or chemical. Physical methods include moist heat, dry heat, 
and irradiation. Sterile filtration is another process, but it only 
removes, not inactivates, microorganisms. Chemical methods 
include the use of either gaseous or liquid sterilants. Guidelines 
for the use of many types of industrial and hospital sterilization 
are available. '° 

Each sterilization method can be evaluated using experi- 
mentally derived values representing the general inactivation 
rates of the process. For example, a death rate or survival curve 
for a standardized species can be diagramed for different ster- 
ilization conditions. This is done by plotting the logarithm of 
surviving organisms against time of exposure to the steriliza- 
tion method. In most instances, these data show a linear rela- 
tionship, typical of first-order kinetics, and suggest that a con- 
stant proportion of a contaminant population is inactivated in 
any given time interval. Based on such inactivation curves, it is 
possible to derive values that represent the general inactiva- 
tion rates of the process. For example, based on such data, it 
has become common to derive a decimal reduction time or D 
value, which represents the time under a stated set of steril- 
ization exposure conditions required to reduce a surviving mi- 
crobial population by a factor of 90%. 

D values, or other expressions of sterilization process rates, 
provide a means of establishing dependable sterilization cycles. 
Obviously, the initial microbial load on a product to be steril- 
ized becomes an important consideration. Beyond this, how- 
ever, kinetic data also can be used to provide a statistical basis 
for the success of sterilization cycles. A simple example will 
suffice (Fig 40-1). When the initial microbial contamination 
level is assumed to be 10°, and if the D value of the sterilization 
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Figure 40-1. Sterilization model using D values. 


process is 7 minutes, complete kill is approached by application 
of 6 D values (42 minutes). However, at this point reliable 
sterilization would not be assured because a few abnormally 
resistant members of the population may remain. In this ex- 
ample, by extending the process to include an additional 6 D 
values, most of the remaining population is inactivated, reduc- 
ing the probability of one organism surviving to one in 1 mil- 
lion. 
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ESSENTIALS OF STEAM STERILIZATION KINETICS 


Let us suppose a system contaminated by microorganisms 
(which we assume, for the sake of simplicity, to be pure and 
homogeneous) is immersed in pressurized saturated steam, 
at constant temperature; for example, it could be a vial con- 
taining an aqueous suspension of a certain spore-forming 
microorganism. 

It has been shown experimentally that, under the above 
conditions, the reaction of thermal degradation of the microor- 
ganism obeys the laws of chemical reactions: the rate of reduc- 
tion of the number of microorganisms present in the system in 
each moment is proportional to the actual number itself. The 
proportionality coefficient is typical of the species and condi- 
tions of the chosen microorganism. 

Thus, the degradation reaction (the sterilization process) 
develops like a first-order chemical reaction in which the reac- 
tion rate is proportional, in each moment, only to the amount of 
microorganisms still to be inactivated. This seems to be obvious 
for dry sterilization, but less rigorous for steam sterilization, in 
which the water vapor molecules also seem to take part in the 
reaction. Actually, this bimolecular reaction is of the first order, 


Number of microorganisms per unit 


Sterilization time (minutes) 
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as the steam is present in high excess during the entire reac- 
tion and its concentration may be regarded as constant. 

The most frequently used mathematical expression of the 
above facts is 


N= Ny 10° (1) 


where N, is the initial number of microorganisms, ¢ is the 
elapsed exposure (equal to sterilization time), N is the number 
of microorganisms after the exposure time ft, and D is the 
decimal decay time, defined as the time interval required, at a 
specified constant temperature, to reduce the microbial popu- 
lation being considered by “10 (ie, by one logarithmic value; eg, 
from 100% to 10% or from 10% to 1% of the initial value). 

The D value is inversely proportional to the first-order re- 
action coefficient and is therefore typical of the species and 
conditions of the chosen microorganism. Depending on the ini- 
tial hypothesis of exposure at constant temperature, each D 
value always refers to a specified temperature. 

Equation 1 allows one to draw a first very important con- 
clusion: the time required to reduce the microorganism con- 
centration to any preset value is the function of the initial 
concentration. The sterilization reaction is therefore neither an 
all-or-nothing process nor a potential barrier process as was 
once thought. 

It also is evident immediately that the effect of sterilization 
at the same constant temperature will be very different de- 
pending on the D value of the contaminating microbial species 
(or on the largest D value in the usual case of mixed contami- 
nation). Figure 40-2 shows that the same reduction ratio for 
different species is achieved after exposure time proportional to 
the D value of each species. The graph derives only from Equa- 
tion 1 and from the definition of D value. The basic hypothesis 
of the temperature being constant is thoroughly valid. 


Figure 40-2. Effect of varying D values 
on sterilization rate (courtesy, Fedegari 
Autoclavi). 
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Sterility Is a Probable Effect of Exposure Time—Let us now 
consider what happens within a batch of units (vials, bottles, or 
others) with an initial constant unit contamination of 100 mi- 
croorganisms equal to 10”. If the D value at 121° is assumed to 
be 1, after 1 min at 121°, a reduction equal to 10' = 10 
microorganisms is achieved; after another minute, only Ogee 
microorganism is still surviving. After another minute, the 
surviving microbial population would be 10°' = “so microor- 
ganism. A contamination of “10 must not be understood to mean 
that each unit contains Yio of a microorganism, which is bio- 
logically meaningless (in this case the unit probably would be 
sterile) but that there is a probability of having Vio of the units 
still contaminated within the batch of sterilized units. 

In fact, 3 min would be the necessary time to reduce the 
microbial population to a single surviving microorganism if the 
initial population were 10 times larger than the one at issue. 
This higher initial contamination could be regarded either as a 
10 times larger number of microorganisms in the same unit, or 
as the initial contamination of a 10 times larger unit. 

If the unit is not considered any longer as the single vial or 
bottle, but as the whole of all the items produced over a period 
of time, the initial number of microorganisms present in each 
item has to be multiplied times the number of items produced, 
and the exposure time to achieve the reduction to the same 
number of viable microorganisms left in the whole of the items 
produced, has to be increased correspondingly. The following 
example will be helpful to focus the matter. 

A new sterile product in ampules has to be manufactured; 
the number of ampules to be produced over all the life period of 
the product is expected to be 101°. The maximum number of 
contaminated ampules deemed to be acceptable is 10 = 1: this 
obviously means that the probability of having nonsterile am- 
pules after sterilization must not exceed 107'°. Let us also 
suppose that the microbial population within each ampule af- 
ter the filling and the sealing does not exceed 10° microorgan- 
isms. These must be destroyed by means of moist heat-terminal 
sterilization at 121°. The applicable D value is 1 min. The total 
number of microorganisms to be destroyed during the life of the 
product will be 


101° 78 pes 10% 


If this whole microbial population were exposed to moist heat 
at 121° over a period of 13 min, it would be reduced to 10-1? 
times its initial number (ie, to 10'*- 18 = 10° = 1. The exposure 
time of 13 min thus would be sufficient (under all the other 
above hypotheses) to prevent the total number of contaminated 
ampules from exceeding the value of 1. 

From the point of view of each single ampule, 13 min of 
exposure would reduce the microbial population to the theoret- 
ical value of 


103-13 = 10°1° 


To interpret this numeric value as the probability of still hav- 
ing one contaminated ampule in 10 billion sterilized ampules 
means that a single ampule will still be contaminated out of a 
whole lot of 10'°. This probability value is defined as PNSU 
(probability of nonsterile unit). 

In recent times the PNSU as a sterility evaluation criterion 
is being replaced by the SAL. The name itself could generate 
some misunderstanding, because a level of assurance com- 
monly is deemed to be good if high, but SAL seems to have been 
defined in such a way that its numerical value is the same as 
PNSU. This notwithstanding, it is sometimes calculated as the 
reciprocal value of PNSU. The SAP (sterility assurance proba- 
bility) criterion has been proposed as well and SAP seems for 
the moment to have been granted the same definition of PNSU, 
even if it would be better understandable if its value ap- 
proached unity after a satisfactory sterilization. 

The above discussion and example lead to the conclusion 
that the optimum exposure time for a sterilization process 
must take into account not only the initial microbial population 


within the single item to be sterilized and the species and 
conditions of the contaminating microorganism, but also the 
total number of items expected to be sterilized over the life of 
the product. 

Effect of Temperature Changes—All the above consider- 
ations have been developed under the basic assumption that 
the temperature is kept constant during the entire exposure 
time. It seems rather obvious that the D value will change as 
the temperature changes. If the D values experimentally ob- 
tained for a given microbial species are plotted on a semiloga- 
rithmic chart as the function of the temperature T, a path 
similar to Figure 40-3 is obtained. 

In this case, it can be seen that D value is 1 min at 121° (ie, 
the average value which very often is assumed to be acceptable 
in the absence of more exact experimental data). It also can be 
seen that D value varies by a factor of 10 if the temperature 
varies by 10°. 

The z value is defined as the temperature coefficient of 
microbial destruction, the number of degrees of temperature 
that causes a 10-fold variation of D (or, more generally, of the 
sterilization rate). 

The z values generally oscillate between 6 and 13 for steam 
sterilization in the range 100° to 130°, and z value often is 
assumed to be equal to 10 in the absence of more precise 
experimental data. 

The fact that D value varies by 10 times for a variation of 
10° when z = 10 must not lead to the false assumption that D 
varies by one time (ie, doubles) for an increase of 1°. Obviously, 
this is not true. It is actually a matter of finding the number 
which yields 10 when raised to the tenth power. This number is 
1.24. 

Therefore, a variation of 1° entails a variation of D value 
of 24%. 

This is quite a significant number, which illustrates the 
dramatic effects that are generated when the sterilization tem- 
perature is also only a few degrees lower than the expected 
value, perhaps only in some areas of the sterilizer load. 

It is also useful to remember that the effect of temperature 
variation decreases considerably as the temperature rises and 
drops to approximately 1/2 (or even less) for dry sterilization at 
approximately 200°. Under these conditions the z value is 
about 20 instead of about 10. Therefore, the small temperature 
differences that can be so dramatic in steam sterilization have 
much less effect in dry sterilization. 

The foregoing refers to average values because the actual D 
values and z values depend to a large extent on the medium 
that contains the microorganisms and on their history. At 121° 
no microorganism has exactly D = 1 and z = 10. However, the 
combined use of these two parameters in calculating F) and 
PNSU provides ample margins of safety with regard to the 
microorganisms with which we deal commonly. 

F,, or Equivalent Sterilization Time at 121°—It is of the 
utmost interest to calculate the lethal effect of the exposure of 
a microbial population to a variable temperature, T, by relating 
it to an hypothetical sterilization performed at a constant tem- 
perature, To, for the time, fy. If the constant reference temper- 
ature is assumed equal to 121.1° (originally 250°F) and the z 
value equal to 10, the equivalent time is termed Fy. Thus, Fy is 
the equivalent exposure time at 121.1° of the actual exposure 
time at a variable temperature, calculated for an ideal micro- 
organism with a temperature coefficient of destruction equal to 
10. 

First introduced in the Laboratory Manual for Food Can- 
ners and Processors by the National Canners Association in 
1968, F, has become a common term in pharmaceutical pro- 
duction since the FDA used it extensively in the “Proposed 
Rules” of June 1, 1976 (21 CFR 212.3) with the following 
meaning: 


F, means the equivalent amount of time, in minutes at 121.1° 
(250°F), which has been delivered to a product by the steriliza- 
tion process. 


Number of microorganism per unit 
1042 
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Stenlization temperature (*C) 


For the calculation of it, 


Az value of 10° or 18°F is assumed; the term z value means the 
slope of the thermal death time curve and may be expressed as 
the number of degrees ... required to bring about a 10-fold 
change in the death rate. 


In practice, the knowledge of the temperature values as the 
continuous function of elapsing time is not available, and F, is 
calculated as 


T-121.1 
Fy = At § 10 ——— a) 


< 


where At is the time interval between two consecutive mea- 
surements of T, T is the temperature of the sterilized product 
at time ¢, and z is the temperature coefficient, assumed to be 
equal to 10. 


Saturated Steam 
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PRINCIPLES 


Sterilization with saturated steam is the method that provides 
the best combination of flexibility in operation, safe results and 
low plant and running costs. The sterilizing medium obviously 
is pressurized saturated steam and the typical operating tem- 
perature is 121° (250°F), but higher or lower temperatures 
often are used. 

The term dry saturated steam sometimes is used: it should 
be made clear that this is an ideal condition of steam, and that 
moist saturated steam is used in practice for sterilization. 
However, the steam must entrain the smallest possible amount 
of condensate. The water vapor ratio of the steam defines the 
amount of condensate entrained by 100 parts by weight of 
moist steam; a water vapor ratio of 0.95 means that 100 g of 
steam consist of 95 g of dry saturated steam plus 5 g of con- 
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Figure 40-3. Effect of temperature on microbial destruction 
(courtesy, Fedegari Autoclavi). 


densate which is, or should be, at the same temperature as the 
steam. 

The reliability of sterilization performed with saturated 
steam is based on several particular characteristics of this 
medium. 


When steam condenses, it releases calories at a constant tem- 
perature and in a considerable amount: 1 kg of pure saturated 
steam condensing at 121° (turning into water at 121°, thus 
without cooling) releases as much as 525 kcal. 

The temperatures and pressures of saturated steam have a 
two-way correlation. Once the temperature of the steam is de- 
termined, so is its pressure, and vice versa. Saturated steam at 
121° inevitably has a pressure of 2.05 abs bar. 


This entails two very interesting practical possibilities: 


1. A pure saturated steam autoclave can be controlled indifferently 
according to the temperature parameter or according to the pres- 
sure parameter. 

2. Regardless of the parameter used for control, the second parameter 
can be used easily to cross-monitor the first one. 


A 1 gram molecule of water (18 g, or 18 mL in the liquid state) 
as steam at 121° and 2.05 abs bar occupies a volume of approx- 
imately 15 L. This means that when steam condenses at 121° it 
shrinks in volume by almost 1000 times. Accordingly, additional 
available steam spontaneously reaches the object to be steril- 
ized. The condensate that forms can be removed easily from the 
autoclave chamber by means of a condensate discharge or, with 
amore modern technique, by continuous and forced bleeding (as 
occurs for example in so-called dynamic steam sterilizers). 


However, several other phenomena must be considered. 


To perform its microorganism inactivating action (coagulation 
of cellular proteins), the steam, or more generally the moist 
heat, must make contact with the microorganisms. This can 
occur directly or indirectly. For example, it occurs directly when 
the steam that is present in the autoclave chamber is in direct 
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contact with a surgical instrument. It instead occurs indirectly 
when moist steam is generated (by heat exchange with the 
steam present in the chamber) inside a sealed ampul that con- 
tains an aqueous solution. However, it is evident that it is not 
possible to steam-sterilize the inside of an empty closed ampul 
or the contents of an ampul if they are constituted by an anhy- 
drous oil-based solution. 

The air that is initially present in the autoclave chamber and 
the incondensables that possibly are entrained by the steam 
(generally CO) have molecular weights, and thus densities, 1.5 
to 2.0 times higher than steam (under equal temperature/pres- 
sure conditions). Therefore, the air must be eliminated initially 
from the chamber and the steam must not introduce incondens- 
ables in the chamber; otherwise, these tend to stratify in the 
lower portions of the chamber, creating intolerable temperature 
gradients. 

When closed nondeformable containers that contain aqueous 
solutions are sterilized, the pressures inside them can reach 
values far above those of the chamber. All air has been removed 
from the chamber, which in fact only contains steam: accord- 
ingly, at 121° the pressure is 2.05 abs bar. The container instead 
almost always has a head space that contains air (or other 
gases). 

During sterilization, the aqueous solution of the container 
produces a vapor pressure that is approximately equal to 2.05 
abs bar, but this value is increased by the partial pressure of the 
air of the head space; assuming that its initial value is 1.0 bar, 
it will increase to approximately 1.3 bar due to heating. 

Pressure increases also will occur due to the thermal expan- 
sion of the solution (which is not entirely compensated by the 
expansion of the glass of the container) and because any gases 
dissolved in the solution may leave it. 

Generally, in the conditions described above the total pres- 
sure inside the container exceeds by approximately 1.4 bar the 
pressure in the chamber if the initial head space is, as usually 
occurs, 10 to 20% of the total volume of the container. This 
overpressure generally is well tolerated by glass ampules, even 
those of considerable capacity (20 to 30 mL). However, it be- 
comes hazardous for glass containers fitted with rubber stop- 
pers held in place by a seal (due to the risk of stopper lifting) and 
intolerable for deformable containers, such as rigid (and even 
flexible) plastic containers, prefilled syringes, or cans. In all 
these cases, it is necessary or convenient to use the cownterpres- 
sure sterilization methods (described later). 


SATURATED STEAM AUTOCLAVES 


Materials—All autoclaves intended for the pharmaceutical in- 
dustry are made of Class AISI 316 stainless steel, including 
valves and piping. See Figure 40-4. Only the service elements 
arranged downstream of the autoclave (for example the vac- 
uum pump or the condensate discharge) are accepted if they 
are made of other materials. The service elements upstream of 
the autoclave (eg, heat exchangers or water pumps) also must 
be made of stainless steel. 

Silicone rubber or Teflon and derivatives thereof generally 
are used for the gaskets (of doors, valves, etc). 

Structure—Saturated steam autoclaves generally have a 
quadrangular, or rarely cylindrical, chamber. The doors are 
generally quadrangular even if the structure is cylindrical; in 
this case, the doors are inscribed in the circumference. There 
may be one or two doors: when the autoclave leads to a sterile 
room, there are always two doors. 

Two-door autoclaves often are used when this requirement 
does not occur but the need is nonetheless felt to separate the 
loading area, where products to be sterilized are placed, from 
the unloading area, where already sterilized products are 
placed. This concept applies to all types of sterilizers. 

Doors may be of various kinds. The most common types are 
e Hinged, manually operated, retained by radial locking bars, with a 

solid and fixed gasket. 

e Hinged, semiautomatically operated, retained by means of abut- 


Figure 40-4. A modern computerized steam autoclave with hori- 
zontal sliding door (courtesy, Fedegari Autoclavi). 


ments in which the door engages automatically and with a movable 
gasket activated by compressed air. 

e Vertically or laterally sliding, with retention and gaskets as men- 
tioned immediately above. 


Saturated steam autoclaves generally are jacketed. There is 
no room here to discuss the various kinds of jacket and their 
purposes. However, there are two ways to feed steam into the 
jacket and into the chamber: 


Single Feed—the steam circulates first in the jacket and passes from 
the jacket into the chamber. 

Separate Feed— usually the chamber is fed pure steam and the jacket 
is fed industrial steam. 


Single-feed steam has some advantages in terms of control, 
but separate-feed steam is preferred because it provides 
better assurances of lack of microbiological and particle 
contamination. 


MANAGEMENT SYSTEMS 


The management systems used on currently manufactured 
autoclaves are programmable logic controllers (PLCs) or per- 
sonal computers (PCs), or sometimes combinations of PLCs and 
PCs. This is also true for other kinds of autoclaves and steril- 
izers, which will be discussed later. However, a very large 
number of autoclaves controlled by electropneumatic systems 
are still in operation and still perform acceptable work. Natu- 
rally, the current control systems offer a kind of performance 
that was undreamed of earlier. 

Pressure or temperature control (as mentioned previously, 
these parameters are interchangeable for a saturated steam 
autoclave) generally is performed with a proportional-integral- 
derivative method. Control by temperature is the generally 
accepted scheme because it is not influenced by trapped air. 
Sterilization can be time-managed or fy-managed (with the Fy 
being accumulated by heat probes enabled for this function), or 
time-managed with simultaneous calculation of F) for monitor- 
ing purposes. 

Some management systems offer exceptional flexibility in 
composing programs and in setting parameters even to opera- 
tors who have no knowledge of electronic programming. The 
information provided in real time (on same display device) is 
extremely detailed, as is the permanent information, which can 
be produced on paper or stored on various kinds of electronic 
medium. 


PROCESS 


Initial Removal of the Air from the Chamber—The main reason 
the air must be removed from the autoclave chamber has been 
pointed out above. 

Loads often are made up of porous materials or materials 
packaged in sterilization paper or in plastic/paper bags, or 
contained in filter boxes. All these situations require reliable 
and rapid removal of the air from the load. The so-called gravity 
removal method is considered obsolete. Modern autoclaves 
have a water-ring vacuum pump that can produce a vacuum of 
approximately 70 residual mbar in the chamber. Accordingly, 
only about 10% of the air remains in the chamber. There are 
essentially two methods for completing air removal: 


Pulsed Vacuum—Once the initial vacuum has been reached, the 
pump is stopped and steam is introduced in the chamber (up to 
approximately atmospheric pressure), then vacuum is produced 
again. Three or more of these vacuum/steam pulses are performed. 

Dynamic Vacuum—Once the initial vacuum has been reached, the 
pump continues to run, but at the same time a 5- to 10-min injection 
of steam is performed (from the side of the chamber that lies oppo- 
site the vacuum drain). 


Modern autoclaves are capable of performing either of these 
methods, chosen according to the load to be processed. 

Heating-Sterilization—During heating phases, and much 
less during the sterilization phase, considerable amounts of 
condensate form in the chamber. Except for particular in- 
stances, this condensate must be removed from the chamber. 
There are basically two extraction methods: 


e A condensate trap located at the bottom of the chamber. This is the 
simplest and cheapest method, but it causes significant pressure 
drops, and therefore temperature drops, inside the chamber due to 
the inertia of the condensate trap. Essentially, it discharges not only 
the condensate but also significant amounts of steam, which cause 
instantaneous expansion, and thus cooling, of the steam that re- 
mains in the chamber. 

e Dynamic steam. This is the most reliable and elegant system, but is 
also more expensive. During the heating and sterilization phases, 
the vacuum pump is kept running and draws from the chamber all 
the condensate that forms in it through a low-capacity valve. A 
certain amount of steam is naturally aspirated continuously, and a 
dynamic condition of the steam is thus produced, hence the name of 
the method. 


Autoclaves also are required to have a continuous steam 
bleed past the controlling sensor in the drain line. 

Post-Sterilization Phases—These may be different according 
to the material to be sterilized and depending on the results to 
be obtained on the material itself. The most common solutions 
are listed below. 


1. Vacuum and Time-Controlled Vacuum Maintenance—This 
method is used to dry and simultaneously cool loads of solid mate- 
rials, both porous and nonporous. It is performed by restarting the 
vacuum pump until a preset value (eg, 100 mbar) is reached; the 
pump then is kept running for a preset time (eg, 20 min). 

2. Cooling by Circulating Cold Water in the Jacket—This 
method is used to cool containers that are partially filled with 
solution (eg, culture media) and closed with sleeve (Bellco-type) 
stoppers. Naturally, with these loads Item 1 is not applicable, 
because the solution would boil, and Item 3 is dangerous due to 
possible contaminations. This method is performed by removing the 
steam present in the chamber through the introduction of com- 
pressed sterile air at a pressure that is equal to, or greater than, the 
sterilization pressure. Then, cold water is circulated in the jacket. 
The pressurized compressed air in the chamber has two purposes: 
(1) to prevent the solution from boiling and (2) to improve heat 
exchange between the load and the jacket. 

3. Cooling by Spraying Water on the Load—This method gener- 
ally is used for loads of filled and closed ampuls and plastic intra- 
venous containers. It is performed with deionized water (to avoid 
salt residues on the ampuls) which is nebulized onto the load by 
means of a sparger provided in the ceiling of the chamber. Natu- 
rally the ampuls, which preferably are arranged in an orderly 
fashion, must be contained in trays with a perforated bottom. Neb- 
ulization of the water causes a rapid condensation of the steam that 
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produces a sudden pressure drop in the chamber, whereas the 
pressure inside the ampuls still remains rather high because the 
solution cools rather slowly. Ampuls of good quality (even large 
ones up to approximately 20 mL) tolerate this method adequately. 
Cooling stops when the solution inside the ampuls has reached the 
temperature of 70° to 80°. In this manner, the load, removed from 
the autoclave, still contains enough heat energy to dry spontane- 
ously. 

4. Ampul Tightness with Fast Vacuum—The pressure stress de- 
scribed in Item 2, above, is produced deliberately and increased by 
activating the vacuum pump as soon as the sterilization phase 
ends. The pressure in the chamber quickly drops to values that can 
reach 150 to 200 mbar (obviously this value can be controlled 
easily), whereas the pressure inside the closed ampuls initially 
remains above 3.0 bar. The AP thus produced breaks ampuls with 
closed defects, such as thinner regions, tensions in the glass, and 
closed cracks. 

Obviously, if the ampuls have open defects (ie, holes at the tip or 
open cracks), the AP does not arise or is very small and thus the 
ampuls rarely break. What happens instead is that the solution in 
the ampul boils and thus evaporates, reducing the volume of the 
solution. Unfortunately, this evaporation is very limited. Because it 
requires a considerable amount of energy, the solution cools very 
quickly and the boiling ends. One cannot rely on the transmission of 
heat from the adjacent ampuls or from the jacket, because the 
chamber is evacuated. 

It is evident that in such conditions, solution in the liquid state 
leaks from the ampuls; at least from the open defects that lie below 
the level of the solution. Accordingly, it may be convenient to load 
the ampuls upside down (ie, with their tip pointing downward) if it 
is known that most defects occur at the tip or shoulder of the 
ampules. 

Naturally, the breakage of the ampuls or the leakage of solution 
soils the load, which must therefore be washed and dried. With 
appropriate methods it usually is possible to achieve all this in the 
autoclave itself. 

5. Cooling as in Item 3, but with Air Counterpressure— In 
many cases it is not possible or reasonable to subject the load, 
during cooling, to the pressure stress that arises with the method 
described in Item 3. In such cases, it is possible to remove the steam 
present in the chamber by replacing it with sterile compressed air 
at a pressure that is equal to, or higher than, the sterilization 
pressure. Only after this has occurred does the cooling water spray 
described in Item 3 begin. This method only prevents the load from 
suffering the pressure stress of the cooling phase, whereas the 
stress of the sterilization phase is unavoidable. Reference is made 
to the section on Counterpressure Methods below for an explanation 
of this phenomenon and for the autoclaves that allow to avoid it. 

6. Spontaneous Cooling—In some particular cases it may be nec- 
essary to resort to this cooling method, which is the simplest but 
also obviously requires a very long time. Clearly, at the end of this 
cooling the autoclave will be in vacuum, and the longer the cooling 
the deeper the vacuum. 

7. Ampul Tightness Test with Dye Solution Penetration—This 
test generally is performed with an aqueous solution of methylene 
blue. However, it is also possible to use other dyes. This test is 
effective only on open defects of ampuls and is performed as follows: 


Vacuum in the chamber to approximately 100 to 150 mbar. 

The chamber is filled with the colored solution until the load is 

completely covered; the ampuls must of course be contained in 

appropriate trays that do not allow them to escape, because they 
tend to float. 

c. During this filling operation, the chamber vacuum reached in Item 
1 is maintained continuously by connecting the vacuum pump to the 
ceiling of the chamber 

d. The colored solution is pressurized at 2 to 3 bar and is maintained 

in this condition for 30 to 60 min or more. 

The colored solution is discharged and recovered. 

The load is washed several times with spray water. 

The load is washed by flooding the chamber. 

The washing water is discharged. 


Se 


S00 rho 


There are alternatives to this method, such as electronic 
spark discharge inspection which detects leakage of liquid from 
the ampul by a decrease in resistance across electrodes placed 
across the ampul. 
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e The vacuum is not maintained continuously while the chamber is 
being filled with the colored solution. 

e The vacuum is produced only after filling the chamber with the 
colored solution. 

e The vacuum is not produced at all. 


This test has in any case the following problems: 


e It has been demonstrated extensively that with usual values for dye 
concentration, differential test pressure, and test time, tip holes 
with a diameter of less than 5 to 10 pm allow very small amounts of 
colored solution to enter. This prevents detection of the coloring of 
the ampuls during subsequent checking. 

e The preparation of sterile colored solution for each test entails very 
high costs. 

e Recovery and reuse of the colored solution entails keeping it in 
conditions that prevent microbial proliferation (80°) and subjecting 
it to sterilizing filtration prior to each test. All these procedures are 
expensive and complicated. In any case, the solution recovered from 
each test is contaminated chemically by the broken or defective 
tested ampuls. 

e Decolorization/destruction of the solution is very difficult, because 
methylene blue is very stable; however, good decolorization results 
have been achieved by using ozone. The use of amber glass ampuls 
makes detection of the dye difficult. 


STERILIZING THE AIR INTRODUCED IN THE 
CHAMBER 


In the previous paragraphs we noted that it is often necessary 
to introduce air in the chamber, especially in poststerilization 
phases. This air must be sterile, otherwise it may recontami- 
nate the sterilized load and can, in any case, contaminate the 
sterile environment if the autoclave is of the two-door type 
connected to the sterile area. 

The air generally is sterilized by filtration using a system 
that is part of the autoclave. It is thus necessary to 


e Provide a filtration cartridge with sterilizing porosity. 

e Allow in situ sterilization of the assembled filtration system with an 
appropriate sterilization program of the autoclave itself. 

e Ensure that the filtration system and the line for connecting it to the 
autoclave maintain their sterility between one production steriliza- 
tion program of the autoclave and the next. 

e Allow validation of all of the above described procedures. 


If one wishes to operate in perfect safety, the filtration system 
also should be subjected to an integrity test each time it is 
operated. 


Counterpressure Methods 


Autoclaves operating with counterpressure are defined as de- 
vices able to control, during sterilization, the pressure of the 
moist sterilizing medium independently of its temperature. 
Conventional pure saturated steam autoclaves do not belong to 
this category. The temperature of the pure saturated steam 
present in the chamber in fact automatically generates a spe- 
cific pressure that cannot be modified without modifying the 
temperature as well. If the temperature of the steam is 121°, its 
pressure is unavoidably 2.05 bar abs and vice versa, assuming 
no trapped air. 

For many kinds of load it is necessary or convenient to use 
an autoclave operating with counterpressure. To understand 
this need, let us see what happens in a conventional autoclave 
during the sterilization of a rigid container partially filled with 
an aqueous solution and closed tight. For the sake of simplicity, 
let us assume that the container is filled with pure water. 

A glass bottle is filled partially in standard conditions: 20° 
and 1.013 bar; the bottle is closed with a rubber stopper and 
aluminum seal. In the head space there is a total pressure of 
1.013 bar, which is actually the sum of two factors: a partial 
water-vapor pressure which corresponds to the vapor pressure 
of water at 20°, ie, 0.025 bar, and a partial air pressure of 0.988 
bar. 


When the bottle is subjected to the sterilization phase at 
121°, these two factors change as follows: 


Initial Sterilization 

Condition Condition 
Partial water-vapor pressure 0.025 = 2.050 bar (1) 
Partial air pressure 0.988 = 1.330 bar (2) 
Total pressure in head space 1.013 a 3.380 bar abs 


Value 1, 2.050 bar, is obviously the pressure of water vapor at 
121° and corresponds to the pressure that occurs in the auto- 
clave chamber. Value 2, 1.330 bar, is a theoretical value that is 
calculated by applying the law of perfect gases to air: 


121 + 273 


0.988 x 304273 7 1.330 


Therefore, the total pressure of 3.380 bar abs is also a theoret- 
ical value. 

There are some reports that demonstrate that the practical 
value is slightly higher than the theoretical one and largely 
depends on the ratio between the head space and the volume of 
the filling solution. The practical pressure of the head volume 
is, on average, higher at 121° by approximately 1.40 bar, with 
respect to the pressure in the chamber. This is caused by two 
mechanisms: 


The thermal expansion of water is significantly greater than 
that of glass and increases very rapidly as the temperature 
rises. The specific volumes of water at the temperatures we are 
interested in are in fact 


Temperature ° Specific Volume mL/g 


0 1.0002 

4 1.0000 (maximum density) 
20 1.0017 
120 1.0606 


In passing from 20° to 121°, water increases its volume by 
approximately 6% according to the following ratio: 


This fact must be considered carefully by those who tend to 
reduce or eliminate the head space in containers and then are 
surprised to find that such containers explode or warp during 
sterilization. 

Solutions (especially if filtered under gas pressure) contain con- 
siderable amounts of dissolved gases that leave the liquid phase 
as the temperature rises. 


The overpressure of approximately 1.40 bar that occurs in 
the bottle naturally generates a force of approximately 1.4 kg 
per cm?” of internal surface of the bottle. A rubber stopper with 
a diameter of 24 mm is subjected to an expulsion force of 
approximately 6.3 kg. 

These conditions therefore prevent or advise against the use 
of a pure saturated steam autoclave to sterilize solutions con- 
tained in a wide variety of containers. For example, 


Large-Volume Parenterals (LVP) in glass containers 
Small-Volume Parenterals (SVP) in glass vials with rubber stopper 
LVP or SVP in plastic containers (flexible, semirigid, or rigid plastic) 
Prefilled syringes 

Jars or similar containers with press-on or screw on closures 
Blisters containing various materials, such as disposable contact 
lenses 


Two counterpressure methods currently in use are 


e Superheated water spray method (water cascade process) 
e Air overstream method (steam plus air method) 


SUPERHEATED WATER SPRAY AUTOCLAVES 


A typical functional diagram of this autoclave is shown in the 
Figure 40-5. Obviously, different solutions are also possible 
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Figure 40-5. Superheated water-spray autoclave: simplified piping and instrumentation diagram (courtesy, Fedegari Autoclavi). 


which, however, do not change the essence of the method. The 
chamber generally has a circular cross-section (with quadran- 
gular door(s) inscribed in the circumference) and has a single 
wall. 

At the beginning of the program, after the goods have been 
loaded, the lower circular sector is filled with purified water. 
The air contained in the chamber is not removed. The water, 
drawn by a sanitary-type pump, circulates in a heat exchanger 
(plate or other sanitary type), which is indirectly heated in 
countercurrent with industrial steam. The water returns then 
into the upper part of the chamber and is distributed to the load 
by a system of solid-cone spray nozzles. The uniform redistri- 
bution of the water on the lower layers of the load is ensured by 
appropriate perforated racks that support the load. Side spray 
bars sometimes are used, even if their actual usefulness is not 
demonstrated. 

The heating of the circulation water, and therefore of the 
load, is gradual but quite fast; for example, the temperature of 
121° is reached in approximately 20 to 30 min inside 500-mL 
containers, mainly dependent on the solution and the material 
and shape of the containers. 

The sterilization phase lasts 15 to 20 min, and temperature 
uniformity (in time and space) is excellent: it is well within the 
quite narrow limits required by FDA for LVP sterilization, 
+0.5°. This allows very small Fy dispersions, and therefore 
minimum sterilization times. 

The cooling phase is performed while the circulation water, 
now sterile, continues to circulate. However, cold tap water 
now flows in the plates of the exchanger, where steam was 
flowing earlier. In less than 15 min, the temperature inside the 
500-mL containers drops to approximately 70°, which is also 
the ideal temperature for obtaining a rapid and spontaneous 
drying of the load removed from the autoclave. 

During all the phases of the process, an appropriate sterile 
air counterpressure is maintained inside the chamber to coun- 
terbalance the overpressure in the bottles. 

There are various methods for controlling this counterpres- 
sure in each phase. With computerized management, it is even 


possible to generate a total pressure (steam plus air) inside the 
chamber that is correlated, in each phase, to the average of the 
internal temperatures of two or more witness containers. 

The load suffers no thermal or pressure shock and the 
differential pressure between containers and chamber can be 
eliminated or maintained in a direction convenient, in each 
phase, for the particular type of load. Even highly deformable 
products (semirigid plastic containers or plastic-aluminum 
blisters) or products that are particularly sensitive to differen- 
tial pressures (eg, prefilled syringes) can be treated (from 60° to 
127°) without problems. 

The autoclaves are obviously highly specialized machines, 
and as such they have some limitations in application: 


e It is illogical to attempt to dry the load inside the autoclave by 
putting the chamber in vacuum or by circulating warm air. 

e In the case of materials with concavities directed upward, these 
concavities will be filled with water at the end of the program: the 
most obvious solution is to load these materials upside down. 

e When PVC bags are sterilized, the phenomenon of blushing—the 
whitening of the PVC due to water absorption— usually occurs. The 
intensity of this phenomenon and the time required for its disap- 
pearance depend on the type of PVC and of plasticizer employed. 
Blushing does not occur with rigid or semirigid plastic or with 
polylaminate plastics; it also is reduced considerably with PVC 
containing special plasticizers. 


AIR OVER STEAM AUTOCLAVES 


A typical functional diagram of this type of autoclave is shown 
in Figure 40-6. Alternatives are also possible in this case. The 
most important one is the use of horizontal fans placed on a 
side of the chamber. As in the previous case, the chamber has 
a circular cross-section (with a quadrangular door or doors 
inscribed in the circumference) and has a single wall. 

There are two reasons for choosing a circular cross-section 
for autoclaves operating in counterpressure. 


1. These autoclaves operate at significantly higher pressures than 
conventional pure saturated steam autoclaves, and generally are 
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Figure 40-6. Air over steam autoclave: simplified piping and instrumentation diagram (courtesy, Fedegari Autoclavi). 


not put in vacuum. It is well known that a cylindrical structure 
withstands internal pressure much better than a quadrangular one. 

2. The circular sectors of the chamber that are not occupied by the 
load are used to place elements required for the operation of these 
autoclaves. 


The air is not removed initially from the chamber. The 
steam enters directly into the chamber through a sparger lo- 
cated in the chamber’s lower portion. The partial air pressure 
of the mixture can be adjusted during the entire process, sim- 
ilarly to what occurs for the previously described superheated 
water spray autoclaves. 

The fan(s) placed against the ceiling of the chamber and 
the flow deflectors have the purpose of homogenizing the 
steam plus air mixture that forms inside the chamber. The 
task of these fans is very important and demanding. In fact, 
for equal pressure and temperature conditions, the air is 
approximately 1.6 times denser than the steam (one only has 
to consider their respective molecular weights) and would 
tend to stratify on the bottom, producing intolerable temper- 
ature gradients. 

The cooling phase consists of feeding air into the chamber 
(to condense and replace all the steam that is present) while 
maintaining the same sterilization pressure or possibly in- 
creasing it. Cold tap water then is fed into the heat exchangers, 
which are constituted by batteries of hollow plates located in 
the two circular sectors of the sides of the chamber (only one 
plate is shown in the diagram for the sake of simplicity). A tube 
heat exchanger can be used as an alternative. The load is thus 
cooled while constantly maintaining a controlled pressure in- 
side the chamber. 

However, this cooling comprises two solid-gas heat ex- 
changes (plates — air; air — load) that, as is known, have a 
very poor efficiency. An attempt is made to improve this ex- 
change by increasing the pressure of the air in the chamber 
(within the limits allowed by the product and the autoclave) so 
as to increase its density and therefore its heat-exchange ca- 


pacity. The fans obviously continue to run during the cooling 
phase. 

Despite these refinements, the cooling phase is definitely 
longer than the same phase in superheated water spray 
autoclaves. 

A critical mechanical aspect of these autoclaves is the tight- 
ness of the fan shaft. This aspect can be solved completely by 
using magnetic-drive fans. 

With steam plus air mixture autoclaves, the blushing of 
PVC bags is less intense than with water spray autoclaves and 
generally affects essentially the regions where the bag rests on 
the supporting racks. 

Table 40-1 compares the characteristics of the two kinds of 
counter pressure autoclaves. 


Dry Heat Treatments. 


ee ae we 


STERILIZATION AND DEPYROGENATION 


Dry heat treatments have two targets: microorganisms and 
their by-products. The aim of sterilization is to destroy the 
ability of microorganisms to survive and multiply. Depyroge- 
nation seeks to destroy the chemical activity of the by-products: 
pyrogens or endotoxins (these terms do not mean exactly the 
same thing, but we will consider them to be synonymous for the 
sake of simplicity). 

Both processes consist of an oxidation that is almost a 
combustion. However, the temperatures required to achieve 
depyrogenation are distinctly higher than those needed to ob- 
tain sterilization. We can summarize the situation as follows: 


e If an effective dry heat depyrogenation is performed, sterilization 
generally is achieved as well. 

e Effective dry heat sterilization can be performed even without 
achieving depyrogenation. 


Table 40-1. Counter Pressure Autoclave Comparison 


CRITICAL COMPARISON 


WATER SPRAY (WS) AUTOCLAVES 
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AIR OVER STEAM (AS) AUTOCLAVES 


Temperature uniformity in time 

Temperature uniformity in space 

Total pressure uniformity in time 

Counterpressure management flexibility 

Consumption of high microbiological 
quality water 

Consumption of tap water for cooling 

Consumption of compressed air 

Consumption of industrial steam 

Consumption of ultraclean steam 

Condensate recovery 

Cooling water recovery 

Autoclave price 

Total process duration 

Autoclave productivity/price 

Operating principle 

Mechanical construction 

Qualification/validation 

Operating flexibility according to type of 
load 


Very good easily in +0.5° limits 
Very good requested by FDA for LVP 
Very good 

Excellent 


Yes, modest, for initial filling 


Yes, acceptable 
Yes, acceptable 
Yes, acceptable 
No 
Possible and easy 
Possible, recovered water is initially very hot 
Acceptable 
Short 
High 
Very simple and straightforward 
Simple 
Normal 
Suitable for any kind of container with the 
following remarks: 
e@ Upward concavities collect water 
@ Product is unloaded wet 
@ PVC bags can produce blushing 


Very good } easily in +0.5° limits 
Very good requested by FDA for LVP 
Very good 

Excellent 

No 


Yes, approx. 3 times higher than WAS 
Yes, acceptable 
No 
Yes, acceptable 
Not possible 
Possible, recovered water is initially very hot 
Approx. 1.1 times higher than WS 
Approx. 1.3 times higher than WS 
Approx. 70% of WS 
More complicated than WS 
More complicated than WS 
Normal 
Suitable for any kind of container: 
@ Upward concavities collect condensate 
only 
@ Other kinds of container can be 
unloaded slightly damp 


phenomena 


Possibility of combination with pure 
saturated steam processes 


Strongly discouraged: it is complex and 
expensive and complicates validation 


@ Blushing phenomena of PVC bags are 
limited 
Very frequent, but moderately expensive 


e If moist heat sterilization is performed, in normal operating condi- 
tions depyrogenation is not achieved. 


The kinetics of dry heat treatments are not substantially dif- 
ferent from those of moist heat sterilization. The values of the 
algorithms Ff’, and F, (analogous to F’)) and those of the pa- 
rameters D and z, however, are different not only from those of 
moist heat sterilization but also from each other. Furthermore, 
the two dry heat treatments are verified biologically with dif- 
ferent biochallenges. Accordingly, the two dry heat treatments 
require different validation approaches. 

The materials subjected to dry heat treatments naturally 
must be heat-stable: the most common are glass containers for 
parenterals. Elastomeric compounds generally are unable to 
tolerate these treatments. 

The literature generally mentions the following operating 
conditions: 


Sterilization: 160°—120 to 180 min 
170°—90 to 120 min 
180°—45 to 60 min 

Depyrogenation: 230°—60 to 90 min 


250°—30 to 60 min 


However, the current trend is toward using treatments at 
higher temperatures than those listed. 

The sections that follow describe the most common types of 
equipment used to perform the above processes. The following 
general remarks should be made regarding this equipment: 


If the load (bottles/vials/ampuls made of glass or other mate- 
rials) is wet when it is introduced, a large part of the energy 
required by the process is used initially to evaporate the water 
that wets the load, and the process accordingly takes more time. 

The equipment uses large amounts of air, which generally is 
recirculated partially and must be filtered in HEPA filters to 
have, in the critical regions of the equipment, the Class 100 
environment that is indispensable to obtain a load that is not 
only sterile and depyrogenated but also has extremely low par- 
ticulate contamination. This is relatively easy to achieve in the 
sterilization phases (or regions) in which the thermal situation 
of the filters is stable. It is much less easy to achieve in the 
heating/cooling phases (or regions), because the changes in tem- 
perature entail expansions/contractions of the filters, with con- 
sequent release of particles. 


DRY HEAT BATCH STERILIZERS _ 


=The forced-convection batch sterilizer is a type of dry heat unit 


widely used in the industry. It uses the principle of convective 
heat transfer to heat the load. Figure 40-7 is a schematic 
diagram of a modern unit. It shows a two-door sterilizer in 
which the unloading door leads to the sterile area. The two 
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Figure 40-7. Dry heat batch sterilizer: simplified diagram (courtesy, 
Fedegari Autoclavi). 
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doors are, of course, parallel to the plane of the drawing and are 
hinged vertically. 

The pressure inside the chamber must be controlled contin- 
uously so that it is slightly higher than the pressure in the 
loading area (nonsterile) and slightly lower than the pressure 
in the unloading area (sterile). 

The unit is made entirely of stainless steel; particular care 
must be taken in selecting the insulating materials and in the 
methods for applying them. It is important also to avoid the 
forming of so-called thermal bridges; these allow dissipation, 
and thus excessive external temperatures of the sterilizer and 
cold spots in the chamber. 

The main features shown in the sketch are 


Air-circulation fan 
Water-cooled battery (for the cooling phase) 
Circulation HEPA filters 
Launch/recovery bulkheads 
Trolley and load 
Discharge duct 
HEPA filter on the discharge duct to prevent back-flow contami- 
nation 
8. Variable-speed fan for chamber pressurization (proportionally 
controlled) 
9. Prefilter and HEPA filter on the chamber pressurization loop 
10. Electric heater (proportionally controlled) 
11. Four flexible Pt100 4-wire RTDs 
12. Main control Pt100 4-wire RTD 
13. Pressure transducer 
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DRY HEAT TUNNELS| 


The drying, sterilizing/depyrogenation, and cooling tunnel is 
the only continuous sterilizing apparatus widely used in the 
pharmaceutical industry (apart from filters). It basically con- 
sists of a horizontally rotating transport belt made of a stain- 
less-steel mesh (some devices must be provided to confine the 
product on the transport belt without particulate generating 
friction), installed in a thermally insulated tunnel that directly 


connects an upstream cleaning machine to the downstream 
sterile area or to isolated devices. 

Inside the tunnel, the product (most frequently glass vials) 
is dried; heat-treated either by radiant heat or, as more usual 
today, by hot air; and finally cooled. In both cases the internal 
part of the tunnel must be pressurized dynamically by venti- 
lation at an intermediate pressure level between the down- 
stream system and the loading room. From a process point of 
view, higher temperature and shorter exposure time are used 
than in batch sterilizers. During the last 10 years the practice 
has changed from 20 min at 280° to 3 or 4 min at 300° or more. 
Because a minimum safety margin is required for the duration 
of exposure, and glass of most types becomes more difficult to 
handle above 320° and more fragile after such a treatment, it is 
likely that the trend toward higher temperature values has 
reached its practical limit. 

In infrared (IR) radiant heat tunnels, heat is supplied by 
resistance-in-glass heaters located above and below the trans- 
port belt; prefiltered and HEPA-filtered air is fed into the 
cooling zone mainly for pressurizing and cooling. This air, a 
countercurrent slowly flowing through the entire tunnel, has 
also an important drying and preheating effect of the load in 
the infeed zone. Figure 40-8 schematically represents an IR 
tunnel: even if this type of apparatus is no longer widely used, 
the basic concepts have not been modified in the hot-air lami- 
nar flow tunnel, but airflow patterns are a little more complex. 

Hot-air laminar flow (LF) tunnels do not radiate heat di- 
rectly to the product, but rather heating is provided by circu- 
lation of hot filtered air forced onto the product. A circulation 
fan withdraws the air; it leaves the product through heating 
bars below the transport belt and is fed again to the inside of 
the tunnel through HEPA filters suitable for operating at high 
temperature. Airtightness of the coupling of HEPA filters with 
tunnel framework is of utmost importance from the point of 
view of particulate contamination. It must cope with the strong 
thermal expansion of different materials. Some makeup air is 
required in the heating zone, and the total number of installed 
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Figure 40-8. Dry heat tunnel: simplified diagram (courtesy, Fedegari Autoclavi). 


fans may be as high as five or even six if an additional extrac- 
tion below tunnel outfeed is required in case of high pressure in 
the sterile room. 

Despite the complexity of its airflow, the LF tunnel has the 
main advantage of quicker heating and consequent shorter 
process time. This results in reduced size compared with the IR 
tunnel, because the belt speed cannot be reduced below a cer- 
tain value. As the name itself declares, the air speed in the LF 
tunnel is kept around 0.5 m/sec (1.5 ft/sec), aiming to avoid 
particulate contamination. 

The comparison between continuous tunnel and batch oven 
is favorable to the continuous tunnel from the point of view of 
handling the product. No batch work is needed after the un- 
packing of the components and loading of them into the clean- 
ing machine until the final removal of the packaged product 
from the line after the filling and the following operations. This 
can be very important in the case of large-scale production. 

The batch oven provides a much easier isolation of the 
sterile area. In the case of continuous tunnel, there must be a 
steady flow of air through the open connection from the sterile 
area to the tunnel. The pressure difference between the two 
systems must be such that the sterile area always is kept at a 
higher pressure level than the tunnel. Too big a difference 
would result in an excessive escape of air to the tunnel, both 
reducing the pressure in the sterile area and disturbing the 
laminar airflow and the temperature profile inside the tunnel. 

Experience has proved that these problems can be solved 
satisfactorily only if the design of the air-conditioning system of 
the sterile area is developed from the very beginning, keeping 
in mind the foreseen installation of a specified tunnel. 

Baffle systems also aid in maintaining pressure differentials 
between the aseptic-processing area and the sterilizing tunnel. 


Chemical “Cold” Sterilization 


Many products do not tolerate the sterilization conditions of 
moist-heat or dry heat processes. In such cases it is possible to 
resort to cold or at least low-temperature sterilization methods 
performed with chemical means, by gases or vapors. The con- 
tinuously increasing use of plastic disposable products or com- 
ponents for medical treatments has been made possible by the 
development of reliable cold sterilization processes. 

A variety of gases and vapors have shown germicidal prop- 
erties: chlorine dioxide, ethylene oxide, propylene oxide, form- 
aldehyde, betapropiolactone, ozone, hydrogen peroxide, perace- 
tic acid, etc. Ethylene oxide (EtO) is currently in widespread 
use for medical product sterilization. However, EtO has been 
shown to have detrimental effects on the environment; thus, 
other agents are being developed on a commercial scale, with 
the intent to reduce the use of EtO. Vaporized hydrogen per- 
oxide and hydrogen peroxide/steam mixtures are being used to 
sterilize a variety of materials and work surfaces. Chlorine 
dioxide recently has become available for these applications. 


ETHYLENE OXIDE 


The sterilizing action of EtO is based on an alkylation reaction: 
it is, accordingly, a truly chemical action rather than a physical 
one. This chemical reaction must be activated by the presence 
of water vapor (approximately 60% of RH or relative humidity) 
and is increased by temperature and EtO concentration. 

The process temperature is limited by the characteristics of 
the product. Generally, it is between 40° and 60°, but it must be 
remembered that the reaction rate increases by approximately 
2.5 times for each 10° increase in temperature. The normally 
used EtO concentrations range between 400 and 1200 mg/L. It 
has in fact been demonstrated that beyond 1200 mg/L the 
consequent increase in the reaction rate is no longer economi- 
cally convenient. 
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The EtO must make direct contact with the microorganism 
for the microbe to be inactivated. Any packagings that contain 
the object to be sterilized must therefore be permeable to air, 
EtO, and any dilution gases (as discussed later). Generally, it is 
not possible to use EtO to sterilize liquids, solutions, or emul- 
sions. Powders, too, are difficult to treat unless microbial con- 
tamination is only on the outside of the granules. 

Fortunately, EtO, air, and dilution gases easily penetrate 
most of the plastic and paper barriers used for the packaging of 
medical products. However, the good penetrating properties of 
EtO are also a disadvantage, because large amounts of it are 
absorbed by plastic or rubber materials. Products sterilized on 
an industrial scale using EtO normally require about 14 days of 
quarantine to spontaneously eliminate absorbed EtO residuals. 
This time can be reduced by using forced desorption methods. 
Sterilized goods must be monitored for toxic EtO residual, 
ethylene glycol, and ethylene chlorhydrin breakdown products 
of EtO. 

EtO in standard room conditions is a vapor (indeed, its 
boiling point is about 11° at atmospheric pressure). It is color- 
less, heavier than air, and has an ether-like odor. Its formula is 


CH=CH, 
om 


The presence of the oxygen bridge, which can be opened easily, 
explains its reactivity and its sterilizing action, as well as its 
tendency to polymerize. 

Unfortunately, EtO has several drawbacks: it is toxic, car- 
cinogenic, teratogenic, inflammable, and explosive when mixed 
with more than 3% air by volume. These characteristics make 
the use of EtO highly controversial, and many countries have 
issued regulations or requirements for its use as a sterilizing 
agent. 

EtO often is used in a mixture with dilution gases, with 
weight ratios of 85 to 90% of diluent. The diluent gas most often 
used is CO,; use of Freon is shrinking, due to the well-known 
international restrictions to its use; N. is beginning to be used 
quite often. These mixtures are considered nonflammable and 
nonexplosive, and many countries consider them mandatory 
for use in industrial autoclaves. These countries allow the use 
of pure EtO in small, individual, single-use cylinders only for 
small autoclaves (100 to 200 L). Ifa 10 to 12% mixture of EtO 
in CO, is used to obtain an acceptable EtO concentration (at 
least 500 mg/L), it is necessary to work at 3 to 4 absolute bar. 
Accordingly, one must use an autoclave that can withstand 
relatively high pressures; these autoclaves are expensive, and 
the duration of the sterilization process is rather long because 
of EtO concentration is rather low. 

Other countries accept the use (including industrial use) of 
pure EtO or of inflammable/explosive mixtures with a low 
percentage of dilution gas (the presence of the dilution gas 
generally is ascribed to a reduction in the tendency of pure EtO 
to polymerize). In such circumstances one can operate at less 
than atmospheric pressures and still reach high EtO concen- 
trations that shorten the sterilization time. Thus, it is not 
necessary to use true autoclaves, but merely sterilizers capable 
of tolerating the very hard vacuum required for the initial 
elimination of the air from the chamber and from the load and 
for the final extraction of the EtO. Obviously, in these circum- 
stances the use of plants constructed with explosion-proof cri- 
teria cannot be avoided. 

The P/T/t diagrams of EtO sterilization are therefore differ- 
ent, depending on whether one or the other of the above de- 
scribed principles is used. A typical diagram of an overpressure 
sterilization with a mixture using 10% EtO and 90% CO, is 
shown in Figure 40-9. These are the steps: 


Load and/or chamber heating 
Vacuum 

Vacuum hold for leak test 
Humidification by steam injection 
Penetration of humidity in the load 
Loading of EtO mixture 
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Figure 40-9. EtO sterilization pressure-time diagram: overpressure and subatmospheric pressure (courtesy, Fedegari Autoclavi). 
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A typical diagram of a subatmospheric sterilization with a 
mixture using 85% EtO and 15% CO, is shown equally in 
Figure 40-9. One can see clearly that the phases are substan- 
tially the same as in Figure 40-8; the changes are the steril- 
ization pressure, the EtO concentration, and therefore the du- 
ration of the sterilization phase. 

In performing industrial sterilizations, which accordingly 
involve large loads, the load is heated and humidified before 
placing it in the sterilizer, in adequately conditioned rooms. 
Thus, the heating/humidification phases described above in the 
diagrams of Figures 40-8 and 40-9 are reduced drastically. 

The layout of an industrial EtO sterilization plant is shown 
in Figure 40-10. Some remarks should be made regarding some 
of the items of this layout. This unit contains 
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e The EtO or EtO-mixture cylinders. STERILIZATION AREA 

e The automatic devices that connect/disconnect the various cylinders 
to and from the sterilizer; disconnection of a cylinder (especially for 
mixture cylinders) often is controlled by its weight reduction, which 
must accordingly be checked individually. 

e The heat exchanger that must provide the vaporization calories to 
the liquid EtO mixture. 

e The pressure reduction unit that brings the liquid EtO mixture to 
the vapor state. 

e Any cylinders of N,, which is used in the most advanced plants to 
wash, after each process, the pipes that have carried EtO. 
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The EtO that is produced in the desorption chamber is at a 
very low concentration and it is generally too expensive to 
eliminate it with a catalytic burner. It is preferred to absorb it 


on activated-charcoal columns through which the air of the — LOAD FLOW — > £EtO/EXHAUST FLOWS 
desorption chamber is recirculated. 
Obviously, the EtO discharged by the sterilizer (and possi- Figure 40-10. Flow diagram of an EtO sterilization industrial plant 


bly the EtO arriving from the desorption chamber) must not be (courtesy, Fedegari Autoclavi). 


discharged into the atmosphere. Catalytic burners generally 
are used today: they convert the EtO into CO, + H,O. These 
burners must be highly efficient, and their efficiency must be 
checked systematically, because the laws enforced in the vari- 
ous countries are generally very strict as to the limits of resid- 
ual EtO. The asterisks (*) in Figure 40-10 indicate points where 
continuous monitoring of EtO concentration must be provided. 
EtO sterilizers generally are made of stainless steel, al- 
though there also are machines made of carbon steel coated 
with epoxy paints. The chamber generally is jacketed in order 
to circulate thermostat-controlled warm water to maintain the 
sterilization temperature. Use of water vapor for the same 
purpose is fading because of the difficulties in using this 
method when the temperature must be kept below 100°. 
Process sensors are more numerous than in heat sterilizers, 
because there are essentially four sterilization parameters: 


EtO concentration 
Temperature 

Humidity or relative humidity 
Time 


The EtO concentration generally is monitored by the pres- 
sure rise that occurs in the chamber when the EtO mixture is 
introduced; a pressure transducer is therefore used as a sensor. 

Many guidelines require, in addition to the pressure rise, a 
second monitoring method that can be chosen among the 
following: 

1. Weight difference of gas cylinder 
2. Volume of gas delivered 
3. Sampling from the sterilizer chamber and analysis 


When EtO mixtures are used, Methods 1 and 2, like the 
pressure rise method, assume confidence in the concentration 
of EtO that is present in the mixture and that reaches the 
sterilizer. 

Method 3 is certainly more reliable, but it also is more 
difficult to apply. Infrared spectrometry or gas chromatography 
methods generally are used for analysis; these methods can be 
continuous and allow the simultaneous determination of the 
relative humidity. 


Hydrogen Peroxide 
Gas Concentration (mg/liter) 
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Temperature generally is monitored by temperature sen- 
sors located in the chamber; these may be placed inside the 
load as well. The relative humidity generally is monitored on 
the basis of the temperature and of the pressure rise of the 
steam injection of the humidification phase. This method obvi- 
ously is not very reliable, and many guidelines recommend also 
to use a sensor that can determine the relative humidity. Un- 
fortunately, sensors of this kind are generally “poisoned” by the 
EtO and become unreliable after a few cycles. The solution 
often used is to keep the sensor inside the chamber during the 
humidification phases, removing it before introducing the EtO 
in the chamber. 

Finally, it is evident that if the load is preconditioned, 
the preconditioning temperature/humidity/time also must be 
monitored. 


HYDROGEN PEROXIDE 


Hydrogen peroxide (HP), chemically H,O., is normally a liquid 
at room temperature. However, it can be vaporized and the 
resultant gas is an effective sterilant for certain packaged 
materials and for equipment and enclosures used in processing 
sterile materials. The most frequent and successful use of HP 
as a sterilant is for isolators (also known as barriers, locally 
controlled environments, etc). These units are very sophisti- 
cated versions of their ancestors, the glove boxes used to isolate 
processes in the past. 

Isolators now are used widely for sterility testing, transport- 
ing sterilized goods from moist and dry heat units to sterile 
areas or processing isolators, and processing of supplies. HP 
also is being used to sterilize more sophisticated processing 
equipment, such as freeze dryers and filling lines, and even 
may be used to sterilized small clean rooms. High humidity can 
inhibit the effectiveness of vaporized HP and must therefore be 
controlled during the exposure of the gas. Figure 40-11 repre- 
sents a typical vaporized HP cycle. 

Although HP is broken down readily to water and oxygen, 
the effluent gas can represent a safety hazard at higher levels. 
Just as with EtO, catalytic converters are used to ensure that 
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Figure 40-11. A typical vaporized HP cycle (courtesy, Am Sterilizer/Finn Aqua). 
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all materials are rendered safe before they are released to the 
atmosphere. Figure 40-12 represents a typical installation us- 
ing vaporized HP to sterilize a freeze dryer and condenser 
system. VHP DV1000 is a model manufactured by Am Steril- 
izer/Finn Aqua, which holds many of the patents on the use of 
this technology. 

Systems for larger applications may require fans to aid in 
uniformly distributing the vaporized HP. In addition, auxiliary 
air systems may be added to reduce the time required to dehu- 
midify at the beginning of the cycle and to aerate the load at the 
end of the cycle. Figure 40-13 shows a transfer isolator con- 
nected to a sterilizer and a vaporized HP generator. This par- 
ticular unit also has a protective half-suit to allow full access to 
the large internal area. These units allow the unloading of the 
sterilizer directly into a sterilized isolator. The isolator ex- 
cludes direct human intervention, which greatly reduces the 
potential for microbial contamination. 

A typical freeze-dryer sterilization involves several vacuum 
pulses during which the temperature is brought to 40° to 60° 
and the humidity is reduced (dry phase). A vacuum hold cycle 
is run to check for leaks and the temperature is reduced to 
about 25° for the sterilization cycle. The sterilant is introduced 
and is monitored and controlled by weight using an electronic 
balance. Filtered air is pulsed with sterilant to push the vapors 
into any deadlegs and to compress the vapors, thus increasing 
the concentration. Finally, the vacuum is pulsed again to aer- 
ate the chamber, and the residual vapor is verified to be below 
acceptable levels before proceeding to the processing cycle.'! 


HYDROGEN PEROXIDE PLUS STEAM 


For certain applications, one can combine moist heat and hy- 
drogen peroxide methods. The combination can produce some 
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Figure 40-12. A typical installation using vaporized HP to sterilize a 
freeze dryer and condenser (courtesy, Am Sterilizer/Finn Aqua). 


Figure 40-13. A transfer isolator connected to a sterilizer and a 
vaporized HP generator (courtesy, Am Sterilizer/Finn Aqua). 


effects that may be more desirable than either of the tech- 
niques run separately. Cycles can be as effective in shorter 
times and may improve the removal of residual peroxide. The 
system must be able to withstand exposure to steam at atmo- 
spheric pressure. The air-handling equipment can be moved 
outside the processing area, which simplifies the system and 
minimizes any mechanically generated particles, because the 
air, steam, and peroxide are introduced through the same type 
of HEPA filters used for laminar-flow hoods.!”!? 
The process is basically as follows: 


The process area is raised to about 80° by introducing dry 
heated air through the HEPA filters. The steam is introduced 
and surfaces are raised to about 100°. During the steam cycle, 
hydrogen peroxide is introduced and is carried with the steam. 
When the cycle has been completed, the steam and peroxide are 
stopped and the dry heated air is started again. This aids in 
removal of residual condensate and helps break down the per- 
oxide to water and oxygen. After sufficient heat has been intro- 
duced to dry and remove residuals, cool air is introduced to 
bring the unit to the desired operating temperature. 

Because the hydrogen peroxide is mixed intimately with the 
steam, temperature can be used to monitor the progression of 
the cycle. However, the heated portions of the cycle must be 
validated using biological indicators and residual peroxide mea- 
surements, to ensure their effectiveness in sterilizing and re- 
moving residuals to a safe level. Figure 40-14 diagrams a cycle 
using steam and hydrogen peroxide to sterilize as a filler in an 
isolator. 
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Figure 40-14. A steam/hydrogen peroxide cycle (courtesy, TL Sys- 
tems and Despatch Industries). 


Figure 40-15 is included to show the synergistic effects of 
steam and hydrogen peroxide in some sterilization cycles. The 
challenge organism was Bacillus stearothermophilus, which 
typically is used to validate steam cycles. It should be noted that 
the kill rate was not only considerably faster, but was accom- 
plished using atmospheric steam. This means that instead of 
121° the equipment was only subjected to 100° and was exposed 
for 15 min less to achieve the same reduction in microorganism 
count. 


CHLORINE DIOXIDE (CD) 


The compound chlorine dioxide (CD) was discovered in 1811. It 
is a greenish-yellow gas with the common name euchlorine. It 
is a single electron transfer—oxidizing agent that has a chlo- 
rine-like odor. CD has been recognized since the beginning of 
the 20th century for its disinfecting properties. CD possesses 
the bactericidal, virucidal, and sporicidal properties of chlorine, 
but unlike chlorine, does not lead to the formation of triha- 
lomethanes or react with ammonia to form chlorinated organic 
products (chloramines). These properties have led to the wide- 
spread use of CD in the treatment of drinking water. Despite 
numerous applications for CD in aqueous systems, only re- 
cently have the sterilizing properties of gaseous CD been 
demonstrated. 

CD has been shown to have low toxicity in humans and is 
nonmutagenic and noncarcinogenic; it is not an ozone-deplet- 
ing chemical. Used at comparatively low concentrations and at 
subatmospheric pressure, gaseous CD sterilization lacks many 
of the hazards associated with EtO, and it has been suggested 
as an attractive potential replacement.'*’? Gaseous CD does 
not require expensive damage-limiting construction and is cost- 
competitive with EtO. Capability for spectrophotometric in- 
chamber measurement of gas concentration makes the process 
amenable for the validation of parametric release. 

CD gas cannot be compressed and stored in high-pressure 
cylinders, but is generated upon demand using a column-based 
solid phase generation system. The chemical reaction used for 
CD generation is based upon the reaction of solid flaked sodium 
chlorite with dilute chlorine gas: 


2NaClO, + Cl, > 2Cl0, + 2NaCl 


A block diagram for a CD gas sterilization system is shown 
in Figure 40-16. The output of the primary generation column 
is monitored spectrophotometrically, as is the gas concentra- 
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Figure 40-15. Comparison of steam under pressure with hydrogen 
peroxide/atmospheric steam mixture (courtesy, TL Systems and Des- 
patch Industries). 
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Figure 40-16. Block diagram of a gaseous CD sterilization unit. 


tion within the chamber. The scrubber system uses a sodium 
thiosulfate solution to chemically convert the CD to sodium 
sulfate. The scrubber system is highly efficient; therefore, the 
effluent released into the atmosphere is mainly process N, and 
air with the CD component reduced to low ppm levels. A typical 
gaseous CD sterilization process is quite similar to that used 
with EtO and has these steps: 


1. Initial vacuum to remove air from the chamber and load. 

2. Moisture conditioning at 70 to 85% relative humidity for 30 to 60 
min. 

3. CD gas injection: 10 to 30 mg/L. 

4. Air or Nz injection to attain a constant subatmospheric pressure, 
generally 80 kP.. 

5. CD gas exposure, generally 60 min. 

6. Chamber and load aeration by evacuation and air replacement, 
tailored to load materials and density. 


The temperature of the process in a sterilizer application is 
30 to 32°; for isolation systems, it is at ambient temperature. 

Feasibility studies on the application of gaseous CD for 
medical sterilization were performed with over-wrapped foil 
suture packages.'° The studies focused on the effect of gas 
concentration on the rate of inactivation of paper-strip biolog- 
ical indicators (BIs). The results of these studies are shown in 
Table 40-2. As with other gaseous sterilants, as the CD con- 
centration increases, the time it takes to attain all sterile BIs 
becomes progressively shorter. 

More detailed CD sterilization process development and 
validation studies were performed using polymethylmethacry- 
late (PMMA) intraocular lenses as the test system. A diagram 
of the sterilization process used for these studies is shown in 
Figure 40-17. The following results were obtained after 30 
minutes of gas exposure at 30 mg/L (half cycle): 


Packages/Load Fraction Nonsterile 
800 0/8, 0/8 
1600 0/16, 0/16 
25 0/25, 0/25 


As can be seen, all of the B subtilis BTs were sterilized and 
varying the load size had no discernible effect upon process 


Table 40-2. Effect of CD Gas Concentration on the Rate 
of Inactivation of 10° B subtilis Spores on Paper Strips 
Within a Load of Overwrapped Foil Suture Packages® 


FRACTION NONSTERILE? 


EXPOSURE PHASE TIME (min) 10 mg/L 20 mg/L 40 mg/L 
0 NT 20/20 19/20 
iS NT 19/20 1/20 
30 20/20 4/20 0/20 
60 9/20 0/60 0/20 
90 3/60 NT NT 
180 0/20 NT NT 
240 0/20 0/20 NT 


? The paper spore strips were placed next to the foil suture package and then 
overwrapped with Tyvek/Mylar. Sterilization exposures were performed at 
B0 tos2e 

® NT = not tested. 
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Figure 40-17. Pressure excursion diagram of a typical gaseous CD 
sterilization process. (1) Initial vacuum; (2) Moisture conditioning; 
(3) CD gas injection; (4) N, or air injection; (5) CD gas exposure 
phase; (6) aeration by evacuation and air replacement. 
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lethality. CD also has been evaluated for the sterilization of 
blood oxygenators.‘” 

CD also has great potential for the decontamination/steril- 
ization of barrier-isolation systems. Initial studies on the effi- 
cacy of gaseous CD for the decontamination/sterilization of a 
sterility testing isolator used a gas concentration of 10 mg/L. 
This concentration yielded a relatively rapid process with a 
complete kill of 10° spores in approximately 15 min. The effect 
of gas concentration upon the observed D,, value with B sub- 
tilis spores was determined at 10, 20, and 30 mg/L of CD: 


mg/L CD D Value in Seconds 
10 45 
20 16 
30 7 


As expected, the D,,) value decreases with increasing CD 
concentration. These low D,, values yield very rapid decontam- 
ination/sterilization processes for barrier-isolation applica- 
tions. 

Very low residuals of CD are observed when examining 
product and packaging materials from medical devices or iso- 
lation technology systems. CD does not appear to have the 
solvent-like quality of EtO. Residual CD is generally less than 
10 ppm following a 15-min exposure at 10 mg/L. Rapid aeration 
also is observed with levels often less than 1 ppm following 15 
min of aeration. A typical aeration curve of CD from flexible- 
wall isolator PVC material is shown in Figure 40-18. 

The impact of CD exposure on a number of polymeric ma- 
terials and metals has been evaluated. Commonly used poly- 
mers such as ABS, nylon, PMMA, polyethylene, polypropylene, 
polystyrene, Teflon, and Viton appear highly compatible. Poly- 
carbonates and polyurethanes, depending upon the particular 
formulation, may exhibit a loss in tensile properties and/or 
discoloration. Stainless steel is compatible with CD; uncoated 
copper and aluminum are affected. 


OTHER GASES 


Formaldehyde (HCHO) sometimes is used for sterilizing cer- 
tain medical products. It is not in widespread use in the United 
States but as a gas or in combination with low-pressure steam, 
it is used in some European hospitals instead of ethylene oxide. 
Formaldehyde, a toxic chemical and a human carcinogen, is an 
alkylating agent and destroys microorganisms by alkylation of 
susceptible cell components. 


Filtration 


Filtration is the removal of particulate matter from a fluid 
stream. Sterilizing filtration is a process that removes, but does 
not destroy, microorganisms. Filtration, one of the oldest meth- 
ods of sterilization, is the method of choice for solutions that are 
unstable to other types of sterilizing processes. 


Pasteur, Chamberland, Seitz and Berkfeld filters have been 
used in the past to sterilize pharmaceutical products. These 
types of filters were composed of various materials such as 
sintered glass, porcelain, or fibrous materials (ie, asbestos or 
cellulose). The filtration mechanism of these depth filters is 
random adsorption or entrapment in the filter matrix. The 
disadvantages of these filters are low flow rates, difficulty in 
cleaning, and media migration into the filtrate. Fiber-releasing 
and asbestos filters now are prohibited by the FDA for the 
filtration of parenteral products.'*'° 

Over the past 35 years, membrane filters have become the 
method of choice for the sterilization of heat-labile sterile prod- 
ucts. Membrane filters are thin, strong, and homogenous poly- 
meric structures. Microorganisms, present in fluids, are re- 
moved by a process of physical sieving and are retained on or 
near the membrane surface. Membrane filters of 0.22-um pore 
size are employed commonly as sterilizing filters. However, 
0.45-4m pore size filters are used to remove bacteria from 
antibiotics or steroids in organic vehicles prior to an aseptic 
crystallization process. 

When solutions are sterilized by filtration, the filters must 
be validated to ensure that all microorganisms will be removed 
under known conditions. Filter manufacturers normally vali- 
date sterilizing membrane filters using a protocol similar to the 
one developed by the Health Industry Manufacturers Associa- 
tion (HIMA).2° In this procedure, Pseudomonas diminuta 
(ATTC 19146) is cultivated in saline lactose broth. Leahy and 
Sullivan”? have shown that when P diminuta is cultivated in 
this medium the cells are discrete and small (approximately 0.3 
ym in diameter)—a range recommended for sterilizing filtra- 
tion with 0.22-y4m filters. Each cm? of the filter to be validated 
is challenged with 10’ microorganisms at a differential pres- 
sure of 30 psig. The entire filtrate is collected and tested for 
viable microorganisms. The retention efficiency (log reduction 
value) of the membrane filter may be calculated using the 
procedure described in the HIMA protocol. Dawson and co- 
workers”” have demonstrated that the probability of a nonster- 
ile filtration with a properly validated membrane filter is 
approximately 10°°. Another aspect in filter validation is 
adsorption of the product by the filter and extractables from the 
filter and housing. 

Once the performance of the membrane filter has been val- 
idated, a nondestructive integrity test that has been correlated 
to the bacterial challenge test (the bubble point or diffusion 
test) can be used routinely prior to and after a sterilizing 
filtration to ensure that the membrane filter is integral.??* 
Unique to membrane filtration is the condition that beyond a 
certain challenge level of microorganisms, the filter will clog. 
For a typical sterilizing filter this level is 10° organisms per 
cm”. Initially, membrane filters were available only in disc 
configuration. Advances in membrane technology have pro- 
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Figure 40-18. Aeration of CD from flexible-wall isolator PVC mate- 


rial; aqueous extraction from treated samples (10 mg/L, 15 min) 
followed by polarographic measurement of dissolved CD. 


vided filters in stacked-disc, pleated-cartridge and hollow fiber 
configurations. These advances have provided larger surface 
areas and higher flow-rate capabilities. Figure 40-19 is an 
example of these larger surface area filters. 

Membrane filters are manufactured from a variety of poly- 
mers, such as cellulosic esters (MCE), polyvinylidiene fluoride 
(PVF), and polytetrafluoroethylene (PTFE). The type of fluid to 
be sterilized will dictate the polymer to be used. The listing 
below is intended to serve only as a guide for the selection of 
membrane filters for a particular application. The filter man- 
ufacturer should be consulted before making a final choice. 


Fluid Polymer 
Aqueous PVF, MCE 
Oil PVF, MCE 
Organic solvents PVF, PTFE 
Aqueous, extreme pH PVF 

Gases PVF, PTFE 


Figure 40-20 is an example of a sterilizing filtration system 
commonly used in the pharmaceutical industry. 

Positive pressure commonly is used in sterilizing filtrations. 
It has the following advantages over vacuum: it provides higher 
flow rates, integrity testing is easier, and it avoids a negative 
pressure on the downstream (sterile) side of the filtrate, thus 
precluding contamination. Membrane filters are sterilized 
readily by autoclaving, by in-situ steaming, or by using ethyl- 
ene oxide. 

In addition to their use in the pharmaceutical industry, 
membrane filters are used in many applications in the hospital 
pharmacy. The membrane filters commonly used in these ap- 
plications are small disposable units. Examples of these are 
shown in Figures 40-21 and 40-22. Typical applications for 
membrane filters in hospital pharmacies include sterilization 
of intravenous (IV) admixtures and hyperalimentation solu- 
tions, sterilization of extemporaneously compounded prepara- 
tions, sterility testing of admixtures, as well as in direct patient 
care (see Chapter 42). 


Radiation Sterilization 


ee 


The retail or hospital pharmacist probably has little opportu- 


nity to use radiation sterilization. However, they should be 
aware that many of the products sold in stores and used daily 
in hospitals are sterilized by this technology. Products such as 


Figure 40-19. Stacked-disk membrane filters. This new technology 
allows filter manufacturers to supply filters with large surface area 
in relatively small packages (courtesy, Millipore); vaporized HP gen- 
erator (courtesy, Am Sterilizer/Finn Aqua). 
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Figure 40-20. An example of a process filtration system in a phar- 
maceutical plant (courtesy, Millipore). 


contact lens solutions, bandages, baby bottle nipples, and 
teething rings (the kind containing water/gel) are a few exam- 
ples of the everyday type of product encountered in a phar- 
macy. Several drugs, including some anticancer drugs, also are 
sterilized terminally using gamma radiation. 


Figure 40-21. Intravenous additive filtration using a small dispos- 
able membrane filter (courtesy, Millipore). 
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The hospital pharmacist is likely to encounter the use of 
gamma or X-ray treatment of blood to eliminate white blood 
cells in host-versus-graft reactions following transplant sur- 
gery. The serum used for tissue cultures is frequently sterilized 
with gamma radiation to eliminate viruses, virus-like particles, 
and mycoplasmas. 

The pharmaceutical industry historically has relied on 
steam, dry heat, ethylene oxide gas, filtration, and chemical 
processes to meet sanitization or microbial load reduction re- 
quirements. Sterilization by radiation may employ either elec- 
tromagnetic radiation or particle radiation. 

Electromagnetic radiation, composed of photons of energy, 
includes ultraviolet, gamma, X-, and cosmic radiation. Gamma 
radiation, emitted from radioactive materials such as Co- 
balt-60 or Cesium-137, is the most frequently used source of 
electromagnetic radiation. Of these two, only Cobalt-60 is used 
in the large industrial irradiator (Fig 40-23). Cesium-137 is 
used in blood irradiators. 

Particulate or corpuscular radiation includes a formidable 
list of particles. The only one that currently is being employed 
for sterilization is the electron. These electrons are machine 
generated using the technique illustrated in Figure 40-24; Fig- 
ures 40-25 and 40-26 illustrate two methods of presenting 
products to a commercial electron-beam sterilizer. 

Radiation-processing technology, and its application in the 
manufacture of pharmaceuticals, is being investigated more 
actively now than at any other time. This renewed interest is in 
part due to the development of aseptic and barrier technology, 


Figure 40-22. Intravenous additive filtration and sterility testing. 
Both procedures employ membrane filtration (courtesy, Millipore). 


as well as an overall improvement in the environment in which 
pharmaceuticals are manufactured. 

In the past the use of a radiation dose of 25 kGy was 
required to ensure that all spores had been destroyed, and that 
a SAL of 10°° was achieved. This level of radiation destroyed 
many pharmaceuticals. With the advent of clean rooms, and 
aseptic and barrier technologies, the microbial environment 
has been altered drastically. No longer are spores or even the 
number of organisms as daunting. It is more appropriate now 
to know the species and to tailor the radiation dose to meet the 
species bioburden. In this way many more drugs and other 
products are capable of being sterilized terminally. This pro- 
vides an SAL of 10~° or better, depending upon the organism. 

The increased use of radiation processing to sterilize medi- 
cal devices has led to the development of more efficient and 
economical irradiation equipment and processes. It also has 
generated new scientific data. The positive experience of the 
medical-device industry should be a signpost for the pharma- 
ceuticals industry. 

Several pharmaceutical raw materials and finished prod- 
ucts are being sanitized/sterilized successfully with gamma 
radiation. Although it is possible to use electron beam radia- 
tion, we are presently unaware of any pharmaceuticals being 
treated using this technology. This should not preclude others 
from investigating its potential. The unique penetrating ability 
of gamma radiation provides the edge for this technology in this 
application. 


HOW RADIATION KILLS MICROORGANISMS 


——= = — SS See ‘ = = = 

The principles of sterilization by- irradiation have been known 
since the early 1940s. Basically, charged particles or electro- 
magnetic radiation interact with matter to cause both ion- 
ization and excitation. Ionization results in the formation of 
ion pairs, comprised of ejected orbital electrons (negatively 
charged) and their counterparts (positively charged). Charged 
particles such as electrons interact directly with matter caus- 
ing ionization, whereas electromagnetic radiation causes ion- 
ization through various mechanisms that result in the ejection 
of an orbital electron with a specific amount of energy trans- 
ferred from the incident gamma ray. These ejected electrons 
then behave similarly to machine-generated electrons in ion- 
ization reactions. Thus, both particle and electromagnetic ra- 
diation are considered as ionizing radiation and differ from 
ultraviolet radiation in this respect. 

Ionizing radiation kills or inactivates microorganisms 
through the interaction of the ion pairs or excitations altering 
the molecular structure or spatial configuration of biologically 
active macromolecules. In particular, those involved in cell 
replication are most critical. It can do this in two ways. The 
first is to deposit energy directly in a bond of the macromole- 
cule. This can cause a rearrangement of its structure, alter- 
ing or destroying its normal function. The second is to generate 
free radicals, primarily from the water contained within the 
cytoplasm. The free radicals thus generated react with the 
macromolecules to subvert their normal function. In either 
case the result is the loss of reproductive capability of the 
microorganism. 

The number of organisms inactivated by a given radiation 
dose is a statistical phenomenon. It depends upon the sensitiv- 
ity of the biologically active macromolecule(s) to alteration 
(denaturation), the number of alterations elicited within the 
cell and the ability of the cell to repair these alterations. Dif- 
ferent organisms have different capabilities to withstand or 
repair such alterations. This sensitivity is referred to as the D,, 
value. The size of the organism, its state of hydration, and the 
presence or absence of radical scavengers all affect the outcome 
of exposure to ionizing radiation. 

The ability of gamma radiation to inactivate microorgan- 
isms has been well documented. New documentation relating 
to viruses or new strains/reclassifications of microorganisms is 
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Figure 40-23. Tote box irradiator: automatic (courtesy, Nordion Intl). 


being added continually. The major benefit of using radiation 
sterilization as the terminal step in the manufacturing process, 
as opposed to autoclaving or dry heat methods, is the lack of, or 
reduction in, product degradation with this technology. 

The process has been in use in the medical device industry 
for over 25 years. Ample evidence as to its efficacy exists in the 
literature. Materials and processes have been developed to 
reduce the impact of radiation on the product. It is the intent of 
this update to present some of the process developments that 
will facilitate the use of this technology for the terminal ster- 
ilization of pharmaceutical products. It also will assist those 
wishing to improve the microbial quality of raw materials 
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Figure 40-24. To produce an electron (courtesy, RDI). 
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entering the manufacturing process. Clean materials reduce 
the bioburden impact on a clean room facility. 

Sterilization by ionizing radiation requires consideration of 
the dose (or the amount of radiation that is absorbed by the 
material), the energy level available (which along with the bulk 
density of the material will determine the thickness of pene- 
tration), and the power output available (which determines the 
rate at which the dose can be applied). 

The unit of absorbed dose is the Gray (Gy), where 1 Gy = 1 
joule/kg, independent of the nature of the irradiated substance. 


DIRECTION OF 
ELECTRONS 


STAINLESS STEEL PRODUCT PACKAGES — DIRECTION OF PRODUCT 


CONVEYOR BELT 


DYNAMITRON PROCESSING METHODS 
VERTICAL INSTALLATION 
(courtesy, RDI) 
Figure 40-25. Dynamitron processing methods: vertical installation 
(courtesy, RDI). 
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Figure 40-26. Dynamitron processing methods: horizontal installa- 
tion (courtesy, RDI). 


Sterilization doses, for convenience, usually are expressed in 
kilogray (kGy). 

Many investigators have studied the relative resistance of 
microorganisms to sterilization by radiation. The consensus is 
that vegetative forms are most sensitive, followed by molds, 
yeasts, viruses and spore-formers. While past practice has been 
to use 15 to 25 kGy, today the! radiation dose is more closely 
tailored to the bioburden. It is not unusual to use doses as low 
as 2 to 8 kGy. The use of the AAMI guidelines or the ISO 
guidelines is highly recommended. 

Modern gamma sterilization facilities used by pharmaceu- 
tical and medical device firms generally hold up to 4 MCi of 
Cobalt-60. The largest facility holds 12 MCi. Figure 40-23 
shows a schematic of a modern Cobalt-60 radiosterilization 
facility. 

Two types of electron accelerators are used in sterilization: 
alternating-current machines with ranges up to 50 kW of 
power and 5 to 12 meV of energy, and direct-current machines 
with ranges of 30 to 200 kW and 0.5 to 5 meV. These machines 
generate electrons at high voltage, accelerate the electrons, and 
spray them on to the product to be sterilized. The greater the 
machine power (kW), the more electrons can be generated per 
unit time. The higher the energy (meV), the greater the pene- 
tration of the electron into the material to be sterilized. 


Ultraviolet (UV) Radiation 


Artificially produced UV radiation in the region of 253.7 nm 
has been used as a germicide for many years. Although UV 
radiation often is used in the pharmaceutical industry for the 
maintenance of aseptic areas and rooms, it is of limited value 
as a sterilizing agent. 

Inactivation of microorganisms by UV radiation is princi- 
pally a function of the radiant energy dose, which varies widely 
for different microorganisms. The primary mechanism of mi- 
crobial inactivation is the creation of the thymidine dimers in 
DNA, which prevents replication. Vegetative bacteria are most 
susceptible, while bacterial spores appear to be 3 to 10 times as 
resistant to inactivation and fungal spores may be 100 to 1000 
times more resistant. Bacterial spores on stainless-steel sur- 
faces require approximately 800 wW min/cm? for inactivation. 
By comparison, the black spores of Aspergillus niger require an 
exposure of over 5000 wW min/em?. Even with an adequate 
dose, however, the requirements for proper application of ger- 
micidal UV radiation in most pharmaceutical situations are 
such as to discourage its use for sterilization purposes. On the 
other hand, as an ancillary germicidal agent, UV radiation can 
be useful. 

When using UV radiation, it is very important that lamps be 
cleaned periodically with alcohol and tested for output: also its 


use requires that personnel be properly protected; eye protec- 
tion is particularly important. 

The principal disadvantage to the use of germicidal UV 
radiation is its limited penetration—its 253.7 nm wave- 
length is screened out by most materials, allowing clumps of 
organisms, and those protected by dust or debris, to escape 
the lethal action. The use of UV radiation as a sterilizing 
agent is not recommended unless the material to be irradi- 
ated is very clean and free of crevices that can protect mi- 
croorganisms. Many organisms are capable of repairing the 
UV-induced DNA damage using photoreactivation (light re- 
pair) and dark repair. 


PULSED LIGHT 


Recently, high-intensity visible light has been developed to a 
level that allows it to be used for certain sterilization applica- 
tions. The advantages include extremely short exposure times 
(eg, 2 to 3 pulses of a few seconds) and relative ease in shielding 
the operations to provide operator safety. It can be used for 
surface sterilization and certain terminal sterilization applica- 
tions. This is limited to packaging materials that are transpar- 
ent to the wavelengths used. It is applicable for certain plastic 
materials, but not for Type I glass. 

This technique requires additional study, but has been 
shown to be effective against all organisms studied thus far. 


Aseptic Processing 


Although not actually a sterilization process, aseptic process- 
ing is a technique frequently used in the compounding of pre- 
scriptions or commercial products that will not withstand ster- 
ilization but in which all of the ingredients are sterile. In such 
cases, sterility must be maintained by using sterile materials 
and a controlled working environment. All containers and ap- 
paratus used should be sterilized by one of the previously 
mentioned processes and such work should be conducted only 
by an operator fully versed in the control of contamination. The 
use of laminar-airflow devices or barrier technology for aseptic 
processing is essential. 

With the availability of sterile bulk drugs and sterilized 
syringe parts from manufacturers, the purchase of several 
pieces of equipment permits pharmacies to produce filled ster- 
ile unit-dose syringes with minimum effort. The equipment 
needs have been described in a paper by Patel and associates.7° 
Figure 40-27”? illustrates this system. 


PACKAGING 


Following exposure of a product to a well-controlled steriliza- 
tion treatment, the packaging material of the product is ex- 
pected to maintain sterility until the time of use. Packaging 
must be durable, provide for permanent-seal integrity, and 
have pore sizes small enough to prevent entry of contaminants. 
Obviously, the packaging must be compatible with the method 
of sterilization. 

The package design is important if the contents are to be 
removed without recontamination. Tearing of plastics or paper 
can be tempered by coatings, and sealed containers should 
be tested carefully to ensure retention of sterility at the time 
of use. 

If sterile material passes through many hands, it is impor- 
tant to provide a tamperproof closure to indicate if the con- 
tainer has been opened inadvertently. These four features— 
compatibility with sterilization, proven storage protection, ease 
of opening, tamperproofing—are highly desirable characteris- 
tics of medical packaging. 


Figure 40-27. Unit-of-use system for sterile injectable medication.'? 


For hospitals and pharmacies, there are a wide variety of 
woven reusable materials or nonwoven disposable materials 
that provide acceptable sterile barriers and are offered by ma- 
jor packaging suppliers. These suppliers normally conduct ex- 
tensive programs to ensure the ability of the material to main- 
tain sterility. Both hospitals and industry have guidelines and 
accepted practices for sterile-product packaging.” 

A review of the principles of sterile-material packaging by 
Powell”® discusses the suitability of packaging materials for 
various sterilization methods, including resistance to bacteria, 
types of openings, strength of packaging, testing of packaging, 
and types of packaging. These topics also are discussed in 
Chapter 54. 


LAMINAR AIRFLOW 

CS SD A BS AT EDU ESE TR 
Laminar-airflow equipment is essential for proper performance 
of sterility tests and aseptic filling or assembling operations. 
These procedures require exact control over the working envi- 
ronment, but while many techniques and different types of 
equipment for performing these operations have been used over 
the years, laminar-airflow devices are superior to all other 

- environmental controls. 

The laminar-airflow procedure for producing very clean and 
dust-free areas was developed in 1961. In a laminar-airflow 
device the entire body of air within a confined area moves with 
uniform velocity along parallel flow lines. By employing prefil- 
ters and high-efficiency bacterial filters, the air delivered to the 
area essentially is sterile and sweeps all dust and airborne 
particles from the chamber through an open side. The velocity 
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Figure 40-28. Sterility testing of plastic disposable syringes in 
a horizontal laminar-airflow bench (courtesy, Becton Dickinson 
& Co). 


of the air used in such devices is generally 90 fpm + 20%. 
Laminar-airflow devices that deliver the clean air in a vertical, 
horizontal, or curvilinear fashion are available. The devices can 
be in the form of rooms, cabinets, or benches. For a compre- 
hensive discussion of the biomedical application of laminar 
airflow the reader is referred to Runkle and Phillips.?” 

Hach laminar-airflow cabinet or bench should be located in 
a separate, small, clean room having a filtered air supply. The 
selection of the type of cabinet will depend on the operation 
itself. For most sterility-testing operations, horizontal laminar- 
airflow units appear to be superior to vertical-flow hoods be- 
cause the air movement is less likely to wash organisms from 
the operator’s hands or equipment into the sterility test media. 
Figure 40-28 shows the sterility testing of syringes in a hori- 
zontal laminar airflow hood. Figure 40-29 shows the design of 
a typical horizontal, laminar-airflow hood. 

The major disadvantage of the horizontal laminar-airflow 
units is that any airborne particulate matter generated in the 
units is blown directly into the room and against the working 
personnel. In situations where infectious material is involved, 
or where one must prevent contamination of the environment 
with a powder or drug, the use of specifically designed vertical, 
recirculating laminar-flow units is recommended. Units are 
available that do an excellent job of providing both product and 
personnel protection. Such a unit is shown in Figure 40-30. 

To achieve maximum benefit from laminar airflow, it is 
important first to realize that the filtered airflow does not itself 
remove microbial contamination from the surface of objects. 
Thus, to avoid product or test contamination, it is necessary to 
reduce the microbial load on the outside of materials used in 
sterility testing. Laminar flow will do an excellent job of main- 
taining the sterility of an article bathed in the airflow; however, 
to be accurate, the sterility-testing, or product-assembly proce- 
dure must create the least possible turbulence within the unit. 
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Figure 40-29. Horizontal laminar-airflow hood. 


776 CHAPTER 40 


Exhaust HEPA Filter System 


Supply System 
Supply HEPA Filters 


“| Air Barrier 


Figure 40-30. Sketch of a biological cabinet with vertical, recircu- 
lating laminar-airflow and HEPA-filtered exhaust. HEPA-filtered air 
is supplied to the work area at 90 fpm 20%. Airflow patterns in 
combination with a high-velocity curtain of air form a barrier at the 
front access opening that protects both the work and the worker 
from airborne contamination (courtesy, Bioquest). 


Moreover, an awareness of the turbulent air patterns created 
by the operation is necessary to avoid performing critical oper- 
ations in turbulent zones. To illustrate how effectively airborne 
particles are washed from an environment by laminar airflow, 
Figure 40-31 shows the distance that particles of various sizes 
will travel horizontally before falling 5 ft in a cross-flow of air 
moving at 50 fpm. 

Laminar-flow clean benches should supply Class 100 air as 
defined in Federal Standard 209B.”° They should be certified to 
this standard when installed and then tested periodically. An 
air velocimeter should be used at regular intervals to check the 
airflow rates across the face of the filter. Smoke tests are useful 
in visualizing airflow patterns and a particle analyzer can be 
used to check the quality of the air. The hot dioctyl phthalate 
(DOP) test generally is employed to check filter efficiency. This 
standard acceptance test determines the validity of the filter 
and its seal using DOP smoke (mean particulate diameter of 
0.3 ym) and a light-scattering aerosol photometer. The smoke, 
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Figure 40-31. Distance traveled by particles settling from a height 
of 5 ft. 


Table 40-3. False Positives Occurring 
in a Laminar-Flow Hood? 


NO. OF UNITS NO. OF FALSE 
PRODUCT STERILITY TESTED POSITIVES % FALSE POSITIVES 
Syringes 9793 2 0.02 

Needles 4676 2 0.04 

Misc 306 0 0 


See Figure 40-29 for laminar-flow hood. 


at a concentration of 80 to 100 mg/L, is introduced to the 
plenum of the unit and the entire perimeter of the filter face is 
scanned with the photometer probe at a sampling rate of 1 
ft?/min. A reading of 0.01% of the upstream smoke concentra- 
tion is considered a leak. 

In addition to the routine airflow measurements and filter- 
efficiency testing, biological testing should be done to monitor 
the effectiveness of laminar-airflow systems. Microbial air sam- 
pling and agar-settling plates are useful in monitoring these 
environments. Phillips evaluated horizontal laminar-flow 
hoods by tabulating the number of false positives appearing in 
sterility-test media over a period of time. These results (Table 
40-3) showed very low numbers of false positives. 


TESTING 

‘Spr ers cy eT ee SE oo 
After sterilization, there are several techniques for determin- 
ing whether the particular lot of material is sterile. The only 
method for determining sterility with 100% assurance would be 
to run a total sterility test, that is, to test every item in the lot. 

Representative probabilities are shown in Tables 40-4 and 
40-5 to illustrate more specifically how low levels of contami- 
nation in treated lots of medical articles may escape detection 
by the usual sterility-test procedures. The data are calculated 
by binomial expansion, employing certain assumed values of 
percent contamination with large lot sizes (greater than 5000) 
and including standard assumptions with regard to the effi- 
ciency of recovery media and so on. 

In Table 40-4 the probability data are calculated for lots 
with various degrees of assumed contamination when 10 ran- 
dom samples per lot are tested. For example, a lot that has one 
in each 1000 items contaminated (0.1% contamination) could 
be passed as satisfactory (by showing no positive samples from 
10 tested) in 99 tests out of 100. Even at the 10% contamination 
level, contamination would be detected only two out of three 
times. 

Table 40-5 shows the difficulty in attempting to improve the 
reliability of sterility tests by increasing sample size. For con- 
tamination levels as low as 0.1%, increasing the sample size 
from 10 to 100 has a relatively small effect in improving the 
probability of accepting lots. Even a sample size of 500 would 
result in erroneously accepting a lot 6 times out of 10. On the 
other hand, with a lot contaminated to the extent of 10%, by 
testing 100 samples the probability of acceptance of the lot 
would be reduced to a theoretical zero. 


Table 40-4. Probabilities for Sterility Testing of Articles 
With Assumed Levels of Contamination 


PROBABILITY OF DESIGNATED POSITIVES 
OUT OF 10 SAMPLES TESTED 


“TRUE” % 

CONTAMINATION 0 1 5 10 
0.1 0.990 (Total = 0.010) 
1.0 0.904 0.091 
5.0 0.599 0.315 

10.0 0.349 0.387 0.001 

30.0 0.028 0.121 0.103 

50.0 0.001 0.010 0.246 0.001 


Table 40-5. Relationship of Probabilities of Acceptance 
of Lots of Varying Assumed Degrees of Contamination 
to Sample Size 


PROBABILITY OF NO POSITIVE GROWTH “TRUE” % 


NUMBER OF CONTAMINATION OF LOT 

SAMPLES 

TESTED (n) 0.1 1 5 10 15 20 
10 0.99 0.91 0.60 0.35 0.20 0.11 
20 0.98 0.82 0.36 0.12 0.04 0.01 
50 0.95 0.61 0.08 0.007 

100 0.91 0.37 0.01 0.00 

300 0.74 0.05 

500 0.61 0.01 


The information in Table 40-5 may be viewed in another 
way. If, for the probability values shown for each different 
sample size, the value that approximates the 95% confidence 
level (P = 0.05) is selected, it is clear that using 20 samples only 
will discriminate contamination levels of 15% or more. If the 20 
tubes show no growth, the lot could, of course, be sterile but 
there would be no way of knowing this from the test. From such 
a test it could be stated only that it is unlikely that the lot 
would be contaminated at a level higher than 15%. It is clear 
from these data that product sterility testing is a poor method 
of validating sterilization procedures. 

The USP provides two basic methods for sterility testing. 
One involves the direct introduction of product test samples 
into culture media; the second involves filtering test samples 
through membrane filters, washing the filters with fluids to 
remove inhibitory properties, and transferring the membrane 
aseptically to appropriate culture media. Test samples may be 
sterilized devices that simply are immersed aseptically into the 
appropriate culture-broth washings of the sterile object with 
sterile diluent, or dilutions of sterile materials. The USP rec- 
ommends three aqueous diluting fluids for sterility tests while 
the Antibiotic Regulations list four; all are nontoxic to micro- 
organisms. In the case of petrolatum-based drugs, a nonaque- 
ous diluting fluid is required. 

Many studies have been conducted to find the minimum 
number of culture media that will provide the greatest sensi- 
tivity in detecting contamination. Internationally recognized 
experts and bodies now recommend the use of two culture 
media: Soybean-Casein Digest Medium, incubated at 20° to 
25°, and Fluid Thioglycollate Medium, incubated at 30° to 35°. 
The time of incubation specified usually is 7 days for the mem- 
brane filtration method and 7 to 14 days for the direct-inocu- 
lation method, depending on the method of sterilization. The 
requirements are described in detail in the USP. 

The preferred method of verifying sterility is not by testing 
sterilized materials but by the use of biological indicators. This 
is not possible, however, when products are sterilized by filtra- 
tion and filled aseptically into their final containers, as is the 
case with such important drugs as antibiotics, insulin, or hor- 
mones. The indicators generally are highly resistant bacterial 
spores present in greater numbers than the normal contami- 
nation of the product and with equal or greater resistance than 
normal microbial flora in the products being sterilized. Various 
properties of commercially available bacterial spores have been 
recommended for specific methods of sterilization based on 
unique resistance characteristics. 

Commonly accepted species of bacteria used for biological 
indicators are shown in Table 40-6. Other species can be em- 
ployed, probably without serious impact on the validity of ste- 
rility interpretation, so long as the prime requirements of 
greater numbers and higher resistance, compared to material 
contamination characteristics, are maintained. 

Included with the materials being sterilized, biological in- 
dicators are imbedded on either paper or plastic strips or are 
inoculated directly onto the material being sterilized. Obvi- 
ously, the indicator has greater validity in verifying sterility if 
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Table 40-6. Species of Bacteria Used 


as Biological Indicators 
Cee eee ene 
METHOD OF 


STERILIZATION BACTERIAL SPECIES 

Moist heat B stearothermophilus 

Dry heat B subtilis 

Ethylene oxide B stearothermophilus 

Radiation B pumilus, B stearothermophilus, B subtilis 


it is located within product spaces that are the most difficult to 
sterilize. For example, in the case of a syringe, the location of a 
paper strip or inoculation of spores between the ribs of the 
plunger stopper is recommended. 

The use of isolators (barrier technology) for processing ma- 
terials is discussed in the section on advanced aseptic process- 
ing. The first widespread use of these modern glove boxes in the 
pharmaceutical industry was in sterility testing. As filling 
speeds became faster, batches became larger. This, coupled 
with more expensive drug substances, created the need to avoid 
false-positive sterility tests. Even with laminar-flow hoods be- 
coming widely used, the large number of manipulations carried 
out by people, created a significant chance for contamination 
through the testing procedure. 

Government standards for SAL basically eliminated the 
possibility to repeat sterility tests. This means that batches 
that fail for any reason cannot be released. They are only useful 
for investigation of potential contamination hazards. Industry 
in turn needed more assurance that the product was indeed not 
sterile and the test was valid. This led to the development of 
more sophisticated isolation units. Figure 40-32 shows a stain- 
less-steel half-suit system that is typical of those used in ste- 
rility testing. The units can be docked to a sterilizer, which 
eliminates the possibility of contamination during transfer of 
materials to the test area. The units can be sterilized using 
vaporized hydrogen peroxide. The exterior of any test materials 
required to be transferred into the units also can be sterilized 
in this manner. Validation of these steps allows one to virtually 
eliminate false-positive test results. Most manufacturers have 
adopted this technique and have agreed to a policy of essen- 
tially no sterility retests. Only where obvious system break- 
downs can be shown to have led to failures will a retest be 
considered. 


Figure 40-32. Stainless steel half-suit isolator (courtesy, Laminar 
Flow). 
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ADVANCED ASEPTIC PROCESSING 


Isolator technology also is being used with increasing fre- 
quency in the processing of sterile products and associated 
packaging materials. This is driven by the same need to min- 
imize human intervention and thus increase dramatically the 
assurance of sterility (SAL). The minimization of people was 
expanded throughout the 1980s with the advent of more wide- 
spread use of form, fill, and seal technology. This involved the 
on-line molding, filling, and sealing of plastic bottles containing 
sterile products. The technology was housed in rigid walled 
areas and product was supplied through filters and sterilized in 
place, at the last possible area before filling. 

While form, fill, and seal is a technology on its own, it did 
lead to the recognition that by updating significantly the older 
concepts of glove boxes, one could dramatically affect the ste- 
rility assurance of an aseptic process. People contribute the 
largest percentage of the contamination risk. By minimiz- 
ing their interaction, the probability of nonsterility is greatly 
reduced. 

Glove boxes were not designed to support modern (and 
especially more automated) operations. This may explain why 
they did not become popular as aseptic processing units. Usage 
began to expand only when the need for increased assurance 
drove designers to develop ergonomically designed isolators. 

More recently, the manufacturers of high-speed processing 
equipment have begun to redesign their machinery in line with 
the principles of isolator units. Because the mechanics of these 
machines have been proved to be very reliable and require very 
little human intervention, the timing seems to be correct for 
such modifications. Isolator units are relatively inexpensive 
also. They have allowed for aseptic processing without the 
construction of large processing areas, sterile suites or gowning 
areas. The development of relatively safe sterilization methods, 
such as vaporized hydrogen peroxide (with or without atmo- 
spheric steam) also has allowed the technology to become more 
viable for widespread use. Prior to this, the use of toxic (and 
sometimes corrosive) materials was required. This limited 
their use to more sophisticated operators, who were able to 
afford the resources required to build and maintain facilities 
for their use. 


TRAINING 


It is desirable that personnel involved with sterilization or 
aseptic processing be instructed in the basic behavior of micro- 
organisms. This would include the differentiation of vegetative, 
spore-forming, and slow-growing life forms such as molds and 
yeasts. This would allow those being trained in the operations 
to understand the reasons for many of the restrictions neces- 
sary to carry out these processes. It is imperative that each 
person involved in these operations be instructed in two main 
areas. 


Safety is the first and foremost area of concentration for a 
training program. Each of the pieces of equipment and pro- 
cesses described above have unique hazards associated with 
them. The operators must be made to understand the dangers of 
steam under pressure and exposure to gaseous sterilants prior 
to their neutralization. 

The equipment design and installation should undergo safety 
reviews prior to its general operation. This review for potential 
hazards must be done by highly trained individuals and should 
include computer control and piping systems. It is important 
that the equipment fail (should a failure occur) in a manner that 
is safe to the operators. Valves should fail in a way to vent 
pressure to some safe area and/or gases to a relatively safe, 
unoccupied site. 

The second major area of training involves gowning for entry 
into the sterile areas and subsequent performance of aseptic oper- 


ations. Personnel must be instructed in proper gowning tech- 
niques so that they do not contaminate the exterior of garments 
and gloves during the process. Gowning areas should be supplied 
with full-length mirrors so that personnel can verify that all areas 
of their body have been covered fully and properly prior to entering 
a sterile work area. Recent trends indicate that gowning training 
should be followed by personnel monitoring with contact plates 
containing growth media. This allows one to verify the effective- 
ness of the training and, should growth occur, one can use this 
growth as a training tool to emphasize the importance of careful 
attention to detail during the gowning process. Because these 
plates require incubation, one does not allow operators to enter the 
sterile area until the results of these tests have been collected and 
reviewed with the candidate. 


Continuing with the above approach, those performing 
aseptic operations require additional training and subsequent 
verification. This principle of competency-based training (ie, 
verifying the capabilities of those being trained) is necessary to 
ensure that the operators have developed the skills to carry out 
these vital operations while minimizing the risk of contamina- 
tion. Again, it allows for constructive feedback to those who 
have not yet become fully accomplished in the techniques. It is 
prudent to reinforce these skills periodically through refresher 
sessions, and reverification of the skills. It has become stan- 
dard practice to do unannounced spot-checks of the gloves and 
gowns of aseptic operators. This practice helps to maintain a 
level of vigilance, with regard to proper gowning and operating 
technique. 
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The distinctive characteristics of parenteral (Gk, para enteron, 
beside the intestine) dosage forms of drugs are discussed in this 
chapter. These dosage forms differ from all other drug dosage 
forms because of the unique requirements imposed because 
they are injected directly into body tissue through the primary 
protective system of the human body, the skin, and mucous 
membranes. Therefore, they must be exceptionally pure and 
free from physical, chemical, and biological contaminants. 
These requirements place a heavy responsibility on the phar- 
maceutical industry to practice good manufacturing practices 
(GMPs) in the manufacture of parenteral dosage forms and 
upon pharmacists to practice good aseptic practices (GAPs) in 
dispensing them for administration to patients. 

Many of the newer drugs, particularly those derived from 
the new developments in biotechnology, can only be given par- 
enterally because they are inactivated in the gastrointestinal 
tract when given by mouth. Further, the potency and specificity 
of many of these drugs require strict control of their adminis- 
tration to the patient. A parenteral route of administration 
meets both of these critical requirements. 

This chapter begins with a brief review of the historical 
events contributing to the development of this distinctive dos- 
age form. Consideration is then given to some of the distin- 
guishing characteristics of these dosage forms and how they 
are administered to patients. Most of the remainder of the 
chapter discusses the various factors required for the prepara- 
tion of a pure, safe, and effective parenteral product. 


HISTORY’ 

SE LY LE 
One of the most significant events in the beginnings of paren- 
teral therapy was the first recorded injection of drugs into the 
veins of living animals, in about 1657, by the architect Sir 
Christopher Wren. From such a very crude beginning, the 
technique for intravenous injection and knowledge of the im- 
plications developed slowly during the next century and a half. 
In 1855 Dr Alexander Wood of Edinburgh described what was 
probably the first subcutaneous injection of drugs for therapeu- 
tic purposes using a true hypodermic syringe. 

The latter half of the 19th century brought increasing 
concern for safety in the administration of parenteral solu- 
tions, largely because of the work of Robert Koch and Louis 
Pasteur. While Charles Chamberland was developing both 
hot-air and steam sterilization techniques and the first bac- 
teria-retaining filter (made of unglazed porcelain), Stanis- 
laus Limousin was developing a suitable container, the all- 
glass ampul. In the middle 1920s Dr Florence Seibert 
provided proof that the disturbing chills and fever that often 
followed the intravenous injection of drugs was caused by 
potent products of microbial growth, pyrogens, which could 
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be eliminated from water by distillation and from glassware 
by heating at elevated temperatures. 

Of the technical developments that have contributed to the 
high quality standards currently achievable in the preparation 
of parenteral dosage forms, the two that probably have contrib- 
uted most are the development of high-efficiency particulate air 
(HEPA)-filtered laminar airflow and membrane microfiltration 
for solutions. The former made it possible to achieve ultraclean 
environmental conditions for processing, and the latter to 
achieve removal from solutions by filtration of both viable and 
nonviable particles of microbial size and smaller. However, 
many other developments in recent years have produced an 
impressive advance in the technology associated with the safe 
and reliable preparation of parenteral dosage forms. The fol- 
lowing list identifies a few of the events that have contributed 
to that development. 


1926—Parenterals were accepted for inclusion in the fifth edition of the 
National Formulary. 

1933—The practical application of freeze-drying to clinical materials 
was accomplished by a team of scientists at the University of Penn- 
sylvania. 

1938—The Food, Drug and Cosmetic Act was passed by Congress, 
establishing the Food and Drug Administration (FDA). 

1944—The sterilant ethylene oxide was discovered. 

1946—The Parenteral Drug Association was organized. 

1961—The concept of laminar airflow was developed by WJ Whitfield. 

1962—The FDA was authorized by Congress to establish current good 
manufacturing practice (CGMP or GMP) regulations. 

1965—Total parenteral nutrition (TPN) was developed by SJ Dudrick. 

1972—The Limulus Amebocyte Lysate test for pyrogens in parenteral 
products was developed by JF Cooper. 

1974—The concept of validation of processes used in the manufacture of 
parenteral products was introduced by the FDA. 

1977—The principles for clean-in-place (CIP) and steam-in-place (SIP) 
were introduced. 

Early 1980s—Home health care emerged as an alternative for patients 
whose health status permitted release from a hospital to care in the 
home environment. 

1982—Insulin, derived through the new discipline of biotechnology, 
ushered in the drug class of polypeptides with their inherent stabil- 
ity challenges for parenteral dosage-form development. 

1987—Parametric release was accepted by the FDA for selected prod- 
ucts terminally sterilized by a validated heat process. 

The FDA published Guideline on Sterile Products Produced by Asep- 
tic Processing, one of several nonregulatory publications to help 
industry know what the FDA considers to be acceptable. 

Late 1980s—The development of computer capabilities has led to the 
automation of many process operations and to a revolution in doc- 
umentation and recordkeeping. 

1991—The FDA proposed requiring manufacturers to use a terminal 
sterilization process when preparing a sterile drug product unless 
such a process adversely affects the drug product. 

Mid-1990s—The development of isolator technology to separate the 
product from the operator(s) to increase the sterility-assurance level 
of the processed product. 

1995—The USP published an informational chapter, (1206) on the 
preparation cf sterile products by pharmacists. 


Late 1990s—Acceleration of international cooperation in establishing 
standards for the pharmaceutical industry. 


ADMINISTRATION 
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Injections may be classified in six general categories: 

1. Solutions ready for injection. 

2. Dry, soluble products ready to be combined with a solvent just prior 
to use. 

3. Suspensions ready for injection. 

4. Dry, insoluble products ready to be combined with a vehicle just 
prior to use. 

5. Emulsions. 

6. Liquid concentrates ready for dilution prior to administration. 


These injections may be administered by such routes as 
intravenous, subcutaneous, intradermal, intramuscular, intra- 
articular, and intrathecal. The nature of the product will de- 
termine the particular route of administration that may be 
employed. Conversely, the desired route of administration will 
place requirements on the formulation. For example, suspen- 
sions would not be administered directly into the bloodstream 
because of the danger of insoluble particles blocking capillaries. 
Solutions to be administered subcutaneously require strict at- 
tention to tonicity adjustment, otherwise irritation of the plen- 
tiful supply of nerve endings in this anatomical area would give 
rise to pronounced pain. Injections intended for intraocular, 
intraspinal, intracisternal, and intrathecal administration re- 
quire the highest purity standards because of the sensitivity of 
tissues encountered to irritant and toxic substances. 

When compared with other dosage forms, injections possess 
select advantages. If immediate physiological action is needed 
from a drug, it usually can be provided by the intravenous 
injection of an aqueous solution. Modification of the formula- 
tion or another route of injection can be used to slow the onset 
and prolong the action of the drug. The therapeutic response of 
a drug is controlled more readily by parenteral administration, 
since the irregularities of intestinal absorption are circum- 
vented. Also, since the drug normally is administered by a 
professionally trained person, it confidently may be expected 
that the dose was actually and accurately administered. Drugs 
can be administered parenterally when they cannot be given 
orally because of the unconscious or uncooperative state of the 
patient or because of inactivation or lack of absorption in the 
intestinal tract. Among the disadvantages of this dosage form 
are the requirement of asepsis at administration, the risk of 
tissue toxicity from local irritation, the real or psychological 
pain factor, and the difficulty in correcting an error, should one 
be made. In the latter situation, unless a direct pharmacolog- 
ical antagonist is immediately available, correction of an error 
may be impossible. One other disadvantage is that daily or 
frequent administration poses difficulties, patients must either 
visit a professionally trained person or learn to inject them- 
selves. However, the advent of home health care as an alter- 
native to extended institutional care has mandated the devel- 
opment of programs for training lay persons to administer 
these dosage forms. 


PARENTERAL COMBINATIONS 

SS a TOE TET] 
During the administration of large-volume injections (LVIs), 
such as 1000 mL of 0.9% sodium chloride solution, it is common 
practice for a physician to order the addition of a small-volume 
therapeutic injection (SVI), such as an antibiotic, to avoid the 
discomfort for the patient of a separate injection. While the 
pharmacist is the most qualified health professional to be re- 
sponsible for preparing such combinations, as is clearly stated 
in the hospital accreditation manual of the Joint Commission 
on Accreditation of Healthcare Organizations,” interactions 
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among the combined products can be troublesome even for the 
pharmacist. In fact, incompatibilities can occur and cause in- 
activation of one or more ingredients or other undesired reac- 
tions. Patient deaths have been reported from the precipitate 
formed by two incompatible ingredients. In some instances 
incompatibilities are visible as precipitation or color change, 
but in other instances there may be no visible effect. 

The many potential combinations present a complex situa- 
tion even for the pharmacist. To aid in making decisions con- 
cerning potential problems, a valuable compilation of relevant 
data has been assembled by Trissel® and is updated regularly. 
Further, the advent of computerized data storage and retrieval 
systems has provided a means to organize and gain rapid 
access to such information. Further information on this subject 
may be found in Chapter 42. 

As studies have been undertaken and more information has 
been gained, it has been shown that knowledge of variable 
factors such as pH and the ionic character of the active constit- 
uents aids substantially in understanding and predicting po- 
tential incompatibilities. Kinetic studies of reaction rates may 
be used to describe or predict the extent of degradation. Ulti- 
mately, a thorough study should be undertaken of each thera- 
peutic agent in combination with other drugs and IV fluids, not 
only of generic but also of commercial preparations, from the 
physical, chemical, and therapeutic aspects. 

Ideally, no parenteral combination should be administered 
unless it has been studied thoroughly to determine its effect on 
the therapeutic value and the safety of the combination. How- 
ever, such an ideal situation may not exist. Nevertheless, it is 
the responsibility of the pharmacist to be as familiar as possi- 
ble with the physical, chemical, and therapeutic aspects of 
parenteral combinations and to exercise the best possible judg- 
ment as to whether or not the specific combination extempora- 
neously prescribed is suitable for use in a patient. 


GENERAL CONSIDERATIONS 

ERR RSI PD TRE UD TIS SKS UT TT a NE TIN HET SY 
An inherent requirement for parenteral preparations is that 
they be of the very best quality and provide the maximum 
safety for the patient. Further, the constant adherance to high 
moral and professional ethics on the part of the responsible 
persons are the ingredients most vital to achieving the desired 
quality in the products prepared. 


Types of Processes 


The preparation of parenteral products may be categorized as 
small-scale dispensing, usually one unit at a time, or large- 
scale manufacturing, in which hundreds of thousands of units 
may constitute one lot of product. The former category illus- 
trates the type of processing that is done in institutions such as 
hospital pharmacies. The latter category is typical of the pro- 
cessing done in the pharmaceutical industry, where the vast 
majority of parenteral products marketed today are made. 
Wherever they are made, parenteral products must be sub- 
jected to the same basic practices of good aseptic processing 
essential for the preparation of a safe and effective sterile 
product of very high quality, but the methods used must be 
modified appropriately for the scale of operation. 

The small-scale preparation and dispensing of parenteral 
products usually uses sterile components in their preparation. 
Therefore, the overall process focuses on maintaining rather 
than achieving sterility in the process steps. Further, the final 
product normally has a shelf life measured in hours, as in a 
hospital setting. However, the extensive movement of patients 
out of the hospital to home care has modified dispensing of 
parenteral products, wherein multiple units are made for a 
given patient, and a shelf life of 30 days or more is required. 
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Such products are sometimes made in hospital pharmacies 
but increasingly in centers set up to provide this service. 
A discussion of such processing can be found in USP 24, 
(1206). 

This chapter emphasizes the preparation of parenteral 
products from nonsterile components in the highly technologi- 
cally advanced plants of the pharmaceutical industry, using 
cGMP principles. In the pursuit of cGMP, consideration should 
be given to 


1. Ensuring that the personnel responsible for assigned duties are 
capable and qualified to perform them. 

2. Ensuring that ingredients used in compounding the product have 
the required identity, quality, and purity. 

3. Validating critical processes to be sure that the equipment used 
and the processes followed will ensure that the finished product 
will have the qualities expected. 

4. Maintaining a production environment suitable for performing the 
critical processes required, addressing such matters as orderli- 
ness, cleanliness, asepsis, and avoidance of cross contamination. 

5. Confirming through adequate quality-control procedures that the 
finished products have the required potency, purity, and quality. 

6. Establishing through appropriate stability evaluation that the 
drug products will retain their intended potency, purity, and qual- 
ity until the established expiration date. 

7. Ensuring that processes always are carried out in accord with 
established, written procedures. 

8. Providing adequate conditions and procedures for the prevention 
of mixups. 

9. Establishing adequate procedures, with supporting documenta- 
tion, for investigating and correcting failures or problems in pro- 
duction or quality control. 

10. Providing adequate separation of quality-control responsibilities 
from those of production to ensure independent decision making. 


The pursuit of cGMP is an ongoing effort that must flex with 
new technological developments and new understanding of ex- 
isting principles. Because of the extreme importance of quality 
in health care of the public, the US Congress has given the 
responsibility of regulatory scrutiny over the manufacture and 
distribution of drug products to the FDA. Therefore, the oper- 
ations of the pharmaceutical industry are subject to the over- 
sight of the FDA and, with respect to manufacturing practices, 
to the application of the cGMPs.* These regulations are dis- 
cussed more fully in Chapter 51. 

In concert with the pursuit of cGMPs, the pharmaceutical 
industry has shown initiative and innovation in the extensive 
technological development and improvement in quality, safety, 
and effectiveness of parenteral dosage forms in recent years, 
eg, developments in sterilizing filtration, aseptic processing 
technology, and the control of particulate matter. These factors 
have been additive in providing the public with outstanding 
parenteral dosage forms of drugs at this time in history. 


GENERAL MANUFACTURING PROCESS 


SS SS —— ees ; ie ci es 

The preparation of a parenteral product may be considered to 

encompass four general areas 

1. Procurement and accumulation in a warehouse area until released 
to manufacturing. 


2. Processing the dosage form in appropriately designed and operated 
facilities. 


Establishing specifications to ensure the quality of each of the 
components of an injection is essential. These specifications 
will be coordinated with the requirements of the specific for- 
mulation and will not necessarily be identical for a particular 
component used in several different formulations. For example, 
particle-size control may be necessary for powders used in 


Figure 41-1. High-purity stilled and sealed water-storage system. A, 
evaporator; B, high-purity baffle unit; C, condenser; D, storage tank 
with ultraviolet lamp; E, control panel (courtesy, Ciba-Geigy). 


3. Packaging and labeling in a quarantine area to ensure integrity and 
completion of the product. 
4. Controlling the quality of the product throughout the process. 


Procurement encompasses selecting and testing according to 
specifications of the raw-material ingredients and the contain- 
ers and closures for the primary and secondary packages. 

Processing includes cleaning containers and equipment to 
validated specifications, compounding the solution (or other 
dosage form), filtering the solution, sanitizing or sterilizing the 
containers and equipment, filling measured quantities of prod- 
uct into the sterile containers, and, finally, sealing them. 

Packaging normally consists of the labeling and cartoning 
filled and sealed primary containers. The control of quality 
begins with the incoming supplies, being sure that specifica- 
tions are met. Each step of the process involves checks and 
tests to be sure that the developing product is meeting the 
required specifications at the respective step. Finally, the qual- 
ity control department must review the batch history and per- 
form the release testing required to clear the product for ship- 
ment to users. 

The following pages of this chapter present material orga- 
nized in the approximate manner just discussed. 


formulating a suspension but be relatively unimportant for 
preparing a solution. 

The most stringent chemical-purity requirements normally 
will be encountered with aqueous solutions, particularly if the 
product is to be sterilized at an elevated temperature where 
reaction rates will be accelerated greatly. Modification of aque- 


ous vehicles to include a glycol, for example, usually will reduce 
reaction rates. Dry preparations pose relatively few reaction 
problems but may require definitive physical specifications for 
ingredients that must have certain solution or dispersion char- 
acteristics when a vehicle is added. 

Containers and closures are in prolonged, intimate contact 
with the product and may release substances into, or remove 
ingredients from, the product. Assessment and selection of 
containers and closures are necessary parts of product formu- 
lation, to ensure that the product retains its purity, potency, 
and quality during the intimate contact with the container 
throughout its shelf life. Administration devices that come in 
contact with the product should be assessed and selected with 
the same care as are containers and closures, even though the 
contact period is usually brief. 


VEHICLES 


Since most liquid injections are quite dilute, the component 
present in the highest proportion is the vehicle. A vehicle 
normally has no therapeutic activity and is nontoxic. However, 
it is of great importance in the formulation, since it presents to 
body tissues the form of the active constituent for absorption. 
Absorption normally occurs most rapidly and completely when 
a drug is presented as an aqueous solution. Modification of the 
vehicle with water-miscible liquids or substitution with water- 
immiscible liquids normally decreases the rate of absorption. 
Absorption from a suspension may be affected by such factors 
as the viscosity of the vehicle, its capacity for wetting the solid 
particles, the solubility equilibrium produced by the vehicle, 
and the distribution coefficient between the vehicle and aque- 
ous body systems. 

The vehicle of greatest importance for parenteral prod- 
ucts is water. Water of suitable quality for compounding and 
rinsing product contact surfaces may be prepared either by 
distillation or by reverse osmosis, to meet USP specifications 
for Water for Injection (WFI). Only by these two methods is 
it possible to separate adequately various liquid, gas, and 
solid contaminating substances from water. These two meth- 
ods for preparation of WFI are discussed in this chapter. It 
should be noted that there is no unit operation more impor- 
tant and none more costly to install and operate than the one 
for the preparation of WFI. 


Preparation of W 


ater for Injection (WFI) 

The source water can be expected to be contaminated with 
natural suspended mineral and organic substances, dis- 
solved mineral salts, colloidal silicates, and industrial or 
agricultural chemicals. The degree of contamination will 
vary with the source and will be markedly different, whether 
obtained from a well or from surface sources, such as a 
stream or lake. Hence, the source water usually must be 
pretreated by one or a combination of the following treat- 
ments: chemical softening, filtration, deionization, carbon 
adsorption, or reverse osmosis purification. Space does not 
permit discussion of these processes here; the interested 
reader is referred elsewhere for this information.””® 

In general, a conventional still consists of a boiler (evapora- 
tor) containing feed water (distilland); a source of heat to va- 
porize the water in the evaporator; a headspace above the level 
of distilland, with condensing surfaces for refluxing the vapor, 
thereby returning nonvolatile impurities to the distilland; a 
means for eliminating volatile impurities before the hot water 
vapor is condensed; and a condenser for removing the heat of 
vaporization, thereby converting the water vapor to a liquid 
distillate. 
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The specific construction features of a still and the process 
specifications will have a marked effect on the quality of dis- 
tillate obtained from a still. Several factors must be considered 
in selecting a still to produce WFI. 


1. The quality of the feed water will affect the quality of the distillate. 
Controlling the quality of the feed water is essential for meeting the 
required specifications for the distillate. 

2. The size of the evaporator will affect the efficiency. It should be 
large enough to provide a low vapor velocity, thus reducing the 
entrainment of the distilland either as a film on vapor bubbles or as 
separate droplets. 

3. The baffles (condensing surfaces) determine the effectiveness of 
refluxing. They should be designed for efficient removal of the 
entrainment at optimal vapor velocity, collecting and returning the 
heavier droplets contaminated with the distilland. 

4. Redissolving volatile impurities in the distillate reduces its purity. 
Therefore, they should be separated efficiently from the hot water 
vapor and eliminated by aspirating them to the drain or venting 
them to the atmosphere. 

5. Contamination of the vapor and distillate from the metal parts of 
the still can occur. Present standards for high-purity stills are that 
all parts contacted by the vapor or distillate should be constructed 
of metal coated with pure tin, 304 or 316 stainless-steel, or chemi- 
cally resistant glass. 


The design features of a still also influence its efficiency of 
operation, relative freedom from maintenance problems, or 
extent of automatic operation. Stills may be constructed of 
varying size, rated according to the volume of distillate that can 
be produced per hour of operation under optimum conditions. 
Only stills designed to produce high-purity water may be con- 
sidered for use in the production of WFI. Conventional com- 
mercial stills designed for the production of high-purity water 
are available from several suppliers (see Fig 41-1) (AMSCO, 
Barnstead, Corning, Vaponics). 

COMPRESSION DISTILLATION—The vapor-compres- 
sion still, primarily designed for the production of large vol- 
umes of high-purity distillate with low consumption of energy 
and water, is illustrated diagrammatically in Figure 41-2. To 
start, the feed water is heated from an external source in the 
evaporator to boiling. The vapor produced in the tubes is sep- 
arated from the entrained distilland in the separator and con- 
veyed to a compressor that compresses the vapor and raises its 
temperature to approximately 107°. It then flows to the steam 
chest where it condenses on the outer surfaces of the tubes 
containing the distilland; the vapor is thus condensed and 
drawn off as a distillate, while giving up its heat to bring the 
distilland in the tubes to the boiling point. 

Vapor-compression stills are available in capacities from 50 
to 2800 gal/hr (Aqua-Chem, Barnstead, Meco). 

MULTIPLE-EFFECT STILLS—The multiple-effect still 
also is designed to conserve energy and water usage. In prin- 
ciple, it is simply a series of single-effect stills running at 
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Figure 41-2. Vapor-compression still. 
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differing pressures. A series of up to seven effects may be used, 
with the first effect operated at the highest pressure and the 
last effect at atmospheric pressure. See a schematic drawing of 
a multiple-effect still in Figure 41-3. Steam from an external 
source is used in the first effect to generate steam under pres- 
sure from feed water; it is used as the power source to drive the 
second effect. The steam used to drive the second effect con- 
denses as it gives up its heat of vaporization and forms a 
distillate. This process continues until the last effect, when the 
steam is at atmospheric pressure and must be condensed in a 
heat exchanger. 

The capacity of a multiple-effect still can be increased by 
adding effects. The quantity of the distillate also will be af- 
fected by the inlet steam pressure; thus, a 600-gal/hr unit 
designed to operate at 115 psig steam pressure could be run at 
approximately 55 psig and would deliver about 400 gal/hr. 
These stills have no moving parts and operate quietly. They are 
available in capacities from about 50 to 7000 gal/hr (AMSCO, 
Barnstead, Finn-Aqua, Kuhlman, Vaponics). 

REVERSE OSMOSIS (RO)—As the name suggests, the 
natural process of selective permeation of molecules through a 
semipermeable membrane separating two aqueous solutions of 
different concentrations is reversed. Pressure, usually between 
200 and 400 psig, is applied to overcome osmotic pressure and 
force pure water to permeate through the membrane. Mem- 
branes, usually composed of cellulose esters or polyamides, are 
selected to provide an efficient rejection of contaminant mole- 
cules in raw water. The molecules most difficult to remove are 
small inorganic ones such as sodium chloride. Passage through 
two membranes in series is sometimes used to increase the 
efficiency of removal of these small molecules and to decrease 
the risk of structural failure of a membrane to remove other 
contaminants, such as bacteria and pyrogens. For additional 
information, see Reverse Osmosis in Chapter 36 and Water in 
Chapters 39 and 55. 

Reverse osmosis systems are available in a range of produc- 
tion sizes (AMSCO, Aqua-Chem, Finn-Aqua, Meco, Millipore, 
etc). 

Whichever system is used for the preparation of WFI, 
validation is required to be sure that the system, consis- 
tently and reliably, will produce the chemical, physical, and 
microbiological quality of water required. Such validation 
should start with the determined characteristics of the 
source water and include the pretreatment, production, stor- 
age, and distribution systems. All of these systems together, 
including their proper operation and maintenance, deter- 
mine the ultimate quality of the WFI. Because of space 
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Figure 41-3. Multiple-effect still (courtesy, Dekker). (From Avis KE, 
Lieberman HA, Lachman L. Pharmaceutical Dosage Forms: Paren- 
teral Medications, vol 2, 2nd ed. New York: Dekker, 1993.) 


limitations here, more details concerning the design, opera- 
tion, and validation of these highly important systems may 
be found in other literature sources.” 

STORAGE AND DISTRIBUTION—The rate of produc- 
tion of WFI usually is not sufficient to meet processing de- 
mands; therefore, it is collected in a holding tank for subse- 
quent use. In large operations the holding tanks may have a 
capacity of several thousand gallons and be a part of a contin- 
uously operating system. In such instances the USP requires 
that the WFI be held at a temperature too high for microbial 
growth. Normally, this temperature is a constant 80°. 

The USP also permits the WF to be stored at room temper- 
ature but for a maximum of 24 hr. Under such conditions the 
WF usually is collected as a batch for a particular use with any 
unused water being discarded within 24 hr. Such a system 
requires frequent sanitization to minimize the risk of viable 
microorganisms being present. The stainless-steel storage 


' tanks in such systems usually are connected to a welded stain- 


less-steel distribution loop supplying the various use sites with 
a continuously circulating water supply. The tank is provided 
with a hydrophobic membrane vent filter capable of excluding 
bacteria and nonviable particulate matter. Such a vent filter is 
necessary to permit changes in pressure during filling and 
emptying. The construction material for the tank and connect- 
ing lines usually is electropolished 316L stainless steel with 
welded pipe. The tanks also may be lined with glass or a 
coating of pure tin. Such systems are very carefully designed 
and constructed and often constitute the most costly installa- 
tion within the plant. 

When the water cannot be used at 80°, heat exchangers 
must be installed to reduce the temperature at the point of use. 
Bacterial retentive filters should not be installed in such sys- 
tems because of the risk of bacterial buildup on the filters and 
the consequent release of pyrogenic substances. 

PURITY—While certain purity requirements have been 
alluded to above, the USP monographs provide the official 
standards of purity for WFI and Sterile Water for Injection 
(SWFI). 

The chemical and physical standards for WFI recently have 
undergone significant changes, culminating in the simplified 
specifications in supplement 8 of USP 23. The only physical/ 
chemical tests remaining are the new total organic carbon 
(TOC), with a limit of 500 ppb, and conductivity, with a limit of 
1.3 »S/em at 25 or 1.1 wS/em at 20. The former is an instru- 
mental method capable of detecting all organic carbon present, 
and the latter is a three-tiered instrumental test measuring the 
conductivity contributed by ionized particles (in microSiemens 
or micromhos) relative to pH. Since conductivity is integrally 
related to pH, the pH requirement of 5 to 7 in previous revi- 
sions has been eliminated. The TOC and conductivity specifi- 
cations are now considered to be adequate minimal predictors 
of the chemical/physical purity of WFI. However, the wet chem- 
istry tests still are used when WF is packaged for commercial 
distribution and for SWFI. 

Biological requirements continue to be, for WFI, not more 
than 10 colony-forming units (CFUs)/mL and 0.25 USP endo- 
toxin units/mL. The SWFI requirements differ in that since it is 
a final product, it must pass the USP Sterility Test. 

WFI and SWFI may not contain added substances. Bacterio- 
static Water for Injection (BWFI) may contain one or more 
suitable antimicrobial agents in containers of 30 mL or less. 
This restriction is designed to prevent the administration of a 
large quantity of a bacteriostatic agent that probably would be 
toxic in the accumulated amount of a large volume of solution, 
even though the concentration was low. 

The USP also provides monographs giving the specifications 
for Sterile Water for Inhalation and Sterile Water for Irriga- 
tion. The USP should be consulted for the minor differences 
between these specifications and those for SWFI. 


Types of Vehicles 


AQUEOUS VEHICLES—Certain aqueous vehicles are 
recognized officially because of their valid use in parenterals. 
Often they are used as isotonic vehicles to which a drug may be 
added at the time of administration. The additional osmotic 
effect of the drug may not be enough to produce any discomfort 
when administered. These vehicles include Sodium Chloride 
Injection, Ringer’s Injection, Dextrose Injection, Dextrose and 
Sodium Chloride Injection, and Lactated Ringer’s Injection. 

WATER-MISCIBLE VEHICLES—A number of solvents 
that are miscible with water have been used as a portion of the 
vehicle in the formulation of parenterals. These solvents are 
used primarily to affect the solubility of certain drugs and to 
reduce hydrolysis. The most important solvents in this group 
are ethyl alcohol, liquid polyethylene glycol and propylene gly- 
col. Ethyl alcohol is used particularly in the preparation of 
solutions of cardiac glycosides and the glycols in solutions of 
barbiturates, certain alkaloids and certain antibiotics. Such 
preparations usually are given intramuscularly. These sol- 
vents, as well as nonaqueous vehicles, have been reviewed by 
Spiegel and Noseworthy.°® 

NONAQUEOUS VEHICLES—tThe most important group 
of nonaqueous vehicles are the fixed oils. The USP provides 
specifications for such vehicles, indicating that the fixed oils 
must be of vegetable origin so that they will be metabolized, 
will be liquid at room temperature, and will not become rancid 
readily. The USP also specifies limits for the degree of unsat- 
uration and free fatty acid content. The oils most commonly 
used are corn oil, cottonseed oil, peanut oil, and sesame oil. 
Fixed oils are used particularly as vehicles for certain hormone 
preparations. The label must state the name of the vehicle so 
that the user may beware in case of known sensitivity or other 
reactions to it. 


SOLUTES- 


are must be taken in selecting bulk active chemicals and excipi- 
ents to ensure that their quality is suitable for parenteral admin- 
istration. A low microbial level will enhance the effectiveness of 
either the aseptic or terminal sterilization process used for the 
drug product. Likewise, nonpyrogenic ingredients enhance the 
nonpyrogenicity of the finished injectable product. Chemical im- 
purities should be virtually nonexistent in bulk substances for 
parenterals, because impurities are not likely to be removed by 
the processing of the product. Depending on the chemical in- 
volved, even trace residues may be harmful to the patient or cause 
stability problems in the product. Therefore, the compounder 
should use the best grade of chemicals obtainable and use its 
analytical profile to determine that each lot of chemical used in 
the formulation meets the required specifications. 

Reputable chemical manufacturers accept the stringent 
quality requirements for parenteral products and, accordingly, 
apply good manufacturing practices to their chemical manufac- 
turing. Examples of critical bulk manufacturing precautions 
include using dedicated equipment or properly validated clean- 
ing to prevent cross-contamination and transfer of impurities, 
using WF for rinsing equipment and for bulk manufacturing 
steps not followed by further purification, using closed systems 
wherever possible, and adhering to specified endotoxin and 
bioburden testing limits for the substance. 

ADDED SUBSTANCES—tThe USP includes in this cate- 
gory all substances added to a preparation to improve or safe- 
guard its quality. An added substance may 


Effect solubility, as does sodium benzoate in Caffeine and Sodium 
Benzoate Injection. 

Provide patient comfort, as do substances added to make a solution 
isotonic or near physiological pH. 

Enhance the chemical stability of a solution, as do antioxidants, 
inert gases, chelating agents, and buffers. 
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Protect a preparation against the growth of microorganisms. The 
term preservative sometimes is applied only to those substances that 
prevent the growth of microorganisms in a preparation. However, such 
lamited use is inappropriate, being better used for all substances that 
act to retard or prevent the chemical, physical, or biological degradation 
of a preparation. 


While added substances may prevent a certain reaction 
from taking place, they may induce others. Not only may visible 
incompatibilities occur, but hydrolysis, complexation, oxida- 
tion, and other invisible reactions may decompose or otherwise 
inactivate the therapeutic agent or other added substances. 
Therefore, added substances must be selected with due consid- 
eration and investigation of their effect on the total formulation 
and the container-closure system. 

ANTIMICROBIAL AGENTS—The USP states that anti- 
microbial agents in bacteriostatic or fungistatic concentrations 
must be added to preparations contained in multiple-dose con- 
tainers. They must be present in adequate concentration at the 
time of use to prevent the multiplication of microorganisms 
inadvertently introduced into the preparation while withdraw- 
ing a portion of the contents with a hypodermic needle and 
syringe. The USP provides a test for Antimicrobial Preserva- 
tive Effectiveness to determine that an antimicrobial substance 
or combination adequately inhibits the growth of microorgan- 
isms in a parenteral product. Because antimicrobials may have 
inherent toxicity for the patient, the USP prescribes concentra- 
tion limits for those that are used commonly in parenteral 
products, eg 


Phenylmercuric nitrate and thimerosal 0.01%. 
Benzethonium chloride and benzalkonium chloride 0.01%. 
Phenol or cresol 0.5%. 

Chlorobutanol 0.5%. 


The above limit rarely is used for phenylmercuric nitrate, most 
frequently employed in a concentration of 0.002%. Methyl p- 
hydroxybenzoate 0.18% and propyl p-hydroxybenzoate 0.02% 
in combination, and benzyl alcohol 2% also are used frequently. 
In oleaginous preparations, no antibacterial agent commonly 
employed appears to be effective. However, it has been reported 
that hexylresorcinol 0.5% and phenylmercuric benzoate 0.1% 
are moderately bactericidal. A few therapeutic compounds 
have been shown to have antibacterial activity, thus obviating 
the need for added agents. 

Antimicrobial agents must be studied with respect to com- 
patibility with all other components of the formula. In addition, 
their activity must be evaluated in the total formula. It is not 
uncommon to find that a particular agent will be effective in 
one formulation but ineffective in another. This may be due to 
the effect of various components of the formula on the biological 
activity or availability of the compound; for example, the bind- 
ing and inactivation of esters of p-hydroxybenzoic acid by mac- 
romolecules such as Polysorbate 80 or the reduction of phe- 
nylmercuric nitrate by sulfide residues in rubber closures. A 
physical reaction encountered is that bacteriostatic agents 
sometimes are removed from solution by rubber closures. 

Single-dose containers and pharmacy bulk packs that do not 
contain antimicrobial agents are expected to be used promptly 
after opening or to be discarded. Large-volume, single-dose 
containers may not contain an added antimicrobial preserva- 
tive. Therefore, special care must be exercised in storing such 
products after the containers have been opened to prepare an 
admixture, particularly those that can support the growth of 
microorganisms, such as total parenteral nutrition (TPN) solu- 
tions and emulsions. It should be noted that while refrigeration 
slows the growth of most microorganisms, it does not prevent 
their growth. 

Buffers are used primarily to stabilize a solution against 
the chemical degradation that might occur if the pH changes 
appreciably. Buffer systems employed should normally have as 
low a buffering capacity as feasible so as not to disturb signif- 
icantly the body’s buffering systems when injected. In addition, 
the buffer range and effect on the activity of the product must 
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be evaluated carefully. The acid salts most frequently em- 
ployed as buffers are citrates, acetates, and phosphates. 

Antioxidants are required frequently to preserve products 
because of the ease with which many drugs are oxidized. 
Sodium bisulfite 0.1% is used most frequently. The use of 
sulfites has been reviewed by Schroeter.’ Acetone sodium bisul- 
fite, sodium formaldehyde sulfoxylate, and thiourea also are 
used sometimes. The sodium salt of ethylenediaminetetraace- 
tic acid has been found to enhance the activity of antioxidants 
in some cases, apparently by chelating metallic ions that would 
otherwise catalyze the oxidation reaction. 

Displacing the air (oxygen) in and above the solution by 
purging with an inert gas, such as nitrogen, also can be used as 
a means to control oxidation of a sensitive drug. Process control 
is required for assurance that every container is deaerated 
adequately and uniformly. 

Tonicity agents are used in many parenteral and ophthalmic 
products to adjust the tonicity. However, not all preparations 
need to be isotonic. The agents most commonly used are elec- 
trolytes and mono- or disaccharides. This subject is considered 
much more extensively in Chapter 18. 

A recent publication surveys excipients being used today in 
parenteral formulations in the United States.® 


PYROGENS (ENDOTOXINS) 

NO NE 
Pyrogens are products of metabolism of microorganisms. The 
most potent pyrogenic substances (endotoxins) are constituents 
of the cell wall of gram-negative bacteria. Gram-positive bac- 
teria and fungi also produce pyrogens but of lower potency and 
of different chemical nature. Endotoxins are high-molecular- 
weight (about 20,000 daltons) lipopolysaccharides. Studies 
have shown that the lipid portion of the molecule is responsible 
for the biological activity. Since endotoxins are the most potent 
pyrogens and gram-negative bacteria are ubiquitous in the 
environment, this discussion focuses on endotoxins and the 
risk of their presence as contaminants in sterile products. 

Pyrogens, when present in parenteral drug products and 
injected into patients, can cause fever, chills, pain in the back 
and legs, and malaise. While pyrogenic reactions are rarely 
fatal, they can cause serious discomfort and, in the seriously ill 
patient, shock-like symptoms that can be fatal. The intensity of 
the pyrogenic response and its degree of hazard will be affected 
by the medical condition of the patient, the potency of the 
pyrogen, the amount of the pyrogen, and the route of adminis- 
tration (intrathecal is most hazardous followed by intravenous, 
intramuscular, and subcutaneous). When bacterial (exogenous) 
pyrogens are introduced into the body, leukocytic phagocytosis 
is believed to occur, and endogenous pyrogen is produced. The 
endogenous pyrogen then produces the familiar physiological 
effects. Space does not permit further elaboration of these 
matters here; the reader is referred to the work by Pearson? if 
more information is needed. 

CONTROL OF PYROGENS—Pyrogens are contaminants 
if present in parenteral drug products and should not be there. 
In general, it is impractical, if not impossible, to remove pyro- 
gens once present without adversely affecting the drug product. 
Therefore, the emphasis should be on preventing the introduc- 
tion or development of pyrogens in all aspects of the compound- 
ing and processing of the product. 

Pyrogens may enter a preparation through any means that 
will introduce living or dead microorganisms. However, current 
technology generally permits the control of such contamina- 
tion, and the presence of pyrogens in a finished product indi- 
cates processing under inadequately controlled conditions. It 
also should be noted that time for microbial growth to occur 
increases the risk for elevated levels of pyrogens. Therefore, 
compounding and manufacturing processes should be carried 
out as expeditiously as possible, preferably planning comple- 
tion of the process, including sterilization, within one work day. 


Pyrogens can be destroyed by heating at high temperatures. A 
typical procedure for depyrogenation of glassware and equipment 
is maintaining a dry heat temperature of 250° for 45 min. It has 
been reported that 650° for 1 min or 180° for 4 hr likewise will 
destroy pyrogens. The usual autoclaving cycle will not do so. 
Heating with strong alkali or oxidizing solutions will destroy 
pyrogens. It has been claimed that thorough washing with deter- 
gent will render glassware pyrogen-free if subsequently rinsed 
thoroughly with pyrogen-free water. Rubber stoppers cannot 
withstand pyrogen-destructive temperatures, so reliance must be 
placed on an effective sequence of washing, thorough rinsing with 
WEI, prompt sterilization, and protective storage to ensure ade- 
quate pyrogen control. Similarly, plastic containers and devices 
must be protected from pyrogenic contamination during manu- 
facture and storage, since known ways of destroying pyrogens 
affect the plastic adversely. It has been reported that anion- 
exchange resins and positively charged membrane filters will 
remove pyrogens from water. Also, although reverse osmosis 
membranes will eliminate them, the most reliable method for 
their elimination from water is distillation. 

A method that has been used for the removal of pyrogens 
from solutions is adsorption on adsorptive agents. However, 
since the adsorption phenomenon also may cause selective 
removal of chemical substances from the solution, this method 
has limited application. Other in-process methods for their 
destruction or elimination include selective extraction proce- 
dures and careful heating with dilute alkali, dilute acid, or mild 
oxidizing agents. In each instance, the method must be studied 
thoroughly to be sure it will not have an adverse effect on the 
constituents of the product. Although ultrafiltration now 
makes possible pyrogen separation on a molecular-weight basis 
and the process of tangential flow is making large-scale pro- 
cessing more practical, use of this technology is limited, except 
in biotechnological processing. 

SOURCES OF PYROGENS—Through understanding the 
means by which pyrogens may contaminate parenteral products, 
their control becomes more achievable. Therefore, it is important 
to know that water is probably the greatest potential source of 
pyrogenic contamination, since water is essential for the growth of 
microorganisms. When microorganisms metabolize, pyrogens will 
be produced. Therefore, raw water can be expected to be pyrogenic 
and only when it is appropriately treated to render it free from 
pyrogens, such as WF', should it be used for compounding the 
product or rinsing product contact surfaces such as tubing, mixing 
vessels, and rubber closures. Even when such rinsed equipment 
and supplies are left wet and improperly exposed to the environ- 
ment, there is a high risk that they will become pyrogenic. Al- 
though proper distillation will provide pyrogen-free water, stor- 
age conditions must be such that microorganisms are not 
introduced and subsequent growth is prevented. 

Other potential sources of contamination are containers and 
equipment. Pyrogenic materials adhere strongly to glass and 
other surfaces. Residues of solutions in used equipment often 
become bacterial cultures, with subsequent pyrogenic contam- 
ination. Since drying does not destroy pyrogens, they may 
remain in equipment for long periods. Adequate washing will 
reduce contamination and subsequent dry-heat treatment can 
render contaminated equipment suitable for use. However, all 
such processes must be validated to ensure their effectiveness. 

Solutes may be a source of pyrogens. For example, the 
manufacturing of bulk chemicals may involve the use of pyro- 
genic water for process steps such as crystallization, precipita- 
tion, or washing. Bulk drug substances derived from fermen- 
tation will almost certainly be heavily pyrogenic. Therefore, all 
lots of solutes used to prepare parenteral products should be 
tested to ensure that they will not contribute unacceptable 
quantities of endotoxin to the finished product. 

The manufacturing process must be carried out with great 
care and as rapidly as possible, to minimize the risk of micro- 
bial contamination. Preferably, no more product should be pre- 
pared than can be processed completely within one working 
day, including sterilization. 


Containers are an integral part of the formulation of an injec- 
tion. No container is totally insoluble or does not in some way 
affect the liquid it contains, particularly if the liquid is aque- 
ous. Therefore, the selection of a container for a particular 
injection must be based on consideration of the composition of 
the container, as well as of the solution, and the treatment to 
which it will be subjected. 

Table 41-1 provides a generalized comparison of the three 
compatibility properties—leaching, permeation, and adsorp- 
tion— of container materials most likely to be involved in the 
formulation of aqueous parenterals. Further, the integrity of 
the container/closure system depends upon several charac- 
teristics, including container opening finish, closure modu- 
lus, durometer and compression set, and aluminum seal 
application force. These considerations have been reviewed 
by Morton.?° 


CONTAINER TYPES 


Plastic 


Thermoplastic polymers have been established as packaging 
materials for sterile preparations such as large-volume par- 
enterals, ophthalmic solutions, and, increasingly, small- 
volume parenterals. For such use to be acceptable a thorough 
understanding of the characteristics, potential problems, 
and advantages for use must be developed. A historical 
review of these factors relative to pharmaceuticals has been 
prepared by Autian.'’ A discussion of polymers for IV 
solutions has been published by Lambert.'” Autian stated 
that three principal problem areas exist in using these 
materials: 


1. Permeation of vapors and other molecules in either direction 
through the wall of the plastic container. 

2. Leaching of constituents from the plastic into the product. 

3. Sorption (absorption and/or adsorption) of drug molecules or ions on 
the plastic material. 
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Permeation, the most extensive problem, may be trouble- 
some by permitting volatile constituents, water, or specific 
drug molecules to migrate through the wall of the container to 
the outside and thereby be lost. This problem has been re- 
solved, for example, by the use of an overwrap in the packaging 
of IV solutions in PVC bags to prevent the loss of water during 
storage. Reverse permeation also may occur in which oxygen or 
other molecules may penetrate to the inside of the container 
and cause oxidative or other degradation of susceptible constit- 
uents. Leaching may be a problem when certain constituents in 
the plastic formulation, such as plasticizers or antioxidants, 
migrate into the product. Thus, plastic polymer formulations 
should have as few additives as possible, an objective charac- 
teristically achievable for most plastics being used for paren- 
teral packaging. Sorption is a problem on a selective basis, that 
is, sorption of a few drug molecules occurs on specific polymers. 
For example, sorption of insulin, vitamin A acetate, and war- 
farin sodium has been shown to occur on PVC bags and tubing 
when these drugs were present as additives in IV admixtures. 
A brief summary of some of these compatibility relationships is 
given in Table 41-1. 

One of the principle advantages of using plastic packaging 
materials is that they are not breakable as is glass; also, there 
is a substantial weight reduction. The flexibility of the low- 
density polyethylene polymer, for ophthalmic preparations, 
makes it possible to squeeze the side wall of the container and 
discharge one or more drops without introducing contamina- 
tion into the remainder of the product. The flexible bags of 
polyvinyl chloride or select polyolefins, currently in use for 
large-volume intravenous fluids, have the added advantage 
that no air interchange is required; the flexible wall simply 
collapses as the solution flows out of the bag. 

Most plastic materials have the disadvantage that they 
are not as clear as glass and, therefore, inspection of the 
contents is impeded. In addition, many of these materials 
will soften or melt under the conditions of thermal steriliza- 
tion. However, careful selection of the plastic used and con- 
trol of the autoclave cycle has made thermal sterilization of 
some products possible, large-volume parenterals in partic- 
ular. Ethylene oxide or radiation sterilization may be em- 


Table 41-1. Comparative Compatibility Properties of Container Materials 


LEACHING PERMEATION ADSORPTION 
(SELECTIVE) 
EXTENT? POTENTIAL LEACHABLES EXTENT? POTENTIAL AGENTS EXTENT? 
Glass 
Borosilicate 1 Alkaline earth and heavy metal 0 N/A 2 
oxides 
Soda-lime 5 Alkaline earth and heavy metal 0 N/A 2 
oxides 
Plastic polymers 
Polyethylene 
Low density 2 Plasticizers, antioxidants 5 Gases, water vapor, other molecules 2 
High density 1 Antioxidants 3 Gases, water vapor, other molecules 2 
PVC 4 HCl, especially plasticizers, 5 Gases, especially water vapor and 2. 
antioxidants, other stabilizers other molecules 
Polyolefins 2 Antioxidants 2 Gases, water vapor, other molecules 2 
Polypropylene 2 Antioxidants, lubricants 4 Gases, water vapor 1 
Rubber polymers 
Natural and related synthetic 5 Heavy metal salts, lubricants, 3 Gases, water vapor 3 
reducing agents 
Butyl 3 Heavy metal salts, lubricants, 1 Gases, water vapor 2 
reducing agents 
Silicone 2 Minimal 5 Gases, water vapor 1 


? Approximate scale of 1 to 5, with 1 as the lowest. 
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ployed for the empty container with subsequent aseptic fill- 
ing. However, careful evaluation of the residues from 
ethylene oxide or its degradation products and their poten- 
tial toxic effect must be undertaken. Investigation is re- 
quired concerning potential interactions and other problems 
that may be encountered when a parenteral product is pack- 
aged in plastic. For further details see Chapter 54. 


Glass 


Glass is employed as the container material of choice for most 
SVIs. It is composed principally of silicon dioxide, with varying 
amounts of other oxides such as sodium, potassium, calcium, 
magnesium, aluminum, boron, and iron. The basic structural 
network of glass is formed by the silicon oxide tetrahedron. 
Boric oxide will enter into this structure, but most of the other 
oxides do not. The latter are only loosely bound, are present in 
the network interstices, and are relatively free to migrate. 
These migratory oxides may be leached into a solution in con- 
tact with the glass, particularly during the increased reactivity 
of thermal sterilization. The oxides thus dissolved may hydro- 
lyze to raise the pH of the solution and catalyze or enter into 
reactions. Additionally, some glass compounds will be attacked 
by solutions and, in time, dislodge glass flakes into the solution. 
Such occurrences can be minimized by the proper selection of 
the glass composition.'® 

TYPES—The USP has aided in this selection by providing 
a classification of glass: 


Type I, a borosilicate glass. 

Type II, a soda-lime treated glass. 

Type III, a soda-lime glass. 

NP, a soda-lime glass not suitable for containers for parenterals. 


Type I glass is composed principally of silicon dioxide and 
boric oxide, with low levels of the non-network-forming oxides. 
It is a chemically resistant glass (low leachability) also having 
a low thermal coefficient of expansion. 

Types II and III glass compounds are composed of relatively 
high proportions of sodium oxide and calcium oxide. This 
makes the glass chemically less resistant. Both types melt at a 
lower temperature, are easier to mold into various shapes, and 
have a higher thermal coefficient of expansion than Type I. 
While there is no one standard formulation for glass among 
manufacturers of these USP type categories, Type II glass 
usually has a lower concentration of the migratory oxides than 
Type III. In addition, Type II has been treated under controlled 
temperature and humidity conditions with sulfur dioxide or 
other dealkalizers to neutralize the interior surface of the con- 
tainer. While it remains intact, this surface will increase sub- 
stantially the chemical resistance of the glass. However, re- 
peated exposures to sterilization and alkaline detergents will 
break down this dealkalized surface and expose the underlying 
soda-lime compound. 

The glass types are determined from the results of two USP 
tests: the Powdered Glass Test and the Water Attack Test. The 
latter is used only for Type II glass and is performed on the 
whole container, because of the dealkalized surface; the former 
is performed on powdered glass, which exposes internal sur- 
faces of the glass compound. The results are based upon the 
amount of alkali titrated by 0.02 N sulfuric acid after an auto- 
claving cycle with the glass sample in contact with a high- 
purity distilled water. Thus, the Powdered Glass Test chal- 
lenges the leaching potential of the interior structure of the 
glass while the Water Attack Test challenges only the intact 
surface of the container. 

Selecting the appropriate glass composition is a critical facet 
of determining the overall specifications for each parenteral 
formulation. 


In general, Type I glass will be suitable for all products, 
although sulfur dioxide treatment sometimes is used for a 
further increase in resistance. Because cost must be consid- 
ered, one of the other, less-expensive types may be accept- 
able. Type II glass may be suitable, for example, for a solu- 
tion that is buffered, has a pH below 7, or is not reactive with 
the glass. Type III glass usually will be suitable principally 
for anhydrous liquids or dry substances. However, some 
manufacturer-to-manufacturer variation in glass composi- 
tion should be anticipated within each glass type. Therefore, 
for highly chemically sensitive parenteral formulations it 
may be necessary to specify both USP Type and a specific 
manufacturer. 

PHYSICAL CHARACTERISTICS—Some of the physical 
shapes of glass ampuls and vials are illustrated in Figure 41-4. 
Commercially available containers vary in size from 0.5 to 1000 
mL. Sizes up to 100 mL may be obtained as ampuls and vials, 
and larger sizes as bottles. The latter are used mostly for 
intravenous and irrigating solutions. Smaller sizes also are 
available as cartridges. Ampuls and cartridges are drawn from 
glass tubing. The smaller vials may be made by molding or 
from tubing. Larger vials and bottles are made only by molding. 
Containers made by drawing tubing are generally optically 
clearer and have a thinner wall than molded containers (Fig 
41-4). Molded containers are uniform in external dimensions, 
stronger, and heavier. 

Easy-opening ampuls that permit the user to break off the 
tip at the neck constriction without the use of a file are 
weakened at the neck by scoring or applying a ceramic paint 
with a different coefficient of thermal expansion. An example 
of a modification of container design to meet a particular 
need is the double-chambered vial, under the name Univial 
(Univial), designed to contain a freeze-dried product in the 
lower, and solvent in the upper, chamber. Other examples 
are wide-mouth ampuls with flat or rounded bottoms to 
facilitate filling with dry materials or suspensions, and var- 
ious modifications of the cartridge for use with disposable 
dosage units. 

Glass containers must be strong enough to withstand the 
physical shocks of handling and shipping and the pressure 
differentials that develop, particularly during the autoclave 
sterilization cycle. They must be able to withstand the thermal 
shock resulting from large temperature changes during pro- 
cessing, for example, when the hot bottle and contents are 
exposed to room air at the end of the sterilization cycle. There- 
fore, a glass with a low coefficient of thermal expansion is 
necessary. The container also must be transparent to permit 
inspection of the contents. 


Figure 41-4. Various types of ampuls and multiple-dose vials for 
parenterals (courtesy, Kimble). 


pec 


Preparations that are light-sensitive must be protected by 
placing them in amber glass containers or by enclosing flint 
glass containers in opaque cartons labeled to remain on the 
container during the period of use. It should be noted that the 
amber color of the glass is imparted by the incorporation of 
potentially leachable heavy metals, mostly iron and manga- 
nese, which may act as catalysts for oxidative degradation 
reactions. Silicone coatings sometimes are applied to contain- 
ers to produce a hydrophobic surface, for example, as a means 
of reducing the friction of a rubber-tip of a syringe plunger. 

The size of single-dose containers is limited to 1000 mL by 
the USP and multiple-dose containers to 30 mL, unless stated 
otherwise in a particular monograph. Multiple-dose vials are 
limited in size to reduce the number of punctures for withdraw- 
ing doses and the accompanying risk of contamination of the 
contents. As the name implies, single-dose containers are 
opened or penetrated with aseptic care, and the contents used 
at one time. These may range in size from 1000-mL bottles to 
1-mL or less ampuls, vials, or syringes. The integrity of the 
container is destroyed when opened, so that the container 
cannot be closed and reused. 

A multiple-dose container is designed so that more than one 
dose can be withdrawn at different times, the container main- 
taining a seal between uses. It should be evident that with full 
aseptic precautions, including sterile syringe and needle for 
withdrawing the dose and disinfection of the exposed surface of 
the closure, there is still a substantial risk of introducing con- 
taminating microorganisms and viruses into the contents of the 
vial. Because of this risk, the USP requires that all multiple- 
dose vials must contain an antimicrobial agent or be inher- 
ently antimicrobial, as determined by the USP Antimicrobial 
Preservatives-Effectiveness tests. There are no comparable an- 
tiviral effectiveness tests, nor are antiviral agents available for 
such use. In spite of the advantageous flexibility of dosage 
provided by multiple-dose vials, single-dose, disposable con- 
tainer units provide the clear advantage of greater sterility 
assurance and patient safety. 


RUBBER CLOSURES 
ermit introduction of a needle from a hypodermic syringe 
into a multiple-dose vial and provide for resealing as soon as 
the needle is withdrawn, each vial is sealed with a rubber 
closure held in place by an aluminum cap. Figure 41-5 illus- 
trates how this is done. This principle also is followed for 
single-dose containers of the cartridge type, except that there is 
only a single introduction of the needle to make possible the 
withdrawal or expulsion of the contents. 
Rubber closures are composed of multiple ingredients 
that are plasticized and mixed together at an elevated tem- 
perature on milling machines. Subsequently, the plasticized 


Figure 41-5. Extended view of sealing components for a multiple- 
dose vial (courtesy, West). 
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Table 41-2. Examples of Ingredients Found 


in Rubber Closures 
eee 


INGREDIENT EXAMPLES 
Elastomer Natural rubber (latex) 
Butyl rubber 
Neoprene 
Vulcanizing (curing) agent Sulfur 
Peroxides 
Accelerator Zinc dibutyldithiocarbamate 
Activator Zinc oxide 
Stearic acid 
Antioxidant Dilaury| thiodipropionate 
Plasticizer/lubricant Paraffinic oil 
Silicone oil 
Fillers Carbon black 
Clay 
Barium sulfate 
Pigments Inorganic oxides 


Carbon black 


mixture is placed in molds and vulcanized (cured) under high 
temperature and pressure. During vulcanization the poly- 
mer strands are cross-linked by the vulcanizing agent, as- 
sisted by the accelerator and activator, so that motion is 
restricted and the molded closure acquires the elastic, resil- 
ient character required for its use. Ingredients not involved 
in the cross-linking reactions remain dispersed within the 
compound and, along with the degree of curing, affect the 
properties of the finished closure. Examples of rubber- 
closure ingredients are given in Table 41-2. 

The physical properties to be considered in the selection 
of a particular formulation include elasticity, hardness, ten- 
dency to fragment, and permeability to vapor transfer. The 
elasticity is critical in establishing a seal with the lip and 
neck of a vial or other opening and in resealing after with- 
drawal of a hypodermic needle from a vial closure. The 
hardness should provide firmness but not excessive resis- 
tance to the insertion of a needle through the closure, while 
minimal fragmentation of pieces of rubber should occur as 
the hollow shaft of the needle is pushed through the closure. 
While vapor transfer occurs to some degree with all rubber 
formulations, appropriate selection of ingredients makes it 
possible to control the degree of permeability. Physicochem- 
ical and toxicological tests for evaluating rubber closures are 
described in section (381) in the USP. 

The ingredients dispersed throughout the rubber com- 
pound may be subject to leaching into the product contacting 
the closure. These ingredients, examples of which are given 
in Table 41-2, pose potential compatibility interactions with 
product ingredients if leached into the product solution, and 
these effects must be evaluated.'*?° Further, some ingredi- 
ents must be evaluated for potential toxicity. To reduce the 
problem of leachables, coatings have been applied to the 
product contact surfaces of closures, with various polymers, 
the most successful being Teflon. Recently, polymeric coat- 
ings have been developed that are claimed to have more 
integral binding with the rubber matrix, but details of their 
function are trade secrets. 

The physical shape of some typical closures may be seen in 
Figure 41-5. Most of them have a lip and a protruding flange that 
extends into the neck of the vial or bottle. Many disk closures are 
being used now, particularly in the high-speed packaging of an- 
tibiotics. Slotted closures are used on freeze-dried products to 
permit the escape of water vapor, since they are inserted only 
partway into the neck of the vial until completion of the drying 
phase of the cycle. The plunger type is used to seal one end of a 
cartridge. At the time of use, the plunger expels the product by a 
needle inserted through the closure at the distal end of the car- 
tridge. Intravenous solution closures often have permanent holes 
for adapters of administration sets; irrigating solution closures 
usually are designed for pouring. 
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The production facility and its associated equipment must be 
designed, constructed, and operated properly for the manufac- 
ture of a sterile product to be achieved at the quality level 
required for safety and effectiveness. Further, the processes 
used must meet cGMP standards, both ethical and legal. In 
fact, the nearer these standards approach perfection, the better 
and safer should be the products. 


FUNCTIONAL AREAS 

SL Sa a SE PP 
To achieve the goal of a manufactured sterile product of excep- 
tionally high quality, five functional production areas will be 
involved: warehousing or procurement, compounding, materi- 
als support, aseptic filling, and packaging and quarantine (see 
Fig 41-1). The extra requirements for the aseptic area are 
designed to provide an environment where, for example, a 


sterile fluid may be exposed to the environment for a brief 


period during subdivision from a bulk container to individual- 
dose containers without becoming contaminated. Contami- 
nants such as dust, lint, and microorganisms normally are 
found floating in the air, lying on counters and other surfaces, 
on clothing and body surfaces of personnel, in the exhaled 
breath of personnel, and deposited on the floor. The design and 
control of an aseptic area is directed toward reducing the pres- 
ence of these contaminants so that they are no longer a hazard 
to aseptic filling. 

Although the aseptic area must be adjacent to support areas 
so that an efficient flow of components may be achieved, barri- 
ers must be provided to minimize ingress of contaminants to 
the critical aseptic area. Such barriers may consist of a variety 
of forms, including sealed walls, manual or automatic doors, 
airlock pass-throughs, ports of various types, or plastic cur- 
tains. Figure 41-6 shows an example of a floor plan for a clinical 


Figure 41-6. Floor plan of aseptic filling rooms and staging room 
with adjacent support areas (courtesy, Glaxo). 


Figure 41-7. Product filtration from the aseptic staging room 
through a port into the aseptic filling room (courtesy, The Univer- 
sity of Tennessee College of Pharmacy). 


supply production facility (selected as an example of a small- 
scale, noncomplex facility), in which the two fill rooms and the 
staging area constitute the walled critical aseptic area, access 
to which is only by means of pass-through airlocks. Adjacent 
support areas (rooms) consist of glass preparation, equipment 
wash, capping, manufacturing (compounding), and various 
storage areas. Figure 41-7 shows an adjacent arrangement 
with the utilization of a through-the-wall port for passage of a 
filtrate into the critical aseptic filling room. 

FLOW PLAN—In general, the components for a parenteral 
product flow (see Fig 41-1) either from the warehouse, after 
release, to the compounding area, as for ingredients of the 
formula, or to the materials support area, as for containers and 
equipment. After proper processing in these areas, the compo- 
nents flow into the security of the aseptic area for filling of the 
product in appropriate containers. From there the product 
passes into the quarantine and packaging area where it is held 
until all necessary tests have been performed. If the product is 
to be sterilized in its final container, its passage normally is 
interrupted after leaving the aseptic area for subjection to the 
sterilization process. After the results from all tests are known, 
the batch records have been reviewed, and the product has 
been found to comply with its release specifications, it passes to 
the finishing area for final release for shipment. There some- 
times are variations from this flow plan to meet the specific 
needs of an individual product or to conform to existing facili- 
ties. Automated operations normally have much larger capac- 
ity and convey the components from one area to another with 
little or no handling by operators. 


Clean Room Classified Areas 


Because of the extremely high standards of cleanliness and 
purity that must be met by parenteral products, it has become 
standard practice to prescribe specifications for the environ- 
ments in which these products are manufactured; ie, clean 
rooms. Clean room specifications are summarized in Federal 
Standard 209E!°, based on the maximum allowed number of 
airborne particles/ft®, of 0.5 um or larger size. The classifica- 
tions used in pharmaceutical practice normally range from 


Class 100,000 for materials support areas to Class 100 for 
aseptic areas. To achieve Class 100 conditions, HEPA filters 
are required for the incoming air, with the effluent air sweep- 
ing the downstream environment at a uniform velocity, nor- 
mally 90 ft/min + 20%, along parallel lines (laminar air flow). 
HEPA filters are defined as 99.97% or more efficient in remov- 
ing from the air 0.3-um particles generated by vaporized dioc- 
tylphthalate (DOP). More recently other agents, eg, the hydro- 
carbon Emory 3004, are being used because of concern about 
the toxicity of DOP. 

AIR CLEANING—Sincee air is one of the greatest potential 
sources of contaminants in clean rooms, special attention must 
be given to air being drawn into clean rooms by the heating, 
ventilating, and air conditioning (HVAC) system. This may be 
done by a series of treatments that will vary somewhat from 
one installation to another. 

In one such series air from the outside first is passed 
through a prefilter, usually of glass wool, cloth, or shredded 
plastic, to remove large particles. Then it may be treated by 
passage through an electrostatic precipitator (suppliers: Am 
Air, Electro-Air). Such a unit induces an electrical charge on 
particles in the air and removes them by attraction to oppo- 
sitely charged plates. The air then passes through the most 
efficient cleaning device, a HEPA filter with an efficiency of at 
least 99.97% in removing particles of 0.3 wm and larger, based 
on the DOP (dioctylphthalate) test (suppliers: Am Air, Cam- 
bridge, Flanders). 

For personnel comfort, air conditioning and humidity con- 
trol should be incorporated into the system. The latter is also 
important for certain products such as those that must be 
lyophilized and for the processing of plastic medical devices. 
The clean, aseptic air is introduced into the Class 100 area and 
maintained under positive pressure, which prevents outside air 
from rushing into the aseptic area through cracks, temporarily 
open doors, or other openings. 

LAMINAR-FLOW ENCLOSURES—tThe required envi- 
ronmental control of aseptic areas has been made possible by 
the use of laminar airflow, originating through a HEPA filter 
occupying one entire side of the confined space. Therefore, it 
bathes the total space with very clean air, sweeping away 
contaminants. The orientation for the direction of airflow can 
be horizontal (Fig 41-8) or vertical (see Fig 41-9), and may 
involve a limited area such as a workbench or an entire room. 
Figure 41-9 shows a vial-filling line protected with vertical 
laminar airflow from ceiling-hung HEPA filters, a Class 100 
area. Plastic curtains are installed to maintain the laminarity 
of airflow to below the filling line and to circumscribe the 
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Figure 41-8. Horizontal laminar-flow workbench (courtesy, adap- 
tation, Sandia). 
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Figure 41-9. Vial filling line under vertical laminar airflow with 
critical area enclosed within plastic curtains (courtesy, Merck). 


critical filling portion of the line. The area outside the curtains 
can be maintained at a slightly lower level of cleanliness than 
that inside, perhaps Class 1000 or 10,000. 

Today, it is accepted that critical areas of processing, 
wherein the product or product contact surfaces may be ex- 
posed to the environment, even for a brief period of time, should 
meet Class 100 clean room standards. 

It must be borne in mind that any contamination intro- 
duced upstream by equipment, arms of the operator, or leaks 
in the filter will be blown downstream. In the instance of 
horizontal flow this may be to the critical working site, the 
face of the operator, or across the room. Should the contam- 
inant be, for example, penicillin powder, a biohazard mate- 
rial, or viable microorganisms, the danger to the operator is 
apparent. 

Further, great care must be exercised to prevent cross- 
contamination from one operation to another, especially with 
horizontal laminar air flow. For most large-scale operations, 
as shown in Figure 41-9, a vertical system is much more 
desirable, with the air flowing through perforations in the 
countertop or through return louvers at floor level, where it 
can be directed for decontamination. Laminar-flow environ- 
ments provide well-controlled work areas only if proper pre- 
cautions are observed. Any reverse air currents or move- 
ments exceeding the velocity of the HEPA-filtered airflow 
may introduce contamination, as may coughing, reaching, or 
other manipulations of operators. Therefore, laminar-flow 
work areas should be protected by being located within con- 
trolled environments. Personnel should be attired for aseptic 
processing, as described below. All movements and processes 
should be planned carefully to avoid the introduction of 
contamination upstream of the critical work area. Checks of 
the air stream should be performed initially and at regular 
intervals to be sure no leaks have developed through or 
around the HEPA filters. Workbenches and other types 
of laminar-flow enclosures are available from several 
commercial sources (suppliers: Air Control, Atmos-Tech, 
Baker, Clean Air, Clestra, Envirco, Flanders, Laminaire, 
Liberty). 

MATERIALS SUPPORT AREA—The area is constructed 
to withstand moisture, steam, and detergents and is usually a 
Class 100,000 clean room. The ceiling, walls, and floor should 
be constructed of impervious materials so that moisture will 
run off and not be held. One of the finishes with a vinyl or 
expoxy sealing coat provides a continuous surface free from all 
holes or crevices. All such surfaces can be washed at regular 
intervals to keep them thoroughly clean. These areas should 
be exhausted adequately so that the heat and humidity will 
be removed for the comfort of personnel. Precautions must be 
taken to prevent the accumulation of dirt and the growth of 
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microorganisms because of the high humidity and heat. In this 
area preparation for the filling operation, such as cleaning and 
assembling equipment, is undertaken. Adequate sink and 
counter space must be provided. This area must be cleanable, 
and the microbial load must be monitored and controlled. Pre- 
cautions also must be taken to prevent deposition of particles or 
other contaminants on clean containers and equipment until 
they have been properly boxed or wrapped preparatory to ster- 
ilization and depyrogenation. 

COMPOUNDING AREA—In this area the formula is com- 
pounded. Although it is not essential that this area be aseptic, 
control of microorganisms and particulates should be more strin- 
gent than in the materials support area. For example, means may 
need to be provided to control dust generated from weighing and 
compounding operations. Cabinets and counters should, prefera- 
bly, be constructed of stainless steel. They should fit snugly to 
walls and other furniture so that there are no catch areas where 
dirt can accumulate. The ceiling, walls, and floor should be similar 
to those for the materials support area. 

ASEPTIC AREA—The aseptic area requires construction 
features designed for maximum microbial and particulate con- 
trol. The ceiling, walls, and floor must be sealed so that they 
may be washed and sanitized with a disinfectant, as needed. 
All counters should be constructed of stainless steel and hung 
from the wall so that there are no legs to accumulate dirt where 
they rest on the floor. All light fixtures, utility service lines, and 
ventilation fixtures should be recessed in the walls or ceiling to 
eliminate ledges, joints, and other locations for the accumula- 
tion of dust and dirt. As much as possible, tanks containing the 
compounded product should remain outside the aseptic filling 
area, and the product fed into the area through hose lines. 
Figure 41-7 shows such an arrangement. Proper sanitization is 
required if the tanks must be moved in. Large mechanical 
equipment that is located in the aseptic area should be housed 
as completely as possible within a stainless steel cabinet to seal 
the operating parts and their dirt-producing tendencies from 
the aseptic environment. Further, all such equipment parts 
should be located below the filling line. Mechanical parts that 
will contact the parenteral product should be demountable so 
that they can be cleaned and sterilized. 

Personnel entering the aseptic area should enter only through 
an airlock. They should be attired in sterile coveralls with sterile 
hats, masks, goggles, and foot covers. Movement within the room 
should be minimal and in-and-out movement rigidly be restricted 
during a filling procedure. The requirements for room preparation 
and the personnel may be relaxed somewhat if the product is to be 
sterilized terminally in a sealed container. Some are convinced, 
however, that it is better to have one standard procedure meeting 
the most rigid requirements. 

ISOLATION (BARRIER) TECHNOLOGY—This tech- 
nology is a relatively new approach to the control of aseptic 
processing. It is designed to isolate aseptic operations from 
personnel and the surrounding environment. Considerable ex- 
perience has been gained in its use for sterility testing, with 
very positive results, including reports of essentially no false- 


Maintaining the clean and sanitized conditions of clean rooms, 
particularly the aseptic areas, requires diligence and dedica- 
tion of expertly trained custodians. Assuming the design of the 
facilities to be cleanable and sanitizable, a carefully planned 
schedule of cleaning should be developed, ranging from daily to 
monthly, depending on the location and its relation to the most 
critical Class 100 areas. Tools used should be nonlinting, de- 
signed for clean room use, held captive to the area and, pref- 
erably, sterilizable. 

Liquid disinfectants (sanitizing agents) should be selected 
carefully because of data showing their reliable activity against 
inherent environmental microorganisms. They should be rec- 


Figure 41-10. One configuration of an isolator (courtesy, Amsco). 


positive test results.'’ In European circles favorable results 
also have been reported from use in hospital IV admixture 
programs. Because of such results, experimental efforts in 
adapting automated, large-scale, aseptic filling operations to 
isolators has gained momentum. '® ; 

Figure 41-10 illustrates a configuration of an isolator with 
transparent plastic sides and a halfsuit for operator access to 
the enclosure. Figure 41-11 illustrates the adaptation of a 
large-scale filling line to isolator technology. The operations are 
performed within windowed, sealed walls with operators work- 
ing through glove ports. The sealed enclosures are presteril- 
ized, usually with peracetic acid, hydrogen peroxide vapor, or 
steam. Sterile supplies are introduced from sterilizable mov- 
able modules through uniquely engineered transfer ports or 
directly from attached sterilizers, including autoclaves and 
hot-air sterilizing tunnels. Results have been very promising, 
giving expectation of significantly enhanced control of the asep- 
tic processing environment. ‘® 


ognized as supplements to good housekeeping, never as substi- 
tutes. They should be rotated with sufficient frequency to avoid 
the development of resistant strains of microorganisms. Space 
does not permit a detailed discussion of these agents, but an 
excellent discussion can be found in the report of a PDA task 
force.'? 

It should be noted that ultraviolet (UV) light rays of 237.5 
nm wavelength, as radiated by germicidal lamps, are an effec- 
tive surface disinfectant. But, it must also be noted that they 
are only effective if they contact the target microorganisms at 
a sufficient intensity for a sufficient time. The limitations of 
their use must be recognized, including no effect in shadow 
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Figure 41-11. Large-scale production line showing, from right to left, container-sterilizing tunnel feeding into isolator enclosing filling and 
sealing, with access glove ports, and exiting to capper (courtesy, TL Systems). 


areas, reduction of intensity by the square of the distance from 
the source, reduction by particulates in the ray path, and the 
toxic effect on epithelium of human eyes. It generally is stated 
that an irradiation intensity of 20 ww/cm? is required for effec- 
tive antibacterial activity. 


PERSONNEL 


Personnel selected to work on the preparation of a parenteral 
product must be neat, orderly, and reliable. They should be in 
good health and free from dermatological conditions that might 
increase the microbial load. If they show symptoms of a head 
cold, allergies, or similar illness, they should not be permitted 
in the aseptic area until their recovery is complete. However, a 
healthy person with the best personal hygiene still will shed 
large numbers of viable and nonviable particles from body 
surfaces. This natural phenomenon creates continuing prob- 
lems when personnel are present in clean rooms; effective 
training and proper gowning can reduce, but not eliminate, the 
problem of particle shedding from personnel. 

Aseptic-area operators should be given thorough, formal 
training in the principles of aseptic processing and the tech- 
niques to be employed. Subsequently, the acquired knowledge 
and skills should be evaluated, to be sure training has been 
effective, before they are allowed to participate in the prepara- 
tion of sterile products. Retraining should be performed on a 
regular schedule to enhance the maintenance of the required 
level of expertise. An effort should be made to imbue operators 
with an awareness of the vital role they play in determining the 
reliability and safety of the final product. This is especially true 
of supervisors, since they should be individuals who not only 
understand the unique requirements of aseptic procedures but 
who are able to obtain the full participation of other employees 
in fulfilling these exacting requirements. 

The uniform worn is designed to confine the contaminants 
discharged from the body of the operator, thereby preventing their 
entry into the production environment. For use in the aseptic 
area, uniforms should be sterile. Fresh, sterile uniforms should be 
used after every break period or whenever the individual returns 
to the aseptic area. In some plants this is not required if the 
product is to be sterilized in its final container. The uniform 
usually consists of coveralls for both men and women, hoods to 
cover the hair completely, face masks, and Dacron or plastic boots 
(Fig 41-12). Sterile rubber or latex-free gloves are also required for 
aseptic operations, preceded by thorough scrubbing of the hands 


with a disinfectant soap. In addition, goggles may be required to 
complete the coverage of all skin areas. 

Dacron or Tyvek uniforms are usually worn, are effective 
barriers to discharged body particles (viable and nonviable), 
are essentially lint-free, and are reasonably comfortable. Air 
showers are sometimes directed on personnel entering the pro- 
cessing area to blow loose lint from the uniforms. 

Gowning rooms should be designed to enhance pregowning 
and gowning procedures by trained operators so that it is 
possible to ensure the continued sterility of the exterior sur- 
faces of the sterile gowning components. Degowning should be 
performed in a separate exit room. 


ENVIRONMENTAL CONTROL EVALUATION 
SESS ES (ATES SNE TS 
As evidenced by the above discussion, manufacturers of sterile 
products use extensive means to control the environment so that 
these critical products can be prepared free from contamination. 
Nevertheless, tests should be performed to determine the level of 
control actually achieved. Normally, the tests consist of counting 
viable and nonviable particles suspended in the air or settled on 
surfaces in the workspace. A baseline count, determined by aver- 
aging multiple counts when the facility is operating under con- 
trolled conditions, is used to establish the optimal test results 
expected. During the subsequent monitoring program, the test 
results are followed carefully for high individual counts, a rising 
trend, or other abnormalities. If they exceed selected alert or 
action levels, a plan of action must be put into operation to deter- 
mine if or what corrective measures are required. 

The tests used generally measure either the particles in a 
volume of sampled air or the particles that are settling or are 
present on surfaces. A volume of air measured by an electronic 
particle counter will detect all particles instantly but not dif- 
ferentiate between viable and nonviable ones. However, be- 
cause of the need to control the level of microorganisms in the 
environment in which sterile products are processed, it also is 
necessary to detect viable particles. These usually are fewer in 
number than nonviable ones and are only detectable as colony- 
forming units (CFUs) after a suitable incubation period at, for 
example, 30 to 35° for up to 48 hr. Thus, test results will not be 
known for 48 hr after the samples are taken. 

Locations for sampling should be planned to reveal potential 
contamination levels that may be critical in the control of the 
environment. For example, the most critical process step is 
usually the filling of dispensing containers, a site obviously 
requiring monitoring. Other examples include the gowning 


794 CHAPTER 41 


room, high-traffic sites in and out of the filling area, the pene- 
tration of conveyor lines through walls, and sites near the inlet 
and exit of the air system. 

The sample should be large enough to obtain a meaningful 
particle count. At sites where the count is expected to be low, 
the size of the sample may need to be increased; for example, in 
Class 100 areas, Whyte and Niven,”° suggest that the sample 
should be at least 30 ft? and, probably, much more. They also 
suggest that settling plates should be exposed in Class 100 
areas for an entire fill (up to 7 to 8 hr) rather than the more 
common 1 hr. However, excessive dehydration of the medium 
must be avoided, particularly in the path of laminar-flow air. 

To measure the total particle content in an air sample, elec- 
tronic particle counters are available, operating on the principle of 
the measurement of light scattered from particles as they pass 
through the cell of the optical system (Suppliers: Climet, HIAC 
Royco, Met One, Particle Measuring). These instruments not only 
count particles but also provide a size distribution based on the 
magnitude of the light scattered from the particle. 

Several air-sampling devices are used to obtain a count of 
microorganisms in a measured volume of air. A slit-to-agar (STA) 
sampler (suppliers: Mattson-Garvin, New Brunswick, Vai) draws 
by vacuum a measured volume of air through an engineered slit, 
causing the air to impact on the surface of a slowly rotating 
nutrient agar plate. Microorganisms adhere to the surface of the 
agar and grow into visible colonies that are counted as CFUs, 
since it is not known whether the colonies arise from a single 
microorganism or a cluster. A centrifugal sampler (supplier: 
Biotest) pulls air into the sampler by means of a rotating propeller 
and slings the air by centrifugal action against a peripheral nu- 
trient agar strip. The advantages of this unit are that it can be 
disinfected easily and is portable, so that it can be hand-carried 
wherever needed. These two methods are used quite widely. 

A widely used method for microbiological sampling consists 
of the exposure of nutrient agar culture plates to the settling of 
microorganisms from the air. This method is very simple and 
inexpensive to perform but will detect only those organisms 
that have settled on the plate; therefore, it does not measure 
the number of microorganisms in a measured volume of air. 
Nevertheless, if the conditions of exposure are repeated consis- 
tently, a comparison of CFUs at one sampling site from one 
time to another can be meaningful.”! 

The number of microorganisms on surfaces can be deter- 
mined with nutrient agar plates having a convex surface 
(Rodac Plates). With these it is possible to roll the raised agar 
surface over flat or irregular surfaces to be tested. Organisms 
will be picked up on the agar and will grow during subsequent 
incubation. This method also can be used to assess the number 
of microorganisms present on the surface of the uniforms of 
operators, either as an evaluation of gowning technique imme- 
diately after gowning or as a measure of the accumulation of 
microorganisms during processing. Whenever used, care must 
be taken to remove any agar residue left on the surface tested. 

Further discussion of proposed viable particle test methods 
and the counts to be accepted will be found in Section (1116) 
“Microbial Evaluation and Classification of Clean Rooms and 
Other Controlled Environments” in USP 24.2” 

Results from the above tests, although not available until 2 
days after sampling, are valuable to keep cleaning, production, 
and quality-control personnel apprised of the level of contam- 


The processes required for preparing sterile products consti- 
tute a series of events initiated with the procurement of ap- 
proved raw materials (drugs, excipients, vehicles, etc) and pri- 
mary packaging components (containers, closures, etc) and 
ending with the sterile product sealed in its dispensing package 
(see Fig 41-1). Each step in the process must be controlled very 
carefully so that the product will have its required quality. To 


Figure 41-12. Appropriate uniform for operators entering an asep- 
tic filling room (courtesy, Abbott). 


ination in a given area and, by comparison with baseline 
counts, will indicate when more-extensive cleaning and sani- 
tizing is needed. The results also may serve to detect environ- 
mental control defects such as failure in air-cleaning equip- 
ment or the presence of personnel who may be disseminating 
large numbers of bacteria without apparent physical ill effects. 

MEDIA FILL (PROCESS SIMULATION TESTING)— 
An evaluation that is not strictly an environmental test, but 


’ which includes an evaluation of the environment along with 


the process, the operators, and the equipment, is the media 
fill or process simulation test. Sterile trypticase soy broth is 
filled into sterile containers under conditions simulating as 
closely as possible those characteristics of a filling process 
for a product. The entire lot, normally at least 3000 units, is 
then incubated at a suitable temperature, usually 20 to 25°, 
for at least 14 days and examined for the appearance of 
growth of microorganisms.”° If growth occurs, contamination 
has entered the container(s) during the processing. To pass 
the test not more than 0.1% of the units may show growth. 
This evaluation also has been used as a measure of the 
proficiency of an individual or team of operators. This test is 
a very stringent evaluation of the efficiency of an aseptic 
filling process and, by many, is considered to be the most 
evaluative test available. 


ensure the latter, each process should be validated to be sure 
that it is accomplishing what it is intended to do. For example, 
an autoclave sterilization process must be validated by produc- 
ing data showing that it effectively kills resistant forms of 
microorganisms; or, a cleaning process for rubber closures 
should provide evidence that it is cleaning closures to the 
required level of cleanliness. The validation of processes re- 


quires extensive and intensive effort to be successful and is an 
integral part of cGMP requirements. 

In the following sections the production procedures used in 
preparing sterile drug products are discussed. 


CLEANING CONTAINERS AND EQUIPMENT 
(a ia ir ae RE AI I ES CS ITA TIES) 


Containers and equipment coming in contact with parenteral 
preparations must be cleaned meticulously. It should be obvi- 
ous that even new, unused containers and equipment will be 
contaminated with such debris as dust, fibers, chemical films, 
and other materials arising from such sources as the atmo- 
sphere, cartons, the manufacturing process, and human hands. 
Residues from previous use must be removed from used equip- 
ment before it will be suitable for reuse. Equipment should be 
reserved exclusively for use only with parenteral preparations 
and, where conditions dictate, only for one product in order to 
reduce the risk of contamination. 

A variety of machines are available for cleaning new con- 
tainers for parenteral products. These vary in complexity from 
a small, hand loaded, rotary rinser (Fig 41-13) to large auto- 
matic washers capable of processing several thousand contain- 
ers an hour (Figs 41-14 and 41-15). The selection of the partic- 
ular type will be determined largely by the physical type of 
containers, the type of contamination, and the number to be 
processed in a given period of time. 

CHARACTERISTICS OF MACHINERY—Regardless of 
the type of cleaning machine selected, certain fundamental 
characteristics usually are required. 


1. The liquid or air treatment must be introduced in such a manner 
that it will strike the bottom of the inside of the inverted container, 
spread in all directions, and smoothly flow down the walls and out 
the opening with a sweeping action. The pressure of the jet stream 
should be such that there is minimal splashing and turbulence 
inside. Splashing may prevent cleaning all areas, and turbulence 
may redeposit loosened debris. Therefore, direct introduction of the 
jet stream within the container with control of its flow is required. 

2. The container must receive a concurrent outside rinse. 

3. The cycle of treatment should provide a planned sequence alternat- 
ing very hot and cool treatments. The final treatment should be an 
effective rinse with WFI. 

4. All metal parts coming in contact with the containers and with the 
treatments should be constructed of stainless steel or some other 
noncorroding and noncontaminating material. 


TREATMENT CYCLE—tThe cycle of treatments to be em- 
ployed will vary with the condition of the containers to be 


Figure 41-13. Rotary rinser (Cozzoli) in a clean environment pro- 
vided by vertical laminar airflow within a curtained enclosure 
(courtesy, Ciba-Geigy). 
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Figure 41-14. Loading end of large conveyor vial washer that sub- 
jects inverted vials to a series of cleaning steps before delivery from 
the far end of the washer. Note the vials in plastic blister packs at 
right of operator (courtesy, Merck). 


cleaned. In general, loose debris can be removed by vigorous 
rinsing with water. Detergents rarely are used for new contain- 
ers because of the risk of leaving detergent residues. However, 
a thermal-shock sequence in the cycle usually is employed to 
aid, by expansion and contraction, loosening of debris that may 
be adhering to the container wall. Sometimes only an air rinse 
is used for new containers, if only loose debris is present. In all 
instances the final rinse, whether air or WFI, must be ultra- 
clean so that no particulate residues are left by the rinsing 
agent. 

Only new containers are used for parenterals. Improve- 
ments have been made in maintaining their cleanliness during 
shipment from the manufacturer through tight, low-shedding 
packaging, including plastic blister packs, as can be seen 
stacked on the right of Figure 41-14. 

MACHINERY FOR CONTAINERS—The machinery 
available for cleaning containers embodies the above principles 
but varies in the mechanics by which it is accomplished. In one 
manual loading type, the jet tubes are arranged on arms like 
the spokes of a wheel, which rotate around a center post 
through which the treatments are introduced. An operator 
places the unclean containers on the jet tubes as they pass the 
loading point and removes the clean containers as they com- 
plete one rotation. Such a small-scale machine is pictured in 
Figure 41-14. A washer capable of cleaning hundreds of con- 
tainers an hour, shown in Figure 41-14, uses a row of jet tubes 
across a conveyor belt. The belt moves the inverted containers 
past the programmed series of treatments and discharges the 
clean containers into a sterilizing oven (not shown), which 
ultimately discharges them through a wall into a clean room for 
filling. 

Another type of machine is the rack-loading washer. Stain- 
less-steel racks are designed to fit over the open ends of ampuls 
or vials as configured in trays of shipping cartons or blister 
packs. Inverting the trays permits the containers to slide into 
the racks so that they can be handled by the quantity in the 
tray, as shown in Figure 41-15. The clean containers may be 
transferred directly to the conveyor of a sterilizing tunnel (as 
shown), or they may be placed in stainless steel boxes for 
subsequent dry-heat sterilization and storage. A continuous 
automated line operation, capable of cleaning hundreds of con- 
tainers an hour, is shown in Figure 41-16. The vials are fed into 
the rotary rinser in the foreground, transferred automatically 
to the covered sterilizing tunnel in the center, conveyed 
through the wall in the background, and discharged into the 
filling clean room. 

HANDLING AFTER CLEANING—The wet, clean con- 
tainers must be handled in such a way that contamination will 
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not be reintroduced. A wet surface will collect contaminants 
much more readily than will a dry surface. For this reason wet, 
rinsed containers must be protected, eg, by a laminar flow of 
clean air until covered, within a stainless steel box, or within a 
sterilizing tunnel. Although not clearly visible in each instance, 
the wet, clean containers in Figures 41-13 to 41-16 were so 
protected. In addition, microorganisms are more likely to grow 
in the presence of moisture. Therefore, wet, clean containers 
should be dry-heat sterilized as soon as possible after washing. 
Doubling the heating period generally is adequate also to de- 
stroy pyrogens; for example, increasing the dwell time at 250° 
from 1 to 2 hr, but the actual time-temperature conditions 
required must be validated. 

Increases in process rates have necessitated the develop- 
ment of continuous, automated line processing with a mini- 
mum of individual handling, still maintaining adequate control 
of the cleaning and handling of the containers. In Figure 41-16, 
the clean, wet containers are protected by filtered, laminar-flow 
air from the rinser through the tunnel and until they are 
delivered to the filling line. 

CLOSURES—tThe rough, elastic, and convoluted surface of 
rubber closures renders them difficult to clean. In addition, any 
residue of lubricant from molding or surface bloom of inorganic 
constituents must be removed. The normal procedure calls for 
gentle agitation in a hot solution of a mild water softener or 
detergent. The closures are removed from the solution and 
rinsed several times, or continuously for a prolonged period, 
with filtered WFI. The rinsing is to be done in a manner that 
will flush away loosened debris. The wet closures are carefully 
protected from pickup of environmental contamination, steril- 
ized, usually by autoclaving, and stored in closed containers 
until ready for use. This cleaning and sterilizing process also 
must be validated with respect to rendering the closures free 
from pyrogens. Actually, it is the cleaning and final, thorough 
rinsing with WFI that must remove pyrogens, since autoclav- 
ing does not destroy pyrogens. If the closures were immersed 
during autoclaving, the solution is drained off before storage to 
reduce hydration of the rubber compound. If the closures must 
be dry for use, they may be subjected to vacuum drying at a 
temperature in the vicinity of 100°. 

The equipment used for washing large numbers of closures 
is usually an agitator or horizontal basket-type automatic 
washing machine. Because of the risk of particulate generation 
from the abrading action of these machines, some procedures 
simply call for heating the closures in kettles in detergent 
solution, followed by prolonged flush rinsing. The final rinse 
always should be with low-particulate WFI. 


Figure 41-15. Cleaning vials with rack-loading washer, permitting 
handling vials by a full rack. After multiple-washing treatments, 
the racks are placed directly on the conveyor belt of the hot-air 
sterilizing tunnel (courtesy, Merck). 


Figure 41-16. Continuous automatic line operation for vials from a 
rotary rinser through a sterilizing tunnel with vertical laminar-air- 
flow protection of clean vials (courtesy, Abbott). 


EQUIPMENT—tThe details of certain prescribed tech- 
niques for cleaning and preparing equipment, as well as of 
containers and closures, have been presented elsewhere.”* 
Here, a few points will be emphasized. 

All equipment should be disassembled as much as possible 
to provide access to internal structures. Surfaces should be 
scrubbed thoroughly with a stiff brush, using an effective de- 
tergent and paying particular attention to joints, crevices, 
screw threads, and other structures where debris is apt to 
collect. Exposure to a stream of clean steam will aid in dislodg- 
ing residues from the walls of stationary tanks, spigots, pipes, 
and similar structures. Thorough rinsing with distilled water 
should follow the cleaning steps. 

Because of the inherent variation in manual cleaning, the 
difficult accessibility of large stationary tanks (as shown in 
Fig 41-17), and the need to validate the process, computer- 
controlled systems (usually automated) have been developed 
and are known as CIP.”° Such an approach involves designing 
the system, normally of stainless steel, with smooth, rounded 
internal surfaces and without crevices. That is, for example, 
with welded rather than threaded connections. The cleaning is 


Figure 41-17. Large stainless steel tanks for product preparation 
showing mezzanine access level (courtesy, Abbott). 


accomplished with the scrubbing action of high-pressure spray 
balls or nozzles delivering hot detergent solution from tanks 
captive to the system, followed by thorough rinsing with WFI. 
The system often is extended to allow sterilizing in place (SIP) 
to accomplish sanitizing or sterilizing as well. 

Rubber tubing, rubber gaskets, and other rubber parts may 
be washed in a manner such as described for rubber closures. 
Thorough rinsing of tubing must be done by passing WFI 
through it. However, because of the relatively porous nature of 
rubber compounds and the difficulty in removing all traces of 
chemicals from previous use, it is considered by some inadvis- 
able to reuse rubber or polymeric tubing. Rubber tubing must 
be left wet when preparing for sterilization by autoclaving. 


PRODUCT PREPARATION 

(SS A RR ERT EIT TARPS 
The basic principles employed in the compounding of the prod- 
uct are essentially the same as those used historically by phar- 
macists. However, large-scale production requires appropriate 
adjustments in the processes and their control. 

A master formula would have been developed and be on file. 
Each batch formula sheet should be prepared from the master 
and confirmed for accuracy. All measurements of quantities 
should be made as accurately as possible and checked by a 
second qualified person. Frequently, today, the formula docu- 
ments are generated by a computer and the measurements of 
quantities of ingredients computer controlled. Although most 
liquid preparations are dispensed by volume, they are prepared 
by weight, since weighings can be performed more accurately 
than volume measurements, and no consideration needs to be 
given to the temperature. 

Care must be taken that equipment is not wet enough to 
dilute the product significantly or, in the case of anhydrous 
products, to cause a physical incompatibility. The order of 
mixing of ingredients may affect the product significantly, par- 
ticularly those of large volume, where attaining homogeneity 
requires considerable mixing time. For example, the adjust- 
ment of pH by the addition of an acid, even though diluted, may 
cause excessive local reduction in the pH of the product so that 
adverse effects are produced before the acid can be dispersed 
throughout the entire volume of product. 

Parenteral dispersions, including colloids, emulsions, and 
suspensions, provide particular problems. Parenteral emul- 
sions have been reviewed by Singh and Ravin.”’ In addition to 
the problems of achieving and maintaining proper reduction in 
particle size under aseptic conditions, the dispersion must be 
kept in a uniform state of suspension throughout the prepara- 
tive, transfer, and subdividing operations. 

The formulation of a stable product is of paramount impor- 
tance. Certain aspects of this are mentioned in the discussion of 
components of the product. Exhaustive coverage of the topic is 
not possible within the limits of this text, but further coverage 
is provided in Chapter 38. It should be mentioned here, how- 
ever, that the thermal sterilization of parenteral products in- 
creases the possibility of chemical reactions. Such reactions 
may progress to completion during the period of elevated tem- 
perature in the autoclave or be initiated at this time but con- 
tinue during subsequent storage. The assurance of attaining 
product stability requires a high order of pharmaceutical 
knowledge and responsibility. 


FILTRATION 

5 RR I EGE SSSI ETT 
After a product has been compounded, it must be filtered if it is 
a solution. The primary objective of filtration is to clarify a 
solution. A high degree of clarification is termed polishing a 
solution. This term is used when particulate matter down to 
approximately 2 ym in size is removed. A further step, remov- 
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ing particulate matter down to 0.2 wm in size, would eliminate 
microorganisms and would accomplish cold sterilization. A so- 
lution with a high degree of clarity conveys the impression of 
high quality and purity, desirable characteristics for a paren- 
teral solution. 

Filters are thought to function by one or, usually, a combi- 
nation of the following: (1) sieving or screening, (2) entrapment 
or impaction, and (3) electrostatic attraction. When a filter 
retains particles by sieving, they are retained on the surface of 
the filter. Entrapment occurs when a particle smaller than the 
dimensions of the passageway (pore) becomes lodged in a turn 
or impacted on the surface of the passageway. Electrostatic 
attraction causes particles opposite in charge to that of the 
surface of the filter pore to be held or adsorbed to the surface. 
It should be noted that increasing, prolonging, or varying the 
force behind the solution may tend to sweep particles initially 
held by entrapment or electrostatic charge through the pores 
and into the filtrate. 

Membrane filters are used exclusively for parenteral solu- 
tions because of their particle-retention effectiveness, nonshed- 
ding property, nonreactivity, and disposable characteristics. 
However, it should be noted that nonreactivity does not apply 
in all cases. For example, polypeptide products may show con- 
siderable adsorption through some membrane filters, but those 
composed of polysulfone and polyvinylidine difluoride have 
been developed to be essentially nonadsorptive for these prod- 
ucts. The most common membranes are composed of 


Cellulose esters, Nylon, Polysulfone, Polycarbonate, Polyvinylidene di- 
fluoride, or Polytetrafluoroethylene (Teflon). 


They are available as flat membranes or pleated into cylinders 
to increase surface area and, thus, flow rate (suppliers: Cuno, 
Gelman, Meissner, Millipore, Pall, Sartorius Schleicher). Each 
filter in its holder should be tested for integrity before and after 
use, particularly if it is being used to eliminate microorgan- 
isms. This integrity test usually is performed as the bubble- 
point test, a test to detect the largest pore or other opening 
through the membrane. The basic test is performed by gradu- 
ally raising air pressure on the upstream side of a water-wet 
filter. The pressure at which bubbles first appear downstream 
is the bubble point. This pressure is characteristic for each pore 
size of a filter and is provided by the filter manufacturer. For 
example, a 0.2-um cellulose ester filter will bubble at about 50 
psig. If the filter is wetted with other liquids, such as a product, 
the bubble point will differ and must be determined experimen- 
tally. If the bubble point is lower than the rated pressure, the 
filter is defective, probably because of a puncture or tear, and 
should not be used. As the surface area of filters becomes large, 
diffusion of air through the water-filled pores tends to obscure 
the bubble point. Therefore, a diffusion, or pressure hold, test 
has been developed as an integrity test for filters with large 
surface areas. Particulars are obtainable from the filter man- 
ufacturer, including the most critical functional test for steril- 
izing grade filters, the bacterial retention test. 

While membrane filters are disposable and thus discarded 
after use, the holders must be cleaned thoroughly between 
uses. Today, clean, sterile, pretested, disposable assemblies for 
small as well as large volumes of solutions are available com- 
mercially. Other characteristics of these filters, important for a 
full understanding of their use, are given in Chapter 40 and in 
a review article.”® 


FILLING 

a STS SIAL A ERY EHTS LAS 
During the filling of containers with a product, the most strin- 
gent requirements must be exercised to prevent contamination, 
particularly if the product has been sterilized by filtration and 
will not be sterilized in the final container. Under the latter 
conditions the process usually is called an aseptic fill and is 
validated with media fills (see page 794). During the filling 


798 CHAPTER 41 


operation, the product must be transferred from a bulk con- 
tainer and subdivided into dose containers. This operation ex- 
poses the sterile product to the environment, equipment, and 
manipulative technique of the operators until it can be sealed 
in the dose container. Therefore, this operation is carried out 
with a minimum exposure time, even though maximum pro- 
tection is provided by filling under a blanket of HEPA-filtered 
laminar-flow air within the aseptic area. 

Normally, the compounded product is in the form of either a 
liquid or a solid. A liquid is more readily subdivided uniformly 
and introduced into a container having a narrow mouth than is 
a solid. Mobile, nonsticking liquids are considerably easier to 
transfer and subdivide than viscous, sticky liquids, which re- 
quire heavy-duty machinery for rapid production filling. 

Although many devices are available for filling containers 
with liquids, certain characteristics are fundamental to them 
all. A means is provided for repetitively forcing a measured 
volume of the liquid through the orifice of a delivery tube that 
is introduced into the container. The size of the delivery tube 
will vary from that of about a 20-gauge hypodermic needle to a 
tube 4 in or more in diameter. The size required is determined 
by the physical characteristics of the liquid, the desired deliv- 
ery speed, and the inside diameter of the neck of the container. 
The tube must enter the neck and deliver the liquid well into 
the neck to eliminate spillage, allowing sufficient clearance to 
permit air to leave the container as the liquid enters. The 
delivery tube should be as large in diameter as possible to 
reduce the resistance and decrease the velocity of flow of the 
liquid. For smaller volumes of liquids, the delivery usually is 
obtained from the stroke of the plunger of a syringe, forcing the 
liquid through a two-way valve providing for alternate filling of 
the syringe and delivery of mobile liquids. For heavy, viscous 
liquids, a sliding piston valve, the turn of an auger in the neck 
of a funnel, or the oscillation of a rubber diaphragm may be 
used. For large volumes the quantity delivered usually is mea- 
sured in the container by the level of fill in the container, the 
force required to transfer the liquid being provided by gravity, 
a pressure pump, or a vacuum pump. 

The narrow neck of an ampul limits the clearance possible 
between the delivery tube and the inside of the neck. Since a 
drop of liquid normally hangs at the tip of the delivery tube 
after a delivery, the neck of an ampul will be wet as the delivery 
tube is withdrawn, unless the drop is retracted. Therefore, 
filing machines should have a mechanism by which this drop 
can be drawn back into the lumen of the tube. 

Since the liquid will be in intimate contact with the parts of 
the machine through which it flows, these must be constructed 
of nonreactive materials such as borosilicate glass or stainless 
steel. In addition, they should easily be demountable for clean- 
ing and sterilization. 

Because of the concern for particulate matter in injectable 
preparations, a final filter often is inserted in the system be- 
tween the filler and the delivery tube, as shown in Figure 
41-18. Most frequently this is a membrane filter, having a 
porosity of approximately 1 wm and treated to have a hydro- 
phobic edge. This is necessary to reduce the risk of rupture of 
the membrane caused by filling pulsations. It should be noted 
that the insertion of the filter at this point should collect all 
particulate matter generated during the process. Only that 
which may be found in inadequately cleaned containers or 
picked up from exposure to the environment after passage 
through the final filter potentially remain as contaminants. 
However, the filter does cushion liquid flow and reduces the 
efficiency of drop retraction from the end of the delivery tube, 
sometimes making it difficult to control delivery volume as 
precisely as would be possible without the filter. 

LIQUIDS—tThe filling of a small number of containers may 
be accomplished with a hypodermic syringe and needle, the 
liquid being drawn into the syringe and forced through the 
needle into the container. A device for providing greater speed 
of filling is the Cornwall Pipet (Becton Dickinson). This has a 
two-way valve between the syringe and the needle and a means 


for setting the stroke of the syringe so that the same volume 
will be delivered each time. Clean, sterile, disposable assem- 
blies (suppliers: Burron, Pharmaseal) operating on the same 
principle have particular usefulness in hospital pharmacy or 
experimental operations. 

Mechanically operated instruments substitute a motor for 
the operator’s hand in the previous devices described. Thereby, 
a much faster filling rate can be achieved. By careful engineer- 
ing, the stroke of the syringe can be repeated precisely, and so, 
once a particular setting has been calibrated to the delivery, 
high delivery precision is possible. However, the speed of de- 
livery, the expansion of the rubber tubing connecting the valve 
with the delivery tube, and the rapidity of action of the valves 
can affect the precision of delivery. A filling machine employing 
a piston is shown in Figure 41-18. Stainless steel syringes are 
required with viscous liquids because glass syringes are not 
strong enough to withstand the high pressures developed dur- 
ing delivery. 

When high-speed filling rates are desired but accuracy and 
precision must be maintained, multiple filling units often are 
joined together in an electronically coordinated machine, such 
as shown in Figure 41-19. When the product is sensitive to 
metals, a peristaltic-pump filler may be used because the prod- 
uct comes in contact only with silicone rubber tubing. However, 
there is some sacrifice of filling accuracy. 

Most high-speed fillers for large-volume solutions use the 
bottle as the measuring device, transferring the liquid either by 
vacuum or positive pressure from the bulk reservoir to the 
individual unit containers. Therefore, a high accuracy of fill is 
not achievable. 

The USP requires that each container be filled with a suf- 
ficient volume in excess of the labeled volume to ensure with- 
drawal of the labeled volume and provides a table of suggested 
fill volumes. 

SOLIDS—Sterile solids, such as antibiotics, are more diffi- 
cult to subdivide evenly into containers than are liquids. The 
rate of flow of solid material is slow and often irregular. Even 
though a container with a larger-diameter opening is used to 
facilitate filling, it is difficult to introduce the solid particles, 
and the risk of spillage is ever-present. The accuracy of the 
quantity delivered cannot be controlled as well as with liquids. 
Because of these factors, the tolerances permitted for the con- 
tent of such containers must be relatively large. 

Some sterile solids are subdivided into containers by indi- 
vidual weighing. A scoop usually is provided to aid in approx- 


Figure 41-18. Filling machine employing a piston valve, a stainless 
steel syringe, and a final filter (courtesy, Cozzoli). 
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Figure 41-19. Four-pump liquid filler (rear view), with a conveyor 
line for vials protected by a vertical laminar airflow and plastic 
curtain; note the automatic stoppering machine on the right within 
the curtain (courtesy, Abbott) 


imating the quantity required, but the quantity filled into the 
container finally is weighed on a balance. This is a slow process. 
When the solid is obtainable in a granular form so that it will 
flow more freely, other methods of filling may be employed. In 
general, these involve the measurement and delivery of a vol- 
ume of the granular material that has been calibrated in terms 
of the weight desired. In the machine shown in Figure 41-20 an 
adjustable cavity in the rim of a wheel is filled by vacuum and 
the contents held by vacuum until the cavity is inverted over 
the container. The solid material then is discharged into the 
container by a puff of sterile air. Another machine employs an 
auger in the stem of a funnel at the bottom of a hopper. The 
granular material is placed in the hopper. By controlling the 
size of the auger and its rotation, a regulated volume of gran- 
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Figure 41-20. Accofil vacuum powder filler (courtesy, Perry). 
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Figure 41-21. Auger-type powder filler (courtesy, Chase-Logeman). 


ular material can be delivered from the funnel stem into the 
container. Such a machine is shown in Figure 41-21. 


SEALING 
SAGER TTI TPT ESET 

AMPULS—Filled containers should be sealed as soon as 
possible to prevent the contents from being contaminated by 
the environment. Ampuls are sealed by melting a portion of the 
glass neck. Two types of seals are employed normally: tip-seals 
(bead-seals) or pull-seals. 

Tip-seals are made by melting enough glass at the tip of the 
neck of an ampul to form a bead and close the opening. These 
can be made rapidly in a high-temperature gas-oxygen flame. 
To produce a uniform bead, the ampul neck must be heated 
evenly on all sides, such as by burners on opposite sides of 
stationary ampuls or by rotating the ampul in a single flame. 
Care must be taken to adjust the flame temperature and the 
interval of heating properly to completely close the opening 
with a bead of glass. Excessive heating will result in the ex- 
pansion of the gases within the ampul against the soft bead 
seal and cause a bubble to form. If it bursts, the ampul is no 
longer sealed; if it does not, the wall of the bubble will be thin 
and fragile. Insufficient heating will leave an open capillary 
through the center of the bead. An incompletely sealed ampul 
is called a leaker. 

Pull-seals are made by heating the neck of the ampul below 
the tip, leaving enough of the tip for grasping with forceps or 
other mechanical devices. The ampul is rotated in the flame 
from a single burner. When the glass has softened, the tip is 
grasped firmly and pulled quickly away from the body of the 
ampul, which continues to rotate. The small capillary tube thus 
formed is twisted closed. Pull-sealing is slower, but the seals 
are more sure than tip-sealing. Figure 41-22 shows a machine 
combining the steps of filling and pull-sealing ampuls. 

Powder ampuls or other types having a wide opening must 
be sealed by pull-sealing. Fracture of the neck of ampuls during 
sealing may occur if wetting of the necks occurred at the time 
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Figure 41-22. Automatic filling and pull-sealing of ampuls (cour- 
tesy, Cozzoli). 


of filling. Also, wet necks increase the frequency of bubble 
formation and unsightly carbon deposits if the product is 
organic. 

To prevent decomposition of a product, it is sometimes nec- 
essary to displace the air in the space above the product in the 
ampul with an inert gas. This is done by introducing a stream 
of the gas, such as nitrogen or carbon dioxide, during or after 
filling with the product. Immediately thereafter the ampul is 
sealed before the gas can diffuse to the outside. This process 
should be validated to ensure adequate displacement of air by 
the gas in each container. 

VIALS AND BOTTLES—tThese are sealed by closing 
the opening with a rubber closure (stopper). This must be 
accomplished as rapidly as possible after filling and with 
reasoned care to prevent contamination of the contents. The 
large opening makes the introduction of contamination much 
easier than with ampuls. Therefore, during the critical ex- 
posure time the open containers should be protected from the 
ingress of contamination, preferably with a blanket of 
HEPA-filtered laminar airflow, as shown in Figures 41-9 and 
41-19. 

The closure must fit the mouth of the container snugly 
enough so that its elasticity will seal rigid to slight irregu- 
larities in the lip and neck of the container. However, it 
must not fit so snugly that it is difficult to introduce into the 
neck of the container. Closures preferably are inserted me- 
chanically using an automated process, especially with high- 
speed processing. To reduce friction so that the closure may 
slide more easily through a chute and into the container 
opening, the closure surfaces often are halogenated or 
treated with silicone. When the closure is positioned at the 
insertion site, it is pushed mechanically into the container 
opening (Fig 41-23). When small lots are encountered, man- 
ual stoppering with forceps may be used, but such a process 
poses greater risk of introducing contamination than auto- 
mated processes. 

Rubber closures are held in place by means of aluminum 
caps. The caps cover the closure and are crimped under the lip 
of the vial or bottle to hold them in place (see Fig 41-5). The 
closure cannot be removed without destroying the aluminum 
cap; it is tamperproof. Therefore, an intact aluminum cap is 
proof that the closure has not been removed intentionally or 
unintentionally. Such confirmation is necessary to ensure the 
integrity of the contents as to sterility and other aspects of 
quality. 

The aluminum caps are so designed that the outer layer of 
double-layered caps, or the center of single-layered caps, can be 
removed to expose the center of the rubber closure without 
disturbing the band that holds the closure in the container. 


Figure 41-23. Mechanical device for inserting rubber closures in 
vials (courtesy, Perry). 


Rubber closures for use with intravenous administration sets 
often have a permanent hole through the closure. In such cases, 
a thin rubber disk overlayed with a solid aluminum disk is 
placed between an inner and outer aluminum cap, thereby 
providing a seal of the hole through the closure. 

Single-layered aluminum caps may be applied by means of 
a hand crimper known as the Fermpress (suppliers: West, 
Wheaton). Double- or triple-layered caps require greater force 
for crimping; therefore, heavy-duty mechanical crimpers (Fig 
41-24) are required (suppliers: Bosch, Cozzoli, Perry, West, 
Wheaton). 


Figure 41-24. Applying aluminum caps to vials at the end of the 
process line (courtesy, Abbott). 


STERILIZATION 


Whenever possible, the parenteral product should be sterilized 
after being sealed in its final container (terminal sterilization) 
and within as short a time as possible after the filling and 
sealing have been completed. Since this usually involves a 
thermal process, due consideration must be given to the effect 
of the elevated temperature upon the stability of the product. 
Many products, both pharmaceutical and biological, will be 
affected adversely by the elevated temperatures required for 
thermal sterilization. Heat-labile products must, therefore, be 
sterilized by a nonthermal method, usually by filtration 
through bacteria-retaining filters. Subsequently, all operations 
must be carried out in an aseptic manner so that contamination 
will not be introduced into the filtrate. Colloids, oleaginous 
solutions, suspensions, and emulsions that are thermolabile 
may require a process in which each component is sterilized 
separately and the product is formulated and processed under 
aseptic conditions. 

The performance of an aseptic process is challenging, but 
technical advances in aseptic processing, including improved 
automation, use of isolator systems, formulations to include 
antimicrobial effects, and combinations of limited sterilization 
with aseptic processing, have decreased the risk of contamina- 
tion. Therefore, the successes realized should encourage con- 
tinued efforts to improve the assurance of sterility achievable 
with aseptic processing. The importance of this is that for many 
drug solutions and essentially all biopharmaceutical products, 
aseptic processing is the only method that can be considered for 
preparing a sterile product. 

Interaction between environmental conditions, the constit- 
uents in the closure, and the product may result in undesirable 
closure changes such as increased brittleness or stickiness, 
which may cause loss of container-closure seal integrity. Thus, 
shelf-life integrity is an important consideration in closure 
selection and evaluation. 

The assessment of aseptic-processing performance is based 
on the contamination rate resulting from periodic process sim- 
ulations using media-filling instead of product-filling of con- 
tainers. A rate no greater than 0.1% has generally been con- 
sidered as indicative of satisfactory performance in the 
industry. However, with current advances in aseptic processing 
capabilities, lower contamination rates may be achievable.”® 

Nonthermal methods of sterilization, such as irradiation, 
have been proposed for consideration. However, since there is 
limited understanding of the molecular transformations that 
may occur in drug molecules and excipients under exposure to 
the high-energy levels of the process, extensive research will be 
required to develop the knowledge needed for an adequate 
evaluation. The use of radiation for the sterilization of materi- 
als such as plastic medical devices is well established. 

Dry-heat sterilization may be employed for a few dry solids 
that are not affected adversely by the high temperatures and 
for the relatively long heating period required. This method is 
applied most effectively to the sterilization of glassware and 
metalware. After sterilization, the equipment will be sterile, 
dry, and, if the sterilization period is long enough, pyrogen- 
free. 

Saturated steam under pressure (autoclaving) is the most 
commonly used and the most effective method for the steriliza- 
tion of aqueous liquids or substances that can be reached or 
penetrated by steam. A survival probability of 10~° is readily 
achievable with terminal autoclaving of a thermally stable 
product. However, it needs to be noted that for terminal ster- 
ilization, the assurance of sterility is based upon an evaluation 
of the lethality of the process, ie, of the probable number of 
viable microorganisms remaining in product units. However, 
for aseptic processing, where the components used have been 
sterilized by a validated process and were based upon an eval- 
uation of the probable number of product units that were con- 
taminated during the process. This difference does not alter the 
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outcome, only the basis for evaluating the assurance of steril- 
ity. 

Figure 41-25 shows liter containers of solution being loaded 
into an autoclave for sterilization. Since the temperature em- 
ployed in an autoclave is lower than that for dry-heat steriliza- 
tion, equipment made of materials such as rubber and polypro- 
pylene may be sterilized if the time and temperature are 
controlled carefully. As mentioned previously, some injections 
will be affected adversely by the elevated temperature required 
for autoclaving. For some products, such as Dextrose Injection, 
a shortened cycle using an autoclave designed to permit a rapid 
temperature rise and rapid cooling with water spray will make 
it possible to use this method. It is ineffective in anhydrous 
conditions, such as within a sealed ampul containing a dry solid 
or an anhydrous oil. Other products that will not withstand 
autoclaving temperatures may withstand marginal thermal 
methods such as tyndallization or pasteurization, eg, 10 to 12 
hr at 60°. These methods may be rendered more effective for 
some injections by the inclusion of a bacteriostatic agent in the 
product. 

Articles to be sterilized must be properly wrapped or placed 
in suitable containers to permit penetration of sterilants and 
provide protection from contamination after sterilization. 
Sheets or bags made of special steam-penetrating paper or 
polymeric materials are available for this purpose. Further, 
containers or bags impervious to steam can be equipped with a 
microbe-excluding vent filter to permit adequate steam pene- 
tration and air exit. Multiple wrapping permits sequential 
removal of outer layers as articles are transferred from zones of 
lower to higher environmental quality. The openings of equip- 
ment subjected to dry-heat sterilization often are covered with 
silver-aluminum foil or with metal or glass covers. Wrapping 
materials commonly used for steam sterilization may be com- 
bustible or otherwise become degraded under dry-heat steril- 
ization conditions. 

The effectiveness of any sterilization technique must be 
proved (validated) before it is employed in practice. Since the 
goal of sterilization is to kill microorganisms, the ideal indica- 
tor to prove the effectiveness of the process is a resistant form 
of an appropriate microorganism, normally resistant spores (a 
biological indicator, or BI). Therefore, during validation of a 
sterilization process, BIs of known resistance and numbers are 
used in association with physical-parameter indicators, such as 
recording thermocouples. Once the lethality of the process is 
established in association with the physical measurements, the 
physical measurements can be used for subsequent monitoring 
of in-use processes without the BIs. Eliminating the use of Bls 


Figure 41-25. Large autoclave being loaded with liter bottles of 
parenteral solutions (courtesy, Abbott). 
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in direct association with human-use products is appropriate 
because of the ever-present risk of an undetected, inadvertent 
contamination of a product or the environment. 

The number of spores and their resistance in BIs used for 
validation studies must be accurately known or determined. 
Additionally, the manner in which BIs are used in validation is 
critical and must be controlled carefully.*° 

In addition to the data printout from thermocouples, some- 
times other physical indicators are used, such as color-change 
and melting indicators, to give visual indication that a package 
or truckload has been subjected to a sterilization process. Such 
evidence can become a part of the batch record to confirm that 
sterilization was accomplished. 

Further details concerning methods of sterilization and 
their application can be found in Chapter 40. In addition, the 
USP provides suggestions concerning the sterilization of injec- 
tions and related materials. 


FREEZE-DRYING (LYOPHILIZATION) 
LR FA AE WL TTT) 
Freeze-drying is a process of drying in which water is sublimed 
from the product after it is frozen.”° The particular advantages 
of this process are that biologicals and pharmaceuticals that 
are relatively unstable in aqueous solution can be processed 
and filled into dosage containers in the liquid state, taking 
advantage of the relative ease of processing a liquid. They can 
be dried without elevated temperatures, thereby eliminating 
adverse thermal effects, and stored in the dry state, in which 
there are relatively few stability problems. 

Further advantages are that these products are often more 
soluble and/or more rapidly soluble, dispersions are stabilized 
throughout their shelf life, and products subject to degradation 
by oxidation have enhanced stability because the process is 
carried out in a vacuum. However, the increased time and 
handling required for processing and the cost of the equipment 
limit the use of this process to those products which have 
significantly enhanced stability if stored in the dry state. 

The fact that ice will sublime at pressures below 3 torr has 
been a long-established laboratory principle (see Chapter 20). 
The extensive program for freeze-drying human plasma during 
World War II provided the impetus for the rapid development 
of the process. 

Freeze-drying essentially consists of 
1. Freezing an aqueous product at a temperature below its eutectic 

temperature. 

2. Evacuating the chamber, usually below 0.1 torr (100 wm Hg). 

3. Subliming ice onto a cold, condensing surface at a temperature 
below that of the product, the condensing surface being within the 
chamber or in a connecting chamber. 

4. Introducing heat to the product under controlled conditions, 
thereby providing energy for sublimation at a rate designed to keep 
the product temperature below its eutectic temperature. 


Figure 41-26 shows a diagram of a small-scale lyophilization 
system and its functional components. The product may be 
frozen on the shelf in the chamber by circulating refrigerant 
(usually Freon, ammonia, or ethylene glycol) from the compres- 
sor through pipes within the shelf. After freezing is complete, 
which may require several hours, the chamber and condenser 
are evacuated by the vacuum pump, the condenser surface 
having been chilled previously by circulating refrigerant from 
the large compressor. 

Heat then is introduced from the shelf to the product under 
graded control by electric resistance coils or by circulating hot 
water, silicone, or glycol. The process continues until the prod- 
uct is dry (usually 1% or less moisture), leaving a sponge-like 
matrix of the solids originally present in the product, the input 
of heat being controlled so as not to degrade the product. 

For most pharmaceuticals and biologicals the liquid product 
is sterilized by filtration before being filled into the dosage 
container aseptically. The containers must remain open during 
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Figure 41-26. Essential components of a freeze-drying system. 


the drying process to allow water vapor to escape; therefore, 
they must be protected from contamination during transfer 
from the filling area to the freeze-drying chamber, while in the 
freeze-drying chamber, and at the end of the drying process 
until sealed. 

Chambers of production size may be equipped with hydrau- 
lic or pneumatic internal-stoppering devices designed to push 
slotted rubber closures into the vials to be sealed while the 
chamber is still evacuated, the closures having been partially 
inserted immediately after filling, so that the slots were open to 
the outside. If internal stoppering is not available or containers 
such as ampuls are used, filtered dry air or nitrogen should be 
introduced into the chamber at the end of the process to estab- 
lish atmospheric pressure. 

FACTORS AFFECTING THE PROCESS RATE—The 
greater the depth of the product in the container, the longer 
will be the drying process. Therefore, a product to be frozen by 
placing the container on a refrigerated shelf (plug freezing) 
should be filled to a planned, limited depth. If large volumes of 
solution must be processed, the surface area relative to the 
depth may be increased by using such devices as freezing the 
container in a slanted position to increase the surface area. 

The actual driving force for the process is the vapor pressure 
differential between the vapor at the surface where drying of 
the product is occurring (the drying boundary) and that at the 
surface of the ice on the condenser. The latter is determined by 
the temperature of the condenser as modified by the insulating 
effect of the accumulated ice. The former is determined by a 
number of factors, including 


1. The rate of heat conduction through the container and the frozen 
material, both usually relatively poor thermal conductors, to the 
drying boundary while maintaining all of the product below its 
eutectic temperature. 

2. The impeding effect of the increasing depth of dried, porous product 
above the drying boundary. 

3. The temperature and heat capacity of the shelf itself. 


This may be visualized by referring to Figure 41-26. 

The passageways between the product surface and the con- 
denser surface must be wide open and direct for effective op- 
eration. The condensing surfaces in large freeze-driers may be 
in the same chamber as the product or located in a separate 


chamber connected by a duct to the drying chamber. Evacua- 
tion of the system is necessary to reduce the impeding effect 
that collisions with air molecules would have on the passage of 
water molecules. However, the residual pressure in the system 
must be greater than the vapor pressure of the ice on the 
condenser or the ice will be vaporized and pulled into the pump, 
an event detrimental to most pumps. 

The amount of solids in the product, their precipitated par- 
ticle size, and their thermal conductance will affect the rate of 
drying. The more solids present, the more impediment will be 
provided to the escape of the water vapor. The smaller the 
particle size, particularly the crystal size of the ice, the faster 
the drying generally will be. The poorer the thermal conducting 
properties of the solids in the product, the slower will be the 
rate of heat transfer through the frozen material to the drying 
boundary. 

The rate of drying is slow, most often requiring 24 hr or 
longer for completion. The actual time required, the rate of heat 
input, and the product temperatures that may be used must be 
determined for each product and then reproduced carefully 
with successive processes. 

FACTORS AFFECTING FORMULATION—The active 
constituent of many pharmaceutical products is present in such 
a small quantity that if freeze-dried alone its presence would be 
hard to detect visually. Therefore, excipients often are added to 
increase the amount of solids. 

Some consider it ideal for the dried-product plug to occupy 
essentially the same volume as that of the original solution. To 
achieve this, the solids content of the original product must be 
between approximately 5 and 25%. Among the substances 
found most useful for this purpose, usually as a combination, 
are sodium or potassium phosphates, citric acid, tartaric acid, 
gelatin, and carbohydrates such as dextrose, mannitol, and 
dextran. 

Each of these substances contributes appearance character- 
istics of the plug, such as whether dull and spongy or sparkling 
and crystalline, firm or friable, expanded or shrunken, and 
uniform or striated. Therefore, the formulation of a product to 
be freeze-dried must include consideration not only of the na- 
ture and stability characteristics required during the liquid 
state, both freshly prepared and when reconstituted before use, 
but also the characteristics desired in the dried plug. 

MODIFICATIONS IN THE PROCESS AND EQUIP- 
MENT —In some instances a product may be frozen in a bulk 
container or in trays rather than in the final container and then 
handled as a bulk solid. Such a state requires a continuation of 
aseptic processing conditions as long as the product is exposed 
to the environment. 


The importance of undertaking every possible means to ensure 
the quality of the finished product cannot be overemphasized. 
Every component and step of the manufacturing process must 
be subjected to intense scrutiny to be confident that quality is 
attained in the finished product. The responsibility for achiev- 
ing this quality is divided appropriately in concept and practice 
into Quality Assurance (QA) and Quality Control (QC). QA 
relates to the studies made and the plans developed for ensur- 
ing quality of a product prospectively, with a final confirmation 
of achievement. QC embodies the carrying out of these plans 
during production and includes all of the tests and evaluations 
performed to be sure that quality exists in a specific lot of 
product. 

The principles for achieving quality are basically the same 
for the manufacture of any pharmaceutical. These are dis- 
cussed in Chapter 51. During the discussion of the preparation 
of injections in this chapter, mention was made of numerous 
quality requirements for components and manufacturing pro- 
cesses. Here, only selected tests characteristically required be- 
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Figure 41-27. Aseptic loading of freeze-drier (courtesy, Upjohn). 


When large quantities of material are processed it may be 
desirable to use ejection pumps in the equipment system. 
These draw the vapor into the pump and eject it to the out- 
side, thereby eliminating the need for a condensing surface. 
Such pumps are expensive and usually practical only in large 
installations. 

Available freeze-driers (suppliers: BOC Edwards, FTS, 
Hull, Serail, Stokes, Usifroid, Virtic) range in size from small 
laboratory units to large industrial models such as the one 
shown in Figure 41-27. Their selection requires consideration 
of such factors as 


The tray area required 

The volume of water to be removed 

How the chamber will be sterilized 

Whether internal stoppering is required 

Whether separate freezers will be used for initial freezing of the product 
The degree of automatic operation desired 


Other factors involved in the selection and use of equipment 
are considered in the literature.”? 

Freeze-drying is being used now for research in the preser- 
vation of human tissue and is finding increasing application in 
the food industry. Most biopharmaceuticals require lyophiliza- 
tion to stabilize their protein content effectively. Therefore, 
many newer developments in the lyophilization process focus 
on the requirements of this new class of drug products. 


fore a finished parenteral product is released are discussed 
briefly, including sterility, pyrogen, and particulate tests. 


STERILITY TEST 


All lots of injections in their final containers must be tested for 
sterility. The USP prescribes the requirements for this test for 
official injections. The FDA uses these requirements as a guide 
for testing unofficial sterile products. The primary official test 
is performed by means of filtration, but direct transfer is used 
if membrane filtration is unsuitable. To give greater assurance 
that viable microorganisms will grow, if present, the USP re- 
quires that all lots of culture media be tested for their growth- 
promotion capabilities. However it must be recognized that the 
reliability of both test methods has the inherent limitations 
typical of microbial recovery tests. Therefore, it should be noted 
that this test is not intended as a thoroughly evaluative test for 
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a product subjected to a sterilization method of unknown effec- 
tiveness. It is intended primarily as a check test on the prob- 
ability that a previously validated sterilization procedure has 
been repeated or to give assurance of its continued effective- 
ness. A discussion of sterility testing is given in Chapter 40. 

In the event of a sterility-test failure, the immediate issue 
concerns whether the growth observed came from viable micro- 
organisms in the product (true contamination) or from adven- 
titious contamination during the testing (a false positive). The 
USP does permit a retest, but the position of the FDA is that 
retest results are only valid if persuasive evidence exists that 
the cause of the initial sterility-test failure resides in the lab- 
oratory. Therefore, a thorough investigation must be launched 
to support the justification for performing the retest and as- 
sessing the validity of the retest results relative to release of 
the lot of product. 

It should be noted that a lot with respect to sterility testing 
is that group of product containers that has been subjected to 
the same sterilization procedure. For containers of a product 
that have been sterilized by autoclaving, for example, a lot 
would constitute those processed in a particular sterilizer cycle. 
For an aseptic filling operation, a lot would constitute all of 
those product containers filled during a period when there was 
no change in the filling assembly or equipment and which is no 
longer than one working day or shift. 


PYROGEN TEST 

5 ET I 
The USP evaluates the presence of pyrogens in parenteral 
preparations by a qualitative fever response test in rabbits, the 
Pyrogen Test (Section (151)), and by the Bacterial Endotoxins 
Test (Section (85)). These two USP tests are described in Chap- 
ter 31. Rabbits are used as test animals in Section (151) be- 
cause they show a physiological response to pyrogenic sub- 
stances similar to that by man. While a minimum pyrogenic 
dose (MPD), the amount just sufficient to cause a positive USP 
Pyrogen Test response, sometimes may produce uncertain test 
results, a content equal to a few times the MPD will leave no 
uncertainty. Therefore, the test is valid and has continued in 
use since introduced by Seibert in 1923. It should be under- 
stood that not all injections may be subjected to the rabbit test, 
since the medicinal agent may have a physiological effect on 
the test animal such that any fever response would be masked. 

The Bacterial Endotoxins Test (BET) is an in vitro test based 
on the formation of a gel or the development of color in the 
presence of bacterial endotoxins and the lysate of the amebo- 
cytes of the horseshoe crab (Limulus polyphemus). The Limu- 
lus Amebocyte Lysate (LAL) test, as it also is called, is a bio- 
chemical test performed in a test tube and is simpler, more 
rapid, and of greater sensitivity than the rabbit test.” Al- 
though it detects only the endotoxic pyrogens of gram-negative 
bacteria, these are the most prominent environmental micro- 
bial contaminants likely to invade sterile products. The test 
also has been automated.*? 

The LAL test is a semiquantitative test. To provide stan- 
dardization for the test, the USP has established a reference 
endotoxin against which lots of the lysate are standardized. 
Thus, the sensitivity of the lysate is given in terms of endotoxin 
units (EU). Most USP injections now have been given limits in 
terms of EUs (eg, Bacteriostatic Sodium Chloride Injection, 1.0 
EU/mL), thus indicating an increasing priority for the BET in 
testing for the presence of endotoxin in parenteral products and 
in medical devices. 


PARTICULATE EVALUATION 


Particulate matter in parenteral solutions long has been rec- 
ognized as unacceptable since the user could be expected to 


conclude that the presence of visible dirt would suggest that 
the product is of inferior quality. Today, it is recognized that 
the presence of particles in solution, particularly if injected 
intravenously, can be harmful. While data defining the extent 
of risk and the effects produced still are limited, it has been 
shown that particles of lint, rubber, insoluble chemicals, and 
other foreign matter can produce emboli in the vital organs of 
animals and man.” Further, it has been shown that the devel- 
opment of infusion phlebitis may be related to the presence of 
particulate matter in intravenous fluids.*° 

The particle size of particular concern has not been clearly 
delineated, but it has been suggested that since erythrocytes 
have a diameter of approximately 4.5 um, particles of more 
than 5 wm should be the basis for evaluation. This is a consid- 
erably smaller particle than can be seen with the unaided eye; 
approximately 50 um is the lower limit unless the Tyndall 
effect is used whereby particles as small as 10 um can be seen 
by the light scattered from them. 

The USP specifies that good manufacturing practice re- 
quires that each final container of an injection be subjected 
individually to a visual inspection and that containers in which 
visible particles can be seen should be discarded. This 100% 
inspection of a lot of product is designed to prevent the distri- 
bution and use of parenterals that contain particulate matter 
that may be harmful psychologically or organically to the par- 
ticipant. Therefore, all of the product units from a production 
line currently are being inspected individually by human in- 
spectors under a good light, baffled against reflection into the 
eye and against a black-and-white background. This inspection 
is subject to the limitation of the size of particles that can be 
seen, the variation of visual acuity from inspector to inspector, 
their emotional state, eye strain, fatigue, and other personal 
factors that will affect what is seen. However, it does provide a 
means for eliminating the few units that normally contain 
visible particles. Automated inspection machines increasingly 
are being used today. 

The assessment of the level of particulate matter below the 
visible size of about 50 wm has become an increasingly used QC 
indicator of process cleanliness in the manufacture of injec- 
tions. The tests used, however, are destructive of container 
units. Therefore, they are performed on appropriately selected 
samples of products. Further, all of these methods require very 
stringent, ultraclean preparation techniques to ensure accu- 
racy in the counting and sizing of particles only in the product, 
rather than those that may have been introduced inadvertently 
during the sample preparation or the testing procedure. 

The USP has identified two test methods in (788), Particu- 
late Matter in Injections. All LVIs for single-dose infusion and 
those SVIs for which the monograph specifies a limit (primarily 
those commonly added to infusion solutions) are subject to the 
specified limits given in Table 41-3. The first test to be used is 
the light obscuration test, which uses an electronic instrument 
designed to count and measure the size of particles by means of 
a shadow cast by the particle as it passes through a high- 
intensity light beam (suppliers: Climet, HIAC/Royco). If the 
injection formulation is not a clear, colorless solution (eg, an 
emulsion) or it exceeds the limits specified for the light obscu- 
ration test, it is to be subjected to the microscopic count test. 


Table 41-3. Subvisible Particulate Matter Limits 
in USP Injections 


Light obscuration particle count test 


=10 wm =25 wm 
SVIs 6000 600/container 
LVIs 25 3/mL 
Microscopic particle count test 

=10 um =25 um 
SVIs 3000 300/container 
LVIs 12 2/mL 


The latter method consists of filtering a measured sample of 
solution through a membrane filter under ultraclean conditions 
and then counting the particles on the surface of the filter, 
using a microscope and oblique light at 100 magnification. 
The time requirements for performing the latter test are very 
long. These standards are being met readily in the US today by 
the manufacturers of LVIs and the specified SVIs. Additional 
information may be found in the literature, particularly in an 
extensive review article.*© 

Whether or not these standards are realistic toxicologically 
has not been established; rather, the objective of the compen- 
dium is to establish specification limits that would encourage 
the preparation of clean parenteral solutions, particularly 
those to be given intravenously. 

It also should be realized that administration sets and the 
techniques used for preparing and administering intravenous 
infusion fluids may introduce substantial amounts of particu- 
late matter into an otherwise clean solution. Therefore, the 
pharmaceutical manufacturer, the administration set manu- 
facturer, the pharmacist, the nurse, and the physician must 
share responsibility for making sure that the patient receives a 
clean intravenous injection. 


LEAKER TEST 

ESSE TT EEE 
Ampuls that have been sealed by fusion must be subjected to a 
test to determine whether or not a passageway remains to the 
outside; if so, all or a part of the contents may leak to the 
outside and spoil the package, or microorganisms or other 
contaminants may enter. Changes in temperature during stor- 
age cause expansion and contraction of the ampul and con- 


A full discussion of the packaging of parenteral preparations is 
beyond the scope of this text. It is essential, of course, that the 
packaging should provide ample protection for the product 
against physical damage from shipping, handling, and storage 
as well as protecting light-sensitive materials from ultraviolet 
radiation. An extensive review of this subject has been pub- 
lished.*” 

PACKAGING—The USP includes certain requirements for 
the packaging and storage of injections, as follows: 


1. The volume of injection in single-dose containers is defined as that 
which is specified for parenteral administration at one time and is 
limited to a volume of 1 L. 

2. Parenterals intended for intraspinal, intracisternal, or peridural 
administration are packaged only in single-dose containers. 

3. Unless an individual monograph specifies otherwise, no multiple- 
dose container shall contain a volume of injection more than suffi- 
cient to permit the withdrawal and administration of 30 mL. 

4. Injections packaged for use as irrigation solutions or for hemofil- 
tration or dialysis or for parenteral nutrition are exempt from the 
foregoing requirements relating to packaging. Containers for injec- 
tions packaged for use as hemofiltration or irrigation solutions may 
be designed to empty rapidly and may contain a volume in excess of 
1L. 

5. Injections intended for veterinary use are exempt from the packag- 
ing and storage requirements concerning the limitation to single- 
dose containers and to volume of multiple-dose containers. 


LABELING—tThe labeling of an injection must provide the 
- physician or other user with all of the information needed to 
ensure the safe and proper use of the product. Since all of this 
information cannot be placed on the immediate container and 
be legible, it may be provided on accompanying printed matter. 
General labeling requirements for drugs are discussed in Chap- 
ter 90. 

A restatement of the labeling definitions and requirements 
of the USP for Injections is as follows: 
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tents, and will accentuate interchange if a passageway exists, 
even if microscopic in size. 

This test usually is performed by producing a negative pres- 
sure within an incompletely sealed ampul while the ampul is 
submerged entirely in a deeply colored dye solution. Most often, 
approximately 1% methylene blue solution is employed. After 
carefully rinsing the dye solution from the outside, color from 
the dye will be visible within a leaker. Leakers, of course, are 
discarded. 

Vials and bottles are not subjected to such a leaker test 
because the sealing material (rubber stopper) is not rigid. 
Therefore, results from such a test would be meaningless. 
However, assurance of container-closure sealing integrity 
should be an integral part of product development by develop- 
ing specifications for the fit of the closure in the neck of the 
container, the physical characteristics of the closure, the need 
for lubrication of the closure, and the capping pressure. 


SAFETY TEST 


The National Institutes of Health requires of most biological 
products routine safety testing in animals. Under the Kefauver- 
Harris Amendments to the Federal Food, Drug, and Cosmetic 
Act, most pharmaceutical preparations are now required to be 
tested for safety. Because it is entirely possible for a parenteral 
product to pass the routine sterility test, pyrogen test, and 
chemical analyses, and still cause unfavorable reactions when 
injected, a safety test in animals is essential, particularly for 
biological products, to provide additional assurance that the 
product does not have unexpected toxic properties. Safety tests 
in animals are discussed in detail in the USP. 


The term Jabeling designates all labels and other written, printed, or 
graphic matter upon an immediate container or upon, or in, any pack- 
age or wrapper in which it is enclosed, with the exception of the outer 
shipping container. The term /abel designates that part of the labeling 
upon the immediate container. 

The label states the name of the preparation, the percentage content 
of drug of a liquid preparation, the amount of active ingredient of a dry 
preparation, the volume of liquid to be added to prepare an injection or 
suspension from a dry preparation, the route of administration, a state- 
ment of storage conditions, and an expiration date. Also, the label must 
indicate the name of the manufacturer or distributor and carry an 
identifying lot number. The lot number is capable of providing access to 
the complete manufacturing history of the specific package, including 
each single manufacturing step. 

The container label is so arranged that a sufficient area of the 
container remains uncovered for its full length or circumference to 
permit inspection of the contents. 

The label must state the name of the vehicle and the proportions of 
each constituent, if it is a mixture; the names and proportions of all 
substances added to increase stability or usefulness; and the expiration 
date where required by the individual monograph. 

Preparations labeled for use as dialysis, hemofiltration, or irrigation 
solutions must meet the requirements for Injections other than those 
relating to volume and also must bear on the label statements that they 
are not intended for intravenous injection. 

Injections intended for veterinary use are so labeled. 
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CHAPTER 42 


It has been estimated that 40% of all drugs administered in 
hospitals are given in the form of injections, and their use is 
increasing. Part of this increase in parenteral therapy is due to 
the wider use of intravenous fluids (IV fluids). In the last 
decade the use of IV fluids has doubled, increasing from 150 
million units to 320 million units annually. Not only do IV 
fluids continue to serve as the means for fluid replacement, 
electrolyte-balance restoration, and supplementary nutrition, 
they also are playing major roles as vehicles for administration 
of other drug substances and in total parenteral nutrition (PN). 


Intravenous fluids a eater use as the means of 


administering other drugs b 
of reducing the irritation tential a ie drugs, and the desir- 

“The techniques for providing PN parenterally have im- 
proved steadily in the last decade, and such use is increasing. 
The use of IV fluids for these purposes requires the compound- 
ing of specific intravenous admixtures (parenteral prescrip- 
tions) to meet the clinical needs of a given patient. However, 
the combination of drug substances in an IV fluid can promote 
parenteral incompatibilities and give rise to conditions not 
favorable for drug stability. A new area of specialization has 


been created for hospital pharmacists who can develop the _~ 


expertise to prepare these solutions—recognizing their compat- 
ibility and stability problems and the potential for contamina- 
tion—and participate in the administration of the solutions. 
The complex compounding of an order for PN requires knowl- 
edgeable personnel capable of making accurate calculations, 
compounding, and having aseptic technique. The parenteral 
prescription is becoming increasingly important in hospitals. 
Centralized admixture programs are now found in 90% of the 
nation’s hospitals with 300 beds or more. Equipment available 
for administering IV fluids has become more sophisticated and 
has made possible increased accuracy of dosage and led to the 
development of new concepts and methods of nutrition and 
drug therapy. 

Electronic mechanical equipment is now commonplace in 
hospitals. Its use, as well as its sophistication, continues to 
increase. Newly designed electronic pumps have been devel- 
oped for hospital ambulatory use. Multichannel pumps have 
become available for multiple-drug infusion. Over 500,000 im- 
plantable infusion ports have been inserted into patients and 
100,000 new patients receive these implantable ports each year 
to accomplish drug therapy. New methods of IV drug delivery 
systems have been introduced and are constantly evolving. The 
introduction of patient-controlled analgesia (PCA) is common- 
place in hospitals. This technology allows the patient with pain 
to control the degree of analgesia. 

The growth of PN in hospitals has been paralleled by home PN 
programs. Large numbers of patients conduct parenteral nutri- 
tion in the home environment, including those with infectious and 
neoplastic diseases. More-stringent and more-complete guidelines 
for the preparation and parenterals in hospitals by pharmacists 


have been published. These guidelines, promoting sophisticated 
methods of preparation by the pharmacist, have become recom- 
mendations. They are a testament to the importance of parenteral 
preparation in the institutional setting. Packaging of parenterals 
in the past 5 years also has undergone dramatic changes. Pre- 
filled, premixed, prefrozen parenterals are now supplied by the 
manufacturers. Plastic minibags (ADD-Vantage, Abbott) have 
been introduced. Premixed liquids (eg, antibiotics, theophylline, 
heparin, lidocaine, dopamine) are available from parenteral man- 
ufacturers. Multiple-dose containers have been developed to ac- 
commodate new methods of preparation of parenterals by the 
pharmacist. The pharmaceutical industry has responded to the 
needs of pharmacists by addressing the packaging, labeling, and 
design requirements necessary to facilitate patient care. The par- 
enteral drug industry continues its efforts to meet higher stan- 
dards of quality and to ensure the availability of sterile and 
particulate-free products. 


INTRAVENOUS FLUIDS 


—Large- oluins smidetionss intended to be administered by intra- 


venous infusion commonly are called IV fluids and are included 
in the group of sterile products referred to as large-volume 
parenterals. These consist of single-dose injections having a 
volume of 100 mL or more and containing no added substances. 
Intravenous fluids are packaged in containers having a capac- 
ity of 100 to 1000 mL. Minitype infusion containers of 250-mL 
capacity are available with 50- and 100-mL partial fills for 
solution of drugs used in the piggyback technique (ie, the ad- 
ministration of a second solution through a Y-tube or gum- 
rubber connection in the administration set of the first intra- 
venous fluid, thus avoiding the need for another injection site). 
In addition to the IV fluids, this group also includes irrigation 
solutions and solutions for dialysis. 

Intravenous fluids are sterile solutions of simple chemicals 


pyrogen-free. Because of the large volumes ‘administered intra- 
venously, the absence of particulate matter assumes a signifi- 
cant role in view of possible biological hazards resulting from 
insoluble particles. Absence of particulate matter or clarity of 
IV fluids is as important at the time of administration following 
their manipulation in the hospital as it is at the time of man- 
ufacture of the injection. 

Limits for particulate matter occurring in IV fluids or large- 
volume injections used for single-dose infusion are defined in 
the USP. This represents the first regulatory attempt to define 
limits for particulate matter in parenterals. Limits also apply 
to multiple-dose injections, small-volume injections, or injec- 
tions prepared by reconstitution from sterile solids. The USP 
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defines particulate matter as extraneous, mobile, undissolved 
substances, other than gas bubbles, unintentionally present in 
parenteral solutions. The total numbers of particles having 
effective linear dimensions equal to or larger than 10 »m and 
larger than 25 um are counted. The IV fluid meets the require- 
ment of the test ifit contains not more than 50 particles per mL 
that are equal to or larger than 10 wm and not more than 5 
particles per mL that are equal to or larger than 25 wm in 
linear dimension. 

Intravenous fluids commonly are used for a number of clin- 
ical conditions. These include 


Correction of disturbances in electrolyte balance. 

Correction of disturbances in body fluids (fluid replacement). 
The means of providing basic nutrition. 

The basis for the practice of providing PN. 

Vehicles for other drug substances. 


In both of the latter two cases it has become common practice 
to add other drugs to certain IV fluids to meet the clinical needs 
of the patient. Using IV fluids as vehicles offers the advantages 
of convenience, the means of reducing the irritation potential of 
the drug, and a method for continuous drug therapy. However, 
the practice requires that careful consideration be given to the 
stability and compatibility of additives present in the IV fluids 
serving as the vehicle. This approach also demands strict ad- 
herence to aseptic techniques in adding the drugs as well as in 
the administration of the IV fluids. These procedures are dis- 


Table 42-1. Fluids Used Commonly for IV Use 


cussed later in the chapter. The IV fluids commonly used for 
parenterals are shown in. Table 42-1. 

Many disease states result in electrolyte depletion and loss. 
Proper electrolyte concentration and balance in plasma and 
tissues are critical for proper body function. Electrolyte resto- 
ration and balance are achieved most rapidly through admin- 
istration of IV fluids. Required electrolytes include sodium and 
chloride ions, which in normal saline more closely approximate 
the composition of the extracellular fluid than solutions of any 
other single salt; potassium, the principal intracellular cation 
of most body tissues and essential for the functioning of the 
nervous and muscular systems as well as the heart; magne- 
sium, as a nutritional supplement especially in PN solutions; 
and phosphate ion, important in a variety of biochemical reac- 
tions. In addition to the number of standard electrolyte fluids 
shown in Table 42-1, a large number of combinations of elec- 
trolytes in varying concentrations are available commercially. 
Some of these electrolyte fluids also contain dextrose. 

Dextrose Injection 5% (D5/W) is the most frequently used IV 
fluid, either for nutrition or for fluid replacement. It is isotonic 
and administered intravenously into a peripheral vein; 1 g of 
dextrose provides 3.4 cal, and 1 L of D5/W supplies 170 cal. The 
body uses dextrose at a rate of 0.5 g per kg of body weight per 
hour. More-rapid administration can result in glycosuria. 
Therefore, 1 L of D5/W requires 1 1/2 hr for assimilation. The 
pH range of D5/W can vary from 3.5 to 6.5. The wide range 
permitted is due to the free sugar acids present and formed 


INJECTION CONCENTRATION (%) pH THERAPEUTIC USE 

Alcohol 
with D5/W? 5 45 Sedative, analgesic, calories 
with D5/W in NSS? 5 Sedative, analgesic, calories 


Amino acid (synthetic) 


Aminosyn II (Abbott) Soya 

FreAmine III (McGaw) 8.5 

Travasol (Baxter) Sih, Sulsy. te}15 
Ammonium chloride 2.14 
Dextran 40 

in NSS 10 

in DS/W 10 
Dextran 70 

in NSS 6 

in D5/W 6 
Dextrose (glucose, D5/W) 2.5-50 


Dextrose and sodium chloride 


Varying concn of dextrose, 5-20, with 


Fluid and nutrient replenisher 


varying concn of sodium chloride 


0.22-0.9 
Lactated Ringer’s (Hartmann’s) 
NaCl 0.6 
KCl 0.03 
CaCl, 0.02 
Lactate 0.3 
Mannitol, also in combination 5 
with dextrose 10 
or sodium chloride 15 
20 
Multiple electrolyte solutions, 
varying combinations of 
electrolytes, dextrose, 
fructose, invert sugar 
Ringer's 
NaCl 0.86 
KCl 0.03 
CaCl, 0.033 
Sodium bicarbonate 5 
Sodium chloride 0.45, 0.9, 3, 5 
Sodium lactate 1/46 M 


Sterile water for injection 


5) 

6.6 

6.0 

4.5-6.0 Metabolic alkaloids 

5 Priming fluid for extracorporeal circulation 

4 Priming fluid for extracorporeal circulation 

5 Plasma volume expander 

4 Plasma volume expander 

3.5-6.5 Fluid and nutrient replenisher 

3.5-6.5 Fluid, nutrient, and electrolyte replenisher 

6.0-7.5 Systemic alkalizer; fluid and electrolyte 
replenisher 

5.0-7.0 Osmotic diuresis 

55 Fluid and electrolyte replacement 

5.0-7.5 Fluid and electrolyte replenisher 

8 Metabolic acidosis 

4.5-7.0 Fluid and electrolyte replenisher 

6.3-7.3 Fluid and electrolyte replenisher 

S33) Diluent 


° 5% Dextrose in water. 
© Normal saline solution. 


Table 42-2. IV Fluid Systems 


SOURCE CONTAINER CHARACTERISTICS 
Baxter Glass Vacuum 
Air tube 
Baxter (Viaflex) Plastic Polyvinyl chloride 
Flexible 
Nonvented 
McGaw Glass Vacuum 
Air tube 
McGaw (Excell) Plastic Flexible 
Abbott Glass Vacuum 
Air filter? 
Abbott (Lifecare) Plastic Polyvinyl chloride 
Flexible 
Nonvented 


? Part of administration set. 


during the sterilization and storage of the injection. To avoid 
incompatibilities when other drug substances are added to 
Dextrose Injection, the possible low pH should be considered in 
using it as a vehicle. More-concentrated solutions of dextrose 
are available and provide increased caloric intake with less 
fluid volume. Being hypertonic, the more concentrated solu- 
tions may be irritating to peripheral veins. Highly concentrated 
solutions are administered in a larger central vein. 

Intravenous fluids containing crystalline amino acids can 
provide biologically usable amino acids for protein synthesis 
(Chapter 106). Protein contributes to tissue growth, wound 
repair, and resistance to infection. The protein requirement for 
the normal adult is 1 g per kg per day; children and patients 
under stress require greater amounts. Attempts are made to 
maintain a positive nitrogen balance, indicating that the pro- 
tein administered is being used properly and not broken down 
and eliminated through the urine as creatinine and urea, 
which are normal waste products. In a positive nitrogen bal- 
ance patients are taking in more nitrogen than they are elim- 
inating. In a negative nitrogen balance there is more nitrogen 
being eliminated through the urine regularly than is being 
administered intravenously. This means that tissues are con- 
tinuing to be torn down, and repair is not necessarily taking 
place. Amino Acid Injection can afford the total body require- 
ments for proteins by the procedure known as PN (discussed 
below) or be used for supplemental nutrition by peripheral 
administration. In addition to the amino acids, these nutri- 
tional injections also may contain dextrose, electrolytes, vita- 
mins, and insulin. Fat emulsion (U/ntralipid, Kabi Vitrum AB; 
Liposyn IT, Abbott; Travamulsion, Baxter) sometimes is used 
concurrently but usually administered at another site. How- 
ever, new systems such as three-in-one packaging permit mix- 
ing of amino acids, carbohydrates, and fat in one container 
for PN. 


Packaging Systems 


Containers for intravenous fluids must be designed to maintain 
solution sterility, clarity (freedom from particulate matter), 
and nonpyrogenicity from the time of preparation, through 
storage, and during clinical administration. Container closures 
must be designed to facilitate insertion of administration sets 
through which the injections are administered at a regulated 
flow-rate into suitable veins. IV fluids are available in glass and 
_ plastic containers; the latter are made from a flexible plastic 
material. IV fluids are supplied in 1000-mL, 500-mL and 
250-mL sizes in addition to 250-mL capacity containers pack- 
aged with 50 or 100 mL of D5/W or sodium chloride injection 
0.9% for piggyback use in addition to 0.45% sodium chloride 
' and 2.5% dextrose injections. IV fluids in glass containers are 
packaged under vacuum, which must be dissipated prior to use. 
For fluid to leave the IV glass container and flow through the 


INTRAVENOUS ADMIXTURES 809 


administration set, some mechanism is necessary to permit air 
to enter the container. Current flexible plastic systems do not 
require air introduction to function. Atmospheric pressure 
pressing on the container forces the fluid to flow. 

All glass and plastic containers are single-dose and should 
be discarded after opening even if not used. Intravenous fluids 
are packaged with approximately 3% excess fill to allow for 
removal of air from the administration set and permit the 
labeled volume to be delivered from the container. The contain- 
ers are graduated at 20-mL increments on scales that permit 
the volume in a container to be determined from either an 
upright or inverted position. Glass containers have aluminum 
and plastic bands for hanging, while plastic containers have 
eyelet openings or plastic straps for attachment to IV poles. 

Fluids for IV use are available from three sources (Abbott, 
Baxter, and McGaw); all provide both glass and plastic contain- 
ers. The glass-container systems of Baxter and McGaw are 
similar. The characteristics of current packaging systems are 
summarized in Table 42-2. 


Administration Sets 


Administration sets used to deliver fluids intravenously are 
sterile, pyrogen-free, and disposable. Although these sets are 
supplied by different manufacturers, each for its own system, 
they have certain basic components. These usually include a 
plastic spike to pierce the rubber closure or plastic seal on the 
IV container, a drip (sight) chamber to trap air and permit 
adjustment of flow rate, and a length (150 to 450 cm) of poly- 
vinyl chloride (PVC) tubing terminating in a gum-rubber injec- 
tion port. Non—PVC sets are available for special uses. At the 
tip of the port is a rigid needle or catheter adapter. An adjust- 
able clamp (screw or roller type) on the tubing pinches the 
tubing to regulate flow. Since the gum-rubber port is self- 
sealing, additional medication can be added to the IV system at 
these ports of entry. Glass containers that have no air tubes 
require air-inlet filters designed as part of the administration 
set (Abbott). See Figures 42-1 to 42-6. 


Administration Procedures 


In the administration of IV fluids, the primary IV container 
provides for fluid replacement, electrolyte replenishment, drug 
therapy, or nutrition; the fluid can be infused over a 4- to 8-hr 
period. In some cases an IV fluid is infused slowly for the 
purpose of keeping the vein open (KVO). This will allow addi- 
tional drugs to be administered when required. The primary IV 
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Figure 42-1. Parts of basic administration sets. 
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Figure 42-2. Abbott IV glass container. The air venting is provided 
through the air filter located in the spike of the administration set. 
See Figure 42-1. 


fluid also can serve as a vehicle for other drugs to be adminis- 
tered, thus becoming an intravenous admixture (IV drip), and 
results in continuous blood levels of added drugs once the 
steady state has been reached. 

Incinerated PVC products produce hydrogen chloride gas as 
a toxic pollutant. Diethylhexylphthalate (DEHP), a component 
of PVC containers, may leach into the soil in landfills. A num- 
ber of drugs adsorb on PVC containers, notably nitroglycerin. 
Some drugs (fat emulsions, blood, Taxol) are known to leach 
DEHP. 

The Excell container is claimed to eliminate or minimize 
these problems. The plastic film contains no plasticizers and 
exhibits no leachability. The solution-contact layer of the con- 
tainer is composed of a rubberized copolymer of ethylene and 
propylene; which is claimed to be clear, nontoxic, and biologi- 
cally inert. The container is available in 250-mL, 500-mL, and 
1-L sizes. Smaller sizes are available in 25, 50, and 100 mL 
known as PAB containers. 

In preparing an IV fluid for administration, the following 
procedure is used. 


Safety 
Additive oo 
secon Vent 
Port (Not a hole) Hole 
S<— {J Puncture Proof 
Administration ( Seal (Aluminum) 
Spike Hole 
Ke Latex 
Diaphragm 
1000 mL 500mL 250mLCapacity 


(Piggyback) 


Figure 42-3. Baxter and McGaw glass containers. The plastic air 
tube allows the air to enter the bottle as the fluid is infused into 
the patient. The spike of the administration set is not vented. See 
Figure 42-1. 


Additive 
port 


Spike 


Figure 42-4. A, Abbott (Lifecare) polyvinyl chloride flexible con- 
tainer; B, Baxter (Viaflex) polyvinyl chloride flexible container. 
These containers take nonvented administration sets. See Figure 
42-1. 


The spike adapter of the administration set is inserted into the 
stopper or seal of the IV container. 

The IV fluid is hung on a stand at bedside, and air is purged from the 
administration set by opening the clamp until fluid comes out of needle. 
The tubing is then clamped off. 

The venipuncture is made by a member of the IV team, floor nurse, 
or physician. 

The infusion rate is adjusted by slowly opening and closing the 
clamp until the desired drop rate, viewed in the drip chamber, is 
obtained. The usual running time is 4 to 8 hr (usually 125 mL is 
delivered in 1 hr). Drugs such as heparin, insulin, lidocaine, or dopa- 
mine may be present in the IV drip. When potent drugs are present, the 
flow rates will vary, depending on the clinical condition of the patient. 
Sets are calculated to deliver 10, 15, 20, 50, or 60 drops per mL, 
depending on the manufacturer. 


Intermittent administration of an antibiotic and other drugs 
can be achieved by any of three methods: 


1. Direct IV injection (IV bolus or push) 
2. Addition of the drug to a predetermined volume of fluid in a volume- 

control device 
3. Use of a second container (minibottle, minibag) with an already 

hanging IV fluid (piggybacking) 

DIRECT INTRAVENOUS INJECTION—Small volumes 
(1 to 50 mL) of drugs are injected into the vein over a short 
period of time (1 to 5 min). The injection also can be made 
through a resealable gum-rubber injection site of an already 
hanging IV fluid. This method is suitable for a limited number 
of drugs but too hazardous for most drugs. 

VOLUME-CONTROL METHOD—Volume-control sets 
provide a means for intermittent infusion of drug solutions in 
precise quantities at controlled rates of flow. These units con- 
sist of calibrated, plastic, fluid chambers placed in a direct line 
under an established primary IV container or more often at- 
tached to an independent fluid supply. In either case, the drug 
to be administered is first reconstituted if it is a sterile solid 
and injected into the gum-rubber injection port of the volume- 
control unit. It is then further diluted to 50 to 150 mL with the 
primary fluid or the separate fluid reservoir. Administration of 
the total drug-containing solution requires 30 to 60 min and 
produces a peak concentration in the blood followed by a valley 
if the dosage is discontinued. 

The procedure for setting up an intermittent IV infusion 
with a volume-control set is 


Using aseptic technique, the spike of the volume-control set is inserted 
into the primary IV fluid or a separate fluid container. See Fig- 
ure 42-6. 

Air is purged from tubing of the volume-control set by opening the 
clamps until fluid comes through. 

The clamp is opened above the calibrated chamber and it is filled with 
25 to 50 mL fluid from the primary IV container or separate fluid 
container. 


Air inlet Spike 
and ball valve Adapter 
Air filter-—— Drip 
(bacterial Chamber 
retentive) 
Vented Non-Vented Non-Vented 
Set Set Set 


Set 


The clamp is closed above the chamber. 

The medication is injected through the gum-rubber port of the volume- 
control unit. 

The clamp above the chamber is opened to complete the dilution to the 
desired volume (50 to 150 mL), then closed. 


Gum rubber 
injection port 


Volume control 


SO or lOO; Rarer 


LVP fluid 


lapeats) 
Filter or ~ Pri 


valve 
chamber 


Figure 42-6. Volume control unit for intermittent administration. 


Non- Vented 
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Figure 42-5. Setting up a primary IV fluid for administration. 


Flow commences when the clamp below the volume-control unit is 
opened. 


PIGGYBACK METHOD—The piggyback method (Fig 
42-7) refers to the intermittent IV drip of a second solution, the 
reconstituted drug, through the venipuncture site of an estab- 
lished primary IV system. With this setup the drug can be 
thought of as entering the vein on top of the primary IV fluid, 
hence the designation piggyback. The piggyback technique not 
only eliminates the need for another venipuncture, but also 
achieves drug dilution and peak blood levels within a relatively 
short timespan, usually 30 to 60 min. Drug dilution helps to 
reduce irritation, and early high serum levels are an important 
consideration in serious infection requiring aggressive drug 


Figure 42-7. Piggyback administration setup. 
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therapy. These advantages have popularized the piggyback 
method of IV therapy, especially for the intermittent adminis- 
tration of antibiotics. In using the piggyback technique, the 
secondary unit is purged of air, and its needle inserted into a 
Y-injection site of the primary set or into the injection site at 
the end of the primary set. The piggyback infusion is then 
started. Once it is completed, the primary fluid infusion will be 
restarted. See Figure 42-7. 

Primary IV administration sets are available that have a 
built-in check valve for use in piggyback administration. When 
the piggyback is connected to one of these sets and started, the 
check valve automatically closes off the primary infusion. 
When the piggyback runs out, the check valve automatically 
opens, thereby restarting the primary infusion. The check 
valve works because of pressure differences. To achieve this 
difference, the primary container is hung lower than the 
secondary bottle by means of an extension hanger. See Fig- 
ure 42-8. 

Manufacturers have introduced minibottles and minibags 
prefilled with various antibiotic products; each container is 
provided with a plastic hanger for direct suspension from an IV 
pole as the piggyback solution is administered through the 
resealable gum-rubber injection site or Y-type facility of an 
existing IV system. Reconstitution of piggyback units requires 
only the addition of a small volume of compatible diluent. Since 
reconstitution and administration proceed from the same bot- 
tle, no drug transfer is involved, so transfer syringes and ad- 
ditional IV containers are not necessary. Prefilled drug contain- 
ers offer significant advantages to hospitals. Time-saving, less 
potential for error and contamination, and convenience are 
outstanding qualities of this type of packaging. The need exists 
in hospitals for these types of innovative packaging to help 
alleviate the critical nursing shortage and reduce the error 
potential. It is a significant event that drug manufacturers and 
intravenous fluid manufacturers have combined efforts to 
achieve optimal packaging for hospital use. 

Partial-fill containers available for piggybacking are 
250-mL capacity infusion bottles or bags underfilled with 50 or 
100 mL D5/W or normal saline. The drug to be administered 
first is reconstituted in its original parenteral vial and then 
added by needle and syringe to the partial-fill container. The 
needle of the piggyback delivery system is inserted into the 
Y-site or gum-rubber injection port of a hanging primary infu- 
sion set. Flow of the primary intravenous fluid is stopped while 


Piggyback 
(Mini- Bottle) 


Check valve 
(Closeup) 


Figure 42-8. Piggyback administration setup with check valve in 
primary set. 


Extension 
hanger 


the drug solution in the partial-fill container is administered 
(30 to 60 min). After the drug solution has been infused totally, 
the primary fluid flow is reestablished. When the next dose of 
drug is required, the piggyback procedure is repeated, replac- 
ing the prefilled partial-fill container. 

MECHANICAL-ELECTRONIC INFUSION DEVICES— 
Gravity IV administration systems are affected by many vari- 
ables that tend to alter the accuracy of the system. These 
include variations in the size of the drip-chamber orifice, the 
viscosity of the solution being administered, plastic cold flow, 
clamp slippage, final filters, variations in the patient’s blood 
pressure and body movements, clot formation, pressure 
changes in IV containers’ rate of flow, temperature of the IV 
fluid, changes in the needle, and other factors such as kinked 
tubing, extravasation, and changes in the height of the IV 
container. Flow in traditional gravity IV systems is controlled 
by manual clamps (either screw or roller clamps), which can 
provide considerable discrepancies in volume delivery. These 
factors have promoted the development and use of mechanical- 
electronic infusion devices to control more accurately the ad- 
ministration of IV fluids. This group of devices includes infu- 
sion controllers and infusion pumps. 

Infusion controllers count drops electronically or extrude 
volumes of fluid mechanically and electronically. Having no 
moving components, controllers are less complex than pumps, 
are usually less expensive, and have fewer maintenance prob- 
lems. Infusion controllers are gravity-type systems, but the 
control is regulated automatically rather than manually. In 
addition to increasing the accuracy of delivery, electronic 
equipment may be able to detect infiltration of air, empty 
containers, and excess or deficient flow. 

Infusion pumps do not depend on gravity to provide the 
pressure required to infuse the drug. Pressure is provided by 
an electric pump that propels a syringe, a peristaltic or roller 
device, or a cassette. Most pumps are volumetric in that the 
delivery is measured in milliliters rather than drops. 

The quality of patient care has improved with the use of 
infusion devices. Flow rates can be maintained, therefore par- 
enteral and enteral nutrition can be conducted safely. In addi- 
tion, accurate drug therapy can be accomplished with adults 
and children, and runaways of IV fluid administration can be 
eliminated. 

PATIENT-CONTROLLED ANALGESIA (PCA)—Usu- 
ally and traditionally the acute or chronic pain experienced by 
patients in selected diseases are treated initially by oral nar- 
cotics and analgesics. However, many clinical situations pre- 
clude oral administration. Typically, the unsatisfied pain from 
disease has been treated by parenteral analgesics given by the 
IM or SC route. 

This medication cycle from patient complaint to pain relief 
often can be lengthy. Frequently, the dose administered may be 
too large or too small, resulting in either sedation or poor pain 
relief. See Figure 42-9. 

Parenteral drugs given intravenously offer rapid distribu- 
tion in the body and fast onset of action. The drug undergoes no 
biotransformation or inactivation and, therefore, allows more 
precise dose management. 

PCA is a system for delivery of IV or SC narcotics by direct 
patient intervention. This therapy uses a mechanical, elec- 
tronic, infusion-control device that permits self-administration 
of analgesics in proportion to the degree of relief desired. 

A number of these devices have been developed and are 
undergoing development at Bard, Abbott, Deltec, Baxter, and 
Becton Dickinson. The early devices allowed for patient- 
triggered IV doses, and later refinement in the microprocessors 
allowed tailoring of infusions so that additional bolus doses 
could be given to a baseline infusion. Additional developments 
have led to ambulatory PCA devices that are small enough to 
be worn on a belt. An additional design being used is a balloon- 
powered disposable device (Baxter) that operates mechanically 
from an inflated balloon. 


In its simplest terms, PCA allows a patient to initiate an IV 
infusion of a prescribed narcotic analgesic and maintain a 
self-regulated small amount of incremental doses needed for 
controlling a variety of pain-associated medical problems. 

The success and popularity of PCA is based upon the inad- 
equacy of conventional IM and IV dosing, such as variables 
that affect absorption and distribution! such as conventional 
nursing practices, inherent procedural delays in securing med- 
ication, and the ultimate administration to the patient.” The 
perception and sensation of pain in any one patient depends 
upon individual levels of endorphins and other biochemicals in 
cerebrospinal fluid.® 

The last several years have seen the increasing use of infu- 
sion devices for epidural or intrathecal administration. 

PCA eliminates the peak and valley effects of traditional 
drug therapy (Fig 42-10). Epidural or intrathecal therapy 
of PCA allows a longer duration of drug action. Kwan‘ re- 
viewed the use of infusion devices for epidural or intrathecal 
administration. 

FINAL-FILTER DEVICES—Particulate matter in IV flu- 
ids and IV admixtures can originate from many sources. It can 
result from the packaging components of the IV fluid, from 
admixture incompatibilities, from manipulation in preparing 
the admixture, and even from the administration set itself. 
Concern about particulate matter led to the design of final- 
filter devices for attaching to the end of the tubing of the 
administration set. They afford a final filtration of the IV fluid 
before it passes through the needle into the vein. The device 
consists of a plastic chamber containing a membrane or stain- 
less steel filter with porosities varying from 5 to 0.22 wm. Air 
lock can be a problem with membrane filters. When wet, mem- 
branes with porosities of 0.22 wm and 0.45 wm are impervious 
to air at normal pressures, and air in the system causes block- 
age. To prevent this, the filter housing must be purged com- 
pletely of air prior to use. Newer designs have air eliminators. 
Using final-filter devices increases medication cost but reduces 
the biological hazards associated with particulate matter. 

Although considerable information is available concerning 
the clinical use of membrane filters in entrapping particulate 
matter and microorganisms, little information exists describ- 
ing drug absorption by the filter. Literature on a limited num- 
ber of drugs and filter materials indicates that drugs adminis- 
tered in low doses might present a problem with drug bonding 
to the filter.” Solutions containing minute dosages of drugs, 5 
mg or less, should not be filtered until sufficient data are 
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Figure 42-9. Patient pain cycle—sequence of events.’ 
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Figure 42-10. Characteristic pattern comparison of IM bolus serum 
concentration versus PCA.? 


available to confirm insignificant absorption. Drugs not rec- 
ommended to be filtered include all parenteral suspensions, 
blood and blood products, amphotericin B, digitoxin, insulin, 
intravenous fat emulsions, mithramycin, nitroglycerin, and 
vincristine. 

IV DELIVERY SYSTEMS—Frozen Premixes—Baxter pro- 
vides delivery to hospitals of frozen drug products packaged in 
PVC containers. These are stored in a freezer in the hospital’s 
pharmacy, thawed, and used when needed. See Figure 42-11A. 

Faspak/ADS-100 System—Eli Lilly supplies a non-PVC 
plastic piggyback container, named Faspak, which contains the 
dry, powdered form of certain drugs (Keflin, Kefzol, Mandol, 
and ampicillin), which, upon reconstitution with the appropri- 
ate diluent, allows direct administration of the diluted drug. 
This avoids a transferring step that normally takes place when 
reconstituting a powdered drug. To help in the reconstitution 
step, a specialized dilution pump named the ADS-100 system is 
supplied. The package design eliminates the need for transfer- 
ring between containers after reconstitution, and the Faspak 
acts as a final delivery container. 

Abbott/ADD-Vantage System—Introduced in 1985, the Ab- 
bott ADD-Vantage system (Fig 42-11B) has two parts: a plastic 
IV bag (Abbott) that is filled with solution and a separate glass 
vial of powder or liquid drug sold by a pharmaceutical manu- 
facturer. The vial is encased in a plastic cover that is removed 
prior to use. The user locks the vial holding the drug into a 
chamber at the top of the plastic bag and mixes the drug and 
solution by externally removing the stopper on the vial. 

Nutrimix—A dual-compartment container is available from 
Abbott that allows long-term packaging of amino acids and 
dextrose mixtures. 

IVAC-Cris—The IVAC-Cris (controlled-release infusion sys- 
tem) (Fig 42-11F) is a disposable adapter designed to infuse 
reconstituted injectable drugs directly from the manufacturer’s 
single-dose vial. The Cris adapter avoids the need to transfer 
drug doses to piggyback secondary containers and also elimi- 
nates the need for a secondary IV set. The adapter has a 
primary spike that is inserted into the IV fluid container and a 
secondary spike that receives the drug vial. The vial spike has 
two fluid paths: one admits IV fluid from the primary container 
into the vial; the other drains drug solution into the drip 
chamber of the IV set. A two-position valve allows IV fluid to 
flow directly from the primary container to the patient or pass 
through the vial to deliver the drug. A 5-ym in-line filter 
eliminates particulates. 

To operate the Cris adapter, the drug vial first is reconsti- 
tuted with an appropriate diluent. With the valve dial in the 
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Figure 42-11. Various IV delivery systems. A, Frozen partial fill; B, Add-Vantage; C, syringe pump; D, partial-fill diluent container; E, drug 
manufacturer's partial-fill piggyback (DMP) (courtesy, Abbott). The flow control clamp, “Y” site, needle, and associated tubing for B 
through E£, are the same as in A. (Fig 42-11 is continued on the next page.) 


vertical (primary) position, the spike shield is removed and the 
vial is attached immediately to the Cris spike. The valve dial is 
then turned toward the vial, directing the flow of primary fluid 
into the vial of drug solution. The incoming fluid dilutes and 
displaces the drug solution into the drip chamber, through the 
primary set, and into the patient. After the dose has been 
delivered, the vial remains on the spike until the next dose is 
required. Flow rate can be adjusted using a roller clamp, elec- 
tronic pump, or controller. 

Mini-Infuser Pumps for Intermittent IV Drug Delivery—A 
novel concept in intermittent drug delivery, introduced several 
years ago, was the Bard-Harvard Mini-Infuser System. This 


instrument was designed for the administration of antibiotics 
and other medications delivered intermittently in 40 min or 
less. This battery-generated, lightweight instrument uses stan- 
dard disposable syringes and microbore disposable extension 
sets. Different models are available depending on the volume to 
be delivered. This instrument provides accuracy, constant flow, 
convenience, and safety for intermittent drug delivery. See 
Figure 42-11C. 

Introduced and designed for intermittent IV drug deliv- 
ery, Becton Dickinson’s 360 Infusor allows drug delivery 
intermittently over 60 min or less in a volume dilution of up 
to 60 mL. 
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Figure 42-11 (continued). F, Cris infusion; G, burette set (courtesy, Abbott). 


INTERNAL METHODS USED TO ACHIEVE INTRA- 
VASCULAR ACCESS—Implantable Ports (Infuse-A-Port, In- 
fusaid; Port-A-Cath, Pharmacia)—Broviac and Hickman cath- 
eters have been used to achieve long-term venous access in a 
variety of diseases. Although these catheters are widely used, 
they are associated with some morbidity, which includes frac- 
ture of catheters, entrance-site infection, and catheter sepsis. 
Implantable catheters have been developed to overcome cath- 
eter complications and are designed to permit repeated access 
to the infusion site. The catheters consist of implantable-grade 
silicone tubing connected to a stainless steel port with a self- 
sealing septum that allows needle access. The delivery catheter 
can be placed in a vein, cavity, artery, or the central nervous 
system (CNS). The system is accessed with a Huber-point nee- 
dle through the skin into the self-sealing silicone plug posi- 
tioned in the center of the portal. 

The specialized Huber-point needle is designed with an 
angle bevel that reduces coring and permits easy entry. These 
implantable ports can be used for the injection of IV fluids, total 
parenteral nutrition, chemotherapy, antibiotics, and other 
drugs. 

Some advantages of implantable devices include 
The need for a long-term access site to venous, arterial, and spinal 

systems. 

An increased dependence on non-hospital treatment of chronic disease 
states. 

The direct infusion in a target organ or tumor. 

A decrease in infection rates that are seen with percutaneous catheters 
or repeated spinal taps. 

A greater mobility for the patient (a return to normal function). 


Implantable Pump (Infusaid)—The Infusaid Implantable 
Pump was approved for selected drug administration. This 
pump is the size of a hockey puck and weighs approximately 
6% oz. The construction is titanium, stainless steel, and 
polypropylene. The injection port is constructed of silicone rub- 
ber and has a usable life of at least 2000 punctures. Under 
normal use this device lasts more than 8 years. 

The internal power supply uses Freon in equilibrium be- 
tween the gaseous and liquid states and is recharged with each 
refilling process, thus supplying a power supply for as long as 
the pump is needed. As the pump is refilled, it compresses the 
gas back into the liquid state, allowing a fresh supply of energy 
for the next cycle. The capacity of this pump is 50 mL, which 
can be administered over a 14-day period. The pump accuracy 
is stated as over 3%. The cost of one model is approximately 
$4000.00, not including the surgical implant procedure. The 
14-day cycle cannot be altered to any degree. 


Model 400 Implantable Drug Delivery System (Infusaid) is 
designed for long-term therapy in the ambulatory patient. The 
Model 400 with a 47-mL usable drug volume delivers a precise, 
continuous flow to a selected organ or site via a soft, nontrau- 
matic, nonthrombogenic, silicone rubber catheter. The Model 
400 also features an auxiliary Sideport septum, completely 
bypassing the pumping mechanism, for delivery of direct bolus 
injections to the target site. Thus the clinician can easily sup- 
plement the continuous infusion with additional drugs, objec- 
tively assess the disease state, or monitor catheter location and 
drug perfusion with the use of radiolabeled microspheres. 


INTRAVENOUS ADMIXTURES 


When one or more sterile products are added to an IV fluid for 
administration, the resulting combination is known as an IV 
admixture. To maintain the characteristics of sterile products, 
namely, sterility and freedom from particulate matter and 
pyrogens, it is imperative that they be manipulated in a suit- 
able environment by use of aseptic techniques. 

ENVIRONMENT —Proper conditions for aseptic handling 
can be provided by laminar-flow hoods (see Chapters 40 and 
41). Within a laminar-flow hood, air filtered through a HEPA 
(high-efficiency particulate air) filter moves in a parallel flow 
configuration at a velocity of 90 fpm. HEPA filters remove 
99.97% of all particles larger than 0.3 pm. Since microbial 
contaminants present in air usually are found on other partic- 
ulates, removal of the latter results in a flow of air free of both 
microbial contaminants and particulate matter. The movement 
of the filtered air in a laminar-flow configuration at a velocity of 
90 fpm can maintain the area free of contamination. The flow of 
air may be in either a horizontal or vertical pattern. In the 
former case the HEPA filter is located at the back of the hood 
and the air flows to the front. In vertical flow the air passes 
through the HEPA filter located in the top of the cabinet and is 
exhausted through a grated area around the working surface 
of the hood. Regardless of the type of laminar air flow, the 
hood must be operated and maintained properly to achieve a 
satisfactory environment for the preparation of parenteral 
admixtures. 

The hood is situated best in a clean area in which there is 
little traffic flow past the front of the hood. The inside of the 
hood is wiped down thoroughly with a suitable disinfectant and 
allowed to run for at least 30 min before starting manipula- 
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tions. It is important to remember that the laminar-flow hood is 
not a means of sterilization. It only maintains an area free of 
microbial contaminants and particulate matter when it has 
been prepared, maintained, and used properly by operators 
with proper aseptic techniques. 

Before working in a laminar-flow hood, operators wash their 
hands thoroughly and scrub them with a suitable disinfectant. 
Some laboratories may require gowning and use of sterile 
gloves. Sterile gloves can be an asset, but there is always the 
problem that they can give the operator a false sense of secu- 
rity. Gloved hands can become contaminated as easily as un- 
gloved hands. Additives and IV fluids to be used in the prepa- 
ration of the admixture, along with suitable syringes, are lined 
up in the hood in the order they are to be used. The containers 
must be clean and dust-free. They are inspected for clarity and 
freedom from cracks. Operators are encouraged to use a light- 
ing device for inspecting IV fluids for particulate matter and 
cracks. The lighting device should permit the container to be 
viewed against both a light and a dark background during 
inspection. If the IV fluid is packaged in plastic containers, 
pressure is applied to ensure that they are sealed properly and 
do not leak. Some laboratories disinfect the containers prior to 
placing them in the hood. 

In working within the hood the operators work in the center 
of the hood, with the space between the point of operation and 
the filter unobstructed. If the flow of air is blocked, the validity 
of the laminar flow is destroyed. Articles are arranged within 
the hood in a manner to prevent clean air from washing over 
dirty objects and contaminating other objects that must remain 
sterile. The working area must be at least 6 inches from the 
front edge of the hood. As the operators stand in front of the 
hood, their bodies act as a barrier to the laminar air flow 
causing it to pass around them and create backflow patterns 
that can carry room air into the front of the hood. 

Laminar-flow hoods must be maintained and evaluated pe- 
riodically to ensure that they are functioning properly. The 
velocity of air flow can be determined routinely using a velom- 
eter. A decrease in the air flow usually indicates a clogged 
HEPA filter. Some laminar-flow hoods are equipped with pres- 
sure gauges indicating pressure in the plenum behind the 
filter; in these hoods pressure increase also can indicate a 
clogged filter. Settling plates can be exposed within the hood for 
given periods of time to determine the presence of microbial 
contaminants. 

The best way to determine the proper functioning of a HEPA 
filter is to use the dioctylphthalate (DOP) test using the vapor 
at room temperature. DOP vapor (particles of ~0.3 um) is 
allowed to be taken up by the hood through its intake filter. If 
the HEPA filter is intact and properly installed, no DOP can be 
detected in the filtered air stream by use of a smoke photome- 
ter. Certification services are available through commercial 
laboratories; the HEPA filters within laminar-flow hoods 
should be evaluated every 6 months. 

ADDITIVES—tThe additives are injections packaged in am- 
puls or vials, or sterile solids; the latter are reconstituted with 
a suitable diluent before addition to the IV fluid. A fresh, 
sterile, disposable syringe is used for each additive. Before 
removing a measured volume from an ampul, the container is 
wiped with a disinfectant solution. If the ampul is scored, the 
top can be snapped off; if not scored, an ampul file must be 
used. A sterile syringe is removed from its protective wrapping. 
The syringe needle with its cover is separated from the syringe 
aseptically and may be replaced with a sterile aspirating nee- 
dle. Aspirating needles usually are made from clear plastic and 
contain a stainless steel or nylon filter with a porosity of 5 wm. 
The filter will remove glass particles and other particulates 
from the injection as it is drawn up from the ampul into the 
syringe. The aspirating needle is replaced with the regular 
needle. The exact volume is calibrated, and the injection is 
ready to be added to the IV fluid (see Fig 42-12). In the case of 
additives packaged in multiple-dose vials, the protective cover 
is removed and the exposed target area of the rubber closure 


a 


Figure 42-12. Placing an additive into an IV fluid with filtration 
through a membrane filter (courtesy, Millipore). 


disinfected. A volume of air, equal to the volume of solution to 
be removed, is drawn up into the syringe and injected into the 
air space above the injection within the vial. This facilitates 
withdrawal of the injection. The solution is drawn into the 
syringe, the exact dose is measured, and the injection is ready 
to be added to the IV fluid. 

Certain injections are light-sensitive and protected against 
photolysis by the container packaging. The manufacturer may 
use amber glass, individual container wrapping, or an amber 
plastic cover. Many hospital pharmacists use aluminum foil 
as a protective wrap for light-sensitive drugs during their 
administration. 

In the case of drug substances having poor stability in 
aqueous solution, the drug is packaged as a sterile solid, either 
dry-filled or lyophilized. The diluent recommended on the la- 
beling is used to reconstitute the powder; the proper quantity of 
solution then is removed for addition to the IV fluid. When 
large volumes of diluent are required for reconstitution, as for 
Keflin, a sterile needle is placed through the closure to vent the 
container and facilitate addition of the diluent. To increase the 
efficiency of IV admixture programs, a limited number of hos- 
pital pharmacists have found it convenient to freeze reconsti- 
tuted drugs, particularly antibiotics. The stability of reconsti- 
tuted drugs is somewhat limited. In some cases stability is 
limited to only a few hours; in many cases, however, reconsti- 
tuted solutions can be frozen and thawed at the time of use. In 
the frozen form the stability of the antibiotic solution can be 
increased. In a number of instances the stability in the frozen 
form is known and supplied by the manufacturer. Reports have 
been published on the frozen stability of certain drugs. How- 
ever, it is unwise to freeze drug solutions without adequate 
stability studies for guidance. In those cases where published 


information is available, close adherence must be observed as 
to freezing temperature, storage conditions, and packaging. 

There is an increasing awareness of the potential hazard to 
pharmacists handling antineoplastic drugs.° Although the ev- 
idence is not conclusive, it appears that measures should be 
taken to minimize unnecessary exposure. ’** These precautions 
include the use of vertical laminar-flow hoods for the prepara- 
tion and reconstitution of these agents, the wearing of gloves 
and masks by the personnel, special labeling of the containers 
to ensure their proper handling and disposal, and periodic 
blood studies of personnel involved in preparing admixtures of 
antineoplastic agents. 

The procedure for placing an additive in an IV fluid will vary 
depending on the type of IV fluid packaging system being 
used by the hospital. The packaging systems are described in 
Table 42-2. 


Abbott Glass Containers (Fig 42-2) 


1. Remove the aluminum tear seal exposing the solid-rubber closure 
with a target circle in the center. 

2. Wipe the closure with suitable disinfectant. 

3. Insert the needle of the additive syringe through the target area. 
The vacuum within the bottle draws in the solution. 

4. Gently shake the bottle after each addition. 

5. When completed, cover the closure with a plastic protective cap if it 
is not to be used immediately. 


Baxter and McGaw Rigid Glass Containers (Fig 42-3) 


1. Remove the aluminum tear seal and the aluminum disk covering 
the latex diaphragm. 

2. Upon exposing the latex diaphragm, note that the latex cover is 
drawn in over the openings in the rubber closure. 

3. The larger of the two holes receives the administration set, the 
other is the air vent. The triangular indentation can serve as the 
site for injecting the additives as well as the opening for the admin- 
istration set. 

4. Wipe the diaphragm with a suitable disinfectant and pierce the 
latex cover to place additive into bottle. The vacuum within the 
bottle will draw additive from the syringe. Do not remove the 
diaphragm or the vacuum will dissipate. It will be removed at the 
time of administration prior to the insertion of the administration 
set. 

5. Gently shake the bottle after each additive. 

6. When completed, cover the bottle with a plastic additive cap if the 
administration set is not to be inserted immediately. 


Baxter and Abbott Plastic Container (Fig 42-4) 


1. Remove the additive port protective sleeve and rub the gum-rubber 
plug with a suitable disinfectant. 

2. Additives are placed in container by piercing the gum-rubber cover 
over the additive port. 

3. After each addition, milk the container to ensure adequate mixing. 

4, Containers do not contain a vacuum, but vacuum chambers are 
available for use in conjunction with the flexible plastic container. 

5. Protective additive caps are available if the administration set is 
not inserted immediately. 


McGaw Semirigid Plastic Container (Fig 42-4) 

1. Remove the additive port protective covering and rub the gum- 
rubber plug with a suitable disinfectant. 

2. Additives are placed in containers by piercing the gum-rubber over 
the additive port. 

3. After each addition, shake the container gently to ensure adequate 
mixing. 

4. Containers do not contain a vacuum. 

PHARMACY BULK PACKAGE—The manufactured bulk 
package is a sterile container for parenteral use that contains 
many single doses. These containers are intended for use in 
admixture programs in which large numbers of doses are pre- 
pared. It is designed so that the rubber closure is penetrated 
only once. It is used in laminar-flow hoods. Pharmacy bulk 
packages are exempt from the USP requirement that multiple- 
dose containers have a volume not greater than 30 mL. They 
also have an exemption in that they are not required to have a 
bacteriostatic agent. Pharmacy bulk packages have special la- 
beling and storage requirements. 
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PARENTERAL INCOMPATIBILITY—When one or 
more additives are combined with an IV fluid, their presence 
together may modify the inherent characteristics of the drug 
substances present, resulting in a parenteral incompatibility. 
Parenteral incompatibilities have been divided arbitrarily into 
three groups: physical, chemical, and therapeutic. The latter is 
the most difficult to observe because the combination results in 
undesirable antagonistic or synergistic pharmacological activ- 
ity. For example, the report that penicillin or cortisone antag- 
onizes the effect of heparin and produces a misleading picture 
of the anticoagulant effect of heparin represents a therapeutic 
incompatibility. Physical incompatibilities are observed most 
easily and can be detected by changes in the appearance of the 
admixture, such as a change in color, formation of a precipitate, 
or evolution of a gas. 

Physical incompatibilities frequently can be predicted by 
knowing the chemical characteristics of the drugs involved. For 
example, the sodium salts of weak acids, such as phenytoin 
sodium or phenobarbital sodium, precipitate as free acids when 
added to intravenous fluids with an acidic pH. Calcium salts 
precipitate when added to an alkaline medium. Injections that 
require a special diluent for solubilization, such as diazepam, 
precipitate when added to aqueous solutions because of their 
low water solubility. 

Decomposition of drug substances resulting from combi- 
nation of parenteral dosage forms is called a chemical incom- 
patibility, an arbitrary classification, since physical incompat- 
ibilities also result from chemical changes. Most chemical 
incompatibilities result from hydrolysis, oxidation, reduction, 
or complexation and can be detected only with a suitable ana- 
lytic method. 

An important factor in causing a parenteral incompatibility 
is a change in the acid-base environment.” The solubility and 
stability of a drug may vary as the pH of the solution changes. 
A change in the pH of the solution may be an indication in 
predicting an incompatibility, especially one involving drug 
stability, since this is not necessarily apparent physically. The 
effect of pH on stability is illustrated in the case of penicillin. 
The antibiotic remains active for 24 hr at pH 6.5, but at pH 3.5 
it is destroyed in a short time. Potassium penicillin G contains 
a citrate buffer and is buffered at pH 6 to 6.5 when reconsti- 
tuted with Sterile Water for Injection, Dextrose Injection, or 
Sodium Chloride Injection. When this reconstituted solution is 
added to an intravenous fluid such as Dextrose Injection or 
Sodium Chloride Injection, the normal acid pH of the solution 
is buffered at pH 6 to 6.5, thus ensuring the activity of the 
antibiotic. 

While it may be impossible to predict and prevent all 
parenteral incompatibilities, their occurrence can be mini- 
mized. The IV admixture pharmacist should be cognizant of 
the increasing body of literature concerning parenteral in- 
compatibilities. This includes compatibility guides published 
by large-volume parenteral manufacturers,'°~-'? compatibil- 
ity studies on individual parenteral products by the manu- 
facturer and published with the product as part of the label- 
ing, the study of the National Coordinating Committee on 
Large-Volume Parenterals,'* reference books,'*’!® and liter- 
ature reports of studies with specific parenteral drugs. '° The 
pharmacist should encourage the use of as few additives as 
possible in IV fluids, since the number of potential problems 
increases as the number of additives increases. Physicians 
should be made aware of possible incompatibilities, and the 
pharmacist can suggest alternative approaches to avoid the 
difficulties. In some instances, incompatibilities can be 
avoided by selecting another route of administration for one 
or more of the drugs involved. 

QUALITY CONTROL— Each hospital should have written 
procedures covering the handling and storage, use in preparing 
admixtures, labeling, and transportation of IV fluids to the 
floors. In-use clarity and sterility tests should be devised to 
ensure that IV admixtures retain the characteristics of sterility 
and freedom from particulate matter. Training and monitoring 
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personnel involved in preparation of IV admixtures should be 
done on a regular basis.'” The efforts of the hospital pharmacy 
should be no less than those of the industry in following Cur- 
rent Good Manufacturing Practice to ensure the safety and 
efficacy of these compounded medications. 


TOTAL PARENTERAL NUTRITION 


Intravenous administration of calories, nitrogen, and other 
nutrients in sufficient quantities to achieve tissue synthesis 
and anabolism is called total parenteral nutrition (PN).'® Orig- 
inally, the term hyperalimentation was used to describe the 
procedure, but it is being replaced by PN, the latter being more 
descriptive for the technique. 

The normal caloric requirement for an adult is approxi- 
mately 2500 per day. If these were to be provided totally by 
D5/W, approximately 15 L would be required. Each liter con- 
tains 50 g dextrose, equivalent to 170 calories. However, it is 
only possible to administer 3 or 4 L per day without causing 
fluid overload. To reduce this fluid volume, the concentration of 
dextrose would have to be increased. By increasing the dex- 
trose to 25%, it is possible to administer five times the calories 
in one-fifth the volume. D25/W is hypertonic and cannot be 
administered in large amounts into a peripheral vein without 
sclerosing the vein. 

Dudrick developed the technique for administering fluids 
for PN by way of the subclavian vein into the superior vena 
cava where the solution is diluted rapidly by the large volume 
of blood available, thus minimizing the hypertonicity of the 
solution. For administration of the PN fluids, a catheter is 
inserted and retained in place in the subclavian vein. PN is 
indicated for patients who are unable to ingest food due to 
carcinoma or extensive burns and patients who refuse to eat, as 
in the case of depressed geriatrics or young patients suffering 


Table 42-3. Typical IV Orders (Parenteral Prescriptions) 


from anorexia nervosa and surgical patients who should not be 
fed orally. : 

The preferred source for calories in PN fluids is the carbo- 
hydrate dextrose. In IV fluid kits commercially available for 
the preparation of PN solutions, D50/W is provided. On dilu- 
tion with amino acid injection, the resulting dextrose concen- 
tration is approximately 25%. It is this concentration that is 
administered. 

A lack of knowledge concerning preparation of PN ad- 
mixtures may present a life-threatening hazard to patients. 
Several deaths have been reported as a result of chemical 
incompatibility.1? 

The source of nitrogen in PN fluids is crystalline amino 
acids (Aminosyn, Abbott; FreAmine III, McGaw; Travasol, Bax- 
ter). The crystalline amino acid injections contain all the es- 
sential and nonessential amino acids in the L-form. For opti- 
mum use of amino acids and for promoting tissue regeneration, 
the nitrogen-to-calorie ratio should be 1:150. Calories are 
needed to provide energy for the metabolism of nitrogen. 

Electrolyte requirements vary with the individual patient. 
The electrolytes present in Amino Acid Injection are given on 
the label and must be taken into consideration in determining 
the quantities to be added. Usual electrolyte concentrations are 
required to fall within the following ranges: sodium, 100 to 120 
mEq; potassium, 80 to 120 mEq; magnesium, 8 to 16 mEq; 
calcium, 5 to 10 mKq; chloride, 100 to 120 mEq; and phosphate, 
40 to 60 mKq. It is better to keep a 1:1 ratio between sodium 
and chloride ions. In adding potassium, the acetate salt is 
preferred to the chloride. If the combination of calcium and 
phosphate ions exceeds 20 mEq, precipitation occurs. 

In addition to the electrolytes, the daily requirement for both 
water-soluble and fat-soluble vitamins may be added, usually in 
the form of a multivitamin infusion concentrate. Iron should be 
administered separately from the PN fluids. Trace elements such 
as zinc, copper, manganese, and iodide are a concern only in 
long-term cases and can be added when required. 


PRESCRIPTION COMMENT 


1.B Sodium Chloride Injection (Normal Saline Solution) 1000 mL, is to be 


NS 1000 mL 125 mL/hr 


administered at a flow rate of 125 mL per hr. It will require approximately 8 hr. 


2. R Dextrose Injection 5%, 1000 mL, containing 0.9% sodium chloride and container 


1000 D5W + NS + vits 12 hr 


of vitamin B complex with vitamin C is to be administered over a 12-hr period. 


3. B Dextrose Injection 5%, 500 mL, containing 0.45% sodium chloride is to be 


500 DSW + Y2NS KVO 


administered at a flow rate to keep the vein open (KVO). The flow rate will be 


approximately 10 mL/hr. 
4. B Dextrose Injection 5%, 1000 mL, containing 0.45% sodium chloride, the contents 


1000 cc DSW + Y2NS 
Add 1 amp vits to each + 100 mg thiamine 
Each to run 6 hr 


of one ampul vitamin B complex with vitamin C and sufficient volume of 
Thiamine Hydrochloride Injection to give 100 mg thiamine, is to be 
administered over a 6-hr period (approximately 170 mL/hr). Additional orders 


of the same can be anticipated. 
5. & Dextrose Injection 5%, 1000 mL, is to be provided containing 0.45% sodium 


1000 cc DSW + Y2NS + 20 mEq KCI 


chloride and 20 mEq potassium chloride. 


6. B 1 L of the hospital’s basic PN solution is to be provided with the addition of 10 


1000 Hyperal + 10 Nacl + 10 KCI + 5 
MgSO, + 10 insulin 


mEq sodium chloride, 10 mEq potassium chloride, 5 mEq magnesium sulfate, 
and 10 units regular zinc insulin. 


7. & 1 L of the basic PN solution, FreAmine II, is to be provided with the addition of 40 


1000 cc PN (FreAmine) + 40 mEg NaHCO, + 
30 mEq KCI + Vits + 5U Reg Insulin to run 
80 cc/hr 


mEq NaHCO;, 30 mEq potassium chloride, the contents of one container 
vitamin B complex with vitamin C plus 5 units of regular zinc insulin. It is to be 
administered at the flow rate of 80 mL/hr (approximately 12 hr). 


8. BR 1 L of the hospital's basic PN solution is to be provided with the addition of 40 


1000 PN + 40 mEq NaCl + 10 KCI + 10 
Insulin + 10 cal gluconate 


mEq sodium chloride, 10 mEq potassium chloride, 10 units regular zinc insulin, 
and 10 mL Calcium Gluconate Injection. 


9. Cefazolin 500 mg, is reconstituted with Sterile Water for Injection and added to a 


Cefazolin 500 mg D5W q 6 hr 


minibottle containing 100 mL Dextrose Injection 5%. This dose is given every 6 


hr using a piggyback technique with a flow rate requiring 30 to 60 min for 


delivery. 
10. k 
Gentamicin 80 mg IVPB q 8 hr 


Gentamicin, 80 mg, is added to a minibottle containing 100 mL Dextrose 
Injection 5%. This dose is given every 8 hr using the piggyback technique (IVPB) 


with a flow rate requiring at least 80 min (not less than 1 mg/min). 


Table 42-4. Product Stability 
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Table 42-6. Recombinant Protein Drugs 


TRADE NAME PHYSICAL FORM SHELF LIFE TRADE NAME VIAL STRENGTH 
Humulin Liquid solution 2 yr at 2-8° Humulin 1000 units 
Protropin Lyophilized powder 2 yr at 2-8° Protropin 5 mg 
Humatrope Humatrope 5 mg 
Roferon-A Lyophilized powder 3 yr at 2-8° Roferon-A 3 and 18 million units solution 
Intron A Lyophilized powder 2 yr at 2-8° 3 and 18 million units lyo 
Activase Lyophilized powder 2 yr at 2-30° Intron A 3, 5, 10, 25, and 50 million units 
Recombivax-HB Liquid solution Activase 20,50 mg 
Engerix-B Liquid solution Recombivax HB 5,10 ng 
Orthoclone Liquid solution 1 yr at 2-8° Engerix-B 20 ng 
Epogen Liquid solution Orthoclone OKT3 5 wg 
Epogen 2, 4, and 10 thousand units 


THE PARENTERAL PRESCRIPTION 

AS LLL A EE ET TESTES] 
The physician writes an admixture order or parenteral pre- 
scription on a physician’s order form located on the patient’s 
chart. A copy of the order is sent to the pharmacy for com- 
pounding. It includes the patient’s name, room number, the 
intravenous fluid wanted, additives and their concentrations, 
rate of flow, starting time, and length of therapy. The order is 
taken by the technician, nurse, or pharmacist to the pharmacy. 
Orders may be telephoned to the pharmacy; verification with 
the original order is made on delivery of the admixture. IV 
orders usually are written for a 24-hr therapy period; the 
patient’s chart is reviewed and new orders are written daily. 
The order may be for multiple containers, in which case the 
containers are numbered consecutively. Unlike the extempora- 
neously compounded prescription, additives are added without 
regard to final volume of IV fluid. The prescription is checked 
for proper dose, compatibility, drug allergies, and stability. 
Additives usually are given an expiration period of 24 hr from 
the time of preparation. Drugs such as ampicillin may require 
shorter expiration periods. 

The clerical work for the admixture is prepared. This in- 
cludes typing the label and preparing the profile worksheet. 
The profile sheet is filed so that the pharmacist will be alerted 
when subsequent containers are due for preparation. Charging 
the patient’s account can be done from the profile worksheet. 
The label includes the patient’s name, room number, bottle 
number, preparation date, expiration time, and date, intrave- 
nous fluid and quantity, additives and quantities, total time for 
infusion, the milliliters per hour or drops per minute, and space 
for the name of the nurse who hangs the container. The label 
will be affixed to the container upside down so that it can be 
read when hung. 

The admixture is prepared by the pharmacist or a super- 
vised technician. In handling sterile products, aseptic tech- 
niques as discussed previously must be observed. When com- 
pleted, a plastic additive cap is affixed before delivery to the 
floor. The label is applied and checked with the original order. 
The empty additive containers are checked to confirm the ad- 
ditives present. The admixture is inspected for any color 
change or particulate matter. 

The completed admixture is delivered to the floor. If it is not to 
be infused immediately (within 1 hr), it is stored under refriger- 
ation; if refrigerated, it must be used within 24 hr. The nurse 
checks for accuracy of patient’s name, drug and concentration, IV 


Table 42-5. Stability after Reconstitution (Lyophilized 
Products) 


TRADE NAME SHELF LIFE 
Roferon 1 mo at 2-8° 
Intron A 1 mo at 2-8° 
Humatrope 14 days at 2-8° 
Protropin 7 days at 2-8° 
Activase 8 hr at 2-30° 


fluid, expiration date, time started, and clarity. The infusion of 
admixtures may run ahead or behind schedule, necessitating that 
the pharmacist modify the preparation of continued orders. Ex- 
amples of IV orders are shown in Table 42-3. 


PARENTERALS DERIVED 
BY BIOTECHNOLOGY 


In 1993, 14 biotechnology drugs had been approved for clinical 
use; 21 were in Phase III clinical studies awaiting approval, 
and over 130 were in various phases of development. The 
Center for Biologics Evaluation and Review (CBER) had over 
3200 INDs under review. In 1996, 35 biotechnology drugs had 
been approved for clinical use, with 284 products in testing. 

As a result of the stability sensitivities of proteins, the 35 
biotechnology pharmaceuticals currently available are all man- 
ufactured as parenterals. Many are available as lyophilized 
parenterals (Table 42-4). Most have limited shelf life after 
reconstitution (Table 42-5). All are supplied in low dosage, 
which attests to their potency (Table 42-6). 

For a complete treatment of biotechnology and drugs, see 
Chapter 49. 
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CHAPTER 43 


Ophthalmic preparations are sterile products essentially free_ 
from foreign particles, suitably compounded and packaged for 
instillation into the eye. Ophthalmic preparations include so- 
lutions, suspensions, ointments, and solid dosage forms. The 
Solutions and suspensions are, for the most part, aqueous. 
Ophthalmic ointments usually contain a white petrolatum— 
mineral oil base. 

Ophthalmic preparations can be grouped broadly into two 
divisions of major significance to the pharmacist. These include 
single or multidose prescription products and the category de- 
scribed as OTC or over-the-counter ophthalmic products. The 
latter group has been subjected to a searching review and 


analysis by a body of experts as a part of the Food and Drug —=—— : 4 
~The human eye is a challenging subject for topical administra- 


Administration’s (FDA) OTC Drug Review process. 

The single dominant factor characteristic of all ophthalmic 
products is the specification of sterility. Any product intended 
for use in the eye regardless of form, substance, or intent must 
be sterile. This requirement increases the similarity between 
ophthalmic and parenteral products; however the physiology 
of the human eye in many respects imposes more rigid 
formulation requirements. This is considered in the following 
discussion. 

Preparations intended for the treatment of eye disorders 
can be traced to antiquity. Egyptian papyri writings describe 
eye medications. The Greeks and Romans expanded such uses 
and gave us the term collyria. Collyria refers collectively to 
materials that were dissolved in water, milk, or egg white for 


progressed at a pharmaceutical snail’s pace well into modern 
times. It was not until after World War II that the concept of 
sterility became mandatory for ophthalmic solutions. Prior to 
World War II and continuing into the 1940s very few ophthal- 
mic preparations were available commercially or were de- 
scribed officially. The USP XIV, official in 1950, included only 
three ophthalmic preparations, and all three were ointments. 
Preparations to be used in the eye, either solutions or oint- 
ments, invariably were compounded in the community or hos- 
pital pharmacy and were intended for immediate (prescription) 
use. Such preparation and prompt use is reflected in the phar- 
maceutical literature of the times. The stability of ophthalmic 
preparations is discussed in terms of days or a few months. 
One of the most important attributes of ophthalmic products 
is the requirement of sterility. Even that, however, is a sur- 
prisingly recent event. The USP XV in 1955 was the first 
official compendium to include a sterility requirement for oph- 
thalmic solutions. The FDA in 1953 adopted the position that a 
nonsterile ophthalmic solution was adulterated. Sterile oph- 
thalmic products were, of course, available prior to the mid- 
1950s; however the legal requirement of sterility dates only 
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The sterility requirements for ophthalmic ointments ap- 
peared first in the USP XVIII, Third Supplement (1972). Prior 
to that date there was no legal requirement for a sterile oph- 
thalmic ointment. This probably was due to the difficulty (at 
that time) of testing for sterility in such nonaqueous systems 
and also the anticipated difficulties in sterilizing and maintain- 
ing sterile conditions during the manufacture and filling of 
ointments on a large scale. 


ANATOMY AND PHYSIOLOGY OF THE EYE 


tion of drugs. The basis of this can be found in the anatomical 
arrangement of the surface tissues and in the permeability of 
the cornea. The protective operation of the eyelids and lacrimal 
system is such that there is rapid removal of material instilled 
into the eye, unless the material is suitably small in volume 
and chemically and physiologically compatible with surface 
tissues. Figures 43-1! and 43-2! include pertinent anatomy of 
the human eye. 

EYELIDS—tThe eyelids serve two purposes: mechanical 
protection of the globe and creation of an optimum milieu for 
the cornea. The eyelids are lubricated and kept fluid-filled by 
secretions of the lacrimal glands and specialized cells residing 
in the bulbar conjunctiva. The antechamber has the shape of a 
narrow cleft directly over the front of the eyeball, with pocket- 
like extensions upward and downward. The pockets are called 
the superior and inferior fornices (vaults), and the entire space, 
the cul-de-sac. The elliptical opening between the eyelids is 
called the palpebral fissure. 

EYEBALL—The wall of the human eyeball (bulbus, globe) 
is composed of three concentric layers. 

1. The outer fibrous layer. 

2. A middle vascular layer—the uvea or uveal tract, consisting of the 
choroid, the ciliary body, and the iris. 

3. A nervous layer—the retina. 


The outer layer is tough, pliable, but only slightly stretchable. 
In its front portion—the portion facing the outside world—the 
fine structure of the outer layer is so regular and the water 
content so carefully adjusted that it acts as a clear, transparent 
window (the cornea). It is devoid of blood vessels. Over the 
remaining two-thirds the fibrous coat is opaque (the white of 
the eye) and is called the sclera. It contains the microcircula- 
tion, which nourishes the tissues of this anterior segment, and 
is usually white except when irritated and vessel dilatation 
occurs. 

The eyeball houses an optical apparatus that causes in- 
verted reduced images of the outside world to form on the 
retina, which is a thin translucent membrane. The optical 
apparatus consists, in sequence, of the precorneal film, the 
cornea, the aqueous humor, the pupil, the crystalline lens, the 
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Figure 43-1. The eye: vertical section. ' 


vitreous humor, and the retina. The aqueous and vitreous 
humors are layers of clear fluid or gel-like material interposed 
between the solid structures. The pupil, a round centric hole in 
a contractile membranous partition (called the iris), acts as the 
variable aperture of the system. The crystalline lens is a re- 
fractive element with variable power controlled and supported 
by a muscle incorporated in the ciliary body. The choroid is the 
metabolic support for the retina. 

The optical function of the eye calls for stability of its di- 
mensions, which is provided partly by the fibrous outer coat; 
more effective as a stabilizing factor is the intraocular pres- 
sure, which exceeds the pressure prevailing in the surrounding 
tissues. This intraocular pressure is the result of a steady 
production of specific fluid, the aqueous humor, which origi- 
nates from the ciliary processes and leaves the eye by an 
intricate system of outflow channels. The resistance encoun- 
tered during this passage and the rate of aqueous production 
are the principal factors determining the level of the intraocu- 
lar pressure. In addition to this hydromechanical function, the 
aqueous humor acts as a carrier of nutrients, substrates, and 
metabolites for the avascular tissues of the eye. 

The bones of the skull join to form an approximately 
pyramid-shaped housing for the eyeball, called the orbit. 

CONJUNCTIVA—The conjunctival membrane covers the 
outer surface of the white portion of the eye and the inner 
aspect of the eyelids. In most places it is attached loosely and 
thus permits free movement of the eyeball. This makes possible 
subconjunctival injections. Except for the cornea the conjunc- 
tiva is the most exposed portion of the eye. 

LACRIMAL SYSTEM—tThe conjunctival and corneal sur- 
faces are covered and lubricated by a film of fluid secreted by 
the conjunctival and lacrimal glands. The secretion of the lac- 
rimal gland, the tears, is delivered through a number of fine 
ducts into the conjunctival fornix. The secretion is a clear, 
watery fluid containing numerous salts, glucose, other organic 


compounds, approximately 0.7% protein, and the enzyme ly- 
sozyme. Small accessory Jacrimal glands are situated in the 
conjunctival fornices. Their secretion suffices for lubrication 
and cleansing under ordinary conditions and for maintaining a 
thin fluid film covering the cornea and conjunctiva (the precor- 
neal film). The mucin-protein layer of the film is especially 
important in maintaining the stability of the film. The main 
lacrimal gland is called into play only on special occasions. The 
sebaceous glands of the eyelids secrete an oily fluid that helps 
to prevent overflowing of tears at the lid margin and reduces 
evaporation from the exposed surfaces of the eye by spreading 
over the tear film. 

Spontaneous blinking replenishes the fluid film by pushing 
a thin layer of fluid ahead of the lid margins as they come 
together. The excess fluid is directed into the lacrimal lake—a 
small, triangular area lying in the angle bound by the inner- 
most portions of the lids. The skin of the eyelids is the thinnest 
in the body and folds easily, thus permitting rapid opening and 
closing of the palpebral fissures. The movement of the eyelids 
includes a narrowing of the palpebral fissures in a zipper-like 
action from the lateral canthus toward the medial canthus 
(canthi: the corners where the eyelids meet). This aids the 
transport or movement of fluid toward the lacrimal lake. 

Tears are drained from the lacrimal lake by two small 
tubes—the lacrimal canaliculi—which lead into the upper part 
of the nasolacrimal duct, the roomy beginning of which is called 
the lacrimal sac. The drainage of tears into the nose does not 
depend merely on gravity. Fluid enters and passes along the 
lacrimal canaliculi by capillary attraction aided by aspiration 
caused by contraction of muscle embedded in the eyelids. When 
the lids close, as in blinking, contraction of the muscle causes 
dilatation of the upper part of the lacrimal sac and compression 
of its lower portion. Tears are thus aspirated into the sac, and 
any that have collected in its lower part are forced down the 
nasolacrimal duct toward its opening into the nose. As the lids 
open, the muscle relaxes. The upper part of the sac then 
collapses and forces fluid into the lower part, which at the same 
time is released from compression. Thus, the act of blinking 
exerts a suction force-pump action in removing tears from 
the lacrimal lake and emptying them into the nasal cavity. 
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Figure 43-2. Nasolacrimal duct.' 


Lacrimation is induced reflexly by stimulation of nerve endings 
of the cornea or conjunctiva. The reflex is abolished by anes- 
thetization of the surface of the eye and by disorders affecting 
its nerve components. 

The normal cul-de-sac usually is free of pathogenic organ- 
isms and often found sterile. The sterility may be due partly to 
the action of lysozyme in the tears, which normally destroys 
saprophytic organisms but has little action against pathogens. 
More effective in producing sterility may be the fact that the 
secretions, which are normally sterile as they leave the glands, 
constantly wash the bacteria, dust, etc, down in the nose. In 
certain diseases the lacrimal gland, like other glandular struc- 
tures in the body, undergoes involution, with the result that 
the lacrimal fluid becomes scanty. Furthermore, changes in the 
conjunctival glands may lead to alteration in the character of 
the secretion so that quality as well as quantity of tears may be 
abnormal. This may lead to symptoms of dryness, burning, and 
general discomfort and may interfere with visual acuity. 

PRECORNEAL FILM—tThe cornea must be wet to be an 
optically adequate surface; when dry, it loses both its regular 
gloss and its transparency. The precorneal film, part of the tear 
fluid, provides this important moist surface. Its character de- 
pends on the condition of the corneal epithelium. The film, 
compatible with both aqueous and lipid ophthalmic prepara- 
tions, is composed of a thin outer lipid layer, a thicker middle 
aqueous layer, and a thin inner mucoid layer. It is renewed 
during each blink, and when blinking is suppressed, either by 
drugs or by mechanical means, it dries in patches. It seems to 
be unaffected by the addition of concentrations of up to 2% 
sodium chloride to conjunctival fluid. A pH below 4 or above 9 
causes derangement of the film. The film affects the movement 
of contact lenses and forms more easily on glass than on plastic 
prostheses. [ 

CORNEA—The cornea, from 0.5 to 1 mm thick, consists 
mainly of the following structures (from the front backward): 


1. Corneal epithelium. 
2. Substantia propria (stroma). 
3. Corneal endothelium. 


The cornea is transparent to ordinary diffuse light, largely 
because of a special laminar arrangement of the cells and fibers 
and because of the absence of blood vessels. Cloudiness of the 
cornea may be due to any one of several factors including excess 
pressure in the eyeball as in glaucoma, and scar tissue due to 
injury, infection, or deficiency of oxygen or excess hydration 
such as may occur during the wearing of improperly fitted 
contact lenses. A wound of the cornea usually heals as an 
opaque patch that can be a permanent impairment of vision 
unless it is located in the periphery of the cornea. 

The chief refraction of light for the eye occurs at the outer 
surface of the cornea where the index of refraction changes 
from that of air (1.00) to that of precorneal substance (1.38). 
Any alteration in its shape or transparency interferes with the 
formation of a clear image; therefore, any pathological process, 
however slight, may interfere seriously with the resolving 
power or visual acuity of the eye. 

The normal cornea possesses no blood vessels except at the 
corneoscleral junction. The cornea, therefore, must derive its 
nutrition by diffusion and must have certain permeability char- 
acteristics; it also receives nourishment from the fluid circulat- 
ing through the chambers of the eye and from the air. The fact 
that the normal cornea is devoid of blood vessels is an impor- 
tant feature in surgical grafting. The corneal nerves do not 
supply all forms of sensation to the cornea. Pain and cold are 
well supplied. The pain fibers have a very low threshold, which 
makes the cornea one of the most sensitive areas on the surface 
of the body. It now is agreed generally that the cornea pos- 
sesses a true sense of touch; nerve endings supplying the sen- 
sation of heat are lacking. 

The corneal epithelium provides an efficient barrier against 
bacterial invasion. Unless its continuity has been broken by an 
abrasion (a traumatic opening or defect in the epithelium), 
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pathogenic bacteria, as a rule, cannot gain a foothold. Trauma, 
therefore, plays an important part in most of the infectious 
diseases of the cornea that occur exogenously. Any foreign body 
that either scratches the cornea or lodges and becomes embed- 
ded in the cornea is of serious moment because of the role it 
may play in permitting pathogenic bacteria to gain a foothold. 

A means of detecting abrasions on the corneal surface is 
afforded by staining the cornea with sodium fluorescein. If 
there is an abrasion on the epithelium, the underlying layer 
stains a brilliant green, so that even pinpoint abrasions show 
up quite clearly. Abrasion may occur during tonometry; ie, 
during the measurement of ocular tension (pressure) with a 
tonometer. Care must be used in applying the device to the 
cornea to avoid abrasion of the cornea. Corneal abrasions some- 
times result from wearing contact lenses. Every corneal abra- 
sion is subject to infection. 


BIOAVAILABILITY 


PHYSICAL CONSIDERATION—Under normal condi- 
tions the human tear volume averages about 7 pL.” The esti- 
mated maximum volume of the cul-de-sac is about 30 wL, with 
drainage capacity far exceeding lacrimation rate. The outflow 
capacity accommodates the sudden large volume resulting from 
the instillation of an eyedrop. Most commercial eyedrops range 
from 50 to 75 wL in volume; however, much in excess of 50 wL 
probably is unable to enter the cul-de-sac. 

Within the rabbit cul-de-sac, the drainage rate has been 
shown to be proportional to the instilled drop volume. Multiple 
drops administered at intervals produced higher drug concen- 
trations. Ideally, a high concentration of drug in a minimum 
drop volume is desirable. Patton? has shown that approxi- 
mately equal tear-film concentrations result from the instilla- 
tion of 5 wL of 1.61 x 10 7 M pilocarpine nitrate or from 25 wL 
of 1.0 x 10 7 M solution. The 5 wL contains only 38% as much 
pilocarpine, yet its bioavailability is greater because of de- 
creased drainage loss. 

There is a practical limit or limits to the concept of mini- 
mum dosage volume. There is a difficulty in designing and 
producing a dropper configuration that will deliver small vol- 
umes reproducibly. Also, the patient often cannot detect the 
administration of such a small volume. This sensation or lack 
of sensation is particularly apparent at the 5.0 to 7.5-L dose- 
volume range. 

The concept of dosage-volume drainage and cul-de-sac ca- 
pacity directly affects the prescribing and administering of 
separate ophthalmic preparations. The first drug administered 
may be diluted significantly by the administration of the sec- 
ond. On this basis combination drug products for use in oph- 
thalmology have considerable merit. 

CORNEAL ABSORPTION—Drugs administered by in- 
stillation must penetrate the eye and do so primarily through 
the cornea. Corneal absorption is much more effective than 
scleral or conjunctival absorption, in which removal by blood 
vessels into the general circulation occurs. 

Many ophthalmic drugs are weak bases and are applied to 
the eye as aqueous solutions of their salts. The free base and 
the salt will be in an equilibrium that will depend on the pH 
and the individual characteristics of the drug molecule. To aid 
in maintaining storage stability and solubility, the medication 
may be acidic at the moment of instillation but, usually, the 
neutralizing action of the lacrimal fluid will convert it rapidly 
to the physiological pH range (~ pH 7.4), at which there will be 
enough free base present to begin penetration of the corneal 
epithelium. Once inside the epithelium the undissociated free 
base dissociates immediately to a degree. The dissociated moi- 
ety then will tend to penetrate the stroma because it is water- 
soluble. At the junction of the stroma and endothelium the 
same process that took place at the outer surface of the epithe- 
lium must occur again. Finally, the dissociated drug leaves the 
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endothelium for the aqueous humor. Here it can readily diffuse 
to the iris and the ciliary body, the site of its pharmacological 
action. 

The cornea can be penetrated by ions to a small, but mea- 
surable, degree. Under comparable conditions, the permeabili- 
ties are similar for all ions of small molecular weight, which 
suggests that the passage is through extracellular spaces. The 
diameter of the largest particles that can pass across the cel- 
lular layers seems to be in the range of 10 to 25 A. An instilled 
drug is subject to protein binding in the tear fluid and meta- 
bolic degradation by enzymes such as lysozyme, in addition to 
the losses by simple overflow and lacrimal drainage. 

Since the cornea is a membrane including both hydrophilic 
and lipophilic layers, most effective penetration is obtained 
with drugs having both lipid and hydrophilic properties. Highly 
water soluble drugs penetrate less readily. As an example 
highly water soluble steroid phosphate esters penetrate the 
cornea poorly. Better penetration is achieved with the poorly 
soluble but more lipophilic steroid alcohol; still greater absorp- 
tion is seen with the steroid acetate form. 

In 1976 Lee and Robinson* and, in 1990, Lee® presented a 
summary of the factors controlling precorneal pilocarpine dis- 
position and pilocarpine bioavailability in the rabbit eye. Com- 
bining experimental work and computer simulation the inves- 
tigators discussed the mechanisms competing with corneal 
absorption of pilocarpine. Included were solution drainage, 
drug-induced vasodilation, nonconjunctival loss including up- 
take by the nictitating membrane, conjunctival absorption, in- 
duced lacrimation, and normal tear turnover. Subject to exper- 
imental conditions the relative effectiveness of the factors 
involved in precorneal drug removal are drainage = vasodila- 
tion > nonconjunctival loss > induced lacrimation = conjunc- 
tival absorption > normal tear turnover. 

The authors discuss the implications of the mechanisms of 
precorneal drug loss in the design of ocular drug-delivery sys- 
tems including the effect of instilled drug volume on aqueous 
humor concentration and the amount of drug available for 
systemic absorption. On an absolute basis a smaller volume 
allows more drug to be absorbed. For a given instilled concen- 
tration the opposite is true; however, a smaller volume instilled 
remains more efficient; ie, the fraction of dose absorbed is 
greater. Lang® discusses the transcorneal route of absorption of 
a drug into the eye as the route most effective in bringing a 
given drug to the anterior portion of the eye. This route of 
absorption is enhanced by the water-lipid gradient found in the 
cornea. As previously mentioned, the cornea is composed of 
three general layers: the lipid-rich epithelium, the lipid-poor 
stroma, and the lipid-rich endothelium. Differential studies on 
the relative lipid contents of these three layers have shown that 
the corneal epithelium and the corneal endothelium both con- 
tain approximately 100 times as much lipid as the corneal 
stroma. This, coupled with the physiological pH of 7.2 + 0.2 
and its effect on ionizable drug molecules plays the most sig- 
nificant role in corneal penetration. 

Ophthalmic ointments generally produce greater bioavail- 
ability than the equivalent aqueous solution. Because of the 
greater contact time, drug levels are prolonged and total drug 
absorption is increased. 


Types of Ophthalmic Products 

Se a 
=~ ADMINISTRATION—The instillation of eyedrops re- 
mains one of the less precise, yet one of the more accepted, 
means of topical drug delivery. The method of administration is 
cumbersome at best, particularly for the elderly, patients with 
poor vision who have difficulty seeing without eyeglasses, and 
patients with other physical handicaps. Perhaps surprisingly, 
most patients become quite adept at routine instillation. 

The pharmacist should advise each patient to keep the 
following points in mind to aid in the instillation of eyedrops or 
ointments: 


HOW TO_USE EYEDROPS 
pee 


1. Wash hands. 

2. With one hand, gently pull lower eyelid down. 

3. Ifdropper is separate, squeeze rubber bulb once while dropper is in 
bottle to bring liquid into dropper. 

4. Holding dropper above eye, drop medicine inside lower lid while 
looking up; do not touch dropper to eye or fingers. 

5. Release lower lid. Try to keep eye open and not blink for at least 30 
seconds. 

6. If dropper is separate, replace on bottle and tighten cap. 


e If dropper is separate, always hold it with tip down. 
e Never touch dropper to any surface. 
e Never rinse dropper. 

e When dropper is at top of bottle, avoid contaminating cap when 
removed. 

e When dropper is a permanent fixture on the bottle, ie, when sup- 
plied by a pharmaceutical manufacturer to the pharmacist, the 
same rules apply to avoid contamination. 

e Never use eye drops that have changed color. 

e Ifyou have more than one bottle of the same kind of drops, open only 
one bottle at a time. 

e Ifyou are using more than one kind of drop at the same time, wait 
several minutes before use of other drops. 

e It may be helpful in use of the medicine to practice use by position- 
ing yourself in front of a mirror. 

e After instillation of drops, do not close eyes tightly and try not to 
blink more often than usual, as this removes the medicine from the 
place on the eye where it will be effective. 


HOW TO USE OPHTHALMIC OINTMENTS 


1. Wash hands. 

2. Remove cap from tube. 

3. With one hand, gently pull lower eyelid down. 

4. While looking up, squeeze a small amount of ointment (about 1/4 to 
1/2 inch) inside lower lid. Be careful not to touch tip of tube to eye, 
eyelid, fingers, etc. 

5. Close eye gently and roll eyeball in all directions while eye is closed. 
Temporary blurring may occur. 

6. The closed eyelid may be rubbed very gently by a finger to distribute 
the drug throughout the fornix. 

7. Replace cap on tube. 


e Take care to avoid contaminating cap when removed. 

e When opening ointment tube for the first time, squeeze out the first 
1/4 inch of ointment and discard, as it may be too dry. 

e Never touch tip of tube to any surface. 

e Ifyou have more than one tube of the same ointment, open only one 
at a time. 

e Ifyou are using more than one kind of ointment at the same time, 
wait about 10 min before use of another ointment. 

e To improve flow of ointment, hold tube in hand several minutes to 
warm before use. 

e It may be helpful in use of the ointment to practice use by position- 
ing yourself in front of a mirror. 


OPHTHALMIC SOLUTIONS—This is by far the most 
common means of administering a drug to the eye. The USP 
describes 59 ophthalmic solutions. By definition, all ingredi- 
ents are completely in solution, uniformity is not a problem, 
and there is little physical interference with vision. The prin- 
cipal disadvantage of solutions is the relatively brief contact 
time between the medication and absorbing surfaces. Contact 
time may be increased to some extent by the inclusion of a 
viscosity-increasing agent such as methylcellulose. Inclusions 
of this sort are permitted by the USP. A viscosity in the range 
of 15 to 25 cps is considered optimum for drug retention and 
visual comfort. 

OPHT MIC SUSPENSIONS—Suspensions are dis- 
persions of finely divided, relatively insoluble, drug substances 
in an aqueous vehicle containing suitable suspending and dis- 
persing agents. There are 29 listed in USP 23. The vehicle is, 
among other things, a saturated solution of the drug substance. 
Because of a tendency of particles to be retained in the cul-de- 
sac, the contact time and duration of action of a suspension 
probably exceeds that of a solution. The drug is absorbed from 
solution, and the solution concentration is replenished from 
retained particles. Each of these actions is a function of particle 


size, with solubility rate being favored by smaller size and 
retention favored by a larger size; thus, optimum activity 
should result from an optimum particle size. 

For aqueous suspensions the parameters of intrinsic solu- 
bility and dissolution rate must be considered. The intrinsic 
solubility determines the amount of drug actually in solution 
and available for immediate absorption upon instillation of the 
dose. As the intrinsic solubility of the drug increases, the con- 
centration of the drug in the saturated solution surrounding 
the suspended drug particle also increases. For this reason, any 
comparison of different drugs in suspension systems should 
include their relative intrinsic solubilities. The observed differ- 
ences in their biological activities may be ascribed wholly or in 
part to the differences in this physical parameter. As the drug 
penetrates the cornea and the initial saturated solution be- 
comes depleted, the particles must dissolve to provide a further 
supply of the drug. The requirement here is that the particles 
must undergo significant dissolution within the residence time 
of the dose in the eye if any benefit is to be gained from their 
presence in the dosing system. 

For a drug whose dissolution rate is rapid, the dissolution 
requirement may present few problems, but for a slowly soluble 
substance the dissolution rate becomes critical. If the dissolu- 
tion rate is not sufficiently rapid to supply significant addi- 
tional dissolved drug, there is the possibility that the slowly 
soluble substance in suspension provides no more drug to the 
aqueous humor than does a more dilute suspension or a satu- 
rated solution of the substance in a similar vehicle. Obviously, 
the particle size of the suspended drug affects the surface area 
available for dissolution. Particle size also plays an important 
part in the irritation potential of the dosing system. This con- 
sideration is important, as irritation produces excessive tearing 
and rapid drainage of the instilled dose. It has been recom- 
mended that particles be less than 10 pm in size to minimize 
irritation to the eye. It should be kept in mind, however, that in 
any suspension system the effects of prolonged storage and 
changes in storage temperature may cause the smallest parti- 
cles to dissolve and the largest particles to become larger. In 
summary, aqueous suspensions should, in general, give a more 
extended effect than aqueous solutions. 

The pharmacist should be aware of two potential difficulties 
inherent in suspension dosage forms. In the first instance dos- 
age uniformity nearly always requires brisk shaking to distrib- 
ute the suspended drug. Adequate shaking is a function of the 
suitability of the suspension formulation but also, and most 
importantly, patient compliance. Studies have demonstrated 
that a significant number of patients may not shake the con- 
tainer at all; others may contribute a few trivial shakes. The 
pharmacist should stress the need for vigorous shaking when- 
ever an ophthalmic suspension is dispensed. 

A second and infrequent characteristic of suspensions is the 
phenomenon of polymorphism or the ability of a substance to 
exist in several different crystalline forms. A change in crystal 
structure may occur during storage, resulting in an increase (or 
decrease) in crystal size and alteration in the suspension char- 
acteristics, causing solubility changes reflected in increased or 
decreased bioavailability. 

The pharmacist should be aware of the procedures used by 
pharmaceutical manufacturers in the preparation of commer- 
cial sterile ophthalmic suspensions and ointments, when called 
upon to compound such preparations extemporaneously.’ 

OPHTHALMIC OINTMENTS—Despite disadvantages, 
ophthalmic ointments remain a popular and frequently pre- 
scribed dosage form. There are 58 ophthalmic ointments listed in 
USP 23. Dosage variability probably is greater than with solu- 
tions (although probably not with suspensions). Ointments will 
interfere with vision unless use is limited to bedtime instillation. 

Ointments do offer the advantage of longer contact time and 
greater total drug bioavailability, albeit with slower onset and 
time to peak absorption. The relationship describing the avail- 
ability of finely divided solids dispersed in an ointment base 
was given by Higuchi®, where the amount of solid (drug) re- 
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leased in unit time is a function of concentration, solubility in 
the ointment base, and diffusivity of the drug in the base. 

Special precautions must be taken in the preparation of 
ophthalmic ointments. They are manufactured from sterilized 
ingredients under rigidly aseptic conditions and meet the re- 
quirements of the official sterility tests. Terminal sterilization 
of the finished ointment in tubes is accomplished occasionally, 
using a validated dose of gamma radiation. If the specific in- 
gredients used in the formulation do not lend themselves to 
routine sterilization techniques, other ingredients that meet 
the sterility requirements described under the official sterility 
tests, along with aseptic manufacture, may be employed. Oph- 
thalmic ointments must contain a suitable substance or mix- 
ture of substances to prevent growth of, or destroy, microor- 
ganisms introduced accidentally when the container is opened 
during use. The antimicrobial agents currently used are chlo- 
robutanol, the parabens, or one of the organic mercurials. The 
medicinal agent is added to the ointment base either as a 
solution or as a micronized powder. The finished ointment must 
be free from large particles. Most ophthalmic ointments are 
prepared with a base of white petrolatum and mineral oil, often 
with anhydrous lanolin. Some contain a polyethylene—mineral 
oil gel. Whichever base is selected, it must be nonirritating to 
the eye, permit diffusion of the drug throughout the secretions 
bathing the eye, and retain the activity of the medicament for 
a reasonable period of time under proper storage conditions. 

It is obligatory that ophthalmic ointments not contain par- 
ticulate matter that may be harmful to eye tissues. Hence, in 
preparing such ointments special precautions must be taken to 
exclude or to minimize contamination with foreign particulate 
matter, eg, metal particles fragmented from equipment used in 
preparing ointments, and also to reduce the particle size of the 
active ingredient(s) to impalpability. The official compendium 
provides tests designed to limit to a level considered unobjec- 
tionable the number and size of discrete particles that may 
occur in ophthalmic ointments. In these tests the extruded 
contents of 10 tubes of ointment, previously melted in flat- 
bottom Petri dishes and then allowed to solidify, are scanned 
under a low-power microscope fitted with a micrometer eye- 
piece for metal particles 50 um or larger in any dimension. The 
requirements are met if the total number of metal particles in 
all 10 tubes does not exceed 50 and if not more than one tube is 
found to contain 8 such particles. 

Testing for sterility of products such as ophthalmic oint- 
ments has been facilitated greatly by the use of sterile, 
bacteria-retaining membranes (those with a nominal poros- 
ity of 0.45 or 0.22 4m are used commonly). For ointments 
soluble in isopropyl myristate (the solvent used in the of- 
ficial test for sterility), a sample of the ointment is dis- 
solved in the sterile test solvent. For ointments insoluble in 
isopropyl myristate, the sample is suspended in a suitable 
aqueous vehicle that may contain a dispersing agent and 
tested by the conventional General Procedure (see the USP 
for details). 

For a long time the technology available for manufacture of 
ophthalmic ointments was considered inadequate to produce 
sterile products; indeed, it was believed by some to be impos- 
sible to operate a tube-filling machine so as to maintain steril- 
ity, even in a sterile room. In recent years technological ad- 
vances have made it possible to manufacture sterile ophthalmic 
ointment units. Major improvements have been achieved in the 
area of filtration technology. Membrane filters have improved 
the reliability of both sterile filtration procedures and sterility- 
testing methods. Use of laminar flow of (high-efficiency partic- 
ulate air) HEPA-filtered air in appropriately designed rooms 
and hoods has been a major factor in the successful aseptic 
operation of the roller mill and of devices for filling tubes with 
ointment. While the ideal method of sterilization is one in 
which the finished ointment is sterilized in its final container, 
at present it does not appear feasible to do so by any method, 
with the possible exception of the use of ionizing radiation. 
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As previously noted, the official compendium directs that 
ophthalmic ointments be prepared from previously sterilized 
ingredients, under rigidly aseptic conditions. This is the proce- 
dure followed in commercial manufacture as well as in extem- 
poraneous preparation of ophthalmic ointments. For extempo- 
raneous compounding the following information may be 
helpful: petrolatum vehicles and many medicaments may be 
sterilized by being heated in a hot air oven, and utensils re- 
quired for compounding may be sterilized by autoclaving. A 
sterile disposable syringe without a needle may be used to 
transfer the finished ointment, if it is semifluid, to the pre- 
sterilized ointment tube, or sterile aluminum foil or powder 
paper may be used for the same purpose. Probability of micro- 
bial contamination may be reduced greatly by carrying out 
selected steps of the procedure in a laminar-flow hood. 

OCULAR INSERTS—tThe use of solid dosage forms in the 
eye actually dates from the /amellae of the British Pharmaco- 
peia of the 1940s. These drug-impregnated wafers were de- 
signed to dissolve on insertion beneath the eyelid. Other slowly 
soluble or erodible matrices were investigated from time to 
time. Each is characterized by a form of enhanced-pulse drug 
activity. That is, the bioavailability curve of the drug instilled 
in aqueous solutions was greatly enhanced both in peak ab- 
sorption and in duration. Drug side effects were enhanced 
concomitantly as well. 

More recently, ocular inserts have been developed in which 
the drug is delivered on the basis of diffusional mechanisms. 
Such a device delivers an ophthalmic drug at a constant known 
rate, minimizing side effects by avoiding excessive absorption 
peaks. The delivery of pilocarpine by such a device is a well- 
known commercial product (Ocusert, Alza). 

Ocular inserts are plagued with some of the same manipu- 
lative disadvantages as conventional eyedrops. The insert must 
be placed in the eye in a manner similar to the insertion of a 
contact lens. Additionally, the insert, exhausted of its drug 
content, must be removed from the eye. Such manipulations 
can be difficult for the elderly patient. Nonetheless, such ther- 
apeutic inserts represent a notable scientific contribution to 
ophthalmic therapy. 

INTRAOCULAR SOLUTIONS— Ophthalmic solutions in- 
tended for intraocular use are relatively recent additions to the 
armamentarium of the ophthalmologist-surgeon. Surgical pro- 
cedures such as cataract removal require two types of intraoc- 
ular solutions. During surgery the operating site is rinsed 
frequently with an irrigating solution. Late in the surgical 
procedure the surgeon may choose to constrict the iris by the 
use of a miotic solution such as carbachol or acetylcholine 
chloride. Drugs such as the latter usually are used in a unit- 
dose, minimum-volume form. Irrigating solutions, in contrast, 
may be used over a period of hours during surgery and are 
available in volumes ranging from 15 to 500 mL. 

The formulation of intraocular ophthalmic products pre- 
sents requirements that differ, depending on the type of prod- 
uct. Medicated solutions such as carbachol or acetylcholine are 
formulated best in relatively simple isotonic vehicles. Preser- 
vatives should not be used, and buffers should be avoided if 
possible. The product pH should be adjusted as close to the 
physiological range as possible. Needless to say, the product 
should be sterile and particle-free. 

Intraocular irrigating solutions present a considerable formu- 
lation challenge distinct from the active ingredient solutions de- 
scribed above. Intraocular irrigating solutions are in contact with 
the delicate internal structures of the eye throughout the course of 
various surgeries; ie, for time periods measured in hours. The 
requirements of tonicity, pH, sterility, and clarity are obvious; 
additionally, however, such irrigating solutions require a bal- 
anced ionic structure to prevent or minimize deleterious effects on 
structures such as the corneal endothelium. Edelhauser® has 
shown that isotonic sodium chloride can be toxic to corneal epi- 
thelial, endothelial, iris, and conjunctival cells. The same cells in 
contrast are unchanged after exposure to Ringer’s Solution con- 
taining glutathione, bicarbonate, and adenosine. 


The question of particulate matter in intraocular irrigating 
solutions is particularly important. In view of the volumes used 
for irrigations in the surgically opened eye, any particulates could 
physically block the trabecular meshwork and canals of Schlemm. 
The latter are vital in the outflow of aqueous humor and help 
maintain proper intraocular pressure in the intact eye. 


Other Modes of Administration 


PACKS—tThese sometimes are used to give prolonged con- 
tact of the solution with the eye. A cotton pledget is saturated 
with an ophthalmic solution, and this pledget is inserted into 
the superior or inferior fornix. Packs may be used to produce 
maximal mydriasis. In this case the cotton pledgets can be, for 
example, saturated with phenylephrine solution. 

INTRACAMERAL INJECTIONS—Injections may be 
made directly into the anterior chamber (eg, acetylcholine chlo- 
ride, alpha-chymotrypsin, carbamylcholine chloride, certain 
antibiotics, and steroids) or directly into the vitreous chamber 
(eg, amphotericin B, gentamicin sulfate, and certain steroids). 
Injections are not made into the posterior chamber. 

IONTOPHORESIS—tThis procedure keeps the solution in 
contact with the cornea by means of an eyecup bearing an 
electrode. Diffusion of the drug (eg, fluorescein sodium, an 
antibiotic) is effected by difference in electrical potential. 

SUBCONJUNCTIVAL INJECTIONS—Subconjunctival 
injections (Fig 43-3'°) are used frequently to introduce medi- 
cations that if applied topically either do not penetrate into the 
anterior segment or penetrate too slowly to attain the concen- 
tration required. The drug is injected underneath the conjunc- 
tiva and probably passes through the sclera and into the eye by 
simple diffusion. The most common use of subconjunctival in- 
jection is for the administration of antibiotics in infections of 
the anterior segment of the eye. Subconjunctival injections of 
mydriatics and cycloplegics also are used to achieve maximal 
pupillary dilation or relaxation of the ciliary muscle. If the drug 
is injected underneath the conjunctiva and the underlying 
Tenon’s capsule in the more posterior portion of the eye, effects 
on the ciliary body, choroid, and retina can be obtained. 

RETROBULBAR INJECTIONS—Drugs administered by 
retrobulbar injection (Fig 43-1) may enter the globe in essen- 
tially the same manner as the medications given subconjunc- 
tivally. The orbit is not well vascularized, and the possibility of 
significant via-bloodstream effects from these injections is very 
remote. In general, such injections are given for the purpose of 
getting medications (eg, antibiotics, local anesthetics, enzymes 
with local anesthetics, steroids, vasodilators) into the posterior 


Figure 43-3. Modes of local therapy in ocular inflammation. Oint- 
ment: 7-5. Drops: 3-5. Parenteral injections: subconjunctival, 4-6; 
deep subtenons: 6-8; retrobulbar, 8.'° 


segment of the globe and to affect the nerves and other struc- 
tures in that space. 


PREPARATION 


The preparation of ophthalmic solutions, suspensions, or oint- 
ments by the community pharmacist or even the hospital phar- 
macist is becoming less common. The pharmacist may be called 
upon to prepare a special concentration, particularly of an 
antibiotic, in the hospital setting. However, the extemporane- 
ous compounding of ophthalmic prescriptions is becoming rare. 
In those cases when the pharmacist is called upon to compound 
an ophthalmic preparation extemporaneously, careful docu- 
mentation along with physician consultation is required. Me- 
ticulous attention to detail and the use of a detailed, preap- 
proved preparation plan must be in place prior to 
compounding.'! In the view of many, the advantages of com- 
mercial preparations, such as stability, uniformity, and steril- 
ity, outweigh possible disadvantages such as standardization of 
dosage. A general discussion concerning the preparation of 
ophthalmic solutions is found in USP 23, which lists 59 items. 

VEHICLES—Sterile isotonic solutions, properly preserved, 
are suitable for preparing ophthalmic solutions (see Chapter 18). 
In most cases, when the concentration of active ingredient is low, 
ie, less than 2.5 to 3.0%, the drug can be dissolved directly in the 
isotonic vehicle. The finished solutions will be hypertonic some- 
what but well within the comfort tolerance of the eye. 

Typical stock solutions are as follows: 


Isotonic Sodium Chloride Solution 


Sodium Chloride USP 0.9 g 


1:10,000 Benzalkonium Chloride 
Sterile Distilled Water qs 100 mL 

Boric Acid Solution 

Boric Acid USP ergs 


1:10,000 
Sterile Distilled Water 


Benzalkonium Chloride 
qs 100 mL 


Boric acid solution at pH 5 is an appropriate vehicle for the 
following: 


Cocaine Procaine 
Neostigmine Tetracaine 
Phenacaine Zinc salts 
Piperocaine 


Boric acid solution with an antioxidant is useful for oxygen- 
sensitive drugs such as epinephrine, phenylephrine, or phy- 
sostigmine. The following solutions are suggested. Phenylmer- 
curic nitrate replaces benzalkonium chloride as_ the 
preservative in the first solution. 


Boric Acid 1.9 ¢g 
Sodium Sulfite Anhydrous 0.1 g 
Phenylmercuric nitrate 1:50,000 
Sterile Purified Water qs 100 mL 
Sodium Acid Phosphate (NaH.PO,) anhydrous 0.56 g 
Disodium Phosphate (Na,HPO,,) anhydrous 0.284 g 
Sodium Chloride 0.5 ¢ 
Disodium Edetate O.1¢g 
Benzalkonium Chloride 1:10,000 
Sterile Purified Water qs 100 mL 


These vehicles are suitable for salts of 


Atropine 
Ephedrine 


Homatropine 
Pilocarpine 
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STERILIZATION PROCEDURES—Those procedures 
suited best for the extemporaneous preparation of ophthalmic 
solutions are 


1. Solutions in final container 
a. Place the filtered solution in containers that have been 
washed and rinsed with distilled water. 
b. Seal dropper bottles with regular screwcaps. The dropper 
assembly should be stapled into a paper envelope. 
c. Sterilize 20 min at 15 psi (121°). 
d. Do not assemble until ready to use. 


2. Dropper bottles 
a. Wash container thoroughly and rinse with distilled wa- 
ter: 
Loosen caps and place bottles in autoclave. 
Autoclave 15 min at 15 psi (121°). 
Partially cool autoclave. 
Remove bottles from autoclave and secure caps. 
Store sterilized bottles in a clean, dustproof cabinet. 


eo Soa) ise 


3. Glassware and equipment 
a. Wrap adapters (containing filter), syringes, glassware, 
spatulas, etc, in autoclave paper and secure with mask- 
ing tape. 
b. Place articles in autoclave and sterilize in the manner 
described in Section 2 above. 
c. Store in separate cabinet until ready to use. 


4. Microbiological filtration 

a. All equipment and glassware as well as stock solutions 
should be sterile. The prescription should be dispensed in 
a sterile container. 

b. Unwrap sterile syringe and draw prepared solution into 
syringe. 

c. Unwrap sterile adapter containing bacterial filter and 
attach to syringe. These are available as single-filtration, 
presterilized, disposable units and should be used when- 
ever possible. 

d. Force solution through filter directly into sterile con- 
tainer (dropper or plastic Drop-Tainer (Alcon) type). 

e. By employing an automatic filling outfit, more than one 
container of the same prescription can be prepared. 

f. Cap container immediately. 


The procedures outlined above should be carried out in a clean 
area equipped with ultraviolet lighting and preferably in a 
laminar-flow hood. 

Laminar-Flow Principles—A laminar-flow work area is a 
particularly convenient means of preparing sterile, particulate- 
free solutions. Laminar flow is defined as air flow in which the 
total body of air moves with uniform velocity along parallel 
lines with a minimum of eddies. Laminar flow minimizes the 
possibility of airborne microbial contamination by providing air 
free of viable particles and free of practically all inert particu- 
lates. Laminar-flow units are available in a variety of shapes 
and sizes and in two broad categories, horizontal and vertical 
laminar flow. It should be noted that laminar flow per se is not 
a guarantee of sterility. Correct procedures and sterile tech- 
niques remain necessary. See Chapter 40. 


~. General Considerations 


Dire aires 


A number of requirements must be considered in the prepara- 
tion of ophthalmic solutions, suspensions, or ointments. These 
include sterility, clarity, buffer, buffer capacity and pH, tonic- 
ity, viscosity, stability, comfort, additives, particle size, pack- 
aging, and preservatives. Many of these requirements are in- 
terrelated and must be considered collectively in the 
preparation of an ophthalmic product. The buffer system must 
be considered with tonicity and comfort in mind. Stability can 
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be related to the pH, buffer system, and packaging. Steriliza- 
tion must be considered in terms of stability and packaging. 

Ophthalmic solutions are formulated to be sterile, isotonic, 
and buffered for stability and comfort. A viscosity-imparting 
agent may or may not be present. Solutions must be free 
from foreign particles. Solution pH must be selected for opti- 
mum drug stability. The pH then should be maintained by the 
inclusion of a buffer system of sufficient capacity to maintain 
pH throughout the extent of the shelf life of the product. 

The proper pH, buffer, and buffer capacity often represent a 
compromise between stability of the drug and comfort in the 
eye, since optimum patient comfort usually is found at the pH 
of the tear fluid, or about 7.4, while optimum stability for many 
drugs is generally lower, perhaps as low as 4 to 5. Buffer 
capacity should be sufficient to maintain pH, but minimized to 
the point where tear fluid can overcome capacity and readjust 
the pH to 7.4 immediately after instillation in the eye. 

Sterilization represents the major requirement of eye prod- 
ucts, and the method or methods employed depend on the 
active ingredient and product resistance to heat and on the 
packaging used. More than one means of sterilization may be 
used. The sterile solution or suspension usually will contain an 
antimicrobial preservative to deal with inadvertent contami- 
nation during use. The preservative should not be relied upon 
to produce a sterile product and should not be considered a 
substitute for sterile techniques and procedures. 
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// STERILIZATION 

LL ELE] 
Common methods of sterilization include moist heat under 
pressure (autoclave), dry heat, filtration, gas sterilization, and 
ionizing radiation. 

DANGERS OF NONSTERILE MEDICATIONS—The 
possibility of serious ocular infection resulting from the use of 
contaminated ophthalmic solutions has been documented am- 
ply in the literature. Such solutions repeatedly have been the 
cause of corneal ulcers and loss of eyesight. Contaminated 
solutions have been found in use in physicians’ offices, eye 
clinics, and industrial infirmaries and dispensed on prescrip- 
tion in community and hospital pharmacies. The microbe most 
frequently found as a contaminant is the Staphylococcus group. 
Pseudomonas aeruginosa is a less frequent contaminant, 
and the solution most often found contaminated is sodium 
fluorescein. 

P aeruginosa (B pyocyaneus; Pseudomonas pyocyanea; blue 
pus bacillus) is a very dangerous and opportunistic organism 
that grows well on most culture media and produces both 
toxins and antibacterial products. The latter tend to kill off 
other contaminants and allow the P aeruginosa to grow in pure 
culture. This gram-negative bacillus also grows readily in oph- 
thalmic solutions, which may become the source of extremely 
serious infections of the cornea. It can cause complete loss of 
sight in 24 to 48 hr. In concentrations tolerated by tissues of the 
eye, it seems that all the antimicrobial agents discussed in the 
following sections may be ineffective against some strains of 
this organism. 

A sterile ophthalmic solution in a multiple-dose container 
can be contaminated in a number of ways unless precautions 
are taken. For example, if a dropper bottle is used, the tip of the 
dropper while out of the bottle can touch the surface of a table 
or shelf if laid down, or it can touch the eyelid or eyelash of the 
patient during administration. If the Drop-Tainer (Alcon) type 
of bottle is used, the dropper tip can touch an eyelash or the cap 
while removed to permit administration, or its edge may touch 
a table or finger, and that edge can touch the dropper tip as the 
cap is replaced. 

The solution may contain an effective antimicrobial, but the 
next use of the contaminated solution may occur before enough 
time has elapsed for all of the organisms to be killed, and living 
organisms can find their way through an abrasion into the 


corneal stroma. Once in the corneal stroma, any residual traces 
of antimicrobial agents are neutralized by tissue components, 
and the organisms find an excellent culture medium for rapid 
growth and dissemination through the cornea and the anterior 
segment of the eye. 

OTHER ORGANISMS—Bacillus subtilis may produce a 
serious abscess when it infects the vitreous humor. The patho- 
genic fungus considered of particular importance in eye solu- 
tions is Aspergillus fumigatus. Other fungi or molds may be 
harmful by accelerating deterioration of the active drugs. 

With regard to viruses, as many as 42 cases of epidemic 
keratoconjunctivitis were caused by one bottle of virus- 
contaminated tetracaine solution. Virus contamination is 
particularly difficult to control because none of the preser- 
vatives now available is virucidal. Moreover, viruses are not 
removable by filtration. However, they are destroyed by au- 
toclaving. The pharmacist and physician have not been made 
adequately aware of the dangers of transmitting virus infec- 
tion via contaminated solutions. This is particularly perti- 
nent to the adenoviruses (Types III and VIII), which are now 
believed to be the causative agents of viral conjunctivitis 
such as epidemic keratoconjunctivitis. 


Methods 


_ STEAM UNDER PRESSURE—Terminal sterilization by 
autoclaving is an acceptable, effective method of sterilization; 
however, the solution or suspension components must be suf- 
ficiently heat-resistant to survive the procedure. If sterilization 
is carried out in the final container, the container also must be 
able to survive the heat and pressure. A recent addition to this 
technique is the so-called air-over-steam autoclave. This com- 
bination allows pressure adjustments to be made during the 
autoclave cycle. Pressure manipulations permit the autoclave 
sterilization of materials that while heat-resistant tend to de- 
form (ie, polypropylene containers). 

FILTRATION—tThe USP states that sterile membrane fil- 
tration under aseptic conditions is the preferred method of 
sterilization. Membrane filtration offers the substantial advan- 
tage of room temperature operation with none of the deleteri- 
ous effects of exposure to heat or sterilizing gas. 

Sterilization by filtration does involve the transfer of the 
finished sterile product into previously sterilized containers, 
using aseptic techniques. The membrane filtration equipment 
itself usually is sterilized as an assembly by autoclaving. 

The application of filtration procedures to the extemporane- 
ous preparation of sterile ophthalmic solutions has been pro- 
posed by several workers. Several types of equipment are avail- 
able for small-scale work, as described in Chapter 36. 
Particular interest has been shown in the Swinny adapter 
fitted on a syringe and in the Millipore Swinnex disposable 
filter units. Empty sterile plastic squeeze containers and sterile 
plastic filtration units can be purchased directly from the man- 
ufacturers, eg, Wheaton (polyethylene containers) and Milli- 
pore (Swinnex filter units). They permit extemporaneous prep- 
aration of ophthalmic solutions that have a high probability of 
being sterile if the work is carried out under aseptic conditions. 
A supplementary device can permit automatic refilling of the 
syringe. The filter unit must be replaced after use. 

_GAS—Gas sterilization of heat-sensitive materials may be 
carried out by exposure to ethylene oxide gas in the presence of 
moisture. Ethylene oxide gas for sterilization use is available 
commercially, diluted with either carbon dioxide or haloge- 
nated hydrocarbons. Ethylene oxide sterilization requires care- 
ful consideration of conditions required to effect sterility. Tem- 
perature and pressure conditions are quite nominal in contrast 
to wet or dry heat; however, careful control of exposure time, 
ethylene oxide concentration, and moisture is essential. 

Gas sterilization requires the use of specialized, but not 
necessarily elaborate, equipment. Gas autoclaves may range 


from very large walk-in units to small, laboratory bench—scale 
units suitable for small hospitals, laboratories, or pharmacies. 
In using gas sterilization the possibility of human toxicity must 
be kept in mind. Care should be taken to restrict exposure to 
ethylene oxide during the loading, venting, and unloading of 
the sterilizer. Ethylene oxide sterilization produces irritating 
by-products that remain as residues in or on the articles 
sterilized. Residues include ethylene glycol and ethylene chlo- 
rohydrin (when in contact with chloride ions) in addition to 
ethylene oxide itself. To minimize such residues the sterilized 
articles should be aerated for at least 72 hr, preferably at 40 
to 50°. 

Ambient aeration time for sterilized polyethylene bottles 
should be about 48 hr. Ethylene oxide is recommended for the 
sterilization of solid materials that will not withstand heat 
sterilization. The FDA has recommended maximum residues in 
the parts per million range for ethylene oxide, ethylene glycol, 
and ethylene chlorohydrin. 

RADIATION--Sterilization by exposure to ionizing radia- 
tion is an acceptable procedure for components of ophthalmic 
preparations or indeed for the total product, such as certain 
ophthalmic ointments. Sources of radiation are twofold and 
include linear electron accelerators and radioisotopes. The lin- 
ear accelerators produce high-energy electrons with very little 
penetrating power. Radioisotopes, particularly °°Co, are em- 
ployed more widely for sterilization. Sterilization by radiation 
may produce untoward effects such as chemical changes in 
product components as well as changes in color or physical 
characteristics of package components. 


OPHTHALMIC PREPARATION 
CHARACTERISTICS 


SE PS] 

CLARITY—Ophthalmic solutions are by definition free 
from foreign particles, and clarity normally is achieved by 
filtration. It is, of course, essential that the filtration equipment 
be clean and well rinsed so that particulate matter is not 
contributed to the solution by equipment designed to remove it. 
Operations performed in clean surroundings, the use of 
laminar-flow hoods, and proper nonshedding garments will 
contribute collectively to the preparation of brilliantly clear 
solutions free from foreign particles. In many instances clarity 
and sterility may be achieved in the same filtration step. It is 
essential to realize that solution clarity is equally a function of 
the cleanliness of the intended container and closure. Both 
container and closure must be thoroughly clean, sterile, and 
nonshedding. That is, the container or closure must not con- 
tribute particles to the solution during prolonged contact such 
as shelf-life storage. This normally is established by thorough 
stability testing. 

STABILITY—tThe stability of a drug in solution, ie, an 
ophthalmic product, depends on the chemical nature of the 
drug substance, product pH, method of preparation (particu- 
larly temperature exposure), solution additives, and type of 
packaging. Until two or three decades ago the stability of 
ophthalmic solutions was an exceedingly short-term concept; 
generally, it was the time required for a patient to complete the 
use of 15 or 30 mL of solution. Now, of course, the stability of 
ophthalmic products is expressed in terms of years. However, 
2- to 3-year stability often is achieved only by virtue of com- 
promise. 

Drugs such as pilocarpine and physostigmine are both ac- 
tive and comfortable in the eye at a pH of 6.8; however, at this 
pH chemical stability (or instability) can be measured in days 
or months. With either drug, a substantial loss in chemical 
stability will occur in less than 1 year. On the other hand, at pH 
5 both drugs are stable for a period of several years. 

In addition to optimal pH, if oxygen sensitivity is a factor, 
adequate stability may require the inclusion of an antioxidant. 
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Plastic packaging, ie, the low-density polyethylene Drop- 
Tainer (Alcon) that represents a patient convenience, may 
prove detrimental to stability by permitting oxygen permeation 
resulting in oxidative decomposition of the drug substance. 

The attainment of optimum stability most often imposes a 
series of compromises on the formulator. The optimum pH may 
be lower than that preferable for product comfort, although this 
effect may be minimized by adjusting pH with a buffer of 
minimum capacity. Additives such as chelating agents and 
antioxidants may be required, and convenience packaging may 
diminish shelf life of the product. 

It should be stressed that stability refers to total product 
stability not just the chemical stability of a single product 
component. That is an oversimplification. A well-planned sta- 
bility program will consider and evaluate the chemical stability 
of the active ingredient, chemical stability of the preservative 
substance, continuing preservative efficacy against selected 
test organisms, and adequacy of the package as a function of 
time (ie, does the package protect sterility in addition to vari- 
ous physical measures such as pH, clarity, resuspendability of 
suspensions, and the like?). One also must support the thesis 
that the material on test is representative of all lots of a given 
product. 

BUFFER AND pH-—lIdeally, ophthalmic preparations 
should be formutated at a pH equivalent to the tear fluid value 
of 7.4. Practically, this seldom is achieved. The large majority 
of active ingredients used in ophthalmology are salts of weak 
bases and are most stable at an acid pH. This generally can be 
extended to suspensions of insoluble corticosteroids. Such sus- 
pensions usually are most stable at an acid pH. 

Optimum pH adjustment generally requires a compromise 
on the part of the formulator. The pH selected should be opti- 
mum for stability. The buffer system selected should have a 
capacity adequate to maintain pH within the stability range for 
the duration of the product shelf life. Buffer capacity is the key 
in this situation. 

It generally is accepted that a low (acid) pH per se necessar- 
ily will not cause stinging or discomfort on instillation. If the 
overall pH of the tears, after instillation, reverts rapidly to pH 
7.4, discomfort is minimal. On the other hand, if the buffer 
capacity is sufficient to resist adjustment by tear fluid and the 
overall eye pH remains acid for an appreciable period of time, 
then stinging and discomfort may result. Consequently, buffer 
capacity should be adequate for stability but minimized so far 
as possible, to allow the overall pH of the tear fluid to be 
disrupted only momentarily. 

TONICITY—Tonicity refers to the osmotic pressure ex- 
erted by saltsin aqueous solution. An ophthalmic solution is 
isotonic with another solution when the magnitudes of the 
colligative properties of the solutions are equal. An ophthalmic 
solution is considered isotonic when its tonicity is equal to that 
of an 0.9% sodium chloride solution. 

The calculation of tonicity at one time was stressed rather 
heavily. The fledgling pharmacist was taught in great detail 
the requirements of, and means of achieving, exact tonicity, 
sometimes to the detriment of other factors such as sterility 
and stability. 

In actuality the eye is much more tolerant of tonicity vari- 
ations than was at one time suggested. The eye usually can 
tolerate solutions equivalent to a range of 0.5 to 1.8% sodium 
chloride. Given a choice, isotonicity always is desirable and 
particularly is important in intraocular solutions. It need not, 
however, be an overriding concern when total product stability 
is to be considered. 

The tonicity of ophthalmic (and parenteral) solutions has 
been investigated intensively over the years. These studies 
have resulted in the accumulation and publication of a large 
number of sodium chloride equivalents that are useful in cal- 
culating tonicity values. See Chapter 18. 

VISCOSITY—The USP permits the use of viscosity- 

—<—<—$<$<$<—$—<————— . . 
increasing agents to prolong contact time in the eye and thus 
enhance drug absorption and activity. Substances such as 
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methylcellulose, polyvinyl alcohol, and hydroxypropylmethyl 
cellulose are added frequently to increase viscosity. 

Various investigators have studied the effect of increased 
viscosity on contact time in the eye. In general terms, viscosity 
increased up to the 15 to 50 cps range significantly improves 
contact time in the eye. Results tend to plateau beyond the 
50-centipose range; higher viscosity values offer no significant 
advantage and have a tendency to leave a noticeable residue on 
the lid margins. 

ADDITIVES—tThe use of various additives in ophthalmic 
solutions is permissible; however the choices are few. An anti- 
oxidant, specifically sodium bisulfite or metabisulfite, is per- 
mitted in concentrations up to 0.3%, particularly in solutions 
containing epinephrine salts. Other antioxidants such as ascor- 
bic acid or acetylcysteine also may be used. The antioxidant 
acts in this case as a stabilizer to minimize oxidation of 
epinephrine. 

The use of surfactants in ophthalmic preparations is re- 
stricted similarly. Nonionic surfactants, the class of such com- 
pounds that are least toxic to the ophthalmic tissues, are used 
in low concentrations particularly in steroid suspensions and 
as aids in achieving solution clarity. Surfactants may be used 
rarely as cosolvents to increase solubility. 

The use of surfactants, particularly in any significant con- 
centration, should be tempered by recognition of the sorption 
characteristics of these compounds. Nonionic surfactants, in 
particular, may react by binding with antimicrobial preserva- 
tive compounds and inactivate much of the preservative 
system. 

Cationic surfactants are used frequently in ophthalmic so- 
lutions but almost invariably as antimicrobial preservatives. 
Benzalkonium chloride is typical of this class of substances. 
Concentrations are in the range of 0.005 to 0.02%, with toxicity 
the limiting factor on the concentration used. Because of its 
large molecular weight the benzalkonium cation is inactivated 
easily by macromolecules of opposite charge or by sorption. 
Despite such limitations, benzalkonium chloride is the preser- 
vative used in the large majority of commercial ophthalmic 
solutions and suspensions. 


PACKAGING 


The traditional ophthalmic glass container with accompanying 
glass dropper has been supplanted almost completely by the 
low-density polyethylene dropper unit called the Drop-Tainer 
(Alcon). In only a very few instances are glass containers still in 
use, usually because of stability limitations. Large-volume in- 
traocular solutions of 250 and 500 mL have been packaged in 
glass, but even these parenteral-type products are beginning to 
be packaged in specially fabricated polyethylene/polypropylene 
containers. 

One should be ever mindful that plastic packaging, usually 
low-density polyethylene, is by no means interchangeable with 
glass. Plastic packaging is permeable to a variety of substances 
including light and air. The plastic package may contain a 
variety of extraneous substances such as mold-release agents, 
antioxidants, reaction quenchers, and the like, which readily 
may leach out of the plastic and into the contained solution. 
Label glues, inks, and dyes also may penetrate polyethylene 
readily. In the opposite sense, volatile materials may permeate 
from solution into or through plastic containers. 

Glass containers remain a convenient package material for 
extemporaneous preparation of ophthalmic solutions. Type 1 
glass should be used. The container should be well rinsed with 
sterile distilled water and may be sterilized by autoclaving. 
Droppers normally are available presterilized and packaged in 
a convenient blister pack. 

Ophthalmic ointments invariably are packaged in metal 
tubes with an ophthalmic tip. Such tubes are sterilized conve- 
niently by autoclaving or by ethylene oxide. In rare cases of 


metal reactivity or incompatibility, tubes lined with epoxy or 
vinyl plastic may be obtained. 

Regardless of the form of packaging, some type of tamper- 
evident feature must be used for consumer protection. The 
common tamper-evident feature used on most ophthalmic prep- 
arations is the moisture- or heat-sensitive shrink band. The 
band should be identified in such a way that its disruption or 
absence constitute a warning that tampering, either accidental 
or purposeful, has occurred. 

The eyecup, an ancillary packaging device, fortunately 
seems to have gone the way of the community drinking cup. An 
eyecup should not be used. Its use inevitably will spread or 
ageravate eye infections. Pharmacists should not fail to dis- 
courage such use just as they should take the time to instruct 
patients in the proper use and care of eye medications. While 
ophthalmic administration may seem simple enough, it may be 
a foreign and difficult task for many people. The suggestions 
and precautions given on page 824 may be useful in instructing 
patients. 


ANTIMICROBIAL PRESERVATIVES 

ST EE 
The USP states that ophthalmic solutions may be packaged in 
multiple-dose containers. Each solution must contain a sub- 
stance or mixture of substances to prevent the growth of, or to 
destroy, microorganisms introduced accidentally when the con- 
tainer is opened during use. The preservative is not intended to 
be used as a means of preparing a sterile solution. Appropriate 
techniques, discussed elsewhere, are to be employed to prepare 
a sterile solution. 

Preservatives are not to be used in solutions intended for 
intraocular use because of the risk of irritation. Ophthalmic 
solutions prepared and packaged for a single application, ie, a 
unit dose, need not contain a preservative because they are not 
intended for reuse. 

The need for proper control of ophthalmic solutions to pre- 
vent serious contamination was recognized in the 1930s. The 
first preservative recommended for use in ophthalmics was 
chlorobutanol, as an alternative to daily boiling! 

The selection of an ophthalmic preservative can be a rather 
difficult task, in part because of the relatively small number of 
suitable candidates. There is, of course, no such thing as an 
ideal preservative; however, the following criteria may be use- 
ful in preservative selection. 


1. The agent should have a broad spectrum and be active against 
gram-positive and gram-negative organisms as well as fungi. The 
agent should exert a rapid bactericidal activity, particularly against 
known virulent organisms such as P aeruginosa strains. 

2. The agent should be stable over a wide range of conditions including 
autoclaving temperatures and pH range. 

3. Compatibility should be established with other preparation compo- 
nents and with package systems. 

4. Lack of toxicity and irritation should be established with a reason- 
able margin of safety. 


Preservative substances must be evaluated as a part of the 
total ophthalmic preparation in the proposed package. Only in 
this way can the adequacy of the preservative be established. 
The USP includes a test for preservative effectiveness; addi- 
tionally, certain manufacturers have developed a panel of test 
organisms for further challenge and verification of preservative 
activity. 

In addition to preservative effectiveness as an immediate 
measure, its adequacy or stability as a function of time also 
must be ascertained. This often is done by measuring both 
chemical stability and preservative effectiveness over a given 
period of time and under varying conditions. 

Many of these test procedures are, of course, not com- 
pletely pertinent to the preparation of an extemporaneous 
ophthalmic solution. In such a situation the pharmacist 
must make selections based upon known conditions and 


Table 43-1. Ophthalmic Preservatives’2 
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TYPICAL 
TYPE STRUCTURE CONCENTRATION RANGE INCOMPATIBILITIES 
Quaternary ammonium [ Re 0.004-0.02%, 0.01% Soaps 
compounds 3 i a: lars most common Anionic materials 
awn ‘ Salicylates 
[ R, Nitrates 
Organic mercurials SHgC,H; 0.001-0.01% Certain halides with 
e, : phenylmercuric acetate 
~~cooNa 
Parahydroxy benzoates OOCH, Maximum 0.1% Adsorption by 
macromolecules; 
marginal activity 
OH 
Chlorobutanol CH, 0.5% Stability is pH-dependent; 
cH—C—CCI, activity concentration Is 
near solubility 
OH maximum 
Aromatic alcohols CH,OH 0.5-0.9% Low solubility in water; 


physical and chemical characteristics. In such circumstances 
it would be prudent to prepare minimum volumes for short- 
term patient use. 

The choice of preservatives suitable for ophthalmic use is 
surprisingly narrow. The classes of compounds available for 
such use are described in Table 43-1.'? In each case or category 
there are specific limitations and shortcomings. 

QUATERNARY AMMONIUM COMPOUNDS—Benz- 
alkonium chloride is a typical quaternary ammonium com- 
pound and is, by far, the most common preservative used in 
ophthalmic preparations. Over 65% of commercial ophthal- 
mic products are preserved with benzalkonium chloride. De- 
spite this broad use the compound has definite limitations. 
As a cationic surface-active material of high molecular 
weight it is not compatible with anionic compounds. It is 
incompatible with salicylates and nitrates and may be inac- 
tivated by high-molecular-weight nonionic compounds. Con- 
versely, benzalkonium chloride has excellent chemical sta- 
bility and very good antimicrobial characteristics. Given the 
alternative it would be preferable to modify a formulation to 
remove the incompatibility, rather than include a compatible 
but less effective preservative. 

The literature on benzalkonium chloride is somewhat 
mixed; however, this is not unexpected given the wide variation 
in test methods and, indeed, the chemical variability of benz- 
alkonium chloride itself. The official substance is defined as a 
mixture of alkyl benzyldimethylammonium chlorides including 
all or some of the group ranging from n-C,H,, through 
n-C,gH3;.The n-C,,H,; homolog content is not less than 40% 
on an anhydrous basis. 

Reviews'® of benzalkonium chloride indicate that it is well 
suited for use as an ophthalmic preservative. Certain early 
negative reports have been shown to be quite erroneous; in 
some cases adverse tissue reactions were attributed to benz- 
alkonium chloride when, in fact, a totally different compound 
was used as the test material. Although benzalkonium chloride 
is by far the most common quaternary preservative, others 
occasionally referred to include benzethonium chloride and 
cetyl pyridinium chloride. All are official compounds. More 
recently, quaternary ammonium compounds have been at- 
tached to soluble, reasonably high molecular weight polymers. 
These agents possess good antimicrobial effectiveness with 
fewer compatibility problems than the official quaternary 
preservatives. 


marginal activity 


ORGANIC MERCURIALS—It generally is stated that 
phenylmercuric nitrate or phenylmercuric acetate, in 0.002% 
concentration, should be used instead of benzalkonium chloride 
as a preservative for salicylates and nitrates and in solutions of 
salts of physostigmine and epinephrine that contain 0.1% so- 
dium sulfite. The usual range of concentrations employed is 
0.002 to 0.004%. Phenylmercuric borate sometimes is used in 
place of the nitrate or acetate. 

Phenylmercuric nitrate has the advantage over some other 
organic mercurials of not being precipitated at a slightly acid 
pH. As with other mercurials, it is slow in its bactericidal 
action, and it also produces sensitization reactions. Phenylmer- 
curic ion is incompatible with halides, as it forms precipitates. 

The effectiveness of phenylmercuric nitrate against P 
aeruginosa is questionable; it has been found that pseudo- 
monads survive after exposure to a concentration of 0.004% for 
longer than a week. 

Development of iatrogenic mercury deposits in the crystal- 
line lens resulting from use of miotic eye drops containing 
0.004% phenylmercuric nitrate, 3 times daily, for periods of 3 to 
6 years, has been reported. No impairment of vision was found, 
but the yellowish brown discoloration of the lens capsule is 
reported to be permanent. 

Thimerosal (Merthiolate, Lilly) is an organomercurial with 
bacteriostatic and antifungal activity and is used as an anti- 
microbial preservative in concentrations of 0.005 to 0.02%. Its 
action, as with other mercurials, has been reported to be slow. 

PARAHYDROXYBENZOIC ACID ESTERS—Mixtures 
of methylparaben and propylparaben sometimes are used as 
ophthalmic antimicrobial preservatives; the concentration of 
methylparaben is in the range of 0.1 to 0.2%, while that of 
propylparaben approaches its solubility in water (~0.04%). 
They are not considered efficient bacteriostatic agents and are 
slow in their antimicrobial action. Ocular irritation and sting- 
ing have been attributed to their use in ophthalmic prepara- 
tions. In a review of OTC drugs for use in ophthalmology, the 
FDA expert panel found the parabens unacceptable as ophthal- 
mic solution preservatives. 

SUBSTITUTED ALCOHOLS AND PHENOLS—Chloro- 
butanol is stated to be effective against both gram-positive and 
gram-negative organisms, including P aeruginosa and some 
fungi. It broadly is compatible with other ingredients and nor- 
mally is used in a concentration of 0.5%. One of the products of 
hydrolysis is hydrochloric acid, which causes a decrease in the 
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pH of aqueous solutions. This decomposition occurs rapidly at 
high temperatures and slowly at room temperature, in unbuf- 
fered solutions that were originally neutral or alkaline. There- 
fore, ophthalmic solutions that contain chlorobutanol should be 
buffered between pH 5 and 5.5. At room temperature it 
dissolves slowly in water, and although it dissolves more 
rapidly on heating, loss by vaporization and decomposition is 
accelerated. 

A combination of chlorobutanol and phenylethyl alcohol 
(0.5% of each) has been reported to be more effective against P 
aeruginosa, Staphylococcus aureus, and Proteus vulgaris than 
either antimicrobial singly. Also, preliminary solution of the 
chlorobutanol in phenylethyl alcohol effects solution of the 
former in water without the use of heat. 


OPHTHALMIC PREPARATIONS FOR OTC USE 


A comprehensive review of OTC ophthalmic preparations re- 
cently has been completed by an expert panel approved by the 
FDA. The panel review extended over the period 1973 through 
1979. The findings of this panel, in the form of a tentative final 
monograph, appeared in the Federal Register.'* 

In a comprehensive assessment the panel considered the 
following conditions amenable to OTC drug therapy. 

Tear Insufficiency—Rational formulations used to treat tear in- 
sufficiency are aqueous solutions containing demulcent agents, tonicity 
agents, and pH and buffering agents. Tear insufficiency includes 


1. Keratoconjunctivitis sicca 
2. Sjoégren’s syndrome 
3. Dry eye in the elderly 


Corneal Edema—Increased water content in the cornea usually is 
treated with hypertonic solutions of sodium chloride, either 2 or 5%. 
Inflammation and Irritation of the Eye— 


1. Presence of loose foreign material in the eye. Commonly treated 
with an isotonic eyewash properly buffered and preserved. 

2. Irritation from airborne pollutants and chlorinated water. Manage- 
ment consists of avoiding the offending allergens and the use of 
vasoconstrictors, astringents, demulcents, and emollients for symp- 
tomatic relief. 

3. Allergic conjunctivitis. Treatment by topically applied vasoconstric- 
tors and astringents, demulcents, emollients, and cold compresses. 
Only in mild cases, when edema and congestion are slight, is OTC 
treatment alone adequate. 


In providing such OTC medications the pharmacist should take 
the opportunity to point out that unsupervised use of these 
products should be limited to 72 hr when based on self- 
diagnosis. If the condition persists or worsens at any time, 
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/CONTACT LENSES 


treatment should be discontinued and a physician consulted at 
once. : 


VA 
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Contact lenses are optical and/or therapeutic ophthalmic de- 
vices divisible into four general categories. The rigid, hydro- 
phobic, so-called hard contact lenses, principally PMMA (poly- 
methyl methacrylate); rigid, semihydrophobic; flexible 
hydrophilic; flexible hydrophobic and rigid, gas-permeable. 
Each lens class is accompanied by its support solution products 
and devices. Solutions used with hard contact lenses are rather 
conventional compositions, usually regarded as OTC products. 
Conversely, solutions ancillary to the hydrophilic lenses may be 
classed as new drugs or devices from a regulatory standpoint. 
Such preparations require great care and considerable phar- 
maceutical skill to formulate. Lens materials and support prod- 
ucts are further classified and identified in Table 438-2. 

HARD CONTACT LENS—Some evidence is available to 
show that contact lenses were visualized by Leonardo da Vinci 
in 1508 and later, in 1637, by Rene Descartes. In 1827, the 
British astronomer Sir John Herschel described the mathemat- 
ics of these devices. He speculated on the possibility of filling a 
glass contact lens with transparent gelatin to correct for cor- 
neal irregularities. Not until 1888 was the original concept 
executed by the artificial eye maker, Albert Muller. He made a 
glass protective shell for the cornea of a lagophthalmic patient 
who had carcinoma of the upper lid. The patient wore the 
device for 20 years, and corneal clarity was maintained. Other 
cases were reported in Europe of glass shells placed on the eye 
as corneal protective devices. 

Until the latter part of the 1940s almost all contact lenses 
had a portion resting directly on, or arching over, the cornea, 
with a supporting flange resting beyond the limbus on the 
sclera. Thus, they were scleral lenses. However, contact lenses 
without scleral portions (corneal lenses) were in existence at 
least as early as 1912, when they were being manufactured by 
Carl Zeiss. 

The glass scleral contact lenses that were made from 1888 to 
1938 were fitted by a tedious method of trial and error using a 
fitting set that might contain more than 1000 lenses. The 
lenses were heavy, and adjustments on them by the fitter were 
impossible. Their life in the eye was short, because the glass 
was attacked vigorously by lacrimal fluid; in about 6 months 
the lenses became too rough to wear or to see through. 
However, they had the advantage that tears readily wet glass. 
In 1922 Dallos, in Budapest, perfected a molding technique by 


Table 43-2. Contact Lens Classes, Characteristics, and Support Products 


LENS TYPE CHEMICAL CLASSIFICATION 


MAJOR CHARACTERISTICS TYPICAL SUPPORT PRODUCTS 


Hard, rigid, hydrophobic PMMA (polymethy! 


methacrylate) 


Soft, flexible, hydrophilic HEMA (hydroxyethyl 


methylmethacrylate) 


Flexible hydrophobic Silicone rubber 


Silicone 
vinylpyrollidone 

CAB (cellulose acetate 
butyrate) 


Rigid, hydrophilic 


Negligible gas permeability, low 
water content, medium 
wettability 


Wetting solutions 
Soaking solutions 
Cleaning solutions 
Combination 
Artificial tears 
Cleaning solutions 
Disinfection solutions 


High water content, low gas 
permeability, good 


wettability 
Good gas permeability; poor Wetting solutions 
wettability Cleaning solutions 


Soaking solutions 
Good gas permeability; good 


wettability 
Good gas permeability; good Wetting solutions 
wettability Cleaning solutions 


Soaking solutions 
Rewetting solutions 


which a glass shell could be fabricated to approximate closely 
the curvature of the globe. With the introduction of the methyl 
methacrylate plastic-molded scleral contact lens in 1938 by 
Obrig and Muller, the feasibility of using plastic for lens fab- 
rication was demonstrated. Although the optical properties of 
glass are superior to those of plastic, the relative gain in rug- 
gedness and the reduction in weight to one-third that of glass 
far offset this disadvantage. Not until PMMA became available 
was a flush-fitting shell possible. The concept was developed by 
Ridley, in England, in 1954. The protective effect is very useful 
in various conditions characterized by corneal epithelial fragil- 
ity and for cosmetic effects. 

The hard plastic corneal contact lens was introduced by 
Tuohy in 1948. This was a major development. He specified a 
lens of smaller diameter that rested within the limbal area of 
the cornea. The results were poor. Development of a corneal 
lens was hindered by the fear of traumatizing the cornea with 
an appliance that fitted directly onto it. The first corneal lens to 
have any measure of success was developed in the early 1950s 
by Dickinson, Sohnges, and Neill. Its thickness was about 0.2 
mm, considered to be a fairly thick lens. Thinner lenses, about 
0.1 mm, were introduced in the early 1960s. 

Scleral bifocal lenses were developed initially in 1936 and 
the corneal type in 1958. Bifocal contact lenses are more diffi- 
cult to fit, more costly, and, in many cases, more uncomfortable 
than single-vision lenses. 


_—LENS-CARE PRODUCTS 


WETTING SOLUTIONS—These are preparations de- 
signed to furnish an hydrophilic coating over the characteris- 
tically hydrophobic surface of PMMA, silicon, acrylate, and 
other rigid lens surfaces. Typically, wetting solutions include 
an acceptable viscosity-imparting agent, a surfactant, and a 
preservative. The surface-activity and viscosity effect may be 
obtained from a single compound. Agents commonly used in- 
clude cellulose derivatives, polyvinyl pyrrolidone, polyvinyl al- 
cohol, and polyethylene glycol derivatives. Preservatives in- 
clude those acceptable for ophthalmic use. Such solutions are 
sterile. 

CLEANING SOLUTIONS—Cleaning solutions commonly 
are used to remove surface contaminants—lipids, protein, and 
the like. Cleaning is accomplished by the use of surfactants 
that preferably are nonionic or amphoteric. Solutions are ster- 
ile and properly preserved. Viscosity-imparting agents gener- 
ally are not included. 

Adequate cleaning of hydrophilic lenses is a far more com- 
plex and challenging problem than hard-lens cleaning. Because 
of their permeability characteristics, contaminants penetrate 
into the lens structure and easily may bind chemically or phys- 
ically to the hydroxyethylmethyl methacrylate (HEMA) lens 
material. Contaminants may be surface films or crystals, amor- 
phous aggregates of protein material, cellular debris, or insol- 
uble inorganic salts. 

Cleaning products generally are specific to the lens material 
and require FDA approval, with proof of cleaning efficacy and 
safety. Cleaners are based on surface activity, enzyme action, 
or even abradant action, in which case the abradant material is 
softer than the lens itself. Adequate cleaning of hydrophilic 
lens material daily is a necessary prelude to disinfection. Most 
recently the use of extended-wear lenses has found wide accep- 
tance. Successful use usually depends on the use of an enzyme 
for cleaning, together with special disinfectants. 

DISINFECTING SYSTEMS— Disinfection of the first hy- 
drophilic lens approved by the FDA was accomplished using a 
heating device that generated steam from a saline solution. 
The latter was either prepared by the user or available from the 
manufacturer. Subsequent to the so-called thermal systems, 
disinfection solutions were developed that met the require- 
ments for FDA approval. Because of the sorption characteris- 
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tics of hydrophilic lens materials, many of the accepted oph- 
thalmic preservatives are unsatisfactory for use in soft-lens 
disinfecting systems, including the ubiquitous benzalkonium 
chloride. Once again, however, the use of a quaternary disin- 
fectant covalently bonded to a soluble, relatively high molecu- 
lar weight polymer has met with some success. 

In addition to possessing satisfactory disinfecting activity, 
such a preparation must be isotonic, in an acceptable pH range, 
and nonreactive (nonbinding) with lens materials and, over a 
normal use period, induce or bring about no physical, chemical, 
or optical changes in the lens. It is of course sterile and safe for 
use in the eye, even though direct instillation into the eye is not 
intended. 

SOAKING SOLUTIONS—Soaking or storage solutions, as 
the name suggests, are used to store and hydrate hard lenses 
but, most importantly, to disinfect such lenses. Disinfection 
should be rapid and as complete as possible making use, once 
again, of acceptable ophthalmic preservative substances. Soak- 
ing solutions typically contain chlorhexidine (gluconate), ben- 
zalkonium, or quaternary/polymer compounds enhanced by so- 
dium edetate. 

ARTIFICIAL TEARS—Solutions intended to rewet hard 
lenses in situ are referred to as rewetting solutions or artificial 
tears. Such preparations are intended to reinforce the wetting 
capacity of the normal tear film. Early products of this type 
tended to be somewhat viscous wetting solutions acceptable for 
direct instillation into the eye. More-recent preparations mimic 
tears more accurately, and their viscosity is rather low, thus, 
user acceptability is improved. 

GUIDELINES FOR SAFETY AND EFFICACY TEST- 
ING—tThe FDA periodically issues or updates guidelines de- 
scribing recommended test procedures for contact lens—care 
products other than those used with PMMA lenses and, also, 
for typical OTC products used with hard lenses. The reader is 
advised to review the most recent guidelines for appropriate 
protocols for non-PMMA products. 

Tests for OTC (hard) lens products are divided into those 
appropriate for products intended for direct instillation in the 
eye and those not so intended. Products intended for direct 
instillation require multiple-application safety tests in the rab- 
bit eye, preservative efficacy tests, and sterility testing, in 
addition to adequate efficacy tests. 

Products not intended for direct instillation require short- 
term evaluation in the rabbit eye and, of course, preservative 
efficacy and sterility testing. 

SOFT CONTACT LENS—In 1960 Wichterle and Lim in- 
troduced a new, soft, hydrophilic gel lens synthesized by copo- 
lymerization of HEMA with ethylene glycol dimethacrylate 
(EGDM). Its hydrophilic nature was in marked contrast to the 
hydrophobic properties of PMMA; its increased permeability to 
water, oxygen, and other constituents of tears having low mo- 
lecular weights appears to offer metabolic advantages. 

Hydrophilic (gel, hydrogel, soft, or flexible) lenses are made 
of polymerized or copolymerized hydrophilic monomers with a 
cross-linking agent, such as EGDM. The cross-links add stabil- 
ity to the gel lenses and act to decrease the water saturation. 
The most widely used monomer is HEMA, which may be copo- 
lymerized with lesser amounts of polyvinylpyrrolidone (PVP), a 
more hydrophilic polymer. The copolymer acts to increase the 
hydration level beyond the maximum 40% potential of homog- 
enous poly-HEMA. Gel lenses of even higher water content can 
be formed by combining a hydrophilic monomer or polymer 
(usually PVP) with a relatively hydrophobic monomer (usually 
methyl methacrylate). Lenses of this type are available with as 
much as 85% water at equilibrium. In addition, these cross- 
linked polymers cannot be formed by heat or pressure and thus 
usually are not harmed by boiling in aqueous solution or by 
autoclaving. 

Hydrophilic lenses are elastic and flexible when hydrated, 
yet brittle when dry. They can absorb and concentrate tear-film 
constituents, environmental pollutants, vapors, cosmetic ingre- 
dients, water impurities, and antimicrobial preservatives as 
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well as active ingredients in ophthalmic preparations. The 
refractive index for HEMA is 1.43 when hydrated in normal 
saline; hydrophilic lenses of greater hydration levels have a 
correspondingly lower refractive index. Depending on the 
amount of cross-linking and the amount and type of additives, 
the dimensions can be influenced by such factors as pH, tonic- 
ity, and molecular or ionic species of dissolved substances. 

ADVANTAGES AND DISADVANTAGES OF SOFT 
CONTACT LENSES—Soft contact lenses have the major ad- 
vantage of wearer comfort and easy adaptability, particularly 
for the first-time lens wearer. Soft lenses are misplaced or lost 
less easily and allow an easier transition to eye glasses. The 
typical vision blurring associated with a transition from hard 
lenses to eye glasses is absent. 

Because of the flexibility of soft contact lenses, an accurate 
fit to the eye is more difficult than it is with hard lenses. Visual 
clarity usually is less with soft lenses; indeed, the longtime 
hard-lens wearer may find visual clarity or acuity of soft lenses 
unacceptable at first wearing. 

Soft lenses require far more care than their hard counter- 
parts. The soft polymers will allow penetration of contaminants 
deep into the lens body where even simple removal becomes 
difficult. Soft lenses may become more or less permanently 
contaminated by sorption of drug product components, in ad- 
dition to protein fragments or various other debris. 

Even with reasonable care, soft lenses can be expected to 
have a wearer life substantially shorter than that of hard 
lenses. Eye corrective changes requiring refitting, and lens 
replacement may occur well before hard lenses require replac- 
ing because of wear. 

Despite the obvious practical disparities the popularity of 
soft contact lenses is immense and increasing, as durability 
and wearing time are increased. Wearer comfort, easy adapt- 
ability, and adequacy for most relatively minor visual correc- 
tions contribute to soft-lens acceptability and popularity. 


Therapeutic Uses 


Most contact lenses are used for reasons of optical acuity, 
convenience, and/or cosmetic value. However, so far as is 
known, the first use of such a device, in 1888, was to protect a 
cornea, and therapeutic usefulness has continued since that 
time. A major therapeutic advance was made by Ridley in 1954, 
using PMMA at the time that it was replacing glass as the 
principal material used in making lenses. Currently, there is 
evidence of contact-lens development of major therapeutic im- 
portance in the use of soft lenses in the treatment of very 
serious pathological conditions. They are of value in several 
ways, which are interrelated to the extent that it is difficult to 
give an example that illustrates only one point. The several 
functions can be listed as 


1. Bandages (through which one can see) to protect the epithelium of 
the cornea. 

2. While in use as bandages, to permit movement of medicinal fluids 
through the lens to the eye as well as under the lens (see below). 

3. When so used, to increase the duration of the effect from a given 
quantity of drug. 

4. When so used, to increase the degree of effect from a given amount 
of drug (see below). 


The first two functions have become rather well established in 
the past few years; the last two have been of less therapeutic 
value. 

Bullous keratopathy is the most severe form of corneal 
edema. Its treatment is presented as an example of the first two 
functions of soft contact lenses. The lens acts basically as a 
simple bandage but has the added valuable quality that the 
ophthalmic solutions, used as drops, can pass through the 
lenses and act on the eye. The pain of bullous keratopathy 
usually is relieved dramatically by the use of the lens as a 
protective shield, as similarly accomplished by the earlier hard 


scleral lenses. Vision may be improved slightly. The pain re- 
sults mainly from the lids rubbing on the bullae, rupturing 
them, and exposing corneal nerves. The lenses can be worn 
full-time, 24 hours a day for months, except for removal for 
cleaning. They may need to be cleaned only when protein 
deposits build up on them. They should be removed and in- 
serted only by a physician. New lenses will be needed as the 
cornea changes shape. 

Compared with hard lenses, use of the soft lens is much sim- 
pler. No moldings of the eye or keratometer readings are needed. 
The iatrogenic aspects of the hard lens have, to a great extent, 
been alleviated by the soft lens. Few problems occur on overwear- 
ing the lenses. Usually, no abrasions are found. The eyes are 
white and usually free of conjunctival infection. As to medicinal 
agents, because of the concomitant iritis, pupils must be dilated 
with cycloplegics for the first few days, as by use of atropine. 
Eyelid hygiene techniques are needed. Antibiotics such as chlor- 
amphenicol drops are used if secondary infection or blepharitis is 
present. A 5% hypertonic saline solution may be used to improve 
vision; the patient can use it as often as it is helpful. 

The conditions for which the use of soft lenses is apparently 
very helpful and well established are 


1. Edema 

. Bullous keratopathy 

. Aphakic 

. Secondary to glaucoma 
Fuchs’ dystrophy 

. Uveitis, etc 
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2. Epithelial erosion and defects 
a. Ulcers 
b. Chemical burns 
c. Postgraft 


3. Exposure 
a. Neurotropic keratitis 
b. Lid abnormalities 


4. Irregular cornea 
a. Scars 
b. Dystrophy 


5. Dry eye 
a. Nonprogressive conjunctival 
Johnson syndrome) 
b. Sjogren’s syndrome 
c. Trachoma 
d. Pemphigoid 


cicatrization (Stevens- 


SUMMARY 
LS EE SEI 
The progress in ophthalmic pharmaceutics and in lens-care 
pharmaceutics during the last decade must be considered strik- 
ing. Very substantial advances have been made in ophthalmic 
bioavailability and the factors influencing ophthalmic drug ab- 
sorption. New approaches and new techniques have confirmed 
(or refuted) many long-held tenets of ophthalmic formulation 
technology. Continuing studies in the general field of ophthal- 
mic pharmaceutics and pharmacokinetics should continue to 
advance the frontiers of ophthalmic drug therapy and ophthal- 
mic drug delivery. 

In the contact-lens and lens-care field one is confronted with 
a plethora of new lenses and lens polymers. Wearing time has 
been lengthened substantially, comfort improved, and correct- 
able visual defects increased. By the same token the require- 
ments for lens hygiene also have increased. Advances in this 
broad field also show no signs of abating. 
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CHAPTER 44 


The application of medicinal substances to the skin or various 
body orifices is a concept doubtless as old as humanity. The 
papyrus records of ancient Egypt describe a variety of such 
medications for external use. Galen described the use in Roman 
times of a forerunner to today’s vanishing creams. 
Medications are applied in a variety of forms reflecting the 
ingenuity and scientific imagination of pharmacists through 
the centuries. New modes of drug delivery have been developed 
to remedy the shortcomings of earlier vehicles or, more re- 
cently, to optimize drug delivery. Conversely, some external 


EPIDERMAL AND TRANSDERMAL 
DRUG DELIVERY 


The Skin 


The skin often has been referred to as the largest of the body 
organs: an average adult’s skin has a surface area of about 2 
m’. It is probably the heaviest organ of the body. Its accessi- 
bility and the opportunity it affords to maintain applied prep- 
arations intact for a prolonged time have resulted in its in- 
creasing use as a route of drug administration, whether for 
local, regional, or systemic effects. 

Anatomically, human skin may be described as a stratified 


organ with three distinct tissue layers: the epidermis, the der-~ 


mis and the subcutaneous fat layer (Fig 44-1). 

Epidermis, the outermost skin layer, comprises stratified 
squamous epithelial cells. Keratinized, flattened remnants of 
these actively dividing epidermal cells ‘accumulate at the skin 
surface as a relatively thin region (about 10 um thick) termed 
the stratum corneum, or horny layer. The horny layer is itself 
lamellar with the keratinized cells overlapping one another, 
linked by intercellular bridges and compressed into about 15 
layers. The lipid-rich intercellular space in the stratum cor- 
neum comprises lamellar matrices with alternating hydro- 
philic layers and lipophilic bilayers formed during the process 
of keratinization. The region behaves as a tough but flexible 
coherent membrane. 

The stratum corneum also is markedly hygroscopic—far 
more so than other keratinous materials such as hair or nails. 
Immersed in water the isolated stratum corneum swells to 
about three times its original thickness, absorbing about four to 
five times its weight in water in the process. The stratum 
corneum functions as a protective physical and chemical bar- 
rier and is only slightly permeable to water. It retards water 
loss from underlying tissues, minimizes ultraviolet light pene- 
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medications have fallen into disuse because of changes in the 
practice of medicine. 

Medications are applied to the skin or inserted into body 
orifices in liquid, semisolid or solid form. Ophthalmics and 
topical aerosol products will not be discussed in this chapter. 
Ophthalmic use imposes particle size, viscosity and sterility 
specifications that require separate, detailed discussion (see 
Chapter 43). The complexity of pharmaceutical aerosol 
systems necessitates their inclusion elsewhere (see Chap- 
ter 50). 


tration, and limits the entrance of microorganisms, medica- 
tions, and toxic substances from without. The stratum corneum 
is abraded continuously. Thus, it tends to be thicker in regions 
more subject to abrasion or the bearing of weight. Its regener- 
ation is provided by rapid cell division in the basal cell layer of 
the epidermis. Migration or displacement of dividing cells to- 
ward the skin surface is accompanied by differentiation of the 
epidermal cells into layers of flat, laminated plates, as noted 
above. An acidic film (pH ranging between 4 and 6.5, depending 
on the area tested) made up of emulsified lipids covers the 
surface of the stratum corneum. 

The dermis apparently is a gel structure involving a fibrous 
protein matrix embedded in an amorphous, colloidal, ground 
substance. Protein, including collagen and elastin fibers, is 
oriented approximately parallel to the epidermis. The dermis 
supports and interacts with the epidermis, facilitating its con- 
formation to underlying muscles and bones. Blood vessels, lym- 
phatics, and nerves are found within the dermis, though only 
nerve fibers reach beyond the dermal ridges or papillae into the 
germinative region of the epidermis. Sweat glands and hair 
follicles extending from the dermis through the epidermis pro- 
vide discontinuities in an otherwise uniform integument. 

The subcutaneous fat layer serves as a cushion for the 
dermis and epidermis. Collagenous fibers from the dermis 
thread between the accumulations of fat cells, providing a 
connection between the superficial skin layers and the subcu- 
taneous layer. 

HAIR FOLLICLES AND SWEAT GLANDS—Human 
skin is sprinkled liberally with surface openings extending well 
into the dermis. Hair follicles, together with the sebaceous 
glands that empty into the follicles, make up the pilosebaceous 
unit. Apocrine and eccrine sweat glands add to the total. 

PILOSEBACEOUS UNITS—Human hair consists of com- 
pacted keratinized cells formed by follicles. Sebaceous glands 
empty into the follicle sites to form the pilosebaceous unit. The 
hair follicles are surrounded by sensory nerves; thus, an im- 
portant function of human hair is sensory. Human hair varies 
enormously within the same individual, even within the same 
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Figure 44-1. Vertical section of human skin. 


specific body area. Follicular density varies considerably as 
well, from values of about 250 follicles per cm” for the scalp to 
50 per cm”, or less, for the thigh and other relatively nonhirsute 
areas. Follicular density is determined genetically, ie, no new 
follicles are formed after birth. One characteristic human trait 
is that although most of the body hairs never develop beyond 
the rudimentary vellus state, the only hairless areas are con- 
fined, primarily, to the palmar and plantar surfaces. Individual 
hairs can vary in microscopic appearance, diameter, cuticle 
appearance, and even presence or absence of medulla. 

Sebaceous glands are similar anatomically and functionally 
but vary in size and activity according to location. Population in 
the scalp, face, and anogenital areas may vary from 400 to 
900/em”. Fewer than 100/cm? are found in other areas. Seba- 
ceous glands are richly supplied with blood vessels. 

Sebaceous cells synthesize and accumulate lipid droplets. 
This accumulation results in enlarged cells that fragment to 
form sebum. Sebum is made up of a mixture of lipids, approx- 
imately as shown in Table 44-1. 

The sebaceous gland, containing sebum, cell debris, and 
microorganisms such as Propionibacterium acnes, is connected 
to the pilosebaceous canal by a duct of squamous epithelium. 
When access to the surface is blocked and bacteria multiply, 
the result is the comedo of acne. 

Sebum presumably functions as an emollient, although 
Kligman once stated it was useless. Montagna suggests that 
sebum functions as a pheromone to provide the human with a 
distinctive aroma. 

SWEAT GLANDS—Sweat glands are classified as apocrine 
and eccrine. Apocrine glands are secretory but are not neces- 
sarily responsive to thermal stimulation. Such glands do not 
produce sweat in the normal sense of the word. Apocrine 
glands, however, often are associated with eccrine sweat 
glands, particularly in the axilla. 

Eccrine sweat glands are coiled secretory glands, equipped 
with a blood supply, extending from the dermis to the epider- 
mal surface. Eccrine sweat glands function to regulate heat 
exchange in man. As such, they are indispensable to survival. 

About 3 million eccrine glands are thought to be distributed 
over the human body. Distribution varies from less than 100 to 
more than 300/em”. Gland counts after thermal stimulation do 
not always agree with anatomical counts. 
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Drug Effects and the Extent of ~‘ < ~~ 
Percutaneous Drug Delivery Spode So) 


Drugs are applied to the skin to elicit one or more of four 
general effects: an effect on the skin surface, an effect within 
the stratum corneum, a more deep-seated effect requiring pen- 
etration into the epidermis and dermis, or a systemic effect 
resulting from delivery of sufficient drug through the epidermis 
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and the dermis to the vasculature to produce therapeutic sys- 
temic concentrations. 

SURFACE EFFECTS—An activity on the skin surface 
may be in the form of a film, an action against surface micro- 
organisms, or a cleansing effect. Film formation on the skin 
surface may be protective, eg, a zinc oxide cream or a sun- 
screen. Films may be somewhat occlusive and provide a mois- 
turizing effect by diminishing loss of moisture from the skin 
surface. In such instances the film or film formation per se 
fulfills the objective of product design. The action of antimicro- 
bials against surface flora requires more than simple delivery 
to the site. The vehicle must facilitate contact between the 
surface organisms and the active ingredient. Skin cleansers 
employ soaps or surfactants to facilitate the removal of super- 
ficial soil. 

STRATUM CORNEUM EFFECTS—Drug effects within 
the stratum corneum are seen with certain sunscreens; p- 
aminobenzoic acid is an example of a sunscreening agent that 
both penetrates and is substantive to stratum corneum cells. 
Skin moisturization takes place within the stratum corneum. 
Whether it involves the hydration of dry outer cells by surface 
films or the intercalation of water in the lipid-rich intercellular 
laminae, the increased moisture results in an apparent soften- 
ing of the skin. Keratolytic agents, such as salicylic acid, act 


within the stratum corneum to cause a breakup or sloughing of 


stratum corneum cell aggregates. This is particularly impor- 
tant in conditions of abnormal stratum corneum such as pso- 
riasis, a disease characterized by thickened scaly plaques. 

The stratum corneum also may serve as a reservoir phase or 
depot wherein topically applied drug accumulates due to par- 
titioning into or binding with skin components. This interac- 
tion can limit the subsequent migration of the penetrant unless 
the interaction capacity of the stratum corneum is surpassed 
by providing excess drug. Examples of drugs that exhibit sig- 
nificant skin interaction include benzocaine, estrogens, scopol- 
amine, and corticosteroids. 

EPIDERMAL, DERMAL, LOCAL, AND SYSTEMIC EF- 
FECTS—tThe penetration of a drug into the viable epidermis 
and dermis may be difficult to achieve, as noted above. But, 
once transepidermal permeation has occurred, the continued 
diffusion of drug into the dermis is likely to result in drug 
transfer into the microcirculation of the dermis and then into 
general circulation. Nonetheless, it is possible to formulate 
drug delivery systems that provide substantial localized deliv- 
ery without achieving correspondingly high systemic concen- 
trations. Limited studies in man of topical triethanolamine 
salicylate, minoxidil, and retinoids demonstrate the potential 
of this approach. 

Unwanted systemic effects stemming from the inadvertent 
transdermal penetration of drugs have been reported for a wide 
variety of compounds (eg, hexachlorophene, lindane, corticoste- 
roids, or N,N-diethyl-m-toluamide) over the years. With the 
commercial introduction of transdermal drug delivery systems 
for scopolamine, nitroglycerin, clonidine, 17B-estradiol, fenta- 
nyl, nicotine, and testosterone, transdermal penetration is be- 
ing regarded increasingly as an opportunity rather than a 
nuisance. 


Table 44-1. Composition of Sebum 


CONSTITUENTS % wiw 
Triglycerides Was) 
Wax Esters 26.0 
Squalene 12.0 
Cholesterol Esters 3.0 
Cholesterol 15 
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Percutaneous Absorption 


Percutaneous absorption involves the transfer of drug from the 
skin surface into the stratum corneum, under the aegis of a 
~ concentration gradient, and its subsequent diffusion through 
the stratum corneum and underlying epidermis, through the 
dermis, and into the microcirculation. The skin behaves as a 
passive barrier to diffusing molecules. Evidence for this in- 
cludes the fact that the impermeability of the skin persists long 
~ after the skin has been excised. Furthermore, Fick’s Law is 
obeyed in the vast majority of instances. 

; Molecular penetration through the various regions of the 
skin is limited by the diffusional resistances encountered. The 
total diffusional resistance (R,,,,,) to permeation through the 
skin has been described by Chien as 


Rsrin = Reo t Re + Roa 


where R is the diffusional resistance, and the subscripts sc, e and 
pd refer to the stratum corneum, epidermis, and papillary layer of 
the dermis, respectively. In addition, resistance to transfer into 
the microvasculature limits the systemic delivery of drug. 

By and large, the greatest resistance to penetration is met 
in the stratum corneum; ie, diffusion through the stratum 
corneum tends to be the rate-limiting step in percutaneous 
absorption. 

The role of hair follicles and sweat glands must be considered; 
however, as a general rule their effect is minimized by the rela- 
tively small fractional areas occupied by these appendages. On 
the other hand, liposomal vehicles and microbead (3 to 10 um 
diameter) suspensions appear to accumulate selectively in pilose- 
baceous and perifollicular areas. In the very early stages of ab- 
sorption, transit through the appendages may be comparatively 
large, particularly for lipid-soluble molecules and those whose 
permeation through the stratum corneum is relatively low. 

Rather than characterizing drug transfer into and through the 
skin in terms of the diffusional resistances encountered, one could 
define permeation in terms of the pathways followed by the dif- 
fusing species. Drug permeation through the intact skin of hu- 
mans involves either an intercellular or transcellular path in the 
stratum corneum, for the most part, rather than the so-called 
shunt pathways (transglandular or transfollicular routes). 

The conventional wisdom is that for the most part, lipophilic 
compounds transfer preferentially into the lipoidal intercellular 
phase of the stratum corneum, while relatively more hydrophilic 
compounds transfer into the intracellular domain of the stratum 
corneum. One should keep in mind that the often-postulated 
biphasic character of the horny layer—with hydrophilic cells in a 
lipophilic matrix—is overly simplistic: the hydrophilic cells them- 
selves are enclosed within lipid bilayer membranes, while the 
lipophilic matrix comprises intercellular lipids that are, in fact, 
present in lamellar structures that sandwich in hydrophilic lay- 
ers. As Boddé et al’ have suggested, the intercellular pathway is 
bicontinuous, consisting of a nonpolar and a polar diffusion path- 
way between the corneocytes. The implications for dermatophar- 
macokinetic modeling are clear. 

The stratum corneum can be regarded as a passive diffusion 
membrane but not an inert system; it often has an affinity for 
the applied substance. The adsorption isotherm is frequently 
linear in dilute concentration ranges. The correlation between 
external and surface concentrations is given in terms of the 
solvent membrane distribution coefficient K,,,. The integrated 
form of Fick’s Law is given as 


‘i K,,DC, 
‘Sa ) 
and 
IID) 
KK = 


Pp 


where K,, is the permeability coefficient, J, is the steady state 
flux of solute, C, is the concentration difference of solute across 
membrane, 6 is the membrane thickness, 


solute sorbed per cc of tissue (Gi 


K,, is the , and 


solute in solution per cc solvent C, 


D is the average membrane diffusion coefficient for solute. 

Permeability experiments have shown that the hydrated 
stratum corneum has an affinity for both lipophilic and hydro- 
philic compounds. The bifunctional solubility arises from the 
hydrophilic corneocytes and the lipid-rich lamellar structures 
in the intercellular space. Thus, attempts to predict permeabil- 
ity constants from oil:water or solvent:water partition coeffi- 
cients have had limited success. 

The effect of regional variation on skin permeability can be 
marked. It has been suggested that one ought to differentiate 
between two species of horny layer: the palms and soles (up to 
600 zm thick), adapted for weight-bearing and friction; and the 
body horny layer (~10 um thick), adapted for flexibility, im- 
permeability and sensory discrimination. 

Overall, data suggest the following order for diffusion of 
simple molecules through the skin: plantar < palmar < arms, 
legs, trunk, dorsum of hand < scrotal and postauricular < ax- 
illary < scalp. Electrolytes in solution penetrate the skin 
poorly. Ionization of a weak electrolyte substantially reduces 
its permeability; eg, sodium salicylate permeates poorly com- 
pared with salicylic acid. The development of iontophoretic 
devices in recent years may minimize this problem with ionic 
penetrants. For any specific molecule, the predictability of re- 
gional variations in skin permeability continues to elude inves- 
tigators. This will continue to be true as long as dermatophar- 
macokinetic models do not adequately reflect the anisotropicity 
of the skin’s composition and structure, its interactions with 
the drug, and the vehicle and the physiological parameters that 
affect transfer. 


In Vitro and In Vivo Studies 


Classically, percutaneous absorption has been studied in vivo 
using radioactively labeled compounds or by in vitro techniques 
using excised human or animal skin. Jn vivo studies in recent 
years have made use of the skin-stripping method, which per- 
mits the estimation of the concentration or amount of the 
penetrating species as a function of depth of the stratum cor- 
neum. Layers of the stratum corneum can be removed or 
stripped successively away by the repeated application and 
removal of cellulose adhesive tape strips. Skin penetration of 
p-aminobenzoic acid and the effect of additives were studied 
and evaluated by Lorenzetti through analysis of individual 
skin strips, which provided a profile of skin penetration. Sim- 
ilar experiments have been carried out for a wide range of 
compounds. Rougier et al? have championed the use of the 
skin-stripping method, in conjunction with short-term expo- 
sure to the topically applied penetrant, as a predictor of skin 
permeation. 

Clearly, the evaluation of new chemical entities (NCEs) of 
indeterminate toxicity mandates in vitro testing. A diffusion 
cell frequently used for in vitro experiments is shown in Figure 
44-2.° In this system the intact skin or the epidermis is treated 
as a semipermeable membrane separating two fluid media. The 
transport rate of a particular drug is evaluated by introducing 
the drug in solution on the stratum corneum side of the mem- 
brane, then measuring penetration by periodic sampling and 
analysis of the fluid across the skin membrane. 

Investigators have recognized that transport across an im- 
mersed, fully hydrated stratum corneum may not represent the 
absorption system or rate observed in in vivo studies. Percuta- 
neous absorption across a fully-hydrated stratum corneum may 
be an exaggeration. It may be more representative of enhanced 
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Figure 44-2. Schematic representation of diffusion cell. Top is open 
to ambient laboratory environment.? 


absorption that is seen after in vivo skin is hydrated by occlu- 
sive wrapping. 

Using separated epidermal skin mounted in diffusion cells, 
Scheuplein and Ross* varied the atmosphere above the skin 
strip by use of Drierite to simulate dry conditions and wetted 
paper strips to simulate the effect of occlusion and observed 
marked reduction in penetration of cortisone under dry condi- 
tions but greatly enhanced penetration on humidifying the 
stratum corneum (see Fig 44-3).* 

The studies of Scheuplein and Ross,’ and of Franz,* demon- 
strate that in vitro studies of percutaneous absorption under 
controlled conditions are relevant to in vivo drug penetration. 
As stated by Franz, “whenever a question is asked requiring 
only a qualitative or directional answer, the in vitro technique 
appears perfectly adequate.” 


Relevance of Animal Studies 


PERCUTANEOUS ABSORPTION—Any evaluation of a 
study of percutaneous absorption in animals must take cogni- 
zance of species variation. Just as percutaneous absorption in 
man will vary considerably with skin site, so will absorption in 
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Figure 44-3. Change in cortisone penetration by alternately drying 
(D) and humidifying (W) the stratum corneum.* 
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various animal species. Bartek et al’ investigated percutane- 
ous absorption and found a decreasing order of permeability, 
thus, rabbit > rat > swine > man. They studied the in vivo 
absorption of radioactively labeled haloprogin, N-acetylcyste- 
ine, testosterone, caffeine, and butter yellow; their results with 
testosterone, shown in Figure 44-4,° illustrate the penetration 
differences observed with different animal skins. 

Subsequently, using a similar in vivo technique, Wester and 
Maibach‘ investigated the percutaneous absorption of benzoic 
acid, hydrocortisone, and testosterone in the rhesus monkey. 
Radioactively tagged compounds were applied to the ventral 
surface of the forearm, and absorption was quantified on the 
basis of radioactivity excreted in the urine for five days follow- 
ing application. The investigators concluded that the percuta- 
neous penetration of these compounds in the rhesus monkey is 
similar to that in man and regarded the data as encouraging 
because of the similarity. 

The consensus is that rhesus monkeys and miniature pigs 
are good in vivo models for human percutaneous absorption, 
while smaller laboratory animals (eg, mouse, rat, rabbit) 
are not. 

It should be stressed again that percutaneous absorption 
studies in animals, either in vivo or in vitro, only can be useful 
approximations of activity in man. The effect of species varia- 
tion, site variability (about which little is known in animals), 
skin condition, experimental variables, and, of major impor- 
tance, the vehicle, must be kept in mind. 

As Bronaugh® notes, although human skin is preferable for 
in vitro permeation studies, its availability is limited. Addi- 
tional constraints apply if one is only willing to use freshly 
obtained viable human skin from surgical specimens or biop- 
sies, as opposed to skin harvested from cadavers. 

Concern has been voiced over the notorious variability in 
barrier properties of excised skin, whether animal or human. 
Factors responsible for the variability include the source and 
characteristics of the donor skin (eg, elapsed time from death to 
harvesting of the skin, age and gender of the donor, health of 
the skin prior to the donor’s death, exposure of the skin to 
chemicals or mechanical treatment (eg, shaving or clipping 
prior to harvesting of the skin), etc. The recent development of 
a living skin equivalent—comprising a bilayered system of 
human dermal fibroblasts in a collagenous matrix upon which 
human corneocytes have formed a stratified epidermis— offers 
an alternative, less variable, model for evaluating human skin 
permeation and biotransformation. 
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Figure 44-4. Percutaneous absorption of testosterone in rats, rab- 
bits, swine and man for 5 days after application.° 
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Skin-flap methods represent in vivo and in vitro techniques 
for evaluating percutaneous absorption in animals or animal 
models: the general approach entails the surgical isolation of a 
skin section of an animal such that the blood supply is singular; 
this ensures that drug can be collected and assayed in the 
vascular perfusate as it undergoes absorption from the skin 
surface. The perfused skin flap can be maintained in the intact 
animal or mounted in an in vitro perfusion system, all the while 
maintaining its viability. 

Animals also have been used to detect contact sensitization, 
measure antimitotic drug activity, measure phototoxicity, and 
evaluate the comedogenic and comedolytic potential of sub- 
stances. In each of these test procedures, be it a safety test or 
assay model, the animal is considered a substitute for man. It is, 
therefore, important to realize that the animal is not man, even 
though man is the ultimate test animal. Animal-testing presents 
the investigator with unique advantages; lack of appreciation of 
the variables involved can destroy these advantages. 

Mershon and Callahan’? recorded and illustrated the consid- 
erations involved in selecting an animal test model. They in- 
terpreted the rabbit irritancy data of several investigators and 
impressively visualized different possible interpretations of the 
differing response between rabbit and man. 

While the ultimate system for establishing therapeutic effi- 
cacy is man, there are specific animal test models that are 
recognized to be valuable as prehuman-use screens predictive 
of drug activity in humans. For example, the rat-ear assay and 
the granuloma-pouch procedure in rats are recognized proce- 
dures for the estimation of steroid anti-inflammatory activity. 

Lorenzetti!® tabulated the potency of various topical ste- 
roids, comparing the rat-ear-edema assay with potency mea- 
sured in humans by use of the vasoconstrictor procedure of 
Stoughton and McKenzie; the results are given in Table 44- 
2.''Animal assay models of this kind, particularly the steroid 
anti-inflammatory assays, are most useful as preliminary ac- 
tivity screens. The simplicity, safety, and reproducibility of the 
vasoconstrictor assay in humans recommend it over any corre- 
sponding animal procedure. However, a number of concerns 
have been raised over the years which need to be addressed, 
particularly if this bioassay is to be used to assess the bio- 
equivalence of topical corticosteroid formulations. These con- 
cerns include the linearity of the vasoconstrictor response— 
drug concentration relationship and the visual assessment of 
the blanching or vasoconstrictor response. 

As the in vivo vasoconstrictor response generally ap- 
proaches a maximum, one must know whether the microcircu- 
lation of the skin has exceeded its capacity to respond linearly 
to the corticosteroid concentration attained in the skin. It may 
be that only relatively minimal responses will be elicited by 
relatively high concentrations. At the other end of the 
response-dose relationship, what is the minimum dose that will 


Table 44-2. Relative Potency 
of Anti-Inflammatory Agents" 


TOPICAL ANTI-INFLAMMATORY POTENCY 


HUMAN 
VASOCONSTRICTOR 
COMPOUND RAT-EAR EDEMA ASSAY ASSAY 
Dexamethasone 73.2 (49.4-110) 10-20 
Dexamethasone 21-acetate 117.3 (85.9-106) 10-20 


Prednisolone 

Prednisolone 21-acetate 
Betamethasone 
Betamethasone 21-acetate 
Fluorometholone 
Fluorometholone acetate 
Fluprednisolone 31.8 (13.3-76.1) 4-6 
Fluprednisolone acetate 61.3 (25.6-147) 
Hydrocortisone 1 1 


2.44 (1.54-7.76) 12 
5.43 (4.05-7.70) 3 
97.3 (16.7-141) oe 5) 
1072.0 (876-1179) 18-33 
138.3 (57.9-333) 
219.5 (9.15-536) 
( 
( 


( ) = 95% confidence limits. 


produce a reliable, replicable response? Rather than relying on 
the somewhat subjective visual evaluation of the response, 
investigators ought to make use of chromometers to provide 
objective, quantifiable data. 

PILOSEBACEOUS UPTAKE—The study of the targeted 
delivery of drugs to follicles and/or sebaceous glands has be- 
come necessary in view of the selective uptake or deposition of 
antiacne drugs such as tretinoin in pilosebaceous units. Fortu- 
nately, the anatomical and physiological correspondence of 
hamster ear pilosebaceous units to those in humans has facil- 
itated studies of the cutaneous and pilosebaceous disposition of 
drugs following topical application.’” 


In Numero Models 


In recent years, in numero modeling or computer simulation of 
percutaneous absorption has been advocated as a link between 
in vitro and in vivo studies. A number of relatively simplistic 
dermatopharmacokinetic models have been developed that do 
provide the formulator with some insight into transdermal 
drug delivery, in spite of the biological and physicochemical 
complexity of drug transport into and through the skin. By and 
large, these models are analogous to the classical pharmacoki- 
netic models that have been employed to assess in vivo drug 
uptake and disposition. Some of the dermatopharmacokinetic 
models proposed differ from more classically oriented models in 
that drug transport in the vehicle and in the epidermis, par- 
ticularly the stratum corneum, is modeled in accordance with 
Fickian diffusion. Thus, the formulator can anticipate the ef- 
fect of variables such as the thickness of the applied (vehicle) 
phase, alterations in drug partitioning between the vehicle and 
the stratum corneum, and the frequency of reapplication on the 
overall appearance of drug systemically as a function of time 
following topical application. 


Dosage-Form Design 


In many (if not most) clinical situations the rate-limiting 
step is penetration of the drug across the skin barrier, ie, 
percutaneous penetration through the skin alone. Diffusion 
of the drug from its vehicle, although dependent on the same 
diffusion parameters, should not be unknowingly the rate- 
limiting step in percutaneous absorption. Such a rate limi- 
tation or control may, of course, be an objective and the 
endpoint of specific drug optimization, but inappropriate 
formulation can reduce substantially the effectiveness of a 
topical drug substance. 

In the formulation of a vehicle for topical drug application 
many factors must be considered. Drug stability, specific prod- 
uct use, site of application, and product type must be combined 
in a dosage form that will release the drug readily when placed 
in contact with the skin. Further, the release characteristics of 
the vehicle depend on the physical-chemical properties of the 
specific drug substance to be delivered to the skin. A vehicle 
optimized for delivery of hydrocortisone may be quite inappro- 
priate for delivery of a different steroid. 

Higuchi (see Bibliography) discussed equations describ- 
ing the rate of release of solid drugs suspended in ointment 
bases. Ostrenga et al, in a series of publications, discussed 
the significance of vehicle composition on the percutaneous 
absorption of fluocinolone acetonide and fluocinolone ace- 
tonide 21-acetate (fluocinonide) (see Fig 44-5).'° These in- 
vestigators used propylene glycol/isopropyl myristate parti- 
tion coefficients, in vitro (human) skin penetration, and 
finally in vivo vasoconstrictor studies to evaluate formula- 
tion variables. They concluded that 


“In general, an efficacious topical gel preparation is one in 
which (a) the concentration of diffusible drug in the vehicle for 
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Figure 44-5. /n vivo response as a function of vehicle composition 
(24-hour vasoconstriction). '? 


a given labeled strength is optimized by ensuring that all of the 
drug is in solution, (b) the minimum amount of solvent is used 
to dissolve the drug completely and yet maintain a favorable 
partition coefficient and (c) the vehicle components affect the 
permeability of the stratum corneum in a favorable manner.” 


The effect of propylene glycol concentration on in vivo vasocon- 
strictor activity is illustrated strikingly in Figure 44-5, taken 
from Ostrenga, Steinmetz, and Poulsen.'* 

Experimental work of the kind described by Ostrenga, 
Steinmetz, and Poulsen’? provides a means of optimizing drug 
release from a vehicle and penetration of the drug into the skin. 
This is a beginning. The formulator must proceed to develop a 
total composition in which the drug is stable and causes no 
irritation to sensitive skin areas. Safety, stability, and effective 
preservative efficacy must be combined with optimum drug 
delivery in the total formulation. 

The work of Flynn, Weiner, and others’ on the physico- 
chemical stability of topical drug-delivery systems postapplica- 
tion has facilitated the exploration of additional formulation 
factors that are crucial to the success of topical formulations. 
Flynn notes that the functionality of topical drug delivery sys- 
tems stands in stark contrast to those of transdermal drug- 
delivery systems; while both delivery systems are open systems 
kinetically due to the formulation-skin interface, they differ 
to a considerable extent thermodynamically because most 
topical formulations are left open to the air postapplication, 
while transdermal delivery systems are self-contained closed 
systems. 

One study focused on a topical delivery system for minoxidil. 
The vehicle was 60:20:20 ethanol:propylene glycol:water sys- 
tem, with just enough propylene glycol to maintain 2% minoxi- 
dil in solution, following the evaporation of the more volatile 
ethanol and water. Minoxidil fluxes across human cadaver 
skin, measured as a function of minoxidil concentration, in- 
creased as the initial concentration of drug increased, but only 
to about 3% (Fig 44-6"). At initial minoxidil concentrations 
greater than 3%, transport was disproportionately low, relative 
to initial concentration, due to early precipitation of the drug. 

Evaporation and loss of volatile formulation components 
such as water or ethanol postapplication can be expected to 
affect topical drug-delivery system composition and perfor- 

“mance. Flynn et al'* have shown that so-called nonvolatile 
excipients, eg, propylene glycol, evaporate after topical ap- 
plication. Skin permeation by excipients also may occur after 
application leading to further compositional changes in the 
applied film on the skin surface. The impact of this evapo- 
rative and absorptive loss of adjuvants increases as the 
volume of the applied formulation is reduced. As Flynn'* 
notes, “... the momentary compositions, and thus delivery 
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capabilities, of real vehicles are significantly influenced by 
the amounts applied.” 


Factors Affecting Drug Absorption 


In the foregoing it has been seen that drug release from its 
vehicle is a function of concentration, solubility in the vehicle, 
and partition coefficient between the vehicle and the receptor 
site. Percutaneous absorption of a drug also can be enhanced by 
the use of occlusive techniques or by the use of so-called pene- 
tration enhancers. 

SKIN HYDRATION AND TEMPERATURE—Occluding 
the skin with wraps or impermeable plastic film such as Saran 
Wrap prevents the loss of surface water from the skin. Since 
water is absorbed readily by the protein components of the 
skin, the occlusive wrap causes greatly increased levels of 
hydration in the stratum corneum. The concomitant swelling of 
the horny layer ostensibly decreases protein network density 
and the diffusional path length. Occlusion of the skin surface 
also increases skin temperature (~2 to 3°), resulting in in- 
creased molecular motion and skin permeation. 

Hydrocarbon bases that occlude the skin to a degree will bring 
about an increase in drug penetration. However, this effect is 
trivial compared with the effects seen with a true occlusive skin 
wrap. Occlusive techniques are useful in some clinical situations 
requiring anti-inflammatory activity, and occlusive wrappings are 
used most commonly with steroids. Since steroid activity can be 
enhanced so enormously by skin occlusion, it is possible to depress 
adrenal function unknowingly. Early in the 1960s McKenzie dem- 
onstrated that penetration of steroid could be increased 100-fold 
by use of occlusion. 

Transdermal delivery systems, with their occlusive backing, 
can effect increased percutaneous absorption as a result of 
increased skin temperature and hydration. 

In experiments with healthy volunteers wearing transder- 
mal nitroglycerin delivery systems, investigators’® showed 
that exposure of the surrounding skin area to localized heating 
or cooling could cause extensive changes in nitroglycerin bio- 
availability, presumably due to changes in regional cutaneous 
blood flow and subsequent systemic uptake (see below). 

One consequence of occlusion of the skin surface, whether by 
a transdermal delivery system or a hydrocarbon film, is that an 
aqueous film may form at the formulation-skin interface. This 
aqueous film or interphase could result in decreased transfer 
efficiency, and, in the case of a transdermal delivery system, a 
loss of adhesion. Accordingly, the suppression of perspiration 
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Minoxidil Flux 
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Figure 44-6. Minoxidil flux (<10* mg/cm*/h) through human ca- 


daver skin as a function of minoxidil concentration in the topically 
applied formulation.'* 
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could enhance vehicle-skin partitioning efficiency and drug 
permeation. 

PENETRATION _ENHANCERS—This term has been 
used to describe substances that facilitate absorption 
through the skin. While most materials have a direct effect 
on the permeability of the skin, other so-called enhancers 
(eg, polyols, such as glycerin and propylene glycol) appear to 
augment percutaneous absorption by increasing the thermo- 
dynamic activity of the penetrant, thereby increasing the 
effective escaping tendency and concentration gradient of 
the diffusing species. Penetration enhancers with a direct 
effect on skin permeability include solvents, surfactants, and 
miscellaneous chemicals such as urea and N,N-diethyl-m- 
toluamide (Table 44-3).'°17 The mechanism of action of 
these enhancers is complex since these substances also may 
increase penetrant solubility. Nonetheless, the predominant 
effect of these enhancers on the stratum corneum is either to 
increase its degree of hydration or disrupt its lipoprotein 
matrix. In either case, the net result is a decrease in resis- 
tance to penetrant diffusion. (The formulator should note 
that the inclusion of a penetration enhancer in a topical 
formulation mandates additional testing and evaluation to 
ensure the absence of enhancer-related adverse effects.) 

Foremost among the solvents that affect skin permeability 
is water. As noted above, water is a factor even for anhydrous 
transdermal delivery systems due to their occlusive nature. 
Due to its safety and efficacy, water has been described as the 
ultimate penetration enhancer. Other solvents include the clas- 
sic enhancer, dimethyl sulfoxide (DMSO), which is of limited 
utility because of its potential ocular and dermal toxicity, its 
objectionable taste and odor (a consequence of its absorption 
and subsequent biotransformation), and the need for concen- 
trations in excess of 70% to promote absorption. Analogs of 


Table 44-3. Penetration Enhancers’ 


Solvents 
Water 
Alcohols 
Methanol 
Ethanol 
2-Propanol 
Alkyl methyl! sulfoxides 
Dimethyl! sulfoxide 
Decylmethy| sulfoxide 
Tetradecylmethy! sulfoxide 
Pyrrolidones 
2-Pyrrolidone 
N-Methyl-2-pyrrolidone 
N-(2-Hydroxyethyl) pyrrolidone 
Laurocapram 
Miscellaneous solvents 
Acetone 
Dimethyl acetamide 
Dimethyl formamide 
Tetrahydrofurfuryl alcohol 
Amphiphiles 
t-a-Amino acids 
Anionic surfactants 
Cationic surfactants 
Amphoteric surfactants 
Nonionic surfactants 
Fatty acids and alcohols 
Miscellaneous 
Clofibric acid amides 
Hexamethylene lauramide 
Proteolytic enzymes 
Terpenes and sesquiterpenes 
a-Bisabolol 
d-Limonene 
Urea 
N,N-Diethyl-m-toluamide 


° Adapted from References 16 and 17. 
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Figure 44-7. Dermal clearance of 77Na in young and aged subjects 
after intradermal injection (data from Reference 19). 


DMSO such as decylmethyl sulfoxide are used currently in 
some topical formulations. In contrast with other solvents, 
laurocapram (1-dodecylazacycloheptan-2-one; Azone) has been 
shown to function effectively at low concentrations (=5%). Fur- 
thermore, Azone’s effect on skin permeability persists long 
after a single application, due apparently to its prolonged re- 
tention within the stratum corneum. 

Surfactants, long recognized for their ability to alter mem- 
brane structure and function, can have a substantial effect on 
skin permeability.'* However, given the irritation potential of 
surfactants applied chronically, their utility as penetration 
enhancers is limited. Their effect on permeability may be com- 
plicated further by surfactant-monomer aggregation to form 
micelles and the concomitant solubilization of the permeant. As 
the impact of surfactants on skin permeability of a penetrant is 
problematic, the effect of their inclusion in a formulation 
should be evaluated using appropriate in vitro and in vivo 
studies. 

STRATUM CORNEUM BARRIER EFFICACY AND 
DERMAL CLEARANCE—Even though in vitro studies of 
percutaneous transport may reflect the resistance of the skin to 
drug diffusion, there is no way such studies can characterize 
adequately the transfer of diffusing drug into the microvascu- 
lature of the dermis and its subsequent transfer into general 
circulation. 

Christophers and Kligman’® evaluated the dermal clear- 
ance of 7*Na from the midback skin of volunteers following the 
intradermal injection of 7*Na as normal saline solution. The 
dermal clearances, expressed in terms of the half-life for dis- 
appearance of radioactivity, are plotted in Figure 44-7.!9 Sim- 
ilar results were obtained with disappearance of skin fluores- 
cence after intradermal injection of sodium fluorescein. The 
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Figure 44-8. Flux of fluorescein through stratum corneum excised 
from young and aged subjects (data from Reference 19). 


data are indicative of markedly delayed dermal clearance in 
the aged. This may reflect, in part, a decrease in older subjects 
in dermal capillary loop density, a decrease in the rate and/or 
extent of dermal blood perfusion, or an increase in resistance to 
transfer into the capillaries. 

The importance of blood-flow-limited percutaneous absorp- 
tion was shown by Benowitz et al,”° who documented the effect 
of the intravenous administration of nicotine, a known cutane- 
ous vasoconstrictor, on the systemic absorption of nicotine ad- 
ministered concurrently in the form of a transdermal delivery 
system. Plasma nicotine concentrations rose less rapidly and 
reached a lower peak at a later time than when nicotine was 
applied transdermally in the absence of the intravenous nico- 
tine infusion. This raises concerns about the potential cutane- 
ous interactions between vasoconstrictors or vasodilators and 
topically applied drugs intended for a systemic effect: bioavail- 
ability could be increased or diminished as a result! The as- 
sessment of the potency of corticosteroids by corticosteroid- 
induced skin blanching, ie, vasoconstriction, lends credence to 
this issue. 

On the other hand, Christophers and Kligman’ demonstrated 
increased in vitro skin permeation by sodium fluorescein in the 
stratum corneum excised from young and old subjects (Fig 
44-81") Thus, the stratum corneum of older subjects may offer 
less resistance to the penetration of topically applied drugs. 

Given the substantial intersubject variations that occur 
in diffusional resistance and in dermal clearance, it is not 
surprising that in vivo studies of percutaneous absorption 
often demonstrate marked differences in systemic availabil- 
ity of drugs. Furthermore, the tendency to employ normal, 
healthy, young adults in such studies may not provide data 
that is indicative of drug permeation through the skin of 
older subjects or patients. 

Roskos, Maibach, and Guy”! made quantitative measure- 
ments of the percutaneous absorption of a number of 
drugs in vivo from the urinary excretion profiles of !C- 
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radiolabeled drugs in young (18 to 40 years) and old (>65 
years) subjects: while permeation of hydrocortisone, benzoic 
acid, aspirin, and caffeine was significantly lower in older 
subjects, testosterone and estradiol absorption was compa- 
rable in the two groups. Additional comprehensive studies of 
percutaneous absorption as a function of age continue to be 
warranted. 

CUTANEOUS BIOTRANSFORMATION—Catabolic en- 
zyme activity in the viable epidermis is substantial. In fact, the 
viable epidermis is metabolically more active than the dermis. 
If the topically applied drug is subject to biotransformation 
during skin permeation, local and systemic bioavailability can 
be affected markedly. Enzymatic activity in the skin, or for that 
matter in systemic fluids and tissues, can be taken advantage 
of to facilitate percutaneous absorption. Sloan and Bodor,”” for 
example, synthesized 7-acyloxymethyl derivatives of theophyl- 
line that diffuse through the skin far more efficiently than 
theophylline itself (Fig 44-9°*) but which are biotransformed 
rapidly to theophylline. Thus, theophylline delivery to systemic 
circulation can be enhanced substantially. 


Further Considerations for Transdermal 
Drug Delivery 


For a drug to qualify as a candidate for systemic delivery after 
topical application, it must satisfy requirements in addition to 
exhibiting good skin permeation. Successful candidates for 
transdermal drug delivery should be nonirritating and nonsen- 
sitizing to the skin. Since relatively little drug may reach 
systemic circulation over a relatively long time, drug candi- 
dates should be relatively potent drugs. In addition, the limi- 
tation to relatively potent drugs can ease problems of formula- 
tion, since the amount of drug that can be incorporated in the 
formulation may be limited by physicochemical considerations 
such as solubility. 

THE EVOLUTION OF TRANSDERMAL DRUG DE- 
LIVERY SYSTEMS—Conventional medicated topicals (eg, 
creams and ointments) seldom permit substantial systemic up- 
take of the drug or drugs incorporated therein. This is a conse- 
quence, in part, of the limited persistence or residence time of the 
topical formulation on the skin surface. In effect, a drug does not 
remain in contact with the absorbing surface long enough for 
sufficient drug to transfer into the skin and, ultimately, into 
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Figure 44-9. Diffusion of theophylline (I) and its derivatives through 
hairless mouse skin.** 
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systemic circulation. Furthermore, there is the concomitant prob- 
lem of the gradual depletion of drug from the region of the topical 
formulation immediately adjacent to the skin surface and the 
corresponding reduction in the concentration gradient for drug 
transfer from the topical formulation to the skin. 

The emergence of adhesive transdermal drug-delivery systems 
(TDDSs) in the early 1980s permitted skin residence times to 
increase from hours to days. The novel matrix- or reservoir-for- 
mulations employed in these TDDSs also provided for the main- 
tenance of relatively uniform concentrations of diffusible drug in 
the formulation, thereby preventing the formation of drug- 
depleted regions within the topical formulation and helping to 
ensure relatively constant drug-release rates. As noted above, 
skin occlusion by the water-impermeable backing film of TDDSs 
further facilitates TDDS systemic efficacy by increasing skin hy- 
dration and temperature with a corresponding increase in the 
rate and extent of skin permeation. The inclusion of skin-pene- 
tration enhancers in medicated topicals serves to decrease diffu- 
sional resistance and increase transport. 

Nonetheless, TDDSs have their limitations: the increased 
residence time of occlusive TDDSs on the skin surface leads to 
an increased incidence of skin maceration and adverse cutane- 
ous reactions. In addition, effective skin permeation is limited 
to relatively small (<1 kD), lipophilic drug molecules. Thus, 
alternative TDDSs are beginning to draw attention: electrically 
modulated systems and mechanical systems. 


Electrically modulated systems, or electrotransport systems, facili- 
tate drug transport by an external electrical field. Electrotransport 
mechanisms include iontophoresis, electroosmosis, or electroporation. 

Mechanically (physically) modulated systems are exemplified by 
systems employing phonophoresis or those using microneedle arrays to 
achieve transdermal drug delivery. 


_. ELECTRICALLY MODULATED DRUG DELIVERY 
THROUGH THE SKIN2*?4*—For some poorly absorbed 
(ionic) compounds, parenteral administration appears to be 
the only viable option for regional or systemic delivery, as 
chemical penetration enhancers (see Table 44-3) often do not 
function well for these compounds. Given the increased risk 
of adverse reactions associated with the use of such enhanc- 
ers, the increased evaluation of iontophoretic devices for the 
enhancement of topical drug delivery has been of great in- 
terest. Iontophoretic drug delivery implies the delivery of 
ionic drugs into the body by means of an electric current. 
While the stratum corneum forms the principal barrier 
to electrical conductivity—due, in part, to its lower water 
content—the skin also acts as a capacitor. Thus, biological 
tissues such as the skin provide for a reactive electrical 
circuit. Ionic transport through the skin in the presence of a 
uniform electric field can be described, in part, in accordance 
with the Nernst-Planck equation 
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where J, is the flux of ions across the membrane, C is the 
concentration of ions with valence z and electron charge e, 
dC/dx is the concentration gradient, E is the electric field, k is 
Boltzmann’s constant, and T is the absolute temperature. 
Thus, the ionic flux is the sum of the fluxes that arise from the 
concentration gradient and the electric field. Given the com- 
plexity of the skin’s composition, the thickness of the stratum 
corneum, and the occurrence of electroosmotic effects, the 
Nernst-Planck equation is only a first approximation of the 
overall transdermal flux of a solute. Faraday’s Law 
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further characterizes the iontophoretic flux Q/t in terms of the 
current 7 (in amperes) and its duration t (in seconds), the 
transference number parameter t;, and the Faraday constant, 


F. Additional factors that influence the rate and extent of 
iontophoretic delivery thraugh the skin include pH and ionic 
strength of the drug solution. 

Although iontophoretic techniques have been shown to in- 
crease percutaneous absorption of ionizable or ionic drugs (in- 
cluding lidocaine, salicylates, and peptides and proteins such 
as insulin) markedly, the clinical safety and efficacy of drug- 
delivery systems employing iontophoretic technology have yet 
to be evaluated fully. 

Problematic aspects of electrotransport include cutaneous 
irritation or erythema and the effect of the electrical field on 
the integrity and stability of the formulation. Electrically 
induced alterations in the formulation generally arise as a 
result of iontophoresis (due to the increased flux of ions) or 
electroosmosis (due to the electrically induced convective 
transport of water molecules and associated electrically neu- 
tral solutes).2° The use of pulsed or intermittent current 
electrotransport systems has been suggested as an alterna- 
tive to continuous current systems. Electroporation—the use 
of pulsed electrical current to provoke the transient forma- 
tion of pores in biomembranes—also has been suggested as 
an alternative, or complement, to iontophoresis. In any 
event, the potential of electrically modulated drug-delivery 
systems for the effective transdermal delivery of large, polar 
or ionic molecules (eg, proteins or peptides) warrants contin- 
ued research in this field. 

_MECHANICALLY MODULATED DRUG DELIVERY— 


—Phonophoresis, or sonophoresis, is defined as the movement of 


drug molecules through the skin under the influence of ultra- 
sound. In general, ultrasound frequencies between 20 kHz and 
10 MHz at intensities <3 W/cm? have been used with varying 
degrees of effectiveness, although low-intensity, high- 
frequency (10 or 16 MHz) ultrasound has been observed to 
increase transdermal drug flux and decrease percutaneous dif- 
fusional lag times.’ Various thermal and nonthermal changes 
have been implicated to explain phonophoretically induced in- 
creases in drug transport through the skin. Although the effect 
of temperature increases on molecular diffusivity and flux is 
clear, nonthermal effects of ultrasound (eg, cavitation) are less 
clear. Ultrasound-induced cavitation (ie, the generation and 
oscillation of gas bubbles) in the stratum corneum apparently 
affects solute transport in the aqueous regions of the stratum 
corneum. Evidence for this is the lack of correlation between 
phonophoretic permeability and permeant lipophilicity. 

Silicon microneedle arrays”® have been proposed recently as 
painless adjuncts to transdermal delivery systems. The 150-um 
long needles (Fig 44-10) can penetrate the stratum corneum, 
thereby facilitating drug access to the living epidermis and 
dermis and ultimately to systemic circulation. The needles— 
prepared by reactive ion etching microfabrication techniques 
originally developed for integrated circuits—leave holes about 
1 wm in diameter when removed from the skin. 
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Figure 44-10. Electron micrograph of a microneedle array for trans- 
dermal drug delivery (courtesy, Georgia Inst of Technol; ©Georgia 
Tech Res Corp). 


Ointments are semisolid preparations intended for external 
application to the skin or mucous membranes; usually, but not 
always, they contain medicinal substances. The types of oint- 
ment bases used as vehicles for drugs are selected or designed 
for optimum delivery of the drugs and also to contribute emol- 
liency or other quasi-medicinal qualities. Ointment properties 
vary, since they are designed for specific uses, ease of applica- 
tion, or extent of application. 

The official definition of ointment in its present form was 
introduced in the USP XV in 1955. The definition is broad and 
encompasses petrolatum, ie, oleaginous bases, emulsion 
bases—either water-in-oil (W/O) or oil-in-water (O/W)—and 
the so-called water-soluble bases. 

In unofficial terms, oleaginous bases are described as 
ointments, but emulsion bases may be termed creams or 
lotions. Either of these containing large amounts of solids is 
termed a paste. All of these subclasses are defined officially 
as ointments. 

Pharmaceutical authors have a penchant for defining ideal 
preparations, eg, the ideal base, the ideal vehicle, and so on. In 
practice, of course, there is no such thing. An individual cannot 
be all things to all people; neither can an ointment base be ideal 
for all drugs, all situations, or all skins, for that matter. An 
ointment base functioning as a drug vehicle should be opti- 
mized for a specific drug and, insofar as possible, for specific 
disease states or skin conditions. 

It is, of course, possible to define certain specific require- 
ments for an ointment base to be used for extemporaneous 
compounding. Such a base should be nonirritating, easily re- 
movable, nonstaining, stable, non-pH-dependent, and widely 
compatible with a variety of medicaments. When one adds the 
stipulation that the base must release the same variety of 
medicaments, the implausibility of such definitions becomes 
evident. 


Classification and Properties 
of Ointment Bases 


The USP recognizes four general classes of ointment bases, 
hereunder categorized into five classes for the purpose of indi- 
cating more definitively some differences in the principal prop- 
erties of the bases. 


HYDROCARBON BASES (OLEAGINOUS) 
Example: White Petrolatum, White Ointment 


Emollient 

Occlusive 
Non-water-washable 
Hydrophobic 

Greasy 


Ce te 


ABSORPTION BASES (ANHYDROUS) 
Examples: Hydrophilic Petrolatum; Anhydrous Lanolin 


Emollient 
Occlusive 
Absorb water 
Anhydrous 
Greasy 


OEP SOLES 


ABSORPTION BASES (W/O TYPE) 
Examples: Lanolin, Cold Cream 


Emollient 

Occlusive 

Contain water 

Some absorb additional water 
Greasy 


CR Cosa 
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WATER-REMOVABLE BASES (O/W TYPE) 
Example: Hydrophilic Ointment 

1. Water-washable 

2. Nongreasy 

3. Can be diluted with water 

4. Nonocclusive 


WATER-SOLUBLE BASES 
Example: Polyethylene Glycol Ointment 


1. Usually anhydrous 

2. Water-soluble and washable 
3. Nongreasy 

4. Nonocclusive 

5. Lipid-free 


The selection of the optimum vehicle from the classification 
above may require compromises so often encountered in drug 
formulation. For example, stability or drug activity might be 
superior in a hydrocarbon base; however, acceptability is di- 
minished because of the greasy nature of the base. The water 
solubility of the polyethylene glycol bases may be attractive, 
but the glycol(s) may be irritating to traumatized tissue. Drug 
activity and percutaneous absorption may be superior when 
using a hydrocarbon base; however, it may be prudent to min- 
imize percutaneous absorption by the use of a less occlusive 
base. 


OINTMENT BASES 


‘Hydrocarbon Bases 


Hydrocarbon bases are usually petrolatum per se or petrolatum 
modified by waxes or liquid petrolatum to change viscosity 
characteristics. Liquid petrolatum gelled by the addition of a 
polyethylene resin also is considered a hydrocarbon ointment 
base, albeit one with unusual viscosity characteristics. 

Hydrocarbon ointment bases are classified as oleaginous 
bases along with bases prepared from vegetable fixed oils or 
animal fats. Bases of this type include lard, benzoinated lard, 
olive oil, cottonseed oil, and other oils. Such bases are emollient 
but generally require addition of antioxidants and other pre- 
servatives. They are now largely of historic interest. 

Petrolatum USP is a tasteless, odorless, unctuous material 
with a melting range of 38 to 60°; its color ranges from amber 
to white (when decolorized). Petrolatum often is used exter- 
nally, without modification or added medication, for its emol- 
hent qualities. 

Petrolatum used as an ointment base has a high degree of 
compatibility with a variety of medicaments. Bases of this type 
are occlusive and nearly anhydrous and thus provide optimum 
stability for medicaments such as antibiotics. The wide melting 
range permits some latitude in vehicle selection, and the USP 
permits addition of waxy materials as an aid in minimizing 
temperature effects. 

Hydrocarbon bases, being occlusive, increase skin hydration 
by reducing the rate of loss of surface water. Bases of this kind 
may be used solely for such a skin-moisturizing effect, eg, white 
petroleum jelly as noted above. Skin hydration on the other 
hand may increase drug activity. Studies have indicated that 
steroids have increased activity, as measured by vasoconstric- 
tor effects, when applied to the skin in a hydrocarbon vehicle. 
Stoughton consistently found the same steroid more active 
when applied in a petrolatum vehicle than when applied in a 
cream (ie, O/W emulsion) vehicle. 
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A gelled mineral oil vehicle represents a unique addition to 
this class of bases that comprises refined natural products. 
Liquid petrolatum may be gelled by addition of a polyethylene. 
When approximately 5% of low-density polyethylene is added, 
the mixture heated and then shock-cooled, a soft, unctuous, 
colorless material resembling white petrolatum is produced. 
The mass maintains unchanged consistency over a wide tem- 
perature range. It neither hardens at low temperatures nor 
melts at reasonably high temperatures. Its useful working 
range is between —15° and 60°. Excessive heat, ie, above 90°, 
will destroy the gel structure. 

On the basis of in vitro studies, drugs may be released faster 
from the gelled mineral oil vehicle than from conventional 
petrolatum. This quicker release has been attributed to easier 
migration of drug particulates through a vehicle that is essen- 
tially a liquid than through petrolatum. 

Despite the advantages hydrocarbon or oleaginous vehicles 
provide in terms of stability and emolliency, such bases have 
the considerable disadvantage of greasiness. The greasy or oily 
material may stain clothing and is difficult to remove. In terms 
of patient acceptance, hydrocarbon bases, ie, ointments, rank 
well below emulsion bases such as creams and lotions. 


Absorption Bases~ 


Absorption bases are hydrophilic, anhydrous materials or hy- 
drous bases that have the ability to absorb additional water. 
The former are anhydrous bases, which absorb water to become 
W/O emulsions; the latter are W/O emulsions, which have the 
ability to absorb additional water. The word absorption in this 
connotation refers only to the ability of the base to absorb 
water. Both types of base are exemplified by Anhydrous Lano- 
lin and Lanolin. The former is converted to the latter by the 
addition of 30% water. The latter in turn will absorb additional 
amounts of water. 

Hydrophilic Petrolatum USP is an anhydrous absorption 
base. The W/O emulsifying property is conferred by the 
inclusion of cholesterol. This composition is a modification of 
the original formulation, which contained anhydrous lano- 
lin. The lanolin was deleted because of reports of allergy; 
cholesterol was added. Inclusion of stearyl alcohol and wax 
adds to the physical characteristics, particularly firmness 
and heat stability. 


HYDROPHILIC PETROLATUM USP 


Cholesterol 30 g 
Stearyl Alcohol 30 g 
White Wax 80 g 
White Petrolatum 860 g 

To make 1000 g 


Melt the stearyl alcohol and white wax together on a steam bath, then 
add the cholesterol and stir until it completely dissolves. Add the white 
petrolatum and mix. Remove from the bath, and stir until the mixture 
congeals. 


Lanolin is a complex mixture of substances. Its ability to absorb 
water is probably a characteristic of the material rather than a 
single component. The chemistry of lanolin has been studied in 
detail. Such studies have resulted in the introduction of a large 
variety of lanolin derivatives and separated fractions. Avail- 
able now are lanolin alcohols, dewaxed lanolins, acetylated 
lanolins, ethoxylated lanolins, hydrogenated lanolins, lanolin 
esters, and other products. Most of these derivatives have been 
produced for specific purposes, such as improved emulsification 
characteristics or to reduce allergic reactivity. 

The specific compounds responsible for lanolin allergy re- 
main unknown; however, the greater portion of lanolin aller- 
gens resides in the wool wax alcohols fraction. Thus, fractional 
separation to obtain, for example, the so-called liquid lanolins 
substantially reduces the incidence of allergic reactions. Given 


the plethora of lanolin fractions, derivatives, modifications, and 
levels of purity, it is quite. possible, even likely, that lanolin- 
sensitive individuals can tolerate specific lanolin products. 
Absorption bases, particularly the emulsion bases, impart 
excellent emolliency and a degree of occlusiveness on applica- 
tion. The anhydrous types can be used when the presence of 
water would cause stability problems with specific drug sub- 
stances, eg, antibiotics. Absorption bases also are greasy when 
applied and are difficult to remove. Both of these properties 
are, however, less obvious than with hydrocarbon bases. 
Commercially available absorption bases include Aquaphor 
(Beiersdorf) and Polysorb (Fougera). Nivea Cream (Beiersdorf) 
is a hydrated emollient base. Absorption bases, either hydrous 
or anhydrous, are seldom used as vehicles for commercial drug 
products. The W/O emulsion system is more difficult to deal 
with than the more conventional O/W systems, and there is, of 
course, reduced patient acceptance because of greasiness. 


Water-Removable Bases __ 


Water-washable bases or emulsion bases, commonly referred to 
as creams, represent the most commonly used type of ointment 
base. By far the majority of commercial dermatologic drug 
products are formulated in an emulsion or cream base. Emul- 
sion bases are washable and removed easily from skin or cloth- 
ing. Emulsion bases can be diluted with water, although such 
additions are uncommon. 

As a result of advances in synthetic cosmetic chemistry the 
formulator of an emulsion base can be faced with a bewildering 
variety of selections. Fortunately, the emulsion base can be 
subdivided into three component parts, designated as the oil 
phase, the emulsifier, and the aqueous phase. The medicinal 
agent may be included in one of these phases or added to the 
formed emulsion. 

The oil phase, sometimes called the internal phase, is typi- 
cally made up of petrolatum and/or liquid petrolatum together 
with one or more of the higher-molecular-weight alcohols, such 
as cetyl or stearyl alcohol. Stearic acid may be included if the 
emulsion is to be based on a soap formed in situ, eg, trietha- 
nolamine stearate. A calculated excess of stearic acid in such a 
formulation will produce a pearlescent appearance in the fin- 
ished product. 

For drug-delivery vehicles, simplified systems are in order 
to minimize component interactions, either physical or chemi- 
cal, and, of course, to minimize cost. Hydrophilic Ointment 
USP is a typical emulsion base. The composition is as follows: 


HYDROPHILIC OINTMENT USP 


Methylparaben 0.25 g 
Propylparaben 0.15 g 
Sodium Lauryl Sulfate 10g 
Propylene Glycol 120 g 
Stearyl Alcohol 250 g 
White Petrolatum 250 g 
Purified Water 370 g 
To make about 1000 g 


Melt the stearyl alcohol and the white petrolatum on a steam bath, and 
warm to about 75°. Add the other ingredients, previously dissolved in 
the water and warmed to 75°, and stir the mixture until it congeals. 


Stearyl alcohol and petrolatum constitute an oil phase with the 
proper smoothness and comfort for the skin. Stearyl alcohol 
also serves as an adjuvant emulsifier. Petrolatum in the oil 
phase also contributes to the water-holding ability of the over- 
all formulation. 

A glance at the cosmetic literature and such volumes as the 
Cosmetic, Toiletry and Fragrance Association’s International 
Cosmetic Ingredient Dictionary impresses one with the enor- 
mous number and variety of emulsion-base components, par- 
ticularly oil-phase components. Many of these substances im- 


part subtle but distinct characteristics to cosmetic emulsion 
systems. While desirable, many of these characteristics are not 
really necessary in drug dosage forms and delivery systems. 

The aqueous phase of an emulsion base usually, but not 
always, exceeds the oil phase in volume. The aqueous phase 
contains the preservative materials, the emulsifier or a part of 
the emulsifier system, and humectant. The last is usually glyc- 
erin, propylene glycol, or a polyethylene glycol. The humectant 
normally is included to minimize water loss in the finished 
composition. Humectants also add to overall physical product 
acceptability. 

The aqueous phase contains the preservative(s) that are 
included to control microbial growth. Preservatives in emulsion 
bases usually include one or more of the following: methylpara- 
ben and propylparaben, benzyl alcohol, sorbic acid, or quater- 
nary ammonium compounds. Propylene glycol in sufficient con- 
centration also can function as a preservative. The general 
subject of preservatives and preservation is discussed else- 
where in this chapter. 

The aqueous phase also contains the water-soluble compo- 
nents of the emulsion system, together with any additional 
stabilizers, antioxidants, buffers, etc that may be necessary for 
stability, pH control, or other considerations associated with 
aqueous systems. 

The emulsifier or emulsifier system in a cream formulation 
is a major consideration. The emulsifier may be nonionic, an- 
ionic, cationic, or amphoteric. 

ANIONIC EMULSIFIERS—Sodium lauryl sulfate, the 
emulsifier in Hydrophilic Ointment USP, is typical of this class. 
The active portion of the emulsifier is the anion (lauryl sulfate 
ion). Similar anionic emulsifiers include soaps such as trieth- 
anolamine stearate. Soaps, of course, are alkaline and, hence, 
incompatible with acids. 

Sodium lauryl sulfate and other anionic surfactants of its 
type are more acid-stable and permit adjustment of the emul- 
sion pH to the desirable acid range of 4.5 to 6.5. As anionic 
emulsifiers are incompatible with cations, the overall product 
composition must be kept in mind. 

Depending on the chemical type and concentration, anionic 
surfactants may be irritating in certain situations. It has been 
reported that percutaneous absorption of certain drugs, nota- 
bly steroids, may be enhanced by the use of anionic compounds 
such as sodium lauryl sulfate. 

CATIONIC EMULSIFIERS—Cationic compounds are 
highly surface-active but are used infrequently as emulsifiers. 
The cation portion of the molecule is generally a quaternary 
ammonium salt including (usually) a fatty acid derivative, eg, 
dilauryldimethylammonium chloride. Cationics may be irritat- 
ing to the skin and eyes, and they have a considerable range of 
incompatibilities, including anionic materials. 

_NONIONIC EMULSIFIERS—Nonionic emulsifiers show 
no tendency to ionize in solution. This advantage results in 
excellent pH and electrolyte compatibility in such emulsions. 
Nonionic emulsifiers range from lipophilic to hydrophilic. The 
usual emulsifier system may include both a lipophilic and 
hydrophilic member to produce a_ so-called hydrophilic- 
lipophilic balance (or HLB). 

Many nonionic surfactants are the result of condensation of 
ethylene oxide groups with a long-chain hydrophobic com- 
pound. The hydrophilic characteristics of the condensation 
product are controlled by the number of (usually) oxyethylene 
groups (—OCH.CH.—). Examples of nonionic surfactants are 
given in Table 44-4.?" 

Emulsions containing nonionic emulsifiers usually are pre- 
pared by dissolving or dispersing the lipophilic component in 
the oil phase and the hydrophilic component in the aqueous 
phase. The two phases then are heated separately and com- 
bined as described in Chapter 39. The nonionic emulsifier con- 
tent of an emulsion may total as much as 10% of the total 
weight or volume. Emulsions based on nonionic emulsifiers are 
generally low in irritation potential, are stable, and have ex- 
cellent compatibility characteristics. 
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Table 44-4. Nonionic Emulsifiers27 
SS aT 


TYPE EXAMPLES 

Polyoxyethylene fatty alcohol Polyoxyethylene lauryl alcohol 
ethers 

Polyoxypropylene fatty alcohol Propoxylated oleyl! alcohol 
ethers 

Polyoxyethylene fatty acid Polyoxyethylene stearate 
esters 

Polyoxyethylene sorbitan fatty Polyoxyethylene sorbitan 
acid esters monostearate 


Sorbitan monostearate 
Polyoxyethylene glycol 
monostearate 
Glyceryl monostearate 
Propylene glycol 
monostearate 
Ethyoxylated lanolins 
Ethoxylated cholesterol 


Sorbitan fatty acid esters 

Polyoxyethylene glycol fatty 
acid esters 

Polyol fatty acid esters 


Ethoxylated lanolin derivatives 


Soaps and detergents, ie, emulsifiers, have, overall, a dam- 
aging effect on the skin. Both anionic and cationic surfactants 
can cause damage to the stratum corneum in direct proportion 
to concentration and duration of contact. Nonionic surfactants 
appear to have much less effect on the stratum corneum. 

After the proper selection of ingredients the emulsion base 
is formed by heat and agitation. The oil phase is melted and 
heated to 75° in a container equipped with a variable-speed 
agitator. The aqueous phase with the emulsifier added is 
placed in a second container, components are dissolved, and the 
whole is heated to 75° or slightly higher. The aqueous phase 
then is added slowly with continuous stirring to the oil phase. 
The first addition should be carried out slowly but continuously 
with thorough but careful agitation; ie, the emulsion should not 
be agitated at a rate that incorporates excess air. Progressively 
slower stirring should be continued during addition of the 
aqueous phase and until the temperature reaches about 30°. 
Medicinal agents usually are added after the emulsion has 
formed and much of the aqueous phase has been added. Drug 
substances frequently are added as dispersed concentrates in 
aqueous suspension. Colors and dyes often are added in the 
same manner as concentrates. Colors sometimes are employed 
to distinguish different concentrations of the same drug prod- 
uct. Fragrances, if any, are added after the formed emulsion 
has cooled to about 35°. 


Water-Soluble Bases 


Soluble ointment bases, as the name implies, are made up of 
soluble components or may include gelled aqueous solutions. 
The latter often are referred to as gels, and in recent years have 
been formulated specifically to maximize drug availability. 

Major components, and in some instances the only compo- 
nents, of water-soluble bases are the polyethylene glycols. 
These are liquids or waxy solids identified by numbers that are 
an approximate indication of molecular weight. Polyethylene 
glycol 400 is a liquid superficially similar to propylene glycol, 
while polyethylene glycol 4000 is a waxy solid. 

Polyethylene glycols have the general chemical formula 


HOCH, (CH,OCH,),CH,OH 


They are nonvolatile, water-soluble or water-miscible com- 
pounds and chemically inert, varying in molecular weight from 
several hundred to several thousand. Patch tests have shown 
that these compounds are innocuous, and continuous use has 
confirmed their lack of irritation. 

Polyethylene glycols of interest as vehicles include the 1500, 
1600, 4000, and 6000 products, ranging from soft, waxy solids 
(polyethylene glycol 1500 is similar to petrolatum) to hard 
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waxes. Polyethylene glycol 6000 is a hard wax-like material 
melting at 58° to 62°; it is nonhygroscopic. 

Polyethylene glycols, particularly 1500, can be used as a 
vehicle per se; however, better results often are obtained by 
using blends of high- and low-molecular-weight glycols, as in 
Polyethylene Glycol Ointment NF. 


POLYETHYLENE GLYCOL OINTMENT NF 


Polyethylene Glycol 3350 
Polyethylene Glycol 400 


400 g 
600 g 


Heat the two ingredients on a water bath to 65. Allow to cool and stir 
until congealed. If a firmer preparation is desired, replace up to 100 g of 
the polyethylene glycol 400 with an equal amount of polyethylene glycol 
3350. 

Note—If 6 to 25% of an aqueous solution is to be incorporated in 
polyethylene glycol ointment, replace 50 g of the polyethylene glycol 
3350 with an equal amount of stearyl alcohol. 


The water-solubility of polyethylene glycol vehicles does not 
ensure availability of drugs contained in the vehicle. As hy- 
drated stratum corneum is an important factor in drug pene- 
tration, the use of polyethylene glycol vehicles, which are an- 
hydrous and nonocclusive, actually may hinder percutaneous 
absorption due to dehydration of the stratum corneum. 

Aqueous gel vehicles containing water, propylene, and/or 
polyethylene glycol and gelled with a carbomer or a cellulose 
derivative also are classed as water-soluble bases. Bases of this 
kind, sometimes referred to as gels, may be formulated to 
optimize delivery of a drug, particularly steroids. In such a 
preparation propylene glycol is used as a steroid solvent as well 
as an antimicrobial or preservative. 

Gelling agents used in these preparations may be nonionic or 
anionic. Nonionics include cellulose derivatives, such as methyl- 
cellulose or hydroxypropyl methylcellulose. These derivatives 
form gels when dissolved in water but also exhibit the character- 
istic of reverse solubility. The celluloses are wetted, ie, dispersed 
in hot water, and then cooled to effect solution. Sodium carboxy- 
methylcellulose is an ionic form of cellulose gelling agent. It is 
conventionally soluble and not heat-insoluble. 

Carbomers are the USP designation for various polymeric 
acids that are dispersible but insoluble in water. When the acid 
dispersion is neutralized with a base a clear, stable gel is 
formed. Carbomer 934P is physiologically inert and is not a 
primary irritant or sensitizer. Other carbomers for which 
monographs appear in the USP include carbomers 910, 940, 
941, and 1342. 

Another gelling agent is colloidal magnesium aluminum 
silicate (Veegum). It is an inorganic emulsifier and suspending 
agent, as well as a gelling agent. Veegum dispersions are 
compatible with alcohols (20 to 30%), acetone, and glycols. It 
frequently is employed as a gel stabilizer rather than as the 
sole gelling agent. 

Sodium alginate and the propylene glycol ester of alginic 
acid (Kelcoloid) also are satisfactory gelling agents. Sodium 
alginate is a hydrophilic colloid that functions satisfactorily 
between pH 4.5 and 10; addition of calcium ions will gel fluid 
solutions of sodium alginate. 


PREPARATION 


Ointment preparation or manufacture depends on the type of 
vehicle and the quantity to be prepared. The objective is the 
same, ie, to disperse uniformly throughout the vehicle a finely 
subdivided or dissolved drug substance(s) (Fig 44-11). Nor- 
mally, the drug materials are in finely powdered form before 
being dispersed in the vehicle. 


Figure 44-11. Pilot scale ointment manufacture (courtesy, Alcon). 


Incorporation by Levigation 


The preparation of small quantities of ointment by the phar- 
macist, ie, 1 to several oz, can be accomplished by using a 
spatula and an ointment tile (either porcelain or glass). The 
finely powdered drug material is levigated thoroughly with a 
small quantity of the base to form a concentrate. The concen- 
trate then is diluted geometrically with the remainder of the 
base. Such a procedure is useful particularly with petrolatum 
or oleaginous bases. 

If the drug substance is water-soluble it can be dissolved in 
water and the resulting solution incorporated into the vehicle 
by use of a small quantity of lanolin if the base is oleaginous. 
Generally speaking, an amount of anhydrous lanolin equal in 
volume to the amount of water used will suffice. 

When ointments are made by incorporation in quantities too 
large to be handled with a tile and spatula, mechanical mixers 
are used. Hobart mixers, pony mixers, and others of the type 
usually are used for this purpose. The drug substance in finely 
divided form usually is added slowly or sifted into the vehicle 
contained in the rotating mixer. When the ointment is uniform, 
the finished product may be processed through a roller mill to 
ensure complete dispersion and reduce any aggregates. 

This procedure may be modified by preparing and milling a 
concentrate of the drug in a portion of the base. The concen- 
trate then is dispersed in the balance of the vehicle, using a 
mixer of appropriate size. Occasionally, the base may be melted 
for easier handling and dispersing. In such cases the drug is 
dispersed and the base slowly cooled, using continuous agita- 
tion to maintain dispersion. 


Table 44-5. Topical Preservatives: Benefits and Risks22 
PRESERVATIVES 
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LIMITATIONS RELATIVE TO USE IN COSMETIC/DERMATOLOGIC FORMULATIONS 


Quaternary ammonium compounds 
Organic mercurial compounds 


a) Inactivated by numerous ingredients including anionics, nonionics and proteins 
a) Potentially toxic and many sensitize the skin 


b) Limited use in formulations used near or in the eye 


Formaldehyde 


a) Volatile compound with an objectionable odor 


b) Irritating to the skin 
©) High chemical reactivity 


Halogenated phenols 
hexachlorophene, p-chloro-m-cresol (PCMC) 
p-chloro-m-xylenol (PCMX) 
dichloro-m-xylenol (DCMX) 

Sorbic acid 
potassium sorbate 


a) Objectionable odor 
b) Often inactivated by nonionics, anionics or proteins 
c) Limited gram-negative antibacterial activity 


a) pH-dependent (can be used only in formulations below the pH of 6.5 to 7.0) 
b) Higher concentrations are oxidized by sunlight resulting in product discoloration 


c) Limited antibacterial activity 


Benzoic acid 
sodium benzoate 


a) pH-dependent (limited to use in formulations with pH of 5.5 or less) 
b) Replaced by newer antimicrobials because of its limited antimicrobial activity 


Emulsion Products 


Medicated creams and lotions are prepared by means of a 
two-phase heat system. The oil-phase ingredients are combined 
in ajacketed tank and heated to about 75°. At this temperature 
the oil-phase ingredients are liquefied and uniform. In a sepa- 
rate tank the aqueous-phase ingredients, including the emul- 
sifier, are heated together to slightly above 75°. The aqueous 
phase then is added to the oil phase, slowly and with constant 
agitation. When the emulsion is formed the mixture is allowed 
to cool, maintaining slow agitation. 

At this stage in the process the medicinal ingredients usu- 
ally are added as a concentrated slurry, which usually has been 
milled to reduce any particle aggregates. Volatile or aromatic 
materials generally are added when the finished emulsion has 
cooled to about 35°. At this point additional water may be 
added to compensate for any evaporative losses occurring dur- 
ing exposure and transfer at the higher temperatures of emul- 
sion formation. 

While the product remains in the tank in bulk, quality- 
control procedures are performed, ie, for pH, active ingredients, 
etc. If control results are satisfactory the product is filled into 
the appropriate containers. 


Preservatives in Ointment Bases 


Antimicrobial preservative substances are included in oint- 
ment formulations to maintain the potency and integrity of 
product forms and to protect the health and safety of the 
consumer. The USP addresses this subject in its monograph 
Microbiological Attributes of Non-Sterile Pharmaceutical Prod- 
ucts. The significance of microorganisms in nonsterile products 
should be evaluated in terms of the use of the product, the 
nature of the product, and the potential hazard to the user. The 
USP suggests that products applied topically should be free 
from P aeruginosa and S aureus. 

The attributes of an ideal preservative system have been 
defined by various authors as 


Effective at relatively low concentrations against a broad spectrum 
or variety of microorganisms that could cause disease or product 
deterioration. 

Soluble in the required concentration. 

Nontoxic and nonsensitizing at in-use concentrations. 

Compatible with ingredients of the formulation and package 
components. 

Free from objectionable odors and colors. 

Stable over a wide spectrum of conditions. 

Inexpensive. 


No preservative or preservative system meets these ideal cri- 
teria. In fact, preservative substances once considered most 


acceptable, if not ideal, now have been questioned. Methylpara- 
ben and propylparaben, second and third only to water in 
frequency of use in cosmetic formulations, have been associated 
with allergic reactions. 

Use of parabens as preservatives in topical products began 
a half-century ago. Animal testing indicated that they virtually 
are nontoxic and the compounds, usually in combination, be- 
came nearly ubiquitous as preservatives in dermatologic and 
cosmetic products. In 1968 Schorr was among the first in this 
country to express concern about contact sensitization to para- 
bens. Other investigators have voiced similar concerns. 

Topical parabens do not appear to constitute a significant 
hazard to the public based on their low index of sensitization 
and low overall toxicity. 

Alternative preservation substances available for use in 
ointment bases, together with comments on possible limita- 
tions, are given in Table 44-5.7° It is probably sensible to note 
that with few exceptions, most of these compounds—in contrast 
to the parabens—do not have a half-century history of use nor 
have had extensive patch-testing experiments carried out. 

Following selection of preservative candidates and prepara- 
tion of product prototypes, the efficacy of the preservative sys- 
tem must be evaluated. A variety of methods to accomplish this 
have been proposed. The organism challenge procedure is cur- 
rently the most acceptable. In this procedure the test-product 
formulation is inoculated with specific levels and types of mi- 
croorganisms. Preservative efficacy is evaluated on the basis of 
the number of organisms killed or whose growth is inhibited as 
determined during a specific sampling schedule. Critical to the 
organism challenge procedure are the selection of challenge 
microorganisms, the level of organisms in the inoculum, the 
sampling schedule, and data interpretation. 

Variations of the organism challenge procedure have usually 
centered around the selection of organisms, the challenge sched- 
ule, use of a rechallenge, and standards of effectiveness, ie, cidal 
activity required rather than static or inhibitory activity. 

Table 44-6 gives the challenge organisms and other criteria 
used in several preservative challenge procedures. 

In addition to efficacy in terms of antimicrobial effects, the 
preservative system must be assessed in terms of chemical and 
physical stability as a function of time. This often is done using 
antimicrobial measurements in addition to chemical analysis. 


SAFETY, SAFETY TESTING, AND TOXICITY 
eS SS ONC SR Le 


Safety is defined as the condition of being safe from undergoing 
(or causing) injury. Safety is not absolute but must be taken in 
the context of conditions of use. Toxicity refers to a specific 
substance or product and the adverse effect on a system caused 
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Table 44-6. Preservative Effectiveness Test Procedures 


USP CTFA FDA 
Challenge S aureus S aureus S aureus 
microorganisms E coli E coli E coli 
P aeruginosa P aeruginosa P aeruginosa 
C albicans C albicans P putida 
A niger A niger P multivorans 
P luteum Klebsiella 
B cereus or B subtilis var globigii S marcescens 
C albicans 
A niger 


Inoculum level 1X 10°-1 x 10° cells/mL or g 


Sampling schedule 0, 7, 14, 21, 28 days 


Standards Bacteria <0.1% survival by 14th 
day 

Yeast & molds at or below initial 
concentration during first 14 
days 

No increase in organism counts for 
remainder of 28-day survival 


1 X 10° cells/mL or g 


0, 1-2, 7, 14, 28 days 


Based on intended use 


0.8-1.2 < 10° cells/mL or g 
Rechallenge 1-2.0 x 10° 
vegetative cells 
Weekly intervals 


Vegetative cells <0.01% survival in 
28 days 

C albicans <1% survival 

A niger <1% survival 


Rechallenge 0.1% survival in 28 days 


by such a substance or product acting for a given period of time 
at a specific dose level. 

Ointment bases may cause irritant or allergic reactions. 
Allergic reactions are usually due to a specific base component. 
Irritant reactions are more frequent and more important, 
hence a number of test procedures have been devised to test for 
irritancy levels, both in the animal and in man. The conse- 
quences of species differences and specificity must be included 
in the evaluation of animal-test results. 

Probably the most common irritancy measure is the Draize 
dermal irritation test in rabbits. In this procedure the test 
material is applied repeatedly to the clipped skin on the rab- 
bit’s back. The test material may be compared with one or more 
control materials. 

Endpoints are dermal erythema and/or edema. By assigning 
numerical scores for erythema and edema, mathematical and 
statistical treatment of results is possible. 

In the human, a variety of test procedures are used to 
measure irritancy, sensitization potential, and phototoxicity. 
Among the most common are the following: 


21-DAY CUMULATIVE IRRITATION STUDY 

In this test the test compound is applied daily to the same site on the 
back or volar forearm. Test materials are applied under occlusive tape, 
and scores are read daily. The test application and scoring are repeated 
daily for 21 days or until irritation produces a predetermined maximum 
score. Typical erythema scores are 


0 = no visible reaction 

1 = mild erythema 

2 = intense erythema 

3 = intense erythema with edema 

4 = intense erythema with edema and vesicular erosion. 


Usually, 24 subjects are used in this test. Fewer subjects and a shorter 
application time in days are variants of the test. 


DRAIZE-SHELANSKI REPEAT-INSULT PATCH TEST 

This test is designed to measure the potential to cause sensitization. 
The test also provides a measure of irritancy potential. In the usual 
procedure the test material or a suitable dilution is applied under 
occlusion to the same site for 10 alternate-day 24-hr periods. Following 
a 7-day rest period the test material is applied again to a fresh site for 
24 hr. The challenge sites are read on removal of the patch and again 
24 hr later. The 0—4 erythema scale is used. A test panel of 100 
individuals is common. 


KLIGMAN MAXIMIZATION TEST 

This test is used to detect the contact sensitizing potential of a product 
or material. The test material is applied under occlusion to the same 
site for 48-hr periods. Prior to each exposure the site may be pretreated 
with a solution of sodium lauryl sulfate under occlusion. Following a 


10-day interval the test material again is applied to a different site for 
48 hr under occlusion. The challenge site may be treated briefly with a 
sodium lauryl sulfate solution. 

The Maximization test is of shorter duration and makes use of fewer 
test subjects than the Draize-Shelanski test. The use of sodium lauryl 
sulfate as a pretreatment increases the ability to detect weaker allergens. 


These test methods are adequate to detect even weak irritants 
and weak contact sensitizers. Positive results, however, do not 
automatically disqualify the use of a substance as unsafe. The 
actual risk of use depends on concentration, period of use, and 
skin condition. Benzoyl peroxide in tests such as the Draize- 
Shelanski and Maximization is a potent sensitizer, yet the 
incidence of sensitization among acne patients is low. 


PACKAGING AND LABELING 


Ointments usually are packaged in ointment jars or in metal or 
plastic tubes of a convenient size. Ointment jars are available 
in one-half to 16-0z sizes; tubes, from 3.5-g capacity (often 
ophthalmic) to 4-oz and on occasion greater capacities. 
OINTMENT JARS—Straight-sided screwcap jars of glass 
or plastic are available. Clear, amber, or opaque glass contain- 
ers are used, as well as white, opaque, plastic, usually high- 
density polyethylene, jars. Metal or composition plastic tops 
are available, with a variety of inner liners to ensure a dust- 
and air-tight closure. Liners are usually paper or plastic lam- 
inates or discs glued or otherwise fitted to the closure. 
Ointment jars are filled mechanically to somewhat less than 
capacity to minimize contact between the ointment and the cap 
or cap-liner. Ointment jars hand-filled by the pharmacist also 
should be finished to avoid contact between the ointment and 
cap. This can be accomplished quite readily by skillful use of a 
flexible spatula. The spatula is forced across the ointment jar 
while depressed slightly into the ointment. The result is a 
conical depression that is esthetically acceptable. Much of the 
same result can be accomplished by depressing the spatula into 
the center of the filled jar and gradually rotating the jar against 
the stationary spatula. Small points perhaps, but time well 
spent to avoid having part of the ointment-jar contents re- 
moved inadvertently by the cap when the patient opens the jar. 
OINTMENT TUBES—Ointment tubes made of tin or alu- 
minum, or of an increasing variety of plastic materials, are 
available. The latter are normally polyethylene, polypropylene, 
or other flexible, heat-sealable plastics. Ointment tubes have 
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obvious advantages over jars; the use of fingers is minimized, 
as is dust and air contact and light exposure. 

Depending on the expected shelf-life, a number of factors 
should be considered in selecting an ointment tube. Metal 
contact and the possibility of metal-ion catalyzed instability 
must be considered. Conversely, plastic tubes may become 
stained or discolored by migration of colored materials into the 
plastic sidewalls of the tube; coal tar in ointment form may 
cause such discoloration. Tube interactions involving either 
metal or plastic can be minimized by internal coatings. Such 
coatings usually are epoxy films that become the primary prod- 
uct contact. 

The suitability of ointment containers, either jars or tubes, 
should be verified by adequate testing prior to use. Compati- 
bility and physical and chemical stability should be established 
by proper tests before final selection of a jar or tube. 

Ointments prepared on prescription can be conveniently 
filled into a metal ointment tube using the following procedure. 


Select an ointment tube of the proper size and remove any lint or 
dust. Transfer the ointment to a piece of paper of suitable size (use 
glassine or strong paper). Roll the paper and ointment into a cylinder 
shape of a diameter slightly less than that of the ointment tube. Insert 
the rolled paper-ointment cylinder into the ointment tube. The length of 
the paper cylinder should exceed the tube length. Remove the ointment 
tube cap and, using a spatula, compress the paper cylinder and tube. 
Continue compressing the ointment and tube until the ointment ap- 
pears in the neck-orifice of the open tube. Replace the cap. Using the 
spatula side as a knife-edge, compress the ointment tube and paper 
cylinder a reasonable distance from the end of the tube. Holding the 
spatula firmly in place, draw out the paper cylinder, leaving the oint- 
ment within the tube. 

The ointment tube selected should be of adequate capacity. After 
compressing the ointment and paper cylinder into the tube, constrict 
the tube for cylinder removal at a distance from the end of the tube that 
will allow at least a double foldover to seal the tube. The fold dimen- 
sions are inexact; however, the individual folds on a 1l-oz tube are 
approximately 1/8 to 3/16 inch. Ointment-tube sealing folds can be 
easily made by folding the tube over on itself, using a spatula blade to 
flatten the tube and serve as a folding point. Ointment-tube clips can be 
fixed over the tube ends and clamped in place using pliers or a small 
vise. The sole purpose of folding and clamping is to prevent leakage 
when routine-use pressure is applied to the tube. 


On a larger scale, ointment-tube filling is accomplished using 
automatic equipment that air-cleans the tubes, fills, folds and 
crimps the end in one continuous operation (Fig 44-12). Some 


Suppositories are solid dosage forms of various weights and 
shapes, usually medicated, for insertion into the rectum, va- 
gina, or urethra. After insertion, suppositories soften, melt, 
disperse, or dissolve in the cavity fluids. 

The use of suppositories dates from the distant past, this 
dosage form being referred to in writings of the early Egyp- 
tians, Greeks, and Romans. Suppositories are suited particu- 
larly for administration of drugs to the very young and the very 
old, a notion first recorded by Hippocrates. Despite the antiq- 
uity of this dosage form, little was known about drug absorp- 
tion or drug activity via suppository administration until re- 
cent years. 


Types 


RECTAL SUPPOSITORIES—The USP describes rectal 
suppositories for adults as tapered at one or both ends and 
usually weighing about 2 g each. Infant rectal suppositories 
usually weigh about one-half that of adult suppositories. Drugs 
having systemic effects, such as sedatives, tranquilizers, and 
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Figure 44-12. Ointment manufacture and packaging (courtesy, 
Owen Labs). 


equipment will stamp an expiration date onto the crimped 
surface. In larger-scale manufacturing operations plastic tubes 
are used with increasing frequency. From a filling standpoint 
plastic tubes are handled much like metal tubes. The final step, 
however, is a heat seal with no end foldover. 

LABELING OINTMENT TUBES—Attaching labels to 
ointment tubes is a minor difficulty compounded by the increasing 
unsightliness characteristic of many ointment tubes during use. 
The label increasingly can become obliterated, difficult to read, 
and frequently lost. As a general rule the label should be attached 
to itself; ie, it should completely encircle the tube. It should be 
attached to the tube, affixed close to the neck end. 

Given the usual handling of ointment tubes by the patient, 
it is good practice to dispense the tube in a vial or hinged 
pasteboard box of convenient size. The outer container serves 
to hold and protect the ointment tube as well as to carry the 
label. The ointment tube is marked with a container prescrip- 
tion number so that both tube and container are identified. 

On a manufacturing scale, tubes are labeled in a variety of 
ways. Paper labels may be used, labeling may be silk-screened 
onto plastic surfaces; expiration dates and code lot numbers 
may be stamped on as a part of the tube-crimping procedure. 


analgesics, are administered by rectal suppository; however, 
the largest single-use category is probably that of hemorrhoid 
remedies dispensed over the counter. The 2-g weight for adult 
rectal suppositories is based on use of cocoa butter as the base; 
when other bases are used the weights may be greater or less 
than 2 g. 

VAGINAL SUPPOSITORIES—The USP describes vagi- 
nal suppositories, or pessaries, as usually globular or oviform 
and weighing about 5 g each. Vaginal medications are available 
in a variety of physical forms, eg, creams, gels, or liquids, which 
depart from the classical concept of suppositories. Vaginal tab- 
lets, or inserts prepared by encapsulation in soft gelatin, how- 
ever, do meet the definition and represent convenience both of 
administration and manufacture. 

URETHRAL SUPPOSITORIES— Urethral suppositories, 
or bougies, are not described specifically in the USP, either by 
weight or dimension. Traditional values, based on the use of 
cocoa butter as a base, are as follows for these cylindrical 
dosage forms: diameter: 5 mm; length: 50 mm female, 125 mm 
male; weight: 2 g female, 4 g male. The prostaglandin alpros- 
tadil recently became available for intraurethral insertion in 
males for the treatment of erectile dysfunction. The commercial 
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formulation, described as a sterile micropellet (1.4 mm in di- 
ameter and 6 mm long) consisting of the drug and polyethylene 
glycol 1450 is inserted 3 cm deep into the urethra by use of a 
hollow applicator. 


Rectal Absorption ___ 


Drug absorption for systemic activity generally is limited to 
rectal administration. As noted previously, the bioavailability 
of rectally administered drugs is a relatively recent concern. 
Rectally instilled preparations, whether suppositories, foams, 
or solutions (enemas), tend to be confined to the rectum and 
sigmoid colon if the volume is less than about 50 mL. Foams 
tend to dissipate or spread to a lesser extent than solutions, 
particularly large-volume solutions (~100 to 200 mL). Though 
large-volume fluid formulations—solutions or enemas—may 
allow drug to reach the ascending colon, substantial intra- and 
intersubject variation is evident.®° Literature information in- 
dicates that rectal drug absorption from suppositories can be 
erratic and may be substantially different from absorption 
following oral administration. With only a few recent excep- 
tions, suppository studies are based on either in vivo or in vitro 
data, with few attempts to correlate in vitro results with in vivo 
studies. 

Major factors affecting the absorption of drugs from suppos- 
itories administered rectally are the following: anorectal phys- 
iology, suppository vehicle, and the physicochemical properties 
of the drug. 

ANORECTAL PHYSIOLOGY—tThe rectum is about 150 
mm in length, terminating in the anal opening; its surface area 
is about 200 to 400 cm”. In the absence of fecal matter the 
rectum contains a small amount of fluid (1 to 3 mL) of low 
buffering capacity. Fluid pH is said to be about 7.2; because of 
the low buffer capacity pH will vary with the pH of the drug 
product or drug dissolved in it. Bottger et al®! studied the 
influence of pH on the rectal absorption of sodium benzoate in 
man by the technique of rectal lumen perfusion. This study 
demonstrates that strong buffers in rectal solutions induce a 
drastic effect on the pH of the boundary layer, an effect that is 
not seen if unbuffered solutions are used. 

Most rectal suppositories today are torpedo-shaped, with 
the apex, or pointed end, tapering to the base, or blunt end, 
following the recommendation of HS Wellcome in 1893 that 
rectal suppositories should be inserted with the thicker end 
foremost so that when the anal sphincter contracts, expulsion 
is prevented. In the intervening 100 years or so, no study has 
correlated rectal suppository insertion with anorectal physiol- 
ogy until that of Abd-El-Maeboud et al** who found that ease of 
insertion, retention, and lack of expulsion were enhanced when 
the suppository was inserted base or blunt end up. This was 
ascribed to reversed vermicular contractions of the external 
anal sphincter, which facilitate movement of the suppository 
upward into the rectum. The rectal epithelium is lipoidal in 
character. The lower, middle, and upper hemorrhoidal veins 
surround the rectum. Only the upper vein conveys blood into 
the portal system; thus drugs absorbed into the lower and 
middle hemorrhoidal veins will bypass the liver. Absorption 
and distribution of a drug therefore are modified by its position 
in the rectum, in the sense that at least a portion of the drug 
absorbed from the rectum may pass directly into the inferior 
vena cava, bypassing the liver. 

Spreading characteristics of rectal formulations may be af- 
fected considerably by intraluminal rectal pressure—due, in 
part, to the weight of abdominal organs and to respiratory 
activity—and by periodic contractile activity of the rectal 
wall.” 

SUPPOSITORY VEHICLE—tThe ideal suppository base 
should meet the following general specifications: 


1. The base is nontoxic and nonirritating to mucous membranes. 
2. The base is compatible with a variety of drugs. 


8. The base melts or dissolves in rectal fluids. 
4. The base should be stable on storage; it should not bind or otherwise 
interfere with release and absorption of drug substances. 


Rectal suppository bases can be classified broadly into two 
types: fatty and water-soluble or water-miscible. The tradi- 
tional cocoa butter vehicle is immiscible with aqueous tissue 
fluids but melts at body temperature. Water-soluble or water- 
miscible vehicles also have been used. In general, formulators 
have been reluctant to use glycerinated gelatin as a rectal 
suppository base because of its relatively slow dissolution. 
More typical of this class is the polyethylene glycol vehicle. 
Drug absorption from such dissimilar bases can differ substan- 
tially. Lowenthal and Borzelleca** investigated the absorption 
of salicylic acid and sodium salicylate administered to dogs. 
The drugs were formulated in a cocoa butter base and in a base 
composed of polyethylene glycol, synthetic glycerides, and a 
surfactant. Absorption of salicylic acid and sodium salicylate 
was about equal from the cocoa butter base; however, salicylic 
acid gave higher plasma levels than sodium salicylate when the 
glycol base was used. 

Parrott®? compared the absorption of salicylates after rectal 
and oral administration. Using urinary excretion data both 
aspirin and sodium salicylate were found to be equally bioavail- 
able orally or rectally. Aspirin was released more rapidly from 
water-miscible suppositories than from the oily type. Con- 
versely, sodium salicylate was released more rapidly from a 
cocoa butter vehicle. 

Based on available data the bioavailability of a drug from 
a suppository dosage form depends on the physicochemical 
properties of the drug as well as the composition of the base. 
The drug-dissolution rate and, where appropriate, the par- 
tition coefficient between lipid and aqueous phase should be 
known. 

For suppository formulation the relative solubility of the 
drug in the vehicle is a convenient comparison measure. 
Lipid-soluble drugs present in low concentration in a cocoa 
butter base will have little tendency to diffuse into rectal 
fluids. Drugs that are only slightly soluble in the lipid base 
will partition readily into the rectal fluid. The partition 
coefficient between suppository base and rectal fluid thus 
becomes a useful measure. In water-soluble bases and as- 
suming rapid dissolution, the rate-limiting step in absorp- 
tion would be transport of the drug through the rectal 
mucosa. 

In the absence of evidence of any substantial carrier- 
mediated uptake mechanisms, the predominant mechanism of 
colorectal mucosal permeation appears to involve transcellular 
passage across cell membranes in accordance with the pH- 
partition hypothesis. Ease of access to the rectal mucosa has 
encouraged the evaluation of absorption enhancers. A wide 
variety of substances have been investigated for their ability to 
enhance rectal permeability to drugs. Agents such as EDTA 
have been used to chelate Ca’ and Mg”* in the vicinity of 
paracellular tight junctions and, thus, alter epithelial perme- 
ability. Other promoters of rectal absorption (eg, bile salts and 
nonsteroidal anti-inflammatory agents, including aspirin, sal- 
icylic acid and diclofenac) appear to exert their influence by 
affecting water influx and efflux rates across the rectal mucosa. 
Surfactants not only may modify membrane permeability but 
also enhance wetting or spreading of the base and dissolution 
of the drug. In any event, it should be evident that whatever 
the mechanism, enhancing the rectal absorption of drugs— 
especially those that undergo presystemic elimination—could 
result in substantially reduced dosage requirements and de- 
creased risk of adverse reactions. 

Clearly, the bioavailability of a drug administered rec- 
tally depends on the nature of the drug and the composition 
of the vehicle or base. The physical properties of the drug can 
be modified to a degree, as can the characteristics of the base 
selected as the delivery system. Preformulation evaluations 
of physicochemical properties then must be confirmed by in 


vivo studies in animals and ultimately in the primary pri- 
mate, man. 

IN VIVO RECTAL ABSORPTION STUDIES—Dogs 
are probably the animal of choice in evaluating rectal drug 
availability. (The pig is a closer physiological match, but size 
and manageability argue in favor of the dog.) Blood and 
urine samples can be obtained from the dog, and rectal 
retention can be accomplished with facility. Smaller animals 
have been used; rabbits, rats, and even mice have been 
employed, but dosing and sampling become progressively 
more difficult. 

Human subjects provide the ultimate measure of drug bio- 
availability. Subjects are selected on the basis of age, weight, 
and medical history. Subjects usually are required to fast over- 
night and evacuate the bowel prior to initiation of the study. 
Fluid volume and food intake usually are standardized in stud- 
ies of this kind. 

Given the difficulty of standardizing pharmacological end- 
points, the usual measure of rectal drug bioavailability is the 
concentration of the drug in blood and/or urine as a function of 
time. A control group using oral drug administration provides 
a convenient means of comparing oral and rectal drug avail- 
ability. Such a comparison is meaningful particularly in view of 
uncertainties and conflicts encountered in the literature. While 
there is general agreement about drug absorption from the 
rectum, there is less agreement on dosage adequacy and the 
relationship between oral and rectal dosage. This state of af- 
fairs argues in favor of adequate studies to establish proper 
dosage and verify bioavailability. 


Vaginal Absorption 


Passive drug absorption via the vaginal mucosa, as with 
other mucosal tissues, is influenced by absorption site phys- 
iology, absorption site pH, and the solubility and partition- 
ing characteristics of the drug. The vaginal epithelial surface 
usually is covered with an aqueous film—emanating from 
cervical secretions—whose volume, pH, and composition 
vary with age, stage of the menstrual cycle, and location. 
Postmenarche, a vaginal pH gradient is evident, with the 
lowest values (pH ~4) near the anterior fornix and the 
highest (pH ~5) near the cervix.*° 

Following intravaginal administration, some drug absorp- 
tion from the intact vaginal mucosa is likely, even when the 
drug is employed for a local effect. In fact, extensive drug 
absorption can occur from the vagina. For example, Patel et 
al®" reported that plasma propranolol concentrations following 
vaginal dosing were significantly higher than those after per- 
oral administration of an equivalent dose; a reflection, in part, 
of decreased first-pass biotransformation following vaginal ab- 
sorption. Nonetheless, the notion persists that the vaginal ep- 
ithelium is relatively impermeable to drugs. 

The widespread extemporaneous compounding of progester- 
one vaginal suppositories,**°°, as well as the marketing of an 
intrauterine progesterone drug delivery system (Progestasert, 
Alza), has focused interest on systemic drug absorption follow- 
ing intravaginal administration. However, only limited reports 
of research on in vitro and in vivo aspects of vaginal absorption 
have appeared in the literature to date. 


BASES 

TS ECE SUS SES VN ST 
‘The USP lists the following as usual suppository bases: cocoa 
butter, cocoa butter substitutes (primarily, vegetable oils mod- 
ified by esterification, hydrogenation and/or fractionation), 
glycerinated gelatin, hydrogenated vegetable oils, mixtures of 
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polyethylene glycols of various molecular weights, and fatty 
acid esters of polyethylene glycol. 

_COCOA-BUTTER AND OTHER FATTY BASES—Theo- 
broma oil, or cocoa butter, is a naturally occurring triglyc- 
eride. About 40% of the fatty acid content is unsaturated. As 
a natural material there is considerable batch-to-batch vari- 
ability. A major characteristic of theobroma oil is its poly- 
morphism, ie, its ability to exist in more than one crystal 
form. While cocoa butter melts quickly at body temperature, 
it is immiscible with body fluids; this may inhibit the diffu- 
sion of fat-soluble drugs to the affected sites. Oleaginous 
vehicles, such as cocoa butter, seldom are used in vaginal 
preparations for esthetic reasons: many women consider 
them messy and prone to leakage. 

If, in the preparation of suppositories, the theobroma oil is 
overheated, ie, heated to about 60°, molded, and chilled, the 
suppositories formed will melt below 30°. The fusion treatment 
of theobroma oil requires maximum temperatures of 40 to 50° 
to avoid a change in crystal form and melting point. Theobroma 
oil, heated to about 60° and cooled rapidly, will crystallize in an 
alpha configuration characterized by a melting point below 30°. 
The alpha form is metastable and will slowly revert to the beta 
form, with the characteristic melting point approaching 35°. 
The transition from alpha to beta is slow, taking several days. 
The use of low heat and slow cooling allows direct crystalliza- 
tion of the more stable beta crystal form. 

Certain drugs will depress the melting point of theobroma 
oil. This involves no polymorphic change, although the net 
effect is similar. Chloral hydrate is the most important of these 
substances because its rectal hypnotic dose of 0.5 to 1.0 g will 
cause a substantial melting-point depression. This effect can be 
countered by addition of a higher-melting wax, such as white 
wax or synthetic spermaceti. The amount to be added must be 
determined by temperature measurements. The effect of such 
additives on bioavailability also must be considered. 

Various cocoa butter substitutes (hard fat, hydrogenated 
vegetable oil) are available commercially that offer a number of 
advantages over cocoa butter such as decreased potential for 
rancidity and phase transition (melting and solidification) be- 
havior tailored to specific formulation, processing, and storage 
requirements. However, as with cocoa butter, these semisyn- 
thetic glyceride mixtures are also subject to polymorphic trans- 
formations. Batch-to-batch variations of the physical proper- 
ties of all of these bases, whether cocoa butter or cocoa butter 
substitutes, can play havoc with the final products’ character- 
istics. The formulator should ensure that the melting and con- 
gealing behavior of these bases and the formulations prepared 
from them is evaluated thoroughly. 

_---WATER-SOLUBLE OR DISPERSIBLE BASES— 


~ Water-miscible suppository bases are of comparatively re- 


cent origin. The majority are composed of polyethylene gly- 
cols or glycol-surfactant combinations. Water-miscible sup- 
pository bases have the substantial advantage of lack of 
dependence on a melting point approximating body temper- 
ature. Problems of handling, storage, and shipping are sim- 
plified considerably. 

Polymers of ethylene glycol are available as polyethylene 
glycol polymers (Carbowax, polyglycols) of assorted molecular 
weights. Suppositories of varying melting points and solubility 
characteristics can be prepared by blending polyethylene gly- 
cols of 1000, 4000, or 6000 molecular weight. 

Polyethylene glycol suppositories, while prepared rather 
easily by molding, cannot be prepared satisfactorily by hand- 
rolling. The drug-glycol mixture is prepared by melting and 
then is cooled to just above the melting point before pouring 
into dry unlubricated molds. Cooling to near the melting point 
prevents fissuring caused by crystallization and contraction. 
The USP advises that labels on polyethylene glycol supposito- 
ries should instruct patients to moisten the suppository before 
inserting it. 

Water-miscible or water-dispersible suppositories also can be 
prepared using selected nonionic surfactant materials. Polyoxyl 
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40 stearate is a white, water-soluble solid melting slightly above 
body temperature. A polyoxyethylene derivative of sorbitan 
monostearate is water-insoluble but dispersible. In using surfac- 
tant materials the possibility of drug-base interactions must be 
borne in mind. Interactions caused by macromolecular adsorption 
may have a significant effect on bioavailability. 

Examples of water-miscible suppository bases, devised by 
Collins, Hohmann, and Zopf*® are 


BASE 1 

Polyethylene glycol 1000 96% 
Polyethylene glycol 4000 4% 
BASE 2 

Polyethylene glycol 1000 75% 
Polyethylene glycol 4000 25% 


Base 1 is low-melting and may require refrigeration; Base 2 is 
more heat-stable. Each is prepared conveniently by molding 
techniques. 

Water-dispersible bases may include polyoxyethylene sor- 
bitan fatty acid esters. These are either soluble (Tween, Myrj) 
or water-dispersible (Arlacel), used alone or in combination 
with other wax or fatty materials. Surfactants in suppositories 
should be used only with recognition of reports that such ma- 
terials may either increase or decrease drug absorption. 

HYDROGELS—In recent years, hydrogels, defined as mac- 
romolecular networks that swell but do not dissolve in water, 
have been advocated as bases for rectal and vaginal drug de- 
livery. The swelling of hydrogels, ie, the absorption of water, is 
a consequence of the presence of hydrophilic functional groups 
attached to the polymeric network. Cross-links between adja- 
cent macromolecules result in the aqueous insolubility of these 
hydrogels. 

The use of a hydrogel matrix for drug delivery involves the 
dispersal of the drug in the matrix, followed by drying of 
the system and concomitant immobilization of the drug. When 
the hydrogel delivery system is placed in an aqueous environ- 
ment, eg, the rectum or the vagina, the hydrogel swells, en- 
abling the drug to diffuse out of the macromolecular network. 
The rate and extent of drug release from these hydrogel ma- 
trices depend on the rate of water migration into the matrix 
and the rate of drug diffusion owt of the swollen matrix. 

Hydrogels employed for rectal or vaginal drug administra- 
tion have been prepared from polymers such as polyvinyl alco- 
hol, hydroxyethyl methacrylate, polyacrylic acid, or polyoxy- 
ethylene. Although hydrogel-based drug-delivery systems have 
yet to appear in suppository or insert form commercially, re- 
search efforts in this direction are increasing, given their po- 
tential for controlled drug delivery, bioadhesion, retention at 
the site of administration, and biocompatibility. 

GLYCERINATED GELATIN—Glycerinated gelatin usu- 
ally is used as a vehicle for vaginal suppositories. For rectal use 
a firmer suppository can be obtained by increasing the gelatin 
content. Glycerinated gelatin suppositories are prepared by 
dissolving or dispersing the drug substance in enough water to 
equal 10% of the final suppository weight. Glycerin (70%) then 
is added and Pharmagel A or B (20%), depending on the drug 
compatibility requirements. Pharmagel A is acid in reaction, 
Pharmagel B is alkaline. Glycerinated gelatin suppositories 
must be formed by molding. The mass cannot be processed 
by hand-rolling. These suppositories, if not for immediate use, 
should contain a preservative such as methylparaben and pro- 
pylparaben. 


PREPARATION 


Suppositories are prepared by rolling (hand-shaping), molding 
(fusion), and cold compression. 


ROLLED (HAND-SHAPED) SUPPOSITORIES—Hand- 
shaping suppositories is the oldest and the simplest method of 
preparing this dosage form. The manipulation requires consid- 
erable skill, yet avoids the complications of heat and mold 
preparation. 

The general process can be described as follows: 


GENERAL PROCESS 

Take the prescribed quantity of the medicinal substances and a suffi- 
cient quantity of grated theobroma oil. In a mortar reduce the medicat- 
ing ingredients to a fine powder or, if composed of extracts, soften with 
diluted alcohol and rub until a smooth paste is formed. The correct 
amount of grated theobroma oil then is added, and a mass resembling 
a pill mass is made by thoroughly incorporating the ingredients with a 
pestle, sometimes with the aid of a small amount of wool fat. When the 
mass has become plastic under the vigorous kneading of the pestle, it 
quickly is loosened from the mortar with a spatula, pressed into a 
roughly shaped mass in the center of the mortar, and then transferred 
with the spatula to a piece of filter paper that is kept between the mass 
and the hands during the kneading and rolling procedure. By quick, 
rotary movements of the hands, the mass is rolled to a ball, which 
immediately is placed on a pill tile. A suppository cylinder is formed by 
rolling the mass on the tile with a flat board, partially aided by the palm 
of the other hand, if weather conditions permit. The suppository pipe 
frequently will show a tendency to crack in the center, developing a 
hollow core. This occurs when the mass has not been kneaded and 
softened sufficiently, with the result that the pressure of the roller 
board is not carried uniformly throughout the mass but is exerted 
primarily on the surface. The length of the cylinder usually corresponds 
to about four spaces on the pill tile for each suppository, thus making 
the piece, when cut, practically a finished suppository except for the 
shaping of the point. When the cylinder has been cut into the proper 
number of pieces with a spatula, the conical shape is given it by rolling 
one end on the tile with a spatula, or in some cases even by shaping it 
with the fingers to produce a rounded point. 


COMPRESSION-MOLDED (FUSED) SUPPOSITORIES— 
This method of suppository preparation also avoids heat. The 
suppository mass, such as a mixture of grated theobroma oil 
and drug, is forced into a mold under pressure, using a wheel- 
operated press. The mass is forced into mold openings, pressure 
is released, and the mold removed, opened, and replaced. On a 
large scale cold-compression machines are hydraulically oper- 
ated, water-jacketed for cooling, and screw-fed. Pressure is 
applied via a piston to compress the mass into mold openings. 

FUSION OR MELT MOLDING—In this method the drug 
is dispersed or dissolved in the melted suppository base. The 
mixture then is poured into a suppository mold, allowed to cool, 
and the finished suppositories removed by opening the mold. 
Using this procedure, one to hundreds of suppositories can be 
made at one time. 

Suppository molds are available for the preparation of var- 
lous types and sizes of suppositories. Molds are made of alumi- 
num alloy, brass, or plastic and are available with from six to 
several hundred cavities. 

The method of choice for commercial suppository production 
(Fig 44-13) involves the automated filling of molds or preformed 
shells by a volumetric dosing pump that meters the melt from 
a jacketed kettle or mixing tank directly into the molds or 
shells. Strips of preformed shells pass beneath the dosing pump 
and are filled successively, passed through cooling chambers (to 
promote solidification), sealed, and then packaged. Quality con- 
trol procedures (eg, weight, fill volume, leakage) are conducted 
readily online. 

An alternative to the melt-and-pour processes described 
above is that of injection molding, which has been described by 
Snipes.*’ This process is distinctive in that it makes use of the 
injection-molding technique developed for the fabrication of 
plastics. Polyethylene glycols are the excipients of choice in this 
process, with polyethylene oxide, povidone, or silicon dioxide 
added to adjust viscosity or plasticity. Long-chain saturated 
carboxylic acids also have been added to reduce the hygroscop- 
icity inherent with the use of the polyethylene glycols. Typi- 
cally, the molten excipient admixture is extruded or injected 
under pressure into precision-machined multicavity molds, fol- 


Figure 44-13. A cross-section of the Sarong SpA semiautomatic 
equipment for the production of suppositories in preformed plastic 
or foil shells. The fully jacketed piston-type dosing pump (1) meters 
the suppository melt in the jacketed tank (2) into preformed shells 
that pass directly beneath injection nozzles. The strips of filled 
preformed shells continue into a cooling chamber (3) prior to seal- 
ing and cartoning. 


lowed by the ejection of the molded units from the mold cavi- 
ties. Advantages claimed for this method include the wide 
range of shapes and sizes that can be prepared at very high 
production rates with great precision. 

Suppositories usually are formulated on a weight basis so 
that the medication replaces a portion of the vehicle as a 
function of specific gravity. If the medicinal substance has a 
density approximately the same as theobroma oil, it will re- 
place an equal weight of oil. If the medication is heavier, it will 
replace a proportionally smaller amount of theobroma oil. 

For instance, tannic acid has a density of 1.6 compared with 
cocoa butter (see Table 44-7***"). If a suppository is to contain 
0.1 g tannic acid, then 0.1 g + 1.6, or 0.062 g, cocoa butter 
should be replaced by 0.1 g of drug. If the blank weight of the 
suppository is 2.0 g, then 2.0 — 0.062 g, or 1.938 g, cocoa butter 
is required per suppository. The suppository will actually 
weigh 1.938 g + 0.1 g, or 2.038 g. Table 44-7 indicates the 
density factor, or the density compared with cocoa butter, of 
many substances used in suppositories. 

It always is possible to determine the density of a medicinal 
substance relative to cocoa butter, if the density factor is not 
available, by mixing the amount of drug for one or more sup- 
positories with a small quantity of cocoa butter, pouring the 
mixture into a suppository mold and carefully filling the mold 
with additional melted cocoa butter. The cooled suppositories 
are weighed, providing data from which a working formula can 
be calculated as well as the density factor itself. 

When using suppository bases other than cocoa butter, such 
as a polyethylene glycol base, it is necessary to know either the 
density of the drug relative to the new base or the densities of 
both the drug and the new base relative to cocoa butter. The 
density factor for a base other than cocoa butter is simply the 
ratio of the blank weight of the base and cocoa butter. 

For instance, if a suppository is to contain 0.1 g tannic acid 
in a polyethylene glycol base, then 0.1 g + 1.6 X 1.25, or 0.078 
g, polyethylene glycol base should be replaced by 0.1 g drug (the 
polyethylene glycol base is assumed to have a density factor of 
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1.25). If the blank weight is 1.75 g for the polyethylene glycol 
base, then 1.75 g — 0.078 g, or 1.672 g, of base is required per 
suppository. The final weight will be 1.672 g base + 0.1 g drug, 
Onds772) o 

When the dosage and mold calibration are complete the 
drug-base mass should be prepared using minimum heat. A 
water bath or water jacketing usually is used. The melted mass 
should be stirred constantly but slowly to avoid air entrapment. 
The mass should be poured into the mold openings slowly. 
Prelubrication of the mold will depend on the vehicle. Mineral 
oil is a good lubricant for cocoa butter suppositories. Molds 
should be dry for polyethylene glycol suppositories. 

After pouring into tightly clamped molds the suppositories 
and mold are allowed to cool thoroughly using refrigeration on 
a small scale or refrigerated air on a larger scale. After thor- 
ough chilling any excess suppository mass should be removed 
from the mold by scraping, the mold opened, and the supposi- 
tories removed. It is important to allow cooling time adequate 
for suppository contraction. This aids in removal and mini- 
mizes splitting of the finished suppository. 

PACKAGING AND STORAGE—Suppositories often are 
packaged in partitioned boxes that hold the suppositories up- 
right. Glycerin and glycerinated gelatin suppositories often are 
packaged in tightly closed screwcapped glass containers. 
Though many commercial suppositories are wrapped individu- 


Table 44-7. Density Factors for Cocoa Butter 
Suppositories42.42 
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? Density adjusted taking into account white wax in mass. 
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ally in aluminum foil or PVC-polyethylene, strip-packaging is 
commonplace. 

The most recent innovation in suppository manufacture is 
the procedure for molding the suppository directly into its 
primary packaging. In this operation the form into which the 
suppository mass flows consists of a series of individual molds 
formed from plastic or foil. After the suppository is poured and 
cooled, the excess is trimmed off, and the units are sealed and 
cut into 8s or 6s as desired. Cooling and final cartoning then 
can be carried out. 

Suppositories with low-melting ingredients are best stored 
in a cool place. Theobroma oil suppositories, in particular, 
should be refrigerated. 


OTHER MEDICATED APPLICATIONS 


Cataplasms (Poultices) 


Poultices represent one of the most ancient classes of pharma- 
ceutical preparations. A poultice, or cataplasm, is a soft, moist 
mass of meal, herbs, seed, etc, usually applied hot in cloth. The 
consistency is gruel-like, which is probably the origin of the 
word poultice. 

Cataplasms were intended to localize infectious material in 
the body or to act as counterirritants. The materials tended to 
be absorptive, which together with heat accounts for their 
popular use. None is now official in the USP. The last official 
product was Kaolin Poultice NF IX. 


Pastes 


The USP defines pastes as semisolid dosage forms that contain 


one or more drug substances intended for topical application. 
Pastes are divided into fatty pastes (eg, Zinc Oxide Paste) and 
those made from a single-phase aqueous gel (eg, Carboxymeth- 
ylcellulose Sodium Paste). In the past, pastes have been de- 
fined as concentrates of absorptive powders dispersed (usually) 
in petrolatum or hydrophilic petrolatum. These fatty pastes are 
stiff to the point of dryness and are reasonably absorptive 
considering they have a petrolatum base. Pastes often are used 
in the treatment of oozing lesions, where they act to absorb 
serous secretions. Pastes also are used to restrict the area of 
treatment by acting as an absorbent and physical dam. 

Pastes adhere reasonably well to the skin and are poorly 
occlusive. For this reason they are suited for application on and 
around moist lesions. The heavy consistency of pastes imparts 
a degree of protection and may, in some instances, make the 
use of bandages unnecessary. Pastes are less macerating than 
ointments. 


_ADressings 


chlorohydrin, with not more than 2.0% magnesium oxide added 
to maintain the modified starch in impalpable powder form; as 
it is intended for use as a lubricant for surgical gloves it should 
be sterilized (by autoclaving) and packaged in sealed paper 
packets. 

The fineness of powders often is expressed in terms of mesh 
size, with impalpable powders generally in the range of 100- to 
200-mesh (149 to 125 mm). Determination of size by mesh 
analysis becomes increasingly difficult as particle size de- 
creases below 200-mesh. 


Dressings are external applications resembling ointments, usu- 
ally used as a covering or protection. Petrolatum Gauze is a 
sterile dressing prepared by adding sterile, molten, white pet- 
rolatum to precut sterile gauze in a ratio of 60 g of petrolatum 
to 20 g of gauze. Topical antibacterials are available in the form 
of dressings. 


Creams 


\ 


Because of their physical properties pastes easily may be 7 


removed from the skin by the use of mineral oil or a vegetable 
oil. This is particularly true when the underlying or surround- 
ing skin is traumatized easily. 

An official paste is the conventional Zinc Oxide Paste; an- 
other is Triamcinolone Acetonide Dental Paste, for the special- 
ized use the name implies. 


Powders 


Powders for external use usually are described as dusting 
powders. Such powders should have a particle size of not more 
than 150 ym, ie, less than 100-mesh, to avoid any sensation of 
grittiness, which could irritate traumatized skin. Dusting pow- 
ders usually contain starch, talc, and zinc stearate. Absorbable 
Dusting Powder USP is composed of starch treated with epi- 


Creams are viscous liquid or semisolid emulsions of either the 
O/W or W/O type. Pharmaceutical creams are classified as 
water-removable bases and are described under Ointments. In 
addition to ointment bases, creams include a variety of 
cosmetic-type preparations. Creams of the O/W type include 
shaving creams, hand creams, and foundation creams; W/O 
creams include cold creams and emollient creams. 


Plasters 


Plasters are substances intended for external application, 
made of such materials and of such consistency as to adhere to 
the skin and attach to a dressing. Plasters are intended to 
afford protection and support and/or to furnish an occlusive 
and macerating action and to bring medication into close con- 
tact with the skin. Medicated plasters, long used for local or 
regional drug delivery, are the prototypical transdermal deliv- 
ery system. 

Plasters usually adhere to the skin by means of an adhesive 
material. The adhesive must bond to the plastic backing and to 
the skin (or dressing) with proper balance of cohesive 
strengths. Such a proper balance provides for removal, ie, ad- 
hesive breakage at the surface of application, thus leaving a 
clean (skin) surface when the plaster is removed. 


Contraceptives 


In the context of this chapter contraceptives are considered in 
the form of creams, jellies, or aerosol foams intended for vagi- 
nal use to protect against pregnancy. Contraceptive creams 
and jellies are designed to melt or spread, following insertion, 
over the vaginal surfaces. These agents act to immobilize sper- 
matozoa. 

Creams and jellies for contraceptive use may contain sper- 
micidal agents such as nonoxynol 9, or they may function by a 
specific pH effect. A pH of 3.5 or less has an appreciable sper- 
micidal effect. It is important to note that a final in situ pH of 
3.5 or less is required; thus, the dilution effect and pH change 
brought about by vaginal fluids must be considered. To achieve 
the proper pH effect and control, buffer systems composed of 
acid and acid salts such as lactates, acetates, and citrates are 
used frequently. The user must, of course, be assured of the 
safety, lack of irritancy, acceptability, and effectiveness of such 


products; also, detailed and specific information and instruc- 
tions should be available to physicians. 
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Drug substances most frequently are administered orally by 
means of solid dosage forms such as tablets and capsules. 
Large-scale production methods used for their preparation, as 
described later in the chapter, require the presence of other 
materials in addition to the active ingredients. Additives also 
may be included in the formulations to facilitate handling, 
enhance the physical appearance, improve stability, and aid in 
the delivery of the drug to the bloodstream after administra- 
tion. These supposedly inert ingredients, as well as the produc- 
tion methods employed, have been shown in some cases to 
influence the absorption or bioavailability of the drug substan- 
ces. Therefore, care must be taken in the selection and eval- 
uation of additives and preparation methods to ensure that the 
drug-delivery goals and therapeutic efficacy of the active ingre- 
dient will not be diminished. 

In a limited number of cases it has been shown that the drug 
substance’s solubility and other physicochemical characteris- 


Tablets may be defined as solid pharmaceutical dosage forms 
containing drug substances with or without suitable diluents and 
prepared by either compression or molding methods. They have 
been in widespread use since the latter part of the 19th century, 
and their popularity continues. The term compressed tablet is 
believed to have been used first by John Wyeth and Brother of 
Philadelphia. During this same period, molded tablets were in- 
troduced to be used as hypodermic tablets for the extemporaneous 
preparation of solutions for injection. Tablets remain popular as a 
dosage form because of the advantages afforded both to the man- 
ufacturer (eg, simplicity and economy of preparation, stability, 
and convenience in packaging, shipping, and dispensing) and the 


patient (eg, accuracy of dosage, compactness, portability, bland- y 


ness of taste, and ease of administration). 

Although the basic mechanical approach for their manufac- 
ture has remained the same, tablet technology has undergone 
great improvement. Efforts are being made continually to un- 
derstand more clearly the physical characteristics of powder 
compaction and the factors affecting the availability of the drug 
substance from the dosage form after oral administration. 


Tableting equipment continues to improve in both aera 


speed and the uniformity of tablets compressed. Recent ads 
vances in tablet technology have been reviewed.” 1° Xe 
Although tablets frequently are discoid in shape, they Als 
may be round, oval, oblong, cylindrical, or triangular. They 
may differ greatly in size and weight depending on the amount 
of drug substance present and the intended method of admin- 
istration. They are divided into two general classes by whether 
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tics have influenced its physiological availability from a solid 
dosage form. These characteristics include its particle size, 
whether it is amorphous or crystalline, whether it is solvated or 
nonsolvated, and its polymorphic form. After clinically effective 
formulations are obtained, such variations among dosage units 
of a given batch, as well as batch-to-batch differences, should 
be reduced to a minimum through proper in-process controls 
and good manufacturing practices. The recognition of the im- 
portance of validation for both equipment and processes has 
enhanced assurance in the reproducibility of formulations 
greatly. It is in these areas that significant progress has been 
made with the realization that large-scale production of a sat- 
isfactory tablet or capsule depends not only on the availability 
of a clinically effective formulation but also on the raw mate- 
rials, facilities, personnel, documentation, validated processes 
and equipment, packaging, and the controls used during and 
after preparation (Fig 45-1). 


they are made by compression or molding. Compressed tablets 
usually are prepared by large-scale production methods, while 
molded tablets generally involve small-scale operations. The 
various tablet types and abbreviations used in referring to 
them are listed below. 


COMPRESSED TABLETS (CT) 

These tablets are formed by compression and contain no special coating. 

They a are made from powdered, crystalline, or granular materials, alone 

or in combination with binders, disintegrants, controlled-release poly- 

mers, lubricants, diluents, and in many cases colorants. 
Sugar-Coated Tablets (SCT)—These are compressed tablets con- 

taining a sugar coating. Such coatings may be colored and are beneficial 


in covering up drug substances possessing objectionable tastes or odors ) toe 


and in protecting materials sensitive to oxidation.(;1c+ \\ al\ Y Asi 

Film-Coated Tablets (FCT)—These are compressed tablets that 
are covered with a thin layer or film of a water-soluble material. A 
number of polymeric substances with film-forming properties may be 
used. Film coating imparts the same general characteristics as sugar 
coating, with the added advantage of a greatly reduced time period 
required for the coating operation. 

Enteric-Coated Tablets (ECT)—These are compressed tablets 


’ coated with substances that resist solution in gastric fluid but disintegrate 
“in the intestine. Enteric coatings can be used for tablets containing drug 
o’substances that are inactivated or destroyed in the stomach, for those that 


irritate the mucosa, or as a means of delayed release of the medication. 
Multiple Compressed Tablets (MCT)—These are compressed 
tablets made by more than one compression cycle. 
Layered Tablets—Such tablets are prepared by compressing addi- 
tional tablet granulation on a previously compressed granulation. The 
operation may be repeated to produce multilayered tablets of two or 


tus) 


Figure 45-1. Tablet press operators checking batch record in conform- 
ance with Current Good Manufacturing Practices (courtesy, Lilly). 


three layers. Special tablet presses are required to make layered tablets 
such as the Versa press (Stokes/Pennwalt). 

Press-Coated Tablets—Such tablets, also referred to as dry-coated, 
are prepared by feeding previously compressed tablets into a special 
tableting machine and compressing another granulation layer around 
the preformed tablets. They have all the advantages of compressed 
tablets, ie, slotting, monogramming, speed of disintegration, etc, while 
retaining the attributes of sugar-coated tablets in masking the taste of 
the drug substance in the core tablets. An example of a press-coated 
tablet press is the Manesty Drycota. Press-coated tablets also can be 
used to separate incompatible drug substances; in addition, they can 
provide a means of giving an enteric coating to the core tablets. Both 
types of multiple-compressed tablets have been used widely in the 
design of prolonged-action dosage forms. 

_Controlled-Release ablets—Compressed tablets can be formu- 
lated to release the drug slowly over a prolonged period of time. Hence, 
these dosage forms have been referred to as prolonged-release or 
sustained-release dosage forms as well. These tablets (as well as capsule 
versions) can be categorized into three types: (1) those that respond to 
some physiological condition to release the drug, such as enteric coat- 
ings; (2) those that release the drug in a relatively steady, controlled 
manner; and (3) those that combine combinations of mechanisms to 
release pulses of drug, such as repeat-action tablets. The performance of 
these systems is described in more detail in Chapter 47. 

Tablets for Solution—Compressed tablets to be used for prepar- 
ing solutions or imparting given characteristics to solutions must be 
labeled to indicate that they are not to be swallowed. Examples of these 
tablets are Halazone Tablets for Solution and Potassium Permanganate 
Tablets for Solution. 

Effervescent Tablets—In addition to the drug substance, these 
contain sodium bicarbonate and an organic acid such as tartaric or 
citric. In the presence of water, these additives react, liberating carbon 
dioxide that acts as a distintegrator and produces effervescence. Except 
for small gpepities of lubricants present, effervescent tablets are 
soluble. (Q\ \Kaselt a. er 

Compressed Suppositories or Inserts—Occasionally, vaginal 
suppositories, such as Metronidazole Tablets, are prepared by compres- 
sion. Tablets for this use usually contain lactose as the diluent. In this 
case, as well as for any tablet intended for administration other than by 
swallowing, the label must indicate the manner in which it is to be used. 

Buccal and Sublingual Tablets—These are small, flat, oval tab- 
lets. Tablets intended for buccal administration by inserting into the 
buccal pouch may dissolve or erode slowly; therefore, they are formu- 
lated and compressed with sufficient pressure to give a hard tablet. 
Progesterone Tablets may be administered in this way. 

Some newer approaches use tablets that melt at body temperatures. 
The matrix of the tablet is solidified while the drug is in solution. After 
melting, the drug is automatically in solution and available for absorp- 
‘tion, thus eliminating dissolution as a rate-limiting step in the absorp- 
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tion of poorly soluble compounds. Sublingual tablets, such as those 
containing nitroglycerin, isoproterenol hydrochloride, or erythrityl 
tetranitrate, are placed under the tongue. Sublingual tablets dissolve 
rapidly, and the drug substances are absorbed readily by this form of 
administration. 


MOLDED TABLETS OR TABLET TRITURATES (TT) 


Tablet triturates usually are made from moist material, using a tritu- 
rate mold that gives them the shape of cut sections of a cylinder. Such 
tablets must be completely and rapidly soluble. The problem arising 
from compression of these tablets is the LES to Sud a lubricant that 
is completely water-soluble. 

Dispensing Tablets (DT)—These tablets provide a convenient 
quantity of potent drug that can be incorporated readily into powders 
and liquids, thus circumventing the necessity to weigh small quantities. 
These tablets are supplied primarily as a convenience for extempora- 


yneous compounding and should never be dispensed as a dosage form. 


Hypodermic Tablets (HT)—Hypodermic tablets are soft, readily 
soluble tablets and originally were used for the preparation of solutions 
to be injected. Since stable parenteral solutions are now available for 
most drug substances, there is no justification for the use of hypodermic 
tablets for injection. Their use in this manner should be discouraged, 


\ since the resulting solutions are not sterile. Large quantities of these 
, tablets continue to be made, but for oral administration. No hypodermic 


tablets ever have been recognized by the official compendia. 


For medicinal substances, with or without diluents, to be made into 
solid dosage forms with pressure, using available equipment, it is 
necessary that the material, either in crystalline or powdered form, 
possess a number of physical characteristics. These characteristics in- 
clude the ability to flow freely, cohesiveness, and lubrication. The in- 
gredients such as disintegrants designed to break the tablet up 
in gastrointestinal (GI) fluids and controlled-release polymers designed 
to slow drug release ideally should possess these characteristics or not 
interfere with the desirable performance traits of the other excipients. 
Since most materials have none or only some of these properties, meth- 
ods of tablet formulation and preparation have been developed to im- 
part these desirable characteristics to the material that is to be com- 
pressed into tablets. 

The basic mechanical unit in all tablet-compression equipment in- 
cludes a lower punch that fits into a die from the bottom and an upper 
punch, with a head of the same shape and dimensions, which enters the 
die cavity from the top after the tableting material fills the die cavity 
(see Fig 45-2). The tablet is formed by pressure applied on the punches 
and subsequently is ejected from the die. The weight of the tablet is 
determined by the volume of the material that fills the die cavity. 
Therefore, the ability of the granulation to flow freely into the die is 
important in ensuring a uniform fill, as well as the continuous move- 
ment of the granulation from the source of supply or feed hopper. If the 
tablet granulation does not possess cohesive properties, the tablet after 
compression will crumble and fall apart on handling. As the punches 
must move freely within the die and the tablet must be ejected readily 
from the punch faces, the material must have a degree of lubrication to 
minimize friction and allow the removal of the compressed tablets. 

There are three general methods of tablet preparation: the wet- 
granulation method, the dry-granulation method, and direct compres- 
sion. The method of preparation and the added ingredients are selected” 
to give the tablet formulation the desirable physical characteristics 
allowing the rapid compression of tablets. After compression, the tab- 


Figure 45-2. Basic mechanical unit for tablet compression: lower 
punch, die, and upper punch (courtesy, Vector/Colton). 
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lets must have a number of additional attributes such as appearance, 
hardness, disintegration ability, appropriate dissolution characteris- 
tics, and uniformity, which also are influenced both by the method of 
preparation and by the added materials present in the formulation. In 
the preparation of compressed tablets, the formulator also must be 
cognizant of the effect that the ingredients and methods of preparation 
may have on the availability of the active ingredients and, hence, the 
therapeutic efficacy of the dosage form. In response to a request by 
physicians to change a dicumarol tablet so that it might be broken more 
easily, a Canadian company reformulated to make a large tablet with a 
score. Subsequent use of the tablet, containing the same amount of drug 
substance as the previous tablet, resulted in complaints that larger- 
than-usual doses were needed to produce the same therapeutic re- 
sponse. On the other hand, literature reports indicate that the refor- 
mulation of a commercial digoxin tablet resulted in a tablet that, 
although containing the same quantity of drug substance, gave the 
desired clinical response at half its original dose. Methods and princi- 
ples that can be used to assess the effects of excipients and additives on 
drug absorption have been reviewed.”'*!° See Chapters 38, 53, and 58. 


TABLET INGREDIENTS 


In addition to the active or therapeutic ingredient, tablets 
contain a number of inert materials. The latter are known as 
additives or excipients. They may be classified according to the 
part they play in the finished tablet. The first group contains 
those that help to impart satisfactory processing and compres- 
sion characteristics to the formulation. These include diluents, 
binders, glidants, and lubricants. The second group of added 
substances helps to give additional desirable physical charac- 
teristics to the finished tablet. Included in this group are dis- 
integrants, colors, and, in the case of chewable tablets, flavors 
and sweetening agents, and in the case of controlled-release 
tablets, polymers or waxes or other solubility-retarding 
materials. 

Although the term inert has been applied to these added 
materials, it is becoming increasingly apparent that there is an 
important relationship between the properties of the excipients 
and the dosage forms containing them. Preformulation studies 
demonstrate their influence on stability, bioavailability, and 
the processes by which the dosage forms are prepared. The 
need for acquiring more information and use standards for 
excipients has been recognized in a joint venture of the Acad- 
emy of Pharmaceutical Sciences and the Council of the Phar- 
maceutical Society of Great Britain. The result is called the 
Handbook of Pharmaceutical Excipients. This reference now is 
distributed widely throughout the world.'® 


Diluents 


Frequently, the single dose of the active ingredient is small, 
and an inert substance is added to increase the bulk to make 
the tablet a practical size for compression. Compressed tablets 
of dexamethasone contain 0.75 mg steroid per tablet; hence, it 
is obvious that another material must be added to make tablet- 
ing possible. Diluents used for this purpose include dicalcium 
phosphate, calcium sulfate, lactose, cellulose, kaolin, mannitol, 
sodium chloride, dry starch, and powdered sugar. Certain di- 
luents, such as mannitol, lactose, sorbitol, sucrose, and inositol, 
when present in sufficient quantity, can impart properties to 
some compressed tablets that permit disintegration in the 
mouth by chewing. Such tablets commonly are called chewable 
tablets. Upon chewing, properly prepared tablets will disinte- 
grate smoothly at a satisfactory rate, have a pleasant taste and 
feel, and leave no unpleasant aftertaste in the mouth. Diluents 
used as excipients for direct compression formulas have been 
subjected to prior processing to give them flowability and com- 
pressibility. These are discussed under Direct Compression, 
page 869. 


Most formulators of immediate-release tablets tend to use 
consistently only one or two diluents selected from the above 
group in their tablet formulations. Usually, these have been 
selected on the basis of experience and cost factors. However, in 
the formulation of new therapeutic agents, the compatibility of 
the diluents with the drug must be considered; eg, calcium salts 
used as diluents for the broad-spectrum antibiotic tetracycline 
have been shown to interfere with the drug’s absorption from 
the GI tract. When drug substances have low water solubil- 
ity, it is recommended that water-soluble diluents be used to 
avoid possible bioavailability problems. Highly adsorbent sub- 
stances, eg, bentonite and kaolin, are to be avoided in making 
tablets of drugs used clinically in small dosage, such as the 
cardiac glycosides, alkaloids, and the synthetic estrogens. 
These drug substances may be adsorbed after administration. 
The combination of amine bases with lactose, or amine salts 
with lactose in the presence of an alkaline lubricant results in 
tablets that discolor on aging. 

Microcrystalline cellulose (Avicel) usually is used as an ex- 
cipient in direct-compression formulas. However, its presence 
in 5 to 15% concentrations in wet granulations has been shown 
to be beneficial in the granulation and drying processes in 
minimizing case-hardening of the tablets and in reducing tab- 
let mottling. 

Many ingredients are used for several different purposes, 
even within the same formulation; eg, corn starch can be used 
in paste form as a binder. When added in drug or suspension 
form, it is a good disintegrant. Even though these two uses are 
to achieve opposite goals, some tablet formulas use corn starch 
in both ways. In some controlled-release formulas, the polymer 
hydroxypropylmethylcellulose (HPMC) is used both as an aid 
to prolong the release from the tablet as well as a film-former in 
the tablet coating. Therefore, most excipients used in formu- 
lating tablets and capsules have many uses, and a thorough 
understanding of their properties and limitations is necessary 
to use them rationally. 


\ 
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Binders \ 


Agents used to impart cohesive qualities to the powdered ma- 
terial are referred to as binders or granulators. They impart a 
cohesiveness to the tablet formulation that ensures the tablet 
remaining intact after compression, as well as improving the 
free-flowing qualities by the formulation of granules of desired 
hardness and size. Materials commonly used as binders include 
starch, gelatin, and sugars such as sucrose, glucose, dextrose, 
molasses, and lactose. Natural and synthetic gums that have 
been used include acacia, sodium alginate, extract of Irish 
moss, panwar gum, ghatti gum, mucilage of isapol husks, 
carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone, 
Veegum, and larch arabogalactan. Other agents that may be 
considered binders under certain circumstances are polyethyl- 
ene glycol, ethylcellulose, waxes, water, and alcohol. 

The quantity of binder used has considerable influence on 
the characteristics of the compressed tablets. The use of too 
much binder or too strong a binder will make a hard tablet that 
will not disintegrate easily and will cause excessive wear of 
punches and dies. Differences in binders used for CT Tolbut- 
amide resulted in differences in hypoglycemic effects observed 
clinically. Materials that have no cohesive qualities of their 
own will require a stronger binder than those with these qual- 
ities. Alcohol and water are not binders in the true sense of the 
word, but because of their solvent action on some ingredients 
such as lactose, starch, and celluloses, they change the pow- 
dered material to granules, and the residual moisture retained 
enables the materials to adhere together when compressed. 

Binders are used both as a solution and in a dry form, 
depending on the other ingredients in the formulation and the 
method of preparation. However, several pregelatinized 
starches available are intended to be added in the dry form so 


that water alone can be used as the granulating solution. The 
same amount of binder in solution will be more effective than if 
it were dispersed in a dry form and moistened with the solvent. 
By the latter procedure, the binding agent is not as effective in 
reaching and wetting each of the particles within the mass of 
powders. Each of the particles in a powder blend has a coating 
of adsorbed air on its surface, and it is this film that must be 
penetrated before the powders can be wetted by the binder 
solution. After wetting, a certain period of time is necessary to 
dissolve the binder completely and make it completely avail- 
able for use. Since powders differ with respect to the ease with 
which they can be wetted and their rate of solubilization, it is 
preferable to incorporate the binding agent in solution. By this 
technique it often is possible to gain effective binding with a 
lower concentration of binder. 

The direct-compression method for preparing tablets (see 
page 869) requires a material that is not only free-flowing but 
also sufficiently cohesive to act as a binder. This use has been 
described for a number of materials including microcrystalline 
cellulose, microcrystalline dextrose, amylose, and polyvinylpyr- 
rolidone. It has been postulated that microcrystalline cellulose 
is a special form of cellulose fibril in which the individual 
crystallites are held together largely by hydrogen bonding. The 
disintegration of tablets containing the cellulose occurs by 
breaking the intercrystallite bonds by the disintegrating 
medium. 

STARCH PASTE—Corn starch is used widely as a binder. 
The concentration may vary from 10 to 20%. It usually is 
prepared as it is to be used, by dispersing corn starch in 
sufficient cold purified water to make a 5 to 10% w/w suspen- 
sion and warming in a water bath with continuous stirring 
until a translucent paste forms. It has been observed that 
during paste formation, not all of the starch is hydrolyzed. 
Starch paste then is not only useful as a binder, but also as a 
method to incorporate some disintegrant inside the granules. 

GELATIN SOLUTION—Gelatin generally is used as a 10 
to 20% solution; gelatin solutions should be prepared freshly as 
needed and used while warm or they will solidify. The gelatin 
is added to cold purified water and allowed to stand until it is 
hydrated. It then is warmed in a water bath to dissolve the 
gelatin, and the solution is made up to the final volume on a 
weight basis to give the concentration desired. 

CELLULOSIC SOLUTIONS—Various cellulosics have 
been used as binders in solution form. Hydroxypropylmethyl- 
cellulose (HPMC) has been used widely in this regard. Typical 
of a number of cellulosics, HPMC is more soluble in cold water 
than hot. It also is more dispersable in hot water than cold. 
Hence, to obtain a good, smooth gel that is free from lumps or 
fisheyes, it is necessary to add the HPMC in hot, almost boiling 
water and, under agitation, cool the mixture down as quickly as 
possible, as low as possible. Other water-soluble cellulosics 
such as hydroxyethylcellulose (HEC) and hydroxypropylcellu- 
lose (HPC) have been used successfully in solution as binders. 

Not all cellulosics are soluble in water. Ethylcellulose can be 
used effectively when dissolved in alcohol or as a dry binder 
that then is wetted with alcohol. It is used as a binder for 
materials that are moisture-sensitive. 

POLYVINYLPYRROLIDONE—PVP can be used as an 
aqueous or alcoholic solution, and this versatility has in- 
creased its popularity. Concentrations range from 2% and 
vary considerably. 

It will be noted that binder solutions usually are made up to 
weight rather than volume. This is to enable the formulator to 
determine the weight of the solids that have been added to the 
tablet granulation in the binding solution. This becomes part of 
the total weight of the granulation and must be taken into 
consideration in determining the weight of the compressed 
tablet, which will contain the stated amount of the therapeutic 
agent. 

As can be seen by the list of binders in this chapter, most 
modern binders used in solution are polymeric. Because of this, 
the flow or spreadability of these solutions becomes important 
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when selecting the appropriate granulating equipment. The 
rheology of polymeric solutions is a fascinating subject in and of 
itself and should be considered for these materials. 


Lubricants. ~~ 


Lubricants have a number of functions in tablet manufacture. 
They prevent adhesion of the tablet material to the surface of 
the dies and punches, reduce interparticle friction, facilitate 
the ejection of the tablets from the die cavity, and may improve 
the rate of flow of the tablet granulation. Commonly used 
lubricants include tale, magnesium stearate, calcium stearate, 
stearic acid, hydrogenated vegetable oils, and polyethylene gly- 
col (PEG). Most lubricants, with the exception of talc, are used 
in concentrations below 1%. When used alone, tale may require 
concentrations as high as 5%. Lubricants are in most cases 
hydrophobic materials. Poor selection or excessive amounts 
can result in waterproofing the tablets, resulting in poor tab- 
let disintegration and/or delayed dissolution of the drug 
substance. 

The addition of the proper lubricant is highly desirable if the 
material to be tableted tends to stick to the punches and dies. 
Immediately after compression, most tablets have the tendency 
to expand and will bind and stick to the side of the die. The 
choice of the proper lubricant will overcome this effectively. 

The method of adding a lubricant to a granulation is impor- 
tant if the material is to perform its function satisfactorily. The 
lubricant should be divided finely by passing it through a 60- to 
100-mesh nylon cloth onto the granulation. In production this 
is called bolting the lubricant. After adding the lubricant, the 
granulation is tumbled or mixed gently to distribute the lubri- 
cant without coating the particles too well or breaking them 
down to finer particles. Some research has concluded that the 
order of mixing of lubricants and other excipients can have a 
profound effect on the performance of the final dosage form. 
Thus, attention to the mixing process itself is just as important 
as the selection of lubricant materials. 

These process variables can be seen in the prolonged blend- 
ing of a lubricant in a granulation. Overblending materially 
can affect the hardness, disintegration time, and dissolution 
performance of the resultant tablets. 

The quantity of lubricant varies, being as low as 0.1% and, 
in some cases, as high as 5%. Lubricants have been added to 
the granulating agents in the form of suspensions or emulsions. 
This technique serves to reduce the number of operational 
procedures and thus reduce the processing time. 

In selecting a lubricant, proper attention must be given to 
its compatibility with the drug agent. Perhaps the most widely 
investigated drug is acetylsalicylic acid. Different tales varied 
significantly the stability of aspirin. Tale with a high calcium 
content and a high loss on ignition was associated with in- 
creased aspirin decomposition. From a stability standpoint, the 
relative acceptability of tablet lubricants for combination with 
aspirin was found to decrease in the following order: hydroge- 
nated vegetable oil, stearic acid, talc, and aluminum stearate. 

The primary problem in the preparation of a water-soluble 
tablet is the selection of a satisfactory lubricant. Soluble lubri- 
cants reported to be effective include sodium benzoate, a mix- 
ture of sodium benzoate and sodium acetate, sodium chloride, 
leucine, and Carbowax 4000. However, it has been suggested 
that formulations used to prepare water-soluble tablets may 
represent a number of compromises between compression effi- 
ciency and water solubility. While magnesium stearate is one of 
the most widely used lubricants, its hydrophobic properties can 
retard disintegration and dissolution. To overcome these wa- 
terproofing characteristics, sodium lauryl sulfate sometimes is 
included. One compound found to have the lubricating proper- 
ties of magnesium stearate without its disadvantages is mag- 
nesium lauryl sulfate. Its safety for use in pharmaceuticals has 
not been established. 


862 CHAPTER 45 


waa \ / 


Glidants. a Crud 


A glidant is a substance that improves the flow characteristics 
of a powder mixture. These materials always are added in the 
dry state just prior to compression (ie, during the lubrication 
step). Colloidal silicon dioxide Cab-o-sil (Cabot) is the most 
commonly used glidant and generally is used in low concentra- 
tions of 1% or less. Tale (asbestos-free) also is used and may 
serve the dual purpose of lubricant/glidant. 

It is especially important to optimize the order of addition 
and the mixing process for these materials, to maximize their 
effect and to make sure that their influence on the lubricant(s) 
is minimized. 


Disintegrants ___ 


A disintegrant is a substance or a mixture of substances added 
to a tablet to facilitate its breakup or disintegration after ad- 
ministration. The active ingredient must be released from the 
tablet matrix as efficiently as possible to allow rapid dissolu- 
tion. Materials serving as disintegrants have been classified 
chemically as starches, clays, celluloses, algins, gums, and 
cross-linked polymers. 

The oldest and still the most popular disintegrants are corn 
and potato starch that have’ been well dried and powdered. 
Starch has a great affinity for water and swells when moist- 
ened, thus facilitating the rupture of the tablet matrix. How- 
ever, others have suggested that its disintegrating action in 
tablets is due to capillary action rather than swelling; the 
spherical shape of the starch grains increases the porosity of 
the tablet, thus promoting capillary action. Starch, 5%, is sug- 
gested, but if more rapid disintegration is desired, this amount 
may be increased to 10 or 15%. Although it might be expected 
that disintegration time would decrease as the percentage of 
starch in the tablet increased, this does not appear to be the 
case for tolbutamide tablets. In this instance, there appears to 
be a critical starch concentration for different granulations of 
the chemical. When their disintegration effect is desired, 
starches are added to the powder blends in the dry state. 

A group of materials known as super disintegrants have 
gained in popularity as disintegrating agents. The name comes 
from the low levels (2 to 4%) at which they are completely 
effective. Croscarmelose, crospovidone, and sodium starch gly- 
colate represent examples of a cross-linked cellulose, a cross- 
linked polymer, and a cross-linked starch, respectively. 

The development of these disintegrants fostered new theo- 
ries about the various mechanisms by which disintegrants 
work. Sodium starch glycolate swells 7- to 12-fold in less than 
30 sec. Croscarmelose swells 4- to 8-fold in less than 10 sec. The 
starch swells equally in all three dimensions, while the cellu- 
lose swells only in two dimensions, leaving fiber length essen- 
tially the same. Since croscarmelose is the more efficient dis- 
integrating agent, it is postulated that the rate, force, and 
extent of swelling play an important role in those disintegrants 
that work by swelling. Cross-linked PVP swells little but re- 
turns to its original boundaries quickly after compression. 
Wicking, or capillary action, also is postulated to be a major 
factor in the ability of cross-linked PVP to function.17~!° 

In addition to the starches, a large variety of materials have 
been used and are reported to be effective as disintegrants. 
This group includes Veegum HV, methylcellulose, agar, ben- 
tonite, cellulose and wood products, natural sponge, cation- 
exchange resins, alginic acid, guar gum, citrus pulp, and car- 
boxymethylcellulose.2° Sodium lauryl sulfate in combination 
with starch also has been demonstrated to be an effective 
disintegrant. In some cases the apparent effectiveness of sur- 
factants in improving tablet disintegration is postulated as due 
to an increase in the rate of wetting. 

The disintegrating agent usually is mixed with the active 
ingredients and diluents prior to granulation. In some cases it 


may be advantageous to divide the starch into two portions: one 
part is added to the powdered formula prior to granulation, and 
the remainder is mixed with the lubricant and added prior to 
compression. Incorporated in this manner, the starch serves a 
double purpose; the portion added to the lubricant rapidly 
breaks down the tablet to granules, and the starch mixed with 
the active ingredients disintegrates the granules into smaller 
particles. Veegum has been shown to be more effective as a 
disintegrator in sulfathiazole tablets when most of the quantity 
is added after granulation and only a small amount before 
granulation. Likewise, the montmorillonite clays were found to 
be good tablet disintegrants when added to prepared granula- 
tions as powder. They are much less effective as disintegrants 
when incorporated within the granules. 

Factors other than the presence of disintegrants can affect 
the disintegration time of compressed tablets significantly. The 
binder, tablet hardness, and the lubricant have been shown to 
influence the disintegration time. Thus, when the formulator is 
faced with a problem concerning the disintegration of a com- 
pressed tablet, the answer may not lie in the selection and 
quantity of the disintegrating agent alone. 

The evolution of carbon dioxide is also an effective way to 
cause the disintegration of compressed tablets. Tablets con- 
taining a mixture of sodium bicarbonate and an acidulant such 
as tartaric or citric acid will effervesce when added to water. 
Sufficient acid is added to produce a neutral or slightly acidic 
reaction when disintegration in water is rapid and complete. 
One drawback to the use of the effervescent type of disintegra- 
tor is that such tablets must be kept in a dry atmosphere at all 
times during manufacture, storage, and packaging. Soluble, 
effervescent tablets provide a popular form for dispensing as- 
pirin and noncaloric sweetening agents. 
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Coloring Agents — 
Colors in compressed tablets serve functions other than mak- 
ing the dosage form more esthetic in appearance. Color helps 
the manufacturer to control the product during its preparation, 
as well as serving as a means of identification to the user. The 
wide diversity in the use of colors in solid dosage forms makes 
it possible to use color as an important category in the identi- 
fication code developed by the AMA to establish the identity of 
an unknown compressed tablet in situations arising from 
poisoning. 

All colorants used in pharmaceuticals must be approved and 
certified by the FDA. For several decades colorants have been 
subjected to rigid toxicity standards, and as a result, a number 
of colorants have been removed from an approved list of Food, 
Drug and Cosmetic Act (FD&C) colors, or delisted. Several have 
been listed as well. The colorants currently approved in the US 
are listed in Table 45-1. Each country has its own list of 
approved colorants, and formulators must consider this in de- 
signing products for the international market.”! 

Any of the approved, certified, water-soluble FD&C dyes, 
mixtures of the same, or their corresponding lakes may be used 
to color tablets. A color lake is the combination by adsorption of 
a water-soluble dye to a hydrous oxide of a heavy metal result- 
ing in an insoluble form of the dye. In some instances multiple 
dyes are used to give a purposefully heterogeneous coloring in 
the form of speckling to compressed tablets. The dyes available 
do not meet all the criteria required for the ideal pharmaceu- 
tical colorants. The photosensitivity of several of the commonly 
used colorants and their lakes has been investigated, as well as 
the protection afforded by a number of glasses used in packag- 
ing tablets. 

Another approach for improving the photostability of dyes 
has been in the use of ultraviolet-absorbing chemicals in the 
tablet formulations with the dyes. The Di-Pac line (Amstar) is 
a series of commercially available colored, direct-compression 
sugars. 
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Table 45-1. Colors Approved for Use in the US in Oral Dosage Forms”” 
eee a aan cn ce ee 


COLOR INDEX 


COLOR OTHER NAMES (cl. 1971) USE RESTRICTION (US) 
FD&C Red 40 Allura red 16035 FDA certification on each lot of dye 
D&C Red 33 Acid fuchsin D 17200 ADI 0-0.76 mg 

Naphtalone red B 
D&C Red 36 AD! 0-1.0 mg 
Canthaxanthinin Food orange 8 40850 None 
D&C Red 22 Eosin Y 45380 FDA certification on each lot of dye 
D&C Red 28 Phloxine B 45410 FDA certification on each lot of dye 
D&C Red 3 Erythrosine 45430 FDA certification on each lot of dye 
Cochineal extract Natural red 4 75470 None 

Carmine 
Iron oxide—red = 77491 ADI 0-5 mg elemental iron 
FD&C Yellow 6 Sunset yellow FCF 15985 None 

Yellow orange 5 
FD&C Yellow 5 Tartrazine 19140 Label declaration and FDA certification on each lot of dye 
D&C Yellow 10 Quinoline yellow WS 47005 FDA certification on each lot of dye 
Beta-carotene — 40800 
Iron oxide—yellow — 77492 ADI 0-5 mg elemental iron 
FD&C Blue 1 Brilliant blue FCF 42090 FDA certification on each lot of dye 
FD&C Blue 2 Indigotine 73015 None 

Indigo carmine 
FD&C Green 3 Fast green FCF 42035 FDA certification on each lot of dye 
Iron oxide—black — 77499 ADI 0-5 mg elemental iron 
Caramel Burnt sugar — None 
Titanium dioxide — 77891 None 


? Abbreviations: ADI, acceptable daily intake (per kg body weight); Cl, color index numbers of 1971 (US); D&C, Drug and Cosmetic Dyes (US); FD&C, Food, Drug 


and Cosmetic Dyes (US): FDA, Food and Drug Administration AUS). 
© As of February, 1988 and subject to revision. 


| 
\ 


st 
- 


The most common method of adding color to a tablet formu- 
lation is to dissolve the dye in the binding solution prior to the 
granulating process. Another approach is to adsorb the dye on 
starch or calcium sulfate from its aqueous solution; the result- 
ant powder is dried and blended with the other ingredients. If 
the insoluble lakes are used, they may be blended with the 
other dry ingredients. Frequently during drying, colors in wet 
granulations migrate, resulting in an uneven distribution of 
the color in the granulation. After compression, the tablets will 
have a mottled appearance due to the uneven distribution of 
the color. Migration of colors may be reduced by drying the 
granulation slowly at low temperatures and stirring the gran- 
ulation while it is drying. The affinity of several water-soluble, 
anionic, certified dyes for natural starches has been demon- 
strated; in these cases this affinity should aid in preventing 
color migration. 

Other additives have been shown to act as dye-migration 
inhibitors. Tragacanth (1%), acacia (3%), attapulgite (5%), and 
tale (7%) were effective in inhibiting the migration of FD&C 
Blue No 1 in lactose. In using dye lakes, the problem of color 
migration is avoided since the lakes are insoluble. Prevention 
of mottling can be helped also by the use of lubricants and other 
additives that have been colored similarly to the granulation 
prior to their use. The problem of mottling becomes more pro- 
nounced as the concentration of colorants increases. Color mot- 
tling is an undesirable characteristic common to many com- 
mercial tablets. 


Flavoring - ‘Ss — 
Flavering Agents— 


In addition to the sweetness that may be afforded by the 
diluent of the chewable tablet, eg, mannitol or lactose, artificial 
sweetening agents may be included. Formerly, the cyclamates, 
either alone or in combination with saccharin, were used 
widely. With the banning of the cyclamates and the indefinite 
status of saccharin, new natural sweeteners are being sought. 
Aspartame (Searle), has found applications in pharmaceutical 
formulations. Sweeteners other than the sugars have the ad- 
vantage of reducing the bulk volume, considering the quantity 


of sucrose required to produce the same degree of sweetness. 
Being present in small quantities, they do not affect markedly 
the physical characteristics of the tablet granulation. 


POWDER COMPACTION 
SER TER EPR ET 
Compressed tablets became a commercially viable and efficient 
dosage form with the invention of tablet machines. In 1843 
William Brockendon, a British inventor, author, artist, and 
watchmaker, received British Patent #9977 for Shaping Pills, 
Lozenges, and Black Lead by Pressure in Dies.** In over 150 
years of tablet manufacture, the basic process has not changed. 
Surprisingly, improvements have been made only with regards 
to speed of manufacture and quality control. 

The process of compaction has several identifiable phases. 
As can be seen in Figure 45-3, when powders undergo compres- 
sion (a reduction in volume), the first process to occur is a 
consolidation of the powders. During this consolidation phase, 
the powder particles adopt a more efficient packing order. The 


Loose Packing 


8960@ 
8900 
e689 


Dense Packing 


Plastic Deformation 
Brittle Fracture 


ht | 


Thickness 


Applied Force 


Figure 45-3. The stages of powder compaction. 
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second phase of the compaction process is elastic, or reversible 
deformation. If the force were to be removed during this phase, 
the powder would recover completely to the efficiently packed 
state. For most pharmaceutical powders, this phase is very 
short in duration and very difficult to identify on most instru- 
mented tablet presses. The third phase of compaction is plastic, 
or irreversible, deformation of the powder bed. It is this phase 
of the compaction process that is the most critical in tablet 
formation. If too much force is applied to the powder, brittle 
fracture occurs. If the force was applied too quickly, fracture 
and debonding during stress relaxation can occur. 

In 1950, Stewart reported on the importance of plastic flow 
and suggested that if a material has significant plastic flow 
under compression, it will be more likely to form a compact.”? 
David and Augsburger evaluated stress-relaxation data, using 
the Maxwell model of viscoelastic behavior in an attempt to 
quantify the rate of plastic deformation of some direct compres- 
sion excipients.2* Jones has used the term contact time to 
describe the total time for which a moving punch applies a 
detectable force to the die contents during the compression and 
decompression event, excluding ejection.”° 

Rees and Rue evaluated three parameters: stress relation 
during compaction, effect of contact time on tablet density, 
and rate of application of diametrical compression on tablet 
deformation.”° 

Jones”° outlined numerous techniques to evaluate the com- 
pactability of powders. Because of the completeness of his re- 
view, these parameters are discussed below. 


Tablet Strength—Compression 
Pressure Profile 


Most formulators use tablet hardness, or tensile strength, as a 
measure of the cohesiveness of a tablet. With even the simplest 
of instrumented tablet presses, it is possible to plot tensile 
strength versus the force applied to the tablet. Figure 45-4 
illustrates such a plot. These plots can be useful in identifying 
forces that can cause fracture and can lead to a quick, tangible 
assessment of the compatibility of the formulation. However, 
there are many limitations to this method, as these plots can- 
not predict lamination or capping. In addition, the cohesive- 
ness of a tablet can change upon storage, in either a positive or 
negative direction. 


Tablet Friability 


This test is discussed later in the chapter, and there have been 
many suggestions about how they should be performed. Many 
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formulators believe this is an important indicator of cohesive- 
ness but is of limited value in predicting failure in the field. 


Changes in Bed Density 
during Compression 


As applied stress (force) increases, elastic and plastic deforma- 
tion of the particles occurs, which results in plastic flow and a 
reduction in inter- and intraparticulate void spaces. This low- 
ers the overall compact density. 

For highly cohesive systems, the reduction in void space 
may yield a compact of sufficient strength for insertion into 
a capsules shell. However, the inherent cohesiveness for 
most drugs and excipients is not suitable alone for tablet 
manufacture. 

The Heckel equation is given below; K can be considered 
equal to the reciprocal of the mean yield pressure, and A is a 
function of the original compact volume and is related to the 
densification and particle rearrangement prior to bonding. 


Log [1/(1-D)]=KP+A 


where D is the relative density at pressure P, and K and A are 
constants. 

Hersey and Rees”® have classified Heckel plots into two 
categories. Figure 45-5 shows both types of Heckel plots. Type 
2 differs from Type 1 in that above a certain pressure a single 
linear relationship occurs irrespective of the initial bed density. 
This is independent of particle size and is probable due to 
fragmentation of particles and their subsequent compaction by 
plastic deformation. For Type 1 materials, no such fracture 
occurs, but adjacent particles simply deform plastically. 

The pressure at which the plots transition to a linear portion 
is approximately equal to the minimum pressure required to 
form a coherent compact. 


Changes in Surface Area 
during Compression 


Bulk powders change their state of packing during compaction, 
and individual particles fracture and/or plastically deform. 
During this process, the surface area of the powders and the 
compact in whole, changes. Conventional nitrogen absorption 
techniques can estimate these changes. Although this can be 
tedious, these measurements can give a means of examining 
lamination tendency. 
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Figure 45-4. Tensile strength of compacts prepared from different crystal forms. A: Barbitone (104-152 um)—O, Form |; 0, Form Il; A, Form 


Ill. B: Sulfathiazole (104-152 jzm)—O, Form |; A, Form Il. C: Aspirin (250-353 um)—A, Form |; 


, Form IV (courtesy, Summers et a/?’). 
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Figure 45-5. Heckel plots. A: Type |. B: Type II (courtesy, Jones?’). 


Stress Relaxation 


The experimental technique consists of holding the compres- 
sion process at a point of maximum compression and observing 
the compression force over various periods of time. By increas- 
ing the duration of this period (dwell time), plastic flow is 
maximized, and tablet strength increases. 


Stress Transmissions during Compression 


If the stresses in the upper punch, lower punch, and die wall 
are monitored, as in Figure 45-6, a general plot can be con- 
structed showing the relationship between these forces. The 
elastic limit is reached at point A. At point B, the applied force 
is released, and the transmitted force on the wall of the die falls 
rapidly. The upper punch ceases to contact the powder/compact 
at point C, where the transmitted force falls rapidly to a resid- 
ual force, point D. The force needed to eject the tablet from the 
die must be greater than the residual force holding it to the 
sides of the die. Therefore, residual forces tend to be propor- 
tional to ejection forces. In addition, these plots can give a good 
assessment of the elastic component of the compaction process 
of a powder. 
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Work and Compaction 


Force-displacement (#-D) curves are useful in determining the 
work involved in forming a compact. Curves, such as shown in 
Figure 45-7,”° represent the work of the compression process, 
but all compacts expand somewhat during decompression, and 
this force is transferred back to the punch. Therefore, by per- 
forming a second compression of the compact, the second result 
can be subtracted from the first for a corrected F-D curve. The 
corrected curve represents the work associated with plastic 
deformation during powder compaction, as well as a determi- 
nation of the work of friction of the die wall and the work of 
elastic deformation. 


GRANULATION METHODS 
RE TE DIE HII) EE IR SE ENR ES ed 


Wet Granulation 


The most widely used and most general method of tablet prep- 
aration is the wet-granulation method. Its popularity is due to 
the greater probability that the granulation will meet all the 
physical requirements for the compression of good tablets. Its 
chief disadvantages are the number of separate steps involved, 
as well as the time and labor necessary to carry out the proce- 
dure, especially on a large scale. The steps in the wet method 
are weighing, mixing, granulation, screening the damp mass, 
drying, dry screening, lubrication, and compression. The equip- 
ment involved depends on the quantity or size of the batch. The 
active ingredient, diluent, and disintegrant are mixed or 
blended well. For small batches the ingredients may be mixed 
in stainless steel bowls or mortars. Small-scale blending also 
can be carried out on a large piece of paper by holding the 
opposite edges and tumbling the material back and forth. The 
powder blend may be sifted through a screen of suitable fine- 
ness to remove or break up lumps. This screening also affords 
additional mixing. The screen selected always should be of the 
same type of wire or cloth that will not affect the potency of the 
ingredients through interaction. For example, the stability of 
ascorbic acid is affected deleteriously by even small amounts of 
copper, thus care must be taken to avoid contact with copper or 
copper-containing alloys. 

For larger quantities of powder, the Patterson-Kelley twin- 
shell blender and the double-cone blender offer a means of 
precision blending and mixing in short periods of time (Fig 
45-8). Twin-shell blenders are available in many sizes from 
laboratory models to large production models. Planetary mix- 
ers, eg, the Glen mixer and the Hobart mixer, have served this 
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Figure 45-7. Typical forces. A: Displacement (F—D) curve; B: displace- 
ment (F-D), second compression (courtesy, Jones’). 


function in the pharmaceutical industry for many years (Fig 
45-9). On a large scale, ribbon blenders also are employed 
frequently and may be adapted for continuous-production pro- 
cedures. Mass mixers of the sigma-blade type have been used 
widely in the pharmaceutical industry. 

Rapidly increasing in popularity are the high-speed, high- 
shear mixers such as the Lodige/Littleford, Diosna, Fielder, 
and Baker-Perkins. For these mixers a full range of sizes are 
available. The processing of granulations in these machines is 
generally faster than in conventional granulators. However, 
control over the process is critical, and scale-up issues may 
become extremely important.°° Fluid-bed granulation (dis- 
cussed below) also is gaining wide acceptance in the industry. 
For both of these types of processing, slight modifications to the 
following procedures are required. 


Figure 45-8. Twin-shell blender for solids or liquid-solids blending 
(courtesy, Patterson-Kelley). 


Solutions of the binding agent are added to the mixed pow- 
ders with stirring. The powder mass is wetted with the binding 
solution until the mass has the consistency of damp snow or 
brown sugar. If the granulation is overwetted, the granules will 
be hard, requiring considerable pressure to form the tablets, 
and the resultant tablets may have a mottled appearance. If 
the powder mixture is not wetted sufficiently, the resulting 
granules will be too soft, breaking down during lubrication and 
causing difficulty during compression. 

The wet granulation is forced through a 6- or 8-mesh screen. 
Small batches can be forced through by hand using a manual 
screen. For larger quantities, one of several comminuting mills 
suitable for wet screening can be used. These include the 
Stokes oscillator, Colton rotary granulator, Fitzpatrick commi- 
nuting mill, or Stokes tornado mill. See Figure 45-10. In com- 
minuting mills the granulation is forced through the sieving 
device by rotating hammers, knives, or oscillating bars. Most 


Figure 45-9. The Glen powder mixer (courtesy, Am Machine). 


Figure 45-10. Rotary granulator and sifter (courtesy, Vector/ 
Colton). 


high-speed mixers are equipped with a chopper blade that 
operates independently of the main mixing blades and can 
replace the wet milling step, ie, can obviate the need for a 
separate operation. 

For tablet formulations in which continuous production is 
justified, extruders such as the Reitz extructor have been 
adapted for the wet-granulation process. The extruder consists 
of a screw mixer with a chamber where the powder is mixed 
with the binding agent, and the wet mass gradually is forced 
through a perforated screen, forming threads of the wet gran- 
ulation. The granulation then is dried by conventional meth- 
ods. A semiautomatic, continuous process using the Reitz 
extructor has been described for the preparation of the antacid 
tablet Gelusil (Warner-Lambert). 

Moist material from the wet milling step is placed on large 
sheets of paper on shallow wire trays and placed in drying 
cabinets with a circulating air current and thermostatic heat 
control. See Figure 45-11. While tray drying was the most 
widely used method of drying tablet granulations in the past, 
fluid-bed drying is now equally popular. Notable among the 
newer methods being introduced are the fluid-bed dryers. In 
drying tablet granulation by fluidization, the material is sus- 
pended and agitated in a warm air stream while the granula- 
tion is maintained in motion. Drying tests comparing the flu- 
idized bed and a tray dryer for a number of tablet granulations 
indicated that the former was 15 times faster than the conven- 
tional method of tray drying. In addition to the decreased 
drying time, the fluidization method is claimed to have other 
advantages such as better control of drying temperatures, de- 
creased handling costs, and the opportunity to blend lubricants 
and other materials into the dry granulation directly in the 
fluidized bed. See Figure 45-12.*! 

The application of radio-frequency drying and infrared dry- 
ing to tablet granulations has been reported as successful for 
most granulations tried. These methods readily lend them- 
selves to continuous granulation operations. The study of dry- 
ing methods for tablet granulations led to the development of 
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the Rovac dryer system by Ciba pharmacists and engineers. 
The dryer is similar in appearance to the cone blender except 
for the heating jacket and vacuum connections. By excluding 
oxygen and using the lower drying temperatures made possible 
by drying in a vacuum, opportunities for degradation of the 
ingredients during the drying cycle are minimized. A greater 
uniformity of residual moisture content is achieved because of 
the moving bed, controlled temperature, and controlled time 
period of the drying cycle. Particle-size distribution can be 
controlled by varying the speed of rotation and drying temper- 
ature as well as by comminuting the granulation to the desired 
granule size after drying. 

In drying granulations it is desirable to maintain a residual 
amount of moisture in the granulation. This is necessary to 
maintain the various granulation ingredients, such as gums, in 
a hydrated state. Also, the residual moisture contributes to the 
reduction of the static electric charges on the particles. In the 
selection of any drying process, an effort is made to obtain a 
uniform moisture content. In addition to the importance of 
moisture content of the granulation in its handling during the 
manufacturing steps, the stability of the products containing 
moisture-sensitive active ingredients may be related to the 
moisture content of the products. 

Previously it was indicated that water-soluble colorants can 
migrate toward the surface of the granulation during the dry- 
ing process, resulting in mottled tablets after compression. 
This is also true for water-soluble drug substances, resulting in 
tablets unsatisfactory as to content uniformity. Migration can 
be reduced by drying the granulation slowly at low tempera- 
tures or using a granulation in which the major diluent is 
present as granules of large particle size. The presence of 
microcrystalline cellulose in wet granulations also reduces mi- 
gration tendencies. 

After drying, the granulation is reduced in particle size by 
passing it through a smaller-mesh screen. Following dry 
screening, the granule size tends to be more uniform. For dry 
granulations the screen size to be selected depends on the 
diameter of the punch. The following sizes are suggested: 


Tablets up to “6 inch diameter, use 20-mesh 
Tablets %2 to “6 inch, use 16-mesh 

Tablets 1¥32 to 1%2 inch, use 14-mesh 
Tablets “16 inch and larger, use 12-mesh 


For small amounts of granulation, hand screens may be used 
and the material passed through with the aid of a stainless 
steel spatula. With larger quantities, any of the comminuting 
mills with screens corresponding to those just mentioned may 
be used. Note that the smaller the tablet, the finer the dry 
granulation to enable more uniform filling of the die cavity; 
large granules give an irregular fill to a comparatively small 
die cavity. With compressed tablets of sodium bicarbonate, 
lactose, and magnesium trisilicate, a relationship has been 
demonstrated between the particle size of the granulated ma- 
terial and the disintegration time and capping of the resultant 
tablets. For a sulfathiazole granulation, however, the particle- 
size distribution did not appear to influence hardness or 
disintegration. 
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Figure 45-11. Cross-section of tray dryer. 
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Figure 45-12. Three versions of fluidized-bed granulation and dry- 
ing. A: Top-spray method used in conventional fluid-bed gran- 
ulation coaters; B: bottom-spray method used in Wurster air- 
suspension columns; C: tangential-spray method used in rotary 
fluid-bed coaters/granulators (courtesy, Aster Publ, adapted from 
Reference 31). 


After dry granulation, the lubricant is added as a fine pow- 
der. It usually is screened onto the granulation through 60- or 
100-mesh nylon cloth to eliminate small lumps as well as to 


increase the covering power of the lubricant. As it is desirable 
for each granule to be covered with the lubricant, the lubricant 
is blended with the granulation very gently, preferably in a 
blender using a tumbling action. Gentle action is desired to 
maintain the uniform granule size resulting from the granula- 
tion step. It has been claimed that too much fine powder is not 
desirable because fine powder may not feed into the die evenly; 
consequently, variations in weight and density result. Fine 
powders, commonly designated as fines, also blow out around 
the upper punch and down past the lower punch, making it 
necessary to clean the machine frequently. Fines, however, at a 
level of 10 to 20%, traditionally are sought by the tablet for- 
mulator. The presence of some fines is necessary for the proper 
filling of the die cavity. Now, even higher concentrations of 
fines are used successfully in tablet manufacture. Most inves- 
tigators agree that no general limits exist for the amount of 
fines that can be present in a granulation; it must be deter- 
mined for each specific formula. 

Many formulators once believed (and some still believe) that 
overblending resulted in an increased amount of fines and, 
hence, caused air entrapment in the formula. The capping and 
laminating of tablets associated with overblending lubricants 
was thought to be caused by these air pockets. Most scientists 
now recognize that a more plausible explanation has to do with 
the function of the lubricants themselves. Since the very nature 
of a lubricant tends to make surfaces less susceptible to adhe- 
sion, overblending prevents the intergranular bonding that 
takes place during compaction. 


Fluid-Bed Granulation 


A new method for granulating evolved from the fluid-bed dry- 
ing technology described earlier. The concept was to spray a 
granulating solution onto the suspended particles, which then 
would be dried rapidly in the suspending air. The main benefit 
from this system is the rapid granulation and drying of a batch. 
The two main firms that developed this technology are Glatt 
and Aeromatic. The design of these systems is basically the 
same with both companies (see Fig 45-12). In this method, 
particles of an inert material or the active drug are suspended 
in a vertical column with a rising air stream; while the parti- 
cles are suspended, the common granulating materials in so- 
lution are sprayed into the column. There is a gradual particle 
buildup under a controlled set of conditions resulting in a tablet 
granulation that is ready for compression after the addition of 
the lubricant. An obvious advantage exists, since granulating 
and drying can take place in a single piece of equipment. It 
should be noted, however, that many of the mixers discussed 
previously can be supplied with a steam jacket and vacuum and 
can provide the same advantage. 

In these systems a granulating solution or solvent is 
sprayed into or onto the bed of suspended particles. The rate of 
addition of the binder, temperature in the bed of particles, 
temperature of the air, volume, and moisture of the air all play 
an important role in the quality and performance of the final 
product. Many scientists feel that this method is an extension 
of the wet-granulation method, as it incorporates many of its 
concepts. However anyone who has developed a formulation in 
a fluid-bed system knows that the many operating parameters 
involved make it somewhat more complex.*! In addition to its 
use for the preparation of tablet granulations, this technique 
also has been proposed for the coating of solid particles as a 
means of improving the flow properties of small particles. Re- 
searchers have observed that, in general, fluid-bed granulation 
yields a less dense particle than conventional methods, and this 
can affect subsequent compression behavior. A large-scale 
fluid-bed granulation process has been described for Tylenol 
(McNeil). Methods for the preparation of compressed tablets 
have been reviewed in the literature.*” 

In the Merck facility at Elkton, VA, the entire tablet- 
manufacturing process based on a wet-granulation method is 


computer-controlled. By means of a computer, the system 
weighs the ingredients, blends, granulates, dries, and lubri- 
cates to prepare a uniform granulation of specified particle 
size and particle-size distribution. The computer directs the 
compression of the material into tablets with exacting spec- 
ifications for thickness, weight, and hardness. After com- 
pression, the tablets are coated with a water-based film 
coating. The computer controls and monitors all flow of ma- 
terial. The plant represents the first totally automated phar- 
maceutical manufacturing facility. See Figure 45-13. 

Although the Merck facility represents the most fully auto- 
mated production operation, there are many others throughout 
the industry that have parts of the operation (such as a coating, 
compressing, or fluid-bed granulation process) operating under 
a high degree of sophistication and automation. This is the 
trend for the future. Equipment suppliers work closely with 
individual pharmaceutical companies in designing specialized 
and unique systems. 


Dry Granulation 


When tablet ingredients are sensitive to moisture or are unable 
to withstand elevated temperatures during drying, and when 
the tablet ingredients have sufficient inherent binding or cohe- 
sive properties, slugging may be used to form granules. This 
method is referred to as dry granulation, precompression, or 
double-compression. It eliminates a number of steps but still 
includes weighing, mixing, slugging, dry screening, lubrication, 
and compression. The active ingredient, diluent (if required), 
and part of the lubricant are blended. One of the constituents, 
either the active ingredient or the diluent, must have cohesive 
properties. Powdered material contains a considerable amount 
of air; under pressure this air is expelled, and a fairly dense 
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Figure 45-13. Computer control room for the first large-scale computer-controlled tablet manufacturing facility (courtesy, Merck). 
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piece is formed. The more time allowed for this air to escape, 
the better the tablet or slug. 

When slugging is used, large tablets are made as slugs 
because fine powders flow better into large cavities. Also, pro- 
ducing large slugs decreases production time; % to 1 in are the 
most practical sizes for slugs. Sometimes, to obtain the pres- 
sure that is desired the slug sizes are reduced to % in. The 
punches should be flat-faced. The compressed slugs are com- 
minuted through the desirable mesh screen either by hand or, 
for larger quantities, through the Fitzpatrick or similar com- 
minuting mill. The lubricant remaining is added to the granu- 
lation and blended gently, and the material is compressed into 
tablets. Aspirin is a good example of where slugging is satis- 
factory. Other materials such as aspirin combinations, ace- 
tophenetidin, thiamine hydrochloride, ascorbic acid, magne- 
sium hydroxide, and other antacid compounds may be treated 
similarly. 

Results comparable to those accomplished by the slugging 
process also are obtained with compacting mills. In the com- 
paction method the powder to be densified passes between 
high-pressure rollers that compress the powder and remove the 
air. The densified material is reduced to a uniform granule size 
and compressed into tablets after the addition of a lubricant. 
Excessive pressures that may be required to obtain cohesion of 
certain materials may result in a prolonged dissolution rate. 
Compaction mills available include the Chilsonator (Fitz- 
patrick), Roller Compactor (Vector), and the Compactor Mill 
(Allis-Chalmers). 


Direct Compression 


As its name implies, direct compression consists of compressing 
tablets directly from powdered material without modifying the 


870 CHAPTER 45 


physical nature of the material itself. Formerly, direct com- 
pression as a method of tablet manufacture was reserved for a 
small group of crystalline chemicals having all the physical 
characteristics required for the formation of a good tablet. This 
group includes chemicals such as potassium salts (chlorate, 
chloride, bromide, iodide, nitrate, permanganate), ammonium 
chloride, and methenamine. These materials possess cohesive 
and flow properties that make direct compression possible. 

Since the pharmaceutical industry constantly is making 
efforts to increase the efficiency of tableting operations and 
reduce costs by using the smallest amount of floor space and 
labor as possible for a given operation, increasing attention is 
being given to this method of tablet preparation. Approaches 
being used to make this method more universally applicable 
include the introduction of formulation additives capable of 
imparting the characteristics required for compression and the 
use of force-feeding devices to improve the flow of powder 
blends. 

For tablets in which the drug itself constitutes a major 
portion of the total tablet weight, it is necessary that the drug 
possess those physical characteristics required for the formu- 
lation to be compressed directly. Direct compression for tablets 
containing 25% or less of drug substances frequently can be 
used by formulating with a suitable diluent that acts as a 
carrier or vehicle for the drug.*”** 

Direct-compression vehicles or carriers must have good flow 
and compressible characteristics. These properties are im- 
parted to them by a preprocessing step such as wet granula- 
tion, slugging, spray drying, spheronization, or crystallization. 
These vehicles include processed forms of most of the common 
diluents including dicalcium phosphate dihydrate, tricalcium 
phosphate, calcium sulfate, anhydrous lactose, spray-dried lac- 
tose, pregelatinized starch, compressible sugar, mannitol, and 
microcrystalline cellulose. These commercially available direct- 
compression vehicles may contain small quantities of other 
ingredients (eg, starch) as processing aids. Dicalcium phos- 
phate dihydrate (Di-Tab, Stauffer) in its unmilled form has 
good flow properties and compressibility. It is a white, crystal- 
line agglomerate insoluble in water and alcohol. The chemical 
is odorless, tasteless, and nonhygroscopic. Since it has no in- 
herent lubricating or disintegrating properties, other additives 
must be present to prepare a satisfactory formulation. 

Compressible sugar consists mainly of sucrose that is pro- 
cessed to have properties suitable for direct compression. It 
also may contain small quantities of dextrin, starch, or invert 
sugar. It is a white crystalline powder with a sweet taste and 
complete water solubility. It requires the incorporation of a 
suitable lubricant at normal levels for lubricity. The sugar is 
used widely for chewable vitamin tablets because of its natural 
sweetness. One commercial source is Di-Pac (Amstar) prepared 
by the cocrystallization of 97% sucrose and 3% dextrins. Some 
forms of lactose meet the requirements for a direct-compression 
vehicle. Hydrous lactose does not flow, and its use is limited to 
tablet formulations prepared by the wet-granulation method. 
Both anhydrous lactose and spray-dried lactose have good flow- 
ability and compressibility and can be used in direct compres- 
sion provided a suitable disintegrant and lubricant are present. 
Mannitol is a popular diluent for chewable tablets because of 
its pleasant taste and mouth feel resulting from its negative 
heat of solution. In its granular form ([CI Americas) it has good 
flow and compressible qualities. It has a low moisture content 
and is not hygroscopic. 

The excipient that has been studied extensively as a direct 
compression vehicle is microcrystalline cellulose (Avicel, FMC). 
This nonfibrous form of cellulose is obtained by spray-drying 
washed, acid-treated cellulose and is available in several 
grades that range in average particle size from 20 to 100 um. It 
is water-insoluble, but the material has the ability to draw fluid 
into a tablet by capillary action; it swells on contact and thus 
acts as a disintegrating agent. The material flows well and has 
a degree of self-lubricating qualities, thus requiring a lower 
level of lubricant than other excipients. 


Forced-flow feeders are mechanical devices, available from 
pharmaceutical equipment manufacturers, designed to deaer- 
ate light and bulky material. Mechanically, they maintain a 
steady flow of powder moving into the die cavities under mod- 
erate pressure. By increasing the density of the powder, higher 
uniformity in tablet weights is obtained. See Figure 45-14. 

Recently, many companies have reversed their optimism for 
some direct-compression systems. Some formulations made by 
direct compression were not as forgiving as the older wet- 
granulated products were. As raw material variations oc- 
curred, especially with the drug, many companies found them- 
selves with poorly compactable formulations. Interest in direct 
compression also is stimulating basic research on the flowabil- 
ity of powders with and without additives. Direct compression 
formulas are included in the formula section found on pages 
878 to 881. 


Related Granulation Processes 
= —— - - —— >= 


~ SPHERONIZATION—Spheronization, a form of pelletiza- 
tion, refers to the formation of spherical particles from wet 
granulations. Since the particles are round, they have good flow 
properties when dried. They can be formulated to contain suf- 
ficient binder to impart cohesiveness for tableting. Spheroniza- 
tion equipment such as the Marumerizer (Luwa) and the 
CF-Granulator (Vector) is commercially available. A wet gran- 
ulation containing the drug substance, diluent (if required), 
and binder, is passed first through an extruding machine to 
form rod-shaped cylindrical segments ranging in diameter from 
0.5 to 12 mm. The segment diameter and the size of the final 
spherical particle depend on the extruder screen size. After 
extrusion the segments are placed into the Marumerizer where 
they are shaped into spheres by centrifugal and frictional 
forces on a rotating plate (see Fig 45-15). The pellets then are 
dried by conventional methods, mixed with suitable lubricants, 
and compressed into tablets or used as capsule-fill material. 
Microcrystalline cellulose has been shown to be an effective 
diluent and binder in granulations to be spheronized.*? °° The 
advantages of the process include the production of granules, 
regular in shape, size, and surface characteristics; low friability 
resulting in fewer fines and less dust; and the ability to regu- 
late the size of the spheres within a narrow particle-size 
distribution. 

Spheres also can be produced by fluid-bed granulation 
techniques and by other specialized equipment such as the 
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_ Figure 45-14. Feeding devices designed to promote flow of granu- 


lations for high-speed machines (courtesy, Stokes/Pennwalt). 
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Figure 45-15. The inside of a QJ-400 Marumerizer (courtesy, Luwa). 


CF-Granulator (Vector). These processes, however, must begin 
with crystals or nonpareil seeds followed by buildup. Exact 
results, such as sphere density, are different for the various 
methods and could be important in product performance. These 
processes can be run as batches or continuously. 

SPRAY-DRYING—A number of tableting additives suit- 
able for direct compression have been prepared by the drying 
process known as spray-drying. The method consists of bring- 
ing together a highly dispersed liquid and a sufficient volume of 
hot air to produce evaporation and drying of the liquid droplets. 
The feed liquid may be a solution, slurry, emulsion, gel, or 
paste, provided it is pumpable and capable of being atomized. 
As shown in Figure 45-16, the feed is sprayed into a current of 
warm filtered air. The air supplies the heat for evaporation and 
conveys the dried product to the collector; the air is then ex- 
hausted with the moisture. As the liquid droplets present a 
large surface area to the warm air, local heat and transfer 
coefficients are high. 

The spray-dried powder particles are homogeneous, approx- 
imately spherical in shape, nearly uniform in size, and fre- 
quently hollow. The latter characteristic results in low bulk 
density with a rapid rate of solution. Being uniform in size and 
spherical, the particles possess good flowability. The design 
and operation of the spray-dryer can vary many characteristics 
of the final product, such as particle size and size distribution, 
bulk and particle densities, porosity, moisture content, flow- 
ability, and friability. Among the spray-dried materials avail- 
able for direct compression formulas are lactose, mannitol, and 
flour. Another application of the process in tableting is spray- 
drying the combination of tablet additives as the diluent, 
disintegrant, and binder. The spray-dried material then is 
blended with the active ingredient or drug, lubricated, and 
~ compressed directly into tablets. 


Since atomization of the feed results in a high surface area, ) 


the moisture evaporates rapidly. The evaporation keeps the 
product cool and as a result the method is applicable for drying 
heat-sensitive materials. Among heat-sensitive pharmaceuti- 
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Figure 45-16. Typical spray-drying system (courtesy, Bowen Eng). 
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cals successfully spray-dried are the amino acids; antibiotics as 
aureomycin, bacitracin, penicillin, and streptomycin; ascorbic 
acid; cascara extracts; liver extracts; pepsin and similar en- 
zymes; protein hydrolysates; and thiamine.?® 

Frequently, spray-drying is more economical than other pro- 
cesses, since it produces a dry powder directly from a liquid and 
eliminates other processing steps as crystallization, precipita- 
tion, filtering or drying, particle-size reduction, and particle 
classifying. By the elimination of these steps, labor, equipment 
costs, space requirements and possible contamination of the 
product are reduced. Intrinsic factor concentrate obtained from 
hog mucosa previously was prepared by Lederle, using a salt- 
precipitation process followed by a freeze-drying. By using 
spray-drying it was possible to manufacture a high-grade ma- 
terial by a continuous process. The spherical particles of the 
product facilitated its subsequent blending with vitamin By. 
Similar efficiencies have been found in processes producing 
magnesium trisilicate and dihydroxyaluminum sodium carbon- 
ate; both chemicals are used widely in antacid preparations. 

Encapsulation of chemicals also can be achieved using 
spray-drying equipment. The process is useful in coating one 
material on another to protect the interior substance or to 
control the rate of its release. The substance to be coated can be 
either liquid or solid but must be insoluble in a solution of the 
coating material. The oil-soluble vitamins, A and D, can be 
coated with a variety of materials such as acacia gum to pre- 
vent their deterioration. Flavoring oils and synthetic flavors 
are coated to give the so-called dry flavors. 

SPRAY-CONGEALING—Also called spray-chilling, spray- 
congealing is a technique similar to spray-drying. It consists of 
melting solids and reducing them to beads or powder by spray- 
ing the molten feed into a stream of air or other gas. The same 
basic equipment is used as with spray-drying, although no 
source of heat is required. Either ambient or cooled air is used, 
depending on the freezing point of the product. For example, 
monoglycerides and similar materials are spray-congealed with 
air at 50°F. A closed-loop system with refrigeration cools and 
recycles the air. Using this process, drugs can be dissolved or 
suspended in a molten wax and spray-congealed; the resultant 
material then can be adapted for a prolonged-release form of 
the drug. 

Among the carbohydrates used in compressed tablets, man- 
nitol is the only one that possesses high heat stability. Manni- 
tol melts at 167° and, either alone or in combination with other 
carbohydrates, can be fused and spray-congealed. Selected 
drugs have been shown to be soluble in these fused mixtures, 
and the resultant spray-congealed material possesses excellent 
flow and compression characteristics. 


TABLET MACHINES 


~ As mentioned previously, the basic mechanical unit in tablet 


compression involves the operation of two steel punches within 
a steel die cavity. The tablet is formed by the pressure exerted 
on the granulation by the punches within the die cavity, or cell. 
The tablet assumes the size and shape of the punches and die 
used. See Figures 45-17 and 45-18. While round tablets are 
used more generally, oval, capsule-form, square, triangular, or 
other irregular shapes may be used. Likewise, the curvature of 


foe 


ie i 
iy 


= ae! 
SPHERICAL SHALLOW STANDARD DEEP 


ye 


Figure 45-17. Concave punches. 
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Figure 45-18. Specially shaped punches. 


the faces of the punches determines the curvature of the tab- 
lets. The diameters generally found to be satisfactory and fre- 
quently referred to as standard are as follows: */16, 72, %4, %2, 
Ae, ¥s2, Ve, ¥%, %e, %, Ae and % in. Punch faces with ridges 
are used for compressed tablets scored for breaking into halves 
or fourths, although it has been indicated that variation among 
tablet halves is significantly greater than among intact tablets. 
However, a patented formulation*® for a tablet scored to form a 
groove that is one-third to two-thirds the depth of the total 
tablet thickness is claimed to give equal parts containing sub- 
stantially equal amounts of the drug substance. Tablets, en- 
graved or embossed with symbols or initials, require punches 
with faces embossed or engraved with the corresponding de- 
signs. See Figures 45-19 and 45-20. The use of the tablet 
sometimes determines its shape; effervescent tablets are usu- 
ally large, round, and flat, while vitamin tablets frequently are 
prepared in capsule-shaped forms. Tablets prepared using 
deep-cup punches appear to be round and when coated take on 
the appearance of pills. Veterinary tablets often have a bolus 
shape and are much larger than those used in medical practice. 

The quality-control program for punches and dies, fre- 
quently referred to as tooling, instituted by large pharmaceu- 
tical companies, emphasizes the importance of their care in 
modern pharmaceutical production. To produce physically per- 
fect compressed tablets, an efficient punch-and-die program 
must be set up. Provisions for inspection of tooling, parameters 
for cost-per-product determination, product identification, and 
tooling specifications must all be considered. A committee of 
the Industrial and Pharmaceutical Technology Section of the 


Figure 45-19. Collection of punches (courtesy, Stokes/Pennwalt). 


Figure 45-20. Collection of dies (courtesy, Stokes/Pennwalt). 


APhA Academy of Pharmaceutical Sciences has established a 
set of dimensional specifications and tolerances for standard 
punches and dies.*! 

Regardless of the size of the tableting operation, the atten- 
tion that must be given to the proper care of punches and dies 
should be noted. They must be highly polished and kept free 
from rust and imperfections. In cases in which the material pits 
or abrades the dies, chromium-plated dies have been used. 
Dropping the punches on hard surfaces will chip their fine 
edges. When the punches are in the machine, the upper and 
lower punches should not be allowed to contact: each other; 
otherwise, a curling or flattening of the edges will result that is 
one of the causes of capping. This is especially necessary to 
observe in the case of deep-cup punches. 

When the punches are removed from the machine, they 
should be washed thoroughly in warm soapy water and dried 
well with a clean cloth. A coating of grease or oil should be 
rubbed over all parts of the dies and punches to protect them 
from the atmosphere. They should be stored carefully in boxes 
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Single-Punch Machines 


The simplest tableting machines available are those having the 


single-punch design. A number of models are available as out- 
lined in Table 45-2. While most of these are power-driven, 
several hand-operated models are available. Compression is 
accomplished on a single-punch machine as shown in Figure 
45-21. The feed shoe filled with the granulation is positioned 
over the die cavity, which then fills. The feed shoe retracts and 
scrapes all excess granulation away from the die cavity. The 
upper punch lowers to compress the granulation within the die 
cavity. The upper punch retracts, and the lower punch rises to 
eject the tablet. As the feed shoe returns to fill the die cavity, it 
pushes the compressed tablet from the die platform. The 
weight of the tablet is determined by the volume of the die 
cavity; the lower punch is adjustable to increase or decrease 
the volume of granulation, thus increasing or decreasing the 
weight of the tablet. 


Table 45-2. Single-Punch Tablet Machines 
MAXIMUM TABLET 


DIAMETER PRESS SPEED DEPTH OF FILL 
MACHINE MODEL (INCHES) (TABLETS/MIN) (INCHES) 
Stokes-Pennwalt 
equipment? 
511-5 Yr 40-75 6 
206-4 1% 10-40 lve 
530-1 2 12-48 1% 
525-2 3 16-48 2 
Manesty equipment 
(Thomas Eng) 
Hand machine Vp 100 ihe 
Model F3 1g 85 16 
Model 35T? 3 36 2a 


* Widely used for veterinary boluses. 


For tablets having diameters larger than 12 inch, sturdier 
models are required. This is also true for tablets requiring a 
high degree of hardness, as in the case of compressed lozenges. 
The heavier models are capable of much higher pressures and 
are suitable for slugging. 


OPERATION OF SINGLE-PUNCH MACHINES 

In installing punches and dies in a single-punch machine, insert the 
lower punch first by lining up the notched groove on the punch with the 
lower punch setscrew and slipping it into the smaller bore in the die 
table; the setscrew is not tightened yet. The lower punch is differenti- 
ated from the upper punch in that it has a collar around the punch 
head. Slip the die over the punch head so that the notched groove (with 
the widest area at the top) lines up with the die setscrew. Tighten the 
lower punch setscrew after seating the lower punch by pressing on the 
punch with the thumb. Tighten the die setscrew, making certain that 
the surface of the die is flush with the die table. Insert the upper punch, 
again lining up the grooved notch with the upper punch setscrew. To be 
certain that the upper punch is seated securely, turn the machine over 
by hand with a block of soft wood or wad of cloth between the upper and 
lower punches. When the punch is seated, tighten the upper punch 
setscrew. Adjust the pressure so that the upper and lower punches will 
not come in contact with each other when the machine is turned over. 
Adjust the lower punch so that it is flush with the die table at the 
ejection point. Install the feed shoe and hopper. 

After adding a small amount of granulation to the hopper, turn the 
machine over by hand and adjust the pressure until a tablet is formed. 
Adjust the tablet weight until the desired weight is obtained. The 
pressure will have to be altered concurrently with the weight adjust- 
ments. It should be remembered that as the fill is increased the lower 
punch moves farther away from the upper punch, and more pressure 
will have to be applied to obtain comparable hardness. Conversely, 
when the fill is decreased, the pressure will have to be decreased. When 
all the adjustments have been made, fill the hopper with granulation 
and turn on the motor. Hardness and weight should be checked imme- 
diately, and suitable adjustments made if necessary. Periodic checks 
should be made on the tablet hardness and weight during the running 
of the batch, at 15- to 30-min intervals. 

When the batch has been run off, turn off the power and remove 
loose dust and granulation with the vacuum cleaner. Release the pres- 
sure from the punches. Remove the feed hopper and the feed shoe. 
Remove the upper punch, the lower punch, and the die. Clean all 
surfaces of the tablet machine, and dry well with clean cloth. Cover 
surfaces with thin coating of grease or oil prior to storage. 


As tablets are ejected from the machine after compression, 
they usually are accompanied by powder and uncompressed 
granulation. To remove this loose dust, the tablets are passed 
over a screen, which may be vibrating, and cleaned with a 
vacuum line. 


tages. A head carrying a number of sets of punches and dies 
revolves continuously while the tablet granulation runs from 
the hopper, through a feed frame and into the dies placed in a 
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large, steel plate revolving under it. This method promotes a 
uniform fill of the die and therefore an accurate weight for the 
tablet. Compression takes place as the upper and lower 
punches pass between a pair of rollers, as can be seen in Figure 
45-21. This action produces a slow squeezing effect on the 
material in the die cavity from the top and bottom and so gives 
a chance for the entrapped air to escape. The lower punch lifts 
up and ejects the tablet. Adjustments for tablet weight and 
hardness can be made without the use of tools while the ma- 
chine is in operation. Figure 45-22 shows a high speed press. 
Figure 45-23 shows the tooling in a 16-station rotary press in 
the positions of a complete cycle to produce 1 tablet per set of 
tooling. One of the factors that contributes to the variation in 
tablet weight and hardness during compression is the internal 
flow of the granulation within the feed hopper. 

On most rotary machine models there is an excess pressure 
release that cushions each compression and relieves the ma- 
chine of all shocks and undue strain. The punches and dies can 
be removed readily for inspection, cleaning, and inserting dif- 
ferent sets to produce a great variety of sizes and shapes. Many 
older presses have been modernized with protective shields to 
prevent physical injury and to comply with OSHA standards 
(see Fig 45-24). It is possible to equip the machine with as few 
punches and dies as the job requires and thus economize on 
installation costs. For types of rotary machines available, see 
Table 45-3. 


OPERATION OF ROTARY MACHINES 
Before inserting punches and dies, make certain that the pressure has 
been released from the pressure wheel. The die holes should be cleaned 
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Figure 45-21. The steps associated with single-punch and rotary 
tablet machines. ab 
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Figure 45-22. Model 747 High Speed Press, double-sided rotary 
compacting press designed to produce at speeds over 10,000/min 
(courtesy, Stokes/Pennwalt). 


thoroughly, making certain that the die seat is completely free of any 
foreign materials. Back off all die locks, and loosely insert dies into the 
die holes, then tap each die securely into place with a fiber of soft metal 
rod through the upper punch holes. After all the dies have been tapped 
into place, tighten each die lockscrew progressively and securely. As 
each screw is tightened the die is checked to see that it does not project 
above the die table. Insert the lower punches through the hole made 
available by removing the punch head. Turn the machine by hand until 
the punch bore coincides with the plug hole. Insert each lower punch in 
its place progressively. Insert the upper punches by dropping them into 
place in the head. Each punch (upper and lower) should be coated with 
a thin film of mineral oil before insertion into the machine. Adjust the 
ejection cam so that the lower punch is flush with the die table at the 
ejection point. 

After insertion of the punches and dies, adjust the machine for the 
tablet weight and hardness. The feed frame should be attached to the 
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Figure 45-23. Tooling for a 16-station rotary press showing posi- 
tions of the cycle required to produce one tablet per set of tooling 
(courtesy, Vector/Colton). 


Figure 45-24. Research technicians use an instrumented tablet press 
to develop processes at Schering-Plough. 


machine along with the feed hopper. Add a small amount of the gran- 
ulation through the hopper and turn over the machine by hand. In- 
crease the pressure by rotating the pressure wheel until a tablet is 
formed. Check the weight of the tablet and adjust the fill to provide the 
desired tablet weight. Most likely more than one adjustment of the fill 
will be necessary before obtaining the acceptable weight. When the fill 
is decreased, the pressure must be decreased to provide the same 
hardness in the tablet. Conversely, when the fill is increased, the 
pressure must be increased to obtain comparable hardness. 

Fill the hopper with the granulation and turn on the power. Check 
tablet weight and hardness immediately after the mechanical operation 
begins, and make suitable adjustments, if necessary. Check these prop- 
erties routinely and regularly at 15- to 30-min intervals while the 
machine is in operation. When the batch has been run, turn off the 
power. Remove the hopper and feed frame from the machine. Remove 
loose granulation and dust with a vacuum line. Remove all pressure 
from the wheel. Remove the punches and dies in the reverse order of 
that used in setting up the machine. First, remove the upper punches 
individually, then the lower punches, and finally the dies. Wash each 
punch and die in alcohol and brush with a soft brush to remove adher- 
ing material. Dry them with a clean cloth, and cover them with a thin 
coating of grease or oil before storing. 


High-Speed Rotary Tablet Machines 


SS 


The rotary tablet machine has evolved gradually into models 
capable of compressing tablets at high production rates. See 
Figures 45-22, 45-25, and 45-26. This has been accomplished by 
increasing the number of stations, ie, sets of punches and dies, 
in each revolution of the machine head, improving feeding 
devices, and on some models installing dual compression 
points. In Figure 45-26, the drawing shows a rotary machine 
with dual compression points. Rotary machines with dual com- 
pression points are referred to as double rotary machines, and 
those with one compression point, single rotary. In the dia- 
gram, half of the tablets are produced 180° from the tablet 
chute. They travel outside the perimeter and discharge with 
the second tablet production. While these models are mechan- 
ically capable of operating at the production rates shown in 
Table 45-3, the actual speed still depends on the physical 
characteristics of the tablet granulation and the rate that is 
consistent with compressed tablets having satisfactory physi- 
cal characteristics. The main difficulty in rapid machine oper- 
ation is ensuring adequate filling of the dies. With rapid filling, 
dwell time of the die cavity beneath the feed frame is insuffi- 
cient to ensure the requirements of uniform flow and packing of 
the dies. Various methods of force-feeding the granulation into 
the dies have been devised to refill the dies in the very short 
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Table 45-3. High-Speed Rotary Tablet Machines 
etna aaa 


MAXIMUM MAXIMUM 
TABLET DEPTH OF TABLET DEPTH OF 
TOOL DIAMETER PRESS SPEED FILL TOOL DIAMETER PRESS SPEED FILL 
MACHINE MODEL SETS (INCHES) (TABLETS/MIN) (INCHES) MACHINE MODEL SETS (INCHES) (TABLETS/MIN) (INCHES) 
Vector-Colton equipment Vector-Colton equipment 
2216 16 oA 1180 ¥q 2247 33 Ve 3480 Va 
240 16 fy 640 6 41 he 4300 Ya 
250 12 1V% 480 1% 49 ie 5150 ¥q 
260 25 The 1450 1% Magna 66 22/32 10,560 ¥Y4 
Bl 1 1800 1% 74 Ya 11,840 ¥4 
33 Ie 1910 13% 90 6 14,400 ¥a, 
43 Se 2500 138 Stokes/Pennwalt equation 
270 25 13% 450 274 552-2 35 fs 800-3200 "6 
Stokes/Pennwalt equipment 328-4 45 Yq 1600-4500 1% 
Manesty equipment (Thomas Eng) 610 65 6 3500-10,000 1/6 
B3B 16 Ye 350-700 We 747 65 6 3000-10,000 Ne 
23 ie 500-1000 1/16 53 % 2900-8100 Ne 
BB3B 27 Ss 760-1520 1/6 4) She 2150-6150 "ie 
33 he 924-1848 1/6 Direct Triple Compression Type 
35 Sz 1490-2980 16 580-1 45 6 525-2100 1/6 
45 he 1913-3826 16 580-2 35 Se 400-1600 1" 
D3B 16 1 260-520 13/16 610 65 6 3500-10,000 Ne 
Key equipment 53 Se 2900-8100 "6 
DC-16 16 16 210-510 13/16 Manesty equipment (Thomas Eng) 
BBC 2 Ss 1025-2100 "6 Betapress 16 Sg 600-1500 1/6 
35 Ss 1325-2725 "6 23 6 860-2160 "6 
45 Nhe 1700-3500 1/6 Express 20 1 800-2000 13/6 
Cadpress 37 1/6 850-3500 1/6 25 p 1000-2500 1" 
45 Ss 2000-6000 16 30 "6 1200-3000 "Vie 
55 he 2500-7500 16 Unipress 20 1 970-2420 13/16 
Fette equipment (Raymond Auto) ZY Ss 1300-3270 16 
(mm) (mm) 34 6 1640-4120 "6 
Perfecta 28 16 2100 18 Novapress 37 1 760-3700 Ire 
1000 ‘ 45 Se 900-4500 Ie 
33 13 2475 18 61 6 1220-6100 Ne 
Perfecta 29 25 2175 DD BB3B 35 Se 1490-2980 "6 
2000 BB4 2, oA 900-2700 1/6 
36 16 3600 18 35 /3 1167-3500 Ne 
43 13 4300 18 45 6 1500-4500 Nie 
Courtoy equipment (AC Compact) Rotapress 
R-100 24 25 285-2260 20 Mark IIA 37 1 710-3550 He 
30 19 356-2850 20 45 Ys 1640-8200 Ihe 
36 1S 550-440 16 61 6 2200-11,100 "6 
Kikusui equipment Mark IV 45 1 2090-6000 Ie 
Hercules 18 37 180-540 16 55 Ss 2550-7330 Ne 
21 26 210-630 16 75 "6 3500-10,000 We 
29 25 290-870 16 Fette tool systems 
Virgo 19 16 418-1330 16 (mm) (mm) 
24 11 528-1680 16 PT 2080 29 25 435-2900 18 
Killian equipment 36 16 540-4100 18 
TX21 21 28 231-1386 20 43 16 645-4900 18 
TX25 25 22 275-2166 20 PT 2090IC 22 34 1760 18 
TX30 30 16 330-3150 20 29 25 2900 18 
TX21D 21 25 231-1826 20 36 16 4140 18 
TX30A 30 16 330-3150 16 43 13 5160 18 
TX40A 40 13 440-4200 16 47 11 6110 18 
Korsch PT 30901C 37 34 5920 18 
equipment 49 25 7840 18 
PH 250/20 20 25 240-1640 22 61 16 9760 18 
PH 250/25 25 16 270-2700 18 73 13 16,748 18 
PH 250/30 30 13 315-3233 18 P 3100 37 25 5618 22 
Elizabeth-Hata equipment 45 16 8100 18 
AP-15-SSU 15 7, 300-1050 8-18 55 13 9900 18 
AP-18-SSU 18 13 360-1260 8-18 Courtoy equipment (AC Compact) 
AP-22-SSU 22 11 440-1540 8-18 R-200 43 25 750-5833 20 
AP-32-MSU 332 7 640-2240 8-18 55 19 916-8500 20 
AP-38-MSU 38 13 760-2660 8-18 65 13 1083-10,000 16 
AP-45-MSU 32 11 900-3150 8-18 Kikusui equipment 
Libra 16 900-2520 16 
45 11 1125-3150 16 
49 8 1225-3430 16 
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Table 45-3. High-Speed Rotary Tablet Machines 
(continued) 


MAXIMUM 
TABLET DEPTH OF 
MACHINE TOOL DIAMETER PRESS SPEED FILL 
MODEL SETS (INCHES) (TABLETS/MIN) (INCHES) 
Gemini 55 16 2200-7700 16 
67 11 2680-9380 16 
73 8 2920-10,200 16 
Elizabeth-Hata equipment 
AP-45-LDU 45 li 1800-6300 8-18 
AP-55-LDU 55 13 2200-7700 8-18 
AP-65-LDU 65 11 2600-9100 8-18 
AP-71-LDU 71 11 2840-9940 8-18 
51-XLDU 51 17 2040-7140 8-18 
65-XLDU 61 13 2440-8540 8-18 


dwell time permitted on the high-speed machine. These devices 
are illustrated in Figure 45-14. Presses with triple compression 
points (see Table 45-3) permit the partial compaction of mate- 
rial before final compaction. This provides for partial deaera- 
tion and particle orientation of material before final compres- 
sion. This helps in the direct compacting of materials and 
reduces laminating and capping due to entrapped air. 


Multilayer Rotary Tablet Machines | 


The rotary tablet machines also have been developed into mod- 
els capable of producing multiple-layer tablets; the machines 
are able to make 1, 2 or 3-layer tablets (Versa Press, Stokes/ 


Figure 45-25. Rotapress Mark IIA. Designed for improvements in 
sound reduction, operator safety, cleanliness, and operational con- 
venience; note the control panel on front of machine (courtesy, 
Thomas/Manesty). 


Figure 45-26. The movement of tablets on die table of a double 
rotary press (courtesy, Vector/Colton). 


Pennwalt). Stratified tablets offer a number of advantages. 
Incompatible drugs can be formed into a single tablet by sep- 
arating the layers containing them with a layer of inert mate- 
rial. It has permitted the formulation of time-delay medication 
and offers a wide variety of possibilities in developing color 
combinations that give the products identity. 

Originally, the tablets were prepared by a single-compres- 
sion method. The dies were filled with the different granula- 
tions in successive layers, and the tablet was formed by a single 
compression stroke. The separation lines of the tablets pre- 
pared by this method tended to be irregular. In the machines 
now available for multilayer production the granulation re- 
ceives a precompression stroke after the first and second fill, 
which lightly compacts the granulation and maintains a well- 
defined surface of separation between each layer. The operator 
is able to eject either precompressed layer with the machine 
running at any desired speed for periodic weight and analysis 
checks. 

Other multiple-compression presses can receive previously 
compressed tablets and compress another granulation around 
the preformed tablet. An example of a press with this capability 
is the Manesty Drycota (Thomas/Manesty). Pressure-coated 
tablets can be used to separate incompatible drug substances 
and also to give an enteric coating to the core tablets. 


Capping and Splitting of Tablets 


The splitting or capping of tablets is one of great concern and 
annoyance in tablet making. It is quite difficult to detect while the 
tablets are being processed but can be detected easily by vigor- 
ously shaking a few in the cupped hands. A slightly chipped tablet 
does not necessarily mean that the tablet will cap or split. 
There are many factors that may cause a tablet to cap or split: 


Excess firtes or powder, which traps air in the tablet mixture. 

Deep markings on tablet punches. Many designs or scores on 
punches are too broad and deep. Hairline markings are just as appro- 
priate as deep, heavy markings. 

Worn and imperfect punches. Punches should be smooth and buffed. 
Nicked punches often cause capping. The development of fine feather 
edges on tablets indicates wear on punches. 

Worn dies. Dies should be replaced or reversed. Dies that are 
chrome-plated or have tungsten carbide inserts wear longer and give 
better results than ordinary steel dies. 

Too much pressure. By reducing the pressure on the machines the 
condition may be corrected. 

Unsuitable formula. It may be necessary to change the formula. 

Moist and soft granulation. This type of granulation will not flow 
freely into the dies, thus giving uneven weights and soft or capped 
tablets. 

Poorly machined punches. Uneven punches are detrimental to the 
tablet machine itself and will not produce tablets of accurate weight. 
One punch out of alignment may cause one tablet to split or cap on 
every revolution. 


Figure 45-27. Courtoy R-100 with computer-controlled operation. 


Instrumented Tablet Presses 


Compressional and ejectional forces involved in tablet compres- 
sion can be studied by attaching strain gauges to the punches and 
other press components involved in compression. The electrical 
output of the gauges has been monitored by telemetry or use of a 
dual-beam oscilloscope equipped with camera.*”** Instrumenta- 
tion permits a study of the compaction characteristics of granu- 
lations, their flowabilities, and the effect of formulation additives, 
such as lubricants, as well as differences in tablet press design, as 
shown in Figures 45-27 to 45-30. Physical characteristics of tab- 


Figure 45-28. Direct weighing of tablets produced gives actual 


weight feedback for the controller of the Courtoy R-100 (seen in 
the bottom left of Fig 45-27). 
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Figure 45-29. Force-time curves for two types of tablet press. 


lets, such as hardness, friability, disintegration time, and disso- 
lution rate, are influenced not only by the nature of the formula- 
tion but by the compressional force as well. 

As can be seen in Figures 45-29 and 45-30, the rate and 
duration of compaction forces can be quantified. The rate of 
force application has a profound effect on powder consolidation 
within the die and, hence, efficiency of packing and powder 
compaction. The rate of release of force, or decompression has a 
direct effect on the ability of the tablet to withstand relaxation. 
A prominent hypothesis, fostered by Hiestand***° and later 
Luenberger*®, suggested that capping and laminating of tab- 
lets is caused by too-rapid stress relaxation or decompression. 
This explains why slowing a tablet press and using tapered dies 
is useful in such situations. Most prominent pharmaceutical 
scientists have embraced this theory and largely have dis- 
counted air entrapment as a cause of capping and laminating. 

Figure 45-30 presents an interesting set of plots. Walter and 
Augsburger reported that as compaction force rises, the steel 
tooling actually compresses in accommodation to the forces 
applied. The forces used to produce a tablet are considerable 
and should be monitored and understood.*’ Therefore, defini- 
tion of the compressional force and duration of force (dwell 
time) giving a satisfactory tablet for a formulation provides an 
in-process control for obtaining both tablet-to-tablet and lot-to- 
lot uniformity (see Figs 45-24 and 45-31). 

Instrumentation has led to the development of on-line, au- 
tomatic, electromechanical tablet weight-control systems capa- 
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Figure 45-30. Plot showing the upper and lower punch forces as 
functions of the position of the punch face within the die. A biaxial 
force/displacement curve also shown is a plot of the position of the 
tablet center as a function of the compression force. 
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ble of continuously monitoring the weights of tablets as they 
are produced. Units are available commercially (Thomas Tab- 
let Sentinel (Thomas Eng); Fette Compression Force Monitor 
(Raymond Auto); Vali-Tab (Stokes/Pennwalt)) and are applica- 
ble to single or rotary tablet machines. Most commercial 
presses today can be delivered with some sort of instrumenta- 
tion attached. When tablet weights vary from preset limits, the 
monitor automatically will adjust the weight control mecha- 
nism to reestablish weights within acceptable limits. If the 
difficulty continues, the unit will activate an audible warning 
signal or an optional shut-down relay on the press (see Figs 
45-27 and 45-28). Most production-model tablet presses come 
equipped with complete instrumentation (optional) and with 
options for statistical analysis and print out of compression/ 
ejection signals. The techniques and applications of press in- 
strumentation have been reviewed.** 4? 


Contamination Control 


While good manufacturing practices used by the pharmaceuti- 
cal industry for many-years have stressed the importance of 
cleanliness of equipment and facilities for the manufacture of 
drug products, the penicillin contamination problem resulted 
in renewed emphasis on this aspect of manufacturing. Penicil- 
lin, as either an airborne dust or residual quantities remaining 
in equipment, is believed to have contaminated unrelated prod- 
ucts in sufficient concentrations to cause allergic reactions in 
individuals hypersensitive to penicillin who received these 
products. This resulted in the industry spending millions of 
dollars to change or modify buildings, manufacturing pro- 
cesses, equipment, and standard operating procedures to elim- 
inate penicillin contamination. 

With this problem has come renewed emphasis on the dust 
problem, material handling, and equipment cleaning in dealing 
with drugs, especially potent chemicals. Any process using 
chemicals in powder form can be a dusty operation; the prep- 
aration of compressed tablets and encapsulation fall in this 
category. In the design of tablet presses attention is being given 
to the control and elimination of dust generated in the tableting 
process. In the Perfecta press shown in Figure 45-32, the press- 
ing compartment is completely sealed off from the outside 
environment, making cross-contamination nearly impossible. 
The pressing compartment can be kept dust-free by the air 
supply and vacuum equipment developed for the machine. It 
removes airborne dust and granular particles that have not 
been compressed, thus keeping the circular pressing compart- 
ment and the upper and lower punch guides free of dust. 

Drug manufacturers have the responsibility to make certain 
that microorganisms present in finished products are unlikely to 
cause harm to the patient and will not be deleterious to the 
product. An outbreak of Salmonella infections in Scandinavian 
countries was traced to thyroid tablets that had been prepared 
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Figure 45-31. Schematic of an instrumentation system using a mi- 
crocomputer as developed by Schering-Plough. 


Figure 45-32. Fette Perfecta 3000 high-speed tablet press with 
pressing compartment completely sealed off from outside environ- 
ment, making cross-contamination impossible (courtesy, Raymond 
Auto). 


from contaminated thyroid powder. This concern eventually Jed to 
the establishment of microbial limits for raw materials of animal 
or botanical origin, especially those that readily support microbial 
growth and are not rendered sterile during subsequent process- 
ing. Harmful microorganisms when present in oral products in- 
clude Salmonella spp, Escherichia coli, certain Pseudomonas spp 
such as P aeruginosa, and Staphylococcus aureus. The compendia 
have microbial limits on raw materials such as aluminum hydrox- 
ide gel, corn starch, thyroid, acacia, and gelatin. 

These represent examples of the industry’s efforts to con- 
form with the intent of current good manufacturing practice as 
defined by the FDA. 


WET GRANULATION 


CT Acetaminophen, 300 mg 


INGREDIENTS IN EACH IN 10,000 
Acetaminophen 300 mg 3000 g 
Polyvinylpyrrolidone 22.5 mg 225g 
Lactose 61.75 mg 617.5 g 
Alcohol SD3A—200 proof 4.5 mL 45L 
Stearic acid 9mg 90g 
Talc 13.5 mg 1359 
Corn starch 43.25 mg 432.5g 


Blend acetaminophen, polyvinylpyrrolidone, and lactose together; pass 
through a 40-mesh screen. Add the alcohol slowly, and knead well. Screen 
the wet mass through a 4-mesh screen. Dry the granulation at 50° overnight. 
Screen the dried granulation through a 20-mesh screen. Bolt the stearic acid, 
talc, and cornstarch through a 60-mesh screen prior to mixing by tumbling 
with the granulation. Compress, using 7As-inch standard concave punch. Ten 
tablets should weigh 4.5 g (courtesy, Abbott). 


CT Ascorbic Acid USP, 50 mg 
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CT Theobromine-Phenobarbital 
EE TSI LE EE ES TES Re 


INGREDIENTS IN EACH IN 7000 INGREDIENTS IN EACH IN 7000 
Ascorbic acid USP 55mg 385g Theobromine 325 mg 22759 
(powder No. 80)? Phenobarbital 33 mg 231g 
Lactose 21mg 147g Starch 39 mg 2739 
Starch (potato) 13 mg 91g Talc 8 mg 56g 
Ethylcellulose N 100 16 mg 112g Acacia (powder) 8mg 56g 
(80-105 cps) Stearic acid 0.7 mg 4.99 
Starch (potato) 71mg 49g Weight of granulation 2895.99 
Talc 6.5 mg 45.5g : 5 = : 
Gaeta etearate 1mg 7g ie ke a paste with the acacia and an equal weight of starch. Use this paste 
s or granulating the theobromine and phenobarbital. Dry and put through a 
(impalpable powder) 12-mesh screen, add the remainder of the material, mix thoroughly, and 
Weight of granulation 836.59 compress into tablets, using a 12-inch concave punch. Ten tablets should 


* Includes 10% in excess of label claim. 


Granulate the first three ingredients with ethylcellu- 
lose (5%) dissolved in anhydrous ethyl alcohol, adding 
additional anhydrous alcohol to obtain good, wet granules. 
Wet-screen through a #8 stainless steel screen and dry at 
room temperature in an air-conditioned area. Dry-screen 
through a #20 stainless steel screen and incorporate the 
remaining three ingredients. Mix thoroughly and compress. 
Use a flat, beveled, %-inch punch. Twenty tablets should 
weigh 2.39 g. 


Chewable Antacid Tablets 


INGREDIENTS IN EACH IN 10,000 
Magnesium trisilicate 500 mg 5000 g 
Aluminum hydroxide, dried gel 250 mg 2500 g 
Mannitol 300 mg 3000 g 
Sodium saccharin - 2mg 20g 
Starch paste, 5% qs qs 

Oil of peppermint 1mg 10g 
Magnesium stearate 10 mg 100 g 
Corn starch 10 mg 100g 


Mix the magnesium trisilicate and aluminum hydroxide with the mannitol. 
Dissolve the sodium saccharin in a small quantity of purified water, then 
combine this with the starch paste. Granulate the powder blend with the 
starch paste. Dry at 140°F and screen through 16-mesh screen. Add the fla- 
voring oil, magnesium stearate, and corn starch; mix well. Age the granula- 
tion for at least 24 hr and compress, using a %-inch, flat-face, bevel-edge 
punch (courtesy, At/as). 


CT Hexavitamin 


INGREDIENTS IN EACH IN 7000 
Ascorbic acid USP (powder)? 82.5 mg 577.59 
Thiamine mononitrate USP (powder)? 2.4mg 16.89 
Riboflavin? 3.3mg 23.1g 
Nicotinamide USP (powder)? 22 mg 154g 
Starch 13.9 mg 97.4g 
Lactose 5.9 mg 41.29 
Zein 6.4 mg 45g 
Vitamin A acetate 6250 U 

Vitamin D,° (use Pfizer crystalets 625 U 87.59 


medium granules containing 
500,000 U vitamin A acetate and 
50,000 U vitamin D;/g) 
Magnesium stearate 7.59 
Weight of granulation 1050 g 


* Includes the following in excess of label claim: ascorbic acid 10%, thiamine 
mononitrate 20%, riboflavin 10%, nicotinamide 10%, and vitamin A 
acetate-vitamin D, crystalets 25%. 


Thoroughly mix the first six ingredients and granulate with 
zein (10% in ethyl alcohol, adding additional alcohol if neces- 
sary to obtain good, wet granules). Wet-screen through a #8 
stainless steel screen and dry at 110 to 120°F. Dry-screen 
through a #20 stainless steel screen and add the vitamin crys- 
talets. Mix thoroughly, lubricate, and compress. Ten tablets 
should weigh 1.50 g. Coat with syrup. 


weigh 4.13 g. 


FLUID-BED GRANULATION 


CT Ascorbic Acid USP, 50 mg 


INGREDIENTS IN EACH IN 10,000 
Ascorbic acid USP (powder no 80)? 55 mg 550g 
Lactose 21mg 210g 
Starch (potato) 13 mg 130g 
Ethylcellulose N100 (80-105 cps) 16mg 160g 
Starch (potato) 7 mg 70g 
Talc 6.5 mg 65g 
Calcium stearate 1mg 10g 
Weight of granulation 1195.0g 


* Includes 10% in excess of claim. 

Add the first three ingredients to the granulator. Mix for 5 to 15 min or until 
well mixed. Dissolve the ethylcellulose in anhydrous ethanol and spray this 
solution and any additional ethanol into the fluidized mixture. Cease spray- 
ing when good granules are produced. Dry to approximately 3% moisture. 
Remove the granules and place them in a suitable blender. Sequentially add 
the remaining three ingredients with mixing steps in between each addition. 
Compress, using a flat, beveled, Va-inch punch. Twenty tablets should weigh 
2.39 g. 


Sustained-Release (SR) Procainamide Tablets 


INGREDIENTS IN EACH IN 10,000 
Procainamide 500 mg 5000 g 
HPMC 2208, USP 300 mg 3000 g 
Carnauba wax 60 mg 600 g 
HPMC 2910, USP 30 mg 300g 
Magnesium stearate 4mg 40g 
Stearic acid 11 mg 110g 
Talc 5 mg 50g 
Weight of granulation 9100 g 


Place the first three ingredients in the granulator and mix for 5 to 15 min. 
Dissolve the HPMC in water (mix in hot water, then cool down) and spray into 
the fluidized mixture. Dry to approximately 5% moisture. Sequentially add 
the last three ingredients, with mixing steps in between each addition. Com- 
press, using capsule-shaped tooling. Ten tablets should weigh 9.1 g. 


DRY GRANULATION 


CT Acetylsalicylic Acid 


INGREDIENTS IN EACH IN 7000 
Acetylsalicylic Acid (crystals 20-mesh) 0.3259 22759 

Starch 226.8 g 
Weight of granulation 2501.89 


Dry the starch to a moisture content of 10%.Thoroughly mix this with the 
acetylsalicylic acid. Compress into slugs. Grind the slugs to 14- to 16-mesh 
size. Recompress into tablets, using a 13/2-inch punch. Ten tablets should 
weigh 3.575 g. 
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CT Sodium Phenobarbital 


Chewable Antacid Tablets 


INGREDIENTS IN EACH IN 7000 INGREDIENTS : IN EACH IN 10,000 
Phenobarbital sodium 65mg 455g Aluminum hydroxide and 325 mg 3250g 
Lactose (granular, 12-mesh) 26 mg 182g magnesium carbonate, 

Starch 20 mg 140g codried gel® 

Talc 20 mg 140g Mannitol USP (granular) 675 mg 6750 g 
Magnesium stearate 0.3 mg 2.1g Microcrystalline cellulose? 75mg 750g 
Weight of granulation 919.19 Corn starch 30mg 300g 
Mix all the ingredients thoroughly. Compress into slugs. Grind and screen to Sa eit stemiare as mg a g 


14- to 16-mesh granules. Recompress into tablets, using a %2-inch concave 
punch. Ten tablets should weigh 1.3 g. 


CT Vitamin B Complex 


° Reheis F-MA-17. 
> Avicel 
Blend all ingredients in a suitable blender. Compress, using a %-inch, flat- 


INGREDIENTS IN EACH IN 10,000 face, bevel-edge punch (courtesy, Atlas). 
Thiamine mononitrate? 0.733 mg T3319 
Riboflavin? 0.733 mg 7-33)9 Chewable Multivitamin Tablets 
Pyridoxine hydrochloride 0.333 mg S351 RGREDIEITS RAGE RE 
Calcium pantothenate® 0.4mg 4g 7 == 
Nicotinamide 5mg 50g Vitamin A USP (dry, stabilized form) 5000 USP 50 million 
Lactose (powder) 75.2 mg 7529 units units 
Starch 21.9 mg 219g Vitamin D dry, stabilized form) 400 USP 4 million 
Talc 20 mg 200 g ean units units 
Stearic acid (powder) 0.701 mg 7.019 Ascorbic Acid USP 60.0 mg 600 g 
Weight of granulation 1250g Thiamine Hydrochloride USP 1 mg 10g 
aon Seasaas Riboflavin USP 1.5 mg 159 
* Includes / in excess of label claim. ‘ ‘ ; 
Mix all the ingredients thoroughly. Compress into slugs. Grind and screen to Pees ie ee ; mg Bs g 
14- to 16-mesh granules. Recompress into tablets, using a Y-inch concave Velroseotere Vern Mg ag 
punch. Ten tablets should weigh 1.25 g. Calcium Pantothenate USP 3 mg 30g 
Sufficient tartaric acid should be used in these tablets to adjust the pH to 4.5. Niacinamide USP 10 mg 100 g 
Mannitol USP (granular) 236.2 mg 23629 
Corn starch 16.6 mg 166g 
pe LE SUES halle ASIN EI Sodium saccharin 1.1 mg 11g 
Magnesium stearate 6.6 mg 66g 
APC Tablets Talc USP 10 mg 100g 
INGREDIENTS IN EACH IN 10,000 AeNeD a a 
ae 4 Blend all ingredients in a suitable blender. Compress, using a ¥%-inch, flat- 
os mesh crystal) ao ne apt J face, bevel-edge punch (courtesy, Atlas). 
Caffeine (anhyd USP gran) 32mg 320g 
Compressible sugar (Di-Pac®) 93.4 mg 934g CT Ferrous Sulfate 
Sterotex 7.8mg 789g 
Silica gel (Syloid 244°) emg 28 g INGREDIENTS IN EACH IN 7000 
- Ferrous Sulfate USP (crystalline) 0.3259 2275g 
> Amstar. Talc 0.9759 
Davison Chem. St t 1.95 
Blend ingredients in a twin-shell blender for 15 min and compress on a ero ex t i g 
1342-inch standard concave punch (courtesy, Amstar). Weight of granulation 2277.93 g 


CT Ascorbic Acid USP, 250 mg 


INGREDIENTS IN EACH IN 10,000 

Ascorbic Acid USP 255 mg 2550g 
(Merck, fine crystals) 

Microcrystalline cellulose® 159 mg 1590 g 

Stearic acid 9mg 90g 

Colloidal silica? 2mg 20g 

Weight of granulation 4250g 


° Avicel-PH-101. 

» Cab-O-Sil. 

Blend all ingredients in a suitable blender. Compress, using 7/A6-inch standard 
concave punch. Ten tablets should weigh 4.25 g (courtesy, FMC). 


Breath Freshener Tablets 


INGREDIENTS IN EACH IN 10,000 
Wintergreen oil 0.6 mg 6g 
Menthol 0.85 mg 8.5g 
Peppermint oil 0.3 mg 3g 
Silica gel (Syloid 244°) 1mg 10g 
Sodium saccharin 0.3 mg 3g 
Sodium bicarbonate 14mg 140g 
Mannitol USP (granular) 180.95 mg 1809.59 
Calcium stearate 2mg 20g 


° Davison Chem. 

Mix the flavor oils and menthol until liquid. Adsorb onto the silica gel. Add 
the remaining ingredients. Blend and compress on %e-inch, flat-face bevel- 
edge punch to a thickness of 3.1 mm (courtesy, Atlas). 


Grind to 12- to 14-mesh, lubricate, and compress. Coat immediately to avoid 
oxidation to the ferric state with 0.410 gr of tolu balsam (dissolved in alcohol) 
and 0.060 gr of salol and chalk. Use a deep, concave, 12-inch punch. Ten 
tablets should weigh 3.25 g. 


CT Methenamine 


INGREDIENTS IN EACH IN 7000 
Methenamine (12- to 14-mesh crystals) 0.3259 22759 
Weight of granulation 22759 


Compress directly, using a 7/As-inch punch. Ten tablets should weigh 3.25 g. 


CT Phenobarbital USP, 30 mg 


INGREDIENTS IN EACH IN 10,000 

Phenobarbital 30.59 mg 305.99 
Microcrystalline cellulose? 30.59 mg 305.9g 
Spray-dried lactose 69.16 mg 691.69 
Colloidal silica? 1.33 mg 188ig 
Stearic acid 1.33 mg 13.39 
Weight of granulation 1330g 


° Avicel-PH-101. 

® QUSO F-22. 

Screen the phenobarbital to break up lumps and blend with the microcrys- 
talline cellulose. Add spray-dried lactose and blend. Finally, add the stearic 
acid and colloidal silica; blend to obtain a homogeneous mixture. Compress, 
using a %2-inch, shallow, concave punch. Ten tablets should weigh 1.33 g 
(courtesy, FMC). 


Tablet triturates are small, discoid masses of molded powders 
weighing 30 to 250 mg each. The base consists of lactose, 
B-lactose, mannitol, dextrose, or other rapidly soluble materi- 
als. It is desirable in making tablet triturates to prepare a solid 
dosage form that is rapidly soluble; as a result they are gener- 
ally softer than compressed tablets. 

This type of dosage form is selected for a number of drugs 
because of its rapidly dissolving characteristic. Nitroglycerin in 
many concentrations is prepared in tablet triturate form since 
the molded tablet rapidly dissolves when administered by plac- 
ing under the tongue. Potent alkaloids and highly toxic drugs 
used in small doses are prepared as tablet triturates that can 
serve as dispensing tablets to be used as the source of the drug 
in compounding other formulations or solutions. Narcotics in 
the form of hypodermic tablets originally were made as tablet 
triturates because they rapidly dissolve in sterile water for 
injection prior to administration. Today with stable injections 
of narcotics available, there is no longer any justification 
for their use in this manner. Although many hypodermic 
tablets currently are made, they are used primarily for oral 
administration. 

Tablet triturates are made by forcing a moistened blend of 
the drug and diluent into a mold, extruding the formed mass, 
which is allowed to dry. This method is essentially the same as 
it was when introduced by Fuller in 1878. Hand molds may 
vary in size, but the method of operation is essentially the 
same. Molds consist of two plates made from polystyrene plas- 
tic, hard rubber, nickel-plated brass, or stainless steel. The 
mold plate contains 50 to 500 carefully polished perforations. 
The other plate is fitted with a corresponding number of pro- 
jecting pegs or punches that fit the perforations in the mold 
plate. The mold plate is placed on a flat surface, the moistened 
mass is forced into the perforations, and the excess is scraped 
from the top surface. The mold plate is placed over the plate 
with the corresponding pegs and lowered. As the plates come 
together, the pegs force the tablet triturates from the molds. 
They remain on the tops of the pegs until dry, and they can be 
handled (see Fig 45-33). In some hand molds, as shown in 
Figure 45-34, the pegs are forced down onto the plate holding 
the moist trituration. 


FORMULATION 


In developing a formula it is essential to know the blank weight 
of the mold that is to be used. To determine this, the weight of 
the diluent that exactly fills all the openings in the mold is 


Wx Ue sg 


Figure 45-33. Hand-molding tablet triturates (courtesy, Merck). 
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Figure 45-34. Tablet triturate mold (courtesy, Vector/Colton). 


determined by experiment. This amount of diluent is weighed 
and placed aside. The total amount of the drug required is 
determined by multiplying the number of perforations in the 
plate used in the previous experiment by the amount of drug 
desired in each tablet. The comparative bulk of this medication 
is compared with that of an equal volume of diluent and that 
quantity of diluent is removed and weighed. The drug and the 
remaining diluent are mixed by trituration, and the resulting 
triturate is moistened and forced into the openings of the mold. 
If the perforations are not filled completely, more diluent is 
added, its weight noted, and the formula written from the 
results of the experiments. 

It is also permissible in the development of the formula to 
weigh the quantity of medication needed for the number of 
tablets represented by the number of perforations in the mold, 
triturate with a weighed portion (more than 4) of the diluent, 
moisten the mixture, and press it into the perforations of the 
mold. An additional quantity of the diluent is moistened im- 
mediately and also forced into the perforations in the plate 
until they are filled completely. All excess diluent is removed, 
the trial tablets are forced from the mold, then triturated until 
uniform, moistened again, if necessary, and remolded. When 
these tablets are dried thoroughly and weighed, the difference 
between their total weight and the weight of medication taken 
will indicate the amount of diluent required and accordingly 
supply the formula for future use for that particular tablet 
triturate. 

For proper mixing procedures of the medication with the 
diluent see Chapter 37. 


PREPARATION 


The mixed powders are moistened with a proper mixture of 
alcohol and water, although other solvents or moistening 
agents such as acetone, petroleum benzin, and various combi- 
nations of these may be used in specific cases; the agent of 
choice depends on the solvent action that it will exert on the 
powder mixture. Often the moistening agent is 50% alcohol, but 
this concentration may be increased or decreased depending on 
the constituents of the formula. Care must be used in adding 
the solvent mixture to the powder. If too much is used, the mass 
will be soggy and will require a long time to dry, and the 
finished tablet will be hard and slowly soluble; if the mass is too 
wet, shrinkage will occur in the molded tablets; finally, a con- 
dition known as creeping will be noticed. Creeping is the con- 
centration of the medication on the surface of the tablet caused 
by capillarity and rapid evaporation of the solvent from the 
surface. Because molded tablets by their very nature are quite 
friable, an inaccurate strength in each tablet may result from 
creeping if powder is lost from the tablet’s surface. On the other 
hand, if an insufficient amount of moistening agent is used, the 
mass will not have the proper cohesion to make a firm tablet. 
The correct amount of moistening agent can be determined 
initially only by experiment. 
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HAND-MOLDING TABLET TRITURATES 
25S ET 
In preparing hand-molded tablets place the mold plate on a 
glass plate. The properly moistened material is pressed into the 
perforations of the mold with a broad spatula, exerting uniform 
pressure over each opening. The excess material is removed by 
passing the spatula at an oblique angle, with strong hand 
pressure, over the mold to give a clean, flat surface. The mate- 
rial thus removed should be placed with the remainder of the 
unmolded material. 

The mold with the filled perforations should be reversed and 
moved to another clean part of the plate where the pressing 
operation with the spatula is repeated. It may be necessary to add 
more material to fill the perforations completely and uniformly. 
The mold should be allowed to stand in a position so that part of 
the moistening agent will evaporate equally from both faces. 
While the first plate is drying, another mold can be prepared. As 
soon as the second mold has been completed, the first mold should 
be sufficiently surface-dried so that the pegs will press the tablets 
from the mold with a minimum of sticking. 

To remove the tablets from the mold, place the mold over 
the peg plate so that the pegs and the perforations are in 
juxtaposition. The tablets are released from the mold by 
hand pressure, which forces the pegs through the perfora- 
tions. The ejected tablets are spread evenly in single layers 
on silk trays and dried in a clean, dust-free chamber with 
warm, circulating air. If only a small quantity of tablet 
triturates is made and no warm-air oven is available, the 
tablet triturates may be dried to constant weight at room 
temperature. 


MACHINE-MOLDING TABLET TRITURATES 

LTT 
Tablet triturates also can be made using mechanical equip- 
ment. The automatic tablet triturate machine illustrated in 
Figure 45-35 makes tablet triturates at a rate of 2500/min. For 
machine-molding, the powder mass need not be as moist as for 
plate-molding, since the time interval between forming the 
tablets and pressing them is considerably shorter. The moist- 
ened mass passes through the funnel of the hopper to the feed 
plates below. In this feed plate are four holes having the same 
diameter as the mouth of the funnel. The material fills one hole 
at a time and, when filled, revolves to a position just over the 


Figure 45-35. Automatic tablet triturate machine (courtesy, Vector- 
Colton). 


mold plate. When in position the weighted pressure foot lowers 
and imprisons the powder. At the same time a spreader in the 
sole of the pressure foot rubs it into the mold cavities and evens 
it off so that the triturates are smooth on the surface and are of 
uniform density. When this operation is completed, the mold 
passes to the next position, where it registers with a nest of 
punches or pegs that eject the tablets from the mold plate onto 
a conveyor belt. The conveyor belt sometimes is extended to a 
length of 8 or 10 ft. under a battery of infrared drying lamps to 
hasten the setting of the tablets for more rapid handling. This 
method of drying can be used only if the drug is chemically 
stable to these drying conditions. 


COMPRESSED TABLET TRITURATES 


Frequently, tablet triturates are prepared on compression 
tablet machines using flat-face punches. When solubility and 
a clear solution are required, water-soluble lubricants must 
be used to prevent sticking to the punches. The granulations 
are prepared as directed for ordinary compressed tablets; 
lactose generally is used as the diluent. Generally, tablet 
triturates prepared by this method are not as satisfactory as 
the molded type regarding their solubility and solution char- 
acteristics. 


TABLET CHARACTERISTICS — 


‘Compressed tablets may be characterized or described by a 


number of specifications. These include the diameter size, 
shape, thickness, weight, hardness, disintegration time, and 
dissolution characteristics. The diameter and shape depend on 
the die and the punches selected for the compression of the 
tablet. Generally, tablets are discoid in shape, although they 
may be oval, oblong, round, cylindrical, or triangular. Their 
upper and lower surfaces may be flat, round, concave, or convex 
to various degrees. The concave punches (used to prepare con- 
vex tablets) are referred to as shallow, standard, and deep cup, 
depending on the degree of concavity (see Figs 45-17 to 45-20). 
The tablets may be scored in halves or quadrants to facilitate 
breaking if a smaller dose is desired. The top or lower surface 
may be embossed or engraved with a symbol or letters that 
serve as an additional means of identifying the source of the 
tablets. These characteristics along with the color of the tablets 
tend to make them distinctive and identifiable with the active 
ingredient that they contain. 

The remaining specifications assure the manufacturer that 
the tablets do not vary from one production lot to another. In 
the case of new tablet formulations their therapeutic efficacy 
is demonstrated through clinical trials, and it is the manufac- 
turer’s aim to reproduce the same tablet with the exact char- 
acteristics of the tablets that were used in the clinical evalua- 
tion of the dosage form. Therefore, from the control viewpoint 
these specifications are important for reasons other than phys- 
ical appearance. 


Tablet Hardness _ 
The resistance of the tablet to chipping, abrasion, or breakage 
under conditions of storage, transportation, and handling be- 
fore usage depends on its hardness. In the past, a rule of thumb 
described a tablet to be of proper hardness if it was firm enough 
to break with a sharp snap when it was held between the 2nd 
and 3rd fingers and using the thumb as the fulcrum, yet didn’t 
break when it fell on the floor. For obvious reasons and control 
purposes a number of attempts have been made to quantitate 
the degree of hardness. 


A small and portable hardness tester was manufactured 
and introduced in the mid-1930s by Monsanto. It now is dis- 
tributed by the Stokes Div (Pennwalt) and may be designated 
as either the Monsanto or Stokes hardness tester. The instru- 
ment measures the force required to break the tablet when the 
force generated by a coil spring is applied diametrically to the 
tablet. The force is measured in kilograms and when used in 
production, a hardness of 4 kg is considered to be minimum for 
a satisfactory tablet. 

The Strong-Cobb hardness tester introduced in 1950 also 
measures the diametrically applied force required to break the 
tablet. In this instrument the force is produced by a manually 
operated air pump. As the pressure is increased, a plunger is 
forced against the tablet placed on anvil. The final breaking 
point is indicated on a dial calibrated into 30 arbitrary units. 
The hardness values of the Stokes and Strong-Cobb instru- 
ments are not equivalent. Values obtained with the Strong- 
Cobb tester have been found to be 1.6 times those of the Stokes 
tester. 

Another instrument is the Pfizer hardness tester, which 
operates on the same mechanical principle as ordinary pli- 
ers. The force required to break the tablet is recorded on a 
dial and may be expressed in either kilograms or pounds of 
force. In an experimental comparison of testers the Pfizer 
and the Stokes testers were found to check each other fairly 
well. Again the Strong-Cobb tester was found to give values 
1.4 to 1.7 times the absolute values on the other instru- 
ments. 

The most widely used apparatus to measure tablet hardness 
or crushing strength is the Schleuniger apparatus, also known 
as the Heberlein, distributed by Vector. This and other, newer, 
electrically operated test equipment eliminate the operator 
variability inherent in the measurements described above. 
Newer equipment is also available with printers to provide a 
record of test results. See Figure 45-36. 

Manufacturers, such as Key, Van Kel, Erweka, and others, 
make similar hardness testers. 

Hardness (or more appropriately, crushing strength) determi- 
nations are made throughout the tablet runs to determine the 
need for pressure adjustments on the tableting machine. If the 
tablet is too hard, it may not disintegrate in the required period of 
time or meet the dissolution specification; if it is too soft, it will not 
withstand the handling during subsequent processing such as 
coating or packaging and shipping operations. 

A tablet property related to hardness is friability, and the 
measurement is made by use of the Roche friabilator. Rather 
than a measure of the force required to crush a tablet, the 
instrument is designed to evaluate the ability of the tablet to 
withstand abrasion in packaging, handling, and shipping. A 
number of tablets are weighed and placed in the tumbling 


Figure 45-36. The Schleuniger or Heberlein tablet hardness tester 
shown with calibration blocks (courtesy, Vector). 
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Figure 45-37. The Roche friabilator (courtesy, Hoffmann-LaRoche). 


apparatus where they are exposed to rolling and repeated 
shocks resulting from freefalls within the apparatus. After a 
given number of rotations the tablets are weighed, and the loss 
in weight indicates the ability of the tablets to withstand this 
type of wear (Fig 45-37). 

Recent research has proposed that there are at least three 
measurable hardness parameters that can give a clue to the 
compatibility and intrinsic strength of powdered materials. 
These include bonding strength, internal strain, and brittle- 
ness. Hiestand proposed indices to quantify these parame- 
ters, and they are listed in Table 45-4 for a number of 
materials. 

The higher the bonding index, the stronger a tablet is likely 
to be. The higher the strain index, the weaker the tablet. Since 
the two parameters are opposite in their effect on the tablet, it 
is possible for a material (such as Avicel) to have a relatively 
high strain index, but yet have superior compaction properties 
because of an extraordinary bonding potential. The higher the 
brittleness index, the more friable the tablet is likely to be. For 
a more detailed discussion of this subject, the reader is directed 
to References 22, 37, 38. 

A similar approach is taken by many manufacturers when 
they evaluate a new product in the new market package by 
sending the package to distant points and back using various 
methods of transportation. This is called a shipping test. The 
condition of the product on its return indicates its ability to 
withstand transportation handling. 


Tablet Thickness 


The thickness of the tablet from production-run to production- 
run is controlled carefully. Thickness can vary with no change 
in weight because of difference in the density of the granulation 
and the pressure applied to the tablets, as well as the speed of 
tablet compression. Not only is the tablet thickness important 
in reproducing tablets identical in appearance but also to en- 


Table 45-4. Hiestand Compaction Indices 
for a Number of Materials 


BONDING STRAIN BRITTLENESS 
MATERIAL INDEX INDEX INDEX 
Aspirin Jets) leat 0.16 
Dicalcium phosphate is leas 0.15 
Lactose anhydrous 0.8 1.40 0.27 
Avicel pH 102 4.3 2.20 0.04 
Corn starch 0.4 2.48 0.26 
Sucrose NF 1.0 1.45 0.35 
Erythromycin dihydrate 1.9 QMS 0.98 
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sure that every production lot will be usable with selected 
packaging components. If the tablets are thicker than specified, 
a given number no longer may be contained in the volume of a 
given size bottle. Tablet thickness also becomes an important 
characteristic in counting tablets using filling equipment. Some 
filling equipment uses the uniform thickness of the tablets as a 
counting mechanism. A column containing a known number of 
tablets is measured for height; filling is accomplished by con- 
tinually dropping columns of tablets of the same height into 
bottles. If thickness varies throughout the lot, the result will be 
variation in count. Other pieces of filling equipment can mal- 
function because of variation in tablet thickness, since tablets 
above specified thickness may cause wedging of tablets in pre- 
viously adjusted depths of the counting slots. Tablet thickness 
is determined with a caliper or thickness gauge that measures 
the thickness in millimeters. Plus or minus 5% may be allowed, 
depending on the size of the tablet. 


Uniformity of Dosage Forms 


TABLET WEIGHT —The volumetric fill of the die cavity 
determines the weight of the compressed tablet. In setting 
up the tablet machine the fill is adjusted to give the desired 
tablet weight. The weight of the tablet is the quantity of the 
granulation that contains the labeled amount of the thera- 
peutic ingredient. After the tablet machine is in operation 
the weights of the tablets are checked routinely, either man- 
ually or electronically, to ensure that proper-weight tablets 
are being made. This has become rather routine in most 
manufacturing operations with newer, electronically con- 
trolled tablet presses. The USP has provided tolerances for 
the average weight of uncoated compressed tablets. These 
are applicable when the tablet contains 50 mg or more of the 
drug substance or when the latter comprises 50% or more, by 
weight, of the dosage form. Twenty tablets are weighed 
individually, and the average weight is calculated. The vari- 
ation from the average weight in the weights of not more 
than two of the tablets must not differ by more than the 
percentage listed below; no tablet differs by more than dou- 
ble that percentage. Tablets that are coated are exempt from 
these requirements but must conform to the test for content 
uniformity if it is applicable. 


AVERAGE WEIGHT PERCENT DIFFERENCE 


TSOumMG" on less AEG Meee che ee eee ence eee eee 10 
More than 130 mg through 324 mg............. TED 
Moresthames 24 mols nctecs dene ccna mnee serene 5 


CONTENT UNIFORMITY—To ensure that every tablet 
contains the amount of drug substance intended, with little 
variation among tablets within a batch, the USP includes the 
content uniformity test for certain tablets. Due to the in- 
creased awareness of physiological availability, the content 
uniformity test has been extended to monographs on all 
coated and uncoated tablets and all capsules intended for 
oral administration where the range of sizes of the dosage 
form available includes a 50 mg or smaller size, in which 
case the test is applicable to all sizes (50 mg and larger and 
smaller) of that tablet or capsule. The official compendia can 
be consulted for the details of the test. Tablet monographs 
with a content uniformity requirement do not have a weight 
variation requirement. 


Tablet Disintegration 


It is recognized generally that the in vitro tablet disintegra- 
tion test does not necessarily bear a relationship to the in 
vivo action of a solid dosage form. To be absorbed, a drug 
substance must be in solution, and the disintegration test is 


a measure only of the time required under a given set of 
conditions for a group of tablets to disintegrate into parti- 
cles. Generally, this test is useful as a quality-assurance tool 
for conventional (non-sustained-release) dosage forms. In 
the present disintegration test the particles are those that 
will pass through a 10-mesh screen. In a comparison of 
disintegration times and dissolution rates or initial absorp- 
tion rates of several brands of aspirin tablets, it was found 
that the faster-absorbed tablets had the longer disintegra- 
tion time. Regardless of the lack of significance as to in vivo 
action of the tablets, the test provides a means of control in 
ensuring that a given tablet formula is the same as regards 
disintegration from one production batch to another. The 
disintegration test is used as a control for tablets intended to 
be administered by mouth, except for tablets intended to be 
chewed before being swallowed or tablets designed to release 
the drug substance over a period of time. 

Exact specifications are given for the test apparatus, in- 
asmuch as a change in the apparatus can cause a change in 
the results of the test. The apparatus consists of a basket 
rack holding six plastic tubes, open at the top and bottom; 
the bottom of the tubes is covered with 10-mesh screen. See 
Figure 45-38. The basket rack is immersed in a bath of 
suitable liquid, held at 37°, preferably in a 1-L beaker. The 
rack moves up and down in the fluid at a specified rate. The 
volume of the fluid is such that on the upward stroke the 
wire mesh remains at least 2.5 cm below the surface of the 
fluid and descends to not less than 2.5 cm from the bottom on 
the downward stroke. Tablets are placed in each of the six 
cylinders along with a plastic disc over the tablet unless 
otherwise directed in the monograph. The endpoint of the 
test is indicated when any residue remaining is a soft mass 
with no palpably soft core. The plastic discs help to force any 
soft mass that forms through the screen. 

For compressed, uncoated tablets the testing fluid is usually 
water at 37°, but in some cases the monographs direct that 
Simulated Gastric Fluid TS be used. If one or two tablets fail to 
disintegrate, the test is to be repeated using 12 tablets. Of the 
18 tablets then tested, 16 must have disintegrated within the 
given period of time. The conditions of the test are varied 
somewhat for coated tablets, buccal tablets, and sublingual 


Figure 45-38. Vanderkamp tablet disintegration tester (courtesy, 
VankKel). 


tablets. Disintegration times are included in the individual 
tablet monograph. For most uncoated tablets the period is 30 
min, although the time for some uncoated tablets varies greatly 
from this. For coated tablets up to 2 hr may be required, while 
for sublingual tablets, such as CT Isoproterenol Hydrochloride, 
the disintegration time is 3 min. For the exact conditions of the 
test, consult the USP. 


Dissolution Test 


For certain tablets the monographs direct compliance with 
limits on dissolution rather than disintegration. Since drug 
absorption and physiological availability depend on having 
the drug substance in the dissolved state, suitable dissolu- 
tion characteristics are an important property of a satisfac- 
tory tablet. Like the disintegration test, the dissolution test 
for measuring the amount of time required for a given per- 
centage of the drug substance in a tablet to go into solution 
under a specified set of conditions is an in vitro test. It is 
intended to provide a step toward the evaluation of the 
physiological availability of the drug substance, but as de- 
scribed currently, it is not designed to measure the safety or 
efficacy of the tablet being tested. Both the safety and effec- 
tiveness of a specific dosage form must be demonstrated 
initially by means of appropriate in vivo studies and clinical 
evaluation. Like the disintegration test, the dissolution test 
does provide a means of control in ensuring that a given 
tablet formulation is the same as regards dissolution as the 


Capsules are solid dosage forms in which the drug substance 


is enclosed in either a hard or soft, soluble container or shell 


of a suitable form of gelatin. The soft gelatin capsule was 
invented by Mothes, a French pharmacist, in 1833. During 
the following year DuBlanc obtained a patent for his soft 
gelatin capsules. In 1848 Murdock patented the two-piece 
hard gelatin capsule. Although development work has been 
done on the preparation of capsules from methylcellulose 
and calcium alginate, gelatin, because of its unique proper- 
ties, remains the primary composition material for the man- 
ufacture of capsules. The gelatin used in the manufacture of 
capsules is obtained from collagenous material by hydroly- 
sis. There are two types of gelatin, Type A, derived mainly 
from pork skins by acid processing, and Type B, obtained 
from bones and animal skins by alkaline processing. Blends 
are used to obtain gelatin solutions with the viscosity and 
bloom strength characteristics desirable for capsule manu- 
facture.°° 

The encapsulation of medicinal agents remains a popular 


method for administering drugs. Capsules are tasteless, easily 


administered, and easily filled either exte raneously or in 


large quantities commercially. In prescription practice the use 
of hard gelatin capsules permits a choice in prescribing a single 


drug or a combination of drugs at the exact dosage level con- 
sidered best for the individual patient. This flexibility is an 


advantage over tablets. Some patients find it easier to swallow 


capsules than tablets, therefore preferring to take this form 
when possible. This preference has prompted pharmaceutical 
manufacturers to market the product in capsule form, even 
though the product already has been produced in tablet form. 
While the industry prepares approximately 75% of its solid 
dosage forms as compressed tablets, 23% as hard gelatin 
capsules, and 2% as soft elastic capsules, market surveys have 
indicated a consumer preference of 44.2% for soft elastic 
capsules, 39.6% for tablets, and 19.4% for hard gelatin 
capsules.°! 
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batch of tablets shown initially to be clinically effective. It 
also provides an in vitro control procedure to eliminate vari- 
ations among production batches. Refer to Chapter 35 for a 
complete discussion of dissolution testing. 


Validation _ 


In this era of increasing regulatory control of the pharmaceu- 


tical industry, manufacturing procedures cannot be discussed 
without the mention of some process-validation activity. By 
way of documentation, product testing, and perhaps in-process 
testing as well, manufacturers can demonstrate that their for- 
mulas and processes perform in the manner expected and that 
they do so reproducibly. 

Although the justification for requiring validation is found 
in the regulations relating to Current Good Manufacturing 
Practices for Finished Pharmaceuticals as well as other 
sources, there is still much room for interpretation, and the 
process varies from one company to another. General areas of 
agreement appear to be that 


The validation activity must begin in R&D and continue through prod- 
uct introduction. 

Documentation is the key. 

In general, three batches represent an adequate sample for validation. 


The FDA has rejected historical data or retrospective valida- 
tion. They require that new products be validated from begin- 
ning to end, a process called prospective validation. 


HARD GELATIN CAPSULES 
SR IEE A OST ETS EE EE SNOT 
The hard gelatin capsule, also referred to as the dry-filled 
capsule (DFC), consists of two sections, one slipping over the 
other, thus completely surrounding the drug formulation. The 
classic capsule shape is illustrated in Figure 45-39. These cap- 
sules are filled by introducing the powdered material into the 
longer end or body of the capsule and then slipping on the cap. 
Hard gelatin capsules are made largely from gelatin, FD&C 
colorants, and sometimes an opacifying agent such as titanium 
dioxide; the USP permits the gelatin for this purpose to contain 
0.15% sulfur dioxide to prevent decomposition during manu- 
facture. Hard gelatin capsules contain 12 to 16% water, but the 
water content can vary depending on the storage conditions. 
When the humidity is low, the capsules become brittle; if stored 
at high humidities, the capsules become flaccid and lose their 
shape. Storage in high-temperature areas also can affect the 
quality of hard gelatin capsules. Gelatin capsules do not protect 
hygroscopic materials from atmospheric water vapor, as mois- 
ture can diffuse through the gelatin wall. 

Companies having equipment for preparing empty hard 
gelatin capsules include Lilly, Parke-Davis, Scherer, and 
SmithKline. The latter’s production is mainly for its own use; 
the others are suppliers to the industry. With this equip- 


Figure 45-39. Hard gelatin capsules showing relative sizes (courtesy, 
Parke-Davis). 
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ment, stainless steel pins, set in plates, are dipped into the 
gelatin solution, which must be maintained at a uniform 
temperature and an exact degree of fluidity. If the gelatin 
solution varies in viscosity, it correspondingly will decrease 
or increase the thickness of the capsule wall. This is impor- 
tant since a slight variation is sufficient to make either a 
loose or a tight joint. When the pins have been withdrawn 
from the gelatin solution, they are rotated while being dried 
in kilns through which a strong blast of filtered air with 
controlled humidity is forced. Each capsule is stripped, 
trimmed to uniform length and joined, the entire process 
being mechanical. Capsule-making equipment is illustrated 
in Figures 45-40 and 45-41. These show the stainless steel 
pins being dipped into the gelatin solutions and then being 
rotated through the drying kiln. 

Capsules are supplied in a variety of sizes. The hard, empty 
capsules (Fig 45-39) are numbered from 000, the largest size 
that can be swallowed, to 5, which is the smallest. Larger sizes 
are available for use in veterinary medicine. The approximate 
capacity for capsules from 000 to 5 ranges from 600 to 30 mg, 
although this will vary because of the different densities of 
powdered drug materials. 

Commercially filled capsules have the conventional oblong 
shape illustrated, with the exception of capsule products by 
Lilly and SmithKline, which are of distinctive shape. For Lilly 
products, capsules are used in which the end of the base is 
tapered to give the capsule a bullet-like shape; products encap- 
sulated in this form are called Pulvules. The SmithKline cap- 
sules differ in that both ends of the cap and body are angular, 
rather than round. 

After hard gelatin capsules are filled and the cap applied, 
there are a number of methods used to ensure that the capsules 
will not come apart if subjected to vibration or rough handling, 
as in high-speed counting and packaging equipment. The cap- 
sules can be spot-welded by means of a heated metal pin 
pressed against the cap, fusing it to the body, or they may be 
banded with molten gelatin laid around the joint in a strip and 
dried. Colored gelatin bands around capsules have been used 
for many years as a trademark by Parke-Davis for their line of 
capsule products, Kapseals. Another approach is used in the 
Snap-Fit and Coni-Snap capsules. A pair of matched locking 
rings are formed into the cap and body portions of the capsule. 
Prior to filling, these capsules are slightly longer than regular 
capsules of the same size. When the locking rings are engaged 
after filling, their length is equivalent to that of the conven- 
tional capsule. 

Following several tampering incidents, many pharmaceuti- 
cal companies now use any number of locking and sealing 
technologies to manufacture and distribute these very useful 


Figure 45-40. Manufacture of hard gelatin capsules by dipping 
stainless steel pins into gelatin solutions (courtesy, Lilly). 


Figure 45-41. Formed capsules being dried by rotating through a 
drying kiln (courtesy, Lilly). 


dosage forms safely. Unfortunately, tamper-resistant packag- 
ing has become standard for capsule products. 

It is usually necessary for the pharmacist to determine 
the size of the capsule needed for a given prescription 
through experimentation. The experienced pharmacist, hav- 
ing calculated the weight of material to be held by a single 
capsule, often will select the correct size immediately. If the 
material is powdered, the base of the capsule is filled and the 
top is replaced. If the material in the capsule proves to be too 
heavy after weighing, a smaller size must be taken and the 
test repeated. If the filled capsule is light, it is possible that 
more can be forced into it by increasing the pressure or, if 
necessary, some of the material may be placed in the cap. 
This is not desirable as it tends to decrease the accuracy of 
subdivision and it is much better to select another size, 
whose base will hold exactly the correct quantity. In pre- 
scription filling it is wise to check the weight of each filled 
capsule. 

In addition to the transparent, colorless, hard gelatin cap- 
sule, capsules are also available in various transparent colors 
such as pink, green, reddish brown, blue, yellow, and black. If 
they are used, it is important to note the color as well as the 
capsule size on the prescription so that in the case of renewal 
the refilled prescription will duplicate the original. Colored 
capsules have been used chiefly by manufacturers to give a 
specialty product a distinctive appearance. Titanium dioxide is 
added to the gelatin to form white capsules or to make an 
opaque, colored capsule. In addition to color contrasts, many 
commercial products in capsules are given further identifica- 
tion by markings, which may be the company’s name, a symbol 
on the outer shell of the capsule, or banding. Some manufac- 
turers mark capsules with special numbers based on a coded 
system to permit exact identification by the pharmacist or 
physician. 


Extemporaneous Filling Methods 


When filling capsules on prescription, the usual procedure is 
to mix the ingredients by trituration, reducing them to a fine 
and uniform powder. The principles and methods for the 
uniform distribution of an active medicinal agent in a pow- 
der mixture are discussed in Chapter 37. Granular powders 
do not pack readily in capsules, and crystalline materials, 
especially those that consist of a mass of filament-like crys- 
tals such as the quinine salts, are not fitted easily into 
capsules unless powdered. Eutectic mixtures that tend to 
liquefy may be dispensed in capsules if a suitable absorbent 
such as magnesium carbonate is used. Potent drugs given in 


small doses usually are mixed with an inert diluent such as 
lactose before filling into capsules. When incompatible ma- 
terials are prescribed together, it is sometimes possible to 
place one in a smaller capsule and then enclose it with the 
second drug in a larger capsule. 

Usually, the powder is placed on paper and flattened with a 
spatula so that the layer of powder is not greater than about Y3 
the length of the capsule that is being filled. This helps to keep 
both the hands and capsules clean. The cap is removed from the 
selected capsule and held in the left hand; the body is pressed 
repeatedly into the powder until it is filled. The cap is replaced 
and the capsule is weighed. In filling the capsule the spatula is 
helpful in pushing the last quantity of the material into the 
capsule. If each capsule has not been weighed, there is likely to 
be an excess or a shortage of material when the specified 
number of capsules have been packed. This condition is ad- 
justed before dispensing the prescription. 

A number of manual filling machines and automatic cap- 
sule machines are available for increasing the speed of the 
capsule-filling operation. Figure 45-42 illustrates a capsule- 
filling machine that was known formerly as the Sharp & 
Dohme machine. This equipment is now available through 
ChemiPharm. Many community pharmacists find this a use- 
ful piece of apparatus, and some pharmaceutical manufac- 
turers use it for small-scale production of specialty items. 
The machine fills 24 capsules at a time with the possible 
production of 2000 per day. Entire capsules are placed in the 
machine by hand; the lower plate carries a clamp that holds 
the capsule bases and makes it possible to remove and re- 
place the caps mechanically. The plate holding the capsule 
bases is perforated for three sizes of capsules. The powder is 
packed in the bases; the degree of accuracy depends on the 
selection of capsule size and the amount of pressure applied 
in packing. The hand-operated machine (Model 300, 
ChemiPharm) illustrated in Figure 45-43 has a production 
capacity of 2000 capsules per hour. The machine is made for 
a single capsule size and cannot be changed over for other 
sizes. A different machine is required for any additional 
capsule size. Its principle of operation is similar to that of 
the Sharp & Dohme machine. 


Machine Filling Methods 


Large-scale filling equipment for capsules operates on the same 
principle as the manual machines described above, namely the 
filling of the base of the capsule. Compared with tablets, pow- 
ders for filling into hard gelatin capsules require a minimum of 
formulation efforts. The powders usually contain diluents such 
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Figure 45-42. Hand-operated capsule machine (courtesy, Chemi- 
Pharm). 
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Figure 45-43. Hand-operated capsule machine, Model 300 (cour- 
tesy, ChemiPharm). 


as lactose, mannitol, calcium carbonate, or magnesium carbon- 
ate. Since the flow of material is of great importance in the 
rapid and accurate filling of the capsule bodies, lubricants such 
as the stearates also are used frequently. 

Because of the absence of numerous additives and manufac- 
turing processing, the capsule form is used frequently to ad- 
minister new drug substances for evaluation in initial clinical 
trials. However, it is now realized that the additives present in 
the capsule formulation, like the compressed tablet, can influ- 
ence the release of the drug substance from the capsule. Tab- 
lets and capsules of a combination product containing triam- 
terene and hydrochlorothiazide in a 2:1 ratio were compared 
clinically. The tablet caused approximately twice as much ex- 
cretion of hydrochlorothiazide and three times as much triam- 
terene as the capsule.°” 

Most equipment operates on the principle by which the base 
of the capsule is filled and the excess is scraped off. Therefore, 
the active ingredient is mixed with sufficient volume of a di- 
luent, usually lactose or mannitol, to give the desired amount of 
the drug in the capsule when the base is filled with the powder 
mixture. The manner of operation of the machine can influence 
the volume of powder that will be filled into the base of the 
capsule; therefore, the weights of the capsules must be checked 
routinely as they are filled. See Table 45-5. 

Semiautomatic capsule-filling machines manufactured by 
Parke-Davis and Lilly are illustrated in Figures 45-44 and 
45-45. The Type 8 capsule-filling machine performs mechani- 
cally under the same principle as the hand filling of capsules. 
This includes separation of the cap from the body, filling the 
body half, and rejoining the cap and body halves. 

Empty capsules are taken from the bottom of the capsule 
hopper into the magazine. The magazine gauge releases one 
capsule from each tube at the bottom of each stroke of the 
machine. Leaving the magazine, the capsules drop onto the 
tracks of the raceway and are pushed forward to the rectifying 
area with a push blade. The rectifier block descends, turning 
the capsules in each track, cap up, and drops them into each 
row of holes in the capsule-holding ring assembly. 

As the capsules fall into the holding ring, the cap half has a 
seat on the counter bore in each hole for the top ring. The body 
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Table 45-5. Capsule Fill Chart 
Capsule Fill Weights (mg) Based on Size and Density 


CAPSULE VOLUME (mL) 


0.95 0.78 0.68 0.54 0.5 0.37 0.3 0.25 0.21 0.13 
POWDER CAPSULE SIZE 
DENSITY 
(g/mL) 0O Oel oO lel 1 2 3 4el 4 5 
0.3 285 234 204 162 150 lint 90 75 63 39 
0.4 380 B12 272 216 200 148 120 100 84 52 
0.5 475 390 340 270 250 185 150 125 105 65 
0.6 570 468 408 324 300 222 180 150 126 78 
0.7 665 546 476 378 350 259 210 175 147 91 
0.8 760 624 544 432 400 296 240 200 168 104 
0.9 855 702 612 486 450 333 270 225 189 117 
1.0 950 780 680 540 500 370 300 250 210 130 
Jail 1045 858 748 594 550 407 330 PaaS, 231 143 
ee 1140 936 816 648 600 444 360 300 252 156 
es 1235 1014 884 702 650 481 390 325 273 169 
1.4 1330 1092 952 756 700 518 420 350 294 182 
125 1425 1170 1020 810 750 555 450 375 815 195 


half is pulled by vacuum down into the bottom ring. When all 
rows in the ring assembly are full, the top ring, filled with caps 
only, is removed and set aside for later assembly. The body 
halves now are located in the bottom ring, ready for filling. 

The ring holding the body halves is rotated at one of eight 
speeds on the rotary table. The drug hopper is swung over the 
rotating ring, and the auger forces drug powder into the open 
body cavities. When the ring has made a complete revolution 
and the body halves have been filled, the hopper is swung aside. 
The cap-holding ring is placed over the body-holding ring and 
the assembly is ready for joining. The capsule-holding ring 
assembly is placed on the joiner and the joiner plate is swung 
down into position to hold the capsules in the ring. The peg ring 
pins are entered in the holes of the body holding ring and 
tapped in place by the air cylinder pushing the body halves 
back into the cap halves. 

The holding-ring assembly is now pushed by hand back 
onto the peg ring away from the joiner plate, thus pushing 
the capsules out of the holding-ring assembly. The joined 
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Figure 45-44. Schematic of Type 8 capsule-filling machine (courtesy, 
Parke-Davis). 


capsules then fall through the joiner chute into the capsule 
receiver box. The capsule receiver box screens the excess 
powder from the capsules and delivers them to any conve- 
nient container. 

Many companies use the Type 8 capsule-filling equipment for 
small-scale manufacture and clinical supplies for investigational 
use because of its ease of operation, low cost, and extreme flexi- 
bility. A Type 8 capsule filling machine will produce approxi- 
mately 200,000 capsules per day. This, of course, depends upon 
the operator and the type of material being filled. For this ma- 
chine, a mathematical model has been developed that describes 
the effect of selected physical powder properties as well as me- 
chanical operating conditions on the capsule-filling operation. 
While the Type 8 capsule-filling machine has been in existence for 
many years, recent modifications have been made to this machine 
to improve the capsule-filling operations. 


Figure 45-45. Type 8 capsule-filling machine (courtesy, Lilly). 


There are several pieces of equipment available that are 
classified as automatic capsule-filling machines. These are au- 
tomatic in the sense that one operator can handle more than 
one machine. In this category are the Italian-made Zanasi 
(United Machinery) and MG-2 (Supermatic) models, plus the 
West German—made Hoefliger & Karg models (Bosch). 

Automatic capsule machines are capable of filling either 
powder or granulated products into hard gelatin capsules. With 
accessory equipment these machines also can fill pellets or 
place a tablet into the capsule with the powder or pellets. The 
capsules are fed at random into a large hopper. They are 
oriented as required and transferred into holders where the 
two halves are separated by suction. The top-half and bottom- 
half of the capsules are in separate holders, which at this stage 
take diverting directions. 

A set of filling heads collects the product from the hopper, 
compresses it into a soft slug, and inserts this into the bottom 
half of the capsule. After filling, each top-half is returned to the 
corresponding bottom-half. The filled capsules are ejected, and 
an air blast at this point separates possible empty capsules 
from the filled. The machines can be equipped to handle all 
sizes of capsules. Depending upon the make and model, speeds 
from 9000 to 150,000 units per hour can be obtained (see Figs 
45-46 to 45-48). 

All capsules, whether they have been filled by hand or by 
machine, will require cleaning. Small quantities of capsules 
may be wiped individually with cloth. Larger quantities are 
rotated or shaken with crystalline sodium chloride. The cap- 
sules then are rolled on a cloth-covered surface. 


Uniformity of Dosage Units 


The uniformity of dosage forms can be demonstrated by either of 
two methods, weight variation or content uniformity. Weight vari- 
ation may be applied when the product is a liquid-filled, soft, 
elastic capsule or when the hard gelatin capsule contains 50 mg or 
more of a single active ingredient comprising 50% or more, by 
weight, of the dosage form. See the official compendia for details. 

Disintegration tests usually are not required for capsules 
unless they have been treated to resist solution in gastric fluid 
(enteric-coated). In this case they must meet the requirements 
for disintegration of enteric-coated tablets. For certain capsule 
dosage forms a dissolution requirement is part of the mono- 


Figure 45-46. MG-2, automatic capsule-filling machine (courtesy, 
Supermatic). 
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Figure 45-47. Zanasi automatic filling machine, Model AZ-60. The 
set of filling heads shown at the left collects the powder from the 
hopper, compresses it into a soft slug, and inserts it into the bottom 
half of the capsule (courtesy, United Machinery). 


graph. Procedures used are similar to those employed in the 
case of compressed tablets. See Chapter 35. 


SOFT ELASTIC CAPSULES 


The soft elastic capsule (SEC) is a soft, globular, gelatin shell 
somewhat thicker than that of hard gelatin capsules. The ge- 
lation is plasticized by the addition of glycerin, sorbitol, or a 
similar polyol. The soft gelatin shells may contain a preserva- 
tive to prevent the growth of fungi. Commonly used preserva- 
tives are methyl- and propylparabens and sorbic acid. When 
the suspending vehicle or solvent can be an oil, soft gelatin 
capsules provide a convenient and highly acceptable dosage 
form. Large-scale production methods generally are required 
for the preparation and filling of soft gelatin capsules. 
Formerly, empty soft gelatin capsules were available to the 
pharmacist for the extemporaneous compounding of solutions 


Figure 45-48. Hoefliger & Karg automatic capsule-filling machine, 
Model GFK 1200 (courtesy, Amaco). 
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or suspensions in oils. Commercially filled soft gelatin capsules 
come in a wide choice of sizes and shapes; they may be round, 
oval, oblong, tubular, or suppository-shaped. Some sugar- 
coated tablets are quite similar in appearance to soft gelatin 
capsules. The essential differences are that the soft gelatin 
capsule has a seam at the point of closure of the two halves, and 
the contents can be liquid, paste, or powder. The sugar-coated 
tablet will not have a seam but will have a compressed core. 
Oral SEC dosage forms generally are made so that the heat 
seam of the gelatin shell opens to release its liquid medication 
into the stomach less than 5 min after ingestion. Its use is 
being studied for those drugs poorly soluble in water having 
bioavailability problems. When used as suppositories, it is the 
moisture present in the body cavity that causes the capsule to 
come apart at its heat-sealed seam and to release its contents. 


Plate Process 


In this method a set of molds is used. A warm sheet of prepared 
gelatin is laid over the lower plate, and the liquid is poured on 
it. A second sheet of gelatin is carefully put in place, and this is 
followed by the top plate of the mold. The set is placed under 
the press where pressure is applied to form the capsules, which 
are washed off with a volatile solvent to remove any traces of oil 
from the exterior. This process has been adapted and is used for 
encapsulation by Upjohn. The sheets of gelatin may have the 
same color or different colors. 


Rotary-Die Process 


In 1933 the rotary-die process for elastic capsules was perfected 
by Robert P Scherer.®’ This process made it possible to improve 
the standards of accuracy and uniformity of elastic gelatin 
capsules and globules. 

The rotary-die machine is a self-contained unit capable of 
continuously and automatically producing finished capsules 
from a supply of gelatin mass and filling material, which may 
be any liquid, semiliquid, or paste that will not dissolve gelatin. 
Two continuous gelatin ribbons, which the machine forms, are 
brought into convergence between a pair of revolving dies and 
an injection wedge. Accurate filling under pressure and sealing 
of the capsule wall occur as dual and coincident operations; 
each is delicately timed against the other. Sealing also severs 
the completed capsule from the net. The principle of operation 
is shown in Figure 45-49. See also Figure 45-50. 
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Figure 45-49. Rotary-die elastic capsule filler. 


Figure 45-50. Scherer soft elastic capsule machine (courtesy, 
Scherer). 


By this process the content of each capsule is measured 
individually by a single stroke of a pump so accurately con- 
structed that plunger travel of 0.025 inch will deliver 1 MP 
(apoth). The Scherer machine contains banks of pumps so 
arranged that many capsules may be formed and filled simul- 
taneously. All pumps are engineered to extremely small me- 
chanical tolerances and to an extremely high degree of preci- 
sion and similarity. All operations are controlled on a weight 
basis by actual periodic checks with a group of analytical bal- 
ances. Individual net-fill weights of capsules resulting from 
large-scale production vary no more than +1 to 3% from theory, 
depending upon the materials used. 

The rotary-die process makes it possible to encapsulate 
heavy materials such as ointments and pastes. In this manner 
solids can be milled with a vehicle and filled into capsules. 
When it is desirable to have a high degree of accuracy and a 
hermetically sealed product, this form of enclosure is suited 
ideally. 

The modern and well-equipped capsule plant is completely 
air conditioned, a practical necessity for fine capsule produc- 
tion. Its facilities and operations include the availability of 
carbon dioxide at every exposed point of operation for the 
protection of oxidizable substances before encapsulation. Spe- 
cial ingredients also have been used in the capsule shell to 
exclude light wavelengths that are destructive to certain drugs. 


Norton Capsule Machine 


This machine produces capsules completely automatically by 
leading two films of gelatin between a set of vertical dies. These 
dies as they close, open, and close are in effect a continual 
vertical plate forming row after row of pockets across the gel- 
atin film. These are filled with medicament and, as they 
progress through the dies, are sealed, shaped, and cut out of the 
film as capsules, which drop into a cooled solvent bath. 


Accogel Capsule Machine 


Another means of soft gelatin encapsulation uses the Accogel 
machine and process which were developed at Lederle. The 
Accogel, or Stern machine, uses a system of rotary dies but is 
unique in that it is the only machine that successfully can fill 
dry powder into a soft gelatin capsule. The machine is available 
to the entire pharmaceutical industry by a lease arrangement 
and is used in many countries of the world. It is extremely 


versatile, not only producing capsules with dry powder but also 
encapsulating liquids and combinations of liquids and powders. 
By means of an attachment, slugs or compressed tablets may 
be enclosed in a gelatin film. The capsules can be made in a 
variety of colors, shapes, and sizes. 


Microencapsulation 


As a technology, microencapsulation is placed in the section 
on capsules only because of the relationship in terminology 
to mechanical encapsulation described above. The topic also 
could have been included in a discussion of coating proce- 
dures. Essentially, microencapsulation is a process or tech- 
nique by which thin coatings can be applied reproducibly to 
small particles of solids, droplets of liquids, or dispersions, 
thus forming microcapsules. It can be differentiated readily 
from other coating methods in the size of the particles in- 
volved; these range from several tenths of a micrometer to 
5000 wm in size. 

A number of microencapsulation processes have been dis- 
closed in the literature.°* Some are based on chemical pro- 
cesses and involve a chemical or phase change; others are 
mechanical and require special equipment to produce the phys- 
ical change in the systems required. 

A number of coating materials have been used success- 
fully; examples of these include gelatin, polyvinyl alcohol, 
ethylcellulose, cellulose acetate phthalate, and styrene ma- 
leic anhydride. The film thickness can be varied consider- 
ably, depending on the surface area of the material to be 
coated and other physical characteristics of the system. The 
microcapsules may consist of a single particle or clusters of 
particles. After isolation from the liquid manufacturing ve- 
hicle and drying, the material appears as a free-flowing 
powder. The powder is suitable for formulation as com- 
pressed tablets, hard gelatin capsules, suspensions, and 
other dosage forms. 

The process provides answers for problems such as masking 
the taste of bitter drugs, a means of formulating prolonged-action 
dosage forms, a means of separating incompatible materials, a 
method of protecting chemicals against moisture or oxidation, and 
a means of modifying a material’s physical characteristics for ease 
of handling in formulation and manufacture. 

Among the processes applied to pharmaceutical problems is 
that developed by the National Cash Register Co (NCR). The 
NCR process is a chemical operation based on phase separation 
or coacervation techniques. In colloidal chemistry, coacervation 
refers to the separation of a liquid precipitate, or phase, when 
solutions of two hydrophilic colloids are mixed under suitable 
conditions. 

The NCR process, using phase separation or coacervation 
techniques, consists of three steps: 


1. Formation of three immiscible phases: a liquid manufacturing 
phase, a core material phase, and a coating material phase. 

2. Deposition of the liquid polymer coating on the core material. 

3. Rigidizing the coating, usually by thermal, cross-linking, or desol- 
vation techniques, to form a microcapsule. 


In Step 2, the deposition of the liquid polymer around the 
core material occurs only if the polymer is absorbed at the 
interface formed between the core material and the liquid 
vehicle phase. In many cases physical or chemical changes in 
the coating polymer solution can be induced so that phase 
separation (coacervation) of the polymer will occur. Droplets 
of concentrated polymer solution will form and coalesce to 
yield a two-phase, liquid-liquid system. In cases in which the 
coating material is an immiscible polymer or insoluble liquid 
polymer, it may be added directly. Also monomers can be 
dissolved in the liquid vehicle phase and, subsequently, po- 
lymerized at the interface. 

Equipment required for microencapsulation by this method 
is relatively simple; it consists mainly of jacketed tanks with 
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variable-speed agitators. Figure 45-51 shows a typical flow 
diagram of a production installation. 


Rey NC 
PILLS ~0O% > 
TS IS TE RET 
Pills are small, round, solid, dosage forms containing a medic- 
inal agent and are intended for oral administration. Pills were 
formerly the most extensively used oral dosage form, but they 
have been replaced largely by compressed tablets and capsules. 
Substances that are bitter or unpleasant to the taste, if not 
corrosive or deliquescent, can be administered in this form if 
the dose is not too large. 

Formerly, pills were made extemporaneously by the com- 
munity pharmacist whose skill at pill-making became an art. 
However, the few pills that are now used in pharmacy are 
prepared on a large scale with mechanical equipment. The pill 
formulas of the NF were introduced largely for the purpose of 
establishing standards of strength for the well-known and cur- 
rently used pills. Hexylresorcinol Pills consist of hexylresor- 
cinol crystals covered with a rupture-resistant coating that is 
dispersible in the digestive tract. It should be noted that the 
official hexylresorcinol pills are prepared not by traditional 
methods but by a patented process, the gelatin coating being 
sufficiently tough that it cannot be broken readily, even when 
chewed. Therefore, the general method for the preparation of 
pills does not apply to hexylresorcinol pills. 

Previous editions of this text should be consulted for meth- 
ods of pill preparation. 


TROCHES 


ve ANTS PO SE ETT 
These forms of oral medication, also known as lozenges or 
pastilles, are discoid-shaped solids containing the medicinal 
agent in a suitably flavored base. The base may be a hard sugar 
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Figure 45-51. Production installation for the microencapsulation 
process (courtesy, NCR). 
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candy, glycerinated gelatin, or the combination of sugar with 
sufficient mucilage to give it form. Troches are placed in the 
mouth, where they slowly dissolve, liberating the active in- 
gredient. The drug involved can be an antiseptic, local anes- 
thetic, antibiotic, antihistaminic, antitussive, analgesic, or a 
decongestant. 

Formerly, troches were prepared extemporaneously by the 
pharmacist. The mass is formed by adding water slowly to a 
mixture of the powdered drug, powdered sugar, and a gum 
until a pliable mass is formed. Powdered acacia in 7% concen- 
tration gives sufficient adhesiveness to the mass. The mass is 
rolled out and the troche pieces cut out using a cutter, or else 
the mass is rolled into a cylinder and divided. Each piece is 
shaped and allowed to dry before dispensing. 

If the active ingredient is heat-stable, it may be prepared 
in a hard candy base. Syrup is concentrated to the point at 
which it becomes a pliable mass, the active ingredient is 
added, and the mixture is kneaded while warm to form a 
homogeneous mass. The mass is worked gradually into a 
pipe form having the diameter desired for the candy piece, 
and the lozenges are cut from the pipe and allowed to cool. 
This is an entirely mechanical operation with equipment 
designed for this purpose. 

If the active ingredient is heat-labile, it may be made into a 
lozenge preparation by compression. The granulation is pre- 
pared in a manner similar to that used for any compressed 
tablet. The lozenge is made using heavy compression equip- 
ment to give a tablet that is harder than usual, as it is desirable 
for the troche to dissolve or disintegrate slowly in the mouth. In 
the formulation of the lozenge the ingredients are chosen that 
will promote its slow-dissolving characteristics. Compression is 
gaining in popularity as a means of making troches and candy 
pieces because of the increased speeds of compression equip- 
ment. In cases in which holes are to be placed in troches or 
candy pieces, core-rod tooling is used (see Fig 45-52). Core-rod 
tooling includes a rod centered on the lower punch around 
which the troche is compressed in the die cavity. The upper 
punch has an opening in its center for the core rod to enter 
during compression. It is evident that maximum accuracy is 
needed to provide alignment as the narrow punches are in- 
serted into the die. 


Upper Punch Holder — 


Upper Punch 
Core Rod— 


Die————____~ 


Lower Punch 


Core Rod Holder 


Lower Punch Holder - 


Figure 45-52. Core-rod tooling for compressing troches or candy 
pieces with hole in center (courtesy, Vector/Colton). 


CACHETS : 


Related to capsules, inasmuch as they provide an edible con- 
tainer for the oral administration of solid drugs, cachets for- 
merly were used in pharmacy. They varied in size from 3/4 to 
1/8 inch in diameter and consisted of two concave pieces of 
wafer made of flour and water. After one section was filled with 
the prescribed quantity of the medicinal agent, they were 
sealed tightly by moistening the margins and pressing them 
firmly together. When moistened with water, their character 
was changed entirely; they became soft, elastic, and slippery. 
Hence, they could be swallowed easily by floating them on 
water. 


PELLETS 


The term pellet is now applied to small, sterile cylinders about 
3.2 mm in diameter by 8 mm in length, which are formed by 
compression from medicated masses.”” Whenever prolonged 
and continuous absorption of testosterone, estradiol, or desoxy- 
corticosterone is desired, pellets of these potent hormones may 
be used by implantation. 


REFERENCES 


1. Rowland M, Tozer TN. Clinical Pharmacokinetics: Concepts & Ap- 
plications. Baltimore: Lippincott Williams & Wilkins, 1995. 

2. Benet LZ, Levy G, Ferraiolo BL. Pharmacokinetics—A Modern 
View. New York: Plenum, 1984. 

. Manninen V, Ojala K, Reisell P. Lancet 1972; 2: 922. 

. Katchen B, Symchowisz S. J Pharm Sci 1967; 56: 1108. 

. Katchen B. Acta Pharmacol Toxicol 1971; 29: 88. 

. Hansch C, Dunn WJ III. J Pharm Sci 1972; 61: 1. 

. Flynn GL, Yalkowsky SH, Roseman T. [bid 1974; 63: 479. 

. Lieberman HA, Lachman L, eds. Pharmaceutical Dosage Forms: 
Tablets, vols I, II, and III. New York: Dekker, 1980, 1981, 1982, 2nd 
rev 1989. 

9. Evans AJ, Train D. A Bibliography of the Tableting of Medicinal 

Substances. London: Pharmaceutical Press, 1963. 

10. Evans AJ. A Bibliography of the Tableting of Medicinal Substances. 
London: Pharmaceutical Press, 1964. 

11. Lachman L, et al. The Theory and Practice of Industrial Pharmacy, 
3rd ed, Philadelphia: Lea & Febiger, 1988. 

12. Banker G, Rhodes CT. Modern Pharmaceutics, New York: Dekker, 
1995. 

13. Ansel HC. Introduction to Pharmaceutical Dosage Forms, 3rd ed, 
Philadelphia: Lea & Febiger, 1981. 

14, Monkhouse DC, Lach JL. Can J Pharm Sci 1972; 7: 29. 

15. Blanchard J. Am J Pharm 1978; 150: 132. 

16. Handbook of Pharmaceutical Excipients. Washington, DC: APhA/ 

Pharm Soc Great Britian, APhA, 1986. 

17. Rudnic EM, Kanig JL, Rhodes CT. J Pharm Sci 1985; 74: 647. 

18. Rudnic EM, et al. Drug Dev Ind Pharm 1982; 8: 87. 

19. Kanig JL, Rudnic EM. Pharm Technol 1984; 8: 50. 

20. Rudnic EM, et al. Drug Dev Ind Pharm 1981; 7: 347. 

21. Capsugel List of Colorants for Oral Drugs. Basel: Capsugel AG, 

1988. 

22. Foley VL, Belcastro PF. Pharm Technol 1987; 9: 110. 

23. Stewart A. Engineering 1950; 169: 203. 

24. David ST, Augsburger LL. J Pharm Sci 1977; 66: 155. 

25. Jones TM. In Formulation and Preparation of Dosage Forms. 

Poldermand J, ed. North Holland: Elsevier, 1977, p 29. 

26. Rees JE, Rue PJ. J Pharm Pharmacol 1987; 30: 601. 

27. Summers MP, Enever RP, Carless JE. J Pharm Sci 1977; 66: 

72t 

28. Hersey JA, Rees JE. In Particle Size Analysis. Groves MJ, Wyatt- 

Sargent JL, eds. London: Soc Anal Chem, 1970. 

29. Jones TM. Acta Pharm Tech 1978. 

30. Chowhan ZT. Pharm Technol 1988; 12: 46. 

31. Meht AM. Jbid 1988; 12: 46(Dec): 

32. Mendes RW, Roy SB. /bid 1978; 2(3): 35. 

33. Wurster DE. J APhA Sci Ed 1960; 49: 82. 

34. Mendes RW, Roy SB. Pharm Technol 1978; 2(9): 61. 

35. Malinowski HJ, Smith WE. J Pharm Sci 1974; 63: 285. 


AANDaAL w 


. Woodruff CW, Nuessle NO. Ibid 1972; 61: 787. 

. O'Connor RE, Holinej J, Schwartz JB. Am J Pharm 1984; 156: 80. 
. O'Connor RE, Schwartz JB. Drug Dev Ind Pharm 1985; II: 1837. 

. Newton JM. Mfg Chem Aerosol News 1966; 37(Apr): 33. 

. US Pat 3,883647, May 13, 1975. 

. Tableting Specification Manual. Washington DC: APhA, 1981. 

. Knoechel EL et al. J Pharm Sci 1967; 56: 116. 

. Wray PE. Drug Cosmet Ind 1969; 105(3): 53. 

. Hiestand EN, Smith DP. Powder Tech 1984; 38: 145. 

45- 


Hiestand EN, et al. J Pharm Sci 1977; 66: 510. 


ORAL SOLID DOSAGE FORMS 893 


. Luenberger H. Int J Pharm 1982; 12: 41. 

. Walter JT, Augsburger, LL. Pharm Technol 1986; 10: 26. 
. Schwartz JB. Ibid 1981; 5(9): 102. 

. Marshall K. Ibid 1983; 7(3): 68. 

. Jones BE. Mfg Chem Aerosol News 1969; 40(Feb): 25. 

. Delaney R. Pharm Exec 1982; 2(3): 34. 

. Tannenbaum PJ et al. Clin Pharmacol Ther 1968; 9: 598. 
. Ebert WR. Pharm Technol 1977; 1(10): 44. 

. Madan PL. Ibid 1978; 2(9): 68. 

. Cox PH, Spanjers F. Pharm Weekbl 1970; 105: 681. 


CHAPTER 46 


Coating of Pharmaceutical Dosage Forms 


Stuart C Porter, PhD 
President 

PPT 

Hatfield, PA 19440 


Any introduction to tablet coating must be prefaced by an 
important question—Why coat tablets?—since in many in- 
stances, the coating is being applied to a dosage form that 
already is functionally complete. In attempting to answer this 
question, if one examines the market, it will become apparent 
that a significant proportion of pharmaceutical solid dosage 
forms are coated. The reasons for this range from the esthetic 
to a desire to control the bioavailability of the drug, and include 


1. Protecting the drug from its surrounding environment (particularly 
air, moisture, and light) with a view to improving stability. 

2. Masking of unpleasant taste and odor. 

3. Increasing the ease by which the product can be ingested by the 
patient. 

4. Improving product identity, from the manufacturing plant, through 
intermediaries, and to the patient. 

5. Facilitating handling, particularly in high-speed packaging/filling 
lines, and automated counters in pharmacies, where the coating 
minimizes cross-contamination due to dust elimination. 

6. Improving product appearance, particularly where there are notice- 
able visible differences in tablet core ingredients from batch to 
batch. 

7. Reducing the risk of interaction between incompatible components. 
This would be achieved by using coated forms of one or more of the 
offending ingredients (particularly active compounds). 

8. Improving product mechanical integrity, since coated products gen- 
erally are more resistant to mishandling (abrasion, attrition, etc). 

9. Modifying drug release, as in enteric-coated, repeat-action and 
sustained-release products. 


EVOLUTION OF THE COATING PROCESS—Tablet 
coating is perhaps one of the oldest pharmaceutical processes 
still in existence. Historically, the literature cites Rhazes (850— 
932 AD) as being one of the earliest tablet coaters, having used 
the mucilage of psyllium seeds to coat pills that had an offend- 
ing taste. Subsequently, Avicenna’ was reported to have used 
gold and silver for pill coating. Since then, there have been 
many references to the different materials used in tablet coat- 
ing. White” mentioned the use of finely divided talc in what was 
at one time popularly known as pearl coating, while Kremers 
and Urdang® described the introduction of the gelatin coating 
of pills by Garot in 1838. 

An interesting reference’ reports the use of waxes to coat 
poison tablets. These waxes, being insoluble in all parts of the 
gastrointestinal tract, were intended to prevent accidental poi- 
soning (the contents could be utilized by breaking the tablet 
prior to use). 

While earlier coated products were produced by individuals 
working in pharmacies, particularly when extemporaneous 
compounding was the order of the day, that responsibility now 
has been assumed by the pharmaceutical industry. The earliest 
attempts to apply coatings to pills yielded variable results and 
usually required the handling of single pills. Such pills would 
have been mounted on a needle or held with a pair of forceps 
and literally dipped into the coating fluid, a procedure that 
would have to be repeated more than once to ensure that the 
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pill was coated completely. Subsequently, the pills were held at 
the end of a suction tube, dipped, and then the process repeated 
for the other side of the pill. Not surprisingly, these techniques 
often failed to produce a uniformly coated product.” 

Initially, the first sugar-coated pills seen in the US were 
imported from France about 1842°; while Warner, a Philadel- 
phia pharmacist, became among the first indigenous manufac- 
turers in 1856.° 

Pharmaceutical pan-coating processes are based on those 
used in the candy industry, where techniques were highly 
evolved, even in the Middle Ages. Today most coating pans are 
fabricated from stainless steel, while early pans were made 
from copper, because drying was effected by means of an ex- 
ternally applied heat source. Current thinking, even with con- 
ventional pans, is to dry the coated tablets with a supply of 
heated air and remove the moisture and dust-laden air from 
the vicinity of the pan by means of an air-extraction system. 

Pan-coating processes underwent little further change until 
the late 1940s and early 1950s, with the conventional pan being 
the mainstay of all coating operations up to that time. How- 
ever, in the last 30 or 40 years there have been some significant 
advances made in coating-process technology, mainly as a re- 
sult of a steady evolution in pan design and its associated 
ancillary equipment. 

Interestingly, in the early years of this development, an 
entirely new form of technology evolved, that of film coating. 
Recognizing the deficiencies of the sugar-coating process, ad- 
vocates of film coating were achieving success by using coating 
systems involving highly volatile organic solvents. 

These solvents circumvented the problems associated with 
the inefficiency in the drying capabilities of conventional equip- 
ment and enabled production quotas to be met with significant 
reductions in processing times and materials used. The disad- 
vantage of this approach, however, always has been associated 
with the fact that the solvents used were often flammable and 
toxic. 

The advances that occurred with equipment design, having 
begun by the development of the Wurster’ process and contin- 
ued by the evolution of side-vented pans, have resulted in the 
gradual emergence of coating processes in which drying effi- 
ciency can be maximized. Thus, film coating began as a process 
using inefficient drying equipment, relying on highly volatile 
coating formulations for success, and evolved into one in which 
the processing equipment is a major factor in ensuring that 
rapid drying occurs. Improved drying capabilities have permit- 
ted common use of aqueous film-coating formulations. 

Advances in equipment design also have benefited the 
sugar-coating process, where, because of current Good Manu- 
facturing Practices (CGMP) and to maintain product uniformity 
and performance, the trend has been toward using fully auto- 
mated processes. Nonetheless, film coating tends to dominate 
as the process of choice for tablet coating. 


PHARMACEUTICAL COATING PROCESSES 


Basically, there are four major techniques for applying coatings 
to pharmaceutical solid dosage forms: (1) sugar coating, (2) film 
coating, (3) microencapsulation and (4) compression coating. 

Although it could be argued that the use of mucilage of 
psyllium seed, gelatin, etc, as already discussed, was an early 
form of film coating, sugar coating is regarded as the oldest 
method for tablet coating and involves the deposition from 
aqueous solution of coatings based predominantly on sucrose as 
a raw material. The large quantities of coating material that 
are applied and the inherent skill often required of the opera- 
tors combine to result in a long and tedious process. The intro- 
duction of improved formulations and processing techniques 
has resulted, however, in a significant reduction in processing 
times (from several days to less than 1 day). 

Film coating, the deposition of a thin polymeric film onto the 
dosage form from solutions that were initially organic-solvent- 
based but which now rely more and more on water as the prime 
solvent has proven to be a popular alternative to sugar coating. 

Microencapsulation is a modified form of film coating, dif- 
fering only in the size of the particles to be coated and the 
methods by which this is accomplished. This process is based 
on either mechanical methods such as pan coating, air-suspension 
techniques, multiorifice centrifugal techniques, and modified 
spray-drying techniques, or physicochemical ones involving 
coacervation-phase separation, in which the material to be 
coated is suspended in a solution of the polymer. Phase sepa- 
ration is facilitated by the addition of a nonsolvent, incompat- 
ible polymer or inorganic salts or by altering the temperature of 
the system. 

Compression coating involves the use of modified tableting 
machines that allow the compaction of a dry coating around the 
tablet core produced on the same machine. The main advan- 
tage of this type of coating process is that it eliminates the use 
of any solvent, whether aqueous or organic in nature. However, 
this process is mechanically complex and has not proven pop- 
ular as a method for coating tablets. Compression technology 
has, in recent times, been readopted as a means of applying 
special coatings for novel drug-delivery applications. 


Sugar Beating of LECMPlsssed Tablets 


While the term sugar is somewhat generic and lends itself to 
describing various raw materials, sugar coating relies mainly 
on the use of sucrose. The main reason for this is that sucrose 
is one of the few materials that enables smooth, high-quality 
coatings to be produced that are essentially dry and tack-free at 
the end of the process. 

While the popularity of sugar coating has certainly declined, 
this process is still used by many companies that have invested 
in the complete modernization of the process. 

In spite of certain inherent difficulties associated with the 
sugar-coating process, products that have been expertly sugar 
coated still remain among the most elegant available. 

Since sugar coating is a multistep process, where esthetics 
of the final coated product is an important goal, it has been, and 
still is in many companies, highly dependent on the use of 
skilled manpower. For these reasons, the sugar-coating process 
is often protracted and tedious. However, processing times 
have been reduced gradually in the last few decades by the 
adoption of modern techniques and by the introduction of 
automation. 

The sugar-coating process can be subdivided into six main 
steps: (1) sealing, (2) subcoating, (3) smoothing, (4) color coat- 
ing, (5) polishing, and (6) printing. 

oben Me sealing coat is applied directly to the tablet 
core for the purpose of separating the tablet ingredients (pri- 


marily the drug) and water (which is a major constituent of the 
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coating formulation) in order to ensure good product stability. 
A secondary function is to strengthen the tablet core. Sealing 
coats usually consist of alcoholic solutions (approximately 10 to 
30% solids) of resins such as shellac, zein, cellulose acetate 
phthalate, or polyvinyl acetate phthalate. 

Historically, shellac has proven to be the most popular ma- 
terial, although it can cause impaired bioavailability due to a 
change in resin properties on storage. A solution to this prob- 
lem has been to use a shellac-based formulation containing a 
measured quantity of polyvinylpyrrolidone (PVP).® 

The quantities of material applied as a sealing coat will 
depend primarily on the tablet and batch size. However, an- 
other important factor is tablet porosity, since highly porous 
tablets will tend to soak up the first application of solution, 
thus preventing it from spreading uniformly across the surface 
of every tablet in the batch. Thus, one or more further appli- 
cations of resin solution may be necessary to ensure that the 
tablet cores are sealed effectively. 

Since most sealing coats develop a degree of tack (stickiness) 
at some time during the drying process, it is usual to apply a 
dusting powder to prevent tablets from sticking together or to 
the pan. A common material used as a dusting powder is 
asbestos-free talc. Overzealous use of tale may cause problems, 
firstly, by imparting a high degree of slip to the tablets, thus 
preventing them from rolling properly in the pan, and secondly, 
presenting a surface at the beginning of the subcoating stage 
that is very difficult to wet, resulting in inadequate subcoat 
buildup, particularly on the edges. If there is a tendency for 
either of these problems to occur, one solution is to replace part 
or all of the tale with some other material such as terra alba, 
which will form a slightly rougher surface. Use of tale now is 
being frowned upon because of its potential carcinogenicity. 

If an enteric-coated product is required, additional quanti- 
ties of the seal-coat solution are applied. In this situation, 
however, it is preferable to use synthetic polymers such as 
polyvinyl acetate phthalate or cellulose acetate phthalate. 

SUBCOATING—Subcoating is a critical operation in the 
sugar-coating process that can have a marked effect on ulti- 
mate tablet quality. Sugar coating is a process that often leads 
to a 50 to 100% weight increase, and it is at the subcoating 
stage that most of the buildup occurs. 

Historically, subcoating has been achieved by the applica- 
tion of a gum-based solution to the sealed tablet cores, and once 
this solution has been distributed uniformly throughout the 
tablet mass, it is followed by a liberal dusting of powder, which 
serves to reduce tack and facilitate tablet buildup. This proce- 
dure of application of gum solution, spreading, dusting, and 
drying is continued until the requisite buildup has been 
achieved. Thus, the subcoating is a sandwich of alternate lay- 
ers of gum and powder. Some examples of binder solutions are 
shown in Table 46-1 and those of dusting powder formulations 
in Table 46-2. 

While this approach has proved to be very effective, partic- 
ularly where there is difficulty in covering edges, if care is not 
taken, a lumpy subcoat will be the result. Also, if the amount of 
dusting powder applied is not matched to the binding capacity 
of the gum solution, not only will the ultimate coating be 
brittle, but also dust will collect in the back of the pan, a factor 
that may contribute to excessive roughness. An alternative 
approach that has proved popular, particularly when used in 
conjunction with an automated dosing system, is the applica- 
tion of a suspension subcoat formulation. In such a formulation 


Table 46-1. Binder Solution Formulations 
for Subcoating 


A, % w/w B, % w/w 
Gelatin 3.3 6.0 
Gum acacia (powdered) 8.7 8.0 
Sucrose 55.3 45.0 
Water to 100.0 to 100.0 
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Table 46-2. Dusting Powder Formulations 
for Subcoating 


A, % wiw B, % w/w 
Calcium carbonate 40.0 — 
Titanium dioxide 5.0 1.0 
Talc (asbestos-free) 25.0 61.0 
Sucrose (powdered) 28.0 38.0 
Gum acacia (powdered) DA) — 


the powdered materials responsible for coating buildup have 
been dispersed in a gum-based solution. A typical formulation 
is shown in Table 46-3. This approach allows the solids loading 
to be matched more closely to the binding capacity of the base 
solution and often permits the less-experienced coater to 
achieve satisfactory results. 

SMOOTHING—Depending on how successfully the sub- 
coat was applied, it may be necessary to smooth out the tablet 
surface further prior to application of the color coating. 
Smoothing usually can be accomplished by the application of a 
simple syrup solution (approximately 60 to 70% sugar solids). 

Often, the smoothing syrups contain a low percentage of 
titanium dioxide (1 to 5%) as an opacifier. This can be partic- 
ularly useful when the subsequent color-coating formulation 
uses water-soluble dyes as colorants, since it makes the surface 
under the color coating more reflective, resulting in a brighter, 
cleaner final color. 

COLOR COATING—This stage often is the most critical in 
the successful completion of a sugar-coating process and in- 
volves the multiple application of syrup solutions (60 to 70% 
sugar solids) containing the requisite coloring matter. The 
types of coloring materials used can be divided into two cate- 
gories: dyes or pigments. The distinction between the two sim- 
ply is one of solubility in the coating fluid. Since water-soluble 
dyes behave entirely differently from water-insoluble pig- 
ments, the application procedure used in the color coating of 
tablets will depend on the type of colorant chosen. 

When used by a skilled artisan, water-soluble dyes produce 
the most elegant of sugar-coated tablets, since it is possible to 
obtain a cleaner, brighter final color. However, since water- 
soluble dyes are migratory colorants (that is to say, moisture 
that is removed from the coating on drying will cause migration 
of the colorant, resulting in a nonuniform appearance), great 
care must be exercised in their use, particularly when dark 
shades are required. This can be achieved by applying small 
quantities of colored syrup that are just sufficient to wet the 
surface of every tablet in the batch, and then allowing the 
tablets to dry slowly. It is essential that each application be 
allowed to dry thoroughly before subsequent applications are 
made, otherwise moisture may become trapped in the coating 
and may cause the tablets to sweat on standing. 

The final color obtained may result from up to 60 individual 
applications of colored syrup. This factor, combined with the 
need to dry each application slowly and thoroughly, results in 
very long processing times (eg, assuming 50 applications are 
made, which take between 15 and 30 min each, the coloring 
process can extend over a period of up to 25 hr). The recent 
introduction of specialized, dye-based formulations has obvi- 
ated many of the problems described here. 

Tablet color coating with pigments, as advocated by Tucker 
et al, offers some significant advantages. First of all, since 
pigment colors are water-insoluble, they present no problems of 
migration since the colorant remains where it is deposited. In 
addition, if the pigment is opaque or is combined with an 
opacifier such as titanium dioxide, the desired color can be 
developed much more rapidly, thus resulting in a thinner color 
coat. Since each color-syrup application now can be dried more 
rapidly, fewer applications are required, and significant reduc- 
tions can be made in both processing times and costs. 

Although pigment-based color coatings are by no means 
foolproof, they will permit more abuse than a dye color-coating 


approach and are more amenable for use by less-skilled coat- 
ers. Pharmaceutically acceptable pigments can be classified 
either as inorganic pigments (eg, titanium dioxide, iron oxides) 
or certified lakes. Certified lakes are produced from water- 
soluble dyes by means of a process known as laking, whereby 
the dye molecule becomes fixed to a suitable insoluble substrate 
such as aluminum hydroxide. 

Certified lakes, particularly when used in conjunction with 
an opacifier such as titanium dioxide, provide an excellent 
means of coloring sugar coatings and permit a wide range of 
shades to be achieved. However, the incorporation of pigments 
into the syrup solution is not as easy as with water-soluble 
dyes, since it is necessary to ensure that the pigment is wetted 
completely and dispersed uniformly. Thus, the use of pigment 
color concentrates, which are commercially available, is usually 
beneficial. 

_POLISHING—Sugar-coated tablets need to be polished to 
achieve a final elegance. Polishing is achieved by applying 
mixtures of waxes (beeswax, carnauba wax, candelila wax, or 
hard paraffin wax) to the tablets in a polishing pan. Such wax 
mixtures may be applied as powders or as dispersions in vari- 
ous organic solvents. 

PRINTING—To identify sugar-coated tablets (in addition 
to shape, size, and color) often it is necessary to print them, 
either before or after polishing, using pharmaceutical branding 
inks, by means of the process of offset rotogravure. 

SUGAR-COATING PROBLEMS—Various problems may 
be encountered during the sugar coating of tablets. It must be 
remembered that any process in which tablets are kept tum- 
bling constantly can cause problems if the tablets are not 
strong enough to withstand the applied stress. Tablets that are 
too soft or have a tendency to laminate may break up and the 
fragments adhere to the surface of otherwise good tablets. 

Sugar-coating pans exhibit inherently poor mixing charac- 
teristics. If care is not exercised during the application of the 
various coating fluids, nonuniform distribution of coating ma- 
terial can occur, resulting in an unacceptable range of sizes of 
finished tablets within the batch. 

Overzealous use of dusting powders, particularly during the 
subcoating stage, may result in a coating being formed in which 
the quantity of fillers exceeds the binding capacity of the poly- 
mer used in the formulation, creating soft coatings or those 
with increased tendency to crack. 

Irregularities in appearance are not uncommon and occur 
either as the result of color migration during drying when 
water-soluble dyes are used or of washing back when overdos- 
ing of colored syrups causes the previously dried coating layers 
to be redissolved. Rough tablet surfaces will produce a marbled 
appearance during polishing, since wax buildup occurs in the 
small depressions in the tablet surface. 


Film Coating of Solid Dosage Forms 


Film coating is a process that involves the deposition of a thin, 
but uniform, film onto the surface of the substrate. Unlike 
sugar coating, the flexibility afforded in film coating allows 
additional substrates, other than just compressed tablets, to be 
considered (eg, powder, granules, nonpareils, capsules). Coat- 
ings essentially are applied continuously to a moving bed of 


Table 46-3. Typical Suspension Subcoating Formulation 


% wiw 
Distilled water 25.0 
Sucrose 40.0 
Calcium carbonate 20.0 
Talc (asbestos-free) 12.0 
Gum acacia (powdered) 2.0 
Titanium dioxide 1.0 


material, usually by means of a spray technique, although 
manual application procedures have been used. 

Historically, film coating was introduced in the early 1950s 
to combat the shortcomings of the then predominant sugar- 
coating process. Film coating has proved successful as a result 
of the many advantages offered, including 


Minimal weight increase (typically 2 to 3% of tablet core weight). 
Significant reduction in processing times. 

Increased process efficiency and output. 

Increased flexibility in formulations. 

Improved resistance to chipping of the coating. 


OU CONS 


In the early years of film coating, the major process advantages 
resulted from the greater volatility of the organic solvents used. 
However, the use of such organic solvents has created many 
potential problems, including 


1. Flammability hazards. 

2. Toxicity hazards. 

3. Concerns over environmental pollution. 

4. Cost (relating either to minimizing items 1 to 3 or to the cost of the 
solvents themselves). 


However, since the initial introduction of film coating, signifi- 
cant advances have been made in process technology and 
equipment design. The emphasis has changed from needing 
highly volatile organic solvents (to achieve rapid drying) to 
achieving successful results with water as a result of the in- 
creased drying capabilities of the processing equipment used. 

Thus, there has been a transition from conventional pans to 
side-vented pans and fluid-bed equipment, and consequently 
from the problematic organic solvent-based process to an aque- 
ous one. 

FILM COATING RAW MATERIALS—The major compo- 
nents in any film-coating formulation consist of a polymer, 
plasticizer, colorant, and solvent (or vehicle). 

Ideal properties for the polymer include solubility in a wide 
range of solvent systems to promote flexibility in formulation, 
an ability to produce coatings that have suitable mechanical 
properties, and appropriate solubility in gastrointestinal fluids 
such that drug bioavailability is not compromised. 

Cellulose ethers are often the preferred polymers in film 
coating, particularly hydroxypropyl methylcellulose. Suitable 
substitutes are hydroxypropyl! cellulose, which may produce 
slightly tackier coatings, and methylcellulose, although this 
polymer has been reported to retard drug dissolution.’ Alter- 
natives to the cellulose ethers are certain acrylics, such as 
methacrylate and methyl methacrylate copolymers, and vinyls 
such as polyvinyl alcohol. 

For most film-coating applications, where there is no inten- 
tion to modify drug-release characteristics, polymers are typi- 
cally used as solutions in either water (preferred) or organic 
solvents. 

Many of the commonly used polymers are available in a 
range of molecular-weight grades, a factor that also must be 
considered in the selection process. Molecular weight may have 
an important influence on various properties of the coating 
system, such as solution viscosity and mechanical strength and 
flexibility of the resultant film. 

The incorporation of a plasticizer into the formulation im- 
proves the flexibility of the coating, reduces the risk of the film 
cracking, and possibly improves adhesion of the film to the 
substrate. To ensure that these benefits are achieved, the plas- 
ticizer must show a high degree of compatibility with the poly- 
mer and be retained permanently in the film, if the properties 
of the coating are to remain consistent on storage. Examples of 
typical plasticizers include glycerin, propylene glycol, polyeth- 
ylene glycols, triacetin, acetylated monoglyceride, citrate esters 
(eg, triethyl citrate), or phthalate esters (eg, diethyl phthalate). 

Colorants usually are used to improve the appearance of the 
product as well as to facilitate product identification. Addition- 
ally, certain physical properties of the coating (eg, its perfor- 
mance as a moisture barrier) may be improved. As in the case 
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of sugar coating, colorants can be classified as either water- 
soluble dyes or insoluble pigments. 

The use of water-soluble dyes is precluded with organic 
solvent-based film coating because of the lack of solubility in 
the solvent system. Thus, the use of pigments, particularly 
aluminum lakes, provides the most useful means of coloring 
film-coating systems. Although it may seem obvious to use 
water-soluble dyes in aqueous formulations, the use of pig- 
ments is preferred, since 
1. They are unlikely to interfere with bioavailability’! as do some 

water-soluble dyes. 

2. They help to reduce the permeability of the coating to moisture.’ 

3. They serve as bulking agents to increase the overall solids content 
in the coating dispersion. 

4. They tend to be more light stable. 


The major solvents used in film coating typically belong to one 
of these classes: alcohols, ketones, esters, chlorinated hydrocar- 
bons, and water. Solvents serve to perform an important func- 
tion in the film-coating process, since they aid in the applica- 
tion of the coating to the surface of the substrate. Good 
interaction between solvent and polymer is necessary to ensure 
that optimal film properties are obtained when the coating 
dries. This initial interaction between solvent and polymer will 
yield maximum polymer-chain extension, producing films hav- 
ing the greatest cohesive strength and, thus, the best mechan- 
ical properties. An important function of the solvent systems 
also is to ensure a controlled deposition of the polymer onto the 
surface of the substrate so that a coherent and adherent film 
coat is obtained. 

Although it is very difficult to give typical examples of 
film-coating formulations, since these will depend on the prop- 
erties of the materials used, such formulations usually are 
based on 5 to 20% (w/w) coating solids in the requisite vehicle 
(with the higher concentration range preferred for aqueous 
formulations), of which 60 to 70% is polymer, 6 to 7% is plas- 
ticizer, and 20 to 30% is pigment. 


Modified-Release Film Coatings 


Film coatings can be applied to pharmaceutical products to 
modify drug release. The USP describes two types of modified- 
release dosage forms, namely those that are delayed release 
and those that are extended release. Delayed-release products 
often are designed to prevent drug release in the upper part of 
the gastrointestinal (GI) tract. Film coatings used to prepare 
this type of dosage form are commonly called enteric coatings. 
Extended-release products are designed to extend drug release 
over a period of time, a result that can be achieved by the 
application of a sustained- or controlled-release film coating. 

ENTERIC COATINGS—Enteric coatings are those that 
remain intact in the stomach but will dissolve and release the 
contents of the dosage form once it reaches the small intestine. 
The purpose of an enteric coating is to delay the release of 
drugs that are inactivated by the stomach contents, (eg, pan- 
creatin, erythromycin) or may cause nausea or bleeding by 
irritating the gastric mucosa (eg, aspirin, steroids). In addition, 
such coatings can be used to give a simple repeat-action effect 
in which additional drug that has been applied over the enteric 
coat is released in the stomach, while the remainder, being 
protected by the coating, is released further down the gastro- 
intestinal tract. 

The action of enteric coatings results from a difference in 
composition of the respective gastric and intestinal environ- 
ments in regard to pH and enzymatic properties. Although 
there have been repeated attempts to produce coatings that are 
subject to intestinal enzyme breakdown, this approach is not 
popular, since enzymatic decomposition of the film is rather 
slow. Thus, most currently used enteric coatings are those that 
remain undissociated in the low pH environment of the stom- 
ach but readily ionize when the pH rises to about 4 or 5. The 
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most effective enteric polymers are polyacids having a pK, of 3 
to 5. Coatings subject to enzymatic breakdown are being con- 
sidered now as protective coatings suitable for the colonic de- 
livery of polypeptide drugs. 

Historically, the earliest enteric coatings used formalin- 
treated gelatin, but this was unreliable, since the polymeriza- 
tion of gelatin could not be controlled accurately and often 
resulted in failure to release the drug, even in the lower intes- 
tinal tract. Another early candidate was shellac, but again the 
main disadvantage resulted from further polymerization that 
occurred on storage, often resulting in failure to release the 
active contents. Pharmaceutical formulators now prefer to use 
synthetic polymers to prepare more effective enteric coatings. 

The most extensively used synthetic polymer is cellulose 
acetate phthalate (CAP), which is capable of functioning effec- 
tively as an enteric coating. However, a pH greater than 6 
usually is required for solubility, and thus a delay in drug 
release may ensue. It also is relatively permeable to moisture 
and gastric fluid compared with most enteric polymers. Addi- 
tionally, it is susceptible to hydrolytic decomposition in which 
phthalic and acetic acids are split off, resulting in a change in 
polymeric, and therefore enteric, properties. 

Another useful polymer is polyvinyl acetate phthalate 
(PVAP), which is less permeable to moisture and gastric fluid, 
more stable to hydrolysis, and able to ionize at a lower pH, 
resulting in earlier release of actives in the duodenum. 

Other suitable enteric polymers include hydroxypropyl 
methylcellulose phthalate (which has properties similar to 
PVAP); methacrylic acid—methacrylic acid ester copolymers 
(some of which have a high dissociation constant’); cellulose 
acetate trimellitate (CAT, which has properties similar to 
CAP); carboxymethyl ethylcellulose (CMEC); and hydroxypro- 
py! methylcellulose acetate succinate (HPMCAS). 

Various systems recently have been introduced that allow 
many of these enteric polymers to be applied as aqueous dis- 
persions, thus facilitating the use of aqueous film-coating tech- 
nology for the enteric coating of pharmaceutical dosage forms. 

SUSTAINED-RELEASE COATINGS—The concept of 
sustained release formulations was developed to eliminate the 
need for multiple dosage regimens, particularly for those drugs 
requiring reasonably constant blood levels over a long period of 
time. In addition, it also has been adopted for those drugs that 
need to be administered in high doses, but where too rapid a 
release is likely to cause undesirable side effects (eg, the ulcer- 
ation that occurs when potassium chloride is released rapidly 
in the gastrointestinal tract). 

Formulation methods used to obtain the desired drug avail- 
ability rate from sustained-action dosage forms include 


1. Increasing the particle size of the drug. 

2. Embedding the drug in a matrix. 

3. Coating the drug or dosage form containing the drug. 

4. Forming complexes of the drug with materials such as ion-exchange 
resins. 


Only those methods that involve some form of coating fall 
within the scope of this chapter. 

Materials that have been found suitable for producing 
sustained-release coatings include 


1. Mixtures of waxes (beeswax, carnauba wax, etc) with glyceryl 
monostearate, stearic acid, palmitic acid, glyceryl monopalmitate, 
and cetyl alcohol. These provide coatings that are dissolved slowly 
or broken down in the GI tract. 

2. Shellac and zein—polymers that remain intact until the pH of 
gastrointestinal contents becomes less acidic. 

3. Ethylcellulose, which provides a membrane around the dosage form 
and remains intact throughout the gastrointestinal tract. However, 
it does permit water to permeate the film, dissolve the drug, and 
diffuse out again. 

4. Acrylic resins, which behave similarly to ethylcellulose as a 
diffusion-controlled drug-release coating material. 

5. Cellulose acetate (diacetate and triacetate). 

6. Silicone elastomers. 


As with enteric coatings, many of the synthetic polymers suit- 
able for sustained-release film-coating applications have been 
prepared as aqueous polymer dispersions (often called latexes 
or pseudolatexes) that are commercially available and facilitate 
the use of aqueous film-coating technology for the preparation 
of extended-release products.'* 

Various methods have been used to prepare sustained- 
release products using film-coating techniques. Examples in- 
clude the application of suitable film coatings to 


Dried granules (either irregular or spheronized). 
Drug-loaded beads (or nonpareils). 

Drug crystals. 

Drug/ion-exchange-resin complexes. 

Tablets, including mini tablets.’° 


CAE CORRS 


In the first four examples, the final coated particles can be 
either filled into two-piece hard-gelatin capsules or compacted 
into tablets. Additionally, coated drug/ion-exchange-resin 
complexes may be dispersed in viscous liquids to create 
liquid suspensions. A comprehensive overview of the coating 
of multiparticulate dosage forms has been given by Ghebre- 
Sellassie.'® 

A unique application of the film-coated, sustained-release 
tablet is the elementary osmotic pump. In this device, a tablet 
core (formulated to contain osmotically active ingredients) is 
film coated with a semipermeable membrane, which is subse- 
quently pierced with a laser to create a delivery orifice. On the 
ingestion of such a device, the infusion of water generates an 
osmotic pressure within the coated tablet that pumps the drug 
in solution out through the orifice. 

With sustained-release products, one must remain aware 
constantly of the fact that the final dosage forms typically 
contain drug loadings that are sufficiently high to cause prob- 
lems if the entire dose is released quickly. This phenomenon, 
commonly called dose-dumping, can be avoided only if 


1. The film coating is mechanically sound and will resist rupture on 
ingestion of the dosage form. 

2. Sufficient coating is applied uniformly across the surface of the 
material that is to be coated. 


FILM-COATING PROBLEMS 


As with sugar coating, problems may occur during, or subse- 
quent to, the film-coating process. The tablets being coated may 
not be sufficiently robust or may have a tendency to laminate 
while being coated. Since film coats are relatively thin, their 
ability to hide defects is significantly less than that of sugar 
coating. Hence, tablets that have poor resistance to abrasion 
(ie, they exhibit high friability characteristics) can be problem- 
atic, since the imperfections readily may be apparent after 
coating. It is very important to identify tablets with suspect 
properties, whether mechanical or performance related (eg, 
poor dissolution), prior to a coating process, since subsequent 
recovery or reworking of tablets may be extremely difficult 
after a coating has been applied. 

Various process-related problems can occur during the ap- 
plication of a film coating. One example is picking, which is a 
consequence of the fluid delivery rate exceeding the drying 
capacity of the process, causing tablets to stick together and 
subsequently break apart. Another example, orange peel or 
roughness, is usually the result of premature drying of atom- 
ized droplets of solution, or it may be a consequence of spraying 
too viscous a coating solution such that effective atomization is 
difficult. 

Mottling, or lack of color uniformity, can result from uneven 
distribution of color in the coating, a problem often related to 
the use of soluble dyes in aqueous film coating, when color 
migration can occur, either by evolution of residual solvent in 
the film or by migration of plasticizer in which the colorant may 
be soluble. The use of pigments in the film-coating process 


Figure 46-1. Typical equipment setup for conventional sugar 
coating. 


minimizes the incidence of this latter objection considerably. 
However, uneven color also can result from inadequate disper- 
sion of the pigments in the coating solution. 

Finally, some major problems occur as the result of internal 
stresses that develop within the film as it dries. One example is 
cracking, which occurs when the stress exceeds the tensile 
strength of the film. This problem may be compounded by 
postcompaction stress relaxation (a phenomenon that can occur 
with certain types of tablet formulations, such as those con- 
taining ibuprofen, after ejection from the die during the tablet- 
ing process), which causes tablets to expand. Another example 
is logo-bridging (ie, bridging of a monogram present in the 
surface of the tablet core), which occurs when a component of 
the internal stress is able to overcome the adhesive bonds 
between the coating and the tablet surface, causing the film to 
pull away so that legibility of the monogram is lost. An under- 
- standing of the properties of the various ingredients used in the 
film-coating formulation and how these ingredients interact 
with one another can allow the formulator to avoid many of 
these internal-stress-related problems. !” 


COATING PROCEDURES AND EQUIPMENT 
LET EEE TY 

COATING PANS—Sugar coating historically has involved 
the ladling of the various coating fluids onto a cascading bed of 
tablets in a conventional coating pan (Fig 46-1) fitted with a 
means of supplying drying air to the tablets and an exhaust to 
remove moisture and dust-laden air from the pan. 

Typically, after the requisite volume of liquid has been 
applied, an appropriate amount of time is allowed for the tab- 
lets to mix and permit the liquid to be dispersed fully through- 
out the batch. To facilitate the uniform transfer of liquid, the 
tablets often are stirred by hand, or in larger pans, by means of 
a rake, to overcome mixing problems often associated with 
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dead spots, an inherent problem seen with conventional pans. 
Finally, tablets are dried by directing an air supply onto the 
surface of the tablet bed. Thus, sugar coating is a somewhat 
sequential process consisting of consecutive cycles of liquid 
application, mixing, and drying. 

During the early history of film coating, the equipment used 
was adapted essentially from that already employed for sugar 
coating. Although ladling of coating liquids during the film- 
coating process has been practiced, usually the liquid is applied 
using a spray technique. Spray equipment used is essentially of 
two types 


1. Airless (or hydraulic) spray, where the coating liquid is pumped 
under pressure to a spray nozzle with a small orifice, and atomiza- 
tion of the liquid occurs as it expands rapidly on emerging from the 
nozzle. This is analogous to the effect achieved when one places 
one’s finger over the end of a garden hose. 

2. Air spray, whereby liquid that is pumped under little or no pressure 
to the nozzle is atomized by means of a blast of compressed air that 
makes contact with the stream of liquid as it passes through the 
nozzle aperture. 


Airless-spray techniques typically are used in large-scale film- 
coating operations employing organic solvents, while air-spray 
techniques are more effective in either a small-scale laboratory 
set-up or aqueous film-coating operations. 

The use of spray techniques permits the delivery of finely 
nebulized droplets of a coating solution to the moving tablet 
mass in a manner that ensures uniform coverage while pre- 
venting adjacent tablets from sticking together, as the coating 
solution rapidly dries. Although all the phases that occur dur- 
ing the spray process occur continuously and concurrently, the 
overall picture can be simplified and represented in the form of 
several sequential steps, as shown in Figure 46-2. The spray 
process can be operated either intermittently or continuously. 

In the early years of film coating, the lack of adequate 
drying conditions inside the coating apparatus, together with 
the preference for using airless coating techniques (with their 
inherently higher delivery rates) with organic solvent-based 
formulations on a production scale, resulted in the use of in- 
termittent spray procedures. This technique allowed excess 
solvent to be removed during the nonspray part of the cycle and 
thus reduced the risk of picking and the tendency for tablets to 
stick together. However, in later years, the improvement in 
drying capabilities has resulted in adoption of a continuous 
spray procedure, as this permits a more uniform coating to be 
developed and results in a shorter, simplified process. 

As indicated previously, pan equipment initially was com- 
pletely conventional in design and, with the exception of the 
addition of spray-application equipment, was similar to that 
used in sugar coating. Fortunately, film-coating formulations 
were based on relatively volatile organic solvents, which en- 
abled acceptable processing times to be achieved in spite of the 
relative deficiencies of the air-handling systems. Since the 
equipment rarely represented a completely enclosed system, it 
did little to minimize the hazards of using organic solvents. 
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Figure 46-2. Schematic representation of the film-coating process. 
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Although conventional pans possessed acceptable properties 
with regard to mixing of the tablet mass in the sugar-coating 
process (particularly as this could be augmented by manual 
stirring of the tablets during processing), they were suited 
poorly to meet the more rigorous demands of the film-coating 
process, even when some simple form of baffle system was 
installed. In spite of these inadequacies, the use of conventional 
pans has persisted. 

The introduction of aqueous film coating in recent years has 
presented the most serious challenge to conventional equip- 
ment. Limitations in both drying and mixing capabilities are 
likely to increase significantly the processing time and risk to 
product integrity when aqueous processes are used. Fortu- 
nately, these problems have been minimized as coating-pan 
design has evolved and improved. 

Although considerable experimentation has taken place 
with the geometric design of conventional equipment, the most 
significant change came with the introduction of the Pellegrini 
coating pan (Fig 46-3), which is somewhat angular and rotates 
on a horizontal axis. The geometry of the pan, coupled with the 
fact that there is an integral baffle system, ensures much more 
uniformity in mixing. Additionally, since the services are in- 
troduced through the rear opening, the front can be either left 
free for inspection purposes or simply closed off to yield an 
enclosed coating system. Although drying air is still applied 
only to the surfaces of the tablet bed, the other advantages 
derived from the basic overall design ensure that the Pellegrini 
pan is more suitable for film coating than the conventional 
equipment previously discussed. Currently, Pellegrini pans are 
available with capacities ranging from the 10-kg laboratory 
scale-up to 1000 kg for high-output production. 

Considering the relative inefficiencies with equipment in 
which most drying takes place on the surface of the tablet bed, 
several attempts have been made to improve air exchange, 
particularly within the tablet bed. The schematic shown in 
Figure 46-4 conceptually describes the basis for current equip- 
ment that has been designed to improve the drying capabilities 
exhibited by more conventional coating equipment. Two such 
types of equipment, both based on the Pellegrini style of coating 
pan, are supplied by GS and Nicomac. 

In both the GS and Nicomac coating processes, an air ple- 
num fitted with a perforated boot is immersed into the cascad- 
ing bed of tablets, pellets, etc. A second air plenum is also 
directed to the inside of the coating pan. With such a set-up, 
either a direct or a reverse airflow plan can be used. 

A major advance in pan-coating technology occurred with 
the introduction of the side-vented pan concept, an innovation 
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Figure 46-3. Schematic diagram of a Pellegrini coating pan. 


Figure 46-4. Schematics of upgraded conventional coating pans. A: 
Direct airflow. B: Reverse airflow. 


developed by Eli Lilly. Lilly’s invention became the Accela-cota, 
which has formed the basis for a wide range of so-called side- 
vented coating pans, a schematic of which is shown in Figure 
46-5. The salient features of side-vented coating pans are 


An angular pan (fitted with an integral baffle system) that rotates on a 
horizontal axis. 

A coating system that is completely enclosed. 

A perforated pan that allows drying air (that has been introduced into 
the pan) to be pulled through a cascading bed of tablets while 
the coating liquid is applied to the tablet surface using a spray- 
atomization technique. 


This style of pan-coating design drastically improves the drying 
characteristics of the coating process, a feature that has been a 
major factor in the successful adoption of aqueous film-coating 
technology. Manufacturers of side-vented coating pans include 
Thomas Engineering, BWI Manesty, O’Hara, Glatt, Dumoulin, 
Vector Freund, and Driam. 

Interesting features of side-vented coating pans in recent 
years include the fact that 


1. Designs have become more complex and now permit multidirec- 
tional air flow. 

2. Fully automated, computerized coating processes are becoming 
commonplace (especially for production-scale coating purposes). 

3. Clean-in-place (CIP) systems also are becoming commonplace to 
facilitate compliance with GMPs. 

4. Laboratory-scale coating equipment now is being provided with 
interchangeable coating pans representing batch-size capabilities 
in the range of 3 to 40 kg (depending on product density). 

5. Coating pans designed to permit continuous processing (where the 
product is constantly introduced into one end and flows, fully 
coated, out the other. 


Although the evolution in coating-pan design has occurred 
predominately to facilitate use of the aqueous film-coating pro- 
cess, these advances in processing technology also have been of 
benefit to the sugar-coating process. 

FLUIDIZED-BED COATING EQUIPMENT—Fluid-bed 
processing technology has been used in the pharmaceutical 
industry for a long time. While various attempts have been 
made to apply this technology to the film-coating process, a 
major development came with the introduction of the Wurster 


Figure 46-5. Schematics of side-vented coating pans. A. Direct air- 
flow. B. Reverse airflow. 


concept in the 1950s. A schematic of the Wurster process is 
shown in Figure 46-6. 

When the use of organic solvent—based coating formulations 
was in its heyday, the Wurster process was extremely popular 
for coating a variety of pharmaceutical dosage forms, especially 
tablets. Although fluid-bed processing inarguably possesses the 
greatest potential to achieve effective drying, the growing in- 
terest in the use of aqueous coating formulation has been 
accompanied surprisingly by a waning interest in using the 
Wurster process for coating tablets. A major factor in this trend 
undoubtedly is related to the greater potential (compared with 
use of coating pans) for tablet breakage in the fluid-bed process. 
During the last 20 years, however, resurgent interest in the 
Wurster process has occurred as a result of the growing de- 
mand for applying film coatings to pellets, granules, and pow- 
ders (so-called multiparticulates) to prepare modified-release 
dosage forms. 

The suitability of the fluid-bed process for film coating mul- 
tiparticulates also has generated interest in processes other 
than the Wurster for this application. In particular, modifica- 
tions of the spray granulation process (often termed the top- 
spray coating process) and a rotary process (often called the 
tangential spray process) have both been used for the film 
coating of multiparticulates. Schematics for all these processes 
also are shown in Figure 46-6. 

Three major manufacturers of fluid-bed processing equip- 
ment (Glatt Air Techniques, Vector Corporation, and Niro- 
Aeromatic) all have adopted the principle in which a basic 
processing unit has been designed to accept modular inserts for 
each of the three fluid-bed coating processes shown in Figure 
46-6. Selection of a particular type of insert often is determined 
by the nature and intended functionality of the coating applied; 
for example 


B. Bottom spray 
(Wurster) 


A. Top spray 
(Granulator) 


cy 


C. Tangential spray 
(rotor-processor) 


Figure 46-6. Schematic diagrams for three basic processes used for 
fluid-bed film coating. 
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1. Granulator Top-Spray Process—preferred when a taste-masking 
coating is being applied; additionally suitable for the application of 
hot-melt coatings. 

2. Wurster, Bottom-Spray Process—preferred for the application of 
modified-release coatings to a wide variety of multiparticulates; 
also suitable for drug layering when the drug dose is in the low-to- 
medium range. 

3. Rotor, Tangential-Spray Process—suitable for the application of 
modified-release film coatings to a wide range of multiparticulate 
products. Ideal for drug layering when the dose is medium to high. 
Also useful as a spheronizing process for producing spheres from 
powders. 


While the general trend has been to use equipment employing 
this modular concept, an innovative approach to fluid-bed film 
coating was introduced by Hiittlin. This company created a 
design known as the Kugel coater,'* a machine that has three 
basic configurations: the Duo, Quattro, and Turbojet. The first 
two configurations are designed primarily for coating granules, 
pellets, and small tablets, while the Turbojet is more suitable 
for coating regular tablets. 

POTENTIAL FOR TOTALLY AUTOMATED COATING 
SYSTEMS—During the last few decades, the industry has 
witnessed a general transition from manually operated sugar- 
coating procedures, requiring total operator involvement, to 
film-coating ones in which operator intervention is infrequent. 
Increasing familiarity with, and understanding of, tablet coat- 
ing as a unit process, and a desire to ensure compliance with 
GMPs, ultimately have increased the desire for ensuring con- 
formity to design specifications for every batch of product 
made. Obviously, this is difficult for any process in which the 
idiosyncrasies of individual operators can have a significant 
impact. 

Total automation of the process can provide a solution to 
these problems. Automation involves developing a process in 
which all the important variables and requisite constraints are 
predetermined. These then can be translated into a form such 
that ultimate control and monitoring of the various process 
parameters can be maintained by either a microprocessor or a 
central computer system. However, the system only will be as 
good as those peripheral devices used to detect various process 
conditions such as air flow, temperature, humidity, application 
volumes, delivery rates, etc. 

Since a sugar-coating process always has been highly oper- 
ator dependent, removal of much of the operator intervention 
could be achieved by automation. Automation has, however, 
been complex because of the various sequences that occur and 
the variety of coating fluids used in a single sugar coating 
process. That it has been accomplished is evidenced by the 
number of commercially available systems that have been in- 
troduced.!® The technology for automated control of both sugar- 
and film-coating processes has become very refined, and most 
major equipment suppliers are able to offer a coating process 
that is automated to various degrees (depending on end-user 
preferences). 


QUALITY CONTROL OF COATED TABLETS 
a ace TTT NTR a ee 


The most important aspects of coated tablets that must be 
assessed from a quality-control standpoint are appearance 
characteristics and drug availability. From the appearance 
standpoint, coated tablets must be shown to conform, where 
applicable, to some color standard, otherwise the dispenser and 
the consumer may assume that differences have occurred from 
previous lots, signifying a changed or substandard product. In 
addition, because of the physical abuse that tablets, both in 
their uncoated and coated forms, receive during the coating 
process, it is essential to check for defects such as chipped 
edges, picking, etc, and ensure that they do not exceed prede- 
termined limits. 

Often, to identify the products, coated tablets may be im- 
printed (particularly with sugar-coated tablets) or bear a mono- 
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gram (commonly seen with tablets that are film-coated). The 
clarity and quality of such identifying features must be as- 
sessed. The failure of a batch of coated tablets to comply with 
such preset standards may result in 100% inspection being 
required or the need for the batch to be reworked. 

Batch-to-batch reproducibility for drug availability is of par- 
amount importance; consequently each batch of product should 
be submitted to some meaningful test such as a dissolution 
test. Depending on the characteristics of the tablet core to be 
coated, tablet coatings can modify the drug-release profile, even 
when not intended (unlike the case of enteric- or controlled- 
release products). Since this behavior may vary with each 
batch coated (being dependent, for example, on differences in 
processing conditions or variability in raw materials used), it is 
essential that this parameter be assessed, particularly in prod- 
ucts that are typically borderline (refer to Chapter 45). 


STABILITY TESTING OF COATED PRODUCTS 
(SN RT 
The stability-testing program for coated products will vary 
depending on the dosage form and its composition. Many sta- 
bility-testing programs are based on studies that have dis- 
closed the conditions a product may encounter prior to end use. 
Such conditions usually are referred to as normal and include 
ranges in temperature, humidity, light, and handling condi- 
tions. The conditions to be employed in modern stability- 
testing programs often conform to the guidelines established by 
the International Committee on Harmonization (ICH). 

Limits of acceptability are established for each product for 
qualities such as color, appearance, availability of drug for 
absorption, and drug content. The time over which the product 
retains specified properties, when tested at normal conditions, 
may be defined as the shelf life. The container for the product 
may be designed to improve the shelf life. For example, if the 
color in the coating is light-sensitive, the product may be pack- 
aged in an amber bottle and/or protected from light by using a 
paper carton. When the coating is friable, resilient material 
such as cotton may be incorporated in both the top and bottom 
of the container, and if the product is affected adversely by 
moisture, a moisture-resistant closure may be used and/or a 
desiccant may be placed in the package. The shelf life of the 
product is determined in the commercial package tested under 
normal conditions. 

The stability of the product also may be tested under exag- 
gerated conditions. This usually is done for the purpose of 
accelerating changes so that an extrapolation can be made 
early, concerning the shelf life of the product. Although useful, 
highly exaggerated conditions of storage can supply misleading 
data for coated dosage forms. Any change in drug release from 
the dosage form is measured in vitro, but an in vivo measure- 
ment should be used to confirm that drug availability remains 


within specified limits over its stated shelf life. This confirma- 
tion can be obtained by testing the product initially for in vivo 
availability and then repeating at intervals during storage at 
normal conditions for its estimated shelf life (or longer). 

Interpretation of stability data for coated, modified-release 
products should be undertaken with extreme care, since the 
diffusion characteristics of polymeric films can change signifi- 
cantly under exaggerated temperature conditions. This change 
may be confounding when trying to predict their diffusion 
characteristics under more moderate conditions and thus can 
prove misleading when predicting shelf life. 

When elevated-temperature stability studies are conducted 
on products coated with aqueous polymeric dispersions (latexes 
or pseudolatexes), the data obtained might be more indicative 
of morphological changes that have occurred in the film. Such 
changes may result from partial destruction of the film when 
coated material adheres together in the container and subse- 
quently is broken apart; additionally, these changes might 
result from further coalescence of the coating (which can occur 
when the coating is not coalesced completely during the coating 
process). 

Stability tests usually are conducted on a product at the 
time of development, during the pilot phase and on represen- 
tative lots of the commercial product. Stability testing must 
continue for the commercial product as long as it remains on 
the market because subtle changes in a manufacturing process 
and/or a raw material can have an impact on the shelf life of a 
product. 
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The goal of any drug-delivery system is to provide a therapeutic 
amount of drug to the proper site in the body to achieve promptly 
and then maintain the desired drug concentration. That is, the 
drug-delivery system should deliver drug at a rate dictated by the 
needs of the body over a specified period of treatment. This ide- 
alized objective points to the two aspects most important to drug 
delivery, namely, spatial placement and temporal delivery of a 
drug. Spatial placement relates to targeting a drug to a specific 
organ or tissue, while temporal delivery refers to controlling the 
rate of drug delivery to the target tissue. An appropriately de- 
signed controlled-release drug-delivery system can be a major 
advance toward solving these two problems. It is for this reason 
that the science and technology responsible for development of 
controlled-release pharmaceuticals has been, and continues to be, 
the focus of a great deal of attention in both industrial and aca- 
demic laboratories. The history of controlled-release technology 
can be divided roughly into three time periods. From 1950 to 1970 
is the period of sustained drug release. A number of systems 
containing hydrophobic polymers and waxes were fabricated with 
drugs into dosage forms with the aim of sustaining drug levels 
and hence drug action for an extended period of time. However, a 
lack of understandings of anatomical and physiological barriers 
imposed impediments on the development of efficient delivery 
systems. The period 1970 to 1990 was involved in the determina- 
tion of the needs in controlled drug delivery and to understand the 
barriers for various routes of administration. Post 1990 is the 
modern era of controlled release technology and represents the 
period in which an attempt at drug optimization is emphasized. 
Recently, considerable effort has been expended to develop bio- 
compatible polymers, polymer carriers, etc.' There currently exist 
numerous products on the market, formulated for both oral and 
parenteral routes of administration, that claim sustained or con- 
trolled drug delivery. The bulk of research has been directed 
toward oral dosage forms that satisfy the temporal aspect of drug 
delivery. In addition, some of the newer approaches under inves- 
tigation may allow for spatial placement as well. This chapter 
defines and explains the nature of controlled-release drug ther- 
apy, briefly outlines relevant biological barriers and physicochem- 
ical properties of a drug that affect controlled-release perfor- 
mance, and reviews the more common types of oral and 
parenteral controlled-release dosage forms. In addition, a brief 
discussion of some methods currently being used to develop tar- 
geted delivery systems is presented. Finally, we comment on 
future advances on delivery of biotechnology products as well as 
introduce some novel delivery systems. 


CONVENTIONAL DRUG THERAPY 

EL EE TT TET 
To gain an appreciation for the value of controlled drug therapy it is 
useful to review some fundamental aspects of conventional drug 
delivery.” Consider single dosing of a hypothetical drug that follows 


a simple one-compartment pharmacokinetic model for disposition. 
Depending on the route of administration, a conventional dosage 
form of the drug, eg, a solution, suspension, capsule, tablet, etc, can 
produce a drug blood level versus time profile similar to that shown 
in Figure 47-1. The term drug blood level refers to the concentration 
of drug in blood or plasma, but the concentration in any tissue could 
be plotted on the ordinate. It can be seen from this figure that 
administration of a drug by either intravenous injection or an ex- 
travascular route, eg, orally, intramuscularly, or rectally, does not 
maintain drug blood levels within the therapeutic range for extended 
periods of time. The short duration of action is due to the inability of 
conventional dosage forms to control temporal delivery. If an attempt 
is made to maintain drug blood levels in the therapeutic range for 
longer periods by, for example, increasing the initial dose of an 
intravenous injection, as shown by the dotted line in the figure, toxic 
levels may be produced at early times. This approach obviously is 
undesirable and unsuitable. An alternative approach is to adminis- 
ter the drug repetitively using a constant dosing interval, as in 
multiple-dose therapy. This is shown in Figure 47-2 for the oral 
route. In this case the drug blood level reached and the time required 
to reach that level depend on the dose and the dosing interval. There 
are several potential problems inherent in multiple-dose therapy: 


1. Ifthe dosing interval is not appropriate for the biological half-life of 
the drug, large peaks and valleys in the drug blood level may result. 
For example, drugs with short half-lives require frequent dosings to 
maintain constant therapeutic levels. 

2. The drug blood level may not be within the therapeutic range at 
sufficiently early times, an important consideration for certain dis- 
ease states. 

3. Patient noncompliance with the multiple-dosing regimen can result 
in failure of this approach. 


In many instances, potential problems associated with conven- 
tional drug therapy can be overcome. When this is the case, 
drugs given in conventional dosage forms by multiple-dosing 
can produce the desired drug blood level for extended periods of 
time. Frequently, however, these problems are significant 
enough to make drug therapy with conventional dosage forms 
less desirable than controlled-release drug therapy. This fact, 
coupled with the intrinsic inability of conventional dosage 
forms to achieve spatial placement, is a compelling motive for 
investigation of controlled-release drug-delivery systems. 
There are numerous potential advantages of controlled-release 
drug therapy that are discussed in the next section. 


‘\CONTROLLED-RELEASE DRUG THERAPY 


Terminology 


_ Modified-release delivery systems may be divided conveniently 
into four categories: _ 
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Figure 47-1. Typical drug blood level versus time profiles for intra- 
venous injections and an extravascular route of administration. 
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Delayed-release systems are those that use repetitive, inter- 
mittent dosings of a drug from one or more immediate-release 
units incorporated into a single dosage form. Examples of 
delayed-release systems include repeat-action tablets and cap- 
sules, and enteric-coated tablets where timed release is 
achieved by a barrier coating. 

Sustained-release systems include any drug-delivery sys- 
tem that achieves slow release of drug over an extended period 
of time. If the systems can provide some control, whether this 
be of a temporal or spatial nature, or both, of drug release in 
the body, or in other words, the system is successful at main- 
taining constant drug levels in the target tissue or cells, it is 
considered a controlled-release system. 

Site-specific and receptor targeting refer to targeting of a 
drug directly to a certain biological location. In the case of 
site-specific release, the target is adjacent to or in the diseased 
organ or tissue; for receptor release, the target is the particular 
receptor for a drug within an organ or tissue. Both of these 
systems satisfy the spatial aspect of drug delivery and are also 
considered to be controlled drug-delivery systems. 

More precisely, controlled delivery can be defined as” 


tant minimization of undesirable side effects that may be associated _ 


with a sawtooth kinetic pattern-of controlled _release. 

Localized drug action by spatial placement of a controlled release 
system (usually rate-controlled) adjacent to or in the diseased tis- 

4 sue or organ. 
Targeted drug action by using carriers or chemical derivatives to 
deliver drug toa particular target cell type. 

_Provide a physiologically/therapeutically based drug release system. 
In other words, the amount and the rate of drug release are deter- 
mined by the physiological/therapeutic needs of the body. 


wo 


4. 


Release Rate and Dose Considerations” 


As already mentioned, conventional dosage forms include so- 
lutions, suspensions, capsules, tablets, emulsions, aerosols, 
foams, ointments, and suppositories. For purposes of this dis- 
cussion, these dosage forms can be considered to release their 
active ingredients into an absorption pool immediately. This is 
illustrated in the following simple kinetic scheme: 


k, 
Dosage 


; Ka 
Absorption 
Form 


Target __“« 
Pool 


drug release absorption Area elimination 


The absorption pool represents a solution of the drug at the site 
of absorption, and the terms k,, k,, and k, are first-order rate 
constants for drug release, absorption, and overall elimination, 
respectively. Immediate release from a conventional dosage 


form implies that k, >>>.k, or, alternatively, that absorption 
of drug across a biological membrane, such as the intestinal 
epithelium, is the rate-limiting step in delivery of the drug 
to its target area. For nonimmediate-release dosage forms, k,. 
<<< k,, that is, release of drug from the dosage form is the 
rate-limiting step. This causes the above kinetic scheme to 
reduce to 
k k 


Yr “é 
Dosage HOrm Guuneam Larget ATCAs sameness 
drug release elimination 


Essentially, the absorptive phase of the kinetic scheme be- 
comes insignificant compared with the drug release phase. 
Thus, the effort to develop a nonimmediate-release delivery 
system must be directed primarily at altering the release rate 
by affecting the value of k,. The many ways in which this has 
been attempted are discussed later in this chapter. 

Although it is not necessary or desirable to maintain a 
constant level of drug in the blood or target tissue for all 
therapeutic cases, this is the starting ideal goal of a controlled- 
release delivery system. In fact, in some cases optimum ther- 
apy is achieved by providing oscillating, rather than constant, 
drug levels. An example of this is antibiotic therapy, where the 
activity of the drug is required only during growth phases of the 
microorganism. A constant drug level will often succeed at 
curing or controlling the condition, however, and this is true for 
most forms of therapy. 

The ideal goal in designing a controlled-release system is to 
deliver drug to the desired site at a rate according to the needs 
of the body, ie, a self-regulated system based on feedback con- 
trol. However, this is a difficult assignment. Although some 
attempts have been made to achieve this goal, such as with a 
self-regulating insulin pump, there is no commercial product 
representing this type of system. In the absence of feedback 
control, we are left with a simple sustaining effect. The pivotal 
question is at what rate should drug be delivered to maintain a 
constant blood drug level? This constant rate should be analo- 
gous to that achieved by continuous intravenous infusion 
where a drug is provided to the patient at a constant rate just 
equal to its rate of elimination. This implies that the rate of 
delivery must be independent of the amount of drug remaining 
in the dosage form and constant over time. That is, release from 
the dosage form should follow zero-order kinetics, as shown by 


k° = Rate In = Rate Out = k,- Cy: Va (1) 


where k? is the zero-order rate constant for drug release 
(amount/time), k, is the first-order rate constant for overall 
drug elimination (time |), C, is the desired drug level in the 
body (amount/volume), and V,, is the volume space in which the 
drug is distributed. The values of k,, C,, and V, needed to 
calculate k? are obtained from appropriately designed single- 
dose pharmacokinetic studies. Equation 1 provides the method 
to calculate the zero-order release rate constant necessary to 
maintain a constant drug blood or tissue level for the simplest 
case, where drug is eliminated by first-order kinetics. For many 
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Figure 47-2. Typical drug blood level versus time profile following 
oral multiple-dose therapy. 


drugs, however, more complex elimination kinetics and other 
factors affecting their disposition are involved. This in turn 
affects the nature of the release kinetics necessary to maintain 
a constant drug blood level. It is important to recognize that 
while zero-order release may be desirable theoretically, non- 
zero-order release may be equivalent clinically to constant re- 
lease in many cases. Aside from the extent of intra- and inter- 
subject variation is the observation that for many drugs, 
modest changes in drug tissue levels do not result in an im- 
provement in clinical performance. Thus, a nonconstant drug 
level may be indistinguishable clinically from a constant drug 
level. 

To achieve a therapeutic level promptly and sustain the 
level for a given period of time, the dosage form generally 
consists of two parts: an initial priming dose, D,, that releases 
drug immediately and a maintenance or sustaining dose, D,,,. 
The total dose, W, thus required for the system is 


W=D;+ Dn (2) 


For a system in which the maintenance dose releases drug by a 
zero-order process for a specified period of time, the total dose® 
is 


W=D,+ kT, (3) 


where k?® is the zero-order rate constant for drug release and T., 
is the total time desired for sustained release from one dose. If 
the maintenance dose begins release of drug at the time of 
dosing (¢ = 0), it will add to that which is provided by the initial 
dose, thus increasing the initial drug level. In this case a 
correction factor is needed to account for the added drug from 
the maintenance dose 


W =D; + k°T, — k°T, (4) 


The correction factor, 1a ble is the amount of drug provided 
during the period from t = 0 to the time of the peak drug level, 
T,,. No correction factor is needed if the dosage form is con- 
structed in such a fashion that the maintenance dose does not 
begin to release drug until time T,,. 

It already has been mentioned that a perfectly invariant 
drug blood or tissue level versus time profile is the starting 
ideal goal of a sustained-release system. The way to achieve 
this, in the simplest case, is by use of a maintenance dose that 
releases its drug by zero-order kinetics. However, satisfactory 
approximations of a constant drug level can be obtained by 
suitable combinations of the initial dose and a maintenance 
dose that releases its drug by a first-order process. The total 
dose for such a system is 


W =D, + (k.Ca/k,)Va (5) 


where k, is the first-order rate constant for drug release 
(time '), and k,, Cy, and V, are as defined previously. If the 
maintenance dose begins releasing drug at t = 0, a correction 
factor is required just as it was in the zero-order case. The 
correct expression in this case is 
W=D; + (R.Cd/k,)Va — DpkT, (6) 
To maintain drug blood levels within the therapeutic range 
over the entire time course of therapy, most controlled-release 
drug-delivery systems are, like conventional dosage forms, ad- 
ministered as multiple rather than single doses. For an ideal 
controlled-release system that releases drug by zero-order ki- 
netics, the multiple dosing regimen is analogous to that used 
for a constant intravenous infusion, as discussed in Chapter 58. 
For those controlled-release systems having release kinetics 
other than zero-order, the multiple-dosing regimen is more 
complex, and its analysis is beyond the scope of this chapter; 
Welling and Dobrinska* provide a more detailed discussion. 
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Pharmacokinetic and Pharmacodynamic 
Considerations” 


To achieve controlled drug delivery, it is desirable to have a 
zero-order drug input. Under steady state, rate in = rate out, 
then 


R= CeCl (7) 


This equation shows that the input rate of a controlled-release 
system is determined solely by steady-state concentration and 
plasma clearance. t,/2, a common pharmacokinetic parameter, 
is not directly needed to determine the input rate. However, it 
does play a role in determining the benefits of formulating a 
drug into a controlled-release dosage form. Usually, drugs 
of t,/> longer than 8 hours are not suitable candidates for 
controlled- or sustained-release dosage forms because they do 
not provide benefits over conventional dosage forms. In addi- 
tion, t;,. may be useful in determining the dosing interval of a 
controlled-release dosage form. Similarly, volume of distribu- 
tion is not a major consideration in designing controlled-release 
delivery systems, although often a larger volume of distribution 
requires a higher drug load to achieve a therapeutic blood level. 

However, there may not exist a direct correlation between 
the pharmacokinetics and pharmacodynamics of a drug. In 
other words, it may be difficult to predict the effect of a drug 
based only on pharmacokinetic data. As a result, a PK/PD 
model may be required to obtain a rationai design of a 
controlled-release dosage form. Typically, a graded response 
can be represented by 


E=PC+ E, (8) 


where P is a proportionality constant, C is the plasma concen- 
tration, and E, is the baseline effect. In some cases, a more 
satisfactory relationship is obtained by using 


E=PlogC+E, GD) 


In fact, in most cases, the relationship is much more complex 
than a simple linear one, and sometimes it can be represented 
only by an expression closely related to enzyme kinetics. 


E = Eo + (EmaxC")/(EGo + C”) (10) 


where £,,,,, is the maximal effect, #, is the drug concentration 
to produce 50% of a maximal effect, and n is a constant. This 
equation is sometimes subject to variability. Patients differ 
widely in their values of H,, and n for a given drug. Figure 
47-3° shows a typical response-concentration relationship. 
Hysteresis may often be found in response-concentration rela- 
tionships when there is a delayed response due to a slow 
distribution phase. In this case, an effect compartment model 
may be useful to correlate the response and concentration (Fig 
47-4A and B®). It should be borne in mind that maintenance of 
a constant blood level by zero-order release does not necessarily 
produce a constant pharmacological effect. Nitroglycerin is a 
good example for illustrative purposes. A constant level of 
nitroglycerin can lead to tolerance and result in a decreased 
pharmacological response. Hence, an off period is required for 
adequate nitroglycerin therapy. To conclude, it is necessary to 
have a profound knowledge of the relationship between concen- 
tration and effect and its dependence on disease and time 
profile of drug input to have a more rational design of con- 
trolled drug-delivery systems. 


yr ADVANTAGES OF CONTROLLED 


DRUG THERAPY 


All controlled-release products share the common goal of im- 
proving drug therapy over that achieved with their non- 
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Figure 47-3. Relationship between pharmacological and toxicolog- 
ical responses and concentration. The relative distance between 
efficacy and toxicity is the therapeutic index of the drug substance. 
(Reproduced with permission.°) 


controlled counterparts. This improvement in drug therapy is 
represented by several potential advantages of the use of 
controlled-release systems, as shown in Table 47-1. 

Patient compliance has been recognized as a necessary and 
important component in the success of all self-administered 
drug therapy. Minimizing or eliminating patient compliance 
problems is an obvious advantage of controlled-release therapy. 
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Figure 47-4. The relationship between the mean pain index and 
concentration of the analgesic index. Obviously, there is a hystere- 
sis in A. However, this clockwise hysteresis is removed when an 
effect compartment is introduced. (Reproduced with permission.°) 


Because of the nature of its release kinetics, a controlled- 
release system should be able to use less total drug over the 
time course of therapy than a conventional preparation. The 
advantages of this are decrease or elimination of both local and 
systemic side effects, less potentiation or reduction in drug 
activity with chronic use, and minimization of drug accumula- 
tion in body tissues with chronic dosing. 

Unquestionably the most important reason for controlled- 
drug therapy is improved efficiency in treatment, ie, optimized 
therapy. The result of obtaining constant drug blood levels 
from a controlled-release system is to promptly achieve the 
desired effect and maintain it for an extended period of time. 
Reduction or elimination of fluctuations in the drug blood level 
allows better disease state management. In addition, the 
method by which controlled release is achieved can improve the 
bioavailability of some drugs. For example, drugs susceptible to 
enzymatic inactivation or bacterial decomposition can be pro- 
tected by encapsulation in polymer systems suitable for con- 
trolled release. For drugs that have a specific window for ab- 
sorption, increased bioavailability can be attained by localizing 
the controlled-release delivery system in certain regions of the 
gastrointestinal tract. Improved efficiency in treatment also 
can take the form of a special therapeutic effect not possible 
with a conventional dosage form (see Table 47-1). 

The last potential advantage listed in Table 47-1, that of 
economy, can be examined from two points of view. 

Although the initial unit cost of most sustained drug- 
delivery systems usually is greater than that of conventional 
dosage forms because of the special nature of these products, 
the average cost of treatment over an extended time period may 
be lower. Economy also may result from a decrease in nursing 
time/hospitalization, less lost work time, etc. 


DRUG PROPERTIES RELEVANT 
TO CONTROLLED-RELEASE FORMULATION 


SS SRST | 
The design of controlled-release delivery systems is subject to 
several variables of considerable importance. Among these are 
the route of drug delivery, the type of delivery system, the 
disease being treated, the patient, the length of therapy, and 
the properties of the drug. Each of these variables is interre- 
lated, and this imposes certain constraints upon choices for the 
route of delivery, the design of the delivery system, and the 
length of therapy. Of particular interest to the scientist design- 
ing the system are the constraints imposed by the properties of 
the drug. It is these properties that have the greatest effect on 
the behavior of the drug in the delivery system and in the body. 
For purposes of discussion, it is convenient to describe the 
properties of a drug as being either physicochemical or biolog- 
ical. Obviously, there is no clear-cut distinction between these 
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able 47-1. Potential Advantages of Controlled 


J’ Drug Therapy 


1. Avoid patient compliance problems 
—2. Employ less total drug 

~ a. Minimize or eliminate local side effects 
b. Minimize or eliminate systemic side effects 
c. Obtain less potentiation or reduction in drug activity with 

chronic use 

d. Minimize drug accumulation with chronic dosing 

3. Improve efficiency in treatment 


——== 


— =a. Cure or control condition more promptly 
b. Improve control of condition, ie, reduce fluctuation in 
drug level 
c. Improve bioavailability of some drugs 
d. Make use of special effects, eg, sustained-release aspirin 
for morning relief of arthritis by dosing before bedtime 
4. Economy 


two categories, since the biological properties of a drug are a 
function of its physicochemical properties. For purposes of this 
discussion, however, those attributes that can be determined 
from in vitro experiments will be considered physicochemical 
properties. Included as biological properties will be those that 
result from typical pharmacokinetic studies on the absorption, 
distribution, metabolism, and excretion (ADME) characteris- 
tics of a drug and those resulting from pharmacological studies. 


Physicochemical Properties 


AQUEOUS SOLUBILITY AND pK,—It is well known 
that for a drug to be absorbed it first must dissolve in the 
aqueous phase surrounding the site of administration and then 
partition into the absorbing membrane. Two of the most im- 
portant physicochemical properties of a drug that influence its 
absorptive behavior are its aqueous solubility and, if it is a 
weak acid or base (as are most drugs), its pK,. These properties 
play an influential role in performance of non-controlled- 
release products; their role is even greater in controlled-release 
systems. 

The aqueous solubility of a drug influences its dissolution 
rate, which in turn establishes its concentration in solution and 
hence the driving force for diffusion across membranes. Disso- 
lution rate is related to aqueous solubility as shown by the 
Noyes-Whitney equation that, under sink conditions, is 


dC/dt = kpAC, (11) 


where dC/dt is the dissolution rate, k, is the dissolution rate 
constant, A is the total surface area of the drug particles, and 
C, is the aqueous saturation solubility of the drug. The disso- 
lution rate is constant only if surface area, A, remains constant, 
but the important point to note is that the initial rate is directly 
proportional to aqueous solubility, C,. Therefore, the aqueous 
solubility of a drug can be used as a first approximation of 
its dissolution rate. Drugs with low aqueous solubility have 
low dissolution rates and usually suffer oral bioavailability 
problems. 

It will be recalled from Chapter 16 that the aqueous solu- 
bility of weak acids and bases is governed by the pK,, of the 
compound and the pH of the medium. For a weak acid 


S, = So + K,,/[H*]}) = So. + 10°" Ps) (12) 


where S, is the total solubility (both the ionized and un-ionized 
forms) of the weak acid, S, is the solubility of the un-ionized 
form, K, is the acid dissociation constant, and H~ is the hydro- 
gen ion concentration of the medium. Equation 12 predicts that 
the total solubility, S,, of a weak acid with a given pK, can be 
affected by the pH of the medium. Similarly, for a weak base 


SS 5 Cll Ko = Soe 10255) (13) 


where S, is the total solubility (both the conjugate acid and 
free-base forms) of the weak base, S, is the solubility of the 
free-base form, and K, is the acid dissociation constant of 
the conjugate acid. Analogous to Equation 12, Equation 13 
predicts that the total solubility, S, of a weak base whose 
conjugate acid has a given pK, can be affected by the pH of the 
medium. 

Considering the pH-partition hypothesis, the importance of 
Equations 12 and 13 relative to drug absorption is evident. The 
pH-partition hypothesis simply states that the un-ionized form 
of a drug will be absorbed preferentially, in a passive manner, 
through membranes. Since weakly acidic drugs will exist in the 
stomach (pH = 1 to 2) primarily in the un-ionized form, their 
absorption will be favored from this acidic environment. On the 
other hand, weakly basic drugs will exist primarily in the 
ionized form (conjugate acid) at the same site, and their ab- 
sorption will be poor. In the upper’ portion of the small intes- 


CONTROLLED-RELEASE DRUG-DELIVERY SYSTEMS 907 


tine, the pH is more alkaline (pH = 5 to 7), and the reverse will 
be expected for weak acids and bases. The ratio of Equation 12 
or 13 written for either the pH of the gastric or intestinal fluid 
and the pH of blood is indicative of the driving force for absorp- 
tion based on pH gradient. For example, consider the ratio of 
the total solubility of the weak acid aspirin in the blood and 
gastric fluid 


R= (1 + 10PHo-PKay/(1 + 1 QPHa~PKa) (14) 


where pH, is the pH of blood (pH 7.2), pH, is the pH of the 
gastric fluid (pH 2), and the pK, of aspirin is about 3.4. Sub- 
stituting these values into Equation 13 gives a value for R of 
10°°, which indicates that aspirin is in a form to be well 
absorbed from the stomach. The same calculation for intestinal 
pH (about 7) yields a ratio close to 1, implying a less-favorable 
driving force for absorption at that location. Ideally, the release 
of an ionizable drug from a controlled-release system should be 
programmed in accordance with the variation in pH of the 
different segments of the gastrointestinal (GI) tract so that the 
amount of preferentially absorbed species, and thus the plasma 
level of drug, will be approximately constant throughout the 
time course of drug action. 

In general, extremes in the aqueous solubility of a drug are 
undesirable for formulation into a controlled-release product. A 
drug with very low solubility and a slow dissolution rate will 
exhibit dissolution-limited absorption and yield an inherently 
sustained blood level. In most instances, formulation of such a 
drug into a controlled-release system may not provide consid- 
erable benefits over conventional dosage forms. Even if a poorly 
soluble drug was considered a candidate for formulation into a 
controlled-release system, a restraint would be placed upon the 
type of delivery system that could be used. For example, any 
system relying upon diffusion of drug through a polymer as the 
rate-limiting step in release would be unsuitable for a poorly 
soluble drug, since the driving force for diffusion is the concen- 
tration of drug in the polymer or solution, and this concentra- 
tion would be low. For a drug with very high solubility and a 
rapid dissolution rate, it often is quite difficult to decrease its 
dissolution rate and slow its absorption. Preparing a slightly 
soluble form of a drug with normally high solubility is, how- 
ever, one possible method for preparing controlled-release dos- 
age forms. This is elaborated upon elsewhere in this chapter. 

PARTITION COEFFICIENT—Between the time that a 
drug is administered and the time it is eliminated from the 
body, it must diffuse through a variety of biological membranes 
that act primarily as lipid-like barriers. A major criterion in 
evaluation of the ability of a drug to penetrate these lipid 
membranes is its apparent oil/water partition coefficient, de- 
fined as 


K=C,/C, (15) 


where C, is the equilibrium concentration of all forms of the 
drug, eg, ionized and un-ionized, in an organic phase at equi- 
librium, and C,,, is the equilibrium concentration of all forms in 
an aqueous phase. A frequently used solvent for the organic 
phase is 1-octanol. Although not always valid, an approxima- 
tion to the value of K may be obtained by the ratio of the 
solubility of the drug in 1-octanol to that in water. In general, 
drugs with extremely large values of K are very oil-soluble and 
will partition into membranes quite readily. The relationship 
between tissue permeation and partition coefficient for the 
drug generally is known as the Hansch correlation, discussed 
in Chapter 28. In general, it describes a parabolic relationship 
between the logarithm of the activity of a drug or its ability to 
be absorbed and the logarithm of its partition coefficient for a 
series of drugs as shown in Figure 47-5. The explanation for 
this relationship is that the activity of a drug is a function of its 
ability to cross membranes and interact with the receptor; as a 
first approximation, the more effectively a drug crosses mem- 
branes, the greater its activity. There is also an optimum 


ea 


908 CHAPTER 47 


log activity 


= 


log K 


Figure 47-5. Typical relationship between drug activity and parti- 
tion coefficient, K, generally known as the Hansch correlationship. 


partition coefficient for a drug in which it most effectively 
permeates membranes and thus shows greatest activity. Val- 
ues of the partition coefficient below this optimum result in 
decreased lipid solubility, and the drug will remain localized in 
the first aqueous phase it contacts. Values larger than the 
optimum result in poorer aqueous solubility but enhanced lipid 
solubility, and the drug will not partition out of the lipid mem- 
brane once it gets in. The value of K at which optimum activity 
is observed is approximately 1000/1 in 1-octanol/water. Drugs 
with a partition coefficient that is higher or lower than the 
optimum are, in general, poorer candidates for formulation into 
controlled-release dosage forms. 

DRUG STABILITY—Of importance for oral dosage forms 
is the loss of drug through acid hydrolysis and/or metabolism in 
the GI tract. Since a drug in the solid state undergoes degra- 
dation at a much slower rate than a drug in suspension or 
solution, it would seem possible to improve significantly the 
relative bioavailability of a drug that is unstable in the GI tract 
by placing it in a slowly available controlled-release form. For 
those drugs that are unstable in the stomach, the most appro- 
priate controlling unit would be one that releases its contents 
only in the intestine. The reverse is the case for those drugs 
that are unstable in the environment of the intestine; the most 
appropriate controlling unit in this case would be one that 
releases its contents only in the stomach. However, it is very 
difficult for a delivery system to release its contents in a specific 
region of the GI tract. Thus, drugs with significant stability 
problems in any particular area of the GI tract are less suitable 
for formulation into controlled-release systems that deliver 
their contents uniformly over the length of the GI tract. Deliv- 
ery systems that remain localized in a certain area of the GI 
tract (eg, a bioadhesive drug-delivery system) and act as res- 
ervoirs for drug release are much more advantageous for drugs 
that not only suffer from stability problems but have other 
bioavailability problems as well. Development of this type of 
system is still in its infancy. On the other hand, controlled 
drug-delivery systems may provide benefits for highly unstable 
drugs. As mentioned earlier, the drug may be protected from 
enzymatic degradation by incorporation into a polymeric 
matrix. 

The presence of metabolizing enzymes at the site of absorp- 
tion is not necessarily a negative factor in controlled-release 
formulation. Indeed, the prodrug approach to drug delivery 
takes advantage of the presence of these enzymes to regenerate 
the parent molecule of an inactive drug derivative. This will be 
amplified upon below and in Chapter 28. 


S 


‘Protein Binding 


Chapters 14 and 59 describe the occurrence of drug binding to 
plasma proteins (eg, albumin) and the resulting retention of 
drug in the vascular space. Distribution of the drug into the 
extravascular space is governed by the equilibrium process of 
dissociation of the drug from the protein. The drug-protein 


complex can serve therefore as a reservoir in the vascular space 
for controlled drug release to extravascular tissues, but only for 
those drugs that exhibit a high degree of binding. Thus, the 
protein-binding characteristics of a drug can play a significant 
role in its therapeutic effect, regardless of the type of dosage 
form. Extensive binding to plasma proteins will be evidenced 
by a long half-life of elimination for the drug, and such drugs 
generally do not require a controlled-release dosage form. How- 
ever, drugs that exhibit a high degree of binding to plasma 
proteins also might bind to biopolymers in the GI tract, which 
could have an influence on controlled-drug delivery. 

The main forces of attraction responsible for binding are van 
der Waals forces, hydrogen bonding, and electrostatic forces. In 
general, charged compounds have a greater tendency to bind a 
protein than uncharged compounds, because of electrostatic 
effects. The presence of a hydrophobic moiety on the drug 
molecule also increases its binding potential. Some drugs that 
exhibit greater than 95% binding at therapeutic levels are 
amitriptyline, bishydroxycoumarin, diazepam, diazoxide, di- 
cumarol, and novobiocin. 

_MOLECULAR SIZE AND DIFFUSIVITY—As previously 
discussed, a drug must diffuse through a variety of biological 
membranes during its time course in the body. In addition 
to diffusion through these biological membranes, drugs in 
many controlled-release systems must diffuse through a rate- 
controlling membrane or matrix. The ability of a drug to diffuse 
through membranes, its so-called diffusivity (diffusion coeffi- 
cient), is a function of its molecular size (or molecular weight). 
An important influence upon the value of the diffusivity, D, in 
polymers is the molecular size (or molecular weight) of the 
diffusing species. For most polymers, it is possible to relate log 
D empirically to some function of molecular size as 


log D= —s, logu +k, = —sy log M+ &,, (16) 


where vu is molecular volume, M is molecular weight, and s,, sj,, 
k,, and k,,, are constants. The value of D thus is related to the 
size and shape of the cavities as well as size and shape of drugs. 
Generally, values of the diffusion coefficient for intermediate- 
molecular-weight drugs, ie, 150 to 400, through flexible poly- 
mers range from 10° to 10° cm/sec, with values on the order 
of 10° being most common.’ A value of approximately 10~° is 
typical for these drugs through water as the medium. It is of 
interest to note that the value of D for one gas in another is on 
the order of 10 | cm?/sec, and for one liquid through another, 
10-° cm?/sec. For drugs with a molecular weight greater than 
500, the diffusion coefficients in many polymers frequently are 
so small that they are difficult to quantify, ie, less than 10°!” 
cm/sec. Thus, high-molecular-weight drugs and/or polymeric 
drugs should be expected to display very slow release kinetics 
in controlled-release devices using diffusion through polymeric 
membranes or matrices as the releasing mechanism. 


Bi tre Properties 


ABSORPTION—The rate, extent, and uniformity of ab- 
sorption of a drug are important factors when considering its 
formulation into a controlled-release system. Since the rate- 
limiting step in drug delivery from a controlled-release system 
is its release from a dosage form, rather than absorption, a 
rapid rate of absorption of the drug relative to its release is 
essential if the system is to be successful. As stated previously 
in discussing terminology, k, <<< k,. This becomes most crit- 
ical in the case of oral administration. Assuming that the 
transit time of a drug through the absorptive area of the GI 
tract is between 9 and 12 hr, the maximum absorption half-life 
should be 3 to 4 hr.® This corresponds to a minimum absorption 
rate constant k, of 0.17 to 0.23 hr * necessary for about 80 to 
95% absorption over a 9- to 12-hr transit time. For a drug with 
a very rapid rate of absorption (ie, k,, >> 0.23 hr‘), the above 
discussion implies that a first-order release-rate constant k,. 


less than 0.17 hr ' is likely to result in unacceptably poor 
bioavailability in many patients. Therefore, slowly absorbed 
drugs will be difficult to formulate into controlled-release sys- 
tems where the criterion that k,, <<< k, must be met. 

The extent and uniformity of the absorption of a drug, as 
reflected by its bioavailability and the fraction of the total dose 
absorbed, may be quite low for a variety of reasons. This is 
usually not a prohibitive factor in its formulation into a 
controlled-release system. Some possible reasons for a low ex- 
tent of absorption are poor water solubility, low partition coef- 
ficient, acid hydrolysis and metabolism, or site-specific absorp- 
tion. The latter reason also is responsible for nonuniformity of 
absorption. Many of these problems can be overcome by an 
appropriately designed controlled-release system, as exempli- 
fied by the discussion under potential advantages of controlled 
drug therapy. 

DISTRIBUTION—For the design of controlled-release sys- 
tems it is desirable to have as much information as possible 
regarding drug disposition, but in actual practice decisions 
usually are based on only a few pharmacokinetic parameters, 
one of which is the volume of distribution as given in Equa- 
tion 1. The distribution of a drug into vascular and extravas- 
cular spaces in the body is an important factor in its overall 
elimination kinetics. This, in turn, influences the formulation of 
that drug into a controlled-release system, primarily by restrict- 
ing the magnitude of the release rate and the dose size that can be 
employed.’ At present, the calculation of these quantities is based 
primarily on one-compartment pharmacokinetic models. A de- 
scription of the estimation of these quantities based on multicom- 
partment models is beyond the scope of this chapter. However, the 
main considerations that need to be dealt with if a two-compart- 
ment model is operative will be presented. 

Two parameters that are used to describe the distribution 
characteristics of a drug are its apparent volume of distribution 
and the ratio of drug concentration in tissue to that in plasma 
at the steady state, the so-called T/P ratio. The apparent vol- 
ume of distribution is merely a proportionality constant that 
relates drug concentration in the blood or plasma to the total 
amount of drug in the body. The magnitude of the apparent 
volume of distribution can be used as a guide for additional 
studies and as a predictor for a drug-dosing regimen and hence 
the need to employ a controlled-release system. For drugs that 
obey a one-compartment model, the apparent volume of distri- 
bution is 


V = dose/C, (17) 


where C, is the initial drug concentration immediately after an 
intravenous bolus injection, but before any drug has been elim- 
inated. The application of this equation is based upon the 
assumption that the distribution of a drug between plasma and 
tissues takes place instantaneously. This is rarely a good as- 
sumption, and it usually is necessary to invoke multicompart- 
ment models to account for the finite time required for the drug 
to distribute fully throughout the available body space. In the 
case of a two-compartment model, it has been shown? that the 
best estimate of total volume of drug distribution is given by 
the apparent volume of distribution at steady state 


Ven = (1 + Ryo/kn)V; (18) 


where V, is the volume of the central compartment, k,, is the 
rate constant for distribution of drug from the central to the 
peripheral compartment, and k,, is that from the peripheral to 
the central compartment. As its name implies, V,, relates drug 
— concentration in the blood or plasma at steady state to the total 
amount of drug in the body during repetitive dosing or 
constant-rate infusion. The use of Equation 18 is limited to 
those instances where a steady-state drug concentration in 
both compartments has been reached; at any other time, it 
tends to overestimate or underestimate the total amount of 
drug in the body. 

To avoid the ambiguity inherent in the apparent volume of 
distribution as an estimator of the amount of drug in the body, 
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the 7T/P ratio also can be used. If the amount of drug in the 
central compartment, P, is known, the amount of drug in the 
peripheral compartment, T, and hence the total amount of drug 
in the body can be calculated’ by 


T/P = ky (kn, — B) (19) 


Here, £ is the slow disposition rate constant, and k,, and ks, 
are as defined previously. The important point to note is that 
the T/P ratio estimates the relative distribution of drug be- 
tween compartments, whereas V,, estimates the extent of dis- 
tribution in the body. Both parameters contribute to an esti- 
mation of the distribution characteristics of a drug, but their 
relative importance in this respect is open to debate. 
_._.METABOLISM—The metabolic conversion of a drug to 
another chemical form usually can be considered in the design 
of a controlled-release system for that drug. As long as the 
location, rate, and extent of metabolism are known and the rate 
constant(s) for the process(es) are not too large, successful 
controlled-release products can be developed. 

There are two factors associated with the metabolism of 
some drugs, however, that present problems for their use in 
controlled-release systems. One is the ability of the drug to 
induce or inhibit enzyme synthesis; this may result in a fluc- 
tuating drug blood level with chronic dosing. The other is a 
fluctuating drug blood level due to intestinal (or other tissue) 
metabolism or through a hepatic first-pass effect. Examples of 
drugs that are subject to intestinal metabolism upon oral dos- 
ing are hydralazine, salicylamide, nitroglycerin, isoproterenol, 
chlorpromazine, and levodopa. Examples of drugs that undergo 
extensive first-pass hepatic metabolism are propoxyphene, nor- 
triptyline, phenacetin, propranolol, and lidocaine. 

ELIMINATION AND BIOLOGICAL HALF-LIFE—The 
rate of elimination of a drug is described quantitatively by its 
biological half-life, t,,.. The half-life of a drug is related to its 
apparent volume of distribution V and its systemic clearance: 


tij2 = 0.693V/Cl. = 0.693VAUC/dose (20) 


The systemic clearance, Cl,, is equal to the ratio of an intrave- 
nously administered dose to the total area under the drug blood 
level versus time curve, AUC. A drug with a short half-life 
requires frequent dosing, and this makes it a desirable candi- 
date for a controlled-release formulation. On the other hand, a 
drug with a long half-life is dosed at greater time intervals, and 
thus there is less need for a controlled-release system. It is 
difficult to define precise upper and lower limits for the value of 
the half-life of a drug that best suits it for controlled-release 
formulation. In general, however, a drug with a half-life of less 
than 2 hr probably should not be used, since such systems will 
require unacceptably large release rates and large doses. At the 
other extreme, a drug with a half-life greater than 8 hr also 
probably should not be used; in most instances, formulation of 
such a drug into a controlled-release system is unnecessary. 
Some examples of drugs with half-lives less than 2 hr are 
ampicillin, cephalexin, cloxacillin, furosemide, levodopa, peni- 
cillin G, and propylthiouracil. Examples of those with half-lives 
greater than 8 hr are dicumarol, diazepam, digitoxin, digoxin, 
guanethidine, phenytoin, and warfarin. 

SIDE EFFECTS AND SAFETY CONSIDERA- 
TIONS—There are very few drugs whose specific therapeutic 
concentrations are known. Instead, a therapeutic concentration 
range is listed, with increasing toxic effects expected above this 
range and a falloff in desired therapeutic response observed 
below the range. For some drugs, the incidence of side effects, 
in addition to toxicity, is believed to be a function of plasma 
concentration.!° As mentioned in the discussion on the poten- 
tial advantages of controlled drug therapy, a controlled-release 
system can, at times, minimize side effects for a particular drug 
by controlling its plasma concentration and using less total 
drug over the time course of therapy. 

The most widely used measure of the margin of safety of a 
drug is its therapeutic index, TI, discussed in Chapter 57 and 
defined in 
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TI = TD5o/ED 50 (21) 


where TD;, is the median toxic dose and ED;, is the median 
effective dose. The value of 77 varies from as little as unity, 
where the effective dose also is producing toxic symptoms, to 
several thousand. For very potent drugs, whose therapeutic 
concentration range is narrow, the value of TI is small. In 
general, the larger the value of TT, the safer the drug. Drugs 
with very small values of T7 usually are poor candidates for 
formulation into controlled-release products, primarily because 
of technological limitations of precise control over release rates. 
A drug is considered to be relatively safe if its TJ value exceeds 
10. Examples of drugs with values of TI < 10 are aprobarbital, 
digitoxin, phenobarbital, and digoxin. 

DOSE SIZE—Since a controlled-release system is designed 
to alleviate repetitive dosing, it naturally will contain a greater 
amount of drug than a corresponding conventional form. The 
typical administered dose of a drug in the conventional dosage 
form will give some indication of the total amount needed in the 
controlled-release preparation. For those drugs requiring large 
conventional doses, the volume of the sustained dose may be so 
large as to be impractical or unacceptable, depending on the 
route of administration. The same may be true of drugs that 
require a large release rate from the controlled-release system, 
eg, drugs with short half-lives. For the oral route, the volume of 
the product is limited by patient acceptance. For the intramus- 
cular, intravenous, or subcutaneous routes, the limitation is 
tolerance of the drug at the injection site. It also should be 
mentioned that for drugs with a low therapeutic index, incor- 
poration of amounts greater than the TD, potentially may be 
dangerous if the system fails. 


Si 
ZQORAL DOSAGE FORMS 


For controlled-release systems, the oral route of administration 
has, by far, received the most attention. This is, in part, be- 
cause there is more flexibility in dosage-form design for the oral 
route than there is for the parenteral route. Patient acceptance 
of the oral route is quite high. It is a relatively safe route of 
administration, compared with most parenteral routes, and the 
constraints of sterility and potential damage at the site of 
administration are minimal. In this section, the more common 
methods used to achieve sustained release of orally adminis- 
tered drugs are discussed. 


Diffusion Systems _ 


In these systems, the release rate of drug is determined by its 
diffusion through a water-insoluble polymer. There are basi- 
cally two types of diffusion devices: reservoir devices, in which 
a core of drug is surrounded by a polymeric membrane, and 
matrix devices, in which dissolved or dispersed drug is distrib- 
uted uniformly in an inert polymeric matrix. It should be men- 
tioned that in actual practice devices that use diffusion also 
rely upon some degree of dissolution to determine the release 
rate. Systems using dissolution are discussed later in this 
section. 

RESERVOIR DEVICES—The release of drug from a res- 


ervoir device is governed br by Fick’s first law of diffusion 


J = —DdC,,/dx (22) 


where J is the flux of drug across a membrane in the direction 
of decreasing concentration (amount/area-time), D is the diffu- 
sion coefficient of the drug in the membrane (area/time), and 
dC,,,/dx is the change in concentration of drug in the mem- 
brane over a distance x. If it is assumed that the drug on either 
side of the membrane is in equilibrium with the respective 
surface layer of the membrane, as shown in Figure 47-6"', then 


Membrane 


Figure 47-6. Schematic representation of a reservoir diffusion de- 
vice. C,,.9) and C,,”) represent concentrations of drug at the inside 
surfaces of the membrane and Cj and C,, represent concentrations 
in the adjacent regions. (Reproduced with permission."') 


the concentration just inside the membrane surface can be 
related to the concentration in the adjacent region by the 
expressions 


K = Cyyq/Co at x = 0 (23) 


K = C,w/Cq at x = 1 (24) 


where K is a partition coefficient. Assuming that D and K are 
constant, Equation 22 can be integrated to give 


J = DEAC/1 (25) 


where AC is the concentration difference across the membrane. 

If the activity of the drug inside the reservoir is maintained 
constant and the value of K is less than unity, zero-order 
release can be achieved. This is the case when the drug is 
present as a solid; ie, its activity is unity. Depending on the 
shape of the device, the equation describing drug release will 
vary. Only the simplest geometry, that of a rectangular slab or 
sandwich, is presented here. For the slab geometry, the equa- 
tion describing release is 


aM,/dt = ADKAC/1 (26) 


where WM, is the mass of drug released after time t, dM,/dt is the 
steady-state release rate at time ¢t, A is the surface area of the 
device, and D, K, and / are as defined previously. Similar 
equations can be written for cylindrical or spherical geometric 
devices. To obtain a constant drug-release rate, it is necessary 
to maintain constant area, diffusion path length, concentra- 
tion, and diffusion coefficient. In other words, all of the terms 
on the right hand side of Equation 26 are held constant. This is 
often not the case in actual practice because one or more of the 
above terms will change in the product, thus nonzero-order 
release is frequently observed. 

Common methods used to develop reservoir-type devices 
include microencapsulation of drug particles and press-coating 
of tablets containing drug cores. In most cases, particles coated 
by microencapsulation form a system in which the drug is 
contained in the coating film as well as in the core of the 
microcapsule. Drug release usually involves a combination of 
dissolution and diffusion, with dissolution being the process 
that controls the release rate. If the encapsulating material is 
selected properly, diffusion will be the controlling process. Mi- 
croencapsulation is discussed further with reference to systems 
using dissolution. Some materials used as the membrane bar- 
rier coat, alone or in combination, are hardened gelatin, 
methyl- or ethylcelluloses, polyhydroxymethacrylate, hydroxypro- 
pylcellulose, polyvinylacetate, and various waxes. Examples of 
some marketed products using an encapsulated reservoir of 
drug are shown in Table 47-2. Drug release from these products 
probably is based primarily on diffusion, but dissolution may be 
occurring as well. 

MATRIX DEVICES—The rate of release of a drug dis- 
persed as a solid in an inert matrix has been described by 
Higuchi.'*'* Figure 47-7 depicts the physical model for a pla- 
nar slab. In this model, it is assumed that solid drug dissolves 


from the surface layer of the device first; when this layer 
becomes exhausted of drug, the next layer begins to be depleted 
by dissolution and diffusion through the matrix to the external 
solution. In this fashion, the interface between the region con- 
taining dissolved drug and that containing dispersed drug 
moves into the interior as a front. The assumptions made in 
deriving the mathematical model are 


1. A pseudo-steady state is maintained during release. 

2. The total amount of drug present per unit volume in the matrix, C5, 
is substantially greater than the saturation solubility of the drug 
per unit volume in the matrix, C; ie, excess solute is present. 

3. The release medium is a perfect sink at all times. 

4. Drug particles are much smaller in diameter than the average 
distance of diffusion. 

5. The diffusion coefficient remains constant. 

6. No interaction occurs between the drug and the matrix. 


Based on Figure 47-7, the change in amount of drug released 
per unit area, dM, with a change in the depleted zone thick- 
ness, dh, is 


aM = Codh — (C,/2)dh (27) 


where C, and C, are as defined above. However, based on Fick’s 
first law 


dM = (D,,C,/h)dt (28) 


where D,,, is the diffusion coefficient in the matrix. If Equations 
27 and 28 are equated, solved for h, and that value of h sub- 
stituted back into the integrated form of Equation 28, an equa- 
tion for M is obtained 


MCPD Cn", = (29) 


Similarly, a drug released from a porous or granular matrix is 
described by 


IE D(C), (GHEN OKO), — 6) yaa (30) 


where ¢ is porosity of the matrix, T is tortuosity, C, is the 
solubility of the drug in the release medium, and D, is the 
diffusion coefficient of drug in the release medium. In this 
system, drug is leached from the matrix through channels or 
pores. 

For purposes of data treatment, Equations 29 and 30 are 
conveniently reduced to 


M = ktl? (31) 


where k is a constant, so that a plot of amount of drug released 
versus the square root of time should be linear if the release of 
the drug from the matrix is diffusion-controlled. The release 
rate of drug from such a device is not zero-order, since it 
decreases with time but, as previously mentioned, this may be 
clinically equivalent to constant release for many drugs. 

The three major types of materials used in the preparation 
of matrix devices are insoluble plastics, hydrophilic polymers, 
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able 47-2. Reservoir Diffusion Products 


PRODUCTS ACTIVE INGREDIENT(S) MANUFACTURER 
Plateau CAPS 
capsules 
Nico-400 Nicotinic acid Jones 
Nico-Bid Nitroglycerin® Marion 


Rhone-Poulenc Rorer 
Rhone-Poulenc Rorer 


Cerespan capsules 
Histapan capsules 


Papaverine HCI 
Chlorpheniramine 
maleate, 
phenylephrine HCl, 
methscopolamine 
Nitroglycerin« 
Acetylsalicylic acid 
Theophylline 


Rhone-Poulenc Rorer 
Sanofi-Winthrop 
Sanofi-Winthrop 


Nitrospan capsules 

Measurin tablets 

Bronkodyl S-R 
capsules 
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Figure 47-7. Schematic representation of the physical model used 
for a planar-slab matrix-diffusion device. 


and fatty compounds. Plastic matrices that have been investi- 
gated include methyl acrylate—methyl methacrylate, polyvinyl 
chloride, and polyethylene. The Gradumet tablet (Abbott) was 
an example of a dosage form using a plastic matrix. Hydrophilic 
polymers include methylcellulose, hydroxypropylmethylcellu- 
lose, sodium carboxymethylcellulose, and carbopol 934. Fatty 
compounds include various waxes such as carnauba wax and 
glyceryl tristearate. An example of a dosage form using a wax 
matrix is the Lontab tablet (Ciba). 

The most common method of preparation is to mix the drug 
with the matrix material and then compress the mixture into 
tablets. In the case of wax matrices, the drug generally is 
dispersed in molten wax, which then is congealed, granulated, 
and compressed into cores. In any sustained-release system it 
is necessary for a portion of the drug to be available immedi- 
ately as a priming dose and the remainder to be released in a 
sustained fashion. This is accomplished in a matrix tablet by 
placing the priming dose in a coat of the tablet. The coat can be 
applied by press coating or by conventional pan or air suspen- 
sion coating. Some marketed matrix diffusion products are 
listed in Table 47-3. 


Dissolution Systems 


As mentioned earlier in this chapter, a drug with a slow disso- 
lution rate will yield an inherently sustained blood level. In 
principle, then, it would seem possible to prepare controlled- 
release products by controlling the dissolution rate of drugs 
that are highly water-soluble. This can be done by preparing an 
appropriate salt or derivative, by coating the drug with a slowly 
soluble material, or by incorporating it into a tablet with a 
slowly soluble carrier. Ideally, the surface area available for 
dissolution must remain constant to achieve a constant release 
rate. This is, however, difficult to achieve in practice. 

The dissolution process can be considered diffusion-layer- 
controlled, where the rate of diffusion from the solid surface to 
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Z Table 47-3. Matrix Diffusion Products 
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PRODUCTS ACTIVE INGREDIENT(S) MANUFACTURER 
Gradumet tablets 
Desoxyn Methamphetamine Abbott 
Fero-Gradumet Ferrous sulfate 
Fero-Grad-500 Ferrous sulfate, 
sodium ascorbate 
Tral Hexocyclium 
methylsulfate 
Lontab tablets 
PBZ-SR Tripelennamide HCl Ciba 
Procan SR tablets Procainamide HCl Parke-Davis 
Choledyl SA tablets Oxtriphylline Parke-Davis 
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the bulk solution through an unstirred liquid film is the rate- 
determining step. In this case the dissolution process at steady 
state is described by the Noyes-Whitney equation 


dC/dt = kpA(C, — C) = (D/h)A(C, — C) (32) 


where dC/dt is the dissolution rate, k, is the dissolution rate 
constant, A is the total surface area, C, is the saturation solu- 
bility of the solid, and C is the concentration of solute in the 
bulk solution. The dissolution-rate constant, kp, is equal to the 
diffusion coefficient, D, divided by the thickness of the diffusion 
layer, h. The above equation predicts a constant dissolution 
rate if the surface area, diffusion coefficient, diffusion layer 
thickness, and concentration difference are kept constant. 
However, as dissolution proceeds, all of these parameters may 
change, especially surface area. For spherical particles, the 
change in area can be related to the weight of the particle, and 
under the assumption of sink conditions, Equation 32 becomes 
the cube-root dissolution equation 


wo? — w? = ky't (33) 


where k,’ is the cube-root dissolution-rate constant, and wy 
and w are initial weight and weight of the amount remaining at 
time ¢, respectively. 

Two common formulations relying on dissolution to deter- 
mine release rate of drug are shown in Figure 47-8. Most of the 
products fall into two categories: encapsulated dissolution sys- 
tems and matrix dissolution systems. 

Encapsulated dissolution systems can be prepared either by 
coating particles or granules of drug with varying thicknesses 
of slowly soluble polymers or by microencapsulation. Micro- 
encapsulation can be accomplished by using phase separa- 
tion, interfacial polymerization, heat-fusion, or the solvent- 
evaporation method. The coating materials may be selected 
from a wide variety of natural and synthetic polymers, depend- 
ing on the drug to be coated and the release characteristics 
desired. The most commonly used coating materials include 
gelatin, carnauba wax, shellacs, ethylcellulose, cellulose ace- 
tate phthalate, or cellulose acetate butyrate. Drug release from 
microcapsules is a mass-transport phenomenon and can be 
controlled by adjusting the size of microcapsules, thickness of 
coating materials, and the diffusivity of core materials. The 
coating thickness of microcapsules is normally very thin, and 
for a given coating:core ratio, it decreases rapidly as the micro- 
capsule size decreases. The thickness can be varied from less 
than 1 um to 200 wm by changing the amount of coating 
material from 3 to 30% of the total weight. If only a few 


different thicknesses are used, usually three or four, drugs will ~ 


be released at different, predetermined times to give a delayed 
release effect, ie, repeat-action. If a spectrum of different thick- 
nesses is employed, a more uniform blood level of the drug can 
be obtained. Microcapsules commonly are filled into capsules 
and rarely are tableted, as their coatings tend to disrupt during 
compression. A partial listing of some marketed sustained- 
release products relying primarily on encapsulated dissolution 
is shown in Table 47-4. 

Matrix dissolution devices are prepared by compressing the 
drug with a slowly soluble polymer carrier into a tablet form. 


Polymer membrane Drug-polymer matrix 
Drug 
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Figure 47-8. Schematic representation of systems using dissolution. 
A, Encapsulated formulation in which drug release is determined 
by thickness and dissolution rate of the polymer membrane; B, 
matrix formulation in which drug release is determined by dissolu- 
tion rate of the polymer. 


Table 47-4. Encapsulated Dissolution Products 
MANUFACTURER 


PRODUCTS ACTIVE INGREDIENT(S) 


Spansule capsules 


Dexedrine Dextroamphetamine SmithKline Beecham 
sulfate 
Hispril Diphenylpyraline HCI 
Ornade Phenylpropanolamine 
HCl, 
chlorapheniramine 
maleate 
Thorazine Chlorpromazine HCl 
Contac capsules Phenylpropanolamine SmithKline Beecham 
HCl, 
chlorpheniramine 
maleate 
Sequel capsules 
Artane Trihexyphenidy! HCI Lederle 
Diamox Acetazolamide 


Ferrous fumarate, 
docusate sodium 


Ferro-sequels 


There are two general methods of preparing drug-wax parti- 
cles: congealing and aqueous dispersion methods. In the con- 
gealing method, drug is mixed with a wax material and either 
spray-congealed or congealed and screened. In the aqueous 
dispersion method, the drug-wax mixture simply is sprayed or 
placed in water, and the resulting particles are collected. Ma- 
trix tablets also are made by direct compression of a mixture of 
drug, polymer, and excipients. Examples of marketed products 
relying primarily on matrix dissolution are listed in Table 47-5. 


Osmotic Systems 


Osmotic pressure can be employed as the driving force to gen- 
erate a constant release of drug, provided a constant osmotic 
pressure is maintained and a few other features of the physical 
system are constrained. Consider a tablet consisting of a core of 
an osmotically active drug, or a core of an osmotically inactive 
drug, in combination with an osmotically active salt sur- 
rounded by a semipermeable membrane containing a small 


Table 47-5. Matrix Dissolution Products 


PRODUCTS ACTIVE INGREDIENT(S) MANUFACTURER 
Extentab tablets 
Dimetane Brompheniramine maleate Robins 
Dimetapp Brompheniramine maleate, 
phenylpropanolamine 
HCl «| 
Donnatal Phenobarbital, ~ oo clortuates 
hyoscyamine sulfate, 
atropine sulfate, 
scopolamine 
hydrobromide 
Quinidex Quinidine sulfate 
Timespan tablets 
Mestinon Pyridostigmine bromide ICN 
Tempule capsules 
Nicobid Nicotinic acid Rhone-Poulenc 
Rorer 
Pentritol Pentaerythritol tetranitrate 
Repetab tablets 
Chlor-Trimeton Chlorpheniramine maleate Schering 


Demazin Chlorpheniramine maleate, 
phenylephrine HCl 

Polaramine Dexchlorpheniramine 
maleate 

Trilafon Perphenazine 


orifice, as shown in Figure 47-9.'4 The membrane will allow 
free diffusion of water but not drug. When the tablet is exposed 
to water or any fluid in the body, water will flow into the tablet 
because of osmotic pressure difference, and the volume flow 
rate, dV/dt, of water into the tablet is 


dV/dt = (kRA/h)(Am — AP) (34) 


where k, A, and h are the membrane permeability, area, and 
thickness, respectively, Az is the osmotic pressure difference, 
and AP is the hydrostatic pressure difference. If the orifice is 
sufficiently large, the hydrostatic pressure difference is small 
compared with the osmotic pressure difference, and Equation 
34 becomes 


dV/dt = (kA/h)At (35) 


Thus, the volume flow rate of water into the tablet is deter- 
mined by permeability, area, and thickness of the membrane. 
The drug will be pumped out of the tablet through the orifice at 
a controlled rate, dM/dt, equal to the volume flow rate of water 
into the tablet multiplied by the drug concentration, C,: 


dM/dt = (dV/dt)C, (36) 


The release rate will be constant until the concentration of drug 
inside the tablet falls below saturation. 

Several modifications of the osmotic pressure-controlled 
drug-delivery system have been developed. A layer of bioero- 
dible polymer can be applied to the external surface of the 
semipermeable membrane. A system consists of two compart- 
ments separated by a movable partition, as shown in Figure 
47-10.'° For a system that does not have an orifice, hydraulic 
pressure is built up inside as the GI fluid is imbibed, until 
the wall ruptures and the contents are released to the 
environment. 

The advantage of the osmotic system is that it requires only 
osmotic pressure to be effective and is essentially independent 
of the environment. The drug release rate can be predeter- 
mined precisely regardless of pH change through the GI tract. 


Some materials used as the semipermeable membrane include ~ 


polyvinyl alcohol, polyurethane, cellulose acetate, ethylcellu- 
lose, and polyvinyl chloride. Drugs that have demonstrated 


successful release rates from an osmotic system in vivo after . 


oral dosing are potassium chloride and acetazolamide. If 
ec 


———— 


lon-Exchange Resins 


Ion-exchange resins are water-insoluble, cross-linked polymers 
containing salt-forming groups in repeating positions on the 
polymer chain. Drug is bound to the resin by repeated exposure 
of the resin to the drug in a chromatographic column or by 
prolonged contact of the resin with the drug solution. The 
drug-resin then is washed to remove contaminating ions and 
dried to form particles or beads. Drug release from the drug- 
resin complex depends on the ionic environment, ie, pH and 
electrolyte concentration, within the GI tract as well as prop- 
erties of the resin. 


Osmotic delivery orifice 


Osmotic core 
containing drug 


Semi-permeable 
membrane 

/ Figure 47-9. Schematic diagram of an osmotic tablet. (Reproduced 
/ with permission."*) 
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Movable portion 


Osmotically-active 
compartment 


Shape-retaining coating (semipermeable) 


/# Figure 47-10. Osmotic pressure-controlled drug-delivery system 


with two compartments separated by a movable partition. (Repro- 
duced with permission.'°) 


Drug molecules attached to the resin are released by ex- 
changing with appropriately charged ions in the GI tract fol- 
lowed by diffusion of the free drug molecule out of the resin. 
The rate of diffusion is controlled by the area of diffusion, 
diffusional path length, and extent of cross-linking in the resin. 
A modification of the release rate can be made by coating the 
drug-resin complex. Further improvement of this ion-exchange 
type drug-delivery system is called the Penn Kinetic system. In 
this system, the drug-containing resin granules first are 
treated with an impregnating polymer such as PEG 4000 to 
retard the rate of swelling in water and further coated with a 
water-insoluble polymer, such as ethylcellulose, to serve as a 
rate-limiting barrier to control drug release. 

Most ion-exchange resins currently employed in sustained- 
release products contain sulfonic acid groups that exchange 
cationic drugs such as those with an amine functionality. Ex- 
amples of some of these drugs are amphetamine, phenyl 
t-butylamine (phentermine), phenyltoloxamine, and hydro- 
codone, as shown in Table 47-6. 


Prodrugs...— 


A prodrug is a compound formed by chemical modification of a 
biologically active compound that will liberate the active com- 
pound{@n,vivo/by enzymatic or hydrolytic cleavage. The primary 
purpose of employing a prodrug for oral administration is to 
increase intestinal absorption or to reduce local side effects, 
such as GI irritation by aspirin. On this basis, one generally 
does not classify a prodrug as a controlled-release dosage form. 
However, the ability to bioreversibly modify the physicochem- 
ical properties of a drug allows better intestinal transport 
properties and hence influences the drug blood level versus 
time profile. Thus, prodrugs can be used to increase the strat- 
egies for controlled release and, in a limited sense, can be 
controlling in their own right. 

As an example of the use of a prodrug as a controlled 
mechanism, consider a water-soluble drug that is modified to a 
water-insoluble prodrug. The prodrug will have a slower disso- 
lution rate in an aqueous medium than the parent drug, and 
thus the appearance of the parent drug in plasma will be 
slowed. This is observed with theophylline and its prodrug, 
7,7'-succinylditheophylline. Alternatively, a water-soluble pro- 
drug of a water-insoluble parent drug can be made to be a 
substrate for enzymes in the brush border region of the mi- 


Atable 47-6. lon-Exchange Products 


PRODUCTS ACTIVE INGREDIENT(S) MANUFACTURER 
Biphetamine capsules Amphetamine, Pennwalt 
dextroamphetamine 
Tussionex capsules, Hydrocodone, Pennwalt 
tablets, suspensions chlorpheniramine 
lonamin capsules Phentermine Pennwalt 


DP iacearinenar Injections 


tue 


ha 
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crovilli. The water-soluble prodrug complexes with the enzyme 
just prior to reaching the membrane surface, is metabolized, 
and its membrane/water partition coefficient increases. The 
result is an increase in the blood level of the drug. See Chap- 
ter 28. 

The following three systems can achieve spatial placement 
of a dosage form in the GI tract, especially the stomach. 

SWELLING AND EXPANDING SYSTEMS—These sys- 
tems can increase the residence time of a ‘dosage form in the 
stomach. Gastric emptying is a size-dependent process. Parti- 
cles greater than approximately 10 mm are unable to be re- 
leased into the duodenum and are thus retained in the stom- 
ach. Hence, a dosage form with a larger size may be beneficial 
in prolonging retention time in the stomach. However, too big a 
size is difficult for patients to swallow, and more importantly, 
the dosage form must dissolve/degrade to be discharged ulti- 
mately. Hydrogel is a candidate polymer that can achieve this 
task. It can absorb up to 100 times its dry weight of water, and 
thus it is retained because of its large size caused by swelling. 
In addition, any adhesive property of swollen hydrogel can 
further increase residence time of the dosage form. However, 
there is no commercially available hydrogel claimed to be a 
gastric retentive system because these agents do not degrade. 
It is easy to get a polymer into the stomach and have it stay 
there for an extended period of time, but it may be difficult to 
get rid of it. Therefore, any hydrogel used in this manner has to 
be biodegradable. 

FLOATING SYSTEMS*°—These systems are retained in 
the stomach and are useful for drugs that are poorly soluble or 
unstable in intestinal fluids. The underlying principle is very 
simple. One attempts to make the dosage form less dense than 
the gastric fluids so that it can float on them. The density of the 
systems can be reduced by incorporating a number of low- 
density fillers into the systems such as hydroxylcellulose, lac- 
tose, or microcrystalline cellulose. However, this system is not 
ideal because its performance is highly dependent on the pres- 
ence of food and fluid in the stomach. It is not reliable and 
highly variable. 

BIOADHESIVE SYSTEMS—Bioadhesives may have ad- 
vantages over other systems for spatial placement and are 
discussed later. 


PARENTERAL DOSAGE FORMS 


The most common types of dosage forms used for parenteral 


controlled-release drug therapy are intramuscular (IM) in- 


jections, implants for subcutaneous tissues and various body 
cavities, and transdermal devices. Due to physiological and 
anatomical constraints, many of the other parenteral routes 
of administration, eg, intravenous, intra-arterial, intrathecal, 
and intraperitoneal, are not as useful in this regard. The 
application of the former three types of dosage forms to 
controlled-release drug delivery is discussed in this section. 
The final section is devoted to other parenteral dosage forms 
being developed for targeted drug delivery. 


AQUEOUS SOLUTIONS—It is conceivable and likely that 
increased viscosity of the medium not only decreases molecular 
diffusion but also localizes the injected volume. Thus, the ab- 
sorptive area is reduced and the rate of drug release is con- 
trolled. Examples of thickening agents are methylcellulose, 
sodium carboxymethylcellulose, and polyvinylpyrrolidone. 

COMPLEX FORMATION—The formation of a dissociable 
complex of a drug with a macromolecule is the same physico- 
chemical phenomenon that occurs when a drug binds to a 
plasma protein. In this sense, the drug-macromolecule complex 


can serve as a reservoir_at the site of injection for controlled 
drug release to the surrounding tissues. The macromolecules 
used are either biological polymers, such as antibodies and 
proteins, or synthetic polymers, such as methylcellulose, so- 
dium carboxymethylcellulose, or polyvinylpyrrolidone. Drug 
release from the polymer is governed by the degree of associa- 
tion, as given by 


Ka (37) 
Se ie 


where D, P, and DP represent drug, polymer, and complex, 
respectively, and K, is the apparent association constant. Only 
that fraction of the drug that is free, f can be absorbed: 


f = D/[DP + D) = 1/(1+ K,P] (38) 


where D, P, and DP are equilibrium concentrations of drug, 
polymer, and complex, respectively. If K,P is much greater 
than 1, Equation 38 reduces to 


f = 1/[K,P] (39) 


The rate of absorption of the drug, dC/dt, therefore, is de- 
scribed by 


dC/dt = k,fD, = (k.DJ/{K.P) (40) 


where D, is the total drug concentration at the absorption site, 
ie, DP + D, and k, is the absorption-rate constant. It can be 
seen from Equation 40 that the rate of absorption can be 
controlled effectively by the type and concentration of polymer 
used, assuming that dissociation is instantaneous compared 
with absorption. 

Complexes also can be formed between drugs and small 
molecules, such as caffeine, rather than macromolecules. The 
motive behind formation of a drug—small molecule complex is 
to alter the physicochemical properties of the drug and thus 
effect changes in its biological disposition. Unlike macromolec- 
ular complexes, drug—small molecule complexes are capable of 
being absorbed. They usually have very small association con- 
stants, however, which means that most of the drug is free. 
This nullifies any advantage gained from alteration of proper- 
ties upon complex formation. If the drug molecule is large 
relative to the complexing agent, the association constant will 
be greater and the complex more stable. This is the approach 
that has been taken commercially with polypeptide hormones 
such as adrenocorticotropic hormone (ACTH) and insulin and 
with vitamins such as cyanocobalamin (vitamin B12). The 
ACTH product, Acthar Gel HP (Arcum) consists of an ACTH— 
zinc tannate complex suspended in a gelatin solution. Tannic 
acid acts as the complexing agent, and gelatin inhibits protein 
binding of ACTH. With this product, the sustained effect is due 
to, among other things, a reduction in solubility of the parent 
drug upon complex formation and not dissociation. In this 
respect they are much like aqueous suspensions. 

AQUEOUS SUSPENSIONS—The rate-limiting step in 
drug release from an aqueous suspension is dissolution, as 
given by the Noyes-Whitney equation (Kq 32). The para- 
meters influencing dissolution rate were shown to be surface 
area (ie, particle size), diffusion coefficient, and saturation sol- 
ubility of the drug. Variation in these parameters for an intra- 
muscular injection is limited by the constraints of stability, 
occlusion of needles, pain upon injection, minimum effective 
concentration, and other factors. For example, one common 
approach to decrease dissolution rate is to decrease total sur- 
face area by increasing particle size. This generally extends the 
duration of action of the drug, as illustrated by the data in 
Table 47-71". However, increasing the particle size causes an 
increase in sedimentation rate, as indicated by Stoke’s law, 
resulting in an unstable suspension. In addition, for some 
drugs there is an upper limit on particle size beyond which 
therapeutic levels are not attained even though sustained re- 
lease is achieved. Another approach to decrease dissolution 


Table 47-7. Effect of Particle Size of Penicillin G 
Procaine in Aqueous Suspensions on the Drug Blood 
Levels in Rabbits? 


AVERAGE DRUG BLOOD LEVEL (hr) 


PARTICLE SIZE° (um) 1 4 24 28 48 72 
150-250 WESH 1.29 0.82 0.86 0.31 0.12 
105-150 1.24 1.50 0.76 0.28 0.16 0.01 
58-105 1.54 1.44 0.47 0.25 0.12 = 
35-38 1.64 (e>il 0.62 0.33 0.15 = 
<35 2.40 2.36 0.33 0.16 0.07 = 
12 2.14 2.22 0.06 0.02 — — 


* Compiled from data by Buckwalter and Dickinson."4 
Each aqueous suspension contains 300,000 units/mL of penicillin G procaine 
with the specified particle-size range. 


rate is to decrease the diffusion coefficient by increasing the 
viscosity of the suspension. For example, injectable nalbu- 
phine HCl suspension containing methylcellulose was found 
to have prolonged action in dogs compared with a true solu- 
tion.'® Recall that the diffusion coefficient is related in- 
versely to viscosity by the Stokes-Einstein relation. An in- 
crease in viscosity causes a decrease in sedimentation rate 
(again by Stoke’s law), thus countering the effect of in- 
creased particle size. By appropriately varying viscosity and 
particle size, a stable suspension that offers sustained re- 
lease resulting in therapeutic drug blood levels can be pro- 
duced. 

Probably the most common approach to decrease dissolution 
rate is to decrease the saturation-solubility of the drug. This is 
accomplished through the formation of less-soluble salts or 
prodrug derivatives or by employing polymorphic crystal forms. 
A typical example of decreasing dissolution rate through salt 
formation is provided by penicillin G procaine, a sparingly 
soluble form of penicillin G. Other examples of marketed aque- 
ous suspensions based upon use of less-soluble salts or deriv- 
atives of the parent drug are contained in Table 47-8. 

Solubility varies with polymorphic form because different 
arrangements of molecules in the solid state give rise to differ- 
ent lattice energies. An example of extending duration of action 
by use of a crystalline polymorph is insulin zine suspension. 
Insulin normally is administered subcutaneously; it is included 
here merely to illustrate the principle. Insulin precipitates as 
an insoluble complex in the presence of zine chloride, and 
depending on the pH, either an amorphous or a crystalline form 
results. The crystalline form is less soluble than the amorphous 
form and will result in a longer duration of action than the 
amorphous form. The two forms can be mixed in various pro- 
portions to generate products offering a wide spectrum of du- 
ration of action. A list of these products and their reported 
durations of action is shown in Table 47-9. 

OIL_SOLUTIONS AND OIL SUSPENSIONS—In the 
case of oil solutions, the release rate of a drug is determined by 
partitioning the drug out of the oil into the surrounding aque- 
ous medium. The partitioning phenomenon is an equilibrium 
process described by the apparent oil/water partition coefficient 
given in Equation 15. Only that fractional concentration of 
drug in the aqueous phase, f, is available for absorption: 


Table 47-8. Aqueous Suspensions 


PRODUCTS ACTIVE INGREDIENT(S) MANUFACTURER 
Crysticillin AS Penicillin G procaine Apothecon 
Wycillin Penicillin G procaine Wyeth-Ayerst 
Depo-Provera Medroxyprogesterone acetate Upjohn 
Depo-Medro Methylprednisolone acetate Upjohn 
Aristospan Triamcinolone hexacetonide Lederle 
Celeston Soluspan Betamethasone sodium Schering 


phosphate, betamethasone 
acetate 
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Table 47-9. Commercial Insulin Zinc Suspensions 
and Their Reported Durations of Actions? 


SE 
DURATION OF ACTION 


PRODUCT MANUFACTURER (hr) 
Semilente lletin | Lilly 12-16 
Lente lletin | Lilly 24 
Ultralente Iletin | Lilly >36 


* Compiled from Physician’s Desk Reference, 48th ed. Oradell, NJ: Medical 
Economics, 1994. 


eae ar)/ lisaKes) (41) 


where K is the apparent oil/water partition coefficient and a is 
the ratio V,/V,,, the volume of the oil phase to that of the 
aqueous phase. This equation indicates that the fraction of 
drug that is available for absorption is controlled by the parti- 
tion coefficient and the ratio of the volumes of the two phases 
(a) and that it remains constant so long as a is constant. Since 
V,, is a physiological parameter, it usually is constant, and 
therefore the value of a is determined solely by the volume of 
solution injected, V). The rate of drug absorption is described 


by an equation analogous to Equation 40: 
dC/dt =k,fD, (42) 


where D, is the total drug concentration in both phases. The 
success of an oil solution in achieving controlled release de- 
pends on the magnitude of K, which is a function of the drug 
involved and the oil selected. Only those drugs that are appre- 
ciably oil-soluble and have the desired partition characteristics 
are suitable. Some oils that may be used for intramuscular 
injection are sesame, olive, arachnis, maize, almond, cotton- 
seed, and castor oil. Table 47-10 contains a partial listing of 
marketed oil-solution products. 

Drug release from oil suspensions combines the principles 
involved in aqueous suspensions and oil solutions. With the 
suspended particles acting as a drug reservoir, the drug parti- 
cles first must dissolve in the oil phase and then partition into 
the aqueous medium. The concentration of drug in the oil phase 
remains close to its equilibrium solubility, since excess solid is 
present, unlike an oil solution, but this has no bearing on the 
fractional concentration in the aqueous phase, as shown in 
Equation 41. As expected, the duration of action obtained from 
oil suspensions is longer than that from oil solutions. A list 
of some marketed oil-suspension products is shown in Table 
47-11. 

EMULSIONS—In the case where dissolved drug makes up 
the entire oil phase in an O/W emulsion, Higuchi'? showed that 
the release rate at steady state can be described by 


rate = 47(a$+2DACt/d)!”DAC (43) 


where a, is the initial radius of the droplet, D is the diffusion 
coefficient, AC is the concentration difference between the sur- 


Table 47-10. Oil Solutions 


PRODUCT ACTIVE INGREDIENT(S) MANUFACTURER 

Prolixin Enanthate Fluphenazine enanthate Apothecon 
in sesame oil 

Prolixin Decanoate Fluphenazine decanoate Apothecon 
in sesame oil 

Deca-Durabolin Nandrolone decanoate in Organon 
sesame oil 

Depo-Testosterone Testosterone cypionate in Upjohn 
cottonseed oil 

Ditate-DS Testosterone enanthate, Savage 
estradiol valerate in 
sesame oil 

Delatestry| Testosterone enanthate in Gynex 
sesame oil 


916 CHAPTER 47 


Table 47-11. Oil Suspensions 
PRODUCT 


ACTIVE INGREDIENT(S) MANUFACTURER 


Solganal Aurothioglucose in sesame oil Schering 


face of the droplet and the bulk phase, d is the density of the 
solute, and ¢ is time. In the case in which the solute makes up 
only part of the oil phase, appropriate corrections for the dis- 
tribution coefficient of solute between oil and water phases and 
partial molal volume of the solute in the droplet must be made. 

The release rate from W/O emulsions has been treated by 
Windheuser et al.”° The W/O emulsion is viewed as a uniform 
dispersion of water droplets containing the drug throughout an 
external oil phase. Figure 47-11 depicts a simplified model of 
the system. Drug release is assumed to proceed via diffusion 
through the external phase rather than by breaking of the 
emulsion, and the body fluid acts as a perfect sink. The rate of 
disappearance of drug from the aqueous phase, dC/dt, is de- 
scribed by 


dC/dt = —kC,e™ (44) 


where C;, is the initial concentration in the aqueous phase and 
k is the rate constant of disappearance of drug from the aque- 
ous phase. The constant k is given by 


k = ADK/V1 (45) 


where A is surface area of the droplet, D is the diffusion 
coefficient of the drug, K is the partition coefficient of the drug 
between oil and water, V is the volume of the aqueous phase, 
and / is the effective thickness of the oil phase. For a given 
drug, a fast rate of release is favored by a large K, small 
droplets (ie, large A for a fixed V), and a phase-volume ratio 
favoring the oil phase. 

If the body fluid is not a perfect sink, an estimate of the 
fraction of drug in the body fluid can be made using arguments 
analogous to those for the oil-solution case. Making several 
simplifying assumptions, an equation identical to Equation 41 
is obtained. Based on this argument alone, no apparent advan- 
tage is gained by administering a W/O emulsion rather than an 
oil solution as far as controlled release is concerned. Similar 
results can be obtained for drug release from O/W emulsions. 
The development of multiple emulsions for sustained release 
has gained more attention,”° although they are more complex 
than their two-phase counterparts from the standpoint of for- 
mulation, stability, and drug release. Magnetic emulsions also 
have been tried as a drug carrier for chemotherapeutic 
agents.”! 


fo - 
/ implants 


Application of biocompatible polymers to the construction of 
implantable therapeutic systems for achieving better control 
over the duration of drug activity and precision of dosing actu- 
ally started with the discovery of the silicone elastomer. The 
rate of drug release was found to be controlled by the thickness 
and surface area of the membrane as well as polarity of the 
penetrant. Toward the end of the 1960s, a concentrated effort 
was made to expand the silicone elastomer-based implantable 
therapeutic system technology to other biocompatible poly- 
mers, in an attempt to control the release of water-soluble 
molecules. Some of these systems include a microporous mem- 
brane made from an ethylene/vinyl acetate copolymer for the 
ocular delivery of pilocarpine, a biodegradable (lactic/glycolic) 
copolymer for subcutaneous and intramuscular controlled ad- 
ministration of narcotic antagonists, a bioerodible polysaccha- 
ride polymer for the delivery of anti-inflammatory steroids, 
hydrogel for the subcutaneous controlled administration of 
estrus-synchronizing agents, or implantable therapeutic sys- 


tems activated by osmotic pressure, vapor pressure, magne- 
tism, etc. 

Norplant (Wyeth-Ayerst) is a commercially available im- 
plant system. The Norplant-system kit contains levonorgestrel 
implants, made of silastic (dimethylsiloxane/methylviny] silox- 
ane copolymer). The capsules are sealed with silastic adhesive 
and sterilized. The Norplant system is inserted in a superficial 
plane beneath the skin of the upper arm. The Norplant system 
is indicated for the prevention of pregnancy for as long as 5 yr 
and is a reversible contraceptive system. The capsules may be 
removed at the end of the 5th yr. New capsules may be inserted 
at that time if continuing contraceptive protection is desired. 

_CONTROLLED DRUG_RELEASE BY DIFFUSION—In 
membrane permeation-type controlled drug delivery, the drug 
is encapsulated within a compartment that is enclosed by a 
rate-limiting polymeric membrane. The drug reservoir may 
contain either drug particles or a dispersion (or a solution) of 
solid drug in a liquid- or solid-type dispersing medium. The 
polymeric membrane may be fabricated from a homogeneous or 
a heterogeneous nonporous polymeric material or a micro- 
porous or semipermeable membrane. The encapsulation of the 
drug reservoir inside the polymeric membrane may be accom- 
plished by molding, encapsulation, microencapsulation, or 
other techniques. 

The drug release (dQ/dt) from this type of implantable ther- 
apeutic systems should be constant and defined by 


dQ/dt = C,(1/P,, + 1/P4) (46) 


where C, is the drug concentration in the reservoir compart- 
ment and P,,, and P, are the permeability coefficients of the 
rate-controlling membrane and of the hydrodynamic diffusion 
layer existing on the surface of the membrane, respectively. P,,, 


and P,, are defined as 
Fr = BG Di) Om (47) 
ea = (KoimD ad) 1 8a (48) 


where K,,,,. and K,,,, are the partition coefficients for the in- 
terfacial partitioning of drug molecules from the reservoir to 
the membrane and from the membrane to the aqueous diffu- 
sion layer, respectively. D,,, and D, are the diffusion coefficients 
in the membrane and in the aqueous diffusion layer, respec- 
tively, and 6,, and 5, are the thickness of the membrane and of 
the aqueous diffusion layer, respectively. 

Substituting Equation 47 and Equation 48 for P,,, and P, in 
Equation 46 and then integrating gives 


Q/t = (Bn KaimDaDmICRWKnjrDm8a) + KatmDa* 8m)l (49) 


that defines the rate of drug release at the steady-state from a 
membrane permeation-type controlled drug-delivery device. 
Examples of this type of implantable therapeutic system are 
Progestasert IUD and Ocusert system.” 

In matrix diffusion-type controlled drug delivery, the drug 
reservoir is formed by the homogeneous dispersion of drug 
particles throughout a lipophilic or hydrophilic polymer matrix. 
The dispersion of drug particles in the polymer matrix may be 
accomplished by blending the drug with a viscous liquid poly- 
mer or a semisolid polymer at room temperature, followed by 
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Figure 47-11. Schematic of drug release from ion-exchange resin. 


cross-linking of the polymer or by mixing drug particles with a 
melted polymer at an elevated temperature. Dispersion also 
can be achieved by dissolving the drug particles and/or the 
polymer in an organic solvent followed by mixing and evapora- 
tion of the solvent in a mold at an elevated temperature or 
under vacuum. 

The rate of drug release from this type of delivery device is 
not constant and is defined by 


dQ/dt = ((AC,D,)/2t}!” (50) 


where A is the initial drug loading dose dispersed in the poly- 
mer matrix and C,, and D,, are the solubility and diffusivity of 
the drug molecules in the polymer, respectively. Integration of 
Equation 50 gives 


Q/t!? = (2AC,D,)” (51) 


that defines the flux of drug release at steady state from a 
matrix diffusion-type drug-delivery device. Examples of this 
type of implantable therapeutic system are the contraceptive 
vaginal ring?*® and Compudose implant.?* 

In microreservoir dissolution-controlled drug delivery, the 
drug reservoir, which is a suspension of drug particles in an 
aqueous solution of a water-miscible polymer, forms a homoge- 
neous dispersion of a multitude of discrete, unleachable, micro- 
scopic drug reservoirs in a polymer matrix. The microdisper- 
sion may be generated by a high-energy-dispersing technique. 
Release of the drug from this type of drug-delivery device 
follows either an interfacial partition or a matrix diffusion- 
controlled process. An example of this type of drug-delivery 
device is the Syncro-Mate-C Implant.” 


CONTROLLED. DRUG RELEASE BY EROSION OF 


POLYMERS?” In this system, the drug is dispersed through- 

out the polymer, and the rate of drug release depends on the 
rate of erosion of polymer. However, some diffusion of the drug 
from the polymer may also occur. The degradation of polymer 
in vivo makes long-term accumulation impossible, and so sur- 
gical removal is not needed. However, the surface area over 
which drug release occurs changes as a function of time, and 
this makes zero-order release impossible. 

CONTROLLED DRUG RELEASE BY SWELLING OF 
POLYMERS” 3?5_In these systems, drug is dispersed through- 
out the polymer and is unable to diffuse out of the polymer 
matrix. In vivo, biological fluid diffuses into the matrix and 
causes it to swell at a controlled rate. This swelling releases the 
drug entrapped inside the polymer at a predictable rate. 

CONTROLLED DRUG RELEASE BY ACTIVATION—In 
osmotic pressure-activated drug delivery, the drug reservoir is 
contained within a semipermeable housing. The drug is re- 
leased in solution form at a controlled, constant rate under an 
osmotic pressure gradient. An example of this type of drug- 
delivery device is the Alzet osmotic pump. 

Infusaid is an example of an implantable infusion pump 
using vapor pressure activation theory, in which the vapor 
chamber contains a fluid that vaporizes at body temperature 
and creates a vapor pressure. Under the vapor pressure cre- 
ated, a bellows moves upward and forces the drug to be re- 
leased. Implantable drug-delivery devices also can be activated 
by magnetism, ultrasound, or hydrolysis. 

Implants typically are placed subcutaneously to control 
drug release via various mechanisms. Both nonbiodegradable 
polymers, such as silicone elastomer (polydimethylsiloxane), 
and biodegradable polymers, such as poly(caprolactone), poly- 
(lactic acid), or poly(glycolic acid), can be used. An ideal im- 
plantable therapeutic system should be biostable, biocom- 
patible with minimal tissue-implant interactions, nontoxic, 
noncarcinogenic, and removable if required and should release 
drug at a constant, programmed rate for a predetermined du- 
ae of ee 
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ological fluid, drug is released slowly by diffusion. When the 
system is under the influence of an external magnetic field, the 
drug is released at a much higher rate. This is probably due to 
movement of the dispersed magnetic beads that squeeze out 
the drug through pores on the polymer surface. 


LSS EY I SED BST TP ETD LEE EET 
Transdermal delivery is an attractive route for systemic ad- 
ministration because of the accessibility of the skin as well as 
the patient acceptability. Among other things, the skin serves 
as a barrier against Soe aaa of Aa cae viruses, 
logically vital fluids. A Cuca of the - ARERR AE of | per- 
cutaneous drug absorption, sometimes referred to as transder- 
mal absorption, can be found in Chapter 44. Investigation of 
the mechanisms of transdermal drug absorption has led to new 
approaches in using this route for systemic drug delivery. The 
intensity of interest in the potential biomedical applications of 
transdermal controlled-drug administration is demonstrated in 
increasing research activity in the development of various 
types of transdermal therapeutic systems for long-term contin- 
uous infusion of therapeutic agents, including antihyperten- 
sive, antianginal, analgesic, steroidal, and contraceptive drugs. 

Several technologies have been developed to provide rate 
control over the release and the transdermal permeation of 
drugs. Some commercially available products are shown in 
Table 47-12.°° 

MEMBRANE-MODULATED SYSTEMS—In this system, 
the drug reservoir is totally encapsulated in a shallow compart- 
ment molded from a drug-impermeable backing and a rate- 
controlling polymeric membrane. The drug molecules may be 
released only through the rate-controlling polymeric mem- 
brane. The rate-limiting membrane can be a microporous or a 
nonporous polymeric membrane. On the external surface of the 
membrane, a thin layer of drug-compatible, hypoallergenic, 
adhesive polymer, eg, silicone or polyacrylate adhesive, may be 
applied to achieve intimate contact of the transdermal system 
with the skin. The rate of drug release from this type of drug- 
delivery system can be tailored by varying the polymer compo- 
sition, permeability coefficient, or thickness of the rate-limiting 
membrane and adhesive. Examples of this type of transder- 
mal therapeutic system are the nitroglycerin-releasing trans- 
dermal therapeutic system such as Transderm-Nitro (Ciba), 
scopolamine-releasing transdermal therapeutic system such as 
Transderm-Scop system (Ciba) and clonidine-releasing trans- 
dermal therapeutic system such as Catapres transdermal ther- 
apeutic system (Boehringer Ingelheim). A typical in vitro re- 
lease profile of a transdermal device is shown in Figure 47-13. 

ADHESIVE DIFFUSION-CONTROLLED SYSTEMS—In 
these systems the drug reservoir is formulated by directly 
dispersing the drug in an adhesive polymer and then spread- 
ing the medicated adhesive, by solvent casting, onto a flat 


Table 47-12. Some Examples of TDD Systems 


Reservoir-type TDD systems 
Catapress-TTS system (clonidine) 
Estraderm system (estradiol) 
Transderm-Nitro system (nitroglycerin) 
Transderm-Scop system (scopolamine) 
Adhesive-polymer dispersion-type TDD systems 
Deponite system (nitroglycerin) 
Minitran system (nitroglycerin) 
Nitro-Dur II system (nitroglycerin) 
Nonadhesive-polymer dispersion-type TDD systems 
Nitro-Dur system (nitroglycerin) 
Microreservoir-type TDD systems 
Nitrodisc system (nitroglycerin) 
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Figure 47-12. An intrauterine system. (Reproduced with permission.’) 


sheet of drug-impermeable backing membrane to form a thin 
drug-reservoir layer. On the top of the drug-reservoir layer, 
layers of nonmedicated, rate-controlling adhesive polymer 
of constant thickness are applied to produce an adhesive 
diffusion-controlled drug-delivery system. Examples of this 
type of transdermal drug-delivery system are the nitroglyc- 
erin-releasing transdermal therapeutic systems such as the 
Deponit system (Pharma-Schwartz) and isosorbide dinitrate- 
releasing transdermal therapeutic systems such as Frandol 
tape (Toaetyo). 

MATRIX DISPERSION-TYPE SYSTEMS—In these sys- 
tems, the drug reservoir is formed by homogeneously dispers- 
ing the drugs in a hydrophilic or lipophilic polymer matrix, and 
the medicated polymer then is molded into a medicated disc 
with a defined surface area and controlled thickness. The disc 
then is glued onto an occlusive baseplate in a compartment 
fabricated from a drug-impermeable backing. The adhesive 
polymer is spread along the circumference to form a strip of 
adhesive rim around the medicated disc. An example of this 
type of transdermal drug-delivery system is the nitroglycerin- 
releasing transdermal therapeutic system such as the Nitro- 
Dur system (Key). 

MICRORESERVOIR SYSTEMS—In these systems, the 
drug reservoir is formed by first suspending the drug particles 
in an aqueous solution of water-soluble polymer and then dis- 
persing it homogeneously in a lipophilic polymer by high-shear 
mechanical force to form a large number of unleachable, mi- 
croscopic spheres of drug reservoirs. This thermodynamically 
unstable dispersion is stabilized quickly by immediately cross- 
linking the polymer in situ, which produces a medicated poly- 
mer disc with a constant surface area and a fixed thickness. A 
transdermal therapeutic system is produced, in which the med- 
icated disc is positioned at the center and surrounded by an 
adhesive rim. An example of this type of therapeutic system is 
shown in Figure 47-14. 

The major limitation for development of a transdermal de- 
livery system is the extreme impermeability of the skin, espe- 
cially the stratum corneum. Some general approaches to im- 
prove penetration are shown in Table 47-13.2° Prodrugs were 
covered in the previous section. Penetration enhancers and 
iontophoresis are discussed later. Recently, liposomes have 
been used as vehicles for transdermal delivery. The lipidic 
nature (which is similar to epidermis) of liposomes enables 
them to penetrate across the skin to a greater extent than any 
other dosage forms, and this makes them an attractive system 
for transdermal delivery. Liposomes are discussed in a later 
section. 
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Figure 47-13. /n vitro release rate versus time profile for scopol- 
amine from a transdermal device. (Reproduced with permission. '*) 


this group are microcapsules, nanocapsules, macromolecular 
complexes, polymeric beads, microspheres, and liposomes. A 
nanoparticle is a particle containing dispersed drug, with a 
diameter of 200 to 500 nm. The size of a nanoparticle allows it 
to be administered intravenously via injection, unlike many 
other colloidal systems that occlude both needles and capillar- 
ies. Materials used in the preparation of nanoparticles are 
sterilizable, nontoxic, and biodegradable; examples are albu- 
min, ethylcellulose, casein, and gelatin. They usually are pre- 
pared by a process similar to the coacervation method of 
microencapsulation. 

There have been two main applications of nanoparticles: as 
carriers of medical diagnostic agents, such as radioisotopic 
technetium-99m and fluorescein isothiocyanate, and for the 
delivery of liver flukicides in veterinary medicine. Radioiso- 
topes are used to study the morphology, physiology, and blood 
flow of various organs in the body. The liver commonly is 
visualized with a technetium-99m/sulfur colloid. Preparation of 
technetium-99m gelatin nanoparticles and subsequent intrave- 
nous injection into mice revealed that they are taken up rapidly 
by the reticuloendothelial system and localized mainly in the 
liver.?’ The reticuloendothelial system consists of phagocytic 
cells designed to cleanse the bloodstream of bacteria, viruses, 
cell debris, and other unwanted foreign particles. The behavior 
of nanoparticles in vivo is the same as that exhibited by other 
colloidal systems of similar size and points to the possibility of 
using nanoparticles to target drugs to the liver and phagocytic 
cells. The use of fluorescein isothiocyanate (FITC) was aimed at 
determining the availability of surface amino groups on gelatin 
or albumin nanoparticles. Since FITC is known to bind to 
amino groups, any such binding on the surface of a nanopar- 
ticle would reveal the presence of amino groups and thus their 
possible use as binding sites for drug molecules as well. Results 
indicated that free amino groups are, indeed, present on the 
surface of the nanoparticle.”’ In addition, preliminary work 
showed that FITC-gelatin nanoparticles incubated with tumor 
cells in vitro are taken up by the tumor cells. This observation 
suggests the possible use of nanoparticles for the targeted 
delivery of anticancer agents to tumorous tissue. Nanoparticles 
as a means to circumvent the multidrug resistance of tumor 
cells due to P-glycoproteins that pump any drugs out of the 
cells is now under investigation. The exact mechanism of action 
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Table 47-13. Some Methods for Enhancing 
Transdermal Delivery’ 


Physical approach: stripping of stratum corneum, hydration of 
stratum corneum, iontophoresis, phonophoresis, thermal energy 
Chemical approach: synthesis of lipophilic analogs, delipidization 
of stratum corneum, coadministration of skin-penetration 
enhancer 

Biochemical approach: synthesis of bioconvertible prodrugs, 
coadministration of skin-metabolism inhibitors 


? Reproduced with permission.° 


is not well understood. However, some studies did show that 
nanoparticles could improve the performance of doxorubicin in 
multidrug-resistant cell lines.2* Another application of nano- 
particles is to reduce toxicity and improve therapeutic efficacy 
of drugs by controlled disposition. Drug-loaded nanoparticles 
can modify the distribution of drug and can thus reduce ran- 
dom and undesirable disposition of the drug. Doxorubicin- 
loaded nanoparticles reduce cardiac concentration and improve 
blood levels.?? 


Liposomes 


When phospholipids are dispersed gently in an aqueous me- 
dium, they swell, hydrate, and spontaneously form multilamel- 
lar, concentric, bilayer vesicles with layers of aqueous media 
separating the lipid bilayers. These systems commonly are 
referred to as multilamellar liposomes, or multilamellar vesi- 
cles (MLVs), and have diameters from 25 nm to 4 ym. Sonica- 
tion or solvent dilution of MLVs results in the formation of 
small unilamellar vesicles (SUVs) with diameters in the range 
of 300 to 500 A, containing an aqueous solution in the core. 
Liposomes bear many resemblances to cellular membranes and 
have been used for over a decade to study membrane behavior 
and membrane-mediated processes. It also is possible to use 
liposomes as carriers for drugs and macromolecules, since 
water- or lipid-soluble substances can be entrapped in the 
aqueous spaces or within the bilayer itself, respectively. More 
recent studies have been aimed at investigating the potential of 
these drug-bearing liposomes for site-specific or receptor re- 
lease of their active agent. 

Phospholipids can form a variety of structures other than 
liposomes when dispersed in water, depending on the molar 
ratio of lipid to water. At low ratios the liposome is the pre- 
ferred structure. Physical characteristics of liposomes depend 
on pH, ionic strength, and the presence of divalent cations. 
They show low permeability to ionic and polar substances, 
including many drugs, but at elevated temperatures undergo a 
phase transition that markedly alters their permeability. The 
phase transition involves a change from a closely packed, or- 
dered structure, known as the gel state, to a loosely packed, 
less-ordered structure, known as the fluid state. This occurs at 
a characteristic phase-transition temperature and results in an 
increase in permeability to ions, sugars, or drugs. In addition to 
temperature, exposure to proteins can alter the permeability of 
liposomes. Certain soluble proteins such as cytochrome-C bind, 
deform, and penetrate the bilayer, thereby causing changes in 
permeability. Cholesterol inhibits this penetration of proteins, 
apparently by packing the phospholipids more tightly; most 
liposome formulations used for drug delivery contain choles- 
terol to help form a more closely packed bilayer system during 
preparation. Serum high-density lipoproteins cause signifi- 
cant leakage in the membrane, probably because of removal of 
phospholipid. 

The ability to trap solutes varies among different types of 
liposomes. For example, MLVs are moderately efficient at trap- 
ping solutes, but SUVs are extremely inefficient. SUVs offer 
the advantage of homogeneity and reproducibility in size dis- 
tribution, however, and a compromise between size and trap- 
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ping efficiency is offered by large unilamellar vesicles (LUVs). 
These are prepared by ether evaporation and are three to four 
times more efficient in terms of trapping water-soluble drug 
but seem to be somewhat less stable than other types of vesi- 
cles. In addition to liposome characteristics, an important de- 
terminant in drug entrapment is the physicochemical proper- 
ties of the drug itself. As mentioned previously, polar drugs are 
trapped in the aqueous spaces, and nonpolar drugs bind to the 
lipid bilayer of the vesicle. Polar drugs are released when the 
bilayer is broken or by permeation, but nonpolar drugs remain 
affiliated with the bilayer unless it is disrupted by temperature 
or exposure to lipoproteins. Both types show maximum efflux 
rates at the phase-transition temperature. 

Liposomes can interact with cells by four different 
mechanisms”: 


1. Endocytosis by phagocytic cells of the reticuloendothelial system 
such as macrophages and neutrophils. 

2. Adsorption to the cell surface either by nonspecific weak hydropho- 
bic or electrostatic forces or by specific interactions with cell-surface 
components. 

3. Fusion with the plasma cell membrane by insertion of the lipid 
bilayer of the liposome into the plasma membrane, with simulta- 
neous release of liposomal content into the cytoplasm. 

4. Transfer of liposomal lipids to cellular or subcellular membranes, or 
vice versa, without any association of the liposome contents. 


It often is difficult to determine what mechanism is operative, 
and more than one may operate at the same time. 

The fate and disposition of intravenously injected liposomes 
depend on their physical properties, such as size, fluidity, and 
surface charge. They may persist in tissues for hours or days, 
depending on their composition, and half-lives in the blood 
range from minutes to several hours. Larger liposomes, such as 
MLVs and LUVs, are taken up rapidly by phagocytic cells of the 
reticuloendothelial system, but the physiology of the circula- 
tory system restrains the exit of such large species at most 
sites. They can exit only in places where large openings or 
pores exist in the capillary endothelium, such as the sinusoids 
of the liver or spleen. Thus, these organs are the predominate 
site of uptake. On the other hand, SUVs show a broader tissue 
distribution but still are highly sequestered in the liver and 
spleen. In general, this in vivo behavior limits the potential 
targeting of liposomes to only those organs and tissues acces- 
sible to their large size. These include the blood, liver, spleen, 
bone marrow, and lymphoid organs. 

Attempts to overcome the limitation on targeting of lipo- 
somes have centered around two approaches. One is the use of 
antibodies bound to the liposome surface to direct the antibody 
and its drug contents to specific antigenic receptors located on 
a particular cell-type surface. A second approach is to use 
carbohydrate determinants as recognition sites. Carbohydrate 
determinants are glycoprotein or glycolipid cell-surface compo- 
nents that play a role in cell-cell recognition, interaction, and 
adhesion. Although the precise mechanism of their action is 
still unknown, they show potential in directing liposomes to 
particular cell types by their inclusion in the liposomal mem- 
brane. A discussion of the factors influencing targeting of 
liposomes has been given by Gregoriadis et al.*! Potential 
therapeutic applications of liposomes include their use in the 
treatment of malignant tumors, lysosomal storage diseases, 
intracellular parasites, metal toxicity, and diabetes. The lipo- 
some acts as the carrier of the active agent used in treatment of 
these conditions. Most of the applications involve intravenous 
injection of the liposomal preparation, but other routes of ad- 
ministration are conceivable. For example, liposome-entrapped 
insulin may offer some degree of protection of drug from gastric 
degradation and the possibility of GI absorption by endocytosis. 

Further details of current applications of liposome- 
entrapped drugs can be found in the literature.*' 
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Resealed Erythrocytes 


When erythrocytes are suspended in a hypotonic medium, they 
swell to about one and a half times their normal size, and the 
membrane ruptures, resulting in the formation of pores with 
diameters of 200 to 500 A. The pores allow equilibration of the 
intracellular and extracellular solutions. If the ionic strength of 
the medium then is adjusted to isotonicity and the cells are 
incubated at 37°, the pores will close and cause the erythrocyte 
to “reseal.” Using this technique with a drug present in the 
extracellular solution, it is possible to entrap up to 40% of the 
drug inside the resealed erythrocyte and to use this system for 
targeted delivery via intravenous injection. The advantages of 
using resealed erythrocytes as drug carriers are that they are 
biodegradable, fully biocompatible, and nonimmunogenic; they 
exhibit flexibility in circulation time depending on their phys- 
icochemical properties; the entrapped drug is shielded from 
immunological detection; and chemical modification of drug is 
not required. 

The assessment of resealed erythrocytes for use in targeted 
delivery has been facilitated by studies on the behavior of 
normal and modified reinfused erythrocytes. In general, nor- 
mal aging erythrocytes, slightly damaged erythrocytes, and 
those coated lightly with antibodies are sequestered in the 
spleen after intravenous reinfusion, but heavily damaged or 
modified erythrocytes are removed from the circulation by the 
liver.*” This suggests that resealed erythrocytes can be tar- 
geted selectively to either the liver or spleen, depending on 
their membrane characteristics. In addition to coating with 
antibodies, removal of portions of cell-surface carbohydrates 
reduces the circulating half-life. The ability of resealed eryth- 
rocytes to deliver drug to the liver or spleen can be viewed as a 
disadvantage in that other organs and tissues are inaccessible. 
Thus, the application of this system to targeted delivery has 
been limited mainly to treatment of lysosomal storage diseases 
and metal toxicity, where the site of drug action is in the 
reticuloendothelial system. A more detailed discussion of the 
application of resealed erythrocytes has been presented by 
Thler.** 


immunologically Based Systems 


As discussed in the section pertaining to intramuscular injec- 
tions, the formation of dissociable complex of a drug with a 
macromolecule is a viable method of achieving a sustained- 
release effect. If the macromolecule used is an antibody, an 
antigen-specific targeted effect also can be achieved. In addi- 
tion to complex formation by noncovalent forces, drugs also 
may be linked covalently to antibodies, provided the activity of 
both drug and antibody is retained or the activity of drug is 
recoverable after release. 

Most studies of antibody-drug systems have employed cova- 
lent conjugation of the drug to the antibody. Chemical cross- 
linking agents are used commonly to attach a drug to an 
antibody by reacting with appropriate groups available on both 
species. Among the cross-linking agents used are carbodiimide, 
glutaraldehyde, bisazobenzidine, cyanuric chloride, diethylma- 
lonimidate, or various mixed anhydrides. The reaction should 
allow effective control of the antibody-drug conjugate size, and 
the cross-link must readily be broken by available lysosomal 
hydrolases within the receptor cell, if drug release is critical to 
activity. 

Certain specificities expressed on tumor cells, referred to as 
membrane-bound tumor-associated antigens (TAAs), may be 
exploited for the purpose of targeting antibody-drug conjugates 
directly at the malignant tumor by various parenteral routes of 
administration. Since anticancer drugs are indiscriminate to 
cell type in their action, a targeted delivery system for these 
drugs would offer a significant improvement in cancer chemo- 
therapy. A wide variety of antineoplastic drugs have been 
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conjugated to tumor-specific antibodies. Three that have re- 
ceived the most attention are chlorambucil, adriamycin, and 
methotrexate. The effectiveness of these systems depends on 
the nature of the cross-linking agent and the method of reac- 
tion. The interested reader is directed to two reviews that 
discuss the use of antibody-drug conjugates for treatment of 
tumors.?*°° 


Waves OF BIOTECHNOLOGY PRODUCTS 


There are two methods’® for the delivery of genetic materials, 
namely, viral and nonviral (pharmaceutical) approaches. Viral 
infection involves highly specific processes for targeting the 
virus to cells in the body and trafficking viral DNA into 
the nucleus. Viral gene delivery is based on replacement of 
the gene encoding viral functions by one encoding therapeutic 
functions within infectious viral particles without eliminating 
the ability of the virus to infect the target cell efficiently and 
direct gene expression. The major concern in viral gene deliv- 
ery is immunogeneity. The residual viral elements can be im- 
munogenic, cytopathic, or recombinogenic. The nonviral ap- 
proach considers the genetic materials as chemical entities or 
pharmaceutical products and makes use of particulate carriers 
in their delivery. Only the nonviral approach is discussed here. 
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Generally speaking, a nonviral gene delivery system consists of 
three elements: a gene encoding a therapeutic protein, a deliv- 
ery system that controls the location of the gene within the 
body, and a plasmid-based gene expression system that con- 
trols the function of a gene within a target cell. Basically, 
plasmid DNA, being a large, hydrophilic macromolecule 
(~3000 kDa) with a negative surface charge, shares the same 
characteristics of other charged molecules: namely, rapid clear- 
ance from the circulation, limited diffusion, inability to pene- 
trate biological membranes, etc. Specific barriers®’ for in vivo 
delivery of DNA can be identified by the 


1. Rapid degradation by nucleases. 

2. Limited distribution of DNA from the site of administration. 

3. Inability of DNA to penetrate across biological membranes. 

4. Rapid clearance from the circulation by the reticuloendothelial 

system. 

Need for effective interaction with the surface of the target cell to 

induce internalization. 

6. Destruction of DNA in the endosomal/lysosomal compartments by 
nucleases. 

7. Need to penetrate the periplasmic membrane and nuclear mem- 
brane. 
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Therefore, an efficient delivery system is necessary to circum- 
vent these barriers. 

LIPID-BASED GENE DELIVERY SYSTEMS—Lipo- 
somes—These are the most classic and traditional nonviral 
carriers in gene delivery because they are nontoxic and biode- 
gradable, and ligands or antibodies can be incorporated for 
cell-specific targeting. Liposomes are capable of protecting nu- 
clei acids from degradation by nucleases, since they are encap- 
sulated within the aqueous environment of the liposomes.*® 
pH-sensitive liposomes have been shown to enhance gene- 
delivery efficiency because they are able to fuse with lipid mem- 
branes in the acidic environment of the endosomes, thus facilitat- 
ing the endosomal release of encapsulated gene-expression 
systems into the cytoplasm of transfected cells.*? Nuclear mate- 
rials also can be complexed with cationic liposomes by charge 
interaction. Complexes with optimal activity usually contain a 


slight excess of net positive charge that is capable of efficient 
binding with the negatively charged cell surface. The complexes 
are then internalized by endocytosis. A disruption event takes 
place in endosomes and results in release of genetic materials. 
These cationic liposome-DNA complexes are highly efficient for 
delivering nuclei acids in vitro as well as in vivo.*° Proteolipo- 
somes are another class of liposomes used in gene delivery. They 
contain reconstituted viral envelope protein that can facilitate the 
cellular entry and fusion with the endosomal membranes. Never- 
theless, due to the difficulty in purification and characterization, 
they are not widely used in gene delivery.*® Generally speaking, 
liposomes are not ideal carriers for gene delivery because the 
levels of expression achieved are relatively low. Low encapsula- 
tion yield and the requirement for purification of encapsulated 
DNA also make them less attractive carriers. Besides, the encap- 
sulation procedure may alter or even degrade the structure of the 
genes. As a result, liposomes are not as popular as before as 
carriers for gene delivery.*® 

Cationic Lipids*'—These are amphiphilic molecules that 
are capable of interacting electrostatically with the negatively 
charged phosphate backbone of DNA, neutralizing the charge, 
and promoting condensation of DNA in a compact structure. 
The complexes usually are formed in combination of a neutral 
and zwitterionic colipid such as dioleoylphosphatidylethanol- 
amine (DOPE) or cholestrol (Chol). This complex is not a lipo- 
some, but rather a condensed nanoparticle formed by ionic 
interaction between the negatively charged DNA and cationic 
lipids and subsequent hydrophobic interactions between the 
lipids. The mechanism*” of gene transfer is not well under- 
stood. It is hypothesized that there is fusion of the complex with 
the plasma membrane followed by entry into the cell. It is not 
clear whether endocytosis is involved in the process. The com- 
plex is then fused with an endosome. Endosomal disruption 
induced by neutral lipids results in release of DNA into the 
cytoplasm followed by transport of DNA into the nucleus. The 
cationic lipids may enhance gene delivery in several ways®’: 


1. Protecting DNA against degradation. 
2. Modifying the size, charge, and surface characteristics of the DNA- 
containing particle to control its biodistribution and access to the 
target cell. 

Enhancing the interaction of DNA with the surface of a target cell. 
Inducing endocytosis. 

Enhancing the release of DNA from the endosome. 
Enhancing the entry of DNA into the nucleus. 
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However, the specific role played by cationic lipids in gene 
uptake by the cell is not well understood. Positively charged 
complexes may interact with serum proteins, lipoproteins, hep- 
arin, etc, which results in aggregation or premature release of 
DNA outside the target cells. This may lead to low transfection 
efficiency. In addition, cationic lipids can activate the comple- 
ment system, leading to rapid clearance by macrophages in the 
reticuloendothelial systems. Steric stabilizers*? were tried to 
overcome the problems mentioned above, but further investi- 
gation is necessary before putting these into practice. Cationic 
lipids are used currently for gene delivery in the treatment of 
cancer and cystic fibrosis.***° 

POLYMER-BASED GENE DELIVERY SYSTEMS—For- 
mulations of plasmid DNA (pDNA) with polymers such as PVP 
(polyvinylpyrrolidone) and PVA (polyvinyl alcohol) show en- 
hanced stability, retention, and dispersion of DNA. It has been 
shown that PVP derivatives*® facilitate the dispersion of pDNA 
in muscles. They also protect pDNA against degradation by 
forming hydrogen bonds followed by hydrophobic coating of 
pDNA that enhances stabilization. Moreover, the enhanced 
cellular uptake of pDNA by an unknown mechanism, probably 
through hydrophobic interaction with the cell membrane also is 
evident. 

Nonlinear polycationic polymers, dendrimers, are poly- 
amidoamine cascade polymers whose surface has a uniform 
positive charge. The dendrimer-DNA complex is a very efficient 
system in gene delivery. Another class of cationic polymers, 
polethylenimine or Chitosan, can also transfect a variety of 
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Table 47-14. Approximate Clearance Time of Applied 
Suspensions for Selected Areas of the Body’ 


RESIDENCE TIME RESIDENCE TIME WITH 


ROUTE WITHOUT BIOADHESIVE BIOADHESIVE 
Ocular (human) 1-2 min 12-15 hr 
Nasal (human) 2-60 min 6-12 hr 
Buccal (human) 2-30 min 6-10 hr 
Intestine (dog) 1-3 hr 6-10 hr 
Vaginal (human) 30-90 min 3-4 days 


* Reproduced with permission.4® 


cells in vitro. Both polymers are capable of forming complexes 
with DNA and condensing it into a compact structure. The 
positive surface charge of the polymer allows them to interact 
with the plasma membrane and then enter the target cells by 
endocytosis. These polymers also may protect the DNA from 
degradation by lysosomal enzymes. 

PEPTIDE-BASED GENE DELIVERY SYSTEMS— 
Peptide-based delivery systems are designed to improve the 
bioavailability of the therapeutic gene to the target cells. They 
are composed of three functional elements®’: 


1. A condensing function mediated by a cationic peptide. 

2. A receptor-binding function mediated by a peptide or glycolipid 
ligand. 

3. An endosomal release function mediated by a peptide to mimic the 
endosomal] release function of the adenoviral penton protein. 


The most commonly used peptide in gene delivery is poly-1- 
lysine (PLL), which is cationic and is able to condense genetic 
materials through ionic interaction. A variety of targeting li- 
gands such as asialoglycoprotein, transferrin, insulin, folic ac- 
ids, and carbohydrates can be conjugated to PLL to facilitate 
site-specific delivery. Endosomal release can be mediated by 
fusogenic peptides such as influenza virus hemagglutinin pep- 
tide. It was shown that incorporation of the influenza virus 
peptide in the formation results in increased transfection effi- 
ciency.*” With this ligand, the complexes are capable of inter- 
acting specifically with receptors on the cell surface, leading to 
receptor-mediated internalization. 
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Protein and Peptide Drug Delivery 
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With advances in biotechnology, many protein and peptide 
drugs can be produced relatively cheaply. However, there are a 
number of physicochemical and biological barriers associated 
with these peptides that limit their use as therapeutic agents. 
Basically, there are three barriers that account for the low 
bioavailabilities of protein and peptide drugs: 


1. Low permeability of absorbing tissue to the drug. There are two 
transport pathways for protein and peptide absorption across the 
mucosal membrane: namely, transcellular (across cells) and para- 
cellular (between cells) pathways. Proteins and peptides are 
charged molecules that cannot pass through the lipophilic plasma 
membrane easily (transcellular transport). As a result, paracellular 
transport through the tight junctions becomes a predominant mech- 
anism for protein and peptide absorption. However, proteins and 
peptides are macromolecules that are much bigger than conven- 
tional organic drug molecules. Usually, their sizes range from less 
than 600 to more than 10,000 Da. These large molecular sizes 
contribute to resistance for transport of proteins and peptides 
across mucosal tissue. In short, most proteins and peptides do not 
favorably transport across epithelial tissue. 

2. Short residence time of the dosage form at the absorption site. In 
most cases, contact time of the delivery system with the absorbing 
surface is too short to allow therapeutic levels to be maintained over 
an extended period of time. The residence times of applied solutions 
for different absorbing surfaces are given in Table 47-14.*° These 
short residence times result in incomplete absorption, ie, low bio- 
availability or failure to maintain sustained drug action. 

3. Degradation of the compounds, primarily by enzymatic reaction. 
Enzymatic degradation not only affects the fraction absorbed but 
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also the half-lives of peptides in the body. There are a number of 
excellent reviews on enzymatic barriers in protein delivery.*° °? A 
single peptide can be acted upon by more than one enzyme. Con- 
sider enkephalin® as an example. Aminopeptidases cleave the first 
amino acid from the N-terminal end. Carboxypeptidases and dipep- 
tidyl carboxylases cleave the first or second amino acid from the 
C-terminal end, respectively. To maintain stability of enkephalin, it 
is essential to inhibit or eliminate the activities of all the enzymes 
able to act on it. 


Because of the inability of protein and peptide drugs to cross 
mucosal tissues, most products can be formulated only into 
injectable forms. This is unpleasant in terms of patient accept- 
ability, patient compliance (especially to chronic therapy), and 
the requirement of highly trained personnel for administration. 
So, considerable effort has been expended in noninvasive de- 
livery of proteins. Since a short biological half-life is also a 
barrier to maintenance of peptides at therapeutic levels over an 
extended period, many pharmaceutical scientists are working 
on improving pharmacokinetic profiles of peptides by use of 
prodrugs or analogs. A detailed description of enhancement of 
peptide delivery is beyond the scope of this chapter, and so only 
fundamental aspects of protein and peptide drug delivery are 
discussed here. 

Table 47-15°" gives some general methods for enhancing 
protein delivery. Some of them are discussed later. 
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/ ff 


conventional Methods to Enhance Protein 
and Peptide Delivery _ 


a = 


_PENETRATION ENHANCERS— Penetration enhancers 
are chemical entities that facilitate the transport of coadmin- 
istered substances across biological membranes. There are a 
number of excellent reviews on this topic.°®°** The classifica- 
tion of penetration enhancers is shown in Table 47-16.°° Dif- 
ferent classes have different mechanisms of action. Basically, 
they enhance drug penetration by one or more of the following 
mechanisms: 


1. Altering membrane structure and enhancing transcellular 
transport by extracting membrane components or increas- 
ing its fluidity. 

2. Enhancing paracellular transport. 

a. Chelating calcium ions leads to opening of tight junctions. 

b. Inducing high osmotic pressure that transiently opens 
tight junctions. 

c. Introducing agents to disrupt the biochemical structure 
of tight junctions. 

3. Altering mucus structure and rheology so that the diffusion 
barrier is weakened. 

4. Modifying the physical properties of the drug-enhancer 
entity. 

5. Inhibiting enzyme activity. 


The major concern in using absorption enhancers to facilitate 
transport of peptides is their toxicity. In fact, few of them are 
approved by the FDA because of the safety issue. Although 
Mlynek and Robinson showed that proteinoids can enhance the 
penetration of human growth hormone across mucosal mem- 
brane specifically,°° most penetration enhancers act by their 
nonspecific membrane-disrupting action. This may lead to cell 
damage. Some surfactants and bile salts such as sodium dode- 
cyl sulfate and deoxycholate can alter brush border membrane 
and change intestinal permeability and intestinal secretion.®’ 
A good penetration enhancer should only inflict minimal, local- 
ized, transient, and rapidly reversible damage to the absorbing 
tissue. 
Another common problem associated with penetration en- 
hancers is irritation, especially for the nasal°° and transder- 
al? routes. However, irritation is a very complicated phe- 
nomenon that may result from the interaction among vehicle, 


penetration enhancers, buffers, etc. Also, this response is very 
subjective and varies with individuals. 

PROTEASE INHIBITORS—Since enzymatic degradation 
is a major barrier in peptide delivery, coadministration of pep- 
tides with enzyme inhibitors is a strategy to improve peptide 
delivery. Some of the proteases and their inhibitors are shown 
Invlabler47einncnce 

However, as mentioned earlier, proteins and peptides are 
subject to multiple routes of degradation. Coadministration of a 
single enzyme inhibitor does not necessarily result in improved 
bioavailability. It is necessary to have a thorough understand- 
ing of the enzymatic degradation pathway and distribution of 
the responsible enzymes before this approach can be used suc- 
cessfully in designing a delivery system for proteins and pep- 
tides. In addition, the extent of improvement of delivery with 
this approach depends largely on the relative contribution of 
enzymatic degradation to the overall barriers. If mucosal per- 
meability and/or short residence time are the major limita- 
tions, enzyme inhibitors alone may not necessarily improve the 
delivery. Protease inhibitor alone can increase the overall 
transport of intact vasopressin across rat alveolar epithelial 
cell monolayers.°! A combination of protease inhibitor and pen- 
etration enhancer may be useful in some cases.°® 


Novel Delivery Systems for Proteins 
and Peptides 


BIO(MUCO)ADHESIVES—A more detailed description of 
bioadhesion is discussed in a later section. Only those aspects 
of bioadhesion related to protein and peptide delivery are coy- 
ered here. Bioadhesives allow close contact of peptides to the 
mucous lining, while at the same time minimizing transit so 
that a high concentration gradient across the membrane can be 
maintained for extended periods of time. Moreover, localizing 
the delivery system to a small area permits penetration en- 
hancers and enzyme inhibitors to be used at lower concentra- 
tions. This may lessen toxicity and irritation. However, bioad- 
hesives are not advantageous under all circumstances. Harris 
and Robinson®* demonstrated that bioadhesives may be bene- 
ficial in enhancing peptide delivery in ocular and nasal routes 
because their major barrier is short residence time. However, 
for the buccal route, because of low mucosal permeability, 
bioadhesives can be beneficial only if they are coadministered 
with penetration enhancers. 


Table 47-15. General Methods for Enhancing 
Protein Delivery” 


Increasing absorption 
1. Use of prodrugs 
2. Chemical modification of the primary structure 
3. Incorporation into liposomes or other encapsulation 
material 
4. Coadministration with chemical enhancers 
5. Use of physical methods such as iontophoresis and 
phonophoresis 
6. Targeting to specific tissues 
Minimizing metabolism 
1. Chemical modification of the primary structure 
2. Covalent attachment to a polymer 
3. Incorporation into liposomes of other encapsulation 
material 
4. Coadministration with an enzyme inhibitor 
5. Targeting to specific tissues 
Prolonging half-life 
1. Protection with polymers, liposomes 
2. Use of bioadhesives 
3. Targeting to specific tissues 


? Reproduced with permission.>2 


Table 47-16. Classification of Penetration Enhancers’ 


1. Surfactants 
lonic 
Sodium lauryl sulfate 
Sodium laurate 
Polyoxyethylene-20-cetylether 
Laureth-9 
Sodium dodecylsulfate (SDS) 
Dioctyl sodium sulfosuccinate 
Nonionic 
Polyoxyethylene-9-lauryl ether (PLE) 
Tween 80 
Nonylphenoxypolyoxyethylene (NP-POE) 
Polysorbates 
2. Bile salts and derivatives 
Sodium glycocholate 
Sodium deoxycholate 
Sodium taurocholate 
Sodium taurodihydrofusidate (STDHF) 
Sodium glycodihydrofusidate 
3. Fatty acids and derivatives 
Oleic acid 
Caprylic acid 
Mono(di)glycerides 
Lauric acids 
Acylcholines 
Caprylic acids 
Acylcarnitines 
Sodium caprate 
4. Chelating agents 
EDTA 
Citric acid 
Salicylates 
5. Sulfoxides 
Dimethyl! sulfoxide (DMSO) 
Decylmethyl! sulfoxide 
6. Polyols 
Propylene glycol 
Polyethylene glycol 
Glycerol 
Propanediol 
7. Monohydric alcohols 
Ethanol 
2-Propanol (isopropyl! alcohol) 
8. Others (Nonsurfactants) 
Urea and its derivatives 
Unsaturated cyclic ureas 
Azone (1-dodecylazacycloheptan-2-one) (laurocapram) 
Cyclodextrin 
Enamine derivatives 
Terpenes 
Liposomes 
Acyl carnitines and cholines 


? Reproduced with permission.°> 


Some bioadhesives have inherent penetration-enhancing ef- 
fects because they are effective ion chelators. Polycarbophil and 
other polyacrylic acid-based polymers are able to chelate cal- 
cium ions in physiological buffers.°* This may lead to opening 


Table 47-17. Peptidase Inhibitors 


INHIBITOR PEPTIDASE(S) INHIBITED 

Antipain Cathepsin A, B, papain, trypsin 

Leupeptin Cathepsin B, papain, serine proteinases 
Chymostatin Chymotrypsin (and cysteine proteinases) 
Pepstatin Carboxypeptidases, pepsin, renin, cathepsin B 
Bestatin Leucine aminopeptidase, aminopeptidase B 
Amastatin Aminopeptidase A 

PHPFHLFVF Renin 


Alpha-1-antitrypsin Neutrophil elastase 


CONTROLLED-RELEASE DRUG-DELIVERY SYSTEMS 923 


tight junctions that are calcium dependent, with an associated 
increase in paracellular transport. Moreover, some bioadhe- 
sives are potential enzyme inhibitors. Polyacrylate is proposed 
to chelate bivalent cations that are essential to normal enzyme 
activity. Nevertheless, this inhibitory effect may be too weak to 
protect peptides from enzymatic degradation.® 

There are a number of limitations to using bioadhesives. As 
mentioned before, it may not be beneficial when mucosal per- 
meability and/or enzymatic degradation are major limitations 
rather than short residence time. Also, because of the contin- 
uously eroding mucosal surface and normal mucus turnover, it 
is very difficult for a bioadhesive to localize securely to an area 
for sufficient time. Eichman and Robinson® showed that effer- 
vescence may have a mucus-stripping effect, and this can po- 
tentially improve the performance of bioadhesives. 

IONTOPHORESIS—lIontophoresis, which is used mainly 
in transdermal delivery, is defined as the facilitated movement 
of ions across a membrane under the influence of an externally 
applied electrical potential difference. The mechanism of ion- 
tophoresis is based on the physical phenomenon “like charges 
repel and opposite charges attract.” Figure 47-15 gives a sche- 
matic description of the iontophoretic system.°’ When deliver- 
ing a negatively charged drug across a biological membrane, it 
is placed under the negative electrode. Repulsion of like 
charges and attraction of opposite charges pushes the drug 
across the membrane. Iontophoretically facilitated delivery of 
ionic species can be described by the following equation®*: 


sisd eepauce) Joa eye (52) 
where 


J” represents the passive skin permeation flux, given by J” = K.D,(dC/h,) 

J° represents the electrically driven skin permeation flux that is given 
by J° = (Z,D,F/RT )C; (dE/h,) 

J° represents the convective flow-driven skin permeation flux that is 
given by J° = kCJ,, where 

K, = coefficient for interfacial partition from donor solution to stratum 
corneum 

C, = donor concentration of ionic species 7 

C, = concentration in the skin tissue 

dE/h, = electric potential gradient across the skin 

dC/h, = concentration gradient across the skin 

D, = diffusivity of ionic species i in the skin 

D, = diffusivity across the skin 

I, = current density applied 

Z, = electric valence of ionic species i 

= proportionality constant 

F = Faraday constant 

T = absolute temperature 

R = gas constant. 


Because of the presence of J,, and J/,, facilitation of delivery of 
neutral molecules is also possible using iontophoresis. 

Figure 47-16°° gives a schematic representation of an ion- 
tophoretic patch. Generally speaking, an iontophoretic patch 
consists of three components: 


constant current source 


+ os 


Drug (D+, A”) Buffer ions (H+,A~ ) 


Anion (eg Cl~) Cation (eg Na*) 


Appendage (eg arm) 


Figure 47-15. Schematic representation of an iontophoretic system. 
(Reproduced with permission.°’) 
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1. An aqueous drug reservoir that is usually a biocompatible gel or 
adsorbent-pad material. Positively charged peptides are placed at 
the positive pole, while negatively charged peptides are placed at 
the negative pole. 

2. Areturn reservoir that completes the circuit. Typically, this circuit 
is a saline formulation. 

3. An electronic controller that is programmable to give a complicated 
dosing feature. 


There are two profiles of applying electric current, continuous 
and pulsatile. Some studies showed that pulsatile application 
is more efficient in facilitating peptide delivery.’° An electric 
field with direct current applied continuously to the stratum 
corneum causes electrochemical polarization, which operates 
against the applied field and results in a decrease in the mag- 
nitude of the effective current across the skin. This greatly 
decreases the efficiency of iontophoretic drug delivery. When 
the current is applied periodically (on and off), it presents an 
opportunity for the skin to depolarize during the off state. Each 
cycle starts in a state with no residual polarization that can 
improve the delivery. 

Iontophoresis carries a number of advantages. It is simple 
and noninvasive so that patient compliance and acceptance can 
be improved. Moreover; electronically controlled patches allow 
complex dosing regimens according to the individual need of 
the patients. Besides, most delivery systems are limited to 
small, nonpolar, lipophilic molecules, but iontophoresis can 
facilitate transport of charged and high-molecular-weight 
drugs. However, there is a lag time between the drug admin- 
istration and its appearance in the bloodstream. As a result, 
iontophoresis may not be useful in emergency situations. Local 
irritation and erythema are two common adverse effects of 
iontophoresis. Generally, the side effects are mild. 

_NANO(MICRO)PARTICLES—Many attempts have been 
made to improve the pharmacokinetic profiles of peptides by 
nano/microparticles. Microparticles are defined as spherical 
polymeric particles with sizes ranging from 1 to 250 wm. There 
are two subtypes of microparticles. Microcapsules are vesicular 
systems in which the drug molecules are surrounded by a 
membrane. Microspheres are matrix systems in which the drug 
molecules are dispersed throughout the particle. Nanoparticles 
are submicron (<1 ym) systems. Nanocapsules and nano- 
spheres are structurally equivalent to microcapsules and mi- 
crospheres, respectively, and only differ in size. Basically, 
nanoparticles are used mainly for parenteral administration, 
although some studies’! showed that they may also be benefi- 
cial in other routes. This work is still in its infancy. 

There are a number of methods for preparing these particles 
such as solvent evaporation, organic phase separation, interfa- 
cial polymerization, emulsion polymerization, and spray dry- 
ing. The choice of methods depends on the physicochemical 
characteristics and stability of the proteins and peptides. 

Numerous polymers’” have been used for nano(micro)par- 
ticles and most of them are biodegradable or bioerodible such 
as polyesters, polyanhydrides, polyalkyl cyanoacrylates, etc. 
Polyesters, especially poly(p,L-lactide-co-glycolide) are the most 


Drug Battery/ Return 
Reservoir Microcomputer Reservoir 
(saline) 


* Drug fons are repelled from the reservoir of similar polarity 
* Drug ions compete for current with extraneous ions 
* Drug flux is proportional to applied current 


Figure 47-16. Simplified representation of the components of an 
iontophoretic patch (reproduced with permission®’). 


common because of their biocompatibility and biodegradation 
profiles. Besides, since diffusivity of a protein or peptide is 
commonly very low, biodegradation of the polymer allows the 
release of peptides from the nano(micro)particles. Ease of prep- 
aration by solvent evaporation is another major factor. 

The possible mechanisms” for release of proteins and pep- 
tides are 


1. Liberation due to polymer erosion or degradation. 

2. Self-diffusion through pores. 

3. Release from the polymer surface. 

4. Pulsed delivery initiated by the application of an oscillating mag- 
netic or sonic field. 


Mechanism 2 is not as important as 1 because usually the 
drug-loading efficiency is low. That means the concentration 
gradient is not high enough for the drug to be released by 
passive diffusion. Mechanisms 1 and 3 are the most important 
processes. An initial burst is frequently observed because of 
solubilization of free drug near the surface that is followed by 
disintegration of the matrix. In other words, the release pat- 
tern is biphasic, with an initial high release rate followed by a 
quiescent period and then a period of significant release due to 
degradation of the polymer. Mechanism 4 has been applied to 
control the release rate of insulins. The release pattern is 
controlled by a magnetic field that alters the structure of poly- 
mer chains, resulting in increased drug release.’° 
Microcapsules can protect a peptide against enzymatic deg- 
radation and provide a constant release rate.’* Protease inhib- 
itors can be incorporated to further prolong the biological half- 
lives.’° The nano(micro)particles approach already has been 
extended to the nonparenteral route, and some early results 
are impressive. Oral administration of poly(isobutyl cyanoac- 
rylate) nanocapsules of insulin reduced hyperglycemia by 50 to 
60% in rats.’° Further investigations will be carried out on the 
possibility of using this approach for other noninvasive routes. 


NOVEL DELIVERY SYSTEMS 
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A bioadhesive can be defined as any substance that can adhere 
to a biological substrate and remain there for an extended 
period of time. If the biological substrate is mucus, then the 
bioadhesive polymer is referred to as a mucoadhesive. 

Basically, a bioadhesive is used to localize a delivery system 
to a specific area for local action or increase contact time at the 
absorption site so that bioavailability can be improved. Typical 
increases in residence time by use of bioadhesives are given in 
Table 47-14.*° Some bioadhesives have penetration-enhancing 
and enzyme-inhibitory effects that were covered in the previous 
section. 

There are a number of molecular theories of bioadhesion, ’’ 
namely, electronic, fracture, wetting, and diffusion or interpen- 
etration. A detailed description of them is beyond the scope of 
this chapter. Mucin consists of a protein backbone with pen- 
dant sugar groups at appropriate locations. Many of these 
sugar groups terminate in a sialic or sulfonic acid residue. They 
carry an anionic charge as a result of these sialic acid or 
sulfonic acid residues. Mucin can be regarded as a polyelectro- 
lyte with a high charge density holding a large amount of 
water. 

Bioadhesion can be regarded as a two-step process.‘* The 
first stage involves establishment of intimate contact that is 
governed by surface characteristics, composition of the muco- 
adhesive, mucin, and the applied force or pressure. The second 
stage involves formation of secondary bonds between the adhe- 
sive and the mucin-epithelial surfaces. Secondary bonding in- 
cludes hydrogen bonding as well as electrostatic and hydropho- 
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Figure 47-17. Schematic examples of intelligent polymer systems 
in solution, on surfaces, and as hydrogels. (Reproduced with 
permission.’?) 


bic interactions. The expanded nature of the mucin and 
polymer allows interpenetration that results in an increase in 
contact area and establishment of physical entanglement be- 
tween the mucin and the mucoadhesive polymer. Physical en- 
tanglement can strengthen the network and increase contact 
area that in turn increases the formation of secondary bonds. 
Usually, bioadhesive polymers contain a number of hydrophilic 
groups such as carboxyl, hydroxyl, amide, and sulfate. These 
groups interact with mucin or epithelial tissues primarily 
through hydrogen bonding, to a lesser extent through hydro- 
phobic and electrostatic interactions. These groups also allow 
the polymers to swell after absorbing water and thus maximize 
the number of adhesion sites. Typically, bonding of the polymer 
to the mucin is strong enough to prevent detachment, and so 
removal is mainly through mucin turnover. It is believed that 
water-insoluble polymers, with light cross-linking, is preferred 
because they are not removed from the site of application by 
dissolution. 

There are a number of limitations associated with bioadhe- 
sive polymers. First, fouling of the bioadhesive sites of the 
polymer before reaching the desired target, and secondly, a 
rapid rate of mucus turnover, making long-term adhesion im- 
possible. The concept of intelligent polymers (discussed in a 
later section) has drawn attention in recent years. These poly- 
mers can change their properties rapidly according to the en- 
vironment and may be useful in development of the next gen- 
eration of bioadhesive polymers that needs a specific targeting 
to the desired sites. 


Intelligent Polymers’? 


Intelligent polymers refers to soluble, surface-coated or cross- 
linked polymer systems that exhibit relatively large, sharp 
physical or chemical changes in response to small physical or 
chemical stimuli. Physical stimuli include temperature, elec- 
tric field, solvent, light, stress, sound, and magnetic field. 
Chemical or biochemical stimuli include reactants, pH, ions, 
and recognition. These stimuli may cause changes in phase, 
shape and volume, optical transmission, mechanics, electrical 
signals, surface energies, reaction rates, permeation rates, and 
recognition processes of the polymers. Figure 47-17’? shows 
some examples of the change of features of the polymers in 
response to stimuli. 
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Within the class of intelligent polymers, pH sensitive and 
temperature-sensitive hydrogels are the most extensively stud- 
ied in the field of drug delivery. The use of pH-sensitive hydro- 
gels in the delivery of insulin is discussed in a later section, and 
only the potential application of temperature-sensitive poly- 
mers is discussed here. 

Some polymers exhibit phase separation when the temper- 
ature is raised to a critical value called the lower critical solu- 
tion temperature (LCST). This process is entropy-driven and 
involves the release of structured, bound water from hydropho- 
bic groups along the polymer backbone as these groups interact 
with each other at phase separation. LCST hydrogels can re- 
lease drugs in four different ways®° (see Fig 47-18). 


1. Release of a drug from a swollen LCST gel at T < LCST when it is 
placed in an aqueous medium at T < LCST. The drug release is 
based on Fickian diffusion, since the gel does not pass through its 
LCST. This type does not provide any advantage over other con- 
ventional hydrogels. 

2. Release of a drug from a swollen LCST gel at T > LCST when it is 
placed in an aqueous medium T > LCST. In this case, the gel 
delivers the drug because the gel collapses on warming through its 
LCST. Initially, the temperature gradient across the gel causes a 
burst of surface drug, with formation of a skin and buildup of 
hydrostatic pressure inside the gel. This pressure will squeeze the 
fluid containing the drug, since a collapsing or desorbing poly- 
mer gel matrix/swollen gel front moves rapidly into the interior of 
the gel. 

3. Release of a drug from a dry or desolvated LCST gel when it is 
placed in an aqueous medium at T > LCST. The gel should not swell 
or deswell significantly because of the initial dry or desolvated 
state. As a result, Fickian diffusion becomes the predominant mech- 
anism for drug release. 

4. Release of a drug from a dry or desolvated LCST gel when it is 
placed in an aqueous medium at T < LCST. The drug is delivered, 
since a swelling front moves into dry or desolvated LCST hydrogel 
at a temperature below its LCST. 


There are two different consequences associated with LCST 
hydrogel when the temperature is raised to the LCST. In some 
cases, increased temperature over the LCST hinders delivery of 
the drug because of formation of a dense skin layer. The poly- 
mer surface may shrink before the bulk material and cause an 
initial burst effect followed by slowing of drug release.*! This 
may be advantageous in sustaining drug action, since the hy- 
drogel has adhesive properties and can be retained at the 
absorption site for extended periods of time. Moreover, slowing 
of drug release, because of the dense skin layer, provides a 
sustained release property. On the other hand, an increase in 
temperature over the LCST can lead to increased delivery. In 
this case, the drug is squeezed out of the gel with shrinking, 
and the release rate is accelerated. This system has potential 
application in the control of inflammatory or hyperpyretic re- 
actions. These situations are usually associated with an in- 
crease in body temperature. When the temperature is over the 
LSCT, the increased delivery of the anti-inflammatory from the 
gel can maintain the body temperature at a normal value. 

The combined pH- and temperature-sensitive polymers can 
be synthesized by grafting temperature-sensitive side chains 
onto a pH-sensitive backbone.*” This polymer shows marked 
solubility changes in water in response to temperature and/or 
pH changes. The potential application of this polymer in drug 
delivery is still under investigation.** 


Block Copolymer Micelles 


Microparticles have been investigated as carriers for drug tar- 
geting. However, their short half-lives caused by recognition 
and rapid clearance by the reticuloendothelial system (RES) 
result in limited success. Recently, nanoparticles have gained 
considerable attention as potential carriers because of their 
evasion of the RES. Block copolymer micelles** are one of the 
newest carriers currently under investigation. 


926 CHAPTER 47 
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IN DRUG DELIVERY 
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GEL 
Figure 47-18. Processes that may result in release 
of the drugs from LCST hydrogels. (Reproduced 
with permission.®°) 


Copolymers are polymers composed of several different mo- 
nomeric units. There are four types of copolymers, based on 
monomer placement: random copolymers, alternating copoly- 
mers, graft copolymers, and block copolymers (Fig 47-19A). 
Block copolymers are defined as polymers composed of termi- 
nally connected structures. Block copolymers are subdivided 
into three types, AB-type, ABA type, and (AB), multisegments 
that are shown in Figure 19B.°* 

AB-type copolymers are the most appropriate candidates for 
the formation of polymeric micelle drug carriers in terms of 
size, aggregation number, and micelle stability. Usually, the 
AB-type block copolymers are composed of both hydrophilic and 
hydrophobic components, and this allows the polymers to self- 


Figure 47-19A. Classification of copolymers 
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Figure 47-19B. Classification of block polymers 
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assemble as micelles in an aqueous media with hydrophobic 
cores and highly hydrated outer shells. Lipophilic drugs can be 
incorporated into the hydrophobic core by covalent or noncova- 
lent interaction. The structure of polymeric micelles is shown 
in Figure 47-20.°* The polymeric micelle has a diameter of 
about 20 to 50 nm. This size is very important in escaping 
clearance from the RES because it is believed that RES recog- 
nition and elimination is lower for particles under 100 nm. 
Besides, there is less renal excretion of the polymeric micelle 
than of the single-polymer chains because their larger diameter 
exceeds the critical size for renal excretion.®° 

There are other advantages associated with polymeric mi- 
celles.°° Unlike random polymers, functions can be distinctly 
designed for each monomeric segment that forms a domain in 
block copolymer micelles. The features of each monomeric seg- 
ment can be modified without affecting the others because of 
separation and the absence of other monomeric units. Besides, 
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Bites 47-20. Design of micelle-forming polymeric drug. (Repro- 


duced with permission.®*) 


well soluble segment poorly solubles segment 


single polymer chain 


micelle 


Figure 47-21. Equilibrium between monomer and micelle. (Repro- 
duced with permission.**) 


there is no long-term accumulation of the carriers in the body. 
The polymeric micelles are in equilibrium with the single poly- 
meric chains (Fig 47-21°*). While polymeric micelles are re- 
tained in the body for an extended period of time, the single 
polymeric chains can be eliminated by renal excretion. In ad- 
dition, by incorporation into their hydrophobic cores, lipophilic 
drugs can be solubilized easily, and their degradation can be 
suppressed because of minimal contact with water and en- 
zymes. Moreover, the release rate of a drug is controlled mainly 
by the stability of the micelle, micelle core hydrophobicity, and 
the spacer groups used in binding the drugs to the polymer 
backbones. In other words, a drug-independent delivery system 
can be designed with its release rate or pattern dictated by the 
carrier. Furthermore, polymeric micelles can be sterilized by 
simple filtration, with no need of aseptic technique. 

The most important features of polymeric micelles are their 
abilities to enhance efficacy and reduce toxicity. Administra- 
tion of adriamycin-conjugated poly(ethylene oxide)—poly(aspar- 
tic acid) block copolymer (PEO/PASP(ADR)) micelles increased 
median lifespan over that of controls by 10 times and gave 
better survival than free adriamycin in mice with P388 leuke- 
mia cells. This may be attributed to the long circulation half- 
life in the blood because of reduced clearance by the RES. 
Reduced toxicity also was observed in the mice that had in- 
creased in body weight in contrast to the reduced body weight 
with free adriamycin.*’ The lower toxicity may reflect preven- 
tion of unwanted disposition by micelle formation that is stable 
even in the blood compartment and the absence of long-term 
accumulation of single-polymer chains. 

In short, anticancer block-copolymer micelles can increase 
the efficacy and reduce toxicity by maintaining a stable micel- 
lar structure in the blood compartment. The drug is released at 
a predetermined rate dictated by the micelles (eg, micellar 
stability) rather than the drug itself. 
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Figure 47-22. Lectin-glycosylated insulin-controlled device. (Repro- 
duced with permission.°®?) 
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4 Self-Regulated Delivery Systems®® 
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al system is one that can deliver the drug at a rate 
according to the needs of the body. In other words, a biosensor 
is used to dictate the release rate. So far, most studies about 
self-regulated or feedback-control delivery systems have con- 
centrated on release of insulin in response to changes in glu- 
cose concentration, because the current therapeutic regimen, 
periodic injections, cannot accurately mimic the in vivo release 
pattern of insulin. This may lead to failure of maintenance of 
euglycaemia or fatal hypoglycemia. Moreover, frequent injec- 
tions may result in compliance problems. 

Self-regulated delivery systems can be divided into two 
types: modulated devices and triggered devices. Modulated de- 
vices release the drug continuously at a rate controlled by the 
concentration of an external stimulus. Triggered devices do not 
have a basal drug release. The drug is only released when the 
system is activated by a stimulus. 


Modulated Devices 


LECTIN-GLYCOSYLATED INSULIN-CONTROLLED 
DEVICE—This system is based on competitive binding be- 
tween glycosylated insulin and glucose to a saccharide-binding 
substrate, concanavalin A (Con-A). Initially, the glycosylated 
insulin is complexed with Con-A. It can be displaced from the 
complex in direct proportion to glucose levels. This can form a 
delivery system for insulin. However, because of the toxicity of 
Con-A, it has to be surrounded by a membrane that only allows 
free diffusion of insulin and glucose, not Con-A. Moreover, 
because of the delayed off response that may lead to hypogly- 
cemia, microspheres®” are introduced, and this can speed up 
the response process because their large surface area allows 
rapid diffusion of insulin and glucose. Figure 47-22°° shows the 
schematic representation of this system. 

GLUCOSE-SENSITIVE POLYMERS—Some hydrogels 
such as copolymers of acrylamide and allyl glucose can undergo 
a phase transition in response to glucose concentration.?? At 
physiological pH, Con-A exists as a tetramer with four binding 
sites for glucose. The glucose-containing polymer chains are 
physically cross-linked by Con-A to form a gel. Free glucose can 
compete with polymer-bound glucose for the binding sites on 
Con-A. This competitive binding may result in loosening the 
network structure and transformation from a gel to a sol. This 
transition can control the release rate of insulin according to 
free glucose concentration and can be a potential delivery sys- 
tem for insulin. 

pH-SENSITIVE MEMBRANE/BIOERODIBLE POLY- 
MERS—pH-sensitive polymeric membranes such as hydroxy- 
ethyl methacrylate, dimethylaminoethyl methacrylate, etc.?' 
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Figure 47-23. Hapten-antibody device. (Reproduced with permis- 
sion.°“) 


928 CHAPTER 47 
Far eo iGileye i ome 
" fe HzO OH 
M << ——> 
‘ac : yo fast a 
M 
Chel Chel 7 Xo-0 
| My —> Excretion 
Chel 7 


Figure 47-24. Chelation-enhanced hydrolysis device. (Reproduced 
with permission.?“) 


involve controlled delivery of insulin from a reservoir contain- 
ing a saturated solution of insulin. The membrane consists of a 
hydrogel polymer with a pendant amine group entrapped with 
glucose oxidase. In the presence of glucose, the following reac- 
tion can take place: 
Glucose + H,O + O, — Gluconate + H,O + H* (53) 

The hydrogen ions decrease the pH and lead to protonation of 
the amine groups. The cationically-charged amine groups repel 
each other, which results in increased swelling. The permeabil- 
ity of the membrane to insulin is controlled by the insulin level. 

A pH-sensitive bioerodible polymer such as_poly(ortho- 
ester)”” is based on the same principle as a pH-sensitive poly- 
mer. Insulin is trapped in the polymer matrix rather than 
surrounded by a membrane. Protonation of the amine group, 
triggered by the glucose/glucose oxidase reaction, results in an 
increase in erosion, with concomitant release of insulin. 

SOLUBILITY-CONTROLLED DEVICES—tThe solubil- 
ity of trilysyl insulin is a function of pH.®°® There is a large 
change in its solubility between pH 5 and 7. The glucose/ 
glucose oxidase reaction can alter the pH of the local environ- 
ment, which leads to increased solubility and dissolution rate. 
This forms a basis for the self-regulated delivery of insulin. 


Triggered Devices 


HAPTEN-ANTIBODY INTERACTIONS—tThis system 
involves displacement of antibodies by haptens (biosensors).°* 
The drug is enclosed in a membrane that bears haptens with 
antibodies that can interact with them (Fig 47-23°%). The an- 
tibodies prevent access of esterases to the polymer and prevent 
enzyme-induced polymer erosion and concomitant release of 
the drug. Drug release is then activated by displacement of 
external haptens caused by erosion of the polymer. 

CHELATION-ENHANCED HYDROLYSIS—Metal ions 
can accelerate hydrolysis of carboxylic esters, phosphate esters, 
and amides. This enhancement results from complexation of 
the metal to the ester carbonyl group (Fig 47-24°°). The release 
rate of the chelating agent depends on the concentration of 
target metal, so this system may be useful in delivering che- 
lating agents. 
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The Introduction of New Drugs 
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When discussing the introduction of new drugs into humans in 
the US, it is useful to consider separately the two interpreta- 
tions of the phrase. The first phase of the introduction of new 
drugs to humans can be considered to be that in which humans 
are exposed to drugs that have not been approved for market- 
ing. This phase begins with the introduction of a new drug to 
humans for the first time and continues until sufficient infor- 
mation is gathered for the drug to enter the second natural 
phase, which occurs when the drug is approved for marketing. 
In the first phase, human exposure is relatively limited (ap- 
proximately several hundred to several thousand patients, de- 
pending upon the drug, condition under treatment, etc), while 
in the second, exposure can be in the millions at any given time 
for certain drugs. The Federal Food, Drug, and Cosmetic Act 
(FD&C Act) of 1938, as amended, provides the primary statutory 
basis for the regulation of both phases of new-drug introduction in 
the United States by the Food and Drug Administration (FDA or 
the Agency). It is worthwhile to consider each of these phases 
separately, since the legal, regulatory, and scientific issues in- 
volved are considerably different. 

Since 1962, when the US Congress passed into law the 
Kefauver-Harris amendments to the FD&C Act of 1938, per- 
sons wishing to administer an unapproved drug product to 
humans in this country must apply to the FDA for permission. 
This application takes the form of an Investigational New Drug 
Application (IND). While the regulations governing research 
with investigational drugs are written primarily to regulate 
research done by the pharmaceutical industry (ie, entities 
whose ultimate goal is to bring new treatments to market), the 
law applies equally to individuals who wish to administer un- 
approved drugs to people, but who have no intention of devel- 
oping these treatments for marketing. 

While the Kefauver-Harris amendments to the statute re- 
quire that the FDA regulate research with unapproved new 
drugs (in addition to several other critical aspects of domestic 
drug regulation discussed later), the regulations promulgated 
to administer this part of the law appear at Title 21 of the Code 
of Federal Regulations, Part 312 (21 CFR 312). Here, one finds 
the relatively detailed criteria sponsors of INDs must meet 
during the various phases of drug development. While the 
regulations are necessarily broad (so that the various clinical 
settings may be appropriately addressed with the required 
flexibility), the regulations do set out the legal standards that 
must be met if research with investigational drugs is to be 
permitted. Depending upon the nature of the proposed human 
exposure, the requirements that investigators must meet be- 
fore permission is granted will differ. 

In a discussion of the introduction of new drugs, it is useful 
to take a detailed look at the various stages of drug develop- 
ment pharmaceutical sponsors ordinarily follow under an IND 
and the requirements imposed at these various stages; it also is 
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worth mentioning how the rules are changed, if at all, for 
individuals who wish to perform small studies with investiga- 
tional drugs but who have no interest in developing drugs for 
marketing. In addition, it is useful to shed light on the process 
the Agency employs in reviewing an IND Application. Later in 
this chapter, we describe the requirements for approval, and 
the process involved in the review, of a New Drug Applica- 
tion (NDA). 

As noted earlier, the regulations that govern the use of an 
investigational drug at all preapproval phases appear at 21 
CFR 312. Technically, a new drug may not be entered into 
interstate commerce without an approved NDA. However, the 
IND regulations explicitly exempt investigational new drugs 
from this requirement when an IND is in effect for the drug; 
this provision provides the legal justification for the shipping of 
investigational drugs for research. Another important early 
provision of the IND regulations should be noted. At 21 CFR 
312.2(a), the regulations are stated to be applicable to “all 
clinical investigations of products” subject to the FD&C Act. 
The use of the term clinical investigations is an important one, 
because its interpretation is not immediately obvious, since it is 
not defined explicitly elsewhere in the regulations. One reading 
of the term permits the inference that only scientifically valid 
experiments qualify as investigations. Such a reading essen- 
tially would preclude the granting of INDs for treatment of an 
individual patient (or patients) with an unapproved drug, 
thereby limiting the use of such products to only those settings 
that would provide useful scientific data. This reading would 
consider the granting of so-called compassionate INDs illegal. 
As we shall see later, though, under certain relatively re- 
stricted circumstances, an IND may be granted for the purpose 
of treating patients with an unapproved drug. 

Another critical regulation describes those circumstances 
under which an IND is not required. Because various branches 
of the FDA had been applying different rules to the regulation 
of research with approved drugs for indications for which they 
had not been approved, the Agency issued regulations in 1987 
to standardize the regulatory approach to this category of re- 
search. Specifically, if a sponsor proposes a study with a law- 
fully marketed drug product for an indication for which it is not 
approved, this study is exempt from the requirement for an 
IND if 


The study is not intended to be submitted to the FDA to support a 
change in labeling (including a new indication). 

The study is not intended to support a major change in the adver- 
tising of the drug (eg, a study comparing two drugs with the intention 
of demonstrating a decreased incidence of adverse reactions for one of 
the treatments, the results of which will be described in advertising, 
would require an IND). 

The study does not involve a route of administration, dose, or pop- 
ulation of patients that significantly increase the risk of the drug. 


Studies that use placebo do not require an IND if they are 
otherwise exempt according to the above criteria. These studies 
still must be performed with Institutional Review Board (IRB) 
approval and informed consent, but if these criteria apply, the 
Agency will not accept the IND. Often, the research performed 
under these provisions is conducted by individual investiga- 
tors, not pharmaceutical firms. By adopting these regulations, 
the FDA has decreased its regulation of individuals and de- 
creased a considerable portion of its own workload, while still 
maintaining its primary role of protecting the public health. 
For example, this change ensures not only that the trial must 
not increase the risk of the drug, but also that when the data 
from a trial will be used in a way that will affect the public 
health, it will be submitted to the Agency for review and com- 
ment. While the FDA still receives many IND applications for 
these studies (and decides to exempt many of them), a sponsor 
need not submit an application for a determination of exemp- 
tion; sponsors are entirely free to make this determination on 
their own. 


PHASE 1 

(RE Soe TSS 
The initial phase of the introduction of a new drug under the 
IND is referred to as Phase 1 and represents not only the very 
initial exposure of humans to a new drug, but also the first and 
primary phase in which as complete as possible a characteriza- 
tion of the performance of the new drug is made. It is useful to 
examine the process employed by the Agency in reviewing an 
initial IND submission. 

A sponsor wishing to introduce a new drug into humans for 
the first time must submit an IND to the Center for Drug 
Evaluation and Research (the Center), where it is forwarded to 
one of the Medical Review Divisions in the Office of Drug 
Evaluation, I or II. Each review division consists of physicians, 
pharmacologists, and chemists, as well as administrative staff, 
and taken as a whole, provides expertise in the review of drug 
products covering all branches of medicine. While ordinarily 
not members of the individual review divisions, the Center has 
divisions of statisticians, biopharmaceuticists, attorneys, and 
other professional staff available as consultants to the review 
divisions, all of whom are integral to the IND review. 

While each division undoubtedly will employ slightly differ- 
ent techniques in the review of a given application, the process 
is largely the same from group to group. For this reason, it is 
useful to examine the process used by a typical review division. 
In this chapter, the specific processes discussed reflect the 
author’s experience in the Division of Neuropharmacological 
Drug Products. 

Ordinarily, the IND will be forwarded to the division with 
the clinical expertise in the area of the proposed indication. In 
certain cases, though (eg, a sponsor may not be specific regard- 
ing which of several indications it may ultimately wish to 
develop), it may be sent to the division with the most expertise 
in the pharmacology and/or chemistry of the particular class of 
compounds to be studied. Once the application has made its 
way to the appropriate division, one copy each is distributed 
to the medical reviewer (physician), pharmacologist, and chem- 
ist. A decision is made as to whether or not additional copies 
should be sent to the statistician, pharmacokineticist, or other 
consultant. 

According to the regulations, the FDA has 30 days from the 
date of receipt of the application to review the file and deter- 
mine if the proposed human study may proceed. If the sponsor 
has not been contacted by the 30th day, the study may proceed. 
However, if the Agency has contacted the sponsor by the 30th 
day and imposed a HOLD (ie, withholds permission to initiate 
the study), the trial may not proceed legally. It is also the case 
that a hold may be imposed at any time in the course of a study 
for appropriate reasons (see below). It is important to under- 
stand that while there certainly is room for individual judg- 
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ment in the determination of whether or not a given study may 
proceed, the regulations (1) provide guidance as to the kind of 
information that a sponsor must submit in each area of interest 
and (2) are explicit about the conditions that the Agency must 
determine are present before a hold may be imposed. 

Those conditions that may result in the imposition of a 
clinical hold in Phase 1 are enumerated at 21 CFR 312.42(b)(1), 
and are as follows: 


1. Subjects are or would be placed at an unreasonable and significant 
risk of illness or injury. 

2. The clinical investigators are not qualified to perform the proposed 
study. 

8. The Investigator’s Brochure is misleading, erroneous or materially 
incomplete. [The Investigator’s Brochure is a document that con- 
tains all relevant information about the drug that is necessary for 
its safe use, prepared by a commercial sponsor and distributed to 
the investigators who perform the clinical trials; it is considered the 
labeling for an unapproved drug.] 

4. The application does not contain sufficient information to assess the 
risks to the subject. 


While any of these criteria may be used to determine if a 
hold is appropriate, the most common reasons for the imposi- 
tion of a hold in Phase 1 are the lack of sufficient information 
on which to make a determination of safety, or affirmative 
information that suggests that the proposed study cannot be 
performed safely. Criteria 2 and 3 are applied only rarely. 

Ordinarily, before a sponsor commits to submitting an IND 
for a new drug, considerable work has been expended in devel- 
oping a rationale for the proposed treatment. The reasons 
supplied by sponsors indicating the value they believe a par- 
ticular treatment has for a given indication are many. 


Sometimes, a particular compound might have been noted, acciden- 
tally, to have had a desired effect on a particular disease state in 
patients receiving it for unrelated reasons. 

Often, a new compound shares structural similarities with other 
compounds known to be effective in a particular disease state or is a 
member of the same pharmacological class of another group of active 
compounds. 

Often, the compound is seen (in in vitro and/or ex vivo test systems) 
to be active at a particular biological locus thought to play a role in the 
pathogenesis of the indicated condition (eg, a postsynaptic dopamine 
agonist, a monoamine oxidase (MAO) inhibitor, etc). 

Sometimes, compounds are evaluated in animal test systems 
thought to be predictive of human response (eg, putative anticonvul- 
sants evaluated in the Antiepileptic Drug Development program of the 
Epilepsy Branch of the National Institute of Neurologic Diseases and 
Stroke (NINDS), potential anti—multiple sclerosis drugs evaluated for 
activity in the preclinical Experimental Allergic Encephalomyelitis 
(EAE) model, etc). 

From a regulatory point of view, though, these tests are best thought 
of as being of primary interest to sponsors, since the FDA ordinarily 
does not consider the rationale for a proposed treatment in deciding 
whether or not to permit a study to proceed. Certainly, information 
about pharmacological activity of the drug is important, but largely only 
to the extent that this information will help to improve the design of 
human studies. 

The Agency ordinarily takes the position that if a study can be 
performed safely and the human trials are adequately designed, the 
rationale is a decidedly secondary matter (indeed, the criteria stated 
above for the imposition of a hold do not include inadequate rationale). 
Since there are few validated animal models of human disease and 
activity in in vitro test systems often is not correlated well with human 
response, and since the etiology and pathogenesis of much human 
disease is so poorly understood, it is unreasonable to conclude that 
activity or lack of activity in any of these screens should be considered 
in the decision about permitting a study to proceed. 

The role of each individual reviewer in the above process is critical 
and worthy of some discussion. For example, the pharmacologist is 
charged with the review of required animal toxicology studies that have 
been performed to assess the potential toxicity of the new drug in 
humans, and, as such, the requirements will vary according to a num- 
ber of factors. In general, though, certain guidelines exist. Toxicity 
studies must be of at least the same duration as the proposed human 
trials and must be a minimum of at least 2 weeks (which will support 
human studies of a single dose through 2 weeks of treatment). Studies 
ordinarily are performed in two species, one rodent and one nonrodent. 
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This is done to get as comprehensive a picture as possible of the 
potential toxicity of the drug in humans, since it is not known which 
species (if any) will be most predictive of the effects in humans. These 
studies must be performed with drug given via the route of adminis- 
tration (eg, orally, IV, etc) proposed for the human study. 

Sometimes, it may be difficult to administer the drug to animals by 
the route intended for humans; in these cases, the toxicology studies 
must be performed via a route that will ensure that adequate exposure 
to the drug has been obtained. For example, it may be difficult to obtain 
adequate systemic exposure to a drug in an animal given a buccal 
dosage form. In such a case, appropriate toxicity studies may need to be 
performed via the oral and IV routes, to assess the toxicity of that 
portion of the drug that may be swallowed as well as the toxicity that 
may be due to the portion that is absorbed directly across the buccal 
mucosa (ie, parenterally). Similar considerations may need to be 
brought to bear when attempting to assess the toxicity of other, less 
common dosage forms (eg, rectal, intranasal, or transdermal). 

While there is no current absolute requirement for sponsors to 
perform mutagenicity screening (to examine the effects of the drug 
and/or metabolites on the potential to produce alterations of the DNA 
and, hence, serve as a clue to the possible carcinogenicity of the com- 
pound), sponsors ordinarily will perform such a standard battery early 
in development. Indeed, it generally is assumed that requirements for 
such screening will be adopted in the very near future. 

Because animal studies are designed to characterize the toxic po- 
tential of the drug, they must be performed at doses sufficient to do so. 
These studies ordinarily are performed comparing a control with low-, 
mid-, and high-dose groups. Ideally, a dose (and more critically, a 
plasma level) should be determined that is not associated with any 
important toxicity (a no-effect level), as well as a level associated with 
frank toxicity. At the end of the studies, the animals are subjected to 
complete histopathological examination, and during the trials, appro- 
priate clinical chemistries are obtained at appropriate times. 

It is critical that the absorption, distribution, metabolism, and elim- 
ination (ADME) of the drug be studied as early as possible in the animal 
studies. In the past, in an attempt to limit the toxicity seen in humans, 
clinical trials were initiated at some small fraction (eg, Yo) of the 
no-effect dose in animals. However, experience has demonstrated that 
estimates of relative exposure based on a comparison of doses (on a 
mg/kg basis) between animals and humans can be misleading. This is 
because large differences in doses actually may result in very similar 
plasma levels in the two species. Therefore, it is recommended that 
plasma levels of parent drug and metabolites be monitored in animal 
toxicology studies. This information is useful for a number of reasons. 

Toxicity seen in animal studies may occur at the time (T,,,,..) of the 
maximum plasma concentration (C.,,,,,.). Such information may provide 
an important clue to the timing of the monitoring for these same 
toxicities in humans. 

Additionally, certain metabolites may be determined to be respon- 
sible for serious toxicity in animals but may not be present in humans 
(or in other animal species). Should this be the case, fears of similar 
toxicity occurring in humans may be reduced. However, it also may be 
true that the metabolism of the drug in the original species may be so 
different from the metabolism in humans that the selected species is an 
inappropriate model in which to assess toxicity. In these cases, a search 
must be made for an additional appropriate species in which to test 
toxicity. Of course, this is usually not known at the time of an initial 
IND submission, since there are often no human data available, and 
therefore the choice of an appropriate animal species for additional 
preclinical studies may need to await further human testing. 

Kinetic data are also important in characterizing the extent of 
exposure, since relatively high doses may result in relatively low 
plasma levels of the relevant chemical species. If plasma levels were not 
measured, it could be concluded falsely that the drug is free of impor- 
tant toxicity, when in fact the animal may not have been exposed to 
sufficient drug. Exposure data based on plasma levels of parent drug 
and metabolite provide a powerful method to plan (at least initially) and 
monitor appropriate doses for the human trials. 

It is important to evaluate the activity of any metabolites, although 
activity of chemical species often is determined in a test system thought 
to be predictive of human efficacy, but which has not necessarily been 
validated to be so. For example, a molecule may be tested for binding 
activity at a particular receptor because the sponsor may believe that 
such binding is predictive of, or useful for, human efficacy. However, 
even if the molecule is inactive in the test system, it might be active at 
a host of other receptors or in other test systems not evaluated. Caution 
must be exercised, therefore, when concluding that a metabolite is 
inactive. It is also critical that the drug substance used in the animal 
toxicity studies be adequately characterized chemically, in particular 


with regard to the presence of contaminants, impurities, reaction by- 
products, excipients, etc. : 

Ordinarily, human trials may be performed with a drug substance 
that has the same but smaller quantities of these compounds than the 
drug substance used in the animal toxicity studies, the theory being 
that animals exposed to a dirtier drug will serve as a more conservative 
model of the potential toxicity of the compound. However, if the drug to 
be used in humans has more or different impurities than the drug 
tested in animals, additional preclinical tests may be required with the 
proposed human drug stock before clinical trials are allowed to proceed. 

Although most initial clinical trials proposed in a commercial IND 
are single-dose studies and therefore would be supported adequately by 
2-week animal toxicity studies, most original IND applications contain 
the results of longer preclinical studies (eg, at least 1- to 3-month 
studies). This ordinarily is done because sponsors usually will wish to 
perform human trials of increasing duration relatively soon after the 
initial studies, and the absence of animal data of sufficient duration 
would necessitate that the longer human studies not be initiated until 
the appropriate preclinical data were submitted. The submission of 
these subacute animal studies, therefore, ensures that human trials 
may continue relatively smoothly, all else being equal. Animal studies 
also may be performed to test specific maneuvers that might be useful 
in treating any untoward physiological effects of the treatment. For 
example, if hypotension emerges as an adverse event in any of the 
studies, appropriate models may be developed to identify potential 
treatments of this untoward effect. 

Animal models can be extremely helpful in validating a test for the 
presence of toxicity that may or may not be occurring in humans. In a 
recent example, several animal species were noted to develop intramy- 
elinic edema in various brain regions. It was not known if these lesions 
would occur in humans, although the fact that they occurred in three or 
four animal species at the proposed human dose suggested the possi- 
bility. The sponsor performed multiple tests on humans receiving the 
drug, all of which were negative, but it was unknown if any of these 
were sensitive to the presence of the lesions. The sponsor was urged to 
develop a test in animals (in whom the time course of onset of the lesion 
was known). Ultimately, they developed a methodology to measure 
evoked responses in an animal species. Abnormal changes in these 
responses were correlated with the onset of the lesion, and reversal of 
the evoked responses and changes back to normal were correlated with 
withdrawal of the drug and regression of the lesion. 

The chemist is responsible for reviewing the data the sponsor has 
submitted that describes the identity, quality, purity, and strength of 
the investigational new drug. In Phase 1, the emphasis is placed on the 
identification and control of the raw materials used in the synthesis of 
the drug. The application should contain a description of the drug 
substance and product. For the drug substance this would include the 
physical, chemical, and biological characteristics; the general method of 
synthesis or isolation; and limits of impurities (and identification of 
these impurities if possible). The composition of the drug product and 
stability data that will establish that the product proposed for the 
human trial will be stable for the duration of that trial and, critically, 
that the drug substance used for the preclinical toxicology studies was 
stable for the duration of those studies must also be specified. 

Often, the required information is contained in a file separate from 
the IND file, called a Drug Master File (DMF). There are different types 
of DMF (eg, those that contain information about manufacturing site 
or those that contain information about the drug substance). Often, the 
substance is not manufactured by the sponsor of the IND, and the 
sponsor must obtain a Letter of Authorization (LOA) from the DMF 
holder that allows the Agency to review the material in it on the 
sponsor’s behalf. This letter does not imply that the sponsor has access 
to the material in the DMF. 

The clinical reviewer is charged with ensuring that the proposed 
protocol can be performed safely. In recent years, the initial IND ap- 
plication contains previous human experience with the drug gained in 
a foreign country, and this information, if available, must be reviewed. 
However, it is often the case that this information is documented poorly 
and/or presented so that the amount of useful information conveyed is 
minimal or absent. In the absence of well-documented previous human 
experience, then, the decision about the safety of the proposed human 
study is based largely on the results of the preclinical and ancillary 
testing. 

Studies proposed in these initial submissions are usually so-called 
single, rising-dose tolerance studies, in which a cohort of healthy vol- 
unteers is given a single small dose (based on the doses tolerated in the 
animal studies), often in an inpatient setting in which intensive phys- 
iological and biochemical monitoring can be performed. Some members 
of the cohort may receive a placebo instead of active drug. When the 
safety data of this initial cohort are evaluated and if no untoward effects 


are noted, a second group will be exposed to a higher dose, with the 
same intensive monitoring. These initial studies ordinarily will propose 
a maximum dose level, based again on the results of the animal studies. 

While these studies primarily serve to detect any strong signal of 
toxicity (they are invariably too small to detect any but the most 
common reactions), important pharmacokinetic information also is ob- 
tained. It is in these studies that preliminary information is obtained 
about the time-course of the appearance in plasma of the parent drug 
and its metabolites after single-dose administration. Kinetic parame- 
ters such as elimination half-life, clearance, or total exposure are cal- 
culated and contribute to the design of future dosing regimens. 

Based on the data submitted, the reviewing division will determine 
if any of the criteria listed in 21 CFR 312.42 apply. If any do, the 
sponsor will be contacted (first by telephone, and then with a detailed 
letter), told not to proceed, and, if possible, told the specific deficiencies 
that must be corrected in order to proceed. Often the deficiencies are so 
extensive that they only can be conveyed in the letter. If none of the 
criteria are found to apply, permission is given for the initial study to 
proceed and, if explicit restrictions on future studies are not communi- 
cated to the sponsor by the FDA, the sponsor may initiate additional 
clinical studies at the time of the submission of protocols for these 
studies. That is, while protocols for additional studies (and any amend- 
ments to existing trials) must be submitted to the Agency, they may be 
implemented at the time of submission; the 30-day waiting period 
applies only to the initial submission. However, the FDA may impose a 
hold at any time in Phase 1 (or Phase 2 and 3); ie, permission may be 
withheld for the initiation of a new study or an ongoing study may be 
suspended, if it is determined that any of the regulatory criteria for a 
hold apply at any time. 

Ordinarily, the succeeding studies include cohorts exposed to higher 
single-dose and/or multiple-dose studies. Depending upon the condition 
to be treated, patients may be enrolled in several of these early studies. 
Traditionally, early studies have been limited to healthy male volun- 
teers or male patients or women who are biologically incapable of 
becoming pregnant, based on an FDA policy (published in 1977) that 
excluded women of childbearing potential from studies with investiga- 
tional drugs until preliminary evidence of effectiveness had been ac- 
crued. However, this policy probably will be changed, and since differ- 
ences in drug kinetics and metabolism may be related to sex, these 
women, with appropriate safeguards and informed consent, will be 
enrolled in early kinetic/tolerability studies. Eventually, studies are 
performed in patients in whom steady state is achieved. 

Phase 1 is a critical, although often misused, phase of development, 
since it is here that as complete a characterization as possible of the 
pharmacokinetic/pharmacodynamic relationships of the drug product/ 
substance should be made. This is important primarily since, to the 
extent possible, a sponsor should emerge from Phase 1 with a clear 
understanding about the most appropriate dosing regimen to be em- 
ployed in the definitive efficacy trials that will follow. An attempt 
should be made to identify a dosing regimen that not only will optimize 
efficacy, but will minimize unwanted effects as well. Ideally, it may be 
possible to develop sufficient information about the kinetic/dynamic 
relationships to design optimum individual dosing recommendations. 

In Phase 1, the kinetic profile of the parent drug and all identifiable 
metabolites should be evaluated thoroughly. The metabolic fate of these 
species should be determined, including sites of presystemic metabo- 
lism and clearance (gut wall, first-pass hepatic metabolism, etc, for 
orally administered products); sites of metabolism of drug entering the 
systemic circulation, including enzyme systems involved (eg, which, if 
any, of the hepatic P-450 enzyme systems are involved, etc); and the 
distribution of relevant species in the biological compartment of inter- 
est (eg, CSF concentrations and their time-course for these species for a 
proposed treatment of Alzheimer’s disease). In addition, the effects of 
the drug on what are considered to be important biological markers of 
the disease under study can be critical information if gained early in the 
development of the drug. For example, an attempt might be made to 
correlate the degree of inhibition of platelet MAO B in a putative 
anti—Parkinson’s disease treatment with plasma level of the active 
species. 

Additional information about the performance of the product also is 
accrued in Phase 1. The degree of protein-binding of the parent drug 
and metabolites and whether or not any of the chemical species accu- 
mulate with various dosing regimens should all be evaluated. In addi- 
tion, the effects of food on the absorption of an oral dosage form (in- 
cluding the effects of specific foods, eg, the possible competition of 
neutral amino acids and L-dopa for active transport across the gut wall) 
must be evaluated. Further, interactions with other commonly used 
drugs in the patient population of interest should be evaluated, includ- 
ing the assessment of both kinetic and dynamic interactions. 
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For example, the degree to which an investigational drug inhibits or 
accelerates the metabolism and clearance of common concomitant med- 
ications, as well as the potential for the displacement of protein-bound 
drugs by the new agent, must all be explored. These data are necessary 
not only for a complete understanding of the performance of the drug, as 
well as for the determination of an appropriate dosing regimen, but they 
also can be useful when attempting to evaluate any toxicity that may be 
seen in the future clinical trials. 

Every attempt should be made to identify the maximum tolerated 
dose in patients. This often is done inadequately, so that clinical trials 
may be performed with a dose that might not maximize the therapeutic 
response. Often, varying cohorts of patients/healthy volunteers are 
exposed to a dose higher than that tolerated by a previous cohort in an 
attempt to identify the maximum tolerated dose. When a dose is 
reached that cannot be tolerated by most subjects in the cohort, the 
maximum dose has been identified. Such a trial ignores the fact that 
much higher doses may be achieved if patients in a cohort can be 
titrated slowly to a maximum dose, instead of being given a specific 
(high) dose from the outset. In any event, serious attempts to identify 
the true maximally tolerated dose (which, of course, may need to be 
reconsidered, based on subsequent human trials) should be made. 

While the bulk of the information discussed should be accumulated 
prior to the performance of large-scale controlled clinical trials, it can- 
not all be obtained in this manner. Additional experience in relatively 
large numbers of patients afflicted with the disease being evaluated 
may alter conclusions based on studies done in normal volunteers or 
even in the small number of patients who may be evaluated in Phase 1 
studies. For example, genetic differences in drug metabolism may be- 
come evident only when relatively large numbers of patients receive 
treatment (eg, fast versus slow acetylators). Further, there may be 
kinetic/dynamic interactions between disease state (and/or concomitant 
treatment) and the new drug that may emerge only in larger cohorts of 
patients. For these and other reasons, as data accumulate in subse- 
quent phases of development, additional characterization of the ADME 
of the drug may be needed. 


PHASES 2 AND 3 


LI EPSP LUD ETSI SP STS TE SLES. 
Phase 2 is that stage of drug development in which the first 
studies designed to demonstrate the effectiveness of the drug 
are performed. While there is great overlap between all phases 
of development, and the boundaries between phases can be 
extremely blurred, Phase 2 studies typically involve several 
hundred patients. 

Because the duration of the controlled trials in this phase 
will, of necessity, vary depending upon the condition under 
study, so too will the duration of the preclinical studies that 
must be performed and reviewed to support these studies. 
Usually, sponsors will have submitted studies in two species of 
at least 6-months’ duration, and often, by the end of Phase 2, 
6-month rodent and 12-month nonrodent (usually dog) preclin- 
ical toxicity studies will have been performed. These are the 
two required preclinical chronic toxicity studies necessary to 
support an NDA for a chronic treatment; there are additional 
preclinical requirements, however, to be discussed later. It is 
useful to have these studies done at this time because often, at 
the end of a controlled trial in Phase 2, patients are given the 
option to continue on treatment (either blinded or open label). 
Usually, this treatment will continue indefinitely, and these 
complete, chronic, preclinical, toxicity trials would be necessary 
to support indefinite human exposure. Usually, by this phase, 
complete animal reproduction/teratogenicity studies have been 
performed. In the past, these studies had to have been com- 
pleted prior to the enrollment of women of childbearing poten- 
tial. However, there has been a public announcement that the 
Agency’s position on this matter is to be changed, and while the 
specifics of the new policy have yet to be articulated, it is likely 
that these women will be permitted to enroll in trials before 
these animal studies have been performed or completed. None- 
theless, it is likely that these studies will continue to be re- 
quired prior to approval. These studies consist of 


Segment I (Fertility and General Reproductive Performance Study), in 
which male and female animals are dosed at varying intervals prior 
to mating, and the effects on fertility are noted. 
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Segment II (Teratogenicity Study), in which pregnant animals are 
dosed during specific days of gestation, and fetuses and live births 
are examined for terata. 

Segment III (Peri- and Post-Natal Study), in which pregnant animals 
are dosed at the end of gestation to the end of weaning, and any 
effects on the newborn animals are noted. 


Ordinarily, these studies are completed, or nearly so, in 
Phase 2. 

Additionally, as human trials enroll more patients for longer 
treatment periods, a more refined and adequate characteriza- 
tion of the drug substance and product are required. Here, it is 
necessary for limits on impurities to be refined further, and 
usually to establish additional stability data. Also, to the extent 
that larger clinical exposure will occur in this phase, it may be 
necessary for a manufacturer to scale up production (since the 
drug for initial human studies may be produced in pilot-scale 
production methods). Scale-up may require new synthetic 
methods and may result in different impurities in the drug 
substance and modification in the preparation of the drug 
product. Any changes must be documented and evaluated. Sig- 
nificant changes in the product compared with what had been 
used in the previously performed preclinical and clinical trial 
may necessitate additional preclinical or clinical studies. 

As noted, it is in Phase 2 that the definitive (first) clinical 
trials designed to demonstrate the effectiveness of the treat- 
ment are performed. Typically,/early Phase 2 studies may be 
incapable of providing definitive evidence of effectiveness, ei- 
ther because they are uncontrolled or because they include too 
small a population, even if otherwise adequately designed. 
These studies are performed to obtain preliminary information 
about a number of issues that may be critical to the design of 
the later definitive trials. In these early trials, sponsors begin 
to explore in detail various dosing regimens, tolerability of drug 
in the relevant patient population, additional pharmacokinetic 
assessment (eg, greater experience with differences in meta- 
bolic capacity of different populations), and sensitivity of spe- 
cific outcomes to treatment. This latter element is of critical 
importance to the design of the more definitive trials. It is here 
in the early controlled and uncontrolled pilot studies that a 
sponsor should define those factors that will increase the like- 
lihood that the definitive trials will be successful. For example, 
it is critical that definitive trials enroll populations that have 
the greatest potential to respond to the treatment, employ 
dosing regimens that have the greatest possibility of achieving 
a positive response, be of sufficient duration so that the results 
will have clinical significance, and use outcome measures that 
not only are clinically meaningful, but also will be responsive to 
treatment. 

Ultimately, definitive clinical trials are initiated in Phase 2. 
While the regulations appearing at 21 CFR 312 (the IND reg- 
ulations) do not specify the types of controlled trials that may 
be performed, a detailed accounting of the types of controlled 
trials ordinarily accepted by the Agency as being adequate and 
well-controlled trials that are capable of demonstrating the 
effectiveness of a treatment is given at 21 CFR 314.126. 

There are five designs that can be considered to be adequate 
and well controlled, and they are described in the regulations. 

PLACEBO CONCURRENT CONTROL—In this design, 
the test drug is compared with a placebo. There are many 
specific designs in which a placebo can be compared with treat- 
ment, the two most common being the parallel group and 
counterbalanced crossover trial. 

In the parallel group trial, patients are randomized to treat- 
ment with either drug or placebo. (These trials may contain 
more than one treatment; for example, patients may be ran- 
domized to new drug, a standard drug or placebo, and/or vary- 
ing doses of either active treatment.) These studies are invari- 
ably double blind (ie, neither the investigator nor the patient is 
aware of which treatment is being given). The determination of 
effectiveness of the treatment is based upon a comparison of 
the outcomes of patients assigned to the drug with outcomes 
of those assigned to placebo. 


In the counterbalanced crossover trial design, patients are 
randomized to a sequence of treatments. In a two-period cross- 
over trial (the most commonly employed type), patients are 
randomized to one of two sequences: placebo-drug or drug- 
placebo. In this trial design, patients serve as their own con- 
trols, since they each receive both treatments, and their per- 
formance on each treatment can be compared. 

Each of these designs has advantages and disadvantages. 
The primary advantage of the crossover trial is that the total 
number of patients necessary to enroll to detect a given treat- 
ment effect is smaller than would be required in the parallel- 
group design. An additional advantage, from a practical point 
of view, is that each patient is guaranteed to receive drug 
during the trial, which presumably aids in obtaining adequate 
enrollment. 

There are, however, certain circumstances that can inter- 
fere with the interpretation of data obtained from trials using 
the crossover design. This trial design is employed best to study 
conditions with a stable course, at least for the duration of the 
trial; ie, for the trial to be interpreted easily, patients should 
enter each period of the trial at the same stage of illness. If 
patients have progressed in their illness or if the effects of the 
treatment in the first period have persisted into the beginning 
of the second period, it will be difficult to compare the effects of 
treatments across the two periods. Further, it is possible that 
upon completion of the treatment in the first period, with- 
drawal effects can occur that may persist into the second pe- 
riod. Such an event also can introduce a bias into the estimate 
of the treatment effect in the second period and thereby poten- 
tially invalidate the study. Also, should an inordinate number 
of patients leave the study in or before the second period, it will 
be difficult to analyze the study adequately. While it is possible 
to examine, statistically, the presence of carryover effects (ef- 
fects of the first-period treatment on the second-period data), 
such tests often do not have the statistical power to detect these 
effects, because of the relatively small number of patients en- 
rolled. If significant numbers of patients withdraw during the 
second period of such a trial, attempts often are made to ana- 
lyze the data from the first period only as a parallel group trial 
(since half of the patients in the first period will have received 
placebo, while the other half will have received drug). These 
attempts also may fail to detect a treatment effect if there is 
one, because of insufficient power. For these reasons, crossover 
studies often pose particular difficulties in interpretation. 

DOSE COMPARISON CONCURRENT CONTROL—In 
this trial design, patients are randomized to receive one of 
several fixed doses of treatment; these studies also may include 
a placebo group, as well as groups that are randomized to 
receive other active treatments. The dose groups chosen should 
be sufficiently disparate so that the chance is increased that a 
correlation between outcome and dose can be demonstrated. In 
this trial, the goal is to show a correlation between the dose 
given and treatment outcome. These trials are interpreted 
most easily when the results demonstrate a monotonically in- 
creasing response to dose; ie, the response correlates directly 
with dose. Difficulties in interpretation may arise under a 
number of circumstances with this study design. For example, 
if such a study does not include a placebo group and no differ- 
ence in response is seen between treatment groups, this likely 
will make the results uninterpretable, since all doses may have 
been equally effective, but they also may have been equally 
ineffective (see discussion of active control studies below). If, in 
such a design, there are three dose groups, and the low- and 
high-dose groups show equivalent responses, but the middle- 
dose group demonstrates a superior outcome (inverted U- 
shaped curve), it is also difficult to assess these results, since 
such a pattern of responses usually lacks biological appeal and 
also may be a chance response. 

A variation on this study design becoming increasingly pop- 
ular is the fixed plasma level design. In this type of trial, 
patients are not randomized to one of several dose levels, but to 
one of several target plasma levels of what is believed to be the 


active chemical species. Ordinarily, this trial may involve a 
titration phase (as do many of the other designs discussed 
here), in which treatment is initiated at the same dose in all 
patients. The dose is increased, and plasma levels are moni- 
tored frequently in these patients, until each patient’s plasma 
level of drug enters the predetermined range. Target ranges 
also should be chosen that are sufficiently disparate so that 
a correlation between plasma levels and outcome can be 
detected. 

Because of the inherent, potentially great, variability in 
plasma levels that result when a given dose is administered 
(both inter- and intrasubject, over time, due to many factors, 
both biological and not, eg, varying compliance), there is a 
growing belief that giving patients a fixed dose of drug does not 
ensure that predictable (and adequate) amounts of active spe- 
cies can be presented reliably to the central compartment over 
time. For this reason, it seems more rational to randomize 
patients to fixed plasma levels (ranges) than to fixed doses. 
These trials can present practical problems, such as frequent 
monitoring of plasma levels and possible frequent adjustment 
of dose depending upon results of such monitoring (such de- 
signs frequently require an unblinded reviewer of plasma level 
data who can alert the treating physician to the need for dosage 
adjustment; sham adjustment of placebo dosing must also be 
undertaken to maintain the blind). 

To the extent that these trials (dose and plasma level com- 
parison concurrent control) can be performed, they can provide 
considerably more information about the effects of different 
doses (plasma levels) on treatment outcome than single-dose 
studies. Ideally, these studies should include placebo and stan- 
dard treatment, for better characterization of the therapeutic 
potential of the new drug. 

NO-TREATMENT CONCURRENT CONTROL—These 
trials typically involve randomization to treatment or no treat- 
ment and are appropriate when there are objective measures of 
outcome and the placebo effect can be considered to be negligi- 
ble. For example, severely head-injured patients who are co- 
matose might be randomized to treatment or no control (stan- 
dard care), and blinded assessments of outcomes could be 
made. Because staff providing care of these patients likely will 
be aware of treatment assignments, and therefore, the ancil- 
lary treatment of the two patient groups might be systemati- 
cally different (resulting in different outcomes), an objective 
measure of outcome might need to be adopted (eg, mortality) to 
minimize the potential effects of any possible bias. These stud- 
ies are employed relatively rarely. 

ACTIVE-TREATMENT CONCURRENT CONTROL— 
In this study, patients are randomized to receive either new 
drug or a drug known to be active in the clinical setting under 
investigation. For example, depressed patients may be random- 
ized to a marketed antidepressant or to investigational drug. 

-Of course, these studies also may include placebo as well as 
different dosages of either of the treatments. 

These study designs often are used when it is felt to be 
impossible (because of ethical or other concerns) to randomize 
patients to placebo. Ordinarily, these trials are designed to 
demonstrate the therapeutic equivalence of the new treatment 
to the standard. 

The demonstration in a clinical trial of equivalence of an 
investigational drug to a standard treatment is not immedi- 
ately interpretable. In the first place, the study may not have 
sufficient statistical power to demonstrate a difference if one 
truly exists (from the FDA’s point of view, the primary concern 
in this regard would be the inability of such a study to detect 
the fact that the new drug is inferior to the standard). Such an 
outcome might have resulted from the enrollment of insuffi- 
cient numbers of patients, so that any differences between 
treatments would not likely be detected. Were this the only 
factor interfering with an unambiguous interpretation of such 
an outcome, however, this usually could be corrected by in- 
creasing enrollment. 
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A more difficult problem of interpretation occurs, however, 
when two treatments are shown to be equivalent. Assuming 
that the insufficient enrollment noted above is not a problem, 
the equivalence of outcome has two interpretations: either both 
treatments worked or both treatments did not work. When an 
investigational treatment is shown to be equivalent when com- 
pared with a known effective drug, it is reasonable to assume 
that the new treatment must be effective. However, such an 
interpretation relies on the (usually unstated) assumption that 
the active control was, indeed, effective in the particular clin- 
ical trial. In this regard, however, the question of the invariant 
truth of this assumption needs to be asked, ie, drugs known to 
be effective in general for patients with a given condition (eg, 
marketed drugs) are not necessarily always effective in all 
subpopulations of patients at all times, which is well known. 
The demonstration of equivalence of all three treatments in 
three-arm studies comparing new drug, standard, and placebo 
is not unprecedented. For this reason, the conclusion that new 
drug must be effective because of demonstrated equivalence to 
standard treatment is reasonable only if there is great cer- 
tainty that the standard was effective in the particular setting. 
This, in turn, is a reasonable conclusion only if it can be known 
that the patients would have been worse in the absence of 
treatment with the standard. In other words, detailed knowl- 
edge of the natural history of the untreated condition is neces- 
sary to conclude that the standard was effective. Unfortu- 
nately, this sort of detailed natural history data is largely 
unavailable for most conditions subjected to clinical trials with 
investigational agents. This, then, is tantamount to the use of 
an historical control, and, therefore, it can be concluded that an 
active control trial that demonstrates no difference in outcome 
between control and new treatment is simply one variant of an 
historical control trial. 

HISTORICAL CONTROL—In this trial design, all pa- 
tients receive treatment (no randomization or blinding), and 
their outcomes are compared with those of a group of simi- 
lar patients who have not received treatment. Unlike the no- 
treatment concurrent control study discussed earlier, in which 
equivalent patients are compared, historical control data ordi- 
narily are available from the literature. Recall that in the 
no-treatment concept patients were randomized to treatment 
and no treatment; randomization and prospective following of 
patients essentially ensure that the two groups that result are 
essentially comparable and that all outcomes can be assessed. 
In these cases, one often cannot be sure that the patients in the 
historical cohort are truly comparable to the patients receiving 
new drug in the study, whether because they differ on some 
important prognostic factor (eg, severity of illness or concur- 
rent treatment); because different outcome assessments and 
diagnostic criteria were applied to the two groups (or even 
within the historical cohort itself, given the changes in these 
factors that commonly occur over time); because complete 
follow-up may not have been achieved for the historical control; 
or because of any number of other factors. 

Because of the extreme caution that must be used when 
comparing outcomes in historical cohorts with those of a pro- 
spectively followed treatment group enrolled in a study, histor- 
ical control trials generally are considered appropriate only in 
those situations in which the natural history of the untreated 
condition is known with exquisite accuracy. For example, a 
proposed general anesthetic may be studied using a historical 
control study design. Assuming there is ample prior evidence 
that the proposed treatment will result in general anesthesia, 
it is appropriate to administer the drug to a cohort in the 
absence of a concurrent control, since there is good reason to 
believe that an untreated group of patients will not fall asleep 
spontaneously and permit surgery to be performed. Other ex- 
amples might be, as given in the regulations, mortality studies 
in certain malignancies known to have uniformly poor out- 
comes. When the natural history is known with less certainty 
than in cases such as these, the use of historical controls is 
usually inappropriate. 
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A number of points about the nature of controlled trials and 
general principles governing their conduct and analysis are 
worth noting. 

It is important to be aware that a controlled trial is an 
artificially constructed experiment that is not intended to 
mimic clinical practice exactly. Its purpose is to determine if 
the drug in question is effective as a treatment for a given 
condition, and certain artificial circumstances ordinarily must 
be induced to meet its purpose. For one thing, especially in 
early Phase 2 controlled trials when the initial attempt is made 
to show effectiveness, the population enrolled is strikingly dif- 
ferent than the general population afflicted with the condition 
under study. 

Ordinarily, the study population is restricted to those pa- 
tients with a narrow range of severity of the illness. Patients 
with very mild illness often are excluded because it might be 
difficult to detect any change in clinical status, partly because 
the instrument used to detect drug effect may not be sensitive 
to changes when patients are at a high level of functioning 
(ceiling effect). This may be true even if the disease process is 
continuing and the drug may have a small effect. For example, 
in patients with ALS, lower motor neuron destruction may be 
occurring continuously, but early in the disease, testing of 
muscle strength, however sophisticated the technology, may 
not detect any weakness. It may be that a certain threshold of 
neuronal loss must occur before there are clinically detectable 
signs. The same situation may occur at the other end of disease 
severity, when patients are so severely ill that accurate mea- 
surements cannot be made (floor effects). 

Further, in early Phase 2 studies, patients taking concomi- 
tant medications or with concomitant diseases often are ex- 
cluded. The presence of these factors may complicate the ability 
of the trial to detect a drug effect, whether because of complex 
pharmacokinetic and/or pharmacodynamic effects, and at- 
tempts, therefore, are made to minimize these other factors. 

These early Phase 2 controlled trials are designed to identify 
the many aspects of trial design that will permit the later 
controlled trials to be designed with the greatest likelihood of 
success (should the drug actually work). In these early trials, 
an effort is made to identify a subgroup of the general popula- 
tion at risk that will respond to the drug, to identify a dose 
and/or dosing regimen that will be successful (both in terms of 
maximizing effectiveness and minimizing toxicity), and to iden- 
tify outcome measures that are designed both to detect a clin- 
ically meaningful drug effect and to be sensitive to those 
effects. 

An appropriate outcome measure should measure the sign/ 
symptom of interest that is known to be sensitive to changes in 
the disease state with time, as well as be sensitive to any 
possible drug effects. As noted above, early controlled trials 
should help to determine appropriate measures that meet 
these criteria so that they can be used in later, more definitive 
trials. The appropriate duration of the definitive trials is an- 
other critical factor that early Phase 2 trials can help address. 

Trials should be long enough to detect a drug effect (eg, a 
1-month trial in newly diagnosed epileptic patients may not be 
sufficiently long for patients to have enough seizures for a 
difference between treatment and control to be detected) and 
also long enough to demonstrate that the effect has been main- 
tained sufficiently long. For example, although the duration of 
studies for chronic treatments of chronic diseases is of necessity 
only a fraction of that of the disease—and eventual treat- 
ment—there should be general agreement that they are of 
sufficient duration so that the maintenance of response is 
deemed to be clinically useful. 

In some settings, the duration of treatment or primary 
assessment should be long enough to assure all interested 
parties (clinical experts, FDA, pharmaceutical company, pub- 
lic) that the response as measured at a particular time-point 
predicts ultimate outcome. For example, in a study of patients 
with acute strokes, treatment may only last a few days, and the 
primary measure of outcome may be at 3 months poststroke. 


It would be critical to know if outcome at 3 months in this 
disease predicts with great accuracy eventual outcome at some 
later time-point considered to be important, for instance, 1 yr. 

If it is not known to do so, the trial may only permit a 
conclusion that patients on treatment will be better than they 
would have been at 3 months, but perhaps they will progress to 
where they would have been in any event sometime after 3 
months (of course, knowing that 3-month outcome predicts 1-yr 
outcome in untreated patients is not proof that 3-month out- 
come predicts 1-yr outcome in treated patients, but such data 
are usually not available). 

The issues of duration of trial and sensitivity of outcome 
measures are, of course, related. For example, certain mea- 
sures of cognitive functioning in patients with Alzheimer’s 
disease decline at a given rate over time in untreated patients, 
and even if a treatment halted the disease process, it might 
take 6 months of assessments to be able to detect a difference 
between treatments. The issue of matching measures with 
duration is a critical one. 

Early Phase 2 trials permit the identification of those char- 
acteristics that may be predictive of response to treatment. 
Beside severity of illness, many other factors (eg, duration of 
illness, score on a particular measure, presence or absence of a 
particular sign/symptom, or family history) may all be corre- 
lated with outcome. 

Early Phase 2 trials provide the setting for further correla- 
tion of dose and/or plasma level of active species (one or more) 
and response, again, not only in terms of effectiveness, but also 
the correlation of these levels with any specific toxicity. As 
additional kinetic and metabolic data are amassed, it might be 
necessary to perform additional animal toxicology studies de- 
signed to give more detail about mechanism of action, toxicity 
assessment, possible treatment of adverse reactions, or other 
questions. 

Here also the appropriate trial design (parallel group, cross- 
over, etc) for the condition under study can be investigated. 
Advantages and disadvantages of each trial can surface and 
provide valuable information. For example, in those settings in 
which it is believed that an individual’s response to treatment 
may follow an inverted U-shaped curve (ie, a patient may 
respond not to the highest tolerated dose, but to some lower 
dose), a trial may be designed to include a dose-finding phase, 
in which patients first receive several doses of the drug and 
have their outcomes assessed. Those patients who do not re- 
spond to the treatment are excluded from the controlled portion 
of the trial, and those who do respond receive, in the controlled 
portion of the trial, either the dose to which they best re- 
sponded in the dose-finding phase or the control drug. The 
purpose of this design is to enhance the likelihood that the 
population in the controlled trial will respond to the treatment. 

There are several problems with this design. First, there is 
a question of the external validity of the results obtained; ie, 
how will the results of such a trial apply to a larger population 
with the disease, if the study has been performed only in 
patients who respond to it? Although the reasoning may seem 
a bit tautological, if the study is otherwise well done, it at least 
will be internally sound and can be interpreted, the issue of 
external validity notwithstanding. 

However, a more troublesome problem is that prior expo- 
sure to a drug may have effects that can bias the subsequent 
controlled portion. This was seen recently in a large study of 
tacrine, a drug intended to treat patients with Alzheimer’s 
disease. Patients randomized to a placebo in the controlled 
portion of the trial were seen to worsen considerably more 
rapidly than would have been expected on the basis of previous 
historical estimates. This rapid worsening was considered to 
have been an effect of the previous exposure to drug in the 
dose-finding phase. Whether this worsening was caused by a 
loss of the blind and resultant effects secondary to an actual 
physiological withdrawal effect or some other effect is not 
known. In any event, this experience suggests that such de- 
signs potentially are flawed seriously. 


Another commonly used design in early Phase 2 studies is 
the so-called Add-On design, in which patients receiving stan- 
dard treatment are randomized to receive new drug added on 
to standard, or placebo added on to standard. Ordinarily, pa- 
tients not responding adequately to the standard are enrolled 
in such trials. There are problems with this study design, as it 
may be difficult to show an effect in a population that is not 
responding adequately to known effective treatments, and any 
effects seen may be a result of kinetic interactions that, eg, 
increase the plasma level of the standard drug or be a result of 
complex dynamic interactions of the new and standard treat- 
ment. However, these designs can permit the conclusion that 
the new drug has a beneficial effect. They often provide suffi- 
cient preliminary evidence to support controlled trials of the 
new drug given as monotherapy. 

At the end of Phase 2, sponsors are encouraged to meet with 
the appropriate review division in a so-called End of Phase 2 
meeting (this meeting, as well as other important meetings, is 
described at 21 CFR 312.47). At this meeting, to which both the 
FDA and the sponsor may, and often do, bring consultants, the 
acceptability of past studies, the design of future late Phase 2 
and Phase 3 efficacy studies, and the general development plan 
are discussed in some detail. It is hoped that at this meeting 
the sponsor and the Agency will agree on the data the sponsor 
needs to accrue to submit a complete NDA at some time in the 
future. To some degree this is an unrealistic expectation for a 
number of reasons. 

First, while a good-faith attempt is made to agree on the 
design of the definitive effectiveness trials that the Agency will 
accept, it is always possible that developments in a particular 
clinical field will make these designs inappropriate as sources 
of effectiveness. These conditions may include a breakthrough 
in the understanding of the etiology and/or pathogenesis of the 
disease or even the marketing, in the interim, of a new treat- 
ment for the condition. 

Further, specific issues may arise in the course of the devel- 
opment of the specific drug that may make any previous com- 
mitments inappropriate; eg, a serious toxicity (either human or 
animal) that has emerged may require additional studies, 
changes in the studies being performed, abandonment of the 
drug entirely, etc. Nonetheless, End of Phase 2 meetings are 
important milestones in the development of the drug. 

With regard to the standards that must be met for approval 
of a treatment proposed for a specific indication, the Agency 
provides guidance on a number of fronts. First, many guide- 
lines have been published on the specific requirements for the 
development of treatments for specific diseases (eg, guidelines 
for the development of drugs to treat epilepsy, anxiety, etc). 
These guidelines often provide information to sponsors about 
development in all three phases of premarketing development. 
Unfortunately, many are extremely old, are out of date, and do 
not incorporate currently accepted standards for the develop- 
ment of specific products. To the extent that some of these 
guidelines have been published recently, however, they can be 
extremely helpful to sponsors. 

An additional public way in which the Agency can, and does, 
provide guidance to the industry on trial design is through the 
use of Advisory Committees. These are panels of expert con- 
sultants to the Agency who convene periodically to assist in its 
deliberations. Each review division has at least one such panel 
attached to it; members are nominated to sit on the committees 
by members of the review divisions (names are solicited in 
many ways), and appointments are made by the Commissioner 
of the FDA. Members serve tenures of 2 to 4 yr. 

Advisory committees meet at least several times a year, 
invariably in sessions open to the public, and can consider a 
host of issues of interest to the Agency. Of interest here is their 
role in the setting of standards for trial design in various areas. 
One de facto way a committee can establish standards for 
approval is simply to recommend that a particular NDA be 
approved (more on this later). In this way, they effectively are 
saying that the studies in the NDA were of acceptable design. 
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However, sometimes a committee is explicitly asked, in the 
absence of a particular application, to attempt to establish 
guidelines for acceptable trials in a particular clinical condi- 
tion. For example, a 2-day meeting of the Peripheral and Cen- 
tral Nervous Systems Drugs Advisory Committee joined by 
additional experts in the study of treatments for Alzheimer’s 
disease discussed the critical elements they felt should be in- 
cluded in any definitive trial of a proposed anti-Alzheimer’s 
disease treatment. As a result of this and similar meetings, 
standards were established that have been adopted by essen- 
tially all sponsors of these drugs. This was particularly impor- 
tant, given that there were no approved treatments for this 
condition at the time. 

In late Phase 2, and early Phase 3, the definitive efficacy 
trials are performed. These trials should incorporate the infor- 
mation gained in the early controlled trials and discussed 
above. Definitive trials are rigorously performed experiments 
that demand great attention to detail, in their construction, the 
review of their designs, and their conduct. 

Agency scientists expend great effort in the review of these 
protocols in an effort to identify any potential problems that 
might complicate their conduct or analysis. While sponsors 
may initiate these trials on the day the protocols are submitted, 
they are wise to receive the Agency’s comments (if any) before 
they do so. When such a protocol arrives at the FDA, it is 
identified as an important (ie, a potentially definitive efficacy) 
trial, and all relevant review disciplines are engaged. 

Pharmacology reviewers must determine if the animal stud- 
ies support the conduct of the trial as proposed, and chemists 
must review the available data to determine that the product 
has been manufactured and characterized adequately to en- 
sure that the product is what the sponsor says it is and that it 
will remain so for the duration of the trial. Clinical reviewers 
first must determine if the previously generated data support 
the safety of the proposed trial (eg, can the doses chosen be 
given safely under the conditions—monitoring or inpatient ver- 
sus outpatient—to be used). Then, they must determine, in 
close consultation with statistical reviewers, if the trial, as 
designed, is capable of answering the question asked. This last 
point is so important that the regulations include additional 
reason for the imposition of a hold on these controlled trials. At 
21 CFR 312.42(b)(2)(ii), in addition to the reasons cited for a 
hold of a Phase 1 study, the regulations permit the imposition 
of a hold on a Phase 2 or 3 study if 


The plan or protocol for the investigation is clearly deficient in design 
to meet its stated objectives. 


The purpose of this regulation is to prevent the massive 
waste of time, effort, and money that would result from the 
performance of a study that is incapable of yielding valid sci- 
entific information, as well as to prevent the exposure of a large 
number of patients to an investigational treatment under such 
circumstances. 

Definitive trials have strict rules for conduct and analysis, 
and great effort is expended in ensuring the completeness of 
the protocols on these points. 

Some of the key areas examined by Agency reviewers in the 
protocol are 


Inclusion and exclusion criteria. 

Dosing regimens. 

Methods of collection and timing of both safety and effectiveness 
data. 

Duration of treatment and follow-up assessment. 

Plans for maintenance of the blind. 

Plans for recording and encouraging compliance with the protocol 
(including assessment of medication compliance). 

Identification of the primary outcome variables, their time of assess- 
ment, and, especially, detailed statistical and analytical plans, includ- 
ing the number of centers to be involved, method of randomization 
(stratified according to subgroups of patients, blocked-on center, etc), 
interim analysis plans, and methods of primary analysis. 
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The primary populations to be included in the analysis. 
The accounting of dropouts. 


The intent of the detailed review is to prevent, to the extent 
possible, the introduction of bias (loosely defined as any sys- 
tematic difference between treatment groups, other than treat- 
ment assignment) that could confound the analysis; such a bias 
could occur in the conduct and/or analysis of the trial. 

For example, sponsors commonly will define an Evaluable 
Patients subset of the entire population studied on whom they 
intend to perform the analysis and which will provide the 
primary conclusions about effectiveness. Often, the criteria 
used to define this subset are arbitrary (often based on some 
degree of compliance, some minimal duration of treatment or 
completion of treatment, the reason for early withdrawal, etc) 
and idiosyncratic. Because some patients randomized to treat- 
ment will not be included in this subset, any analysis based on 
this subset will of necessity result in the comparison of non- 
randomized groups, which has the potential to introduce bias. 
It behooves the sponsor, in most cases, to perform multiple 
statistical analyses that look at several populations in the 
study. Of course, if the study has few if any dropouts, the issue 
of the appropriate population to analyze does not arise. How- 
ever, as is usually the case, studies of other than acute treat- 
ments will have dropouts; depending on the duration of the 
trial and many other factors, most patients assigned to a par- 
ticular treatment group may not finish the trial. 

Multiple analyses should be employed to examine the effects 
of these losses on the estimation of the treatment effect. 

One such analysis would include all patients randomized to 
treatment (a so-called intent-to-treat population). In this anal- 
ysis, all patients randomized to treatment are assessed at the 
protocol-designated time-points, even if they have withdrawn 
from the study and are not receiving the treatment to which 
they were assigned. Despite these other confounding treat- 
ments, any disparities noted in the outcome of patients who 
withdrew from active treatment and those who withdrew from 
control may give some insight into the effects of these with- 
drawals on the overall analysis. 

Another analysis may include only those patients who com- 
pleted the study. 

A third analysis should look at all patients who received at 
least one dose of treatment and had at least one efficacy eval- 
uation. In this latter case, the patient’s last on-drug evaluation 
is carried forward to the final analysis point and is used in the 
analysis (so-called Last Observation Carried Forward Analy- 
sis). All these analyses are flawed and have the potential to 
introduce bias; however, should they yield consistent results, 
great confidence can be placed on the outcome. Differences in 
the results will cause considerable controversy about which 
analysis is the most appropriate in the particular setting. 

Ordinarily, a great deal of effort is not expended in trying to 
quantify the size of a treatment effect. Often, the conclusion 
that a drug is effective is based on a finding of a statistically 
significant difference that ordinarily is defined as a two-sided 
p-value of 0.05 or less; this means that a difference in favor of 
the drug will not be found more often than 5% of the time, given 
that there is, in reality, no difference between treatments, ie, 
the null hypothesis. This is essentially equivalent to the false- 
positive rate, in favor of treatment compared with control in 
mean score on some agreed-upon measure of clinical effect. 

Obviously, if a study is large enough, even a very small 
treatment effect can be made to emerge. In these cases, the 
choice of the primary treatment measure(s) is critical, because 
it is hoped that the measure is sufficiently important that even 
a relatively small difference between it and control is valuable 
clinically. Sometimes, when experts feel that such an outcome 
may not ensure that a clinically useful effect has been demon- 
strated, a requirement that two outcomes demonstrate the 
required statistical significance before the study is considered 
positive may be imposed. For example, current clinical trials in 
Alzheimer’s disease essentially require that a drug be shown to 


have a statistically significant effect on two primary measures; 
one, a measure of cognitive function, the core symptom that is 
effected in the disease, and two, a measure of global patient 
functioning, to ensure that the effect is clinically meaningful. 
The requirement that both measures be significant is to be 
distinguished from the all-too-common situation in which spon- 
sors propose multiple outcomes in the hope that one or more 
will be positive at a nominal p-value of 0.05 but without spec- 
ifying prospectively which is to be considered primary. Depend- 
ing upon the number of outcomes tested, one or more could 
have been positive by chance alone under the null hypothesis at 
a much greater probability than 5%; in other words, the risk of 
a false-positive outcome is unacceptably large. The lack of the 
designation of the primary outcome(s) in the protocol is to be 
avoided. 

Unfortunately, the presentation of the single positive find- 
ing as being the most clinically appropriate after all the other 
results have been seen is a common practice, and this example 
of data-dredging should be avoided at all costs. Indeed, there 
have been cases in which a sponsor has failed prospectively to 
designate a primary outcome, conducted the study, and pre- 
sented the data. Because both the sponsor and Agency review- 
ers were privy to the data, neither could be relied upon to 
choose objectively, after the fact, which outcome should be 
considered primary. In one case, an independent panel of ex- 
perts was convened simply to look at the protocol (not the data) 
and decide which outcome was the most appropriate (in this 
case, when the sponsor went back and analyzed this variable, 
the study result was negative). 

Ordinarily, sponsors also should include formal plans for an 
interim analysis, so that efficacy can be determined as early as 
possible while still maintaining the integrity of the trial. De- 
tailed statistical plans for this analysis should be included in 
the protocol. These and other important issues need to be 
addressed in any protocol designed to yield definitive effective- 
ness data. 

Phase 3, however, is the time not only for the performance of 
the definitive effectiveness trials, but also for the sponsor to 
acquire additional information about the safe use of the drug. 
Additional controlled trials may be performed in populations as 
yet not studied, eg, patients with concomitant illnesses, with 
milder or more severe forms of the illness under investigation, 
taking a range of concomitant medications, or likely to me- 
tabolize and/or eliminate the drug differently from patients 
studied to date (different races, ages, having renal or hepatic 
disease). In addition, of course, the sponsor must accumu- 
late sufficient well-monitored safety information to support 
marketing. 

Much of Phase 3 data are obtained in open, uncontrolled 
trials, the justification for which is that, presumably, by this 
phase of development, controlled trial data suggest that the 
treatment is effective. The open, uncontrolled exposure of ad- 
ditional patients is, therefore, rational and necessary to gain 
experience with the drug in those populations of patients that 
are more representative of the general patient population for 
which the drug might be approved ultimately. 

In this phase, the last prior to marketing, the sponsor 
should accrue all the experience necessary for the safe and 
effective use of the product according to the conditions of use 
that will be included in the proposed labeling. This will neces- 
sarily involve exposure of substantial numbers of patients, 
since a valid estimate of the toxic potential of the drug, given 
the heterogeneity of the patients to be exposed, requires exten- 
sive experience. While the number of patients who need to be 
exposed to a treatment will vary for many reasons, a typical 
development program should include in the range of 1000 to 
2000 patients, at least 300 or so who have received the drug at 
an appropriate dose for 6 to 12 months. 

A simple rule for calculating the degree of comfort that can 
be taken from exposure of a cohort of a given size is the 
so-called Reciprocal '/; Rule. According to this rule, one takes Ys 
of the total number of patients exposed, takes the reciprocal, 


and multiplies by 100. One can be 95% certain that in a cohort 
of that size, an adverse event with a true incidence of that 
calculated would have been seen at least once. For example, for 
a cohort of 300 patients, one can be 95% certain that if a 
particular adverse event was not seen, its true incidence is 1% 
or less (2°% = 100; the reciprocal is “00 X 100 = 1%). This 
demonstrates that the greater the exposure, the greater the 
confidence that the full panoply of adverse events has been 
identified. This is, of course, important, because even a small 
incidence of an adverse event can result in many such cases 
once the drug is approved and administered to large numbers 
of patients. 

Full characterization of the safety of the treatments in- 
cludes the completion of the preclinical requirements, which 
ordinarily includes the performance and submission of two 
lifetime in vivo carcinogenicity studies, one each usually in rat 
and mouse, as well as any other requirements imposed because 
of any particular concern. The completion of any outstanding 
chemical and manufacturing information is required. In par- 
ticular, it may be the case that the drug product tested in 
clinical trials differs from the drug product that the sponsor 
intends to market. It is critical to recognize this fact, since the 
new product may differ in performance from the product tested. 
In such a circumstance, the sponsor must perform a bioequiva- 
lence trial, comparing the rate and extent of absorption of the 
two products. Should they not perform identically, depending 
upon the nature of the differences, additional trials may need 
to be accomplished, the product may need to be reformulated, 
or other steps may be necessary to ensure that the clinical 
trials performed can support the safety and effectiveness of the 
product to be marketed. 

Prior to the submission of an NDA, sponsors are urged, 
again by regulation, to meet with the appropriate review divi- 
sion, to determine the appropriate format of the submission, so 
that review of the document can proceed smoothly, and also, 
critically, to determine if any additional studies are deemed 
necessary. Such a meeting is absolutely critical to the efficient 
review of the document once it is submitted. While it is true 
that not every need of the review division can be anticipated at 
this meeting, it is nevertheless extremely useful. Considering 
the purpose of the meeting, it should be held sufficiently in 
advance of the planned submission date, so that the sponsor 
will have ample time to incorporate any necessary changes. A 
meeting held immediately prior to the submission of the NDA 
is a largely wasteful, pro forma exercise. 


NDA PHASE 


The next phase of the introduction of new drugs to humans is 
the NDA phase. When a sponsor believes it has generated 
sufficient information to meet the regulatory and statutory 
requirements for marketing a new drug, it submits an NDA. 
This is typically a document of many thousands of pages, pre- 
sented in many hundreds of volumes, containing detailed in- 
formation on the clinical and preclinical and composition of the 
product. 

It is helpful to examine the information that a sponsor must 
submit to support an approvable NDA. Section 505(b)(1) of the 
FD&C Act describes the information that necessarily must be 
included in an NDA for a new chemical entity. The primary 
items of interest are 


Full reports of investigations that demonstrate the safety and effec- 
tiveness of the treatment. 

A full list of the components of the drug. 

A full statement of the composition of the drug. 

A full description of the methods used in it, and the facilities and 
controls used for the manufacture, processing, and packaging of the 
drug. 

Samples of the drug. 

Copies of the labeling. 
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Section 505(d) of the Act describes the reasons that an 
application can be not approved. The primary items of interest 
are 


The application does not contain the results of adequate tests by all 
methods reasonably applicable to show whether or not the drug is safe 
for the use recommended in the labeling. 

The results of these tests show the drug is unsafe, or do not show 
that the drug is safe. 

The methods used in, and the facilities and controls used for, the 
manufacture, processing and packaging of such drug are inadequate to 
preserve its identity, strength, quality and purity. 

There is insufficient information to determine whether the drug is 
safe. 

There is a lack of substantial evidence that the drug will have the 
effect described in the proposed labeling. Substantial evidence is de- 
fined in the law as 


Evidence consisting of adequate and well-controlled investiga- 
tions, including clinical investigations, by experts qualified by 
scientific training and experience to evaluate the effectiveness 
of the drug involved, on the basis of which it could fairly and 
responsibly be concluded by such experts that the drug will 
have the effect it purports or is represented to have under the 
conditions of use prescribed, recommended or suggested in the 
labeling or proposed labeling thereof. Adequate and well-con- 
trolled trials are defined at 21 CFR 314.126, and have been 
discussed earlier. The phrase clinical investigations provides 
the statutory support for the requirement of evidence from at 
least two such trials before the drug can be approved. This 
latter requirement embodies the well-accepted scientific princi- 
ple that results of experiments must be corroborated or repli- 
cated before they can be considered reliable. 


The application fails to contain required patent information. 
The labeling is false or misleading in any particular respect. 


If none of these deficiencies exist, the application is to be 
approved within 180 days of the submission of the application. 
If one or more of these deficiencies exist, the application is to be 
not approved within 180 days of its submission. 

The regulations that have been promulgated to administer 
this section of the Act appear at 21 CFR 314 (the NDA regula- 
tions). These regulations describe, in detail, the information 
that it is necessary for a sponsor to submit in an NDA. For 
additional guidance to sponsors, the Agency has published 
guidelines that give explicit detail about all aspects of the 
information required to be in an NDA and the general format 
that the presentation of the information should take. Such 
guidelines exist for the submission of the chemistry, pharma- 
cology, and clinical/statistical sections of the application. 


Example—The Guideline for the Format and Content of the Clinical 
And Statistical Sections of New Drug Applications, published in July 
1988, provides detailed guidance on the following NDA sections as 
required by the regulations. 


The overall format and content of the clinical and statistical 
sections are given in 21 CFR 314.50(d)(5) and (6), respectively. 
The following sections are required in the NDA, and are de- 
scribed briefly below. 

314.50(D)(5)(I) (CLINICAL PHARMACOLOGY STUD- 
IES)—This section includes a description of studies of the 
ADME of the drug, pharmacodynamic data, and other relevant 
special studies. 

314.50(D)(5)(II) (CONTROLLED TRIALS)—This section 
includes an overview of the controlled trials on which a deter- 
mination of effectiveness will be made. It includes a tabulation 
of all such studies as well as detailed reports of the individual 
studies. The Guidelines give detailed advice about the presen- 
tation of the protocol, the statistical plans, and the results, 
including the disposition of all patients entered, the popula- 
tions analyzed and the detailed methods used to do so, the 
analysis of each effectiveness measure, analysis of drug inter- 
actions, data quality assurance, and many other factors. In 
addition, detailed presentations of the safety experience, in- 
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cluding the extent of exposure, the adverse experiences seen, 
the details of laboratory tests, and other safety information 
also must be included. Individual patient data listings, ran- 
domization codes, publications based on the studies, and other 
documentation is required. 

314.50(D)(5)(1ID (UNCONTROLLED STUDIES)—This 
section must describe and tabulate the uncontrolled trials sub- 
mitted in the NDA. The detail in which these studies must be 
presented is discussed in the Guidelines. 

314.50(D)(5)(IV) (OTHER STUDIES AND INFORMA- 
TION)—This section presents the results of all other studies, 
including reports of studies for uses not covered in the NDA, as 
well as additional information (eg, reports of commercial mar- 
keting experience). 

314.50(D)(5)(V) (INTEGRATED SUMMARY OF EF- 
FECTIVENESS DATA)—This section provides a relatively 
brief summary of all the data on which effectiveness is to be 
determined. Here, the sponsor is to identify these studies, 
compare the results across these studies, analyze dose- and/or 
blood-level-response relationships, discuss drug-drug, drug- 
disease, drug-demographic interactions (including race, sex, 
and age relationship to drug effect), and look at the evidence for 
long-term effectiveness. 

314.50(D)(5)(VI) (INTEGRATED SUMMARY OF 
SAFETY INFORMATION)—This section gives a relatively 
brief summary of the overall safety experience accrued and 
includes a description of the overall extent of exposure (includ- 
ing a description of the number of patients exposed to a given 
dose for a given duration), the adverse experiences noted (in- 
cluding a display comparing those on drug with those that 
occurred on control treatment), a display and analysis of deaths 
and dropouts due to adverse events and other serious events, 
drug interactions, relevant animal studies, analyses of dose- 
response information, laboratory abnormalities, and other 
information. 

314.50(D)(5)(VID (DRUG ABUSE AND OVERDOSAGE 
INFORMATION). 

314.50(D)(5)(VIIT) (INTEGRATED SUMMARY OF 
BENEFITS AND RISKS OF THE DRUG)—In this section, 
the sponsor presents its case that the benefits of the treatment 
outweigh the attendant risk, so that the application should be 
approved. 

314.50(F)(1) (CASE REPORT TABULATIONS)—I this 
section, the effectiveness data, the data from clinical pharma- 
cology studies, and all safety data should be tabulated. The 
Guidelines give detailed information about the presentation of 
this section. 

314.50(F)(2) (CASE REPORT FORMS)—The sponsor is 
required to submit copies of the case report forms of all patients 
who died or who withdrew from studies because of adverse 
events, regardless of the relationship to treatment. 

These detailed data are required because the Agency must 
be able to trace the data from patient to application, so that an 
independent assessment of the safety and effectiveness of the 
drug may be made. 

When an NDA is submitted, copies of the relevant sections 
are distributed to the appropriate reviewers (physician, phar- 
macologist, chemist, statistician, kineticist, routinely; addi- 
tional staff, attorney, epidemiologist, etc, if necessary), and 
approximately 45 days after submission, a meeting of all mem- 
bers of the review team is held. At this meeting, each reviewer 
recommends whether or not her or his section of the application 
is sufficiently complete to permit filing the application; ie, if a 
particular section, required by regulation, is so incomplete that 
a recommendation about its approvability or nonapprovability 
cannot be made, the reviewer may recommend that the appli- 
cation not be filed. The director of the division then will decide 
if the application is too incomplete to review. If the application 
is deemed incomplete, it will not be filed. If the application is 
complete enough to review, the application is accepted for re- 
view. This decision must be made within 60 days of the date of 
submission of the NDA. 


At this meeting, a priority status is given to the application 
(actually, the priority status is granted at the time of submis- 
sion of the IND; however, it becomes most meaningful at the 
time of submission of the NDA). NDAs for new chemical enti- 
ties are classified as either P (priority review) or S (standard 
review). 

A drug gains a P rating if it represents a therapeutic gain 
over already marketed drugs providing effective therapy or 
diagnosis for a disease not adequately treated or diagnosed 
with available drugs; by providing improved treatment through 
greater effectiveness or safety; or by having modest, but real, 
advantages over marketed drugs (eg, fewer annoying side ef- 
fects or greater compliance). The P rating replaces the former A 
and B rating categories. 

A drug receives an S rating if it offers no real advantage over 
marketed drugs; this replaces the former C rating. As the name 
implies, an NDA given a P rating is expected to be reviewed 
with a greater priority than S NDAs, although this is not meant 
to imply that a reviewer will work exclusively on a P NDA. 
Indeed, a typical reviewer may be assigned several P NDAs as 
well as multiple INDs and other projects. Nonetheless, P NDAs 
receive priority review. 

If the application is accepted, detailed review continues 
(some degree of substantive review is expected to have been 
competed by the 45-day meeting). Primary reviewers work 
closely with their supervisors so that problems in the data 
analyses and/or presentation are detected as early as possible 
in the review cycle. When additional data, alternative data 
presentations, or other explanations of findings require addi- 
tional input from the sponsor, an attempt is made to contact 
the sponsor in real time and obtain the additional information. 
If the additional data submitted are substantial (eg, results of 
a new trial or new animal data), additional time is added to the 
review clock, so that the Agency is considered to have addi- 
tional time to review the application; ie, the due date for the 
application will be some time after 180 days after the original 
submission. However, at no time can the application be due 
more than 180 days from the time of submission of the addi- 
tional information. 

Very often, after the division has reviewed the data sub- 
mitted, the NDA will be presented to the relevant Advisory 
Committee. These meetings are generally open to the public, 
and particularly if the Agency reviewers have concluded 
provisionally that the application is not approvable, the 
sponsor also will present its case publicly (if the Agency 
believes the application is approvable, they often can agree 
with the sponsor before the meeting that separate presenta- 
tions are inefficient). In any event, the Committee is asked to 
take a formal vote on questions posed to it by the division. 
The Committee’s advice is not binding on the Agency; it is 
the case, however, that the ultimate Agency decision is in- 
variably in agreement with that advice. Transcripts of those 
Advisory Committee meetings that are open to the public are 
available for a fee from the Agency. 

Eventually, each reviewer writes and submits a review of 
his or her section of the NDA and includes a recommendation 
about whether the information reviewed meets the standards 
for approvability. This review is submitted to the reviewer's 
supervisor, who concurs or not. A package is created that 
contains all the primary and supervisory reviews and memo- 
randa (as well as a host of other required documents and forms) 
and is submitted to the medical group leader, who makes a 
recommendation to the division director regarding the approy- 
ability of the application. The division director forwards the 
package to the Director of the Office of Drug Evaluation (I or II) 
with the division’s recommendation. If the division recom- 
mends that the application be Not Approved and the Office 
director concurs, a letter is sent to the sponsor detailing all the 
deficiencies that resulted in the decision, so that the sponsor 
will be able to address all the problems in the application 
(throughout the review period, a division may send interim 
deficiency letters to a sponsor to request additional information 


necessary for continued review; these are to be distinguished 
from a Not Approvable letter). The letter also offers the sponsor 
a meeting with the review division to discuss the issues. When, 
and if, the sponsor responds to all the deficiencies, the review 
clock and review begin again. 

If the Office director concludes that the application is ap- 
provable, a letter is sent to the sponsor indicating this is so. The 
letter will include requests for additional information (eg, 
safety update), but an Approvable Letter means that the ap- 
plication contains sufficient information for the Agency to con- 
clude that the application can be approved soon. In addition to 
requests for additional information, an Approvable Letter will 
contain draft labeling for the product. This draft labeling ordi- 
narily will be a combination of the sponsor’s original draft 
labeling submitted with the NDA, the reviewing division’s re- 
writing of parts, and further requests for the sponsor to redraft 
portions of the labeling. 

With regard to the labeling, it is instructive to describe 
briefly the required content and format of labeling for an ap- 
proved product. These labeling requirements appear at 21 CFR 
201.57 (Specific requirements on content and format of labeling 
for human prescription drugs), and they not only provide a 
standard format for drugs of all classes, but also provide the 
information the prescriber needs to have to be able to prescribe 
properly. Importantly, however, they provide a succinct outline 
for the data that a sponsor must generate to obtain an ap- 
proved NDA; ie, if the NDA provides sufficient data to support 
the required sections of labeling, the NDA is likely approvable. 
The required sections of labeling are as follows. 

DESCRIPTION—The product is described, including the 
name, dosage form, route of administration, components, phar- 
macological class, chemical structure, and other chemical and 
physical information. 

CLINICAL PHARMACOLOGY—The pharmacokinetic 
information is presented, including adsorption, distribution, 
metabolism, and excretion (ADME). Additionally, relevant in- 
formation about the pharmacology of the drug is presented, as 
well as information about the mechanism of action and the 
pharmacodynamics. Most recently, detailed descriptions of the 
controlled clinical trials that were relied on to determine effec- 
tiveness are provided in this section. 

INDICATIONS AND USAGE—The condition and popula- 
tion for whom the drug is intended is stated. Ordinarily, these 
derive from the controlled trials relied upon to approve the 
drug. The indications should be specific; eg, the drug is indi- 
cated as adjunctive therapy, second-line therapy (because of 
some adverse reaction), or symptomatic therapy for patients 
with specific disease severity. Interestingly, if there is a com- 
mon belief that the drug is effective for another indication, or it 
is known that the drug is used for another indication and there 
is evidence that the drug is ineffective for that condition, the 
labeling should state this fact. 

CONTRAINDICATIONS—tThis section states when the 
drug is not to be used in patients in whom the risks clearly 
outweigh the benefits. The regulation explicitly states that only 
those conditions known to be associated with an unacceptable 
risk may be included in this section; if the risk is theoretical, 
but not based on evidence, it may not be included here. 

WARNINGS—Serious adverse reactions, potential safety 
hazards, limitations in use imposed by them, and steps to be 
taken if they occur are described. Special problems may need to 
be highlighted by inclusion in a prominently displayed box 
(boxed warning). 

PRECAUTIONS—This section contains the following sub- 
sections: 


General—Any special care to be provided by the prescriber not 
otherwise included in any other section of labeling should be included 
here. 

Information for Patients—Any information that the patient 
needs to have for the safe use of the product should be included here. If 
the product requires that an information sheet be given to the patient 
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(Patient Package Insert or PPI), that fact should be referred to here, 
and the PPI should be printed at the end of the labeling. 

Laboratory Tests—Any laboratory tests that need to be monitored 
for the safe use of the product are described. 

Drug Interactions and Drug-Laboratory Interactions—Any 
significant interactions that the drug may have with other drugs or with 
routine laboratory tests are described. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—Data 
from animal carcinogenicity and fertility studies are presented (wheth- 
er positive or negative). Results of in vitro mutagenicity testing also are 
reported. If there is evidence from human data that the drug may be 
carcinogenic, be mutagenic, or impair fertility, this should be referenced 
and described under Warnings. 

Pregnancy—What is known about the effects of the drug on the 
fetus is included. Several categories are outlined: 


Pregnancy Category A is used when adequate and well-controlled trials 
in women demonstrate that the drug does not pose a risk to the 
fetus. 

Pregnancy Category B is used when there are no data from adequate 
and well-controlled studies in women, but animal studies reveal no 
risk to the fetus. 

Pregnancy Category C is used when there are no adequate and well- 
controlled studies in women, but animal studies demonstrate a risk 
to the fetus, or there are no animal studies, and the benefits of the 
treatment outweigh the risks. 

Pregnancy Category D is used when there is positive evidence of risk to 
the human fetus, but the potential benefits outweigh the risks. 
Pregnancy Category X is used when there is positive evidence of risk to 

the human fetus, and the risks outweigh the benefits. 


Labor and Delivery—If the drug has a recognized use during 
labor and delivery (even if it is not approved for that use), the effects of 
the drug on the mother and the fetus, if known, are included. 

Nursing Mothers—lInformation about the excretion of the drug in 
human milk, effects on nursing infant, etc, are included. 

Pediatric Use—If there is to be a specific pediatric indication, it is 
included under Jndications. (Such use must be supported by adequate 
and well-controlled trials in children; this requirement may be waived 
if the drug is already approved in adults with the same disease if the 
sponsor can demonstrate that the disease is essentially the same in 
both populations and there is evidence to suggest that children will 
respond to treatment in the same way as adults.) If there is no approved 
indication for children, or if there is evidence of a particular hazard in 
children, relevant statements should appear. 


ADVERSE REACTIONS—tThe adverse reactions associ- 
ated with the use of the drug are described. They can be 
tabulated by system, type of reaction, or frequency, and those 
adverse reactions seen in controlled trials at frequencies of 1% 
or greater often are compared with the same reactions seen in 
the control group in table form. Leeway in presenting the data 
is given, but prominence should be given to more serious reac- 
tions and to those reactions that were associated with with- 
drawal from treatment. 

DRUG ABUSE AND DEPENDENCE—What is known 
about the potential for the drug to cause psychological and/or 
physiological dependence is presented. Pertinent animal data 
also may be included. 

OVERDOSAGE—Experience with overdosage, including 
descriptions of the clinical and/or laboratory findings associ- 
ated with such overdosage, is included. Although primarily 
intended to reflect human experience, pertinent animal data 
may be included. Whether the drug is dialyzable and specific 
treatments that may be applied are described. 

DOSAGE AND ADMINISTRATION— Detailed informa- 
tion about the recommended dosing regimens and schedules is 
included. Titration schemes, upper limits of dose beyond which 
safety and effectiveness have not been demonstrated, duration 
of treatment, use in special populations, etc, are included. 

HOW SUPPLIED—Strength of available dosage forms, 
units in which they are packaged, identifying characteristics of 
the dosage form (color, shape, etc), and special handling and 
storage conditions are described. 
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PHASE 4—POSTAPPROVAL 
ES La TT 
The Agency’s responsibility to regulate new drugs extends into 
the postmarketing period as well. Sponsors of approved NDAs 
are required to submit reports of adverse events that occur 
during the marketing experience; the regulations concerning 
the postmarketing adverse event reporting requirements are 
found at 21 CFR 314.80. 

Sponsors have a legal obligation to review all such reports 
regardless of their origin; eg, reports submitted to the sponsor 
by health-care practitioners, reports in the literature, or for- 
eign marketing experience. For those reports of adverse events 
that are both serious and unexpected (defined as one that is 
fatal or life-threatening, permanently disabling, requires hos- 
pitalization, or is a congenital abnormality, cancer, or overdose 
and is not listed in the labeling of the drug), the sponsor must 
submit a report to the Agency within 15 days of the sponsor’s 
receipt of the information. Sponsors periodically must review 
the incidence of adverse events that are serious and expected 
and file reports if the incidence increases over a reporting 
period (this period varies depending upon several factors). For 
all other adverse reactions, sponsors must submit these data in 
an annual report. 

For newly approved drugs, sponsors must report adverse 
event data (other than 15-day reports) quarterly for the first 3 
yr after the date of approval (and annually after this 3-yr 
period). This periodic reporting does not include adverse event 
data from postmarketing studies, literature reports, or foreign 
marketing experience. Further, a sponsor is not required to 
submit a 15-day report for an otherwise eligible event that 
occurs in a postmarketing study unless the sponsor concludes 
that there is a reasonable possibility that the drug caused the 
event. 

Because reporting adverse reaction data to the FDA or the 
sponsor of an NDA is voluntary for health-care providers, ac- 
curate incidence figures for these events are unobtainable. 
Even worse, serious reactions may go entirely unreported. In 
an effort to induce health-care providers to report these events 
more frequently (as well as to increase awareness of the poten- 
tial drug-relatedness of adverse events), the Agency developed 
a program called MedWatch in June 1993. This system is 
designed to encourage health-care providers to report adverse 
events that are serious and to make reporting these events a 
part of the professional responsibilities of these practitioners. 
This system (which also covers devices and other medical prod- 
ucts) provides a streamlined method of report submission, al- 
lows for reporting via modem, and includes an educational 
effort to alert practitioners to the actions the Agency can take, 
and has taken, to protect the public health in cases where 
postmarketing reports have identified serious concerns. 


ADDITIONAL COMMENTS 

EET ST TS 

There has been an increasing demand from various segments of 

society for more-rapid and increased access to unapproved 

treatments. In response, the Agency has written several new 

regulations and policies designed to increase access to promis- 

ing new treatments. These regulations are as follows. 
TREATMENT IND (21 CFR 312.34)—The purpose of this 

regulation is to facilitate the availability of promising new 

treatments to patients with serious or life-threatening disease. 

Under this regulation, the Agency will permit a treatment IND 

if 

The drug is intended to treat a serious or immediately life-threatening 
illness. 

There exists no comparable or satisfactory alternative therapy for the 
condition. 

The drug is under investigation in a clinical trial under an IND, or all 
trials necessary for an NDA submission have been completed. 

The sponsor of the IND is pursuing marketing with due diligence. 


For a serious disease, there must be sufficient evidence of 
safety and effectiveness to support such use before the Com- 
missioner may approve treatment use. For an immediately 
life-threatening disease (defined as a stage in a disease in 
which there is a reasonable likelihood that death will occur 
within a matter of months or in which premature death is 
likely without early treatment), the Commissioner must find 
that the available scientific evidence, taken as a whole, dem- 
onstrates that the treatment either may be effective or would 
not expose the patient to an unreasonable and significant ad- 
ditional risk of injury. 

The Treatment IND essentially is intended to make drugs 
that are relatively far along in development available to seri- 
ously ill patients. It is not intended to be a mechanism to be 
used to make drugs available that are not destined to be mar- 
keted (ie, as the regulation states, the sponsor must be making 
a good-faith effort to generate the data necessary for marketing 
approval). Further, and critically, if a Treatment IND is inter- 
fering with the conduct of the controlled trial of that drug (if 
any are ongoing) or with the conduct of controlled trials of other 
investigational agents being developed for the same indica- 
tion, the Treatment IND may be placed on Hold [21 CFR 
312.42(b)(4)]. A treatment protocol, as the name implies, pro- 
vides access to the drug for appropriate patients outside the 
context of a clinical trial (ie, the drug is provided as treatment, 
not as part of a scientifically rigorous trial). In addition to 
providing access to drug prior to approval, a Treatment IND 
may generate useful safety information in what can be a rela- 
tively large cohort of patients. 

SUBPART E (21 CFR 312.80-.88)—This section of the 
regulations deals with drugs intended to treat severely debili- 
tating or life-threatening illness, especially when there is no 
satisfactory alternative treatment available. It is designed to 
expedite the development and approval of these drugs. 

Subpart E designation can be granted, provisionally, at any 
time in the drug-development process. Typically, a sponsor will 
request Subpart E designation prior to the submission of an 
IND on the basis of the claim for which they wish to develop the 
drug. The Agency will grant the request if the disease to be 
studied is severely debilitating (ie, results in major irreversible 
morbidity) or life-threatening. If the request is granted prior to 
the submission of the IND, the regulations entitle the sponsor 
to a pre-IND meeting. At this meeting, the Agency will inform 
the sponsor what sort of data are necessary to enter Phase 1. In 
general, future development plans are not discussed in detail. 

The Subpart E regulations further entitle the sponsor to an 
End of Phase 1 meeting at the appropriate time. At this meet- 
ing (to which the Agency ordinarily brings an outside consul- 
tant), the sponsor and the Agency are expected to reach agree- 
ment on the design of the Phase 2 efficacy trials. For Subpart E 
status to be confirmed, the trials must be designed to demon- 
strate an effect on mortality or an effect on irreversible mor- 
bidity. The purpose of this provision is to ensure that only 
significant treatments are developed under Subpart E. 

Assuming the Phase 2 trials are designed with the appro- 
priate outcomes and the Agency and sponsor agree that the 
designs are otherwise adequate, if the trials are positive, 
the drug may be approved without Phase 3 testing. This is 
the primary advantage offered by the Subpart E regulations. 
These drugs can be approved considerably faster than many 
other drugs, since Phase 3 testing (which can be of significant 
duration) is not required. It should be noted that the statutory 
requirement for at least two adequate and well-controlled clin- 
ical investigations must still be met in the Subpart E setting. 

PARALLEL TRACK—This is not a regulation, but is an 
Agency policy. It applies only to patients with clinically signif- 
icant HIV-related illness or patients at imminent health risk 
due to HIV-related immunodeficiency. Under this policy, pa- 
tients who cannot be enrolled in ongoing trials of HIV treat- 
ments (because they do not meet the inclusion criteria, are too 
severely ill, participation would be an undue hardship, or the 
trials are enrolled completely) can receive the treatment in an 


open-label fashion. The policy differs structurally from the 
Treatment IND in that a Treatment IND is granted relatively 
late in the development of the drug (ie, trials are already 
completed, and there is evidence that the drug is safe and 
effective). Under the parallel-track policy, which is limited to 
patients with HIV-related disease, patients may receive the 
drug essentially before any evidence of safety and effectiveness 
is available (ie, they may receive the drug simultaneously with 
the conduct of the earliest clinical trials). 

SUBPART H (ACCELERATED APPROVAL OF NEW 
DRUGS FOR SERIOUS OR LIFE-THREATENING ILL- 
NESSES (21 CFR 314.500-.550)—This regulation applies to 
drugs intended to treat patients with serious and life-threat- 
ening illnesses and that provide meaningful benefit compared 
with existing treatments. 

The primary provision of this regulation permits the Agency 
to approve a new drug based on the effects of the treatment on 
a surrogate endpoint that is reasonably likely (based on ther- 
apeutic, epidemiological, pathophysiological, or other evidence) 
to predict clinical benefit (eg, CD4 counts in patients with 
AIDS) or based on the effects of the treatment on a clinical 
endpoint other than survival or irreversible morbidity, but 
which predicts one or the other (ie, a clinical surrogate). When 
the Agency determines that there is uncertainty about the 
relationship between the surrogate endpoint and the clinical 
benefit, it may require the sponsor to study the drug further, 
postapproval, to document this relationship; although the reg- 
ulation contemplates that these studies ordinarily will be un- 
der way at the time of approval, they need not be. For drugs 
approved under this regulation, the Agency can expedite their 
removal from the marketplace if 


1. A postmarketing study fails to document clinical benefit. 

2. The sponsor does not perform the required studies with due 
diligence. 

3. Postmarketing restrictions in distribution are inadequate to ensure 

the product’s safe use. 

The sponsor does not adhere to postmarketing restrictions. 

Promotional materials are misleading. 

Other evidence demonstrates that the product is not safe or 

effective. 


USER FEE LEGISLATION—On October 29, 1992, Con- 
gress passed the Prescription Drug User Fee Act of 1992, 
PDUFA I. In brief, this Act authorizes the Agency to collect 
three types of fees from sponsors. This law expired September 
30, 1997, but the FDA Modernization Act of 1997 amended and 
extended PDUFA I through September 30, 2002 (PDUFA II). 

APPLICATION FEE (FOR SUBMISSION OF A NEW 
DRUG APPLICATION [505(B)(1) OR 505(B)(2)])—For fis- 
cal 1998, for example, this fee was $100,000 for applications 
with clinical safety and effectiveness data and $50,000 for 
applications without clinical safety and effectiveness data and 
for supplements with such data. Half of the fee must accom- 
pany the application, and the remainder is due 30 days after 
the date of an action letter or after the application is with- 
drawn. If the Agency refuses to file an application, one-half of 
the fee paid with the submission of the application is returned 
to the sponsor. 

ESTABLISHMENT FEES—tThe Agency will collect an an- 
nual fee from each sponsor that has an establishment at which 
is manufactured at least one drug that is not, or not the same 
as, a drug product approved under a 505(b)(2) application and 
who had pending an NDA or supplement after September 1, 
1992. The fee for FY 1993 was $60,000. 

PRODUCT FEE—The Agency will collect an annual fee for 
each product that is not the same as one approved under 
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505(b)(2). Fees will be collected only from sponsors who have 
such products and also have an NDA or supplement pending as 
of September 1, 1992. This fee for FY 1993 was $6000 per 
product. 

The purpose of this legislation is to provide additional rey- 
enue and, as a result, substantially increased staffing for the 
Agency so that review of NDAs will be expedited. With this 
increased staffing, the Agency is obliged to meet certain goals 
to be established, consistent with expedited review, especially 
for P drugs. In general, by a specific date in the future, the 
Agency will be required to act upon some large fraction of 
pending applications for P drugs within the statutory required 
time limit of 180 days. 

In FY 1998 the FDA collected $132.7 million in user fees, 
and the total collected since 1993 amounts to $458 million. 
Using the funds gleaned from the fees, drug approvals doubled 
from 1992 to 1996. 


FINAL COMMENTS 


In the US today, bringing a drug from discovery and synthe- 
sis in the laboratory, through preclinical and clinical trials, 
to eventual appearance in the marketplace, is a costly, time- 
consuming, and complex enterprise. Given the requirements 
of the relevant law and regulations governing research with, 
and ultimate approval of, new drugs, it is in the interest of 
all concerned parties to have process proceed as efficiently as 
possible. Ideally, drug development proceeds in an orderly, 
well-thought-out fashion, so that each phase generates and 
provides, without serious interruption, the data necessary 
for the intelligent conduct of the next phase, until all the 
required, and no useless, data have been accumulated to 
support a well-structured and complete NDA that can be 
reviewed and acted upon in the legally mandated time pe- 
riod. Of course, this scenario is not only unusual, it is rare 
indeed. The development of a drug invariably is marked by 
surprises that thwart even the most carefully conceived 
plans. Further, the process is inherently iterative, with each 
study often raising new and unexpected questions that must 
be addressed to better understand the drug’s capacity to 
induce a benefit or cause harm. Other considerations, not 
strictly scientific, including corporate decisions of one sort or 
another as well as shortages in review staff may have a 
profound impact in the way drugs are developed. 

This chapter has presented a brief summary of the phases of 
drug development, including the regulatory and legal structure 
underlying these phases, relevant Agency policy, and the sci- 
entific rationale supporting these requirements. It has also 
described, albeit very incompletely, the process involved in 
FDA regulation of new drugs. 

Everyone agrees that drug development takes too long. 
However, it must be kept in mind that gaining a relatively full 
understanding of a drug’s properties (a necessity before a 
drug is made available to the general public) and ensuring the 
safety of the subjects along the way (also a necessity) do take 
an irreducible amount of time, which is substantial. To the 
extent that the interactions between a fully staffed FDA and 
a committed industry are fruitful and productive, safe and 
effective drugs can be brought to the public in the shortest 
possible time. The views expressed in this article are those of 
the author and are not an official statement of the Food and 
Drug Administration. 
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In medical and pharmaceutical history, the 1980s and 1990s 
ultimately will be regarded as the age of biotechnology. Previ- 
ously rare or even unattainable pharmaceuticals can now be 
produced in useful quantities by harnessing the power of mo- 
lecular biology. Interestingly, the term biotechnology was first 
coined in 1919 by the Hungarian agricultural economist, Kark 
Ereky, to describe how products could be produced from raw 
materials with the aid of living organisms. ! 

The practical realization of this technology has followed 
from our ability to now detect, isolate, produce, and character- 
ize the various proteins that coordinate the numerous func- 
tions essential to human life and health. Processes that precede 
or are causative in pathophysiology can not only be identified, 
but also now manipulated in an attempt to restore normal 
function. This relatively new methodology involves the syner- 
gism of discoveries in recombinant DNA methodology, DNA 
alteration, gene-splicing, genetic engineering, immunology, 
and immunopharmacology, with advances in automation and 
data analysis to create a cogent, high-technology industry. 
Overall, biotechnology has led to the creation of new products 
for home and industry, improvement of agricultural yields, 
diagnosis of genetic disorders, and the enhancement of our 
medical arsenal against disease. While the 1990s clearly have 
witnessed the benefits resulting from the proliferation of 
biotechnology-derived products, new questions have arisen re- 
garding issues of ethics and pharmacoeconomics. Nonetheless, 
it is clear that the benefits of biotechnology already have far 
outweighed the drawbacks. 


BACKGROUND 


LS DL EE TR 
As a backdrop to understanding modern biotechnology, it will 
be instructive to review some of the basic biological milestones 
that precede it. Huber” provides a succinct list of the major 
discoveries that helped pave the way for biotechnology, and 
this is shown in Table 49-1. His list of anticipated future 
achievements (written in 1989) is slowly becoming reality. For 
example, gene therapy products are the primary growth area in 
biotechnology, and the Human Genome Project is making 
steady progress by exploiting technologies developed to se- 
quence completely the genomes of Escherichia coli and Saccha- 
romyces cerevisiae. Not depicted in this table was the revolu- 
tionary cloning of a sheep named Dolly from cells of an adult 
ewe in 1997 by Ian Wilmut’s research group in Scotland. And 
despite numerous recommendations from federal and interna- 
tional advisory panels to delay similar experiments with hu- 
man subjects, a Chicago physician announced in 1998 plans to 
embark on a human cloning project. It seems that our technical 
progress in this area has been more rapid than our ability to 
manage the ethical dilemmas that the technology presents. 


944 


Nature has for some 3.5 billion years been conducting what 
we may call natural genetic experiments. These include muta- 
tion (random heredity alteration), crossing-over (breakage and 
exchange of corresponding segments of homologous chromo- 
somes), and recombination at meiosis (fertilization). These pro- 
cesses all have contributed to the current diversity of life on 
this planet. In addition, it is well known that humans have 
been manipulating genetic characteristics of different species 
for over 10,000 yr through inbreeding and cross-breeding ex- 
periments. To cite a few examples, one can point to the modern 
robust strains of wheat or corn, which are a far cry from their 
puny ancestors. Similarly, the varied breeds of dogs, cats, poul- 
try, and cattle may be mentioned. These manipulative efforts 
continue, and in less than a lifetime, the development of larger 
and sweeter oranges, seedless watermelons, and flamboyant 
ornamental plants has occurred. Also familiar are such hybrid- 
izations as the tangelo (crossing the tangerine and the grape- 
fruit) and the mule (crossing a donkey and a horse). 

Sadee? provides a compelling couplet of articles dealing with 
what he calls a third revolution in modern medicine. In these, 
he points out that all of the gross structures and physical 
characteristics of every organism owes its origin to the genetic 
code inherited and physically located within the nucleus of 
each cell. The carbohydrates, proteins, lipids, and nucleic acids 
are the main building blocks of cell architecture. The special 
class of proteins known as enzymes build and use these various 
molecules as the cell matures, maintains itself, and ultimately 
reproduces. 

All cell structures and functions begin with proteins, and 
the code for building the proteins is found in deoxyribonucleic 
acid (DNA). This is why the discovery of the double-helix struc- 
ture of DNA by Watson and Crick, in 1953, fundamentally 
began the unraveling of the mystery of cell processes. DNA, the 
genetic blueprint of an organism, is made up of building blocks 
known as nucleotides (molecules containing a sugar, nitrogen- 
containing purine or pyrimidine bases, and a phosphate group) 
that are connected in a very long ladder-like structure. When 
this rubber-like twisted-ladder structure is coiled tightly, it is 
referred to as a two-stranded, or double, helix. 

There are four different nucleotides (containing the bases 
adenine, cytosine, guanine, and thymidine) with a total of 
about 3 billion nucleotide units in the human genome, tightly 
packed into chromosomes. These include the genetic code for an 
estimated 100,000 different genes. Each of these genes controls 
the synthesis of a protein made up of a long strand of 50 to 3000 
amino acids. Nirenberg and Matthei, in 1961, and others later, 
elucidated how the nucleotide sequence of a gene regulates the 
particular sequence in which the 20 different amino acids will 
be united to produce a particular protein. A single codon is 
made up of units of three adjacent nucleotides; each codon 
specifies one amino acid. The arrangement of codons in the 


Table 49-1. Milestones in Biotechnology 
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The recent explosion of growth in the development and application of biotechnology may be traced to a number of successive, 


discrete, milestone discoveries and events. 


1. X-ray diffraction data and proposed double-helix model for the 3-dimensional structure of DNA (RE Franklin and MH Wilkins; JD 


Watson and FH Crick, 1952-1953). 


2. Site-specific recognition and cleavage of DNA by restriction endonucleases (W Arber, 1962; M Meselson and R Yuan, 1968; HO 


Smith, 1970; D Nathans, 1971). 


. Determination of the genetic code (M Nirenberg, S Ochoa, and P Leder, 1966; HG Khorana, 1966). 


. Identification of DNA ligase (M Gellert, 1967). 


. Identification of RNA-directed DNA polymerase (reverse transcriptase) (HM Temin and S$ Mizutani, 1970; D Baltimore, 1970). 


. Formal discussions on emerging rDNA technologies (Gordon Conference on Nucleic Acids, June 1973). 


3 
4 
5 
6. DNA cloning techniques (HW Boyer, S Cohen, and P Berg, 1971-1972). 
i 
8 


. Asilomar Conference and self-imposed standards for rDNA research (Feb 1975). 


9. Hybridoma created (C Milstein and G Kohler, 1975). 


10. Recombinant Advisory Committee (RAC) issues guidelines (1976). 
11. DNA sequence technologies (F Sanger, 1977; W Gilbert, 1977). 


12. US Supreme Court rules that microorganisms are patentable (General Electric superbug, 1980). 
13. US approval of first diagnostic kit using MAb technology (anti-C3d BioClone: Ortho Diagnostics, 1981). 
14. US approval of first ethical pharmaceutical produced by using rDNA technologies [Humulin (human insulin): Genentech and Eli Lilly 


& Co, 1982]. 


15. Expression of a foreign gene in plants (bacterial antibiotic resistance gene expressed in tobacco plants: Monsanto Co. Washington 


University and Max Planck Institute, 1982). 


16. US Patent and Trademarks Office issues first patent for genetically engineered mammal (transgenic mouse: P Leder and Harvard 


University, 1988). 
17. Most recent achievements: 


Advances in DNA and protein sequence and synthesis technologies. 


Site-specific integration of cloned DNA sequences. 
Site-specific alterations of genomic DNA. 

Gene therapy. 

Routine computer-aided molecular modeling and design. 


Public and private commitment to sequence the human genome. 


DNA, following transcription into messenger RNA (mRNA), 
determines the sequence of amino acids that will form a par- 
ticular protein. The detailed understanding of how these genes 
and their proteins govern basic cellular processes is the under- 
pinning of molecular biology and biotechnology. 

Because each of the major organs of the body (brain, liver, 
blood, tissue, etc) has a specified set of tasks to perform, certain 
specific sets of genes in each organ (collection of specialized 
cells) must be activated and deactivated, that is, turned on and 
off as needed. Following the directions laid down by the genetic 
code of DNA and mediated by mRNA, each cell type continu- 
ously produces a unique and characteristic array of proteins. 
Certain of these proteins are secreted into the extracellular 
milieu, while many are used within the cell itself. The number 
of possible biosynthetic permutations is very high if one con- 
siders that a typical protein can be made up of some 500 amino 
acids and, further, that every one of these sites may be occupied 
by any one of 20 different amino acids. It is likely that over the 
long periods of evolution of each organism, given the vast array 
of possible combinations of these amino acids, a multitude of 
unique proteins with all sorts of optimized functions have 
developed. 

The concept that genetic information flows from DNA to 
RNA to proteins has become a fundamental milestone of mod- 
ern biology. Thus, with the discovery of reverse transcriptase 
(from an RNA virus) by Temin and Baltimore, in 1970, which 
could convert its own genomic RNA into double-stranded RNA, 
a second milestone was reached. Modern biotechnology relies 
heavily on this enzyme. Examples of cellular catalysts, or en- 
zymes, include those that are involved in the digestion of food, 
and others that produce the chemical building blocks of cell life 
such as sugars and lipids, hormones for organism regula- 
tion, fuel for energy production, and important molecules such 
as DNA. 

Proteins also make up the cell cytoskeleton providing an 
organized three-dimensional structure. They permit directed 
transport and movement of molecules throughout the cell. They 
are embedded in the outer cell membrane and pump nutrients 


and ions across the membranes. They serve as receptor sites for 
hormones that finitely adjust the functions of the cell according 
to changing bodily needs. Another group of proteins regulates 
gene activities by binding to DNA and activating or repressing 
gene transcription. Still other proteins, and their smaller frag- 
ments (peptides), are secreted by cells as neurotransmitters or 
hormones like insulin. Some serve as carrier molecules like 
hemoglobin, the body’s oxygen carrier. 

As is well recognized, these hormones and various related 
peptide molecules hold enormous power, and because they can 
act on numerous specific cell surface receptors, they can influ- 
ence virtually all bodily functions from the nervous system to 
the immune system. It is obvious that their selectivity, potency, 
and often-desired evanescent effects on selective target cells 
make them enormously attractive candidates as a new gener- 
ation of drugs in the magic bullet concept of Paul Ehrlich. 
Further, when administered parenterally, hormones have the 
potential to reach target receptors on the surface of cells, with- 
out the need to penetrate membranes. Not unlike the normal 
bodily processes, they can bind to cell surface receptors and 
activate the cell’s particular function. An example of one such 
approach is seen with the experimental anticancer drug inter- 
leukin-2, which can stimulate some immune cells to attempt to 
overcome cancerous cell growth. 

The body’s specific defense response to invading organisms 
is due to the immune system. Normally, phagocytes called to a 
site of inflammation induced by pathogens mount a generalized 
attack response. Indiscriminately, they engulf cellular debris 
as well as anything recognized as foreign. Occasionally, how- 
ever, this is not enough, and illness ensues. At this point, 
several more focused counterattacks proceed by the three types 
of white blood cells known as macrophages, T lymphocytes, and 
B lymphocytes. The key features of the immune system are 
specificity (the ability to focus on specific pathogens) and mem- 
ory (the ability to recognize and respond rapidly to previously 
encountered infections). About 1% of the body cells are white 
blood cells. The ones that are central to the immune responses 
are 
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B Cells—Lymphocytes that produce antibodies (antibody-mediated 
immune response). 

Macrophages—Phagocytic cells that alert helper T cells of the 
presence of pathogens. 

Helper T Cells—Master switches of the immune system that stim- 
ulate the rapid division of both killer T cells and B cells. 

Suppressor T Cells—Lymphocytes with regulatory functions; ie, 
they slow down or prevent immune responses. 

Killer T Cells and Natural Killer (NK) Cells—Lymphocytes that 
directly destroy body cells that already have been infected by pathogens 
(or cancer cells). 

Memory Cells—A group of the T cell and B cell population that was 
produced during the primary encounter with a pathogen but was not 
used in the battle. These circulate through the body ready to respond 
rapidly to later attacks by the same organisms. 

As a further refinement in the understanding of the im- 
mune system, several key weapons are involved in the process. 
These include the antibodies, which are circulating freely or 
membrane-bound receptor molecules that bind specific foreign 
invaders and thereby tag them for destruction by the comple- 
ment system or phagocytes. There are the perforin proteins, 
which are secreted by certain T cells and kill their cellular 
targets by punching holes in them. Finally, there are the lym- 
phokines and interleukins that are secretions by which white 
blood cells communicate with each other. Thus, the immune 
system has two fighting branches with specificity, and often 
both are employed against infections and antigens in general. 
The T cells dominate one part of the system, and when they are 
activated it is referred to as a cell-mediated response. The B 
cells dominate the other branch, and events associated with 
their activation are referred to as antibody-mediated response. 

An edition of Science* was devoted to the frontiers in biotech- 
nology for the 1990s. It provided articles on new shortcuts of 
immediate practicality and great interest in understanding the 
human genome via expressed sequence tags of complementary 
DNA that has uncovered a large number of new genes (mainly in 
the brain). Similarly, lighthouses have been developed along the 
chromosomes to guide the way for sequencing dim restriction 
maps. DNA research using the polymerase chain reaction (PCR) 
has become a powerful tool in forensic and research applications. 

New publications described how modern metabolic engi- 
neering has brought intermediary metabolism back to life 
through techniques involving enhancing copies of a gene at a 
rate-controlling point, adding a gene to remove a poisonous 
product, or adding several genes to introduce a new pathway 
into an organism that stops short of the desired product. This 
metabolic engineering has had numerous practical results in 
addition to helping develop new theories. DNA technology has 
been applied to metabolic pathways so that branch point con- 
trol problems can be solved. Even the insertion of similar 
enzymes from different species into the studied organism has 
introduced new flexibility and better metabolic characteristics 
into the older organism. 

This issue also covered the recent developments of the vac- 
cinia virus, so that it now can serve as a molecular vehicle for 
carrying foreign genes into other organisms. As a means for 
research, this recombinant vaccinia vector has served as a 
vehicle for producing live vaccines that would otherwise be 
difficult to produce. Also discussed is the use of monoclonal 
antibodies in diagnosis and therapy. The monoclonal antibody 
OKTS3 has been approved by the FDA for treatment of acute 
renal allograph rejection. Antibody power has been enhanced 
by attachment of a biological poison such as ricin or a physical 
agent such as an alpha emitter. The latter can be used to 
damage tissue adjacent to that with which the antibody inter- 
acts. These are all good examples of combined basic research 
followed by rapid practical application. 


BIOTECHNOLOGY DRUGS 


In terms of drug therapy, the body’s ability to remember and 
identify previous infections already has been exploited through 


the vaccination technique. This relatively simple procedure 
involves injecting the person with a weakened or killed patho- 
gen that induces an effective immune response without causing 
the disease. The procedure gives a lasting immunity through 
the formation of the memory cells mentioned above. Continued 
advantage of these natural phenomena (normal immunization 
through infection) is being taken through the application of 
molecular biology and biotechnology. Among the recent and 
significant developments are the novel vaccines (eg, Recom- 
bivax HB (Merck), a hepatitis B vaccine), which are highly 
specific antibodies that act like magic bullets, and protein 
drugs that are duplicates of the chemical messages or secreted 
factors (interleukin-2) through which immune cells communi- 
cate with each other. Figure 49-1 shows the production of a 
genetically engineered vaccine. 

As of 1997 it can be said that more biotechnology medicines 
are in development than ever before. Mosinghoff? reported 
in the 1996 survey of the Pharmaceutical Research and Man- 
ufacturers of America (PhRMA) that over the next decade or so, 
we will see the results of this biotechnology research infra- 
structure in the forms of cures and treatments for many age-old 
diseases. 

This 1996 survey of the PhRMA showed that 284 biotech- 
nology medicines and vaccines are in human clinical trials or 
are at the FDA awaiting final approval; in 1988 (the first year 
of the survey) there were 81 biotechnology products, in 1991 
there were 132, and in 1993 there were 143. The growth rate of 
the industry has increased dramatically, to 100% between the 
last two surveys and by 21% between 1995 and 1996. This rate 
of growth has not escaped Wall Street, but investors are now 
somewhat cautious because of some failures that have termi- 
nated the programs of some companies. A 1997 Fortune mag- 
azine article points to the maturation of the industry in that 
companies are now evaluated on their individual merits and 
not by the successes and failures of the industry as a whole. 
Nonetheless, industry-wide biotechnology mutual funds posted 
10 to 40% returns during 1997. 

Further study of the 284 biotechnology products now in 
development showed 113 companies now engaged in 318 sep- 
arate research projects. Because some of the products are being 
studied for more than one use, the number of research projects 
exceeds the number of medicines and biologicals in develop- 
ment. Fully 40% of the products were in development for cancer 
treatment, and another 10% are for treating or preventing 
AIDS/HIV. The fastest growing category of biotechnology prod- 
ucts is gene therapy, with 28 products in 1996 versus 17 in 
1995. The second fastest growing segment is vaccines (increas- 
ing 44% to 62 products in development). Vaccine targets are 
cancer, AIDS, rheumatoid arthritis, and multiple sclerosis. 
Product candidates that are nearly approved also are increas- 
ing. The number of products in Phase III clinical studies has 
nearly doubled since 1993 (from 33 to 62). A total of 34 products 
have been approved by the FDA as of 1996. 

Interestingly, several products are being tested for the first 
time against certain diseases: the common cold due to rhinovi- 
rus, Huntington’s disease, Parkinson’s disease, sickle cell ane- 
mia, lupus nephritis, and osteoporosis. In addition, all of these 
data show that the US pharmaceutical industry continues to 
hold a worldwide lead in biotechnology research, drugs, and 
patents. The 1995 figures of the US Office of Patents and 
Trademarks reveal that the US was the country of origin for 
81% of the 150 patents issued that year. European countries 
account for 7% (led by Great Britain and Germany), while 
Japan accounted for only 4%, down from their second-place 
13% in 1992. With the explosive growth of products in devel- 
opment, space limitations allow us to display only already 
approved biotechnology products in Appendix A. A glossary of 
terms also is provided. 

All of these agents have been made possible through the 
biotechnology techniques that allow the isolation, identifica- 
tion, and production of normally minute amounts of protein- 
aceous signal agents found in the extracellular fluids of the 
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Figure 49-1. Making a genetically engineered vaccine. 


body. Once the composition and sequence of amino acids is 
determined for a protein, that protein can be reproduced in the 
laboratory. Even better, the protein precursor, DNA, now can 
be analyzed readily and sequenced, allowing another organism 
to use that part of the code that determines the protein. This 
has been made possible through the discovery and use of re- 
striction enzymes by HO Smith, which make specific reproduc- 
ible cuts along DNA strands. Frederick Sanger et al devised 
procedures for quickly determining the nucleotide sequence of 
DNA fragments. This allowed the identification of the DNA 
sequence of complete genes. Also, the discovery of reverse tran- 
scriptase by Temin et al became important in biotechnology 
because it allowed the mass production of genes from mRNA, 
which led to increased production of a desired protein. Through 
these procedures it became possible to determine the amino 
acid sequence of entire proteins via inference of the genetic 
code. 

Other breakthroughs, such as Boyer and Cohen’s proce- 
dures for a practical method of putting a piece of foreign DNA 
into a bacterial plasmid in 1973, allowed further rapid ad- 
vances. This hybrid plasmid now could be grown in the common 
and rapidly producing bacterium, F coli. A plasmid is a circular 
DNA molecule that carries a few genes that the bacterium 
perpetuates and duplicates in addition to its own normal chro- 
mosomes. More than any other technique, this really heralded 
the birth of recombinant DNA (hybrid DNA is produced by 
joining pieces of DNA from different sources; also designated 
rDNA) technology. This permitted, for the first time, rapid 
isolation of unique proteins and their mass production by rap- 
idly growing microorganisms. In addition, new organisms hav- 
ing specifically inserted and desired characteristics could be 
engineered for medical, agricultural, and ecological uses. Fig- 
ure 49-2 shows the basic gene-splicing and recombinant DNA 
procedure. 


Another important aspect of recombinant DNA technology 
is the use of antibodies in biotechnology, therapy, and diagno- 
sis. Antibodies are produced by plasma cells (B cells) and are 
made up of four protein chains interconnected by disulfide 
bonds. The surface of the antibody possesses a highly specific 
indentation, or lock that can recognize the specific foreign par- 
ticle (key) with which it complexes or binds. It long has been 
known that different antibodies are produced in each individ- 
ual for their particular immunological experience with anti- 
gens. Hence, perhaps millions of different antibodies may be 
found in any given individual. For a long time it was not known 
how the B cells were capable of producing this diversity of 
antibodies that possessed the ability to recognize almost every 
possible foreign invader. It also was not known whether each B 
cell secreted a single or many different antibodies. 

Fortunately, through the early clone selection theory of Mac- 
Farlane Burnet in 1957 came the idea that one cell produces 
only one type of antibody. And, in 1975, Kohler and Milstein 
devised a method of growing very large numbers of antibody- 
producing cells from a single B cell. They did this by the 
ingenious technique of fusing the B cell to a myeloma cancer 
cell. The resulting hybridoma (Fig 49-3) retained two main 
features from its two parent cells. It could grow indefinitely like 
the cancer cell, yet also produce and secrete antibodies like the 
B cell. This was the main discovery leading to hybridoma 
technology. 

The antibodies produced by these hybridomas are called 
monoclonal antibodies (MAbs) because they are derived from a 
single hybrid cell. Using the ability to identify directly the 
genes that code for antibodies, it was found that the antibodies 
are put together from a large number of different gene frag- 
ments. When combined in different ways they can produce a 
large number of different antibodies. Those portions of the 
antibody that contain the antigen-binding site are coded by a 
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Figure 49-2. Gene splicing. 


combination of hundreds of different gene fragments that get 
reshuffled and permanently fixed in the B cells. Hence, it has 
become possible to produce MAbs as key reagents in biotech- 
nology procedures as well as exquisite diagnostic tools and 
specific drugs of great selectivity. 

It already has become possible to tag monoclonal antibodies 
with radioisotopes that make possible the detection of very 
small levels of proteins and peptides in body fluids and tissues. 
The limits of detection are often as low as one billionth of a 
milligram (picogram) in the procedure widely used and known 
as radioimmunoassay (RIA). This is sufficient to detect low 
levels of hormones and other protein substances in body fluids. 
Figure 49-3 shows the basic procedures involved in hybridoma 
technology. 


The power of molecular biology, combined with pressure 
from the animal rights lobby, led to a search for methodology to 
produce antibodies without the use of animal hosts. In 1989, 
this goal was realized when monoclonal antibodies were first 
isolated from a combinatorial antibody library. This approach, 
described in detail by Rader and Barbas®, employs the select- 
able expression of recombinant antibody molecules on the sur- 
face of bacteriophage particles. In this procedure, bacterio- 
phage DNA constructs are made that encode human antibody 
heavy- and light-chain fragments. They then are combined 
randomly, and the phage are propagated by bacterial infection, 
allowing each phage to display a unique antibody with a spe- 
cific antigen-binding site on its surface. Following several 
rounds of selection of phage particles with high affinity for a 
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Figure 49-3. Hybridoma manufacture (courtesy, Armour Pharm). 


specific antigen, the phage DNA can be modified to produce 
soluble antibodies. An endless supply of antibody is guaranteed 
by simply repropagating the selected bacteriophage. 

Another exciting area of research is that of gene diagnostics 
and therapy. It is believed that there are as many as 4000 
locations in the human genome that are related to different 
genetic diseases. Of this number some 1200 have been mapped 
and characterized to various degrees of detail. Some of the 
abnormalities found on the genes are called point mutations, 
and they involve cases where a single nucleic acid base in a 
gene is substituted by a different one. This irregularity results 
in the exchange of a single amino acid in the encoded protein. 
Too many changes may result in genetic disorders. For exam- 
ple, in the genes encoding the hemoglobin protein sequences, 
there have been located at least 40 point mutations. Sickle-cell 
anemia is related to one of these. It is hoped that detailed 
knowledge of this type at the molecular level will allow the 
development of agents that can prevent the typical alteration 
in the shape of blood cells in sickle-cell anemia. Molecular 
probing or screening at this level also will reveal such disorders 
prenatally, or early in life, so that appropriate remedial action 
or preventative measures can be instituted (viz, gene therapy). 
Figure 49-4 shows how genetic defects may be detected. 

Advances in DNA technology also have made this procedure 
more rapid, particularly when looking for any one of many 
individual mutations within a single gene that can give rise to 
disease. This technology, called high-density DNA affinity ar- 
rays’, is becoming more widespread and financially accessible 
to even small research institutions. Individual DNA targets 
that each contain one of these mutations are adsorbed onto a 
glass substrate in an array pattern and then hybridized with a 
fluorescently labeled probe generated from the gene expressed 
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in the individual being tested. Another adaptation of this tech- 
nology is to investigate the relative expression level of genes 
implicated in various disease processes. Some diseases are not 
due to gene mutations, but rather to abnormal over- or under- 
production of certain regulatory proteins. DNA arrays permit 
the screening of literally thousands of genes in a single exper- 
iment by comparing genes expressed in normal versus diseased 
individuals. In fact, the National Center for Biotechnology In- 
formation announced in 1997 that it would soon make available 
a DNA screening array containing 15,000 expressed human 
genes from their expressed sequence tag (EST) database. Avail- 
ability of such technology is expected to allow early diagnosis of 
many diseases that are due to multiple genetic abnormalities, 
such as cancer. 

As the ability to determine genetic defects that cause a 
variety of disorders emerges, health care will improve. How- 
ever, society must develop policies governing the use and mis- 
use of this information. Baum® has reviewed this problem and 
provides information on some of genetic screening’s serious 
implications. For instance, the use of DNA fingerprinting both- 
ers some observers who question the reliability of such an 
analysis carried out on a large scale. Results may affect civil 
liberties, insurability, guilt or innocence, etc. 

As the technique known as restriction fragment length poly- 
morphism (RFLP) analysis develops,” it provides markers 
throughout the genome that vary among individuals. The iden- 
tification of particular RFLPs that are tightly associated with 
genes responsible for certain diseases has become possible. 
Thus, RFLPs provide markers that identify the chromosome 
that carries the defective gene. But the presence or absence of 
the marker does not necessarily indicate disease. RFLP anal- 
ysis must be performed on both parents or two or more grand- 
parents to determine the status of a disorder. Furthermore it is 
an expensive and complex analysis. 

In the mid-1990s, public attention was raised to the appli- 
cations of genetic polymorphisms for forensic purposes in crim- 
inal investigations. However, RFLP analysis has considerable 
drawbacks for this purpose. The need for relatively large 
amounts of nondegraded DNA and the time necessary for mul- 
tiple allelic comparisons led to a search for other methods of 
individual genotyping. The most popular recent technology? 
analyzes interindividual differences in the variable number of 
tandem repeats (VTNRs), or DNA fingerprinting, as itis known 
to the lay public. A similar name for the same method is 
amplified fragment length polymorphisms (AMP-FLPs). We 
each possess in our genome a variable number of repeated DNA 
sequences that, when measured in combination, provide a 
unique fingerprint of our DNA. These repeated sequences are 
referred to as minisatellites or microsatellites, depending on 
their size, and are often made up of repeated sequences of 2 to 
70 base-pair-length monomeric sequences. Since the location of 
many of these polymorphisms is known, the polymerase chain 
reaction (PCR) can be used to amplify these repeated sequences 
from even the extremely small amounts of blood, tissue, or 
semen found at crime scenes. Depending on the number of 
satellite sequences analyzed, the individual source of the DNA 
can be identified with near absolute certainty. So useful is this 
technique that it was employed in 1994 to positively identify 
the remains of the Romanovs, using mitochondrial DNA iso- 
lated from the bones of the Russian royal family who were 
murdered by the Bolsheviks in 1918.'° 

So, while many tests will be devised to predict genetic risk 
factors for complex diseases, what one does with the knowledge 
remains to be worked out, and undoubtedly society will grapple 
with this issue for many years to come. Even the magazine 
Consumer Reports! provides the lay person with a guide to 
genetic screening and discusses who’s testing what, the possi- 
ble problem of genetic discrimination, genetic screening’s lim- 
ited powers of prediction, the role of genetic tests in preemploy- 
ment screening, the presence of few legal safeguards, how some 
inherited adult-onset disorders may be preempted, remember- 
ing that genetic testing is a tool, knowing that the demand for 
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Sometimes ‘misspellings occur 


in the genetic code— 


an error creeps into the chemical 


sequence. Such defects can 


inherited or caused by chemical 
change, and give rise to disease. 


Prenatal screening can find 
faulty genes and identify 
individuals likely to contract 
specific ailments. 
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removed 
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genetic sequence will permit 


it to bind to the point mutation— 


its T' with a defective A’. 
A radioactive tag is then 
attached to the probe. 


Figure 49-4. Searching for genetic defects. 


genetic services likely will increase, the role of individual 
decisions, the pace of change, how to prepare for genetic test- 
ing, etc. 

The major diseases of mankind owe much of their origin to 
heredity, so that it will be exciting in the decades to come to see 
how molecular biotechnological techniques will allow for early 
detection, prevention, or even possible cures for many of the 
maladies of old age such as cardiovascular disease, Alzheimer’s 
disease, diabetes, and cancer. While it is still exceedingly com- 
plicated to carry these methodologies to the available drug 
stage, there are some recent developments that will open the 
door. For example, reverse genetics, based on novel DNA se- 
quencing procedures, should allow relative ease in mapping the 
genome, so that the exact location of defective genes can be 
determined. The determination of the corresponding encoded 
protein should determine its function in the body, really a 
reverse of how this has been done up to now. 
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The probe is mixed with the fetal DNA, and the 
radioactive tag enables scientists to detect whether the 
bases bond. In this case, they do, indicating the fetus 
does have the potential for developing the blood disease. 


These approaches also are allowing us to understand previ- 
ous unrecognized causes of diseases. For many years, it has 
been known that many human leukemias could be diagnosed 
microscopically on the basis of specific translocations, or re- 
arrangements, of the chromosomes. Today, the abnormal pro- 
teins made as a result of these translocations can be identified. 
Look!” provides a striking review on the function of these 
aberrant proteins in leukemogenesis. While many of these pro- 
teins lead to uncontrolled growth of leukemia cells, some have 
been shown to cause leukemia by inhibiting the normal cell 
death that usually occurs in white blood cell populations. This 
had led to our reclassification of cancer as a disease not neces- 
sarily of abnormal cell division but instead, in some cases, of 
loss of appropriate cell death. Other articles in the same 1997 
issue!” of Science deal with more frontiers in cancer research, 
showing that molecular biology also has led to our understand- 
ing of how cancer can be prevented. 


It is hoped that continued approaches based on reverse 
genetics will be fruitful. So far, these methods have allowed 
researchers to produce a compilation of the exact locations and 
even the molecular arrangements of several defective genes 
that are felt to be responsible for Huntington’s disease, retino- 
blastoma, Duchenne’s muscular dystrophy, and polycystic kid- 
ney disease, among others. From these studies will come spe- 
cific and reliable tests for the abnormal genes that will allow 
genetic counselors to make appropriate recommendations for 
action. Further in the future will come the new therapeutic 
models and molecules that eventually will translate into clini- 
cally effective drugs. 

So far, at least two basic approaches in genetic medicine can 
be envisioned. One involves possible replacement of the defec- 
tive protein by producing it biotechnologically outside the body 
(eg, insulin, as has already been done with Humulin (Lilly), 
human insulin produced by DNA). The same can be done with 
replacing defective or missing enzymes or altering one that 
should not be produced. The other basic approach is much more 
complicated and involves replacing the defective gene entirely. 
In the case of gene therapy that involves germ-line cells (sperm 
and eggs), once a gene is introduced stably into the germ line, 
every cell of the individual will bear this gene. 

Presently, this type of therapy poses enormous unresolved 
ethical and scientific questions and is restricted. However, the 
inclusion of genes in somatic cells (specific body organ cells) is 
different because these genomes cannot be inherited and stay 
with the treated individual. One of the ways to accomplish this 
would be to use harmless viruses to insert a corrected gene into 
the human genome. Unfortunately, in most cases, it is not yet 
understood how the inserted gene will be expressed in these 
tissues, only where and when they are needed. Some ways to 
circumvent these difficulties have been found, but they are 
limited. For example, one way to produce tissue specificity is to 
take out the tissues to be altered, insert the corrected gene, and 
place the corrected cells back into the body. 

So far, bone marrow cells can be handled in this manner, 
and they have been the first somatic cell type submitted to 
clinical testing of this gene-transfer technique. In one example, 
the goal is the treatment of an inborn disease affecting bone 
marrow function and involving an enzyme (adenosine deami- 
nase) deficiency that produces severe weakening of the immune 
system. 

In the past few years, several publications have dealt spe- 
cifically with the pharmacist’s role in implementing pharma- 
ceutical care with regard to biotechnology agents. Tami and 
Evens!’ recently presented an overview on the evaluation of 
biotechnology products. The authors first discuss the manufac- 
turing, pharmacokinetics, and stability issues that we present 
in greater detail forthcoming. They specifically made the point 
that biotechnology product costs often can account for 10% of a 
pharmacy’s total budget. In addition, they discuss pharmaco- 
economic studies, availability of alternative agents, concomi- 
tant drug costs, special pharmacy procedures, reimbursement, 
and manufacturer’s support. Pharmacists are a particularly 
important link in assisting patients with reimbursement issues 
for these expensive drugs. 

McIntyre and Johnson" discuss the particular challenges 
that biotechnology products present for the retail pharmacist. 
After presenting the detailed pharmacology of several of these 
agents, they discuss the special handling and storage informa- 
tion that varies among products. Again, this information is 
extremely important because of the high overhead incurred by 
carrying biotechnology products. 

Smith'® pays particular attention to the reemergence of the 
field of pharmacogenetics and individualization of drug therapy 
as gene therapy protocols progress through clinical trials. The 
various technologies for gene transfer mentioned earlier in this 
chapter are described in great detail. Finally, a futuristic sce- 
nario is presented for the routine production of a therapeutic 
virus by a pharmacist. 
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Perhaps the best and most recent guide to biotechnology is 
a continuing-education pamphlet by Hudson and Black,'® de- 
veloped as a working pharmacist’s guide to biotechnology. 

Among the new factors that community practitioners need 
to consider are new strategies in drug design that will develop 
new drug entities. Many of these will be used to treat diseases 
not previously treatable by older pharmaceuticals. Many of 
these new agents will be targeted to the specific chemi- 
cal mediators of disease. They may be primarily of the self- 
administered type and thus readily available in the community 
pharmacy augmenting the trend toward self-care. 

Overall, a symptomatic, rather than curative, therapy will 
continue to promote a need for the management of patients in 
an ambulatory setting. Finally there will be many new and 
unique means of drug delivery and a need to explain and 
monitor these as well. The majority of this booklet devotes 
itself to 


Describing the basic nature of genes and their functions in the cell. 

Identifying the basic strategy used in the genetic engineering of simple 
organisms. 

Describing the general pharmaceutical importance of being able to 
manipulate genetic information. 

Giving the general application and advantages of genetic engineering 
principles in the manufacture of therapeutic proteins. 

Describing the advantages of using genetic engineering strategies in 
the development of enzymes and enzyme inhibitors as therapeutic 
agents. 

Identifying the current stage of development of the four major catego- 
ries of biopharmaceuticals (hormones and growth factors; enzymes 
and regulatory peptides; cytokines; and active immunization 
agents). 

Providing the advantages of multicomponent vaccines and gene-fusion 
strategies in designing multicomponent vaccines. 

Discussing the likely future development of genetically engineered 
pharmaceuticals. 


In his 1993 article, Black’’ describes the two major types of 
biotechnology techniques used to produce pharmaceuticals, 
identifies the products currently available from biotechnologi- 
cal processes and the approved indications for these products, 
and provides data for the pharmacist on how to discuss dosing 
guidelines and products with patients and practitioners. He 
also provides information on how to seek reimbursement for 
marketed biopharmaceuticals. 

One of the goals in biochemistry and pharmacology is to 
understand the molecular features of cell receptors. These are 
the locks into which the keys (drugs) fit that alter or control the 
function of the cell. While now there exists the capability to 
determine the basic genetic code and thus learn the sequence of 
the amino acids that make up the protein, its spatial configu- 
ration still is not known. This is called the tertiary structure of 
the protein, the functional form of the protein after the proper 
folding of a simple straight-chain of amino acids. 

The novel combination of X-ray crystallography, molecular 
mechanics, calculations, and supercomputers are brought to 
bear to reveal the folded or three-dimensional arrangement. 
From this 3-D picture of the lock, researchers can design spe- 
cifically shaped drugs that fit the active sites of the folded 
protein. This is a leap forward and truly a rational approach in 
drug design. In like manner, the possibility of cloning receptor 
sites of specific design and function provides the pharmacolo- 
gist with excellent in vitro test systems for pharmacological 
screening and understanding of the mechanisms of actions of 
drugs. For example, the solution of the X-ray crystal structure 
of the HIV protease has led to the rapid development of four 
FDA-approved drugs that have revolutionized our treatment 
of AIDS. A similar approach with thymidylate synthase was 
used to produce a unique inhibitor of this enzyme for cancer 
chemotherapy. '® 
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UNIQUE PHARMACEUTICAL CHALLENGES 
OF BIOTECHNOLOGY-DERIVED 
THERAPEUTICS 


The transition of biotechnology from theory to pharmaceutical 
practicality has posed a whole new series of challenges to those 
involved in drug development. With classical small molecules 
possessing formula weights less than 1000, a series of chemical 
compounds normally are screened for a particular pharmaco- 
logical activity and assessed for specificity. The results of these 
findings then guide fine-tuning of the chemical entity. As ad- 
vances in combinatorial chemistry are now generating thou- 
sands of compounds in a given class, the rate-limiting step in 
drug development has shifted to high-throughput screening 
technologies. It is now rare that pharmaceutical formu- 
lation and drug-delivery problems limit the success of small 
molecules. 

In contrast, macromolecular agents (recombinant proteins 
and vaccines, antisense DNA, gene therapy constructs, etc) 
already have the advantage, in theory, of possessing inherent 
selectivity for a particular biological process. By and large, the 
limitation to the utility of these agents rests with problems 
related to drug delivery and stability. In fact, it is no surprise 
that most biotechnology drugs currently approved in the US act 
at extracellular sites and/or in compartments that are easily 
accessible, such as the blood-forming elements. In addition, 
each type of biotechnology agent also is subjected to unique 
considerations based on our emerging biological understanding 
of each system. The discussion that follows attempts to address 
the obstacles to successful therapeutic use of biotechnology 
products. 

Recombinant proteins almost exclusively constitute the cur- 
rently approved list of biotechnology-derived agents in the US.” 
These proteins usually have resulted from a search for endog- 
enous agents acting by a newly identified physiological mech- 
anism (such as the stimulation of red blood cell production by 
erythropoietin manufactured in the kidney). Since the thera- 
peutic administration of a recombinant molecule that mimics 
an endogenous protein carries with it a naturally inherent 
specificity, it is no surprise that development times for these 
agents has been considerably shorter than for most conven- 
tional small molecules. The probability of regulatory success 
with recombinant proteins also has been more favorable.'® 
While a new, small, organic molecule may have a 10% chance of 
achieving NDA status, this percentage is near 40% for recom- 
binant proteins. As of 1994, recombinant products reaching the 
clinical trials in Phase I (25% versus 71%) or Phase III (66% 
versus 93%) are especially likely to become successful thera- 
peutic agents, compared with conventional small molecules. 
Nonetheless, Cho and Juliano”® state, “The main challenge 
encountered in development is not so much identifying a bio- 
active molecule but, rather, how to maintain a therapeutically 
meaningful concentration of the macromolecule in the vicinity 
of its target for the desired period of time.” 

Recombinant protein drugs are produced in various host 
cells from carefully designed expression systems. For monoclo- 
nal antibodies, production is enabled by the highly specialized 
hybridoma systems described earlier. But for the bulk of the 
other recombinant protein drugs, the exploitation of any one of 
these protein factories begins in a similar fashion. As addressed 
earlier in the section on gene splicing, the complementary DNA 
encoding a particular protein product is spliced (or subcloned) 
into a circular DNA vector. This recombinant vector contains 
gene regulatory sequences that enable highly efficient tran- 
scription and translation of the recombinant gene once the 
construct is introduced into the appropriate host. 

The choice of host system (bacteria, yeast, or mammalian 
cells) depends highly on the biological requirements of the 
protein. One major consideration is whether the protein prod- 
uct requires glycosylation, the specific addition of certain sug- 


ars, for biological activity.'° Bacteria like E coli are unable to 
conjugate such carbohydrates onto recombinant proteins, but 
yeast possess a limited ability for glycosylation. However, 
mammalian cell systems such as Chinese hamster ovary cells 
have the full complement of glycosyltransferase enzymes. For 
molecules such as the interferons and filgrastim (G-CSF), gly- 
cosylation is not necessary for biological activity; therefore 
these proteins can be produced in less expensive £ coli systems. 
However, erythropoietin requires mammalian glycosylation 
and must be produced in the more costly Chinese hamster 
ovary cell system. 

These modern protein expression systems have several ad- 
vantages over trying to isolate the corresponding protein from 
the organs or tissues of other mammals. First, immune reac- 
tivity to a nonhuman protein (human insulin versus porcine 
insulin) is largely obviated (with exceptions described later). 
Also, protein drugs can be produced that could never be made 
by conventional methods (erythropoietin, G-CSF) or in quanti- 
ties previously only available in limited amounts (insulin, 
growth hormone). Finally, the protein is inherently free of 
potentially pathogenic human viruses (factor VIII or hepatitis 
vaccines), although treatments to destroy any zoonotic patho- 
gens are often employed in subsequent processing. 

While scale-up of recombinant protein expression and puri- 
fication is becoming more routine, these drugs present other 
challenges not seen with small molecule agents. Issues of 
proper protein folding, formulation, and stability are proving as 
labor-intensive as the initial cloning of the gene itself. Betase- 
ron (human recombinant interferon B) required modification of 
one amino acid to enhance the yield of properly disulfide-linked 
protein after renaturation processing.’® This processing modi- 
fication reflects another advantage of recombinant protein ex- 
pression that can be employed quite easily, so long as the 
pharmacological activity of the protein is not compromised. In 
fact, optimizing the cDNA sequence (and the resulting encoded 
amino acids) of a recombinant product has resulted recently in 
the approval of consensus interferon, a single molecule that 
incorporates the combined activities of multiple interferons. 

Manipulation of the expressed gene also can involve the 
deletion of regions dispensable for biological activity, to opti- 
mize therapeutic utility. Human tissue plasminogen activa- 
tor (tPA) has been used since 1987 for thrombolytic therapy 
following myocardial infarction. However, tPA is poorly sol- 
uble and must be administered in relatively high concentra- 
tions, since it is cleared rather rapidly from plasma. Structure- 
function analysis of individual tPA protein domains allowed 
the construction of a smaller molecule (reteplase or recombi- 
nant plasminogen activator; rPA) that possesses superior 
solubility and also can be manufactured in EF coli. 

The effects of changes in protein formulation or amino acid 
substitutions can now be assessed rapidly as a result of ad- 
vances in protein analytical methodology.”! Protein secondary 
structure can be monitored quickly and accurately by such 
techniques as circular dichroism (CD) spectroscopy and 
Fourier-transformed infrared spectroscopy (FTIR). This tech- 
nology has been quite useful in that the structural fidelity of 
the protein drug can be ensured prior to the initiation of more 
costly pharmacological evaluation. FTIR also has the advan- 
tage of being able to detect protein structure in the lyophilized 
state, greatly facilitating the optimization of formulations ca- 
pable of maximal stability. 

Pharmacokinetic evaluation of recombinant proteins is also 
an emerging field of significant relevance to pharmacy. Since 
protein drugs cannot be given orally, with the exception of 
cyclosporine, the impact of other routes of administration must 
be assessed. It also must be appreciated that for most biotech- 
nologically derived agents, there is a preexisting and noncon- 
stant concentration of the corresponding endogenous molecule 
present in plasma. Bioanalytical techniques for monitoring 
concentrations of the agent require optimization for specificity. 
Unfortunately the specificity of any one method often depends 


on the particular matrix in which analysis is performed (blood, 
urine, or the initial formulation). 

In addition, the prediction that recombinant human mole- 
cules would not be immunogenic has not proven to be the 
case.” Antibodies to several recombinant drugs now are 
known, but not all neutralize the pharmacological activity of 
the agent and, in some cases, they can decrease clearance of the 
agent. These factors obviously complicate the interpretation of 
pharmacokinetic data. The immunogenicity of a particular pro- 
tein also may depend on the route of administration. Protein 
aggregation, known to occur after subcutaneous or intramus- 
cular injection, leads to a greater antigenic response than sol- 
uble protein. Finally, the influence of the lymphatic system on 
protein pharmacokinetics should not be underestimated. After 
subcutaneous administration, absorption via the lymphatics 
becomes quantitatively more important than that of blood cap- 
illaries as the molecular weight of the drug increases. Since 
several recombinant protein drugs act primarily through the 
lymphatics (interferons and interleukins), blood concentrations 
may be irrelevant to pharmacological activity. 

The future of recombinant biological agents continues to 
evolve. To date, most approved agents have been recombi- 
nantly expressed, naturally occurring proteins. To a limited 
extent, some approved agents represent our venture into pro- 
tein engineering, in which chimeric or fusion proteins (immu- 
notoxin conjugates) or mutated or deleted proteins (consensus 
interferon and rPA) have been developed as a result of our 
experiences with first-generation agents. A number of other 
biotechnology approaches are currently under investigation, 
often in human clinical trials, and their success remains to be 
fully realized. These agents include antisense RNA and DNA, 
ribozymes, aptamers, and gene therapy. 

In 1978, the first in vitro experiments in which antisense 
DNA was used for specific repression of gene expression opened 
the door to the opportunity to block disease-causing genes 
selectively. The antisense nucleotide approach is based on the 
use of short oligonucleotides (10 to 20 base pairs) complemen- 
tary to a specific mRNA whose protein product is implicated in 
a disease such as cancer or viral infection.”* Binding of the 
antisense molecule to its target mRNA is then believed to 
inhibit protein translation by interfering with ribosomal func- 
tion. In addition, the resulting DNA-RNA duplex recruits the 
activity of RNase H, a ubiquitous enzyme that degrades the 
RNA itself. This approach meets the two crucial criteria in 
the design of any successful therapeutic agent: the identifica- 
tion of a target implicated in disease etiology and the ability to 
find a molecule capable of high affinity and selectivity for the 
target. Although problems of stability, delivery, and specificity 
have somewhat dulled the initial promise of these agents, sev- 
eral second-generation antisense molecules are in late clinical 
trials. 

All antisense DNA molecules in these trials possess a mod- 
ified phosphodiester backbone in which one of the nonbridging 
oxygens on the phosphate has been replaced with sulfur. The 
resulting phosphorothioate molecules possess enhanced stabil- 
ity to DNA-degrading nucleases, enabling in vivo administra- 
tion, and effectively penetrate cells and bind target mRNAs. 
However, there are numerous reports of antisense efficacy, 
particularly in inhibiting cancer and other abnormal cell 
growth, that are due to nonantisense mechanisms.** These 
nonantisense actions may be due to the fact that phosphoro- 
thioates have enhanced affinity for polyanions including hepa- 
rin, growth factors (bFGF, PDGF, EGF, and VEGF), and en- 
zymes required for cell growth (PKC and phospholipase A,). 
Other non-sequence-specific actions of phosphorothioates in 
vivo may be due to their enhancement of immune system func- 
tion by increasing production of immunoglobulins and interfer- 
ons and by activation of natural killer cell activity. It should be 
noted that these nonspecific actions may not necessarily be 
deleterious, especially when the target mRNA is viral or in- 
volved in cancer. Nonetheless, antisense molecules with other 
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backbones or backbone combinations currently are being eval- 
uated for greater specificity for their target mRNAs. 

Another encouraging adaptation of antisense therapies is 
an approach that takes advantage of the Nobel prize—winning 
discovery of Thomas Cech and Sidney Altman, who demon- 
strated that certain RNA molecules possess an enzymatic 
RNA-degrading activity. The RNAs, called ribozymes, are di- 
rected toward a specific disease-causing RNA by the sequence 
homology used by antisense molecules. However, the promise 
of ribozymes relates to their catalytic nature; one ribozyme 
molecule can lead to the destruction of thousands of target 
RNA molecules. In addition, ribozyme technology appears to 
possess greater specificity over some antisense nucleotides. 
Nonetheless, the instability of RNAs as therapeutic agents is 
one hurdle that must be overcome before the promise of ri- 
bozymes can be fully realized. 

Other RNA technologies also being investigated take advan- 
tage of the three-dimensional nature of RNA molecules. 
Aptamers are RNA molecules specifically selected for high af- 
finity to certain molecular targets. In vitro selectivity of these 
molecules is quite impressive; affinity-selected RNAs can dis- 
tinguish between theophylline and caffeine, hypoxanthine mol- 
ecules that differ by only one methyl group.” The hope is that 
such selectivity can be applied to closely related enzymes (ie, 
COX-1 and COX-2) or receptor family subtypes. 

Based on the PhRMA survey of biotechnology drugs in de- 
velopment, the next wave of products will be directed toward 
gene therapy.~° Many different approaches constitute gene 
therapy, but the most common is to attempt to replace a non- 
functioning or mutated gene product by the directed expression 
of a new, nonmutated copy of that gene. In other cases, genes 
are being introduced to make drug therapy more effective (eg, 
HSV thymidine kinase, p53) or gene therapy is combined with 
other aforementioned approaches (eg, intracellular expression 
of antisense RNA to the K-ras oncogene). In general, the DNA 
encoding these new genes is encoded on a plasmid molecule or 
is part of a retroviral vector that can infect cells with the 
appropriate desirable gene without causing viral disease. De- 
livery methods for these gene sources usually either exploit the 
DNA delivery tactic of the virus itself or employ cationic lipo- 
somal complexes with the DNA to mask the plasmid’s negative 
charge. Obviously, there is substantial concern over the use of 
modified retroviruses or adeno-associated viruses as gene de- 
livery systems for fear that important host cell genes might be 
disrupted if the viral DNA is integrated into the host genome. 
Cationic liposomal strategies have made substantial leaps in 
the last several years, but their efficiency of gene delivery pales 
in comparison with viral delivery. Nonetheless, liposome/DNA 
complexes are amenable to lyophilization and reconstitution, 
and advances are being made in maximizing the efficiency of 
these stabilized preparations.” 


PHARMACOGNOSTICAL APPLICATIONS 
a a ECD 
In regard to the applications of biotechnology in pharmacog- 
nosy (drugs from natural sources) Cordell*® reports that major 
efforts in this field are under way in Germany, Japan, and the 
People’s Republic of China. These countries are attempting to 
use manipulated plant-cell cultures to produce otherwise diffi- 
cult to extract natural products. In Germany, which has a 
substantial number of efficacious prescription natural products 
not available in the US, the pharmaceutical industry and gov- 
ernment have joined together to form an institute designed 
specifically to produce natural products commercially through 
cell-free systems and gene technology of medicinal plants. One 
company in Japan reported that it can produce ginseng extract, 
identical in chemical composition with that from mature 
6-year-old root, in 20,000-gal fermenters. 

Davies”? summarized the application of genetic engineering 
to the production of pharmaceuticals. He pointed out that new 
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drugs traditionally have come from natural product sources, 
usually followed by improved growing techniques or chemical 
synthesis. However, while the plant or microorganism strain- 
improvement procedures have resulted in up to 1000-fold in- 
creases in yield, the techniques largely have been empirical. 
Furthermore, these methods have virtually no genetic or bio- 
chemical pedigree for successive improvements. 

The organisms currently used to produce antibiotics (eg, 
penicillin and tetracycline) on a commercial scale are the same 
species as those originally collected from the natural state and 
really have been modified only through forced genetic manip- 
ulations (by virtue of the media, etc), based on strain improve- 
ment. Of paramount importance is the fact that while gene 
cloning and recombinant DNA techniques have been successful 
for proteins and peptides, the higher plants and microbes pro- 
ducing antibiotics have not been manipulated similarly. This is 
because an entirely different situation exists when more com- 
plex genetic and biochemical processes need to be manipulated. 

Antibiotics and alkaloids usually are biosynthesized 
through multistep pathways possessing complex biogenesis 
and regulatory circuits. The numerous genes involved in the 
synthesis of a simple antibiotic are not necessarily present as a 
single genetic linkage group. Thus, cloning the genes needed 
would require numerous operations, often without the advan- 
tage of selective procedures to detect the presence of the cloned 
genes. Similarly, the same technical problems associated with 
multiple components of antibiotic synthesis apply to the ge- 
netic engineering of improved yields of many secondary metab- 
olites like alkaloids from plants. Further complicating the issue 
is that suitable host-vector systems need to be developed fully 
for the application of recombinant DNA techniques to plants. 
However, if there is a single rate-limiting step in the pathway 
of antibiotic biosynthesis, it might be possible to clone the gene 
for this step by selecting for increased antibiotic production by 
shotgun cloning back into the producing organism. 

An alternative way to achieve increased levels of antibiotic 
production might be to clone appropriate genes on multicopy or 
high-expression vectors. Another idea would be to engineer 
antibiotic-producing organisms to produce hybrid or specifi- 
cally modified antibiotics. This would result in several model 
compounds that might have more desirable or better properties 
than the parent antibiotic. For example, Bruce®® outlined the 
directed biotransformation of opiate analogs including mor- 
phine and hydromorphone using genetically engineered bacte- 
ria and discussed the application of this method toward biosyn- 
thesis of novel alkaloids. More recently, Marsden*! reported 
the engineering of broader substrate specificity into a macro- 
lide antibiotic-producing polyketide synthase from the erythro- 
mycin producer, Saccharopolyspora erythraea. These investi- 
gators modified the carboxylic acid acceptor unit of this 
multicomponent enzyme complex to utilize over 40 alternative 
branched-chain starter carboxylic acids (as opposed to the two 


straight chain acids utilized normally). In doing so, a vast 
number of novel, macrolide antibiotics can now be synthesized. 

In the case of plant tissue culture, many compounds such as 
secondary metabolites have been produced with yields that are 
equal to or greater than that of parent plants. Staba®*?? re- 
ports on at least 30 natural products that have been generated 
through plant-cell culture. Among these are included sev- 
eral well-known, but still difficult to obtain, drugs such as 
diosgenin-derived steroid hormone precursors, the opium alka- 
loids, digitalis glycosides, several different essential oils, and 
the Catharanthus alkaloids, vincristine and vinblastine. How- 
ever, it has been pointed out that these methods still are not 
economical when compared with the traditional methods used 
currently, viz, direct extraction from whole plant materials. 

Thus far, only one Asiatic drug, known as shikonin (from 
Lithospermasm erythrorhizon), has been produced through 
plant-cell culture methodology in greater quantities and with 
substantially lower costs than usual extraction procedures.** 
Certainly, continued efforts expended in the biotechnological 
manipulation of plant genes will prove more successful as re- 
search continues in this area. Table 49-2° shows established 
hairy root cultures (the result of genetic transformation of the 
plant by Agrobacterium rhizogenes) and examples of secondary 
product formation. 

Finally, even though many efforts are oriented toward the 
cheap, controlled, pharmaceutical production of secondary 
plant products, it should be remembered that this new ap- 
proach can offer a valuable system for basic plant biosynthesis. 
These techniques offer a means quite suitable for physiological 
studies as well as for genetic manipulation. For once, it will be 
possible to have a powerful tool for the study of the control of 
gene expression at both the cellular and whole plant or organ 
levels. Beyond this, the increased efficiency with which biosyn- 
thetic pathways for desired compounds may be expressed 
makes plant DNA promising material as a source of mRNA for 
cloning operations directed at the transfer of specific plant 
enzymes into microorganisms.®”°° 

Awad®" has provided an overview on plant biotechnology 
that he feels is a field fertile for pharmaceutical research. In 
addition to providing two tables listing both microorganisms 
and plants that have been used in agricultural, horticultural, 
and pharmaceutical research in biotechnology, he shows the 
major groups of compounds of commercial importance that are 
derived from plants. These include pharmaceuticals (alkaloids, 
steroids, anthraquinones), enzymes (papain), latex (rubber), 
waxes (jojoba, carnuba), pigments (food dyes), oils (olive oil, 
corn oil, etc), agrochemicals (pyrethrins), cosmetic substances 
(essential oils and perfumes), food additives (flavor compounds, 
nonnutritive sweeteners), and gums (gum acacia and traga- 
canth). He perceives the major trends in plant biotechnology to 
include plant-microbe interactions, gene delivery and manipu- 


Table 49-2. Established Hairy Root Cultures with Examples of Secondary Product Formation?> 


FAMILY SPECIES 


MAJOR SECONDARY PRODUCTS 


Solanaceae Atropa belladonna 
Datura stramonium 
Hyoscymus muticus 
Nicotiana rustica 

N tabacum 

N hesperis 

N cavicola 

Scopolia japonica 
Solanum laciniatum 
Catharanthus roseus 
Beta vulgaris 
Polygonum hydropiper 
Lithospermum erythrorhizon 
Tagetes patula 
Cinchona ledgeriana 


Apocynaceae 
Chenopodiaceae 
Polygonaceae 
Boraginaceae 
Compositae 
Rubiaceae 


Atropine 

Hyoscyamine 
Hyoscyamine 

Nicotine, anatabine 
Nicotine, anatabine 
Nicotine, anabasine 
Nicotine, nornicotine 
Hyoscyamine 

Steroidal alkaloids 
Ajmalicine, serpentine, vindolinine, catharanthine 
Betacyanin, betaxanthin 


Shikonin 
Thiophenes 
Quinoline alkaloids 


lation, diversity of gene engineering, and microbial and plant 
secondary metabolites. 

Constabel®® reviewed medicinal plant biotechnology as a 
revolutionary methodology useful in enhancing the formation 
and accumulation of desirable natural products and a possible 
product-modification method. He describes advances in micro- 
propagation that involve plant regeneration from in vitro cul- 
tured cells. Here the multiplication factor can be high and of 
great advantage to speed up slow-growing important medicinal 
plants. Recent studies with ipecac (Cephaelis ipecacuanha) 
yielded 100 plantlets per shoot-tip explant per year or 600 
plantlets per axenic shoot. Similarly, Digitalis lanata cultivars 
with high cardenolide content were obtained by inbreeding and 
subsequent crossing of selected genotypes. The isolation and in 
vitro culture of shoot tips led to the formation of adventitious 
shoots. Following short- and long-term culture, rooting of these 
shoots on solid medium established plantlets that were trans- 
ferred to soil. The cardenolide yields equaled those of the par- 
ent plants. 

Similar studies showed that axenic shoot-tip cultures also 
can be stored for long periods of time and even be cryopreserved 
for gene banks. Some studies also are focusing on overcoming 
somaclonal variation, so that stable, high-yield chemovariants 
can be developed. In terms of enhancement of productivity, 
gene technology has allowed true transgenic plants. Their 
uniqueness is shown as a change, ie, enhancement, in plant 
performance (insect resistance, herbicide) and productivity 
(storage proteins, pigmentation). Transgenic cell cultures of 
drug plants with modified or increased productivity and micro- 
organisms producing phytochemicals are conceivable and may 
further increase the feasibility of phytochemical production by 
in vitro methods. Already key enzymes for biosynthetic path- 
ways in plants have been identified and related to isolated 
DNA clones and genes. Schell®® described plant biotechnology 
as a powerful tool to use plant resources and to improve the 
environmental impact of agriculture. He described how trans- 
genic plants can be developed to promote insect tolerance, virus 
resistance, and tolerance to fungal diseases in crop plants. 
Similarly reviewed are the enhancement of stress tolerance, 
development of hybrid seeds, and improvement of nutritional- 
quality plants. Miller and Ackerman*° also provided new per- 
spectives on food biotechnology, describing tomatoes that are 
not resistant and animal foods being modified by genetic 
means. 


PHARMACOLOGICAL APPLICATIONS 
ENS EE BST EE PSE 
Pharmacologically directed biotechnological methodology also 
holds much promise for the medical field. Already, the human 
gene responsible for the D, dopamine receptor has been iso- 
lated by Civelli et al.*1 This allows the possibility of redirected 
research on a host of disorders such as drug addiction, schizo- 
phrenia, and Parkinson’s disease. Dopamine is a critical neu- 
rotransmitter, and it binds to specific receptors that regulate 
movement, motivation, and a host of other behaviors. With the 
receptor available as a laboratory tool, many new drugs can be 
developed, because of the relative ease of determining their fit 
in the receptor and their specific effects once there. Thus far, 
about two dozen receptors in the brain have been cloned, out of 
perhaps hundreds that may exist. 

Based on the discovery and isolation of the D, dopamine 
receptor, many studies now are under way to screen large 
numbers of different types of compounds that will interact with 
the protein. The D, dopamine receptor also can serve as a 
model for comparison. Study of the DNA from blood cells of 
patients who have genetically based or familial schizophrenia 
may reveal a defective dopamine receptor. 

Benzing et al*” report on the recognition and transport of 
adenine derivatives with synthetic receptors. These research- 
ers report several new synthetic agents that show high affinity 
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for binding adenine derivatives. Their structures feature com- 
plementary hydrogen bonds that cause molecular chelation of 
the purine nucleus. They found that the high lipophilicity of the 
new agents permitted the transport of adenosine and deoxy- 
adenosine across liquid organic membranes. This study cer- 
tainly paves the way for the use of synthetic receptors for small 
biological targets, which will have greater application in drug 
delivery. 

It should be mentioned that long before their testing as 
therapeutic agents, antisense oligonucleotides were used ex- 
perimentally to advance our understanding of physiology and 
pharmacology. As an example, Pasternak and Standifer*’ have 
outlined their exploitation of antisense molecules in elucidat- 
ing the functional biology of opioid receptor subtypes. Using 
antisense molecules to down-regulate certain opioid receptor 
subtypes (or mRNA-splicing variants of the same receptors), 
these investigators have been able to differentiate between 
receptors responsible for morphine-induced spinal analgesia, 
morphine-induced supraspinal analgesia, and the supraspinal 
analgesia induced by the active glucuronide conjugate of mor- 
phine. A similar approach has been used to investigate dopa- 
mine, muscarinic acetylcholine, and NMDA receptors. 

Huber? provides an excellent review on the therapeutic op- 
portunities involving cellular oncogenes because of the novel 
approaches fostered by biotechnology. Oncogenes can serve as 
novel therapeutic targets for cancer diagnosis, prognosis, and 
treatment. Marx provides another perspective on oncogenes by 
detailing advancements made in our understanding of tumor 
suppressor genes whose function is inactivated in carcinogenic 
progression. Tumor suppressor genes are obviously excellent 
candidates for reintroduction strategies in treating cancer. 


PHARMACEUTICAL MANUFACTURING 
APPLICATIONS 


The use of genetically modified bacteria also has played a part 
in increasing the efficiency of producing certain pharmaceuti- 
cally important synthetic organic compounds. For example, 
researchers have isolated a gene from a species of Corynebac- 
terium that codes for 2,5-diketo-p-glucose reductase. This par- 
ticular enzyme catalyzes the conversion of 2,5-diketo-p-glucose 
to 2-keto-L-gulose, which is an intermediate in ascorbic acid 
(vitamin C) production. The scientists successfully have in- 
serted the gene into Erwinia herbicola bacteria, via a plasmid. 
Unchanged £ herbicola has the ability to ferment D-glucose into 
2,5-diketo-p-glucose. Inserting the new gene provides the 
changed bacterium with the ability to ferment D-glucose to 
2-keto-L-gulose in one step. The second step involved in the 
production of vitamin C is base- or acid-catalyzed cyclization of 
2-keto-L-gulose to the acid. Thus, the genetic engineering pro- 
cess saves at least four steps, compared with the previous 
procedure. The older Keichstein-Grussner process involves six 
steps in the synthesis of ascorbic acid.?"*° 


ORGANIC SYNTHESIS APPLICATIONS 

In an interesting synthesis application, Iverson and Lerner®”*° 
report on sequence-specific peptide cleavage catalyzed by an 
antibody. The monoclonal antibodies necessary for this proce- 
dure were produced by immunizing with a Co(III) triethyl- 
enetetramine (trien)-peptide hapten capable of catalyzing spe- 
cific hydrolysis of the Gly-Phe bond of peptide substrates at a 
neutral pH with a metal complex cofactor. As a group, these 
antibodies are able to bind trien complexes of not only Co(III), 
but also numerous other metals. At least six peptides were 
studied as possible substrates with these antibodies as well as 
various metal complexes. The results of these studies demon- 
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strate the feasibility of using cofactor-assisted catalysis in an 
antibody-binding site to achieve successful results in difficult 
chemical transformations. 


MORAL AND ETHICAL QUESTIONS 


On the matter of moral and ethical questions of biotechnology 
applications in medicine, numerous articles appear periodi- 
cally*’*° to debate the issue. There are many questions such as 


Does genetic testing constitute invasion of privacy? 

Will there be an increase in abortions that discriminate against the 
genetically unfit? 

Should those destined to be stricken with a fatal genetic disease be 
informed of their fate, especially if there is no remedy available? 

Will these decisions become mandated legally and ultimately demean 
humans? 

Should gene therapy be used only for treating disease or also for 
improving an individual’s genetic legacy? 


All of these questions will need to be dealt with as the biotech- 
nology field grows. Already the NIH has launched a new era in 
medicine with the decision to map the entire human genome. 
This is the complete set of instructions for making a human 
being. It is found in each of the nuclei of the body’s 100 trillion 
cells. The entire project is slated to take over 15 yr with over $3 
billion estimated to be the cost. 

An acrimonious battle between several activists opposed to 
the gene therapy experiments and NIH has erupted already. 
There is much need for a forum to debate the ethical issues that 
surround the new genetic technologies. Regardless of these 
issues, however, the numerous bioengineered drug products 
awaiting approval serve as beacons that will lead the way to 
true predictive and preventive medicine. 
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PRODUCT NAME 


COMPANY 


INDICATION (DATE OF US APPROVAL) 


Actimmune interferon gamma-1b 
Activase alteplase (recombinant) 


Activase alteplase (recombinant, 
accelerated fusion) 

Alferon N interferon alfa-n3 
(injection) 

Avonex beta interferon 1a 
(recombinant) 

Betaseron recombinant interferon 
beta-1b 


BioTropin human growth hormone 


Cerezyme imiglucerase 
(recombinant) 

Engerix-B hepatitis B vaccine 
(recombinant) 

EPOGEN epoetin alfa (rEPO) 


PROCRIT epoetin alfa (rEPO) 


Genotropin somatotropin (rDNA 
origin) 

Humatrope somatotropin (rDNA 
origin) 

Humulin human insulin 
(recombinant) 

Intron A AIDS-related interferon 
alfa-2b (recombinant) 


-KoGENate antihemophiliac factor 
(recombinant) 


Leukine sargramostim (yeast- 
derived GM-CSF) 


Genentech 
San Francisco, CA 
Genentech 
San Francisco, CA 
Genentech 
San Francisco, CA 
Interferon Sciences 
New Brunswick, NJ 
Biogen 
Cambridge, MA 
Berlex Laboratories 
Wayne, NJ 
Chiron 
Emeryville, CA 
Bio-technology General 
Iselin, NJ 
Genzyme 
Cambridge, MA 
Smith Kline Beecham 
Philadelphia, PA 
Amgen 
Thousand Oaks, CA 


Ortho Biotech 
Raritan, NJ (licensed from Amgen) 
Pharmacia & Upjohn 
Kalamazoo, MI 
Eli Lilly 
Indianapolis, IN 
Eli Lilly 
Indianapolis, IN 
Schering-Plough 
Madison, NJ 


Bayer Corporation Pharmaceutical 
Division 
West Haven, CT 
Immunex 
Seattle, WA 


Management of chronic granulomatous disease (12/90) 


Acute myocardial infarction (11/87) 
acute massive pulmonary embolism (6/90) 
Acute myocardial infarction (4/85) 


Genital warts (10/89) 
Relapsing multiple sclerosis (5/95) 


Relapsing, remitting multiple sclerosis (8/93) 


Growth deficiency in children (5/95) 
Gaucher's disease (5/94) 
Hepatitis B (9/89) 


Anemia (i) in chronic renal failure (including patients 
on dialysis), (ii) in Retrovir-treated HIV patients 
(6/89 Amgen; 12/90 Ortho), (iii) caused by 
chemotherapy in non-myeloid malignancies (4/93) 

License from Amgen permits use for indications other 
than dialysis and diagnostics 

Short stature in children due to growth hormone 
deficiency (8/95) 

Growth hormone deficiency in children (3/87) 


Diabetes (10/82) 


Hairy cell leukemia (6/86), genital warts (6/88), 
Karposi’s sarcoma (11/88), hepatitis C (2/91), hepatitis 
B (7/92), malignant melanoma (12/95) 

Hemophilia A (2/93) 


Autologous bone marrow transplantation (3/91), 
neutropenia resulting from chemotherapy in acute 
myelogenous leukemia (9/95), allogenic bone 
marrow transplantation (11/95), peripheral blood 
progenitor cell mobilization and transplantation 
(12/95) 
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PRODUCT NAME 


COMPANY 


INDICATION (DATE OF US APPROVAL) 


NEUPOGEN filgrastim (rG-CSF) 


Norditropin somatropin (rDNA 
origin) 

Novolin 70/30 70% NPH human 
insulin isophane suspension & 
30% regular human insulin (rDNA 
origin) 

Novolin L Lente human insulin zinc 
suspension (rDNA origin) 

Novolin N NPH human insulin 
isophane suspension (rDNA 
origin) 

Novolin R regular human insulin 
(rDNA origin) 

Nutropin 

Nutropin AQ somatropin (injection/ 
liquid) 


OncoScint CR/OV staumomab 
pendetide 

ORTHOCLONE 

OKT 3 muromonab-CD3 

Proleukin aldesleukin (interleukin 2) 


Protropin somatrem for injection 

Pulmozyme DNase dornase alpha 

RECOMBINATE HB antihemophiliac 
factor rAHF (recombinant), MSO 


RECOMBIVAX HB hepatitis B vaccine 
(recombinant), MSO 
Reopro abciximab 


Roferon-A interferon alfa-2a 
(recombinant) Roche 


Amgen 
Thousand Oaks, CA 


Novo Nordisk Pharmaceuticals 
Princeton, NJ 

Novo Nordisk Pharmaceuticals 
Princeton, NJ 


Novo Nordisk Pharmaceuticals 
Princeton, NJ 

Novo Nordisk Pharmaceuticals 
Princeton, NJ 


Novo Nordisk Pharmaceuticals 
Princeton, NJ 

Genentech 
San Francisco, CA 


CYTOGEN 

Princeton, NJ 
Ortho Biotech 

Raritan, NJ 
Chiron 

Emeryville, CA 
Genentech 

San Francisco, CA 
Genentech 

San Francisco, CA 
Baxter Healthcare/Hyland Division 

Glendale, CA 
Genetics Institute 

Cambridge, MA 
Merck 

Whitehouse Station, NJ 
Centicor 

Malvern, PA 
Eli Lilly 

Indianapolis, IN 
Hoffman-La Roche 

Nutley, NJ 


Chemotherapy-induced neutropenia (2/91), autologous 
or allogenic bone marrow transplantation (6/94), 
chronic severe neutropenia (12/94), support 
peripheral blood progenitor cell transplantation 
(12/95) 

Growth failure in children due to inadequate growth 
hormone secretion (5/95) 

Insulin-dependent diabetes mellitus (7/91) 


Insulin-dependent diabetes mellitus (7/91) 


Insulin-dependent diabetes mellitus (7/91) 


Insulin-dependent diabetes mellitus (7/91) 


Growth failure in children caused by chronic renal 
insufficiency 
Growth hormone inadequacy in children (3/94; 
12/95 AQ) 

Detection, staging, and follow-up of colorectal and 
ovarian cancers (12/92) 

Reversal of kidney transplant rejection (6/86), reversal 
of liver and heart transplant rejection (6/93) 

Renal cell carcinoma (5/92) 


Human growth hormone deficiency in children 
(10/85) 
Cystic fibrosis (12/93) 


Hemophilia A (12/92) 


Hepatitis B prevention (7/86) 


Antiplatelet prevention of blood clots in the setting of 
high risk PTCA (12/94) 


Hairy cell leukemia (6/86), AIDS-related Kaposi’s 
sarcoma (11/88), chronic myelogenous leukemia 
(11/95) 


Appendix A lists a dozen major types of therapeutic products produced using genetic engineering. Many of these terms are new or 
unfamiliar to all but specialists. To help understand them, the following is an explanation of these new classes of products and the 
therapeutic benefits they may provide: 

ANTICOAGULANTS/THROMBOLYTIC AGENTS—Inappropriate or unnecessary clotting of the blood is responsible for 
more deaths than cancer. The body’s own clot-dissolving process begins with formation of the enzyme plasmin. Substances that 
activate plasmin are found in the body only in minute amounts. As a result of biotechnology, sufficient quantities of these 
substances are available and are being developed. 

COLONY-STIMULATING FACTORS—tThe production of white blood cells is controlled by proteins called colony-stimulating 
factors (CSFs). Cancer chemotherapy and inherited disorders are among the causes of low white blood counts, which lower 
resistance to infection. CSFs are being investigated not only as a way to counteract low white blood cell counts generally but also 


* Courtesy, PhRMA. 
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as a way to produce specific types of white blood cells. In addition, there is hope that CSFs can stimulate the body to produce 
additional bone marrow as well as cause some cancer cells to stop dividing. 

DISMUTASES—Dismutase, an enzyme, is important in organ transplantation and in treating heart attack when tissues 
have been deprived of blood for a short time. When the blood flow is restored to the transplanted organ or to the heart 
muscle after a clot is dissolved, the cells in the organ can be damaged by the excessively oxygen-rich blood. Dismutases 
prevent this reperfusion injury by allowing the oxygen-deprived tissues to recover their normal state in a more orderly 
manner. 

ERYTHROPOIETIN (EPO)—Kidney disease often impairs the body’s ability to produce this hormone, causing anemia, a 
deficiency in red blood cell production. Frequent blood transfusions or restoration of the missing hormone, EPO, can add more 
red blood cells to correct chronic anemia. Since transfusions may expose those who receive them to infectious agents, such as 
hepatitis and AIDS, EPO may provide major gains in safety and efficiency. Through genetic engineering, it is now possible to 
obtain EPO in large amounts, a development of great importance to the 225,000 Americans who rely on kidney dialysis 
machines. Researchers also are looking into ways to use EPO to treat other types of anemia, including those resulting from 
arthritis and the side effects of the AIDS drug Retrovir (AZT). Further, since EPO can cause a tenfold increase in red cell 
production, it is possible that blood banks may be turned into blood farms. 

HUMAN GROWTH HORMONE—Our growth is regulated by human growth hormone (hGH) secreted by the pituitary 
gland. A child whose body produces insufficient hGH will be limited to an adult height of about 4 feet. It is estimated that as 
many as 15,000 American children suffer from hGH deficiency. Beginning in the late 1950s, such children were treated with 
hGH extracted from cadaver pituitaries. This not only was extraordinarily expensive but also exposed the children to the risk 
of infection from viral contamination of the hormone. Now, genetic engineering technology makes available pure supplies of 
hGH. Research is continuing to find other beneficial applications of this new product. 

INTERFERONS—In 1957 it was discovered that a glycoprotein naturally produced by the cells apparently could inter- 
fere with the ability of a virus to reproduce after it invaded the body. By the mid-1970s it appeared that this protein, 
interferon, might also curtail the spread of certain types of cancer. The application of recombinant DNA techniques provided 
sufficient interferon for useful research. While much more needs to be learned about the interferons, they hold great promise. 
The alpha group has proved effective against hairy cell leukemia, once a lethal disease. It normalizes blood counts and controls 
tumor growth in 90% of patients. Alpha interferon is being investigated and has approval applications at FDA for other 
cancers. 

INTERLEUKINS—In the 1960s it was discovered that interleukin, a natural substance occurring in the body, transmits 
signals between types of white blood cells, or leukocytes. While the full therapeutic potential of the interleukins is only 
beginning to be explored, interleukin-2 has been used to fight cancer. A patient’s T cells, specialized white blood cells involved 
in ridding the body of diseased cells, are exposed to interleukin outside the patient’s body, to activate them against the cancer. 
The activated T-cells are then given back to the patient, where they are much more effective in finding and destroying the 
cancer cells. 

MONOCLONAL ANTIBODIES—Antibodies, often referred to as the body’s missile defense system, are large protein 
molecules produced by white blood cells. They seek out and destroy harmful foreign substances. Such foreign cells are 
recognized by telltale surface proteins, called antigens. After the invader has been destroyed, the antibodies remain in the 
blood, on instant alert should a similar antigen arrive. Antibodies also are useful in matching donors and recipients in organ 
transplantation, in blood typing, and in measuring and identifying hormones, toxins, and various antigens in blood and fluids. 
In addition to their extraordinary diagnostic capability, monoclonals can be used alone for a pinpoint attack on a cancerous 
cell or to mop up cancerous cells remaining after conventional chemotherapy. They also can be enlisted as porters (adjuvants 
or adjuncts) to transport drugs, toxins, or radioactive particles to such cells. 

PEPTIDES—Proteins are made of simple organic molecules called amino acids. When the amino acids are knitted together, 
they form peptide links. As more amino acids are combined, the chain of the peptide becomes longer. At a certain point, when 
about 40 or 50 amino acids are joined together, the peptide becomes a protein. Thus, peptides and proteins only differ by the 
length of their amino acid chain. The body often uses peptides as special messenger substances for specific purposes such as 
increasing heart beat or body temperature and turning on or off a cell that secretes an important substance. Because peptides 
are smaller, they travel around the body more efficiently than larger proteins. Once the peptide reaches its target and does 
its job, it is broken down easily by the body to stop the process. Scientists also have learned that only portions of a protein 
are involved in biological activity. By making the peptide portion of the protein that shows biological activity, a number of 
peptide drugs have been discovered. 

TUMOR NECROSIS FACTOR—As far back as the 1700s, a few physicians noted that cancer regression sometimes 
accompanied an infection. In 1975 it was learned that in response to some bacterial infections, the body produces peptides that 
permit cells to transmit signals to one another. One such intercellular messenger, tumor necrosis factor (TNF), triggers the 
deployment of immune defenses that can destroy tumors. By damaging the blood vessels that nourish the tumor, it is, in effect, 
starved to death. Research continues on how it works and how best to control it. 

VACCINES—When a virus or other germ invades the body, its immune system produces antigens to protect it by at- 
taching to the protein coat on the surface of the virus. Genetic engineering allows large-scale production of the protein 
components of a virus. A vaccine using only the protein coat of the virus will still activate antigen production to neutra- 
lize the real, full virus. The protein coat vaccine is incapable of reproducing like the virus and therefore cannot cause the 
disease. 
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ADENOCARCINOMA—Technical name for a malignant tumor derived from a gland or glandular tissue, or a tumor of which 
the gland-derived cells form gland-like structures. Examples include most cancers of the colon, breast, pancreas, and kidney and 
many of the other organs. 

ADJUNCT—An auxiliary treatment that is secondary to the main treatment. 

ADJUVANT—Substance or drug that aids another substance in its action. 

AIDS—Acquired immune deficiency syndrome. 

AMYOTROPHIC LATERAL SCLEROSIS (ALS)—Also known as Lou Gehrig’s disease, the most common of the motor 
neuron diseases, a group of rare disorders in which the nerves that control muscular activity degenerate within the brain and spinal 
cord, causing weakness and wasting of the muscles. 

ANGIOPLASTY—A technique to open up blocked coronary arteries with a catheter tube. 

ALLOGENEIC (TRANSPLANTATION)—Refers to having cell types that are distinct and cause reactions in the immune 
system. 

ALPHA 1-PROTEINASE INHIBITOR DEFICIENCY—Although it is a rare condition, some people are congenitally deficient 
in alpha 1-proteinase inhibitor (or alpha 1-trypsin, a glycoprotein), which predisposes them to pulmonary emphysema early in life, 
even in the absence of exposure to substances (like cigarette smoke) that interfere with lung defense mechanisms. 

ANTISENSE—An antisense drug is the mirror, or complementary image, of a small segment of messenger RNA (mRNA), the 
substance that carries instructions (sense) from the genes to the cell’s protein-making machinery. The antisense drug readily binds 
to the mRNA strand, keeping it from transmitting its instructions to the cell and thus inhibiting the production of an unwanted 
protein. 

APLASTIC ANEMIA—A condition of bone marrow failure that can be fatal if left untreated. 

APPLICATION PENDING—Clinical trials have been completed, but the company has not yet submitted an application for 
marketing to the Food and Drug Administration (FDA). 

APPLICATION SUBMITTED—An application for marketing has been submitted by the company to the Food and Drug 
Administration (FDA). 

APPROVED—The product has been approved for marketing by the FDA. 

ARC—AIDS-related complex. 

ATOPIC DERMATITIS—A chronic eczema of the skin. 

AUTOLOGOUS (TRANSFUSION; TRANSPLANTATION)—An autologous blood transfusion uses the patient’s own blood. 
An autologous transplantation refers to a graft in which the donor and recipient areas are in the same individual. 

B- AND T-CELL LYMPHOMAS Cancers caused by proliferation of the two principal types of white blood cells, B and T 
lymphocytes. 

BASAL CELL CARCINOMA—Cancer of the lower layers of the skin. 

BIOLOGICAL RESPONSE MODIFIER—A broad and inclusive term including growth factors as well as mediators of the 
immune system and other systems that function in intercellular and intertissue communication. 

BIOPOLYMER—A large, biologically derived or related molecule possessing repeating structural features having similar or 
the same types of interconnecting linkages. Mainly made up of proteins and ribo- or deoxyribonucleic acids. 

BIOTECHNOLOGY—tThe collection of industrial processes that involve the use of biological systems. For some of the 
industries, these processes involve the use of genetically engineered organisms. For the purpose of this chart, only those products 
that involve recombinant DNA and monoclonal antibody/hybridoma technology are included. 

CHRONIC GRANULOMATOUS DISEASE (CGD)—A congenital defect in which the killing of bacteria by white blood cells 
is impaired, leaving patients susceptible to infections. 

CLOTTING FACTORS—Proteins involved in the normal clotting of blood. 

CLONE—A group of genetically identical cells or organisms asexually descended from a common ancestor. All cells in the clone 
have the same genetic material and are exact copies of the original. An additional molecular biological use of the word is to refer 
to a DNA plasmid construct used as the source for generation of protein/peptide pharmaceuticals. 

CMV (CYTOMEGALOVIRUS)—A DNA virus related to the herpes virus, affecting mostly neonatal infants and immunocom- 
promised individuals. CMV is sexually transmitted and can occur without symptoms or result in mild flu-like symptoms. As an 
opportunistic infection in AIDS patients, it can cause CMV retinitis, an inflammation of the retina that can lead to blindness if left 
untreated. 

COLITIS—Inflammation of the colon or large intestine. 

CONGESTIVE HEART FAILURE—The end result of many different types of heart disease. The heart cannot pump blood out 
normally. This results in congestion (water and salt retention) in the lungs, swelling in the extremities, and reduced blood flow to 
body tissues. 

CYSTIC FIBROSIS—A genetic disorder of the exocrine glands that causes abnormal mucous secretions that obstruct glands 
and ducts in various organs, particularly the lungs. It is the most common fatal hereditary disorder of US Caucasians and the most 
common cause of chronic lung disease in children and young adults. 

CYTOKINES—Substances secreted usually by cells of the immune system that can produce an effect on other cells. Chemically 
consist of protein hormones. Are normally involved in common and pathological functions of the immune system. 

DYSPLASIA—Any abnormality of growth, such as abnormal cell features including the size, shape, and rate of multiplication 
of cells. 

ENDOGENOUS—Arising from within the body. 


* Compiled from past and current PMA/PhRMA surveys. 
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ENZYME REPLACEMENT THERAPY—A therapeutic procedure in which an isolatable or genetically engineered protein is 
used to replace a defective or missing human enzyme. 

EX VIVO— Occurring outside the body. 

FUSION GENE—Made up of two or more gene-coding DNA molecules commonly fused together via DNA ligase enzyme or by 
a modification of the polymerase chain reaction. This results in a union of individual genetic elements that can be used in genetic 
engineering of a recombinant molecule designed to produce a polypeptide coded by the combined gene units. 

GENOME—tThe entire DNA capable of expressing all the genetic information in the cell. 

GAUCHER’S DISEASE—A group of inherited diseases caused by a lack of, or deficient amount of, an enzyme (glucocerebro- 
sidase) that causes an accumulation of effects throughout the body that usually results in death. 

GENE THERAPY—Therapy at the intracellular level to replace or inactivate the effects of disease-causing genes or to augment 
normal gene functions to overcome disease. 

GRAFT VS HOST DIEASE (GVHD)—A complication in bone marrow transplants in which immune system cells attack the 
transplant recipient’s tissue. 

GROWTH FACTORS—Factors responsible for regulating cell proliferation (rapid and repeated reproduction), function, and 
differentiation. 

HEMOPHILIA A AND B—Hemophilia A, the classic hemophilia, is a genetic bleeding disorder caused by deficiency of the 
coagulation factor VIII. Hemophilia B, or Christmas disease, is caused by deficiency of coagulation factor IX. 

HEMATOLOGICAL NEOPLASMS—Tumors of the blood-forming organs. 

HERPES SIMPLEX 2—A strain of herpes virus that may lie dormant in nerve tissue and can be reactivated to produce painful 
sores of the anus or genitals. 

HIV—Human immunodeficiency virus (the virus that causes AIDS). 

HUMAN PAPILLOMAVIRUS (HPV)—Viral agent of warts, believed to be contagious, affecting only the skin’s topmost layer. 
Associated with human cervical cancer, since the cervix contains keratin-expressing cells. 

HUNTINGTON’S DISEASE—Huntington’s chorea is an uncommon, inherited disease in which degeneration of the basal 
ganglia results in rapid, jerky, involuntary movements and dementia (progressive mental impairment). Symptoms do not usually 
appear until age 35 to 50. 

HYBRIDOMA—A cell culture consisting of a clone of fused cells of different kinds, eg, mouse myeloma cells and lymphocytes. 
A cell that produces antibody can be rendered immortal by fusing it with a tumor cell (see Monoclonal). 

INFLAMMATORY BOWEL DISEASE—Term for inflammatory disorders affecting the small and/or large intestine. 

IN VIVO—Within the body. 

ISCHEMIA—Insufficient supply of blood to an organ or tissue, which can cause damage such as an ischemic stroke. 

TV—Intravenous. 

KAPOS’rS SARCOMA—A rare, malignant skin tumor, which occurs in some AIDS patients. It can be accompanied by fever, 
enlarged lymph nodes, and gastrointestinal problems. 

LEUKEMIA—Form of cancer in which the white blood cells are dedifferentiated and grow abnormally. 

LUPUS NEPHRITIS—Inflammation of the kidney(s) caused by systemic lupus erythematosus. 

LYMPHOKINE—Cytokine derived from a lymphocyte. 

LYMPHOMA—Cancer in which the cells of lymphoid tissue, found mainly in the lymph nodes and spleen, multiply unchecked. 
Lymphomas fall into two categories: One is called Hodgkin’s disease, characterized by a particular kind of abnormal cell. All others 
are called non-Hodgkin’s lymphomas, which vary in their malignancy according to the nature and activity of the abnormal cells. 

MONOKINE—Cytokine derived from a monocyte, usually a macrophage. 

MALARIA VIVAX—Vivax is one of the four species of the genus Plasmodium responsible for human malaria, which is 
transmitted from human to human by the bite of infected female Anopheles mosquitoes. 

MALIGNANT MELANOMA—A cancer made up of pigmented (usually brown-colored) skin cells anywhere in the body. 

METASTASES—Secondary cancers that have spread from the primary or original cancer site. 

MONOCLONAL— Derived from a single cell; pertaining to a single clone. Monoclonal antibodies are produced from hybrid cells 
by use of hybridoma technology; these antibodies can be traced back to production by a single cell. 

MULTIPLE MYELOMA—Cancer of blood plasma cells starting in the marrow of the bone and spreading throughout the 
skeleton. 

MULTIPLE SCLEROSIS (MS)—Progressive disease of the central nervous system in which scattered patches of the covering 
of nerve fibers (myelin) in the brain and spinal cord are destroyed. Symptoms range from numbness and tingling to incontinence 
and paralysis. 

MYELODYSPLASTIC SYNDROMES—A group of acquired blood disorders, often referred to as preleukemia, which ulti- 
mately are fatal, as patients usually succumb to infections or bleeding. 

MYELOGENOUS LEUKEMIA—One of the many forms of cancer of the blood-forming organs in the bone marrow. The blood 
cells are not complete and do not function properly. 

MYOCARDIAL INFARCTION—Damage to the heart muscle caused by stoppage or impairment of blood flow to the heart, also 
known as a heart attack. 

NEUROBLASTOMA—A tumor of the adrenal glands or sympathetic nervous system. Neuroblastomas are the most common 
extracranial (outside the skull) solid tumor of childhood. 

NEUTROPENIA—Caused by an abnormally low neutrophil count (certain white blood cells), leaving a patient vulnerable to 
bacterial infections. 

OSTEOMYELITIS—Infection of bone and bone marrow, usually caused by bacteria. 

OXYGEN TOXICITY IN PREMATURE NEONATES—Incomplete development of the lungs in premature babies causes 
damage from high oxygen levels. 

PARKINSON’S DISEASE—Chronic neurological disease of unknown cause, characterized by tremors, rigidity, and an 
abnormal gait. There is an imbalance of dopamine and acetylcholine, brain neurotransmitters. Some patients with advanced 
disease develop dementia. It is a common chronic disease of later life. 

PERIPHERAL NEUROPATHY—Disease, inflammation, or damage to the peripheral nerves, which connect the central 
nervous system to the sense organs, muscles, glands, and internal organs. 

PERTUSSIS—Also called whooping cough, which mainly affects infants and young children. 

PHASE I—Safety testing and pharmacological profiling in humans. 
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PHASE II—Fffectiveness testing in humans. 

PHASE IlI—Extensive clinical trials in humans. 

PROPHYLAXIS—Preventive treatment; intended to preserve health and prevent the spread of disease. 

PSEUDOMONAS INFECTIONS—Refers to infections caused by a genus of bacteria called Psewdomonas. 

PULMONARY EMBOLISM-—A blood clot that obstructs the pulmonary artery, which transports blood from the heart to the 
lungs. More than 90% of pulmonary emboli originate as clots in the deep veins of the lower extremities (deep vein thromboses). They 
can result in sudden death. 

RECOMBINANT DNA—tThe hybrid DNA produced by joining pieces of DNA from different sources. Usually designated 
as rDNA. 

RECOMBINANT SOLUBLE RECEPTORS—Synthetic version of cellular receptors manufactured with recombinant DNA 
technology, used as decoys to attract pathogens that otherwise would bind to cellular receptors and cause disease. They are soluble 
because they are freestanding and not attached to cells. 

RESPIRATORY SYNCYTIAL VIRUS DISEASE (RSV)—One of the most important causes of lower respiratory tract disease 
in children, accounting for more than 90% of cases of bronchiolitis. 

RENAL ALLOGRAFT REJECTION—Rejection of a transplanted kidney. 

RENAL FAILURE—Kidney failure. 

RHINITIS—Inflammation of the membranes of the nose. 

SEPSIS—A condition associated with the presence of bacteria in the blood. Gram-negative sepsis is caused by a particular kind 
of bacteria. 

SEPTIC SHOCK—Blood poisoning due to reaction to toxins made by bacteria. The effects of shock include a sudden drop in 
blood pressure and changes in heart rate and temperature. 

SCLERODERMA—Shrinkage and hardening of the skin anywhere in the body. 

STROKE (CEREBRAL THROMBOSIS)—Usually caused by atherosclerosis, a blood clot obstructs a major blood vessel of the 
brain, resulting in death or serious brain damage. 

THALASSEMIA—An inherited blood disorder in which the abnormal production of hemoglobin causes fragile and broken blood 
cells leading to anemia. 

THROMBOCYTOPENIA—A reduction in the number of platelet cells in the blood, which causes a tendency to bleed, especially 
from the smaller blood vessels. 

TISSUE PLASMINOGEN ACTIVATOR (TPA)—+tPA is a substance produced in small amounts by the inner lining of blood 
vessels that prevents abnormal blood clotting by converting plasminogen (an inactive protein in the blood) to the active enzyme 
plasmin. 

TURNER’S SYNDROME—Females born with a missing X chromosome are characterized by shortness of stature, webbed 
neck, absence or very retarded development of secondary sexual characteristics, absence of menstruation, narrowing of the aorta, 
eye and bone abnormalities, some mental retardation, and infertility. 

UNSTABLE ANGINA—An accelerating pattern of chest pain in cases of previously stable angina, which is caused by 
insufficient oxygen in the heart muscle. 

VENOUS STASIS —Diminished or complete stoppage of blood flow through one or more veins. 

WASTING SYNDROMES—Any number of conditions, such as anorexia and cachexia, resulting in a loss of body mass, notably 
protein. 
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Inhalation therapy has been used for many years, and there 
has been a resurgence of interest in delivery of drugs by this 
route of administration. The number of new drug entities has 
increased over the past 5 to 10 yr, as well as many of the 
existing drugs delivered to the body via the respiratory system. 
This type of therapy also has been applied to delivery of drugs 
through the nasal mucosa, as well as through the oral cavity for 
buccal absorption. Originally, this type of therapy was used 
primarily to administer drugs directly to the respiratory sys- 
tem (treatment of asthma); inhalation therapy is now being 
used for drugs to be delivered to the bloodstream and finally to 
the desired site of action. Proteins, steroids, cardiac agents, 
immunizing agents, etc, are all under development for delivery 
in this manner. An inhaler containing insulin is currently in 
Phase 3 clinical studies, and to date the results have been 
encouraging. 

The development of the metered-dose inhaler (MDI) in the 
mid 1950s made possible a convenient dosage form for the 
delivery of medication to the respiratory system. Prior to the 
development of the MDI, medication was administered via a 
nebulizer or atomizer device. These were cumbersome to use 
and in many instances did not offer convenience of use, so that 
administration of drugs by the devices was generally left to 
hospital or at-home use. Many improvements were made to 
these nebulizers and atomizers; however their basic disadvan- 
tages were still present. 

The MDI consists of a pressurized container and a metered- 
dose valve. The unit is placed within a oral adapter (mouth- 
piece), and when the unit is dispensed, an exact amount of drug 
is expelled in the proper particle size distribution to achieve 
maximum absorption of drug into the lungs. Over the past 50 
yr, the aerosol dosage form (MDI) has become the dosage form 
of choice for delivery of drugs to the lungs. 

The aerosol dosage form also can be used to deliver thera- 
peutic agents topically to the skin surface, rectally, and vagi- 
nally. Each of these systems is discussed in later parts of this 
chapter. 

Many therapeutically active ingredients have been admin- 
istered or applied to the body by means of the aerosol dosage 
form. This dosage form has been used both orally and topically 
to dispense a variety of agents such as budesonide, salmeterol 
xinafoate, fluticasone propionate, fenoterol, epinephrine bitar- 
trate and hydrochloride, isoproterenol hydrochloride, albuterol, 
albuterol sulfate, metaproterenol sulfate, cromolyn sodium, 
flunisolide hemihydrate, ipratropium bromide, bitolterol mesy- 
late, isoetharine mesylate, beclomethasone dipropionate, dexa- 
methasone sodium phosphate, triamcinolone acetonide, and 
ergotamine tartrate. 

Oral aerosols have been used for the symptomatic treatment 
of asthma as well as for the treatment of migraine headache, 
while topical aerosols have been used to treat a multitude of 
dermatological manifestations. From preparations for the 
treatment of acne to a simple first-aid preparation, aerosols 


have been accepted readily by both the patient and physician 
as advantageous dosage forms. 

A ADVANTAGES—One of the main reasons for the rapid 
and wide: widespread acceptance of the aerosol dosage form for the 
administration of therapeutically active agents is that it af- 
fords many distinct advantages to the user. These advantages 
have been described by various investigators and, for MDIs, 
include 


Rapid onset of action, 

“Circumvention of the first-pass effect. 

Avoidance of degradation in the GI tract. 

Lower dosage that will minimize adverse reactions. 

Dose titration to individual needs and ideal for prn medication. 

Alternate route when therapeutic agent may interact chemically or 
physically with other medicinals needed concurrently. 

Viable alternative when the drug entity exhibits erratic pharmacoki- 
netics upon oral or parenteral administration. 

Container and valve closure are tamperproof. 


The pressure package is convenient and easy to use. Medica- 
tion is dispensed in a ready-to-use form at the push of a button. 
There is generally no need for further handling of the medica- 
tion. Since the medication is sealed in a tamperproof pressure 
container, there is no danger of contamination of the product 
with foreign materials, and at the same time, the contents can 
be protected from the deleterious effects of both air and mois- 
ture. Easily decomposed drugs, such as epinephrine, lend 
themselves to this type of package. When one considers the 
danger of contamination of unused topical, ophthalmic, ear, 
nose, and throat preparations, the importance of this advan- 
tage is obvious. 

Sterility is always an important consideration with certain 
pharmaceutical and medicinal preparations. While initial ste- 
rility is generally no problem to the manufacturer, there is 
concern for the maintenance of the sterility of the package 
during use as, for example, with ophthalmic preparations. 
When necessary, the aerosol package can be prepared under 
aseptic conditions, and sterility be maintained throughout the 
life of the product. For those products requiring regulation of 
dosage, a metering valve can be used. An accurately measured 
dose of therapeutically active drug can be administered quickly 
and, in the case of drugs for inhalation, buccal or nasal appli- 
cation, in the proper particle-size range. When used with top- 
ical preparations, indiscriminate use and overuse of the prod- 
uct can be avoided. In addition, when used with expensive 
products, such as some proteins, steroids, and antibiotics, sav- 
ings can be achieved by the user over the use of other topical 
preparations such as ointments, creams, or lotions packaged in 
a tube or bottle. The aerosol dosage form allows the dispensing 
of the product in the most desirable form: spray, foam, or 
semisolid. Depending on the nature of the product, the charac- 
teristics of the spray or foam can be changed to ensure the 
proper and most efficient use of the medication. 
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Topical aerosol preparations are available as local anesthet- 
ics, antiseptics, germicides, first-aid preparations, body rubs, 
dermatological products, foot preparations, and spray-on pro- 
tective films. These preparations have met with widespread 
acceptance, chiefly because of their many advantages over 
nonaerosol products. In addition to the advantages found in all 
aerosols, these aerosols possess several distinct advantages of 
their own. 

The irritation produced by the application of an ointment or 
cream over an abraded area of the skin is reduced and some- 
times eliminated by the aerosol. These preparations are more 
economical, since they can be applied easily in a thin layer with 
no waste by the use of a cotton swab or other applicators. This 
may result in faster absorption and more efficient use of med- 
ications. Since the package is sealed, there is no danger of 
contamination of the unused portion of the medication. The 
cooling effect of liquefied-gas aerosols may be desirable in cer- 
tain skin conditions. 

There are many advantages to the administration of medic- 
inal agents by inhalation, buccally and nasally. Response to 
drugs administered by inhalation, buccally and nasally, is 
prompt, often very specific and with minimal side effects, faster 
in onset of activity than drugs given orally and, with most 
drugs, approaches intravenous therapy in rapidity of action. 
Drugs that normally are decomposed in the GI tract can be 
administered safely by inhalation, buccally and nasally. The 
use of the self-pressurized aerosol package makes this type of 
therapy simple, convenient, and acceptable, compared with the 
use of atomizers and nebulizers, which are bulky and require 
cleaning. 

Many drugs, such as insulin and other proteins and the high 
technology drugs, are being investigated for applications as a 
nasal aerosol and by inhalation using a metered-dose valve. A 
uniform particle size can be obtained using a liquefied-gas 
propellant, and in the case of aqueous solutions, using a spe- 
cifically designed pump-type valve, and more recently, a barrier- 
type system with either a compressed or liquefied gas. 

DEFINITIONS—tThe term aerosol is used to denote vari- 
ous systems ranging from those of a colloidal nature to systems 
consisting of pressurized packages. Aerosols have been defined 
as colloidal systems consisting of very finely subdivided liquid 
or solid particles dispersed in and surrounded by a gas. Origi- 
nally, the term aerosol referred to liquid or solid particles 
having a specific size range, but this concept has fallen into 
disuse. 

The present-day definition refers to those products that 
depend upon the power of a liquefied or compressed gas to 
dispense the active ingredient(s) in a finely dispersed mist, 
foam, or semisolid. Pump systems that also dispense the active 
ingredient(s) in the form of a finely dispersed mist (although of 
greater particle size) often are classified as aerosols. These 
pump systems generally are used to dispense medication 
intranasally. 

Recently, several dry powder inhalers have become avail- 
able. These consist of active, very potent drugs that are dis- 
pensed from a specially designed package. An accurate amount 
of drug as a dry powder is released, the patient inhales deeply, 
and the powder will travel to the lungs with the inspired air. 
Budesonide is currently available as a dry powder for inhala- 
tion. This system delivers 200 wg per dose. 

An area of development essential to the success of the aero- 
sol package concerned the valve. Various valves were produced 
that would dispense the product in the form of a fine stream, a 
fine mist, a coarse spray, or a solid stream. Especially impor- 
tant are the metered valves that are essential for medicinal 
aerosols. These valves make it possible to dispense quantities 
of aerosol ranging from about 25 to 100 wL per actuation. 

In 1978 the use of certain chlorofluorocarbons (CFCs) was 
curtailed by the FDA, EPA, and CPSC. These restrictions ap- 
plied to the use of Propellants 11, 12, and 114 (CFCs). Because 
of these restrictions, new valve systems and dispensing sys- 
tems, which allowed greater use of liquefied hydrocarbons, 


non-CFCs, and compressed gases, were developed. Medicinal 
aerosols are exempted from the ban on Propellants 11, 12, and 
114. These propellants still can be used for medicinal aerosols 
that are currently commercially available in the US. These 
regulatory requirements are discussed in greater detail in the 
Propellant section of this chapter. 


ODE OF OPERATION 


Liquefied- 


Liquefied gases have been used widely as propellants for most 
aerosol products. These compounds are useful for this purpose, 
since they are gases at room temperature and atmospheric 
pressure. However, they can be liquefied easily by lowering the 
temperature (below the boiling point) or by increasing the 
pressure. The compounds chosen generally have boiling points 
below 70°F (21°) and vapor pressures between 13.4 and 135 
psia at 70°F (21°). When a liquefied-gas propellant is placed 
into a sealed container, it immediately separates into a liquid 
and a vapor phase. 

Since these materials are liquefied gases, some of the mol- 
ecules will leave the liquid state and enter the vapor state. As 
molecules enter the vapor state, a pressure gradually develops. 
As the number of molecules in the vapor state increases, the 
pressure also will increase. An equilibrium soon is attained 
between the number of molecules changing from a liquid to a 
vapor and from a vapor to a liquid. The pressure at this point 
is referred to as the vapor pressure (expressed as psia) and is 
characteristic for each propellant at any given temperature. 
The term psig (pounds/square inch gauge) represents the un- 
corrected gauge pressure and is to be distinguished from psia 
(pounds per square inch absolute), which is corrected to include 
atmospheric pressure (0 psig, which equals 14.7 psia). This 
vapor pressure is exerted equally in all directions and is inde- 
pendent of the quantity of liquefied gas present. 

The pressure exerted against the liquid phase is sufficient to 

push the latter up a dip tube and against the valve. In cases 
when there is no dip tube (MDIs) the container is used in the 
inverted position so that the liquid phase is in direct contact 
with the valve. When the valve is opened, the liquid phase is 
emitted and comes into contact with the warm air at atmo- 
spheric pressure. The liquid propellant immediately reverts to 
the vapor state, since its boiling point is substantially below 
room temperature. As the contents of the container are ex- 
pelled, the volume within the container occupied by the vapor- 
ized propellant increases, causing a temporary fall in pressure. 
However, as soon as the pressure decreases, a sufficient num- 
ber of molecules change from the liquid state to the vapor state 
and restore the original pressure. When a compressed gas is 
used as the propellant, the relationship is quite different, and 
there is a drop in pressure as the contents are used. 
HASE SYSTEM —This is the simplest of all aerosol 
systems. It consists of a solution or a suspension of active 
ingredients in liquid propellant or a mixture of liquid propel- 
lant and solvent. Both a liquid and a vapor phase are present, 
and when the valve is depressed, liquid propellant containing 
dissolved active ingredients and other solvents is released. 
Depending on the nature of the propellants used, the quantity 
of propellant present, and the valve mechanism, a fine mist or 
wet spray is produced because of the large expansion of the 
propellant at room temperature and atmospheric pressure. 
This system is used to formulate aerosols for inhalation or 
nasal application. 

Fluorocarbon propellants, primarily trichloromonofluoro- 
methane (11), dichlorodifluoromethane (12), and dichlorotet- 
rafluoroethane (114), are used for inhalation aerosols provided 
that they currently have been approved under an NDA or 
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igure 50-1. Cross-section of a typical space or surface-coating aero- 
sol spray. 


ANDA. All new products must use other fluorocarbon propel- 
lants that are environmentally acceptable, a hydrocarbon pro- 
pellant, or a compressed gas. The section dealing with propel- 
lants indicates those that are useful for this purpose. 

A space spray generally contains from 2 to 20% active in- 
gredients and from 80 to 98% propellant. While the pressure of 
space sprays is in the range of 30 to 40 psig, the particles that 
are produced range from less than 1 to 50 wm. These particles 
remain suspended in air for relatively long periods of time. 
Space insecticides, room deodorants, and vaporizer sprays are 
examples of this type of system. MDIs formulated with a non- 
CFC propellant will generally have a internal pressure of about 
40 to 70 psig. 

A surface-coating spray (a relatively wet or coarse spray) 
can be achieved by decreasing the amount of low-boiling pro- 
pellants and increasing the ratio of active ingredients and 
solvents. The product concentrate can vary from 20 to 75%, and 
the propellant from 25 to 80%. Particles are produced ranging 
in size from 50 to 200 um. Products such as hair sprays, 
residual insecticides, perfumes, colognes, paints, protective 
coatings, and topical sprays are formulated in this manner. The 
pressure of this system is generally lower than that in the 
space spray. 

Figure 50-1 shows a cross-section of a typical space or surface- 
coating aerosol spray. 


Table 50-1. Properties of Fluorocarbons (CFCs) 
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The liquefied-gas propellants widely used for these aerosol 
systems include those shown in Tables 50-1 to 50-3. Combina- 
tions of these propellants are used to achieve the desired spray 
characteristics. In certain instances the nature of the product 
will determine the propellant combination. Dispersion or sus- 
pension sprays used for MDIs are similar to space and surface- 
coating sprays in that they are two-phase systems in which the 
active ingredients are suspended, rather than dissolved, in the 
liquid phase. At the present time Propellants 12/11, 12/114, 
and 12/114/11 are used for these inhalation aerosols that are 
exempted from the CFC ban. Propellant 134a is used on the 
only non-CFC MDI approved for use in the US. Propellant 227 
also can be used to formulate aerosols with a non-CFC propel- 
lant. Propellants 152a, 22, and 142b can be used in topical 
aerosols along with the hydrocarbons and dimethyl ether 
(DME). 

THREE-PHASE SYSTEM—tThis system is useful in that 
it allows a greater use of liquid components not miscible with 
the propellants. Water is not miscible with liquefied-gas pro- 
pellants and, in many instances, presents a problem, since 
active ingredients are soluble in water. With the increased 
emphasis upon the decrease of volatile organic compounds 
(VOCs) in all products, these systems are finding increased use. 
These problems have been overcome to a large extent by use of 
the three-phase system. Depending on the nature of the formu- 
lation, one of the following two systems may be employed. 
Dimethyl ether is most useful for products containing large 
amounts of water, since DME shows greater miscibility with 
water than either the CFCs or hydrocarbons. 

Two-Layer System—In this system the liquid propellant, 
the vaporized propellant, and the aqueous solution of active 
ingredients make up the three phases. Since the liquid propel- 
lant and water are not miscible, the hquid propellant will 
separate as an immiscible layer. When a hydroalcohol mixture 
is used, the propellant and hydroalcohol solution will mix and 
form a single layer. When this propellant is of the fluorocarbon 
type, being denser than water, it will fall to the bottom of the 
container. Hydrocarbons, on the other hand, are lighter than 
water and, when used in this manner, will float on top of the 
aqueous layer. A typical three-phase aerosol system is shown in 
Figure 50-2. A spray is produced by the mechanical action of an 
exceedingly small valve orifice through which the liquid and 
some vaporized propellant are forced by the vapor pressure of 
the propellant. The vapor layer is replaced continuously by 
vapors from the liquid layer of propellant. 

An important characteristic of this system is that the pro- 
pellant layer can be adjusted by varying the components so its 
specific gravity is almost equal to, but does not exceed, that of 
the hydroalcoholic phase. The propellant floats on top of the 
hydroalcoholic phase and, when shaken, is dispersed easily. 
When the valve is depressed, sprays are produced of varying 
characteristics depending on the nature of the formulation. 
Figure 50-2 illustrates a dispenser system that is an example of 
a water-based system. This system is designed to dispense 
pressurized products efficiently and economically using rela- 


PROPERTY TRICHLOROMONOFLUOROMETHANE DICHLORODIFLUOROMETHANE DICHLOROTETRAFLUOROETHANE 
Molecular formula GGI5E GGEES GGIE,GGIES 
Numerical designation 11 12 114 
Molecular weight 137.28 120.93 170.93 
Boiling point (1 atm) op 74.7 SPI) 38.39 

SG 2351 —29.8 8:55 
Vapor pressure (psia) Oc 13.4 84.9 27.6 

130°F 39.0 196.0 73.5 
Liquid density (g/mL) 70°F 1.485 1.325 1.468 

130°F 1.403 {5 1.360 
Solubility in water Viet 0.11 0.028 0.013 


(weight %) 
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Table 50-2. Properties of Hydrochlorofluorocarbons (HCFCs) 


MONOCHLORODIFLUOROMETHANE MONOCHLORODIFLUOROETHANE 


PROPERTY DIFLUOROETHANE 
Molecular formula CH5CHF, 
Numerical designation 152a 
Molecular weight 66.1 
Boiling point (1 atm) oF —12.0 
ce =e 
Vapor pressure (psia) 70°F 63.0 
130°F 176.3 
Liquid density (g/mL) 70°F 0.91 
130°F aaa 
Solubility in water WI: <1.0 


(weight %) 


CHCIF, CH,CCIF, 
22 142b 
86.5 100.5 

41.4 14.4 

—40.8 BO, 

=135:7 43.7 
355.4 111.7 

1.21 Tele 

3.0 0.5 


tively small amounts of hydrocarbon, HFA, or HCFC 
propellants. 

In this system the vapor phase of the propellant and the 
product enter the mixing chamber in the actuator through 
separate ducts or channels. The vaporized propellant enters, 
moving at tremendous velocity, while the product is forced into 
the actuator by the pressure of the propellant. It is at this point 
that product and vapor are mixed with violent force, resulting 
in a uniform, finely dispersed spray. Depending on the config- 
uration of the valve and actuator, either a fine dry or a wet 
spray can be obtained. 

Water-based aerosols developed for use in this system would 
have the advantage that the chilling effect associated with 
liquefied-gas systems is eliminated. Since only vaporized pro- 
pellant is dispensed, less propellant is required in the con- 
tainer. With greater use of water as a solvent for active ingre- 
dients a greater range of products can be developed. Because 
the use of volatile organic compounds (VOCs) is now being 
curtailed, water is being used, when possible, as an alternative 
to some solvents such as alcohol. The use of P-152a and/or DME 
as a propellant also helps to reduce the VOC content of some 
aerosols such as hairsprays. 

Foam System—Foam aerosols, which often are classified 
separately, consist of three-phase systems in which the liquid 
propellant, which normally does not exceed 10 to 15% by 
weight, is emulsified with the propellant. When the valve is 
depressed, the emulsion is forced through the nozzle, and in the 
presence of warm air and at atmospheric pressure, the en- 
trapped propellant reverts to a vapor and whips the emulsion 
into a foam. The use of a dip tube is optional with this type of 
system, and when present, the container is designed for up- 
right use. For those containers where the dip tube is omitted, 
the container must be inverted prior to use. 

Foam valves have been developed that are applicable to 
both types of packages. Foam products operate at a pressure of 
about 40 to 50 psig at 70°F (21°) and generally contain about 4 
to 7% propellant, depending upon the nature of the propellant. 
Hydrocarbon propellants are used at the lower percentage, 
since their density is much lower than that of their fluorocar- 
bon counterparts. A typical foam-type aerosol can be seen in 
Figure 50-3. Shave creams and shampoos, as well as several 
topical pharmaceuticals, have been formulated as foam aero- 
sols. Generally, a blend of propane/isobutane is used for foam 
aerosols. 

Some foams use P-152a as the propellant, since this propel- 
lant will produce a somewhat more stable foam and is less 
flammable than hydrocarbons. It is also possible to use the 
non-CFC propellants for foams. Depending on the formulation, 
some aerosols use nitrous oxide, carbon dioxide, or a mixture of 
both as the propellant. Contraceptive foam aerosols are no 
longer exempt from the ban on CFCs and use a hydrocarbon, 
generally A-31, as the propellant. 


SelM EET Gas Aerosols_ 


Aerosols using fe gases as the propellant are finding 
increased use. These-propel/anis- especialy air, nitrogen, and 
nitrous oxide, are environmentally acceptable. .. Carbon dioxide 


also is used. While it is considered-to be a greenhouse _gas, its 


use has been somewhat curtailed even though its use in aero- 
sols is very small. 

Compressed gases are used to dispense the product as a 
solid stream, wet spray, or foam. These aerosol products use an 
inert gas such as nitrogen, carbon dioxide, or nitrous oxide as 
the propellant. The gas is compressed in the container, and it is 
the expansion of the compressed gas that provides the push or 
the force necessary to expel the contents from the container. As 
the contents of the container are expelled, the volume of the gas 
will increase, causing a drop in pressure according to Boyle’s 
law. This enables one to calculate the drop in pressure as the 
contents of a compressed-gas aerosol are used. Table 50-4 in- 
dicates some of the more important properties of these com- 
pressed gases. 

Depending upon the nature of the formulation and the type 
of compressed gas used, the product may be dispensed as a 
semisolid, foam, or spray. 

Semisolid Dispensing—The concentrate generally is semi- 
solid in nature, and since the gas is insoluble and immiscible 
with the concentrate, the product is dispensed in its original 
form. This system is applicable to the dispensing of dental 
creams, hair dressings, ointments, creams, cosmetic creams, 
foods, and other products. Compressed-gas aerosols operate at 
a substantially higher initial pressure of 90 to 100 psig at 70°F 
(21°). This pressure is necessary to ensure adequate pressure 
for the dispensing of most of the contents from the container. 
The amount of product retained in the unit after exhaustion of 
the pressure varies with the viscosity of the product and loss of 
pressure due to seepage of gas during storage. Since the con- 
centrate generally is semisolid in nature and the dispensing 
characteristics depend largely on the viscosity of the product 
and the pressure within the container, the viscosity of the 
product concentrate must be adjusted accordingly. 

Foam Dispensing—Soluble compressed gases such as ni- 
trous oxide and carbon dioxide can be used to produce a foam 


Table 50-3. Properties of Hydrocarbons and Ethers 


PROPERTY PROPANE ISOBUTANE _n-BUTANE DIMETHYL ETHER 
Molecular formula  C3H, Galleys Gite CH30CH, 
Molecular weight 44.1 58.1 58.1 46.1 
Boiling point (°F) Asai 10.9 31.1) S18 
Vapor pressure (psig 110.0 30.4 16.5 63.0 
at 70°F) 
Liquid density (g/mL 0.50 0.56 0.58 0.66 
at 70°F) 
Flash point (°F) 156 SAI! —101 — 
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ae 50-2. The Aquasol dispenser system (courtesy, Precision Valve). 


when used with emulsion products. This system is typical for 
whipped creams and toppings and several pharmaceutical and 
veterinary products. When this system is used, the gas dis- 
solved in the concentrate will be evolved and cause a whipping 
of the emulsion into a foam. To facilitate the formation of a 
foam this system is shaken prior to use, to disperse some of the 
gas throughout the product concentrate. 

Spray Dispensing—This system is similar to a space or 
surface spray except that a compressed gas is used as the 
propellant. Since these gases do not possess the dispersing 
power of the liquefied gases, a mechanical breakup actuator is 
used. The product is dispensed as a wet spray and is applicable 
to solutions of medicinal agents in aqueous solvents. 

Another application for this type of system is found in the 
contact lens saline solutions. These consist of a normal saline 
solution packaged in an aluminum aerosol container and pres- 
surized with nitrogen. Since these solutions may come in con- 
tact with the eye, they are sterilized using cobalt-60 gamma 
irradiation. 
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Figure 50-3. Foam-type aerosol. 
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Barrier-Type Systems 


These systems separate the propellant from the product itself. 
The pressure on the outside of the barrier serves to push the 
contents from the container. The following types are available. 

PISTON TYPE—Sinee it is difficult to empty the contents 
of a semisolid from an aerosol container completely, a piston- 
type aerosol system has been developed. This uses a polyeth- 
ylene piston fitted into an aluminum container. The concen- 
trate is placed into the upper portion of the container. The 
pressure from nitrogen (about 90 to 100 psig) or a liquefied 
hydrocarbon gas pushes against the other side of the piston, 
and when the valve is opened, the product is dispensed. The 
piston scrapes against the sides of the container and dispenses 
most of the product concentrate. 

The piston-type aerosol system is shown in Figure 50-4. This 
system has been used successfully to package cheese spreads, 
cake decorating icings, and ointments. Since the products that 
use this system are semisolid and viscous, they are dispensed 
as a lazy stream rather than as a foam or spray. This system is 
limited to viscous materials, since limpid liquids, such as water 
or alcohol, will pass between the wall of the container and the 
piston. 

PLASTIC-BAG TYPE—This system consists of a collaps- 
ible plastic bag fitted into a standard, three-piece, tinplate 
container as shown in Figure 50-5. The product is placed within 
the bag, and the propellant is added through the bottom of the 
container. Since the product is placed into a plastic bag, there 
is no contact between the product and the container wall except 
for any product that may escape by permeation through the 
plastic bag. 

Limpid liquids, such as water, can be dispensed as either a 
stream or a fine mist, depending on the type of valve used, 
while semisolid substances are dispensed as a stream. To pre- 
vent the gas from pinching the bag and preventing the dispens- 
ing of product, the inner plastic bag is accordion-pleated. This 
system can be used for a variety of different pharmaceutical 
and nonpharmaceutical systems, including topical pharmaceu- 
tical products as a cream, ointment, or gel. 

A modification of this system dispenses the product as a gel 
that will then foam. By dissolving a low-boiling liquid such as 
isopentane or pentane in the product, a foam will result when 
the product is placed on the hands and the warmth of the hands 
will cause vaporization of the solvent. This system, as well as 
the piston system, is used in postfoaming shave gels. 

CAN-IN-CAN SYSTEMS—Figure 50-6 illustrates a sys- 
tem consisting of an aluminum can into which an aluminum 


968 CHAPTER 50 


Table 50-4. Properties of Compressed Gases 


CARBON NITROUS 
PROPERTY DIOXIDE OXIDE NITROGEN 
Molecular formula CO; N,O N5 
Molecular weight 44 44 28 
Boiling point °F = (OEP =i) —320 
Vapor pressure, psia, 70°F 852 735 492° 
Solubility in water,° 77°F 0.7 0.5 0.014 
Density (gas) g/mL 1.53 1-38 0.96699 


? Sublimes. 
© At the critical point (—233°F). 
“Volume of gas at atmospheric pressure soluble in one volume of water. 


thin-walled can has been inserted. This inner can is glued to 
the outer can and forms a gas-tight seal. Then, the neck of the 
can is fabricated. The propellant (any acceptable type) is added 
through a small opening in the bottom of the can that is sealed 
with a rubber plug. A recent addition to this system includes 
replacement of the inner aluminum pouch with an inner plastic 
bag made of organic polymers. Sufficient space remains be- 
tween this bag and the walls and the bottom of the outer 
container to accommodate sufficient propellant to evacuate the 
product completely. Systems illustrated by Figure 50-6 can be 
used with a continuous or variable dose valve to dispense 
medicated solutions, gels, creams, and lotions. 

Other variations of these systems include using a sealed 
laminate pouch, which is placed into an outer aluminum can. 
The product is injected into the pouch, and compressed air is 
added either through a special opening in the valve or by the 
under-the-cup method of gassing. Another system includes fill- 
ing the product into a latex bag that then expands. The energy 
caused by the stressed bag will release the product when the 
valve is opened. These systems have been used to dispense a 
variety of personal care products including some pharmaceuti- 
cal gel products. 


PROPELLANTS 


The propellant generally is regarded as the heart of the aerosol 
package. In addition to supplying the necessary force to expel 
the product, the propellant must also act as a solvent and 
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Figure 50-4. Free-piston aerosol system. 
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Vege 50-5. Plastic-bag aerosol system. A, valve; B, standard three- 
piece tin-plate container; C, plastic bag; D, gas filling port. 


diluent and has much to do with determining the characteris- 

tics of the product as it leaves the container. Various chemical 

compounds have been used as aerosol propellants. 
Compounds useful as propellants can be classified as_ 


Liquefied gases _ 
Chlorofluorocarbons (CFC) 
“Hydrochlorofluorocarbons (HCFC) 
Hydrofluorocarbons (HFC) 
Hydrocarbons (HC) 

Hydrocarbon ethers 

Compressed gases | 


Liquefied Gases 


The liquefied-gas compounds have widespread use as propel- 
lants, since they are extremely effective in dispersing the active 
ingredients into a fine mist or foam, depending on the form 


Axigure 50-6. Cross-section of the Lechner barrier pack. It consists of 


a rigid or flexible inner bag that can be evacuated more than 95%, 
depending upon the viscosity of the product (courtesy, Lechner 
GMBH). 


desired. In addition, they are relatively inert and nontoxic. 
They have the added advantage that the pressure within the 
container remains constant. Two types of liquefied gases are 
used. The chlorofluorocarbons (CFCs) find greater use since 
they are nonflammable in contrast to the flammable hydrocar- 
bons. The hydrocarbons are advantageous since they are less 
expensive than any of the fluorocarbons and generally are 
environmentally acceptable. 

CHLOROFLUOROCARBONS (CFCS)—tThe use of chlo- 
rofluorocarbons for aerosols and other commercial uses has 
been banned. These compounds have been implicated in caus- 
ing a depletion of the ozone layer and responsibility for the 
greenhouse effect (increase in earth’s temperature, rising sea 
levels, and altered rainfall patterns). Depletion of the ozone 
layer is alleged to have resulted in an increase in the incidence 
of skin cancer. This is due to a greater penetration of the ozone 
layer by the skin-cancer-causing UV radiation from the sun 
(ozone will prevent these rays from penetrating the earth’s 
atmosphere). In 1974, the EPA, CPSC, and FDA promulgated a 
ban on the use of chlorofluorocarbons, namely Propellants 11, 
12, and 114, in most aerosols. Certain pharmaceutical aerosols 
for inhalation use were exempted from this ban. According to 
the Montreal Agreement reached in 1988, beginning in 1989, 
the production of these propellants was restricted worldwide. 
Starting January 1, 1996, worldwide production of CFCs was 
reduced to only the amount needed for certain exempted uses 
that included MDIs for the treatment of asthma and chronic 
obstructive pulmonary disease. Alternatives to Propellants 11, 
12, and 114 (P-134a and P-227) have been developed. At the 
present time Propellants 11, 12, and 114 are being used with 
those MDIs currently formulated with a CFC propellant. In the 
meantime, MDIs are being reformulated with some of the cur- 
rently available potential alternatives. Topical pharmaceuti- 
cals can be reformulated or, in the case of new products, for- 
mulated with the currently available alternative propellants. 
All other MDIs, topical, foams, and sprays must use an envi- 
ronmentally acceptable alternative as the propellant. 

Liquefied gases provide a nearly constant pressure during 
packaging operations and have a large expansion ratio. Several 
of the fluorinated hydrocarbons have an expansion ratio of 
about 240, that is, 1 mL of liquefied gas will occupy a volume of 
approximately 240 mL if allowed to vaporize. Dimethyl ether 
has a value over 350. On the other hand, compressed gases 
expand only to the extent of 3 to 10 times the original volume. 

The physicochemical properties of these compounds are of 
prime importance in the formulation and manufacture of aero- 
sol products. The solvent power, stability, and lack of reactivity 
of the propellants made them extremely useful for this purpose. 

Nomenclature—To refer easily to the fluorinated hydro- 
carbons a relatively simple system of nomenclature was devel- 
oped some time ago by the refrigeration industry. A numerical 
designation is used to identify each propellant. 


All propellants are designated by three digits. When the first digit is 
zero, the propellant is designated by two digits. 

The first digit is one less than the number of carbon atoms in the 
compound. When there are only 2 digits, zero is understood to be 
this figure and indicates a methane derivative (1 + 0). When this 
digit is 1, the propellant is an ethane derivative. 

The second digit is one more than the number of hydrogen atoms in the 
compound. 

The last digit represents the number of fluorine atoms. 

The number of chlorine atoms in the compound is found by subtracting 
the sum of the fluorine and the hydrogen atoms from the total 
number of atoms that can be added to saturate the carbon chain. 

In the case of isomers, each has the same number, and the most 
symmetrical one is indicated by the number alone. As the isomers 
become more and more asymmetrical, the letter a, b, c, etc, follows 
the number. 

For cyclic compounds, a C is used before the number. 


The use of this system can be exemplified as follows: Propellant 
114 is an ethane derivative, has no hydrogens, and contains 4 
fluorine atoms. Since 6 atoms are required to saturate the 
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carbon chain, of necessity there must be 2 chlorine atoms. 
These can be arranged in two different ways; however, since 
there is no letter following the numerical designation, the sym- 
metrical structure refers to Propellant 114. 


Re ok FF 
ron es 
eect omy ca am 
cl ¢l Cl F 


Propellant 114 Propellant 114a 

Physical Properties—Table 50-1 shows some of the more 
useful physicochemical properties of these propellants. Propel- 
lants 11, 12, and 114 are included in the latest issue of the 
USP/NF and the British Pharmacopoeia. Specifications for 
these propellants, hydrocarbons, as well as the HFAs, HCFCs 
and compressed gases can be found in the Handbook of Phar- 
maceutical Excipients. 

From a solubility standpoint, the CFC, HFC, and HCFC 
propellants, which are nonpolar, are miscible with most non- 
polar solvents over a wide range of temperature. They also are 
capable of dissolving many substances. For the most part the 
propellants are not miscible with water, although the degree of 
miscibility depends on the individual propellants. A cosolvent 
such as ethanol, 2-propanol, DME, or acetone must be used 
when water is present, to produce a clear solution. However, 
when one considers that these propellants are used for me- 
tered-dose aerosols, the choice of cosolvent is extremely limited, 
in many cases, to the use of ethyl alcohol. The alternative is to 
form an emulsion. 

One of the most important physicochemical properties of a 
propellant is its vapor pressure, which may be defined as the 
pressure exerted by a liquid in equilibrium with its vapor. 
When the vapor pressure exceeds atmospheric pressure, boil- 
ing and vaporization take place. However, if the vaporized 
molecules are prevented from leaving the container (by placing 
the propellant into a sealed container), they will fill the head 
space and eventually cause an increase in pressure. The pres- 
sure developed at equilibrium is the vapor pressure. The vapor 
pressure of a liquefied gas is independent of the quantity used 
but is influenced by temperature changes. Assuming ideal be- 
havior for the liquefied gas, the effect of temperature on the 
vapor pressure can be calculated from 


AB yap 
log P= ~ 3303 RT 
where P is the vapor pressure, H is the heat of vaporization, R 
is the gas constant (generally 1.987 cal deg ' mole '), and T is 
the absolute temperature. 
Since 


vap 


nP=— 


a plot of log P versus 1/T should yield a straight line, and from 
this the heat of vaporization may be calculated. 


AH,,,(cal mol e') = — (slope)(2.303R) 


These equations can be used to predict the behavior of pure 
propellants at elevated temperatures. When one considers that 
an aerosol preparation consists of a propellant and solvents or 
mixtures of these, the vapor pressure considerations are some- 
what different. By mixing various propellants such as Propel- 
lants 11 and 12 or Propellants 12 and 114, a range of vapor 
pressures is obtained. This is not possible when the HFCs are 
used, since the range in pressure between P-134a and P-227 is 
relatively small (about 26 psig compared with about 70 psig 
between P-11 and P-12). The vapor pressure of a mixture of 
propellants may be calculated from Raoult’s law, which states 
that 
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the vapor pressure of a solution is dependent upon the vapor 
pressure of the individual components. For ideal solutions, the 
vapor pressure is equal to the sum of the mole fractions of each 
component present times the vapor pressure of the pure com- 
pound at the desired temperature. 


Mathematically, this law may be expressed as 


Wa 


Pa Da = Napa 


7 Na + Np 
where p, = partial vapor pressure of Component A, p, = vapor 
pressure of pure Component A, n, = mols of Component A, 
Np = mols of Component B, and N, = mol fraction of Compo- 
nent A. 


Np 


Pp= Pp = Nepp 


Np t Nz 
The total vapor pressure of the system is obtained by 


Ie = 1D Oe 


When the mol fraction of one component is large, the other 
component has a small mol fraction, and as such, it does not 
appreciably affect the vapor pressure. This system approaches 
ideal behavior. 

When the components are of similar physical and chemical 
nature, the experimentally determined values and the calcu- 
lated values are approximately the same. In the case of the 
fluorinated hydrocarbons, the deviation from ideal behavior is 
not great, and the results are approximately equal or within 
5%. When other solvents are present, such as alcohols or 
acetone, the vapor pressures can be calculated in a similar 
manner. 

Chemical Properties—The fluorinated hydrocarbons 
have been used widely as aerosol propellants because they 
generally are considered to be chemically inert. From the 
standpoint of formulation, the only chemical property that need 
be considered is hydrolysis. While addition of fluorine to a 
carbon atom generally increases stability, a propellant such as 
trichloromonofluoromethane may undergo hydrolysis with the 
formation of hydrochloric acid. Propellant 11 is not used with 
aqueous products, as hydrolysis will occur; Propellant 114 gen- 
erally is used instead. For topical and cosmetic aerosols, hydro- 
chlorocarbons, hydrofluorocarbons, or hydrochlorofluorocar- 
bons are used (Propellants 142a, 152b, or 22). Propellants 134a 
and 227 have properties similar to those of P-12 except for their 
solubility characteristics. 

HYDROCARBONS—Hydrocarbon propellants have re- 
placed fluorocarbons for topical pharmaceutical aerosols. Their 
low-order toxicity makes them suitable, while their flammabil- 
ity tends to limit their use. With the development of newer 
types of dispensing valves, the flammability hazard has been 
reduced considerably. The advantage of hydrocarbons is their 
greater range of solubility and a lower cost than fluorinated 
hydrocarbons. To date they represent a readily available re- 


Table 50-5. Commonly Used Hydrocarbon Blends 


placement for fluorocarbans as propellants, provided that the 
flammability hazard can be reduced by using various combina- 
tions of fluorocarbons, hydrocarbons, and a vapor-tap valve. 

In addition to having the proper vapor pressure, hydrocar- 
bons have other properties that make them useful as propel- 
lants. Their density of less than 1 and their immiscibility with 
water make them useful in the formulation of three-phase 
(two-layer) aerosols. Being lighter than water, the hydrocarbon 
remains on top of the aqueous layer and serves to push the 
contents out of the container. Not being halogenated, hydrocar- 
bons generally possess better solubility characteristics than the 
fluorinated hydrocarbons. 

As with fluorocarbons, a range of pressures can be obtained 
by mixing various hydrocarbons in varying proportions. As the 
composition of the hydrocarbons is likely to vary somewhat, 
depending on their source, blending of hydrocarbons must be 
based on the final pressure desired and not on the basis of a 
stated proportion of each component, whose pressure will de- 
pend on its purity. Table 50-5 lists some commonly used blends 
that are commercially available. 

Finally, it should be indicated that the hydrocarbons are 
characterized further by their extreme chemical stability. They 
are not subject to hydrolysis, making them useful with water- 
based aerosols. They will react with the halogens but only 
under severe conditions. 


Alternative Propellants (HCFCs and HFAs) 


Many pharmaceutical aerosols were developed originally using 
chlorofluorocarbons (CFCs) 11, 12, and 114. These propellants 
have found widespread use because of their inertness, nonflam- 
mability, and nontoxicity. Unfortunately, the CFCs have been 
implicated in depleting the ozone layer, and their use as aerosol 
propellants has practically been eliminated, except for a few 
exempted medical uses that were previously discussed. 

Topical pharmaceutical aerosols have been successfully re- 
formulated with Propellants 152a, 142b, 22; DME; hydrocar- 
bons; and compressed gases. Suitable valves are available that, 
together with modifications in formulation and propellant 
blends, produce topical aerosol pharmaceuticals that are satis- 
factory and acceptable. 

Several new liquefied-gas materials have been developed to 
replace the CFCs as refrigerants and foaming agents and in 
other nonpharmaceutical uses. Propellant 134a and Propellant 
227 have been developed as substitutes for Propellant 12 in 
MDIs and have survived many of the short- and long-term 
toxicity studies. To date, no suitable replacement has been 
found for Propellants 11 and 114. Propellant 114 is not essen- 
tial for use with MDIs, but most of the present suspension 
formulations require a minimum amount of Propellant 11. 
Propellant 11 is used to form a slurry with the active ingredient 
and dispensing agent. This is impossible to accomplish with 
Propellants 134a and R-227 (unless these propellants are 


COMPOSITION (mol %) 


PRESSURE 

DESIGNATION? (psig AT 70°F) n-BUTANE 
A-108 108 + 4 Traces 
A-31 Shi) Se 22 3 
A-17 (Wf se2 98 
A-24 Ws se 2) 49.2 
A-40 40+2 2 
A-46 46+2 2 
A-52 5222 2 
A-70 10-22. 1 


PROPANE ISOBUTANE OTHER 

99 1 Traces of ethane 
1 96 

Traces 2 Traces of isopentane 
0.6 50 0.1 each of neo- and 

iso-pentane 

12 86 

20 78 

28 70 

51 48 


? Designations used by Phillips Chemical Co, Bartlesville, OK. 


chilled well below their boiling point and handled as a cold fill). 
Propellant 11 also has been used to dissolve the surfactants 
that have been used with CFC MDIs. The HFAs are extremely 
poor solvents and will not dissolve a sufficient amount of the 
currently used FDA-approved surfactants (oleic acid, sorbitan 
trioleate, and soya lecithin). 

It also has been noted that many of the currently used 
dispersing agents are not compatible with these newer mate- 
rials. The gaskets and sealing compounds used in metered-dose 
valves present compatibility problems to the formulator; how- 
ever, other gaskets have been developed and found to be satis- 
factory. Several of the critical properties of these newer propel- 
lants are shown in Table 50-6. Additional details about their 
use in formulation of MDIs is included in a later part of this 
chapter. 


Compressed Gases 


The compressed gases such as nitrogen, nitrous oxide, and_ 
carbon dioxide have been used as aerosol propellants. Depend- 
ing on the nature of the formulation and the valve design, the 
product can be dispensed as a fine mist, foam, or semisolid. 
However, unlike the liquefied gases, the compressed gases pos- 
sess little, if any, expansion power and will produce a fairly wet 
spray and foams that are not as stable as liquefied-gas foams. 
This system has been used for the most part to dispense food 
products and for nonfoods, to dispense the product in its orig- 
inal form as a semisolid. Compressed gases have been used in 
products such as dental creams, hair preparations, ointments, 
and aqueous antiseptic and germicidal aerosols. 


RONTAINERS 


Metal 
oo 


TE LATED STEEL To produce an aerosol container 
that was light and relatively inexpensive, tin-plated steel was 
used for aerosol containers. This resulted in the large-scale 
production of aerosol containers. For certain products the tin 
affords sufficient protection, so that no further treatment is 
necessary. For additional protection to either the drug product 
or container, a coating, usually organic in nature, may consist 
of an oleoresin, phenolic, vinyl, or epoxy coating. The liner 
(single or double coat) is added to the container prior to fabri- 
cation; that is, it is applied to the flat sheets of tin plate. 
ALUMINUM—Many topical pharmaceutical aerosols use 
an aluminum container. Aluminum also is preferred for use 
with most MDIs. These are produced by an impact extrusion 
process so that the container is seamless. This will give added 
strength to the container. A variety of different aluminum 
aerosol containers ranging in size from 10 mL to 45 fl oz is 
available. While aluminum is less reactive than other metals 


Table 50-6. Properties of Hydrofluorocarbons (HFCs) 
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used in can manufacture, added resistance can be obtained by 
coating the inside of the container with organic materials such 
as epoxy, vinyl, or phenolic resins. Many of the MDIs will use 
an anodized or nonanodized internal surface. 

GLASS For pharmaceuticals and medicinals, glass is pre- 
ferred because of the absence of incompatibilities, as well as for 
its esthetic value. The use of glass containers is limited to those 
products having a lower pressure and lower percentage of 
propellant. While glass is basically stronger than most metallic 
containers, a potential hazard is present if, and when, the 
container is dropped with subsequent breakage. Two types of 
glass aerosol containers are available. The uncoated glass con- 
tainer has the advantage of decreased cost and high clarity. 
The contents can be viewed at all times. The plastic-coated 
glass containers are protected by a plastic coating that pre- 
vents the glass from shattering in the event of breakage. 


y i 


Probably the most basic part of any aerosol or pressurized 
package is the valve mechanism through which the contents of 
the package are emitted. Together with the formulation, the 
valve determines the performance of a pressurized package. 
The interaction of these two is such that one cannot readily be 
discussed without reference to the other. 

The primary purpose of the valve is to regulate the flow of 


product from the container. It provides a means of discharging 


the desired amount when needed and prevents loss at other 
times. The valve also exerts a major effect on the character of 
the dispensed product. For example, a product formulated to 
produce a foam can be dispensed as a spray or as a wet stream 
by the use of different actuators or push buttons on the valve. 
The selection of proper propellants also governs whether a 
foam, spray, or wet stream will be produced. 


Continuous-Spray Valves 


“i . 


Figure 50-7 illustrates the basic subcomponents used in aerosol 
valves. A fully assembled valve is shown in Figure 50-8. 

A small hole about 0.013 to 0.020” in diameter sometimes is 
placed in the valve body as seen in Figure 50-7. This allows the 
escape of a small quantity of vaporized propellant along with 
the product. This gives a greater degree of dispersion to the 
emitted spray as well as cleaning the valve orifices following 
discharge. However, since a greater amount of propellant is 
used than with nonvapor-tap systems, care must be exercised 
during formulation of the product to take this into account. One 
may also note a change in spray pattern from start to finish 
because of the change in propellant composition that takes 
place as the contents are used. Vapor-tap valves are used with 
powder aerosols, water-based aerosols, aerosols containing sus- 
pended materials, and other agents that would tend to clog the 
valve. They currently are used with hydrocarbon aerosols since 


PROPERTY TETRAFLUOROETHANE HEPTAFLUOROPROPANE 
Molecular formula CF3CH>F CF3CHFCF3 
Numerical designation 134a 227 
Molecular weight 102 170 
Boiling point (1 atm) Oe =15.0 —3.2 
XG = NE S625 
Vapor pressure (psig) 70°F ited 43 at (20°) 
130°F 198.7 = 
Liquid density (g/mL) BAP p22, 1.41 
Flammability Nonflammable Nonflammable 
Solubility in water % w/w 0.150 0.058 
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the flame extension of the spray can be reduced substantially CUSTOM SPOUT 
through use of a vapor-tap valve. This is accomplished by 

balancing the size of the vapor-tap opening and the valve 

orifice. 


\ STEM GASKET 
oS =e 
Foam Valves NI SOSERICC REN 
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Valves for foam or aerated products usually have only one gee 
expansion orifice, the one at the seat. Following this is a single 
expansion chamber that serves as a delivery nozzle or applica- 
tor. It is sufficiently large in volume to permit immediate Se 
expansion of the pressurized product to form the familiar ball : 
of foam. As demonstrated earlier, the same formulation will be 
discharged as a solid stream when dispensed with a valve and lb 
actuator having small orifices and expansion chambers. Under 3 
these latter conditions, the ball of foam will begin to develop SPRING Ne 
where the stream impinges on a surface. This rather interest- NSC 
ing performance is used in some pressurized surgical soaps on 
the market. 

Because of their large openings, foam valves may lend them- 
selves to use with viscous materials such as syrups, creams, 


and ointments. Foam valves also have been used to dispense Y 
rectal and vaginal foams. Metered valves are discussed later in 
this chapter. d| DIP TUBE 


ACTUATORS 
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The actuator provides a rapid and convenient means for releas- 
ing the contents from a pressurized container. It provides the 
additional functional use in allowing the product to be dis- 
pensed in the desired form, that is, a fine mist, wet spray, foam, 


Pb 50-8. Assembled continuous-spray valve (courtesy, Precision 
Valve). 


or solid stream. Mechanical breakup actuators are used for 
three-phase or compressed-gas aerosols. In addition, special 
actuators are available for use with pharmaceutical and me- 
dicinal aerosols that allow dispensing of products into the 
mouth, nose, throat, vagina, or eye. Several of these actuators 
and applicators are illustrated in Figure 50-9. 


>ACKAGING 


Two methods have been used to package aerosol products. 
Unlike nonaerosol products, part of the manufacturing of ne- 
“cessity takes place during the filling operation. The propellant. 
and product concentrate must be brought together in a way 
whichiensures uniformity of product.) | aa0:aant nnn 
Depending on the nature of the product Sa hes 


MOUNTING CUP 


as are many factors that must be considered before 
deciding which process to use, Since this is a rather. ‘specialized _ 
procedure, commercial filling ‘facilities are available. A typical_ 
unit used to fill MDIs is shown in Figure 50-10. 


DIP TUBE 


BODY 


PPLICATIONS 


Aerosol technology has been applied to the formulation of prod- 
ucts containing therapeutically active ingredients. A pharma= 
ceutical aerosol may be defined as an aerosol product contain- 
ing therapeutically active ingredients dissolved, suspended, or 
emulsified in a propellant or a mixture of solvent and propel- 
Fe lant and intended for oral or topical administration or for 
Figure 50-7. Continuous-spray aerosol valve, showing subcompo- administration into the nose, eye, ear. _ rectum, or vagina. 
nents used for sprays, foams, and semisolids (courtesy, Precision MDIs are intended for administration nas fine, solid particles 
Valve). or as liquid mists via the respiratory system or nasal passages. 
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42 066 10/004 mm) 
US 8) : 
42 068 010 (0 o7 mm.) " a 20 010 


42 561 010(0 0.6 mm) 


: 42 059 010 
(Puder; Powder: Poudre; Polveri) 
42 510010 (0 0.6 mm) 


42043 010 
{mit Rohr; with tube; avec tube: con tubetto). 


42 069 010 (00.4 mm) 

42 042 010 (0 0,5 mm) 2 018 010 
42 077 010 (00,7 mm.) (Puder; Powder; Poudre; Polveri) 
42 078 010 (0 0,8 mm) . 


Monee 50-9. Selected actuators for sprays, foams, and semisolids (courtesy, Somova SpA/Spruhventile GMBH). 


A B 
| 50-10. Aerosol laboratory and pilot-sized filling equipment. A, Product filler. B, Crimper and pressure filler for propellant. C, 
Propellant pump (courtesy, Pamasol Willi Mader AG). 
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They are used for their local action in the nasal areas, throat, 
and lungs, as well as for prompt systemic effect when absorbed 
from the lungs into the bloodstream (inhalation therapy). The 
particle size must be considerably below 10 ym and, in most 
instances, should be between 3 and 6 pm for maximum thera- 
peutic response. 

According to the USP/NF 


Pharmaceutical aerosols are products that are packaged under 
pressure and contain therapeutically active ingredients that are 
released upon activation of an appropriate valve system. They 
are intended for topical application to the skin as well as local 
application into the nose (nasal aerosols), mouth (lingual aero- 
sols) or lungs (inhalation aerosols). 


Pharmaceutical Aerosols 


Sa 


Pharmaceuticals may be formulated as aerosols using solu- 
tions, suspensions, emulsions, powders, and semisolid prepa- 
rations. Table 50-7 illustrates the basic formulation of aerosol 
products for use as metered-dose inhalants. 

SOLUTION AEROSOLS—These consist of a solution of 
active ingredients in pure e propellant or a mixture of propellant- 
and solvents. The solvent is used to dissolve the active ingre- 
dients and/or retard the evaporation of the propellant. Solution 
aerosols are relatively easy to formulate, provided the ingredi- 
ents are soluble in the propellant. However, the propellants are 
nonpolar in nature and in most cases are poor solvents for some 
of the commonly used medicinal ingredients. Through use of a 
solvent that is miscible with the propellant, one can achieve 
varying degrees of solubility. There is no limit to the number of 
solvents that can be used for this purpose, except for toxicity 
considerations. Ethyl alcohol has found the greatest use, al- 
though some other solvents may be of limited value. For those 
substances that are insoluble in the propellant or propellant/ 
solvent system, a dispersion or suspension can be produced. In 
this case the drug must be micronized so that the particles are 
less than 10 pm in average diameter. 

The usual fluorocarbon propellants generally are blended as 
indicated in Table 50-7 or used alone when appropriate. Pro- 
pellant 11 is used often when solubility of the drug and solvents 
presents a problem, as it is a better solvent than either Propel- 
lant 12, 114, 134a, or 227. Additionally, Propellant 11 may be 
required to prepare a suitable slurry when preparing a disper- 
sion aerosol. Generally the propellant represents upward of 60 


WE. ‘Table 50-7. Metered-Dose Inhalants (Solution and 


Suspensions): Prototype Formulation 


Solution (CFC, HFC)? 
Active ingredient(s): solubilized 
Antioxidants: ascorbic acid 
Solvent blends: water, ethanol, glycols 
Propellants: 12/11, 12/114 or 12 alone; 134a, 227, 134a/227 
Suspensions (CFC) 
Active ingredient(s): micronized and suspended 
Dispersing agent(s): sorbitan trioleate, oleyl alcohol, oleic acid, 
lecithin, etc. 
Propellants: 12/11, 12/114, 12 or 12/114/11 
Suspensions (HFC)? 
Active ingredient(s): micronized and suspended 
Solvent: ethanol 
Dispersing agent(s): sorbitan trioleate, oleyl alcohol, oleic acid, 
lecithin, etc. 
Propellants: 134a, 227, 134a/227 
or 
Active ingredient(s): micronized and suspended 
Propellants: 134a, 227, 134a/227 


° The reader is directed to the patent literature to ensure that the formula- 
tions are not covered by a patent. 


weight-percent of the final formulation and, in most cases, may 
be as high as 99.9%. 

Propellant 12 may be used alone or in combination as indi- 
cated. The proportion of each propellant is varied to obtain the 
desired pressure within the container and the proper particle- 
size distribution. 

DISPERSIONS OR SUSPENSIONS (POWDER AERO- 
SOLS)— These aerosols are similar to solution aerosols except 
‘that the active ingredients are suspended or dispersed 
throughout the propellant or propellant and solvent phase. 
This system is useful with antibiotics, steroids, and other 
poorly soluble compounds. Problems associated with the 
formulation of this system include agglomeration, caking, 
particle-size growth, and valve clogging. Some of these prob- 
lems have been overcome through use of lubricants such as 
isopropyl myristate, light mineral oil, or other substances that 
provide slippage between particles of the compound as well as 
lubricating component parts of the valve. Surfactants also have 
been used to disperse the particles. The use of dispersing 
agents such as sorbitan trioleate, oleic acid, or lecithin is useful 
in keeping the suspended particles from agglomerating. 
Thought also should be given to both the particle size and the 
moisture content of the powder. The moisture content should 
be kept between 100 and 300 ppm or less, depending upon the 
type of product, and the propellants and solvents must be dried 
by passing them through a drying agent. The particle size for 
metered-dose inhalants should remain in the micrometer range 
and should be between 2 and 8 wm, with a mass median 
diameter of between 3 and 6 pm. Formulation of MDIs using 
HFCs as the propellant pose many problems to the formulator. 

Tetrafluoroethane (P-134a) is a liquefied gas and exists as a 
liquid at room temperature when contained under its own 
vapor pressure or as a gas when exposed to room temperature 
and atmospheric pressure. The liquid is practically odorless 
and colorless. The gas in high concentration has a faint ether- 
like odor. Tetrafluoroethane is noncorrosive, nonirritating, and 
nonflammable. The lack of chlorine on the molecule and the 
presence of hydrogen reduces the ozone depletion activity to 
zero. Its very low Kauri-Butanol value and solubility parame- 
ter indicates that it is not a good solvent for the commonly used 
surfactants for MDIs. Sorbitan trioleate, sorbitan sesquioleate, 
oleic acid, and soya lecithin show limited solubility in tetraflu- 
oroethane, and the amount of surfactant that actually dissolves 
may not suffice to keep the drug readily dispersed. 

The use of tetrafluoroethane as a propellant for MDIs has 
been the subject of numerous patents throughout the world. 
These patents cover the formulation of MDIs, use of specific 
surfactants, cosolvents, etc. A US patent claims 


a self-propelling aerosol formulation which may be free from 
CFCs which comprises a medicament, 1,1,1,2-tetrafluoroethane, 
a surface active agent, and at least one compound having a 
higher polarity than 1,1,1,2-tetrafluoroethane. 


Another patent has been issued by the European Patent Office 
and has 14 claims, among them a claim that includes tetraflu- 
oroethane, an alcohol (such as ethanol), surfactant, and medi- 
cant. The formulator is referred to the patent literature prior to 
formulating an MDI with tetrafluoroethane as the propellant. 
The use of an HFC as the propellant also requires a change in 
manufacturing procedure that necessitates a redesign of the 
filling and packaging machinery for an MDI. 

One MDI commercially available is Proventil HFA (Key), 
which contains albuterol sulfate suspended in ethanol, oleic acid, 
and tetrafluoroethane. Each actuation delivers 108 yg of albuterol 
sulfate equivalent to 90 ug of albuterol from the mouthpiece. To 
date this is the only non-CFC MDI available in the United States, 
although some other MDIs are currently the subject of NDAs. 
Similar versions of this product are available in the United King- 
dom and Japan. Other ingredients are currently being developed 
as non-CFC MDIs. In 1998, 3M released Qvar for sale in the 
United Kingdom. This MDI contains beclomethasone in solution 
form. Since the respiratory fraction of the product is substantially 


higher than the current product, according to the current litera- 
ture, a 200-wg dose of Qvar achieved a total beclomethasone level 
comparable to a 400-yg dose of the CFC-containing beclometha- 
sone formulation. An NDA submission of Qvar was accepted by 
the FDA in July 1998. 

Heptafluoropropane (P-227) is classified as an HFC, since 
the molecule consists only of carbon, fluorine, and hydrogen 
atoms. It does not contain any chlorine and therefore does not 
affect the ozone layer, nor does it have an effect upon global 
warming. In this regard, it is considered an alternative propel- 
lant to CFCs for MDIs. While some of its physical and chemical 
properties are known, little has been published in regard to its 
use as a replacement for CFCs in MDIs. Its vapor pressure is 
somewhat lower than that of tetrafluoroethane and it can be 
used alone to formulate MDIs at a lower pressure and also can 
be used in combination with 134a. Like tetrafluoroethane, it is 
not a good solvent for medicinal agents or for the commonly 
used surfactants and dispersing agents used in formulation of 
MDIs. Although there are no MDIs formulated with this pro- 
pellant currently available, a great deal of work is being carried 
out in regard to its use as a propellant. 


aS wn emulsion system is useful for a great va- 
riety of products. Since these systems contain a relatively small 
amount of propellant (4 to 10%), there is little if any chilling effect. 
Active ingredients that may be irritating if inhaled can be used as 
a foam. Depending on the nature of the formulation and the 
manner in which the product is to be used, the foam is aqueous or 
nonaqueous and can be stable or quick-breaking. 

Emulsions can be dispensed from an aerosol container as a 
spray, stable foam, or quick-breaking foam, depending on the type 
of valve used and the formulation. Two types of emulsions can be 
formulated for use in an aerosol. A W/O emulsion is one in which 
the water phase is dispersed throughout the oil phase; an O/W 
emulsion is one in which the water is the continuous phase. 

If the product concentrate is dispersed throughout a propel- 
lant, the system behaves similarly to a W/O emulsion. How- 
ever, since the propellant is in the external phase, the product 
is dispersed as a wet stream rather than as a foam. When the 
propellant is in the internal phase (O/W), a foam will be pro- 
duced. The consistency and stability of the foam can be modi- 
fied by choice of surfactants and solvents used. 

Many water-based aerosols are of the W/O type, in which 
the propellant is in the external phase. Stable shave-cream 
foams, on the other hand, are produced by keeping the propel- 
lant in the internal phase. 

The stable foam is similar to a shaving-cream formulation 
into which therapeutically active ingredients are incorporated. 
The foam is dispensed and rubbed into the skin or affected 
area. By substituting glycols and glycol derivatives for the 
water in an emulsion, a nonaqueous foam is obtained. The foam 
stability can be varied by the choice of surfactant, solvent, and 
propellant. It has been suggested that these foams are appli- 
cable to ointment bases, rectal and vaginal medication, and 
burn preparations. 

A quick-breaking foam allows convenient and efficient ap- 
plication of medication. In certain instances the product was 
dispensed as a foam that quickly collapsed. This was useful in 
covering large areas with no rubbing necessary to disperse the 
medication. These quick-breaking foams consist of alcohol, sur- 
factant, water, and propellant. 

Most topical aerosols now use a hydrocarbon propellant. 
New developments are taking place with valves and barrier 
packs that allow greater use of compressed gases for these 
products. 


y ae 


PHARMACEUTICAL ___CONTAINERS—Aluminum _ is 


iner and Valve Components 
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used as the material of construction for most metered-dose 
aerosols. While aluminum can be used without an internal 
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organic coating for certain aerosol formulations (especially 
those that contain only active ingredient and propellant), many 
containers are available that have been anodized. They also 
may have an internal coating made from an epon- or epoxy-type 
resin. 

Aluminum containers also are made with a 20-mm opening 
so as to receive the standard metered valves. However, a vari- 
ety of openings ranging from 15 to 20 mm also are available for 
special and customized applications. Aluminum containers are 
manufactured from a slug of aluminum and are seamless; 
therefore, there is virtually no danger of leakage. Figure 50-11 
shows a typical aluminum container used for MDIs. 

PHARMACEUTICAL VALVES—A typical metered-dose 
aerosol delivery system is illustrated in Figure 50-12. Metering 
valves fitted with a 20-mm ferrule are used with the above 
containers for all metered-dose inhalation and nasal aerosols. 

The metering valve should deliver accurately a measured 
amount of product and should be reproducible not only for each 
dose delivered from the same package but from package to 
package. Two basic types of metering valves are available, one 
for inverted use and the other for upright use. Generally, 
valves for upright use contain a thin capillary dip tube and are 
used with solution-type aerosols. On the other hand, suspen- 
sion or dispersion aerosols use a valve for inverted use that 
does not contain a dip tube. Figures 50-13 and 50-14 illustrate 
both types of valves and are typical of those commercially 
available. 

An integral part of these valves is the metering chamber 
that directly is responsible for the delivery of the desired 
amount of therapeutic agent. The size of the chamber can be 
varied, so that from about 25 to 100 mL of product can be 
delivered per actuation. Most of the products commercially 
available use dosages in the range of 25 to 75 wL. The chamber 
is sealed via the metering and stem gasket. In the actuated 
position, the stem gasket will allow the contents of the meter- 
ing chamber to be dispensed while the metering gasket will 
seal off any additional product from entering the chamber. In 
this manner the chamber always is filled and ready to deliver 
the desired amount of therapeutic agent. 

These valves should retain their prime over fairly long pe- 
riods of time. However, it is possible for the material in the 
chamber to return slowly to the main body of product in the 
event the container is stored upright (for those used in the 
inverted position). The degree to which this can occur varies 
with the construction of the valve and the length of time be- 
tween actuations. 

Both types of valves currently are used on commercially 
available oral inhalation aerosols. During the development 
stage, the compatibility of the valves should be determined 


fe 
/ Figure 50-11. Typical aluminum aerosol container, cut-edge type 
used with an O ring (courtesy, Presspart). 
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Figure 50-12. Typical metered-dose aerosol delivery system. 


with the exact formulation to be used, to determine the accu- 
racy of the metered dose developed in regard to doses delivered 
from the same container of product and from different contain- 
ers. Additionally, one should ensure that there is no interaction 
between the various valve subcomponents and the formulation. 
If distortion or elongation of some of the plastic subcomponents 
occurs, this may result in leakage, inaccurate dosage, and/or 
decomposition of the active ingredients. 

There also have been instances in which the therapeutic 
agent was adsorbed or absorbed onto the various plastic com- 
ponents, and a lower than normal dose of the active ingredient 
was dispensed. For these reasons, one must not only determine 
the total weight of product dispensed per dose but also the 
actual amount of active ingredient in each dose. Some test 
procedures use the results obtained by taking 10 doses of ma- 
terial and determining the average amount present in one dose. 
When possible and when the analytical procedure permits de- 
tection of fairly small amounts of active ingredients present per 
dose, multiple single-dose assays should be performed. Using 
the average of 10 doses may fail to reveal problems of varia- 
tions in each of the individual doses dispensed. 


/ Evaluation of MDIs and Topical 
Pharmaceuticals = 


—, 


Various tests have been devised to ensure the integrity of the 
aerosol package. These products are said to be tamperproof, 
since they cannot be opened and closed in the usual manner. 
Because these products are all under pressure, it is very diffi- 
cult to add any foreign material to the product once the entire 
package is assembled. This also makes it rather difficult to 
obtain suitable samples for an analysis. Special sampling pro- 
cedures and test methods have been developed and are used to 
determine the suitability of the product. 

Topical pharmaceutical aerosols do not present any special 
problems other than the sampling procedure. The USP in- 
cludes several tests under the specific monographs for the 
topical aerosols. These include delivery rate, leak testing, mi- 
crobial limit test, and assay. While several of these products 
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Figure 50-13. Metering valve—inverted (courtesy, Valois). 


are dispensed_as sprays, no special emphasis or consideration 


is given to the partial size of the droplets or particles emitted. 
The spray may be defined as a fine, dry, or wet spray. 

MDIs require a greater amount of testing since the metered 
valve, oral adapter, and the formulation are collectively respon- 
sible for delivering the therapeutically active ingredient to the 


appropriate site in the respiratory passages. This assumes that 
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Figure 50-14. 20-mm metered-dose valve showing the subcompo- 
nent parts and metering chamber. It is used in the upright position 
(courtesy, Bespak). 


the patient will administer the product properly, so that both 
the dose and depth of penetration of the medication can be 
ensured. Unfortunately, this is not always done. Both the phy- 
sician and the pharmacist can provide a most valuable service 
to the patient by taking the time to demonstrate the correct use 
of these inhalers. 

Many of the tests required for the evaluation of MDIs are 
similar to those used for other dosage forms. These include 
description, identification, and assay of the active ingredient; 
microbial limits; moisture content; net weight, degradation 
products and impurities (if any); extractables; and any other 
tests deemed appropriate for the active ingredient. 

Analysis of the MDI also is required to determine the 
amount of drug delivered and its depth of penetration into the 
respiratory passages, including 


UNIT SPRAY CONTENT—This test is described in the 
USP and determines the average amount of active ingredient 
delivered through the mouthpiece (oral adapter) per a specified 
number of actuations (dose taken by patient). 

LEAKAGE RATE—This test is also available in the USP 
and is used to estimate the weight loss over a 1-yr period. Since 
there are several sealing gaskets present in a metered-dose 
valve, this test determines the integrity of the gaskets as well 
as the proper crimping of the valve onto the container. 

CONTENT UNIFORMITY—This test determines the 
amount of drug substance delivered per actuation from the 
mouthpiece of different containers from the same lot. 

NUMBER OF DOSES PER CONTAINER —This is de- 
fined as the number of actuators meeting the Unit Spray Con- 
tent requirements. 

SPRAY PATTERN AND/OR PLUME GEOMETRY— 
This test evaluates the type of spray pattern emitted for the 
MDI and relates to the characteristics of the metering valve 
and oral adapter as well as to the formulation. 

VALVE DELIVERY—The reproducibility of the amount of 
product delivered through the valve is evaluated. 


It is beyond the scope of this chapter to discuss these tests in 
greater detail. The reader is referred to the USP/NF. However, 
particle-size distribution is covered in greater detail because of 
its relationship to deposition of particles of drug in the respi- 
ratory system. 


Ararices Size Distribution 


Parviicle-siz -size i civahion 4 is probably one of the most important 
characteristics of an MDI. To be effective, the particles emitted 
from the spray must be below 10 »m and in most cases between 
2 and 8 wm in diameter. Several methods are available for the 
determination of the particle-size distribution for MDIs. A com- 
mon method includes a cascade impactor that depends upon 
the principle of carrying particles in a stream of air through a 
series of consecutively smaller jet openings. The heavier and 
larger-diameter particles are impacted on a slide under the 
larger opening, and as the openings get smaller, the velocity of 
the stream increases and the next larger particles are depos- 
ited on the next slides. Figure 50-15 illustrates a cascade im- 
pactor that can be used to indicate the particle-size distribution 
of MDIs. 

Figure 50-16 and Table 50-8 give a typical analysis of an 
MDI. Other methods include the use of a microscope or instru- 
mentation based on holography and laser beams. The reader is 
referred to the USP/NF for a more comprehensive review of this 
subject. 

FORMULATION FACTORS—Included among formula- 
tion factors are the physicochemical characteristics of the ac- 
tive ingredients, the particle size and shape of the drug, the 
type and concentration of surface-active agent used, and, to 
some extent, the vapor pressure and the metered volume of 
propellants. In terms of physicochemical properties, the lipoi- 
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Figure 50-15. Cascade impactor (Impaq AS-6) used for particle-size 
distribution of MDIs (courtesy, California Measurements). 


dal solubility and pulmonary absorption rates of the active 
ingredient are of utmost importance. Another physicochemical 
factor governing the biopharmaceutics of a drug is its dissolu- 
tion characteristics in pulmonary fluids. Drugs having a rapid 
dissolution rate in pulmonary fluids predictably produce much 
more intense and rapid onset of action, having a shorter dura- 
tion than their less soluble derivatives. Therapeutic agents 
that exhibit very poor solubility in pulmonary fluids are to be 
avoided, since they are likely to serve as irritants and precip- 
itate bronchial spasms. 

The selection of the appropriate surface active agent (re- 
quired in most pressurized inhalation suspension aerosols) is 
another important consideration, since the surfactant will in- 
fluence droplet evaporation, particle size, and overall hydro- 
phobicity of the particles reaching the respiratory passageways 
and pulmonary fluids. 

The effects of propellant vapor pressure and the metered 
volume of propellants on drug deposition in the lungs recently 
have been studied using rather large, specialized, plastic 
adapters. Findings in this area have demonstrated that the 
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Figure 50-16. Log probability plot of data from the cascade impac- 
tor (MMD, mass median diameter). 


amount of material deposited in the mouth, tube, and actuator 
(likely sites of material loss) increased as the vapor pressure 
was decreased and the metered volume increased. 

COMPONENT DESIGN—Component design, specifically 
that of the actuator and adapter, also has been shown to alter 
the particle size and the penetration and deposition of drugs 
into the lungs. Numerous studies have demonstrated that a 
complex set of interactions exist between the actuation type, 
valve dimensions, distance from actuator, and other component 
variables and that particle size (mass median diameters) could 
vary up to 40% by altering one or more of the aforementioned 
components. 

One component that has undergone enormous modification 
in the last few years to improve drug delivery is the adapter. 
Up to about the mid 1970s, almost all adapters were short and 
rather simplistic so as to minimize possible holdup of material 
in the adapter. The holdup in the short-stem adapters averages 
anywhere from 5 to 20%. Recently, however, numerous custom- 
ized adapters having specific designs and dimensions have 
entered the marketplace. 

Interest in the larger adapters (often referred to as tube 
spacers) can be attributed to any one or more of the following 
reasons. The larger adapter designs permit a complete evapo- 
ration of propellant, reducing initial droplet velocity and par- 
ticle size. This reduction of particle size improves depth of drug 
penetration into the lungs, while a lower initial velocity de- 
creases product impaction to the back of the esophagus (whip- 
lash effect), common to short-stem adapters. The larger 
adapter designs also permit a decrease in pressure and in- 
creased volume flow that also has been reported te increase 
penetration of particles into the lungs. It should be pointed out 
that the larger tube spacers are not without problems. They are 
inconvenient because of their size, are expensive, and are some- 
what difficult to clean. They also present the manufacturer 
with the problem of assessing product holdup in a rather com- 
plex device. 

ADMINISTRATIVE TECHNIQUES—The metered- 
inhalation aerosol dosage form, although popular, generally is 
considered one of the most complicated drug-delivery systems 
currently marketed by the pharmaceutical industry. It is 
viewed by many as being only slightly simpler to use than an 
injectable, since inhalation products often require up to 10 to 
15 maneuvers by the patient during use. Failure of the patient 
to perform any one of these maneuvers correctly may alter 
significantly the deposition of the drug into the appropriate 
portion of the lungs. 

Differences in the directions for use of each inhalation prod- 
uct are a result of the product formulation and actuator design 
that the manufacturer deemed most appropriate for the par- 
ticular product. In light of this, it is not surprising to find 
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patients who require two or more aerosol inhalation products 
or who are constantly changing their medication (such as the 
asthmatic patient) occasionally experiencing difficulties in 
complying with the suggested method of application. 

These problems present a unique opportunity for the phar- 
macist to counsel the patient on the correct use of these inhal- 
ers. Several manufacturers will provide placebo inhalers for 
this purpose. Others will provide video tapes that can be used 
by the pharmacist and other health professionals to teach the 
correct use of these inhalers. Brown bag and senior citizen 
programs, health seminars, and other similar programs can 
provide a suitable audience for group presentations. However, 
the most successful programs are conducted on a one-to-one 
basis in the privacy of the pharmacy. 

Many attempts have been made to overcome these prob- 
lems and increase the efficacy of this dosage form. A breath- 
activated inhaler has been developed by 3M Pharmaceuticals 
and is used as an integral part of their pirbuterol acetate 
inhalation aerosol. They found that in a study of 70 patients, 
the use of the breath-activated inhaler increased the efficient 
use of these inhalers from 50 to 91%. These patients were given 
both written and verbal instructions. Reading instructions 
alone increased the efficiency from 39 to 63%. 

Tube spacers also increase the efficiency of drug delivery via 
MDIs. These spacers permit atomization of the delivered dose 
in a confined chamber or bag and eliminate the need for the 
precise synchronization of actuations and deep breathing with 
inspiration. Triamcinolone acetonide is available as an MDI 
and is fitted with a tube spacer instead of the conventional 
short-stem actuators. Figure 50-17 illustrates several metered- 
dose aerosols with short-stem actuators. Patients must check 
with their physician before using these spacers, since the particle- 
size distribution of the drug being dispersed through one of 
these spacers may be substantially different from those emit- 
ted from a short-stem actuator. Certainly, the deposition pat- 
tern will change, and the efficiency of the delivered dose reach- 
ing the proper pulmonary airways will be increased. 
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CUMULATIVE PARTICLE SIZE 


SLIDE NO. PARTICLE SIZE (um) DISTRIBUTION (%) 
Filter Less than 0.5 0.55 
6 0.5-1 55 
5 1-2 18.98 
4 2-4 61.59 
3 4-8 90.20 
2 8-16 96.67 
1 16-32 100.00 


NEWER DEVELOPMENTS 


At present, there is much interest in developi or-a-vari- 
ety of conditions in ‘thma, emphysema, diabetes, AIDS, 
cancer, heart heart disease, and cystic fibrosis. Many of these com- 
pounds have been developed using biotechnology processes, and 
their delivery to the respiratory system via an MDI is an extremely 
challenging undertaking. With the introduction of newer, alter- 
native propellants, the challenge becomes even greater and pre- 
sents a unique opportunity for the delivery of these compounds. 

With the increased interest by the pharmaceutical manu- 
facturers to convert existing MDIs to non-CFC products and to 
develop newer MDIs, the valve and the container suppliers are 
cooperating with the industry to develop much-needed hard- 
ware. These developments will enable the pharmaceutical 
aerosol team to develop suitable metered-dose delivery systems 
to meet the high demands of the drugs currently available and 
those under development. 
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CHAPTER 51 


Quality Assurance and Control 


John E Enders, PhD, MBA 
Director of Quality Assurance 
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Swarthmore, PA 19081 


The pharmaceutical industry, as a vital segment of the health- 
care system, conducts research and manufactures and markets 
pharmaceutical and biological products and medical devices 
used for the acute/chronic treatment and diagnosis of disease. 
Recent advances in drug discovery, primarily in the field of 
biotechnology and in the required controls over manufacturing 
processes, are presenting new challenges to the control of qual- 
ity and to the systems that operate internally in the industry 
and by the external regulations established by the federal Food 
and Drug Administration (FDA). The role of the industrial 
quality professional is changing. Their education is more ex- 
tensive, including science/technology, food and drug law, and 
business. 

The pursuit of quality is being approached through the 
concept of Total Quality Management (TQM) and continuous 
improvement, whereby management and labor join forces to 
build quality into products while helping to ensure the com- 
pany’s financial success. This changed emphasis is directed 
toward defect prevention (proactive) rather than defect detec- 
tion (after the fact). 

Quality assurance (QA) and quality control (QC) develop 
and follow standard internal operating procedures directed 
toward assuring the quality, safety, purity, and effectiveness of 
the drug supply. The FDA has issued a primary regulation to 
industry titled Current Good Manufacturing Practice for Fin- 
ished Pharmaceuticals (commonly referred to as the cGMPs, or 
GMPs). Numerous guidelines have been issued relative to spe- 
cific dosage forms and operations, which give increased guid- 
ance and direction to the industry for them to plan for and to 
remain in compliance. These guidelines also serve as the basis 
for compliance investigations conducted by the FDA and are 
used in their inspections of facilities and operations. Recent 
emphasis is being placed on these inspections as part of the 
regulatory preapproval program when reviewing submissions 
relative to New Drug Applications (NDAs). 


QA AND QC: 
ORGANIZATION/RESPONSIBILITIES 


ER TE 
Industry, to ensure compliance with these government regula- 
tions and with their own internal policies and procedures, has 
developed very sophisticated quality organizations with well- 
defined responsibilities. It has been accepted that QA and QC 
have different functions within an organization. QC functions 
to test and measure material and product. QA establishes 
systems for ensuring the quality of the product. Firms must 
decide upon the exact roles they wish QC and QA to perform in 
operations and put these definitions in writing. 

The QA department within any organization, because of its 
responsibilities, normally will report to a relatively high-level 
administrator within a company, depending on its size. In 
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smaller companies they may report to the chief executive officer 
or the president. In larger corporations they will sometimes 
report to the president or executive vice-president or chief of 
operations. 

In all cases QA will be independent of the economic issues 
associated with manufacturing and distribution of the product. 
The QA department is responsible for ensuring that the quality 
policies adopted by a company are followed, and in many orga- 
nizations it serves as the contact with regulatory agencies and 
is the final authority for product acceptance or rejection. It 
helps to identify and prepare the necessary standard operating 
procedures (SOPs) relative to the control of quality. Where it 
has responsibility for final product release, it must determine 
that the product meets all the applicable specifications and 
that it was manufactured according to internal standards and 
the GMPs. QA departments now tend to work with the other 
members of the firm rather than simply serve a police function, 
an out-dated role of QA. 

A second major responsibility is a quality monitoring or 
audit function. Through this activity it is able to determine if 
operations have adequate systems, facilities, and written pro- 
cedures to control the quality of products produced. Thus, the 
QA function not only determines that the procedures are cur- 
rent and correct, but that properly trained operators are fol- 
lowing them. Combining this review of SOPs with an audit of 
facilities and operations will give company management an 
inside report on its level of compliance and will allow the 
necessary changes and/or corrections to be made prior to either 
causing a product failure or being reported as a deficiency 
during an inspection by an FDA investigator. 

Senior management of a company looks to the QA function 
to assess operations continually and to advise and guide them 
toward full compliance with all applicable internal and exter- 
nal regulations. Organizationally, the QC Department should 
report, as directed by the GMPs, to someone other than the 
person responsible for production. 

Quality Control is responsible for the day-to-day control of 
quality within a company. This department is staffed with 
scientists and technicians responsible for the analytical testing 
of incoming raw materials and inspection of packaging compo- 
nents, including labeling. They conduct in-process testing when 
required, perform environmental monitoring, and inspect op- 
erations for compliance. Finally, they conduct the required 
tests on the finished dosage form. 

Many companies have the heads of QC and production re- 
port to some higher level of management, with QC being inde- 
pendent of production. These may be the same or different 
individuals, but it allows independent operation of both func- 
tions without direct conflict arising when reaching a final de- 
cision on the acceptability of final products. 

Quality Control within an organization has several primary 
functions: analytical laboratory testing of products; sampling, 
inspection, and testing of incoming raw materials; packaging 


and labeling components; physical inspection of product and 
operations at the critical intermediate stages; and control of 
product through its distribution. 

The analytical control laboratory must be staffed with per- 
sons who are trained academically and, through experience, 
capable of performing the often complex analyses used to eval- 
uate the acceptability of the materials tested. The equipment 
and instrumentation in the laboratory must be suitable for 
performing the testing in an accurate and efficient manner. 

Detailed specifications must be available, as well as vali- 
dated test methods against which products and raw materials 
will be evaluated. The specifications detail the limits for accep- 
tance of the article, based on identified critical parameters. 

The testing and acceptance of only high-quality raw mate- 
rials is essential for the production of uniformly acceptable 
products. Quality Control plays a major role in the selection of 
qualified vendors from whom these materials are purchased. 
Testing of representative samples is required, and in many 
cases, an audit of the vendor’s operation is necessary to deter- 
mine their suitability and degree of compliance with GMPs 
prior to their being approved. The vendor audit frequently is 
organized by QA, with technical support from research, QC, 
and manufacturing. 

At various critical in-process steps in production it may be 
necessary to sample and test product against criteria previ- 
ously established. Often, in-process alert or action levels will be 
identified for the critical in-process steps as a means of process 
control. These alert or action levels are limits that are more 
restrictive than the final acceptance limits, but serve as an 
in-process control by providing early warnings of conditions 
that could lead to an out-of-control situation and thus will allow 
timely corrective action before this condition occurs. Therefore, 
materials that have reached the alert or action level criteria are 
still acceptable, since they have not exceeded an out-of-limit 
rejection level. 

Quality Control is responsible, as part of its testing and 
inspection functions, for monitoring the environmental condi- 
tions under which products are manufactured and/or held. 
Different levels of control are established depending on the 
intended use of the dosage form. Parenteral and ophthalmic 
products must be produced in a controlled environment that is 
designed to protect their sterility. Monitoring of air and water 
systems is critical in ensuring that they are being controlled 
and that the levels of particulates and microbial matter are 
within the established microbiological criteria. The USP con- 
tains monographs and specifications on Water Used for Phar- 
maceutical Purposes. The Federal Government Standard 209K, 
Airborne Particulate Cleanliness Classes in Cleanrooms and 
Clean Zones, classifies a working environment based on the 
number of particles (of a given size) per cubic foot of air. 
Generally, conditions listed as Class 100 are maintained in 
areas where parenteral products are filled into their clean, 
sterile containers. Class 100 is defined as an area that can be 
controlled to contain fewer than 100 particles, 0.5 wm and 
larger, per cubic foot of air. 

Another major element of control is the environmental mon- 
itoring of the areas in which nonsterile products are manufac- 
tured, such as liquids, tablets, and capsules. The objective here 
is first to determine an acceptable level of particulates and 
microbial contaminates and then to control them to this level. 
If found to be excessive, steps must be taken to bring the levels 
within acceptable limits so as not to compromise the quality of 
the product. This monitoring and control of the environment 
will further ensure the quality and stability of the product 
by preventing the products from being exposed to a hostile 
environment. 

Control of packaging components, especially those that 
come into direct contact with a product, is required. These 
materials must be inspected and tested against rigid specifica- 
tions to ensure that they meet predetermined functional stan- 
dards. Labeling is understandably the most critical component, 
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not just in its original acceptance, but also in secure storage 
and issuance regarding accountability against the standard. 


TOTAL QUALITY MANAGEMENT 
a TE 
The production of quality pharmaceutical products requires 
embracing the principles of Total Quality Management (TQM). 
Additionally TQM will serve to improve productivity and cus- 
tomer satisfaction. The quality function is part of a team com- 
posed of research, production, marketing/sales, and customer 
service. In the competitive markets of today it is critical to 
improve quality and service continually while minimizing costs 
and maximizing resource utilization. The concept of TQM re- 
quires the total commitment of senior-level management and 
supervision of all departments, operators, suppliers, and cus- 
tomers. Its basic principle is one of continually striving for 
process improvement that begins with product development 
and only concludes when feedback and follow-up have been 
completed on customer complaints and suggestions. In many 
firms the QA Department has the responsibility to organize 
and implement the TQM program. 

Quality must be designed into products, beginning with 
research. Product quality criteria are established, and detailed 
specifications are written. Meticulous, written procedures must 
be prepared for production and control. Raw materials must be 
characterized and then purchased from reputable, approved 
suppliers that, when incorporated into the finished dosage 
form, will provide products of uniformly high quality. Facilities 
must be designed, constructed, and controlled to provide the 
proper stable environment for protecting the integrity of prod- 
ucts. Equipment must be selected that is efficient and can be 
cleaned readily and sanitized, to aid in preventing cross- 
contamination of one product with another. Personnel must be 
trained properly so that their personal habits, clothing, and job 
performance do not compromise product quality. The directions 
that they use must be in writing, approved by responsible 
individuals, and strictly followed. 

Distribution departments are responsible for controlling the 
shipping and handling of products, using inventory-control sys- 
tems based on the first in-first out principle. They select modes 
of distribution that will protect products from adverse handling 
or environmental conditions while in transit to distribution 
points and to customers. 

The marketing department must be sensitive to the cus- 
tomer’s needs and be responsive to complaints. The quality 
department should be kept informed of real or potential prob- 
lems as reported from the marketplace. 

Involved with each of these operations, QA is ever present 
and gives approval only after assessing and being assured that 
the entire production process has been completed satisfactorily 
and that all the aspects of the GMPs have been satisfied. 

In the pharmaceutical industry, TQM, therefore, can be 
looked upon as a combined team effort to develop, produce, 
market, distribute, and control products that are safe and will 
remain effective for the time they remain in the marketplace. 
This program ultimately will assure the professional dispenser 
and the final consumer that each lot of every product conforms 
to certain specifications and that each unit will fulfill the dec- 
larations made in its labeling and has met all the require- 
ments, both internal and external, of the industry. 


DOCUMENTATION 

SoS Ra EE CE SEE 
The saying, “It is not complete if it is not documented,” de- 
scribes the linkage between written records of action taken and 
the quality operation. These written documents include those 
found in the product-development phase as well as those asso- 
ciated with the actual manufacture and testing of individual 
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batches. The former will consist of research and development 
reports and the validation records required when the FDA 
conducts its preapproval investigations. Elements of these 
documents will include raw materials and final product spec- 
ifications along with appropriate validated test methods, 
technology-transfer documents, and production scale-up 
support data. Specific critical pieces of equipment must be 
identified along with the process and product qualification/ 
validation records. The Master Production Batch Record 
(MPBR) is often the document that facilitates the orderly trans- 
ition from product and process development to commercial- 
scale production. 

The Production Batch Record (PBR), an exact copy of the 
approved MPBR, is used along with written SOPs to produce 
individual batches of product that are assigned specific code or 
lot numbers. The PBR provides a historical blueprint of every 
step, beginning with the receipt of raw materials and package 
components and continuing through each phase of production. 
Recording charts or computer printouts of significant opera- 
tions such as autoclaving, drying, air-particulate monitoring, 
lyophilizing, etc, become part of the batch history. After a batch 
has been completed, including final analytical and physical 
testing, there is one ‘final additional step that must be com- 
pleted prior to approving the batch for distribution. All docu- 
mentation relating to the production of the specific batch is 
given a final review. Each of the required documents must be 
checked for accuracy and completeness. Any discrepancy must 
be investigated immediately, and a written explanation made. 
Only after this final review has been completed satisfactorily 
may the batch be approved. 

Once the batch has been approved, accurate distribution 
records are required, to trace the batch in the marketplace, 
which would facilitate, if the need arose, recalling the batch. 


QUALITY IN PHARMACEUTICAL 
BIOTECHNOLOGY 


Because of the physical/chemical nature of the proteinaceous 
products derived from pharmaceutical biotechnology, unique 
quality considerations prevail that are associated with early 
research and development synthesis, clinical product scale-up, 
and commercial manufacture. An indication of such a view 
becomes more evident when some gross differences between 
biological therapeutic agents and chemical drug products 
are examined. In contrast to small-molecule pharmaceuticals, 
biotechnology-derived drugs are obtained from living organ- 
isms, complex mixtures of protein and other substances, often 
heat labile, and, finally, highly susceptible to microbiological 
contamination. In the context of this discussion, pharmaceuti- 
cal biotechnology products are defined to include proteins and 
peptides produced by recombinant DNA (rDNA) techniques 
and monoclonal antibody/hybridoma (Mab) technology. The 
former is hybrid DNA produced (expressed) by joining pieces of 
DNA from different sources; the latter involves production of a 
single clone from hybrid cells, using hybridoma technology that 
fuses different cells to make antibody. See also Chapter 49, 
Biotechnology and Drugs. In general, the object of the pharma- 
ceutical biotechnology manufacturing process is to produce a 
product totally free of contamination. The attributes that the 
product should possess are sterility and the absence of pyro- 
gens, unwanted organisms, by-products of the manufacturing 
process, and degradation. It generally has been accepted that 
the proteinaceous product becomes a drug when it is out of the 
cell that produced it, either by exudation or disruption, and 
accordingly, at this point the application of the GMPs takes 
place. 

Consideration then must be given to the design of the de- 
livery system for the drug. In accomplishing this task the more 
conventional manufacturing processes are employed such as 


sterile filtration, aseptic. handling, and, in some instances, 
lyophilization. 

Characterization of the products produced by pharmaceuti- 
cal biotechnology is a rapidly changing technical challenge, but 
tremendous advances have been made in the past few years. 
The FDA considers many of these products to be well charac- 
terized and has changed the approach to license approval with 
this improved understanding of product specifications in mind. 
Bogdansky’' outlines QC or testing considerations that address 
the structure, potency, and purity of proteins and the analysis 
of contaminants resulting from the manufacturing process or 
degradation. Full characterization includes physical and chem- 
ical stability. Satisfactory stability of the product is a require- 
ment for controlled manufacture and an acceptable shelf life 
following marketing. 


CONTEMPORARY ISSUES 

LSE NE 
As a demonstration of the pace of change in the pharmaceutical 
industry, technologies that were on the cutting edge as recently 
as 5 yr ago have become rather commonplace, as organizations 
routinely employ them to increase productivity and reduce 
costs while maintaining product quality. 

Statistical process control permits improved real-time con- 
trol, thereby reducing end-product failures. Qualification and 
potential certification of suppliers of goods and services adds to 
the thrust of business-building in quality and allows the reduc- 
tion in inventory costs by following the just-in-time principles. 
Finally, in practically all facets of research, development, and 
operations, automation and computerization, including robot- 
ics, are work methods that have an impact on our daily lives by 
increasing productivity and raising the standards of quality by 
enhancing reproducibility. 

Today, the pace of change continues unabated. There is 
increased emphasis on analytical chemistry as it relates to the 
entire drug discovery, development, and manufacturing se- 
quence. This is evident in the submissions made by industry to 
the FDA relative to new drugs and in the depth of their re- 
views. More technically sophisticated instrumental methods of 
analysis, assisted by computer interfacing, provide greater sen- 
sitivity along with the ability to analyze the results more effi- 
ciently and effectively. From these advances flows the require- 
ment for more stability-indicating assay methods as well as 
increased emphasis on the impurities in drug substances and 
products, such as organic volatile impurities and ordinary im- 
purities. Taken as a whole, accurate mass balance of the parent 
compound, degradents, and impurities is a reality. Compendia 
such as the USP are including these concepts in general chap- 
ters and individual drug monographs. The evolution of high- 
pressure liquid chromatography (HPLC) methods and the wide 
acceptance of this technique has increased the trend, so that 
almost every laboratory now has this equipment. Additionally, 
HPLC facilitates the recent focus on optical purity through 
chiral separation to support improvements in asymmetric syn- 
thesis, with the intent of producing the single, therapeutically 
active compound. 

The move toward the elimination of tests that require ani- 
mals is exemplified by the replacement of the rabbit pyrogen 
test with the bacterial endotoxins method. 

The concept of parametric release of end-product is being 
applied on the basis of complete knowledge and control of 
processes such as information on suppliers, process and prod- 
uct validation, operator training, and statistical process con- 
trols. The sum of these preventive quality activities results in 
greater real-time control and, hence, a diminished need for 
end-product confirmatory testing. 

In the operations area, newer types of dosage forms, such as 
liposomes and transdermal devices, are demanding innovative 
manufacturing and control procedures and practices. Automa- 
tion and computerization continue to increase manufacturing 


yields and concomitant tighter tolerances. As a result, there is 
a renewed interest in functional testing of raw materials, to 
keep up with these manufacturing advances. 

All of these advances will, no doubt, be refined with the 
passage of time and diligent efforts on the part of industrial 
professionals and regulators. This will lead to newer issues 
affecting the industrial quality professional and, hence, the 
challenge and reward of such an exciting endeavor. 


FDA MODERNIZATION 

(SS a AE TE LT IOI TED 
The FDA Modernization Act (FDAMA) of 1997 is the latest 
amendment to the Federal Food, Drug and Cosmetic (FD&C) 
Act. The focus of FDAMA is to get drug products to the public 
faster than in the past. There are many diverse provisions to 
the act, which calls for the preparation of more guidance doc- 
uments and a faster license review process. 


GMP REGULATIONS 
SST 0 TES 
In March 1979, the FDA issued revised GMP regulations. 

These regulations, still in effect today, present the mini- 
mum requirements to be met by industry when manufacturing, 
packaging, and holding human and veterinary drugs. 

The FD&C Act states that a drug is deemed to be adulter- 
ated unless the methods used in its manufacture, processing, 
packing, and holding, as well as the facilities in which it was 
produced and the controls used during its production, conform 
to the GMPs so that the drug will meet the safety requirements 
of the Act and that it has the correct identity and strength to 
meet the quality and purity characteristics that it is repre- 
sented to possess. 

Through the intervening years additional regulations and 
guidelines have been issued to supplement the original drug 
GMPs such as those for the Good Manufacturing Practice for 
the Manufacture, Packing, Storage and Installation of Medical 
Devices and Good Laboratory Practice (GLPs) for Controlling 
and Conducting Human Clinical Studies. 

Additionally, guidelines have been issued relating to the 
Manufacture and Control of Large Volume Parenteral Solu- 
tions, Control of Sterile Products Produced by Aseptic Process- 
ing, Inspections of Bulk Pharmaceutical Chemicals and an In- 
spection Guide for Quality Control Laboratories. 

A number of other guidelines or concept papers have been 
prepared by various organizations within the industry itself, 
such as the Pharmaceutical Manufactures Association and the 
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Parenteral Drug Association. A partial listing is provided in the 
Bibliography. 

The current GMP regulations and these additional guides 
and guidelines should be read and understood thoroughly by 
those involved in or interested in pursuing QC and QA respon- 
sibilities. The scope of the present regulation is given in the 
following outline, along with a brief interpretation of each 
subpart. 
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CFR Title 21 Food and Drugs 


PART 211 CURRENT GOOD MANUFACTURING PRACTICE 


FOR FINISHED PHARMACEUTICALS 


SUBPART A GENERAL PROVISIONS 


211.3 (Definitions) The scope of the regulations are explained for human prescription and OTC drug products including drugs 
used to produce medicated animal feed. Reference is made to Part 210.3 of the chapter that gives definitions for all significant terms 


used in the regulations. 


984 CHAPTER 51 


SUBPART B ORGANIZATION AND PERSONNEL 


211.22 (Responsibilities of QC unit) Highlighted here is the assignment to the QC unit of total responsibility for ensuring that 
adequate systems and procedures exist and are followed to ensure product quality. 

211.25 (Personnel qualifications) Personnel, either supervisory or operational, must be qualified by training and experience to 
perform their assigned tasks. 

211.28 (Personnel responsibilities) The obligations of personnel engaged in the manufacture of drug products concerning their 
personal hygiene, clothing, and medical status are defined. 

211.34 (Consultants) The qualifications of consultants must be sufficient for the project to which they are assigned. 


SUBPART C BUILDINGS AND FACILITIES 


Buildings and facilities can be considered acceptable only if they are suitable for their intended purpose and can be maintained. 
Construction concepts, such as air handling systems, lighting, eating facilities, and plumbing systems including water, sewage and 
toilet facilities, are outlined. 

211.42 (Design and construction features) 

211.44 (Lighting) 

211.46 (Ventilation, air filtration, air heating and cooling) 

211.48 (Plumbing) 

211.50 (Sewage and refuse) 

211.52 (Washing and toilet facilities) 

211.56 (Sanitation) 

211.58 (Maintenance) 


SUBPART D EQUIPMENT 


Equipment must be designed, constructed, of adequate size, suitably located, and able to be maintained and cleaned to be 
considered suitable for its intended use. Reference is made to the use of automatic equipment, data processors, and computers, 
highlighting the need for input/output verification and for proper calibration of recorders, counters, and other electrical or 
mechanical devices. 

211.63 (Equipment design, size, and location) 

211.65 (Equipment construction) 

211.67 (Equipment cleaning and maintenance) 

211.68 (Automatic, mechanical, and electronic equipment) 

211.72 (Filters) Special note is made that the only filters to be used are those that do not release fibers into products. 


SUBPART E CONTROL OF COMPONENTS AND DRUG PRODUCT CONTAINERS AND CLOSURES 


211.80 (General requirements) Written procedures must be available that describe the receipt, identification, storage, han- 
dling, sampling, testing, and approval or rejection of components (raw materials) and drug products. 

211.82 (Receipt and storage of untested components, drug product containers, and closures) 

211.84 (Testing and approval or rejection of components, drug product containers, and closures) 

211.86 (Use of approved components, drug product containers, and closures) These shall be rotated so that the oldest approved 
stock is used first. 

211.87 (Retesting of approved components, drug product containers, and closures) Materials that are subject to deterioration 
during storage should be retested at an appropriate time based on stability profiles. 

211.89 (Rejected components, drug product containers, and closures) These shall be identified and controlled to prevent their 
use in manufacturing. 

211.94 (Drug product containers and closures) Containers and closures (product contact materials) must protect the product 
and must be nonreactive with or additive to the product, suitable for their intended use, and controlled using written procedures. 


SUBPART F PRODUCTION AND PROCESS CONTROLS 


211.100 (Written procedures; deviations) Written standard operating procedures (SOPs) for each production process and 
control procedure are necessary. Any deviation from an SOP must be investigated, recorded, and approved prior to final product 
acceptance. 

211.101 (Charge-in of components) The procedures used to formulate a batch shall be written and followed. 

211.103 (Calculation of yield) Actual yields and theoretical yields shall be determined. All products are to be formulated to 
provide not less than 100% of the required amount of active ingredient. Records are to be maintained of each component and the 
quantity, which is incorporated into a batch. 

211.105 (Equipment identification) Equipment shall be properly identified. 

211.110 (Sampling and testing of in-process materials and drug products) Significant in-process steps are to be identified and 
appropriate sampling, testing, and approvals obtained before proceeding further in the production cycle. Rejected material must be 
controlled. 

211.111 (Time limitations on production) If required, time limitations will be placed on in-process steps. 
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211.113 (Control of microbiological contamination) Appropriate procedures are to be prepared for the control and prevention 
of microbiological contamination. The sterilization process must be validated. 

211.115 (Reprocessing) Reprocessing of product is allowed providing there are written procedures covering the methods and 
QC unit review to be used. 


SUBPART G PACKAGING AND LABELING CONTROL 


211.122 (Materials examination and usage criteria) Labeling and packaging materials are to be received, identified, stored, 
sampled, and tested following detailed written procedures. 

211.125 (Labeling issuance) Strict control shall be exercised over labeling for use in drug product labeling operations 

211.130 (Packaging and labeling operations) There shall be written procedures designed to ensure that correct labels, labeling, 
and packaging materials are used for drug products. Special controls must be exercised over labeling to ensure that only the correct 
labels are issued to packaging for a specific product and that the quantities used are reconciled with the quantity issued. 

211.132 (Tamper-resistant packaging requirements for over-the-counter (OTC) human drug products) Provides details of 
tamper-resistant packaging. 

211.134 (Drug product inspection) Packaged and labeled products shall be inspected for correct labels. 

211.137 (Expiration dating) Following appropriate stability studies at prescribed temperature conditions, products on the 
market shall bear an expiration date to ensure that they are used within their expected shelf life. 


SUBPART H HOLDING AND DISTRIBUTION 


211.142 (Warehousing procedures) Describes the requirements for warehousing holding product under appropriate conditions 
of light, temperature, and humidity. 
211.150 (Distribution procedures) Written procedures describing product distribution shall be prepared 


SUBPART | LABORATORY CONTROLS 


211.160 (General requirements) Describes the general requirements for laboratory control mechanisms. 

211.165 (Testing and release for distribution) Concerns written procedures in the form of specifications, standards, sampling 
plans, and test procedures that are used in a laboratory for controlling components and finished drug products. Acceptance criteria 
for sampling and approval shall be adequate to support release of product for distribution. 

211.166 (Stability testing) There shall be a written testing program designed to assess the stability characteristics of drug 
products. The results of this testing shall be used in assigning appropriate storage conditions and expiration dates. 

211.167 (Special testing requirements) Special testing requirements are given for sterile and/or pyrogen-free ophthalmic 
ointment and controlled-release dosage form products. 

211.170 (Reserve samples) Reserve sample quantity and retention times are described. 

211.173 (Laboratory animals) Animals used in any testing shall be maintained and controlled in a manner suitable for use. 

211.176 (Penicillin contamination) Drug products cannot be marketed if, when tested by a prescribed procedure, found to 
contain any detectable levels of penicillin. 


SUBPART J RECORDS AND REPORTS 


211.180 (General requirements) Describes record retention time and availability for inspection. 

211.182 (Equipment cleaning and use log) A written record of major equipment cleaning, maintenance, and use shall be 
included in major equipment logs. 

211.184 (Component, drug product container, closure, and labeling records) Deals with the issues of the receipt, testing, and 
storage of components, drug product containers, and closures. Details the various records and documents that should be generated 
during the manufacture of drug products and that are to be available for review. 

211.186 (Master production and control records) A master production record must be prepared for each drug product, 
describing all aspects of its manufacture, packaging, and control. Individual batch records are derived from this approved master. 

211.188 (Batch production and control records) Calls for batch production and control records with information about the 
production and control of each batch 

211.192 (Production record review) All drug product batch records shall be reviewed and approved by the QC unit (QA/QC) 
before the batch is released. 

211.194 (Laboratory records) Complete records of any laboratory testing shall be maintained to include raw data, test 
procedures and results, equipment calibration, and stability testing. 

211.196 (Distribution records) Distribution records include warehouse shipping logs, invoices, bills of lading, and all docu- 
ments associated with distribution. These records should provide all the information necessary to trace lot distribution to facilitate 
product retrieval if necessary. 

211.198 (Complaint files) Records of complaints received from consumers and professionals are to be maintained along with 
the report of their investigation and response. 


SUBPART K RETURNED AND SALVAGED DRUG PRODUCTS 


211.204 (Returned drug products) Records are to be maintained of drug products returned from distribution channels and the 
reason for their return. These data can be used as part of the total lot accountability, should the need arise, to trace its distribution 
and/or for its recall. 

211.208 (Drug product salvaging) Drug products that have been stored improperly are not to be salvaged. 


CHAPTER B2 
Stability of Pharmaceutical Products 
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The use of kinetic and predictive studies for establishing cred- tainers are packaged in individual cartons, the expiration date 
ible expiration dates for pharmaceutical products is now ac- may be placed on the individual carton instead of the immedi- 
cepted worldwide. However, prior to 1950, only qualitative or ate product container. If a dry product is to be reconstituted 
semiquantitative methods and procedures were used in phar- at the time of dispensing, expiration dates are assigned to 
maceutical studies. As these rule-of-thumb methods are defiS both the dry mixture and the reconstituted product. Tamper- 
cient, they have been replaced by rigorous, scientifically de- resistant packaging is to be used where applicable. 
signed studies using reliable, meaningful, and_ specific A second QA goal is drug or clinical safety, and it, too, is 
stability-indicating assays, appropriate statistical concepts, related closely to pharmaceutical stability. Drug or clinical 
and a computer to analyze the resulting data. In this way the safety (ie, the nonoccurrence of harm), however, cannot be 
aximum amount of valid information is obtained to establish studied by itself. Rather, it is a negative concept that cannot be 
a reliable, defendable expiration date for each formulation. proven and must be expressed only in terms of the nonoccur- 
Stability information is ubiquitous. It may be in a well- rence of some harmful event. The latter probability, in turn, 
planned, rigorous kinetic study, in an obscure journal footnote, can be estimated only when the probability occurrence of the 
in a package insert or label copy, or in a monograph in a book harmful event is known. 
such as The Merck Index or Physicians’ Desk Reference. Various One type of time-related harmful event is a decrease in 
journals periodically publish digests of compatibility studies. A therapeutic activity of the preparation to below some arbitrary 
comprehensive treatment of all aspects of pharmaceutical labeled content. A second type of harmful event is the appear- 
product stability has been published by Lintner’ and more ance of a toxic substance, formed as a degradation product 
recently by Connors et al.” upon storage of the formulation. The number of published cases 
The main purpose of a quality assurance (QA) program is to reflecting this second type, fortunately, is few. However, it is 
devise and implement systems and procedures that provide a possible, though remote, for both types of harmful events to 
high probability that each dose or package of a pharmaceutical occur simultaneously within the same pharmaceutical product. 
product will have homogeneous characteristics and properties Thus, the use of stability studies with the resulting application 
(within reasonably acceptable limits) to ensure both clinical of expiration dating to pharmaceuticals is an attempt to predict 
safety and efficacy of the formulation. A broad, well-designed the approximate time at which the probability of occurrence of 
stability-testing plan is an essential and pertinent expansion of | a harmful event may reach an intolerable level. This estimate 
the QA program. The assigned expiration date is a direct ap- is subject to the usual Type 1 or alpha error (setting the 
plication and interpretation of the knowledge gained from the expiration too early so that the product will be destroyed or 
stability study. | recalled from the market appreciably earlier than actually is 
Stability of a pharmaceutical product may be defined as the \ necessary) and the Type 2 or beta error (setting the date too 
| capability of a particular formulation, in a specific container/ | late so that the harmful event occurs in an unacceptably large 
\ closure system, to remain within its physical, chemical, micro- / proportion of cases). Thus, it is obligatory that the manufac- 
\biological, therapeutic, and toxicological specifications. Assur- turer clearly and succinctly define the method for determining 
ances that the packaged product will be stable for its the degree of change in a formulation and the statistical ap- 
anticipated shelf life must come from an accumulation of valid proach to be used in making the shelf-life prediction. An intrin- 
data on the drug in its commercial package. These stability sic part of the statistical methodology must be the statements 
data involve selected parameters that, taken together, form the of value for the two types of error. For the safety of the patient 
stability profile. a Type 1 error can be accepted, but not a Type 2 error. 


/ Stability of a drug also can be defined as the time from the > 
f date of manufacture and packaging of the formulation until its | 
chemical or biological activity is not less than a predetermined 

level of labeled potency and its physical characteristics have 
not changed appreciably or deleteriously. Although there are REQUIREMENTS) eee 
exceptions, 90% of labeled potency generally is recognized as ate : oe : 
cay: ey 5 Stability study requirements and expiration dating are covered 
th : } : j L 
NES TES I SCD es EOL CE in the Current Good Manufacturing Practices (eGMPs),’ the 


USP, and the FDA guidelines.* 


eS : = : — ’ Good Manufacturing Practices—The GMPs° state that there\, 
An expiration date, which is expressed traditionally in shall be a written testing program designed to assess the stability 


terms of month and year, denotes the last day of the month, characteristics of drug products. The results of such stability testing 
The expiration date should appear on the immediate container shall be used to determine appropriate storage conditions and expira- 
and the outer retail package. However, when single-dose con- tion dating. The latter is to ensure that the pharmaceutical product 
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Pesecspplicable standards of identity, strength, quality, and purity at 
time of use, These regulations, which apply to both human and veter- 
inary drugs, are updated periodically in light of current knowledge and 
technology. 

es ne compendiums also contain extensive stability 
and expiration dating information. Included are a discussion of stability 
considerations in dispensing practices and the responsibilities of both 
the pharmaceutical manufacturer and the dispensing pharmacist. It 
now is required that product labeling of official articles provide recom- 
mended storage conditions and an expiration date assigned to the 
specific formulation and package. Official storage conditions are defined 
as follows: Cold is any temperature not exceeding 8°, and refrigerator is 
a cold place where the temperature is maintained thermostatically 
between 2 and 8°. A freezer is a cold place maintained between —20 and 
—10°. Cool is defined as any temperature between 8 and 15°, and room 
temperature is that temperature prevailing in a working area. Con- 
trolled room temperature is that temperature maintained thermostati- 
cally between 15 and 30°. Warm is any temperature between 30 and 
40°, while excessive heat is any heat above 40°. Should freezing subject 
a product to a loss of potency or to destructive alteration of the dosage 
form, the container label should bear appropriate instructions to protect 
the product from freezing. Bulk packages are exempt from storage 
requirements if the products are intended for manufacture or repacking 
for dispensing or distribution. When no specific storage instructions are 
given in a monograph, it is understood that the product’s storage 
conditions shall include protection from moisture, freezing, and exces- 
sive heat. 

As is noted above in USP 24, the definition of controlled room 
temperature was a “temperature maintained thermostatically between 
15 and 30° (59 and 86°F).” This definition invited many interpretations, 
including storage at any temperature between 15 and 30°, requiring 
knowledge of stability behavior at each temperature chosen. In an 
attempt to be more specific and scientifically definitive and to harmo- 
nize with international drug standards efforts, the concept of controlled 
room temperature was given a more exact definition in the Ninth 
Supplement to USP 23. The usual or customary temperature range was 
identified as 20 to 25°, with the possibility of encountering excursions in 
the 15 to 30° range and with the introduction of a new concept, the 
mean kinetic temperature (MKT). 

During storage of a pharmaceutical article, degradation takes place 
at a rate determined by the concentration of the material and the 
specific rate constant for the degradation process. Since the rate con- 
stants are temperature-dependent, the amount of degradation varies as 
temperature changes during a storage period. To determine the total 
amount of thermal degradation, it is necessary to calculate individual 
losses at each temperature and sum them. In an attempt to simplify 
this determination, the MKT has been used. The MKT is the single 
calculated temperature at which the total amount of degradation over a 
particular period is equal to the sum of the individual degradations that 
would occur at various temperatures. Thus, the MKT may be consid- 
ered an isothermal storage temperature that simulates the nonisother- 
mal effects of storage temperature variations. 

FDA Guidelines provide recommendations for 


————— 

1. The design of stability studies to establish appropriate expiration 
dating periods and product storage requirements. 

2. The submission of stability information for investigational new 
drugs, biologicals, new drug applications, and biological product 
license applications. 

Thus, the guidelines represent a framework for the experimental 

design and data analysis as well as the type of documentation needed 

to meet regulatory requirements in the drug-development process. 


The above framework, however, has been reevaluated and 
revised significantly in the last few years, with the aim of 
harmonizing the technical requirements for the registration of 
pharmaceuticals worldwide. The International Conference on 
Harmonization of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH) is a unique project that 
brought together regulatory authorities and experts from the 
pharmaceutical industry from three regions of the world; Eu- 
rope, Japan, and the US. The first conference (ICH1) took place 
in November 1991 in Brussels, and the second conference 
(ICH2) in Orlando, FL, in October 1993. These conferences 
provided an open forum for discussion and resulted in the 
creation of an extensive set of guidelines dealing with the many 
aspects of safety, quality, and efficacy of medicinal products. 
The ICH Harmonized Tripartite Guideline provides a general 
indication on the requirements for Stability Testing of New 
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) Drug Substances and Products. The main thrust of the stability 


guideline centers around criteria for setting up stability proto- 
cols, shown in Table 52-1. 

The guidelines were published in a draft form in the Federal 
Register, April 16, 1993. The final guidelines were published in 
1994, with implementation of the guidelines occurring with 
Registration Applications after January 1, 1998. 


PRODUCT STABILITY 


Many factors affect the stability of a pharmaceutical product, 
including the stability of the active ingredient(s); the potential 
interaction between active and inactive ingredients; the man- 
ufacturing process; the dosage form; the container-liner-closure 
system; and the environmental conditions encountered during 
shipment, storage, and handling; and length of time between 
manufacture and usage. 

Classically, pharmaceutical product stability evaluations 
have been separated into studies of chemical (including bio- 
chemical) and physical stability of formulations. Realistically, 
there is no absolute division between these two arbitrary divi- 
sions. Physical factors—such as heat, light, and moisture— 
may initiate or accelerate chemical reactions, while every time 
a measurement is made on a chemical compound, physical 
dimensions are included in the study. 

In this treatment, physical and chemical stability are dis- 
cussed along with those dosage form properties that can be 
measured and are useful in predicting shelf life. The effect of 
various physical and chemical phenomena of pharmaceuticals 
also is treated. 

Knowledge of the physical stability of a formulation is very 
important for three primary reasons. First, a pharmaceutical 
product must appear fresh, elegant, and professional, so long as 
it remains on the shelf. Any changes in physical appearance 
such as color fading or haziness can cause the patient or con- 
sumer to lose confidence in the product. Second, since some 
products are dispensed in multiple-dose containers, uniformity 
of dose content of the active ingredient over time must be 
ensured. A cloudy solution or a broken emulsion can lead to a 
nonuniform dosage pattern. Third, the active ingredient must 
be available to the patient throughout the expected shelf life 
of the preparation. A breakdown in the physical system can 
lead to nonavailability of the medicament to the patient. In 
the case of metered-dose inhaler pulmonary aerosols, particle 
aggregation may result in inadequate lung deposition of the 
medication. 

The chemical causes of drug deterioration have been classi- 
fied into incompatibility, oxidation, reduction, hydrolysis, race- 
mization, and others. In the latter category, decarboxylation, 
deterioration of hydrogen peroxide and hypochlorites, and the 
formation of precipitates have been included. 


Galenical Dosage Forms 


As the various galenical dosage forms present unique stabil- 
ity problems, they are discussed separately in the following 
section. 


Table 52-1. Stability Protocols 


SD 
MINIMUM TIME 
PERIOD 


CONDITIONS AT SUBMISSION 
Long-term testing 25°C + 2°C/60% RH + 5% 12 mo 
Accelerated testing 40°C + 2°C/75% RH + 6% 6 mo 


30°C + 2°C/60% RH + 5% 


? Required if significant change occurs during 6-mo storage under conditions 
of accelerated testing. 


Alternate testing? 
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SUSPENSIONS—A stable suspension can be redispersed 
homogeneously with moderate shaking and can be poured eas- 
ily throughout its shelf life, with neither the particle-size dis- 
tribution, the crystal form, nor the physiological availability of 
the suspended active ingredient changing appreciably with 
time. 

Most stable pharmaceutical suspensions are flocculated; 
that is, the suspended particles are bonded together physically 
to form a loose, semirigid structure. The particles are said to 
uphold each other while exerting no significant force on the 
liquid. Sedimented particles of a flocculated suspension can be 
redispersed easily at any time with only moderate shaking. 

In nonflocculated suspensions, the particles remain as indi- 
viduals unaffected by neighboring particles and are affected 
only by the suspension vehicle. These particles, which are 
smaller and lighter, settle slowly, but once they have settled, 
often form a rock-hard, difficult-to-disperse sediment. Nonfloc- 
culated suspensions can be made acceptable by decreasing the 
particle size of the suspended material or by increasing the 
density and viscosity of the vehicle, thus reducing the possibil- 
ity of settling. 

When studying the stability of a suspension, first determine 
with a differential manometer if the suspension is flocculated. 
If the suspension is flocculated, the liquid will travel the same 
distance in the two side arms. With nonflocculated suspen- 
sions, the hydrostatic pressures in the two arms are unequal; 
hence, the liquids will be at different levels. 

The history of settling of the particles of a suspension may 
be followed by a Brookfield viscometer fitted with a Helipath 
attachment. This instrument consists of a rotating T-bar spin- 
dle that descends slowly into the suspension as it rotates. The 
dial reading on the viscometer is a measure of the resistance 
that the spindle encounters at various levels of the sedimented 
suspension. This test must be run only on fresh, undisturbed 
samples (see Chapter 23). 

An electronic particle counter and sizer, such as a Coulter 
counter, or a microscope may be used to determine changes in 
particle-size distribution. Crystal form alterations may be de- 
tected by microscopic examination and, when suspected, must 
be confirmed by X-ray powder diffraction. 

All suspensions should be subjected to cycling temperature 
conditions to determine the tendency for crystal growth to 
occur within the suspension. Shipping tests, ie, transporting 
bottles across the country by rail or truck, also are used advan- 
tageously to study the stability of suspensions. 

EMULSIONS—A stable emulsion can be redispersed ho- 
mogeneously to its original state with moderate shaking and 
can be poured at any stage of its shelf life. Although most of the 
important pharmaceutical emulsions are of the O/W type, 
many stability test methods can be applied to either an O/W or 
a W/O emulsion. 

Two simple tests are used to screen emulsion formulations. 
First, the stability of an emulsion can be determined by heating 
it to 50 to 70° and observing its gross physical stability visually 
or checking by turbidimetric measurements. Usually the emul- 
sion that is the most stable to heat is the one most stable at 
room temperature. However, this may not be true always, 
because an emulsion at 60° may not be the same as it is at room 
temperature. Second, the stability of the emulsion can be esti- 
mated by the coalescence time test. Although this is only a 
rough quantitative test, it is useful for detecting gross differ- 
ences in emulsion stability at room temperature. 

Emulsions also should be subjected to refrigeration temper- 
atures. An emulsion stable at room temperature has been 
found to be unstable at 4°. It was reasoned that an oil-soluble 
emulsifier precipitated at the lower temperature and disrupted 
the system. An emulsion chilled to the extent that the aqueous 
base crystallizes is damaged irreversibly. 

The ultracentrifuge also is used to determine emulsion sta- 
bility. When the amount of separated oil is plotted against the 
time of centrifugation, a plateau curve is obtained. A linear 
graph results when the oil flotation (creaming) rate is plotted 


versus the square of the number of centrifuge revolutions per 
minute. The flotation rate is represented by the slope of the line 
resulting when the log distance of emulsion-water boundary 
from the rotor center is plotted against time for each revolution 
per minute. 

For stability studies, two batches of an emulsion should be 
made at one time on two different sizes of equipment. One 
should be a bench-size lot and the other a larger, preferably 
production-size, batch. Different types of homogenizers pro- 
duce different results, and different sizes of the same kind of 
homogenizer can yield emulsions with different characteristics. 

SOLUTIONS—A stable solution retains its original clarity, 
color, and odor throughout its shelf life. Retention of clarity of 
a solution is a main concern of a physical stability program. As 
visual observation alone under ordinary light is a poor test of 
clarity, a microscope light should be projected through a dia- 
phragm into the solution. Undissolved particles will scatter the 
light, and the solution will appear hazy. While the Coulter 
counter also can be used, light-scattering instruments are the 
most sensitive means of following solution clarity. 

Solutions should remain clear over a relatively wide tem- 
perature range such as 4 to 47°. At the lower range an ingre- 
dient may precipitate due to its lower solubility at that tem- 
perature, while at the higher temperature homogeneity may be 
destroyed by the flaking of particles from the glass containers 
or rubber closures. Thus, solutions should be subjected to cy- 
cling temperature conditions. 

The stability program for solutions also should include a 
study of pH changes, especially when the active ingredients are 
soluble salts of insoluble acids or bases. Among other tests are 
observations for changes in odor, appearance, color, taste, 
light-stability, redispersibility, suspendibility, pourability, vis- 
cosity, isotonicity, gas evolution, microbial stability, specific 
gravity, surface tension, and pyrogen content, in the case of 
parenteral products. 

When solutions are filtered, the filter medium may absorb 
some of the ingredients from the solution. Thus, the same type 
of filter should be used for preparing the stability samples as 
will be used to prepare the production-size batches. 

For dry-packaged formulations intended to be reconsti- 
tuted prior to use, the visual appearance should be observed 
on both the original dry material and on the reconstituted 
preparation. The color and odor of the cake, the color and 
odor of the solution, the moisture content of the cake, and the 
rate of reconstitution should be followed as a part of its 
stability profile. 

TABLETS—Stable tablets retain their original size, shape, 
weight, and color under normal handling and storage condi- 
tions throughout their shelf life. In addition, the in vitro avail- 
ability of the active ingredients should not change appreciably 
with time. 

Excessive powder or solid particles at the bottom of the 
container, cracks or chips on the face of a tablet, or appearance 
of crystals on the surface of tablets or on container walls are 
indications of physical instability of uncoated tablets. Hence, 
the effect of mild, uniform, and reproducible shaking and tum- 
bling of tablets should be studied. After visual observation of 
the tablets for chips, cracks, and splits, the intact tablets are 
sorted and weighed to determine the amount of material worn 
away by abrasion. The results of these tests are comparative 
rather than absolute and should be correlated with actual 
stress experience. Packaged tablets also should be subjected to 
cross-country shipping tests as well as to various drop tests. 

Tablet hardness (or resistance to crushing or fracturing) can 
be followed by the commercially available hardness testers. As 
results will vary with the specific make of the test apparatus 
used, direct comparison of results obtained on different instru- 
ments cannot be made. Thus, the same instrument should be 
used consistently throughout a particular study. 

Color stability of tablets can be followed by an appropriate 
colorimeter or reflectometer with heat, sunlight, and intense 
artificial light employed to accelerate the color deterioration. 


Caution must be used in interpreting the elevated temperature 
data, as the system at that temperature may be different from 
that at a lower temperature. It is not always proper to assume 
that the same changes will occur at elevated temperatures as 
will be evidenced later at room temperature. Evidence of insta- 
bility of coated tablets also is indicated by cracks, mottling, or 
tackiness of the coating. 

For the more insoluble, tableted, active ingredients, the 
results of dissolution tests are more meaningful than dis- 
integration results for making bioavailability predictions. 
Dissolution-rate tests should be run in an appropriate medium 
such as artificial gastric and/or intestinal fluid at 37° (see 
Chapter 34). When no significant change (such as a change in 
the polymorphic form of the crystal) has occurred, an unaltered 
dissolution-rate profile of a tablet formulation usually indicates 
constant in vivo availability. 

Disintegration tests may be used to detect periodic gross 
changes in the physical characteristics of a tablet, but these 
tests must be correlated with the dissolution-rate study of a 
particular tableted product. When there is no such correlation, 
in vivo tests must be run. The release pattern of sustained- 
release formulations should be determined periodically during 
the stability test period. 

Uniformity of weight, odor, texture, drug and moisture con- 
tents, and humidity effect also are studied during a tablet 
stability test. 

GELATIN CAPSULES—When stored under adverse con- 
ditions, capsule shelts may soften and stick together or harden 
and crack under slight pressure. They should be protected from 
sources of microbial contamination. The shell of soft gelatin 
capsules should contain a preservative to prevent the growth of 
fungi. Encapsulated products, like all other dosage forms, must 
be packaged properly. 

OINT TS—Ointments have been defined as high- 
viscosity suspensions of active ingredients in a nonreacting 
vehicle. A stable ointment is one that retains its homogene- 
ity throughout its shelf-life period. The main stability prob- 
lems seen in ointments are bleeding and changes in consis- 
tency due to aging or changes in temperature. When fluid 
components such as mineral oil separate at the top of an 
ointment, the phenomenon is known as bleeding and can be 
observed visually. Unfortunately, as there is no known way 
to accelerate this event, the tendency to bleed cannot be 
predicted. 

An ointment that is too soft is messy to use, while one that 
is very stiff is difficult to extrude and apply. Hence, it is im- 
portant to be able to define quantitatively the consistency of an 
ointment. This may be done with a penetrometer, an apparatus 
that allows a pointed weight to penetrate into the sample under 
a measurable force. The depth of the penetration is a measure 
of the consistency of an ointment. Consistency also can be 
measured by the Helipath attachment to a high-viscosity vis- 
cometer or by a Burrell Severs rheometer. In the latter instru- 
ment the ointment is loaded into a cylinder and extruded with 
a measured force. The amount extruded is a measure of the 
consistency of the ointment. 

Ointments have a considerable degree of structure that 
requires a minimum of 48 hours to develop after preparation. 
As rheological data on a freshly made ointment may be erro- 
neous, such tests should be performed only after the ointment 
has achieved equilibrium. 

Slight changes in temperature (1 or 2°) can affect the con- 
sistency of an ointment greatly; hence, rheological studies on 
ointments must be performed only at constant and controlled 
temperatures. 

Among the other tests performed during the stability study 
of an ointment are a check of visual appearance, color, odor, 
viscosity, softening range, consistency, homogeneity, particle- 
size distribution, and sterility. 

Undissolved components of an ointment may change in crys- 
tal form or in size with time. Microscopic examination or an 
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X-ray diffraction measurement may be used to monitor these 
parameters. 

In some instances it is necessary to use an ointment base 
that is less than ideal, to achieve the required stability. For 
example, drugs that hydrolyze rapidly are more stable in a 
hydrocarbon base than in a base containing water, even though 
they may be more effective in the latter. 


Incompatibility 


Obvious sources of pharmaceutical instability include the in- 
compatibility of various ingredients within a formulation. Nu- 
merous examples are described in other sections of this book, 
and the literature is replete with illustrations. Thus, the sub- 
ject need not be treated in detail here. 

While undesirable reactions between two or more drugs are 
said to result in a physical, chemical, or therapeutic incompat- 
ibility, physical incompatibility is somewhat of a misnomer. It 
has been defined as a physical or chemical interaction between 
two or more ingredients that leads to a visibly recognizable 
change. The latter may be in the form of a gross precipitate, 
haze, or color change. 

On the other hand, a chemical incompatibility is classified 
as a reaction in which a visible change does not occur. Since 
there is no visible evidence of deterioration, this type of incom- 
patibility requires trained, knowledgeable personnel to recog- 
nize it, should it occur. 

A therapeutic incompatibility has been defined as an unde- 
sirable pharmacological interaction between two or more ingre- 
dients that leads to 
1. Potentiation of the therapeutic effects of the ingredients 


2. Destruction of the effectiveness of one or more of the ingredients 
3. Occurrence of a toxic manifestation within the patient. 


e 


Oxidation-Reduction 


Oxidation is a prime cause of product instability, and often, but 
not always, the addition of oxygen or the removal of hydrogen 
is involved. When molecular oxygen is involved, the reaction is 
known as auto-oxidation because it occurs spontaneously, 
though slowly, at room temperature. 

Oxidation, or the loss of electrons from an atom, frequently 
involves free radicals and subsequent chain reactions. Only a 
very small amount of oxygen is required to initiate a chain 
reaction. In practice, it is easy to remove most of the oxygen 
from a container, but very difficult to remove it all. Hence, 
nitrogen and carbon dioxide frequently are used to displace the 
headspace air in pharmaceutical containers to help minimize 
deterioration by oxidation. 

As an oxidation reaction is complicated, it is difficult to 
perform a kinetic study on oxidative processes within a general 
stability program. The redox potential, which is constant and 
relatively easy to determine, can, however, provide valuable 
predictive information. In many oxidative reactions, the rate is 
proportional to the concentration of the oxidizing species but 
may be independent of the concentration of the oxygen present. 
The rate is influenced by temperature, radiation, and the pres- 
ence of a catalyst. An increase in temperature leads to an 
acceleration in the rate of oxidation. If the storage temperature 
of a preparation can be reduced to 0 to 5°, usually it can be 
assumed that the rate of oxidation will be at least halved. 

Trace amounts of heavy metals such as cupric, chromic, 
ferrous, or ferric ions may catalyze oxidation reactions. As little 
as 0.2 mg of copper ion per liter considerably reduces the 
stability of penicillin. Similar examples include the deteriora- 
tion of epinephrine, phenylephrine, lincomycin, isoprenaline, 
and procaine hydrochloride. Adding chelating agents to water 
to sequester heavy metals and working in special manufactur- 
ing equipment (eg, glass) are some means used to reduce the 
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influence of heavy metals on a formulation. Parenteral formu- 
lations should not come in contact with heavy metal ions dur- 
ing their manufacture, packaging, or storage. 

Hydronium and hydroxyl ions catalyze oxidative reactions. 
The rate of decomposition for epinephrine, for example, is more 
rapid in a neutral or alkaline solution with maximum stability 
(minimum oxidative decomposition) at pH 3.4. There is a pH 
range for maximum stability for any antibiotic and vitamin 
preparation, which usually can be achieved by adding an acid, 
alkali, or buffer. 

Oxidation may be inhibited by the use of antioxidants, 
called negative catalysts. They are very effective in stabilizing 
pharmaceutical products undergoing a free-radical-mediated 
chain reaction. These substances, which are easily oxidizable, 
act by possessing lower oxidation potentials than the active 
ingredient. Thus, they undergo preferential degradation or 
act as chain inhibitors of free radicals by providing an electron 
and receiving the excess energy possessed by the activated 
molecule. 

The ideal antioxidant should be stable and effective over a 
wide pH range, soluble in its oxidized form, colorless, nontoxic, 
nonvolatile, nonirritating, effective in low concentrations, ther- 
mostable, and compatible with the container-closure system 
and formulation ingredients. 

The commonly used antioxidants for aqueous systems in- 
clude sodium sulfite, sodium metabisulfite, sodium bisulfite, 
sodium thiosulfate, and ascorbic acid. For oil systems, ascorbyl 
palmitate, hydroquinone, propyl gallate, nordihydroguaiaretic 
acid, butylated hydroxytoluene, butylated hydroxyanisole, and 
alpha-tocopherol are employed. 

Synergists, which increase the activity of antioxidants, are 
generally organic compounds that complex small amounts of 
heavy metal ions (see Chapter 14). These include the ethyl- 
enediamine tetraacetic acid (EDTA) derivatives, dihydroethyl- 
glycine, and citric, tartaric, gluconic, and saccharic acids. 
EDTA has been used to stabilize ascorbic acid, oxytetracycline, 
penicillin, epinephrine, and prednisolone. 

Reduction reactions are much less common than oxidative 
processes in pharmaceutical practice. Examples include the 
reduction of gold, silver, or mercury salts by light to form the 
corresponding free metal. 
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Drugs containing an ester or amide linkage are prone to hy- 
drolysis. Some examples include cocaine, physostigmine, pro- 
caine, tetracaine, thiamine, and benzylpenicillin. 

The rate of hydrolysis depends on the temperature and the 
pH of the solution. A much quoted rule-of-thumb is that for 
each 10° rise in storage temperature, the rate of reaction dou- 
bles or triples. As this is an empiricism, it is not applicable 
always. 

When hydrolysis occurs, the concentration of the active in- 
gredient decreases while the concentration of the decomposi- 
tion products increases. The effect of this change on the rate of 
the reaction depends on the order of the reaction. With zero- 
order reactions the rate of decomposition is independent of 
concentration of the ingredient. Although weak solutions de- 
compose at the same absolute rate as stronger ones, the weaker 
the solution, the greater the proportion of active ingredient 
destroyed in a given time; ie, the percentage of decomposition is 
greater in weaker solutions. Increasing the concentration of an 
active ingredient that is hydrolyzing by zero-order kinetics will 
slow the percentage decomposition. 

With first-order reactions, which occur frequently in the 
hydrolysis of drugs, the rate of change is directly proportional 
to the concentration of the reactive substance. Thus, changes in 
the concentration of the active ingredient have no influence on 
the percentage decomposition. 

As many hydrolytic reactions are catalyzed by both hydro- 
nium and hydroxyl ions, pH is an important factor in deter- 


mining the rate of a reaction. The pH range of minimum de- 
composition (or maximum stability) depends on the ion having 
the greatest effect on the reaction. If the minimum occurs at 
about pH 7, the two ions are of equal effect. A shift of the 
minimum toward the acid side indicates that the hydroxyl ion 
has the stronger catalytic effect and vice versa in the case of a 
shift toward the alkaline side. In general, hydroxyl ions have 
the stronger effect. Thus, the minimum is often found between 
pH 38 and 4. 

Sometimes, it is necessary to compromise between the opti- 
mum pH for stability and that for pharmacological activity. For 
example, several local anesthetics are most stable at a dis- 
tinctly acid pH, whereas for maximum activity they should be 
neutral or slightly alkaline. 

Small amounts of acids, alkalies, or buffers are used to 
adjust the pH of a formulation. Buffers are used when small 
changes in pH are likely to cause major degradation of the 
active ingredient. 

Obviously, the amount of water present can have a profound 
effect on the rate of a hydrolysis reaction. When the reaction 
takes place fairly rapidly in water, other solvents sometimes 
can be substituted. For example, barbiturates are much more 
stable at room temperature in propylene glycol-water than in 
water alone. 

Modification of chemical structure may be used to retard 
hydrolysis. In general, as it is only the fraction of the drug in 
solution that hydrolyzes, a compound may be stabilized by 
reducing its solubility. This can be done by adding various 
substituents to the alkyl or acyl chain of aliphatic or aromatic 
esters or to the ring of an aromatic ester. In some cases less- 
soluble salts or esters of the parent compound have been found 
to aid product stability. Steric and polar complexation also 
have been employed to alter the rate of hydrolysis. Caffeine 
complexes with local anesthetics such as benzocaine, procaine, 
or tetracaine to reduce the rate of hydrolysis and thus promote 
stability. 

Surfactants also may be used to stabilize drugs. For exam- 
ple, the half-life of benzocaine was increased 18 times by the 
addition of sodium lauryl sulfate. 


Decarboxylation 


Pyrolytic solid-state degradation through decarboxylation usu- 
ally is not encountered in pharmacy, as relatively high heats of 
activation (25 to 30° kcal) are required for the reaction. How- 
ever, solid p-aminosalicylic acid undergoes pyrolytic degrada- 
tion to m-aminophenol and carbon dioxide. The reaction, which 
follows first-order kinetics, is highly pH-dependent and is cat- 
alyzed by hydronium ions. The decarboxylation of p-aminoben- 
zoic acid occurs only at extremely low pH values and at high 
temperatures. 


Racemization 


Racemization, or the action or process of changing from an 
optically active compound into a racemic compound or an opti- 
cally inactive mixture of corresponding dextro (d-) and levo (i-) 
forms, is a major factor in pharmaceutical stability. Fre- 
quently, the /-form is more pharmacologically active than the 
d-form. For example, /-epinephrine is 15 to 20 times more 
active than its d-counterpart, while the activity of the racemic 
mixture is just over one-half that of the /-form. Current nomen- 
clature practice uses (+) for d- and (—) for /-, therefore, /- 
epinephrine would be named (—)-epinephrine, etc. Refer to 
Chapter 25 for a more detailed treatment. 

In general, racemization follows first-order kinetics and de- 
pends on temperature, solvent, catalyst, and the presence or 
absence of light. Racemization appears to depend on the func- 


tional group bound to the asymmetric carbon atom, with aro- 
matic groups tending to accelerate the process. 


Photochemical Reactions 


Photolytic degradation can be an important limiting factor in 
the stability of pharmaceuticals. A drug can be affected chem- 
ically by radiation of a particular wavelength only if it absorbs 
radiation at that wavelength and the energy exceeds a thresh- 
old. Ultraviolet radiation, which has a high energy level, is the 
cause of many degradation reactions. 

If the absorbing molecule reacts, the reaction is said to be 
photochemical in nature. When the absorbing molecules do not 
participate directly in the reaction, but pass their energy to 
other reacting molecules, the absorbing substance is said to be 
a photosensitizer. 

As many variables may be involved in a photochemical 
reaction, the kinetics can be quite complex. The intensity and 
wavelength of the light and the size, shape, composition, and 
color of the container may affect the velocity of the reaction. 

The photodegradation of chlorpromazine through a semiqui- 
none free-radical intermediate follows zero-order kinetics. On 
the other hand, alcoholic solutions of hydrocortisone, pred- 
nisolone, and methylprednisolone degrade by reactions follow- 
ing first-order kinetics. 

Colored-glass containers most commonly are used to protect 
light-sensitive formulations. Yellow-green glass gives the best 
protection in the ultraviolet region, while amber confers con- 
siderable protection from ultraviolet radiation but little from 
infrared. Riboflavin is best protected by a stabilizer that has a 
hydroxyl group attached to or near the aromatic ring. The 
photodegradation of sulfacetamide solutions may be inhibited 
by an antioxidant such as sodium thiosulfate or metabisulfite. 


Ultrasonic Energy 


Ultrasonic energy, which consists of vibrations and waves with 
frequencies greater than 20,000 Hz, promotes the formation of 
free radicals and alters drug molecules. 

Changes in prednisolone, prednisone acetate, or deoxycorti- 
costerone acetate suspensions in an ultrasonic field have been 
observed spectrometrically in the side chain at C-17 and in the 
oxo group of the A ring. With sodium alginate, in an ultrasonic 
field, it has been reported that above a minimum power output, 
degradation increased linearly with increased power. 


lonizing Radiation 


Ionizing radiation, particularly gamma rays, has been used for 
the sterilization of certain pharmaceutical products. At the 
usual sterilizing dose, 2.5 mRad, it seldom causes appreciable 
chemical degradation. In general, formulations that are in the 
solid or frozen state are more resistant to degradation from 
ionizing radiation than those in liquid form. For example, 
many of the vitamins are little affected by irradiation in the 
solid state but are decomposed appreciably in solution. On the 
other hand, both the liquid- and solid-state forms of atropine 
sulfate are affected seriously by radiation. 


PREDICTING SHELF LIFE 

TSI SST dg TO OT ED PTET, 
The technique of estimating the shelf life of a formulation from 
its accumulated stability data has evolved from examining the 
data and making an educated guess through plotting the time- 
temperature points on appropriate graph paper and crudely 
extrapolating a regression line to the application of rigorous 
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physical-chemical laws, statistical concepts, and computers to 
obtain meaningful, reliable estimates. 

A simple means of estimating shelf life from a set of com- 
puter-prepared tables has been described by Lintner et al.° 
This system was developed to select the best prototype formu- 
lation on the basis of short-term stability data and predict both 
estimated and minimum shelf-life values for the formulation. It 
is a middle-ground approach between the empirical methods 
and the modern, rigorous statistical concepts. All calculations 
can be made readily by hand, and the estimated values can be 
obtained easily from appropriate tables. The system assumes 
that 


1. Shelf-life predictions can be made satisfactorily for lower tempera- 
tures using the classical Arrhenius model from data obtained at 
higher temperatures. 

2. The energy of activation of the degradation reaction is between 10 
and 20 kcal/mol (this is a safe assumption, as Kennon® has noted 
that rarely are drugs with energies of activation below 10 kcal/mol 
used in pharmacy, and for values as high as 20 kcal/mol, the error 
in the shelf-life prediction will be on the conservative side). 

3. The rate of decomposition will not increase beyond that already 
observed. 

4. The standard deviation of the replicated assays is known or can be 
estimated from the analytical data. 


This concept further assumes that the degradation reaction 
follows zero- or pseudo-zero-order kinetics. As shown in Figure 
52-1, this is an excellent assumption. For data corresponding to 
a zero-, first-, or second-order degradation pattern, it is impos- 
sible to distinguish one order from another with usual analyt- 
ical procedures, when the total degraded material is not large. 
In addition, shelf-life calculations assuming zero-order kinetics 
are more conservative than those for higher orders. 

This middle-ground system is useful in creating the exper- 
imental design for the stability study. The formulator has the 
opportunity to study various combinations of parameters to try 
to optimize the physical-statistical model. One can check the 
effect of improving the assay standard deviation, running ad- 
ditional replicates, using different time points, and assuming 
various degradation rates and energies of activation on the 
stability of the test formulation. 

McMinn and Lintner later developed and reported on an 
information-processing system for handling product stability 
data.’ This system saves the time of formulators in analyzing 
and interpreting their product stability data, in addition to 
minimizing the amount of clerical help needed to handle an 
ever-increasing assay load. For products such as those of vita- 
mins, for example, where large overages are required, the 
statistical portions of this advanced technique aid the manu- 
facturer to tailor the formula composition to obtain the desired 
and most economical expiration dating. 

This system stores both physical and chemical data and 
retrieves the information in three different formats (one of 
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Figure 52-1. Zero-order plots for reactions which are zero-, first-, 
and second-order. 
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which was designed specifically for submitting to regulatory 
agencies). It analyzes single-temperature data statistically by 
analysis of covariance and regression or multiple-temperature 
data by weighted or unweighted analysis using the Arrhenius 
relationship; provides estimates of the shelf life of the prepa- 
ration with the appropriate confidence intervals; preprints the 
assay request cards that are used to record the results of the 
respective assay procedures and to enter the data into the 
system; and produces a 5-yr master-stability schedule as well 
as periodic 14-day schedules of upcoming assays. 

As mentioned above, a portion of the advanced system an- 
alyzes the stability data obtained at a single temperature by 
analysis of covariance and regression. This analysis is based on 
the linear (zero-order) model 


Y; = BX; ali a; 1 €jj (1) 


where Y;; is the percentage of label of the jth stability assay of 
the ith lot, X;; is the time in months at which Y;; was observed, 
B; and a; are the slope and intercept, respectively, of the re- 
gression line of the 7th lot, and ¢;; is a random error associated 
with Y;,,. The random errors are assumed to be identically and 
independently distributed normal variables with a zero mean 
and a common variance, o”. 

A summary of the regression analysis for each individual lot 
and for the combination of these lots, plus a summary of the 
analyses of covariance and deviation from regression is pre- 
pared by the computer. 

Because the computer combines, or pools, the stability data 
from the individual lots, irrespective of the statistical integrity 
of this step, the pooled data are examined for validity by the F 
test. The mean square of the regression coefficient (slope) is 
divided by the mean square of the deviation within lots, and 
similarly, the adjusted mean (y intercept) is divided by the 
common mean square to give the respective F ratios. The latter 
values then are compared with the critical 5% F values. When 
the calculated F values are smaller than the critical F values, 
the data may be combined, and the pooled data analyzed. 

A printout for the combined lots as well as for each individ- 
ual lot provides the estimated rate of degradation and its stan- 
dard error in percentage per month for each ingredient. The 
Student t value is calculated from these estimates and tested 
for significance from zero. When the ¢ value is significant, the 
printout contains an estimate of the shelf life with the appro- 
priate confidence interval. When the ¢ value is not significantly 
different from zero, estimates of the minimum and projected 
shelf-life values are made. In addition, coordinates of the cal- 
culated least-squares regression line with appropriate confi- 
dence limits for the mean and individual predicted assays are 
printed. 

Plots of the resulting least-squares line containing the indi- 
vidual data points also are printed by the computer. For the 
calculation of Xo, Y equals Y + A(X, SO Sy NAMES B is the 
least-squares estimate of the slope, and X. . is the mean time of 
assay. " 

The sample variance for this estimate, S*(Y), is equal to 


(2) 


where WN is the number of assays. The 95% confidence interval 
is equal to Y + to oss. 

For cases in which the slope of the best fitting line is positive 
and significantly different from zero (resulting, eg, from solvent 
evaporation), the statement “no degradation has been detected 
and hence no shelf-life estimate is made” is printed. When the 
computed line has a positive slope but not significantly differ- 
ent from zero, only the minimum shelf-life value is calculated. 

Traditionally, extensive stability data are collected at the 
recommended storage temperatures (usually refrigerator 
and/or room temperature) to be placed on the label of the 
package. However, elevated-temperature data are very valu- 


able in determining the shelf life of a product. In practice, 
multiple levels of thermal stress are applied to the formulation 
so that appropriate shelf-life estimates can be made for nor- 
mally expected marketing conditions. In cases in which data 
from accelerated studies are used to project a tentative expira- 
tion date that is beyond the date supported by actual shelf-life 
studies, testing must continue until the tentative expiration 
date is verified. 

It was noted in Chapter 19 that the effect of temperature 
variation on the rate of a reaction can be expressed by an 
integrated form of the Arrhenius equation 


hk = se 84/87 (3) 


(4) 
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A weighted modification of this model has been incorporated 
into the previously described computerized system. Each print- 
out contains a statement concerning the acceptability of the 
Arrhenius assumption with its appropriate probability level, 
the slope and intercept for the Arrhenius line, the estimated 
apparent energy of activation with its 95% confidence limits, 
plus the estimated shelf-life values at selected temperatures. 

The analysis of first-order stability data is based on the 
linear model 


Yj; = a; + BX, + €; (5) 


where Y;; is the natural logarithm of the assay value for the jth 
observation of the 7th temperature, X;; is the elapsed time in 
months for the assay sample for the ith temperature, 8; and a; 
are the slope and intercept, respectively, and ¢,; is a random 
error associated with Y;;. The errors are assumed to be dis- 
tributed identically and independently, normally with a zero 
mean and variance o”. 

For orders other than first, Y,; represents the concentration 
raised to the power of 1 minus the order. 

The estimated rate constant (ie, the negative slope) is 


=o, = - D&, - Ky, - X)/D & - XP 6) 
pi J 
The standard error of the estimated rate constant is 
fe S(Y/X) 
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where S(Y/X), the residual standard error, is equal to 


1/2 
| (8) 


According to the Arrhenius relationship, faster degradation 
occurs at the higher temperatures; hence, assays for the high- 
temperature data usually are run more often but for a shorter 
period of time. The effect of simple least-squares analysis 
of this type of data is to force the Arrhenius equation through 
the low temperature data and essentially ignore the high- 
temperature information. Thus, much more credence is placed 
in the point estimates of the low temperature than is war- 
ranted. In addition, the usual confidence limits on extrapolated 
degradation rates at refrigerator or room temperature cannot 
be made validly. For these reasons, Bentley® presented a 
method based on a weighted least-squares analysis to replace 
the unweighted approximation. He also developed a statistical 
test for the validity of the Arrhenius assumption, which is 
computed easily from the results of the unweighted method. 
To make shelf-life estimates from elevated temperature 
data, two storage temperatures are obviously the minimum. 
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As the accuracy of the extrapolation is enhanced by using 
additional temperatures, a minimum of four different temper- 
atures is recommended for most product stability studies. With 
the current use of computers to do the bulk of stability calcu- 
lations, including weighted least-squares analysis, the temper- 
atures and storage conditions need not be selected for arith- 
metic convenience. 

It is not necessary to determine the mechanism of the deg- 
radation reaction. In most cases, it is necessary only to follow 
some property of degradation and to linearize this function. 
Hither the amount of intact drug or the amount of a formed 
degradation product may be followed. It usually is impractical 
to determine the exact order of the reaction. With assay errors 
in the range of 2 to 5%, at least 50% decomposition must occur 
before the reaction order can be determined. As the loss with 
pharmaceuticals generally is less, zero-order kinetics should be 
assumed, unless the reaction order is known from previous 
work. In any case, replication of stability assays is advisable. 

The batches of drugs used for a stability study should be 
representative of production run material or at least material 
of a known degree of purity. The quality of the excipients also 
should be known, as their impurities or even their moisture 
content can affect product stability deleteriously. Likewise, the 
samples of the formulation taken for the stability study must 
be representative of the lot. 

Specific, stability-indicating assay methods must be used, to 
make meaningful shelf-life estimates. The reliability and spec- 
ificity of the test method on the intact molecule and on the 
degradation products must be demonstrated. 


ADDITION OF OVERAGE 


The problem of declining potency in an unstable preparation 
can be ameliorated by the addition of an excess or overage of 
the active ingredient. Overages, then, are added to pharmaceu- 
tical formulations to keep the content of the active ingredient 
within the limits compatible with therapeutic requirements, 
for a predetermined period of time. 

The amount of the overage depends upon the specific ingre- 
dient and the galenical dosage form. The International Phar- 
maceutical Federation has recommended that overages be lim- 
ited to a maximum of 30% over the labeled potency of an 
ingredient. 
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PHARMACEUTICAL CONTAINERS 


Unless otherwise indicated in a compendial monograph, the offi- 
cial standards for containers apply to articles packaged by either 
the pharmaceutical manufacturer or the dispensing pharmacist. 
In general, repackaging of pharmaceuticals is inadvisable. How- 
ever, if repackaging is necessary, the manufacturer of the product 
should be consulted for potential stability problems. 

A pharmaceutical container has been defined as a device 
that holds the drug and is, or may be, in direct contact with the 
preparation. The immediate container is described as that 
which is in direct contact with the drug at all times. The liner 
and closure traditionally have been considered to be part of the 
container system. The container should not interact physically 
or chemically with the formulation so as to alter the strength, 
quality, or purity of its contents beyond permissible limits. 

The choice of containers and closures can have a profound 
effect on the stability of many pharmaceuticals. Now that a 
large variety of glass, plastics, rubber closures, tubes, tube 
liners, etc are available, the possibilities for interaction be- 
tween the packaging components and the formulation ingredi- 
ents are immense. Some of the packaging elements themselves 
are subject to physical and chemical changes that may be 
time-temperature dependent. 
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Frequently, it is necessary to use a well-closed or a tight 
container to protect a pharmaceutical product. A well-closed con- 
tainer is used to protect the contents from extraneous 
solids or a loss in potency of the active ingredient under nor- 
mal commercial conditions. A tight container protects the contents 
from contamination by extraneous materials, loss of contents, 
efflorescence, deliquescence, or evaporation and is capable of tight 
reclosure. When the packaging and storage of an official article in 
a well-closed or tight container is specified, water-permeation 
tests should be performed on the selected container. 

In a stability program, the appearance of the container, with 
special emphasis on the inner walls, the migration of ingredi- 
ents onto/into the plastic or into the rubber closure, the migra- 
tion of plasticizer or components from the rubber closure into 
the formulation, the possibility of two-way moisture penetra- 
tion through the container walls, the integrity of the tac-seal, 
and the back-off torque of the cap, must be studied. 

Glass, plastics, and/or metals are the commonly used com- 
ponents of pharmaceutical containers. 

Traditionally, glass has been the most widely used con- 
tainer for pharmaceutical products to ensure inertness, visibil- 
ity, strength, rigidity, moisture protection, ease of reclosure, 
and economy of packaging. While glass has some disadvan- 
tages, such as the leaching of alkali and insoluble flakes into 
the formulation, these can be offset by the choice of an appro- 
priate glass. As the composition of glass formulations may be 
varied by the amounts and types of sand and silica added and 
the heat treatment conditions used, the proper container for 
any formulation can be selected. 

New, unused glass containers are tested for resistance to 
attack by high-purity water by use of a sulfuric acid titration to 
determine the amount of released alkali. Both glass and plastic 
containers are used to protect light-sensitive formulations from 
degradation. The amount of transmitted light is measured 
using a spectrometer of suitable sensitivity and accuracy. 

Glass is generally available in flint, amber, blue, emerald 
green, and certain light-resistant green and opal colors. The 
blue-, green-, and flint-colored glasses, which transmit ultravi- 
olet and violet light rays, do not meet the official specifications 
for light-resistant containers. 

Colored glass usually is not used for injectable preparations, 
since it is difficult to detect the presence of discoloration and 
particulate matter in the formulations. Light-sensitive drugs 
for parenteral use usually are sealed in flint ampuls and placed 
in a box. Multiple-dose vials should be stored in a dark place. 

Manufacturers of prescription drug products should include 
sufficient information on their product labels to inform the 
pharmacist of the type of dispensing container needed to main- 
tain the identity, strength, quality, and purity of the product. 
This brief description of the proper container, eg, light- 
resistant, well-closed, or tight, may be omitted for those prod- 
ucts dispensed in the manufacturer’s original container. 

PLASTICS—Plastic containers have become very popular 
for storing pharmaceutical products. Polyethylene, polysty- 
rene, polyvinyl chloride, and polypropylene are used to prepare 
plastic containers of various densities to fit specific formulation 
needs. 

Factors such as plastic composition, processing and cleaning 
procedures, contacting media, inks, adhesives, absorption, ad- 
sorption, and permeability of preservatives also affect the suit- 
ability of a plastic for pharmaceutical use. Hence, biological 
test procedures are used to determine the suitability of a plas- 
tic for packaging products intended for parenteral use and for 
polymers intended for use in implants and medical devices. 
Systemic injection and intracutaneous and implantation tests 
are employed. In addition, tests for nonvolatile residue, residue 
on ignition, heavy metals, and buffering capacity were de- 
signed to determine the physical and chemical properties of 
plastics and their extracts. 

The high-density polyethylene containers, which are used 
for packaging capsules and tablets, possess characteristic ther- 
mal properties, a distinctive infrared absorption spectrum, and 
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a density between 0.941 and 0.965 g/cem*.In addition, these 
containers are tested for light transmission, water-vapor per- 
meation, extractable substances, nonvolatile residue, and 
heavy metals. When a stability study has been performed to 
establish the expiration date for a dosage form in an acceptable 
high-density polyethylene container, any other high-density 
polyethylene container may be substituted provided that it, too, 
meets compendial standards and that the stability program is 
expanded to include the alternative container. 

Materials from the plastic itself can leach into the formula- 
tion, and materials from the latter can be absorbed onto, into, 
or through the container wall. Various pharmaceutical preser- 
vatives are bound by the barrels of some plastic syringes. 
However, changing the composition of the syringe barrel from 
nylon to polyethylene or polystyrene has eliminated the bind- 
ing in some cases. 

A major disadvantage of plastic containers is the two-way 
permeation or breathing through the container walls. Volatile 
oils and flavoring and perfume agents are permeable through 
plastics to varying degrees. Components of emulsions and 
creams have been reported to migrate through the walls of 
some plastics, causing either a deleterious change in the for- 
mulation or collapse of the container. Loss of moisture from a 
formulation is common. Gases, such as oxygen or carbon diox- 
ide in the air, have been known to migrate through container 
walls and affect a preparation. 

Solid dosage forms, such as penicillin tablets, when stored 
in some plastics, are affected deleteriously by moisture pene- 
tration from the atmosphere into the container. 

_METALS—The pharmaceutical industry was, and to a de- 
gree still is, a tin_stronghold. However, as the price of tin 
constantly varies, more-collapsible aluminum tubes are being 
used. Lead tubes tend to have pinholes and are little used in 
the industry. 

A variety of internal linings and closure fold seals are avail- 
able for both tin and aluminum tubes. Tin tubes can be coated 
with wax or with vinyl linings. Aluminum tubes are available 
with epoxy or phenolic resin, wax, vinyl, or a combination of 
epoxy or phenolic resin with wax. As aluminum is able to 
withstand the high temperatures required to cure epoxy and 
phenolic resins adequately, tubes made from this metal pres- 
ently offer the widest range of lining possibilities. 

Closure fold seals may consist of unmodified vinyl resin or 
plasticized cellulose and resin, with or without added color. 

Collapsible tubes are available in many combinations of 
diameters, lengths, openings, and caps. Custom-use tips for 
ophthalmic, nasal, mastitis, and rectal applications also are 
available. Only a limited number of internal liners and closure 
seals are available for tubes fitted with these special-use tips. 

Lined tubes from different manufacturers are not necessar- 
ily interchangeable. While some converted resin liners may be 
composed of the same base resin, the actual liner may have 
been modified to achieve better adhesion, flow properties, dry- 
ing qualities, or flexibility. These modifications may have been 
necessitated by the method of applying the liner, the curing 
procedure, or, finally, the nature of the liner itself. 


CLOSURES 
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The closures for the formulations also must be studied as a 
portion of the overall stability program. While the closure must 
form an effective seal for the container, the closure must not 
react chemically or physically with the product. It must not 
absorb materials from the formulation or leach its ingredients 
into the contents. 

The integrity of the seal between the closure and container 
depends on the geometry of the two, the materials used in their 
construction, the composition of the cap liner, and the tightness 
with which the cap has been applied. Torque is a measure of 
the circular force, measured in inch-pounds, which must be 
applied to open or close a container. When pharmaceutical 
products are set up on a stability study, the formulation must 
be in the proposed market package. Thus, they should be 
capped with essentially the same torque to be used in the 
manufacturing step. 

Rubber is a common component of stoppers, cap liners, and 
parts of dropper assemblies. Sorption of the active ingredient, 
preservative, or other formulation ingredients into the rubber 
and the extraction of one or more components of the rubber into 
the formulation are common problems. 

The application of an epoxy lining to the rubber closure 
reduces the amount of leached extractives but essentially has 
no effect on the sorption of the preservative from the solution. 
Teflon-coated rubber stoppers may prevent most of the sorption 
and leaching. 
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Oral solid dosage forms, tablets and capsules, are prescribed 
widely and are a very effective means of providing drugs to 
patients. A basic assumption is that when an oral solid dosage 
form is used by a patient, the drug from the dosage form is 
released, dissolves, and is absorbed promptly and consistently. 
Drug product quality is needed for this to be a valid assump- 
tion, and bioavailability and bioequivalence become important 
considerations in this context. Major aspects of these areas are 
the topics covered in this chapter. 

A major role and responsibility of pharmacists involves drug 
product quality judgment through product selection among 
available brands of drug products. This involves informed se- 
lection of drug products available from different manufacturers 
and substitution of one product for another, whether it involves 
an innovator-to-generic, generic-to-innovator, or generic-to- 
generic change. Even lot-to-lot consistency within one manu- 
facturer’s product can influence product quality considerations. 
Potential cost savings to the patient also may be a significant 
factor in these decisions. 

For the pharmacist to make informed decisions in this re- 
gard, knowledge of biopharmaceutics, with particular empha- 
sis on drug bioavailability and bioequivalence, is useful. In 
addition to knowledge of biopharmaceutics principles, the 
pharmacist should be aware of other sources of information 
that can be used in brand selection decision-making. 

In this chapter, bioavailability topics are emphasized. 
Chemical equivalence, lot-to-lot uniformity of physicochemical 
characteristics, and stability equivalence are other factors that 
are important, as they too can affect product quality. 

The question of continued assurance of bioequivalence, related 
to acceptable product quality, must be considered by the pharma- 
cist. This is where the challenge lies, and the pharmacist has to 
call on both technical training and professional experience in 
making appropriate drug product selection decisions. 


GENERAL CONCEPTS 
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In any discussion of bioavailability and bioequivalence, it is 
perhaps best to start with the basic concepts and factors that 
can affect the bioavailability of a drug and consider how these 
can affect bioequivalence and the clinical outcome of drug 
treatment. At the outset, the terms used in this chapter require 
careful definition, since as in any area, some terms have been 
used in many different contexts by different authors. 

Bioavailability is a term that indicates measurement of both the 
rate of drug absorption and total amount (extent) of drug that 
reaches the general circulation from an administered dosage form. 

Equivalence is more a general, relative term that indicates 
a comparison of one drug product with another or with a set of 
established standards. Equivalence may be defined in several 
ways: 


Chemical equivalence indicates that two or more dosage forms contain the 
labeled quantities (plus or minus specified range limits) of the drug. 

Clinical equivalence occurs when the same drug from two or more 
dosage forms gives identical in vivo effects as measured by a phar- 
macological response or by control of a symptom or disease. 

Therapeutic equivalence implies that two brands of a drug product are 
expected to yield the same clinical result. 

Bioequivalence indicates that a drug in two or more similar dosage 
forms reaches the general circulation at the same relative rate and 
the same relative extent; ie, that the plasma level profiles of the 
drug obtained using the two dosage forms are similar and, in a 
sense, superimposable. 

Pharmaceutical equivalence refers to two drug products with the same 
dosage form and same strength. 


THERAPEUTIC EQUIVALENCE EVALUATIONS 
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The FDA publication Approved Drug Products with Therapeu- 
tic Equivalence identifies drug products approved on the basis 
of safety and effectiveness. In addition, this list contains ther- 
apeutic equivalence evaluations for approved multisource pre- 
scription drug products. These evaluations have been prepared 
to serve as public information and advice to state health agen- 
cies, physicians, and pharmacists to promote public education 
in the area of drug product selection and to foster containment 
of health-care costs. 

To help contain drug costs, virtually every state has adopted 
laws and/or regulations that encourage the substitution of drug 
products. These state laws generally require either that sub- 
stitution be limited to drugs on a specific list (the positive 
formulary approach) or that substitution be permitted for all 
drugs except those prohibited by a particular list (the negative 
formulary approach). Because of the number of requests for 
FDA assistance in preparing both positive and negative formu- 
laries, it became apparent that the FDA could not serve the 
needs of each state on an individual basis. The agency also 
recognized that providing a single list based on common crite- 
ria would be preferable to evaluating drug products on the 
basis of differing definitions and criteria in various state laws. 
The therapeutic equivalence evaluations in this publication 
reflect FDA’s application of specific criteria to the approved 
multisource prescription drug products. 

FDA classifies as therapeutically equivalent those products 
that meet the following general criteria: 


1. They are approved as safe and effective. 

2. They are pharmaceutical equivalents in that they (1) contain identi- 
cal amounts of the same active drug ingredient in the same dosage 
form and route of administration and (2) meet compendial or other 
applicable standards of strength, quality, purity, and identity. 

3. They are bioequivalent in that (1) they do not present a known or 
potential bioequivalence problem, and they meet an acceptable in vitro 
standard, or (2) if they do present such a known or potential problem, 
they are shown to meet an appropriate bioequivalence standard. 
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Figure 53-1. Typical plasma-level curve of a drug with effective and 
toxic (side-effect) profiles levels defined. 


4. They are adequately labeled. 
5. They are manufactured in compliance with Current Good Manufac- 
turing Practice regulations. 


This concept of therapeutic equivalency applies only to drug 
products containing the same active ingredient(s) and does not 
encompass a comparison of different therapeutic agents used 
for the same condition. The FDA considers drug products to be 
therapeutically equivalent if they meet the criteria outlined 
above, even though they may differ in certain other character- 
istics such as shape, scoring configuration, release mecha- 
nisms, packaging, excipients, expiration date/time, and minor 
aspects of labeling (eg, the presence of specific pharmacokinetic 
information). The FDA believes that products classified as ther- 
apeutically equivalent can be substituted with the full expec- 
tation that the substituted product will produce the same clin- 
ical effect and safety profile as the prescribed product. 

Bioequivalence sometimes may be demonstrated using an in 
vitro bioequivalence standard, especially when such an in vitro 
test has been correlated with human in vivo bioavailability 
data. In other situations, bioequivalence may sometimes be 
demonstrated through comparative clinical trials or pharma- 
codynamic studies. 

The Biopharmaceutics Classification System (BCS), cur- 
rently under development by the FDA, is intended to classify 
drugs according to solubility and gastrointestinal (GI) perme- 
ability. Under this system, bioequivalence may be demon- 
strated by in vitro dissolution testing in lieu of in vivo testing, 
if a drug’s solubility and permeability characteristics meet the 
criteria established in the BCS. 


Practitioner Responsibilities 


Evaluations of therapeutic equivalence for prescription drugs 
are based on scientific and medical evaluations by the FDA. 
Products evaluated as therapeutically equivalent can be ex- 
pected to have equivalent clinical effect and no difference in 
their potential for adverse effects when used under the condi- 
tions of their labeling. FDA evaluation of therapeutic equiva- 
lence in no way relieves practitioners of their professional 
responsibilities in prescribing and dispensing such products 
with due care and with appropriate information to individual 
patients but can provide current and useful information related 
to such decisions. Pharmacists also must be familiar with the 
expiration dates and labeling directions for storage of the dif- 
ferent products, particularly for reconstituted products, to en- 
sure that patients are properly advised when one product is 
substituted for another. 

A significant factor related to drug bioavailability is the fact 
that many times drug is administered not as a solution but as 
a solid dosage form. Optimal bioavailability might be expected 


from a solution, since drug must first dissolve to be absorbed, 
but considerations such as drug stability, unpalatable taste, 
and desired duration of action (for controlled-release drug prod- 
ucts) may prevent the use of a solution dosage form. 

DOSAGE FORMS —In the dose titration of any patient the 
objective is, in conceptual terms, to attain and maintain a blood 
level that exceeds the minimum effective level required for 
response but does not exceed the minimum toxic (side-effect) 
level. This is shown graphically in Figure 53-1. There are 
several major absorption factors that can affect the general 
shape of this blood-level curve and thus drug response. 


The Dose of the Drug Administered—The blood levels will 
rise and fall in proportion to the dose administered. 

The Amount of Drug Absorbed from a Given Dosage 
Form—tThis involves the same principle as the first factor but 
is brought about by a different process. The effect of having only 
one half of the drug absorbed from a dosage form is equivalent 
to lowering the dose (Fig 53-2). 

The Rate of Absorption of the Drug—If absorption from the 
dosage form is more rapid than the rate of absorption that gave 
the profile in Figure 53-1, minimum toxic (side-effect) levels 
may be exceeded. If absorption from the dosage form is suffi- 
ciently slow, minimum effective levels may never be attained 
(Fig 53-3). 

A Combination of These Last Two Factors—This is also 
possible (Fig 53-4) and is probably the most likely situation in 
real life. 


In any of these instances, the time course and extent of clinical 
response to the drug may be altered because of changes in dose 
or rate and extent of absorption. 

Both factors, rate and extent of drug absorption, can be 
affected by the dosage form in which the drug is contained. The 
effect of rate of absorption may be intentional, as in controlled- 
release products, or unintentional, as brought about by, for 
example, a change in the composition and/or method of manu- 
facture of the dosage form. 

The choice of the inactive ingredients (excipients) used to 
prepare a dosage form is up to the individual manufacturer. It 
is through these changes, in composition and manufacturing 
technique, that unintended changes in bioavailability and bio- 
equivalence may occur. Revalidation of bioequivalence may be 
needed for major changes in the manufacturing process, 
whereas small changes may not raise significant bioavailability 
concerns. In situations involving minor changes in the manu- 
facturing process, comparative dissolution testing of the origi- 
nal and reformulated product provides adequate documenta- 
tion of continued product quality, if the resulting dissolution 
profiles are similar. These considerations apply to all drug 
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Figure 53-2. Effect of the extent of drug absorption from a dosage 
form on drug-plasma levels and efficacy. The extent of absorption 
from dosage form B is 50% of that from dosage form A. 
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Figure 53-3. Effect of the rate of drug absorption from a dosage 
form on the plasma-level profile and efficacy. The rates of absorp- 
tion from dosage forms B and C and 1/10 and 10 times those from 
dosage form A. 


manufacturers, both innovator and generic companies. A de- 
scription of the formulation of dosage forms and the factors 
that must be considered by the formulating pharmacist is given 
in Chapter 38. 

DISSOLUTION—For a drug to be absorbed, it must first 
go into solution. In Figure 53-5, the steps in the dissolution 
and absorption of a tablet or capsule dosage form are out- 
lined. Similar profiles could be obtained for any solid or 
semisolid dosage form, including oral suspensions, paren- 
teral suspensions, and suppositories. The theory and me- 
chanics of drug dissolution rate are described in detail in 
Chapter 35. The physical characteristics of the drug and the 
composition of the tablet (dosage form) can have an effect on 
the rates of disintegration, deaggregation, and dissolution of 
the drug. As such, these can affect the rate of absorption and 
resultant blood levels of the drug. 

An important aspect of product quality for marketed oral 
solid dosage forms relates to dissolution testing. Nearly all of 
the dosage forms actually used by patients will not have 
directly undergone human bioavailability testing. It is pre- 
vious batches of these products that would have been tested 
in humans. Once adequate product quality has been estab- 
lished by bioavailability testing, subsequent batches manu- 
factured using the same formulation, equipment, and pro- 
cess are likely to be bioequivalent to the original batch tested 
in humans. This is an important concept in the regulatory 
control of product quality and is where in vitro testing such 
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Figure 53-4. Computer simulation of the plasma-level curves for 
two dosage forms of the same drug assuming that the rate and 
extent of drug absorption for dosage form A were 50% and 50%, 
respectively, of those for dosage form B. 
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Figure 53-5. Sequence of events involved in the dissolution and 
absorption of a drug from a solid oral dosage form. 


as assay, content uniformity, tablet hardness, and dissolu- 
tion are involved. Among these several in vitro tests, disso- 
lution testing is probably the most important, related to 
bioavailability. As part of the drug approval process, a dis- 
solution test procedure is established for all oral solid dosage 
forms. These dissolution tests are incorporated in the USP 
and apply both to innovator and generic drug products. All 
marketed batches of these drug products must meet the 
ANDA/NDA/USP dissolution test throughout the shelf life of 
the product. Products failing their approved dissolution test 
and/or a USP dissolution test must be removed from the 
market. 


Properties of the Drug—The physical characteristics of the 
drug that can alter bioavailability are discussed in Chapters 38 
and 57 and consist of the polymorphic crystal form, choice of the 
salt form, particle size, use of the hydrated or anhydrous form, 
wettability, and solubility of the drug. Chapter 38 also discusses 
several other properties that can affect drug product quality 
adversely. Many of these factors should be discovered during 
the testing of the drug product prior to the marketing of the 
dosage form and should not, therefore, affect unknowingly the 
bioavailability of the drug product. 

Properties of the Dosage Form—The various components of 
the solid or semisolid dosage form, other than the active ingre- 
dient, are discussed in Chapter 45. Only an overview, for tablet 
dosage forms, is given here. In addition to the active ingredient, 
a tablet product usually will contain the following types of 
inactive ingredients. 


Binders are used to provide a free-flowing powder from the mix of tablet 
ingredients, so that the material will flow when used on a tablet 
machine. The binder also provides a cohesiveness to the tablet. Too 
little binder will give flow problems and tablets that do not maintain 
their integrity; too much may affect adversely the release (dissolu- 
tion rate) of the drug from the tablet. 

Fillers are used to give the powder bulk so that an acceptably sized 
tablet is produced. Most commercial tablets weigh from 100 to 500 
mg, so it is obvious that for many potent drugs the filler constitutes 
a large portion of the tablet. The binding of drug to the fillers may 
occur and affect bioavailability. 

Disintegrants are used to cause the tablets to disintegrate when 
exposed to an aqueous environment. Too much will produce tab- 
lets that may disintegrate in the bottle because of atmospheric 
moisture; too little may be insufficient for disintegration to occur 
and may thus alter the rate and extent of release of the drug from 
the dosage form. 

Lubricants are used to enhance the flow of the powder to the tablet 
machine and to prevent sticking of the tablet in the die of the tablet 
machine after the tablet is compressed. Lubricants are usually 
hydrophobic materials such as stearic acid or magnesium or calcium 
stearate. Too little lubricant will not permit satisfactory tablets to 
be made; too much may produce a tablet with a water-impervious 
hydrophobic coat, which can inhibit the disintegration of the tablet 
and dissolution of the drug. 


BIOEQUIVALENCE TESTING 


The awareness of the potential for clinical differences be- 
tween otherwise chemically equivalent drug products has 
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been brought about by a multiplicity of factors that include, proaches outlined can be used for urinary excretion measure- 
among others, better methods for clinical efficacy evaluation, ments or for suitable, quantitative, pharmacological response 
development of techniques to measure microgram or nano- measurements. ; 
gram quantities of drugs in biological fluids, improvements Bioequivalence studies usually are conducted in normal 
in the technology of dosage form formulation and physical healthy adults under standardized conditions. Usually, single 
testing, awareness of reported clinical inequivalencies in the doses of the test and reference product will be evaluated. How- 
literature, increased costs of classical clinical evaluation, the ever, in selected cases, multiple-dose regimens may be used. 
objective and quantitative nature of bioavailability tests, The goal of the study is to evaluate the performance, as mea- 
and the increase in the number of chemically equivalent sured by rate and extent of absorption, of the dosage forms 
products on the market because of patent expirations on the under standardized conditions, to minimize patient-related 
wonder drugs of the 1950s and 1960s as well as the Drug and other variability. 
Price Competition and Patent Term Restoration Act of 1984, The protocol should define the acceptable age and weight 
which established the generic drug approval procedures that range for the subjects to be included in the study as well as 
are in place today. the clinical parameters that will be used to characterize a 
The increase in the number of drugs that are available normal, healthy adult; eg, physical examination observa- 
from multiple sources frequently has placed people involved tions, clinical chemistry, and hematological evaluations. The 
in the delivery of health care in the position of having to subjects should have been drug-free for at least 2 weeks prior 
select one from among several marketed products. As with to testing to eliminate possible drug-induced influences on 
any decision, the more pertinent the data available, the more liver enzyme systems. Normally, the subjects will fast over- 
comfortable one is in arriving at the final decision. The need night prior to dosing and will not eat until a standard meal 
to make these choices, in light of the potential for in vivo is provided 2 to 4 hours post-dosing. The dosage forms should 
inequivalency among products or different batches of a given be given to subjects in a randomized manner, using a suit- 
product, has increased the demand for quantitative data on able crossover design, so that possible daily variations are 
the therapeutic equivalence of similar drug products. Bio- distributed equally between the dosage forms tested. The 
equivalence testing represents one alternative solution to protocol should define sample collection times and tech- 
clinical testing for efficacy and is the means by which generic niques to collect the biological fluid. The method of storage of 
drugs are approved for marketing as well as the means by the samples also should be defined. 


which the product quality of all drug products is maintained 


in situations involving major changes in formulation or man- . - 
HiSc URE proceae Bioequivalence Assessment 


Requirements for bioequivalence data on drug products and Data Evaluation 
should be applied reasonably. For example, with single- 


supplier drugs, bioequivalence testing is not an issue as far as Several parameters are used to provide a general evaluation of 
brand-switching but can be a means of assessing changes be- the overall rate and extent of absorption of a drug. An analysis 
tween clinical and to-be-marketed formulations. In this con- of all characteristics is required before one can implicate any 
text, the reason for bioequivalence testing should not be forgot- one factor or parameter as indicating bioequivalence or lack of 
ten; ie, it is used as a surrogate, in certain situations, for the bioequivalence. 
clinical evaluation of drug products. Bioequivalence data can- The plasma concentration-time curve is the focal point of 
not be required if bioanalytical methodology is not available. bioequivalence assessment and is obtained when serial blood 
However, in a number of cases, pharmacodynamic data may samples, taken after drug administration, are analyzed for 
provide a more sensitive, objective evaluation of a product’s drug concentration. The concentrations are plotted on the or- 
therapeutic equivalence than clinical testing, and this can dinate (y axis), and the times after drug administration that 
be an alternative approach in the absence of bioanalytical the samples were obtained, on the abscissa (x axis). 
methodology. A drug product is administered orally at time zero, and the 
Basic pharmacokineti i f bioavailability data is plasma drug concentration at this time clearly should be zero. 
ee ee eee As the product passes through the GI system (stomach, intes- 
Pharmacokinetics has its major utility in the prediction or tine) it must go through the sequence of events depicted in 
projection of dosage regimens and/or in providing a better Figure 53-5. As the drug is absorbed, increasing concentrations 
understanding of observed drug reactions or interactions that of the drug are observed in successive samples until the max- 
result from the accumulation of drug in some specific site, imum concentration is achieved. This point of maximum con- 
tissue, or compartment of the body. The basis of the conclusion centration (C,,,,,) is called the peak of the concentration-time 
that two drug products are bioequivalent must be that the curve. If a simple model describes the pharmacokinetics of the 
responses observed (blood, serum or plasma level, urinary ex- drug tested, the peak concentration represents approximately 
cretion, or pharmacological response) for one drug product the point in time when absorption and elimination of the drug 
essentially are the same as the responses observed for the have equalized. 
second drug product. The easy, but relatively rare, decisions in The section of the curve to the left of the peak represents the 
the evaluation of the bioequivalence of two drug products are absorption phase (or absorption and distribution), during 
those in which the two products are exactly superimposable which absorption predominates over elimination. The section of 
(definitely bioequivalent) and those in which the two products the curve to the right of the peak is called the elimination 
differ in their bioequivalence parameters by a large amount, phase, during which elimination predominates over absorp- 
such as 50% or more (definitely not bioequivalent). Statistical tion. It should be understood that elimination begins as soon as 
evaluation of the data is necessary for all situations, particu- the drug appears in the bloodstream and continues until all of 
larly for data between these two extremes. the drug has been eliminated. Elimination is classically the 


log-linear portion of the curve. Absorption continues for some 

period of time into the elimination phase, for as long as there is 

Evaluation of Bioe quival ence Data drug (in gradually decreasing amounts) available for absorp- 
tion in the GI tract. 

One must recognize that elimination of the drug includes all 


The following sections highlight some of the tests that should processes of elimination of the drug, involving urinary excre- 
be considered when evaluating data from bioequivalence stud- tion as well as metabolism by various tissues and organs. The 
ies. The topics discussed are directed specifically toward efficiency of metabolism and urinary excretion will determine 


plasma level evaluations. With minor modifications, the ap- the shape of the elimination phase of the curve. 


Bioequivalence studies normally are performed in healthy, 
adult volunteers under rigid conditions of fasting and activity 
because the objective is to obtain quantitative information on 
the influence of pharmaceutical formulation variables on the 
drug product’s absorption. Drug blood-level profiles, therefore, 
allow quantification of the rate and extent of drug absorp- 
tion and are critical in establishing the comparative efficiency 
of two drug products in delivering the drug to the systemic 
circulation. 

Suggestions that bioequivalence studies should be per- 
formed in a disease-state population are not tenable if the 
object of the study is to assess drug formulations, unless safety 
considerations prohibit administration of the drug to healthy 
volunteers. If, on the other hand, the purpose is to determine 
the effect of disease on the efficiency of absorption of the drug 
product, then one must use the disease-state population. The 
reasoning is obvious. To ensure that any differences observed 
in the drug blood-level profiles are attributable to formulation 
factors, one must hold all other variables constant, ie, food, 
activity, and state of disease. 

One need not be limited to drug blood-level profiles, but in a 
similar manner, may obtain cumulative urinary drug amount— 
time profiles. Drug concentration is determined in the urine at 
specified time intervals, and the amount excreted per interval 
is determined by multiplying the concentration by the volume 
of urine obtained in that interval. The amounts per interval 
then are combined, and ultimately the total amount excreted in 
the urine is obtained. This value is analogous to the area under 
the blood concentration-time curve. A typical cumulative uri- 
nary drug amount-time profile for several nitrofurantoin prod- 
ucts is presented in Figure 53-6. 

It is implicit that the analytical methodology used for anal- 
ysis of drug in the samples is specific, sensitive, and precise. 

In assessing the bioequivalence of drug products, one must 
quantitate the rate and extent of absorption, which can be 
determined by evaluating parameters derived from the blood- 
level concentration-time profile. Three parameters describing a 
blood level curve are considered important in evaluating the 
bioequivalence of two or more formulations of the same drug. 
These are the peak-height concentration, the time of the peak 
concentration, and the area under the blood (serum or plasma) 
concentration-time curve. 

PEAK-HEIGHT CONCENTRATION—The height of the 
peak of the blood level-time curve represents the highest drug 
concentration achieved after oral administration. It is reported 
as an amount per volume measurement, eg, micrograms/milli- 
liter, units/milliliter, or grams/100 mL. The importance of this 
parameter is illustrated in Figure 53-7, where the blood con- 
centration-time curves of two different formulations of a drug 
are represented. A line has been drawn across the curve at 4 
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ug/mL. Suppose that the drug is an analgesic and 4 ug/mL is 
the minimum effective concentration (MEC) of the drug in 
blood. If the blood concentration curves in Figure 53-7 repre- 
sent the blood levels obtained after administration of equal 
doses of two formulations of the drug and it is known that 
analgesia would not be produced unless the minimum effective 
concentration was achieved or exceeded, it becomes clear that 
formulation A would be expected to provide pain relief, while 
formulation B, even though it is well absorbed regarding extent 
of absorption, might be ineffective in producing analgesia. 

On the other hand, if the two curves represent blood con- 
centrations following equal doses of two different formulations 
of the same cardiac glcoside, and 4 wg/mL now represents the 
minimum toxic concentration (MTC) and 2 ywg/mL represents 
the MEC (Fig 53-8), formulation A, although effective, may also 
be toxic, while formulation B produces concentrations well 
above the MEC but never produces toxic levels. 

TIME OF PEAK CONCENTRATION—The second pa- 
rameter of importance is the measurement of the length of time 
necessary to achieve the maximum concentration after drug 
administration. This time is called the time of peak blood 
concentration (T,,,,,). In Figure 53-7, for formulation A, the 
time necessary to achieve peak blood concentration is 1 hour. 
For formulation B, T,,,,, is 4 hours. This parameter is related 
closely to the rate of absorption of the drug from a formulation 
and may be used as a simple measure of rate of absorption but 
is normally not evaluated statistically. 

To illustrate the importance of T,,,..., Suppose that the two 
curves in Figure 53-8 now represent two formulations of an 
analgesic and that in this case the minimum effective concen- 
tration is 2 wg/mL. Formulation A will achieve the MEC in 30 
minutes; formulation B does not achieve that concentration 
until 2 hours. Formulation A would produce analgesia much 
more rapidly than formulation B and would probably be pref- 
erable as an analgesic agent. On the other hand, if one were 
more interested in the duration of the analgesic effect than on 
the time of onset, formulation B would present more prolonged 
activity, maintaining serum concentrations above the MEC for 
a longer time (8 hours) than formulation A (5.5 hours). 

AREA UNDER THE CONCENTRATION-TIME 
CURVE—The third, and sometimes the most important, pa- 
rameter for evaluation, is the area under the serum, blood, or 
plasma concentration-time curve (AUC). This area is reported 
in amount/volume times time (eg, wg/mL X hr or g/100 mL xX 
hr) and can be considered representative of the amount of drug 
absorbed following administration of a single dose of the drug. 

Returning to Figure 53-8, the curves, although much differ- 
ent in shape, have approximately the same areas (A = 34.4 
pe/mL X hr; B = 34.2 weg/mL X hr), and both formulations can 
be considered to deliver the same amount of drug to the sys- 
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Figure 53-6. Average cumulative amounts of nitrofurantoin excreted form three lots of two commercially available products after a single 


oral dose of 100 mg of nitrofurantoin. 
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Figure 53-7. Blood concentration-time curves obtained for two dif- 
ferent formulations of the same drug, demonstrating relationship 
of the profiles to the minimum effective concentration (MEC). 


temic circulation. Thus, one can see that AUC should not rep- 
resent the only criterion on which bioequivalence is judged. All 
the results, as a composite, must be considered in reaching a 
decision about bioequivalence; no single parameter serves this 
purpose. 


Criteria for Bioequivalence 


Under the Drug Price Competition and Patent Term Restora- 
tion Act of 1984, manufacturers seeking approval to market a 
generic drug must submit data demonstrating that the drug 
product is bioequivalent to the pioneer (innovator) drug prod- 
uct. A major premise underlying the 1984 law is that bioequiva- 
lent drug products are therapeutically equivalent and, there- 
fore, interchangeable. 

The standard bioequivalence study is conducted in a 
crossover fashion in a small number of volunteers, usually 
with 24 to 36 healthy normal adults. The number of subjects 
appropriate for a bioequivalence study can be determined on 
the basis of previous knowledge of the drug’s variability. In 
general, the number of subjects should be sufficient to detect 
20% differences in the measured parameters, with 80% cer- 
tainty. Single doses of the test and reference drugs are 
administered, and blood or plasma levels of the drug are 
measured over time. Characteristics of these concentration- 
time curves, such as the area under the curve (AUC) and the 
peak blood or plasma concentration (C,,,.,), are examined by 
statistical procedures. 

Bioequivalence of different formulations of the same drug 
substance involves equivalence with respect to the rate and 
extent of drug absorption. Two formulations whose rate and 
extent of absorption differ by —20%/+25% or less are generally 
considered bioequivalent. The use of the —20%/+25% rule is 
based on a medical decision that for most drugs, a —20%/+25% 
difference in the concentration of the active ingredient in blood 
will not be clinically significant. 

To verify, for a particular pharmacokinetic parameter, that 
the —20%/+ 25% rule is satisfied, two one-sided statistical tests 
are carried out using the log-transformed data from the bio- 
equivalence study. One test is used to verify that the average 
response for the generic product is no more than 20% below 
that of the innovator product; the other test is used to verify 
that the average response for the generic product is no more 
than 25% above that for the innovator product. The current 
practice is to carry out the two one-sided tests at the 0.05 level 
of significance. 

Computationally, the two one-sided tests are carried out by 
computing a 90% confidence interval. For approval of ANDAs, 
in most cases, the generic manufacturer must show that a 90% 
confidence interval for the ratio of the mean response (usually 
AUC and C,,,,,,) of its product to that of the innovator is within 


max 


max 


the limits of 0.8 and 1.25, using the log-transformed data. If the 
true average response of the generic product in the population 
is near 20% below or 25% above the innovator average, one or 
both of the confidence limits is likely to fall outside the accept- 
able range, and the product will fail the bioequivalence test. 
Thus, an approved product is likely to differ from the innovator 
by far less than this quantity. These same criteria are applied 
to other bioequivalence situations such as post-approval 
changes in innovator or generic products. 

The current practice of carrying out two one-sided tests at 
the 0.05 level of significance ensures that if the two products 
truly differ by as much as or more than is allowed by the 
equivalence criteria, there is no more than a 5% chance that 
they will be approved as equivalent. This reflects the fact that 
the primary concern from the regulatory point of view is the 
protection of the patient against a conclusion of bioequivalence 
if this does not hold true. The results of a bioequivalence study 
usually must be acceptable for more than one pharmacokinetic 
parameter. As such, a generic product that truly differs by 
—20%/+25% or more from the innovator product with respect 
to one or more pharmacokinetic parameters would have less 
than a 5% chance of being approved. Different statistical cri- 
teria may be used when bioequivalence is demonstrated 
through comparative clinical trials, pharmacodynamic studies, 
or comparative in vitro methodology. 

Using the two one-sided tests procedure, two drug products 
cannot differ by more than 12 to 13% in means, and still pass 
the bioequivalence confidence interval criteria of 80 to 125%. It 
has been shown that generic products approved by the FDA 
differed by an average of only 3%. Although somewhat larger 
differences might meet the bioequivalence criteria, the reality 
is that the observed differences have been quite small. 


Average Bioequivalence 


A standard in vivo bioequivalence study design is based on 
administration of the test and reference products on separate 
occasions to healthy subjects, either in single or multiple doses, 
with random assignment to the two possible sequences of drug 
product administration. Samples of plasma or blood are ana- 
lyzed for drug and/or metabolite(s) concentrations, and phar- 
macokinetic parameters are obtained from the resulting con- 
centration-time curves. Parameters are analyzed statistically 
to determine if the test and reference products yield compara- 
ble values. Statistical analysis for pharmacokinetic parame- 
ters, such as area under the curve (AUC) and peak concentra- 
tion (C,,.x ),; is based on the two one-sided tests procedure, 
which determines whether the average values for pharmacoki- 
netic parameters measured after administration of the test and 
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Figure 53-8. B!ood concentration-time curves obtained for two dif- 
ferent formulations of the same drug, demonstrating relationship 
of the profiles to the minimum toxic concentration (WTO) and the 
minimum effective concentration (MEQ). 


reference products are comparable (ie, average bioequivalence). 
This procedure involves the calculation of a 90% confidence 
interval for the ratio of the averages of the test and reference 
product. To establish bioequivalence, the calculated confidence 
interval must fall within a bioequivalence limit, usually 80 to 
125% for the ratio of the product averages. In addition to this 
general approach for determining bioequivalence, a 1992 FDA 
Guidance provides specific recommendations for (1) logarith- 
mic transformation of pharmacokinetic data, (2) methods to 
evaluate sequence effects, and (3) methods to evaluate outlier 
data. 


Population and Individual Bioequivalence 


Statistically, the average bioequivalence approach focuses on 
the comparison of population averages of a bioavailability met- 
ric of interest and not on the variability of the metric for the 
test and reference products. In addition, average bioequiva- 
lence cannot describe a subject-by-formulation interaction, that 
is, the variation that may be present among individuals in the 
average test and reference difference. In contrast, population 
and individual bioequivalence approaches include comparisons 
of both averages and variability of the study metric. The pop- 
ulation bioequivalence approach assesses the total variability 
of the metric in the population. The individual bioequivalence 
approach assesses the within-subject variability as well as the 
subject-by-formulation interaction. 

The population and individual bioequivalence approaches 
reflect differences in the objectives of bioequivalence testing at 
various stages of drug development. These differences are em- 
bodied in the concepts of prescribability and switchability. 

Prescribability refers to the clinical setting when only the 
innovator product is approved for marketing. In this setting, 
the prescriber relies on an understanding that the average 
performance of the drug product has been well characterized 
and relates in some definable way to the clinical trial material 
on which safety and efficacy data were generated. Switchability 
refers to the setting in which a practitioner transfers a patient 
from one drug product to another. This setting arises with 
generic substitution, as well as with certain postapproval 
changes by an innovator or generic firm in the formulation 
and/or manufacturing of a drug product. Under these circum- 
stances, the practitioner and patient require assurance that 
the newly administered drug product will yield comparable 
safety and efficacy to that of the previously administered prod- 
uct for which it is being substituted. 

Whether the population or individual bioequivalence ap- 
proach should be used to assess in vivo bioequivalence depends 
on whether the bioequivalence testing is being conducted prior 
to, or subsequent to, approval of an innovator drug product. 
The population bioequivalence approach is recommended for 
use by NDA sponsors who wish to assess bioequivalence during 
the investigational phase of drug development. For example, 
use of the population bioequivalence approach may be appro- 
priate in the context of an NDA to assess bioequivalence be- 
tween a to-be-marketed and clinical trial drug product when 
significant changes have been made prior to approval in the 
formulation and/or manufacturing of the clinical trial product. 
The individual bioequivalence approach is recommended for 
use by sponsors of ANDAs to assess bioequivalence between the 
generic and reference listed drug, as well as by all sponsors of 
NDAs and ANDAs who, during the postapproval period, wish 
to reassess in vivo bioequivalence when a change of sufficient 
magnitude occurs in the formulation and/or manufacturing of 
the drug product. 

For line extensions to an approved NDA (eg, for changes 
from immediate release to controlled release, additional 
strengths, or new dosage regimens), the population bioequiva- 
lence approach is recommended. In certain specific situations 
for a line extension (eg, where a strength twice that of a 
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currently available strength is under investigation and the 
primary question is one of switchability; ie, what happens 
when a patient switches from two units of the currently avail- 
able strength to one unit of the new strength), the individual 
bioequivalence approach may be more appropriate. 


Study Design 


AVERAGE OR POPULATION BIOEQUIVALENCE—A 
conventional, nonreplicated crossover design, such as the stan- 
dard two-formulation, two-period, two-sequence crossover de- 
sign, may be used to generate data for assessment of population 
bioequivalence. Replicated-crossover designs or parallel de- 
signs also may be used. 

INDIVIDUAL BIOEQUIVALENCE—Three important pa- 
rameters, the within-subject variability for the test and reference 
metric and subject-by-formulation interaction variability compo- 
nents, are integral components of the individual bioequivalence 
criterion. A replicated-crossover design of the bioequivalence 
study should be used to estimate these parameters. 

Further information related to current FDA recommenda- 
tions regarding the design and analysis of bioequivalence stud- 
ies is available on the internet at http:/\www.fda.gov/cder/, 
under Regulatory Guidance Documents. 

PITFALLS ASSOCIATED WITH CROSS-STUDY 
COMPARISONS—tThis is a situation in which the blood 
concentration-time curve of a drug product in one study is 
compared with the blood concentration-time curve of that drug 
product in another study. There are three reasons why such 
cross-study comparisons are not recommended and may lead to 
false conclusions. The following examples, used to illustrate 
these three points, are taken from actual bioavailability data. 

Different Subject Population—In Figure 53-9, a research lot 
of potassium phenoxymethyl] penicillin was compared with the 
appropriate reference standard for that product. The research 
lot drug was found to be bioequivalent, with average peak- 
serum concentrations differing by 8% and the area differing by 
only 9%. In another study conducted with a full-manufacture 
lot of the test product, the same lot of the reference standard 
potassium phenoxymethy] penicillin was used. 

The results of this study are shown in Figure 53-10. Again, 
the two products were found to be bioequivalent, as the peak 
and area parameters differed by less than 5%. In these two 
studies, identical test conditions were used, and the same an- 
alytical procedure and laboratory was employed. However, if 
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Figure 53-9. Average serum concentration of phenoxymethyl pen- 
icillin following oral administration of 500 mg given as one tablet 
of recognized standard (A) or of test product, research lot ((). 
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Figure 53-10. Average serum concentration of phenoxymethyl- 
pencillin following oral administration of 500 mg given as one 
tablet of recognized standard (A) or of test product full mfg lot (M). 


one compares the plasma levels for the reference standard lot 
found in Figure 53-9 with the levels for the same lot of tablets 
in the study in Figure 53-10, sizable differences in blood levels 
are found, as shown in Figure 53-11. 

The average peak serum levels for this lot of tablets were 
found to be 8.5 and 12.5 units/mL in the two respective studies, 
a difference of approximately 31%. Likewise, the average AUC 
was found to differ by approximately 21%. Such apparent dif- 
ferences are solely the result of cross-study comparisons and 
are not due to differences in actual bioavailability. 

The same lot of reference standard tablets was used in both 
studies. Hence, the difference must be due to the experimental 
variables that occur normally from study to study. The major 
difference between the two studies was the subject population 
involved. In the first study, healthy adult male prison volun- 
teers were used, whereas in the second study, there were 17 
females and 7 males in a hospital clinic, also described as 
normal, healthy volunteers. An appreciable difference in sex 
distribution was obvious when comparing these studies. Ad- 
justments for body weight and surface area alone did not cor- 
rect for the apparent discrepancies in peak concentration or 
blood level AUC. It is difficult to determine the exact factors 
that caused the observed differences. This example should 
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Figure 53-11. Average serum concentration of phenoxymethyl- 

pencillin following a single oral 500-mg dose of recognized stan- 

dard, in two different subject populations. 
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Figure 53-12. Average serum erythromycin concentration adminis- 
tered in 500-mg doses as three different tablet dosage forms. The 
results were obtained from 21 healthy adult subjects following an 
overnight fast of 12 hr before, and 2 hr after, drug administration. 


serve as a note of caution in comparing bioavailability values of 
peak concentration and area under the curve from different 
studies. 

Different Study Conditions—Parameters such as the food or 
fluid intake of the subject before, during, and after drug ad- 
ministration can have dramatic effects on the absorption of 
certain drugs. Figure 53-12 shows the results of a three-way 
crossover test in which the subjects were fasted 12 hours over- 
night and 2 hours after drug administration of an uncoated 
tablet, a film-coated tablet, or an enteric-coated tablet of 
erythromycin. 

The results of this study suggest that the uncoated tablet is 
superior to both the film-coated and enteric-coated tablets in 
terms of blood level performance. These results also suggest 
that neither film coating nor enteric coating is necessary for 
optimal blood-level performance. Figure 53-13 shows results 
with the same tablets when the study conditions were changed 
to only a 2-hr preadministration fast with a 2-hr postadminis- 
tration fast. In this case, the blood levels of the uncoated tablet 
were depressed markedly, while the film-coated and enteric- 
coated tablets showed relatively little difference in blood levels. 

From this second study, it might be concluded that film 
coating appears to impart the same degree of acid stability as 
an enteric coating. This might be acceptable if only one dose of 
the antibiotic were required. However, Figure 53-14 shows the 
results of a multiple-dose study in which the enteric-coated 
tablet and the film-coated tablet were administered four times 
a day, immediately after meals. The results show that the film 


© Two 250 mg Erythromycin Tablets 
20 No Film or Enteric Coating Res. #16.268-1 


4 Two 250 mg Erythromycin Tablets 
Film Coated Res. #16,268-2 


15 


@ Two 250 mg Erythromycin Tablets 
Enteric Coated Res. #16,268-3 


Erythromycin (wg/mL) 


Time (hours) 


Figure 53-13. Average serum erythromycin concentration adminis- 
tered in 500-mg doses as three different tablet dosage forms. The 
results were obtained from 12 healthy adult subjects with only a 
2-hr fast before drug administration. 


4:5 ; B One 250 mg Erythromycin - 


@ One 250 mg Erythromycin - 


1.0 


Erythromycin (g/mL) 


6 8 TOP t2 14 16 1820 > 22 


BIOAVAILABILITY AND BIOEQUIVALENCE TESTING 1003 


Enteric Coated Lot #082-FM 


Film Coated Lot #70-716-AF 


m vane cae 


3rd Day a8 
e- e-e---@ 
Gh DEAS 
Pd \ 
@ a 
1 @. C 
! pO---@ _--@, 
/ Sige \ 5 
/ oe eo. 
‘e NS 
e 
24 484950 52 5354 56 58 60 62 64 66 68 70 72 
Ma Md Md MM Ma 


Time (hours) 


Figure 53-14. Average serum erythromycin concentration-time profiles from drug administered in two different tablet dosage forms. The 
results were obtained from 24 healthy adult subjects, following administration of 250 mg, four times a day, with meals and at bedtime. 


coating does not impart the degree of acid stability that the 
enteric coating does when the tablets are administered imme- 
diately after food in a typical clinical situation. 

Different Assay Methodology—Depending on the drug under 
study, there may be more than one assay method available. For 
example, some steroids can be assayed by a radioimmunoassay, 
competitive protein-binding, gas-liquid chromatography, or in- 
directly by a 17-hydroxycorticosteroid assay. 

Figures 53-15 and 53-16 show the results of a compari- 
son of prednisone tablets using a competitive protein-binding 
method and a radioimmunoassay, respectively. The serum 
concentration-time curves resulting from each method lead to 
the same conclusion, that the products are bioequivalent. How- 
ever, Figure 53-17 shows a comparison of the absolute values 
obtained by the two assay methods with the same product. 

Obviously, the wrong conclusion would have been reached if 
one product had been assayed by one method and the other 
product by the other method and the results had been com- 
pared. Even in cases in which only one assay method is em- 
ployed, there are numerous modifications with respect to tech- 
nique among laboratories that could make direct comparisons 
difficult. 
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Figure 53-15. Average plasma prednisolone levels following 60 mg 
of prednisone administered to 24 normal adults as a single oral 
dose of 12 5-mg prednisone tablets from two different manufac- 
turers. Plasma levels were determined by a competitive protein- 
binding assay. 


The backbone of any bioavailability study involving plasma 
(or urine) levels of drug, in addition to good study design and 
subject controls, is the analytical methodology used to deter- 
mine the levels of a drug. In most cases, one probably can 
assume that the precision and reliability of the method em- 
ployed in a given study have been established to a sufficient 
degree to make the results of the study internally consistent. 
As demonstrated, major problems arise when, without careful 
evaluation of the analytical methodology employed, one at- 
tempts to compare the data of studies from different laborato- 
ries. Even with similar analytical methodology performed by 
the same laboratory, it would be unreasonable to expect agree- 
ment, using the same dosage form, closer than 20 to 25% for 
plasma levels from one study to the next. 

Under the best conditions, cross-study comparisons are rel- 
atively insensitive, and at worst they can be misleading. Cross- 
study comparisons certainly cannot be used to make decisions 
or estimate differences in drug products with the generally 
acceptable sensitivity of difference detection of 20% or less. 

With insufficient data on the correlation of plasma levels 
with clinical response, it is difficult to decide if it is the peak 
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Figure 53-16. Average plasma prednisolone levels following 60 mg 
of prednisone administered to 24 normal adults as a single oral 
dose of 125-mg prednisone tablets from two different manufac- 
turers. Plasma levels were determined by a radioimmunoassay 
procedure. 
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Figure 53-17. Average plasma prednisolone profiles from drug ad- 
ministered as a single 60-mg dose to 24 normal adults. Plasma levels 
were determined by both a competitive protein-binding assay and 
a radioimmunoassay. 


plasma level or the total body load of a drug that is important. 
Changes in the rate of absorption require changes in the dose 
given (body load) for maintenance of similar peak plasma lev- 


els. Decisions as to which is more important, body load or peak 
level, are made with difficulty and tend to reduce the objective 
quantitation sought in bioavailability testing. 
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As defined by the American Society for Testing and Materials 
(ASTM), 


a plastic is a material that contains as an essential ingredient one or 
more polymeric organic substances of large molecular weight, is 
solid in its finished state and at some stage in its manufacture or 
processing into finished articles can be shaped by flow. 


The large-molecular-weight organic substance is called a poly- 
mer. The use of plastics in the health-care industry has grown 
at a very rapid rate since the 1960s. This phenomenal growth 
is due primarily to the wide flexibility in choice of properties 
offered by plastics. However, because of the wide range of 
properties of plastics, judicious selection must be made for the 
intended application. 

Prior to the recognition of the potential use of plastics in 
health-care practice, glass was the predominate material used 
in the primary packaging of pharmaceutical products. Glass 
has a definite advantage in being a relatively unreactive and 
inert substance (although leachable aluminum and glass par- 
ticles or delamination have posed problems on occasion). As 
such, it can be used in contact with many critical products, 
either dry or liquid. It provides excellent protection against 
water vapor and gas permeation, and it can withstand steam 
sterilization (autoclaving) without incurring physical distor- 
tion. Two definite disadvantages of glass in the field of pack- 
aging, however, are its fragility and weight. Because of these 
negative aspects, coupled with the many positive attributes of 
plastics, significant inroads for the use of plastic in pharma- 
ceutical packaging have been made. Today, for example, plas- 
tics are being used in the following primary packaging areas, 
where in the 1960s only glass could be considered: syringes, 
bottles, vials, and ampules. 

There are many other significant medical uses that, without 
the use of plastics, would never have been feasible technically. 
A few examples include indwelling catheters, prosthetic de- 
vices, tracheotomy tubes, and flexible containers for intrave- 
nous, irrigation, and inhalation solutions, as well as for the 
collection of blood. An additional use for plastics is in secondary 
container packaging; ie, packaging that is not in direct contact 
with the product itself. This particular use normally involves 
plastic films of various types and thicknesses used for tamper- 
proof overwrapping, whereas the previously mentioned devices 
normally are fabricated by molding or extrusion of the finished 
part. 

Selection of the appropriate materials for a packaging ap- 
plication should be performed with an understanding of the 
intended overall design of the package. The requirements 
should be specified with regard to customer usage, regulatory 
approval, marketing presentation, manufacturability, sterility, 
and, very importantly, protection of the pharmaceutical prod- 
uct or device during transportation, storage, and use. These 
functional requirements then must be analyzed in terms of the 
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stress requirements they impose on the material, permitting 
translation of those requirements into material properties. A 
target material profile is developed by assigning required val- 
ues of design and performance properties that predict or cor- 
relate with the container functions. Likely candidate materials 
are determined by comparing their properties with the prop- 
erty profile derived from the functional requirements. A proto- 
type is built and tested via functionally oriented tests such as 
maintenance of product stability, simulated usage and storage 
tests, and customer focus groups. Material properties affecting 
functional performance are described below. 


MATERIAL PROPERTIES 


Mechanical Properties 


Important mechanical properties in plastic packaging materi- 
als are 


Tensile strength is the maximum force needed to pull apart a specimen 
of material, divided by its cross-sectional area. Elongation is the 
percentage change over original length at breaking point and mea- 
sures a film’s ability to stretch. 

Impact strength is a measure of the ability to withstand shock-loading, 
in which a specimen receives a blow from a swinging pendulum, for 
example. Fracture will occur if the impact force exceeds the limit of 
elasticity of the material. Glass, for example, has a much lower 
impact strength than many plastics, although it has appreciable 
tensile strength. 

Tear strength is measured both as the force necessary to initiate a tear 
and force to propagate a tear. Propagation of tear is undesirable in 
shipping sacks but desirable in tear tapes. Orientation of the mate- 
rial can affect results, because the polymer chains can be aligned 
along a particular direction during manufacturing, thus conferring 
greater strength in that direction. 

Stiffness is the resistance of bending where deflection against a load can 
be measured. 

Flex resistance to the development of pinholing and fracture, when 
subjected to repeated flexing or creasing, is important in shipping 
applications. Unsupported aluminum foil, unless it is heavy gauge, 
is prone to this failure mode. 

Coefficient of friction or slip relates to the ease with which one material 
will slide over another. Passage of films through packaging machin- 
ery requires high slip to prevent binding and is important in form, 
fill-seal operations. 

Blocking is the tendency of two adjacent layers of film to stick together. 
This can create difficulties during manufacturing. 

Fatigue resistance, or the ability to withstand the imposition of repeti- 
tive short-time stress or deformation without cracking, is relevant in 
applications involving continual cyclical loading, such as toggle 
mechanisms, gear teeth of a pump, or peristaltic compression of IV 
tubing. 
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Creep failure occurs when a plastic is subjected to a constant static load; 
it deforms quickly and elastically (reversibly) to a predicted strain 
value and then continues to deform at a slower rate indefinitely. 
Rupture may eventually occur. Creep is both temperature and time 
dependent. The design life of the package thus plays a role, because 
both strength and stiffness may be time related. The loss of torque 
of a static bottle-closure system over time or deformation of plastic 
IV tubing under constant compression are examples. 


Other properties of plastics may affect their usage in a partic- 
ular application. For example, low-temperature mechanical be- 
havior is important if a plastic is exposed to freezing temper- 
atures during its use, since the impact strength of certain 
plastics decreases in the frozen state. The density of plastics, 
which varies between 0.8 and 1.8 g/em® is an important prop- 
erty, since lower-density materials will produce more moldings 
per unit weight. Additionally, the melting point, which may 
extend over a range of temperatures, is important for deter- 
mining processing temperatures, heat sterilizability, ability to 
hot-fire a product, and heat-sealing characteristics. 


Optical Properties 


Important optical properties in plastic packaging materials are 


Light transmission is the ratio of the intensity of a light source mea- 
sured with the film interposed to the intensity without the film. It 
gives no indication of image distortion or blurring. 

Clarity indicates the degree of distortion of an object seen through the 
film. 

Haze is a measure of milkiness caused by light scattering by surface 
imperfections or film inhomogeneities such as crystallites, voids, 
cross-linked materials, and undissolved additives. Haze obscures 
visibility for product inspection. 

Gloss measures specular reflection, or the reflectance of light as a 
mirror reflects. This parameter indicates the ability to produce a 
sharp image of any light source, giving rise to a pleasing sparkle of 
the film. 


Electrical Properties 


Electrical properties can be important, as for the dissipation of 
static charge in the operating room. This was previously of 
greater concern when ether was used more widely as an anes- 
thetic and poured from a bottle, resulting in a potential fire 
hazard. More importantly, static electricity is a hazard to elec- 
tronic equipment and devices. In addition, dirt and dust are 
attracted by static to the surface and increase the chance of 
contamination. 


PHYSICOCHEMICAL PROPERTIES 


Mass Transfer 


Many pharmaceutical preparations must be protected ade- 
quately from oxygen, water vapor, carbon dioxide, and many 
other permeants. An effervescent tablet requires a barrier to 
moisture, for example, whereas an oil-based product must be 
protected from oxygen-induced oxidation. Unlike glass, plastics 
are permeable. Barrier properties indicate permeability to wa- 
ter vapor, oxygen, carbon dioxide, etc. In addition, components 
of the product can permeate through the package. Examples 
include the parabens, flavorants, water vapor, and oils. 
Permeation through a plastic barrier depends on the com- 
position of the plastic, permeation area, thickness of the bar- 
rier, partial pressure differential of the permeant across the 
barrier, and time. Fick’s law of diffusion describes these phe- 
nomena mathematically. Permeation through a plastic also can 


Table 54-1. Permeability Rates of Selective Plastic 
Packaging Materials? 


g/100 in?/ 
24 hr/mil 
@ 37.8° ¢c/100 in*/mil/24 hr/atm @ 25° 
WATER CARBON 
PLASTIC VAPOR OXYGEN DIOXIDE 
Nylon 
Type 6 16-22 2.6 10-12 
Type 12 4 34-92 153-336 
Polyethylene terephthalate 1.0-1.3 3.0-6.0 15-25 
Polyethylene 
Low density 1.0-1.5 500 2700 
Medium density 0.7 250-535 1000-2500 
High density 0.3 185 580 
Polypropylene 0.7 150-240 500-800 
Polystyrene 7-10 250-350 900 
Vinyl 
Nonplasticized 2-5 4-30 4-30 
Plasticized 15-40 600 20-500 
Vinyl chloride-acetate 
copolymer 
Nonplasticized 4 15-20 40-70 
Plasticized 5-8 20-150 70-800 
Polyvinylidene chloride 0.2-0.6 0.8-6.9 3.8-44 
Polycarbonate 11 300 1075 


be affected greatly by additives and the crystalline structure of 
the plastic. Specific additives, primarily plasticizers, can in- 
crease the permeation rate greatly. Highly crystalline plastics 
such as polypropylene generally exhibit low water-permeation 
rates. An increase in the size (eg, diameter, molar volume) of a 
penetrant in a series of chemically similar penetrants generally 
leads to an increase in solubility and a decrease in diffusion 
coefficient. Since the permeability coefficient is the product of 
these, its variation with penetrant size is often much less.’ 

As a guide, the approximate relative permeation rates for 
water vapor, oxygen, and carbon dioxide through the more 
commonly used plastics in packaging are given in Table 54-1.” 
More extensive compilations of permeation rates for a variety 
of migrating molecules can be found in the Polymer Handbook.® 
The total ingress of gas into a package can be divided into 
contributions from the separate components, for example, per- 
meation through the lid, bottle, and outer protective overpouch 
and gross leakage through microscopic cracks and pinholes. 
This analysis can be performed kinetically to verify container 
integrity or to resolve manufacturing problems.* 


Chemical Attack 


Resistance to acids, alkalies, fats, solvents, water, and light are 
important if compatibility with these materials is required. 
Some plastics are incompatible with plasticizers used with 
PVC polymers, lipid emulsions, detergents, or antiseptic solu- 
tions. Iodine-containing liquids permanently stain many poly- 
olefin compounds after a brief exposure. Absorption of the 
migrating chemical forces the polymer chains apart, swells the 
plastic, and causes stress cracking. This can occur, as well, 
from solvents used to solvent-bond plastic components. 

Rubber exposed to ozone, as from electrostatic dust precip- 
itators, will lose elasticity and become brittle. In this case, 
chemical reaction of the ozone with the polymer backbone is 
responsible. Another failure mode involves simply the leaching 
of components, such as silicone lubricant from rubber syringe 
plungers, into the contained solution. This increases the par- 
ticulate burden and can form a visual haze. In some instances 
pigmentation used in the plastic is attacked chemically and 
leached by the product. 


In the case of plastics used in direct contact with a prod- 
uct—in either dry or liquid form—the length of time that the 
medication and the container are in contact may determine if 
problems such as discoloration, leaching, and absorption or 
adsorption of a constituent of the product may arise. It is 
possible that both the product and the package containing it 
could change significantly from the time of manufacture. Lack 
of visual indication of a reaction at the onset of a stability study 
does not imply that the reaction(s) was not occurring during the 
early stages of storage. 

In certain instances, a specific set of storage parameters 
must exist before a reaction is initiated. For many drugs, gen- 
erally the higher the temperature and humidity in the storage 
area, the more rapid the chemical attack. For many IV solu- 
tions in flexible plastic containers, however, shelf life is limited 
by water-vapor loss, which is diminished in the presence of 
high humidity. Other factors that may affect the plastic pack- 
aging and product are pH, surface treatment of the plastic, 
container configuration, type of polymer used, method of pack- 
age preparation, light transmission, and means of assembly or 
sterilization.° 

Theory and experiment have been developed sufficiently to 
permit prediction of the maximal accumulation of leachables in 
solution without waiting for the results of shelf-life stability 
studies. This expedites product development and addresses 
material/solution compatibility concerns. Accumulation of a 
leachable material from a container into solution can be limited 
by any of four physical factors®: 


1. The initial amount of leachable material present in the container 
material (total available pool, TAP). 

2. The solubility limit of the leachable material in the solution phase. 

3. The equilibrium partitioning of the leachable component between 
the container and the solution. 

4. The rate of migration of the leachable component from the con- 
tainer into solution. 


The TAP, solubility limit, and equilibrium partitioning can be 
evaluated for each identified leachable substance. These char- 
acteristics then can be used to identify the process that would 
limit the accumulation of leachable chemicals. The lowest 
value found determines the limiting accumulation and identi- 
fies the limiting mechanism. The solubility limit, equilibrium 
partitioning, and rate of migration may restrict actual solution 
accumulation below the total available pool estimate. Kinetic 
control produces the minimum accumulation estimate, since no 
matter how fast the rate of migration, a leachable component 
cannot accumulate in excess of what is thermodynamically 
available. As an example, the equilibrium solution accumula- 
tion of a leachable material, C,, is given by 


C, = (TAP X W.)/((W.. x E,) + Vi) 


where TAP is the pg leachable/g of film, W. is the weight of the 
container (in grams), V, is the solution volume (in liters), and 
E, is the equilibrium partitioning constant, the ratio of the 
concentration of solute in the film to that in water at equilib- 
rium. This can be calculated from the more familiar, and ref- 
erenced, solvent-solvent partition coefficients. This methodol- 
ogy also can be used to predict the extent of the reverse process, 
that of adsorption of solution components (drugs or antimicro- 
bial agents) into the plastic.’ 

The concept of solid/liquid partition coefficients is discussed 
in Chapter 33, Chromatography. Similarly, liquid/liquid parti- 
tion coefficients are discussed in Chapter 36, Separation. Ad- 
ditional consideration of failure modes for pharmaceutical 
applications may be found in Chapter 52, Stability of Pharma- 
ceutical Products. 


Safety Testing 


Numerous testing procedures must be followed to ensure the 
safety of use of any plastic. Among these are biological, chem- 
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ical, physical, and pharmacological assessments. A greater de- 
gree of safety testing is warranted as the extent of contact of 
the material with the body increases. Thus, an IV solution 
container is studied in greater depth than is secondary pack- 
aging. Medical devices that are left intact in the human body 
for prolonged periods of time (vascular grafts, cartilage replace- 
ments, pacemakers, or prosthetics) are studied most exten- 
sively. Their reactivity and degree of safety and toxicity must 
be determined. In all cases, it is imperative that the plastic and 
its processing procedure provide a nonreactive and nontoxic 
end product. 

The official compendia provide procedures for performing 
certain biological and physicochemical tests on plastic contain- 
ers; for details, see the USP. The principles of these tests are 
described in the following sections. 


Biologic Testing Procedures—The official USP biological proce- 
dures are designed to determine the suitability of plastic materials 
intended for use in fabricating containers or accessories for both par- 
enteral and ophthalmic preparations. The procedures for the former 
determine the reaction of living animal tissues and normal animals to 
implanted portions of the plastic or injected extracts prepared from it. 
Depending on the use of the plastic, other biological tests may be 
performed, such as pyrogenicity, blood compatibility, antigenicity, suit- 
ability for use in cardiovascular devices, embryological reaction, and 
tissue-toxicity testing. 

Physiochemical Testing Procedures—Many chemical and phys- 
ical tests are applied to plastics, the particular ones used depending on 
the intended applications of the substances. The physicochemical pro- 
cedures used by the USP are designed to determine the physical and 
chemical properties of plastics used as containers, based on tests with 
extracts prepared by heating samples with Water for Injection at 70° for 
24 hr. Portions of the extract are used to determine Nonyolatile Resi- 
due, Residue on Ignition, Heavy Metals, and Buffering Capacity or 
Reaction, official limits for each of which are specified. Also described is 
a procedure for determining the light transmission of plastics, with 
limits for maximum transmission. Additionally, the Food and Drug 
Administration (FDA) is preparing a guidance document describing the 
documentation and testing required for container closure systems, 
which was unavailable at the time of publishing this edition. 


The actual product/package should be evaluated under simu- 
lated use conditions, including shipping and storage, to ensure 
product integrity throughout its shelf life. Potential incompat- 
ibilities between the primary plastic container and secondary 
packaging should be addressed to anticipate adulteration of the 
product. Prolonged exposure to ultraviolet light has been 
shown to enhance the migration of certain additives that in 
turn can accelerate the aging characteristics of the plastic and 
decrease the shelf life of the product. In some instances, incom- 
patibilities that might occur readily can be detected visually; in 
others, sophisticated extraction techniques must be followed to 
ascertain the effects storage conditions may have had. For this 
reason, well-planned stability studies need to be established. 

Desirable features used for health-care packaging are trans- 
parency, thermal stability, physical strength, formability, seal- 
ability, biological barrier, radiation resistance, and disposabil- 
ity. Usually one cannot find all the desired properties in a 
single material, but two or more plastics can be combined into 
a composite packaging material. 


Failure Mode Analysis 


After development and subsequent distribution of plastic- 
packaged items, functional problems may occur occasionally. 
Resolution of these problems requires analysis of the causative- 
failure mode. This involves problem isolation, segregating the 
problem material to a particular batch, for example, to identify 
potential causative factors. The failed parts are subjected to 
mechanical, microscopic, and chemical analysis for further de- 
termination of how they differ from acceptable parts. The an- 
alytical techniques chosen are dictated by the observed mode of 
failure. 
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Physical tests, such as mechanical, electrical, and optical 
determinations, can be performed quickly, and control values 
exist in the form of manufacturers’ specifications, which are 
readily available. As the problem becomes more precisely fo- 
cused, more specific and often elaborate testing is performed to 
isolate the cause further. For example, reduced stiffness of a 
part may be attributable to lowered molecular weight. of the 
plastic. Microscopic analysis is rapid, and a skilled analyst 
often can identify the problem as a pinhole, improper seal, 
delamination of a composite material, or foreign material act- 
ing as a stress fracture initiator. 

Chemical analysis of impurities that may cause bloom or 
prevent seal formation is often time consuming because of the 
tiny amounts present, the large variety of potential compounds, 
and a lack of control information from the supplier. The ex- 
pense and variety of chemical instrumentation available re- 
quires judicious selection of the approach to be used. 


CLASSIFICATION 

Sa TT EO TRAIT 
There are over 100 different polymer types available for use 
that can be classified further into two subcategories. These are 
identified as thermoplastics and thermosets (thermosetting 
plastics). Thermoplastics consist of those plastics that normally 
are rigid at operating temperatures but can be remelted and 
reprocessed. Thermosets consist of those plastics that, when 
subjected to heat, normally will become infusible or insoluble, 
and as such cannot be remelted. 


ADDITIVES 


Thermoplastics can be modified greatly and have their proper- 
ties enhanced by the addition of specific additives. As chemicals 
may act synergistically, any two safe additives may have the 
potential to produce undesirable effects when combined. For 
these reasons, the FDA requires that these blends or combina- 
tions be evaluated totally, prior to marketing in product form. 
Chemical, pharmacological, and biological tests should be con- 
ducted to establish safety. Problems involving additives include 
migration to the surface of molded parts and leaching into 
aqueous solutions. Additives used routinely in thermoplastic 
formulations are discussed below. 


Lubricants are used to assist processing of the plastic during the mold- 
ing or extrusion operation. A commonly used lubricant in the case of 
polyethylene is zinc stearate. The quantities employed vary from 
formulation to formulation. 

Stabilizers are used to retard or prevent degradation of the polymer by 
heat and light during manufacturing as well as to improve its aging 
characteristics. Common stabilizer families include organometallic 
compounds, fatty acid salts, and inorganic oxides. 

Plasticizers are used to achieve softness and flexibility. They are used 
commonly in plastic materials such as vinyls, cellulosics, and pro- 
pionates. 

Antioxidants are a special type of stabilizer used primarily to assist in 
retarding oxidation. Combinations of antioxidants with other addi- 
tives may result in undesirable chemical reactions. Recent technol- 
ogy permits introduction of a desiccant directly into plastic packag- 
ing for protection of moisture-sensitive products. The process 
involves entraining a desiccant in the polymer stream for molding 
into a container wall. It is intended for medical diagnostic and 
test-strip kits, effervescent drugs, and nutritional products. Some 
work also has been done with adding the antioxidant vitamin E to 
plastic packaging,’ permitting food to taste fresh for longer times. 

Antistatic agents are used to prevent the buildup of static charges on 
the plastic surface. 

Slip agents are added primarily to polyolefins (polyethylene and 
polypropylene) to reduce the coefficient of friction of the material. 
These particular chemicals result in antitack and antiblock charac- 
teristics in the end product. 

Dyes and pigments are added to impart color. 


PROCESSING 
SS ES HES EO PIES 
Besides the addition of additives, the manner in which a plastic 
is formed into the desired configuration can affect the end 
properties. It is important that process parameters, such as 
temperature, pressure, and time, be controlled rigidly to ensure 
batch-to-batch uniformity for plastic objects. If process param- 
eters are not controlled adequately, such deleterious effects on 
plastic properties as thermal degradation, piece-part stresses, 
and incorrect physical dimensions may result. Process thermal 
degradation of a plastic can affect the leaching characteristics 
of the plastic object, its permeation characteristics, and its 
long-term stability during the shelf life of the pharmaceutical 
product. Piece-part stresses may be relieved when the pharma- 
ceutical package is subjected to certain environmental condi- 
tions, resulting in package failure during the shelf life of the 
product. Small stress fractures in the flange of thermoformed 
trays, introduced during the thermoforming process, for exam- 
ple, may compromise sterility. 

The more common plastic-processing methods employed for 
pharmaceutical packaging components follow. 


Injection Molding 


Injection molding is an intermittent process, the plastic being 
heated to a melted or viscous state and then forced into a cavity 
(mold) at high pressure. The melted material cools in the cavity 
and solidifies. The mold is then opened and the part removed. 
A wide range of thermoplastic and several thermosetting ma- 
terials can be injection molded. Besides threads on bottle caps, 
very intricate configurations can be obtained by injection mold- 
ing of plastics. 


Extrusion 


Extrusion is a continuous process, the plastic being heated to a 
melted or viscous state and forced under pressure through a 
die, resulting in a configuration of desired shape. The extruded 
profile is cooled to a solid state, generally by spraying with 
water, by immersion in water, or by using chilled rolls for film 
material. A wide range of thermoplastic materials can be ex- 
truded. Typical extruded profiles used by the pharmaceutical 
industry are packaging films and medical tubing. Plastic pack- 
aging film also is formed by blow extrusion, an extruded tube 
being blown into a large cylinder and then slit after cooling. 
Besides simply imparting a new shape to the molten plastic, 
the manufacturing process can preferentially orient the molec- 
ular chains in a given direction, by stretching the plastic. This 
in turn affects physical properties such as clarity and impact 
strength, as the chains are oriented along the load-bearing 
direction. Crystallites can be formed and oriented to yield in- 
creases in strength, albeit at reduction in elongation at break. 
Barrier properties are improved for polypropylene. Biaxially 
oriented film has balanced properties if the same extent of 
stretching is used in each direction. In cast film, orientation in 
the machine direction is achieved by feeding the film through a 
series of rolls running at gradually increasing speeds. Rolls are 
heated sufficiently to bring the film to suitable temperature 
below the meiting point. Transverse orientation is obtained by 
use of a tenter frame, which has two divergent endless belts 
fitted with clips. These grip the film, so that as it travels 
forward, it is drawn transversely at the required draw ratio. 
Uniaxial orientation is used for high-performance tape. 


Blow Moiding 


The plastic is heated to a melted or viscous state and formed 
into a hollow cylinder (parison). The parison generally is ex- 


truded but may be injection molded. If extruded, the parison is 
cut to the required length and transferred to the blowing cavity 
(mold). The bottom of the parison is pinched off by the mold, 
and air is blown into the parison, expanding the viscous plastic 
to the walls of the cavity, thus forming the desired container 
shape. The melted material cools in the cavity and solidifies. 
The mold is opened, and the container removed. Pharmaceuti- 
cal bottles are blow molded from a wide range of thermoplastic 
materials, among which polyethylene and _ polypropylene 
predominate. 


Solvent Casting 


A liquid suspension of rubber is deposited on an endless belt, 
and the solvent is vaporized. The belt carries the rubber ma- 
terial through a heat cabinet to cure it, whereupon the film is 
stripped off the belt, cooled, and wound onto reels. 


Compression Molding 


Compression molding is used for thermosetting materials and 
is an intermittent process. The thermosetting material (powder 
or a tablet preform) is placed into a heated cavity (mold). The 
material melts and flows to fill the cavity. The mold is held 
under pressure until the thermosetting material cures, after 
which the mold is opened and the part removed. As with injec- 
tion molding, very intricate configurations can be obtained by 
compression molding of thermosetting materials. 


TYPES AND USES 


The following types of plastics are used commonly in health- 
care practice; several of their properties and end uses are 
indicated. 


Thermoplastics 


The following are used commonly in injection molding, blow 
molding, extrusion, and fabricated sheeting. 


Acrylics—This class includes the polymethacrylates, polyacry- 
lates, and copolymers of acrylonitrile. There are many varia- 
tions in this class, mainly concerned with the combinations of 
methacrylate and acrylate esters, as well as acrylonitrile. These 
plastics are characterized by clarity and unusual optical prop- 
erties, low water absorption, good electrical resistivity, excel- 
lent weatherability, and fair tensile strength. Their heat resis- 
tance is low, and care should be taken to keep them below 
temperatures of 200°F, at which they tend to soften. Acrylics 
find considerable use in a multiplicity of devices employed 
in today’s hospitals and clinics. A specific application is in 
the adapters used in solution-administration sets and blood- 
collection sets. 

Cellulosics—To be used as a thermoplastic without charring, 
cellulose must be modified. The range of modification available 
permits a wide variety of physical characteristics, including 
toughness, surface gloss, good clarity, good scuff resistance, and 
high gas permeability. To achieve these properties, the cellulo- 
sic alcohol groups are esterified with acetate, butyrate, and/or 
propionate. Butyrate and propionate are chosen over acetate for 
applications requiring low-temperature impact strength and 
dimensional stability. Extruded butyrate and propionate sheet- 
ing have good gage uniformity, surface quality, brilliance, and 
visual effects. Propionate is selected over butyrate and acetate 
when increases in hardness, tensile strength, and stiffness are 
important. Increased plasticizer level lowers hardness, stiff- 
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ness, and tensile strength but increases impact strength. Com- 
bined esters such as cellulose acetate propionate and cellulose 
acetate butyrate are especially popular for medical applications. 
This family of cellulosics is used in such articles as tubing and 
special trays for urological or spinal procedures, membranes in 
dialyzers and some filters, and IV buret housings. 
Nylons—Nylon is the generic designation for a class of poly- 
amides containing repeating amide groups (—CONH—) con- 
nected to methylene units (—CH.,—) in the structure of the 
polymer. They are characterized by good chemical resistance to 
most solvents and chemicals, with the exception of strong solu- 
tions of certain mineral acids, phenolic compounds, and strong 
oxidizers. Nylons can be used in the fabrication of precision 
parts and adapters for devices and equipment. Aerosol valves, 
for example, have a low wear requirement that is satisfied by 
nylon’s low friction-bearing surfaces. Nylon also is used in the 
manufacture of packaging films and laminates, providing clar- 
ity and imparting excellent resistance to puncture and abrasion; 
but, because sterilization survival is not good (it wrinkles dur- 
ing autoclaving and degrades upon irradiation), its success in 
form/fill/seal food-packaging applications has not made an im- 
pact on health-care packaging. 

Polyethylene Terephthalate (PET)—PET is prepared 
from ethylene glycol and either terephthalic acid or the di- 
methyl ester of terephthalic acid. Its chemical structure is 
p-HO(COC,H,COOCH.CH,0),,H. PET exists in an amorphous 
state, an oriented and partially crystalline state, and a highly 
crystalline state. Most applications require orientation and/or 
crystallization to take advantage of the dramatically increased 
strength and improved serviceability at high temperatures that 
result. PET polymers offer many advantages to the container 
and packaging field. Among those are its high strength, excel- 
lent clarity, low transmission rate to gas and water vapor, and 
sterilizability by all major modes. PET bottles are used for a 
wide variety of foods and beverages, as well as pharmaceutical 
containers. Use of PET and PETG for liquid oral dosage form 
containers is described in detail in the USP.'° Heavier gauge, 
semirigid, unoriented polyester is used in the manufacture of 
blister packs. 

Polyethylene—The properties of polyethylene vary according 
to molecular weight and type: low-density or branched and 
high-density or linear. The linear type is more crystalline, more 
heat resistant, and stiffer than the low-density or conventional 
type. Both have low water absorption, excellent electrical resis- 
tance, and high resistance to most solvents and chemicals and 
are tasteless and odorless. It thus is well suited to many appli- 
cations in which only moderate-to-low heat exposure will be 
encountered. Because of its excellent properties, polyethylene 
has found widespread application in the pharmaceutical indus- 
try and in hospitals. Its use ranges from containers for liquid 
or dry products to both laminated and unsupported films for 
sterile-device packaging and to molded parts for a variety of 
devices and equipment. Unsupported polyethylene is used for 
shrink wrapping, stretch wrapping, skin packaging, and bags. 

The properties of polyethylene vary according to molecular 
weight and type: low density (LDPE) or branched, and high 
density (HDPE) or linear. The length and number of side-chain 
branches determine the degree of crystallinity and density of 
this amorphous, crystalline polymer. The linear type is more 
crystalline, more heat resistant, and stiffer than the low-density 
or conventional type. As crystallinity and density increase, 
opacity, stiffness, tensile strength, surface hardness, and chem- 
ical resistance increase. Silicone oil and surfactants, however, 
can act as stress-crack agents, leading to crack formation in 
stressed areas, as the permeants spread apart the polymeric 
chains. 

With more tightly packed molecules HDPE has better 
moisture-barrier properties with less elongation (better tensile 
strength) than LDPE. It is used widely, when rigidity and 
barrier properties are preferred, for bottles of solid dosage form 
products. However, LDPE is used when flexibility is required, 
for squeeze bottles of sprays and drops, as well as drum liners 
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for bulk solid drugs. Blown films of LDPE have very low haze 
and high gloss, whereas HDPE films have higher haze, because 
of crystal-induced light scattering, and are semiglossy. The less 
crystalline LDPE has a lower melting point with broader melt- 
ing range than does HDPE and, therefore, is easier to heat seal. 
The low melting point, however, negates steam sterilization for 
LDPE, unlike HDPE. 

Polyethylene is used as primary packing film, but its use as a 

sealant, through the application of heat and pressure, is more 
important. To increase its sealing and adhesion to more polar 
materials, polyethylene often is modified by comonomers, such 
as 3 to 5% ethylene-vinyl acetate, acrylic acid, methacrylic, and 
methyl acrylate. 
Ethylene-Vinyl Acetate (EVA)—Addition of vinyl acetate 
comonomer to ethylene reduces polymer crystallinity, improv- 
ing clarity, low-temperature flexibility and toughness, impact 
strength, and stress-crack and flex-crack resistance and reduc- 
ing hardness. Melting and heat-seal temperatures are lowered, 
as are the barrier properties. Increased vinyl acetate concentra- 
tion also increases polarity, resulting in increased tackiness and 
adhesion to a variety of substrates. The copolymer also can be 
cross-linked (chemical bonds form between the polymer chains) 
by either radiation.or addition of organic peroxides. This in- 
creases the melting temperature, permitting autoclaving as a 
sterilization option. Adding vinyl acetate softens the material, 
resulting in a smoother surface. The copolymer EVA is used in 
tip protectors, where flex resistance is required, and for low- 
temperature IV bags. 

The two main characteristics controlled in the copolymeriza- 

tion of vinyl acetate and ethylene are crystallinity and molecu- 
lar weight. Molecular weight is controlled by the addition of 
radical chain-transfer agents. As the molecular weight of EVA 
increases, so does the melt viscosity, heat-seal strength, tough- 
ness, flexibility, stress-crack resistance, and hot-tack strength. 
One of the leachables is acetic acid, resulting from the hydroly- 
sis of the acetate esters. 
Polypropylene—Propylene is lighter than polyethylene, yet it 
is much stiffer and more heat resistant, with the same chemical 
and electrical resistance properties. This material is available 
as the highly crystalline, isotactic polypropylene and the higher- 
impact grades of atactic and syndiotactic types. Isotactic refers 
to a plastic with the organic groups (R) on the same side of the 
polymer chain. Syndiotactic refers to the alternation of organic 
groups above and below the polymer chain, and atactic signifies 
no regular sequences of the groups. 

Polypropylenes can be used in almost every application em- 
ployed for polyethylene. Devices made of this material can be 
sterilized with steam and ethylene oxide but not radiation, 
unless modified polypropylenes are used. Polypropylenes can be 
modified with polyethylene or rubber to improve their impact 
resistance. Higher levels of ethylene lower stiffness and im- 
prove clarity. Biaxial orientation also will improve its clarity. It 
is, however, the nonoriented cast copolymer that is most used 
for health-care packaging. Polypropylene is used widely for solid 
dosage products. Injection-molded bottles, for example, can be 
made either with separate lids or with integrally molded lids, 
which exhibit high flexural strength. 

The low density of polypropylene offers an economic advan- 
tage, as more molds can be made from a given weight of the 
material. Nucleating agents may be added to speed the rate of 
crystallization, thus shortening the molding cycle, resulting in 
more economical manufacturing processes and cheaper prod- 
ucts. Because polypropylene is largely chemically resistant, it 
cannot be solvent bonded. It can, nevertheless, be heat bonded. 
Bonding by use of adhesives requires surface pretreatment us- 
ing corona, plasma or flame, or chemical etching. It can be made 
heat sealable by applying a coating of polyvinylidene chloride or 
ethylene-polypropylene copolymer. 

Tyvek (Du Pont)—is a nonwoven, spun-bonded polyethylene 
that appears white, smooth, and water repellent and offers high 
tear strength as well as good porosity for sterilization. It is the 
preferred material for lidding of trays. However, it is expensive 


and has poor print quality, and its web varies in thickness and 
density. It can be used “for autoclaving up to 137°. Prior to 
thermal disintegration, it will become translucent, indicating 
that its properties have been compromised. A new, nonwoven 
polypropylene, Securon, withstands steam sterilization over 
153°ae 

Polystyrene (PS)—This polymer is one of the oldest and most 
widely used plastics. In pharmaceutics and therapeutics it has 
enjoyed wide use for fabrication of containers and syringes. 

PS has relatively low heat resistance and is attacked by a 
number of chemical agents, such as phthalate plasticizers in 
vinyl polymers, resulting in crazing (microcracks). It is avail- 
able in a clear crystal grade and an increasingly popular rubber- 
modified impact-resistant grade, in which polystyrene is copoly- 
merized with acrylonitrile and butadiene. The crystal versions 
craze during most ethylene oxide cycles, but impact grades 
withstand both gas and radiation sterilization. Polystyrene can- 
not, however, be autoclaved. While this polymer is inexpensive, 
the lack of impact strength in the conventional grade and poor 
optical properties in impact-modified grades limit its use in 
more demanding applications. 

Vinyl Plastics—The term vinyl comes from the group 
(CH,—CH—), which has many derivatives, such as vinyl chlo- 
ride (CH,=—CHC)l), vinyl acetate (CH,—COCOCH:S), and vinyli- 
dene chloride (CH,—CCl,, Saran). With this group of vinyl 
compounds, many polymers are made either as homopolymers 
of themselves or as copolymers with other vinyl derivatives or 
other monomeric materials. For example, polyvinylidene chlo- 
ride resins are, for the most part, copolymers of vinylidene 
chloride with vinyl chloride, acrylonitrile, and acrylate esters. 

These are used primarily where high barrier properties to 
moisture, oxygen, and other chemicals are required. 

The versatile vinyl plastics are used to prepare materials 
ranging from soft, flexible sheeting to rigid, hard tubing. The 
great variety of PVC resins, with their wide range of physical 
properties, led to the development of many applications of this 
material in the fields of pharmacy and medicine. It is used in the 
manufacture of blood bags, examination gloves, IV solution 
containers, and pump tubing. An unplasticized form is used in 
the fabrication of rigid parts for devices. Because PVC has 
glass-like clarity and is inexpensive, it makes an appealing 
blister pack. It finds limited use in packaging devices because it 
turns brown when exposed to radiation sterilization and is too 
heat sensitive for steam sterilization, and degassing ethylene 
oxide is too lengthy. However, more than 25% of all plastic- 
based medical devices used in hospitals are made of PVC, be- 
cause of its weldability, cost, response to heat and pressure, and 
versatility.!” 

Flexible PVC has excellent impact and flex-crack resis- 
tance at room temperature. As the temperature is lowered, the 
material becomes stiffer, resulting in decreased flex-crack 
resistance and impact strength. The type and amount of plas- 
ticizer determines the temperature at which the failure mode 
changes from ductile to a brittle failure. For flexible medical 
applications such as IV bags and tubing, the plasticizer DEHP 
(di(2-ethylhexyl)phthalate) is used most often. Because it can 
leach into solution, the safety of DEHP has been studied exten- 
sively throughout the years, and no long-term exposure prob- 
lems have been identified.'* 

Cyclohexanone can be used to bond PVC to most materials. 
When bonded to DEHP-noncompatible materials, such as poly- 
carbonate and impact-grade polystyrene, a barrier adhesive 
must be used. 

Polycarbonates—These are formed by condensation of poly- 
phenols such as bisphenol-A with phosgene. The polymers are 
transparent thermoplastics (although opacifiers are added for 
some applications), with high strength and high temperature 
resistance. Because they are expensive, their use is limited 
to specialty applications where dimensional stability or high- 
impact resistance are valued, such as in rigid, transparent, 
blood oxygenator housings. The polycarbonates have hardness 
properties similar to those of metals and are being used to 


replace metals in numerous industrial applications. Their use is 
increasing, partly because of their ability to withstand radiation 
sterilization. 

Creep-resistance is good over a broad range of temperatures, 

and parts can be molded consistently to tolerances of 0.002 
inch/inch. They can be heat or solvent sealed, facilitating fabri- 
cation procedures, but this advantage also renders them sus- 
ceptible to phthalate crazing, when placed in contact with plas- 
ticized vinyls. 
Ionomer—lonomer is used as an inner ply in laminates, offer- 
ing good heat sealing (even when the seal area is contaminated 
by liquid or powder) over a wide temperature range. Heat seal- 
ing usually can proceed faster than by using alternate materi- 
als. lonomers are clear, semiflexible, tough materials with good 
abrasion resistance, all of which are features valued in sachet 
and pouch packs. 

Chemically, ionomers are the sodium or zinc salts of ethylene/ 
methacrylic acid polymers. The ionic cross-links occur randomly 
along the long-chain polymer molecules to produce solid-state 
properties usually associated with polymers of high molecular 
weight. Heating ionomers to normal thermoplastic-processing 
temperatures, however, diminishes these ionic forces, allowing 
the material to be melt processed in conventional molding and 
extrusion equipment. The long-chain, semicrystalline hydrocar- 
bon polymer imparts polyolefinic character, chemical inertness, 
thermal stability, and low water-vapor transmission. 


Fluoropolymer-Aclar Film (polymonochlorotrifluoroeth- 
ylene, PCTFE)—Fluoropolymer has extremely low transmis- 
sion of moisture, is transparent, and can be heat sealed, lami- 
nated, printed, thermoformed, metallized, and _ sterilized. 
Because it is the most expensive plastic used in the pharmaceu- 
tical industry, it is employed only where the most demanding 
barrier properties are required. Laminated Aclar/PVC sheet 
is used widely in thermoformed blister packs for moisture- 
sensitive solid dosage forms. 

Polyurethane Foams—Polyurethane foams are formed by 
polymerization in the presence of a foaming agent and have 
been used as a replacement for cotton wool in tablet containers. 


Thermosets 


The following are some of the commonly used compression- 
molded, thermosetting compounds. These plastics are used 
when good dimensional and temperature stability are required. 
Parts are fabricated by means of compression-molding tech- 
niques. The formaldehyde plastics are obtained by condensa- 
tion reactions between formaldehyde and substances such as 
melamine, phenol, and urea. 

As a family, the formaldehydes have been found to be of 
most use in the pharmaceutical industry as closures for glass 
and/or plastic containers. By virtue of high resistance to heat, 
they are used in specific applications where the molded part 
requires sterilization by steam. 


Melamine Formaldehyde—This family of plastics exhibits 
good-to-excellent dimensional stability. When used in the man- 
ufacture of closures, high torque strength and good impact 
strength are obtained. These plastics also exhibit good resis- 
tance to oils, grease, and many organic solvents. 

Phenol Formaldehyde—This type of plastic provides good 
scratch-resistant parts. It exhibits very low shrinkage and low 
water-absorption properties. It is, however, a relatively brittle 
plastic. 

Urea Formaldehyde—This plastic exhibits good dimensional 
stability as well as good strength properties. Articles produced 
from this material are highly rigid and provide good resistance 
to alcohols, oils, grease, and some of the weaker acids. These 
properties permit use for injection-molded heads for collapsible 
tubes, used to contain liquid-based topical products. 
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APPLICATIONS 
LAL A OD IEE NT EN IGE URTV TTI, 


Composite materials, incorporating several components or 
plies, are used often to obtain the numerous advantages of 
multiple materials, all of which are unavailable from just one 
component. A stable material forming the bulk of the film is 
selected, such as PET, which is very popular for flexible pack- 
aging, providing dimensional and thermal stability. To this can 
be added protective coatings, such as barrier materials afford- 
ing protection from oxygen, water vapor, and gasses. Also avail- 
able are sealant layers permitting the package to be heat 
sealed and bonding layers to accommodate printing inks and to 
bond the various layers together in multiple-ply extrusions or 
laminations. 


Health-Care Device Packaging—This is designed to protect 
medical devices during sterilization and shipping. The material 
porosity required for steam or ethylene oxide gas sterilization 
must be considered in conjunction with the need for maintain- 
ing a bacterial barrier following sterilization. Some candidate 
materials must be rejected because they cannot survive the 
sterilization mode. For example, PVC, unless specially stabi- 
lized, turns brown when subjected to radiation sterilization. 
Polypropylene becomes brittle only months following radiation 
exposure. 

A satisfactory vent bag consists of a porous Tyvek patch 
incorporated into a 3-mil or thicker LDPE bag. This permits 
rapid in- and out-gassing of ethylene oxide, minimizing expen- 
sive sterilization and hold-storage times. The thickness repre- 
sents a compromise between cost and performance, because 
thinner bags tend to tear, thus occasioning repacking and 
resterilizing. 

For products requiring better protection than that afforded by 
a flexible pouch, tray packages can be used. Thermoformed 
trays are the dominant form of sterile packaging, popular be- 
cause of strict infection-control standards. These may be either 
preformed or formed on-line. The latter uses thermoform/fill/ 
seal machinery that forms a container from a web of flexible 
material that is unwound from a reel. This is then filled with 
product and sealed on-line in one continuous operation. Inex- 
pensive PVC or the higher-barrier PETG copolyester often is 
considered for the blister tray, because of thermoforming capa- 
bility, appearance, toughness, and dimensional stability. De- 
nesting agents as additives are critical for thermoformed trays, 
which require materials characterized by high gloss and a high 
coefficient of friction. !4 

The blister tray subsequently is sealed to a Tyvek or paper lid. 
Either lidding material is a sterile barrier and permits steam to 
penetrate the package. Paper may yellow and embrittle, how- 
ever, during autoclaving. Furthermore, paper is hygroscopic 
and changes dimension in response to changes in humidity. 
This can lead to seal failure, as the lidding can pull away from 
the tray. 

Clamshell packaging also affords stronger, infection-resistant 
containers. Transparency of both blister and clamshell pack- 
ages allows the user to inspect the contents visually prior to 
breaking the seal, thus eliminating waste created from opening 
the wrong package.’° 

Heat-seal coating technology is important to ensure a reliably 
sterile product. Modified PE often is used for the heat-seal 
coating. Sealant properties of PE can be modified, depending 
upon the product requirements, by branching the polymer 
chain, which decreases its crystallinity and hence density. By 
decreasing density, the sealing range, elongation, stress-flex 
resistance, elasticity, and impact strength increase. As density 
increases, the following properties increase: sealing tempera- 
ture, tensile strength, stiffness, hardness, barrier properties, 
and chemical resistance. 

For packaging products high in alcohol content, EMA (ethyl- 
ene methacrylic acid) copolymers may be used because of their 
ability to seal despite contact with organic contaminants in the 
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seal area. For bonding to metal foils, PE must be made more 
hydrophilic. This is accomplished by copolymerizing hydropho- 
bic ethylene with the more hydrophilic EAA (ethylene acrylic 
acid), EMA, or ionomer. Polypropylene also can be modified by 
the incorporation of random ethylene monomers in the polymer 
chain. This confers rubbery character to the sealant, increasing 
impact strength and flexibility. 

Blister Packaging—This type, for solid dosage forms, uses 
tray technology similar to that described above, except that the 
compartments are smaller. It involves forming a heat-softened 
plastic film into or around a deep-drawn, pocketed mold to make 
a plastic tray (thermoforming), filling with a solid dosage-form 
product and sealing with push-through or peelable covering. 
The forming film, covering, and product must flow at the right 
rates without sticking. Appropriate heat and pressure must be 
applied to ensure that permanent sealing will be formed that 
will protect the product throughout its shelf life. 

Choice of film thickness affects both material costs and bar- 
rier properties. Other considerations are machineability, pro- 
duction rates, depth of the blister, wall thickness and unifor- 
mity of the blister, and sealing properties. Unplasticized, or 
rigid, PVC is the most common material for forming film be- 
cause it is thermoformed easily and has barrier properties that 
are adequate for many drugs. The typical film thickness of 250 
pm (10 mil) can be increased by applying a 25 to 50 wm coating 
of PVDC (polyvinylidene chloride) that increases the water va- 
por barrier properties 5- to 10-fold. 

For better protection, films are made from PVC and CTFE 
(chlorotrifluoroethylene, Aclar). Such films are 15-fold less per- 
meable to moisture than is PVC of comparable thickness. Max- 
imal protection from water vapor is provided by biaxially 
oriented polyamide/aluminum/PVC (nylon-Al-PVC) that gives 
barrier properties that are immeasurably low. Aluminum 
makes the material more recyclable. The cost is comparable to 
that of PVDC-coated PVC. Other materials such as PP, PS, or 
PET have been tried for blister packs but have not achieved 
commercial success because of technical difficulties, poor bar- 
rier properties, or economic issues. 

Lidding (covering) material is usually aluminum/paper or 
preprinted aluminum. A standard 25-um thickness of alumi- 
num is considered to be pinhole free and represents an optimum 
combination of cost and product protection. The hardness of the 
aluminum can be optimized either for facilitating a push- 
through opening or hindering it, if a child-proof feature is de- 
sired. Lidding material also is perforated along the sealed 
seams to prevent it from being peeled from the formed film in 
one piece. The lidding material has a printing primer on one 
side and a heat-sealing lacquer on the other, which faces the 
product and forming film. A value-added feature is a peel-off- 
push-through foil, offered by a paper-polyester-aluminum lam- 
inate. The paper/PET laminate first is peeled from the alumi- 
num, and then the tablet is pushed through the aluminum.'® 

Strip and sachet packaging are other unit-type packs used for 
tablets, capsules, powders, etc. Multidose packs for solid dosage 
forms can be made from PS, PVC, polyester, PP, or HDPE. The 
latter two are preferred for their better barrier properties to- 
ward moisture. All can be made child resistant and tamper 
evident/resistant using innovative closure systems reflecting 
the versatility of plastic materials. Additional considerations for 
oral dosage form containers may be found in Chapter 97, The 
Prescription. 

Collapsible Tubes and Flexible Pouches—These are used 
to contain viscous and liquid-based topical products. They usu- 
ally are constructed of metal or metal-lined, low-density poly- 
ethylene, or a laminated material. Tubes are fabricated by 
rolling and heat-sealing flat stock into a continuous tube, then 
trimming to length and attaching the head by injection molding. 
Metal tubes are airtight, light-proof, and impermeable and offer 
superior protection. Plastic tubes are lightweight, leakproof, 
and relatively nonbreakable. In contrast to collapsible metal 
tubes that flatten as the product is removed, plastic tubes have 
memory that permits them to reattain their original shape after 


squeezing. Laminate squeeze tubes offer the advantages of plas- 
tic with barrier properties close to those of metal. For some 
applications, an internal liner is used, shielding the product 
from the seam of the tube, which can cause crystallization.!’ 
Intravenous (IV) Solutions—Compared with glass bottles, 
plastic packaging offers nonbreakability and light weight, af- 
fording easier transport and handling. Additionally, flexible 
packaging permits collapsibility, which provides greater protec- 
tion from aerial contamination. Also, squeezing the bag with a 
pressure cuff enables rapid administration of large fluid quan- 
tities in emergency situations. This puts a burst-strength re- 
quirement on both the material and the quality of the seals. 

Because of its transparency, durability, autoclavability, and 
manufacturability at an economical cost, PVC has been a ma- 
terial of choice. The realities of shipping require pinhole resis- 
tance. This is offered by flexible, high-yield strength materials 
like plasticized vinyl, rather than stiffer, more brittle materials 
like unmodified polyolefins. The polar nature of PVC permits 
rapid radiofrequency sealing of the bag, incorporating the port 
tubes for an IV administration set and medication sites. A 
polyolefin overwrap is used as a water-vapor barrier to prevent 
excessive moisture loss through the plasticized PVC. 

Automatic packaging of IV solutions can be accomplished 
with an aseptic form (blow molding)-fill-seal system for rigid 
containers or a seal-fill-seal system for flexible containers. The 
latter requires preformed plastic film, which is reel-fed onto a 
forming manifold and side-sealed to form a tube, which is then 
filled. After incorporating fitments and closures, the final seal is 
made, and the completed container is cut from the web of 
material. The materials used are primarily polyethylene, 
polypropylene, and polyolefin, modified with rubber to increase 
yield strength for flexible containers. Composite materials may 
be used, incorporating a heat-seal layer facing the solution, an 
economical bulk layer for strength, and a polyester outside layer 
for scuff resistance and glossy appearance.'* Additional consid- 
erations for IV container materials may be found in the chapters 
on parenteral preparations and intravenous admixtures. 


STERILIZATION 


For plastic medical devices and packaging materials, a number 
of sterilizing agents have been used, including (1) steam, (2) 
gas, and (3) irradiation (cobalt and electron discharge). Of 
these agents, steam can be used on only a few polymers because 
of their inability to withstand heat without distortion. The 
following commonly used plastic types generally can withstand 
steam sterilization at temperatures of 121°: polypropylene, 
high-density polyethylene, polycarbonate, PVC for certain ap- 
plications, and all thermosets. 

The most commonly used procedure for sterilizing plastic 
devices is gas sterilization. Some of the gases available are (1) 
100% ethylene oxide, (2) 88%/12% mixtures of Freon and eth- 
ylene oxide, and (3) 80%/20% or 90%/10% mixtures of carbon 
dioxide and ethylene oxide. 

Gas sterilization cannot be used for containers of aqueous 
products because side-reaction products such as ethylene glycol 
and 2-chloroethanol are formed. Ethylene oxide itself is carci- 
nogenic. It also can react with body proteins and certain ma- 
terial leachables to form immunogenic compounds that can 
elicit hypersensitivity reactions. For this reason, regulatory 
permissible limits have been established for residual levels of 
ethylene oxide. To meet these limits, packaged products are 
degassed prior to shipping or use. Degassing properties depend 
upon geometry, heat history, storage conditions, contact with 
other plastics, and type of secondary packages used. Because of 
this complexity, degassing hold times must be determined for 
each product. 

The expense and environmental concerns of ethylene oxide 
have caused a shift toward increasing use of gamma steriliza- 
tion. However, newer gas sterilization technologies also have 


been developed. These include vaporized hydrogen peroxide, 
plasma processes such as Plazlyte and Sterrad, and chloride 
dioxide as well as PureBright, an intense, pulsed-light process. 
These modalities may afford a wider availability of materials 
compatible with these processes.!? 

Irradiation can cause degradation or cross-linking of certain 
polymers. This is particularly serious for polypropylene. Al- 
though a radiation-stable form of PP has been developed, it 
may not be suitable for multiple sterilizations.*” PVC loses 
hydrochloric acid upon irradiation, decomposing into unstable 
fragments, which may then cross-link. This dehydrochlorina- 
tion leads to the formation of conjugated double bonds, which 
impart yellow discoloration to the plastic. As part of the addi- 
tive package to make PVC more radiation resistant, blue dyes 
are added to mask the yellow coloration. Radical-chain termi- 
nators also are added to minimize chain scission. Plastic pack- 
aging films, based on the total amount of radiolysis products, 
may be ranked in order of decreasing stability as polystyrene, 
polyester, PTFE, nylon, PVDC, PC, PP, HDPE, and LDPE.”! 

Certain polymers like polyethylene acquire improved ten- 
sile and impact strength because of the cross-linking attendant 
with radiation. The effect upon composite materials may not 
necessarily correlate with the properties of the individual com- 
ponents. Thus, the loss of strength of a cellulosic film may not 
be noticed if the film is supported by polyethylene or foil. 
The suitability of packaging materials subjected to various 
sterilization methods is discussed further in the chapter on 
sterilization. 


QUALITY-CONTROL CONSIDERATIONS 
ESL SS TEE 
The selection and approval of a polymer type (and a specific 
compound within that type) is as important as the need to 
check it routinely against the criteria used in its selection. The 
following basic areas of control and/or procedures are recom- 
mended regarding an ongoing quality-control program. 

Tissue-cell toxicity testing (or a similar toxicity test) should 
be conducted to provide assurance that the material being used 
is nontoxic or falls within the toxicity range originally specified. 

Characterization analysis should be conducted to provide 
assurances that the proper polymer type is used and that the 
physical parameters have not been altered, which in turn could 
affect the function of the product/package. Such techniques as 
infrared spectrometric analysis, density, melt-flow, and ther- 
mal and rheological tests can assist in providing the necessary 
assurances. 

Any plastic part or package should be inspected routinely on 
an incoming basis for dimensional and attribute variables 
against statistically accepted sampling plans such as MIL- 
STD-105D. 


ENVIRONMENTAL CONSIDERATIONS 
LST ED EDTA 
Disposal is a critical issue, as the volume of solid waste contin- 
ues to increase and the capacity of landfill sites dwindles. 
Hospitals are coming under increasing pressure as communi- 
ties frown upon incineration and disposal costs escalate. Of the 
total municipal waste generated, plastic packaging accounts 
for only 4% by weight. While paper accounts for 50% and glass 
about 25%, plastics draw much of the concern of environmen- 
talists, because of their persistence (nondegradability) in land- 
fill sites. Additionally, plastics are increasingly displacing con- 
ventional packaging materials, and on a volume basis, bulky 
and resilient plastic bottles constitute more of a problem than 
their weight percentage would imply. The problem is being 
addressed from a number of standpoints. 
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Disposal is a complex issue, involving both economics and 
regulatory requirements. Often the plastic selection alterna- 
tives depend upon many factors, such as the mode of disposal or 
incineration versus landfill. For example, PVC has come under 
attack because it forms hydrochloric acid when incinerated, 
necessitating expensive scrubbing systems to neutralize the 
acid. Dioxins also may be formed if the incineration system is 
not optimized. If incineration will not be used to dispose of the 
medical waste for a given location, however, these objections 
become irrelevant for the particular case. 

A global trend to eliminate solvents and volatile organic 
compounds (VOCs) is leading to interest in packaging with 
UV-curable inks. The faster drying times associated with this 
technology helps increase throughput.?? 

In response to their customers, hospital supply manufactur- 
ers are reducing the amount of packaging material accompa- 
nying their products. Some are working with hospitals to es- 
tablish successful recycling efforts. This requires convenience 
of collection, viable reprocessing technology, markets for waste- 
derived products, and good economics. The individual plastic 
resins must be sorted prior to being reprocessed for relatively 
undemanding, nonpackaging applications such as fiberfill. Un- 
der some circumstances, homogeneous resins, such as the PET 
in beverage bottles, can be recycled more easily than composite 
materials, because of this sorting issue. Plastics manufacturers 
can, however, incorporate scrap into one of the component 
layers of some composite materials, making such items poten- 
tially recyclable. Recycling of PVC infusion containers is ham- 
pered by the difficulties involved in separating metal and rub- 
ber components, disinfecting, and drying the products to render 
them suitable for processing.'” Nevertheless, the industry is 
investing in sorting technology and reclamation capacity to 
create commercially viable recycling programs.”” 

There is a trend toward elimination of folding carton dis- 
pensers. These are being replaced with polyethylene bagged 
shipments, used in conjunction with reusable bins in the hos- 
pital central supply rooms and pharmacies, to reduce both cost 
and waste. In the mail service prescription industry, air bubble 
mailers are preferred to corrugated ones because of the savings 
in postage, labor, and incorporation of interior cushioning. 


SUMMARY 
ARDS LTTSEAPE ST IT ETEDT 
Before the selection of a plastic for a packaging application is 
made, all the functional and safety requirements must be spec- 
ified. These requirements are restated in terms of engineering 
and scientific material-testing parameters. Candidate materi- 
als are reviewed and selected on the basis of the most econom- 
ical solution that addresses the critical needs. Within each 
polymer class, properties may be altered to an extent by mod- 
ifying molecular weight, copolymerizing with other polymers, 
or blending in particular additives. Often, composite materials 
are used to combine the advantages of the individual compo- 
nents. Proper sterilization procedures, including adequate de- 
gassing, must be identified to obtain a sterile product that is 
nontoxic. Once designed, the product/package must demon- 
strate physical and chemical stability in formal stability 
studies over the shelf life of the product. An ongoing quality- 
assurance program should be designed to ensure that packaging- 
product requirements are maintained. After use, disposal of the 
packaging is becoming more of an issue from economic and 
environmental standpoints. For more specific and in-depth in- 
formation, consult the Bibliography. 
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Pharmaceutical Necessities 
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Changes have occurred recently in the practice of pharmacy. 
Organizations have emerged addressing the compounding as- 
pects of the profession. The American Association of Com- 
pounding Pharmacists provides a regularly published journal 
for pharmacists engaged in compounding prescriptions. Com- 
panies such as Compounding Centers of America provide sup- 
plies and model formulations for the compounding pharmacist. 
These efforts have helped to reduce the number of community 
pharmacy compounding errors that were in the news headlines 
a scant 6 yr ago. 

Also, pharmacy education has changed. Now the entry-level 
degree necessary for licensure is the PharmD degree. With this 
degree the focus on the clinical aspects of pharmacy has an 
even greater emphasis on the educational process. Much of this 
is at the expense of basic pharmaceutics and in some instances, 
because of course load, electives such as industrial pharmacy 
courses. 

The pharmaceutical industry used to be able to hire gradu- 
ates with pharmacy degrees for positions in production, quality 
control, and dosage-form development because of the breadth of 
understanding the graduate had of pharmaceutical processes. 


An antioxidant is a substance capable of inhibiting oxidation, 
which may be added for this purpose to pharmaceutical prod- 
ucts subject to deterioration by oxidative processes, as for ex- 
ample the development of rancidity in oils and fats or the 
inactivation of some medicinals in the environment of their 
dosage forms. A preservative is, in the common pharmaceutical 
sense, a substance that prevents or inhibits microbial growth, 
which may be added to pharmaceutical preparations for this 
purpose to avoid consequent spoilage of the preparations by 
microorganisms. Both antioxidants and preservatives have 
many applications in making medicinal products. 


ALCOHOL—pages 1038 and 1507. 
BENZALKONIUM CHLORIDE—page 1508. 
BENZETHONIUM CHLORIDE—page 1508. 
BENZYL ALCOHOL—page 1151. 
BUTYLATED HYDROXYANISOLE 
Phenol, (1,1-dimethylethyl)-4-methoxy-, Tenox BHA 


OH 


tert-Butyl-4-methoxyphenol [25013-16-5] C,,H,,0, (180.25). 


Unfortunately, gaining this understanding is becoming in- 
creasingly difficult unless a student pursues an advanced de- 
gree in industrial pharmacy or pharmaceutics. It is the per- 
sonal experience of the author that young scientists today are 
lacking the basic understanding of what ingredients in a for- 
mulation are used for and how their functionality can be al- 
tered to result in a specific activity. 

This chapter does not address the legal aspects of commu- 
nity compounding by a pharmacist, nor does it explain all the 
specifics of formulating a product for commercial manufactur- 
ing. The intent of this information is to inform both the com- 
munity pharmacist and individuals interested in understand- 
ing the commercial formulations which ingredients are 
necessary for creating a drug product. These substances, 
known as excipients, are useful in both the community and 
commercial settings, although they might be used differently. 
The excipients described include antioxidants and preserva- 
tives, emulsifying and suspending agents, ointment bases, sol- 
vents, and miscellaneous ingredients. A more detailed review 
of these excipients and their commercial applicability to dos- 
age-form development can be found in Chapters 36 through 54. 


Preparation—By an addition interaction of p-methoxyphenol and 
2-methylpropene. US Pat 2,428,745. 

Description—White or slightly yellow, waxy solid having a faint, 
characteristic odor. 

Solubility—Insoluble in water; 1 g in 4 mL alcohol, 2 mL chloro- 
form or 1.2 mL ether. 

Uses—An antioxidant in cosmetics and pharmaceuticals containing 
fats and oils. 


BUTYLATED HYDROXYTOLUENE 


Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl-, Butylated 
Hydroxytoluene Crystalline; Tenox BHT 


OH 


(CH3)3C C(CH3)3 


CH 


2,6-Di-tert-butyl-p-cresol [128-37-0] C,;H,,O (220.35). 

Preparation—By an addition interaction of p-cresol and 2- 
methylpropene. US Pat 2,428,745. 

Description—White, tasteless crystals with a mild odor; stable in 
light or air; melts at 70°. 

Solubility—Insoluble in water; 1 g in 4 mL alcohol, 1.1 mL chloro- 
form, or 1.1 mL ether. 

Uses—An antioxidant employed to retard oxidative degradation of 
oils and fats in various cosmetics and pharmaceuticals. 


1015 


1016 CHAPTER 55 


CHLOROBUTANOL 


2-Propanol, 1,1,1-trichloro-2-methyl-, Chlorbutol; Chlorbutanol; 
Acetone Chloroform; Chloretone 


(CCl,)C(CH;),0H 
1,1,1-Trichloro-2-methyl-2-propanol [57-15-8] C,H,Cl,O (177.46); hemi- 
hydrate [6001-64-5] (186.46). 

Preparation—Chloroform undergoes chemical addition to acetone 
under the catalytic influence of powdered potassium hydroxide. 

Description—Colorless to white crystals of a characteristic, some- 
what camphoraceous odor and taste; anhydrous melts about 95°; 
hydrous melts about 76°; boils with some decomposition between 165° 
and 168°. 

Solubility—1 g in 125 mL water, 1 mL alcohol or about 10 mL 
glycerin; freely soluble in chloroform, ether, or volatile oils. 

Incompatibilities—The anhydrous form must be used to prepare a 
clear solution in liquid petrolatum. It is decomposed by alkalies; ephed- 
rine is sufficiently alkaline to cause its breakdown with the formation of 
ephedrine hydrochloride, which will separate from a liquid petrolatum 
solution. It is only slightly soluble in water, hence alcohol must be used 
to dissolve the required amount in certain vehicles. A soft mass is 
produced by trituration with antipyrine, menthol, phenol, and other 
substances. 

Uses—Topically, as a solution in clove oil as a dental analgesic. It 
has local anesthetic potency to a mild degree and has been employed as 
an anesthetic dusting powder (1 to 5%) or ointment (10%). It has 
antibacterial and germicidal properties. It is used chiefly as a preser- 
vative in solutions of epinephrine, posterior pituitary, etc. When admin- 
istered orally, it has much the same therapeutic use as chloral hydrate. 
Hence, it has been employed as a sedative and hypnotic. It has been 
taken orally to allay vomiting due to gastritis. 


DEHYDROACETIC ACID 
Keto form: 2H-Pyran-2,4(3H)-dione, 3-acetyl-6-methyl-, 


H3C_O~_ 0 HC 9. 20 
liesliath tlle 


OH 
(keto form) (enol form) 

Enol form: 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one [520-45-6] 
(keto), [771-03-9] (enol) C,H,O, (168.15). 

Preparation—By fractional distillation of a mixture of ethyl ace- 
toacetate and sodium bicarbonate, maintaining almost total reflux con- 
ditions, allowing only ethanol to be removed. The residue is distilled 
under vacuum. Org Syn Coll IIT: 231, 1955. 

Description—White to creamy-white crystalline powder melting 
about 110° with sublimation. 

Solubility—1 ¢g dissolves in 25 g acetone, 18 g benzene, 5 g meth- 
anol, or 3 g alcohol. 

Uses—Preservative. 


ETHYLENEDIAMINE 


1,2-Ethanediamine 


H,NCH,CH,NH, 
Ethylenediamine [107-15-3] C,H,N, (60.10). 

Caution—Use care in handling because of its caustic nature and the 
irritating properties of its vapor. 

Note—It is strongly alkaline and may readily absorb carbon dioxide 
from the air to form a nonvolatile carbonate. Protect it against undue 
exposure to the atmosphere. 

Preparation—By reacting ethylene dichloride with ammonia, then 
adding NaOH and distilling. 

Description—Clear, colorless, or only slightly yellow liquid, with 
an ammonia-like odor and strong alkaline reaction; miscible with water 
and alcohol; anhydrous boils 116° to 117° and solidifies at about 8°; 
volatile with steam; a strong base and readily combines with acids to 
form salts with the evolution of much heat. 

Uses—A pharmaceutical necessity for Aminophylline Injection. It is 
irritating to skin and mucous membranes. It also may cause sensitiza- 
tion characterized by asthma and allergic dermatitis. 


ETHYL VANILLIN—page 1021. 

GLYCERIN—pages 1039 and 1346. 

HYPOPHOSPHOROUS ACID—page 1044. 

PHENOL—page 1045. 

PHENYLETHYL ALCOHOL—page 1024. 

PHENYLMERCURIC NITRATE—see RPS-19 page 1270. 
POTASSIUM BENZOATE 


Benzoic Acid, Potassium Salt 


(O)y-e00% * 3H,0 


[582-25-2] C-H;KO, (160.21) (anhydrous). 
Description—Crystalline powder. 
Solubility—Soluble in water or alcohol. 
Uses—Preservative. 


POTASSIUM METABISULFITE 


Dipotassium Pyrosulfite 
[16731-55-8] K,S,O; (222.31). 
Description—White crystals or crystalline powder with an odor of 
SO,,. Oxidizes in air to the sulfate. May ignite on powdering in a mortar 
if too much heat develops. 
Solubility—Freely soluble in water; insoluble in alcohol. 
Uses—Antioxidant. 


POTASSIUM SORBATE 


2,4-Hexadienoic Acid, (E,E)-, Potassium Salt; 2,4-Hexadienoic Acid, 
Potassium Salt; Potassium 2,4-Hexadienoate 


H H 

eee 
Za 

CF ~ cook 

H H 


Potassium (E£,E)-sorbate; potassium sorbate [590-00-1] [24634-61-5] 
C,H,KO, (150.22). 

Preparation—Sorbic acid is reacted with an equimolar portion of 
KOH. The resulting potassium sorbate may be crystallized from aque- 
ous ethanol. US Pat 3,173,948. 

Description—White crystals or powder with a characteristic odor; 
melts about 270° with decomposition. 

Solubility—1 g in 4.5 mL water, 35 mL alcohol, >1000 mL chloro- 
form, or >1000 mL ether. 

Uses—A water-soluble salt of sorbic acid used in pharmaceuticals to 
inhibit the growth of molds and yeasts. Its toxicity is low, but it may 
irritate the skin. 


SASSAFRAS OlL—page 1027. 
SODIUM BENZOATE—see RPS-19 page 1271. 


SODIUM BISULFITE 


Sulfurous acid, monosodium salt; Sodium Hydrogen Sulfite; 
Sodium Acid Sulfite; Leucogen 

Monosodium sulfite [7631-90-5] NaHSO. and sodium metabisulfite 
(Na,S,O;) in varying proportions; yields 58.5 to 67.4% of SO,. 

Description—White or yellowish white crystals or granular pow- 
der with the odor of sulfur dioxide; unstable in air. 

Solubility—1 g in 4 mL water; slightly soluble in alcohol. 

Uses—An antioxidant and stabilizing agent. Epinephrine hydro- 
chloride solutions may be stabilized by the addition of small quantities 
of the salt. It also is used to help solubilize kidney stones. It is useful for 
removing permanganate stains and for solubilizing certain dyes and 
other chemicals. 


SODIUM METABISULFITE 


Disulfurous acid, disodium salt 
Disodium pyrosulfite [7681-57-4] Na,S.O, (190.10). 

Preparation—Formed when sodium bisulfite undergoes thermal 
dehydration. It also may be prepared by passing sulfur dioxide over 
sodium carbonate. 

Description—White crystals or white to yellowish crystalline pow- 
der with an odor of sulfur dioxide; on exposure to air and moisture, it is 
slowly oxidized to sulfate. 

Solubility—1 g in 2 mL water; slightly soluble in alcohol; freely 
soluble in glycerin. 


Uses—A reducing agent. It is used in easily oxidized pharmaceuti- 
cals, such as epinephrine hydrochloride and phenylephrine hydrochlo- 
ride injections, to retard oxidation. 


SORBIC ACID 
2,4-Hexadienoic acid, (E,£)-, 2,4-Hexadienoic acid 


HoH 
i} i} 
ECs CLEC 
SSA SE Seno 
1 
H H (6) 


The use of properly colored and flavored medicinal substances, 
although offering no particular therapeutic advantage, is of 
considerable importance psychologically. A water-clear medi- 
cine is not particularly acceptable to most patients and, in 
general, is thought to be inert. Many very active medicinal 
substances are quite unpalatable, and the patient may fail to 
take the medicine simply because the taste or appearance is 
objectionable. Disagreeable medication can be made both 
pleasing to the taste and attractive by careful selection of the 
appropriate coloring, flavoring, and diluting agents. Therefore, 
judicious use of these substances is important in securing pa- 
tient cooperation in taking or using the prescribed medication 
and continued compliance with the prescriber’s intent. 


Coloring agents may be defined as compounds employed in 
pharmacy solely for the purpose of imparting color. They may 
be classified in various ways, eg, inorganic or organic. For the 
purpose of this discussion two subdivisions are used: Natural 
Coloring Principles and Synthetic Coloring Principles. The 
members of these groups are used as colors for pharmaceutical 
preparations, cosmetics, and foods and as bacteriological stains 
and diagnostic agents. 


NATURAL COLORING PRINCIPLES 

ae ps a ee a C5 TA AEE ESET DE 
Natural coloring principles are obtained from mineral, plant, 
and animal sources. They are used primarily for artistic pur- 
poses; as symbolic adornments of natives; as colors for foods, 
drugs, and cosmetics; and for other psychological effects. 

Mineral colors frequently are termed pigments and are used 
to color lotions, cosmetics, and other preparations, usually for 
external application. Examples are Red Ferric Oxide (page 
1049) and Yellow Ferric Oxide (page 1049), titanium dioxide 
(page 1217), and carbon black. 

The term pigment also is applied generically to plant colors 
by phytochemists. Many plants contain coloring principles that 

~may be extracted and used as colorants, eg, chlorophyll. Anat- 
tenes are obtained from annatto seeds and give yellow-to-or- 
ange water-soluble dyes. Natural beta-carotene is a yellow 
color extracted from carrots and used to color margarine. Al- 
izarin is a reddish yellow dye obtained from the madder plant. 
The indigo plant is the source of a blue pigment called indigo. 
Flavones, such as riboflavin, rutin, hesperidin, and quercetin, 
are yellow pigments. Saffron is a glycoside that gives a yellow 
color to drugs and foods. Cudbear and red saunders are two 
other dyes obtained from plants. Most plant colors now have 
been characterized and synthesized, however, and those with 
the desirable qualities of stability, fastness, and pleasing hue 
are available commercially as synthetic products. 

Animals have been a source of coloring principles from the 
earliest periods of recorded history. For example, Tyrian pur- 
ple, once a sign of royalty, was prepared by air oxidation of a 
colorless secretion obtained from the glands of a snail (Murex 
brandaris). This dye now is known to be 6,6’-dibromoindigo, 
and has been synthesized, but cheaper dyes of the same color 
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(E,E)-Sorbic acid; Sorbic acid [22500-92-1] [110-44-1] C,H,O, (112.13). 
Preparation—By various processes. Refer to US Pat 2,921,090. 
Description—Free-flowing, white, crystalline powder, with a char- 

acteristic odor; melts about 133°. 

Solubility—1 g in 1000 mL water, 10 mL alcohol, 15 mL chloro- 
form, 30 mL ether, or 19 mL propylene glycol. 

Uses—A mold and yeast inhibitor. It also is used as a fungistatic 
agent for foods, especially cheeses. 


THIMEROSAL—see RPS-19 page 1271. 


are available. Cochineal from the insect Coccus cacti contains 
the bright-red coloring principle carminic acid, a derivative of 
anthraquinone. This dye is no longer used in foods and phar- 
maceuticals because of Salmonella contamination. 


SYNTHETIC COLORING PRINCIPLES 
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Synthetic coloring principles date from 1856 when WH Perkin 
accidentally discovered mauveine, also known as a Perkin’s 
purple, while engaged in unsuccessful attempts to synthesize 
quinine. He obtained the dye by oxidizing aniline containing o- 
and p-toluidines as impurities. Other discoveries of this kind 
followed soon after, and a major industry grew up in the field of 
coal-tar chemistry. 

The earliest colors were prepared from aniline and for many 
years all coal-tar dyes were called aniline colors, irrespective of 
their origin. The coal-tar dyes include more than a dozen well- 
defined groups among which are nitroso-dyes, nitro-dyes, azo- 
dyes, oxazines, thiazines, pyrazolones, xanthenes, indigoids, an- 
thraquinones, acridines, rosanilines, phthaleins, quinolines, 
and others. These in turn are classified, according to their 
method of use, as acid dyes and basic dyes, or direct dyes and 
mordant dyes. 

Certain structural elements in organic molecules, called 
chromophore groups, give color to the molecules, eg, azo 
(—N==N—), nitroso (—N=0O), nitro (—NO,), azoxy 
(—N=N(O)—), carbonyl (>C=O), and ethylene (>C=—C<). 
Other such combinations augment the chromophore groups, 
eg, methoxy, hydroxy, and amino groups and are known as 
auxochromes. 

STABILITY—Most dyes are relatively unstable chemicals 
because of their unsaturated structures. They are subject to 
fading because of light, metals, heat, microorganisms, oxidizing 
and reducing agents, plus strong acids and bases. In tablets, 
fading may appear as spotting and specking. 

USES—Most synthetic coloring principles are used in col- 
oring fabrics and for various artistic purposes. They also find 
application as indicators, bacteriological stains, diagnostic 
aids, reagents in microscopy, etc. 

Many coal-tar dyes originally were used in foodstuffs and 
beverages without careful selection or discrimination between 
those that were harmless and those that were toxic and with- 
out any supervision as to purity or freedom from poisonous 
constituents derived from their manufacture. 

After the passage of the Food and Drugs Act in 1906, the US 
Department of Agriculture established regulations by which a 
few colors came to be known as permitted colors. Certain of 
these colors may be used in foods, drugs, and cosmetics, but 
only after certification by the Food and Drug Administration 
(FDA) that they meet certain specifications. From this list of 
permitted colors may be produced, by skillful blending and 
mixing, other colors that may be used in foods, beverages, and 
pharmaceutical preparations. Blends of certified dyes must be 
recertified. 

The word permitted is used in a restricted sense. It does not 
carry with it the right to use colors for purposes of deception, 
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even though they are permitted colors, for all food laws have 
clauses prohibiting the coloring of foods and beverages in a 
manner so as to conceal inferiority or to give a false appearance 
of value. 

The certified colors are classified into three groups: FD&C 
dyes, which legally may be used in foods, drugs, and cosmetics; 
D&C dyes, which legally may be used in drugs and cosmetics; 
and external D&C dyes, which legally may be used only in 
externally applied drugs and cosmetics. There are specific lim- 
its for the pure dye, sulfated ash, ether extractives, soluble and 
insoluble matter, uncombined intermediates, oxides, chlorides, 
and sulfates. As the use status of these colors is subject to 
change, the latest regulations of the FDA should be consulted 
to determine how they may be used—especially since several 
FD&C dyes formerly widely used have been found to be car- 
cinogenic even when pure and, therefore, have been banned 
from use. 

The Coal-Tar Color Regulations specify that the term exter- 
nally applied drugs and cosmetics means drugs and cosmetics 
that are applied only to external parts of the body and not to 
the lips or any body surface covered by mucous membrane. No 
certified dye, regardless of its category, legally may be used in 
any article that is to be applied to the area of the eye. 

Lakes are calcium or aluminum salts of certified dyes ex- 
tended on a substrate of alumina. They are insoluble in water 
and organic solvents and hence are used to color powders, 
pharmaceuticals, foods, hard candies, and food packaging. 

The application of dyes to pharmaceutical preparations is 
an art that can be acquired only after an understanding of the 
characteristics of dyes and knowledge of the composition of the 
products to be colored has been obtained. Specific rules for the 
choice or application of dyes to pharmaceutical preparations 
are difficult to formulate. Each preparation may present 
unique problems. 

Preparations that may be colored include most liquid phar- 
maceuticals, powders, ointments, and emulsions. Some general 
hints may be offered in connection with solutions and powders, 


FLAVOR 


The word flavor refers to a mixed sensation of taste, touch, 
smell, sight, and sound, all of which combine to produce an 
infinite number of gradations in the perception of a substance. 
The four primary tastes—sweet, bitter, sour, and saline—ap- 
pear to result partly from physicochemical and partly from 
psychological action. Taste buds (Fig 55-1), located mainly on 
the tongue, contain very sensitive nerve endings that react, in 
the presence of moisture, with the flavors in the mouth, and as 
a result of physicochemical activity, electrical impulses are 
produced and transmitted via the seventh, ninth, and tenth 
cranial nerves to the areas of the brain that are devoted to the 
perception of taste. Some of the taste buds are specialized in 
their function, giving rise to areas on the tongue that are 
sensitive to only one type of taste. The brain, however, usually 
perceives taste as a composite sensation, and accordingly, the 
components of any flavor are not readily discernible. Children 
have more taste buds than adults and hence are more sensitive 
to tastes. 

Taste partly depends on the ions that are produced in the 
mouth, but psychologists have demonstrated that sight (color) 
and sound also play a definite role when certain reflexes be- 
come conditioned through custom and association of sense per- 
ceptions. Thus, in the classic experiments of Pavlov demon- 
strating conditioned reflexes, the ringing of a bell or the 
showing of a circle of light caused the gastric juices of a dog to 
flow, although no food was placed before it, and much of the 
enjoyment derived from eating celery is due to its crunchy 


but desired results usually can be obtained only by a series of 
trials. In general, an inexperienced operator tends to use a 
much higher concentration of the dye than is necessary, result- 
ing in a dull color. The amount of dye present in any pharma- 
ceutical preparation should be of a concentration high enough 
to give the desired color and low enough to prevent toxic reac- 
tions and permanent staining of fabrics and tissues. 

Liquids (Solutions)—The dye concentration in liquid preparations 
and solutions usually should come within a range of 0.0005% (1 in 
200,000) and 0.001% (1 in 100,000), depending upon the depth of color 
wanted and the thickness of column to be viewed in the container. With 
some dyes, concentrations as low as 0.0001% (1 in 1,000,000) may have 
a distinct tinting effect. Dyes are used most conveniently in the form of 
stock solutions. 

Powders—White powders usually require the incorporation of 
0.1% (1 in 1000) of a dye to impart a pastel color. The dyes may be 
incorporated into the powder by dry-blending in a ball mill or, on a 
small scale, with a mortar and pestle. The dye is incorporated by 
trituration and geometric dilution. Powders also may be colored evenly 
by adding a solution of the dye in alcohol or some other volatile solvent 
having only a slight solvent action on the powder being colored. When 
this procedure is employed, the solution is added in portions, with 
thorough mixing after each addition, after which the solvent is allowed 
to evaporate from the mixture. 


Many of the syrups and elixirs used as flavoring and diluting 
agents are colored. When such agents are used, no further 
coloring matter is necessary. The use of colored flavoring 
agents is discussed in a subsequent section. However, when it 
is desired to add color to an otherwise colorless mixture, one of 
the agents described in the first section may be used. 
INCOMPATIBILITIES— FD&C dyes are mainly anionic 
(sodium salts) and hence are incompatible with cationic sub- 
stances. Since the concentrations of these substances are gen- 
erally very low, no precipitate is evident. Polyvalent ions such 
as calcium, magnesium, and aluminum also may form insolu- 
ble compounds with dyes. A pH change may cause the color to 
change. Acids may release the insoluble acid form of the dye. 


crispness as the fibrovascular bundles are crushed. The effect 
of color is just as pronounced; oleomargarine is unpalatable to 
most people when it is uncolored, but once the dye has been 
incorporated, gourmets frequently cannot distinguish it from 
butter. Color and taste must coincide; eg, cherry flavor is asso- 
ciated with a red color. 

Persons suffering from a head cold find their food much less 
palatable than usual because their sense of smell is impaired, 
and if the nostrils are held closed, raw onions taste sweet and 
it is much easier to ingest castor oil and other nauseating 
medicines. The volatility of a substance is an important factor 


Figure 55-1. Upper surface of the tongue. a, Taste receptors for all 
tastes; b, sweet, salty, and sour; c, salty and sour; d, sour only; e, no 
taste sensation; f, sweet and sour; g, bitter, sweet, and sour. 
(Adapted from Crocker EC. Flavor. New York: McGraw-Hill, 1945, 
p 22.) 


that is influenced by the warmth and moisture of the mouth, 
since the more volatile a compound, the more pronounced its 
odor. The sense of smell detects very minute amounts of mate- 
rial and is usually much more sensitive in detecting the pres- 
ence of volatile chemicals, but the tongue is able to detect 
infinitesimal amounts of some vapors if it is protruded from the 
mouth so that solution of the gases in the saliva may take 
place. In this manner traces of sulfur dioxide can be detected in 
the air, since it dissolves in the saliva and creates a sour taste. 

Flavors described as hot are those that exert a mild coun- 
terirritant effect on the mucosa of the mouth; those that are 
astringent and pucker the mouth contain tannins and acids 
that produce this effect by reacting with the lining of the 
mouth, and wines possess a bouquet because of the odor of the 
volatile constituents. Indian turnip (Jack-in-the-pulpit) owes 
its flavor largely to the stinging sensation caused by the minute 
acicular crystals of calcium oxalate that penetrate the mucous 
membrane. 

Other physiological and physical factors that also may affect 
taste are coarseness or grittiness due to small particles, eg, 
ion-exchange resins. Antidiarrheal preparations have a chalky 
taste. Menthol imparts a cool taste because it affects the cold- 
ness receptors. Mannitol gives a cool sensation when it dis- 
solves because its negative heat of solution will cause the 
temperature to drop. For this reason, mannitol often is used as 
the base for chewable tablets. 

There is a definite threshold of taste for every substance, 
which varies somewhat with the individual and with the envi- 
ronment. Experienced chefs taste their delicacies at the tem- 
perature at which they will be served, since heat and cold alter 
the flavor of many preparations. Thus, lemon loses its sour 
taste entirely at an elevated temperature, and other flavors 
become almost nonvolatile, tasteless, and odorless when cooled 
sufficiently. In addition to the influence of temperature, the 
sensitivity of each individual must be considered. For example, 
it has been determined by experiment that the amount of sugar 
that can just be detected by the average individual is about 7 
mg. However, this amount cannot be tasted by some, and it is 
definitely sweet to others. x 

People are more sensitive to odor than to taste. There are 
about 10,000 to 30,000 identifiable scents, of which the average 
person can identify about 4000. Women are more sensitive to 
odors than men. Additional insights can be obtained by reading 
Beauchamp GK, et al: Tasting and Smelling, (New York: Aca- 
demic, 1997) and Cagan RH, et al: Neural Mechanisms in Taste 
(Boca Raton, FL: CRC Press, 1989). 

PRESERVATION OF FLAVORS—Most monographs of 
official products contain specific directions for storage. 
Proper methods of storage are essential to prevent deterio- 
ration, which in many instances results in destruction of 
odor and taste. Under adverse conditions undesirable 
changes occur because of one or a combination of the follow- 
ing: enzymatic activity, oxidation, change in moisture con- 
tent, absorption of odors, activity of microorganisms, and 
effects of heat and light. In certain products some of the 
changes wrought by these factors are desirable, as when 
esters are formed because of the activity of enzymes and 
when blending and mellowing results from the interchange 
of the radicals of esters (transesterification). 

One method for protecting readily oxidizable substances, 
such as lemon oil, from deteriorating, and thus preserving 
their original delicate flavor, is to microencapsulate them by 
spray-drying. The capsules containing the flavors then are 
enclosed in various packaged products (eg, powdered gela- 
tins) or tablets, which are flavored deliciously when the 
capsule is disintegrated by mixing and warming with water 
or saliva. 

CORRELATION OF CHEMICAL STRUCTURE WITH 
FLAVOR AND ODOR—The compounds employed as flavors 
in vehicles vary considerably in their chemical structure, rang- 
ing from simple esters (methyl salicylate), alcohols (glycerin), 
and aldehydes (vanillin) to carbohydrates (honey) and the com- 
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plex volatile oils (anise oil). Synthetic flavors of almost any 
desired type are now available. These frequently possess the 
delicate flavor and aroma of the natural products and also the 
desirable characteristics of stability, reproducibility, and com- 
paratively low cost. Synthetic products such as cinnamalde- 
hyde and benzaldehyde, first officially recognized when several 
of the essential oils became scarce during World War II, have 
been used widely. 

There is a close relationship between chemical structure 
and taste. Solubility, the degree of ionization, and the type of 
ions produced in the saliva definitely influence the sensation 
interpreted by the brain. 

Sour taste is caused by hydrogen ions, and it is proportional 
to the hydrogen ion concentration and the lipid solubility of the 
compound. It is characteristic of acids, tannins, alum, phenols, 
and lactones. Saltiness is due to simultaneous presence of 
anions and cations, eg, KBr, NH,Cl, and sodium salicylate. 
High-molecular-weight salts may have a bitter taste. Sweet 
taste is due to polyhydroxy compounds, polyhalogenated ali- 
phatic compounds, and a-amino acids. Amino and amide 
groups, especially if the positive effect is balanced by the prox- 
imity of a negative group, may produce a sweet taste. Sweet- 
ness increases with the number of hydroxy groups, possibly 
because of increased solubility. Imides such as saccharin and 
sulfamates such as cyclamates are intensely sweet. Cyclamates 
have been removed from the market because they reportedly 
cause bladder tumors in rats. Free bases such as alkaloids and 
amides such as amphetamines give bitter tastes. Polyhydroxy 
compounds with a molecular weight greater than 300, haloge- 
nated substances, and aliphatic thio compounds also may have 
bitter tastes. Unsaturation frequently bestows a sharp, biting 
odor and taste on compounds. 

No precise relationship between chemical structure and 
odor has been found. There are no primary odors, and odors 
blend into each other. Polymerization reduces or destroys odor, 
high valency gives odor, and unsaturation enhances odor. A 
tertiary carbon atom often will give a camphoraceous odor, 
esters and lactones have a fruity odor, and ketones have a 
pleasant odor. Strong odors often are accompanied by volatility 
and chemical reactivity. 


SELECTION OF FLAVORS 


The proper selection of flavors for disguising nauseating med- 
icines aids in their ingestion. Occasionally, sensitive patients 
have become nauseated sufficiently to vomit at the thought of 
having to take disagreeable medication, and it is particularly 
difficult to persuade children to continue to use and retain 
distasteful preparations. There is a need to know the allergies 
and idiosyncrasies of the patient; thus, it is foolish to use a 
chocolate-flavored vehicle for the patient who dislikes the fla- 
vor or who is allergic to it, notwithstanding the fact that this 
flavor is generally acceptable. 


FLAVORING METHODOLOGY 


Each flavoring problem is unique and requires an individual 
solution. The problem of flavoring is further complicated because 
flavor and taste depend on individual preferences. In solving 
flavoring problems the following techniques have been used: 


Blending—Fruit flavors blend with sour taste; bitter tastes can be 
blended with salty, sweet and sour tastes; salt reduces sourness and 
increases sweetness; chemicals such as vanillin, monosodium gluta- 
mate, and benzaldehyde are used for blending. 

Overshadow—Addition of a flavor whose intensity is longer and 
stronger than the obvious taste, eg, methyl salicylate, glycyrrhiza, and 
oleoresins. 
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Physical—Formation of insoluble compounds of the offending drug, 
eg, sulfonamides; emulsification of oils; effervescence, eg, magnesium 
citrate solution; high viscosity of fluids to limit contact of drug with the 
tongue; and mechanical procedures such as coating tablets are physical 
methods to reduce flavoring problems. 

Chemical—Absorption of the drug on a substrate, or formation of a 
complex of the drug with ion-exchange resins or complexing agents. 

Physiological—The taste buds may be anesthetized by menthol or 
mint flavors. 


Flavors, as used by the pharmacist in compounding prescrip- 
tions, may be divided into four main categories according to the 
type of taste that is to be masked, as follows: 


Salty Taste—Cinnamon syrup has been found to be the best vehicle 
for ammonium chloride and other salty drugs such as sodium salicylate 
and ferric ammonium citrate. In a study of the comparative efficiency of 
flavoring agents for disguising salty taste, the following additional 
vehicles were arranged in descending order of usefulness: orange syrup, 
citric acid syrup, cherry syrup, cocoa syrup, wild cherry syrup, rasp- 
berry syrup, glycyrrhiza elixir, aromatic elixir, and glycyrrhiza syrup. 
The last-named is particularly useful as a vehicle for the salines by 
virtue of its colloidal properties and the sweetness of both glycyrrhizin 
and sucrose. 

Bitter Taste—Cocoa syrup was found to be the best vehicle for 
disguising the bitter taste of quinine bisulfate, followed, in descending 
order of usefulness, by raspberry syrup, cocoa syrup, cherry syrup, 
cinnamon syrup, compound sarsaparilla syrup, citric acid syrup, licorice 
syrup, aromatic elixir, orange syrup, and wild cherry syrup. 

Acrid or Sour Taste—Raspberry syrup and other fruit syrups are 
especially efficient in masking the taste of sour substances such as 
hydrochloric acid. Acacia syrup and other mucilaginous vehicles are 
best for disguising the acrid taste of substances such as capsicum, since 
they tend to form a colloidal protective coating over the taste buds of the 
tongue. Tragacanth, unlike acacia, may be used in an alcoholic vehicle. 

Oily Taste—Castor oil may be made palatable by emulsifying with 
an equal volume of aromatic rhubarb syrup or with compound sarsa- 
parilla syrup. Cod liver oil is disguised effectively by adding winter- 
green oil or peppermint oil. Lemon, orange, and anise or combinations 
of these are also useful. It is better to mix most of the flavor with the oil 
before emulsifying it, and then the small remaining quantity can be 
added after the primary emulsion is formed. 


Those flavors that are most pleasing to the majority of people 
are associated with some stimulant of a physical or physiolog- 
ical nature. This may be a CNS stimulant such as caffeine, 
which is the reason so many enjoy tea and coffee as a beverage, 
or it may be a counterirritant such as one of the spices that 
produce a biting sensation or an agent that tickles the throat 
such as soda water. Sherry owes its sharp flavor to its acetal- 
dehyde content, and some of the volatile oils contain terpenes 
that are stimulating to the mucous surfaces. 


SELECTION OF VEHICLES 


Too few pharmacists realize the unique opportunity they have 
in acquainting physicians with a knowledge of how to increase 
both the palatability and efficacy of their prescribed medicines 
through the judicious selection of vehicles. Because of the train- 
ing pharmacists receive, their knowledge of the characteristics 
of various pharmaceuticals and therapeutic agents and their 
technique and skill in preparing elegant preparations are well 
developed, so that they are qualified admirably to advise con- 
cerning the proper use of vehicles. 

A large selection of flavors is available as well as a choice of 
colors, so that one may prescribe a basic drug for a prolonged 
period but by changing the vehicle from time to time, the taste 
and appearance are so altered that the patient does not tire of 
the prescription or show other psychological reactions to it. 

The statement of the late Dr Bernard Fantus that “the best 
solvent is the best vehicle” helps to explain the proper use of a 
flavoring vehicle. For example, a substance that is soluble in 


alcohol, eg, phenobarbital, will not leave an alcoholic vehicle 
readily to dissolve in the aqueous saliva. 

WATERS—These are the simplest of the vehicles and are 
available with several flavors. They contain no sucrose, a fact to 
be considered at times, since sucrose under certain circum- 
stances may be undesirable. They are likewise nonalcoholic, 
another fact that frequently influences vehicle selection. 

ELIXIRS—These have added sweetness that waters lack, 
and they usually contain alcohol, which imparts an added 
sharpness to the flavor of certain preparations, making the 
latter more pleasing to the taste. Elixirs are suitable for alco- 
hol-soluble drugs. 

SYRUPS—tThese vehicles, like elixirs, offer a wide selection 
of flavors and colors from which to choose. Their specific value, 
however, lies particularly in the fact that they are intensely 
sweet and contain little or no alcohol, a combination that 
makes them of singular value as masking agents for water- 
soluble drugs. 

Vehicles consisting of a solution of pleasantly flavored vol- 
atile oils in syrup or glycerin (1:500) have been employed suc- 
cessfully in producing uniform and stable preparations. These 
vehicles are prepared by adding 2 mL of the volatile oil, diluted 
with 6 mL of alcohol, to 500 mL of glycerin or syrup, which has 
been warmed gently. The solution is added a little at a time 
with continuous shaking; then sufficient glycerin or syrup is 
added to make 1000 mL and mixed well. 

Alcohol solutions of volatile oils are sometimes used as stock 
solutions for flavoring pharmaceuticals. 

A listing of substances, most of them official, used as flavors, 
flavored vehicles, or sweeteners, is given in Table 55-1. Addi- 
tional information on flavoring ingredients may be obtained in 
Burdock GA, Fenaroli’s Handbook of Flavor Ingredients, Cleve- 
land: CRC, 1994. 


ACACIA SYRUP—page 1027. 
ANISE OIL 


ANISEED OIL; STAR ANISE OIL 


The volatile oil distilled with steam from the dried, ripe fruit of Pimp- 
inella anisum Linné (Fam Umbelliferae) or from the dried, ripe fruit of 
Illicium verum Hooker filius (Fam Magnoliaceae). 

Note—If solid material has separated, carefully warm the oil until it 
is completely liquefied, and mix it before using. 

Constituents—The official oil varies somewhat in composition, 
depending upon whether it was obtained from Pimpinella anisum or the 
star anise, I/licium verum. Anethole is the chief constituent of both oils, 
occurring to the extent of 80 to 90%. Methyl chavicol, an isomer of 
anethole, and anisic ketone [C,,H, 0.] also are found in both oils, as are 
small amounts of many other constituents. 

Description—Colorless or pale yellow, strongly refractive liquid, 
having the characteristic odor and taste of anise; specific gravity 0.978 
to 0.988; congeals not below 15. 

Solubility—Soluble in 3 volumes of 90% alcohol. 

Uses—Extensively as a flavoring agent, particularly for licorice 
candies. It has been given as a carminative in a dose of about 0.1 mL. 


AROMATIC ELIXIR—page 1028. 
BENZALDEHYDE 
ARTIFICIAL ESSENTIAL ALMOND OIL 


O« 


Benzaldehyde [100-52-7] C,H,O (106.12). 

Preparation—By the interaction of benzal chloride with lime in 
the presence of water. Benzal chloride is obtained by treating boiling 
toluene with chlorine. 

Description—Colorless, strongly refractive liquid, with an odor 
resembling that of bitter almond oil and a burning aromatic taste; 
affected by light; specific gravity 1.041 to 1.046; boils about 180°, solid- 
ifies about —56.5, and on exposure to air it gradually oxidizes to benzoic 
acid. 


Table 55-1. Flavoring Agents 


Acacia syrup 

Anethole 

Anise oil 

Aromatic elixir 
Benzaldehyde 
Benzaldehyde elixir, compound 
Caraway 

Caraway oil 

Cardamom oil 
Cardamom seed 
Cardamom spirit, compound 
Cardamom tincture, compound 
Cherry juice 

Cherry syrup 

Cinnamon 

Cinnamon oil 

Cinnamon water 

Citric acid 

Citric acid syrup 

Clove oil 

Cocoa 

Cocoa syrup 

Coriander oil 

Dextrose 

Eriodictyon 

Eriodictyon fluidextract 
Eriodictyon syrup, aromatic 
Ethyl acetate 

Ethyl vanillin 

Fennel oil 

Ginger 

Ginger fluidextract 
Ginger oleoresin 
Glucose 

Glycerin 

Glycyrrhiza 

Glycyrrhiza elixir 
Glycyrrhiza extract 
Glycyrrhiza extract, pure 
Glycyrrhiza fluidextract 
Glycyrrhiza syrup 

Honey 

Iso-Alcoholic elixir 


Lavender oil 

Lemon oil 

Lemon tincture 
Mannitol 

Methyl salicylate 
Nutmeg oil 

Orange, bitter, elixir 
Orange, bitter, oil 
Orange flower oil 
Orange flower water 
Orange oil 

Orange peel, bitter 
Orange peel, sweet, tincture 
Orange spirit, compound 
Orange syrup 
Peppermint 
Peppermint oil 
Peppermint spirit 
Peppermint water 
Phenylethyl alcohol 
Raspberry juice 
Raspberry syrup 
Rosemary oil 

Rose oil 

Rose water 

Rose water, stronger 
Saccharin 

Saccharin calcium 
Saccharin sodium 
Sarsaparilla syrup, compound 
Sorbitol solution 
Spearmint 
Spearmint oil 
Sucrose 

Syrup 

Thyme oil 

Tolu balsam 

Tolu balsam syrup 
Vanilla 

Vanilla tincture 
Vanillin 

Wild cherry syrup 


Solubility—Dissolves in about 350 volumes of water; miscible with 
alcohol, ether, chloroform, or fixed and volatile oils. 

Uses—In place of bitter almond oil for flavoring purposes; it is much 
safer than the latter because it contains no hydrocyanic acid. It also is 
used extensively in perfumery and in the manufacture of dyestuffs and 
many other organic compounds, such as aniline, acetanilid, or mandelic 
acid. 


Compound Benzaldehyde Elixir—Preparation: Dissolve benzal- 
dehyde (0.5 mL) and vanillin (1 g) in alcohol (50 mL); add syrup (400 
mL), orange flower water (150 mL), and sufficient purified water, in 
several portions, shaking the mixture thoroughly after each addition, to 
make the product measure 1000 mL; then filter, if necessary, until the 
product is clear. Alcohol Content: 3 to 5%. Uses: A useful vehicle for 
administering bromides and other salts, especially when a low alcoholic 
content is desired. 


CARDAMOM SEED 


Cardamom Fruit; Cardamom; Ceylon or Malabar Cardamom 
The dried ripe seed of Elettaria cardamomum (Linné) Maton (Fam. 
Zingiberaceae). It should be removed recently from the capsule. 

Constituents—A volatile oil, the yield of which is 1.3% from Mala- 
bar Ceylon Seeds and 2.6% from Mysore-Ceylon Seeds. Fixed oil is 
present to the extent of 10%, also starch, mucilage, etc. 

Uses—A flavor. For many years it was employed empirically as a 
carminative. 


Cardamom Oil—The volatile oil distilled from the seed of Elettaria 
cardamomum (Linné) Maton (Fam Zingiberaceae). Varieties of the oil 
contain d-a-terpineol C,,H,,OH, both free and as the acetate; 5 to 10% 
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cineol C,)H,,0; and limonene C,,H,,¢. The Ceylon Oil, however, con- 
tains the alcohol 4-terpineol (4-carbomenthenol) C,.H,,OH, the ter- 
penes terpinene and sabinene, and acetic and formic acids, probably 
combined as esters. Description and solubility: Colorless or very pale 
yellow liquid possessing the aromatic, penetrating, and somewhat cam- 
phoraceous odor of cardamom and a persistently pungent, strongly 
aromatic taste; affected by light; specific gravity 0.917 to 0.947. Miscible 
with alcohol; dissolves in 5 volumes of 70% alcohol. Uses: A flavor. 


CHERRY SYRUP—page 1027. 
CINNAMON 


Saigon Cinnamon; True Cinnamon; Saigon Cassia 
The dried bark of Cinnamomum loureirii Nees (Fam. Lauraceae). It 
contains, in each 100 g, not less than 2.5 mL of volatile oil. 
Uses—A flavoring agent. Formerly, it was used as a carminative. 


Cinnamon Oil (Cassia Oil; Oil of Chinese Cinnamon)—The 
volatile oil distilled with steam from the leaves and twigs of Cinnamo- 
mum cassia (Nees) Nees ex Blume (Fam Lauraceae), rectified by distil- 
lation; contains not less than 80%, by volume, of the total aldehydes of 
cinnamon oil. Cinnamaldehyde is the chief constituent. Description and 
solubility: Yellowish or brownish liquid, becoming darker and thicker 
on aging or exposure to the air, with the characteristic odor and taste of 
cassia cinnamon; specific gravity 1.045 to 1.063. Soluble in an equal 
volume of alcohol, 2 volumes of 70% alcohol, or an equal volume of 
glacial acetic acid. Uses: A flavor. It formerly was used in a dose of 0.1 
mL for flatulent colic. 


COCOA SYRUP—page 1027. 

CORIANDER—page 1026. 

DENATONIUM BENZOATE—page 1043. 
ETHYL VANILLIN 


Benzaldehyde, 3-ethoxy-4-hydroxy-, Bourbanal; Ethovan; 
Vanillal; Vanirome 


3-Ethoxy-4-hydroxybenzaldehyde [121-32-4] C,H,,O. (166.18). 
Preparation—By reacting o-ethoxyphenol with formaldehyde and 
p-nitrosodimethylaniline in the presence of aluminum and water. 
Description—Fine, white or slightly yellowish crystals; odor and 
taste similar to those of vanillin; affected by light; solutions are acid to 
litmus; melts about 77°. 
Solubility—1 g in about 100 mL water at 50°; freely soluble in 
alcohol, chloroform, ether, or solutions of fixed alkali hydroxides. 
Uses—A flavor, like vanillin, but stronger. 


EUCALYPTUS OIL 


The volatile oil distilled with steam from the fresh leaf of Eucalyptus 
globulus Labillardiére or of some other species of Eucalyptus L’Heritier 
(Fam Myrtaceae). It contains not less than 70% of C,)H,,O (euwcalyptol). 

Constituents—The most important constituent is eucalyptol (cin- 
eol). Other compounds include d-a-pinene, globulol, pinocarveol, pino- 
carvone, and several aldehydes. 

Description—Colorless or pale yellow liquid, with a characteristic, 
aromatic, somewhat camphoraceous odor, and a pungent, spicy, cooling 
taste; specific gravity 0.905 to 0.925 at 25°. 

Solubility—Soluble in 5 volumes of 70% alcohol. 

Uses—A flavoring agent and an expectorant in chronic bronchitis. It 
also has bacteriostatic properties. This oil may be toxic. 


FENNEL OIL 


The volatile oil distilled with steam from the dried ripe fruit of Foenicu- 
lum vulgare Miller (Fam Umbelliferae). 

Note—If solid material has separated, carefully warm the oil until it 
is completely liquefied, and mix it before using. 

Constituents—Anethole C,,H,,O is the chief constituent, occur- 
ring to the extent of 50 to 60%. Some of the other constituents are 
d-pinene, phellandrene, dipentene, fenchone, methylchavicol, anisalde- 
hyde and anisic acid. 

Description—Colorless or pale yellow liquid, with the characteris- 
tic odor and taste of fennel; specific gravity 0.953 to 0.973; congealing 
temperature is not below 3°. 
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Solubility—Soluble in 8 volumes of 80% alcohol or in 1 volume of 
90% alcohol. 
Uses—A flavoring agent 


It formerly was employed in a dose of 0.1 mL as a carminative. 
GLYCYRRHIZA 


Licorice Root; Liquorice Root; Sweetwood; Italian Juice Root; 
Spanish Juice Root 
The dried rhizome and roots of Glycyrrhiza glabra Linné, known in 
commerce as Spanish Licorice, or of Glycyrrhiza glabra Linné var 
glandulifera Waldstein et Kitaibel, known in commerce as Russian 
Licorice, or of other varieties of Glycyrrhiza glabra Linné, yielding a 
yellow and sweet wood (Fam. Leguminosae). 

Constituents—This well-known root contains 5 to 7% of the sweet 
principle glycyrrhizin, or glycyrrhizic acid, which is 50 times as sweet as 
cane sugar. There also is present an oleoresinous substance to which its 
slight acridity is due. If alcohol or an alkali is used as a menstruum for 
the root and the preparation is not treated to deprive it of acridity, it 
will have a disagreeable aftertaste. For this reason boiling water is used 
for its extraction in both the extract and the fluidextract. 

Description—The USP/NF provides descriptions of Unground 
Spanish and Russian Glycyrrhizas, Histology, and Powdered 
Glycyrrhiza. 

Uses—Valuable in pharmacy chiefly for its sweet flavor, it is one of 
the most efficient substances known for masking the taste of bitter 
substances, like quinine. Acids precipitate the glycyrrhizin and should 
not be added to mixtures in which glycyrrhiza is intended to mask 
disagreeable taste. Most of the imported licorice is used by tobacco 
manufacturers to flavor tobacco. [t also is used in making candy. 


Pure Glycyrrhiza Extract (Pure Licorice Root Extract)—Prep- 
aration: Moisten 1000 g of glycyrrhiza, in granular powder, with 
boiling water, transfer it to a percolator, and percolate with boiling 
water until the glycyrrhiza is exhausted. Add enough diluted ammo- 
nia solution to the percolate to impart a distinctly ammoniacal odor, 
then boil the liquid under normal atmospheric pressure until it is 
reduced to a volume of about 1500 mL. Filter the liquid, and imme- 
diately evaporate the filtrate until the residue has a pilular consis- 
tency. Pure extract of glycyrrhiza differs from the commercial extract 
in that it is almost completely soluble in aqueous mixtures. The large 
amount of filler used in the commercial extract to give it firmness 
renders it unfit to use as a substitute for the pure extract. Descrip- 
tion: Black, pilular mass having a characteristic, sweet taste. Uses: A 
flavoring agent. One of the ingredients in Aromatic Cascara Sagrada 
Fluidextract. 

Glycyrrhiza Fluidextract (Licorice Root Fluidextract); Liquid 
Extract of Liquorice—Preparation: To 1000 g of coarsely ground 
glycyrrhiza add about 3000 mL of boiling water, mix and allow to 
macerate in a suitable, covered percolator for 2 hr. Then allow the 
percolation to proceed at a rate of 1 to 3 mL/min, gradually adding 
boiling water until the glycyrrhiza is exhausted. Add enough diluted 
ammonia solution to the percolate to impart a distinctly ammoniacal 
odor, then boil the liquid actively under normal atmospheric pressure 
until it is reduced to a volume of about 1500 mL. Filter the liquid, 
evaporate the filtrate on a steam bath until the residue measures 750 
mL, cool, gradually add 250 mL of alcohol and enough water to make 
the product measure 1000 mL, and mix. Alcohol Content: 20 to 24%, by 
volume. Uses: A pleasant flavor for use in syrups and elixirs to be 
employed as vehicles and correctives. 


GLYCYRRHIZA ELIXIR—page 1028. 

GLYCYRRHIZA SYRUP—page 1028. 

HONEY—page 1049. 

HYDRIODIC ACID SYRUP—page 1028. 

ISO-ALCOHOLIC ELIXIR—page 1049. 
LAVENDER OIL 


Lavender Flowers Oil 
The volatile oil distilled with steam from the fresh flowering tops of 
Lavandula officinalis Chaix ex Villars (Lavandula vera DeCandolle) 
(Fam Labiatae) or produced synthetically. It contains not less than 35% 
of esters calculated as C,,H.,O, (linalyl acetate). 

Constituents—It is a product of considerable importance in per- 
fumery. Linalyl acetate is the chief constituent. Cineol appears to be a 
normal constituent of English oils. Other constituents include amyl 
alcohol, d-borneol (small amount); geraniol, lavandulol (C,yH,,O); lina- 


lool; nerol; acetic, butyric, valeric, and caproic acids (as esters); traces of 
d-pinene, limonene (in English oils only), and the sesquiterpene caryo- 
phyllene; ethyl n-amyl ketone? an aldehyde (probably valeric aldehyde), 
and coumarin. 

Description—Colorless or yellow liquid, with the characteristic 
odor and taste of lavender flowers; specific gravity 0.875 to 0.888. 

Solubility—1 volume in 4 volumes of 70% alcohol. 

Uses—Primarily as a perfume. It formerly was used in doses of 0.1 
mL as a carminative. 


LEMON OIL 


The volatile oil obtained by expression, without the aid of heat, from the 
fresh peel of the fruit of Citrus limon (Linné) Burmann filius (Fam 
Rutaceae), with or without the previous separation of the pulp and the 
peel. The total aldehyde content, calculated as citral (C,)H,,O), is 2.2 to 
3.8% for California-type oil, and 3.0 to 5.5% for Italian-type oil. 

Note—Do not use oil that has a terebinthine odor. 

Constituents—From the standpoint of odor and flavor, the most 
noteworthy constituent is the aldehyde citral, which is present to the 
extent of about 4%. About 90% of d-limonene is present; small amounts 
of l-a-pinene, B-pinene, camphene, B-phellandrene, and y-terpinene also 
occur. About 2% of a solid, nonvolatile substance called citroptene, 
limettin, or lemon-camphor, which is dissolved out of the peel, also is 
present. In addition, there are traces of several other compounds: a-ter- 
pineol; the acetates of linalool and geraniol; citronellal, octyl, and nonyl 
aldehydes; the sesquiterpenes bisabolene and cadinene, and the ketone 
methylheptenone. 

When fresh, the oil has the fragrant odor of lemons. Because of the 
instability of the terpenes present, the oil readily undergoes deteriora- 
tion by oxidation, acquiring a terebinthinate odor. 

Description—Pale yellow to deep yellow or greenish yellow liquid, 
with the characteristic odor and taste of the outer part of fresh lemon 
peel; specific gravity 0.849 to 0.855. 

Solubility—In 3 volumes of alcohol; miscible in all proportions with 
dehydrated alcohol, carbon disulfide, or glacial acetic acid. 

Uses—A flavor in pharmaceutical preparations and in certain can- 
dies and foods. 


METHYL SALICYLATE 


Benzoic acid, 2-hydroxy-, methyl ester; Gaultheria Oil; 
Wintergreen Oil; Betula Oil; Sweet Birch Oil; Teaberry Oil; 
Artificial Wintergreen Oil; Synthetic Wintergreen Oil 


COOCHg 
Methyl salicylate [119-36-8] C,H,(OH)COOCH,, (152.15); produced syn- 
thetically or obtained by maceration and subsequent distillation with 
steam from the leaves of Gaultheria procumbens Linné (Fam Ericaceae) 
or from the bark of Betula lenta Linné (Fam Betulaceae). 

Note—It must be labeled to indicate whether it was made synthet- 
ically or distilled from either of the plants mentioned above. 

Preparation—Found naturally in gaultheria and betula oils and in 
many other plants, but the commercial product is usually synthetic, 
made by esterifying salicylic acid with methyl] alcohol in the presence of 
sulfuric acid, and distilling. 

Description—Colorless, yellowish, or reddish liquid, with the char- 
acteristic odor and taste of wintergreen; specific gravity (synthetic), 
1.180 to 1.185, (from gaultheria or betula), 1.176 to 1.182; boils between 
219° and 224° with some decomposition. 

Solubility—Slightly soluble in water; soluble in alcohol or glacial 
acetic acid. 

Uses—A pharmaceutical necessity and counterirritant (local anal- 
gesic). As a pharmaceutical necessity, it is used to flavor the official 
Aromatic Cascara Sagrada Fluidextract, and it is equal in every respect 
to wintergreen oil or sweet birch oil. As a counterirritant, it is applied 
to the skin in the form of a liniment, ointment, or cream; care should be 
exercised since salicylate is absorbed through the skin. 

Caution—Because it smells like wintergreen candy, it is ingested 


frequently by children and has caused many fatalities. Keep out of the 
reach of children. 


MONOSODIUM GLUTAMATE 


Glutamic acid, monosodium salt, monohydrate 
[142-47-2] C,H,NNaO,,H,0O (187.13) 
Preparation—From the fermentation of beet sugar or molasses or 
by hydrolysis of vegetable proteins. 


Description—White, crystalline powder. The pentahydrate efflo- 
resces in air to form the monohydrate. 

Solubility—Very soluble in water; sparingly soluble in alcohol. 

Uses—F lavoring agent and perfume. 


NUTMEG OIL 


Myristica Oil NF XIII; East Indian Nutmeg Oil; 
West Indian Nutmeg Oil 
The volatile oil distilled with steam from the dried kernels of the ripe 
seeds of Myristica fragrans Houttuyn (Fam Myristicaceae). 

Constituents—It contains about 80% of d-pinene and d-camphene; 
8% of dipentene; about 6% of the alcohols d-borneol, geraniol, d-linalool, 
and terpineol; 4% of myristicin;, 0.6% of safrol; 0.3% of myristic acid free 
and as esters; 0.2% of ewgenol and isoeugenol; and traces of the alcohol 
terpineol-4, a citral-like aldehyde, and several acids, all present as 
esters. 

Description—Colorless or pale yellow liquid with the characteris- 
tic odor and taste of nutmeg; specific gravity (East Indian Oil) 0.880 to 
0.910, (West Indian Oil) 0.854 to 0.880. 

Solubility—In an equal amount of alcohol; 1 volume of East Indian 
Oil in 3 volumes of 90% alcohol; 1 volume of West Indian Oil in 4 
volumes of 90% alcohol. 

Uses—Primarily as a flavoring agent. It is used for this purpose in 
Aromatic Ammonia Spirit. The oil also is employed as a flavor in foods, 
certain alcoholic beverages, dentifrices, and tobacco; to some extent, it 
also is used in perfumery. It formerly was used as a carminative and 
local stimulant to the GI tract in a dose of 0.03 mL. In overdoses, it acts 
as a narcotic poison. This oil is very difficult to keep and if even slightly 
terebinthinate is unfit for flavoring purposes. 


ORANGE OIL 


Sweet Orange Oil 
The volatile oil obtained by expression from the fresh peel of the ripe 
fruit of Citrus sinensis (Linné) Osbeck (Fam Rutaceae). The total alde- 
hyde content, calculated as decanal (C,,H.,0), is 1.2 to 2.5%. 

Note—Do not use oil that has a terebinthine odor. 

Constituents—Consists of d-limonene to the extent of at least 90%; 
in the remaining 5 to 10% are the odorous constituents, among which, 
in samples of American origin, are n-decylic aldehyde, citral, d-linalool, 
n-nonyl alcohol, and traces of esters of formic, acetic, caprylic and capric 
acids. 

In addition to most of these compounds, Italian-produced oil con- 
tains d-terpineol, terpinolene, a-terpinene, and methyl anthranilate. 

Kept under the usual conditions it is very prone to decompose and 
rapidly acquires a terebinthine odor. 

Description—Intensely yellow-orange or deep orange liquid, which 
possesses the characteristic odor and taste of the outer part of fresh 
sweet orange peel; specific gravity 0.842 to 0.846. 

Solubility—Miscible with dehydrated alcohol or carbon disulfide; 
dissolves in an equal volume of glacial acetic acid. 

Uses—A flavoring agent in elixirs and other preparations. 


ORANGE FLOWER WATER—page 1027. 
SWEET ORANGE PEEL TINCTURE 


Preparation—From sweet orange peel, which is the outer rind of 
the nonartificially colored, fresh, ripe fruit of Citrus sinensis (Linné) 
Osbeck (Fam Rutaceae), by Process M (page 750). Macerate 500 g of the 
sweet orange peel Note—Exclude the inner, white portion of the rind) in 
900 mL of alcohol, and complete the preparation with alcohol to make 
the product measure 1000 mL. Use tale as the filtering medium. 

The white portion of the rind must not be used, as the proportion of 
oil, which is only in the yellow rind, is reduced, and the bitter principle 
hesperidin is introduced. 

Alcohol Content—62 to 72%. 

Uses—A flavor, used in syrups, elixirs, and emulsions. This tincture 
was introduced to provide a delicate orange flavor direct from the fruit 
instead of depending upon orange oil, which so frequently is terebin- 
thinate and unfit for use. The tincture keeps well. 


COMPOUND ORANGE SPIRIT 
Contains, in each 100 mL, 25 to 30 mL of the mixed oils. 


Qrr2g/S OT -. ota tei Sa Oo ee Orn Re re ea ac 200 mL 
Le niorny Ov sce sas Rote ee ae os a ae ae 50 mL 
Coriander Oil 20 mL 
Anise Oil 5 mL 
Alcohol, a sufficient quantity, to make....................68. 1000 mL 


Mix the oils with sufficient alcohol to make the product measure 
1000 mL. 
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Alcohol Content—65 to 75%. 

Uses—A flavor for elixirs. An alcoholic solution of this kind permits 
the uniform introduction of small proportions of oils and also preserves 
orange and lemon oils from rapid oxidation. These two oils should be 
bought in small quantities by the pharmacist, since the spirit is made 
most satisfactorily from oils taken from bottles not previously opened. 
This will ensure that delicacy of flavor that should always be charac- 
teristic of elixirs. 


ORANGE SYRUP 


Syrup of Orange Peel 
Contains, in each 100 mL, 450 to 550 mg of citric acid (C,H,O,). 


Sweeti@range! Peel Tinctures cade cckc sccnsaes seen uate nes 50 mL 
Gitri@Acidi(anhyanous har menee eee erecta a 5g 
alcttere neuter teas he terete cared cents cet cate caiae ec cie enemas es 15g 
SUGKOSCRE a temesar cei in cadeeiinet qite cnn oes fe vsremeetone acomedonaes 820g 
Purified Water, a sufficient quantity, to make............... 1000 mL 


Triturate the tale with the tincture and citric acid, and gradually add 
400 mL of purified water. Then filter, returning the first portions of the 
filtrate until it becomes clear, and wash the mortar and filter with 
enough purified water to make the filtrate measure 450 mL. Dissolve 
the sucrose in this filtrate by agitation, without heating, and add 
enough purified water to make the product measure 1000 mL. Mix and 
strain. 

Note—Do not use syrup that has a terebinthine odor or taste or shows 
other indications of deterioration. 

Alcohol Content—2 to 5%. 

Uses—A pleasant, acidic vehicle. 


PEPPERMINT 


American Mint; Lamb Mint; Brandy Mint 


Consists of the dried leaf and flowering top of Mentha piperita Linné 
(Fam Labiatae). 

Uses—tThe source of green color for Peppermint Spirit (see RPs-19 
page 902). The odor of fresh peppermint is due to the presence of about 
2% of a volatile oil, much of which is lost on drying the leaves in air. It 
is cultivated widely both in the US and France. It formerly was used as 
a carminative. 

Peppermint Oil—The volatile oil distilled with steam from the 
fresh overground parts of the flowering plant Mentha piperita Linné 
(Fam Labiatae), rectified by distillation and neither partially nor wholly 
dementholized. It yields not less than 5% of esters, calculated as men- 
thyl acetate C,,H,,0., and not less than 50% of total menthol C,)H,,0, 
free and as esters. Constitwents: This is one of the most important of the 
group of volatile oils. The chief constituent is Menthol (page 1209), 
which occurs in the levorotatory form; its ester, menthyl acetate, is 
present in a much smaller amount. Other compounds that are present 
include the ketone menthone, piperitone, a-pinene, \-limonene, phellan- 
drene, cadinene, menthyl isovalerate, isovaleric aldehyde, acetaldehyde, 
menthofuran, cineol, an unidentified lactone C, ,H,,0:, and probably 
amyl acetate. 

Description and Solubility—Colorless or pale yellow liquid, with 
a strong, penetrating odor of peppermint and a pungent taste, followed 
by a sensation of cold when air is drawn into the mouth; specific gravity 
0.896 to 0.908; 1 volume dissolves in 3 volumes of 70% alcohol. Uses: A 
flavoring agent, carminative, antiseptic, and local anesthetic. It also is 
used extensively as a flavor in candy, chewing gum, etc. 


PEPPERMINT SPIRIT—see RPS-19 page 902. 
PEPPERMINT WATER—page 1027. 
PHENYLETHYL ALCOHOL 


Benzeneethanol; 2-Phenylethanol 


Ope 20H 


Phenethyl alcohol [60-12-8] C,H,,O (122.17); occurs in a number of 
essential oils such as those of rose, neroli, hyacinth, carnation, and 
others. 

Description—Colorless liquid with a rose-like odor and a sharp, 
burning taste; solidifies at —27; specific gravity 1.017 to 1.020. 
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Solubility—1 g in 60 mL water or <1 mL alcohol, chloroform, or 
ether; very soluble in fixed oils, glycerin, or propylene glycol; slightly 
soluble in mineral oil. 

Uses—Introduced for use as an antibacterial agent in ophthalmic 
solutions, but it is of limited effectiveness. 

It is used in flavors, as a soap perfume, and in the preparation of 
synthetic oils of rose and similar flower oils. It is also a valuable 
perfume fixative. 


ROSE OIL 


Otto of Rose; Attar of Rose 


The volatile oil distilled with steam from the fresh flowers of Rosa 
gallica Linné, Rosa damascena Miller, Rosa alba Linné, Rosa centifolia 
Linné, and varieties of these species (Fam Rosaceae). 

Constituents—From the quantitative standpoint the chief compo- 
nents are the alcohols geraniol (C,;)H,,O) and 1-citronellol (C; >H290). 
The sesquiterpene alcohols farnesol and nerol occur to the extent of 1% 
and 5 to 10%, respectively. Together, the four alcohols constitute 70 to 
75% of the oil. Phenylethyl alcohol, which constitutes 1% of the oil, is an 
important odoriferous constituent. Other compounds present are lina- 
lool, eugenol, nonyl aldehyde, traces of citral, and two solid hydrocar- 
bons of the paraffin series. 

Description and Solubility—A colorless or yellow liquid, which 
has the characteristic odor and taste of rose; at 25°, a viscous liquid; on 
gradual cooling it changes to a translucent, crystalline mass, which may 
be liquefied easily by warming; specific gravity 0.848 to 0.863 at 30°, 
compared with water at 15°; 1 mL mixes with 1 mL of chloroform 
without turbidity; on the addition of 20 mL of 90% alcohol to this 
solution, the resulting liquid is neutral or acid to moistened litmus 
paper and deposits a crystalline residue within 5 min on standing 
at 20°. 

Uses—Principally as a perfume. It is recognized officially for its use 
as an ingredient in Rose Water Ointment and cosmetics. 


STRONGER ROSE WATER 


Triple Rose Water 


A saturated solution of the odoriferous principles of the flowers of Rosa 
centifolia Linné (Fam Rosaceae), prepared by distilling the fresh flowers 
with water and separating the excess volatile oil from the clear, water 
portion of the distillate. 

Note—When diluted with an equal volume of purified water, it may 
be supplied when Rose Water is required. 

Description—Nearly colorless and clear liquid that possesses the 
pleasant odor and taste of fresh rose blossoms; must be free from 
empyreuma, mustiness, and fungal growths. 

Uses—An ingredient in Rose Water Ointment. It sometimes is pre- 
pared extemporaneously from concentrates or from rose oil, but such 
water is not official and rarely compares favorably with the fresh 
distillate from rose petals. 


SACCHARIN 


1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide; Gluside; o-Benzosulfimide 


fo) 
tl 
NH 
Le 
1,2-Benzisothiazolin-3-one 1,1-dioxide [81-07-2] C-H.NO,S (183.18). 

Preparation—Toluene is reacted with chlorosulfonic acid to form 
o-toluenesulfony] chloride, which is converted to the sulfonamide with 
ammonia. The methyl group then is oxidized with dichromate, yielding 
o-sulfamoylbenzoic acid, which, when heated, forms the cyclic imide. 

Description—White crystals or a white crystalline powder; odor- 
less or with a faint aromatic odor; in dilute solution it is intensely sweet; 
solutions are acid to litmus; melts between 226° and 230°. 

Solubility—1 g in 290 mL water, 31 mL alcohol, or 25 mL boiling 
water; slightly soluble in chloroform or ether; readily dissolved by dilute 
solution of ammonia, solutions of alkali hydroxides, or solutions of 
alkali carbonates, with the evolution of CO,. 

Uses—A sweetening agent in Aromatic Cascara Sagrada Fluidex- 
tract and highly alcoholic preparations. It is an intensely sweet sub- 
stance. A 60-mg portion is equivalent in sweetening power to approxi- 
mately 30 g of sucrose. It is used as a sweetening agent in vehicles, 
canned foods, and beverages and in diets for diabetics to replace the 


sucrose. The relative sweetening power of saccharin is increased by 
dilution. 


SACCHARIN CALCIUM 


1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, calcium salt, 
hydrate (2:7) Calcium o-Benzosulfimide 


o% {9 


S 
~n— | ca + 35H,0 
So 


1,2-Benzisothiazolin-3-one 1,1-dioxide calcium salt hydrate (2:7) [6381- 
91-5] C,,H,CaN,O,S, - 3% H,O (467.48); anhydrous [6485-34-3] 
(404.43). 

Preparation—Saccharin is reacted with a semimolar quantity of 
calcium hydroxide in aqueous medium, and the resulting solution is 
concentrated to crystallization. 

Description—White crystals or a white, crystalline powder; odor- 
less or with a faint aromatic odor; and an intensely sweet taste even in 
dilute solutions; in dilute solution it is about 300 times as sweet as 
sucrose, 

Solubility—1 g in 2.6 mL water or 4.7 mL alcohol. 

Uses—See Saccharin. 


SACCHARIN SODIUM 


1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, sodium salt, dihydrate; 
Soluble Saccharin; Soluble Gluside; Sodium o-Benzosulfimide 


Oe ge 


Sy 
So 


1,2-Benzisothiazolin-3-one 1,1-dioxide sodium salt dihydrate [6155- 
57-3] C-H,NNaO.S - 2 H,O (241.19); anhydrous [128-44-9] (205.16). 

Preparation—Saccharin is dissolved in an equimolar quantity 
of aqueous sodium hydroxide, and the solution is concentrated to 
crystallization. 

Description—White crystals or a white crystalline powder; odor- 
less or with a faint aromatic odor, and an intensely sweet taste even in 
dilute solutions; in dilute solution it is about 300 times as sweet as 
sucrose; in powdered form it usually contains about 1/3 the theoretical 
amount of water of hydration because of efflorescence. 

Solubility—1 g in 1.5 mL water or 50 mL alcohol. 

Uses—Same as Saccharin but has the advantage of being more 
soluble in neutral aqueous solutions. 


SORBITOL 
Sionin; Sorbit; p-Sorbitol; p-Glucitol; Sorbo 


i lt OH OH H 


p-Glucitol [50-70-4] C,H, ,O, (182.17); it may contain small amounts of 
other polyhydric alcohols. 

Preparation—Commercially by reduction (hydrogenation) of cer- 
tain sugars, such as glucose. 

Description—White, hygroscopic powder, granules, or flakes, with 
a sweet taste; the usual form melts about 96°. 

Solubility—1 g in about 0.45 mL of water; slightly soluble in 
alcohol, methanol, or acetic acid. 

Uses—An osmotic diuretic given intravenously in 50% (w/v) solu- 
tion to diminish edema, lower cerebrospinal pressure, or reduce intraoc- 
ular pressure in glaucoma. It also is used as a laxative, sweetener, 
humectant, plasticizer and, in 70% (w/w) solution, as a vehicle. 


Sorbitol Solution—a water solution containing, in each 100 g, 69 
to 71 g of total solids consisting essentially of D-sorbitol and a small 
amount of mannitol and other isomeric polyhydric alcohols. The content 
of p-sorbitol C,H,(OH), in each 100 g is not less than 64 g. Description: 
Clear, colorless, syrupy liquid, with a sweet taste and no characteristic 
odor; neutral to litmus; specific gravity not less than 1.285; refractive 
index at 20 1.455 to 1.465. Uses: It is not to be injected. It has been used 
as a replacement for propylene glycol and glycerin. 


SPEARMINT 


Spearmint Leaves; Spearmint Herb; Mint 
The dried leaf and flowering top of Mentha spicata Linné (Mentha 
viridis Linné) (Common Spearmint) or of Mentha cardiaca Gerard ex 
Baker (Scotch Spearmint) (Fam Labiatae). 

Fresh spearmint is used in preparing mint sauce and also the 
well-known mint julep. The volatile oil is the only constituent of impor- 
tance in this plant; the yield is from % to 1%. 

Uses—A flavoring agent. 


Spearmint Oil—the volatile oil distilled with steam from the fresh 
overground parts of the flowering plant Mentha spicata or Mentha 
cardiaca; contains not less than 55%, by volume, of C,,H,,O (carvone, 
150.22). The chief odoriferous constituent is the ketone l-carvone. Amer- 
ican oil also contains dihydrocarveol acetate [CH,COOC, H,,], 1-li- 
monene [C,,H,.], a small amount of phellandrene [C,,H,,], and traces 
of esters of valeric and caproic acids. 

Description and Solubility—Colorless, yellow, or greenish yellow 
liquid, with the characteristic odor and taste of spearmint; specific 
gravity 0.917 to 0.934. Soluble in 1 volume of 80% alcohol, but upon 
further dilution may become turbid. Uses: Primarily as a flavoring 
agent. It also has been used as a carminative in doses of 0.1 mL. 


SUCROSE 


a-p-Glucopyranoside, B-p-fructofuranosyl-, Sugar; 
Cane Sugar; Beet Sugar 
Sucrose [57-50-1] C,,H,.0,, (342.30); a sugar obtained from Saccha- 
rum officinarum Linné (Fam Gramineae), Beta vulgaris Linné (Fam 
Chenopodiaceae), and other sources. It contains no added substances. 

For the structural formula, see page 411. 

Preparation—Commercially from sugar cane, beet root, and sor- 
ghum. Originally, sugar cane was the only source, but at present the 
root of Beta vulgaris is used largely in Europe, and to an increasing 
degree in this country, for making sucrose. 

The sugar cane is crushed, and the juice amounting to about 80% is 
expressed with roller mills. The juice, after defecation with lime and 
removal of excess of lime by carbonic acid gas, is run into vacuum pans 
for concentration, and the saccharine juice is evaporated in this until it 
begins to crystallize. After the crystallization is complete, the warm 
mixture of crystals and syrup is run into centrifuges, in which the 
crystals of raw sugar are drained and dried. The syrup resulting as a 
by-product from raw sugar is known as molasses. Raw beet sugar is 
made by a similar process but is more troublesome to purify than that 
made from sugar cane. 

The refined sugar from either raw cane or beet sugar is prepared by 
dissolving the raw sugar in water, clarifying, filtering, and finally 
decolorizing the solution by passing it through bone-black filters. The 
water-white solution finally is evaporated under reduced pressure to 
the crystallizing point and then forced to crystallize in small granules 
that are collected and drained in a centrifuge. 

Description—Colorless or white crystals, crystalline masses or 
blocks, or a white, crystalline powder; odorless; sweet taste; stable in 
air; solutions neutral to litmus; melts with decomposition from 160 to 
185°; specific gravity of about 1.57; specific rotation at 20° not less than 
+65.9; unlike the other official sugars (dextrose, fructose, and lactose), 
it does not reduce Fehling’s solution even in hot solutions; also differs 
from these sugars in that it is darkened and charred by sulfuric acid in 
the cold, is fermentable, and in dilute aqueous solutions, it ferments 
into alcohol and eventually acetic acid. 

Sucrose is hydrolyzed by dilute mineral acids, slowly in the cold and 
rapidly on heating, into one molecule each of dextrose or levulose. This 
process is known technically as inversion, and the product is referred to 
as invert sugar, the term inversion being derived from the change, 
through the hydrolysis, in the optical rotation from dextro of sucrose to 
levo of the hydrolyzed product. The enzyme invertase also hydrolyzes 
sucrose. 

Solubility—1 g in 0.5 mL water, 170 mL alcohol, or slightly more 
than 0.2 mL boiling water; insoluble in chloroform or ether. 

Uses—Principally as a pharmaceutical necessity for making syrups 
and lozenges. It gives viscosity and consistency to fluids. 

Intravenous administration of hypertonic solutions has been em- 
ployed chiefly to initiate osmotic diuresis. Such a procedure is not 
completely safe, and renal tubular damage may result, particularly in 
patients with existing renal pathology. Safer and more effective diuret- 
ics are available. 


CONFECTIONER’S SUGAR 


Sucrose ground together with corn starch to a fine powder; contains 95.0 
to 97.0% sucrose. 
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Description—Fine, white, odorless powder; sweet taste; stable in 
air; specific rotation not less than +62.6. 

Solubility—The sucrose portion is soluble in cold water; this is 
entirely soluble in boiling water. 

Uses—A pharmaceutic aid as a tableting excipient and sweetening 
agent. See also Sucrose. 


SYRUP—page 1028. 
TOLU BALSAM 


Tolu 


A balsam obtained from Myroxylon balsamum (Linné) Harms (Fam 
Leguminosae). 

Constituents—Up to 80% resin, about 7% volatile oil, 12 to 15% 
free cinnamic acid, 2 to 8% benzoic acid, and 0.05% vanillin. The 
volatile oil is composed chiefly of benzyl benzoate, and benzyl cinnamate, 
ethyl benzoate, ethyl cinnamate, a terpene called tolene (possibly iden- 
tical with phellandrene), and the sesquiterpene alcohol farnesol also 
have been reported to be present. 

Description—Brown or yellowish brown, plastic solid; transparent 
in thin layers and brittle when old, dried, or exposed to cold tempera- 
tures; pleasant, aromatic odor resembling that of vanilla and a mild, 
aromatic taste. 

Solubility—Nearly insoluble in water or solvent hexane; soluble in 
alcohol, chloroform, or ether, sometimes with slight residue or turbid- 
ity. 

Uses—A vehicle, flavoring agent, and stimulating expectorant as 
a syrup. It is also an ingredient of Compound Benzoin Tincture 
(page 1203). 

Tolu Balsam Syrup [Syrup of Tolu; Tolu Syrup]—Preparation: 
Add tolu balsam tincture (50 mL, all at once) to magnesium carbonate 
(10 g) and sucrose (60 g) in a mortar, and mix intimately. Gradually add 
purified water (430 mL) with trituration, and filter. Dissolve the re- 
mainder of the sucrose (760 g) in the clear filtrate with gentle heating, 
strain the syrup while warm, and add purified water (qs) through the 
strainer to make the product measure 1000 mL. Mix thoroughly. Note: 
May be made also in the following manner: Place the remaining sucrose 
(760 g) in a suitable percolator, the neck of which nearly is filled with 
loosely packed cotton, moistened after packing with a few drops of 
water. Pour the filtrate, obtained as directed in the formula above, upon 
the sucrose, and regulate the outflow to a steady drip of percolate. When 
all of the liquid has run through, return portions of the percolate, if 
necessary, to dissolve all of the sucrose. Then pass enough purified 
water through the cotton to make the product measure 1000 mL. Mix 
thoroughly. Alcohol Content: 3 to 5%. Uses: Chiefly for its agreeable 
flavor in cough syrups. Dose: 10 mL. 

Tolu Balsam Tincture [Tolu Tincture]—Preparation: With tolu 
balsam (200 g), prepare a tincture by Process M (page 750), using 
alcohol as the menstruum. Alcohol Content: 77 to 83%. Uses: A balsamic 
preparation employed as an addition to expectorant mixtures; also used 
in the preparation of Tolu Balsam Syrup. 


VANILLA 


Vanilla Bean 


The cured, full-grown, unripe fruit of Vanilla planifolia Andrews, often 
known in commerce as Mexican or Bourbon Vanilla, or of Vanilla 
tahitensis JW Moore, known in commerce as Tahiti Vanilla (Fam Or- 
chidaceae); yields not less than 12% of anhydrous extractive soluble in 
diluted alcohol. 

Constituents—Contains a trace of a volatile oil, fixed oil, 4% resin, 
sugar, vanillic acid, and about 2.5% vanillin (see below). This highest 
grade of vanilla comes from Madagascar; considerable quantities of the 
drug also are produced in Mexico. 

Uses—A flavor. 

Note—Do not use if it has become brittle. 


Vanilla Tincture [Extract of Vanilla]—Preparation: Add water 
(200 mL) to comminuted vanilla (cut into small pieces, 100 g) in a 
suitable covered container, and macerate during 12 hr, preferably in a 
warm place. Add alcohol (200 mL) to the mixture of vanilla and water, 
mix well, and macerate about 3 days. Transfer the mixture to a perco- 
lator containing sucrose (in coarse granules, 200 g), and drain; then 
pack the drug firmly, and percolate slowly, using diluted alcohol (qs) as 
the menstruum. If the percolator is packed with an evenly distributed 
mixture of the comminuted vanilla, sucrose, and clean, dry sand, the 
increased surface area permits more efficient percolation. This tincture 
is unusual in that it is the only official one in which sucrose is specified 
as an ingredient. Alcohol Content: 38 to 42%. Uses: A flavoring agent. 
See Flavors, page 1018. 
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VANILLIN 
Benzaldehyde, 4-hydroxy-3-methoxy-, 
CHO 
OCHS 
OH 


4-Hydroxy-3-methoxybenzaldehyde [121-33-5] CgH,O, (152.15). 

Preparation—From vanilla, which contains 2 to 3%. It also is 
found in many other substances, including tissues of certain plants, 
crude beet sugar, asparagus, and even asafetida. Commercially, it is 
made synthetically. While chemically identical with the product ob- 
tained from the vanilla bean, flavoring preparations made from it never 
equal in flavor the preparation in which vanilla alone is used, because 
vanilla contains other odorous products. It is synthesized by oxidation 
processes from either coniferin or eugenol, by treating guaiacol with 
chloroform in the presence of an alkali, and by other methods. 

Description—Fine, white to slightly yellow crystals, usually 
needle-like, with an odor and taste suggestive of vanilla; affected by 
light; solutions are acid to litmus; melts 81 to 83°. 

Solubility—1 g in about 100 mL water, about 20 mL glycerin, or 20 
mL water at 80°; freely soluble in alcohol, chloroform, ether, or solutions 
of the fixed alkali hydroxides. 

Incompatibilities—Combines with glycerin, forming a compound 
that is almost insoluble in alcohol. It is decomposed by alkalies and is 
oxidized slowly by the air. 

Uses—Only as a flavor. Solutions of it sometimes are sold as a 
synthetic substitute for vanilla for flavoring foods, but it is inferior in 
flavor to the real vanilla extract. 


WATER—page 1027. 
WATER PURIFIED—page 1027. 
WILD CHERRY SYRUP—page 1028. 


OTHER FLAVORING AGENTS 

Anise NF IX [Anise Seed; European Aniseed; Sweet Cumin]—The 
dried ripe fruit of Pimpinella anisum Linné. It contains about 1.75% of 
volatile oil. Uses: A flavor and carminative. 

Ceylon Cinnamon—The dried inner bark of the shoots of coppiced 
trees of Cinnamomum zeylanicum Nees (Fam Lauraceae); contains, in 
each 100 g, not less than 0.5 mL volatile oil. Uses: A carminative and 
flavor. 

Clove—tThe dried flower-bud of Eugenia caryophyllus (Sprengel) 
Bullock et Harrison (Fam Myrtaceae). It contains, in each 100 g, not less 
than 16 mL of clove oil. Uses: An aromatic in doses of 0.25 g and as a 
condiment in foods. 

Coriander—The dried ripe fruit of Coriandrum sativum Linné 
(Fam Umbelliferae); yields not less than 0.25 mL volatile coriander 
011/100 g. Uses: Seldom used alone, but sometimes is combined with 
other agents, chiefly as a flavor. It also is used as a condiment and flavor 
in cooking. 

Eucalyptol [Cineol; Cajeputol] C,,H,,0 (154.25)—Obtained from 
eucalyptus oil and from other sources. Colorless liquid, with a charac- 
teristic aromatic, distinctly camphoraceous odor and a pungent, cooling, 
spicy taste; 1 volume is soluble in 5 volumes of 60% alcohol; miscible 
with alcohol, chloroform, ether, glacial acetic acid, or fixed or volatile 
oils; insoluble in water. Uses: Primarily as a flavoring agent. Locally it 
is employed for its antiseptic effect in inflammations of the nose and 
throat and in certain skin diseases. It sometimes is used by inhalation 
in bronchitis. 

Fennel [Fennel Seed]—The dried ripe fruit of cultivated varieties of 
Foeniculum vulgare Miller (Fam Umbelliferae); contains 4 to 6% of an 
oxygenated volatile oil and 10% of a fixed oil. Uses: A flavor and 
carminative. 

Ginger NF [Zingiber]—The dried rhizome of Zingiber officinale 
Roscoe (Fam Zingiberaceae), known in commerce as Jamaica Ginger, 
African Ginger and Cochin Ginger. The outer cortical layers often are 
removed either partially or completely. Constituents: A pungent sub- 
stance, gingerol; volatile oil (Jamaica Ginger, about 1%; African Ginger, 
2 to 3%), containing the terpenes d-camphene and B-phellandrene and 
the sesquiterpene zingiberene; citral cineol and borneol. Uses: A flavor- 
ing agent. It formerly was employed in a dose of 600 mg as an intestinal 
stimulant and carminative in colic and in diarrhea. 

Ginger Oleoresin—Yields 18 to 35 mL of volatile ginger oil/100 g 
of oleoresin. Preparation: Extract the oleoresin from ginger, in moder- 
ately coarse powder, by percolation, using either acetone, alcohol, or 
ether as the menstruum. 


Glycyrrhiza Extract [Licorice Root Extract; Licorice]—An extract 
prepared from the rhizome and roots of species of Glycyrrhiza Tourne- 
fort ex Linné (Fam Leguminosae). Description: Brown powder or in 
flattened, cylindrical rolls, or in masses; the rolls or masses have a 
glossy black color externally and a brittle, sharp, smooth, conchoidal 
fracture; the extract has a characteristic sweet taste that is not more 
than very slightly acrid. Uses: A flavoring agent. 

Lavender [Lavendula]—The flowers of Lavandula spica (Lavan- 
dula officinalis or Lavandula vera); contains a volatile oil with the 
principal constituent /-linalyl acetate. Uses: A perfume. 

Lemon Peel USP XV, BP [Fresh Lemon Peel]—The outer yellow 
rind of the fresh ripe fruit of Citrus limon (Linné) Burmann filius (Fam 
Rutaceae); contains a volatile oil and hesperidin. Uses: A flavor. 

Lemon Tincture USP XVIII [Lemon Peel Tincture]—Preparation: 
From lemon peel, which is the outer yellow rind of the fresh, ripe fruit 
of Citrus limon (Linné) Burmann filius (Fam Rutaceae), by Process M 
(page 750), 500 g of the peel being macerated in 900 mL alcohol, and the 
preparation being completed with alcohol to make the product measure 
1000 mL. Use tale as the filtering medium. The white portion of the rind 
must not be used, as the proportion of oil, which is found only in the 
yellow rind, is reduced, and the bitter principle, hesperidin, introduced. 
Alcohol Content: 62 to 72%. Uses: A flavor, its fineness of flavor being 
ensured as it comes from the fresh fruit, and being an alcoholic solution 
it is more stable than the oil. 

Myrcia Oil [Bay Oil; Oil of Bay]—The volatile oil distilled from 
leaves of Pimenta racemosa (Miller) JW Moore (Fam Myrtaceae); con- 
tains the phenolic compounds eugenol and chavicol. Uses: In the prep- 
aration of bay rum as a perfume. 

Orange Oil, Bitter—The volatile oil obtained by expression from 
the fresh peel of the fruit of Citrus aurantium Linné (Fam Rutaceae); 
contains primarily d-limonene. Pale yellow liquid with a characteristic 
aromatic odor of the Seville orange; if it has a terebinthinate odor, it 
should not be dispensed; refractive index 1.4725 to 1.4755 at 20°. It 
differs little from Orange Oil (page 1023) except for the botanical 
source. Miscible with anhydrous alcohol and with about 4 volumes 
alcohol. Uses: A flavor. 

Orange Peel, Bitter [Bitter Orange; Curacao Orange Peel; Biga- 
rade Orange]—The dried rind of the unripe but fully grown fruit of 
Citrus aurantium Linné (Fam Rutaceae). Constituents: The inner part 
of the peel from the bitter orange contains a volatile oil and the glyco- 
side hesperidin (C,,H.,,0,;). This, upon hydrolysis in the presence of 
H,SO,, yields hesperetin (C,,H,,0,), rhamnose (C,H,,0;), and D-glu- 
cose (C,H,,0,). Uses: A flavoring agent. It has been used as a bitter. 

Orange Peel, Sweet USP XV—The fresh outer rind of the non- 
artificially-colored, ripe fruit of Citrus sinensis (Linné) Osbeck (Fam 
Rutaceae); the white inner portion of the rind is to be excluded. Con- 
tains a volatile oil but no hesperidin, since the glycoside occurs in the 
white portion of the rind. Uses: A flavor. 

Orris [Orris Root; Iris; Florentine Orris]—The peeled and dried 
rhizome of Iris germanica Linné, including its variety florentina Dykes 
Uris florentina Linné), or of Iris pallida Lamarck (Fam Iridaceae); 
contains about 0.1 to 0.2% of a volatile oil (orris butter), myristic acid 
and the ketone irone; irone provides the fragrant odor of orris. Uses: A 
perfume. 

Pimenta Oil [Pimento Oil; Allspice Oil]J—The volatile oil distilled 
from the fruit of Pimenta officinalis Lindley (Fam Myrtaceae). Uses: A 
carminative and stimulant and also as a condiment in foods. 

Rosemary Oil—The volatile oil distilled with steam from the fresh 
flowering tops of Rosmarinus officinalis Linné (Fam Labiatae); yields 
not less than 1.5% of esters calculated as bornyl acetate (C,H. 0.) and 
not less than 8% of total borneol (C,,H,,O), free and as esters. Constit- 
uents: The amount of esters, calculated as bornyl acetate, and of total 
borneol, respectively, varies somewhat with its geographical source. 
Cineol is present to the extent of about 19 to 25%, depending on the 
source. The terpenes d- and l-a-pinene, dipentene, and camphene, and 
the ketone camphor also occur in this oil. Description and Solubility: 
Colorless or pale yellow liquid, with the characteristic odor of rosemary 
and a warm, camphoraceous taste; specific gravity 0.894 to 0.912. 
Soluble in 1 volume of 90% alcohol, by volume, but upon further dilution 
may become turbid. Uses: A flavor and perfume, chiefly, in rubefacient 
liniments such as Camphor and Soap Liniment. 

Sassafras—The dried bark of the root of Sassafras albidum (Nut- 
tall) Nees (Fam Lauraceae). Uses: Principally because of its high con- 
tent of volatile oil that serves to disguise the taste of disagreeable 
substances. An infusion (sassafras tea) formerly was used extensively 
as a home remedy, particularly in the southern states. 

Sassafras Oil—The volatile oil distilled with steam from Sassafras. 
Uses: A flavor by confectioners, particularly in hard candies. Either the 
oil or safrol is used as a preservative in mucilage and library paste, 
being far superior to methyl salicylate for this purpose. Since the oil is 


antiseptic, it sometimes is employed in conjunction with other agents 
for local application in diseases of the nose and throat; safrol also is 
used in this way. 

Wild Cherry [Wild Black Cherry Bark]—The carefully dried stem 
bark of Prunus serotina Ehrhart (Fam Rosaceae), free of borke and 
preferably having been collected in autumn. Constituents: A glucoside of 
d-mandelonitrile (C,H; - CHOH - CN) known as prunasin (page 414), 
the enzyme emulsin, tannin, a bitter principle, starch, resin, etc. In the 
BP and the English literature this drug has been termed Virginian 
Prune—a literal but incorrect translation of the older botanical name, 
Prunus virginiana. Uses: A flavoring agent, especially in cough prepa- 
rations. It is an ingredient in Wild Cherry Syrup. As with bitter almond, 
contact with water, in the presence of emulsin, results in the production 
of benzaldehyde and HCN. All preparations of wild cherry should be 
made without heat, to avoid destruction of the enzyme that is respon- 
sible for the production of the free active principles. 


Diluting agents (vehicles or carriers) are indifferent substances 
that are used as solvents for active medicinals. They are of 
primary importance for diluting and flavoring drugs that are 
intended for oral administration, but a few such agents are 
designed specifically for diluting parenteral injections. The lat- 
ter group is considered separately. 

The expert selection of diluting agents has been an impor- 
tant factor in popularizing the specialties of manufacturing 
pharmacists. Since a large selection of diluting agents is avail- 
able in a choice of colors and flavors, prescribers have the 
opportunity to make their own prescriptions more acceptable to 
the patient. The best diluting agent is usually the best solvent 
for the drug. Water-soluble substances, for example, should be 
flavored and diluted with an aqueous agent, and alcohol-solu- 
ble drugs with an alcoholic vehicle. Thus, the diluting agents 
presented herein are divided into three groups on the basis 
of their physical properties: aqueous, hydroalcoholic, and 
alcoholic. 


AQUEOUS DILUTING AGENTS 


Aqueous diluting agents include aromatic waters, syrups, and 
mucilages. Aromatic waters are used as diluting agents for 
water-soluble substances and salts but cannot mask the taste 
of very disagreeable drugs. Some of the more common flavored 
aqueous agents and the official forms of water are listed below. 


ORANGE FLOWER WATER 


Stronger Orange Flower Water; Triple Orange Flower Water 


A saturated solution of the odoriferous principles of the flowers of Citrus 
aurantium Linné (Fam Rutaceae), prepared by distilling the fresh flow- 
ers with water and separating the excess volatile oil from the clear, 
water portion of the distillate. 

Description—Should be nearly colorless, clear, or only faintly opal- 
escent; the odor should be that of the orange blossoms; it must be free 
from empyreuma, mustiness, and fungoid growths. 

Uses—A vehicle flavor and perfume in syrups, elixirs, and solutions. 


PEPPERMINT WATER 


A clear, saturated solution of peppermint oil in purified water, prepared 
by one of the processes described under Aromatic Waters (page 724). 
Uses—A carminative and flavored vehicle. 


TOLU BALSAM SYRUP—page 1025. 
WATER 


Water [7732-18-5] H,O (18.02). 

Drinking water, which is subject to EPA regulations with respect to 
drinking water and which is delivered by the municipal or other local 
public system or drawn from a private well or reservoir, is the starting 
material for all forms of water covered by Pharmacopeial monographs. 

Drinking water may be used in the preparation of USP drug sub- 
stances (eg, in the extraction of certain vegetable drugs and in the 
manufacture of a few preparations used externally) but not in the 
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preparation of dosage forms or in the preparation of reagents or test 
solutions. It is no longer the subject of a separate monograph (in the 
USP), inasmuch as the cited standards vary from one community to 
another and generally are beyond the control of private parties or 
corporations. 


PURIFIED WATER 


Water obtained by distillation, ion-exchange treatment, reverse osmo- 
sis, or any other suitable process; contains no added substance. 

Caution—Do not use this in preparations intended for parenteral 
administration. For such purposes, use Water for Injection, Bacteriosta- 
tic Water for Injection, or Sterile Water for Injection, page 1029. 

Preparation—From water complying with EPA regulations with 
respect to drinking water. A former official process for water, when 
prepared by distillation, is given below. The pharmacist who is prepar- 
ing sterile solutions and must have freshly distilled water of exception- 
ally high grade, not only free from all bacterial or other microscopic 
growths but also free from the products of metabolic processes resulting 
from the growth of such organisms in the water, advantageously may 
follow this plan. The metabolic products commonly are spoken of as 
pyrogens and usually consist of complex organic compounds that cause 
febrile reactions if present in the solvent for parenteral medicinal 
substances. 


DISTILLATION PROCESS 


Water tne cc onesie OPT ite careiciee ears ane nara cccsiireces 1000 vol 


750 vol 


Distill the water from a suitable apparatus provided with a block-tin 
or glass condenser. Collect the first 100 volumes and reject this por- 
tion. Then collect 750 volumes and keep the distilled water in glass- 
stoppered bottles that have been rinsed with steam or very hot 
distilled water immediately before being filled. The first 100 volumes 
are discarded to eliminate foreign volatile substances found in ordinary 
water, and only 750 volumes are collected, since the residue in the still 
contains concentrated dissolved solids. 

Description—Colorless, clear liquid, without odor or taste. 

Uses—A pharmaceutic aid (vehicle and solvent). It must be used in 
compounding dosage forms for internal (oral) administration as well as 
sterile pharmaceuticals applied externally, such as collyria and derma- 
tological preparations, but these must be sterilized before use. 

Whenever water is called for in official tests and assays, this must be 
used. 


SYRUPS USED AS DILUTING AGENTS 


Syrups are useful as diluting agents for water-soluble drugs 
and act both as solvents and flavoring agents. The flavored 
syrups usually consist of simple syrup (85% sucrose in water) 
containing appropriate flavoring substances. Glycyrrhiza 
Syrup is an excellent vehicle for saline substances because of 
its colloidal properties, sweet flavor, and lingering taste of 
licorice. Acacia Syrup is valuable in disguising the taste 
of urea. Fruit syrups are especially effective for masking sour 
tastes. Aromatic Eriodictyon Syrup is the diluting agent of 
choice for masking the bitter taste of alkaloids. Cocoa Syrup 
and Cherry Syrup are good general flavoring agents. 


ACACIA SYRUP 


(ACaciangranulagonpowdered aanauscccict cites casos 100 g 
SOGIUMMBENZO ALG sree atremersacie yee sine soso teeiscieralnialsiere mjarslaleleie 1g 
WETIVTLIED TNNEHUE a ctrce vonea Soden onde oo an enoneesnsunsoconanuoness 5 mL 
SUG uoo eo ck aoconetloe no sar noha asand TanU ROA SRO OnESASHOeIOROUOON 800 g 
Purified Water, a sufficient quantity to make............... 1000 mL 


Mix the acacia, sodium benzoate, and sucrose; then add 425 mL of 
purified water and mix well. Heat the mixture on a steam bath until 
solution is completed. When cool, remove the scum, add the vanilla 
tincture and sufficient purified water to make the product measure 
1000 mL and strain, if necessary. 

Uses—A flavored vehicle and demulcent. 
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CHERRY SYRUP 


Syrupus Cerasi 


Cherry Wicentgerer Rie SOREN. Cd, Sd ies centclarr eae eee 475 mL 
SUCTOS@ Aiea eee eran asia tenets rein ann te eae 800 g 

AlcoWOl acu Mee eaoanenos woe Sakon: Cop ncn coe ene eee 20 mL 
Purified Water, a sufficient quantity to make............... 1000 mL 


Dissolve the sucrose in cherry juice by heating on a steam bath, cool, 
and remove the foam and floating solids. Add the alcohol and sufficient 
purified water to make 1000 mL and mix. 

Alcohol Content—1 to 2%. 

Uses—A pleasantly flavored vehicle that is particularly useful in 
masking the taste of saline and sour drugs. 


COCOA SYRUP 


Cacao Syrup; Chocolate-flavored Syrup; Chocolate Syrup 


COCOA crs seta crghann trai aahentrieae ies oreta ests we eye ree 180g 
SUGKOS Oi cac sie trpse nest crersoreesic toe eae oe eect te cee scl cee oP ee 600 g 
LiGuid\GlUGOSei 2 Saccteaek cer se chee etic eee eee 180g 
GIVCE NI rea ancourconiine seroenale Tene Sarit uke aR ts on Pane eer eee 50 mL 
Sodium’ Chlonid@ ry scccacetoetce tomes ee neceeeeee cee 2g 
Wan illiinevattectesscenyn ce issseanentnn Sete acon erent reece: 0.2g 
Sodium Benzoate...... i si oravoecogsatns Mao I TS Segtah ois oak IN LLIN 1g 
Purified Water, a sufficient quantity to make............... 1000 mL 


Mix the sucrose and the cocoa, and to this mixture gradually add a 
solution of the liquid glucose, glycerin, sodium chloride, vanillin, and 
sodium benzoate in 325 mL of hot purified water. Bring the entire 
mixture to a boil, and maintain at boiling temperature for 3 min. Allow 
to cool to room temperature, and add sufficient purified water to make 
the product measure 1000 mL. 

Note—Cocoa containing not more than 12% nonvolatile, ether- 
soluble, extractive (fat) yields a syrup having a minimum tendency to 
separate. Breakfast cocoa contains over 22% fat. 

Uses—A pleasantly flavored vehicle. 


SYRUP 
Simple Syrup 
SUCKOSE... cess teasetoeee baktchods Se) aelomene repens co aoe see tesa Bia ane heres 850g 
Purified Water, a sufficient quantity, to make .............. 1000 mL 


May be prepared by using boiling water or, preferably, without heat, by 
the following process: 

Place the sucrose in a suitable percolator the neck of which is nearly 
filled with loosely packed cotton, moistened, after packing, with a few 
drops of water. Pour carefully about 450 mL of purified water upon the 
sucrose, and regulate the outflow to a steady drip of percolate. Return 
the percolate, if necessary, until all of the sucrose has dissolved. Then 
wash the inside of the percolator and the cotton with sufficient purified 
water to bring the volume of the percolate to 1000 mL, and mix. 

Specific Gravity—Not less than 1.30. 

Uses—A sweet vehicle, sweetening agent, and as the basis for many 
flavored and medicated syrups. 


OTHER SYRUPS USED AS DILUTING AGENTS 

Glycyrrhiza Syrup USP XVIII [Licorice Syrup]—Preparation: 
Add fennel oil (0.05 mL) and anise oil (0.5 mL) to glycyrrhiza fluidex- 
tract (250 mL) and agitate until mixed. Then add syrup (qs) to make the 
product measure 1000 mL, and mix. Alcohol Content: 5 to 6%. Incom- 
patibilities: The characteristic flavor is destroyed by acids because of 
precipitation of the glycyrrhizin. Uses: A flavored vehicle, especially 
adapted to the administration of bitter or nauseous substances. 

Hydriodic Acid Syrup—Contains, in each 100 mL, 1.3 to 1.5 g HI 
(127.91). Preparation: Mix diluted hydriodic acid (140 mL) with purified 
water (550 mL), and dissolve dextrose (450 g) in this mixture by agita- 
tion. Add purified water (qs) to make the product measure 1000 mL, and 
filter. Caution: It must not be dispensed if it contains free iodine, as 
evidenced by a red coloration. Description: Transparent, colorless, or not 
more than pale straw-colored, syrupy liquid; odorless, with a sweet, 
acidulous taste; specific gravity about 1.18; hydriodic acid is decom- 
posed easily in simple aqueous solution (unless protected by hypophos- 
phorous acid), free iodine being liberated, and if taken internally, when 
in this condition, it is irritating to the alimentary tract. The dextrose 
used in this syrup should be of the highest grade obtainable. 


Incompatibilities—The reactions of the acids (page 725) as well as 
those of the water-soluble iodide salts. Oxidizing agents liberate iodine; 
alkaloids may be precipitated. Uses: Traditionally as a vehicle for ex- 
pectorant drugs. Its therapeutic properties are those of the iodides. 
Dose: Usual, 5 mL. 

Wild Cherry Syrup USP XVIII—Preparation: Pack wild cherry 
(in coarse powder, 150 g), previously moistened with water (100 mL), in 
a cylindrical percolator, and add water (qs) to leave a layer of it above 
the powder. Macerate for 1 hr, then proceed with rapid percolation, 
using added water, until 400 mL of percolate is collected. Filter the 
percolate, if necessary, add sucrose (675 g) and dissolve it by agitation, 
then add glycerin (150 mL), alcohol (20 mL), and water (qs) to make the 
product measure 1000 mL. Strain if necessary. It may be made also in 
the following manner: The sucrose may be dissolved by placing it in a 
second percolator as directed for preparing Syrup, and allowing the 
percolate from the wild cherry to flow through it and into a graduated 
vessel containing the glycerin and alcohol, until the total volume mea- 
sures 1000 mL. Note: Heat is avoided, lest the enzyme emulsin be 
inactivated. If this should happen, the preparation would contain no 
free HCN, upon which its action as a sedative for coughs mainly de- 
pends. For a discussion of the chemistry involved, see Wild Cherry (page 
1027). Alcohol Content: 1 to 2%. Uses: Chiefly as a flavored vehicle for 
cough syrups. 


MUCILAGES USED AS DILUTING AGENTS 


Mucilages are also suitable as diluting agents for water-soluble 
substances, and are especially useful in stabilizing suspensions 
and emulsions. 

The following mucilage used for this purpose is described 
under Emulsifying and Suspending Agents, page 1030. 


ACACIA MUCILAGE—page 1030. 


HYDROALCOHOLIC DILUTING AGENTS 


Hydroalcoholic diluting agents are suitable for drugs soluble in 
either water or diluted alcohol. The most important agents in 
this group are the elixirs. These solutions contain approxi- 
mately 25% alcohol. Medicated elixirs that have therapeutic 
activity in their own right are not included in this section. 
Listed below are the common, nonmedicated elixirs that are 
used purely as diluting agents or solvents for drugs. 


AROMATIC ELIXIR 


Simple Elixir 


Orange: Oily. cas ese ccamunashiccaash encase askin Uke ace Aeneas 2.4mL 
Le MOO ca seseres oenerycieeasseiactielaveeeurs saeusen cater eneee 0.6 mL 
GConancder Ollie. wcatespcrtce sence ite eis ee 0.24 mL 
PNIIS YON Sola tas nhac sy tsaieesss eiesae: ms svotee yer tek ee easier cet Acs 0.06 mL 
SVICUDitenisea sen essai tne uber toc acer ee cie ae oe eee 375 mL 
Teal (ye tera erasete serge) oe ccutiospieanat ete aca ee ee Pec aee ee 30g 
Alcohol, Purified Water, each, a sufficient quantity, to 

MAK G oa. come sects conte Soyeraeeaeioieasceee ctor reeset Pee 1000 mL 


Dissolve the oils in alcohol to make 250 mL. To this solution add the 
syrup in several portions, agitating vigorously after each addition, and 
afterward add, in the same manner, the required quantity of purified 
water. Mix the talc with the liquid, and filter through a filter wetted 
with diluted alcohol, returning the filtrate until a clear liquid is 
obtained. 

Alcohol Content—21 to 23%. 

Uses—A pleasantly flavored vehicle, employed in the preparation of 
many other elixirs. The chief objection to its extensive use is the high 
alcohol content (about 22%), which at times may counteract the effect of 
other medicines. 


OTHER HYDROALCOHOLIC DILUTING AGENTS 
Glycyrrhiza Elixir [Elixir Adjuvans; Licorice Elixir]—Prepara- 
tion: Mix glycyrrhiza fluidextract (125 mL) and aromatic elixir (875 
mL) and filter. Alcohol Content: 21 to 23%. Uses: A flavored vehicle. 


FLAVORED ALCOHOLIC SOLUTIONS 


Flavored alcoholic solutions of high alcoholic concentration are useful 
as flavors to be added in small quantities to syrups or elixirs. The 
alcohol content of these solutions is approximately 50%. There are two 
types of flavored alcoholic solutions: tinctures and spirits. Only non- 
medicated tinctures and spirits are used as flavoring agents. 


LEMON TINCTURE—page 1026. 
ORANGE SPIRIT, COMPOUND—page 1023. 
ORANGE PEEL, SWEET, TINCTURE—page 1023. 


DILUTING AGENTS FOR INJECTIONS 


Injections are liquid preparations, usually solutions or suspen- 
sions of drugs, intended to be injected through the skin into the 
body. Diluting agents used for these preparations may be aque- 
ous or nonaqueous and must meet the requirements for steril- 
ity and also of the pyrogen test. Aqueous diluting agents in- 
clude such preparations as Sterile Water for Injection and 
various sterile, aqueous solutions of electrolytes and/or dex- 
trose. Nonaqueous diluting agents are generally fatty oils of 
vegetable origin, fatty esters, and polyols such as propylene 
glycol and polyethylene glycol. These agents are used to dis- 
solve or dilute oil-soluble substances and to suspend water- 
soluble substances when it is desired to decrease the rate of 
absorption and, hence, prolong the duration of action of the 
drug substances. Preparations of this type are given intramus- 
cularly. See Parenteral Preparations, page 780. 


CORN OIL 


Maize Oil 
The refined fixed oil obtained from the embryo of Zea mays Linné (Fam 
Gramineae). 

Preparation—Expressed from the Indian corn embryos or germs 
separated from the grain in starch manufacture. 

Description—Clear, light yellow, oily liquid with a faint charac- 
teristic odor and taste; specific gravity 0.914 to 0.921. 

Solubility—Slightly soluble in alcohol; miscible with ether, chloro- 
form, benzene, or solvent hexane. 

Uses—Main official use is as a solvent and vehicle for injections. It 
is used as an edible oil substitute for solid fats in the management of 
hypercholesterolemia. Other uses include making soaps and for burn- 
ing. It is a semidrying oil and therefore unsuitable for lubricating or 
mixing paint. 


COTTONSEED OIL 


Cotton Seed Oil; Cotton Oil 
The refined fixed oil obtained from the seed of cultivated plants of 
various varieties of Gossypium hirsutum Linné or of other species of 
Gossypium (Fam Malvaceae). 

Preparation—Cotton seeds contain about 15% oil. The testae of 
the seeds are first separated, and the kernels are subjected to high 
pressure in hydraulic presses. The crude oil thus has a bright red to 
blackish red color. It requires purification before it is suitable for me- 
dicinal or food purposes. 

Description—Pale yellow, oily liquid with a bland taste; odorless 
or nearly so; particles of solid fat may separate below 10°; solidifies at 
about 0 to —5°; specific gravity 0.915 to 0.921. 

Solubility—Slightly soluble in alcohol; miscible with ether, chloro- 
form, solvent hexane, or carbon disulfide. 

Uses—Officially as a solvent and vehicle for injections. It is some- 
times taken orally as a mild cathartic in a dose of 30 mL or more. Taken 
internally, digestible oils retard gastric secretion and motility and in- 
crease the caloric intake. It also is used in the manufacture of soaps, 
oleomargarine, lard substitutes, glycerin, lubricants, and cosmetics. 


ETHYL OLEATE 
(Z)-9-Octadecenoic acid, ethyl ester 
HC—CH,(CH»)sCOOC,H; 


I 
HC—CH,(CH,),CH, 
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Ethyl oleate [111-62-6] C,,,H,,O, (310.52). 

Preparation—Among other ways, by reacting ethanol with oleoyl 
chloride in the presence of a suitable dehydrochlorinating agent. 

Description—Mobile, practically colorless liquid, with an agree- 
able taste; specific gravity 0.866 to 0.874; acid value not greater than 
0.5; iodine value 75 to 85; sterilized by heating at 150° for 1 hr; 
properties similar to those of almond and arachis oils, but is less viscous 
and more rapidly absorbed by the tissues; boils about 207°. 

Solubility—Does not dissolve in water; miscible with vegetable 
oils, mineral oil, alcohol, or most organic solvents. 

Uses—A vehicle tor certain intramuscular injectable preparations. 


PEANUT OIL 


Arachis Oil; Groundnut Oil; Nut Oil; Earth-Nut Oil 


The refined fixed oil obtained from the seed kernels of one or more of the 
cultivated varieties of Arachis hypogaea Linné (Fam Leguminosae). 

Description—Colorless or pale yellow, oily liquid, with a charac- 
teristic nutty odor and a bland taste; specific gravity 0.912 to 0.920. 

Solubility—Very slightly soluble in alcohol; miscible with ether, 
chloroform, or carbon disulfide. 

Uses—A solvent in preparing oil solutions for injection (page 807). It 
also is used for making liniments, ointments, plasters, and soaps, as a 
substitute for olive oil. 


SESAME OIL 


Teel Oil; Benne Oil; Gingili Oil 
The refined fixed oil obtained from the seed of one or more cultivated 
varieties of Sesamum indicum Linné (Fam Pedaliaceae). 

Description—Pale yellow, almost odorless, oily liquid with a bland 
taste; specific gravity 0.916 to 0.921. 

Solubility—Slightly soluble in alcohol; miscible with ether, chloro- 
form, solvent hexane, or carbon disulfide. 

Uses—A solvent and vehicle in official injections. It is used much 
like olive oil both medicinally and for food. It does not readily turn 
rancid. It also is used in the manufacture of cosmetics, iodized oil, 
liniments, ointments, and oleomargarine. 


WATER FOR INJECTION 


Water purified by distillation or by reverse osmosis. It contains no 
added substance. 

Caution—It is intended for use as a solvent for the preparation of 
parenteral solutions. For parenteral solutions that are prepared under 
aseptic conditions and are not sterilized by appropriate filtration or in 
the final container, first render it sterile and thereafter protect it from 
microbial contamination. 

Description—Clear, colorless, odorless liquid. 

Uses—Pharmaceutic aid (vehicle and solvent). 


BACTERIOSTATIC WATER FOR INJECTION 


Sterile water for injection containing one or more suitable 
antimicrobial agents 
Note—Use it with due regard for the compatibility of the antimicrobial 
agent or agents it contains with the particular medicinal substance that 
is to be dissolved or diluted. 
Uses—Sterile vehicle for parenteral preparations. 


STERILE WATER FOR INJECTION 


Water for Parenterals 


Water for injection sterilized and suitably packaged. It contains no 
antimicrobial agent or other added substance. 

Description—Clear, colorless, odorless liquid. 

Uses—For the preparation of all aqueous parenteral solutions, in- 
cluding those used in animal assays. See page 783 for a detailed dis- 
cussion. 


STERILE WATER FOR IRRIGATION 


Water for injection that has been sterilized and suitably packaged. It 
contains no antimicrobial agent or other added substance. 
Description—Clear, colorless, odorless liquid. 
Uses—An irrigating solution. 
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An emulsion is a two-phase system in which one liquid is 
dispersed in the form of small globules throughout another 
liquid that is immiscible with the first liquid. Emulsions are 
formed and stabilized with the help of emulsifying agents, 
which are surfactants and/or viscosity-producing agents. A sus- 
pension is defined as a preparation containing finely divided 
insoluble material suspended in a liquid medium. The presence 
of a suspending agent is required to overcome agglomeration of 
the dispersed particles and to increase the viscosity of the 
medium so that the particles settle more slowly. Emulsifying 
and suspending agents are used extensively in the formulation 
of elegant pharmaceutical preparations for oral, parenteral, 
and external use. For the theoretical and practical aspects of 
emulsions the interested reader is referred to pages 323 and 
738. More detailed information on the use of suspending agents 
is given on pages 318 and 737. 


ACACIA 


Gum Arabic 
The dried gummy exudate from the stems and branches of Acacia 
senegal (Linné) Willdenow or of other related African species of Acacia 
(Fam Leguminosae). 

Constituents—Principally calcium, magnesium, and potassium 
salts of the polysaccharide arabic acid, which on acid hydrolysis yields 
L-arabinose, L-rhamnose, D-galactose, and an aldobionic acid containing 
D-glucuronic acid and D-galactose. 

Description—Acacia: Spheroidal tears up to 32 mm in diameter or 
angular fragments of white to yellowish white color; translucent or 
somewhat opaque; very brittle; almost odorless; produces a mucilagi- 
nous sensation on the tongue. Flake Acacia: White to yellowish white, 
thin flakes. Powdered Acacia: White to yellowish white, angular micro- 
scopic fragments. Granular Acacia: White to pale yellowish white, fine 
granules. Spray-dried Acacia: White to off-white compacted microscopic 
fragments or whole spheres. 

Solubility—Insoluble in alcohol, but almost completely soluble in 
twice its weight of water at room temperature; the resulting solution 
flows readily and is acid to litmus. 

Incompatibilities—Alcohol or alcoholic solutions precipitate aca- 
cia as a stringy mass when the alcohol amounts to more than about 35% 
of the total volume. Solution is effected by dilution with water. The 
mucilage is destroyed through precipitation of the acacia by heavy 
metals. Borax also causes a precipitation that is prevented by glycerin. 
It contains calcium and, therefore, possesses the incompatibilities of 
this ion. 

It contains a peroxidase that acts as an oxidizing agent and produces 
colored derivatives of aminopyrine, antipyrine, cresol, guaiacol, phenol, 
tannin, thymol, vanillin, and other substances. Among the alkaloids 
affected are atropine, apomorphine, cocaine, homatropine, hyoscyamine, 
morphine, physostigmine, and scopolamine. A partial destruction of the 
alkaloid occurs in the reaction. Heating the solution of acacia for a few 
minutes at 100° destroys the peroxidase and the color reactions are 
avoided. 

Uses—Extensively as a suspending agent for insoluble substances 
in water, in the preparation of emulsions (pages 323 and 737) and for 
making pills and troches (page 891). 

It is used for its demulcent action in inflammations of the throat or 
stomach. 

Its solutions should not be used as a substitute for serum protein in 
the treatment of shock and as a diuretic in hypoproteinemic edema, 
since it produces serious syndromes that may result in death. 

Acacia Mucilage [Mucilage of Gum Arabic]—Preparation: Place 
acacia (in small fragments, 350 g) in a graduated bottle having a wide 
mouth and a capacity not greatly exceeding 1000 mL, wash the drug 
with cold purified water, allow it to drain, and add enough warm 
purified water in which benzoic acid (2 g) has been dissolved, to make 
the product measure 1000 mL. After stoppering, lay the bottle on its 
side, rotate it occasionally, and when the acacia has dissolved, strain 
the mucilage. It also may be prepared as follows: dissolve benzoic acid (2 
g) in purified water (400 mL) with the aid of heat, and add the solution 
to powdered or granular acacia (350 g), in a mortar, triturating until the 
acacia is dissolved. Then add sufficient purified water to make the 
product measure 1000 mL, and strain if necessary. This second method 
is primarily for extemporaneous preparation. Uses: A demulcent and a 


suspending agent. It also has been employed as an excipient in making 
pills and troches and as an emulsifying agent for cod liver oil and other 
substances. Caution—It must be free from mold or any other indication 
of decomposition. 


AGAR 


Agar-Agar; Vegetable Gelatin; Gelosa; Chinese 
or Japanese Gelatin 
The dried, hydrophilic, colloidal substance extracted from Gelidium 
cartilagineum (Linné) Gaillon (Fam Gelidiaceae), Gracilaria confer- 
voides (Linné) Greville (Fam Sphaerococcaceae) and related red algae 
(Class Rhodophyceae). 

Constituents—Chiefly of the calcium salt of a galactan mono-(acid 
sulfate). 

Description—Usually in bundles of thin, membranous, aggluti- 
nated strips or in cut, flaked, or granulated forms; may be weak yel- 
lowish orange, yellowish gray to pale yellow or colorless; tough when 
damp, brittle when dry; odorless or with a slight odor; produces a 
mucilaginous sensation on the tongue. Also supplied as a white to 
yellowish white or pale-yellow powder. 

Solubility—Insoluble in cold water; soluble in boiling water. 

Incompatibilities—Like other gums, it is dehydrated and precip- 
itated from solution by alcohol. Tannic acid causes precipitation; elec- 
trolytes cause partial dehydration and decrease in viscosity of sols. 

Uses—A relatively ineffective bulk-producing laxative used in a 
variety of proprietary cathartics. In mineral oil emulsions it acts as a 
stabilizer. It also is used in culture media for bacteriological work and 
in the manufacture of ice cream, confectionaries, etc. 


ALGINIC ACID 


Alginic acid [9005-32-7] (average equivalent weight 200); a hydrophilic 
colloidal carbohydrate extracted with dilute alkali from various species 
of brown seaweeds (Phaeophyceae). 

Preparation—Precipitates when an aqueous solution of Sodium 
Alginate is treated with mineral acid. 

Description—White to yellowish white, fibrous powder; odorless or 
practically odorless, and tasteless; pH (3 in 100 dispersion in water) 1.5 
to 3.5; pK, (0.1 N NaCl, 20°) 3.42. 

Solubility—Insoluble in water or organic solvents; soluble in alka- 
line solutions. 

Uses—A pharmaceutic aid (tablet binder and emulsifying agent). It 
is used as a sizing agent in the paper and textile industries. 


SODIUM ALGINATE 


Alginic acid, sodium salt; Algin; Kelgin; Manucol; Norgine 
Sodium alginate [9005-38-3] (average equivalent weight 220); the pu- 
rified carbohydrate product extracted from brown seaweeds by the use 
of dilute alkali. It consists chiefly of the sodium salt of alginic acid, a 
polyuronic acid composed of beta-p-mannuronic acid residues linked so 
that the carboxyl group of each unit is free while the aldehyde group is 
shielded by a glycosidic linkage. 

Description—Nearly odorless and tasteless, coarse or fine powder, 
yellowish white in color. 

Solubility—Dissolves in water, forming a viscous, colloidal solu- 
tion; insoluble in alcohol or in hydroalcoholic solutions in which the 
alcohol content is greater than about 30% by weight; insoluble in 
chloroform, ether, or acids, when the pH of the solution becomes lower 
than about 3. 

Uses—A thickening and emulsifying agent. This property makes it 
useful in a variety of areas. For example, it is used to impart smooth- 
ness and body to ice cream and to prevent formation of ice particles. 


BENTONITE 


Wilhinite; Soap Clay; Mineral Soap 
Bentonite [1302-78-9]; a native, colloidal, hydrated aluminum silicate. 

Occurrence—Bentonite is found in midwestern United States and 
Canada. Originally called Taylorite after its discoverer in Wyoming, its 
name was changed to bentonite after its discovery in the Fort Benton 
formation of the Upper Cretaceous of Wyoming. 

Description—Very fine, odorless powder with a slightly earthy 
taste, free from grit; the powder is nearly white, but may be pale buff or 
cream colored. 

The US Geological Survey has defined bentonite as a transported 
stratified clay formed by the alteration of volcanic ash shortly after 


deposition. Chemically, it is Al,O. - 4SiO, - H,O plus other minerals as 
impurities. It consists of colloidal crystalline plates, of less than micro- 
scopic dimensions in thickness, and of colloidal dimensions in breadth. 
This fact accounts for the extreme swelling that occurs when it is placed 
in water, since the water penetrates between an infinite number of 
plates. A good specimen swells 12 to 14 times its volume. 

Solubility—Insoluble in water or acids, but it has the property of 
adsorbing large quantities of water, swelling to approximately 12 times 
its original volume, and forming highly viscous thixotropic suspensions 
or gels. This property makes it highly useful in pharmacy. Its gel- 
forming property is augmented by the addition of small amounts of 
alkaline substances, such as magnesium oxide. It does not swell in 
organic solvents. 

Incompatibilities—Acids and acid salts decrease its water- 
absorbing power and thus cause a breakdown of the magma. Sus- 
pensions are most stable at a pH above 7. 

Uses—A protective colloid for the stabilization of suspensions. It 
also has been used as an emulsifier for oil and as a base for plasters, 
ointments, and similar preparations. 


Bentonite Magma—Preparation: Sprinkle bentonite (50 g), in por- 
tions, on hot purified water (800 g), allowing each portion to become 
thoroughly wetted without stirring. Allow it to stand with occasional 
stirring for 24 hr. Stir until a uniform magma is obtained, add purified 
water to make 1000 g, and mix. The magma may be prepared also by 
mechanical means such as by use of a blender, as follows: Place purified 
water (about 500 g) in the blender, and while the machine is running, 
add bentonite (50 g). Add purified water to make up to about 1000 g or 
up to the operating capacity of the blender. Blend the mixture for 5 to 
10 min, add purified water to make 1000 g, and mix. Uses: A suspending 
agent for insoluble medicaments. 


CARBOMER 


Carboxypolymethylene 
A synthetic high-molecular-weight cross-linked polymer of acrylic acid; 
contains 56 to 68% of carboxylic acid (-COOH) groups. The viscosity of 
a neutralized preparation (2.5 g/500 mL water) is 30,000 to 40,000 
centipoises. . 

Description—White, fluffy powder with a slight, characteristic 
odor; hygroscopic; pH (1 in 100 dispersion) about 3; specific gravity 
about 1.41. 

Solubility—neutralized with alkali hydroxides or amines); dis- 
solves in water, alcohol, or glycerin. 

Uses—A thickening, suspending, dispersing and emulsifying agent 
for pharmaceuticals, cosmetics, waxes, paints, and other industrial 
products. 


CARRAGEENAN 
Carrageenan [9000-07-1]. 

Preparation—The hydrocolloid extracted with water or aqueous 
alkali from certain red seaweeds of the class Rhodophyceae, and sepa- 
rated from the solution by precipitation with alcohol (methanol, etha- 
nol, or isopropanol) or by drum-roll drying or freezing. 

Constituents—It is a variable mixture of potassium, sodium, cal- 
cium, magnesium, and ammonium sulfate esters of galactose and 3,6- 
anhydrogalactose copolymers, the hexoses being alternately linked 
a-1,3 and £-1,4 in the polymer. The three main types of copoly- 
mers present are kappa-carrageenan, iota-carrageenan, and lambda- 
carrageenan, which differ in the composition and manner of linkage of 
monomeric units and the degree of sulfation (the ester sulfate content 
for carrageenans varies from 18 to 40%). Kappa-carrageenan and iota- 
carrageenan are the gelling fractions; lambda-carrageenan is the non- 
gelling fraction. The gelling fractions may be separated from the non- 
gelling fraction by addition of potassium chloride to an aqueous solution 
of carrageenan. Carrageenan separated by drum-roll drying may con- 
tain mono- and di-glycerides or up to 5% of polysorbate 80, used as 
roll-stripping agents. 

Description—Yellow-brown to white, coarse to fine powder; odor- 
less; tasteless, producing a mucilaginous sensation on the tongue. 

Solubility—All carrageenans hydrate rapidly in cold water, but 
only lambda-carrageenan and sodium carrageenans dissolve com- 
pletely. Gelling carrageenans require heating to about 80° for complete 
solution when potassium and calcium ions are present. 

Uses—In the pharmaceutical and food industries as an emulsifying, 
suspending, and gelling agent. 


CARBOXYMETHYLCELLULOSE SODIUM 


Carbose D; Carboxymethocel S$; CMC; Cellulose Gum 
Cellulose, carboxymethyl ether, sodium salt [9004-32-4]; contains 6.5 to 
9.5% of sodium (Na), calculated on the dried basis. It is available in 
several viscosity types: low, medium, high, and extra high. 
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Description—White to cream-colored powder or granules; the pow- 
der is hygroscopic; pH (1 in 100 aqueous solution) about 7.5. 

Solubility—Easily dispersed in water to form colloidal solutions; 
insoluble in alcohol, ether, or most other organic solvents. 

Uses—Pharmaceutic aid (suspending agent, tablet excipient, or 
viscosity-increasing agent). In tablet form it is used as a hydrophilic 
colloid laxative. 


POWDERED CELLULOSE 


Cellulose [9004-34-6] (C,H,,O;),,; purified, mechanically disintegrated 
cellulose prepared by processing alpha cellulose obtained as a pulp from 
fibrous plant materials. 

Description—White, odorless substance, consisting of fibrous par- 
ticles, which may be compressed into self-binding tablets that disinte- 
grate rapidly in water; exists in various grades, exhibiting degrees of 
fineness ranging from a free-flowing dense powder to a coarse, fluffy, 
nonflowing material; pH (supernatant liquid of a 10 g/90 mL aqueous 
suspension after 1 hr) 5 to 7.5. 

Solubility—Insoluble in water, dilute acids, or nearly all organic 
solvents; slightly soluble in NaOH solution (1 in 20). 

Uses—Pharmaceutic aid (tablet diluent, adsorbent, or suspending 
agent). 


CETYL ALCOHOL—page 1035. 
CHOLESTEROL 


Cholest-5-en-3-ol, (38)-, Cholesterin 
Cholest-5-en-3B-ol [57-88-5] C,,H,,O (386.66). 

For the structural formula, see page 418. 

A steroid alcohol widely distributed in the animal organism. In 
addition to cholesterol and its esters, several closely related steroid 
alcohols occur in the yolk of eggs, the brain, milk, fish oils, wool fat (10 
to 20%), etc. These closely resemble it in properties. One of the methods 
of commercial production involves extraction of it from the unsaponifi- 
able matter in the spinal cord of cattle, using petroleum benzin. Wool 
fat also is used as a source. 

Description—White or faintly yellow, almost odorless pearly leaf- 
lets or granules; usually acquires a yellow to pale tan color on prolonged 
exposure to light or to elevated temperatures; melts 147 to 150°. 

Solubility—Insoluble in water; 1 g slowly dissolves in 100 mL 
alcohol or about 50 mL dehydrated alcohol; soluble in acetone, hot 
alcohol, chloroform, dioxane, ether, ethyl acetate, solvent hexane, or 
vegetable oils. 

Uses—To enhance incorporation and emulsification of medicinal 
products in oils or fats. It is a pharmaceutical necessity for Hydrophilic 
Petrolatum, in which it enhances water-absorbing capacity. See Chap- 
ter 21. 


DOCUSATE SODIUM—page 1233. 
GELATIN 


White Gelatin 
A product obtained by the partial hydrolysis of collagen derived from 
the skin, white connective tissues, and bones of animals. Gelatin de- 
rived from an acid-treated precursor is known as Type A and exhibits 
an isoelectric point between pH 7 and 9, while gelatin derived from an 
alkali-treated precursor is known as Type B and exhibits an isoelectric 
point between pH 4.7 and 5.2. 

Gelatin for use in the manufacture of capsules in which to dispense 
medicines or for the coating of tablets may be colored with a certified 
color, may contain not more than 0.15% of sulfur dioxide, may contain 
a suitable concentration of sodium lauryl sulfate and suitable antimi- 
crobial agents, and may have any suitable gel strength that is desig- 
nated by Bloom Gelometer number. 

Regarding the special gelatin for use in the preparation of emul- 
sions, see Emulsions (page 737). 

Description—Sheets, flakes, shreds, or a coarse-to-fine powder; 
faintly yellow or amber in color, the color varying in depth according to 
the particle size; slight, characteristic bouillon-like odor; stable in air 
when dry, but is subject to microbial decomposition when moist or in 
solution. 

Solubility—Insoluble in cold water, but swells and softens when 
immersed in it, gradually absorbing from 5 to 10 times its own weight 
of water; soluble in hot water, acetic acid, or hot mixtures of glycerin or 
water; insoluble in alcohol, chloroform, ether, or fixed and volatile oils. 

Uses—In pharmacy, to coat pills and form capsules, and as a vehicle 
for suppositories. It also is recommended as an emulsifying agent. See 
under Emulsions in Chapters 20 and 39, also Suppositories (page 851), 
and Absorbable Gelatin Sponge (page 1261). It also has been used as an 
adjuvant protein food in malnutrition. 
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GLYCERYL MONOSTEARATE—page 1036. 
HYDROXYETHYL CELLULOSE 


Cellulose, 2-hydroxyethyl ether; Cellosize; Natrosol 
Cellulose hydroxyethyl ether 9004-62-0. 

Preparation—Cellulose is treated with NaOH and then reacted 
with ethylene oxide. 

Description—White, odorless, tasteless, free-flowing powder; soft- 
ens at about 137°; refractive index (2% solution) about 1.336; pH about 
7; solutions are nonionic. 

Solubility—Dissolves readily in cold or hot water to give clear, 
smooth, viscous solutions; partially soluble in acetic acid; insoluble in 
most organic solvents. 

Uses—Resembles carboxymethylcellulose sodium in that it is a 
cellulose ether, but differs in being nonionic, and hence, its solutions are 
unaffected by cations. It is used pharmaceutically as a thickener, pro- 
tective colloid, binder, stabilizer, and suspending agent in emulsions, 
jellies and ointments, lotions, ophthalmic solutions, suppositories, and 
tablets. 


HYDROXYPROPYL CELLULOSE 


Cellulose, 2-hydroxypropyl ether; Klucel 
Cellulose hydroxypropyl ether [9004-64-2]. 

Preparation—After treating with NaOH, cellulose is reacted with 
propylene oxide at elevated temperature and pressure. 

Description—Off-white, odorless, tasteless powder; softens at 
130°; burns out completely about 475° in N, or O,; refractive index (2% 
solution) about 1.337; pH (aqueous solution) 5 to 8.5; solutions are 
nonionic. 

Solubility—Soluble in water below 40° (insoluble above 45°); solu- 
ble in many polar organic solvents. 

Uses—A broad combination of properties useful in a variety of 
industries. It is used pharmaceutically as a binder, granulation agent, 
and film-coater in the manufacture of tablets; an alcohol-soluble thick- 
ener and suspending agent for elixirs and lotions; and a stabilizer for 
emulsions. 


HYDROXYPROPYL METHYLCELLULOSE 


Cellulose, 2-hydroxypropyl methyl ether 
Cellulose hydroxypropyl methyl ether [9004-65-3], available in grades 
containing 16.5 to 30.0% of methoxy and 4.0 to 32.0% of hydroxypropoxy 
groups, and thus in viscosity and thermal gelation temperatures of 
solutions of specified concentration. 

Preparation—The appropriate grade of methylcellulose (see be- 
low) is treated with NaOH and reacted with propylene oxide at elevated 
temperature and pressure for a reaction time sufficient to produce the 
desired degree of attachment of methyl and hydroxypropyl groups by 
ether linkages to the anhydroglucose rings of cellulose. 

Description—White to slightly off-white, fibrous or granular, free- 
flowing powder. 

Solubility—Swells in water and produces a clear to opalescent, 
viscous, colloidal mixture; undergoes reversible transformation from sol 
to gel on heating and cooling, respectively. Insoluble in anhydrous 
alcohol, ether, or chloroform. 

Uses—A protective colloid that is useful as a dispersing and thick- 
ening agent, and in ophthalmic solutions to provide the demulcent 
action and viscous properties essential for contact-lens use and in 
artificial-tear formulations. See Hydroxypropyl Methylcellulose Oph- 
thalmic Solution (page 1204). 


LANOLIN, ANHYDROUS—page 1035. 
METHYLCELLULOSE 


Cellulose, methyl ether; Methocel 
Cellulose methyl ether [9004-67-5]; a methyl ether of cellulose contain- 
ing 27.5 to 31.5% of methoxy groups. 

Preparation—By the reaction of methyl chloride or of dimethyl 
sulfate on cellulose dissolved in sodium hydroxide. The cellulose methyl 
ether so formed is coagulated by adding methanol or other suitable 
agent and centrifuged. Since cellulose has 3 hydroxyl groups/glucose 
residue, several methylcelluloses can be made that vary in, among 
other properties, solubility and viscosity. Types useful for pharmaceu- 
tical application contain from 1 to 2 methoxy radicals/glucose residue. 

Description—White, fibrous powder or granules; aqueous suspen- 
sions neutral to litmus; stable to alkalies and dilute acids. 

Solubility—Insoluble in ether, alcohol, or chloroform; soluble in 
glacial acetic acid or in a mixture of equal parts of alcohol and chloro- 
form; swells in water, producing a clear to opalescent, viscous colloidal 
solution; insoluble in hot water and saturated salt solutions; salts of 
minerals, acids, and particularly polybasic acids, phenols, and tannins 


coagulate its solutions, but this can be prevented by the addition of 
alcohol or of glycol diacetate. 

Uses—A synthetic substitute for natural gums that has both phar- 
maceutic and therapeutic applications. Pharmaceutically, it is used as 
a dispersing, thickening, emulsifying, sizing, and coating agent. It is an 
ingredient of many nose drops, eye preparations, burn medications, 
cosmetics, tooth pastes, liquid dentifrices, hair fixatives, creams, and 
lotions. It functions as a protective colloid for many types of dispersed 
substances and is an effective stabilizer for oil-in-water emulsions. 

Therapeutically, it is used as a bulk laxative in the treatment of 
chronic constipation. Taken with 1 or 2 glassfuls of water, it forms a 
colloidal solution in the upper alimentary tract; this solution loses 
water in the colon, forming a gel that increases the bulk and softness of 
the stool. The gel is bland, demulcent, and nonirritating to the GI tract. 
Once a normal stool develops, the dose should be reduced to a level 
adequate for maintenance of good function. Although it takes up water 
from the GI tract quite readily, methylcellulose tablets have caused 
fecal impaction and intestinal obstruction when taken with a limited 
amount of water. It also is used as a topical ophthalmic protectant, in 
the form of 0.5 to 1% solution serving as artificial tears or a contact-lens 
solution applied to the conjunctiva, 0.05 to 0.1 mL at a time, 3 or 4 times 
a day as needed. 


OLEYL ALCOHOL 
9-Octadecen-1-ol, (Z)-, Aldol 85 


HC—CH, (CH2)70H 
i 
HC—CH, (CHa) gCH3 


(Z)-9-Octadecen-1-ol [143-28-2] C,,H,,O (268.48); a mixture of un- 
saturated and saturated high-molecular-weight fatty alcohols consist- 
ing chiefly of oleyl alcohol. 

Preparation—One method reacts ethyl oleate with absolute etha- 
nol and metallic sodium (Org Syn Coll IIT: 673, 1955). 

Description—Clear, colorless to light yellow, oily liquid; faint char- 
acteristic odor and bland taste; iodine value between 85 and 90; hy- 
droxyl value between 205 and 215. 

Solubility—Soluble in alcohol, ether, isopropyl alcohol, or light 
mineral oil; insoluble in water. 

Uses—A pharmaceutic aid (emulsifying agent or emollient). 


POLYVINYL ALCOHOL 


Ethenol, homopolymer 


an 


Ib OH Jn 


Vinyl alcohol polymer [9002-89-5] (C,H,0),,. 

Preparation—Polyvinyl acetate is approximately 88% hydrolyzed 
in a methanol-methyl acetate solution using either mineral acid or 
alkali as a catalyst. 

Description—White to cream-colored powder or granules; odorless. 

Solubility—Freely soluble in water; solution effected more rapidly 
at somewhat elevated temperatures. 

Uses—A suspending agent and emulsifier, either with or without 
the aid of a surfactant. It commonly is employed as a lubricant and 
protectant in various ophthalmic preparations, such as decongestants, 
artificial tears, and contact-lens products (see page 832). 


POVIDONE 


2-Pyrrolidinone, 1-ethenyl-, homopolymer; 
Polyvinylpyrrolidone; PVP 


fae CHtH ee 


5 vO, 

tn 
1-Vinyl-2-pyrrolidinone polymer [9003-39-8] (C,H,NO),; a synthetic 
polymer consisting of linear 1-vinyl-2-pyrrolidinone groups, the degree 
of polymerization of which results in polymers of various molecular 
weights. It is produced commercially as a series of products having 
mean molecular weights ranging from about 10,000 to about 700,000. 


The viscosity of solutions containing 10% or less is essentially the same 
as that of water; solutions more concentrated than 10% become more 


[he 


viscous, depending upon the concentration and the molecular weight of 
the polymer used. It contains 12 to 13% nitrogen. 

Preparation—1,4-Butanediol is dehydrogenated thermally with 
the aid of copper to y-butyrolactone, which then is reacted with ammo- 
nia to form 2-pyrrolidinone. Addition of the latter to acetylene yields 
vinylpyrrolidinone (monomer), which is polymerized thermally in the 
presence of hydrogen peroxide and ammonia. 

Description—White to creamy white, odorless powder, hygro- 
scopic; pH (1 in 20 solution) 3 to 7. 

Solubility—Soluble in water, alcohol, or chloroform; insoluble in 
ether. 

Uses—A dispersing and suspending agent in pharmaceutical 
preparations. 


PROPYLENE GLYCOL MONOSTEARATE 


Octadecanoic acid, monoester with 1,2-propanediol 
1,2-Propanediol monostearate [1323-39-3]; a mixture of the propylene 
glycol mono- and diesters of stearic and palmitic acids. It contains not 
less than 90% monoesters of saturated fatty acids, chiefly propylene 
glycol monostearate (C,,H,,0;) and propylene glycol monopalmitate 
(Cy9H3303). 

Preparation—By reacting propylene glycol with stearoyl chloride 
in a suitable dehydrochlorinating environment. 

Description—White, wax-like solid or white, wax-like beads or 
flakes; slight, agreeable, fatty odor and taste; congeals not lower than 
45°; acid value not more than 2; saponification value 155 to 165; hy- 
droxyl value 150 to 170; iodine value not more than 3. 

Solubility—Dissolves in organic solvents such as alcohol, mineral 
or fixed oils, benzene, ether, or acetone; insoluble in water but may be 
dispersed in hot water with the aid of a small amount of soap or other 
suitable surface-active agent. 

Uses—A surfactant. It is particularly useful as a dispersing agent 
for perfume oils or oil-soluble vitamins in water, and in cosmetic 
preparations. 


SILICON DIOXIDE, COLLOIDAL—page 1046. 
SODIUM LAURYL SULFATE 


Sulfuric acid monododecyl ester sodium salt; Irium; Duponol C; 
Gardinol WA 

Sodium monododecyl sulfate [151-21-3]; a mixture of sodium alkyl 
sulfates consisting chiefly of sodium lauryl sulfate. The combined con- 
tent of sodium chloride and sodium sulfate is not more than 8%. 

Preparation—The fatty acids of coconut oil, consisting chiefly of 
lauric acid, are catalytically hydrogenated to form the corresponding 
alcohols. The latter are then esterified with sulfuric acid (sulfated) and 
the resulting mixture of alkyl bisulfates (alkylsulfuric acids) is con- 
verted into a mixture of sodium salts by reacting with alkali under 
controlled conditions of pH. 

Description—Small, white or light yellow crystals having a slight, 
characteristic odor. 

Solubility—1 g in 10 mL water, forming an opalescent solution. 

Incompatibilities—Reacts with cationic surface-active agents with 
loss of activity, even in concentrations too low to cause precipitation. 
Unlike soaps, it is compatible with dilute acids and calcium and mag- 
nesium ions. 

Uses—An emulsifying, detergent, and wetting agent in ointments, 
tooth powders, and other pharmaceutical preparations, and in the 
metal, paper, and pigment industries. 


SORBITAN ESTERS 


Spans 
Sorbitan esters (monolaurate [1338-39-2]; monooleate [1338-43-8]; mono- 
palmitate [26266-57-9]; monostearate [1338-41-6]; trioleate [26266-58-0]; 
tristearate [26658-19-5]). 

Preparation—Sorbitol is dehydrated to form a hexitan that is then 
esterified with the desired fatty acid. See Polysorbates, page 1037, 
which are polyethylene glycol ethers of sorbitan fatty acid esters. 

Description—Monolaurate: Amber, oily liquid; may become hazy 
or form a precipitate; viscosity about 4250 cps; HLB no. 8.6; acid no. 7.0 
max; saponification no. 158 to 170; hydroxyl no. 330 to 358. Monooleate: 
Amber liquid; viscosity about 1000 cps; HLB no. 4.3; acid no. 8.0 max; 
saponification no. 145 to 160; hydroxyl no. 193 to 210. Monopalmitate: 
Tan, granular waxy solid; HLB no. 6.7; acid no. 4 to 7.5; saponification 
no. 140 to 150; hydroxyl no. 275 to 305. Monostearate: Cream to tan 
beads; HLB no. 4.7; acid no. 5 to 10; saponification no. 147 to 157; 
hydroxyl no. 235 to 260. Trioleate: Amber, oily liquid; viscosity about 
200 cps; HLB no. 1.8; acid no. 15 max; saponification no. 170 to 190; 
hydroxyl no. 55 to 70. Tristearate: Tan, waxy beads; HLB no. 2.1; acid 
no. 12 to 15; saponification no. 176 to 188; hydroxyl no. 66 to 80. 
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Solubility—Monolaurate: Soluble in methanol or alcohol; dispers- 
ible in distilled water and hard water (200 ppm); insoluble in hard 
water (20,000 ppm). Monooleate: Soluble in most mineral or vegetable 
oils; slightly soluble in ether; dispersible in water; insoluble in acetone. 
Monopalmitate: Dispersible (50) in distilled water or hard water (200 
ppm); soluble in ethyl acetate; insoluble in cold distilled water or hard 
water (20,000 ppm). Monostearate: Soluble (above melting point) in 
vegetable oils or mineral oil; insoluble in water, alcohol, or propylene 
glycol. Trioleate: Soluble in mineral oil, vegetable oils, alcohol, or meth- 
anol; insoluble in water. Tristearate: Soluble in isopropyl alcohol; insol- 
uble in water. 

Uses—Nonionic surfactants used as emulsifying agents in the prep- 
aration of water-in-oil emulsions. 


STEARIC ACID—page 1036. 


STEARYL ALCOHOL 


1-Octadecanol [112-92-5] C,,H;,0 (270.50); contains not less than 90% 
of stearyl alcohol, the remainder consisting chiefly of cetyl alcohol 
[(C,,H3,,0 = 242.44]. 

Preparation—Through the reducing action of lithium aluminum 
hydride on ethyl stearate. 

Description—White, unctuous flakes or granules having a faint, 
characteristic odor and a bland taste; melts 55 to 60°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, 
ether, or vegetable oils. 

Uses—A surface-active agent used to stabilize emulsions and in- 
crease their ability to retain large quantities of water. See Hydrophilic 
Ointment (page 1036); Hydrophilic Petrolatum (page 1035). 


TRAGACANTH 


Gum Tragacanth; Hog Gum; Goat's Thorn 
The dried gummy exudation from Astragalus gummifer Labillardiére or 
other Asiatic species of Astragalus (Fam Leguminosae). 

Constituents—60 to 70% bassorin and 30 to 40% soluble gum 
(tragacanthin). The bassorin swells in the presence of water to form a 
gel, and tragacanthin forms a colloidal solution. Bassorin, consisting of 
complex methoxylated acids, resembles pectin. Tragacanthin yields 
glucuronic acid and arabinose when hydrolyzed. 

Description—Flattened, lamellated, frequently curved fragments 
or straight or spirally twisted linear pieces 0.5 to 2.5 mm in thickness; 
white to weak-yellow in color; translucent; horny in texture; odorless; 
insipid, mucilaginous taste. When powdered, it is white to yellowish 
white. 

Introduced into water, tragacanth absorbs a certain proportion of 
that liquid, swells very much, forms a soft adhesive paste, but does not 
dissolve. If agitated with an excess of water, this paste forms a uniform 
mixture; but in the course of 1 or 2 days the greater part separates and 
is deposited, leaving a portion dissolved in the supernatant fluid. The 
finest mucilage is obtained from the whole gum or flake form. Several 
days should be allowed for obtaining a uniform mucilage of the maxi- 
mum gel strength. A common adulterant is Karaya Gum, and the USP 
has introduced tests to detect its presence. 

Solubility—Insoluble in alcohol. 

Uses—A suspending agent in lotions, mixtures, and extemporane- 
ous preparations and prescriptions. It is used with emulsifying agents 
largely to increase consistency and retard creaming. It is sometimes 
used as a demulcent in sore throat, and the jelly-like product formed 
when the gum is allowed to swell in water serves as a basis for phar- 
maceutical jellies, eg, Ephedrine Sulfate Jelly. It also is used in various 
confectionery products. In the form of a glycerite, it has been used as a 
pill excipient. 


Tragacanth Mucilage—Preparation: Mix glycerin (18 g) with pu- 
rified water (75 mL) in a tared vessel, heat the mixture to boiling, 
discontinue the application of heat, add tragacanth (6 g) and benzoic 
acid (0.2 g), and macerate the mixture during 24 hr, stirring occasion- 
ally. Then add enough purified water to make the mixture weigh 100 g, 
stir actively until of uniform consistency, and strain forcibly through 
muslin. Uses: A suspending agent for insoluble substances in internal 
mixtures. It is also a protective agent. 


XANTHAN GUM 


Keltrol 
A high-molecular-weight polysaccharide gum produced by a pure- 
culture fermentation of a carbohydrate with Xanthomonas campestris, 
then purified by recovery with isopropyl alcohol, dried and milled; 
contains p-glucose and p-mannose as the dominant hexose units, along 
with p-glucuronic acid and is prepared as a sodium, potassium, or 
calcium salt; yields 4.2 to 5% carbon dioxide. 
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Preparation—See above and US Patents 3,433,708 and 3,557,016. 

Description—White or cream-colored, tasteless powder with a 
slight organic odor; powder and solutions stable at 25° or less; does not 
exhibit polymorphism; aqueous solutions are neutral to litmus. 

Solubility—1 g in about 3 mL alcohol; soluble in hot or cold water. 

Uses—A hydrophilic colloid to thicken, suspend, emulsify, and sta- 
bilize water-based systems. 


OTHER EMULSIFYING AND SUSPENDING AGENTS 


Chondrus [Irish Moss; Carrageenan]—The dried sun-bleached 
plant of Chondrus crispus (Linné) Stackhouse (Fam Gigartinaceae). 


Ointments are semisolid preparations for external application 
to the body. They should be of such composition that they 
soften, but not necessarily melt, when applied to the skin. 
Therapeutically, ointments function as protectives and emol- 
lients for the skin, but are used primarily as vehicles or bases 
for the topical application of medicinal substances. Ointments 
also may be applied to the eye or eyelids. 

Ideally, an ointment base should be compatible with the 
skin, stable, permanent, smooth and pliable, nonirritating, 
nonsensitizing, inert, and readily able to release its incorpo- 
rated medication. Since there is no single ointment base that 
possesses all these characteristics, continued research in this 
field has resulted in the development of numerous new bases. 
Indeed, ointment bases have become so numerous as to require 
classification. Although ointment bases may be grouped in 
several ways, it is generally agreed that they can be classified 
best according to composition. Hence, the following four classes 
are recognized here: oleaginous, emulsifiable, emulsion bases, 
and water-soluble. 

For completeness, substances are included that, although 
not used alone as ointment bases, contribute some pharmaceu- 
tical property to one or more of the various bases. 


The oleaginous ointment bases include fixed oils of vegetable 
origin, fats obtained from animals, and semisolid hydrocarbons 
obtained from petroleum. The vegetable oils are used chiefly in 
ointments to lower the melting point or to soften bases. These 
oils can be used as a base in themselves when a high percent- 
age of powder is incorporated. 

The vegetable oils and the animal fats have two marked 
disadvantages as ointment bases: their water-absorbing capac- 
ity is low and they have a tendency to become rancid. Insofar as 
vegetable oils are concerned, the second disadvantage can be 
overcome by hydrogenation, a process that converts many fixed 
oils into white, semisolid fats or hard, almost brittle, waxes. 

The hydrocarbon bases comprise a group of substances with 
a wide range of melting points so that any desired consistency 
and melting point may be prepared with representatives of this 
group. They are stable, bland, and chemically inert and will 
mix with virtually any chemical substance. Oleaginous bases 
are excellent emollients. 


WHITE OINTMENT 


Ointment USP XI; Simple Ointment 


WIMIKE: Waxes ter cts sen jarconec Grace iac Mea AGE TEE SER Ree eee eres 50g 
WihitesPetrolatuin sacs \asgea tat cecn a eee aalq wee eee eee 950g 
MT OSIM KE re cide sons neem oe Mer oe PE tae oe ee: 1000 g 


Melt the white wax in a suitable dish on a water bath, add the white 
petrolatum, warm until liquefied, then discontinue the heating and stir 
the mixture until it begins to congeal. It is permissible to vary the 
proportion of wax to obtain a suitable consistency of the ointment under 
different climatic conditions. 

Uses—An emollient and vehicle for other ointments. 


Uses: Principally, as an emulsifying agent for liquid petrolatum and for 
cod liver oil. It is also a protective. See also page 1030. 

Malt—The partially germinated grain of one or more varieties of 
Hordeum vulgare Linné (Fam Gramineae) and contains amylolytic en- 
zymes. Yellowish or amber-colored grains, with a characteristic odor 
and a sweet taste. The evaporated aqueous extract constitutes malt 
extract. 

Malt Extract—The product obtained by extracting malt, the par- 
tially and artificially germinated grain of one or more varieties of 
Hordeum vulgare Linné (Fam Gramineae). Uses: An infrequently used 
emulsifying agent. 


YELLOW OINTMENT 
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Melt the yellow wax in a suitable dish on a steam bath, add the 
petrolatum, warm until liquefied, then discontinue the heating and stir 
the mixture until it begins to congeal. It is permissible to vary the 
proportion of wax to obtain a suitable consistency of the ointment under 
different climatic conditions. 

Uses—An emollient and vehicle for other ointments. Both white 
and yellow ointment are known as simple ointment. White oint- 
ment should be used to prepare white ointments and yellow ointments 
should be used to prepare colored ointments when simple ointment is 
prescribed. 


CETYL ESTERS WAX 


Synthetic Spermaceti 

A mixture consisting primarily of esters of saturated fatty alcohols (C,, 
to C,,) and saturated fatty acids (C,, to C,,). It has a saponification 
value of 109 to 120 and an acid value of not more than 5. 

Description—White to off-white, somewhat translucent flakes; 
crystalline structure and pearly luster when caked; faint odor and a 
bland, mild taste; free from rancidity; specific gravity 0.820 to 0.840 at 
50°; iodine value not more than 1; melts 43 to 47°. 

Solubility—Insoluble in water; practically insoluble in cold alcohol; 
soluble in boiling alcohol, ether, chloroform, or fixed and volatile oils; 
slightly soluble in cold solvent hexane. 

Uses—A replacement for spermaceti used to give consistency and 
texture to ointments, eg, Cold Cream and Rose Water Ointment. 


OLEIC ACID 
(Z)-9-Octadecenoic acid; Oleinic Acid; Elaic Acid 


HC—CH2(CH2)—6 COOH 


tI 
HC—CH, (CH2)¢CH3 


Oleic acid [112-80-1] obtained from tallow and other fats and consists 
chiefly of (Z)-9-octadecenoic acid (282.47). Oleic acid used in prepara- 
tions for internal administration is derived from edible sources. 

It usually contains variable amounts of the other fatty acids present 
in tallow, such as linolenic and stearic acids. 

Preparation—Obtained as a by-product in the manufacture of the 
solid stearic and palmitic acids used in the manufacture of candles, 
stearates, and other products. The crude oleic acid is known as red oil, 
the stearic and palmitic acids being separated by cooling. 

Description—Colorless to pale yellow, oily liquid; lard-like odor 
and taste; specific gravity 0.889 to 0.895; congeals at a temperature not 
above 10°; pure acid solidifies at 4°; at atmospheric pressure it decom- 
poses when heated at 80 to 100°; on exposure to air it gradually absorbs 
oxygen, darkens, and develops a rancid odor. 

Solubility—Practically insoluble in water; miscible with alcohol, 
chloroform, ether, benzene, or fixed and volatile oils. 

Incompatibilities—Reacts with alkalies to form soaps. Heavy met- 
als and calcium salts form insoluble oleates. Iodine solutions are de- 
colorized by formation of the iodine addition compound of the acid. It is 
oxidized to various derivatives by nitric acid, potassium permanganate, 
and other agents. 

Uses—Classified as an emulsion adjunct, which reacts with alkalis 
to form soaps that function as emulsifying agents; it is used for this 
purpose in such preparations as Benzyl Benzoate Lotion and Green 
Soap. It also is used to prepare oleate salts of bases. 


PARAFFIN 


Paraffin Wax; Hard Paraffin 
A purified mixture of solid hydrocarbons obtained from petroleum. 

Description—Colorless or white, more or less translucent mass 
with a crystalline structure; slightly greasy to the touch; odorless and 
tasteless; congeals 47 to 65°. 

Solubility—Freely soluble in chloroform, ether, volatile oils, or 
most warm fixed oils; slightly soluble in dehydrated alcohol; insoluble in 
water or alcohol. 

Uses—Mainly, to increase the consistency of some ointments. 


PETROLATUM 


Yellow Soft Paraffin; Amber Petrolatum; Yellow Petrolatum; 
Petroleum Jelly; Paraffin Jelly 
A purified mixture of semisolid hydrocarbons obtained from petroleum. 
It may contain a suitable stabilizer. 

Preparation—The residuums, as they are termed technically, 
which are obtained by the distillation of petroleum, are purified by 
melting, usually treating with sulfuric acid and then percolating 
through recently burned bone black or adsorptive clays; this removes 
the odor and modifies the color. Selective solvents are also sometimes 
employed to extract impurities. 

It has been found that the extent of purification required to produce 
Petrolatum and Light Mineral Oil of official quality removes antioxi- 
dants that are naturally present, and the purified product subsequently 
has a tendency to oxidize and develop an offensive odor. This is pre- 
vented by the addition of a minute quantity of a-tocopherol or other 
suitable antioxidant, as is now permissible. 

Description—Unctuous mass of yellowish to light amber color; not 
more than a slight fluorescence after being melted; transparent in thin 
layers; free or nearly free from odor and taste; specific gravity 0.815 to 
0.880 at 60; melts between 38 and 60°. 

Solubility—Insoluble in water; almost insoluble in cold or hot 
alcohol or in cold dehydrated alcohol; freely soluble in benzene, carbon 
disulfide, chloroform, or turpentine oil; soluble in ether, solvent hexane, 
or in most fixed and volatile oils, the degree of solubility in these 
solvents varying with the composition of the petrolatum. 

Uses—A base for ointments. It is highly occlusive and therefore a 
good emollient, but it may not release some drugs readily. 


WHITE PETROLATUM 


White Petroleum Jelly; White Soft Paraffin 
A purified mixture of semisolid hydrocarbons obtained from petroleum, 
and wholly or nearly decolorized. It may contain a suitable stabilizer. 

Preparation—In the same manner as petrolatum, the purification 
treatment being continued until the product is practically free from 
yellow color. 

Description—White or faintly yellowish, unctuous mass; transpar- 
ent in thin layers, even after cooling to 0°; specific gravity 0.815 to 0.880 
at 60; melts 38 to 60°. 

Solubility—Similar to that described under Petrolatum. 

Uses—Similar to yellow petrolatum but often is preferred because 
of its freedom from color. It is employed as a protective, as a base for 
ointments and cerates, and to form the basis for burn dressings. See 
Petrolatum Gauze (page 1201). 


The term absorbent is used here to denote the water-absorbing 
or emulsifying properties of these bases and not to describe 
their action on the skin. These bases, sometimes called emul- 
sifiable ointment bases, are generally anhydrous substances 
that have the property of absorbing (emulsifying) considerable 
quantities of water and still retaining their ointment-like con- 
sistency. Preparations of this type do not contain water as a 
component of their basic formula, but if water is incorporated, 
when and as desired, a W/O emulsion results. The following 
official products fall into this category. 


LANOLIN ANHYDROUS 


Anhydrous Lanolin; Wool Fat USP XVI; Refined Wool Fat 
Lanolin that contains not more than 0.25% of water. 
Constituents—Contains the sterols cholesterol [C,,H,;OH] and 
oxycholesterol, as well as triterpene and aliphatic alcohols. About 7% of 
the alcohols are found in the free state, the remainder occurring as 
esters of the following fatty acids: carnaubic, cerotic, lanoceric, lano- 
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palmitic, myristic, and palmitic. Some of these are found free. The 
emulsifying and emollient actions of lanolin are due to the alcohols that 
are found in the unsaponifiable fraction when lanolin is treated with 
alkali. Constituting approximately one-half of this fraction and known 
as lanolin alcohols, the latter is composed of cholesterol (30%), lano- 
sterol (25%), cholestanol (dihydrocholesterol) (3%), agnosterol (2%), and 
various other alcohols (40%). 

Preparation—By purifying the fatty matter (swint) obtained from 
the wool of the sheep. This natural wool fat contains about 30% of free 
fatty acids and fatty acid esters of cholesterol and other higher alcohols. 
The cholesterol compounds are the important constituents, and to se- 
cure these in a purified form, many processes have been devised. In one 
of these the crude wool fat is treated with weak alkali and the sapon- 
ified fats and emulsions are centrifuged to secure the aqueous soap 
solution, from which, on standing, a layer of partially purified wool fat 
separates. This product is further purified by treating it with calcium 
chloride and then dehydrated by fusion with unslaked lime. It is finally 
extracted with acetone, and the solvent subsequently separated by 
distillation. This differs from lanolin in that the former contains prac- 
tically no water. 

Description—Yellow, tenacious, unctuous mass; slight, character- 
istic odor; melts between 36 and 42°. 

Solubility—Insoluble in water but mixes without separation with 
about twice its weight of water; sparingly soluble in cold alcohol; more 
soluble in hot alcohol; freely soluble in ether or chloroform. 

Uses—An ingredient of ointments, especially when an aqueous 
liquid is to be incorporated. It gives a distinctive quality to the oint- 
ment, increasing absorption of active ingredients and maintaining a 
uniform consistency for the ointment under most climatic conditions. 
However, it has been omitted from many ointments on the recommen- 
dation of dermatologists who have found that many patients are allergic 
to this animal wax. 


HYDROPHILIC PETROLATUM 


Cholesterol jree tess seas. Caan atert ae teoadesiot See tan tani debe 30g 
Steam Alco hOlge he mnattiytchacesa nt ratte Soe mehnon Nieydas 30g 
Winlite Waxesior te caracanm coeth sft eae tneidsttng stihl came tna aeing dae 80g 
VWiiteiPetrolatuinwensearmascan. 0c ton x atyacisecenes ceerthents Cass « 860 g 

OMMAKS zee teens in secs hap arcana. feaianiny emanates 1000 g 


Melt the stearyl alcohol, white wax, and white petrolatum together on 
a steam bath, then add the cholesterol and stir until it completely 
dissolves. Remove from the bath, and stir until the mixture congeals. 
Uses—A protective and water-absorbable ointment base. It will ab- 
sorb a large amount of water from aqueous solutions of medicating 
substances, forming a W/O type of emulsion. See Ointments (page 845). 


Emulsion ointment bases are actually semisolid emulsions. 
These preparations can be divided into two groups on the basis 
of emulsion type: emulsion ointment base water-in-oil (W/O) 
type and emulsion ointment base oil-in-water (O/W) type. 
Bases of both types will permit the incorporation of some ad- 
ditional amounts of water without reducing the consistency of 
the base below that of a soft cream. However, only O/W emul- 
sion ointment bases can be removed readily from the skin and 
clothing with water. W/O emulsions are better emollients and 
protectants than are O/W emulsions. W/O emulsions can be 
diluted with oils. 


CETYL ALCOHOL 


Cetostearyl Alcohol; Palmityl Alcohol; Aldol 52 


CH,(CH,),,CH,OH 

1-Hexadecanol [124-29-8] C,,H;,0 (242.44); a mixture of not less 
than 90% of cetyl alcohol, the remainder chiefly stearyl alcohol. 

Preparation—By catalytic hydrogenation of palmitic acid or sa- 
ponification of spermaceti, which contains cetyl palmitate. 

Description—Unctuous, white flakes, granules, cubes, or castings; 
faint characteristic odor and a bland, mild taste; melts 45 to 50°; not 
less than 90% distills between 316 and 336°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, 
ether, or vegetable oils. 
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Uses—Similar to Stearyl Alcohol (page 1033). It also imparts a 
smooth texture to the skin and is used widely in cosmetic creams and 
lotions. 


COLD CREAM 
Petrolatum Rose Water Ointment USP XVI 

Getyl Esters Wax tsi crarctotee prerie tinstescteiets otslelise esd aiseis sites sree 125g 
WHILE Waxea ani senumeet ena tctac en ae eee ettn coneunanene sass 120g 
Mineral Oil tigen cin sac eee nee vata ae oe ence mcr een 560g 
SOdIUM Borate race nc ene tccteen renee al ere metrtmmatccee 59 
Purified Water wid ncnscncnnro-ettarrgs o: caine salen oneness seracers 190 mL 

To mMakeraboOutnrer-ccc assesses me acee marqeeue mere rte cereetar 1000 g 


Reduce the cetyl esters wax and the white wax to small pieces, melt 
them on a steam bath with the mineral oil, and continue heating until 
the temperature of the mixture reaches 70°. Dissolve the sodium borate 
in the purified water, warmed to 70°, and gradually add the warm 
solution to the melted mixture, stirring rapidly and continuously until 
it has congealed. 

If the ointment has been chilled, warm it slightly before attempting 
to incorporate other ingredients (see USP for allowable variations). 

Uses—Useful as an emollient, cleansing cream, and ointment base. 
It resembles Rose Water Ointment, differing only in that mineral oil is 
used in place of almond oil and omitting the fragrance. This change 
produces an ointment base that is not subject to rancidity as is one 
containing a vegetable oil. This is a W/O emulsion. 


GLYCERYL MONOSTEARATE 


Octadecanoic acid, monoester with 1,2,3-propanetriol 


Monostearin [31566-31-1]; a mixture chiefly of variable proportions of 
glyceryl monostearate [C,H;(OH),C,,H,,0, = 358.56] and glyceryl 
monopalmitate [C,H,(OH).C,,H;,0, = 330.51]. 

Preparation—Among other ways, by reacting glycerin with com- 
mercial stearoyl chloride. 

Description—White, wax-like solid or occurs in the form of white, 
wax-like beads, or flakes; slight, agreeable, fatty odor and taste; does 
not melt below 55°; affected by light. 

Solubility—Insoluble in water, but may be dispersed in hot water 
with the aid of a small amount of soap or other suitable surface-active 
agent; dissolves in hot organic solvents such as alcohol, mineral or fixed 
oils, benzene, ether, or acetone. 

Uses—A thickening and emulsifying agent for ointments. See Oint- 
ments (page 845). 


HYDROPHILIC OINTMENT 


Methylparaben feccipr. stat: .<.4-eoeeeene eee en ee tron 
Bropylparaben weenie ceva acatrrt meee ener reac es 
Sodium Catinyl'Sultatetee nrc... eck eee see eeree cent 10g 


Propylene Gly cOlmny-c. Sarissceccase sharin asemccnercemec nee sar 120g 
Steanyl(Alconoll strum saacsee soca iether renee eter 250g 
White Petrolatumietaie et etos.2che cate c ems ae enceneeee ee 250g 
Piunified Watersa sat sore oceans ob: occas sataiee met ace gees 370g 

Toiumakegaboutic. to. seagate smn Mebane emaenemeen 1000 g 


Melt the stearyl alcohol and the white petrolatum on a steam bath, and 
warm to about 75°. Add the other ingredients, previously dissolved in 
the water and warmed to 75°, and stir the mixture until it congeals. 

Uses—A water-removable ointment base for the so-called washable 
ointments. This is an O/W emulsion. 


LANOLIN 


Hydrous Wool Fat 


The purified, fat-like substance from the wool of sheep, Ovis aries Linné 
(Fam Bovidae); contains 25 to 30% water. 

Description—Yellowish white, ointment-like mass, with a slight, 
characteristic odor; when heated on a steam bath it separates into an 
upper oily and a lower water layer; when the water is evaporated a 
residue of Lanolin remains that is transparent when melted. 

Solubility—Insoluble in water; soluble in chloroform or ether with 
separation of its water of hydration. 


Uses—Largely as a vehicle for ointments, for which it is admirably 
adapted on account of its compatibility with skin lipids. It emulsifies 
aqueous liquids. Lanolin is a W/O emulsion. 


ROSE WATER OINTMENT 


Cold Cream; Galen’s Cerate 


Getyll Esters: Wari cincecaccsinssicis etesne cee om aetieea ce nee 125g 
WIT Wax ee teste eases eos se ence seen tt 7 eee 120g 
Almond "OMe ccccy sen secten caeh eeaeen enn tes shee econ eee eee 560g 
SodiUim Borate =o. re aacseet- none saat ete ata oec Ce eee 5g 
Stronger Rose’ Wate, 3. .20.cascanacicess acts stlanen ieee eee 25 mL 
Purified Water «cc i..ccdvc.ce este tas toaster eens 165 mL 
RosesOilta.. ease acento. cenanenucd se cemeem eee eaC nel teen eee 0.2 mL 
To makeabout sws.de. vce Peer. etone ne toe eee 1000 g 


Reduce the cetyl esters wax and the white wax to small pieces, melt 
them on a steam bath, add the almond oil, and continue heating until 
the temperature of the mixture reaches 70°. Dissolve the sodium borate 
in the purified water and stronger rose water, warmed to 70°, and 
gradually add the warm solution to the melted mixture, stirring rap- 
idly and continuously until it has cooled to about 45°. Incorporate the 
rose oil. 

It must be free from rancidity. If the ointment has been chilled, 
warm it slightly before attempting to incorporate other ingredients (see 
USP for allowable variations). 

History—Originated by Galen, the famous Roman _physician- 
pharmacist of the 1st century AD; was known for many centuries by the 
name of Unguentum or Ceratum Refrigerans. It has changed but little 
in proportions or method of preparation throughout many centuries. 

Uses—An emollient and ointment base. It is a W/O emulsion. 


STEARIC ACID 


Octadecanoic acid; Cetylacetic Acid; Stearophanic Acid 
Stearic acid [57-11-4]; a mixture of stearic acid [C,,H,,0, = 284.48] and 
palmitic acid [C,,H,,0, = 256.43], which together constitute not less 
than 90.0% of the total content. The content of each is not less than 
40.0% of the total. 

Purified Stearic Acid USP is a mixture of the same acids that 
together constitute not less than 96.0% of the total content, and the 
content of C,3H,,O, is not less than 90.0% of the total. 

Preparation—From edible fats and oils (see exception below) by 
boiling them with soda lye, separating the glycerin, and decomposing 
the resulting soap with sulfuric or hydrochloric acid. The stearic acid 
subsequently is separated from any oleic acid by cold expression. It also 
is prepared by the hydrogenation and subsequent saponification of 
olein. It may be purified by recrystallization from alcohol. 

Description—Hard, white or faintly yellowish, somewhat glossy 
and crystalline solid, or a white or yellowish white powder; an odor and 
taste suggestive of tallow; melts about 55.5° and should not congeal at 
a temperature below 54°; the purified acid melts at 69 to 70° and 
congeals between 66 and 69°; slowly volatilizes between 90 and 100°. 

Solubility—Practically insoluble in water; 1 g in about 20 mL 
alcohol, 2 mL chloroform, 3 mL ether, 25 mL acetone, or 6 mL carbon 
tetrachloride; freely soluble in carbon disulfide; also soluble in amyl 
acetate, benzene, or toluene. 

Incompatibilities—Insoluble stearates are formed with many 
metals. Ointment bases made with stearic acid may show evidence of 
drying out or lumpiness due to such a reaction when zinc or calcium 
salts are compounded therein. 

Uses—In the preparation of sodium stearate, which is the solidify- 
ing agent for the official glycerin suppositories; in enteric tablet coating; 
ointments; and for many other commercial products, such as toilet 
creams, vanishing creams, solidified alcohol, etc. (When labeled solely 
for external use, it is exempt from the requirement that it be prepared 
from edible fats and oils.) 


_ 


Included in this section are bases prepared from the higher ethylene 
glycol polymers (PEGs). These polymers are marketed under the trade- 
mark of Carbowax. The polymers have a wide range in molecular 
weight. Those with molecular weights ranging from 200 to 700 are 
liquids; these above 1000 are wax-like solids. The polymers are water- 
soluble, nonvolatile, and unctuous agents. They do not hydrolyze or 
deteriorate and will not support mold growth. These properties account 
for their wide use in washable ointments. Mixtures of PEGs are used to 
give bases of various consistency, such as very soft to hard bases for 
suppositories. 


GLYCOL ETHERS AND DERIVATIVES 


This special class of ethers is of considerable importance in 
pharmaceutical technology. Both mono- and polyfunctional 
compounds are represented in the group. The simplest member 


is ethylene oxide, [(CH,CH,0], the internal or cyclic ether of the 
simplest glycol, ethylene glycol [HOCH,CH,OH]. External 
mono- and diethers of ethylene glycol ROCH,CH,OH and 
ROCH,CH,OR’ are well known largely because of research 
done by Union Carbide. 

PREPARATION—In the presence of NaOH at tempera- 
tures of the order of 120 to 135° and under a total pressure 
of about 4 atmospheres, ethylene oxide reacts with ethylene 
glycol to form compounds having the general formula 
HOCH,(CH,OCH,),,CH,OH, commonly referred to as conden- 
sation polymers and termed polyethylene (or polyoxyethylene) 
glycols. Other glycols besides ethylene glycol function in a 
similar capacity, and the commercial generic term adopted for 
the entire group is polyalkylene (or polyoxyalkylene) glycols. 

NOMENCLATURE It is to be noted that these condensation 
polymers are bifunctional; ie, they contain both ether and alcohol 
linkages. The compound in which n = 1 is the commercially impor- 
tant diethylene glycol [HOCH,CH,OCH,CH,OHI, and its internal 


ether is the familiar dioxane [(CH,CH,OCH,CH,0O]. The mono- and 
diethers derived from diethylene glycol have the formulas 
ROCH.CH,OCH,CH,OH and ROCH,CH,OCH.CH,OR’. The 
former commonly are termed Carbitols and the latter Cello- 
solves, registered trademarks belonging to Union Carbide. 

Polyethylene glycols are differentiated in commercial no- 
menclature by adding a number to the name, which represents 
the average molecular weight. Thus, polyethylene glycol 400 
has an average molecular weight of about 400 (measured val- 
ues for commercial samples range between 380 and 420), cor- 
responding to a value of n for this particular polymer of ap- 
proximately 8. Polymers have been produced in which the 
value of n runs into the hundreds. Up to n = approximately 15, 
the compounds are liquids at room temperature, and viscosity 
and boiling point increase with increasing molecular weight. 
Higher polymers are waxy solids and are termed commercially 
Carbowaxes (another Union Carbide trademark). 

It should be observed that the presence of the two terminal 
hydroxyl groups in the polyalkylene glycols makes possible the 
formation of both ether and ester derivatives, several of which 
are marketed products. 

USES—Because of their vapor pressure, solubility, solvent 
power, hygroscopicity, viscosity, and lubricating characteris- 
tics, the polyalkylene glycols or their derivatives function in 
many applications as effective replacements for glycerin and 
water-insoluble oils. They find considerable use as plasticizers, 
lubricants, conditioners, and finishing agents for processing 
textiles and rubber. They also are important as emulsifying 
agents and as dispersants for such diverse substances as dyes, 
oils, resins, insecticides, and various types of pharmaceuticals. 
In addition, they are employed frequently as ingredients in 
ointment bases and in a variety of cosmetic preparations. 


POLYETHYLENE GLYCOLS 


Poly(oxy-1,2-ethanediyl), a-hydro-w-hydroxy-, Carbowaxes; Atpeg 
H—[OCH,CH,—],OH 


Polyethylene glycols [25322-68-3]. 

Preparation—Fthylene glycol is reacted with ethylene oxide in the 
presence of NaOH at temperatures in the range of 120 to 135° under 
pressure of about 4 atm. 

Description—Polyethylene glycols 200, 300, 400, and 600 are clear, 
viscous liquids at room temperature. Polyethylene glycols 900, 1000, 1450, 
3350, 4500, and 8000 are white, waxy solids. The glycols do not hydrolyze 
or deteriorate under typical conditions. As their molecular weight in- 
creases, their water solubility, vapor pressure, hygroscopicity, and solubil- 
ity in organic solvents decrease; at the same time, freezing or melting 


PHARMACEUTICAL NECESSITIES 1037 


range, specific gravity, flash point, and viscosity increase. If these com- 
pounds ignite, small fires should be extinguished with carbon dioxide or 
dry-chemical extinguishers and large fires with alcohol-type foam extin- 
guishers. 

Solubility—All members of this class dissolve in water to form 
clear solutions and are soluble in many organic solvents. 

Uses—tThese possess a wide range of solubilities and compatibilities, 
which make them useful in pharmaceutical and cosmetic preparations. 
Their blandness renders them highly acceptable for hair dressings, hand 
lotions, sun-tan creams, leg lotions, shaving creams, and skin creams (eg, 
a peroxide ointment that is stable may be prepared using these com- 
pounds, while oil-type bases inactivate the peroxide). Their use in wash- 
able ointments is discussed under Ointments (page 845). They also are 
used in making suppositories, hormone creams, etc. See Polyethylene Gly- 
col Ointment (below) and Glycol Ethers (above). The liquid polyethylene 
glycol 400 and the solid polyethylene glycol 3350, used in the proportion 
specified (or a permissible variation thereof) in the official Polyethylene 
Glycol Ointment, provide a water-soluble ointment base used in the for- 
mulation of many dermatological preparations. The solid, waxy, water- 
soluble glycols often are used to increase the viscosity of liquid polyethyl- 
ene glycols and to stiffen ointment and suppository bases. In addition, they 
are used to compensate for the melting point-lowering effect of other 
agents, ie, chloral hydrate, etc, on such bases. 

Polyethylene Glycol Ointment USP—Preparation: Heat poly- 
ethylene glycol 3350 (400 g) and polyethylene glycol 400 (600 g) on a 
water bath to 65°. Allow to cool, and stir until congealed. If a firmer 
preparation is desired, replace up to 100 g of polyethylene glycol 400 
with an equal amount of polyethylene glycol 3350. If 6 to 25% of an 
aqueous solution is to be incorporated in this ointment, replace 50 g of 
polyethylene glycol 3350 by 50 g of stearyl alcohol. Uses: A water- 
soluble ointment base. 


POLYOXYL 40 STEARATE 


Poly(oxy-1,2-ethanediyl), a-hydro-w-hydroxy-, octadecanoate; Myrj 
RCOO(C,H,O),H (RCOO is the stearate moiety; n is approxi- 
mately 40). 

Polyethylene glycol monostearate [9004-99-3]; a mixture of mono- 
stearate and distearate esters of mixed polyoxyethylene diols and cor- 
responding free glycols, the average polymer length being equivalent to 
about 40 oxyethylene units. Polyoxyethylene 50 Stearate is a similar 
mixture in which the average polymer length is equivalent to about 50 
oxyethylene units. 

Preparation—One method consists of heating the corresponding 
polyethylene glycol with an equimolar portion of stearic acid. 

Description—White to light-tan waxy solid; odorless or has a faint 
fat-like odor; congeals between 37 and 47°. 

Solubility—Soluble in water, alcohol, ether, or acetone; insoluble 
in mineral or vegetable oils. 

Uses—Contains ester and alcohol functions that impart both lyo- 
philic and hydrophilic characteristics to make it useful as a surfactant 
and emulsifier. It is an ingredient of some water-soluble ointment and 
cream bases. 


POLYSORBATES 
Sorbitan esters, poly(oxy-1,2-ethanediyl) derivs; Tweens 


HO(C2HqO)w _(OC2H4)x OH 
i 
07 “COC 2H.) OH 
HeC(OC pHa) zR 
[Sum of w,x,y,and z is 20; 
R is (CyyHp3)COO ] 


Sorbitan esters, polyoxyethylene derivatives; fatty acid esters of sorbi- 
tol and its anhydrides copolymerized with a varying number of moles of 
ethylene oxide. The NF recognizes Polysorbate 20 (structure given 
above), a laurate ester; Polysorbate 40, a palmitate ester; Polysorbate 
60, a mixture of stearate and palmitate esters; and Polysorbate 80, an 
oleate ester. 

Preparation—These important nonionic surfactants (page 286) 
are prepared starting with sorbitol by (1) elimination of water-forming 
sorbitan (a cyclic sorbitol anhydride); (2) partial esterification of the 
sorbitan with a fatty acid such as oleic or stearic acid, yielding a hexitan 
ester known commercially as a Span; and (3) chemical addition of 
ethylene oxide, yielding a Tween (the polyoxyethylene derivative). 

Description—Polysorbate 80: Lemon- to amber-colored, oily liquid; 
faint, characteristic odor; warm, somewhat bitter taste; specific gravity 
1.07 to 1.09; pH (1:20 aqueous solution) 6 to 8. 

Solubility—Polysorbate 80: Very soluble in water, producing an 
odorless and nearly colorless solution; soluble in alcohol, cottonseed 
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oil,corn oil, ethyl acetate, methanol, or toluene; insoluble in mineral oil. 
Uses—Because of their hydrophilic and lyophilic characteristics, 
these nonionic surfactants are very useful as emulsifying agents, form- 


The remarkable growth of the solvent industry is attested by 
the more than 300 solvents now being produced on an indus- 
trial scale. Chemically, these include a great variety of organic 
compounds, ranging from hydrocarbons through alcohols, es- 
ters, ethers, and acids to nitroparaffins. Their main applica- 
tions are in industry and the synthesis of organic chemicals. 
Comparatively few, however, are used as solvents in pharmacy, 
because of their toxicity, volatility, instability, and/or flamma- 
bility. Those commonly used as pharmaceutical solvents are 
described in this section. 


ACETONE 


2-Propanone; Dimethyl Ketone 
CH,COCH, 

Acetone [67-64-1] C,H,O (58.08). 

Caution—It is very flammable. Do not use where it may be ignited. 

Preparation—Formerly obtained exclusively from the destructive 
distillation of wood. The distillate, consisting principally of methanol, 
acetic acid, and acetone was neutralized with lime, and the acetone was 
separated from the methyl alcohol by fractional distillation. Additional 
quantities were obtained by pyrolysis of the calcium acetate formed in 
the neutralization of the distillate. 

It now is obtained largely as a by-product of the butyl alcohol 
industry. This alcohol is formed in the fermentation of carbohydrates 
such as corn starch, molasses, etc, by the action of the bacterium 
Clostridium acetobutylicum (Weizmann fermentation), and it is always 
one of the products formed in the process. It also is obtained by the 
catalytic oxidation of isopropyl alcohol, which is prepared from pro- 
pylene resulting from the cracking of crude petroleum. 

Description—Transparent, colorless, mobile, volatile, flammable 
liquid with a characteristic odor; specific gravity not more than 0.789; 
distills between 55.5 and 57; congeals about —95°; aqueous solution 
neutral to litmus. 

Solubility—Miscible with water, alcohol, ether, chloroform, or most 
volatile oils. 

Uses—An antiseptic in concentrations above 80%. In combination 
with alcohol it is used as an antiseptic cleansing solution. It is employed 
as a menstruum in the preparation of oleoresins in place of ether. It is 
used as a solvent for dissolving fatty bodies, resins, pyroxylin, mercu- 
rials, etc, and also in the manufacture of many organic compounds such 
as chloroform, chlorobutanol, and ascorbic acid. 


ALCOHOL 


Ethanol; Spiritus Vini Rectificatus; S. V. R.; 
Spirit of Wine; Methylcarbinol 

Ethyl alcohol [64-17-5]; contains 92.3 to 93.8%, by weight (94.9 to 
96.0%, by volume), at 15.56° (60°F) of C,H;OH (46.07). 

Preparation—Has been made for centuries by fermentation of 
certain carbohydrates in the presence of zymase, an enzyme present in 
yeast cells. Usable carbohydrate-containing materials include molas- 
ses, sugar cane, fruit juices, corn, barley, wheat, potato, wood, and 
waste sulfite liquors. As yeast is capable of fermenting only p-glucose, 
p-fructose, D-mannose, and p-galactose, it is essential that more com- 
plex carbohydrates, such as starch, be converted to one or more of these 
simple sugars before they can be fermented. This is accomplished var- 
iously, commonly by enzyme- or acid-catalyzed hydrolysis. 

The net reaction that occurs when a hexose, glucose for example, is 
fermented to alcohol may be represented as 


Cro, O¢ — 2) C5 H-OHEa2 CO; 


but the mechanism of the process is very complex. The fermented liquid, 
containing about 15% alcohol, is distilled to obtain a distillate contain- 
ing 94.9% C.,H;OH, by volume. To produce absolute alcohol, the 95% 
product is dehydrated by various processes. 

It may be produced also by hydration of ethylene, abundant supplies 
of which are available from natural and coke oven gases, from waste 
gases of the petroleum industry, and other sources. In another synthe- 
sis acetylene is hydrated catalytically to acetaldehyde, which then is 
hydrogenated catalytically to ethyl alcohol. 


ing O/W emulsions in pharmaceuticals, cosmetics, and other types of 
products. Polysorbate 80 is an ingredient in Coal Tar Ointment and 
Solution. See Glycol Ethers (page 1037). 


Description—Transparent, colorless, mobile, volatile liquid; slight 
but characteristic odor; burning taste; boils at 78° but volatilizes even at 
a low temperature, and is flammable; when pure, it is neutral toward all 
indicators; specific gravity at 15.56 (the US Government standard tem- 
perature for Alcohol) not above 0.816, indicating not less than 92.3% of 
C,H,;OH by weight, or 94.9% by volume. 

Solubility—Miscible with water, acetone, chloroform, ether, or 
many other organic solvents. 

Incompatibilities—This and preparations containing a high per- 
centage of alcohol will precipitate many inorganic salts from an aqueous 
solution. Acacia generally is precipitated from a hydroalcoholic medium 
when the alcohol content is greater than about 35%. 

Strong oxidizing agents such as chlorine, nitric acid, permanganate, 
or chromate in acid solution react, in some cases violently, with it to 
produce oxidation products. 

Alkalies cause a darkening in color because of the small amount of 
aldehyde usually present in it. 

Uses—In pharmacy principally for its solvent powers (page 218). It 
also is used as the starting point in the manufacture of many important 
compounds, like ether, chloroform, etc. It also is used as a fuel, chiefly 
in the denatured form. 

It is a CNS depressant. Consequently, it occasionally has been 
administered intravenously for preoperative and postoperative seda- 
tion in patients in whom other measures are ineffective or contraindi- 
cated. The dose employed is 1 to 1.5 mL/kg. Its intravenous use is a 
specialized procedure and should be employed only by one experienced 
in the technique of such use. 

It is used widely and abused by lay persons as a sedative. It has, 
however, no medically approved use for this purpose. Moreover, alcohol 
potentiates the CNS effects of numerous sedative and depressant 
drugs. Hence, it should not be used by patients taking certain prescrip- 
tion drugs or OTC medications (see page 1746). 

Externally, it has a number of medical uses. It is a solvent for the 
toxicodendrol causing ivy poisoning and should be used to wash the skin 
thoroughly soon after contact. In a concentration of 25% it is employed 
for bathing the skin for the purpose of cooling and reducing fevers. In 
high concentrations it is a rubefacient and an ingredient of many 
liniments. In a concentration of 50% it is used to prevent sweating in 
astringent and anhidrotic lotions. It also is employed to cleanse and 
harden the skin and is helpful in preventing bedsores in bedridden 
patients. In a concentration of 60 to 90% it is germicidal. At optimum 
concentration (70% by weight) it is a good antiseptic for the skin (local 
anti-infective) and also for instruments. It also is used as a solvent to 
cleanse the skin splashed with phenol. High concentrations of it often 
are injected into nerves and ganglia for the relief of pain, accomplishing 
this by causing nerve degeneration. 


DENATURED ALCOHOL 


An act of Congress, June 7, 1906, authorizes the withdrawal of alcohol 
from bond without the payment of internal revenue tax, for the purpose 
of denaturation and use in the arts and industries. This is ethyl alcohol 
to which has been added such denaturing materials as to render the 
alcohol unfit for use as an intoxicating beverage. It is divided into two 
classes, namely, completely denatured alcohol and specially denatured 
alcohol, prepared in accordance with approved formulas prescribed in 
Federal Industrial Alcohol Regulations 3. 

Information regarding the use of alcohol and permit requirements 
may be obtained from the Regional Director, Bureau of Alcohol, Tobacco 
and Firearms, in any of the following offices: Cincinnati, OH; Philadel- 
phia, PA; Chicago, IL; New York, NY; Atlanta, GA; Dallas, TX; and San 
Francisco, CA. Federal regulation provides that completely and spe- 
cially denatured alcohols may be purchased by properly qualified per- 
sons from duly established denaturing plants or bonded dealers. No 
permit is required for the purchase and use of completely denatured 
alcohol unless the purchaser intends to recover the alcohol. 

Completely Denatured Alcohol—This term applies to ethyl al- 
cohol to which has been added materials (methyl isobutyl ketone, py- 
ronate, gasoline, acetaldol, kerosene, etc) of such nature that the prod- 
ucts may be sold and used within certain limitations without permit 
and bond. 

Specially Denatured Alcohol—This alcohol is intended for use in 
a greater number of specified arts and industries than completely 


denatured alcohol, and the character of the denaturant or denaturants 
used is such that specially denatured alcohol may be sold, possessed, 
and used only by those persons or firms that hold basic permits and are 
covered by bond. 

Formulas for products using specially denatured alcohol must be 
approved, prior to use, by the Regional Director, Bureau of Alcohol, 
Tobacco and Firearms in any of the regional offices listed above. 

Uses—Approximately 50 specially denatured alcohol formulas con- 
taining combinations of more than 90 different denaturants are avail- 
able to fill the needs of qualified users. Large amounts of specially 
denatured alcohols are used as raw materials in the production of 
acetaldehyde, synthetic rubber, vinegar, and ethyl chloride as well as in 
the manufacture of proprietary solvents and cleaning solutions. Ether 
and chloroform can be made from suitably denatured alcohols, and 
formulas for the manufacture of Iodine Tincture, Green Soap Tincture, 
and Rubbing Alcohol are set forth in the regulations. 

Specially denatured alcohols also are used as solvents for surface 
coatings, plastics, inks, toilet preparations, and external pharmaceuti- 
cals. Large quantities are used in the processing of such food and drug 
products as pectin, vitamins, hormones, antibiotics, alkaloids, and 
blood products. Other uses include supplemental motor fuel, rocket and 
jet fuel, antifreeze solutions, refrigerants, and cutting oils. Few prod- 
ucts are manufactured today that do not require the use of alcohol at 
some stage of production. Specially denatured alcohol may not be used 
in the manufacture of foods or internal medicines when any of the 
alcohol remains in the finished product. 


DILUTED ALCOHOL 


Diluted Ethanol 
A mixture of alcohol and water containing 41.0 to 42.0%, by weight (48.4 
to 49.5%, by volume), at 15.56°, of C,H;OH (46.07). 


Preparation— 
EN EGINS!| .-. ccc aco dd PABA EA a BSA E RA GEG aR ae DOE ene TOe nee am 500 mL 
PUNa| WEG Ges dactis ns su sodd soos at eDH OA Ma conGanU AG tase rans AaEE 500 mL 


Measure the alcohol and the purified water separately at the same tem- 
perature, and mix. If the water and the alcohol and the resulting mixture 
are measured at 25°, the volume of the mixture will be about 970 mL. 

When equal volumes of alcohol and water are mixed together, a rise 
in temperature and a contraction of about 3% in volume take place. In 
small operations the contraction generally is disregarded; in larger 
operations it is very important. If 50 gal of official alcohol are mixed 
with 50 gal of water, the product will not be 100 gal of diluted alcohol, 
but only 96 1/4 gal, a contraction of 3 3/4 gal. US Proof Spirit differs 
from this and is stronger; it contains 50%, by volume, of absolute alcohol 
at 15.56° (60°F). This corresponds to 42.5% by weight and has a specific 
gravity of 0.9341 at the same temperature. If spirits have a specific 
gravity lower than that of proof spirit (0.9341), they are said to be above 
proof; if greater, below proof. 

It also may be prepared from the following: 


{SN EBIT AN ns se 4b eday PRECIO Oo BBE PIICE ee TO OOE ore In | GID FETCH OR DOE CET 
BRIE CORN NL etter erro ooo, 0S ier vig, SSescrsrorys SS « pape svovore pisiwiossls Pes gear one 


Rules for Dilution—The following rules are applied when making 
an alcohol of any required lower percentage from an alcohol of any given 
higher percentage: 

I. By Volume—Designate the volume percentage of the stronger 
alcohol by V and that of the weaker alcohol by v. 

Rule—Mix v volumes of the stronger alcohol with purified water to 
make V volumes of product. Allow the mixture to stand until full 
contraction has taken place and until it has cooled, then make up the 
deficiency in the V volumes by adding more purified water. 

Example—An alcohol of 30% by volume is to be made from an 
alcohol of 94.9% by volume.—Take 30 volumes of the 94.9% alcohol, 
and add enough purified water to produce 94.9 volumes at room 
temperature. 

Il. By Weight—Designate the weight-percentage of the stronger 
alcohol by W and that of the weaker alcohol by w. 

Rule—Mix w parts by weight of the stronger alcohol with purified 
water to make W parts by weight of product. 

Example—An alcohol of 50% by weight is to be made from an alcohol 
of 92.3% by weight.—Take 50 parts by weight of the 92.3% alcohol, and 
add enough purified water to produce 92.3 parts by weight. 

Description—As for Alcohol, except its specific gravity is 0.935 to 
0.937 at 15.56°, indicating that the strength of C,H,OH corresponds to 
that given in the official definition. 

Uses—A menstruum in making tinctures, fluidextracts, extracts, 
etc. Its properties already have been described fully in connection with 
the various preparations. Its value consists not only in its antiseptic 
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properties, but also in its possessing the solvent powers of both water 
and alcohol. See Alcohol. 


NONBEVERAGE ALCOHOL 

This is tax-paid alcohol or distilled spirits used in the manufacture, by 
approved formula, of such medicines, medicinal preparations, food 
products, flavors, or flavoring extracts as are unfit for beverage pur- 
poses. Internal Revenue Service Regulations provide that qualified 
holders of Special Tax Stamps who use tax paid alcohol or distilled 
spirits in the types of products listed above, may file a claim for alcohol 
tax drawback or refund of a considerable part of the tax paid. 


CHLOROFORM—page 1042. 
GLYCERIN 
1,2,3-Propanetriol; Glycerol 


OH 
I 
HOCH,CHCH, OH 


Glycerol [56-81-5] C,H,O, (92.09). 

Chemically, it is the simplest trihydric alcohol. It is worthy of 
special note because the two terminal alcohol groups are primary, 
whereas the middle one is secondary. Thus this becomes the first 
polyhydric alcohol that can yield both an aldose (glyceraldehyde) and a 
ketose (dihydroxyacetone). 

Preparation— 


1. By saponification of fats and oils in the manufacture of soap. 

2. By hydrolysis of fats and oils through pressure and superheated 
steam. 

3. By fermentation of beet sugar molasses in the presence of large 
amounts of sodium sulfite. Under these conditions a reaction takes 
place expressed as 


CsH,»05 > C3H;(OH), + CH,CHO + CO, 


Glucose Glycerin Acetaldehyde 


4. Glycerin is now prepared in large quantities from propylene, a 
petroleum product. This hydrocarbon is chlorinated at about 400° to 
form allyl chloride, which is converted to allyl alcohol. Treatment of 
the unsaturated alcohol with hypochlorous acid (HOC1) yields the 
chlorohydrin derivative. Extraction of HCl with soda lime yields 
2,3-epoxypropanol, which undergoes hydration to glycerin. 


Description—Clear, colorless, syrupy liquid with a sweet taste and 
not more than a slight, characteristic odor, which is neither harsh nor 
disagreeable; when exposed to moist air it absorbs water and also such 
gases as H,S and SO,; solutions are neutral; specific gravity not below 
1.249 (not less than 95% C,H;(OH),); boils at about 290° under 1 atm, 
with decomposition, but can be distilled intact in a vacuum. 

Solubility—Miscible with water, alcohol, or methanol; 1 g in about 
12 mL ethyl acetate or about 15 mL acetone; insoluble in chloroform, 
ether, or fixed and volatile oils. 

Incompatibilities—An explosion may occur if it is triturated with 
strong oxidizing agents such as chromium trioxide, potassium chlorate, 
or potassium permanganate. In dilute solutions the reactions proceed at 
a slower rate, forming several oxidation products. Iron is an occasional 
contaminant of it and may be the cause of a darkening in color in 
mixtures containing phenols, salicylates, tannin, etc. 

With boric acid or sodium borate, it forms a complex, generally spoken 
of as glyceroboric acid, which is a much stronger acid than boric acid. 

Uses—One of the most valuable products known to pharmacy by 
virtue of its solvent property. It is useful as a humectant in keeping 
substances moist, owing to its hygroscopicity. Its agreeable taste and high 
viscosity adapt it for many purposes. Some modern ice collars and ice bags 
contain it and water hermetically sealed within vulcanized rubber bags. 
The latter are sterilized by dipping in a germicidal solution and are stored 
in the refrigerator until needed. It also has some therapeutic uses. In pure 
anhydrous form, it is used in the eye to reduce corneal edema and to 
facilitate ophthalmoscopic examination. It is used orally as an evacuant 
and, in 50 to 75% solution, as a systemic osmotic agent. 


ISOPROPYL ALCOHOL—page 1510. 
METHYL ALCOHOL 


Methanol; Wood Alcohol 
CH,0H 
Methanol [67-56-1] CH,O (32.04). 
Caution—It is poisonous. 
Preparation—By the catalytic reduction of carbon monoxide or 
carbon dioxide with hydrogen. A zinc oxide—chromium oxide catalyst is 
used commonly. 
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Description—Clear, colorless liquid; characteristic odor; flamma- 
ble; specific gravity not more than 0.790; distills within a range of 1 
between 63.5 and 65.7°. 

Solubility—Miscible with water, alcohol, ether, benzene, or most 
other organic solvents. 

Uses— pharmaceutic aid (solvent). It is toxic. Ingestion may result 
in blindness; vapors also may cause toxic reactions. 


METHYL ISOBUTYL KETONE 


2-Pentanone, 4-methyl-, 

(CH,),CHCH,COCH,, [108-10-1]; contains not less than 99% of C,H,,0 
(100.16). 

Description—Transparent, colorless, mobile, volatile liquid; faint, 
ketonic and camphoraceous odor, distills between 114 and 117°. 

Solubility—Slightly soluble in water; miscible with alcohol, ether, 
or benzene. 

Uses—A denaturant for rubbing alcohol and also a solvent for gums, 
resins, nitrocellulose, etc. It may be irritating to the eyes and mucous 
membranes, and, in high concentrations, narcotic. 


MONOETHANOLAMINE 


Ethanol, 2-amino-, Ethanolamine; Ethylolamine 
HOCH,CH,NH, [141-43-5] C.H,NO (61.08). 

Preparation—This alkanolamine is prepared conveniently by 
treating ethylene oxide with ammonia. 

Description—Clear, colorless, moderately viscous liquid; distinctly 
ammoniacal odor; affected by light; specific gravity 1.013 to 1.016; 
distills between 167 and 173°. 

Solubility—Miscible in all proportions with water, acetone, alco- 
hol, glycerin, or chloroform; immiscible with ether, solvent hexane, or 
fixed oils; dissolves many essential oils. 

Uses—A solvent for fats, oils, and many other substances, it is a 
pharmaceutical necessity for Thimerosal Solution (see RPS-17 page 
1173). It combines with fatty acids to form soaps that find application in 
various types of emulsions such as lotions, creams, etc. 


PROPYLENE GLYCOL 
CH,CH(OH)CH,OH 
1,2-Propanediol [57-55-6 C,H,O.] (76.10). 


The agents listed in this section comprise a heterogeneous 
group of substances with both pharmaceutical and industrial 
applications. Pharmaceutically, some of these agents are used 
as diluents, enteric coatings, excipients, and filtering agents 
and as ingredients in products considered in other chapters. 
Industrially, some of these agents are used in various chemical 
processes, in the synthesis of other chemicals, and in the man- 
ufacture of fertilizers, explosives, etc. 


ACETIC ACID 
Acetic acid; a solution containing 36 to 37%, by weight, of C,H,O, 
(60.05). 

Preparation—By diluting with distilled water an acid of higher 
concentration, such as the 80% product, or more commonly glacial 
acetic acid, using 350 mL of the latter for the preparation of each 1000 
mL of acetic acid. 

Description—Clear, colorless liquid, having a strong characteristic 
odor and a sharply acid taste; specific gravity about 1.045; congeals 
about —14°; acid to litmus. 

Solubility—Miscible with water, alcohol, or glycerin. 

Uses—In pharmacy as a solvent and menstruum and for making 
diluted acetic acid. It also is used as a starting point in the manufacture 
of many other organic compounds, eg, acetates, acetanilid, sulfon- 
amides, etc. It is official primarily as a pharmaceutic necessity for the 
preparation of Aluminum Subacetate Solution. 


DILUTED ACETIC ACID 


Dilute Acetic Acid 
A solution containing, in each 100 mL, 5.7 to 6.3 g of C,H,O,. 


Preparation— 
AGOTIG AGI estate Soc severe te nics bins end oats Serre haninersp aerate 158 mL 
Purified Water, a sufficient quantity to make................ 1000 mL 


Mix the ingredients. 


Preparation—Propylene is converted successively to its chlorohy- 
drin (with HOC), epoxide (with Na,CO,), and glycol (with water in 
presence of protons). 

Description—Clear, colorless, viscous, and practically odorless liq- 
uid; slightly acrid taste; specific gravity 1.035 to 1.037; completely 
distills between 184 and 189°; absorbs moisture from moist air. 

Solubility—Miscible with water, alcohol, acetone, or chloroform; 
soluble in ether; dissolves many volatile oils; immiscible with fixed oils. 

Uses—A solvent, preservative, and humectant. See Hydrophilic 
Ointment (page 1036). 


TROLAMINE 


Ethanol, 2,2',2’’-nitrilotris-, Triethanolamine 


2,2',2’'-Nitrilotriethanol [102-71-6] N(C,H,OH), (149.19); a mixture of 
alkanolamines consisting largely of triethanolamine, containing some 
diethanolamine [NH(C,H,OH), = 105.14] and monoethanolamine 
(NH,C,H,OH = 61.08]. 

Preparation—Along with some mono- and diethanolamine, by the 
action of ammonia on ethylene oxide. 

Description—Colorless to pale yellow, viscous, hygroscopic liquid; 
slight odor of ammonia; aqueous solution is very alkaline; melts about 
21°; specific gravity 1.120 to 1.128; a strong base and readily combines 
even with weak acids to form salts. 

Solubility—Miscible with water or alcohol; soluble in chloroform; 
slightly soluble in ether or benzene. 

Uses—In combination with a fatty acid, eg, oleic acid (see Benzyl 
Benzoate Lotion, 748), as an emulsifier. See Monoethanolamine. 


WATER—page 1027. 


OTHER PHARMACEUTICAL SOLVENTS 


Alcohol, Dehydrated, BP, PhI [Dehydrated Ethanol; Absolute 
Alcohol]—Transparent, colorless, mobile, volatile liquid; characteristic 
odor; burning taste; specific gravity not more than 0.798 at 15.56°; 
hygroscopic, flammable and boils about 78°. Miscible with water, ether, 
or chloroform. Uses: A pharmaceutical solvent; also used by injection for 
relief of pain (see Alcohol, pages 1038 and 1507). 


Note—This acid also may be prepared by diluting 58 mL of glacial 
acetic acid with sufficient purified water to make 1000 mL. 

Description—Essentially the same properties, solubility, purity, 
and identification reactions as Acetic Acid, but its specific gravity is 
about 1.008, and it congeals about —2°. 

Uses—Bactericidal to many types of microorganisms and occasion- 
ally is used in 1% solution for surgical dressings of the skin. A 1% 
solution is spermatocidal. It also is used in vaginal douches for the 
management of Trichomonas, Candida, and Haemophilus infections. 


GLACIAL ACETIC ACID 


Concentrated Acetic Acid; Crystallizable Acetic Acid; 
Ethanolic Acid; Vinegar Acid 


CH,COOH 

Glacial acetic acid [64-19-7] C,H,O, (60.05). 

Preparation—This acid is termed glacial because of its solid, 
glassy appearance when congealed. In one process it is produced by 
distillation of weaker acids to which has been added a water-entraining 
substance such as ethylene dichloride. In this method, referred to as 
azeotropic distillation, the ethylene dichloride distills out with the 
water before the acid distills over, thereby effecting concentration of the 
latter. 

In another process the aqueous acid is mixed with triethanolamine 
and heated. The acid combines with the triethanolamine to form a 
triethanolamine acetate. The water is driven off first; then, at a higher 
temperature, the triethanolamine compound decomposes to yield this 
acid. 

A greater part of the acid now available is made synthetically from 
acetylene. When acetylene is passed into this acid containing a metallic 
catalyst such as mercuric oxide, ethylidene diacetate is produced, which 
yields, upon heating, acetic anhydride and acetaldehyde. Hydration of 
the former and air oxidation of the latter yield this acid. 

Description—Clear, colorless liquid; pungent, characteristic odor; 
when well diluted with water, it has an acid taste; boils about 118°; 


congeals at a temperature not lower than 15.6°, corresponding to a 
minimum of 99.4% of CH,COOH; specific gravity about 1.05. 

Solubility—Miscible with water, alcohol, acetone, ether, or glyc- 
erin; insoluble in carbon tetrachloride or chloroform. 

Uses—A caustic and vesicant when applied externally and is often 
sold under various disguises as a corn solvent. It is an excellent solvent 
for fixed and volatile oils and many other organic compounds. It is used 
primarily as an acidifying agent. 


ALUMINUM 


Aluminum Al (26.98); the free metal in the form of finely divided 
powder. It may contain oleic acid or stearic acid as a lubricant. It 
contains not less than 95% Al and not more than 5% Acid-insoluble 
substances, including any added fatty acid. 

Description—Very fine, free-flowing, silvery powder free from 
gritty or discolored particles. 

Solubility—Insoluble in water or alcohol; soluble in hydrochloric 
and sulfuric acids or in solutions of fixed alkali hydroxides. 

Uses—A protective. An ingredient in Aluminum Paste. 


ALUMINUM MONOSTEARATE 


Aluminum, dihydroxy(octadecanoato-O-)-, 
Dihydroxy(stearato)aluminum [7047-84-9]; a compound of aluminum 
with a mixture of solid organic acids obtained from fats, and consists 
chiefly of variable proportions of aluminum monostearate and alumi- 
num monopalmitate. It contains the equivalent of 14.5 to 16.5% of Al,O., 
(101.96). 

Preparation—By interaction of a hydroalcoholic solution of potas- 
sium stearate with an aqueous solution of potassium alum, the precip- 
itate being purified to remove free stearic acid and some aluminum 
distearate simultaneously produced. 

Description—Fine, white to yellowish white, bulky powder; faint, 
characteristic odor. 

Solubility—Insoluble in water, alcohol, or ether. 

Uses—A pharmaceutical necessity used in the preparation of Sterile 
Procaine Penicillin G with Aluminum Stearate Suspension. 


STRONG AMMONIA SOLUTION 


Stronger Ammonia Water; Stronger Ammonium Hydroxide 
Solution; Spirit of Hartshorn 
Ammonia [1336-21-6]; a solution of NH, (17.03), containing 27.0 to 
31.0% (w/w) of NH;. Upon exposure to air it loses ammonia rapidly. 

Caution—Use care in handling it because of the caustic nature of the 
Solution and the irritating properties of its vapor. Cool the container 
well before opening, and cover the closure with a cloth or similar mate- 
rial while opening. Do not taste it, and avoid inhalation of its vapor. 

Preparation—Ammonia is obtained commercially chiefly by syn- 
thesis from its constituent elements, nitrogen and hydrogen, combined 
under high pressure and at high temperature in the presence of a 
catalyst. 

Description—Colorless, transparent liquid; exceedingly pungent, 
characteristic odor; even when well diluted it is strongly alkaline to 
litmus; specific gravity about 0.90. 

Solubility—Miscible with alcohol. 

Uses—Only for chemical and pharmaceutical purposes. It is used 
primarily in making ammonia water by dilution and as a chemical 
reagent. It is too strong for internal administration. It is an ingredient 
in Aromatic Ammonia Spirit. 


BISMUTH SUBNITRATE 


Basic Bismuth Nitrate; Bismuth Oxynitrate; Spanish White; 
Bismuth Paint; Bismuthyl Nitrate 
Bismuth hydroxide nitrate oxide [1304-85-4] Bi,O(OH),(NO,), 
(1461.99); a basic salt that, dried at 105° for 2 hr, yields upon ignition 
not less than 79% of Bi,O., (465.96). 

Preparation—A solution of bismuth nitrate is added to boiling 
water to produce the subnitrate by hydrolysis. 

Description—White, slightly hygroscopic powder; suspension in 
distilled water is faintly acid to litmus (pH about 5). 

Solubility—Practically insoluble in water or organic solvents; dis- 
solves readily in an excess of hydrochloric or nitric acid. 

Incompatibilities—Slowly hydrolyzed in water with liberation of 
nitric acid; thus, it possesses the incompatibilities of the acid. Reducing 
agents darken it with the production of metallic bismuth. 

Uses—A pharmaceutical necessity in the preparation of milk of 
bismuth. It also is used as an astringent, adsorbent, and protective; 
however, its value as a protective is questionable. This agent, like other 
insoluble bismuth salts, is used topically in lotions and ointments. 
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BORIC ACID 


Boric Acid (H,BO,); Boracic Acid; Orthoboric Acid 
Boric acid [10043-35-3] HBO, (61.83). 

Preparation—Lagoons of the volcanic districts of Tuscany for- 
merly furnished the greater part of this acid and borax of commerce. 
Borax is now found native in California and some of the other western 
states; calcium and magnesium borates are found there also. It is 
produced from native borax or from the other borates by reacting with 
hydrochloric or sulfuric acid. 

Description—Colorless scales of a somewhat pearly luster, or crys- 
tals, but more commonly a white powder slightly unctuous to the touch; 
odorless and stable in the air; volatilizes with steam. 

Solubility—1 g in 18 mL water, 18 mL alcohol, 4 mL glycerin, 4 mL 
boiling water, or 6 mL boiling alcohol. 

Uses—A buffer, and it is this use that is recognized officially. It is a 
very weak germicide (local anti-infective). Its nonirritating properties 
make its solutions suitable for application to such delicate structures as 
the cornea of the eye. Aqueous solutions are employed as an eye wash, 
mouth wash, and for irrigation of the bladder. A 2.2% solution is 
isotonic with lacrimal fluid. Solutions, even if they are made isotonic, 
will hemolyze red blood cells. It also is employed as a dusting powder, 
when diluted with some inert material. It can be absorbed through 
irritated skin, eg, infants with diaper rash. 

Although it is not absorbed significantly from intact skin, it is 
absorbed from damaged skin and fatal poisoning, particularly in in- 
fants, has occurred with topical application to burns, denuded areas, 
granulation tissue, and serous cavities. Serious poisoning can result 
from oral ingestion of as little as 5 g. Symptoms of poisoning are nausea, 
vomiting, abdominal pain, diarrhea, headache, and visual disturbance. 
Toxic alopecia has been reported from the chronic ingestion of a mouth 
wash containing it. The kidney may be injured, and death may result. 
Its use as a preservative in beverages and foods is prohibited by na- 
tional and state legislation. There is always present the danger of 
confusing it with dextrose when compounding milk formulas for infants. 
Fatal accidents have occurred. For this reason boric acid in bulk is 
colored, so that it cannot be confused with dextrose. 

It is used to prevent discoloration of physostigmine solutions. 


CALCIUM HYDROXIDE 


Slaked Lime; Calcium Hydrate 
Calcium hydroxide [1305-62-0] Ca(OH), (74.09). 

Preparation—By reacting freshly prepared calcium oxide with 
water. 

Description—White powder; alkaline, slightly bitter taste; absorbs 
carbon dioxide from the air, forming calcium carbonate; solutions ex- 
hibit a strong alkaline reaction. 

Solubility—1 g in 630 mL water or 1300 mL boiling water; soluble 
in glycerin or syrup; insoluble in alcohol; the solubility in water is 
decreased by the presence of fixed alkali hydroxides. 

Uses—In the preparation of Calcium Hydroxide Solution. 


CALCIUM HYDROXIDE TOPICAL SOLUTION 


Calcium Hydroxide Solution; Lime Water 
A solution containing, in each 100 mL, not less than 140 mg of Ca(OH), 
(74.09). 

Note—The solubility of calcium hydroxide varies with the tempera- 
ture at which the solution is stored, being about 170 mg/100 mL at 15° 
and less at a higher temperature. The official concentration is based 
upon a temperature of 25°. 

Preparation— 


(Alea MOONE conocecomeosneadnianoneronc hn bsbabdae 79x08 3g 
TUTAAT TREX NAY EN pale energie omer one encatio cations noaabonee temeen 1000 mL 


Add the calcium hydroxide to 1000 mL of cool, purified water, and 
agitate the mixture vigorously and repeatedly during 1 hr. Allow the 
excess calcium hydroxide to settle. Dispense only the clear, supernatant 
liquid. 

The undissolved portion of the mixture is not suitable for preparing 
additional quantities of the solution. 

The object of keeping lime water over undissolved calcium hydroxide 
is to ensure a saturated solution. 

Description—Clear, colorless liquid; alkaline taste; strong alkaline 
reaction; absorbs carbon dioxide from the air, a film of calcium carbon- 
ate forming on the surface of the liquid; when heated, it becomes turbid, 
owing to the separation of calcium hydroxide, which is less soluble in 
hot than in cold water. 

Uses—Too dilute to be effective as a gastric antacid. It is employed 
topically as a protective in various types of lotions. In some lotion 
formulations it is used with olive oil or oleic acid to form calcium oleate, 
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which functions as an emulsifying agent. The USP classes it as an 
astringent. 


CALCIUM PANTOTHENATE, RACEMIC—page 1814. 
CALCIUM STEARATE 


Octadecanoic acid, calcium salt 
Calcium stearate [1592-23-0]; a compound of calcium with a mixture of 
solid organic acids obtained from fats, and consists chiefly of variable 
proportions of stearic and palmitic acids [calcium stearate, 
C3gH7)>CaO, = 607.03; calcium palmitate, C,,H,.CaO, = 550.92]; con- 
tains the equivalent of 9 to 10.5% of CaO (calcium oxide). 

Preparation—By precipitation from interaction of solutions of cal- 
cium chloride and the sodium salts of the mixed fatty acids (stearic and 
palmitic). 

Description—Fine, white to yellowish white, bulky powder; slight, 
characteristic odor; unctuous and free from grittiness. 

Solubility—Insoluble in water, alcohol, or ether. 

Uses—A lubricant in the manufacture of compressed tablets. It also 
is used as a conditioning agent in food and pharmaceutical products. Its 
virtually nontoxic nature and unctuous properties makes it ideal for 
these purposes. 


CALCIUM SULFATE 


Sulfuric acid, calcium salt (1:1); Gypsum; Terra Alba 
Calcium sulfate (1:1) [7778-18-9] CaSO, (136.14); dihydrate [10101-41-4] 
QT 27): 

Preparation—From natural sources or by precipitation from inter- 
action of solutions of calcium chloride and a soluble sulfate. 

Description—Fine, white to slightly yellow-white, odorless 
powder. 

Solubility—Dissolves in diluted HC]; slightly soluble in water. 

Uses—A diluent in the manufacture of compressed tablets. It is 
sufficiently inert that few undesirable reactions occur in tablets made 
with this substance. It also is used for making plaster casts and 
supports. 


CARBON TETRACHLORIDE 


Methane, tetrachloro-, Tetrachloromethane 

Carbon tetrachloride [56-23-5] CCl, (153.82). 

Preparation—One method consists of catalytic chlorination of car- 
bon disulfide. 

Description—Clear, colorless liquid; characteristic odor resem- 
bling that of chloroform; specific gravity 1.588 to 1.590; boils about 77°. 

Solubility—Soluble in about 2000 volumes water; miscible with 
alcohol, acetone, ether, chloroform, or benzene. 

Uses—Officially recognized as a pharmaceutical necessity (solvent). 
Formerly it was used as a cheap anthelmintic for the treatment of 
hookworm infections, but it causes severe injury to the liver if absorbed. 


CARNAUBA WAX 
Obtained from the leaves of Copernicia cerifera Mart (Fam Palmae). 

Preparation—Consists chiefly of myricyl cerotate with smaller 
quantities of myricyl alcohol, ceryl alcohol, and cerotic acid. It is ob- 
tained by treating the leaf buds and leaves of Copernicia cerifera, the 
so-called Brazilian Wax Palm, with hot water. 

Description—Light-brown to pale-yellow, moderately coarse pow- 
der; characteristic bland odor; free from rancidity; specific gravity about 
0.99; melts about 84°. 

Solubility—Insoluble in water; freely soluble in warm benzene; 
soluble in warm chloroform or toluene; slightly soluble in boiling 
alcohol. 

Uses—A pharmaceutic aid used as a polishing agent in the manu- 
facture of coated tablets. 


CELLULOSE ACETATE PHTHALATE 


Cellulose, acetate, 1,2-benzenedicarboxylate 

Cellulose acetate phthalate [9004-38-0]; a reaction product of the 
phthalic anhydride and a partial acetate ester of cellulose. When dried 
at 105° for 2 hr, it contains 19 to 23.5% of acetyl (C,H,O) groups and 30 
to 36.0% of phthalyl (o-carboxybenzoyl, C,H;O3) groups. 

Preparation—Cellulose is esterified by treatment with acetic and 
phthalic acid anhydrides. 

Description—Free-flowing, white powder; may have a slight odor 
of acetic acid. 

Solubility—Insoluble in water or alcohol; soluble in acetone or 
dioxane. 

Uses—An enteric tablet-coating material. Coatings of this substance 
disintegrate because of the hydrolytic effect of the intestinal esterases, 
even when the intestinal contents are acid. In vitro studies indicate that 


cellulose acetate phthalate will withstand the action of artificial gastric 
juices for long periods of time but will disintegrate readily in artificial 
intestinal juices. 


MICROCRYSTALLINE CELLULOSE 


Cellulose [9004-34-6]; purified, partially depolymerized cellulose pre- 
pared by treating alpha cellulose, obtained as a pulp from fibrous plant 
material, with mineral acids. 

Preparation—Cellulose is subjected to the hydrolytic action of 2.5 
N HCl at the boiling temperature of about 105 for 15 min, whereby 
amorphous cellulosic material is removed and aggregates of crystalline 
cellulose are formed. These are collected by filtration, washed with 
water and aqueous ammonia, and disintegrated into small fragments, 
often termed cellulose crystallites, by vigorous mechanical means such 
as a blender. US Pat 3,141,875. 

Description—Fine, white, odorless, crystalline powder; consists of 
free-flowing, nonfibrous particles. 

Solubility—Insoluble in water, dilute acids, or most organic sol- 
vents; slightly soluble in NaOH solution (1 in 20). 

Uses—A tablet diluent and disintegrant. It can be compressed into 
self-binding tablets that disintegrate rapidly when placed in water. 

Microcrystalline Cellulose and Sodium Carboxymethylcellu- 
lose—A colloid-forming, attrited mixture of microcrystalline cellulose 
and sodium carboxymethylcellulose. Description and Solubility: Taste- 
less, odorless, white to off-white, coarse to fine powder; pH (dispersion) 
6 to 8; swells in water, producing, when dispersed, a white, opaque 
dispersion or gel. Insoluble in organic solvents or dilute acids. Uses: 
Pharmaceutic aid (suspending agent). Grades Available (amounts of 
sodium carboxymethylcellulose producing viscosities in the concentra- 
tions designated): 8.5%, 120 cps in 2.1% solution; 11%, 120 eps in 1.2% 
solution; 11%, 65 cps in 1.2% solution. 


POWDERED CELLULOSE—page 1031. 
CHLOROFORM 


Methane, trichloro-, 
Trichloromethane [67-66-3] CHCl, (119.38); contains 99 to 99.5% 
CHCl,, the remainder consisting of alcohol. 

Caution—Care should be taken not to vaporize it in the presence of a 
flame, because of the production of harmful gases (hydrogen chloride 
and phosgene). 

Preparation—Made by the reduction of carbon tetrachloride with 
water and iron and by the controlled chlorination of methane. 

The pure compound readily decomposes on keeping, particularly if 
exposed to moisture and sunlight, resulting in formation of phosgene 
(carbonyl chloride COCI,) and other products. The presence of a small 
amount of alcohol greatly retards or prevents this decomposition; hence, 
the requirement that it contain 0.5 to 1% of alcohol. The alcohol com- 
bines with any phosgene, forming ethyl carbonate, which is nontoxic. 

Description—Clear, colorless, mobile liquid; characteristic, ethe- 
real odor; burning, sweet taste; not flammable, but its heated vapors 
burn with a green flame; affected by light and moisture; specific gravity 
1.474 to 1.478, indicating 99 to 99.5% of CHCl,; boils about 61°; not 
affected by acids but is decomposed by alkali hydroxide into alkali 
chloride and sodium formate. 

Solubility—Soluble in 210 volumes of water; miscible with alcohol, 
ether, benzene, solvent hexane, acetone, or fixed and volatile oils. 

Uses—An obsolete inhalation anesthetic. Although it possesses ad- 
vantages of nonflammability and great potency, it rarely is used be- 
cause of the serious toxic effects it produces on the heart and liver. 
Internally, it has been used, in small doses, as a carminative. Exter- 
nally, it is an irritant and when used in liniments it may produce 
blisters. 

It is categorized as a pharmaceutic aid. It is used as a preservative 
during the aqueous percolation of vegetable drugs to prevent bacterial 
decomposition in the process of manufacture. In most instances it is 
evaporated before the product is finished. It is an excellent solvent for 
alkaloids and many other organic chemicals and is used in the manu- 
facture of these products and in chemical analyses. 


CITRIC ACID 
1,2,3-Propanetricarboxylic acid, 2-hydroxy-, 
CH,COOH 
HOCCOOH 
CH,COOH 


Citric acid [77-92-9] C,H,O, (192.12); monohydrate [5949-29-1] 
(210.14). 


Preparation—Found in many plants. It formerly was obtained 
solely from the juice of limes and lemons and from pineapple wastes. 
Since about 1925 the acid has been produced largely by fermentation of 
sucrose solution, including molasses, by fungi belonging to the Aspergil- 
lus niger group, theoretically according to the following reaction 


C1 »H»20,, + 30, > 2H3CgH;0, . 3H, 


Sucrose Oxygen Citric Acid Water 


but in practice there are deviations from this stoichiometric relation- 
ship. 

Description—Colorless, translucent crystals, or a white, granular 
to fine crystalline powder; odorless; strongly acid taste; the hydrous 
form effloresces in moderately dry air but is slightly deliquescent in 
moist air; loses its water of crystallization at about 50°; dilute aqueous 
solutions are subject to molding (fermentation), oxalic acid being one of 
the fermentation products. 

Solubility—1 g in 0.5 mL water, 2 mL alcohol, or about 30 mL 
ether; freely soluble in methanol. 

Uses—In the preparation of Anticoagulant Citrate Dextrose Solu- 
tion, Anticoagulant Citrate Phosphate Dextrose Solution, Citric Acid 
Syrup, and effervescent salts. It also has been used to dissolve urinary 
bladder calculi and as a mild astringent. 


COCOA BUTTER 


Cacao Butter; Theobroma Oil; Oil of Theobroma 
The fat obtained from the roasted seed of Theobroma cacao Linné (Fam 
Sterculiaceae). 

Preparation—By grinding the kernels of the chocolate bean and 
expressing the oil in powerful, horizontal hydraulic presses. The yield is 
about 40%. It also has been prepared by dissolving the oil from the 
unroasted beans by the use of a volatile solvent. 

Constituents—Chemically, it is a mixture of stearin, palmitin, 
olein, laurin, linolein, and traces of other glycerides. 

Description—Yellowish, white solid; faint, agreeable odor; bland 
(if obtained by extraction) or chocolate-like (if obtained by pressing) 
taste; usually brittle below 25°; specific gravity 0.858 to 0.864 at 100°/ 
25°: refractive index 1.454 to 1.458 at 40°. 

Solubility—Slightly soluble in alcohol; soluble in boiling dehy- 
drated alcohol; freely soluble in ether or chloroform. 

Uses—Valuable in pharmacy for making suppositories by virtue of 
its low fusing point and its property of becoming solid at a temperature 
just below the melting point. See Suppositories (page 851). In addition 
to this use, it is an excellent emollient application to the skin when 
inflamed; it also is used in various skin creams, especially the so-called 
skin foods. It also is used in massage. 


DENATONIUM BENZOATE 


Benzenemethanaminium N-2-(2,6-dimethylphenyl)amino-2- 
oxoethyl-N,N-diethyl-, benzoate; 


CH 
Gants Y 
(O)-aret-creconn ©pcoo 
CoHs 
CH; 


Benzyldiethyl (2,6-xylylcarbamoyl)methylammonium benzoate [3734- 
33-6] C.,H5,N.0. (446.59). 

Preparation—2-(Diethylamino)-2',6'-xylidide is quaternized by re- 
action with benzyl chloride. The quaternary chloride then is treated 
with methanolic potassium hydroxide to form the quaternary base that, 
after filtering off the KCl, is reacted with benzoic acid. The starting 
xylidide may be prepared by condensing 2,6-xylidine with chloroacetyl 
chloride and condensing the resulting chloroacetoxylidide with diethyl- 
amine. US Pat 3,080,327. 

Description—White, odorless, crystalline powder; an intensely bit- 
ter taste; melts about 168°. 

Solubility—1 g in 20 mL water, 2.4 mL alcohol, 2.9 mL chloroform, 
or 5000 mL ether. 

Uses—A denaturant for ethyl alcohol. 


DEXTRIN 


British Gum; Starch Gum; Leiocom 
Dextrin [9004-53-9] (C,H,,0;),,. 
Preparation—By the incomplete hydrolysis of starch with dilute 
acid or by heating dry starch. 
Description—White or yellow, amorphous powder (white: practically 
odorless; yellow: characteristic odor); dextrorotatory; [a]7” generally above 
200°; does not reduce Fehling’s solution; gives a reddish color with iodine. 
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Solubility—Soluble in 3 parts of boiling water, forming a gummy 
solution; less soluble in cold water. 
Uses—An excipient and emulsifier. 


DEXTROSE 


Anhydrous Dextrose; Dextrose Monohydrate; Glucose; 
p(+)-Glucose; a-p(+)-Glucopyranose; Medicinal Glucose; 
Purified Glucose; Grape Sugar; Bread Sugar; Cerelose; Starch 
Sugar; Corn Sugar 
p-Glucose monohydrate [5996-10-1] C,H,,0, - HO (198.17); anhydrous 
[50-99-7] (180.16). A sugar usually obtained by the hydrolysis of starch. 

For the structure, see page 411. 

Preparation—See Liquid Glucose (page 1044). 

Description—Colorless crystals or a white, crystalline or granular 
powder; odorless; sweet taste; specific rotation (anhydrous) +52.5 to 
+53; anhydrous dextrose melts at 146°; dextrose slowly reduces alka- 
line cupric tartrate TS in the cold and rapidly on heating, producing a 
red precipitate of cuprous oxide (difference from sucrose). 

Solubility—1 g in 1 mL of water or 100 mL of alcohol; more soluble 
in boiling water or boiling alcohol. 

Uses—See Dextrose Injection (page 1248). It also is used, instead of 
lactose as a supplement to milk for infant feeding. 


DICHLORODIFLUOROMETHANE 


Methane, dichlorodifluoro-, CCI,F, 
Dichlorodifluoromethane [75-71-8] CCl,F, (120.91). 
Preparation—Carbon tetrachloride is reacted with antimony tri- 
fluoride in the presence of antimony pentafluoride. 
Description—Clear, colorless gas; faint, ethereal odor; vapor pres- 
sure at 25° about 4883 torr. 
Uses—A propellant (No 12, see page 968). 


DICHLOROTETRAFLUOROETHANE 


Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, CCIF,CCIF, 

1,2-Dichlorotetrafluoroethane [76-14-2] C,Cl,F, (170.92). 

Preparation—By reacting  1,1,2-trichloro-1,2,2-trifluoroethane 
with antimony trifluorodichloride [SbF.,Cl,], whereupon one of the 
1-chlorine atoms is replaced by fluorine. The starting trichlorofluoro- 
ethane may be prepared from hexachloroethane by treatment with 
SbF .,Cl, (Henne AL: Org Reactions II: 65, 1944). 

Description—Clear, colorless gas; faint, ethereal odor; vapor pres- 
sure at 25° about 1620 torr; usually contains 6 to 10% of its isomer, 
CFCI,-CF3. 

Uses—A propellant (No 114 and 114a, see page 968). 


EDETIC ACID 


Glycine, N,N’-1,2-ethanediylbis[N-(carboxymethyl)], 
(HOOCCH,),NCH,CH,N(CH,COOH), 
(Ethylenedinitrilo)tetraacetic acid [60-00-4] C,)H,,N.Og (292.24). 

Preparation—Ethylenediamine is condensed with sodium mono- 
chloroacetate with the aid of sodium carbonate. An aqueous solution of 
the reactants is heated to about 90° for 10 hr, then cooled and acidified 
with HCl whereupon the acid precipitates. US Pat 2,130,505. 

Description—White, crystalline powder; melts with decomposition 
above 220°. 

Solubility—Very slightly soluble in water; soluble in solutions of 
alkali hydroxides. 

Uses—A pharmaceutic aid (metal complexing agent). The acid, 
rather than any salt, is the form most potent in removing calcium from 
solution. It may be added to shed blood to prevent clotting. It also is 
used in pharmaceutical analysis and the removal or inactivation 
of unwanted ions in solution. Salts of the acid are known as edetates. 
See Edetate Calcium Disodium (page 1267) and Edetate Disodium (page 
1268). 


ETHYLCELLULOSE 
Cellulose ethyl ether [9004-57-3]; an ethyl ether of cellulose containing 
44 to 51% of ethoxy groups. The mediuwm-type viscosity grade contains 
less than 46.5% ethoxy groups; the standard-type viscosity grade con- 
tains 46.5% or more ethoxy groups. 

Preparation—By the same general procedure described on page 
1032 for Methylcellulose except that ethyl chloride or ethyl sulfate is 
employed as the alkylating agent. The 45 to 50% of ethoxy groups in the 
official ethylcellulose corresponds to from 2.25 to 2.61 ethoxy groups/ 
C,H,,0; unit, thus representing from 75 to 87% of the maximum 
theoretical ethoxylation, which is 3 ethoxy groups/C,H,,O, unit. 

Description—Free-flowing, white to light tan powder; forms films 
that have a refractive index of about 1.47; aqueous suspensions are 
neutral to litmus. 
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Solubility—The medium type is freely soluble in tetrahydrofuran, 
methyl acetate, chloroform, or mixtures of aromatic hydrocarbons with 
alcohol; the standard type is freely soluble in alcohol, methanol, tolu- 
ene, chloroform, or ethyl acetate; both types are insoluble in water, 
glycerin, or propylene glycol. 

Uses—A pharmaceutic aid as a tablet binder and for film-coating 
tablets and drug particles. 


GELATIN—page 1031. 


LIQUID GLUCOSE 
GLUCOSE; STARCH SYRUP; CORN SYRUP 


A product obtained by the incomplete hydrolysis of starch. It consists 
chiefly of dextrose [D-(+ )-glucose, C,H,,0, = 180.16] dextrins, maltose, 
and water. 

Preparation—Commercially by the action of very weak H,SO, or 
HCl on starch. 

One of the processes for its manufacture is as follows: The starch, 
usually from corn, is mixed with 5 times its weight of water containing 
less than 1% of HCl, the mixture is heated to about 45° and then 
transferred to a suitable reaction vessel, into which steam is passed 
under pressure until the temperature reaches 120°. The temperature is 
maintained at this point for about 1 hr or until tests show complete 
disappearance of starch. The mass is then heated to volatilize most of 
the hydrochloric acid, sodium carbonate or calcium carbonate is added 
to neutralize the remaining traces of acid, the liquid is filtered, then 
decolorized in charcoal or bone-black filters, as is done in sugar refining, 
and finally concentrated in vacuum to the desired consistency. 

When made by the above process, it contains about 30 to 40% of 
dextrose mixed with about an equal proportion of dextrin, together with 
small amounts of other carbohydrates, notably maltose. By varying the 
conditions of hydrolysis, the relative proportions of the sugars also vary. 

If the crystallizable dextrose is desired, the conversion temperature 
is higher, and the time of conversion longer. The term glucose, as 
customarily used in the chemical or pharmaceutical literature, usually 
refers to dextrose, the crystallizable product. 

The name grape sugar sometimes is applied to the solid commercial 
form of dextrose because the principal sugar of the grape is dextrose, 
although the fruit has never been used as a source of the commercial 
supply. 

Description—Colorless or yellowish, thick, syrupy liquid; odorless, 
or nearly so; sweet taste; differs from sucrose in that it readily reduces 
hot alkaline cupric tartrate TS, producing a red precipitate of cuprous 
oxide. 

Solubility—Miscible with water; sparingly soluble in alcohol. 

Uses—As an ingredient of Cocoa Syrup (page 1027), as a tablet 
binder and coating agent, and as a diluent in pilular extracts; it has 
replaced glycerin in many pharmaceutical preparations. It is sometimes 
given per rectum as a food in cases when feeding by stomach is impos- 
sible. It should not be used in the place of dextrose for intravenous 
injection. 


HYDROCHLORIC ACID 


Chlorhydric Acid; Muriatic Acid; Spirit of Salt 
Hydrochloric acid [7647-01-0] HCl (36.46); contains 36.5 to 38.0%, by 
weight, of HCl. 

Preparation—By the interaction of NaCl and H,SO, or by combin- 
ing chlorine with hydrogen. It is obtained as a by-product in the man- 
ufacture of sodium carbonate from NaCl by the Leblanc process in 
which common salt is decomposed with H,SO,. HCl is also a by-product 
in the electrolytic production of NaOH from NaCl. 

Description—Colorless, fuming liquid; pungent odor; fumes and 
odor disappear when it is diluted with 2 volumes of water; strongly acid 
to litmus even when highly diluted; specific gravity about 1.18. 

Solubility—Miscible with water or alcohol. 

Uses—Officially classified as a pharmaceutic aid that is used as an 
acidifying agent. It is used in preparing Diluted Hydrochloric Acid. 


HYPOPHOSPHOROUS ACID 


Phosphinic acid 
Hypophosphorous acid [6303-21-5] HPH,O, (66.00); contains 30 to 32% 
by weight, of H,PO.. 

Preparation—By reacting barium or calcium hypophosphite with 
sulfuric acid or by treating sodium hypophosphite with an ion-exchange 
resin. 

Description—Colorless or slightly yellow, odorless liquid; solution 
is acid to litmus even when highly diluted; specific gravity about 1.13. 

Solubility—Miscible with water or alcohol. 

Incompatibilities—Oxidized on exposure to air and by nearly all 
oxidizing agents. Mercury, silver, and bismuth salts are reduced par- 


tially to the metallic state as evidenced by a darkening in color. Ferric 
compounds are changed to ferrous. 
Uses—An antioxidant in pharmaceutical preparations. 


ISOPROPYL MYRISTATE 


Tetradecanoic acid, 1-methylethyl ester 
CH,(CH,),,COOCH(CH;). 

Isopropyl myristate [110-27-0] C,,H,,0, (270.45). 

Preparation—By reacting myristoyl chloride with 2-propanol with 
the aid of a suitable dehydrochlorinating agent. 

Description—Liquid of low viscosity; practically colorless and 
odorless; congeals about 5° and decomposes at 208°; withstands oxida- 
tion and does not become rancid readily. 

Solubility—Soluble in alcohol, acetone, chloroform, ethyl acetate, 
toluene, mineral oil, castor oil, or cottonseed oil; practically insoluble in 
water, glycerin, or propylene glycol; dissolves many waxes, cholesterol, 
or lanolin. 

Uses—Pharmaceutic aid used in cosmetics and topical medicinal 
preparations as an emollient, as a lubricant, and to enhance absorption 
through the skin. 


KAOLIN—page 1238. 
LACTIC ACID 


Propanoic acid, 2-hydroxy-, 2-Hydroxypropionic Acid; 
Propanoloic Acid; Milk Acid 
CH,CH(OH)COOH 

Lactic acid [50-21-5] C,H,O, (90.08); a mixture of lactic acid and 
lactic acid lactate (C,H,,O;) equivalent to a total of 85 to 90%, by 
weight, of C,H,O.. 

Discovered by Scheele in 1780, it is the acid formed in the souring of 
milk, hence the name /actic, from the Latin name for milk. It results 
from the decomposition of the lactose (milk sugar) in milk. 

Preparation—A solution of glucose or of starch previously hydro- 
lyzed with diluted sulfuric acid is inoculated, after the addition of 
suitable nitrogen compounds and mineral salts, with Bacillus lactis. 
Calcium carbonate is added to neutralize the lactic acid as soon as it is 
formed, otherwise the fermentation stops when the amount of acid 
exceeds 0.5%. When fermentation is complete, as indicated by failure of 
the liquid to give a test for glucose, the solution is filtered, concentrated, 
and allowed to stand. The calcium lactate that crystallizes is decom- 
posed with dilute sulfuric acid and filtered with charcoal. The lactic acid 
in the filtrate is extracted with ethyl or isopropyl ether, the ether is 
distilled off, and the aqueous solution of the acid is concentrated under 
reduced pressure. 

Description—Colorless or yellowish, nearly odorless, syrupy liq- 
uid; acid to litmus; absorbs water on exposure to moist air; when a 
dilute solution is concentrated to above 50%, lactic acid lactate begins to 
form; in the official acid the latter amounts to about 12 to 15%; specific 
gravity about 1.20; decomposes when distilled under normal pressure 
but may be distilled without decomposition under reduced pressure. 

Solubility—Miscible with water, alcohol, or ether; insoluble in 
chloroform. 

Uses—In the preparation of Sodium Lactate Injection (page 1265). 
It also is used in babies’ milk formulas, as an acidulant in food prepa- 
rations, and in 1 to 2% concentration in some spermatocidal jellies. A 
10% solution is used as a bactericidal agent on the skin of neonates. It 
is corrosive to tissues on prolonged contact. A 16.7% solution in flexible 
collodion is used to remove warts and small cutaneous tumors. 


LACTOSE 


p-Glucose, 4-O-B-p-galactopyranosyl-, Milk Sugar 
Lactose [63-42-3] C,,H..0,, (342.30); monohydrate [10039-26-6] 
(360.31); a sugar obtained from milk. 

For the structural formula, see page 411. 

Preparation—From skim milk, to which is added diluted HCl to 
precipitate the casein. After removal of the casein by filtration, the 
reaction of the whey is adjusted to a pH of about 6.2 by addition of lime, 
and the remaining albuminous matter is coagulated by heating; this is 
filtered out and the liquid set aside to crystallize. Animal charcoal is 
used to decolorize the solution in a manner similar to that used in 
purifying sucrose. 

Another form of lactose, known as f-lactose, also is available on the 
market. It differs in that the p-glucose moiety is B instead of a. It is 
reported that this variety is sweeter and more soluble than ordinary 
lactose and for that reason is preferable in pharmaceutical manufac- 
turing where lactose is used. Chemically, B-lactose does not appear to 
differ from ordinary a-lactose. It is manufactured in the same way as 
a-lactose up to the point of crystallization, then the solution is heated to 
a temperature above 93.5°, the temperature at which the a form is 


converted to the 6 variety. The 8 form occurs only as an anhydrous 
sugar, whereas the a variety may be obtained either in the anhydrous 
form or as a monohydrate. 

Description—White or creamy white, hard, crystalline masses or 
powder; odorless; faintly sweet taste; stable in air, but readily absorbs 
odors; pH (1 in 10 solution) 4 to 6.5; specific rotation +54.8 to +55.5. 

Solubility—1 gin 5 mL water or 2.6 mL boiling water; very slightly 
soluble in alcohol; insoluble in chloroform or ether. 

Uses—A diluent largely used in medicine and pharmacy. It is gen- 
erally an ingredient of the medium used in penicillin production. It is 
used extensively as an addition to milk for infant feeding. 


MAGNESIUM CHLORIDE 
Magnesium chloride hexahydrate [7791-18-6] MgCl, - 6H,O (203.30); 
anhydrous [7786-30-3] (95.21). 

Preparation—By treating magnesite or other suitable magnesium 
minerals with HCl. 

Description—Colorless, odorless, deliquescent flakes or crystals, 
which lose water when heated to 100° and lose HCl when heated to 
110°; pH (1 in 20 solution in carbon dioxide-free water) 4.5 to 7. 

Solubility—Very soluble in water; freely soluble in alcohol. 

Uses—HElectrolyte replenisher; pharmaceutical necessity for hemodi- 
alysis and peritoneal dialysis fluids. 


MAGNESIUM STEARATE 


Octadecanoic acid, magnesium salt 

Magnesium stearate [557-04-0]. A compound of magnesium with a 
mixture of solid organic acids obtained from fats, which consists chiefly 
of variable proportions of magnesium stearate and magnesium palmi- 
tate. It contains the equivalent of 6.8 to 8.0% MgO (40.30). 

Description—Fine, white, bulky powder; faint, characteristic odor; 
unctuous, adheres readily to the skin and free from grittiness. 

Solubility—Insoluble in water, alcohol, or ether. 

Uses—A pharmaceutical necessity (lubricant) in the manufacture of 
compressed tablets. 


MEGLUMINE 
p-Glucitol, 1-deoxy-1-(methylamino)-, 
HoH OHH 
HOCH,—C—C-—C—C—CHpNHCHs 
OH OH H OH 


1-Deoxy-1-(methylamino)-p-glucitol [6284-40-8] C,H,,NO, (195.21). 
Preparation—By treating glucose with hydrogen and methyl- 
amine under pressure and in the presence of Raney nickel. 
Description—White to faintly yellowish white, odorless crystals or 
powder; melts about 130°. 
Solubility—Freely soluble in water; sparingly soluble in alcohol. 
Uses—In forming salts of certain pharmaceuticals, surface-active 
agents and dyes. See Diatrizoate Meglumine Injections (page 1195), 
Iodipamide Meglumine Injection (page 1187) and Iothalamate Meglu- 
mine Injection (page 1197). 


LIGHT MINERAL OIL 


Light Liquid Petrolatum NF XII; Light Liquid Paraffin; 
Light White Mineral Oil 
A mixture of liquid hydrocarbons obtained from petroleum. It may 
contain a suitable stabilizer. 

Description—Colorless, transparent, oily liquid, free, or nearly 
free, from fluorescence; odorless and tasteless when cold, and develops 
not more than a faint odor of petroleum when heated; specific gravity 
0.818 to 0.880; kinematic viscosity not more than 33.5 centistokes 
at 40°. 

Solubility—Insoluble in water or alcohol; miscible with most fixed 
oils, but not with castor oil; soluble in volatile oils. 

Uses—Officially recognized as a vehicle. Once it was used widely as 
a vehicle for nose and throat medications; such uses are now considered 
dangerous because of the possibility of lipoid pneumonia. It sometimes 
is used to cleanse dry and inflamed skin areas and to facilitate removal 
of dermatological preparations from the skin. It should never be used 
for internal administration because of leakage. See Mineral Oil 
(page 1233). 


NITRIC ACID 


Nitric acid [7697-37-2] HNO, (63.01); contains about 70%, 
by weight, of HNO. 
Preparation—May be prepared by treatment of sodium nitrate 
(Chile saltpeter) with sulfuric acid, but usually produced by catalytic 
oxidation of ammonia. 
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Description—Highly corrosive fuming liquid; characteristic, 
highly irritating odor; stains animal tissues yellow; boils about 120°; 
specific gravity about 1.41. 

Solubility—Miscible with water. 

Uses—Pharmaceutic aid (acidifying agent). 


NITROGEN 


Nitrogen [7727-37-9] N, (28.01); contains not less than 99%, by volume, 
of N,. 

Preparation—By the fractional distillation of liquefied air. 

Uses—A diluent for medicinal gases. Pharmaceutically, is employed 
to replace air in the containers of substances that would be affected 
adversely by air oxidation. Examples include its use with fixed oils, 
certain vitamin preparations, and a variety of injectable products. It 
also is used as a propellant. 


PHENOL 


Carbolic Acid 
C,H;OH 

Phenol [108-95-2] C,H,O (94.11). 

Preparation—For many years made only by distilling crude car- 
bolic acid from coal tar and separating and purifying the distillate by 
repeated crystallizations; it now is prepared synthetically. 

One process uses chlorobenzene as the starting point in the manu- 
facture. The chlorobenzene is produced in a vapor phase reaction, with 
benzene, HCl, and oxygen over a copper catalyst, followed by hydrolysis 
with steam to yield HC] and phenol (which is recovered). 

Description—Colorless to light pink, interlaced, or separate, 
needle-shaped crystals, or a white or light pink, crystalline mass; char- 
acteristic odor; when undiluted, it whitens and cauterizes the skin and 
mucous membranes; when gently heated, phenol melts, forming a 
highly refractive liquid; liquefied by the addition of 10% of water; vapor 
is flammable; gradually darkens on exposure to light and air; specific 
gravity 1.07; boils at 182°; congeals not lower than 39°. 

Solubility—1 g in 15 mL water; very soluble in alcohol, glycerin, 
chloroform, ether, or fixed and volatile oils; sparingly soluble in min- 
eral oil. 

Incompatibilities—Produces a liquid or soft mass when triturated 
with camphor, menthol, acetanilid, acetophenetidin, aminopyrine, anti- 
pyrine, ethyl aminobenzoate, methenamine, phenyl salicylate, resor- 
cinol, terpin hydrate, thymol, and several other substances including 
some alkaloids. It also softens cocoa butter in suppository mixtures. 

It is soluble in about 15 parts of water; stronger solutions may be 
obtained by using as much glycerin as phenol. Only the crystallized 
form is soluble in fixed oils and liquid petroleum, the liquefied form is 
not all soluble because of its content of water. Albumin and gelatin are 
precipitated by it. Collodion is coagulated by the precipitation of pyrox- 
ylin. Traces of iron in various chemicals such as alum, borax, etc, may 
produce a green color. 

Uses—A caustic, disinfectant, topical anesthetic, and pharmaceuti- 
cal necessity as a preservative for injections, etc. At one time widely 
used as a germicide and still the standard against which other antisep- 
tics are compared, it has few legitimate uses in modern medicine. 
Nevertheless, it is still used in several proprietary antiseptic mouth- 
washes, hemorrhoidal preparations, and burn remedies. In full 
strength, a few drops of the liquefied form may be used to cauterize 
small wounds, dog bites, snake bites, etc. It commonly is employed as an 
antipruritic, in the form of either phenolated calamine lotion (1%), 
phenol ointment (2%), or a simple aqueous solution (0.5 to 1%). It has 
been used for sclerosing hemorrhoids, but more effective and safer 
drugs are available. A 5% solution in glycerin is used in simple earache. 
Crude carbolic acid is an effective, economical agent for disinfecting 
excrement. It is of some therapeutic value as a fungicide, but more 
effective and less toxic agents are available. If accidentally spilled, it 
should be removed promptly from the skin by swabbing with alcohol. 


Liquefied Phenol [Liquefied Carbolic AcidJ—Phenol maintained 
in a liquid condition by the presence of 10.0% of water. It contains not 
less than 89.0%, by weight, of C,H,0. Note—When it is to be mixed with 
a fixed oil, mineral oil, or white petrolatum, use the crystalline Phenol, 
not Liquefied Phenol. Preparation: Melt phenol (a convenient quantity) 
by placing the unstoppered container in a steam bath and applying heat 
gradually. Transfer the liquid to a tared vessel, weigh, add 1 g of 
purified water for each 9 g of phenol, and mix thoroughly. Description: 
Colorless liquid, which may develop a red tint upon exposure to air and 
light; characteristic, somewhat aromatic odor; when undiluted it cau- 
terizes and whitens the skin and mucous membranes; specific gravity 
about 1.065; when it is subjected to distillation, the boiling temperature 
does not rise above 182°, which is the boiling temperature of phenol; 
partially solidifies at about 15°. Solubility: Miscible with alcohol, ether, 
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or glycerin; a mixture of liquefied phenol and an equal volume of 
glycerin is miscible with water. Uses: A formulation that facilitates the 
dispensing of concentrated phenol. Its therapeutic uses are described 
above under Phenol. It is a pharmaceutical necessity for Phenolated 
Calamine Lotion (see RPS-18 page 762). 


PHOSPHORIC ACID 


Orthophosphoric Acid; Syrupy Phosphoric Acid; Concentrated 
Phosphoric Acid 
Phosphoric acid [7664-38-2] HPO, (98.00); contains 85 to 88%, by 
weight, of H,PO,. 

Preparation—Phosphorus is converted to phosphorus pentoxide 
P.O, by exposing it to a current of warm air, then the P,O, is treated 
with water to form phosphoric acid. The conversion of the phosphorus to 
the pentoxide takes place while the phosphorus, distilling from the 
phosphorus manufacturing operation, is in the vapor state. 

Description—Colorless, odorless liquid of a syrupy consistency; 
specific gravity about 1.71. 

Solubility—Miscible with water or alcohol, with the evolution of 
heat. 

Uses—To make the diluted acid and as a weak acid in various 
pharmaceutical preparations. Industrially, it is used in dental cements 
and in beverages as an acidulant. 


Diluted Phosphoric Acid [Dilute Phosphoric Acid]—Contains, 
in each 100 mL, 9.5 to 10.5 g of H,PO, (98.00). Preparation: Mix 
phosphoric acid (69 mL) and purified water (qs) to make 1000 mL. 
Description and Solubility: Clear, colorless, odorless liquid; specific 
gravity about 1.057. Miscible with water or alcohol. Uses: A pharma- 
ceutical necessity. It also has been employed in lead poisoning and in 
other conditions in which it is desired to administer large amounts of 
phosphate and at the same time produce a mild acidosis. It has been 
given in the dosage of 60 mL a day (5 mL/hr) under carefully controlled 
conditions. 


POTASSIUM METAPHOSPHATE 


Metaphosphoric acid (HPO,), potassium salt 

Potassium metaphosphate [7790-53-6] KPO, (118.07); a straight-chain 
polyphosphate, having a high degree of polymerization; contains the 
equivalent of 59 to 61% P,O;. 

Preparation—By thermal dehydration of monopotassium phos- 
phate (KH,PO,). 

Description—White, odorless powder. 

Solubility—Insoluble in water; soluble in dilute solutions of so- 
dium salts. 

Uses—Pharmaceutic aid (buffering agent). 


MONOBASIC POTASSIUM PHOSPHATE 


For the full monograph, see page 1264. 
Comments—A component of various buffer solutions. Medicinally, 
it has been used as a urinary acidifier. 


PUMICE 


Pumex 
A substance of volcanic origin, consisting chiefly of complex silicates of 
aluminum, potassium, and sodium. 

Description—Very light, hard, rough, porous, grayish masses or a 
gritty, grayish powder of several grades of fineness; odorless, tasteless, 
and stable in the air. 

Three powders are available: 


Pumice Flour or Superfine Pumice—Not less than 97% passes through 
a No 200 standard mesh sieve. 

Fine Pumice—Not less than 95% passes through a No 150 standard 
mesh sieve, and not more than 75% passes through a No 200 
standard mesh sieve. 

Coarse Pumice—Not less than 95% passes through a No 60 standard 
mesh sieve, and not more than 5% passes through a No 200 stan- 
dard mesh sieve. 


Solubility—Insoluble in water and is not attacked by acids or 
alkali hydroxide solutions. 

Uses—A filtering and distributing medium for pharmaceutical 
preparations. Because of its grittiness the powdered form is used in 
certain types of soaps and cleaning powders and also as a dental 
abrasive. 


PYROXYLIN 


Cellulose, nitrate; Soluble Guncotton 
Pyroxylin [9004-70-0]; a product obtained by the action of a mixture of 
nitric and sulfuric acids on cotton, which consists chiefly of cellulose 
tetranitrate (C,,H,,.N,O,3),. 


Note—The commercially available form is moistened with about 30% 
of alcohol or other suitable solvent. The alcohol or solvent must be 
allowed to evaporate to yield the dried substance described in the 
Pharmacopeia. : 

Preparation—Shonbein, in 1846, found that nitric acid acts on 
cotton and produces a soluble compound. It subsequently was proved 
that this substance belongs to a series of closely related nitrates in 
which the nitric acid radical replaces the hydroxyl of the cellulose 
formula. This usually is indicated by taking the double empirical for- 
mula for cellulose C,,H,,O0,,. and indicating replacement of four of the 
OH groups thus 


C12H290\9 + 4HNO3 > C 12H 606(NO3)4 + 4H20 
Cellulose Cellulose 
Tetranitrate 


The compound used in preparing collodion is a varying mixture of the 
di-, tri-, tetra-, and pentanitrates, but is mainly tetranitrate. The hex- 
anitrate is the true explosive guncotton and is insoluble in ether, 
alcohol, acetone, or water. 

Description—Light yellow, matted mass of filaments, resembling 
raw cotton in appearance but harsh to the touch; exceedingly flamma- 
ble, burning, when unconfined, very rapidly and with a luminous flame; 
when kept in well-closed bottles and exposed to light, it is decomposed 
with the evolution of nitrous vapors, leaving a carbonaceous residue. 

Solubility—lInsoluble in water; dissolves slowly but completely in 
25 parts of a mixture of 3 volumes of ether and 1 volume of alcohol; 
soluble in acetone or glacial acetic acid and precipitated from these 
solutions by water. 

Uses—A pharmaceutical necessity for Collodion. 


ROSIN 


Resina; Colophony; Georgia Pine Rosin; Yellow Pine Rosin 
A solid resin obtained from Pinus palustris Miller and from other 
species of Pinus Linné (Fam Pinaceae). 

Constituents—American rosin contains sylvic acid [Cy,H3 0s), @-, 
B-, and y-abietic acids [Cj,H3,0.], y-pinic acid (from which a- and 
B-pinic acids are gradually formed), and resene. Some authorities also 
include pimaric acid [C,H 0.) as a constituent. French rosin is called 
galipot. 

Description—Sharply angular, translucent, amber-colored frag- 
ments, frequently covered with a yellow dust; fracture brittle at ordi- 
nary temperatures, shiny and shallow-conchoidal; odor and taste are 
slightly terebinthinate; easily fusible and burns with a dense, yellowish 
smoke, specific gravity 1.07 to 1.09. 

Solubility—Insoluble in water; soluble in alcohol, ether, benzene, 
glacial acetic acid, chloroform, carbon disulfide, dilute solutions of so- 
dium hydroxide and potassium hydroxide, or some volatile and fixed 
oils. 

Uses—A pharmaceutical necessity for Zinc-Eugenol Cement. For- 
merly, and to some extent still, used as a component of plasters, cerates, 
and ointments, to which it adds adhesive qualities. 


PURIFIED SILICEOUS EARTH 


Purified Kieselguhr; Purified Infusorial Earth; 
Diatomaceous Earth; Diatomite 
A form of silica [SiO,] [7631-86-9] consisting of the frustules and frag- 
ments of diatoms, purified by boiling with acid, washing, and calcining. 

Occurrence and Preparation—Large deposits of this substance 
are found in Virginia, Maryland, Nevada, Oregon, and California, usu- 
ally in the form of masses of rocks, hundreds of feet in thickness. Under 
the microscope it is seen to consist largely of the minute siliceous 
frustules of diatoms. It must be purified carefully in a manner similar 
to that directed for Talc (page 1048) and thoroughly calcined. The latter 
treatment destroys the bacteria that are present in large quantities in 
the native earth. 

Description—Very fine, white, light-gray or pale-buff mixture of 
amorphous powder and lesser amounts of crystalline polymorphs, in- 
cluding quartz and cristobalite; gritty, readily absorbs moisture and 
retains about four times its weight of water without becoming fluid. 

Solubility—Insoluble in water, acids, or dilute solutions of alkali 
hydroxides. 

Uses—Introduced into the USP as a distributing and filtering me- 
dium for aromatic waters; also suitable for filtration of elixirs. Like talc, 
it does not absorb active constituents. 


COLLOIDAL SILICON DIOXIDE 


Silica [7631-86-9] SiO, (60.08); a submicroscopic fumed silica prepared 
by the vapor-phase hydrolysis of a silicon compound. 


Description—Light, white, nongritty powder of extremely fine par- 
ticle size (about 15 nm). 

Solubility—Insoluble in water or acids (except hydrofluoric); dis- 
solved by hot solutions of alkali hydroxides. 

Uses—A tablet moisture adsorber, glidant, and as a suspending and 
thickening agent in pharmaceutical preparations. 


SODA LIME 
A mixture of calcium hydroxide and sodium or potassium hydroxide or 
both. 

It may contain an indicator that is inert toward anesthetic gases 
such as ether, cyclopropane, and nitrous oxide and that changes color 
when the soda lime no longer can absorb carbon dioxide. 

Description—White or grayish white granules; if an indicator is 
added, it may have a color; absorbs carbon dioxide and water on expo- 
sure to air. 

Uses—Neither a therapeutic nor a pharmaceutical agent. It is a 
reagent for the absorption of carbon dioxide in anesthesia machines, 
oxygen therapy, and metabolic tests. Because of the importance of 
the proper quality for these purposes it has been made official and 
standardized. 


SODIUM BORATE 


Sodium Tetraborate; Sodium Pyroborate; Sodium Biborate 
Borax [1303-96-4] Na,B,O,-10H,O (381.37); anhydrous [1330-43-4] 
Na,B,O-, (201.22). 

Preparation—Found in immense quantities in California as a 
crystalline deposit. The earth, which is strongly impregnated with 
borax, is lixiviated; the solution is evaporated and crystallized. 

Calcium borate, or cotton balls, also occurs in the borax deposits of 
California, and sodium borate is obtained from it by double decompo- 
sition with sodium carbonate. 

Description—Colorless, transparent crystals, or a white, crystal- 
line powder; odorless; the crystals often are coated with white powder 
because of efflorescence; solution alkaline to litmus and phenolphtha- 
lein; pH about 9.5. 

Solubility—1 g in 16 mL water, 1 mL glycerin, or 1 mL boiling 
water; insoluble in alcohol. 

Incompatibilities—Precipitates many metals as insoluble borates. 
In aqueous solution it is alkaline and precipitates aluminum salts as 
aluminum hydroxide, iron salts as a basic borate, and ferric hydroxide 
and zinc sulfate as zinc borate and a basic salt. Alkaloids are precipi- 
tated from solutions of their salts. Approximately equal weights of 
glycerin and boric acid react to produce a decidedly acid derivative 
generally called glyceroboric acid. Thus, the addition of glycerin to a 
mixture containing it overcomes incompatibilities arising from an al- 
kaline reaction. 

Uses—As a pharmaceutical necessity, it is used as an alkalizing 
agent and as a buffer for alkaline solutions. Its alkalizing properties 
provide the basis for its use in denture adhesives and its buffering 
action for its use in eyewash formulations. 


SODIUM CARBONATE 


Carbonic acid, disodium salt, monohydrate; Monohydrated 
Sodium Carbonate USP XVII 
Disodium carbonate monohydrate [5968-11-6] Na,CO, - H,O (124.00); 
anhydrous [497-19-8] (105.99). 

Preparation—The initial process for its manufacture was devised 
by Leblanc, a French apothecary, in 1784, and consists of two steps: 
first, the conversion of common salt [NaCl] into sodium sulfate by 
heating it with sulfuric acid and, second, the decomposition of the 
sulfate by calcium carbonate (limestone) and charcoal (coal) at a high 
temperature to yield this salt and calcium sulfide. The carbonate then 
is leached out with water. 

It currently is prepared by the electrolysis of sodium chloride, 
whereby sodium and chlorine are produced, the former reacting with 
water to produce sodium hydroxide and this solution treated with 
carbon dioxide to produce the salt. The process is used most extensively 
in localities where electric power is very cheap. 

The monohydrated form is made by crystallizing a concentrated 
solution of this salt at a temperature above 35° (95°F) and stirring the 
liquid so as to produce small crystals. It contains about 15% water of 
crystallization. 

Soda ash is a term designating a commercial quality of the anhy- 
drous salt. Its annual production is very large, and it has a wide variety 
of applications, among which are the manufacture of glass, soap, and 
sodium salts; it also is used for washing fabrics. 

Washing soda, or sal soda, is the salt with 10 molecules of water. It 
is in the form of colorless crystals that rapidly effloresce in the air. 
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Description—Colorless crystals or a white, crystalline powder; 
stable in air under ordinary conditions; when exposed to dry air above 
50° it effloresces, and at 100° it becomes anhydrous; decomposed by 
weak acids, forming the salt of the acid and liberating carbon dioxide; 
aqueous solution alkaline to indicators (pH about 11.5). 

Solubility—1 g in 3 mL water or 1.8 mL boiling water; insoluble in 
alcohol. 

Incompatibilities—Acids, acid salts, and acidic preparations 
cause its decomposition. Most metals are precipitated as carbonates, 
hydroxides, or basic salts. Alkaloids are precipitated from solutions of 
their salts. 

Uses—Occasionally, for dermatitides topically as a lotion; it has 
been used as a mouthwash and a vaginal douche. It is used in the 
preparation of the sodium salts of many acids. The USP recognizes it as 
a pharmaceutic aid used as an alkalizing agent. 


SODIUM HYDROXIDE 


Caustic Soda; Soda Lye 
Sodium hydroxide [1310-73-2] NaOH (40.00); includes not more than 
3% Na,CO, (105.99). 

Caution—Exercise great care in handling it, as it rapidly destroys 
tissues. 

Preparation—By treating sodium carbonate with milk of lime or 
by the electrolysis of a solution of sodium chloride as explained under 
Potassium Hydroxide (page 1211). It now is produced largely by the 
latter process. See also Sodium Carbonate, above. 

Description—White, or nearly white, fused masses, small pellets, 
flakes, sticks, and other forms; hard and brittle and shows a crystalline 
fracture; exposed to the air, it rapidly absorbs carbon dioxide and 
moisture; melts at about 318°; specific gravity 2.13; when dissolved in 
water or alcohol or when its solution is treated with an acid, much heat 
is generated; aqueous solutions, even when highly diluted, are strongly 
alkaline. 

Solubility—1 g in 1 mL water; freely soluble in alcohol or glycerin. 

Incompatibilities—Exposed to air, it absorbs carbon dioxide and 
is converted to sodium carbonate. With fats and fatty acids it forms 
soluble soaps; with resins it forms insoluble soaps. See Potassium Hy- 
droxide (page 1211). 

Uses—Too alkaline to be of medicinal value but occasionally used in 
veterinary practice as a caustic. It is used extensively in pharmaceuti- 
cal processes as an alkalizing agent and is generally preferred to po- 
tassium hydroxide because it is less deliquescent and less expensive; in 
addition, less of it is required, since 40 parts of it are equivalent to 56 
parts of KOH. It is a pharmaceutical necessity in the preparation of 
Glycerin Suppositories. 


SODIUM STEARATE 


Octadecanoic acid, sodium salt 
Sodium stearate [822-16-2] C,,H,,NaO. (306.47) consists chiefly of 
sodium stearate and sodium palmitate C,,H,,NaO, = 278.41). 

Preparation—Stearic acid is reacted with an equimolar portion of 
NaOH. 

Description—Fine, white powder, soapy to the touch; usually has 
a slight, tallow-like odor; affected by light; solutions are alkaline to 
phenolphthalein TS. 

Solubility—Slowly soluble in cold water or cold alcohol; readily 
soluble in hot water or hot alcohol. 

Uses—Officially, a pharmaceutic aid used as an emulsifying and 
stiffening agent. It is an ingredient of glycerin suppositories. In derma- 
tological practice it has been used topically in sycosis and other skin 
diseases. 


STARCH 


Corn Starch; Wheat Starch; Potato Starch 
Starch [9005-25-8] consists of the granules separated from the mature 
grain of corn Zea mays Linné (Fam Gramineae) or of wheat Triticum 
aestivum Linné] (Fam Gramineae) or from tubers of the potato Solanum 
tuberosum Linné (Fam Solanaceae). 

Preparation—In making starch from corn, the germ is separated 
mechanically, and the cells softened to permit escape of the starch 
granules. This generally is done by permitting it to become sour and 
decomposed, stopping the fermentation before the starch is affected. On 
the small scale, it may be made from wheat flour by making a stiff ball 
of dough and kneading it while a small stream of water trickles upon it. 
It is carried off with the water, while the gluten remains as a soft, 
elastic mass; the latter may be purified and used for various purposes to 
which gluten is applicable. Commercially, its quality largely depends on 
the purity of the water used in its manufacture. It may be made from 
potatoes by first grating them, and then washing the soft mass upon a 
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sieve, which separates the cellular substances and permits the starch 
granules to be carried through. It then must be washed thoroughly by 
decantation, and the quality of this starch also depends largely on the 
purity of the water that is used in washing it. 

Description—Irregular, angular, white masses or fine powder; 
odorless; slight, characteristic taste. Corn starch: Polygonal, rounded, 
or spheroidal granules up to about 35 4m in diameter, which usually 
have a circular or several-rayed central cleft. Wheat starch: Simple 
lenticular granules 20 to 50 ~m in diameter and spherical granules 5 to 
10 um in diameter; striations faintly marked and concentric. Potato 
starch: Simple granules, irregularly ovoid or spherical, 30 to 100 m in 
diameter, and subspherical granules 10 to 35 um in diameter; striations 
well marked and concentric. 

Solubility—Insoluble in cold water or alcohol; when it is boiled 
with about 20 times its weight of hot water for a few minutes and then 
cooled, a translucent, whitish jelly results; aqueous suspension neutral 
to litmus. 

Uses—Has absorbent and demulcent properties. It is used as a 
dusting powder and in various dermatological preparations; also as a 
pharmaceutic aid (filler, binder, and disintegrant). Note—Starches ob- 
tained from different botanical sources may not have identical properties 
with respect to their use for specific pharmaceutical purposes, eg, as a 
tablet-disintegrating agent. Therefore, types should not be interchanged 
unless performance equivalency has been ascertained. 

Under the title Pregelatinized Starch the NF recognizes starch that 
has been processed chemically or mechanically to rupture all or part of 
the granules in the presence of water and subsequently dried. Some 
types may be modified to render them compressible and flowable. 


STORAX 


Liquid Storax; Styrax; Sweet Gum; Prepared Storax 
A balsam obtained from the trunk of Liguidambar orientalis Miller, known 
in commerce as Levant Storax, or of Liquidambar styraciflua Linné, 
known in commerce as American Storax (Fam Hamamelidaceae). 

Constituents—The following occur in both varieties: styracin (cin- 
namyl cinnamate), styrol (phenylethylene, CzHg,), a- and B-storesin (the 
cinnamic acid ester of an alcohol called storesinol), phenylpropyl cin- 
namate, free cinnamic acid, and vanillin. In addition to these, Levant 
storax contains ethyl cinnamate, benzyl cinnamate, free storesinol, iso- 
cinnamic acid, ethylvanillin, styrogenin, and styrocamphene. This vari- 
ety yields from 0.5 to 1% of volatile oil; from this have been isolated 
styrocamphene, vanillin, the cinnamic acid esters of ethyl, phenylpropyl, 
benzyl, and cinnamyl alcohols, naphthalene, and styrol. 

The American variety contains, in addition to the aforementioned 
substances common to both varieties, styaresin (the cinnamic acid ester 
of the alcohol styresinol, an isomer of storesinol) and styresinolic acid. It 
yields up to 7% of a dextrorotatory volatile oil, the composition of which 
has not been investigated completely; styrol and traces of vanillin have 
been isolated from it. 

Description—Semiliquid, grayish to grayish brown, sticky, opaque 
mass, depositing on standing a heavy dark brown layer (Levant storax); 
or a semisolid, sometimes a solid mass, softened by gently warming 
(American storax); transparent in thin layers; characteristic odor and 
taste; more dense than water. 

Solubility—Insoluble in water, but soluble, usually incompletely, 
in an equal weight of warm alcohol; soluble in acetone, carbon disulfide, 
or ether, some insoluble residue usually remaining. 

Uses—An expectorant but is used chiefly as a local remedy, espe- 
cially in combination with benzoin; eg, it is an ingredient of Compound 
Benzoin Tincture (page 1203). It may be used, like benzoin, to protect 
fatty substances from rancidity. 


SUCROSE OCTAACETATE 


a-p-Glucopyranoside, 1,3,4,6-tetra-O-acetyl-B-p-fructofuranosyl-, 
tetraacetate 


CH,0Ac 
0, AcOCH2 0 


OAc OAc 


u 
(Ac is CH3C—) 


Sucrose octaacetate [126-14-7] C,,H;,0,, (678.60). 
Preparation—Sucrose is subjected to exhaustive acetylation by 
reaction with acetic anhydride in the presence of a suitable condensing 
agent such as pyridine. 
Description—White, practically odorless powder; intensely bitter 
taste; hygroscopic; melts not lower than 78°. 


Solubility—1 g in 1100 mL water, 11 mL alcohol, 0.3 mL.acetone, or 
0.6 mL benzene; very soluble in methanol or chloroform; soluble in ether. 
Uses—A denaturant for alcohol. 


SULFURATED POTASH 


Thiosulfuric acid, dipotassium salt, mixt with potassium sulfide 
(K,(S,)); Liver of Sulfur 

Dipotassium thiosulfate mixture with potassium sulfide (K,S,) [89365- 
88-3]; a mixture composed chiefly of potassium polysulfides and potas- 
sium thiosulfate. It contains not less than 12.8% S (sulfur) in combina- 
tion as sulfide. 

Preparation—By thoroughly mixing 1 part of sublimed sulfur with 
2 parts of potassium carbonate and gradually heating the mixture in a 
covered iron crucible until the mass ceases to swell and is melted 
completely. It then is poured on a stone or glass slab and, when cold, is 
broken into pieces and preserved in tightly closed bottles. When the 
heat is regulated properly during its production, the reaction is repre- 
sented approximately by 


3K,CO; + 8S — 2K,S3 + K,S,03 + 3CO, 


As this product rapidly deteriorates on exposure to moisture, oxygen, 
and carbon dioxide, it is important that it be prepared recently to 
produce satisfactory preparations. 

Description—Irregular pieces, liver-brown when freshly prepared, 
changing to a greenish yellow; decomposes upon exposure to air; an odor 
of hydrogen sulfide and a bitter, acrid, alkaline taste; even weak acids 
cause the liberation of H,S from sulfurated potash; 1 in 10 solution light 
brown in color and alkaline to litmus. 

Solubility—1 g in about 2 mL water, usually leaving a slight 
residue; alcohol dissolves only the sulfides. 

Uses—Extensively in dermatological practice, especially in the of- 
ficial White Lotion or Lotio Alba (page 1207). It is used as an opacifier. 

The equation for the reaction of the potassium trisulfide in prepar- 
ing the lotion is 


ZnSO, + K,S; > ZnS + 2S + K,SO, 
TALC 


Talcum; Purified Talc; French Chalk; Soapstone; Steatite 
A native, hydrous magnesium silicate, sometimes containing a small 
proportion of aluminum silicate. 

Occurrence and Preparation—The native form, called soapstone 
or French chalk, is found in various parts of the world. An excellent 
quality is obtained from deposits in North Carolina. Deposits of a high 
grade, conforming to the USP requirements, also are found in Manchu- 
ria. The native form usually is accompanied by variable amounts of 
mineral substances. These are separated from it by mechanical means, 
such as flotation or elutriation. It then is powdered finely, treated with 
boiling dilute HCl, washed well, and dried. 

Description—Very fine, white, or grayish white crystalline pow- 
der; unctuous to the touch, adhering readily to the skin, and free from 
grittiness. 

Uses—Officially, as a dusting powder and pharmaceutic aid; in both 
categories it has many specific uses. Its medicinal use as a dusting 
powder depends on its desiccant and lubricant effects. When perfumed, 
and sometimes medicated, it is used extensively for toilet purposes 
under the name talcum powder; for such use it should be in the form of 
an impalpable powder. When used as a filtration medium for clarifying 
liquids, a coarser powder is preferred to minimize passage through the 
pores of the filter paper; for this purpose it may be used for all classes 
of preparations with no danger of adsorption or retention of active 
principles. It is used as a lubricant in the manufacture of tablets and as 
a dusting powder when making handmade suppositories. Although it is 
used as a lubricant for putting on and removing rubber gloves, it should 
not be used on surgical gloves because even small amounts deposited in 
organs or healing wounds may cause granuloma formation. 


TARTARIC ACID 
Butanedioic acid, R-(R",R") 2,3-dihydroxy-, 


L-(+)-Tartaric acid [87-69-4] C,H,O, (150.09). 
Preparation—From argol, the crude cream of tartar (potassium 
bitartrate) deposited on the sides of wine casks during the fermentation 


of grapes, by conversion to calcium tartrate, which is hydrolyzed to 
tartaric acid and calcium sulfate. 

Description—Large, colorless or translucent crystals, or a white 
granular to fine crystalline powder; odorless; acid taste; stable in the 
air; solutions acid to litmus; dextrorotatory. 

Solubility—1 g in 0.8 mL water, 0.5 mL boiling water, 3 mL 
alcohol, or 250 mL ether; freely soluble in methanol. 

Uses—Chiefly, as the acid ingredient of preparations in which it is 
neutralized by a bicarbonate, as in effervescent salts, and the free acid 
is completely absent or present only in small amounts in the finished 
product. It also is used as a buffering agent. 


TITANIUM DIOXIDE—page 1217. 
TRICHLOROMONOFLUOROMETHANE 


Methane, trichlorofluoro-, 

CFCl, 

Trichlorofluoromethane [75-69-4] CC1,F (137.37). 

Preparation—Carbon tetrachloride is reacted with antimony trif- 
luoride in the presence of a small quantity of antimony pentachloride. 
The reaction produces a mixture of CCl,F and CCl,F,, which readily is 
separable by fractional distillation. 

Description—Clear, colorless gas; faint, ethereal odor; vapor pres- 
sure at 25° is about 796 torr; boils about 24°. 

Solubility—Practically insoluble in water; soluble in alcohol, ether, 
or other organic solvents. 

Uses—A propellant (No 11, see page 968). 


TYLOXAPOL 


Phenol, 4-(1,1,3,3-tetramethylbutyl)-, polymer with 
formaldehyde and oxirane 


OR OR OR 
CoeHi7 CoaHi7 n Ceti 


[R is CHyCHO(CH2CH90)m CHyCHOH; 
m is 6 to 8; 7 is not more than 5} 


p-(1,1,3,3-Tetramethylbutyl)phenol polymer with ethylene oxide and 
formaldehyde [25301-02-4]. 

Preparation—p-(1,1,3,3-Tetramethylbutyl)phenol and formalde- 
hyde are condensed by heating in the presence of an acidic catalyst, and 
the polymeric phenol thus obtained is reacted with ethylene oxide at 
elevated temperature under pressure in the presence of NaOH. US Pat. 
2,454,541. 

Description—Amber, viscous liquid; may show a slight turbidity; 
slight aromatic odor; specific gravity about 1.072; stable at sterilization 
temperature and in the presence of acids, bases, and salts; oxidized by 
metals; pH (5% aqueous solution) 4 to 7. 

Solubility—Slowly but freely soluble in water; soluble in many 
organic solvents, including acetic acid, benzene, carbon tetrachloride, 
carbon disulfide, chloroform, or toluene. 

Uses—A nonionic detergent that depresses both surface tension and 
interfacial tension. It also is used in contact-lens-cleaner formulations. 


ISO-ALCOHOLIC ELIXIR 


Iso-Elixir 


Low-Alcoholic Elixir 
High-Alcoholic Elixir.................. 


Mix the ingredients. 
LOW-ALCOHOLIC ELIXIR 


of each a calculated volume 


Gone OMmMo Orange Spinit sac. seed ecw cceanesceccssnatesvnteenns 10 mL 

PEG NO] MMMMPE TEE cies cet seis sisars cfeleic\e niatde’s £15 ele scaeicieiSvajetaleie eiajasnrecsiea 100 mL 

GLY Gein MMT ter sisrsi-teiste ehtrrernaviensacco porate sislgtaeaincines eiewenarautees 200 mL 

SINGIOS Greets ote he ew ciectherriernteinisicinis aiece oiaistara/iaisigiclejels bisieiwia'¥ ata wi elove 320g 

Purified Water, a sufficient quantity, to make .............. 1000 mL 
Alcohol Content—8 to 10%. 

HIGH-ALCOHOLIC ELIXIR 
COMPOUNCLOLANGE SPINIt .iaiccec cc cee cee cecwee seve deat eees ees 4mL 
SACCINA UE MMPI crete ols era) ascii, cintae e sarciosiejawe vis scielsletalaate ce cielarnalsers 3g 
GIVEENTIN 0 c0080 GON OIE S ATOR TCC ae eae AU scan eer 200 mL 
Alcohol, a sufficient quantity, to make............ cece seen ee 1000 mL 


Alcohol Content—73 to 78%. 


PHARMACEUTICAL NECESSITIES 1049 


Uses—Intended as a general vehicle for various medicaments that 
require solvents of different alcoholic strengths. When it is specified in 
a prescription, the proportion of its two ingredients to be used is that 
which will produce a solution of the required alcohol strength. 

The alcoholic strength of the elixir to be used with a single liquid 
galenical in a prescription is approximately the same as that of the 
galenical. When galenicals of different alcoholic strengths are used in 
the same prescription, the elixir to be used is to be of such alcoholic 
strength as to secure the best solution possible. This generally will 
be found to be the average of the alcoholic strengths of the several 
ingredients. 

For nonextractive substances, the lowest alcoholic strength of the 
elixir that will yield a perfect solution should be chosen. 


UREA 
For the full monograph, see page 1346. 

Comments—A protein denaturant that promotes hydration of ker- 
atin and mild keratolysis in dry and hyperkeratotic skin. It is used in 2 
to 20% concentrations in various dry-skin creams. 


OTHER MISCELLANEOUS PHARMACEUTICAL 
NECESSITIES 

Bucrylate [Propenoic acid, 2-cyano-, 2-methylpropy] ester; Isobutyl 
2-cyanoacrylate [1069-55-2] C,,H,,NO, (153.18)]—Preparation: One 
method reacts isobutyl 2-chloroacrylate with sodium cyanide. Uses: 
Surgical aid (tissue adhesive). 

Ceresin [Ozokerite; Earth Wax; Cerosin; Mineral Wax; Fossil Wax] 
—A hard, white odorless solid resembling spermaceti when purified, 
occurring naturally in deposits in the Carpathian Mountains, especially 
in Galicia. It is a mixture of natural complex paraffin hydrocarbons. 
Melts between 61 and 78°; specific gravity 0.91 to 0.92; stable toward 
oxidizing agents. Soluble in 30% alcohol, benzene, chloroform, petro- 
leum, benzin, or hot oils. Uses: Substitute for beeswax, in dentistry, for 
impression waxes. 

Ethylenediamine Hydrate BP, PhI [H,.NCH,CH,NH, - 
H,O]—Clear, colorless or slightly yellow liquid with an ammoniacal 
odor and characteristic alkaline taste; solidifies on cooling to a crystal- 
line mass (mp 10); boils 118 to 119°; specific gravity about 0.96; hygro- 
scopic and absorbs CO, from the air; aqueous solutions alkaline to 
litmus. Miscible with water or alcohol; soluble in 130 parts of chloro- 
form; slightly soluble in benzene or ether. Uses: In the manufacture of 
aminophylline and in the preparation of aminophylline injections. See 
Ethylenediamine (page 1016). 

Ferric Oxide, Red—Contains not less than 90% Fe.,O,. It is made 
by heating native ferric oxide or hydroxide at a temperature that will 
yield a product of the desired color. The color is governed by the 
temperature and time of heating, the presence and kind of other metals, 
and the particle size of the oxide. A dark-colored oxide is favored by 
prolonged heating at high temperature and the presence of manganese. 
A light-colored oxide is favored by the presence of aluminum and by 
finer particle size. Uses: Imparting color to neocalamine and cosmetics. 

Ferric Oxide, Yellow—Contains not less than 97.5% Fe.O.. It is 
prepared by heating ferrous hydroxide or ferrous carbonate in air at a 
low temperature. Uses: As for Red Ferric Oxide (above). 

Honey NF XII [Mel; Clarified Honey; Strained Honey]—The sac- 
charine secretion deposited in the honeycomb by the bee, Apis mellifera 
Linné (Fam Apidae). It must be free from foreign substances such as 
parts of insects, leaves, etc, but may contain pollen grains. History: 
Honey is one of the oldest of food and medicinal products. During the 
16th and 17th centuries it was recommended as a cure for almost 
everything. Constituents: Invert sugar (62 to 83%), sucrose (0 to 8%), 
and dextrin (0.26 to 7%). Description: Thick, syrupy liquid of a light 
yellowish to reddish brown color; translucent when fresh but frequently 
becomes opaque and granular through crystallization of dextrose; char- 
acteristic odor and a sweet, faintly acrid taste. Uses: A sweetening agent 
and pharmaceutic necessity. 

Hydriodic Acid, Diluted—Contains, in each 100 mL, 9.5 to 10.5 g¢ 
of HI (127.91) and 600 mg to 1 g of HPH,O, (66.00). The latter is added 
to prevent the formation of free iodine. Caution: Diluted Hydriodic Acid 
must not be dispensed or used in the preparation of other products if they 
contain free iodine. Preparation: On a large scale, by the interaction of 
iodine and hydrogen sulfide. Description and Solubility: Colorless or not 
more than pale-yellow, odorless liquid; specific gravity about 1.1. Mis- 
cible with water or alcohol. Uses: In Hydriodic Acid Syrup (page 1028). 
The latter has been used as an expectorant. It also is used in the 
manufacture of inorganic iodides and disinfectants. The 57% acid also is 
used for analytical purposes, such as methoxyl determinations. 

Lime [Calx; Calcium Oxide; Quicklime; Burnt Lime; Calx Usta; 
CaO (56.08)]—Preparation: By calcining limestone (a native calcium 
carbonate) in kilns with strong heat. Description and Solubility: Hard, 
white or grayish white masses or granules, or a white or grayish white 
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powder; odorless; solution strongly alkaline; 1 g is soluble in about 840 
mL water and 1740 mL boiling water; soluble in glycerin or syrup; 
insoluble in alcohol. Uses: In making mortar, whitewash, and various 
chemicals and products. It is an ingredient in Sulfwrated Lime Solution. 
In the USP, calcium hydroxide has replaced it, as it is more stable and 
more readily available in a quality suitable for medicinal use than the 
lime usually obtainable. Unless protected from air, lime soon becomes 
unfit for use, due to the action of carbon dioxide and moisture in the air. 
See Calcium Hydroxide (page 1041). 

Peach Oil—An oil resembling almond oil, obtained from Persica 
vulgaris (Fam Rosaceae). 

Polacrilin Potassium—Methacrylic acid polymer with divinylben- 
zene, potassium salt [39394-76-5]; Amberlite IRP-88. Prepared by po- 
lymerizing methacrylic acid with divinylbenzene, and the resulting 
resin is neutralized with KOH. Dry, buff-colored, odorless, tasteless, 
free-flowing powder; stable in light, air, and heat; insoluble in water. 
Uses: Pharmaceutic aid (tablet disintegrant). 

Poloxalene—Glycols, polymers, polyethylene-polypropylene [9003- 
11-6]. Polypropylene glycol is reacted with ethylene oxide. Uses: Phar- 
maceutic aid (surfactant). 

Raspberry Juice—The liquid expressed from the fresh ripe fruit of 
Rubus idaeus Linné or of Rubus strigosus Michaux (Fam Rosaceae); 
contains not less than 1.5% of acids calculated as citric acid. Prepara- 
tion: Express the juice from the washed, well-drained, fresh, ripe, red 


raspberries. Dissolve 0.1% of benzoic acid in the expressed juice and 
allow it to stand at room temperature (possibly for several days) until a 
small portion of the filtered juice produces a clear solution when mixed 
with ¥% of its volume of alcohol, the solution remaining clear for not less 
than 30 min. Strain the juice from the mixture or filter it, if necessary. 
Description: Clear liquid with an aromatic, characteristic odor and a 
characteristic sour taste; the freshly prepared juice is red to reddish 
orange; affected by light. Uses: In the preparation of Raspberry Syrup, 
a flavored vehicle. 

Sodium Glutamate—Sodium Acid Glutamate [142-47-2] 
HOOCCH(NH,)CH,CH,COONa. White or nearly white, crystalline 
powder. Very soluble in water; sparingly soluble in alcohol. Uses: Im- 
parts a meat flavor to foods. 


Sodium Thioglycollate [Sodium Mercaptoacetate; 
HSCH,COONa]—Hygroscopic crystals that discolor on exposure to air 
or iron. Freely soluble in water; slightly soluble in alcohol. Uses: Re- 
ducing agent in Fluid Thioglycollate Medium for sterility testing. 

Suet, Prepared [Mutton Suet]—Internal fat of the abdomen of the 
sheep, Ovis aries (Fam Bovidae), purified by melting and straining. 
White, solid fat with a slight, characteristic odor and taste when fresh; 
melts between 45 and 50° and congeals between 37 and 40°; must be 
preserved in a cool place in tight containers. Uses: In ointments and 
cerates. 
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This chapter provides a brief overview of certain basic infor- 
mation about some major diseases, the objective being to pre- 
pare students and practitioners of pharmacy for more effective 
service as drug information specialists and consultants on drug 
therapy. 

We include symptoms and signs, pathophysiology, etiology, 
and epidemiology of the diseases. Some discussion of relevant 
physiology, biochemistry, anatomy, and pathology serves to 
provide a better understanding of the diseases. Clinical fea- 
tures and means of diagnosis are discussed. Some conditions 
are discussed more extensively than others; many are not dis- 
cussed at all. This uneven treatment is the result of variables 
such as state of knowledge, frequency of disease, applicability 
of drug therapy, and space constraints. For additional informa- 
tion the reader should refer to textbooks of medicine or to 
textbooks of basic science disciplines for amplification of the 
introductory material provided here. 

The use of some medical jargon is deliberate. The reader 
may struggle with some unfamiliar terms, even as the phar- 
macist does in working in the clinical environment. It is in- 
tended that such exposure here may facilitate communication 
with other members of the health team. 


INFECTIOUS DISEASES 
La LT EEL TTT ET ET CE DE UTTER RY 


Urinary Tract Infections 


Urinary tract infection (UTI) refers to bacteria multiplying in 
the urinary tract. It is the most common bacterial infection 
seen in the US. UTIs are broadly divided into complicated and 
uncomplicated UTIs. Cystitis, or an uncomplicated UTI, occurs 
much more frequently and is much less hazardous than a 
complicated UTI, which is a UTI in the presence of an anatomic 
abnormality. Acute pyelonephritis is an acute bacterial infec- 
tion of the kidney. It is likely to arise if there is vesicoureteral 
reflux of infected urine or if infection of a normal urinary tract 
chances to be with a uropathogenic strain of Escherichia coli 
whose P fimbriae permit ascent of the urethra without being 
washed out. The former case is a potential long-term problem; 
the latter demands adequate immediate treatment but is not a 
long-term hazard. Prostatitis and urethritis are infections of 
the bladder and prostate gland, respectively. Each of these 
infections may be asymptomatic, but each has characteristic 
symptoms and signs. The infections may be acute or chronic. 


Normal Anatomy and Physiology—The urinary tract is a closed 
system for drainage of urine from kidneys to bladder and eventually to 
the outside via the urethra. Under normal circumstances the entire 
urinary tract except for the anterior urethra is sterile. Various defense 
mechanisms prevent infection in the urinary tract. The outward flow of 
urine serves to wash out organisms. This is probably the most impor- 
tant defensive mechanism and can clear 99% of organisms experimen- 
tally inoculated into the bladder. Urine itself has certain characteristics 
that discourage bacterial growth. These include an acidic pH (5.5), as 
bacteria prefer a more alkaline medium, pH = 6 to 8; low osmolarity, 
usually below that required for optimal bacterial growth; and the pres- 
ence of urea and weak organic acids. Urinary tract anatomy prevents 
retrograde flow of urine. Valves at the ureterovesical junction prevent 
reflux of urine from bladder into the ureters and thence the kidneys. 
Females have a shorter urethra than males (4 cm versus 12 cm), which 
contributes to the much higher incidence of UTIs in women. Also, the 
urethra in women is colonized easily by organisms from the adjacent 
vagina or rectum. Prostatic secretions are probably antibacterial. The 
kidney is particularly susceptible to infection because of the hypertonic 
state of the papillae and medulla. Hypertonicity impairs leukocyte 
migration, complement activity, and phagocytosis and facilitates devel- 
opment of spheroplasts or protoplasts by bacteria, making them less 
susceptible to antibiotics. 

Etiology—Most UTIs are caused by gram-negative organisms that 
normally inhabit the large intestine. Hscherichia coli account for 85% of 
first UTIs. Other organisms, including Klebsiella, Enterobacter, Pro- 
teus, and Pseudomonas, are seen less commonly. Instrumentation of the 
urinary tract is a predisposing factor for development of a UTI caused 
by Proteus or Psewdomonas. Neisseria gonorrhoeae, Chlamydia, and 
vaginal organisms may cause urethritis. 

Epidemiology—tThe incidence of UTIs depends on age, gender, 
sexual activity, and underlying diseases. Women have a 10 to 20% 
lifetime risk of a UTI. The annual incidence is around 1% until adoles- 
cence and rises to 10% by age 50. Incidence is much lower in celibate 
women and higher during pregnancy. Twenty percent of pregnant 
women with bacteriuria develop acute pyelonephritis. In infancy, the 
rate of UTIs in males, usually associated with a structural anomaly, 
exceeds that of females. Urinary obstruction from an enlarged prostate 
accounts for the rate in elderly men being even higher than that in 
women. Men under 50 yr rarely have UTI unless they are uncircum- 
cised, have an anatomical abnormality of the urinary tract, engage in 
unprotected insertive anal intercourse, or have AIDS with a CD4 T cell 
count under 200/uL. Long-term indwelling catheters facilitate entry of 
uropathogens and hinder their clearance. 

Pathophysiology—Bacteria that ascend the urinary tract through 
the urethra cause most UTIs. This ascent is easier in the shorter 
urethra of females. The anterior urethra is colonized normally by bac- 
teria from the large intestine in females. Trauma to the female urethra 
that occurs during sexual intercourse can drive bacteria into the blad- 
der. Instrumentation of the urinary tract frequently results in infection. 
Bacteriuria commonly occurs within 24 to 48 hr after the placement of 
an indwelling urinary catheter. The rate of acquisition of catheter- 
associated bacteriuria is 2 to 6% per day for each day of catheterization. 

Normally, voiding washes out any bacteria that enter the bladder. 
However, certain conditions interfere with this flow and, therefore, 
predispose the individual to the development of UTIs. Tumors, stones, 
strictures, bladder diverticula, anatomical abnormalities, and prostatic 
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hypertrophy may impede flow of urine. Structural abnormalities, as 
well as a neurogenic bladder, may prevent complete emptying of the 
bladder, allowing bacteria to remain and multiply in the residual urine. 
Conditions that allow retrograde flow of urine increase the incidence of 
UTIs. 

In vesicoureteral reflux, urine from the bladder is forced up the 
ureters and perhaps into the renal parenchyma by increased pressure 
in the bladder during voiding. Urethrovesical reflux may draw contam- 
inated urine back into the bladder during coughing, sneezing, or laugh- 
ing. In pregnancy urine flow is partially obstructed by the enlarged 
uterus, and the dilated ureters and decreased peristaltic activity of the 
bladder allow reflux. Certain uropathogenic strains of E coli possess 
adhesins that bind to receptors on the surface of urinary epithelium. 
The best known form of adhesion is by P fimbriae on the bacterial cell 
wall. P fimbriae attach to the carbohydrate moiety of a glycolipid in the 
epithelial cell. It is adhesion to this receptor that is apparently inter- 
rupted by substances in cranberry juice. 

Rarely, UTIs may be caused by the hematogenous spread of bacteria 
from other sites. This usually involves seeding of the kidney by Staph- 
ylococcus aureus. 

Symptoms and Signs—Urethritis is accompanied by symptoms 
related to micturition, including urgency and dysuria (pain on micturi- 
tion). Cystitis is characterized by symptoms of frequency, urgency, 
dysuria, and perhaps pain or pressure in the lower abdomen. Systemic 
signs or symptoms are uncommon with cystitis. Acute pyelonephritis is 
manifested by symptoms that develop over a few hours to 2 days, 
including aching pain in the lumbar region (flank pain), fever to 39°, 
shaking chills, nausea, vomiting, and local symptoms of urgency and 
dysuria. On physical examination, there may be tenderness over the 
kidney in the area of the costovertebral angle. The urinalysis in a UTI 
may show bacteria, leukocytes, RBCs, and epithelial debris. White 
blood cell (WBC) casts indicate pyelonephritis. 

Microscopy of the urine for leukocytes suffices to diagnose a UTI in 
most circumstances. If complicated UTI is suspected or if infections 
have been resistant to therapy, culture and sensitivity tests of the urine 
are indicated. The culture is taken from a midstream, clean-voided 
urine specimen. The adequacy of the collection can be judged by the 
absence of squamous epithelial cells or multiple organisms on culture. 
Squamous epithelial cells and multiple organisms indicate contamina- 
tion. If fewer than 1000 bacterial colonies/mL of urine are cultured, 
significant infection is unlikely, as the bacteria are probably contami- 
nants from the urethra or perineal areas. If between 10° and 104 
organisms/mL of urine grow, interpretation depends on the apparent 
degree of contamination of the specimen and the plausibility of the 
organism cultured: often the culture should be repeated. If there are 
more than 10° organisms/mL of urine, the diagnosis of a UTI will be 
correct in 80% of the cases. When urine is obtained from the bladder, 
ureters, or renal pelvis by sterile technique, the presence of any bacteria 
indicates a UTI. 

The extent of the diagnostic workup of a patient with a UTI depends 
on whether it is the first infection, the age and sex of the patient, and 
the presence of underlying disease. Male children should receive a 
complete evaluation to rule out anatomical abnormalities. A female in 
the childbearing years may be diagnosed on the basis of urinalysis and 
Gram stain of bacteria in the urine if this is the first infection. Further 
infections may be diagnosed by symptoms alone. Cultures are obtained 
in other situations. Recurrent UTIs, and particularly infections that are 
not cleared by a 3-day course of treatment, require a complete diagnos- 
tic workup. 

In patients with acute UTIs, the symptoms may resolve with or 
without therapy. Acute pyelonephritis may resolve spontaneously or 
leave a permanent scar. Patients without underlying disease usually do 
not have continuing asymptomatic bacteriuria. However, for patients 
with stones, obstruction, reflux, or other anatomical abnormalities, 
eradication of the organism is difficult. These patients are at risk of 
septicemia or repeated UTIs that often are caused by persistence of the 
same organisms. 


Sexually Transmitted Disease 


Sexually transmitted disease (STD) refers to a disease acquired 
through sexual activity. There are many diseases in this cate- 
gory, and STD refers to no specific one; therefore, the term is 
confusing. 


GONORRHEA (GC)—is an extremely common disease 
that is transmitted by genital, anal-genital, or oral-genital 
contact. 


Etiology—Gonorrhea is caused by the fastidious, nonsporeforming, 
gram-negative diplococcus, Neisseria gonorrhoeae. This organism re- 
quires precise conditions for growth. It dies quickly on a dry swab, 
survives only briefly on a moist towel, and does not grow at room 
temperature. Certain strains of N gonorrhoeae are resistant to penicil- 
lin and tetracycline. There are no nonhuman reservoirs of gonorrhea. 

Epidemiology—Gonorrhea is pandemic in the US, particularly in 
poor urban settings. The highest incidence is in persons aged 15 to 24 
yr, and it is more common in males. 

Pathophysiology—After an infected person inoculates gonococci 
onto a mucous membrane, local invasion occurs. The hallmark of GC is 
copious yellow pus. Common sites of inoculation are the pharynx, ure- 
thra, cervix, and anus. The incubation period for gonorrhea is 3 to 5 
days. Once inoculated in the genital tract, the infection may ascend, 
particularly in the female. Epididymitis and prostatitis are rare. In the 
female, the gonococcus does not survive well in the uterus but infects 
the fallopian tubes in about 15% of cases. This may cause scarring and 
later sterility. About 1 to 3% of affected adults develop gonococcemia; 
two-thirds of these are females. Distant sites of infection include joints, 
meninges, heart valves, and skin. 

Symptoms and Signs—Clinical manifestations of gonorrhea de- 
pend on the site and duration of infection and whether there has been 
local or systemic spread. 

A profuse, purulent, yellow urethral discharge associated with dys- 
uria and frequency develops in 90 to 95% of infected males. If untreated, 
the urethritis will resolve in 8 weeks. Anorectal infections are usually 
asymptomatic but may produce anorectal burning or itching, tenesmus, 
and a bloody, mucopurulent rectal discharge. These symptoms may 
subside without treatment. Pharyngeal infections may produce an ex- 
udative tonsillitis but are most commonly asymptomatic. 

Only 5 to 10% of infected females develop symptoms, which include 
dysuria, frequency, increased vaginal discharge, abnormal menstrual 
bleeding, and anorectal discomfort. The symptoms of urethritis may be 
confused with a UTI, and the increased vaginal discharge may be 
attributed to vaginitis. Vaginitis and UTI may occur concomitantly with 
GC. Lower abdominal tenderness and pain suggest pelvic inflammatory 
disease. Fever, chills, nausea, vomiting, and leukocytosis also may 
occur. Physical examination reveals signs of pelvic peritonitis. 

Gonococcemia may be the first sign of disseminated infection and 
includes fever, polyarthralgias, and papular, petechial, pustular, hem- 
orrhagic or necrotic skin lesions that usually are located on the distal 
extremities. Tenosynovitis or a septic arthritis of a single large joint or 
of several joints usually follows but may precede symptoms and signs of 
gonococcemia. The synovial fluid is purulent, and joint destruction 
occurs very rapidly without proper treatment. 

Diagnosis of gonorrhea in a male is made on a Gram stain of the 
urethral discharge by the presence of gram-negative diplococci within 
leukocytes. If gram-negative diplococci are seen but are extracellular, a 
culture is required for diagnosis. The diagnosis of gonorrhea in females 
is made by culture of the cervix. The anal canal and pharynx also should 
be cultured in women and homosexual men. Blood cultures are unlikely 
to be positive for gonococcus 48 hr after the onset of gonococcemia. 


SYPHILIS—tThis is a chronic systemic infection that is 
seen in three stages that progress over many years. In un- 
treated syphilis, degeneration eventually occurs in the central 
nervous and cardiovascular systems. 


Etiology—Syphilis is caused by the spirochete Treponema palli- 
dum, a spiral-shaped organism that is not seen under an ordinary light 
microscope but that can be visualized using the dark-field technique. 
The organisms have not been cultured because their growth require- 
ments are so precise. The only naturally occurring host for T pallidum 
is man. 

Epidemiology—tThe incidence of syphilis has increased over the 
past decade. The incidences of tertiary and congenital syphilis had been 
declining since 1943 but rose in epidemics in 1982 and 1990. As with 
other venereal diseases, syphilis is more common among indigent non- 
whites living in urban areas, illicit drug users, homosexuals, and pa- 
tients infected with HIV. 

Pathophysiology—Nearly all cases of syphilis are acquired by 
sexual contact with infectious lesions. Syphilis may be acquired rarely 
by nonsexual personal contact, contact with contaminated fomites, fol- 
lowing blood transfusions, and in utero. The spirochete penetrates 
intact mucous membranes or abraded skin and enters the lymphatics 
and blood within a few hours. The average incubation time for syphilis 
is 21 days; however it ranges from 10 to 90 days depending on the size 
of the inoculum. The hallmark of primary syphilis is a single, usually 
raised, firm, painless ulcer at the site of inoculation. This primary 
chancre heals spontaneously in 2 to 6 weeks. The chancre is highly 


infectious. Secondary syphilis appears approximately 6 weeks after the 
chancre has healed and is manifested by a symmetrical maculopapular 
rash and nontender generalized lymphadenopathy. The rash subsides 
in 2 to 6 weeks, and the patient enters the latent stage, which is 
detectable only by serological testing. About one-third of untreated 
patients develop tertiary syphilis, which may be manifested by the 
presence of gummas in any part of the body or degeneration of the 
central nervous or cardiovascular systems. 

Symptoms and Signs—The chancre begins as a papule, which 
rapidly becomes eroded and forms an ulcer. The chancre most com- 
monly is found on the external genitalia or the anal canal but can be 
found anywhere. It is painless if located on the genitals. Atypical 
primary lesions also may occur. 

Secondary syphilis is characterized by appearance of nonpruritic red 
or pink macules on the trunk and proximal extremities. In about 1 to 2 
months, red papular lesions also appear that may progress to pustular 
or necrotic lesions. The lesions are widespread and may involve the 
palms, soles, face, and scalp. The papules may scale, but vesicles are not 
seen. Lymphadenopathy and headache are common. 

Tertiary syphilis may involve the CNS in one of three ways and is 
seen in 5% of patients. Meningovascular syphilis may erupt 5 to 10 yr 
after the primary infection and involves inflammation of the pia and the 
arachnoid. There may be either focal or widespread symptoms. General 
paresis reflects widespread parenchymal damage to the brain. It causes 
changes in personality, affect, intellect, judgment, orientation, calculat- 
ing ability, and insight. There will likely be hyperactive reflexes, diffi- 
culty with speech, and small irregular pupils that react to near, but not 
to light. General paresis is seen about 20 yr after infection. Tabes 
dorsalis is due to demyelination of the posterior columns, dorsal roots, 
and dorsal-root ganglia of the spinal cord. Symptoms and signs include 
ataxia, wide-based gait, foot-slap, paresthesias, and bladder distur- 
bances. There may be impotence and loss of position, deep pain, and 
temperature sensations. Trophic degeneration of joints and ulcers of the 
feet may develop as a result of loss of pain sensation. Tabes dorsalis 
occurs 25 to 30 yr after infection. 

In HIV-coinfected people, persistent chancres, secondary infection, 
and early neurosyphilis may be more common. 


GENITAL HERPES, or herpes genitalis, is a common STD 
in the US. It occurs in acute (primary) and recurrent forms. 


Etiology—The vast majority of cases of genital herpes are caused 
by herpes simplex virus Type 2 (HSV-2). A very small number may be 
caused by herpes simplex virus Type 1 (HSV-1) or a concurrent infection 
with both types. Herpes simplex virus is a DNA virus and is identified 
through cultures and serological testing for antibodies to the virus. 

Epidemiology—Genital herpes has reached epidemic proportions 
in this country, and the rate of occurrence seems to be increasing. The 
peak incidence is during the sexually active years, although all age 
groups are affected. Herpes infections occur in all socioeconomic groups. 
Recurrent episodes may be more frequent than primary ones. 

Pathophysiology—Genital herpes is contracted primarily through 
sexual contact with an individual who has an active infection. The 
primary infection consists of grouped vesicles on an inflamed base. 
Spread is by lymphatics, blood, and ascending sensory nerves: virus 
resides in dorsal root ganglia and periodically descends to the skin to 
cause lesions. Causes of reactivation from the latent stage are not clear. 
It is often difficult to identify primary cases of herpes genitalia, since 
many cases are asymptomatic. Recurrent episodes generally are shorter 
in duration, less severe, and less likely to be associated with systemic 
involvement than are primary cases. 

Symptoms and Signs—A prodromal stage usually precedes the 
appearance of skin lesions. Symptoms during this phase may include 
pain, tingling sensations, or itching. Usually, within 24 hr, lesions 
appear that initially are papular and rapidly progress through vesicu- 
lar, ulcer, and crusting stages in an otherwise asymptomatic patient. 
Systemic involvement may occur in neonates and immunocompromised 
patients. 

A typical primary episode lasts 2 to 3 weeks, while recurrent cases 
are much shorter (5 to 10 days). Recurrent disease is more likely to 
occur in patients with a more severe initial episode, a prior recurrence, 
history of STD, younger age, and immunosuppression. While lesions 
often are limited to the genitals and perineal area, they also may occur 
on the thighs and buttocks. 

The diagnosis of herpes genitalis is made through history, physical 
examination, and culture of scrapings or biopsies. Serological tech- 
niques can help in the diagnosis of a primary infection. Polymerase 
chain reaction (PCR) detection of HSV DNA provides rapid, sensitive, 
and specific demonstration of infection using cerebrospinal fluid (CSF) 
or tissue or vesicle fluid. 
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Respiratory Tract Infections 


These infections are the most common of acute illnesses. Etio- 
logical agents include viruses, bacteria, mycoplasma, and 
rarely other organisms. Approximately 95% of upper respira- 
tory tract infections (URIs) are due to viruses. Lower respira- 
tory tract infections often indicate an impairment of host 
defenses. 


Normal Anatomy and Physiology—A number of organisms nor- 
mally colonize the nasopharynx. Most of these organisms are not patho- 
genic and return after antibiotic therapy. Normal flora may inhibit 
growth of pathogenic organisms. Potential pathogens often colonize the 
upper respiratory tract; although they often will not result in infection 
to the individual they transmit disease to others (eg, meningococcus). 
Transient colonizers may become infectious in some individuals. An- 
aerobic organisms constitute 90% of the normal flora of the upper 
respiratory tract. Also, normal flora usually do not extend below the 
larynx; the remainder of the respiratory tract is sterile in healthy 
people. 

The lungs are protected by several defense mechanisms. The lining 
of the respiratory tract is composed of sticky surfaces on which particles 
adhere. Particles larger than 5 mm usually are filtered efficiently and 
do not reach the alveoli. The lungs also have mechanisms to remove 
particles that reach the bronchi or alveoli. Coughing and sneezing are 
natural defenses for removing particles. Ciliated epithelial cells line the 
lower respiratory tract. Mucus secreted by goblet cells helps trap par- 
ticles and suspend them for transport by the cilia. This mucociliary 
transport system is the most important means for clearing particles. 
Macrophages located in alveoli can engulf particles. Specific antibodies 
and other soluble factors, such as lactoferrin and lysozyme, also con- 
tribute to clearance. If a particle cannot be removed or destroyed within 
the lung, a granuloma forms around it to wall it off. 

Environmental factors such as air pollution, cigarette smoking, 
drugs such as alcohol and anesthetics, and various disease states such 
as congestive heart failure (CHF) and leukemia can suppress the nor- 
mal defensive mechanisms of the lung. 

Etiology—More than 150 serotypes, representing 12 groups of vi- 
ruses, have been associated with URIs. Rhinoviruses cause 40% of 
respiratory illness, adenoviruses cause 2 to 10%, with the remainder 
being caused by respiratory syncytial virus, coronavirus, or influenza 
viruses, 

Epidemiology—Upper respiratory infections follow seasonal vari- 
ation, with the incidence being highest in winter and !owest in summer. 
This type of virus infection is transmitted mainly through the coughing 
and sneezing of infectious aerosolized droplets, but transmission occurs 
principally through contamination of hands and objects by nasal secre- 
tions and saliva. Infection depends on the size of the inoculum and the 
response of the host. 

Pathophysiology—Respiratory viruses cause mucosal sloughing 
and consequently decrease lung defense mechanisms. This predisposes 
to serious bacterial infections, although this suprainfection occurs in 
only a minority of patients. 

Symptoms and Signs—The symptoms and signs of a viral URI are 
familiar and are known as the common cold. These include a coryzal 
syndrome characterized by nasal stuffiness and discharge, sneezing, 
moderate sore throat, and mild constitutional symptoms. Fever may or 
may not be present. Children with rhinoviruses may develop bronchitis, 
bronchiolitis, and pneumonia. Both children and adults with adenovi- 
rus, respiratory syncytial virus, or influenza viruses may develop lower 
respiratory infection. 


STREPTOCOCCAL INFECTIONS are important be- 
cause of the seriousness of the acute illness as well as the late 
complications that are not infective but are mediated immuno- 
logically. acute respiratory tract infections include streptococ- 
cal pharyngitis, scarlet fever, and pneumonia. The late compli- 
cations include acute rheumatic fever, rheumatic heart disease, 
and acute poststreptococcal glomerulonephritis. 

Etiology—Streptococci are gram-positive cocci that tend to form 
chains. Three groups have been identified by their ability to hemolyze 
red cells in culture media by the enzymes streptolysin O and S. Alpha 
streptococcus, or viridans; beta hemolytic streptococcus; and gamma- 
nonhemolytic streptococcus are the three groups. There are 13 serolog- 
ical types of streptococci designated by the letters A to 0. Most bacterial 
URIs are caused by Group A streptococci. The late complications of 
rheumatic fever and glomerulonephritis have been attributed only to 
Group A streptococci. 
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Epidemiology—Streptococcal infections occur throughout the pop- 
ulation. Respiratory streptococcal infections are more common during 
the colder months. A streptococcal URI may be spread by inhalation of 
respiratory secretions. Epidemics of streptococcal URIs occur. Infants 
less than 3 months old rarely have streptococcal infections. Scarlet 
fever is usually a disease of children between 6 months and 10 years old. 
Streptococcal pharyngitis occurs commonly among children and young 
adults. As many as 20% of the population are asymptomatic carriers of 
Group A streptococcus. 

Pathophysiology—Streptococci are inhaled into the nasopharynx 
and normally are cleared by defense mechanisms or become transient 
colonizers. The size of the inoculum, the virulence of the organism, the 
presence of type-specific immunity, and the defense mechanisms of the 
host determine if an infection is to occur. Type-specific immunity lasts 
for years. 

Symptoms and Signs—Streptococcal infections present a variable 
clinical syndrome, and as many as 40% of individuals may be asymp- 
tomatic. The incubation period usually lasts 3 to 5 days. The onset is 
acute, and the illness includes fever, chills, headache, sore throat, 
anorexia, malaise, and in children, nausea and vomiting. Symptoms 
reach a maximum in 1 to 2 days. Swallowing worsens the sore throat, 
hoarseness is present, and nasal stuffiness, nasal discharge, and a 
nonproductive cough may occur. Earache is common. Scarlet fever is 
streptococcal pharyngitis followed by a rash with circumoral pallor. 

Patients with streptococcal pharyngitis may be mildly to moderately 
ill, with fever to 40°, tachycardia, and a diffusely red posterior pharynx 
and soft palate. The uvula is edematous. Characteristically, there is a 
yellow exudate on the tonsils, which may be scraped off without bleed- 
ing. The nasal discharge is thick and mucopurulent and may contain 
blood. 

The clinical course of a streptococcal URI is short, with the fever 
resolving in 3 to 4 days in adults or 5 to 9 days in children. Exfoliation 
of the epithelium begins as the scarlet fever rash fades. 

A positive, rapid optical immunoassay or throat culture for Group A 
beta-hemolytic streptococci in the setting of the characteristic history, 
symptoms, and signs makes the diagnosis of streptococcal pharyngitis. 


PNEUMONIA is an infection in the alveoli that only occurs 
when impairment of host defenses allows the organism access 
to alveoli and the infectious process cannot be contained. Pneu- 
monia occurs in individuals with underlying chronic cardiopul- 
monary disease, immunological compromise, habitual cigarette 
smoking, or alcoholism. It is also more likely in individuals who 
recently had a viral pneumonia or general anesthesia. 

Etiology—Pneumococcus (Streptococcus pneumoniae) is a gram- 
positive encapsulated coccus that usually grows in pairs, hence, the 
name diplococcus. 

Epidemiology—In different circumstances and seasons, from 5 to 
60% of the population are asymptomatic carriers of the pneumococcus. 
The infection is more prevalent in winter and spring. Nearly 500,000 
patients with pneumonia are admitted to hospital each year. Incidence 
of the disease is highest among males 30 to 50 yr old with chronic 
bronchitis and/or emphysema. The incidence of pneumococcal pneumo- 
nia has changed little, although the mortality has decreased greatly 
with the advent of antibiotics. Pneumococcus accounts for 30 to 60% of 
community-acquired pneumonia for which a cause is found. Other com- 
mon community-acquired organisms include Chlamydia pneumoniae, 
Moraxella catarrhalis, and Haemophilus influenzae. Mycoplasma pneu- 
moniae, Legionella pneumophila, Klebsiella, and staphylococci are less 
common. This discussion focuses only on pneumococcal pneumonia. 
Pneumonia and influenza together account for more deaths than any 
other infectious disease and are the sixth leading cause of death in 
the US. 

Pathophysiology—Pneumococcal infections of the nasopharynx or 
pharynx do not occur, although otitis media does. Impairment of normal 
defense mechanisms of the lungs allows pneumonia to occur. Pneumo- 
cocci are aspirated into the lung and usually lodge in the right-lower, 
right-middle, or left-lower lobe, where they multiply rapidly. The re- 
sponse to the multiplying organisms involves transudation of fluid into 
the alveoli, which becomes a growth medium for the organism and a 
mode for local spread to other alveoli, segments, lobules, lobes, and 
pleura. Polymorphonuclear leukocytes come in to phagocytize the bac- 
teria. Macrophages appear later to clean up the fibrin and debris. 
Antibodies against the pneumococcus enhance phagocytosis and cause 
organisms to agglutinate and adhere to the alveolar wall, thus slowing 
spread of the infection. Bacteremia is usually transient. Complications 
include infections of the meninges, joints, peritoneum, and pleura and 
pericardium. 

Symptoms and Signs—The clinical course of pneumococcal pneu- 
monia is classic. A URI syndrome may precede the pneumonia by a few 


days. The onset is abrupt, and patients often can state the hour of onset. 
In 80% of patients there is a sudden shaking chill and a rapid rise in 
temperature, with tachycardia and tachypnea. In 75% of patients pleu- 
ritic chest pain and a productive cough develop. The sputum is mucoid 
and pink or rusty in color. Dyspnea is a common complaint. The patient 
will appear acutely ill but will not complain of nausea, headache, or 
malaise. If untreated the symptoms and signs last for 7 to 10 days. Then 
there is diaphoresis, a sudden drop in temperature, and dramatic im- 
provement. Circulatory collapse and heart failure are common in fatal 
cases. 

On physical examination, breath sounds are decreased and rales 
and rhonchi are present. The chest radiograph shows a homogeneous 
density in the affected areas. There is a leukocytosis, with 70 to 90% of 
the WBCs being mature or immature polymorphonuclear leukocytes, 
the shift to the left. Blood culture is positive in only 20 to 30% of cases. 
Gram stain of the sputum shows many PMNs and gram-positive cocci, 
usually in pairs. 

Poor prognostic signs include leukopenia, bacteremia, multilobar 
involvement, extrapulmonary infection, underlying systemic disease, 
and circulatory collapse. The fatality rate in pneumococcal pneumonia 
is about 5% despite appropriate treatment. 


RESPIRATORY TRACT INFECTIONS DUE TO MY- 
COPLASMA—Mycoplasma pneumoniae (previously called 
pleuropneumonia-like organisms (PPLO) or Eaton’s agent), 
causes asymptomatic infections, URIs, and pneumonia. Myco- 
plasma pneumonia has been called atypical pneumonia, to 
distinguish it from pneumococcal pneumonia, but the clinical 
distinction is not crisp. 


Etiology—Mycoplasmas are unique organisms of extremely small 
size. Instead of a cell wall, a unit membrane surrounds each myco- 
plasma. Lacking cell walls, mycoplasmas are resistant to B-lactam 
antibiotics. Mycoplasmas frequently may be found as normal flora in 
the upper respiratory tract. 

Epidemiology—tThe infection, which is spread by inhalation of 
respiratory secretions, is characterized by occurrence among many fam- 
ily members or in large numbers of people living in crowded environ- 
ments such as military bases and college dormitories. Mycoplasma 
infections are common among children and young adults and rarely 
occur in individuals over 40 yr. Mycoplasma pneumoniae accounts for 
15 to 20% of all pneumonias. Mycoplasma infections are more common 
in the winter. 

Symptoms and Signs—The incubation period for mycoplasma var- 
ies from 9 to 12 days. The disease begins as a URI that progresses to 
bronchitis and pneumonia in 3 to 10% of cases. A nonproductive cough 
is the most characteristic symptom. In cases of pneumonia, the cough 
may become productive of blood-tinged sputum later in the course. 
Headache, general malaise, muscle aches, nasal congestion, and sore 
throat are common. Usually, 40% of household members have the same 
symptoms. 

The clinical course of the disease is variable. Fever may persist for 
2 weeks in untreated cases. Abnormalities in the chest radiograph last 
for 7 to 10 days or longer in treated cases and 3 weeks in untreated 
cases. The pneumonia is usually multilobar and may be bilateral. 
Lower lobes are involved more commonly than upper lobes. The infil- 
trate is less dense than in bacterial pneumonia and often is of an 
interstitial pattern. The physical findings on chest examination usually 
are much less striking than the severity of disease noted on the chest 
radiograph. 

Complications are rare even without treatment. 

The diagnosis is based on the history and clinical picture and the 
chest radiograph. There is a minimal increase in WBC count without a 
shift to the left. Lymphocytosis with atypical forms may be present. Cold 
agglutinins are positive in 50% of the cases after the 2nd week of the 
illness. A rise in specific antibodies to mycoplasma is a more sensitive 
and specific test. It takes 2 to 4 weeks to culture mycoplasma. 

Epidemiology—Legionella pneumophila is widespread in water 
supplies and also in soil. Outbreaks often have been transmitted 
through water supplies, which have permitted susceptible individuals 
to shower and inhale an aerosol contaminated with the organisms. 
Water-borne outbreaks have occurred in hotels and among immunosup- 
pressed patients in hospitals. 

Etiology—L pneumophila is a short gram-negative rod. Twenty- 
three serotypes are known. 

Pathophysiology—Inhaled organisms settle in alveoli and are 
engulfed by macrophages. The bacteria survive intracellularly, and 
antibodies are not protective. In patients who recover, cell-mediated 
immunity eliminates the organisms and prevents reinfection. 


Symptoms and Signs—After an incubation period of 2 to 10 days, 
and a 1-day prodrome of malaise, muscle aches, and slight headache, 
there is rapid onset of high fever, shaking chills, nonproductive cough, 
and increased respiratory rate. Many patients also will have pleuritic 
pain. Characteristically, the sputum does not become purulent. Various 
symptoms outside the chest, such as abdominal pain, vomiting, and 
diarrhea, may occur. Infection may spread to the CNS, eyes, pericar- 
dium, kidneys, and GI tract. It usually is not possible to show the 
organism by direct staining, but it can be cultured from sputum or other 
specimens. About one-fifth of cases can be diagnosed rapidly with direct 
immunofluorescent staining of sputum or bronchoalveolar lavage. Le- 
gionella pneumophila serogroup 1, but not other serogroups, can be 
diagnosed by radioimmunoassay of Legionella antigen in the urine. 
Together in many cases neither of these tests will establish the diag- 
nosis, and a fourfold rise in antibody titer will establish the diagnosis. 


Tuberculosis 


Tuberculosis (TB) is a bacterial infection that has decreased 
greatly in prevalence in the US but remains a threat. Although 
TB can involve many organs, pulmonary TB is the most com- 
mon. Bovine tuberculosis has been virtually eradicated. 


Etiology—Mycobacterium tuberculosis is a rod-shaped organism 
that requires high oxygen tension for optimum growth and produces no 
toxins or enzymes. The organism has unique staining properties be- 
cause of the lipid composition of the cell wall. Carbol-fuchsin stain does 
not wash off with acid, hence the name acid fast. The bacilli can be 
cultured. 

Epidemiology—Since the beginning of the 20th century the inci- 
dence of TB has been declining in the US, but this decline was punc- 
tuated by an increase around 1980 when there was an influx of refugees 
from Indochina. A second rise of about 20% followed in 1985-1992, 
largely in HIV-infected people. In 1997, under 20,000 cases were re- 
ported, an all-time low. Microepidemics often occur in nursing homes 
and families. Infection is more common in those who are poor and who 
live in nursing homes, prisons, and inner city centers, particularly if 
they are homeless. Others at high risk include immigrants, Hispanics, 
African Americans, alcoholics, drug users, and patients who have had a 
gastrectomy or who have cancer, a renal transplant, renal failure, and 
other chronic debilitating condition. 

Tubercle bacilli are aerosolized as droplets during coughing by a 
person with cavitary disease. After evaporation, droplet nuclei, which 
are 1 to 5 mm in diameter, can reach the alveoli and establish an 
infection in a susceptible host. The infectivity of a patient is related to 
the severity of the disease, the number of bacilli in the lesion, and the 
closeness and length of the contact. An infected person is considered no 
longer contagious after about 2 weeks of appropriate chemotherapy. 

Pathophysiology—Tubercle bacilli are inhaled and deposited in 
peripheral alveoli throughout the lung. Before the infection can be 
contained by a local cellular response, the bacilli are drained to lymph 
nodes in the hilum and then disseminated throughout the body by the 
bloodstream. 

Sites that are seeded by bacilli include the apices of the lungs, the 
renal cortex, the growing ends of bones, and other areas of high oxygen 
tension. Cellular immunity involving lymphocytes, macrophages, and 
giant cells develops in several weeks. Once cellular immunity develops, 
the reaction forms granulomas at the sites of infection, and in time 
caseous necrosis may develop in these granulomas. During caseation, 
cytotoxic material released from T lymphocytes destroys the bacilli as 
well as the surrounding tissue. The sites then heal by resolution, 
fibrosis, and calcification. In some cases the immunity is inadequate, 
and overwhelming infection develops. Healed lesions still contain viable 
tubercle bacilli. These may remain dormant for the life of the individ- 
ual. In 10% of cases, these lesions develop into clinical disease sometime 
after the initial infection. 

Symptoms and Signs—The initial infection of primary TB usually 
produces few signs or symptoms. The incubation period is 4 to 8 weeks. 
Mild fever and malaise may occur as tuberculin hypersensitivity devel- 
ops. In some cases, especially in a child less than 3 yr old, an over- 
whelming infection may result from the primary infection. 

Pulmonary tuberculosis usually occurs after a period of dormancy in 
a previously infected individual. The onset is insidious. The patient may 
be asymptomatic with a routine chest radiograph leading to the diag- 
nosis. Fever to 40° may occur in the late afternoon or evening. Night 
sweats are common. General malaise, fatigue, irritability, and weight 
loss may occur. A cough productive of green or yellow sputum that may 
be blood streaked is common. When cavitation occurs, highly infectious 
material spills into the bronchi and is coughed up. 
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Spread of pulmonary tuberculosis to the pleura results in pleuritic 
chest pain and the formation of a pleural effusion as part of the inflam- 
matory reaction. A large effusion may compress the lung and cause 
dyspnea. Tuberculosis also can spread from the lung or the lymph nodes 
into the pericardium, where the same inflammatory process occurs. A 
friction rub may be heard. Later, the inflamed pericardium may fibrose, 
calcify, restrict cardiac motion, and present as CHF. 

During dissemination, bacilli are seeded in the kidney, bone, adre- 
nals, and meninges. At each site the same inflammatory process occurs, 
with caseation and liquefaction. If the infection cannot be contained, 
local spread may occur. Tuberculosis in the kidney may result in infec- 
tion of the rest of the genitourinary (GU) tract and present as cystitis, 
epididymitis, or prostatitis. In females, tuberculosis of the fallopian 
tubes and uterus may result in abdominal pain, vaginal discharge, 
sterility, or ectopic pregnancy. Spondylitis may result in localized back 
pain or compression of the spinal cord. Tuberculosis of the adrenal 
glands may destroy them and cause Addison’s disease. Tuberculous 
meningitis also is seen. Symptoms and signs include headache, rest- 
lessness, irritability, nausea, vomiting, and stiffness of the neck. A 
change in mentation may be the only sign of the disease. 

Miliary tuberculosis is a massive dissemination of tubercle bacilli 
throughout the body. Lesions are found, in addition to the previously 
mentioned sites, in the liver, spleen, and other organs that do not have 
a high oxygen tension. The symptoms and signs are nonspecific and 
include dyspnea, weight loss, weakness, fever, night sweats, and GI 
disturbances. Death is certain unless appropriate treatment is insti- 
tuted promptly. Diagnosis is based on a biopsy of the liver or bone 
marrow showing caseating granulomas. 

The diagnosis of tuberculosis rests on the use of a skin test with 
tuberculin, which is the protein fraction of the tubercle bacilli. However, 
this test cannot discriminate between dormant and active disease. 
Sensitized lymphocytes accumulate at the site of intradermal injection 
of tuberculin. Five tuberculin units are injected, and the skin test is 
read in 48 to 72 hr. The criterion for a positive test depends on the age 
of the patient, degree of exposure, and HIV status. False-negative 
results occur in 15 to 20% of patients with clinical tuberculosis. The 
skin test does not become positive until the development of cellular 
immunity. In patients with a decreased number of lymphocytes, an 
overwhelming infection, a pleural effusion, or a fever, the skin test 
result may be falsely negative. 

The chest radiograph also is essential to the diagnosis of pulmonary 
tuberculosis. It typically shows multinodular infiltrates, with or with- 
out cavitation, in one or both upper lobes. The Zieh]-Neelsen stain for 
acid-fast bacilli has been largely supplanted by fluorescent staining 
methods and nucleic acid amplification techniques: the latter require 
less than 6 hours, but are expensive. Sputum should be cultured for the 
organisms. With modern BACTEC radiometric culture systems, growth 
often can be detected within 10 days. 


Nontuberculous Mycobacterial Disease 


Many mycobacteria live freely in our environment and are not 
generally pathogenic unless host defenses are impaired. They 
have become important causes of disease in patients with 
AIDS. 


Etiology—Mycobacterium avium differs from M tuberculosis in 
growth rate, colony morphology and pigment formation, DNA composi- 
tion, and pathogenicity. It is seen readily with conventional acid-fast 
staining. 

Epidemiology—M avium is ubiquitous and is particularly found in 
water sources and wet environments. Mycobacterium kansasii 1s con- 
centrated in the urban Midwest of the US. Person-to-person transmis- 
sion has never been shown, but infection is extremely common. Skin 
testing indicates that at least 40 million Americans have been infected, 
but few of these became ill. 

Pathophysiology—Pulmonary infection is the most common site. 
Infection is presumably by inhalation. Generally the disease progresses 
slowly, but occasionally it advances rapidly. In patients with AIDS 
dissemination is common. 

Symptoms and Signs—Patients with AIDS usually present with 
fever. The liver and spleen may be enlarged. The organism can be 
readily grown from many sites including blood. Organisms grow within 
5 days in appropriate liquid media, and DNA probes permit rapid 
species identification. 
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INFECTIONS OF THE GI TRACT 


Viral Hepatitis 


See under Gastroenterology, page 1083. 


Infectious Diarrhea 


Normal Physiology—The GI tract has several defenses against infec- 
tion. Gastric acid keeps the stomach sterile. If intragastric pH in- 
creases, many fewer pathogens are needed to establish an infection. The 
remainder of the GI tract has a normal bacterial flora that inhibits the 
growth of other organisms. The flora of the large intestine is composed 
predominantly of anaerobes. Normal flora compete with pathogens for 
nutrients, and may produce substances that inhibit the growth of 
pathogens. Antibiotics that suppress normal flora predispose to bacte- 
rial infection. Cells that produce mucus line the GI tract. This mucus 
forms a barrier to bacterial invasion of the gut wall. IgA produced 
locally and IgG antibodies produced elsewhere enhance phagocytosis of 
bacteria within the GI tract. Motility of the GI tract moves organisms 
out and thus limits infections. Diarrhea increases transit and rids the 
body of organisms. Antimotility agents interfere with this defense. 

Diarrhea is defined as an increase in numbers of stools per day 
and/or an increase in stool volume. Acute diarrhea is sudden in onset, 
lasts for less than 2 weeks, and usually is caused by an infectious agent. 
Chronic diarrhea is of longer duration and usually is due to noninfec- 
tious GI disease. 

Etiology—Bacterial toxins, bacterial organisms, viruses, or para- 
sites may cause diarrhea. Diarrhea need not be caused by a pathogen 
but may be due to changes in normal flora or by normal colonic flora 
reaching the small intestine. Bacteria commonly causing diarrhea by 
the production of toxins include enterotoxigenic Escherichia coli, Staph- 
ylococcus, Clostridium perfringens, and Clostridium difficile. Bacterial 
diarrhea is caused by Shigella, Salmonella, Escherichia coli 0157:H7, 
Campylobacter jejuni, and Yersinia enterocolitica in the United States 
and also by Vibrio cholera in other countries. Norwalk agent and echo 
and coxsackie viruses commonly cause diarrhea, while influenza vi- 
ruses do not. Parasites include Entamoeba histolytica, Giardia lamblia, 
Cryptosporidium, and Cyclospora. 

Epidemiology—tThe transmission of the causative agent is via the 
fecal-oral route in most cases. Contaminated objects, hands, food, and 
water may transmit the agent. 

Pathology—Viral diarrhea may cause villous shortening in the 
small intestine, an increase in the number of crypt cells, and widening 
of the lamina propria. Diarrhea caused by bacterial invasion results in 
hyperemia, leukocyte infiltration, and frank ulceration of the bowel 
wall. Entamoeba histolytica produces an inflammatory colitis similar to 
ulcerative colitis except for the presence of the parasite and larger, 
flask-shaped ulcers of the colonic mucosa. 

Pathophysiology—Bacteria may cause diarrhea via enterotoxin- 
induced hypersecretion or invasion of the gut wall by the bacteria. 
Enterotoxins stimulate adenyl cyclase in the mucosal cells of the intes- 
tine, which results in massive secretion of fluid and electrolytes into the 
bowel lumen. Mucosal integrity is preserved and absorption is normal. 
In bacterial invasion, the damage to the mucosa results in defective 
absorption. Giardia probably produces diarrhea by the same mecha- 
nism, since invasion of the small bowel occurs. Clostridium difficile 
causes pseudomembranous colitis (antibiotic-associated colitis). 

Symptoms and Signs—Systemic symptoms including fever, head- 
ache, anorexia, vomiting, malaise, and myalgias may accompany diar- 
rhea regardless of the cause, except when toxins are ingested. 

Twelve to 24 hr after eating food contaminated by Clostridium 
perfringens or Staphylococcus, diarrhea with abdominal pain, cramps, 
and nausea but no vomiting or systemic symptoms occurs. The diarrhea 
contains no pus or blood. Recovery occurs in 12 to 24 hr. 

In diarrhea in which the mucosa is invaded by organisms, such as 
Shigella, E coli O157:H7, Salmonella, or Campylobacter, systemic 
symptoms occur along with lower abdominal cramps, tenesmus, and 
rectal urgency. Pus and erythrocytes or gross blood are found in the 
stool. Shigella causes an explosive diarrhea and fever. The disease is 
usually self-limited, with the fever subsiding in 4 days and the diarrhea 
subsiding in 1 week. Shigella also produces a neurotoxin that may 
cause seizures in children. Salmonella produces a less acute clinical 
picture. 


Enterotoxigenic E coli, frequently the causative agent in turista or 
traveler’s diarrhea, may produce mild or severe symptoms. The incuba- 
tion period is 24 to 48 hr, and the diarrhea lasts for 2 to 7 days. The 
stools contain no blood and few WBCs. 

Nausea and vomiting and other systemic symptoms usually accom- 
pany viral diarrhea. The diarrhea is usually mild, recovery occurs in 48 
hr, but malabsorption due to lactase deficiency may persist for several 
weeks. No RBCs or WBCs are seen in examination of the stool. 

The prognosis of acute infectious diarrhea is usually excellent when 
treated with adequate fluid replacement. Complications are rare except 
in infants or extremely debilitated patients who are unable to tolerate 
the dehydration. A significant complication of E coli 0157:H7 colitis is 
hemolytic-uremic syndrome. Pseudomembranous colitis usually re- 
sponds promptly to discontinuation of the causative antibiotic, although 
some patients require treatment with an antibiotic directed at 
C difficile. 


CNS Infection 


Meningitis and encephalitis are medical emergencies requiring 
rapid diagnosis and specific therapy. While meningitis involves 
only the leptomeninges, encephalitis involves the brain tissue 
itself and also may involve the meninges. 


Etiology—Bacteria often cause meningitis: the commonest patho- 
gens in most age groups being Streptococcus pneumoniae, Haemophilus 
influenzae, and Neisseria meningitidis. In neonates, E coli and Group B 
streptococci are common. Viruses such as enteroviruses and mumps 
virus also cause meningitis. Fungal meningitis occurs predominantly in 
immunocompromised patients. Viruses such as mumps and herpes 
viruses are the usual cause of encephalitis. 

Epidemiology—tThe peak incidence of bacterial meningitis is dur- 
ing the winter months and often is associated with respiratory tract 
infections. The majority of cases occur in children less than 4 yr old, 
especially in infants between 3 and 18 months. Between 30,000 and 
40,000 cases occur each year. 

Pathophysiology—Infection of the subarachnoid space results in 
inflammation of the leptomeninges and CSF. Pus may accumulate. In 
association with the presence of bacteria or other microorganisms and 
inflammation, CSF levels of glucose and protein may be altered. In 
encephalitis, the brain matter itself is involved. While the mode of 
infection in meningitis and encephalitis is usually through the hema- 
togenous route, meningitis and brain abscesses may occur via direct 
extension of infection, often secondary to trauma. 

Symptoms and Signs—Systemic manifestations of CNS infection 
include fever, irritability, and somnolence. A single seizure prior to 
diagnosis is not uncommon. Nuchal rigidity and headache are often 
present. The definitive diagnosis of meningitis usually depends on 
analysis of CSF obtained through lumbar puncture. In classic bacterial 
meningitis, CSF glucose concentration is decreased, protein concentra- 
tion is increased, and WBCs (predominantly polymorphonuclear cells) 
and bacteria are present. These findings are quite variable in viral and 
fungal meningitis, however. While such findings also may be present 
with encephalitis, these patients often have more severe CNS dysfunce- 
tion with symptoms such as coma and paresis. A culture of brain 
material obtained through biopsy is often necessary to identify the 
etiological agent in encephalitis. 


Infective Endocarditis 


This is an infection of the heart valves or the endocardial lining 
of the heart wall. The etiological agent is most commonly bac- 
terial but may be fungal. Based on the clinical course the 
endocarditis is said to be either acute or subacute (duration 
greater than 6 weeks). 


Epidemiology/Etiology—Acute endocarditis is caused by virulent 
organisms that infect a normal valve. Subacute endocarditis, on the 
other hand, usually is caused by relatively avirulent, less-invasive 
organisms infecting a structurally abnormal valve. The structural ab- 
normality may be acquired or congenital. 

Bacteria causing acute endocarditis include S aureus (most fre- 
quent), S pneumoniae, Group A streptococcus, N gonorrhoeae, Salmo- 
nella, other members of the Hnterobacteriaceae, and Pseudomonas 
aeruginosa. It is important to note, however, that these agents some- 
times are associated with a subacute course. 


Bacterial species usually associated with subacute endocarditis are 
members of the indigenous flora. The most common organisms include 
viridans streptococci, enterococci, nonhemolytic streptococci, non— 
group A beta-hemolytic streptococci, microaerophilic streptococci, and 
anaerobic streptococci. These agents commonly are found in the oral 
cavity and in the GI and GU tracts. 

Approximately 10% of cases are culture-negative endocarditis. These 
are clinically consistent with endocarditis, but repeated blood cultures 
fail to grow organisms. The most common causes of culture-negative 
endocarditis include previous antibiotic usage, infection with species 
with fastidious growth requirements, and endocarditis of the tricuspid 
and pulmonic valves with relatively avirulent organisms. 

The relatively recent increase in incidence of S aureus endocarditis 
with involvement of the valves of the right side of the heart correlates 
with widespread intravenous drug abuse. Fungal or gram-negative 
endocarditis also occurs more frequently in this setting. Hospitalized 
patients who receive intravenous fluids and hyperalimentation for pro- 
longed periods are also at risk. 

A new infectious disease has attended the advent of prosthetic valve 
replacement surgery. Endocarditis arising on a prosthetic valve is di- 
vided into early (clinically apparent within 60 days of surgery) and late 
infection. Early prosthetic valve endocarditis usually is a result of 
contamination during surgery; the organisms are those of acute bacte- 
rial endocarditis. Late prosthetic valve endocarditis is caused by tran- 
sient bacteremia with organisms of the indigenous flora. 

Pathophysiology—In subacute endocarditis the congenital or ac- 
quired abnormal valve causes flow disturbances that injure the endo- 
cardial lining of the heart valves or wall. This area of injury becomes a 
focus of thrombus formation, which is seeded with bacteria during 
transient periods of bacteremia. Dental work or manipulation of either 
the GI or GU tracts with endoscopes, catheters, and surgical instru- 
ments can cause bacteremia with indigenous flora. The mass of adher- 
ent thrombus and organisms is known as a vegetation. Vegetations 
grow, erode the valve, and may create myocardial abscesses. Fragments 
can break off as emboli. Acute endocarditis results from direct attack of 
normal valves by aggressive organisms that can destroy valves rapidly. 
Abscess formation and disruption of cardiac conducting tissue is more 
common in acute endocarditis. 

Endocarditis is associated with injury to many organs. The patho- 
physiology involves emboli (both septic and sterile) from the heart focus 
and immune complexes. In the setting of chronic infection with contin- 
ued stimulation of the immune system, immune complexes of antibody 
and antigen form and deposit in various organs, thereby initiating a 
potentially harmful inflammatory response. Some manifestations of 
emboli and immune complex deposition are described in the following 
section. 

Symptoms and Signs—Subacute endocarditis often begins with 
nonspecific constitutional complaints. Fever, sweats, anorexia, malaise, 
myalgias, and arthralgias are prominent. These symptoms often per- 
sist, and the patient may receive several courses of antibiotics, a prac- 
tice that interferes with correct diagnosis. 

A previous heart murmur may change or a new murmur may 
appear. Petechiae may appear in the optic fundi, conjunctiva, mucosal 
surfaces, or skin. Subungual splinter hemorrhages are a feature of this 
disease, as are peculiar lesions on the hands and fingertips (Janeway 
lesions and Osler’s nodes). In acute endocarditis, skin pustules occur. 
Arthritis and osteomyelitis, splenomegaly, and retinal lesions may de- 
velop. Renal manifestations (flank pain, hematuria) may be secondary 
to renal infarction by emboli or immune complex—mediated glomerulo- 
nephritis. Pulmonary infiltrates caused by septic emboli may occur with 
right-sided endocarditis. Cardiac conduction defects or CHF may de- 
velop as the infection erodes into the conduction system or chordae 
tendineae, respectively. Stroke, seizures, or meningitis resulting from 
emboli is seen more commonly in patients with acute bacterial 
endocarditis. 

Laboratory tests usually reveal a leukocytosis, anemia, elevated 
erythrocyte sedimentation rate, rheumatoid factor (seen in subacute 
endocarditis), and circulating immune complexes. Hematuria, protein- 
uria, and azotemia may be seen. Sustained bacteremia is evidenced by 
the positive blood cultures. Transthoracic echocardiography shows val- 

_vular vegetations in many cases and transesophageal echocardiography 
in nearly all. 


HIV Infection and the Acquired 
Immunodeficiency Syndrome 


This syndrome (AIDS) is a condition characterized by the de- 
velopment of life-threatening opportunistic infection or malig- 
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nancies in a patient with severe depression of the T-cell-medi- 
ated immune system caused by infection with human 
immunodeficiency virus (HIV). AIDS was first described in 
1981, and its frequency and mortality since have increased 
geometrically but appear to have stabilized in North America 
and Europe. 

There is a global pandemic of AIDS, predominantly in sub- 
Saharan Africa, the US, Europe, South America, and Canada. 
Although AIDS reached Asia relatively late, it is now spreading 
rapidly. These HIV carriers are responsible for transmission of 
the virus to others. 


Etiology—AIDS is caused by infection with HIV, one of four dis- 
tinct but related retroviruses known to cause human disease. The 
retroviruses belong to two groups: the human T lymphotrophic (or 
leukemia) retroviruses (HTLV-I and HTLV-II) and the human immu- 
nodeficiency viruses, HIV-I and HIV-2. 

The human retroviruses all share certain important functional fea- 
tures. Like all retroviruses, they produce reverse transcriptase that 
produces a DNA copy of the RNA material of the virus. They also are 
unusually trophic for T4 lymphocytes. All retroviruses that cause hu- 
man disease tend to live silently within their target cells until they are 
activated to replicate. The HIV viruses, but not the other human ret- 
roviruses, attach to the CD4 receptor of their target cells, which are 
principally T4 lymphocytes and monocytes/macrophages. 

Epidemiology—In the US, AIDS was first described in 1981 in 
previously healthy homosexual men with Pneumocystis carinii pneu- 
monia and Kaposi’s sarcoma. By October 1993 more than 339,000 cases 
of AIDS and 200,000 deaths had been reported in the US. By 1992, 
HIV-1 infection became the leading cause of death in men 25 to 44 yr of 
age. Improvements in therapy have reduced the death rate but not the 
rate of infection. Historically most cases have been in homosexual men 
and intravenous drug users, with different proportions in different 
areas. Now the greatest rate of acquisition is in heterosexuals in their 
late teens and early 20s. 

HIV has been isolated from the blood, semen, vaginal fluid, urine, 
and tears of AIDS patients. Blood, semen, and vaginal fluid are believed 
to contain sufficient viruses for transmission. Thus, sexual contact, 
injection of blood or blood products, and birth to an infected mother are 
well-established modes of transmission. Casual contact with infected 
individuals has not been found to transmit AIDS. 

Sexual transmission presently is the predominant mode of trans- 
mission. Receptive anal intercourse is more effective than other forms of 
sexual activity in transmitting HIV in homosexual men. Vaginal inter- 
course is largely responsible for transmission from men to women and 
from women to men. Intravenous inoculation of infected blood accounts 
for transmission of the virus among intravenous drug abusers who 
share needles. In some cases it cannot be determined whether trans- 
mission occurred by sexual activity or by sharing infected needles. 
Inoculation of blood or blood products such as Factor VIII or X1 concen- 
trates has transmitted infection to patients who have received such 
products but have not engaged in other risky activities. With current 
blood-screening methods, the risk of transmitting HIV by transfusion of 
a single unit of blood is estimated at one in 500,000. Approximately 50% 
of babies born to infected mothers appear to develop HIV infections. 
Perinatal transmission occurs in utero or during delivery. Breast- 
feeding possibly transmits the virus as well. 

Pathogenesis—AIDS results from the infection and subsequent 
destruction of T4 lymphocytes by HIV. T4 lymphocytes play a key role 
in maintaining cellular immunity; their depletion leads to a multitude 
of abnormalities, which collectively undermine the immune response to 
infections. Infections that result are often lethal. The virus also infects 
other cells and promotes the development of certain tumors. 

The activities and features of the viruses and T4 lymphocytes are 
central to understanding the pathogenesis of AIDS. HIV penetrates 
cells that contain CD4 receptors. Within the cytoplasm of the cell, viral 
reverse transcriptase produces a DNA copy of the viral RNA. This DNA 
copy then is integrated into the genome of the host cell. A latent period 
ensues, after which immune activation results in viral replication, 
release of fresh virus from the cell, and death of the cell. 

T4 lymphocytes are the main target of HIV. T4 lymphocytes are 
responsible for inducing nearly every aspect of the immune response, 
including cytotoxic cells, suppressor cells, macrophages, B cells, natural 
killer cells, and even bone marrow progenitor cells. Thus, replication of 
the virus leads in turn to depletion of the T4 lymphocytes and impair- 
ment of a multitude of immune responses. 

Other cells with CD4 receptors also may be infected, including 
monocytes and macrophages. Monocytes are important in the patho- 
genesis of AIDS. Unlike T4 lymphocytes, they are not killed rapidly by 
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the virus. Monocytes thus harbor HIV and disseminate it to brain, bone 
marrow, and other organs. 

Most of the clinical manifestations of AIDS result from opportunistic 
infections such as Pneumocystis carinii pneumonia, toxoplasmosis, cryp- 
tococcal meningitis, disseminated Mycobacterium avium-intracellulare, 
cytomegalovirus, Candida esophagitis, other fungal infections, and diar- 
rhea caused by Cryptosporidium, Isosporia, or Cyclospera. Other clinical 
manifestations result from the release of cytotoxins and growth factors 
from infected cells. Dementia in AIDS patients is fostered or caused by 
cytokines released from HIV-infected macrophages or monocytes rather 
than by HIV infection of neurons. Similarly, Kaposi’s sarcoma appears to 
be due to the release of tumor-promoting factors from infected cells. AIDS- 
associated wasting may be caused similarly. 

Symptoms and Signs—Infection by HIV usually is followed in a 
few days by an illness lasting 2 to 3 weeks. Symptoms include malaise, 
fever, maculopapular rash, myalgia, and headache. There may be 
lymphadenopathy and aseptic meningitis. The patient is then asymp- 
tomatic for several months or even several years. During this period 
antibodies to HIV can be detected in nearly all patients, but the virus 
and the clinical picture are in a period of latency. When HIV is activated 
and replicates, the number of T4 lymphocytes declines, and symptoms 
and signs begin to appear. Over 5 to 10 yr after infection 25 to 50% of 
persons will progress to overt AIDS. The transition from HIV infection 
to AIDS is signaled by reduction of the CD4 T-cell count below 200 
cells/mL or by the first AIDS-defining opportunistic infection or 
neoplasm. 

HIV and AIDS are best regarded as a continuum with an increasing 
likelihood and different spectrum of opportunistic infections and other 
complications as the CD4 T-cell count declines. The stage of the illness 
is consequently better defined by the CD4 T-cell count than by an 
arbitrary transition from HIV infection to AIDS. Most patients first 
experience fatigue, anorexia, weight loss, and unexplained fever. 
Chronic lymph node enlargement, particularly in the neck, is common. 
Diarrhea often ensues. Nonproductive cough and dyspnea often herald 
the presence of opportunistic pneumonia. A host of neuropsychiatric 
symptoms may occur, including confusion, headache, seizures, focal 
weakness, personality changes, and impaired memory. This is an ab- 
breviated list; since every organ may be involved, the possible clinical 
expressions are vast. 


PULMONARY DISEASES 


Normal Physiology 


Respiration—This involves all the processes in the transfer of oxygen 
from the air to the mitochondria of cells and of carbon dioxide from the 
cells back to the air. Four major steps are involved in respiration: 
ventilation, alveolar diffusion, transport, and tissue diffusion. 

Ventilation—This is the functioning of the lungs to move air in and 
out to maintain the appropriate concentrations of oxygen and carbon 
dioxide in the alveoli. The process of ventilation requires proper function- 
ing of the respiratory center in the brainstem; the peripheral nerves to the 
muscles; the muscles such as the diaphragm, the intercostals, the abdomi- 
nals, and others; and the lungs themselves. Spirometry is a technique that 
is used to measure the ventilatory functioning of the lungs. 

For purposes of measuring lung function, the lung is divided arbi- 
trarily into various volumes and capacities. Tidal volume (TV) is the 
amount of air moved in and out of the lung during a normal breath. The 
amount of air remaining in the lungs after a maximal exhalation is 
called the residual volume (RV). The lung volume after quiet expiration 
is called the functional residual capacity (FRC). If one takes a maximal 
inspiration, filling the lungs with as much air (or gases) as possible, one 
then reaches the total lung capacity (TLC). The vital capacity (VC) is 
the maximum amount of air that can be exhaled following a maximal 
inspiration. The VC represents the ability of the subject to change the 
size of the thoracic cavity; ie, the bellows function of the lung. Age, sex, 
size, and disease may affect the vital capacity. When the vital capacity 
is forcibly exhaled, the measurement is called the forced vital capacity 
(FVC). The rate of exhaling the FVC is measured at time intervals, ie, 
forced expiratory volume in 1 second (FEV,), FEV,, etc. The volume 
exhaled during the timed interval may be expressed as percentage of 
the vital capacity (FEV,/FVC). This value is useful in assessing the 
severity of obstructive airway disease. The measurement of the airflow 
during the middle 50% of the VC is relatively independent of patient 
effort and is useful in determining the mechanical properties of the 


lung. This is called the forced expiratory flow (FEF) from 25 to 75% of 
the VC, (FEV... 75.,). This measurement is the most sensitive spiromet- 
ric measurement for the detection of early obstructive lung disease. 

Each breath contains a portion of air that does not come in contact 
with a gas-exchanging membrane, such as the air in the large conduct- 
ing airways. This is called dead space. The larger the dead space, the 
smaller the proportion of each breath that reaches a gas-exchanging 
membrane. This affects the alveolar and arterial content of oxygen (O,) 
and carbon dioxide (CO,). In a steady state, the amount of CO, elimi- 
nated from the lung per minute is equal to the amount of CO, produced 
by the body. Since the partial pressure of CO, in the artery (P,CO,) is 
almost equal to the partial pressure of CO, in the alveoli (P,CO,), the 
measurement of PCO. assesses the adequacy of alveolar ventilation. 
An elevated PCO, (>5 torr) means alveolar hypoventilation, and a 
decreased PCO, means alveolar hyperventilation. 

Alveolar Diffusion—Gases are exchanged across the alveolar- 
pulmonary capillary membranes. The ability for this diffusion to occur 
depends on 


1. The surface area of the alveoli. 

2. The gradient between the partial pressures of gases in the alveoli 
and those in the blood. 

3. The condition of the membranes. 

4. The amount of hemoglobin in the RBCs. 


When a person breathes 100% oxygen, the gradient between the partial 
pressure of O, in the alveoli and that in the blood is so great the oxygen 
reaches the blood very rapidly regardless of reduction in surface area, 
changes in diffusion, or decreases in hemoglobin concentration. Under 
normal circumstances, the partial pressure of oxygen in the arteries 
(P,O.) approximates the partial pressure of oxygen in the alveolus 
(P,O,). The difference in these measurements, the alveolar-arterial 
oxygen gradient (P,,_,,O,) is a measurement of the efficiency of the 
lungs in transferring oxygen into the blood. A normal P,,_,,O, is 10 to 
15 torr in young people. This value increases with age. 

Transport in the Blood—The maximum amount of oxygen that 
the blood can carry is called oxygen-carrying capacity and is determined 
by the amount of hemoglobin in the blood. One gram of hemoglobin can 
carry 1.39 mL of oxygen. The presence of hemoglobin increases the 
oxygen-carrying capacity of the blood by 30- to 100-fold. Normally 97% 
of the oxygen is carried bound to hemoglobin. The actual amount of 
oxygen carried, which is usually less than the oxygen capacity, is the 
oxygen content. The oxyhemoglobin saturation (S,O,) is the O, content 
divided into O,-carrying capacity < 100 and is expressed as a percent- 
age. The O, content can be calculated from the O, saturation and the 
hemoglobin content. The best measurement of tissue oxygenation is O, 
delivery, which is the product of cardiac output and O, content. A 
patient with normal lungs but extremely low hemoglobin would have a 
normal P.O, because the amount of O, dissolved in the plasma would be 
normal, but the blood actually would be carrying little O, to the tissues 
because of the decreased carrying capacity. Also, the O,-carrying ca- 
pacity of hemoglobin may be affected by physiological conditions that 
change the pH or temperature of the blood or that convert hemoglobin 
to carboxyhemoglobin or methemoglobin. 


Hypoxemia 


This refers to decreased amounts of oxygen in the arterial 
blood. There are five general mechanisms for its development. 


Low Inspired-Oxygen Tension—This is not a disease but is the 
result of a person breathing air that has less than the normal amount 
of oxygen. Such conditions exist at high altitudes and in some deep 
mines where methane may replace oxygen. As long as the lungs are 
normal, the P,,_,,O. will be normal. Ventilation remains normal or may 
be increased, so the elimination of CO, is normal or increased. 

Primary Hypoventilation—This condition occurs when the lungs 
no longer move air in and out sufficiently to maintain appropriate 
concentrations of gases. The lungs themselves may or may not be 
normal. Primary hypoventilation may be caused by abnormalities in the 
respiratory centers, the peripheral nerves to the muscles, the muscles of 
respiration, or the chest wall. If the lungs are normal, the P,,_,)O., will 
be essentially normal but the P,,_,)O, will be increased, indicating 
inadequate alveolar ventilation. Drugs suppressing the ventilation cen- 
ters are probably the most common cause of primary hypoventilation. 

Mismatching of Ventilation to Perfusion (V/Q) Abnormalities— 
If each alveolus were perfused with the appropriate amount of blood for 
maximum gas exchange, the ventilation-to-perfusion ratio would equal one. 
Normally, in the erect position, there is excess ventilation to perfusion in the 


apices of the lung and excess perfusion to ventilation at the lung bases. At the 
apex V/Q = 3, and at the bases V/Q = 0.6. In normal individuals the overall 
V/Q = 0.8. Airflow obstruction decreases ventilation while perfusion remains 
unchanged. In this situation the V/Q ratio is less than normal. If blood flow to 
an area is restricted while ventilation remains normal, the V/Q ratio is very 
high. When no ventilation is present but perfusion is normal, V/Q = 0; this is 
defined as a true shunt. When there is no perfusion but ventilation is normal, 
V/Q = ~, this is defined as dead space. High V/Q ratios do not decrease the 
P.O,, as ventilation is more than adequate to supply O., to the capillaries that 
have decreased blood flow. However, low V/Q ratios do cause hypoxemia, as 
ventilation is inadequate to oxygenate the relatively increased blood flow to 
that area. V/Q mismatching, which is the most common cause of hypoxemia, 
may be corrected by allowing the patient to breathe 100% oxygen for 10 to 15 
minutes. This is because replacing nitrogen (which is normally 79% of the gas 
in the alveolus) with oxygen raises alveolar PO,. Also V/Q mismatching 
results in an increased P,,_,,O2. Low V/Q ratios, which occur normally at the 
lung bases, probably account for much of the normal P,, ,,O5. Chronic bron- 
chitis, emphysema, asthma, and many other lung diseases cause hypoxemia 
by affecting ventilation and lowering the V/Q ratios in many areas of the lung. 

True Right-to-Left Shunting—This occurs when venous blood 
goes from the right heart through the pulmonary circulation without 
contacting a gas-exchanging surface (ventilated alveolus). Such a situ- 
ation exists in intracardiac right-to-left shunts, pulmonary arterio- 
venous malformations in which the pulmonary capillaries are bypassed, 
in the adult respiratory distress syndrome, in atelectasis where alveoli 
are airless, and in pneumonia and pulmonary edema where the air in 
the alveoli is replaced by fluid. Since the blood is not in contact with an 
alveolar membrane that can exchange oxygen, breathing 100% oxygen 
will not correct hypoxemia that results from right-to-left shunting. 

Diffusion Defects—Diffusion defects are caused by thickened al- 
veolar membranes. This is not a cause of significant hypoxemia in a 
resting patient but probably does play a role during exercise. Breathing 
100% oxygen may increase the gradient across the alveolar membrane 
sufficiently to overcome a diffusion defect. 


Airflow Obstructive Disease 


Obstructive disorders, the commonest diseases of the lungs, are 
characterized by an increase in airway resistance. Alterations 
in resistance may be acute or chronic, reversible or irreversible. 


Chronic bronchitis is a disease associated with excessive tracheo- 
bronchial mucus production sufficient to cause daily cough with expec- 
toration of sputum for at least 3 months per year for 2 consecutive 
years. Chronic bronchitis is a clinical diagnosis that is made after other 
pulmonary diseases are excluded. Emphysema is defined as distention 
of the airspaces distal to the terminal bronchioles, with destruction of 
the alveolar septa. The diagnosis of emphysema is based on anatomical 
alterations and frequently is made at autopsy. However, the entity can 
be considered to be present on the basis of certain physiological studies. 
These two diseases, although distinct processes, often occur together. 

Etiology—The etiologies of these diseases have not been delineated 
clearly, although a variety of host and environmental factors have been 
implicated. Respiratory infections with viruses, mycoplasma, and bac- 
teria may play a role in the development of chronic bronchitis, but 
cigarette smoking strongly correlates with the prevalence and severity 
of chronic bronchitis and emphysema. Currently, these diseases occur 
more commonly in males over 35 yr, although the incidence in females 
is increasing, paralleling the increase in cigarette smoking by women. 
Air pollution has been incriminated in the etiology of both chronic 
bronchitis and emphysema. Also, people who work in occupations asso- 
ciated with dusts and noxious gases have a higher incidence of chronic 
bronchitis. The hereditary deficiency of the enzyme alpha-1-antitrypsin 
is associated with the development of severe emphysema relatively 
early in life in both men and women. 

Pathology—Chronic bronchitis is associated with hyperplasia and 
hypertrophy of the mucus-producing glands in the large airways. In the 
small airways, there is goblet-cell hyperplasia, mucosal and submucosal 
inflammation and edema, peribronchial fibrosis, and intraluminal mucous 
plugs. Ciliated cells are lost. Emphysema is classified according to the 
pattern of involvement distal to the terminal bronchioles. Centrilobular or 
centroacinar emphysema involves the respiratory bronchioles. Panacinar 
emphysema involves the respiratory bronchioles, the alveolar ducts, the 
alveoli, and their blood supply. Both forms of emphysema often occur in a 
single patient, although one form may predominate. 

Pathophysiology—Both chronic bronchitis and emphysema can 
exist without clinically significant airflow obstruction. However, using 
sophisticated pulmonary function testing, early disease can be detected 
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in young smokers. Both diseases result in narrowing of the airways, 
with increased airway resistance and decreased FEF rates. Due to the 
altered pressure-airflow relationships, the work of breathing is in- 
creased in chronic bronchitis and emphysema. In both diseases, the 
TLC and RV are increased. The hypoxemia results from ventilation to 
perfusion mismatching. The P,CO, may be normal, be decreased be- 
cause of hyperventilation, or be elevated in severe disease or during an 
acute exacerbation. The chronic hypoxia leads to pulmonary vascular 
constriction and pulmonary artery hypertension. The chronic increased 
afterload on the right heart ultimately leads to right heart failure (cor 
pulmonale). Other sequelae of severe hypoxemia include polycythemia 
and alteration of the patient’s mental status. 

Symptoms and Signs—Dyspnea on exertion and functional dis- 
ability result from severe airway obstruction with its increased work of 
breathing. 


PREDOMINANT EMPHYSEMA —These patients have a 
long history of exertional dyspnea with little cough or sputum 
production. The typical patient is thin, uses accessory muscles to 
breathe, is tachypneic, with prolonged expiration through pursed 
lips, frequently leans forward when sitting, has a hyperresonant 
percussion note, and has diminished breath sounds by ausculta- 
tion. The chest radiograph reveals low and flattened diaphragms 
and signs of hyperinflation. The clinical course is progressive, 
severe dyspnea for which little can be done. Resting blood gases 
become abnormal late in the course of the disease. 

PREDOMINANT BRONCHITIS ALONG WITH 
EMPHYSEMA—tThe typical patient has an impressive history 
of cough and sputum production for many years. Acute exacerba- 
tions increase in frequency, duration, and severity over the years. 
After each episode the patient’s baseline status may have deteri- 
orated slightly. The presenting complaints may include cough, 
sputum production, exertional dyspnea, or peripheral edema sec- 
ondary to right heart failure. This patient is usually overweight, 
cyanotic, and only slightly tachypneic. On auscultation coarse 
rhonchi and wheezes may be heard throughout the lung fields. 
Arterial blood gas analysis reveals hypoxia and hypercapnia. The 
VC is normal or only slightly decreased, while the FEF rates are 
low. Some of these patients develop emphysema with the result- 
ant symptoms. A patient with chronic bronchitis may experience 
many episodes of acute respiratory failure, usually precipitated by 
a respiratory tract infection. 


Reversible Airway Obstruction 


BRONCHIAL ASTHMA is defined as a disease characterized by 
increased responsiveness of the trachea, bronchi, and bronchioles 
to various stimuli and is manifested by widespread narrowing of 
the airways that changes in severity spontaneously, in response 
to irritants or allergens, or as a result of therapy. 


Etiology and Epidemiology—Asthma affects at least 2% of the 
population. About one-half of the cases develop before age 10 and 
another third develop before age 40. Childhood asthma occurs in males 
predominantly (2:1), but after age 30 there is no sex difference. 

Because of the diversity of the disease, the classification of asthma 
is difficult. Allergic or extrinsic asthma usually is found in individuals 
with a history or a family history of atopy or allergic diseases such as 
rhinitis, urticaria, and eczema. Allergic asthma, which accounts for 25% 
of the cases, tends to be seasonal and occurs more commonly in children 
and young adults. Nonseasonal allergic asthma may be due to antigens 
such as animal dander, molds, mites, and dust. In another group of 
patients, ingestion of aspirin or nonsteroidal anti-inflammatory agents 
may aggravate the asthma. Asthma also may occur during times of 
heavy industrial air pollution, physical exercise, or emotional upset. 
Pulmonary infections, CHF, pulmonary embolism, and treatment with 
cholinergic agents or B-adrenergic blockers also may provoke asthma. 
Asthma that occurs without an identifiable cause is labeled intrinsic or 
idiosyncratic. 

Pathology—The hallmarks of acute asthma are overdistention of 
the lungs, gelatinous plugs in the bronchioles, hypertrophy of the bron- 
chial smooth muscle, mucosal edema, denudation of the surface epithe- 
lium, pronounced thickening of the basement membranes, and eosino- 
philic infiltration of the bronchial wall. Emphysematous changes are 
usually absent. 
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Pathophysiology—In those with allergic asthma, bronchoconstric- 
tion and alterations in bronchial secretions are the result of an imme- 
diate hypersensitivity reaction. In this response the interaction of an- 
tigen and antibody, particularly IgE, causes the release of chemical 
mediators from sensitized mast cells in the lungs. The mediators in- 
clude histamine, leukotrienes, platelet-activating factor, eosinophil che- 
motactic factor of anaphylaxis (ECF-A), and neutrophil chemotactic 
factor of anaphylaxis (NCF-A). Secondary mediators include prosta- 
glandins and bradykinin. These mediators constrict bronchial smooth 
muscle and increase vascular permeability. 

Adenylate cyclase catalyzes the formation of the cyclic nucleotide, cyclic 
3',5’-adenosine monophosphate (cyclic AMP; cAMP), from adenosine 
triphosphate (ATP). cAMP is an intracellular mediator that inhibits the 
release of the chemical mediators. An increase in the concentration of 
cAMP causes relaxation of bronchial smooth muscle. It is thought that 
bronchoconstriction in asthmatics might result from a defect in cAMP asa 
result of nonresponsiveness to endogenous catecholamines, caused by 
down-regulation of receptors. Catecholamines stimulate adenyl cyclase to 
increase the intracellular concentration of cAMP. 

A second cyclic nucleotide, cyclic 3’,5'-guanosine monophosphate 
(cyclic GMP; cGMP), opposes the action of cAMP. Actions that are 
facilitated by cAMP are suppressed by cGMP and vice versa. cGMP 
promotes the release of bronchoconstrictor substances from mast cells. 
Guanylate cyclase catalyzes the synthesis of cGMP in response to 
stimulation by acetylcholine. 

Symptoms and Signs—Symptoms include dyspnea, chest tightness, 
cough, and wheezing. All patients with asthma do not wheeze and may 
have only dyspnea and/or cough. The symptoms are episodic and fre- 
quently occur at night. In asthma, the contraction of bronchial smooth 
muscle and the presence of mucosal edema and thick, tenacious mucus 
result in airflow obstruction. Hypoxemia is present during an acute, severe 
attack. Blood-gas analysis usually shows decreased P.,CO, and respiratory 
alkalosis. Normal or elevated levels of carbon dioxide during an acute 
episode should be viewed as impending respiratory failure. Clinical symp- 
toms and signs are unreliable for judging tissue oxygenation. When severe 
symptoms persist for days or weeks or fail to respond to basic therapy, the 
condition is known as status asthmaticus. Eosinophilia in sputum and 
blood suggests but is not specific for asthma. The chest radiograph shows 
hyperinflation and is not diagnostic. 


Restrictive Lung Disease 


This is a general term applied to a wide spectrum of diseases 
with a decrease in total lung capacity. In advanced cases, other 
lung volume components also are reduced. Most patients with 
restrictive lung diseases have intrinsic structural and func- 
tional abnormalities of the lung, which cause a stiff lung. Stiff- 
ness of the lungs is defined by a decrease in lung compliance, or 
change in lung volume per unit change in pressure. A few 
patients have normal lungs but have reduced lung volumes 
because of abnormalities of the chest wall, pleura, or abdomen. 


Pathology—Although some restrictive lung diseases have unique 
pathology, many have similar nonspecific end-stage changes. Such 
changes may include pulmonary fibrosis of the alveolar septa, peribron- 
chiolar fibrosis, mononuclear inflammatory cell infiltrate, smooth mus- 
cle proliferation within the interstitium, metaplasia of the alveolar 
lining cells, and vascular obliteration with pulmonary hypertension. 

Etiology—Restrictive lung disease may be acute or chronic. An 
example of an acute, reversible restrictive lung disease is pulmonary 
edema. Chronic restrictive lung diseases are diverse. In asbestosis, 
hypersensitivity pneumonitis, and drug- or toxin-induced lung injury 
the etiology is known, as it is for lung disease associated with sarcoid, 
collagen vascular disease, or other well-defined systemic illnesses. In 
pulmonary alveolar proteinosis or desquamative interstitial pneumoni- 
tis (DIP) the cause is not known. 

Symptoms and Signs—The hallmark of all restrictive lung dis- 
eases is dyspnea, a sensation of shortness of breath. This results from 
the increased work of breathing caused by stiff lungs. In addition, 
airflow resistance is increased because patients breathe at low lung 
volumes, which allows small airways to close. Tachypnea and a non- 
productive cough are common findings. Although fine rales may be 
heard, auscultatory findings are usually minimal compared with the 
degree of pathological changes. Patients with extensive fibrosis may 
experience recurrent pneumothorax. Pulmonary hypertension advanc- 
ing to cor pulmonale may be seen as a late sequela. This complication is 
caused either by obliteration of the pulmonary vascular bed or by 
increased pulmonary resistance due to hypoxemia. 


The chest X-ray in restrictive lung diseases may show decreased 
lung volumes and increased interstitial markings. Arterial blood gases 
often reveal hypoxemia and hypocapnia. 

Abnormalities on physiological testing include an increased 
alveolar-arterial oxygen gradient and a decreased diffusion capacity. 


Adult Respiratory Distress Syndrome 


This syndrome (ARDS) is a common cause of acute respiratory 
failure in a hospitalized patient. Its hallmark is damage to the 
pulmonary capillaries and alveolar epithelium, leading to in- 
creased permeability and acute pulmonary edema. The etiology 
of this syndrome is multiple and includes shock, infection, near 
drowning, drug and toxin exposure, acute pancreatitis, and 
aspiration pneumonia. Despite the wide spectrum of diseases 
that may lead to ARDS, there is a similar clinical picture in all 
cases. Acute respiratory failure is accompanied by a diffuse 
infiltrate on chest X-ray and physiological disturbances of re- 
strictive lung disease. On pathology there is edema, hemor- 
rhage, hyaline membranes, inflammatory cells, and fibrosis. 


Deep Venous Thrombosis 
and Pulmonary Embolism 


Both deep venous thrombosis (DVT) and pulmonary embolism 
(PE) are significant causes of mortality and morbidity. The 
most important factor for decreasing morbidity and mortality is 
the prevention of DVT. 


Normal Anatomy and Physiology—Veins are thin-walled ves- 
sels composed mainly of collagen with some smooth muscle and little 
elastic tissue. They normally contain a large proportion of the circulat- 
ing blood, but at significantly lower pressures than in arteries. The 
venous system of the lower extremities is composed of the deep, super- 
ficial, and communicating veins. 

Blood return from lower extremities depends on the contraction of 
skeletal muscles, especially in the calves. Valves prevent retrograde 
flow of blood in the veins. These valves are present even in very small 
veins, and their number decreases in the proximal veins. Valves are 
composed of elastic and collagen tissue and operate passively in re- 
sponse to pressure changes. 

The lung has two arterial blood supplies. The pulmonary artery arises 
from the right ventricle, immediately divides into the right and left 
branches, and carries deoxygenated blood from the systemic venous sys- 
tem to the lungs for gas exchange. The bronchial arteries branch off the 
aorta and carry oxygenated blood to the supporting tissue of the lung. 

Normally, clots do not form within the vascular system. The smooth 
endothelial surface of the blood vessels and a negatively charged pro- 
tein layer on the endothelial surface that repels platelets are probably 
the most important factors in preventing clot formation. Two factors 
prevent excessive clotting. Approximately 85% of the thrombin formed 
is adsorbed to the fibrin threads, which prevents the spread of the 
thrombin. The remaining thrombin is inactivated in 20 min by combin- 
ing with antithrombin III. 

Plasma normally contains a protein called plasminogen that, when 
activated, forms plasmin. Plasmin is a proteolytic enzyme that digests 
fibrin, fibrinogen, prothrombin, and Factors V, VIII, and XII. The process 
that activates plasminogen is understood poorly. Plasminogen is incorpo- 
rated in all blood clots and is involved in dissolution of intravascular clots. 

Etiology—A number of conditions and situations have been asso- 
ciated with increased risk of DVT and/or PE. These include prolonged 
bed rest, immobilization, cancers (particularly adenocarcinomas of the 
pancreas, lungs, or prostate), polycythemia vera, CHF, administration 
of estrogens, the postpartum state, orthopedic injuries, major surgery, 
trauma, chemical irritations, and infections. Approximately 85% of 
pulmonary embolic episodes are caused by DVT. 

Epidemiology—It is difficult to estimate the incidence of DVT. The 
incidence of PE has been estimated as high as 500,000 cases per year 
and as the cause of at least 50,000 deaths per year in the US. On 
autopsy, PE is found in 20 to 25% of deaths in general hospitals, 25% of 
deaths in nursing homes, and as many as 50% of deaths due to CHF. 
The risk of DVT and PE is increased markedly in individuals over 40 yr. 
It is postulated that the diagnosis of PE is frequently missed, particu- 
larly in elderly, chronically ill patients. 


Pathophysiology—Three factors were described over 100 yr ago 
by Virchow as necessary for venous thrombosis: stasis, hypercoagula- 
bility, and vessel wall factors. Increased platelet adhesiveness and 
aggregation also may be involved. 

The veins have a propensity for development of stasis. The edges of 
the valves cause turbulent blood flow with eddy formation and stasis. 
The areas adjacent to the valves and the junctions of tributaries also are 
areas of stasis. Dilated veins (varicose veins) or previously damaged 
veins may have sluggish flow and incompetent valves. Lack of pumping 
of the blood in the veins by skeletal muscle contraction or compression 
of the veins by the muscle mass may explain the increased risk of DVT 
during bed rest or immobilization, and part of the increased risk during 
surgery. In polycythemia vera the blood is viscous and prone to stasis. 
Congestive heart failure also may increase the stasis of blood in the 
lower limbs. Stasis may allow the activation of factors as well as inhibit 
the dilution or removal of activated factors. 

Various risk factors for DVT and PE are associated with hyperco- 
agulable states. Cancers are thought to increase production of Factors 
V, VIII, IX, and XI; release tissue thromboplastin from necrotic tumor; 
and decrease the efficiency of the fibrinolytic system. Trauma and 
surgery may increase plasma concentrations of fibrinogen and proco- 
agulants, increase platelet adhesiveness, and decrease fibrinolysis. Es- 
trogens increase the production of Factors I, II, VIII, IX, and X; increase 
platelet adhesiveness; and decrease the activity of antithrombin III. 
Estrogens also dilate veins and promote stasis. 

Increasing age predisposes individuals to thrombosis because of 
increased stasis caused by venous dilation, malfunction of venous 
valves, decreased skeletal muscle mass, decreased physical activity, 
and decreased cardiac output. Increased Factor VIII and decreased 
antithrombin III activity enhance coagulation. 

If the vessel wall is disrupted, collagen is exposed and/or tissue 
thromboplastin is released. Exposed collagen and the extrinsic system 
activate the intrinsic coagulation system via tissue thromboplastin. 
Platelets adhere to the exposed collagen, aggregate to form a platelet 
plug, and release platelet Factor III. Platelet Factor III is similar to 
tissue thromboplastin in that it initiates the extrinsic coagulation sys- 
tem. Platelet Factor III also can activate Factors VIII, [X, XI, and XII. 
The end product of coagulation is the thrombus, which is composed of 
fibrin, trapped serum, and blood cells. The clot itself initiates a vicious 
cycle that promotes more clotting. The clot extends until it reaches an 
area of faster-flowing blood. 

The most feared form of DVT involves the iliofemoral veins, since 
thrombi here are most likely to result in large emboli to the lungs, 

When an embolus lodges in a pulmonary artery, the area is being 
ventilated but not perfused. The area is now dead space. The alveoli 
transiently constrict because of hypocapnia. Surfactant is lost, and 
atelectasis develops in 24 to 48 hr. Hypoxemia usually develops. In 
massive PE, pulmonary hypertension may result and lead to acute right 
heart failure. Whether lung infarction occurs depends on the size of the 
embolus and the dual pulmonary blood flow. Many emboli are dissolved 
quickly by the fibrinolytic system. Recanalization may occur in 1 week. 
Some vessels, however, remain totally occluded with the resultant loss 
of lung function. 

Symptoms and Signs—DVT may present as swelling of the calf or 
thigh, with edema of the lower extremity. The area over the thrombosis 
may be tender, warm, and red. The thrombosed vein may be felt as a 
hard cord. Physical maneuvers of the limb or walking may worsen the 
pain. However, no signs or symptoms are present in many cases of DVT. 
More than 50% of patients with symptoms and signs suggesting DVT do 
not have it. The diagnosis of DVT is made conclusively by phlebography, 
but this invasive test is difficult to obtain quickly, is painful, and may 
cause phlebitis. Noninvasive evaluation is most practicably carried out 
with Doppler flow studies. DVT can lead to PE, the postphlebitic syn- 
drome (edema, pain, increased pigmentation, eczema, induration, and 
ulceration), or recurrence of DVT. 

The symptoms and signs of PE depend on the size of the embolus and the 
presence of infarction. The classic presentation of PE is the sudden onset of 
dyspnea. If infarction occurs, pleuritic chest pain and hemoptysis also may be 
present. Hypoxemia and an increased alveolar-arterial oxygen gradient may 
be seen. Physical examination may or may not demonstrate the symptoms 
and signs of DVT. Rales, local wheezes, and a pleuritic friction rub may be 
heard on auscultation. Tachycardia and tachypnea are seen. Signs of acute 
right heart failure can be seen in massive PE. However, the physical exami- 
nation may be completely normal. Laboratory examination is not diagnostic. 
The chest radiograph is often normal but may show a pleural effusion and/or 
infiltrate and/or changes in size or disappearance of blood vessels. A ventila- 
tion perfusion scan may give presumptive evidence for the diagnosis of PE. 
The test is associated with false negatives if the area involved is small or false 
positives if other lung diseases are present. Pulmonary arteriography is the 
most accurate method used to diagnose PE. 
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Cystic Fibrosis 


This is a disease with diverse clinical manifestations character- 
ized by abnormal exocrine gland secretions. It presents in child- 
hood; with improved methods of detection in mild cases and better 
treatment, more adults are followed now for this disease. 


Etiology and Epidemiology—Cystic fibrosis is an autosomal re- 
cessive disease carried by a gene on the long arm of chromosome 7 that 
codes for cystic fibrosis transmembrane regulator (CFTR), a protein 
with a predicted molecular weight of 170,000. There is one common 
mutation, the D508 mutation, accounting for 70% of mutations, and at 
least 200 less common ones. Cystic fibrosis affects both sexes equally 
and occurs predominantly in Caucasians. In the past, cystic fibrosis was 
considered a fatal disease of childhood. With earlier detection and 
improved methods of treatment the median life expectancy has risen to 
30 years. Heterozygotes can be identified in 99% of families if DNA is 
available from an affected child. 

Pathogenesis—Defects in CFTR reduce apical chloride conduc- 
tance and increase sodium absorption of respiratory epithelium. Re- 
duced salt and water content of respiratory secretions increase the 
viscosity of the sol phase in which cilia normally beat. Thick, viscid 
secretions are retained and provide a haven for bacteria. S aureus and 
P aeruginosa commonly colonize the abnormal airways and may persist 
as commensals or progress to pneumonia. 

Secondary bronchiectasis invariably develops and sets the stage for 
pulmonary hypertension, hemoptysis, pneumothoraces, and respiratory 
failure. 

Symptoms and Signs—The initial manifestation may be intesti- 
nal obstruction in the newborn, caused by abnormally thick meconium. 
Early in life pulmonary complications develop. Thick, tenacious mucus 
results in bronchial obstruction with subsequent atelectasis and infec- 
tion. The initial bacterial pathogens, including S aureus, are replaced 
later by P aeruginosa and other gram-negative organisms. Death in 
cystic fibrosis is usually due to overwhelming pulmonary infection and 
respiratory failure. With longer survivals, cor pulmonale and recurrent 
hemoptysis are seen more frequently. 

Pancreatic insufficiency develops in approximately 80% of patients 
and causes malabsorption characterized by steatorrhea and deficiencies 
of vitamin B,, and the fat-soluble vitamins. Some patients experience 
recurrent bouts of pancreatitis. Biliary cirrhosis develops in approxi- 
mately 10% of patients. The incidence of gallstones is increased. Most 
male patients are sterile because of malformation or blockage of the 
vasa deferentia. Secondary sex characteristics are normal. The fertility 
rate among females is approximately one-fifth that of a control popula- 
tion. The reason for this is probably the increased viscosity of the 
cervical mucus and the possible presence of a cervical plug. 

The best diagnostic test is the sweat test using pilocarpine ionto- 
phoresis. There is usually a 3- to 5-fold increase in the concentration of 
chloride in the sweat of patients with cystic fibrosis. The level of sweat 
electrolytes does not correlate with severity of disease. The sweat test is 
a difficult test to perform correctly and must be obtained in a reliable, 
experienced laboratory. 


HEART DISEASE 


Atherosclerosis 


This is the single most important cause of death in the US 
because it is involved in the development of ischemic heart 
disease and cerebrovascular disease. 


Normal Anatomy and Physiology—Arterial walls have three 
layers: the intima, media, and adventitia. The intima is composed of 
endothelial cells, the media of smooth muscle cells, and the adventitia 
of collagen, elastic fibers, fibroblasts, and some smooth muscle cells. 

Arteries are not inert conduits, but metabolically complex struc- 
tures that maintain smooth muscle tension and perform many endo- 
thelial cell functions, including local inhibition of blood clotting and 
maintenance of cellular integrity. Throughout life, arteries withstand 
tremendous physical forces. Areas of particular stress, friction, and 
turbulence include bifurcations and openings of branch arteries. 

Epidemiology—In all populations studied, early changes of athero- 
sclerosis have been seen in young individuals who died of unrelated causes. 
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Mortality and morbidity from atherosclerotic disease is more common in 
men than in premenopausal women. After menopause, the differences 
decrease. The incidence of atherosclerotic disease also is different in vari- 
ous nationalities. The mortality from atherosclerotic disease in North 
Americans and Scots is twice that of Swedes. The incidence is low in 
Japanese and in native Africans. The incidence of atherosclerotic disease 
in immigrants to the US is similar to that of native-born Americans rather 
than to that of age-matched individuals who did not immigrate. Primary 
relatives of individuals who become symptomatic from atherosclerotic dis- 
ease before 50 yr are likely to develop symptomatic atherosclerotic disease 
at an earlier age. 

There is increasing interest in a possible role of infectious agents, 
specifically chlamydia in causing or stimulating atherogenesis. Other 
work has suggested that it may not be one specific infectious agent but 
a sustained inflammatory state in response to one of many chronic 
infections that is responsible. 

Etiology—the etiology is unknown. However, clinical and epide- 
miological studies suggest that many factors accelerate the disease 
process, regardless of the underlying pathological events. The two most 
important risk factors are advancing age and male sex. For the male 
aged 35 to 65 other significant factors include diabetes mellitus, plasma 
cholesterol level, arterial blood pressure, and cigarette smoking. These 
risk factors also probably apply to postmenopausal women. 

Other risk factors associated with a high incidence of atherosclerotic 
disease include diet, lack of physical activity, obesity, and heredity. The 
role of a competitive aggressive personality (Type A) is debated. These 
factors may not be independent of the others already listed. 

Pathology—Atherosclerosis is a patchy thickening and hardening 
of arterial walls that is characterized in the early stages by streaks of 
macrophages (foam cells), cholesterol, and other lipids (fatty streaks) 
and later by atheromas. Athreanas consist of a fibrous cap which covers 
proliferating smooth muscle cells. When advanced they contain a ne- 
crotic core of lipids and proteins. The lesions initially involve the intima 
and progress to involve the media. 

Pathophysiology—The mechanism for the development is poorly 
understood, but increased stress associated with increased blood pres- 
sure and turbulent flow may foster development of lesions. The actual 
initiating event in the intima is unknown, but minute tears in this layer 
occur and may be important. Platelet aggregation and changes in en- 
dothelial permeability and fibrin deposition are equally important in 
the development of the atheroma. 

These changes may induce smooth muscle proliferation in the in- 
tima, with subsequent lipid accumulation. Another hypothesis advo- 
cates lipid deposition as the inciting and most important event. Later, 
fibrosis, calcification, hemorrhage, ulceration, and thrombosis develop, 
causing eventual rupture or further lumen narrowing, causing blood 
flow to be critically reduced. 

Lipids in the blood are cholesterol and triglycerides. They are car- 
ried in combination with phospholipids and proteins and are called 
lipoproteins. Acceleration of atherosclerosis correlates best with eleva- 
tions of the LDL fraction (low-density lipoprotein) that is rich in cho- 
lesterol and poor in triglycerides. Elevation of the HDL fraction (high- 
density lipoprotein) protects against atherosclerosis. 

Symptoms and Signs—The symptoms and signs of atherosclerotic 
disease depend on the location and degree of impairment of blood flow 
to an organ. Atherosclerotic disease presents as sudden death (probably 
due to a ventricular arrhythmia), angina pectoris, myocardial infarc- 
tion, cerebrovascular accident, dissecting aneurysm, thrombosis of a 
major vessel, ischemic renal disease, intermittent claudication, or pe- 
ripheral vascular disease. Only those that are not discussed elsewhere 
are discussed here. Intermittent claudication is pain in the legs that is 
precipitated by exercise and relieved by rest. Peripheral vascular dis- 
ease also may cause leg pain at night, atrophy and weakness of leg 
muscles, loss of pulses in the feet, neuropathy, extreme sensitivity to 
cold, and, eventually, dry gangrene. Atherosclerosis of the mesenteric 
vessels may cause abdominal pain that is precipitated by eating (ab- 
dominal angina) and weight loss, diarrhea, and steatorrhea. Thrombo- 
sis of these vessels will cause bowel infarction. The diagnosis of athero- 
sclerotic disease usually is based on symptoms and signs of reduced 
organ perfusion. Noninvasive studies and angiography are often helpful 
in defining the sites of vessel narrowing. 


Coronary Artery Disease 


This disease (CAD) also is referred to as ischemic heart disease 
(IHD). Inadequate oxygen supply for myocardial demand is 
caused most commonly by coronary artery atherosclerotic dis- 
ease. Other causes of decreased oxygen delivery to the myocar- 


dium include coronary embolism, coronary ostial stenosis in 
tertiary syphilis, and coronary artery spasm. Anemia, carboxy- 
hemoglobinemia, and hypoxemia from lung disease also can 
reduce the O,-carrying capacity of the blood. Perfusion and O, 
delivery of the myocardium is decreased in hypotension. Myo- 
cardial oxygen demand is increased with exertion, myocardial 
hypertrophy, thyrotoxicosis, and beriberi. In most cases of 
CAD, atherosclerosis is the underlying disorder. 


Normal Anatomy—Arteries from the aorta nourish the myocar- 
dium. The right coronary artery supplies the right atrium, right ven- 
tricle, left atrium, posterior septum, AV node, and, in over 50% of 
individuals, the SA node. The left main coronary artery branches into 
two arteries. The circumflex supplies the anterolateral, lateral, postero- 
lateral, inferior lateral, and inferior wall of the left ventricle, left 
atrium, and, in about 45% of individuals, the SA node. The left anterior 
descending supplies the anterior, anterolateral, and apical left ventric- 
ular wall, the septum, and the right ventricle adjacent to the septum. 

Normal Physiology—Under normal resting conditions, the myo- 
cardium extracts about 70% of the available oxygen from the coronary 
blood flow. This is in contrast to resting skeletal muscle, which extracts 
only 25% of available oxygen. Unlike skeletal muscle, the myocardium 
is capable of anaerobic metabolism for only a short time and cannot 
incur an oxygen debt. Increased myocardial oxygen demand must be 
met by increased coronary blood flow. The myocardium normally re- 
ceives 5% of cardiac output. The normal heart can increase coronary 
blood flow by 5-fold by a combination of coronary vasodilation due to an 
autoregulatory process and increased cardiac output. Blood flow to the 
myocardium occurs almost exclusively during diastole. Local tissue 
hypoxia results in potent vasodilation and may increase coronary blood 
flow. Local tissue factors are more important than neuronal factors in 
regulating vasodilation. 

Systolic and diastolic wall tension, fraction of the cardiac cycle time 
spent in systole, and myocardial contractility determine myocardial oxy- 
gen consumption. The systolic wall tension (T) is determined by the sys- 
tolic ventricular pressure (P), the radius (r) of the ventricular cavity, and 
wall thickness (h) (T = P - r/2h). The greater the cavity size and pressure, 
the greater the tension. Aortic diastolic pressure (afterload) partly deter- 
mines the ventricular systolic pressure. The fraction of time spent in 
systole is determined by heart rate and ejection time. Oxygen demand of 
the myocardium depends on the amount of work the muscle must perform. 

Pathology—Most atherosclerotic lesions occur in the proximal por- 
tion of the coronary arteries, because this is not a small-vessel disease. 
Lesions in the left anterior descending artery are usually within 3 cm of 
the bifurcation of the left main coronary artery. Lesions in the right 
coronary artery usually occur within 6 to 8 cm of the ostium. A lesion 
that occludes less than 50% of the lumen of the vessel usually does not 
produce symptoms. 

Pathophysiology—As the lumen of the vessels begins to narrow, 
blood flow is decreased. Vessels distal to the obstruction dilate to main- 
tain flow, presumably in response to hypoxia. When the obstruction 
reaches a critical size, the distal vessels become dilated permanently. 

Ischemia causes changes in the biochemical, electrical, and mechan- 
ical properties of the heart. The myocardium normally oxidizes glucose 
and free fatty acids completely to carbon dioxide and water. In isch- 
emia, lactate, pyruvate, and other metabolic products accumulate in the 
myocardium. Ischemia also alters the electrical properties of the heart; 
decreased membrane potential, particularly, occurs. Decreased conduc- 
tion velocity and altered action potential duration results, so that ar- 
rhythmias may occur. Ischemia causes transiently decreased contrac- 
tility, and necrosis causes irreversible loss of contractility. Ischemia 
may cause asymmetry and asynchrony of ventricular contraction. 

The location of the lesion is important because this determines the 
size and location of the ischemia. The presence of collateral vessels may 
prevent the development of permanent injury. Unfortunately, the only 
known stimulus for collateral vessel formation is ischemia. A sudden 
decrease in lumen size, as with thrombosis or hemorrhage, is a cata- 
strophic event, as collateral vessels have not yet formed and therefore 
cannot provide an alternative source of oxygen. There is a group of 
people in whom coronary artery spasm plays a role in ischemic heart 
disease with or without fixed atherosclerotic lesions. The mechanism of 
the production of pain by the ischemia is unknown. 

Symptoms and Signs—Coronary artery disease may present as 
ventricular arrhythmias or myocardial infarction, which is discussed 
below. The other manifestation of CAD is angina pectoris, which is a 
clinical syndrome that results from transient myocardial ischemia but 
with no evidence of permanent damage. 

The patient with angina pectoris usually describes the chest discom- 
fort as heaviness, pressure, tightness, or squeezing. Patients often will 


not use the word pain and may ascribe their symptoms to indigestion. 
The substernal discomfort may radiate to the left arm, throat, jaw, 
shoulder, back, or abdomen. The discomfort typically is precipitated by 
exercise and also, but less often, by eating, emotional upset, exposure to 
cold, and cigarette smoking. Rest relieves it. The episodes usually last 
longer than 1 minute and not longer than 30 min. 

Angina pectoris is classified according to its frequency, severity, and 
precipitating event. Unstable angina describes a syndrome of attacks of 
recent onset or of increasing frequency, severity, or duration, or occur- 
ring with less exercise or at rest. Myocardial infarction and arrhyth- 
mias are more likely to develop during periods of unstable angina. 
Stable angina describes a clinical picture of little-varying attacks. Noc- 
turnal angina occurs during sleep and may be associated with either 
dreams and rapid eye movement (REM) sleep or increased venous 
return in a patient with congestive failure. Prinzmetal angina is atyp- 
ical angina. It occurs at rest, is associated with ventricular arrhyth- 
mias, and is thought to be due to coronary artery spasm. 

The physical examination of these patients may be normal between 
attacks. The diagnosis of angina is made from the history. Evidence of 
ischemia on ECG stress testing is inversion of T waves and depression 
of the S-T segment. Angiography and a therapeutic response to nitro- 
glycerin may be helpful in establishing the diagnosis. Other causes of 
chest pain such as other forms of heart disease and GI and musculo- 
skeletal disease must be considered in the differential diagnosis. 

Ischemic heart disease is the leading cause of death among males 
over 35 yr of age in the US and accounts for one-third of male deaths 
before age 65. The chief prognostic factors are the state of left ventric- 
ular function and the extent of the atherosclerotic disease. 


Myocardial Infarction 


Acute myocardial infarction (AMI) may be totally asymptom- 
atic and can be fatal or cause a variety of complications. 


Pathology—The coronary arteries show thrombosis in approxi- 
mately 90% of cases; thrombosis is central to the pathogenesis of AMI. 
It is death of myocardial tissue. Most infarctions involve the endocar- 
dial layer. If the area of necrosis exceeds 3 cm in diameter, the infarct 
is likely to be transmural. Twenty-four hours after the infarction occurs 
myocardial fibers show clumping, coagulation, and interstitial edema. 
By the 4th day the area is necrotic and shows fatty change and phago- 
cytosis of fibers by neutrophils. Between the 4th and 10th days the area 
shows distinct fatty change, may contain hemorrhage, and is maximally 
soft. By the 10th day vascularized scar tissue begins to replace the 
infarct. The infarction has healed completely by the 6th to 8th week. 

Symptoms and Signs—Chest pain is usually the presenting com- 
plaint. It is described as severe, excruciating, deep, heavy, squeezing, or 
crushing. No precipitating cause for the pain may be identified. The 
pain is similar to the pain of angina pectoris but is more severe, lasts 
longer, and is not relieved by rest or sublingual nitroglycerin. The pain 
may wax and wane. In 25% of patients, the substernal pain radiates to 
the arms; the pain also may radiate to the jaw, neck, abdomen, and 
back. Weakness, diaphoresis, nausea, vomiting, light-headedness, 
marked anxiety, and a sense of doom accompany the pain. The patient 
attempts in vain to find a comfortable position. AMI may be asymptom- 
atic in 15 to 20% of patients. Elderly persons may complain of dyspnea 
rather than pain. Other presentations of MI include syncope, confusion, 
arrhythmias, and hypotension. More than 50% of the deaths following 
MI occur within the first 24 hr and are due to arrhythmias. 

Physical examination typically discloses an anxious patient who is 
sweating and has cool extremities. Auscultation of the heart may reveal 
decreased heart sounds, S3, $4, or the murmur of mitral regurgitation. 
Temperature may be elevated to 38°. 

Laboratory examination may reveal an increased white blood count 
to 15,000/mm*. Enzymes released from damaged myocardial cells are 
used to diagnose AMI. The serum concentrations of these enzymes 
follow a characteristic pattern, with creatine (CK) and aspartate ami- 
notransferase (AST) rising and falling quickly while lactic acid dehy- 
drogenase (LDH) rises later and remains elevated longer. Measurement 
of serum troponin I has largely supplanted these enzyme measure- 
ments because of its greater sensitivity and specificity and more rapid 
appearance after the infarction. 

The ECG initially shows T-wave inversion and S-T segment depres- 
sion, signs of ischemia. When the infarct is transmural, Q-waves ap- 
pear. Infarction also may cause decreased voltage in the precordial 
leads. 

Complications—Arrhythmias are the most common cause of death 
in the early stages of AMI. Ventricular arrhythmias are the most 
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ominous, and ventricular fibrillation is the most common fatal arrhyth- 
mia. Coronary care units that prevent or aggressively treat arrhyth- 
mias have decreased mortality from this complication. 

Cardiac failure is now the primary cause of death in hospitalized 
patients with AMI. If more than 40% of the myocardium is destroyed, 
the prognosis is poor. 

Mitral regurgitation may result from rupture or dysfunction of the 
papillary muscles. This may decrease cardiac output and contribute to 
cardiac failure. 

Thromboembolism contributes to the cause of death in some cases. 
Mural thrombosis may develop on the endocardium of the left ventricle. 
Emboli from this thrombus may cause strokes or a new AMI. Deep 
venous thrombosis may develop in the legs and embolize to the lungs 
(pulmonary embolism). 

Rupture of the infarct may occur during the 1st week, when the 
infarct is maximally soft. The blood pressure falls rapidly, and the 
patient loses consciousness. The ECG may not change immediately. 
Cardiac tamponade occurs as the pericardium fills with blood. This 
complication is almost always fatal. The septum may rupture, leading 
to left-to-right shunting. A pansystolic murmur is heard, and cardiac 
output decreases. 

A weakening of the ventricular wall is called a ventricular aneu- 
rysm. When the remaining myocardium contracts, the aneurysm 
bulges. Because this portion of the wall has lost contractility, cardiac 
output decreases, and CHF may develop. Systemic embolism may arise 
from a mural thrombus in the aneurysm. Arrhythmias are common 
with ventricular aneurysm and portend a poor prognosis. 

Pericarditis may develop 2 to 3 days after the infarction. Pericardial 
pain is usually sharp, knife-like, and substernal. It may radiate to the 
neck and shoulders, is relieved by leaning forward, and is worsened by 
deep breathing. A pericardial friction rub may be heard. The pericar- 
ditis usually resolves with the healing of the infarct. 


Heart Failure 


This is defined as an inability of the heart, under normal filling 
conditions, to pump blood at a rate sufficient to meet the 
metabolic demands of the tissues. The inability to pump blood 
can be due to various abnormalities in the myocardium. When 
the heart pumps blood at an insufficient rate, the kidneys 
retain salt and water, and fluid accumulates in interstitial 
spaces. Thus, the term CHF usually is used. However, not all 
types of fluid overload or congestion are due to heart failure. 
Other causes of fluid overload include nephrotic syndrome, 
renal failure, liver disease, and starvation. Heart failure may 
develop acutely or chronically and may be mild to severe. 
Severe heart failure is synonymous with cardiogenic shock. 


Normal Physiology—Function of the heart as a pump depends 
upon the number of functioning muscle fibers and their length at the 
onset of contraction. The end-diastolic volume (EDV), which is referred 
to as preload; the cardiac impedance, or afterload against which the 
blood is ejected; and the intrinsic myocardial activity or the contractile 
state determine fiber length. Heart rate and the stroke volume deter- 
mine cardiac output (CO). The normal stroke volume (SV) is 70 mL, and 
the normal end systolic volume is 5 to 60 mL. SV is described by the 
equation end-diastolic volume minus end systolic volume. 

The heart contracts in two phases. In the isovolumic phase the 
length of the fiber remains constant while the pressure increases. When 
the left ventricular pressure reaches the diastolic pressure the ejection 
phase occurs, during which contraction occurs as the fibers shorten. 
Heart rate determines filling time for the ventricles. Cardiac output 
remains stable between 50 to 180 beats/min. The afterload, or the 
resistance against which the heart works, influences cardiac output— 
the higher the resistance, the lower the CO. 

Normally, the heart will pump out the blood that flows into it so that 
cardiac output is equal to venous return, which is controlled by the 
tissues. Cardiac output can be increased within certain limits by auto- 
nomic stimulation, hypertrophy of the heart muscle, and an increase in 
blood volume. The heart has tremendous reserve capacity and can 
increase CO by increasing both heart rate and stroke volume. 

The Frank-Starling relation describes the relationship between the 
stroke volume, diastolic volume or filling pressure, and the length of the 
fibers at the end of diastole. The Frank-Starling relation also describes 
the ability of the heart to adapt to changing amounts of inflowing blood. 
Within physiological limits, the more the chamber is filled, the greater 
the quantity of blood that will be pumped. If the muscle fibers are 


1066 CHAPTER 56 


stretched by volume, the muscle contracts with greater force, thereby 
increasing CO. Increased contractility results from sympathetic stimu- 
lation, and decreased contractility indicates a failing heart. This rela- 
tionship shows that for a given end-diastolic volume, the ventricles 
receive and eject a higher stroke volume when contractility is increased 
and a lower stroke volume when contractility is decreased. 

Etiology—Processes that cause the heart to fail are those that 
increase the work of the heart, usually over many years, or that damage 
the myocardial fibers. As a result, cardiac output decreases. The most 
common cause of left ventricular failure is systemic hypertension. Ste- 
notic valvular disease leads to failure. An incompetent heart valve 
eventually leads to failure. Congenital defects may result in increased 
cardiac work. Cardiomyopathies, atherosclerotic coronary disease, and 
myocardial infarction damage muscle fibers and impair contractility. 
Tachyarrhythmias and atrial-ventricular dissociation result in less fill- 
ing of the ventricles, and ventricular arrhythmias also decrease con- 
tractility. Pericarditis may impair ventricular filling or contraction. The 
most common cause of right heart failure is left heart failure. Pulmo- 
nary embolism may precipitate acute right ventricular failure. Cor 
pulmonale is right heart failure due to pulmonary hypertension, which 
can occur as a complication of hypoxemia from lung disease. 

Increased metabolic demands or decreased oxygen-carrying capacity 
of the blood may exceed cardiac reserve. Causes of high-output heart 
failure (see below) include hyperthyroidism, anemia, A-V fistulas, preg- 
nancy, infections (particularly pulmonary infection), and beriberi. 

Pathophysiology—Most cases of CHF are due to low-output fail- 
ure as occurs in hypertension, atherosclerotic heart disease, or valvular 
disease. In certain cases of heart failure, the cardiac output is greater 
than normal and is known as high-output failure. This is due to the 
metabolic demands of the tissue being increased greatly or the oxygen- 
carrying capacity of the blood being decreased greatly. Hyperthyroidism 
and pregnancy are causes of increased metabolic demands of the tis- 
sues. Anemia, arteriovenous fistulas, and hypoxemia are examples of 
decreased oxygen content of the blood. 

Compensatory Mechanisms of Low Cardiac Output—When 
cardiac output falls, reflexes occur immediately. The baroreceptors 
sense the decreased arterial pressure and increase sympathetic tone 
while decreasing parasympathetic tone. This increases the force of 
contraction of the heart, increases heart rate, raises mean systemic 
arterial pressure, and increases venous return. These reflexes are max- 
imal 30 sec after a drop in arterial pressure. 

Redistribution of blood flow occurs resulting in maintenance of blood 
flow to the myocardium and brain. Blood flows to the skin and skeletal 
muscle are decreased greatly by norepinephrine-induced vasoconstric- 
tion. Blood flow also is decreased to the kidney in CHF. 

Decreased cardiac output reduces the glomerular filtration rate 
because of both decreased renal blood flow and sympathetic vasocon- 
striction of afferent renal arterioles. Blood flow within the kidney is 
redistributed by the vasoconstriction to deeper nephrons, at the ex- 
pense of the superficial cortex. Renin production by the juxtaglomerular 
apparatus is increased in response to decreased blood flow. Renin 
cleaves angiotensinogen to angiotensin I, which is converted by angio- 
tensin-converting enzyme (ACE) to angiotensin II. This end substance 
is a potent peripheral vessel constrictor and stimulator of aldosterone 
secretion by the adrenal cortex. Aldosterone promotes the retention of 
sodium and water by the distal convoluted renal tubule and causes 
expansion of the blood volume and accumulation of fluid in interstitial 
spaces. Serum sodium remains normal or is decreased; although total 
body sodium is increased. 

Increased blood volume and increased systemic blood pressure in- 
crease venous return to the heart. Eventually, the heart can no longer 
keep pace with the increased venous return. In mild heart failure, the 
increased fluid volume helps to increase cardiac output by applying 
some stretch to the myocardial fibers. In severe heart failure, the 
amount of fluid overload becomes so great that the fibers are stretched 
beyond the limits of efficient contraction and the fibers descend to a 
lower Frank-Starling curve. A greater end-diastolic pressure is neces- 
sary to maintain CO on this lower curve. The increase in left ventricular 
end-diastolic pressure (LVEDP) is transmitted as increased hydrostatic 
pressure to the pulmonary veins, capillaries, and arteries. Eventually, 
the increased pressure in the pulmonary arteries causes the right 
ventricle to fail. Increased right ventricular end-diastolic pressure 
translates into increased hydrostatic pressure in the systemic veins and 
capillaries. 

Edema Formation—Most of the fluid accumulation in interstitial 
spaces results from increases in hydrostatic pressures. The colloidal 
pressure of the blood that holds fluid in the vascular compartment is 
about 25 to 30 torr. When the hydrostatic pressure in the capillaries 
exceeds 25 torr, fluid is pushed into the interstitial spaces. Congestive 
heart failure involves fluid retention in both the intra- and extravascu- 
lar space. Fluid retention also results in distention of the venous res- 


ervoirs in the liver and spleen. When LVEDP exceeds 22 torr, the 
pressure transmitted to the pulmonary capillaries causes pulmonary 
edema. Oxygen does not diffuse efficiently in alveoli filled with edema 
fluid, so hypoxemia results. 

Symptoms and Signs—Patients with left ventricular failure most 
commonly complain of a sensation of shortness of breath (dyspnea). 
Initially, the dyspnea is present only on exertion (DOE), but the amount 
of activity necessary to precipitate dyspnea progressively lessens until 
the patient is dyspneic at rest. Orthopnea is the sensation of breath- 
lessness that occurs in the recumbent position and may be relieved by 
elevating the head on several pillows or by sitting. Paroxysmal noctur- 
nal dyspnea (PND) is severe dyspnea occurring at night that awakens 
the patient with a sensation of smothering; PND usually is accompa- 
nied by coughing and/or wheezing. The patient may produce frothy pink 
sputum. 

Patients with left ventricular failure also may experience fatigue, 
weakness, and alterations in mental status such as confusion, difficulty 
in concentrating, impaired memory, headache, insomnia, and anxiety. 

Physical examination of the patient with left heart failure reveals a 
person who may have lost considerable body mass. The patient may be 
unable to lie flat during the examination. The pulse may be weak, 
although the blood pressure remains normal until very late in the 
course. The extremities will be pale and cool. Cyanosis of the lips and 
nailbeds may be present. Examination of the heart reveals tachycardia 
and S3 gallop. Moist, crepitant, inspiratory rales over the lung bases in 
moderately severe CHF and over the entire lung fields in pulmonary 
edema are heard. Chest radiograph shows the enlarged heart and signs 
of pulmonary venous congestion. Urine volume will be decreased, and 
prerenal azotemia may be present. 

Patients with right ventricular failure complain of weight gain and 
the accumulation of fluid. A 10% gain in body weight may occur before 
pitting edema occurs. In ambulatory patients the edema is symmetrical 
in the ankles and legs. Since gravity influences the distribution of the 
edema, the buttocks and sacrum may be edematous in bedfast patients. 
Anasarca is massive body fluid overload including generalized edema, 
ascites, and pleural effusions. As fluids accumulate in the pleural cav- 
ity, the patient may develop dyspnea. Patients experience an increased 
girth as fluid accumulates in the peritoneal cavity. The liver may 
become enlarged and tender, and there may be right upper quadrant 
pain. Anorexia, nausea, and abdominal fullness occur. The patient 
becomes jaundiced when impairment of liver function becomes severe. 

Physical examination of the patient with severe right-sided heart 
failure will reveal pleural effusions, ascites, jugular venous distention, 
hepatomegaly, splenomegaly, and pitting edema. 


Valvular Heart Disease 


This disease occurs when the heart valves become damaged 
and no longer will open or close properly. If fibrous scar tissue 
forms or calcium deposits on the valve, the valve becomes 
stenotic and no longer opens easily. If the valve leaflets shrink 
or do not oppose each other properly when closing, because of 
scarring or damage from infection, the valve no longer is com- 
petent, and blood flows backward. A single valve may be both 
stenotic and incompetent. More than one valve may be in- 
volved. The consequences of valvular disease include CHF, 
arrhythmias, and systemic emboli. The hallmark of valvular 
disease is a murmur—a noise representing turbulence of blood 
flow across the valve. 


Normal Anatomy and Physiology—tThe valves between the atria 
and the ventricles, tricuspid on the right side and mitral on the left side, 
are large and normally offer little resistance to flow. The seminar 
valves, the aortic and pulmonic, are smaller. The atrioventricular 
valves are supported by chordae tendineae, but the seminar valves 
are not. The valves open and close passively in response to pressure 
gradients. 

The opening and closing of the valves cause the heart sounds. The 
first sound (/ub) occurs at the beginning of systole and represents the 
closure of the mitral and tricuspid valves. The second sound (dup) is 
heard at the beginning of diastole and signals closure of the aortic and 
pulmonic valves. In normal individuals the second sound may be split 
because the aortic and pulmonic valves do not close simultaneously. 
The loudness of the heart sounds is proportional to the rate of change of 
pressure across the valves. A loud first sound is when the mitral valve 
leaflets are far apart at the onset of ventricular systole. This occurs in 
mitral stenosis and tachycardia of any cause. A loud second sound 
indicates an increased pressure, as in systemic and pulmonary hyper- 


tension. A third heart sound (S3) is caused by blood flowing into the 
ventricles, particularly in the dilated ventricles of CHF. A fourth heart 
sound (S4) also emanates from the ventricles but is caused by forceful 
atrial contraction thrusting blood into ventricles whose compliance is 
decreased as in hypertensive heart disease. 

Etiology—Formerly most valvular lesions followed rheumatic fe- 
ver. Now the causes are more varied and include congenital lesions such 
as a bicuspid aortic valve, which may become significantly stenotic only 
in adult life as it calcifies. Another congenital condition is mitral valve 
prolapse, in which the mitral valve is redundant and billows into the 
left atrium during systole. 

A number of systemic diseases are associated with valvular lesions: 
seronegative spondylitides, polycystic kidney disease, and Marfan’s 
syndrome are examples. Acute bacterial endocarditis can attack previ- 
ously normal valves and destroy them rapidly. The aortic and tricuspid 
valves are particularly vulnerable, especially in intravenous drug users. 
Subacute bacterial endocarditis also damages valves, but it usually 
alights on previously abnormal valves. 

An increasingly common cause of mitral and tricuspid insufficiency 
is dilation of the valve ring from chronic fluid overload as in CHF and 
end-stage renal disease. 

Pathology—In acute rheumatic fever the valve leaflets become 
swollen and thickened, and small beadlike nodules develop along the 
valve closure lines and on the chordae. These nodules are composed of 
fibrin, platelets, and WBCs. The inflammation may subside with the 
acute attack or develop into a subacute or chronic process. The inflam- 
mation leads to erosion of the endothelial surface and deposition of 
collagen by fibroblasts. The fibrous scarring during organization leaves 
a permanently thickened, distorted, rigid valve. Contraction of the scar 
results in shortening of the leaflets and distortion of the architecture of 
the valve. The edges of the deformed valve fail to fit together during 
closure, causing valvular incompetence. The chordae also may be in- 
volved in scarring and shortening. Fibrous adhesions may occur across 
the cusp edges, and the valve may calcify. Adhesions and calcification 
increase the rigidity of the valve and cause stenosis. Stenosis and the 
uneven surface are associated with increased turbulence of flow across 
the valve. 


MITRAL STENOSIS (MS) 


Pathophysiology—The normal area of the mitral valve is 4 to 6 
cm” in adults. Symptoms of MS occur when the area is reduced to 1.5 
cm’. If the valve is stenotic, greater pressures are required to pump the 
blood from the left atrium to the left ventricle. Normally, mean pressure 
in the left atrium is 12 torr. A valve orifice less than 1 cm? requires a 
pressure of 25 torr in the left atrium to pump the blood into the left 
ventricle. The elevated atrial pressure is transmitted back into the 
pulmonary veins, capillaries, and arteries. Pulmonary arteries develop 
medial hypertrophy and intimal thickening that leads to high resis- 
tance and pulmonary hypertension. Alveolar fibrosis may occur also. 
When the pressure in the pulmonary capillaries exceeds the osmotic 
pressure of blood, pulmonary edema develops, although the patient 
does not have left ventricular failure and left ventricular end diastolic 
pressure is normal. Eventually, the right heart fails. 

Left ventricular output may be normal or decreased. The flow across 
the valve depends on heart rate as well as size of the opening. Increas- 
ing heart rate decreases the time available for flow across the mitral 
valve. 

Symptoms and Signs—Two decades usually elapse between the 
initial attack of rheumatic fever and the development of the symptoms 
and signs of MS. Most patients become symptomatic during the 4th 
decade of life. Once symptoms occur the prognosis is poor, with death 
occurring in 2 to 5 yr unless the valve is replaced or corrected. The 
symptoms begin with dyspnea and cough during extreme exertion, but 
over the years the amount of exercise necessary to produce symptoms 
decreases until dyspnea occurs at rest. Orthopnea and paroxysmal 
nocturnal dyspnea may occur. With long-standing MS, atrial arrhyth- 
mias are common. 

Extensive fibrosis of the alveolar walls and pulmonary capillary 
thickening lead to decreased vital capacity, total lung capacity, maxi- 
mum breathing capacity, and oxygen uptake. V/Q mismatching occurs. 
Decreased compliance of the lung increases the work of breathing and 
increases the sensation of breathlessness. Hemoptysis results from 
rupture of small vessels in the bronchioles. 

Patients with MS, particularly those with atrial fibrillation, are 
likely to embolize thrombi from the left atrium to the brain, kidneys, 
spleen, or extremities. 

The physical examination of patients with MS often discloses cya- 
nosis of the lips and nails, and signs of right heart failure. The first 
heart sound is accentuated. The opening snap of the mitral valve may 
be heard. A low-pitched, rumbling, diastolic murmur is characteristic of 
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mitral stenosis. Chest radiograph shows an enlarged left atrium, pul- 
monary arteries, and right ventricle, as well as markings of increased 
pulmonary venous pressure. Electrocardiogram shows signs of left 
atrial enlargement and may disclose an atrial arrhythmia. Echocardio- 
gram, the most useful noninvasive test, shows inadequate valve sepa- 
ration, thickened leaflets, and left atrial enlargement. 


MITRAL INSUFFICIENCY (MR) 


Pathophysiology—Blood now flows from the left ventricle in two 
directions: into the aorta and back into the left atrium. As left ventric- 
ular function deteriorates, left ventricular end-diastolic volume is in- 
creased. Finally, left end-diastolic pressure is increased, but cardiac 
output eventually decreases. 

Symptoms and Signs—The patients present with symptoms of 
decreased cardiac output such as fatigue, dyspnea, weakness, and, 
perhaps, cachexia. Palpitations due to atrial arrhythmias may be felt. If 
pulmonary vascular resistance is increased, right heart failure results. 
If pulmonary pressures are high the patient may complain of orthop- 
nea, DOE, and PND. The symptoms of MR are less episodic than those 
of MS. 

Physical examination discloses a loud pansystolic murmur that may 
radiate to the axilla. The pansystolic murmur occurs in MI because of 
rheumatic heart disease. Other causes, particularly mitral valve pro- 
lapse, are not associated with a murmur that continues throughout 
systole. The ECG reveals evidence of left ventricular and/or right ven- 
tricular hypertrophy, left atrial enlargement, and, in chronic cases, 
atrial fibrillation. Chest X-ray may show extreme left atrial enlarge- 
ment and left ventricular enlargement. Echocardiogram shows left 
atrial enlargement and a hyperdynamic left ventricle. Calcifications of 
the mitral valve may be seen on chest radiograph. 


AORTIC STENOSIS 


Pathophysiology—Aortic stenosis causes obstruction to the flow of 
blood from the left ventricle. Cardiac output is maintained by the 
generation of increased pressures by the left ventricle. The left ventricle 
responds to this situation by developing concentric hypertrophy without 
dilation if the obstruction develops gradually. The diameter of the 
normal aortic orifice is 3 to 3.5 cm”, and a reduction to 0.5 to 1.0 cm? is 
critical. 

The patient initially develops symptoms during exercise because 
cardiac output cannot be increased to meet the oxygen demands of 
exercise. Later, as the left ventricle begins to fail, cardiac output cannot 
be maintained at rest. 

Symptoms and Signs—Aortic stenosis may exist for years before 
symptoms develop. The onset of symptoms for rheumatic aortic stenosis 
is usually in the 4th or 5th decade. The characteristic symptoms are 
fatigue, exertional dyspnea, angina, and syncope. The syncope is usu- 
ally exertional and occurs when cardiac output cannot be increased. 
Reduced cerebral blood flow may cause syncope. An arrhythmia also 
may result in decreased cardiac output and syncope. Very late in the 
course of the disease the patient has the symptoms and signs of left 
ventricular failure and, finally, in the preterminal phase, symptoms 
and signs of right heart failure. 

When aortic stenosis occurs with mitral stenosis, less blood fills the 
left ventricle so a lesser pressure gradient develops across the aortic 
valve. The left ventricle does not hypertrophy as much, and less angina 
occurs. When aortic stenosis occurs with mitral stenosis, the patient has 
more of the symptoms and signs of mitral stenosis. 

On physical examination of the patient with aortic stenosis, an 
ejection click may be heard as well as closure of the aortic valve if the 
valve is not calcified. The pulmonary valve may close before the aortic 
valve, resulting in paradoxical splitting of the second heart sound. A 
systolic ejection murmur that begins after the first heart sound, in- 
creases in intensity, reaching a peak in the middle of the ejection period, 
and decreases in intensity until closure of the aortic valve is heard. The 
ejection murmur thus is referred to as crescendo decrescendo. 

Once the patient has become symptomatic, the prognosis is poor, 
with 80% mortality at 4 yr. Congestive heart failure accounts for mor- 
tality in up to two-thirds of the patients, and its onset suggests an 
average prognosis of 1 1/2 yr. Ten to 20% of the patients die from an 
arrhythmia. 


AORTIC INSUFFICIENCY (Al) 


Pathophysiology—In AI a fraction of the stroke volume flows 
backward into the left ventricle, so that cardiac output decreases. To 
compensate for the decrease in cardiac output, left ventricular end- 
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diastolic volume increases to allow for greater stroke volume. The left 
ventricle dilates to accommodate the increased end-diastolic volume. 
Eventually, left ventricular function fails, and cardiac output decreases. 

Symptoms and Signs—A patient who develops AI is usually 
asymptomatic for 10 to 20 yr. The first symptom is an uncomfortable 
awareness of the heart beat, particularly in the supine position or 
during exertion or emotional upset. Next, exertional dyspnea develops 
as a sign of decreased cardiac reserve. Later, signs of left ventricular 
failure appear. The patient may complain of chest pain because of 
pounding of the chest wall. Typical or atypical angina may develop, may 
be prolonged, and will not respond to nitroglycerin. Finally, symptoms 
and signs of systemic fluid overload and right heart failure appear. The 
cause of death may be pulmonary edema. Syncope is rare. 

Physical examination of patients with AI reveals an increased sys- 
tolic pressure and decreased diastolic pressure with a wide pulse pres- 
sure. A diastolic high-pitched blowing decrescendo murmur is heard. 
ECG shows left ventricular enlargement. Chest radiograph shows left 
ventricular enlargement and dilation of the ascending aorta. Echocar- 
diography shows left atrial and left ventricular enlargement and high 
frequency fluttering of the mitral valve. 

The prognosis in decompensated AI is poor. Surgical correction is 
necessary before left ventricular deterioration occurs. 


TRICUSPID STENOSIS 


Pathophysiology—tTricuspid stenosis presents an obstruction to 
outflow from the right atrium and results in an increased end-diastolic 
pressure in the right atrium. The increased right atrial pressure causes 
backup of blood and congestion in’ the systemic circulation. Cardiac 
output decreases because of decreased return to the left atrium. 

Symptoms and Signs—tThe patient presents with the symptoms 
and signs of right heart failure. A diastolic murmur is characteristic of 
tricuspid stenosis. 


TRICUSPID INSUFFICIENCY 


Pathophysiology—tThe flow of blood from the right ventricle flows 
back into the right atrium, leading to enlargement of the right atrium 
and increased right atrial pressure. The increased right atrial pressure 
leads to systemic venous congestion. 

Symptoms and Signs—The patient with advanced tricuspid insuf- 
ficiency exhibits the signs of right heart failure and decreased cardiac 
output. Blood surging back from the right ventricle into the right 
atrium and great veins causes prominent v-waves in the jugular venous 
pulse and may make the liver pulsate palpably. A blowing systolic 
murmur is heard in tricuspid insufficiency. Atrial fibrillation may be 
present. 


Disorders of Cardiac Rhythm 
(Electrophysiology) 


Dysrhythmias (arrhythmias) are irregularities in the heart 
rhythm that result from disturbances in the rate or conduction 
of the impulse. Certain dysrhythmias occur in the absence of 
any detectable disease of the heart. Other dysrhythmias occur 
characteristically in certain diseases of the heart or with toxic 
amounts of drugs. Predisposing factors for the development of 
a dysrhythmia include ischemic heart disease, CHF, hypox- 
emia, electrolyte imbalance, acidosis, and treatment with cer- 
tain drugs such as sympathomimetics or antiarrhythmic drugs. 
The treatment of a dysrhythmia may be difficult unless all 
predisposing factors are corrected. 


Normal Physiology—The conduction of an impulse through the 
myocardium proceeds in an orderly fashion so that the atria and the 
ventricles each contract as a unit and the atria fill the ventricles. The 
heart rate normally is controlled by the SA node, which fires at 60 to 100 
beats/min. The electrophysiology of the pacemaker dictates that the 
faster pacemaker controls the heart rate: SA node 60 to 100 beats/min; 
AV node 40 to 60 beats/min; ventricular pacemaker 20 to 40 beats/min. 

An impulse is conducted from the SA node through the atria to the 
AV node. Atrial depolarization causes the P wave of the ECG. The AV 
node slows the impulse so that the atria have time to contract and fill 
the ventricles. The impulse then proceeds down the common bundle of 
His, the bundle branches into the Purkinje fibers. The QRS complex of 
the ECG is caused by ventricular depolarization, and the T wave is 
caused by ventricular repolarization. 


Pathophysiology—Many dysrhythmias result from a decrease or 
increase in automaticity in myocardial tissue. Increased automaticity 
may result from a more-rapid rate of depolarization, more-negative 
threshold potential, less-negative resting potential, or a combination of 
these alterations. A decreased automaticity results from the opposite 
situations. Conduction disturbances, particularly slowing or failure of 
propagation also may cause dysrhythmias. Conduction disturbances 
are caused electrophysiologically by low resting potential, a slowly 
rising action potential, and delayed recovery from depolarization. 

Many paroxysmal tachycardias are due to reentrant phenomena, ie, 
a circus movement, in which an impulse is propagated continually in a 
circuit of excitable tissue. Such circuits may exist because of structural 
abnormalities, such as a bypass tract, or because of functional abnor- 
malities of diseased heart tissue. When a critically timed impulse comes 
to two potential pathways with different refractory periods, it may be 
blocked down one pathway but conducted down the second. The impulse 
then can be conducted up the initially refractory pathway in a retro- 
grade direction and back down the second pathway, thus setting up the 
circus movement. 

Dysrhythmias may have various or no effects on the individual. 
Significant changes in the heart rate may impair cardiac output. In 
bradycardia, cardiac output is not increased during conditions of in- 
creased demand such as exercise, infection, or stress. In tachycardia the 
synchrony of atrial-ventricular contraction may be lost or the time for 
ventricular filling may be decreased so that cardiac output is decreased. 

Heart rate is a determinant of myocardial oxygen consumption. 
Coronary artery blood flow to the ventricles occurs only in diastole. 
Tachycardia increases cardiac oxygen demand while decreasing supply. 


PATHOPHYSIOLOGY AND SYMPTOMS AND SIGNS 
OF COMMON ARRHYTHMIAS—Sinus bradycardia is a 
heart rate of less than 60 beats/min, with the impulse originat- 
ing in the sinus node. Sinus bradycardia occurs in individuals 
who are in excellent physical condition, have increased para- 
sympathetic tone, have increased intracerebral pressure, or 
have hypothyroidism or in patients with SA node dysfunction 
due to degenerative or ischemic heart disease. 

Sinus arrest refers to total cessation of sinus node activity. 
This may occur because of complete sinoatrial block (interfer- 
ence of conduction between sinus node and atrium) or loss of 
automaticity. There is a pause of at least 3 sec between two P 
waves on the ECG. Causes of sinus arrest include excessive 
vagal stimulation, ischemic heart disease, and digitalis toxic- 
ity. 
Sinus arrhythmia usually is not a dysrhythmia but a nor- 
mal change in heart rate (less than 10% variation in length of 
adjacent sinus cycles) that occurs with respiration. Heart rate 
increases during inspiration and decreases during expiration. 

Sinus tachycardia is a heart rate above 100 beats/min, with 
the impulse originating in the sinus node. Usually sinus tachy- 
cardia is less than 140 beats/min. The etiology of sinus tachy- 
cardia includes anxiety, fever, anemia, blood loss, thyrotoxico- 
sis, pregnancy, pheochromocytoma, hypoxemia, various drugs, 
and electrolyte disturbances. 

Premature atrial depolarizations (PADs) are ectopic atrial 
beats. Usually PADs are of little significance, although they 
may precede a more serious atrial arrhythmia. The rhythm 
with PADs is usually irregular. The P wave is abnormal in 
PADs or may be hidden in the T wave. A PAD may be confused 
with a premature ventricular contraction. The cause of PADs is 
related to stimulation by nicotine, caffeine, or sympathomimet- 
ics or the deranged electrophysiology of failing atria. 

Paroxysmal supraventricular tachycardia (PSVT) is a sud- 
den attack of atrial tachycardia that is sustained by reentry. 
The heartbeat is regular and 140 to 250 beats/min. This is a 
benign arrhythmia unless the rate is very rapid. PSVT occurs 
in young people with no obvious cardiac disease, and the pre- 
cipitating event is usually emotional upset, trauma, fatigue, 
indigestion, stimulant drugs, or alcohol ingestion. The patient 
may become very anxious because of prominent palpitations. 
PSVT may end abruptly, spontaneously, or be terminated by 
carotid massage or medications. The prognosis for PSVT is 
excellent unless the rapid rate results in CHF, angina, or 
myocardial infarction. 

Atrial flutter is a regular rhythm with an atrial rate of 250 
to 350, usually 300 beats/min. The ventricular rate is 75 to 150 


beats/min, reflecting AV block. The rhythm is sustained by 
reentry. The ECG shows sawtooth flutter waves instead of P 
waves. Atrial flutter occurs in patients with ischemic heart 
disease, mitral stenosis, thyrotoxicosis, hypertension, atrial 
septal defect, and hypoxemia due to chronic lung disease. 

Atrial fibrillation is an arrhythmia in which the atria do not 
contract. The atrial rate is 400 to 600, and the ventricular rate 
is 80 to 180 beats/min. The ventricular rate, which is slower 
than the atrial rate because of AV block, is usually rapid and 
irregularly irregular. The ECG shows fibrillating undulations 
instead of P waves. Because the atria do not contract, cardiac 
output is decreased, and the symptoms and signs of CHF may 
be seen. Blood stagnates in the fibrillating atria, and thrombi 
may form that embolize to either the lungs or the systemic 
circulation. The patient also may complain of palpitations due 
to the irregular rhythm. Paroxysmal atrial fibrillation may 
precede the onset of permanent atrial fibrillation in patients 
with mitral stenosis, constrictive pericarditis, ischemic heart 
disease, CHF, and thyrotoxicosis. 

Premature ventricular depolarizations (PVDs) are beats 
that originate in an ectopic ventricular pacemaker. No P waves 
precede the QRS complex, which appears widened and bizarre. 
PVDs are a benign arrhythmia when they occur in young 
people without underlying heart disease. The precipitating fac- 
tors in these individuals include the consumption of caffeine, 
nicotine, or alcohol; emotional stress; and reflexes from the GI 
tract. PVDs may be a more serious arrhythmia when their 
frequency increases, they occur in pairs or runs, occur near the 
T wave, or originate from multiple foci. In these cases, the 
arrhythmia may precede ventricular tachycardia or ventricular 
fibrillation. PVDs are associated with ischemic heart disease, 
myocardial infarction, and digitalis intoxication. 

Ventricular tachycardia is an arrhythmia with a rate of 150 
to 250 beats/min and a regular rhythm. The rhythm originates 
from an ectopic focus or occurs by a reentrant mechanism. The 
P wave is often independent of the QRS complex (A-V dissoci- 
ation). Cardiac output is decreased markedly, and the patient 
is usually unconscious if the arrhythmia is sustained. Ventric- 
ular fibrillation may originate from ventricular tachycardia. 
Common causes of ventricular tachycardia are an acute myo- 
cardial infarction, chronic ischemic heart disease, digitalis, and 
Type 1 antiarrhythmic drug toxicity. Ventricular tachycardia 
rarely occurs in a healthy individual. 

Ventricular fibrillation is an irregular chaotic rhythm that 
is associated with no cardiac output and death if the arrhyth- 
mia is prolonged. The ECG reveals disorganized waveforms. 


Abnormalities of Conduction 


Normally the AV node delays the impulse from the atria. In 
pathological conditions, the impulse may be delayed abnor- 
mally or blocked completely. 

First-degree (1°) heart block is a dysrhythmia that usually 
requires no treatment. In 1° heart block the delay of atrial 
impulses by the AV node is prolonged (PR interval is greater 
than 0.20 sec). Each atrial impulse is conducted through the 
AV node and results in a ventricular impulse. First-degree 
heart block can result from any inflammatory or degenerative 
disease of the heart, ischemic heart disease, and many medi- 
cations. In healthy persons, an increase in vagal tone may 
result in 1° heart block. 

Second-degree (2°) heart block is a dysrhythmia in which 
the atrial rate is greater than the ventricular rate. Mobitz Type 
1 (Wenckebach) is a progressive lengthening of the PR interval 
until an atrial impulse is not conducted to the ventricle and the 
corresponding QRS does not occur. The dropped ventricular 
beat may occur after every 6 to 8 atrial beats or after every 
second beat, 2:1 block. The block may disappear during exercise 
or with a decrease in vagal stimulation. The atrial rate is 
regular, while the ventricular rate is irregular. Mobitz Type 1 
block is caused by ischemic heart disease, a disease that in- 
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volves the AV node, and increases in vagal tone. The dysrhyth- 
mia requires no treatment unless cardiac output is impaired. 

Mobitz Type 2 is a more serious block of the lower His 
bundle complex that may progress to complete heart block. The 
ECG shows a normal or increased PR interval that remains 
constant. QRS complexes may be dropped after the P wave on 
a 2:1, 3:1, 4:1 irregular basis. Mobitz Type 2 block occurs in 
myocardial infarction, chronic ischemic heart disease, myocar- 
ditis, and sclerosing diseases of the myocardium. 

Complete, or third degree (3°), heart block involves a normal 
P wave that is unrelated to QRS complexes. The atrial impulse 
is blocked completely from conducting into the ventricles, and 
the rhythm is maintained by the ventricles’ own pacemakers. 
Digitalis toxicity, myocardial infarction, and degeneration of 
the conduction tissue cause 3° heart block. The prognosis for 3° 
heart block depends on whether the patient is symptomatic and 
the exact site of the block. Treatment is by pacemaker 
insertion. 

Syncopal episodes due to bradydysrhythmias with resultant 
decreased CO are known as the Stokes-Adams-Morgagni 
syndrome. 


Hypertension 


This means abnormally elevated blood pressure. It may refer to 
increased pressure in any blood vessel, such as pulmonary or 
portal hypertension. However, it usually refers to an elevated 
systemic arterial blood pressure. Hypertension is not a disease 
but a physical finding. Hypertension often is defined as a dia- 
stolic pressure of more than 90 torr, because at this value the 
frequency of complications due to hypertension rises signifi- 
cantly. Isolated systolic hypertension also may occur. Increased 
cardiovascular complications also are associated with elevated 
systolic blood pressure. 


Normal Physiology—Blood pressure is determined by cardiac out- 
put and peripheral resistance (BP = CO X PR). Cardiac output is 
determined by stroke volume and heart rate (CO = SV X HR). Periph- 
eral resistance is inversely proportional to the fourth power of the 
internal radius of the blood vessels. Therefore, variations in the inter- 
nal lumen of blood vessels profoundly affect the blood pressure. Blood 
pressure varies throughout the day in any individual and is affected by 
physical activity, emotional upset, and other factors. 

Epidemiology—Approximately 20% of the population in the 
United States has hypertension. The incidence depends on age, race, 
and gender. For example, blacks at any age have twice the incidence of 
hypertension that Caucasians have. Hypertension is slightly more com- 
mon in males than in females. 

Etiology—Between 5 and 10% of cases have an identifiable cause, 
and these are called secondary hypertension. Causes include renal 
disease, renovascular disease, endocrine disorders, and coarctation of 
the aorta, which are discussed below. The remaining 94 to 98% of the 
cases have no known cause and are called idiopathic, primary, or 
essential. The etiology of essential hypertension is probably multifac- 
torial and may involve a number of abnormalities in physiological 
regulatory systems. The pressure receptors in the cardiovascular sys- 
tem, ie, baroreceptors, may become reset at a higher pressure in re- 
sponse to chronic stress, overactivity of the sympathetic nervous sys- 
tem, or heredity. The kidneys may retain too much salt and water in 
response to altered reflexes that tend to maintain abnormal intravas- 
cular fluid volumes. Statistical evidence correlates the incidence of 
hypertension with the quantity of dietary sodium chloride. Approxi- 
mately 30% of patients with hypertension are salt sensitive; their blood 
pressure falls significantly with salt restriction. 

Systolic hypertension occurs in situations of increased cardiac out- 
put such as anemia, fever, beriberi, aortic valve insufficiency, arterio- 
venous fistulas, and thyrotoxicosis. Systolic hypertension also occurs 
in elderly individuals with stiff, noncompliant blood vessels, ie, 
atherosclerosis. 

Pathophysiology—Hypertension is a major risk factor for athero- 
sclerosis and cardiovascular complications such as CHF, AMI, and 
angina pectoris (see previous discussions). Sustained hypertension 
results in damage in the target organs: the eyes, brain, heart, and 
kidneys. 

Damage to the eyes has been classified by Keith, Wagener, and 
Barker. Grades I and II retinopathy correlate well with duration of 
hypertension, while Grades III and IV correspond to severity. 
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Grade I: AV narrowing with mild depression of the venule by the 
crossing arteriole 

Grade II: greater AV narrowing and nicking of the venule by the 
crossing arteriole (AV nicking) 

Grade III: arteriolar spasm, hemorrhages, exudates, tapering and dis- 
appearance of the venule under the arteriole 

Grade IV: all other findings, plus papilledema 


Hypertensive retinopathy leads to visual disturbances. 

Damage to the brain results from cerebral edema, thrombosis, and 
hemorrhage (see discussion of strokes). Strokes are 12 times more 
common in hypertensive patients. The stroke may be small and result 
in focal signs or be a large, fatal, cerebral hemorrhage. 

The heart compensates for the increased work imposed by the in- 
creased afterload with left ventricular hypertrophy. Eventually, left 
ventricular function deteriorates, the chamber dilates, and left ventric- 
ular failure occurs (see previous discussion of heart failure). Mortality 
from hypertensive CHF is 50% in 5 yr. Hypertension accelerates coro- 
nary atherosclerotic heart disease and increases myocardial oxygen 
consumption. Angina pectoris and myocardial infarction are more com- 
mon in hypertensive patients (see previous discussion of CAD). 

Hypertension causes fibrin deposition in the glomeruli and muscu- 
lar hypertrophy of afferent arterioles. Severe hypertension causes inti- 
mal hypertrophy and fibrinoid necrosis in the afferent arterioles. Ma- 
lignant hypertension accelerates damage to the kidney; eventually 
renal failure occurs (see the discussion of chronic failure below). 

Symptoms and Signs—Hypertension per se causes no signs or 
symptoms unless the BP is very high. The symptoms and signs of 
essential hypertension are secondary to target organ damage. For ex- 
ample, retinopathy causes scotomas, blurred vision, and, finally, blind- 
ness. In severe accelerated hypertension, CNS symptoms may include 
lethargy, confusion, increased neuromuscular irritability, convulsions, 
and coma. Damage to the heart results in angina pectoris or the symp- 
toms and signs of CHF or AMI. The symptoms and signs of chronic 
renal failure are described below. 

Elevated blood pressure may be an incidental finding during routine 
physical examination. The diagnosis of hypertension is based on docu- 
mentation of increased blood pressure on several independent readings 
unless target-organ damage is already present. Adequate treatment of 
hypertension reduces its mortality and morbidity. 

SECONDARY HYPERTENSION—This presently ac- 
counts for only 2 to 6% of cases. It may be cured if the under- 
lying disorder is treated successfully. 

Renal vascular hypertension is mediated by the renin-an- 
giotensin system. Renal blood flow is decreased by renal artery 
stenosis secondary to fibromuscular dysplasia or atherosclero- 
sis. The renal artery lesion may be either unilateral or bilat- 
eral. The decreased renal blood flow is sensed by the juxtaglo- 
merular apparatus, which secretes renin. Renin cleaves 
angiotensinogen to angiotensin I (a decapeptide). Converting 
enzyme in the pulmonary circulation and elsewhere converts 
angiotensin I to angiotensin II. Angiotensin II (an octapeptide) 
constricts blood vessels and stimulates aldosterone production. 
Aldosterone stimulates the retention of sodium and water and 
the excretion of potassium by the distal convoluted tubule. 
Renal parenchymal disease also is associated with hyperten- 
sion; the mechanism is not understood well. The decreased 
clearance of sodium and water that occurs in renal failure 
results in volume expansion that contributes to hypertension. 

Endocrine disorders cause hypertension via hormone pro- 
duction by tumor or hyperplasia of an endocrine gland. Hyper- 
tension is seen in Cushing’s syndrome, primary hyperaldoste- 
ronism, and hyperparathyroidism (see later discussion of these 
disorders). A very rare cause of hypertension is a tumor of the 
adrenal gland known as pheochromocytoma, which secretes 
excessive quantities of norepinephrine and epinephrine. Eleva- 
tions of blood pressure are often episodic. Accompanying symp- 
toms of excessive catecholamines include acute pounding head- 
ache, tachycardia, and sweating. Administration of oral 
contraceptives can cause hypertension that occurs in over 5% of 
users. Estrogens increase hepatic synthesis of renin substrate 
and angiotensin I. The hypertension reverts to normal when 
the oral contraceptive is discontinued. 

Coarctation of the aorta is a congenital malformation result- 
ing in a narrow area in the aorta, usually in the arch. Alter- 
ations in hemodynamics lead to decreased renal blood flow, 
which activates the renin-angiotensin system. 


RHEUMATOLOGY 


Normal Physiology—Joints allow movement of one bone upon an- 
other. The ends of the bones are enclosed with hyaline cartilage, and 
diarthrodial joints are covered by collagenous tissue called the joint 
capsule. The synovial membrane lines the joint space side of the joint 
capsule. The synovial membrane is a relatively acellular, highly vascu- 
lar, delicate membrane that secretes the synovial fluid. Cartilage, 
which is avascular, derives its nutrition from the synovial fluid. Various 
inflammatory diseases, trauma, and degeneration may involve the 
joint. 


Rheumatoid Arthritis 


This disease (RA) is a chronic systemic illness manifested pri- 
marily by inflammatory arthritis involving most commonly the 
small peripheral joints symmetrically. The disease also may 
affect the cardiovascular, hematological, and pulmonary sys- 
tems and the eye. 


Etiology—The etiology is unknown. Histocompatibility typing has 
proven that a predisposition for the disease is inherited. Unknown 
environmental factors may play a role in the development of RA. 

Epidemiology—Approximately 3 million people in the United 
States have RA. The onset is most common in the 3rd and 4th decades 
but may affect all age groups, including children. Women develop the 
disease more commonly than men do, by a ratio of 3:1. 

Pathology—The disease is characterized by inflammation of the 
synovium. Infiltration by mononuclear leukocytes occurs along with 
edema, vascular congestion, and fibrin deposition. As a result of chronic 
inflammation, the synovium thickens, forms large villi, and is referred 
to as a pannus. The pannus erodes the underlying cartilage and bone. 
The inflammatory process and destruction of normal joint anatomy 
result in weakening of tendons, ligaments, and other supporting struc- 
tures. This leads to instability and partial dislocation (subluxation) of 
the joint. 

Rheumatoid nodules, characteristic of RA, are found most commonly 
in subcutaneous tissue over pressure points such as the extensor sur- 
face of the forearms. However, they also may be found in the lung, 
heart, or vocal cords. Microscopically, the nodules contain a central area 
of necrosis surrounded by palisading epithelioid cells and chronic in- 
flammatory cells. Severe RA also may be complicated by vasculitis 
involving multiple organs. 

Pathophysiology—Antibodies against immunoglobulin G (IgG) 
are found in the serum and synovial fluid of most patients with RA. The 
antibodies are of the IgM, IgG, and IgA classes of immunoglobulins, and 
the antigen-antibody complex is called rheumatoid factor. Chronic an- 
tigenic stimulation is thought to stimulate production of these antibod- 
ies. The exact role of rheumatoid factor in the development of RA has 
not been demonstrated. However immunological mechanisms do appear 
to play a role in its pathogenesis. Immune complexes of immunoglobu- 
lins, rheumatoid factor, and complement generate vasoactive and che- 
motactic substances in the joint. Lysosomal enzymes, which cause tis- 
sue injury, are released after phagocytic cells ingest the immune 
complexes. 

Symptoms and Signs—tThe onset is usually insidious. Fatigue, 
weakness, joint stiffness, arthralgias, and myalgias may precede signs 
of joint inflammation. The joints gradually become tender, swollen, hot, 
and painful. Joint stiffness, particularly after a prolonged period of rest 
(gelling), is a major complaint of patients with RA. The joints most 
commonly involved include some of those in the hands (proximal inter- 
phalangeal and metacarpophalangeal joints), feet (metatarsophalan- 
geal joints), shoulders, knees, elbows, ankles, and wrists; the cervical 
spine, hips, and tempomandibular joints also may become involved. RA 
tends to affect joints symmetrically. 

The hypertrophied synovium of involved joints may be palpated. 
Muscle weakness and atrophy often parallel the severity of the joint 
disease. Range of motion, especially extension, becomes limited and 
leads to flexion contractures. Swan-neck, boutonniére, and cockup toes 
are terms used to describe the deformities of the hands and feet. Ulnar 
deviation deformity of the fingers at the metacarpophalangeal joints is 
characteristic. 

Duration of morning stiffness, which usually is measured in hours, 
may be used to monitor disease activity. Other indicators include grip 
strength, time required to walk a certain distance, number and clinical 
assessment of joints involved, and radiographs demonstrating erosion 
of bone, loss of joint space, and soft-tissue swelling caused by 
inflammation. 


RA is a systemic disease involving multiple organ systems besides 
the joints. Rheumatoid nodules are found in 20% of RA patients. Fewer 
than 5% of the patients have vasculitis that may result in peripheral 
neuropathy, nail-fold thrombi, digital gangrene, and leg ulcers. The 
most common ocular manifestation is keratoconjunctivitis sicca 
(Sjégren’s syndrome); episcleritis also may occur. In the lungs, intersti- 
tial fibrosis, rheumatoid nodules, and pleural effusions are seen. In- 
flammation of the pericardium may cause pericarditis and cardiac tam- 
ponade. Rheumatoid nodules on the heart valves may lead to murmurs, 
and nodules in the heart muscle can cause electrical conduction 
disturbances. 

Patients with severe arthritis may develop Felty’s syndrome: RA, 
splenomegaly, and leukopenia. 

Mild-to-moderate anemia that is normochromic or hypochromic is 
found in patients with RA. The severity of the anemia parallels the 
activity of the disease. The defect is thought to be defective iron utili- 
zation for hemoglobin synthesis (see Anemia of Chronic Disease). 

Other abnormal laboratory test results include a rapid erythrocyte 
sedimentation rate, which may be used to monitor disease activity. The 
latex aggregation test for IgM rheumatoid factor is positive in 70 to 80% 
of patients. However, other diseases of chronic inflammation also are 
associated with a positive rheumatoid factor test result. Analysis of the 
synovial fluid, while not diagnostic, typically shows neutrophils (10,000 
to 50,000/mm*) and elevated protein levels. 

The highly variable clinical course of RA makes prognosis difficult in 
individual patients. Spontaneous remissions and exacerbations are 
characteristic. Remissions occur most frequently in the early stages of 
the disease. Some patients may experience a complete remission with 
little or no joint deformity. Others have a chronically progressive course 
over many years, with development of varying degrees of joint damage. 
A smaller group, 10 to 15%, has a relentless destructive course that 
results in severe deformities and crippling. The unpredictable course of 
RA also makes evaluation of therapy particularly difficult and contrib- 
utes to the quackery seen in this field. 

The diagnosis of RA is based on the clinical picture of symmetrical 
inflammatory arthritis usually involving small joints, characteristic 
radiographic changes, and a positive rheumatoid factor test result. 
Other causes of inflammatory arthritis are Reiter’s syndrome, psoriatic 
arthritis, and systemic lupus erythematosus. Arthritis associated with 
inflammatory bowel disease must be excluded. The arthritis associated 
with Lyme disease or hepatitis B may mimic RA. Degenerative joint 
disease may occur simultaneously. 


Degenerative Joint Disease 


Loss of joint cartilage and hypertrophy of bone characterize 
DJD, also known as osteoarthritis or osteoarthrosis. 


Etiology and Epidemiology—Approximately 40 million Ameri- 
cans have radiographic evidence of DJD, but many have no symptoms 
attributable to the disease. The prevalence of DJD increases with age, 
85% of people 70 yr or older have characteristic radiographic changes. 
Epidemiological evidence indicates that heavy use of a joint, so-called 
wear and tear, may play a role in initiating the degeneration of carti- 
lage. In other patients, degenerative changes occur when infection, 
acute trauma, excessive use, or congenital deformities have damaged 
the cartilage. The precise mechanisms of cartilage loss in DJD are 
unknown. 

Pathology—Histologically, degenerative changes are seen in car- 
tilage as progressive loss of metachromasia, which is evidence of pro- 
teoglycan loss. Chondrocytes increase in number and form clusters. The 
surface of the cartilage loosens and flakes off, and fissures form as 
deeper layers become involved. The cartilage may be lost completely. 
The bone at joint margins responds by osteophyte formation and hy- 
pertrophy. The subchondral bone, which has lost the covering cartilage, 
becomes dense, smooth, and glistening (eburnation). Cystic areas may 
develop below the joint surface. Inflammation of the synovium and joint 
capsule is usually mild. 

Pathophysiology—Collagen fibers and proteoglycans give normal 
cartilage the properties of compressibility and elasticity. The proteogly- 
can molecules bind large numbers of water molecules that are released 
when the cartilage is compressed and are regained when the force is 
removed. The proteoglycan content of DJD cartilage is diminished, and 
the molecular species is altered. 

In contrast to normal adult cartilage, chondrocytes proliferate. 
Chondrocytes continuously rebuild the cartilage matrix in DJD. The 
amount of hydrolases is increased. As the disease progresses, destruc- 
tion exceeds the rate of repair, resulting in a net loss of cartilage. 
Cartilage laid down during the rebuilding process is of the type nor- 
mally found in tendons and skin but not in bone. Simultaneously, 
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subchondral bone sclerosis and marginal bone overgrowths (spurs) 
develop. 

DJD may be either primary or secondary. No predisposing cause can 
be identified in primary DJD. Causes of secondary DJD include infec- 
tion, trauma, fractures, unusual use, damage by inflammation as in RA, 
and congenital abnormalities. In addition, acromegaly, alcaptonuria, 
hemochromatosis, and chondrocalcinosis are predisposing factors for 
secondary DJD. 

Symptoms and Signs—Pain in the joints, particularly with motion 
or weight bearing, is characteristic of DJD. Joint stiffness occurs after 
rest and quickly subsides after resuming movement. The duration of 
morning stiffness is measured in minutes rather than hours as in RA. 

Examination of the joints reveals decreased range of motion, local 
tenderness, bony enlargement, but usually no heat or erythema. DJD 
commonly involves the distal interphalangeal (DIP) joints, in contrast 
to RA. Bony enlargement of the DIP joints is called Heberden’s nodes. 
Enlargement of the proximal interphalangeal (PIP) joints is known as 
Bouchard’s nodes. Less commonly involved joints include metacarpo- 
phalangeal joints, wrists, elbows, shoulders, and metatarsophalangeal 
joints, unless occupational trauma predisposes to its development. DJD 
involves the spine and may cause compression of spinal nerve roots by 
the bony spurs, which can lead to a variety of complaints. DJD of the hip 
may be the most disabling form of the disease. 

There are no laboratory abnormalities characteristic of DJD. 

The diagnosis is based on radiographic changes of joint space nar- 
rowing and bony spur formation and the patient’s symptoms and signs. 


Crystal-Induced Arthritis: 
Gout and Pseudogout 


Several distinct diseases are characterized by crystal deposi- 
tion in and about joint spaces. The deposition can lead to acute 
inflammation of the joint. Gout is a disorder of sodium urate 
deposition, whereas pseudogout is characterized by deposition 
of calcium pyrophosphate dihydrate crystals. Recently, arthri- 
tis has been attributed to hydroxyapatite deposition. 

Gout is a disorder typified by hyperuricemia with recurrent 
attacks of acute arthritis and eventually tophaceous deposits of 
sodium urate. The primary causes of gout are defects in the 
metabolism of purines to uric acid or a specific decrease in renal 
clearance of uric acid. Secondary gout results from other dis- 
orders that result in hyperuricemia. 


Epidemiology—Contrary to folklore, gout is not related to socio- 
economic class. Few individuals with gout consume excessive quantities 
of purine-containing foods. Primary gout is a disease of the adult male. 
Only 10 to 15% of cases occur in females, and they are usually post- 
menopausal. Secondary gout accounts for only 5 to 10% of all cases. 
Primary gout may be inherited. Diabetes mellitus, obesity, hyperten- 
sion, coronary and cerebral atherosclerosis, and hypertriglyceridemia 
all occur more frequently among gouty patients for unknown reasons. 

Pathophysiology—tThe rates of production and elimination of uric 
acid determine the amount of uric acid in the body. Exogenous (dietary) 
and endogenous purines are oxidized to uric acid. Of the uric acid 
eliminated, the kidney excretes two-thirds and the GI tract excretes the 
remainder. The two most important processes in the development of 
hyperuricemia are abnormalities of endogenous purine production and 
of uric acid excretion by the kidney. Most patients with gout have a 
defect of uric acid clearance through the kidney. Specific enzyme ab- 
normalities that have been identified include decreased hypoxanthine- 
guanine phosphoribosyltransferase and increased PP-ribose-P syn- 
thetase, which result in the overproduction of uric acid. 

Uric acid is filtered by glomeruli, but 98% of the filtered amount is 
reabsorbed by the tubules. Most of the uric acid excreted (80 to 85%) is 
secreted actively into the urine by the renal tubules. The exact reason 
for undersecretion of uric acid by the tubules is unknown. Metabolic 
acidosis or increased acid load, as occurs in chronic renal failure, after 
a prolonged fast, or with ethanol ingestion inhibits the secretion of uric 
acid. 

Hyperuricemia is defined statistically as a serum uric acid level 
above 7.5 mg per 100 mL for males and above 6.6 mg per 100 mL for 
females, using the automated colorimetric method of determination. 
The risk of developing gout correlates with the serum uric acid level. 
Gout is rare in patients with uric acid levels below 7 mg per 100 mL, 
whereas 83% of patients with a uric acid level above 9 mg per 100 mL 
develop gout. Although the exact reason for the sudden attack of gout in 
a hyperuricemic patient is unknown, acute attacks may be precipitated 
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by acute fluctuations in serum uric acid level and trauma to the joint. 
The likelihood of developing gout increases with age. 

Pathology—The pathognomonic lesion of gout is the tophus, which 
is sodium urate deposit surrounded by a foreign-body reaction. The 
water-soluble crystals are anisotropic (negatively birefringent) when 
viewed under a polarized-light microscope. Sodium urate is deposited in 
cartilage, epiphyseal bone, periarticular structures, and kidneys. Com- 
mon sites for tophi include the earlobe, the olecranon, and patellar 
bursas and tendons. Urate deposits in the joints result in cartilage 
degeneration, synovial proliferation and pannus formation, destruction 
of subchondral bone, proliferation of marginal bone, and fibrous or bony 
ankylosis. 

Sodium urate crystals are found in the medulla of the kidney, with 
interstitial inflammatory or vascular reaction. The interstitial inflam- 
mation, which may be acute or chronic, results in tubular damage. 

Symptoms and Signs—Primary gout has three manifestations: 
asymptomatic hyperuricemia, acute gouty arthritis (which recurs after 
asymptomatic intervals), and chronic gouty arthritis. Many patients 
with hyperuricemia never develop gouty arthritis, urolithiasis, or renal 
damage. 

Acute Gouty Arthritis—The onset of the attack is abrupt and usually 
involves the great toe, although the instep, ankle, or knee may be 
involved. The pain is intense or excruciating. Fever may be present. The 
initial attack usually subsides in a few days to a few weeks and recovery 
is complete. 

The interval following the initial attack may be from a few weeks to 
many years. Later, the attacks become more frequent, may involve 
more joints, and are more severe. 

The acute attack begins with sodium urate crystallization from the 
supersaturated synovial fluid. The crystals activate complement and 
Hageman factor, chemotactic and vasoactive substances are produced, 
and leukocytes accumulate and phagocytize the crystals, which in turn 
destroy the leukocytes, releasing their lysosomal enzymes. The en- 
zymes attack and destroy cartilage. 

Chronic Gouty Arthritis—Without treatment and after many years, 
visible tophi develop, permanent joint destruction occurs, and symp- 
toms become chronic. The tophi are relatively painless. However, there 
is progressive stiffness and persistent aching of affected joints. Destruc- 
tion of joints and large tophi may lead to grotesque deformities and 
crippling. The tophi may ulcerate and extrude the chalky sodium urate. 

Urolithiasis—Uric acid stones occur in approximately 20% of pa- 
tients with gout. The development of urolithiasis may precede the acute 
attack of gout. A predisposing factor to urate renal stone formation is 
the excretion of acidic urine throughout the day. 

Secondary Gout—Acquired hyperuricemia occurs in patients with 
polycythemia vera, secondary polycythemia, leukemia, lymphoma, mul- 
tiple myeloma, and chronic hemolytic anemia and after radiation or 
chemotherapy for a variety of cancers. Both overproduction and under- 
secretion of uric acid play roles in the development of secondary gout. 
Serum and urinary levels of uric acid tend to be higher than in primary 
gout. Drugs that interfere with secretion of uric acid, such as the 
thiazide diuretics, also may cause secondary gout. Chronic renal dis- 
ease may cause hyperuricemia, but gouty arthritis usually is not seen. 
Patients with lead intoxication often develop gout. 

The acute attack is diagnosed by the presence of needle-like crys- 
tals, negatively birefringent under polarized light, in leukocytes from 
the synovial fluid. Chronic gouty arthritis may be confirmed by chem- 
ical analysis of tophaceous material. Pseudogout must be excluded. 

Calcium Pyrophosphate Dihydrate Deposition Disease (CPPD)—This 
is characterized by chondrocalcinosis and acute attacks of pseudogout. 
The prevalence increases with age. Associations with other diseases 
such as hemochromatosis, hyperparathyroidism, ochronosis, Wilson’s 
disease, and hypothyroidism have been demonstrated. Pseudogout de- 
scribes acute inflammatory arthritis in which positively birefringent 
rhomboidal crystals of CPPD are identified on synovial fluid analysis. 
By far the most commonly involved joint is the knee. Between attacks 
the joint may be entirely asymptomatic or show changes of osteoarthri- 
tis. Radiographic evidence of calcinosis in cartilage and other joint- 
related structures usually is found. 

Hydroxyapatite crystals have been described recently in the synovial 
fluid of acutely inflamed joints. They are not resolvable by light micros- 
copy and require electron microscopic or microanalytical techniques for 
identification. The knee and shoulder are most commonly involved. 


Systemic Lupus Erythematosus 


This condition (SLE) is a multisystem disease of unknown 
etiology that predominately affects young women but can affect 
men and women of all ages. It often is viewed as the prototypic 


autoimmune disease, in which antibodies are formed against 
one’s own tissues. k 


Etiology—Although many potential causes eg, viral infections, 
have been proposed, none has been substantiated clearly. A few pa- 
tients given procainamide or hydralazine develop a syndrome that 
mimics SLE. 

Pathophysiology—Antibodies are formed against one’s own DNA. 
These autoantibodies bind the antigen (DNA) and complement, forming 
immune complexes that, when deposited in various organs, cause 
injury. 

Symptoms and Signs—SLE patients may manifest nonspecific 
constitutional symptoms such as fever, malaise, anorexia, weight 
loss, arthralgias, or myalgias. Specific signs may include photo- 
sensitive rashes, butterfly malar rash, scarring discoid rash, alopecia, 
mucosal ulcerations, arthritis, serositis, vasculitis, cerebritis, and 
glomerulonephritis. 

Laboratory abnormalities may include leukopenia, hemolytic 
anemia, thrombocytopenia, false-positive serological test result for 
syphilis, hypocomplementemia, abnormal urinary sediment and pro- 
teinuria, antinuclear antibodies (ANA), and antibodies against 
double-stranded DNA. 


Scleroderma 


This is a disease of unknown etiology, characterized by in- 
creased fibrous tissue disposition and obliteration of small ves- 
sels in many organs. The skin of the face and hands typically 
becomes swollen and then firm, contracted, thickened, and 
leathery in appearance. Patients also may manifest one or 
more of a collection of findings referred to as CREST (calcino- 
sis, Raynaud’s phenomenon, esophageal involvement, sclero- 
dactyly, and telangiectasis). The most feared complication of 
scleroderma is malignant hypertension with rapid onset of 
renal failure. 


Polymyositis and Dermatomyositis 


Polymyositis and dermatomyositis (when there is associated 
skin involvement) are diseases in which there is inflammation 
primarily of skeletal muscles. The myositis is characterized by 
both degenerating and regenerating muscle fibers and a mono- 
nuclear cell infiltrate. Proximal muscle weakness dominates 
the clinical picture. Some patients also have an associated 
malignancy or another rheumatic disease. Diagnosis is based 
on compatible symptoms and signs, increased muscle enzyme 
levels in the serum, abnormal electromyogram, and muscle 
biopsy. 


Vasculitis 


This is a term used to describe inflammatory changes in blood 
vessels that can lead to necrosis, thrombosis, and obliteration 
of the involved vessels. Vasculitis can be a manifestation of an 
underlying systemic disease or constitute the primary process. 
Understanding of the vasculitides has been hampered by the 
lack of a universally accepted and clear classification system. 
Classifications have been based on clinical, histopathological, 
and etiological considerations. A major obstacle to classification 
is the fact that vasculitis is a manifestation of several diseases, 
and most individual cases do not fit precisely into a well- 
defined category. 

Since vasculitis can involve all organs, a multitude of clin- 
ical expressions is seen. Many patients have constitutional 
complaints such as fever, malaise, anorexia, weight loss, my- 
algias, and arthralgias. Other features include glomerulone- 
phritis, ischemic heart disease, peripheral neuropathy (mono- 
neuritis multiplex) or CNS involvement, pulmonary infiltrates 
or effusions, ischemic bowel disease, and rash. Laboratory tests 
usually suggest a nonspecific inflammatory reaction (eg, ele- 
vated erythrocyte sedimentation rate). Diagnosis is based on 


the clinical presentation in conjunction with biopsy and angio- 
graphic results. 

POLYARTERITIS NODOSA primarily involves medium- 
sized vessels and is characterized by infiltration of the vessels 
with polymorphonuclear leukocytes. In most cases the cause is 
unknown, but a few patients have hepatitis B antigenemia. 
The vessel injury may be mediated through deposition of im- 
mune complexes of hepatitis B antigen, antibody, and comple- 
ment, with resultant damage by neutrophils drawn to the 
lesions by chemotaxis. 

HYPERSENSITIVITY ANGIITIS is a small-vessel vascu- 
litis predominantly involving the skin. It appears to be a man- 
ifestation of an allergic reaction to an exogenous (drug, infec- 
tion) or endogenous (tumor) antigen. The histopathology is 
described as leukocytoclastic angiitis, which is vasculitis with 
neutrophils and their nuclear dust, extravasated RBCs, and 
fibrinoid necrosis of the vessel wall. 

WEGENER’S GRANULOMATOSIS is characterized by 
granulomatous vasculitis of the upper (sinusitis, nasal ulcer- 
ations, otitis media) and lower (cavitary and nodular infil- 
trates) respiratory tracts, glomerulonephritis, and a variable 
degree of small vessel involvement. 

GIANT-CELL ARTERITIS (also called temporal arteritis) 
is characterized by segmental involvement of large vessels 
(primarily branches of the carotid artery) with a mononuclear 
infiltrate including giant cells and destruction of the internal 
elastic lamina. The most dreaded complication of giant-cell 
arteritis is sudden blindness due to ischemic optic neuritis. 


NEUROLOGY 


Epilepsy and Convulsive Disorders 


Epilepsy is a chronic disorder of cerebral function that may be 
defined as a paroxysmal disturbance of CNS function that is 
recurrent, stereotyped in character, and associated with exces- 
sive neuronal discharge that is synchronous and self-limited. 
The episodic manifestations of epilepsy depend on the por- 
tion(s) of the CNS involved. 


Epidemiology—One to 3% of the population suffers from epilepsy, 
with 2.5 to 7.5 million people in the US being affected. Epilepsy can 
begin at almost any age. However, the age of onset often is related to the 
etiology of the seizure disorder. One example is that of generalized 
absence seizures or petit mal, which typically present in early child- 
hood. 

Etiology—Epilepsy is a symptom complex that has many causes. 
In many cases, the precipitating factor(s) or cause of the seizure 
disorder is not readily apparent, and the condition is referred to as 
idiopathic. Severe hypoxia, genetic metabolic defects, developmental 
brain defects, and perinatal injuries can lead to seizures in newborns 
and infants. Certain metabolic disorders such as hypoglycemia, hy- 
pocalcemia, and vitamin B, deficiency also can lead to seizures 
during infancy. Brain infections such as meningitis and encephalitis 
can trigger seizures during childhood. Seizures during childhood are 
caused less often by tumors, toxins, vascular disease, degenerative 
disease, or trauma. 

In young adults, head trauma has been identified as a major cause 
of seizures. Likewise, ruling out the presence of a brain tumor should 
become a part of the differential diagnosis for anyone over the age of 20. 
In patients over the age of 50, cerebrovascular disease is the most 
identified cause of seizures. In certain forms of epilepsy, genetic predis- 
position plays a role. Individuals with a first-degree relative with epi- 
lepsy are at a somewhat greater risk than the normal population of 
developing a seizure disorder. Despite our growing understanding of 
the disorder itself, an etiological diagnosis cannot be made with cer- 
tainty in about two-thirds of epileptic patients. 

Pathology—Various lesions in the brain, such as gliotic scars and 
abnormal vascularization, have been associated with epilepsy in some 
patients and not in others. When the clinical information suggests that 
a seizure is of focal origin, it is not always possible to identify the 
epileptogenic lesion. 
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Pathophysiology—The convulsion results from sudden excessive, 
disorderly neuronal discharges in an apparently normal or a diseased 
cortex. The mechanisms and reasons for the discharge are not well 
understood. One hypothesis is that a group of diencephalic neurons 
normally exerts a constant inhibitory influence on cortical neurons, 
thereby preventing excessive discharge. In epilepsy, the neurons are 
deafferented, supersensitive, and susceptible to activation or depolar- 
ization by a variety of stimuli. Seizures may result from a reduction of 
inhibitory neurotrausmission mediated by the neurotransmitter 
gamma-aminobutyric acid (GABA) or by enhancement of the excitatory 
neurotransmitter system mediated by glutamate and aspartate. 

During a seizure, consciousness may be unaffected, lost completely, 
or altered but not completely lost. Patients may experience only minor 
interruptions in their motor activity or they may experience intense 
muscular activation that leads to motor behavior characteristic of gen- 
eralized tonic-clonic seizures. 

Symptoms and Signs—The frequency of seizures in individual 
patients can vary from as few as one per year to dozens per day, 
depending on the particular seizure type. Thus, the need for accurate 
diagnosis of the seizure type is of more than just theoretical interest. 
Since there are so many different seizure types, each may require a 
different therapeutic approach; an accurate diagnosis permits the cli- 
nician to select the most appropriate anticonvulsant drug while avoid- 
ing the use of contraindicated drugs. The International Classification 
of Epileptic Seizures classifies seizure types as either partial or 
generalized. 

Partial seizures generally are categorized as simple, complex, or 
secondarily generalized and include those traditionally called focal mo- 
tor and temporal lobe seizures. Partial seizures all begin from a discrete 
brain region and may or may not be preceded by an aura that consists 
of sensations or experiences often recognized by the patient as a warn- 
ing of an impending seizure. Furthermore, partial seizures may or may 
not involve a loss of consciousness. 

The symptoms of simple partial seizures result from abnormal dis- 
charges originating in specific areas of the cortex and often remain 
unilateral regardless of whether the seizure is motor, somatosensory, 
psychic, autonomic, or a combination. Patients with simple partial 
seizures may present with somatosensory symptoms including halluci- 
nations (eg, tingling, light flashes, or buzzing); with autonomic symp- 
toms including epigastric sensation, pallor, sweating, flushing, piloerec- 
tion, and pupillary dilation; or with psychic symptoms. 

One form of a simple partial seizure is that traditionally known as 
Jacksonian. It usually begins with twitching of the fingers of one hand, 
the face, or one foot. The movement then spreads (marches) to other 
muscles along the same side of the body. If the movements generalize to 
include both sides of the body and the patient loses consciousness, the 
seizure is said to have become secondarily generalized. One type of 
partial seizure with complex symptomatology is traditionally known as 
psychomotor seizure. 

Complex partial seizures are associated often with a lesion in the 
temporal lobe. Patients act as though they are conscious, although they 
are amnesic. Patients may continue with activity or perform tasks but 
may not be able to respond to questions or commands. The seizure often 
is preceded by an aura. Motor activity due to the seizure may include 
chewing, lip-smacking, and tonic spasms of the extremities. 

Generalized seizures, on the other hand, involve both hemispheres 
from the beginning. Consciousness is lost at the outset, and patients 
experiencing generalized seizures usually do not experience aura or 
display focal motor manifestations. The two most widely recognized 
generalized seizure disorders include generalized tonic-clonic (formerly 
grand mal) and generalized absence (formerly petit mal). Generalized 
tonic-clonic seizures are characterized by a sudden loss of conscious- 
ness, a cry, falling, tonic then clonic movements of the muscles, and 
incontinence of sphincters. After the motor seizure has ceased, the 
patient may be unconscious for many minutes. On awakening, the 
patient may complain of a headache. Generalized absence seizures 
almost always begin between 4 and 12 yr of age. They are characterized 
by a brief loss of consciousness lasting for a few seconds. The child 
typically displays a blank facial expression and may or may not display 
a characteristic blinking of the eyelids. Absence seizures are almost 
always associated with a typical EEG abnormality of spike and slow 
wave discharges of approximately 3 Hz. Other generalized seizures 
include myoclonic seizures, clonic seizures, tonic seizures, and atonic 
seizures. 

The International Classification of Epilepsies and Epileptic Syn- 
dromes takes into consideration the fact that some patients with epi- 
lepsy display more than one seizure type. After all, seizures are only a 
symptom of the underlying disorder. The prognosis is often a product of 
the epileptic syndrome, whose diagnosis depends on numerous factors 
including family history, age of onset, rate of progression, presence or 
absence of neurological impairment and interictal EEG abnormalities, 
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and a patient’s response to pharmacological treatment. In this respect, 
the epileptic syndrome generally is classified according to whether an 
individual patient’s seizures are localization-related (focal, local, par- 
tial) or generalized and whether they are idiopathic or symptomatic. 
They may be classified further as to anatomical localization, dilation, 
frontal lobe, Rolandic, occipital, or temporal epilepsy. To date, more 
than 50 epileptic syndromes have been proposed. 

The diagnosis of epilepsy is based on the clinical history and the 
EEG. The first steps to an accurate diagnosis usually involve obtaining 
an accurate and complete history from the patient as well as from a 
witness. A detailed physical examination is followed by an even more 
in-depth neurological examination. The EEG can provide precise infor- 
mation that may be useful for classifying the seizure type. It is charac- 
teristically abnormal during a seizure but may be normal between 
seizures. Specialized diagnostic procedures may include computerized 
tomography (CT) and magnetic resonance imaging (MRI). These two 
noninvasive techniques can be useful in identifying a particular brain 
lesion that may have led to the development of a patient’s seizure 
disorder. Intensive monitoring employing closed caption television and 
EEG recording is an expensive procedure that should be considered 
when a patient’s seizures are not responsive to drug therapy. This latter 
procedure also can be helpful in determining whether difficult-to-diag- 
nose seizures are nonepileptic in nature. 


Parkinsonism 


This disease, also called paralysis agitans, is a disorder of the 
extrapyramidal system that originally was described in 1817. 
James Parkinson described a syndrome that generally became 
evident in the 5th and 6th decades of life and that consisted of 
a resting tremor, rigidity, postural abnormalities, and brady- 
kinesia but spared the senses and intellect. 


Etiology—Although the actual cause of Parkinson’s disease re- 
mains undetermined, there is accumulating evidence that multiple 
genetic and environmental factors interact to cause damage to extra- 
pyramidal dopaminergic neurons. It is believed that 70 to 80% of these 
neurons must be lost before symptoms of Parkinson’s disease become 
evident. Many of the persons who survived the pandemic of von 
Economo encephalitis in 1918 and 1922 developed Parkinsonism 20 to 
30 yr later. Psychoactive drugs such as the phenothiazines and buty- 
rophenones can cause a syndrome similar to Parkinsonism. Infections, 
tumors, and certain chemicals and drugs may cause an identical but 
reversible disorder. The term Parkinson’s disease is reserved for paral- 
ysis agitans of unknown cause. 

Epidemiology—Parkinsonism usually occurs in middle or late life, 
between 60 and 70 yr, though it rarely is seen in young people. The 
prevalence of this disease is estimated to be between 59 and 353 cases 
per 100,000 in various populations worldwide, resulting in 300,000 to 
400,000 cases in this country. 

Pathology—tThe melanin is lost from nerve cells in the brainstem, 
particularly in the substantia nigra, accompanied by extensive loss of 
dopaminergic nerve cells and reactive gliosis. Intracytoplasmic inclu- 
sion bodies, Lewy bodies, also can be found in surviving neurons in the 
affected areas. 

Pathophysiology—The basal ganglia normally control postural 
tone and provide the background adjustments for intentional move- 
ments. The dopaminergic pathway from the caudate nucleus to the 
thalamus inhibits the inhibition of voluntary movement. The cholin- 
ergic pathway opposes this pathway, which is excitatory for the inhibi- 
tion of voluntary movement. A dopaminergic pathway inhibits the 
cholinergic pathway in the caudate nucleus from the substantia nigra. 
The loss of inhibition and the unbalance of opposing pathways result in 
the movement difficulties of Parkinsonism. The origin of the tremor is 
less clear. Decreased dopamine is found in the substantia nigra, cau- 
date nucleus, and putamen. 

Symptoms and Signs—The symptoms and signs are characteris- 
tic. There is often a prodromal phase consisting of nonspecific symp- 
toms, such as fatigue, musculoskeletal pain, declining performance, and 
depression. Within 1 to 2 yr more-definitive symptoms appear. The 
typical tremor occurs at rest and lessens with voluntary movement. The 
tremor may involve the hands, legs, lips, tongue, and eyelids when the 
eyes are closed. In the early stages of the disease, the tremor is unilat- 
eral, but it becomes bilateral later in the course. The tremor occurs at 
a frequency of 4 to 8 cycles/sec. The hand tremor is described as pill 
rolling. 

In the early stage of the disease, there is bradykinesia as all move- 
ment is slowed. Later, the patient has particular difficulty initiating 
movement. Finally, there is absence of movement or akinesia. The 


spontaneous movements of postural change, such as arm swinging 
while walking, disappear. The face becomes expressionless and is 
known as mask-like facies. The voice becomes monotonous. The posture 
is stooped. Because patients cannot make reflex adjustments to the 
postural changes of walking, they walk with quick shuffling steps at an 
accelerating pace, as if attempting to catch up with their center of 
gravity. Passive movement of the extremities elicits cog wheel motion. 

Anxiety and tension aggravate the symptoms. The patient also may 
have seborrhea and excessive sweating and salivation. 

Eventually the patient is incapacitated by the rigidity, and the 
tremor disappears. The clinical course is one of gradual progression of 
the disease. 


Stroke Syndromes 


A stroke is a process involving one or more blood vessels in the 
brain, which results in the sudden, dramatic development of a 
focal neurological deficit. The deficit reflects the location and 
size of brain injury. Three separate entities are recognized: 
transient ischemic attacks (TIAs), stroke in evolution, and com- 
pleted stroke. While TIAs are transient, evolving and com- 
pleted strokes are not. 


Etiology—The vast majority of strokes are caused by atheroscle- 
rotic disease of the cerebral arteries. Embolism from the heart or 
ulcerated atherosclerotic plaques in the carotid arteries also cause 
them. Cerebral hemorrhages are most often due to hypertension but 
also may follow the rupture of an aneurysm. Less frequent causes 
include trauma, excessive anticoagulation, and inflammatory diseases 
of cerebral blood vessels. 

Pathology—tThe effects of the blood vessel occlusion relate to the 
location and availability of collateral or anastomotic blood flow. The 
circle of Willis provides collateral circulation and is protective of the 
brain. These collaterals will prevent infarction if the lesion is proximal. 
Retrograde flow from the external carotid may prevent damage when 
the internal carotid is occluded. Collaterals for the vertebral artery 
exist. Anastomoses may prevent or lessen damage if the lesion is distal 
to the circle of Willis. 

Pathophysiology—Vascular disease occurs in the arteries of the 
brain as elsewhere in the body (see the discussion of atherosclerosis). 
Thrombotic stroke results when a thrombus develops on an atheroscle- 
rotic plaque, the lumen of the vessel is narrowed or may be occluded 
completely, and collaterals are insufficient to preserve function. Exten- 
sion of the thrombus may block collateral blood flow. 

Cerebral embolism most commonly originates from a thrombus in 
the left atrium of a heart whose rhythm is in atrial fibrillation. Other 
sources of embolic strokes are mural thrombi that occur after myocar- 
dial infarction and pieces of intra-arterial thrombi. Emboli usually 
lodge at bifurcations. They cause hemorrhagic infarction. 

Intracranial hemorrhage is the third most frequent cause of stroke. 
Intracranial hemorrhage is most commonly due to hypertension, rup- 
ture of saccular aneurysm, and bleeding disorders. Cerebral hemor- 
rhages due to hypertension involve a penetrating artery and occur 
within the brain tissue. Adjacent tissue is compressed and displaced by 
the mass of blood. 

Saccular aneurysms, or berries, are thin-walled blisters protruding 
from the arteries of the circle of Willis or major branches of the circle at 
bifurcations. Developmental defects in the media of the arteries cause 
the aneurysms, which are composed of intima and adventitia. The 
defect in the wall structure is congenital, but enlargement and eventual 
rupture occur during later life, reaching a peak at 35 to 65 yr. Rupture 
of the aneurysm results in bleeding into the subarachnoid space and 
occasionally into the brain as well. 

Symptoms and Signs—The location of the lesion determines the 
nature of the deficit. Lesions in the carotid system result in unilateral 
signs of hemiplegia, hemihypoesthesia, hemianopia, aphasia, and ag- 
nosia. Lesions in the basilar system result in bilateral signs, motor and 
sensory deficit, brainstem deficit, and variable cranial nerve abnormal- 
ities. Cerebellar infarction results in severe dizziness, nausea, vomit- 
ing, ataxia, and nystagmus. 

In most cases of thrombotic stroke a TIA has occurred previously. A 
TIA due to temporary or partial occlusion of all or part of the carotid or 
middle cerebral artery system may consist of hemiplegia, hemipares- 
thesia, monocular blindness, or other focal signs, depending on the area 
of brain affected. A TIA due to temporary or partial occlusion of the 
vertebral-basilar system consists of dizziness, diplopia, numbness, im- 
paired vision, and dysarthria. A TIA usually lasts for about 10 min but 
may last for a few seconds or up to 12 hr. Between TIAs the patient may 


have no neurological deficit. A bruit may be heard over the carotid 
arteries if they are severely atherosclerotic. 

A thrombotic stroke begins suddenly but may progress over several 
days. Parts of the body may become involved in a stepwise fashion. A 
completed stroke is defined as 18 to 24 hr without progression for the 
carotid system and 72 hr without progression for the vertebral-basilar 
system. 

Prognosis in a thrombotic stroke is difficult to predict. Comatose 
patients have a poor prognosis. Improvement generally occurs as func- 
tions are taken over by other parts of the brain or when edema sur- 
rounding an infarct subsides. If improvement has not begun by the 2nd 
week, prognosis is poor. Any deficit that remains at the end of 6 months 
is likely to be permanent. 

Embolic strokes develop the most rapidly and are fully developed 
within minutes. No warning symptoms precede an embolic stroke. Focal 
deficits such as motor aphasia, receptive aphasia, or a sensorimotor 
paralysis may occur. The ultimate prognosis depends upon correction of 
the underlying disease. 

Cerebral hemorrhage due to hypertension occurs without warning 
and evolves over hours. It occurs more commonly and at a younger age 
in blacks. The symptoms and signs depend on the site and size of the 
hemorrhage. Hemorrhage is most common in the putamen, where it 
causes hemiplegia, hemisensory loss, and homonymous visual loss and 
aphasia when the lesion is on the dominant side. Severe headache and 
vomiting occur at the onset. Eighty-five percent of patients with cere- 
bral hemorrhages due to hypertension do not survive the first 8 hr. A CT 
scan reliably detects intracerebral and intracerebellar hemorrhages of 1 
em or more if the study is performed within 2 weeks of the hemorrhage. 

Rupture of a saccular aneurysm may present with sudden uncon- 
sciousness with or without preceding excruciating headache. There are 
no lateralizing neurological signs when the blood is confined to the 
subarachnoid space. The hemorrhage tends to recur if surgical correc- 
tion is unsuccessful. Prognosis is poor if the patient is comatose; how- 
ever, if the patient awakes, recovery is likely. 


Headache 


The three major types of headaches are migraine, cluster, and 
muscle-contraction headaches. Migraine headaches may be 
subdivided into classic and common types. Muscle-contraction 
headaches are the most common type. 


Pathogenesis and Pathophysiology—Migraine headaches occur 
in three stages. The symptoms of each are described below and are 
related to an initial vasoconstriction and subsequent vasodilation of the 
blood vessels of the head. The initial vasoconstriction, which also is 
called the prodrome or aura, is quickly followed by vasodilation. Mi- 
graine without aura does not include a prodromal phase. Pathogenesis 
of the aura appears to consist of cerebral hypoperfusion, starting bilat- 
erally in the occipital cortex and moving forward in a manner sugges- 
tive of cortical-spreading depression. Pain results, at least in part, from 
inflammation of cranial arteries through a mechanism that is mediated 
by release of sensory neuropeptides that cause inflammation from sen- 
sory nerve endings of neurons whose cell bodies are in the trigeminal 
ganglion. 

Release of serotonin (5-HT) from platelets at the onset of the attack 
also is involved in causing pain, which can be blocked by selective 5-HT, 
receptor blockers. Females experience migraine headaches more often 
than males. Eighty percent of all migraine headaches are without aura. 
Several so-called trigger factors have been associated with migraine 
headaches. These include psychological factors (eg, stress), certain 
foods (eg, those containing tyramine), and hormones (eg, oral contra- 
ceptives). As the name implies, cluster headaches occur in closely 
spaced groups. They are rare compared with migraine headaches, and 
their pathophysiology is unclear. Tension-type headaches are the most 
common type. Their pathogenesis is not well understood. 

Symptoms and Signs—The first stage of migraine with aura con- 
sists chiefly of visual disturbances. These include blurred or cloudy 
vision, scotomas, and/or flashes of light. Vertigo, chills, tremors, unilat- 
eral numbness, aphasia, photophobia, or pallor also may occur. In the 
second stage, the patient experiences a severe, throbbing headache, 
which initially is unilateral. Nausea, vomiting, diarrhea, chills, trem- 
ors, and perspiration also may occur at this time. The third stage is a 
recovery phase. The pain decreases markedly, but the head is tender 
and exhaustion is present. Migraine without aura includes no prodro- 
mal stage (Stage 1) but the actual headache may last longer (more than 
2 hr) than migraine with aura. 

Cluster headaches are usually unilateral and nonthrobbing and 
may be associated with transient nasal stuffiness, rhinorrhea, ptosis, or 
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pupillary inequality. The patient experiences excruciating pain lasting 
20 to 90 min. 

Tension-type headaches may cause intermittent, recurrent, or con- 
stant pain. Patients may describe scalp soreness with pain on combing 
their hair, bandlike pain, or tightness and pressure. 


Neuromuscular Disease 


GUILLAIN-BARRE SYNDROME 


Etiology—The cause of most cases of Guillain-Barre syndrome, or 
acute idiopathic polyneuritis, is unknown, although a number of cases 
were reported in association with the swine flu vaccination program of 
the 1970s. 

Pathophysiology—Pathological changes observed in patients who 
die of Guillain-Barre syndrome include perivascular lymphocytic infil- 
trates, usually associated with demyelination of the affected nerves. 
Infiltrates also may occur in the liver, spleen, lymph nodes, and heart. 
Although the pathogenesis is unclear, the syndrome may involve a 
cell-mediated immunological reaction directed at peripheral nerves. 

Symptoms and Signs—The principal symptom is muscle weak- 
ness of both proximal and distal limbs. The weakness may advance to 
muscles of the trunk. While loss of sensation is unusual, paresthesias 
often occur. Affected patients are afebrile but sometimes have eleva- 
tions of WBCs in the CSF along with increased protein. In severe cases 
the respiratory system may be affected, requiring respiratory assis- 
tance. Death is rare and complete recovery occurs in most cases. 


MYASTHENIA GRAVIS—This is a disease characterized 
by muscle fatigability and weakness, most prominently affect- 
ing the muscles of the eye and cranium. 


Incidence and Epidemiology—The incidence is 1 in 20,000 in the 
general population. All age groups are affected, with females in the 20- 
to 40-year-old age group predominating. 

Etiology and Pathophysiology—While the underlying cause re- 
mains a mystery, the physiological defect has been clarified. The disease is 
due to autoimmune destruction of acetylcholine receptors at the motor 
endplate. In experimental models, massive phagocytic infiltration of motor 
endplates with large areas of postsynaptic membrane destruction and 
associated decrease in acetylcholine receptors is observed. This process 
results in the denervation of muscle fibers. There are other forms of 
myasthenia that are not associated with disturbed immunity, including 
inherited deficiencies in biosynthesis of acetylcholine or its receptors. 

Symptoms and Signs—The typical clinical presentation includes 
drooping eyelids, aphasia, and the inability to perform usually simple 
muscular functions. Early in the disease only a few muscles are affected 
in many patients. Neuromuscular fatigability in which patients are 
unable to sustain or repeat muscular movements is a cardinal sign. 

Electromyography is a useful diagnostic technique and shows a rapid 
decline in the amplitude of muscle action potentials with repetitive muscle 
contraction. Other tests used in diagnosis include the use of anticholines- 
terase agents and the detection of antibodies to acetylcholine receptors, 
which can be demonstrated in 90% of patients with myasthenia gravis. 


MULTIPLE SCLEROSIS—A number of neurological dis- 
orders are characterized by the degeneration of the myelin 
sheath of nerve fibers. Of these, only multiple sclerosis (MS) is 
discussed. Other diseases falling into this classification include 
acute disseminated encephalomyelitis (postvaccinial and 
postinfectious encephalomyelitis) and acute necrotizing hemor- 
rhagic encephalomyelitis. 


Normal Physiology—Many of the nerve fibers of the body are 
covered with a layer of lipid material called myelin. This myelin sheath 
is interrupted at intervals by spaces termed nodes of Ranvier. Myelin- 
ated nerves are found in great number in cranial and spinal processes 
and in the white matter of the brain and spinal cord. The myelin sheath 
influences the rate of nerve impulse conduction, with transmission 
being more rapid in myelinated nerve fibers. 

Etiology and Epidemiology—The etiology is unclear, although 
several epidemiological factors may offer some clues. This disease is 
rare between the equator and latitudes 30 to 35° north and south. It 
occurs more frequently with increasing latitude. MS is more common in 
some families, suggesting simultaneous exposure to some etiological 
agent or perhaps a hereditary factor. These factors suggest, to some, an 
infectious etiology with a resultant autoimmune response. 
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Pathophysiology—The pathological lesions vary in size and ap- 
pearance but always include or reflect demyelination. The lesions 
(plaques) occur throughout the white matter of the CNS. They are 
located most commonly in subpial and periventricular white matter of 
the cerebrum, optic nerves, cerebellum, brainstem, and spinal cord. The 
associated pathophysiological change is a decrease in speed of nerve 
impulse conduction. Symptoms worsen with age, reflecting the ongoing 
nature of the disease. 

Symptoms and Signs—While most patients present with evidence 
of spinal cord or brainstem involvement, about 40% present with only 
optic neuritis. The former presentation may include paresthesias, 
numbness, or weakness in an asymmetrical distribution. Diplopia, nys- 
tagmus, and cerebellar ataxia also may occur. The latter presentation 
may include partial or complete blindness in one or both eyes, scotomas, 
or pain with eye movement. This disease progresses with time, with 
interspersed exacerbations, and eventually may result in quadriplegia 
and coma. The usual patient survives 20 yr or more from the time of the 
initial diagnosis. Magnetic resonance imaging (MRI) scans are the most 
sensitive means of detecting lesions. Cerebral spinal fluid may contain 
oligoclonal bands, myelin basic protein, or elevated IgG. 


Dementia 


This is a generic term referring to a syndrome of declining 
cognitive function. The clinical course of the disorder is ex- 
tremely variable, and the causes are multiple. About 70% of 
progressive dementias are believed to be due to Alzheimer’s 
disease (AD). 


Epidemiology—The most common forms of Alzheimer’s disease 
are usually sporadic or occur in a few members of a large family. 
Familial aggregation is more common with early-onset disease. The 
mean age of onset in the US is 70 yr, and there are about 4 million cases 
in the US. 

Etiology—Mutations of three separate genes are responsible for 
autosomal dominant forms of early-onset Alzheimer’s disease. These 
three mutations together account for only a small portion of all cases. 
There are three common variations of the apolipoprotein E gene. 
Of these, E2 allele is somewhat protective, and the E4 allele corre- 
lates with more severe disease and early onset, particularly when 
homozygous. 

Pathophysiology—Many types of dementia involve structural dis- 
ease of the cerebrum and diencephalon. Degeneration and loss of nerve 
cells with secondary changes in the cerebral white matter often are 
observed. These changes may occur in one or many parts of the brain. 
AD is characterized by neurofibrillary tangles and senile plaques, found 
prominently in the hippocampus and association cortex. 

While the underlying etiology is often undetectable, dementia with 
its various lesions may be due to identifiable disorders such as chronic 
hydrocephalus, syphilis, and certain virus infections. 

Symptoms and Signs—tThe initial presentation is quite variable. 
Symptoms include irritability, lack of interest, distractibility, unclear 
thinking, loss of memory, and wide mood swings. As the disorder 
progresses, incontinence, aphasia, and speech disorders often develop. 
Eventually, patients become unable to care for themselves and appar- 
ently have no interest in doing so. The course is variable, with progres- 
sion occurring over months or years. It should be stressed that the 
disease may be due to a wide variety of disorders, many of which are 
treatable. Therefore, a detailed diagnostic effort is warranted. 


DERMATOLOGY 


Normal Anatomy and Physiology—tThe skin is the largest organ 
in the body. The functions of the skin include sensation, temperature 
control, prevention of water loss or penetration, synthesis of vitamin D, 
and protection from organisms and irritants. The skin is composed of 
three layers: the epidermis, the dermis, and the hypodermic or subcu- 
taneous tissue. The outer layer of the epidermis is the stratum cor- 
neum, or horny layer. The cells of the stratum corneum are fully 
keratinized and lack nuclei or granules. In the process of keratinization 
the cells from the basal layer migrate upward, flatten, lose water, and 
fill with keratin. This process normally requires 28 days from formation 
of a daughter cell (through mitotic division of a cell in the basal layer of 
the epidermis) until that cell is shed at the surface of the stratum 
corneum. The cells of the stratum corneum normally are shed invisibly 
as scales. 


The dermis is composed of connective tissue in which are found 
blood vessels, lymphatics, nerves, arrectores pilorum muscles, fibro- 
blasts, mast cells, and dermal appendages—hair follicles, sebaceous 
glands, and sweat glands. The elastin and collagen embedded in muco- 
polysaccharide give the skin its elasticity. Blood vessels in the papillae 
of the dermis bring nutrients to the avascular epidermis. Sebaceous 
glands are attached to hair follicles and produce sebum that lubricates 
the skin and may help prevent water loss. Sebum also has some anti- 
septic and antifungal properties. Hairs and nails are specialized kera- 
tinous structures composed of modified types of keratin. The subcuta- 
neous tissues are composed of connective tissue and fat. 

Certain microorganisms may be found on the skin as normal flora. 
Other microorganisms transiently may colonize the skin. 


Acne Vulgaris 


This common disease affects teenagers primarily. The charac- 
teristic lesions are the open comedo (blackhead) and closed 
comedo (whitehead). Most patients have only mild acne and 
never consult a physician, although they may spend large sums 
of money on OTC acne aids. In severe forms, acne may lead to 
extensive scarring. Even mild forms cause considerable psycho- 
logical distress. 


Epidemiology and Etiology—Almost everyone has some acne 
during the adolescent years. It may continue in some people until 30 to 
40 yr of age or appear postmenopausally in women. Administration of 
certain drugs, such as corticosteroids, halogens, androgens, lithium, 
and anticonvulsants, may result in acne. Acne also may be associated 
with certain occupations in which tars, oil, and chlorinated hydrocar- 
bons come in contact with the skin. The application of certain cosmetics, 
including moisturizers, has been associated with acne. 

The etiology is multifactorial. Heredity plays a role. Androgenic 
stimulation of sebum production by the sebaceous glands at puberty is 
important, but the main factor in precipitating acne appears to be 
occlusion of the ducts draining sebaceous glands. There is no scientific 
evidence that diet commonly plays a role in the development of acne. 
Anxiety, fatigue, heat, and humidity probably do aggravate acne. 

Pathology—tThe characteristic lesions are the open comedo (black- 
heads) and closed comedo (whiteheads), which are sebaceous glands 
that have become plugged with sebum and keratin debris. The black 
color is the result of oxidation of pigment granules in shed cells in the 
plug. When the epidermis covers the opening of the sebaceous gland so 
that oxidation cannot occur, the lesion is known as a whitehead. Come- 
dones are not inflamed. When they become inflamed the other lesions 
are formed; papules, pustules, and nodular-cystic lesions. Acne most 
commonly occurs on the oily areas of the skin, primarily the face, ears, 
neck, and upper trunk. Healed acne may result in atrophic, pitted, or 
hypertrophic scars. 

Pathophysiology—Androgens cause sebaceous glands to mature 
and to produce large quantities of sebum. Both males and females 
produce androgens. The sebaceous glands respond to very low levels of 
androgens. Obstruction of flow of sebum from the sebaceous gland to the 
surface of the skin results in a comedo. Increased amounts of sebum, 
increased viscosity of sebum, and keratin debris contribute to the ob- 
struction. Chronic obstruction of the sebaceous gland leads to follicular 
dilation (enlarged pores). Sebum is composed of triglycerides, waxes, 
cholesterol, squalene, and minute amounts of free fatty acids. Normally, 
sebum is not inflammatory. However, bacterial flora in the follicle 
hydrolyze the triglycerides to free fatty acids, which are extremely 
irritating and initiate the inflammatory process. In addition, Propi- 
onibacterium acnes releases chemotactic factors that enhance the in- 
flammatory process. The inflamed follicle may rupture and spread the 
process to the adjacent dermis, causing increased inflammation via a 
foreign-body reaction. 

Symptoms and Signs—The comedones and other lesions, includ- 
ing scars, are the physical abnormalities of acne. The course is usually 
chronic throughout adolescence until hormonal balance is achieved, 
usually in the early 20s. Occasional flares are common during the 
course. The objective of treatment is to clear the lesions, prevent scar- 
ring, and minimize psychological distress. 


Psoriasis 


This is a chronic disease characterized by epidermal hyperpla- 
sia and a greatly accelerated rate of epidermal turnover. The 
lesions are characteristically red, slightly raised, and scaly. 


Though psoriasis is usually a minor disorder, generalized forms 
and systemic manifestations also occur. 


Epidemiology—Approximately 1 to 3% of individuals in the US 
have some form of psoriasis. A higher incidence occurs in Northern 
European countries, while the disease does not appear in some races. 
Males and females are affected equally. Peak incidence occurs in early 
and middle adulthood, but psoriasis may occur at any time during life. 

Etiology—tThe etiology is unknown. Heredity is thought to play a 
role, transmission being autosomal dominant with incomplete pen- 
etrance or multifactorial. Frequently, the first lesions are associated 
with previous injury to the site, which is known as the Koebner 
phenomenon. 

Environmental factors such as decreased humidity may aggravate 
psoriasis. 

Pathology—tThe histopathological changes include parakeratosis 
(retention of nuclei in cells in the keratin layer), hyperkeratosis (in- 
creased thickness of the keratin layer), hypogranulosis (loss of the 
granular layer), elongation of the epidermal rete ridges, pustules with 
surrounding intercellular edema (spongiform pustules), and papilloma- 
tosis (increased height of the dermal papillary pegs) with thinning of 
the suprapapillary epidermis. There is an inflammatory infiltrate in the 
upper dermis and proliferation of small blood vessels in the papillae 
(vascular ectasia). Mitotic figures are seen in the bottom three cell 
layers of the epidermis rather than just in the basal layer. 

Pathophysiology—tThe characteristic change is the markedly ac- 
celerated turnover of the epidermal cells. Instead of the normal 28 days 
from cell division in the basal layers until the cell is shed from the 
stratum corneum, in psoriasis it takes only 3 to 4 days for this to occur. 
The mechanism for this and the other symptoms and signs of psoriasis 
is not understood. 

Symptoms and Signs—tThe lesions of psoriasis are discrete or 
confluent erythematous plaques and papules covered with white or 
silvery scales. The lesions are characteristically found on the extensor 
surfaces such as the elbows and knees and the back and scalp. However, 
any area of skin can be involved. Nails commonly are involved with 
pitting and ridging, while mucous membranes rarely are involved. The 
lesions may be localized or generalized and are usually asymptomatic 
but may cause discomfort from burning and itching. Auspitz sign is 
characteristic (punctate bleeding that occurs when psoriatic scales are 
removed). The onset of psoriasis is usually insidious, although it may be 
explosive. The clinical course is chronic and recurring, with periods of 
remission. Spontaneous cures rarely occur. Most cases are only cosmet- 
ically disfiguring. Some forms such as psoriatic erythroderma and pus- 
tular psoriasis may be life threatening. Although pustular psoriasis 
looks like an infection, the lesions are sterile. A form of arthritis that 
resembles rheumatoid arthritis but affects the distal joints is associated 
with psoriasis in some cases. There are no characteristic laboratory 
abnormalities of psoriasis. 


Allergic Skin Diseases 


These diseases may be caused by a variety of antigens and may 
be manifested in a variety of ways. These reactions may be 
classified according to time from exposure to onset in the sen- 
sitized individual. Immediate reactions occur within 1 to 60 
min of exposure to the antigen and are manifested by general- 
ized pruritus and urticaria. IgE is the mediator of immediate 
reactions. These reactions are the most dangerous, since they 
may be associated with laryngeal edema and/or anaphylaxis. 
Accelerated reactions occur within 1 to 72 hr of contact with the 
antigen and also are manifested by generalized urticaria and 
pruritus. An exanthem is seen rarely with this type of reaction. 
A late reaction may occur from 3 to 21 days after exposure to 
the antigen and may be manifested by urticaria. The urticaria 
in this case may subside even though the exposure to the 
antigen continues, because of the development of IgG and IgA 
blocking antibodies. The most common form of the late reaction 
is the exanthem. The eruption may not begin until the exposure 
to the antigen is discontinued and may last from 2 weeks to 4 
months. As the exanthem fades, there usually is scaling. IgM 
mediates late reactions. Chronic reactions continue longer than 
6 weeks. Usually the antigen cannot be identified in chronic 
reactions. 

URTICARIA, or hives, is a skin reaction characterized by 
wheal formation and is a member of the atopy complex that 
indicates a hereditary allergic background. 
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Epidemiology and Etiology—Approximately 15 to 20% of the 
population will experience at least one episode of urticaria. Young 
adults are afflicted most frequently by the acute form. The chronic form, 
lasting longer than 6 weeks, usually is seen in patients over 35 yr. 
Individuals with urticaria or their family members are likely to be 
allergic to a number of antigens and also suffer from seasonal rhinitis, 
asthma, and atopic dermatitis. In the acute form the antigen usually 
can be identified, but no mechanism is known for 70% of the chronic 
cases of urticaria. It also is seen in association with parasitic infections, 
systemic lupus erythematosus, bacterial infections, and occult malig- 
nancy. Exposure to physical agents such as cold, heat, UV light, or 
mechanical pressure may precipitate the disease in some individuals. 

Pathophysiology—It may develop as a result of several different 
processes, although all involve liberation of histamine from mast cells 
in the dermis. Systemic exposure to an antigen may result in formation 
of IgE antibodies toward that antigen. The antibodies are fixed to mast 
cells in the dermis and lungs and to circulating basophils. The interac- 
tion of antigen and antibody results in liberation of histamine and other 
mediators (prostaglandin E and kinins). These substances cause arte- 
riolar dilation and increased capillary permeability in the skin. Hista- 
mine is degraded quickly in tissues, so urticaria seldom lasts for more 
than 48 hr. A degranulated mast cell is refractory to further stimulation 
until histamine granules reform. 

Other antibodies may be involved in the liberation of histamine and 
mediator substances from mast cells. IgG and IgM may be formed 
against antigens. These antibodies, when they interact with antigens, 
may activate the complement cascade, which results in histamine re- 
lease. Cold and solar urticaria are mediated by antibodies (IgE) that 
are only active at decreased temperature or upon exposure to light, 
respectively. 

Histamine may be released from mast cells by nonimmunological 
mechanisms. Certain chemicals stimulate mast cells directly to liberate 
histamine. These chemicals include drugs, such as morphine, codeine, 
and dextrans, and crayfish toxin and snake venom. Direct physical 
pressure may cause release of histamine from mast cells. 

Symptoms and Signs—tThe lesions are well-circumscribed, dis- 
crete wheals with erythematous, raised serpiginous borders and 
blanched centers. The lesions, which involve only the superficial layer of 
the skin, may be scattered or localized or may coalesce. The patient will 
complain of intense pruritus or burning. Urticaria alone is seldom life 
threatening, but it may indicate a future anaphylactic reaction. Skin 
testing is usually of little value in these individuals in that they are 
allergic to numerous antigens. The acute form usually lasts less than 6 
weeks. The chronic form may last for years but usually does not last for 
life. 


ATOPIC DERMATITIS (ECZEMA)—KEczema is a skin 
disease that is also a member of the atopy complex. Atopic 
dermatitis is characterized by itching. The appearance and 
distribution of the lesions depend on the age of onset. 


Etiology—tThe etiology is unknown. Seventy percent of patients 
with atopic dermatitis have a family history of atopy, and 50% also have 
either hayfever or asthma. The disease can occur at all ages. Those with 
onset in early childhood tend to improve after a period of time. Irritants, 
excessive bathing, wide temperature variation, low humidity, and ner- 
vous tension may aggravate the condition. 

Pathology—Pathological changes are those of nonspecific derma- 
titis. Epidermal vesicles due to intercellular edema, parakeratosis, ac- 
anthosis, and an inflammatory infiltrate of the epidermis and dermis 
are seen in acute atopic dermatitis. In the chronic form, hyperkeratosis, 
parakeratosis, acanthosis, and a lymphocytic infiltrate of the thickened 
upper dermis are seen. 

Pathophysiology—The mechanisms for the development are not 
understood. Various immunological hypotheses have been put forth to 
explain the development of atopic dermatitis, but none of these explains 
all cases. Some patients with the disease have elevated levels of IgH and 
perhaps elevated levels of IgG and IgM. It also occurs commonly in 
immune-deficient individuals and may be due to an impairment of 
delayed hypersensitivity or impaired phagocytosis. Depressed IgA also 
has been reported in atopic patients. 

Symptoms and Signs—Infant-type atopic dermatitis (infantile ec- 
zema) begins during the first few months of life, perhaps as a reaction 
to food, although this is controversial. The eruption may be local or 
generalized, acutely inflamed, vesicular or papular and spreads rapidly. 
The scalp, face, trunk, extremities, and diaper area are involved. There 
is considerable oozing and crusting associated with the lesions, along 
with intense pruritus. The skin may become infected secondarily. The 
child usually outgrows the disease spontaneously at 2 to 3 yr. 

Childhood-type atopic dermatitis may be a recurrence of infant type 
or may be the first appearance of the disease. In contrast to the vesicles 
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and oozing of the infant type, these lesions are dried, lichenified plaques 
and patches. The lesions also are more localized in the childhood type 
and are found on the flexor surfaces and the face, neck, feet, genitalia, 
and scalp. Again, there is intense pruritus. The disease may clear or 
persist into adulthood. 

In adult type atopic dermatitis, the lesions consist of chronic licheni- 
fied patches that are intensely pruritic and may be hyperpigmented. 
Commonly flexures and the creases of the neck and eyelids are involved 
as well as the same areas as in the childhood type. The clinical course 
is chronic and characterized by spontaneous exacerbations and remis- 
sions. Eventually, the disease fades. 


ALLERGIC CONTACT DERMATITIS—This is an ex- 
tremely common skin disease caused by direct contact with the 
substance and the development of delayed hypersensitivity. 
Primary irritant contact dermatitis is caused by contact with 
noxious agents such as acids or corrosives or excessive contact 
with soap and water. The inflammatory skin reaction that 
results from such contact occurs in all individuals exposed 
to these agents and does not involve the development of 
hypersensitivity. 


Epidemiology—Many patients with dermatological problems have 
this disease, which affects any age group and is equally common in both 
sexes, 

Etiology—Substances capable of forming a stable bond with cuta- 
neous proteins and being transported to a lymph node are allergens for 
contact dermatitis. These include Rhus (poison ivy and poison oak), 
ragweed preservatives, solvents, low-molecular-weight polymers, met- 
als (particularly nickel), and medications. 

Pathology—tThe changes of spongiosis (intercellular edema) der- 
matitis are seen. 

Pathophysiology—tThe chemical group binds to skin protein and 
is transported to the lymph nodes. Cellular proliferation occurs in the 
paracortical area of the lymph nodes. Small lymphocytes become sen- 
sitized to the antigen within 7 to 10 days of the first exposure. The 
sensitized lymphocytes react with the antigen and release soluble che- 
motactic factors, which attract other lymphocytes and macrophages 
into the area. Also, the sensitized lymphocytes release migratory inhib- 
itory factors that inhibit the movement of macrophages and other cells 
away from the area. Lysosomal enzymes released from the macro- 
phages result in skin destruction. On subsequent exposures, reaction 
will occur within 24 to 48 hr of exposure. 

Symptoms and Signs—tThe distribution of the lesions is charac- 
teristic: the rash occurs where the allergen comes in contact with the 
skin. The scalp rarely is involved. The lesions begin as intense, rela- 
tively well-limited areas of erythema that are soon associated with 
edema. Papules and vesicles form, with subsequent oozing and weep- 
ing. Sometimes the lesions are bullous. The erythema lessens and is 
replaced with crusting and scaling. Pruritus of varying severity is 
always present. If contact with the allergen is eliminated, healing 
occurs in 1 to 3 weeks. With chronic exposure, a chronic contact der- 
matitis may develop with thickening, fissuring, scaling, and hyperpig- 
mentation of the area. Vesiculation is minimal in the chronic form. 
Intense itching and burning may result in excoriation and secondary 
infection. The disease will recur if there is another contact with the 
allergen, or the acute form may persist. Diagnosis may be made via 
patch testing, although patients may react to a variety of allergens 
including some to which they are not allergic. 


PHOTOALLERGIC REACTION—These uncommon de- 
layed hypersensitivity reactions require three factors: light, 
skin, and an allergen. Distribution is limited to the areas 
exposed to light. Photoallergic reactions must be distinguished 
from the more common phototoxic reaction, which occurs when 
a photosensitizing substance ingested or applied externally 
plus minimal exposure to sunlight or artificial lighting results 
in an exaggerated sunburn in 6 to 18 hr. No immunological 
mechanisms are involved in phototoxic reactions, which can 
occur with the first exposure to the substance. Pigment is 
protective in the phototoxic reaction and tanning results as the 
reaction subsides. 


Epidemiology and Etiology—These reactions are rare but occur 
predominantly in males (7 to 1) and in the age group of 40 to 60 yr. 
Pigment and dark skin are not protective for this reaction. Numerous 
drugs, chemicals, and cosmetics can cause both phototoxic and photoal- 
lergic reactions. 

Pathophysiology—tThe energy of light depends on the wavelength 
in the electromagnetic spectrum. A molecule exposed to light may 


dissipate the absorbed energy as heat or may undergo one of numerous 
photochemical reactions including chemical-bond formation. The chem- 
ical and the cutaneous protein are the antigen for the development of 
delayed hypersensitivity 

Symptoms and Signs—A photoallergic reaction occurs as an urti- 
caria or eczematous eruption in the areas of sun exposure. The initial 
eruption will not be seen until 7 to 10 days after the first exposure but 
occurs within 24 to 48 hr on subsequent exposures. No tanning occurs 
as the reaction subsides. The reaction may recur with each reexposure. 
Photopatch testing may make the diagnosis. 


Adverse Reactions to Drugs As Manifested 
by the Skin 


Cutaneous reactions are among the most common adverse re- 
actions to drugs. The significance of these reactions varies from 
minor to life threatening. Nonallergic drug reactions of the skin 
include alopecia, purpura, secondary infections, and phototoxic 
reactions. Allergic reactions include urticaria, the rash seen 
with serum sickness, allergic contact dermatitis, and photoal- 
lergic reactions, as already discussed. In addition, several less- 


common but potentially more serious reactions may occur. 
EXFOLIATIVE DERMATITIS (ERYTHRODERMA SYN- 


DROME)—This is a potentially fatal complication that may 
occur as a result of an extension of another dermatitis. 


Etiology—tThis is seen with generalized spreading of a drug reac- 
tion, psoriasis, contact dermatitis, seborrheic dermatitis, and atopic 
dermatitis and in association with leukemia or lymphoma. 

Pathophysiology—tThe pathophysiology is entirely unknown. 

Symptoms and Signs—There is a generalized erythematous erup- 
tion, with scaling involving the entire skin surface. In extensive exfoliative 
dermatitis the metabolic demand is such that the patient develops nega- 
tive nitrogen balance, edema, and hypoalbuminemia and loses muscle 
mass. Serious water and electrolyte imbalance can result from the greatly 
increased loss of water through the skin. The cause and complications 
determine the course. The erythroderma syndrome persists in patients 
with malignancy. If psoriasis, atopic dermatitis, or other skin diseases 
cause the exfoliative dermatitis, improvement occurs over 8 to 10 months. 
Prognosis is better if the etiological factor can be removed. Approximately 
30% of patients with exfoliative dermatitis die. 


ERYTHEMA MULTIFORME —This is a characteristic 
skin reaction that results from a systemic allergic reaction to 
various agents. The syndrome may include only a few typical 
skin lesions or become a more severe illness known as Stevens- 
Johnson syndrome. 


Etiology—lInfectious agents including herpes virus and Myco- 
plasma pneumoniae; drugs including penicillin, aspirin, anticonvul- 
sants, and sulfonamides; and malignancy may cause this condition. 

Pathology—Histopathologically, the changes seen are those of 
spongiotic dermatitis, with epidermal necrosis, ballooning, and vacuo- 
lar alteration. An associated superficial perivasculitis and interface 
lymphohistiocytic infiltrate is present. 

Pathophysiology—This disease is probably antigen-antibody 
mediated. 

Symptoms and Signs—The lesions may be papules, macules, ur- 
ticaria, vesicles, or bullae. The type of lesion may change as the disease 
progresses. The lesions are symmetrical in distribution and are found 
most commonly on extensor surfaces, the backs and palms of hands, and 
the tops and soles of feet. Both mucous membranes and skin are 
involved in the severe form. The lesions begin as a bright redness that 
extends peripherally as the center pales and becomes firm and may 
contain bullae. The lesions, called target lesions because of their ap- 
pearance, are characteristic but do not always occur in the disease. In 
Stevens-Johnson syndrome the skin, conjunctiva, and mucous mem- 
branes are involved. This reaction includes toxemia, prostration, high 
fever, cough, and inflammation of the lungs. The disease usually re- 
solves within a few weeks after the inciting agent is removed, although 
the severe form may be fatal. 


Skin Infections 


IMPETIGO—\This is a common, superficial, bacterial infec- 
tion of the skin that may arise from normal skin or as a 


secondary infection of dermatitis, intertrigo, infestations, other 
infections, or trauma. 


Etiology and Epidemiology—tThe causative organisms are beta- 
hemolytic streptococci and coagulase-positive staphylococci. In second- 
ary forms, gram-negative organisms also may be found. Impetigo may 
occur at any age but is most common in children. The lesions may be 
autoinoculable and are somewhat contagious. 

Symptoms and Signs—The disease begins as a macule that 
progresses to a vesicle covering about 2 to 3 cm” in area. The vesicle, 
which is located just below the stratum corneum, becomes a pustule 
filled with polymorphonuclear leukocytes. The pustule ruptures and 
may spread the bacteria to the adjacent skin. The lesion now is denuded 
and seeps. The seropurulent fluid quickly dries, forming the character- 
istic friable, honey-colored crust of the disease. 


Mycotic Infections 


Dermatophytoses are mycotic infections of the skin that involve 
the epidermis, nails, and hair. The diseases differ in causative 
organism, area affected, mode of transmission, and response to 
therapy. 


Tinea capitis usually occurs in prepubertal children and may occur 
in epidemics in schools or institutions. The lesions are found on the 
scalp and appear as scaly, crusted patches with the hair broken off close 
to the scalp. Inflammation and deeper lesions may occur and may result 
in scarring alopecia. The fungus is in the genus Microsporum. 

Tinea corporis is classic ringworm. The lesions occur anywhere on 
the hair-bearing skin of the body. A papule begins and spreads centrif- 
ugally as a scaly red rim with central clearing. The border of the lesions 
may contain vesicles. The causative organisms are in the Microsporum 
and Trichophyton genera. 

Tinea cruris is known more commonly as jock itch. The lesions 
begin as a symmetrical, scaly, red eruption of the groin and inner 
thighs. Chronic lesions are browner in color. The lesions have specific 
margins, and the margins are more inflamed than the center. Severe 
pruritus accompanies the eruption. The fungus belongs to either Epi- 
dermophyton or Trichophyton genus. Heat and humidity are aggravat- 
ing factors for the development of tinea cruris. This condition must be 
distinguished from a similar eruption that is caused by another fungus, 
Candida albicans. 

Tinea pedis (athlete’s foot) is perhaps the most common of the 
dermatophytoses. Darkness, heat and humidity predispose an individ- 
ual to the development of this infection. Trichophyton mentagrophytes 
causes an inflammatory eruption with vesicles and weeping. Trichophy- 
ton rubrum causes a dry, scaly eruption. 

Tinea unguum is a fungal infection of the nails; most commonly 
the toenails. The nails become yellow, brittle, thickened, and raised by 
the underlying debris. Infections of the nails are difficult to eradicate. 


ENDOCRINOLOGY 


Endocrine glands are organs that secrete hormones directly 
into the blood. The major endocrine glands are the anterior 
pituitary, posterior pituitary, thyroid, adrenals, parathyroids, 
pancreas, and ovaries or testes. The anterior pituitary gland 
controls the function of the other glands with the exception of 
the parathyroids, pancreas, and posterior pituitary. The hypo- 
thalamus and the CNS control the pituitary. Hormones regu- 
late metabolism: endocrine disorders arise when there is excess 
or a deficiency of a hormone. Most patients with endocrine 
dysfunction can be treated successfully. 


The Hypothalamus 


This organ is responsible for the integration of the CNS and 
endocrine system and is particularly related to the physiologi- 
cal response to stress. 


Normal Physiology—See Chapter 77. 
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Anterior Pituitary Disorders 


The pituitary gland is located at the base of the brain in the 
sella turcica. The cells of the anterior lobe secrete the hormones 
described below. 


Normal Physiology—See Chapter 77. 

Pathophysiology—Tumors that cause increased production of 
TSH (thyroid-stimulating hormone), ACTH (adrenocorticotrophic hor- 
mone), GH (growth hormone), and prolactin develop in the anterior 
pituitary. Only a few tumors that produce increased amounts of gonad- 
otropins have been identified. A tumor that secretes excess TSH is a 
rare cause of hyperthyroidism. A tumor may secrete excess ACTH and 
result in Cushing’s disease (vice infra). Growth hormone-secreting 
tumors cause gigantism or acromegaly. If the tumor occurs before 
puberty and closure of the epiphyseal plate, gigantism with generalized 
overgrowth of the skeleton and soft tissue occurs. After puberty, a 
GH-secreting tumor causes acromegaly, which is characterized by over- 
growth of bone and cartilage in the distal parts of the body such as the 
face, head, hands, and feet. 

Acromegaly also is associated with early osteoarthritis, psychologi- 
cal disturbances, glucose intolerance, and hypertension. Prolactin- 
secreting tumors, the most common of the functioning pituitary tumors, 
cause galactorrhea and amenorrhea. 

The anterior pituitary may be destroyed by a large tumor. Sheehan’s 
syndrome is destruction of the pituitary because of hypotension during 
delivery. The clinical manifestations of panhypopituitarism depend on 
whether the destruction occurs pre- or postpuberty. Prepubertal de- 
struction results in stunted growth and lack of sexual development and 
may result in thyroid and adrenal insufficiency. Postpubertal destruc- 
tion results in gonadal, thyroid, and adrenal insufficiency. 

Symptoms and Signs—Pituitary tumors cause headaches, loss of 
temporal visual fields, bilateral hemianopia, loss of visual acuity, and 
blindness. The other symptoms and signs relate to the excess or lack of 
hormone(s). 


Posterior Pituitary Disorders 


The posterior pituitary secretes ADH and oxytocin. 
Normal Physiology—See Chapter 77. 


DIABETES INSIPIDUS—This is a disorder caused by de- 
creased production of ADH (antidiuretic hormone). Tumors 
may compress the posterior pituitary or it may be removed 
surgically. Nephrogenic diabetes insipidus occurs when the 
kidney tubules cannot respond to the action of ADH. 


Symptoms and Signs—The hallmark of diabetes insipidus is poly- 
uria with excessive thirst and polydipsia. In severe forms the urine 
volume is 16 to 24 L/day. Micturition may be required every half-hour, 
day or night. Urine osmolarity is low, and urine specific gravity is less 
than 1.005. If intake does not equal output, the patient may become 
dehydrated severely. 


SYNDROME OF INAPPROPRIATE ADH SECRE- 
TION—This is caused by continual release of ADH regardless 
of plasma osmolarity. Diseases of the lung including TB and 
oat-cell carcinoma, CNS trauma or disease, and drugs such as 
chlorpropamide, vincristine, carbamazepine, etc, cause inap- 
propriate ADH release. 


Symptoms and Signs—Ingested fluids are retained, so that vol- 
ume expansion and dilutional hyponatremia occur. The patient com- 
plains of weight gain, weakness, lethargy, and mental confusion. 
The serum sodium is low, as is plasma osmolarity, and the urine is 
concentrated. 


Thyroid Disorders 


The thyroid gland, which is located in the anterior neck, se- 
cretes thyroid hormones that control a number of metabolic 
processes. 


Normal Physiology—For the biosynthesis and actions of the thy- 
roid hormones, see Chapter 77. Disorders that affect serum proteins can 
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affect the amount of bound T3 or T4 but not the metabolic status of the 
patient. 

Actions of thyroid hormone include maintenance of body tempera- 
ture and weight, control of skin texture, stimulation of protein catabo- 
lism, stimulation of heart rate and myocardial contractility, increased 
metabolism of cholesterol, and proper functioning of the CNS. At the 
tissue level the actions of thyroid hormone are synergistic with those of 
epinephrine. 


HYPOTHYROIDISM—This is a state of deficient thyroid 
hormone production. Cretinism is hypothyroidism that begins 
at birth and results in developmental abnormalities and severe 
mental retardation. Myxedema is severe hypothyroidism with 
the accumulation of hydrophilic mucopolysaccharides in the 
dermis. 


Etiology—Various mechanisms may cause it. An inherited defect 
in thyroid synthesis may occur. The diet may be deficient in iodine. The 
pituitary may no longer produce TSH. Antibodies against the thyroid 
gland may destroy it. The treatment of hyperthyroidism by either 
surgery or radioactive iodide usually results in hypothyroidism. 

Symptoms and Signs—The cretin is constipated and somnolent 
and has a hoarse cry and feeding problems. Physical abnormalities 
include short stature, coarse features, protruding tongue, broad flat 
nose, widely set eyes, a protuberant abdomen, and an umbilical hernia. 
The child is mentally retarded. 

Hypothyroidism in adults is insidious in onset. Complaints include 
cold intolerance, lethargy, constipation, menorrhagia, slowing of intel- 
lectual and motor activity, a modest weight gain, dry hair that falls out, 
dry skin, stiff aching muscles, and a deep, hoarse voice. Patients with 
myxedema have a dull expressionless face, sparse hair, periorbital 
puffiness, a large tongue and pale, cool, rough, doughy skin. Coma is a 
poor prognostic sign. 

Physical examination of patients with hypothyroidism is remark- 
able for the skin changes, bradycardia, and prolonged relaxation phase 
of deep tendon reflexes. Goiter is caused by hyperplasia of the thyroid 
gland because of excessive stimulation by TSH under conditions in 
which there is a defect in thyroid hormone synthesis. 


HYPERTHYROIDISM—tThis is a state of excess thyroid 
hormone production. A multinodular goiter may become auton- 
omous after many years. A single adenoma of the thyroid 
whose function is independent of TSH may occur. Very rarely, 
carcinoma of the thyroid may cause hyperthyroidism. 

Graves’ disease, the most common cause of hyperthyroidism, 
is hyperthyroidism with diffuse goiter, ophthalmopathy, and 
dermopathy. All three features are not necessary for the diag- 
nosis, and the course of each may be independent. 


Etiology and Epidemiology—tThe etiology is unknown, but there 
is a familial predisposition. The disease has a female:male ratio of 7:1 
and usually occurs in the 3rd or 4th decade of life. 

Pathophysiology—The mechanism of the development of the dis- 
ease is uncertain. It is believed to be caused by thyroid-stimulating 
immunoglobulins, which are found in over 90% of patients with the 
disease. 

Pathology—tThe thyroid gland shows diffuse hyperplasia and hy- 
pertrophy with lymphocytic infiltration. The orbit and orbital muscles 
have an inflammatory infiltrate of lymphocytes and plasma cells. The 
dermis is thickened and infiltrated by lymphocytes and hydrophilic 
mucopolysaccharides over the tibia. 

Symptoms and Signs—The patient may complain of a goiter, a 
fine tremor particularly when the fingers are spread, increased ner- 
vousness, emotional instability, increased sweating, heat intolerance, 
weight loss, palpitations, weakness, increased appetite, diarrhea, nau- 
sea, vomiting, dyspnea, and amenorrhea. Physical examination reveals 
wasting of muscles, sinus tachycardia, atrial arrhythmias, and perhaps 
CHF. The skin is warm, moist, and velvety, and the hair, fine and silky. 
The goiter is usually diffuse, and a bruit may be heard over the gland. 

The patient also may complain of decreased lacrimation, eye red- 
ness, and a sensation of sand in the eyes. The ocular signs include the 
characteristic stare and frightened facies, infrequent blinking, lid lag, 
failure of convergence, and failure to wrinkle the brow on upward gaze. 
Varying degrees of ophthalmoplegia and proptosis occur. Corneal ulcer- 
ation may occur as a complication. The exophthalmos is usually 
bilateral. 


Adrenal Disorders 


The adrenal glands produce three principal hormones. Disor- 
ders may involve excess or deficiency of any one or a combina- 
tion of the hormones. The disorders may be primary, in the 
adrenal gland, or secondary, caused by a problem outside the 
adrenal gland. 


Normal Physiology—see Chapter 77. 


CUSHING’S SYNDROME —This is caused by glucocorti- 
coid excess. 


Etiology—Cushing’s disease is the result of increased cortisol pro- 
duction due to bilateral adrenal hyperplasia caused by an ACTH- 
producing tumor of the pituitary gland, which acts independently of 
feedback mechanisms. The most common cause of Cushing’s syndrome 
is iatrogenic use of corticosteroids. Nonendocrine tumors, such as bron- 
chogenic carcinoma, bronchial adenoma, and pancreatic carcinoma, 
secrete an ACTH-like peptide that causes the syndrome, which also 
may result from adrenal adenomas or adrenal carcinomas. 

Epidemiology—tThe syndrome is seen more commonly in females 
30 to 40 yr of age. 

Symptoms and Signs—The syndrome is characterized by truncal 
obesity, hypertension, weakness and fatigability, hirsutism, amenor- 
rhea, purple abdominal striae, edema, and osteoporosis. Approximately 
80% of patients have the first four symptoms and signs. 

The symptoms and signs of the syndrome are secondary to the 
excess cortisol. Increased cortisol levels promote the deposition of adi- 
pose tissue in the face (the moon facies), in the interscapular area (the 
buffalo hump), and in the mesenteric bed (the truncal obesity). The 
obesity is modest, not extreme. Mobilization of protein from peripheral 
supporting tissue results in muscle weakness, fatigability, osteoporosis, 
striae, ecchymoses, and easy bruising. Because of increased hepatic 
gluconeogenesis and insulin resistance, glucose intolerance or diabetes 
mellitus occurs. Hypertension is almost always present. Marked emo- 
tional changes from irritability, emotional instability, and euphoria to 
severe depression and psychosis occur. Amenorrhea, acne, and hirsut- 
ism are seen in females. Acne is seen in both sexes. 

Laboratory tests reveal a mild neutrophilic leukocytosis, normal 
serum sodium, hypokalemia, metabolic alkalosis, and increased serum 
glucose with intermittent glycosuria. Radiographs show generalized 
osteoporosis, particularly of the spine and pelvis, and perhaps compres- 
sion fractures of the vertebrae. 

The diagnosis of the syndrome is based on elevated serum levels of 
cortisol. Dexamethasone in sufficient doses can suppress ACTH release 
and subsequently cortisol production in the syndrome due to a pituitary 
tumor but will not affect cortisol secretion in the syndrome due to other 
causes. Patients with an adrenal tumor have increased serum cortisol 
but decreased serum ACTH. 


PRIMARY HYPERALDOSTERONISM—This is due to ex- 
cessive production of aldosterone independent of angiotensin II. 


Etiology—Conn’s syndrome is primary hyperaldosteronism due to 
an adrenal adenoma. This disease occurs twice as frequently in females 
as males and usually in those between the ages of 30 to 50 yr. Approx- 
imately 60% of primary aldosteronism is due to an adrenal adenoma, 
30% to bilateral adrenal hyperplasia, and the remainder to carcinoma, 
nodular hyperplasia, or undetermined causes. Secondary hyperaldoste- 
ronism occurs in states of overstimulation of the renin-angiotensin 
system such as in renal vascular hypertension or the edema formation 
of hepatic cirrhosis, nephrotic syndrome, or CHF. 

Symptoms and Signs—The hallmarks of the disease are hypoka- 
lemia, hypertension, and volume expansion. The hypokalemia leads to 
muscle weakness and fatigue, particularly in the legs, and ECG 
changes. Hypokalemia may predispose to the development of pyelone- 
phritis. The patients complain of polyuria and polydipsia. 


ADRENAL VIRILISM—This is the excessive production of 
adrenal androgens. 


Etiology—Congenital enzyme defects lead to the syndrome of ad- 
renal hyperplasia. Tumors that produce excess ACTH also increase 
adrenal androgen production. 

Pathophysiology—The enzyme defect is most commonly C-21 hy- 
droxylase deficiency, which prevents the formation of cortisol, so the 
feedback mechanism does not inhibit ACTH production. The result is 
an overproduction of androgens. 


Symptoms and Signs—The syndrome, which occurs at birth, 
causes ambiguous external genitalia in females and premature viriliza- 
tion of males. In the adult female, hirsutism, acne, temporal baldness, 
deepening of the voice, decrease in breast size, atrophy of the uterus, 
amenorrhea, and enlargement of the clitoris occur. 


PRIMARY ADRENAL INSUFFICIENCY (ADDISON’S 
DISEASE)—This disease, originally described by Addison, has 
a poor prognosis if untreated. 


Etiology—tThe adrenal glands are destroyed. Approximately 90% of 
the glands must be destroyed before clinical manifestations occur. 
Chronic granulomatous infections such as tuberculosis or fungal infec- 
tion or acute infections such as meningococcemia can cause the destruc- 
tion. Most cases are due to atrophy of the adrenal glands, which is 
immunologically mediated and may have a genetic predisposition. 

Symptoms and Signs—This disease presents as progressive fati- 
gability, weakness, anorexia, nausea, vomiting, weight loss, increased 
skin and mucosal pigmentation, and hypotension. Other symptoms 
include those due to hypoglycemia, as well as abdominal pain, diarrhea, 
constipation, salt craving, and syncope. The most prominent symptom 
is fatigue. The hyperpigmentation is brown, tan, or bronze in both 
exposed and nonexposed areas and particularly over pressure points or 
in skin creases. 


SECONDARY ADRENAL INSUFFICIENCY—This is an 
ACTH deficiency caused by pituitary destruction or pituitary 
atrophy secondary to prolonged administration of exogenous 
corticosteroids. The patient has the same symptoms and signs 
as the patient with primary adrenal insufficiency (above) but 
not the hyperpigmentation. ACTH deficiency due to pituitary 
destruction usually occurs along with other hormone 
deficiencies. 

ADRENAL CRISIS—This is a state of acute adrenal 
insufficiency. 


Etiology—Stress, surgery, trauma, or infection may precipitate 
acute adrenal insufficiency in a patient who has been chronically adre- 
nally insufficient. Adrenal hemorrhage due to septicemia or anticoagu- 
lants or rapid withdrawal of exogenous steroids may precipitate an 
adrenal crisis. 

Symptoms and Signs—The symptoms and signs are those of 
chronic adrenal insufficiency excluding pigmentation. The nausea, vom- 
iting, and abdominal pain are difficult to control and contribute to the 
dehydration. Somnolence is profound. The blood pressure, is low and 
the patient may die of hypovolemic shock. 


Pancreatic Disorders 


DIABETES MELLITUS—This is a disorder of glucose me- 
tabolism that results from an absolute or relative lack of insu- 
lin and of complications that include accelerated atherosclero- 
sis, retinopathy, nephropathy, and neuropathy. The 
interrelationship between the glucose intolerance and the vas- 
cular disease has not been defined clearly. Type 1 diabetes 
(insulin-dependent diabetes, formerly called juvenile onset di- 
abetes) is believed to be an autoimmune disorder. It is charac- 
terized by marked insulin deficiency and rapid onset. Late 
onset and a diminished insulin response characterize Type 2 
diabetes (also called non-insulin-dependent diabetes, formerly 
adult onset diabetes). 


Epidemiology—This is a disease that occurs worldwide, with 
about 4.2 million diabetics in the US. The incidence is higher in rela- 
tives of diabetics, people older than 45 yr, and those who are currently 
or were obese. 

Etiology—Both types have a genetic predisposition, which is more 
obvious in the case of Type 2 diabetes. Destruction of the pancreas by 
chronic pancreatitis, hemochromatosis, or carcinoma results in diabe- 
tes. Other endocrine disorders, such as Cushing’s syndrome, hyperpi- 
tuitarism, and hyperthyroidism, are associated with the disease. Glu- 
cose intolerance occurs during pregnancy or times of excessive stress 
and with the administration of glucocorticosteroids, thiazides, and oral 
contraceptives. 

Pathology—tThe beta cells of the pancreas are decreased in number 
or are degranulated in diabetes. The reduction in number of beta cells 
corresponds to the lack of insulin. In Type 1 diabetes there are no beta 
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cells; in Type 2 diabetes only about one-half of them are present. In 
some cases these cells are infiltrated with lymphocytes, suggesting an 
autoimmune mechanism for Type 1 diabetes. The presence of anti-islet 
antibodies also supports an autoimmune hypothesis in Type 1 diabetes. 
The atherosclerosis that occurs in diabetes is the same as the athero- 
sclerosis previously discussed, but it occurs as frequently in females as 
in males and at an earlier age. In the kidney, nodular glomerulosclero- 
sis (Kimmelsteil-Wilson’s) is seen, which is the deposition of glycopro- 
tein in ball-like masses in the mesangial regions of the capillary tufts. 
Diffuse glomerulosclerosis, which is the deposition of glycoprotein in 
the mesangium, also is seen, as well as tubular basement membrane 
thickening. The earliest finding of diabetic retinopathy is microaneu- 
rysms. Proliferative retinopathy, the formation of new blood vessels 
around the optic disk, occurs with longstanding diabetes. Repeated 
hemorrhages cause scar formation that may lead to retinal detachment. 
The changes of hypertensive retinopathy also are seen in diabetics with 
hypertension. 

Pathophysiology—tThe lack of insulin results in a peripheral un- 
deruse and hepatic overproduction of glucose, which results in hyper- 
glycemia. Insulin facilitates the entry of glucose into cells of adipose 
tissue and muscle, stimulates fat synthesis in cells, and stimulates 
protein synthesis. See Chapter 64. The lack of glucose in muscle cells 
leads to glycogenolysis and the release of amino acids for gluconeogen- 
esis. Lack of insulin and glucose in adipose tissue impairs triglyceride 
synthesis and release of free fatty acids. The liver metabolizes free fatty 
acids to ketones, which are used by muscles for energy, to a limited 
extent. Lack of insulin also results in hepatic overproduction of glucose 
from glycogenolysis and gluconeogenesis. Another hormone, glucagon, 
is increased in diabetes. Glucagon effects oppose insulin physiologically. 

Hyperglycemia results in glycosuria when the serum level of glucose 
exceeds the renal threshold for reabsorption of glucose. The osmotic 
diuresis causes polyuria and polydipsia and may result in dehydration. 
Excess ketones also are excreted in the urine, as ketoacids. This results 
in urinary loss of bicarbonate, sodium, and potassium and dehydration. 

Normally insulin is released only in response to a glucose load such 
as a carbohydrate-containing meal. Serum insulin levels rise within 15 
to 20 min after eating. Patients with Type 1 diabetes do not produce 
insulin. Those with Type II diabetes produce too little insulin too late to 
prevent hyperglycemia. Obese people have hypertrophied adipose cells, 
which, because of their size, are less sensitive to the action of insulin. 

The vascular complications of diabetes mellitus have been related to 
the hyperglycemia. It is postulated that glycoprotein is deposited in 
capillaries when glucose levels are elevated. Formation of cataracts and 
neuropathy are thought to occur because glucose is metabolized to 
sorbitol by aldose reductase in hyperglycemia. The sorbitol causes os- 
motic swelling and damage. 

Symptoms and Signs—The onset of Type 1 diabetes is sudden and 
characterized by polyuria, polydipsia, polyphagia, weight loss, de- 
creased muscle strength, irritability, and perhaps a return of bedwet- 
ting. The presentation may be ketoacidosis. About one-third of these 
patients have a remission shortly after the onset of the diabetes. The 
remission may last for weeks to 1 year, and the patient does not require 
insulin during this time. After the remission, Type 1 diabetics require 
insulin for the remainder of their lifetime. They are very sensitive to the 
effects of insulin and physical activity. Both hypoglycemia and ketoac- 
idosis punctuate their course. The clinical presentation of adult-onset 
diabetes may be the insidious onset of weight loss, nocturia, vascular 
complications, decreased or blurred vision, fatigue, anemia, or symp- 
toms and signs of neuropathy. The disease may be diagnosed from an 
elevated glucose level without any symptoms. Type 2 diabetics usually 
are not prone to ketoacidosis. Most Type 2 diabetics respond to weight 
loss. 

The diagnosis of diabetes mellitus is based on the documentation of 
elevated fasting blood sugar, elevated blood glucose 2 hr after a meal, or 
an abnormal glucose tolerance test. Diet, physical activity, age, under- 
lying diseases, and drugs influence the accuracy of a glucose tolerance 
test. 


Complications—Ketoacidosis occurs in diabetic patients who de- 
velop high levels of glucose and ketones plus metabolic acidosis. The 
usual cause is lack of compliance with insulin therapy, but ketoacidosis 
may be the first episode for an undiagnosed diabetic or a manifestation 
of an infection. The symptoms and signs of ketoacidosis include nausea, 
vomiting, abdominal pain, and air hunger (Kussmaul breathing— 
heavy, labored breathing to compensate for the decreased pH). The 
dehydration may be severe. Oliguria and hypotension may be present. 
Hyperglycemia, decreased serum bicarbonate, hypokalemia, azotemia, 
and acidosis may be seen on laboratory evaluation. Hyperglycemic hy- 
perosmolar nonketotic coma occurs in Type 2 diabetics. The patients are 
usually elderly and have some renal impairment. Polyuria and polydip- 
sia precede neurological manifestations. The patient presents with hy- 
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perpyrexia, hypotension, tachycardia, hyperventilation, and the signs 
of dehydration. Hyperreflexia, mild disorientation, confusion, seizures, 
or coma reflect the intracellular dehydration of the CNS. Laboratory 
examination is remarkable for increased serum osmolarity and hyper- 
glycemia without ketosis or hypernatremia. 


Retinopathy occurs in most diabetics after 20 yr of the disease. 
Venous dilation, the formation of microaneurysms and small hemor- 
rhages into the retina occur but do not interfere with vision. Hemor- 
rhages into the vitreous cause temporary blindness. Retinal detach- 
ment occurs because of repeated hemorrhages and scar formation. 
Secondary hemorrhagic glaucoma occurs in proliferative retinopathy. 
Diabetes is the second leading cause of blindness. Cataracts also are 
associated with the disease. 

Neuropathy may result from the sorbitol pathway or from ischemia 
resulting from the vascular disease. Diabetic neuropathy most fre- 
quently involves the peripheral nerves but can involve any nerve. 
Manifestations of diabetic neuropathy include sexual dysfunction in the 
male, gastric atony, nocturnal diarrhea, fecal incontinence, orthostatic 
hypotension, neurogenic bladder, paresthesias, and loss of sensation. 

Diabetic ulcers and gangrene result from the neuropathy, the vas- 
cular disease, or both. The painless foot is more prone to injury. The 
ischemic foot is less likely to heal. The patient usually has a history of 
intermittent claudication, nocturnal leg pain and cramps, loss of hair, 
and muscle atrophy. Both feet and legs usually become involved. 

Nephropathy occurs with diabetes of 15 yr or more duration and 
usually occurs along with the other complications. The first sign of 
diabetic nephropathy is microalbuminuria, the excretion of 30 to 300 
mg of albumin per day. This progresses to dipstick-positive proteinuria. 
Later, the nephrotic syndrome may appear, and renal function deteri- 
orates, or progressive renal failure occurs without the nephrotic syn- 
drome. Diabetic nephropathy may cause hypertension. Urinary tract 
infections and pyelonephritis are more common in the diabetic and may 
contribute to the renal failure. 


Disorders of Calcium Metabolism 


These disorders may relate to dysfunction of the parathyroid 
glands or to vitamin D deficiency. 


Normal Physiology—Calcium and phosphate homeostasis is 
maintained by parathyroid hormone (PTH), vitamin D, and calcitonin. 
The normal serum calcium varies only slightly for an individual. Di- 
etary vitamin D or that produced in the skin by sunlight is inactive. The 
molecule is hydroxylated at the 25-position by the liver and at the 
1-position by the kidney to form the active 1,25-dihydroxycholecalcif- 
erol. Parathyroid hormone is necessary for the hydroxylation in the 
kidney. Parathyroid hormone and vitamin D work together to stimulate 
GI absorption of calcium, bone resorption, and renal reabsorption of 
calcium. The actions of vitamin D and parathyroid hormone are op- 
posed by calcitonin. Parathyroid hormone promotes the excretion of 
phosphate by the kidney. Vitamin D promotes phosphate absorption 
from the GI tract. See also Chapters 77 and 106. 


PRIMARY HYPERPARATHYROIDISM—tThis is an 
overproduction of PTH with increased serum calcium and de- 
creased serum phosphate. 


Etiology—Most cases are caused by benign adenomas of one para- 
thyroid gland; some are caused by chief cell hyperplasia in all four 
parathyroid glands; a few are caused by carcinoma of the parathyroids. 
Nonendocrine neoplasms without metastases to the bone that secrete 
PTH-related peptide cause pseudohyperparathyroidism. 

Symptoms and Signs—Most patients with primary hyperparathy- 
roidism are asymptomatic, and the diagnosis is discovered after routine 
screening demonstrates elevated serum calcium. 

Some patients present with recurrent nephrolithiasis that leads to 
urinary tract obstruction, recurrent urinary-tract infections, a predis- 
position to pyelonephritis, and chronic renal failure. The stones are 
usually either calcium oxalate or calcium phosphate. Nephrocalcinosis 
or deposition of calcium in the renal parenchyma also can occur as a 
result of hyperparathyroidism. Nephrocalcinosis may lead to chronic 
renal failure. The effect of increased levels of PTH on the bone results 
in a decreased number of trabeculae, increased osteoclasts, and replace- 
ment of normal bone by fibrous tissue that is known as osteitis fibrosa 
cystica. The hands and skull are affected most commonly. Radiographs 
show phalangeal resorption. 

Increased serum calcium can result in mental status changes from 
mild personality disturbances to severe psychotic disorders, obtunda- 


tion, and coma. Proximal muscle weakness, easy fatigability, and mus- 
cle atrophy are caused by increased serum calcium. Patients with 
hyperparathyroidism have a high incidence of duodenal ulcers that may 
be related to the increased serum calcium. 

Other causes of hypercalcemia, such as osteolytic metastases from 
various malignancies, remote effects of various cancers without metas- 
tases to the bone, vitamin D intoxication, milk-alkali syndrome, and 
prolonged immobilization, must be excluded. The serum level of PTH is 
not elevated in these situations, but that of PTH-related peptide 
(PTHrP) may be elevated when a cancer is causing hypercalcemia. 


SECONDARY HYPERPARATHYROIDISM—This  oc- 
curs in situations in which serum calcium falls and the parathy- 
roids are intact. Chronic renal failure causes secondary hyper- 
parathyroidism. Thus, osteitis fibrosa cystica is a part of the bone 
disease of chronic renal failure. The serum calcium level is nor- 
mal, although the serum phosphate and PTH levels are high. 

HYPOPARATHYROIDISM—tThe production of PTH is 
decreased. Pseudohypoparathyroidism is a resistance of the 
renal tubules to the action of PTH. Serum calcium is low, and 
serum phosphate and PTH are high. 


Etiology—Hypoparathyroidism is caused most commonly by surgical 
removal or damage to the glands. A congenital absence of PTH occurs 
rarely. Pseudohypoparathyroidism is an X-linked inherited disorder. 

Symptoms and Signs—Hypocalcemia causes neuromuscular irri- 
tability that is manifested by tingling and numbness around the lips 
and of the hands and feet. Tetany and convulsions are the most serious 
manifestations of hypocalcemia. 

The patient with pseudohypoparathyroidism is of short stature and 
has short metacarpals and metatarsals. The serum PTH level is high. 
In addition to the symptoms and signs of hypocalcemia, these patients 
may have resorption of bone and soft tissue calcifications as in primary 
hyperparathyroidism. 


OSTEOMALACIA AND RICKETS—This is due to defec- 
tive mineralization of the normal bone matrix. Osteomalacia 
refers to the disorder that occurs after the bones have ceased 
growing; rickets refers to the disorder in growing bones. 


Etiology—tThe defect is a deficiency of vitamin D. Vitamin D defi- 
ciency may result from consumption of a deficient diet, inadequate 
exposure to the sun, intestinal malabsorption of vitamin D (a fat-soluble 
vitamin), chronic acidosis, renal tubular defects, and therapy with 
anticonvulsants. 

Pathophysiology—A precise concentration of calcium and phos- 
phate is required for mineralization of bone matrix. A deficiency of 
vitamin D results in decreased absorption of calcium and phosphate 
from the GI tract. Hypocalcemia stimulates the production of PTH, 
which increases calcium resorption from the bone and phosphate excre- 
tion by the kidneys. Mineralization cannot occur because of the de- 
creased calcium and decreased phosphate. 

Symptoms and Signs—A child with rickets has skeletal deformi- 
ties, an increased susceptibility to bone fractures, muscular weakness, 
hypotonia, delayed dental eruption, defects in the enamel of the teeth, 
and, in severe cases, tetany. Adults with osteomalacia have skeletal 
pain, bone tenderness, muscular weakness, and fractures of the bones 
with minimal trauma. 


OSTEOPOROSIS—tThis is not a disorder of calcium me- 
tabolism. The amount of calcium per unit mass of bone is 
normal in osteoporosis, but the amount of bone is decreased. 
The condition occurs with aging, as bone resorption exceeds 
bone formation. It occurs in the spine leading to back pain, 
collapse of vertebrae, and deformity of the spine. Long bones 
and hips are also susceptible to the disease, with subsequent 
ease of fracture. 


The Hyperlipoproteinemias 


These result from disturbances in the synthesis or degradation 
of lipoproteins. The morbidity and mortality associated with 
this family of disease result from the ability of abnormally high 
lipoprotein levels to cause atherosclerosis and pancreatitis. 
Primary lipoproteinemias are due to disorders in lipoprotein 
metabolism and have a genetic basis, while secondary hyperli- 


poproteinemias occur because of a concurrent disease such as 
diabetes mellitus or hypothyroidism. As a complete discussion 
of all hyperlipoproteinemias is not possible here, only two of the 
more common primary types, familial hypercholesterolemia 
and familial hypertriglyceridemia, are presented. 


Normal Physiology—The physiological role of the lipoproteins is 
to transport lipids (ie, triglycerides and cholesterol esters) through 
plasma. Lipoproteins comprise triglycerides, cholesterol, phospholipids, 
and protein (apoprotein). Various lipoproteins differ in the quantity of 
these components and thus density and size. Lipids are transported in 
the body by lipoproteins through exogenous and endogenous pathways. 

In the exogenous pathway, dietary lipids are incorporated into chy- 
lomicrons that are transported to adipose and muscle tissue where the 
triglycerides are removed. The remainder of the chylomicron, or rem- 
nant particle, is transported to the liver for further metabolism. 

The endogenous pathway has its base primarily in the liver, where 
carbohydrates and other substrates are converted to triglycerides. The 
liver secretes these triglycerides into the blood as very low density 
lipoproteins (VLDLs). These particles are handled in much the same 
way as chylomicrons except that after removal of the triglycerides by 
adipose tissue, a further transformation occurs. Most of the protein is 
removed, yielding low-density lipoprotein (LDL), which is composed 
chiefly of cholesterol. These LDL particles supply cholesterol for various 
uses, including cell-membrane composition and glucocorticoid synthe- 
sis. In addition, some LDL particles are degraded by the reticuloendo- 
thelial system. As the cells of this system turn over, cholesterol is 
released and incorporated in the high-density lipoprotein (HDL). Cer- 
tain components of the HDL apoprotein are transferred to VLDL, and 
HDL transports cholesterol back to the liver, which is also the major 
site of cholesterol synthesis. 


FAMILIAL HYPERCHOLESTEROLEMIA—This com- 
mon type affects approximately 1 in 500 individuals in the 
general population. 


Pathophysiology—tThe defects occurring with this disorder are an 
inability to bind and/or transport LDL into cells for subsequent catab- 
olism and regulation of cholesterol-synthesizing mechanisms. Thus 
plasma LDL level is elevated. More is taken up by the reticuloendothe- 
lial system, resulting in accumulations in various locations in the body. 
These accumulations are called xanthomas. LDL also infiltrates the 
walls of blood vessels, ultimately resulting in atherosclerosis. 

Symptoms and Signs—Patients have high LDL blood levels from 
birth and throughout life. The chief manifestation is myocardial infarc- 
tion, which results from coronary atherosclerosis. Myocardial infarc- 
tions may occur as early as the 1st decade in homozygotes and generally 
by the 3rd or 4th decade in heterozygotes. Xanthomas, a common sign 
of this disorder, increase in frequency with age. They tend to occur in 
tendons and the eyelids. With the homozygous form of this disease, 
xanthomas also may form in the skin over the knees, elbows, and 
buttocks as well as on the finger webs. High plasma cholesterol (or LDL) 
yet normal triglyceride levels suggests the diagnosis. 


FAMILIAL HYPERTRIGLYCERIDEMIA—This disease 
involves elevated blood levels of VLDL with resultant hyper- 
triglyceridemia. 


Pathophysiology—The underlying defect is unclear, although it 
may be in VLDL catabolism. The incidence of diabetes mellitus and 
obesity is higher in this patient population, and both contribute to the 
hypertriglyceridemia. 

Symptoms and Signs—tThese patients usually exhibit hypergly- 
cemia, hyperinsulinism, and obesity in addition to hypertriglyceride- 
mia. Such findings usually are not manifested until after puberty. As 
with familial hypercholesterolemia, atherosclerosis is frequent and may 
lead to myocardial infarction. Unlike hypercholesterolemia, xanthomas 
are not common. In addition to the inherent complications of diabetes 
and obesity, both contribute to this condition and thus to the athero- 
sclerosis. The diagnosis is suggested by the finding of elevated plasma 
triglycerides with normal cholesterol levels. Some patients have ele- 
vated chylomicron levels in addition to the increased VLDL. 


FAMILIAL COMBINED HYPERLIPIDEMIA—Perhaps 
the most common of the hyperlipidemias, this affects 1 to 2% of 
the population. 


Pathophysiology—Synthesis and secretion of apolipoprotein B 
and VLDL are increased. In early adulthood, elevated VLDL, LDL, or 
both may be discovered. 
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Etiology—tThe condition appears to be genetically heterogeneous: 
coronary artery disease or various lipoprotein abnormalities affect ap- 
proximately half of all first-degree relatives. 

Symptoms and Signs—Patients with familial combined hyperlip- 
idemia are often obese or have diabetes. They very rarely develop 
xanthomas, but the condition does carry increased risk of premature 
coronary disease. 


GASTROENTEROLOGY 


Esophagus 


The esophagus is a muscular, hollow tube that extends from the 
pharynx to the stomach. Its major function is to transport food 
from the oropharynx to the stomach. It has a sphincter at both the 
top and the bottom end. The upper esophageal sphincter main- 
tains a zone of high pressure between the oropharynx and the 
body of the esophagus. The sphincter pressure increases with 
respiration and prevents inspired air from entering the GI tract. 
It also acts as a barrier against the regurgitation of esophageal 
contents into the pharynx. The lower esophageal sphincter (LES) 
consists of highly specialized muscle that is tonic in the resting 
state. It thus maintains a zone of high pressure between the 
esophagus and stomach. Its major function is to prevent reflux of 
gastric contents into the esophagus. 

The two most specific symptoms of esophageal disease are 
dysphagia and heartburn. Dysphagia is the sensation of food 
sticking in the esophagus. It always indicates esophageal dis- 
ease. Dysphagia may be of two types: to solids only, indicating 
a mechanical disorder such as stricture or tumor, or to both 
solids and liquids, indicating a motility such as diffuse spasm of 
achalasia. Heartburn refers to a burning discomfort that typi- 
cally migrates from the abdomen up the retrosternal area of the 
chest. Less common symptoms are chest pain and odynophagia 
(painful swallowing and regurgitation). 


Normal Physiology—The esophagus is a muscular organ that 
actively transports food by means of peristaltic waves. Swallowing 
involves the propulsion of a bolus of food from the oropharynx through 
the relaxed upper esophageal sphincter. Primary peristaltic waves then 
transport the bolus through the esophagus and past the LES, which 
relaxes in response to peristalsis. Secondary peristalsis is the same as 
primary peristalsis but is initiated by a bolus of material in the body of 
the esophagus, such as occurs with the reflux of gastric contents. Ter- 
tiary contractions are nonpropulsive, nonperistaltic waves that, for the 
most part, are pathological and interfere with normal transport of food 
through the esophagus. Tertiary contractions are associated with dys- 
phagia to solids and liquids and, in some patients, pain. 

The regulation of esophageal function is complex and modulated by 
the swallowing center in the brain. Afferent impulses from the pharynx 
and the esophagus are mediated by the vagus nerve. The efferent 
impulses also are mediated vagally through cholinergic fibers splayed 
around the esophagus in a myenteric network known as the plexus of 
Auerbach. The resting tone of the esophageal body is maintained 
largely by cholinergic stimulation, although sympathetic innervation 
probably plays some regulatory role. The resting pressure of the LES is 
maintained by specialized, circular, smooth muscle. Relaxation of the 
LES is mediated by a balanced cholinergic-adrenergic-stimulated re- 
lease of noncholinergic, nonadrenergic neurotransmitters. The resting 
pressure of the LES is modified by a number of factors. Factors known 
to increase the LES pressure are certain Gl hormones such as gastrin; 
foods such as a protein meal; drugs such as bethanechol, metoclopra- 
mide, erythromycin, cisapride, and domperidone; and increased gastric 
pH that occurs with eating. Factors known to decrease LES pressure 
are the GI hormones secretin and cholecystokinin; foods such as fat; 
certain drugs such as caffeine, alcohol, anticholinergics, calcium chan- 
nel blockers, and theophylline; and a decreased gastric pH that occurs 
with fasting. 


DISEASES 


Gastroesophageal Reflux Disease—This is the most common 
disorder of the esophagus and refers to the reflux of gastric content into 
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the esophagus with subsequent injury to the esophageal mucosa. Gas- 
troesophageal reflux disease (GERD) is caused, in most people, by an 
incompetent LES such that either the resting pressure (normally 12 to 
20 torr) is decreased or, more commonly, the LES relaxes inappropri- 
ately, allowing gastric contents to reflux into the esophagus. The gastric 
contents (primarily acid and, to some extent, bile) damage the squa- 
mous epithelium of the esophagus. In some patients, a defect in sec- 
ondary peristalsis caused by smoking, or a defect in gastric emptying 
such as that seen in diabetes or after a gastric stapling operation, may 
contribute. Inflammation of the mucosa and thickening of the basal 
layer of epithelial cells characterize esophagitis. In some patients, ero- 
sions and ulcerations may occur. In most patients, a hiatal hernia, a 
bulging of the stomach into the chest cavity, occurs and acts as a 
reservoir of acid that tends to move into the esophagus with the nega- 
tive intrathoracic pressure that occurs during inspiration. It is unusual 
to see severe GERD in the absence of a hiatal hernia, but most patients 
with a hiatal hernia do not have GERD. 

The major symptom of GERD is heartburn, a retrosternal burning 
pain that migrates up the chest from the epigastrium. It is accompanied 
sometimes by an acid or bile taste in the back of the throat or a 
profusion of watery saliva (water brash). Typically the heartburn is 
aggravated by overeating, bending, straining, or lying down after eat- 
ing. Dysphagia may occur with GERD, either secondary to esophageal 
spasm (causing liquid and solid dysphagia) or caused by stricture (caus- 
ing dysphagia to solids only). 

The diagnosis of GERD depends on the demonstration of esophagitis 
by endoscopy with biopsy and the demonstration of reflux of acid into 
the esophagus by direct measurement of pH in the distal esophagus 
with an esophageal pH probe. The treatment of GERD has two phases: 
(1) healing the esophageal mucosa and (2) preventing recurrence. Since 
the injury is mediated by acid, the cornerstone of therapy is acid 
reduction. This can be achieved with H2-receptor antagonists (H2RAs) 
(cimetidine, famotidine, nizatidine, ranitidine) or proton pump inhibi- 
tors (lansoprazole and omeprazole). In general, the proton pump inhib- 
itors (PPIs) are approximately 50% more effective for treating all grades 
of esophagitis to healing and are thus the treatment of choice. After 8 
weeks of therapy, PPIs will heal 90 to 95% of patients with mild disease 
and 80 to 90% of patients with severe disease, while H2RAs heal 50% of 
patients with mild disease and 20% of patients with severe disease. The 
prokinetic drugs, metoclopramide and cisapride, despite addressing the 
underlying problem of lower esophageal sphincter dysfunction, do not 
have sufficient healing rates, have a narrow therapeutic index, and are 
not FDA approved as primary therapy for GERD. 

For most patients (ie, 90%), GERD is a lifetime disease requiring a 
lifetime of therapy. This can only be achieved with the proton pump 
inhibitors. Prokinetic drugs, because of their narrow therapeutic index and 
propensity for tachyphylaxis, have not been shown to maintain healing 
adequately. The H2RAs, because of tachyphylaxis also do not maintain 
healing. To date, the only drugs shown to maintain healing above 80% are 
full-dose proton pump inhibitors—either lansoprazole or omeprazole. 

Esophageal Stricture—Strictures of the esophagus may be benign 
or malignant. Chronic GERD or the ingestion of toxic materials such as 
lye usually causes benign strictures. They are manifested anatomically 
by a symmetrical narrowing of the esophagus that can be seen by either 
barium swallow, X-ray, or endoscopy. They are manifested clinically by 
dysphagia to solids only. Malignant strictures are caused either by 
esophageal squamous cell carcinoma or adenocarcinoma arising from 
the stomach or metaplastic columnar epithelium in the esophagus 
(so-called Barrett’s esophagus). Malignant strictures are usually irreg- 
ular and asymmetrical on barium swallow or endoscopy and can be 
diagnosed by endoscopic biopsy. They usually are associated with rap- 
idly worsening dysphagia to solids and weight loss. The incidence of 
adenocarcinoma is increasing dramatically in the developed world. 

Diffuse Esophageal Spasm—This is a motility disorder of the 
esophagus, characterized by frequent and severe tertiary contractions. 
It occurs predominantly in elderly patients but may be seen secondary 
to other disorders of the esophagus such as GERD. It is manifested 
clinically by intermittent dysphagia to solids and liquids and/or chest 
pain. Swallowing hot or cold drinks frequently precipitates the symp- 
toms. Barium swallow or manometry makes the diagnosis. 

Achalasia—This is a motility disorder of the esophagus, character- 
ized by an increase in lower esophageal sphincter pressure and an 
absence of primary peristalsis. Pathophysiologically, achalasia is 
caused by a loss of the myenteric plexus. This may occur as a primary 
defect of unknown etiology or as a secondary defect due to either 
invasive carcinoma of the lower esophagus or infestation from Trypano- 
soma cruzi, the cause of Chaga’s disease. The diagnosis is made by 
manometry, which demonstrates an increase in the LES pressure, 
incomplete relaxation of the LES, and a total absence of peristaltic 
waves in the body of the esophagus. Tertiary contractions may be seen. 


There is also a characteristic X-ray appearance, with the body of the 
esophagus dilated and taperihg down to a closed esophageal sphincter 
(so-called bird beak appearance). The disorder is seen more commonly 
in young people in their teens and 20s, but may be seen at any age. The 
patients typically are afflicted with intermittent dysphagia to solids and 
liquids. They may have regurgitation in the supine position, with chok- 
ing and coughing from aspiration. Weight loss occurs as the symptoms 
become more severe and more continuous. 


Stomach and Duodenum 


The main function of the stomach is to receive ingested food and 
grind it into a semiliquid chyme to be advanced into the small 
intestine for subsequent digestion and absorption. The first step is 
expansion of the stomach to accommodate the ingested food with- 
out an increase in gastric pressure. The stomach then mixes, 
emulsifies, acidifies, and meters the chyme into the small bowel. 
This is achieved through gastric motility. The proximal and distal 
portions of the stomach have separate and distinct roles in motil- 
ity. The proximal stomach receives and stores solids and is pri- 
marily responsible for the transfer of emulsified food stuffs from 
the body of the stomach to the duodenum. The properties that 
allow this to occur are receptive relaxation (the ability to relax and 
receive food stuffs without increasing intragastric pressure), ac- 
commodation (the ability to distend to a large size without an 
increase in intragastric pressure), and contraction. The contrac- 
tion waves of the proximal stomach are slow and sustained. They 
force solid meal components from the proximal to the distal por- 
tion of the stomach. 

The main function of the distal stomach is to grind food- 
stuffs and to prevent reflux of duodenal content back into the 
stomach. The motor activity of the distal stomach is character- 
ized by peristaltic waves sweeping downward toward the pylo- 
rus. These contractions are lumen-obliterating such that solid 
particles are retropelled for further emulsification. Only when 
the particles are smaller than 1 mm in diameter will they pass 
into the duodenum. The motor function of the stomach is reg- 
ulated largely by the vagus nerve. 

The stomach also has a major secretory function. It secretes 
acid, pepsin, and intrinsic factor. Gastric acid is secreted by 
parietal cells in the body of the stomach. Its function is not 
entirely clear, but it does not play a particularly important role 
in digestion; rather, it seems to function more as a barrier to 
toxins and bacteria in the environment. It also plays a minor 
role in pH homeostasis. There are two types of acid secretion— 
basal and stimulated. Basal acid secretion occurs continuously 
and independently of external stimuli. It is mediated primarily 
by acetylcholine, the neurotransmitter of the vagus nerve. It is 
characterized by a circadian rhythm in which acid secretion is 
highest from about 10 pm until midnight and lowest from about 
4 aM until 8 am. This pattern of acid secretion is responsible for 
one of the characteristic features of peptic ulcer disease, which 
is nighttime waking with pain when acid secretion is high and 
unneutralized by food. 

Stimulated acid secretion occurs in response to the sight, 
smell, and ingestion of food. It is regulated primarily by the 
hormone gastrin, which is released from the antrum of the 
stomach in response to an increase in pH (ie, eating). When 
food ingestion stops, the pH in the stomach falls, and gastrin 
secretion stops, leading to less acid secretion. In this way 
eating regulates stimulated acid secretion. Both acetylcholine 
and gastrin stimulate acid secretion, primarily by stimulating 
enterochromatin-like (ECL) cells in the body of the stomach. 
ECL cells in turn release histamine that stimulates the adja- 
cent parietal cells to secrete acid. The final common pathway of 
acid secretion is H*K*ATPase—the proton pump that ex- 
changes hydrogen ion for potassium ion. 

Acid secretion also is inhibited by prostaglandin E, and 
somatostatin, but their role in regulation of acid secretion is 
uncertain. 

During most of the day, the food that stimulates acid secre- 
tion also neutralizes it, keeping the pH between 3 and 5. 


However, when the stomach is empty, approximately 2 to 3 hr 
after eating, the pH again drops, and ulcer patients tend to get 
pain that is relieved by eating or antacids. In general, pain only 
occurs when the pH is below 3. 

The epithelium of the stomach, duodenum, and esophagus is 
protected from autodigestion by hydrochloric acid by means of 
a mucosal defense system. The most characteristic feature of 
this system is the secretion of mucus and bicarbonate. Bicar- 
bonate is secreted by epithelial cells in the stomach and duo- 
denum and is separated from luminal acid by a layer of mucus, 
which also is secreted by epithelial cells. These cells are largely 
under the influence of prostaglandin E,. Thus, the net effect of 
prostaglandin E, is to decrease acid secretion and increase 
mucosal defense. This is another example of the adaptive or 
protective effects of prostaglandins in the body. 

The function of the duodenum is to receive gastric contents 
and to mix them with secretions from the pancreas and gall- 
bladder, which serve to digest (pancreatic enzymes) and solu- 
bilize (bile) the nutrients received from the stomach. 


DISEASES—tThe major diseases of the stomach and du- 
odenum are gastritis, gastric ulcer, duodenitis, and duodenal 
ulcer, all of which are in some way related to gastritis with 
injury that is mediated by acid. 

Peptic Ulcer Disease—Peptic ulcer disease is a spectrum of dis- 
eases consisting of gastritis, gastric ulcer, and duodenal ulcer. They are 
among the most frequently encountered disorders of the GI tract. Com- 
mon to these disorders as well as gastric cancer is gastritis—an inflam- 
mation of the epithelial surface and gastric glands of the stomach. The 
most common cause of gastritis and thus of ulcer disease and gastric 
cancer is Helicobacter pylori infection. 

Peptic ulcer disease is on the decline in the developed world, having 
peaked early in the 1900s, and probably reflecting the improved sani- 
tary conditions that reduce the spread of enteric infections such as H 
pylori. Nevertheless, the point prevalence is still 1%, and the lifetime 
incidence 10%. 

The clinical presentation of ulcer disease is characteristic and re- 
flects the pH in the stomach. Thus, the typical burning epigastric pain 
occurs on an empty stomach, ie, 2 to 3 hr after eating, and is relieved by 
eating. It also occurs in the late evening and early morning hours when 
acid secretion is high and the acid is unneutralized by eating. Ulcer 
disease also may present with its complications of bleeding (manifested 
by hematemesis, melena, or anemia), obstruction (manifested by early 
satiety and weight loss) and penetration/perforation (manifested by 
persistent epigastric pain, back pain, and fever. These are the so-called 
alarm manifestations of ulcer disease and should always preclude em- 
piric treatment and dictate further workup. 

Ulcer disease occurs whenever there is an increase in acid secretion 
(eg, Zollinger-Ellison syndrome) or a decrease in mucosal defense (eg, 
nonsteroidal anti-inflammatory therapy) or a combination of both (eg, H 
pylori infection). H pylori causes approximately 70% of ulcer disease in 
the developed world and more than 90% of ulcer disease in the unde- 
veloped world. Nonsteroidal anti-inflammatory drugs (NSAIDs) cause 5 
to 10% of duodenal ulcers and 20 to 25% of gastric ulcers. Twenty to 30% 
of ulcer disease is idiopathic. 

H pylori is a unique organism that is exquisitely well adapted to the 
gastric environment and, in fact, cannot exist outside an acidified 
environment. It is a gram-negative, flagellated spirochete. The flagella 
allow it to burrow through the mucous layer of the stomach and attach 
to the epithelial surface. It is a facilitative acidophile, meaning it can 
adjust its cytoplasmic pH to its surrounding environment. It is also 
microaerophilic, making it highly adaptive to the interface of the 
oxygen-reduced environment of the gastric lumen and the oxygen- 
enriched environment of the gastric mucosa. Finally, it has the unique 
enzyme urease, which splits urea into bicarbonate and ammonia, thus 
creating an alkalinized ammonia shell to interface with the acidified 
gastric lumen. 

The pathogenesis of H pylori ulcer disease is only partially under- 
stood. It appears that 70 to 80% of ulcers are associated with H pylori, 
but that only 10% of H pylori—infected individuals develop ulcers. Thus, 
host factors and cofactors are important in the pathogenesis. In general, 
there appear to be two patterns of infection. The first is characterized by 
diffuse antral gastritis that leads to increased acid secretion, secondary 
gastric metaplasia of the duodenum, duodenal ulcer in the gastric 
metaplasia, and in some patients, formation of lymphomas in the an- 
trum. The second type of infection is a patchy atrophic gastritis involv- 
ing the antrum and fundus of the stomach. It leads to gastric atrophy, 
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decreased acid secretion, intestinal metaplasia of the stomach followed 
by gastric ulcer, and, in some patients, gastric adenocarcinoma. 

In summary, H pylori accounts for 70 to 80% of ulcers, almost 100% 
of gastric mucosal lymphomas, and 90% of gastric cancer. The World 
Health Organization has classified H pylori as a Class I (ie, definite) 
carcinogen and estimates that eradication of H pylori would lead to a 
90% reduction in gastric cancer worldwide. 

The diagnosis of peptic ulcer disease is best made by endoscopy. 
Helicobacter infection can be diagnosed by gastric biopsy, a pH color 
indicator test based on the production of ammonium by urease in 
Helicobacter-infected patients, or a serum antibody test. A radioisotopic 
test based on the urease reaction has been developed recently. In this 
test, '*C urea is ingested by the patient. If urease (ie, H pylori) is 
present, the urea is converted to ammonium and carbon dioxide, with 
the ‘CO, blown off in the breath. The specificity and sensitivity of this 
test are both greater than 95%. 

The treatment of acid peptic disease is (1) acid reduction to heal the 
ulcer and relieve symptoms and (2) prevention of recurrence by treating 
the underlying cause—either NSAIDs or H pylori. 

Acid reduction may be achieved with H2-receptor antagonists (ci- 
metidine, famotidine, nizatadine, or ranitidine) or proton pump inhib- 
itors (lansoprazole, omeprazole). The proton pump inhibitors are far 
superior and, in the case of H pylori disease, raise the pH to sufficient 
levels to improve antibiotic efficacy. NSAID-induced ulcers can be pre- 
vented by either discontinuing the NSAID or increasing mucosal resis- 
tance with the prostaglandin E, analog misoprostil. H pylori ulcers can 
be prevented by antibiotic therapy. It should be noted that H pylori is 
an organism of great genetic diversity, with a high mutation rate. It is 
therefore important to use multiple antibiotics. 

It is also important to keep the gastric pH above 5 to create an 
optimum environmental pH for the antibiotics. This can only be 
achieved with proton pump inhibitors given twice daily. The most 
widely used antibiotics are metronidazole, amoxicillin, and clarithro- 
mycin. It should be noted, however, that metronidazole has a 40% drug 
resistance rate. The best eradication rates at the time of publication 
have been achieved with lansoprazole (30 mg bid) or omeprazole (40 mg 
bid) and amoxicillin (1 g bid) and clarithromycin (500 mg bid). This will 
change as the organism evolves. Development of a prophylactic/thera- 
peutic vaccine is under way. 

Gastric Cancer—The two major types of gastric cancer are adeno- 
carcinoma and lymphoma, both of which are seen most commonly with 
H pylori infections. 

Adenocarcinoma occurs almost exclusively in the presence of gastric 
atrophy caused by either environmental gastritis (mostly H pylori) or 
autoimmune gastritis (pernicious anemia). It is usually clinically silent 
until well advanced, at which time patients present with weight loss 
(96%), pain (70%), vomiting (50%), anorexia (25%), early satiety (10%), 
hematemesis (10%), or dysphagia. Diagnosis is made by endoscopy with 
biopsy. The treatment is surgical, with a 5-yr survival rate of only 5 to 
10%. 

Lymphoma is the second most common malignancy in the stomach. 
The stomach is ordinarily devoid of lymphatic tissue; thus, lymphomas 
comprise less than 5% of all gastric malignancies. Most lymphomas are 
derived from mucosa-associated lymphoid tissue (MALT) and are B cell 
tumors. More than 90% are associated with H pylori. They may be 
associated with abdominal discomfort, nausea, vomiting, weight loss, or 
hemorrhage. Low-grade tumors regress after H pylori eradication. 
More-advanced tumors require surgical resection followed by combined 
radiation therapy and chemotherapy. 


Pancreas 


The pancreas is located in the retroperitoneal space at approx- 
imately the level of the 2nd and 38rd lumbar vertebrae. The 
head of the pancreas fits into the C-loop. The body extends 
across the spine behind the stomach, and the tail lies in the 
hilum of the spleen. The pancreas has both exocrine and endo- 
crine function. 


Normal Physiology—The endocrine functions of the pancreas are 
mediated by hormones secreted by the islets of Langerhans. These cells 
account for less than 1% of the total mass of the pancreas and are 
scattered erratically throughout the gland. Within the islets are four 
distinct types of cells. The beta cells constitute 80% of the islet cell mass 
and secrete insulin. Alpha cells are found in the periphery of the islets, 
make up 16% of its mass, and secrete glucagon. Delta cells secrete 
somatostatin, and the newly recognized polypeptide cells secrete yet to 
be identified products. 
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Pancreatic exocrine secretion consists of water, bicarbonate, and 
digestive enzymes. Bicarbonate is secreted by the intralobular ductal 
cells. It provides an appropriate pH environment for pancreatic en- 
zymes and protects the duodenal mucosa from acid from the stomach. 
At least 15 digestive enzymes have been identified to date. They are 
produced in the pancreatic acinar cells. The most important are lipase, 
which cleaves triglycerides to form fatty acids and monoglycerides; 
amylase, which is responsible for the digestion of complex carbohy- 
drates; and trypsinogen, which activates various proteolytic enzymes 
that break down complex proteins. 

Water and bicarbonate secretions are stimulated by secretin, a 
27-amino acid peptide secreted by S cells in the upper small intestine. 
Secretin release is induced by acidification of the duodenum, which 
occurs with gastric emptying after a meal. Pancreatic enzyme release is 
mediated by cholecystokinin, a 33—-amino acid polypeptide released 
from mucosal cells in the upper small intestine in response to amino 
acids and triglycerides. Other hormones also are thought to play a 
role in pancreatic secretion, although their precise function is not 
understood. 


DISEASES 


Acute Pancreatitis—This is an acute inflammation of the pan- 
creas. Gallstones and alcohol are the most common causes. Hyperlip- 
idemia is an important,and increasingly recognized cause of acute 
pancreatitis. It usually is associated with lipoprotein lipase deficiency 
and causes the most severe form of acute pancreatitis. Triglyceride 
levels generally exceed 1000 mg/L in these patients. Other causes 
include trauma, vasculitis, infections (mumps and Coxsackie virus are 
the most common), spider bites, and drugs (azathioprine, 6-mercapto- 
purine, asparaginase, 2’,3’-dideoxy inosine, pentamidine, valproic acid, 
and thiazides are the most common). 

The most common symptoms of pancreatitis are pain, nausea, and 
vomiting. The pain is usually midepigastric and bores through to the 
back. Fever may be present. 

The diagnosis of acute pancreatitis is based on the clinical presen- 
tation and supported by a marked elevation of serum amylase or lipase. 
The white count usually is elevated, and mild jaundice may be present. 
X-rays of the abdomen usually show a dilated loop of bowel (so-called 
sentinel loop) near the pancreas. CT scan shows edema plus or minus 
necrosis of the pancreas. 

Treatment of acute pancreatitis is supportive. Intravenous fluids 
are required. Nasogastric suction may be necessary to decrease nausea 
and vomiting. Pain is alleviated with narcotics. When patients are 
infected, antibiotics are given. 

Chronic Pancreatitis—This is a chronic, relapsing inflammation 
of the pancreas that is manifested by recurrent episodes of abdominal 
pain, steatorrhea, and diabetes. The most important cause is alcohol. 
The disease may be insidious in onset and present only with its end- 
stage manifestations of steatorrhea and diabetes. Bulky, foul-smelling, 
light-colored stools characterize steatorrhea. Malnutrition ensues from 
fat malabsorption, negative nitrogen balance, and diabetes. Malnutri- 
tion may be associated with weakness, anorexia, and signs of specific 
nutritional deficiencies. These include pathological bone fractures from 
vitamin D deficiency, bruising and bleeding from vitamin K deficiency, 
night blindness from vitamin A deficiency, and muscle wasting and 
edema from protein deficiency. Pain may be a prominent feature of the 
disease. The treatment of chronic pancreatitis is directed toward the 
prevention of malnutrition and, if present, the relief of pain. Nutrition 
is restored with the use of good diet and pancreatic replacement en- 
zymes. Pain management is very difficult in these patients because 
many are addicted. Narcotics should be avoided. Pancreatic enzyme 
replacement relieves pain in some patients. 

Tumors—tThere are two major types of pancreatic tumors: adeno- 
carcinomas arising from ductular epithelium, and islet cell tumors 
arising from cells in the islets of Langerhans. Adenocarcinoma of the 
pancreas is usually insidious in onset, with nonspecific symptoms such 
as weight loss, mild abdominal pain, and back pain. Jaundice due to 
obstruction of the common bile duct ultimately ensues. Occasionally, 
systemic manifestations such as migratory thrombophlebitis, erythema 
multiforme, thrombocytosis, and fever of unknown origin occur. Pan- 
creatic adenocarcinoma is almost invariably incurable at the time of 
diagnosis. 

Patients with islet cell tumors frequently exhibit symptoms and 
signs related to the tumor secretory products. For example, hyperinsu- 
linemia may produce hypoglycemia, hyperphagia, weight gain, and 
mental changes. Hypergastrinemia may be associated with aggressive 
ulcer disease. These tumors are frequently difficult to locate, often 
eluding CT scan and angiography. They are diagnosed most commonly 


on the basis of the clinical history and measurement of their secretory 
products. = 

Cystic Fibrosis—This is an inherited, autosomal recessive disease 
seen in about 1 in 1500 to 2000 live births. The cystic fibrosis gene has 
been found on the long arm of chromosome 7 and named the cystic 
fibrosis transmembrane conductance regulator (CFTCR). The gene 
causes a defect in the cAMP -regulated chloride channel. Severe pul- 
monary disease predominates, but there are also GI manifestations, 
particularly steatorrhea with malnutrition. CF is the most common 
cause of malabsorption in children. 


Colon 


The colon, or large bowel, is a 3- to 4-foot-long tubular organ. It 
extends around the periphery of the abdominal cavity. Its pri- 
mary functions are the reabsorption of water and electrolytes 
and the storage of feces for evacuation at a convenient time. 


Normal Physiology—Approximately 1500 to 2000 mL of liquid 
chyme reaches the ileocecal valve each day. This is the net volume 
following ingestion, absorption, and secretion from the upper GI tract. 
The intestinal bolus empties slowly through the ileocecal valve into the 
cecum. In the ascending and transverse colon, the ring-like contractions 
further delay the movement of chyme. Sodium, followed by water, is 
absorbed actively in this part of the bowel, transforming the chyme into 
a soft, fecal mass. In the transverse and descending colon, tonic con- 
tractions carry the globular mass downstream, often propelling it dis- 
tances that reach 1/3 the length of the colon. These mass movements 
frequently occur as part of the gastrocolic reflex after eating. 

Defecation is initiated by distention of the rectum by the fecal mass. 
If the urge to defecate is resisted, the stimulus gradually diminishes 
and sometimes constipation ensues. The colon’s contribution to water 
balance in the intestine is relatively minor. Approximately 10 L of fluid 
enters the gut daily. This consists of oral intake of 2 L, saliva of 1 L, 
gastric juice of 2 L, bile of 1 L, pancreatic juice of 2 L and jejunal 
secretions of 2 L. Of this amount, 8 to 9 L is reabsorbed in the small 
intestine. Another 1 to 2 Lis reabsorbed in the colon, leaving 100 to 160 
mL to be excreted daily as stool. It follows that the volume of the stool 
aids in defining the site of bowel dysfunction, which results in diarrhea. 

Large-volume diarrhea, ie, more than 1 L per day, is usually due to 
a disorder of the small intestine, whereas small-volume diarrhea, con- 
sisting of less than 1 L per day, is usually of colonic origin. Diarrhea and 
constipation are difficult to define because the frequency and volume of 
defecation varies greatly among individuals and in varying parts of the 
world, depending on the diet. In general, normal bowel activity is 
defined as between three bowel movements per day and three bowel 
movements per week. 


SYMPTOMS OF DYSFUNCTION 


Constipation—generally denotes the infrequent or difficult evacu- 
ation of feces. It is a symptom rather than a disease. By far the most 
common cause is irritable bowel syndrome, but it also occurs in associ- 
ation with hypothyroidism, hyperparathyroidism, hypercalcemic 
states, neurological disorders, and psychiatric disorders and in associ- 
ation with many drugs. Minor episodes of constipation may occur with 
changes in diet, particularly a decrease in fiber intake, and with alter- 
ations in daily routines such as travel and decreased physical activity. 
It also may occur in disorders of anal function that accompany neuro- 
muscular disorders of the anal area. 

The law of LaPlace (P = t/r*) describes the important relationship 
between the tension in the muscle wall (t), the radius of the bowel 
lumen (r), and the pressure in the lumen (P). It forms the rationale for 
treatment of constipation with increased fiber, which increases the 
radius and in so doing reduces the tension. The important point is that 
increased muscle contraction, particularly in the colon, increases in- 
traluminal pressure and retards the forward movement of feces, thus 
increasing the contact time for the reabsorption of water and the hard- 
ening of the stool. An increased-fiber diet increases luminal radius, thus 
decreasing intraluminal pressure and allowing more forward flow of the 
feces. Thus, fiber-containing laxatives form the most physiological basis 
for relieving constipation. 

Diarrhea is defined as increased frequency or decreased consis- 
tency of bowel movements. It usually is classified as either of small or 
large bowel origin. Small bowel diarrhea is usually large volume, con- 
sisting of large rushes and associated with periumbilical cramping. 
Colonic diarrhea is small volume, consisting of small spurts and asso- 
ciated with hypogastric cramping. 


Diarrhea is classified further as osmotic or secretory. Osmotic diar- 
rhea is typically smaller volume, aggravated by eating, and partially 
relieved by fasting. Secretory diarrhea is usually large volume and 
persists with fasting. It is possible to distinguish osmotic and secretory 
diarrhea by measuring stool osmolality. However, the logistics of mea- 
suring osmolality make it difficult at best and almost routinely inaccu- 
rate in most clinical settings. 

The major causes of osmotic diarrhea are inflammatory bowel dis- 
ease, intestinal lactase deficiency, and various infections. The major 
causes of secretory diarrhea, which is uncommon, are villous adenoma 
and the various hormonal syndromes from pancreatic and other non-GI 
tumors that secrete peptides that stimulate intestinal water secretion. 


DISEASES 


Irritable Bowel Syndrome—This is the most common chronic Gl 
disorder in the Western world, affecting close to 20% of those living in 
the US. It is characterized by intermittent abdominal pain, sense of 
incomplete evacuation, bloating, complaints of excess gas, food intoler- 
ance, and disordered bowel function consisting of either diarrhea or 
constipation or, most typically, both. The symptoms are thought to be 
the consequence of altered bowel motility, although specific disorders of 
motility have not been identified. The pain typically occurs in the lower 
abdomen or the left- or right-upper quadrant. It is intermittent and 
often relieved by bowel movement or passage of flatus. It does not 
awaken the patient at night. When the pain occurs under the left costal 
margin, it is known as splenic flexure syndrome, and when it occurs 
under the right costal margin, it is known as hepatic flexure syndrome. 

The diagnosis is made primarily on the basis of symptoms. It fre- 
quently occurs during stressful periods in people’s lives or with changes 
in lifestyle with subsequent alterations in diet, particularly a change to 
diets that are low in fiber. It also is seen frequently with pharmacolog- 
ical therapy, especially drugs with anticholinergic activity such as 
tricyclic antidepressants or major tranquilizers. Patients less than 30 
yr of age can be treated without diagnostic workup, but for those over 
30, sigmoidoscopy and microscopic stool examination should be in- 
cluded. It is also important in diarrhea-dominant patients to rule out 
intestinal lactase deficiency. 

The treatment of irritable bowel syndrome is reassurance, dietary 
modification to a regular high-fiber diet, and fiber supplementation 
with bulk laxatives. Occasionally, antidepressants are needed for pa- 
tients who are depressed. It is desirable to avoid antidepressants with 
anticholinergic activity in such patients. 

Diverticulosis and Diverticulitis—Diverticula are acquired her- 
niations of the mucosa through the muscular layers of the bowel. 
Diverticulitis is inflammation in a diverticulum resulting from mi- 
croperforation. Diverticula may be the ultimate expression of irritable 
bowel syndrome and are rare before age 35 but present in 40 to 50% of 
people over 70. They are most common in the sigmoid colon, which has 
the highest intraluminal pressure. Diverticula are usually asymptom- 
atic, although they occasionally bleed. The treatment of diverticulosis 
consists of a high-fiber diet or bulk laxatives as used in the management 
of irritable bowel syndrome. 

Diverticulitis, resulting from a perforation of a diverticulum, occurs in 
only 10 to 20% of people with diverticula. It manifests with acute, left 
lower-quadrant abdominal pain, fever, and constipation. Barium enema or 
colonoscopy usually makes the diagnosis. The treatment of diverticulitis 
consists of the administration of antibiotics and, initially, a low-residue 
diet consisting of enteral formulas. Once recovery occurs, the treatment is 
the same as that for diverticulosis. Surgery may be required. 

Ulcerative Colitis—This is a chronic disease of unknown etiology. 
It is an immune-mediated disease, but it is not known what triggers the 
immune response. The disease occurs predominantly in adults, 20 to 50 
yr of age, but may be seen at any age. It is more common in women, 
Caucasians and Jews, and in those who reside in urban settings. It is 
rare among Africans, Asians, and Native Americans. 

The pathology of the disease is characteristic. The mucosa of the rec- 
tum and bowel is edematous, with a bloody purulent exudate. The rectum 
is virtually always involved with the disease, which has a tendency to 
spread from the rectum to more proximal areas in a continuous pattern. 

Bloody diarrhea is the most characteristic presentation of ulcerative 
colitis. The stool also may be purulent. Diarrhea with as many as 20 to 
30 bowel movements per day is common. Lower abdominal pain and 
fever also occur. Laboratory data usually show leukocytosis and ane- 
mia. Diagnosis is made by sigmoidoscopy with mucosal biopsy. 

The clinical course of ulcerative colitis is variable but intractable. 
Spontaneous remission does occur, but in general, the course of the 
disease is one of exacerbations and remissions. It is a lifetime disease. 

Colonic complications include perforation with peritonitis, toxic 
megacolon resulting from a dilated, functionless bowel, and adenocar- 
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cinoma of the colon. The risk of adenocarcinoma increases with age and 
extent of disease. In those with universal colitis, it is about 2 to 3% at 
10 yr and 20 to 25% after 20 yr of disease. The diagnosis of carcinoma 
in the presence of ulcerative colitis is difficult because the symptoms of 
ulcerative colitis mask the symptoms of carcinoma. Because of the 
difficulty in diagnosing colon cancer in patients with ulcerative colitis, 
the diagnosis often is delayed, and the mortality rate is greater than 
50%. 

Extracolonic complications also occur and include erythema nodo- 
sum, pyoderma gangrenosum, uveitis, iritis, and a variety of liver 
diseases, including chronic hepatitis and primary sclerosing cholangi- 
tis, which usually requires liver transplant. 

The treatment of ulcerative colitis consists of drugs that reduce the 
inflammation. These include corticosteroids, azathioprine, and metho- 
trexate. Because of their side effects corticosteroids are not recom- 
mended for long-term therapy. In addition, intestinally acting prepara- 
tions of salicylate such as azulfidine, olsalamine, and mesalamine are 
used. The latter drugs are particularly useful in reducing the frequency 
of flare-ups of disease. Because of the risk of colon cancer and the 
superimposition of complications, most patients have a total colectomy 
within the first 10 yr of the onset of disease. 

Crohn’s Disease (Granulomatous colitis)—This is a granuloma- 
tous inflammation that affects both the colon and the small bowel. 
When it involves only the colon, it is frequently indistinguishable from 
ulcerative colitis. Like ulcerative colitis, its etiology is unknown but 
immune mechanisms appear to be important. The clinical and labora- 
tory features of Crohn’s colitis are indistinguishable from ulcerative 
colitis. Distinction is made by bowel biopsy, which may show the char- 
acteristic granulomatous inflammation. When granulomatous inflam- 
mation is not present, Crohn’s disease may be indistinguishable from 
ulcerative colitis for several years. The complications of Crohn’s colitis 
are the same as those for ulcerative colitis but, in addition, include 
perirectal disease such as anal fissures and fistulas. 

The medical treatment of Crohn’s colitis is the same as that for 
ulcerative colitis. However, in Crohn’s colitis, every effort is made to 
preserve the colon, since surgery has a tendency to chase the disease up 
the bowel. Surgery in Crohn’s disease is indicated only for complications 
such as perforation and stricture. 


TUMORS 


Polypoid Lesions of the Colon—Colonic polyps are found in 5 to 
30% of the population over 45 yr of age. The prevalence increases with 
age. Because of the frequency with which they occur and because they 
are the precursor of colon cancer, adenomatous polyps are the targets of 
colon cancer screening. 

Adenomas usually are found during screening examinations for 
colon cancer but also may present with symptoms of rectal bleeding, 
abdominal pain, or diarrhea. Most patients with polyps will have 1 to 3, 
but as many as 50 may be seen. Most can be removed through the 
colonoscope by snare electrocautery. Following removal, they tend to 
recur and, thus, follow-up examinations are important. The current 
recommendation is to have follow-up colonoscopy every 3 yr. 

Colon Cancer—Malignant lesions of the colon include adenocarci- 
noma, lymphoma, sarcoma, carcinoid tumors, and, rarely, metastatic 
tumors. However, 95% of colon malignancies are adenocarcinomas. 
There are approximately 130,000 new cases with 55,000 deaths per 
year in the United States. It is the second most common cause of cancer 
death in men (following lung) and women (following breast). One in 20 
Americans will develop this malignancy. The incidence of colon cancer 
increases with age and is most common in the 7th decade. 

Both environmental and genetic factors have been implicated in 
causing colon cancer. A high incidence has been linked to low dietary 
fiber intake and high animal fat consumption. An increased prevalence 
of colon cancer in relatives of colon cancer patients indicates that 
genetic factors are also important. 

The molecular pathogenesis of colon cancer is better understood 
than any other malignancy. At the pathological level it consists of a 
sequence of events manifested as dysplasia, followed by extensive 
growth and, finally, malignant transformation. At the molecular level 
this is seen as an accommodation of mutational events involving tumor 
suppressor genes, oncogenes, and DNA repair genes. The mutated 
genes include the adenomatous polypous gene (APC), the mismatch 
repair genes (MMR), the K-ras oncogene, the p53 gene, and the deleted 
in colon cancer gene (DCC). Eight percent of adenomas begin with 
mutations of K-ras, DCC, and p53. It is anticipated that it will soon be 
possible to screen genetically for predisposition to colon cancer. In the 
meantime it has been clearly shown that colon cancer screening with 
fecal occult blood testing and sigmoidoscopy decreases mortality. The 
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current screening recommendation includes annual fecal occult blood 
testing and every 5 yr a sigmoidoscopy, beginning at age 50 yr. 


Liver 


The liver is responsible for the synthesis of cholesterol, bile 
salts, phospholipids, and various proteins. It also stores and 
transforms carbohydrates. A major function of the liver is the 
detoxification and excretion of exogenous substances. 

Amino acids are synthesized by the liver to tissue and 
plasma proteins, especially albumin. It also synthesizes nones- 
sential amino acids as well as all of the coagulation factors 
except Factor VIII. Glucose is stored in the liver as glycogen. A 
visible function of the liver is its conjugation of bilirubin, a 
product of hemoglobin degradation. The liver converts bilirubin 
to a polar form that can be excreted in bile and to some extent 
in urine. Failure to metabolize and excrete bilirubin results in 
jaundice, a yellow discoloration of the skin and sclera that is a 
major sign of liver disease. 

Virtually all lipid-soluble, exogenous substances are metab- 
olized in the liver. This function is carried out largely by hy- 
droxylation by the mixed-function oxidases, followed by conju- 
gation. This process is responsible for most drug metabolism 
and is at the center of many drug interactions. 

The liver is unique in having two blood supplies. The veins 
from the Gl tract and spleen form the portal vein, which per- 
fuses the liver and normally accounts for about 70% of its blood 
supply. The liver also receives arterial blood from the hepatic 
artery. Approximately one-fifth of cardiac output normally 
flows through the liver. 

The liver has a limited number of ways of responding to 
injury. These include acute hepatitis, chronic hepatitis, and 
fibrosis and tumor formation. In addition, there are a number 
of inherited metabolic and storage diseases of the liver. The 
remarkable ability of the liver to regenerate spares it from 
end-organ failure in most of these diseases. 


DISEASES 


Viral Hepatitis—Acute viral hepatitis is a systemic infection man- 
ifested primarily by an acute attack on the hepatocyte. Six hepatotropic 
viruses have been identified (HAV, HBV, HCV, HDV, HEV, TTV). They 
differ in their mode of transmission, incubation period, susceptibility to 
becoming chronic, and sequelae (Table 56-1). Hepatitis G virus also has 
been identified but does not appear to cause liver disease. At least one 
other virus, yet to be identified, accounts for 10 to 15% of cases of viral 
hepatitis. The viruses are identified on the basis of serological tests 
(Table 56-1). The clinical course of acute viral hepatitis is similar for all 
of the viruses and is characterized by a flu-like illness that may or may 
not be associated with jaundice. They all cause similar histological 
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changes in the liver and are differentiated only by their distinct sero- 
logical markers. All are characterized by marked elevations of the 
aminotransferase enzymes—from 4- to 200-fold—with only slight ele- 
vations in alkaline phosphatase, little or no decrease in serum albumin, 
and hyperbilirubinemia in 20 to 30% of patients. More-serious disease 
may be manifested by prolongation of the prothrombin time or a de- 
crease in the serum albumin. 

Hepatitis A accounts for approximately 45% of clinical hepatitis in 
the US and 20 to 25% of viral hepatitis worldwide. It is caused by a 
27-nm RNA picornavirus. The virus mediates injury by both cellular 
and noncellular immune mechanisms. An IgM antibody (anti-HAV 
IgM) appears early in the course of illness and typically persists for 2 to 
6 months. An IgG (anti-HAV IgG) appears toward the end of the acute 
illness, persists for several years, and probably conveys lifelong immu- 
nity. Hepatitis A occurs in both sporadic and epidemic forms. Epidemics 
occur in association with common food sources such as shellfish, well 
water, or contamination of food in restaurants. The incubation period is 
15 to 50 days. There is typically a prodromal period manifested by 
malaise, anorexia, headache, and alterations in taste that occurs ap- 
proximately 3 weeks after exposure. Soon after, the patient may notice 
dark urine, tan-colored stools, and some mild right upper quadrant 
discomfort. Jaundice may follow within a few days. Most patients, 
however, do not become jaundiced. Recovery is usually complete by 3 
months after exposure. Fulminant hepatitis is rare, occurring in only 
0.1% of cases, but may be fatal, especially in middle-aged and older 
people. 

The incidence of hepatitis A is declining in the developed world, 
presumably as the result of improved standards of living. It also is 
tending to occur at a later age—characteristic of most enteric infections 
in the developed world. The implications of this are considerable in that 
nonspecific immune serum globulin is now less likely to be protective, 
since fewer people in the donor pool have been exposed. Furthermore, 
the disease tends to be more virulent in middle-aged and older people, 
with the prevalence of fulminant hepatitis approximating 0.5%. 

Hepatitis A can be prevented with passive immunization with non- 
specific immune serum globulin or active immunization with hepatitis 
A vaccine. Passive immunization conveys passive-active immunity by 
converting overt infection to subclinical infection while still allowing 
antibody to develop. The protection lasts for approximately 6 months. 
Of some concern is the observation that immune globulin is capable of 
transmitting hepatitis C. Fortunately, a vaccine has been developed 
and is now widely used. 

Hepatitis B is caused by a 42-nm DNA virus that is a member of 
the hepadna family. Hepatitis B accounts for 34% of cases of hepatitis 
in the developed world. The virus consists of a core and a surface 
envelope. The core is formed in the nucleus of the hepatocyte and 
contains DNA polymerase, core antigen (HBcAg), and e antigen (BBe 
antigen). The surface particles (HBsAg) are formed in the cytoplasm 
and are complexed with a common determinant, a, and four subdeter- 
minants, d, y, w, andr. The four major determinants are adw, adr, ayw, 
and ayr. Because the virus breeds true, these determinants are helpful 
in epidemiological studies. The DNA is double stranded and circular, 
with four major open reading frames. Hepatitis B surface antigen 
appears early in the course of clinical illness and persists until near the 
end of the clinical course. Persistence of HBsAg implies carrier state or 


FEATURE A B 
Virus RNA DNA 
Incubation 

Range (days) 15-50 30-150 

Mean (days) 30 75 
Transmission 

Fecal-oral Yes No 

Household Yes Min? 

Vertical No Yes 

Blood Rare Yes 

Sexual No Yes 
Carrier state No Yes 
Risk of chronic hepatitis No 10% 
Risk of liver cancer No Yes 
Prevention 

Vaccine Yes Yes 

Immunoglobulin Yes Yes 


Mortality rate 


? Min = minimal. 


G D E 

RNA RNA RNA 
15-160 30-150 20-40 
50 27 
Min? ? Yes 
Min? ? Yes 

? Min? ? ? 

Yes Yes No 
Min? ? ? 

Yes Yes No 
70%-90% Yes No 
Yes 2 No 
No No No 
No No ? 
~0.5% High 0.5%-1.5% 


chronic hepatitis. It may be absent, however, in fulminant hepatitis. 
The immune response to BBV produces antibodies to surface antigen 
(anti-BBs) that appear toward the end of the clinical illness. Occasion- 
ally, there is a period near the end of the illness when neither HBsAg 
nor antiHBs is detectable by radioimmunoassay because neither is 
present in excess. At such times, detection of anti-HBc IgM is helpful in 
making the diagnosis of acute hepatitis. It is especially helpful in 
patients with fulminant hepatitis. The development of anti-HBs is 
associated with recovery from the illness and lifelong immunity. HBeAg 
correlates with viral synthesis and implies infectivity. It persists for 
only a few weeks. Persistence beyond 3 months implies chronicity. 
Anti-HBe is a marker of low or absent infectivity and is strong evidence 
that recovery has occurred. Currently, however, the best marker for 
hepatitis B is measurement of DNA by PCR. This is now used to 
monitor patients for levels of viremia, especially those undergoing 
treatment. 

Hepatitis B is transmitted through body fluids, primarily by paren- 
teral or sexual contact in the developed world and by vertical (ie, mother 
to newborn infant) contact in the undeveloped world. It is estimated 
that 300,000,000 people are infected worldwide. Male homosexuals 
have a high infectivity rate. The transmission rate from mother to 
newborn infant is 70 to 90%, and most of the infected offspring are 
destined to develop chronic disease. It is for that reason that all preg- 
nant women are now tested for hepatitis B with subsequent immuni- 
zation of the infant if the mother is infected. Health-care personnel, 
especially surgeons and dentists, are also at high risk. The residual risk 
from transfusion of blood products in the US is now estimated to be 1 in 
163,000. 

The clinical course of hepatitis B is similar to that of other types of 
viral hepatitis, although it tends to be more severe than hepatitis A or 
C, especially in adults. Even so, most cases are anicteric and go unrec- 
ognized. Fulminant hepatitis occurs in 1% of patients with acute hep- 
atitis B. A characteristic feature of hepatitis B is its propensity to 
become chronic and ultimately to cause cirrhosis and hepatocellular 
carcinoma. Hepatitis B on a worldwide basis is the commonest cause of 
hepatocellular carcinoma. 

Hepatitis B may be prevented by either passive (hepatitis B immune 
globulin, HBIG) or active immunization. Ideally, universal vaccination 
would occur. However, because of the cost, this is being phased in in 
most countries. A universal vaccination program in Taiwan has been 
demonstrated to reduce the death rate from hepatocellular carcinoma. 

Hepatitis D (Delta)—The delta agent is an incomplete, 36-nm 
RNA particle that requires the presence of hepatitis B surface antigen 
for its activation and replication. It is thus a satellite virus. It is very 
infectious and strongly associated with IV drug abuse. It may occur as 
a simultaneous infection with hepatitis B (coinfection) or as a superim- 
posed infection (superinfection). Coinfection typically runs the same 
course as hepatitis B and resolves spontaneously with the hepatitis B. 
Superinfection often results in a severe course and should be suspected 
in a chronically infected hepatitis B patient who worsens. It is diag- 
nosed by serological tests (anti-HDV IgM, HDVAg) or by HDV RNA 
PCR. For reasons that are not certain, hepatocellular carcinoma occurs 
less commonly in hepatitis B patients who are coinfected or superin- 
fected with HDV. 

Hepatitis C—The hepatitis C virus, previously known as non-A, 
non-B, was isolated in 1989. It is a single-stranded, enveloped, RNA 
virus that accounts for 10 to 20% of cases of acute hepatitis. Because 
most people (ie, 80 to 85%) become chronically infected, 1 to 2% of the 
- population is infected. For example, in the US, it is estimated that 3.9 
million people are infected. The virus is identified by serological testing 
(anti-HCV) or by HCV PCR. There are several subspecies of the virus, 
with la and lb being the most common in the US. The la and lb 
subspecies tend to be associated with higher viral loads and more- 
virulent disease. The worldwide prevalence of hepatitis C is estimated 
to be 170 million. The virus is transmitted primarily through body 
fluids, with some vertical and sexual transmission. In some areas, over 
50% of drug users and hemophiliacs are infected. Risk of infection with 
a regular sexual partner is 1 to 3% per year. Nevertheless, because of 
the large number of chronically infected individuals, sexual transmis- 
sion probably accounts for a large portion of cases. Because of screening 
of donor blood, the residual risk from blood transfusion in the US is now 
1 in 103,000. 

The clinical course of hepatitis C is similar to that of other types of 
viral hepatitis but tends to be milder and usually goes unrecognized. 
Only 20 to 25% of patients are icteric. Fulminant hepatitis is rare. The 
most characteristic feature of this infection is its propensity to become 
chronic, with fully 85% of patients developing chronic hepatitis. Twenty 
to 25% of those are destined to develop cirrhosis, and many of those are 
destined to develop hepatocellular carcinoma. 
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Prevention of hepatitis C has proved difficult. Interestingly, the 
disease is on the decline, presumably because of a decline in the use of 
shared needles by IV drug abusers. 

Treatment of acute hepatitis C with alpha interferon is highly 
effective in preventing chronic hepatitis. 

Hepatitis E is a 35-nm, single-stranded, unenveloped, RNA virus 
similar to hepatitis A. It accounts for sporadic and epidemic hepatitis in 
tropical and semitropical climates and in people returning from those 
areas. A few cases have been reported in the US in people who have not 
traveled outside the country. It is enterically transmitted and has been 
detected in stool and serum, using PCR. 

The clinical course is similar to that of hepatitis A in that it typically 
infects young people and has a self-limited course that is not associated 
with chronicity. A peculiar feature of the disease is its virulent course in 
pregnancy, with mortality rates of approximately 20%. 

Acute hepatitis is caused by either viruses or toxins. The most 
important causes of acute hepatitis in the US are hepatitis A, B, and C 
viruses. 


PREVENTION OF VIRAL HEPATITIS 


Hepatitis A—Optimum control lies in good general hygiene, safe 
disposal of feces, and identification of epidemics. Immune serum glob- 
ulin is effective in preventing or modifying Type A hepatitis in over 50% 
of those exposed. A worrisome feature, however, is that with the declin- 
ing incidence of hepatitis A in the young population, less and less of the 
pooled immune specific globulin is effective in preventing hepatitis A. A 
hepatitis A vaccine has been developed and is highly effective. 

Hepatitis B—Avoidance of multiple sexual partners and IV drug 
use is the most useful way of preventing hepatitis B. Hepatitis B 
immune specific globulin (HBIG) appears to be effective in preventing 
hepatitis B in about 75% of cases. There is also an effective vaccine for 
preventing hepatitis B (Energix B or Recombivax BB). 

Hepatitis C—There is no known mechanism for preventing hepa- 


titis_C. Pooled immune globulin is not effective. There is no vaccine. 
ronic Hepatitis—This is the pathological and clinical manifes- 


tation of a heterogeneous group of disorders, both genetic and acquired. 
What they have in common is a chronic inflammatory reaction directed 
against the hepatocyte. By far the most common causes are hepatitis B 
and C viruses, which account for 70 to 80% of cases in most series. 
Autoimmune chronic hepatitis, Wilson’s disease, and drugs account for 
the remainder. The disorders can be distinguished on the basis of 
several serological tests. Our understanding of these diseases has 
evolved largely over the past 20'yr and was propelled by the discovery 
of the hepatitis viruses. 

Chronic infection with hepatitis B is the most important worldwide 
cause of chronic hepatitis. The liver injury results from an inflamma- 
tory immune attack against hepatocytes. In most patients, the hepatitis 
B virus itself is not cytopathic. The infected cells are not eliminated, 
allowing the attack to continue. In the usual circumstance, the hepa- 
tocyte expresses cell surface markers (in this case HBcAg and HLA 
Class I antigen). Primed lymphocytes then attack the infected hepato- 
cytes. The expression of the HLA markers is stimulated by interferon. 
There is now considerable evidence that patients with chronic hepatitis 
B are deficient in interferon and, by inference, unable to express HLA 
markers that would attract an appropriate lymphocyte response. This 
deficiency is probably genetic in some populations and acquired in 
others. The acquired deficiency occurs as a consequence of transfection 
of chromosome 9 at the site that codes for interferon. 

The discovery of interferon deficiency in chronic hepatitis B has led 
to the successful use of interferon as therapy in some of these patients. 
Approximately half of the patients respond with a loss of viral replica- 
tion, a reduction in inflammation, and, in some cases, a loss of the 
markers of hepatitis B infection including HBsAg. In general, patients 
with aminotransferase enzyme (ALT or AST) levels of 100 to 200, DNA 
levels below 100, and positive HBeAg respond best. The treatment is 5 
million units subcutaneously, daily for 6 months. At about the 12th or 
14th week, one can expect to see a flare-up of the hepatitis. This is a 
good sign, usually associated with conversion of HBeAg to anti-HBe and 
loss of viral replication. The response, when obtained, usually is pro- 
longed, with a relapse rate of only 2 to 3% per year. 

Chronic Hepatitis C—Hepatitis C is the most common cause of 
chronic hepatitis in the US. Fully 80% of cases of acute hepatitis C 
become chronic, and for most patients it is a lifetime infection. Approx- 
imately 20 to 30% of patients with chronic hepatitis C infection will 
progress to severe chronic hepatitis, cirrhosis, and, in some patients, 
hepatocellular carcinoma over a period of 20 to 30 yr. The remarkable 
ability of this infection to persist is one of its most unique features. The 
mechanisms are only partially understood. It appears in large part to be 
a feature of the virus’s ability to mutate under immune pressure. Thus, 
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despite the fact that antibodies form, the virus mutates, allowing newly 
formed strains (known as quasispecies) to emerge and evade immune 
detection. It also appears that the virus can down-regulate its replica- 
tion in the liver to escape immune detection while persisting in the liver 
in a quiescent form. 

The natural history of the liver disease progresses from acute hep- 
atitis to chronic hepatitis to severe chronic hepatitis to cirrhosis and 
ultimately, in some patients, to hepatocellular carcinoma. The rate and 
frequency with which it does this is probably related to the particular 
viral genotype and the environment in which the genotype exists. For 
example, in the US, la and lb genotypes predominate and tend to be 
rather aggressive but do not typically lead to hepatocellular carcinoma. 
In Japan, where la and lb also predominate, hepatocellular carcinoma 
is more common, suggesting that environmental features play a role in 
the natural history of the disease. The mechanism of carcinogenesis is 
not known, but it is thought that hepatitis C virus preferentially de- 
stroys normal cells, allowing replication of cells mutated for the tumor 
suppressor gene, mannose-6-phosphate insulin growth factor 11 recep- 
tor, leaving a clone of cells that are susceptible to carcinogenesis. 

The diagnosis of chronic hepatitis C is made by PCR detection of the 
hepatitis virus and by liver biopsy, which is particularly helpful in 
determining the severity and prognosis. 

Most patients with chronic hepatitis C are asymptomatic. Most 
patients, in fact, are diagnosed incidentally when screening tests reveal 
an elevation of aminotransferase enzymes or they are screened because 
they had blood transfusions prior to 1991 when routine screening of 
blood products came into existence. When symptoms occur, malaise 
predominates. 

One of the most characteristic clinical features of hepatitis C is a 
wide array of extrahepatic autoimmune manifestations. Approximately 
60% of patients have autoantibodies, including antinuclear antibody 
(28%), rheumatoid factor (21%), antithyroid antibodies (20%), anti— 
smooth muscle antibodies (11%), and anti-liver-kidney microsomal an- 
tibody Type 1. More than 20% of the patients have concurrent autoim- 
mune disease. These include autoantigen-driven disease and foreign 
antigen (immune complex)—driven disease. The autoantigen diseases 
include autoimmune thyroiditis, Sicca syndrome, myasthenia gravis, 
lichen planus, diabetes mellitus Type 2, and several others. They tend 
to occur in HLA DR38-positive patients. The foreign antigen-driven 
diseases tend to occur in DR4-positive patients and include glomerular 
nephritis, polyarteritis nodosa, mixed cryoglobulinemia, vasculitis, si- 
novitis, and urticaria. 

The treatment of chronic hepatitis C consists of either alpha inter- 
feron or consensus interferon, either of which may or may not be given 
in combination with ribavirin. The approved therapies at the time of 
publication included interferon 3 MU sq tiw, with or without ribavirin 
1.0 to 1.2 g daily. However, recent studies suggest that higher doses and 
daily doses are more effective. Thus, it is common to use induction 
therapy consisting of 10 MU of interferon daily for 1 week followed by 
5 MU daily for 1 yr. Sustained remission rates with this regimen are 
approximately 50%. 

Autoimmune Chronic Hepatitis—This is also a heterogenous 
group of disorders that can be distinguished on the basis of serological 
tests. Type I autoimmune hepatitis is characterized by the presence of 
antinuclear antibodies (50 to 80%), auto-smooth muscle antibodies, and 
antimitochondrial antibodies in low titer. Type II patients have 
anti-liver-kidney microsomal antibodies in the absence of antinuclear 
antibodies. It is not yet known, however, whether the different types of 
autoimmune hepatitis have different courses or responses to treatment. 
It is less common than chronic hepatitis B or C. The typical clinical 
features are female predominance, young age, association with autoan- 
tibodies and other autoimmune disorders, presence of hyperglobuline- 
mia, and virtually universal response to corticosteroids. It is associated 
with HLA phenotypes B8, DR3, and DR4. 

Interestingly, patients with either autoimmune or viral chronic 
hepatitis that is associated with other autoimmune disorders are more 
likely to have the DR4 phenotype. The DR3 patients tend to be younger, 
have more aggressive disease, and relapse more frequently with immu- 
nosuppressive therapy. The DR4 patients tend to have higher serum 
immunoglobulin levels, a high incidence of other autoimmune disor- 
ders, and better response to corticosteroid therapy. The disease usually 
is progressive, with development of cirrhosis and liver failure within a 
few years. 

Clinically, the disease is highly variable. Most patients are asymp- 
tomatic, but crippling tiredness may occur. Moderately elevated ami- 
notransferase enzymes (2- to 5-fold) are characteristic. Bilirubin may be 
mildly elevated. Serum p-globulins are usually elevated, and albumin 
may be decreased. Corticosteroids greatly improve the prognosis of 
autoimmune chronic hepatitis. The initial steroid therapy is titered to 
the serum aminotransferase enzyme levels. Patients should be main- 


tained on low-dose steroids indefinitely after the initial response. Aza- 
thioprine in doses that barely cause lymphopenia also will maintain 
remission. ; 

Wilson’s Disease—This is an autosomal recessive disorder of cop- 
per metabolism that manifests primarily as either neuropsychiatric 
disease or liver disease. It has a gene frequency of 1/200 and a disease 
frequency of 1/30,000. More than 30 different mutations on chromosome 
13 have been found. Wilson’s disease usually presents prior to age 30, 
although several patients in their 50s and 60s have been reported. For 
reasons that are unknown, children tend to have predominantly hepatic 
involvement, while adolescents and adults have the neuropsychiatric 
manifestations. The hepatic manifestations include fulminant hepati- 
tis, chronic hepatitis, and cirrhosis. Hepatocellular carcinoma is virtu- 
ally unknown in Wilson’s patients. Approximately 25% of patients have 
evidence of involvement of more than one organ system at the time of 
diagnosis. 

The characteristic laboratory features include moderately elevated 
aminotransferase enzymes (2- to 5-fold), normal or near normal alka- 
line phosphatase, and absence or near absence of the copper carrier 
protein, ceruloplasmin. The role of ceruloplasmin in the pathogenesis of 
Wilson’s disease is unknown. The ceruloplasmin gene, however, is on 
chromosome 3, rather than 13, and thus the deficiency of ceruloplasmin 
is probably a secondary feature. The underlying pathophysiology, what- 
ever the mechanism, is an inability to excrete biliary copper, which 
accumulates in various tissues, leading to the characteristic clinical 
features consisting of neuropsychiatric changes including behavioral 
change, psychosis, extrapyramidal signs, and cerebellar or pseudobul- 
bar signs. Comeal rings known as Kayser-Fleischer rings are virtually 
pathognomonic; however, they are frequently not present in younger 
patients with liver disease. Other manifestations of Wilson’s disease 
include proximal renal tubular dysfunction, osteopenia, osteoarthropa- 
thy, and hemolysis. 

The diagnosis is based on finding disturbances in copper metabolism 
including decreased or absent serum ceruloplasmin, urinary copper 
excretion exceeding 100 mg per day, and hepatic copper concentration 
exceeding 250 mg/g of liver tissue. 

Untreated Wilson’s disease is fatal. The treatment consists of che- 
lation therapy with D-penicillamine and is life-long. Patients who de- 
velop fulminant hepatitis die unless they receive a liver transplant. 
Patients with chronic hepatitis eventually progress to cirrhosis despite 
treatment and eventually require liver transplantation. 

Drug-Induced Hepatitis—The final cause of chronic hepatitis 
among the major categories is drug-induced. A number of drugs have 
been reported, including methyldopa, nitrofurantoin, isoniazid, keto- 
conazole, and acetaminophen. Women appear to be more susceptible, 
and there is frequently a background of autoimmune disease. The 
clinical presentation mimics autoimmune chronic hepatitis. The treat- 
ment is drug withdrawal. 

Cirrhosis—Cirrhosis (Gk, kirrhos = yellow) is defined as a diffuse 
increase in fibrous tissue within the liver plus the presence of regener- 
ative nodules. The fibrosis is the result of active fibrogenesis. The 
fibrogenesis generally is thought to be stimulated by cytokines released 
during inflammation and necrosis. Virtually all chronic liver disease 
ultimately can lead to cirrhosis. The fibrous tissue leads to a distortion 
of the architecture of the liver, with loss of normal function. Even 
though regeneration of hepatocytes occurs, the distorted architecture 
compromises their overall function. 

By far the most common causes of cirrhosis in this country are 
alcohol consumption and chronic hepatitis C. Other causes include 
chronic hepatitis of all types, primary biliary cirrhosis, hemochromato- 
sis, Wilson’s disease, and alpha-1 antitrypsin deficiency. The typical 
patient with alcoholic cirrhosis has consumed approximately one pint of 
whiskey per day for 15 yr. However, most patients who drink this much 
alcohol never develop cirrhosis. It probably is determined genetically 
whether or not cirrhosis occurs. In the case of alcoholic cirrhosis, only 
about 20% of patients who are alcoholic develop cirrhosis. 

The clinical presentation of cirrhosis results primarily from the 
development of portal hypertension and the loss of hepatocellular func- 
tion. Portal hypertension results from the resistance of flow through the 
liver. The increased pressure in the portal system is transmitted within 
that system, especially the coronary vein, leading to esophageal varices; 
the gastric veins, leading to gastric varices; and the inferior mesenteric 
vein, leading to hemorrhoids. When the pressure reaches a certain 
level, these veins tend to burst, causing GI hemorrhage. This is partic- 
ularly true of gastric and esophageal varices. 

Another manifestation of cirrhosis is ascites, the accumulation of 
fluid in the abdominal cavity. The pathophysiology of ascites formation 
is complex, but the two most important features appear to be an in- 
crease in hydrostatic pressure in the portal circulation, as the conse- 
quence of portal hypertension, and decreased oncotic pressure due to 


the development of hypoalbuminemia. The hypoalbuminemia is caused 
by decreased synthesis of albumin by hepatocytes and the loss of albu- 
min from the surface of the liver. This results in decreased oncotic 
pressure in the circulation (from decreased albumin synthesis) and 
increased oncotic pressure in the free peritoneal space (from albumin in 
the peritoneal space). These factors in combination favor fluid accumu- 
lation in the abdominal space. The loss of fluid from the intravascular 
space causes secondary hyperaldosteronism, which activates the renin- 
angiotensin system, causing the kidneys to retain sodium and water. 
Thus, a vicious cycle is formed, all directed toward fluid retention. 

Portosystemic encephalopathy (PSE) is another manifestation of 
cirrhosis and is characterized by a spectrum of decreased mental and 
neurological function. PSE is thought to occur because of the failure of 
the liver to remove noxious products of protein metabolism, particularly 
ammonia. This occurs because of the loss of hepatocytes or shunting of 
hepatocytes due to portal hypertension. Typical symptoms include sleep 
reversal, hypersomnia, apathy, personality changes, and intellectual 
deterioration. There may be neurological abnormalities such as slurred 
speech, asterixis, and exaggerated deep-tendon reflexes. The diagnosis 
is made on the basis of the clinical presentation. 

Other clinical features include the manifestations of excess femini- 
zation due to the toxic effect of alcohol on testicular function and the 
failure of the liver to metabolize estrogen. The net effect of excess 
feminization is spider angioma, palmar erythema, Dupuytren’s contrac- 
ture, parotid enlargement, gynecomastia, and testicular atrophy. 

Symptoms and Signs—The most characteristic manifestations of 
cirrhosis are jaundice and ascites. However, an insidious onset charac- 
terized by weakness, fatigue, anorexia, and ultimately the signs of PSE, 
including sleep reversal, apathy, forgetfulness, confusion, euphoria, 
and personality changes, may occur. Social graces are often lost. Stupor 
and coma eventually ensue. Neurological findings at this time might 
include asterixis, slurred speech, muscle rigidity, hyperreflexia, and, 
occasionally, localizing neurological signs. Primary biliary cirrhosis 
typically presents with unique features such as pruritus, dark urine, 
pale stools, steatorrhea, and xanthelasma. 

Laboratory abnormalities include hyperbilirubinemia, hypoalbu- 
minemia, prolonged prothrombin time and mildly elevated AST and 
ALT levels. Pancytopenia may be present. In primary biliary cirrhosis, 
the serum alkaline phosphatase is elevated markedly, as is serum 
cholesterol. Antimitochondrial antibodies are present in the serum. 

The clinical course of cirrhosis is usually relentlessly downhill. In 
alcoholic patients, this downward course may continue despite absti- 
nence. The fatal event is usually bleeding from esophageal varices, 
infection, or hepatic encephalopathy. 

There is no specific curative treatment for any form of cirrhosis. 
However, the prognosis in alcoholic cirrhosis is improved by abstinence. 
The prognosis in autoimmune chronic hepatitis is improved by contin- 
uous low-dose corticosteroid therapy or azathioprine treatment. A pre- 
liminary study has shown methotrexate to be partially effective in the 
treatment of primary biliary cirrhosis. The cirrhosis of hemochromato- 
sis is treated by iron removal by phlebotomy, but there is little evidence 
that once the patient has become cirrhotic, the prognosis is improved. 
The prognosis of Wilson’s disease is improved with copper chelation 
therapy with D-penicillamine. Studies have shown that the course of 
chronic hepatitis B and chronic hepatitis C is improved with alpha 
interferon therapy. Nevertheless, liver transplantation remains the 
treatment of choice for patients with end-stage liver disease. 


Gallbladder and Gallstones 


The gallbladder stores and concentrates bile. It is the usual site 
of gallstone formation. 


Normal Physiology—tThe gallbladder fills passively with bile se- 
creted by the liver. The filling process is facilitated by the secretion of 
bile and the closing of the sphincter of Oddi between meals, which 
enables the gallbladder to fill with bile, concentrate the bile, and then 
contract after meals to empty into the intestine where the bile solubi- 
lizes lipids for ultimate digestion and absorption. The gallbladder con- 
tracts and empties its concentrated bile in response to cholecystokinin 
released from the duodenal mucosa during a meal. 

Bile is the major secretory product of the liver. It is composed of 
water in which small amounts of cholesterol, phospholipids, and bile 
salts are solubilized. It also contains bilirubin, which gives bile its 
characteristic yellow color. Bile is increasingly concentrated as it pro- 
ceeds through the biliary tree and is concentrated 10- to 20-fold in the 
gallbladder, which absorbs water. Cholesterol is insoluble in water but 
is dissolved in bile by incorporation into mixed micelles and small 
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vesicles. Mixed micelles are composed of bile acids, which are deter- 
gents, and lecithin, which together solubilize cholesterol. There is a 
limit to the quantity of cholesterol that can be dissolved in micelles. If 
this quantity is exceeded, cholesterol precipitates, which predisposes to 
gallstone formation. 

Bile acids are synthesized from cholesterol in liver cells. The pri- 
mary bile acids, cholic acid and chenodeoxycholic acid are conjugated in 
the liver, excreted into the bile, and eventually reach the small intes- 
tine, where they participate in the solubilization of lipids. About one- 
third of the primary bile acids secreted into bile are converted by 
intestinal bacteria to the secondary bile acids, lithocholic acid and 
deoxycholic acid, which are lost in the stool. The remaining primary bile 
acids are reabsorbed in the terminal ileum and returned to the liver to 
be recycled—the enterohepatic circulation. This mass of recirculating 
bile acids, called the bile acid pool, recirculates approximately twice 
with each meal. Most of the reabsorption takes place in the last 100 cm 
of the terminal ileum, leaving a high concentration of bile acids to 
participate in digestion in the jejunum and proximal ileum. Loss of the 
last 100 cm of the terminal ileum, as occurs with surgery or regional 
enteritis (Crohn’s disease), leads to malabsorption of fats, decreased fat 
absorption, and diarrhea (induced by bile acids in the colon). 


CHOLELITHIASIS (GALLSTONES)—Gallstones are 
classified according to their composition: cholesterol, pigment, 
and mixed. Mixed stones are by far the most common. They are 
predominantly cholesterol but also contain bile pigments, cal- 
cium salts, and protein. They probably have a pathogenesis 
similar to that of pure cholesterol stones. They are often mul- 
tiple, with a brown center, hard shell, and faceted surface. 
Pigment stones contain bile pigment such as bilirubinate. They 
are black, round to amorphous, and hard. Two-thirds of gall- 
stones in the US are predominantly cholesterol. 


Epidemiology—An estimated 24 million Americans have gall- 
stones. In those over age 65, the incidence approaches 30%. Cholesterol 
and mixed stones are three times more common in women of child- 
bearing age than in men. The incidence is increased in individuals who 
are obese, elderly, multiparous, or cirrhotic. The incidence exceeds 70% 
in women of some Native American tribes. 

Pathophysiology—tThe pathogenesis of cholesterol gallstone for- 
mation has been clarified. Failure of cholesterol solubilization leads to 
precipitation and potentially to a gallstone. Normal people may secrete 
lithogenic bile (supersaturated with cholesterol) during fasting, when 
bile acid secretion is minimal, but not all people develop gallstones. 
Nevertheless, certain defects have been identified in patients with 
cholesterol gallstones. Lean people with gallstones tend to have reduced 
biliary secretion of bile acids and phospholipid. Obese individuals se- 
crete excessive quantities of cholesterol into bile. Certain drugs such as 
clofibrate , nicotine, and estrogen predispose to cholesterol hypersecre- 
tion and gallstone formation. Some individuals have a contracted bile 
acid pool because their bile acid loss exceeds the maximum rate of liver 
synthesis of bile acids. For example, resection or chronic inflammatory 
disease of the ileum may cause the net loss of bile acids, as may the 
chronic ingestion of the binding resin cholestyramine. 

Once a crystal is formed as a result of cholesterol precipitation from 
bile, the crystal may grow or several crystals may aggregate. This phase 
of gallstone formation is poorly understood. The factors that promote or 
retard nucleation are only partially understood. However, mucin, a 
glycoprotein secreted by the gallbladder may act as a nucleating factor, 
while apoproteins AI and AII are thought to retard nucleation. Nucle- 
ating factors exist in bile and appear to foster precipitation of choles- 
terol crystals. The process of gallstone growth appears to involve the 
entrapment of crystals by gallbladder mucus, and the process may be 
fostered by impaired gallbladder emptying. 

Information regarding pigment stone formation is scarce. Many 
patients have increased bilirubin production as a result of chronic 
hemolysis. Thus, the liver conjugates and excretes increased quantities 
of bilirubin. Beta-glucuronidase in bile may deconjugate bilirubin, mak- 
ing it less soluble in bile and possibly fostering precipitation. 

Gallstones cause morbidity by irritating the gallbladder mucosa 
directly (cholecystitis) or by impacting in the cystic duct. They also may 
pass into and obstruct the common duct. 

Symptoms and Signs—Most patients with gallstones are asymp- 
tomatic. When stones lodge in the cystic duct the patient experiences 
epigastric pain that may lateralize to the right side and radiate to the 
tip of the right scapula. The pain is a severe, aching sensation that is 
not influenced by body position. The pain begins rapidly, grows in 
intensity, and disappears rather abruptly. The duration of pain varies 
but usually is about 2 to 6 hr. Nausea and vomiting may accompany the 
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pain. Jaundice may appear in several days if the stones remain in the 
common bile duct. The symptoms of flatulence, bloating, and fatty food 
intolerance, frequently attributed to gallbladder disease, are not char- 
acteristic of gallbladder disease and are more likely due to irritable 
bowel syndrome. 

Physical examination in the acute case reveals tenderness, muscle 
guarding, and rigidity over the area of the gallbladder. A mass is rarely 
palpable. Serum levels of alkaline phosphatase and bilirubin may be 
increased; WBC count is elevated in infection. Ultrasound discloses 
gallstones in most cases. 

CHOLECYSTITIS—Acute cholecystitis is caused most commonly 
by gallstones in the gallbladder. Acalculus cholecystitis, however, may 
develop as a complication of surgery or burns. 

Approximately 90% of episodes of acute cholecystitis are induced by 
obstruction of the cystic duct by a gallstone. This, in turn, leads to a rise 
in gallbladder pressure with direct injury, as well as retention of 
membrane-active lipids that damage the gallbladder epithelium. In 
addition, increased pressure in the gallbladder may compromise blood 
flow, leading to ischemia and infarction (gangrenous cholecystitis). Re- 
gurgitation of pancreatic enzymes into the gallbladder may further 
aggravate the injury, and in the presence of stasis, bacterial invasion 
may cause further inflammation. 

The most common symptom of acute cholecystitis is abdominal pain 
in the right upper quadrant, with referral to the tip of the right scapula. 
Systemic symptoms such as nausea, vomiting, and fever also may occur. 
Attacks tend to occur in the late evening hours. The pain, while referred 
to as biliary colic, is rarely colicky but rather consists of a severe ache 
lasting 1 to 4 hr. If the stone passes into the common bile duct, dark 
urine and tan-colored stools may occur along with jaundice. Physical 
examination reveals tenderness in the right upper quadrant. Murphy’s 
sign (apnea due to pain during inspiration) also may be present. 

The diagnosis usually is made by ultrasound. Accompanying labo- 
ratory features include leukocytosis and occasionally mild elevations of 
alkaline phosphatase, bilirubin, and aminotransferase enzymes. The 
treatment is surgical. 


HEMATOLOGY 


NORMAL PHYSIOLOGY 


Hematopoiesis—Blood is an organ that performs many functions. 
It is the transport system for the body. Oxygen, glucose, amino acids, 
and fats are transported to cells for metabolism. Waste products of 
metabolism are transported to organs for excretion. Hormones trans- 
ported by blood regulate the functions of organs and tissues. Blood cells 
and proteins are responsible for host defenses against infection and 
cancer. Blood also has the self-preserving function of hemostasis or clot 
formation. 

In the embryo, the yolk sac is the blood-forming organ until about 
3 months of gestation. The liver and spleen then become the blood- 
forming organs. These organs do not normally continue to form blood 
cells after birth. The bone marrow becomes a hematopoietic organ at 6 
months of gestation and continues so after birth. An adult has active 
bone marrow in the axial skeleton, whereas hematopoiesis during child- 
hood also occurs in the long bones. With age the bone marrow in the 
long bones becomes progressively replaced by fat. In disease states in 
which the need for RBCs is increased greatly, bone marrow may revert 
to the infant pattern, increasing RBC production 5- to 8-fold. When this 
compensatory mechanism also is exceeded, the spleen and liver may 
assume hematopoietic functions. The fetus makes hemoglobin F, which 
carries oxygen more efficiently at low oxygen tensions. At birth hemo- 
globin F is replaced largely by hemoglobin A, although production of 
hemoglobin F continues throughout life, especially in certain diseases. 
The fetus has a high RBC count, which falls at birth, since the increased 
number of RBCs is no longer needed. 

Blood cells follow certain principles of maturation. A bone marrow 
stem cells is pluripotent and can become an RBC, WBC, or platelet. 
During maturation the size of a blood cell decreases. Young cells are 
capable of protein synthesis, while mature cells, except lymphocytes 
and macrophages, are not. The nucleus in a young cell is large and 
contains loose, fine chromatin. A mature cell has a small nucleus 
without nucleoli and with dense chromatin. 

The reticulocyte is the next-to-last step of maturation of the RBC. 
The nucleus is absent in the reticulocyte, but some RNA and ribosomes 
are still present. These are absent in mature RBCs. Reticulocytes are 
seen in the peripheral circulation and normally compose 1% of the 
RBCs. A normal RBC has a lifespan of 120 days. The production of 


RBCs is stimulated by erythropoietin, which is synthesized, in part, in 
the kidney in response to hypoxia. Androgens also increase RBC pro- 
duction, probably through their effect on erythropoietin. 

Pathophysiology—It is characterized by lack of intrinsic factor 
secretion and consequent atrophy of the gastric mucosa. Autoantibodies 
against parietal cells and intrinsic factor are found in these patients, 
although the cause and effect relationship between these antibodies 
and pernicious anemia is unclear. 

Other causes of vitamin B,., deficiency include total gastrectomy, 
stomach damage due to corrosives, intestinal malabsorption due to 
inflammatory disease, resection of the ileum, and competition for vita- 
min B,, by bacterial overgrowth or the fish tapeworm. 

Symptoms and Signs—The nonspecific symptoms and signs of 
anemia occur, and because of defects in epithelial cells, a red, sore, 
glazed tongue is seen. The neurological abnormalities consist of numb- 
ness, tingling, and loss of vibratory sense in the extremities, loss of 
position sense, loss of fine coordination, spasticity, irritability, memory 
loss, and mild depression. The GI complaints include anorexia and 
significant weight loss. Examination of the blood shows oval macro- 
cytes. The RBCs may be shaped bizarrely (poikilocytosis) and be differ- 
ent sizes (anisocytosis). The reticulocyte count is decreased. The nuclei 
of the neutrophils may have five or more lobes (hypersegmentation), 
and there may be mild-to-moderate neutropenia and thrombocytopenia, 
with the platelets also bizarre in appearance. The bone marrow shows 
megaloblasts, erythroid hyperplasia, abnormal mitoses in the red cell 
series, large leukocytes with bizarrely shaped nuclei, and decreased 
numbers of megakaryocytes. 


FOLIC ACID DEFICIENCY ANEMIA—This is a mega- 
loblastic anemia due to folic acid deficiency that may be con- 
fused with vitamin B,, deficiency anemia. 


Etiology—Most cases are due to an inadequate diet. Folic acid 
deficiency is seen frequently in alcoholics. A dietary deficiency also may 
be combined with increased demand, as in pregnancy, hemolytic ane- 
mia, hemoglobinopathies, or myelofibrosis. Malabsorption of folic acid 
occurs in inflammatory small bowel diseases. Certain drugs such as 
methotrexate, pyrimethamine, triamterene, pentamidine,  tri- 
methoprim, and nitrous oxide inhibit conversion of folic acid to its 
biologically active form. Oral contraceptives, barbiturates, phenytoin, 
and ethanol have been associated with megaloblastic anemia that re- 
sponds to treatment with folic acid. 

Symptoms and Signs—lIn addition to the other symptoms and 
signs of anemia, the patient with folic acid deficiency may appear 
wasted. Diarrhea is a prominent complaint. No neurological deficits are 
attributed to folic acid deficiency. 


ANEMIA OF CHRONIC DISEASE—This is seen in asso- 
ciation with a number of chronic inflammatory or infectious 
diseases. 


Pathophysiology—The problem involves a defect that prevents 
transport of iron from storage depots. The impaired RBC production 
along with a mildly reduced RBC survival leads to the development of 
anemia. 

Symptoms and Signs—The anemia is usually normocytic, normo- 
chromic but may be microcytic, normochromic or even hypochromic. 
The serum iron is low, and the total iron-binding capacity is normal or 
low. The saturation index is greater than 10%. The serum ferritin level 
is normal to high. Increased amounts of iron are stored in the bone 
marrow reticuloendothelial system. 


ANEMIA OF RENAL FAILURE—This anemia is usually 
severe and multifactorial in origin. 


Pathophysiology—tThe kidneys are the source of erythropoietin, 
and production of erythropoietin is decreased in chronic renal failure. 
The anemia also may be due to iron deficiency, because blood is lost 
from the GI and GU tracts in uremia. Patients lose blood through 
repeated venipunctures, and patients receiving hemodialysis repeat- 
edly into the extracorporeal circuit. A hemolytic anemia occurs possibly 
because of toxins in the blood. Bone marrow is suppressed by the 
accumulation of toxins. 

Symptoms and Signs—Anemia is usually severe, with hematocrit 
values of 15 to 30%. However, patients are not as symptomatic as the 
severity of the anemia would suggest. The anemia is normochromic, 
normocytic, unless iron deficiency is also present. 


HEMOLYTIC ANEMIAS—tThese involve the destruction 
of RBCs in the bloodstream or by macrophages in the liver and 
spleen. 


Etiology—Hemolysis may be caused by a variety of factors. Anti- 
bodies may develop toward RBCs as a result of sensitization, exposure 
to drugs, or infections or spontaneously. Excessive external trauma, 
such as marching or jogging or excessive internal trauma such as occurs 
with a prosthetic cardiac valve may cause hemolysis. Toxins from the 
venom of a cobra, the brown recluse spider, and Clostridium welchii 
cause hemolysis. Infections of the RBCs with malaria and bacteremia 
due to pneumococcus, staphylococcus, and E coli cause hemolysis. The 
RBCs may be made defectively because of an inherited error or have 
hereditary errors in metabolic enzyme systems. 

Autoimmune Hemolytic Anemia—This is characterized by 
development of IgG or IgM antibodies against the patient’s own 
RBCs. 


Etiology and Epidemiology—The disease can occur at any age 
and may be idiopathic or occur in association with another immune 
disorder such as lymphoma, chronic lymphocytic leukemia, or systemic 
lupus erythematosus. 

Symptoms and Signs—The anemia ranges from mild to severe. 
The reticulocyte count is increased. Spherocytes are seen on the periph- 
eral blood smear. Bilirubin is increased. The course is variable but may 
end in fatal, massive hemolysis. The direct Coombs’ test is positive. This 
test uses specific antisera to detect IgG, IgM, or C3 coating the circu- 
lating RBCs. 


Drug-Induced Immune Hemolytic Anemia—Three types 
may occur. Methyldopa induces an autoimmune hemolytic ane- 
mia identical to the idiopathic form. The antibody is an IgG 
against components of the Rh antigen. The direct Coombs’ test 
is positive in about 15% of patients who take methyldopa. 
There is extravascular hemolysis. 

Penicillin and cephalosporins produce a hemolytic anemia 
by serving as a hapten. The hapten forms a complex with the 
RBC, and antibodies are produced against the drug-RBC com- 
plex. The hemolysis is extravascular. The direct Coombs’ test is 
positive. , 

Quinine and quinidine cause hemolysis by the innocent by- 
stander mechanism. The drug forms a complex with plasma 
proteins, and IgG and IgM antibodies form against the drug- 
protein complex. The antibody-drug-plasma protein complex 
settles on the RBC and fixes complement. C3 remains attached 
to the RBC. The direct Coombs’ test is positive. Intravascular 
hemolysis occurs. Hemoglobin appears in the urine and acute 
tubular necrosis may result. See also Chapter 61. 

Hemolytic Anemia Due to Hexose Monophosphate Shunt 
Defects—Glucose metabolism via the hexose monophosphate 
shunt increases several times when the RBC is exposed to 
oxidants. The shunt generates glutathione to protect the sulf- 
hydry! group of the hemoglobin from oxidation. Oxidized he- 
moglobin precipitates in RBCs, forming Heinz bodies. The 
spleen removes RBCs with Heinz bodies from the circulation. 
The most common defect in the hexose monophosphate shunt is 
a hypofunction of glucose 6-phosphodehydrogenase (G6PD), of 
which there are more than 100 variants. The G6PD gene is 
located on the X chromosome (sex-linked trait). 


Epidemiology—The two most clinically significant forms of G6PD 
deficiency occur in blacks who originated in Central Africa and in 
Eastern Mediterraneans, particularly Sephardic Jews. 

Pathophysiology—Some patients with G6PD deficiency are only 
symptomatic when the RBCs are subject to the stress of infections or 
oxidants, including drugs such as sulfonamides, antimalarials, or ni- 
trofurantoins. Heterozygous women have two populations of cells, one 
with normal enzyme concentration and one deficient. 

Symptoms and Signs—Within a few hours of infection or exposure 
to a drug, the patient has acute hemolysis. Generally, the older RBCs 
are deficient in G6PD and are destroyed. Therefore, the hemolysis is 
self-limited, even if the exposure to the oxidant continues. The Medi- 
terranean form is characterized by more-severe hemolysis. The patient 
has a decreased hematocrit, increased level of unconjugated bilirubin, 
and hemoglobinuria. A test for G6PD will be falsely negative if done 
shortly after a hemolytic crisis. 


Sickle-Cell Anemia—This is the most common chronic he- 
molytic anemia. It is due to the substitution of valine for 
glutamic acid on the £-chain of hemoglobin, which results in 
hemoglobin S (HbS). 
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Etiology—tThe disorder is inherited according to Mendelian genet- 
ics, so that one-fourth of the offspring from heterozygous parents are 
homozygous, one-fourth are normal, and one-half are heterozygous. 

Epidemiology—Approximately 8% of African Americans are het- 
erozygous or carry the sickle-cell trait. The disease or homozygous form 
is seen in 0.15% of African American children. 

Pathophysiology—An RBC must be able to withstand distortion 
of shape to traverse the microcapillary circulation. An RBC that con- 
tains HbS changes from a biconcave disc to an elongated, crescent- 
shaped (sickle) cell ca deoxygenation. The sickled cells obstruct capil- 
lary blood flow, resulting in tissue hypoxia, further deoxygenation of 
RBCs, and further sickle formation. A small area of ischemia may 
become a large area of infarction as the process continues. Formation of 
sickle cells is initially a reversible process, but with time, RBC mem- 
brane damage occurs, and the sickle formation becomes irreversible. 
Patients who are homozygous also have 2 to 20% hemoglobin F, which 
prevents polymerization of hemoglobin S. RBCs with a high concentra- 
tion of hemoglobin F do not irreversibly sickle. Any condition that 
causes hypoxia or dehydration of RBCs increases sickle-cell formation. 
HbS has decreased affinity for oxygen, so the oxygen content of the 
blood is decreased. Sickled cells are removed from the circulation by the 
spleen and have an average lifespan of 15 days. 

Symptoms and Signs—Individuals with the sickle-cell trait but 
not the disease usually do not have significant clinical problems. Severe 
hypoxia is necessary to cause a sickle-cell crisis in these individuals. A 
person who is homozygous for sickle-cell anemia develops symptoms at 
about 6 months, when much of the hemoglobin F has been replaced. 
Initial symptoms may be impairment of growth and development. 
Later, a severe hemolytic anemia develops. 

The mortality and morbidity of sickle-cell anemia is related to re- 
current episodes of vascular occlusion. A crisis is an episode of sickle- 
cell formation resulting in severe pain in the chest, abdomen, joints, or 
other sites. An infection, exposure to cold resulting in vasospasm, or 
conditions that lead to dehydration may precipitate a crisis. The crisis 
may be mistaken for an acute abdomen. Chronic organ damage results 
from recurrent crises. Lung function is decreased because of recurrent 
pulmonary infarcts. CHF results from the chronic severe anemia, hy- 
poxemia, and pulmonary hypertension. Gallstones develop because of 
increased bilirubin turnover. Hepatic infarcts may become hepatic ab- 
scesses. The hypertonic, hypoxic, acidotic renal medulla is most suscep- 
tible to infarction. After repeated infarctions the ability to concentrate 
urine is lost. Papillary necrosis also occurs. Prolonged hematuria may 
result in iron-deficiency anemia. Osteomyelitis may develop in bony 
infarcts. Aseptic necrosis of the femur occurs. Retinal infarcts, vitreous 
hemorrhage, and retinal detachment occur. Chronic skin ulcers are 
seen on lower extremities. Cerebral vascular occlusion can result in 
stroke, seizures, or coma. With repeated splenic infarcts, splenic func- 
tion becomes impaired, so susceptibility to infection, particularly pneu- 
mococcal, increases. 


BLOOD DYSCRASIAS—Blood dyscrasia is a term used to 
indicate a general disorder of the blood. The most common 
blood dyscrasias include aplastic anemia, agranulocytosis, and 
thrombocytopenia. Many drugs and chemicals have been cited 
as the causative agents in blood dyscrasias. 

Aplastic Anemia—This term is actually a misnomer. A more 
accurate description is pancytopenia resulting from damaged 
pluripotent stem cells. It is characterized by an acellular or 
hypocellular bone marrow. 


Etiology—A number of drugs and chemicals have been associated 
with its production including benzene, chloramphenicol, phenylbuta- 
zone, gold, and cancer chemotherapeutic agents. Radiation, infectious 
hepatitis, and other diseases also may be associated with the condition. 
Approximately one-half of the cases have no identifiable cause, but 
recent evidence suggests that many may be due to increased activity of 
suppressor lymphocytes. 

Symptoms and Signs—The patient complains of progressive 
weakness and fatigue, mild bleeding from mucous membranes, ecchy- 
moses, and petechiae. The usual signs of infection are not present, even 
though an infection may exist. The symptoms and signs of anemia are 
present. 

Examination of the blood reveals a severe normochromic, normo- 
cytic anemia with no reticulocytes. The WBC count is low and is com- 
posed mostly of lymphocytes. There is no increase in bilirubin unless 
liver disease also is present. 


Agranulocytosis—This is characterized by a marked reduc- 
tion or disappearance of neutrophilic granulocytes in the pe- 
ripheral blood. Severe neutropenia is defined as fewer than 500 
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polymorphonuclear leukocytes (PMNs)/mm°. The incidence of 
infection directly correlates with the number of PMNs. 


Etiology—Various drugs may cause agranulocytosis, including 
cancer chemotherapeutic agents, thiouracils, phenothiazines, sulfon- 
amides, or thiazide diuretics. 

Pathophysiology—Several mechanisms decrease the number of 
circulating PMNs. Drugs used in cancer chemotherapy as well as radi- 
ation will decrease predictably the production of PMNs. This interfer- 
ence with production is usually reversible when the agent is discontin- 
ued, unless precursor cells in the bone marrow have been destroyed. 
Other drugs decrease production of PMNs in an unpredictable fashion 
and by an unknown mechanism. These drugs include the phenothia- 
zines, sulfonamides and thiouracils. The decrease in PMNs occurs 
about 10 days after initiation of therapy with the drug. When the drug 
is withdrawn, the WBC count returns to normal. In some cases the drug 
may be readministered without problems. Neutropenia may result from 
increased destruction of PMNs. In severe infections the rate of PMN use 
may exceed the rate of production. Aminopyrine is the prototype for 
drug-induced granulocytopenia via the innocent bystander mechanism. 
The drug serves as a hapten with plasma proteins, and antibodies are 
formed against the drug-protein complex. The antibody-drug-protein 
complex settles on the granulocyte and fixes complement. The WBC is 
removed from the circulation by the spleen. Initially, with increased 
destruction, production increases, but eventually the bone marrow is 
not able to keep pace. 

Symptoms and Signs—The patient may have fever, chills, severe 
prostration, severe sore throat, and oral ulcers. There is no accumula- 
tion of pus at the sites of infection. 


Thrombocytopenia—This is a blood dyscrasia characterized 
by a platelet count below 100,000/mm°. Spontaneous bleeding 
occurs when the count is below 20,000/mm’°. 


Pathophysiology—A number of drugs, such as cancer chemother- 
apeutic agents, gold, ethanol, thiazides, and sulfonamides, can decrease 
production of platelets. Other drugs act as haptens and induce forma- 
tion of antibodies against the drug-platelet complex. These include 
quinidine, quinine, analgesics, antibiotics, sedatives, and sulfonamides. 
Drugs that cause folate deficiency or aplastic anemia also cause 
thrombocytopenia. 

Symptoms and Signs—The patient complains of petechiae, pur- 
pura, and ecchymoses over the back, upper chest, and limbs and of 
mucosal bleeding. Blood-filled bullae are found in the mouth. Bleeding 
may occur from any mucosal surface. Spontaneous bleeding may occur 
that may last for several days. The most serious site of bleeding is into 
the brain. Bleeding time is prolonged. 


DISORDERS OF HEMOSTASIS—Blood-clotting disor- 
ders may result from a defect in any of the steps of coagulation. 
They may be mild or severe. The coagulation defect may be 
inherited or acquired. 


Normal Physiology—When a blood vessel is cut, two events occur 
to prevent blood loss: platelet plug formation and blood coagulation. 
Platelets adhere to the injured vessel surfaces and also aggregate to 
each other. During adherence and aggregation, platelets assume bi- 
zarre shapes with many protruding processes or pseudopodia that over- 
lap. The next step in hemostasis is blood coagulation. Either the intrin- 
sic or extrinsic coagulation pathway is activated by the surfaces of the 
injured vessel or by substances liberated by the traumatized tissue or 
platelets. This process is complete in less than 10 min. The clot is 
composed of a fibrin meshwork with entrapped blood cells, platelets, 
and serum. The final step in hemostasis is clot retraction, which ex- 
presses the serum from the clot and physically draws the torn edges of 
the blood vessels together. Clot retraction occurs within 1 hr. Clots that 
form in repairing an injured blood vessel are replaced later by scar 
tissue. Other clots dissolve. 


Bleeding Disorders Due to Platelet Defects—Thrombocytope- 
nia may be an adverse reaction to a drug, a congenital defect, or 
an acquired defect or may occur in association with other 
diseases. 


Etiology and Pathophysiology—A congenital defect of produc- 
tion can cause thrombocytopenia. A decreased production of platelets 
occurs when fibrous tissue or cancer cells replace the bone marrow. 
Vitamin B,, and folate deficiency can lead to defective maturation of 
platelets. In massive splenomegaly, the spleen sequesters 80% of the 
platelets. Increased destruction of platelets usually is antibody- 
mediated and occurs in systemic lupus erythematosus, chronic lympho- 


cytic leukemia, and Evan’s syndrome (thrombocytopenia with autoim- 
mune hemolytic anemia). Congenital defects in platelet adherence, 
aggregation, or ADP release occur. Abnormal platelet function occurs in 
uremia and liver diseases. 


Idiopathic Thrombocytopenic Purpura—This usually occurs 
in young women. An acute idiopathic thrombocytopenic pur- 
pura may occur in children following a URI. 


Pathophysiology—IgG, which sensitizes platelets for sequestra- 
tion by the spleen or liver, develops, so platelet lifespan is shortened. 

Symptoms and Signs—There are purpura over the limbs, upper 
chest, and back, and mucosal bleeding. The onset is sudden. No ade- 
nopathy, fever, or malaise is associated with the bleeding. The bone 
marrow shows a normal or increased number of megakaryocytes. The 
platelet count is low. The bleeding time is prolonged. 


Hemophilia A—This is due to an inherited deficiency of 
Factor VIII activity. 


Epidemiology—This is a sex-linked recessive trait that occurs in 1 
in 10,000 people. Males and, rarely, homozygous females have the 
disease. 

Pathophysiology—Factor VIII is a large glycoprotein found in 
trace amounts in normal plasma. It has three components: clot- 
promoting or antihemophiliac factor activity, antigen, and the von 
Willebrand factor (VWF). The defect is a deficiency of clot-promoting 
activity. It may be in the activity of Factor VIII rather than the 
amount. 

Symptoms and Signs—In severe hemophilia, bleeding is often 
spontaneous, whereas in milder cases excessive bleeding may occur 
only after injury or surgery. The severity of the bleeding depends on the 
degree of Factor 17111 deficiency. Spontaneous bleeding occurs into 
joints and muscles. Recurrent hemarthroses are characteristic of the 
disease and result in permanent joint damage and deformity. Bleeding 
into the urogenital or GI tracts also occurs. Hemorrhage may occur into 
any organ and may be fatal. Patients with severe hemophilia do not 
have a normal lifespan. 

Tests of platelet function, bleeding time, and platelet count are 
normal. The prothrombin time is normal, but the partial thromboplas- 
tin time is prolonged. 

Hemophilia B—This is due to an inherited deficiency of 
Factor IX activity. 


Epidemiology—This is a rare, sex-linked form of hemophilia. 

Pathophysiology and Symptoms and Signs—These are similar 
to those of hemophilia A. 

Von Willebrand’s Disease—This is due to an inherited defi- 
ciency in VWF (von Willebrand factor) activity. 


Epidemiology—This autosomal dominant condition may be the 
most common inherited bleeding disorder. 

Pathophysiology—VWF is the high-molecular-weight component 
of the Factor VIII complex. VWF supports platelet interaction with the 
subendothelium. It also carries Factor VIII coagulation activity and 
prevents its elimination. Defective VWF causes unpaired platelet ad- 
hesion and decreased Factor VIII levels. 

Symptoms and Signs—Bleeding usually is in mucocutaneous 
sites. Homozygotes may have symptoms and signs as severe as those in 
hemophilia. Heterozygotes are often asymptomatic. The bleeding time 
is prolonged. 

Vitamin K Deficiency—This results in deficiencies of Factors 
II, VII, [X, and X. Vitamin K is a fat-soluble vitamin found in 
leafy green vegetables. Stores of vitamin K are limited, and 
deficiency develops in 1 to 3 weeks if intake is stopped. 


Etiology—Vitamin K deficiency is multifactorial in etiology and 
involves decreased absorption due to decreased bile acids, impaired 
intestinal absorption due to inflammatory bowel disease, and changes 
or decreases in the gut flora, which synthesize vitamin K. 

Symptoms and Signs—They are those of bleeding seen in other 
coagulopathies. The prothrombin time and partial thromboplastin time 
are prolonged. 

Liver disease results in coagulopathy due to decreased synthesis of 
all factors except Factor VIII. Also, removal by the liver of proteases or 
enzymes that inactivate the clotting factors is decreased, causing a 
consumption coagulopathy. The symptoms and signs of the coagulopa- 
thy due to liver disease are similar to those of other coagulopathies. The 
prothrombin time and partial thromboplastin time are prolonged. In 
addition, hemostasis is further impaired by thrombocytopenia and 
platelet dysfunction. 


RENAL DISEASE 


Glomerulonephritis 


Glomerulonephritis (GN) is an immunologically mediated in- 
flammation of the glomeruli that involves both kidneys sym- 
metrically. GN must be differentiated from interstitial nephri- 
tis, which is inflammation of the connective tissue among the 
glomeruli. 


Etiology—tThe antigen that initiates the immune reaction may be 
either endogenous or exogenous. Examples of endogenous antigens 
include glomerular basement membrane (Goodpasture’s syndrome) and 
DNA (systemic lupus erythematosus). Exogenous antigens include 
Group A streptococcus, serum from other species, drugs, and possibly 
viruses. In most cases the specific inciting antigen is unknown. 

Epidemiology—Glomerulonephritis is the leading cause of chronic 
renal failure. Lupus nephritis occurs in two-thirds of patients with the 
disease. 

Pathology—In acute GN, such as poststreptococcal GN, the glo- 
meruli are swollen and infiltrated with PMNs, and there is proliferation 
of endothelial and epithelial glomerular cells. In severe cases epithelial 
crescents form in Bowman’s capsule. In immune-complex GN granular, 
nodular, or /umpy bumpy deposits of immunoglobulin are found in the 
glomeruli. In anti-glomerular basement membrane nephritis, antibod- 
ies are seen in a linear pattern along the capillary wall of the 
glomerulus. 

The pathological classification of chronic GN includes membrano- 
proliferative, membranous, focal or diffuse proliferative, and rapidly 
progressive GN. A description of the histopathological features of these 
forms of GN is beyond the scope of this chapter. 

Pathophysiology—All cases of GN are the result of immune reac- 
tions. Nearly 95% of the cases involve formation of antibodies against 
circulating extrarenal antigens. These antibodies are usually IgG and 
also circulate in the blood. Antigen-antibody complexes are formed 
when a critical ratio of antibody to antigen is reached in the blood. The 
complexes become trapped in the glomeruli during filtration, hence the 
name immune-complex glomerulonephritis. The process actually is 
more complex than simple trapping and involves dysfunction of the 
mesangial cells, the reticuloendothelial cells in the glomeruli that nor- 
mally remove foreign materials. The antigen-antibody complexes in the 
glomeruli activate the complement cascade via the classic or alternate 
pathways. Activation of complement also activates Factor XII and the 
clotting system, which leads to the deposition of fibrin. Factor XII also 
activates the kinin system, which causes release of chemotactic factors 
and substances that increase permeability of blood vessels. The inflam- 
matory reaction with the release of lysosomal enzymes damages the 
glomeruli. Fibrosis ensues. 

The remaining 5% of cases of GN are due to the development of 
antibodies against glomerular basement membrane. These antibodies 
also are active against alveolar basement membrane. The inflammatory 
reaction is responsible for the damage to the glomeruli and alveoli. 

Symptoms and Signs—tThe hallmarks of GN are gross or micro- 
scopic hematuria (RBCs in the urine), hypertension, proteinuria, and 
facial, periorbital, and pedal edema. Edema is also part of the nephrotic 
syndrome and is discussed below. Glomerulonephritis also may be 
associated with hypertension, fatigue, anorexia, and congestive symp- 
toms such as orthopnea and dyspnea on exertion. The urine also may 
contain RBC casts, WBCs, granular or hyaline casts, and epithelial 
debris. Chronic GN eventually leads to the symptoms and signs of 
chronic renal failure. 

Oliguria, coke-colored or smoky urine, bilateral steady flank pain, 
and malaise herald the onset of acute poststreptococcal GN, typically. 
Edema develops in a few days unless salt and fluid are restricted. 

The prognosis of acute poststreptococcal GN is excellent in children: 
90% recover completely, although the urinary signs may persist for 1 
year. The prognosis for chronic GN is variable. Some forms progress 
slowly while others deteriorate rapidly to chronic renal failure. 


Nephrotic Syndrome 


This is not a disease but a constellation of abnormalities that 
occur when the glomerular capillary wall becomes permeable to 
protein. 
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Normal] Physiology—Only small quantities of protein are filtered 
by normal glomeruli, a situation largely explained by the barriers to 
protein filtration and the nature of the proteins. The normal glomerular 
capillary wall is almost impermeable to protein. The endothelium is not 
a barrier, but the glomerular basement membrane prevents filtration of 
large proteins and blood cells. The negative charge on the glomerular 
basement membranes repels protein molecules. Thus, only proteins 
with a molecular weight less than 40,000 may be filtered normally by 
the glomeruli, and the tubules reabsorb these proteins so that insignif- 
icant quantities of protein appear in the urine. 

Etiology—Any glomerular disease that damages the basement 
membrane and allows leakage of protein may cause the syndrome. The 
most common cause of nephrotic syndrome is minimal-change disease. 
Other causes include diabetes mellitus, glomerulonephritis, amyloid- 
osis, renal-vein thrombosis, collagen vascular diseases, and nephrotox- 
ins such as mercury, gold, bismuth, anticonvulsant drugs, and penicil- 
lamine. Tubular disorders may cause mild-to-moderate proteinuria but 
do not cause the syndrome unless a glomerular disease is also present. 

Pathophysiology—Large quantities of protein, mainly albumin, 
are lost in the urine in nephrotic syndrome. In adults the proteinuria is 
usually 3 to 4 g/day but may be as high as 30 to 40 g/day. In the 
syndrome protein is filtered and degraded by tubules. Thus, the mea- 
sured proteinuria underestimates the total protein loss. Albumin syn- 
thesis by the liver can keep pace with a 3 g/day loss if dietary protein 
intake is adequate. When the loss exceeds the synthetic capacity of the 
liver, hypoalbuminemia occurs. Hypoalbuminemia results in a de- 
creased oncotic pressure within blood vessels. Decreased oncotic pres- 
sure causes a decrease in fluid reabsorption at the level of the venous 
capillary, resulting in edema. Loss of vascular fluid volume causes 
hypotension. The kidneys respond to the fall in blood pressure and 
volume by retaining sodium and water via the renin-angiotensin sys- 
tem. Up to 20 L of water may be retained in a futile attempt to restore 
blood volume, as the retained water simply becomes more edema fluid. 
Proteinuria leads to cast formation in the tubules. These may be seen as 
hyaline, granular, or waxy casts. 

Hypercholesterolemia and hypercoagulability arise from overpro- 
duction of apolipoproteins and coagulation factors, respectively. Lipid- 
uria also occurs, but not as a consequence of hyperlipidemia. 

Symptoms and Signs—The classic symptoms and signs are pro- 
teinuria (more than 3.5 g/m*/day), hypoalbuminemia, and edema. The 
edema may be dependent and occur in the feet and ankles or accumu- 
late in compliant periorbital and facial tissue. The edema occasionally 
involves the entire body, a condition known as anasarca. Hyperlipid- 
emia and lipiduria may or may not be present and are not essential for 
the diagnosis. Complications of nephrotic syndrome include hypoten- 
sion and possibly shock, CHF, protein malnutrition, and a predisposi- 
tion to thrombosis. 

The prognosis is related to the prognosis of the underlying cause. 
However, the syndrome from any cause may be fatal if fluid overload is 
not corrected. 


Renal Failure 


Renal failure is the inability of the kidney to perform its usual 
physiological functions and maintain homeostasis. 

Renal failure may be classified as acute, subacute or 
chronic, depending on the time course of events. 


Normal Physiology—The kidneys perform many functions. The 
fluid volume and serum osmolality are maintained by regulation of both 
sodium and water excretion. The pH of body fluids is maintained within 
very narrow limits, normally 7.40 + 0.04. The kidneys excrete numer- 
ous waste products. 

The normal range for renal function is extremely wide because 
intake of salt, water, and protein varies widely. The normal glomerular 
filtration rate (GFR) is 125 mL/min and decreases with increasing age. 
The kidney can excrete 20% of the glomerular filtrate if blood volume is 
expanded, which means that water intake could be as high as 35 L/day. 
The obligatory osmolar load requires a urine output of 400 to 500 
mL/day. The kidney can excrete as much as 500 mKq of sodium/day or 
maintain sodium balance if intake of sodium is limited to 5 mEq/day. 
The kidneys normally excrete 50 to 80 mEq of potassium/day. The 
kidney cannot produce urine containing no potassium, as it can 
in the case of sodium. Thus, obligatory renal potassium wasting 
may not be compensated by poor potassium intake. A person ingesting 
70 g of protein forms 40 to 60 mEq of acid/day. The range of 
pH compatible with life is 6.9 to 7.6, but the normal range is much 
narrower. One-half of the acid is excreted as titratable acid: 
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Na,HPO, + H,CO, NaH,PO, + NaHCO.,. The other half is excreted by 
ammonia formation: 2 NH, + Na,SO, + 2 H,CO; (NH4),SO, + 2 
NaHCoO.,,. Filtered bicarbonate is reabsorbed completely. The kidneys 
are responsible for excreting other waste products. Approximately 20% 
of filtered phosphate is excreted in the urine. A diet of 80 g of protein/ 
day results in the formation of 20 g of urea, which is excreted. The blood 
level of urea (blood urea nitrogen, BUN) is normally maintained below 
20 mg/dL. The kidneys also excrete uric acid, magnesium, calcium, and 
other substances to maintain homeostasis. 

The kidneys have several endocrine or metabolic functions. They 
produce erythropoietin, which regulates the red-blood-cell mass, and 
renin, which regulates blood pressure and sodium and water balance. 
The kidneys degrade insulin and possibly parathyroid hormone and 
gastrin. The kidneys also participate in vitamin D metabolism and thus 
calcium homeostasis by converting a derivative of vitamin D, 25-hy- 
droxycholecalciferol, to the biologically active form, 1,25-dihydroxy- 
cholecalciferol. 


ACUTE RENAL FAILURE—This is most commonly due 
to acute tubular necrosis (ATN) but also may be due to prerenal 
causes and to obstruction of the ureters, bladder, or urethra. 
All excretory renal function is lost within a few days. 


Etiology—ATN is most commonly due to ischemia or toxins. Any 
event that leads to shock and intense vasoconstriction within the renal 
vascular bed may lead to.it. Hemorrhage, hypotension during anesthe- 
sia, burns, sepsis, crush injuries, massive intravascular hemolysis, 
heart surgery requiring extracorporeal oxygenation, and childbirth may 
cause it. Toxins alone or combined with ischemia may cause it. These 
include aminoglycoside antibiotics, radiographic contrast media, bichlo- 
ride of mercury, carbon tetrachloride, ethylene glycol, methanol, myo- 
globin from crush injuries, and hemoglobin from intravascular hemo- 
lysis. Some cases have no identifiable cause. 

Pathology—lIschemia causes patchy necrosis of the tubular epithe- 
lial cells and basement membrane. Other areas of the tubule may 
appear normal. Toxins cause diffuse necrosis of the tubular epithelial 
cells but do not injure the basement membrane. The glomeruli are 
spared in ATN unless the injury is severe and prolonged. The lesions 
are reversible if the patient survives. 

Pathophysiology—Immediately after the injury, renal blood flow 
may be reduced by as much as 50% by arteriolar constriction. The fluid 
filtered by the glomeruli leaks back into the interstitium through the 
damaged tubules. The subsequent edema of the interstitium increases 
the hydrostatic pressure, which further decreases renal blood flow and 
causes the tubules to collapse. Casts of degenerating epithelial cells 
block urine flow in the lumens and cause further increases in intersti- 
tial fluid. The kidneys can no longer maintain homeostasis by the 
excretion of sodium, water, and waste products. 

Symptoms and Signs—Oliguria (urine volume less than 400 to 
500 mL/day) usually is the first sign of ATN but usually does not appear 
until several days after the injury. The urine formed is essentially 
glomerular filtrate but also contains protein and RBCs. The sodium 
concentration of the urine is fixed at about 50 mEd/L. Oliguria may not 
occur, but the urine volume may be fixed at 800 to 1200 mL/day. The 
BUN begins to rise, and the pH falls. If fluid therapy is not managed 
appropriately, hyponatremia and edema develop. Hyperkalemia occurs. 
The patient complains of nausea and lethargy. Death may occur within 
a few days because of acidosis and/or hyperkalemia. 

During the 2nd week, nausea, somnolence, weakness, and thirst 
ensue. The BUN continues to rise, and the acidosis, edema, hyponatre- 
mia, and hyperkalemia worsen. Complications are common during this 
phase. Pulmonary edema, CHF, and hypertension may develop because 
of fluid overload. Hyperkalemia may cause cardiac arrhythmias. Met- 
abolic encephalopathy, particularly due to urea, hyponatremia, and 
hypocalcemia, results in neurological deterioration, convulsions, and 
coma. Anemia due to decreased RBC production, increased RBC de- 
struction, and dilution appears in the 2nd week. A nosocomial infection 
is the most common cause of death in this phase. 

During the recovery phase, urine volume increases daily. The BUN 
may continue to rise until urine volume has exceeded 1000 mL/day for 
several days. Polyuria (urine volume above 3000 mL/day) may develop. 
Weight loss is rapid as the edema resolves. Since the tubules may not 
yet be able to conserve water, sodium, or potassium, dehydration, 
hyponatremia, and hypokalemia may develop. The diuresis may con- 
tinue for 1 to 3 weeks. The GFR may never return to normal, but the 
symptoms and signs of renal failure resolve. 


CHRONIC RENAL FAILURE—This (CRF) is a loss of 
kidney function that occurs over a number of years. Azotemia is 
the accumulation of nitrogenous waste products in the blood, 


which may or may not be caused by renal failure. Uremia is the 
syndrome of symptoms and signs that is caused by CRF when 
renal function is less than 10% of normal. 


Etiology—Many diseases can destroy renal parenchymal tissue 
and result in CRF. Diabetes is the most common cause in the US; other 
causes include chronic glomerulonephritis, hypertension, polycystic 
kidney disease, analgesic nephropathy, nephrocalcinosis, chronic pye- 
lonephritis, obstructive uropathy, and interstitial nephritis. In certain 
patients, more than one disease may have caused the CRF. In some 
cases it is not possible to establish the cause. 

Pathophysiology—CRF develops because the number of function- 
ing nephrons decreases below that necessary to maintain homeostasis. 
Renal failure and uremia occur when 90 to 95% of the nephrons are 
destroyed. As renal function deteriorates, hypertrophy occurs in the 
remaining nephrons, and the amount of solute and water excreted per 
nephron may increase. Compensatory mechanisms eventually are over- 
whelmed by even the normal daily intake of water, sodium, potassium, 
acid, and nitrogen. Uremia ensues. 

The earliest renal impairment is the loss of ability to concentrate 
urine. This is partially due to the increased solute load per nephron. 
The patient then must increase water intake to prevent dehydration. 
The diurnal pattern of water excretion is reversed. 

Most patients develop a tendency to retain salt and water early in 
the course of CRF. In some forms of renal failure, salt wasting occurs 
early because the kidneys are unable to conserve sodium even when 
sodium intake is restricted. The osmotic diuresis of the solute load 
causes an obligatory sodium loss. Hyponatremia and dehydration may 
occur and worsen renal failure by reducing the GFR. Salt wasting 
eventually ceases, and the kidneys are then unable to excrete dietary 
sodium. The sodium and water retention results in edema, pulmonary 
congestion, or hypertension. 

The serum potassium is normal during the early stages of renal 
failure. The renin-angiotensin-induced production of aldosterone stim- 
ulates potassium excretion, and the osmotic diuresis further enhances 
potassium excretion. Eventually, the urine volume may fall below 500 
mL/day, and serum potassium will begin to rise. Acidosis worsens the 
hyperkalemia by causing the movement of potassium out of cells. 

As renal function deteriorates, ability to form ammonia and, there- 
fore, excrete hydrogen is impaired. Ability to reabsorb filtered bicarbon- 
ate is also impaired. Acidosis ensues. 

The percentage of phosphate excreted decreases as the GFR de- 
clines. The increased serum phosphate level and other factors described 
below cause a drop in the serum calcium level. Hypocalcemia stimulates 
the production of parathyroid hormone, which increases renal excretion 
of phosphate and resorption of calcium from bones. When the GFR 
reaches less than 20 mL/min, the increased serum PTH level is no 
longer effective in increasing phosphate excretion. 

Hypocalcemia is due to other factors besides the increased serum 
phosphate. Hypoalbuminemia reduces the quantity of carrier proteins 
for calcium. Absorption of calcium from the GI tract is impaired because 
of lack of the active metabolite of vitamin D. The ionized fraction of 
serum calcium is decreased because ions such as sulfate, phosphate, 
and citrate bind the calcium. 

Magnesium levels usually do not rise until the GFR is below 30 
mL/min. Uric acid levels usually do not rise above 10 mg/dL, and gouty 
arthritis is rare. 

Urea is not excreted in CRF, and the BUN rises. The magnitude of 
the rise correlates poorly with the symptoms of uremia, except for the 
GI symptoms. Increased quantities of urea are excreted into the intes- 
tinal lumen, presumably contributing to irritation and ulceration. Urea 
precipitates in the pericardial sac and causes pericarditis. 

Other presumably toxic substances accumulate in uremia. These 
include indoles, phenols, amino acids, organic acids, and derivatives of 
guanidine. The accumulation of carotene-like pigments results in sal- 
low skin color. 

A normochromic, normocytic anemia parallels the severity of the 
azotemia. Decreased RBC production occurs because of erythropoietin 
deficiency and iron deficiency due to chronic GI blood loss. The anemia 
of chronic disease also is found in these patients (see previous 
discussion). 

Several complications may occur. A bleeding tendency is caused by 
platelet dysfunction. The accumulation of guanidinosuccinic acid may 
be responsible for loss of platelet adhesiveness and aggregation. Osteo- 
malacia occurs in part because vitamin D is not converted to the active 
metabolite. Hypertension is exacerbated by fluid retention. A periph- 
eral demyelinating neuropathy, mostly in the legs, results in decreased 
nerve conduction and loss of motor and sensory function. 

Renal-failure patients are predisposed to infections because of poor 
nutrition, pulmonary edema, lack of physical activity, vascular insuffi- 


ciency, and many venipunctures required during treatment. Repeated 
transfusions increase the risk of viral hepatitis. 

Symptoms and Signs—The onset of renal failure is insidious. The 
first signs may be polyuria or nocturia or both. As renal function 
deteriorates, the symptoms and signs relate to the organ systems 
involved. 

Fluid accumulation produces the symptoms and signs of edema, 
CHF, and hypertension. Hyponatremia causes inability to concentrate 
the urine, drowsiness, lethargy, psychotic disturbances, stupor, and 
coma. Hyperkalemia may cause cardiac arrhythmias. Acidosis contrib- 
utes to nausea, fatigue, malaise, and dyspnea and causes Kussmaul 
respiration. Hypocalcemia may result in tremor, muscle twitching, 
muscle cramps, and convulsions. The increased PTH level leads to the 
erosive and cystic changes and bone pain of osteitis fibrosa cystica. 
Calcium deposition in the skin contributes to severe itching; in the eyes, 
to conjunctivitis; in the blood vessels, to gangrene; and in the joints, to 
pain. Hypermagnesemia results in bladder retention, drowsiness, mus- 
cle weakness, and coma. 

Ammonia formation from urea in the GI tract contributes to the 
unpleasant taste, anorexia, nausea, vomiting, and hiccups. Pericarditis 
may cause pain and be detected by hearing a friction rub. The pneu- 
monitis may cause dyspnea and hypoxemia. In advanced, untreated 
cases, urea in sweat precipitates on the skin and is known as uremic 
frost. 

The symptoms and signs of anemia are seen when the hematocrit 
falls below 15 to 20%. Patients with renal failure experience ecchymo- 
ses, epistaxis, and oozing of blood from mucous membranes, caused by 
coagulation abnormalities. 

The neuropathy results in numbness, tingling, muscular weakness, 
and, on occasion, paralysis. 

The symptoms and signs of uremia progressively worsen. Renal 
failure is fatal unless the patient is treated by hemo- or peritoneal 
dialysis or receives a renal transplant. 


Acid-Base and Fluid 
and Electrolyte Disturbances 


Acid-base and fluid and electrolyte disturbances can be caused 
by a wide variety of diseases, including the kidney disorders 
previously discussed in this section. They also may be caused 
by GI (eg, severe diarrhea), pulmonary (eg, chronic obstructive 
lung disease), or metabolic (eg, diabetes) disorders. The defects 
observed with these diseases have been described in earlier 
sections of this chapter. 


Normal Physiology—A number of mechanisms act to maintain 
normal plasma pH (7.35 to 7.45), one of which is the chemical buffering 
by extra- and intracellular buffer systems. These include hemoglobin, 
plasma proteins, and the carbonic acid—bicarbonate buffer system. Hy- 
drogen ions (H") migrate into or out of cells in exchange for potassium 
(K*) to maintain electrical neutrality. The respiratory system contrib- 
utes through the exchange of carbon dioxide (an acid-former). Lastly, 
the kidneys help to maintain normal pH through the elimination or 
conservation of H* and bicarbonate (HCO, ). Each of these mechanisms 
acts to maintain a constant H.CO.,:CO, ratio of approximately 20:1. As 
long as this ratio is maintained, the pH will be 7.4 (see Chapter 17). 

The human body is composed largely of water. Fifty to 60% of total 
body weight is water. Body water is distributed between the intracel- 
lular space (intracellular fluid or ICF) and the extracellular space 
(extracellular fluid or ECF). Two-thirds of all body water is contained in 
the ICF and the remaining one-third in the ECF. The ECF is further 
divided into intravascular fluid (IVF) and interstitial fluid (ISF) con- 
taining one-fourth and three-fourths, respectively. Electrolytes are un- 
equally divided between ICF and ECF. Potassium is the major ICF 
cation, and phosphate, sulfate, and organic ions are the ICF anions. 
Sodium is the major ECF cation, and chloride and bicarbonate are the 
ECF anions. Although water moves readily in and out of cells, electro- 
lytes do not, often requiring active transport. While electrolyte concen- 
trations vary between the ICF and ECF, osmolarity is equal. 

Water homeostasis is regulated by the interrelationships between 
water intake, kidney function, and water loss through the lungs, skin, 
and GI tract. A decrease in ECF volume or an increase in osmotic 
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pressure of plasma both stimulate water intake. The kidneys act to 
preserve water homeostasis through their relationship to antidiuretic 
hormone (ADH), which was discussed under Endocrinology. ADH re- 
lease is under the control of both osmotic and volume factors. Increased 
osmotic pressure or decreased ECF volume stimulates increased ADH 
production and secretion. The GFR is normally 125 mL/min. The GFR 
is affected by renal blood flow, hydrostatic pressure in Bowman’s space, 
and plasma protein concentration. Essentially everything in the 
plasma, except protein, is filtered. The kidney tubules both resorb and 
secrete solutes via active transport and passive diffusion. Almost all 
water (90%) and electrolytes initially filtered are reabsorbed by active 
transport in the tubules and Henle’s loop. Ammonia and urea are 
secreted into the filtrate. 

Pathophysiology—Acid-base disorders may be divided into respi- 
ratory acidosis and alkalosis and metabolic acidosis and alkalosis. Re- 
spiratory acidosis is associated with disorders that cause an impair- 
ment of gas exchange and thus CO, retention. Arterial blood gases 
(ABGs) show a decreased pH, elevated pCO, (dissolved CO, gas), and 
elevated bicarbonate. Respiratory alkalosis is caused by conditions that 
result in hyperventilation with an abnormally large loss of CO,. ABGs 
reflect an increased pH and decreased PCO, and HCO,. Metabolic 
acidosis occurs as a result of either the addition of acid or a loss of 
bicarbonate. Acids may be endogenous, as in the case of diabetic keto- 
acidosis, or exogenous, as in the case of methanol ingestion. Bicarbon- 
ate may be lost through diarrhea or through the kidney, as in renal 
tubular acidosis. ABGs show low pH, HCO,, and PCO,. Calculation of 
the anion gap (Na’ — Cl + HCO, ) is helpful in determining whether 
metabolic acidosis is due to addition of organic acid or loss of HCO., . The 
normal anion gap is 10 to 12 mEq/L and is elevated when acidosis is due 
to addition of organic acid. Metabolic alkalosis usually is due to the loss 
of acid (H') but may occur occasionally with excessive HCO, ingestion. 
Elevated pH and HCO. characterize it. 

Once one of the above conditions occurs, the body compensates with 
another. For example, in cases of metabolic acidosis, the body compen- 
sates with increased respiratory activity, thus removing CO, and 
thereby increasing pH. 

The causes of fluid and electrolyte imbalances are many. Such 
derangements may be interrelated, occurring together, or may occur 
independently. Fluid losses occur with such GI disorders as vomiting 
and diarrhea. In such cases, electrolytes are lost with the water. In 
others, the losses of electrolytes and water are not proportional, result- 
ing in hypo- or hyperosmolarity. In the various renal disorders, a 
number of fluid and electrolyte shifts are common. In the diuretic phase 
of acute tubular necrosis, large volumes of fluid are lost due to lack of 
reabsorption. In nephrotic syndrome large shifts of water often are 
involved. This water is not lost necessarily from the body but may be 
lost from the vascular compartment, frequently in the form of edema. In 
addition to the fluid shifts, electrolyte disturbances ensue. Secondary to 
decreased renal blood flow and thus, decreased GFR, the renin- 
angiotensin system is activated, causing further fluid retention. The 
specifics of renal disease—associated fluid and electrolyte disturbances 
have been described in greater detail earlier in this section. 

Symptoms and Signs—Signs of volume depletion include de- 
creased skin turgor, dry mucous membranes and lack of tearing, hypo- 
tension, and cloudy sensorium. Excessive hypovolemia can result in 
shock. Fluid excess may be manifested by edema, hypertension, or, 
ultimately, CHF. Of all electrolyte disturbances, only two of the more 
serious, those involving K', are discussed here. Others have been 
discussed in previous sections. Signs of hyperkalemia include muscle 
weakness and cardiac dysrhythmias. Severe hyperkalemia results in 
cardiac standstill. Hypokalemia also may be reflected as muscle weak- 
ness. Abdominal distress may occur from impaired intestinal smooth 
muscle nobility. Abdominal distention and depressed deep tendon re- 
flexes may be evident. Cardiac rhythm disturbances also occur with 
hypokalemia. 

The measurement of ABGs, plasma electrolytes, urine output, and 
electrolytes and blood pressure are all helpful in assessing a patient 
with acid-base or fluid and electrolyte disorders. 
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Although drugs differ widely in their pharmacodynamic effects 
and clinical applications; in penetration, absorption, and usual 
route of administration; in distribution among the body tissues; 
and in disposition and mode of termination of action, there are 
certain general principles that help explain these differences. 
These principles have both pharmaceutic and therapeutic 1m- 
plications. They facilitate an understanding of both the fea- 
tures that are common to a class of drugs and the differences 
among the members of that class. 

For a drug to act it must be absorbed, transported to the 
appropriate tissue or organ, penetrate to the responding sub- 


The word drug imposes an action-effect context within which 
the properties of a substance are described. The description of 
necessity must include the pertinent properties of the recipient 
of the drug. Thus, when a drug is defined as an analgesic, it is 
implied that the recipient reacts to a noxious stimulus in a 
certain way, called pain. (Studies indicate that pain is not 
simply the perception of a certain kind of stimulus but rather, 
a reaction to the perception of a variety of kinds of stimuli or 
stimulus patterns.) Both because the pertinent properties are 
locked into the complex and somewhat imprecise biological 
context and because the types of possible response are many, 
descriptions of the properties of drugs tend to emphasize the 
qualitative features of the effects they elicit. Thus, a drug may 
be described as having analgesic, vasodepressor, convulsant, 
antibacterial, etc, properties. The specific effect (or use) cate- 
gories into which the many drugs may be placed are the subject 
of Chapters 64 through 89 and are not elaborated upon in this 
chapter. However, the description of a drug does not end with 
the enumeration of the responses it may elicit. There are cer- 
tain intrinsic properties of the drug-recipient system that can 
be described in quantitative terms and which are essential to 
the full description of the drug and to the validation of the drug 
for specific uses. Under Definitions and Concepts, below, cer- 
tain general terms are defined in qualitative language; under 
Dose-Effect Relationships the foundation is laid for an appreci- 
ation of some of the quantitative aspects of pharmacodynamics. 


DEFINITIONS AND CONCEPTS 


eS TTS 
In the field of pharmacology, the vocabulary that is unique to 
the discipline is relatively small, and the general vocabulary is 
that of the biological sciences and chemistry. Nevertheless, 
there are a few definitions that are important to the proper 
understanding of pharmacology. It is necessary to differentiate 
among action, effect, selectivity, dose, potency, and efficacy. 
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cellular structure, and elicit a response or alter ongoing pro- 
cesses. The drug may be distributed simultaneously or sequen- 
tially to a number of tissues, bound or stored, metabolized to 
inactive or active products, or excreted. The history of a drug in 
the body is summarized in Figure 57-1. Each of the processes or 
events depicted relates importantly to therapeutic and toxic 
effects of a drug and to the mode of administration, and drug 
design must take each into account. Since the effect elicited by 
a drug is its raison d’etre, drug action and effect are discussed 
first in the text that follows, even though they are preceded by 
other events. 


ACTION vs EFFECT—The effect of a drug is an alteration 


of, function « of the structure or process upon which the « drug acts. 

It is common to use the term action as a synonym for effect. 

However, action precedes effect. Action is the alteration of 
condition that brings about the effect. 

The final effect of a drug may be far removed from its site of 
action. For example, the diuresis subsequent to the ingestion of 
ethanol does not result from an action on the kidney but in- 
stead from a depression of activity in the region of the hypo- 
thalamus, which regulates the release of antidiuretic hormone 
from the posterior pituitary gland. The alteration of hypotha- 
lamic function is, of course, also an effect of the drug, as is each 
subsequent change in the chain of events leading to diuresis. 
The action of ethanol was exerted only at the initial step, each 
subsequent effect being then the action to a following step. 

MULTIPLE EFFECTS—No known drug is capable of ex- 
erting a single effect, although a number are known that ap- 
pear to have a single mechanism of action. Multiple effects may 
derive from a single mechanism of action. For example, the 
inhibition of acetylcholinesterase by physostigmine will elicit 
an effect at every site where acetylcholine is produced, is po- 
tentially active, and is hydrolyzed by cholinesterase. Thus, 
physostigmine elicits a constellation of effects. 

A drug also can cause multiple effects at several different 
sites by a single action at only one site, providing that the 
function initially altered at the site of action ramifies to control 
other functions at distant sites. Thus, a drug that suppresses 
steroid synthesis i in the liver may not only lower serum n choles-_ 
terol, impair nerve myelination and function, and alter the. 
condition of the skin (as a consequence of cholesterol deficiency) 
but also may affect digestive functions (because of a deficiency 
in bile acids) and_alter adrenocortical and sexual hormonal 
balance. 

Although a single action can give rise to multiple effects, 
most drugs exert multiple actions. The various actions may be 
related, as for example, the sympathomimetic effects of met- 
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Figure 57-1. The absorption, distribution, action, and elimination 
of a drug (arrows represent drug movement). Intravenous 
administration is the only process by which a drug may enter 
a compartment without passing through a biological mem- 
brane. Note that drugs excreted in bile and saliva may be resorbed. 


araminol that accrue to its structural similarity to norepineph- 
rine and its ability partially to suppress sympathetic responses 
because it occupies the catecholamine storage pools in lieu of 
norepinephrine, or the actions may be unrelated, as with the 
actions of morphine to interfere with the release of acetylcho- 
line from certain autonomic nerves, block some actions of 5- 
hydroxytryptamine (serotonin), and release histamine. Many 
drugs bring about immunological (allergic or hypersensitivity) 
responses that bear no relation to the other pharmacodynamic 
actions of the drug. 


drug, but it is also a property of the constitution and biody- 
namics of the recipient subject or patient. 

Selectivity may come about in several ways. The subcellular 
structure (receptor) with which a drug combines to initiate one 
response may have a higher affinity for the drug than that for 
some other action. Atropine, for example, has a much higher 
affinity for muscarinic receptors (page 1314) that subserve the 
function of sweating than it does for the nicotinic receptors 
(page 1314) that subserve voluntary neuromuscular transmis- 
sion, so that suppression of sweating can be achieved with only 
a tiny fraction of the dose necessary to cause paralysis of the 
skeletal muscles. A drug may be distributed unevenly, so that 
it reaches a higher concentration at one site than throughout 
the tissues generally; chloroquine is much more effective 
against hepatic than intestinal (colonic) amebiasis because it 
reaches a much higher concentration in the liver than in the 
wall of the colon. An affected function may be much more 
critical to, or have less reserve in, one organ than in another, so 
that a drug will be predisposed to elicit an effect at the more 
critical site. Some inhibitors of dopa decarboxylase (which is 
also 5-hydroxytryptophan decarboxylase) depress the synthesis 
of histamine more than that of either norepinephrine or 5- 
hydroxytryptamine (serotonin), even though histidine decar- 
boxylase is less sensitive to the drug, simply because histidine 
decarboxylase is the only step and, hence, is rate-limiting in 
the biosynthesis of histamine. Dopadecarboxylase is not rate- 
limiting in the synthesis of either norepinephrine or 5-hydroxy- 
tryptamine until the enzyme is nearly completely inhibited. 
Another example of the determination of selectivity by the 
{ | \ Pane =~ xX 
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critical balance of the affected function is that of the mercurial 
diuretic drugs. An inhibition of only 1% in the tubular resorp- 
tion of glomerular filtrate usually will double urine flow, since 
99% of the glomerular filtrate is normally resorbed. Aside from 
the question of the possible concentration of diuretics in the 
urine, a drug-induced reduction of 1% in sulfhydryl enzyme 
activity in tissues other than the kidney usually is not accom- 
panied by an observable change in function. Selectivity also can 
be determined by the pattern of distribution of inactivating or 
activating enzymes among the tissues and by other factors. 

DOSE—Even the uninitiated person knows that the dose of 
a drug is the amount administered. However, the appropriate 
dose of a drug is not some unvarying quantity, a fact sometimes 
overlooked by pharmacists, official committees, and physicians. 
The practice of pharmacy is entrapped in a system of fixed-dose 
formulations, so that fine adjustments in dosage are often 
difficult to achieve. Fortunately, there is usually a rather wide 
latitude allowable in dosages. It is obvious that the size of the 
recipient individual should have a bearing upon the dose, and 
the physician may elect to administer the drug on a body- 
weight or surface-area basis rather than as a fixed dose. Usu- 
ally, however, a fixed dose is given to all adults, unless the 
adult is exceptionally large or small. The dose for infants and 
children often is determined by one of several formulas that 
take into account age or weight, depending on the age group of 
the child and the type of action exerted by the drug. Infants, 
relatively, are more sensitive to many drugs, often because 
systems involved in the inactivation and elimination of the 
drugs may not be developed fully in the infant. 

The nutritional condition of the patient, the mental outlook, 
the presence of pain or discomfort, the severity of the condition 
being treated, the presence of secondary disease or pathology, 
and genetic and many other factors affect the dose of a drug 
necessary to achieve a given therapeutic response or to cause 
an untoward effect (Chapter 61). Even two apparently well- 
matched normal persons may require widely different doses for 
the same intensity of effect. Furthermore, a drug is not always 
employed for the same effect and, hence, not in the same dose. 
For example, the dose of a progestin necessary for an oral 
contraceptive effect is considerably different from that neces- 
sary to prevent spontaneous abortion, and a dose of an estrogen 
for the treatment of the menopause is much too small for the 
treatment of prostatic carcinoma. 

From the above it is evident that the wise physician knows 
that the dose of a drug is not a rigid quantity but rather that 
which is necessary and can be tolerated and individualizes the 
regimen accordingly. The wise pharmacist also recognizes that 
official or manufacturer’s recommended doses are sometimes 
quite narrowly defined and should serve only as a useful guide 
rather than as an imperative. 

POTENCY AND EFFICACY—The potency of a drug is the 
reciprocal of dose. Thus, it will have the units of persons/unit 
weight of drug or body weight/unit weight of drug, etc. Potency 
generally has little utility other than to provide a means of 
comparing the relative activities of drugs in a series, in which 
case relative potency, relative to some prototypic member of the 
series, is a parameter commonly used among pharmacologists 
and in the pharmaceutical industry. 

Whether a given drug is more potent than another has little 
bearing on its clinical usefulness, provided that the potency is 
not so low that the size of the dose is physically unmanageable 
or the cost of treatment is higher than with an equivalent drug. 
If a drug is less potent but more selective, it is the one to be 
preferred. Promotional arguments in favor of a more potent 
drug thus are irrelevant to the important considerations that 
should govern the choice of a drug. However, it sometimes 
occurs that drugs of the same class differ in the maximum 
intensity of effect; that is, some drugs of the class may be less 
efficacious than others, irrespective of how large a dose is used. 

Efficacy connotes the property of a drug to achieve the 
desired response, and maximum efficacy denotes the maximum 
achievable effect. Even huge doses of codeine often cannot 
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achieve the relief from severe pain that relatively small doses 
of morphine can; thus, codeine is said to have a lower maximum 
efficacy than morphine. Efficacy is one of the primary determi- 
nants of the choice of a drug. 


DOSE-EFFECT RELATIONSHIPS 


The importance of knowing how changes in the intensity of 
response to a drug vary with the dose is virtually self-evident. 
Both the physician, who prescribes or administers a drug, and 
the manufacturer, who must package the drug in appropriate 
dose sizes, must translate such knowledge into everyday prac- 
tice. Theoretical or molecular pharmacologists also study such 
relationships in inquiries into mechanism of action and recep- 
tor theory (see page 1103). It is necessary to define two types of 
relationships: (1) dose-intensity relationship, ie, the manner in 
which the intensity of effect in the individual recipient relates 
to dose, and (2) dose-frequency relationship, ie, the manner in 
which the number of responders among a population of recip- 
ients relates to dose. 

DOSE-INTENSITY OF EFFECT RELATIONSHIPS— 
Whether the intensity of effect is determined in vivo (eg, the 
blood-pressure response to epinephrine in the human patient) 
or in vitro (eg, the response of the isolated guinea pig ileum to 
histamine), the dose—intensity of effect (often called dose-effect) 
curve usually has a characteristic shape, namely a curve that 
closely resembles one quadrant of a rectangular hyperbola. 

In the dose-intensity curve depicted in Figure 57-2, the 
curve appears to intercept the x axis at 0 only because the lower 
doses are quite small on the scale of the abscissa, the smallest 
dose being 1.5 x 10° wg. Actually, the x intercept has a 
positive value, since a finite dose of drug is required to bring 
about a response, this lowest effective dose being known as the 
threshold dose. Statistics and chemical kinetics predict that the 
curve should approach the y axis asymptotically. However, if 
the intensity of the measured variable does not start from zero, 
the curve possibly may have a positive y intercept (or negative 
x intercept), especially if the ongoing basal activity before the 
drug is given is closely related to that induced by the drug. 
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Figure 57-2. The relationship of the intensity of the blood-pressure 
response of the cat to the intravenous dose of norepinephrine. 


In practice, instead of an asymptote to the y axis, dose- 
intensity curves nearly always show an upward concave foot at 
the origin of the curve, so that the curve has a lopsided sigmoid 
shape. At high doses, the curve approaches an asymptote that 
is parallel to the x axis, and the value of the asymptote estab- 
lishes the maximum possible response to the drug, or maxi- 
mum efficacy. However, experimental data in the regions of the 
asymptotes generally are too erratic to permit an exact defini- 
tion of the curve at very low and very high doses. The example 
shown represents an unusually good set of data. 

Because the dose range may be 100- or 1000-fold from the 
lowest to the highest dose, it has become the practice to plot 
dose-intensity curves on a logarithmic scale of abscissa; ie, to 
plot the log of dose versus the intensity of effect. Figure 57-3 is 
such a semilogarithmic plot of the same data used in Figure 
57-2. In the figure the intensity of effect is plotted both in 
absolute units (at the left) or in relative units, as percentages 
(at the right). 

Although no new information is created by a semilogarith- 
mic representation, the curve is stretched in such a way as to 
facilitate the inspection of the data; the comparison of results 
from multiple observations and the testing of different drugs 
also is rendered easier. In the example shown, the curve is 
essentially what is called a sigmoid curve and is nearly sym- 
metrical about the point that represents an intensity equal to 
50% of the maximal effect, ie, about the midpoint. The symme- 
try follows from the rectangular hyperbolic character of the 
previous Cartesian plot (Fig 57-2). The semilogarithmic plot 
reveals better the dose-effect relationships in the low-dose 
range, which are lost in the steep slope of the Cartesian plot. 
Furthermore, the data about the midpoint are almost a 
straight line; the nearly linear portion covers approximately 
50% of the curve. The slope of the linear portion of the curve 
or, more correctly, the slope at the point of inflection, has 
theoretical significance (see Drug Receptors and Receptor 
Theory, page 1103). 

The upper portion of the curve approaches an asymptote, 
which is the same as that in the Cartesian plot. If the response 
system is completely at rest before the drug is administered, 
the lower portion of the curve should be asymptotic to the x 
axis. Both asymptotes and the symmetry derive from the law of 
mass action (see page 1104). 

Dose-intensity curves often deviate from the ideal configu- 
ration illustrated and discussed above. Usually, the deviate 
curve remains sigmoid but not extended symmetrically about 
the midpoint of the /inear segment. Occasionally, other shapes 
occur. Deviations may derive from multiple actions that con- 
verge upon the same final effector system, from varying de- 
grees of metabolic alteration of the drug at different doses, from 
modulation of the response by feedback systems, from nonlin- 
earity in the relationship between action and effect, or from 
other causes. 

It is frequently necessary to identify the dose that elicits a 
given intensity of effect. The intensity of effect that is generally 
designated is 50% of maximum intensity. The corresponding 
dose is called the 50% effective dose, or individual ED50 (Fig 
57-3). The use of the adjective individual distinguishes the 
ED50 based upon the intensity of effect from the median effec- 
tive dose, also abbreviated ED50, determined from frequency of 
response data in a population (see Dose-Frequency Relation- 
ships, this chapter). 

Drugs that elicit the same quality of effect may be compared 
graphically. In Figure 57-4, five hypothetical drugs are com- 
pared. Drugs A, B, C, and E all can achieve the same maximum 
effect, which suggests that the same effector system may be 
common to all. D possibly may be working through the same 
effector system, but there are no a priori reasons to think this 
is so. Only A and B have parallel curves and common slopes. 
Common slopes are consistent with, but in no way prove, the 
idea that A and B not only act through the same effector system 
but also by the same mechanism. Although drug-receptor the- 
ory (see Drug Receptors and Receptor Theory, page 1103) re- 
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quires that the curves of identical mechanism have equal 
slopes, examples of exceptions are known. Furthermore, mass- 
law statistics require that all simple drug-receptor interac- 
tions generate the same slope; only when slopes depart from 
this universal slope in accordance with distinctive characteris- 
tics of the response system do they provide evidence of specific 
mechanisms. 

The relative potency of any drug may be obtained by divid- 
ing the ED50 of the standard, or prototypic, drug by that of the 
drug in question. Any level of effect other than 50% may be 
used, but it should be recognized that when the slopes are not 
parallel, the relative potency depends upon the intensity of 
effect chosen. Thus, the potency of A relative to C (in Fig 57-4) 
calculated from the ED50 will be smaller than that calculated 
from the ED25. 

The low maximum intensity inducible by D poses even more 
complications in the determination of relative potency than do 
the unequal slopes of the other drugs. If its dose-intensity curve 
is plotted in terms of percentage of its own maximum effect, its 
relative inefficacy is obscured, and the limitations of relative 
potency at the ED50 level will not be evident. This dilemma 
underscores the fact that drugs can be compared better from 
their entire dose-intensity curves than from a single derived 
number like ED50 or relative potency. 

Drugs that elicit multiple effects will generate a dose- 
intensity curve for each effect. Even though the various effects 
may be qualitatively different, the several curves may be plot- 
ted together on a common scale of abscissa, and the intensity 
may be expressed in terms of percentage of maximum effect; 
thus, all curves can share a common scale of ordinates in 
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Figure 57-4. Log dose-intensity of effect curves of five different 
hypothetical drugs (see text for explanation). 
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blood-pressure response of the cat to the log of the 
intravenous dose of norepinephrine. 


addition to a common abscissa. Separate scales of ordinates could 
be employed, but this would make it harder to compare data. 

The selectivity of a drug can be determined by noting what 
percentage of maximum of one effect can be achieved before a 
second effect occurs. As with relative potency, selectivity may 
be expressed in terms of the ratio between the ED50 for one 
effect and that for another effect, or a ratio at some other 
intensity of effect. As with relative potency, difficulties follow 
from nonparallelism. In such instances, selectivity expressed in 
dose ratios varies from one intensity level to another. 

When the dose-intensity curves for a number of subjects are 
compared, it is found that they vary considerably from individ- 
ual to individual in many respects; eg, threshold dose, mid- 
point, maximum intensity, and sometimes even slope. By av- 
eraging the intensities of the effect at each dose, an average 
dose-intensity curve can be constructed. 

Average dose-intensity curves enjoy a limited application 
in comparing drugs. A single line expressing an average 
response has little value in predicting individual responses 
unless it is accompanied by some expression of the range of 
the effect at the various doses. This may be done by indicat- 
ing the standard error of the response at each dose. Occa- 
sionally, a simple scatter diagram is plotted in lieu of an 
average curve and statistical parameters (see Fig 12-2, 
Chapter 12). An average dose-intensity curve also may be 
constructed from a population in which different individuals 
receive different doses; if sufficiently large populations are 
employed, the average curves determined by the two meth- 
ods will approximate each other. 

It is obvious that the determination of such average curves 
from a population large enough to be statistically meaningful 
requires a great deal of work. Retrospective clinical data occa- 
sionally are treated in this way, but prospective studies infre- 
quently are designed in advance to yield average curves. The 
usual practice in comparing drugs is to employ a quantal (all- 
or-none) endpoint and plot the frequency or cumulative fre- 
quency of response over the dose range, as discussed below. 

DOSE-FREQUENCY OF RESPONSE RELATION- 
SHIPS—When an endpoint is truly all-or-none, such as death, 
it is an easy matter to plot the number of responding individ- 
uals (eg, dead subjects) at each dose of drug or intoxicant. Many 
other responses that vary in intensity can be treated as all-or- 
none if simply the presence or absence of a response (eg, cough 
or no cough, convulsion or no convulsion) is recorded, without 
regard to the intensity of the response when it occurs. 
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When the response changes from the basal or control state 
in a less abrupt manner (eg, tachycardia, miosis, rate of gastric 
secretion) it may be necessary to designate arbitrarily some 
particular intensity of effect as the endpoint. If the endpoint is 
taken as an increase in heart rate of 20 beats/min, all individ- 
uals whose tachycardia is less than 20 beats/min would be 
recorded as nonresponders, while all those with 20 or above 
would be recorded as responders. When the percentage of re- 
sponders in the population is plotted against the dose, a char- 
acteristic dose-response curve, more properly called a dose— 
cumulative frequency or dose-percentage curve, is generated. 
Such a curve is, in fact, a cumulative frequency-distribution 
curve, the percentage of responders at a given dose being the 
frequency of response. 

Dose—cumulative frequency curves are generally of the 
same geometric shape as dose-intensity curves (namely, sig- 
moid) when frequency is plotted against log dose (Fig 57-5). The 
tendency of the cumulated frequency of response (ie, percent- 
age) to be linearly proportional to the log of the dose in the 
middle of the dose range is called the Weber-Fechner law, 
although it is not invariable, as a true natural law should be. In 
many instances, the cumulative frequency is simply propor- 
tional to dose rather than log dose. The Weber-Fechner law 
applies to either dose-intensity or dose—cumulative frequency 
data. The similarity between dose-frequency and dose-inten- 
sity curves may be more than fortuitous, since the intensity of 
response will usually have an approximately linear relation- 
ship to the percentage of responding units (smooth muscle cells, 
nerve fibers, etc) and, hence, is also a type of cumulative fre- 
quency of response. These are the same kind of statistics that 
govern the law of mass action. 

If only the increase in the number of responders with each 
new dose is plotted, instead of the cumulative percentage of 
responders, a bell-shaped curve is obtained. This curve is the 
first derivative of the dose—cumulative frequency curve and is 
a frequency-distribution curve (see Fig 12-5, Chapter 12). The 
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Figure 57-5. The relationship of the number of responders in a 
population of mice to the dose of pentylenetetrazole. 


distribution will be symmetrical—ie, normal or Gaussian (see 
Chapter 12)—only if the dose—cumulative frequency curve is 
symmetrically hyperbolic. Because most dose—cumulative fre- 
quency curves are more nearly symmetrical when plotted semi- 
logarithmically (ie, as log dose), dose—cumulative frequency 
curves are usually log-normal. 

Since the dose-intensity and dose—cumulative frequency 
curves are basically similar in shape, it follows that the curves 
have similar defining characteristics, such as ED50, maximum 
effect (maximum efficacy), and slope. In dose~cumulative fre- 
quency data, the ED50 (median effective dose) is the dose to 
which 50% of the population responds (see Fig 57-5). If the 
frequency distribution is normal, the ED50 is both the arith- 
metic mean and the median dose and is represented by the 
midpoint on the curve; if the distribution is log-normal, the 
ED50 is the median dose but not the arithmetic mean dose. 
The efficacy is the cumulative frequency summed over all dos- 
es; it is usually, but not always, 100%. The slope is character- 
istic of both the drug and the test population. Even two drugs 
of identical mechanism may give rise to different slopes in 
dose-percentage curves, whereas in dose-intensity curves the 
slopes are the same. 

Statistical parameters (such as standard deviation), in ad- 
dition to ED50, maximum cumulative frequency (efficacy) and 
slope, characterize dose—cumulative frequency relationships 
(see Chapter 12). 

There are several formulations for dose—cumulative fre- 
quency curves, some of which are employed only to define the 
linear segment of a curve and to determine the statistical 
parameters of this segment. For the statistical treatment of 
dose-frequency data, see Chapter 12. One simple mathematical 
expression of the entire log-symmetrical sigmoid curve is 


% response 1 
log dose = K + J108.\ 100% = respouse f 


where percentage response may be either the percentage of 
maximum intensity or the percentage of a population respond- 
ing. The equation is thus basically the same for both log normal 
dose-intensity and log normal dose-percentage relationships. K 
is a constant that is characteristic of the midpoint of the curve, 
or ED50, and 1/f is characteristically related to the slope of the 
linear segment, which, in turn is closely related to the standard 
deviation of the derivative log-normal frequency-distribution 
curve. 

The comparison of dose-percentage relationships among 
drugs is subject to the pitfalls indicated for dose-intensity com- 
parisons (see page 1100), namely, that when the slopes of the 
curves are not the same (ie, the dose-percentage curves are not 
parallel), it is necessary to state at which level of response a 
potency ratio is calculated. As with dose-intensity data, poten- 
cies generally are calculated from the ED50, but potency ratios 
may be calculated for any arbitrary percentage response. The 
expression of selectivity is, likewise, subject to similar qualifi- 
cations, inasmuch as the dose-percentage curves for the several 
effects are usually nonparallel. 

The term therapeutic index is used to designate a quantita- 
tive statement of the selectivity of a drug when a therapeutic 
and an untoward effect are being compared. If the untoward 
effect is designated T (for toxic) and the therapeutic effect, E, 
the therapeutic index may be defined as TD50/ED50 or a sim- 
ilar ratio at some other arbitrary levels of response. The TD 
and the ED are not required to express the same percentage of 
response; some clinicians use the ratio TD1/ED99 or TD5/ 
ED95, based on the rationale that if the untoward effect is 
serious, it is important to use a most-severe therapeutic index 
in passing judgment upon the drug. Unfortunately, therapeutic 
indices are known in man for only a few drugs. 

There will be a different therapeutic index for each unto- 
ward effect that a drug may elicit and, if there is more than one 
therapeutic effect, a family of therapeutic indices for each ther- 
apeutic effect. However, in clinical practice, it is customary to 


distinguish among the various toxicities by indicating the per- 
centage incidence of a given side effect. 

VARIATIONS IN RESPONSE AND RESPONSIVE- 
NESS—From the above discussion of dose-frequency relation- 
ships and Chapter 12, it is obvious that in a normal population 
of persons there may be quite a large difference in the dose 
required to elicit a given response in the least-responsive mem- 
ber of the population and that to elicit the response in the 
most-responsive member. The difference ordinarily will be a 
function of the slope of the dose-percentage curve or, in statis- 
tical terms, of the standard deviation. If the standard deviation 
is large, the extremes of responsiveness of responders are like- 
wise large. 

In a normal population 95.46% of the population responds to 
doses within two standard deviations from the ED50 and 
99.73% within three standard deviations. In log-normal popu- 
lations the same distribution applies when standard deviation 
is expressed as log dose. 

In the population represented in Figure 57-5, 2.25% of the 
population (two standard deviations from the median) would 
require a dose more than 1.4 times the ED50; an equally small 
percentage would respond to 0.7 of the ED50. The physician 
who is unfamiliar with statistics is apt to consider the 2.25% at 
either extreme to be abnormal reactors. The statistician will 
argue that these 4.5% are within the normal population and 
that only those who respond well outside the normal popula- 
tion, at least three standard deviations from the median, de- 
serve to be called abnormal. 

Irrespective of whether the criteria of abnormality that the 
physician or the statistician obtain, the term hyporeactive ap- 
plies to those individuals who require abnormally high doses 
and hyperreactive to those who require abnormally low doses. 
The terms hyporesponsive and hyperresponsive also may be 
used. It is incorrect to use the terms hyposensitive and hyper- 
sensitive in this context; hypersensitivity denotes an allergic 
response to a drug and should not be used to refer to hyperre- 
activity. The term suwpersensitivity correctly applies to hyperre- 
activity that results from denervation of the effector organ; it is 
often more definitively called denervation supersensitivity. 
Sometimes hyporeactivity is the result of an immunochemical 
deactivation of the drug, or immunity. Hyporeactivity should 
be distinguished from an increased dose requirement that re- 
sults from a severe pathological condition. Severe pain requires 
large doses of analgesics, but the patient is not a hyporeactor; 


Most drugs act by combining with some key substance in the 
biological milieu that has an important regulatory function in 
the target organ or tissue. This biological partner of the drug 
goes by the name receptive substance or drug receptor. The 
receptive substance is considered mostly to be a cellular con- 
stituent, although in a few instances it may be extracellular, as 
the cholinesterases are, in part. The receptive substance is 
thought of as having a special chemical affinity and structural 
requirements for the drug. Drugs such as emollients, which 
have a physical rather than chemical basis for their action, 
obviously do not act upon receptors. Drugs such as demulcents 
and astringents, which act in a nonselective or nonspecific 
chemical way, also are not considered to act upon receptors, 
since the candidate receptors have neither sharp chemical nor 
biological definition. Even antacids, which react with the ex- 
tremely well defined hydronium ion, cannot be said to have a 
receptor, since the reactive proton has no permanent biological 
residence. 

Because of early preoccupation with physical theories of 
action and the classical and illogical dichotomy of chemical and 
physical molecular interaction, there is a reluctance to admit 
receptors for drugs such as local anesthetics, general anesthet- 
ics, certain electrolytes, etc, which generally are not accepted to 
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what has changed is the baseline from which the endpoint 
quantum is measured. The responsiveness of a patient to cer- 
tain drugs sometimes may be determined by the history of 
previous exposure to appropriate drugs. 

Tolerance is a diminution in responsiveness as use of the 
drug continues. The consequence of tolerance is an increase in 
the dose requirement. It may be due to an increase in the rate 
of elimination of drug (as discussed elsewhere in this chapter), 
to reflex or other compensatory homeostatic adjustments, to a 
decrease in the number of receptors or in the number of enzyme 
molecules or other coupling proteins in the effector sequence, to 
exhaustion of the effector system or depletion of mediators, to 
the development of immunity, or to other mechanisms. Toler- 
ance may be gradual, requiring many doses and days to months 
to develop, or acute, requiring only the first or a few doses and 
only minutes to hours to develop. Acute tolerance is called 
tachyphylaxis. 

Drug resistance is the decrease in responsiveness of micro- 
organisms, neoplasms, or pests to chemotherapeutic agents, 
antineoplastics, or pesticides, respectively. It is not tolerance in 
the sense that the sensitivity of the individual microorganism 
or cancer cell decreases; rather, it is the survival of normally 
unresponsive cells, which then pass the genetic factors of re- 
sistance on to their progeny. 

Patients who fail to respond to a drug are called refractory. 
Refractoriness may result from tolerance or resistance, but it 
also may result from the progression of pathological states that 
negate the response or render the response incapable of sur- 
mounting an overwhelming pathology. Rarely, it may result 
from a poorly developed receptor or response system. 

Sometimes a drug evokes an unusual response that is qual- 
itatively different from the expected response. Such an unex- 
pected response is called a meta-reaction. A not uncommon 
meta-reaction is a central nervous system (CNS) stimulant 
rather than depressant effect of phenobarbital, especially in 
women. Pain and certain pathological states sometimes favor 
meta-reactivity. Responses that are different in infants or the 
aged from those in young and middle-aged people are not 
meta-reactions if the response is usual in the age group. The 
term idiosyncrasy also denotes meta-reactivity, but the word 
has been so abused that it is recommended that it be dropped. 
Although hypersensitivity may cause unusual effects, it is not 
included in meta-reactivity. 


combine selectively with distinct cellular or organelle mem- 
brane constituents. The word receptor often is used inconsis- 
tently and intuitively. However, the term is a legitimate sym- 
bol for that biological structure with which a drug interacts to 
initiate a response. Ignorance of the identities of many recep- 
tors does not detract from, but rather increases, the importance 
of the term and general concept. 

Once a receptor is identified, it frequently is no longer 
thought of as a receptor, although such identification may 
afford the basis of profound advances in receptor theory. Since 
the effects of anticholinesterases are derived only indirectly 
from inhibition of cholinesterase and no drugs are known that 
stimulate the enzyme, it may be argued that it is not a receptor. 
Nevertheless, a number of drugs ultimately act indirectly 
through the inhibition of such modulator enzymes, and it is 
important for the theoretician to develop models based upon 
such indirect interrelations. 

Enzymes, of course, readily suggest themselves as candi- 
dates for receptors. However, there is more to cellular function 
than enzymes. Receptors may be membrane or intracellular 
constituents that govern the spatial orientation of enzymes, 
gene expression, compartmentalization of the cytoplasm, con- 
tractile or compliant properties of subcellular structures, or 
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permeability and electrical properties of membranes. For 
nearly every cellular constituent there can be imagined a pos- 
sible way for a drug to affect its function; therefore, few cellular 
constituents can be dismissed a priori as possible receptors. All 
the receptors for neurotransmitters and autonomic agonists 
are membrane proteins with agonist-binding groups projecting 
into the extracellular space. The transducing apparatus, 
whereby an occupied receptor elicits a response, is called a 
coupling system. Excitatory neurotransmitters in the CNS, and 
ACh receptors elsewhere, are coupled to ion channels that, 
when opened, permit the rapid ingress, especially of sodium 
ions. Each ion channel is composed of five subunits, and each 
subunit has four transmembrane, spanning regions. GABA 
(y-aminobutyric acid) and glycine are coupled to inhibitory 
chloride channels. Each of these receptors is composed of pen- 
tameric proteins, each of which has two to four different types 
of subunits. Benzodiazepine receptors are coupled to the 
GABA-receptor. Beta-adrenergic receptors, histamine (H2) re- 
ceptors, and a number of receptors for polypeptide hormones 
interact with a stimulatory GDP/GTP-binding protein (G- 
protein) that can activate the enzyme adenylate cyclase. The 
cyclase then produces 3’,5’-cyclic AMP (cAMP), which, in turn, 
activates protein kinases. Other receptors interact with inhib- 
itory G-proteins. Some receptors couple to guanylate cyclase. 

Alpha-adrenergic a,, some muscarinic (M, and M,), and 
various other receptors couple to the membrane enzyme, phos- 
pholipase-C, which cleaves inositol phosphates from phospho- 
inositides. The cleavage product, 1,4,5-inositol triphosphate 
(IP.,), then causes an increase in intracellular calcium, whereas 
the product, diacylglycerol (DAG), activates kinase-C. There 
are a number of other less ubiquitous coupling systems. Sub- 
stances such as cAMP, cGMP, IP.;, and DAG are called second 
messengers. 

It has been found that there may be several different recep- 
tors for a given agonist. Differences may be shown not only in 
the types of coupling systems and effects but also by differen- 
tial binding of agonists and antagonists, desensitization kinet- 
ics, physical and chemical properties, genes and amino acid 
sequences. The differentiation among receptor subtypes is 
called receptor classification. Receptor subtypes are designated 
by Greek or Arabic alphabetical prefixes and/or numerical sub- 
scripts. There are at least two each of beta-adrenergic, hista- 
minergic, serotoninergic, GABAergic, and benzodiazepine re- 
ceptors; three each of muscarinic and alpha-adrenergic; and 
five of opioid receptor subtypes. 


OCCUPATION AND OTHER THEORIES 


Drug-receptor interactions are governed by the law of mass 
action. However, most chemical applications of mass law are 
concerned with the rate at which reagents disappear or prod- 
ucts are formed, whereas receptor theory usually concerns it- 
self with the fraction of the receptors combined with a drug. 
The usual concept is that only when the receptor actually is 
occupied by the drug is its function transformed in such a way 
as to elicit a response. This concept has become known as the 
occupation theory. The earliest clear statement of its assump- 
tions and formulations is often credited to Clark in 1926, but 
both Langley and Hill made important contributions to the 
theory in the first two decades of the 20th century. 

In all receptor theories, the terms agonist, partial agonist, 
and antagonist are employed. An agonist is a drug that com- 
bines with a receptor to initiate a response. 

In the classical occupation theory, two attributes of the drug 
are required: (1) affinity, a measure of the equilibrium constant 
of the drug-receptor interaction, and (2) intrinsic activity, or 
intrinsic efficacy (not to be confused with efficacy as intensity of 
effect), a measure of the ability of the drug to induce a positive 
change in the function of the receptor. 


A partial agonist is a_drug that can elicit some but not a 
maximal effect and that antagonizes an agonist. In the occu- 
pation theory it would be a drug with a favorable affinity but a 
low intrinsic activity. 

A competitive antagonist is a drug that occupies a significant 
proportion of the receptors and thereby preempts them from 
reacting maximally with an agonist. In the occupation theory 
the prerequisite property is affinity without intrinsic activity. 

A noncompetitive antagonist may react with the receptor in 
such a way as not to prevent agonist-receptor combination but 
to prevent the combination from initiating a response, or it may 
act to inhibit some subsequent event in the chain of action- 
effect-action-effect that leads to the final overt response. 

The mathematical formulation of the receptor theories de- 
rives directly from the law of mass action and chemical kinet- 
ics. Certain assumptions are required to simplify calculations. 
The key assumption is that the intensity of effect is a direct 
linear function of the proportion of receptors occupied. The 
correctness of this assumption is most improbable on the basis 
of theoretical considerations, but empirically it appears to be a 
close enough approximation to be useful. A second assumption 
upon which formulations are based is that the drug-receptor 
interaction is at equilibrium. Another common assumption is 
that the number of molecules of receptor is negligibly small 
compared with that of the drug. This assumption is undoubt- 
edly true in most instances, and departures from this situa- 
tion greatly complicate the mathematical expression of drug- 
receptor interactions. 

The first clearly stated mathematical formulation of drug- 
receptor kinetics was that of Clark.' In his equation 


Y (2) 
100 —y 


Kx" = 
where K is the affinity constant, x is the concentration of drug, 
n is the molecularity of the reaction, and y is the percentage of 
maximum response. Clark assumed that y was a linear func- 
tion of the percentage of receptors occupied by the drug, so that 
y could also symbolize the percentage of receptors occupied. 
When the equation is rearranged to solve for y 
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A Cartesian plot of this equation is identical in form to that 
shown in Figure 57-2. When y is plotted against log x instead of 
x, the usual sigmoid curve is obtained. Thus, it may be seen 
that the dose-intensity curve derives from mass action equilib- 
rium kinetics, which in turn derive from the statistical nature 
of molecular interaction. The fact that dose-intensity and dose- 
percentage curves have the same shape shows that they in- 
volve similar statistics. 
If Equation 2 is put into log form 


log K + nlogx = (4) 


y 
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a plot of log y/100 — y against log x then will yield a straight line 
with a slope of n; n is theoretically the number of molecules of 
drug that react with each molecule of receptor. At present, 
there are no known examples in which more than one molecule 
of agonist combines with a single receptor, hence, n should 
equal 1, universally. Nevertheless, n often deviates from 1. 
Deviations occur because of cooperative interactions among 
receptors (cooperativity), spare receptors (see below), amplifica- 
tions in the response system (cascades), receptor coupling to 
more than one sequence (eg, to both adenylate cyclase and 
calcium channels), and other reasons. In these departures from 
n = 1, the slope becomes a characteristic of the mechanism of 
action and response system. 

The probability that a molecule of drug will react with a 
receptor is a function of the concentration of both drug and 
receptor. The concentration of receptor molecules cannot be 


manipulated as the concentration of a drug can. But, as each 
molecule of drug combines with a receptor, the population of 
free receptors is diminished accordingly. If the drug is a com- 
petitive antagonist, it will diminish the probability of an ago- 
nist-receptor combination in direct proportion to the percent- 
age of receptor molecules preempted by the antagonist. 
Consequently, the intensity of effect will be diminished. How- 
ever, the probability of agonist-receptor interaction can be in- 
creased by increasing the concentration of agonist, and the 
intensity of effect can be restored by appropriately larger doses 
of agonist. Addition of more antagonist will again diminish the 
response, which can, again, be overcome or surmounted by 
more agonist. 

Clark showed empirically and by theory that as long as the 
ratio of antagonist to agonist was constant, the concentration of 
the competitive drugs could be varied over an enormous range 
without changing the magnitude of the response (Fig 57-6). 
Since the presence of competitive antagonist only diminishes 
the probability of agonist-receptor combination at a given con- 
centration of agonist and does not alter the molecularity of the 
reaction, it also follows that the effect of the competitive an- 
tagonist is to shift the dose-intensity curve to the right in 
proportion to the amount of antagonist present; neither shape 
nor slope of the curve is changed (Fig 57-7). 

Many refinements of the Clark formula have been made, but 
they will not be treated here; details and citations of relevant 
literature can be found in various works on receptors cited in 
the Bibliography. Several refinements are introduced to facili- 
tate studies of competitive inhibition. The introduction of the 
concepts of intrinsic activity” and efficacy® required appropri- 
ate changes in mathematical treatment. 

Another important concept has been added to the occupa- 
tion theory, namely the concept of spare receptors. Clark as- 
sumed that the maximal response occurred only when the 
receptors were completely occupied, which does not account for 
the possibility that the maximum response might be limited by 
some step in the action-effect sequence subsequent to receptor 
occupation. Work with isotopically labeled agonists and antag- 
onists and with dose-effect kinetics has shown that the maxi- 
mal effect sometimes is achieved when only a small fraction of 
the receptors are occupied. The mathematical treatment of this 
phenomenon has enabled theorists to explain several puzzling 
observations that previously appeared to contradict occupation 
theory. 

The classical occupation theory fails to explain several phe- 
nomena satisfactorily, and it is unable to generate a realistic 
model of intrinsic activity and partial agonism. A rate theory, 
in which the intensity of response is proportional to the rate of 
drug-receptor interaction instead of occupation, was proposed 
to explain some of the phenomena that occupation theory could 
not, but the rate theory was unable to provide a realistic mech- 
anistic model of response generation, and it had other serious 
limitations as well. 
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Figure 57-6. Direct proportionality of the dose of agonist (acetyl- 
choline) to the dose of antagonist (atropine) necessary to cause a 
constant degree of inhibition (50%) of the response of the frog 
heart (courtesy, adaptation, Clark'). 
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Figure 57-7. Effect of an antagonist to shift the log dose-intensity 
curve to the right without altering the slope. The effector is the 
isolated heart. /: no atropine; //: atropine, 10° M; Il: 10-7 M; IV: 
10 © M; V: 10°° M; Vi: 10-4 M; Vil: 10-3 M; Y: % of maximum 
intensity of response. The function log y/(100 — y) converts the log 
dose-intensity relationship to a straight line (courtesy, adaptation, 
Clark’). 


The phenomena that neither the classical occupation nor 
the rate theory could explain can be explained by various 
theories in which the receptor can exist in at least two confor- 
mational states, one of which is the active one; the drug can 
react with one or more conformers. In a two-state model* 


Rea Re 


where R is the inactive and R* is the active conformer. The 
agonist combines mainly with R*, the partial agonist can com- 
bine with both R and R*, and the antagonist can combine with 
R, the equilibrium being shifted according to the extent of 
occupation of R and R*. Other variations of occupation theory 
treat the receptor as an aggregate of subunits that interact 
cooperatively.” 


MECHANISMS OF DRUG ACTION 

TL RS ADE TOE TST TA 
Drugs are distributed to many or all parts of the body by the 
circulation. However, they do not act everywhere; they would 
have extremely limited usefulness if they did. Clinically useful 
drugs act only on certain existing biological systems. Although 
drugs cannot create new systems, some drugs can temporarily 
or permanently damage existing functional systems that are 
susceptible to them, thereby producing toxic effects. Almost all 
drugs act more or less selectively on large specific proteins, 
glycoproteins, or lipoproteins located on the cell membrane or 
in the cell cytoplasm, nuclei, or other intracellular organelles. 
These specific proteins are referred to as receptors. Although 
they often are regarded as drug receptors, they are in reality 
receptors for endogenous substances that mediate normal bio- 
logical and physiological regulatory processes. 

Virtually all cells of the body have multiple receptors, since 
they are regulated by a variety of endogenous substances that 
act continuously, intermittently, or only occasionally. Simi- 
larly, cells theoretically can be influenced by a variety of drugs 
that act on the different receptors that the cells contain. The 
chemical nature of many of the endogenous substances that 
activate receptors is known, but new ones continue to be iden- 
tified and sought. For example, the former mystery of why 
animals have receptors for morphine, which is produced by 
some species of poppy plants, was solved when endogenous 
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opioid peptides were identified in the brain and some periph- 
eral tissues in the mid-1970s. 

Drugs that selectively activate receptors and produce the 
same effects normally produced by a respective endogenous 
substance are called agonists. Drugs that selectively block re- 
ceptors are called antagonists because they antagonize, or 
block, the normal effects of the respective endogenous sub- 
stance. Pure antagonists do not activate their receptors. Some 
experimental drugs stimulate or activate certain enzymes, but 
none are useful therapeutic agents because their effects are too 
widespread. Forskolin is one such example; it directly stimu- 
lates the enzyme adenylyl cyclase to synthesize cyclic AMP, 
which is a second messenger in many cellular systems through- 
out the body. 

On the other hand, many very useful therapeutic drugs are 
enzyme inhibitors, which selectively inhibit the normal activity 
of only one type of enzyme, thereby reducing the ability of the 
enzyme to act on its normal biochemical substrate. In this 
context, the enzymes are the drug receptors. Although the 
chemical nature of receptors and enzymes and their interac- 
tions with drugs was often vague in the past, the application of 
new techniques in molecular biology, biochemistry, and phar- 
macology since the mid-1980s has made unprecedented 
progress in defining the structures of receptors and enzymes 
and the consequences of drug-receptor interactions. 


TYPES OF TARGETS FOR DRUG ACTION 

cS ea SS Bo LSE 
Drug effects are the result of drug actions. Drug action may be 
defined as the drug-receptor interaction, whereas drug effects 
are the consequences of that action. For example, the interac- 
tion of epinephrine with B-receptors in the heart sets into 
motion a cascade of intracellular events (actions) that lead to 
increases in heart rate and strength of contraction (effects). 
The interaction of epinephrine with a-receptors in the vascu- 
lature sets into motion a cascade of intracellular events (ac- 
tions) that lead to vasoconstriction and increased blood pres- 
sure (effects). 

Typical responses that involve drug-receptor interactions 
are those that involve agonist or antagonist interactions at a 
receptor. Agonists also can act through various transduction 
mechanisms to produce a variety of intracellular changes that 
alter cellular activity. Transduction mechanisms are consid- 
ered in more detail near the end of this section. Agonist actions 
may be direct, as with acetylcholine acting on the nicotinic 
receptors at the neuromuscular junction to briefly open sodium 
channels. This produces rapid depolarization of skeletal mus- 
cle, leading to muscle contraction. Drugs also can act directly 
on ion channels to block their activity. For example, lidocaine 
(Xylocaine) and other local anesthetics block sodium channels 
in nerve fibers (axons) so that the conduction of action poten- 
tials is blocked, and the area served by those nerve fibers is 
anesthetized. Drugs also can act directly on ion channels to 
modulate their activity. The benzodiazepines, characterized by 
diazepam (Valium), produces multiple effects (sedation, hypno- 
sis, anticonvulsant and antianxiety activity, and muscle relax- 
ation) by modifying the actions of GABA on its receptors in the 
CNS. GABA is the predominant inhibitory neurotransmitter in 
the CNS, and it acts on GABA,-receptor complexes by opening 
chloride channels on neurons to hyperpolarize them and render 
them less excitable. The benzodiazepines act on a different 
receptor on the GABA,-receptor complex to enhance the ac- 
tions of GABA on its receptors, thereby rendering target neu- 
rons even less excitable. 

Many drugs act by inhibiting enzymes so that they cannot 
perform their normal functions as efficiently. One such drug, 
omeprazole (Prilosec), reduces the ability of parietal cells in 
the stomach to produce hydrochloric acid by inhibiting the 
enzyme, or proton pump, H*, K*-ATPase, which is found 
only in these parietal cells. It is used to facilitate healing of 


peptic ulcers and control esophageal reflux (heartburn). The 
body’s normal enzymes also can convert false substrates into 
active drugs. For example, a-methyldopa (Aldomet) is con- 
verted into a-methylnorepinephrine by the enzymes that 
normally synthesize dopamine and norepinephrine from 
dopa. a-Methylnorepinephrine acts on brain receptors to 
reduce sympathetic activity to blood vessels, thereby reduc- 
ing blood pressure in hypertensive patients. Antimetabolites 
used to treat cancer are also false substrates, which are 
similar in structure to endogenous metabolites involved in 
cell-cycle reactions but function abnormally to interfere with 
synthesis of essential metabolites. Some drugs are, or have 
been, designed to be inactive until they are converted, usu- 
ally by liver drug-metabolizing enzymes such as cytochrome 
P-450, to active drug; the inactive drug is called a prodrug. 

Various carriers are used by cells to take up neurotransmit- 
ters that have been released. The actions of dopamine released 
from dopamine nerve terminals in the brain are terminated by 
reuptake into the nerve terminals by a dopamine carrier. The 
dopamine then is reused for neurotransmission. If the carrier is 
blocked by a reuptake blocker such as cocaine, dopamine con- 
centrations between the nerve terminals and the dopamine 
receptors build up for a time and produce greater effects. 

Finally, antibiotics and antiviral, antifungal, and antipara- 
sitic drugs owe their selectivities to selective actions on certain 
biochemical processes that are essential to the offending organ- 
ism but are not shared by the mammalian host. The penicillins 
and related antibiotics interfere with the synthesis of rigid cell 
walls by growing bacteria, but mammalian cells are contained 
only by plasma membranes and, therefore, are not affected by 
penicillins. Antiparasitic drugs target enzymes found only in 
parasites, enzymes that are indispensable only in parasites, or 
biochemical functions with different pharmacological proper- 
ties in the parasite and the host. 


RECEPTOR BINDING 

EE AE SS SET ETAT IT ED A 
Drugs that bind to certain receptors selectively at pharmaco- 
logical concentrations are known as receptor ligands; they can 
be agonists or antagonists. Many drugs also bind nonselec- 
tively to nonreceptor proteins throughout the body where they 
exert no pharmacological actions or effects. Many drugs bind to 
plasma proteins, especially albumin. Albumin-bound drug can 
act as a reservoir for free drug, with which it is in equilibrium, 
and competition among drugs for plasma protein binding can 
lead to increased free drug levels and drug interactions as they 
displace one another. 

Drugs and endogenous ligands or substrates bind selec- 
tively to certain receptors because of both a chemical attraction 
and a proper fit to the protein. The lock-and-key analogy pro- 
vides a useful concept of proper fit. Carried a step further, an 
agonist fits the lock and turns it, but an antagonist only fits the 
lock but cannot turn it; yet, it does block entry of the agonist 
key. Generally, a number of drugs with both characteristics can 
combine with the same receptor. The study of structure-activity 
relationships among similar drugs and their receptors always 
has been an important and fruitful approach of both pharma- 
cology and medicinal chemistry. Highly selective drugs tend to 
bind to only one or several closely related receptors. However, 
some drugs can combine with and activate or inactivate a 
number of different receptors that have similar structures, 
thereby diminishing selectivity and magnifying side effects. 

The types of chemical bonds by which drugs bind to their 
receptors are, in decreasing order of bond strength: covalent, 
ionic, hydrogen, hydrophobic, and van der Waals bonds. Rela- 
tively few drugs form covalent bonds with their receptors. 
Covalent bonds are irreversible and very long-lasting; new re- 
ceptors or enzymes must be synthesized to restore function, 
and this process takes a week or two. Most drugs rely on 
combinations of the other weaker bonds to bind tightly but 


reversibly to receptors. For example, the binding of acetylcho- 
line, a relatively simple molecule, to nicotinic receptors at the 
neuromuscular junction, involves ionic, hydrogen, and van der 
Waals bonds, with ionic and hydrogen bonds being the most 
important. It is no accident that receptor-binding drugs are 
partially ionized at body pH, because receptor proteins also are 
ionized partially. Drugs and proteins contain positively 
charged nitrogen groups and negatively charged carboxyl 
groups that strongly attract one another and usually provide 
the initial drug-receptor bonds. Hydrogen bonds, formed be- 
tween bound hydrogen atoms and oxygen, nitrogen, fluoride, or 
sulfur atoms, further orient the drug molecule to its receptor to 
enhance the proper fit. One or several hydrogen bonds can be 
involved. Hydrophobic bonds form among nonpolar ring struc- 
tures (eg, benzene) or chains of methylene groups to stabilize 
orientation further. 

Finally, the very weak van der Waals forces provide some 
additional, electrostatic bonding over very short distances. 
Drug molecules that contain asymmetrical carbon atoms can 
exist as stereoisomers, only one of which is oriented to bond 
well with its receptors. For example, the side chain of epineph- 
rine contains an asymmetrical carbon atom in the alpha posi- 
tion of the side chain, with a hydroxyl group attached, permit- 
ting epinephrine to exist in D- and L- forms (mirror images). The 
endogenous L-form is about 1000 times more potent than the 
synthesized D-form because the L-form has a much greater 
binding affinity for its receptors because of its preferred con- 
figuration (see Chapter 28). In the past, drugs synthesized as 
mixtures of stereoisomers were formulated as racemic mix- 
tures, but improved chemical separation techniques now often 
allow isolation of the more active isomer for formulation. 


RECEPTOR STRUCTURE AND FUNCTION 
SE ET EE SEE 
The number of receptors and their subtypes continues to grow 
at a rapid pace as a result of identifying new endogenous 
ligands and applying advancing techniques to study them. 
Despite this large number, most receptors can be classified 
structurally and functionally into only a few basic types that 
are described below. No attempt is made to provide detailed 
descriptions of individual receptors within each category. 
Rather, one or two examples will suffice for each, with brief 
reference to some prominent types that are therapeutically 
relevant. 

VOLTAGE-SENSITIVE CHANNELS—While not gener- 
ally classified as receptors, voltage-sensitive channels contain 
receptors that are acted upon by drugs or toxins to block or 
modify their normal function. The voltage-sensitive sodium 
channels in axons allow initiation and conduction of action 
potentials in response to a voltage change in the plasma mem- 
brane. When sodium channels open, sodium ions rush into the 
cytoplasm, thereby causing depolarization and propagation of 
the action potential. The crucial component of the sodium chan- 
nel is a single protein composed of a chain of about 2000 amino 
acids and called the a subunit. Several 8 subunits with minor 
roles are also associated with the a subunit. The a subunit has 
four repeating domains composed of about 250 amino acids 
each, and each domain contains six, a-helical, 22— to 25-—amino 
acid, transmembrane, spanning segments. Each domain forms 
one of four clusters of the six membrane-spanning regions to 
encircle the sodium channel so formed. On end, the channel 
resembles 24 cylinders neatly arranged around the sodium 
channel that, at rest, is charged positively due to positive 
charges on the four transmembrane helices that surround the 
channel. Upon activation, these particular helices are thought 
to rotate upward, thereby moving the positive charges away 
from the channel and allowing the positive sodium ions to rush 
through. The channel remains open for only about 1 msec 
because the voltage changes attract a protein loop of the chan- 
nel in the cytoplasm to shut the channel like a tether ball. Local 
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anesthetics block the sodium channel from the cytoplasmic side 
by binding to receptors inside the channel. Several neurotoxins 
block from the outside. 

Axons are repolarized by brief (~1 msec) opening of voltage- 
activated potassium channels that are constructed similarly to 
sodium channels but are composed of four identical subunits of 
peptide that associate in the membrane to form the potassium 
channel. Each subunit spans the membrane six times. It prob- 
ably functions much like the sodium channel, including inacti- 
vation by a tether-ball segment of cytoplasmic peptide. Quini- 
dine, an antiarrhythmic drug, will block this potassium 
channel in the heart. 

Voltage-activated calcium channels of the L-type are com- 
posed of five similar protein subunits that assemble across 
heart muscle and vascular smooth muscle membranes to form 
the calcium channel. Its arrangement in the membrane is 
similar to that of the sodium and potassium channels. Calcium 
channel blockers such as verapamil (Calan) and nifedipine 
(Procardia) are used to treat several cardiovascular conditions 
by virtue of their ability to block calcium channels in the heart 
and blood vessels. 

LIGAND-ACTIVATED ION CHANNELS—The best- 
characterized ligand-activated ion channel is the nicotinic re- 
ceptor complex at the neuromuscular junction. As the name 
implies, these channels are activated by receptor ligands, in 
this case acetylcholine. The nicotinic receptor complex is com- 
posed of five subunit proteins with similar structures that 
associate across the plasma membrane to form a sodium chan- 
nel. The receptor complex is formed from two a and one each of 
B, y, and 6 subunits (Fig 57-8). In contrast to the voltage- 
activated ion channels, each of the five proteins crosses the 
membrane only four times. The two a subunits contain the 
nicotinic receptors, which acetylcholine activates, and both 
must be activated to open the sodium channel to 6.5 A for about 
4 msec. The receptors can be blocked by neuromuscular block- 
ing agents such as curare. The nicotinic receptors on autonomic 
ganglia are similar in structure but are composed of a different 
set of subunits, which accounts for the long-known differences 
in selective antagonists at the two sites. 

Other ligand-activated ion channels, GABA,, glycine, and 
glutamate, have structures that are similar to that of the 
nicotinic receptor complex. GABA and glycine channels are 
chloride channels, which permit chloride influx into neurons to 
produce hyperpolarization and decreased neuronal excitability. 
Glutamate channels are primarily sodium channels, and they 
also contain modifying receptors for glycine and polyamines. 
The GABA, -receptor complex contains receptors not only for 
GABA but also separate receptors for benzodiazepines (eg, 
Valium), barbiturates, and steroids, which modify the actions 
of GABA on the chloride channel. The convulsant activity of 
strychnine is due solely to its ability to block glycine receptors, 
primarily in the brainstem and spinal cord. 

G PROTEIN-COUPLED RECEPTORS—tThese recep- 
tors comprise a very large family of receptors that are activated 


Figure 57-8. Nicotinic receptor complex. 
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by monoamines (epinephrine, norepinephrine, dopamine, and 
serotonin), acetylcholine (muscarinic receptors), opioids, and a 
host of active peptides including a number of hormones. Struc- 
turally, these receptors are single proteins, most of which are 
composed of chains of 350 to 550 amino acids and cross the 
plasma membrane seven times in a serpentine arrangement 
(Fig 57-9). Each of the seven transmembrane domains is com- 
posed of 22 to 30 amino acids configured into an a-helix. The 
third of three intracellular (cytoplasmic) loops is much longer 
than the other two and is responsible for coupling with the G 
proteins. Rather than residing at the extracellular surface of 
the receptor, the actual receptor-binding sites often lie within 
the membrane between the seven transmembrane domains. 
For example, the B-adrenergic receptor lies 11 A below the 
extracellular surface, or about one-third of the distance 
through the membrane. The positively charged nitrogen on the 
side chain of the epinephrine molecule forms an ionic bond with 
the negatively charged carboxyl group on an aspartate amino 
acid (Position 113) in the third transmembrane domain (TM3). 
The two catechol hydroxyl groups of epinephrine form hydro- 
gen bonds with the free hydroxyl groups of two serine amino 
acids at Positions 204 and 207 in TM5, and the aromatic ring of 
epinephrine forms a hydrophobic bond with that of a phenyl- 
alanine at Position 290 in TM6. The location of G protein- 
coupled receptors within the membrane underscores the impor- 
tance of size and configuration in the molecular structure of 
both agonists and antagonists for these receptors. Some nega- 
tively charged and peptide ligands do bind to an extracellular 
domain, however. 

Among some families of G protein-coupled receptors there is 
considerable structural homology; ie, the same amino acids and 
the same sequences make up large portions of a number of 
different receptors. Consequently, a number of antagonist re- 
ceptor ligands bind to these similar arrangements of amino 
acids in the transmembrane domains. For example, many of 
the antipsychotic drugs (neuroleptics) are antagonists not only 
at dopamine receptors, where they are thought to exert their 
therapeutic effects, but also at a-adrenergic, serotonin, hista- 
mine, and muscarinic receptors, thereby producing hypoten- 
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Figure 57-9. G-Protein coupled receptor complex. 


sion, sedation, blurred vision, dry mouth, and constipation as 
side effects. 

The G proteins closely associated with the third cytoplasmic 
loop of the receptors are heterotrimers composed of three dif- 
ferent subunits, a, B, and y. Upon receptor activation, the a 
subunit exchanges a bound GDP for a GTP and dissociates 
from the By subunits to activate a membrane enzyme such as 
adenylyl cyclase or to influence an ion channel. In some cases, 
the By subunits may interact with the same or a different 
intracellular effector. The duration of action of the active 
GTP-—a subunit is determined by the hydrolysis of GTP to GDP 
by a GTPase, which is intrinsic to the a subunit, and its 
reassociation with the By subunits. This process is of longer 
duration than the association of the ligand with the ligand-G 
protein-coupled receptor, resulting in amplification of the orig- 
inal signal. 

In the case of adenylyl cyclase activation, this enzyme syn- 
thesizes cyclic adenosine-3',5'-monophosphate (cAMP) from 
ATP. As a second messenger, cAMP then goes on to activate one 
or several protein kinase As that phosphorylate one or several 
other proteins to produce the appropriate cellular effects. The 
targeted protein may be an enzyme, a transport protein, a 
contractile protein, or an ion channel. The specificity of these 
regulatory effects depends on the distinct protein substrates 
that are expressed in different cells (eg, liver versus smooth 
muscle). The actions of cAMP are terminated by several types 
of intracellular phosphodiesterases that convert cAMP to 5’- 
AMP. Competitive inhibition of phosphodiesterases to prolong 
the actions of cAMP is one of the mechanisms by which caffeine 
produces its effects. 

As if the foregoing is not sufficiently complicated, the activ- 
ity of adenyl cyclase can also be inhibited by activation of 
different G protein—coupled receptors. The G proteins coupled 
to inhibitory receptors are designated Gi proteins, as opposed 
to those coupled to stimulatory receptors and designated Gs 
proteins. Gi proteins are also heterotrimers, and receptor acti- 
vation of Gi also leads to GTP binding to the a subunit and its 
dissociation from the By, but Gi proteins differ structurally 
from Gs proteins. Examples of Gs-coupled receptors are B- 
adrenergic, dopamine-1, histamine-2, glucagon, and ACTH. 
Examples of Gi-coupled receptors are a-adrenergic, dopa- 
mine-2, muscarinic, and opioid. A number of different Gs and 
Gi protein-coupled receptors can exist on the same cell, so that 
the activity of adenylyl cyclase can be fine-tuned between zero 
and maximum. 

Another important group of G protein-coupled receptors 
activate the enzyme phospholipase C (PLC) to hydrolyze a mi- 
nor component of the plasma membrane, phosphatidylinositol- 
4,5-biphosphate, into two second messengers, diacylglycerol 
(DAG) and inositol-1,4,5-triphosphate (IP3). In contrast to the 
cAMP systems, receptors coupled to PLC are only excitatory. 
Examples are a,-adrenergic, muscarinic, Substance P, and 
thyrotropin-releasing hormone receptors. The second messen- 
ger DAG is confined to the membrane, where it activates a 
protein kinase C, of which nine distinct types have been iden- 
tified. The other second messenger, IP3, diffuses through the 
cytosol to release calcium from intracellular stores. Calcium is 
involved in many cellular regulatory activities including acti- 
vation of calcium-calmodulin, which regulates the activities of 
other enzymes including other kinases. The kinases in turn 
phosphorylate enzymes, ion channels, or other proteins to pro- 
duce cellular effects. When the phosphoinositide and cAMP 
signaling systems coexist, they can oppose or complement one 
another in complex ways. 

A third second-messenger system uses cyclic guanosine- 
3’,5’-monophosphate (cGMP) in intestinal mucosa and vascu- 
lar smooth muscle. It is synthesized from GTP by activation of 
guanylyl cyclase and activates protein kinase G, which then 
dephosphorylates myosin light chains in vascular smooth mus- 
cle, thereby producing muscle relaxation. Agonists, eg acetyl- 
choline and histamine, cause the release of nitric oxide from 
vascular endothelial cells, which then diffuses into the smooth 


muscle cells to activate guanylyl cyclase. A direct receptor- 
mediated activation is produced by atrial natriuretic factor 
(ANF), a blood-borne peptide hormone. In this case, the recep- 
tor domain is outside the membrane and is connected through 
a single transmembrane domain to the intracellular guanylyl 
cyclase enzyme, which is activated by receptor binding. 

TYROSINE KINASE-LINKED RECEPTORS—These 
receptors are composed of an extracellular receptor domain, a 
single transmembrane domain, and an intracellular catalytic 
domain that catalyzes phosphorylation of tyrosine residues on 
target proteins. Some receptors are composed of single pro- 
teins, whereas others are assembled from two subunits (eg, 
insulin receptors). Activation of insulin receptors triggers in- 
creased uptake of glucose and amino acids and regulates me- 
tabolism of glycogen and lipids in the cell. The catalytic actions 
persist for a number of minutes after insulin leaves the binding 
site. Several growth factors also exert their complex cellular 
effects by activating tyrosine kinase or similar receptors. 
Growth factors trigger changes in membrane transport and 
other metabolic events including regulation of DNA synthesis. 

INTRACELLULAR RECEPTORS THAT CONTROL 
DNA TRANSCRIPTION—Activation of intracellular recep- 
tors for steroids (glucocorticoids, mineralocorticoids, sex ste- 
roids, vitamin D) and thyroid hormones stimulates the tran- 
scription of certain genes by binding to specific DNA sequences 
in the nucleus. The receptors generally are composed of a single 
protein with a ligand-binding domain, a DNA-binding domain, 
and a transcription-activating domain. In the inactivated state, 
the receptor protein is bound to another protein, a heat shock 
protein (hsp 90), which dissociates upon activation by a hor- 
mone, permitting DNA binding and transcription of mRNA, 
which then is translated into new protein. This process typi- 
cally takes several hours, and the effects can last for days or 
weeks if there is a slow turnover of the newly synthesized 
proteins. A similar process accounts for the induction of drug- 
metabolizing enzymes in the liver by certain drugs and other 
chemicals. In this process, formation of a heterodimeric com- 
plex between a second protein and the ligand-bound receptor is 
required for DNA binding. 

ENZYME INHIBITION—Enzymes are very large, com- 
plex proteins or associated proteins that evolved to catalyze 


No matter by which route a drug is administered it must pass 
through several to many biological membranes during the pro- 
cesses of absorption, distribution, biotransformation, and elim- 
ination. Since membranes are traversed in all of these events, 
this section begins with a brief description of biological mem- 
branes and membrane processes and the relationship of the 
physicochemical properties of a drug molecule to penetration 
and transport. 


STRUCTURE AND PROPERTIES 
OF MEMBRANES 


The concept that a membrane surrounds each cell arose shortly 
after the cellular nature of tissue was discovered. The biological 
and physicochemical properties of cells seemed in accord with 
this view. Microchemical, X-ray diffraction, electron micro- 
scopic, nuclear magnetic resonance, electron spin resonance, 
and other investigations have established the nature of the 
plasma, mitochondrial, nuclear, and other cell membranes. 
The description of the plasma membrane that follows is much 
oversimplified, but it will suffice to provide a background 
for an understanding of drug penetration into and through 
membranes. 
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specific biochemical reactions that are essential to normal cel- 
lular function. A number of very selective drugs exert their 
effects by inhibiting particular enzymes, so that their abilities 
to process their normal substrates are blocked or impaired. 
Enzyme inhibitors can produce competitive blockade at a sub- 
strate or cofactor binding site on the enzyme. For example, the 
stimulant effect of digitalis glycosides on cardiac muscle con- 
traction is mediated by competitive inhibition of a sodium 
pump, Na‘ ,K*-ATPase, which leads indirectly to an increase 
in intracellular calcium to interact with contractile proteins. 
Other enzyme inhibitors act noncompetitively at allosteric sites 
(sites remote from the substrate binding site), which prevent 
the enzyme from performing its catalytic function. For exam- 
ple, aspirin binds irreversibly to a site on cyclooxygenase that 
is remote from the binding site for arachidonic acid, which is 
normally converted to prostaglandins by the enzyme. The bind- 
ing of related drugs such as ibuprofen (Advil) is reversible. 
Irreversible inhibition by the formation of covalent bonds be- 
tween a drug and an enzyme is typically long lasting because 
new enzyme must be synthesized to restore function. 

RECEPTOR REGULATION—The regulation of receptor 
numbers or density is normally constant, as synthesis keeps 
pace with degradation of the proteins. However, continuous 
stimulation of receptors with agonists can lead to desensitiza- 
tion or down-regulation of receptor sensitivity or number. De- 
sensitization can occur rapidly without a change in receptor 
number, whereas down-regulation usually implies a decline in 
receptor number. For example, excess use of -adrenergic ago- 
nists for treating bronchial asthma can lead to loss of receptor 
sensitivity to the agonist, caused by changes in coupling mech- 
anisms to the G proteins. Chronic blockade of receptors can 
lead to up-regulation, which, in some cases, is due to syn- 
thesis of new receptors. An example is chronic blockade of B- 
adrenergic receptors in the heart, in which new f-receptors are 
synthesized, leading to supersensitivity upon abrupt with- 
drawal of the blocker. Another form of supersensitivity is dem- 
onstrated by denervation of skeletal muscle, which is followed 
by a proliferation of nicotinic receptors within and adjacent to 
the neuromuscular junction. 


STRUCTURE AND COMPOSITION—The cell mem- 
brane has been described as a bimolecular layer of lipid mate- 
rial entrained between two parallel monomolecular layers of 
protein. However, the protein does not make continuous layers, 
but rather is sporadically scattered over the surfaces, like 
icebergs; ie, much of the protein is below the surface. In Figure 
57-10 the lipid layers are represented as a somewhat orderly, 
closely packed, lamellar array of phospholipid molecules asso- 
ciated tail-to-tail, each tail being an alkyl chain or steroid 
group, and the heads being polar groups, including the glycer- 
ate moieties, with their polar ether and carbonyl oxygens and 
phosphate with attached polar groups. In reality, the lamellar 
portion is probably not so orderly, since its composition is quite 
complex. Chains of fatty acids of different degrees of saturation 
and cholesterol cannot array themselves in simple parallel 
arrangements. Furthermore, the polar heads will assume a 
number of orientations depending upon the substances and 
groups involved. Moreover, the lamellar portion is penetrated 
by large globular proteins, the interior of which, like the lipid 
layers, has a high hydrophobicity, and some fibrous proteins. 

The plasma membrane appears to be asymmetrical. The 
lipid composition varies from cell type to cell type and perhaps 
from site to site on the same membrane. There are, for exam- 
ple, differences between the membrane of the endoplasmic 
reticulum and the plasma membrane, even though the mem- 
branes are coextensive. Where membranes are double, the in- 
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Figure 57-10. Simplified cross section of a cell membrane (compo- 
nents are not to scale). The lipid interior of the lamellar portion of 
the membrane consists of various phospholipids, fatty acids, cho- 
lesterol, and other steroids. lons are indicated to illustrate differ- 
ences in size relative to the channel. Pr, protein; Su, sugar. 


ner and outer layers may differ considerably; the inner and 
outer membranes of mitochondria have been shown to have 
strikingly different compositions and properties. Some author- 
ities have expressed doubt as to the existence of the protein 
layers in biological membranes, although the evidence is pre- 
ponderantly in favor of at least an outer glycoprotein coat. 
Sugar moieties also are attached to the outer proteins, most 
often to the asparagine residue. These sugar moieties are im- 
portant to cellular and immunological recognition and adhe- 
sion and have other functions as well. 

The cell membrane appears to be perforated by water-filled 
pores of various sizes, varying from about 4 to 10 A, most of 
which are about 7 A. Probably all major ion channels are 
through the large globular proteins that traverse the mem- 
brane. Through these pores pass inorganic ions and small 
organic molecules. Since sodium ions are more hydrated than 
potassium and chloride ions, they are larger and do not pass as 
freely through the pores as potassium and chloride. The vas- 
cular endothelium appears to have pores at least as large as 
40 A, but these seem to be interstitial passages rather than 
transmembrane pores. Lipid molecules small enough to pass 
through the pores may do so, but they have a higher probability 
of entering into the lipid layer, from where they will equilibrate 
chemically with the interior of the cell. From work on mono- 
layers, some researchers contend that it is not necessary to 
postulate pores to explain the permeability to water and small 
water-soluble molecules. 

STRATUM CORNEUM—Although the stratum corneum 
is not a membrane in the same sense as a cell membrane, it 
offers a barrier to diffusion, which is of significance in the 
topical application of drugs. The stratum corneum consists of 
several layers of dead, keratinized, cutaneous epithelial cells 
enmeshed in a matrix of keratin fibers and bound together with 
cementing desmosomes and penetrating tonofibrils of keratin. 
Varying amounts of lipids and fatty acids from dying cells, 
sebum, and sweat are contained among the dead squamous 
cells. Immediately beneath the layer of dead cells and above the 
viable epidermal epithelial cells is a layer of keratohyaline 
granules and various water-soluble substances, such as a- 
amino acids, purines, monosaccharides, and urea. 

Both the upper and lower layers of the stratum corneum are 
involved in the cutaneous barrier to penetration. The barrier to 
penetration from the surface is in the upper layers for water- 
soluble substances and the lower layers for lipid-soluble sub- 


stances, and the barrier to the outward movement of water is in 
the lowest layer. 

MEMBRANE POTENTIALS—Across the cell membrane 
there exists an electrical potential, always negative on the 
inside and positive on the outside. If a cell did not have special- 
membrane electrolyte-transport processes, its membrane po- 
tential would be mainly the result of the Donnan equilibrium 
(see Chapter 14) consequent to the semipermeability of the 
membrane. Such potentials generally lie between 2 and 5 mV. 

A cell with a membrane across which diffusible electrolyte 
distribution is purely passive would be expected to have a high 
internal concentration of sodium, which is true for the eryth- 
rocytes of some species. However, the interior of most cells is 
high in potassium and low in sodium, as depicted in Figure 
57-10. This unequal distribution of cations attests to special 
electrolyte-transport processes and to differential permeabili- 
ties of diffusible ions, so that the membrane potential is higher 
than that which would result from a purely passive Donnan 
distribution. In nerve tissue or skeletal and cardiac muscle, the 
membrane potential ranges upward to about 90 mV. The elec- 
trical gradient is on the order of 50,000 V/cm, because of the 
extreme thinness of the membrane. Obviously, such an intense 
potential gradient will influence strongly the transmembrane 
passages of charged drug molecules. 


DIFFUSION AND TRANSPORT 


Transport is the movement of a drug from one place to another 
within the body. The drug may diffuse freely in uncombined 
form with a kinetic energy appropriate to its thermal environ- 
ment, or it may move in combination with extracellular or 
cellular constituents, sometimes in connection with energy- 
yielding processes that allow the molecule or complex to over- 
come barriers to simple diffusion. 

SIMPLE NONIONIC DIFFUSION AND PASSIVE 
TRANSPORT—Molecules in solution move in a purely ran- 
dom fashion, provided they are not charged and moving in an 
electrical gradient. Such random movement is called diffusion; 
if the molecule is uncharged, it is called nonionic diffusion. 

In a population of drug molecules, the probability that dur- 
ing unit time any drug molecule will move across a boundary is 
directly proportional to the number of molecules adjoining that 
boundary and, therefore, to the drug concentration. Except at 
dilutions so extreme that only a few molecules are present, the 
actual rate of movement (molecules/unit time) is directly pro- 
portional to the probability and, therefore, to the concentration. 
Once molecules have passed through the boundary to the op- 
posite side, their random motion may cause some to return and 
others to continue to move further away from the boundary. 
The rate of return is likewise proportional to the concentration 
on the opposite side of the boundary. It follows that although 
molecules are moving in both directions, there will be a net 
movement from the region of higher to that of lower concentra- 
tion, and the net transfer will be proportional to the concentra- 
tion differential. If the boundary is a membrane, which has 
both substance and dimension, the rate of movement is also 
directly proportional to the permeability and inversely propor- 
tional to the thickness. These factors combine into Fick’s law of 
diffusion, 


dQ _ DA(G, = Go) (5) 
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where @ is the net quantity of drug transferred across the 
membrane, ¢ is time, C, is the concentration on one side and C, 
that on the other, x is the thickness of the membrane, A is the 
area, and D is the diffusion coefficient, related to permeability. 
Since a biological membrane is heterogeneous, with pores of 
different sizes and probably with varying thickness and com- 


position, both D and x probably vary from place to place. Nev- 
ertheless, some mean values can be assumed. 

It is customary to combine the membrane factors into a 
single constant, called a permeability constant or coefficient, P, 
so that P = D/x, and A in Equation 5 has unit value. The rate 
of net transport (diffusion) across the membrane then becomes 


dQ 
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As diffusion continues, C, approaches C,, and the net rate, 
dQ/dt, approaches zero in exponential fashion, characteristic of 
a first-order process. Equilibrium is defined as that state in 
which C, = C,. The equilibrium is, of course, dynamic, with 
equal numbers of molecules being transported in each direction 
during unit time. If water also is moving through the mem- 
brane, it may either facilitate the movement of drug or impede 
it, according to the relative directions of movement of water 
and drug; this effect of water movement is called solvent drag. 

IONIC OR ELECTROCHEMICAL DIFFUSION—If a 
drug is ionized, the transport properties are modified. The 
probability of penetrating the membrane is still a function of 
concentration, but it is also a function of the potential differ- 
ence or electrical gradient across the membrane. A cationic 
drug molecule will be repelled from the positive charge on the 
outside of the membrane, and only those molecules with a high 
kinetic energy will pass through the ion barrier. If the cation is 
polyvalent, it may not penetrate at all. 

Once inside the membrane, a cation simultaneously will be 
attracted to the negative charge on the intracellular surface of 
the membrane and repelled by the outer surface; it is said to be 
moving along the electrical gradient. If it also is moving from a 
higher toward a lower concentration, it is said to be moving 
along its electrochemical gradient, which is the sum of the 
influences of the electrical field and the concentration differen- 
tial across the membrane. 

Once inside the cell, cations will tend to be kept inside by 
the attractive negative charge on the interior of the cell, and 
the intracellular concentration of drug will increase until, by 
sheer numbers of accumulated drug particles, the outward 
diffusion or mass escape rate equals the inward transport rate, 
and electrochemical equilibrium is said to have occurred. At 
electrochemical equilibrium at body temperature (37°), ionized 
drug molecules will be distributed according to the Nernst 
equation, 


Hog == (7) 


where C,, is the molar extracellular, and C, the intracellular, 
concentration; Z is the number of charges per molecule, and E 
is the membrane potential in millivolts. Log C,/C;, is positive 
when the molecule is negatively charged and negative when 
the molecule is positively charged. 

FACILITATED DIFFUSION—Sometimes a substance 
moves more rapidly through a biological membrane than can be 
accounted for by the process of simple diffusion. This acceler- 
ated movement is termed facilitated diffusion. It is thought to 
be due to the presence of a special molecule within the mem- 
brane, called a carrier, with which the transported substance 
combines. There is considered to be greater permeability to the 
carrier-drug complex than to the drug alone, so that the trans- 
port rate is enhanced. After the complex traverses the mem- 
brane, it dissociates. The carrier must either return to the 
original side of the membrane to be reused or constantly be 
produced on one side and eliminated on the other for the carrier 
process to be continuous. Many characteristics of facilitated 
diffusion, formerly attributed to ion carriers, can be explained 
by ion exchange. Although facilitated diffusion resembles ac- 
tive transport, below, in its dependence upon a continuous 
source of energy, it differs in that facilitated diffusion will only 
transport a molecule along its electrochemical gradient. 


DRUG ABSORPTION, ACTION, AND DISPOSITION 1111 


ACTIVE TRANSPORT—Active transport may be defined 
as energy-dependent movement of a substance through a bio- 
logical membrane against an electrochemical gradient. It is 
characterized by 


1. The substance is transported from a region of lower to one of higher 
electrochemical activity. 

2. Metabolic poisons interfere with transport. 

3. The transport rate approaches an asymptote (ie, saturates) as con- 
centration increases. 

4. The transport system usually shows a requirement for specific 
chemical structures. 

5. Closely related chemicals are competitive for the transport system. 


Many drugs are secreted from the renal tubules into urine, 
from liver cells into bile, or from the cerebrospinal fluid into 
blood by active transport, but the role of active transport of 
drugs in the distribution into most body compartments and 
tissues is less well known. Active transport is required for the 
penetration of a number of sympathomimetics into neural tis- 
sue and for the movement of several anticancer drugs across 
cell membranes. 

PINOCYTOSIS AND EXOCYTOSIS—Many, perhaps 
all, cells are capable of a type of phagocytosis called pinocytosis. 
The cell membrane has been observed to invaginate into a 
saccular structure containing extracellular materials and then 
pinch off the saccule at the membrane, so that the saccule 
remains as a vesicle or vacuole within the interior of the cell. 
Since metabolic activity is required and since an extracellular 
substance may be transported against an electrochemical gra- 
dient, pinocytosis shows some of the same characteristics as 
active transport. However, pinocytosis is relatively slow and 
inefficient compared with most active transport, except in GI 
absorption, in which pinocytosis is of considerable importance. 

It is not known to what extent pinocytosis contributes to the 
transport of most drugs, but many macromolecules and even 
larger particles can be absorbed by the gut. Pinocytosis proba- 
bly explains the oral efficacy of the Sabin polio vaccine. Some 
drugs themselves affect pinocytosis; eg, adrenal glucocorticoids 
markedly inhibit the process in macrophages and other cells 
involved in inflammation. 

Exocytosis is more or less the reverse of pinocytosis. Gran- 
ules, vacuoles, or other organelles within the cell move to the 
cell membrane, fuse with it, and extrude their contents into the 
interstitial space. 


PHYSICOCHEMICAL FACTORS 
IN PENETRATION 


a ae RN SS] 
Drugs and other substances may traverse the membrane primar- 
ily either through the pores or by dissociation into the membrane 
lipids and subsequent diffusion from the membrane into the cy- 
tosol or other fluid on the far side of the membrane. The physico- 
chemical prerequisites differ according to which route is taken. To 
pass through the pores, the diameter of the molecule must be 
smaller than the pore, but the molecule can be longer than the 
pore diameter. The probability that a long, thin molecule will be 
oriented properly is low unless there is also bulk flow, and the 
transmembrane passage of large molecules is slow. 
Water-soluble molecules with low lipid solubility usually 
are thought to pass through the membrane mainly via the 
pores and, to a small extent, by pinocytosis, although work with 
lipid monolayers suggests that small, water-soluble molecules 
also may be able to pass readily through the lipid, and the 
necessity of postulating the existence of pores has been ques- 
tioned. Nevertheless, experimental data on penetration over- 
whelmingly favor the concept of passage of water-soluble, lipid- 
insoluble substances through pores. If there is a membrane 
carrier or active transport system, a low solubility of the drug 
in membrane lipids is no impediment to penetration, since the 
drug-carrier complex is assumed to have an appropriate solu- 
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bility, and energy from an active transport system enables the 
drug to penetrate the energy barrier imposed by the lipids. 
Actually, the lipids are not an important energy barrier; rather, 
the barrier is the force of attraction of the solvent water for its 
dipolar-to-polar solute, so that it is difficult for the solute to 
leave the water and enter the lipid. 

Drugs with a high solubility in the membrane lipids pass 
easily through the membrane. Even when their dimensions are 
small enough to permit passage through pores, lipid-soluble 
drugs primarily pass through the membrane lipids, not only 
because chemical partition favors the lipid phase but also be- 
cause the surface area occupied by pores is only a small fraction 
of the total membrane area. 

LIPID SOLUBILITY AND PARTITION COEFFI- 
CIENTS—As early as 1902, Overton investigated the impor- 
tance of lipid solubility to the penetration and absorption of 
drugs. Eventually, it was recognized that more important than 
lipid solubility was the lipid-water distribution coefficient; ie, a 
high lipid solubility does not favor penetration unless the water 
solubility is low enough so that the drug is not entrained in the 
aqueous phase. 

In Figure 57-11 is illustrated the relationship between the 
chloroform-water partition coefficient and the colonic absorp- 
tion of barbiturates. Chloroform probably is not the optimal 
lipid solvent for such a study, and natural lipids from nerve or 
other tissues have been shown to be superior in the few in- 
stances in which they have been employed. Nevertheless, the 
correlation shown in the figure is a convincing one. 

When the water solubility of a substance is so low that a 
significant concentration in water or extracellular fluid cannot 
be achieved, absorption may be negligible in spite of a favorable 
partition coefficient. Hence, mineral oil, petrolatum, etc, virtu- 
ally are unabsorbed. The optimal partition coefficient for per- 
meation of the skin appears to be lower than that for the 
permeation of the cell membrane, perhaps being as low as one. 
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Figure 57-11. The relationship of absorption of the un-ionized A 
forms of drugs from the colon of the rat to the chloroform:water 
partition coefficient (courtesy, Schanker®). 
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DIPOLARITY, POLARITY, AND NONIONIC DIFFU- 
SION—tThe partition coefficient of a drug depends upon the 
polarity and the size of the molecule. Drugs with a high dipole 
moment, even though un-ionized, have a low lipid solubility 
and, hence, penetrate poorly. An example of a highly dipolar 
substance with a low partition coefficient, which does not pen- 
etrate into cells, is sulfisoxazole. Sulfadiazine is somewhat less 
dipolar, has a chloroform-water partition coefficient 10 times 
that of sulfisoxazole, and readily penetrates cells. Ionization 
not only diminishes lipid solubility greatly but also may im- 
pede passage through charged membranes (see Ionic Diffusion, 
page 1111). 

It often is stated that ionized molecules do not penetrate 
membranes, except for ions of small diameter. This is not 
necessarily true, because of the presence of membrane carriers 
for some ions, which effectively may shield or neutralize the 
charge (ion-pair formation). The renal tubular transport sys- 
tems, which transport such obligate ions as tetraethylammo- 
nium, probably form ion-pairs. Furthermore, if an ionized mol- 
ecule has a large nonpolar moiety such that an appreciable 
lipid solubility is imparted to the molecule in spite of the 
charge, the drug may penetrate, although usually at a slow 
rate. For example, various morphinan derivatives are absorbed 
passively from the stomach even though they are ionized com- 
pletely at the pH of gastric fluid. Nevertheless, when a drug is 
a weak acid or base, the un-ionized form, with a favorable 
partition coefficient, passes through a biological membrane so 
much more readily than the ionized form that for all practical 
purposes, only the un-ionized form is said to pass through the 
membrane. This has become known as the principle of nonionic 
diffusion. 

This principle is the reason that only the concentrations of 
the un-ionized form of the barbiturates are plotted in Figure 
57-11. 

For the purpose of further illustrating the principle, Table 
57-1 is provided.’ In the table, the permeability constants for 
penetration into the cerebral spinal fluid of rats are higher for 
un-ionized drugs than for ionized ones. The apparent excep- 
tions—barbital, sulfaguanidine, and acetylaminoantipyrine— 
may be explained by the dipolarity of the un-ionized molecules. 
With barbital, the two lipophilic ethyl groups are too small to 
compensate for the considerable dipolarity of the un-ionized 
barbituric acid ring; also it may be seen that barbital is appre- 
ciably ionized, which contributes to the relatively small perme- 
ability constant. Sulfaguanidine and acetylaminoantipyrine 
are both very polar molecules. Mecamylamine also might be 
considered an exception, since it shows a modest permeability 
even though strongly ionized; there is no dipolarity in 
mecamylamine except in the amino group. 


Absorption is the process of movement of a drug from the site of 
application into the extracellular compartment of the body. 
Inasmuch as there is a great similarity among the various 
membranes that a drug may pass through to gain access to the 
extracellular fluid, it might be expected that the particular site 
of application (or route) would make little difference to the 
successful absorption of the drug. In actual fact, it makes a 
great deal of difference; many factors, other than the structure 
and composition of the membrane, determine the ease with 
which a drug is absorbed. These factors are discussed in the 
following sections, along with an account of the ways that drug 
formulations may be manipulated to alter the ability of a drug 
to be absorbed readily. 


ROUTES OF ADMINISTRATION 


Drugs may be administered by many different routes. The 
various routes include oral, rectal, sublingual or buccal, paren- 
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Table 57-1. Rates of Entry of Drugs in CSF and the Degrees of lonization of Drugs at pH 7.4’ 


% BINDING TO PLASMA 


% UN-IONIZED PERMEABILITY CONSTANT 


DRUG/CHEMICAL PROTEIN pK,? AT pH 7.4 (P min!) + S.E. 

Drugs mainly ionized at pH 7.4 
5-Sulfosalicylic acid 22 (strong) 0 <0.0001 
N-Methylnicotinamide <10 (strong) 0 0.0005 + 0.00006 
5-Nitrosalicylic acid 42 3 0.001 0.001 + 0.0001 
Salicylic acid 40 3.0 0.004 0.006 + 0.0004 
Mecamylamine 20 ez 0.016 0.021 + 0.0016 
Quinine 76 8.4 9.09 0.078 + 0.0061 

Drugs mainly un-ionized at pH 7.4 
Barbital <P de5 55.7 0.026 + 0.0022 
Thiopental 75 7.6 61.3 0.50 + 0.051 
Pentobarbital 40 8.1 83.4 0.17 + 0.014 
Aminopyrine 20 5.0 99.6 0.25 + 0.020 
Aniline 15 4.6 99.8 0.40 + 0.042 
Sulfaguanidine 6 >10.0° >99.8 0.003 + 0.0002 
Antipyrine 8 1.4 SOs 0.12 + 0.013 
N-Acety|-4-aminoantipyrine <3 0.5 SEES 0.012 + 0.0010 


* The dissociation constant of both acids and bases is expressed as the pK,, the negative logarithm of the acidic dissociation constant. 
© Sulfaguanidine has a very weakly acidic group (pK, > 10) and two very weakly basic groups (pK, 2.75 and 0.5). Consequently, the compound is almost 


completely undissociated at pH 7.4. 


teral, inhalation, and topical. The choice of a route depends 
upon both convenience and necessity. 

ORAL ROUTE—This is obviously the most convenient 
route for access to the systemic circulation, providing that 
various factors do not militate against this route. Oral admin- 
istration does not always give rise to sufficiently high plasma 
concentrations to be effective; some drugs are absorbed unpre- 
dictably or erratically; patients occasionally have an absorption 
malfunction. Drugs may not be given by mouth to patients with 
GI intolerance or who are in preparation for anesthesia or who 
have had GI surgery. Oral administration also is precluded in 
coma. 

Rect AL ROUTE Drugs that ordinarily are adminis- 
tered by the oral route usually can be administered by injection 
or by the alternative lower enteral route, through the anal 
portal into the rectum or lower intestine. With regard to the 
latter, rectal suppositories or retention enemas formerly were 
used quite frequently, but their popularity has abated some- 
what, owing to improvements in parenteral preparations. Nev- 
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Figure 57-12. Blood concentration in mg/100 mL of theophylline 
(ordinate) following administration to humans of aminophylline 
in the amounts and by the routes indicated. Doses: per 70 kg. 
Theophylline-ethylenediamine by various routes: —— intravenous, 
0.59;-:--- retention enema, 0.5 g; — --- — -+- — oral tablets-Pl, 
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ertheless, they continue to be valid and, sometimes, very im- 
portant ways of administering a drug, especially in pediatrics 
and geriatrics. In Figure 57-12° the availability of a drug by 
retention enema may be compared with that by the intrave- 
nous and oral routes and rectal suppository administration. It 
is apparent that the retention enema may be a very satisfactory 
means of administration but that rectal suppositories may be 
inadequate when rapid absorption and high plasma levels are 
required. The illustration is not intended to lead the reader to 
the conclusion that a retention enema always will give more 
prompt and higher blood levels than the oral route, for converse 
findings for the same drug have been reported,’ but rather to 
show that the retention enema may offer a useful substitute for 
the oral route. 

SUBLINGUAL_OR BUCCAL ROUTE—FEven though an 
adequate plasma concentration eventually may be achievable 
by the oral route, it may rise much too slowly for use in some 
situations when a rapid response is desired. In such situations 
parenteral therapy usually is indicated. However, the patients 
with angina pectoris may get quite prompt relief from an acute 
attack by the sublingual or buccal administration of nitroglyc- 
erin, so that parenteral administration may be avoided. When 
only small amounts of drugs are required to gain access to the 
blood, the buccal route may be very satisfactory, providing the 
physicochemical prerequisites for absorption by this route are 
present in the drug and dosage form. Only a few drugs may be 
given successfully by this route. 

PARENTERAL ROUTES—These routes, by definition, in- 
clude any route other than the oral-GI (enteral) tract, but in 
common medical usage the term excludes topical administra- 
tion and includes only various hypodermic routes. Parenteral 
administration includes the intravenous, intramuscular, and 
subcutaneous routes. Parenteral routes may be employed 
whenever enteral routes are contraindicated (see above) or 
inadequate. 

The intravenous route may be preferred on occasion, even 
when a drug may be well absorbed by the oral route. There is no 
delay imposed by absorption before the administered drug 
reaches the circulation, and blood levels rise virtually as rap- 
idly as the time necessary to empty the syringe or infusion 
bottle. Consequently, the intravenous route is the preferred 
route when an emergency calls for an immediate response. 

In addition to the rapid rise in plasma concentration of drug, 
another advantage of intravenous administration is the greater 
predictability of the peak plasma concentration, which, with 
some drugs, can be calculated with a fair degree of precision. 
Smaller doses generally are required by the intravenous than 
by other routes, but this usually affords no advantage, inas- 
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much as the sterile injectable dosage form costs more than 
enteric preparations, and the requirements for medical or para- 
medical supervision of administration also may add to the cost 
and inconvenience. 

Because of the rapidity with which drug enters the circula- 
tion, dangerous side effects to the drug may occur, which are 
often not extant by other routes. The principal untoward-effect 
is a depression of cardiovascular function, which is often called 
drug shock. Consequently, some drugs must be given quite 
slowly to avoid vasculotoxic concentrations of drug in the 
plasma. Acute, serious, allergic responses also are more likely 
to occur by the intravenous route than by other routes. 

Many drugs are too irritant to be given by the oral, intra- 
muscular, or subcutaneous route and must, of necessity, be 
given intravenously. However, such drugs also may cause dam- 
age to the veins (phlebitis) or, if extravasated, cause necrosis 
(slough) around the injection site. Consequently, such irritant 
drugs may be diluted in isotonic solutions of saline, dextrose, or 
other media and given by slow infusion, providing that the 
slower rate of delivery does not negate the purpose of the 
administration in emergency situations. 

Absorption by the intramuscular route is relatively fast, and 
this parenteral route may be used when an immediate effect is 
not required but a prompt effect is desirable. Intramuscular 
deposition also may be made of certain repository preparations, 
rapid absorption not being desired. Absorption from an intra- 
muscular depot is more predictable and uniform than from a 
subcutaneous site. 

Irritation around the injection site is a frequent accompani- 
ment of intramuscular injection, depending upon the drug and 
other ingredients. Because of the dangers of accidental intra- 
venous injection, medical supervision generally is required. 
Sterilization is necessary. 

In subcutaneous administration the drug is injected into the 
alveolar connective tissue just below the skin. Absorption is 
slower than by the intramuscular route but, nevertheless, may 
be prompt with many drugs. Often, however, absorption by this 
route may be no faster than by the oral route. Therefore, when 
a fairly prompt response is desired with some drugs, the sub- 
cutaneous route may not offer much advantage over the oral 
route, unless for some reason the drug cannot be given orally. 

The slower rate of absorption by the subcutaneous route is 
usually the reason why the route is chosen, and the drugs given 
by this route are usually those in which it is desired to spread 
the action out over a number of hours, to avoid either too 
intense a response, too short a response, or frequent injections. 
Examples of drugs given by this route are insulin and sodium 
heparin, neither of which is absorbed orally, and both of which 
should be absorbed slowly over many hours. In the treatment of 
asthma, epinephrine usually is given subcutaneously to avoid 
the dangers of rapid absorption and consequent dangerous 
cardiovascular effects. Many repository preparations, including 
tablets or pellets, are given subcutaneously. As with other 
parenteral routes, irritation may occur. Sterile preparations 
also are required. However, medical supervision is not required 
always and self-administration by this route is customary with 
certain drugs, such as insulin. 

Intradermal injection, in which the drug is injected into, 
rather than below, the dermis, is rarely employed, except in 
certain diagnostic and test procedures, such as screening for 
allergic or local irritant responses. 

Occasionally, even by the intravenous route, it is not possi- 
ble, practical, or safe to achieve plasma concentrations high 
enough so that an adequate amount of drug penetrates into 
special compartments, such as the cerebrospinal fluid, or var- 
ious cavities, such as the pleural cavity. The brain is especially 
difficult to penetrate with water-soluble drugs. The name 
blood-brain barrier is applied to the impediment to penetra- 
tion. When drugs do penetrate, the choroid plexus often se- 
cretes them back into the blood very rapidly, so that adequate 
levels of drugs in the cerebrospinal fluid may be difficult to 


achieve. Consequently, intrathecal or intraventricular admin- 
istration may be indicated. 

Body cavities such as the pleural cavity normally are wetted 
by a small amount of effusate that is in diffusion equilibrium 
with the blood and, hence, is accessible to drugs. However, 
infections and inflammations may cause the cavity to fill with 
serofibrinous exudate that is too large to be in rapid diffusion 
equilibrium with the blood. Intracavitary administration, thus, 
may be required. It is extremely important that sterile, nonir- 
ritating preparations be used for intrathecal or intracavitary 
administration. 

INHALATION ROUTE—Inhalation may be employed for 
delivering gaseous or volatile substances into the systemic 
circulation, as with most general anesthetics. Absorption is 
virtually as rapid as the drug can be delivered into the alveoli 
of the lungs, since the alveolar and vascular epithelial mem- 
branes are quite permeable, blood flow is abundant, and there 
is a very large surface for absorption. 

Aerosols of nonvolatile substances also may be administered 
by inhalation, but the route is used infrequently for delivery 
into the systemic circulation because of various factors that 
contribute to erratic or difficult-to-achieve blood levels. 
Whether or not an aerosol reaches and is retained in pulmo- 
nary alveoli depends critically upon particle size. Particles 
larger than 1 pm in diameter tend to settle in the bronchioles 
and bronchi, whereas particles smaller than 0.5 wm fail to 
settle and mainly are exhaled. Aerosols are employed mostly 
when the purpose of administration is an action of the drug 
upon the respiratory tract itself. An example of a drug com- 
monly given as an aerosol is isoproterenol, which is employed to 
relax the bronchioles during an asthma attack. 

TOPICAL ROUTE—Topical administration is employed to 
deliver a drug at, or immediately beneath, the point of appli- 
cation. Although occasionally enough drug is absorbed into the 
systemic circulation to cause systemic effects, absorption is too 
erratic for the topical route to be used routinely for systemic 
therapy. However, various transdermal preparations of nitro- 
glycerin and clonidine are employed quite successfully for sys- 
temic use. Some investigations with aprotic solvent vehicles 
such as dimethyl] sulfoxide (DMSO) also have generated inter- 
est in topical administration for systemic effects. A large num- 
ber of topical medicaments are applied to the skin, although 
topical drugs are also applied to the eye, nose, throat, ear, 
vagina, etc. 

In man, percutaneous absorption probably occurs mainly 
from the surface. Absorption through the hair follicles occurs, 
but the follicles in man occupy too small a portion of the total 
integument to be of primary importance. Absorption through 
sweat and sebaceous glands generally appears to be minor. 
When the medicament is rubbed on vigorously, the amount of 
the preparation that is forced into the hair follicles and glands 
is increased. Rubbing also forces some material through the 
stratum corneum without molecular dispersion and diffusion 
through the barrier. Rather large particles of substances such 
as sulfur have been demonstrated to pass intact through the 
stratum corneum. When the skin is diseased or abraded, the 
cutaneous barrier may be disrupted or defective, so that per- 
cutaneous absorption may be increased. Since much of a drug 
that is absorbed through the epidermis diffuses into the circu- 
lation without reaching a high concentration in some portions 
of the dermis, systemic administration may be preferred in lieu 
of, or in addition to, topical administration. 


FACTORS THAT AFFECT ABSORPTION 


In addition to the physicochemical properties of drug molecules 
and biological membranes, various factors affect the rate of 
absorption and determine, in part, the choice of route of 
administration. 


CONCENTRATION—It is self-evident that the concentra- 
tion, or, more exactly, the thermodynamic activity, of a drug in 
a drug preparation will have an important bearing upon the 
rate of absorption, since the rate of diffusion of a drug away 
from the site of administration is directly proportional to the 
concentration. Thus, a 2% solution of lidocaine will induce local 
anesthesia more rapidly than a 0.2% solution. However, drugs 
administered in solid form are not absorbed necessarily at the 
maximal rate (see Physical State of Formulation and Dissolu- 
tion Rate, below). 

After oral administration the concentration of drugs in the 
gut is a function of the dose, but the relationship is not neces- 
sarily linear. Drugs with a low aqueous solubility (eg, digitoxin) 
quickly saturate the GI fluids, so that the rate of absorption 
tends to reach a limit as the dose is increased. The peptizing 
and solubilizing effects of bile and other constituents of the GI 
contents assist in increasing the rate of absorption but are in 
themselves somewhat erratic. Furthermore, many drugs affect 
the rates of gastric, biliary, and small intestinal secretion, 
which causes further deviations from a linear relationship be- 
tween concentration and dose. 

Drugs that are administered subcutaneously or intramus- 
cularly also may not always show a direct linear relationship 
between the rate of absorption and the concentration of drug in 
the applied solution, because osmotic effects may cause dilution 
or concentration of the drug, if the movement of water or 
electrolytes is different from that of the drug. Whenever possi- 
ble, drugs for hypodermic injection are prepared as isotonic 
solutions. Some drugs affect the local blood flow and capillary 
permeability, so that at the site of injection there may be a 
complex relationship of concentration achieved to the concen- 
tration administered. 

PHYSICAL STATE OF FORMULATION AND DISSO- 
LUTION RATE—tThe rate of absorption of a drug may be 
affected greatly by the rate at which the drug is made available 
to the biological fluid at the site of administration. The intrinsic 
physicochemical properties, such as solubility and the thermo- 
dynamics of dissolution, are only some of the factors that affect 
the rate of dissolution of a drug from a solid form. Other factors 
include not only the unavoidable interactions among the vari- 
ous ingredients in a given formulation but also deliberate in- 
terventions to facilitate dispersion (eg, comminution, Chapter 
38 and dissolution, Chapter 35) or retard it (eg, coatings, Chap- 
ter 46 and slow-release formulations, Chapter 47). There also 
are factors that affect the rate of delivery from liquid forms. For 
example, a drug in a highly viscous vehicle is absorbed more 
slowly from the vehicle than a drug in a vehicle of low viscosity; 
in oil-in-water emulsions the rate depends upon the partition 
coefficient. These manipulations are the subject of biopharma- 
ceutics (see Chapter 47). 

AREA OF ABSORBING SURFACE—The area of absorb- 
ing surface is an important determinant of the rate of absorp- 
tion. To the extent that the therapist must work with the 
absorbing surfaces available in the body, the absorbing surface 
is not subject to manipulation. However, the extent to which 
the existing surfaces may be used is subject to variation. In 
those rare instances in which percutaneous absorption is in- 
tended for systemic administration, the entire skin surface is 
available. 

Subsequent to subcutaneous or intramuscular injections, 
the site of application may be massaged to spread the injected 
fluid from a compact mass to a well-dispersed deposit. Alter- 
natively, the dose may be divided into multiple small injec- 
tions, although this recourse is generally undesirable. 

The different areas for absorption afforded by the various 
routes account, in part, for differences in the rates of absorption 
by those routes. The large alveolar surface of the lungs allows 
extremely rapid absorption of gases, vapors, and properly aero- 
solized solutions; with some drugs the rate of absorption may 
be nearly as fast as with intravenous injection. In the gut the 
small intestine is the site of the fastest, and hence most, ab- 
sorption because of the small lumen and highly developed villi 
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and microvilli; the stomach has a relatively small surface area, 
so that even most weak acids are absorbed predominately in 
the small intestine despite a pH partition factor that should 
favor absorption from the stomach (see The pH Partition Prin- 
ciple, page 1117). 

VASCULARITY AND BLOOD FLOW—Although the 
thermal velocity of a freely diffusible, average drug molecule is 
on the order of meters per second, in solution the rate at which 
it will diffuse away from a reference point will be much slower. 
Collisions with water and/or other molecules that cause a ran- 
dom motion, and the forces of attraction between the drug and 
water or other molecules, slow the net mean velocity. 

The time taken to traverse a given distance is a function of 
the square of the distance; on average it would take about 0.01 
sec for a net outward movement of 1 um, 1 sec for 10 wm, 100 
sec for 100 um, etc. In a highly vascular tissue, such as skeletal 
muscle, in which there may be more than 1000 capillaries/mm? 
of cross-section, a drug molecule would not have to travel more 
than a few microns, hence less than a second on average, to 
reach a capillary from a point of extravascular injection. 

Once the drug reaches the blood, diffusion is not important 
to transport and the rate of blood flow determines the move- 
ment. The velocity of blood flow in a capillary is about 1 mm/ 
sec, which is 100 times faster than the mean net velocity of 
drug molecules 1 mm away from their injection site. The veloc- 
ity of blood flow is even faster in the larger vessels. Overall, less 
than a minute is required to distribute drug molecules from the 
capillaries at the injection site to the rest of the body. 

From the above discussion it follows that absorption is most 
rapid in the vascular tissues. Drugs are absorbed more rapidly 
from intramuscular sites than from less vascular subcutaneous 
sites, etc. Despite the small absorbing surface for buccal or 
sublingual absorption, the high vascularity of the buccal, gin- 
gival, and sublingual surfaces favors an unexpectedly high rate 
of absorption. Because of hyperemia, absorption will be faster 
from inflamed than from normal areas, unless the presence of 
edema lengthens the mean distance between capillaries and, 
thus, negates the effects of hyperemia on absorption. 

Vasoconstriction may have a profound effect upon the rate 
of absorption. When a local effect of a drug is desired, as in local 
anesthesia, absorption away from the infiltered site may be 
impeded greatly by vasoconstrictors included in the prepara- 
tion. Unwanted vasoconstriction sometimes may cause serious 
problems. For example, on World War I battlegrounds many 
wounded soldiers were given subcutaneous morphine without 
evident effect. As a result, injections were sometimes repeated 
more than once. When the patient was removed to the field 
hospital, toxic effects would occur suddenly. The explanation is 
that cold-induced vasoconstriction occurred in the field; when 
the patient was warmed in the hospital, vasodilation would 
result and the victim would be flooded with drug. Shock also 
contributes to the effect, since during shock the blood flow is 
diminished, and there also may be a superimposed vaso- 
constriction; repair of the shock condition then facilitates 
absorption. 

Extravascularly injected molecules too large to pass through 
the capillary endothelium will, of necessity, enter the systemic 
circulation through the lymph. Thus, the lymph flow may be 
important to the absorption of a few drugs. 

MOVEMENT—A number of factors combine so that move- 
ment at the site of injection increases the rate of absorption. In 
the intestine, segmental movements and peristalsis aid in di- 
viding and dispersing the drug mass. The continual mixing of 
the chyme helps keep the concentration maximal at the muco- 
sal surface. The pressures developed during segmentation and 
peristalsis also may favor a small amount of filtration. Move- 
ment at the site of hypodermic injection also favors absorption, 
since it tends to force the injected material through the tissue, 
increasing the surface area of drug mass and decreasing the 
mean distance to the capillaries. Movement also increases the 
flow of blood and lymph. The selection of a site for intramus- 
cular injection may be determined by the amount of expected 
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movement, according to whether the preparation is intended as 
a fast-acting or a repository preparation. 

GASTRIC MOTILITY AND EMPTYING—The motility of 
the stomach is more important to the rate at which an orally 
administered drug is passed on to the small intestine than it is 
to the rate of absorption from the stomach itself, since for 
various reasons noted above, absorption from the stomach is 
usually of minor importance. 

The average emptying time of the unloaded stomach is 
about 40 min, and the half-time is about 10 min, though it 
varies according to its contents, reflex and psychological fac- 
tors, and the action of certain autonomic drugs or disease. The 
effect of food to delay absorption is due, in part, to its action to 
prolong emptying time. The emptying time causes a delay in 
the absorption of drug, which may be unfavorable or favorable 
according to what is desired. In the case of therapy with ant- 
acids, gastric emptying is a nuisance, since it removes the 
antacid from the stomach where it is needed. 

SOLUBILITY AND BINDING—The dissolution of drugs 
of low solubility is generally a slow process. Indeed, low solu- 
bility is the result of a low rate of departure of drug molecules 
from the undispersed phase. Furthermore, since the concentra- 
tion around the drug mass is low, the concentration gradient 
from the site of deposition to the plasma is small, and the rate 
of diffusion is low, accordingly. 

When it is desired that a drug have a prolonged action but 
not a high plasma concentration, a derivative of low solubility 
is often sought. The insoluble estolates and other esters of 
several steroids have durations of action of weeks because of 
the slow rates of absorption from the sites of injection. Insolu- 
ble salts or complexes of acidic or basic drugs also are employed 
as repository preparations; for example, the procaine salt of 
penicillin G has a low solubility and is used in a slow-release 
form of the antibiotic. 

The solubility of certain macromolecules depends critically 
on the ionization of substituent groups. When they are am- 
phiprotic, they are least soluble at their isoelectric pH. Insulin 
is normally soluble at the pH of the extracellular fluid, but by 
combining insulin with the right proportion of a basic protein, 
such as protamine, the isoelectric pH can be made to be approx- 
imately 7.4, and the complex can be used as a low-solubility, 
prolonged-action drug. For more details, see Chapter 47. 

Some drugs may bind with natural substances at or near the 
site of application. The strongly ionized mucopolysaccharides 
in connective tissue, ground substance, and mucous secretions 
of the gut retard the absorption of a number of drugs, especially 
large cationic or polycationic molecules. In the gut, the binding 
is the least at low pH, which should favor absorption of large 
cations from the stomach; however, absorption from the stom- 
ach is slow (see above), so that the absorption of large cations 
occurs mainly in the upper duodenum where the pH is still 
relatively low. Pharmacologically inactive quaternary ammo- 
nium compounds sometimes are included in an oral prep- 
aration of a quaternary ammonium drug for the purpose of 
saturating the binding sites of mucin and other mucopolysac- 
charides and, thereby, enhancing the absorption of drug. 

In addition to mucopolysaccharides in mucous secretions, 
food in the GI tract binds many drugs and slows absorption. 
Antacids, especially aluminum hydroxide plus other basic alu- 
minum compounds and magnesium trisilicate, bind amine and 
ammonium drugs and interfere with absorption. 

DONNAN EFFECT—The presence of a charged macromol- 
ecule on one side of a semipermeable membrane (impermeable 
to the macromolecule) will alter the concentration of permeant 
ionized particles according to the Donnan equilibrium (page 
1118). Accordingly, drug molecules of the same charge as the 
macromolecule will be constrained to the opposite side of the 
membrane. The presence of appropriately charged macromole- 
cules not only will influence the distribution of drug ions in 
accordance with the Donnan equation but also increase the 
rate of transfer of the drug across the membrane, because of 
mutual ionic repulsion. This effect is sometimes used to facili- 


tate the absorption of ionizable drugs from the GI tract. The 
Donnan effect also operates to retard the absorption of drug 
ions of opposite charge; however, the mutual electrostatic at- 
traction of a macromolecule and drug ion generally results in 
actual binding, which is more important than the Donnan 
effect. 

VEHICLES AND ABSORPTION ADJUVANTS—Drugs 
that are to be applied topically to the skin and mucous mem- 
branes often are dissolved in vehicles that are thought to en- 
hance penetration. For a long time it was thought that oleagi- 
nous vehicles promoted the absorption of lipid-soluble drugs. 
However, the role and effect of the vehicle has proven to be 
quite complex. In the skin at least five factors are involved: 


1. The effect of the vehicle to alter the hydration of the keratin in the 
barrier layer. 

2. The effect of the vehicle to promote or prevent the collection of 
sweat at the surface of the skin. 

3. The partition coefficient of the drug in a vehicle-water system. 

4. The permeability of the skin to the undissolved drug. 

5. The permeability of the skin to the vehicle. 


The effect of the vehicle to aid in the access of the drug to the 
hair follicles and sebaceous glands also may be involved, al- 
though in man the follicles and glands are probably ordinarily 
of minor importance to absorption. 

A layer of oleaginous material over the skin prevents the 
evaporation of water, so that the stratum corneum may become 
macerated and more permeable to drugs. In dermatology it is 
sometimes the practice to wrap the site of application with 
plastic wrap or some other waterproof material for the purpose 
of increasing the maceration of the stratum corneum. However, 
the layer of perspiration that forms under an occlusive vehicle 
may become a barrier to the movement of lipid-soluble drugs 
from the vehicle to the skin, but it may facilitate the movement 
of water-soluble drugs. Conversely, polyethylene glycol vehi- 
cles remove the perspiration and dehydrate the barrier, which 
decreases the permeability to drugs; such vehicles remove the 
aqueous medium through which water-soluble drugs may pass 
down into the stratum corneum but at the same time facilitate 
the transfer of lipid-soluble drugs from the vehicle to the skin. 

Even in the absence of a vehicle, it is not clear what phys- 
icochemical properties of a drug favor cutaneous penetration, 
high lipid-solubility being a prerequisite, according to some 
authorities, and an ether-water partition coefficient of approx- 
imately one, according to others. Yet, the penetration of ethanol 
and dibromomethane are nearly equal, and other such enigmas 
exist. It is not surprising, then, that the effects of vehicles are 
not altogether predictable. 

A general statement might be made that if a drug is quite 
soluble in a poorly absorbed vehicle, the vehicle will retard the 
movement of the drug into the skin. For example, salicylic acid 
is 100 times as permeant when absorbed from water than from 
polyethylene glycol, and pentanol is five times as permeant 
from water as from olive oil. Yet, ethanol penetrates five times 
faster from olive oil than from either water or ethanol, all of 
which denies the trustworthiness of generalizations about 
vehicles. 

For several decades there has been much interest in certain 
highly dielectric, aprotic solvents, especially dimethyl] sulfoxide 
(DMSO). Such substances generally prove to be excellent sol- 
vents for both water- and lipid-soluble compounds and for some 
compounds not soluble in either water or lipid solvents. The 
extraordinary solvent properties probably are due to a high 
polarizability and van der Waals bonding capacity, a high 
degree of polarization (dipole moment), and a lack of associa- 
tion through hydrogen bonding. As a vehicle, DMSO greatly 
facilitates the permeation of the skin and other biological mem- 
branes by numerous drugs, including such large molecules as 
insulin. The mechanism is understood poorly. Such vehicles 
have a potential for many important uses, but they are at 
present only experimental, pending further investigations on 
toxicity. 


From time to time, a claim is made that a new ingredient of 
a tablet or elixir enhances the absorption of a drug, and a 
comparison of plasma levels of the old and new preparations 
seems to support the claim. Upon further investigation, how- 
ever, it may be revealed that the new so-called absorption 
adjuvant is replacing an ingredient that previously bound the 
drug or delayed its absorption; thus, the new adjuvant is not an 
adjuvant but rather it is only a nondeterrent. 

OTHER FACTORS—A number of other, less well defined 
factors affect the absorption of drugs, some of which may op- 
erate, in part, through factors already cited above. Disease or 
injury has a considerable effect upon absorption. For example, 
debridement of the stratum corneum increases the permeabil- 
ity to topical agents, meningitis increases the permeability of 
the blood-brain barrier, biliary insufficiency decreases the ab- 
sorption of lipid-soluble substances from the intestine, and 
acid-base disturbances can affect the absorption of weak acids 
or bases. Certain drugs, such as ouabain, that affect active 
transport processes may interfere with the absorption of cer- 
tain other drugs. The condition of the ground substance, or 
intracellular cement, probably bears on the absorption of cer- 
tain types of molecules. Hyaluronidase, which depolymerizes 
the mucopolysaccharide ground substance, can be demon- 
strated to facilitate the absorption of some, but not all, drugs 
from subcutaneous sites. 


The term drug disposition is used here to include all processes 
that tend to lower the plasma concentration of drug, as opposed 
to drug absorption, which elevates the plasma level. Conse- 
quently, the distribution of drugs to the various tissues is 
considered under Disposition. Some authors use the term dis- 
position synonymously with elimination, that is, to include only 
those processes that decrease the amount of drug in the body. 
In the present context, disposition comprises three categories of 
processes: distribution, biotransformation, and excretion. 


DISTRIBUTION, BIOTRANSFORMATION, 
AND EXCRETION 


The term distribution denotes the partitioning of a drug among 
the numerous locations where a drug may be contained within 
the body. Biotransformations are the alterations in the chem- 
ical structure of a drug that are imposed upon it by the life 
processes. Excretion is, in a sense, the converse of absorption, 
namely, the transportation of the drug or its products out of the 
body. The term applies whether or not special organs of excre- 
tion are involved. 


Distribution 


The body may be considered to comprise a number of compart- 
ments: enteric (GI), plasma, interstitial, cerebrospinal fluid, bile, 
glandular secretions, urine, storage vesicles, cytoplasm or intra- 
cellular space, etc. Some of these compartments, such as urine and 
secretions, are open-ended, but since their contents relate to those 
in the closed compartments, they also must be included. 

At first thought, it may seem that if a drug was distributed 
passively (ie, by simple diffusion) and the plasma concentration 
could be maintained at a steady level, the concentration of a drug 
in the water in all compartments ought to become equal. It is true 
that some substances, such as ethanol and antipyrine, are distrib- 
uted nearly equally throughout the body water, but they are more 
the exception than the rule. Such substances are mainly small, 
uncharged, nondissociable, highly water-soluble molecules. 

The condition of small size and high water solubility allows 
passage through the pores without the necessity of carrier or 
active transport. Small size also places a limit on van der Waals 
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binding energy and configurational complementariness, so that 
binding to proteins in plasma, or cells, is slight. The presence of 
a charge on a drug molecule makes for unequal distribution 
across charged membranes, in accordance with the Donnan 
distribution (see below). Dissociability causes unequal distri- 
bution when there is a pH differential between compartments, 
as discussed under The pH Partition Principle (see below). 
Thus, even if a drug is distributed passively, its distribution 
may be uneven throughout the body. When active transport 
into, or rapid biotransformation occurs within, some compart- 
ments, uneven distribution also is inevitable. 

THE pH PARTITION PRINCIPLE—An important con- 
sequence of nonionic diffusion is that a difference in pH be- 
tween two compartments will have an important influence 
upon the partitioning of a weakly acidic or basic drug between 
those compartments. The partition is such that the un-ionized 
form of the drug has the same concentration in both compart- 
ments, since it is the form that is freely diffusible; the ionized 
form in each compartment will have the concentration that is 
determined by the pH in that compartment, the pK and the 
concentration of the un-ionized form. The governing effect of 
pH and pK on the partition is known as the pH partition 
principle. 

To illustrate the principle, consider the partition of salicylic 
acid between the gastric juice and the interior of a gastric 
mucosal cell. Assume the pH of the gastric juice to be 1, which 
it occasionally becomes. The pK, of salicylic acid is 3 (Martin’® 
provides one source of pK values of drugs). With the Hender- 
son-Hasselbalch equation (see Chapter 17) it may be calculated 
that the drug is only 1% ionized at pH 1. (The relationship of 
ionization and partition to pH and pK has been formulated 
in several different ways, but the student may calculate the 
concentrations from simple mass law equations. More sophis- 
ticated calculations and reviews of this subject are avail- 
able.®:1!1°) The intracellular pH of most cells is about 7. As- 
suming the pH of the mucosal cell to be the same, it may be 
calculated that salicylic acid will be 99.99% ionized within the 
cells. Since the concentration of the un-ionized form is theoret- 
ically the same in both gastric juice and mucosal cells, it follows 
that the total concentration of the drug (ionized + un-ionized) 
within the mucosal cell will be 10,000 times greater than that 
in gastric juice. This is illustrated in Figure 57-13. Such a 
relatively high intracellular concentration can have important 
osmotic and toxicological consequences. 
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Figure 57-13. Hypothetical partition of salicylic acid between gas- 
tric juice and the cytoplasm of a gastric mucosal cell. It is assumed 
that the ionized form cannot pass through the cell membrane. The 
intragastric concentration of salicylic acid is arranged arbitrarily to 
provide unit concentration of the un-ionized form. Bracketed val- 
ues, concentration; arrows, relative size depicts the direction in 
which dissociation-association is favored at equilibrium. 
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Had the drug been a weak base instead of an acid, the high 
concentration would have been in the gastric juice. In the small 
intestine, where the pH may range from 7.5 to 8.1, the partition 
of a weak acid or base will be the reverse of that in the stomach, 
but the concentration differential will be lower, because the pH 
differential from lumen to mucosal cells, etc, will be lower. The 
reversal of partition as the drug moves from the stomach to the 
small intestine accounts for the phenomenon that some drugs 
may be absorbed from one GI segment and returned to another. 
The weak base atropine is absorbed from the small intestine, 
but because of pH partition, it is secreted into the gastric juice. 

The pH partition of drugs has never been demonstrated to 
be as marked as that illustrated in Figure 57-13 and in the text. 
Not only do many drug ions probably pass through the pores of 
the membrane to a significant extent, but also some may pass 
through the lipid phase, as explained above for the morphinans 
and mecamylamine. Furthermore, ion-pair formation in carrier 
transport also bypasses nonionic diffusion. All processes that 
tend toward an equal distribution of drugs across membranes 
and among compartments will cause further deviations from 
theoretical predictions of pH partition. 

ELECTROCHEMICAL AND DONNAN DISTRIBU- 
TION—A drug ion may be distributed passively across a mem- 
brane in accordance with the membrane potential, the charge 
on the drug ion, and the Donnan effect. The relationship of the 
membrane potential to the passive distribution of ions is ex- 
pressed quantitatively by the Nernst equation (Eq 7) and al- 
ready has been discussed. Barring active transport, pH parti- 
tion, and binding, the drug will be said to be distributed 
according to the electrical gradient or to its equilibrium poten- 
tial. If the membrane potential is 90 mV, the concentration of a 
univalent cation will be 30 times as high within the cell as 
without; if the drug cation is divalent, the ratio will be 890. The 
distribution of anions would be just the reverse. If the mem- 
brane potential is but 9 mV, the ratio for a univalent cation will 
be only 1.4 and for a divalent cation only 2.0. It thus can be seen 
how important membrane potential may be to the distribution 
of ionized drugs. 

It was pointed out under Membrane Potentials, page 1110, 
that large potentials derive from active transport of ions but 
that small potentials may result from Donnan distribution. 
Donnan membrane theory is discussed in Chapter 20. Accord- 
ing to the theory, the ratio of intracellular/extracellular con- 
centration of a permeant univalent anion is equal to the ratio of 
extracellular/intracellular concentration of a permeant univa- 
lent cation. A more general mathematical expression that in- 
cludes ions of any valence is 
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where A; is the intracellular and A, the extracellular concen- 
tration of anion, Z, is the valence of cation, Z, is the valence of 
anion, C; is the intracellular and C, the extracellular concen- 
tration of cation, and r is the Donnan factor. The value of r 
depends upon the average molecular weight and valence of the 
macromolecules (mostly protein) within the cell and the intra- 
cellular and extracellular volumes. Since the macromolecules 
within the cell are charged negatively, the cation concentration 
will be higher within the cell; that is, C; > C,. Since a Donnan 
distribution results in a membrane potential, the distribu- 
tion of drug ion also will be in keeping with the membrane 
potential. 

The Donnan distribution also applies to the distribution of a 
charged drug between the plasma and interstitial compart- 
ment, because of the presence of anionic proteins in the plasma. 
Equation 8 applies by changing the subscript 7 to p, for plasma, 
and e to i, for interstitial. The Donnan factor, r, for plasma— 
interstitial space partition is about 1.05:1. 

BINDING AND STORAGE—Drugs frequently are bound 
to plasma proteins (especially albumin), interstitial sub- 
stances, intracellular constituents, and bone and cartilage. If 
binding is extensive and firm, it will have a considerable impact 


upon the distribution, excretion, and sojourn of the drug in the 
body. Obviously, a drug that is bound to a protein or any other 
macromolecule will not pass through the membrane in the 
bound form; only the unbound form can negotiate among the 
various compartments. 

The partition among compartments is determined by the 
binding capacity and binding constant in each compartment. 
As long as the binding capacity exceeds the quantity of drug in 
the compartment, the following equation generally applies: 


log D, = log K + a log D, 


where D,, is the concentration of bound drug, D; is the concen- 
tration of free drug, and a and K are constants characteristic of 
the drug and binding macromolecule. The equation is that of a 
Freundlich isotherm. As the binding capacity is approached, 
the relationship no longer holds. For a nondissociable drug at 
equilibrium, D; will be the same in all communicating compart- 
ments, so that it would be possible to calculate the partition if 
K and a are known for each compartment. Except for plasma, 
the values of K and a are generally unknown, but the percent- 
age bound is often known. 

From the percentage bound, the partition also can be calcu- 
lated, as in Figure 57-14.'” However, the logarithmic relation- 
ships shown in Equation 9 serve as a reminder that the per- 
centage bound changes with the concentration, so that the 
partition will vary with the dose. If the drug is a weak acid or 
base, the un-ionized free form negotiates among the compart- 
ments, but the ionized form is often the more firmly bound, and 
calculations must take into account the dissociation constant 
and the different Ks and as of the ionized and un-ionized forms. 

It is misbelieved commonly that binding in the plasma in- 
terferes with the activity of a drug and the intracellular bind- 
ing in a responsive cell increases activity or toxicity. Both 
binding in plasma and in the tissues decreases the concentra- 
tion of free drug, but this is easily remedied by adjusting the 
dose to give a sufficient concentration for pharmacological ac- 
tivity. The distribution and activity of the free form are not 
affected by binding. The principal effect of binding is to in- 
crease the initial dose requirement for the drug and create a 
reservoir of drug from which the drug may be withdrawn as the 
free form is excreted or metabolized. However, if the binding is 
extremely firm and release is slow, the rate of release may not 
be enough to sustain the free form at a level sufficient for 
pharmacological activity; in such instances the bound drug 
cannot be considered a reserve. 

The effect of binding upon the sojourn of a drug may be 
considerable. For example, quinacrine, which may be concen- 
trated in the liver to as much as several thousand times the 
concentration in plasma, may remain in the body for months. 
Some iodine-containing, radiopaque, diagnostic agents are 
bound strongly to plasma protein and may remain in the 
plasma for as long as 2 yr. In pathological conditions, such as 
nephrosis, diabetes, or cirrhosis, in which plasma protein levels 
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Figure 57-14. Distribution of a drug between two compartments in 
which the degrees of binding to protein differ. The percentage of 
binding is indicated. Only the unbound drug can pass through 
the membrane. Bracketed values: concentration (courtesy, 
Schanker'?). 


may be decreased, the plasma protein binding, loading dose, 
and duration of action all may be decreased. 

If a drug is bound to a functional macromolecule, binding 
may relate to pharmacological activity and toxicity, providing 
that the binding is at a critical center of the macromolecule. 
The binding by nucleic acids of certain antimalarials, such as 
quinacrine, undoubtedly contributes to the parasiticidal ac- 
tions as well as to toxicity. 

Most drugs are bound to proteins by relatively weak forces, 
such as van der Waals (London, Keesom, or Debye) forces, or 
hydrogen or ionic bonds. Consequently, binding constants gen- 
erally are small, and binding is usually readily reversible. The 
larger the molecule, the greater the van der Waals bonding, so 
that large drug molecules are more likely to be bound strongly 
than are small ones. 

Just as shape and the nature of functional groups are im- 
portant to drug-receptor combination, so they also are to bind- 
ing. Drugs of similar shape and/or chemical affinities may bind 
at the same sites on a binding protein and hence compete with 
one another. For example, phenylbutazone displaces warfarin 
from human plasma albumin, which may cause an increase in 
the anticoagulant effect of warfarin. Some drugs also may 
displace protein-bound endogenous constituents. For example, 
sulfisoxazole displaces bilirubin from plasma proteins; in in- 
fants with kernicterus the freed bilirubin floods the CNS and 
causes sometimes fatal toxicity. 

Depending on the lipid-water coefficient, a drug may be taken 
up into fatty tissue. The ratio of concentration in fat to that in the 
plasma, will not be the same as dictated by the partition coeffi- 
cient, because of the content of water and nonlipids in adipose 
tissue, and because electrolytes and other solutes alter the dielec- 
tric constant and hence solubilities from those of pure water. 
Lipoproteins and even nonpolar substituents on plasma proteins 
also take up lipid-soluble molecules, so that solubility in plasma 
can be considerably higher than that in water. The relatively high 
solubility of ether in plasma makes plasma a pool for ether, the 
filling of which delays the onset of anesthesia. However, ether and 
other volatile anesthetics are taken up gradually into the adipose 
tissue, which acts as a store of the anesthetic. The longer the 
anesthetic is administered, the greater the store, and the longer it 
takes for anesthesia to terminate when inhalation has been 
discontinued. 

Another notable substance that is taken up readily into fat 
is thiopental. Even though there is a high solubility of this 
barbiturate in fat, the low rate of blood flow in fat limits the 
rate of uptake. Because the blood flow in the brain is very high, 
thiopental rapidly enters brain tissue. However, it soon equil- 
ibrates with the other tissues, and the brain concentration falls 
as that in the other tissues (eg, muscle or liver) increases. As 
the brain concentration falls, anesthesia ceases. Gradually, the 
fat accumulates the drug at the expense of other compart- 
ments. The gradual entry of thiopental into fat at the expense 
of plasma, muscle, or liver is illustrated in Figure 57-15. 

NONEQUILIBRIUM AND REDISTRIBUTION—Thus 
far, the distribution of drugs has been discussed mainly as 
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Figure 57-15. Predisposition of thiopental for fat; 25 mg/kg was 
given to a dog. After a brief sojourn in the more vascular tissues, 
thiopental gradually transfers to fat, where the lipid-soluble drug 
dissolves in fat droplets (courtesy, Brodie and Hogben'?). 
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though equilibrium or steady-state conditions exist after a drug 
is absorbed and distributed. However, since most drugs are 
administered at intervals and the body content of drug rises 
and falls with absorption and biotransformation-excretion, nei- 
ther a true equilibrium among the body compartments nor a 
steady state exist. 

The term equilibrium is used misleadingly to describe the 
conditions that exist when the plasma concentration and the 
concentration in a tissue are equal, as exemplified at the point 
of intersection of the curves for plasma and muscle or plasma 
and fat in Figure 57-15. But such equilibrium with fat occurs 
much later than equilibrium with muscle, so that no true 
equilibrium really exists among all the compartments. Fur- 
thermore, the crossover point for plasma and any one tissue is 
not necessarily an equilibrium point, because the rates of in- 
gress and egress from the tissue are not necessarily equal when 
the internal and external concentrations are equal, since there 
are numerous factors that make for unequal distribution (pH 
partition, Donnan effect, electrochemical distribution, active 
transport, binding, etc). 

A study of Figure 57-15 shows that the distribution of thio- 
pental continually changed during the 3.5 hr of observation. At 
the end of the period, the content in fat was still increasing, 
while that in each of the other compartments was decreasing. 
This time-dependent shift in partition is called redistribution. 
Eventually, the content in fat would have reached a peak, 
which would represent as nearly a true equilibrium point as 
could be achieved in the dynamic situation where biotransfor- 
mation and a slight amount of excretion of the drug was taking 
place. Once the concentration in the fat had reached its peak, 
its content would have declined in parallel with that in the 
other tissues, and the partition among the compartments 
would have remained essentially constant. Redistribution, 
then, takes place only until the concentration in the slowest- 
filling compartment reaches its peak, so long as the kinetics of 
elimination are constant. 

An index of distribution known as the volume of distribution 
(amount of drug in the body divided by plasma concentration) 
is of considerable usefulness in pharmacokinetics but is of 
limited value in defining the way in which a drug is partitioned 
in the body. Volume of distribution is discussed on page 1130. 

The word space often is used synonymously with volume of 
distribution. It is employed especially when the distributed 
substance has a volume of distribution that is essentially iden- 
tical to a physical real space or body compartment. N-acetyl-4- 
aminoantipyrine is distributed evenly throughout the total 
body water and is not bound to proteins or other tissue constit- 
uents. Thus, the acetylaminoantipyrine space, or volume of 
distribution, coincides with that of total body water. Inulin, 
sucrose, sulfate, and a number of other substances essentially 
are confined to extracellular water, so that an inulin space, for 
example, measures the extracellular fluid volume. Evans blue 
is confined to the plasma, so that the Evans blue space is the 
plasma volume. Such space measurements with standard 
space indicators are a necessary part of studies on the distri- 
bution of drugs, since it is desirable to compare the volume of 
distribution of a drug with the physiological spaces. 


Biotransformations 


Most drugs are acted upon by enzymes in the body and con- 
verted to metabolic derivatives called metabolites. The process 
of conversion is called biotransformation. Metabolites are usu- 
ally more polar and less lipid-soluble than the parent drug 
because of the introduction of oxygen into the molecule, hydro- 
lysis to yield more highly polar groups, or conjugation with a 
highly polar substance. As a consequence, metabolites often 
show less penetration into tissues and less renal tubular re- 
sorption than the parent drug, in accordance with the principle 
of the low penetration of polar and high penetration of lipid- 
soluble substances. For similar reasons, metabolites, particu- 
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larly conjugates, are usually less active than the parent drug 
and often inactive. Even if they are appreciably active, they 
generally are excreted more rapidly. Therefore, the usual net 
effect of biotransformation may be said to be one of inactivation 
or detoxication. 

There are, however, numerous examples in which biotrans- 
formation does not result in inactivation. Table 58-3 lists a 
number of drugs that generate active metabolites; in a few 
instances activity derives entirely from the metabolite. 

There are also examples in which the parent drug has little 
or no activity of its own but is converted to an active metabolite: 
parathion, malathion, and certain other anticholinesterases 
require metabolic activation; inactive chloroguanide is con- 
verted to an active triazine derivative; phenylbutazone is hy- 
droxylated to the antirheumatic hydroxyphenylbutazone; inac- 
tive pentavalent arsenicals are reduced to their active trivalent 
metabolites, and there are other examples of an activating 
biotransformation. 

When a delayed or prolonged response to a drug is desired or 
an unpleasant taste or local reaction is to be avoided, it is a 
common pharmaceutical practice to prepare an inactive or non- 
offending precursor, such that the active form may be gener- 
ated in the body. This, practice has been termed drug latentia- 
tion. Chloramphenicol palmitate, dichloralphenazone, and the 
estolates of various steroid hormones are examples of deliber- 
ately latentiated drugs. Because inactive metabolites do not 
always result from biotransformation, the term detoxication 
should not be used as a synonym for biotransformation. 

Biotransformations take place principally in the liver, al- 
though the kidney, skeletal muscle, intestine, or even plasma 
may be important sites of the enzymatic attack of some drugs. 
Biotransformations in plasma are mostly hydrolytic. 

ENDOPLASMIC RETICULUM AND MICROSOMAL 
SYSTEM—Many biotransformations in the liver occur in the 
endoplasmic reticulum. The endoplasmic reticulum is a tubular 
system that courses through the interior of the cell but also 
appears to communicate with the interstitial space, and its 
membrane is continuous with the cell membrane. Some of the 
reticulum is lined with ribonucleoprotein particles, called ribo- 
somes, which are engaged in protein synthesis; this is the 
rough endoplasmic reticulum. The smooth endoplasmic reticu- 
lum lacks such a granular appearance. The endoplasmic retic- 
ulum is invested heavily with numerous enzymes, which bio- 
transform many drugs and some endogenous substances. 

When a broken-cell homogenate of the liver is prepared, the 
reticulum becomes fragmented, and the fragments form vesic- 
ular structures called microsomes. Although the microsomes 
are artifacts, it is often the practice to refer to drug metabolism 
as occurring in microsomes rather than in the endoplasmic 
reticulum. 

The microsomal system is peculiar in that both oxidations 
and reductions usually require the reducing cofactor, reduced 
nicotinamide adenine dinucleotide phosphate (NADPH). This 
is because microsomal oxidations proceed by way of the intro- 
duction of oxygen rather than by dehydrogenation, and 
NADPH is essential to reduce one of the atoms of oxygen. The 
drug first binds to an oxidized cytochrome P-450. The drug- 
cytochrome complex then is reduced by NADPH-—cytochrome 
P-450 reductase; the reduced complex then combines with ox- 
ygen, after which the metabolite is released and oxidized cyto- 
chrome P-450 is regenerated. Cytochrome P-450 is a generic 
term for a superfamily of enzymes. ‘’ 

The general designation of the cytochromes P-450 is CYP 
followed by number (the family) and letter (the subfamily) 
subdivisions. The classification is based on amino acid se- 
quence homology. To belong to the same family, the homology 
must be greater than 40% and to the same subfamily greater 
than 59%. The form is indicated by a number that is based 
upon the chronological discovery order. The major human 
forms involved in drug metabolism are CYP1A1 and CYP1A2, 
CYP2A6, CYP2B6, CYP2C8, CYP2C9/10, CYP2C18/19, 
CYP2D6, CYP2E1, CYP3A4, CYP3A5, and CYP3A7. In concen- 
tration, CYP3As comprise 40% of the liver P-450, CYP2Cs 


comprise 25%, and CYP1A2 about 15%. Despite its limited 
concentration (2%), CYP2D6 metabolizes about one-fourth of 
currently used drugs and is widely tested for because of a 
genetic polymorphism in which 5 to 10% of the population are 
poor metabolizers. The different isozymes present in humans, 
together with which drugs they metabolize, are of increasing 
importance in understanding drug interactions and toxicities 
and individual responses to standardized doses. 

In addition to cytochrome P-450, the endoplasmic reticulum 
contains flavoprotein monooxygenases, which are also respon- 
sible for the oxidative metabolism of drugs. The mechanism of 
oxidation differs from that of cytochrome P-450, and their sub- 
strate (any drug containing a nucleophilic heteroatom) selec- 
tivity is much less. FMO3 is the major human liver form. 

Some of the enzymes of the microsomal system are quite 
easily induced; that is, a drug may increase considerably the 
activity of the enzyme by increasing the biosynthesis of the 
enzyme. An increase in the amount of endoplasmic reticulum 
sometimes occurs concomitantly with enzyme induction. 

The mechanism of induction is best documented for polycy- 
clic aromatic hydrocarbon (Ah)-type inducers but is thought to 
be similar for all agents; however, it involves different recep- 
tors, which interact with different regulatory elements on the 
DNA (Fig 57-16). The cytosol contains proteins that have a high 
affinity for the inducing agents. In normal drug therapy, the 
drug (D) enters the liver cell and, if adequately metabolized, is 
discharged as metabolites. Inefficient clearance from the cell, 
possibly due to high dosage, results in accumulation (ie, ex- 
cess), and some is able to bind to the protein, which has a high 
affinity for the accumulating drug. When the inducing agent 
binds to its receptor, there is a conformational change (for an 
Ah receptor, a heat shock protein is displaced) allowing the 
receptor-inducer complex to translocate into the nucleus, link 
with additional nuclear factors, and initiate the transcription 
of mRNA to a limited number of proteins, by binding to DNA 
regions termed a drug-response element (DRE) (xenobiotic re- 
sponse element for the Ah receptor complex) that activate gene 
transcription. (For polycyclic aromatic hydrocarbons, the acti- 
vated genes including specific isozymes of cytochrome P-450, 
glutathione S-transferase, and UDP-glucuronosyltransferase.) 
These mRNA molecules move out of the nucleus and are trans- 
lated into new proteins on the ribosomes attached to the endo- 
plasmic reticulum. 

The drug-metabolizing enzymes differ in their ability to be 
induced. For cytochrome P-450s, CYP1A2 is induced preferen- 
tially by polycyclic aromatic hydrocarbons and other chemicals 
contained in cigarette smoke and charcoal-broiled meats, as 
well as by components in cruciferous vegetables. CYP2A6 is 
induced by barbiturates as are CYP2C9 and CYP3A4. CYP2C9, 
CYP2C19, and CYP3A4 are all induced by rifampicin, but 
CYP3A4 is additionally induced by many drugs including car- 
bamazepine, phenytoin, glucocorticoids (dexamethasone), clo- 
trimazole, sulfinpyrazone, and macrolide antibiotics such as 
troleandomycin. CYP2E1 can be induced by ethanol and isoni- 
azid. There are no known inducers of CYP2D6. 
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Figure 57-16. 


Treatment of an experimental subject with phenobarbital 
will increase the rate of metabolism of phenobarbital, which 
necessitates larger and more frequent doses of the drug to 
maintain a constant sedative effect. Moreover, phenobarbital 
may induce an increased metabolism of some other, but not all, 
barbiturates as well as some unrelated drugs, such as strych- 
nine and warfarin. Oddly, warfarin does not induce its own 
biotransformation readily. 

Induction may create therapeutic problems. For example, 
the use of phenobarbital during treatment with warfarin in- 
creases the dose requirement for warfarin. If the physician is 
unaware of this interaction and fails to increase the dose, the 
patient may suffer a thrombotic episode. If the dose of warfarin 
has been increased and the phenobarbital is then discontinued, 
the rate of metabolism of warfarin may drop to its previous 
level, so that the patient is overdosed, with hemorrhagic con- 
sequences. Some drugs inhibit rather than induce the microso- 
mal enzymes, which reduces the dose requirement and may 
lead to toxicity. Cimetidine is an example of a drug that inhib- 
its the hepatic metabolism of a number of other drugs. 

The activity of the microsomal biotransformation enzymes 
is affected by many factors other than the presence of drugs. 
Age, sex, nutritional states, pathological conditions, and ge- 
netic factors are among the influences that have been identi- 
fied. Age, particularly, has received considerable attention. In- 
fants have a poorly developed microsomal biotransformation 
system, which accounts for the low dose requirement for mor- 
phine and also explains the high toxicity of chloramphenicol in 
infants. 

The activity and selectivity of the microsomal biotransfor- 
mation system varies greatly from species to species, so that 
care must be exercised in extrapolating experimental findings 
in laboratory animals to man. 

TYPES OF BIOTRANSFORMATIONS-— Biotransforma- 
tions may be degradative, wherein the drug molecule is dimin- 
ished to a smaller structure, or synthetic, wherein one or more 
atoms or groups may be added to the molecule. Very few drugs 
are degraded completely. However, it is more useful to catego- 
rize biotransformations with respect to metabolic (nonconjuga- 
tive) biotransformations and conjugative biotransformations. 
The former is called Phase I and the latter, Phase II. In Phase 
I, pharmacodynamic activity may be lost; however, active and 
chemically reactive intermediates also may be generated. The 
polarity of the molecule may or may not be increased suffi- 
ciently to increase excretion markedly. In Phase II, metabolites 
from Phase I may be conjugated, and sometimes the original 
drug may be conjugated, thus bypassing Phase I. Phase II 
generates metabolites of high polarity, which are excreted 
readily. 

Biotransformations may be placed into four main catego- 
ries: (1) oxidation, (2) reduction, (3) hydrolysis, and (4) conju- 
gation. Oxidation, reduction, and hydrolysis comprise Phase I. 
Conjugation comprises Phase II. 


Oxidation—Oxidation is more common than any other type of 
biotransformation. Oxidations that occur primarily in the liver micro- 
somal system include side-chain hydroxylation; aromatic hydroxyla- 
tion; deamination (which is oxidative and results in the intermediate 
formation of RCHO); N-, O-, and S-dealkylation (which probably in- 
volves hydroxylation of the alkyl group followed by oxidation to the 
aldehyde); and sulfoxide formation. 

Oxidations that occur elsewhere, other than the microsomes, are 
generally dehydrogenations followed by the addition of oxygen or water. 
Examples are the oxidation of alcohols by alcohol dehydrogenase, the 

oxidation of aldehyde by aldehyde dehydrogenase, and the deamination 
of monoamines by monoamine oxidase and diamines by diamine oxi- 
dase. 

Reduction—Reductions are relatively uncommon. They mainly oc- 
cur in liver microsomes, but they occasionally take place in other 
tissues. Examples are the reduction of nitro and nitroso groups (as in 
chloramphenicol, nitroglycerin, and organic nitrites), of the azo group 
(as in prontosil), and of certain aldehydes to the corresponding alcohols. 

Hydrolysis—Hydrolysis is a common biotransformation among es- 
ters and amides. Esterases are located in many structures besides the 
microsomes. For example, cholinesterases are found in plasma, eryth- 
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rocytes, liver, nerve terminals, junctional interstices, and postjunc- 
tional structures, and procaine esterases are found in plasma. Various 
phosphatases and sulfatases also are distributed widely in tissues and 
plasma, although few drugs are appropriate substrates. The hydrolytic 
deamidation of meperidine occurs primarily in the hepatic microsomes. 
The hydrolysis of epoxides, often generated by cytochrome P-450 oxi- 
dations, to form dihydrodiols is an important detoxification reaction. 

Desulfuration, in which oxygen may replace sulfur, takes place in 
the liver. Thiopental is converted in part to pentobarbital by desulfu- 
ration, and parathion is transformed to paraoxon. 

Dehalogenation of certain insecticides and various halogenated hy- 
drocarbons may take place, principally in the liver but not in the 
microsomes. 

Conjugation—A large number of drugs, or their metabolites, are 
conjugated. Conjugation is the biosynthetic process of combining a 
chemical compound with a highly polar and water-soluble natural sub- 
stance to yield a water-soluble, usually inactive, product. Conjugations 
generally involve either esterification, amidation, mixed anhydride for- 
mation, hemiacetal formation, or etherization. 

Glucuronic acid is the most frequent partner to the drug in conju- 
gation. Actually, the drug reacts with uridine diphosphoglucuronic acid 
rather than with simple glucuronic acid. The drug or drug metabolite 
combines at the number 1 carbon (aldehyde end) and not at the carboxyl 
end of glucuronic acid. The hydroxyl group of an alcohol or a phenol 
attacks the number 1 carbon of the pyran ring to replace uridine 
diphosphate. The product is a hemiacetal-like derivative. Since the 
product is not an ester, the term glucuronide is appropriate. Rarely, 
thiols and amines may form analogous glucuronides. 

Carboxyl compounds form esters, appropriately called glucuronates, 
in replacing the uridine diphosphate. Sulfuric acid is also a frequent 
conjugant, especially with phenols and to a lesser extent with simple 
alcohols. The sulfurated product is called an ethereal sulfate. 

Occasionally sulfuric acid conjugates with aromatic amines to form 
sulfamates. Phosphoric acid also conjugates with phenols and aromatic 
amines. The conjugation of benzoic acid with glycine to yield hippuric 
acid is a classical example of an amidation conjugative process. 

Many electrophilic compounds conjugate with the nucleophilic tri- 
peptide, glutathione. Through a series of enzymatic reactions, the y- 
glutamyl and glycyl residues are removed, the remaining cysteine con- 
jugate is N-acetylated, and the product spontaneously dehydrates to 
form a mercapturic acid. 

Amidations with amino acids are less frequent than acetylation, 
partly because few drugs are carboxylic compounds. Aromatic amines 
and occasionally aliphatic amines or heterocyclic nitrogen frequently 
are acetylated. Acetyl-CoA is the biological reagent rather than acetic 
acid itself. Unlike most other conjugates, the acetylate (amide) is usu- 
ally less water-soluble than the parent compound. The acetylation of 
the para-amino group of the sulfonamides is a prime example of this 
type of conjugation. 

Although most conjugations occur in the liver, some occur in the 
kidney or in other tissues. 

Many amines, especially derivatives of B-phenylethylamine and het- 
erocyclic compounds, are methylated in the body. The products are 
usually biologically active, sometimes more so than the parent com- 
pound. N-Methylation may occur in the cytoplasm of the liver and 
elsewhere, especially in chromaffin tissue in the case of phenylethyl- 
amines. 

Phenolic compounds may be O-methylated. O-Methylation is the 
principal route of biotransformation of catecholamines such as epineph- 
rine and norepinephrine, the methyl group being introduced on the 
meta-hydroxy substituent. Both N- and O-methylation require S- 
adenosylmethionine. 

All the drug conjugation reactions are catalyzed by specialized en- 
zymes present in multiple forms. Glucuronidation is catalyzed by UDP- 
glucuronosyltransferases, UGTs, located in the endoplasmic reticulum. 
UGTs are classified in two major classes, UGT1As and UGT2Bs, based 
on amino acid homology, but the two classes also differ in substrate 
selectivity, with UGT1As preferring planar drugs and UGT2Bs prefer- 
ring bulkier molecules. As with cytochrome P-450s, these enzymes are 
inducible, and the two classes differ in their response to various drugs 
and other chemicals. 

Sulfation is catalyzed by sulfotransferases, SULTs, located in the 
cytoplasm. The many isozymes exhibit substrate selectivity, and some 
differ in thermal stability. Unlike most major drug-metabolizing en- 
zymes, SULTs are refractory to induction by drugs. 

Glutathione conjugations are catalyzed by glutathione-S-transferases, 
GSTs, also located in the cytoplasm. The multiple isozymes are designated 
into four major classes: alpha, mu, pi and theta. The isozymes have rela- 
tively low substrate (electrophile) selectivity. Methylation reactions are 
catalyzed by cytoplasmic O-, N-, and S-methyltransferases, and each exists 
in multiple forms. 
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Acetylation is catalyzed by cytoplasmic N-acetyltransferases, NAT1, 
and in the liver, NAT2. NAT2 exhibits a genetic polymorphism, giving 
fast and slow acetylator phenotypes with differing incidences in various 
populations (slow is high in Middle Eastern, low in Asian). 


Excretion 


Some drugs are not biotransformed in the body. Others may be 
biotransformed, but their products still remain to be elimi- 
nated. It follows that excretion is involved in the elimination of 
all drugs and/or their metabolites. Although the kidney is the 
most important organ of excretion, some substances are ex- 
creted in bile, sweat, saliva, or gastric juice or from the lungs. 

RENAL EXCRETION—The excretory unit of the kidney is 
called the nephron (Fig 57-17). There are several million 
nephrons in the human kidney. The nephron is essentially a 
filter funnel, called Bowman’s capsule, with a long stem, called 
a renal tubule. It also is recognized now that the collecting duct 
is functionally a part of the nephron. The blood vessels that 
invest the capsule and the tubule are also an essential part of 
the nephron. 

Bowman’s capsule is packed with a tuft of branching inter- 
connected capillaries (glomerular tuft), which provide a large 
surface area of capillary endothelium (filter paper) through 
which fluid and small molecules may filter into the capsule and 
begin passage down the tubule. The glomerular tuft, together 
with Bowman’s capsule, constitute the glomerulus. The glomer- 
ular capillary endothelium and the supporting layer of Bow- 
man’s capsule have channels ranging upward to 40 A. Conse- 
quently, all unbound crystalloid solutes in plasma, and even a 
little albumin, pass or are forced by pressure into the glomer- 
ular filtrate. 

The postglomerular vessels, which lhe close to the tubules, 
are critically important to renal function in that substances 
resorbed from the filtrate by the tubule are returned to the 
blood along these vessels. The tubule is not straight but rather 
first makes a number of convolutions (called a proximal convo- 
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Figure 57-17. Diagram of a mammalian nephron. Note how the 
lower loops of the postglomerular capillaries course downward 
and double back along with the tubule. This allows countercur- 
rent distribution to maintain hyperosmolar urine within the thin 
segment. 


luted tubule), then courses down and back up a long loop (called 
the loop of Henle), makes more convolutions (the distal convo- 
luted tubule) and finally joins the collecting duct. The loop of 
Henle is divided into a proximal (descending) tubule, a thin 
segment and a distal (ascending) tubule. 

As the glomerular filtrate passes through the proximal tu- 
bule, some solute may be resorbed (tubular resorption) through 
the tubular epithelium and returned to the blood. Resorption 
occurs in part by passive diffusion and in part by active trans- 
port, especially with sodium and glucose. Chloride follows so- 
dium obligatorily. 

In the proximal region, the tubule is quite permeable to 
water, so that resorbed solutes are accompanied by enough 
water to keep the resorbate isotonic. Consequently, although 
the filtrate becomes diminished in volume by approximately 
80% in the proximal tubule, it is not concentrated. 

Some acidification occurs in the proximal tubule as the 
result of carbonic anhydrase activity in the tubule cells and the 
diffusion of hydronium ions into the lumen. In the lumen 
the hydronium ion reacts with bicarbonate ion, which is con- 
verted to resorbable nonionic CO,. 

There is also active transport of organic cations and anions 
into the lumen (tubular secretion), each by a separate system. 
These active transport systems are extremely important in the 
excretion of a number of drugs; for example, penicillin G is 
secreted rapidly by the anion transport system, and tetraeth- 
ylammonium ion by the cation transport system. Probenecid is 
an inhibitor of anion secretion and, hence, decreases the rate of 
loss of penicillin from the body. 

As the filtrate travels through the thin segment it becomes 
concentrated, especially at the bottom, as a result of active 
resorption and a countercurrent-distribution effect enabled by 
the recurrent and parallel arrangement of the ascending seg- 
ment, the parallel orientation of the collecting duct, and the 
similar recurrent geometry of the associated capillaries. 

In the thick segment of the ascending loop of Henle, both 
sodium and chloride are transported actively. 

In the distal tubule, sodium resorption occurs partly in 
exchange for potassium (potassium secretion) and for hydro- 
nium ions. Adrenal mineralocorticoids promote distal tubular 
sodium resorption and potassium and hydronium secretion. 
Ammonia secretion also occurs, so that the urine either may be 
acidified or alkalinized, according to acid-base and electrolyte 
requirements. 

Water is resorbed selectively from the distal end of the 
distal convoluted tubule and the collecting ducts; water resorp- 
tion is under the control of the antidiuretic hormone. 

Drugs also may be resorbed in the distal tubule; the pH of 
the urine there is extremely important in determining the rate 
of resorption, in accordance with the principle of non-ionic 
diffusion and pH partition. The pH of the tubular fluid also 
affects the tubular secretion of drugs. 

As an example of the importance of urinary pH, in humans 
the secondary amine mecamylamine is excreted more than four 
times faster when the urinary pH is below 5.5 than when it is 
above 7.5; Figure 57-18 illustrates the effect of urinary pH on 
the excretion of this amine. The effect of urinary pH on the 
excretion of a weak acid, sulfaethidole, is shown in Figure 
57-19. 

The urinary pH and, hence, drug excretion may fluctuate 
widely according to the diet, exercise, drugs, time of day, and 
other factors. Obviously, the excretion of weak acids and bases can 
be controlled partly with acidifying or alkalinizing salts, such as 
ammonium chloride or sodium bicarbonate, respectively. Compar- 
ative studies on potency and efficacy in man have demonstrated 
the importance of controlling urinary pH. Urinary pH is impor- 
tant only when the drug in question is a weak acid or base of 
which a significant fraction is excreted. The plasma levels will 
change inversely to the excretory rate. For example, it has been 
shown clinically with quinidine that alkalinization of the urine 
not only decreases the urine concentration but also increases the 
plasma concentration and toxicity. 
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Figure 57-18. The effect of urinary pH on the mean cumulative 
excretion in man of mecamylamine during the first day after oral 
administration of 10 mg. Vertical broken lines: standard deviation 
(courtesy, Milne et a/'®) 


The collecting duct also resorbs sodium and water, secretes 
potassium, and acidifies and concentrates the urine. Antidi- 
uretic hormone (ADH) controls the permeability to water of 
both the collecting duct and the distal tubule. 

Renal clearance and the kinetics of renal elimination are 
discussed in Chapter 58. 

BILIARY EXCRETION AND FECAL ELIMINATION— 
Many drugs are secreted into the bile and then pass into the 
intestine. A drug that is passed into the intestine via the bile 
may be reabsorbed and not lost from the body. A drug conjugate 
entering the intestine may be deconjugated by enzymes and the 
parent drug reabsorbed. This cycle of biliary secretion and 


Frequently a patient may receive more than one drug con- 
currently. Case records show that surgical patients com- 
monly receive more than 10 drugs, and the patient is often 
under the influence of several drugs at once. Multiple-drug 
administration also is common for patients hospitalized for 
infections and other disorders. Furthermore, a patient may 
be suffering from more than one unrelated disorder that 
demands simultaneous treatment with two or more drugs. 
In such instances, interactions are unsolicited and often 
unexpected. 

In addition to the administration of drugs concurrently for 
their independent and unrelated effects, drugs are sometimes 
administered concurrently deliberately to make use of expected 
interactions. 


TYPES OF INTERACTION AND REASONS 
FOR COMBINATION THERAPY 


SE TS TL STS TITS NY 
A drug may affect the response to another drug in a quantita- 
tive way. On one hand, the intensity of either the therapeutic 
effect, or side effect, may be augmented or suppressed. On the 
other hand, a qualitatively different effect may be elicited. The 
mechanisms of such interactions are many and are not always 
understood. A drug may not necessarily affect either the qual- 
ity or initial intensity or effect of another drug, but may cause 
significant to profound changes in the duration of action. The 
nature of this type of interaction generally is understood fairly 
well, although it may not yet have been ascertained for any 
particular drug combination. The deliberate use of combined 
interacting drugs is most valid when the mechanism of the 
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intestinal resorption is called enterohepatic circulation. Exam- 
ples of drugs enterohepatically circulated are morphine, phe- 
nolphthalein, and the penicillins. The biliary secretory systems 
greatly resemble those of the kidney tubules. The enterohe- 
patic system may provide a considerable reservoir for a drug. 

If a drug is not absorbed completely from the intestine, the 
unabsorbed fraction will be eliminated in the feces. An unab- 
sorbable drug that is secreted into the bile will likewise be 
eliminated in the feces. Such fecal elimination is called fecal 
excretion. Only rarely are drugs secreted into the intestine 
through the succus entericus (intestinal secretions), although a 
number of amines are secreted into gastric juice. 

ALVEOLAR EXCRETION—The large alveolar area and 
high blood flow make the lungs ideal for the excretion of ap- 
propriate substances. Only volatile liquids or gases are elimi- 
nated from the lungs. Gaseous and volatile anesthetics essen- 
tially are eliminated completely by this route. Only a small 
amount of ethanol is eliminated by the lungs, but the concen- 
tration in the alveolar air is related so constantly to the blood 
alcohol concentration that the analysis of expired air is accept- 
able for legal purposes. The high aqueous solubility and rela- 
tively low vapor pressure of ethanol at body temperature ac- 
count for the retention of most of the substance in the blood. 
Carbon dioxide from those drugs that are partly degraded also 
is excreted in the lungs. 


PHARMACOKINETICS 

SP I SSP ES TT ET 
Pharmacokinetics is the science that treats the rate of absorp- 
tion, extent of absorption, rates of distribution among body 
compartments, rate of elimination, and related phenomena. 
Because of its importance, Chapters 58 and 59, Basic Pharma- 
cokinetics and Clinical Pharmacokinetics, have been devoted to 
the subject. 


interaction is understood and the combined effects are both 
quantifiable and predictable. The rationales of drug combina- 
tion and the principles involved are discussed below. 
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Figure 57-19. The effect of urinary pH on the excretion of sulfa- 
ethidole in a human subject after oral administration of 2 g. Bars 
(lower half): urinary pH; circles (open and closed, top): log of the 
amount of drug remaining in the body; negative slopes (of lines 
defined by the circles): a function of the rate constant of excretion. 
Note the abrupt increase in rate when the urinary pH is changed 
from acidic to neutral or slightly alkaline (courtesy, Kostenbauder 
etralic): 
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COMBINATIONS TO INCREASE INTENSITY OF RE- 
SPONSE OR EFFICACY—Sometimes the basis for the action 
of one drug to increase the intensity of response to another is 
well understood, but often the reason for a positive interaction 
is obscure. A terminology has arisen that frequently is not only 
enlightening as to mechanisms and principles but which also is 
somewhat confusing. 

Drugs that elicit the same quality of effect and are mutually 
interactive are called homergic, regardless of whether there is 
anything in common between the separate response systems. 
Thus, the looseness of the term admits a pressor response 
consequent to an increase in cardiac output to be homergic with 
one resulting from arteriolar constriction, even though there is 
not one common responsive element, the blood pressure itself 
being but a passive indicator. However, homergic drugs usually 
have in common at least part of a response system. Thus, both 
norepinephrine and vasopressin stimulate some of the same 
vascular smooth muscle, even though they do not excite the 
same receptors. 

Two homergic drugs can be agonists of the same receptor, so 
that the entire response system is common to both. Such drugs 
are called homodynamic. As discussed under Drug Receptors 
and Receptor Theory (page 1103), homodynamic drugs will 
generate dose-—intensity of effect curves with parallel slopes but 
not necessarily with identical maxima or efficacies, if one of the 
drugs is a partial agonist. 

From mass-law kinetics and dose-effect data of the separate 
drugs, it is possible to predict the combined effects of two 
agonists to the same receptor. If both drugs are full agonists, 
theory predicts that an HDx of Drug A added to an EDy of Drug 
B should elicit the same effect as an EDy of Drug A added to an 
EDx of Drug B. An example is shown in Figure 57-20. Dose- 
percentage data with homodynamic drugs can be treated in the 
same way.”! 

Drugs whose combined effects fit the above conditions are 
called additive. If the response to the combination exceeds the 
expected value for additivity, the drugs are considered to be 
supra-additive. Purely homodynamic drugs do not show supra- 
additivity; however, if one drug in the pair has an additional 
action to affect the concentration or penetration of the other or 
to prime the response system in some way, two agonists to 
the same receptor may exhibit supra-additivity. Two homer- 
gic drugs are infra-additive if their combined effect is less 
than expected from additivity. As with supra-additivity, infra- 
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Figure 57-20. Additive inhibitory effects of tetraethylammonium 
(TEA) and hexamethonium (C6) on the superior cervical ganglion of 
the cat. The theoretical line for additivity was calculated on the 
basis that an increment of TEA added to an EDx of C6 should have 
the same effect as if it were added to an EDx of TEA. When TEA and 
C6 were administered together, an equal amount of each was 
given. The dose is the sum of the doses of the two components 
(courtesy, Harvey7°). 


additivity must involve an action elsewhere than on a common 
receptor. : 

Two drugs are said to be summative if a dose of drug that 
elicits response x added to a dose of another drug that elicits 
response y gives the combined response x + y. Very little 
significance usually can be attached to summation. Unless the 
dose-intensity curve of each drug is linear, rather than log- 
linear, summation cannot be predicted from the two curves. 
When summation does occur with the usual clinical doses of 
two drugs, it almost never occurs over the entire dose range; 
indeed, if the dose of each of the two drugs is greater than an 
ED50, summation is theoretically impossible unless it is pos- 
sible to increase the maximal response. At best, summation is 
an infrequent clinical finding, limited to one or two doses. 

Two drugs are said to be heterergic if the drugs do not cause 
responses of the same quality. When heterergy is positive, ie, 
the response to one drug is enhanced by the other, synergism is 
said to occur. The word often has been used to describe any 
positive interaction, but it should be used only to describe a 
positive interaction between heterergic drugs. The term poten- 
tiation has been used synonymously with synergism, but mis- 
use of the term has led to the recommendation that the term be 
dropped. Synergism is often the result of an effect to interfere 
with the elimination of a drug and, thus, to increase the con- 
centration; synergism also may result from an effect on pene- 
tration or on the responsivity of the effector system. Examples 
of a synergistic effect, in which responsivity is enhanced, are 
the action of adrenalcorticoids to enhance the vasoconstrictor 
response to epinephrine and the increase of epinephrine- 
induced hyperglycemia consequent to impairment by theoph- 
ylline of the enzymatic destruction of the cAMP that mediates 
the response. 

In clinical practice two homodynamic drugs rarely are coad- 
ministered for the purpose of increasing the response, since a 
sufficient dose of either drug should be able to achieve the same 
effect as a combination of the two. Most clinical combinations 
with positively interacting drugs involve heterergic drugs. 

COMBINATIONS TO DECREASE INDIVIDUAL DOSES 
AND TOXICITY—When homodynamic drugs are coadminis- 
tered, it is usually for the purpose of decreasing toxicity. If the 
toxicities of two homodynamic drugs are infra-additive, the 
toxicity of combined partial doses of the two drugs often will be 
less than with full doses of either drug. This principle is valid 
for trisulfapyrimidines mixture (see RPS-18, page 1181). 

COMBINATIONS TO ATTACK A DISEASE COMPLEX 
AT DIFFERENT POINTS—With many diseases, more than 
one organ or tissue may be affected or events at more than one 
locus may bear upon the ultimate perturbation. For example, 
in duodenal ulcer, psychic factors appear to increase activity in 
the vagus nerve, which modulates gastric secretion, so that it is 
rational to explore the effects of sedatives, ganglionic blocking 
drugs, antimuscarinic drugs, and antacids, singly and in com- 
bination. In heart failure the decrement in renal plasma flow 
and changes in aldosterone levels promote the retention of salt 
and water, so that diuretics and digitalis usually are employed 
concomitantly. Pain, anxiety, and agitation or depression are 
frequent accompaniments of various pathological processes, so 
that it is to be expected that analgesics, tranquilizers, seda- 
tives, or antidepressives frequently will be given at the same 
time, along with other drugs intended to correct the specific 
pathology. 

COMBINATIONS TO ANTAGONIZE UNTOWARD AC- 
TIONS—tThe side effects of a number of drugs can be pre- 
vented or suppressed by other drugs. An antagonist may com- 
pete with the drug at the receptor that initiates the side effect, 
depress the side-effector system at a point other than the 
receptor, or stimulate an opposing system. 

Antagonism at the receptor is competitive antagonism if the 
antagonist attaches at the same receptor group as the agonist 
(see page 1104). Antagonism at a different receptor group or 
inhibition elsewhere in the response system is noncompetitive 
antagonism. Both competitive and noncompetitive antagonism 


are classified as pharmacological antagonism. The stimulation 
of an opposing system is physiological antagonism. 

Examples of pharmacological antagonism are the use of 
atropine to suppress the muscarinic effects of excess acetylcho- 
line consequent to the use of neostigmine and the use of anti- 
histaminics to prevent the effects of histamine liberated by 
tubocurarine. Examples of physiological antagonism are the 
use of amphetamine to correct partially the sedation caused 
by anticonvulsant doses of phenobarbital and the administra- 
tion of ephedrine to correct hypotension resulting from spinal 
anesthesia. 

COMBINATIONS THAT AFFECT ELIMINATION— 
Only a few drugs presently are used purposefully to elevate or 
prolong plasma levels by interfering with elimination, although 
continued interest in such drugs probably will increase the 
number. 

Probenecid, which already has been mentioned to antago- 
nize the renal secretion of penicillin, was introduced originally 
for this purpose. However, because penicillin G is inexpensive 
and available in repository forms as well as oral forms (obviat- 
ing the need for injection), it is less imperative to retard the 
excretion of penicillin. The low, nonallergenic toxicity of peni- 
cillin permits very large doses to be given without concern for 
the high plasma concentrations that result, which also means 
that there is little necessity for increasing the biological half- 
life of the drug. Consequently, probenecid is not used routinely 
today in combination with penicillin. 

The use of vasoconstrictors to increase the sojourn of local 
anesthetics at the site of infiltration continues, but few other 
clinical examples of the deliberate use of one drug to interfere 
with either the distribution or elimination of another can be 
cited. Nevertheless, the subject of the effect of one drug on the 
elimination of another has become immensely active. Innumer- 
able drugs affect the fate of others, and the therapist must be 
aware of such interactions. 

Drugs that induce cytochrome P-450s and other drug- 
metabolizing enzymes enhance the elimination of drugs that 
are metabolized by the liver. There would be very little point 
ordinarily in soliciting combinations that would shorten the 
duration of action or lower plasma levels, unless it were to 
reduce an overdosage. However, since such combinations are 
used unwittingly or unavoidably, this type of interaction is of 
great clinical importance. 

Drugs that inhibit cytochrome P-450 will, of course, reduce 
the metabolism of a wide range of additional drugs and serve to 
prolong or elevate plasma concentration. 

COMBINATIONS TO ALTER ABSORPTION—In the 
section Vehicles and Absorption Adjuvants (page 1116) it was 
mentioned that certain substances facilitate the absorption of 
others. The use of such absorption adjuvants generally is in- 
cluded under the subject of formulation rather than under drug 
combination. Although drugs that increase blood flow, motility, 
etc, have an effect to increase the rate of absorption, the use of 
such drugs so far has not proved to be very practical. When it 
is desired to slow the absorption of drugs, various physical or 
physicochemical means prove to be more effective and less 
troublesome than drug combinations. 


Fixed Combinations of Drugs 


Concomitant treatment with two or more drugs frequently is 
unnecessary, and generally, it immeasurably complicates ther- 
apy and the evaluation of response and toxicity. Nevertheless, 
it is often warranted, even essential, and cannot be condemned 
categorically. However, with fixed-dose or fixed-ratio combina- 
tions, in which the drugs are together in the same preparation, 
there are certain disadvantages, except for a few rare instances 
such as trisulfapyrimidines. 

The disadvantages are as follows: patients differ in their 
responsivity or sensitivity to drugs, and adjustments in dosage 
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or dose-interval may be necessary. If adjustment of only one 
component of the mixture is required, it is undesirable that the 
schedule of the second component be adjusted obligatorily, as it 
is in a fixed combination. According to which way the dose is 
adjusted, either toxicity or loss of the therapeutic effect may 
result. Furthermore, when adverse effects to either component 
occur, both drugs must be discontinued. The fixed combination 
denies the physician flexible control of therapy. Especially 
when one component in a mixture is superfluous yet potentially 
toxic, as is often the case, the promotion of fixed combinations 
is reprehensible. However, the separate administration of 
drugs used in combination often complicates treatment for 
patients, who, in an outpatient situation and sometimes in the 
hospital, may not take all of their medication or may take it at 
inappropriate intervals. The resulting consequences may be 
worse than those of fixed combinations in certain instances. 
Consequently, a summary dismissal of fixed combinations is 
unwarranted. Rather, the fundamentals of pharmacokinetics 
and clinical experience must be brought together with biophar- 
maceutics to analyze present combinations and to predict pos- 
sible new allowable combinations. 


DANGERS IN MULTIPLE-DRUG THERAPY 


Some objections to fixed-dose combinations were stated above. 
Also the unanticipated effects of drug combinations have been 
touched upon, particularly with respect to effects upon elimi- 
nation. But it should be made clear that more is at stake than 
simply the biological half-life of a drug. On page 1120 an 
example was given of the grave clinical consequences of the 
effect of phenobarbital enhancing the biotransformation of 
warfarin. Other examples of dangerous interactions, such as 
the effect of several antidepressants in greatly synergizing 
catecholamines, may be cited. Even some antibiotics antago- 
nize each other and increase mortality. 

In addition to the obvious pitfalls posed by the interactions 
themselves, the use of multiple-drug therapy fosters careless 
diagnosis and a false sense of security in the number of drugs 
employed. Multiple-drug therapy should never be employed 
without a convincing indication that each drug is beneficial 
beyond the possible detriments or without proof that a thera- 
peutically equivocal combination is definitely harmless. Fi- 
nally, the expense to the patient warrants consideration. 
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The goal of pharmacotherapy is to provide optimal drug ther- 
apy in the treatment or prevention of disease. A major barrier 
to the achievement of this goal is the large variability in phar- 
macological effect that is observed following drug administra- 
tion (Fig 58-11). The ability to implement drug therapy in a safe 
and rational manner necessitates an understanding of the fac- 
tors that cause this variability. One of the most important 
factors is the concentration of drug that is achieved at the site 
of action. 


THE CRITICAL NATURE 
OF THE CONCENTRATION 
VERSUS EFFECT RELATIONSHIP 


The quantitative response to a drug depends highly on the 
concentration of drug at the site of action. In most situations, 
one cannot quantify drug concentration at the actual site of 
action. Rather, drug concentrations are measured in an easily 
accessible site that is believed to be in equilibrium with the site 
of action (eg, blood or one of its components). Figure 58-2? 
provides a good illustration of a drug whose pharmacological 
effect is particularly sensitive to changes in blood concentra- 
tion. Numerous studies have been published that substantiate 
the critical nature of the concentration-effect relationship for a 
wide variety of drugs. 

It is recognized now that drug therapy may be optimized by 
designing regimens that account for the concentration of a drug 
necessary to achieve a desired pharmacological response. How- 
ever, there is often significant difficulty in achieving such tar- 
get concentrations. In particular, it often is observed that if a 
fixed dose of a drug is administered to a group of individuals, 
the drug concentration measured in plasma can vary widely. 
For example, the peak concentration of 6-mercaptopurine 
achieved in a group of 20 patients who received a standard 1 
mg/m” dose is shown in Figure 58-3.° The concentrations 
ranged from 0 to 660 ng/mL. Taken together, this suggests that 
variability in drug concentration is a major source of variability 
in drug effect, and there may be a significant degree of vari- 
ability among individuals in the drug concentrations produced 
by a given dose of drug. 

A basic understanding of the factors that control drug con- 
centration at the site of action is important for the optimal use 
of drugs. This is the area of study referred to as pharmacoki- 
netics, which is the study of the time course of drug absorption, 
distribution, metabolism, and elimination. 


DRUG CONCENTRATION 
VERSUS TIME PROFILE 


Blood (or its components, plasma or serum) represents the 
most frequently sampled fluid used to characterize the phar- 
macokinetics of drugs. Drug concentration in the blood is the 
sum of several processes (Fig 58-4*). Initially, visual character- 
ization of the processes controlling the concentration of drug in 
the blood can be made by constructing a drug concentration 
versus time profile (ie, a plot of drug concentration in the blood 
versus time). As can be seen from Figure 58-5, several useful 
pieces of information can be derived from such a profile. For 
example, the time at which the peak concentration occurs can 
be approximated and the peak concentration quantified. If the 
minimum concentration needed to maintain a desired effect is 
known, the onset and duration of effect also can be approxi- 
mated. While useful information can be drawn casually from a 
simple graph as depicted in Figure 58-5, a more rigorous de- 
scription of the pharmacokinetics of a drug is necessary to 
achieve the accuracy in dosage regimen design required for the 
safe and effective use of drugs. This higher degree of accuracy 
necessitates the development of mathematical models for de- 
scribing the time course of absorption, distribution, metabo- 
lism, and elimination. 


PHARMACOKINETIC MODELS 


One of the primary objectives of pharmacokinetic models is to 
develop a quantitative method to describe the relationship of 
drug concentration or amount in the body as a function of time. 
The complexity of the pharmacokinetic model will vary with 
the route of administration, the extent and duration of distri- 
bution into various body fluids and tissues, the processes of 
elimination, and the intended application of the pharmacoki- 
netic model. Often, numerous potential mathematical models 
exist for a particular drug. In such cases, the simplest model 
that will adequately and accurately describe the pharmacoki- 
netics of the drug is the model that should be chosen. 

There are a wide variety of potential uses for pharmacoki- 
netic models, which include 


1. Prediction of drug concentration in blood/plasma or tissue. 

2. Calculation of a dosage regimen. 

3. Quantitative assessment of the effect of disease on drug disposition. 
4. Elucidation of the mechanism of disease-induced alterations in 
drug disposition. 

Determination of the mechanism for drug-drug interactions. 
Prediction of drug concentration versus effect relationships. 
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Figure 58-1. Decrease in blood glucose in 97 subjects 30 min after an 
intravenous dose of 1 g of tolbutamide. Note the large variability 
observed after the equivalent dose was administered in this group 
(courtesy, data, Swerdloff et a/"). 


There are three primary types of pharmacokinetic models: com- 
partmental, noncompartmental, and physiological. 

Compartmental models describe the pharmacokinetics of 
drug disposition by grouping body tissues that are kinetically 
indistinguishable and describe the transfer of drug between 
body tissues in terms of rate constants. 

Noncompartmental models describe the pharmacokinetics 
of drug disposition using time- and concentration-averaged 
parameters. 
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Figure 58-2. Blood-pethidine concentration-response curves for 
three individual patients, illustrating a typical range in interpatient 
responses (courtesy, Edwards et a/*). 
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Figure 58-3. Distribution of peak 6-mercaptopurine concentrations 
achieved in a group of 20 patients receiving an oral dose of 1 mg/m? 
(courtesy, data, Sulh et a/?). 


Physiological models attempt to describe drug disposition in 
terms of realistic physiological parameters, such as blood flow 
and tissue-partition coefficients. 


RATES AND ORDERS OF REACTIONS 
ETFO AT OES TO OO 
Many pharmacokinetic models use parameters that are analo- 
gous to rate constants in chemical kinetics. For example, con- 
sider the case of a drug (D) that is metabolized to a metabolite 
(M). 


D—M 


This reaction may be described as a function of either the 
disappearance of the drug or as a function of the appearance of 
the metabolite. If the amount of the drug that is converted to a 
metabolite is a constant with respect to time, the reaction is 
said to be zero-order and is expressed as 


—daD 


(aie oy 


where Ky is the zero-order rate constant with units of mass per 
time (eg, mg/min). A plot of the time-course of the amount of 
the drug in the body that is converted to a metabolite by 
zero-order kinetics is shown in Figure 58-6. Integration of 
Equation 1 yields an equation for a straight line, which de- 
scribes the amount of the drug in the body at any time (0): 


Amount, = —kot + Amount,» = —Rot + Dose (2) 


Zero-order rate processes typically are found when an enzyme 
or transport system becomes saturated and the rate process 
becomes constant and cannot be increased by increases in the 
concentration of substrate. Zero-order rate processes are typi- 
cal of constant-rate intravenous infusions and prolonged- 
release dosage forms. 

If the amount of the drug in the body is converted to a 
metabolite at a rate that is a constant fraction of the amount of 
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Figure 58-4. Diagram illustrating the factors that influence onset, duration, and intensity of drug effects. Note that the drug must dissolve 
before being absorbed and that it passes across many lipoid barriers and some metabolizing systems before reaching the site of action 


(courtesy, Barr’). 


the drug in the body, the conversion of D to M is said to be a 
first-order reaction described by 
dD 


—— = —kD 


3 
a (3) 


where & is the first-order rate constant expressed in units of 
reciprocal time (eg, min 1). Rearrangement of Equation 3 leads 
to 


dD 
Ties —kdt (4) 
and integration of this expression yields 
1 aD 
Jip = np = -Ke + nd, (5) 


where In is the natural logarithm. This equation also can be 
expressed in the exponential form 
D,=D,e ™ (6) 


Graphically, the integrated form usually is expressed in terms 
of log, rather than in natural logarithms (Fig 58-6): 


2.303 


log D = + log Dy (7) 


ANALYTICAL CONSIDERATIONS 


aE LR ESET 
Any discussion of pharmacokinetics presumes that the drug 
concentrations can be determined with a high degree of accu- 


racy and precision. One of the most frequent causes of high 
variability in pharmacokinetic parameters is poor data result- 
ing from imprecise analytical procedures. Evaluation of phar- 
macokinetic data in the literature must begin with an assess- 
ment of the validity of the assay used under the conditions in 
which the study was conducted. An assay must be tested for 
specificity, sensitivity, reproducibility, stability, and accuracy. 
Because drug metabolites are frequently present in the fluid to 
be measured and are similar in structure to the parent com- 
pound, differentiation of drug from any putative metabolites 
must be ensured. 


INSTANTANEOUS INPUT 


WITH INSTANTANEOUS DISTRIBUTION 
RS AEN SR eH BP RT ER OE SRR AE ITT 


The disposition of a drug from its site of administration 
and its distribution and elimination from the body occurs 
via the vascular system. Most drugs are low-molecular- 
weight compounds of sufficient lipophilicity that they are 
able to distribute readily into the intra- and extracellular 
fluid compartments in the body. The transfer of drug from 
the circulation to these fluid compartments and then into 
tissues is called distribution. The pharmacokinetic parame- 
ter volume of distribution is a proportionality constant that 
relates drug concentration in a reference fluid, typically 
plasma, to the amount of drug distributed throughout the 
body. 
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Figure 58-5. Hypothetical plot of drug-concentration data after 
oral administration of a drug. 


Volume of distribution (V,, ) 
Amount of drug in body (D,,) 
Drug concentration (Cp) 


(8) 


Drugs that distribute widely to tissues will have large vol- 
umes of distribution and low plasma concentrations relative to 
the dose administered, whereas drugs that are highly bound to 
plasma proteins (eg, warfarin, phenylbutazone) or do not 
readily enter cells (eg, amikacin) will have low volumes of 
distribution and high plasma concentrations relative to the 
administered dose. 

@ie and Tozer? have developed a physiological model for 
expression of the apparent volume of distribution, which takes 
into account the extracellular water, including plasma- and 
protein-binding of the drug in both plasma and tissue. For an 
average 70-kg male, total body water is about 42 L, of which 
3 Lis plasma and 12 Lis extracellular fluid space. Moreover, 55 
to 60% of the albumin in the extracellular space is found 
outside of plasma. Thus, for drugs that are largely bound to 
albumin, the apparent volume of distribution can be expressed 
as 


Zero—order 


i 
S 


Up 


Vp = 7+ 8f, + Vr (9) 


where f,, is the fraction of the drug in plasma that is unbound 
(often referred to as the free fraction), f,,, is the free fraction of 
drug in tissue, and V, is the volume of intracellular tissue 
water. Equation 9 can be simplified further to 


Von 74 84,4277 (10) 


in 

This model has been extremely useful in predicting the magni- 
tude of changes in the apparent volume of distribution due to 
alterations in (1) plasma protein binding, (2) tissue protein 
binding, and (3) the volume of extracellular and intracellular 
fluid. For example, if a drug distributes into extracellular fluid 
but not intracellular fluid, the apparent volume of distribution 
can be expressed as 


Vp=7+ 8f, (11) 


and will vary between 7 and 15 L, depending upon the extent of 
plasma protein binding to albumin. For such a compound, with 
a relatively small volume of distribution, alterations in the 
plasma protein binding will not produce proportional changes 
in the apparent volume of distribution. Indeed, as reported by 
Williams et al,° the free fraction of tolbutamide in plasma 
increases in patients with cirrhosis by 28%, from 0.068 to 0.087, 
yet the apparent volume of distribution increases less than 
10%, from 0.15 to 0.164 L/kg. Conversely, drugs with a volume 
of distribution greater than total body water indicate drug 
distribution and binding to tissue proteins and other cellular 
components. Such compounds also may be bound highly to 
plasma proteins. With drugs having a large volume of distri- 
bution (>50-100 L), the contribution of plasma and extracel- 
lular water space can be ignored, and Equation 3 simplifies to 


Sh 
= ae (12) 
Vp = 27 | 
Changes in the plasma or plasma-free fraction will produce 
proportional changes in the apparent volume of distribution. 
For example, a twofold increase in the free fraction of drug 
in tissue, f,,,,, will decrease the apparent volume of distribution by 
twofold. Less drug will be distributed to tissue, reflected by an 
increase in plasma concentrations. The volume necessary to 
account for the total amount of drug in the body will appear to 
have been decreased. 

Once a drug is in the vascular system, it is transported by 
the blood to tissues where it can be eliminated from the circu- 
lation by distribution into tissue, metabolism by the tissue, or 
excretion from the tissue (Fig 58-4). All of these processes lower 


First—order 


Slope = —k/2.303 


Slope = -k, Log [D] 


Figure 58-6. Plots illustrating a zero-order and a 
first-order reaction. 


Time 


Time 


the plasma concentration of drug. Each separate process may 
be described by a first-order rate constant, and the overall 
change in the plasma concentration is the net effect of all of 
these parallel, competing, first-order processes. 

Intravenous injection of a drug that has nearly instanta- 
neous distribution and first-order elimination can be described 
by an open one-compartment model (Fig 58-7). The body be- 
haves as if it were a homogeneous compartment. In the one- 
compartment model, distribution is very rapid and can be con- 
sidered instantaneous and is, therefore, ignored. After 
intravenous administration the plasma concentration declines 
exponentially according to 


C= Gicms (13) 


where C, is the initial concentration and 4 is the overall elim- 
ination rate constant. Such an exponential elimination of the- 
ophylline given intravenously, is shown in Figure 58-8.” Ac- 
cording to Equation 13, if the data of Figure 58-8 are plotted on 
semilog paper, a straight line should result, and such a plot is 
shown in Figure 58-9. Several derived data can be obtained 
from a plot of log concentration versus time. Extrapolation to 
zero time (ie, the y-intercept) gives an estimated theoretical 
concentration in plasma at time zero, from which the apparent 
volume of distribution (V,) can be estimated by simply dividing 
the dose by C5. It is a theoretical concentration because neither 
the injection nor distribution are actually instantaneous. 

The half-life of a drug is the time required to reduce the 
amount of drug in the body or the plasma concentration by 
50%. For a first-order process, the half-life is constant and is 
independent of the starting value of the amount of drug in the 
body (or plasma concentration). The plasma half-life, t,,., can 
be determined directly from the graph or from the elimination 
rate constant, A or k,,, by means of the relationship 


0.693 0.693 
Ne 


(14) 


bije= 


el 


As shown, the half-life is related inversely to the elimination 
rate constant. When the elimination rate constant, k,,, is de- 
termined from the slope of the concentration versus time plot, 
one must keep in mind that the data need to be plotted on a 
semilog scale. From Figure 58-9, the k,, is determined to be 
0.22 hr. This is the instantaneous rate constant and indi- 
cates that 22% of the theophylline in the body is lost per hour. 
The rate constant for elimination (Fig 58-7) is shown without 
reference to the route of elimination. It must be recognized that 
k,, represents the overall elimination by all competing, parallel 
pathways and is equal to the sum of the rate constants that 
define the various simultaneous (ie, parallel) contributory pro- 
cesses, eg, metabolism, renal excretion, or biliary secretion. 


Volume = Vg 


OUTPUT 
(elimination) 


INPUT 
(absorption) 


Figure 58-7. The open one-compartment pharmacokinetic model. 
The amount of the drug dose (D) that enters the body is Dg; in the 
case of intravenous injection, this is the entire dose, whereas in the 
case of extravascular administration, some fraction of the dose (F) is 
absorbed with a rate constant of k,. The compartment has an ap- 
parent volume of distribution (V.) into which drug distributes in- 
stantaneously to achieve a concentration of C,. Drug is eliminated 
from the compartment with a rate constant k,,. D, is the amount 
excreted into urine, feces, bile, expired air, sweat, milk, etc; D,, is 
the amount of drug metabolized. 
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Figure 58-8. Elimination curve of average blood levels of theoph- 
ylline in 11 human subjects after intravenous administration of 
0.5 g aminophylline per 70 kg to each (courtesy, data, Truitt 
etala): 


Thus, the overall rate constant, k,, = k,; + ky + ks + 
where k, + ky + kg + ...ky are the rate constants of the 
separate contributory processes. 

Half-life is a clinically useful pharmacokinetic parameter in 
that it indicates when the next dose of a drug needs to be 
administered and is therefore helpful in designing an optimal 
dosing regimen. The half-life also is useful in determining 


wha 0 


1. The fluctuation of plasma concentrations between doses. 

2. The time required to reach steady-state equilibrium after beginning 
continuous drug administration. 

3. The persistence of drug in the system once drug administration has 
ceased. 


Under some conditions, it is not possible to obtain plasma 
concentration data over sufficient time to obtain accurate 
estimates of the half-life for designing dosage regimens. The 
elimination rate constant, and hence the half-life, may be 
estimated from the excretion rate of unchanged drug. Be- 
cause the first-order elimination rate constant is indepen- 
dent of the amount of drug in the body, the instantaneous 
excretion rate, dD,,/dt is directly proportional to the total 
amount of drug in the body. 
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Figure 58-9. Semilog plot of the elimination curve in Figure 58-8. 
Note the log scale of the ordinate. 
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—“=k,Dz (15) 


where D, and D,, are the amount of drug in the body at time 
zero and the amount of drug excreted in the urine, respectively, 
and k, is the urinary excretion rate constant. A plot of 
log dD,,/dt versus time yields a straight line with slope of 
—k,/2.3. One also may estimate the half-life from urinary ex- 
cretion data using the cumulative amount of drug excreted 
(sigma-minus) method. Using this approach 


es 
D,, = ie ad = e Fett) (16) 


k,,/k., represents the fraction of the drug in the body that 
eventually is excreted in urine as unchanged drug and D7, 
represents the total amount of unchanged drug excreted in 
urine. A plot of the log of the amount of drug remaining to 
be excreted (D7 — D_,) versus time yields a slope equal to 
—ke/2.303. This method requires collecting urine for at least 6-8 
half-lives to achieve an accurate measure of D7. 

For a drug eliminated by first-order kinetics, the elimina- 
tion rate constant, k,,, can be expressed as the fraction of the 
volume of distribution that is presented to an eliminating or- 
gan and cleared of drug per unit time (clearance) relative to the 
total volume of distribution, V,. Thus, k,, represents the frac- 
tional removal rate of drug from the system and the elimina- 
tion rate constant can be expressed in terms of clearance and 
volume of distribution: 


Clearance 


7 = Elimination-rate constant (k,,) (17) 
D 
As written in Equation 17, the elimination rate constant (and 
hence, plasma half-life) is a dependent parameter that, by 
itself, is not always the most reliable indicator of drug removal 
from the body. Disease or altered physiology (eg, aging, preg- 
nancy) can alter protein binding, thereby affecting the appar- 
ent volume of distribution, or alter organ function, thereby 
affecting clearance, but these changes may not be reflected by 
changes in the half-life. For example, the volume of distribution 
may be altered due to changes in tissue or plasma protein 
binding, independent of specific organ function (clearance). In 
this instance, the half-life of a drug may be changed, but 
clearance could remain constant. Although a useful parameter, 
one must always bear in mind that half-life is a dependent or 
derived parameter that does not reliably reflect irreversible 
removal of drug from the body. A more accurate way to express 
half-life (Eq 14) therefore is 


Vp 

typ = 0.693 —- (18) 
Clearance is the most useful pharmacokinetic indicator of 
irreversible loss of drug from the body and refers to a volume of 
fluid from which drug appears to be removed in a given amount 
of time. Clearance also can be expressed as the quotient of 
overall rate of elimination of a drug relative to the drug con- 

centration at a particular organ of elimination, 


Rate of elimination 
Clearance = : (19) 
Concentration 


and, if time-averaged over the time course of plasma concen- 
trations, drug clearance can be expressed as 


Ey Amount of drug removed 
earance = AUC (20) 


where AUC is the area under the concentration-versus-time 
curve. Total body clearance, CL, also can be estimated as the 
quotient of dose and area under the concentration-versus-time 
curve from zero to infinity. 


Dosey 
AUC? 


Clie (21) 


Total body clearance is the sum of all the separate clear- 
ances that contribute to drug elimination 


CL = CL rena, + CLiyeparic + CLoruer (22) 


INSTANTANEOUS INPUT WITH 
NONINSTANTANEOUS DISTRIBUTION 


The one-compartment model adequately describes the pharma- 
cokinetics of drugs with instantaneous distribution. However, 
for some compounds, distribution requires some finite time to 
reach equilibrium. During this time, the drug undergoes dis- 
tribution and elimination, and drug concentrations decrease 
rapidly. When distribution equilibrium is established, the loss 
of drug from the body is due to elimination, and plasma con- 
centrations decline more slowly. This biexponential time- 
course of plasma concentrations can be described by a two- 
compartment model. In this model, the body appears to behave 
as if it is comprised of two compartments, a central compart- 
ment and a peripheral compartment. By convention, drug ab- 
sorption (or injection) and drug elimination occur from the 
central compartment and the peripheral compartment is closed 
and communicates with the environment only through the 
central compartment (Fig 58-10). The movement of drug be- 
tween compartments following rapid intravenous injection 
with elimination from the central compartment can be de- 
scribed by 


aD 
dt 


1 
= kyD» kD, kyoD, 


Compartment 2 
(peripheral compartment) 
Were 
iCo 


Volume = Vo 


De 
D 
OUTPUT D 
aa (elimination) m 
ae 
Compartment | Volume = V; 


(central compartment) 


Figure 58-10. Diagram of open two-compartment pharmacoki- 
netic model. The amount of dose that enters the body for an 
intravenous injection is the entire dose, and administration is 
instantaneous. The amount of dose absorbed from an extravas- 
cular dose is F D, where F is the fraction of dose absorbed with a 
rate constant, k,. Some of the absorbed drug enters Compart- 
ment 2 with a first-order rate constant of k,, and is returned to 
Compartment 1 with a first-order rate constant of k,,. D, is the 
amount of drug in Compartment 1, and D, in Compartment 2; C, 
and C, are the respective concentrations in Compartments 1 and 
2 (C, = C,). Drug is eliminated from Compartment 1 with a 
first-order rate constant, k., which, however, is obscured by the 
lag in transfer of drug from Compartment 2 to Compartment 1. 
D, is the amount excreted into urine, feces, expired air, sweat, 
milk, etc; D,, is the amount of drug metabolized. The relative 
volumes V, and V, may vary greatly, V, sometimes being the 
larger and other times the smaller. 


and 


aD, 

Witen Ky2D) — k2De (23) 
where D, is the amount of drug in the peripheral or tissue 
compartment, D, is the amount of drug in the central com- 
partment, k,, and k,, are the apparent first-order intercom- 
partmental distribution rate constants, and kj, or k,, is the 
apparent first-order elimination rate constant from Com- 
partment 1. 

After intravenous injection of a drug that obeys two- 
compartment pharmacokinetics, the plasma concentration de- 
clines in a complex biexponential fashion. When plotted on 
semilog graph paper, the separate processes of distribution and 
elimination can be identified by the method of residuals (Fig 
58-115). Figure 58-11 shows such a resolution of the biexponen- 
tial decay into the two components of distribution and elimi- 
nation. From the slopes and intercepts of the residuals, the 
plasma concentration, C, at any time, t, can be described as the 
sum of two exponentials, namely 


C = Cie" + Cye7*! (24) 
where 
yu Dose(a, — ko) (25) 
Vi(Ay — Az) 
and 


Dose(ky, — Ag) 


= (26) 
Vi, — Az) 


Distribution is more rapid than elimination, such that at some 
point, the first term in Equation 24, C,e’” approaches zero and 
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Figure 58-11. Resolution of the plasma concentration curve for 
pralidoxime into its distribution and elimination components after 
intravenous administration. Note that plasma concentration is 
plotted on a logarithmic scale. The time constant for the elimina- 
tion phase is determined from the slope, —0.434 A,; it is a hybrid 
constant and A, is not the same as k,, (see text). Likewise, the time 
constant for distribution, A,, is obtained from the slope, —0.434,,, 
of the distribution line; A, is also a hybrid constant (courtesy, 
Gibaldi and Perrier®). 


BASIC PHARMACOKINETICS 1133 


the biological half-life can be determined from the slope of the 
terminal phase 


0.693 
tij2 = stele (27) 


Cy, Cz, A,, and A, are hybrid constants, representing the inter- 
cepts, C,, Cz, and slopes, A, Az, of the two exponential phases, 
which can be obtained by computer-fitting the biexponential 
data. The zero-time intercept and the volume of the central 
compartment, V,, and the actual pharmacokinetic parameters 
Ryo, ko, and k,, can be derived from the hybrid rate constants 
using the following relationships. At time ¢ = 0 


Dose 
Cy = C, + Co, VY, = Cee (28) 


The hybrid rate constants, A, and Ay, can be defined using the 
following two equations: 


MA = Rake (29) 
Ny + AY = Rig + hoy + Re (30) 
Thus 
AAs 
= (31) 
ha 
C\Ao + CoA 
= (32) 
Z aie 
yg = Ay + Ag — Kay — Key (33) 


The reader is referred to Gibaldi and Perrier (see Bibliography) 
for a more in-depth derivation of these expressions. The slope of 
the final phase of biexponential disposition, Aj, can be related 
to the elimination-rate constant, k,,, by 


do = foke (34) 


where fc is the fraction of the drug that is in the central 
compartment after distribution equilibrium has been achieved. 
After distribution, the fraction of the drug in the central com- 
partment is a constant. 

Ky) — Ae 


ee (35) 
Se Ka; + Kyy — Ag 


The terminal disposition constant, Ag, reflects disposition from 
the entire body and is a function of distribution and elimina- 
tion. The rate constant, k,,, represents only elimination from 
the theoretical central compartment. 

The volume of distribution, Vp, can be determined in a 
two-compartment system; however, the estimation is compli- 
cated by the noninstantaneous nature of the distribution phase 
between the two compartments and results in the apparent 
volume of distribution being time-dependent. From Equation 
18, it can be seen that the volume of distribution of the central 
compartment, V,, can be obtained following administration of 
an intravenous dose, Dy, of drug from 


De 


e (36) 
Can, 


V 


Clearance can be calculated from the product of k,, and V,, and 
the volume of the central compartment can be expressed as 


Diy 


py aoe SO ak (37) 
kof AUC lo x 


vy 


The most accurate method of estimating the volume of distri- 
bution is to estimate the steady-state volume of distribution. 
The volume of distribution at the steady state, Vcs, represents 
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the steady state with respect to distribution of the drug from 
the central compartment to the tissue compartments and is not 
altered by changes in drug elimination or clearance. The total 
amount of the drug in the body at the steady state is the sum 
of the amounts in all compartments, thus 


VWeeg = War ae — VY, (38) 


Notice that Vg. is independent of the elimination rate constant, 
k,,, and Ag. 

The volume of distribution by area, V,, is an alternate 
method of estimating the apparent volume of distribution and 
relies on the assumption that the plasma and the amount of 
drug in the body decline in parallel during the postdistributive 
phase. 


(39) 


The least accurate method of estimating the volume of distri- 
bution for a drug that follows biexponential elimination kinet- 
ics is by extrapolation, Veyrra4p, because changes in distribu- 
tion can alter the estimation of the hybrid intercept, Co. 
D 

Vextrap = G (40) 
Distribution to various tissues depends upon both blood flow to 
that tissue and the rate of uptake (effective partition coeffi- 
cient) into a particular tissue and its cells. The overall pattern 
of drug distribution is governed by both tissue perfusion and 
diffusion of drug within tissues. Tissues with the highest blood 
flow, such as liver, kidney, and brain, equilibrate more rapidly 
than tissues that are perfused less well, such as skin and fat. 
Once in the tissue vasculature, drug distribution into tissue is 
controlled largely by diffusional barriers of cell membranes. 
Rowland and Tozer (see Bibliography) present a useful expres- 
sion for the first-order rate constant for distribution of drug 
into tissue. 


(Q/Vrissur) 


K partition 


(41) 


Krissur = 


Where kpaprrron 1S the equilibrium distribution ratio of tissue 
and venous drug concentration, Q is tissue blood flow, Vizssuz 
is the tissue volume, and the quotient of @ and Vy;gszjz is the 
tissue perfusion rate. The time to reach tissue equilibrium is 
the reciprocal of Equation 41. For a poorly perfused tissue such 
as fat, the kparrrrion May be quite high and the Q/Varssur 
low, resulting in a long time to reach tissue equilibrium. Even 
for highly perfused tissues, such as the brain, the distribution 
of some drugs may be quite variable and will depend upon 
diffusion across cell membranes. In this case, distribution is 
said to be diffusion-rate-limited and will depend upon both the 
oil-to-water partition coefficient and the degree of ionization at 
physiological pH. 

For most drugs, distribution usually occurs more rapidly 
than elimination, resulting in complete distribution before 
most of the drug has been eliminated. For some drugs, once 
injected, distribution is so rapid that the overall plasma- 
concentration time-course represents elimination (Fig 58-7). 
Thus, both administration and distribution appear to be in- 
stantaneous, and the pharmacokinetics can be modeled by the 
simplest one-compartment model (Fig 58-7). For such a drug, 
the volume of distribution can be calculated as the quotient of 
the intravenous dose and the extrapolated plasma concentra- 
tion at time zero, C5. 


CONTINUOUS INPUT 


LL A] 
It is sometimes desirable to administer a drug continuously to 
maintain constant plasma concentration. This is often the case 


for drugs with very rapid elimination or for those that have a 
low therapeutic index. Continuous input commonly is thought 
of in terms of intravenous infusion; however, sustained-release 
oral dosage forms and delivery of drugs through the skin from 
patches also are examples of continuous input, and the phar- 
macokinetics of drug administration is similar for all systems 
with continuous input. 

With constant intravenous infusion, the plasma concentra- 
tion rises in a logarithmic fashion and eventually reaches a 
plateau (Fig 58-12°). The time to reach the plateau or steady- 
state concentration is determined by the elimination rate con- 
stant. The rate of change of drug in the body (D,) during a 
constant rate infusion (Rj) is the difference between the zero- 
order infusion rate and the first-order elimination rate. 


dDz 
Sens Ro — (Ke * Dz) (42) 


The plasma concentration (C) at any time during the constant 
infusion is 


Ro 
C= m= z= e7 Keltinf) (43) 


where ting equals the time of the infusion. As the time of the 
infusion increases, the exponential expression approaches zero, 
and the concentration approaches steady state. At steady state, 
the rate of infusion is equal to the rate of elimination, and the 
simplified expression can be expressed as 


Ro 


oo) (44) 
Cig 


Css = 


The fraction of the steady state that is achieved in some time, 
ti»p after the start of the infusion can be calculated as 


ihe e7Keltint) 
Cus = (( (45) 


and can be expressed in terms of half-lives as 
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Figure 58-12. Semilogarithmic plot of plasma concentration during 
and after cessation of a constant intravenous infusion of a drug in 
a one-compartment system. Whether infusion is stopped prior to 
the attainment of a plateau or after, the plasma concentration will 
fall log-linearly with a slope of —0.434k,,. In the figure, K is k., and 
1/2.303 = 0.434. C,, is the steady-state concentration, C,,* (courtesy, 
Gibaldi and Perrier®). 


where n is the ratio of infusion time and half-life. For example, 
when the infusion time equals three half-lives (n = 3), the 
concentration is at 87.5% of the steady state, and when the 
infusion has lasted for four half-lives (n = 4), the concentration 
has achieved 93.75% of the steady state. Theoretically, one 
never reaches steady-state conditions because this is an expo- 
nential process; however, for clinical purposes one can assume, 
with little error, that steady-state concentrations are achieved 
within four to five half-lives. 

If a drug has a relatively long half-life and the therapeutic 
situation demands rapid attainment of therapeutic plasma con- 
centrations, it is sometimes desirable to give a loading dose at 
the beginning of the constant-rate infusion. The loading dose 
should approximate the amount of drug in the body at steady 
state. If the apparent volume of distribution and target concen- 
tration is known, the loading dose can be calculated simply as 


Doseyoapinc = (Target concentration)(Vp) (47) 


The plasma concentration is the sum of the contributions from 
the loading dose and the infusion and can be estimated at any 
time after the loading dose has been given and infusion started 
from 


Dose; oapinc h Ro 
ee (pelt) — e—kelting 
e Vp a) CLr ee ) 


(48) 


and if the half-life of the drug is known, the loading dose can be 
estimated from the quotient of infusion rate, Ry, and elimina- 
tion rate constant, k,,. For some drugs, such as lidocaine, the 
entire loading dose cannot be given in a single bolus injection 
because there is a significant distribution phase. In such a case, 
fractional loading-dose schemes can be used in which the load- 
ing dose is divided into several smaller bolus doses and given 
during the beginning of the infusion. 

Finally, it should be noted that whether or not a loading 
dose is given, the attainment of steady state is determined by 
the elimination half-life and not by the rate of the infusion 
or the use of bolus loading doses to achieve concentrations 
rapidly. 


MULTIPLE-DOSE ADMINISTRATION 
SESE 5 RR eT ETRE TNE 
Continuous administration of a drug is often impractical, and 
multiple-dose regimens are used to maintain the concentration 
of a drug within an acceptable range that mimimizes the de- 
velopment of toxicity and avoids loss of efficacy. Usually, the 
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dose of a drug is administered with a constant dose interval, 
referred to as 7. Some features of a multiple dosage scheme are 
shown in Figure 58-13. The drug is administered at a fixed dose 
and a fixed interval. Each successive dose is administered 
before the previous dose has been eliminated entirely, and thus 
drug accumulation occurs. As with the constant intravenous 
infusion, the time to reach a steady-state fluctuation depends 
upon the elimination half-life and not on the size of the dose or 
the dosing interva!. In Figure 58-13, the dose, D, is adminis- 
tered at a dosing interval equal to the half-life. After the first 
dose is given, the amount of drug in the body is equal to that 
dose. When the next dose is given, the amount of drug in the 
body is equal to D + 0.5D. At the end of each dose interval, the 
total amount of drug in the body is half of the postinjection 
peak and is the sum of the amount remaining from all of the 
previous doses. The maximum, Cy,xy ss, and minimum, 
Cynmn,ss, concentrations at steady state are described by 


Dose/Vp 
Cuaxss = (= g-kert (49) 
and 
Cumss = Cuaxsse (50) 


The concentration at the midpoint of a dosing interval at the 
steady state is a time-averaged concentration, C,y, over the 
entire dosing interval and is described by 


if VpK eit T (51) 


NONCOMPARTMENTAL ANALYSIS 
FOLLOWING INSTANTANEOUS INPUT 


A RE ET PR RST SALI EE 
There are numerous disadvantages associated with viewing 
drug disposition from a compartmental perspective, not the 
least of which is the lack of physiological relevance of such 
models. Noncompartmental models have been developed and 
are generally the preferred method for assessing overall drug 
disposition, in part because parameters such as volume of 
distribution and clearance can be calculated directly from the 
data, without computer fitting. Moreover, parameters esti- 
mated by these methods generally are less sensitive to vari- 
ability in the data. Noncompartmental methods characterize 
drug disposition using time- and concentration-averaged pa- 
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E rye / after each dose, the amount in the body, Dz, has decreased 
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E a aa BSS eg dW after injection reaches 2D, the body content will fluctuate 
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y off (plateau) of the body content occurs. The stippled area 
is the area under the elimination curve of a single injection, 
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or T 2r 37 ar 57 61 Tr the area under the curve during a single-dose interval at 
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rameters and have been described by Jusko.® This analysis also 
is known as nonparametric analysis and assumes that all pro- 
cesses are first-order and that the parameters of the model 
reflect steady-state behavior. A primary tool used in this meth- 
odology is that of statistical moments.'° 

STATISTICAL MOMENTS—tThe use of statistical mo- 
ments in the analysis of the time-course of drug concentrations 
is especially useful because it frees the investigator from the 
use of such models as the compartmental, which often are 
derived empirically and do not represent physiological events. 

The time-course of drug concentration in blood generally can 
be viewed as a statistical distribution curve and described in a 
similar manner as any other array of data. A moment is simply 
a mathematical description of a discrete distribution of data. In 
the field of statistics, for example, the sample size (n), mean, 
and variance are the zero (M,), first (M,) and second (M,) 
moments, respectively, for an array of data. In physics, for 
example, weight, center of mass, and moment of inertia repre- 
sent (M)), (M,), and (M,), respectively. 

In statistics, the mean of a population is estimated by the 
sample mean. Similarly, in pharmacokinetics one may calcu- 
late estimates of the true function that describes the drug 
concentration versus time using statistical moments. Assume 
the existence of a theoretical relationship for C(t) as a function 
of time. The nonnormalized moments, S,, where r = 0, 1, 2,..., 
m'‘> moment, about the origin are calculated as 


= a ia Fi Th ¢ 2 
Sy if vC@) dt (r=0,1,2,...m) (52) 
Hence 
So= ifs C(t) dt = AUC (53) 
8, = J, 1c@ at = aumc (54) 


where AUMC is the area under the C - t versus time curve, 
while S, and S, are the zero and first nonnormalized moments, 
respectively. These two parameters, AUC and AUMC, are de- 
rived from the drug concentration versus time data and are 
used to calculate the pharmacokinetic parameters of interest. 

The use of noncompartmental methods requires a means of 
determining the AUC. While several methods are available for 
such determinations, the simplest is the use of the trapezoidal 
rule.'! This permits calculation of the AUC or the AUMC from 
zero to the time of the last sample (t”). However, it generally is 
necessary to determine the area from zero to infinity. If one 
assumes that there is log-linear decline from t” to infinity, then 


AUC” = NOt =r (55) 


where A, is the slope of the terminal exponential. Thus, the 
AUC from zero to infinity can be calculated as 


n 


AUC* = AUC) + — (56) 
hy 
for the AUMC 
AUMC* ata (57) 
r= ete 
OD) ae Be, 
and 
AUMC? = AUMC". + Be pees (58) 
t on gh e 


PHARMACOKINETIC PARAMETERS DERIVED FROM 
STATISTICAL MOMENTS—There are four parameters of 
primary interest that are derived using statistical moments, 
the most important of which is clearance. A conceptual consid- 


eration of clearance is provided by considering an organ 
through which blood containing a drug flows. 


Ch Cy 
Sra: Organ eres 
Ow Qour 
Where Q7y, Qoy7, C4, and Cy are the blood flow in and out and 
the concentration of the drug in arterial and venous blood, 
respectively. If Cy, < Cy, the organ is capable of elimination and 
is referred to as a clearing organ, or an organ of elimination. 


The elimination of a drug can be described using mass balance 
considerations: 


Rate of the drug entering the organ = QC, (59) 


Rate of the drug leaving the organ = QCy (60) 


Rate of elimination of the drug = QC, — QCy = Q(C,—Cy) (61) 


The ratio of the rate of drug elimination and the rate at which 
the drug enters the organ is defined as the extraction ratio, E. 


Rate of elimination Q(C,—Cy) (Cy, — Cy) (62) 


Rate ofentry QC, Cy 


The extraction ratio is a measure of the efficiency with which 
an organ eliminates a drug. From this parameter, the organ 
clearance of a drug can be described as 


Q (C4 = Cy) 
C4 


(63) 


CLr = QE = 


Recall that clearance is defined as the volume of blood from 
which all of the drug would appear to be removed per unit time. 
By analogy to the definition of organ clearance, one can define 
the total or systemic clearance as the ratio of overall elimina- 
tion rate, dX/dt, to drug concentration in blood, C: 


ae aX/dt 
Te ari (64) 
Integrating from zero to infinity yields 
“(a aX 
ASE dt 
CL, = = (65) 
Cat 


where the numerator is the total amount of the drug ultimately 
eliminated (the IV dose) and the denominator is the AUC from 
zero to infinity. Thus, the total clearance is the quotient of 
intravenous dose and the AUC from zero to infinity. 


Dosey 


Clas 
AUC® 


(66) 


The volume of distribution at the steady-state, Vs, most reli- 
ably measured during a steady-state infusion, now can be de- 
termined using data from single-dose experiments and employ- 
ing statistical moment analysis.1” 


we (Dosey eae (67) 
(AUC)* 


Equation 67 assumes that 


1. All processes involved in drug disposition (eg, distribution, elimi- 
nation) are linear. 

2. The drug is administered to and eliminated via the sampling site. 

3. There is instantaneous input. 


If the drug is administered via a short infusion, the volume of 
distribution at the steady state can be estimated from 


RoT? 
2(AUC) 


_ (RoT (AUMC) 


= (68) 
2 (AUC)? 


where R, is the rate of infusion and T is the duration of the 
infusion. 

Another important pharmacokinetic parameter that can be 
determined using statistical moment analysis is the systemic 
availability, F, which is a measure of the fraction of the admin- 
istered dose that reaches the systemic circulation following oral 
administration. This parameter can be calculated as 


AUC p Dosey 
See TITER (69) 
AUC Dose pg 


where AUCpo and Dosepo are the oral area under the 
concentration-versus-time curve and oral dose, respectively. 
When administering a drug, the amount administered in 
terms of gross weight (eg, mg, g, or  g) often is considered. It 
is, however, probably more appropriate to focus on molecules 
when considering pharmacokinetic and pharmacodynamic 
events. Even the administration of a relatively small dose of 
drug may represent a large number of molecules. Consider the 
administration of 1 mg of a drug with a molecular weight of 300 
daltons. The number of molecules in this dose is approximately 
2 x 105. Instantaneous administration of the entire dose will 
result in drug molecules spending various amounts of time in 
the body. After the intravenous injection of a drug, one can 
imagine that some of the drug molecules are eliminated imme- 
diately, whereas some of the molecules require a longer time to 
be eliminated, and some molecules even require a very long 
time to be eliminated. The time spent in the body, for a given 
molecule, is its residence time. The mean residence time, MRT, 
is the sum of all the residence times divided by the number of 
molecules. A conceptual understanding of this can be gained 
from the following example. 
Assume a child receives 20 dimes for his birthday and immediately 
places them in his piggy bank. Over the next month he periodically 
removes one or more dimes from the piggy bank to purchase candy. 
Specifically, 3 days after placing the coins in his bank he removes 5 
dimes, on day 10 he removes 4 dimes, on day 21 he removes 6 dimes, 
and on day 30 he removes 5 dimes. At the 30th day after placing the 
coins in his bank, all of the coins have been removed. Hence, the 
elimination of dimes from the bank is complete. The MRT of dimes in 
the piggy bank is simply the sum of the times that coins spend in the 
bank divided by the number of dimes placed in the bank: 


MRT = 


34+34+3+4+3+4+3+4+10+10+10+10+ 21+ 21 
+ 21+ 21+ 21+ 21+ 30+ 30+ 30+ 30+ 30 


20 
3*5 4+ 10*4 + 21*6 + 30*5 
MRT = 30 


MRT = 16.55 days 


This provides a relationship with which one can determine the 
MRT for any given number of drug molecules, A;, which spend 
a given amount of time in the body of, t,, thus 

a, 
i=1 


— 


(70) 


MRT = 
Arora 


where n equals the total number of residence times. The mean 
rate of drug leaving the body relative to the total amount 
eliminated also can be expressed in terms of concentration. 


f IOC) CitSieh yee 


MRT = ara 
i C(t) dt AUC (71) 
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Equation 71 is not a definition of MRT, rather it is the derived 
expression from which one can calculate MRT when clearance 
is constant. The mean residence time assumes instantaneous 
administration, and therefore, it is technically incorrect to cal- 
culate the mean residence time following an oral dose using the 
quotient of AUMCp,5 and AUCp,. When calculated in this 
manner, it often is stated that the MRT is a function of the 
route of administration. Actually, MRT is independent of the 
route of administration because the mean time that molecules 
reside in the body is not influenced by the route of administra- 
tion.'? However, the interpretation of the ratio of AUMC and 
AUC does change as a function of administration because this 
ratio only yields the MRT when the input is instantaneous. 

A better way to express the route dependence of the AUMC/ 
AUC is to refer to this ratio as the mean transit time, MTT. The 
MTT is the average time required for drug molecules to leave a 
kinetic system after administration. Thus, because an IV bolus 
assumes instant input, 


AUMC),/AUCy = MRT = MTT, (72) 


whereas 


AUMC po! AUC pp =MTT pg =MTT ,+MAT=MRT+MAT (73) 


where MAT is the mean absorption time. Thus, for oral absorp- 
tion, the AUMC/AUC provides an MTT in the kinetic system 
that is composed of the gastrointestinal (GD) tract and the body. 
The MRT also can be calculated as the quotient of the Vs, and 
clearance. Finally, one can relate the MRT to the elimination 
half-life by considering the situation in which a drug displays 
monoexponential decline. The MRT can be written as 


AUMC C,/a2 1 


(74) 
coh Vion mio Gian 


and represents the time required for 63.2% of an intravenous 
dose to be eliminated from the body. 


ABSORPTION 

NP LEE EET TE OT EY 
If a drug is administered intravenously in a single, rapid in- 
jection, the process of absorption is bypassed. The time for this 
injection is typically so short compared with other pharmaco- 
kinetic processes that it is ignored. As previously described for 
a one-compartment model, peak plasma concentration and dis- 
tribution equilibrium are achieved instantaneously. This is 
depicted in Figure 58-14A.1* In the model for the figure, there 
is no elimination and the concentration remains constant fol- 
lowing administration. With a constant intravenous infusion 
(B), the concentration rises rectilinearly so long as the infusion 
is maintained at a constant, zero-order rate. With other routes 
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Figure 58-14. Time-concentration curves for injection (A), infusion 
(B), and extravenous (C) administration of drug in the one- 
compartment model. The volume of the compartment is 100 L (Vy 
= 100 L); the amount of drug administered in each instance is 1000 
mg. Drug elimination has been set to zero, so that the time- 
concentration curve for each model of administration can be exam- 
ined without the complication of simultaneous elimination 
(courtesy, Bigger, '* adapted). 
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of administration, there are delays in the appearance of drug in 
the vascular system because the drug must be absorbed from 
the site of administration (oral, intramuscular, subcutaneous, 
rectal). Drug absorption depends upon both the physicochemi- 
cal properties of the drug (pK,, dosage form, partition coeffi- 
cient) and the physiology of the site of absorption (surface area, 
blood flow). Most drugs are absorbed by simple diffusion, and 
the kinetics are first-order. Zero-order absorption occurs for 
some processes that are saturable and for sustained-release 
dosage forms. Absorption and elimination of a drug are a se- 
quential process, and the rate of change of drug in the body is 
the difference between the rate of uptake (absorption) and rate 
of efflux (elimination). For a drug that is absorbed by a first- 
order process and eliminated by a first-order process, with 
instantaneous distribution, the rate of change of the amount of 
drug in the body can be expressed as 

dD, 

ar = RATE — RATE our Susy 
For a drug that is absorbed from the GI tract, the rate of change 
of the amount of drug in the body is 


dD, 


T= FkoDer ~ KDpopy ee) 


The time-course of absorption and elimination is shown in 
Figure 58-15.’ The plasma concentration at any time t is equal 
to 


Payee 
Vp (Ka a Ke) 


(e-kell — @-Kat) (77) 


where F is the fraction of the dose, Dp, that is absorbed from the 
GI tract and k,, and k, are the first-order rate constants for 
elimination and absorption, respectively. The time to reach the 
maximum concentration, ty,,, can be determined from 


2.3 log (ka/k) 
Gomve= mare (78) 
and this time substituted into Equation 77 will determine the 
maximum concentration, Cy,. The rising phase of the plot 
(Fig 58-15) is not log-linear because absorption and elimination 
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Figure 58-15. Kinetics of absorption and disposition of theophylline 
in a human subject after oral administration of 0.5 g of aminoph- 
ylline per 70 kg. Blood concentration is plotted on a log scale (cour- 
tesy, data, Truitt et a/’ . 
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Figure 58-16. The effect of the size of the dose of a drug on the 
peak concentration, time of peak concentration, and duration of 
action. The data were calculated from a one-compartment model. 


are occurring simultaneously. At Cy,,x, the absorption rate is 
equal to the elimination rate, and after absorption is complete, 
the plot declines in a log-linear manner. This log-linear line 
described by the elimination phase, when extrapolated to zero 
time, yields a theoretical zero-time concentration. The absorp- 
tion rate constant, k,, can be obtained from the difference 
between the empirical curve and the extrapolated line using 
the method of residuals. This is a commonly used technique in 
pharmacokinetics to separate a curve into its component parts 
and is often referred to as feathering, stripping, or peeling the 
curve. The reader is referred to Gibaldi and Perrier (see Bibli- 
ography) for a more comprehensive discussion with examples of 
the application of this technique. 

That the peak concentration should vary with the dose is 
self-evident from Equations 77 and 78 and from Figure 58-16. 
The time of the peak concentration is the same for all doses. 
The time to peak concentration can be affected by both the 
absorption rate and the elimination rate. In Figure 58-17, the 
effect of altering the absorption rate on the time to peak con- 
centration is shown. With faster absorption, the time to peak 
concentration occurs earlier and is higher than with slower 
absorption. Figure 58-18 shows the effect of altering the elim- 
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Figure 58-17. The effect of differences in the rate of absorption of 
drugs on the peak concentration, time of peak concentration, and 
sojourn in the body. The rate of elimination is the same for all 
curves. The dotted line (k, = ©) is approximately what the concen- 
tration curve would be, had the drug been given intravenously. The 
data were calculated from a one-compartment model. 
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Figure 58-18. The effect of differences in the rate of elimination of 
drugs on the peak concentration, time of peak concentration, and 
sojourn in the body. The rate of absorption is the same for all 
curves. The data were calculated from a one-compartment model. 


ination rate constant on the t,,,. With a rapid elimination rate 
(shorter half-life), the peak concentration occurs sooner and is 
lower than with slower elimination (longer half-life). 
The maximum concentration at the steady state for an oral 
regimen is given by 
FDose 1 
i e7kt 


Cuaxss = Tio | Cm a REAK (79) 


The minimum concentration at the steady state is 


k,FD 1 
Con ss = V(k, — k)\1 — e-* 


Jem (80) 


To design multiple oral dosing regimens, the equations that 
describe the maximum and minimum concentrations at the 
steady state are somewhat unwieldy. In clinical practice, 
values for k, are not always readily available, and in such 
instances the equations for the maximum and minimum con- 
centrations at the steady state following intravenous admin- 
istration will generally suffice as long as one recalls that be- 
cause absorption is not instantaneous, the peak concentration 
and time to peak concentration will not occur immediately. 


ORGAN-SPECIFIC CLEARANCE 

ES LN A AT 2B BIB RE SITE TE] 
The total clearance of a drug from the body almost always 
involves more than one organ of elimination. The anatomy of 
the human body is such that the clearance from the composite 
clearing organs occurs in parallel and is, therefore, additive. 
For example, if a drug is eliminated solely by hepatic and renal 
elimination, the total clearance, CL, of the drug is given as 


CL, = CLy + CLR (81) 


where CL;, and CLp are the hepatic and renal clearance, re- 
spectively. Measurement of the total amount of drug excreted 
unchanged in urine, D,, after an intravenous dose, D7, allows 
the calculation of the fraction of the drug eliminated renally, 
F., where 


Dy 


eyed (82) 
ae 


The renal clearance, CL, may be determined as the product of 
total clearance and the fraction of the drug eliminated by the 
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kidney. If the liver is the only other eliminating organ, the 
hepatic clearance is given by 


Clip= CLA Chas WE FICES (83) 


One exception to the principle of the additivity of organ clear- 
ances is pulmonary drug elimination. This exception is because 
the lung is in circulatory series with the rest of the body organs 
such that 100% of cardiac output passes through the lungs. 
Few drugs exhibit significant elimination by the lungs so that 
this exception is rarely of concern in the overall assessment of 
drug elimination. 

HEPATIC CLEARANCE—It was shown previously that 
the ratio of the rate of drug elimination and the rate at which 
drug enters the organ of elimination is defined as the extraction 
ratio, E, and is a measure of the efficiency with which an organ 
eliminates a given drug. One can define the organ clearance of 
a drug as the product of blood flow to the organ, Q, and the 
extraction ratio, and for hepatic clearance the equation be- 
comes 


CLy = QyE (84) 


where Q,, is the hepatic blood flow. While an initial examina- 
tion of this simplistic model for hepatic clearance would sug- 
gest that CL,, is directly proportional to Q,,, this conclusion is 
not correct because E varies inversely with Q,,. Specifically, as 
Q@,, increases, E decreases. This observation indicates that a 
more complex model of hepatic clearance is necessary if quan- 
titative and qualitative predictions of hepatic drug clearance 
are to be made. In particular, this parameter must be described 
in terms that are physiologically independent. 

Numerous models have been proposed and tested to de- 
scribe the hepatic clearance of drugs. While a discussion of the 
advantages and disadvantages of the various models proposed 
is beyond the scope of this chapter, the venous equilibrium 
model of hepatic clearance has shown substantial utility in the 
prediction of both pathophysiological and drug-induced 
changes in hepatic clearance. For a good discussion of the 
various models of hepatic clearance, see the review by Morgan 
and Smallwood.’? In the venous equilibrium model, the hepatic 
extraction is described by 


VK nk 


E =. (85) 
Qn se Soup Clan it 


where f,,,, and CL,, ,,,, are the unbound fraction in blood and the 
unbound intrinsic hepatic clearance, respectively. The un- 
bound intrinsic clearance reflects the ability of the liver to 
remove drug from blood in the absence of other confounding 
factors, such as Q,, and f,,,. Since it has already been shown 


that hepatic clearance is the product of Q;, and E 


= ( QD fupCLvined 


3 (86) 
Qu + Fw CLint 


CLy 


This model for hepatic clearance provides a powerful tool for 
predicting changes in drug clearance and, subsequently, 
steady-state drug concentrations, when certain limiting condi- 


tions are met. In particular 
When Q,,>f,,, CL CL,, can be approximated 


bY fu CLuinr (87) 


u,int? 


When Q, <f,,, CL, ;,, CL, can be approximated by Q;,, (88) 


Compounds with a high f,,,CL,, ;,, are said to exhibit perfusion 
rate—limited elimination; that is, their elimination rate will be 
rate-limited by hepatic blood flow. Compounds with a low 
fwCL.ine are said to be perfusion rate—independent. These 
limiting conditions allow us to place many drugs into classifi- 
cations that exhibit similar pharmacokinetics. For example, 
agents with an f,,,CL,, ;,, < 0.2 L/min can be classified as low 
intrinsic clearance drugs, whereas those with an f,,,CL,, jn, > 5 


1140 CHAPTER 58 


L/min are defined as exhibiting a high intrinsic clearance (Ta- 
ble 58-1). 

The venous equilibrium model also serves as a useful tool in 
the assessment of the impact of changes in protein binding on 
hepatic clearance. Recall in Equation 87 that for a drug exhib- 
iting a low intrinsic clearance, changes in protein binding will 
result in proportional changes in hepatic clearance. This type of 
drug is said to exhibit restrictive clearance; that is, only the free 
(or unbound) drug is available for clearance by the liver. High 
intrinsic clearance drugs, on the other hand, are said to exhibit 
nonrestrictive clearance. 

These relationships provide important insight into the effect 
of changes in protein-binding on the steady-state concentration 
of drugs. Consider the case of a drug being administered as a 
constant-rate intravenous infusion. As described previously 


C,, = Ro/CLr > Ro/CLy (89) 


for a drug solely eliminated by the liver. In the case of a drug 
with a low intrinsic clearance, Equation 89 can be simplified to 


Ox r= Rol (fusCL w int) (90) 


If f,,,, were to be increased, for example, by displacement from 
protein-binding sites, the steady-state concentration would de- 
crease. This may lead one to the conclusion that the infusion 
rate needs to be increased to maintain the original steady-state 
concentration. However, one needs to examine the effects of 
altered physiology on the free or unbound drug concentration, 


CG 


Cues = Fus@es > Cog = Cures! fur (91) 
substituting for C,, in Equation 90 and solving for C,, ,, yields 
Cuss = Ro CLiint (92) 


It can be seen that the steady-state concentration of unbound 
(active) drug is independent of changes in the free fraction, and 
no dosage adjustment would be necessary. This conclusion also 
is valid following the oral administration of a drug with a low 
intrinsic clearance. 

In contrast, for a drug with a high intrinsic clearance, a 
change in f,,,, will result in a proportional change in the steady- 
state unbound drug concentration during a constant-rate 
infusion. 

An additional consideration, which must be accounted for 
with high intrinsic clearance drugs, is the impact of the first- 
pass effect. When a drug is absorbed from the stomach and 
small intestine, the venous blood from the sites of absorption 
enters into the portal venous flow. This results in all of the 
absorbed drug passing through the liver prior to entry into the 
systemic circulation. For drugs that exhibit a high intrinsic 
clearance, the consequence of presystemic hepatic metabolism 
is a substantial reduction in the systemic availability of the 
drug when administered orally. This phenomenon explains the 
marked discrepancy between an oral and an intravenous 
dose of a given drug required to achieve identical plasma con- 


Table 58-1. Examples of Drugs with Low and High 
Intrinsic Clearances That Are Eliminated Largely by 
Hepatic Metabolism 


LOW fypClu int (<0.2 Umin) HIGH fypCly ine (>5.0 min) 


Antipyrine Chlorpromazine 
Barbiturates Encainide 

Diazepam Meperidine 

Digitoxin Metoprolol 

Isoniazid Organonitrates 
Phenytoin Propafenone 
Theophylline Propranolol 
Tolbutamide Tricyclic antidepressants 
Warfarin Verapamil 


centrations. For example, the therapeutic dose of propranolol 
ranges between 1 and 6 mg intravenously, whereas the oral 
doses necessary to achieve therapeutic effect range from 40 to 
200 mg. 

The systemic availability, F, of a drug that is absorbed 
completely from the GI tract after oral administration is the 
fraction of the absorbed dose that escapes extraction and is 
given as 


F=1-E (93) 


Rearranging Equation 85 and substituting for # in Equation 93 
yields 


Qu 


SS ae (94) 
Qn + Vian, 


F 


Similar to the limiting conditions described for CL;,, one can 
define two limiting conditions for systemic availability, FP’. Spe- 
cifically, when Qy < fi,pCLy ing, F approaches 1.0, whereas 
when Q,, < f,,,CL,, ;n., ¥ approaches zero. These limiting con- 
ditions indicate that a drug with a high f,,CL,, ,,,, will exhibit 
low systemic availability after oral administration, because of 
extensive first-pass metabolism. On the other hand, drugs with 
a low f,,,CL,, in¢ Will not be subject to significant first-pass 
metabolism. 

Generally, the parameter most commonly determined to 
assess overall drug availability after oral administration is the 
area under the drug concentration-versus-time curve, AUC. 
Recall from Equation 67 that the total clearance is equal to the 
quotient of intravenous dose and AUC from zero to infinity. If 
the drug is eliminated entirely by metabolism, the hepatic 
clearance is defined as 


Dosey FDosepo 


vs = (95) 
ACC, ACC 


Substituting Equation 86 for CL;, and Equation 94 for F yields 


QM fuwCLuins) (aa Qu | (96) 
Qu + fu CLivint AUCpo} \Qu + fwCLuine 
Simplifying, 
fusCLu in. = Dosepo/AUC po (97) 


Thus, for a high intrinsic hepatic clearance drug, the AUCp, is 
independent of @,,. Additionally, the steady-state AUC for un- 
bound drug is independent of the free fraction. For a more 
in-depth discussion of these concepts on hepatic clearance, see 
the paper by Wilkinson and Shand.'® 

RENAL CLEARANCE—Physiologists studied the renal 
clearance of endogenous and exogenous substances long before 
the use of clearance concepts became popular in pharmacoki- 
netics. Indeed, the basis for the understanding of drug clear- 
ance in pharmacokinetics has its roots in the decades of work 
by renal physiologists. Moreover, there are significant differ- 
ences in the complexity of processes involved in hepatic and 
renal handling of drugs. In the kidney, there are three primary 
processes (and one minor process) responsible for the renal 
elimination of drugs, namely filtration, secretion, and reab- 
sorption (and metabolism), respectively. Each of the major 
processes are affected by common, yet unique, determinants. 

The rate of filtration in the kidney for a drug is given as 


Rate of filtration = (GFR)(C,) (98) 


where GFR is the glomerular filtration rate and C,, is the 
previously defined free-drug concentration. The clearance by 
filtration is the quotient of the rate of filtration at a given 
concentration; therefore, the renal clearance, CLp, of a drug 
due to filtration is 


CLp = (GFR) (f,) (99) 


The renal clearance of a drug that is eliminated only by filtra- 
tion can be estimated if the glomerular filtration rate and the 
free fraction of drug are known. There are two substances 
commonly used to estimate the GFR, namely creatinine, an 
endogenous by-product of muscle metabolism, and inulin, a 
polysaccharide. Both are essentially 100% eliminated in the 
urine by filtration and, thus, the CL, of these two substances 
can be used as reasonable estimates for the GFR. 

Another primary process involved in the renal elimination 
of drugs is active tubular secretion, ATS. There are several 
active-transport systems in the proximal renal tubule that are 
capable of excreting drugs from the flood into the urine. There 
appears to be a multiplicity of systems for the ATS of cations 
and anions. Whenever the renal clearance is greater than the 
product of the GFR and the free fraction, there must be net 
tubular secretion in addition to clearance by filtration. The 
renal clearance due to ATS, which is CL 75, is given as 


(Qre) fu CLs int) 


(100) 
Qrp a LOG, cos 


CLars = 


where QRP and CL,,, ;,, represent effective renal plasma flow 
and unbound intrinsic secretory clearance, respectively. Simi- 
lar to the situation described for hepatic clearance, drugs may 
exhibit a high or low intrinsic secretory clearance. The impact 
of changes in plasma protein—binding on renal clearance would 
substantially differ between these two situations. 

For drugs that undergo both filtration and AT'S, the renal 
clearance is simply the sum of the clearance due to filtration 
and the clearance due to secretion 


CLR = (f,) (GFR) + CLars (101) 


In addition to these two processes, some drugs undergo tubular 
reabsorption, whereby some fraction of the drug excreted into 
the urine by filtration and secretion is reabsorbed into the body. 
Therefore, the full expression for renal clearance, taking into 
account all three processes, is given by 


CLR = (f,,) (GFR) + CLars — Frr((f,) (GFR) + CLars) or 


CLR = (1 — For) ((f.) (GFR) + CLars) (102) 


where Fp, is the fraction undergoing tubular reabsorption. 

These relationships provide the basis for determining the 
primary mechanisms involved in the renal handling of a given 
drug. Specifically, determination of the ratio of renal clearance 
and that of inulin provides a clinically useful means to deter- 
mine the processes that are primarily responsible for renal 
excretion. If the ratio is equal to 1, the drug would appear to be 
filtered exclusively by the kidney. Both AT'S and TR also could 
be occurring, but at equal rates (an unlikely occurrence). If the 
ratio of renal clearance to inulin clearance is greater than 1, it 
is clear that the drug is undergoing net tubular secretion as 
well as filtration. Similarly, if the ratio is less than 1, the drug 
must be undergoing net tubular reabsorption. 

Assessment of the mechanisms for the renal excretion of 
specific drugs is important because different factors will alter 
CLR. For example, if a drug undergoes net tubular secretion, 
other drugs secreted by the same transport processes may 
compete for secretory sites, resulting in an overall decrease in 
the renal excretion of the drug. Alternatively, if a drug under- 
goes tubular reabsorption and is a weak acid (eg, salicylate) or 
a weak base (eg, amphetamine), the renal clearance may be 
altered by manipulation of the urine pH or urine flow. See the 
review by Tucker’’ for a description of the methods for calcu- 
lation of CL. 

PROTEIN-BINDING—Drugs circulating in the blood may 
bind reversibly to a number of components including plasma 
proteins. This reversible binding may be described by simple 
mass-law relationships. 


De esnaell st ER, 2 [D at. Pi (103) 
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where /D,,,5ounqJ, [PJ], and [D — P] are the molar concentrations 
of the free drug, the protein to which the drug binds, and the 
drug-protein complex, respectively. It is obvious from this re- 
lationship that the amount of drug-protein complex formed is a 
function both of the concentration of the drug and protein and 
the affinity between the protein and the drug. Thus, changes in 
the protein concentration may alter binding, as may changes in 
the total drug concentration. For most drugs and their respec- 
tive binding proteins, the concentration of protein far exceeds 
the concentration of drug, such that the fraction of drug that is 
bound to protein is independent of drug concentration in 
plasma or blood. 

Because plasma proteins often have a molecular size that 
restricts their passage across cell membranes and capillary 
walls, drugs that are bound to plasma proteins are restricted 
similarly. Thus, plasma protein-binding can have a marked 
effect on the distribution and elimination of drugs. It is a basic 
tenet of pharmacology that only the unbound (free) drug is 
pharmacologically active, because it is assumed that the un- 
bound drug is able to traverse biological membranes and reach 
the site of drug action. While there have been few direct tests of 
this hypothesis, those investigations that have been conducted 
support the assumption that the free drug is the principal 
pharmacologically active species. 

There are several methods by which drug protein-binding 
may be described quantitatively, though the most frequent and 
useful is the free fraction, f,. The f, can be determined as 


Cy Cu 


Cy ate Cy 4 oF yee 


Vil 


where C,, is the concentration of unbound or free drug, Cz is the 
concentration of drug bound to protein, and C,, is the concen- 
tration of total drug (bound plus free). Obviously, f,, can range 
from zero to 1. This relationship provides a means by which 
free drug in vivo can be calculated if the total concentration and 
the free fraction are known. 

C,, = (Cy) (f) (105) 
Recognizing changes in protein-binding is important because it 
may substantially alter the pharmacokinetics of a drug. The 
previous section described the impact of protein-binding on 
clearance, referenced to total drug concentration. Protein- 
binding changes also may result in alterations in other phar- 
macokinetic parameters. The volume of distribution at the 
steady state can be expressed as 


= 


u 


Vs = Volood + Vow 5 (106) 


where Vy is the volume of tissue water and /,,,, is the free 
fraction of drug in tissue. From the relationship in Equation 
106 (which is analogous to Equation 12, for drugs with a vol- 
ume of distribution >50 L), it is clear that a decrease in 
protein-binding (ie, an increase in f,,) will result in an increase 
in the Vgg. The impact of changes in f,, on the half-life of a drug 
with a large volume of distribution can be assessed from Equa- 
tion 18 and either Equations 87 or 88. The impact resulting 
from a change in protein-binding of a drug depends upon the 
magnitude of such binding alterations on both Vg, and CL. 
The two major drug-binding proteins in plasma are albumin 
and a'-acid glycoprotein (AAG). Albumin is the major protein 
both in plasma and in the extracellular space outside of plasma 
and is present in concentrations ranging from 3.5 to 5.5 g/dL in 
normal, healthy individuals. Albumin is the primary binding 
protein for acidic drugs, such as salicylate, tolbutamide, or 
warfarin. Numerous diseases can result in marked reductions 
in the concentration of albumin, including nephrotic syndrome, 
severe burns, liver disease, malnutrition, and some chronic 
inflammatory conditions.'® Thus, disease is most likely to pro- 
duce an increase in f, for those drugs highly bound to albumin. 
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The substance AAG belongs to the family of acute-phase 
reactants, endogenous substances that are markedly increased 
in concentration secondary to some type of stress. While nor- 
mal AAG concentrations range from 80 to 120 mg/dL, concen- 
trations may increase above 300 mg/dL in patients experienc- 
ing major stress, such as surgery, trauma, or burns. More- 
moderate elevations of AAG have been observed in patients 
following a myocardial infarction or in inflammatory diseases 
such as Crohn’s disease. The increase in AAG concentration 
results in a decrease in f,, and AAG is the major binding 
protein for many basic, lipophilic drugs. 

A major source of drug interactions is competition for 
protein-binding sites. Each albumin molecule contains at least 
four different drug-binding sites, two of which are the sites 
where most drugs that bind to albumin interact with the other 
molecule. If two drugs bind to the same site on a protein, they 
may compete with each other for binding. Thus, the addition of 
a drug to the existing therapeutic regimen of a patient may 
result in displacement of existing bound drug molecules from 
their protein-binding sites. However, as described in the He- 
patic Clearance section of this chapter, these types of interac- 
tions rarely are clinically significant (ie, these interactions do 
not significantly alter the free-drug concentration). Hence, 
while protein-binding interactions are probably the most 
widely reported drug interaction, they rarely necessitate alter- 
ations in drug therapy. 


DOSE- AND TIME-DEPENDENT 
PHARMACOKINETICS 


Up to this point, the processes for drug absorption, distribution, 
metabolism, and elimination have been assumed to be charac- 
terized by first-order rate constants, and the general concepts 
and equations presented are applicable to a wide variety of 
drugs, with modification. Moreover, with any of the pharmaco- 
kinetic models (compartmental, noncompartmental, or physio- 
logical), a number of basic assumptions apply, in particular, the 
principle of superposition holds. In other words, measurements 
of the concentration of drug plasma, urinary excretion of un- 
changed drug, or amount of metabolite recovered in bile in- 
crease proportionally with increases in dose. When these mea- 
surements or other observations are corrected for dose, the 
values are identical or superimposable. Thus, the pharmacoki- 
netic parameters Vp, CL, and F remain constant with respect 
to time and with dose or concentration. 

But the processes controlling the disposition of drugs are 
biological and therefore involve processes that are mediated by 
specialized carriers or enzymes. Under some conditions, these 
processes can become saturated, and changes in dose may 
produce nonproportional changes, eg, in concentration, amount 
of metabolite(s) produced, etc. Table 58-2 delineates some of 
the various causes of nonlinear pharmacokinetic behavior. 

Nonlinearity is a term applied to all situations in which a 
semilogarithmic plot of plasma concentration versus time data 
cannot be resolved completely into log-linear components (ie, 
first-order processes). There are a wide variety of causes for 
nonlinearity, such as capacity-limited metabolism, capacity- 
limited absorption, saturable first-pass metabolism, changes in 
blood supply to the site of absorption and/or the organ of elim- 
ination, low or erratic dissolution or release rates from dosage 
forms, low solubility of the drug, or drug-induced changes in 
organ function or body temperature. Nonlinear drug disposi- 
tion primarily has been determined by measuring the pharma- 
cokinetics at several dosage levels. When a capacity-limited 
enzyme metabolism is the source of the nonlinearity, the 
Henri-Michaelis-Menten equation 
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Table 58-2. Examples of Mechanisms for Dose- 
and Time-Dependent Pharmacokinetics 
(Nonlinear Drug Disposition) 


EXAMPLES 


KINETIC PROCESS AND MECHANISM 


Gastrointestinal absorption 
Saturable transport 
Intestinal metabolism 

Biotransformation 
Saturable metabolism 
Product inhibition 
Cosubstrate depletion 
Plasma protein-binding 

Renal excretion 
Glomerular filtration/ 

protein-binding 
Tubular secretion 
Tubular reabsorption 

Biliary excretion 
Biliary secretion 
Enterohepatic cycling 

Tissue distribution 
Plasma protein-binding 
Hepatic uptake 
CSF transport 
Cellular uptake 
Tissue-binding 


Riboflavin, penicillins 
Salicylamide 


Phenytoin, salicylate 
Phenytoin (rat) 
Acetaminophen 
Prednisolone, disopyramide 


Naproxen 


p-Aminohippuric acid, mezlocillin 
Riboflavin, cephapirin 


lodipamide, BSP 
Cimetidine, isotretinoin 


Prednisolone, ceftriaxone 
Indocyanine green, warfarin (rat) 
Benzylpenicillins 

Methicillin (rabbit) 

Cyclosporine, dideoxyinosine (rat) 


can be applied to assess the velocity versus substrate (drug) 
concentration relationship. There are several techniques for 
the determination of the direct cause of nonlinearity in drug 
kinetics, including direct calculation of CL, CLop,z, F, Vs, 
and V,. Most commonly, lack of superposition (disproportionate 
increase in AUC with increasing dose) is an indication of non- 
linearity in the system. 

PROTEIN-BINDING—When the amount of drug bound to 
plasma proteins approaches saturation, the percentage of the 
drug that is unbound may vary considerably with increasing 
dose. Under the conditions of saturation, for example, after a 
salicylate overdose, the f,, may vary considerably with the total 
amount of drug in the body and hence, certain pharmacokinetic 
parameters, such as apparent volume of distribution, will be 
influenced. 

TIME-DEPENDENT KINETICS—Carbamazepine is a 
drug with low-to-intermediate intrinsic clearance, which also 
induces an increase in the activity of the biotransforming en- 
zyme system by which it is metabolized. This increase will 
increase total clearance and decrease half-life. Because such 
autoinduction of metabolism does not occur until several dose- 
intervals of repetitive dosing, the pharmacokinetics vary with 
time and are called time-dependent. Allosteric (feedback) inhi- 
bition by accumulated metabolites of a drug, or an effect of a 
drug to impair its route of elimination, also will cause dose- and 
time-dependent changes in pharmacokinetics. Drugs that 
cause the depletion of some slowly replaceable intermediary 
factor, such as the depletion of norepinephrine by reserpine or 
the depletion of inorganic sulfate by acetaminophen, will man- 
ifest time-dependent effects. 

DOSE-DEPENDENT KINETICS—When the elimination 
route is saturated by either capacity-limited metabolism or 
capacity-limited renal excretion, it is evident that the total 
clearance of a drug will decrease and the half-life will increase 
with increases in doses. Examples of important drugs that 
demonstrate dose-dependent kinetics are salicylic acid, phenyl- 
butazone, probenecid, levodopa, phenytoin, heparin, and di- 
cumarol. Ethanol obeys essentially zero-order elimination ki- 
netics at blood concentrations above 0.02 to 0.04%, which is a 
fact of considerable social and legal importance. 

Salicylic acid is one of the most interesting examples of 
dose-dependent kinetics from multiple sources. Salicylic acid is 
eliminated from the body by at least five, parallel, competing 
processes.'? Two of these are saturable processes for the for- 


mation of salicyluric acid (the glycine conjugate of salicylic 
acid) and salicylphenol glucuronide. The other three processes 
of elimination, excretion of unchanged salicylic acid in urine 
and formation of gentisic acid and salicyl glucuronide are first- 
order processes. The half-life of salicylic acid increases from 
about 3 hr to over 20 hr as the dose is increased upward from 
300 mg to 10 g. At low doses, the half-life is about 3 hr, the 
apparent volume of distribution is approximately 9L, and a 
total clearance can be estimated to be 2 L/hr. The binding of 
salicylic acid to albumin also is capacity-limited (saturable), 
and saturation occurs even at therapeutic (low) doses of the 
drug. Therefore, as the amount of salicylic acid in the body 
increases, the CL,,,,, decreases, whereas the f,, increases. 
These two effects tend to oppose each other, such that the total 
clearance of salicylic acid remains relatively unchanged within 
the anti-inflammatory range of unbound concentrations (be- 
tween 10 and 60 mg/L; Fig 58-197°). Finally, the renal excretion 
of salicylic acid (pK, = 3.5) can be increased by increasing 
urinary pH, resulting in a decrease in renal tubular reabsorp- 
tion (data not shown). The toxicological consequences of a sal- 
icylic acid overdose are well known, but it is not always appre- 
ciated that as the concentration of salicylic acid increases, the 
total amount of drug in the body increases out of proportion to 
the total plasma concentration. 


STEREOCHEMICAL CONSIDERATIONS 

SD I 
Chiral drugs constitute approximately 60% of the drugs that 
are currently commercially available. Most of these are mar- 
keted as racemic mixtures. These facts obviously indicate the 
importance of understanding the impact of stereochemistry on 
both pharmacokinetics and pharmacodynamics. While it has 
long been appreciated that optical isomers often differ in the 
potency of pharmacological or toxic effect, it is only recently 
that significant attention has been paid to the influence of 
chirality on pharmacokinetic processes involved in absorption, 
distribution, and elimination. This is primarily due to the pre- 
vious lack of analytical methodology required to separate drug 
enantiomers. The recent development of reasonably inexpen- 
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Figure 58-19. The clearance of unbound drug (@), determined un- 
der steady-state conditions, and the fraction unbound in plasma 
(OC) vary inversely with each other as the salicylic acid concentration 
is increased. The corresponding total plasma salicylic acid concen- 
trations are superimposed on the linear scale of the concentration 
of unbound drug; 1 mg/L = 7.2 micromolar (courtesy, redrawn from 
Furst, Tozer and Melmon?°). (Reproduced with permission of CV 
Mosby). 
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sive methods for the separation of stereoisomers has led to a 
more comprehensive assessment of the pharmacokinetics of 
drugs that are administered as racemic mixtures. 

Enantiomers possess identical physical and chemical 
properties, despite significant differences in spatial configu- 
ration. Thus, biological processes that are passive in nature 
(and thereby depend only upon physical and chemical char- 
acteristics of the molecule) do not display selectivity for one 
isomer over another. In contrast, biological processes that 
require the interaction of a drug molecule with a macromol- 
ecule (such as protein-binding or metabolism) may exhibit 
stereoselectivity. This knowledge permits some generaliza- 
tions about when pharmacokinetic processes may differ be- 
tween enantiomers. 

ABSORPTION—Since most drugs are absorbed by 
passive diffusion, most will not exhibit stereoselective 
alterations in absorption. Drugs that are absorbed by a 
carrier-mediated or active process may display such stereo- 
selectivity. Indeed, demonstration of stereoselective absorp- 
tion would be strong evidence that a drug is absorbed via a 
carrier-mediated process. 

PROTEIN-BINDING—Drug association with plasma pro- 
teins requires interaction of a small molecule with a macromol- 
ecule, which depends upon the spatial configuration of both 
components. It should not be surprising, therefore, that plasma 
protein-binding has been found to exhibit stereoselectivity for 
some drugs, including disopyramide, ibuprofen, mexilitene, 
propranolol, and verapamil. 

METABOLISM—Biotransformation requires the interac- 
tion of a drug with an enzyme, an interaction in which spatial 
arrangement is critical. Many drugs that undergo metabolism 
exhibit stereoselective hepatic clearance. For example, the oral 
clearance of verapamil (a high intrinsic clearance drug) dis- 
plays profound stereoselectively such that the oral clearance 
ratio of the R to S isomers is approximately 4. 

RENAL EXCRETION—Filtration in the kidney is a pas- 
sive process; however, if a drug exhibits stereoselective protein- 
binding, one might anticipate that the drug enantiomers would 
exhibit differential filtration rates. Active tubular secretion, 
being an active process, also may demonstrate stereoselectively 
for some drugs. Indeed, numerous drugs, including chloro- 
quine, disopyramide, and terbutaline, have been found to be 
secreted stereoselectively by the kidney. While passive tubular 
reabsorption would not be expected to show stereoselective 
effects, active reabsorption may demonstrate these effects as 
has been shown for certain endogenous substances such as 
glucose and amino acids. 
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In Chapter 58 the basic principles of pharmacokinetics were 
presented. Clinical pharmacokinetics is the discipline in which 
basic pharmacokinetic principles are applied to the develop- 
ment of rational dosage regimens. In this chapter the concepts 
of pharmacokinetics are placed into perspective with the devel- 
opment of individualized drug dosage regimens. The clinical 
significance of the processes of drug absorption, distribution, 
and elimination and influence of disease states on these pro- 
cesses are emphasized. Examples are given of the ways phar- 
macokinetic principles can be applied in the calculation and 
adjustment of dosage regimens designed to fit the pharmaco- 
kinetic and pharmacodynamic properties of drugs and specific 
disease states that alter drug disposition. The principles of 
therapeutic drug monitoring and the rational use of this clini- 
cal science in the management of patients also are discussed. 

An individualized dosage regimen for a patient involves a 
decision about the dose or amount of drug to be administered, 
interval between doses, route of administration, and patient 
factors that may change during the course of drug administra- 
tion. The latter implies that there is a plan for monitoring the 
therapeutic and adverse effects of the drug. Decisions about 
drug dose, dosage intervals, and route of administration are 
based on the clinical knowledge of the disease being treated, 
efficacy of the drug in treating the disease, and absorption, 
distribution, and elimination of the drug. 


ABSORPTION 


SS Ta TD 
Drugs are administered by a variety of routes including intra- 
venous, intramuscular, inhalation, oral, rectal, vaginal, and 
topical application to the skin. The choice of the route depends 
on the many patient- and drug-related factors discussed in 
Chapter 57. In practical terms, the important considerations in 
this choice include the systemic availability of a particular 
dosage form, rate and extent of drug absorption, and patient 
convenience. 

ORAL ROUTE—This route is chosen most frequently be- 
cause of ease of administration and patient acceptance. How- 
ever, the number of variables involved in the absorption of 
drugs from the stomach and small intestine make the oral 
route of administration quite complex. 

Plasma concentration-time curves will reflect some of these 
complexities. One of these is the relative rates of absorption of 
different preparations of the same drug (Fig 59-1'), in which 
preparation A represents a simple, rapidly absorbed prepara- 
tion of a drug; B is a more slowly absorbed derivative of the 
same base. The bioavailabilities of A and B are identical, and C 
is the same compound as B, but in a dosage form that is only 
50% as bioavailable as B. A is absorbed rapidly (ie, k, for A is 
greater than for B or C), and the peak level is in the therapeutic 
plasma concentration range. 


CHAPTER 39 


The advantage of such a preparation is that a pharmacody- 
namic response can be expected to occur quickly, provided the 
response is related to plasma concentration. To appreciate the 
clinical relevance of the situation, consider A to be quinidine 
sulfate, an antiarrhythmic drug. For quinidine sulfate, the 
absorption rate constant, k,, is large in relation to the elimi- 
nation rate constant, k,,, and the peak concentration usually 
occurs in 1 to 2 hours. The rapid absorption is important in 
clinical situations in which some degree of urgency exists. 

It may be desirable, in the initiation of therapy for ominous 
ventricular premature contractions, to use a preparation with 
the characteristics of quinidine sulfate. The half-life of quini- 
dine is 4 to 6 hours, so that frequent doses (every 4 hours) are 
necessary to maintain effective blood concentrations of the 
drug. The short half-life can be an advantage, since steady- 
state concentrations of quinidine are achieved within 24 hours 
(plateau principle). Therefore, one can decide within a day 
whether quinidine will be useful in suppressing the ventricular 
premature contractions. However, the fact that a dose must be 
administered every 4 to 6 hours to maintain therapeutic 
plasma concentrations is somewhat of a disadvantage in that it 
is inconvenient and may result in noncompliance. 

Preparation B, with its slower rate of absorption, reaches a 
lower peak concentration at a considerably later time even 
though given in the same dose. There are clinical consequences 
to this. For example, if B was the sustained-release form of 
quinidine gluconate, it would be less desirable than quinidine 
sulfate for the initiation of drug therapy, where a rapid thera- 
peutic response is needed. Because of its prolonged absorption, 
this preparation commonly is administered every 8 to 12 hours. 
This is so because the slower rate of absorption enables the 
dose to be increased commensurate with a longer dose-interval 
without peak concentrations that rise into the toxic range. 

When treating a patient in whom a rapid (but not immedi- 
ate) effect is required (as with asymptomatic ventricular pre- 
mature contractions), it is advisable to use a dosage form to 
initiate therapy that is absorbed rapidly and completely. Once 
the drug is shown to be effective in a particular patient, the 
dosage form can be changed to one with characteristics similar 
to B, so that less-frequent dosing is required, and patient 
compliance is improved. 

The preparation represented by C in the same dose as A or 
B is probably not an acceptable way to administer this drug. 
The total amount of drug C that is absorbed is only half that of 
B (area under the plasma-concentrations-time curve, AUC, for 
C is half the AUC for B). Thus, it would require twice the dose 
to attain blood levels equivalent to those with A or B. 

The treatment of asthma with theophylline is an example in 
which a rapidly absorbed dosage form is used to initiate ther- 
apy and a prolonged-release dosage form is used for mainte- 
nance therapy. When a patient has an acute asthma attack or 
worsening bronchitis that requires bronchodilator therapy, it is 
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Figure 59-1. Plasma drug concentration-time curves of three prep- 
arations of the same drug. A is rapidly and completely absorbed. 
B is not absorbed as rapidly as A but is 100% available. C has the 
same time to peak concentration as B but is only 50% as available 
(Courtesy, adaptation, Benet’). 


advisable to use the theophylline-ethylenediamine complex 
(aminophylline). This dosage form can be administered either 
intravenously or orally; the former should be used to initiate 
treatment in the acute asthmatic patient who requires prompt 
therapy, so that neither a delay in achieving therapeutic 
plasma concentrations nor bioavailability are factors in the 
initial therapeutic response. 

Following the administration of an aminophylline loading 
dose (see under Distribution, page 1147), the drug should be 
given by continuous intravenous infusion until the acute symp- 
toms have subsided, which may take 24 to 72 hours. In the 
patient with less-severe symptoms, aminophylline can be ad- 
ministered orally four times a day. Once the patient’s condition 
has improved and an effective dose of theophylline has been 
established, then it may be possible to switch the patient to a 
prolonged-release formulation for maintenance therapy. 

The absorption and bioavailability of Theodur and Sustaire, 
two sustained-release theophylline preparations, permit 12- 
hour dosing intervals; Slo-Phyllin Gyrocaps should be given 
every 8 hours. The total daily dose of theophylline that was 
required during intravenous aminophylline administration is 
divided into smaller oral doses given at intervals appropriate 
for the characteristic of the preparation or dosage form used. 

It is important to keep in mind that the absorption and 
plasma time curve characteristics for these preparations usu- 
ally have been established in healthy volunteers or asthmatic 
patients without other illnesses. Patients who eliminate the- 
ophylline rapidly (ie, smokers) may have increased dosage re- 
quirements, and the dosage interval may have to be shortened 
to avoid recurrent asthmatic symptoms between doses. 

Prolonged-release dosage forms have the additional advan- 
tage that fluctuations in blood levels of the drug will be less 
than with rapidly absorbed dosage forms. There is evidence for 
some drugs that the reduction in rapidly changing blood levels 
may improve efficacy and decrease adverse effects. For exam- 
ple, the dose of fentanyl or ketamine required to maintain 
anesthesia was reduced by nearly 50% when the drugs were 
given by continuous infusion rather than by intermittent 
bolus.” 

This reduced dose also resulted in more rapid recovery with 
less-prolonged sedation. These findings suggest that a reduc- 
tion of fluctuation in the plasma concentrations will reduce 
total dosage requirement. If such a reduction in plasma 
concentration fluctuation also applies to oral prolonged- 


release dosage forms, it would provide a distinct advantage for 
their use. 

The bioavailability of a particular drug product, by any 
route of administration, can be determined by comparison of 
the AUC of a drug given by the route of interest with that of the 
same dose given intravenously (see Chapter 57). In the case of 
an orally administered drug, it is the ratio of the AUC after an 
oral dose to the AUC after an intravenous dose. The decreased 
bioavailability of an oral dose may be due to poor gastrointes- 
tinal (GI) absorption of the drug because it does not go com- 
pletely into solution, as it may be degraded in the GI lumen, or 
it does not pass across the intestinal mucosa. Furthermore, to 
reach the general circulation, drugs taken orally must pass 
through the wall of the GI tract and then to the liver via the 
portal vein. Thus, drug metabolism may occur in the gut wall or 
in the liver and severely limit the delivery of parent drug to the 
general circulation. 

If the extraction of the drug by the liver is efficient, oral 
administration results in low bioavailability and, sometimes, 
limited pharmacological effect. This is commonly referred to as 
first-pass metabolism (presystemic metabolism). Table 59-1 
lists some of the drugs known to exhibit first-pass metabolism. 
Because their extraction is high and their rate of metabolism 
great, the rate-limiting step in the clearance of drugs in Table 
59-1 is liver blood flow. The metabolism of these drugs can be 
referred to as flow-limited. The clinical significance of changes 
in liver blood flow on drug bioavailability is discussed under 
Drug Therapy in Hepatic Disease. 

Different dosage forms of the same drug may have different 
systemic bioavailabilities. The ratio of the AUC for one dosage 
form to that of another dosage form is termed the relative 
bioavailability. A drug usually has the highest bioavailability if 
administered orally as an aqueous solution; finely comminuted 
drugs in suspension follow closely. However, as a drug is 
packed into hard gelatin capsules or compacted into tablets, its 
bioavailability decreases. Furthermore, a drug in one dosage 
form made by one manufacturer may have a different bioavail- 
ability from that of another manufacturer. 

With drugs for which bioavailability varies significantly 
from product to product, if one product initially has been effi- 
cacious, it is advisable to continue with that product. If for 
economical or other reasons the product must be changed to 
that manufactured by a different company, it is wise to observe 
the patient carefully for a possible change in clinical response 
indicative of a change in bioavailability. Products designed for 
prolonged release sometimes have a low bioavailability. How- 
ever, this may not be a problem during maintenance therapy 
so long as therapeutic serum concentrations are achieved 
consistently. 

The presence of food in the stomach or intestine can have a 
profound influence on the rate and extent (bioavailability) of 
drug absorption. Initial absorption studies for a new drug, 
performed in healthy volunteers, commonly include fasting and 
nonfasting conditions. Therefore, in general and for controlled 
diets, the effect that food may have on drug absorption may be 
known when a drug is introduced into the market. Unfortu- 
nately, food-drug interactions are not consistent, and the pres- 
ence of food may enhance or diminish the absorption of drugs. 


Table 59-1. Drugs That Exhibit First-Pass Metabolism 


Acetylsalicylic acid Morphine 
Alprenolol Nitroglycerin 
Amitriptyline Nortriptyline 
Desipramine Pentazocine 
Dopamine Prazosin 
Imipramine Propoxyphene 
Isoproterenol Propranolol 
Lidocaine Salicylamide 
Meperidine Verapamil 
Metoprolol 


The most common type of interaction occurs when a food con- 
stituent binds the drug and the food-drug complex cannot pass 
through the gut wall. For example, complexation of tetracycline 
antibiotics may occur when these drugs are administered with 
dairy products or with antacids containing aluminum, calcium, 
or magnesium. 

The presence of a large meal in the stomach will delay 
gastric emptying. If a drug that is absorbed in the intestine is 
ingested with a large meal, the delay in gastric emptying may 
result in a delay in absorption of the drug. However, the pres- 
ence of food in the stomach also has been shown to increase 
absorption of some drugs. For example, the bioavailabilities of 
the B-adrenergic blocking drugs, propranolol and metoprolol, 
are enhanced by the presence of food.” Therefore, because of the 
difficulty in predicting the absorption pattern of a drug in the 
presence of food, it is usually advisable to administer drugs 
when the stomach is empty or 30 min prior to meals; an 
exception is with drugs that cause GI irritation and nausea. 
These drugs must be given with food to prevent these side 
effects. It is recommended that such drugs always be taken 
with food to compensate for the differences in absorption that 
might occur if they were given one time with food and another 
time without food. 

Water taken concomitantly with certain drugs may increase 
bioavailability. The administration of aspirin, erythromycin 
stearate, amoxicillin, or theophylline with 250 mL of water 
results in greater bioavailability than if the same drugs are 
ingested with only 25 mL of water.* It is probable that the 
increased amount of water enhances the amount of drug ab- 
sorbed by improving drug dissolution as well as by hastening 
gastric emptying. 

Diseases that affect the structure and function of the GI 
tract also are capable of altering the absorption of drugs after 
oral administration. However, no consistent pattern develops; 
rather, there appears to be a complex relationship between the 
effect of the disease on stomach and intestinal functions and 
the absorption of the drug in question. For example, diseases 
such as diabetes mellitus or chronic renal failure, which delay 
gastric emptying, will markedly delay the absorption and onset 
of effect of drugs that must reach the small intestine before 
they are absorbed. This has been a problem with the use of 
phenytoin in patients with chronic renal failure. Celiac disease 
and Crohn’s disease, which alter the intestinal epithelium, 
have been studied in detail.° In these diseases, absorption of 
some drugs is affected greatly, but there is no consistent pat- 
tern of altered drug absorption. 

When a drug is to be administered orally to a patient with 
altered GI motility, diseases of the stomach and small or large 
intestine, previous stomach or intestinal surgery, or GI infec- 
tion, there is a considerable probability that drug-absorption 
characteristics in these patients will differ from those in 
healthy volunteers. This may result in a change in the time of 
peak blood level or the extent of absorption. It is advisable to 
observe such patients closely for clinical effect during initial 
drug administration and during chronic dosing, to assess the 
influence of alterations in absorption and correct dosing regi- 
mens accordingly. Monitoring drug blood concentrations may 
be beneficial in adjusting dose. 

NONORAL ROUTES—Drugs are administered by a vari- 
ety of nonoral routes including subcutaneous, intramuscular, 
intravenous, inhalation, percutaneous, buccal, sublingual, rec- 
tal, vaginal, intra-arterial, intrathecal, and intraocular. In the 
cases of inhalation, topical application to the skin or mucous 
membranes, rectal, vaginal, intra-arterial, or intrathecal ad- 
ministration, the route often is chosen to ensure that drugs 
reach a specific site with a minimum of systemic absorption. 
The rationale is that the maximum concentration of drug will 
be at the site of action so that side effects will be lessened. 
Nevertheless, if large doses are administered by these routes, 
enough drug may reach the general circulation to produce side 
effects. Therefore, the dose and preparation should be such that 
limited quantities of drug reach the systemic circulation. 
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The B-adrenergic agonists, metaproterenol and albuterol, 
when administered by inhalation, produce bronchodilatation at 
doses that avoid serious systemic side effects. Similarly, the 
corticosteroid beclomethasone also can be administered by this 
route for the management of chronic asthma. Low doses of 
beclomethasone by inhalation are without the serious systemic 
side effects of oral steroids. However, as the dose is increased 
beyond two inhalations 4 times a day, for an average daily dose 
of 400 yg, there is a greater incidence of side effects, including 
adrenal suppression. 

The topical administration of drugs rapidly is becoming an 
important route of drug administration of systemic drugs. Pre- 
viously used only for the application of drugs for local effects in 
diseases of the skin, it now is being explored as a means of 
administering drugs for their systemic effects. 

Nitroglycerin commonly is applied to the skin in the form of 
an ointment or transdermal patches; it is absorbed rapidly and 
provides sustained blood levels. Sublingual nitroglycerin also is 
employed to produce therapeutic blood levels; it produces a 
maximal effect on anginal pain within 3 to 5 min but lasts only 
20 to 60 min. In contrast, nitroglycerin ointment provides peak 
blood concentrations in about 1 hr, and the effect on anginal 
pain may last for several hours. The sublingual tablets should 
be used to suppress acute angina attacks, whereas nitroglyc- 
erin ointment or transdermal patches may be useful to prevent 
recurrence of episodes of angina for prolonged periods, such as 
during the night. Whether or not the continuous administra- 
tion of nitrates by this route will result in the development of 
tolerance is not clear at this time. Transdermal patches con- 
taining clonidine, estrogen, fentanyl, or nicotine are available 
for the treatment of hypertension, estrogen-replacement ther- 
apy, and analgesia or as an adjunct in smoking cessation 
programs, respectively. 

Close intra-arterial administration of drugs is used to get 
drugs directly to a target site or organ in high concentration. 
After it has passed through the target region it is distributed in 
the entire blood volume, which reduces the systemic levels of 
the drug and the consequent side effects. One example is the 
use of cytotoxic drugs for the treatment of primary or meta- 
static tumors of the liver. The infusion of drugs into the hepatic 
artery exposes the tumor to higher drug concentrations than 
can be tolerated with intravenous administration. If the drug is 
extracted efficiently by the liver, the exposure of sensitive 
tissues such as bone marrow and GI] epithelium to the drug will 
be decreased. For example, after hepatic artery infusion of 
floxuridine (FUDR), hepatic vein concentrations are 2 to 6 
times higher than comparable drug concentrations following 
intravenous infusion, yet systemic blood concentrations are 
75% less.° Thus, the therapeutic index of FUDR in the treat- 
ment of liver cancer is increased considerably by hepatic arte- 
rial infusion. This type of selective drug administration may be 
beneficial with other drugs that have low therapeutic indices. 

Intrathecal injection is used to deliver drugs to the spinal 
cord or brain in sufficient concentration to produce an effect but 
at the same time to reduce the incidence or severity of systemic 
side effects. The intrathecal administration of the cancer che- 
motherapeutic agent methotrexate frequently is employed in 
the management of leukemic involvement of the central ner- 
vous system. The epidural administration of morphine, which 
produces long-lasting (6 to 30 hours) analgesia with minimal 
side effects, is proving to be of benefit in the management of 
chronic pain. 


DISTRIBUTION 


Once a drug is absorbed into the general circulation, it distrib- 
utes into various tissues and body fluids. The nature and extent 
of this distribution depends on several factors such as the 
extent of drug binding to plasma or tissue proteins, blood flow 
to selected areas of the body, lipid-solubility of the drug, and 


1148 CHAPTER 59 


consequently, its ability to permeate membranes. In clinical 
practice, concern about drug distribution often arises regarding 
the penetration of an antibiotic into the central nervous sys- 
tem, into abscesses at any location, into bone for the treatment 
of osteomyelitis, and into specific body fluids such as synovial 
fluid. 

In most cases, the distribution of a drug within the body is 
determined by the nature of the drug. However, distribution 
occasionally is altered by the disease process for which it is 
being used. For example, in healthy individuals, the concentra- 
tion of penicillin in the nervous system is much lower than in 
serum. However, in patients with inflamed meninges, as in 
bacterial meningitis, large daily parenteral doses of penicillin 
can result in bactericidal concentrations in the cerebrospinal 
fluid. Thus, pneumococcal and meningococcal meningitis can 
be treated effectively with intravenous penicillin. Increased 
penetration into the brain in these diseases occurs because the 
inflamed meninges are more permeable to the penicillin. Also, 
active transport of penicillin out of the cerebrospinal fluid back 
into plasma may be impaired in meningitis, thus causing an 
increase in penicillin concentration in the brain. 

In Chapter 58 the term volume of distribution (V,) was 
introduced. Despite, the fact that the V, of a drug is a very 
important pharmacokinetic term, it is important to recall that 
knowing the V, of a drug does not indicate necessarily how or 
where a drug is distributed, within the body. The abstract 
nature of the V, is illustrated with a drug such as the tricyclic 
antidepressant amitriptyline. The V, for amitriptyline is 20 
L/kg, which represents a total V,, of 1400 L in a 70-kg man. This 
large V, indicates that the amount of drug in the plasma is 
small in relation to the amount in extravascular compartments 
and implies that tissue concentrations of the drug probably are 
very large. Since the volume of total body water in a 70-kg man 
is less than 70 L, a V, of 1400 L also illustrates that V, does not 
represent a real volume. Drugs with a large V, usually are 
distributed extensively to tissues where they commonly are 
bound to tissue constituents such as DNA or other macromol- 
ecules or are dissolved in lipids, whereas drugs that are bound 
extensively to plasma proteins will have smaller V,s. 

One situation in which knowledge of the size of the V, is 
useful clinically is in the management of the patient with a 
severe drug overdose. If a drug such as amitriptyline has a 
large V., it is likely that after an overdose neither hemodialysis 
nor hemoperfusion will be an effective way of lowering the total 
body concentration of the drug. Dialysis may lower the plasma 
drug concentration temporarily, but there will be redistribu- 
tion from tissues into plasma soon after the dialysis is stopped. 

Knowledge of the V, also is important in determining the 
loading dose of a drug. This is the dose of a drug administered 
initially to bring the plasma concentration to a level antici- 
pated during maintenance. An example will illustrate how the 
V,, is used to determine the loading dose of theophylline. The V, 
of theophylline is approximately 0.5 L/kg, and a commonly 
desired plasma concentration is 10 ng/mL (10 mg/L). Equation 
58-8 (page 1130) shows that 
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where f is the bioavailability factor or the fraction of drug 
administered that reaches the systemic circulation, D is the 
dose of drug administered, and C is the plasma concentration 
desired. Since the f for theophylline is 0.96, it can be considered 
to be 1. Thus 
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D = 5 mg/kg = 350 mg/70 kg 


This dose, administered as a 30-minute intravenous infusion, 
an oral solution, or an uncoated, rapidly dissolving tablet, will 


result in a peak plasma theophylline concentration of approx- 
imately 10 mg/L in patients who have not received theophylline 
recently. 

The V,, usually is considered to be a constant parameter of 
a drug, so that the loading dose is independent of subsequent 
changes in drug elimination produced by disease. For example, 
the loading dose of gentamicin in a patient with severe renal 
failure usually will not be different from that in a patient with 
normal renal function. Therefore, therapy can be started with 
the conventional loading dose without knowing the actual sta- 
tus of renal function. 

The severity of renal failure as measured by creatinine 
clearance (see below) nevertheless will have to be determined 
prior to calculation of the maintenance dose. There are some 
clinical situations, however, in which the Vs of various drugs 
may be altered so that the loading dose may have to be altered 
appropriately. The V,, of a drug may be affected by a variety of 
factors such as protein binding, disease states, body habitus, 
and age. As a rule, the effect of changes in protein binding on 
the V,, are important only for drugs that are bound 90% or more 
to plasma proteins. 

Propranolol provides an example in which in patients with 
chronic liver disease the V, is increased significantly because 
plasma protein binding is decreased and a greater fraction of 
unbound drug has access to tissue. The V, of digoxin in pa- 
tients with severe congestive heart failure usually is lower than 
that in patients with normal cardiac output. Consequently, the 
loading dose of digoxin is reduced in these patients. Severe 
dehydration and sepsis result in contraction of the extracellu- 
lar space and a consequent decrease in the V, of drugs that 
largely are confined to this physiological space. 

The degree of obesity also may affect the V, of some drugs. 
The relative V, (A’; V,/kg) of water-soluble, lipid-insoluble 
drugs varies inversely with percentage body fat; the A’ of 
lipid-soluble, water-insoluble drugs varies directly with body 
fat. Even in extremely obese patients the increase in body 
weight may not be accompanied by an increase in the V, for 
water-soluble drugs, such as aminoglycoside antibiotics, which 
will not distribute into fat tissue. 

Calculation of the loading dose of these antibiotics in obese 
patients illustrates this problem. If actual body weight, rather 
than the ideal body weight or lean body mass, is used to 
calculate a loading dose of an aminoglycoside antibiotic, ele- 
vated peak concentrations may occur in obese patients. Never- 
theless, an excessive loading dose is preferable to the risk of 
possible subtherapeutic concentrations from a miscalculated 
adjusted dose in a seriously ill patient. 

Calculation of maintenance dosing should be made using 
ideal body weight to avoid consistently elevated peak plasma 
concentrations. In the first year of life, infants are known to 
have a larger extracellular space per unit of body weight than 
adults, so that the A’ of some drugs is also greater. This has 
been shown to be true for ampicillin, ticarcillin, and amikacin. 
Changes in the V, occur frequently in elderly patients as the 
result of changes in lean body mass. A linear increase in the A’ 
with increasing age has been demonstrated to occur with diaz- 
epam.’ 

It should be kept in mind that the V, for a particular drug 
in an individual patient may change during therapy. An exam- 
ple might occur when a severely dehydrated patient is treated 
with intravenous fluids. Unfortunately, there are no accurate 
means by which the V, of a particular drug can be determined 
in an individual patient without first administering the drug in 
question. Therefore, in situations where one suspects that the 
V,, may be altered, it is important to monitor blood concentra- 
tions of drug or clinical response to ensure that therapeutic, 
and neither toxic nor inadequate, plasma concentrations are 
being achieved. This particularly is true during initial cumu- 
lative drug administration or when a loading dose is being 
given. 

PROTEIN BINDING— Pharmacological effect is related 
closely to the free concentration of drug at its site of action. 


Table 59-2. Drugs More Than 90% Bound 
to Plasma Proteins 


BASIC DRUGS ACIDIC DRUGS 
Alfentanil Acetylsalicylic acid 
Amitriptyline Cloxacillin 
Chlorpromazine Naproxen 
Desipramine Penicillin 
Diazepam Phenylbutazone 
Flurazepam Phenytoin 
Imipramine Probenecid 
Lidocaine Sulfinpyrazone 
Lorazepam Tolbutamide 
Nifedipine Warfarin 
Nortriptyline 

Propranolol 

Quinidine 

Verapamil 


However, all drugs are bound to some extent to plasma and/or 
tissue proteins, and the free-drug concentration often may rep- 
resent only a fraction of the amount of drug in the body. For 
most drugs the total-drug concentration is measured in plasma 
and related to an observed therapeutic effect. Thus, recom- 
mended therapeutic concentrations commonly are expressed as 
the total drug concentration in plasma, simply because total- 
drug concentration is much easier to assay than free-drug 
concentration. If something occurs that perturbs the protein 
binding of drug, then either more or less may be free in plasma 
(and thus free at the site of action) and standard therapeutic 
drug concentration guidelines no longer apply. This situation is 
made more complex because changes in protein binding may 
alter elimination as well as distribution. There is definitely a 
need to understand the therapeutic consequences of alterations 
in drug-protein binding, to individualize drug therapy. 

The major factors that affect drug-protein binding include 
the types of proteins available for binding, the binding affini- 
ties and capacities, and the presence of competing substances, 
such as endogenous substances and other drugs. Albumin is 
the major protein in serum, and drug binding to albumin, 
consequently, has been studied in detail. Drug binding to a,- 
acid glycoprotein and lipoprotein also has been shown to be of 
clinical significance for certain drugs. There are few data on the 
ability of other plasma proteins to bind most drugs. 

For the purpose of discussing protein binding, drugs can be 
classified as either acidic or basic (Table 59-2). Acidic drugs 
commonly bind to plasma albumin, and concomitantly admin- 
istered acidic drugs may displace one another from their bind- 
ing sites. Basic drugs may bind to either albumin or a,-acid 
glycoprotein. If a drug is displaced from its binding protein by 
another drug or by a disease process, the concentration of free 
drug in plasma (and at the receptor site) will increase tempo- 
rarily, an effect that then may increase temporarily the phar- 
macologic response. 

The clinical impact of displacement depends on the total 
amount of drug in the body that is bound, the extent of dis- 
placement, whether the drug is also tissue-bound, the V,, and 
whether the drug is a high-clearance or low-clearance drug. 
High-clearance drugs are those with an extraction ratio (see 
below) close to 1, so that the extraction usually is insensitive to 
the extent of protein binding. A low-clearance drug, on the 
other hand, has a lower extraction ratio, and the clearance of 
the drug may be very sensitive to protein binding. 

Warfarin is an example of a low-clearance drug for which 
the clearance has been shown to vary with the fraction of 
unbound drug. Thus, after warfarin has been displaced from 
protein binding sites, C,,;...) increases and clearance increases. 
The increased metabolism will result in the elimination of 
excess C,,/,.-) and restore the original free-drug levels. Never- 
theless, the initial release of bound drug may cause a tempo- 
rary depletion of clotting factors and consequent bleeding. 
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The effects of protein displacement are usually of clinical 
significance only when binding exceeds 85 to 90%. Consider a 
drug that is 98% bound to plasma proteins. A displacement of 
2% potentially will increase free-drug concentration by 100%. 
However, this does not mean necessarily that free-drug concen- 
tration in plasma actually will increase by 100%, because free 
drug usually distributes quickly into tissues. 

After redistribution, the actual increase in free-drug concen- 
tration in plasma depends on the V,. If the V, is large, the 
increase in plasma concentration may be minimal; if the V,, is 
small, the concentration at the receptor site may rise signifi- 
cantly and elicit an increase in intensity of drug action. To 
make matters more complex, a decrease in protein binding also 
can increase the V,, directly by decreasing the total concentra- 
tion in plasma, from which the V,, is calculated. 

Diseases can alter drug-protein binding by decreasing the 
amount of protein available for binding and by inhibiting drug 
binding. Table 59-3 lists some conditions that increase or de- 
crease plasma proteins. 

Hypoalbuminemia and elevated a,-acid glycoprotein have 
been shown to have the most dramatic effect on drug-protein 
binding. A normal concentration of serum albumin is 4 g/dL, 
and a concentration of 2 g/dL would be considered severe 
hypoalbuminemia. The effect of hypoalbuminemia on drug- 
protein binding has the greatest impact if 90% or more of the 
drug is bound, if the number of binding sites on albumin are 
limited, or if the drug has a low V,. It has been shown that a 
change in plasma albumin concentration from 3.5 down to 2.8 
g/dL causes the protein binding of phenytoin to change from 90 
to 80.8%.° The reduced binding results in an inversely propor- 
tional increase in total plasma clearance, so that in steady state 
the unbound-drug concentration remains unchanged. Thus, it 
is probably unnecessary to alter the total daily dose. However, 
the decrease in total plasma drug concentration poses a poten- 
tial problem for the interpretation of routine plasma concen- 
trations. This problem is discussed in further detail under 
Drug Therapy in Renal Disease. 

Diseases also can affect the affinity of drugs for albumin. 
The best-known example occurs in chronic renal failure, in 
which accumulated endogenous compounds, which are not sig- 
nificantly removed by dialysis, displace acidic drugs from albu- 
min binding sites. In disorders or situations in which free fatty 
acid levels are increased, acidic drugs are displaced from albu- 
min binding sites. Quantitatively, when the free fatty acid/ 
albumin ratio exceeds 3.5, the binding of acidic drugs usually is 
reduced significantly.? 


Table 59-3. Conditions Capable of Altering 
Plasma Proteins 


ALBUMIN a-1-ACID GLYCOPROTEIN 
Decreased plasma —_ Burns Nephrotic syndrome 
protein Chronic liver 
disease 


Cystic fibrosis 
Protein-losing 

enteropathy 
Nephrotic 

syndrome 
Pregnancy 
Chronic renal 

failure 
Trauma 
Hypothyroidism Celiac disease 
Crohn’‘s disease 
Myocardial infarction 
Renal failure 
Rheumatoid arthritis 
Trauma 


Increased plasma 
protein 
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ELIMINATION 


The elimination of drugs from the body usually occurs either by 
excretion into the urine or by biotransformation to metabolites 
that are eliminated in the urine or feces. The mechanisms 
whereby the kidneys and liver eliminate drugs and the phar- 
macokinetic principles behind these processes were presented 
in Chapters 57 and 58, respectively. In this section, emphasis is 
placed on the practical application of these principles toward 
the development of individualized dosage regimens. 

When drugs are approved by the Food and Drug Adminis- 
tration (FDA), their elimination has been studied in detail, 
usually only in healthy volunteers. Nevertheless, there is often 
enough information available to make rational decisions about 
the individualization of drug doses in patients who might have 
impaired elimination. The most important information is 
whether the drug is eliminated unchanged in the urine or 
biotransformed in the liver. With a drug whose major route of 
elimination is renal, it is necessary to know if excretion is by 
tubular secretion, glomerular filtration, or a combination of 
secretion and filtration. With a drug whose elimination is prin- 
cipally by the liver, it is necessary to know if the biotransfor- 
mation is primarily by a Phase I (oxidation) reaction or a Phase 
II (conjugation) reaction, if the metabolite(s) is/are pharmaco- 
logically active, and if the drug exhibits first-pass metabolism. 
With the knowledge of these facts about each drug, one can 
determine if it is necessary to adjust the dosage regimen for a 
patient with kidney or liver impairment. 

As indicated in Chapter 58, drug clearance is a more direct 
expression of elimination than is half-life. This is mentioned 
here only to remind the reader to be cautious about equating 
impaired renal or hepatic function with a change in drug half- 
life. If a decrease in the renal elimination of a drug is accom- 
panied by an increase in half-life, it is necessary to know this to 
adjust the dosage regimen. However, the elimination half-life 
of a drug is a complex function of elimination and the V,, and 
it is possible to have a change in the V,, in patients with renal 
or hepatic impairment such that there is no alteration in half- 
life. Furthermore, it is possible to have a drug with a high total 
body clearance yet a long half-life. This seeming contradiction 
occurs when drugs with a very high clearance also have a 
large V,. 

One class of drugs that displays this contradiction is the 
tricyclic antidepressants; the members have rapid clearances of 
about 1500 mL/min as the result of hepatic metabolism, but 
their plasma elimination half-life may be as long as 20 hours. 
Because of their large V,, (1000 to 2000 L) and rapid redistri- 
bution between tissues and plasma, drug cleared from the 
plasma almost completely is replaced by drug from the periph- 
eral compartment. As already mentioned, this is important to 
remember when deciding about the use of extracorporeal (he- 
modialysis or hemoperfusion) systems to remove drugs from 
the body of an overdosed patient. 

For a drug with a half-life of 20 hours it might appear that 
an extracorporeal system would enhance drug elimination. 
However, clearance of the tricyclic antidepressants by dialysis 
is small compared with normal hepatic clearance. If the drug 
also has a large V,, redistribution likely would keep the plasma 
levels elevated, and hemodialysis or hemoperfusion would have 
to be continued for an unusually long time to enhance the 
removal of drug from the body significantly. 

RENAL EXCRETION—Unchanged drug or drug metabo- 
lites can be eliminated from the body by way of the kidneys, as 
mentioned above. Drug excretion by this route takes place 
either as a result of filtration through the glomerulus, by tu- 
bular secretion, or both. A knowledge of how a drug is excreted 
can be useful in predicting the effect that renal disease will 
have on its elimination. Drugs that are excreted by tubular 
secretion generally can be divided into organic acids, such 
as penicillin and probenecid, and organic bases, such as 
cimetidine. 


As indicated in Chapter 57, the organic acids and bases are 
secreted by separate transport systems. Among the organic 
acids there is competition in transport such that the coadmin- 
istration of two such drugs can result in decreased elimination 
and elevated blood concentrations of each. 

Sometimes this competition can be used to advantage, as in 
the administration of probenecid in combination with penicillin 
in the treatment of gonorrhea. The result is that the clearance 
of penicillin is reduced and the plasma penicillin concentra- 
tions remain high for a prolonged period of time; the combina- 
tion is more effective than penicillin alone. Since the therapeu- 
tic index of penicillin is high, such interactions are useful. 
However, if probenecid is administered with the cytotoxic drug 
methotrexate, the secretion of the latter drug is impaired, and 
significant toxicity may occur. When tubular secretion is high, 
plasma protein binding usually does not affect active secretion 
by the proximal tubule. 

Most drugs are excreted by the kidney via filtration across 
the glomerular membrane. Glomerular filtration is a passive, 
nonsaturable process. Because of the small size of the pores of 
the glomerular membrane, only free drug in plasma can be 
filtered; consequently, drugs that are bound to plasma proteins 
are filtered poorly. Displacement from proteins actually can 
increase the amount of drug filtered in the glomerulus and 
hence eliminated in the urine. 

The glomerular clearance of drugs is directly proportional to 
the glomerular filtration rate (GFR). It follows that a decrease 
in GFR will result in a proportional decrease in the rate of 
glomerular elimination of a drug. Thus, measurement of the 
GFR can be very helpful in the individualization of dosage 
regimens in patients with impaired renal function. The GFR 
generally is estimated by measuring the clearance of either 
inulin or creatinine. Inulin must be infused intravenously, 
whereas creatinine, a product of muscle metabolism, is re- 
leased in vivo at a relatively constant rate, thus obviating the 
need for constant intravenous infusion. Urinary creatinine ex- 
cretion usually exceeds the amount filtered by about 10% be- 
cause of a small amount of renal tubular secretion of creati- 
nine. However, because determination of GFR by creatinine 
clearance is inexpensive and easy to do and because the differ- 
ence between inulin and creatinine clearance is not significant 
clinically, creatinine clearance commonly is used to estimate 
GFR. It is very important to realize that the creatinine clear- 
ance is an accurate estimate of GFR only if renal function is 
stable. If renal function is decreasing, serum creatinine con- 
centrations will be increasing, and it may take several days to 
reach a new steady state. Until a new steady state is reached, 
the GFR cannot be estimated accurately from serum creatinine 
concentrations, and serum creatinine should not be used to 
calculate an individualized dose of a drug. Although creatinine 
clearance only measures the GFR, it frequently is used in the 
determination of the dosage regimens of drugs that are elimi- 
nated both by filtration and by tubular secretion. Unfortu- 
nately, there is no simple test to measure tubular secretion. 
Therefore, dosage adjustment based on creatinine clearance 
may not be appropriate for patients receiving drugs that are 
secreted actively by the renal tubules.'° 

The effect of changes in urine pH and urine flow on drug 
excretion are discussed in Chapter 57. In routine drug therapy, 
these parameters are not considered to be of great importance. 
However, the alkalinization of urine to pH 8 by the adminis- 
tration of sodium bicarbonate is used routinely to treat 
overdoses of phenobarbital and salicylates, since ionization of 
these weak acids reduces their reabsorption and increases their 
elimination. 

DRUG THERAPY IN RENAL DISEASE—Drug adminis- 
tration to patients with impaired renal function is complicated 
by their associated medical problems, by the number of drugs 
they receive, and by the alterations in drug disposition and 
elimination that occur. In renal disease, the protein binding of 
acidic or neutral, but not basic, drugs in plasma usually is 


altered. Some of the explanations for changes in protein bind- 

ing include 

1. Hypoalbuminemia that occurs as a result of protein loss in the 
urine. 

2. Competition for protein binding sites with small acidic molecules 
that accumulate in uremia. 

3. Changes in the conformation of albumin that result in decreased 
affinity for binding sites. 

4. Accumulation of drug metabolites that might displace parent drug 
from proteins. 


Whichever the cause for changes in binding, the clinical impor- 
tance of changes in plasma binding and/or protein concentra- 
tion is that care must be used in interpreting plasma drug 
concentrations. 

Measured plasma drug concentrations usually are reported 
as total drug, ie, bound plus free drug. For example, therapeu- 
tic plasma concentrations of phenytoin in persons with normal 
plasma protein content are 10 to 20 mg/L, of which only 1 to 2 
mg/L represents free drug. In patients with renal failure, the 
free phenytoin concentration is unchanged, whereas the fotal 
drug concentration falls to 5 to 10 mg/L, because of changes in 
protein concentration. The clinician might, therefore, be misled 
into thinking that an increase in dose was necessary to increase 
the plasma concentration. In fact, because the free phenytoin 
levels are unchanged in patients with renal disease, a dosage 
adjustment is not warranted. The renal elimination of metab- 
olites also can be affected by impaired renal function. 

The uremic state has been shown to affect the biotransfor- 
mation of many drugs. However, the effects of uremia on drug 
metabolism often are inconsistent and not predictable, and the 
clinical significance of such effects usually are not known. The 
clinical importance of the reduced elimination of drug metab- 
olites is better understood. 

Procainamide is acetylated in the liver to N-acetylprocain- 
amide, which has cardiac effects similar to those of the parent 
drug. This metabolite is eliminated by the kidneys, and its 
plasma concentration is increased in patients with impaired 
renal function. Patients with renal failure who are treated with 
procainamide should be observed closely for signs of clinical 
procainamide toxicity, and plasma concentrations of both pro- 
cainamide and N-acetylprocainamide should be monitored. 

Meperidine is metabolized in the liver to meperidinic acid 
and normeperidine. Normeperidine is an active metabolite 
with half of the analgesic potency of meperidine and twice the 
neurotoxic potential. Normeperidine is eliminated by renal ex- 
cretion and may accumulate in renal insufficiency. 

Dosage adjustment of drugs in patients with renal impair- 
ment should be based on a knowledge of the pharmacokinetic 
parameters of the drug and, when indicated, on monitoring of 
plasma drug concentration. The aim of individualizing dosing 
regimens for patients with impaired elimination (renal or he- 
patic) is to maintain an average plasma concentration (C,,(q,.)) 
similar to that of patients with normal elimination and, thus, to 
avoid unnecessary toxicity or loss of efficacy. 

In Chapter 58 (page 1132) it can be seen that C,,,,,.) is a 
direct function of dose (D) and bioavailability (f) and an inverse 
function of the dosing interval (r) and clearance (V, :k,,). In the 
patient with impaired elimination or decreased clearance, 
Cyvave) Will increase until a new plateau is reached (plateau 
principle). If clearance is impaired markedly or if the therapeu- 
tic index of the drug is small, toxicity may occur. 

It is apparent from the same equation that either an appro- 
priate decrease in dose or increase in the dosing interval will 
offset a decrease in elimination, and a C,,,,,) can be attained 
that is similar to that in a nonimpaired patient. 

In the patient with renal impairment, individualization of 
drug therapy requires knowledge of the degree of impairment 
and its effect on drug elimination, to choose a proper dose or 
dosing interval to achieve a desired C.,,,,,,.). AS discussed above, 
the endogenous creatinine clearance is usually the most prac- 
tical index of GFR and it is used widely (with the limitations 
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indicated) to determine the degree of renal impairment in a 
patient with renal disease. 

The translation of the degree of impairment into a dosage 
regimen is not simple. In the literature there are a variety of 
nomograms and equations available to aid in calculating dos- 
age regimens for patients with renal impairment. Each has its 
proponents and opponents, and each is based on a set of as- 
sumptions that provide limitations to its use. None take into 
account all of the complexities discussed above. Therefore, a 
nomogram or an equation used to determine a dose of a drug to 
be given to a patient with renal impairment must be used only 
as a guideline and, when possible, should be used along with 
monitoring of plasma drug concentration, when indicated, and 
careful clinical observation to ensure optimal therapy. 

Drug clearance in patients with renal insufficiency (C1,,) can 
be estimated from the relationship of the creatinine clearance 
in the renally impaired patient, the creatinine clearance of 
normal persons, and the clearance of drug by renal and nonre- 
nal clearance mechanisms according to the equation 
Clereat impaired 


Cl 


‘“creat normal 


Cl; a Clrenal x “15 Chronrenal (1) 


where Cl,,,,,,, is the normal renal clearance, Cl.,.a1 impaired 18 the 
creatinine clearance in the patient, Cl...a+ normal 18 the creati- 
nine clearance in normal persons, and Cl,,,.,, nq) 18 the nonrenal 
clearance. The renal and nonrenal clearances may not be avail- 
able; therefore, to determine a proper dosage regimen, one 
must rely on the pharmacokinetic information that is available 
in the literature; the elimination rate constants, k,,, in normal 
patients and in patients with complete anuria frequently are 
available. The values for these constants for many drugs are 
listed in Table 59-4. Dettli’’ has derived a nomogram in which 
these elimination rate constants and the creatinine clearance 
can be used to determine an individualized dosage regimen for 
patients with decreased renal function. This nomogram is re- 
produced in Figure 59-2. 

An example of how this nomogram can be applied is as 
follows. The ratio Reanepnric)/Reinormal) 18 the fraction of the 
usual dose of a drug to be administered when there is anuria. 
When this ratio is entered on the left ordinate of the nomogram 
in Figure 59-2 and connected by a line to the upper right-hand 
corner, the dose fraction is described for a range of creatinine 
clearances from 0 to 100 mL/min (100 mL/min is that of a 
normal 70-kg person). A line then is drawn vertically from the 
patient’s creatinine clearance on the abscissa to the dose frac- 
tion line. From this point of intersection, a second line is drawn 
horizontally to the left ordinate of the nomogram. The point of 
intersection on the left ordinate is the dose fraction for that 
particular drug that corresponds to the compromised creati- 
nine clearance. 

Insofar as the maintenance dose is concerned, the dosage 
regimen for the patient in renal failure can be modified by 
adjusting either the dose or the dosage interval according to the 
calculated dose fraction. The maintenance dose can be adjusted 
by multiplying the normal dose by the dose fraction 


D,, = D+ Dose fraction (2) 


where D,,, is the dose in renal insufficiency, D is the usual dose 
for normal persons, and dose fraction is the value determined 
from the nomogram as described above. The dosage interval, 0, 
can be adjusted by dividing by the dose fraction 


T,, = T/Dose fraction (3) 


ri 


where 1,,; is the dosage interval in renal insufficiency. An ex- 
ample of an adjustment in a gentamicin dosage regimen for a 
patient with an impaired creatinine clearance of 35 mL/min is 
as follows: the usual gentamicin dosage regimen in a patient 
with normal renal function is a loading dose of 80 mg followed 
by 80 mg every 8 hr. From Table 59-4 it can be seen that 


Reelcmiepirial elmore = 0.01/0.30 = 0.03 
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Table 59-4. Drug Elimination Rate Constants in Normal 
and Anephric Patients 


NORMAL ke; ANEPHRIC key 

DRUG (hr!) (hr!) 
a-Methyldopa 0.17 0.03 
Amikacin 0.40 0.04 
Amoxicillin 0.70 0.10 
Ampicillin 0.70 0.10 
Aztreonam 0.40 0.1 
Carbenicillin 0.60 0.05 
Cefazolin 0.40 0.04 
Cefotaxime 0.70 0.21 
Cefoxitine 0.80 0.08 
Ceftazidime 0.40 0.04 
Cephacetrile 0.70 0.03 
Cephalexin 1.00 0.03 
Cephalothin 1.40 0.04 
Chloramphenicol 0.30 0.20 
Chlorpropamide 0.02 0.008 
Chlortetracycline 0.10 0.10 
Ciprofloxacin 0.20 0.07 
Clindamycin 0.47 0.10 
Cloxacillin 1.40 0.35 
Dicloxacillin LZ 0.60 
Digitoxin 0.004 0.003 
Digoxin 0.017 0.006 
Doxycycline 0.03 0.03 
Erythromycin 0.50 0.14 
Fluorocytosine 0.24 0.01 
Gentamicin 0.30 0.01 
Imipenem 0.70 0.18 
Isoniazid 

(fast acetylators) 0.60 0.20 

(slow acetylators) 0.20 0.08 
Kanamycin 0.40 0.01 
Lidocaine 0.40 0.36 
Lincomycin 0.15 0.06 
Methicillin 1.40 0.17 
Minocycline 0.05 0.03 
Nafcillin 1.20 0.48 
Oxacillin 1.40 0.35 
Penicillin G 1.40 0.05 
Piperacillin 0.5 0.17 
Polymyxin B 0.16 0.02 
Procainamide 0.22 0.01 
Propranolol 0.20 0.16 
Quinidine 0.07 0.06 
Rifampin 0.25 0.25 
Streptomycin 0.27 0.01 
Sulfadiazine 0.08 0.03 
Sulfamethoxazole 0.70 0.70 
Tetracycline 0.08 0.01 
Ticarcillin 0.60 0.06 
Tobramycin 0.36 0.01 
Trimethoprim 0.60 0.02 
Vancomycin 0.12 0.003 


When 0.03 is entered on the left ordinate of the nomogram and 
a line is extended to the upper right-hand corner, the dose- 
fraction line for gentamicin is described. From a creatinine 
clearance of 35 mL/min on the abscissa a line is drawn verti- 
cally to the gentamicin dose-fraction line. From this point of 
intersection a corresponding point on the left ordinate of the 
nomogram is a dose fraction of 0.36. The dosage interval then 
can be adjusted as 


T,, = T/Dose fraction = 8 hr/0.36 = 22.2 hr 


Thus, for a patient with such an impaired renal function, a 
once-a-day dose of 80 mg is likely to maintain therapeutic 
plasma concentrations. The maintenance dose for gentamicin 
for this patient also could be adjusted using Eq 2 as follows: 


D,; = D- Dose fraction = 80 mg: 0.36 = 28.8 mg 


Thus, 29 mg administered every 8 hours would provide thera- 
peutic plasma concentrations in this patient. The decision to 
adjust the dose or the dosage interval also should be individu- 
alized. Fluctuations in plasma concentration of gentamicin will 
be lower if the dosage interval is lengthened to 24 hours. 
However, there may be a therapeutic reason to have peak 
plasma concentrations occur 3 times a day rather than only 
once. As mentioned above, this or any other nomogram or 
calculation for dosage adjustment is only an approximation. 
Once the dosage adjustment has been made, careful clinical 
observation and, when indicated, monitoring of plasma concen- 
trations is warranted. Since the loading dose depends primar- 
ily on the V,, a change only in k,, does not necessitate a change 
in the loading dose. 

DRUG THERAPY IN HEPATIC DISEASE—The bio- 
transformation of drugs is discussed extensively in Chapter 57. 
Although many organs are involved in drug biotransformation, 
the liver is the most important. One might therefore assume 
that all patients with liver disease would demonstrate a pre- 
dictable decline in drug elimination by the liver. This is not the 
case. There are several factors that complicate the manage- 
ment of drug therapy in patients with liver disease. 


There are no routinely performed laboratory tests that predict the effect 
of liver disease on drug metabolism. Unlike the correlation between 
creatinine clearance and renal clearance of drugs, there is not a good 
correlation between the commonly available tests of liver function and 
drug clearance by the liver. In fact, the elimination rates of many 
biotransformed drugs are unaffected by liver disease. 

Drug elimination by the liver may be affected by several factors 
including liver blood flow, protein binding, and volume of distribution, 
in addition to drug-metabolizing capacity. 

Liver disease is not a single, well-defined entity but comprises a 
number of various structural and functional alterations. These include 
inflammation and necrosis, which generally alter only liver cell function 
and hence drug-metabolizing activity; cirrhosis, which may impair both 
liver cell function and liver blood flow; cholestasis, which may impair 
both biotransformation and biliary elimination; and neoplasia, which 
may both impair cell function and decrease blood flow. 


The discussion of biotransformation in Chapter 57 indicates 
that the process of hepatic elimination of drugs is complex, 
involving many different types of chemical reactions. While 
this is true, for practical purposes it is most important to know 
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Figure 59-2. Nomogram used to determine the fraction of a dose 
that should be administered to a patient with a particular creati- 
nine clearance. An example is given for a patient with a creatinine 
clearance of 35 mL/min and a ratio of Keyanephric/Kernormaly Of 0.03. 
The dose fraction in this case is determined to be 0.36. This dose 
fraction then is used to adjust the dose or dosage interval for a 
patient with that degree of renal impairment (courtesy, adapta- 
tion, Dettli"’). 


whether a drug is metabolized by an oxidation (Phase I) or 
conjugation (Phase II) reaction. The specific type of chemical 
reaction is of less clinical importance. Many drugs are biotrans- 
formed first by an oxidation reaction, and the resulting metab- 
olite then is conjugated to facilitate urinary excretion. In 
these cases it is the oxidation reaction that probably is most 
important. 

The clinical significance of knowing the general reactions 
involved in the metabolism of drugs is related to administra- 
tion of such drugs to the patient with hepatic impairment. It 
generally is accepted that liver disorders that affect hepatocyte 
cell function will impair drug oxidation long before drug con- 
jugation is altered. A specific example occurs within the ben- 
zodiazepine class of drugs. On the one hand, chlordiazepoxide 
and diazepam are metabolized initially by oxidation reactions 
that have been demonstrated to be impaired in patients with 
alcoholic cirrhosis. ’1” 

Accordingly, the elimination of these drugs is decreased, 
and elevated blood levels may result during chronic therapy. 
On the other hand, oxazepam and lorazepam undergo only 
conjugation with glucuronic acid prior to being eliminated in 
the urine. Glucuronidation does not appear to be affected in 
clinically stable alcoholic cirrhosis, and the elimination of these 
drugs is no different from that in healthy volunteers.'*'* From 
a pharmacokinetic point of view, oxazepam and lorazepam are 
more rational choices than diazepam or chlordiazepoxide for 
use in patients with alcoholic cirrhosis. 

Most studies of drug elimination in patients with liver dis- 
ease have been performed in patients with either acute viral 
hepatitis or alcoholic liver disease. One should be careful about 
extrapolating these data to patients with other types of liver 
disease, such as chronic forms of hepatitis, neoplasias of the 
liver, or cholestasis. Furthermore, one must not extrapolate 
studies of the metabolism of one drug in patients with liver 
disease to another drug, even though the metabolic reactions 
appear to be similar. There is a multiplicity of isozymes of 
cytochrome P-450 enzymes. One drug may be metabolized by 
one of these isozymes, while another drug is metabolized by 
another isozyme. For this reason, there is often poor correlation 
between the oxidations of two drugs. 

Hepatic disease also can produce changes in serum proteins 
and in liver blood flow that can influence the elimination of 
drugs. Because the liver is the site of synthesis of serum pro- 
teins, patients with severe chronic liver disease frequently 
have decreased protein binding of drugs. In addition, there may 
be decreased protein binding as a result of qualitative changes 
in serum proteins. Liver blood flow is dominated by the portal 
venous system that drains the mesenteric veins. Thus, all 
drugs absorbed from the oral route pass through the liver via 
the portal vein. In certain types of liver disease, most com- 
monly alcoholic cirrhosis, there is shunting of the portal circu- 
lation away from functioning hepatocytes. This leads to in- 
creased pressures within the portal system and shunting of 
drugs away from the drug-metabolizing enzymes. 

One method of classifying drugs by the characteristics of 
hepatic elimination is to divide them into those with a high 
hepatic extraction ratio and those with a low hepatic extraction 
ratio. The hepatic extraction ratio is defined as 


ap 
where C,,, is the hypothetical mean of mixed hepatic arterial 
and portal venous drug concentrations, and C,, is the hepatic 
venous drug concentration. The hepatic clearance, Cl, of a 
drug is determined by its extraction ratio as 


Cl, = HBF «iE 


where HBF is total hepatic blood flow. The classification of 
drugs according to their hepatic extraction ratios is shown in 
Table 59-5. Hepatic blood flow is usually the rate-limiting fac- 
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Table 59-5. Classification of Drugs According to Their 
Hepatic Extraction Ratios 


DRUGS WITH AN EXTRACTION RATIO GREATER THAN 0.5 


Lidocaine Nortriptyline 
Propranolol Morphine 
Pethidine Labetalol 
Pentazocine Verapamil 
Propoxyphene Metoprolol 


DRUGS WITH AN EXTRACTION RATIO LESS THAN 0.5 


BINDING-SENSITIVE BINDING-INSENSITIVE 


Phenytoin Theophylline 
Diazepam Acetaminophen 
Tolbutamide Hexobarbital 
Warfarin Chloramphenicol 
Chlorpromazine 

Digitoxin 

Quinidine 


tor in the hepatic clearance of drugs with high extraction ra- 
tios, and the metabolism of such drugs is considered to be 
flow-limited metabolism. These drugs demonstrate first-pass 
metabolism in that after oral administration a major portion of 
the drug does not reach the systemic circulation. Their bio- 
availability is low, and their metabolism is sensitive to any- 
thing that alters hepatic blood flow. Thus, for example, the 
elimination of lidocaine can be decreased substantially in pa- 
tients with congestive heart failure, which usually causes a 
reduction in hepatic blood flow. In patients with cirrhosis and 
portal hypertension, the shunting of blood away from function- 
ing hepatocytes has the greatest impact on drugs with a high 
hepatic extraction ratio. In patients with portal hypertension, 
the bioavailability of drugs with a high extraction ratio may be 
increased significantly, so that toxic blood levels may result. At 
the present time there is no routine laboratory test that will 
predict this effect in an individual patient. Rather, it is advis- 
able to start with a low dose of drug and increase the dose 
slowly to achieve the desired response. 

The rate of metabolism for drugs with a low extraction ratio 
depends on the concentration of drug at the hepatic enzyme 
site, which is proportional to the free concentration of drug in 
plasma. Consequently, drugs in this class can be divided fur- 
ther into those in which hepatic elimination is either sensitive 
or insensitive to protein binding. Drugs with hepatic elimina- 
tion distinctly sensitive to protein binding are generally 80 to 
99+% bound, whereas drugs with hepatic elimination clearly 
insensitive to protein binding are less than 30% bound. Condi- 
tions that affect plasma protein binding can have a significant 
effect on the hepatic clearance of a binding-sensitive drug but 
usually not a binding-insensitive drug. 

Although much is known about the hepatic metabolism of 
drugs and the factors that can affect their hepatic elimination, 
the use of drugs in patients with potentially altered hepatic 
clearance is still empirical in that there are no specific guide- 
lines relating the severity of hepatic disease and drug elimina- 
tion. To a great extent this is due to the multiplicity of drug- 
metabolizing isozymes, and it is unlikely that a single or simple 
battery of laboratory tests will suffice to predict the hepatic 
elimination of all drugs. Applying the known facts about liver 
disease along with the knowledge of drug elimination by the 
liver usually will permit a rational use of drugs in patients with 
disorders of the liver. 


THERAPEUTIC DRUG MONITORING 


Rational drug therapy requires individualization of the dosage 
regimen for a particular patient. In many instances this can be 
done by monitoring the clinical response to drug therapy. For 
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Table 59-6. Therapeutic Ranges for Drugs 


Amikacin 

Trough 4-8 mg/L 

Peak 20-30 mg/L 
Carbamazepine 4-8 mo/L 
Digoxin 0.8-2 pg/L 
Disopyramide 2-5 mg/L 
Ethosuximide 40-100 mg/L 
Gentamicin 

Trough 0.5-2 mg/L 

Peak 5-10 mg/L 
Lidocaine 1.2-5 mg/L 
Phenobarbital 15-40 mg/L 
Phenytoin 10-20 mg/L 
Primidone (see phenobarbital) 5-12 mg/L 
Procainamide 4-10 mo/L 
N-Acetylprocainamide 10-30 mg/L? 
Quinidine 1.5-4.5 mg/L 
Theophylline 10-20 ma/L 
Tobramycin 

Trough 0.5-2 mg/L 

Peak 4-10 mg/L 
Valproic acid 50-100 mg/L 


? Total of procainamide and N-acetylprocainamide. 


example, if a patient with hypertension is not responding to 
therapy and there is no reason to suspect poor compliance, it 
may be appropriate to increase the dose until the patient’s 
blood pressure is under control. Whenever a drug is adminis- 
tered, well-defined therapeutic endpoints should be a preferred 
part of the management plan. 

Observation of the clinical response or monitoring a reliable 
laboratory test may be easy with certain classes of drugs such 
as antihypertensives, oral hypoglycemics, oral anticoagulants, 


analgesics, or drugs used to lower serum uric acid or serum 
lipids. For other drugs, the definition of a therapeutic endpoint 
may not be clear or the onset of toxicity may occur at dosages 
only slightly above therapeutic concentrations. For some of 
these drugs one should monitor the serum drug concentration 
and thus determine if the dose administered to an individual 
patient is achieving therapeutic concentrations. 

The following are several criteria and typical examples that 
should be considered before measured drug serum concentra- 
tions are of clinical value. 


The drug must have a reversible action. An example of drugs with 
irreversible action would be the alkylating agents that exert a lasting 
effect after a single dose. At the present time there seems to be little 
need for routinely monitoring the plasma concentration of these drugs. 

The development of tolerance at the receptor site should not occur. A 
therapeutic concentration range for morphine is not rational, since the 
dose requirements may increase with use. 

The pharmacokinetic properties of the drug are taken into account in 
the blood-sampling schedule. If sampling is performed in a maintenance 
regimen, steady state should have been achieved prior to sampling. 
Steady state may occur four to five half-lives after the initiation of 
therapy if a loading dose is not administered. Changes in drug half-life 
produced by disease must be taken into account. Qualitative differences 
in the metabolism or excretion of drugs also are known to occur in 
patients with hepatic and/or renal disease. For example, patients with 
impaired renal function may experience prolonged respiratory depres- 
sion when treated with morphine, in part because of the accumulation 
of an active metabolite, morphine-6-glucuronide. For drugs with a short 
half-life, peak (1 or 2 hr after oral dosing) and trough (predosing) 
determinations are advisable. The distribution phase should be com- 
plete before drug concentrations are measured. Slow-release formula- 
tions of drugs have different absorption characteristics and different 
plasma concentration versus time profiles that must be taken into 
account when interpreting a single plasma concentration. The chronic 
administration of some drugs (eg, barbiturates) results in the induction 
of hepatic drug-metabolizing enzymes. A decrease in the steady-state 


Table 59-7. Pharmacokinetic Parameters of Commonly Monitored Drugs 


DOSE ADJUSTMENT 


HALF-LIFE REQUIRED 
VOLUME OF ORAL 
DISTRIBUTION — PROTEIN AVAILABILITY RENAL 
DRUG (Ukg) BINDING (%) _(%) ROUTE OF ELIMINATION NORMAL ANEPHRIC FAILURE LIVER FAILURE 
Amikacin 0.25 <5 Parenteral Renal 3 hr 2-4 days Yes No 
only 
Carbamazepine 0.8-1.4 75 70 Hepatic—epoxide 10-26 hr — No No 
metabolite is active 
Digoxin 5.1-7.4 20-40 50-93 Renal 33-51 hr 3.6days Yes No 
Disopyramide 0.5 50-80 80-85 Renal and Hepatic 6-10 45 Yes No 
Ethosuximide 0.62 Negligible 100 Hepatic 60 hr adults _— No No 
30 hr children 
Gentamicin 0.25 <5 Parenteral Renal 2 hr 2-3 days Yes No 
only 
Lidocaine 1.6 60 Parenteral Hepatic—metabolites ess (aye = No Yes 
only are active 
Phenobarbital 1.0 46 80-100 Hepatic primarily 3-4 days — No Yes 
Phenytoin 0.6 90 90 Hepatic 10-30 hr — No Only in 
concentration severe 
dependent cases 
Primidone 0.6 14 100 Hepatic—phenobarbital 3-12 hr — No No 
and phenylethyl- 29-36 hr 
malonylamide (PEMA) metabolites 
are active metabolites 
Procainamide 2.2 15 75-95 Renal and hepatic N- 2.5-4.5 hr 10-15hr Yes No 
acetylprocainamide is 
active 
Quinidine 0.5 60-80 70-95 Hepatic—metabolite 6 hr = No No 
active 
Theophylline 0.3-0.6 55 Complete Hepatic 3-9 hr — No Yes 
Tobramycin 0.25 <5 Parenteral Renal 2 hr 2-4 days Yes No 
only 
Valproic acid 0.2 90 70-100 Hepatic 10-15 hr = No Yes, use with 


caution 


plasma concentration of that drug or others metabolized by the induced 
hepatic enzymes may occur unless the dose of that drug is increased. 

The presence of active metabolites should be taken into consider- 
ation. The serum concentrations of the N-acetylprocainamide metabo- 
lite of procainamide should be considered when assessing antiarrhyth- 
mic activity after administering procainamide. This is particularly true 
in patients with renal failure who may eliminate the metabolite slowly. 
Active metabolites also are responsible for toxicity (eg, acetaminophen). 
Most assays for the measurement of plasma drug concentrations do not 
account for active toxic metabolites that are present at very low plasma 
concentrations. 

The analytical method must be sensitive enough to measure accu- 
rately the expected serum concentrations and selective enough to be 
certain that interfering substances will not influence the results. Most 
clinical drug assays do not distinguish between enantiomers if a race- 
mic mixture of drug is administered. It is important to consider this 
when interpreting the plasma concentration of a drug if one enantiomer 
is more active or there is stereoselective disposition. The (S)-warfarin 
enantiomer is about five times more potent in man than the (R)-enan- 
tiomer; the S-(+)-enantiomer of disopyramide is bound more avidly to 
plasma proteins than its corresponding R-(—)-enantiomer. Some drugs 
(eg, phenytoin) may be adsorbed by plastics in intravenous tubing, 
syringes, and blood-collection tubes. When analytical results do not fit 
the clinical situation, consideration should be given to adsorption as a 
potential problem. 

The data must be evaluated in the context of sound clinical judg- 
ment. Treat the patient, not the serum drug concentration. An example 
is the patient who is taking digoxin and develops a low plasma potas- 
sium. Hypokalemia makes the myocardium more sensitive to the 
rhythm disorders produced by digoxin. Thus, the patient with a normal 
serum digoxin concentration may experience drug-induced cardiotoxic- 
ity if hypokalemia also is present. 


Therapeutic drug monitoring requires as much clinical skill as 
does titration of an oral anticoagulant dose by monitoring the 
prothrombin time. A basic assumption in this principle is that 
free drug at the active site is in equilibrium with total drug in 
plasma or serum. This has been shown probably to be true for 
many drugs. Furthermore, for these drugs, optimum therapeu- 
tic effects and minimal toxicity are observed when the serum 
drug concentration lies within an empirically determined ther- 
apeutic plasma concentration range. However, there is overlap 
between the therapeutic and subtherapeutic serum drug con- 
centrations. Therefore, therapeutic drug monitoring should be 
considered as an aid to, not a substitute for, careful clinical 
observation in the management of drug therapy. 

The purpose of this section is to provide some guidelines to 
follow for therapeutic drug monitoring and some of the salient 
features of the drugs being monitored. Table 59-6 contains a 
list of drugs commonly monitored and the serum concentra- 
tions thought to represent the therapeutic range. 
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Interpretation of plasma drug concentrations clearly re- 
quires a broad knowledge of clinical pharmacokinetics. Re- 
cently, several sources of pharmacokinetic data have become 
available. 


An appendix of pharmacokinetic data’? is available. Included are ex- 
cellent compilations of availability, urinary excretion, protein binding, 
clearance, volume of distribution, half-life, and therapeutic and toxic 
concentrations for most of the currently used drugs. Data are accom- 
panied by references, so that the original work can be documented. 

Another useful reference is by Gerson.'® Included are chapters on 
the major drug classes, with detailed discussions of the commonly used 
drugs. 

The pharmacokinetics of abused substances are covered by Barnett 
and Chiang.'’ 


Table 59-7 provides important pharmacokinetic information 
for commonly monitored drugs. A sound knowledge of the clin- 
ical pharmacokinetics of each drug, a critical use of plasma 
drug concentrations as described above, and a thorough clinical 
evaluation of the patient will provide the data required for the 
development of rational drug therapy. 
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CHAPTER 6O 


The science of immunology is concerned with the specific mech- 
anisms by which living tissues react to foreign biological ma- 
terials (including invading microorganisms) so that resistance 
or immunity develops. The integrity of the defense system of 
the host and its ability to react to and overcome invasion by 
microorganisms is of vital importance for the survival of the 
individual. 


IMMUNOGENS 


The immunogen is considered the afferent branch of the immune 
system (Fig 60-1), and is any cell or molecule that will provoke an 
immune response (production of antibodies and/or sensitization of 
lymphoid cells) in an immunologically competent individual. In 
general, immunogens must be larger than 2000 in molecular 
weight; be protein, carbohydrate, or glycoprotein; and be foreign 
to the individual into whom they have been introduced. Smaller, 
less rigid or less complex molecules normally are not immunoge- 
netic in pure form, but can be made so by linking them to larger 
or more complex structures; the smaller molecules are called 
haptens, while the larger molecules or cells are called carriers. 
Sometimes, the term antigen is used synonymously with im- 
munogen, although this usage is incorrect. An antigen is a cell or 
molecule that will bind with preexisting antibody but will not 
induce antibody production. An example of an antigen is ones’ 
own erythrocytes; they will not induce antibody formation in 
oneself but will react with an antibody contained in an improperly 
matched blood transfusion. 

The practice of administering immunogens for the express 
purpose of stimulating a protective immune response is called 
immunization. Vaccination is a form of immunization in which 
the immunogen (infectious agent, rendered nonpathogenic, 
wholly or in part) is placed in suspension (vaccine) and then 
administered to the patient. If this procedure is successful, the 
patient generates a long-lasting defense against the particular 
structure contained in the vaccine. Numerous diseases such as 
mumps, measles, poliomyelitis, and chicken pox are controlled 
by the administration of appropriate vaccines during early 
childhood. Vaccinations of this type usually result in immunity 
that lasts for years. For more information on immunization see 
Chapter 89. 

While the term immunogen refers to a structure such as a 
cell or molecule, each cell or molecule in turn possesses surface 
structures referred to as antigenic determinants, or epitopes. 
Each epitope consists of a small number (eg, 3 to 6) of amino 
acids or simple sugars whose exact configuration is genetically 
controlled and accounts for the specificity (immunological 
uniqueness) characteristic of the immunogen. Thus, the precise 
pattern of each epitope enables an individual’s immune system 
to recognize cells or molecules as self versus foreign. 
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Examples of widely known epitopes are the human blood 
group ABO and Rh structures. The A, B, and O epitopes are the 
products of different alternatives of the same gene(s). Several 
determinants whose inheritance is controlled by the same gene or 
group of genes are grouped together into an epitope system. The 
several Rh determinants compose another system. The Rh system 
is well known for its involvement in erythroblastosis fetalis and 
together with ABO epitopes and many others identified over the 
years (eg, Lewis, Kell, Duffy, MNS, P, and I) are very important in 
blood-transfusion procedures. The human leukocyte antigen 
(HLA) system found on leukocytes and most other body cells also 
is of major significance. The HLA system is of special importance 
in organ and tissue transplantation. 

As one pursues the science of immunology, it should be 
remembered that the basis for an immunological response by 
an individual is its ability to identify the epitopes on the sur- 
face of bacteria, viruses, or cells from a genetically different 
individual and to process the immunogen structure properly so 
that an appropriate and highly specialized response can be 
generated while the integrity of the individual is maintained 
and life is continued. 


IMMUNE SYSTEMS 
(SRR ATT 
The generation of an immune response depends upon the in- 
teraction of the three components of the immune mechanism, 
as illustrated in Figure 60-1. The immunogen is called the 
afferent branch, and it stimulates the central or intermediate 
parts to produce antibody molecules and/or sensitized lympho- 
cytes (efferent branch), depending on the nature of the stimu- 
lating immunogen. 


Humoral Immunity 


Antibodies are immunoglobulin molecules (serum proteins), 
of which there are several classes, designated IgA, IgD, IgE, 
IgG, and IgM. Each class has a characteristic molecular size, 
electrophoretic-migration velocity, carbohydrate content, number 
of antigen-combining sites, and immunological purpose. For ex- 
ample, IgM is almost always the first class of antibody produced 
in most humoral responses but usually is switched to IgA, IgE, or 
IgG early in the immune response. IgG is the most abundant class 
of antibodies participating in most humoral immune reactions. In 
addition, it crosses the placenta to give a newborn infant tempo- 
rary immunity against whatever immunogens the mother had 
IgG against. IgA antibodies are found in secretions such as tears, 
saliva, and mucous membranes and are often called our first line 
of defense because most bacteria, viruses, and fungi that enter the 
body cross a mucous membrane. IgE antibodies are important in 
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Figure 60-1. The immune mechanism. 


our defense against parasitic worm infections and prominent in 
many allergies causing the release of histamines, which in turn 
cause the discomforts associated with hay fever, hives, or extrinsic 
asthma. IgD antibodies serve as surface receptors on some immu- 
nologically active cells, enabling them to bind immunogen. 

Antibody molecules are produced by plasma cells that are 
differentiated from B cells. B cells are lymphocytes produced 
from stem cells in the bone marrow. B cells are concentrated in 
the spleen, mucous-associated lymphoid tissue, and regional 
lymph nodes, where they await contact by the foreign epitopes 
that initiate the conversion into plasma cells. 

Each B cell is characterized by a genetic composition that 
gives it the ability to produce only one specificity of antibody. 
This specificity is obtained through random rearrangement of 
genes that control gross and minute antibody structure. This 
genetic rearrangement is independent of immunogen. Thus, B 
cells with the ability to produce antibodies of a certain speci- 
ficity for epitopes on the immunogen are already present in the 
body when the immunogen enters. B cells are produced contin- 
uously throughout life because the lifespan of a mature B cell is 
only a few days unless contacted by the immunogen for which 
it is specific. Each mature B cell carries IgD surface antibodies 
identical to the specificity of antibody it is capable of synthe- 
sizing when it is converted to a plasma cell. 

Antibody production occurs through the cooperation and 
interaction of several types of cells. Macrophages or other cells 
of the same lineage encounter the extracellular foreign im- 
munogen in the blood or lymph, phagocytize it, and destroy it. 
During the phagocytic process the macrophage identifies 
epitope structures on the immunogen and saves them in the 
form of short peptides 10 to 18 amino acids long, referred to as 
immunodominant peptides (IDPs). The macrophage then com- 
bines the IDP with its own surface molecules, identified as 
Class II MHC (major histocompatibility complex) proteins. The 
IDP-Class II MHC complex then is placed on the surface of the 
cell for presentation to a T-helper (T;,) cell (commonly referred 
to as a CD4 cell). Thus, the macrophage or similar cell is 
referred to as an antigen-presenting cell (APC). 

The APC presents the IDP-Class II MHC complex to an 
appropriate T,, cell. An appropriate T,, cell is one that pos- 
sesses a series of surface receptors able to interact with the 
Class II MHC of the APC and also specific for the epitopes on 
the IDP. The T cell surface receptor series consists of T cell 
receptors (TcRs) specific for the foreign epitopes on the IDP; 
CD4 (T4) receptors that interact with Class Il MHC structures; 
CD28, which is a costimulatory structure; and CD38 surface 
molecules, which serve as a communication link between TcR, 
CD4, and the cytoplasm of the T,, cell. 

When the APC and T,, cells interact, the APC secretes a 
cytokine called interleukin-1 (IL-1), which helps to activate the 
T,, cell. The activated T,, cell then produces another cytokine, 
called interleukin-2 (IL-2), which serves as an autocrine to 
raise the T}, cell to a higher level of metabolic activity and 
induce T,, cell proliferation. The duplicated and activated Tj, 
cells produce more IL-2 and also produce interleukins 4, 6, and 
13 (IL-4, IL-6, IL-13) along with several other molecules, in- 
cluding CD40L, which collectively activate appropriate B cells. 
An appropriate B cell is one that has IgD surface receptors 
specific for the epitopes on the IDP presented to the T,, cell by 
the APC and also has interacted with intact immunogens iden- 
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tical to those originally phagocytized by the APC that started 
the immune response. The B cells and immunogens encounter 
each other in their travels through the body. Their interaction 
activates the B cell’s surface receptors and thus makes the B 
cell susceptible to activation and differentiation into plasma 
cells and memory cells. 

The result of the humoral immune mechanism is a large, 
homogeneous population of plasma cells (clone), each of which 
will produce antibodies specific for the same inciting epitope. 
Antibody molecules will be synthesized in large numbers by the 
clone of plasma cells over a period of several days. The memory 
cells do not take part in the current immunological action but 
will be available to initiate appropriate responses if the same 
immunogen is encountered in the future. The general sequence 
of events described above is illustrated in Figure 60-2. 

Cell biologists have learned how to remove and isolate sen- 
sitized B cells from the spleens of immunized laboratory ani- 
mals and culture the cells in vitro so that clones of plasma cells 
result that produce antibodies of identical specificity. Further- 
more, these plasma cells can be cultured indefinitely or frozen 
and stored for years, thawed, and recultured. The ability to use 
immunocompetent cells in this fashion provides scientists with 
an endless supply of antibodies of a particular specificity. This 
is the monoclonal-antibody technique, now widely used to pro- 
duce large quantities of antibody of a selected specificity for 
research, diagnostic testing, and passive immunization. The 
application of this technique extends beyond immunology to 
genetics, biochemistry, molecular biology, and many other ar- 
eas of science. The development of the monoclonal antibody 
technique was one of the major advancements of science in the 
20th century. 

The mechanisms of communication between the different 
kinds of cells participating in the humoral response are not 
completely understood but are, at least in part, due to cytokines 
produced by the respective cells. For example, APCs activate 
the T,, cells by direct interaction with them and by producing 
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IL-1. The T,, cells then recruit and cause the proliferation of 
appropriate B cells by producing a family of B cell growth and 
activation factors including interleukins 2, 4, 6, 13 and others. 
In addition to these proteins and perhaps several others not yet 
identified, specific, genetically controlled surface receptors also 
are known to be required in the communication process. These 
communication molecules and their receptors are the subjects 
of intense research as potential targets of medications designed 
to influence the operation of the immune system, either in 
cases of immune deficiencies in which one or more of the cyto- 
kines or receptors are missing or in cases of autoimmune dis- 
eases in which a portion of the immune system is overactive. 

Antibodies migrate through the circulatory system, combin- 
ing with the prescribed immunogen, which then is destroyed in 
a variety of ways. If the immunogen consists of transfused, 
foreign red blood cells or certain kinds of bacteria, the resulting 
immunogen-antibody complex triggers complement fixation, 
which results in lysis (rupture) of the cell possessing the 
epitopes. It then is removed by the liver or spleen. Comple- 
ment, which is composed of a series of plasma proteins (at least 
11), combines with the inmunogen-antibody complex in a pre- 
scribed order (complement fixation) so the integrity of the cell 
membrane possessing the epitope is destroyed. This reaction 
results in cell destruction. 

The cell possessing the epitopes also can be destroyed if the 
antibody is one that enhances phagocytosis (consumption) of the 
cell by macrophages or neutrophils. This is called opsonization 
and is important, particularly in resistance against infection 
caused by encapsulated pneumococci. It also is possible for an 
antibody (antitoxin) to neutralize a cell product (toxin) and pre- 
vent it from reacting with its biochemical target. Eventually the 
cell producing the toxin is destroyed, usually by phagocytosis. 

The different initial (primary) antibody responses just dis- 
cussed usually are accompanied by the production of memory 
cells. These provide the body with an available immune re- 
sponse (secondary) against a certain epitope if ever it is en- 
countered again. The second and all subsequent reactions 
against that epitope are more rapid, intense, and prolonged, 
thus giving the body a stronger, more permanent protection. 
This secondary response, illustrated in Figure 60-3, often is 
referred to as permanent immunity because it can last a life- 
time if new memory cells are produced periodically. 


Cell-Mediated Immunity 


Cell-mediated immunity (CMI) involves the system responsible 
for the rejection of some organ transplants as well as the 
defense mechanisms against intracellular microorganisms, vi- 
rally infected host cells, and endogenous neoplastic (tumor) 
growths. This division of the immune system, like humoral 
immunity, relies on immunogen stimulation for its activation. 

The cells (T effector cells) responsible for CMI originate from 
precursor cells (stem cells) produced in bone marrow, as is the 
case with antibody-forming cells in humoral immunity. In CMI, 
however, the effector cells must complete the differentiation 
process in the thymus before circulating freely in the vascular 
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Figure 60-3. Primary and secondary antibody response. 


network or collecting in.the spleen or regional lymph nodes. 
These differentiated cells are of different types, depending 
upon the nature of the cell-mediated response and the unique 
TcR structures on their surface, acquired through random ge- 
netic reorganization during differentiation in the bone marrow 
and maturation in the thymus. 

CMI responses are divided into two major types requiring 
different effector cell populations: 


1. Requires Tc cells to be converted into cytotoxic T lymphocytes 
(CTLs) that will have direct toxic effect on the target. 

2. Requires modified T,, cells adapted for a delayed-type hypersensi- 
tivity reaction. 


Both reactions will be described. 


The CMI involving cytotoxic T lymphocytes (CTLs) is effective 
as a defense against virus infections, neoplastic growths and 
tissue transplants. Unfortunately, the immune system does not 
realize the latter is meant to help the body, not destroy it. 

Like all immune responses, the CTL response can be divided 
into a sensitization phase and an effector phase. The sensiti- 
zation phase begins when a macrophage or other antigen- 
presenting cell (APC) detects cells sloughed off from the grow- 
ing tumor, transplanted tissue, or already killed by the 
infective virus. It is normal for dead, damaged, or altered cells 
to become dislodged from the parent tissue and travel to the 
spleen or liver to be destroyed. The APC will phagocytize the 
target cell because it will recognize the viral, tumor, or foreign 
epitopes on the cell’s surface in its journey through the vascular 
or lymphatic systems. As in humoral immunity, the APC will 
save immunodominant peptides containing the epitopes of the 
target cell and present them to appropriate Tj, cells via the 
Class II MHC and other necessary surface receptors along with 
IL-1 to initiate activation of the Tj, cell. The activated T,, cell 
secretes IL-2, which causes greater activation and duplication 
of T,, cells. The highly activated T,, cells now secrete several 
cytokines that collectively have chemotactic, localizing, and 
stimulatory effects on macrophages, neutrophils, and previ- 
ously unstimulated cytotoxic T cells (commonly called Te, ef- 
fector T cells, or CD8 cells). As the Tc cells are recruited to an 
area of the viral infection, growing tumor, or foreign organ, 
those with TcRs specific for the epitopes of the target will bind 
with the target cell that displays the foreign tumor or virus 
epitopes in conjunction with its Class I MHC surface struc- 
tures. This activates the IL-2 receptors on the recruited, at- 
tached Tc cells. The IL-2 produced by the T,, cells activates, 
proliferates, and differentiates Tc cells, thus converting them 
to CTL cells and so initiating the effector phase of the immune 
response. 

Included in the communication mechanism are the CD8 
surface molecules on the Te and CTL cells. The CD8 molecules 
interact with the Class I MHC molecules on the target cells 
possessing the foreign epitope. The cooperative effort of the TcR 
and CD8 molecules as they interact with the target cell helps to 
ensure accuracy of the response against the correct cell. 

The effector phase of the CMI response occurs when the 
CTL cells begin secreting large quantities of cytotoxins directly 
on the membrane of the target cells. The cytotoxins such as 
perforins, granzymes A-—F, protoglycans, and tumor necrosis 
factor-B (TNF-) kill the target cell in a matter of 1 to 3 hr by 
destroying the integrity of the membrane. These cytotoxins are 
effective against all cells and thus capable of causing much 
necrosis. However, they are confined to the target cell by ad- 
hesion molecules interacting between the CTL and target cell. 
In addition, the cytotoxins are contained in membrane- 
enclosed, tiny granules that have TcRs on their surface that 
permit them to bind only to the target cell surface. Thus the 
cytotoxins are not destructive to the CTL that produced them. 

Once cytotoxins are released onto the membrane of the 
target cell, the affinity of the adhesion molecules and TcR— 
Class I MHC bonds diminish, permitting the CTL to move to 
another target cell with epitopes specific for its TecR receptors 


so the killing process can occur again. Any healthy CTL can 
repeat the process numerous times. 

Because we are being bombarded constantly with viruses 
and routinely produced abnormal cells, many of which are 
capable of growing into metastasizing tumors, it is believed 
that the CTL immune response is a highly efficient and effec- 
tive defense mechanism. Unfortunately, it can also be respon- 
sible for rejection of transplanted organs intended to prolong a 
patient’s life. Once the immune system is stimulated by cells 
that are shed naturally by the functioning organ, the resulting 
attack is directed against cells that line the organ’s blood ves- 
sels. The result is destruction of the organ’s vascular network, 
causing reduced function and eventually death of the organ. 
The CTL response is illustrated in Figure 60-4. 

The first encounter with a virus, foreign tissue, or abnormal 
host cell results in a primary response called first-set rejection 
and the production of memory cells (Te cells that did not dif- 
ferentiate). If a subsequent encounter occurs with a cell, virus, 
or organ carrying the same epitopes, the memory cells initiate 
an intense, accelerated, second-set response similar to the sec- 
ondary response of humoral immunity. The second and suc- 
ceeding encounters are rejected more quickly because the body 
has been sensitized by the first experience. Thus, the sensitized 
lymphocytes already are present and need only be activated by 
the immunogen. In addition, usually during or after the first- 
set rejection, antibodies are produced and remain free in the 
body’s circulation. These antibodies are cytotoxic but may or 
may not play a part in first-set rejection. 

On second stimulation by the same immunogen (eg, virus or 
organ transplant), the cytotoxic antibodies combine with the 
target. The infected or graft cells, coated with antibody, become 
the target of a special cell called a natural killer (NK) cell, 
which contacts the target cells via the antibody molecules and 
kills them. This type of CMI is called antibody-dependent, 
cell-mediated cytotoxicity (ADCC). The mechanism by which 
the NK cells kill the target cells is not understood completely 
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Figure 60-4. CTL cell-mediated immunity. 
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but involves direct killing by cytotoxins such as perforin and 
granzymes. 

IMMUNOSUPPRESSION— Many immunosuppressive drugs 
are employed to prolong the life of a transplanted organ. How- 
ever, none has been permanently satisfactory. When small 
doses of immunosuppressive drugs are used, the recipient’s 
immune system overcomes the drug, and rejection is indicated 
by gradual loss of organ function. The most common symptom 
of rejection, regardless of the organ, is fibrous thickening of the 
innermost small arteries of the transplant. The extreme alter- 
native is to administer large doses of immunosuppressive 
drugs. The usual result is complete arrest of the recipient’s 
immune system, followed by death due to a common infection 
that the patient normally would be able to overcome without 
medical aid. An appropriate immunosuppressive therapy pro- 
gram is usually different for each patient. 

Another method of immune system control is to administer 
anti-T lymphocyte serum (ATS). This serum contains antibod- 
ies against T cells that, when injected into an individual, in- 
duces complement fixation that results in the lysis of T lym- 
phocytes and impairment of cell-mediated immunity. Recently, 
monoclonal antibodies have been developed against T-cell sur- 
face molecules characteristic of activated cells. When the anti- 
bodies bind to the surface molecules, they prevent only those T 
cells from functioning. 

At this time, one of the best immunosuppressants for reduc- 
ing the rejection of organ transplants is cyclosporine A. It acts 
as a specific suppressor of T;, cells by preventing these cells 
from producing IL-2 and IL-2 receptors. Thus, the immune 
reaction against the graft is inhibited because the necessary 
helper step is prevented. 

PRIVILEGED GRAFT SITES—tThe problems of graft re- 
jection are not encountered in all cases. There are some parts of 
the human body that accept foreign tissue readily, with little or no 
rejection, in almost all attempts at transplantation. These areas 
are called immunologically privileged graft sites. One such site is 
the cornea of the eye. Transplants are almost always successful, 
because there is no direct vascular supply to that tissue. Immu- 
nogens from a transplanted cornea virtually never reach a lymph 
node where they can sensitize lymphocytes. 

GRAFT-VERSUS-HOST REACTION—In addition to the 
usual situation in which the recipient rejects the donor graft, 
the reverse may occur when the graft contains immunocompe- 
tent cells. This phenomenon is termed graft-versus-host reac- 
tion and is characterized by the graft immunologically rejecting 
the host. 

In theory, three conditions must exist before graft-versus- 
host reactions are possible: the graft must contain immunolog- 
ically competent cells, the host must possess transplantation 
epitopes that are lacking in the graft, and the host must be 
incapable of immunologically reacting against the graft. Thus, 
according to the last criterion, a recipient is either immunolog- 
ically immature or deficient or both. 

When individuals are rendered immunologically incompe- 
tent by disease, genetic abnormalities, X-irradiation, or immu- 
nosuppressive drug therapy, they can be injured severely or 
fatally by a transplant containing immunocompetent cells. The 
usual result, if not treated, is death. This situation is monitored 
carefully in bone marrow transplants, which are becoming 
more common as a means of correcting some kinds of immune 
deficiencies and cancers. In a significant percentage of cases, 
bone marrow transplants are successful if mature T cells are 
removed from the donated bone marrow prior to transplant. 
This gives recipients a chance to produce their own T cells by 
using the donated pre-T cells as precursors. 

DELAYED-TYPE HYPERSENSITIVITY—As mentioned 
earlier, a second type of cell-mediated immunity (CMI) is re- 
ferred to as delayed-type hypersensitivity (DTH) and is char- 
acterized by specially modified T,, cells. 

When some T;, cells encounter certain types of immunogens, 
they secrete cytokines that induce a localized inflammatory 
reaction. This reaction is characterized by a large, local influx 
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of cells, particularly macrophages, which occurs over a period of 
several hours to several days, thus the designation delayed. 
The word hypersensitivity is used because the reaction can 
result in extensive tissue damage and necrosis. However, DTH 
is usually an effective control of intracellular bacteria such as 
Mycobacterium tuberculosis, intracellular fungi such as Pneu- 
mocystis carinii and Candida albicans, intracellular parasites 
such as Leishmania and Schistosoma, viruses such as herpes 
simplex and variola, and contact dermatitis caused by deter- 
gents, dyes, metals, and poison ivy. 

The sensitization phase of DTH is similar to a CTL re- 
sponse. APCs such as macrophages, Langerhan’s cells, or vas- 
cular endothelial cells (which line blood vessels) process the 
foreign material and present the epitopes to T,, cells in the 
usual epitope—Class II MHC complex. Remember that Lange- 
rhan’s cells are dendritic cells in the epidermis that can trans- 
port most foreign materials penetrating the skin to regional 
lymph nodes. A second contact with the foreign material serves 
to activate the T,, cells, causing them to secrete cytokines 
responsible for recruitment and activation of more macro- 
phages and other nonspecific and phagocytic cells such as neu- 
trophils. The activated T,, cells are called Tp py cells. The 
reaction may peak in 48 to 72 hr, which corresponds to the 
waiting period for a typical tuberculosis test. 

The DTH response is very effective in terms of destroying 
intracellular pathogens as they attempt to move from one host 
cell to another. However, most organisms that invoke this type 
of immune response are not killed when they confine them- 
selves to the intracellular environment of the host, because 
they do not alter the host cell in any detectable way. Thus, a 
patient can carry M tuberculosis or herpes simplex for years in 
a subclinical situation because the immune system is unable to 
identify host cells containing the target organism, thus permit- 
ting it to survive in the host indefinitely. To the contrary, the 
importance of the DTH mechanism to our continued stable 
health is well illustrated by AIDS patients, in whom the DTH 
process does not work. Most AIDS patients die of an infection 
caused by one or more of the organisms routinely found in the 
human body but kept under control by DTH. AIDS is discussed 
later in this chapter. 


THE RECOGNITION OF SELF 
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How does a normal individual distinguish between its own 
epitopes, which it does not attack, and epitopes from a geneti- 
cally different organism, which it destroys? The answer to this 
question is not clear. However, it is known that the initial 
recognition of one’s own epitopes occurs in utero, while the 
immune system is still immature. In addition to the recognition 
of self-epitopes during fetal development, immunological toler- 
ance of one’s own epitopes is maintained throughout life. Ex- 
actly how this is done is not understood. 

As with most biological phenomena, there are exceptions. 
There are some parts of the body that are not recognized as 
being self-epitopes and, thus, are called occult antigens. When 
they are recovered from an individual and later reinjected into 
the original donor, antibodies are produced. Such antibodies 
are called autoantibodies. Examples of tissues possessing such 
epitopes are the cornea of the eye, certain parts of the brain, 
and sperm. 

Autoantibodies can be produced experimentally and can 
arise naturally if foreign epitopes cross-react with one’s own, or 
if self-epitopes become altered in some way, possibly as a result 
of mutation or by the action of a therapeutic agent. When either 
of these circumstances develop, a variety of autoimmune dis- 
eases, most of which are serious, can result. Examples of such 
diseases include rheumatic fever (characterized by antibodies 
directed against group A streptococci and also able to react 
with human heart muscle) and autoimmune hemolytic anemia 
(characterized by the destruction of one’s own erythrocytes). In 


addition, viruses may cause autoimmune diseases by stimulat- 
ing the production of viral epitopes on the surface of host cells 
they infect, thus causing the body to destroy a large number of 
its own cells over a long period of time. 


TOLERANCE 


In addition to being immunologically tolerant of one’s own 
epitopes, it also is possible for a normal individual to be toler- 
ant of those from individuals who are genetically different. 
Immunological tolerance is defined as the condition in which an 
immunologically competent individual is unresponsive to a 
given epitope while reaction to other structures is unimpaired. 
Thus, tolerance can be specific for a given epitope. 

Immunological tolerance can be acquired artificially. If first- 
trimester human embryos are exposed to a foreign epitope, 
they may become tolerant to it; they recognize it as self. Exactly 
how or why this happens is unclear. It may be that the epitopes 
that are present at the time the immune system reaches a 
certain level of maturity are considered self-epitopes, regard- 
less of origin. In postnatal individuals tolerance also can be 
induced when massive doses of an immunogen are given. In 
this case the immunocytes responsible for resisting the foreign 
structures become overwhelmed. Also, in both cases subse- 
quent exposure to the immunogens is required if the tolerance 
is to be maintained. Scientists are exploring ways these mech- 
anisms of tolerance can have application to human medicine. 

Intravenous or intramuscular administration of low doses of 
a purified immunogen has some practical applicability. The 
initiation of low-dose tolerance has been used successfully to 
prolong graft survival in laboratory animals. The principle of 
low-dose tolerance also is used to desensitize humans against 
many immunogens responsible for a variety of allergy 
syndromes. 

The present state of knowledge indicates that if the mech- 
anisms of tolerance can be discovered, organ transplants may 
become successful without immunosuppressive therapy. Thus, 
organ recipients could live normal lives and defend themselves 
fully against the common infections that claim the lives of 
many recipients or lead to the rejection of the new organ. 


ENHANCEMENT 


This is a phenomenon similar to tolerance in one respect, yet 
quite different in another. Enhancement is the prolongation of 
graft survival or promotion of tumor or virus growth induced by 
antibodies rather than destroyed by antibodies. Its similarity 
to tolerance stems from the fact that the life of grafts or trans- 
plants is prolonged (enhanced), but it differs in that immuno- 
logical responsiveness of the recipient is not impaired. This is 
because the specific effectors of graft rejection (CMI) are 
present but prohibited from carrying out their designated task 
because of the existence of antibodies that do not function 
properly. 

The mechanisms of enhancement are not well understood at 
present, but several theories have experimental evidence to 
substantiate them. One theory states that non-complement- 
fixing (noncytotoxic) antibodies are produced in response to the 
graft, tumor, or infectious agent. These are called blocking 
antibodies, and they may bind with the target epitopes to coat 
them so that sensitized lymphocytes are unable to make direct 
contact. 

In the laboratory, enhancement can be demonstrated by 
transferring tumors from one donor to two groups of histoin- 
compatible recipients. In one group only tumor is transferred, 
while in the other group tumor transfer is accompanied by an 
injection of antibodies against the tumor. Recipients receiving 


the antibodies maintain the tumor much longer than the con- 
trol group. 

The principle of immunological enhancement has been put 
to practical use in human medicine. Rh-negative mothers who 
have given birth to their first Rh-positive baby are given an 
injection of Rh antibody a few weeks prior to, and shortly after, 
delivery. The Rh antiserum prevents production of antibodies 
against the Rh-positive cells of the infant, which almost cer- 
tainly have entered the mother’s circulation during delivery. As 
a result of the injections of anti-Rh antibodies, the mother is 
not sensitized against future Rh-positive pregnancies. 


TUMOR IMMUNOLOGY 

RLS ELEC A EP TTI OOD IED ETO 
It has been known for some time that carcinogenic agents 
include a wide range of chemicals, electromagnetic radiation, 
and viruses. All of these materials cause a change in the ge- 
nome of cells. In some cases, such as virus infections, the 
imposed change on the infected cell is consistent from host to 
host. In the case of chemical and radiation carcinogens, the 
genetic change is random and inconsistent from host to host. 
These changes, consistent or not, result in basic cellular alter- 
ations that convert healthy cells into neoplastic cells. Accom- 
panying these alterations is the creation of a change in the 
epitope density of the cell surface and/or the creation of new 
tumor-specific antigens (TAs) (epitopes), which supposedly 
identify the abnormal cell and pave the way for its destruction 
by the immune system. 

Molecular biologists have been able to extract from human 
cancer cells portions of DNA that transform healthy cells into 
cancer cells. These gene segments are called oncogenes (cancer 
genes) and have been found in healthy cells as well. Further 
evidence indicates that these oncogenes undergo transposition 
within the genome of the cell as a normal act of cell physiology 
or induced by a carcinogen. In either case the genes are acti- 
vated and thus dictate the transformation of the healthy cell 
into a cancer cell. 

The gene-activation event just mentioned is considered nor- 
mal and probably occurs thousands of times each day in a 
healthy individual. The resulting abnormal cell(s) are detected 
because of the production of TA and thus are destroyed by 
phagocytosis or some branch of the immune system. 

The defense mechanisms of the body against cancer devel- 
opment are rather formidable and comprehensive. The attack 
is led by natural killer (NK) cells, defense cells directed against 
any abnormal host cell. They make direct contact with the 
abnormal cell and destroy it by a cytotoxic mechanism similar 
to the way CTLs function. If for some reason NK cells fail to 
identify and destroy the abnormal cell, it is likely that a normal 
immune response will be mounted. The response will be cell- 
mediated in nature, with the target cell being destroyed by CTL 
cells. If this approach is not totally successful, the number of 
abnormal cells will increase to a point at which antibody pro- 
duction will be induced. The first antibodies produced will bind 
to the abnormal cells to pave the way for antibody-dependent, 
cell-mediated cytotoxicity (ADCC) by NK cells and macro- 
phages. These cells destroy the abnormal cells coated with 
antibody. If the abnormal cells still are not destroyed, later 
antibodies will be complement-fixing (cytotoxic) and will de- 
stroy the abnormal cells by lysis. 

This comprehensive approach to cancer prevention obvi- 
ously works, because all humans produce numerous abnormal 
cells each day, and most individuals do not suffer from cancer. 
To the contrary, there obviously are weaknesses in the system, 
because cancer in general is a monumental health problem. 

In those individuals in whom the immune system fails to 
destroy the abnormal cells and thus a tumor results, something 
obviously has rendered the immune system ineffective. Per- 
haps the major question in cancer research today is not What 
causes cancer? but Why does the immune system fail to destroy 
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the transformed cells? Several theories have been proposed in 
recent years, all with some evidence for support. 

One possibility for ineffective immune response is that tu- 
mor cells have a lower than normal density of antigenic deter- 
minants (TA) or an altered ratio of normal determinants. In 
either case the immunocompetent cells may not be able to 
recognize the cell as unusual and thus will not attempt to 
destroy it before it has replicated several times. When a large 
enough mass of cells has accumulated, a humoral immune 
response may be generated, but because the immune system is 
playing catch-up, it is more prone to error; thus the antibodies 
that are produced are incomplete in some way and are not able 
to induce their physiological function after binding to the sur- 
face of the tumor. These antibodies block the attachment of 
lymphocytes to the surface of the mass, and thus CMI is not 
effective. These antibodies are called blocking, or enhance- 
ment, antibodies because they enhance the growth of the 
tumor. 

Another possibility for an ineffective immune response is 
that at least some tumor cells produce an outer protective 
covering that camouflages the epitope structures so that the 
immune system cannot recognize the cells. Furthermore, there 
is evidence to show that cancerous cells produce a substance 
that may induce some degree of immune suppression. It is a 
well-documented statistic that cancer patients demonstrate 
some degree of immune deficiency. For many years it was 
assumed that people developed cancer because they were im- 
munodeficient. Today it is believed that the cancer causes the 
immune deficiency. The most likely target of the cancer-cell 
product appears to be the macrophage, a cell that not only 
phagocytizes unfriendly cells but also activates the cell- 
mediated and humoral-immune responses. 

As a result of all the recent progress in cancer research, 
several approaches to cancer detection, control, and cure are 
being investigated. Some are old; others new. One of the oldest 
attempts to control, cure, or prevent cancer is the development 
of a vaccine against a particular type of cancer. The major 
problem is that human tumors, even within a given category, 
are very inconsistent in their expression of cell surface epitopes 
from patient to patient. A vaccine that may be effective for one 
individual with cancer of the colon will have no effect in most 
other patients with the same type of cancer because most 
cancer epitopes (TA) are tumor-specific rather than character- 
istic of a particular type of cancer. To the contrary, some 
investigators believe there may be enough epitope consistency 
among similar tumors if the protective covering can be removed 
from the cancer cells. Whether this theory proves fruitful is yet 
to be determined. 

Another approach to the use of TA is to continue to search 
for a surface structure characteristic of a particular type of 
tumor that may be expressed on the cell membrane of a new 
cancer cell before the protective coating is produced. If there is 
such a structure, there should be some exposed membrane at 
all times, because the cells of a tumor are rapidly proliferating. 
Such identified structures can be used in two obvious ways: as 
the target of labeled antibodies used to diagnose and locate a 
tumor and as the target of antibodies with therapeutic levels of 
radiated particles or toxic molecules bound to them. In these 
cases it is hoped that therapeutic radiation or chemotherapy 
can be transported by injected antibodies directly into the 
tumor without the customary side effects. 

Another immunological approach to cancer control is the 
isolation of pure TA from blood samples or biopsy material for 
injection back into the patient. The intent is to boost the CMI 
response to be aggressive toward the new cells expressing the 
same antigenic specificities. 

Perhaps the most promising immunological approaches in- 
clude the administration of cytokines as biological modifiers. 
Lymphocytes from a cancer patient can be activated in vitro by 
exposure to cytokines such as interferon and interleukin-2. The 
activated lymphocytes then are transfused back into the pa- 
tient along with continuous infusion of cytokines. Early reports 
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indicate that this treatment is effective against several differ- 
ent types of cancers. Interferon in pure form has the potential 
to stimulate NK cells and macrophages, the cells that may be 
responsible for the abnormal cells getting out of control, be- 
cause they may be the target of a suppressive substance pro- 
duced by those abnormal cells. Now that interferon can be 
made in large quantities through the techniques of gene recom- 
bination, the major obstacles remaining to a broader use are 
purification of the synthesized material and identification of an 
effective therapeutic dose. 

Promising results have also been obtained from the injection 
of an organism such as bacillus Calmette-Guerin (BCG) at the 
site of a nonmetastasized tumor. In the human, BCGis a highly 
immunogenic, but nonpathogenic, bacterium that enhances the 
performance of NK cells and lymphocytes responsible for the 
CMI response. When the immune system responds to the bac- 
teria, the cytotoxic products of the response will also destroy 
the nearby tumor. The major disadvantage of this type of 
therapy is that it does not induce a systemic immune response. 
Thus, tumor metastasis may still occur. 

While cancer immunotherapy is progressing, immunodiag- 
nostic techniques are playing an increasingly significant role in 
the early detection and treatment of neoplastic growths. The 
use of these techniques can be grouped into four categories: 


Those that identify phenotypic markers that characterize certain tu- 
mors. 

Those that assess the patient’s immune competence to the tumor. 

Those that evaluate the patient’s antibody response against circulating 
tumor-related molecules. 

Those that detect soluble, tumor-associated substances such as inap- 
propriate hormones and enzymes. 


Most techniques available today, in these categories, still must 
undergo refinement in terms of specificity, resolution, and sen- 
sitivity. However, there is a high priority for these develop- 
ments, because most cancer experts agree that early detection 
is the key to accurate treatment and, thus, a prolonged life for 
the patient. 

Much has been learned in the last few years with regard to 
the cause and development of cancer and the nature of the 
normal immune responses that usually prevent cancers from 
developing. The current approaches in cancer research reflect 
the new knowledge that most certainly will take us closer to 
prevention, detection, and cure. 


IMMUNOGENETICS 
EEE LE LE TEN 
Genetics is a biological discipline closely associated with im- 
munology. The combined discipline, immunogenetics, is con- 
cerned with phenomena such as antibody structure and speci- 
ficity, the degree of cellular or humoral response possible 
against a particular immunogen, erythrocyte and tissue 
epitope expression, and most types of immune deficiency con- 
ditions. Because of space limitations, we are restricting our 
interest to the area of human transplantation. Therefore, this 
discussion includes only general aspects of immunogenetics 
and their application to red blood cell and tissue genetics and 
also of some immunological abnormalities found in humans. 

The science of immunogenetics had its beginning shortly 
after the start of the 20th century. Decades of research have 
confirmed early hypotheses: normal and tumorous tissues con- 
tain structures that are genetically determined. Structures 
present in donor tissue but absent in the host are capable of 
causing a response in the host that may lead to the destruction 
of the graft. 

As a result of decades of research, some general principles of 
transplantation immunogenetics have been defined, notably 


Graft acceptance or rejection is controlled by the presence or ab- 
sence on the graft of genetically determined histocompatibility epitopes. 
The genes responsible for the development of these epitopes are called 


histocompatibility genes and-are found at histocompatibility loci on the 
chromosomes. At each locus a family of alternative genes, called alleles, 
may occur. 

Histocompatibility alleles are codominant. Thus, each of the two 
alleles present for each gene in every individual (one gene from each 
parent) are always expressed. Such is the case of a human who is of 
blood type AB. 

Grafts between identical twins always are accepted because the 
donor and recipient have the same genetic constitution. 

Grafts between related individuals (not identical twins) are more 
likely to be accepted than grafts between unrelated individuals because 
related subjects probably will share more histocompatibility epitopes 
than those who are unrelated. 


In the human, two major antigen systems are known, and a 
large number of minor ones have been investigated. Only the 
major systems are discussed here—the blood group ABO sys- 
tem characteristic of erythrocytes and the HLA system (human 
leukocyte antigens) characteristic of most other body cells. 

For many years the influence of the ABO system on blood 
transfusions has been known. It also is known that the ABO 
system is important in tissue grafting, particularly of skin and 
kidney transplants. Even kidneys that have been flushed free 
of erythrocytes and leukocytes (which also carry ABO antigens) 
are rejected much faster if grafted between ABO-incompatible 
individuals, because endothelial cells also carry ABO and pos- 
sibly Rh epitopes (see Table 60-1 for a review of the ABO 
system as presently understood). 

The major histocompatibility system in man is not found on 
mature red blood cells, but rather on almost all nucleated cells. 
Tissue typing (testing leukocytes for the presence of histocom- 
patibility epitopes) provides a very comprehensive determina- 
tion of the body’s tissue epitopes because almost all epitopes 
characteristic of the organism are believed to be represented on 
leukocytes. 

Some of the many things that have been learned from leu- 
kocyte-typing are that certain histocompatibility epitopes occur 
more frequently than others and some are much more immu- 
nogenic than others. Some epitopes are even characteristic of a 
given race. Researchers are able to make estimates of the 
number of alleles present in each system and the number of 
epitopes controlled by each allele. There may be as few as one 
or two, or more than 30 alleles in each system, with each allele 
controlling one or more structurally different epitopes. 

Investigations into the complexity of the histocompatibility 
antigen systems have revealed the presence of genes that con- 
trol the degree to which we can respond to a foreign epitope 
(Immune Response Genes). Furthermore, the intensity of hu- 
man immune response is epitope-specific. People can respond 
well to some structures, poorly to others, and intermediately to 
others. The variation in response also differs among individu- 
als. Subject A may have a friend or relative who never has a 
cold, while A has one most of the time. This may be because the 
friend has inherited the ability to produce more and better 
antibodies or sensitized lymphocytes against cold viruses than 
A does. To the contrary, the friend may succumb to flu viruses 
very easily, while A never experiences the flu. In this instance 
A has the more-intensive and efficient immune response to- 
ward the invading immunogen. 

Histocompatibility epitopes also appear to be associated 
with the frequency of various diseases within the population. 


Table 60-1. Characteristics of the Human ABO Blood- 
Group System 


EPITOPES 
PRESENT ANTIBODIES PRESENT FREQUENCIES IN 

BLOOD CAUCASIANS 

GROUPS A B ANTI A ANTI B (%) 

O = = af + 44 

A + = = 7 40 

B = + - — 12 

AB + oF = = 4 


The HLA system consists of six different loci referred to as 
HLA-A, HLA-B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR. 
Each locus has several alleles (gene alternatives), and each 
allele will control the expression of a different HLA epitope. 
Each epitope is indicated by a number (A1, B27, C5, DR2, etc). 
In many instances there is an association between the expres- 
sion of a certain epitope and the occurrence of a specific disease. 
Exactly what the connection is between the expression of the 
epitope and susceptibility or resistance to a given disease is not 
known. Since histocompatibility typing can be done routinely 
by many clinical laboratories, it is expected that this kind of 
information some day may be used diagnostically or as a 
screening device to indicate the probable development of a 
certain disease or condition at some future time in a patient’s 
life. This has tremendous implications at a time when there is 
concern about preventive medicine and health maintenance. 

Some currently recognized associations between various 
histocompatibility epitopes and specific diseases are illustrated 
in Table 60-2. When reviewing this table it must be remem- 
bered that the various associations are not absolute. Not ev- 
eryone with epitope B27 will become afflicted with ankylosing 
spondylitis or Reiter’s syndrome. These recognized associations 
indicate only that people with the B27 epitope are more likely 
to contract one of these diseases than is expected purely by 
chance. 

In recent years it also has become apparent that some 
histocompatibility epitopes on the surface of lymphocytes, 
monocytes, and macrophages play a major role in cell-cell com- 
munication. Such communication is necessary in the initiation, 
perpetuation, and discontinuation of immune responses. The 
role of Class I MHC surface molecules in cell-cell communica- 
tion was indicated previously in the discussion on cell-mediated 
immunity. Also, Class II MHC surface molecules are important 
in the communication between APC and T,, in both humoral 
and cell-mediated immunity, as was discussed earlier. Class I 
MHC surface molecules include HLA-A, HLA-B, and HLA-C 
structures, while Class II MHC surface molecules consist of 
HLA-DP, HLA-DQ, and HLA-DR structures. Obviously, as can 
be seen, our HLA system does much more than simply identify 
the genetic origin of a particular tissue. 

Knowledge gained from research in immunogenetics has 
several additional applications. An understanding of the genet- 
ics of the ABO and other blood-group systems has been very 
useful in reducing the risk of death from blood transfusions. 
Knowledge of blood-grouping has limited application in pater- 
nity cases. Immunogenetics also can be useful in the study of 
fetal and neonatal development for the purpose of investigating 
birth defects and even birth control. 

The most exciting and perhaps rewarding use of immuno- 
genetics is in the selection and screening of organ-transplant 
donors and recipients. As techniques for the preservation and 
storage of viable organs improve, the time may come when a 
large bank of various organs can be maintained so that donor 
organs may be matched with recipients almost perfectly. Per- 
haps equally as exciting is the potential for the diagnosis and 
treatment of immunological deficiencies that are genetically 
controlled. 


Table 60-2. Representative Associations of HLA 
With Disease 


DISEASE HLA ALLELE 
Ankylosing spondylitis B27 
Celiac disease DR3 
Goodpasture’s syndrome DR2 
Idiopathic hemochromatosis A3 
Multiple sclerosis DR2 
Myasthenia gravis B8 
Psoriasis vulgaris CW6 
Reiter’s syndrome B27 
Rheumatoid arthritis DR4 
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IMMUNOLOGICAL DEFICIENCIES 
ae ee 


Within the scope of this chapter it is appropriate to discuss 
briefly several immunological deficiencies known to exist in 
humans. The first genetically controlled immunological defect 
was discovered by Bruton in 1952. Today it is referred to as 
X-linked agammaglobulinemia, a sex-linked disease occurring 
only in males. It is evident during the 6th to the 12th month of 
life, after the antibodies received from the mother are ex- 
pended. Individuals suffering from this syndrome are unable to 
produce antibodies, although their cell-mediated response is 
normal. The probable site of the defect is a lack of B cell 
maturation by the bone marrow. 

The opposite condition is called DiGeorge’s syndrome and is 
characterized by thymic aplasia caused by an embryonic failure 
of development of the third and fourth pharyngeal pouches, 
which results in absence of parathyroid and thymus glands or, 
at best, a severely hypoplastic thymus. There is a deficiency of 
T cells in the cortical areas of the lymph nodes, resulting in the 
absence of CMI, although humoral immunity against many 
immunogens is not significantly affected. 

The Wiskott-Aldrich syndrome is a condition characterized 
by a depression of CMI as well as a lack of IgM antibodies in 
humoral immunity. The severity of the condition varies consid- 
erably, and a single cure or type of treatment is not possible. 

Reticular dysgenesis, or congenital aleukccytosis, is a fatal 
condition found in infants. An abnormality exists in the devel- 
opment of all white cells, which leads to a variety of simulta- 
neous immunological problems. The T and B precursors fail to 
develop, and thus cell-mediated and humoral immunity both 
are lacking. All lymphoid tissue, including the thymus, is hy- 
poplastic. Until recently this sex-linked recessive and autoso- 
mal recessive (two genotype patterns exist) condition has been 
fatal, although a few patients have been treated successfully 
with bone-marrow grafts from HLA-matched or related 
individuals. 

A final example of genetically controlled immune deficiency 
is adult hypogammaglobulinemia, probably controlled by an 
autosomal recessive gene. Serum immunoglobulin levels drop 
to 10% or less of normal, and late in the disease variable CMI 
defects occur. This was the first example of an inherited con- 
dition involving the immune system becoming manifest in 
adult life. 

Current research and diagnostic techniques have identified 
a long list of genetically controlled immune deficiencies, and 
the list promises to continue to grow. However, the immune 
deficiency receiving the most attention is not controlled genet- 
ically but is acquired. Acquired Immune Deficiency Syndrome 
(AIDS) is the most feared and currently one of the least under- 
stood diseases of all of mankind. It is a transmittable condition 
with an incubation period of up to 15 yr and appears to have a 
fatality rate of 100%. AIDS is caused by a human immunode- 
ficiency virus (HIV) classified as a retrovirus (its genetic ma- 
terial is RNA). It uses the enzyme reverse transcriptase to 
prepare its genetic material for incorporation into the infected 
host cell’s genome. The primary target cells are CD4 (T-helper) 
cells, although macrophages and other cells of the same lineage 
are targets for secondary infection because they also carry the 
CD4 surface receptor but at a lower density. These cells are 
destroyed by the virus, but the mechanism(s) is not completely 
understood. When significant numbers of CD4 cells are de- 
stroyed, the efficiency and effectiveness of the immune system 
is compromised. This is illustrated clearly by Figures 60-2 and 
60-4, which show the central role of CD4 in the humoral and 
cell-mediated responses. The result is the development of nu- 
merous opportunistic infections that individually or in concert 
bring about the death of the patient. The most prominent 
opportunistic diseases identified in AIDS patients include Ka- 
posi’s sarcoma, Pneumocystis carinii pneumonia, tuberculosis, 
and thrush (Candida albicans infection of the oral cavity). 
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Most people who have developed AIDS fall into one or more 
of the following high-risk categories: homosexual males with 
multiple sexual partners, intravenous drug users and their 
children, and Type A hemophiliacs. However, because some 
people are bisexual in their sexual activities, the disease has 
entered the heterosexual population with a high frequency. 
Currently, AIDS is growing faster in females age 15 to 25 than 
in any other segment of society. 

New therapies have been developed using combinations of 
drugs that inhibit the action of reverse transcriptase and pro- 
tease enzymes for viral replication. However, all current ther- 
apies are disappointing, and no cure is in sight. Thus, it ap- 
pears that the best weapon for control of the disease is 
education and restructuring of society’s sexual practices. Phar- 
maceutical manufacturers and the federal government are try- 
ing diligently to develop better therapeutic agents to control 
the disease. Ultimately it is hoped that a vaccine specific for 
HIV can be developed, but this seems unlikely in the near 
future. Numerous problems exist, including the fact that the 
HIV genome is highly mutable, thus making it very difficult to 
develop a vaccine effective across society. In addition, the ac- 
curate testing of a vaccine will be difficult because the virus is 
pathogenic only in primates. 

The best hope for developing a vaccine against HIV les in 
recombinant DNA technology. Studies are under way to incor- 
porate HIV genes and gene fragments into other viruses, bac- 
teria, yeast, and mammalian cells in an effort to produce HIV 
proteins that are stable and consistent among patients. One 
hopes that these proteins will serve as the immunogenic com- 
ponent in a vaccine. 

As deadly and feared as AIDS is, as the AIDS puzzle has 
slowly unraveled an explosion of knowledge has come forth that 
has answered many questions about how the immune system 
functions. 


DRUG ALLERGIES 
EE a] 
A problem of increasing significance in the use of therapeutic 
drugs is the occurrence of drug allergies. These are not reac- 
tions caused by drug interactions, toxicity, or overdose; rather, 
they are the result of an immunological response initiated by a 
drug metabolite. Such reactions ultimately reduce a drug’s 
effectiveness and cause new problems for the patient. 

An explanation of drug allergies may be as follows. Many 
drugs or their metabolites are very small, structurally simple, 
molecules that are not immunogenic. Immunologists call them 
haptens because, by themselves, they are unable to induce an 
immune response. However, if a drug metabolite binds to a 
patient’s plasma proteins or similar structures, it can acquire 
sufficient size and complexity to appear foreign to the immune 
system. It induces the patient to produce antibodies that bind 
to the metabolite and thus impede its pharmacological effec- 
tiveness. More importantly, when the metabolite is conjugated 
to plasma proteins, the structure of the protein may be altered 
shghtly and thus appear different or foreign to the patient’s 
immune system. Patients actually may produce antibodies 
against their own proteins that may lead to their destruction; 
this is called autoimmune disease and usually is quite serious. 

Drug allergies are very difficult to investigate because of 
several built-in complexities: 


Drugs are degraded through a variety of enzymatic pathways, many 
of which are not known. 

Many medicinal agents are converted to a number of metabolites, 
each with slightly different characteristics. 

In some cases a tiny amount of any one metabolite is all that is 
needed to initiate an immune response, and that amount may be so 
small that the metabolite may never have been identified in laboratory 
studies. 


The investigation of drug allergies becomes especially difficult 
when it has not been possible to identify and isolate the me- 


tabolite(s) responsible forthe immunological reaction. Further- 
more, the immunological reaction may take a variety of forms 
in addition to that of some type of autoimmune mechanism. 
Thus, the patient may develop fever, vasculitis, kidney disease, 
rash, serum sickness, anaphylaxis, or any variation or combi- 
nation of these reactions. 

The likelihood of the occurrence of drug allergies is influ- 
enced by many factors. The duration and number of courses of 
therapy, occurrence of diseases that interfere with drug bio- 
transformation or excretion, drugs that are taken sporadically 
or from different lots, and existing allergies all tend to increase 
the onset of a drug allergy. Adults are more likely to have a 
drug allergy than are children. Sensitivity toward a drug usu- 
ally diminishes after exposure has been discontinued. 

Since laboratory testing for drug allergies is very difficult, 
little can be done to prevent development of such conditions. 
However, once a drug allergy is suspected, several things can 
be done through the cooperation of the physician and pharma- 
cist to minimize the patient’s problem. Precise records, includ- 
ing properly labeled charts pertaining to the use of medication 
are essential. Whenever possible, other drugs with a similar 
therapeutic effect should be used. A medication that can be 
given orally should be used because orally administered drugs 
are less likely to induce an immune response. 

The structural complexity of many modern medicines mag- 
nifies a problem that in the past has been relatively minor. 
Moreover, until scientists are able to identify all of the metab- 
olites of a medicinal agent, determine how the body handles 
each metabolite, and isolate or synthesize each in pure form for 
laboratory investigation, drug allergies likely will continue to 
be an increasingly significant problem in therapeutics. 

As we look to the future we can expect immunology to play 
an even greater role in human health than is currently appre- 
ciated. Researchers are beginning to understand how the cen- 
tral nervous system, endocrine system, and immune system 
communicate with each other. Questions such as how attitude 
and emotions influence our daily state of health are real and 
very important to patients and health-care workers. One of the 
major responsibilities of health-care workers is to impress upon 
each patient the importance of drug compliance. If patients 
believe they can and will get better, they are more likely to 
comply and more likely to return to normal health. This rela- 
tively new area of immunology is called psychoneuroimmunol- 
ogy or neuroummunomodulation. Whatever the terminology, 
there is a growing bank of knowledge that indicates that how 
we think and react to life’s situations significantly influences 
the efficiency and effectiveness of the immune system and thus 
our state of health and quality of life. 

Immunologists are also aggressively studying the relation- 
ship between the aging process and a progressive decline in 
immune system performance. If we can understand how and 
why our immune system becomes less effective as we age, 
perhaps the process can be slowed or stopped. We may then 
begin to routinely approach our genetically programmed life- 
span, which many people believe to be 110 to 120 yr. How close 
each of us comes to our maximum lifespan depends upon many 
factors. However, it now appears certain that our immune 
system is an extremely important player along with how we 
think and act. 

Acknowledgment—The author acknowledges Ms Diana Hawkins 
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Since the economic organization of health care in the present 
decade, preventing adverse drug reactions (ADRs) has be- 
come of paramount importance. Adverse drug reactions have 
always been of importance to the health-care professionals, 
but in the context of something that may, but one hopes will 
not, occur in their patients. The Joint Commission on the 
Accreditation of Healthcare Organizations (JCAHO) has 
long considered an adverse drug reaction reporting system 
as necessary for optimal hospital operation. Health-care pro- 
fessionals, including physicians, nurses, and pharmacists, 
have always tried to avoid ADRs in their patients. The 
pharmaceutical industry attempts to develop new drugs with 
low incidences of ADRs and to discover serious ADRs during 
drug development and as early as possible with postmarket- 
ing surveillance programs. However, ADRs have continued 
to be a serious medical problem. Now, the prevention of 
ADRs is considered also in economic terms. It is well docu- 
mented that patients who have a serious ADR will require 
hospitalization or an extension of their current hospitaliza- 
tion. Either will dramatically increase the costs to the 
health-care system.’ No longer are programs that only mon- 
itor the occurrence of ADRs sufficient to meet the needs of 
health-care corporations. Programs that monitor ADR occur- 
rence must be coupled to programs that prevent ADRs, re- 
ducing the cost and improving the quality of patient care. 

Drugs will always be associated with ADRs. However, we 
have learned much about the risk factors, causes, and ways of 
reducing the probability of an ADR occurrence. Applying this 
knowledge to individual patients will be a step toward reducing 
the occurrence of ADRs, decreasing their cost, and improving 
health care. It is becoming increasingly difficult for physicians 
to be knowledgeable about the ADRs that can occur with the 
number of drugs available in the expanding therapeutic arma- 
mentarium. This task is appropriately being given to pharma- 
cists, who generally possess the most pharmaceutical knowl- 
edge on the health-care team. Pharmacists must prepare 
themselves to take on this role. 

This chapter addresses the incidence, associated risk fac- 
tors, classification, causes, economic costs, and methods of 
monitoring, reporting, and preventing ADRs. Medication er- 
rors are not, strictly speaking, considered to be ADRs and are 
more appropriately considered in the broad category of adverse 
drug events. Although medication errors are a serious problem 
in their own right, they are not discussed in detail in this 
chapter except when they are included as part of a larger study 
of ADRs. The most workable definition of an ADR is provided 
by the World Health Organization (WHO) as “any response to 
a drug that is noxious, unintended, and that occurs at doses 
normally used in man for the prophylaxis, diagnosis, or therapy 
of disease.”” Such a conservative definition does not include 
drug overdosage, prescribing or administration errors, thera- 
peutic failures, drug abuse, or noncompliance. While not part of 


the most common definition of an ADR, these adverse drug 
events are nevertheless important in optimizing drug therapy, 
improving patient care, and reducing costs to the health-care 
system. 


INCIDENCE AND SCOPE OF THE PROBLEM 


Over the past two decades the number of fatal ADRs has not 
dramatically changed. In 1974, Talley and Laventurier esti- 
mated that ADR deaths ranged between 60,000 and 140,000, a 
conservative number, since there were no data measuring 
drug-induced deaths in the ambulatory and extended care pop- 
ulations.® Lazarou et al estimated that in 1994 there were 
106,000 (range 76,000 to 137,000) deaths in US hospitals due to 
ADRs.* The lower range and mean of these numbers place 
deaths from ADRs between the sixth, ahead of pneumonia 
(75,719) and fourth, ahead of pulmonary disease (101,077), asa 
leading cause of death. Serious ADRs, which require hospital- 
ization, prolong hospitalization, are permanently disabling, or 
result in death, were estimated to be between 1,721,000 and 
2,711,000 patients annually. These staggering numbers em- 
phasize the importance of preventing ADRs to improve the 
delivery of health care to our patients. 

The meta-analysis by Lazrou et al* confirms the reports of 
other investigators. In 1991, Leap et al® reported in an evalu- 
ation of 30,195 medical records from 1984 that there were 1133 
patients (3.7%) who had disabling injuries caused by medical 
treatment. Drug-related events were the most common 
(19.4%). Their data included unavoidable events such as bone 
marrow suppression from antitumor drugs and, thus, does not 
reflect the more conservative incidence of ADRs as reported by 
Lazarou et al. However, their data do include a number of 
ADRs that were preventable. In a follow-up study, Bates et al® 
found 247 adverse drug events in a study of 4031 adult admis- 
sions in two tertiary-care hospitals. In stratifying these events 
into fatal, life threatening, serious, and significant, they found 
that 42% of the life-threatening and serious events were pre- 
ventable. As with the study by Leape et al, they included 
medication administration and prescribing errors.” 

These studies clearly demonstrate that ADRs and adverse 
drug events, including medication errors, are a significant 
problem for our health-care system. It also should be apparent 
that many of these reactions and events can be prevented. Only 
by completely understanding the risk factors and the causes 
and by developing effective monitoring and prevention pro- 
grams can the impact of ADRs on the health of our patients be 
decreased and the effect on health-care costs be reduced. 
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RISK FACTORS FOR ADRs 


The risk factors for ADRs include the age of the patient, asso- 
ciated diseases, the classification of medication being adminis- 
tered, and the number of concurrent medications being taken. 
ADRs can occur in any age group,’ '° although they occur most 
frequently in patients over the age of 65. In the Harvard Med- 
ical Practice Study,'! the most extensive study of adverse 
events to date, the greatest incidence of adverse events was in 
patients age 65 or older. Drug-related events were also most 
frequent in this age group.” A similar finding was reported by 
Classen et al,'” who found that the rate of adverse drug events 
in patients over age 60 was more than twice the rate in patients 
under age 60. These data are not surprising given that patients 
over the age of 60 are often more ill, require a greater number 
of medications, and physiologically may eliminate drugs at 
rates that are slower than those of younger patients. It is not 
clear whether age alone is a factor or whether other risk fac- 
tors, which may be associated with the elderly, contribute more 
than age. The elderly patient must be considered at high risk 
for developing ADRs. and should be a major focus of monitoring 
and prevention programs. 

The nature and degree of illness requiring drug therapy is 
also a risk factor for the development of ADR. It should be 
obvious that patients who are extremely ill will require the 
highest doses of drugs for the longest period of time, and ADRs 
are likely to occur in this setting. It is less obvious that patients 
who have associated diseases (one that is not being treated at 
the time) are also at risk for ADRs, particularly if those asso- 
ciated diseases involve the liver or kidney. The liver is the 
primary organ of drug metabolism; the kidney is the primary 
organ of drug excretion. Liver diseases, particularly the com- 
mon diseases of hepatitis and cirrhosis, may severely limit the 
metabolism and thus the detoxification of drugs. Kidney dis- 
eases also may limit the excretion of parent drugs and their 
metabolites. The effect of liver and kidney diseases on drug 
elimination is discussed in detail in Chapter 59. Decreased 
drug elimination generally leads to alterations in a drug’s 
plasma pharmacokinetic profile (increased half-life and de- 
creased clearance) that result in accumulation of drug in the 
plasma. If such pharmacokinetic changes are not considered 
when administering medications, toxic plasma concentrations 
will result, and ADRs are likely to occur. A common example is 
the decrease in gentamicin elimination that occurs when renal 
function is impaired. If this is not taken into consideration by 
adjusting the dose or dosing interval of gentamicin, the result 
will be plasma concentrations in the toxic range and further 
renal impairment, a preventable ADR. It is incumbent upon 
the physician and pharmacist to know the mechanism of elim- 
ination of all drugs they are administering so that they can 
make the appropriate dose adjustments for their patients with 
renal and liver diseases. If a metabolite is pharmacologically 
active or toxic, its elimination also must be considered in the 
face of liver or kidney disease. An example would be the de- 
creased elimination in patients with renal impairment of 
normeperidine, a metabolite of meperidine, resulting in neuro- 
toxicity.1° 

The type of medication being administered is also a risk 
factor in the development of ADRs. Most studies have found 
that the following drug classes cause the greatest incidences of 
ADRs: antibiotics, analgesics (narcotics), anticonvulsants, sed- 
atives, anticoagulants, psychotherapeutic drugs, and cardio- 
vascular drugs. However, it is notable that all drugs are capa- 
ble of causing ADRs, and such a list is of little use in preventing 
ADRs. It is noteworthy that the drugs that are highest on the 
causality list are generally those with a low therapeutic index 
and a narrow therapeutic range. Antibiotics are an exception. 
Drugs with a narrow therapeutic range have small differences 
between subtherapeutic and toxic plasma concentrations. 
When such drugs are administered to patients with other risk 
factors, increased vigilance is warranted to prevent ADRs. 


The number of concurrent medications being administered 
are a major risk factor in the development of ADRs. Classen et 
al’? reported 731 adverse drug events in 36,653 patients ad- 
mitted over an 18-month period. Patients who experienced an 
adverse drug event received an average of 33 drug exposures, 
versus an average of only 13 drug exposures in patients who 
did not experience an adverse drug event. It should be obvious 
that as the number of drugs administered increases, the risk of 
an ADR also increases. Unfortunately, patients who receive the 
most drugs are often severely ill, have diseases that require 
larger doses of drugs for longer durations, have diseases that 
may alter drug elimination, and require potent drugs with a 
narrow therapeutic range. Although these risk factors are dif- 
ficult to avoid, knowledge of them allows focused ADR moni- 
toring and provides areas where health-care professionals can 
increase their vigilance in prevention of ADRs. 


CAUSES AND CLASSIFICATION OF ADRs 
EE ET 
Most ADRs can be divided into two mechanisms. The first 
(Type A) is an extension of the normal pharmacological effect of 
a drug or its metabolites. The second (Type B) is unrelated 
to the normal pharmacological effect of the drug.'*!° Type 
A reactions are usually predictable, dose- or clearance- 
dependent, and most often preventable. Type B reactions are 
idiosyncratic, often allergic or immunogenic in nature, not 
dose- or clearance-dependent, and rarely avoidable. Extensive 
sedation caused by decreased clearance of a usual dose of a 
benzodiazepine would be an example of a Type A ADR. Ana- 
phylaxis is an example of a Type B ADR. Type B reactions also 
can be divided by the type of immune mediator involved, ie, 
IgE, IgM, or T cell.'° Another type of ADR results from the 
long-term use of a drug, with the cumulative dose being the 
causative factor. An example of such a reaction would be 
the cardiotoxicity that occurs after prolonged, cumulative 
dosing with doxorubicin.'® Delayed effects of drugs or their 
metabolites, ie, teratogenicity and carcinogenicity, also may be 
considered to be mechanisms of ADRs. 

The classification of ADRs is most useful in terms of devel- 
oping monitoring programs and determining where to place 
health-care resources in preventing ADRs. ADRs can be di- 
vided into four classes: predictable, unpredictable, preventable, 
and unpreventable. An example of a predictable ADR might be 
a dystonic reaction to prochlorperazine. We know that such 
reactions occur, and we should warn our patients of their 
possibility. Usually these reactions are also unpreventable, and 
unless the drug is avoided altogether, such reactions will be 
observed. An example of an unpredictable reaction might be 
angioedema that occurs with the use of intravenous midazo- 
lam. This reaction is rare, and its occurrence cannot be pre- 
dicted. The most important classification is the preventable 
ADRs. An example of a preventable ADR is the administration 
of usual doses of gentamicin at usual dosing intervals to a 
patient with renal impairment. There are many ways of calcu- 
lating the dosage adjustment of such a regimen (see Chapter 
59), and such a reaction is clearly preventable. This example 
also would fall under the category of being predictable and 
preventable. It is these reactions (predictable and preventable) 
that can be most readily affected by an effective ADR- 
monitoring and education system. 


IMPACT OF ADRs ON HEALTH-CARE COSTS 
(ESS BRS SATIS TIE 
In a recent estimate, the annual national cost of drug-related 
morbidity and mortality was placed at $76.6 billion, with the 
majority related to hospital admissions associated with drug 
therapy or the absence of appropriate drug therapy.'’ Two 
recent studies have specifically estimated the costs of adverse 


drug events. Classen et al found that for patients with adverse 
drug events occurring during hospitalization, the hospitaliza- 
tion was longer by 3.23 days and the mean cost of hospitaliza- 
tion was greater by $4655 than that for patients who did not 
experience an adverse drug event.’ In a more detailed analysis 
it was determined that the extra length of hospital stay attrib- 
utable to an adverse drug event was 1.74 days, and the excess 
cost attributable to an adverse drug event was $2013, with a 
range of $677 to $9022. At their study site (LDS Hospital in 
Salt Lake City), the authors estimated that over a 4-yr period 
the excess hospital costs attributable to adverse drug events 
were $4,482,951 and the excess hospital days were 3874. If 
50% of these adverse drug events were preventable, then a 
successful prevention program could save more than $500,000 
annually. 

In a nested, case-controlled study within a prospective co- 
hort study of 4108 hospital admissions, Bates et al found 190 
adverse drug events, of which 60 were preventable.'®* The costs 
attributable to an adverse drug event were $2595 for all ad- 
verse drug events and $4685 for preventable adverse drug 
events. The authors estimated that based on these costs and 
data about the incidence of adverse drug events, the annual 
costs attributable to all adverse drug events and preventable 
adverse drug events for a 700-bed teaching hospital are $5.6 
million and $2.8 million, respectively. 

These data confirm the substantial impact of ADRs and 
adverse drug events on health-care costs. These cost estimates 
are conservative in that they do not include less serious ad- 
verse drug events, the cost of the injury to the patient, or 
malpractice costs. Nor do they include adverse events occurring 
in the outpatient setting. Thus, the real cost to health-care 
providers and patients is greater than the astounding esti- 
mates reported in these two studies. On a financial basis alone, 
it is warranted to devote resources toward improving the pro- 
cess of drug use, monitoring programs that identify adverse 
drug events, education programs that improve drug prescrib- 
ing, and administration and target programs that decrease the 
incidence of preventable adverse drug events. Such programs 
would not only lower hospital costs but would also benefit the 
quality of health care provided to the patient. 


MONITORING AND PREVENTION OF ADRs 
SSA A UT TE A TTT 
The FDA is the government agency with responsibility for 
protecting citizens from unsafe and ineffective drugs, biologi- 
cals, medical devices, and special nutritional supplements. 
During clinical trials there are elaborate procedures and pro- 
tocols that must be followed to detect adverse reactions to 
drugs. These procedures are generally effective, but the rela- 
tively small number of patients studied limits their scope. 
During the most extensive clinical trial only a few thousand 
patients may receive active drug; the intent is not to uncover all 
ADRs. Rare and often fatal reactions occurring in fewer than 1 
in 1000 patients will probably not be detected during the initial 
phases of drug development. In contrast, once the drug is 
marketed it is likely to be taken by millions of patients, and 
ADRs become rapidly apparent. Postmarketing surveillance 
programs are developed by pharmaceutical manufacturers to 
evaluate further the ADR profile of a medication after it is 
released to the public. After several years of postmarketing 
surveillance it is rare to have severe adverse reactions remain 
undetected and unknown. The vigilance of health-care profes- 
sionals is necessary because idiosyncratic or Type B reactions 
will continue to occur and Type A reactions will continue to 
occur in high-risk patients and for high-risk drugs. 

The FDA also maintains a voluntary ADR reporting system 
through their MedWatch program. Health-care professionals in 
all practice settings are encouraged to report ADRs to the FDA. 
The report form is available in the Physicians Desk Reference 
(PDR) or from the FDA via their MedWatch Internet page 
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(www.fda.gov/medwatch). This form can be faxed to the FDA by 
calling 1-800-FDA-1078. Reports of ADRs also can be made by 
calling 1-800-FDA-1088, which is a 24-hr, 7-day-per-week, toll- 
free, telephone answering system. 

As effective as this government program is, it is not in- 
tended, nor will it help, to substantially reduce the incidence of 
ADRs in an individual hospital or practice. It also will not 
comply with the JCAHO requirements for having an ADR 
surveillance program. To meet these goals an ADR-monitoring 
and prevention program designed to meet specific needs is re- 
quired. The minimum features of such a program should include 


1. A surveillance system that will identify ADRs and allow their 
tracking and trending. 

2. Such ADRs should be classified into one (or more) of the four 

classes: preventable, unpreventable, predictable, and unpredict- 

able. 

The causality of the ADR should be assessed. 

The ADR should be categorized by severity. 

The ADR should be reviewed and evaluated by a multidisciplinary 

committee such as the Pharmacy and Therapeutics Committee. 

6. Feedback to the appropriate health-care professional should be 
provided in a timely manner. 


TUR wo 


The features of a comprehensive ADR-monitoring and report- 
ing system are described in the American Society of Hospital 
Pharmacists (ASHP) Guidelines on adverse drug reaction mon- 
itoring and reporting.'* The salient features of such a program 
should include the above features as well as 


A surveillance system that is concurrent with drug therapy; that is, 
ADRs are detected soon after they occur. 

A prospective prevention system that is capable of monitoring high-risk 
drugs and high-risk patients. 

A system that monitors for tracer drugs (ie, antihistamines for allergic 
reactions) and laboratory drug concentrations. 

A system that provides for notification of health-care professionals and 
patients in a timely manner. 

A system that provides for documentation of the reaction on the medical 
record and alerts future users of the record of an ADR occurrence. 


The complete ASHP guidelines on adverse drug reaction monitor- 
ing and reporting are much more extensive and provide for addi- 
tional features of a comprehensive ADR surveillance program. 

Computer-based ADR surveillance systems have been de- 
scribed that lend themselves to the features described 
above.!*?°-! The system described by Classen et al’ is partic- 
ularly sophisticated but could be achieved by any hospital with 
adequate computer resources. The authors integrated their 
computer system with the hospital information system to allow 
detection of potential adverse drug events occurring while the 
patients were in hospital. Signals of potential adverse drug 
events included sudden medication stop orders, antidote order- 
ing (ie, diphenhydramine or naloxone), and certain abnormal 
laboratory values such as high serum drug concentrations or 
leukopenia. Each day a pharmacist reviewed the medical 
record of all patients with suspected adverse drug events for 
accuracy and causality. Verified adverse drug events were cat- 
egorized as mild, moderate, or severe and as Type A or Type B 
reactions. Physicians were notified of all verified adverse drug 
events. Early and timely notification of the occurrence has the 
potential to shorten the time course of some Type A adverse 
drug events and possibly prevent them from becoming more 
severe. It also increases the awareness of all health-care pro- 
fessionals toward the occurrence of adverse drug events in their 
patients. This computer-based surveillance of adverse drug 
events reduced the number of Type B adverse drug events.”” It 
also permitted drug and dosage changes that reduced the pro- 
gression of mild and moderate adverse drug events to more 
severe conditions. 

Educational programs are essential to the prevention of 
ADR. Programs designed to educate patients about their med- 
ications and the potential for ADRs is a necessary step toward 
increasing the patients’ responsibility for their health care. 
Educational programs for physicians and nurses are necessary 
to continue to make them aware of the potential for ADRs in 
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their patients, particularly those patients who are at high risk 
or are taking high-risk drugs. The pharmacist should take the 
lead in these educational efforts. Pharmacists have a unique 
opportunity to educate patients at the time a prescription is 
filled or refilled. The pharmacist, as the member of the health- 
care team most knowledgeable about drugs and ADRs, also 
should be the leader in educating the other members of the 
team. 


SUMMARY 

5 ES SE PTE 
The data clearly indicate the necessity of hospital ADR moni- 
toring, reporting, and prevention programs to improve patient 
care. The result will be less morbidity and mortality from these 
reactions and increased confidence among patients toward the 
health-care system. In addition, such programs also will lower 
hospital costs by decreasing the length of stay and the cost 
associated with treating ADRs. The health-care system also 
must begin to focus on ADR programs that will accomplish 
these goals in the outpatient setting. As more and more of the 
US population are joining health maintenance organizations 
(HMOs), the role of ADR prevention in the outpatient setting is 
important in controlling health-care costs. 
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A fascinating dimension in drug reactions is revealed from a 
relationship between enzyme systems and drug effects. Large 
interindividual differences that occur in the disposition of 
many drugs are controlled, in part, by genetic factors. Genetic 
variations and their subsequent enzyme protein-structure vari- 
ations reflect themselves in different rates and extent of drug 
elimination from the body among normal subjects and help to 
explain the markedly different dosage requirements in many 
patients. Thus, there is an apparent need to individualize doses 
of commonly used medication. In 1959 Vogel introduced the 
term pharmacogenetics into clinical medicine. This was defined 
as “the study of genetically determined variations that are 
revealed solely by the effects of drugs.” The genetic aberration 
results in the absence and insufficiency or alteration of certain 
specific enzyme systems. Although originally defined to explain 
interindividual variations in drug response, this same phenom- 
enon helps to explain interindividual differences and suscepti- 
bilities observed in disease states, such as hypercholesterol- 
emia, alcoholism, cancer, and toxicity to industrial chemicals 
and environmental pollutants. Terms used throughout this 
chapter are defined in Table 62-1. 

Pharmacogenetics demonstrates a polymorphic genetic con- 
dition by revealing sharply distinct responses to drugs. The 
phenomenon of polymorphism is involved directly in pharma- 
cogenetics. Pharmacogenetics recognizes the coexistence of in- 
dividuals with obviously distinct qualities as normal members 
of a population. Consequences of pharmacogenetic variation in 
enzymes may include (1) altered kinetics and duration of action 
of specific drugs, (2) drug-drug interactions as a result of al- 
tered kinetics, and (3) idiosyncratic adverse drug reactions, 
which includes covalent binding of reactive metabolites to cell 
macromolecules.” Since individuals are heterozygous at many 
genetic loci (heterogeneous alleles), the implication that genet- 
ics is responsible in part for the varied responses observed to 
drugs is reasonable. Classically, recognition of a polymorphic 
condition has been achieved by demonstrating electrophoretic 
differences among the enzymes under consideration. Recent 
advances in genetic techniques have permitted the accurate 
determination of gene loci and have aided the comparison of 
gene structural differences between polymorphic variants. 
Phase I (oxidation by isoenzymes of cytochrome P-450) and 
Phase II (conjugation) drug-metabolizing enzymes in human 
liver have been studied. Those Phase I enzymes known to have 
genetic polymorphism include CYP2D6 (debrisoquin-sparteine 
oxidase), CYP2C19 (mephenytoin hydroxylase), oxidoreductase 
and CYP2E1.” Phase II enzymes exhibiting genetic polymor- 
phism include glutathione S-transferase, N-acetyltransferase, 
and UDP-glucuronosyltransferase.” Kalow® describes a general 
list of genetically variable enzymes described in the literature. 

In general, if the blood level of a drug or its metabolite(s) is 
measured at a specified time after administration of a standard 
dose to many individuals, a single bell-shaped curve (unimodal 
distribution) usually is observed (Fig 62-1A) that describes the 
variation in the rate at which parent drug disappears or me- 


tabolite appears. This distribution is a result, in part, of the 
heterogeneous kinetic nature of the enzymes involved in the 
biotransformation of the drug among the population. This phe- 
nomenon describes an enzyme system that demonstrates lim- 
ited, modest genetic polymorphism. Some patients will metab- 
olize the drug faster (exhibiting lower blood levels of drug), 
some slower (exhibiting higher blood levels of drug), and most 
at a rate average (exhibiting average blood levels of drug). This 
small variation effect reflects the heterozygosity of the genes in 
the population, which are responsible for variations not only in 
the rate of parent-drug disappearance but also in the rate of 
metabolite appearance. Hence, the overt adverse reaction due 
to either parent drug or metabolite is a consequence of the 
enzyme system governing the biotransformation. 

If, in contrast, instead of a unimodal distribution, a bimodal 
or trimodal (two or three bell-shaped curves, respectively) dis- 
tribution is observed (Fig 1B and C, respectively), then a more 
remarkable variation among the genes responsible for the en- 
zymes metabolizing the drug in the population is implied. 
These larger, more demonstrable, genetic variations have 
played a major role in directing the recognition of pharmaco- 
genetics as a factor in the varied responses and adverse effects 
observed with drugs. 

In general, there are three classes of phenotypes for drug 
metabolism indicating genetic polymorphism: (1) extensive me- 
tabolizers (EMs) characteristic of the normal population; (2) 
poor metabolizers (PMs) associated with accumulation of par- 
ent drug or metabolite, which is usually an autosomal recessive 
trait resulting from mutation and/or deletion of both alleles; 
and (3) ultraextensive metabolizers (UEMs) associated with 
increased drug metabolism, and their condition is an autoso- 
mal dominant trait resulting from gene amplification.” 

For example, pharmacogenetics has been shown to have an 
important effect on the course of treatment in patients whose 
blood pressure is not controlled by hydralazine treatment with 
200 mg of drug. The parent compound, hydralazine, is the 
active agent and, metabolized via acetylation, reduces activity. 
Thus, nonresponding patients should be phenotyped to deter- 
mine if they are fast acetylators. If they are, the dose of hy- 
dralazine could be safely increased to achieve higher blood 
levels of the active form of the drug and thereby, better blood 
pressure control. However, if they are poor acetylators, then 
increasing the dose could result in adverse reactions due to 
high levels of parent drug, and therefore, alternative drug 
therapy, not involving that particular enzyme system, may be 
more appropriate. 


SUMMARY OF PHARMACOGENETIC 
CONDITIONS 


To provide a better understanding of the phenomenon of phar- 
macogenetics, a summary of some notable examples of phar- 
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Table 62-1. Glossary of Terms 


Allele: One of two or more alternative forms of a gene at the 
same site in a chromosome that determines alternative 
characteristics in inheritance. 

Autosome: One of 22 pairs of chromosomes not connected with 
the determination of the sex of the individual. 

Autosomal dominant: A trait that is expressed in the 
heterozygous state. 

Autosomal recessive: A trait that is expressed only in the 
homozygous state. 

Enzyme: A polypeptide or protein with catalytic properties. 

Gene: A DNA segment in a chromosome that carries the 
information necessary to direct the synthesis of a single 
polypeptide chain. 

Genotype: A gene combination at one specific locus or any 
specified combination of loci. 

Heterozygous: Having different alleles at the genetic locus 
determining a given character. 

Homozygous: Having identical alleles at the genetic locus 
determining a given character. 

Isoenzyme: Electrophoretically distinct forms of an enzyme with 
identical function. 

Phenotype: The visible or noticeable expression of a gene. 

Polymorphism: The coexistence of individuals with distinct 
qualities as normal members of a population. 


macogenetic conditions with their apparent enzyme deficien- 
cies, modes of inheritance, frequency, and drug sensitivities is 
given in Table 62-2.*° Discussion of some current research and 
various disorders are below. 

G6PD (GLUCOSE 6-PHOSPHATE DEHYDROGE- 
NASE)—The historic and classic prototype of a pharmacoge- 
netic disease is the hemolytic anemia suffered by members of 
certain ethnic groups—specifically, Mediterranean-basin 
dwellers, but rarely found in Scandinavians or Africans. In this 
pharmacogenetic disease, there is a quantitative or qualitative 
deficiency of the intraerythrocytic enzyme, glucose 6-phosphate 
dehydrogenase (G6PD) that is not clinically apparent until the 
person is exposed to one of several drugs. Brisk hemolysis may 
follow exposure to many common therapeutic agents including 
4-aminoquinolines, certain sulfonamides, aspirin, nitrofurans, 
sulfones, aminosalicylic acid, phenacetin, acetanilid, propan- 
theline, and the water-soluble analogs of vitamin K. The se- 
quence of amino acids of this enzyme is specified by a gene on 
the X chromosome.° Originally estimated to have at least 80 
different mutations affecting the activity of this enzyme, this 
number has grown to 300.” Parenthetically, deficiency of GGPD 
has been cited as one cause of neonatal jaundice. 

The polymorphism of G6PD is indirectly important for drug 
metabolism, even though it is not actually a drug-metabolizing 
enzyme. G6PD is required by all cells for the hexose monophos- 
phate shunt pathway for the production of nicotinamide ade- 
nine dinucleotide phosphate (NADPH), which in turn is neces- 
sary for reductive reactions. Glutathione production requires 
NADPH, and since glutathione is needed for drug metabolism 
conjugation reactions, G6PD does affect drug metabolism 
pathways. 

GLOBIN AND HEME METABOLIZING ENZYMES— 
Realizing that hemoglobin catalyzes the uptake, transport, and 
release of oxygen to the tissues, pharmacogenetics of enzymes 
associated with its metabolism or the metabolism of globin or 
heme components may be important. 

A pharmacogenetic influence is seen in Blue soldiers who suf- 
fer from congenital intraerythrocytic enzyme insufficiency. It was 
discovered that congenital heterologous methemoglobin reductase 
insufficiency can cause significant methemoglobinemia when 
such individuals are given routine antimalarial prophylaxis with 
chloroquine, primaquine, or dapsone (DDS), among other drugs. 
In addition, there is a phenacetin-induced methemoglobinemia 
condition that appears to be due to a deficiency of a microsomal 
enzyme system that deethylates the drug.® 


Variations in pyridoxine responsiveness resulting in hypo- 
chromic microcytic anemia are suspected of being enzyme in- 
sufficiency states. The porphyrinuric reactions to barbiturates 
are due to failure of regulatory mechanisms that result in 
overproduction of alpha-aminolevulinic acid synthetase. This 
in turn causes an excessive production of porphyrins that ex- 
ceeds the ability of the marrow to employ them in the synthesis 
of heme. Porphyrins accumulate in the blood and can cause an 
exacerbation of acute intermittent porphyria. 

Similarly, certain naturally occurring steroids have been 
shown to be associated with acute intermittent porphyria.® It 
appears that in patients with this disease there is also a defi- 
ciency in a A*-5a-steroid reductase activity that promotes the 
production of the 56-H-steroid isomer. The latter is an inducer 
for delta-aminolevulinate synthetase and, consequently, por- 
phyrin synthesis. The basis for this relationship of the steroid 
reductase in acute intermittent porphyria remains obscure and 
requires further investigation. Drug-induced acute intermit- 
tent porphyrinuria also has been related to sulfonamides, 
chloramphenicol, quinine, anticoagulants, tranquilizers, dieth- 
ylstilbestrol, and oral contraceptives. 

If a certain Swiss family had not been given sulfonamide 
drugs, it is quite likely that an abnormal hemoglobin disease, 
hemoglobin Zurich, would have continued to escape detection. 
A frank hemolytic anemia developed after administration of 
sulfadimethoxine and sulfamethoxypyridazine to family mem- 
bers. A unique hemoglobin with electrophoretic mobility be- 
tween A and S was identified. 

Patients with hemoglobin H disease (an alpha-thalassemia 
variant) have hemoglobin that is a tetramer of four beta- 
chains. Their erythrocytes appear normal until they are given 
sulfisoxazole; then, an acute hemolytic anemia may develop. 

CATECHOL-O-METHYLTRANSFERASE (COMT)— 
High, low, or intermediate activity level and thermal stability 
of COMT enzyme are controlled by a common genetic polymor- 
phism. No differences were found in the molecular mass or 
isoelectric point of the enzyme for high, low, or intermediate 
COMT activities.'° 

THIOPURINE METHYLTRANSFERASE (TPMT)—An- 
other genetic polymorphism in erythrocytes is found in TPMT, 
which catalyzes the S-methylation of thiopurine drugs. This 
variation has been demonstrated among the North American, 
British, white French, Norwegian, and Korean populations. 
The trimodal phenotypic distribution that is observed with this 
variation apparently is not affected by sex or age. Recently, 
investigators have determined that low enzyme activity is as- 
sociated with six variant alleles of the functional gene for 
TPMT, with the most common being TPMT*3A and the next 
most common being TPMT*3C. TPMT*3A was the most com- 
mon in Norwegian children; however, it is not found at all in 
Korean children. Samples from Korean children showed the 
presence of *3C and *6.'! The molecular basis of this genetic 
polymorphism is being investigated.!” 

GLYCOLYTIC ENZYMES—Other red-cell enzyme defi- 
ciencies of great subtlety have begun to emerge including al- 
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UNITS OF MEASUREMENT OF RESPONSE 


Figure 62-1. Three genetically distinct distribution curves for re- 
sponse to a drug by individuals in a population. A, unimodal; B, 
bimodal; C, trimodal. 


Table 62-2. Some Pharmacogenetic Conditions‘2 
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DRUGS PRODUCING 


CONDITION ABERRANT ENZYME AND LOCATION | MODE OF INHERITANCE — FREQUENCY ABNORMAL RESPONSE 
1. Glucose 6-phosphate Glucose 6-phosphate X-linked Approximately A variety of analgesics 
dehydrogenase dehydrogenase incomplete 400,000,000 affected (acetanilid, aspirin, 


10. 


dale 


qi2e 


SH 


deficiency, favism or 
drug-induced 
hemolysis 


. Phenacetin-induced 


methemoglobinemia 


. Drug-sensitive 


hemoglobins 
a) Hemoglobin 
Zurich 


b) Hemoglobin M 
(H-disease) 


. Acatalasia 


. Slow inactivation of 


isoniazid 


. Succinylcholine 


sensitivity or atypical 
pseudocholinesterase 


. Malignant 


hyperthermia with 
muscular rigidity 


. Diphenylhydantoin 


toxicity due to 
deficient 
parahydroxylation 


. Warfarin resistance 


Dicumarol sensitivity 


Inability to taste 
phenylthiourea or 
phenyl- 
thiocarbamide 
Glaucoma due to 
abnormal response 
of intraocular 
pressure to steroids 
Methemoglobin 
reductase deficiency 


? Mixed-function oxidase in 
liver microsomes that 
de-ethylates phenacetin 


Arginine substitution for 
histidine at 63rd position 
of B-chain of 
hemoglobin 

Hemoglobin composed of 4 
B-chains 

Catalase in erythrocytes 


Isoniazid acetylase in liver 
NAT1, NAT2 


Pseudocholinesterase in 
plasma 


Unknown 


? Mixed-function oxidase in 
liver microsomes that 
para-hydroxylates 
diphenylhydantoin 

? Altered receptor or 
enzyme in liver with 
increased affinity for 
vitamin K 

? Mixed-function oxidase in 
liver microsomes that 
hydroxylates dicumarol 

Unknown 


Unknown 


Methemoglobin reductase 


codominant 


Autosomal 
recessive 


Autosomal 
dominant 


Autosomal 
dominant 

Autosomal 
recessive 


Autosomal 
recessive 


Autosomal 
recessive 


Autosomal 
dominant 


Autosomal or 
X-linked 
dominant 


Autosomal 
dominant 


Unknown 


Autosomal 
recessive 


Autosomal 
recessive 


Autosomal 
recessive, 
heterozygous 
carriers 
affected 


in world; occurs in 
high frequency where 
maiaria is endemic; 
300 biochemically 
distinct mutations 


Only 1 small pedigree 


2 small pedigrees 


Approximately 150 
cases 

Mainly in Japan and 
Switzerland, reaching 
1% in certain small 
areas of Japan 

Approximately 50% of 
US population 


Several aberrant alleles; 
most common 
disorder occurs in 1: 
2500 

Approximately 1:20,000 
anesthetized patients 


Only 1 small pedigree 


2 large pedigrees 


Only 1 small pedigree 


Approximately 30% of 
Caucasians 


Approximately 5% of 
US population 


Approximately 1 in 100 
are heterozygous 
carriers 


phenacetin, antipyrine, 
aminopyrine), 
sulfonamides and 
sulfones, antimalarials, 
nonsulfonamide 
antibacterial agents 
(furazolidone, 
nitrofurantoin, 
chloramphenicol, 
aminosalicylic acid), 
miscellaneous drugs 
(vitamin K, probenecid, 
methylene blue, 
dimercaprol, 
phenylhydrazine, 
quinine, quinidine) 
Phenacetin 


Sulfonamides 


Sulfisoxazole 


Hydrogen peroxide 


Isoniazid, sulfamethazine, 
sulfamaprine, 
phenelzine, dapsone, 
hydralazine 

Succinylcholine 


Anesthetics such as 
halothane, 
methoxyflurane, ether, 
cyclopropane, also 
succinylcholine 

Diphenylhydantoin 
(phenytoin) 


Warfarin 


Dicumarol 


Drugs containing N-C-S 
group such as 
phenylthiourea, methyl, 
or propylthiouracil 

Corticosteroids 


Same drugs as listed for 
glucose 6-phosphate 
dehydrogenase 
deficiency 
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Table 62-2. Continued 
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DRUGS PRODUCING 


CONDITION ABERRANT ENZYME AND LOCATION MODE OF INHERITANCE FREQUENCY ABNORMAL RESPONSE 
14. Debrisoquine- Aromatic hydroxylase Autosomal 1.5 to 9% with a large Debrisoquine 
induced hypotension CYP2P6 recessive interethnic variation 
15. Sparteine-induced N-oxidation enzyme Autosomal 5% Sparteine 
diplopia, blurred (aminoxydase) recessive 
vision, 
overstimulated 
uterus 
16. Tolbutamide-induced Mixed-function oxidase Autosomal 25% Tolbutamide 
cardiovascular death recessive 


dolase, catalase, hexokinase, glutathione reductase, phospho- 
glucomutase, pyruvate kinase, triose phosphatases, and 
isomerases. Almost every enzyme involved in the Emden- 
Meyerhof (anaerobic) glycolytic pathway has come under 
scrutiny in the evaluation of the role of drugs capable of 
precipitating clinically significant hemolysis. 

In a similar vein, one cause of kernicterus in the premature 
infant is related to immaturity of the neonatal liver. This organ 
is deficient in glucurony] transferase and therefore feeble in its 
effort to conjugate bilirubin. Administration of sulfisoxazole or 
vitamin K analogs exaggerates this reaction. Novobiocin may 
provoke jaundice in the newborn (and, rarely, in adults) by 
direct inhibition of glucuronyl transferase. The gray syndrome 
of neonates may be related to a defect in chloramphenicol 
metabolism caused by immaturity of hepatic microsomal 
enzymes. 

DIHYDROPYRIMIDINE DEHYDROGENASE (DPD)— 
A benign example of pharmacogenetics is observed in blood 
mononuclear cells. DPD catalyzes the oxidation of 5-fluoroura- 
cil (6FU) as well as endogenous uracil and thymine. Although 
a bimodal distribution of DPD activity is observed in patients 
and normal individuals, there is no correlation of the variations 
with the toxicity exhibited following 5FU treatment. 

N-ACETYL TRANSFERASE ENZYMES (NAT1 AND 
NAT2)—A variation in the ability of certain patients to metab- 
olize isoniazid (INH), sulfamethoxazole, and hydralazine is 
well known. Additional drugs in this category include caffeine, 
nitrazepam, salicylazasulfapyridine, sulfamethazine, procain- 
amide, and dapsone. Such individuals are classified into phe- 
notypes on the basis of their ability to acetylate these drugs. 
Slow acetylators have a deficiency of hepatic acetyl transferase. 
They maintain higher concentrations of unacetylated drugs for 
longer periods in body fluids than rapid acetylators. Thus, slow 
acetylators suffer a greater incidence of adverse drug reactions 
due to accumulation of parent compound. The variation of 
frequency of this disorder in different populations is very in- 
teresting, although the significance of its prevalence is ob- 
scure.'? The incidence of slow acetylators in the population is 
5% for Canadian Eskimos; 50% for most European-origin pop- 
ulations, including Americans; 74% for Hmong (Laotian); and 
83% for Egyptians, who rank highest. Inborn errors at several 
different alleles at the NAT2 locus are responsible for the 
traditional acetylator polymorphism. Variant alleles at the 
NAT1 locus have also been determined. 

In another study, investigation of the monoamine oxidase 
inhibitor antidepressant phenelzine revealed that significantly 
more severe adverse drug reactions were observed in a group of 
slow acetylators than in a group of rapid acetylators. Other 
drugs metabolized by the enzyme N-acetyl transferase also are 
associated with severe side effects. For example, lupus erythe- 
matosus-like reactions to hydralazine are observed mainly in 
slow acetylators. On the other hand, with procainamide, the 
same syndrome seems to be more prevalent in rapid acetyla- 
tors, suggesting that the acetylated metabolite of procainamide 
is responsible for this adverse effect. 

Phenotypic expression of NAT2 may be influenced by 
AIDS."* Patients who are HIV-positive but without overt dis- 


ease showed the expected ratio of fast to slow acetylators; 
however, patients who were ill with AIDS are predominantly 
slow acetylators. This may explain the high incidence of ad- 
verse drug reactions to sulfonamides among AIDS patients. 

CHOLINESTERASE—Plasma cholinesterase is required 
to metabolize succinylcholine. Without this enzyme, unantici- 
pated high serum levels of the drug will persist, with paralysis 
of the muscles of respiration. Several abnormal forms of thio- 
enzyme (pseudocholinesterase) have been found that account 
for the inability of these variants to hydrolyze succinylcholine.°® 
The genetic determinants for this enzyme have been identified, 
and it appears that there are four allelic genes (one normal and 
three abnormal) that are responsible for the various types of 
this enzyme. The abnormal alleles have been identified as 
atypical (dibucaine-resistant), fluoride-resistant, and silent 
(negligible activity), where the atypical variant accounts for 
most of the incidence of this condition. Approximately 4% of the 
population is heterozygous for the atypical type and about 1 in 
2500 individuals is homozygous and expresses this disorder. 
This malady will remain asymptomatic and undetected unless 
the patient is challenged with succinylcholine, usually on in- 
duction of anesthesia preparatory to surgery. The response is 
dramatic; a 2- to 3-min period of apnea will ensue. 

The disorder malignant hyperthermia is characterized by 
dramatic muscle rigidity and a rapid rise in body temperature 
after administering a general anesthetic such as halothane or 
succinylcholine.’ Although this condition is thought to be au- 
tosomal dominant, there is a greater incidence in males as age 
increases. Statistics show that 1 in 20,000 individuals who are 
given anesthesia have this disorder and that two out of three 
affected die. 

CYTOCHROME P-450 ISOENZYME, CYP2D6— 
Oxidative reactions in drug metabolism involving benzylic 
hydroxylation of debrisoquine, N-oxidation of sparteine, C- 
hydroxylation of tolbutamide, O-deethylation of phenacetin, 
p-hydroxylation of phenytoin or mephenytoin, and N-glucosi- 
dation of amylobarbitone have been described. The incidence of 
these various conditions varies between 2 to 9% of the popula- 
tion. The most studied example of these conditions is the oxi- 
dation of debrisoquine and sparteine. In population studies the 
metabolic processes responsible for removing most of the re- 
spective drug from the body were impaired or nearly absent in 
some subjects. These subjects were designated poor metaboliz- 
ers (debrisoquine) or nonmetabolizers (sparteine). The fre- 
quency of the poor metabolizer phenotype of debrisoquine is 
8.9% in the white British population, and the nonmetabolizer 
phenotype of sparteine occurs in 5% of the German population. 
For both drugs, 4-hydroxylation of debrisoquine and N-oxida- 
tion of sparteine are determined by two allelic genes at a single 
gene locus and follow autosomal recessive inheritance. Poor 
metabolizers of debrisoquine are homozygous for 2 recessive 
loss-of-function alleles of the CYP2D6 gene encoding for micro- 
somal cytochrome P-450 monooxygenase CYP2D6. Ultra-rapid 
metabolizers are due to amplification of functional CYP2D6 
genes.'° Poor- and nonmetabolizer subjects are at higher risk 
of developing drug-related side effects when standard doses 
of these drugs are administered. Since nonmetabolizers of 


sparteine are poor metabolizers of debrisoquine, the respective 
metabolic deficiency appears to be controlled by the same or a 
very similar gene locus. In these subjects the impaired metab- 
olism is not restricted to these two drugs. Poor metabolizers of 
debrisoquine exhibited an impaired capacity to effect O-deethy- 
lation of phenacetin, aromatic hydroxylation of quanoxan, p- 
hydroxylation of phenytoin and phenformin, and benzylic hy- 
droxylation of nortriptyline.t Furthermore, studies have 
suggested that poor debrisoquine metabolizers are associated 
with greater risk or susceptibility to lung cancer. 

CYTOCHROME P-450 ISOENZYME, CYP2C19—The 
polymorphism of S-mephenytoin hydroxylase was discovered 
by Kupfer and colleagues.'’ The major metabolite of this anti- 
epileptic drug is 4-hydroxymephenytoin, which is formed from 
the S-enantiomer. The R-enantiomer is cleared much more 
slowly by N-demethylation. Therefore, poor metabolizers of the 
S-enantiomer clear the drug much more slowly than extensive 
metabolizers, since both pathways (for R and S enantiomers) 
are slow. The phenotypic assignment is made by looking at the 
ratio of S to R enantiomer. Poor metabolizers have a ratio of 1, 
whereas an extensive metabolizer has a ratio below 1. 
CYP2C19 has been identified as the enzyme that catalyzes the 
metabolism of S-mephenytoin.'® The poor metabolizers occur 
in 1 to 3% of Caucasians and up to 23% in Oriental popula- 
tions.*? 

MICROSOMAL OXIDATION—The genetic control of tol- 
butamide disposition in humans was studied to provide insight 
into the potential for high blood levels of the drug in individuals 
receiving fixed-dosage regimens. Tolbutamide was adminis- 
tered intravenously to 42 nondiabetic subjects, 8 of their rela- 
tives, and 5 sets of twins. A 9-fold variation in the rate of 
tolbutamide disappearance from plasma was found. This vari- 
ation was characterized by a trimodal frequency distribution, 
suggesting monogenic inheritance and consistent with pedigree 
analysis, indicating autosomal transmission of rapid and slow 
inactivation of tolbutamide. Analysis of the metabolites of tol- 
butamide in urine samples provided evidence for the microso- 
mal oxidation of the drug to hydroxytolbutamide as the pri- 
mary site of genetic control. The results suggest that fixed- 
dosage regimens of this drug might lead to higher accrued 
blood levels in slow inactivators.”° 

HYPOXANTHINE-GUANINE PHOSPHORYL TRANS- 
FERASE (HGPTASE)—Another curious interplay between 
drugs and enzymes exists in gout. It is known that certain uric 
acid overproducers (as opposed to underexcretors) lack the 
enzyme HGPTase. This is the basic lesion of the Nyhan-Lesch 
syndrome. Without delving into the complex function of this 
salvage enzyme, it seems that a significant factor in the anti— 
uric acid effect of allopurinol depends on a plentiful supply of 
HGPtTase. Allopurinol appears to decrease the rate of de novo 
biosynthesis of purine. This function apparently is distinct 
from its better known action, which is to inhibit hypoxanthine 
oxidase, an enzyme that catalyzes the oxidation of hypoxan- 
thine to xanthine and xanthine to uric acid. Apparently, the 
influence exerted by allopurinol in depressing purine biosyn- 
thesis contributes to its effectiveness in decreasing uric acid 
serum levels. In patients who suffer a relative deficiency of 
HGPTase, allopurinol will not decrease purine biosynthesis. It 
seems that HGPTase activity is necessary for allopurinol to 
exert its suppressive effect on purine synthesis. However, this 
effect of allopurinol is erratic; it did not suppress purine syn- 
thesis in several gouty patients who had normal uric acid 
production and normal HGPTase activity (underexcretors). 

RECEPTOR ENZYME—There are other inborn errors of 
metabolism that may alter the ability of afflicted individuals 
to use or eliminate certain drugs effectively. Hypophos- 
phatemic vitamin-D-refractory rickets may be related to a 
defective receptor enzyme that has poor affinity for vitamin 
D. This may interfere with transfer of vitamin D across the 
intestinal mucosa. At the other extreme, patients who suffer 
excessive responses to conventional doses of vitamin D, with 
resultant hypercalcemia and its nefarious sequelae, are sus- 
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pected of having some other aberration of enzyme transport 
mechanisms. 

ALCOHOL DEHYDROGENASE (ADH)—Convincing ey- 
idence is accumulating that relates a predisposition to alcohol- 
ism to genetic factors.*’ Curiously, the biosynthesis of human 
alcohol dehydrogenase (ADH) is controlled by three separate 
alleles (ADH’, ADH?, and ADH”), each of which gives rise to 
the formation of a polypeptide (a, 8, and y, respectively). Ho- 
modimers (eg, aa, BB, and/or yy) and heterodimers (eg, a, By, 
etc) are isoenzymes that have been recognized in human tis- 
sues. However, electrophoretic studies have identified a poly- 
morphism involving the ADH” allele. The corresponding 
B-polypeptide has been termed atypical (B”). Heterodimeric 
isoenzymes containing B” have been identified (aB’, B?y!, and 
By’), but as yet a homodimer of 8” has not been found. The 
atypical ADH enzyme(s) has been shown to be quite different 
from the normal enzyme(s) (ie, B? enzymes are more active 
under physiological conditions, have different substrate speci- 
ficities, and have a different sensitivity to thiourea inhibition 
than have the B enzymes). The actual biological significance of 
this genetic polymorphism in metabolizing alcohols (not limited 
to ethanol metabolism) has not been determined yet, but infor- 
mation substantiating genetic predisposition to alcoholism is 
close to being conclusive.?””* 

BINDING PROTEINS—A number of studies have sug- 
gested a special sensitivity of Asians to various psychotropic 
agents, eg, haloperidol and some benzodiazapines. These re- 
sults are further complicated by pharmacodynamic genetic 
polymorphism in proteins that bind these drugs and reflect 
differences in free and bound drug fractions. 

Wilson’s disease (characterized by defective or deficient 
ceruloplasmin) or hemochromatosis (in which a defect per- 
mits excessive iron to pass through the small intestine into 
the blood) may be related to enzymatic or carrier-protein 
abnormalities. 

SEVERE IDIOSYNCRATIC ADVERSE DRUG 
REACTIONS—Pharmacogenetic differences in the handling 
of, and response to, drugs can alter the risk of severe, idiosyn- 
cratic adverse drug reactions, including neutropenia, agranu- 
locytosis, and aplastic anemia.** Due to deficiencies in drug 
metabolizing enzymes, toxic intermediates can be favored (eg, 
6-mercaptopurine metabolism to 6-thioguanine nucleotides) or 
electrophilic metabolites can be formed that can kill cells or 
lead to host immune response (eg, sulfonamide metabolism to 
hydroxylamine metabolites). If glutathione conjugation, which 
is a detoxification pathway, is compromised, adverse reactions 
can occur. 


CONCLUSIONS 
ANS EL AOE BIE RR EL SED YG TIL ESS EE ERI 


If one reflects on the multitude of known enzyme systems, as 
well as those suspected as latent or subclinical but not yet 
identified, it may be that many reactions now classified as 
idiosyncratic or even allergic will eventually be recognized as 
pharmacogenetic disorders or acquired enzyme insufficiencies. 
Much research is currently ongoing looking at the actual gene 
loci and alleles involved in genetic polymorphism inherent in 
human beings. More knowledge will allow more-informed and 
safer administration of drugs to patients. 
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Substance abuse is an increasingly important problem in the 
US. Millions of Americans have used, or currently use and 
abuse, illicit drugs. Millions more use and/or abuse licit sub- 
stances, including cigarettes and alcohol. By some estimates, 
the economic cost of substance abuse approaches 100 billion 
dollars each year. 

The Diagnostic and Statistical Manual of Mental Disorders, 
4th ed (DSM-IV) definition of swbstance abuse includes its 
description as 


a maladaptive pattern of substance use leading to clinically signifi- 
cant impairment or distress, as manifested by one (or more) of the 
following: 


1. Recurrent substance use resulting in a failure to fulfill major role 
obligations at work, school or home. 

2. Recurrent substance use in situations in which it is physically 
hazardous. 

3. Recurrent substance-related legal problems. 

4. Continued substance use despite having persistent or recurrent 
social or interpersonal problems caused or exacerbated by the ef- 
fects of the substance. 


Substances most likely to be abused include agents that 
cause euphoria and/or provide relief from stress or boredom. 
These include agents available commonly (ie, nicotine, alco- 
hol), by prescription only (ie, amphetamines, barbiturates), 
or illicitly (ie, cocaine, heroin). Physiological, genetic, and/or 
environmental factors may contribute to the onset of sub- 
stance abuse. 

The human body adapts to prolonged, repeated use of sub- 
stances. Tolerance, dependence, and withdrawal are manifes- 
tations of this adaptation. 


Tolerance is a phenomenon in which the physiological and/or psy- 
chological response to a substance is decreased with continuous use of 
the same dose of that substance. This results from actual changes in 
effector enzymes, receptors, or membrane actions of a drug (functional 
tolerance) or because of an ability to compensate for the effect of the 
drug (behavioral tolerance). Administration of higher drug doses some- 
times overcomes tolerance. 

Withdrawal refers to the disturbing effects resulting from cessation 
of, or reduction in, the prolonged or heavy use of a substance. These 
effects are frequently opposite in nature to those caused by the drug or 
desired by the user. 

Dependence refers to the physiological and/or psychological adapta- 
tions that occur in response to the frequent administration of a drug. 
Psychological dependence can be manifested by craving and compulsive 
drug-seeking behavior. Physical dependence is present when absti- 
nence from the drug produces physiological symptoms of withdrawal. 


Although tolerance, dependence, and withdrawal are all con- 
sequences of adaptation of the body to prolonged substance 


usage, they are not necessarily linked. For instance, it is pos- 
sible to become dependent on a drug without developing toler- 
ance, and vice versa. 


SUBSTANCES OF ABUSE 


Alcohol 


Alcohols are organic compounds that contain carbon-oxygen 
single bonds, with the oxygen bound to a hydrogen. There 
are many types of alcohols, including methanol (wood alco- 
hol), ethylene glycol (often used as antifreeze), and isopropyl 
alcohol (rubbing alcohol). Each is poisonous if consumed. A 
fourth type, ethanol, is the psychoactive constituent of alco- 
holic beverages such as beer, wine, and distilled spirits. 
Ethanol (referred to commonly and in this chapter simply as 
alcohol) is second only to caffeine as the most widely used 
and abused psychoactive drug in the US. 

Alcohol is a central nervous system (CNS) depressant 
that is consumed by approximately 80% of adults in the US. 
Alcohol is an anesthetic. It can cause sedation, sleep, slurred 
speech, and ataxia. It is commonly, albeit mistakenly, per- 
ceived to be a stimulant, since alcohol suppresses inhibitory 
systems in the brain that normally curb impulsive and/or 
inappropriate behaviors. Alcohol impairs recent memory 
and, in high concentrations, can cause a form of amnesia 
(blackout) in which subjects cannot recall what occurred 
while intoxicated. 

In addition to its CNS depressant properties, alcohol has 
other pharmacological and toxicological effects. It is a vaso- 
dilator, and this effect on cutaneous blood vessels accounts 
for the sensation of warmth associated with alcohol con- 
sumption. Alcohol increases gastric acid secretion and ag- 
gravates ulcers. Chronic usage can cause extensive gastro- 
intestinal bleeding, esophagitis, gastritis, and intestinal 
malabsorption (of fat, folic acid, thiamine, vitamin B,). 
Chronic pancreatitis can develop after years of heavy alcohol 
use. Pancreatic failure may produce insulin-dependent dia- 
betes mellitus. Alcohol use may increase the likelihood of 
cancers of the stomach, throat, and intestines. 

Degenerative alterations in liver morphology and func- 
tion appear following alcohol consumption and develop pro- 
gressively in the following order (includes sequelae): alco- 
holic fatty liver (hepatic pain and tenderness), alcoholic 
hepatitis (nausea, vomiting, anorexia, weight loss, abdomi- 
nal pain), and cirrhosis (jaundice, encephalopathy). As little 
as several consecutive days of heavy drinking can produce 
fatty liver. Hepatitis and cirrhosis are associated more com- 
monly with chronic alcohol abuse. Cessation of alcohol con- 
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sumption usually results in reversal of fatty liver and hep- 
atitis but not cirrhosis. Cirrhosis is a leading cause of death 
among alcoholics. 

Long-term effects of alcohol on the cardiovascular system 
are dose-dependent. Moderate usage may decrease the inci- 
dence of hypertension and certain cardiovascular diseases. 
In contrast, chronic high-dose usage can contribute to hyper- 
tension, arrhythmias, cardiomyopathy, and death. Other ad- 
verse effects of chronic alcohol use include pseudo—Cushing’s 
syndrome, hypogonadism, amenorrhea, low plasma testos- 
terone levels, impotence, infertility, and testicular atrophy. 
Abstinence after a relatively short period of heavy drinking 
may be followed by headache, nausea, vomiting, general 
malaise, and slight tremulousness during the drying-out or 
hangover period. 

The acute effects of alcohol vary according to the level of the 
drug in the blood, known as the blood-alcohol concentration 
(BAC). Factors influencing BAC include the 


Concentration of the alcohol being consumed. 

Rate of consumption. 

Amount and composition of food in the stomach. 

Gender and body composition of the individual imbibing the alcohol. 


hart as 


Diluting alcohol with noncarbonated and carbonated bever- 
ages tends to slow and hasten, respectively, alcohol absorp- 
tion. Decreases in reaction time and impairment of judgment 
occur with a BAC of 0.05. A BAC of 0.08 to 0.10 is defined as 
legal intoxication in many states. A BAC of 0.15 generally 
leads to major impairment of physical and mental control, 
and one of 0.40 to 0.60 to coma and death. 

Gender-related differences exist in the pharmacological 
and toxicological responses to alcohol. Females have a lower 
first-pass metabolism and gastric mucosal alcohol dehydro- 
genase activity than males. Moreover, the female body typ- 
ically has proportionately less water than the male body. 
Because alcohol mixes with body water, alcohol becomes 
more highly concentrated in a female than in a male; this 
results in a higher peak BAC than in men who consume an 
identical amount of alcohol on a mg/kg basis. Alcohol depen- 
dence and related medical problems, such as brain and liver 
damage, progress more rapidly in women than in men. 

Alcohol passes readily from the maternal to the fetal 
circulation. Children born to alcoholic mothers usually are 
underdeveloped and exhibit a slow growth rate and mental 
retardation. Cardiovascular aberrations, including systolic 
murmurs and congestive heart failure, and craniofacial 
abnormalities have been documented as patterns of malfor- 
mation in infants born to chronic alcoholic women. This 
dysmorphic pattern has been classified as fetal alcohol syn- 
drome (FAS). Since any alcohol exposure can be harmful to 
an unborn child, a pregnant woman should abstain from 
ingesting ethanol in any form. 

Repeated alcohol use can result in tolerance as well as 
physical and psychological dependence. Tolerance to alcohol 
is reminiscent of that seen with benzodiazepines and barbi- 
turates (see below). Abrupt cessation of alcohol consumption 
after 1 week or more of intoxication may be associated with 
anxiety, insomnia, confusion, tremors, and hallucinations. 
Long periods of intense intoxication may, upon withdrawal, 
result in delirium tremors (DTs), a syndrome characterized 
by increased autonomic activity (ie, fever, sweating and 
tachycardia), agitation, disorientation, severe tremors or 
convulsive seizures, and frightening hallucinations. Treat- 
ment during withdrawal typically involves the substitution 
of long-acting sedative-hypnotics for alcohol and then a grad- 
ual (ie, weeks to months) reduction (tapering off) of the dose 
of the drug. Benzodiazepines are administered commonly for 
this purpose. In addition, the opioid antagonist naltrexone 
was approved recently as a treatment to lessen alcohol crav- 
ing. Disulfiram inhibits aldehyde dehydrogenase, thereby 
increasing acetaldehyde accumulation and discouraging 


drinking by causing nausea, vomiting, and other unpleasant 
physical reactions when alcohol is used. 


Opioids (Narcotics) 


Opium and its naturally occurring derivatives are obtained 
form the opium poppy, Paparver somniferum. Morphine and 
codeine can be extracted from the opium poppy. Methadone 
and meperidine are synthetic opioids.The term narcotic tech- 
nically refers to any substance that produces stupor associ- 
ated with analgesia, although in this section it designates 
compounds derived from, or related to, opium. 

Heroin is the most rapidly acting and widely abused of the 
opioids. It is processed from morphine and takes the form of 
either a white/brownish powder or a black, sticky substance 
referred to as black tar. Most street heroin is cut with other 
drugs or with substances such as sugar, starch, powdered 
milk, or quinine. Quinine is employed because, like the opi- 
oid, it is bitter and produces vasodilation, simulating acute 
effects of the opioid. Thus, addicts cannot detect adulteration 
readily and unknowingly inject themselves with large quan- 
tities of quinine, which may produce significant myocardial 
depression. Heroin usually is injected, snorted, or smoked. 
Intravenous injection provides the most rapid and intense 
euphoria (ie, within seconds), while intramuscular injection 
produces a relatively slow onset of euphoria (approximately 
5 min). When heroin is snorted or smoked, peak effects are 
usually felt within 15 min. 

Heroin is highly lipophilic and as such crosses the blood- 
brain barrier readily. Once absorbed, it is converted to mor- 
phine and binds opioid receptors. Rapid absorption produces 
an intense, pleasurable sensation that has been compared to 
sexual orgasm: this feeling is referred to as a rush. The rush 
is accompanied by a warm flushing of the skin, dry mouth, 
nausea, vomiting, and/or severe itching. After the rush, se- 
dation, and cardiovascular and respiratory slowing can 
occur. 

With frequent repeated administration, an individual be- 
comes dependent on heroin so that the drug must be taken 
regularly to preserve a sense of well-being and equilibrium 
and to prevent the anguish of the abstinence syndrome. 
Thus, addicts soon find themselves taking heroin not for the 
pleasurable effects but primarily to prevent withdrawal. 

Tolerance to heroin (and opioids, in general) does not 
develop uniformly. For example, addicts experience, during 
chronic use, lessened respiratory depressant, analgesic, sed- 
ative, emetic, and euphoric effects. Most suffer chronically 
from the constipating effects of the drug. Drug tolerance is 
never absolute: a dose always exists that is capable of caus- 
ing death from respiratory paralysis, and overdose is a com- 
mon cause of fatalities among opioid addicts. 

Withdrawal from heroin can occur within a few hours 
after the final drug administration. Symptoms are usually 
maximum by 36 to 72 hr after the last dose and subside 
gradually within 7 to 10 days. Signs and symptoms of opioid 
withdrawal include yawning, sneezing, lacrimation, restless- 
ness, anxiety, insomnia, nausea, vomiting, diarrhea, sweat- 
ing, goose flesh, generalized body aches, fever, tremors, mus- 
cle spasms, and jerking movements. Excessive perspiration, 
vomiting, and diarrhea combined with diminished food and 
fluid intake may result in dehydration, acid-base distur- 
bances, and ketosis. Occasionally, cardiovascular collapse 
occurs. 

Withdrawal symptoms can be suppressed by administer- 
ing either the drug of dependence or another narcotic. Meth- 
adone, for example, can be used to reduce the craving for 
heroin. When used appropriately, methadone is not sedating 
and yet suppresses narcotic withdrawal for 24 to 36 hr. 
Typical street doses of heroin are ineffective at producing 
euphoria among methadone patients receiving methadone. 
Levo-a-acetylmethadol (LAAM) is another synthetic opioid 


that has been approved to treat heroin addicts. Its duration 
of action is longer than that of methadone; LAAM can block 
the effects of heroin for up to 72 hr with minimal side effects 
when taken orally. The opioid antagonist naltrexone also can 
block the effects of heroin; it has long-lasting effects, ranging 
from 1 to 3 days. Buprenorphine is also used as a treatment 
for heroin addiction, since it does not produce the same level 
of physical dependence as other opioids, such as methadone. 
Hence, fewer withdrawal symptoms may result from discon- 
tinuing buprenorphine treatment. 

Women who persist in using heroin during pregnancy 
give birth to opioid-dependent offspring. The signs of with- 
drawal in the newborn appear within several hours to sev- 
eral days after parturition and include high-pitched crying, 
sleeplessness, irritability, tremor, vomiting, and diarrhea; 
the latter may result in severe dehydration. Narcotic- 
dependent infants are born smaller and exhibit an uncoor- 
dinated and ineffectual sucking reflex, which reduces nutri- 
tive consumption. 

Several opioid analogs have been synthesized over the 
last 50 yr. These include MPTP (1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine), an extremely toxic by-product of illicit 
meperidine synthesis. MPTP destroys brain regions contain- 
ing dopaminergic neurons after only a few doses; this pro- 
duces Parkinson’s disease in the abuser that, like the degen- 
erative clinical disease occurring in geriatric patients, is 
irreversible. Another analog, fentanyl, is a synthetic narcotic 
used as an analgesic in surgical procedures. Fentanyl is 50 
times more potent than heroin and can so rapidly stop res- 
piration that abusers have been found dead with the needle 
used to inject the drug still in their arms. 


Barbiturates 


Historically, barbiturates have been used as sedative-hypnotic 
agents. Recently, their clinical use has declined because other 
agents (ie, benzodiazepines), while not devoid of adverse reac- 
tions, have a wider margin of safety. 

The signs and symptoms of acute barbiturate and alcohol 
intoxication are strikingly similar. Visual perception, recall, 
reaction time, coordination, and other indices of psycho- 
motor functioning are reduced. Other symptoms include 
difficulty in thinking, reduction of ego controls, poor judg- 
ment, confusion, and emotional instability. Neurological 
impairment and muscular incoordination are major factors 
in the personal injuries and involvement in vehicular acci- 
dents that are common occurrences during the course of 
intoxication with these drugs. The CNS suppressant effects 
of alcohol, barbiturates, and opioids are mutually reinforc- 
ing; combinations of these depressants result in severe 
incapacitation. 

Barbiturates reduce the amount of time spent in the REM 
(rapid eye movement) phase of sleep. The reduction of REM 
sleep for a period of several days may cause the individual to 
become irritable or to express disturbances in personality 
and rationality. When the hypnotic is withdrawn abruptly, 
there is a rebound increase in the REM phase, often associ- 
ated with nightmares, a feeling of having slept poorly, or 
actual insomnia. Rebound REM makes it difficult for the 
patient to give up the drug and contributes to the develop- 
ment of drug dependency. 

Continued misuse of barbiturates can cause death from 
respiratory or cardiovascular depression. Because of this 
toxicity, these drugs have contributed to many accidental 
and suicidal deaths. 

Withdrawal reactions, which in some cases may be more 
hazardous than the opioid abstinence syndrome, develop 
upon abrupt cessation of chronic barbiturate overuse. Mild- 
to-moderate withdrawal reactions include anorexia, appre- 
hension, tremulousness, muscular weakness, mental con- 
fusion, and postural hypotension. A severe barbiturate 
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withdrawal syndrome may involve profound disorientation, 
delirium and hallucinations, and convulsive seizures of an 
episodic or protracted nature. In extreme cases the barbitu- 
rate abstinence syndrome may terminate in cardiovascular 
collapse and death. With the longer-acting barbiturates, 
withdrawal symptoms are slower in onset and less severe 
than those encountered with the shorter-acting derivatives. 

Pharmacological treatment of barbiturate dependency 
generally is approached by replacement with either pento- 
barbital or phenobarbital at an initial dose sufficient for 
stabilization; the dose then is reduced gradually over a pe- 
riod of several days to weeks, depending on the individual 
patient response. 


Nonbarbiturate Sedative-Hypnotics 


Neurological impairment, psychological and physical depen- 
dency, and an abstinence syndrome similar to that associated 
with barbiturate abuse may result from excessive use of many 
nonbarbiturate sedative-hypnotic and antianxiety agents, in- 
cluding chloral hydrate, glutethimide, methyprylon, metha- 
qualone, chlordiazepoxide, or diazepam. 

Chloral hydrate is an alcohol. As a hypnotic agent, it 
gained a notorious reputation as the knock-out drops added 
to alcohol to create a drink referred to as a Mickey Finn. The 
term slipping a Mickey refers to adding chloral hydrate to 
the drink of unsuspecting individuals to render them uncon- 
scious. Chloral hydrate is a gastric irritant. It or its metab- 
olites may be carcinogenic. 

Glutethimide is a barbiturate-like drug. It can cause 
nausea, fever, tachycardia, blood abnormalities, and occa- 
sionally convulsions. It can cause severe withdrawal and 
may have a narrower margin of safety than barbiturates. 
Methyprylon is a short-acting nonbarbiturate similar to 
glutethimide. 

Methaqualone, now illegal in the United States, is an- 
other nonbarbiturate sedative-hypnotic. It can cause 
acroparesthesia (tingling and numbness in the extremities) 
prior to the onset of hypnotic activity, particularly when 
sleep does not ensue rapidly. Fatigue, dizziness, nausea, 
vomiting, dryness of the mouth, and headache are common. 
Acute toxicity differs from that of the barbiturates in that 
marked respiratory and cardiovascular depression generally 
are not seen after large doses of methaqualone. Withdrawal 
symptoms, such as headache, anorexia, nausea, abdominal 
cramps, and interference with sleep, have been reported. 
Severe reactions that may be encountered occasionally dur- 
ing methaqualone withdrawal include convulsions and toxic 
psychoses. Mandrax, a combination of methaqualone and 
diphenhydramine, has been abused by addicts in Great Brit- 
ain, Canada, and Australia. Overdoses with this drug com- 
bination are potentially more severe than those with metha- 
qualone per se, since diphenhydramine, an antihistamine 
that possesses central antimuscarinic activity, may produce 
psychological disturbances, excitation, ataxia, and convul- 
sive seizures. 

As described in Chapter 80, chlordiazepoxide and diaze- 
pam are benzodiazepines. As with most CNS depressants, 
frequent and chronic use of these agents can cause depen- 
dence, tolerance, and withdrawal. Withdrawal from these 
agents can cause agitation, insomnia, anorexia, depression, 
convulsions, gastric cramps, sweating, tremors, confusion, 
disorientation, hallucinations, delusions, paranoia, and/or 
depression. 


Inhalants 


Inhalants are volatile chemicals that produce psychoactive 
effects. These agents are abused most frequently by young 
adults and teenagers. Inhalants fall into four major catego- 
ries: solvents, aerosols, gases, and nitrites. Solvents include 
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(1) industrial or household solvents or solvent-containing 
products (eg, paint thinners, dry-cleaning fluids, gasoline 
and glues) and (2) art or office supplies (eg, correction fluids 
and felt-tip marker fluid). Aerosols refer to (1) household or 
commercial products (eg, butane lighters, whipping cream 
aerosols, and refrigerant gases) and (2) household aerosol 
propellants (eg, spray paints, hair or deodorant sprays, and 
fabric protector sprays). Medical anesthetic gases include 
ether, chloroform, halothane, and nitrous oxide. Nitrites in- 
clude amyl and butyl nitrite (found in room odorizers) and 
amyl nitrite (a vasodilator available by prescription). 

Inhalants are poured or sprayed onto rags and inhaled 
through the mouth (huffing) or placed in plastic or paper 
bags and inhaled through the nose (bagging). Intoxication 
occurs rapidly and lasts only a few minutes unless inhalants 
are taken repeatedly. Initial exhilaration, euphoria, and 
CNS excitation may occur within seconds. Visual distur- 
bances, slurred speech, and staggering gait also occur. With 
successive inhalations and depending upon the quantity of 
vapor inhaled, hallucinations, drowsiness, stupor, and un- 
consciousness may result. Other physical signs associated 
with the use of volatile hydrocarbons include characteristic 
odors, irritation of mucous membranes, sneezing, coughing, 
increased salivation and thirst, headache, and elevated or 
irregular pulse rate. 

Use and abuse of inhalants can cause heart failure, hyp- 
oxia, and death. In addition, exposure to toluene (glues and 
paint sprays) can cause hearing loss and damage to the CNS, 
liver, and kidney. Trichloroethylene (cleaning and correction 
fluids) exposure can cause hearing loss. Sudden sniffing 
death syndrome (SSDS) is a fatal outcome that occurs most 
frequently after inhaling model airplane cement or type- 
writer correction fluid. Frequently, the victim will have 
breathed a large amount of inhalant and then become fright- 
ened or perform a strenuous activity. Within seconds, car- 
diac arrhythmia and death ensues. 

Physical dependence on inhalants does not develop, since 
the duration of volatile hydrocarbon use is limited, rather 
than because of the pharmacological properties of these 
chemicals. Chronic use can, however, cause addiction and 
require professional interdiction. 


Marijuana 


Marijuana (Cannabis sativa) is one of the oldest cultivated 
plants and exists as either a male or female plant. By US 
federal statutes, the term marijuana encompasses all parts, 
extracts, derivatives, or preparations of cannabis, including the 
pure resin. However, marijuana in the Western hemisphere 
usually includes a mixture of the leaves, flowering tops, and 
other structural parts of the cannibis plant, generally dried, 
chopped, and incorporated in a form for smoking. 

The biologically active principles of cannabis, including 
a-9-tetrahydrocannabinol (THC), are most highly concen- 
trated in the flowers and upper leaves of the female plant. 
The potency of preparations derived from cannabis varies 
enormously, depending on the species of plant and growing 
conditions. For example, indica marijuana has the most po- 
tent resin. Growing female plants so that they cannot be 
pollinated produces an extremely potent form of marijuana 
known as sinsemilla. Potency also depends upon the purity 
of the resin. Hashish, the unadulterated resin from the flow- 
ering tops of cultivated female plants, is a most potent form. 

Depending on its potency, a marijuana cigarette can 
produce moderate-to-intense psychopharmacological effects 
within minutes of administration. The euphoria, or high, in- 
duced by marijuana persists 1 to 4 hr and is associated with 
altered perception, impaired short-term memory, and, often, 
poor motor coordination. Intense depersonalization, loss of in- 
sight, disorganized thinking and speech, and grossly distorted 
perception occur with high doses, but true hallucinations rarely 
are experienced, except at toxic levels. 


Increased heart rate is an extremely common effect asso- 
ciated with marijuana usage. Blood pressure changes are 
variable. Dilation of vessels in the eyes and consequent 
reddening of the conjunctiva is a well-known response to 
marijuana administration. Other physiological changes 
noted with marijuana include dryness of the mouth and 
throat, airway dilation, irritation of the oropharyngeal mu- 
cosa, nausea and occasional vomiting, tinnitus, and pares- 
thesias. Marijuana stimulates appetite and increases weight 
gain, but without concurrent alteration of the blood glucose 
level. The drug prolongs the time needed to regain normal 
vision after exposure to bright light, eg, from the headlights 
of an oncoming automobile. Lethality resulting from mari- 
juana administration is extremely rare. 

Continued use of marijuana may result in psychological 
dependence, and tolerance may develop to the psychological 
(characteristic high time estimation), physiological (tachy- 
cardia), and combined (psychomotor coordination) effects of 
marijuana. The evidence for psychological tolerance accrues, 
in part, from the observation that chronic users tend to 
increase the amount consumed or resort to a more potent 
variety to experience altered states of consciousness. The 
mechanisms involved in tolerance to marijuana may include 
cellular adaptation, particularly within the CNS, and an 
increased biotransformation capacity. Conversely, the phe- 
nomenon of reverse tolerance, or sensitization to marijuana, 
has been reported. This may be attributable to psychological 
or metabolic factors or a combination of both. Experience 
undoubtedly plays a role in the awareness and enjoyment of 
a marijuana-induced high, and with repeated conditioning, a 
lesser stimulus is necessary to trigger the anticipated sub- 
jective effects. In addition, long-term smokers appear to be 
more efficient at inhaling and are able to retain more smoke 
per puff than the novice. THC and, possibly, active metabo- 
lites of this molecule are eliminated slowly from the body. 
Some chronic users continue to excrete THC in the urine for 
20 to 30 days after terminating all marijuana smoking 
and/or ingestion. The frequent use of marijuana, therefore, 
may result in significant in vivo accumulation with a conse- 
quent reduction in the amount of drug needed to exceed a 
psychoactive threshold in the brain. 

Physical dependence may occur, since after 1 week of 
THC administration, a withdrawal syndrome has been ob- 
served that consisted of anorexia, nausea, insomnia, sweat- 
ing, hyperthermia, and tremor. The mildness of these re- 
sponses probably is due to the slow elimination of THC from 
the body, which allows physiological and psychological sys- 
tems to adjust to a drug-free state gradually. 

Under experimental conditions employing male animals 
and in human smokers, marijuana decreases testosterone 
blood levels, testicular size and weight, spermatogenesis, 
and sexual potency. The inhibition of the release of lutein- 
izing hormone (LH) from the pituitary gland and the testic- 
ular responses to LH stimulation have been cited as possible 
mechanisms. However, THC also has weak estrogenic activ- 
ity, as demonstrated by animal studies and clinical exami- 
nation (including biopsy) of young males who developed gy- 
necomastia during heavy marijuana use. THC inhibits 
ovulation in rats, rabbits, and monkeys. Disruption of men- 
strual cycles has occurred in women who smoke marijuana 
on a regular basis. 

Prolonged marijuana use may lead to serious pulmonary 
toxicity. Over 100 chemicals have been identified in mari- 
juana smoke and tar. A few of these are proven carcinogens. 
Because marijuana smoke is inhaled deeply, many chemicals 
may be retained in the lungs with its use. Studies indicate 
that daily smoking of one to three marijuana joints appears 
to produce approximately the same lung damage and poten- 
tial cancer risk as smoking five times as many cigarettes. 

Personality, attitudinal, and behavioral changes fre- 
quently are associated with chronic marijuana smoking. 
There characteristically is a reduction in motivation, and the 


individual may experience acute feelings of insecurity. Al- 
though elements of this syndrome are typical of normal 
adolescent turmoil, compulsive involvement with marijuana 
may accelerate or project into, intensify, and delay emer- 
gence from this ambivalent phase of life. Marijuana may 
foster similar disruptions in older persons, but evidence also 
exists that individuals can continue to function effectively in 
artistic and other creative areas while indulging in frequent 
but moderate use of the drug. 

Some, but not all, studies have demonstrated a positive 
correlation between marijuana dosage and birth defects. 
Women who smoke marijuana while pregnant experience a 
longer labor, and their newborns weigh less than normal and 
have altered CNS activity. THC is lipid-soluble and passes 
into the milk of the lactating female. Thus, marijuana should 
be avoided by women who are breast-feeding their newborn. 

Although primary attention has been directed to the ad- 
verse physiological and social effects of marijuana, there are 
several indications that the tetrahydrocannabinols may pos- 
sess clinically useful properties. When administered to pa- 
tients with advanced cancer, oral doses of THC elicited mild 
analgesic, antidepressant, tranquilizing, and antiemetic ef- 
fects. Other investigations have demonstrated significant 
and prolonged reduction of intraocular pressure by mari- 
juana in glaucoma patients. 


Nicotine 


Cigarette smoking is the most-preventable cause of illness and 
premature death in the US. During 1995, over 2 million indi- 
viduals in developed countries died as a result of smoking. 
According to the American Cancer Society, tobacco use is re- 
sponsible for nearly one in five deaths in the US. Environmen- 
tal tobacco smoke (ETS; second-hand smoke), a substance de- 
clared by the US Environmental Protection Agency to be a 
human carcinogen, contributes to approximately 3000 non- 
smoking-adult deaths per year. 

Nicotine, a volatile liquid alkaloid, is the constituent of 
tobacco that causes dependence. The amount of nicotine 
absorbed varies according to the type of tobacco used, 
the length of the cigarette smoked, and the presence and 
type of filter used. Tobacco exposure also depends upon the 
number of cigarettes smoked per day and the amount of 
smoke inhaled. 

Nicotine causes an initial CNS stimulation. The drug 
increases catecholamine release from peripheral adrenergic 
neurons. It also increases respiration rate, coronary blood 
flow, heart rate, and blood pressure. Salivary and bronchial 
secretions are initially increased but later decreased. CNS 
depression follows the initial central stimulation. Nicotine 
causes a temporary depression of appetite and decreased 
taste sensations. 

Cigarette smokers have elevated carboxyhemoglobin 
(COHb) levels due to inhalation of excess carbon monoxide 
from the combustion of tobacco. Because COHb cannot carry 
oxygen, less oxygen can be transported by the circulatory 
system. This deficiency may contribute to decreased exercise 
tolerance among smokers. Bronchitis and respiratory tract 
disorders, in general, are more prevalent, not only in smok- 
ers, but also among their nonsmoking family members. 

Smokers also have a higher incidence of periodontal dis- 
ease than nonsmokers. Cardiovascular disorders occur more 
frequently, and the risk of death from coronary heart disease 
is significantly greater in smokers than in nonsmokers. In 
patients with hypertension, hypercholesterolemia, or diabe- 
tes, the risk of coronary heart disease is increased further by 
cigarette smoking. Peripheral vascular disease and cerebro- 
vascular insufficiency also are encountered more often in 
smokers. 

Gastrointestinal (GI) disturbances associated with smok- 
ing include epigastric discomfort, gastritis, and, possibly, 
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gastric and duodenal ulceration. An increase in gastric acid 
regurgitation into the esophagus apparently accounts for 
cigarette-induced heartburn that frequently is painful in 
heavy smokers. Pyloric incompetence and subsequent reflux 
of duodenal juices may be a contributory factor in the gas- 
tritis and gastric ulceration, since bile injures the gastric 
mucosa, particularly in the absence of food in the stomach. 
In addition, nicotine may cause areas of ischemia in the GI 
tract and may reduce pancreatic buffering secretions, thus 
peptic ulceration may occur in the presence of even normal 
rates of gastric acid secretion. 

Cigarette smokers tend to die at an earlier age than 
nonsmokers. According to the US surgeon general, people 
who quit smoking, regardless of age, live longer than people 
who continue to smoke. Lung cancer is a major contributor to 
this mortality. Lung cancer causes over 125,000 deaths per 
year, and approximately 70 to 80% of lung cancers are 
caused by cigarette smoking. Smoking also increases an 
individual’s risk of cancer of the larynx, mouth, urinary 
bladder, pancreas, cervix, and kidneys. 

Considerable data show that smoking during pregnancy 
is associated with higher than normal rates of miscarriage, 
spontaneous abortion, prenatal mortality, and premature 
birth. The newborns of women who smoke during pregnancy 
are more likely to be underweight, be short in stature, and 
have a smaller head. 

There has been a resurgence in the use of smokeless 
tobacco. Dipping snuff, for example, is a practice in which 
tobacco is placed between the cheek and gum, thereby allow- 
ing nicotine to be absorbed through the oral tissue. Dipping 
snuff is highly addictive and exposes the body to levels of 
nicotine equal to those of cigarettes. The absorption of nico- 
tine is rapid, with peak plasma levels occurring within 5 min 
of application to the oral mucosa. In 1986, the US surgeon 
general concluded that the use of smokeless tobacco is not a 
safe substitute for smoking cigarettes, as it can cause cancer, 
noncancerous oral problems, and/or nicotine addiction and 
dependence. 

Cigar and cigarillo usage has increased 45% since 1993, to 
the highest level since the mid-1980s. Congress did not ex- 
plicitly include cigars in the 1984 law requiring health warn- 
ings on cigarettes; hence, cigar packages need not display 
warnings from the surgeon general. Still, overall cancer 
deaths among people who smoke cigars are higher than those 
among nonsmokers. Most of the same carcinogens found in 
cigarettes are found in cigars. 


Amphetamines 


The clinical indications for amphetamine include 


1. Management of attention deficit disorder (hyperkinetic syn- 
drome). 

Symptomatic control of narcolepsy. 

Treatment of exogenous obesity, as short-term (ie, a few weeks) 
adjuncts in a regimen of weight reduction based on caloric re- 
striction. 


2. 
3. 


The peripheral effects of amphetamine are described in 
Chapter 70. Central effects of amphetamine include in- 
creased alertness, elevation of mood, euphoria, and reduced 
feeling of fatigue. Irritability, mania, and a toxic psychosis 
that is difficult to distinguish from paranoid schizophrenia 
also can be observed. 

Amphetamine abuse relates primarily to the nonsuper- 
vised ingestion or injection of large doses of amphetamine or 
its many chemical derivatives to experience drug-induced 
CNS stimulation. In a typical pattern of abuse, large doses of 
amphetamines are injected every few hours around the 
clock. These runs, during which the individual remains 
awake continuously, generally last 3 to 6 days but may be 
prolonged to weeks in which the user may sleep even as little 
as an hour a day. The appetite for food is suppressed, and 
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there is a feeling of unbridled energy and a compulsion for 
constant activity. This intense psychotoxic syndrome ulti- 
mately forces an interruption of drug use, and the individual 
lapses into a protracted period of deep sleep (the crash). 

A marked degree of tolerance to the amphetamines can be 
acquired, as eventually several grams of drug per day may be 
consumed. Physical dependence also occurs, and abrupt 
withdrawal results in effects opposite to the pharmacological 
activity such as lethargy, somnolence, depression (possibly 
leading to increased suicide attempts), and, after recovery of 
sleep deprivation, increased appetite. 

Parenteral or oral administration of large doses of sym- 
pathomimetic amines, including ephedrine, may result in 
morbidity or mortality due to intracranial hemorrhage or 
cardiac arrhythmias secondary to severe hypertension. In- 
travenous injection of amphetamines may result in a syn- 
drome characterized by fever, disseminated intravascular 
coagulation, and rhabdomyolysis. These factors may be re- 
sponsible for the development of acute renal failure in cer- 
tain amphetamine abusers. 

Methamphetamine is an amphetamine analog that is 
easy to synthesize from precursors found in common over- 
the-counter medications; such precursors include ephedrine 
and pseudoephedrine. Its abuse has increased dramatically 
since the early 1990s. Other stimulants chemically related to 
amphetamine include methcathinone, methylenedioxymeth- 
amphetamine (MDMA; ecstasy), and methylenedioxyam- 
phetamine (MDA). The properties of these and other am- 
phetamine-like compounds are described in Table 63-1. 

In addition to its stimulant properties, MDMA is a hal- 
lucinogen. It has been abused widely at parties referred to as 
raves in an attempt to enhance sensory perceptions. It has 
been referred to as a smooth amphetamine, since it does not 
appear to cause severe depression associated with amphet- 
amine. Users report feelings of increased empathy for, or 
connection to, others. Adverse effects are those associated 
with amphetamine. 


Cocaine 


Subjective effects and adverse reactions of cocaine are remark- 
ably similar to those of amphetamine. Regardless of the route 
of administration of cocaine (oral, nasal inhalation, intrave- 
nous), there is good correlation between the appearance of 
certain physical effects (tachycardia, elevated blood pressure) 
and psychological alterations (high). Free-base cocaine avail- 
able as crack, is absorbed rapidly after smoking; peak plasma 
levels occur within minutes. 

Deaths have been reported following nearly every route of 
cocaine administration. Toxic effects include cardiac ar- 
rhythmias, myocardial infarction, and cerebral hemorrhage, 
all of which have caused death in young cocaine abusers. 
Other complications involve skeletal muscle (rhabdomyoly- 
sis), the lungs (pulmonary edema and hemorrhage), intes- 
tine (infarction), kidneys (acute renal failure), brain (sei- 
zures), and liver (hepatotoxicity, especially when combined 
with alcohol abuse, wherein the hepatotoxin cocaethylene 
can be formed). Prolonged use may be associated with weight 
loss, insomnia, anxiety, paranoia, sensations of insects 
crawling under the skin (cocaine bugs), and hallucinations. 


Table 63-1. Properties of Amphetamine-Like Compounds 


Ulceration and perforation of the nasal septum also may 
occur. : 

Tolerance to cocaine develops very rapidly (tachyphy- 
laxis), particularly when used daily. Although a line of co- 
caine has about 25 mg, some addicts have used 8 to 9 g per 
day. Treatment consists of abrupt and complete cessation (as 
opposed to gradual reduction with most CNS depressants). A 
withdrawal syndrome that includes increased appetite, fa- 
tigue, and depression usually occurs in cases of chronic ad- 
ministration. The craving for cocaine during withdrawal is 
very intense during the first 7 days. 


Hallucinogens 


Hallucinogens are substances that alter sensory processing in 
the brain, causing depersonalization, perceptual disturbances, 
and changes in thought processing. Some are of value as re- 
search tools in experimental psychiatry and in the exploration 
of central neurochemical mechanisms, but their therapeutic 
application remains limited and highly controversial. 

Lysergic acid diethylamide (LSD) is a highly potent hal- 
lucinogen. It is absorbed rapidly and binds avidly to plasma 
proteins. Less than 1% of an orally administered dose pen- 
etrates into the CNS. In humans, its half-life is approxi- 
mately 3.5 hr; this corresponds roughly with the duration of 
the peak psychosensory effects that then subside gradually 
over an 8- to 12-hr period. 

LSD produces a sequential, though somewhat overlap- 
ping, pattern of physiological and behavioral changes, the 
intensity and duration of which largely are dose-dependent. 
Perceptual alterations constitute its most dramatic effects. 
Illusions and pseudohallucinations, mostly of a visual or 
tactile nature, are experienced commonly. Synesthesia, the 
crossover from one sensory modality to another, is an often- 
encountered LSD phenomenon. Colors may be “heard” and 
music may become “palpable.” Moods and emotions may 
range from euphoria, elation, and ecstasy to dysphoria, de- 
pression, and despair. As with other psychotropic drugs, the 
response depends on many variables, including the dose 
administered, the personality and expectations of the indi- 
vidual, as well as environmental influences. Other effects of 
LSD can include pupillary dilation, tachycardia, hyperther- 
mia and elevated blood glucose levels: these effects likely 
result from both primary drug effects and nonspecific stress- 
anxiety reactions. Generalized impairments of adaptive be- 
havior and psychomotor performance also are observed, es- 
pecially those processes and procedures that require critical 
judgment and coordination. Attention and motivation are 
often impaired. LSD possesses considerable CNS-stimulant 
activity: the drug produces insomnia and an EEG pattern 
characteristic of central activation or arousal. 

LSD has been employed extensively to induce experimen- 
tal psychoses for the primary purpose of studying aberrant 
mental states under controlled conditions. Despite prodi- 
gious efforts, the LSD model has not yielded pertinent clues 
to the biochemical etiology of schizophrenia. Several inves- 
tigators have proposed LSD as an adjunct to conventional 
psychotherapy and as an aid in treatment of chronic alcohol- 
ism. LSD also has been reported to provide long-lasting 
euphoranalgesia in patients with terminal cancer. The fea- 


AMPHETAMINE-LIKE COMPOUNDS 


MDMA 

Methcathinone (CAT) 

MDA 

4-Methylaminorex 
Dimethoxymethylamphetamine (DOM) 


PROPERTIES 


Stimulant and hallucinogen 

Similar to amphetamine 

Less powerful hallucinogen but more powerful stimulant than MDMA 
Similar to amphetamine 

A hallucinogen 


sibility and effectiveness of LSD for these purposes remain 
unestablished and controversial. LSD has no approved ther- 
apeutic uses and currently is an investigational drug subject 
to rigid state and federal regulations. 

Marked psychological dependence on LSD is observed 
rarely, as usage tends to be occasional or sporadic rather 
than frequent or compulsive. A high degree of tolerance to 
the physiological and behavioral effects of LSD develops 
after three or four doses taken within a relatively short 
period of time. This acquired resistance disappears rapidly if 
drug intake is terminated. As physical dependence on LSD 
does not develop, there is no characteristic abstinence syn- 
drome upon abrupt discontinuation. 

Despite its extreme psychotogenic potency the acute toxicity 
of LSD is remarkably low. The medical literature provides little 
evidence of lethality in humans attributable to the direct toxic 
effects of the drug, although fatal accidents and suicides have 
occurred during states of LSD intoxication. 

LSD-induced feelings of depersonalization and affective, 
perceptual, and cognitive distortions may, on occasion, re- 
sult in disorientation, confusion, and acute panic reactions 
characterized by anxiety, fear, and a sense of helplessness 
and loss of control. Bad trips generally follow the ingestion of 
high doses of LSD by nontolerant persons. They also are 
likely to occur in inexperienced users and those with ambiv- 
alent attitudes toward the drug experience or in disturbing 
or threatening surroundings. Recurrence of perceptual dis- 
tortions may be experienced in the postdrug state by a rel- 
atively high percentage of LSD users. These flashbacks, 
which vary in length from a few seconds to several minutes, 
may occur up to 5 yr after the drug was last taken. Flash- 
backs may be spontaneous but often are triggered by periods 
of emotional stress or anxiety or by other psychotropic drugs 
such as marijuana. The mechanism of recurrent hallucina- 
tions is unknown but may reflect a persistent disruption of 
psychological defense mechanisms, with a periodic emer- 
gence of repressed fears or conflicts. 

Dimethyltryptamine (DMT) is a short-acting hallucinogen 
found in the seeds of Piptadenia peregrina. A powder pre- 
pared from these seeds (cohaba snuff) is used by Haitian 
natives to induce mystical states of consciousness. DMT is 
not effective when taken orally. Perceptual and mood 
changes result when the compound is inhaled (snuffed), 
smoked, or introduced parenterally. Its effects are rapid 
in onset and limited in duration (a few hours), irrespective 
of the route of administration. Synthetic higher homologs 
of DMT such as diethyltryptamine (DET) and dipropyl- 
tryptamine (DPT) produce qualitatively similar psychologi- 
cal effects that are, however, considerably longer lasting. 

Psilocybin, the phosphate ester of 4-hydroxy-DMT occurs 
in the Mexican mushroom, Psilocybe mexicana (magic mush- 
room). Dephosphorylation in vivo by alkaline phosphatase 
converts psilocybin to psilocin (4-hydroxy-DMT). The loss of 
the phosphoric acid reduces the polarity of the molecule, 
enabling more-efficient penetration of the blood-brain bar- 
rier, which may account for the relatively greater hallucino- 
genic potency of psilocin compared with psilocybin. Although 
psilocin is less potent than LSD and produces a less- 
persistent psychedelic state, when equivalent doses are ad- 
ministered blind it generally is impossible for subjects ac- 
quainted with the LSD phenomenon to differentiate between 
the two drugs. 

Mescaline (3,4,5-trimethoxyphenethylamine) was one of 
the first phenylalkylamine hallucinogens to be identified. It 
was isolated originally from mescal buttons, the flowering 
heads of the peyote cactus, Lophophora williamsii. Mesca- 
line is not a particularly potent psychotomimetic. The equiv- 
alent oral dose of mescaline (usually 5 mg/kg in humans) is 
approximately 4000 times larger than that of LSD. Follow- 
ing oral administration, mescaline produces a characteristic 
syndrome of sympathomimetic effects, anxiety, hyperre- 
flexia, static tremors, and psychic perturbations including 
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vivid hallucinations, usually of a visual nature. The addi- 
tion of an a-methyl substituent to mescaline produces 3,4,5- 
trimethoxyamphetamine (TMA), a psychotogen approxi- 
mately twice as potent as mescaline. Its enhanced potency is 
presumably due to decreased susceptibility to oxidative 
deamination provided by alkylation of the a-carbon. 

The TMA analog, 2,5-dimethoxy-4-methylamphetamine 
(DOM), is a potent psychedelic agent employed extensively 
by certain drug abusers and designated by them as STP 
(an acronym derived ostensibly from the terms serenity, 
tranquillity, peace). It produces intense and relatively long- 
lasting emotional changes and perceptual distortions. Cases 
have been reported of individuals actively hallucinating for 
several days following a single oral dose. 

Phencyclidine (PCP, angel dust), chemically and pharma- 
cologically similar to a dissociative anesthetic, ketamine, 
is probably the most dangerous substance abused in the 
US. There is no consensus as to the precise pharmacolog- 
ical classification of PCP, although it is known to block 
the calcium channel associated with NMDA (N-methyl-d- 
aspartate)-type glutamate receptors as well as increasing 
dopamine activity. The compound may, depending on the 
dose and other circumstances of use, exhibit stimulant, de- 
pressant, analgesic, and hallucinogenic properties. In street 
form, PCP often is adulterated and frequently misrepre- 
sented as THC, mescaline, LSD, amphetamine, cocaine, or 
many other psychoactive agents. 

Although occasionally ingested orally or injected intrave- 
nously, PCP most commonly is smoked (after placing it on 
marijuana or dried parsley leaves in a joint) or snorted (nasal 
insufflation). By smoking, experienced users can limit the 
dose of PCP (self-titration) to a level with which they are 
comfortable and less likely to overdose than when the drug is 
taken orally. 

While PCP ingestion can produce euphoria, adverse 
reactions more commonly are observed, particularly in 
naive users. Subjects can be disoriented, combative, and 
violent. They also experience tachycardia; ataxia; alterations 
in perception of visual, auditory, and tactile sensations; 
excessive sweating and salivation; and analgesia (they 
may injure themselves unknowingly because of this analge- 
sic property). Deaths occur when subjects lose control of 
motor function yet attempt activities that require signifi- 
cant physical skill. At higher doses, muscle spasms, severe 
hyperthermia, coma, and seizures also may be present. Al- 
though the data are more difficult to interpret, it appears 
that a number of deaths are solely and directly related to 
excessive blood levels of PCP. Cerebral hypoxia due to severe 
spasm of cerebral blood vessels may be a mechanism of 
lethality. 

Delayed psychological reactions (delirium, psychosis, 
and/or agitation) occurring approximately 1 week after con- 
sumption of high doses of PCP have been observed. This may 
be due to the high lipid-solubility of the drug, resulting in an 
accumulation in, and slow release from, adipose tissue. 
Rhabdomyolysis (skeletal muscle degeneration), myoglobin- 
uria, and renal failure have developed after acute, large 
doses of PCP, whereas chronic use is associated with both 
psychological and physical dependence and alterations in 
memory, speech, and vision. These latter changes suggest 
organic brain damage. 


Anabolic Steroids 


These are synthetic derivatives of the male hormone tes- 
tosterone. These agents are classified as Schedule III 
drugs according to the Federal Controlled Substances Act. 
Anabolic steroids promote masculine characteristics, stim- 
ulate skeletal muscle enlargement, and increase lean 
body mass. Steroids are injected or taken orally. Abusers 
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typically self-administer the drugs in cycles of weeks or 
months (rather than continuously), in patterns called cy- 
cling. Several different steroids are often combined to max- 
imize efficacy while minimizing negative effects, a process 
known as stacking. 

Steroids were first abused by elite athletes seeking to 
improve strength and/or endurance. Today, athletes and 
others use steroids to improve physical appearance. Neither 
the short- nor the long-term risks associated with anabolic 
steroids are well understood. Severe acne often results 


from their usage. In women, anabolic steroids can cause 
voice deepening, hirsutism, and amenorrhea. In men, testic- 
ular shrinkage, infertility, baldness, and gynecomastia 
have been reported. In adolescents, growth can be stunted. 
Liver tumors, jaundice, fluid retention, and high blood pres- 
sure have been associated with use of these compounds. 
Steroid abuse can cause excitation and a sense of superior 
strength and performance. Users may suffer from increased 
aggressiveness, paranoid Jealousy, extreme irritability, and 
delusions. 
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CHAPTER 64 


Diagnostic Drugs and Reagents 


Jan N Bair, PhD 

Professor Emeritus of Hospital Pharmacy 
College of Pharmacy 

University of Utah 

Salt Lake City, UT 84132 


The classic studies of Abed and Rowntree in 1909 demon- 
strated that parenterally administered phenoltetrachloro- 
phthalein was excreted only in the bile, while phenolsulfon- 
phthalein was excreted almost exclusively in the urine. These 
findings were adopted promptly by Rowntree and his associates 
as a means of testing liver and kidney function. 

Diagnostic methods have become increasingly complex and 
frequently involve the use of inorganic or organic chemicals 
that must meet all approval criteria for drugs. These chemicals, 
or more appropriately drugs, may be used in vitro, eg, reagent 
strips for blood or urine tests, or in vivo, eg, thyroid stimulating 
hormone, as a thyroid function test. A number of radioactive 
substances have been introduced to measure organic function 
and these are discussed in Chapter 104. 

Although some drugs employed as diagnostic agents are 
innocuous and very specific in their action, others possess phar- 
macological activity and/or undesirable side effects. Indeed, no 
in vivo diagnostic test or drug is completely devoid of risk. 
Sudden death from an anaphylactic reaction has followed the 
intravenous injection of such relatively inert substances as 
dehydrocholic acid. Alarming pharmacological responses have 
been observed to follow the use of more active agents, such as 
the iodine-containing compounds. 

Iodism can follow the use of diagnostic agents with a high 
iodine content, eg, X-ray contrast media. Electrolyte imbal- 
ances and cardiovascular reactions can occur as the result of 
the release of high concentrations of cations, eg, calcium, 
potassium, and sodium. Other untoward effects include 
mild transient symptoms such as restlessness, sensations of 
warmth, sneezing, perspiration, salivation, flushing, pressure 
in the upper abdomen, dizziness, nausea, vomiting, chills, fe- 
ver, headache, pallor, and tremors. Rarely, swollen eyelids, 
laryngospasm, respiratory difficulties, hypotension, cardiac re- 
actions, and cyanosis have been reported. 

Hypersensitivity reactions may occur. In rare instances, 
despite the most careful sensitivity testing, anaphylactoid re- 
actions also may occur. In addition, renal function tests may be 
altered and renal failure may occur. Moreover, these drugs 
should be administered with extreme caution to patients 
known or suspected to have pheochromocytoma. These materi- 
als have been shown to promote the phenomenon of sickling in 
individuals who are homozygous for sickle cell disease. Iodine- 
containing contrast agents may alter the results of thyroid 
function tests; such tests, if indicated, should be performed 
prior to the administration of the contrast agent. 

These agents should be used with extreme caution in pa- 
tients with a positive history of bronchial asthma or allergy, a 
family history of allergy, or a previous reaction or hypersensi- 
tivity to a contrast agent and those with combined renal and 
hepatic disease, severe hypertension, or congestive heart fail- 
ure. The safe use of iodinated drugs during pregnancy has not 
been established; therefore, these agents should be used in 


pregnant patients only when, in the judgment of the physician, 
such use is deemed essential to the welfare of the patient. In 
general, infant nursing should not be continued following ad- 
ministration of any of these iodinated substances. Therefore, it 
generally is agreed that the clinician should evaluate carefully 
the need for every test and should reserve in vivo diagnostic 
drugs for situations in which effective management of the 
patient depends on their use. In addition, appropriate facilities 
should be available for coping with situations that may arise as 
a result of the procedure, as well as for emergency treatment of 
severe reactions to the agent itself. During intravascular ad- 
ministration of a radiographic contrast agent, competent per- 
sonnel and emergency facilities should be available, and these 
should be accessible for 30 to 60 min after the procedure, since 
severe delayed reactions have been known to occur. 

There are a great many radiographic contrast agents, and 
estimates indicate in excess of 10 million intravascular injec- 
tions per year in the US.' The absolute quantity of iodine 
placed in the path of the X-rays determines the degree of 
opacity achieved by the contrast agent and, therefore, the 
ultimate value of the test result. The radiographic con- 
trast agents can be divided into two general categories: high- 
osmolality contrast agents (HOCAs), which are also known 
as conventional agents or ionic agents, and the newer, low- 
osmolality contrast agents (LOCAs), approved for use in the US 
in 1985, which often are called nonionic agents. References to 
the ionic or nonionic status of these groups does not always 
hold true, since the latter group contains one low-osmolality 
ionic dimer, ioxaglate meglumine sodium.” 

Typical representatives of the HOCA group are diatrizoate, 
iothalamate, and metrizoate salts, which are ionic and develop a 
very high osmotic pressure, as much as eight times that of normal 
human plasma. Representatives of the LOCA group are iohexol, 
iopamidol, and ioversol, which are nonionic and develop an os- 
motic pressure roughly twice that of plasma. An additional con- 
sideration of the LOCA group is that their cost is approximately 
10 to 20 times that of the HOCA group of products, which can 
have a significant impact on the cost of health care. 

There are several categories of procedures in which ra- 
diopaque contrast media are used. A detailed discussion of 
these procedures is beyond the scope of this chapter. Some of 
the more common procedures are listed below. 


Peripheral angiography, cerebral angiography, computed tomogra- 
phy (CT), coronary angiography ventriculography, excretory urography 
(intravenous pyelography), magnetic resonance imaging (MRI), and 
myelography (the low-osmolality nonionic contrast media are the ac- 
cepted standards of practice). 


This chapter includes most of the currently available diag- 
nostic drugs and chemicals. They are listed alphabetically by 
the category of test functionality, eg, gallbladder function. 
Many drugs are referenced to the section of this text in which 
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their major pharmacological actions are described. The use of 
some of these drugs for diagnostic tests actually may be inci- 
dental to their primary pharmacological purpose. 

Many test reagents, in the form of tablets or strips, are listed 
under the name of the agent for which the test is indicated, eg, 
Acetone or Albumin. These tests are primarily qualitative color 
reactions that indicate the presence or absence, and occasionally 
an approximate level, of the agent indicated. They are used as in 
vitro diagnostic aids by a patient at home as well as the physician 
in the office. Detailed characteristics and specific uses may be 
found in the manufacturer’s package insert. Several other test 
agents are used only by qualified laboratories but have been 
included herein for comparative purposes. 


ACETONE (See Also Ketone Bodies, page 577) 


Acetest Reagent tablets for urine or blood test. 
Chemstrip K reagent strips for urine test. 
Ketostix Strips reagent strips for urine test. 


ADRENOCORTICAL INSUFFICIENCY 


Corticotropin—see page 1060. Cosyntropin—see page 1061. 


ALBUMIN (See Also Protein, page 576) 


Albustix Strips reagent strips for urine test. Chemstrip Micral 
reagent strips for urine test. 


BACTERIURIA 


Microstix-3 Strips test for nitrite in urine and for bacterial growth. 
Uricult urine culture test to detect bacteriuria and identify 
uropathogens. 
Isocult for Bacteriuria culture test for bacteriuria. 


BILIRUBIN (See Also Bilirubin, page 577) 


Ictotest Tablets reagent for urine test. 


BLOOD UREA NITROGEN 


Azostix Strips reagent strips for blood test. 


BRONCHIAL AIRWAY HYPERACTIVITY 


METHACHOLINE CHLORIDE 
For the full monograph, see page 1315. 

Comments—A parasympathomimetic (cholinergic) agent for the 
diagnosis of bronchial airway hyperactivity in subjects who do not 
display symptoms of asthma. Asthmatics are significantly more sensi- 
tive to inhaled methacholine chloride than are healthy subjects. The 
difference in response provides the pharmacological basis for this diag- 
nostic test. It should not be used in patients with epilepsy or cardiovas- 
cular, peptic ulcer, or thyroid disease; likewise, it is contraindicated in 
patients with urinary tract obstruction. Adverse effects after inhalation 
include headache, throat irritation, lightheadedness, and itching; those 
after oral administration include nausea, vomiting, hypotension, faint- 
ing, and transient complete heart block. Patients should be informed of 
the possibility of these adverse effects and instructed how to manage 


such symptoms. The safety of the test during pregnancy and lactation 
and in children under 5 yr has not been established. 


CANDIDA 


Isocult for Candida culture test for vaginal surface sample. 
CandidaSure reagent slides for vaginal specimen tests. 


COCCIDIOMYCOSIS SKIN TEST ANTIGEN 
(See page 1589) 


Coccidiodin. 


CHLAMYDIA TRACHOMATIS 


Chlamydiazyme reagent kit for solid-phase enzyme immuno- 
assay. MicroTrak Chlamydia Trachomatis direct specimen test 
slide test for urogenital, rectal, conjunctival, or nasopharyngeal 
specimens. 

Sure Cell Chlamydia reagent kit for endocervical, urethral, 
male urine, or ocular specimens. 

Clearview Chlamydia color-label immunoassay for endocer- 
vical specimens. 


CHOLESTEROL TESTS 


Advanced care cholesterol test cassette for blood test. 


COLOR ALLERGY SCREENING TESTS 


CAST reagent sticks for serum tests to determine presence of 
immunoglobulin E. 


CORONARY ARTERY DISEASE 


DIPYRIDAMOLE (Persantine)—A vasodilator typically used 
as an adjunct to coumarin anticoagulants that may also be used 
in thallium myocardial perfusion imaging as an alternative to 
exercise during the evaluation of coronary artery disease in 
patients who cannot exercise adequately. 


CRYPTOCOCCAL ANTIGEN TESTS 


Crypto-LA slide tests for cerebrospinal fluid and serum to make 
qualitative or quantitative determinations of the presence of 
Cryptococcus neoformans antigen. 


DIABETES MELLITUS 


Many products are available to test the blood or urine for 
glucose content. Many additional products are available that 
will test for more than one single entity in the blood or urine 
(see also Glucose (reducing substances) page 576). 

Copper Sulfate Reduction Method for Urine Testing 
Clinitest tablets 

Glucose Oxidase Reagents for Urine Testing 
ChemstripuG Strips 


Clinistix Strips 

Diastix Strips 

Tes-Tape 

Testing Blood for Glucose Content 

Accu-Chek Advantage 

ChemstripbG Strips 

Dextrostix Reagent Strips 

Diascan Reagent Strips 

First Choice 

Glucofilm 

Glucometer 

Glucometer Elite 

Glucostix Strips 

One Touch 

Testing for Glucose and Other Contents of the Urine 

Bili-Labstix tests for glucose, protein, pH, blood, ketones, and 
bilirubin. 

Biotel Kidney tests for protein and blood. 

Chemstrip 2 GP tests for both glucose and protein. 

Chemstrip 2 LN tests for nitrite and leukocytes. 

Chemstrip 4 THE OB tests for glucose, protein, blood, and 
leukocytes. 

Chemstrip 6 tests for glucose, protein, pH, blood, ketones, and 
leukocytes. 

Chemstrip 7 tests for glucose, protein, blood, ketones, bilirubin, 
and leukocytes. 

Chemstrip 8 tests for glucose, protein, pH, blood, ketones, 
bilirubin, urobilinogen, and leukocytes. 

Chemstrip 9 provides for the same nine tests as Chemstrip 
10 with SG, except that it does not test for specific gravity. 

Chemstrip 10 with SG tests for glucose, protein, pH, blood, 
ketones, bilirubin, urobilinogen, nitrite, leukocytes, and 
specific gravity. 

Chemstrip uGK broad range tests for glucose and ketones. 

Combistix tests for glucose, protein, and pH. 

Glucose & Ketone Urine Test tests for glucose and ketones. 

Hema-Combistix tests for glucose, protein, pH, and blood. 

Keto-Diastix tests for glucose and ketones. 

Labstix tests for glucose, protein, pH, blood, and ketones. 

Multistix tests for glucose, protein, pH, blood, ketones, 
bilirubin, and urobilinogen. 

Multistix SG provides for the same tests as Multistix (above) 
with the addition of specific gravity. 

Multistix 2 tests for nitrite and leukocytes. 

Multistix 7 tests for glucose, protein, pH, blood, ketones, 
nitrite, and leukocytes. 

Multistix 8 SG provides for the same tests as Multistix 7 
(above) with the addition of specific gravity. 

Multistix 9 provides for the same nine tests as Chemstrip 9 

(above). 

Multistix 9 SG tests for glucose, protein, pH, blood, ketones, 

bilirubin, nitrite, and leukocytes, plus specific gravity. 

Multistix 10 SG provides for the same tests as Multistix 9 SG 

(above) with the addition of urobilinogen. 

N-Multistix tests for glucose, protein, pH, blood, ketones, 

bilirubin, urobilinogen, and nitrite. 

N-Multistix SG provides for the same tests as N-Multistix 
(above) with the addition of specific gravity. 

Uristix tests for both glucose and protein. 

Uristix 4 tests for glucose, protein, nitrite, and leukocytes. 


DRUG-HYPERSENSITIVITY 


LAL LT ATA LOT SE STE TE 
BENZYLPENICILLOYL POLYLYSINE 


Pre-Pen 
Penicilloyl polylysine [53608-77-8]. 

Preparation—From penicillenic acid and polylysine. See J Exp 
Med 1962; 115:803. 

Comments—A skin test antigen used to assess the risk of hyper- 
sensitivity reactions prior to the administration of penicillin G to adults 
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who have a history of sensitivity to penicillin. It appears to be more 
sensitive than penicillin G skin tests in detecting penicillin hypersen- 
sitivity. This test is of particular value in patients with life-threatening 
infections for which penicillins are the drugs of choice; those testing 
positive can be desensitized prior to starting therapy. Adverse effects 
include an occasional local inflammatory response, pruritus, erythema, 
wheal, urticaria, and/or edema. Rarely, these reactions may become 
generalized with or without some angioneurotic edema, urticaria, dysp- 
nea, hypotension, and/or bronchospasm. Its safe use during pregnancy 
has not been established. 


GALLBLADDER FUNCTION, 
CHOLECYSTOGRAPHY, 
AND CHOLANGIOGRAPHY 


IOCETAMIC ACID 


Propanoic acid, 3-[acetyl(3-amino-2,4,6-triiodophenyl)amino]-2- 
methyl-, Cholebrine 


I 
NH, 


I I 
CHsGNCH,CHCOOH 
CH; 


A mixture of two diastereoisomers (A and B). N-Acetyl-N-(3-amino-2,4,6- 
triiodophenyl)-2-methyl-6-alanine [16034-77-8] C,,H,,I,.N,O, (613.96). 
Preparation—m-Nitroaniline is heated with methacrylic acid and 
the resulting N-(3-nitrophenyl)-2-methyl-B-alanine is N-acetylated with a 
mixture of acetic anhydride and acetic acid. After reducing the NO, to NH, 
with the aid of Raney nickel, iodination is effected with NaICl,. 
Description—White to creamy white powder; odorless or with a 
faint acetic acid odor; unstable in light; melts between 190 and 222° 
(isomer A at about 232°, isomer B at about 201°); pK, (isomer A) 4.25; 
pK, (isomer B) 4.10. 
Solubility—Insoluble in water; slightly soluble in alcohol, acetone, 
or chloroform; very slightly soluble in ether or benzene. 
Comments—An oral cholecystographic agent indicated for the ra- 
diographic visualization of the gall bladder. It is absorbed rapidly 
following oral administration, conjugated with glucuronic acid in the 
liver, secreted into the bile as radiopaque glucuronide, and concen- 
trated in the functioning gallbladder. Contraction of the gall bladder 
also may provide visualization of the biliary ducts. Contraindications, 
warnings, precautions, and adverse reactions are similar to those of 
other iodinated diagnostic agents. 


IODIPAMIDE MEGLUMINE 


Benzoic acid, 3,3'-[(1,6-dioxo-1,6-hexanediyl)diimino]bis2,4,6-triiodo, 
compound with 1-deoxy-1-(methylamino)-p-glucitol (1:2); 
Cholografin Meglumine, Renovue-Dip, and Renovue-65 


COOH 
eer nan Mel 
+ 2| HOCHy—C—C—C—C—CHp NHCHs 
NHCO(CHp)gCONH OH OHH OH 
I I 


1-Deoxy-1-(methylamino)-p-glucitol3,3’-(adipoyldiimino)-bis-[2,4,6-triiodo- 
benzoate] (2:1) (salt) [3521-84-4] C,,H,,I,N,O,. 2C;H,,NO, (1530.20). 

Preparation—lodipamide is reacted with a double equimolar 
quantity of methylglucamine (meglumine), using sufficient water for 
injection to produce a solution of the required concentration. 

Description—Clear, colorless to pale yellow, slightly viscous liquid. 

Comments—For intravenous cholangiography and cholecystogra- 
phy as follows: visualization of the gallbladder and biliary ducts in the 
differential diagnosis of acute abdominal conditions, visualization of the 
biliary ducts especially in patients with symptoms after cholecystec- 
tomy, and visualization of the gallbladder in patients unable to take 
oral contrast media or to absorb media from the gastrointestinal (GI) 
tract. The contrast medium appears in the bile within 10 to 15 min after 
injection, and the biliary ducts are visualized within 25 min; the gall- 
bladder begins to fill within 1 hr, maximum filling occurring in 2 to 2.5 
hr. Adverse reactions and contraindications are similar to those com- 
mon to iodine-containing compounds. 
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IOPANOIC ACID 
Benzenepropanoic acid, 3-amino-a-ethyl-2,4,6-triiodo-, Telepaque 


I 


I CH, CHCOOH 
CoHs 


NH, I 


3-Amino-a-ethyl-2,4,6-triiodohydrocinnamic acid [96-83-3] C,,H,,I,NO, 
(570.93). 

Preparation—A mixture of m-nitrobenzaldehyde, butyric anhy- 
dride, and sodium butyrate is heated in xylene to effect a Perkin 
condensation yielding m-nitro-a-ethylcinnamic acid. The acid is re- 
duced with hydrogen in the presence of Raney nickel. The resulting 
m-amino-a-ethylhydrocinnamic acid is iodinated with iodine monochlo- 
ride in acetic acid solution. 

Description—Cream-colored powder; tasteless or nearly so; faint 
characteristic odor; affected by light; melts with decomposition between 
152 and 158°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, or 
ether; soluble in solutions of alkali hydroxides or carbonates. 

Comments—Orally, as a radiopaque medium in cholecystography 
and cholangiography. It is absorbed promptly from the GI tract, concen- 
trated in the gallbladder, and subsequently excreted, approximately two- 
thirds through the GI tract and one-third through the kidneys. About 50% 
of an administered dose is excreted within 24 hr, and the remainder in 
about 5 days. It is relatively free from undesirable reactions and has low 
toxicity. Occasionally, nausea and diarrhea and, rarely, dysuria have fol- 
lowed its administration. A mild stinging sensation during urination may 
occur. Hypersensitivity reactions involving the skin and mucous mem- 
branes and a systemic serum sickness—type reaction have been reported. It 
is contraindicated in patients with acute nephritis and uremia, since it is 
eliminated by the kidneys. It should not be administered when disorders of 
the GI tract exist that prevent absorption of the medium. 

The usual regimen is to give the patient a fat-free evening meal, 
after which it is administered approximately 14 hr before the time 
scheduled for roentgenography. Immediately after the roentgen exam- 
ination, the patient is given a high-fat meal, and additional exposures 
are made to evaluate the contraction of the gallbladder and to visualize 
the patency of the extrahepatic ducts. When the latter structures are of 
particular interest, its dose may be increased to 5 or 6 g. 


IPODATE CALCIUM 


Benzenepropanoic acid, 3-[[(dimethylamino)methylene]amino]-2,4,6- 
triiodo-, calcium salt; Oragrafin Calcium 


CH,CH,COO — 
I I 
Ca 
N=CHN(CHs)o 


I 2 


Calcium 3-[{(dimethylamino)methylene]amino-]2,4,6-triiodohydrocinnamate 
{1151-11-7] C,,H,,Cal,N,O, (1233.99). 

Preparation—By precipitation using aqueous solutions of sodium 
ipodate and calcium chloride. The crude precipitate is recrystallized 
from a suitable solvent, such as aqueous dimethylformamide. The prep- 
aration of Ipodate Sodium is described in the next monograph. 

Description—White to off-white, fine crystalline powder; odorless 
and with a chalky, very bitter taste; it should be stored at room tem- 
perature in a tightly closed container protected from light; melts at 300° 
with decomposition. 

Solubility—1 g in 1700 mL water or 2.6 mL chloroform; slightly 
soluble in alcohol. 

Comments—A water-insoluble substance that contains 61.7% io- 
dine and is used as a contrast medium for cholecystography. It also may 
be used for cholangiography but is not the drug of choice. The agent is 
absorbed rapidly from the GI tract and excreted in the bile in sufficient 
quantity to outline the biliary ducts within 30 min after administration; 
optimal opacification of the ducts occurs 1 to 3 hr after ingestion. 
Maximal visualization of the gallbladder occurs 10 hr after administra- 
tion of the salt. Untoward effects reported include abdominal cramping, 
diarrhea, nausea, vomiting, dysuria, urticaria, headache, heartburn, 
and epigastric pain. Although rare, hypotension and circulatory col- 
lapse have been reported. The drug is contraindicated in patients with 
severe renal disease and in patients known to be allergic to iodine. It 
also interferes with thyroid function tests based on uptake of radioac- 
tive iodine by the gland. 


IPODATE SODIUM 


Benzenepropanoic acid, 3-[[(dimethylamino)methyleneJamino]-2,4,6- 
triiodo-, sodium salt; Oragrafin Sodium 


CH,CH,COONa 
I I 


N=CHN(CHs), 
I 


Sodium  3-[[(dimethylamino)methylene]amino-]2,4,6-triiodohydrocinnamate 
{1221-56-3] C,,H,.1,N.NaO, (619.94). 

Preparation—3-Amino-2,4,6-triiodohydrocinnamic acid is con- 
densed with N,N-dimethylformamide with the aid of iodomethanesul- 
fonyl chloride to produce 3-[[(dimethylamino)methylene]amino]-2,4,6- 
triiodohydrocinnamic acid. Neutralization of the acid with sodium 
hydroxide yields the sodium salt (Chem Ber 1960; 93: 2347). 

Description—White to off-white, crystalline powder; odorless; it 
should be stored at room temperature in a tightly closed container 
protected from light; melts between 303 and 304° with decomposition. 

Solubility—1 g in 1 mL water or 2 mL alcohol; very slightly soluble 
in chloroform. 

Comments—A radiopaque medium for cholecystography and 
cholangiography. Except that this drug is somewhat less rapidly ab- 
sorbed from the GI tract, is soluble in water, and contains slightly less 
iodine (61.4%), its actions, uses, onset and duration of effects, and 
contraindications are similar to those for [podate Calcium. 


SINCALIDE 


Caerulein, 1-de(5-oxo-t-proline)-2-de-.-glutamide-5-.-methionine; 
Kinevac 


SO3H 
\ 


Asp - Tyr -Met - Gly - Trp- Met - Asp-Phe— NH, 
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[25126-32-3] Cy9HgoN ;9O0 1653 (1143.27). 

Sincalide is the synthetic C-terminal octapeptide of cholecystokinin. 

Description—White, lyophilized powder. 

Solubility—Very slightly soluble in water; practically insoluble in 
alcohol. 

Comments—A synthetic fragment of cholecystokinin reported to be 
at least five times more active than the physiological hormone that 
stimulates contraction of the gallbladder and increases intestinal mo- 
tility. It is used to obtain a specimen of gallbladder bile, in conjunction 
with secretin to stimulate pancreatic secretion for analysis, and for 
postevacuation cholecystography when the physician wishes to avoid 
the usual fatty meal. It also may be used in conjunction with secretin as 
a diagnostic aid for pancreatic carcinoma. Untoward reactions include 
mild, transient, abdominal discomfort and an urge to defecate, and 
occasional dizziness, flushing, and nausea. Its safety in pregnant 
women or for children has not been established. 


TYROPANOATE SODIUM 


Benzenepropanoic acid, a-ethyl-2,4,6-triiodo-3-[(1-oxobutyl)amino]-, 
monosodium salt; Bilopaque Sodium 


CoHs 
CH,CHCOONa 
I I 


NHCOCH,CH,CHs 
I 


Sodium 3-butyramido-a-ethyl-2,4,6-triiodohydrocinnamate [7246-21-1] 
C,;H,;I,NNaO, (663.01). 

Preparation—lopanoic acid is reacted with butyric anhydride in 
the presence of H,SO, as a catalyst. The reaction product is converted 
to the sodium salt with NaOH and purified by recrystallization from a 
solvent such as isopropyl alcohol. 

Description—Off-white powder; odorless; hygroscopic; bitter taste; 
decomposes on heating. 

Solubility—Soluble in water or alcohol; very slightly soluble in 
acetone or ether. 

Comments—An oral radiopaque agent used in cholecystography. 
Optimal] visualization occurs 10 to 12 hr after oral administration. The 
drug is contraindicated in patients with advanced hepatorenal disease, 
severe impairment of renal function, or severe GI disease that prevents 
absorption. Common side effects include nausea, vomiting, and abdom- 
inal cramps or discomfort. Other allergic responses characteristic of 


iodine-containing compounds have been observed. It is not recom- 
mended for use in children under 12 yr. Although no teratogenic effects 
have been observed in animals, the safe use of this agent in pregnant 
women has not been established. 


GASTRIC FUNCTION 


In some clinical situations it is important to know if the stomach 
is capable of secreting hydrochloric acid. Proof of the absence of 
hydrochloric acid in the stomach is essential to the diagnosis of 
pernicious anemia and, in some circumstances, offers presump- 
tive evidence of gastric cancer. On the other hand, the presence of 
hydrochloric acid contributes to the diagnosis of peptic ulcer and 
peptic esophagitis, which conversely can be excluded virtually by 
the demonstration of true achlorhydria. 

Because the volume of acid secreted by the normal stomach 
covers the entire range of volume encountered in disease and 
because there is no sharp line of demarcation in the secretory 
capacity of the stomach variously diseased, the quantity of acid 
secreted even in response to a controlled stimulus is seldom of any 
diagnostic importance. Therefore, it is usually important only to 
establish the presence or absence of free hydrochloric acid in the 
stomach. The gastric stimulants included in this section and those 
listed below are frequently of value for this purpose. 


ALCOHOL—page 1038. 

CAFFEINE—page 1472. 

CAFFEINE AND SODIUM BENZOATE—page 1473. 

HISTAMINE PHOSPHATE—page 1464. 
PENTAGASTRIN 


t-Phenylalaninamide, N-[(1,1-dimethylethoxy)carbonyl]-B-alanyl-.- 
tryptophyl-t-methionyl-.-a-aspartyl-, Peptavion 


iT} 
N-(CH3)3COC — BAla-Trp-Met-Asp-Phe —NH, 


N-Carboxy-8-alanyl-L-tryptophyl-L-methionyl-L-aspartylpheny]l-.- 
alaninamide, N-tert-butyl ester [5534-95-2] C,H, jN7O.S (767.90). 

Description—Fine colorless needles; melts at about 230° with 
decomposition. 

Solubility—Soluble in dimethylsulfoxide or dimethylformamide; 
slightly soluble in alcohol or dilute solutions of ammonia; practically 
insoluble in water, ether, or benzene. 

Comments—A diagnostic agent used to evaluate gastric acid se- 
cretory function. It is useful in testing for anacidity in patients with 
suspected pernicious anemia, atrophic gastritis, or gastric carcinoma; 
for hypersecretion in patients with possible duodenal ulcer or postoper- 
ative stomal ulcer; for the diagnosis of Zollinger-Ellison tumor; and for 
determining the adequacy of acid-reducing operations for peptic ulcer. 
Acid secretion is increased within 10 min after a subcutaneous injection 
and reaches a peak in most patients within 20 to 30 min. Duration is 
usually between 60 and 80 min. Plasma half-life is reported to be less 
than 1 min. Excessive doses may inhibit gastric acid secretion. It is 
contraindicated in patients hypersensitive to the drug. Likewise, it 
should be used with caution in patients with pancreatic, hepatic, or 
biliary disease. Adverse reactions include abdominal pain, nausea, 
vomiting, flushing, tachycardia, dizziness, faintness, lightheadedness, 
drowsiness, blurred vision, and headache. Its use in pregnant women 
and children has not been studied. 


GASTROINTESTINAL TESTS 


The following tests are used in the determination of GI 
disorders. 
Entero-Test string capsules for collection of duodenal fluid. 
Entero-Test Pediatric Capsules string capsules for collection 
of duodenal fluid in children. 
Gastro-Test string capsules for collection of stomach acid. 
Pyloriset reagent kit for serum test. 
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GONORRHEA TESTS 
LSAT LS ae ES I NE BIOL LT | eI ST 


Biocult-GC culture paddles for endocervical, anterior urethra, 
anal, or oropharyngeal cultures. Gonozyme Diagnostic reagent 
kit for urogenital swap specimens. 

Isocult for Neisseria gonorrhoeae Culture Confirmation Test 
rectal kit for rectal, urethral, endocervical, pharyngeal, and 
conjunctival cultures. 


HISTOPLASMOSIS SKIN TEST ANTIGEN 
(See page 1589) 


HUMAN IMMUNODEFICIENCY VIRUS (HIV) TESTS. 
HIV-1 LA Recombination HIV-1 Latex Agglutination Test re- 
agent kit for blood, serum, plasma, or capillary sample tests. 
HIVAB HIV-1 EIA reagent kit for serum or plasma tests. 
HIVAG-1 reagent kit for serum or plasma tests. 
OraSure reagent kit for oral fluid tests. 


INTESTINAL FUNCTION 


Previous to the introduction of barium sulfate as a contrast 
medium in 1910, insoluble bismuth salts were used in roentgen 
examination of the GI tract. Bismuth subcarbonate was pre- 
ferred over the subnitrate because of its lower toxicity. In 
modern medical practice, barium sulfate has replaced the bis- 
muth salts because it is completely innocuous even when taken 
in very large doses and it is inexpensive. Since the soluble 
barium salts are highly toxic, it is recommended that when 
barium sulfate is prescribed, the title be written out in full. 


BARIUM SULFATE 


Sulfuric acid, barium salt (1:1); Synthetic or Artificial Barytes 
Barium sulfate (1:1) [7727-43-7] BaSO, (233.39). 

Caution—When Barium Sulfate is prescribed, the title always 
should be written out in full to avoid confusion with the poisonous 
barium sulfide or barium sulfite. 

Preparation—Barium sulfate precipitates when an aqueous solu- 
tion containing barium ion is mixed with a solution containing sulfate 
ion. It also can be obtained by suitable purification of native barium 
sulfate. 

Description—Fine, white, bulky powder, free from grittiness; odor- 
less; tasteless; its suspension in water is neutral to litmus paper. 

Solubility—Practically insoluble in water, solutions of acids or 
alkalies, or organic solvents. 

Comments—Medicinally used in roentgenography for the purpose 
of making the intestinal tract opaque to the X-ray so that it may be 
photographed. As the amount required is large, 60 to 250 g (2 to 8 02), 
and as soluble salts of barium are extremely poisonous, it is highly 
important to be sure that the sulfate dispensed is of USP quality. When 
preparing barium sulfate mixtures for X-ray diagnosis, they should be 
strained through gauze or mixed well with food, otherwise lumps of the 
salt may give false indication of an ulcer niche. The following sugges- 
tions are offered if specific directions are not given by the attending 
physician. 

For the Roentgen-Ray Examination of the Stomach—The evening 
before the examination, the patient receives 30 mL of castor oil or other 
suitable cathartic. In the morning an ordinary portion of wheatmeal 
porridge, with which 60 g of barium sulfate has been mixed well, 
together with a little sugar and cream, is administered by mouth. The 
patient is then directed to abstain from further food. The examination 
is made 6 hr later. 

For the Roentgen-Ray Examination of the Colon—An enema con- 
taining barium sulfate and one or more suitable dispersing and/or 
suspending agents is warmed to body temperature and injected into the 
rectum from a height of 3 to 6 ft (90 to 180 cm). The examination is 
made with a fluoroscope while the injection is passing into the rectum. 

Suspensions of barium sulfate can be very constipating; impaction 
has occurred after such use. 
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B-p-Xylopyranose [2460-44-8] C,H,,O, (150.13). 

Preparation—Prepared from corn cobs by distilling with 8% sul- 
furic acid; J Am Chem Soc 1919; 41: 1002. 

Description—White, monoclinic prisms or needles melting at 
about 144°; very sweet taste; pK, 12.14. 

Solubility—1 g in 0.8 mL water; soluble in hot alcohol or pyridine. 

Comments—The dextrorotatory form of this 5-carbon monosaccha- 
ride (Wood Sugar) used for evaluating intestinal absorption in both 
adults and children. Malabsorption may occur in any disease that 
affects the small bowel directly or indirectly, including such conditions 
as celiac sprue, tropical sprue, lymphoma, small bowel ischemia, blind 
loop syndrome, short bowel syndrome, Whipple’s gastroenteritis, amy- 
loid disease of the gut, Crohn’s disease, radiation enteritis, cow’s milk 
protein intolerance (postchallenge), and certain parasitic diseases such 
as giardiasis, coccidiosis, and ascariasis. 

In patients with signs and symptoms of malabsorption, the xylose 
absorption test may aid in providing an index of the degrees of impair- 
ment and the extent of therapy. Both blood and urine samples may be 
collected, and these results may be considered together for an individ- 
ual patient, to provide a stricter definition of abnormalities. There are 
no known contraindications to the use of xylose for the evaluation of 
intestinal absorption. 


KIDNEY FUNCTION 


The rate of excretion of a number of drugs in the urine has been 
proposed as a means of measuring the functional capacity of 
the kidney. Glomerular filtration rate can be measured by the 
renal plasma clearance of inulin, thiosulfate, mannitol or en- 
dogenous creatinine. The inulin clearance is thought to be most 
reliable, since mannitol is subject to some tubular reabsorption, 
thiosulfate to some tubular excretion and reabsorption, and 
endogenous creatinine to some tubular excretion. Effective re- 
nal plasma flow and tubular functional capacity can be mea- 
sured by the use of sodium aminohippurate and iodohippurate. 
Because of the greater accuracy and facility of chemical meth- 
ods for the determination of the compound, sodium ammino- 
hippurate is considered the drug of choice. Although the excre- 
tion of phenolsulfonphthalein is accomplished by the same 
mechanisms as the excretion of sodium aminohippurate, its 
plasma clearance averages about two-thirds of the effective 
renal plasma flow, and its toxicity prevents its use for the 
determination of functioning tubular capacity. 


AMINOHIPPURATE SODIUM 


Glycine, N-(4-aminobenzoyl)-, monosodium salt 


rv{())-conon, coor 


Monosodium p-aminohippurate [94-16-6] C,H ,N.NaO, (216.17). 
Preparation—p-Aminohippuric acid (PAH) is prepared from p- 
nitrobenzoyl chloride and glycine, and the nitro group is reduced with 
Sn and HCl. The sodium salt of the acid is formed with NaOH and 
adjusting the pH of the resulting solution to 7 to 7.2 with citric acid. In 
preparing the injection, the salt is not isolated from the solution. 
Comments—To estimate the effective renal plasma flow (ERPF) and 
to measure the functional capacity of the renal tubular secretory mecha- 
nism. After intravenous administration, the drug is distributed through- 
out the extracellular space. It is excreted mainly by proximal tubular 
secretion, although some glomerular secretion occurs. The half-life in pa- 
tients with normal renal function is 24 min. Approximately 90% of the 
drug represented in plasma concentrations of 10 to 20 g/mL is extracted 
from the renal circulation during a single passage through the kidneys; 
this results in urinary concentrations of 4 to 8 mg/mL. Normal values for 
ERPF are 675 + 150 mL/min for men and 595 + 125 mL/min for women. 
The maximum capacity of the proximal tubule cells to secrete PAH is 


reached at plasma levels of 400 to 600 pg/mL. The average normal values 
of maximum tubular secretory capacity are 80 to 90 mg/min for both men 
and women. Conditions that impair renal excretion include cardiac failure, 
primary vascular disease, and most primary renal diseases. 

Adverse reactions include nausea, vomiting, cramps, and vasomotor 
disturbances. These tests are contraindicated in patients on drugs such 
as diuretics, penicillin, probenecid, or salicylates, which share the same 
tubular excretory mechanisms, and agents such as procaine, sulfon- 
amides, and thiosulfones, which interfere with the colorimetric analyt- 
ical procedures. Safety and effectiveness during pregnancy, in nursing 
mothers, and in children have not been established. Specialized refer- 
ences should be consulted for analysis procedures. 


INDIGOTINDISULFONATE SODIUM 


1H-Indole-5-sulfonic acid, 2-(1,3-dihydro-3-0x0-5-sulfo-2H-indol-2- 
ylidene)-2,3-dihydro-3-oxo-, disodium salt; Indigo Carmine, Soluble 
Indigo Blue 


Na0;S e Ol 
N SO3Na 


Disodium 3,3'-dioxo[A”? -biindoline]-5,5-disulfonate; Colour Index: Food 
Blue 1; CI no 73015 [860-22-0] C,,H,N,Na,O0,S, (466.35). 
Preparation—Anthranilic acid is treated with chloroacetic acid to 
form phenylglycine-o-carboxylic acid. The latter is fused with KOH or 
NaOH, and the resulting indoxylacetic acid loses carbon dioxide to form 
indoxyl, which is oxidized by air to indigo blue. Indigo carmine is 
prepared from indigo blue by sulfonating with H,SO, and neutralizing 
the SO.H groups with sodium carbonate. 
Description—Dusky, purplish blue powder or blue granules with a 
coppery luster; affected by light; solutions have a blue or bluish purple color. 
Solubility—1 g in about 100 mL water; slightly soluble in alcohol; 
practically insoluble in most other organic solvents. 
Comments—Originally, to measure kidney function, but excretion 
of the dye does not correlate well with renal failure. Currently used to 
localize ureteral orifices during cystoscopy and ureteral catheterization 
and as a marker dye to identify severed ureters and fistulous commu- 
nications. It is cleared rapidly from the circulation after intravenous 
injections; half-life is 4.5 min; approximately 10% is excreted by the 
kidney within 1 hr. Patients with a history of allergy should be tested 
for sensitivity before the drug is given. It also is employed as a reagent, 
as a stain for microscopic specimens, and as a dye. 


INULIN 


CH,0H 
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Inulin [9005-80-5] C,H,,0;(C,H,,0;),O0H. A substance, occurring in 
some plants of the Compositae family, closely allied to starch except 
that it is a levulan rather than a dextran. It differs from starch in the 
following particulars: it is colored yellow by iodine, does not gelatinize 
with water, and is not found in plants in the form of granules having 
concentric layers. When hydrolyzed with acid, fructose is produced. 

Preparation—Isolated from various Compositae members, eg, 
Inula, Taraxacum, Pyrethrum, Lappa. 

Comments—lIt is filtered only by the glomeruli and is neither 
secreted nor reabsorbed by the tubules. Therefore, it is used as a 
diagnostic agent for evaluation of glomerular filtration. It is considered 
the most sensitive and accurate method for the measurement of the 
glomerular filtration rate. Usually, the patient is hydrated with 1000 
mL of water followed by 200 mL every 30 min until the test is com- 
pleted; 2 hr following the first intake of water, a control blood sample is 
taken, the drug is administered intravenously, and the exact time 
noted; 1 hr later the bladder is emptied, the urine discarded, the time 
noted, a blood sample taken, and the time once more noted. Urine and 
blood samples are then collected hourly for 2 hr. The samples are 
analyzed for this drug. Appropriate calculations then are made. Al- 
though considerable variation occurs, normal clearance values are 
130 + 20 mL/min in the male and 120 + 15 mL/min in the female. 
Untoward reactions are infrequent and usually mild. 


IODOHIPPURATE SODIUM I-131—page 480. 


MANNITOL—page 1346. 


LIVER FUNCTION 


Unfortunately, available methods for estimating the extent of 
liver damage by various measurements of decreased liver function 
are still comparatively unsatisfactory. The liver itself has such a 
large reserve of functional capacity that most methods of deter- 
mining decreased function do not reveal such a state until 70 to 
90% of the liver cells have been damaged. The liver function test 
most commonly used involves the intravenous injection of indo- 
cyanine green, an agent not taken up by any organ other than the 
liver. Moreover, it is relatively nontoxic, can be analyzed in low 
concentrations, is not metabolized, and has a plasma-disappear- 
ance rate-curve that is nearly exponential. 


INDOCYANINE GREEN 


1H-Benz[eJindolium, 2-[7-[1,3-dihydro-1,1-dimethyl-3-(4-sulfobu- 
tyl)-2H-benz[e]indol-2-ylidene]-1,3,5-heptatrienyl]-1,1-dimethyl-3- 
(4-sulfobutyl)-, hydroxide, inner salt, sodium salt; Cardio-Green 


ois CH=CHCH=CHCH=CHCH CHs 
CHy >i CH; 


: : N'(CHp)4S0,0 NaO3S(CHp)gN : j 


[3599-32-4] C,,H,-N,NaO,S, (774.96). 

Preparation—By reacting 1,1,2-trimethyl-3-(4-sulfobutyl)-1H-benz 
{e]indolium hydroxide inner salt (I) with a bis(Schiff base) derived from 
glutaconic aldehyde. The starting indolium compound I is prepared by 
heating 1,1,2-trimethyl-1H-benz[e]indole with 4-hydroxy-1-butanesul- 
fonic acid 5-sultone. Details for preparing these tricarbocyanine dyes 
are provided in US Pats 2,251,286 and 2,895,955. 

Description—Dark green, blue-green, olive brown, dark blue, or 
black powder; odorless or with a slight odor; solutions are deep emerald- 
green; pH (1 in 200 solution) about 6; unstable in solution. 

Solubility—Soluble in water or methanol; practically insoluble in 
most other organic solvents. 

Comments—To determine cardiac output, hepatic function, and 
liver blood flow. It also has been used to measure plasma volume and 
regional blood flow in various organs including the kidneys, eyes, 
and lungs. Following intravenous injection, the distribution volume is 
relatively constant among individuals and approximates the plasma vol- 
ume, because tissue binding is negligible and the fraction of unbound 
drug in blood is very small. Indeed, it is so highly bound to plasma 
proteins, particularly alpha lipoproteins, that it does not distribute 
extravascularly, and its clearance is not limited by binding. The intrin- 
sic clearance of bound and unbound drug is high, hepatic extraction ratios 
in man vary from 50 to 80%. It is not metabolized but is eliminated 
entirely by active uptake into hepatic parenchymal cells. It then is 
transported to bile and once excreted in the small intestine is not reab- 
sorbed; consequently, it imparts a green color to the stool. The elimination 
half-life in healthy adults ranges from 2.2 to 3 min. These properties, 
together with low toxicity and easy measurement in plasma, have made it 
a commonly used indicator for the measurement of liver blood flow. 

For hepatic function studies, the calculated amount of the diag- 
nostic agent is injected into an arm vein. Twenty minutes after 
injection, 6 mL of venous blood is withdrawn from the opposite arm. 
After coagulation and centrifugation, the clear serum is read in a 
photometer at 800 to 810 nm. A dye retention of less than 4% is found 
in healthy subjects. Failure to remove the dye, indicated by serum 
levels in excess of 4%, indicates impaired hepatic function. It con- 
tains a small amount of sodium iodide; thus, it should be used with 
caution in patients allergic to iodides, and radioactive iodine uptake 
studies should not be performed for at least 1 week following its use. 
Since probenecid has been shown in dogs to affect hepatic uptake, 
this possibility should be kept in mind. Its safe use in pregnancy has 
not been established. 
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LYMPHATIC SYSTEM 


ISOSULFAN BLUE 


Ethanaminium, N-[4-[[4-(diethylamino)-phenyl(2,5- 
disulfophenyl)methylene]-2,5-cyclohexadien-1-ylidene]-N-ethyl-, 
hydroxide, inner salt, sodium salt; Lymphazurin 


SO3Na 


II 
cain (C)-e 


S03” 


Colour Index: Sulphan Blue; CI no 42045 (often confused with Patent 
Blue V, CI no 42051) [68238-36-8] C,,H,,N,NaO,S,, (566.66). 
Preparation—By condensation of 4-formylbenzene-1,3-disulfonic 
acid and N,N-diethylaniline. See Colour Index v4, 1971. 
Description—Violet powder; aqueous solutions are blue, and the 
color is stable over a wide range of pH if protected from light. 
Solubility—Soluble in water (1 in 20); partially soluble in alcohol. 
Comments—An adjunct to lymphography for visualization of the 
lymphatic system draining the area in which injected. It has no 
known pharmacological action. Absorption studies in rats indicate 
that following a single 1-mL subcutaneous injection of a 1% solution, 
34% is absorbed in 30 min and 69% and 100% in 1 and 24 hr, 
respectively; 10% is excreted unchanged in the urine in 24 hr and 
90% through the biliary system. Allergic-type adverse effects occur 
in about 1.5% of patients and include localized swelling and pruritus 
of the hands, abdomen, and neck. Edema of the face and glottis, 
respiratory distress, or shock have been reported. These reactions 
are more likely to occur in patients with a history of hypersensitivity. 
Its safe use during pregnancy and lactation, as well as in children, 
has not been established. 


MENINGITIS TESTS 


Used for the qualitative detection of Neisseria meningitidis 
serogroups A, B, C, Y, and W135 antigens. 

Bactigen N Meningitides slide tests for blood, serum, urine, 
or cerebrospinal fluid. 


MONONUCLEOSIS (See Table 64-1) 


Table 64-1. Mononucleosis Tests: Qualitative and 
Quantitative Identification of Heterophilic Antibodies 
nS NS 


COMMERCIAL 

TEST NAME MANUFACTURER AVAILABLE AS 

Mono-Diff Wampole Reagent kit for serum or 
plasma 

Mono-Latex §Wampole Reagent kit for serum or 
plasma 

Mono-Plus Wampole Reagent kit for serum or 
plasma 

Monospot Meridian Diagnostics Slide test for serum or 
plasma 

Monosticon Organon Teknika Slide test for serum, 

Dri-Dot plasma or whole blood 

Mono-Sure Wampole Slide test for serum or 
plasma 

Mono-Test Wampole Slide test for serum or 
plasma 

Quantaffirm | Organon Teknika Reagent kit for serum or 
plasma 
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MUMPS SKIN TEST ANTIGEN (See page 1589) 


MYASTHENIA GRAVIS (See page 1075) 


Edrophonium Chloride—page 1315. Neostigmine Methylsul- 
fate—page 1315. 


OCCULT BLOOD SCREENING TESTS 
(See Table 64-2) 


Table 64-2. Occult Blood Screening Tests 


COMMERCIAL TEST NAME MANUFACTURER AVAILABLE AS 
Colo-Care Helena Labs Kit for fecal 
specimens 
ColoScreen Helena Labs Slide tests for fecal 
specimens 
EZ Detect Biomerica Kit for fecal 
specimens 
Hemoccult Il Dispensapak SmithKline Slide tests for fecal 
Diagnostics specimens 
Hemoccult Il Dispensapak SmithKline Slide tests for fecal 
Diagnostics specimens 
Hemoccult Il Dispensapak SmithKline Slide tests for fecal 
Plus Diagnostics specimens, 
includes mailing 
pouch 
Hemoccult II SmithKline Slide test for fecal 
Diagnostics specimens 
Hemoccult Slides SmithKline Slide tests for fecal 
Diagnostics specimens 
Hemoccult Tape SmithKline Tape for fecal 
Diagnostics specimens 
Hemoccult SENSA SmithKline Slide tests for fecal 
Diagnostics specimens 
Heme Select Reagent SmithKline Reagent kit for 
Diagnostics fecal specimens 
Heme Select Collection SmithKline Collection kit for 
Diagnostics fecal specimens 
Hema-Chek Bayer Corp Slide tests for fecal 
specimens, for 
patient home 
use 
Hematest Bayer Corp Reagent tablets 
for fecal 
specimens 
Hemastix Bayer Corp Reagent strips for 
urine specimens 
Gastroccult SmithKline Slide tests for 
Diagnostics gastric 
specimens 


OPHTHALMIC DIAGNOSTIC AIDS 


FLUORESCEIN SODIUM 


Spiro[isobenzofuran-1(3H),9’-[9H]xanthene]-3-one, 3',6’-dihydroxy-, 
disodium salt; Resorcinolphthalein Sodium, Soluble Fluorescein, 
Uranin, Uranine Yellow 


Colour Index: Acid Yellow 73; CI no 45350 [518-47-8] C,.H,,.Na.O; 
(376.28). * 

Preparation—By heating resorcinol with phthalic anhydride at 
about 200°. After purifying, the phthalein is dissolved in the required 
amount of sodium hydroxide solution and evaporated to dryness. 

Description—Orange-red, odorless powder; hygroscopic; aqueous 
solution is strongly fluorescent even in extreme dilution; the fluores- 
cence disappears when the solution is made acid and reappears when 
the solution is again made alkaline. 

Solubility—Freely soluble in water; sparingly soluble in alcohol. 

Comments—HKither as an ophthalmic strip or as a 2% aqueous solution 
as an ophthalmic diagnostic aid. It is applied topically for the diagnosis of 
corneal lesions, pressure points on the surface of the cornea under contact 
lenses, and the detection of minute foreign bodies embedded in the cornea. 
While a weak solution of it will not stain the normal cornea, ulcers or parts 
deprived of epithelium and pressure points will become green and remain so 
for a time; foreign bodies will appear surrounded by a green ring; loss of 
substance in the conjunctiva is indicated by a yellow hue. It also reveals 
defects or disease of the endothelium of the cornea, producing a deep colora- 
tion of the diseased area. It also is used to outline and demarcate tumors, 
particularly in the central nervous system (CNS). It sometimes is used intra- 
venously as a diagnostic aid for various purposes, particularly to determine 
circulation time (see Fluorescein Sodium Injection, below). 

In using the drug in the eye, it is particularly important that the 
preparation be sterile and that no accidental contamination of the 
solution with Pseudomonas aeruginosa takes place. A diseased or in- 
jured eye is readily infected with this organism that can cause blind- 
ness. Being anionic, it is not compatible with preservatives such as 
benzalkonium chloride or substances known to be effective against P 
aeruginosa, such as polymyxin B sulfate. The solution is best used as a 
unit-dose package or dispensed from a container that protects the 
contents from contamination. It is also available as impregnated paper 
strips that are dried, heat-sterilized, and packaged in hermetically 
sealed unit-dose packets. One of these dipped into the lacrimal fluid of 
the eye to be examined releases enough of the highly soluble drug to 
permit examination of the eye for lesions or injury. 

Fluorescein Sodium Injection—([Fluorescite, Ful-Glo, Fundus- 
cein] Comments: A diagnostic aid in ophthalmic angiography, which in- 
cludes examination of the fundus, evaluation of the iris vasculature, dis- 
tinction between viable and nonviable tissue, and observation of the 
aqueous flow. It is useful in the differential diagnosis of malignant and 
nonmalignant ocular tumors. It also is used to determine circulation time 
and circulation adequacy. To determine circulation time, 5 mL of the 
injection is administered rapidly via the antecubital vein; the lips of the 
patient are viewed under long-wave ultraviolet light, and the time from the 
injection to the time the lips acquire a greenish yellow hue noted. The 
circulation time in adults varies from 15 to 20 sec; the circulation time is 
prolonged in right heart failure and hypothyroidism, is shortened in hy- 
perthyroidism and anemia, but is essentially normal in bronchial asthma. 

Adverse reactions include cardiac arrest, basilar artery ischemia, 
severe shock, and thrombophlebitis at the site of the injection. Tran- 
sient nausea, vomiting, and allergic reactions have been reported in 
sensitive patients. A strong taste may develop following high dosage. 


SODIUM PHOSPHATE P32—page 481. 


OVULATION TESTS (See Table 64-3) 


Table 64-3. Ovulation Tests: Measurement 
of Luteinizing Hormone for Prediction of Ovulation 


COMMERCIAL TEST NAME MANUFACTURER AVAILABLE AS 
Answer Ovulation Carter Wallace Kit for urine tests 
Clearplan Easy Whitehall Kit for urine tests 
OvuQUICK Self-Test Quidel Kit for urine tests 
OvuKIT Self-Test Quidel Kit for urine tests 
Color Ovulation Test Biomerica Kit for urine tests 


First Response Carter Wallace Kit for urine tests 


Ovulation 
Predictor 
Conceive Ovulation Quidel Cassettes for 
Predictor urine tests 
QTest Ovulation Quidel Kit for urine tests 


PANCREATIC FUNCTION 


BENTIROMIDE 


Benzoic acid, (S)-4-[[2-(benzoylamino)-3-(4-hydroxyphenyl)-1-oxopropyl] 
amino]-; Chymex 


4 
»-<O)- crr-é=com{C) coon 


{37106-97-1] C,,H, .N,O; (404.42). 

Preparation—See J Med Chem 1972; 15: 1098. 

Description—White crystals; melts at about 240°. 

Comments—To diagnose exocrine pancreatic insufficiency and to 
monitor the adequacy of enzyme replacement therapy in patients with 
exocrine pancreatic insufficiency. Pancreatic chymotrypsin selectively 
cleaves para-aminobenzoic acid (PABA) from bentiromide following oral 
administration. PABA is absorbed rapidly under normal GI function, 
conjugated by the liver, and excreted in the urine in about 6 hr. If 
approximately 50% of the PABA content of bentiromide (170 mg in 
500 mg) is collected in the 6-hr urine sample, it indicates normal exo- 
crine pancreatic function, gastric emptying, and intestinal and kidney 
function. 

This test is a simple, noninvasive test shown to produce reliable, 
reproducible results in the diagnosis of pancreatic insufficiency. Ad- 
verse effects are transient and relatively infrequent; diarrhea, head- 
ache, flatulence, nausea, vomiting, and weakness are the most frequent. 
Safety and efficacy in children over 6 yr have not been established. The 
drug should not be used during pregnancy or in nursing mothers unless 
clearly needed. Drugs and foods that are metabolized to primary 
arylamines and multiple vitamins should be discontinued at least 3 
days prior to the drug’s administration. 


SECRETIN 


Secretin-Kabi 


Secretin [1393-25-5] is a polypeptide hormone, secreted by the duodenal 
mucosa and to a lesser extent by the upper jejunal mucosa, which 
stimulates secretion of water and bicarbonate from the pancreas. As 
isolated from porcine mucosa and purified, the hormone consists of 27 
amino acid units from 12 different amino acids and has the molecular 
formula C,5.Ho.9N4404,; it has been synthesized (Bodanszky et al, 
J Am Chem Soc 1967; 89:685, 6753). It is the synthetic, C-terminal, 
octapeptide fragment of cholecystokinin. The hormone supplied for 
diagnostic use is of porcine origin; it is a sterile, refined, freeze-dried 
powder, stable for 2 yr when stored in its original, unopened vial at 2 to 
7° but unstable in solution. 

Comments—In the diagnosis of pancreatic disorders, such as pan- 
creatic exocrine disease and gastrinoma (Zollinger-Ellison syndrome). 
It may be combined with sincalide (page 1188) as a diagnostic aid for 
chronic pancreatic function or carcinoma. Intravenous injection of the 
hormone in persons with normal pancreatic secretion increases the 
bicarbonate content and volume of secretion from the pancreas. Re- 
duced secretory volume and diminished bicarbonate concentration are 
signs of pancreatic insufficiency. Volume reductions indicate pancreatic 
duct obstruction as seen in neoplasms; bicarbonate concentration re- 
ductions indicate pancreatic inflammatory disease. 

In performing the test a double-lumen tube is passed through the 
mouth after a 12- to 15-hr fast, under fluoroscopic guidance so that a 
proper placement of the proximal tube in the gastric antrum and of the 
distal tube beyond the papilla of Vater is accomplished. Constant suc- 
tion is applied to both outlets of the tube throughout the test. After a 
control period of collection of fluid for 10 to 20 min and skin testing of 
the patient for sensitivity to secretin to avoid an anaphylactic reaction, 
a standard dose of 1 Clinical Unit (CU)/kg of the drug is injected 
intravenously. A 60-min collection period of aspirated secretions, di- 
vided into four periods, the first two at 10-min intervals and the last two 
at 20-min intervals, provides separate duodenal and stomach speci- 
mens that are analyzed for volume variations, bicarbonate concentra- 
tions, and other constituents. 

It is contraindicated in patients with a history of atopic asthma or 
allergy and those showing a positive skin test. It should be used with 
great caution, if at all, in patients with acute pancreatitis. 
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TOLBUTAMIDE—page 1375. 


PARATHROID FUNCTION 
SEIS EO TEE LS WE LS EL ST LA IRE 


TERIPARATIDE ACETATE 


.-Phenylalanine, -valyl-t-seryl-L-a-glutamyl-.-isoleucyl-t- 
glutaminyl-t-leucyl-.-methionyl-t-histidyl-t-asparaginyl-.-leucylglycyl- 
.-lysyl-t-histidyl-t-leucyl-t-asparaginyl-t-seryl-t-methionyl-t-a- 
glutamyl-t-arginyl-t-valyl-i-a-glutamyl-t- 
tryptophyl-.-leucyl-t-arginyl-t-lysyl-t-leucyl-t-glutaminyl-.-a- 
aspartyl-i-valyl-i-histidyl-.-asparaginyl-, acetate (salt) hydrate; 


Parathar 
H-Ser—Val — Ser —Glu — Ile — Gin— Leu-Met —His— Asn- Leu- Gly — Lys — His — Leu- Asn - 
4 2 3 4 Bi 6 ie 8 ey 410, 11 12 {3° “44 15 16 
Ser — Met—Glu —Arg—Val —Glu — Trp — Leu—Arg —Lys —Lys—Leu —Gln — Asp — Val — His —Asn—- 
7 (BIS SeeOmeet Ce Come tet) Co weO! (kets) (26a 29) 30 SI; 32 33) 
Phe-OH +  xH,O yCHCOOH 


34 


[99294-94-7] C,.,Ho,N;,0;,S».xH,O.yC,H,O,. 

Description—A synthetic polypeptide composed of 34 amino acids. 

Comments—lIt is used to distinguish between hypocalcemia due to 
hypoparathyroidism and pseudohypoparathyroidism but not between 
these conditions and normal. Adverse effects include nausea, abdominal 
cramps, urge to defecate, and diarrhea. Hypertensive crisis, hypocalce- 
mia convulsions, and tingling of the extremities also have been re- 
ported. Its safe use during pregnancy and lactation, as well as in 
children under 3 yr, has not been established. 


PHEOCHROMOCYTOMA 


SEN ES ae IEE eS ES SE) AE 
HISTAMINE PHOSPHATE—page 1464. 


PHENTOLAMINE MESYLATE—page 1323. 


PHENYLPYRUVIC ACID (See Also Phenyloyruvic 
Acid, page 577) 


Phenistix reagent strips for urine test to detect phenylketonu- 
ria (PKU) in newborn infants. 


PITUITARY FUNCTION 


[ERE TE 
ADENOSINE 


Adenocard; adenoscan 
See Comments—page 1288 for complete monograph. 

An adjunct diagnostic agent to the thallium-201 myocardial perfu- 
sion scintigraphy in patients unable to exercise properly. It has a 
half-life of less than 10 sec. Its medical treatment use is in terminating 
episodes of acute paroxysmal supraventricular tachycardia. Flushing 
and dyspnea are common side effects. 


ARGININE HYDROCHLORIDE—Page 1130. 
CORTICORELIN OVINE TRIFLUATE 


Corticotropin-releasing factor (sheep), trifluoroacetate salt; 
Acthrel, CRF, CRH 


H—Ser—GIn—Glu—Pro —Pro— Ile — Ser—Leu—Asp—Leu— Thr—Phe—His — 
[ee seo) pee) OF ON NY Mer M3 
Leu—Leu—Arg—Glu— Val— Leu— Glu— Met— Thr—Lys—Ala—Asp- Gln — 


ee GS he TE TS) Ae al ee EY eG eS ll 
+ xHOCCF, 


Leu—Ala—GIn—Gln— Ala— His — Ser — Asn— Arg — Lys—Leu—Leu— Asp— 
27 28 29:30) Si s2 33° 34 3S) 36) 37 38) 39 


Tle—Ala~NH, 
40 41 
[121249-14-7] C.o,H339N590¢35 (4670.36). 
Preparation—See Science 1981; 213: 1394. 
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Comments—For the differential diagnosis of Cushing’s syndrome. 
When administered it causes a rapid and sustained release of plasma 
ACTH levels with a similar cortical response. It is used to differentiate 
ectopic production of ACTH from pituitary production in patients with 
ACTH-dependent Cushing’s syndrome and in adrenal insufficiency. 
Combined with the standard dexamethasone test higher diagnostic 
precision has been obtained. 

Adverse reactions include facial flushing and dyspnea, with hypo- 
tension, asystole, and loss of consciousness possible when higher doses 
(up to 100 wg) are given. 


GONADORELIN HYDROCHLORIDE 


Factrel 


5 —oxoPro—His —Trp—Ser—Tyr —Gly —Leu—Arg—Pro—Gly—NH, +» xHCl 
1 2 3 4 5 6 16 8 S) 10 


Luteinizing hormone-releasing factor hydrochloride [51952-41-1] 
C;;H,;N,70.x«HC] (1182.33; free base—the hydrochloride may be either 
the mono- or dihydrochloride or a mixture thereof). 

Preparation—Isolated from the hypothalamus of pigs or sheep. 
The industrial preparation is described in German Pat 2,213,737. 

Description—The base is a white to very pale yellowish powder 
containing not less than 85% active peptide and not more than 6% 
acetic acid. 

Comments—A diagnostic agent used for evaluating hypothalamic- 
pituitary gonadotropic function. The test should be conducted in the 
absence of other drugs that directly affect pituitary secretion of the 
gonadotropins, including preparations that contain androgens, estro- 
gens, progestins, or glucocorticoids. Adverse reactions include head- 
ache, nausea, lightheadedness, abdominal discomfort, and flushing. 
Localized swelling may occur at the site of injection. Safety for use 
during pregnancy has not been established. 


METYRAPONE 
1-Propanone, 2-methyl-1,2-di-3-pyridinyl-; Metopirone 


(54-36-4] C,,H,,N.O (226.28). 

Preparation—Methy] 3-pyridyl ketone is reduced electrolytically 
to the corresponding pinacol, 2,3-bis(3-pyridyl)-2,3-butanediol; heating 
with a strong inorganic acid results in dehydration of the pinacol with 
subsequent rearrangement to form metyrapone. US Pat 2,966,493. 

Description—White to light-amber, fine, crystalline powder; char- 
acteristic odor; darkens on exposure to light. 

Solubility—Sparingly soluble in water; soluble in methanol or chlo- 
roform; forms water-soluble salts with acids. 

Comments—A synthetic compound that has the unique ability to 
inhibit 11-B-hydroxylation in the biosynthesis of cortisol, corticoste- 
rone, and aldosterone. Hence, it is used to test for hypothalamic- 
pituitary function. In the normal individual, metyrapone blocks the 
enzymatic step that leads to cortisol and corticosterone synthesis, pro- 
duces an intense stimulation of ACTH secretion, and induces a marked 
increase in urinary excretion of 17-hydroxycorticosteroids. In patients 
with abnormal pituitary function, the ability to increase ACTH produc- 
tion is lacking, and no significant increase in 17-hydroxycorticosteroids 
is seen. The drug is particularly valuable as a diagnostic aid in patients 
suspected of hypopituitarism and Cushing’s syndrome. It has a T,, 
of about 20 to 26 min. Within 2 days following oral administration of 
750 mg every 4 hr for 6 doses, approximately 0.5% of the drug is ex- 
creted as the reduced metabolite and 37% as glucuronide conjugates of 
metyrapone. 

Untoward effects include anorexia, nausea, abdominal discomfort, 
diarrhea, dizziness, vertigo, headache, sedation, and allergic rash. The 
drug is contraindicated in patients with adrenal cortical hypofunction. 
Since several drugs modify the results obtained in the test, the test 
should be performed in patients receiving no other medication. 


PROTIRELIN 
.-Prolinamide, 5-oxo-.-propyl-t-histidyl-; Relefact-TRH, Thypinone, TRH 


Thyrotropin-releasing factor [24305-27-9] C,,H..N,O, (362.39). 

Preparation—Protirelin obtained from most mammals appears to 
be identical and is apparently not species specific. A review of synthetic 
methods is found in Methods Enzymol 1975; 37: 408. 

Solubility—Highly purified material is partially soluble in chloro- 
form and very soluble in methanol. 

Comments—An adjunct in the diagnostic assessment of thyroid 
function and pituitary or hypothalamic dysfunction. It is a synthetic 
tripeptide believed to be structurally identical to the naturally occur- 
ring thyrotropin-releasing hormone produced by the hypothalamus. 
Following intravenous administration, the T,,. is approximately 5 min; 
TSH levels reach a peak in 20 to 30 min and decline slowly over a period 
of 3 hr to baseline levels. Adverse effects occur in about 50% of patients 
and include hypertension or hypotension with or without syncope and 
breast enlargement. Other reactions include nausea, urge to urinate, 
flushing, lightheadedness, bad taste, abdominal discomfort, headache, 
and dry mouth. It should be used in pregnant women only when clearly 
indicated (see page XXXX). 


SERMORELIN ACETATE 


Somatoliberin (human pancreatic islet), acetate (salt), hydrate; 
Geref, Groliberin 


H—Tyr — Ala— Asp—Ala — Ile — Phe — Thr —Asn —Ser —Tyr — Arg—Lys — Val — 
1 2 3 4 5 6 7 8 2 10 " 12 13 


Leu—Gly — Gin —Leu —Ser — Alo —Arg—Lys —Leu—Leu—Gin—Asp —lle — 
13). 15, 016, Aife 4B, 19) 120i 2lis (22, 23.5 2a 2S eco 


Met—Ser—Arg—NH, * xCH,0, * yH,0 
Zt 28) ed) 


(114466-38-5] C,49Ho4gN440405.xC.H,O,.yH,0. 

Preparation—See US 4,703,035 (1987). 

Comments—A diagnostic agent used to evaluate the ability of the 
somatotroph of the pituitary gland to secrete growth hormone. It is used 
in the differential diagnosis of growth hormone deficiency. It may also 
be used in treatment of growth hormone deficiency. Adverse reactions 
include irritation at site of injection and malaise during subcutaneous 
treatment dosing. 


PREGNANCY TESTS (See Table 64-4) 


Table 64-4. Pregnancy Tests: Determine the Presence 
of Human Chorionic Gonadotropin 


COMMERCIAL TEST NAME MANUFACTURER AVAILABLE AS 
Advance Ortho Stick for urine test 
Answer Plus Carter Wallace Kit for urine test 


Answer Quick & Simple Carter Wallace : Kit for urine test 


Conceive Pregnancy Quidel Kit for urine test 

Clearblue Easy Whitehall Stick for urine test 

e.p.t. Quick Stick Parke Davis Stick for urine test 

Fact Plus Ortho Kit for urine test 

First Response Carter Wallace Stick for urine test 

Fortel Midstream Biomerica Stick for urine test 

Fortel Plus Biomerica Kit for urine test 

Pregnosis Roche Slide tests for 
urine 

Nimbus Quick Strip Biomerica Test strips for 
urine 

RapidVue Quidel Kit for urine test 

QTest Quidel Stick for urine test 

UGG Slide Wampole Slide tests for 
urine 

Abbott Test Pack hCG Abbott Kit for urine test 

Urine Plus 

Nimbus Biomerica Kit for urine test 

Nimbus Plus Biomerica Kit for urine test 

Unistep hCG Orion Diagnostica _ Kit for urine test 

QuickVue Quidel Cassettes for urine 
test 

Sure Cell Pregnancy Kodak Kit for urine test 

UCG Beta Slide Wampole Slide tests for 

Monoclonal II urine 

Clearview hCG Wampole Strips for urine 

tests 


ROENTGENOGRAPHIC PRODUCTS: DRUGS 
USED AS X-RAY CONTRAST MEDIA 


DIATRIZOATE MEGLUMINE 


Benzoic acid, 3,5-bis(acetylamino)-2,4,6-triiodo-, compound with 
1-deoxy-1-(methylamino)-p-glucitol (1:1); Cardiografin, Cystografin, 
Hypaque-Cysto, Hypaque Meglumine, Reno-M 


COOH 


I I f 


—C—CH, NHCHs 
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CH3,CONH NHCOCH, 


I 


1-Deoxy-1-(methylamino)-.-glucitol 3,5-diacetamido-2,4,6-triiodobenzo- 
ate (salt) [131-49-7] C,H,,NO;.C,,HoI,N,0, (809.13). 

Preparation—Diatrizoic acid is reacted with an equimolar quan- 
tity of methylglucamine (meglumine), usually in water for injection, to 
produce a solution of the required concentration. 

Comments—In different concentrations for many diagnostic tests. 
The 76% injection is used for adult angiocardiography and thoracic 
aortography. On injection into a vessel or into the heart, it is diffused 
rapidly in the vascular system and excreted by the kidneys. As the 
contrast medium enters the cardiac chambers, the vessels and aorta, 
lesions or malformations of the heart and obstructions or anomalies are 
visualized. The drug should be used with great care in patients known 
to have multiple myeloma; anuria resulting in progressive uremia, 
renal failure, and eventually death has occurred. Also, it should be used 
with extreme caution in patients known to have pheochromocytoma or 
severe hepatic and renal disease, patients who are homozygous for 
sickle-cell disease, and patients known to be sensitive to iodine com- 
pounds. Safe use in pregnancy has not been established. 

A 76% solution is used for adult angiocardiography and thoracic 
aortography; a 60 or 76% solution in excretion urography, aortography, 
pediatric angiocardiography, and peripheral arteriography; a 60% so- 
lution for excretory urography, cerebral angiography, peripheral arte- 
riography, venography, splenoportography, arthrography, and discogra- 
phy, and a 30% solution for retrograde cystourethrography and infusion 
urography and enhancement of computed tomography of the brain. 
Adverse reactions, precautions, and contraindications are similar to 
those for other iodinated diagnostic agents. 


DIATRIZOATE MEGLUMINE AND DIATRIZOATE 
SODIUM [INJECTION] 


Angiovist, Gastrovist, Hypaque-M, MD-Gastroview, Renografin 
Renovist 

A sterile solution of diatrizoate meglumine and diatrizoate sodium in 
water for injection, or a sterile solution of diatrizoic acid in water for 
injection prepared with the aid of NaOH and meglumine. It may contain 
small amounts of suitable buffers and of edetate calcium disodium or 
edetate disodium as a stabilizer. When intended for intravascular use, 
it contains no antimicrobial agents. 

Description—Clear, colorless to pale yellow, slightly viscous liq- 
uid; may crystallize at room temperature or below. 

Comments—Designed to combine the lower toxicity of the meglu- 
mine salt with the lower viscosity and higher iodine content of the 
sodium salt. In appropriate concentrations it is used as a radiopaque 
medium for angiocardiography, aortography, angiography, excretion 
urography, hysterosalpingography, peripheral arteriography and venog- 
raphy, and other radiographic procedures. Contraindications, general 
warnings, and adverse effects are similar to those for other iodinated 
diagnostic agents. 

A solution containing 66% of diatrizoate meglumine and 10% of 
diatrizoate sodium (Gastrografin, Squibb) is used as a contrast medium 
for radiographic examination of the GI tract following oral or rectal 
administration. The preparation is indicated particularly when use of 
barium is not feasible or is potentially dangerous. It is contraindicated 
in patients sensitive to salts of diatrizoic acid and should be used with 
caution in patients sensitive to iodine. The safety of the oral solution in 
pregnancy has not been established. It is usually tolerated well; occa- 
sionally, some diarrhea occurs. 


DIATRIZOATE MEGLUMINE AND IODIPAMIDE 
MEGLUMINE [INJECTION] 
Sinografin 
A sterile, aqueous solution of diatrizoate meglumine equivalent to 40% 


diatrizoic acid and iodipamide meglumine equivalent to 20% iodipa- 
mide, containing approximately 38% bound iodine. 
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Comments—A radiopaque medium indicated for hysterosalpingog- 
raphy. Following intrauterine administration immediate visualization 
of the uterus and tubes is achieved. Medium spilled into the peritoneal 
cavity is absorbed within 20 to 60 min. The preparation is contraindi- 
cated during pregnancy or in patients with acute pelvic inflammatory 
disease. The test should not be performed within 30 days following 
curettage or conization. Otherwise the precautions, adverse effects, and 
contraindications are similar to those for other iodinated diagnostic 
agents. 


DIATRIZOATE SODIUM 


Benzoic acid, 3,5-bis(acetylamino)-2,4,6-triiodo-, monosodium salt; 
MD-50, Urovist Sodium 300 


COONa 
I I 


CH3CONH NHCOCHS 


I 


[737-31-5] C,,H,I,N.NaO, (635.90). 

Preparation—Diatrizoic acid is reacted with an equimolar quan- 
tity of NaOH, usually in water for injection, to produce a solution of the 
required concentration. 

Comments—A radiopaque agent with uses, profile of toxicity, and 
precautions similar to those for Diatrizoate Meglumine and other iodin- 
ated diagnostic agents. It contains somewhat more iodine (59.87%) than 
the meglumine salt (47.01%); consequently, it is somewhat more toxic. 
Solutions are considerably less viscous than those prepared from dia- 
trizoate meglumine. Also, this drug should not be used in coronary 
angiography because it is more likely to cause serious cardiac arrhyth- 
mias than is the meglumine salt. When administered orally or given as 
an enema, it is used as a radiopaque medium to outline the upper and 
lower GI tract. 


DIATRIZOIC ACID 
Benzoic acid, 3,5-bis (acetylamino)-2,4,6-triiodo- 


COOH 
I I 
CH,CONH NHCOCH, 


1 


{117-96-4] C,,HoI,N.0, (613.92); dihydrate [50978-11-5] (649.95). 
Preparation—From benzoic acid by (1) nitration to the 3,5-dinito 
acid, (2) reduction by means of stannous chloride or other reducing 
agent to the corresponding diamino acid, (3) iodination with iodine 
monochloride in acetic acid to the 2,4,6-triiodo derivative, or (4) acety- 
lation of the amino groups by use of acetic anhydride. 
Description—White powder; odorless. 
Solubility—Very slightly soluble in water or alcohol; soluble in 
dimethylformamide or alkali hydroxide solutions. 
Comments—Radiopaque component of Diatrizoate Meglumine In- 
jection, Diatrizoate Meglumine and Diatrizoate Sodium Injection, Dia- 
trizoate Sodium Injection, and Diatrizoate Sodium Oral Solution. 


ETHIODIZED OIL 


Ethiodol 


An iodine addition product of the ethyl ester of the fatty acids of poppy 
seed oil, containing 35.2 to 38.9% organically combined iodine. It is 
sterile [8008-53-5]. 

Preparation—By saponifying poppy seed oil and subjecting the 
resulting fatty acids to iodination and subsequent esterification with 
ethanol. 

Description—Straw-colored to amber-colored, oily liquid; may 
have an alliaceous odor. 

Solubility—Insoluble in water; soluble in acetone, chloroform, or 
ether. 

Comments—A contrast medium used in hysterosalpingography 
and lymphography. It should not be used in the presence of intrauterine 
bleeding, pelvic infection, or pregnancy. Likewise, it should not be 
used in patients known to be sensitive to iodine. Except for pulmo- 
nary embolism resulting from accidental intravasation of the medium, 
other side effects, such as transient fever, allergic dermatitis, liipogran- 
uloma formation, and delayed wound healing, are rare and of little 
consequence. 
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GADOPENTETATE DIMEGLUMINE 


Gadolinate (2-), [N,N-bis[2-[bis(carboxymethyl)amino] 
ethyl]glycinato(5-)-, dihydrogen, compound with 1-deoxy-1- 
(methylamino)-p-glucitol (1:2); Magnevist, Gd-DTPA 


_Gdttt 


“OOCCH ae 
Bee 


Se _H,COO™ H 4 ony 
HOCH, —C—C—C—C—CH,NHCH3, 

| 
g OH OH HOH 


1 
' 
' 
ae Sono | soneeene? 
HOOCCH,, pac | eCH> CH, CH,COOH 
CH, 
| 


coo™ 


[86050-77-3] C,,Hs)>GdN,0,,.2C,H,,;NO, (938.01). 

Preparation—See US 4,687,659 (1983). 

Solubility—Very soluble in water. 

Comments—Provides positive contrast enhancement for magnetic 
resonance imaging (MRI). Adverse reactions include headache, coldness 
at site of injection, and nausea. May also cause hypotension, anaphy- 
laxis and seizures, paresthesias, dizziness, weakness, vomiting, stom- 
ach pain, rashes, and urticaria. 


IODIPAMIDE 


Benzoic acid, 
3,3’-[(1,6-dioxo-1,6-hexanediyl)diimino]bis[2,4,6-triiodo-; Cholografin 


COOH COOH 
u u I I 


NHCO(CH,), CONH 
I I 


(606-17-7] Cy .H,,1,N,0, (1139.77). 

Preparation—From benzoic acid by (1) nitration to 3-nitrobenzoic 
acid, (2) reduction by means of stannous chloride or other reducing 
agent to 3-aminobenzoic acid, (3) iodination with iodine monochloride in 
acetic acid to the 2,4,6-triiodo derivative, or (4) acylation of the amino 
group with adipoyl chloride [CICO(CH,,),COCI]. 

Description—White, crystalline powder; nearly odorless. 

Solubility—Very slightly soluble in water, chloroform, or ether; 
slightly soluble in alcohol. 

Comments—Radiopaque component of Jodipamide Meglumine 
Injection. 


IODAMIDE MEGLUMINE 


Benzoic acid, 3-(acetylamino)-5-[(acetylamino)methyl]-2,4,6-triiodo-, 
compound with 1-deoxy-1-(methylamino)-p-glucitol(1:1); Renovue 


COOH 
not ee 
HOCH,—C—C—C—C—CH,NHCH3 
CH3CONH CH,NHCOCH3, Boe Meh aie 
2 


I 


[18656-21-8] C,,H,,1,N,0,.C,H,,NO, (823.16). 

Preparation—For the synthesis of iodamic acid see Helv Chim 
Acta 1965; 48: 259; this material is converted to the salt in the same 
fashion as diatrizoate meglumine, previously described. 

Comments—A diagnostic agent for excretion urography adminis- 
tered either by intravenous infusion (Renovue-Dip) or intravenous in- 
jection (Renovue-65). Following either intravenous infusion or injection 
it is rapidly transported to the kidneys and excreted essentially un- 
changed, principally by glomerular filtration. However, at least one- 
third of the intravenous dose is secreted by the renal tubules. Thus, it 
permits visualization of the kidneys and urinary passages through 
normal physiological mechanisms of excretion. There are no absolute 
contraindications to its use. However, urography should be performed 
with extreme caution in patients with severe hepatic and renal disease 
or anuria. Otherwise, the precautions, adverse effects, and contraindi- 
cations are similar to those for other iodinated diagnostic agents. 


IODIZED OIL 


lodized Oil Viscous Injection; Lipiodol 
An iodine addition product of vegetable oil or oils, containing 38 to 42% 
organically combined iodine. It is sterile. 

Preparation—The methods of preparing iodized oil involve addi- 
tion of elemental iodine to the unsaturated fatty constituents of a 
vegetable oil, the resulting oil containing chemically saturated iodoglyc- 
erides. The oil most generally used is poppy seed oil. 

Description—Thick, viscous, oily liquid; alliaceous odor; ole- 
aginous taste; light to dark-brown in color, and on exposure to air and 


light it becomes darker because of liberation of iodine; specific gravity 
about 1.35. F 

Solubility—Insoluble in water; soluble in ether, chloroform, or 
petroleum benzin; 1 mL of iodized oil should yield a clear solution with 
10 mL of solvent hexane. 

Comments—Formerly, for visualization of various internal cavi- 
ties; the stated indications are now restricted to hysterosalpingography, 
sialography, visualization of sinus and fistulous tracts, and, with great 
caution, bronchography. Many reports of adverse and toxic effects from 
use of iodized oils have been published, including deaths from use in 
bronchography (primarily due to anoxia associated with emphysema or 
bronchospasm) and in hysterosalpingography (primarily due to cerebral 
oil embolism). This injection is contraindicated in the presence of active 
bleeding, in patients with disease in which there is inflammation (pelvic 
inflammatory disease, pulmonary tuberculosis), and in individuals with 
known or suspected iodine sensitivity. 


IOHEXOL 


1,3-Benzenedicarboxamide, 5-[acetyl(2,3-dihydroxypropyl)amino]- 
N,N-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-, Omnipaque 


OH 
CONHCH, CHCH,OH 
I I 
I 
CH3CN CONHCH 2 CHCH 20H 
HOCH eH I on 


OH 


(66108-95-0] C, 9H, ¢I1,N,0, (821.14). 

Preparation—US Pat 4,250,113. 

Description—White crystals; melts at about 176°. 

Solubility—Soluble in water to form stable solutions. 

Comments—A nonionic, water-soluble, radiographic contrast me- 
dium used in different concentrations for different tests in both adults 
and children. Intrathecal doses, used for myelography (lumbar, tho- 
racic, cervical, total columnar) and in contrast enhancement for com- 
puterized tomography (CT) for myelography, cisternography), are ab- 
sorbed from cerebrospinal fluid into the bloodstream and eliminated by 
renal excretion. No significant metabolism, deiodination, or biotrans- 
formation occurs. 

Iohexol also may be administered intravascularly, whereupon it is 
distributed in the extracellular fluid and excreted unchanged by glo- 
merular filtration. Intravascular administration is used in CT imaging 
of the head and total body as well as for angiocardiography, arteri- 
ography, digital subtraction, peripheral angiography, and excretory 
urography. 

Tohexol may be injected directly into body cavities as well as used 
orally for a variety of test procedures, ie, arthrography, hysterosalpin- 
gography, herniography, etc. 

Iohexol should not be administered in the presence of significant 
local or systemic infection when bacteremia is likely. The con- 
comitant intrathecal administration of corticosteroids is contra- 
indicated. Caution is advised in patients with a history of epilepsy, 
severe cardiovascular disease, chronic alcoholism, or multiple 
sclerosis. 

Drugs that lower seizure threshold, especially phenothiazine 
derivatives, including those used for their antihistaminic or anti- 
nauseant properties, are not recommended for use with iohexol. 
Others include monoamine oxidase (MAO) inhibitors, tricyclic anti- 
depressants, CNS stimulants, psychoactive drugs described as an- 
aleptics, major tranquilizers, or antipsychotic drugs. Such medica- 
tions should be discontinued at least 48 hr prior to myelography, 
should not be used for the control of nausea or vomiting during or 
after myelography, and should not be resumed for at least 24 hr 
postprocedure. 


IOPAMIDOL 


1,3-Benzenedicarboxamide, (S)-N,N’'-bis[2-hydroxy-1- 
(hydroxymethyl)ethyl]-5-[(2-hydroxy-1-oxopropyl)amino]-2,4,6- 
triiodo-, Isovue 


CH,OH 
CONHCHCH,0H 
I I 
HO. 
Bake 
H3C—C—CONH CONHCHCH,OH 
I CH2OH 


{60166-93-0] C,-H.,.I,N,0, (777.09). 

Preparation—See US Pat 4,001,323. 

Description—White, odorless crystals; decomposes at about 300° 
without melting. 

Solubility—Very soluble in water or methanol; soluble in boiling 
ethanol; practically insoluble in chloroform. 

Comments—A nonionic contrast medium for intrathecal adminis- 
tration in neuroradiology including myelography, (lumbar, thoracic, 
cervical, total columnar), contrast enhancement of CT cisternography 
and angiography throughout the cardiovascular system, including ce- 
rebral and peripheral arteriography, coronary arteriography, and ven- 
triculography. It is absorbed rapidly into the blood from the cerebrospi- 
nal fluid; following intrathecal administration, it appears in the plasma 
within 1 hr but does not bind to plasma protein. It is excreted by the 
kidneys and eliminated within 48 hr. It should be administered with 
caution in patients with increased intracranial pressure, a history of 
convulsive disorders, severe cardiovascular disease, chronic alcoholism, 
or multiple sclerosis and in elderly patients. Like other radiopaque 
diagnostic contrast agents, it is potentially hazardous in patients with 
multiple myeloma or pheochromocytoma. It should be used during 
pregnancy only when clearly needed; it should be avoided during deliv- 
ery and in nursing mothers. Safety and effectiveness in children have 
not been established. 


IOPHENDYLATE 


Benzenedecanoic acid, iodo-x-methyl-, ethyl ester;Pantopaque 


I Gels 
Or tnernncooes, 


Iophendylate is a mixture of isomers of ethyl iodophenylundecanoate, 
consisting chiefly of ethyl 10-(iodophenyl)undecanoate [1320-11-2] 
C,9Ho10, (416.34). 

Preparation—This substance is reported to be manufactured as 
follows. Benzene is reacted with undecylenic acid, forming a mixture of 
isomers of phenylundecyclic acid. The mixture is iodinated and finally 
esterified with ethyl alcohol. After decolorization, the desired fraction is 
separated by distillation. 

Description—Colorless to pale yellow, viscous liquid; darkens on 
long exposure to air; odorless or possesses a faintly ethereal odor; 
specific gravity between 1.248 and 1.257. 

Solubility—Very slightly soluble in water; freely soluble in alcohol, 
benzene, chloroform, or ether. 

Comments—A radiopaque medium for myelography. It is used 
commonly for visualization of tumors or herniation of the intervertebral 
disc or other lesions compressing the spinal cord. It is absorbed at a rate 
of about 1 mL/yr, varying with the condition of the tissues; persistent 
levels in the body interfere with tracer radioactive iodine. About 80 to 
100% can be removed by aspiration from the subarachnoid space fol- 
lowing lumbar subarachnoid injection. The incidence of adverse reac- 
tions is low. 

Note—The use of this agent has mostly been replaced by the low- 
osmolality nonionic contrast media. 


IOTHALAMATE MEGLUMINE [INJECTION] 


Benzoic acid, 3-(acetylamino)-2,4,6-triiodo-5- 
[(methylamino)carbonyl]-, compound with 1-deoxy-1- 
(methylamino)-p-glucitol (1:1); Conray, Cysto-Conray 


COOH 
ee a 
—C—C—C—CHNHCHs 
OH OH HOH 


+ HOCH,— 
CONHCH3 


{OE 


CH3CONH 
I 


{13087-53-1] C,,H,I,N,0,.C,H,,NO, (809.13). 
Preparation—lothalamic acid is reacted with an equimolar 
quantity of methylglucamine (meglumine), using sufficient water for 
injection to produce a solution of the required concentration. 
Comments—A radiopaque medium used parenterally in a 30, 43, 
or 60% solution for urography, a 30 or 60% solution for angiography 
and computed tomography, a 43 or 60% solution for venography, a 
43% solution for pyelography and cystourethrography, and a 60% 
solution for cholangiography, arteriography, ventriculography, and 
arthrography. It is also available as a 17.2 and 43% urogenital 
solution for retrograde urography, cystography, and cystourethro- 
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graphy. It is contraindicated in patients with a known sensitivity to 
salts of iothalamic acid and should not be used for urography in 
patients with anuria. Intravenous urography is hazardous to pa- 
tients with multiple myeloma; anuria, progressive uremia, renal 
failure, and death have occurred. No form of therapy, including 
dialysis, has been effective in reversing this effect. It also should be 
used with extreme caution in patients with pheochromocytoma and 
individuals homozygous for sickle cell disease. Iodine-containing 
contrast agents may also alter the result of thyroid-function tests. 
Adverse effects, precautions, and contraindications are similar to 
those for other iodinated diagnostic agents. Its safety in pregnancy 
has not been established. 


IOTHALAMATE MEGLUMINE AND IOTHALAMATE 
SODIUM [INJECTION] 


Vascoray 


A sterile solution of iothalamic acid in water for injection, prepared with 
the aid of meglumine and NaOH. It may contain small amounts of 
suitable buffers and of edetate calcium disodium or edetate disodium as 
a stabilizer. When intended for intravascular use, it contains no anti- 
microbial agents. 

Description—Clear, colorless to pale yellow, slightly viscous 
liquid. 

Comments—For intravascular angiocardiography, aortography, 
selective renal arteriography, selective coronary arteriography, excre- 
tory urography, and computerized tomography. Its warnings, contrain- 
dications, and adverse effects are the same as those for other iodinated 
diagnostic agents. 


IOTHALAMATE SODIUM INJECTION 


Benzoic acid, 3-(acetylamino)-2,4,6-triiodo-5- 
[(methylamino)carbonyl]-, monosodium salt; Angio-Conray, Conray 
325, Conray 400 


COONa 
I I 


CH3CONH CONHCHs 


{1225-20-3] C,,H,I,N.NaO, (635.90). 

Preparation—lothalamic acid is reacted with an equimolar quan- 
tity of NaOH, using sufficient water for injection to produce a solution 
of the required concentration. 

Comments—For intravascular angiocardiography, aortography, 
excretory urography, and enhancement of computerized tomo- 
graphy. It is contraindicated in cerebral angiography, and in pa- 
tients with sensitivity to iothalamic acid. Its adverse effects and 
precautions are similar to those for other iodinated diagnostic 
agents. 


IOTHALAMIC ACID 


Benzoic acid, 3-(acetylamino)-2,4,6-triiodo-5- 
[(methylamino)carbony]-, ing of Vascoray 


COOH 
L I 


CH,CONH CONHCH, 


[2276-90-6] C,,HoI,N.0, (613.92). 

Preparation—By oxidizing m-xylene with potassium permanga- 
nate, condensing the resulting isophthalic acid with an equimolar quan- 
tity of methylamine, and iodinating with iodine monochloride in acetic 
acid. 

Description—White powder; odorless. 

Solubility—Slightly soluble in water or alcohol; soluble in solutions 
of alkali hydroxides. 

Comments—Radiopaque component for Jothalamate Meglumine 
Injection, Iothalamate Meglumine and Iothalamate Sodium Injection, 
and Jothalamate Sodium Injection. 
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IOVERSOL 


1,3-Benzenedicarboxamide, N,N’-bis(2,3-dihydroxypropyl)-5- 
[(hydroxyacetyl)-(2-hydroxyethyl)amino]-2,4,6-triiodo-, Optiray 


i 
CNHCH,CHOHCH,OH 


I 1 
0) 
HOCH,CN dHCH{CHOHCH,OH 
bey ! 
i. 
OH 


[87771-40-2] C,,H,,IsN,0, (807.12). 

Comments—A nonionic, water-soluble, radiographic contrast 
medium used in different concentrations for different tests in 
adults. The safety and effectiveness in children have not been 
established. Intravenous doses are used for angiography through- 
out the cardiovascular system, for contrast-enhanced CT imaging of 
the head and body, excretory urography, and digital subtraction 
angiography and venography. One strength is indicated for 
intra-arterial digital subtraction angiography (IA-DSA). No signifi- 
cant metabolism, deiodination, or biotransformation occurs. Ioversol 
does not bind to serum or plasma proteins to any extent and does not 
cross the blood-brain barrier. Solutions of ioversol have osmolalities 
1.2 to 2.8 times that of plasma and are hypertonic under conditions 
of use. 

Ioversol is distributed rapidly (30 to 90 sec) after IV administra- 
tion. The pharmacokinetics conform to an open two-compartment 
model with first-order elimination, eg, a rapid alpha phase for drug 
distribution and a slower beta phase for drug elimination. The T,,, is 
HeSsnit: 

Caution must be exercised in patients with severely impaired 
renal function, combined renal and hepatic disease, severe thyrotox- 
icosis, myelomatosis, or anuria, particularly when large doses are 
administered. Intravenously administered iodine-containing ra- 
diopaque media are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in those with ther- 
apeutically resistant anuria. Arterial injection should never be made 
following the administration of vasopressors, since they strongly 
potentiate neurological effects. In patients known or suspected to 
have pheochromocytoma, extreme caution should be exercised, blood 
pressure should be assessed throughout the procedure, and mea- 
sures for treatment of a hypertensive crisis should be available. 
Patients should be well hydrated prior to and following the admin- 
istration of ioversol. 


IOXAGLATE MEGLUMINE AND IOXAGLATE SODIUM 


Hexabrix 
COOH CONHCH, 
| | | | 
e) fe) fo) fo) 
i I i ll 
HOCH2CH2NHC NHCCH2NHC. NCCH3 
| 
\ | CHg 


H H OH H 

ie lem teeadl 

* HOCH,—C—C—C—C—CH,NHCHg 
] ] 


OH OH H_ OH 


A mixture of ioxaglate meglumine 39.3% [59018-13-2] C,,H,,N;O,.C,H,,0; 


(1464.10) and ioxaglate sodium 19.6% ([67992-58-9] C,,Ho oI,N;NaO, _ 


(1290.87)). The structure for the meglumine adduct is depicted above. 
The other component of Hexabrix is the sodium salt of the benzoic acid 
moiety of ioxaglate. 

Comments—A radiopaque medium containing 32% iodine for urog- 
raphy, arthrography, angiography, angiocardiography, arteriography, 
aortography, venography, hysterosalpingography, and computerized to- 
mography. Its precautions, drug interactions, adverse reactions, and 
clinical procedures are similar to those for other iodine-containing ra- 
diopaque agents (see page XXXX). Likewise, it should not be used 
during pregnancy or in nursing mothers. 


METRIZAMIDE 


p-Glucose, 2[[-3-(acetylamino)-5-(acetylmethylamino)-2,4,6- 
triiodobenzoylamino-2-deoxy-; Amipaque 


CH20H 
fo) 
H 
OH I NHCOCH, 
OH 
HO 9 
NHC | 
° H,C—N-COCH, 


[31112-62-6] C,.H,.I,N,0, (789.10). 

Preparation—The acy] halide of metrizoic acid [3-(acetylamino)-5- 
(acetylmethylamino)-2,4,6-triiodobenzoic acid] and glucosamine are re- 
acted under conditions whereby the amine portion of the glucosamine is 
acylated preferentially, in lieu of the hydroxyl groups. 

Description—White crystals; melts at about 230°. 

Solubility—Freely soluble in water; protect aqueous solutions from 
light. 

Comments—A radiopaque agent injected into the subarachnoid 
space for lumbar, thoracic, cervical, and total columnar myelography 
and computerized tomography of the intracranial subarachnoid spaces 
following spinal subarachnoid injection. In pediatric patients it also is 
indicated for cisternography and ventriculography. It is absorbed from 
cerebrospinal fluid into the bloodstream. Approximately 60% of the 
administered dose is excreted unchanged through the kidneys within 48 
hr. Following subarachnoid injection conventional radiography will con- 
tinue to provide good diagnostic contrast for at least 30 min; after 1 hr 
the degree of diagnostic contrast is not adequate. Metrizamide should 
not be given to patients known to be hypersensitive to it. The concur- 
rent administration of corticosteroids and metrizamide is contraindi- 
cated. Lumbar puncture should not be performed in the presence of 
significant bacteremic infections. This agent should be used with cau- 
tion in patients with a history of epilepsy, severe cardiovascular dis- 
ease, chronic alcoholism, or multiple sclerosis. Adverse reactions are 
similar to those for other iodinated diagnostic agents (see page XXXX). 


PROPYLIODONE 


1(4H)-Pyridineacetic acid, 3,5-diiodo-4-oxo-, propyl ester; Dionosil 
Oily 


I 


o=¢ N—CH,COOCH,CH2CH3 


I 


[587-61-1] C,H, ,I,NO, (447.01). 

Preparation—4(1H)-Pyridone, as the nitrate in aqueous solution, 
is iodinated with a mixture of sodium iodide and sodium iodate in the 
presence of sulfuric acid. The 3,5-diiodo-4(1H)-pyridone thus formed is 
isolated and condensed with chloroacetic acid to yield 3,5-diiodo-4-oxo- 
1(4H)-pyridineacetic acid, which is esterified with propyl alcohol. 

Description—White, or almost white, crystalline powder; odorless 
or has a faint odor; melts between 187 and 190°. 

Solubility—Practically insoluble in water; soluble in acetone, alco- 
hol, or ether. 

Comments—A radiopaque medium for bronchographic use. Direct 
instillation into the bronchi results in well-defined bronchograms for 
at least 30 min. It usually is eliminated from the lungs in 7 to 10 days. Be- 
cause of its toxicity, it should be used only if absolutely essen- 
tial. It is contraindicated in patients with pulmonary emphysema or 
bronchiectasis. 


RHEUMATOID FACTOR TEST 


Rheumatex Slide test to determine rheumatoid factor in blood. 
Rheumaton Slide test to determine rheumatoid factor in either 
serum or synovial fluid. 


SICKLE CELL TEST 


SSS AS EE SS RT 
Sickledex Kit for the detection of hemoglobin S in blood. 
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STAPHYLOCOCCUS TEST 


CLS SEES 
Isocult for Staphylococcus aureus culture paddles to test for the 


presence of S aureus in exudate liquids. 


STREPTOCOCCI TESTS (See Table 64-5) 


Table 64-5. Streptococci Tests: Determine Presence 

of Beta-hemolytic Group A Streptococci, Group B 
Streptococci, Strep-pharyngitis, Antibodies to DNase-B, 
Streptococcus pneumoniae and Streptococcal 
Extracellular Antigens 


COMMERCIAL NAME _ MANUFACTURER ORGANISM CULTURE SOURCE 
Sure Cell Kodak Group Astrep Blood and 
Streptococci throat swabs 
Culturette 10 Becton Group Astrep Throat swabs 
minute Group Dickinson 
A Strep ID 
Isocult for Remel S pharyngitidis Throat swabs 
Streptococcal 
pharyngitis 
Respiracult-Strep Orion Beta-hemolytic Nasopharyngeal 
Diagnostica groupA and throat 
strep 
Streptonase-B Wampole Antibodies to Serum 
DNase-B 
Test Pack Abbott Group-A strep Throat 
Bactigan Strep B Wampole Group-B strep Blood, serum, 

: urine, 
cerebrospinal 
fluid 

Bactigan B Wampole Group-B strep Cervical and 
Streptococcus- vaginal swabs 
G 

Bactigan S Wampole Streptococcus Blood, urine, 
Pneumonia pneumoniae cerebrospinal 

fluid 

Streptozyme Wampole Streptococcal Serum and 

extracellular blood plasma 
antigens 

Detect-A-Strep Antibodies Streptococcal Throat swabs 

Inc antigens 

Strep Detect Navillus, Inc Streptococcal Throat swabs 

antigens 


THYROID FUNCTION 


SODIUM IODIDE 1-131—page 481. 
SODIUM IODIDE 1-123—page 481. 


THYROTROPIN—page 1359. 


TOXOPLASMOSIS TEST 


TPM Test Kit to test for the presence of Toxoplasma gondii in 
blood. 


TUBERCULOSIS (See page 1057) 


TUBERCULIN, OLD—page 1589. 


TUBERCULIN, PURIFIED PROTEIN DERIVATIVE (PPD)— 
page 1589. 


UTERINE CAVITY 


Hyscon A Dextran 70 (32% W/V) in Dextrose (10% W/V) solu- 
tion intended for use as an aid with the hysteroscope in the 
distension of the uterine cavity and in irrigating and visualiz- 
ing its surfaces. 


VIRUS TESTS 


There are a variety of tests used by virology laboratories in the 
detection of herpes, rubella, human T-lymphotropic type I, 
HSV-1, HSV-2, and C-reactive protein. Readers are referred to 
their closest virology laboratory for specific details. 
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Chemical agents may be applied to the skin and mucous mem- 
branes for localized effects within the skin or membrane. Many 
of these, such as antibiotics, antiseptics, corticosteroids, anti- 
neoplastics, and local anesthetics, belong to distinct pharma- 
cological classes treated elsewhere in this text and are not 
discussed specifically in this chapter. However, transdermal 
delivery systems for compounds whose pharmacological activ- 
ity is discussed elsewhere are outlined briefly from the delivery 
viewpoint in this chapter. The heterogeneous groups of agents 
that are not part of a pharmaceutical drug class but nonethe- 
less have effects on epithelial surfaces and are mostly nonse- 
lective in action are the primary focus of this chapter. 

Those locally acting topical agents that have limited chem- 
ical and pharmacological activity generally have a physical 
basis of action. Included in this group are protectives, adsor- 
bents, demulcents, emollients, and cleansing agents. The rela- 
tive inertness of many of these substances renders them of 
value as vehicles and excipients. Consequently, many agents in 
this group are also pharmaceutical necessities and may be 
treated in Chapter 55. 

Topical agents that have general chemical reactivity include 
most astringents, irritants, rubefacients, vesicants, sclerosing 
agents, caustics, escharotics, many keratolytic (desquamating) 
agents, and a miscellaneous group of dermatologicals including 
hypopigmenting and antipruritic agents. 

Although the skin (described in further detail in Chapter 37) 
and other membranes (see Chapter 44 concerning the eye and 
Chapter 59 concerning absorption across other membranes) 
differ considerably in structure and function, they exhibit sim- 
ilar absorption profiles for some chemical agents and similar 
responses to certain physical and pharmacological stimuli. 
Thus, many of the agents found in this chapter may be applied 
to other membranes. Nevertheless, it is obvious that many 
agents, for which there is either contraindication or no ratio- 
nale for their application to the mucous membranes, may be 
applied only to the skin. 


PROTECTIVES AND ADSORBENTS 


In its broadest pharmacological sense a protective is any agent 
that isolates the exposed surface (skin or other membranes) 
from harmful or annoying stimuli. Substances that protect by 
mechanical or other physical means are considered to be pro- 
tectives. While the surface action of adsorbents and demulcents 
may impart some protection, demulcents and emollients are 
placed in separate categories that reflect their primarily der- 
matological function. 
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The abridged category of protectives mainly comprises 
the dusting powders, adsorbents, mechanical protective 
agents, and plasters. 


Dusting Powders 


Certain relatively inert and insoluble substances are used to 
cover and protect epithelial surfaces, ulcers, and wounds. Usu- 
ally these substances are very finely subdivided powders. They 
generally absorb moisture and, therefore, also act as cutaneous 
desiccants. The absorption of skin moisture decreases friction 
and also discourages certain bacterial growth. 

The water-absorbent powders should not be administered 
to wet, raw surfaces because of the formation of cakes and 
adherent crusts. Starch and other carbohydrate powders 
may become doughy with absorption of aqueous-based 
fluids but also may ferment. Consequently, such powders 
often contain an antiseptic. Most impalpable powders are 
absorptive, to some extent. Whether absorption of sub- 
stances, other than water, contributes to the protection of 
the skin is uncertain; however, absorption of fatty acids and 
perspiration constituents along with cutaneous drying, con- 
tributes to a deodorant action of such powders. It generally is 
held that the adsorptive capacity is important to the gastro- 
intestinal (GD) protective action of chemically inert powders 
taken internally. 

Chemically inert dusting powders are not entirely biolog- 
ically inert, despite the name. When carried into pores or 
wounds or left upon skin or epithelial surfaces, dusting 
powders, eg, talc, may cause irritation, granulomas, fibrosis, 
or adhesions. Even without direct irritation or obstruction of 
the perspiration, dust can be troublesome. 

Absorbable dusting powders (Biosorb, Ezon) are available 
for surgical gloves. This absorbable powder is mixed with 
2% magnesium oxide and contains residual amounts of so- 
dium sulfate and sodium chloride. This mixture produces 
no reaction in tissues and is absorbed completely within a 
short time. Starch also has drying and absorptive qualities 
(Fordustin powder; 90 and 24 g). These products, however, 
can be metabolized by Candida and thus can aggravate an 
infection. 

A product containing detranomerzzaq;1 (Debrisan) pro- 
motes debridement of secreting wounds, including venous 
stasis and decubitus ulcers, infected traumatic and surgical 
wounds, as well as infected burns. It consists of hydrophilic 
spherical beads (0.1 to 0.8 mm in diameter) of dextranomer. 
The beads are composed of a three-dimensional network of 
cross-linked dextran. This network selectively imbibes mol- 
ecules on the basis of molecular mass (molecules <1000 
daltons are imbibed; molecules 1000 to 5000 daltons experi- 


ence decreased absorption with increasing molecular-weight 
and molecules >5000 daltons are not imbibed). Four millili- 
ters of water are absorbed for each gram of dextranomer, and 
absorption is continuous so long as unsaturated beads are in 
proximity to the wound. This therapy is associated with the 
rapid and continuous exudate removal from wound surfaces, 
resulting in a marked reduction in inflammation, edema, and 
pain, as well as an increase in granuloma tissue formation 
and reduction in time for wound healing. 

Several of the dusting powders are incorporated into oint- 
ments, creams, and lotions. They also serve other functions 
in tablets and other pharmaceutical dosage forms. 


BENTONITE—page 1030. 
BISMUTH, SUBSALICYLATE—page 1221. 
BORIC ACID—page 1041. 
CALCIUM CARBONATE, PRECIPITATED—page 1221. 
CELLULOSE, POWDERED—see RPS-19, page 1397. 
CORNSTARCH—page 1047. 
MAGNESIUM STEARATE—page 1045. 
TALC—page 1048. 
TITANIUM DIOXIDE—page 1217. 
ZINC OXIDE—page 1207. 
ZINC STEARATE 


Octadecanoic acid, zinc salt 


Zinc stearate [557-05-1]. A compound of zinc with a mixture of solid 
organic acids obtained from fats, which consists chiefly of variable 
proportions of zinc stearate and zinc palmitate. It contains the equiva- 
lent of 12.5 to 14.0% of ZnO (81.38). 

Preparation—An aqueous solution of zinc sulfate is added to a 
sodium stearate solution, and the precipitate is washed with water 
until free of sulfate and dried. 

Description—Fine, white, bulky powder, free from grittiness, 
with a faint characteristic color; neutral to moistened litmus paper. 

Solubility—Insoluble in water, alcohol, or ether; soluble in benzene. 

Comments—In water-repellent ointments and as a dusting pow- 
der in dermatological practice for its desiccating, astringent, and 
protective effects. It has been removed from baby dusting powders, 
owing to accidental, fatal inhalations. 


Mechanical and Chemical Protectives 


Several materials may be administered to the skin to form an ad- 
herent, continuous film that may be either flexible or semirigid, 
depending on the materials and their formulations, as well as the 
manner in which they are applied. Such materials may serve several 
purposes including (1) providing occlusive protection from the exter- 
nal environment, (2) providing mechanical support, and/or (3) serv- 
ing as vehicles for various medicaments. 

The two principal classes of mechanical protectives are the col- 
lodions and plasters. Their use is decreasing with the increasing 
recognition of the importance of air exposure in maintaining a nor- 
mally balanced cutaneous bacterial flora of low pathogenicity. Also, 
the mechanical protectives may be somewhat irritating because of 
interference with normal percutaneous water transport caused by 
certain oligomers, resins, and other components, especially in plas- 
ters. The cerates may be employed similarly to the plasters. Ban- 
dages, dressings, new vapor-permeable polymer membranes, and 
casts also afford mechanical protection and support (see Chapter 108 
for additional information). A brief discussion of plasters is included 
in Chapter 44. 

A number of insoluble and relatively inert powders that remain 
essentially unchanged chemically in the GI tract may possess surface 
properties that favor their absorption to the GI mucosa. Such mate- 
rials may offer mechanical protection against abrasion and may even 
offer slight protection against toxins and chemical irritants. Many 
such protectives also are adsorbents (charcoal, bismuth compounds, 
kaolin) or astringents (zinc and bismuth compounds). They are dis- 
cussed under those categories. 
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ALUMINUM HYDROXIDE GEL—page 1221. 


COLLODION 


Contains not less than 5.0%, by weight, of pyroxylin. 
SS 


PYTOXY IM) seep leetsera tale nim ere cia aie ae ae ati ae e Ae OF. Deets: 40g 
ExGIT Gana pi. Sit; FA Ne ES 2 Faken cary mead el hs bela fend | 750 mL 
JRC OTN ORR es tote ee RES ene ihn Sel on Wins Fores v5, 250 mL 


1000 mL 


Add the alcohol and the ether to the pyroxylin contained in a suitable 
container, and stopper the container well. Shake the mixture occasion- 
ally until the pyroxylin is dissolved. 

Description—Clear, or slightly opalescent, viscous liquid; color- 
less, or slightly yellowish, with the odor of ether; specific gravity 
between 0.765 and 0.775. 

Alcohol Content—22 to 26% of C,H;OH. 

Comments —Chiefly to seal small wounds, for the preparation of 
medicated collodions, and to protect nonaffected areas of the skin 
from topically applied irritants, corrosives, etc. 

Caution—Collodion is highly flammable. 


SALICYLIC ACID COLLODION—page 1221. 
DIMETHICONE 


Simethicone; 360 Medical Fluid; Sentry Dimethicone 
(9006-65-9](C.,H,OSi),,. A water-repellent silicone oil consisting essen- 
tially of dimethyl siloxane polymers (200 series of fluids; see Silicones, 
below). 

Preparation—US Pat 2,441,098. 

Description—Water-white, viscous, oil-like liquid. 

Solubility—Immiscible with water or alcohol; miscible with chlo- 
roform or ether. 

Comments—Exhibits skin-adherent and water-repellent pro- 
perties. It is both a protective and an emollient, for which its 
Food and Drug Administration (FDA) classification is Category I. 
Applied to the skin, it forms a protective film that provides a barrier 
to ordinary soap and water and water-soluble irritants. The film 
may last several hours if the skin is exposed, mainly to aqueous 
media. The film provides a less effective barrier to synthetic 
detergents and lipid-soluble materials, such as organic solvents. It 
should not be applied except in contact dermatoses and derma- 
toses aggravated by substances that can be repelled by the silicone. 
It is useful in preventing irritation from ammonia produced by 
the urine of infants, but it may exacerbate preexisting irritation. The 
occlusive protection by the silicone is detrimental to inflamed, 
traumatized, abraded, or excoriated skin and to lesions requiring 
free drainage. However, applied adjacent to such lesions, it offers 
protection against irritating discharges and maceration. It practi- 
cally is harmless and does not sensitize skin, but it does cause 
temporary irritation to the eyes. It may be incorporated into creams 
or lotions. 


PETROLATUM GAUZE 


Petrolated Gauze 

Absorbent gauze saturated with white petrolatum. The weight of the 
petrolatum is 70 to 80% of the weight of the gauze. It is sterile. 

Preparation—By adding, under aseptic conditions, molten, ster- 
ile, white petrolatum to dry, sterile, absorbent gauze, previously cut 
to size, in the ratio of 60 g petrolatum to each 20 g gauze. 

Comments—A protective dressing; also as packing material for 
postoperative plugs, packs, rolls, and tampons, and as a wick, drain, 
or wraparound for tubing. It is claimed that there is no danger of 
tissue maceration and that no growth of granulation tissue through 
it occurs. 


GELATIN SPONGE, ABSORBABLE—page 1261. 
KAOLIN—page 1238. 

LANOLIN—page 1036. 

LANOLIN, ANHYDROUS—page 1035. 

MINERAL OlL—page 1233. 

MINERAL OIL EMULSION—see RPS-19, page 788. 
MINERAL OIL, LIGHT—page 1045. 

OLIVE OlL—see RPS-19, page 1400. 

PEANUT OlL—page 1029. 

PETROLATUM—page 1035. 
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SILICONES 


Polyorganosiloxanes; Silastic; Silicone Rubber 
Organosilicon polymers containing chains of alternating oxygen and 
silicon atoms with substituent organic groups, frequently methyl or 
phenyl, attached to each silicon atom. 

Preparation—May be prepared synthetically by condensing al- 
kylated or arylated silanols. Disubstituted silanediols [R,Si(OH),] 
form linear polymers having the general formula 


arte 
HO si 0 si O ‘i OH 
R R R 


Cross-linked polymers result from condensation of mixtures of 
substituted silanediols and monosubstituted  silanetriols 
[RSi(OH);], represented by the following partial formula where 
R is a hydrocarbon radical: 
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One method of preparation involves interaction of silicon tet- 
rachloride with appropriate Grignard reagents to yield alky- 
lated or arylated dichlorosilanes. After hydrolysis to the corre- 
sponding substituted silanols, dehydration procedures are used 
to effect condensation polymerization. The overall reaction, as 
it involves a disubstituted silanediol, may be represented as 


Sic, 24%25..R,SiCl,. 224 R SiH), => HOSiR),0],.0 


Silicon Disubsti- Disubsti- Silicone 
tetra- tuted tuted linear 
chloride dichloro- silanediol polymer 

silane 


Description—Silicones with a wide range of properties may be 
produced by varying the molecular weight, tacticity, substituent R 
groups, R:Si ratios (whether linear, cyclic, or cross-linked polymers), 
and the degree of cross-linking. Physically, silicones vary from mo- 
bile liquids through low-viscosity liquids and semisolids to solids. 
Linear silicones (liquids to semisolids) have viscosities ranging from 
0.65 to 1,000,000 centistokes. Higher-molecular-weight linear sili- 
cones form solids. Cross-linked silicones may exhibit gel-like to solid- 
like properties, depending on the degree of cross-linking and chem- 
ical structure of the repeat unit. In general, silicones are odorless, 
tasteless, water repellent, relatively inert chemically, stable under 
high and low temperatures, and efficient as antifoam agents. 

Solubility—Unmodified silicones are generally insoluble in wa- 
ter, thus they frequently are termed silicone oils. However, a water- 
soluble sodium salt of a simple silicone, sodium methyl siliconate 
[CH,Si(OH),ONa], has been marketed. 

Comments—Preparations containing silicones have various der- 
matological uses (see Dimethicone) and are used as ingredients of 
bases for ointments and liniments. In the form of inhalation sprays, 
silicone preparations have been employed in the treatment of pul- 
monary edema involving frothing of fluid in the upper respiratory 
tract. They also are used orally as antiflatulent or gastric defoaming 
agents (see Simethicone, page 1242). 

A silicone bouncing putty has found acceptance for use as a 
physical agent in treating conditions requiring finger exercise. The 
water-repellent properties of the silicones are employed in numerous 
applications in which drainage of aqueous fluids from surfaces is 
desirable. 

Silicones exhibit low irritation as a result of their surface chem- 
ical, physical, and bulk mechanical properties. Consequently, sili- 
cone rubbers are component materials in various indwelling cathe- 
ters and tubes designed for short-time use. Solid implants that 


incorporate silicone into their composition include nose, chin, and 
other types of prostheses uséd in plastic, reconstructive, and ortho- 
pedic procedures. 

In addition to uses involving antifoaming, water-repellent, and 
nonirritating characteristics, silicone fluids also are employed to 
prevent adhesion between components or materials and as release 
agents. Examples of its usage as a release agent include release of 
rubber and plastics from molds, food from metal, ice from wings of 
aircraft and capsules and tablets from molds and dies in which they 
are fabricated. 

Liquid silicones have been used to fill in hypoplastic body areas 
for cosmetic purposes, although these fluids tend to relocate because 
of flow under gravity and motion. While the use of silicone fluids in 
reconstructive breast surgery and similar applications is undergoing 
reassessment for safety concerns, solid materials continue to be well 
accepted in biomedical applications. 

Higher-molecular-weight (solid) silicone rubbers are used to 
encapsulate steroid hormones and other drugs intended for chronic 
implantation. For example, Norplant (Wyeth-Ayerst) is a long- 
term contraceptive implant that incorporates levonorgestrel into 
silastic-based rods. The steroid is released slowly from the implant 
over an extended time period to provide approximately 5-yr contin- 
uous use. 

Silicone-based materials are also an important class of contact 
lens materials. The silicone polymer is gas permeable, thus enabling 
oxygen to permeate the contact lens to the cornea. However, silicones 
are not hydrogels and do not absorb large amounts of water similar 
to hydrogel-based contact lenses. The materials exhibit minimal if 
any irritation as a result of surface chemical and physical properties 
and are comfortable to wear because of the gas permeation and 
mechanical properties. 


ZINC CARBONATE 


Smithsonite; Zincspar 
[3486-35-9] CO.Zn (125.38). 

Description—White rhombohedroids. 

Solubility—Soluble 10 ppm in water at 15°; soluble in dilute 
acids, alkalies, or solutions of ammonium salts. 

Comments—Both for its lubricity and as a drying agent. As a 
skin protectant it falls into FDA Category I. It is included in 
commercial topical burn and sunburn products and extemporary 
protectants. 


Occlusive Dressings 


Occlusive dressings alter environmental aspects of certain 
types of wounds that may facilitate healing. While a moist 
wound environment may be beneficial, there are certain disad- 
vantages. Moisture has been associated with enhanced rates of 
reepithelialization. Brief increases in the number of inflamma- 
tory cells within the wound site may break down cellular de- 
bris. While transient increases in bacterial counts have been 
observed with occlusive dressings, infection usually does not 
occur, in part as a result of the transitory increased inflamma- 
tory cell populations. Dermal and epidermal healing also may 
be aided by the low-pH and low-oxygen environment. Further- 
more, such dressings provide physical protection. 

Gas-permeable, synthetic, polymer-based dressings have 
been developed. These materials provide chemical and phys- 
ical protection while maintaining a more acceptable micro- 
environment. Polyurethane-based films that are permeable 
to oxygen and water vapor include Op-site, Tegaderm, and 
Bioclusive. Duo-Derm (Conva Tec) is a hydrophobic polymer 
with embedded hydroactive particles that is oxygen- and 
water-vapor impermeable. Application depends on whether 
the dressing is self-adherent. 


DEMULCENTS 


Demulcents (L, demulcere, to smooth down) are protective 
agents that are employed primarily to alleviate irritation, par- 
ticularly of mucous membranes or abraded tissues. They also 
often are applied to the skin. They generally are applied to the 


surface in viscid, sticky preparations that cover the area 
readily. They also may be medicated. The local action of chem- 
ical, mechanical, or bacterial irritants, thereby, is diminished, 
and pain, reflexes, spasm, or catarrh are attenuated. They also 
prevent drying of the affected surface. The demulcents may be 
applied to the skin (lotions, ointments, or wet dressings), GI 
tract (demulcent drinks or enemas), throat (lozenges or gar- 
gles), or corneal membranes (artificial tears and in wetting 
agents for contact lenses). When demulcents are applied as 
solid material (as in lozenges or powders), the liquid is provided 
by secreted or exuded fluids. Demulcents frequently are medi- 
cated. In such instances the demulcent may be an adjuvant, a 
corrective, or a pharmaceutical necessity. Many of the demul- 
cents are also laxatives (page 1229) and are used as such, or 
they are used with laxatives or antacids for their demulcent 
and lubricating action. 

A variety of chemical substances possess demulcent prop- 
erties. Among these are the alginates, mucilages, gums, 
dextrins, starches, certain sugars, and polymeric polyhydric 
glycols. Mucus itself is a natural demulcent. Certain silicates 
that form silicic acid on exposure to air or gastric juice and 
glycerin, although the silicic acid has low molecular weight 
and relatively low binding power, frequently are placed 
among the demulcents. Also the colloidal hydrous oxides, 
hydroxides, and basic salts of several metals are claimed to 
be demulcent, but acceptable clinical proof of the claim has 
not been provided. 

The hydrophilic colloidal properties of most demulcents 
enable them to function as emulsifiers and suspending 
agents in water-soluble ointments and suspensions. They 
also retard the absorption of many injections and, thus, may 
be employed in various depot preparations. Many of the 
demulcents mask the flavor of medicaments by means of at 
least three physical phenomena: (1) they apparently coat the 
taste receptors and render them less sensitive; (2) they in- 
corporate many organic solutes into micelles and, thereby, 
diminish the free concentration of such solutes; and (3) they 
coat the surfaces of many particles in suspension. Because of 
the adhesiveness of the demulcents, they are employed 
widely as binding agents in tablets, lozenges, and similar 
dosage forms. Consequently, certain demulcents are dis- 
cussed in Chapter 55. 


ACACIA—page 1030. 
AGAR—page 1030. 
BENZOIN 


Gum Benjamin; Benzoe 


The balsamic resin obtained from Styrax benzoin Dryander or Styrax 
paralleloneurus Perkins, known in commerce as Sumatra Benzoin, or 
from Styrax tonkinensis (Pierre) Craib ex Hartwich, or other species of 
the Section Anthostyrax of the genus Styrax, known in commerce as 
Siam Benzoin (Fam Styraceae). 

Sumatra benzoin yields not less than 75.0% of alcohol-soluble 
extractive, and Siam benzoin yields not less than 90.0% of alcohol- 
soluble extractive. 

Constituents—Siam benzoin contains about 68% crystalline co- 
niferyl benzoate [C,,H,,0,]; up to 10% of an amorphous form of this 
compound is also present. Some coniferyl alcohol (m-methoxy-p- 
hydroxycinnamyl alcohol, mp 73° to 74°) occurs in the free state as 
well. Other compounds that have been isolated are benzoic acid, 
11.7%; d-siaresinolic acid, 6%; cinnamyl benzoate, 2.3%; and vanillin 
0.3%. 

Sumatra benzoin has been reported to contain benzoic and cin- 
namic acid esters of the alcohol benzoresinol and probably also of 
coniferyl alcohol, free benzoic and cinnamic acids, styrene, 2 to 3% 
cinnamyl cinnamate (also called styracin), 1% phenylpropyl cin- 
namate, 1% vanillin, a trace of benzaldehyde, a little benzyl cin- 
namate, and the alcohol d-sumaresinol C3 )H,;,0,. 

Description—Sumatra Benzoin: Blocks or lumps of varying size 
made up of compacted tears, with a reddish brown, reddish gray, or 
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grayish brown resinous mass. Siam Benzoin: Compressed pebble-like 
tears of varying size and shape. Both varieties are yellowish to rusty 
brown externally and milky white on fracture; hard and brittle at 
ordinary temperatures but softened by heat; aromatic and balsamic 
odor; aromatic and slightly acrid taste. 

Comments—A protective application for irritations of the skin. 
When mixed with glycerin and water, the tincture may be 
applied locally for cutaneous ulcers, bedsores, cracked nipples, and 
fissures of the lips and anus. For throat and bronchial inflammation, 
the tincture may be administered on sugar. The tincture and 
compound tincture sometimes are used in boiling water as steam 
inhalants for their expectorant and soothing action in acute laryngi- 
tis and croup. In combination with zinc oxide, it is used in baby 
ointments. 


Compound Benzoin Tincture [Balsamum Equitis Sancti Vic- 
toris, Balsamum Commendatoris, Balsamum Catholicum, Bal- 
samum Traumaticum, Balsamum Vulnerarium, Balsamum Per- 
sicum, Balsamum Suecium, Balsamum Friari, Balsamum 
Vervaini, Guttae Nader, Guttae Jesuitarium, Tinctura Bal- 
samica, Balsam of the Holy Victorious Knight, Commander’s 
Balsam, Friar’s Balsam, Turlington’s Drops, Persian Balsam, 
Swedish Balsam, Vervain Balsam, Turlington’s Balsam of Life, 
Balsam de Maltha, Ward’s Balsam, Jerusalem Balsam, Saint 
Victor’s Balsam, Wade’s Drops, Wound Elixir and Balsamic Tinc- 
ture]—Preparation: With benzoin (in moderately coarse powder, 
100 g), aloe (in moderately coarse powder, 20 g), storax (80 g), and 
tolu balsam (40 g), prepare a tincture (1000 mL) by Process M (page 
750), using alcohol as the menstruum. Alcohol Content: 74 to 80% 
C,H,OH. Comments: Especially valuable in acute laryngitis, also in 
croup, when added to hot water and the vapor inhaled. By adding a 
teaspoonful of the tincture to boiling water in an inhaler and inhal- 
ing the vapor, very effective results may be obtained. See Chapter 
109. It also is administered, on sugar, for throat and bronchial 
inflammation and as a local application, when mixed with glycerin 
and water, for ulcers, bedsores, cracked nipples, and fissures of the 
lips and anus. 


CARBOMER METHYLCELLULOSE—see RPS-19, page 1396. 

GELATIN—page 1031. 

GLYCERIN—page 1346. 

GLYCYRRHIZA—page 1022. 

HYDROXYETHYL CELLULOSE—page 1032. 

HYDROXYPROPYL CELLULOSE—page 1032. 
HYDROXYPROPYL CELLULOSE INSERT 


Lacrisert 

Description—Sterile; translucent; rod-shaped. 

Solubility—Soluble in water. 

Comments—For administration into the inferior cul-de-sac of 
the eye. It is used when lacrimation is inadequate or to thicken tear 
film and prolong the tear-film breakup time, which usually is accel- 
erated in patients with moderate to severe dry-eye states, including 
conjunctival hyperemia, corneal and conjunctival staining with rose 
bengal, exudation, itching, burning, foreign body sensation, smart- 
ing, photophobia, dryness, and blurred or cloudy vision. 


HYDROXYPROPYL METHYLCELLULOSE—page 1032. 


HYDROXYPROPYL METHYLCELLULOSE OPHTHALMIC 
SOLUTION 


A sterile solution of hydroxypropyl methylcellulose, of a grade contain- 
ing 19.0 to 30.0% methoxy and 4.0 to 12.0% hydroxypropoxy groups; 
may contain antimicrobial, buffering, and stabilizing agents. 

Comments—A wetting solution for contact lenses. Its demulcent 
action decreases the irritant effect of the lens on the cornea. It also 
imparts viscous properties to the wetting solution, which assists the 
lens in staying in place. The demulcent effect also finds application 
in ophthalmic decongestants. Artificial tear formulations containing 
this drug may be used when lacrimation is inadequate. A 2.5% 
solution is used in gonioscopes. 


METHYLCELLULOSE—page 1032. 
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METHYLCELLULOSE OPHTHALMIC SOLUTION 
A sterile solution of methylcellulose; may contain antimicrobial, buff- 
ering, and stabilizing agents. 
Comments—For the same purposes, and in the same manner, as 
Hydroxypropyl Methylcellulose Ophthalmic Solution, above. 


PECTIN—page 1238. 
POLYETHYLENE GLYCOLS—page 1037. 
POLYVINYL ALCOHOL—page 1032. 
POLYVINYL ALCOHOL OPHTHALMIC SOLUTION 


VasoClear A 
A sterile solution of polyvinyl alcohol, which may contain antimicrobial, 
buffering, and stabilizing agents and other demulcent substances. 

[9002-89-5] (Polyvinyl alcohol). 

Preparation—By partial hydrolysis (ca 90%) of polyvinyl ace- 
tate. 

Description—A white powder that is a linear polymer, —(CH,— 
CHOH),—, where the value of n is between 500 and 5000; pH (1 in 
25 aqueous solution) between 5 and 8. 

Solubility—Soluble in water; insoluble in organic solvents. 

Comments—A wetting solution for contact lenses. The polyvinyl 
alcohol has a demulcent action that helps protect the eye from 
irritation by the contact lens. It also is used in artificial tears, 
employed when there is insufficient lacrimation. 


PROPYLENE GLYCOL—page 1040. 
SODIUM ALGINATE—page 1030. 
TRAGACANTH—page 1033. 


EMOLLIENTS 

SSD EI SE ST I ST TE 
Emollients (L, emollier, to soften) are bland, fatty, or oleagi- 
nous substances that may be applied locally, particularly to the 
skin but also to other mucous membranes. Skin usually ap- 
pears dry because of a lack of moisture. Emollients or moistur- 
izers increase the tissue moisture content, thereby rendering 
the skin softer and more pliable. Increased moisture content in 
the skin can be achieved by preventing water loss with 
an occlusive water-immiscible barrier, increasing the water- 
holding capacity of the skin with humectants, or altering 
the desquamation of the outermost skin layer, the strateum 
corneum. 

The class of vehicles for emollients providing the range of 
the greatest moisturizing to the greatest drying effects on 
the skin include oleaginous bases, anhydrous absorption 
bases, W/O emulsions, O/W emulsions, the more-neutral, 
water-miscible compounds, and, finally, the more-drying gel 
and solution bases. 

Emollients have certain disadvantages. It now is recog- 
nized that retention of perspiration below the emollient and 
exclusion of air render conditions favorable to the growth of 
anaerobic bacteria. Furthermore, rubbing and massaging 
during application aids in the spreading of cutaneous bacte- 
ria. Consequently, the use of emollients to cover burns and 
abrasions is diminishing. Some emollients (eg, lanolin, both 
the hydroxylated and acetylated forms; isopropyl myristate 
and palmitate; oleyl alcohol and sodium lauryl sulfate) are 
comedogenic. Other liquid emollients may be used for mild 
catharsis (page 1229) and for protection against GI corro- 
sives; however, castor oil is hydrolyzed in the gut to the 
irritating ricinoleic acid and, hence, is employed as an emol- 
lient only externally. Orally administered liquid emollients 
may be aspirated into the trachea and lungs, especially by 
infants; in the debilitated, such aspiration induces oil aspi- 
ration pneumonia. This condition also may be induced by 
emollient nose drops. 

The chief use of emollient or moisturizing substances 
beyond their therapeutic actions is to provide vehicles for 
lipid-soluble drugs (as in ointments and liniments); hence, 
many of them are described among the pharmaceutical ne- 
cessities (Chapter 55). It is widely, but incorrectly, held that 


such vehicles facilitate the transport through the skin of 
their active ingredients. On the contrary, when the oil:water 
partition coefficient is greater than 1.0, the penetration is 
retarded, and the emollient vehicle prolongs the action of the 
active ingredient. Emollient substances also are employed in 
both cleansing and antiphlogistic creams and lotions. Com- 
pound ointment bases, creams, and other medicated appli- 
cations are treated in Chapter 43. Only the simple emol- 
lients and important compounded ointments that are used 
frequently for their emollient actions are listed below. 


Animal Fats and Oils 


LANOLIN—page 1036. 
MINERAL OlL—page 1233. 
MINERAL OIL, LIGHT—page 1045. 
PARAFFIN—page 1035. 
PETROLATUM—page 1035. 
RED PETROLATUM 


Description—UV-absorbing qualities to 340 nm. It provides a 
water-protective action because of its petrolatum base. 

Comments—Owing to its opacity, it is used as a sunblock in 
creams, ointments, and sticks. It also is used as a sunshade with zine 
oxide in some formulations and for lip protection (20% petrolatum 
with 5% p-aminobenzoic acid (PABA)). 


WHITE OINTMENT—page 1034. 
WHITE PETROLATUM—page 1035. 
YELLOW OINTMENT—page 1034. 


Vegetable Oils 


CASTOR OlL—page 1231. 

COCOA BUTTER—page 1043. 
COCONUT OlL—see RPS-18, page 1317. 
CORN OlL—page 1029. 

COTTONSEED OlL—page 1029. 

OLIVE OlL—see RPS-18, page 1309. 
PEANUT OlL—page 1029. 

PERSIC OlL—see RPS-18, page 1323. 
SESAME OlL—page 1029. 


Waxes 


CETYL ESTERS WAX—page 1034. 
COLD CREAM—page 1036. 
HYDROPHILIC OINTMENT—page 1036. 
ROSE WATER OINTMENT—page 1036. 


Other Emollients 


CETYL ALCOHOL—page 1035. 
GLYCERIN—pages 1039 and 1346. 
PETROLATUM, HYDROPHILIC—page 1035. 
ISOPROPYL MYRISTATE—page 1044. 
MYRISTYL ALCOHOL 


Tetradecyl Alcohol 
({112-72-1] CH,(CH,),,CH,OH (214.38). 
Preparation—By reduction of fatty acid esters. 
Description—White, crystalline alcohol; specific gravity 0.824; 
melts at 30°. 


Solubility—Insoluble in water; soluble in ether; slightly soluble 
in alcohol. 
Comments—An emollient in cold creams. 


OLEYL ALCOHOL—page 1032. 
SHARK LIVER OIL 


The oil extracted from the livers of the soupfin shark, Galeorhinus 
zyopterus or Hypoprion brevirostris, both of which are rich in vitamins 
A and D. 

Comments—An emollient and protectant (FDA classification 
Category I) used in burn and sunburn ointments. 


Pee CENTS AND ANTIPERSPIRANTS 


Astringents are locally applied, protein precipitants that have 
such a low cell penetrability that the action essentially is lim- 
ited to the cell surface and the interstitial spaces. The perme- 
ability of the cell membrane is reduced, but the cells remain 
viable. The astringent action is accompanied by contraction 
and wrinkling of the tissue and by blanching. The cement 
substance of the capillary endothelium and the basement mem- 
brane is hardened, so that pathological transcapillary move- 
ment of plasma protein is inhibited, and local edema, inflam- 
mation, and exudation, thereby, are reduced. Mucus or other 
secretions also may be reduced, so that the affected area be- 
comes drier. 

Astringents are used therapeutically to arrest hemor- 
rhage by coagulating the blood (styptic action, page 1261) 
and to check diarrhea, reduce inflammation of mucous mem- 
branes, promote healing, toughen the skin, or decrease 
sweating. 

The principal astringents are 


1. Salts of the cations aluminum, zinc, manganese, iron, or bis- 
muth. : : ; 

2. Certain other salts that contain these metals (such as perman- 
ganates). 

3. Tannins or related polyphenolic compounds. 


Zinc sulfate (0.25%) is the only nonprescription astringent rec- 
ommended. Acids, alcohols, phenols, and other substances that 
precipitate proteins may be astringent in the appropriate 
amount or concentration. However, such substances generally 
are not employed for their astringent effects, because they 
readily penetrate cells and promote tissue damage. Strongly 
hypertonic solutions dry the affected tissues and are often 
incorrectly called astringents, since protein precipitation also 
occurs. Many astringents are irritant or caustic in moderate to 
high concentrations. Consequently, strict attention must be 
paid to the appropriate concentration. Most astringents are 
also antiseptics, and many of them are discussed in Chapter 87. 

Astringents also possess some deodorant properties by 
virtue of their interaction with odorous fatty acids liberated 
or produced by action of bacteria on lipids in sweat and by 
suppressing bacterial growth, partly because of a decrease in 
pH. The antiperspirant effect is the result of both the closure 
of the sweat ducts by protein precipitation to form a plug and 
peritubular irritation that promotes an increase in inward 
pressure on the tubule. 

Antiperspirants and deodorants can be applied as aero- 
sols, sprays, pads, sticks, and roll-on liquid, creams, and 
semisolids for the control of excessive perspiration and body 
odor. The general adult population secretes between 0.5 to 
1.5 L of odorless perspiration a day. The unpleasant odor 
associated with perspiration is the result of chemical and 
bacterial degradation of these skin secretions. Antiperspi- 
rants are designed to decrease the flow and/or inhibit the 
bacterial degradation of skin secretions. Agents most com- 
monly used as antiperspirants include aluminum chlorohy- 
drates, aluminum chloride, buffered aluminum sulfate, and 
zirconyl chlorohydrates. These agents reduce perspiration 20 
to 40% in the general adult population. 
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Aluminum chlorohydrates are available in a variety of 
25% (anhydrous) salt formulations that differ in the ratio of 
aluminum to chlorine, as well as in complexes with polyeth- 
ylene glycol or polypropylene glycol. Aluminum chlorohy- 
drates are less acidic than aluminum chloride; thus, they do 
not stain fabrics in contact with treated skin and maintain 
antiperspirant activity and antiodor activity by inhibiting 
growth of gram-negative bacteria on the skin surface. 

Buffered aluminum sulfate (8% aluminum sulfate buff- 
ered with 8% sodium aluminum lactate) is effective and 
nonirritating to the skin. 

Because of the sarcoid-like granulomas and allergic reac- 
tions to aluminum zirconium chlorohydrates, they are not 
used in aerosol-type antiperspirants. They are used topically 
as antihydrotics on the axillae in concentrations not exceed- 
ing 20%. 

Glutaraldehyde (2 to 10% buffered solution), formalde- 
hyde (5 to 30% solutions), methenamine (5% stick or 10% 
solution), and scopolamine hydrobromide (0.025% solution) 
also are used to treat hyperhidrosis of the planar and plantar 
surfaces but not axillae surfaces. Deodorants reduce the 
resident bacteria flora on the skin, thereby inhibiting bacte- 
rial decomposition of perspiration. 

Commonly used agents include benzalkonium chloride, 
methylbenzethonium chloride, and neomycin sulfate. The 
quaternary ammonium chlorides, however, are inactivated 
by soaps. They can irritate skin at concentrations greater 
than 1%. Concurrent use of antibiotics may sensitize the 
individual subject and/or result in the production of resis- 
tant bacterial strains. 


ALCOHOL—pages 1038 and 1507. 
— ALUM 


Sulfuric acid, aluminum potassium salt (2:1:1), dodecahydrate; 
Sulfuric acid, aluminum ammonium salt (2:1:1), dodecahydrate; 
Alumen; Alumen Purificatum; Purified Alum 


Aluminum ammonium sulfate (1:1:2) dodecahydrate [7784-26-1]; anhy- 
drous [7784-25-0] (237.14); or aluminum potassium sulfate (1:1:2) do- 
decahydrate [7784-24-9]; anhydrous [10043-67-1] (258.19). 

The label of the container must indicate whether the salt is 
ammonium alum [AINH,(SO,),-12H,O, 453.32] or potassium alum 
[AIK(SO,).°12H,0, 474.38]. 

Preparation—Prepared from the mineral bauxite (a hydrated 
aluminum oxide) and sulfuric acid, with the addition of ammonium 
or potassium sulfate for the respective alums. Ammonium alum 
dominates the market because of its lower cost. 

Description—Large, colorless crystals, crystalline fragments, or 
a white powder; odorless and has a sweetish, strongly astringent 
taste; solutions are acid to litmus. 

Solubility—1 g ammonium alum in 7 mL water, and 1 g potas- 
sium alum in 7.5 mL water; both are soluble in about 0.3 mL boiling 
water, but they are insoluble in alcohol; alum is freely but slowly 
soluble in glycerin. 

Incompatibilities—When alum is dispensed in powders with 
phenol, salicylates, or tannic acid, gray or green colors may be 
developed because of traces of iron in the alum. A partial liberation 
of its water of crystallization permits it to act as an acid toward 
sodium bicarbonate, thus liberating carbon dioxide. Ammonia is 
liberated simultaneously from ammonium alum. Alkali hydroxides 
and carbonates, borax, or lime water precipitates aluminum hydrox- 
ide from solutions of alum. The alums possess the incompatibilities 
of the water-soluble sulfates. 

Comments—A powerful astringent in acidic solutions. It is only 
slightly antiseptic, probably because of bacteriostasis through liber- 
ation of acid on hydrolysis. It sometimes is used as a local styptic, and 
frequently is employed in making astringent lotions and douches. It 
is used especially by athletes to toughen the skin. As an astringent 
it is used in concentrations of 0.5 to 5%. Some vulvovaginal cleansing 
and deodorant preparations also contain alum. 

Styptic pencils are made by fusing potassium alum, usually with 
the addition of some potassium nitrate, and pouring it into suitable 
molds. 

Caution—Do not confuse styptic pencils with caustic pencils (page 
1210); the latter contain silver nitrate. 
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ALUMINUM ACETATE TOPICAL SOLUTION 


Acetic acid, aluminum salt; Liquor Burowii; Burow’s Solution 
Al(OCOCH,); 


Yields, from each 100 mL, 1.20 to 1.45 g of aluminum oxide [AI,O,, 
101.96] and 4.24 to 5.12 g of acetic acid [C,H,O,, 60.05], corresponding 
to 4.8 to 5.8 g of aluminum acetate [139-12-8] C,H AIO, (204.12). It may 
be stabilized by the addition of not more than 0.6% of boric acid. 
Caution—This solution should not be confused with Aluminum Sub- 
acetate Topical Solution, which is a stronger preparation. 

Note—Dispense only clear Aluminum Acetate Solution. 

Description—Clear, colorless liquid having a faint acetous odor 
and a sweetish, astringent taste; specific gravity about 1.022; pH 3.6 
to 4.4. 

Comments—As an astringent dressing or as an astringent mouth 
wash and gargle. Aluminum acetate is included in preparations to 
treat athlete’s foot, dermatitides, diaper rash, dry skin, poison ivy 
poisoning, and inflammation of the external ear. 


ALUMINUM CHLORIDE 


[7784-13-6] A1C13 - 6H,O (241.43); anhydrous [7446-70-0] (133.34). 

Preparation—By heating aluminum in chlorine gas, then dis- 
solving the product in water and crystallizing, or by dissolving 
freshly precipitated aluminum hydroxide in hydrochloric acid and 
concentrating to permit crystallization. 

Description—White or yellowish white, crystalline powder; del- 
iquescent; sweet, astringent taste; solutions are acid to litmus. 

Solubility—1 g in about 0.9 mL water or 4 mL alcohol; soluble in 
glycerin. 

Comments—Extensively employed on the skin as an astringent 
and anhidrotic; it is included in some proprietary preparations for- 
mulated for this purpose. It is used especially in the treatment of 
soggy athlete’s foot, to promote drying and, hence, to enhance the 
efficacy of specific antifungal drugs. For ordinary antiperspirant use 
the basic salt aluminum chlorohydroxide, Al,Cl(OH);, is preferable 
as it is less irritating and causes less deterioration of clothing than 
does this drug. It may have a special use in the treatment of hyper- 
hidrosis of the palms, soles, or axillae, for which a 20% solution in 
absolute alcohol is used. In the presence of water, it hydrolyzes to 
aluminum chlorohydroxide and hydrochloric acid, which can cause 
irritation, especially in fissures, discomfort, and also deterioration of 
clothing. Concentrations below 15% cause a low incidence of irrita- 
tion. Consequently, it is essential that the area to be treated is 
completely dry before application. To protect bedclothes, the treated 
area is sometimes covered with plastic wrap, but such occlusion of 
the axillae may result in boils or furuncles. It should not be applied 
to the axillae immediately after shaving or used where the skin is 
irritated or broken. Concentrations above 15% are used as caustics. 


ALUMINUM CHLOROHYDRATES 


The hydrate of aluminum chloride hydroxide [1327-41-9] Al,Cl(OH),. 

Comments—Mainly employed in antiperspirant products, for 
which they have been rated safe and effective in concentrations of 
25% (as anhydride) or less. Since solutions or suspensions are less 
acidic than those of aluminum chloride, they cause a lower incidence 
of irritation to the skin. 


ALUMINUM SULFATE 


Sulfuric acid, aluminum salt (3:2), hydrate; Cake Alum; Patent 
Alum; Pearl Alum; Pickle Alum; Papermaker’s Alum 


Aluminum sulfate (2:3) hydrate [17927-65-0] Al.,(SO,),-xH,O; anhy- 
drous [10043-01-3] (342.14). 

Preparation—By reacting freshly precipitated aluminum hy- 
droxide with an appropriate quantity of sulfuric acid. The resulting 
solution is evaporated and allowed to crystallize. 

Description—White crystalline powder, shining plates, or crys- 
talline fragments; stable in air; odorless and with a sweet, mildly 
astringent taste; aqueous solution (1 in 20) is acid and has a pH not 
less than 2.9. 

Solubility—1 g in about 1 mL water; insoluble in alcohol. 

Comments—A powerful astringent, acting much like alum. It is 
used widely as a local antiperspirant and is the effective ingredient 
in some commercial antiperspirant products. Solutions usually are 
buffered with sodium aluminum lactate to make them less irritating. 


It is used for water purification in the alum flocculation process. It is 
a pharmaceutical necessity for Aluminum Subacetate Solution. 


BISMUTH SUBCARBONATE—see RPS-18, page 799. 
BISMUTH SUBNITRATE—page 1041. 
CALAMINE 


Iron oxide (Fe,O,), mixt. with zinc oxide; Prepared Calamine; 
Lapis Calaminaria; Artificial Calamine 


Calamine [8011-96-9]; contains, after ignition, not less than 98.0% ZnO 
(81.38). 

Preparation—By thoroughly mixing zinc oxide with sufficient 
ferric oxide (usually 0.5 to 1%) to obtain a product of the desired 
color. 

It originally was obtained by roasting a native zinc carbonate, 
then known as calamine, hence, the name. This name also is applied 
by mineralogists to a native form of zinc silicate, which is not 
suitable for making medicinal calamine. 

Description—Pink powder, all of which passes through a No 100 
standard mesh sieve. It is odorless and almost tasteless. 

Solubility—Insoluble in water; dissolves almost completely in 
mineral acids. 

Comments—Similar to those of zine oxide, being employed 
chiefly as an astringent and in protective and soothing ointments and 
lotions for sunburn, ivy poisoning, etc. It often is prescribed by 
dermatologists to give opacity and a flesh-like color to lotions or 
ointments. 


Calamine Lotion [Lotio Calaminae]—Preparation: Dilute ben- 
tonite magma (250 mL) with an equal volume of calcium hydroxide 
solution. Mix calamine (80 g) and zinc oxide (80 g) intimately with 
glycerin (20 mL) and about 100 mL of the diluted magma, triturating 
until a smooth, uniform paste is formed. Gradually incorporate the 
remainder of the diluted magma. Finally add calcium hydroxide 
solution (qs) to make 1000 mL, and shake well. If a more viscous 
consistency in the Lotion is desired, the quantity of bentonite magma 
may be increased to not more than 400 mL. Note: Shake thoroughly 
before dispensing. Comments: see Calamine. 


Phenolated Calamine Lotion [Lotio Calaminae Composita; 
Compound Calamine Lotion]—Preparation: Mix liquefied phenol 
(10 mL) and calamine lotion (990 mL) to make 1000 mL. Commercial 
preparations also contain 8.4% isopropyl alcohol and have various 
other modifications. Note: Shake thoroughly before dispensing. Com- 
ments: see Calamine. 


GLUTARAL—page 1509. 

METHENAMINE—page 1545. 

POTASSIUM PERMANGANATE—see RPS-18, page 1173. 
SILVER NITRATE—page 1211. 


TANNIC ACID 


Gallotannic Acid; Tannin; Digallic Acid; Zibactin Medicated 


{1401-55-4]. A tannin usually obtained from nutgalls, the excrescences 
produced on the young twigs of Quercus infectoria Olivier and allied 
species of Quercus Linné (Fam Fagaceae). 

Description—Yellowish white to light brown amorphous powder, 
glistening scales, or spongy masses; usually odorless; strong astrin- 
gent taste; gradually darkens on exposure to air and light. 

Solubility—1 g in about 0.35 mL water or 1 mL warm glycerin; 
very soluble in alcohol; practically insoluble in chloroform or ether. 

Incompatibilities—Solutions gradually darken on exposure to 
air and light through oxidation of phenolic groups to quinoid struc- 
tures. It is incompatible with most enzymes, gums, salts of many 
metals, and many other substances. 

Comments—On an open sore or denuded surface, it forms a film 
of protein tannate that acts as a mechanical protective that excludes 
external irritants and infectives and, thus, provides some relief from 
pain. However, it is not antibacterial and not only does not inhibit 
the growth of bacteria entrained beneath the film but actually may 
create favorable conditions for the growth of certain anaerobes. For 
this reason and also the fact that it is absorbed sufficiently from 
large denuded areas to cause liver damage, it is no longer used in the 
treatment of burns and should not be used on any large lesions. 
Nevertheless, it is incorporated in 8 to 10% concentration in several 
products to treat ivy or oak poisoning. As a 7% gel it is used on cold 


sores, fever blisters, and cankers. It is included in 2.16% concentra- 
tion in a hemorrhoidal preparation and in 4% concentration in a 
keratolytic product for removing corns, calluses, and warts, these 
concentrations probably being too low to contribute significantly to 
the supposed efficacies. In a 25% solution it is used to reduce inflam- 
mation and harden skin around ingrown toenails, thus increasing 
comfort and making nail-cutting easier. 

Its content in tea accounts for the use of strong tea as an internal 
antidote, presumably for the dual purpose of precipitating toxic 
alkaloids and hardening the surface of the GI mucosa and its mucous 
layer. 


WHITE LOTION 


Lotio Alba; Lotio Sulfurata 


ZANE, SUNS RCO aOEA AST E ngIO ee ee aeeee eae 40g 
SIAC CE OUAS Nn tanan cht hal acre(aet capris ataceisisez ieee « 40g 
Purified Water, a sufficient quantity, 

TO IMMEIKG) pe ddke seen meoBRemdcacdet cert An on Sharon Gen Sees 1000 mL 


Dissolve zinc sulfate and sulfurated potash separately, each in 450 mL 
of purified water, and filter each solution. Add slowly the sulfurated 
potash solution to the zinc sulfate solution with constant stirring. Then 
add the required amount of purified water, and mix. 

Note—Prepare freshly and shake thoroughly before dispensing. 
For further discussion see Sulfurated Potash (page 1048). 

Comments—An astringent, protective, and mild antimicrobial 
preparation. The astringency is attributable to the zine ion. The 
thiosulfates and polysulfides in it exert antibacterial and antifungal 
actions. White lotion is used in the treatment of acne vulgaris. 


ZINC CAPRYLATE 


Zinc Octanoate 


(557-09-5] C,,H,,0,Zn (351.79). - 
Preparation—By the methathesis of zine sulfate and ammonium 
caprylate. 


Description—Lustrous scales; melts about 136°. 

Solubility—Sparingly soluble in boiling water; moderately solu- 
ble in boiling alcohol. 

Comments—In the treatment of athlete’s foot. The astringency of 
the zinc decreases inflammation and wetness. The caprylate has a 
weak antifungal action. 


ZINC CHLORIDE 


Butter of Zinc 


(7646-85-7] ZnCl, (136.29). 

Preparation—By reacting metallic zinc or zinc oxide with hydro- 
chloric acid and evaporating the solution to dryness. 

Description—White, or nearly white, odorless, crystalline pow- 
der, or as porcelain-like masses, or in molded pencils; very deliques- 
cent; aqueous solution (1 in 10) acid to litmus; solution in water or 
alcohol usually slightly turbid, but the turbidity disappears on ad- 
dition of a small quantity of hydrochloric acid. 

Solubility—1 g in 0.5 mL water, about 1.5 mL alcohol, or about 
2 mL glycerin. 

Incompatibilities—Soluble zinc salts are precipitated as zinc 
hydroxide by alkali hydroxides, including ammonium hydroxide; the 
precipitate is soluble in an excess of either the fixed or the ammo- 
nium hydroxide. Carbonates, phosphates, oxalates, arsenates, and 
tannin cause precipitation. The precipitation with sodium borate can 
be prevented by addition of an amount of glycerin equal in weight to 
the sodium borate. In weak aqueous solutions, it has a tendency to 
form the insoluble basic salt by hydrolysis and about one-half its 
weight of ammonium chloride has been used for the purpose of 
stabilization. It is very deliquescent. It has the incompatibilities of 
chlorides, being precipitated by silver and /ead salts. 

Comments—In high concentrations it is caustic and has been 
used as a caustic agent to treat corns, calluses, and warts. In the low 
concentrations in which it is marketed it is astringent and mildly 
antibacterial and probably does not contribute to keratolysis. Al- 
though it is used in mouthwashes, the contact time is too short, and 
only an astringent and not an antibacterial action results. 


ZINC OXIDE 


Flowers of Zinc; Zinc White; Pompholyx; Nihil Album; 
Lana Philosophica 


Zinc oxide [1314-13-2] ZnO (81.38). 


—_— 
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Preparation—By heating zinc carbonate at a low red heat until 
the carbon dioxide and water are expelled. 

Description—Very fine, odorless, amorphous, white or yellowish 
white powder, free from gritty particles; gradually absorbs carbon 
dioxide from the air; when strongly heated it assumes a yellow color 
that disappears on cooling; its suspension in water is practically 
neutral. 

Solubility—Insoluble in water or alcohol; soluble in dilute acids, 
solutions of the alkali hydroxides, or ammonium carbonate solution. 

Incompatibilities—Reacts slowly with fatty acids in oils and fats 
to produce lumpy masses of zinc oleate, stearate, etc. Vanishing 
creams tend to dry out and crumble. Whenever permissible, it is 
advisable to levigate it to a smooth paste with a little mineral oil 
before incorporation into an ointment. 

Comments—Has a mild astringent, protective, and antiseptic 
action. In the form of its various official ointments and pastes it is 
employed widely in the treatment of dry skin and such skin disorders 
and infections as acne vulgaris, prickly heat, insect stings and bites, 
ivy poisoning, diaper rash, dandruff, seborrhea, eczema, impetigo, 
ringworm, psoriasis, varicose ulcers, and pruritus. It is contained in 
some sunscreens. It is included in some vulvovaginal deodorant 
preparations and in preparations for the treatment of hemorrhoids. 
It also is used in dental cements and temporary fillings. It is the 
essential ingredient in Calamine (page 1206). 


ZINC PYRITHIONE—see RPS-18, page 1173. 
ZINC SULFATE—see RPS-19, page 1271. 


ZINC UNDECYLENATE—see RPS-18, page 1237. 


IRRITANTS, RUBEFACIENTS, 
AND VESICANTS AS 


Trritants are drugs that act locally on the skin and mucous 
membranes to induce, based on irritant concentration, 
hyperemia, inflammation, and when the action is severe, 
vesication. Agents that induce only hyperemia are known 
as rubefacients. Rubefaction is produced by increased circu- 
lation to the injured area and is accompanied by a feeling of 
comfort, warmth, and sometimes itching and hyperesthesia. 
Appropriately low concentrations of directly applied or 
inhaled vapors of volatile aromatic irritants, such as cam- 
phor or menthol, induce a sensation of coolness rather than 
warmth. When the irritation is more severe, plasma escapes 
from the damaged capillaries and forms blisters (vesicles). 
Agents that induce blisters are known as vesicants. Most 
rubefacients also are vesicants in higher concentrations. 
Certain irritants may be relatively selective for various 
tissues or cell types, so that hypersecretion of the surface, 
seborrheic abscesses, paresthesia, or other effects may be 
noted in the absence of appreciable hyperemia. 

Irritants have been used empirically for many centuries, 
probably even prehistorically. They may be employed for 
counterirritation, the mechanism of which is poorly under- 
stood. A moderate-to-severe pain may be obscured by a 
milder pain arising from areas of irritation appropriately 
placed to induce reflex stimulation of certain organs or sys- 
tems, especially respiratory. Sensory and visible effects of 
irritation sometimes give patients the assurance that they 
are receiving effective medication. The rubefacient of choice 
is simply the applicant of heat, as drugs are much less 
efficient. Taken internally, many irritants exert either an 
emetic or laxative action. Irritant laxatives are listed on 
page 1229. A few irritants, especially cantharides, on absorp- 
tion into the bloodstream, irritate the urogenital tract and, 
consequently, have been dangerously employed as aphrodi- 
siacs. Certain irritants also possess a healing action on 
wounds, possibly the result of local stimulation. Many con- 
diments are irritants. In high concentrations, many irritants 
even can be corrosive. 


1208 CHAPTER 65 


ALCOHOL—pages 1038 and 1507. 
ALCOHOL, RUBBING—see RPS-19, pages 1264 and 1510. 
ANTHRALIN 


1,8,9-Anthracenetriol; Dithranol; Dioxyanthranol; Cignolin; 
Anthra-Derm 


1,8-Dihydroxyanthranol [480-22-8] C,,H,,0, (226.23). 

Preparation—Anthraquinone is sulfonated to the 1,8-disulfonic 
acid, which is isolated from the reaction mixture and then heated 
with a calcium hydroxide—calcium chloride mixture to form 1,8- 
dihydroxy-9,10-anthraquinone, which is reduced with tin and HCl to 
anthralin. 

Description—Yellowish brown, crystalline powder; odorless and 
tasteless; melts between 175° and 181°. 

Solubility—Insoluble in water; slightly soluble in alcohol; solu- 
ble in chloroform; slightly soluble in ether. 

Comments—Although long considered to be an irritant, its prin- 
cipal therapeutic action is the reduction of epidermal DNA synthesis 
and mitotic activity. It is used in the treatment of psoriasis, alopecia 
areata, eczema, and other chronic dermatoses. It usually is used in 
combination with ultraviolet light and a daily coal tar bath. To avoid 
harmful irritation, medicaments containing it should not be used on 
the face, scalp, genitalia, or intertriginous skin areas; they should 
not be applied to blistered, raw, or oozing areas of the skin and 
should be kept from the eyes, since they may cause severe conjunc- 
tivitis, keratitis, or corneal opacity. Renal irritation, casts, and al- 
buminuria may result when the drug is absorbed systemically. The 
hands should be washed immediately after applying medication. A 
reversible slight discoloration of the skin may occur. 


BENZOIN TINCTURE, COMPOUND—page 1203. 
CAMPHOR 
2-Camphanone; 2-Bornanone; Gum Camphor; Laurel Camphor 
CH, 


20 


a 


CH3—C-CH, 


[76-22-2] C,0H,,O (152.24). A ketone obtained from Cinnamomum 
camphora (Linné) Nees et Ebermaier (Fam Lauraceae) (Natural Cam- 
phor) or produced synthetically (Synthetic Camphor). 

Preparation—Natural crude camphor may be obtained by steam 
distilling chips of the camphor tree; the crude camphor so obtained is 
purified, usually by sublimation. One method of producing synthetic 
camphor starts with pinene [C,)H,,], a hydrocarbon obtained from 
turpentine oil. The pinene is saturated with hydrogen chloride at 0°, 
forming bornyl chloride [C,,H,7Cl]. On heating the bornyl chloride 
with sodium acetate and glacial acetic acid, it is converted into 
isobornyl acetate, which is hydrolyzed subsequently to isobornyl 
alcohol [C,)H,,OH] and oxidized with chromic acid to camphor. 
Synthetic camphor resembles natural camphor in most of its prop- 
erties except that it is a racemic mixture and, therefore, lacks optical 
activity. When camphor is mixed in approximately molecular pro- 
portions with chloral hydrate, menthol, phenol, or thymol, liquefac- 
tion ensues; such mixtures are known as eutectic mixtures (see page 
177). 

Description—Colorless or white crystals, granules, or crystal- 
line masses or colorless to white, translucent, tough masses; a pen- 
etrating, characteristic odor, a pungent, aromatic taste and readily 
pulverizable in the presence of a little alcohol, ether, or chloroform; 
specific gravity about 0.99; melts between 174° and 179° and slowly 
volatilizes at ordinary temperature and in steam. 

Solubility—1 g in about 800 mL water, 1 mL alcohol, about 0.5 
mL chloroform, or 1 mL ether; freely soluble in carbon disulfide, 
solvent hexane, or fixed and volatile oils. 

Incompatibilites—Forms a liquid or a soft mass when rubbed 
with chloral hydrate, hydroquinone, menthol, phenol, phenyl salicy- 
late, resorcinol, salicylic acid, thymol, or other substances. It is 
precipitated from its alcoholic solution by the addition of water. It is 
precipitated from camphor water by the addition of soluble salts. 


Comments—Locally, weakly analgesic, mildly analgesic (anti- 
pruritic), and rubefacient when rubbed on the skin. The spirit is 
applied locally to allay itching caused by insect stings. It also is used 
as a counterirritant in humans for inflamed joints, sprains, and 
rheumatic and other inflammatory conditions such as colds in the 
throat and chest. Although the patient may feel improved, the in- 
flammation is not affected. However, reflexly induced local vasocon- 
striction may mediate a mild nasopharyngeal decongestant effect. 
When taken internally in small amounts it produces a feeling of 
warmth and comfort in the GI tract and, therefore, formerly was 
much used as a carminative. Systemically, it is a reflexly active 
circulatory and respiratory stimulant. However, its use as a stimu- 
lant is obsolete. It also possesses a slight expectorant action and is 
included in some cough-suppressant mixtures. Concentrations above 
11% are not safe. Toxicity consists of nausea and vomiting, headache, 
feeling of warmth, confusion, delirium, convulsions, coma, or respi- 
ratory arrest. Camphor is a pharmaceutical necessity for Salicylic 
Acid Collodion and Camphorated Opium Tincture. 


CANTHARIDIN 


fo) 
CH, 


CH, 


(56-25-7] C,)H,,O, (186.21). The active principle of Cantharides. 

Preparation—JACS 1980; 102: 6893. 

Description—White platelets. 

Solubility—1 g in 40 mL acetone, 65 mL chloroform, 560 mL 
ether, or 150 mL ethyl acetate; soluble in oils. 

Comments—An irritant and vesicant on skin. As a result of its 
intradermal vesiculation, it also is employed to remove benign epi- 
thelial growths such as warts (particularly the periungual type), 
molluscum contagiosum, and thick hyperkeratotic lesions without 
leaving a scar. It usually is applied under occlusive bandages. The 
vesicle eventually breaks, becomes encrusted, and falls off in 1 to 2 
weeks. It is not an aphrodisiac as folklore suggests. 


CAPSICUM 


The dried ripe fruit of Capsicum frutescens Linné, Solonaceae, which 
contains not less than 0.5% of capsaicin [(E)-N[4-hydroxy-3-methoxy- 
phenyl]-8-methyl-6-nonaneamide [404-86-4] C,,H,,NO, (305.40), 
which is the active ingredient. 

Comments—lIts active ingredients are mildly irritant, causing 
erythema and a feeling of warmth without vesication. Its prepara- 
tions are used as counterirritants. 


COAL TAR 


Pix Carbonis; Prepared Coal Tar BP; Pix Lithanthracis; Gas Tar 
The tar obtained as a by-product during the destructive distillation of 
bituminous coal. 

Description—Nearly black, viscous liquid, heavier than water, 
with a characteristic naphthalene-like odor and a sharp burning 
taste; on ignition it burns with a reddish, luminous, and very sooty 
flame, leaving not more than 2% of residue. 

Solubility—Only slightly soluble in water, to which it imparts its 
characteristic odor and taste and a faintly alkaline reaction; par- 
tially dissolved by alcohol, acetone, methanol, solvent hexane, car- 
bon disulfide, chloroform, or ether; to the extent of about 95% by 
benzene, and entirely by nitrobenzene with the exception of a small 
amount of suspended matter. 

Comments—A local irritant used in the treatment of chronic 
skin diseases. Like anthralin, its primary action is to decrease the 
epidermal synthesis of DNA and, hence, to suppress hyperplasia. 
Occasionally, it may cause a rash, burning sensation, or other man- 
ifestations of excessive irritation or sensitization. Since photosensi- 
tization may occur, the treated area should be protected from sun- 
light. It should be kept away from the eyes and from raw, weeping, 
or blistered surfaces. Temporary discoloration of the skin may occur. 


ICHTHAMMOL 


Ammonium Ichthosulfonate; Sulfonated Bitumen; Ictiol; Ichthymall; 
Ichthyol 
[8029-68-3]. It yields not less than 2.5% of ammonia and not less than 
10% of total sulfur. 
Preparation—By the destructive distillation of certain bitumi- 
nous schists, sulfonating the distillate and neutralizing the product 
with ammonia. 


Description— Reddish brown to brownish black, viscous fluid, 
with a strong, characteristic, empyreumatic odor. 

Solubility— Miscible with water, glycerin fixed oils, or fats; 
partially soluble in alcohol or ether. Incompatibilities: Becomes gran- 
ular in the presence of acids or under the influence of heat. In 
solution, it is precipitated by acids and acid salts as a dark, sticky 
mass; alkalies liberate ammonia; many metallic salts cause precipi- 
tation. 

Constituents—It belongs to a class of preparations containing, 
as essential constituents, salts or compounds of a mixture of acids 
designated by the group name sulfoichthyolic acid, formed by sul- 
fonation of the oil obtained in the destructive distillation of certain 
bituminous shales. Sulfoichthyolic acid is characterized by a high 
sulfur content, the sulfur existing largely in the form of sulfonates, 
sulfones, and sulfides. 

Comments—A mildly astringent irritant and local antibacterial 
agent with moderate emollient and demulcent properties. It is used 
alone or in combination with other antiseptics for the treatment of 
skin disorders such as insect stings and bites, erysipelas, psoriasis, 
and lupus erythematosus and to produce healing in chronic inflam- 
mations. It also is used to treat inflammation and boils in the 
external ear canal. Medical opinion is divided as to whether this 
agent is useful. In higher concentrations, irritation is frequent and 
rashes may develop. It should be kept away from the eyes and other 
sensitive surfaces. It has been reported to cause hyperepithelializa- 
tion, an action that would be counterproductive in the treatment of 
psoriasis. 


JUNIPER TAR 


Cade Oil 
The empyreumatic volatile oil obtained from the woody portions of 
Juniperus oxycedrus Linné (Fam Pinaceae). 

Description—Dark-brown, clear, thick liquid; tarry odor; faintly 
aromatic, bitter taste. 

Solubility—Very slightly soluble in water; 1 volume in 9 volumes 
alcohol or 3 volumes ether, leaving a slight, flocculent residue; mis- 
cible with chloroform. 

Comments—A mildly irritant oil that is employed as a topical 
antipruritic in several chronic dermatological disorders, such as 
psoriasis, atopic dermatitis, pruritus, eczema, and seborrhea. Since it 
is irritant to the conjunctiva and also may cause chemosis of the 
cornea, care should be taken to keep it out of the eyes. Systemic 
absorption may result in renal damage. 


MENTHOL 


Peppermint Camphor 
[1490-04-6] C,)H.,O (156.27). An alcohol obtained from diverse mint 
oils or prepared synthetically. It may be levorotatory [(—)-Menthol] 
from natural or synthetic sources, or racemic [(+)-Menthol)]. 

Preparation—It owes its odor chiefly to menthol, which is ob- 
tained from it by fractional distillation and allowing the proper 
fraction to crystallize or by chromatographic processes. Among nu- 
merous methods of synthesis of an optically inactive menthol, the 
most popular involves the catalytic hydrogenation of thymol (ob- 
tained from natural sources or synthesized from m-cresol or cresylic 
acid). The difficulty in the synthesis of (—)-menthol arises from the 
fact that menthol contains three asymmetric carbon atoms, and 
there are thus eight stereoisomers, designated as (—)- and (+)- 
menthol, (—)- and (+)-isomenthol, (—)- and (+)-neomenthol, and (—)- 
and (+)-neoisomenthol. To obtain a product meeting USP require- 
ments, it is necessary to separate (—)-menthol from its stereoiso- 
mers, for which purpose fractional crystallization, distillation under 
reduced pressure, or esterification may be used. The other stereoiso- 
mers differ from the official (—)-menthol in physical properties and 
possibly to some extent in pharmacological action. 

Description—Colorless, hexagonal, usually needle-like cry- 
stals or fused masses or a crystalline powder, with a pleasant, 
peppermint-like odor; (—)-menthol melts between 41° and 44°; (+)- 
menthol congeals at 27° to 28°. 

Solubility—Very soluble in alcohol, chloroform, or ether; freely 
soluble in glacial acetic acid, mineral oil, or fixed and volatile oils; 
slightly soluble in water. 

Identification—When mixed with about an equal weight of cam- 
phor, chloral hydrate, phenol, or thymol, it forms a ewtectic mixture 
liquefying at room temperature. 

Incompatibilities—Produces a liquid or soft mass when tritu- 
rated with camphor, phenol, chloral hydrate, resorcinol, thymol, or 
numerous other substances. Labeling: The label on the container 
indicates whether it is levorotatory or racemic. 
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Comments—In low concentrations, it selectively stimulates the 
sensory nerve endings for cold and, hence, causes a sensation of 
coolness. Some local analgesic effects also accompany this effect. 
Higher concentrations not only stimulate sensory endings for heat 
and other pain, but also may cause some irritation. Consequently, 
there may first be a sensation of coolness, then a slight prickly and 
burning sensation. The local analgesia and sensation of coolness are 
employed in the treatment of insect bites and stings, itching (anti- 
pruritic effect), minor burns and sunburn, hemorrhoids, toothache, 
cankers, cold sores, and sore throat. The local analgesic effect also is 
the probable basis of the antitussive use, although the value of the 
drug as an antitussive remains unproved. Care must be taken to 
avoid the inhalation of irritant concentrations. The contribution of a 
placebo effect to some of these effects cannot be discounted. It is 
incorporated into irritant products used to treat acne vulgaris, dan- 
druff, seborrhea, calluses, corns, warts, and athlete’s foot and in 
vaginal preparations to lessen the sense of irritation. Whatever 
effects the rubbing of menthol-containing ointment on the chest 
possesses to relieve pulmonary congestion in colds and allergy are 
attributable to counterirritation and placebo effects. It also is con- 
tained in counterirritants for the treatment of muscle aches. 


METHYL SALICYLATE—page 1022. 
PERUVIAN BALSAM 


Peru Balsam; Balsam of Peru; Indian Balsam; Black Balsam 


Obtained from Myroxylon pereirae (Royle) Klotzsch (Fam Legumino- 
sae). Contains from 60 to 64% of a volatile oil termed cinnamein and 
from 20 to 28% resin. Cinnamein is a mixture of compounds, among 
which the following have been identified: the esters benzyl benzoate, 
benzyl cinnamate, and cinnamyl cinnamate (styracin) and the alcohol 
peruviol (considered by some to be identical with the sesquiterpene 
alcohol nerolidol, C,;H,,.O0) as ester, free cinnamic acid: about 0.05% 
vanillin; and a trace of coumarin. The resin consists of benzoic and 
cinnamic acid. 

Description—Dark brown, viscid liquid; transparent and ap- 
pears reddish brown in thin layers; agreeable odor resembling va- 
nilla; a bitter, acrid taste, with a persistent aftertaste and free from 
stringiness or stickiness. It does not harden on exposure to air; 
specific gravity, 1.150 to 1.170. 

Solubility—Nearly insoluble in water; soluble in alcohol, chloro- 
form, or glacial acetic acid, with not more than an opalescence; partly 
soluble in ether or solvent hexane. 

Comments—A local irritant and vulnerary. It once was used as a 
dressing to promote growth of epithelial cells in the treatment of 
indolent ulcers, wounds, and certain skin diseases, eg, scabies. It 
presently is an ingredient in suppositories used in the treatment of 
hemorrhoids and anal pruritus. Allergic reactions to it occasionally 
occur. Ointments containing both this and sulfur present a problem 
in compounding, since the resinous part of the balsam tends to 
separate. This difficulty may be overcome by mixing the balsam with 
an equal amount of castor oil prior to incorporating it into the base 
or, alternatively, by mixing it with solid petroxolin—an ointment 
vehicle (oxygenated petroleum) consisting of liquid paraffin, oleic 
acid, and ammoniated alcohol. 


PINE TAR 


Pix Pini; Pix Liquida; Tar 

The product obtained by the destructive distillation of the wood of Pinus 
palustris Miller or of other species of Pinus Linné (Fam Pinaceae). 
Usually obtained as a by-product in the manufacture of charcoal or 
acetic acid from wood. It is a complex mixture of phenolic bodies for the 
most part insoluble in water. Among these are cresol, phlorol, guaiacol, 
pyrocatechol, caerulignol, and pyrogallol ethers. Traces of phenol and 
cresols also are present as well as hydrocarbons of the paraffin and 
benzene series. 

Description—Very viscid, blackish brown liquid; translucent in 
thin layers, but becomes granular and opaque with age; has an 
empyreumatic, terebinthinate odor, a sharp, empyreumatic taste, 
and is more dense than water; solution is acid to litmus. 

Solubility—Miscible with alcohol, ether, chloroform, glacial ace- 
tic acid, or fixed and volatile oils; slightly soluble in water, the 
solution being pale yellowish to yellowish brown. 

Comments—Externally as a mild irritant and local antibacterial 
agent in chronic skin diseases, especially eczema and psoriasis. Its 
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volatile constituents are claimed to be expectorant, but their efficacy 
is unproven; its inhalations formerly were used for this purpose. 


STORAX—page 1048. 
TOLU BALSAM—page 1025. 


SCLEROSING AGENTS 


A number of irritant drugs are of sufficient activity to damage 
cells but are not so potent as to destroy large numbers of cells 
at the site of application. Such agents promote fibrosis and are 
used to strengthen supporting structures, close inguinal rings, 
etc. The intimal surface of blood vessels may break down under 
attack by such agents and thus initiate thrombosis, which may 
be an undesirable side effect. This action is the basis of the use 
of sclerosing agents in the reduction of varicose veins and 
hemorrhoids. They can be harmful when used improperly and 
sometimes even when used with caution. 


MORRHUATE SODIUM INJECTION 


Scleromate 
A sterile solution of the sodium salts of the fatty acids of cod liver oil. It 
contains 50 mg of sodium morrhuate/mL. A suitable antimicrobial 
agent, not to exceed 0.5%, and ethyl or benzyl alcohol, not to exceed 3%, 
may be added. 

Note—It may show a separation of solid matter on standing. Do 
not use the material if such solid does not dissolve completely upon 
warming. 

Preparation—By heating cod liver oil with alcoholic sodium 
hydroxide until completely saponified. After dilution with water the 
alcohol is removed by distillation. Dilute H,SO, then is added to the 
aqueous solution, and the liberated organic acids are separated or 
preferably extracted with a suitable immiscible solvent such as 
ether. Just-sufficient aqueous NaOH then is added to neutralize the 
acids. About 20 mg of benzyl alcohol/mL of the Injection usually is 
added to lessen the pain of injection. 

Comments—Formerly, widely used as a sclerosing and fibrosing 
agent for obliterating varicose veins. Irritants of this type once were 
employed for closure of hernial rings, fibrosing of uncomplicated 
hemorrhoids, removal of condylomata acuminata, and in other con- 
ditions where the ultimate objective was production of fibrous tissue. 


SODIUM TETRADECYL SULFATE 
STS; Sotradecol 


CH2CHICH3), 


fo) 
i 
CHs(CH2)3CHI(CH2),CHO 20Na 
CoHs 


[139-88-8] C,,H,,.NaO,S (316.43). 

Preparation—One method reacts the corresponding alcohol with 
C1SO.,H and neutralizes the resulting hydrogen sulfate ester with 
Na,CO,. 

Description—White, waxy, odorless solid. 

Solubility—Soluble in water, alcohol, or ether. 

Comments—A sclerosing agent similar in action to sodium mor- 
rhuate. It formerly was used widely as a buffered solution in the 
obliteration of varicose veins and internal hemorrhoids. For such 
purposes, the solution is injected directly into the vein. Injection 
outside of the vein may cause sloughing. For this reason, the sub- 
stance is not used to close inguinal rings. The principal untoward 
effect is pain immediately upon injection, although brief; mild ana- 
phylactoid and idiosyncratic responses rarely occur. Because the 
substance is an anionic surface-active agent, it also is used as a 
wetting agent to promote spreading of certain topical antiseptics. 


CAUSTICS AND ESCHAROTICS 
RO I en] 
Any topical agent that causes destruction of tissues at the site 
of application is a caustic (or corrosive). 

Caustics may be used to induce desquamation of cornified 
epithelium (keratolytic action) and, therefore, are used to 


destroy warts, condylomata, keratoses, certain moles, and 
hyperplastic tissues. 

If the agent also precipitates the proteins of the cell and 
the inflammation exudate, there is formed a scab (or eschar), 
which later is organized into a scar; such an agent is an 
escharotic (or cauterizant). Most, but not all, caustics are 
also escharotic. Furthermore, certain caustics, especially the 
alkalies, redissolve precipitated proteins, partly by hydroly- 
sis, so that no scab or only a soft scab forms; such agents 
penetrate deeply and generally are unsuitable for therapeu- 
tic use. Escharotics sometimes are employed to seal cutane- 
ous and aphthous ulcers, wounds, etc. Since most escharotics 
are bactericidal, it formerly was thought that chemical cau- 
terization effected sterilization; however, sterilization is not 
achieved always, especially by those agents that remain 
bound to the protein precipitate. The growth of certain bac- 
teria even may be favored by the chemically induced necrosis 
and by the protection of the scab. 


ACETIC ACID, GLACIAL—page 1040. 

ALUM—page 1206. 

ALUMINUM CHLORIDE—page 1206. 
DICHLOROACETIC ACID 


Bichloracetic Acid 

Cl,CHCOOH 

[79-43-6] C,H,Cl,O., (128.95). 

Preparation—From chloral; Chem Ind 1960; 718. 

Description—Pungent liquid; boils about 194°. 

Solubility—Miscible with water, alcohol, or ether. 

Comments—A cauterizing agent. It rapidly penetrates and cau- 
terizes skin, keratins, etc. Its cauterizing ability compares with that 
of electrocautery or freezing. It is used on calluses, hard and soft 
corns, xanthoma palpebrarum, seborrheic keratoses, ingrown nails, 
cysts, and benign erosion of the cervix. See also Trichloroacetic Acid. 


NITRIC ACID, CONCENTRATED 


An aqueous solution containing 67 to 71% HNO,. 

Preparation—By oxidation of ammonia. 

Description—Fuming liquid; very caustic; characteristic, highly 
irritating odor; boils at 120°; specific gravity about 1.41. 

Solubility—Miscible with water. 

Comments—A cauterizing agent for the immediate sterilization 
of dangerously infected wounds, such as the bite from a rabid animal; 
it does not penetrate too deeply and forms a firm eschar. 


PHENOL—page 1045. 
PODOFILOX 


Furo[3’,4’:6,7]naphtho[2,3-d]-1,3-dioxol-6(5aH)-one, [5R-(5a,5aB, 
8aa,9a)]-5,8,8a,9-tetrahydro-9-hydroxy-5-(3,4,5-trimethoxyphenyl)-, 
Condylox 


Podophyllotoxin [518-28-5] C,.H,,O, (414.41). 

Found in the rhizomes of several species of plants, principally 
Podophyllum peltatum L Berberidaceae, P emodi, and Juniperus 
virginiana L Coniferae. 

Preparation—See JACS 1981; 103: 6208. 

Description—Hydrated crystals; melts about 115° (dec) and 
about 184° after drying; a number of polymorphic forms exist. 

Solubility—Very slightly soluble in water; soluble in alcohol, 
chloroform, or acetone. 

Comments—Actions, uses, and adverse effects are those of Po- 
dophyllum Resin (below), except that the therapeutic index is 
greater. It is several times more potent. 


PODOPHYLLUM 


Mandrake; May Apple 
The dried rhizome and roots of Podophyllum peltatum Linné (Fam 
Berberidaceae); it yields not less than 5% of podophyllum resin. 

Constituents—From 3 to 6% resin along with up to 1% quercetin 
and podophyllotoxin and peltatin glucosides. At least 16 different 
compounds have been isolated and characterized. The aglycone po- 
dophyllotoxin [C,.H,,0,] is the lactone of 1-hydroxy-2-(hydroxy- 
methyl)-6,7-methylenedioxy-4-(3',4’,5'-trimethoxyphenyl)-1,2,3,4- 
tetrahydronaphthalene-3-carboxylic acid. Hydrolytic rupture of the 
lactone ring yields podophyllic acid [C.,H,Oo], the 2,3-trans form of 
which is podophyllinic acid, while the 2,3-cis form is picropodophyl- 
linic acid. 

Although podophyllotoxin has been demonstrated to possess 
marked caustic, cathartic, and toxic properties, it is believed that not 
it, but an amorphous resin, called podophylloresin, is the chief ca- 
thartic principle of the drug. However, podophyllotoxin is safer and 
ultimately likely will replace the crude preparations. 

Comments—See Podophyllum Resin. 


PODOPHYLLUM RESIN 


Comments—Supersedes Podophyllum. Certain glycosides and 
polynuclear lactones in the resin interact with tubulin and, thus, 
interfere with cell cycling and intracellular dynamics such as to 
cause the eventual death of affected cells. Applied topically, it is 
corrosive in the region of contact. It mainly is used in the treatment 
of condyloma acuminatum but also that of juvenile papilloma of the 
larynx, multiple superficial epitheliomatoses (basal cell and squa- 
mous cell carcinomas), precancerous keratoses (seborrheic, actinic, 
and radiation keratoses), verrucae fibroids, and calluses. Some pain 
usually occurs at the site of application; if it is excessive, the drug 
should be removed with ethyl or isopropyl] alcohol. Resin on adjacent 
normal tissues also should be removed. Pain may be avoided some- 
what by treating only a small area of surface at any one time. It 
especially is irritating to the eyes and mucous membranes. Treatment 
of large surfaces also may result in excessive absorption and sys- 
temic effects, such as nausea and vomiting, tachycardia, shallow 
respiration, leukopenia, thrombocytopenia, renal damage, paralytic 
ileus, lethargy, stupor, psychotic confusional states, and peripheral 
neuropathy, including flaccid paralysis. Systemic absorption is en- 
hanced by occlusion. The drug is contraindicated in pregnancy and 
lactation. 


POTASSIUM HYDROXIDE 


Caustic Potash; Lye; Potash Lye 
[1810-58-3] KOH (56.11); it contains not less than 85.0% K,CO, 
(188.21). 

Caution—Exercise great care in handling, as it rapidly destroys 
tissues. Do not handle it with bare hands. 

Preparation—By electrolysis of a solution of potassium chloride 
in a diaphragm cell that does not allow liberated chlorine to react 
with it. It is prepared in the form of sticks, pellets, flakes, or fused 
masses. Sticks or pellets are made by evaporating a solution of it to 
a fluid of oily consistency and then pouring the hot liquid into 
suitable molds in which it solidifies. 

Description—White, or nearly white, fused masses, small pel- 
lets, flakes, sticks, and other forms; hard and brittle and shows a 
crystalline fracture; exposed to air it rapidly absorbs carbon dioxide 
and moisture and deliquesces; melts at about 360 to 380°; when 
dissolved in water or alcohol or when its solution is treated with an 
acid, much heat is generated; solutions, even when highly diluted, 
are strongly alkaline. 

Solubility—1 g in 0.9 mL water, 3 mL alcohol, or 2.5 mL glycerin 
at 25°; very soluble in boiling alcohol. 

Incompatibilities—Bases react with acids to form salts, liberate 
alkaloids from aqueous solutions of alkaloidal salts, and promote 
various hydrolysis reactions such as the decomposition of chloral 
hydrate into chloroform and a formate or the breakdown of salol into 
phenol and a salicylate. Only the alkali hydroxides are appreciably 
soluble in water. Nearly all common metals will be precipitated as 
hydroxides when solutions of their salts are added to solutions of the 
alkali hydroxides. Certain hydroxides, however, notably those of 
aluminum, zinc, arsenic, or lead, will dissolve in an excess of sodium 
or potassium hydroxide. 

Comments—A caustic, principally in veterinary practice. The 
end of a stick of potassium hydroxide may be inserted into a section 
of rubber tubing or wrapped several times with tin foil to avoid 
cauterizing the fingers of the operator. It is used also as a pharma- 
ceutical necessity in several pharmacopeial preparations. 
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SALICYLIC ACID—page 1212. 
SILVER NITRATE 


Nitric acid, silver(1+) salt; Argenti Nitras 
Silver(1+) nitrate [7761-88-8] AgNO., (169.87). 

Preparation—By the action of nitric acid on metallic silver. 

Description—Colorless or white crystals; on exposure to light in 
the presence of organic matter, it becomes gray or grayish black; pH 
of solutions about 5.5. 

Solubility—1 g in 0.4 mL water, 30 mL alcohol, about 250 mL 
acetone, slightly more than 0.1 mL boiling water or about 6.5 mL of 
boiling alcohol; slightly soluble in ether. 

Incompatibilities—Easily reduced to metallic silver by most 
reducing agents, including ferrous salts, arsenites, hypophosphites, 
tartrates, sugars, tannins, volatile oils, and other organic substances. 
In neutral or alkaline solutions, precipitated by chlorides, bromides, 
lodides, borax, hydroxides, carbonates, phosphates, sulfates, arsen- 
ites, and arsenates. Potassium permanganate, tannic acid, and solu- 
ble citrates and sulfates may cause a precipitate if sufficiently con- 
centrated. In acid solution, only the chloride, bromide, and iodide are 
insoluble. Ammonia water dissolves many of the insoluble silver 
salts through formation of the silver diamine complex, Ag(NH;3). °. 

Comments—Silver ions combine with proteins and cause dena- 
turation and precipitation. As a result, silver ions have astringent, 
caustic, bactericidal, and antiviral properties. In low concentrations, 
silver-denatured protein is confined to the interstitial spaces and the 
surface of denuded, weeping areas, so that only astringent and 
antimicrobial effects occur; with higher concentrations, cell mem- 
branes are disrupted and caustic effects result. The corroded site will 
become covered with a scab of silver-protein precipitate. 

It is used mainly in podiatry as a caustic to destroy excessive 
granulation tissue, such as corns, calluses, granuloma pyogenicum, 
and plantar warts; reduce neurovascular helomas; remove papillo- 
mas; and cauterize small nerve endings and blood vessels. As an 
astringent, it is used to treat impetigo vulgaris and pruritus as well 
as indolent ulcers, wounds, and fissures. It also is used as a styptic, 
especially in dentistry. 

As an antiseptic, it mainly is employed prophylactically against 
ophthalmia neonatorum. It formerly was applied regularly to burned 
surfaces because of its high efficacy against both staphylococci and 
pseudomonas. However, the precipitation of AgCl at the site of 
application and in dressing depletes plasma chloride and can cause 
serious electrolyte disturbances; consequently, the drug seldom is 
used in burn therapy today. 

Excessive corrosion at the target site and corrosion from inadver- 
tent application or leakage away from the intended site can occur. 
Dental cones or pieces of toughened silver nitrate that are acciden- 
tally ingested can cause death. Elemental silver from the bioreduc- 
tion of silver ion may reside permanently at the site of application 
and cause a bluish-to-black discoloration called argyria. Locally in- 
jected sodium thiosulfate sometimes can remove the silver. Nitrate 
ion absorbed from large, denuded surfaces can cause methemoglo- 
binemia. Only concentrations 0.5% or below should be applied to raw 
wounds, fresh cuts, or broken skin. 


TRICHLOROACETIC ACID 


Tri-Chlor 

(76-03-9] C,HC1.,O0, (163.39). 

Preparation—Usually by oxidizing chloral hydrate with fuming 
nitric acid. 

Description—Colorless, deliquescent crystals with a slight, 
characteristic odor; melts at about 58° and boils at 196° to 197°. 

Solubility—1 g in about 0.1 mL water; soluble in alcohol or ether. 

Comments—Precipitates proteins and used as a caustic on the 
skin or mucous membranes to destroy local lesions and for treatment 
of various dermatological disease. Its chief use is to destroy ordinary 
warts and juvenile flat warts. It is employed extensively as a precip- 
itant of protein in the chemical analysis of body fluids and tissue 
extracts, as well as a decalcifier and fixative in microscopy. 

Caution—Trichloroacetic Acid is highly corrosive to the skin. 


KERATOLYTICS (DESQUAMATING AGENTS) 
SS REA ISS ORAS SE EIS SO TA TED 


The epidermis consists of layers of flat cells, called stratified 
squamous epithelial cells. They are bound together by desmo- 
somes and penetrating tonofibrils, both of which largely consist 
of keratin. The outer layer of the epidermis (cornified epithe- 
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lium or stratum corneum) is composed of the collapsed ghosts of 
the squamous cells (keratinocytes or corneocytes) that are pri- 
marily tight networks of keratin and lipoprotein within a ma- 
trix of lipid multilayers. Unlike most cellular membranes, the 
lipids include fatty acids, neutral lipids, ceramides, etc, and are 
predominantly in the gel (solid-like) state. Certain fungi, espe- 
cially the dermatophytes, use keratin and, therefore, reside in 
the stratum corneum in those places where the degree of hy- 
dration and the pH are sufficiently high. One way such mycoses 
may be suppressed is removal of the stratum corneum, a pro- 
cess called desquamation. Certain chemical substances, espe- 
cially among phenols and sulfhydryl compounds, loosen the 
keratin and thus facilitate desquamation. These substances 
are called keratolytics. Aqueous maceration of the stratum 
corneum also favors desquamation. In addition to the treat- 
ment of epidermophytosis, keratolytics are used to thin hyper- 
keratotic areas. Most keratolytics are irritant. Irritants also 
can cause desquamation by causing damage to, and swelling of, 
the basal cells. 


BENZOYL PEROXIDE 


O0=C—O-O0—-C=0 


[94-36-0] C,,H,,O, (242.23); contains 65 to 82% of benzoyl peroxide; 
also contains about 26% of water for the purpose of reducing flamma- 
bility and shock sensitivity. 

Preparation—Benzoy] chloride is reacted with a cold solution of 
sodium peroxide. 

Description—White, granular powder with a characteristic odor; 
melts about 104°; may explode with heat. 

Solubility—Sparingly soluble in water or alcohol; soluble in ac- 
etone, chloroform, or ether. 

Caution (for the drug entity, not the dosage forms)—It may ex- 
plode at temperatures higher than 60° or cause fires in the presence of 
reducing substances. Store it in the original container, treated to 
reduce static charges. Do not transfer it to metal or glass containers 
fitted with friction tops. Do not return unused material to its original 
container, but destroy it by treatment with NaOH solution (1 in 10) 
until addition of a crystal of KI results in no release of free iodine. 

Comments—Possesses mild antibacterial properties, especially 
against anaerobic bacteria. It is also mildly irritant, and it exerts 
moderate keratolytic and antiseborrheic actions. Its principal use is 
in the treatment of mild acne vulgaris (in which it is comedolytic) 
and acne rosacea, but it also is used in the treatment of decubital and 
stasis ulcers. 

It causes stinging or burning sensations for a brief time after 
application; with continued use these effects mostly disappear. After 
1 or 2 weeks of use there may be a sudden excess dryness of the skin 
and peeling. The drug must be kept away from the eyes and from 
inflamed, denuded, or highly sensitive skin, such as the circumoral 
areas, neck, and skin of children. It should not be used in conjunction 
with harsh abrasive skin cleansers. It can cause contact dermatitis. 
It can bleach hair and fabrics. 


FLUOROURACIL—pages 1492 and 1558. 
SALICYLIC ACID 
Benzoic acid, 2-hydroxy-, o-Hydroxybenzoic Acid 


COOH 
OH 


Salicylic acid [69-72-7] C,H,O., (138.12). 

Preparation—Mostly by the Kolbe-Schmidt process in which 
CO, is reacted with sodium phenolate under pressure at about 130° 
to form sodium salicylate, followed by treatment with mineral acid. 

Description—White, fine, needle-like crystals or a fluffy, white, 
crystalline powder; the synthetic acid is white and odorless; sweet- 
ish, afterward acrid, taste; stable in the air; melts between 158° and 
LGA 

Solubility—1 g in 460 mL water, 3 mL alcohol, 45 mL chloroform, 
3 mL ether, 135 mL benzene, or about 15 mL boiling water. 

Comments—Used externally on the skin, where it exerts a slight 
antiseptic action and considerable keratolytic action. The latter prop- 


erty makes it a beneficial ‘agent in the local treatment of certain 
forms of eczematoid dermatitis. It also is included in products for the 
treatment of psoriasis, for which the FDA classification is Category 
I. Tissue cells swell, soften, and ultimately desquamate. Salicylic 
Acid Plaster often is used for this purpose. The drug is especially 
useful in the treatment of tinea pedis (athlete’s foot) and tinea capitis 
(ringworm of the scalp), since the fungus grows and thrives in the 
stratum corneum. Keratolysis both removes the infected horny layer 
and aids in penetration by antifungal drugs. It is combined with 
benzoic acid in an ointment long known as Whitfield’s Ointment (see 
RPS-18, page 1235). It also is combined commonly with zinc oxide, 
sulfur, or sulfur and coal tar. It is incorporated into mixtures for the 
treatment of acne, dandruff, and seborrhea, insect bites, and stings 
and into soaps and vaginal douches, but efficacy remains to be 
established. In high concentrations it is caustic and may be used to 
remove corns, calluses, warts, and other growths. 

Collodions or solutions of 17% or higher and other forms above 
25% concentration should not be employed if the patient has diabetes 
mellitus, peripheral vascular disease, or inflammation or infection at 
the intended site of application. Continuous application of the drug 
to the skin can cause dermatitis. Systemic toxicity resulting from 
application to large areas of the skin has been reported. It is not 
employed internally as an analgesic because of its local irritating 
effect on the GI tract. 


SULFUR, PRECIPITATED—page 1565. 
TRETINOIN 


Retinoic acid; Retin-A 


All trans-Retinoic acid [302-79-4] C ,H5,0. (300.44). 

Preparation—By oxidation of vitamin A aldehyde which may be 
obtained by oxidation of vitamin A. Biochem J 1964; 90: 569. 

Description—Yellow to light-orange crystals or crystalline pow- 
der with the odor of ensilage; should be stored in cold and protected 
from light and air; melts between 176° and 181°. 

Solubility—Insoluble in water; slightly soluble in alcohol; 
slightly soluble in chloroform; 1 g in 10 mL boiling benzene. 

Comments—It is retinoic acid, or so-called vitamin A acid, which 
is formed when the aldehyde group of retinene (retinal) is oxidized to 
a carboxyl group. It is not known whether retinoic acid has a phys- 
iological function, but some authorities consider it to be the form of 
vitamin A that acts in the skin. This view is supported by the fact 
that retinol and retinal have very little action on the skin but large 
systemic doses of vitamin A evoke prominent dermatological 
changes. 

Topically, it causes inflammation, thickening of the epidermis 
(acanthosis), and local intercellular edema, which leads to some 
separation of the epidermal cells. Follicular epithelial cells become 
less adhesive, the stratum corneum loosens, and exfoliation may 
occur. High concentrations can cause vesiculation. These actions are 
used in the treatment of acne vulgaris. The loosened horny layer 
makes it easier for the comedo to rise up and discharge, and the 
inflammatory response mobilizes white cells that attack the bacteria 
in the follicle. In the early stages of treatment, the sudden surfacing 
of obscured preexisting comedones makes it appear that the acne has 
been exacerbated, but the new comedones do not coalesce into cysts 
or nodules, and scarring does not occur. The exaggerated stage may 
last for as long as 6 weeks, after which improvement comes rapidly. 
Shortly after discontinuation of treatment, relapses readily occur. 
Deep cystic nodular acne (acne conglobata) or severe cases usually 
are not improved by the drug. 

Various hyperkeratotic conditions are reported to respond to it, 
responses being sometimes exceptionally dramatic. Solar and follic- 
ular keratosis, lamellar ichthyosis, keratosis palmaris and plantaris, 
and other hyperplastic dermatoses have been treated successfully 
with the drug. It also has been used in the treatment of some skin 
cancers. Recent reports indicate that it may somewhat rejuvenate 
sun-aged skin. 

It is an antioxidant and free-radical scavenger. There is some 
evidence not only that topical applications may provide some protec- 
tion from actinic and other radiation effects on the skin, including 
cancer, but that internally it may be protective against carcinogen- 
esis from radiation and carcinogens. Systemically, it does not cause 
the toxic effects of large doses of vitamin A. 


In concentrations of 0.05 to 0.1%, it causes a transient feeling of 
warmth or mild stinging, and erythema follows. Peeling of the skin 
may occur. Irritation and peeling are marked more when the con- 
centration exceeds 0.1%. When peeling, crusting, or blistering occur, 
medication should be withheld until the skin recovers, or the con- 
centration should be reduced. The drug should not be applied around 
the eyes, nose, or angles of the mouth, because the mucosae are much 
more sensitive than the skin to the irritant effects. It also may cause 
severe irritation on eczematous skin. It should not be applied along 
with, or closely following, other irritants or keratolytic drugs. Expo- 
sure to sunlight should be avoided if possible. Both hypo- and hy- 
perpigmentation have been reported, but the conditions appear to be 
reversible and temporary. 
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CLEANSING PREPARATIONS 


The skin may be cleansed with detergents, solvents, or abra- 
sives, singly or in combination. Among the detergents, the 
soaps have enjoyed the greatest official status, more through 
custom than through special merit. The nonsoap detergents 
became important not only as household hand cleansers, but in 
dermatological and surgical practice as well. However, because 
many nonsoap detergents do not decompose in sewage disposal 
plants, there has been a return to real soap. Some of the 
antiseptic soaps still contain synthetic detergents. Soap inter- 
feres with the action of many antiseptics, which is one reason 
synthetic detergents often are used in antiseptic cleansing 
preparations. However, synthetic detergents also interact with 
some antiseptics. Anionic nonsoap skin detergents rarely sen- 
sitize the skin and, thus, are prescribed when the user is 
allergic to soap. 

Ordinary soaps tend to be alkaline, with pH ranging from 
9.5 to 10.5. Superfatted soaps have a pH in the lower end of 
the range. Synthetic detergents usually have a pH <5.6. 
Neutral toilet bars contain synthetic detergents. Anionic 
surfactants and cationic detergents emulsify fats with water 
as well as assisting in the removal of foreign particulates 
from the skin, scalp, or hair. 

Shampoos are liquid soaps or detergents used to clean the 
hair and scalp. Both soaps and shampoos often are used as 
vehicles for dermatological agents. 

Many bar soaps contain either triclosan or triclocarban as 
antiseptics in concentrations that suppress bacterial produc- 
tion of body odors but that effectively are not antiseptic. A 
number of soaps and shampoos contain keratolytic and an- 
tiacne ingredients. Abrasive soaps contain particles of alu- 
mina, polyethylene, or sodium tetraborate decahydrate. 

It commonly, but erroneously, is believed that soap has an 
antiseptic action. The promotion of either soap or synthetic 
detergents alone for the control of acne is unwarranted; 
antiseptic substances must be added to the cleansing mate- 
rial or be used separately. Quantitative studies of the cuta- 
neous flora before and after cleansing with soap or with other 
anionic detergents show a negligible antiseptic effect. How- 
ever, the removal of loose epidermis lessens the likelihood 
that cutaneous bacteria will be transferred from the skin to 
other structures. Certain cationic detergents employed in 
dermatology are antiseptic. Detergents are treated under 
Surface-Active Agents, chapter 39. 

The choice of organic solvents to cleanse the skin depends 
largely upon the nature of the material to be removed. In 
medical practice ethanol and isopropyl] alcohol are the most 
frequently employed organic solvents. Cleansing creams act 
both as solvents and as detergents. Other soapless cleansers 
variously contain petrolatum, vegetable oils, lanolin, high- 
molecular-weight alcohols, various carbohydrate deriva- 
tives, oatmeal, and other ingredients. 
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ALCOHOL—pages 1038 and 1507. 

ALCOHOL, RUBBING—see RPS-19, pages 1264 and 1510. 
BENZALKONIUM CHLORIDE—page 1508. 
HEXACHLOROPHENE CLEANSING EMULSION—page 1509. 
ISOPROPYL RUBBING ALCOHOL—page 1510. 

SELENIUM SULFIDE—page 1511. 

SODIUM LAURYL SULFATE—page 1033. 


TRANSDERMAL SYSTEMS 
Na RS SR ee EL POTS 
Transdermal systems are designed to employ the skin as either 
a rate-controlling barrier to drug absorption or a reservoir for 
drug absorption. The primary compounds delivered via trans- 
dermal systems include estradiol, page 1383; nitroglycerin, 
page 1284; nicotine, page 1316; clonidine, page 1276; fentanyl, 
page 1451; scopolamine, page 1331, and testosterone, page 
1393. 

These drugs are discussed elsewhere, since their pharma- 
cological activity is not primarily skin-related. However, 
transdermal systems have been developed to deliver salicylic 
acid for localized therapy in the skin to remove warts (sali- 
cylic acid, page 1212). 

The underlying principles of percutaneous absorption are 
discussed in further detail in Chapter 37, while the systems 
are discussed in Chapter 50. However, transdermal systems 
may give localized effects within skin because of increased 
hydration as a result of occlusion, drug metabolism or deg- 
radation within the skin, penetration enhancer—associated 
skin alterations, increased localized bacterial populations, 
etc. 


MISCELLANEOUS DERMATOLOGICALS 

SR EIS LATS ETD SIE EE SEE AEE LEE 
Gargles, nasal washes, douches, enemata, etc, generally contain 
as basic ingredients substances described under other catego- 
ries in this chapter. These preparations are described under 
Aqueous Solutions, page 723. 

Antiphlogistics include alcohol and several creams and 
lotions that cool the skin by evaporation. Many antiphlogis- 
tic preparations also contain an astringent and a local anes- 
thetic or camphor or menthol. 

Commonly employed antipruritics also depend to some 
extent upon local anesthetics and the soothing effect of cool- 
ing, although some emollients or demulcents may be in- 
cluded, especially depending upon the cause of the pruritus. 
The antipruritic properties of phenol preparations largely 
derive from superficial local anesthesia. 

Vulnerary and epithelizing properties are attributed to 
numerous irritants and to several dyes; however, few reli- 
able data exist to support most claims to vulnerary action. 

Sunscreens contain aromatic compounds such as amino- 
benzoic acid, which efficiently absorb the harmful UV rays 
from the incident sunlight and transmit mainly the less 
harmful wavelengths, or titanium dioxide, which reflects 
sunlight from the surface of application. UV light in the 
spectral range of 290 to 320 nm causes suntan and sunburn; 
therefore, a sunscreen to prevent tan or burn should have a 
high molar absorptivity in this range. However, photosensi- 
tization (ie, the photoactivation of chemicals to make them 
toxic or allergenic) may occur with wavelengths as high 
as 500 nm; consequently, to protect recipients of certain 
drugs (tetracyclines, sulfonamides, erythromycin, proma- 
zine, chlorpromazine, promethazine, psoralens), sunscreens 
with a broader absorption spectrum are required. An ade- 
quately broad spectrum is usually achieved with combina- 
tions of sunscreens (eg, dioxybenzone and oxybenzone). 
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Melanizers are substances that promote the pigmentation 
of the skin. Most melanizers produce their effect by sensitiz- 
ing the skin to UV light, so that the effect is principally the 
same as if the subject had been exposed for a long time to the 
sun. 

This action is termed a photodynamic action. The term 
has been used loosely to include all instances of enhanced 
sensitivity to light, but in strict definition it is confined to 
photosensitization in which the participation of oxygen is 
required. In the photodynamic process, light of wavelengths 
too long to be ordinarily effective may be used, so that the 
activating spectrum may be shifted toward longer wave- 
lengths. 

Skin bleaches, or demelanizers, mostly contain hydroqui- 
none derivatives. 

Hair bleaches generally contain peroxides. 

There is a large variety of depilatories on the market. 
Many of them are sulfhydryl compounds, especially thiogly- 
collates, which reduce the disulfide bonds of keratin, thus 
softening the hair to the point where it can be separated 
easily from the epidermis. Some of the same compounds are 
used in lower concentrations in hairwaving preparations. 
There is one drug, minoxidil, an antihypertensive drug, 
which can increase hair growth and treat baldness. 

Antiperspirants have been included among the astrin- 
gents. 


ALLANTOIN 
Urea, (2,5-dioxo-4-imid-azolidinyl)-, 


[97-59-6] C,H,N,O, (158.12). 

Preparation—By oxidation of uric acid. 

Description—Colorless crystals; melts at 238°. 

Solubility—1 g in 190 mL water or 500 mL alcohol; nearly 
insoluble in ether. 

Comments—In World War I it was noticed that maggot-infested 
wounds seemed to heal better than uninfested wounds, an effect 
attributed to this drug produced by maggots. It is used topically as a 
vulnerary to stimulate tissue repair in suppurating wounds, resis- 
tant ulcers, acne, seborrhea, cold sores, hemorrhoids, and various 
dermatological infections and psoriasis. It frequently is combined 
with astringents, keratolytics, coal tar, antiseptics, and antifungal 
drugs. The silver salt has been used in the topical treatment of 
extensive burns. 


AMINOBENZOIC ACID 


Benzoic acid, 4-amino-, PABA 


nan-(C))-coos 


p-Aminobenzoic acid [150-13-0] C,H,NO, (137.14). 

Preparation—p-Nitrotoluene is oxidized with permanganate to 
p-nitrobenzoic acid, and the nitro group then is reduced to an amino 
group with iron and hydrochloric acid. 

Description—White or slightly yellow, odorless crystals or crys- 
talline 8 powder; melts between 186° and 189°; discolors on exposure 
to air or light. 

Solubility—Slightly soluble in water or chloroform; freely solu- 
ble in alcohol or solutions of alkali hydroxides and carbonates; spar- 
ingly soluble in ether. 

Comments—A sunscreen. It absorbs UV light of wavelengths in 
the region of 260 to 313 nm; its molar absorptivity at 288.5 nm is 
18,300. However, it does not absorb throughout the near UV range, 
so that drug-related photosensitivity and phototoxicity may not be 
prevented by it, but in combination with benzophenone it does pro- 
tect against some drug-induced phototoxicities. Nevertheless, in the 
260 to 313 nm range, it has the highest protection index of current 
sunscreen agents. 

For animal species that do not use preformed folic acid, which 
contains the p-aminobenzoyl] moiety, it is a B vitamin. However, man 
does not use it, and its promotion in vitamin preparations preys on 


the ignorance of the consunrer. It or its potassium salt is promoted as 
an agent that softens or regresses fibrotic tissue in Peyronie’s dis- 
ease, scleroderma, dermatomyositis, morphea, and pemphigus. The 
claims for the antifibrotic actions are substantiated poorly, and the 
actions and uses are not mentioned in major works on pharmacology 
and therapeutics. 

Topically, it is rarely allergenic to recipients, but phototoxicity 
and photoallergenicity occur. Systemic side effects include nausea, 
anorexia, fever, and rash. 
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CINOXATE 
Propenoic acid, 3-(4-methoxyphenyl)-, 2-ethoxyethyl ester 


0 
CH,0 {(C)-orroitocrscrp00r,0r 


{104-28-9] C,,H,,0, (250.29). 

Preparation—Brit Pat 856,411. 

Description—A viscous liquid; may have a slightly yellow tinge; 
boils about 185°. 

Solubility—Practically insoluble in water; miscible with alcohol. 

Comments—A sunscreen that absorbs UV light at 270 to 328 nm and 
has a relatively high molar absorptivity (19,400 at 306 nm) but is nonab- 
sorbing throughout the entire offending range of UV light. Consequently, 
it is used principally in preparations intended to promote tanning rather 
than to protect against photosensitivity and phototoxicity. 


DEXTRANOMER 

For the complete monograph see page 1851 

Comments—For drying, cleansing, and debridement of exudative 
venous stasis ulcers; infected wounds and burns; it is not useful for 
cleansing nonexudative wounds or lesions. The beads not only absorb 
water but also proteins, including fibrin/fibrinogen degradation prod- 
ucts, and thus prevent encrustation. The beads are poured into the 
cleansed wound, which is circumscribed with petroleum jelly, and a 
compress is taped in place to retain the material. Changes may be 
made up to three or four times a day, as needed. The beads must be 
removed before skin grafting is attempted. Care must be taken to 
prevent cross-contamination from patient to patient. On the floor the 
beads are slippery and thus hazardous. 


DIHY DROXYACETONE 


Chromelin Complexion Blender 


O 


| 
HOCH, C CH,OH 


(96-26-4] C,H,O., (90.08). 

Preparation—By oxidation of the secondary alcohol group of glycerin. 

Description—Crystalline powder; fairly hygroscopic; character- 
istic odor; sweet taste; melts about 77°. 

Solubility—Dimer (normal form): slowly soluble in 1 part water 
or 15 parts alcohol. Monomer (formed in solution): very soluble in 
water, alcohol, or ether. 

Comments—Interacts with keratin in the stratum corneum to 
form a dark pigment that simulates the appearance of a suntan. It is 
incorporated in several sunscreen preparations. Since the sunscreen 
component is usually present in a concentration lower than optimal, 
such preparations may not provide protection to photosensitive per- 
sons. Also used to treat vitiligo. 


DIOXYBENZONE 


Methanone, (2-hydroxy-4-methoxyphenyl)(2-hydroxyphenyl)-, 
Solaquin 


OH HO 


c OCH; 
O 


2,2'-Dihydroxy-4-methoxybenzophenone [131-53-3] C,,H,.0, (244.25). 

Preparation—By a Friedel-Crafts reaction in which o-methoxy- 
benzoyl chloride is added gradually to a mixture of 1,3-dimethoxy- 
benzene, chlorobenzene, and aluminum chloride. The reaction con- 
ditions are such that both methoxy groups ortho to the carbonyl 
bridge in the initial condensation product are demethylated. US Pat 
Dopooale 


Description—Off-white to yellow powder; congeals not lower 
than 68°. 

Solubility—Practically insoluble in water; freely soluble in alco- 
hol or toluene. 

Comments—A sunscreen of intermediate molar absorptivity 
(11,950 at 282 nm), but it absorbs throughout the UV spectrum and, 
hence, affords protection not only against sunburn but also against 
the photodynamic, photosensitizing, and phototoxic effects of drugs. 
At present, it is marketed in combination with the closely related 
Oxybenzone (page 1217). 


ETHYLHEXYL p-METHOXYCINNAMATE 


Parsol MCX 


Octyl methoxycinnamate [5466-77-3] C,,H,,O, (290.40). 
Preparation—US Pat 4,713,473. 
Description—High-boiling liquid. 
Comments—A sunscreen with a narrow absorption band of 290 
to 320 nm and a moderate molar absorptivity. 


ETRETINATE 


2,4,6,8-Nonanetetraenoic acid, 9-(4-methoxy-2,3,6-trimethylphenyl)- 
3,7-dimethyl-, ethyl ester (al/l-E); Tegison 


CHs CH CH; 


COOC,H 
re YyayPFrrner S at's 
CH,0 CH 


3 


[54350-48-0] Cy,H.,0; (354.49). 

Preparation—One scheme involves the Wittig condensation 
of diphenyl 2,3,6-trimethyl-4-methoxybenzylphosphonium chloride and 
8-oxo-3,7-dimethyl-2,4,6-octane-trienoic acid (all-trans) in the presence 
of butylene oxide; Experientia 1978; 34: 1113. 

Description—Crystalline solid melting about 104°. 

Solubility—Soluble in alcohol; insoluble in water. 

Comments—Although not a topical drug, it is a retinoid closely 
related to tretinoin and is used only for its dermatological actions; 
consequently, it is included in this chapter. It is used in the treat- 
ment of recalcitrant psoriasis, especially the severe, pustular, eryth- 
rodermic type. It decreases scaling, erythema, and the thickness of 
lesions and causes epithelial and dermal cells to redifferentiate to 
normal cells. Sometimes, dramatic improvement occurs within 2 
weeks and complete clearing in 1.5 to 4.5 months. However, relapses 
are frequent once treatment is discontinued and sometimes even 
during chronic maintenance. It can be used alone or in low-dose 
combination with PUVA (psoralen augmented UVA) therapy. The 
mechanism of action is unknown, but it is undoubtedly like that of 
vitamin A. Activity resides in the acid metabolite. 

Adverse effects occur in more than 75% of recipients. They in- 
clude chapped lips; peeling of the palms, soles, and fingertips; dry- 
ness of the mucous membranes; sore tongue; cheilitis; rhinorrhea; 
nosebleed; gingival bleeding; loss of hair; nail abnormalities; dry and 
irritated cornea, sclera, and conjunctiva (50%); epidermal fragility; 
easy sunburning; and other effects. Occasionally, pseudotumor cere- 
bri, metastatic calcification of ligaments and tendons, and liver 
dysfunction or necrosis occur. In children and adolescents there may 
be premature closure of the epiphyses. Plasma cholesterol and tri- 
glycerides rise and high-density lipoprotein decreases. The drug is 
also teratogenic. Adverse effects are less with the low doses used in 
conjunction with PUVA therapy. 

Absorption after oral administration is incomplete. It can be 
increased by whole milk and other lipid-containing foods. There is a 
rapid metabolism during which it is deesterified to the acid metab- 
olite. A much slower degradation and conjugation follows, the me- 
tabolites being secreted into bile and urine. Nearly all of the circu- 
lating drug is bound to plasma lipoproteins, but the active metabolite 
is bound to albumin. Ultimately, it is taken up into fat, where it may 
be found even as long as 2 years after the last dose. The apparent 
elimination half-life is about 120 days. This persistence of drug in 
the body militates against the use of the drug in fertile women of 
child-bearing age, since the incidence of congenital defects is high 
even when conception occurs months after the drug is discontinued. 
The drug also is excreted into milk; effects in the nursing infant are 
not known. 
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HOMOSALATE 
Benzoic acid, 2-hydroxy-, 3,3,5-trimethylcyclohexyl ester; ing of 
Coppertone 
t 
€o CH; 
OH 
CH; 


Homomenthy] salicylate [118-56-9] C,,H,.O, (262.36). 
Preparation—US Pat 2,369,084. 
Description—Colorless liquid boiling about 163° at 4 mm. 
Comments—A liquid with relatively low molar absorptivity 
(6720 at 310 nm) and limited absorption in the near ultraviolet range 
(290 to 315 nm), so that it is used mainly to promote tanning. 
Photosensitive persons may not be protected from burns and photo- 
toxicity. 


HYDROGEN PEROXIDE SOLUTION—page 1509. 
HYDROQUINONE 


1,4-Benzenediol; p-Dihydroxybenzene; Hydroquinol; Quinol; 
Eldoquin and Eldopaque Forte 


OH 


OH 


Hydroquinone [123-31-9] C,H,O, (110.11). 

Preparation—Various processes are employed. One involves re- 
acting a sulfuric acid solution of aniline with manganese dioxide and 
reducing the resulting p-benzoquinone with sodium bisulfite. 

Description—Fine, white needles; darkens on exposure to air; 
melts between 172° and 174°, 

Solubility—1 g in about 17 mL water, 4 mL alcohol, 51 mL 
chloroform, or 16.5 mL ether. 

Comments—A hypopigmenting agent employed percuta- 
neously to lighten localized areas of hyperpigmented skin, such 
as skin blemishes, lentigo, melasma, chloasma, freckles, etc. Its 
action is temporary, so that it is necessary to repeat the application 
at frequent intervals. It is a mild irritant, and erythema or rash 
may develop, which requires discontinuation of the drug. It 
should not be used near the eyes or in open cuts. It is contraindicated 
in the presence of sunburn, miliaria, or irritated skin. It is not 
to be used in children. Ingestion of 1 g results in tinnitus, nausea, 
vomiting, a sense of suffocation, shortness of breath, cyanosis, 
convulsions, delirium, and collapse. Death has occurred with inges- 
tion of 5 g. Irritation of the GI tract occurs with oral ingestion. 
Dermatitis results from skin contact. Corneal staining and opacifi- 
cation have been noted in those exposed for prolonged periods to 
hydroquinone vapor at concentrations not sufficiently high for sys- 
temic effects. 


HYDROXYUREA—page 1493. 
ISOTRETINOIN 


13-cis-Retinoic Acid; Accutane 


3,7-Dimethyl-9-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-cis-4-trans-6- 
trans-8-trans-nonatetraenoic acid [4759-48-2] C,)H,,0, (300.44). Dif- 
fers from tretinoin (vitamin A) only in the configuration of the unsat- 
uration at the a and f carbon atoms, which is cis rather than trans. 

Comments—Although not a topical drug, it is a dermatological 
agent and, hence, is described here. Its primary action is to decrease 
the production of sebum, which lends itself to the treatment of 
severe modular and cystic acne (acne conglobata). The size of the 
sebaceous gland is decreased, and there is a change in the morphol- 
ogy and secretory capacity of the cells (dedifferentiation). Complete 
clearing of lesions is seen in about 90% of cases. A single course of 
treatment usually brings about long-lasting, sometimes permanent, 
remissions. 
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It also appears to diminish hyperkeratosis and has been reported 
to be effective in rosacea, gram-negative folliculitis, lamellar ichthy- 
osis, Darier’s disease, pityriasis rubra pilaris, and keratocanthoma. 

Adverse effects include facial dermatitis, fragile skin, thinning 
and drying of the hair, reversible cheilitis, and dry skin, mouth, eyes, 
and conjunctivitis in 25 to 80% of recipients. Peeling of the palms and 
soles and sensitivity to sunburn occur in about 5% of users. Urethral 
inflammation also occurs frequently. Joint pains and exacerbation of 
rheumatoid arthritis also has been reported to occur in about 16% of 
patients. Sedimentation rate, serum triglyceride concentration and 
serum levels of alanine and aspartate transaminases transiently 
occur in about 25% of users. Vertebral hyperostosis has been noted 
with the current recommended dose regimen. It was noted originally 
in patients receiving isotretinoin for various keratinization disorders 
at higher dosages and for longer periods than those recommended for 
acne. In spite of the relatively high incidence of side effects, treat- 
ment rarely has to be discontinued. 

After oral administration, peak blood concentrations occur within 
1 to 4 hr. The compound is oxidized to 4-hydroxy-13-cis-retinoic acid, 
which then is glucuronidated and is secreted into the bile. The 
elimination half-life is 11 to 39 (mean 20) hr. Isotretinoin should not 
be given during pregnancy or nursing. 


LISADIMATE 
1,2,3-Propanetriol, 1-(4-aminobenzoate) ester; Escalol 106 


fo) 


{| 
HN <O)- c— ea: 


OH 


Glyceryl p-aminobenzoate [136-44-7] C,,H,,NO, (211.21). 

Preparation—By esterification of aminobenzoic acid with 
glycerin. 

Description—Waxy semisolid or syrup. 

Solubility—Insoluble in water, oils, or fats; soluble in alcohol, 
isopropyl alcohol, or propylene glycol. 

Comments—A sunscreen that absorbs UV light at 264 to 315 nm 
and that has a relatively high molar absorptivity (17,197 at 295 nm) 
but a limited spectrum, therefore used primarily to promote tanning 
rather than to protect sensitive persons. 


METHOXSALEN 


7H-Furo[3,2-g][1]benzopyran-7-one, 9-methoxy-, Ammoidin; 
9-Methoxypsoralen; Xanthotoxin; Oxsoralen 


OCH; 
O20 fo) 


| 


[298-81-7] C,,H,O, (216.19). 

Preparation—Occurs naturally in Psorales coryfolia, Ammi ma- 
jus, Ruta chalepensis, and various other plants. It may be synthe- 
sized by methods described in JACS 1957; 79: 3491, and in US Pat 
2,889,337. 

Description—White to cream-colored, odorless, fluffy, needle- 
like crystals; melts between 143° and 148°. 

Solubility—Practically insoluble in cold water, sparingly soluble 
in boiling water; freely soluble in chloroform; soluble in boiling 
alcohol, acetone, or acetic acid; soluble in aqueous alkalies with ring 
cleavage; reconstitution occurs on neutralization. 

Comments—A psoralen melanizer. It increases the photo- 
dynamic pigmentation of skin; it does not induce pigmentation in 
the absence of UV light or melanocytes. It is used in the treatment 
of vitiligo and to desensitize to sunlight. Severe sunburning can 
occur with topical application; it is customary to protect the 
surrounding skin with a sunscreen. It also is used in PUVA treat- 
ment of psoriasis, mycosis fungoides, and cutaneous T-cell lym- 
phoma; in these, irradiation activates it to cross-link DNA. It may 
have value in the PUVA treatment of alopecia areata, inflammatory 
dermatoses, eczema, and lichen planus. After oral administration GI 
upset and central nervous system toxicities, such as vertigo and 
excitement, also occur. Consequently, the drug should be used orally 
only under medical supervision. It is additive with other photosen- 
sitizing drugs and the furocumarin pigments in carrots, celery, figs, 
limes, mustard, parsley, and parsnips. It inhibits the metabolism of 
caffeine. 


METHYL ANTHRANILATE 


2-Aminobenzoic acid, methyl ester 
C 


I 
C—OCH; 
NH> 


[134-20-3] C,H NO, (151.16). 

Preparation—A constituent of several essential oils; also, by 
esterification of anthranilic acid with methyl alcohol. 

Description—A crystalline substance; melts at 25°. 

Solubility—Slightly soluble in water; freely soluble in alcohol or 
ether. 

Comments—A sunscreen, with the lowest molar absorptivity of 
all sunscreens (941 at 315 nm); also, it does not absorb throughout 
the near UV range (absorption band, 290 to 320 nm) and, therefore, 
is used in combination with other sunscreens or light-protectives. It 
also is used as a perfume in ointments and cosmetics. 


MINOXIDIL—page 1278. 
MONOBENZONE 


Phenol, 4-(phenylmethoxy)-, Monobenzyl Ether of Hydroquinone; 
Benoquin 


©-*--O- 


p-(Benzyloxy)phenol [103-16-2] C,,H,,0, (200.24). 

Preparation—Prepared in various ways. One method involves 
condensing sodium p-nitrophenolate with benzyl chloride to produce 
benzyl p-nitrophenyl ether followed by (1) reduction of nitro to 
amino, (2) diazotization of amino, and (3) hydrolytic decomposition of 
the diazonium compound to the corresponding phenol. 

Description—White, odorless, crystalline powder possessing 
very little taste; melts between 117° and 120°. 

Solubility—1 g in >10,000 mL water, 14.5 mL alcohol, 29 mL 
chloroform, or 14 mL ether. 

Comments—A depigmenting agent or demelanizer. It acts by 
interfering with the formation of melanin, which is the principal 
cutaneous pigment. It is reeommended only for the final depigmen- 
tation in vitiligo. It is not recommended for treatment of lentigo, 
severe freckling, and other types of hyperpigmentation. It is not 
effective against pigmented moles or malignant melanoma. Its pig- 
ment-decreasing action is somewhat erratic. Irritation of varying 
degrees occurs in a considerable number of patients. 


OXYBENZONE 
Methanone, (2-hydroxy-4-methoxyphenyl)phenyl-, 


HO 


©) 


2-Hydroxy-4-methoxybenzophenone [131-57-7] C,,H,.O, (228.25). 

Preparation—Benzoic acid is condensed with resorcinol mono- 
methyl ether by heating in the presence of ZnCl, or polyphosphoric 
acid (103% H.PO, equivalent), and PCl.,. US Pat 3,073,866. 

Description—White to off-white powder; congeals not lower than 62°. 

Solubility—Practically insoluble in water; freely soluble in alco- 
hol or toluene. 

Comments—A sunscreen with a high molar absorptivity (20,381 
at 290 nm), and it absorbs in both the long and short UV spectrum 
270 to 350 nm. Therefore, it serves not only to prevent sunburn but 
also to protect against the photodynamic, photosensitizing, and pho- 
totoxic effects of various drugs. Contact with the eyes should be 
avoided. At present, it is marketed only in combination with other 
sunscreens. 


PADIMATE A 
Benzoic acid, 4-(dimethylamino)-, pentyl ester 


COOCSH,, 


© 


N(CH3)2 


(14779-78-3] C,,H,,NO, (235.33). A mixture of pentyl, isopentyl, and 
2-methylbutyl esters of p-aminobenzoic acid. 
Description—Yellow liquid; faint, aromatic odor. 
Solubility—Practically insoluble in water or glycerin; soluble in 
alcohol, chloroform, isopropyl alcohol, or mineral oil. 
Comments—A sunscreen of moderate molar absorptivity but rel- 
atively narrow UV absorption spectrum (290 to 315 nm) character- 
istic of other aminobenzoic acid derivatives. 


PADIMATE O 
Benzoic acid, 4-(dimethylamino)-, 2-ethylhexyl ester 


COOCH, CHCH,CH,CH2CH, 
i | 


Cos 


N(CH3)2 


[21245-02-3] C,,H,,NO, (277.41). 

Preparation—By the esterification of p-dimethylaminobenzoic 
acid with 2-ethylhexanol in the presence of dry HCl. The product is 
liberated from the salt by neutralization with base. 

Description—Light-yellow mobile liquid; faint, aromatic odor. 

Solubility—Practically insoluble in water, alcohol, or mineral 
oil. 

Comments—See Padimate A. 


ROXADIMATE 


Benzoic acid, 4-[bis-(2-hydroxypropyl)amino]-, ethyl ester; 
Amerscreen 


OH 
0 


| 
CH,CHCH. 
3 oe ll 
XO) foo 
CH,CHCH 
aye 
OH 


[58882-17-0] C,;H,,NO, (281.35). 

Comments—A sunscreen with a limited absorption spectrum 
(280 to 330 nm) characteristic of p-aminobenzoates but a relatively 
high molar absorptivity. It is used mainly in suntan products. 


SODIUM BICARBONATE—pages 1222 and 1265. 
SODIUM FLUORIDE 


Sodium fluoride [7681-49-4] NaF (41.99). 

Preparation—By interaction of 40% HF with an equivalent 
quantity of NaOH or Na,CO,. 

Description—White, odorless powder. 

Solubility—1 g in 25 mL water; insoluble in alcohol. 

Comments—A dental caries prophylactic. Fluoridation of munic- 
ipal water supplies is considered a safe and practical public health 
measure; a concentration of about 1 ppm of fluoride in the water 
supply results in a 50 to 65% reduction in the incidence of dental 
caries in permanent teeth. Ingested fluoride is effective only while 
teeth are being formed. The fluoride is incorporated into tooth salts 
as fluoroapatite. Excessive intake during development of teeth may 
cause mottling; hence, mottling of newly erupted teeth is an indica- 
tion to reduce fluoride intake. Where drinking water contains less 
than 0.7 ppm of fluoride, dietary supplements for children with 
unerupted teeth may provide some future protection. 

Topical application results in changes only in the outer layers of 
enamel or exposed dentin. In children, repeated application of a 2% 
solution of the drug to cleaned teeth results in a 16 to 49% reduction 
of dental caries; adult teeth are protected to a lesser extent by topical 
application. Topical application also is used to desensitize teeth. 

Orally administered, it produces new bone formation in some 
patients with osteoporosis, especially when calcium and vitamin D 
(and estrogens in women) are administered concomitantly to facili- 
tate mineralization of the new bone. However, the bone may become 
brittle. 

It removes calcium from tissues and also poisons certain en- 
zymes. Large oral doses may cause nausea and vomiting, which 
usually can be prevented by taking the substance with food. Pastes, 
rinses, solutions, and gels for topical applications should not be 
swallowed. 


SODIUM MONOFLUOROPHOSPHATE 


Phosphorofluoridic acid, sodium salt 
FPO(ONa). 
Disodium phosphorofluoridate [10163-15-2] (143.95). 
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Preparation—Substantially pure drug is produced by fusing a 
mixture of sodium metaphosphate and sodium fluoride, in stoichio- 
metric proportion, in a closed vessel from which moist air is ex- 
cluded. 

Description—White to slightly gray, odorless powder. 

Solubility—Freely soluble in water. 

Comments—Like Sodium Fluoride, above, it promotes the re- 
placement of hydroxyapatite by fluoroapatite in the tooth salts and, 
hence, is used as a dental prophylactic against dental caries. It has 
the advantage over sodium fluoride in that the teeth do not require 
special preparation before application, it is effective when included 
in dentifrices, and in dentifrices there is no hazard with respect to 
local toxicity to the gingivae or systemic intoxication from ingestion. 


STANNOUS FLUORIDE 


Tin Difluoride; Fluoristan 


Tin fluoride (SnF,) [7783-47-3] (156.69); contains not less than 71.2% 
Sn,* (stannous tin) and about 24% F (fluoride). 

Preparation—Stannous oxide is dissolved in 40% HF, and the 
solution is evaporated out of contact with air. 

Description—White, crystalline powder with a bitter, salty 
taste; melts at about 213°. 

Solubility—Freely soluble in water; practically insoluble in al- 
cohol, ether, or chloroform. 

Comments—Alters the composition and crystalline structure of 
the hydroxyapatite-like salts that make up the bulk of enamel and 
dentin, so that the tooth material is more resistant to acidic erosion 
and dental caries (decay). The substance is applied only topically, so 
that the tooth substance is only affected in the superficial layers, and 
it must be applied periodically. It is most effective when applied to 
the tooth surface after the teeth have been cleaned thoroughly by a 
dentist. However, there is good evidence that even when incorpo- 
rated into toothpastes the drug has a retardant effect on the devel- 
opment of dental caries. 


TITANIUM DIOXIDE 


Titanic Anhydride 


Titanium oxide (TiO,) [13463-67-7] TiO, (79.88). 

Preparation—By adding ammonia or an alkali carbonate to 
a solution of titanyl sulfate (TiOSO,). Titanic acid Ti(OH), or 
TiO(OH), is precipitated and, after filtration and washing, is dried 
and ignited. 

Description—White, amorphous, tasteless, odorless, infusible 
powder; density about 4; suspension in water (1 in 10) neutral to 
litmus. 

Solubility—Insoluble in water, HCl, HNO,, or dilute H,SO,. 

Comments—Its powder has a very high reflectance at visible and 
UV wavelengths, and, hence, it serves as an excellent white pigment. 
In ointments or lotions it reflects a very high proportion of incident 
sunlight, hence, protecting the skin from sunburn and serving as a 
sunblock. It also is used in cosmetics and as a dusting powder. 
Topically, it is devoid of toxicity. 


TRIOXSALEN 


7H-Furo[3,2-g][1]benzopyran-7-one, 2,5,9-trimethyl-, 6-hydroxy- 
B,2,7-trimethyl-5-benzofuranacrylic acid, 6-lactone; Trisoralen 


CH; 


(3902-71-4] C,,H,,0, (228.25). 
Caution—Avoid contact with the skin. 
Preparation—2-Methylresorcinol is cyclized with ethyl acetoac- 
etate with the aid of sulfuric acid to 7-hydroxy-4,8-dimethylcoumarin 
(1). Treatment with allyl bromide in the presence of potassium car- 
bonate transforms I into the 7-allyloxy compound, which, on reacting 
with acetic anhydride in the presence of N,N-diethylaniline and 
anhydrous sodium acetate, rearranges and esterifies to give the 
7-acetoxy-6-allyl compound (II). Bromination of II followed by reac- 
tion with sodium methoxide yields trioxsalen. US Pat 3,201,421. 
Description—White to off-white, odorless, tasteless crystalline 
solid; stable in light, air, and heat; melts at about 230°. 
Solubility—1 g in 1150 mL alcohol, 84 mL chloroform, or 43 mL 
methylenedichloride; practically insoluble in water. 
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Comments—Although not a topical drug, it closely relates to 
other drugs in this section. It facilitates the action of near UV light 
to induce melanin (skin pigment) formation. It is used to cause 
repigmentation in idiopathic vitiligo and to enhance pigmentation to 
increase tolerance to sunlight or for cosmetic purposes. The increased 
tolerance to sunlight does not occur until enhanced pigmentation has 
occurred, and the patient must be cautioned that severe sunburning 
with less than normal exposure can occur early during the course of 
treatment. The increase in dermal pigment occurs gradually over a 
period of several days of repeated exposure. Care must be taken to 


protect the eyes and lips during treatment. The manufacturer’s 
recommended schedule of exposure should be used except at high 
altitudes, where exposure times should be appropriately reduced. 

It is contraindicated in persons with photosensitizing diseases, 
such as infectious leukoderma, porphyria, or lupus erythematosus, 
and when photosensitizing drugs are being given. The drug some- 
times may cause gastric irritation and emesis. Children under 12 
should not take it. 


UREA—pages 1049 and 1346. 
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The major categories of drugs included in this chapter are 
antacids, H,-receptor antagonists, proton pump inhibitors, 
drugs that enhance mucosal resistance, digestants including 
pancreatic enzymes, laxatives, antidiarrheals, emetics, anti- 
emetics, prokinetic agents, adsorbents, and miscellaneous 
drugs. A number of other drugs, used primarily for other indi- 
cations but also used in the treatment of gastrointestinal (GI) 
diseases, are not included in this chapter. These include im- 
munosuppressive drugs, anti-inflammatory drugs, immuno- 
stimulants and antibiotics. 


DRUGS USED TO TREAT ACID 
PEPTIC DISEASES 


(RR 5 EEE 
Mucosal injury in the acid peptic diseases (ie, gastric ulcer, 
duodenal ulcer and gastroesophageal reflux disease (GERD)) 
is mediated by gastric acid. Hydrochloric acid is secreted by 
parietal cells in the body of the stomach. It is regulated by 
adjacent endocrine, paracrine, and neurocrine cells. The pa- 
rietal cell has receptors for acetylcholine (neurocrine), gas- 
trin (endocrine), histamine (paracrine), somatostatin (endo- 
crine), and prostaglandin E, (paracrine). Acetylcholine and 
gastrin both activate calcium channels, albeit different chan- 
nels. This leads to intracellular accumulation of calcium. 
Calcium, in turn, stimulates protein kinases that phosphor- 
ylate H*K~ ATPase, the proton pump. The physiological 
essence of the proton pump is to exchange extracellular K* 
for intracellular H’. It is thus the final common pathway of 
acid secretion. Gastrin and acetylcholine are relatively weak 
stimuli of the parietal cell. They act primarily through the 
adjacent enterochromaffin-like (ECL) cell, causing the re- 
lease of histamine. Histamine is the most potent stimulus of 
acid secretion and acts as the common mediator. It induces 
adenylate cyclase, which converts ATP to cyclic AMP 
(cAMP), which activates the protein kinases. This complex 
interaction accounts for the well-known phenomenon of 
potentiation, in which the effect of two or more stimuli is 
greater than the sum of their additive effects. The converse 
is also true; histamine antagonists inhibit acid secretion 
that is stimulated by gastrin and acetylcholine as well as 
histamine. 

There are two types of acid secretion under physiological 
secretions: (1) meal stimulated, 90% of which is stimulated by 
gastrin, and (2) basal, which is mostly stimulated by acetylcho- 
line. Meal-stimulated acid secretion is largely regulated by 
gastrin. Gastrin secretion is modulated by a negative feedback 
mechanism such that alkalization, ie, feeding, stimulates gas- 
trin release and thus acid secretion, while acidification, ie, 
discontinuing eating, inhibits gastrin release and shuts down 


acid secretion. Food stimulates gastrin release by three mech- 
anisms: (1) gastric distention; (2) specific food constituents such 
as amino acids, protein hydrolysates, ethanol, and calcium; and 
(3) elevation of gastric pH. Acid is the major inhibitor of gastrin 
release and thus of acid secretion. Since ingestion of food in- 
creases gastric pH, gastrin release is disinhibited, and acid 
secretion continues. As food intake stops, gastric pH falls, 
gastrin release is inhibited, and acid secretion returns to basal 
levels. It is in this way that eating regulates acid secretion. 
Acidification also causes adjacent D cells to release somatosta- 
tin, which appears to inhibit acid secretion by direct inhibition 
of adeny]l cyclase in the parietal cell. The major effect of soma- 
tostatin, however, is inhibition of histamine release from the 
adjacent ECL cell. 

Basal acid secretion exhibits a circadian rhythm in which 
gastric secretion is highest at night (approximately at mid- 
night) and lowest in the early morning. This secretion is not 
paralleled by changes in circulating serum gastrin and is abol- 
ished by vagotomy. It appears, therefore, that basal secretion is 
largely controlled by the vagus nerve and its neurotransmitter, 
acetylcholine. The importance of basal secretion is twofold: 


1. It accounts for the characteristic nighttime awakening with peptic 
ulcer pain. 

2. It serves as the rationale for single nighttime dosing with H, 
receptor antagonists. 


In addition to a stimulatory pathway of acid secretion, there 
is a closely related inhibitory system. This system is activated 
by prostaglandin E, (PGE,), which appears to act on a mem- 
brane receptor that activates an inhibitory protein (GIP) that 
blocks the histamine activation of adenylate cyclase. An addi- 
tional function of PGE, in the gastric mucosa is to increase 
bicarbonate and mucus secretion, which enhances mucosal re- 
sistance to injury. Thus, the combined effect of PGE, is to 
inhibit acid secretion and increase mucosal protection—yet 
another example of the constitutive or protective function of the 
prostaglandins. The inhibition of PGE, by nonsteroidal anti- 
inflammatory drugs (NSAIDs) is the underlying mechanism by 
which they cause injury. The other major inhibitor of acid 
secretion is somatostatin. 

In general, ulcer disease occurs whenever there is an in- 
crease in acid secretion or a decrease in mucosal resistance. 
Conversely, acid peptic diseases can be treated by either de- 
creasing acid or increasing mucosal resistance. Acid-mediated 
pain occurs when the gastric pH is below 2. Healing of the acid 
peptic diseases occurs when the mean 24-hr pH is kept above 3 
to 4. The pH can be increased by either neutralizing acid 
(antacids) or inhibiting gastric secretion (H,-receptor antago- 
nists or proton pump inhibitors). Mucosal resistance can be 
increased with prostaglandin analogs. 
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DRUGS THAT DECREASE ACID 


The exact mechanism of gastric acid secretion has yet to be 
elucidated. It is known that four endogenous substances— 
acetylcholine, the neurotransmitter of the vagus nerve; gastrin, 
a systemic hormone secreted by G cells in the antrum of the 
stomach; histamine, a paracrine hormone secreted by entero- 
chromasin cells in the wall of the stomach, and calcium—all 
stimulate acid secretion. There are receptors for acetylcholine 
(muscarinic receptors), gastrin (gastrin receptors), and hista- 
mine (H,-receptors). Calcium may both increase gastrin and 
act as a second messenger for gastrin and acetylcholine. His- 
tamine probably activates adenylate cyclase, which converts 
cytosolic ATP to cAMP, which acts as a second messenger. 
There is some evidence that histamine may act as the common 
mediator of acid secretion, since it augments acetylcholine- and 
gastrin-stimulated secretion, and H,-blockers inhibit both 
acetylcholine- and gastrin-stimulated secretion. 

The final common pathway of acid secretion is the proton 
pump, Na'/K’ ATPase. The physiological essence of Na‘/K* 
ATPase is to exchange K' for H'; H" is secreted against a 
profound concentration gradient of 2,000,000:1 or greater. This 
acid secretion is stimulated by the sight, smell, and ingestion of 
food. In addition to the stimulated acid secretion, there is a 
basal acid secretion that occurs independently of eating. An 
important feature of basal acid secretion is its diurnal varia- 
tion, such that acid secretion is low during the day but rela- 
tively high at night—generally peaking between 10 PM and 
midnight. For this reason patients tend to wake up around 
midnight with dyspepsia and heartburn. It is at this time that 
gastric pH tends to drop to 1 or 2, since acid secretion is 
relatively high and is not neutralized by food. 

During the day, the food that stimulates acid secretion also 
neutralizes it, keeping the gastric pH about 4 or 5. The diurnal 
variation in acid secretion forms the rationale for using H,- 
receptor antagonists as a single evening dose in the treatment 
of gastric and duodenal ulcers. 

As discussed above, PGE, acts both to inhibit acid secretion 
and increase mucosal protection. There are other inhibitors of 
acid secretion. Somatostatin and secretin are probably the 
most important under physiological conditions. 


Antacids 


Antacids are drugs that react with hydrochloric acid to form 
salt and water. This neutralizes acid and, in so doing, raises 
gastric pH. The most widely used antacids are sodium bicar- 
bonate, calcium carbonate, aluminum hydroxide, and mag- 
nesium hydroxide. See Chapter 24 for the chemistry of the 
antacids. 

Antacids are used widely for the relief of heartburn and 
dyspepsia, as well as a large variety of nonspecific GI symp- 
toms. The primary role of antacids in the management of acid 
peptic disorders is relief of pain. For the most part, they are 
safe, but in patients with compromised renal function, indis- 
criminate use can lead to alkalosis and other complications. 

Antacids usually are used in combination. The differences in 
mixture account for the relative differences in neutralizing 
capacity and side effects. It is apparent that the more acid 
neutralized, the greater the efficacy of the antacid. For practi- 
cal purposes, however, efficacy is obtained by increasing the 
gastric pH to 3.5 or greater. This is achieved readily with 
modern antacids, giving doses of 15 to 30 mL, 1 and 3 hr after 
meals. Such doses also heal ulcers in 4 to 8 weeks in approxi- 
mately 80% of patients. 

The mechanism of action of antacids is complex. A proposed 
mechanism is the prevention of back-diffusion of hydrogen ions 
across the GI mucosa. Fifty percent of the acid in a given 
amount of gastric juice with a pH of 1.3 can be neutralized by 


raising the pH to 1.6, 90% by raising the pH to 2.3, and 99% by 
raising the pH to 3.3. It generally is accepted that raising the 
gastric pH to approximately 4 prevents stress ulcer, which is 
thought to be mediated by acid back-diffusion. Another action 
of antacids is to prevent the conversion of gastric pepsinogen to 
pepsin, the active form. This is a proteolytic enzyme thought to 
mediate tissue injury in ulcer disease. Pepsinogens are inacti- 
vated irreversibly at pH 5 and inactivated at pH 7. It thus may 
be necessary to raise the pH to 5 to achieve the maximum 
benefit from antacids. Antacids also may enhance cytoprotec- 
tion in the stomach. Finally, antacids may confer a therapeutic 
benefit by inactivating bile salts, which are thought to reflux 
from the duodenum into the stomach and play some role in acid 
peptic disease. 

There are differences in the types of antacids in terms of 
their cation content, neutralizing capacity, duration of action, 
side effects, and cost. These must be considered when choosing 
an antacid for therapeutic use. 

NEUTRALIZING CAPACITY—Antacids are compared 
quantitatively in terms of acid-neutralizing capacity (ANC), 
defined as the number of milliequivalents of hydrochloric acid 
required to maintain 1 mL of an antacid suspension at pH 3 for 
2 hr in vitro. The rate of neutralization varies according to the 
degree of comminution, crystal form, precipitants used, and 
presence of reactive suspending agents. Consequently, the 
ANC and rate of neutralization of various antacids differ enor- 
mously. For example, 5 mL of aluminum hydroxide suspension 
(Amphojel) will neutralize 6.5 mEq of acid in 60 min, whereas 
a similar volume of aluminum hydroxide—magnesium hydrox- 
ide suspension (Delcid) will neutralize 42 mEq in the same 
period of time. 

DOSING INTERVAL—An ideal antacid should be rapid in 
onset and provide a continuous buffering action. Antacids with 
a rapid onset include magnesium hydroxide, magnesium oxide, 
and calcium carbonate; those with an intermediate onset, ma- 
galdrate and magnesium carbonate; and those with a slow 
onset, magnesium trisilicate and the aluminum compounds. 
The duration of buffering action is determined largely by when 
the antacid is administered; if administered while food is in the 
stomach, the buffering action will last for 2 hr. An additional 
dose 3 hr after meals will extend the buffering time by 1 hr. 
Therefore, the ideal dosing interval is 1 and 3 hr after meals 
and at bedtime. 

THE PATIENT—Certain patients by nature of their un- 
derlying disease may be at increased risk of antacid toxicity. 
For example, patients with heart failure may be at risk from 
excess sodium intake. Most available antacids are low in so- 
dium and thus the presence of edema or heart failure precludes 
the use only of sodium bicarbonate. Patients with renal failure 
should not use magnesium-containing antacids, because of the 
possibility of hypermagnesemia, or sodium bicarbonate, which 
may cause systemic alkalosis. While patients with renal failure 
are sometimes given aluminum-containing antacids for their 
phosphate-lowering effect, there is increasing concern about 
aluminum neurotoxicity in such patients. 

SIDE EFFECTS—A systemic antacid, such as sodium bi- 
carbonate, is soluble and readily absorbed. It can cause elec- 
trolyte disturbances and alkalosis. The so-called nonsystemic 
antacids, such as aluminum-, calcium-, and magnesium- 
containing antacids, form relatively insoluble compounds in 
the GI tract. It is not true, however, that such compounds are 
not absorbed. Toxicity occurs as the result of systemic absorp- 
tion of all of these antacids. Ingestion of large amounts of cal- 
cium carbonate can lead to hypercalcemia, alkalosis, and renal 
failure with so-called milk-alkali syndrome. Magnesium- 
containing antacids can cause both diarrhea and hypermag- 
nesemia. Prolonged treatment with aluminum-containing ant- 
acids can cause phosphate depletion and, eventually, osteopo- 
rosis and osteomalacia as well as neurotoxicity. All of the 
toxicities of the nonsystemic antacid are more common and 
more serious in patients with renal failure. 


ALUMINUM CARBONATE GEL, BASIC 


Basaljel 
Comments—To control gastric hyperacidity and as an adjunct in 
the treatment of peptic ulcer. Because it is excreted as aluminum 
phosphate, it also is used with a low-phosphate diet to prevent forma- 
tion of phosphate urinary stones. 


ALUMINUM HYDROXIDE GEL 


Colloidal Aluminum Hydroxide; Amphojel; Alternagel 
Aluminum Hydroxide [21645-51-2] Al(OH). (78.00); a suspension each 
100 g of which contains the equivalent of 3.6 to 4.4 g of aluminum oxide 
[Al,O, = 101.96] in the form of aluminum hydroxide and hydrated 
oxide. 

It may contain peppermint oil, glycerin, sorbitol, sucrose, saccharin, 
or other suitable flavors, and it may contain suitable antimicrobial 
agents. 

Preparation—One process for the preparation of this type of alu- 
minum hydroxide is as follows: 

Dissolve 1000 g of Na,CO, - 10H,O in 400 mL of hot water and filter. 
Dissolve 800 g of ammonium alum in 2000 mL of hot water and filter 
into the carbonate solution with constant stirring. Then add 4000 mL of 
hot water and remove all gas. Dilute to 80,000 mL with cold water. 
Collect and wash the precipitate and suspend it in 2000 mL of purified 
water flavored with 0.01% peppermint oil and preserve with 0.1% of 
sodium benzoate. Homogenize the resulting gel. 

The principal property desired is a very fine particle size to achieve 
large surface and thus maximum adsorption capacity. 

Description—White, viscous suspension, from which small 
amounts of water may separate on standing; translucent in thin layers; 
affects both red and blue litmus paper slightly but is not reddened by 
phenolphthalein. 

Incompatibilities—The use of Aluminum Hydroxide Gel and sim- 
ilar materials to reduce the GI problems accompanying use of tetracy- 
clines has resulted in complexation with decreased absorption of the 
antibiotic. 

Comments—Used primarily as an antacid in the management of 
peptic ulcer, gastritis, and esophagitis. It also is used as a skin pro- 
tectant and mild astringent. It is a relatively weak antacid and does not 
elevate gastric pH sufficiently to inhibit pepsin activity. Aluminum 
hydroxide does not have significant demulcent properties. Although 
aluminum hydroxide is a nonsystemic antacid, significant amounts are 
absorbed in patients with renal failure. Aluminum hydroxide is ex- 
creted as the phosphate. This provides the basis not only for the occa- 
sional use of aluminum hydroxide for the treatment of phosphate neph- 
rolithiasis, but also is the cause of the phosphate depletion syndrome 
sometimes observed after chronic administration. There is increasing 
concern that aluminum absorption may lead to dementation. The major 
advantage of aluminum hydroxide is that no systemic alkalosis is 
produced. Aluminum compounds decrease the absorption of certain 
drugs, such as tetracyclines. It also interferes with the defoaming action 
of simethicone. These compounds are also constipating. 


BISMUTH SUBSALICYLATE 


Basic Bismuth Subsalicylate; Pepto-Bismol 
([14882-18-19] C,H,BiO, (362.11). 

Solubility—Practicaly insoluble in water or alcohol; soluble in al- 
kali; decomposed by hot water. 

Comments—The principal ingredient in a popular over-the- 
counter (OTC) product employed for indigestion, nausea, and diarrhea. 
As an antidiarrheal agent it shows good activity versus Salmonella but 
less activity versus Escherichia coli. As an antiulcer drug, it seems to 
increase the rate of healing of peptic ulcers. It also reduces active 
intestinal secretion induced by F coli and Vibrio cholerae. This is 
thought to be due to antiprostaglandin activity by the subsalicylate 
component. It is used also as an antibiotic for the prophylaxis of trav- 
eller’s diarrhea and amoebiasis. It also is used to treat the common form 
of gastritis and duodenal ulcer caused by Helicobacter pylori. In this 
circumstance, it is used in combination with an antibiotic (usually 
amoxicillin and/or metronidazole) and an H,-blocker or proton pump 
inhibitor, but it is effective when given alone. 

Bismuth subsalicylate has several properties aside from its effect on 
H pylori that may account for its efficacy in the treatment of ulcer 
disease. It forms a glycoprotein-bismuth complex with mucus that may 
create a protective barrier against acid peptic digestion. Furthermore, it 
may stimulate PGE,, which in turn stimulates mucus and bicarbonate 
secretion. Finally, it may stimulate epidermal growth factor, which may 
enhance healing of ulcers. 

Adverse Effects—Most ingested bismuth subsalicylate is excreted 
in feces as bismuth sulfide. However, small amounts are absorbed, and 
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plasma levels are detectable. Encephalopathy has been reported with 
other bismuth salts. Its use is not recommended in patients with renal 
failure. The toxicity of long-term therapy is uncertain. Since this agent 
is a salicylate, it may cause ringing of the ears if taken with aspirin. 
Bismuth subsalicylate causes a temporary darkening of the stool and 
tongue. The darkening of the stool mimics melena and may mistakenly 
suggest GI bleeding. 


CALCIUM CARBONATE 


Children’s Mylanta Upset Stomach Relief; Titrilac 
Calcium carbonate (1:1) [471-34-1] CaCO, (100.09) 

Preparation—By double decomposition of calcium chloride and 
sodium carbonate in aqueous solution. Its density and fineness are 
governed by the concentration of the solutions; heavy and light forms 
are available on the market. 

Description—Fine, white, microcrystalline powder, without odor 
or taste, and stable in air; aqueous suspension is practically neutral to 
litmus. 

Solubility—Practically insoluble in water (its solubility in water is 
increased by the presence of any ammonium salt and by the presence of 
carbon dioxide; alkali hydroxide reduces its solubility); insoluble in 
alcohol; dissolves with effervescence in dilute acetic, hydrochloric, or 
nitric acids. 

Comments—A rapidly acting antacid. It is used in the treatment of 
dyspepsia and heartburn and as an add-on treatment of gastritis, peptic 
ulcer disease, and esophagitis. Precipitated calcium carbonate also is 
employed in dentifrices and is a pharmaceutical necessity for Alumi- 
num Subacetate Solution and antacid oral suspension dosage forms. 

Adverse Effects—Although calcium carbonate is classified as a 
nonsystemic antacid, long-term therapy with large doses may cause 
systemic alkalosis and hypercalcemia (milk-alkali syndrome) in pa- 
tients with renal failure. The salt reacts with hydrochloric acid in the 
stomach to form calcium chloride, which is largely (90%) insoluble. 
However, a proportion of the calcium (7 to 19%) is absorbed. Calcium is 
constipating. For this reason, calcium and magnesium antacids often 
are alternated in therapy or given in fixed combination. 

Calcium-containing antacids cause acid rebound—an increase in 
acid secretion that occurs after the neutralizing effect occurs. Calcium- 
containing antacids are used for the prevention, not treatment, of osteo- 
porosis. The goal of therapy is to maintain, rather than restore, bone mass. 
Large doses, ie, 1000 to 1500 mg, as elemental calcium daily are required 
in order to prevent or slow the progression of osteoperosis. 


CALCIUM HYDROXIDE TOPICAL SOLUTION—page 1401. 
CALCIUM PHOSPHATE, DIBASIC—page 1263. 
DIHYDROXYALUMINUM SODIUM CARBONATE 


Aluminum [carbonato(1-)-O]dihydroxy, monosodium salt; Rolaids 


o” OH 


Sodium (7-4)-[carbonato(2-)-O,O'|dihydroxyaluminate(1-) [16482-55-6] 
NaAl(OH),O, (144.00); contains the equivalent of 34.8 to 38.2% Al,O, 
(aluminum oxide). 

Preparation—Aluminum isopropoxide is reacted with a basic so- 
lution of sodium bicarbonate. US Pat 2,783,179. 

Description— Fine, white powder that is odorless and tasteless; 
stable in light, slightly hygroscopic at room temperature, and dehy- 
drates and loses CO, above 100°. 

Solubility—Practically insoluble in water; dissolves in dilute min- 
eral acids. 

Comments—Used in the treatment of dyspepsia and heartburn 
and as an add-on treatment of gastritis, peptic ulcer disease, and 
esophagitis. It is a partial systemic antacid. It has a rapid onset of 
action, as gastric acid reacts with the sodium carbonate portion of the 
molecule; this is followed by a sustained, but less intense, antacid action 
due to the generated aluminum hydroxide. Since each tablet contains 
53 mg of sodium, it is contraindicated for patients on a sodium- 
restricted diet. This product interacts with tetracycline and should not 
be taken when tetracycline is being used. 


MAGNESIUM HYDROXIDE 


Milk of Magnesia, Magnesium hydroxide 
[1309-42-8] Mg(OH), (58.32). 

Preparation—By precipitation using aqueous solutions of magne- 
sium chloride or sulfate and sodium hydroxide. US Pat 3,127,241. A 
method for preparing it in various particle sizes is described in US Pat 
3,232,708. 
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Description—White, very fine, bulky powder; slowly absorbs car- 
bon dioxide on exposure to air. 

Solubility—Practically insoluble in water or in alcohol; dissolves in 
dilute acids. 

Comments—As a laxative and an antacid (although at usual doses 
it does not have enough neutralizing capacity to be defined as an 
antacid). Magnesium hydroxide is a mild cathartic that usually pro- 
duces bowel movements in 1/2 to 6 hr. It probably acts by altering 
intestinal motility. It should not be used in patients with vomiting or 
abdominal pain. 

It is not recommended, although frequently used as an antacid. As 
with other magnesium-containing compounds, it should not be used in 
patients with impaired renal function. 


MAGNESIUM OXIDE 


Magnesia; Light Magnesia; Calcined Magnesia; Heavy Magnesium 
Oxide; Heavy Magnesia; Heavy Calcined Magnesia; Magnesia 
Usta; Uro-Mag and Mag-Ox 400 

[1309-48-4] MgO (40.30) 

Preparation—Light or heavy magnesium carbonate is exposed to 
red heat, whereupon CO, and H,O are expelled, and light or heavy 
magnesium oxide is left. The density of the oxide also is influenced by 
the calcining temperature; high temperatures yielding more compact 
forms. 

Description—Very bulky white powder, known as light magne- 
sium oxide, or a relatively dense white powder, known as heavy mag- 
nesium oxide. Readily absorbs moisture and carbon dioxide when ex- 
posed to air. 

Solubility—Practically insoluble in water to which, however, it 
imparts an alkaline reaction; insoluble in alcohol, soluble in dilute 
acids. 

Comments—An effective, fairly long-acting, nonsystemic antacid. 
Since in water it is converted to the hydroxide, its biological properties 
are the same as those of the hydroxide. It is sometimes employed as a 
cathartic. 

Light magnesia is preferable to heavy for administration in liquids, 
because being a finer powder, it suspends more readily. 


MAGNESIUM TRISILICATE 


Hydrated Magnesium Silicate 
Magnesium silicate hydrate [39365-87-2] 2MgO - 3Si0, - xH,O; anhy- 
drous [14987-04-3] (260.86). A compound of magnesium oxide and sili- 
con dioxide with varying proportions of water. It contains not less than 
20% magnesium oxide [MgO = 40.30] and not less than 45% silicon 
dioxide [SiO, = 60.08). 

Preparation—By precipitating a solution of sodium silicate of the 
proper composition [Na,Si,Oz, or having a ratio of Na,O to SiO, of 1:1.5] 
with a solution of magnesium chloride or sulfate. 

Description—Fine, white, odorless, tasteless powder, free from 
grittiness; its suspension is neutral or only slightly alkaline to litmus. 

Solubility—Insoluble in water or alcohol; readily decomposed by 
mineral acids, with liberation of silicic acid. 

Comments—A nonsystemic antacid and adsorbent. As an antacid, 
it has a slow onset of action and is relatively weak; as a single entity it 
does not meet current pH requirements for nonprescription antacids. It 
is available only in combination with other antacids. Approximately 5% 
of the magnesium and 7% of the silicate may be absorbed. Therefore, a 
number of cases of siliceous nephrolithiasis have been reported follow- 
ing chronic use. Large doses may cause diarrhea due to the action of the 
soluble magnesium salts on the GI tract. 


SODIUM BICARBONATE 


Carbonic acid monosodium salt; Baking Soda; Sodium Acid 
Carbonate 
Monosodium carbonate [144-55-8] NaHCO, (84.01). 

Preparation—May be produced by the ammonium-soda process, or 
Solvay process, as it is usually called. In this process, CO, is passed into 
a solution of common salt in ammonia water, sodium bicarbonate is 
precipitated, and ammonium chloride, being much more soluble, re- 
mains in solution. The ammonium chloride solution is heated with lime, 
whereby the ammonia is regenerated and returned to the process. 

Description—White, crystalline powder; odorless and with a saline 
and slightly alkaline taste; solutions freshly prepared with cold water 
without shaking are alkaline to litmus paper; alkalinity increases as 
the solutions stand or are agitated or heated; stable in dry air, but 
slowly decomposes in moist air. 

Solubility—1 g in 12 mL water; with hot water it is converted into 
carbonate; insoluble in alcohol. 

Comments—Widely employed as an antacid, especially by the la- 
ity, despite its many disadvantages. Sodium bicarbonate reacts with 
HCl to produce CO,, thus giving rise to epigastric distress and eructa- 
tion. Although the onset of action is rapid, the duration of action is 
short. In the treatment of systemic acidosis, it is specific in that the salt 
is composed of the two ions essential to correct this condition. 

It is used locally on the skin in the form of a moist paste or a 
solution. In this form, it is an effective antipruritic. The salt also is 
an ingredient of many effervescent mixtures, alkaline solutions, 
douches, etc. 

Sodium bicarbonate is absorbed readily. Prolonged therapy with 
large doses will produce systemic alkalosis. Moreover, chronic therapy 
along with milk or calcium may precipitate the milk-alkali syndrome in 
patients with renal failure. Even moderate amounts may expand 
plasma volume, increase blood pressure, and lead to edema. Therefore, 
it may be hazardous in patients with renal insufficiency, hypertension, 
or cardiac failure. 


ANTACID MIXTURES 


eS 
Antacids are used commonly in combination in order to 


1. Combine fast- and slow-reacting antacids to obtain a product with 
a rapid onset and relatively even, sustained action. 

2. Lower the dose of each component and minimize the possibility of 
certain adverse effects. 

3. Use one component to antagonize one or more side effects of another 
component (eg, laxation versus constipation). 


The antacid substances listed in Table 66-1 are employed ex- 
tensively in the preparation of antacid mixtures. Indeed, they 
are the principal ingredients in almost 100 OTC antacid prep- 
arations, including chewable tablets, suspensions, and gels. 
For example, examination of 78 antacid mixtures reveals that 
72% are composed of aluminum hydroxide and magnesium 
hydroxide alone or with simethicone, 12% of aluminum hydrox- 
ide and either magnesium trisilicate or magnesium carbonate, 
11% of magnesium oxide and/or calcium carbonate with sime- 
thicone, and 5% of magaldrate with simethicone. Simethicone 
is not an antacid. It is used in antacid combinations to defoam 


Table 66-1. The Relative Onset and Duration of Action, Sodium Content, Acid Neutralizing Capacity (ANC), 
and Potential Adverse Effects of Common Single-Entity Antacids 


DURATION SODIUM 
ANTACID ONSET OF ACTION OF ACTION (mg/UNIT) ANC? ADVERSE EFFECTS® 
Aluminum carbonate gel Slow Short 0.12 12 AFGI 
Aluminum hydroxide gel Slow Prolonged <2) 16 AFGI 

Calcium carbonate Fast Prolonged <2.3 10 ABCEH 
Dihydroxaluminum sodium carbonate Fast Moderate 53 7.5-8.0 AGI 
Magnesium carbonate Intermediate Prolonged —_ 20/g BD 
Magnesium hydroxide Fast Short 0.12 14 BD 
Magnesium oxide Fast Short — 21 BD 

Sodium bicarbonate Fast Short 88 12/g CEJ 


° ANC per capsule, tablet, or 5-mL suspension unless otherwise indicated. 


» A, constipation; B, laxation; C, hypercalcemia; D, hypermagnesia; E, metabolic alkalosis; F, neurotoxicity in renal failure; G, osteomalacia and osteoporosis; H, 


renal calculi; |, phosphorus depletion; J, swelling of feet. 
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Table 66-2. Composition, Sodium Content, and Neutralizing Capacity of Some Proprietary Antacid Suspension 


CONTENT (mg/5 mL) 


PRODUCT Al(OH); Mg(OH)» CaCO; Na oF 5 mL) 
Aludrox 307 103 0 2.3 12 
Alternagel 0 0 0 0 0 
Amphojel 0 0 0 0.10 10 
Basaljel 0 0 0 288) 12 
Camalox 225 200 250 tee 18.5 
Di-Gel 200 200 0 5 10.5 
Gaviscon 31.7 S72 0 13 1 
Gelusil 200 200 0 0.7 12 
Gelusil-Il 400 400 0 133 24 
Maalox 225 200 0 1.4 1338 
Maalox TC 600 300 0 0.8 28.3 
Marblen 0 400° 520 3 18 
Mylanta 200 200 0 0.68 12.7 
Mylanta II 400 400 0 1.14 25.4 
Nephrox 320 0 0 0.19 9 
Riopan Plus 0 540° 0 >0.1 15 
WinGel 180 160 0 25 ie6 


? Acid-neutralizing capacity (in milliequivalents). 
® Magnesium carbonate. 
© Magaldrate. 


gastric juice to decrease the incidence of gastroesophageal re- 
flux. It does not decrease the antacid requirement. 

The acid neutralizing capacity (ANC) of the suspensions 
closely approximates that of the tablets, but in general their 
neutralizing capacity tends to be greater because tablets go 
into solution less well. Gaviscon is listed in Tables 66-2 and 
66-3 although it is not used in peptic ulcer disease and the ANC 
of its regular preparation does not qualify it as an antacid. Its 
unique formulation produces a foam that floats on the stomach 
contents. When acid reflux occurs, the foam precedes the stom- 
ach contents into the esophagus and protects the mucosa from 
further irritation. Hence, it is formulated specifically for acid 
reflux. 


H,-RECEPTOR ANTAGONISTS 


There are three types of histamine receptors. The second of 
these mediates acid secretion by the gastric parietal cells and is 


inhibited by the H,-receptor blocking drugs (Black et al. Nature 
1972; 236: 385). The identification of this receptor and its 
modulation introduced an era of pharmacology and led to the 
awarding of the Nobel prize to Dr. Black. The H,-receptor 
antagonists are histamine analogs. They consist of ring struc- 
tures with side chains. While the rings and the side chains 
differ among compounds, they all have in common a nitrogen 
either in the ring or immediately adjacent to the ring and a 
nitrogen on the side chain that is recognized by the receptor. 
The H,-receptor antagonists are designer drugs developed 
as the result of the intentional modification of the histamine 
structure in an effort to find analogs with a higher binding 
affinity than histamine for the H,-receptor. Such compounds 
would displace histamine and thus act as competitive inhibi- 
tors. The first such substance was burimamide, but it was only 
effective when given intravenously. The next substance was 
metiamide, effective both orally and intravenously but aban- 
doned because it caused agranulocytosis. Finally, in 1977, ci- 
metidine was approved by the Food and Drug Administration 


Table 66-3. Composition, Sodium Content, and Neutralizing Capacity of Some Proprietary 


Antacid Chewable Tablets 


CONTENT (mg/TABLET) 


ANC? 
PRODUCT Al(OH)3 Mg(OH)> CaCO; Na (PER UNIT) 
Aludrox 233 83 0 1.4 10 
Camalox 225 200 250 1 18 
Di-Gel 282° 85 0 <5 9 
Gaviscon 80 20° 0 18.4 0.5 
Gelusil 200 200 0 0.8 11 
Gelusil-M 300 200 0 es 1225 
Gelusil-Il 400 400 0 Ze 21 
Maalox No 1 200 200 0 0.7 8.5 
Maalox No 2 400 400 0 1.4 18 
Maalox Plus 200 200 0 0.8 11.4 
Maalox TC 600 300 0 0.5 28 
Mylanta 200 200 0 0.77 1uES 
Mylanta II 400 400 0 ies 23 
Riopan Plus 0 480° 0 <0.1 13.5 
Tums 0 500 0 —<a5 20 
WinGel 180 160 0 ORS) 12.3 


? Acid-neutralizing capacity (in milliequivalents). 

© Magnesium carbonate. 

© Aluminum hydroxide and magnesium carbonate. 
? Magnesium trisilicate. 

© Magaldrate. 
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Table 66-4. Comparison of H,-Receptor Antagonists 


CHARACTERISTIC CIMETIDINE FAMOTIDINE NIZATIDINE RANITIDINE 

Relative potency 1 20-50 4-8 4-8 

Equivalent dose 1600 mg 40mg 300mg 300mg 

Bioavailability 60-80% 40-50% 50-60%  90-100% 

Time to peak 1-2 1-3 1-3 1-3 
concentration (hr) 

Serum half-life (hr) = 1.5-2.5 2.5-4 2-3 1-2 


(FDA). It quickly became the number-one-selling drug in the 
world. It contains a substituted imidazole ring like that in 
histamine. Subsequently, ranitidine, a substituted furan ring, 
and famotidine and nizatidine, substituted thiazoles, were 
approved. 

The H,-receptor antagonists are a remarkably safe group of 
drugs. The list of adverse reactions is long, but the incidence is 
low. Among the side effects associated with all four drugs are 
headache, dizziness, malaise, myalgia, nausea, diarrhea, con- 
stipation, rashes, pruritus, and impotence. It has been said 
that dementation and bradycardia are more common with in- 
travenous cimetidine (especially in elderly patients), but the 
evidence supporting this contention is not convincing. A mild 
cardiotoxicity may be more common with famotidine. Impo- 
tence is said to occur more commonly with large IV doses of 
cimetidine, but again, the data supporting this are less than 
convincing. Mild hepatotoxicity has been seen with all of the 
compounds, probably more commonly with ranitidine. Overall, 
the incidence of side effects is so low that they are of little 
practical importance. 

The major safety issue relates to drug interactions. Cimeti- 
dine binds to part of the cytochrome P-450-dependent mixed- 
function oxidase system. Some of the properties of the H,- 
receptor antagonists are compared in Tables 66-4 and 66-5. 


CIMETIDINE 


Guanidine, N’-cyano-N-methyl-N’-[2-[[(5-methyl-1H-imidazol-4-yl)- 
methyl]thioJethyl]-, Tagamet; Tagamet HB 


(1 NN 


CHp SCH»CH»NHCNHCH3 


[51481-61-9] C,,H,N,S (252.34) 

Preparation—Methods of synthesis of analogs of histamine capable 
of functioning as H,-receptor antagonists of the type of cimetidine are 
described in German Pats 2,344,779 and 2,344,833 (se CA 1974; 80: 
146167h, 146168}). In one of these methods a substituted guanidine such 
as CH,NHC(:NCN)SCH, is refluxed with a histamine-related imidazole, 
as NH,CH,CH,SCH,Z (in which Z is a methylimidazole), in methyl cya- 
nide to produce the product N=CHNH(CH,)C=CHCH,CH,SCH,Z. 

Description—White to off-white, crystalline powder; unpleasant 
odor; melts 141° to 143°; pK, 6.8 

Solubility—1 g in about 200 mL water, 18 mL alcohol, 1000 mL 
chloroform; insoluble in ether. 

Comments—A competitive inhibitor of H,-receptors. It is used for 
the acute treatment of gastric ulcer, duodenal ulcer, and gastroesoph- 
ageal reflux. It also is used in the maintenance treatment of the above 
conditions and the treatment of pathological hypersecretory conditions 
such as Zollinger-Ellison syndrome and systemic mastocytosis. It is 
used for the long-term treatment of gastroesophageal reflux, but tachy- 
phylaxis undermines its use in this condition. Studies also suggest that 
cimetidine is effective in both prevention and treatment of stress ulcers. 

Cimetidine competitively inhibits H,-receptors of parietal cells, re- 
ducing gastric acid secretion. This reduction occurs under basal condi- 
tions as well as when gastric acid secretion is stimulated by food. The 
oral administration of 800 mg of cimetidine reduces nocturnal gastric 
acid output by 80% over an 8-hr period, with no effect on daytime acid 
secretion. The gastric pH is raised to 5 or higher for at least 2% hr. 
Administered orally after a standard meal, 300 mg of cimetidine inhib- 
its gastric secretion by 50% during the first hour and by 75% during the 
subsequent 2 hr. 

Cimetidine is absorbed rapidly and well after oral administration, 
with a relative bioavailability of 70%. A small portion of the drug is 


metabolized on its first pass through the liver. It is 19% bound to serum 
proteins; the volume of distribution is 1.5 L/kg; 48% is excreted un- 
changed; elimination half-life ranges from 2 to 3 hr; mean serum con- 
centration is 500 ng/mL, and mean peak blood level is 1440 ng/mL. 

Cimetidine has been reported to reduce hepatic metabolism of drugs 
that are metabolized primarily by cytochrome P-450, thereby delaying 
elimination and increasing blood levels of these drugs. Therefore, cime- 
tidine should be used with caution in patients on warfarin-type antico- 
agulants, phenytoin, beta-adrenergic-blocking agents, lidocaine, and 
theophylline; cimetidine reduces the hepatic metabolism of these sub- 
stances, delays their elimination, and increases their blood levels. The 
half-life of benzodiazepines is also increased in patients taking cimeti- 
dine. A decrease in serum digoxin may occur in patients taking both 
digoxin and cimetidine. 

Adverse reactions are usually mild and transient; diarrhea, muscu- 
lar pain, dizziness, and rash have been reported in a few patients. A few 
cases of headache, ranging from mild to severe, have been reported. 
Reversible arthralgia, myalgia, and exacerbation of joint symptoms in 
patients with preexisting arthritis are observed on rare occasions. Gy- 
necomastia has been reported in about 4% of patients with hypersecre- 
tory conditions receiving large doses; in all others the incidence was 0.3 
to 1%. A few cases of reversible confusional states in elderly or severely 
ill patients have been observed in patients receiving IV cimetidine. 
Small increases in plasma creatinine and serum aminotransferase en- 
zymes have been reported; all of these cleared when the drug was 
withdrawn. Interstitial nephritis also has been reported. The safe use 
of cimetidine in pregnant women or nursing mothers has not been 
established. 


FAMOTIDINE 


Propanimidamide, N’-(aminosulfonly)-3-[[[2-((diaminomethylene)- 
amino]-4-thiazolyl]methyl]thio-, Pepcid; Pepcid AC 


HON 2 NSO2NH2 
— ae 

CANS NA _CHSCH2CH2C 

HN | NH, 

Ss 


[76824-35-6] C,H,,.N,O.8, - HCl (337.43) 

Preparation—Synthesized from S-(2-aminothiazol-4-ylmethyl)iso- 
thio-urea, 3-chloropropionitrile, and benzoylisothiocyanate in 9 steps. 
Belg Pat 882,071. 

Description—White to pale yellow, crystalline solid, melting at 
163 to 164°. 

Solubility—Freely soluble in glacial acetic acid; slightly soluble in 
methanol; very slightly soluble in water; practically insoluble in etha- 
nol. At 25°, in water, pK,is 7.1. 

Comments—An inhibitor of H,-receptors. It is recommended for 
the short-term treatment of acute duodenal ulcer, gastric ulcer, and 
gastroesophageal reflux. It also is indicated for maintenance therapy of 
duodenal ulcer and management of pathological hypersecretory condi- 
tions, such as Zollinger-Ellison syndrome and multiple endocrine ade- 
nomas. Tachyphylaxis compromises its long-term use. Famotidine is 
absorbed incompletely. Bioavailability of oral doses is 40 to 45%; this 
may be increased slightly by food or decreased slightly by antacids. 
After oral doses, peak plasma levels occur in 1 to 3 hr; the peak plasma 
level is not altered by chronic administration, and elimination half-life 
is 2.5 to 3.5 hr. It is eliminated largely unchanged by the renal route (65 
to 70%), and the remainder (30 to 35%) by metabolic routes. The only 
metabolite identified is the S-oxide. Thus, famotidine should be used in 
a lower dosage and at longer dosing intervals in patients with severe 
renal insufficiency. Adverse reactions reported to occur in more than 1% 
of patients include headache (4.7%), dizziness (1.8%), constipation 


Table 66-5. Duodenal Ulcer Healing Rates 
and Acid Suppression with Antisecretory Drugs 


SUPPRESSION OF 


4-wk HEALING NOCTURNAL 
RATE (%) ACIDITY 24-hr ACIDITY 

Lansoprazole, 30mg qam 92-100 90 92 
Omeprazole, 20 mg qam 75-97 88 90 
Cimetidine, 800 mg ghs 80 79 48 
Cimetidine, 300 mg qid 74 68 65 
Famotidine, 40 mg ghs 82 94 64 
Famotidine, 20 mg bid 67 

Ranitidine, 300 mg ghs 84 90 68 
Ranitidine, 150 mg bid 79 70 68 


(1.2%), and diarrhea (1.7%). Other adverse reactions reported include 
fever, asthenia, fatigue, palpitations, nausea, vomiting and abdominal 
distress, anorexia, dry mouth, liver enzyme abnormalities, thrombocy- 
topenia, orbital edema, pain, arthralgia, paresthesias, psychic distur- 
bances (depression, anxiety, decreased libido, hallucinations, insomnia, 
and somnolence), bronchospasm, alopecia, acne, pruritus, rash, and 
flushing. Although reproductive studies in laboratory animals revealed 
no evidence of impaired fertility or harm to the fetus, safety in preg- 
nancy or in nursing mothers has not been established. 


NIZATIDINE 


1,1-Ethenediamine, N-[2-[[[2-[dimethylamino)methyl]-4-thiazolyl]- 
methyl]thioJethyl]-N’-methyl-2-nitro- , Axid. 


go. CHeNICHs), 
NHCH3, ca 

O2NCH=C N 
NHCH,CH,SCH, 


[76963-41-2] C,,H,,N;O0.S, (331.45) 

Comments—A reversible inhibitor of H,-receptors. It is used in the 
treatment of acute duodenal ulcer, gastric ulcer, and gastroesophageal 
reflux and maintenance of duodenal ulcer. It often is used for mainte- 
nance of gastroesophageal reflux, but tachyphylaxis compromises that 
use. After oral administration of 100 and 300 mg, peak plasma concen- 
trations of 700 to 1800 ug/L and 1400 to 3600 yeg/L, respectively, occur 
within 0.5 to 3 hr; plasma concentrations after 12 hr are less than 10 
pg/L. Elimination half-life is 1 to 2 hr; plasma clearance, 40 to 60 L/hr; 
and volume of distribution, 0.8 to 1.5 L/kg. More than 90% of an oral 
dose is excreted in the urine within 12 hr; 60% as unchanged drug. 
Therefore, it should be used in reduced dosage in patients with severe 
renal insufficiency. Adverse reactions include somnolence, sweating, 
and urticaria. Hepatocellular injury, ventricular tachycardia, decreased 
libido, gynecomastia, and thrombocytopenia have been reported but are 
rare. Safety and efficacy in children has not been established. 


RANITIDINE 


1,1-Ethenediamine, N-[2-[[[5-[(dimethylamino)methyl]-2- 
furanyl]methyl]thioJethyl]-N’-methyl-2-nitro- , Zantac; Zantac 75. 


CHNO2 


(CH3)2NCH, a CH2SCH,CH2NHCNHCH, 


[66357-35-5] C,,H,.N,0.S (314.40) 

Preparation—See US Pat 4,128,658. 

Description—White solid melting about 70°. 

Comments—A substituted furan derivative. It is an H,-receptor 
antagonist indicated for the short-term treatment of duodenal ulcer and 
the management of hypersecretory conditions such as Zollinger-Ellison 
syndrome and systemic mastocytosis. The pharmacokinetic profile of 
ranitidine is similar to that of cimetidine. Oral absorption appears to be 
variable and decreased if given concurrently with antacids; bioavail- 
ability after an oral dose of 150 mg is approximately 50% (range 40 to 
88%); 15% is bound to plasma protein; volume of distribution is 1.4 L/kg; 
30% of the administered dose is excreted unchanged; elimination half- 
life ranges from 2.5 to 3 hr; serum concentrations vary from 36 to 94 
ng/mL; and mean peak blood levels are 440 to 545 ng/mL. Ranitidine 
lacks a predictable dose/response relationship. For example, 75, 100, 
and 150 mg of ranitidine inhibit nocturnal gastric acid output by 95, 96, 
and 92%, respectively. Interactions with warfarin, benzodiazepines, 
fentanyl, metoprolol, nifedipine, and acetaminophen have been re- 
ported. Pharmacologic tolerance occurs rapidly with ranitidine. It loses 
50% of its activity to suppress acid within one week. 

Adverse reactions include headache, malaise, dizziness, constipa- 
tion, nausea, abdominal pain, and rash. Decreased white blood cell and 
platelet counts also have been reported. Increases (up to five times the 
upper limit of normal) in serum aminotransferases and gammaglu- 
tamyl transpeptidase have been noted. Rare cases of hepatitis also have 
been reported. In normal volunteers, ALT was increased at least twice 
the pretreatment levels in 6 of 12 subjects given 100 mg four times a 
day, intravenously, for 7 days and in 4 of 24 subjects given 50 mg four 
times daily, intravenously, for 5 days. This dose-related effect, however, 
is not associated with hepatotoxicity. With respect to use in pregnancy 
and lactation, studies in rats and rabbits have revealed no evidence of 
impaired fertility or harm to the fetus. Nevertheless, it should not be 
used in pregnancy unless needed. Ranitidine is secreted in milk; there- 
fore, it should not be used in nursing mothers unless absolutely neces- 
sary. 
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PROTON PUMP INHIBITORS 
i A a ee 


The final common pathway in gastric acid secretion is the proton 
pump—an H'/K* ATPase. The physiological essence of this en- 
zyme is the exchange of hydrogen ion for potassium ion. Thus, 
hydrogen is secreted by the parietal cell into the gastric lumen in 
exchange for potassium. The proton pump inhibitors lansoprazole 
and omeprazole belong to a new class of antisecretory drugs called 
substituted benzimidazoles. The prototype, omeprazole, is an ir- 
reversible inhibitors of the proton pump. It has a plasma half life 
of 0.5 to 1 hr, but its duration of action is greater than 24 hr, 
reflecting the time required to generate new H*/K* ATPase. The 
proton pump inhibitors should be taken prior to meals. This is 
because, in the resting state, the proton pump resides on the inner 
membrane of secretory vesicles within the parietal cell. When the 
cell is activated by eating (or by pharmacological stimulus), the 
inner membrane of the vesicle is externalized and becomes the 
outer; ie, the secretory membrane, of the secretory villus. The 
physiological importance of this is that the proton pump inhibi- 
tors are prodrugs that need to be protonated, and this can occur 
only when the proton pump is externalized and secreting acid. 
Thus, these drugs are more potent when taken prior to meals and 
when taken orally. They also are absorbed more effectively in the 
morning and thus should be dosed approximately 30 min prior to 
breakfast. 

The proton pump inhibitors are used for the short-term 
treatment of acid peptic disease, gastroesophageal reflux, gas- 
tric ulcer, duodenal ulcer, and Zollinger-Ellison syndrome and 
for maintenance treatment of GERD. The therapeutic advan- 
tages of the proton pump inhibitors over the H,-receptor an- 
tagonists are a faster healing rate, a higher healing rate, and 
the ability to heal patients who have not been helped by H,- 
receptor antagonist therapy. 

There are numerous side effects of the proton pump inhibitors, 
but they occur infrequently. Headache, diarrhea, abdominal pain, 
dizziness, rash, and constipation are seen with about the same 
frequency as seen with H,-blockers, ie, 1 to 5%. Of some concern 
with the use of proton pump inhibitors is an elevation of serum 
gastrin. The elevations are 1.5- to 4-fold—about twice that seen 
with H,-blockers. Gastrin is a trophic hormone that causes en- 
terochromaffin cells to proliferate in rats. These cells produce 
histamine and are the precursor to carcinoid tumors in rats. The 
effect in rats is almost certainly mediated through gastrin rather 
than from a carcinogenic effect of the drug itself, since the tumors 
do not occur after antrectomy, a situation that precludes an in- 
crease in serum gastrin. Human studies have shown only a slight 
increase in the enterochromaffin cell population with chronic use 
of proton pump inhibitors. Carcinoid tumors have not been re- 
ported in human subjects using omeprazole. Nevertheless, there 
is an increased incidence of carcinoid tumors in patients with 
pernicious anemia, a condition that also is associated with hyper- 
gastrinemia. The FDA initially warned against prolonged use of 
omeprazole. Long-term studies, however, support the view that 
omeprazole is safe and efficacious for long-term (10+ years) treat- 
ment of ulcer disease. Some of the properties of the proton pump 
inhibitors are shown in Tables 66-5 and 66-6. 


Table 66-6. Antisecretory Effects of Proton 
Pump Inhibitors 


LANSOPRAZOLE OMEPRAZOLE 
30 mg 20 mg 
BASELINE DAY 1 DAY 5 DAY 1 DAY 5 
Mean 24-hr pH 21 3.6 49 2.5 4.6 
Mean nighttime pH 1.9 2.6 3.8 2.2 3.0 
% time pH > 3 18 51 72 30 60 
% time pH > 4 12 41 66 19 51 
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LANSOPRAZOLE 


1H-Benzimidazole, 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2- 
pyridyl]methyl]sulfinyl-, Prevacid 


O—CH—CF 


{103577-45-3] C,,H,,F,N;0.S8 (369.36). 

Preparation—See US 5,374,730 (1994). 

Description—White to off-white, odorless crystals melting about 
166° (180° decomposition). 

Solubility—Freely soluble in DMF; soluble in methanol; slightly 
soluble in ethyl acetate, acetonitrile, or methylene chloride; very 
slightly soluble in ether; insoluble in water or hexane. Degrades in 
aqueous solution, and rate increases with decreasing pH. At 25°, t,,. = 
0.5 hr at pH 5 and 18 hr at pH = 7. 

Comments—A proton pump inhibitor. Like all proton pump inhib- 
itors, it is a lipophilic weak base that is unstable in acid. It is admin- 
istered as enteric-coated, acid-resistant granules that are released in 
the neutral-alkaline environment of the small intestine. The nonencap- 
sulated granules can be suspended in apple juice or sprinkled in apple 
sauce to be taken orally or through a nasogastric tube. It is indicated for 
the short-term treatment of acute duodenal ulcer, gastric ulcer, and 
erosive esophagitis. It also is indicated for maintenance treatment of 
healed idiopathic duodenal ulcer, erosive esophagitis, and pathological 
hypersecretory states such as Zollinger-Ellison syndrome. 

It is a prodrug that requires protonation for activation. Thus, it is 
most effective given 30 to 60 min prior to a meal. Peak concentration 
occurs at approximately 1.7 hr. The plasma elimination half-life is 1.5 
hr, but because it is an irreversible inhibitor of the proton pump, its acid 
inhibitory effect is greater than 24 hr. On a molar basis, it is approxi- 
mately 30 to 35% more potent than omeprazole, with the equivalent 
doses being lansoprazole 30 mg and omeprazole 40 mg. 

Like other proton pump inhibitors, it is very effective in healing acid 
peptic disease with 4-week healing rates for duodenal ulcer of approx- 
imately 95%, 8-week healing rates for gastric ulcer of 95%, and 8-week 
healing rates for gastric ulcer of 95%, and 8-week healing rates for 
erosive esophagitis of 95%. 

Adverse reactions occurring in more than 1% of patients include ab- 
dominal pain (1.8%), diarrhea (3.6%), and nausea (1.4%), but only diarrhea 
occurs with a higher frequency than with placebo. The initial concern 
about carcinoid tumors seen in male rats treated with high doses for 
prolonged periods has not been borne out in clinical studies. While there is 
an increase in serum gastrin levels and hyperplasia of enterochromaffin- 
like cells, dysplasia and carcinoids have not been seen in other animal 
species or man after several years of continuous treatment. 

Lansoprazole is metabolized through the CYP3A and CYP2C19 
isozymes. Studies have not shown significant interactions with com- 
monly used drugs, except a 10% increase in theophylline clearance. This 
interaction appears to be of no clinical significance. Lansoprazole, how- 
ever, should not be administered with ketoconazole, which requires low 
pH for absorption. The pregnancy category is B. 


OMEPRAZOLE 


1H-Benzimidazole, 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)-methyl]sulfinylJ-, Prilosec 


H 10) 
I 


Ut 
N_ US—CH,_ UN 
(epee 
hea 
H3CO H3C CH; 
OCH, 


[73590-58-6]C,,H,)N3,0,8(345.42). 

Preparation—US Pat 4,255,431. 

Description—White crystals melting about 156°; pK, (pyridine-N) 
4.0, (imidazole-N) 8.7. 

Solubility—1 g in about 8000 mL water or 25 mL alcohol. 

Comments—In the treatment of acid peptic disorders. It is ap- 
proved for the short-term treatment of duodenal ulcer, severe or 
poorly responsive gastroesophageal reflux, and hypersecretory con- 
ditions such as Zollinger-Ellison syndrome, systemic mastocytosis, 
and multiple endocrine adenomas. It is also effective in the preven- 
tion of NSAID ulcers and their complications. While not approved for 
that use, it appears to be as effective as misoprostol and has fewer 
side effects. It is now thought that, with the exception of NSAID- 


induced and H pylori—induced ulcers, the acid peptic diseases are 
lifelong diseases that require a lifetime of therapy. Long-term stud- 
ies have demonstrated efficacy in the prevention of recurrence of 
reflux esophagitis and duodenal ulcer. The current trend in practice 
is to use proton-pump inhibitors as both initial and maintenance 
therapy; the so-called black-box precaution for long-term use of 
omeprazole has been removed and it was never placed on lansopra- 
zole, the subsequently approved proton pump inhibitor. 

Omeprazole, because of its acid lability, is given as a delayed-release 
capsule. Absorption occurs in the small bowel, with peak plasma levels 
occurring at 0.5 to 3.5 hr. Peak plasma levels and area under the 
concentration-time curve (AUC) are approximately proportional to dose 
in the therapeutic range. Bioavailability is 30 to 40%. Plasma half-life 
is 0.5 to 1 hr with total body clearance of 500 to 600 mL/min. Protein- 
binding is approximately 95%. Two plasma metabolites have been iden- 
tified: hydroxyomeprazole and its corresponding carboxylic acid. The 
metabolites have virtually no antisecretory activity. Most of the drug is 
eliminated as metabolites in the urine. Dosage adjustment is not 
needed for patients with impaired renal function. 

The antisecretory effect of omeprazole occurs within 1 hr, with 
maximum effect occurring within 2 hr. Inhibition of secretion remains 
at about 50% at 24 hr and lasts approximately 72 hr. The prolonged 
effect, beyond that expected for a drug with a short half-life, is due to 
irreversible binding to the H'/K* ATPase. The inhibition of acid secre- 
tion peaks in 3 to 4 days and lasts for 3 to 5 days after discontinuing 
treatment. Omeprazole, at therapeutic doses of 20 to 40 mg causes an 
80 to 95% decrease in 24-hr intragastric acidity. 

Duodenal ulcer healing occurs in 80 to 95% of patients at 4 weeks 
and greater than 95% at 8 weeks. Reflux esophagitis healing occurs in 
8 weeks in approximately 80% of patients. 

Adverse reactions reported to occur in more than 1% of patients 
include headache (6.9%), diarrhea (3.0%), abdominal pain (2.4%), nau- 
sea (2.2%), dizziness (1.5%), vomiting (1.5%), rash (1.5%), constipation 
(1.1%), asthenia (1.1%), and back pain (1.1%). The previous concern 
about the development of carcinoid tumors after long-term treatment is 
not justified after several years of clinical studies; in fact, such tumors 
have not been reported, other than in patients with Zollinger-Ellison 
syndrome and the multiple endocrine adenoma syndrome, Type C. 
These patients are predisposed to the development of gastric carcinoid 
tumors. 

Omeprazole prolongs the elimination of diazepam, warfarin, and 
phenytoin. Clinical interactions have been seen with cyclosporine, dis- 
ulfiram, and benzodiazepines. Omeprazole also inhibits the absorption 
of pH-dependent drugs such as ketoconazole and it should not be used 
during pregnancy. 


DRUGS THAT ENHANCE 
MUCOSAL PROTECTION 


MISOPROSTOL 


Prost-13-en-1-oic acid, (11@, 13£)-(+)-11,16-dihydroxy-16-methyl-9- 
oxo-, methyl ester; Cytotec 


7 _CHe(CH2)5COOCH3 
rea 
e C=C—CH — C(CH2)CH3 
HO | | 
16 OH 


[59122-46-2]C,,.H,,0,(382.54). 

Preparation—J Med Chem 1957; 20:1152. 

Description—Pale yellow oil. It is a mixture of the (+)-R and (+)-S' 
forms with reference to carbon atom no 16. 

Solubility—1 g in 2500 mL of water or 100 mL of alcohol. 

Comments—lIn the prevention of NSAID gastropathy. A prosta- 
glandin E, analog, it differs from the naturally occurring compound in 
that it is more water soluble and has a longer half-life. It both inhibits 
gastric acid secretion and increases mucosal resistance. Its inhibition of 
acid secretion, however, may not be sufficient to cause a therapeutic 
effect. Misoprostol probably derives its therapeutic benefit in the GI 
tract by increasing mucus and bicarbonate secretion by the gastric 
epithelium by increasing epithelial regeneration and by enhancing mu- 
cosal blood flow, thus enhancing mucosal protection. 

Misoprostol is used for the prevention of gastric injury by NSAIDs. 
Controlled studies demonstrate that doses of 100 jg four times a day, 


200 wg four times a day, and 200 ug twice a day are effective in 
preventing gastric injury induced by NSAIDs and reducing the inci- 
dence of severe complications by approximately 50%. It is superior to 
H,- 

blockers in preventing gastric ulcers but not duodenal ulcers. It is 
superior to sucralfate in preventing both gastric and duodenal ulcers 
and superior to H,-receptor antagonists in preventing gastric ulcer. 

It is not yet clear which patients should receive misoprostol rou- 
tinely for prophylaxis of NSAID-induced injury or under what circum- 
stances misoprostol is cost effective. The patients at greatest risk for 
NSAID injury are patients with a previous history of ulcer disease, the 
elderly, patients with concomitant debilitating disease, and patients on 
multiple drug therapy. It is becoming common practice to treat all such 
patients prophylactically. 

Misoprostol is also effective in the treatment of gastric ulcer, duo- 
denal ulcer, and stress ulcer but is not approved for these uses, pre- 
sumably because it has more side effects and no therapeutic advantage 
over H,-blockers or proton pump inhibitors. Side effects from misopros- 
tol have, to some extent, limited its use. At a dosage of 200 yg four times 
a day, more than 30% of patients have diarrhea. This appears to be 
lower with 100 wg four times a day, which should be the initial dose. It 
has no effect on GI hormones (gastrin, motilin, somatostatin, and va- 
soactive intestinal peptide) and no effect on gastric motility. 

Misoprostol, because it causes uterine contractions, is contraindi- 
cated in pregnancy. It is rapidly (T,,,,, 12 min) and extensively ab- 
sorbed. It has a terminal half-life of 20 to 40 min, with 80% being 
recovered in the urine. Dosage adjustment is not needed in patients 
with renal impairment. There is no effect on hepatic mixed-function 
oxidase systems, and no drug interactions are known. Misoprostol does 
not inhibit the therapeutic benefit of NSAIDs in rheumatoid arthritis. 


SUCRALFATE 


a-p-Glucopyranoside, B-p-fructofuranosyl-, octakis(hydrogen 
sulfate), aluminum complex; Carafate 


CH,OR CH,OR 


) 0 
OR RO 
RO © CH2O0R 
OR OR 


(R 1s SO5(Al,(OH), (HO), }) 


(54182-58-0] C,,H,,Al,,0,,S, (m and n are approximately 54 and 75, 
respectively, giving an average molecular mass of about 2086 daltons). 

Preparation—See US Pat 3,432,489. 

Description—White powder; pK, between 0.43 and 1.19. 

Solubility—Practically insoluble in water; soluble in fixed alkali or 
acids. 

Comments—Approved for short-term (8 week) therapy of duodenal 
ulcers and, at reduced dosage, for maintenance therapy of duodenal 
ulcer. Clinical reports indicate that 1 g four times a day for 4 weeks will 
heal 73 to 92% of duodenal ulcers. Antacids may be prescribed as 
needed for pain relief. Sucralfate is absorbed minimally from the GI 
tract. The mechanism by which sucralfate accelerates healing of duo- 
denal ulcer remains to be defined fully. It reduces acid secretion by 
approximately 50%, and this is probably its most important effect. It 
also forms an ulcer-adherent complex with proteinaceous exudate at 
the ulcer site; this complex covers the ulcer site and protects it against 
further attack by acid, pepsin, and bile salts. Animal studies suggest 
that sucralfate also enhances local prostaglandin synthesis, which 
would increase mucosal protection by stimulating mucus and bicarbon- 
ate secretion. Whatever the mechanism, sucralfate is effective in heal- 
ing ulcers. There are no known contraindications. Nevertheless, it 
should not be used during pregnancy or in nursing mothers unless 
clearly needed. Since sucralfate is an aluminum salt of a sulfated 
disaccharide, it may prevent absorption of tetracycline, phenytoin, H,- 
blockers, warfarin, or digoxin if the drugs are given simultaneously; 
giving the drugs 2 hr apart minimizes these effects. Adverse effects 
occur in approximately 5% of patients; constipation is most common 
(2.2%). Other adverse effects include diarrhea, nausea, gastric discom- 
fort, indigestion, dry mouth, rash, pruritus, back pain, dizziness, sleep- 
iness, and vertigo. 


PROKINETIC DRUGS 


Prokinetic drugs enhance GI motility and are used in the 
treatment of gastroesophageal reflux disease (GERD), gastro- 
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paresis, and constipation. GI motility is regulated through a 
complex integration of the autonomic nervous system, the en- 
teric nervous system, and GI hormones. Each organ, ie, the 
esophagus, stomach, small intestine, and colon, have both in- 
tegrated physiological regulation as well as unique regulation 
for each organ. The features that are unique to each organ are 
poorly understood, and many of the specific receptors have not 
been identified. Thus, the drugs tend to have a broad range of 
activity, with the beneficial and adverse effects mimicking each 
other. It is important to realize that in disorders of gastric 
emptying, oral drug absorption may be impaired or delayed, 
and thus IV therapy may be needed to the initial treatment. 


BETHANECHOL CHLORIDE 


For the full monograph, see page 1315. 

Comments—A parasympathemimetic that stimulates muscarinic 
receptors. It increases lower esophageal sphincter pressure and as such 
reduces nocturnal gastroesophageal reflux. It also increases contrac- 
tions in the fundus and antrum of the stomach but does not trigger 
migratory motor activity. Thus, it does not enhance gastric emptying 
and is not a true prokinetic drug. 

It is indicated for the treatment of acute postoperative and postpar- 
tum urinary retention in the absence of obstruction of the urinary tract. 


CISAPRIDE 


Benzamide, cis-4-amino-5-chloro-N-[1-[3-(4-fluorophenoxy)propyl]-3- 
methoxy-4-piperidinyl]-2-methoxy-, monohydrate; Propulsid 


a OCH, 


OCH 
H 
| 
> {Omori NC H,0 
Ml 
(0) 


[81098-60-4] C,,H, .CIFN.0,:H,O (483.97). 

Preparation—See US 5,665,884 (1997). 

Description—White to off-white powder melting about 110°. 

Solubility—Practically insoluble in water; sparingly soluble in 
methanol or acetone. 

Comments—It stimulates acetylcholine release from enteric 
nerves and acts as a direct smooth muscle stimulant. It also appears to 
be a serotonin 4 (5-HT,) agonist and 5-HT, antagonist. It has effects 
along the entire GI tract. It increases lower esophageal sphincter pres- 
sure and also enhances esophageal peristalsis. It thus has a beneficial 
effect in GERD by increasing lower esophageal sphincter pressure and 
by increasing acid clearance from the esophagus. 

Cisapride increases gastric liquid and solid emptying with a reduc- 
tion of duodenogastric reflux. Thus, it has potential benefit in patients 
with disorders of gastric emptying such as diabetic gastroparesis. 

It also has prokinetic effects on the jejunum and colon that account 
for its sometimes beneficial effect in patients with constipation but also 
its major side effect of diarrhea. 

Cisapride is indicated for the symptomatic treatment of noctural 
heartburn but is used widely for gastroparesis, and constipation. 

Peak plasma levels are achieved within 2 hr of the usual oral dose of 
10 mg. The use of cisapride often is limited by the development of 
diarrhea, which occurs in 10 to 20% of patients. Tachyphylaxis occurs 
within a few months of continuous use. 

Cisapride is metabolized by the CYP 3A4 isoenzyme system. Drugs 
that inhibit this enzyme, such as fluconazole, ketoconazole, traconazole, 
miconazole, clarithromycin, and erythromycin elevate cisapride blood 
levels, which can lead to serious cardiac arrhythmias including ventric- 
ular tachycardia and torsades de pointes. Deaths have been reported. 
Pregnancy category is C. The FDA has restricted the use of cisapride 
due to cardiac effects. 


ERYTHROMYCIN 


For the full monograph, see page 1536. 

Comments—While widely used as an antibiotic, it is apparent that 
low-dose erythromycin also has prokinetic activity. It is a motilin ago- 
nist causing premature migratory motor-complex activity when used at 
doses of 1 to 2 mg/kg. Interestingly, at high doses, it does not have 
significant prokinetic activity. Tachyphylaxis, a problem common to all 
prokinetic drugs, is a significant problem with erythromycin as well. 

It has no approved indication for the treatment of gastroparesis but 
is used widely. It appears to be especially helpful when used IV for 
acute gastroparesis. It must not be used in conjunction with cisapride. 
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METOCLOPRAMIDE HYDROCHLORIDE 


Benzamide, 4-amino-5-chloro-N-[2-(diethylamino)ethyl]-2-methoxy- 
monohydrochloride, monohydrate; Clopra; Maxolon; Reglan 


cl CONHCHCHgN(CoHs) 
Jor * HCl + H20 
HoN OCH, 


[54143-57-6]C,,H,,CIN,O, - HCl: H,O 

Preparation—See Arch Pharm 1980; 313:297. 

Description—White crystals melting about 185° with decomposition. 

Solubility—Soluble 1 g in about 0.7 mL of water, 3 mL of alcohol, 
or 55 mL of chloroform. A 10% aqueous solution has a pH of about 5.5. 

Comments—A substituted benzamide with dopaminergic activity. 
Its prokinetic activities are limited to the proximal gut, and as such it 
is used for the prophylaxis of vomiting associated with cancer chemo- 
therapy; relief of symptoms associated with acute and recurrent diabetic 
gastroparesis; it also is used as adjunctive therapy in patients with 
gastroesophageal reflux. When treating diabetic gastroparesis, it 
should be used IV until some gastric emptying is restored to ensure 
absorption. 

In addition to its ability to stimulate the gut, it also has enteric 
cholinergic properties, apparently sensitizing intestinal smooth muscle 
to the action of acetylcholine rather than acting directly on cholinergic 
receptors. The drug is, not effective in motion sickness. The use of 
metoclopramide is limited by two factors—a narrow therapeutic index 
and tachyphylaxis that usually occurs within 6 weeks. 


DIGESTANTS 


Bile Acids 


Bile is composed of a variety of substances, but only the bile 
salts (salts of the native bile acids, Chapter 26) are therapeu- 
tically important. When given by mouth the bile salts are 
absorbed from the intestine and reexcreted by the liver in the 
bile, thus, entering the same cyclic process (enterohepatic cir- 
culation) as endogenous bile salts. They are of little value in 
promoting the absorption of fats and fat-soluble vitamins from 
the GI tract but are useful in the dissolution of gallstones and 
in the treatment of primary biliary cirrhosis and, perhaps, 
steatohepatitis or fatty liver. 

Bile, a viscid, bitter, alkaline (pH 7.8) fluid, isotonic with 
serum and yellowish brown to golden yellow in color, is ex- 
creted by adults at the rate of 500 to 1100 mL per 24 hr. The 
principal organic constituents are bile acids (as salts), bile 
pigments, cholesterol, lecithin, and mucin. The principal inor- 
ganic constituents are water, sodium, calcium, copper, iron, 
magnesium, potassium, bicarbonate, phosphate, and sulfate. 

The bile acids, present as the sodium salts of a mixture of 
acids, are divided into two groups: primary (derived from cho- 
lesterol) and secondary (derived from primary bile acids). The 
bile salts are conjugated through peptide linkages to glycine or 
taurine. The primary bile salts are taurine or glycine conju- 
gates of cholic acid and chenic acid; the secondary bile salts are 
taurine and glycine conjugates of deoxycholic and lithocholic 
acids. 

The predominant bile acids represented in bile are cholic, 
chenic, deoxycholic, and lithocholic. The structural relation- 
ships among these and their parent molecule, 5b-cholanic acid, 
are shown below. The synthetic dehydrocholic acid is included 
for comparison. 


These bile acids combine with phospholipid to solubilize 
cholesterol and fatty acid in the intestine as mixed micelles. 
In so doing, they solubilize lipids and promote the absorption 
of fats, cholesterol, and the fat-soluble vitamins. The major 
clinical use of bile acids, however, is the dissolution of 
cholesterol gallstones and the treatment of primary biliary 
cirrhosis. 


URSODIOL 


Cholan-24-oic acid, (3a,58,7f)-3,7-dihydroxy-, Ursodeoxycholic 
Acid; Actigall; Urso 


(128-13-2]C,,H4 0, (392.58). 

Preparation—For the isolation, see J Biochem (Japan) 1927; 7: 
505. 

Description—Platelets, melting about 203°; pK, ~ 5. 

Solubility—Practically insoluble in water; freely soluble in alcohol; 
slightly soluble in chloroform; very slightly soluble in ether. 

Comments—A naturally occurring bile acid that is found in small 
amounts in man and in large amounts in bear (hence the name urso). It 
is the 7B epimer of chenodeoxycholic acid—an important primary bile 
acid in man. It reduces the cholesterol saturation of bile by inhibiting 
HMG-CoA reductase, the rate-limiting enzyme in cholesterol synthesis. 
It is indicated for the dissolution of radiolucent (ie, cholesterol) gall- 
stones and the treatment of primary biliary cirrhosis. It also is used 
in primary sclerosing cholangitis, chronic active hepatitis and 
nonalcoholic steatohepatitis (fatty liver), but without proved therapeu- 
tic benefit. 

Ursodiol is 90% absorbed in the small bowel. Upon absorption, it 
enters the portal circulation and then is extracted by the liver, where it 
is conjugated with glycine or taurine and finally secreted into bile and 
ultimately back into the intestine. This intrahepatic recirculation of 
ursodiol ultimately results in some replacement of endogenous bile 
acids such that after about 3 weeks of therapy, ursodiol makes up about 
60% of the total bile acid pool. Since the total bile acid pool also is 
increased, cholesterol more readily can be solubilized, and cholesterol 
gallstones are dissolved gradually. Once ursodiol is conjugated, little 
change occurs in the liver or intestine. Small amounts of 7-ketolitho- 
cholic acid or lithocholic acid are formed but mostly lost in the feces. 
This is helpful since larger amounts of lithocholic acid are hepatotoxic. 
There is also some deconjugation of ursodiol in the intestine. The 
resultant free ursodiol is reabsorbed and subsequently reconjugated in 
the liver. 

Clinical trials with ursodiol in the treatment of primary biliary 
cirrhosis have shown a retardation of disease progression and delay in 
the need for liver transplantation. 

Urosodiol reduces the amount of fat in the liver in patients with 
nonalcoholic steatohepatitis and by implication should reduce the pro- 
gression of cirrhosis. That, however, has neither been proved nor is it 
known whether life expectancy is altered. 

Clinical trials also have demonstrated that gallstone dissolution 
occurs in about 30% of patients with gallstones less than 20 mm in 
diameter treated for up to 2 yr. Patients with larger stones or with 
nonvisualizing gallbladders on oral cholecystogram rarely dissolve their 
stones. However, patients with floating stones less than 0.5 cm in 
diameter have a greater than 50% chance of dissolution. 


MALT EXTRACT—page 1034. 
PANCREATIN—page 1794. 


PANCREATIC ENZYMES 


Pancreatic enzymes are approved for the treatment of malab- 
sorption secondary to pancreatic insufficiency caused by 
chronic pancreatitis, pancreatectomy, and cystic fibrosis. They 
also have been advocated for the treatment of chronic pancre- 


atitis and pancreatic fistulae. Pancreatic enzyme preparations 
consist of mixtures of lipase, amylase, and protease. 


Lipase hydrolyzes dietary triglycerides at the alpha position, form- 
ing two molecules of fatty acid and a molecule of B-monoglyceride. In so 
doing, the large triglyceride molecule is converted into three smaller 
molecules that can be incorporated in mixed bile acid micelles for 
solubilization and transported in the intestine. 

Amylase is an a-1,4-glucosidase that splits straight-chain polyglu- 
cosides (the amyloses in dietary starch) into maltose and maltotriose. 
These subsequently are cleaved into glucose by intestinal brush-border 
disaccharidase enzymes and absorbed. 

Protease is a mixture of proteolytic enzymes—trypsin, chymotryp- 
sin, and elastase—that cleaves peptide bonds in the center of proteins 
and polypeptides. The hydrolytic products of these enzymes are amino 
acids and oligopeptides. The amino acids are absorbed directly, while 
the oligopeptides are split further by brush-border enzymes or intracel- 
lular enzymes before being transported in the portal circulation to the 
liver. 


The treatment of malabsorption is the usual indication for 
pancreatic enzymes. The major manifestation of pancreatic 
malabsorption is steatorrhea—a voluminous, malodorous stool 
that is light in color and laden with fat that is not being 
absorbed. Clinical steatorrhea does not occur until pancreatic 
lipase output is less than 10% of normal. Thus, the lipase 
content of the pancreatic enzyme replacement preparation is 
the critical factor in the treatment of steatorrhea. Approxi- 
mately 28,000 U of lipase should be delivered during the 4-hr 
postprandial period. 

Only a few preparations have sufficient lipase to be effective 
(see Table 66-7 for enzyme contents). Because lipase is inhib- 
ited irreversibly below pH 4, the enzyme preparations either 
have to be enteric coated or need to be given with sodium 
bicarbonate supplementation to avoid inactivation. The new 
microsphere preparations, Creon, Entolase-HP, Pancrease 
MT16, and Zymase, appear to have the most bioavailability. 
The usual dose is 3 capsules prior to each meal. When using 
Viokase (8 tablets), Cotazym (6 capsules), or Ilozyme (4 cap- 
sules), adjuvant therapy with an H,-receptor antagonist or 
proton pump inhibitor may be needed to ensure bioavailability. 
Dosing is generally 2 to 3 tablets or capsules with each meal 
but should be adjusted to alleviate steatorrhea. 

The treatment of abdominal pain in patients with chronic 
pancreatitis is complex and controversial. Many of the patients 
have chronic pain syndrome with narcotic addiction. 

An important component of pain management in these pa- 
tients is withdrawal from pain medications that in themselves 
may be perpetuating the pain. Once this is done, correction of 
mechanical problems, ie, drainage of pseudocysts and the cor- 
rection of duct stenosis, is essential. If pain persists, there is 
evidence that large doses of pancreatic enzymes will decrease 
pain in these patients. The rationale for this treatment is that 
resting the pancreas will allow it to heal. 


Table 66-7. Pancreatic Enzymes 


NAME FORMULATION 

Cotazyme Powder in capsules 

Cotazyme S Enteric-coated spheres in capsules 
Creon 10 Enteric-coated microspheres in capsules 
Creon 25 Enteric-coated microspheres in capsules 
Donnazyme Tablets 

Ku-zyme Capsules 

Pancrease Enteric-coated microspheres in capsules 


Pancrease MT 4 
Pancrease MT 10 
Pancrease MT 16 


Viokase Tablets 
Powder (4 tsp.) 
Zymase Enteric-coated spheres in capsules 


° L, lipase; P, protease; A, amylase. 


Enteric-coated microtablets in capsules 
Enteric-coated microtablets in capsules 
Enteric-coated microtablets in capsules 
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Pancreatic enzymes inhibit cholecystokinin, which stimu- 
lates pancreatic secretion when food reaches the duodenum. 
Putting the pancreas to rest presumably eliminates the pain 
that occurs when the pancreas is actively secreting. The effec- 
tive components of the pancreatic enzymes for relieving pain 
are the serine proteases (trypsin, chymotrypsin, and elastase). 
Patients with idiopathic chronic pancreatitis appear to respond 
better than patients with chronic alcoholic pancreatitis. 

Finally, pancreatic enzymes also have been advocated for 
the treatment of pancreatic fistulae and for the reduction and 
frequency of attacks of acute recurrent pancreatitis. To date, 
there are no controlled studies to support this type of therapy. 


LACTASE 


Lactaid 

Preparation—A f-p-galactosidase isolated from Aspergillus oryzae 
(caplets) or Kluyveromyces lactis (drops). 

Comments—The enzyme lactase hydrolyzes lactose—the sugar 
found in milk—into two simple sugars: glucose and galactose. It is 
indicated for patients with symptomatic lactose deficiency manifested 
by abdominal cramps, bloating, flatuluence, and diarrhea following the 
ingestion of dairy products. Its only known side effect is allergy. Dia- 
betics should be aware that the glucose formed through degradation by 
lactase will be absorbed and, in effect, increase their sugar intake. 
Lactase drops are used for the treatment of milk prior to ingestion; 
adding 10 to 15 drops to a quart of milk reduces the lactose by 90 to 
99%. Caplets are to be taken with meals that contain dairy products. 


LAXATIVES 


Laxatives are drugs that either accelerate fecal passage or 
decrease fecal consistency. They work by promoting one or 
more of the mechanisms that cause diarrhea. 

Constipation has different meanings for different people 
but, in general, refers to stools that are too small, too infre- 
quent, or too difficult to expel. Patients also may describe it as 
a sense of incomplete evacuation. None of these definitions is 
easy to quantify, and the normal range is wide. Normal stool 
weight is largely a function of diet. Thus, stools generated by 
the Western diet, which tends to be low in undigestible fiber, 
weigh 100 to 200 g a day, while stools in Africa tend to weigh 
400 to 500 g a day. Similarly, the frequency of stools varies 
greatly and is largely a function of the diet. It is said that 
normal stool frequency varies from three stools a day to three 
a week. There are few studies to determine what really is 
normal, but in the Western world, it is believed that fewer than 
five stools a week is abnormal. Another definition is a change to 
lower frequency than usual for a particular individual. 

Since constipation is a symptom rather than a disease, 
medical evaluation should be undertaken in patients who de- 
velop constipation. The wide availability and marketing of OTC 


ENZYME CONTENT?” 


L, 8000; P, 30,000; A, 30,000 
L, 8000; P, 30,000; A, 30,000 
L, 8000; P, 13,000; A, 30,000 
L, 25,000; P, 62,500; A, 74,700 
L, 1000; P, 12,500; A, 12,500 
L, 1200; P, 6 mg; A, 30 mg 

L, 4000; P, 25,000; A, 30,000 
L, 4000; P, 12,000; A, 12,000 
L, 10,000; P, 30,000; A, 30,000 
L, 16,000; P, 48,000; A, 48,000 
L, 8000; P, 30,000; A, 30,000 


L, 12,000; P, 24,000; A, 24,000 


» Expressed in USP units. USP units (in vitro test method) indicate digestive capacity such that 1000 units of lipase digests 3.5 g of fat, 1000 units of protease 


digests 1 g of protein, and 1000 units of amylase digests 1 g of starch. 
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Table 66-8. Composition and Dose of Some Bulk Laxatives 


A a I I SE ST 


PRODUCT ACTIVE INGREDIENT 


Citrucel Orange Flavor 


Effer-Syllium Natural Psyllium 
Fiberall Powder Polycarbophil 
Fiberall Fiber Wafers Psyllium 
FiberCon Polycarbophil 
Hydrocil Instant Psyllium 
Metamucil Regular Psyllium 
Metamucil Sugar Free Orange Psyllium 
Perdiem Fiber Psyllium 
Serutan Psyllium 


Methylcellulose 


AMOUNT OF FIBER USUAL 
(g/UNIT DOSE) ADULT DOSE? 
2g 1 tbs 
3g 1 tsp 
2.2g 1 tsp 
DP) 1 wafer 
0.59 2 tablets 
~3.5g 1 packet 
3.4g 1 tsp 
3.4g 1 packet 
~4g 1 tsp 
22550) 1 tsp 


? Teaspoonful and tablespoonful quantities are rounded unless otherwise stated. 


laxatives have the potential to preclude appropriate diagnosis. 
The commonest cause is irritable bowel syndrome, but consti- 
pation may be associated with neurogenic diseases, systemic 
diseases, and pharmacological causes. All of these may require 
primary treatment independent of symptomatic treatment 
with laxatives. Bowel.disease, per se, other than irritable bowel 
syndrome usually does not cause constipation. 

Laxatives are divided into several categories as a function of 
their mechanism of action. 


Stimulant laxatives, such as bisacodyl, phenolphthalein, and 
senna, work by various mechanisms including inhibition of absorption, 
enhancement of secretion, and effects on motility. In general, these 
laxatives have the most toxicity and are less physiological in their 
actions. 

Saline laxatives, such as magnesium citrate and sodium phos- 
phate, exert an osmotic effect that increases the water content and 
volume of stool. 

Hyperosmotic laxatives, such as lactulose, exert an osmotic ef- 
fect, leading to water secretion into the intestine. 

Bulk-forming laxatives consist of polysaccharides and cellulose 
derivatives that are undigestible. Because they absorb water, they 
increase the bulk of stool and, in so doing, provide a physiological 
stimulus to defecation. They also may inhibit bile acid absorption, with 
subsequent effects on water absorption and secretion by the intestine. 

Lubricant laxatives, such as mineral oil, allow easier passage of a 
stool because of an oil coating. They may also inhibit colonic reabsorp- 
tion of water. 

Emollient laxatives, such as docusate sodium, are surfactants 
that facilitate mixture of water and lipid soluble substances to soften 
stool. They also stimulate water secretion in the GI tract. 


Patients who use laxatives should be reminded of the following 
points: laxatives are not for long-term use; if they are not 
effective after 1 week, a physician should be consulted. Laxa- 
tive products that contain more than 15 mEq (345 mg) of 
sodium, more than 25 mEq (975 mg) of potassium, or more than 
50 mEq (600 mg) of magnesium in the maximum daily dose 
should not be used if kidney disease is present. Phenolphtha- 
lein preparations should be discontinued if a rash appears. 
Saline laxatives should not be given orally to children under 6 
or rectally to infants under 2 yr of age; mineral oil should not be 
given to children under 6 yr of age. Dioctyl sodium sulfo- 
succinate should not be used with mineral oil. To be effective, 
enemas and suppositories must be administered properly. Lax- 
atives should not be used to relieve GI symptoms of unknown 
cause. 

Although occasional use of a laxative is relatively harmless, 
depletion of fluids and electrolytes can result from their chronic 
use. Mineral oil should be given at bedtime to minimize its 
interference with the absorption of fat-soluble vitamins. In 
addition, aspiration of mineral oil may result in chronic pneu- 
monitis; consequently, it is contraindicated in patients with 
disorders of gastric or esophageal emptying. Even the soft, 
bulk-forming laxatives have been reported to cause enteric 
obstruction in an occasional patient with inflammatory or neo- 
plastic strictures of the gut. 


Stimulant Laxatives 


The stimulant laxatives have multiple actions on the intestine. 
These include stimulation of motor activity and effects on wa- 
ter reabsorption and secretion. What they have in common is 
the ability to increase the amount of water in the stool and the 
ability to decrease colonic transit time. The more commonly 
employed agents are the anthraquinone laxatives, cascara sa- 
grada and senna; the diphenylmethane derivatives, phenol- 
phthalein and bisacodyl; and castor oil. 

The anthraquinone-containing laxatives, such as cascara 
and senna, are used widely. The active glycosides are absorbed 
in the small intestine, circulated through the portal system and 
into the general circulation and excreted in the bile, urine, 
saliva, colonic mucosa, and in the milk of lactating women. 
These glycosides stimulate Auerbach’s plexus to increase peri- 
stalsis. They usually act within 6 to 12 hr of ingestion. The 
diphenylmethane derivatives, such as phenolphthalein and 
bisacodyl, have similar pharmacological actions; they stimulate 
sensory nerves in the colonic mucosa to initiate reflex peristal- 
sis. Phenolphthalein is usually active within 6 to 8 hr after 
administration; bisacodyl results in a smooth, formed stool 
within 6 to 10 hr after oral administration and 15 to 60 min 
after rectal administration. Castor oil is classified as a stimu- 
lant laxative because lipolysis in the small intestine liberates 
ricinoleic acid, a short-chain fatty acid that stimulates peristal- 
sis and inhibits the absorption of water and electrolytes from 
the small intestine. Glycerin, in the form of suppositories, pro- 
motes defecation by stimulating the rectal mucosa; it also acts 
to lubricate and soften inspissated fecal material. The stimu- 
lant laxatives have many characteristics in common; they in- 
crease intestinal motility leading to abdominal cramps, in- 
crease mucus secretion and increase fluidity of the stool. 
Intensity of effect is related to dosage, but effective doses vary 
markedly from one individual to another. 


BISACODYL 


Phenol, 4,4’-(2-pyridinylmethylene)bis-, diacetate (ester); Dulcolax; 
Fleet Bisacodyl 


OOCCH, 
NeweCH 


Ore 


4,4'-(2-Pyridylmethylene)diphenol diacetate (ester) [603-50-9] C,,H,,NO, 
(361.40). 

Caution—Avoid inhalation and contact with the eyes, skin, and 
mucous membranes. 

Preparation—2-Pyridinocarboxaldehyde is condensed with phenol 
with the aid of a suitable dehydrant such as sulfuric acid, and the 
resulting 4,4’-(2-pyridyl)diphenol is esterified by treatment with acetic 
anhydride and anhydrous sodium acetate. US Pat 2,764,590. 

Description—White to off-white, crystalline powder in which par- 
ticles having a longest diameter smaller than 50 ~m predominate; 
melts between 131° and 135°. 


Solubility—1 g in >10,000 mL water, 210 mL alcohol, 2.5 mL 
chloroform, or 275 mL ether. 

Comments—A stimulant laxative that acts directly on sensory 
nerve fibers in the colonic mucosa to increase peristalsis throughout the 
large intestine. It is administered either orally or rectally for constipa- 
tion and for evacuation of the bowel prior to surgery, proctoscopy, or 
radiological examination. It is usually effective overnight or within 6 to 
10 hr. Bisacodyl provides satisfactory cleansing of the bowel, obviating 
the need for an enema. Side effects usually are limited to abdominal 
cramps. Continued use of the suppository may cause rectal irritation. 
There are no contraindications to the use of bisacodyl, except for an 
acute surgical abdomen. 


CASANTHROL 


Peri-Colace; ing of Dialose Plus; ing of D-S-S Plus 
A purified mixture of the anthranol of glycosides extracted from cascara 
sagrada. 

Preparation—US Pat 2,552,896. 

Comments—One of the anthraquinone-containing stimulant laxa- 
tives, reported to be 10 times as potent as cascara sagrada. It is used for 
relief of transient constipation. In most patients a semisoft stool is 
produced in 8 to 12 hr. Casanthrol is an ingredient in numerous pro- 
prietary laxative preparations. Adverse reactions reported are abdom- 
inal cramping, diarrhea, and nausea. It should not be used in patients 
with abdominal pain, nausea, or vomiting. Continued use for several 
months may cause melanosis coli—a harmless deposition of anthraqui- 
none pigment in the colonic mucosa that disappears a few months after 
discontinuing use. Often used in mixtures (Table 66-9). 


CASCARA SAGRADA 


Nature’s Remedy; ing of Peri-Colace; Sacred Bark; Chittem; 
Dogwood; Bear-berry; Bitter Bark 
The dried bark of Rhamnus purshiana De Candolle (Fam Rhamnaceae). 

Constituents—The following active principles have been reported: 
Aloe-emodin (1,8-dihydroxy-3-hydroxymethylanthraquinone), chryso- 
phanic acid (1,8-dihydroxy-3-methylanthraquinone), iso-emodin (3,5,8- 
trihydroxy-2-methylanthraquinone), methylhydrocotoin (2,4,6-trimeth- 
oxybenzophenone), and purshianin, a glycoside-forming red-brown 
crystal melting about 237°. Cascara also contains several resins, one of 
which is very bitter and gives a bright-red color with potassium hydrox- 
ide solution, which can be used to test stools in patients suspected of 
laxative abuse. 

Comments—A widely used cathartic. It is used for relief of 
transient constipation. Its precise mechanism of action is unknown. 
It has very little action on the small intestine but promotes peristal- 
sis in the large intestine. The action of cascara is mild and is 
unaccompanied by cramping. A therapeutic dose causes a single 
evacuation of the bowel in approximately 8 hr. The stool may be solid 
or semifluid. Prolonged ingestion frequently results in melanosis 
coli, which regresses after cascara sagrada is discontinued. It should 
not be given to lactating mothers, since it is excreted in breast 
milk. 


CASTOR OIL 


Emulsoil; Neoloid; Purge 
The fixed oil obtained from the seed of Ricinus communis Linné (Fam 
Euphorbiaceae). 

Preparation—By cold expression and subsequent clarification of 
the oil by heat. It consists chiefly of glycerides of ricinoleic and isorici- 
noleic acids. The purgative action has been attributed to hydrolysis of 
ricinolein in the intestine, ricinoleic acid being produced. The seeds 
contain two principles, ricin, a very poisonous albumin (150 mg toxic per 


Table 66-9. Composition of Some Laxative Mixtures 


GASTROINTESTINAL AND LIVER DRUGS 1231 


os), and ricinine, a poisonous base (1,2-dihydro-4-methoxy-1-methyl- 
2-oxonicotinonitrile). Because of the presence of these toxic substances, 
the seeds are definitely poisonous. 

Description—Pale yellowish or almost colorless, transparent, vis- 
cid liquid with a faint, mild odor and a slightly acrid and usually 
nauseating taste; specific gravity between 0.945 and 0.965. 

Solubility—Soluble in alcohol; miscible with dehydrated alcohol, 
glacial acetic acid, chloroform, or ether. 

Comments—Used internally as a laxative and externally as an 
emollient. The oil is bland and soothing to the skin. Castor oil is 
metabolized to ricinoleic acid, which stimulates water secretion in the 
intestine while decreasing glucose absorption. It also stimulates colonic 
motility. When administered orally it produces one or more copious 
stools within 2 to 6 hr after ingestion. It is used frequently to empty the 
GI tract prior to proctoscopy or X-ray studies of the GI tract and to 
threaten children. It should not be used in the therapy of acute consti- 
pation. Chronic use is not recommended, since absorption of nutrients 
may be reduced. 


DEHYDROCHOLIC ACID—see RPS-18, page 782. 
PHENOLPHTHALEIN 


1(3H)-lsobenzofuranone, 3,3-bis(4-hydroxypheny))-, 


10} 

i 
ca 
(O)-o 


3,3-Bis(p-hydroxyphenyl)phthalide [77-09-8] C,,H,,0, (318.33). 

Preparation—A mixture of phenol, phthalic anhydride, and sulfu- 
ric acid is heated at 120° for 10 to 12 hr. The product is extracted with 
boiling water, the residue dissolved in dilute NaOH solution, filtered, 
and precipitated with acid. 

Description—White or faintly yellowish white, crytalline powder; 
odorless and stable in air; melts no lower than 258°. 

Solubility—Practically insoluble in water; 1 g in about 15 mL 
alcohol or about 100 mL ether. 

Comments—It was one of the most widely used of the cathartic 
drugs, it is the base of many proprietary laxatives (Table 66-9). Clas- 
sified as a stimulant cathartic, although the precise mechanism of 
action is unknown. It tends to act longer than other laxatives because it 
enters the enterohepatic circulation and is reexcreted in bile into the 
intestine. It acts within 4 to 8 hr after ingestion. In susceptible indi- 
viduals, phenolphthalein may cause allergic reactions, including 
Stevens-Johnson syndrome and lupus erythematosus. The skin lesions 
may persist for months after discontinuing the drug. Deaths have been 
attributed to allergy to this drug. It also may cause a Bartter’s-like 
syndrome with hyperaldosteronism and hypokalemia. Phenolphthalein 
colors an alkaline urine red, and small portions may appear in the urine 
after oral ingestion. It also is used as an indicator in volumetric anal- 
ysis. This reaction forms the basis of a test in which KOH is used to 
detect phenolphthalein in the stools of laxative abusers. The drug has 
been discontinued. 


SENNOSIDES 


Gentle Nature 
A natural complex of anthraquinone glycosides found in senna, 
isolated from Cassia angustifolia as calcium salts, contains 55-65% of 
the calcium salts. 


CONTENT (mg) PER CAPSULE OR TABLET 


PRODUCT DOCUSATE? CASANTHRANOL 
Correctol Tab 100 (Na) 

Dialose Plus 100 (K) 30 

Extra Gentle Ex-Lax 75 (Na) 

Feen-A-Mint 100 (Na) 

Natures Remedy 100 (Na) 

Peri-Colace 100 (Na) 30 

Phillips’ LaxCaps 83 (Na) 


PHENOLPHTHALEIN OTHER DOSE 
1-2 tabs 

1 cap bid 

65 1-2 tabs 
65 1-2 tabs 
100°;150° 1-2 tabs 

1-2 caps 

90 1-2 caps 


? Na, sodium; K, potassium. 
» Aloe. 
© Cascara sagrada. 
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Description—Brownish powder; pH (mixture 1 g/10 mL water) 
between 6.3 and 7.3 

Comments—A laxative. Evacuation of the bowels occurs 8 to 10 hr 
after oral administration. 


Saline (Hyperosmotic) Laxatives 


A number of magnesium and sodium salts in the form of ci- 
trates, sulfates, phosphates, and tartrates are used as saline 
laxatives. These cations and anions are at most only slightly 
absorbed from the GI tract. Consequently, when given orally in 
hypertonic solutions, they draw water from the tissues into the 
intestine, increase peristalsis, and induce a profuse, watery 
stool. This traditional explanation for the mechanism of action 
of saline laxatives has been questioned. Indeed, several studies 
indicate that different mechanisms, independent of osmotic 
effect, are responsible for the laxative properties of these salts. 
For example, it has been shown that magnesium stimulates 
release of endogenous cholecystokinin-pancreozymin, a hor- 
mone that causes the accumulation of fluid and electrolytes 
within the human ‘small intestine. The laxative action of 
magnesium-containing salts, therefore, may result from their 
ability to diminish the net absorption of fluid and electrolytes. 

The choice of saline laxative usually is based on cost and 
palatability. There are, however, situations in which the inju- 
dicious use of a saline laxative results in serious adverse ef- 
fects. As much as 20% of the magnesium ion may be absorbed 
after oral administration of a magnesium salt. In patients with 
impaired renal function, toxic concentrations of the ion can 
accumulate. Laxatives that contain sodium are contraindicated 
in individuals with edema and congestive heart failure. 
Chronic use of saline laxatives also may result in excessive 
dehydration. Other contraindications are mentioned in the re- 
spective monographs. 


MAGNESIUM OXIDE—page 1222. 
MAGNESIUM SULFATE 


Sulfuric acid magnesium salt (1:1), heptahydrate; Bitter Salts; 
Epsom Salts 


Magnesium sulfate (1:1) heptahydrate [10034-99-8] MgSO,-7H,O 
(246.47); anhydrous [7487-88-8] (120.36). 

Preparation—Magnesium sulfate can be prepared by neutralizing 
sulfuric acid with magnesium carbonate or oxide, but it also may be 
obtained directly from natural sources. In the form of a double salt with 
alkali metals, it occurs abundantly in several mines, and these comprise 
a large source of the salt. It also is produced in large quantities from the 
magnesium salts occurring in the brines used for extraction of bromine. 
The liquors after the removal of bromine are treated with calcium 
hydroxide, thus precipitating magnesium as the hydroxide. Sulfur di- 
oxide and air are passed into an aqueous suspension of the magnesium 
hydroxide, yielding magnesium sulfate. 


Mg(OH), + SO, + 20, > MgSO, + H,0 


Description—Small, colorless crystals, usually needlelike, with a 
cooling, saline, and bitter taste; effloresces in warm, dry air; at 100° it 
loses 5 molecules of its water; aqueous solution is neutral to litmus. 

Comments—An effective and widely employed saline laxative. The 
laxative action probably results from two factors: (1) magnesium sulfate 
is not absorbed from the GI tract and, thus, draws water into the lumen 
of the bowel to make an isotonic solution and (2) the magnesium ion 
stimulates the release of cholecystokinin-pancreozymin, which causes 
an accumulation of fluid and electrolytes within the small intestine. It 
is the increased volume that promotes the motor activity of the bowel. 
If dissolved in iced water, its nauseous taste is not so perceptible as 
when water at ordinary temperature is used; it may be disguised 
further by the use of orange juice. 

For parenteral anticonvulsant use see Magnesium Sulfate Injection, 
RPS-19, page 1175. 


SODIUM PHOSPHATE 


Phosphoric acid, disodium salt, heptahydrate; Dibasic Sodium 
Phosphate; Disodium Orthophosphate; Disodium Hydrogen 
Phosphate; Secondary Sodium Phosphate; Fleet Enema, 
Phospho-Soda 
Disodium phosphate heptahydrate [7782-85-6] 
(268.07); anhydrous (7558-79-4] (141.96). 

Preparation—From bone phosphate or bone ash, obtained by heat- 
ing bones to whiteness, which consists chiefly of tribasic calcium phos- 
phate. The mineral phosphorite, which is a tribasic calcium phosphate, 
also is used. The finely ground phosphatic material is digested with 
sulfuric acid, the mixture then is leached with hot water, neutralized 
with sodium carbonate, and the sodium phosphate is crystallized from 
the filtrate. 

Description—Colorless, or white, granular salt; effloresces in 
warm, dry air; solutions are alkaline to litmus and phenolphthalein (pH 
about 9.5). 

Solubility—1 g in 4 mL water; very slightly soluble in alcohol. 

Comments—One of the most palatable of the saline laxatives. It 
also is used in the form of the oral solution (see below) as an antihy- 
percalcemic. Its major use, however, is for diagnostic procedures such as 
proctoscopy, colonoscopy, or barium enema. 

Caution—This phosphate should not be confused with tribasic so- 
dium phosphate, which is very alkaline and has a caustic action. 


SODIUM PHOSPHATE AND SODIUM BIPHOSPHATE 
ENEMA 


Sodium Phosphates Enema; Fleet Enema 
Comments—A laxative administered as an enema primarily in 
preparation for surgery, endoscopy, or X-ray. It should not be used in 
the presence of abdominal pain, nausea, or vomiting. 


SODIUM PHOSPHATE AND SODIUM BIPHOSPHATE 
ORAL SOLUTION 


Sodium Phosphates Oral Solution; Fleet Phospho-Soda Sodium 
Phosphates 
Comments—An orally administered saline laxative used primarily 
in preparation for surgery, endoscopy, or X-ray. It is usually effective 
overnight or within 1 hr if taken before meals. It should not be used in 
patients with abdominal pain, nausea or vomiting. 


Na,HPO, : 7H,O 


Bulk-Forming Laxatives 


The bulk-forming laxatives (Table 66-8) include a wide range of 
natural and semisynthetic polysaccharides and cellular deriv- 
atives that are only partially digested. The undigested portions 
are hydrophilic and swell in the presence of water to form a 
viscous solution or gel. The resultant changes in bowel wall 
tension and intraluminal pressure promote transit. Other 
mechanisms also may be involved. For example, bile-salt me- 
tabolism may be altered, leading to a choleretic effect. The 
bulk-forming laxatives have become the mainstay of the man- 
agement of irritable bowel syndrome, which is manifested typ- 
ically by alternating diarrhea and constipation, lower abdomi- 
nal pain, abdominal bloating, and a sense of incomplete 
evacuation. They are particularly useful in this condition be- 
cause they not only relieve constipation but also, because of 
their hydrophilic property, decrease diarrhea. Although used 
widely for the treatment of irritable bowel syndrome, there is 
little convincing evidence of their efficacy. This may be because 
of the variability of this syndrome and the lack of objective 
parameters to measure efficacy. They also are used for symp- 
tomatic treatment of acute diarrhea and for symptomatic treat- 
ment of inflammatory bowel disease such as ulcerative colitis 
and Crohn’s colitis. They may be useful for the continued treat- 
ment of diverticular disease or in situations when it is desirable 
to maintain a soft stool, such as after anorectal surgery. They 
can ease the discomfort of bowel movements in the postopera- 
tive period. 

Bulk-forming laxatives usually exert a laxative effect in 12 
to 24 hr but may require as much as 3 days. Each dose of 
laxative should be taken with a full glass of water. These drugs 
interact and combine with other drugs, such as salicylates, 


digitalis, etc. Consequently, they should not, as a general rule, 
be taken with other drugs. For the most part, they are safe. 
They are devoid of systemic side effects but may increase flat- 
ulence. Rare cases of intestinal and esophageal obstruction 
have been reported. It is important, therefore, to take these 
agents with large volumes of liquid, at least one glass with each 
dose. They are contraindicated in patients with known esoph- 
ageal or intestinal obstruction. The dosing of these agents is 
highly variable and needs to be adjusted to the individual 
patient. 


CARBOXYMETHYLCELLULOSE SODIUM—page 1031. 
METHYLCELLULOSE—page 1032. 
PSYLLIUM LAXATIVES 


Effer-Syllium Natural; Metamucil; Perdiem; Serutan 

Description—Various preparations from the outer portions of the 
clean, dried, ripe seeds of Plantago psyllium Linné or indica. Known 
commercially as French Psyllium Seed. The seed are small, dark, odor- 
less, and tasteless, and the ground hulls form a mucilaginous mass with 
water. 

Comments—These are mild laxatives, mostly used in irritable 
bowel syndrome. They are pharmacologically inert but absorb water, 
thus increasing the bulk of the stool and producing a physiological 
stimulus for evacuation. They also are used in diarrheal states such as 
inflammatory bowel disease to increase the bulk and consistency of the 
stool. They are contraindicated in the presence of partial or complete 
obstruction anywhere in the GI tract. 


POLYCARBOPHIL 


Acrylic Acid-Divinyl Glycol Copolymer; Fiberall Chewable Tablets; 
Noveon AA-1 

Polycarbophil [9003-97-8]; polyacrylic acid cross-linked with divinyl 

glycol. < 

Preparation—Acrylic acid and divinyl glycol (1,5-hexadiene-3,4- 
diol) are copolymerized in a hot salt slurry using azobis [methylpro- 
pionitrile] as the initiator. US Pat 3,202,577. 

Description—White to creamy white granules with a slight, char- 
acteristic, esterlike odor; contains a maximum of 1.5% water. 

Solubility—Swells but is insoluble in water; insoluble in most 
organic solvents. 

Comments—A pharmacologically inert substance that has the ca- 
pacity to bind free fecal water. Hence, it is used in diarrheal disorders 
to decrease the fluidity or looseness of stools. Orally adminstered, 
polycarbophil exerts its most marked hydrosorptive action only on 
reaching the slightly acid or alkaline medium of the small intestine and 
colon. Polycarbophil also is used as a bulk-forming laxative. This hy- 
drophilic polyacrylic resin is indigestible and nonabsorbable and binds 
more water than other laxatives of this type. Polycarbophil is reported 
to have no effect on digestive enzymes, and is thus metabolically inac- 
tive. The only adverse effect noted is a sense of fullness and bloating in 
some patients; this can be minimized by giving smaller doses at shorter 
intervals. This compound contains calcium, which may interact with 
tetracycline. It is contraindicated in bowel obstruction or fecal 
impaction. 


Lubricant Laxatives 


The lubricant laxatives (mineral oil and vegetable oils) lubri- 
cate the intestinal tract, soften the fecal contents, and facilitate 
the passage of feces. The many untoward effects induced by 
mineral oil, such as lipid pneumonitis, lipoid avitaminosis A, 
foreign-body reactions in the intestinal mucosa, and anal leak- 
age all argue against their use. 


COTTONSEED OllL—page 1029. 
MINERAL OIL 


Liquid Paraffin; Liquid Petrolatum; White Mineral Oil; Heavy 
Liquid Petrolatum 
A mixture of aliphatic hydrocarbons obtained from petroleum. It is 
indigestible and thus has limited absorption. 

Preparation—After removing the lighter hydrocarbons from petro- 
leum by distillation, the residue is again subjected to distillation at a 
temperature between 330° and 390°, and the distillate treated first with 
H,SO,, then with NaOH, and afterward decolorized by filtering through 
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bone black, animal charcoal, or fuller’s earth. The purified product is 
again chilled, to remove paraffin, and redistilled at a temperature above 
330°. In some instances the H,SO, treatment is omitted. 

Description—Colorless, transparent, oily liquid, free or nearly free 
from fluorescence; tasteless and odorless when cold and develops not 
more than a faint odor or petroleum when heated; specific gravity 
between 0.860 and 0.905; kinematic viscosity not less than 38.1 centi- 
stokes at 37.8°. 

Solubility—Insoluble in water or alcohol; miscible with most fixed 
oils, but not with caster oil; soluble in volatile oils. 

Comments—Used internally as a laxative. When taken internally, 
mineral oil, by virtue of its ability to soften fecal contents and retard the 
absorption of water, is a mild laxative. It is probably harmless in 
occasional laxative doses but, if taken continuously in large amounts, 
may impair appetite, reduce the absorption of fat-soluble vitamins, and 
possibly be absorbed to an extent sufficient to cause recognizable 
changes in the liver and mesenteric lymph nodes. It should not be used 
when abdominal pain, nausea, or vomiting is present. The adverse 
effects, especially lipid pneumonia, argue against its use as a laxative, 
especially in children or the elderly. 


Fecal Softeners 


The fecal softeners represent the most recent approach to the 
management of constipation and fecal impaction. Substances 
included in this category are surface-acting or wetting agents, 
which are nonabsorbable and relatively nontoxic. Their action 
is attributed to their surface-active property; by lowering sur- 
face tension they permit the intestinal fluids to penetrate the 
fecal mass more readily and, thus, produce soft, easily passed 
stools. However, agents such as dioctyl sodium sulfosuccinate 
have been shown to increase mucosal cAMP and alter ion 
transport in a manner similar to that of the bile acids. Thus, 
cAMP-mediated active anion secretion may account for the 
increased accumulation of luminal fluid. The relative impor- 
tance of these two mechanisms remains to be determined. 


DOCUSATE CALCIUM 


Butanedioic acid, sulfo-, 1,4-bis(2-ethylhexyl) ester, calcium salt; 
Bis(2-ethylhexyl) S-Calcium Sulfosuccinate; Dioctyl Calcium 
Sulfosuccinate; Surfak 


= 
| CoH. 
| COOCH, CH(CH,)5CH3 
\ 1 
ine 
CH—SO,— 
\ 
COOCH2CH(CH3)3CH3 
\ 
Gast i 


Ca 


(128-49-4] C,,H,,CaO,,S, (883.22). 

Preparation—Docusate Sodium (below) is dissolved in 2-propanol 
and reacted with a methanolic solution of calcium chloride. US Pat 
3,035,973. 

Description—White, amorphous solid with the characteristic odor 
of octyl alcohol; free of the odor of other solvents. 

Solubility—1 g in 3300 mL water, <1 mL alcohol, <1 mL chloro- 
form, or <1 mL ether. 

Comments—A fecal-softening agent useful in preventing constipa- 
tion or in patients for whom laxative therapy is undesirable or contra- 
indicated. It does not increase GI motility and, therefore, may be used 
in patients in whom cathartic medication is contraindicated. Except for 
occasional mild, transitory, cramping pains, dioctyl calcium sulfosucci- 
nate is free from side effects and contraindications. It is used also as an 
emulsifying, wetting, and dispersing agent for external preparations. 


DOCUSATE POTASSIUM 


Butanedioic acid, sulfo-, 1,4-bis(2-ethylhexyl) ester, postassium 
salt; Dialose; Kasof 


CoHs 

COOCH2CHICH2)3CHs 

CH» 

CH—SO5K 

COOCH,CH(CH2)3CHs 
CoHs 
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Potassium 1,4-bis(2-ethylhexyl sulfosuccinate [7491-09-0] C,,)-H;,KO,S 
(460.67) 

Preparation—See Docusate Sodium, above; potassium bisulfite 
replaces the sodium bisulfite. 

Description—White amorphous solid with the odor of octyl alcohol. 

Solubility—Sparingly soluble in water; soluble in alcohol or glyc- 
erol; very soluble in ligroin. 

Comments—A sodium-free, non-habit-forming stool softener. It 
facilitates absorption of water by the stool to form a soft, easily evacu- 
ated mass. Helps eliminate straining associated with obstetric, cardiac, 
surgical, anorectal, or proctological conditions. See also Dosusate 
Sodium. 


DOCUSATE SODIUM 


Butanedioic acid, sulfo-, 1,4-bis(2-ethylhexyl) ester, sodium salt; 
Dioctyl Sodium Sulfosuccinate; Aerosol OT 


CoHs 
| 
GOOCH:CHICH:).CH, 


He 
Ite fe 
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Sodium 1,4-bis(2-ethylhexyl) sulfosuccinate [577-11-7] C,,H,,Na0,S 
(444.56). 

Preparation—Several patents have been issued covering the prep- 
aration of this compound. In general, maleic anhydride is treated with 
2-ethylhexanol to produce dioctyl maleate, which then is reacted with 
sodium bisulfite under conditions conducive to saturation of the olefinic 
bond with simultaneous rearrangement of the bisulfite to the sulfonate 
structure. 

Description—White, waxlike, plastic solid with a characteristic 
odor suggestive of octyl alcohol; usually available in the form of pellets. 

Solubility—1 g slowly in about 70 mL water; freely soluble in 
alcohol or glycerin. 

Comments—A surface-active agent used in the management of 
constipation and painful anorectal conditions. It is not a laxative but is 
used to soften the stools in such conditions as anal fissures and post- 
operative anal pain such as occurs after hemorrhoidectomy. It is also 
useful for constipation in geriatric, pediatric, and obstetric patients. 
However, 1 or 2 days of treatment may be necessary before an effect is 
observed. Although its action is attributed to its detergent or wetting 
properties, it does increase mucosal cAMP in a manner similar to that 
of bile acids, and this may increase fluid and electrolyte secretion into 
the intestine. As a pharmaceutical aid, it is used as an emulsifying, 
wetting, and dispersing agent in formulations for external use. 


Laxative Combinations 


There are many laxative products available to the public (OTC) 
that contain more than one type of laxative. For example, a 
product may contain both an emollient (stool softener) and a 
stimulant laxative. In general, combination products are more 
likely to cause adverse effects because of the multiple ingredi- 
ents, especially when the separate ingredients are used in full 
dose. In addition, laxative combinations do not offer any ad- 
vantage over products that contain only one type of laxative. 
The composition of some of the more commonly used laxative 
combinations, available in either capsule or tablet form, is 
shown in Table 66.9. 


ANTIDIARRHEALS 


Diarrhea is the manifestation of many illnesses. Its etiology 
includes infections (viral, bacterial, fungal, parasitic), irritable 
bowel syndrome, inflammatory bowel disease (ulcerative coli- 
tis, Crohn’s disease and others), toxins (food poisoning and 
pseudomembranous colitis), drugs, surreptitious laxative 
abuse, neuroendocrine tumors, secretory tumors (villous ade- 
noma), malabsorption syndromes (celiac sprue, lactase defi- 


ciency, motility disorders, diverticular disease, and ileostomy. 
Treatment should be directed to the underlying cause. Never- 
theless, it is occasionally necessary to use antidiarrheals for 
convenience or for conditions for which there is no primary 
treatment, eg, ileorectal anastomosis and ileoanal pull-through 
surgery. The most commonly used antidiarrheals are anticho- 
linergics (page 1328), opoid narcotics, meperidine congeners 
(diphenoxylate), and loperamide. 


DIPHENOXYLATE HYDROCHLORIDE 


4-Piperidinecarboxylic acid 1-(3-cyano-3,3-diphenylpropyl)-4-phenyl-, 
ethyl ester, monohydrochloride; ing of Lomotil 


CN 


| 


* HCl 


COOC,Hs 


Ethyl 1-(3-cyano-3,3-diphenylpropyl)-4-phenylisonipecotate monohy- 
drochloride [3810-80-8] C;,,H;,N,O. - HCl (489.06). 

Preparation—Ethyl 4-phenylisonipecotate (prepared as described 
under Meperidine Hydrochloride (page 1452) except omitting the final 
step of N-methylation), is condensed with 2,2-diphenyl-4-bromobuty- 
ronitrile by refluxing in toluene using either an excess of the ester or 
another suitable dehydrobrominating agent. US Pat 2,898,340. Com- 
bined with atropine subject. 

Description—White, odorless, crystalline powder; pH (saturated 
solution) about 3.3; melts between 220° and 226°. 

Solubility—Sparingly soluble in alcohol or acetone; slightly soluble 
in water or isopropyl! alcohol; freely soluble in chloroform; practically 
insoluble in ether or solvent hexane. 

Comments—A synthetic congener of meperidine that inhibits ex- 
cessive GI propulsion by slowing intestinal motility. It is effective as 
adjunctive therapy in the management of diarrhea associated with 
gastroenteritis, irritable bowel, acute infections, food poisoning, and 
side effects of some drugs. It also is useful in the control of intestinal 
transit time in patients with ileostomies or colostomies and after ileo- 
anal pull-through surgery. 

Caution should be used in patients with ulcerative colitis and 
pseudomembranous colitis who are at increased risk of developing toxic 
megacolon. Also, it may prolong infectious diarrhea. 

In high dosage (40 to 60 mg) it can produce morphine-like euphoria 
and prevent withdrawal symptoms in narcotic addicts, but in the rec- 
ommended dosage range for antidiarrheal therapy no evidence for ad- 
diction liability has been reported. The available dosage forms contain 
a subtherapeutic dose of 0.025 mg of atropine sulfate and a 2.5-mg dose 
of the hydrochloride. Atropine sulfate decreases GI transit after acu- 
mulative dosage and also, because of side effects, discourages usage of 
excessive amounts, thereby minimizing abuse. 

Side effects are usually minor and include nausea, sedation, vertigo, 
vomiting, pruritus, skin eruption, insomnia, and abdominal cramps. 
Numbness of the extremities, headache, blurring of vision, swelling of 
gums, and general malaise also have been reported. The drug is con- 
traindicated in patients with cirrhosis or advanced liver disease and in 
children under 2 yr. Laboratory studies demonstrate that it inhibits 
microsomal enzymes. Therefore, it should be used with caution in 
patients on barbiturates, tranquilizers, and alcohol, because the activ- 
ity of these drugs may be potentiated by diphenoxylate. Concurrent use 
with monoamine oxidase inhibitors (MAOIs) may, in theory, precipitate 
a hypertensive crisis. 


LOPERAMIDE HYDROCHLORIDE 


1-Piperidinebutanamide, 4-(4-chlorophenyl)-4-hydroxy-N,N-dimethyl- 
a, a-diphenyl-, monohydrochloride; Imodium A-D; Imodium 


HO : 
N—CH,CH2CCON(CH3)2 + HCI 
cl ‘ 


4-(p-Chloropheny])-4-hydroxy-N, N-dimethyl-a,a-diphenyl-1;piperidine- 
butyramide monohydrochloride [34552-83-5] C,,H3,CIN,O. - HCl 
(513.51). 

Preparation—4-Bromo-2,2-diphenylbutyric acid is converted in 
a series of reactions to dimethyl(tetrahydro-3,3-diphenyl-2- 


furylidene) ammonium bromide, which is reacted with p-chlorophe- 
nyl-4-piperidinol to produce loperamide. US Pat 3,714,159; J Med 
Chem 1973; 16:782. 

Description—White to faintly yellow, amorphous or microcrystal- 
line powder; melts about 222°. 

Solubility—Slightly soluble in water; soluble in alcohol. 

Comments—A synthetic agent used for the control and symptom- 
atic relief of acute nonspecific diarrhea and chronic diarrhea associated 
with ileoanal pull-through surgery. It also is used for reducing the 
volume of discharge from ileostomies. Caution should be used in pa- 
tients with ulcerative colitis, Crohn’s colitis, and pseudomembranous 
colitis who are at increased risk for toxic megacolon. Also, loperamide 
may prolong the course of infectious diarrhea. Plasma levels are highest 
5 hr after oral administration. The elimination half-life is 10.8 hr, with 
a range of 9.1 to 14.4 hr. Unchanged drug remains below 2 ng/mL after 
the intake of a 2-mg capsule. Most of the drug is excreted in the feces. 
The safe use of this agent during pregnancy, by nursing mothers, 
infants and children, has not been established. Adverse effects are 
minimal and usually self-limiting. Abdominal pain or discomfort, con- 
stipation, drowsiness, dizziness, dry mouth, nausea and vomiting, and 
tiredness have been reported. Hypersensitivity reactions have been 
reported. Loperamide should be discontinued if abdominal distention 
occurs or if other untoward symptoms develop in patients with ulcer- 
ative colitis. 


EMETICS 


An emetic is a drug that induces vomiting. They may act di- 
rectly by stimulation of the chemoreceptor trigger zone located 
in the area postrema of the medulla oblongata, (eg, apomor- 
phine, morphine, hydrogenated ergot alkaloids, and digitalis 
glycosides), or they may act reflexly by irritant action on the GI 
tract (eg, copper sulfate, mustard, sodium chloride, and zinc 
sulfate). They also may produce stimulation of the vagus (eg, 
veratrum). It should be remembered that a nasogastric tube is 
a safer and more efficient tool for emptying the stomach. Emet- 
ics should not be used in patients who are unconscious or 
semicomatose or in whom coma is expected imminently. They 
should not be used in patients with severe heart disease or 
advanced pregnancy. They are contraindicated in debilitated 
patients and in poisoning caused by corrosive or petroleum 
products. 


EMETINE HYDROCHLORIDE—page 1549. 
IPECAC—see RPS-19, page 976. 
SODIUM CHLORIDE—page 1265. 


ZINC SULFATE—see RPS-19, page 1271. 


ANTIEMETICS 


Nausea and vomiting are among the most frequent symptoms 
of both GI and systemic disease. They may be induced by drugs 
and frequently occur after surgery and radiation therapy, dur- 
ing pregnancy, with GI tumors, and as the result of certain 
types of motion in sensitive persons. Useful agents are found 
among the following six groups: 


1. Antipsychotics (phenothiazines and butyrophenones) act at the che- 
moreceptor trigger zone (CTZ) to block dopaminergic emetic recep- 
tors excited by apomorphine. 

2. Antihistaminics provide relief from motion sickness through an 
action on the vestibular apparatus. 

3. Anticholinergics in combination with d-amphetamine and scopol- 
amine are most effective against motion sickness (mechanism 
unknown). 

4. Cannabinoids are especially useful in the emesis from cancer 
chemotherapy. 
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5. 5-HT.-receptor antagonists such as ondansetron block both periph- 
eral and central 5-HT,, receptors and are especially effective against 
the emetogenic effects of chemotherapy. 

6. Other agents, such as trimethobenzamide and metoclopramide, 
block dopamine receptors in the CTZ, whereas diphenidol depresses 
the vestibular apparatus. 


Centrally acting antimetics, such as trimethobenzamide, the 
phenothiazines, and similar agents, should not be used for the 
treatment of uncomplicated vomiting in children because the ex- 
trapyramidal symptoms that often occur with these agents may 
be confused with the CNS signs of an undiagnosed primary dis- 
ease responsible for the vomiting, eg, Reye’s syndrome or other 
encephalopathy. 

The phenothiazine antiemetics are capable of potentiating 
CNS depressants (eg, anesthetics, opiates, alcohol, etc). 

Adverse reactions include 


Phenothiazines (aliphatic)—Drowsiness, orthostatic hypotension, 
ocular changes, anticholinergic effects, extrapyramidal reactions (dys- 
tonia, akathisia, parkinsonian syndrome, dysarthria), hypersensitivity 
reactions, amenorrhea, reversal of epinephrine pressor effect, enhance- 
ment of CNS depressant drugs, gynecomastia, lactation, hyperglyce- 
mia, hypoglycemia, and glycosuria. 

Antihistaminics—Drowsiness, lightheadedness, blurred vision, dry- 
ness of the mouth, and urinary retention. 

Anticholinergics—Glycosuria, drowsiness, excitement or hallucina- 
tions, dryness of the mouth, mydriasis, blurred vision, and urinary 
retention. 

Cannabinoids—Cardiac disorders, drug dependence, hypertension, 
mania, or depressive states or psychoses. 

5-HT.,-receptor antagonists—Constipation, rash, and seizures. 


Since drowsiness is common to most of these agents, pa- 
tients should be cautioned not to drive or operate hazardous 
machinery while on these drugs. 

Persistent vomiting results in loss of hydrochloric acid, 
alkalosis and dehydration, which in turn may precipitate 
further vomiting. Hence, a fluid electrolyte therapy may be 
necessary after vomiting has been present for some time (see 
page 1261). 


CHLORPROMAZINE—page 1431. 
DIMENHYDRINATE 


1H-Purine-2,6-dione, 8-chloro-3,7-dihydro-1,3-dimethyl-, compd. 
with 2-(diphenylmethoxy)-N,N-dimethylethanamine (1:1); 
Dramamine 


H iN H 
CO-CH5CHN(CH3)2 is as a, 
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\ 
CH 


8-Chlorotheophylline, compound with 2-(diphenylmethoxy)-N,N-di- 
methylethylamine (1:1) [523-87-5] C,,H,,NO-C,H,CIN,O, (469.97); 
contains 53-55.5% of diphenylhydramine (C,,H,,NO), and 44-47% of 
8-chlorotheophylline (C;H,CIN,O,). 

Preparation—By interaction of diphenhydramine, a base, with 
8-chlorotheophylline, an acid, in isopropyl alcohol. 

Description—White, crystalline, odorless powder; melts between 
102° and 107°. 

Solubility—Slightly soluble in water; freely soluble in alcohol or 
chloroform; sparlingly soluble in ether. 

Comments—An antihistaminic compound that is a combination of 
diphenhydramine (Benadryl) and 8-chlorotheophylline. The latter con- 
tributes little, if anything, to its action as an antiemetic or an antihis- 
taminic agent. It is employed chiefly as an antinauseant in motion 
sickness. It also has been used with success in the management of the 
vertigo associated with Méniére’s syndrome and radiation sickness. 
Mild sedation commonly attends it use. See this page. Because of its 
sedating properties, patients should be cautioned about driving or op- 
erating machinery. 
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DIPHENHYDRAMINE HYDROCHLORIDE—page 1466. 
FLUPHENAZINE HYDROCHLORIDE—page 1432. 


DRONABINOL 


6H-Dibenzo[b,d]pyran-1-ol, (6aR-trans)-6a,7,8,10a-tetrahydro-6,6,9- 
trimethyl-3-pentyl-, Delta-9-tetrahydrocannabinol; Marinol 


[1972-08-3]C,,H,,0, (314.47) 

Preparation—The A'-3,4-trans isomer (A°-THC) is the major ac- 
tive component of marijuana (hashish). For the isolation refer to J Am 
Chem Soc 1964; 86:1646; for synthesis, ibid 1974; 96:5860. 

Description—Viscous, oily liquid; see J Pharm Sci 1973; 62:1601 
for stability under various conditions of storage. 

Solubility—Insoluble in water; soluble in 1 part of alcohol or ace- 
tone, 3 parts of glycerol; soluble in fixed oils. Stability of parental 
solutions; J Pharm Sci 1972; 61:1106. 

Comments—Commonly known as delta 9-THC, it is an orally ac- 
tive cannabinol and one of the active ingredients of marijuana. As such, 
it may be habit forming. It is especially useful for cancer chemotherapy— 
induced nausea and vomiting. It is thought to act centrally. Following 
oral administration dronabinol has systemic bioavailability of 10 to 
20%. Its onset of action is 0.5 to 1 hr, with a peak effect at 2 to 4 hr. The 
drug undergoes extensive first-pass metabolism. Numerous metabolites 
have been identified, including 11-hydroxytetrahydrocannabinol, which 
appears in the plasma in about the same concentration as the parent 
substance. Within 72 hr after oral administration, approximately 50% 
of the administered dose is excreted in the feces and 15% in the urine, 
either unchanged or as a metabolite. 

Patients may experience mood changes, hallucinations, mental 
depression, nervousness, and tachycardia followed by bradycardia. 
Because of its effects on mental status, patients should be warned 
not to drive, operate machinery, or make judgment decisions. Thus, 
strict patient compliance to dosage prescribed must be emphasized, 
and the amount prescribed limited to that required for a single cycle 
of chemotherapy. Tachyphylaxis occurs to most of its effects but not 
its appetite-stimulating effect. Withdrawal symptoms consisting of 
irritability, insomnia, and restlessness occur within 12 hr of abrupt 
withdrawal. 


GRANISETRON HYDROCHLORIDE 


1H-Indazole-3-carboxamide, endo-1-methyl-N-(9-methyl-9- 
azabicyclo[3.3.1]non-3-yl-, Kytril 


m8 
H ‘ 
— 
(oe + HCI 
C—NH 
i H 


[107007-99-8] C,,.H,,N,O - HCl (348.88). 

Preparation—European Pat Appl. 200,444. 

Description—White tufts melting about 291°. 

Solubility—Very soluble in water or normal saline. 

Comments—An injectable, selective 5-hydroxytryptamine (5-HT,) 
receptor; 5-HT., receptors are located peripherally in vagal nerve 
terminals and centrally in the CTZ. It is indicated to control nausea 
and vomiting associated with cancer chemotherapy. It is effective in 
preventing emesis and nausea when used with cisplatin, carbopla- 
tin, and cyclophosphamide. It may also be co-administered with 
dexamethasone. Total clearance is reduced in patients with he- 
patic impairment due to metastasis, but dosage adjustment is not 
necessary. 

Principal adverse effects are headache (14%), asthenia (5%), som- 
nolence (4%), diarrhea (4%), and constipation (3%). 


HYDROXYZINE HYDROCHLORIDE—pages 1419 and 1469. 
HYDROXYZINE PAMOATE—page 1419. 
MECLIZINE HYDROCHLORIDE 


Piperazine, 1-[(4-chlorophenyl)phenylmethyl]-4-[(3- 
methylphenyl)methyl]-, dihydrochloride, monohydrate; Antivert; 
Bonine 


lam 
N—-CH2 © 
* 2HCI* 
oy, 7 ZHCI + HO 


3 


(31884-77-2] C.,H,,CIN, - 2HCl-: H,O (481.89); anhydrous [1104-22-9] 
(463.88). 

Preparation—Meclizine is formed by condensing N-(m-methyl- 
benzyl) piperazine with p-chlorobenzhydryl chloride in the presence of 
triethylamine. The purified base is dissolved in a suitable solvent and 
converted to the dihydrochloride by a stream of hydrogen chloride. 

Description—White or slightly yellowish, crystalline powder; 
slight odor; tasteless; melts between 217° and 224°, with decomposition. 

Solubility—Practically insoluble in water and ether; freely soluble 
in chloroform; slightly soluble in alcohol. 

Comments—A long-acting antihistaminic effective in the preven- 
tion or treatment of nausea, vomiting, and dizziness associated with 
motion sickness. It may be effective in vertigo associated with diseases 
affecting the vestibular system. The antiemetic activity starts within 60 
min and lasts for 8 to 24 hr. Like other antihistamines, it may cause 
drowsiness and other side actions, such as blurred vision, dryness of the 
mouth, and fatigue. Patients should be cautioned about driving and 
operating machinery. The action of a single dose can persist for 9 to 24 
hr. Use of the drug in pregnancy or in women who may become preg- 
nant is contraindicated. Because it has some anticholinergic activity, it 
should not be used in patients with asthma, glaucoma, or prostatic 
enlargement. 


PERPHENAZINE—page 1433. 
ONDANSETRON HYDROCHLORIDE 


4H-Carbazol-4-one, (+)-1,2,3,9-tetrahydro-9-methyl-3- [(2-methyl-1H- 
imidazol-1-yl)methyl]-, monohydrochloride, dihydrate; Zofran 


0 N 
\ chy NN 
2 
* HCI ve 2H,0 


{103639-04-9] C,,H,,N,0 - HCl - 2H,O (365.86). 

Preparation—US Pat 4,695,578. 

Description—White crystals melting about 180°; pK, 7.4. 

Solubility—1 g dissolves in 3 mL of water. 

Comments—A selective 5-HT.-receptor antagonist. Such receptors 
are present in vagal nerve terminals and in the CTZ of the area 
postrema of the brain. It is not clear whether it acts peripherally, 
centrally, or both. Ondansetron is indicated for the prevention of nau- 
sea and vomiting associated with cancer chemotherapy. It appears that 
cytotoxic chemotherapy such as cisplatin is associated with release of 
serotonin from enterochromaffin cells in the small intestine. It is spec- 
ulated that serotonin triggers vomiting through 5-HT, vagal receptors 
that activate the vomiting reflex. 

Ondansetron is metabolized extensively; only 5% of unchanged com- 
pound is recovered in the urine. It initially undergoes hydroxylation of 
the indole ring, followed by glucuronidation or sulfation. The mean 
elimination half-life is approximately 4 to 5 hr but increases with age. 
Plasma protein binding is 70 to 75%. 

Ondansetron is effective in reducing emesis in both cisplatin- and 
cyclophosphamide-based chemotherapy. Using a visual analog scale (0 
to 100), global satisfaction is increased from 10.5 to 96 after single-day 
cisplatin therapy and from 52 to 100 after single-dose cyclophospha- 
mide therapy. 

The most common side effects of ondansetron are diarrhea (22%) 
and headache (16%). Other adverse reactions after multiple-day ther- 
apy include constipation, elevated liver enzymes, rash, bronchospasm, 
tachycardia, angina, hypokalemia, and seizures. Akathisia and dysto- 
nia, seen with metoclopramide, do not occur with ondansetron. 


PROCHLORPERAZINE 


10H-Phenothiazine, 2-chloro-10-[3-(4-methyl-1-piperazinyl)propyl]-, 
Chlorazine; Compazine 


[58-38-8]C,)H,,CIN,S (373.94). 

Preparation—A toluene solution of 1-(3-chloropropyl)-4-methyl- 
piperazine and 2-chlorophenothiazine is refluxed with sodamide for 
several hours. After filtering and distilling off the toluene, the prochlor- 
perazine is obtained by short-path distillation under high vacuum. 

Description—Clear, pale yellow, viscous liquid; sensitive to light. 

Solubility—Very slightly soluble in water; freely soluble in alcohol, 
chloroform or ether. 

Comments—A piperazine-type phenothiazine with actions, uses 
and limitations similar to those of Prochlorperazine Maleate. However, 
prochlorperazine, as the base, is administered rectally. 


PROCHLORPERAZINE EDISYLATE 


10H-Phenothiazine, 2-chloro-10-[3-(4-methyl-1-piperazinyl)propyl]-, 
1,2-ethanedisulfonate (1:1); Prochlorperazine Ethanedisulfonate; 
Compazine 
[1257-78-9] C,,H,,CIN,S - C,H,O,S. (564.13). 

For the structure of the base, see Prochlorperazine. 

Preparation—Prochlorperazine is dissolved in a suitable solvent 
and treated with an equimolar portion of 1,2-ethanedisulfonic acid. The 
salt precipitates. 

Description—White to very light yellow, odorless, crystalline pow- 
der; solutions are acid to litmus. 

Solubility—1 g in about 2 mL water or about 1500 mL alcohol; 
insoluble in ether or chloroform. 

Comments—Same actions and uses as Prochlorperazine Maleate 
except that it may be administered IM. Parenteral therapy usually is 
reserved for the treatment of severe nausea and vomiting, for the 
immediate control of acutely disturbed psychotics, or for patients who 
cannot or will not take oral medication. It should not be used in children 
with uncomplicated vomiting of unknown etiology. See Prochlorpera- 
zine Maleate. 


PROCHLORPERAZINE MALEATE 


10H-Phenothiazine, 2-chloro-10-[3-(4-methyl-1-piperazinyl)propyl]-, 
(Z)-2-butenedioate (1:2); Compazine 

[84-02-6] C,,H.,CIN.S - 2C,H,O, (606.09). 

For the structure of the base, see Prochlorperazine. 

Preparation—By the method described for Prochlorperazine Edi- 
sylate except that maleic acid is employed instead of ethanedisulfonic 
acid, and it is employed in double equimolar quantity in relation to the 
prochlorperazine base. 

Description—White or pale yellow, practically odorless, crystalline 
powder; saturated solution is acid to litmus. 

Solubility—Practically insoluble in water or alcohol; slightly solu- 
ble in warm chloroform. 

Comments—An antiemetic, antipsychotic, and tranquilizing agent. 
It is an effective antiemetic in the control of mild or severe nausea and 
vomiting due to a variety of causes, such as early pregnancy, anesthe- 
sia, surgery, and radiation therapy. Safety in pregnancy has not been 
established. There are reports of prolonged jaundice, extrapyramidial 
signs, hyperreflexia or hyporeflexia in newborns whose mothers have 
received phenothiazines. Nevertheless, Compazine is used widely in 
pregnancy and has a long track record of safety. It, however, is not 
approved for this usage. It should not be used in children with uncom- 
plicated vomiting of unknown etiology (see page 1235). The drug is also 
an effective antipsychotic. Beneficial results ascribed to its action in- 
clude reduction in psychomotor agitation and excitement, diminished 
aggressiveness and destructiveness, mitigation of hallucinations and 
delusions, and a general calming effect. As a trunquilizing agent, it is 
possibly effective in mild mental disorders in which anxiety, tension, 
and agitation predominate. 

Adverse reactions include drowsiness, dizziness, amenorrhea, skin 
reactions, hypotension, cholestatic jaundice, neuromuscular (extrapyra- 
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midal) reactions, motor restlessness, dystonias, pseudoparkinsonism, 
persistent tardive dyskinesia, and contact dermatitis. Children with 
acute infections (chickenpox, CNS infections, measles, gastroenteritis) 
or dehydration are more susceptible to neuromuscular reactions, par- 
ticularly dystonias; such patients should be kept under close supervi- 
sion. This agent may mask signs of overdosage of toxic drugs or obscure 
diagnosis of conditions such as intestinal obstruction or brain tumor. 
Adverse drug reactions can be minimized by periodically evaluating the 
dosage employed by patients on long-term therapy. 


PROMETHAZINE HYDROCHLORIDE—page 1466. 
THIETHYLPERAZINE MALATE 


10H-Phenothiazine, 2-(ethylthio)-10-[3-(4-methyl-1- 
piperazinyl)propyl]-, 2-hydroxy-1,4-butanedioate (1:2); Torecan, 
Norzine 


N N—CH, 
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[52239-63-1] C,H, .N3S, -2C,H,O; (533.71). 

Preparation—Thiethylperazine is reacted with a double equimolar 
quantity or malic acid. 

Description—White to faintly yellow crystalline powder; not more 
than a slight odor; pH (freshly prepared 1 in 100 solution) between 2.8 
and 3.8. 

Solubility—1 g in 40 mL water, 90 mL alcohol, 525 mL chloroform, 
or 3400 mL ether. 

Comments—See Thiethylperazine Maleate. Because of its solubil- 
ity, this salt is used to prepare the injection. 


THIETHYLPERAZINE MALEATE 


10H-Phenothiazine, 2-(ethylthio)-10-[3-(4-methyl-1- 
piperazinyl)propyl]-, (Z)-1,4-butenedioate (1:2), Torecan 
2-(Ethylthio)-10-[3-(4-methyl-1-piperazinyl)propyl]phenothiazine mal- 
eate (1:2) [1179-69-7] C,H. N.S. - 2C,H,O, (631.76). For the structure 
of the base refer to Thiethylpyrazine malate. 

Preparation—Thiethylperazine is prepared by reacting 2-(ethyl- 
thio) phenothiazine with 1-(3-chloropropyl)-4-methylpiperazine in the 
presence of sodamide or another dehydrochlorinating agent. The base is 
dissolved in a suitable solvent and reacted with a double molar quantity 
of maleic acid to produce the official salt. The starting phenothiazine 
compound may be prepared by condensing phenothiazine with ethane- 
thiol and the piperazine compound similarly from methylpiperazine 
and trimethylene chloride. US Pat 3,336,197. 

Description—Faintly yellowish, fine, crystalline, voluminous pow- 
der; odorless or has a very slight odor and is bitter to the taste; melts 
about 183°, with decomposition; pH (1 in 1000 solution, warmed) be- 
tween 2.8 and 3.8. 

Solubility—1 g in 1700 mL water, 530 mL alcohol, >10,000 mL 
chloroform, or >10,000 mL ether. 

Comments—A phenothiazine for the treatment of nausea and vom- 
iting. It is possibly effective for the management of vertigo. It should not 
be used in patients with CNS depression or pregnancy. 


TRIMETHOBENZAMIDE HYDROCHLORIDE 


Benzamide, N-[[4-[2-(dimethylamino)ethoxy]phenyl]methyl]-3,4,5- 
trimethoxy-, monohydrochloride; Tigan 


CONH CH2 
+ HC) 
CH30 OCH; 
OCH OCH, CH N(CHs), 


[554-92-7] C,,H.,N.0, * HCl (424.92). 

Preparation—4-[2-(Dimethylamino)ethoxy]benzylamine is con- 
densed with 3,4,5-trimethoxybenzoyl chloride by refluxing in an inert 
solvent. The resulting trimethoxybenzamide may be converted to the 
hydrochloride by dissolving it in a suitable solvent and treating with 
HCl. The starting amine may be prepared in various ways, eg, by 
condensing sodium p-aminomethylphenoxide with 2-chloro-N,N- 
dimethylethylamine. 

Description—White crystalline powder; slight phenolic odor; melts 
between 186° and 190°. 

Solubility—1 g in 2 mL water, 59 mL alcohol, 67 mL chloroform, or 
720 mL ether. 
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Comments—A dimethylaminoethanol derivative indicated for the 
control of nausea and vomiting. Its safety in pregnancy has not been 
established, but trimethobenzamide frequently is used in this situation. 
Its antiemetic potency is about Yo that of chlorpromazine when given 
subcutaneously and “4 that of the latter when given orally. Minor side 
effects that have been reported include drowsiness, vertigo, diarrhea, 
and local irritation. In patients with acute febrile illness, encephaliti- 
des, gastroenteritis, dehydration, and electrolyte imbalance (especially 
children and the elderly and debilitated), CNS reactions, such as opis- 
thotonos, convulsions, coma, and extrapyramidal symptoms, have been 
reported, but it is not certain that these effects were in all cases due to 
use of the drug. Therefore, caution should be exercised when trimetho- 
benzamide hydrochloride is used in these conditions. Drowsiness can 
occur, and patients should be cautioned about driving and operating 
machinery. The use of the injectable form of the drug in children, the 
suppositories in premature or newborn infants, and the use of the drug 
in patients hypersensitive to it are contraindicated. Also, suppositories 
should not be used in patients known to be sensitive to benzocaine or 
similar types of local anesthetics. Parkinson-like symptoms have been 
reported. Blood dyscrasias, blurred vision, coma, seizure, depression, 
diarrhea, drowsiness, muscle cramps, and jaundice also have been 
reported. A blanket warning on the label, relating to Reye’s syndrome 
does not seem to be justified, but still should be considered. 


ADSORBENTS 


Adsorbents are chemically inert powders that have the ability 
to adsorb gases, toxins, and bacteria. The fine state of subdivi- 
sion of these inert powders confers high adsorptive capacity 
upon them. However, in the complex milieu of the GI secre- 
tions, physical (van der Waals) adsorbents are more likely to be 
selective for surface-active substances such as bile salts than 
for bacterial toxins and other noxious substances. Conse- 
quently, only certain materials that possess chemical adsorp- 
tive properties lend themselves effectively to detoxification and 
to the adsorption of gases resulting from abnormal intestinal 
fermentation. Such substances are kaolin and activated char- 
coal. It is doubtful that either is an effective adsorbent in the 
lower GI tract, since passage through the upper tract saturates 
and deactivates these agents. 

Many of the nonsystemic antacids may serve as internal 
protectives and adsorbents, especially after regeneration in the 
alkaline small intestine. Magnesium trisilicate is claimed to 
exert a protective action in the stomach by virtue of released 
silicic acid, which acts more as a demulcent than as a solid 
protective. Antacids commonly are combined with kaolin or 
other adsorbents. 


BISMUTH SUBNITRATE—page 1041. 
ACTIVATED CHARCOAL 


Actidase-Aqua; Actidase with Sorbitol; Charcoal Plus DE Enteric 
Coated Tablets; Medicinal Charcoal 


The residue from the destructive distillation of various organic materi- 
als, treated to increase its adsorptive power. 
Preparation—Formerly, a product named Carbo Ligni or Wood 
Charcoal was produced by burning wood out of contact with air; the 
residue obtained consisted of nearly pure carbon. Charcoal made by this 
process was variable in its adsorptive powers, frequently being entirely 
devoid of such properties. It was found that the adsorptive powers of 
charcoal could be increased tremendously by treating it with various 
substances such as steam, air, carbon dioxide, oxygen, zinc chloride, 
sulfuric acid, phosphoric acid, or a combination of some of these sub- 
stances, at temperatures ranging from 500 to 900°. This treatment is 
referred to as activation, the activating agent presumably removing 
substances previously adsorbed on the charcoal and, in some instances 
at least, breaking down the granules of carbon into smaller ones having 
a greater total surface area. It has been estimated that 1 mL of char- 
coal, finely divided, possesses a total surface of approximately 1000 m?. 
In addition to wood, many other substances are used as sources of 
charcoal, including sucrose, lactose, rice starch, coconut pericarp, bone, 


blood, various industrial wastes, etc. As many different activated char- 
coals are available for various’ purposes, one should be certain to use 
only the medicinal variety for medicinal purposes. 

Description—Fine, black, odorless, and tasteless powder, free from 
gritty matter. 

Solubility—Insoluble in water or the other known solvents. 

Comments—Used for the acute treatment of poisoning—primarily 
as an emergency antidote in many forms of poisoning. It is the emer- 
gency treatment of choice for virtually all drugs and chemicals. Char- 
coal capsules also are used for the relief of flatulence and the discomfort 
of abdominal gas, but there is little evidence that it is effective for this 
purpose. 

Industrially, it is used in large quantities in chemical and pharma- 
ceutical manufacturing as a decolorizer. See Clarification and Decolor- 
ation (Chapter 36). 


KAOLIN 


Light Kaolin; White Bole; China Clay; Kaolin-Pectin Suspension 


A native hydrated aluminum silicate; powdered and freed from gritty 
particles by elutriation. 

Preparation—Kaolin is distributed widely in nature. Most kaolin 
deposits, however, are contaminated with ferric oxide (hence the red 
color of ordinary clay) and some other impurities, such as calcium 
carbonate, magnesium carbonate, etc. To render kaolin suitable for 
pharmaceutical use, it has to be purified by treatment with hydrochloric 
acid or sulfuric acid, or both, then washed with water. 

Kaolin of a high degree of purity, directly suitable for pharmaceu- 
tical use without acid purification, has been mined in the state of 
Georgia. England has large deposits of a fine grade of kaolin. The kaolin 
from these deposits is freed of coarse particles by elutriation or screen- 
ing. Kaolin is essentially a colloid, and the colloid kaolin on the market 
differs only from ordinary kaolin in that it contains a larger percentage 
of fine particles and is prepared by special screening. 

Description—Soft, white or yellowish white powder, or lumps; 
characteristic earthy or clay-like taste and, when moistened with water, 
becomes darker and develops a pronounced clay-like odor. 

Solubility—Insoluble in water, cold diluted acids, or solutions of 
the alkali hydroxides. 

Comments—Hither alone or as Kaolin Mixture with Pectin (see 
below) it is used medicinally as an adsorbent. It is perhaps of value in 
the treatment of diarrhea caused by agents capable of being adsorbed; 
eg, the diarrhea of food poisoning or dysentery. Kaolin also has been 
used in the treatment of chronic ulcerative colitis, but it is doubtful 
whether any adsorptive capacity is retained by the time the preparation 
reaches the colon. Externally, kaolin has some use as a poultice, dusting 
powder, and an ingredient of toilet powders. 


MAGNESIUM TRISILICATE—page 1222. 


PECTIN 


A purified carbohydrate product obtained from the dilute acid extract of 
the inner portion of the rind of citrus fruits or from apple pomace. It 
consists chiefly of partially methoxylated polygalacturonic acids. 

Pectin yields not less than 6.7% of methoxy groups and not less than 
74.0% of C,H, O, (galacturonic acid), calculated on the dried basis. 

Pectin may be standardized to the convenient “150 jelly grade” by 
addition of dextrose or other sugars, and it may contain sodium citrate 
or other buffer salts. Such pectin is not suitable for medicinal use. 

Description—Coarse or fine powder, yellowish white in color, al- 
most odorless, and with a mucilaginous taste. 

Solubility—Almost completely soluble in 20 parts of water at 25°, 
forming a viscous, opalescent, colloidal solution that flows readily and is 
acid to litmus; insoluble in alcohol or diluted alcohol and in other 
organic solvents; dissolves in water more readily if first moistened with 
alcohol, glycerin, or simple syrup or if first mixed with 3 or more parts 
of sucrose. 

Incompatibilities—Precipitated from solution by an excess of al- 
cohol. Metals, particularly the heavy metals, form insoluble derivatives. 
In the presence of alkalies, pectin undergoes progressive hydrolysis 
resulting in a demethylation followed by a splitting of the glycosidic 
linkages of the galacturonic acid units. In cold acid solution it is more 
stable; prolonged heating of such a solution causes hydrolysis. Lique- 
faction of pectin pastes may be due to a hydrolysis that accompanies 
growth of certain types of mold. 

Comments—A protective used for the treatment of diarrhea in 
infants and children. The unchanged molecules of the polygalacturonic 
acids may have an adsorbent action in the intestine. 


DRUGS USED FOR THE TREATMENT 
OF INFLAMMATORY BOWEL DISEASE 


The major inflammatory diseases of the bowel are ulcerative 
colitis, which is confined to the colon, and Crohn’s disease, 
which most often involves the terminal ileum and colon but can 
involve the entire GI tract. The etiologies are not known, but 
the injury in both diseases appears to be the consequence of an 
immune-mediated inflammatory reaction. Thus, therapy con- 
sists of anti-inflammatory agents (salicylates) and immunosup- 
pressents (corticosteroids, azathioprine, methotrexate, cyclo- 
sporine, and monoclonal antibodies). The goals of therapy are 
to maintain nutrition, maintain a good quality of life, and 
prevent the development of cancer. There are two components 
to therapy—treatment of acute flareups and maintenance of 
remission. 

CORTICOSTEROIDS—Corticosteroid therapy is used for 
acute flareups of moderate-to-severe Crohn’s disease or ulcer- 
ative colitis. Dosing is generally started high (ie, prednisone 40 
mg or equivalent per day) and tapered as the disease goes into 
clinical remission. At the same time, maintenance therapy is 
started with salicylates or immunosuppressents. Corticoste- 
roids are ineffective in maintenance therapy and because of 
their side effects are contraindicated as maintenance therapy. 

SALICYLATES—Sulfasalazine, the first of the salicylates, 
was developed in the 1930s for the treatment of rheumatoid 
arthritis. It subsequently was noted that patients with associ- 
ated ulcerative colitis benefitted, and in the 1960s, placebo- 
controlled clinical trials confirmed that benefit. Later, it was 
noted that most of the severe adverse reactions to sulfasala- 
zine occurred in slow acetylators of sulfapyradine and that 5- 
aminosalicylic acid (5-ASA) was the active moiety. Subse- 
quently prodrugs and slow-release drugs consisting of 5-ASA 
and 4-ASA were developed that could deliver salicylate to the 
distal intestine. Olsalazine consists of two molecules of 5-ASA 
joined by an azo bond that is split by azo reductase liberated by 
colonic bacteria. Mesalamine is 5-amino-2-hydroxybenzoic acid 
that is enteric-coated to dissolve at approximately pH 6 to 7 in 
the small intestine and colon. 

Despite considerable research, the mechanism of action of 
salicylates is only partially understood. Speculated actions in- 
clude attenuation of various cytokines including interferon-y 
and tumor necrosis factor, inhibition of chloride secretion, in- 
hibition of HLA-DR expression, inhibition of adhesion mole- 
cules, inhibition of leukotriene B, synthesis, and scavenging of 
reactive oxygen species. Whatever the mechanism, salicylates 
are used widely for the initial treatment of mild disease and as 
the mainstay of maintenance therapy. Pentasa, because of its 
release throughout the GI tract, has theoretical advantages for 
the treatment of Crohn’s disease involving the small intestine. 


AMINOSALICYLIC ACID 


Benzoic acid, 4-amino-2-hydroxy-, PAS 


NH OH 


2 


4-Aminosalicylic acid [65-49-6] C,H NO, (153.14). 

Caution—Under no circumstances use a solution if its color is darker 
than that of a freshly prepared solution. 

Preparation—From m-aminophenol by a modification of the 
Kolbe-Schmitt reaction, which involves heating the phenol under pres- 
sure with a source of carbon dioxide such as ammonium carbonate or 
potassium bicarbonate. 

Description—White, or nearly white, bulky powder: darkens on 
exposure to light and air; odorless, or has a slight acetous odor; melts 
between 135° and 140° with decomposition; pH (saturated aqueous 
solution) between 3 and 3.7. 

Solubility—1 g in about 600 mL water and about 21 mL alcohol; 
slightly soluble in ether. 

Comments—See Aminosalicylate Sodium for antitubercular ac- 
tions, uses, adverse effects, and pharmacokinetics. It is also used to 
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lower blood lipids; it can lower the low-density lipoproteins (and cho- 
lesterol) by 15 to 20% and the very-low-density lipoproteins (and tri- 
glycerides) by 25%. It is used mainly in the treatment of familial 
hypercholesterolemia. The drug impairs absorption of cholesterol. The 
incidence of GI disturbances and of crystalluria is greater than with the 
sodium salt. A preparation of aminosalicylic acid stated to have much of 
its irritant impurities removed by recrystallization with ascorbic acid 
(PAS-C, Hellwig) is reported to induce a lesser incidence of GI side 
effects. Aminosalicylic acid can cause systemic acidosis in children. The 
urine should be alkalinized. 


MESALAMINE 


Benzoic acid, 5-amino-2-hydroxy-, Asacol (delayed-release tabs); 
Pentasa (controlled-release capsules); Rowasa (rectal suspension). 


COOH 
OH 


HN 


[89-57-6] C-H,NO.,, (153.13). 

Preparation—By reduction of m-nitrosalicylic acid with zine dust 
or iron and HCl or by electrolytic reduction. 

Description—Creamy white to off-white powder melting at about 
280° (decomposition). Darkens on exposure to light. 

Solubility—Soluble in dilute mineral acids and fixed bases; slightly 
soluble in water; more soluble in hot water. 

Comments—Asacol and Pentasa are indicated for the treatment of 
mildly to moderately active ulcerative colitis and for the maintenance of 
remission of ulcerative colitis. The oral preparations are enteric-coated 
for slow release. Approximately 20% is absorbed, as is the case with 
suppositories and rectal suspensions. Rowasa suspension enema is 
indicated for treatment of mild to moderately active distal ulcerative 
colitis and proctitis. Suppositories are indicated for active ulcerative 
proctitis. Remission rates in mild-to-moderate ulcerative colitis vary 
from 30 to 65%. Numerous trials using mesalamine as maintenance 
therapy in ulcerative colitis have shown a 1-yr reduction in relapse from 
approximately 70 to 20%. 

The mesalamines are less effective in Crohn’s disease, but Pentasa 
has been shown to be effective at high dose (4 g/day) in ileal and 
ileal-colonic Crohn’s disease. 

The choice of salicylate depends on the anatomical extent of disease. 
Pentasa, which is released throughout the GI tract, is theoretically 
preferable for Crohn’s disease involving the small bowel; however, none 
of the drugs has been shown to be effective in patients with proximal 
disease. 

The most common side effects are diarrhea (2 to 3%), headache (2%), 
nausea (1 to 2%), abdominal pain (1 to 2%), and rash, but it is unusual 
to have to discontinue therapy because of adverse reactions. 


OLSALAZINE SODIUM 

Benzoic acid, 3,3’-azobis[6-hydroxy-, disodium salt; Dipentum 
NaOOC 
ate N=N OH 


COONa 


{(6054-98-4] C,,H.N.Na,O, (346.21). 

Preparation—5-Nitrosalicylic acid is esterified with methanesul- 
fonyl chloride, and the resultant sulfonated nitro compound is reduced 
with hydrogen and palladium to the amine, which is then diazotized 
and coupled with methyl salicylate under alkaline conditions. After 
acidification, this yields the dimethyl ester of the title compound with 
one hydroxyl group sulfonated. Boiling with sodium hydroxide and 
adjusting the pH to 6 affords the product. 

Description—Yellow crystals melting about 240°. 

Solubility—Soluble in water and DMSO; practically insoluble in 
ethanol, chloroform or ether. 

Comments—Indicated for the maintenance of remission of ulcer- 
ative colitis in patients intolerant to sulfasalazine. Less than 1% of 
olsalazine is absorbed. The remaining 99% reaches the colon, where it 
is converted to mesalamine. It thus has the highest bioavailability of 
the salicylates, and one comparative study has shown it to be more 
effective than mesalamine. Its major side effect is diarrhea, which 
occurs in 3 to 5% of patients. 
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SULFASALAZINE 


(See page 1514 for the complete monograph.) 

Comments—Poorly absorbed from the small intestine, so that the 
major portion of drug passes into the colon, where bacterial enzymes 
release both 5-aminosalicylic acid and sulfapyridine from the drug. It 
has a suppressive effect on ulcerative colitis, which is not defined 
precisely. The local antibacterial effect of sulfapyridine in decreasing 
anaerobic bacteria may not be significant because of systemic absorp- 
tion. The 5-aminosalicylate inhibits arachidonic acid cascade, both cy- 
clooxygenase and lipoxygenase pathways. Most important may be the 
inhibition of leukotriene B, production by PMNs. 

Since some sulfapyridine is absorbed from the colon, this drug has 
the toxic potential of Sulfapyridine. Adverse effects mostly occur when 
plasma levels exceed 50 pg/mL of sulfapyridine. Heinz-body and acute 
hemolytic anemias occur, so that the hematological status of the patient 
must be monitored regularly. Folic acid absorption also is impaired by 
the drug. Toxic epidermal necrolysis has been reported. If the initial 
dose does not exceed 2 g/day, the toxic potential is said to be minimized 
without seriously compromising therapeutic action. It imparts a yellow 
color to alkaline urine. Iron compounds decrease its absorption, the 
therapeutic significance of which is unknown. There have been a few 
instances in which sulfasalazine exacerbated ulcerative colitis. Desen- 
sitization has been used when reinstitution is required in patients with 
hypersensitivity. 

Relapses occur in about 33% of cases, so that continuous prophylac- 
tic use often is advocated. However, after a year of continuous success- 
ful suppression, the relapse rate is about the same as when no prophy- 
laxis is used. 


IMMUNOSUPPRESSANTS—Azathioprine (page 1484) 
and its metabolite, 6-mercaptopurine (page 1497), have been 
demonstrated to be effective in the management of Crohn’s 
disease. Patients usually are started on a low dose of 50 mg a 
day, gradually increased to 1.5 to 2.5 mg/kg a day or until the 
patient is slightly lymphopenic. The therapeutic effects are not 
seen until after 3 to 6 months. There has been some debate 
about the role that immunosuppressive therapy should play in 
Crohn’s disease, but the trend has been to make it the mainstay 
of long-term treatment. There is some evidence that immuno- 
suppressive therapy may be helpful in healing the fistulas of 
Crohn’s disease. 

The efficacy of azathioprine in the management of ulcer- 
ative colitis also has been demonstrated. 

The limiting factor in the use of immunosuppressives is 
their toxicity, in that they commonly cause severe leukopenia. 
These drugs must be monitored very carefully and should be 
used only in compliant patients. Other toxicities include pan- 
creatitis, allergic reactions, and infectious complications in 7% 
of patients. Neoplasms have been reported, but probably only 
histiocytic lymphoma of the brain is associated with the drug. 


CYCLOSPORINE 


For the full monograph, see page 1488. 

Comments—There is increasing experience with both IV and oral 
cyclosporine in patients with severe Crohn’s disease or ulcerative coli- 
tis. It initially is given IV at a dose of 4 mg/kg/day and then maintained 
at 5 to 8 mg/kg/day for 2 to 3 months, during which time immunosup- 
pressive therapy with azathioprine or 6-mercaptopurine is started. 
Long-term use is precluded by nephrotoxicity. 


INFLIXIMAB 


Remicaid 

Description—A chimeric IgG1K monoclonal antibody with an ap- 
prox mol wt of 149,000 Daltons. It is composed of human constant and 
murine variable regions. 

Comments—It binds to human tumor necrosis factor alpha (TNF,), 
an inducer of proinflammatory cytokines such as IL-1 and IL-6. TNF, 
also enhances leukocyte migration, activates neutrophils, and induces 
acute phase reactants. Its activity is increased in Crohn’s disease and 
correlates with disease activity. Treatment with this agent reduces 
infiltration of inflammatory cells and TNF, production in inflamed 
areas of intestine. It has been shown to reduce symptoms, reduce 
disease activity, and improve quality of life after a single IV dose in 
patients with Crohn’s disease who have failed other therapy. 

Infliximab is indicated for the treatment of moderate to severe 
Crohn’s disease resistant to conventional therapy and in patients with 
enterocutaneous Crohn’s fistulas. 


It is given by IV infusion at 5 mg/kg. It has a terminal half-life of 9.5 
days. The volume of distribution is increased by concomitant cortico- 
steroid therapy. Up to two courses of therapy may be given at 2- and 
4-month intervals. 

It has been associated with hypersensitivity reactions including 
urticaria, dyspnea, and hypotension. Medications for treatment of hy- 
persensitivity reactions should be on hand when infusing infliximab. 
Autoimmune reactions including a lupus-like syndrome with positive 
anti-dsDNA antibodies also may occur. Lymphomas have also been 
reported. Since Crohn’s patients and patients on long-term immuno- 
suppressive therapy are predisposed to develop lymphoma, the signif- 
icance of the reported cases is uncertain. Adverse reactions occur in 
approximately 85% of patients and include headache, nausea, upper 
respiratory infections, abdominal pain, fever, rash, and vomiting—each 
occurring in more than 5% of patients. 


METHOTREXATE 


For the full monograph, see page 1498. 

Comments—While not approved for the management of Crohn’s 
disease or ulcerative colitis, it has been used and appears to be effective 
in inducing and maintaining remission in approximately 40% of pa- 
tients. Like immunosuppressive therapy, it takes 3 to 6 months to 
obtain the full benefit. The major limiting factor in its use is its toxicity. 


DRUGS USED FOR THE TREATMENT 
OF CHRONIC VIRAL HEPATITIS 


(RE RRR TE HERES TES 
Immunostimulation is used to treat chronic hepatitis B and C. 
Approximately 10 to 15% of patients who become infected with 
the hepatitis B virus develop chronic disease, manifested by 
chronic hepatitis, cirrhosis, and hepatocellular carcinoma. The 
reasons that patients develop chronic disease are uncertain. In 
some parts of the world, southeast Asia for example, almost 
90% of infants born to hepatitis B—positive women will become 
chronically infected. When the disease is acquired at an older 
age, chronic disease is less likely to occur. Serum interferon 
levels are decreased in many patients with chronic hepatitis B. 
This may be secondary to the virus transfecting chromosome-9 
at the site that codes for interferon. Interferon is antiviral 
because of two properties—it stimulates the synthesis of 2,5-A 
synthetase, which inhibits viral replication, and it induces the 
HLA major histocompatibility antigens on the hepatocyte sur- 
face so that they can become the target of cytotoxic T cells. The 
demonstration of interferon deficiency in chronic hepatitis B is 
the rationale for its use in that disease. It induces remission in 
about half the patients with a relapse rate of 2 to 3% a year. It 
is not known if it prevents hepatocellular carcinoma in such 
patients. 

Approximately 85% of patients with hepatitis C become 
chronically infected. Approximately half of these patients will 
develop chronic hepatitis and cirrhosis. Once cirrhosis devel- 
ops, hepatocellular carcinoma occurs at a rate of 2 to 3% a year. 
The mechanism of persistence probably relates to the develop- 
ment of mutants known as quasispecies that escape immune 
detection. Interferon trials for non-A, non-B hepatitis trials 
were started prior to the discovery of the hepatitis C virus. It 
was learned subsequently that most of the patients indeed had 
hepatitis C and that the drug induced remission in approxi- 
mately 20% of these patients, with relapse occurring in about 
half of these patients by 1 yr. It subsequently has been learned 
that the standard pulse dosing of interferon at 3 MUs SQ tid 
induces mutations in the hepatitis C virus that may predispose 
to drug resistance. Thus, it is more common to treat patients 
with 3 MUs a day for 6 months to 1 yr. 


INTERFERON ALFA-2B 


Intron A 
See page 1495 for complete monograph. 

Comments—The alpha interferons are a family of proteins of MW 
15,000 to 27,600 that are secreted by lymphocytes in response to viral 
infections. They bind to cellular proteins and exert a number of effects 
including induction of certain enzymes such as 2,5 A synthe- 
tase, which inhibits viral replication; inhibition of cell proliferation; 


and immune-modulating activity including expression of HLA major 
histocompatibility antigens that become the targets of cytotoxic T 
lymphocytes. Recent data indicate that interferons also may be anti- 
inflammatory, antifibrinogenic, and anticarcinogenic. 

Interferon alfa at a dose of 5 MU a day is indicated for the treatment 
of chronic hepatitis B, which is continued for 6 months. There is fre- 
quently a flareup of the liver disease at 12 to 14 weeks, when the 
hepatitis e antigen converts to e antibody. This generally signals the 
end of viral replication and a positive response to treatment. Patients 
with decompensated liver disease manifested by ascites, encephalopa- 
thy, or coagulopathy should not be treated except under special, con- 
trolled circumstances, because of the high risk of fatal side effects, 
especially bacterial peritonitis with sepsis. 

Side effects are common with interferon alfa-2b. Those seen in more 
than 10% of patients include fever (45%), headaches (45%), myalgias 
(40%), depression (40%), asthenia (20%), rigors (25%), fatigue (20%), 
arthralgias (20%), nausea (25%), diarrhea (15%), and alopecia (15%). 
Irritability, insomnia, abdominal pain, pruritus, retinitis, peripheral 
neuropathy, seizures, rash, and inflammation at the injection site also 
are seen. Thyroid dysfunction in the form of either hyper- or hypothy- 
roidism occurs in approximately 1% of patients and has been irrevers- 
ible in some. TSH monitoring prior to therapy and at 1 month is 
recommended, especially in women. Anemia, leukopenia, and thrombo- 
cytopenia occur in 10 to 30% of patients and may require dose modifi- 
cation or temporary discontinuance. Leukopenia is the rate limiting 
toxicity with interferon (IFN). CBCs are recommended at 2- to 4-week 
intervals to monitor patients. Despite the long list of side effects and 
their rather high frequency, therapy almost always can be completed. It 
should not, however, be used in patients with decompensated liver 
disease. 

Indicated for the treatment of chronic hepatitis B and C, interferon 
alfa-2a and interferon alfacon-1 for the treatment of chronic hepatitis C. 
While the interferons are indicated for the treatment of patients 18 yr of 
age or older with compensated liver disease, it is now routine to treat all 
hepatitis C patients who are infected, including those with acute hepatitis 
C. Treatment of acute hepatitis C has reduced the rate of developing 
chronic disease from approximately 80 to 85% to 10 to 15%. 

Initial studies for the treatment of chronic hepatitis C were done using 
SQ doses of 3 MU tiw for 3 to 6 months. Sustained remission rates of 15 to 
20% were obtained. The pulse dosing initially used with alpha interferon 
was designed to reduce the toxicity. Pharmacokinetic data, however, show 
that serum levels are not sustained. Peak serum concentration occurs 3 to 
12 hr after injection. The elimination half-life is 2 to 3 hr, and serum levels 
are undetectable after 16 hr. Hepatitis C replication rates are in the 
trillions a day, with viral half-life of approximately 5 hr. Thus, there is a 
pharmacokinetic/pharmacodynamic mismatch that ends up increasing the 
replication rate of the virus above baseline. It also was learned that such 
dosing increased the mutation rate, potentially leading to the formation of 
immune-evading quasispecies. 

Subsequent studies have used 5 MU for 6 to 12 months and have 
doubled the sustained remission rate. It appears, however, that the 
optimum initial dose is 10 MU. Current studies using 10 MU a day for 
a few days followed by 5 MU a day for 6 to 12 months have shown 
promise of increasing the sustained remission rate even further. Fur- 
thermore, studies with pegelated interferon—a sustained-release form 
given once a week—have shown promise of even higher sustained 
remission rates with less toxicity. 


RIBAVIRIN IN COMBINATION WITH INTERFERON 
ALFA-2B 


Rebetron 

Comments—A guanosine analog that has antiviral activity against 
respiratory syncytial virus but not hepatitis B or C virus. However, in 
combination with alpha interferon, it increases the sustained remission 
rate in chronic hepatitis C. It is packaged as interferon alfa-2b 3 million 
units/vial and ribavirin (Rebetol) capsule, 200 mg. It is indicated for the 
retreatment of chronic hepatitis C in both naive patients and those who 
have not responded to interferon therapy or who have relapsed after prior 
treatment with alpha interferon. In a large multicenter study, combination 
therapy for 24 weeks achieved a sustained virological response of 31%, 
compared with 6% for interferon alone (3 MU SC tiw). 


DRUGS THAT DISSOLVE GALLSTONES 


SE SE ET TC EST IE IT) 
See Bile, Bile Acids, and Bile Salts, page 1228. 
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MISCELLANEOUS GASTROINTESTINAL DRUGS 
SS LILO I LAL TT RT LEE LLY GEE ROSEDALE LEE, 


Several drugs with diverse actions on the GI tract are included 
in this section. They range from the empirical carminative 
peppermint spirit to the novel gallstone dissolution agent urso- 
diol and the well-established diphenoxylate hydrochloride- 
atropine sulfate antidiarrheal combination. Carminatives are 
substances that were at one time used to relieve gaseous dis- 
tention of the stomach or intestines. Many carminative volatile 
oils are used as flavoring agents (see Chapter 55 and the 
cross-references listed below). 


ANISE OlL—page 1020. 
ANISOTROPINE METHYLBROMIDE—see RPS-19, page 1025. 
CAMPHOR—page 1208. 
CARDAMOM OlL—page 1021. 
CARDAMOM SEED—page 1021. 
CHLOROBUTANOL—page 1016. 
CHLOROFORM—page 1042. 
LACTULOSE 


p-Fructose, 4-O-B-p-galactopyranosyl-, Cephulac and Chronulac 


CH,OH 
O. OH 
HO 
CHLOH CH,OH 
HO Q° 
OH 
OH 


4-O-B-p-Galactopyranosyl-p-fructofuranose [4618-18-2] C,,H,.0,, 
(342.30). 

Preparation—Lactulose (a disaccharide containing 1 molecule of 
galactose and 1 molecule of fructose) may be prepared by epimerization 
of lactose (a disaccharide containing 1 molecule of galactose and 1 
molecule of glucose) in a lime water medium. J Am Chem Soc 130; 52: 
2101. 

Description—White powder; melts at about 169°; levorotatory; 
reduces Fehling’s solution; yields galactose and fructose on acid hydro- 
lysis. The commercially available syrup is a pale yellow to yellow, 
viscous, sweet liquid; each 15 mL contains 10 g of lactulose (and less 
than 2.2 g galactose, less than 1.2 g lactose, and 1.2 g or less of other 
sugars). 

Solubility—Very soluble in water; very slightly soluble in 
alcohol. 

Comments—A disaccharide containing 1 molecule of galactose 
and 1 molecule of glucose. It is used to reduce blood ammonia levels 
in patients with portal-systemic encephalopathy. It improves the 
patients’ mental state and EEG patterns but does not alter the course 
of the underlying liver disease. The action of lactulose, which is ab- 
sorbed poorly after oral administration, depends on its breakdown 
by colonic bacteria to carbon dioxide, lactic acid, and small amounts of 
acetic and formic acids, which acidify the contents of the colon. 
The acidic environment converts ammonia to ammonium ion (NH4°), 
which cannot be absorbed. It also favors diffusion of ammonia from 
blood into the colon. The osmotic laxative action of lactulose and/or its 
metabolites then expels the trapped ammonium ions from the colon. 
Therapy with lactulose is reported to reduce blood-ammonia levels by 
25 to 50% and effect a favorable clinical response in about 75% of 
patients. Lactulose is poorly absorbed, with only 3% appearing in the 
urine in 24 hr. 

Lactulose may produce gaseous distention with flatulence or belch- 
ing and abdominal discomfort such as cramping in about 20% of pa- 
tients. Excessive dosage produces diarrhea but some degree of diarrhea 
(2 to 4 loose stools per 24 hr) is needed for its maximum therapeutic 
effect. Nausea and vomiting have been reported infrequently. 

Lactulose syrup contains some monosaccharides and should be used 
with caution in diabetics. Concomitant use of neomycin with lactulose 
may result in elimination of colonic bacteria that are essential for the 
required degradation of lactulose and thus prevent acidification of the 
colon. Other laxatives should not be used, especially during the initial 
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phase of therapy, because loose stools falsely may suggest that lactulose 
dosage is adequate. Lactulose does not alter the course of the underly- 
ing liver disease, for which other therapy may be required. The safety of 
lactulose syrup during pregnancy and the effect on the mother and fetus 
have not been evaluated. 


SIMETHICONE 


Gas-X; Mylicon; Phazyme; Silain 
Simethicone [8050-81-5]; a mixture of fully methylated linear siloxane 
polymers containing repeating units of the formula [—(CH;),SiO],,, 
stabilized with trimethylsiloxy end-blocking units of the formula 
((CH,),Si0O—], and silicon dioxide. 


Description—Translucent, gray, viscous fluid; specific gravity be- 
tween 0.964 and 0.984; refractive index between 1.400 and 1.410; vis- 
cosity (25° + 0.1°) not less than 300 centistokes. 

Comments—An agent with defoaming action that is supposed to 
relieve gas in the GI tract. It is used as adjunctive therapy in conditions 
in which gas is a problem, such as postoperative gaseous distention, air 
swallowing, functional dyspepsia, irritable colon, and diverticulosis. It 
also is used in antacid combinations to defoam gastric juice, to decrease 
the tendency to gastroesophageal reflux; however, it does not decrease 
the antacid requirement. It has yet to be proved that simethicone has 
any therapeutic benefit. It is thought to be physiologically inert and 
devoid of toxicity. 
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Blood is a unique tissue. As a tissue, it can be withdrawn from 
the body, and an extensive array of its parts can be separated 
for use in therapy. As a circulating body fluid, blood serves a 
vital set of physiological functions. A large number of drugs 
exert useful specific actions directed at maintaining or restor- 
ing these functions. 

The reader is referred to Chapter 31 for a basic discussion of 
hematology and blood banking technology. 


Blood serves many vital functions and also reflects the condi- 
tion of other body tissues. Even though whole blood does not 
normally come into direct contact with noncirculating cells other 
than the vascular endothelium, electrolytes and many small or- 
ganic compounds found in plasma freely exchange with both the 
lymph and the interstitial fluid. Thus, the composition of blood 
is an important indicator of cellular ion and metabolic status. 
Plasma is the vehicle for the transport of most nutrients to, and 
many wastes from, the tissues. Plasma transports drugs, often 
in combined, or bound, form; plasma is therefore an important 
factor in determining the effectiveness of drugs (Chapter 57). 
The proteins in plasma are involved importantly in the regu- 
lation of the hydration of the tissues by virtue of osmosis resulting 
from the impermeability of the vascular endothelium to most of 
the protein. Some of the plasma proteins are involved intimately 
in the clotting of blood and, therefore, in its conservation. 

The erythrocytes are involved especially with oxygen and 
carbon dioxide transport. Leukocytes play major roles in the 
defense against infection (see Chapter 60), and platelets exert 
a variety of important functions in hemostasis and response to 
injury. 

USES FOR BLOOD AND BLOOD COMPONENTS— 
The many physiological functions of blood derive from the 
specific roles of its many parts; in addition to the formed ele- 
ments there are more than 80 discrete proteins in plasma. 
When whole blood has been lost, as by hemorrhage, whole blood 
is required for replacement. However, the use of whole blood to 
overcome a deficiency of a single part constitutes a dissipation 
of the other useful parts. 

In most instances, the administration of a single component 
in concentrated form elicits a far better response than the 
administration of that component as whole blood. Further- 
more, by using the specific parts of the blood, the supply of 
blood can be used more economically; the net result is the use 
of the components of a single donation for several purposes. 

The number of products now available is increasing but is 
still short of the number of known parts of blood. For example, 


The responsibility for promulgating and administering fed- 
eral regulations applicable to blood and blood products is that 
of the Food and Drug Administration (FDA), Bureau of Biolog- 
ics. The applicable regulations are found in the Code of Federal 
Regulations, 21 CFR 273.3. Standards also are set by the 
American Association of Blood Banks and the World Health 
Organization (WHO). 


the red cells can be made available for the treatment of anemia, 
albumin for the treatment of shock, immune globulins for the 
prophylaxis of certain infectious diseases, granulocytes for 
granulocytopenia, and platelets for thrombocytopenia. These, 
and other important available blood components, are discussed 
in the following sections. 

In the United States, the collection, processing, preserva- 
tion, and distribution of blood and its separated components 
are performed by a wide variety of enterprises. For the purpose 
of this discussion, however, the important fact is where and 
how blood and its components are made available for the use of 
patients and the public at large. The main channels for dis- 
pensing blood services and blood products are 


1. Blood centers and blood banks. These provide a wide array of 
services that reach the patient on prescription, usually through a 
hospital blood bank or transfusion service. The major services in- 
clude the provision of whole blood, separated red cells, platelets, 
granulocytes, cryoprecipitated Factor VIII, single-donor plasma, 
and fresh frozen plasma. These usually are referred to as blood and 
blood components. They are distinguished by the fact that they are 
prepared locally in the blood center and dispensed in the form of 
individual units identified by the donor. 

2. The pharmaceutical manufacturer and the pharmacy. This applies 
to the products of plasma fractionation, which are prepared by 
pharmaceutical manufacturers from large lots of pooled human 
plasma and are, therefore, subject to biological control regulations 
separate from those applying to simple units of blood and its com- 
ponents. 

3. Public-health agencies and large blood centers. These may dispense 
directly to physicians or even to individual patients under certain 
circumstances. 


TRANSMISSION OF INFECTION—The use of blood and 
its components is accompanied by some risk of transmission of 
serum hepatitis cytomegalovirus, human immunodeficiency vi- 
ruses, Epstein-Barr virus, herpes simplex, infectious mononu- 
cleosis, syphilis, malaria, Chagas’ disease, etc. This risk is 
different depending on which part of the blood is used and, also, 
on how it was prepared. 
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In the case of units of whole blood and blood components 
prepared and distributed by blood banks and blood centers, the 
degree of risk depends on the ability to detect the infectious 
agent in donor blood. Rapid progress is being made in this area. 
However, it probably will be some time, if ever, before the risk 
will reach zero; ie, before the absolute safety of donor blood can 
be assured. Still, the risk may be diminished or indeed elimi- 
nated by suitable processing treatments. Thus, immune glob- 
ulin prepared by the ethanol-water fractionation procedure is 
free of virus even without specific viricidal treatment. 

Human Albumin carries no risk of virus transmission, as a 
result of heating the solution to 60°C for 10 hr. Therefore, it is 
likely that any product that can be heated at 60°C for 10 hr will 
have a greatly diminished, if not zero, risk of viral transmis- 
sion. Unfortunately, very few products can withstand such 
rigorous treatment, and other means have been sought to in- 
activate viruses, but with less than complete success. These 
include irradiation with ultraviolet light, cathode rays, and 
chemical treatment with various substances such as B-propio- 
lactone. None of these methods, as presently used, can be relied 
on to inactivate completely all viruses that might be present, 
although they diminish the risk associated with use of the 
material. : 

In short, except for certain products such as albumin and 
immune globulin, which are known to be free of virus, most 
blood derivatives must be assumed to involve a risk of virus 
transmission, and this risk must be weighed against the med- 
ical consequences of withholding the product. 


WHOLE BLOOD 

ESE GG TR A UN RI 
Blood may be collected for human use only from persons who 
are certified by a physician as being free of transmissible dis- 
ease, as far as can be determined from the donor’s personal 
history, physical examination, etc. Unfortunately, in mass do- 
nations (eg, bloodmobiles) these examinations and certifica- 
tions tend to be hasty and limited. The usual amount drawn is 
500 mL. The blood is collected into an anticoagulant solution. A 
sample of blood is collected at the time of bleeding and sub- 
jected to serological and virological tests. 

The use of the anticoagulant mixtures known as ACD and 
CPD (see page 1252) extends the useful life of the red cells with 
the result that, following storage under proper conditions, the 
blood can be used with safety for a period of 21 days after 
collection. The addition of adenine to CPD solution (to make 
CPDA-1) increases the shelf life by another 14 days, thus 
enabling a useful storage time of 35 days. The use of these 
solutions has extended greatly the flexibility of hospital and 
community blood banks. However, with heparin the shelf life is 
much shorter, the official expiration time being 2 days. 

If whole blood is used, it is handled carefully and stored 
in the cold without further processing or testing, except for 
occasional observation to detect evidence of hemolysis or 
contamination. 


BLOOD COMPONENTS 

(FT a eA RE I PR RE ET TOA 
Blood collection agencies—blood centers and blood banks— 
provide an array of blood services to the areas they serve. These 
include providing whole blood and several blood components 
prepared in the center from fresh donor blood. Blood compo- 
nents are made from single units of blood without opening or 
breaking the sterility of the plastic-bag system in which the 
blood originally was collected. These components thus are in- 
dividualized with respect to the donor; if greater amounts are 
required than those available from one donor, multiple units 
are used. In addition to whole blood, components commonly 
available are CPD or CPDA-1 red blood cells, frozen red blood 


cells, saline-washed red hlood cells, leukocyte-free red blood 
cells, granulocyte concentrate, platelet concentrate, cryopre- 
cipitated antihemophilic factor (page 1251), fresh frozen 
plasma, and liquid plasma. 


WHOLE BLOOD 


Blood that has been drawn from suitable human donors under rigid 
aseptic precautions. It contains citrate ion (acid citrate dextrose or 
citrate phosphate dextrose or citrate phosphate dextrose with adenine) 
or heparin as an anticoagulant. Preparations are designated ACD 
Whole Blood, CPD Whole Bood, CPDA-1 Whole Blood, or Heparinized 
Whole Blood according to the anticoagulant used. Whole blood from 
which the antihemophilic factor has been removed is designated Mod- 
ified Whole Blood (see below). 

Description—Deep-red, opaque liquid from which the corpuscles 
readily settle, on standing for 24 to 48 hr, leaving a clear, yellowish, or 
pinkish, supernatant layer. If the blood has been drawn soon after the 
donor has eaten, it may, on standing, acquire a layer of fatlike material 
near its surface. A deep-pink or red color in the plasma or a purplish 
tint at the surface of the cell portion usually indicates that the blood is 
unsatisfactory for use. 

Comments—tThe natural replenisher for lost blood and hence in- 
dicated when there has been hemorrhage or traumatic blood loss of over 
20% of the blood volume. When the blood loss is small, it is not essential 
that all of the lost blood be replaced, except in persons with high oxygen 
demand (eg, thyrotoxicosis, beri-beri) or in anemia. Consequently, some 
practitioners may replace only part of the lost blood and make up the 
remainder of the deficit with a saline, hetastarch, or dextran solution. 
In hemorrhagic shock, some medical opinion holds that the entire 
volume deficit should not be repaired by whole blood alone because of 
erythrocyte aggregation and sludging, and a dextran also sometimes is 
added concomitantly, to suppress not only erythrocyte aggregation but 
also platelet aggregation, since intravascular clotting sometimes is a 
complication. Adverse effects of whole blood include reactions from 
improperly matched blood, passive transfer of allergies, serum hepatitis 
and other infections, volume overload in improperly monitored admin- 
istration, and increased viscosity of the circulating blood. Stored whole 
blood is nearly devoid of platelets and also may be deficient in Factors 
V and VII, so that clotting and coagulation defects may occur after 
massive transfusions. 


WHOLE BLOOD MODIFIED 


Single-donor whole blood from which antihemophilic factor (USP defi- 
nition) or one or more other, nonerythrocyte components have been 
removed. Components and plasma may be removed either by sedimen- 
tation methods or by continuous separation devices; after selective 
separation, the plasma is reunited with the erythrocytes. 
Comments—The uses are determined, in part, by the health of 
both the donor and recipient and the reason for removal of the compo- 
nent(s). If the reason for component-pheresis is to remove an adverse 
component, such as leukocytes in a leukemia or lymphocytes in an 
autoimmune disorder, the modified whole blood is returned autolo- 
gously to the donor. If, instead, the donor is healthy and pheresis is 
conducted to provide a heterologous source of the component(s) for 
therapeutic purposes, the residual modified whole blood may be used for 
the same purposes as Whole Blood, provided that the volume to be 
transfused is small enough so as not to cause, by dilution, a clinically 
significant deficit of the corresponding component(s) in the recipient. 


GRANULOCYTE CONCENTRATE 


A single-donor concentrate of leukocytes obtained either by separation 
from sedimented whole blood or by pheresis with a continuous- or 
intermittent-flow centrifuge. The granulocytes (and entrained lympho- 
cytes) are resuspended in the plasma of the recipient. The component 
should be used within 24 hr of collection. 

Comments—Heterologously in patients with severe leukopenia, 
usually that which results from cancer chemotherapy or other adverse 
drug reactions. 


LYMPHOCYTES FROZEN 


A single-donor frozen concentrate of lymphocytes obtained by differen- 
tial sedimentation from whole blood or from the removal of lymph from 
the thoracic duct. The cells are cooled at a rate of 3.5/min. DMSO is 
added to a 5% concentration when the temperature reaches 0°. Recon- 
stitution requires careful thawing and repeated washout of DMSO. 
Viable cells are quantified from the uptake of radiothymidine into 
phytohemagglutinin-stimulated suspensions. 
Comments—Investigationally in the treatment of neoplastic dis- 
eases, as exchange replacement for lymphocytes pheresed from the 
blood of patients afflicted with certain thymocyte-mediated autoim- 
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mune disorders, and as a diagnostic agent in specialized in vitro as- 
sessments of immune function. 


SINGLE-DONOR PLASMA 


Human Plasma 

The liquid portion of a single unit of ACD, CPD-, or CPDA-1 whole 
blood, the separation of which was accomplished within the expiration 
time of the whole blood. It is stored at 1 to 6°; it may be stored for 5 days 
beyond the dating period of the whole blood from which it was separated 
(26 and 40 days if from CPD- or CPDA-1 whole blood, respectively). The 
ABO compatibility is that of the donor whole blood. One unit is 220 to 
250 mL. 

Description—Straw-colored transparent fluid that may sometimes 
exhibit a slight opalescence. 

Comments—Mostly for volume replenishment in the treatment of 
shock, especially after severe burns, in which plasma protein loss is 
considerable. It is used occasionally as a source of the stable coagulation 
Factors II, VII, IX, and X, and thus can be used to treat hemophilia B. 
ABO compatibility is desirable but is not a prerequisite to use. 


SINGLE-DONOR PLASMA FREEZE DRIED 


Human Plasma Freeze-Dried 

Single-donor plasma that has been cryodesiccated. If Fresh Frozen 
Plasma is the source of the cryodesiccate, the plasma may be designated 
an Antihemophilic Plasma. The expiration time of the reconstituted 
plasma is that of Single-Donor Plasma. 

Comments—lIf the desiccate is made from Fresh Frozen Plasma, 
see the monograph; if made from Frozen Plasma, see Single-Donor 
Plasma. 


SINGLE-DONOR PLASMA FRESH FROZEN 


Human Plasma, Fresh Frozen; Antihemophilic Plasma 
Single-donor human plasma frozen within 6 hr of collection and stored 
at a temperature of —20° or lower (preferably below —30°). The frozen 
plasma shall not be stored beyond 12 months. As a source of coagulation 
factors, the expiration time of thawed fresh frozen plasma is 24 hr; as a 
volume replenisher, the expiration time is that of Single-Donor Plasma. 
ABO compatibility is that of the donor whole blood. One unit is 200 to 
250 mL. 

Description—Light yellow to deep cream in color. When viewed 
microscopically, a reticulated structure without evidence of fusion may 
be seen. 

Comments—Indicated especially for the treatment of multiple co- 
agulation factor deficiencies (since the labile coagulation Factors V and 
XIII are preserved in fresh frozen plasma), such as those that occur in 
cases of massive transfusion with stored blood, after heparinization in 
disseminated intravascular coagulation, or in liver disease, and for 
hemophilia. The preparation also may be used as Single-Donor Plasma 
(above), although such use is unnecessarily expensive. It is the plasma 
of choice in patients with thrombotic thrombocytopenic purpura. It also 
is of value in patients with deficiencies of immunoglobulin and/or com- 
plement. Serum hepatitis virus is not killed by freezing. 


SINGLE-DONOR PLASMA FROZEN 


Human Plasma Frozen 
Single-donor plasma that has been frozen within the expiration time of 
the liquid plasma but longer than 6 hr after removal from the donor. 
The expiration time of the thawed plasma is that of Single-Donor 
Plasma. 
Comments—See Single-Donor Plasma. 


PLATELET CONCENTRATE 


Platelets taken from plasma obtained by whole-blood collection, by 
plasmapheresis or by plateletpheresis, from a single, suitable, human 
donor of whole blood; or from a plasmapheresis donor; or from a 
plateletpheresis donor. One unit of platelet concentrate consists of not 
less than 5.5 X 10'° platelets suspended in a specified volume of the 
original plasma. (See USP for collection procedure.) 

Preserved platelets can be reinfused successfully into recipients 
suffering from platelet deficiency. Platelets obtained by plateletpheresis 
must be used within 24 hr of collection, because the open system allows 
bacterial contamination. Although the official expiration time is only 72 
hr, it now is possible to store platelets for up to 120 hr, and it is likely 
that methods to preserve them for a longer period will be devised in the 
near future. 

Comments—To arrest or prevent bleeding resulting from throm- 
bocytopenia or thrombopathy. In platelet deficiency consequent to dis- 
seminated intravascular coagulation and thrombocytopenic purpura (in 
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which a type of intravascular coagulation occurs), the platelets must be 
coadministered with heparin. When thrombocytopenia is caused by 
immune destruction, the administration of platelets mostly is futile 
because of rapid destruction of the added platelets. Likewise, in drug- 
induced thrombocytopenia, the effects of the platelets mostly are voided 
unless the drug is discontinued, preferably in advance. Platelets can be 
used in the priming of extracorporeal circuits, but they may be sub- 
jected to faster destruction in the circuit than endogenous platelets. The 
half-life of platelets is about 1 to 2 days. 


RED BLOOD CELLS 


Human Red Blood Cells; Red Cell Concentrate 

Red cells of whole human blood, separated from plasma by centrifuging 
or subsidence during the dating period of the blood from which they are 
derived, but not later than 21 days after the blood is drawn if the 
anticoagulant solution is ACD or CPD solution; if acid citrate dextrose 
adenine solution has been used as anticoagulant, such preparation may 
be made within 35 days therefrom; if heparin is used, the expiration 
time is 48 hr. The expiration dates are valid only if the hematocrit does 
not exceed 80% and the seal is unbroken. Preparations are designated 
CPD Red Cells, CPDA-1 Red Cells, or Heparinized Red Cells, according 
to the anticoagulant used. 

Description—Dark red when packed and may show a slight 
creamy layer on the surface and a small supernatant layer of yellow or 
opalescent plasma. Resuspended human blood cells is a dark-red fluid. 

Comments—A blood replenisher in any condition in which the 
primary deficiency in the blood is of the erythrocytes. Thus, they are 
used in the emergency treatment of a number of the anemias that 
formerly were treated with whole-blood transfusions. They also may be 
returned to the donor by autologous transfusion after plasmapheresis 
or apheresis of other components. Human blood cells are not suitable 
alone as a replacement fluid in hemorrhage, but they may be employed 
in cases where chronic blood loss is not too great to decrease appreciably 
the plasma volume and plasma protein content. Each unit of concen- 
trate preferably is mixed with 50 to 100 mL of 0.9% NaCl injection to 
decrease the viscosity. Lactated Ringer injection is contraindicated 
because it provides enough calcium to initiate coagulation; dextrose 
injection is contraindicated because it causes hemolysis. The half-life is 
about 4 weeks but varies considerably depending on the recipient. 


RED BLOOD CELLS FROZEN 


Red Blood Cells (Human) Frozen; Red Cells Fresh Frozen 

A preparation in which human red cells are suspended in a glycerol 
solution and frozen at temperatures ranging from —80 to —120°. There 
are two types of preparations: one that uses a low concentration of 
glycerol and rapid freezing and the other, which uses a high concentra- 
tion of glycerol and slow freezing. The expiration time is 3 years. Before 
use, the suspension is thawed and the glycerol medium is replaced with 
a physiological solution. At this stage the preparation is designated 
Deglycerolized Red Cell Concentrate. The expiration time of the thawed 
preparation is 24 hr. 

Comments—By freezing erythrocytes immediately or shortly after 
withdrawal, both ATP and 2,3-diphosphoglyceric acid (2,3-DPG) are 
preserved better than in the classical preparation and storage methods, 
and frozen erythrocytes have better oxygen-transport capacity. There- 
fore they especially are suited for use in newborn and premature infants 
and in older patients with excessive oxygen demands. Because of their 
single-donor origin they are used especially for autologous transfusions. 
They also are used when there is a rare blood requirement, in elective 
gynecological and cardiac surgery, hemodialysis, and kidney transplan- 
tation. They essentially are free of irregular antibodies and plasma 
proteins and hence are useful in patients with allergic, febrile reactions 
to saline-washed red cells or with nocturnal hemoglobinuria. Since 
there are few surviving leukocytes, the risk of graft-versus-host re- 
sponse is diminished. The freeze-thaw procedure removes senescent 
erythrocytes, thus leaving a younger population of cells with a longer 
survival time in the recipient. The postthaw washing procedure greatly 
decreases the risk of serum hepatitis and pyrogenic reactions to debris 
from leukocytes and platelets. Frozen red cells are very expensive. 


RED BLOOD CELLS LEUKOCYTES REMOVED 


Red Cell Concentrate, Leukocyte-Poor 

A single-donor red cell concentrate that contains less than 25% of the 
original leukocytes. The expiration time is that of Red Blood Cells and 
is determined by the type of anticoagulant used. The hematocrit usually 
ranges from 0.7 to 0.8. 

Comments—Mostly for autologous transfusion in leukemic individ- 
uals in whom a reduction in circulating leukocytes is imperative. May 
be used in heterologous erythrocyte replenishment if the original donor 
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blood was normal (ie, donor blood served as a source of therapeutic 
leukocytes). Because the preparation has fewer pyrogenic leukocyte 
fragments than does Red Blood Cells, febrile reactions are less severe 
and less frequent. 


RED BLOOD CELLS SALINE WASHED 


Red Cell Concentrate, Washed 
A single-donor red-cell concentrate in which most of the plasma, leuko- 
cytes, and platelets have been removed within 24 hr of transfusion by 
one or more washes with an isotonic saline solution. The hematocrit 
usually lies between 0.7 and 0.8. 
Comments—Washing may be employed for five purposes: (1) to 
remove adverse components in specific disorders (eg, lymphocytes 


PROTEIN AND COLLOID SOLUTIONS 


Hemorrhage and shock result in loss of blood volume, which, if 
carried beyond a certain critical point, leads to circulatory 
failure. Replacement of the plasma proteins or injection of a 
substance having similar osmotic properties will restore the 
blood volume at least temporarily, so that circulation of oxygen 
to the tissues may be maintained. Many substances have been 
employed for this purpose: whole blood, which in certain situ- 
ations is ideal, but is not always immediately available; 
plasma, which is quite effective, but is unstable in the liquid 
form, relatively cumbersome in the dry form, involves injection 
of salt and water, which is in some cases undesirable, and, 
finally, cannot readily be rendered free of pathogenic viruses; 
serum albumin, the protein in the plasma that functions to 
control blood volume and polysaccharides, such as dextrans and 
hetastarch. 

Physiologically, the most clearly established role of albumin 
appears to be its water-retaining (osmotic) capacity. It is due 
chiefly to plasma albumin that the water of the plasma, instead 
of diffusing into the tissues, is retained in the bloodstream, 
maintaining the volume of blood that is necessary for effective 
cardiac output and circulation. Albumin, although it comprises 
less than 60% of the plasma proteins, by virtue of having the 
lowest molecular weight of these proteins contributes 80% of 
their osmotic effect. Another highly important property of al- 
bumin is its capacity to bind various chemical substances, 
including certain ions, some hormones, and numerous drugs. 

Methods have been devised for preparing human plasma 
albumin more than 99% pure. Unlike most plasma proteins, it 
is extraordinarily stable. It does not require desiccation or 
continuous refrigeration and, therefore, can be kept on hand as 
a 25% sterile solution, ready for instant use. Separation of the 
albumin leaves the remaining plasma proteins as by-products. 
It is possible to derive many specific pharmaceutical agents 
from one blood donation, enabling more efficient use of a given 
quantity of blood. 


ALBUMIN HUMAN 


Normal Human Serum Albumin; Albuminar; Albutein; 

Plasbumin; Buminate 
Human albumin is a sterile, nonpyrogenic preparation of serum albu- 
min, obtained by fractionating blood, plasma, serum, or placentas from 
healthy human donors and tested for absence of hepatitis B surface 
antigen. It is prepared by a process ensuring safety for intravenous use. 
The albumin content is not less than 96% of the total protein. The 
solution contains 5 or 25 g of albumin, respectively, corresponding to 
100 or 500 mL of normal human plasma. It may contain sodium 
acetytryptophanate alone or with sodium caprylate as a stabilizing 
agent. The sodium content is not less than 130 mEq/L and not more 
than 160 mEq/L. No antimicrobial agent is added. It meets the require- 
ments of tests for limit of heme, heat stability, and pH. Solutions are 
heated in final containers at 60° for 10 hr to kill any pathogenic 
organisms that may be present. The storage temperature is indicated 
on the label. The solution is not to be used if it is turbid or there is a 
sediment. 


and/or immune globulins in certain autoimmune disorders, Rh factors 
in alloimmunity, anticoagulation factors in certain bleeding disorders, 
thyroid hormone in thyroid storm, etc; in such instances, the erythro- 
cytes are to be reinfused into the donor; (2) to reduce the risk of 
blood-transmissible infections (not malaria); the erythrocytes are in- 
tended for heterologous transmission; (3) to remove citrate in citrated 
blood when the volume to be transfused is large and the intended 
recipient has a liver dysfunction in which citrate cannot be tolerated; (4) 
to decrease the intensity of heterologous transfusion reactions in emer- 
gency situations in which out-of-group (nonmatched) blood must be 
used; or (5) to decrease the incidence and severity of febrile transfusion 
reaction caused by fragments of leukocytes and platelets. 


Description—Moderately viscous, clear, brownish fluid; practically 
odorless; may develop a slight granular or flaky deposit during storage. 
When dried, has a slight-yellow to deep-cream color. 

Comments—Serves as an emergency agent for restoration of blood 
volume in the treatment of shock or hemorrhage. It especially is indi- 
cated when blood loss exceeds 20% of blood volume. If albumin is 
administered in hypertonic concentrations, it will abstract water from 
interstitial and intracellular fluids and increase blood volume by an 
amount more than the volume administered; in isotonic concentration it 
will expand blood volume only by an amount equal to the volume added. 
Each gram of albumin holds about 18 mL of water in the bloodstream. 
Because its action depends on the availability of tissue water, hyper- 
tonic albumin should not be used in severely dehydrated patients with- 
out simultaneous administration of saline or dextrose solutions. 

It has been used in protein replacement therapy when serum pro- 
tein levels are low because of excessive loss, as in extensive burns and 
nephrosis, certain skin diseases, and other conditions, or because of 
inadequate formation of proteins resulting from nutritional distur- 
bances, cirrhosis, or other causes. However, the value of albumin in the 
therapy of chronic nephritis or cirrhosis is less impressive than in acute 
hypoalbuminemia. Hyperoncotic albumin solutions may be used to 
cause transient diuresis in edematous patients or in those undergoing 
renal dialysis. It also is used in the treatment of hyperbilirubinemia 
and erythroblastosis fetalis to increase the binding capacity for 
bilirubin. 

Low salt content and the high stability of the single protein compo- 
nent present make salt-poor albumin the agent of choice in certain 
types of protein replacement therapy, bearing in mind the following 
limitations: Albumin does not, in any sense, replace red cells and, 
therefore, should not be used in hemorrhagic shock except as an emer- 
gency remedy. It lacks the other proteins contained in plasma, hence is 
not an adequate agent for treatment of deficiencies of specific plasma 
proteins (eg, fibrinogen, prothrombin) such as occur in acute hepatitis 
or burns. It does not replace lost fluids and therefore must be given with 
ample quantities of crystalloid solution when used in dehydrated pa- 
tients, as noted above. Chills, fever, urticaria, and perturbations of 
respiration and blood pressure sometimes occur. Albumin is contrain- 
dicated in congestive heart failure. Large doses should not be given 
in severe anemia, in low cardiac reserve, and in the absence of 
hypoalbuminemia. 


ANTIHEMOPHILIC FACTOR—page 1251. 
PLASMA PROTEIN FRACTION 


Human Plasma Protein Fraction; Plasmanate; Plasma Plex; 
Plasmatein; Protenate 


A sterile solution of selected proteins derived from the blood plasma of 
healthy adult human donors. It contains 4.5 to 5.5 g of protein/100 mL, 
of which about 83 to 90% is albumin and the remainder is alpha and 
beta globulins. It contains no antimicrobial agent but may contain 
suitable stabilizers. The expiration time is 5 years if the storage tem- 
perature is 2 to 10°, 3 years if 11 through 29°, the time not to include 1 
year of storage at the manufacturing plant at 5°. 

Preparation—By a process similar to that by which albumin is 
made. The product resembles plasma from which certain unstable glob- 
ulins have been removed, including gamma globulin and certain li- 
poproteins. The solution is treated by heating at 60° for 10 hr to reduce 
the risk of virus transmission. The solution is isotonic with normal 
plasma and is isotonic with respect to diffusible ions, the major ions 
being sodium and chloride. 
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Description—Transparent, nearly colorless or slightly brownish 
liquid; nearly odorless; may develop a slight granular or flaky deposit 
during storage. 

Comments—Indicated, like albumin, as a substitute for plasma in 
treating nonhemorrhagic shock. It also is a convenient source of protein 
for intravenous nutrition. Because it does not contain any clotting 
factors, it is not a substitute for fresh plasma in treating hemorrhagic 
states. The plasma half-life is about 27 days. 

Untoward effects are uncommon; they include nausea, vomiting, 
and increased salivation. Care must be exercised to prevent circulatory 
overload, especially in nonhypovolemic patients. Solutions of this frac- 
tion should not be mixed with other intravenous fluids, either in the 
bottle or in the tubing. 


PLASMA EXTENDERS 
(VOLUME EXPANDERS) 


Much effort has been expended in the search for nontoxic 
substances, not of human origin, which might be used in an 
emergency to restore blood volume. It should be emphasized 
that these substances are in no sense substitutes for plasma; 
following their emergency use, plasma or blood must be re- 
placed as rapidly as possible. Some substitutes, however, have 
favorable actions on the rheology of blood and on platelet ad- 
hesiveness, hence sometimes may be administered along with 
blood or plasma just for these effects. Furthermore, in some 
kinds of hypovolemic shock, the plasma actually is not lost from 
the vascular tree but is sequestered in various vascular beds. 
In these situations, it is not necessary to give plasma, because 
repair of the fictive volume deficit with a plasma extender will 
mobilize some of the plasma back into the circulation. Even 
plasma proteins lost into interstitial spaces return by way of 
the lymph. In hypovolemia, from dehydration or adrenal in- 
sufficiency, appropriate electrolyte or dextrose solutions are 
indicated. 

Volume expansion (plasma extension) clearly is not indi- 
cated unless the pulmonary arterial wedge pressure (PAW), 
an approximation of the pulmonary venous pressure, is be- 
low 12 torr. It is advisable to give a test injection (about 200 
mL) of isotonic saline or dextran solution. If the PAW rises 
only slightly but cardiac output more substantially, further 
plasma extension is indicated; if PAW rises sharply but 
cardiac output does not, plasma extension is redundant, and 
treatment must be directed toward improving cardiac func- 
tion. In volume expansion, the endpoint is usually 16 torr 
(rarely 18 torr), and further expansion will tend to cause 
pulmonary edema. 

Volume expanders also are used to prime extracorporeal 
circuits. 


ALBUMIN—page 1246. 
DEXTRAN 40 
Gentran 40; 10% LMD; Rheomacrodex 


WeeOnUn |= 


Dextran 9004-54-0 (C,H,,O;),,; a polymer of glucose, with an average 
mol wt of about 40,000 in which the glucosidic linkages are predomi- 
nantly of the a(1—6) type. 

Preparation—Sucrose is subjected to the action of the bacterium 
Leuconostoc mesenteroides B 512, and the crude, high-molecular-weight 
dextran thus formed is hydrolyzed and fractionated to an average 
molecular weight of about 40,000 as measured by light-scattering tech- 
niques. US Pat 2,644,815. 

Description—White, amorphous powder that is odorless and taste- 
less; 10% solution in 5% dextrose in water darkens slightly over a long 
storage period as with other dextrose-containing solutions; darkening is 
accelerated by increased ambient temperatures. 
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Solubility—Freely soluble in water; soluble in dimethyl sulfoxide; 
insoluble in alcohol or ether. 

Comments—As an isotonic solution to prime pumps or improve 
flow in surgery requiring cardiopulmonary bypass. It has the property 
of lowering the viscosity of blood and improving flow; in part the 
improvement in flow is the result of hemodilution. For this reason, 10% 
of dextran 40 in isotonic saline solution or 5% dextrose is superior to 
dextran 40 in whole blood. Dextrans decrease platelet adhesiveness. 
This property is used for prophylaxis of thrombosis and thromboembo- 
lism during and after surgery and occasionally to decrease coagulopa- 
thies in the shock-lung syndrome. Otherwise, it seldom is used in shock, 
because of the short duration in the body (2 to 4 hr) and also because of 
frequent adverse effects. 

The size of the molecule is such that the polysaccharide is filtered in 
the glomeruli more rapidly than larger macromolecules, such as dex- 
tran 70 or 75. As the filtrate is concentrated in the renal tubules, it 
sometimes may become too viscid to flow, and renal damage can ensue. 
For this reason many surgeons prefer to prime their bypass with other 
solutions. Renai failure, severe congestive heart failure, severe coagu- 
lation disorders, hypervolemia, hypersensitivity, and severe dehydra- 
tion contraindicate use of this substance. It can cause allergic reactions. 
It interferes with the cross-matching of blood, especially when enzy- 
matic methods are used. It also interferes with some tests of renal and 
hepatic function and with assays for blood sugar in which acid hydro- 
lysis is used. 


DEXTRAN 70 


Gentran 70; Macrodex 
Dextran 9004-54-0 (C,H,,O;),,; a polymer of glucose with an average 
mol wt of about 70,000, in which the glucosidic linkages are predomi- 
nantly of the a(1—6) type. For the structural formula see Dextran 40. 

Preparation—As described for Dextran 40 except that the hydro- 
lysis and fractionation are adjusted to yield a product of average mol wt 
of about 70,000. 

Description—Fine, white, amorphous powder; odorless and taste- 
less; stable in light and very hygroscopic; commercial grades usually 
contain about 5% water. 

Solubility—Freely soluble in hot water or dimethyl sulfoxide; in- 
soluble in alcohol or ether. 

Comments—A plasma expander for the prevention or treatment 
of hypovolemic shock. The macromolecule is contained within the 
plasma and hence retains fluid in the vascular bed by osmosis. 
Hypertonic solutions cause the dehydration of tissues, the abstracted 
water being added to the plasma. For this reason it is useful in the 
treatment of toxemia of pregnancy and nephrosis. Although dextran 
70 solution is inferior to plasma, it has the advantage that refriger- 
ation is not required and the solution does not have to be prepared 
immediately before use. Thus, it may be kept ready for use in 
emergency vehicles, field kits, etc. It is also less expensive than 
plasma. Like plasma, it is inferior to whole blood as replacement 
when hypovolemia is due to hemorrhage. When hypoproteinemia 
exists, it should not be used in place of plasma. It decreases platelet 
adhesiveness and hence increases clotting time. In some uses this 
may be a disadvantage, although hemorrhage occurs mainly in the 
presence of clotting disorders. In some types of shock the effect on 
platelet adhesiveness is an advantage, because shock-induced coagu- 
lopathies will be attenuated. Its anticoagulant effect can be useful 
clinically; it has been shown to be equal to dicumarol in preventing 
thrombosis after femoral neck fractures and major pelvic surgery. A 
solution also is used to distend the uterus for hysteroscopy and to 
irrigate the cavity. It also is used in artificial tears. 

A small part of dextran 70, corresponding to the low-molecular- 
weight molecules, is excreted during the first 1 or 2 days. The remain- 
der is taken up by the reticuloendothelial system and is metabolized 
later, which requires approximately 10 days. 

Side effects include mainly allergic reactions (fever, hypotension, 
hives, angioedema, bronchospasm, and anaphylaxis). The substance 
may interfere with cross-matching of blood if unsuitable dilutions of 
erythrocytes and serum are used. The drug is contraindicated when 
there is hypersensitivity, severe coagulation disorders, severe conges- 
tive heart failure, and hypervolemia. 


DEXTRAN 75 


Gendex 75; Macrodex 
Chemistry, Preparation, Description, Solubility—See Dextran 
70 (above); read 75,000 in place of 70,000. 
Comments—See Dextran 70, above. Dextran 75 is not used as an 
aid to hysteroscopy. 
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HETASTARCH 
Starch 2-hydroxyethyl ether; Hespan 


Amylose derivative 
CH,OR’ ] 
(@) 
in which either R or R’ may 
OR be either H or CH2CH20H 
10) OH 


ideas cm 


Amylopectin derivative: Similar to the above, except that the 
sequence is frequently interrupted by a similar unit that 
differs in that R’ is the residue of an additional O-hydroxy- 
ethylated a@-p-glucopyranosy! moiety that constitutes the 
first unit in a branch or sub-branch of the polymer 


[9005-27-0]. Consists of more then 90% amylopectin that has been 
treated with ethylene chlorohydrin so that an average of 7 to 8 of the 
hydroxyl groups occurring in every 10 b-glucopyranose units of the 
starch polymer have been converted to 2-hydroxyethoxy groups. The 
molecular mass is about 450,000 daltons. 

Comments—A 6% solution is osmotically equivalent to a 5% albu- 
min solution. In the blood, it abstracts some water from interstitial and 
intracellular fluids, thus expanding the blood volume somewhat in 
excess of the volume infused. The expansion persists for 1 to 1 1/2 days. 
Hetastarch is used in the prevention and treatment of hypovolemic 
shock. It also is used as a suspension medium for leukapheresis. 

It does not cause the coagulation abnormalities that does dextran nor 
does it interfere with the cross-matching of blood. There is general but not 
complete agreement that it is less likely than dextran to cause anaphylaxis 
and other allergic manifestations (fever, chills, urticaria, pruritus). The 
incidence of anaphylactoid reactions is stated to be less than 0.1%. 

Elimination has complex kinetics, mainly because of heterogeneity 
in molecular size and linkage. About 40% of molecules with molecular 
masses below 50,000 daltons is eliminated in the urine in 1 day, 64% in 
8 days, 90% in 41 days, and 100% in 48 days. Larger molecules are 
taken up by the reticuloendothelial system and degraded by amylase. 
There is a compound half-life: 90% is eliminated with a half-life of 17 
days; the remainder, 48 days. 


SINGLE-DONOR PLASMA—page 1245. 


BALANCED ELECTROLYTE SOLUTIONS 


RINGER’S INJECTION 


Isotonic Solution of Three Chlorides 
A sterile solution of sodium chloride (8.6 g), potassium chloride (0.30 g), 
and calcium chloride (0.33 g) in 1 L of solution prepared with Water for 
Injection. It contains approximately 147.5 mEq of sodium, 4.0 mEq of 
potassium, 4.5 mEq of calcium, and 156 mEq of chloride ion per liter; 
antimicrobial agents are not present. 

Description—Colorless, odorless solution with a salty taste; pH 
between 5.0 and 7.5. 

Comments—Theoretically superior to Sodium Chloride Injection 
as a fluid and electrolyte replenisher in that it supplies the three 
important cations of the extracellular fluid. However, in actual practice, 
the addition of potassium and calcium increases only slightly the ther- 
apeutic value of an isotonic sodium chloride solution. Neither potassium 
nor calcium is present in sufficient concentration to render it useful for 
the repair of deficits of these ions. Further, while administration of 
large volumes would result in minimal distortion of the cation compo- 
sition of the extracellular fluid, like Sodium Chloride Injection, it would 
alter acid-base balance. It frequently is used to prime pumps for car- 
diopulmonary bypass in heart surgery. It also may be applied topically 
for the purposes of irrigation. 


LACTATED RINGER’S INJECTION 


Hartmann’s Solution 
A sterile solution of calcium chloride, potassium chloride, sodium chlo- 
ride, and sodium lactate in water for injection. It contains no antimi- 
crobial agents. The calcium, potassium, and sodium contents are ap- 
proximately 2.7, 4, and 130 mEd/L, respectively. 

Description—pH 6.0 to 7.5. 

Comments—See Ringer’s Injection. Except for the concentration of 
lactate and absence of bicarbonate, the composition of this injection 
closely approximates that of the extracellular fluids. It is employed as a 
fluid and electrolyte replenisher. The lactate ultimately metabolizes to 
bicarbonate and thus has an alkalinizing effect in the body; in persons 


with normal cellular oxidative.activity, this requires 1 to 2 hr to be fully 
effective. It is inappropriate in the treatment of lactic acidosis. The 
absence of bicarbonate from the solution stabilizes the calcium, which 
sometimes tends to precipitate as calcium carbonate from heated solu- 
tions that contain bicarbonate. 


MISCELLANEOUS FLUIDS 


Miscellaneous Parenteral Fluids—There are at least 69 com- 
mercially available parenteral fluids, some of which differ only slightly 
and others considerably from one or more of those described in the 
foregoing sections. Excellent summary tables of the composition, 
names, and manufacturers of these products may be found in AMA 
Drug Evaluations and Drug Facts and Comparisons (listed under In- 
travenous Nutritional Therapy). AMA Drug Evaluations also provides a 
useful table of peritoneal solutions. 

Miscellaneous Oral Electrolyte Solutions—Oral solutions con- 
taining 2 to 2.5% dextrose, 75 to 90 mEq/L sodium, and 20 mEq/L 
potassium have become widely used in lieu of intravenous solutions for 
the treatment of dehydration from diarrhea, especially in infants and 
children. WHO Oral Rehydration Salts contains 90, 20, 80, and 30 
mEq/L of sodium, potassium, chloride, and bicarbonate, respectively, 
and 20 g/L of dextrose when reconstituted. Maintenance/prevention 
solutions contain 45 to 50 mEq/L of sodium but about the same potas- 
sium, base, and dextrose concentrations as the rehydration solutions. 


DEXTROSE INJECTION 


Injection of Glucose 


A sterile solution of dextrose in water for injection. It contains 95 to 
105% of the labeled amount of C,H,,0,.H,O. It contains no antimicro- 
bial agents. 

Preparation—The strength of the solution may vary from 2.0, to 5, 
10, 20, 25, or 50%. Quantities that are administered may vary from 100 
mL to 1000 mL or more. With such large amounts being administered, 
a hospital will require considerable quantities of this solution daily, and 
many shortcuts have been developed for its manufacture. It is general 
practice to prepare concentrated solutions and then to dilute these with 
water for injection, thus saving an immense amount of labor and time, 
particularly in the filtration operation. 

Care should be exercised in the selection of dextrose, since the sugar 
itself may be a source of pyrogens, and extreme care must be observed 
throughout the preparation of the dextrose injections to prevent con- 
tamination, for the conditions are practically ideal for the development 
of bacteria and, therefore, pyrogens. 

Weaker solutions may be sterilized in an autoclave without produc- 
ing any change in color, but with the more concentrated solutions there 
is greater possibility of producing a slight change in color on steriliza- 
tion with high temperatures. Consequently, sterilization by filtration 
often is resorted to in these cases. 

The pH of dextrose solutions is lowered on heating. Nevertheless, 
buffers seldom are added directly to the solution during its preparation 
since this is often the cause of discoloration and the buffering capacity 
diminishes after the solution stands for a period of time. When buffers 
are desired, they should be dispensed separately so that the physician 
may add the buffer extemporaneously when the preparation is to be 
administered. Dextrose solutions should be tested for mold. 

Note—Antimicrobial agents are prohibited, since such large quanti- 
ties of dextrose are administered at one time that excessive doses of the 
antimicrobial agent would thus be given. 

Description—Clear, colorless solution with a pH of 3.5 to 6.5, 
determined on a portion of injection diluted with water, if necessary, to 
a concentration of not more than 5% of dextrose. 

Comments—tThe most extensively used injection in hospital practice. 
Dextrose provides a readily metabolizable nutrient. During periods of 
inanition, intravenous injection of isotonic solution of dextrose provides 
both fluid and carbohydrate. Each 25 g of dextrose provides about 85 cal. 
A 20 to 50% solution may be infused into a high-flow vein as a source of 
calories in total parenteral nutrition. A 50% solution is given in insulin or 
suspected insulin-coma . A 20 to 50% solution, with or without insulin, is 
used in hyperkalemia to move potassium intracellularly. Body protein is 
spared, and starvation-ketosis and acidosis are prevented. It also is em- 
ployed for parenteral fluid therapy when it is desired to supply water 
unaccompanied by electrolyte. In the body, the dextrose is converted slowly 
to glycogen or metabolized, thus leaving the water component of the 
injection without an osmotic component; the final result is the same as if 
water were given, but without the hemolysis that accompanies intrave- 
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nous infusions of water. The injection also provides a suitable vehicle for 
the slow intravenous infusion of numerous drugs. 

Dextrose usually is administered intravenously as a 5% solution 
that is isoosmotic with body fluids. Subcutaneous injection is less de- 
sirable, since such solutions are irritating and can cause local necrosis. 
In addition, such solutions cause temporary sequestration of extracel- 
lular electrolyte in the subcutaneous depot, and anuria, oliguria, and 
circulatory collapse can result. If the subcutaneous route is to be em- 
ployed, Dextrose and Sodium Chloride Injection should be used. 

When administered rapidly intravenously, hypertonic solutions of 
dextrose cause cellular dehydration that may be of benefit in the treat- 
ment of cerebral edema, shock, and circulatory collapse. However, Dex- 
trose and Sodium Chloride Injection is preferred. Hypertonic solutions 
of dextrose also are administered intravenously to initiate osmotic 
diuresis. Dextrose in the glomerular filtrate in excess of that which can 
be reabsorbed by the renal tubule causes excretion of an osmotic equiv- 
alent of water. Additional quantities of extracellular electrolyte also 
escape renal tubular reabsorption during the osmotic diuresis. 

Hyperglycemia and glycosuria may result, depending on the infu- 
sion rate and metabolic status. Because of both the dilution of extra- 
cellular fluid and endocellular movement of potassium during glucose 
uptake, hypokalemia may be a consequence. Reactive hypoglycemia 
may result from the abrupt termination of administration. 


DEXTROSE AND SODIUM CHLORIDE INJECTION 


Sodium Chloride and Dextrose Injection 
A sterile solution of dextrose and sodium chloride in water for injection. 
It contains 95 to 105% of the labeled amount of C,H,,0,.H,O and of 
NaCl. It contains no antimicrobial agents. 


Human plasma contains antibodies of various types, which are 
concentrated almost entirely in Fractions II and III. Some of 
these occur naturally, others arise as a result of infection or are 
stimulated by artificial immunization. 

The serum of all human beings contains antibodies (agglu- 
tinins or isoagglutinins) that react with those principal blood- 
group factors (agglutinogens) that the individual does not pos- 
sess (Table 67-1). 

Thus, for example, 45% of the population of the US pos- 
sesses the blood-group O factor in their red cells, and aggluti- 
nins against the A and B factors in the plasma. Should the 
whole blood or cells of a Group A individual be injected into a 
Group O patient, the anti-A agglutinins of the patient will 
clump the cells received and usually will destroy (lyse) them, 
causing a serious reaction in many cases, even if the volume of 
cells injected is as low as 50 mL. 

The importance of establishing the blood group of anyone 
either giving or receiving whole blood is therefore obvious. This is 
done by mixing a specimen of the cells of the subject with the 
serum of a selected individual whose group is known; for example, 
if the cells of an untyped donor are clumped by the serum of a 
known Group B subject, but not by the serum of a known Group 
A subject, the donor evidently belongs to Group A. 

In practice, anti-A isoagglutinins obtained from selected group 
B subjects, and anti-B isoagglutinins from similarly selected 
Group A subjects, have for years provided highly effective re- 
agents for identification of the blood groups. It has been demon- 
strated that administration of small quantities of the specific 
blood-group substances A or B (which can be obtained from red 
blood cells or, in larger quantities, from other animal tissues) to 


Table 67-1. Blood-Group Factors 
BLOOD GROUPS (CELLS) 


FREQUENCY IN ISOAGGLUTININS 


FACTORS PRESENT POPULATION ___ (PLASMA) 

oO 45% Anti-A and Anti-B 
A 41% Anti-B 

B 10% Anti-A 

AB 4% None 
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Preparation—This title may include a highly concentrated solu- 
tion for use as a sclerosing agent or much weaker solutions to be used 
in a manner similar to the use of 5 or 10% dextrose solution. This 
may be a mixture of equal parts of isotonic sodium chloride solution 
and isotonic dextrose solution, or it may represent 5% dextrose in 
isotonic sodium chloride solution. Both of these should be prepared 
according to the suggestions given for the preparation of Dextrose 
Injection. 

Description—Clear, colorless solution with a pH of 3.5 to 6.5, 
determined on a portion of injection diluted with water, if necessary, to 
a concentration of not more than 5% dextrose. 

Comments—To provide dextrose as a nutrient (see above) in a 
medium that does not hydrate the tissues, or it may be employed as 
a source of isotonic sodium chloride, or both. When hypertonic solu- 
tions of dextrose are employed in cerebral edema or in hydrated 
states, isotonic sodium chloride in the injection prevents a delayed 
rebound hydration. Since dextrose, alone, cannot be given safely by 
the subcutaneous route (see Dextrose Injection), this is the preferred 
preparation. 


FRUCTOSE INJECTION—page 1819. 
FRUCTOSE AND SODIUM CHLORIDE INJECTION—page 1817. 


PROTEIN HYDROLYSATE INJECTION—page 1819. 


individuals having the corresponding isoagglutinins will induce a 
tremendous rise in titer of the agglutinin. In this fashion, ex- 
tremely potent blood-grouping sera have been prepared in ample 
quantities. It is also possible to produce blood-grouping sera as a 
by-product of ethanol fractionation of plasma. 

In practice (see Chapter 31), it is customary not only to deter- 
mine the blood group of a donor and recipient of a blood transfu- 
sion, but to cross-match the cells of the donor with the serum of 
the patient and vice versa, to detect any otherwise unpredictable 
incompatibility in the bloods of the two individuals. This extra 
precaution is invaluable, not only for the purpose indicated but 
also as a final check against mistaken identity of the specimens. 
Numerous other precautions are involved in correct blood group- 
ing, so that it has become a highly specialized technique that 
should only be performed by a qualified technician. 

THE RH FACTOR— A much rarer antibody occurs in a 
small proportion of individuals as a result of injection of so- 
called Rh-positive blood or absorption of such blood across the 
placenta during pregnancy in gravid females. This Rh factor 
actually consists of at least nine different factors, any one or 
several of which may be present in the red cells of a given 
individual. Isoagglutinins reacting with these factors do not 
occur normally in humans, but appear only as a result of 
accidental immunization of individuals with a type of Rh factor 
which they do not possess. Actually, the blood of about 85% of 
Western Europeans or Americans contains one or two of the 
commonest of these factors, which also are the most potent as 
antigens. Therefore, in general practice it is customary and 
quite permissible to classify individuals simply as either Rh- 
positive or Rh-negative. The technique of Rh typing is essen- 
tially like that of blood grouping. 

Like anti-A and anti-B blood-grouping serum, the principal 
source for Rh-typing serum is the blood of human donors who, 
by chance or intention, have become hyperimmunized to one of 
the Rh factors. One of the commonest sources is the blood of 
Rh-negative women who have borne several Rh-positive in- 
fants, absorbed their Rh factor, and thereby became sensitized. 
Another source is Rh-negative individuals who have been 
transfused with Rh-positive blood. Injection of small amounts 
of Rh substance in the latter individuals will induce very high 
antibody titers, rendering them suitable donors of hyperim- 
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mune serum for typing purposes. The danger of mismatched 
transfusion in such individuals is actually decreased, since 
they become extremely easy to identify. 


BLOOD-GROUPING AND TYPING SERUMS 


(TESS SE SP Te a RR 
BLOOD-GROUP SPECIFIC SUBSTANCES A, B, AND AB 


A sterile, isotonic solution of the polysaccharide—amino acid complexes 
that are capable of reducing the titer of the anti-A and anti-B isoagglu- 
tinins of group O blood. The blood-group specific substance A is pre- 
pared from hog gastric mucin, and the blood-group specific substances 
B and AB are prepared from the glandular portion of horse gastric 
mucosa. Blood-Group Specific Substances A, B and AB contains no 
preservative. 

Description—Clear solution, which may have a slight odor due to 
the preservative; pH 6.0 to 6.8. 

Comments—Added to group O blood as a neutralizer of isoagglu- 
tinins, and hence it makes the blood reasonably safe for transfusions 
into patients whose blood is of another group. It also may be used to 
condition plasma. However, conditioned plasma that contains immune 
anti-A and anti-B agglutinins may cause reactions. Furthermore, it 
must not be forgotten that blood from group O donors who previously 
have received conditioned group O blood may contain A and B isohem- 
agglutinins. Such blood is dangerous to use in universal donation un- 
less it is conditioned with blood group specific substances A and B. 


ANTI-A BLOOD-GROUPING SERUM 


Derived from high-titered serums of humans, with or without stimula- 
tion by the injection of group-specific red cells or substances. It agglu- 
tinates human red cells containing A antigens; ie, blood groups A and 
AB (including subgroups A,, A,, Aj, A,B, and A,B). It may contain a 
suitable antibacterial preservative. 

Description—Clear or slightly opalescent fluid unless artificially 
colored, when it has a blue or blue-green color. The dried product is light 
yellow to deep cream color, unless artificially colored as indicated for 
liquid serum, and microscopically has a honeycomb-like structure. 


ANTI-B BLOOD-GROUPING SERUM 


Derived from high-titered serums of humans, with or without stimula- 
tion by the injection of group-specific red cells or substances. It agglu- 
tinates human red cells containing B antigens; ie, blood groups B and 
AB (including subgroups A,B and A,B). It may contain a suitable 
antibacterial preservative. 

Description—Clear or slightly opalescent fluid unless artificially 
colored, when it has a yellow color. The dried product is light yellow to 
deep cream color, unless artificially colored as indicated for liquid 
serum, and microscopically has a honeycomb-like structure. 


ANTI-RH BLOOD-GROUPING SERUMS 


Blood Grouping Serums Anti-D, Anti-C, Anti-E 
Derived from the blood of humans who have developed specific Rh 
antibodies. Anti-Rh Blood-Grouping Serums are free from agglutinins 
for A or B antigens and from alloantibodies other than those for which 
claims are made in the labeling. They may contain suitable antimicro- 
bial agents. 

Two varieties of Anti-Rh Grouping Serums are recognized: (1) com- 
plete (saline-agglutinating) serums, which specifically agglutinate hu- 
man red blood cells in saline TS, and (2) incomplete (blocking) serums, 
which agglutinate human red blood cells only in a medium containing 
protein or other macromolecular substances, which may be furnished in 
an accompanying diluent. Complete serums commonly are designated 
For saline tube test, and the incomplete serums are designated For slide 
or modified (rapid) tube test. In liquid form, the latter contain, as 
additives, the required micromolecular substances. 

The left-hand column of Table 67-2 lists the designations of the most 
commonly used anti-Rh blood-grouping serums, and the right-hand 
column lists the blood factor(s) with which each serum specifically 
reacts. The designations used in an alternative system of nomenclature 
are indicated parenthetically. 

Comments—As diagnostic agents. 


IMMUNE GLOBULINS 


Adult blood contains antibodies specific for various infec- 
tious agents to which the individual has built up a resis- 


Table 67-2. eee 
SERUM 


ANTIGEN(S) REACTING 


Anti-D (Anti-Rho) D (Rho) 
Anti-C (Anti-rh’) C (rh’) 
Anti-E (Anti-rh’) E (rh’) 


Anti-CD (Anti-Rh,’) 
Anti-DE (Anti-Rho’) 
Anti-CDE (Anti-Rh,’) 
Anti-c (Anti-hr’) 
Anti-e (Anti-hr’) 


D (Rho), C (rh’) 

D (Rh), E (rh’) 

D (Rh,), € (rh’), E (rh’) 
c (hr’) 

e (hr’) 


tance. In pooled normal plasma used for fractionation some 
of these are in high enough concentration to have a protec- 
tive action. This is usually true of measles and poliomyelitis 
antibodies. Antibodies from adult plasma will protect 
against the disease if given after exposure. In certain other 
conditions, it is possible to select individuals with already 
detectable antibody levels and, by injection of an appropriate 
vaccine, to raise their antibody level to very high titers, 
much as described above for blood grouping and Rh typing 
sera. This practice has been employed mainly in the produc- 
tion of pertussis hyperimmune globulin for the treatment or 
prophylaxis of whooping cough. 

During the fractionation of plasma, most of the antibodies 
are concentrated into a single fraction (Fraction II); electro- 
phoretically the proteins in this fraction are characterized as 
gamma globulins. Isolated immune globulins, dispensed as a 
16% solution, represent a concentration of most antibodies 
approximately 25 times greater than that in plasma. As a 
result, they have been found useful in the prophylaxis of 
certain infectious diseases, including measles, infectious 
hepatitis (not to be confused with serum hepatitis), and 
poliomyelitis. 

The usefulness derives from the immunity conferred by the 
added antibody. However, since the added antibody is metab- 
olized slowly and therefore disappears, the immunity is pas- 
sive, and lasts only so long as the concentration of antibody is 
above an effective level, usually from 1 to 2 months. Thereafter, 
the recipient once again becomes susceptible to infection. Al- 
ternatively, and particularly when exposure to infection can be 
ascertained with reasonable accuracy, as in measles, a modify- 
ing dose of antibodies may be administered. 

While failing to prevent active infection, the added antibody 
lessens the severity of the disease, and patients respond to the 
infection by producing antibodies of their own. This production 
of antibodies persists for long periods thereafter, thus confer- 
ring long-lasting immunity. 

Immune globulin is administered intramuscularly; it cannot 
be used intravenously. Reactions are uncommon and, when 
they do occur, chiefly are local and usually mild. Another source 
of gamma globulin is the blood from normal human placentas. 
Application of the methods of processing immune globulin from 
human blood, however, has made possible the preparation of a 
similar globulin from placentas. 

Immune Globulin and immune globulins for hepatitis B, per- 
tussis, rabies, Rh,(D), tetanus, cytomegalovirus, respiratory syncy- 
tial virus, and varicella-zoster are described in Chapter 89. 


IMMUNE SERA 


Various biological products obtained from the blood of humans 
or animals and used for their prophylactic or therapeutic ef- 
fects, eg, antitoxins, immune sera, and immune globulin, are 
discussed in Chapter 89. 


BLOOD, FLUIDS, ELECTROLYTES, AND HEMATOLOGICAL DRUGS 


The clotting of blood is a very important process (see Chapter 
31). It depends on the existence of a complex system of reac- 
tions involving plasma proteins, platelets, tissue factor, and 
calcium ion. This system normally is in a state of balance 
known as hemostasis, referring to the spontaneous arrest of 
bleeding. However, if a factor is defective or absent, as is the 
case in hemophilia, a hemorrhagic tendency exists that can 
lead to major hemorrhage under certain circumstances. In he- 
mophilia, the defect is congenital. Other defects, often tran- 
sient, may arise as the result of disease or malnutrition. Under 
certain circumstances, the reverse situation is encountered. 
Hypercoagulability—an abnormal tendency for the blood to 
clot—can be very serious, leading to thrombosis. 


BLOOD-CLOTTING PROTEINS 


The inherited coagulation disorders associated with bleeding 
affect 1 in 10,000 to 15,000 persons, except von Willebrand’s 
disease (VWD), which may affect up to 1% of the population. 
These diseases are usually the result of either qualitative or 
quantitative defects in a single plasma protein. In hemophilia 
A, plasma levels of Factor VIII are decreased, and in hemo- 
philia B, plasma levels of Factor IX are diminished. VWD is due 
to an abnormality in the Factor VIIIJ-von Willebrand Factor 
(VWF) complex that is required for normal platelet adhesion. 
In its most common form, VWD is associated with mild, muco- 
cutaneous bleeding such as bruising, epistaxis, and menorrha- 
gia. There are also various acquired disorders that result in 
excessive bleeding, including vitamin K deficiency, liver dis- 
ease, or circulating antibody inhibitors to Factor VIII that can 
occur with age, autoimmune disease, postpartum, or in previ- 
ously transfused hemophilic patients. The principal treatment 
is replacement therapy of the deficient factor by use of blood 
products derived from normal people or animals or recombi- 
nant coagulation proteins. The activity of the various coagula- 
tion factors is expressed in units, referring to the activity found 
in 1 mL of fresh plasma pooled from normal donors. 


ANTIHEMOPHILIC FACTOR 


Humate P 
A sterile, purified, lyophilized concentrate of human antihemophilic 
factor prepared from the Factor VIII-rich cryoprotein fraction of human 
venous plasma. 

Preparation—Precipitated by glycine from a solution of AHF-rich 
first precipitate from pooled normal human plasma. After treatment to 
lower the content of glycine and inactive proteins, a solution of the 
active fraction is pasteurized by heating to 60°C for 10 hr in aqueous 
solution. 

Description—White or grayish, to yellow, amorphous substance 
dried from the frozen state; colorless or opalescent when reconstituted 
with the diluent provided. One unit is the activity in 1 mL of pooled 
human plasma less than 1 hr old. 

Comments—The coagulation defect in classical hemophilia (hemo- 
philia A) is predominately a deficit of the coagulation Factor VIII, called 
antihemophilic factor (AHF). In severe hemorrhage in the patient with 
hemophilia A, it is used as a cryoprecipitate or concentrate, or in fresh 
plasma or whole blood, as required to terminate hemorrhage or to prevent 
hemorrhage in surgery or consequent to various procedures in which 
bleeding may occur. The concentrate generally is preferred to plasma or 
whole blood, since the AHF titers of blood and plasma are quite variable, 
but in VWD the cryoprecipitate (below) is more effective. Although the 
concentrate contains VWF, it lacks the high-molecular-weight multimeric 
forms found in plasma, and the cryoprecipitate product. The preparation is 
poorly effective in hemophilia B. AHF has a distribution half-life of 4 to 8 
hr and an elimination half-life of 12 to 15 hr. 

In the past, viral transmission of hepatitis and human immunode- 
ficiency vruses (HIV) was substantial, as concentrated preparations 
were prepared from large plasma pools. Specific viral transmission has 
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been reduced significantly, as the concentrates now are sterilized by 
solvent-detergent or heat treatment. The monoclonal antibody— 
prepared products have shown hepatitis safety and very low risk for 
HIV, whereas the recombinant products are considered very low to no 
risk for both hepatitis and HIV. Traces of ABO isohemagglutinins are 
present in glycine precipitates, so that large doses may sometimes 
cause severe hemolysis. In contrast, monoclonal antibody—purified 
products have reduced blood-group-specific antibodies significantly. In 
addition, an antibody inhibitor to Factor VIII occurs in approximately 
10% of patients, secondary to previous transfusions. Patients with 
high-titer Factor VIII inhibitor are treated with Anti-inhibitor Coagu- 
lant Complex or animal-derived Factor VIII. Mild allergic reactions are 
frequent. Occasionally there may be chills, fever, erythema, urticaria, 
bronchospasm, headache, lethargy, somnolence, and backache. The con- 
centrate is more expensive than the cryoprecipitate. 
See Table 67-3. 


CRYOPRECIPITATED ANTIHEMOPHILIC FACTOR 


A sterile, frozen concentrate of antihemophilic factor prepared from the 
Factor VIII-rich cryoprotein fraction of a single unit of human venous 
plasma obtained from whole blood or by plasmapheresis. It can be kept 
for 1 year at —18° or below and is thawed at a temperature not to exceed 
37° just before use. 

Comments—See Antihemophilic Factor. The cryoprecipitated form 
is used when an autologous replacement is necessary. Also, cryopreser- 
vation maintains the potency better than liquid preservation. The cryo- 
precipitate contains other factors, including one that improves the 
bleeding time in patients with VWD. This factor is not present in 
marketed preparations of antihemophilic factor, and the cryoprecipi- 
tated preparation or fresh frozen plasma should be used instead. Since 
the cryoprecipitate is type-specific, it may be cross-matched to the 
patient’s blood to avoid hemolysis. 


ANTITHROMBIN Ill (HUMAN) 


Thrombate Ill; AT nativ 
[52014-67-2] 

Antithrombin III (AT IID is an a,-globulin of molecular weight 
about 60,000, found in blood, and a major endogenous coagulation 
inhibitor that inactivates various clotting cascade serine proteases in- 
cluding thrombin. 

Preparation—Produced from pooled units of human plasma from 
normal donors by modifications and refinements of the cold ethanol 
method of Cohn (Cohn EJ, et al. J Am Chem Soc 1946; 68(3): 459.). 

Description—Lyophilized powder consisting of a glycoprotein of 
molecular weight 58,000 that has a pH of 6.0 to 7.5 upon reconstitution. 

Uses—Administered to patients with hereditary AT III deficiency 
prior to surgical or obstetrical procedures or when they suffer from 
thromboembolism. AT III is the major plasma inhibitor of thrombin 
because of its covalent binding with the active residue of thrombin 
forming an inactive complex. AT III also inactivates other components 
of the coagulation cascade including Factors IXa, Xa, XIa, and XIla. The 
neutralization rate of these serine proteases is relatively slow but is 
greatly accelerated in the presence of heparin. The hereditary defi- 
ciency of AT III may result in spontaneous episodes of thrombosis and 
pulmonary embolism, and these risks are increased with age, surgery, 
pregnancy, or delivery. To either treat or prevent acute thrombotic 
events, the AT III level should be raised to normal and maintained at 
this level for 2 to 8 days, depending on the treatment indication as well 
as the patient’s medical condition. In some situations such as hemor- 
rhage or acute thrombosis, following surgery, or concomitant heparin 
therapy, the half-life of AT III may be decreased, so plasma levels 
should be monitored more frequently, and dosage or frequency of drug 
administration adjusted as necessary. 

Dose—IJntravenous administration of 1 U/kg raises the level of AT 
III by 1 to 2%, depending on the patient’s condition. The loading dose 
should be determined on an individual basis, based on the pretherapy 
AT III level, to achieve the level found in normal plasma, using the 
following formula: 


[Desired AT III level (%) 
— baseline AT III level (%)] x weight (kg) 
1.4 


Dosage units = 


This formula is based on an expected incremental increase of 1.4% per 
IU/kg administered. As the increase varies among patients, it 1s essen- 
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Table 67-3. Factor VIII Products 


PRODUCT 


PURIFICATION METHOD 


PURITY 


Human plasma-derived Factor VIII 
Alphanate (A/pha Therapeutics) 


Hemofil M (Baxter Healthcare) 
Humate-P (Centeon) 
Koate-HP (Cutter) 


Monoclate-P (Centeon) 


Solvent and detergent 


Monoclonal antibody plus 
solvent and detergent 

Glycine precipitation; 
pasteurized 

Gel chromatography and solvent 
and detergent 

Monoclonal antibody and heat 


High purity with VWF under 
evaluation 

High purity with reduced VWF 

Trace amounts of murine protein 

Some VWF 


High purity 


High purity with reduced VWF 


treatment 
Porcine plasma-derived Factor VIII 
Hyate: C (Speywood) 
Recombinate Factor VIII 
Bioclate (Centeon) 


Helixate (Centeon) 


Kogenate (Bayer Biological) 


Recombinate (Baxter-Hyland) 


Cryoprecipitate fractionation 


Recombinant DNA product 


Recombinant DNA product 


Recombinant DNA product 


Recombinant DNA product 


tial to measure AT III levels preceding and 20 min postinfusion so that 
subsequent doses can be adjusted if necessary on the basis of the initial 
dose effect. Plasma levels of AT III should be monitored initially at least 
twice daily until the patient is stabilized and thereafter once every 24 
hr with the goal of keeping plasma AT III levels above 80%. Levels 
should always be obtained before the next infusion of Thrombate III. 
Plasma levels between 80 and 120% usually are maintained by dosing 
every 24 hr with 60% of the initial loading dose. These recommenda- 
tions are a general guideline for therapy, and adjustments in the 
maintenance dose and dosing intervals should be based on the actual 
AT III levels achieved. The suggested rate of infusion is 50 [U/min and 
should not exceed 100 [U/min. 


ANTI-INHIBITOR COAGULANT COMPLEX 


Autoplex; Feiba 

A cryodesiccated complex of activated and precursor clotting factors and 
factors of the kinin-generating system that is prepared from pooled 
human plasma. It is standardized by its ability to restore normal 
clotting time to Factor VIII—deficient plasma. One correctional unit will 
correct the clotting time to 35 sec in the ellagic acid-APTT test. 
The complex is reconstituted with Sterile Water for Injection. There 
should be no more than 2 U/mL of heparin and 0.02 M citrate after 
reconstitution. 

Uses—As an alternative treatment for hemorrhagic diathesis in 
patients with titers of Factor VIII inhibitors above 5 Bethesda 
Units/mL only after the failure of conventional treatment. It is contra- 
indicated when signs of fibrinolysis or disseminated intravascular co- 
agulation exist. It may cause transient hypofibrogenemia in children, so 
fibrinogen levels should be monitored in young patients. Headache, 
flushing, tachycardia, and hypotension may result from too-rapid infu- 
sion. It is not free of the risk of serum hepatitis. 

Dose—Intravenous, initially 25 to 100 U/kg, to be adjusted accord- 
ing to APTT 30 min after the end of infusion. The infusion rate should 
not exceed 10 mL/min. 


FACTOR IX COMPLEX 


Konyne 

A preparation of pooled human plasma protein fraction containing 
clotting Factors II, VII, IX, and X and low levels of Factor VIII. The 
preparation is standardized in terms of Factor IX; the activity is one 
International unit (IU) of Factor IX, which is approximately equal to the 
level of Factor IX found in 1.0 mL of fresh normal plasma. 

Preparation—See US Pat 3,717,708. 

Description—White powder with a slight odor; fairly stable in light 
and air but unstable in heat. After reconstitution, solutions are stable 


Trace amounts of murine protein 
High purity with significant VWF 


Highest purity 

Trace amounts of murine, 
hamster, and bovine protein 

Highest purity 

Trace amounts of murine and 
hamster protein 

Highest purity 

Trace amounts of murine and 
hamster protein 

Highest purity 

Trace amounts of murine, 
hamster, and bovine protein 


up to 3 hr at room temperature; however, they should only be prepared 
immediately before use. 

Solubility—Soluble in water. 

Comments—Principally, as a source of Factor IX for the treatment 
of hemophilia B, a form of hemophilia separate and distinct from the 
more prevalent hemophilia A, or classic Factor VIII—deficient hemo- 
philia. It can be used for the treatment of bleeding episodes in patients 
with hemophilia A (Factor VIII deficient) who have inhibitors to Factor 
VIII. Unlike earlier preparations, which were associated with a signif- 
icant risk of posttransfusion hepatitis, the heat treatment employed in 
the preparation is thought to reduce the incidence of infectious trans- 
mission substantially. It also can be used in the treatment of congenital 
deficiencies of the other vitamin K—dependent coagulation factors, 
namely, Factors II, and X. 

See Table 67-4. 


Anticoagulants are substances or drugs that delay blood coagulation. 
They are of three general types. 

Calcium Sequestering Agents—Calcium is essential to several 
steps in the clotting process; hence, its removal prevents clotting. The 
calcium-sequestering agents tie up calcium and other divalent cations; 
these agents are employed only in withdrawn blood. Thus, they find 
their most common use in anticoagulant solutions used by blood banks. 
These substances act rapidly, and their effect can be overcome rapidly 
by adding or otherwise restoring calcium to normal. Thus, citrate- 
containing blood is, in effect, recalcified on transfusion back into the 
bloodstream. 

Heparin and Heparin Substitutes—These agents combine with 
AT III. The complex then interacts with certain activated clotting 
factors, namely, Factors IX, X, XI and XII, to prevent the conversion of 
prothrombin to thrombin. In high concentrations the complex interacts 
with thrombin and inhibits its effects to promote conversion of fibrino- 
gen to fibrin. They inhibit the aggregation of platelets. They are fast- 
acting drugs. Heparin has the advantage of being a naturally occurring 
substance. 

Prothrombopenic Anticoagulants (Oral Anticoagulants)—In 
this group dicumarol provides the prototype of action but not necessar- 
ily of structure. Prothrombopenic anticoagulants competitively inhibit 
vitamin K in the hepatic production of prothrombin (Factor ID), the 
plasma content of prothrombin thus is reduced, and blood coagulation is 
impaired. These drugs also suppress formation of Factors VII, IX, and 
X, although the effect on prothrombin is the predominant one. Drugs in 
this category are slow acting because their effect is directed at inhibi- 
tion of protein synthesis, and there is a latency determined by the long 
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Table 67-4. Factor IX Products 


PRODUCT PURIFICATION METHOD 
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PURITY 


Human Factor IX complexes 
Bebulin VH (Immuno) 
hr at 80° 
Konyne-80 Factor IX Complex 
(Bayer Biologicals) 
Profilnine SD (Alpha Therapeutics) 


Proplex T Factor IX Concentrate? 
(Baxter-Biotech) 
Purified Factor IX products 
Alpha Nine SD (Alpha 
Therapeutics) 
Mononine (Centeon) 


detergent treatment 


Recombinant Factor IX 
BeneFIX (Genetics Institute) 


2-step vapor heat treatment of 10 hr at 60° plus 1 
Heat-treated for 72 hr at 80° 


Solvent and detergent (TNBP and polysorbate 80) 


Heat-treated for 144 hr at 60° 


Affinity chromatography and solvent and 


Monoclonal antibody and ultrafiltration 


Recombinant DNA product 


Hepatitis safety 

Low Factor VII 

Low risk for HIV and hepatitis transmission 

Low Factor VII 

Reduced risk for HIV and hepatitis 
transmission 

Low Factor VII 

Risk for hepatitis and HIV seroconversion 


Hepatitis safety 


Hepatitis safety and low HIV risk 
Trace amounts of murine protein 


Highest purity 
Very low/no risk of viral transmission 


° Also indicated for Factor VII deficiency. 


half-life (about 60 hr) of prothrombin. By the same token, their action is 
overcome only slowly by vitamin K. 


The heparin and prothrombopenic anticoagulants generally 
are not employed for the same purpose, since chronic medica- 
tion with heparin is expensive and entails the nuisance of 
parenteral administration. Rather, they may be complemen- 
tary, heparin being employed acutely or initially, and pro- 
thrombopenic anticoagulants being employed for longer-term 
therapy. Anticoagulants should be used with extreme caution 
in disease states in which there is an increased risk of hemor- 
rhage. These include severe uncontrolled hypertension, acute 
bacterial endocarditis, congenital or acquired bleeding disor- 
ders, active ulcerative disease, and stroke, periods shortly after 
brain, spinal, or ophthalmological surgery, and postoperative 
indwelling epidural catheter use. 

The enzymes urokinase and streptokinase are not true an- 
ticoagulants, although their effects to increase the fibrinolytic 
activity of blood have the effect of retarding red thrombus 
formation. 


PROTHROMBOPENIC ANTICOAGULANTS 
ANISINDIONE 


Miradon 


) 
Il 


OC So O OCH, 


[117-37-3] C,,.H,.0, (252.27). 

Preparation—By rearrangement of 3-(p-methoxybenzylidene) 
phthalide. US Pat 2,899,359. 

Description—White or off-white, crystalline powder. 

Solubility—Practically insoluble in water. 

Comments—A prothrombopenic anticoagulant with actions and 
uses similar to those of Dicuwmarol. It is reserved for patients who 
cannot tolerate coumarins. Its onset of action is 24 to 72 hr, and 
duration of action is ordinarily 3 to 5 days. The effective dose and 
duration of action are affected by factors including dietary intake, 
bacterial synthesis of vitamin K, and concurrently administered drugs 
that affect the hepatic microsomal drug-metabolizing system. Agranu- 
locytosis, dermatitis, and hepatitis have occurred in patients on this 
drug, so blood studies and liver function tests need to be performed 
periodically. If fever or dermatitis appears, the drug should be discon- 
tinued because of the possible danger of blood dyscrasias. As with other 
oral anticoagulants, the bleeding risk is increased and dose-related. 
Patients should be advised to have periodic coagulation testing. Over- 


doses can be antagonized with phytonadione (vitamin K,) but there is a 
long delay before prothrombin levels return to a safe range. It may 
cause some orange discoloration of urine that may obscure onset of 
hematuria, an important sign of impending hemorrhage; the color dis- 
appears on acidification. Hemorrhagic complications, including hemor- 
rhagic necrosis, and drug interactions are as for Dicumarol. The drug is 
contraindicated in pregnancy because of its teratogenic effects. 


DICUMAROL 


2H-1-Benzopyran-2-one, 3,3'-methylenebis[4-hydroxy-, Biscumarol; 
Bishydroxycoumarin; Dicumarol 


OH OH 


3,3'-Methylenebis[4-hydroxycoumarin] [66-76-2] C,,H,,O, (336.30). 

Preparation—Methyl acetylsalicylate is stirred with sodium, thus 
effecting ring closure through demethanolation to form the sodium 
derivative of 4-hydroxycoumarin. Treatment with HCl liberates 
4-hydroxycoumarin, which readily forms methylenebishydroxycouma- 
rin on heating with formaldehyde and water. 

Description—White or creamy white, crystalline powder, with a 
faint, pleasant odor and a slightly bitter taste; melts at about 290°. 

Solubility—Practically insoluble in water, alcohol, or ether; 
slightly soluble in chloroform; readily soluble in solutions of fixed alkali 
hydroxides. 

Comments—A prothrombopenic anticoagulant. It depresses he- 
patic production of prothrombin, probably by competing with vitamin 
K, both for transportation into liver cells and at the major site of 
vitamin K—dependent synthesis of clotting factors; the resultant low- 
ering of the blood level of prothrombin renders the blood less coagula- 
ble. The plasma levels of VII, IX, and X also are depressed; indeed, in 
some persons the major effect of dicumarol is upon these factors. 
Plasma levels of Factor VII are the first to fall, since it has a half-life of 
about 6 hr; the half-lives of Factors IX, X, and II (prothrombin) are 20, 
40, and 60 hr, respectively. 

It has advantages over heparin (see page 1255) for ambulatory and 
prolonged anticoagulant therapy in that it is orally effective, has a 
longer duration of action (2 to 7 days; plasma half-life, about 8.2 hr at 
low doses, but up to 30 hr at high doses), and is considerably less 
expensive. It is unsuitable for short-term or emergency therapy in that 
the maximal effect of a full initial dose does not occur for 48 to 96 hr 
after administration, which reflects both the long half-life of prothrom- 
bin and the slow onset of the steady state. During the period of onset of 
action, heparin may be given. This drug or one of its congeners is 
employed for long-term therapy to a much greater extent than heparin. 
Patients must have their therapy monitored by frequent prothrombin 
tests, preferably with the International Normalized Ratio (INR), to 
avoid thrombosis or hemorrhage due to under- or overcoagulation. It 
may be used in the treatment of the following: pulmonary embolism, to 
prevent further embolism; primary acute and postoperative thrombo- 
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phlebitis and traumatic injuries to blood vessels, to forestall venous 
thrombosis and to prevent thromboemboli; sudden arterial occlusion 
from thrombosis or embolism; prophylaxis of postoperative venous 
thrombosis or embolism or vascular surgery, and prophylaxis after 
mechanical prosthetic valves or tissue heart valves. 

In the absence of specific contraindications, it frequently is used 
routinely in acute coronary thrombosis with myocardial infarction. It 
also is advocated in the treatment of chronic diseases that predispose to 
thrombi or emboli, such as congestive heart failure, persistent phlebitis 
migrans, recurrent thrombophlebitis, recurrent coronary thrombosis, 
and atrial fibrillation. However, the exact status of such long-term 
therapy is undetermined. 

The aim of treatment is to maintain the blood prothrombin activity 
at a level of 15 to 25% of normal. The onset of action is 1 to 5 days; the 
duration is 2 to 10 days. 

With the recommended dosage, the incidence of hemorrhage is 2 to 
4%, and strict laboratory control is mandatory to prevent hemorrhagic 
diatheses. Bleeding is most common from the mucous membranes, skin, 
gastrointestinal tract, urogenital tract, and uterus. Stools should be 
monitored for occult blood loss and urine for hematuria. Hemorrhage 
can be arrested by vitamin K (which has a latency), fresh frozen plasma, 
whole blood, or Factor IX concentrate (which contains prothrombin 
along with other vitamin K—dependent coagulation factors). 

Other side effects include anorexia, nausea, vomiting, and diarrhea. 
Rarely, there may be hypersensitivity reactions, such as purpura; alo- 
pecia; urticaria; necrosis of the skin, breast, and genitals; and purple 
coloration of the toes. Tissue necrosis has been associated with protein 
C deficiency and may be minimized by concurrent heparin therapy for 
the first 5 to 7 days of treatment. Protein C, a plasma glycoprotein, is a 
vitamin K—dependent factor that upon activation functions as an en- 
dogenous anticoagulant. 

It has perhaps the most drug interactions of any commonly pre- 
scribed agent, as well as being affected by the nutritional and health 
status of the patient, all of which may lead to unpredictable results. 
Therefore, whenever a patient on this drug is subjected to a new drug 
regimen or an old drug is withdrawn, it is essential that the patient’s 
prothrombin time be monitored and the dosage of dicumarol be adjusted 
if necessary. 

Drug interactions occur in various ways. Mechanisms of antagonism 
and offending drugs are as follows (italics indicate the most-important 
clinical interactions): 


Interference with absorption: griseofulvin, cholestyramine, clofibrate. 

Stimulation of synthesis of clotting factors: vitamin K, glucocorticoids, 
estrogens. 

Induction of hepatic enzymes: barbiturates, ethchlorvynol, glutethi- 
mide, carbamazepine, griseofulvin, meprobamate, phenytoin, 
rifampin. 


Mechanisms of increasing the response to dicumarol, and the offending 
drugs are as follows: 


Displacement from plasma protein: aspirin, chloral hydrate (as the 
trichloroacetate metabolite), clofibrate, diazoxide, ethacrynic acid, 
mefenamic acid, nalidixic acid, phenylbutazone and hydroxyphenyl- 
butazone, long-acting sulfonamides. 

Inhibition of hepatic metabolism: chloramphenicol, clofibrate, oral hy- 
poglycemics, cimetidine, disulfiram, allopurinol, mercaptopurine, 
methylphenidate, nortriptyline. 

Decrease in availability of vitamin K: anabolic steroids, broad-spectrum 
antibiotics, clofibrate, cholestyramine, mineral oil, D-thyroxine. 
Inhibition of synthesis of clotting factors: acetaminophen, anabolic ste- 

roids, glucagon, mercaptopurine, quinidine, salicylates. 

Increased catabolism of clotting factors: anabolic steroids, D-thyroxine. 

Increased binding affinity to receptor enzyme: D-thyroxine. 

Additivity of anticoagulant effects: heparin, salicylates, quinidine. 


A complete table of interactions may be found in USP DI. 

The drug is contraindicated if laboratory facilities are unavailable 
for determining prothrombin levels, and vitamin K, fresh blood, or 
plasma is not available. It also is contraindicated in any person with 
hemorrhagic tendencies, blood dyscrasias, peptic ulcer, ulcerative coli- 
tis, colitis, diverticulitis, subacute bacterial endocarditis, recent opera- 
tions on the central nervous system (CNS), regional or lumbar block 
anesthesia, and severe renal or liver disease. Not only is it contraindi- 
cated in threatened abortion, but it should be withheld in pregnancy, 
since hemorrhage in the fetus can occur, and several teratogenic abnor- 
malities including hydrocephaly, microcephaly, optic atrophy, other 
CNS defects, nasal hypoplasia, and chondrodysplasia punctata have 
been attributed to the drug. Patients with congestive heart failure are 
more sensitive to dicumarol than persons with normal cardiac function. 


It is metabolized by the hepatic cytochrome P450 system. The half- 
life is 24 to 96 hr. 


WARFARIN SODIUM 


2H-1-Benzopyran-2-one, 4-hydroxy-3-(3-oxo-1-phenylbutyl)-, sodium 
salt; Coumadin; Panwarfin 


| 
ONa CH,COCH3 


3-(a-Acetonylbenzyl)-4-hydroxycoumarin sodium _ salt [129-06-6] 
C, H,;NaO, (330.31); an amorphous solid or a crystalline clathrate. 
The clathrate consists principally of sodium warfarin, isopropyl alcohol, 
and water, the molecular proportions of which vary between 8:4:0 and 
8:2:2. 

Preparation—By addition of 4-hydroxycoumarin to benzalacetone 
under the catalytic influence of a mildly basic substance such as 
ammonia or piperidine. The reaction is a typical Michael condensation. 
Conversion to the sodium salt is effected by reacting purified 
warfarin with an equimolar portion of dilute NaOH solution at room 
temperature. 

Description—White, odorless, amorphous or crystalline powder 
with a slightly bitter taste; discolored by light; pH (1 in 100 solution) 7.2 
to 8.3. 

Solubility—Very soluble in water, freely soluble in alcohol; very 
slightly soluble in chloroform or ether. 

Comments—The most widely used prothrombopenic anticoagulant 
(see Dicumarol). Although usually it is administered orally, its chief 
distinction from other prothrombopenic drugs is the fact that it is 
water-soluble and may be administered intravenously. By the intrave- 
nous route its onset of action is 12 to 18 hr, and its duration is 5 to 6 
days. It is metabolized by the hepatic cytochrome P-450 system. The 
plasma half-life is 41 to 57 hr, except about 27 hr in alcoholics and 
probably even less in persons using phenobarbital or other hepatic 
microsomal enzyme inducers. 

The hemorrhagic complications, precautions, and drug interactions 
are those of Dicumarol. Influenza vaccine increases the response; this 
interaction probably occurs also with dicumarol and anisindione. 

Dose—Oral, intramuscular, or intravenous, adults, 10 to 15 mg for 
2 to 4 days, followed by a daily maintenance dose of 2 to 10 mg, 
according to the prothrombin time. A prothrombin time 1.2 to 1.5 times 
the control time is effective for anticoagulation yet is associated with an 
incidence of hemorrhage of only 4.3%. 


NONPROTHROMBOPENIC 
ANTICOAGULANTS 


ANTICOAGULANT CITRATE DEXTROSE SOLUTION 
MODIFIED 


ACD Solution Modified 
Each sterile 10 mL contains 80 mg citric acid, 224 mg anhydrous 
sodium citrate, and 120 mg anhydrous dextrose. 
Comments—lIt is used with Sodium Chromatic Cr 51 Injection for 
the labeling of erythrocytes in in vitro and in vivo diagnostic tests. 


ANTICOAGULANT CITRATE DEXTROSE SOLUTION 


ACD Solution 
A sterile solution of citric acid (C,H,O,), sodium citrate (C,H;Na,- 
O,.2H,O), and dextrose (C,H,,0,.H,O) in water for injection. It con- 
tains no antimicrobial agents. 

Preparation—See the USP. 

Comments—tThe citrate chelates calcium ions and thus acts as an 
anticoagulant. The ratio of citric acid to sodium citrate is such that the 
pH is optimal for storage of whole blood. The dextrose provides a 
substrate for glycolysis during storage, thus extending the lifetime of 
the erythrocytes. The expiration time of whole blood anticoagulated 
with ACD solution is 21 days. The sterile solution is employed mainly 
for the anticoagulation and preservation of whole blood for transfusion. 


ANTICOAGULANT CITRATE PHOSPHATE 
DEXTROSE SOLUTION 
CPD Solution 


A sterile solution of citric acid (C,H,O,), sodium citrate 
(C,H;Na,0,.2H,O), sodium biphosphate (NaH.PO,.H.O), and dextrose 
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(C,H,,0,.H,O) in water for injection. It contains no antimicrobial 
agents. 

Preparation—See the USP. 

Description—Clear, colorless, odorless liquid; pH 5.0 to 6.0. 

Comments—Citrate ion chelates calcium, thus making calcium 
unavailable to the coagulation system. Citric acid, sodium citrate, and 
sodium biphosphate are in the proper proportions to buffer the solution 
at the optimal pH for the storage of blood and its components. Dextrose 
provides a substrate for glycolysis and increases both storage and 
posttransfusion lives of blood cells. The expiration time of whole blood 
with CPD solution is 21 days. The 2,3-diphosphoglycerate (2,3-DPG) 
content of erythrocytes stored in CPD solution is 120% of the original 
content at 7 days and 40% at 21 days. The preservation helps keep the 
oxygen affinity of hemoglobin low so that it can yield its oxygen readily 
to the tissues. Consequently, CPD is the preferred anticoagulant for 
blood to be used for exchange transfusion. 

The sodium concentration is 284 mEq/L, and 17.8 mEq is thus added 
to each unit of whole blood. 


ANTICOAGULANT SODIUM CITRATE SOLUTION 
A sterile 4% solution of sodium citrate C,H;Na,0,H,O (294.10) in 
water for injection. It contains no antimicrobial agents. 

Preparation—Dissolve 40 g sodium citrate in sufficient water for 
injection to make 1000 mL, and filter until clear. Place the solution in 
suitable containers, and sterilize. 

Note—Anhydrous sodium citrate (35.1 g) may be used instead of the 
dihydrate. 

Description—Clear, colorless solution possessing a slightly saline 
taste; pH 6.4 to 7.5. 

Comments—Prevents clotting of blood by forming an undissociated 
calcium citrate chelate. The solution also prevents either crenation or 
swelling of the cells. The sterile solution is employed for preparation of 
blood for fractionation, for banked blood for transfusion, and for prep- 
aration of citrated human plasma. 


EDETATE DISODIUM—page 1267. 


ANTICOAGULANT CITRATE PHOSPHATE DEXTROSE 
ADENINE SOLUTION 


CPDA-1 Solution; CPD-Adenine Solution 

Comments—The addition of adenine to CPD solution increases the 
storage life of blood by 40%, that is, blood can now be stored for 35 days. 
However, CPDA-1 solution does not preserve 2,3-diphosphoglycerate as 
well as does CPD solution; there is 97% of the initial content at 7 days 
but only 10% at 21 days. Therefore, CPDA-1 whole blood should not be 
used in exchange transfusion. 

Application—14 mL per 100 mL of whole blood. 


DANAPROID SODIUM 


Orgaran 

Preparation—It is extracted from porcine mucosa and has an 
average molecular weight of approximately 5500. 

Description—Danaproid consists of heparan sulfate (84%), derma- 
tan sulfate (12%), and a small amount of chondroitin 4- and 6-sulfates 
(4%) as the sodium salts. 

Comments—lIt is an antithrombotic that acts via antithrombin III 
to inhibit both Factor Xa and thrombin, with additional inhibitory effect 
on thrombin through heparin cofactor II. Its predominant inhibitory 
effect is exerted on Factor Xa with the anti-Xa and antithrombin ratio 
of >22. It has little effect on clotting tests (ie, the partial thromboplas- 
tin time [PTT] or prothrombin time [PT]) so they are not useful for 
monitoring therapy with this drug. It has only minor effects on platelet 
function and aggregability. It is indicated for the prophylaxis of post- 
operative deep venous thrombosis, which may lead to pulmonary em- 
bolism in patients undergoing elective hip replacement therapy. The 
drug is administered by subcutaneous injection. As with other antico- 
agulant agents, bleeding and hemorrhage are the major adverse events, 
and patients must be monitored carefully while on the medication. 
There is no evidence that protamine sulfate is able to reduce severe 
nonsurgical bleeding due to danaproid. In the event of serious bleeding 
the drug should be discontinued and transfusion of blood or blood 
products administered. As the agent includes sodium sulfite as a pre- 
servative, allergic type reactions including mild-to-severe asthmatic 
symptoms or anaphylaxis can occur with this drug. The sulfite sensi- 
tivity is more common in asthmatic than nonasthmatic patients. 


LOW-MOLECULAR-WEIGHT HEPARINS 


Ardeparin, Dalteparin, Enoxaparin, Fragmin, Lovenox, Normiflo 
There are several products consisting of a mixture of low-molecular- 
weight fragments of heparin obtained by the depolymerization of un- 
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fractionated porcine heparin. Ardeparin contains fragments of 5650 to 
6350 daltons, Dalteparin contains fragments of 2000 to 9000 daltons, 
and Enoxaparin contains fragments of 2000 to 8000 daltons. 

Comments—Standard heparin forms a ternary complex with AT 
If and thrombin, whereas the low-molecular-weight heparins form 
primarily binary complexes with AT III. This results in enhanced inhi- 
bition of Factor Xa, with less inhibitory effect on thrombin. As with 
heparin, these agents also inhibit thrombin by binding to heparin 
cofactor II. As small heparin molecules bound to AT III react only 
slightly with platelets, deep vein thrombosis can be prevented or re- 
tarded without as much risk of hemorrhage as with standard heparin. 

Ardeparin is indicated for the prevention of deep vein thrombosis 
that may lead to pulmonary embolism in patients following knee re- 
placement therapy. Dalteparin is indicated for the prophylaxis of deep 
venous thrombosis in patients undergoing abdominal surgery who are 
at risk for thromboembolic complications, ie, those over age 40, obese, 
having general anesthesia lasting more than 30 min, or those with a 
malignancy or previous history of thrombosis. 

Enoxaparin is indicated for the prevention of deep venous thrombo- 
sis in patients undergoing hip or knee replacement therapy as well as 
for patients undergoing abdominal surgery who are at risk for throm- 
boembolic complications. These agents have also been used (off-label) 
for systemic anticoagulation for both primary and secondary prophy- 
laxis against thromboembolic events. These drugs are administered by 
subcutaneous injection only. The incidence of hemorrhagic complica- 
tions is lower than with standard heparin; however, protamine sulfate 
is useful in treating patients who do experience hemorrhagic events. 
The concomitant use of antiplatelet agents or oral anticoagulants may 
increase the risk of hemorrhage. 

These drugs should be administered with particular caution in 
patients who have a history of heparin-induced thrombocytopenia. In 
addition, there have been cases of epidural or spinal hematomas caus- 
ing long-term or permanent paralysis with the use of low-molecular- 
weight heparins or heparinoids in patients undergoing spinal or dural 
anesthesia. The risk appears to be increased by repeated epidural or 
spinal puncture, by the use of indwelling epidural catheters, or by 
concomitant use of other drugs affecting hemostasis. 


HEPARIN SODIUM 


Heparin 
A mixture of active glycosaminoglycans, having the property of prolong- 
ing the clotting time of blood. It usually is obtained from bovine or 
porcine lung tissue or intestinal mucosa. Potency: not less than 120 
(when derived from lungs) and not less than 140 (when derived from 
other tissues) USP Heparin Units/mg. 

Note—USP Heparin Units consistently are established on the basis 
of the USP assay, independently of International Units, and the respec- 
tive units are not equivalent. 

Preparation—Heparin is the body’s natural anticoagulant, taking 
part in the physiological function of maintaining the fluidity of the 
blood. It is produced by the mast cells of Ehrlich, which are clustered in 
the perivascular connective tissue of the walls of major blood vessels 
and capillaries. Heparin is a polysulfuric ester of mucoitin. The molec- 
ular skeleton is constructed from acetylated glucosamine and glucu- 
ronic acid. The disaccharide unit is similar to that in mucoitin sulfuric 
acid and hyaluronic acid. Protein-free samples of heparin contain about 
10% sulfur, present as ester sulfates. Original preparations of heparin 
contain mixtures consisting of mucoitin disulfuric and trisulfuric acids. 
The anticoagulant action is greater in preparations with the highest 
sulfuric content. Heparin in the final, therapeutic form is supplied in a 
solution made from the sodium salt, but in the steps of its purification 
the barium salts of heparin are prepared. Heparin, being a mixture of 
the several sulfuric esters, is not entirely homogeneous, and there is 
debate as to whether a truly crystalline or homogeneous preparation 
has been or ever can be prepared. 

Description—White or pale-colored amorphous powder; odorless, 
or nearly so; hygroscopic. The molecular weight may vary from 6000 to 
20,000, depending on the source and on the method used to determine 
the molecular weight. pH (1% solution) 5.0 to 7.5. It will not dialyze 
through a parchment membrane and only slightly through a collodion 
membrane. Heparin is resistant to all kinds of chemical agents, gives an 
insoluble precipitate with protamine and with toluidine blue, and in- 
terference with the sulfuric groups reduces its anticoagulant activity. It 
has a very low osmotic pressure in respect to its high degree of ioniza- 
tion. In contrast to the effect of oxalate, it has no osmotic influence on 
red blood cells. It may be stored for long periods without loss of activity. 

Solubility—1 g in 20 mL of water; soluble in alcohol, acetone, or 
glacial acetic acid. 

Comments—Its anticoagulant actions are described on page 1252. 
In addition, it releases lipoprotein lipase from the vascular endothe- 
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lium, which has the effect of clearing chylomicrons and very-low- 
density lipoproteins from blood; only low doses are needed for this 
action. It has antiatherogenic activity, but only a few studies of its 
prophylactic efficacy have been made. It also has anti-inflammatory and 
antiallergy actions through its effects on the Hageman factor (XIIa), 
kallikreins, and other enzymes that have active groups containing or 
acting on substrates with lysine and/or arginine moieties. 

It is employed clinically in conditions in which a rapid reduction in 
the coagulability of the blood is desired. It often is employed to initiate 
prolonged anticoagulant therapy to cover the latent period of onset of 
action of dicumarol-type anticoagulants. It also is used in lieu of 
dicumarol-type drugs in prolonged therapy when laboratory facilities 
are unavailable for determination of prothrombin time. 

Some of the primary clinical applications are the treatment and 
prevention of pulmonary embolism, prevention of mural thrombosis 
after myocardial infarction, initial treatment of deep-vein and proximal- 
vein thrombosis, primary and postoperative thrombophlebitis, sudden 
arterial occlusion from thrombosis or embolism, prophylaxis of postop- 
erative venous thrombosis or embolism, prevention of cerebral thrombo- 
sis during evolving stroke and after vascular surgery. For these pur- 
poses, low doses given subcutaneously are popular; however, recent 
reports indicate that blood levels are erratic, and monitoring is advis- 
able. It is indicated for treatment of diffuse intravascular coagulation 
(DIC; consumptive coagulopathy) in patients with acute leukemia (only) 
and immune thrombocytopenia (in which vasculitis causes coagulopa- 
thy and consumption of platelets). 

It sometimes is given during and after conversion of atrial fibrilla- 
tion to prevent thrombosis from emboli and mural thrombi. It is rec- 
ommended that myocardial infarction patients be treated with heparin 
for 24 to 72 hr following fibrinolytic therapy to reduce the risk of early 
reocclusion. 

The indications for prolonged therapy are the same as with pro- 
thrombopenic anticoagulants (see Dicuwmarol), but usually this drug is 
used only during the early stages of treatment when the disorder is 
acute, to keep blood clotting suppressed until oral anticoagulants can be 
given and take effect. It also has special uses, such as prevention of 
clotting of blood samples or whole blood for transfusion; prevention of 
clotting during blood transfusions, extracorporeal hemodialysis, or car- 
diopulmonary bypass; and for the heparin tolerance test. 

It is used in low concentrations in solutions for flushing intravenous 
catheters for intermittent injections; the residual heparin in the cath- 
eter keeps clots from occluding the catheter orifice. It also is used to 
prevent pleural and peritoneal adhesions. Sometimes it is used as an 
adjuvant to antineoplastic therapy to suppress formation of a fibrin 
network through which the neoplasm can spread. 

Constant infusion appears to be more efficacious and safer than 
intermittent injection. Intramuscular injection often results in hema- 
toma formation and should be avoided. 

Hemorrhage is the principal toxic effect, usually the result of 
overdosage; protamine, with which it combines, may be employed for 
immediate control of hyperheparinemia. It must be administered 
cautiously when oral anticoagulants are in use or when there is 
thrombocytopenia, because of the enhanced risk of hemorrhage; 
it also interferes with laboratory tests for the effect of oral antico- 
agulants. The risk of hemorrhage also is increased by salicylates, 
dipyridamole, glyceryl guaiacolate, or other inhibitors of platelet 
adhesiveness. 

Certain amine or ammonium compounds, especially bifunctional 
ones, interact with it directly and thus decrease the circulating levels 
in the blood; cimetidine, various antihistamines, quinine, and quin- 
idine are examples. Even tetracyclines supposedly interact. Poly- 
myxins and colistins are known to interact during simultaneous 
infusion but have not been reported to interact when administered 
separately. 

Hypersensitivity and other adverse side effects may occur. Man- 
ifestations include bronchospasm (dyspnea, tightness in chest, 
wheezing), rash, urticaria, pruritus, chills, fever, vasospasm (chest 
pain, pain in extremities, priapism), neuropathy with paresthesias, 
and hair loss. 

Thrombocytopenia occurs in up to 30% of patients, is often mild 
(platelet count remains > 100,000/mm”), and may reverse or remain 
stable while heparin therapy continues. However, a more severe form of 
thrombocytopenia with platelet count < 100,000/mm? is accompanied 
by heparin resistance often leading to thromboembolism or DIC. Hep- 
arin therapy should be discontinued, and thromboembolic complica- 
tions treated with lepirudin in such cases. 

It is inactive orally and must be administered parenterally. Its 
plasma half-life is 1.3 to 1.6 hr. 


POTASSIUM OXALATE 
[583-52-8] K,C,0,.H,O (183.23). 

Description—Colorless crystals; effloresces in dry air. 

Solubility—1 g in 3 mL water. 

Comments—The oxalate anion of potassium oxalate combines with 
calcium ions to form the very insoluble calcium oxalate. Thus, when it 
is added to withdrawn (shed) blood it acts as an anticoagulant, for 
which purpose it may be employed in clinical laboratory procedures. 
Care must be exercised in its storage and use because it is highly toxic. 


SODIUM CITRATE 


1,2,3-Propanetricarboxylic acid, 2-hydroxy-, trisodium salt 
CH,(COONa)C(OH)(COONa)CH,COONa 

Trisodium citrate [68-04-2] C,H;Na.,O, (258.07) or trisodium citrate 
dihydrate [6132-04-3] (294.10). 

Preparation—Usually, by adding sodium carbonate to a solution of 
citric acid until effervescence ceases, evaporating, and granulating the 
product. 

Description—Colorless crystals or a white, crystalline powder; 
cooling, saline taste; stable in air; the aqueous solution is slightly 
alkaline to litmus but should not be reddened by phenolphthalein. 

Solubility—1 g in 1.5 mL water at 25° or in 0.6 mL boiling water; 
insoluble in alcohol. 

Comments—The most important use is as an anticoagulant for 
blood or plasma that is to be fractionated or for blood that is to be stored. 
The anticoagulant effect is due to conversion of ionized calcium in the 
blood to a citrato-calcium chelate. It is an ingredient of Anticoagulant 
Citrate Dextrose Solution, Anticoagulant Citrate Phosphate Dextrose 
Solution, and Sodium Citrate and Citric Acid Solution. 

It also is used as an expectorant and a systemic and urine alkalin- 
izer. Saline expectorants are useful especially when it is desired to 
liquefy thick, tenacious sputum. In the body sodium citrate is oxidized 
to bicarbonate and excreted in urine. Thus, when given orally it is 
useful in acidosis, to overcome excessive urinary acidity and to assist in 
the dissolution of uric acid nephroliths. 

It is a chelating agent and thus increases urinary excretion of cal- 
cium and lead. It has been employed in hypercalcemia and urolithiasis 
and to facilitate elimination of lead in poisoning due to the latter. As a 
pharmaceutic aid, sodium citrate may be used to prevent darkening 
when iron is included in preparations containing tannin. 

Sodium Oxalate 
[62-76-0] Na,C,O, (134.01). The actions and uses of sodium oxalate are 
virtually identical to those of Potassium Oxalate. 


THROMBOLYTIC AGENTS 


The fibrinolytic system comprises a group of proteins that 
complexly interact to cause the lysis of thrombi and also to keep 
the fibrinolytic factors in check. Plasminogen plays a key role in 
the activation of fibrinolysis. It is a proenzyme that is converted 
to the active enzyme, plasmin, by interactions among circulat- 
ing intrinsic factors (prekallikrein; kininogens; Factors XII, 
XIIla, and plasminogen proactivator and the extrinsic factor; 
endothelial tissue, which releases plasminogen activator (tis- 
sue plasminogen activator, tPA). Fibrinolytic activity is kept in 
check by the inhibitors, Cl-inactivator, aj-macroglobulin and 
dy -antiplasmin. Once formed, plasmin cleaves fibrin into its 
split-products. However, it also can degrade Factors V, VIII, 
and XII and other proteins. The rates of formation and inacti- 
vation of plasmin normally are balanced, such that there is 
always a small amount of fibrin being formed to maintain 
normal vascular integrity and the remainder is lysed before 
clots form. Vascular injury and inflammation increase both 
fibrin deposition and fibrinolytic activity. 

In the early 1960s, a bacterial product called streptokinase- 
streptodornase was discovered to activate plasminogen. Subse- 
quently, the active component, streptokinase (SK) has been 
purified sufficiently to permit clinical use in the dissolution of 
thrombi. Interest has been high, especially with respect to the 
ability to dissolve coronary thrombi and restore coronary per- 
fusion. Timing is very critical, because once the fibrin has aged 
(more than 4 hr), very little dissolution occurs. Originally, 
administration was via the intracoronary route, requiring the 
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placement of a coronary catheter. However, SK and other 
thrombolytic agents now are administered primarily IV with 
efficacy similar to that with intracoronary delivery and fewer 
bleeding complications due to the invasive procedure. SK pres- 
ently still confers a considerably high risk of hypersensitivity 
reactions. 

A natural plasminogen activator, urokinase (UK) was iso- 
lated and purified for the same uses as SK. It is free of allergic 
potential but has a slightly lower potential for generalized 
fibrinolyisis and hemorrhage than SK. It is several times more 
expensive. There are fewer clinical data concerning the long- 
term efficacy of UK in treating myocardial infarction, as intra- 
coronary administration is no longer common. More recently, 
several other plasminogen activators have been isolated, char- 
acterized, and modified. They are anisoylated plasminogen- 
streptokinase activator complex (APSAC) and tissue plasmin- 
ogen activator (tPA). APSAC is an inactive complex of human 
plasminogen and SK that is gradually deacylated and thus 
activated after injection. It has efficacy similar to that of intra- 
coronary SK in achieving reperfusion and may be slightly su- 
perior in preventing reocclusion. APSAC’s major advantage 
over SK is its ease of administration due to the prolonged 
half-life. 

Both recombinant forms of tPA theoretically have consider- 
ably lesser tendencies to produce hemorrhage, because they 
bind selectively to fibrin and not to circulating clotting factors. 
Thus, they are selective for the intended target, a previously 
formed clot. They are not free of bleeding risk, however, be- 
cause they attack the many microclots that constantly are 
forming at the sites of endothelial breaks, and clinical opinion 
is divided over whether there is a significant advantage over 
SK and UK in this respect. In fact, target selectivity creates a 
bleeding problem, in that clots tend to form around the intra- 
venous catheters used for infusion, so that heparin also is 
infused to prevent this effect. Furthermore, their short half- 
lives favor rethrombosis unless heparin is coadministered. 
Anistreplase and the recombinant tPA products are consider- 
ably more expensive than SK or UK. 

With respect to the treatment of coronary occlusion, there is 
very little difference in the percentage of reopened coronary 
arteries and reperfusion (65 to 70%) or in the reocclusion fre- 
quencies (about 20%) if treatment is begun earlier than 4 hr 
after occlusion. It is thought by some that the very short life- 
time of infused tPA limits the concentration at the target, a 
situation that might be correctable by higher rates of infusion. 
There appears to be some advantage with recombinant tPA at 
later times, for reasons not altogether clear. 


ABCIXIMAB 


Immunoglobulin G, ReoPro, Centocor 
[143653-53-6] 

Description—It is the Fab fragment of the chimeric human- 
murine monoclonal antibody 7E3 produced in mammalian cell culture. 
The 47,615-dalton Fab fragment is purified in a series of steps from the 
cell culture supernatant. 

Comments—lIt binds to the platelet glycoprotein IIb/IIIa recep- 
tor, resulting in inhibition of platelet aggregation by preventing the 
binding of fibrinogen, VWF, and other adhesive molecules to this 
receptor. In addition it binds to the vitronectin receptor that medi- 
ates the procoagulant properties of platelets as well as the prolifer- 
ative response of smooth muscle and endothelial cells. It is indicated 
as an adjunct to percutaneous coronary intervention for the preven- 
tion of cardiac ischemic complications in patients undergoing percu- 
taneous coronary intervention. In addition, it is recommended for 
use in patients with unstable angina not responding to conventional 
therapy when percutaneous coronary intervention is planned within 
24 hr. The safety and efficacy of abciximab have only been evaluated 
with concomitant administration of conventional therapy with hep- 
arin and aspirin. It has the risk of bleeding complications, which can 
be significantly reduced by the use of low-duse, weight-adjusted 
heparin, by early femoral sheath removal, by careful patient and 
access-site management, and by weight adjustment of the abciximab 
infusion dose. It is contraindicated in patients with significant bleed- 
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ing risk including those with active internal bleeding, recent GI or 
GU bleeding, bleeding diathesis, recent major surgery or trauma, or 
severe, uncontrolled hypertension. In addition to bleeding, thrombo- 
cytopenia is a common occurrence and most often occurs within the 
first 24 hr of therapy. Platelet counts should be monitored prior to 
dosing, at 2 to 4 hr following dosing, and at 24 hr after dosing or prior 
to discharge, whichever is first. If thrombocytopenia is verified, the 
drug should be discontinued immediately. 


ALTEPLASE (RECOMBINANT) 


Activase 


[105857-23-6] Cy736H4174No140g04945 (59,050.00). 

Purified glycoprotein of a single, continuous chain containing 527 
amino acids, with three carbohydrate side chains. The biological 
potency is determined by an in vitro clot lysis assay expressed in 
International Units as tested against a WHO standard. See Chap- 
ter 49. 

Preparation—Using the complimentary DNA (cDNA) for natural 
human tissue-type plasminogen activator obtained from a human mel- 
anoma cell line. The enzyme alteplase is secreted into the culture 
medium by an established mammalian cell line (Chinese hamster ovary 
cells) into which the DNA for alteplase has been inserted genetically. It 
is harvested, purified by chromatography, and lyophilized. 

Description—White to off-white powder. 

Comments—Indicated for thrombolysis in patients with acute 
myocardial infarction (MI), to improve ventricular function, reduce 
the incidence of congestive heart failure, and reduce mortality. It 
should be administered as soon as possible after the onset of symp- 
toms. There is a standard and an accelerated dosing regimen, both of 
which also include concomitant administration of heparin and aspi- 
rin. The results of controlled studies comparing clinical outcomes 
with the two regiments are not currently available. The drug also is 
indicated for use in patients with acute massive pulmonary embo- 
lism when the diagnosis has been confirmed by objective means such 
as pulmonary angiography or lung scanning. Activase was approved 
in 1998 for the management of acute ischemic stroke in adults, for 
improving neurological recovery and reducing the incidence of dis- 
ability. Treatment should only be initiated within 3 hr after the 
onset of stroke symptoms and after exclusion of intracranial hemor- 
rhage by a cranial computerized tomography (CT) scan or other 
diagnostic imaging method sensitive to the presence of hemorrhage. 
Because of these stringent guidelines, there has been limited expe- 
rience of therapeutic outcome in ischemic stroke patients treated 
with this drug. It is contraindicated if there is internal or external 
bleeding, arteriovenous malformation, aneurysm, severe hyperten- 
sion, a history of cerebrovascular accident, recent (<2 months) 
trauma, or intracranial or spinal surgery. Adverse effects include 
nausea, vomiting, mild hypersensitivity reactions, fever, and bleed- 
ing. Part of the hemorrhage problem is the result of concomitant 
administration of heparin, which is given to prevent clots at the 
catheter tip and to decrease the reocclusion rate for MI patients. 
Alteplase is eliminated by the liver; the half-life is less than 5 min. 


ANISTREPLASE 


Eminase 


{81669-57-0] 

Preparation—By p-anisoylation of primary human lys-plasminogen 
SK complex (1:1) from Group C B-hemolytic streptococci. 

Description—White to off-white powder. 

Comments—Indicated for thrombolysis in patients exhibiting 
symptoms consistent with acute MI. Its comparison with SK is 
described above. Randomized, controlled studies comparing it with 
either placebo- or heparin-treated patients demonstrated that anis- 
treplase significantly reduced mortality. As with other thrombolyt- 
ies, it is contraindicated in patients with active internal bleeding, a 
history of cerebrovascular accident, recent intraspinal or intracra- 
nial surgery or trauma, severe hypertension, arteriovenous malfor- 
mation, or aneurysm. Allergic type reactions including rash, bron- 
chospasm, fever, angioedema, and anaphylaxis have been observed 
in patients receiving anistreplase and are similar in incidence to 
those with SK. Other reported adverse effects include facial flushing, 
nausea, vomiting, and muscle aches. The half-life of anistreplase is 
approximately 90 min, with a fibrinolytic activity duration of 4 to 6 
hr after administration. 
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RETEPLASE 


Retavase, 173-527-Plasminogen activator (human tissue type) 


(133652-38-7] 

Description—Nonglycosylated deletion mutant of tPA containing 
355 of the 527 amino acids of native tPA; ie, amino acids 1-3 and 
176-527. Occurs as a lyophilized powder. 

Preparation—It is produced by recombinant DNA technology in 
Esherichia coli, and the protein is isolated as inactive inclusion bodies. 
It is converted into its active form by an in vitro folding process and 
purified by chromatography. Potency is expressed in units (U) using a 
reference standard that is specific for reteplase and is not comparable 
with units used for other thrombolytic agents. 

Comments—lIt is indicated for use in the management of acute 
myocardial infarction in adults for the improvement of ventricular 
function, reduction of the incidence of congestive heart failure and 
reduction of mortality associated with myocardial infarction. The most 
common adverse reaction associated with reteplase administration is 
bleeding, and the drug is contraindicated in patients with significant 
bleeding risks. In addition, coronary thrombolysis may result in ar- 
rhythmias associated with reperfusion, and antiarrhythmic therapy 
should be readily available. Other adverse events include nausea and/or 
vomiting, hypotension, and fever. Reteplase is cleared primarily by the 
liver and kidney and has an effective half-life of 13 to 16 min. 


STREPTOKINASE 


Kabikinase; Streptase 
[9002-01-1] Mol wt about 4700. 

Preparation—A single-chain coenzyme obtained from cultures of 
the Group Cf strain of Streptococcus haemolyticus. (Methods Enzymol. 
1950; 19: 807. 

Description—Hygroscopic white powder of friable solid. 

Solubility—Freely soluble in water; unstable in concentrations of 
less than 10,000 IU/mL. 

Comments—lIndicated for the management of acute myocardial 
infarction (AMI) in adults, for the lysis of intracoronary thrombi; the 
improvement of ventricular function; the reduction of mortality associ- 
ated with AMI, when administered by either the IV or the intracoronary 
route; as well as for the reduction of infarct size and congestive heart 
failure associated with AMI when administered by the IV route. Earlier 
administration is correlated with greater clinical benefit. It also is 
indicated for the lysis of objectively diagnosed pulmonary emboli, in- 
volving obstruction of blood flow to a lobe or multiple segments, with or 
without unstable hemodynamics. In addition, this drug is indicated for 
the lysis of objectively diagnosed, acute, extensive thrombi of the deep 
veins as well as arterial thrombi and emboli. Individuals with recent 
streptococcal infections may have significant amounts of circulating 


antistreptokinase antibodies; thus a loading dose sufficient to neutral- 
ize these antibodies is required. It is contraindicted in patients with a 
predisposition for bleeding. Fever and shivering occur in 1 to 4% of 
patients with other allergic manifestations including urticaria, itching, 
flushing, nausea, headache, and musculoskeletal pain, which is also 
relatively common. Anaphylactic reactions ranging in severity from 
minor breathing difficulties to bronchospasm, periorbital swelling, or 
angioedma have been observed more rarely but can require drug dis- 
continuation. SK acts with plasminogen to form an activator complex, 
and the half-life of this complex is approximately 23 min. The complex 
is inactivated, in part, by antistreptococcal antibodies. 


UROKINASE 


Abbokinase 
(9039-53-6] 

Preparation—From human urine or tissue cultures of human kid- 
ney cells. (Am J Physiol 1952; 171: 768. 

Description—A polypeptide chain of two active forms with molec- 
ular weights of 33,000 and 55,000; the principal component is the 
smaller of the two. 

Solubility—Freely soluble in water. 

Comments—Indicated for the lysis of acute massive pulmonary 
emboli and pulmonary emboli accompanied by unstable hemodynamics 
when the diagnosis has been confirmed by objective means such as 
pulmonary angiography or lung scanning. It has been reported to lyse 
acute thrombi obstructing coronary arteries associated with evolving 
transmural myocardial infarction (MI); however it has not been estab- 
lished that intracoronary administration during evolving MI results in 
salvage of myocardial tissue nor that it reduces mortality. The MI 
patients who might benefit from this therapy cannot be defined. As with 
other thrombolytics, it is contraindicated in conditions with a predis- 
position for bleeding. Relatively mild allergic reactions such as rash and 
bronchospasm have been reported. When administered intravenously it 
is cleared rapidly by the liver, with a plasma half-life of 20 min or less. 


ANTIPLATELET DRUGS 


Platelets play a key role in hemostasis and thrombus forma- 
tion. Platelets adhere to thrombin, collagen, immunologically 
sensitized surfaces, and various other substances. At the site of 
vascular injury, collagen is exposed, thus causing platelet ad- 
hesion and the release of ADP, prostaglandins PGG, and 
PGH,, TXAg,, and other substances. The growing platelet ag- 
gregate becomes a white thrombus, which may plug a small 
vascular break or grow sufficiently large to cause vascular 
occlusion. In a blood clot, adhesion to thrombin causes an 
aggregate known as the white head of a red thrombus, which by 
a self-regenerating process (since ADP and TXA, cause further 
aggregation) enlarges the thrombus. Serotonin, PGG,, PGHg, 
TXA,, and platelet-derived growth factor (PDGF) cause local 
vasospasm, which helps arrest bleeding from ruptured 
capillaries. 

Vascular endothelium generates prostacyclin (PGI,), which 
suppresses platelet adherence and aggregation and thus is a 
protective substance that helps limit the progression of a white 
thrombus beyond the point of injury. PGI, is also a potent 
vasodilator. 

Platelets adhering to the wall of a blood vessel promote 
atherogenesis. PDGF causes local smooth muscle cells to in- 
crease cholesterol synthesis, bind low-density lipoprotein 
(LDL), increase the rate of cell replication, and change into the 
foam cells characteristic of an atheroma. Platelets also are 
crucial to the process of thrombotic vascular occlusion once an 
atheroma has ruptured. Platelets also are involved in inflam- 
mation, bronchial asthma, eosinophilia, vascular tone, micro- 
circulatory regulation, mitogenesis, and tissue growth and re- 
pair, but antiplatelet drugs have received little attention in 
these roles. 

So-called antiplatelet drugs may suppress platelet adher- 
ence and aggregation and extend platelet viability by acting 
directly on mechanisms within the platelet (true antiplatelet 
activity) or indirectly, to decrease the availability of non- 
platelet-derived agonists that promote aggregation. Much in- 
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terest has been on inhibitors of prostaglandin and thrombox- 
ane synthesis, especially of aspirin (page 1456). 

Aspirin irreversibly inhibits (by acetylation) the cyclooxy- 
genase system that generates prostaglandins, prostacyclin, 
and TXA,. The effect of decreasing TXA, is inhibition of plate- 
let aggregation, but at first this is counterbalanced by a de- 
crease in PGI,. However, vascular endothelial cells continue to 
synthesize cyclooxygenase, whereas anuclear platelets do not. 
Therefore, within a few hours after the administration of aspi- 
rin, PGI, synthesis returns to normal, but TXA, synthesis does 
not. Furthermore, oral aspirin interacts with circulating plate- 
lets during absorption but with most endothelial cells only after 
passing through the liver, where first-pass metabolism greatly 
decreases the plasma concentration, and after dilution with 
nonhepatic blood; consequently, platelets are the more affected, 
and it is possible to suppress platelet aggregation with doses 
that have little effect on the generation of PGI,. In addition, 
aspirin probably inhibits platelet function by additional mech- 
anism(s) unrelated to TXA, inhibition. 

Other nonsteroidal anti-inflammatory drugs (NSAIDs), 
such as other salicylates, hydroxychloroquin, indomethacin, 
etc, are not irreversible inhibitors of cyclooxygenase and are 
not as effective as antiplatelet drugs. Sulfinpyrazone (page 
1463) is a weak inhibitor of cyclooxygenase and possibly may 
have another mechanism of action. Aspirin also has an action 
to suppress secretion of ADP-containing dense granules from 
platelets, which also contributes to antiplatelet activity. 


TICLOPIDINE HYDROCHLORIDE 


Thieno[3,2-e]pyridine, 5-[(2-chlorophenyl)methyl]-4,5,6,7-tetrahydro-, 
hydrochloride; Ticlid Hydrochloride 
(53885-35-1] C,,H,,CINS.HC1 (300.25). 

Preparation—From 2-thiophenecarboxaldehyde plus 2-aminoacet- 
aldehyde diethyl acetal to form the Schiff base, which is cyclized with 
acid to form pyrido[3,4-b]thiophene. This latter compound with a,2- 
dichlorotoluene yields the tertiary iminium ch]oride, which with sodium 
borohydride affects reduction of the pyridine iing to yield the product. 
(J Med Chem 1974; 9: 483.) 

Description—White, crystalline solid; melts at 189°. 

Solubility—Freely soluble in methanol or water to pH 3.6; spar- 
ingly soluble in methylene chloride or alcohol; slightly soluble in ace- 
tone; insoluble in a buffered solution at pH 6.3. 

Comments—An orally active platelet inh itor that prevents both 
platelet aggregation and release of granule cons tuents. Its mechanism of 
action is not completely delineated but appare ly results from interfer- 
ence with platelet membrane function by inhi! ion of . It inhibits ADP- 
induced platelet-fibrinogen binding and platele platelet interactions but 
has variable effects on aggregation due to other stimuli including throm- 
bin, platelet-activating factor, epinephrine, or collagen. The inhibitory 
effect is irreversible and persists for the life of the platelet. After discon- 
tinuation of the drug, platelet function tests return to normal within 2 
weeks in most patients. Ticlopidine is indicated to reduce the risk of 
thrombotic stroke (fatal or nonfatal) in patients who have experienced 
stroke precursors or who have had a completed thrombotic stroke. In a 
trial comparing ticlopidine with aspirin therapy in patients experiencing 
stroke precursors or a minor stroke, ticlopidine significantly reduced the 
risk of fatal and nonfatal stroke compared with aspirin. The risk reduction 
by ticlopidine was similar in women and men. Side effects were more 
frequent with ticlopidine than with aspirin, and GI symptoms were the 
most common complaint. Neutropenia is the most serious adverse effect of 
ticlopidine and occurred in 2.4% of patients. Consequently, patients must 
have their blood tested every 2 weeks for the first 3 months of therapy. 
Patients also should be advised to contact their physician immediately if 
they experience symptoms of infection such as fever, chills, or sore throat. 
The drug is metabolized extensively by the liver and is contraindicated in 
patients with severe liver impairment. In addition, it should not be given 
to patients who have a hematopoietic or hemostatic disorder or ac- 
tive pathological bleeding such as a bleeding peptic ulcer or intracranial 
bleeding. 

Dose—Oral, adults, 250 mg twice a day taken with food. 

Dosage Form—Tablets: 250 mg. 


Other Antiplatelet Drugs 


Other drugs work in other ways. 
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Dipyridamole inhibits platelet phosphodiesterase, thus increasing 
cyclic AMP levels, which suppresses platelet aggregation and dense- 
granule secretion. It also blocks the reuptake and metabolism of aden- 
osine and potentiates the antiaggregating action of PGI,. 

Calcium channel blockers (page 1290) decrease intraplatelet cal- 
cium concentration and, hence, also suppress dense-granule secretion. 

B-Adrenergic blockers prevent B-receptor operation of calcium chan- 
nels. 

a-Blockers prevent a-agonist-induced dense-granule secretion. 

Anagrelide suppresses platelet response to all stimuli; its mechanism 
may be that of inhibiting a distinct pool of cAMP phosphodiesterase. 

Other inhibitors of platelet function are dextrans (page 1247), glyc- 
eryl guaiacolate (very active), penicillin, tricyclic antidepressants, 
glucocorticoids, clofibrate, pyridinol carbamate, PGE,, glucagon, anti- 
serotonin drugs, certain antihistamines, caffeine, theophylline, pentoxi- 
fyllin, general anesthetics, and ethanol in high concentration. 

Clopidogrel Bisulfate—A thienopyridine derivative chemically 
related to ticlopidine that inhibits platelet aggregation by irreversibly 
modifying the platelet-ADP receptor. It is indicated for the reduction of 
atherosclerotic events including MI, stroke, and vascular death in pa- 
tients with documented atherosclerosis. The major adverse effects in- 
clude chest pain, flulike symptoms, abdominal pain, arthralgia, and 
purpura. 

Eptifibatide—A cyclic heptapeptide that binds to the platelet gly- 
coprotein IIb/IIIa receptor and thus inhibits platelet aggregation, sim- 
ilar to Abciximab. It is indicated for the treatment of patients with 
acute coronary syndromes including those to be managed medically as 
well as those undergoing percutaneous coronary intervention. In the 
clinical trials with this drug, it was shown to decrease the rate of a 
combined endpoint of death, new MI, or need for urgent intervention. 
Most patients were also receiving aspirin and heparin in these clinical 
trials. Experience in 1998 was limited to the treatment of large num- 
bers of patients with this drug. 

Tirofiban Hydrochloride—A nonpeptide antagonist of the plate- 
let glycoprotein IIb/IIJa receptor, which reversibly inhibits platelet 
aggregation. It is indicated for use along with heparin in the treatment 
of acute coronary syndromes including those to be managed medically 
as well as those undergoing percutaneous coronary intervention. In this 
setting it has been shown to decrease the rate of a combined endpoint of 
death, new MI, or refractory ischemia/repeat cardiac procedure. Expe- 
rience in 1998 was limited to the treatment of large numbers of patients 
with this drug. 


No clinical use of antiplatelet drugs is without some contro- 
versy. In general, except for dextrans 70 and 75, antiplatelet 
drugs have not been found effective alone in preventing or 
limiting venous thrombosis and pulmonary embolism, but they 
probably improve the response to oral anticoagulants. In such 
a combination, aspirin increases the incidence and severity of 
GI hemorrhage, whereas dipyridamole does not. This deleteri- 
ous effect of combination therapy is reduced if the dose of 
aspirin is lowered, ie, 325 mg a day or less. In addition, it 
is essential that coagulation and platelet function tests are 
monitored routinely, with anticoagulant doses adjusted 
accordingly. 

Antiplatelet-anticoagulant drug combinations appear to be 
superior to oral anticoagulants alone in preventing thrombosis 
from prosthetic heart valves and other foreign surfaces. After 
hip surgery, aspirin alone (in men), aspirin-dipyridamole, and 
hydroxychloroquin have been reported to be of value in pre- 
venting venous thrombosis and pulmonary embolism. Sulfin- 
pyrazone decreases the incidence of systemic embolism in rheu- 
matic mitral valve stenosis. 

Aspirin is approved in the US to reduce the risk of death 
and/or nonfatal MI in patients with a previous infarction or 
unstable angina pectoris. One tablet is recommended immedi- 
ately at the onset of symptoms of an MI. It also is approved to 
reduce the risk of stroke in persons experiencing transient 
ischemic attacks, although ticlopidine is perhaps superior. 
Completed strokes are not affected. Occlusive microvascular 
disorders in the fingers are resolved in 2 to 3 days and further 
prevented after treatment with aspirin. Microvascular occlu- 
sion after organ transplants also appears to be diminished by 
aspirin. In general, the combination of aspirin and dipyrida- 
mole is no more effective than aspirin alone. 

There is much interest in the reputed ability of antiplatelet 
drugs to decrease the rate of MI. There have been two random- 
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ized trials examining whether aspirin has a protective effect in 
the primary prevention of vascular disease, with conflicting 
results. In a 5-year study, the US Physicians’ Health Study, 
there was a 44% reduction (from approximately 0.4 to 0.2%/ 
year) in the incidence of MI in men receiving aspirin (325 mg 
every other day) compared with placebo. This effect was only 
observed in men age 50 or over. Over the 5-year period the 
death rate from cardiovascular processes was similar in both 
placebo- and aspirin-treated groups. In contrast, in the British 
Doctors’ Trial there was no difference in the rate of MI or 
cardiovascular death in the aspirin (500 mg/day) versus pla- 
cebo group over a 6-year study period. In both of these studies 
there was a slight increase in the incidence of stroke and an 
increased risk of GI hemorrhage in the aspirin-treated cohort. 
The US Preventive Services Task Force recommends that “low- 
dose aspirin therapy may be considered for men aged 40 and 
over who are at a significantly increased risk of myocardial 
infarction and who lack contraindications to the drug.” Aspirin 
therapy should be considered an adjunct approach in the man- 
agement of cardiovascular disease. Reduction of significant risk 
factors including hypertension, high cholesterol levels, and 
smoking are the most effective treatment for patients at risk 
for MI and stroke. Of note, current epidemiological evidence 
suggests that aspirin is beneficial in women as well as men; 
however definitive recommendations must await the results of 
the ongoing Women’s Health Study. 


ANTICOAGULANT ANTAGONISTS 


Anticoagulant therapy carries the risk of serious hemorrhage, 
so that there may be need to arrest the anticoagulant action. 
Prothrombopenic anticoagulants, as expected from their mode 
of action, are antagonized by vitamin K or its synthetic substi- 
tutes. Not all vitamin K preparations are equally effective, 
vitamin K, (phytonadione) being superior and menadione infe- 
rior. The efficacy of vitamin K preparations also varies accord- 
ing to the anticoagulant, but all agents of the dicumarol group 
may be antagonized by an appropriate dose of vitamin K,. The 
antagonism is not manifested immediately, since normal coag- 
ulation is obtained only after the liver has had time to replen- 
ish the prothrombin and other vitamin K—dependent coagula- 
tion factors. 

High doses of vitamin K, can antagonize oral anticoagu- 
lants, despite their being continually inhibited at their site of 
action, because high doses can activate a second latent enzyme 
not significantly productive with ordinary concentrations of 
vitamin K, which enzyme is not inhibited by the anticoagu- 
lants. Heparin is antagonized by various amines, ammonium 
compounds, and basic proteins that precipitate the polysulfate. 
Circulating heparinoid substances in the blood also can be 
assayed with such substances. 


MENADIOL SODIUM DIPHOSPHATE—page 1804. 
PHYTONADIONE—page 1804. 
LEPIRUDIN 


1-L-Leucine-2-.-threonine-63-desulfohirudin; Hirudo medicinalis 
isoform HVI 
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[138068-37-8] Cog7H440N 0011156 (6979.56). 
Description—Lepirudin is a recombinant hirudin composed of 65 
amino acids and is produced in yeast. It differs from natural hirudin by 


the absence of a sulfate group on tyrosine at position 63 and the 
substitution of leucine for isoleucine at the amino terminus. 

Comments—A direct inhibitor of thrombin, with one molecule of 
lepirudin combining with one molecule of thrombin. It has no effect on 
antithrombin III. It is indicated for anticoagulation in patients with 
heparin-induced thrombocytopenia (HIT) and associated thromboem- 
bolic disorders, to prevent further thromboembolic complications. The 
major adverse effect is bleeding, and intracranial bleeding has occurred 
in acute MI patients following concomitant thrombolytic therapy with 
alteplase or streptokinase. Other adverse events include allergic 
reations involving the skin and airways. The systemic clearance of 
lepirudin depends on the glomerular filtration rate, and dosage adjust- 
ment based on creatinine clearance is recommended. There is no spe- 
cific antidote for lepirudin, and life-threatening bleeding requires im- 
mediate discontinuation of the drug as well as possible blood 
transfusion. Therapy is monitored using the PTT ratio, with a target 
range of 1.5 to 2.5, and current data suggest that higher ratios increase 
the bleeding risk without a significant increase in clinical efficacy. 


PROTAMINE SULFATE 


A purified mixture of simple protein principles obtained from the sperm 
or testes of suitable species of fish, which has the property of neutral- 
izing heparin. Each milligram neutralizes not less than 80 USP Units of 
heparin activity derived from lung tissue and not less than 100 USP 
Units of heparin activity derived from intestinal mucosa. 

Preparation—Frozen, ripe, salmon testes are ground, water-washed, 
centrifuged, and dehydrated by means of solvents and vacuum drying. The 
dried material then is extracted with 10% H,SO,, and after filtering, a 
protamine sulfate—rich fraction is precipitated from the filtrate with cold 
alcohol. This fraction is dissolved in hot water, and the protamine sulfate 
separates as an oil upon cooling. This protamine-rich oil is dissolved in hot 
water and fractionated again with cold alcohol. The resulting fraction is 
dehydrated by means of solvents and vacuum dried. 

Description—Fine, white or faintly colored, amorphous or crystal- 
line, hygroscopic powder. 

Solubility—Sparingly soluble in water. 

Comments—A heparin antagonist. Because it is a strongly basic 
macromolecule, it combines avidly with heparin, which is a polyanionic 
macromolecule. It combines with heparin in an approximately 1:1 ratio 
by weight regardless of the source of heparin; since the potency of 
heparin from different sources varies, the dose of protamine based on 
USP unitage also varies. It is injected slowly intravenously after suit- 
able dilution with physiological salt solution, to counteract the effect of 
overmedication with heparin. The duration of the effect is about 2 hr. 

Untoward effects are uncommon. They include abrupt hypotension, 
dyspnea, bradycardia, flushing, and a feeling of warmth. An overdose 
can itself exert an anticoagulant effect. 


FIBRINOLYTIC INHIBITORS 


AMINOCAPROIC ACID 


Epsilon Aminocaproic Acid; Aminocaproic Acid; Amicar 


HC(CH,),CH,;COOH 


| 
NH, 


6-Aminohexanoic acid [60-32-2] C,H,,NO, (131.17). 

Preparation—The lactam group of the commercially available 
caprolactam (hexahydro-2H-azepin-2-one) is cleaved at the C-N linkage 
by heating an aqueous solution with calcium hydroxide. The calcium 
aminocaproate thus formed is reacted with sulfuric acid to free the 
official acid and precipitate the calcium. Various other methods of 
preparation are also available. 

Description—Fine, white, crystalline powder; odorless, or nearly 
so; tasteless, stable in light and air; melts at about 205°. 

Solubility—1 g in 3 mL water; slightly soluble in alcohol; practi- 
cally insoluble in chloroform or ether. 

Comments—A competitive inhibitor of plasminogen activators, 
which also expresses antiplasmin activity. It is used in the treatment of 
procedures or disorders in which fibrinolysis is enhanced, such as car- 
diac bypass, postcaval shunt, major thoracic surgery, prostatic postop- 
erative hematuria, and also nonsurgical hematuria, leukemia, meta- 
static prostatic carcinoma, cirrhosis and other hepatic diseases, 
eclampsia, intrauterine fetal death, amniotic fluid embolism, and ab- 
ruptio placentae. It also is used to correct excessive, treatment-induced 
fibrinolysis. It has been reported to be of use in angioedema and sub- 
arachnoid hemorrhage. The drug is of no value in hemorrhage due to 
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thrombocytopenia, hyperheparinemia, or other coagulation defects or to 
vascular disruption. 

It may cause itching, erythema, rash, diuresis, heartburn, nausea, 
and diarrhea. It also has an antiadrenergic effect similar to that of 
guanethidine, so that nasal stuffiness, conjunctival suffusion, and hy- 
potension may occur. The drug may enhance thrombotic processes by 
suppression of reactive fibrinolysis, which tends to limit clot formation 
and favor clot resolution. Therefore, it should not be given unless there 
is unequivocal evidence that disseminated intravascular clotting is not 
the cause of elevated fibrinolytic activity. It is not known whether this 
drug can cause fetal harm, and it is currently in pregnancy Category C. 

It is excreted by the kidney; in the presence of renal disease the dose 
should be reduced. 


TRANEXAMIC ACID 
Cyklokapron 


COOH 


CH,NH> 


[1197-18-8] C,H,;NO, (157.21). 

Preparation—/J Org Chem 1959; 24: 115, and US Pat 3,499,925. 

Description—White crystals; melts over 300°. 

Solubility—1 g in about 6 mL water; very slightly soluble in alcohol 
or ether; 5% aqueous solution, pH 6.5 to 7.5. 

Comments—Resembles aminocaproic acid in decreasing the activ- 
ity of the fibrinolysis system, in part by inhibiting plasminogen; it is 
approved for use in hemophiliac patients to prevent hemorrhage and 
reduce the need for replacement of blood factors. Its most interesting 
use has been in the treatment of malignant ovarian tumors, to promote 
formation of a fibrin capsule to wall off and inhibit growth of the tumor. 
It also causes regression of ascites secondary to carcinoma. In these 
uses heparin was given concomitantly to prevent intravascular coagu- 
lation. It causes nausea, vomiting, diarrhea, occasional vertigo, and 
hypotension from rapid injection. It passes through the placental bar- 
rier. It is excreted rapidly in urine. 


HEMOSTATICS AND STYPTICS 
RR ES A UTE GAT TE 
Many substances not especially related to the clotting mecha- 
nism are capable of promoting clotting. Upon contact with most 
surfaces, platelets adhere, aggregate, and release mediators 
that promote fibrin deposition. Spongy and gauzy materials, 
which provide a large surface area, thus are used to arrest 
bleeding; absorbable sponges may be left permanently at the 
site of bleeding. Fibrin, fibrinogen, and thrombin are also po- 
tent hemostatics. Astringents (see Chapter 65) also initiate 
clotting by precipitating proteins and by labilizing platelets; 
mostly ferric salts are employed as styptics. 


ALUM—page 1205. 
CELLULOSE, OXIDIZED—page 1851. 
MICROFIBRILLAR COLLAGEN 


Avitene 
A preparation of animal origin of the polypeptide substance occurring 
as the main constituent of skin, connective tissue, and the organic 
substance of bones. 


The concentration of several of the electrolytes in plasma is 
critical for proper functioning of cells, especially those of the 
excitable tissues. The proper balance of the several ions is 
complex, depending not only on the concentration in the extra- 
cellular fluid (of which plasma is one compartment) but also on 
the intracellular concentration, the ratio across the cell mem- 
brane being an essential factor as well as the ratio of one ion 
type to another. Thus, plasma electrolyte concentrations pro- 
vide only a crude clue to the electrolyte status of the patient, 
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Comments—Platelets adhere naturally to collagen and are stimu- 
lated to release substances that promote further aggregation. Microfi- 
brillar collagen is used to arrest bleeding, especially during surgery 
except neurological, urological, and ophthalmological procedures. It 
usually stops capillary bleeding in 1 min, brisk bleeding in 4 to 5 min, 
and oozing from bone in 5 to 10 min. The collagen is absorbed in less 
than 84 days. It may cause mild, chronic inflammation at the site of 
application, probably as the result of slight contamination by bovine 
albumin. It does not interfere with regeneration of bone. It may inter- 
fere mechanically with the closure of incisions. Plugging of pores in 
cancellous bone diminishes the strength of methacrylate adhesives. 
Spillage on nonbleeding surfaces should be avoided because it may 
cause adhesions. 


DESMOPRESSIN—page 1362. 
ABSORBABLE GELATIN POWDER 


Gelfoam 


A fine, dry, heat-sterilized light powder prepared by milling absorbable 
gelatin sponge. 

Comments—Sterile powder, saturated with sterile sodium chloride 
solution; is indicated in surgical procedures to control capillary, venous, 
and arteriolar bleeding when conventional procedures such as pressure 
or ligature are ineffective. 


ABSORBABLE GELATIN SPONGE 


Gelfoam 


Gelatin in the form of a sterile, absorbable, water-insoluble sponge. 

Description—Light, nearly white, nonelastic, tough, porous, hy- 
drophilic solid; 10-mm cube weighing approximately 9 mg will take up 
approximately 45 times its weight of well-agitated oxalated whole 
blood; it is stable in dry heat at 150 for 4 hr. 

Solubility—Insoluble in water, but absorbable in body fluids; com- 
pletely digested by a solution of pepsin. 

Comments—A hemostatic and coagulant used to control bleeding. 
It is moistened with sterile sodium chloride or thrombin solution and 
may then be left in place following closure of a surgical incision. It 
should not be used in the closure of skin incisions because of interfer- 
ence with the rejoining of edges. It is absorbed in 4 to 6 week. 


THROMBIN 


Thrombinair; Thrombogen; Thrombostat 


A sterile protein substance prepared from prothrombin of bovine origin 
through interaction with added thromboplastin in the presence of cal- 
cium. It is capable, without the addition of other substances, of causing 
the clotting of whole blood, plasma, or a solution of fibrinogen. It may 
contain a suitable antibacterial agent. 

Note: Solutions of thrombin should be used within a few hours after 
preparation, and are not to be injected. 

Description—White or grayish, amorphous substance dried from 
the frozen state. 

Comments—When concentrated, it has an extraordinarily potent 
hemostatic or clotting effect on blood. Its powerful coagulant action is 
employed in coagulating fibrinogen solution. It also is useful for local 
application to cuts or injuries. In surgery and in emergency, it is useful 
for local application in the control of minor oozing. For more extensive 
or inaccessible hemorrhage, a matrix must be applied to hold the throm- 
bin in place and provide a structure for clot formation. Such a matrix is 
provided by various products, including fibrin foam, gelatin sponge, etc. 
It is ineffective in arterial bleeding. 


and balance or other ancillary studies are often necessary to 
determine the true electrolyte needs. Certain electrolytes, for 
example calcium and phosphate, serve also as structural ele- 
ments in hard tissues (bone, teeth, etc) and may be employed 
for that purpose. 

Several of the phosphates described in this section often are 
used to remove calcium from blood in hypercalcemia and to 
prevent and even dissolve calcific kidney stones rather than to 
add an electrolyte. 
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AMMONIUM CHLORIDE—page 1345. 
CALCIUM CARBONATE—page 1221. 


CALCIUM CHLORIDE 


Calcium chloride, dihydrate [10035-04-8] CaCl,.2H,O (147.02); anhy- 
drous [10043-52-4] (110.99). 

Preparation—By saturating HCl with chalk or marble, then add- 
ing calcium hydroxide to alkalinity and boiling, which precipitates 
magnesium, iron, and other metals. After filtering, the filtrate is neu- 
tralized with HCl and evaporated until it contains about 24% water. 

Description—White, hard, odorless fragments or granules; deli- 
quescent. 

Solubility—1 ¢ in 0.7 mL of water or 4 mL of alcohol. 

Comments—Provides calcium ions in the treatment of hypocalce- 
mic tetany. It also relieves muscle spasms and pain from black widow 
bites. It is given during exchange transfusions, to repair the calcium 
deficit in citrated blood; however, calcium gluceptate is preferred for 
this use. It is antispasmodic to smooth muscle and effective in relieving 
the abdominal pain and diarrhea of intestinal tuberculosis and lead 
colic; for this purpose it is given orally, a neutral salt being preferred. It 
stimulates cardiac automaticity and contractility and is used in cardiac 
resuscitation. Calcium is used in the management of hypersensitivity 
reactions, especially urticaria and angioneurotic edema, and of insect 
bites and stings. 

It is a specific antidote in cases of magnesium poisoning. It is used 
in the treatment of hyperkalemia, since it antagonizes the cardiac 
effects of potassium. 

As an electrolyte replenisher it is a pharmaceutical necessity for 
Ringer’s Injection, Lactated Ringer’s Injection, and Ringer’s Solution. 

Side effects result from too-rapid injection; these include vasodila- 
tion and a burning sensation in the skin. Overdosage can cause hyper- 
calcemia, characterized by persistent nausea and vomiting, lethargy, 
weakness, coma, and sudden death. Because of the danger of overdos- 
age, it is contraindicated in renal insufficiency, even if hypocalcemia 
exists. It should be given cautiously to the digitalized patient, and the 
electrocardiogram should be monitored. In general, plasma electrolyte 
concentrations should be monitored before and during use. Extravasa- 
tion and intramuscular or subcutaneous injection can cause tissue 
necrosis. For this reason, less-irritant salts are preferred, especially in 
pediatrics. 


CALCIUM CITRATE 


1,2,3-Propanetricarboxylic acid, 2-hydroxy-, calcium salt (2:3), 
tetrahydrate; Citracal 


CHeCOO — 


pee etethatee Caz . 4H,0 
yess = |, 
[5785-44-4] 

Cro Ca. O tte OnomO a0). 

Preparation—By treating citric acid obtained from citrus fruits, 
with lime. 

Description—White, odorless, crystalline powder losing all of its 
water of crystallization at 120°. 

Solubility—1 g in 1050 mL cold water; more soluble in hot water; 
insoluble in alcohol. 

Comments—Most calcium compounds given orally as a source of 
calcium are soluble in gastric acid but are converted mostly to insoluble 
calcium carbonate in the duodenum, so that only a fraction of the 
calcium is available for absorption. Calcium carbonate, especially, de- 
pends greatly upon gastric acid to make some of the calcium bioavail- 
able. Persons with achlorhydria, pyloroplasty, or other conditions in 
which a calcium compound is not in an acidic environment long enough 
to liberate or maintain much soluble calcium usually do not obtain 
adequate calcium absorption from calcium carbonate and certain other 
calcium compounds. In this drug, the calcium ion is chelated sufficiently 
firmly that a large proportion remains in the soluble form in the alka- 
line environment of the small intestine. In individuals with normal 
gastric acid secretion, 20 to 66% more calcium is bioavailable from the 
citrate than from the carbonate, and in persons with achlorhydria it is 
100% more available. It is used to treat hypocalcemia and as a supple- 
ment to dietary calcium, especially in persons in whom there is a 
probability of developing or exacerbating osteoporosis. 


CALCIUM GLUBIONATE 


Calcium, (4-O-B-p-galactopyranosyl-p-gluconato-O')(p-gluconato-0O1)- 
, monohydrate; Neo-Calglucon 


coo— 
coo— HCOH 
HCOH Ho¢H 
HOGH HC ——————— 9 
HOH HOH ms hee Oe 
HCOH CH,0H 
CH,OH oe 
=) K OH J 


[12569-38-9] C,,.H,.CaO,,5.H,O (610.53). 
Comments—As a source of calcium, more as a dietary supplement 
than for the treatment of hypocalcemia. 


CALCIUM GLUCEPTATE 


p-glycero-p-gulo-Heptonic acid, calcium salt (2:1); Calcium 
Gluceptate 


H H OHH H 
poof ft ese Ca 
OH OH H_ OH OH ale 

Calcium p-glycero-b-gulo-heptonate (1:2) [17140-60-2] C,,H,,CaO,, 
(490.43); hydrate [56348-83-5] (508.45). 

Preparation—From sodium glucoheptonate, US Pat 3,033,900. 

Comments—To provide calcium ions when rapid availability is 
required. The clinical conditions in which calcium is required are stated 
under Calcium Chloride. This drug is even less irritating than Calcium 
Gluconate, so that it is preferred when intramuscular administration is 
required, as in neonatal tetany. Many authorities also prefer the glu- 
ceptate to the gluconate for intravenous injection, but once symptoms 
are controlled, maintenance usually is achieved with calcium gluconate 
given by intravenous infusion. The duration of action after intravenous 
administration is 2 to 3 hr and after intramuscular injection, 1 to 4 hr. 

After rapid intravenous injection there may be tingling sensations 
and a chalky taste. The effects of overdoses, precautions, and drug 
interactions are those of Calcium Chloride. Mild local reactions may 
occur at the site of injection, but abscesses apparently do not occur. 


CALCIUM GLUCONATE 
p-Gluconic acid, calcium salt (2:1) 


H HOH H 
HOCHp—C—C—C—C—COO— | Ca 
OH OH H OH 4 


Calcium gluconate (1:2) [299-28-5] C,,H,.CaO,, (430.38). 

Preparation—p-Glucose is oxidized to gluconic acid in the presence 
of calcium carbonate. The oxidation may be effected by certain molds, 
eg, Aspergillus niger, or by bromine. 

Description—White, crystalline granules or powder, without odor 
or taste; stable in air and does not lose its water on drying without 
undergoing decomposition; solutions are neutral to litmus paper; de- 
composed by dilute mineral acids into gluconic acid and the calcium salt 
of the mineral acid used. 

Solubility—1 ¢g slowly in about 30 mL water or about 5 mL boiling 
water; insoluble in alcohol or many other organic solvents. 

Comments—lIts uses are those of Calcium Chloride. It is less irri- 
tating than calcium chloride and may be given orally or by intramus- 
cular or intravenous injection. However, intramuscular injection may 
cause abscesses. It usually is considered to be the calcium salt of choice 
for intravenous use. 


CALCIUM GLYCEROPHOSPHATE 


Calphosan; Neurosin; Phos-Cal 

(HOCH,).CHOPO.Ca 
[27214-00-2] C.H,CaO,P (210.15). A mixture of the B-calcium salt (cen- 
ter hydroxyl of glycerol is phosphorylated) and the a-salt (end hydroxyl 
is phosphorylated). Since the a-salt enjoys a chiral center, it exists as 
two stereoisomers; only the racemic form is present in this salt. 

Preparation—J Chem Soc 1914; 105: 1238. 

Description—Odorless, tasteless powder; decomposes at about 
LO 

Solubility—1 g in about 50 mL water at 20°; less soluble at higher 
temperatures. 
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Comments—tThe actions, uses and adverse effects are much like 
those of Calcium Gluconate. The effects of overdoses, drug interactions 
and precautions are those of Calcium Chloride. The salt is marketed 
only in combination with calcium lactate or calcium levulinate. 


CALCIUM LACTATE 
Propanoic acid, 2-hydroxy-, calcium salt (2:1), hydrate 


ale Ceo 

OH 2 

Calcium lactate (1:2) hydrate [41372-22-9] C,H,,CaO,.xH,O; anhy- 
drous 814-80-2 (218.22); pentahydrate (308.30). 

Preparation—By fermenting hydrolyzed starch with a suitable 
mold in the presence of calcium carbonate, and purifying until the 
product meets USP purity requirements. It also is obtained, now in 
decreasing quantities, by fermentation of the mother liquors resulting 
from the production of milk sugar. 

Description—White, almost odorless powder or granules, some- 
what efflorescent; it becomes anhydrous at 120°; aqueous solutions are 
prone to become moldy. 

Solubility—1 g in about 20 mL of water; practically insoluble in 
alcohol. 

Comments—An excellent source of calcium ion in the oral treat- 
ment of calcium deficiency. It causes less GI irritation than does calcium 
chloride. It is used in the prevention and retardation of osteoporosis. 
The bioavailability of calcium is not as gastric acid—dependent as is 
that of CaCO,; consequently, the lactate is superior in many elderly 
patients. 


CALCIUM LEVULINATE 


Pentanoic acid, 4-oxo-, calcium salt (2:1) 
{(CH,COCH,CH,OOO-],Ca - 2H,O 
[5743-49-7] C,)H,,CaO,.2H,O (306.33). 

Preparation—From levulinic acid and calcium carbonate. The acid 
may be obtained from crude cellulose and as a by-product in the man- 
ufacture of furfural. Ind Eng Chem 1956; 48: 1331.) 

Description—White, crystalline or amorphous powder; faint odor 
suggestive of burnt sugar; bitter, salty taste. 

Solubility—Freely soluble in water; slightly soluble in alcohol; 
insoluble in ether or chloroform. 

Comments—Much like Calcium Gluceptate in that it is less irri- 
tating than calcium gluconate. The side effects also are essentially the 
same. The effects of overdoses, precautions, and drug interactions are 
those of Calcium Chloride. The salt is marketed only in combination 
with calcium glycerophosphate. 


DIBASIC CALCIUM PHOSPHATE 


Phosphoric acid, calcium salt (1:1); Dicalcium Orthophosphate 
Calcium phosphate (1:1) anhydrous [7757-93-9] CaHPO, (136.06); di- 
hydrate |7789-77-7] (172.09). 

Preparation—A phosphate mineral, eg, apatite, or preferably ig- 
nited animal bone, is decomposed with H,SO,, resulting in the produc- 
tion of phosphoric acid and calcium sulfate. After filtering off the cal- 
cium sulfate, the proper quantity of calcium hydroxide is added to form 
dibasic calcium phosphate. 

It also may be prepared from animal bones as described under the 
preparation of Tribasic Calcium Phosphate, using only sufficient cal- 
cium hydroxide to form the dibasic salt. 

Description—White, odorless, tasteless powder; stable in air; 
aqueous suspension is neutral to litmus. 

Solubility—Practically insoluble in water; readily soluble in di- 
luted hydrochloric or nitric acids; insoluble in alcohol. 

Comments—An excellent source of calcium and phosphorus during 
pregnancy, lactation, or mild-to-moderate hypocalcemia characterized 
by a low degree of tetany. Because of the phosphate content, it is 
contraindicated in hypoparathyroidism. If the tetany is severe, intra- 
venous calcium medication is administered. See Calcium Chloride, 
Calcium Gluconate, Calcium Gluceptate, Calcium Glycerophosphate, or 
Calcium Levulinate. 


TRIBASIC CALCIUM PHOSPHATE 


Calcium Hydroxide Phosphate 
Ca;(OH)(PO,). 
[12167-74-7] Ca;HP.O,, (502.32). 
Preparation—Commercially from phosphate rock; also occurs 
naturally. 
Description—Amorphous, odorless, tasteless powder. 
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Solubility—Insoluble in water, alcohol, or acetic acid; soluble in 
mineral acids. 

Comments—Mainly for the prophylaxis and treatment of hypocal- 
cemia, although it also serves as a source of phosphate. 


POTASSIUM ACETATE 
[127-08-2] C,H,KO, (98.14). 

Preparation—Petassium bicarbonate or carbonate is reacted with 
acetic acid previously diluted with water, and the solution is evaporated 
to dryness. 

Description—Colorless, monoclinic crystals or a white, crystalline 
powder; rapidly deliquesces in moist air; saline and slightly alkaline 
taste; aqueous solutions are alkaline to litmus, but do not affect phe- 
nolphthalein TS. 

Solubility—1 g in about 0.5 mL water or about 3 mL alcohol. 

Comments—Therapeutically, as a systemic and urinary alkalin- 
izer, and for the effects of the potassium ion. Its value in hypokalemia 
is limited, since the condition frequently is associated with a hypochlo- 
remic alkalosis. Consequently, potassium chloride usually is preferred 
in hypokalemia. Acetate anion is metabolized to bicarbonate. When 
used orally as an alkalinizer the salt should be diluted liberally with 
water or fruit juice to avoid gastric distress. Indiscriminate use of this 
or other potassium salts may produce toxic manifestations of hyperka- 
lemia (see Potassium Chloride). 


POTASSIUM CHLORIDE 
Potassium chloride [7447-40-7] KCl (74.55). 

Preparation—Occurs in sea water and in many mineral springs. 
Formerly it largely was imported from Germany where it is mined at 
Stassfurt, occurring there as carnallite [KCl.MgCl,.6H,O] and as sylvite 
{KCl]. It now is obtained from the Searles Lake deposit in the Mojave 
Desert of southern California and from deposits of carnallite and sylvite 
in New Mexico and Texas. Another source is the Dead Sea, where 
considerable quantities are found as dissolved carnallite. This double 
salt, in aqueous solution, is treated with live steam, the two separate 
salts form, and the less-soluble salt, potassium chloride, crystallizes out 
as the solution cools. In the laboratory it may be prepared from potas- 
sium carbonate or bicarbonate and HCl. 

Description—Colorless, elongated, prismatic, or cubical crystals, 
or as a white granular powder; odorless, saline taste and stable in air; 
pH (aqueous solution) about 7. 

Solubility—1 g in 2.8 mL water at 25° or about 2 mL boiling water; 
insoluble in alcohol. 

Comments—The salt most frequently employed when the action of 
potassium cation is desired. It is used when hypokalemia or hypochlo- 
remic alkalosis exists, as after prolonged diarrhea or vomiting or con- 
sequent to adrenal steroid therapy or treatment with certain diuretics, 
especially the thiazides. It is used when it is desired to elevate normal 
plasma potassium levels, as in the treatment of digitalis intoxication. It 
may be used as a diuretic. Potassium chloride is of value for the relief 
of the symptoms of hypokalemic periodic paralysis, a rare disease char- 
acterized by recurrent attacks of muscular weakness. An increase in the 
daily intake of potassium decreases the risk of stroke-associated mor- 
tality; an increment of 10 mEq a day results in an average decrement in 
mortality of 40%. Potassium salts have been found to relieve the symp- 
toms of Méniére’s disease. 

Potassium chloride is an ingredient of Lactated Potassic Saline 
Injection, Ringer’s Solution, Lactated Ringer's Injection, Ringer’s Injec- 
tion and various other parenteral and oral electrolyte combinations. 

It is irritant to the GI tract, oral preparations may cause nausea, 
vomiting, epigastric distress, abdominal discomfort, and diarrhea. 
High, local concentrations in the GI tract can lead to ulceration. Esoph- 
ageal ulceration may occur if there is dysphagia and gastric ulceration, 
especially if gastric emptying is delayed. Enteric coating lessens the 
incidence of such side effects but favors the development of small bowel 
lesions, especially when thiazides are used concurrently. In a wax 
matrix it has been promoted as a safe form, but esophageal, gastric, and 
small bowel ulcerations nevertheless occur occasionally. It is best to 
avoid solid forms; if they are used, they should be taken with one or 
more full glasses of water. Overdoses may cause paresthesias, general- 
ized weakness, flaccid paralysis, listlessness, vertigo, mental confusion, 
hypotension, cardiac arrhythmias, and heart block. Death may ensue. 

Signs of toxicity may occur even with apparently normal blood 
levels; consequently, the signs must be monitored frequently, and am- 
bulatory patients must be apprised of premonitory symptoms. Most 
patients can be managed adequately and more safely with foods high in 
potassium and low in sodium (fruits, especially dried, and cereals). 

It must be administered cautiously in the presence of heart or renal 
disease. It is contraindicated in untreated Addison’s disease, heat 
cramps, adynamia episodica hereditaria, acute dehydration, and hyper- 
kalemia from any cause. 
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POTASSIUM GLUCONATE 
Kaon 


et Onis 
t 
HOCH; —G—C— C—C— COOK 
! 
OH OH H_ OH 


[299-27-4] C,H, , KO, (234.25). 

Preparation—Glucose may be oxidized to gluconic acid by various 
processes, eg, electrolytic oxidation of an alkaline solution, reaction 
with hypobromites, or fermentation using Aspergillus niger or other 
microorganisms. Neutralization with potassium hydroxide provides the 
salt. 

Description—White to yellowish white, crystalline powder or 
granules; odorless; slightly bitter taste; stable in air; solutions slightly 
alkaline to litmus. 

Solubility—1 g in 3 mL water; practically insoluble in dehydrated 
alcohol, ether, or chloroform. 

Comments—A source of potassium for management of hypokalemic 
states, such as occur consequent to adrenocorticosteroid therapy or use 
of thiazide diuretics, or for deliberate production of hyperkalemia, as for 
treatment of digitalis intoxication. The gluconate anion supposedly 
makes the compound better tolerated in the GI tract than is potassium 
chloride. It also is claimed that the potassium of the gluconate is 
absorbed high in the GI tract, above the location where mucosal lesions 
sometimes occur in combined thiazide-potassium therapy, whereas 
other salts are not absorbed so quickly. Such faulty suppositions and 
claims ignore the unavoidable chemical fact that irrespective of the salt 
used, potassium ion is only dissociable completely and hence is unaf- 
fected in its irritant actions and absorption by the anion in the 
compound. 

Its sugar-coated tablets dissolve at a higher level than do enteric- 
coated tablets of potassium chloride but, by this very fact, are free to 
cause the irritation for which the chloride tablet was coated. The fact 
that it may cause nausea, vomiting, diarrhea, and abdominal discom- 
fort shows that the gluconate has no advantage over non-enteric-coated 
potassium chloride tablets. A full glass of water taken with either 
greatly reduces the irritant effects of either salt. Hypochloremia is a 
frequent accompaniment of hypokalemia; in such instances the chloride 
definitely is preferred. Furthermore, since gluconate metabolizes to 
bicarbonate, it contributes to alkalosis, which also may be present in 
hypokalemia. Only in a hypokalemic, hyperchloremic acidosis (as in 
renal failure, dehydration, and occasional diabetic acidosis) is the drug 
rational; however, clinical experience indicates no obvious superiority 
over KCl. The use and toxicity of, and contraindications to, it are the 
same as for Potassium Chloride. 


POTASSIUM MIXTURES 

A number of potassium-containing products are mixtures of KCl and 
KHCO,; KCl, KHCO,, and K,CO,; KCl, KHCO,, and citric acid; KCl, 
KHCO., and potassium citrate; KHCO,, and citric acid; KCl and potas- 
sium gluconate; KHCO., potassium citrate, and potassium acetate; and 
potassium citrate and potassium gluconate. Those that combine 
KHCO, with citric acid are effervescent; some effervescent preparations 
contain betaine.HCl or lysine.HCl in lieu of, or in addition to, citric acid. 
Those that are not reconstituted for effervescence are intended for their 
alkalinizing effects in addition to their effects to repair potassium 
deficits. KHCO., and K,CO, are directly alkalotic; potassium acetate, 
citrate, and gluconate all metabolize to KHCO,. Since hypokalemia 
usually is accompanied by alkalosis, there are few situations in which 
an alkalinizing source of potassium is rational. Examples in which 
hypokalemia and acidosis coexist are renal failure, dehydration, and 
sometimes diabetic acidosis. Even in these, clinical experience is that 
KC] alone seems to be as useful as the combinations. 


DIBASIC POTASSIUM PHOSPHATE 


Potassium Phosphate Dibasic; Neutra-Phos 
[7758-11-4] K,HPO, (174.18). 

Preparation—By partial neutralization of phosphoric acid with 
potassium hydroxide or carbonate. 

Description—Granular powder; hygroscopic; pH (5% aqueous so- 
lution) about 8.5. 

Solubility—Very soluble in water. 

Comments—In the body, HPO,” anion interacts with calcium ion 
in a way that favors the deposition of both calcium and phosphate in 
bone salts and in other tissues depots. Some of the phosphate also is 
converted to pyrophosphate, which is a chelator of calcium, the calcium- 
pyrophosphate complex being excreted in the urine. Furthermore, high 
plasma phosphate levels decrease calcitriol levels and thus decrease 
absorption of calcium. Thus, KHPO, causes redistribution from plasma 


to tissue, decorporation, and diminished incorporation of calcium. Its 
principal use is in the treatment of hypercalcemia. It is not used alone 
as a source of potassium or phosphate in potassium or phosphate 
deficiency. It is a component of Potassium Phosphates, Potassium and 
Sodium Phosphates, and Dibasic Potassium and Sodium Phosphates. It 
is also a reagent and pharmaceutical necessity for various buffers and 
parenteral fluids. It is no longer used as a laxative; it may cause 
diarrhea by the oral route. See Monobasic Potassium Phosphate for 
other adverse effects. 


MONOBASIC POTASSIUM PHOSPHATE 


Potassium Phosphate Monobasic; K-Phos; Neutra-Phos 
(7778-77-0] K,HPO, (136.09). 

Preparation—As for Dibasic Potassium Phosphate. 

Description—pH (5% aqueous solution) about 5. 

Solubility—1 g in about 5 mL water. 

Comments—See Dibasic Potassium Phosphate for actions to de- 
crease calcium absorption, depress calcium levels in plasma, and en- 
hance calcium excretion as pyrophosphate complex. The dibasic salt is 
likewise used to treat hypercalcemia. It is used to treat nephrolithiasis 
when the stones are calcific. In this, the decrease in free calcium 
excretion into the urine decreases stone formation, and acidification of 
the urine (H,PO, causes acidosis) and free pyrophosphate ion favor 
dissolution of stones. It is a component of Potassium Phosphates and 
Monobasic Potassium and Sodium Phosphates and a pharmaceutical 
necessity for various parenteral fluids and buffers. Adverse effects are 
diarrhea by the oral route (it is poorly absorbed orally and acts as an 
osmotic cathartic), hypocalcemia (paresthesias, confusion, weakness, 
muscle cramps, dyspnea, irregular heartbeat) when employed vigor- 
ously in nonhypercalcemia patients, and the passing of loosened kidney 
stones. 


POTASSIUM PHOSPHATES 


A mixture of monobasic and dibasic potassium phosphate in the ratio 
described under each category below. 

Comments—For actions, uses, and adverse effects, see Dibasic 
Potassium Phosphate and Monobasic Potassium Phosphate. Mainly 
used for hypercalcemia and hypophosphatemia. 


POTASSIUM AND SODIUM PHOSPHATES 


A mixture of mono- and dibasic potassium and sodium phosphates. 

Comments—See Dibasic Potassium Phosphate, Monobasic Sodium 
Phosphate, Dibasic Sodium Phosphate. The mixture is advantageous in 
that it lessens the risk of sodium or potassium overload from a single- 
entity preparation. It is used mainly for hypercalcemia and hypophos- 
phatemia. 


MONOBASIC POTASSIUM AND SODIUM 
PHOSPHATES 


A mixture of monobasic potassium and monobasic sodium phosphates. 
Comments—See Monobasic Potassium Phosphate and Monobasic 
Sodium Phosphate. The combination is used to acidify the urine for the 
prevention and treatment of urolithiasis. The combination is advanta- 
geous in that it lessens the likelihood of excessive intake of either 
sodium or potassium from that of the single-entity components. 


RINGER'S INJECTION—page 1248. 
LACTATED RINGER’S INJECTION—page 1248. 


SODIUM ACETATE 


Sodium Acetate Trihydrate 

{6131-90-4] C,H,NaO,.3H,O (136.08); anhydrous [127-09-3] (82.03). 

Preparation—By neutralizing acetic acid with sodium carbonate. 

Description—Colorless, transparent crystals or granular, crystal- 
line powder; slightly bitter, saline taste; effloresces in warm, dry air; the 
trihydrate liquefies at about 60°. 

Solubility—1 g in 0.8 mL water or 19 mL alcohol. 

Comments—The acetate ion is metabolized rapidly and completely 
in the body; consequently, administration eventually is equivalent to 
giving sodium bicarbonate. Solutions are stable and readily sterilized, 
and this salt has been used for parenteral therapy of metabolic acidosis 
and hyponatremia. It also may be used to alkalinize the urine. It is a 
pharmaceutical necessity used in solutions for hemodialysis and peri- 
toneal dialysis. 


SODIUM BICARBONATE 


Carbonic acid, monosodium salt; Baking Soda; Sodium 
Acid Carbonate 
Monosodium carbonate [144-55-8] NaHCO, (84.01). 


BLOOD, FLUIDS, ELECTROLYTES, AND HEMATOLOGICAL DRUGS 


Preparation—May be produced by the ammonia-soda, or Solvay 
process. In this process, CO, is passed into a solution of common salt in 
ammonia water, sodium bicarbonate is precipitated, and ammonium 
chloride, being much more soluble, remains in solution. The ammonium 
chloride solution is heated with lime, whereby the ammonia is regen- 
erated and returned to the process. 

Description—White, crystalline powder; odorless with a saline and 
slightly alkaline taste; solutions, when freshly prepared with cold water 
without shaking, are alkaline to litmus paper; alkalinity increases as 
the solutions stand, are agitated, or heated; stable in dry air, but slowly 
decomposes in moist air. 

Solubility—1 g in 12 mL water; with hot water it is converted into 
carbonate; insoluble in alcohol. 

Comments—All therapeutic uses accrue to the alkaline properties 
of NaHCO. Its most important uses are to correct metabolic acidosis, 
alkalinize the urine, and serve as a buffer in various parenteral, extra- 
corporeal, and topical solutions. Examples of conditions that give rise to 
metabolic acidosis are uncontrolled diabetes mellitus, aspirin intoxica- 
tion, ingestion of acidic or acid-forming drugs and other chemicals, 
hypoadrenalcorticism, renal tubular dysfunction, severe diarrhea, and 
circulatory shock. In metabolic acidosis, cardiac arrest may occur, and 
cardiac resuscitation may be accomplished with NaCO,. Its systemic 
alkalinizing properties also are used in the management of sickle-cell 
anemia, an elevated plasma pH suppressing the sickling of erythro- 
cytes. Urinary alkalinization is indicated in uricosuria (to favor the 
formation of the more soluble sodium urate and thus prevent uric acid 
nephroliths), sulfonamide treatment (to increase the solubility of sul- 
fonamides and their metabolites and thus prevent crystalluria and 
nephrolithiasis), and intoxication with weak acids, in which the anionic 
form is excreted sufficiently fast that urinary alkalinization signifi- 
cantly hastens elimination (eg, aspirin or certain barbiturates). 

It is used widely as a gastric antacid in lay medicine, but such use 
is discouraged by gastroenterologists. This is because NaHCO, is not 
retained in the stomach long, and the rapid evolution of CO, causes 
excessive belching, epigastric discomfort, and even sometimes danger- 
ous gastric distention. Urinary alkalinization is considerable and favors 
calcific nephrolithiasis and nephrocalcinosis, and also the intake of 
sodium ion is held to be undesirable. 

The effects of increased sodium intake are considered to be hyper- 
volemia with consequent edema and hypertension. However, certain 
prominent medical opinion holds that it is the chloride and not the 
sodium ion in salt that favors hypervolemia and hypertension in per- 
sons with normal renal function. This may explain why few systemic 
adverse effects were found in clinical studies in which huge doses were 
administered chronically. This implies that systemic alkalosis, of itself, 
may be benign. Such studies notwithstanding, it is prudent to withhold 
NaHCO, from persons with congestive heart failure, edematous states, 
cirrhosis of the liver, hypertension, or the toxemia of pregnancy. It 
definitely is contraindicated in renal insufficiency, hypernatremia (can 
cause renal damage, especially in infants younger than 2 years), and 
calcific nephrolithiasis. It can promote an extracellular-to-intracellular 
shift of potassium, which can be especially adverse if hypokalemia 
and/or hypochloremia exists. 

A paste or solution of NaHCO, is used topically on the skin as an 
antipruritic. It also is used in various effervescent mixtures as a source 
of carbon dioxide. Effervescence confers no therapeutic benefits except 
a placebo effect, but palatability is enhanced. 


SODIUM CHLORIDE 


Salt; Table Salt; Rock Salt; Sea Salt 
Sodium chloride [7647-14-5] NaCl (58.44). It contains no added sub- 
stance. (Table salt may contain added iodide and/or an anticaking 
agent). 

Preparation—Common salt is distributed widely over the world, 
and may be obtained by mining, as rock salt, by evaporating a purified 
solution of saline deposits, or by evaporating sea water and purifying 
afterward. If free from contaminating salts it is not hygroscopic. 

Description—Colorless, cubic crystals or a white crystalline pow- 
der; odorless with a saline taste; the solution is practically neutral; a 
23% solution in water freezes at —20°. 

Solubility—1 g in 2.8 mL water, 10 mL glycerin, or 2.7 mL boiling 
water; slightly soluble in alcohol. 

Comments—Solutions of this salt more closely approximate the 
composition of the extracellular fluid of the body than solutions of any 
other single salt. For example, more than 90% of the cation of the 
extracellular fluid is sodium, more than 60% of the anion is chloride. 
Furthermore, a 0.9% solution has approximately the same osmotic 
pressure as body fluids, ie, is isotonic with body fluids. Thus, an isotonic 
solution can be injected without affecting the osmotic pressure of the 
body fluids and without causing any appreciable distortion in chemical 
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composition. An isotonic solution, therefore, is the choice as a vehicle for 
many drugs that have to be administered parenterally. The 0.9% injec- 
tion is used widely as a substitute for plasma in volume expansion, most 
practitioners preferring it to a dextran because not only is it free of 
allergenicity, but it also increases the flow of lymph. The solution has 
the added advantage of being nonirritating to tissue. Isotonic solutions 
may be used as an enema or applied topically to intact or exposed 
tissues for purposes of irrigation, to keep tissues moist or to keep a 
cavity flushed, as in irrigation of the urinary bladder; for this purpose 
0.45 or 0.9% Sodium Chloride Irrigation is used. Although the Irriga- 
tion is sterile and meets the pyrogen requirements of the Injection, it 
should not be used parenterally. Hypertonic solutions (2 or 5%) may be 
applied to the cornea, to diminish corneal edema in inflammation or 
chemosis. Hypertonic solutions also are injected into the amniotic fluid 
in the 16th to 24th wk of gestation to cause abortion. Since accidental 
intravenous injection can cause shock, pneumonia, fever, and other 
adverse effects, this procedure should be performed only if an intensive 
care unit is available. 

The injection is used as an electrolyte replenisher for maintenance or 
replacement of deficits of extracellular fluid. Since the solution poten- 
tially is capable of producing metabolic acidosis (by diluting bicarbonate 
ion) and does not supply all major cations of the extracellular fluid, 
other solutions, such as lactated Ringer’s injection, may be preferred if 
large volumes of fluids are to be administered. Other solutions of 
appropriate composition also must be employed if the composition of the 
extracellular fluid is distorted markedly. Sterile, pyrogen-free solutions 
usually are administered intravenously. 

In persons who are unable to take fluids by mouth, a hypotonic 
injection (0.45%) may be used as a source of water, but hypotonic 
balanced electrolyte solutions with dextrose usually are preferred. In 
patients in whom a salt deficit exists disproportionately to dehydration, 
a hypertonic injection (3 or 5%) may be used, preferably in conjunction 
with sodium bicarbonate. 

It is administered orally for the prevention of heat cramps (miner’s 
cramps, low-sodium syndrome) caused by the depletion of sodium salts 
through copious perspiration. It is common to use tablets, but a bever- 
age containing only 0.5% will prevent development of the symptoms. 
This salt is given in adrenal cortical insufficiency (Addison’s disease), in 
which it decreases the requirement for adrenal cortical extract. It is 
used in the treatment of hypercalcemia, to increase glomerular filtra- 
tion and consequent excretion of calcium. 

Common salt is used as a preservative; 6% or more prevents the 
growth of Clostridium botulinum and other pathogens. 

Overdosage may cause pulmonary edema; generalized edema; head- 
ache; tinnitus; sensation of warmth in lips, tongue, and torso; hyper- 
natremia (characterized by abdominal, back, and pelvic pain, diarrhea, 
muscle twitching, hyperreactivity, confusion, numbness, stupor, con- 
vulsions, or coma); and, occasionally, cellular dehydration. It must be 
used cautiously in patients with cardiac or renal impairment or 
hypoproteinemia. 


SODIUM CITRATE AND CITRIC ACID SOLUTION 


A solution of sodium citrate and citric acid in purified water. It con- 
tains, in each mL, 95 to 105 mg of sodium citrate dihydrate 
(C,H;Na,0,;.2H,O) and 57 to 63 mg of anhydrous citric acid (C,H,O,). 
It may contain preservatives and flavoring agents. 

Comments—A systemic and urinary alkanizer. In the body the 
citrate is metabolized to bicarbonate, so that the effect is that of a dose 
of bicarbonate. The citric acid is metabolized to carbon dioxide and 
water and thus has only a transient effect on the systemic acid-base 
status; its function is as a temporary buffer component. Citrate can 
mobilize calcium from the bones and increase its renal excretion; this, 
along with the elevated urine pH, may predispose to urolithiasis. Oral 
citrate also interferes with calcium absorption. 


SODIUM LACTATE INJECTION 


Propanoic acid, 2-hydroxy-, monosodium salt 
CH.,CH(OH)COONa 

Monosodium lactate [72-17-3] C,H,NaO, (112.06); a sterile solution 
of lactic acid (C,;H,O,,) in water for injection prepared with the aid of 
NaOH. 

Note—Sterilize sodium lactate injection, preferably by steam under 
pressure. 

Preparation—A weighed quantity of lactic acid, sufficient to yield 
the desired amount of sodium lactate, is diluted with water for injection. 
A volume of assayed, concentrated NaOH solution equivalent to the 
quantity of lactic acid is added, and the mixture boiled gently until all 
the lactic anhydride also has been converted into sodium lactate. After 
quickly cooling, the solution is diluted with Water for Injection to the 
proper volume, promptly filtered if necessary, ampuled, and sterilized. 
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Description—pH, diluted if necessary to about 0.16 M (20 mg/mL), 
6.0 to 7.3. 

Comments—As a substitute for sodium bicarbonate in solutions for 
parenteral fluid and electrolyte therapy. Since lactate ion generally is 
metabolized rapidly in the body, this salt is a potential source of fixed 
cation for correction of metabolic acidosis. However, in shock, severe 
liver disease, and various other hyperlactic acidemic states, lactate 
oxidation is impaired, and the compound is contraindicated. In persons 
with normal cellular oxidative capacity, lactate will be converted to 
bicarbonate in 1 to 2 hr. An advantage over sodium bicarbonate is that 
its solutions may be sterilized by boiling. It is used to accelerate the 
heart in hypokalemia. 


DIBASIC SODIUM PHOSPHATE—page 1232. 


MONOBASIC POTASSIUM PHOSPHATE—page 1266. 
MONOBASIC SODIUM PHOSPHATE 


Phosphoric acid, monosodium salt, monohydrate; Sodium Acid 
Phosphate; Sodium Dihydrogen Phosphate; Monosodium 
Orthophosphate; Monobasic Sodium Phosphate 
Monosodium phosphate monohydrate [10049-21-5] NaH,PO,.H,O 

(137.99); anhydrous [7558-80-7] (119.98). 

Preparation—By adding phosphoric acid to a hot concentrated 
solution of disodium phosphate until the liquid ceases to give a precip- 
itate with barium chloride. The solution is then concentrated to the 
crystallization point. 

Description—Colorless crystals or a white, crystalline powder; 
odorless and slightly deliquescent; solutions are acid to litmus and 
effervesce with sodium carbonate. 

Solubility—Freely soluble in water; practically insoluble in 
alcohol. 

Incompatibilities—Since sodium biphosphate is an acid salt, it is 
incompatible with carbonate and alkalies in general. In solution with 
methenamine it causes a slow evolution of formaldehyde. 

Comments—A source of phosphorus in hypophosphatemia and to- 
tal parenteral nutrition. Excessive plasma phosphate not only interacts 
with plasma calcium to transfer it to bone but also indirectly brings 
about a decrease in calcium absorption in the gut. Consequently, it 
sometimes is used to treat hypercalcemia. It is a pharmaceutical neces- 
sity for Sodium Phosphates Injection, Sodium Phosphates Oral Solu- 
tion, Sodium Phosphate and Sodium Biphosphate Enema and Oral 
Solution, and Potassium and Sodium Phosphates, and various paren- 
teral and topical solutions and buffers. Adverse effects are diarrhea, 
hypertension, edema in heart failure, ascites in hepatic dysfunction, 
hypocalcemia, metastatic calcification, and renal damage in adrenal 
insufficiency. 


SODIUM PHOSPHATES INJECTION 
The usually available injection contains 276 mg (2 mmol) of monobasic 
sodium phosphate (NaH,PO,.H,O) and 142 mg (1 mmol) of dibasic 
sodium phosphate (Na,HPO,) per mL, equivalent to a total of 93 mg (3 
mmol) of phosphorus. 

Comments—A source of phosphorus for replacement in phosphorus- 
depleted patients. It also can be used to treat hypercalcemia, since 
elevated plasma levels of phosphate promote deposition of calcium in 
bone salts and also loss in urine. The injection should be diluted before 
use and should be infused slowly to avoid phosphate intoxication. The 
patient should be monitored for serum levels of calcium, phosphorus, 
and sodium and for renal function at frequent intervals. Concurrent 
administration with thiazides may cause renal damage. Each milliliter 
of the injection described above represents 92 mg (4 mEq) of sodium, 
which should be taken into consideration in using the injection in 
patients on sodium restriction. 


TROMETHAMINE 
1,3-Propanediol, 2-amino-2-(hydroxymethyl)-, THAM 


CH2OH 
HOCH CCH,OH 
] 

NH> 


2-Amino-2-(hydroxymethyl)-1,3-propanediol [77-86-1] C,H,,NO, (121.14). 

Preparation—Nitromethane is reacted additively with formalde- 
hyde to yield tris(hydroxymethyl)nitromethane, and the nitro com- 
pound then is hydrogenated with the aid of Raney nickel. US Pat 
2,174,242. 

Description—White, crystalline powder with a slight, characteris- 
tic odor and a faint, sweet, soapy taste; stable in light and air; melts 
between 168 and 172°; pH (1 in 20 solution) 10.0 to 11.5. 


Solubility—1 g in 1.8 mL water, 46 mL alcohol, or >10,000 mL 
chloroform. 

Comments—For the prevention and correction of severe metabolic 
acidosis. It is a weak amine base with a pK,, of 7.8 at body temperature. 
This is close to plasma pH (7.4), so the compound is well-suited for the 
preparation of a buffer mixture for controlling extracellular pH. 

Furthermore, at pH 7.4 it is 30% nonionized, and hence it gradually 
penetrates cells, where it also may buffer the intracellular contents. It 
can react with any proton donor, and the notion that it reacts primarily 
with carbonic acid or carbon dioxide is erroneous. By removing protons 
from hydronium ions, ionization of carbonic acid is shifted so as to 
decrease pCO, and to increase bicarbonate concentration. The excess 
bicarbonate then is excreted gradually in the kidney. This is an espe- 
cially useful way to manage excessively high pCO, in respiratory act- 
dosis (respiratory distress syndrome, asphyxia neonatorum, status 
asthmaticus, chronic respiratory insufficiency, drug intoxication, etc), 
in which pulmonary ventilation is inadequate. However, it equally is 
useful in the management of metabolic acidosis (drug intoxications, 
cardiac surgery, diabetic acidosis, etc), especially when the intracellular 
pH is low, since it readily penetrates cells. 

It is used to prevent acidosis in cardiac bypass surgery, and it may 
be used in conjunction with other drugs in the treatment of cardiac 
arrest. The ionized drug is excreted by the kidney, so the effect is that 
of excretion of hydrogen ions. Elimination of the drug from the body is 
entirely by renal excretion. Excretion of tromethammonium ion is ac- 
companied by osmotic diuresis, since clinical doses of the drug add 
considerably to the osmolarity of the glomerular filtrate. The drug 
should be used cautiously in renal disease. It also is used to buffer blood 
for transfusions, and it may be added to ACD blood as a buffer for 
storage purposes. 

The principal untoward effects are related to its buffering action, 
namely that overdoses may cause alkalosis; respiration may be de- 
pressed because of the decrease in pCO, and increase in pH in plasma. 
Also, it is irritating locally because of its alkalinity; a slough may 
develop at a site of extravasation, and venospasm and thrombosis also 
may occur. The fact that about 70% remains in the extracellular space 
means that a sufficient amount of water must be given to prevent 
hyperosmolarity and hence to avoid tissue dehydration and the hemo- 
dynamic consequences of an increased blood volume. 

Plasma hyperosmolarity, in general, causes hepatic and renal dam- 
age, and tromethamine is no exception. The hemorrhagic lines necrosis 
seen frequently in newborn infants treated with the drug may possibly 
have another origin, perhaps related to the route of administration 
(umbilical vein). The drug also causes hyperkalemia and hypoglycemia 
and may depress the respiratory center, especially in neonates and 
premature infants. 


CATION-COMPLEXING AGENTS 

RA ETS 
The introduction of the arsenical war gas Lewisite and the 
proof by Carl Voegtlin that arsenicals combine with sulfhydryl 
groups led to the eventual development of dimercaprol (British 
antilewisite; BAL) in the 1940s. BAL has a high affinity con- 
stant because the two adjacent -SH groups enable the arsenic 
to attach to both sulfhydryl groups in a very stable five- 
membered ring structure. Such ring complexes were later 
called chelates. BAL also was shown to chelate a number of 
heavy metals, and it monopolized the role as a heavy metal 
antidote for nearly two decades. 

In 1962, edetate disodium was introduced into medicine. It 
chelates calcium (and to a lesser extent, magnesium) in addi- 
tion to various heavy metals. This led to an era in which 
edetate was used widely to lower plasma calcium levels and to 
attempt the decalcification of ateriosclerotic and calcinosed 
organs, and later it became an important decorporant for lead. 
Despite a spate of even newer chelating compounds, these early 
drugs are still in use. 

Selectivity is a major problem in chelation therapy. Mono- 
valent cations cannot be chelated sufficiently strongly so that 
chelating agents can be used to decrease plasma concentra- 
tions. Certain crown ethers can sequester monovalent cations 
selectively, but at present, only oral cation-exchange resins are 
used clinically in the decorporation of monovalent ions. With 
polyvalent cations, selectivity is achieved through the types of 
reactive groups, internal dimensions, and steric relations in the 
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reagent. Still, selectivity presently is inadequate. For example, 
chelating agents for calcium also decorporate zinc and other 
alkaline earth metals. With radionuclides, this problem is cir- 
cumvented, in part, by using the zinc chelate as a reagent for 
the radionuclide. Development in this area has been slow, not 
only because of chemical limitations but also because of a small 
market and consequent meager investment incentives. 


CELLULOSE SODIUM PHOSPHATE 


Calcibind 
[68444-58-6] An insoluble, nonabsorbable ion-exchange resin with a 
great affinity for calcium ions. 

Preparation—US Pat 2,759,924. 

Description—White to cream-colored powder; must be stored in 
tightly closed containers to minimize hydrolysis during storage. It con- 
tains about 34% inorganic phosphate and 11% sodium. Each gram 
exchanges approx 1.8 mmol of Ca. 

Solubility—Practically insoluble in water, dilute acids, and organic 
solvents. 

Comments—Exchanges sodium for calcium and other polyvalent 
cations. By the oral route it decreases the amount of calcium absorbed 
from the diet, supposedly without altering calcium balance. It is used to 
treat a type of absorptive hypercalcuria that occurs even on low-calcium 
diets. The effectiveness in suppressing nephrolith formation ranges 
from nil to much according to various reports. During treatment, hy- 
peroxaluria and hypermagnesemia occur, both of which favor certain 
kinds of kidney stones. The drug is unpalatable and may cause GI 
discomfort. Acute arthralgias from drug-induced hyperparathyroidism 
have been reported. Every 15 g contains 25 to 50 mEq of sodium. 


DEFEROXAMINE MESYLATE 


Butanediamide, N’-[5-[[4-[[5-(acetylhydroxyamino)pentyl]amino]-1,4- 
dioxobutylhydroxyamino]pentyl]-N-(5-aminopentyl)-N-hydroxy-, 
monomethanesulfonate; Desferal Mesylate 


fe) fe) ) 
i i i i i 

HoN(CH2 INC (CH lp CNH(CH,) NCICHa)2 CNH(CH,)gNCCHs * CHSO3H 
OH OH OH 


{138-14-7] C,,H,,N,O,CH,0.,8 (656.79). 

Preparation—lIsolated from cultures of Streptomyces pilosus by 
the method of Bickel et al (Helv Chim Acta 1960; 43: 2118) or synthe- 
sized by the method of Prelog and Walser (Helv Chim Acta 1962; 45: 
631). 

Description—White crystals; reconstituted solutions are stable for 
2 weeks at room temperature. 

Solubility—1 g in 5 mL water or 20 mL alcohol; practically insol- 
uble in organic solvents. 

Comments—A chelating agent that is selective for iron, but it does 
complex with aluminum. It is used for the treatment of severe iron 
intoxication, iron overload resulting from hemolysis (from drugs, 
thalassemia, sickle-cell anemia, frequent blood transfusions, etc.), or 
iron storage disease. It is used to treat hemodialysis-related porphyria. 
Stoichiometrically, 100 mg of deferoxamine sequesters 8.5 mg of ferric 
iron. Although it does not bind ferrous ion appreciably, it has, never- 
theless, proved useful in the treatment of intoxication by ferrous and 
ferric salts, probably partly because some of the toxicity of ferrous salts 
is due to ferric ion resulting from oxidation of the divalent iron. Also, 
partly because complexation of the ferric ion favors further oxidation of 
ferrous ion and so promotes a diminution in the content of the divalent 
form. It can decorporate aluminum, and it has been used to manage 
aluminum accumulation in bone for patients on hemodialysis. 

The drug is not absorbed orally and must be given parenterally. By 
intermittent or continuous subcutaneous infusion the drug is two to 
three times more effective than by intramuscular or intravenous injec- 
tion. This can be achieved in ambulatory patients with an automatic 
syringe strapped to the waist. Ascorbic acid, 1 g twice a day, also greatly 
increases its efficacy. 

Pain and induration may occur at the site of an intramuscular 
injection. Other untoward effects include erythema, flushing, diarrhea, 
blurring of vision, optic neuropathy, high-frequency hearing loss, ab- 
dominal discomfort, muscular spasms in the legs, itching, tachycardia, 
and fever. In long-term therapy, various allergic reactions, including 
anaphylaxis, have been reported. It is a growth factor for many bacteria 
and enhances virulence; Yersinia sepsis and mucormycosis have oc- 
curred in patients under treatment with the drug. Because of the side 
effects, it should not be used to treat mild iron intoxication. The drug is 
contraindicated in severe renal impairment. Long-term treatment has 


1267 


caused visual and hearing disturbances. The iron chelate (ferrioxamine) 
is excreted by the kidney and imparts a reddish color to the urine. 


DIMERCAPROL 
1-Propanol, 2,3-dimercapto-, British Anti-Lewisite; BAL in Oil 


CH,CHCH,OH 


he 
SH SH 


[59-52-9] C;H,OS, (124.22) and not more than 1.5% 1,2,3-trimercapto- 
propane (C.,H,8,). 

Preparation—A methanol solution of NaOH is saturated with 
hydrogen sulfide, resulting in the formation of sodium hydrogen sulfide 
(NaSH). 2,3-Dibromopropanol is added and the mixture heated at 40° 
under pressure. 2,3-Dibromopropanol is prepared by bromination of 
allyl alcohol. 

Description—Colorless or almost colorless liquid; offensive, mer- 
captan-like odor; specific gravity, 1.242 to 1.244: boiling range, 66 to 68° 
(0.2 torr). 

Solubility—1 g in about 20 mL water; soluble in alcohol, benzyl 
benzoate, or vegetable oils. 

Comments—An antidote, in oil solution, in the treatment of ar- 
senic, gold, or mercury poisoning. The drug may be of value in the 
treatment of antimony, thallium, or bismuth poisoning. It is used in the 
treatment of acute lead encephalopathy only in conjunction with Ede- 
tate Calcium Disodium. The thiol groups of dimercaprol compete with 
the physiologically essential-SH groups found in the tissues and thus 
remove the metal ions. The combination of heavy metal and dimerca- 
prol is a stable compound that is excreted. It particularly is useful in 
hemorrhage encephalitis resulting from arsenotherapy, in arsenical or 
gold dermatitis, and, possibly, in postarsenical jaundice. 

It usually causes hypertension and tachycardia, which lasts for 
about 2 hr. It often causes nausea, vomiting, headache, burning sensa- 
tions in the mouth and throat, and a feeling of pressure in the throat, 
chest, and hands. It also may cause conjunctivitis, lacrimation, saliva- 
tion and rhinorrhea, sweating, and abdominal pain. Sterile abscesses 
often occur at the site of injection. In children, fever frequently occurs; 
it appears after the third dose and remains throughout the course. 


EDETATE CALCIUM DISODIUM 


Calciate(2-), [[N,N’-1,2-ethanediylbis[N-(carboxymethyl)-glycinato-(4-)-N,N’, 
0,0',O”O”’-, disodium, hydrate (OC-6-21)-, Calcium Disodium 
Versenate 


NaOOCCH, CH,COONa 


Disodium (ethylenedinitrilo)tetraacetato] calciate(2-) hydrate; cal- 
cium disodium ethylenediaminetetraacetate hydrate [23411-34-9] 
C, 9H,,CaN,Na,O,.xH,O; anhydrous [62-33-9] (374.27); a mixture of 
the dihyrate and trihydrate of calcium disodium ethylenediaminetet- 
raacetate (predominantly the dihydrate). 

Preparation—Among other ways, by boiling an aqueous solution of 
edetate disodium (below) with slightly more than an equimolar quan- 
tity of calcium carbonate until carbon dioxide no longer is evolved, 
filtering while hot, and crystallizing. 

Description—White, crystalline granules or white, crystalline 
powder; odorless, slightly hygroscopic and a faint, saline taste; stable 
in air. 

Solubility—Freely soluble in water. 

Comments—Primarily in the diagnosis and treatment of lead poi- 
soning but may be used for removing certain other heavy metals from 
the body. As a diagnostic agent, it causes a surge of lead into the urine, 
the magnitude of which reveals the extent of the body’s burden of lead. 
Treatment is usually by intravenous infusion, but in lead encephalop- 
athy the infusion fluid exacerbates the cerebral edema, so the drug is 
given, instead, by the intramuscular route in a hyperosmotic concen- 
tration. Since this agent already contains calcium it is useless as an 
anticoagulant or for treatment of hypercalcemia. Indeed, the purpose of 
calcium in the compound is to prevent the loss of calcium. 

During infusion there may be transitory hypotension, inversion of 
the T-wave of the ECG, and prolongation of prothrombin time. Fever 
sometimes occurs 4 to 8 hr after an infusion. It is accompanied by 
malaise, fatigue, thirst, and chills. Myalgia, headache, vomiting, and 
increased urinary urgency often follow. Sneezing, nasal congestion, 
lacrimation, glycosuria, anemia, and dermatitis also occasionally occur. 
Edetate sometimes causes a usually reversible hydropic degeneration of 
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the renal tubular epithelium, especially in the lower nephron. Some of 
the adverse effects are the result of decorporation of zinc. 

It is eliminated entirely in the urine, with a half-life of 1 hr, except 
longer in renal insufficiency. 


EDETATE DISODIUM 


Glycine, N,N’-1,2-ethanediylbis[N-(carboxymethyl)-, disodium salt, 
dihydrate; Diso-Tate; Endrate; Edathamil; Disodium Versenate 
(HOOCCH.),.NCH.CH.N(CH,COONa), : 2H,O 

Disodium (ethylenedinitrilo)tetraacetate dihydrate [6381-92-6] C,,)H,, 
N.Na,O,.2H,O (3872.24); anhydrous [139-33-3] (336.21). 

Preparation—(Ethylenedinitrilo)tetraacetic acid (edetic acid), is 
dissolved in a hot solution containing two equivalents of NaOH, and the 
disodium salt is allowed to crystallize. 

Description—White, crystalline powder. 

Solubility—Soluble in water; pH (1 in 20 solution) 4.0 to 6.0. 

Comments—To remove free calcium ions from solution, since it 
readily chelates calcium; thus, it may be used as an anticoagulant in the 
same manner as sodium citrate. Intravenously, it temporarily lowers 
plasma calcium concentration, but the effect is too brief to be of value in 
the treatment of hypercalcemia; constant infusion can yield a more 
sustained effect. It is employed occasionally to terminate abruptly the 
effects of injected calcium and to antagonize digitalis toxicity, or sup- 
press tachyarrhythmias. The drug is not effective in the treatment of 
arteriosclerosis, since calcium is mobilized more easily from bone. It can 
dissolve precipitated calcium salts. 

It may cause nausea, vomiting, diarrhea, transient circumoral par- 
esthesias, numbness, headache, and a transient hypotension. Too-rapid 
an injection can cause death. Fever, anemia, exfoliative dermatitis, and 
other toxic effects on skin and mucous membranes occasionally occur. 
When given intravenously, it sometimes has a nephrotoxic action. Over- 
dosage can result in damage to the reticuloendothelial system. Pro- 
longed infusion may cause zinc and magnesium deficiencies. It is con- 
traindicated in patients with impaired renal function with severe 
azotemia and should be used cautiously in the presence of liver impair- 
ment and hypokalemia. 


PENICILLAMINE 
p-Valine, 3-mercapto-, Cuprimine; Depen 


ot 
HS—G---C---COOH 
CH, NH, 
B,8-Dimethyleysteine; [52-67-5] 
(149.21). 

Preparation—By acid hydrolysis of penicillin. It is precipitated 
from the hydrolysis mixture as the mercuric salt, which is then col- 
lected, suspended in water, and treated with hydrogen sulfide to liber- 
ate the free acid. Purification involves only recrystallization from water. 
Penicillamine also is obtained by synthesis. 

Description—Fine, white or practically white, crystalline powder; 
slight, characteristic odor and a slightly bitter taste; relatively stable in 
both light and air; melts at about 200° with decomposition; pH (1 in 100 
solution) 4.5 to 5.5. 

Solubility—Freely soluble in water; slightly soluble in alcohol; 
insoluble in chloroform or ether. 

Comments—A chelating agent useful in the treatment of Wilson’s 
disease and biliary cirrhosis (in which the serum and liver copper 
concentrations, respectively, are excessively high), and lead, gold, or 
mercury poisoning. It especially is useful in the long-term treatment of 
lead poisoning because of its oral efficacy, which the edetates lack. It 
also is useful in the treatment of cystinuria and rheumatoid arthritis; 
plasma cystine levels fall in the former during treatment but rise in the 
latter. The mechanism in rheumatoid arthritis is uncertain but has 
been attributed to a marked reduction in concentrations of IgM rheu- 
matoid factor or to the scavenging of oxygen free radicals. The drug is 
investigational in the treatment of biliary cirrhosis. 

Side effects most often appear shortly after therapy has begun. It 
may cause ecchymosis, hematuria dermatitis, eruptions of the mucous 
membranes, leukopenia, thrombocytopenia, agranulocytosis, fever, pol- 
yarthralgia, glomerulopathy, nephrosis, lymphadenopathy, and optic 
neuritis. Anorexia, nausea, epigastric pain, diarrhea, vomiting, stoma- 
titis, peptic ulcer, and disorders of taste are also common effects. Some 
of these effects are the result of decorporation of zinc. Tinnitus and optic 
neuritis occur as the result of drug-induced pyridoxine deficiency; pyr- 
idoxine supplements are advised. Cholestatic jaundice, toxic hepatitis, 
lupus erythematosus, bronchiolitis, alveolitis, pemphigoid, myasthenia, 
and pancreatitis occur rarely. Blood counts must be made every 2 weeks 
during the first 6 months of therapy. Once therapy has begun, treat- 


b-3-Mercaptovaline C;H,,NO.S 


ment should be continued on a daily basis, as even short interruptions 
have been followed by sensitivity reactions. 


SODIUM POLYSTYRENE SULFONATE 


Benzene, ethenyl-, homopolymer, sulfonated, sodium salt; 
Kayexalate 
Styrene polymer sulfonated, sodium salt; a cation-exchange resin pre- 
pared in the sodium form. Each gram exchanges 2.8 to 3.5 mEq of 
potassium. 

Description—Golden brown, fine powder; odorless and tasteless. 

Solubility—Insoluble in water. 

Comments—An ion-exchange resin used for the treatment of hy- 
perkalemia resulting from acute renal failure. The resin is given orally 
by a stomach tube or as a high-retention enema. The sodium moiety of 
the resin is, in part, replaced by potassium, which subsequently is 
eliminated from the body when the resin is excreted in the feces or in 
the enema. The potassium-removing capacity of the resin is approxi- 
mately 1/3 of that possible when measured under conditions in which 
potassium is the only cation present. The resin should be an adjunct to 
other therapeutic measures, such as restriction of electrolyte intake, 
control of acidosis, and high-caloric diet. Untoward effects include an- 
orexia, nausea, vomiting, and constipation. Constipation and fecal im- 
paction can be minimized by the administration of 70% sorbitol solution 
every 2 hr as needed to produce watery stools. Serum potassium levels 
should be determined daily to avoid hypokalemia. 

The resin may cause gastric irritation, nausea, vomiting, and occa- 
sional diarrhea. Especially in elderly patients, large doses may cause 
fecal impaction. Since the resin can sequester calcium and magnesium, 
hypocalcemia, hypomagnesemia, or related effects may occur, and min- 
eral metabolism should be monitored during prolonged treatment. The 
drug should be used with caution in patients with actual or impending 
cardiac failure; the absorption of the released (exchanged) sodium may 
be hazardous in such patients. It also may exaggerate the effects of 
digitalis. 


SUCCIMER 
Butanedioic acid, (R,S)-2,3-dimercapto-, Chemet 
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meso-2,3-Dimercaptosuccinic acid; DMSA; DIM-SA  [304-55-2] 
CHLOS, (82221) 

Preparation—J Chem Soc 1949; 71: 3109. 

Description—White crystalline powder with an unpleasant mer- 
captan-like odor and taste; melts at about 193°. 

Comments—Has a broader spectrum of chelating activity than 
does dimercaprol, owing to the presence of carboxyl groups in the 
molecule. However, it is selective for lead and is used in the treatment 
of lead intoxication. Its advantages are that it can be administered 
orally and that adverse effects are few and mild. Mild, transient eleva- 
tion of plasma SGPT levels occurs. An increase in copper and zinc 
excretion has been noted, but no pathology attributed to loss of these 
metals has been observed. The drug probably will eventually replace 
dimercaprol in the treatment of lead and certain other heavy metal 
poisonings. Technetium-99 (°°Tc) DMSA is used for renal imaging. The 
compound is excreted in both the urine and bile. 


TRIENTINE HYDROCHLORIDE 


1,2-Ethanediamine, N,N'-bis(2-aminoethyl)-, dihydrochloride; 
Syprine (formerly Cuprid) 
H,N(CH,).NH(CH,),NH(CH,).NH, - 2HCl 

Triethylenetetramine hydrochloride [38260-01-4] C,H,,N,.2HCl 
(219.16). 

Preparation—See J Org Chem 1944; 9: 125. 

Description—White to pale-yellow hygroscopic crystals, melts 
about 117°. 

Solubility—Freely soluble in water; slightly soluble in alcohol; 
insoluble in chloroform or ether. 

Comments—A tetramine chelating agent that lacks sulfhydryl and 
oxygen-containing groups and hence has a low affinity for most of the 
transition and heavy metals, yet retains a high affinity for copper. The 
relative affinity for copper enables the drug to be used for the treatment of 
Wilson’s disease without the side effects attributable to decorporation of 
zinc. It also presently does not appear to cause the hypersensitivity and 
immune disorders evoked by penicillamine. However, penicillamine- 
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induced lupus erythematosus sometimes fails to remit or even recurs during 
treatment. It is approved only for the treatment of Wilson’s disease in 
patients intolerant to penicillamine, but its low toxicity most cer- 
tainly will result in the displacement of penicillamine in the treat- 


HEMATOPOIETICS 


Hematopoietics are antianemics that aid in the production of 
red and white blood cells; hematinics are antianemics that 
increase the hemoglobin content of blood through erythropoie- 
sis or through an increase in hemoglobin content of erythro- 
cytes. The choice of a hematinic critically depends upon the 
nature of the anemia. The hypochromic anemias are nearly all 
iron-deficiency anemias in character and are treated with iron 
preparations. Occasionally, other accessory factors are indi- 
cated in the treatment of the hypochromic anemias. As long as 
6 months of treatment may be required to replenish the body 
stores of iron and correct various anemias. For example, the 
anemia of nurslings may require copper to facilitate the mobi- 
lization of iron from the gut and tissues. 

Ascorbic acid occasionally helps promote the antianemic 
action of iron. When given with iron salts, it promotes the 
absorption of iron, in part by reducing the less-well-absorbed 
ferric ion to the better-absorbed ferrous ion or maintaining the 
ferrous state of administered ferrous salts and in part by form- 
ing an absorbable complex with iron. However, ascorbic acid 
appears to have an additional but obscure role in hematopoie- 
sis; it is included in a number of iron-containing products. 

Cobalt and molybdenum probably also play a role in hema- 
topoiesis, but deficiency syndromes in man are unknown, and 
the inclusion of these metals in hematinic preparations is ir- 
rational. The use of cobalt even may be dangerous. Although 
copper is known to have a hematopoietic function, a deficiency 
in man severe enough to impair erythropoiesis has never been 
demonstrated, although trientine can cause a copper-respon- 
sive anemia. 

The macrocytic anemias all respond to cyanocobalamin, but 
the route of administration and accessory factors depend crit- 
ically upon the particular anemia. In tropical sprue, the ab- 
sorption of folic acid is impaired to a greater extent than that of 
vitamin B,., so that folic acid usually elicits the greater hema- 
topoietic response. For reasons stated elsewhere, the promis- 
cuous use of folic and folinic acids should be condemned. In 
pyridoxine deficiency, protoporphyrin synthesis and hence 
erythropoiesis is impaired, and pyridoxine restores normal 
erythropoiesis. 


Iron and Iron Compounds 


Iron is used in medicine in the form of inorganic and simple 
organic ferrous compounds (ferrous sulfate, etc) and complex 
ferrous compounds. 

Complex (nonionic) iron compounds do not respond to the 
ordinary tests for ferrous or ferric ions because the iron in them 
is part of a complex radical. The stabilities of these complex 
radicals differ widely. Some are converted to simple ionic iron 

_ by the action of dilute acids, while others resist treatment with 
strong acids or with alkalies. The complex iron compounds 
occurring naturally in animal and vegetable tissues (termed 
food irons) belong generally to the more resistant class, while 
the complex iron compounds produced artificially are as a rule 
decomposed rather readily. There is, however, no sharp distinc- 
tion between the natural complex iron compounds and those 
products artificially produced, nor is there any good evidence 
that they differ in therapeutic action. 
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ment of this disease. The only significant adverse effect observed 
thus far is iron-deficiency anemia; that it is really the result of 
copper deficiency and not iron decorporation is demonstrated by the 
response of the anemia to copper. 


Comments— The principal use of iron is in the treatment of hypo- 
chromic, iron-deficiency anemias, that is, in anemias characterized by a 
deficiency of hemoglobin. The two most common causes of such anemias 
are nutritional (deficient intake, especially in infancy, in childhood, at 
puberty, during pregnancy, and late in menstrual life or at the meno- 
pause) and chronic blood loss (especially bleeding peptic ulcer, carci- 
noma of the colon or stomach, bleeding from the urinary tract, or 
excessive loss of blood during menstruation). Iron therapy is of no 
particular value in other forms of anemia, such as pernicious anemia, 
unless patients have entered an iron-deficiency stage of the disease. 

Complex iron compounds generally are less prone to produce gastric 
distress than the simple ferrous compounds; they also are used less 
efficiently physiologically. Indeed, in some complexes the iron may be 
chelated so effectively as to escape use altogether. 

Differences exist among the different iron preparations in their local 
irritant and astringent actions, which are absent in most of the complex 
iron compounds; for this reason the less-astringent and less-irritant 
ferrous salts are used rather than ferric salts. The irritation occurs 
mostly in the stomach and upper duodenum, where the pH is low. It can 
exacerbate peptic ulcer, regional enteritis, ulcerative colitis, and other 
GI disorders. Enteric coatings allow the preparations to pass into the 
more alkaline portions of the gut before release occurs. However, the 
absorption of iron from enteric-coated preparations is less than in 
uncoated ones, especially in persons with bowel hypermotility. In ste- 
atorrhea or in persons with partial gastrectomy, iron preparations often 
are absorbed poorly. Antacids also diminish absorption. Constipation 
consequent to local actions of iron may be countered by cathartics, 
properly individualized. Suitable diet (especially liver, kidney, and 
meat) is sometimes more effective than the iron preparations, presum- 
ably by the cooperation of other factors. 

All of the iron preparations are capable of causing severe intoxica- 
tion in overdoses, especially in children. Iron preparations are a com- 
mon cause of lethal intoxication in children. 


ASCORBIC ACID—pages 1805 and 1813. 


FERROUS FUMARATE 


2-Butenedioic acid, (E)-, iron(2+) salt 


feclias 
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Tron(2+) fumarate [141-01-5] C,H,FeO, (169.90). 

Preparation—Ferrous sulfate and sodium fumarate are metathe- 
sized in hot aqueous solution, whereupon the sparingly soluble, anhy- 
drous ferrous fumarate precipitates. 

Description—Reddish orange to red-brown, odorless powder; may 
contain soft lamps that produce a yellow streak when crushed. 

Solubility—Slightly soluble in water; very slightly soluble in alco- 
hol; its solubility in dilute HCl is limited by the separation of insoluble 
free fumaric acid. 

Comments—lIn the clinical management of iron-deficiency ane- 
mias. Its efficacy is about the same as that of ferrous sulfate, but the 
untoward effects are somewhat less severe. The drug may sometimes be 
employed without difficulty in patients who cannot tolerate other prep- 
arations of iron. When side effects occur, they include anorexia, nausea, 
vomiting, cramping, and constipation or diarrhea. Like other iron prep- 
arations, this drug may exacerbate GI diseases, especially ulcerative 
ones. The effects generally subside as therapy is continued. The unto- 
ward effects are minimized if the dose is taken shortly after eating. 


FERROUS GLUCONATE 


p-Gluconic acid, iron(2+) salt (2:1), dihydrate 
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Iron(2+) gluconate (1:2) dihydrate [12389-15-0] C,.H,,FeO,,.2H,O 
(482.17); anhydrous [299-29-6] (446.14). 

Preparation—By metathesis between hot solutions of calcium glu- 
conate and ferrous sulfate whereby ferrous gluconate and insoluble 
calcium sulfate are formed. The mixture is filtered while hot to mini- 
mize the solubility of calcium sulfate, and the filtrate is evaporated to 
crystallization. 

It also may be produced by heating freshly prepared ferrous carbon- 
ate with the proper quantity of gluconic acid in aqueous solution. 

Description—Fine, yellowish gray or pale greenish yellow powder 
or granules, with a slight burnt-sugar-like odor; affected by light; the 
ferrous iron slowly oxidizes to ferric on exposure to air; aqueous solution 
is acid to litmus (color of the solution depends on pH—they are light 
yellow at pH 2, brown at pH 4.5, and green at pH 7); the iron rapidly 
oxidizes at higher pH. 

Solubility—1 g in about 5 mL water with slight heating; practically 
insoluble in alcohol; it forms supersaturated solutions that are stable 
for a period of time; its solubility is increased by addition of citric acid 
or the citrate iron. 

Comments—A hematinic, similar to other ferrous salts. Its side 
effects and toxicity are those of all iron compounds; it is claimed that it 
causes fewer side effects than ferrous sulfate (see under Iron and Iron 
Compounds). The elixir can cause staining of the teeth if taken 
undiluted. 


FERROUS SULFATE 


Sulfuric acid, iron(2+) salt (1:1), heptahydrate; Ferri Sulfas; Feosol 
Iron(2+) sulfate (1:1) heptahydrate [7782-63-0] FeSO,.7H,O (278.01); 
anhydrous [7720-78-7] (151.90). 

Note—Do not use Ferrous Sulfate that is coated with brownish 
yellow basic ferric sulfate. 

Preparation—By dissolving iron in diluted H,SO,. The resulting 
solution is filtered and concentrated, if necessary, to the point of crys- 
tallization of ferrous sulfate. Commercially, scrap iron is used in the 
process. 

Description—Pale, bluish green crystals or granules; odorless, has 
a saline, styptic taste, and effloresces in dry air, becoming white; oxi- 
dizes readily in moist air to form brownish yellow basic ferric sulfate; 
pH (1 in 10 solution) about 3.7. 

Solubility—1 g in 1.5 mL of water or 0.5 mL of boiling water; 
insoluble in alcohol. 

Comments—One of the most commonly employed hematinic prep- 
arations used in iron-deficiency anemias (see under Iron and Iron 
Compounds), The drug is dispensed most commonly as capsules or 
tablets coated for protection from air and moisture. The salt sometimes 
is mixed with glucose or lactose to protect it from oxidation. 

Its adverse effects are those of iron compounds in general, but they 
are rarely severe when the salt is taken in therapeutic doses; however, 
relatively small overdoses can cause serious intoxication in infants and 
children. The oral solution can cause staining of teeth if used undiluted. 

About 20% of this drug is absorbed when taken orally. Timed- 
release and enteric-coated preparations tend to be absorbed more er- 
ratically and are not recommended. Magnesium and aluminum hydrox- 
ides, present in some preparations, make the iron unavailable for 
absorption. 


IRON DEXTRAN INJECTION 


InFeD 

A sterile, colloidal solution of ferric hydroxide in complex with partially 
hydrolyzed dextran of low molecular weight, in water for injection. It 
may contain not more than 0.5% of phenol as a preservative. 

Preparation—To an aqueous solution of partially depolymerized 
dextran (intrinsic viscosity 0.04 to 0.07) is added a solution of alkali and 
a solution of a ferric salt. The mixture is heated, then cooled to room 
temperature, clarified by centrifugation, and the solution dialyzed 
against running water. After concentrating to the required iron content, 
the solution is filtered, ampuled, and sterilized by autoclaving. 

Description—Dark-brown, slightly viscous liquid; pH 5.2 to 6. 

Comments—Because iron is strongly chelated by dextran, it is not 
locally irritating on intramuscular injection. Absorption is rapid from 
an intramuscular site. Thus the drug is used for intramuscular injection 
in patients with iron-deficiency anemias when oral therapy cannot be 
tolerated or does not evoke a therapeutic response. If the drug is 
administered to persons not in an iron-deficient state, hemosiderosis 
may occur. Absorption is very slow from a subcutaneous site, and a 
brown stain occurs that may remain for 1 to 2 years. Consequently, in 
injecting the drug, care must be taken to prevent leakage under the 
skin. Injections are given deeply into the upper-outer quadrant of the 
buttock by a special technique called a Z-track injection, which dimin- 
ishes leakage to subcutaneous sites. 


In the human the lymphatic system is well-developed, and the dose 
of the complex is relatively low, so that the danger of malignancy, as 
occurs in some animals, is very slight. However, it can cause fibrosis at 
the site of injection. Allergic reactions, even anaphylaxis, have oc- 
curred. Consequently, a test of 0.5 mL of the injection should be given 
prior to therapeutic administration. Headache, fever, nausea, vomiting, 
paresthesias, and regional lymphadenopathy are relatively common 
side effects. Hypotension, reactivation of quiescent arthritis, leukocyto- 
sis with fever, and sterile abscesses at an intramuscular injection site 
may occur. Phlebitis occasionally occurs after intravenous administra- 
tion. The parenteral use of iron and carbohydrate has resulted in fatal 
anaphylactic-type reactions. Consequently, use of iron dextran should 
be reserved for patients with a clearly established iron deficiency not 
amenable to oral iron therapy. 


POLYFEROSE 


B-v-Fructofuranosyl a-p-glucopyranoside deriv, polymer, iron 
complex; Jefron 
[9009-29-4] A chelate of iron with a polymerized derivative of sucrose, 
containing about 45% Fe. 
Comments—For the treatment of iron-deficiency anemias. The 
complex is less astringent than ferrous salts and hence is more palat- 
able in oral suspension. 


Agents for Macrocytic Anemias 


The macrocytic anemias are characterized by the presence of large, 
hypochromic erythrocytes. They include pernicious anemia, the anemia 
of sprue, macrocytic tropical anemia, fish tapeworm anemia, achrestic 
anemia, and anemias resulting from gastric carcinoma and resection or 
disease of the intestinal tract. In all of these, insufficient intake or 
absorption of cyanocobalamin (vitamin B,,) is the cause of the disorder, 
the vitamin being essential to normal hematopoiesis and to the integ- 
rity of the central nervous system. Early work on pernicious anemia 
established the need for a dietary factor, called the extrinsic factor, and 
a gastric and upper duodenal secretory factor, called the intrinsic factor. 

It is now well-established that cyanocobalamin is the extrinsic fac- 
tor; the vitamin is also the antianemia component of liver. The intrinsic 
factor is essential for the proper absorption of vitamins B,,. The intrin- 
sic factor is absent in pernicious anemia; in this disease the secretion of 
hydrochloric acid and pepsin also is diminished or absent. Before the 
advent of cyanocobalamin (a vitamin B,,), various liver preparations 
were employed as sources of extrinsic factor, and stomach preparations 
as sources of the intrinsic factor. Since orally administered liver was not 
reliable, because it did not provide the intrinsic factor, it was necessary 
to administer a stomach preparation at the same time or to administer 
the liver parenterally. Today, the preparation of choice is cyanocobal- 
amin, which is cheaper and causes less discomfort at the site of injection 
than liver. Oral cyanocobalamin, of course, like liver, optimally requires 
a source of intrinsic factor. 

For the patient with uncomplicated pernicious anemia in relapse, 
the initial dose of cyanocobalamin is 30 wg a day, parenterally, or every 
other day for 5 to 10 doses, followed by 15 to 30 wg once or twice a week 
until the blood picture is normal. For maintenance, 40 to 60 ug every 2 
weeks or 80 to 100 wg once a month is usually adequate. If there is 
demonstrable neurological damage, it may be necessary to administer 
1000 yg a week for several months before switching to the maintenance 
schedule. Therapy must be maintained for life, since the basic defi- 
ciency in GI physiology remains. Nevertheless, the patient may be kept 
in good health and may lead a fairly normal life. 

Despite the superiority of cyanocobalamin, liver and stomach prep- 
arations still are available. The ingestion of 200 to 400 g of whole liver 
may be effective irregularly in inducing a remission in pernicious ane- 
mia. Concentrates for oral administration are made from such amounts 
of liver, but concentration results in some loss of activity. Extracts 
suitable for parenteral administration may be prepared from 10 to 15 g 
of liver. Similar effects may be produced by the ingestion of 30 to 40 g 
of desiccated stomach; however, the combinations of stomach and liver 
are required for optimal oral therapy. 

Liver preparations for injection may be assayed microbiologically, 
employing Lactobacillus leichmannii ATCC 7830, the assay being ex- 
pressed in terms of cyanocobalamin. However, since oral preparations 
rarely are effective, owing to the absence of the intrinsic factor, the 
assay must be made in the human pernicious anemia patient in relapse, 
and the assay is expressed in terms of oral units. This reflects the 
ridiculousness of using archaic and irregularly effective preparations 
when the active ingredient, cyanocobalamin, or derivatives, readily is 
available and is administered more easily and safely. 


BLOOD, FLUIDS, ELECTROLYTES, AND HEMATOLOGICAL DRUGS 


Megaloblastic anemia of infancy, megaloblastic anemia of preg- 
nancy, achrestic anemia, and nutritional macrocytic anemia generally 
respond better to liver preparations than they do to cyanocobalamin, 
and deficiencies in folic and folinic acid intake or metabolism are 
implicated; thus, either of these two acids may evoke a dramatic re- 
sponse in such anemias. Ascorbic acid also occasionally may confer 
additional benefits. The metabolic functions of folic or folinic acid and 
vitamin B,, converge in certain respects. Thus, folic or folinic acid may 
induce a remission in the blood pathology in pernicious anemia, but it 
will not revert or delay the progression of the epithelial and neurolog- 
ical pathology, which may develop insidiously and emerge explosively 
and irreversibly. Therefore, folic or folinic acid therapy of pernicious 
anemia is to be condemned. Equally offensive and irresponsible is the 
inclusion of these acids in liver or multivitamin-hematinic preparations 
because, in allaying the blood pathology of undiagnosed pernicious 
anemia, they prevent detection of the disease until the neurological 
pathology has advanced to a dangerous state. Unfortified liver prepa- 
rations also may contain enough folic acid to constitute the same dan- 
ger. In general, a hematinic should be employed only upon accurate 
diagnosis of the anemia and upon specific indication. Multiple prepa- 
rations are to be avoided. For descriptions of cyanocobalamin, hydroxo- 
cobalamin, and folic acid; see Chapter 106. 


HEMATOPOIETIC GROWTH FACTORS 


The hematopoietic growth factors regulate the proliferation 
and differentiation of progenitor stem cells found in the bone 
marrow. They are glycoproteins that bind to specific cell sur- 
face receptors, resulting in a sequence of events culminating in 
hematopoiesis. Recombinant DNA technology has allowed the 
manufacture of sufficient quantities of these factors to enable 
clinical trials in patients. Erythropoietin, which stimulates red 
blood cell production was the first human hematopoietic 
growth factor to be isolated and studied. It improves the ane- 
mia associated with several clinical conditions. Several of the 
colony-stimulating factors also have been purified, molecularly 
cloned, and expressed as recombinant proteins. Clinical trials 
in progress are evaluating their effectiveness in treating pa- 
tients for a variety of hematological disorders (refer to Appen- 
dix A in Chapter 49). Two of the colony-stimulating factors, 
granulocyte colony-stimulating factor (G-CSF) and granulocyte- 
macrophage colony-stimulating factor (GM-CSF) are effica- 
cious in the management of bone marrow hypoplasia, particu- 
larly after myelosuppressive chemotherapy. They not only 
stimulate the progenitor cell target but also result in some 
functional activation of the mature cell. It is anticipated that 
future therapy will use additional hematopoietic growth factors 
in various conditions involving altered hematological status. 


EPOETIN ALFA 


1-165-Erythropoietin (human clone AHEPOFL 13 protein moiety), 
glycoform a; Epogen; Procrit 
[113427-24-0] Cgo9H139)No2902495;5 (84,400 + 400) A 165—-amino acid 
glycoprotein produced by Chinese hamster ovary cells into which the 
human erythropoietin gene has been incorporated. 
Comments—Erythropoietin, a naturally occurring glycoprotein, 
stimulates the division and differentiation of erythroid progenitors in 
the bone marrow, resulting in red blood cell production. The kidney is 
the major source of erythropoietin in adults. Epoietin alfa stimulates 
erythropoiesis in chronic renal failure (CRF) patients who are anemic 
because of impairment of their endogenous erythropoietin production. 
It is effective in both patients on dialysis and those not requiring 
regular dialysis. As it requires several days for erythroid progenitors to 
mature and be released into blood, a clinically significant increase in 
hematocrit generally is not observed before 2 weeks. The treatment goal 
is to increase hematocrit to 30 to 33% and eliminate the need for blood 
transfusions. The rate of hematocrit increase depends on several factors 
including availability of iron stores, baseline hematocrit, concurrent 
medical problems, and the dose administered. For reasons discussed 
below, a rapid increase in hematocrit (eg, >4 points in any 2-week 
period) is undesirable. Epoetin alfa also is indicated for treatment of 
anemias related to zidovudine (AZT) therapy in HIV-infected patients 
who have endogenous erythropoietin levels <500 mU/mL and are re- 
ceiving <4200 mg a week of AZT. Patients with endogenous erythro- 
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poietin levels >500 mU/mL do not appear to have a clinically significant 
response with epoetin alfa. 

Prior to and during therapy, the patient’s iron stores should be 
evaluated; transferrin saturation should be at least 20%, and ferritin at 
least 100 ng/mL. Supplemental iron may be required to increase and 
maintain transferrin saturation to adequate levels. Epoetin alfa ther- 
apy has been associated with increased blood pressure in many CRF 
patients. Blood pressure should be controlled adequately prior to ad- 
ministration of the drug and must be monitored closely and controlled 
during therapy. During the time when hematocrit is increasing, approx- 
imately 25% of dialysis patients require initiation of, or increases in, 
antihypertensive medication. The dose of drug should be decreased in 
patients with an excessive rate of hematocrit rise (eg, >4 points in any 
2-week period), as this rapid increase may exacerbate the hypertensive 
response. Epoetin alfa is contraindicated in patients with uncontrolled 
hypertension or known hypersensitivity to either mammalian cell— 
derived products or human albumin. During hemodialysis, patients on 
this drug may require increased anticoagulation with heparin to pre- 
vent clotting of the artificial kidney. 


FILGRASTIM 


Colony-stimulating factor (human clone 1034), N-t-methionyl-, 
Neupogen 
{121181-53-1] Cg45H1339N22300435, (18,000.00). A single chain of 175 
amino acids, nonglycosylated, produced by recombinant DNA technol- 
ogy, expressed by E coli. 

Comments—Granulocyte colony-stimulating factor (G-CSF) is an 
endogenous glycoprotein that acts primarily on hematopoietic cells 
regulating the production of neutrophils within the bone marrow. It is 
effective in accelerating the recovery of neutrophil counts following a 
variety of chemotherapy regimens. In addition to regulating the pro- 
duction of neutrophils, G-CSF also enhances neutrophil functional ac- 
tivity including enhanced phagocytic ability, priming of the cellular 
metabolism associated with respiratory burst, and antibody-dependent 
killing. It is indicated to decrease the incidence of infection in patients 
with nonmyeloid malignancies receiving myelosuppressive anticancer 
drugs. Such patients experience a significant incidence of severe neu- 
tropenia with fever. Because of the potential sensitivity of rapidly 
dividing myeloid cells to cytotoxic agents, it should not be used 24 hr 
prior to, or within 24 hr after, chemotherapy. It is essential to obtain 
complete blood counts and platelet counts prior to the chemotherapy 
and twice a week during treatment with filgrastim. A transient increase 
in the neutrophil count typically occurs within the first 1 or 2 days 
following administration of filgrastim; however, for a sustained thera- 
peutic effect it should be continued until the postchemotherapy nadir 
count reaches 10,000/mm*. Medullary bone pain of mild-to-moderate 
severity is the major adverse effect and occurs in approximately 24% of 
patients. It is most frequent in patients treated with higher doses (20 to 
100 ug/kg/day) administered IV and is reported less in patients treated 
with lower SC doses (3 to 10 ug/kg/day). Although filgrastim is a growth 
factor that primarily stimulates neutrophils, it could potentially act as 
a growth factor for tumor cells, and caution should be used if this drug 
is administered in any malignancy with myeloid characteristics. It is 
contraindicated in patients with known hypersensitivity to E coli— 
derived proteins. 


OPRELVEKIN 
2-178-Interleukin 11 (human clone PXM/IL-11) 

H- GPPPGPPRVS PDPRAELDST VLLTRSLLAD TRQLAAQLRD 
KFPADGDHNL DSLPTLAMSA GALGALQLPG VLTRLRADLL 
SYLRHVQWLR RAGGSSLKTL EPELGTLQAR LORLLRRLOL 
LMSRLALPQP PPDPPAPPLA PPSSAWGGIR AAHAILGGLH 
LTLOWAVRGL LLLKTRL-OH 


[145941-26-0] Co.4Hy411No53023552 (19,047.40). 

Preparation—Oprelvekin is a nonglycosylated protein of approxi- 
mately 19,000 daltons consisting of 177 amino acids which is produced 
by recombinant DNA technology in E coli bacteria. It differs from native 
IL-11, which is composed of 178 amino acids, only by lacking proline in 
the amino terminus. 

Description—Interleukin eleven (IL-11) is a naturally occurring 
growth factor that stimulates the proliferation of hematopoietic stem 
cells and megakaryocyte progenitor cells as well as promoting 
megakaryocyte maturation resulting in increased platelet production. 

Comments—It is indicated to increase platelet counts and decrease 
the need for platelet transfusion following chemotherapy in patients 
with nonmyeloid malignancies who are likely to develop thrombocyto- 
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penia. In clinical trials of patients undergoing chemotherapy for various 
malignancies who had previously required a platelet transfusion, 
oprelvekin was found to reduce platelet transfusions significantly com- 
pared with placebo administration. A trial in breast cancer patients 
who had not previously shown severe thrombocytopenia due to chemo- 
therapy, demonstrated that 65% (26 of 40) of patients avoided platelet 
transfusion compared with 41% (15 of 37) in the placebo cohort follow- 
ing two dose—intensive chemotherapy with cyclophosphamide and doxo- 
rubicin. Oprelvekin has been administered safely using the recom- 
mended dosing schedule for up to 6 cycles following chemotherapy; 
however the efficacy and safety of more prolonged, chronic dosing is not 
established. Patients treated concurrently with G-CSF demonstrated 
no adverse effects on its activity by oprelvekin; little information is 
currently available regarding the combination of oprelvekin and GM- 
CSF. A complete blood count should be obtained prior to chemotherapy 
and at regular intervals during therapy with dosing continued until the 
postnadir platelet count is <50,000 cells/uL. Moderate decreases of 10 
to 15% in hemoglobin, hematocrit, and red blood cell count commonly 
occur within a few days of drug initiation and are primarily due to an 
increase in plasma volume. Patients receiving this agent often experi- 
ence mild-to-moderate fluid retention resulting in peripheral edema 
(~60%) and dyspnea with exertion (~50%). The fluid retention is re- 
versible within several days following discontinuation of therapy. The 
drug should be used with caution in patients with congestive heart 
failure, and fluid balance should be monitored in these patients. Close 
monitoring of both fluid’ and electrolyte balance is also necessary in 
patients receiving chronic diuretic therapy. Transient atrial arrythy- 
mias occur in approximately 10% of patients treated with oprelvekin, 
and the drug should be used with caution in patients with a history of 
atrial arrthymias. No association of the agent with ventricular arrthy- 
mias has been found. Transient, mild visual blurring has been reported 
by patients taking oprelvekin, and the drug should be used with caution 
in patients with preexisting papilledema. 


SARGRAMOSTIM 


Colony-stimulating factor 2 (human clone pHG,,. protein moiety), 
23-.-leucine-, rhu GM-CSF; Leukine; Prokine 
[123774-72-1] CgsoHy992N 1680 1965s (15,500 to 19,500). A single chain of 
127 amino acids, glycosylated, produced by recombinant DNA technol- 
ogy, expressed by Saccharomyces cerevisiae. There are three species 
having approx molecular weights of 19,500, 16,800, and 15,500, depend- 

ing on the extent of glycosylation. 
Description—White lyophilized powder. 
Comments—Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) is an endogenous multipotential hematopoietic growth factor 
that stimulates proliferation and differentiation of both early and late 
progenitor cells, resulting in increases in granulocytes and macro- 
phages. It is indicated for accelerating myeloid engraftment in autolo- 
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Ferrate(2—), chloro[7,12-diethenyl-3,8,13,17-tetramethyl-21H,23H- 
porphine-2,18-dipropanoato(4-)-N?',N??,N??,N?*]-, dihydrogen-, 
(SP-5-13). 

Chlorohemin [16009-13-5] C,,H,,CIFeN ,O, (651.96). 

Preparation—Usually from hemoglobin by treatment with a hot 
saline acetic acid solution. Org Syn Coll, vol III, 1955, p 442. 

Description—Polychromatic crystals (usually brownish to blue) 
that do not melt under 300°. 

Solubility—Freely soluble in dilute base through conversion to 
hematin by replacement of the chlorine atom by hydroxyl; sparingly 
soluble in alcohol; insoluble in water. 

Comments—Inhibits the biosynthesis of porphyrin in juvenile 
erythrocytes and hence also indirectly decreases the rate of formation of 
porphyrins. It is used to ameliorate symptoms in intermittent porphy- 
ria, porphyria variegata, and hereditary coproporphyria. In some but 
not all patients pain, tachycardia, hypertension, mild-to-moderate neu- 
rological impairment, and abnormal mentation are abated. Neurologi- 
cal improvement is sometimes delayed weeks to months after treat- 
ment. Remissions are not permanent. 

It is contraindicated in hypersensitivity to itself and in porphyria 
cutanea tarda. Excessive doses may cause renal failure. Phlebitis may 
occur in the injected vein. Coagulopathy and renal failure from an 
overdose have been reported. It may be antagonized by barbiturates, 
estrogens, and various steroid metabolites that induce aminolevulinate 
synthesis. 


gous bone marrow transplantation (BMT) in patients with non- 
Hodgkin’s lymphoma, acute lymphoblastic leukemia, and Hodgkin’s 
disease. It is effective in decreasing median duration of antibiotic ther- 
apy, reducing duration of infectious episodes, and shortening the me- 
dian duration of hospitalization in these patients. It also is indicated for 
patients who have undergone allogeneic or autologous BMT in whom 
engraftment is delayed or has failed. In these patients, sargramostim is 
safe and effective in prolonging survival in both the presence or absence 
of infection. Hematological response to therapy should be assessed 
twice a week by CBC with differential. Sargramostim can induce WBC 
increases, and treatment should be interrupted or the dose reduced if 
excessive leukocytosis occurs (WBC > 50,000 cells/mm*; absolute neu- 
trophil count > 20,000 mm*). It is contraindicated in patients with 
excessive (more than 10%) leukemic myeloid blasts in the bone marrow 
or peripheral blood or known hypersensitivity to yeast-derived prod- 
ucts. Adverse effects include peripheral edema and a capillary leak 
syndrome, and it should be used with caution in patients with preex- 
isting fluid retention, congestive heart failure, or pulmonary infiltrates. 
Because of the potential for promoting tumor growth, precaution is 
necessary when using this drug in any malignancy with myeloid char- 
acteristics. 


ANTIHEMATOPOIETIC DRUGS 


Polycythemia and erythrocytosis are conditions in which there 
is an increase in the number of circulating erythrocytes. The 
cause is usually the result of a deficient oxygenation of the 
arterial blood, and either condition may be corrected by man- 
agement of the underlying primary disorder. However, in poly- 
cythemia rubra vera the condition is primary, and therapy thus 
is directed at the erythrocytes, either by their removal by 
venesection, their destruction by phenylhydrazines, or the sup- 
pression of their formation, by antihematopoietic drugs or by 
X-irradiation. Several of the antineoplastic drugs such as the 
nitrogen mustards, the antifolic acids, arsenicals, or radiophos- 
phate may be employed. The leukemias result from excessive 
leukocytic hematopoietic activity of a neoplastic nature; either 
the bone marrow (myelogenous or granulocytic leukemia) or 
lymphatic tissue (lymphocytic leukemia) may be involved. In 
myelogenous leukemia there may be anemia because the eryth- 
ropoietic cells are crowded out by leukopoietic cells. Drugs used 
in the therapy of the leukemias and polycythemia are treated 
in Chapter 86. 


It is converted partially to bilirubin and partially excreted into the 
bile intact. Bilirubin metabolites and urobilinogen also appear in the 
urine. 


METHYLENE BLUE 


Phenothiazin-5-ium, 3,7-bis(dimethylamino)-, chloride, trihydrate; 
Methylthionine Chloride; Aniline Violet 
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C I Basic Blue 9 trihydrate [7220-79-3] C,,H,,CIN,S.3H,O (373.90); 
anhydrous [61-73-4] (319.85). 

Preparation—By treating a solution of N,N-dimethyl-p-pheny]l- 
enediamine and N,N-dimethylaniline hydrochlorides with H,S and 
FeCl, or another suitable oxidizing agent. 

Description—Dark green crystals or a crystalline powder, with a 
bronze-like luster; odorless or with a slight odor; stable in air; solutions 
have a deep-blue color. 

Solubility—1 g in 25 mL water or 65 mL alcohol; soluble in chlo- 
roform. 

Comments—Readily reduced to leukomethylene blue, which, in 
turn, is readily reoxidized to methylene blue. Thus, it is useful as a 
reversible oxidation-reduction indicator. Its principal therapeutic use, 
in the treatment of methemoglobinemia, stems from this chemical prop- 


cl + 3H,0 


BLOOD, FLUIDS, ELECTROLYTES, AND HEMATOLOGICAL DRUGS 


erty. It acts as an electron-acceptor in the transfer of electrons from 
reduced pyridine nucleotides (NADPH and NATPH) to methemoglobin, 
thus facilitating reduction of ferric to ferrous iron. Glucose 6-phosphate 
dehydrogenase is required; if this enzyme is absent, as it is in certain 
hemolysis-prone individuals, the drug is ineffective. If the dose is high, 
the oxidation potential favors the formation of methemoglobin from 
hemoglobin. This effect is used in the treatment of cyanide poisoning. 
The methemoglobin so formed complexes cyanide, which tends to spare 
the cytochrome system. However, other drugs are superior. 

This drug formerly was employed as a urinary antibacterial agent, 
but this use is now obsolete. An outgrowth of this use is the belief that 
the drug is effective in the treatment of urolithiasis. Although a slight 
effect to retard crystal formation in vitro has been reported, no clinical 
benefits have been proven, and expert opinion holds the dye to be 
ineffective. Its use as an analgetic, antipyretic, and parasiticide has 
likewise been abandoned. The dye is used as a bacteriological stain. 

It colors urine and feces green and the skin blue. It may cause 
bladder irritation, nausea, vomiting, and diarrhea. Large doses may cause 
vertigo, headache, confusion, sweating methemoglobinemia (paradoxi- 
cal), and chest and abdominal pains. It can cause hemolysis in persons 
with glucose-6-phosphate dehydrogenase—deficient erythrocytes. 


PENTOXIFYLLINE 


1H-Purine-2,6-dione, 3,7-dihydro-3,7-dimethyl-1-(5-oxohexyl)-, 
Trental 
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1-(5-Oxohexyl)theobromine [6493-05-6] C,,H,.N,O, (278.31). 

Preparation—Ethyl acetoacetate and 1,3-dibromopropane are 
reacted to form the ethyl ester of 3H-dihydropyran-3-carboxylic 
acid, which is cleavéd with HBr to form 6-bromo-2-hexanone. This 
latter compound, with theobromine, in the presence of base yields 
pentoxifylline. 

Description—Bitter-tasting, colorless, odorless needles; melts 
about 105°. 

Solubility—1 g in 13 mL water at 25° or in 5.5 mL at 37°; 1gin9 
mL benzene. 

Comments—Increases the ATP content of erythrocytes, which 
makes them both more deformable and less likely to aggregate. Conse- 
quently, they pass through precapillary sphincters and capillaries more 
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easily, which improves blood flow through the microcirculation. It also 
stimulates the synthesis of prostacyclin by endothelial cells and inhibits 
phosphodiesterase activity (thus increasing cyclic AMP levels) in plate- 
lets; these two actions decrease the aggregation of platelets. It increases 
fibrinolytic activity and thus decreases fibrinogen concentration. These 
effects sum to decrease the viscosity of blood, which increases blood flow 
and decreases myocardial work. It is approved for the treatment of 
intermittent claudication. It is also investigational in the management 
of cerebrovascular insufficiency, transient ischemic attacks, stroke, di- 
abetic angiopathy, sickle cell thalassemia and leg ulcers. 

Adverse effects are dyspesia (2.8%), nausea (2.2%), vomiting (1.2%), 
bloating (0.6%), belching, flatus, anorexia, dry mouth, thirst, constipa- 
tion, and cholecystitis; dizziness (1.9%), headache (1.2%), tremor (0.3%), 
anxiety and confusion; anginal pain (0.3%), hypotension and edema; 
blurred vision, conjunctivitis, and scotomata; dyspnea, flulike symp- 
toms, laryngitis, nasal congestion and nose bleeds; brittle fingernails, 
pruritus, rash, and urticaria; earache, leukopenia, malaise, sialorrhea, 
bad taste, sore throat and swollen neck lymph glands, and change in 
weight; dysrhythmias, hepatitis and jaundice, hyperfibrinogenemia, 
pancytopenia, purpura, and thrombocytopenia are rare effects. 

It is absorbed readily and first-pass metabolized by the oral route. 
Peak plasma levels occur in 2 to 4 hr. There are more than five metab- 
olites, two of which probably have pharmacodynamic activity. The 
elimination half-life is only about 0.4 to 0.8 hr, but that of the major 
metabolites is 1 to 1.6 hr. 


SODIUM NITRITE 


Sodium nitrite [7632-00-0] NaNO, (69.00). 

Preparation—By various methods, as by reduction of sodium ni- 
trate with lead, a sulfite, or sulfur dioxide, or by absorption of NO 
obtained from catalytic oxidation of ammonia in sodium carbonate 
solution. 

Description—White to slightly yellow, granular powder or white or 
nearly white, opaque, fused masses or sticks; deliquescent in air; solu- 
tions are alkaline to litmus. 

Solubility—1 g in 1.5 mL water; sparingly soluble in alcohol. 

Comments—Principally for treating cyanide poisoning, based on 
its causing methemoglobin, which complexes cyanide. In cyanide poi- 
soning, it is injected intravenously in very large doses to produce met- 
hemoglobin, which combines with the highly lethal cyanide and renders 
it temporarily inactive as cyanmethemoglobin. Sodium thiosulfate then 
is injected intravenously to form the nontoxic thiocyanate. Nitrite ion 
relaxes smooth muscle, so sodium nitrite causes hypotension. Solutions 
are unstable and should be prepared directly before use. 
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CHAPTER 68 


Any drug that affects the heart or blood vessels, directly or 
indirectly, is a cardiovascular drug, although the term gener- 
ally connotes only those drugs that are used for their cardio- 
vascular actions. Many such drugs exist. Nearly every auto- 
nomic drug has clinically applicable cardiovascular actions. 


Sympathomimetics (see Chapter 70) may be used to elevate blood 
pressure, stimulate the heart, slow the heart reflexly, etc, depending on 
the particular agents and the clinical conditions. 

a-Adrenergic blocking drugs (see Chapter 72) may be used in sys- 
temic hypertension, in vasospastic conditions, in the diagnosis and 
management of pheochromocytoma, and, rarely, in malignant and tox- 
emic hypertensive crises. 

B-Adrenergic blocking drugs (Chapter 72) are employed in the treat- 
ment of essential hypertension, portal hypertension, angina pectoris, 
certain dysrhythmias, and heart failure. 

The anticholinesterase edrophonium (page 1319), is used in the 
diagnosis and treatment of paroxysmal atrial tachycardia. 

Atropine and other antimuscarinic drugs (see Chapter 73) may be 
used to block the cardiac vagus nerve in Adams-Stokes syndrome and 
certain other bradycardias. 

The ganglionic blocking agents are treated in this chapter. 


A large number of drugs other than the autonomic agents 
have useful cardiovascular actions. 

Digitalis and its allies, the coronary and peripheral dilators, 
and the antidysrhythmic agents are included below. 

Parenteral fluids (see Chapter 67), which may be used in the 
treatment of shock, and diuretics (see Chapter 75), which are 
adjuvants in the treatment of heart failure and hypertension, 
are discussed elsewhere, as are numerous miscellaneous drugs. 


ANTIHYPERTENSIVE AND 
HYPOTENSIVE DRUGS 


Antihypertensive drugs are used in the treatment of hyperten- 
sion, although certain ones (eg, ganglionic blocking drugs) en- 
joy scattered uses in other therapeutic, diagnostic, and surgical 
procedures. Some are used as hypotensive drugs in nonhyper- 
tensive patients. The predominant types of diastolic hyperten- 
sion are primary (essential, idiopathic) and secondary hyper- 
tension. Malignant hypertension is a severe, progressive phase 
of primary hypertension. There is no universal therapy for 
primary hypertension, and individual patients vary widely in 
response to various drugs. 

Evidence today suggests that there may be a sympathetic 
factor in some types of hypertension formerly classified as 
diastolic or essential hypertension. The sympathetic neural 
influence is exerted both directly on blood vessels and on the 
renin-producing system in the kidney. Irrespective of whether 
there is an abnormal sympathetic neural factor involved, re- 
moval of the normal sympathetic nervous support of vascular 
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tone and cardiac output usually decreases blood pressure in the 
hypertensive person and favors a retardation of the progression 
of the disease. 

The role of the renin-angiotensin system (see page 1279) in 
the pathogenesis of essential hypertension and in the antihy- 
pertensive actions of various drugs is compelling. Clinical stud- 
ies alone indicate that the renin-angiotensin system is hy- 
peractive in less than one-third of the cases of essential 
hypertension, but the effects of converting-enzyme inhibi- 
tors and antagonists of angiotensin indicate that the renin- 
angiotensin system is involved in at least 70% of cases of 
essential hypertension. It is possible that the effect of sundry 
antihypertensive drugs to decrease plasma renin activity con- 
tributes importantly to their efficacy. 

The therapy for diastolic hypertension has been improving 
since 1958 because of the large number of agents introduced 
since then. The finding that the diuretic chlorothiazide (see 
page 1348) not only is mildly antihypertensive but also greatly 
potentiates the antihypertensive effects of other drugs initiated 
a revolution in the medical management of hypertension. 
Closely following chlorothiazide came reserpine and guanethi- 
dine, (see page 1327), and later alpha-methyldopa and cloni- 
dine, B-antagonists, angiotensin converting enzyme (ACE) in- 
hibitors, and calcium channel blockers. 

At the present time in the US expert opinion holds that a 
diastolic blood pressure over 90 torr is an indication for treat- 
ment. Long-term studies have proved unequivocally that treat- 
ment both decreases morbidity and prolongs life expectancy. 
Formerly, the first drug to be used was a thiazide diuretic, but 
it now appears that therapy may just as well be initiated with 
B-antagonists, ACE inhibitors, or calcium channel blockers as 
single agents in early hypertension. If no single drug is effec- 
tive alone, two from different classes are used in combination. 
In mild hypertension, the first drugs to be added to a thiazide 
are B-blockers, ACE inhibitors, or calcium entry blockers. In 
moderate hypertension, hydralazine, a,-antagonists, or cen- 
trally acting drugs may be added. Since B-adrenergic blockers 
and ACE inhibitors decrease angiotensin II levels, they are 
indicated whenever renin levels are high and possibly even 
when they are normal. B-Blockers also are combined commonly 
with vasodilators, such as hydralazine, to prevent reflex tachy- 
cardia and stimulation of renin secretion. Diazoxide, sodium 
nitroprusside, captopril, or hydralazine and, to a lesser extent, 
trimethaphan are employed in the treatment of hypertensive 
crises, such as eclampsia. 

It is difficult to anticipate how and when treatment of hy- 
pertension will stabilize. Currently, converting enzyme inhib- 
itors, B-antagonists, calcium channel blockers, and a,-blockers 
dominate the field. The diuretics will remain essential; there 
has been a marked decline in use of guanethidine, reserpine, 
methyldopa, and clonidine; and hydralazine will be used 


mainly as a tertiary drug for resistant cases, usually with a 
B-antagonist and a diuretic. 


Saluretics 


It long has been suspected that certain hypertensive persons 
have abnormal salt metabolism, and epidemiological and en- 
demiological studies have established a relationship between 
salt intake and blood pressure. In the essential and malignant 
hypertensive individual with an expanded blood volume and 
high sodium burden, the rationale for use of saluretic drugs is 
almost self-evident. However, certain saluretic drugs even have 
been found to lower blood pressure of persons with essential 
hypertension who have small extracellular fluid volumes. 

It is held widely that the vascular smooth muscles in such 
persons have a high intracellular sodium content. When thia- 
zide saluretics are given, the fall in blood pressure in the first 
week or two correlates with saluresis and the decrement in 
extracellular fluid volume (hence, in venous return, stroke vol- 
ume, and systolic blood pressure). In this phase, heart rate is 
accelerated and peripheral resistance is increased. The antihy- 
pertensive action passes into a phase in which the extracellular 
volume and heart rate return toward normal and peripheral 
resistance falls. Not all saluretics are alike in this effect, which 
suggests that something more than saluresis is involved. For 
example, high-ceiling saluretics never lower the vascular resis- 
tance, and blood pressure is lowered only because cardiac out- 
put is decreased. Spironolactone is a useful antihypertensive 
agent only when aldosterone or 18-hydroxycorticosterone levels 
are high. 

Homeostatic mechanisms increase plasma renin activity, 
which counterproductively increases plasma levels of the po- 
tent endogenous vasoconstrictor angiotensin II. If they were 
available, drugs that inhibit renin secretion would be rational 
agents to combine with saluretics. 

At present, thiazide-like saluretics often are the first drugs 
to be used in the treatment of essential hypertension, custom- 
arily being used alone in mild essential hypertension; other 
drugs are added in moderate and severe essential hyperten- 
sion. Thiazides also correct the counterproductive salt and 
water retention that occurs as a side effect to most other anti- 
hypertensive drugs. High-ceiling diuretics are inappropriate 
for general use and should be used only in congestive heart 
failure, in renal impairment in hypertensive emergencies in 
which salt and water have accumulated, or in combinations 
with drugs in which salt and water retention are especially 
severe (eg, methyldopa, minoxidil, hydralazine). 

For the pharmacology of specific saluretics, see Chapter 75. 


Peripheral Antiadrenergic Drugs 


Regardless of whether there is a sympathetic component in the 
perpetuation of essential or malignant hypertension, a reduc- 
tion of whatever sympathetic activity exists can effect a lower- 
ing of blood pressure four ways. 


A decrease in sympathetically (a-receptor)-mediated arteriolar con- 
striction will decrease systemic peripheral resistance. 

A decrease in sympathetically (a,-receptor)-mediated venous tone 
will increase venous capacitance and decrease venous return and, 
hence, cardiac output. However, this effect tends not to be sustained in 
the long run because of compensation by fluid retention. 

A decrease in sympathetically (8,-receptor)-mediated support of 
cardiac contractility and heart rate will decrease cardiac output. 

A decrease in sympathetically (8,-receptor)-modulated secretion of 
renin by the juxtaglomerular apparatus of the kidney will decrease the 
plasma levels of angiotensin II, a potent vasoconstrictor and sensitizer 
to sympathetic nervous activity and stimulant of the secretion of aldo- 
sterone, an antisaluretic hormone. | 
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Drugs such as reserpine and guanethidine, which act on 
adrenergic nerve terminals to deplete norepinephrine or pre- 
vent release of norepinephrine, potentially are antihyperten- 
sive by all four ways, although their actions are not exerted 
evenly throughout the sympathetic nervous system, and the 
heart may be affected more than the vessels, etc. a-Adrenore- 
ceptor-blocking drugs, such as phenoxybenzamine and phen- 
tolamine, have antihypertensive actions, but reflex cardiac 
stimulation and increased renin secretion limit their efficacy. 
However, both phenoxybenzamine and phentolamine are im- 
portant antihypertensives in the treatment of pheochromocy- 
toma. By a selectivity for only a,-receptors, prazosin causes 
less of such counterproductive homeostatic adjustments and 
hence is more efficacious. B-Adrenoreceptor-blocking drugs, 
such as propranolol, act to decrease cardiac output and renin 
secretion. However, they reflexly increase sympathetic activity 
and hence peripheral vascular resistance. Nevertheless, they 
not only are effective alone but also are important adjuncts to 
vasodilator drugs, which cause reflex sympathetic cardiac stim- 
ulation and increased renin secretion, and to diuretics, which 
increase renin secretion. B-Adrenoreceptor antagonists also act 
at the adrenergic nerve terminals to decrease norepinephrine 
release. Newer drugs such as labetalol, with both a- and f- 
adrenoreceptor blocking activity, are useful in the treatment of 
essential hypertension, since blockade of one type of receptor 
cannot result in counteractive reflex activation of the other. 

The important antihypertensive a- and B-adrenoreceptor- 
blocking drugs and drugs that act on the adrenergic nerve 
terminals are described in Chapter 72. 


DOXAZOSIN MESYLATE—page 1323. 
PRAZOSIN HYDROCHLORIDE—page 1323. 


TERAZOSIN HYDROCHLORIDE—page 1323. 


Centrally Acting Antihypertensive Drugs 


Several drugs act directly or indirectly on the vasomotor center 
and in the spinal cord to decrease sympathetic outflow to the 
blood vessels and heart. They also activate the parasympa- 
thetic (vagal) outflow to the heart. Less is known about central 
inhibition of outflow to the juxtaglomerular apparatus, but the 
clinically significant drugs of this class all decrease plasma 
renin activity. Only clonidine, guanabenz, guanfacine, methyl- 
dopa, and methyldopate are described in this section. There is 
no rationale for using more than one of these drugs at a time. 

These drugs are used primarily in the treatment of moder- 
ate hypertension. They are also used in the treatment of post- 
menopausal vasomotor instability and dysmenorrhea and in 
the prophylaxis of migraine and cluster headaches. Clonidine 
has been shown to suppress opiate, alcohol, benzodiazepine, 
and tobacco craving and withdrawal symptoms and has been 
used in the management of opiate addiction. The antihy- 
pertensive actions are a central action. A decrease in sympa- 
thetic activity causes vasodilation, bradycardia and occasional 
atrioventricular block, and a decrease in renin release from 
the kidney; an increase in vagal activity also contributes to 
bradycardia. 

The central actions appear to be the result of a stimulant 
action on a-adrenergic receptors in the vasomotor and car- 
dioinhibitory centers and in the spinal cord on preganglionic 
sympathetic neurons. It also appears to have a peripheral 
action to reduce release of norepinephrine from sympathetic 
nerves. It stimulates a,-adrenergic receptors on the sympa- 
thetic nerve terminals, which feeds back negatively to suppress 
release of the mediator. 

Methyldopa is converted to methylnorepinephrine in the 
brain, which displaces norepinephrine from storage sites and is 
released as a false transmitter by nervous impulses in the 
adrenergic nerves. The metabolite a-methylnorepinephrine, 
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has potent a-agonist activity and probably acts to decrease 
blood pressure in the same way as does clonidine. In the spinal 
cord and vasomotor center, the result is a decrease in sympa- 
thetic vasomotor outflow, which decreases blood pressure and 
lowers plasma renin activity. Its action begins in about 2 hr, 
becomes maximal in 6 to 8 hr, and lasts 18 to 24 hr. 

Moderate doses cause a high incidence of sedation, dry 
mouth, and mild-to-moderate orthostatic hypotension in many 
patients. Salt and water retention occur in the first few days of 
treatment but usually do not persist. Impotence, defective ejac- 
ulation, constipation, anorexia, nausea and vomiting, dry itchy 
eyes, painful salivary glands, depression, and nightmares also 
occur in less than 5% of recipients. Various side effects second- 
ary to excessive reductions in blood pressure can occur, as with 
most antihypertensive drugs. Tolerance sometimes occurs, 
usually a result of fluid retention that can be overcome by 
adding a diuretic. The transdermal preparation of clonidine 
commonly causes skin irritation; application sites should be 
rotated. 

Serious rebound hypertension may occur if the drugs are 
discontinued abruptly. Clonidine is somewhat fetotoxic in lab- 
oratory animals and, ‘hence, should be avoided in pregnancy. 
All of these drugs increase ethanol-induced central nervous 
system (CNS) depression. 


CLONIDINE HYDROCHLORIDE 
2-(2,6-Dichlorophenylamino)-2-imidazoline hydrochloride; Catapres 


C) 
H 
yO 
( Cc 
[4205-91-8] C,H,C],N, - HCl (266.56). 
Preparation—Ammonium thiocyanate converts 2,6-dichloroaniline 
to the thiourea, which is treated with methyl iodide to yield the S- 
methylthiluronium salt. The latter compound, with ethylene diamine, 
closes the imidazoline ring to afford the product. See US Pat 3,202,660. 
Description—White to off-white, odorless, bitter-tasting, crystal- 
line powder; stable in light, air, and heat; does not exhibit polymor- 
phism; melts about 300° with decomposition; pK, 8.2. 
Solubility—1 g in about 13 mL water (20°), about 25 mL alcohol or 


about 5000 mL chloroform. 
Comments—Transdermal patches deliver this drug for 1 week. 


HCl 


GUANABENZ ACETATE 


Hydrazine carboximidamide, 2-[(2,6-dichlorophenyl)methylene]-, 
monoacetate; Wytensin 


C1 NH 
| 
© CH=NNHCNH, : CH;COOH 
Cc) 


[23256-50-0]C,H,C1,N, - C,H,O, (291.14). 

Preparation—Brit Pat 1,019,120. 

Description—White solid; melts about 193° (dec). 

Solubility—1 g in 90 mL water, 20 mL alcohol or 10 mL propylene 
glycol. 

Comments—Depresses the vasomotor and cardioaccelerator cen- 
ters and thus decreases the sympathetic outflow to the arterioles and 
heart. It acts as an a,-adrenergic agonist at cardiovascular centers in 
the medulla and spinal cord as does clonidine. It is effective in mild to 
moderately severe essential hypertension. Although it usually is effec- 
tive alone, efficacy is enhanced by saluretics. The half-life is 7 to 10 hr. 
It causes a mild, usually insignificant, postural or exercise hypoten- 
sion. Dry mouth, sedation, and constipation are common side effects. 
Withdrawal hypertension occurs after abrupt withdrawal from large 
doses. It does not cause clinically significant distortions of plasma 
lipoproteins. 


GUANFACINE HYDROCHLORIDE 


Benzeneacetamide, N-aminoiminomethyl)-2,6-dichloro-, 
monohydrochloride; Tenex 


NH 
i 
CH2CONHCNH, + HCI 


Cc) 


(29110-48-3] C,H,Cl,N,0 - HC] (282.56). 

Preparation—US Pat 3,632,645 

Description—White needles; melts about 215°. 

Comments—Its longer half-life permits once-a-day dosing. An a,- 
agonist which acts in the vasomotor center and the spinal cord to 
decrease sympathetic outflow to the blood vessels and to a lesser extent, 
to the heart. It is thus like clonidine and guanabenz. However, its 
effects last longer. It is used (usually along with a saluretic) mostly to 
treat mild to moderate hypertension, but it also is effective in toxemia of 
pregnancy and ultimately may prove to be useful in hypertensive emer- 
gencies. Tolerance is common in the absence of a saluretic. Adverse 
effects are mainly those of clonidine, (above), but they tend to be milder. 
Withdrawal hypertension may occur 2 to 7 days after discontinuation of 
treatment. Elimination is by both hepatic metabolism (60 to 70%) and 
renal excretion (30 to 40%); dosage is said not to require adjustments in 
renal failure. The elimination half-life is 14 to 17 hr. 


METHYLDOPA 


t-Tyrosine, 3-hydroxy-a-methyl-, sesquihydrate; 
Alpha-methyldopa; Aldomet 


re 
HO ee aon * 13H,0 


{41372-08-1] C,,H,,NO, + 14%2H,O (238.24); anhydrous [555-30-6] (211.22). 
Preparation—The product of the reaction of 3,4-dimethoxyphenyl- 
acetonitrile with sodium ethoxide is hydrolyzed with acid to give 3,4- 
dimethoxyphenylacetone. This is reacted with ammonium carbonate 
and potassium cyanide to form a substituted hydantoin intermediate 
which, on alkaline hydrolysis, yields racemic methyldopa. The acety- 
lated form of this racemate is resolved using (—)-a-methylbenzylamine. 
The isolated acetylated (—)-methyldopate salt is deacetylated with base 
and treated with mineral acid to liberate (—)-methyldopa. US Pat 
2,868,818. 
Description—White to yellowish white, odorless, fine powder, 
which may contain friable lumps; almost tasteless and relatively stable 
in both light and air; melts above 290° with decomposition; pK, 2.2 
(COOH), 10.6 (NH,), 9.2 and 12 (ring OH). 
Solubility—Sparingly soluble in water; very soluble in diluted hy- 
drochloric acid; slightly soluble in alcohol; practically insoluble in ether. 
Comments—Converted to methylnorepinephrine in the brain, 
which displaces norepinephrine from storage sites and is released as a 
false transmitter by nervous impulses in the adrenergic nerves. The 
metabolite a-methylnorepinephrine has potent a,-agonist activity and 
probably acts to decrease blood pressure in the same way as does 
clonidine. In the spinal cord and vasomotor center, the result is a 
decrease in sympathetic vasomotor outflow, which decreases blood pres- 
sure and lowers plasma renin activity. Its action begins in about 2 hr, 
becomes maximal in 6 to 8 hr, and lasts 18 to 24 hr. 


METHYLDOPATE HYDROCHLORIDE 


i-Tyrosine, 3-hydroxy-a-methyl-, ethyl ester, hydrochloride; 
Aldomet Ester Hydrochloride 


{5208-79-4] C,,H,,NO, - HCl (275.73). 

Preparation—By converting methyldopa to its ethyl ester and 
passing hydrogen chloride into a solution of the ester in a suitable 
organic solvent. 

Description—White or practically white crystalline powder; odor- 
less or practically odorless with a bitter taste; relatively stable both in 
light and air; melts about 160°; pH (1 in 100 solution) 3 to 5. 

Solubility—Freely soluble in water, alcohol, or methanol; slightly 
soluble in chloroform; practically insoluble in ether. 

Comments—Parenteral form for IV injection. 


Antihypertensive Direct Vasodilators 


Direct vasodilators act by several mechanisms, such as inhibi- 
tion of cyclic nucleotide phosphodiesterase, adenosine mimicry, 
impairment of calcium and sodium influx in vascular smooth 
muscle, opening of potassium channels, release of nitric oxide 
(NO), stimulation of guanylate cyclase, and unknown mecha- 
nisms. Their usefulness in the ambulatory treatment of hyper- 
tension depends a great deal on the selectivity of the drug for 
the resistance blood vessels, namely, the arterioles, which 
causes a lowering of blood pressure. If the capacitance veins 
also are dilated, venous return to the heart and hence cardio- 
vascular adjustments to posture and exercise are impaired, and 
the patient may experience postural and exercise hypotensions, 
sometimes to the point of syncope. A slight degree of interfer- 
ence with venous return usually is considered to be desirable, 
especially in the treatment of severe hypertension, because it 
enables a greater lowering of blood pressure than does arterio- 
lar dilatation alone. 

Direct vasodilators invariably cause reflex palpitation and 
tachycardia and also increase plasma renin activity, all of 
which tend to counter the hypotensive action; the cardiac ef- 
fects give rise to patient discomfort. Therefore, it often is ad- 
visable to combine the vasodilators with B-adrenoreceptor an- 
tagonists to antagonize these effects. 

In addition to the ultimate edema-causing sequelae to in- 
creased renin secretion, the lowering of blood pressure may 
decrease both pressure natriuresis and renal blood flow. This 
decrease promotes sodium and water retention, which, in turn, 
may decrease the antihypertensive effects of the drug; there- 
fore, it is rational to use saluretics in combination with 
vasodilators. 


DIAZOXIDE 


2H-1,2,4-Benzothiadiazine, 7-chloro-3-methyl-, 1,1-dioxide; 
Hyperstat IV 


(0 59) 
\ 


cl S 
iol 3k 
Zz 
fet 


[364-98-7] C,H,CIN.O.S (230.67). 

Preparation—One method reacts 2,4-dichloronitrobenzene with 
benzyl mercaptan and KOH and the 2-(benzylthiol) group thus intro- 
duced is converted to —SO,Cl with chlorine and aqueous acetic acid and 
thence to —SO,NH, by reaction with NH,. After reducing the NO, to 
NH, with Fe and NH,Cl, cyclization is effected by condensation with 
ethyl orthoacetate. Science 133:2067, 1961. US Pats 2,986,573 and 
3,345,365. 

Description—White to cream-white crystals or crystalline powder; 
odorless; melts about 330°; pK, 8.5. 

Solubility—Practically insoluble to sparingly soluble in water. 

Comments—FExerts prominent vasodepressor actions, especially by 
the intravenous route. In therapeutic doses, vasodepression is primar- 
ily the result of arteriolar dilatation, so that orthostatic hypotension is 
usually minimal. However, some venous dilatation does occur, which at 
times is sufficient to cause orthostatic hypotension. The smooth mus- 
cle-relaxing effects result from hyperpolarization of vascular smooth 
muscle by activating ATPase-sensitive potassium channels. It is used 
intravenously as a hypotensive drug in acute hypertensive crises. Its 
side effects preclude its use in the chronic management of essential 
hypertension, but it may be used to initiate treatment, to control blood 
pressure until the oral antihypertensives can be used. 

Although it is a benzothiazide, it is not a diuretic but instead 
actually causes salt and water retention and consequent gain in weight. 
This action sometimes precipitates congestive heart failure, especially 
if renal function is impaired. It also causes hyperglycemia by inhibit- 
ing insulin secretion from pancreatic B-cells. Occasionally, it is neces- 
sary to administer oral hypoglycemics or insulin to suppress the 
hyperglycemia. 

Other side effects include nausea, vomiting, and other gastroin- 
testinal (GI) upsets; burning sensations along the vein of injection 
(because of the high pH of solutions); tachycardia; substernal pain; 
orthostatic hypotension; transient hyperuricemia; headache; and 
drowsiness. Overdosage by the intravenous route can cause shock. 
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It is contraindicated in toxemia of pregnancy because it relaxes 
uterine smooth muscle and may interfere with impending delivery. It 
should be used in diabetics only when blood glucose is monitored 
closely. Blood glucose also should be determined in all persons receiving 
multiple injections. It should be used cautiously in persons with coro- 
nary or cerebral insufficiency and patients with impaired renal func- 
tion. However, it may be safer to use in renal hypertensive crises than 
other antihypertensives. The drug is contraindicated if hypersensitivity 
to thiazides exists. Thiazide diuretics and other antihypertensive drugs 
increase the response to diazoxide, even when they fail to lower blood 
pressure themselves. Some authorities administer furosemide along 
with this drug, to prevent salt and water retention. 

It is about 90% protein-bound, but rapid intravenous injection per- 
mits distribution to smooth muscle before it is bound to protein. Thus, 
a greater and longer-lasting fall in blood pressure accrues to faster rates 
of injection. It is of interest that the drug persists in blood longer than 
the hypotensive effect. The plasma half-life is 20 to 60 hr in persons 
with normal renal function, but the hypotensive effect lasts only 2 to 15 
hr. Different populations may eliminate the drug differently, some 
mostly by renal tubular secretion and others mostly by biotransforma- 
tion. It competes with weakly acidic drugs such as allopurinol, aspirin, 
colchicine, probenecid, sulfinpyrazone, and warfarin for the renal se- 
cretory system and thus increases their plasma concentrations. It also 
displaces several drugs from plasma proteins; in the case of warfarin, 
this may cause a hemorrhagic diathesis. 


HYDRALAZINE HYDROCHLORIDE 
Phthalazine, 1-hydrazino-, monohydrochloride; Apresoline 


NHNH2 


[304-20-1] C,H,N,.HCl (196.64). 

Preparation—Phthalazone is converted to 1-chlorophthalazine by 
treatment with phosphorus oxychloride, condensed with hydrazine hy- 
drate to form hydralazine and neutralized with HCl to produce the 
hydrochloride. 

Description—White to off-white, crystalline powder; melts be- 
tween 270° and 280° with decomposition; pK, 0.5, 7.3. 

Solubility—1 g in 25 mL water, 500 mL alcohol; very slightly 
soluble in ether. 

Comments—Causes vasodilatation by stimulating guanylate cy- 
clase in arteriolar smooth muscle; the stimulant appears to be nitric 
oxide (NO) from the local oxidation of the hydrazine moiety. NO is a 
natural, endothelium-derived relaxing factor. 

It is one of the few drugs that causes substantial vasodilatation in 
the kidney, and it increases renal plasma flow even when the blood 
pressure drops considerably. Vasodilatation also is pronounced in the 
splanchnic, cerebral, and coronary vascular beds; it exerts only slight 
vasodilator actions in skin and skeletal muscle. The veins participate 
very little in the effect, so that postural hypotension is negligible. As the 
result of the fall in blood pressure, reflex tachycardia, palpitations, and 
increases in plasma renin activity occur, although the renin activity 
sometimes decreases in long-term treatment. 

It may be used in the treatment of moderate essential or early 
malignant hypertension and hypertensive emergencies, virtually always 
in conjunction with other antihypertensive drugs. However, mainly 
because of its side effects, it generally is not used until other, safer 
therapy has failed. Because it increases renal blood flow, it is often used 
to treat toxemia of pregnancy. It also sometimes is used in acute con- 
gestive heart failure or after myocardial infarction because it decreases 
cardiac afterload with very little effect on preload, so that cardiac 
output is improved. It is available in both oral and parenteral dosage 
forms. 

Tolerance sometimes occurs during long-term treatment. In part, 
this is probably the result of depletion of tissue sulfhydryl compounds 
and probably is reversible with N-acetylcysteine. In part, it is the result 
of sodium retention. 

Its principal serious toxic effects are syndromes resembling rheu- 
matoid arthritis or lupus erythematosus, appearance of which necessi- 
tates withdrawal of the drug. This toxicity is more frequent in slow than 
in fast acetylators. Most patient complaints are of tachycardia and 
palpitations. These effects are counterproductive in that they tend to 
limit the fall in blood pressure. Furthermore, they may precipitate 
attacks of angina pectoris. B,-Adrenergic blocking drugs prevent these 
effects and also the reflex rise in plasma renin levels and hence increase 
the antihypertensive response. 

Other frequent side effects include dizziness, headache, and cardio- 
megaly. Paresthesias, anxiety, nausea, vomiting, malaise, disorienta- 
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tion, depression, impotence, priapism edema, nasal congestion, lacri- 
mation, red eyes, rash, giant urticaria, drug fever, agranulocytosis, 
leukocytosis, and anemia also occasionally occur. Even when the 
plasma renin activity is suppressed, a counterproductive sodium and 
water retention occurs; saluretics suppress the effect and improve the 
antihypertensive effects. 

It is absorbed by the oral route. With low doses, first-pass metabo- 
lism limits bioavailability to 16 to 35%; food enhances the bioavailabil- 
ity. Elimination is by both ring hydroxylation and N-acetylation, and 
only 10% of hydralazine is excreted unchanged. Elimination is dose- 
dependent, and plasma levels increase disproportionately with dose. 
The half-life is 1.5 to 6 hr; the difference between slow and fast acety- 
lators is usually minor. It accumulates in fat in vascular smooth muscle, 
where it has a longer life than in plasma. 


MINOXIDIL 


2,4-Pyrimidinediamine, 6-(1-piperidinyl)-, 3-oxide; Loniten; Rogaine 


(38304-91-5] C,H,;N;O (209.25). 

Preparation—US Pat 3,461,461. 

Description—White to off-white, crystalline powder; pK, 4.6. 

Solubility—1 g in about 500 mL water; 25 mL alcohol; practically 
insoluble in chloroform. 

Comments—Dilates arterioles by opening potassium channels, 
which causes hyperpolarization and relaxation of smooth muscle. This 
lowers the total peripheral vascular resistance and hence the blood 
pressure. The maximum achievable decrease in mean blood pressure is 
usually at least 35 torr in most hypertensive patients. Dilatation of 
capacitance veins is only slight to moderate, and sympathetic vascular 
reflexes are unimpaired, so postural and exercise hypotensions are 
usually minimal. 

Reflex tachycardia and palpitations occur, but they are less than 
that expected from the fall in blood pressure, which suggests cardio- 
accelerator-suppressant actions not yet elucidated. Nevertheless, a B,- 
adrenoreceptor blocking drug may need to be coadministered to sup- 
press reflex cardiac stimulation. Renal plasma flow and glomerular 
filtration rate are very little affected, which implies a substantial renal 
vasodilatation. Plasma renin activity may be elevated as the result of 
reflex sympathetic activity or diminished by an unknown mechanism. 
Irrespective of the plasma renin activity, salt and water retention 
occurs sufficiently to cause considerable tolerance to the antihyperten- 
sive effects, and saluretics, even occasionally high-ceiling diuretics, are 
necessary to restore the antihypertensive effects. 

In appropriate dosage, minoxidil can be used to treat all types of 
hypertension, although most experience has been in the treatment of 
moderate to severe essential hypertension. It often is effective in hyper- 
tension refractory to all other therapy. It also is useful for ventricular 
unloading, the effect being mainly to decrease afterload. 

A side effect is excessive hair growth. Consequently, the drug is used 
topically to restore hair growth in androgenic alopecia and alopecia 
areata. Improvement occurs in about 60% of cases but is cosmetically 
acceptable in only about 30%. 

Adverse effects of systemic use include fluid retention, cardiac stim- 
ulation and mild postural hypotension, anginal attacks (from both 
cardiac stimulation and decreased coronary perfusion pressure), mod- 
erate but usually reversible hypertrichosis with increased pigmentation 
in about 70% of patients, and rare pulmonary hypertension (controver- 
sial), pericardial effusion, and breast tenderness. A slight anemia (7% 
decrease in RBC, in part the result of hemodilution), a small increase in 
alkaline phosphatase, and 6% increase in plasma creatinine and BUN 
transiently occur. Nausea and vomiting sometimes occur; thrombocyto- 
penia and leukopenia, rarely. No teratogenic effects thus far have been 
observed, but it is wise to avoid the drug during pregnancy. It also 
probably should be withheld within a month after a myocardial infarc- 
tion. Adverse effects usually are slight with topical administration, but 
some hypotension may occur with concentrations over 3%. 

The drug is absorbed well by the oral route. The volume of distri- 
bution is 9 to 15 L/kg. It is concentrated in vascular tissue. Metabolism 
in the liver accounts for about 90% of elimination, and no modification 
of dose is required in renal failure or hemodialysis. The apparent 
half-life of about 4 hr appears to be a distribution parameter; the 
B-half-life is about 24 hr. The duration of action is 1 to 3 days. 


SODIUM NITROPRUSSIDE 


Ferrate(2-), pentakis(cyano-C)nitrosyl-, disodium, 
(OC-6-22)-dihydrate; Sodium Nitroferricyanide; Nipride; Nitropress 
[13755-38-9] Na,[Fe(CN);NO].2H,O (297.95); anhydrous [14402-89-2] 
(261.92). 

Preparation—Potassium ferrocyanide is dissolved in 50% HNO,, 
and the solution is boiled for about 1 hr. After cooling and filtering to 
remove potassium nitrate, the solution is neutralized with Na,CO, and 
evaporated to crystallization. 

Description—Reddish brown, practically odorless, crystals or pow- 
der; freshly prepared solutions all have a faint brownish tint. Since 
nitroprusside ion forms colored compounds with many organic and 
inorganic substances, blue, green, red or any highly colored solutions 
should be discarded; aqueous solutions are photosensitive and should 
be protected from light. 

Solubility—1 g in about 2.5 mL water; slightly soluble in alcohol. 

Comments—A potent, directly acting peripheral vasodilator. It 
releases nitric oxide (NO), which is also the endogenous, endothelium- 
derived relaxing factor. NO activates guanylyl cyclase in vascular 
smooth muscle to produce vasodilation. Its actions on arterioles de- 
crease the total systemic vascular resistance, which is the main cause of 
the fall in blood pressure it evokes. It has a lesser action on capacitance 
veins so that, with usual doses, venous return is impaired insignifi- 
cantly in the recumbent position; however, in the upright position there 
is considerable orthostatic hypotension. Cardiac output is increased in 
the recumbent and decreased in the upright position. Heart rate invari- 
ably is increased reflexly. There is a variable effect on renal plasma flow 
and glomerular filtration rate, but it usually is increased in the recum- 
bent position. Plasma renin activity is slightly to moderately increased. 

It is given by continuous intravenous infusion for treatment of 
hypertensive emergencies and for ventricular unloading in acute conges- 
tive heart failure and after myocardial infarction. Its predilection for 
the arterioles enables it to reduce selectively the cardiac afterload. It 
also is used for controlled hypotension during surgery. Owing to an 
extremely brief duration of action, the drug must be given intrave- 
nously. Since there is a very narrow therapeutic range, the rate of 
infusion and the blood pressure must be monitored continuously at first 
and then at intervals of 5 min throughout the course of the infusion. For 
this reason, the drug usually is employed only in emergencies and in 
intensive-care units. 

Discontinuation of infusion can cause rebound hypertensive instead 
of hypotensive effects. Other adverse effects are tachycardia (in part 
reflex, hence avoidable by $-blockade), nausea, retching, vomiting, tran- 
sient restlessness, agitation, tremors, and muscular twitching. Dys- 
pnea, cyanosis, mydriasis, and cardiovascular collapse have occurred as 
the result of an excessive fall in blood pressure. 

Nitroprusside is broken down rapidly by reaction with hemoglobin 
to NO, cyanide ion, and cyanmethemoglobin, with a half-life of about 2 
min. Cyanide is converted to thiocyanate by the enzyme rhodanese in 
the liver. Infants lack this enzyme, so the drug should not be used in 
neonates and probably also not in the treatment of toxemia of preg- 
nancy. Conversion to thiocyanate requires endogenous thiosulfate, 
which can be depleted by high doses or prolonged administration, 
leading to toxic levels of cyanide. Thiocyanate is eliminated by the 
normal kidney, with a half-life of 3 days. 


Ganglionic Blocking Agents 


The clinically available ganglionic blocking drugs compete with 
acetylcholine at postsynaptic nicotinic receptors. Since the gan- 
glia of both the sympathetic and parasympathetic nervous sys- 
tems are cholinergic, these drugs interrupt the outflow through 
both systems; thus, it is not possible to achieve a therapeutic 
block of autonomic outflow to a given locus without a number of 
undesirable but unavoidable side effects resulting from the 
blockade of other autonomic nerves. Blockade of sympathetic 
outflow to the blood vessels causes hypotension and increased 
blood flow (with a pink, warm skin). 

Blockade of sympathetics to the heart may cause slowing, 
but the parasympathetic outflow also is blocked, so that accel- 
eration can result in persons with predominantly parasympa- 
thetic tone. Orthostatic hypotension results from blockade of 
reflex adjustments to posture. Blockade of parasympathetic 
outflow results in dry mouth, mydriasis, cycloplegia (loss of 
ocular accommodation), diminished GI motility and urinary 
retention. 


The ganglionic blocking agents should be used cautiously 
when other hypotensive, antihypertensive, or anesthetic drugs 
are used concomitantly, because the hypotension may be exag- 
gerated to such an extent that blood flow through the brain, 
heart, or kidney may be jeopardized. Overdose of the ganglionic 
blocking drug alone can have this effect. Because compensatory 
cardiovascular reflexes are suppressed by the ganglionic block- 
ing drugs, pressor drugs given during ganglionic blockade may 
elicit dangerously enhanced responses. 

Ganglionic blocking drugs are contraindicated when there is 
pyloric stenosis, cerebral arteriosclerosis, coronary insuffi- 
ciency, recent myocardial infarction, or glaucoma. They should 
be used cautiously in elderly patients, patients with renal 
insufficiency, and those receiving neuromuscular blocking an- 
tibiotics. 


MECAMYLAMINE HYDROCHLORIDE 


Bicyclo[2.2.1]heptan-2-amine, N,2,3,3-tetramethyl-, 
monohydrochloride; Inversine 


[826-39-1] C,,H,,H.HCl (203.75). 

Preparation—From camphene J Am Chem Soc 1946; 78:1514. 

Description—White, crystalline powder; melts about 245° (dec); 
can be sterilized by autoclaving. 

Solubility—1 g in 5 mL water, 12 mL alcohol, or 10 mL glycerol. 

Comments—Differs from most other ganglionic blocking agents in 
that it is not a quaternary ammonium compound, s0 it is ionized poorly 
in the small intestine and thus is readily and completely absorbed. It is 
the only orally effective ganglionic blocker available. It was used in the 
past to treat essential hypertension, but it largely has been replaced by 
newer drugs. Its nonionic form permits it to pass into the CNS, so 
occasional bizarre central disturbances may result. It has a low renal 
clearance and hence a long duration of action. It will produce a variety 
of unpleasant, unavoidable side effects that result from the interruption 
of both sympathetic and parasympathetic outflow. Orthostatic hypoten- 
sion, blurring of vision, dry mouth, diarrhea followed by constipation, 
occasional paralytic ileus, nausea and vomiting, urinary retention, fa- 
tigue, sedation, and impotence are among these general side effects. 
Tremor and delusions or hallucinations may occur. It is absorbed 
readily from the gut. It penetrates the blood-brain barrier into the CNS 
and also into the fetus (hence, it should be avoided in pregnancy). 
Elimination is by renal tubular secretion. The duration of action is 6 to 
12hr. 


TRIMETHAPHAN CAMSYLATE 


Thieno[1’,2':1,2]thienol[3,4-d]imidazol-5-ium, decahydro-2-oxo-1,3- 
bis(phenylmethyl)-, salt with (+)-7,7-dimethyl-2- 
oxobicyclo[2.2.1]heptane-1-methanesulfonic acid (1:1); Arfonad 


CH,SO3” 


29 


it 
Taio 


({68-91-7] C3,H,)>N.O;S. (596.80). 

Preparation—The bromide, prepared from an intermediate pro- 
duced in the synthesis of biotin, is metathesized with silver d-camphor- 
10-sulfonate; the silver bromide is removed by filtration, and the cam- 
sylate is obtained by evaporating the filtrate. 

Description—White crystals or crystalline powder; melts between 
230° and 235° with decomposition. 

Solubility—Freely soluble in water, alcohol, or chloroform; insolu- 
ble in ether. 

Comments—Usually classified as a ganglionic blocking agent, but 
it only moderately blocks ganglia in the therapeutic dose range. Some of 
its hypotensive effects result from a direct peripheral vasodilator ac- 
tion. It has an extremely brief duration of action. Thus, the hypotension 
induced is subject to moment-to-moment control simply by varying the 
rate of intravenous infusion. It sometimes is used in the treatment of 
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hypertensive emergencies, but other drugs usually are preferred. It 
occasionally is used for induction of brief, controlled hypotension, as for 
surgical procedures, to reduce an otherwise bloody field or for certain 
diagnostic procedures. It also is used to treat severe autonomic dysre- 
flexia. Adverse effects are mostly the result of ganglionic blockade. They 
necessitate a reduction in dosage. They are anorexia, nausea, vomiting, 
constipation and possibility of paralytic ileus, mydriasis, cycloplegia 
and possibility of glaucomatous attack, dry mouth, anginal pain, tachy- 
cardia, postural hypotension, and urinary retention. It causes release of 
histamine, so that it must be used with caution in allergic and asth- 
matic persons. 


Drugs Affecting 
the Renin-Angiotensin System 


Renin is a protease that is released by the kidney in response 
to reduced renal perfusion, hyponatremia, or sympathetic ac- 
tivity. It acts on the plasma a,-globulin substrate, angio- 
tensinogen, to yield the decapeptide, angiotensin I. Angiotensin 
Lis hydrolyzed by a converting enzyme to yield the octapeptide 
angiotensin II. Angiotensin II may lose one amino acid residue 
to yield angiotensin III. Angiotensins II and III are destroyed 
by carboxypeptidases. 

Angiotensin I is inactive in the cardiovascular system, al- 
though it may have some effect to contract the renal glomerular 
mesangium. Angiotensin II has several cardiovascular-renal 
actions. 


It stimulates the zona glomerulosa of the adrenal cortex to secrete 
aldosterone. Aldosterone causes the renal retention of sodium (and 
hence of water) and the loss of potassium. The extracellular fluid 
volume and body burden of sodium are thus increased, which promotes 
an increase in blood pressure in many persons and edema in congestive 
heart failure. Angiotensin III also stimulates the adrenal secretion of 
aldosterone. 

It is a very potent vasoconstrictor, which contributes to an elevation 
of blood pressure in most persons and to reduced cardiac output (from 
increased afterload) in congestive heart failure. 

It facilitates transmission in sympathetic ganglia, increases the release 
of norepinephrine at adrenergic nerve terminals, and increases the re- 
sponse of blood vessels and the heart to norepinephrine, thus amplifying 
sympathetic factors in the maintenance of elevated blood pressure. 

It stimulates the release of ADH (vasopressin) from the neurohy- 
pophysis and thirst receptors, thus adding to volume and vasopressor 
factors in some conditions of hypertension and in congestive heart 
failure. Angiotensin II is also a putative neurotransmitter in the CNS. 


The most important site of the angiotensin converting en- 
zyme (ACE) is in the lung, but ACE also is found in the kidney, 
CNS, and elsewhere. A form of ACE circulates in the plasma. 
ACE is the same enzyme as kininase II. Therefore, inhibition of 
ACE not only decreases the amount of the vasoconstrictor, 
angiotensin II, but also increases the amount of the vasodilator 
kinins. At one time it was thought that much of the antihyper- 
tensive effects of ACE inhibitors was attributable to kinins, but 
careful studies have discounted this involvement. Further- 
more, kinins probably do not account for rashes caused by 
captopril, as was commonly thought. 

ACE inhibitors are used to treat mild-to-moderate essential 
and renovascular hypertensions, especially when plasma renin 
activity (PRA) is high, although they are effectively antihyper- 
tensive even when PRA is not elevated. They often provide 
effective monotherapy. They also are used in left ventricular 
systolic dysfunction with or without overt congestive heart fail- 
ure, to unload the ventricle and to suppress the renin angio- 
tensin factor in edema formation. ACE inhibitors decrease ar- 
teriolar resistance in hypertension. They improve the cardiac 
work performance index and decrease ventricular enlargement 
in hypertension, in heart failure, and after myocardial infarc- 
tion. They also are used to treat diabetic proteinuria; the action 
appears to be intrarenal. 

Alone or in combination, ACE inhibitors are becoming the 
drugs of choice in the first-line treatment of essential hyper- 
tension. Many drugs that lower blood pressure homeostati- 
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cally increase renin release, hence increasing angiotensin II 
concentrations. 

Centrally acting and B-adrenoreceptor-antagonist antihy- 
pertensive drugs decrease sympathetically mediated, but not 
hemodynamically or intrarenally mediated, increases in angio- 
tensin levels; ACE inhibitors suppress increased angiotensin 
levels from any cause. In combination with saluretics, they 
suppress the renin-angiotensin-aldosterone factor in saluretic- 
induced hypokalemia, thus attenuating the risk of hypokale- 
mia. In fact, they may produce hyperkalemia, if there is con- 
current renal failure or if potassium-sparing diuretics or 
potassium supplements are being taken. By preventing homeo- 
static rises in aldosterone levels and even by themselves caus- 
ing a decrease in extracellular fluid volume, ACE inhibitors 
have a greater synergism with saluretics than do other anti- 
hypertensive drugs. Lastly, ACE inhibitors are tolerated better 
than most other antihypertensive drugs. Patients and physi- 
cians elect to discontinue them less frequently than they do 
methyldopa or propranolol. 

ACE inhibitors reduce lithium excretion and can produce 
lithium intoxication in patients taking lithium. NSAIDs tend to 
reduce the hypotensive effect of ACE inhibitors but increase 
the likelihood of hyperkalemia. 

Except for captopril and lisinopril, all of the other ACE 
inhibitors listed below are esterified prodrugs, which are well 
absorbed from the GI tract and then deesterified to the much 
more active metabolite with a long duration of action. The 
suffix -at is added to the respective general name to denote the 
active metabolite (eg, enalaprilat, for [V administration). All of 
them except captopril are effective with single daily doses. 

Although ACE inhibitors, as a group, are relatively free of 
side effects or toxicities in most patients, they do occur and 
some can be life-threatening. Initial doses can produce first- 
dose hypotension, especially in patients currently taking di- 
uretics or otherwise volume depleted. Reports of dizziness may 
be due to the expected but less severe reduction of blood pres- 
sure. Angioedema or angioneurotic edema occurs early in ther- 
apy in 0.1 to 0.2% of patients and is characterized by rapid 
swelling of tissues in the oral cavity, throat, and larynx, a 
life-threatening condition, which should be treated with epi- 
nephrine and/or a corticosteroid. This condition as well as a 
high incidence of dry cough is thought to be due to inhibition of 
bradykinin metabolism by ACE. 

Captopril, which contains a sulfhydryl group, produces a 
high incidence of rash, and other ACE inhibitors do so less 
frequently. ACE inhibitors are definitely contraindicated in 
pregnancy, especially during the second and third trimesters 
when they are teratogenic; they should be discontinued as soon 
as pregnancy is detected. Neutropenia and hepatotoxicity are 
rare, but potentially serious side effects of ACE inhibitors; both 
are reversible if detected early. 


BENAZEPRIL HYDROCHLORIDE 


1H-1-Benzazepine-1-acetic acid, [S-(R*,R*)]-,3-[[1-(ethoxycarbonyl)-3- 
phenylpropyl]-amino]-2,3,4,5-tetrahydro-2-oxo-, monohydrochloride, 
Lotensin 


| \) He “ener (C)) aes 


CH,COOH 


(86541-74-4] C,,H,.N,O; - HCl (490.96). 

Description—White to off-white crystalline powder. 

Solubility—Greater than 1 g in 10 mL of water, ethanol or methanol. 

Comments—A prodrug rapidly absorbed and converted to the ac- 
tive ACE inhibitor benazerilat, which has a half-life of 10 to 11 hr. It is 
approved for treating essential hypertension and may be effective for 
treating congestive heart failure. It produces a spectrum and incidence 
of side effects and drug interactions that are similar to those of enala- 
pril; also, see the general statement. 


CAPTOPRIL 
.-Proline, 1-[(25)-3-mercapto-2-methyl-1-oxopropyl]-, Capoten 


H 
\ pCHs 


(62571-86-2] C,H,;NO,S (217.28) 

Preparation—See Science 1977; 196:441. 

Description—White crystals melting about 88° which resolidify 
and melt again about 105°; pK, = 3.7, pK, = 9.8. 

Solubility—Freely soluble in water, alcohol, or chloroform. 

Comments—The first orally effective ACE inhibitor to have been 
marketed. For the uses, see the general statement (above). It is espe- 
cially effective in renal and malignant hypertensions. Captopril ele- 
vates mood in depressed patients, possibly by an action on converting 
enzyme in the brain. 

Rashes (erythematous, morbilliform, macropapular, edematous, ur- 
ticarial) occur during the first 4 weeks of treatment in 4 to 10% of 
recipients. Approximately 7 to 10% of these manifest cosinophilia and 
antinuclear antibody, so that the rashes may have an immune origin. 
Eruptions do not occur until the dose exceeds 600 mg a day; they will 
sometimes disappear even with continued treatment. Pruritus, flush- 
ing, swelling of the extremities, cough (all 0.5 to 2%), and angioedema 
(0.1%) occur; these are probably kininergic rather than immunogenic. 
Angioedema can be a life-threatening reaction that requires discontin- 
uation and, if severe, emergency treatment. Approximately 1% of recip- 
ients may have chest pain, vertigo, or syncope (especially salt-depleted 
patients) and tachycardia and/or dysrhythmia. : 

Nausea, vomiting, and abdominal pain occur in 0.5 to 2% of recipi- 
ents. Dysgeusia occurs in 2 to 4%; zinc chelators cause the same disor- 
der, and captopril may possibly decorporate zinc. Dizziness, fatigue, 
headache, insomnia, and paresthesias occur in 0.5 to 2% of cases. Sore 
throat (with severe neutropenia) and chills and fever occur in about 
0.3%. Neutropenia is dose-related and occurs within 10 to 30 days of 
treatment; it persists for about 2 weeks after discontinuation; granulo- 
cyte counts are mandatory. It increases blood urea nitrogen, creatinine, 
and liver enzymes in some patients. It may cause false-positive tests for 
urinary acetone. Since it decreases aldosterone levels, drugs or situa- 
tions that cause hyperkalemia, hyponatremia, or hypovolemia may 
interact adversely. 

About 50% is eliminated in the urine, the remainder is metabolized. 
Doses must be lowered in renal failure. The half-life is less than 2 hr. 


ENALAPRIL MALEATE 


.-Proline, (S)-1-[N-[1-(ethoxycarbonyl)-3-phenylpropyl]-.-alanyl]-, 
(Z)-2-butenedioate (1:1); Vasotec 
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[76095-16-4] C,,H.,N.O; - C,H,O, (492.52). 

Preparation—See Nature 1980; 288:280. 

Description—White to off-white crystalline powder melting about 
143°; pH (1% aqueous solution) about 2.5; pK, 3.0, 5.4. 

Solubility—Very soluble in water; soluble in ethanol; freely soluble 
in methanol. 

Comments—A prodrug of enaliprilat, the longer-acting ACE inhib- 
itor, used in the treatment of renovascular, essential, and malignant 
hypertensions and for ventricular unloading in congestive heart failure. 
It can be used alone or in combination. 

It lacks the sulfhydryl group of captopril and thus is less likely to 
cause rashes, proteinuria, leukopenia, and dysgeusia. Adverse effects 
are excessive hypotension, especially in the elderly (0.9 to 2.8%), chest 
pain, palpitations (both 0.5 to 1%), nausea (1.3%), vomiting, abdominal 
pain (both 0.5 to 1%), cough (1.3%), rash (1.5%), angioedema (0.2%), 
insomnia, paresthesias (both 0.5 to 1%), headache (4.8%), dizziness 
(4.6%), and fatigue (2.8%). Hyperkalemia may occur in renal failure. 

About 60% is absorbed by the oral route. Peak plasma levels occur in 
0.5 to 1 hr. In the body, about 40% is deesterified to enalaprilat, the 
active form of the drug (below). Enalaprilat and the remaining enalapril 
are eliminated in the urine. The half-life of enalapril is 1.3 hr, but that 
of enalaprilat is about 11 hr, thus providing a duration of action of over 
a day. 


ENALAPRILAT 


.-Proline, (S)-1-[N-[1-(carboxy)-3-phenylpropyl]-L-alanyl]-, 
dihydrate; Vasotec IV 
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[84680-54-6] C,,H,,N.0, - 2H,O (384.43). 

Preparation—See Enalapril Maleate. 

Description—White crystals melting about 150°. 

Comments—The active form of enalapril (see above). It is water- 
soluble and hence is the parenteral form of enalapril. It is absorbed too 
slowly and erratically to be given orally. 


FOSINOPRIL SODIUM 


.-Proline, trans-4-cyclohexyl-1-[[[2-methyl-1-(1-oxopropoxy)propoxy] 
(4-phenylbutyl)phosphinyl]acetyl]-, sodium salt; Monopril 
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[88889-14-9] C,,H,;NNaO,P (585.65). 
Preparation—See J Med Chem 1988; 31:1148. 
Description—White to off-white crystalline powder. 
Solubility—1 g in 10 mL water; soluble in methanol or ethanol. 
Comments—A prodrug rapidly absorbed and hydrolyzed by ester- 
ases in the intestine and liver to the active ACE inhibitor fosinoprilat, 
which has a half-life of about 12 hr. It is approved for treating essential 
hypertension. It produces a similar spectrum and incidence of side 
effects and drug interactions as enalapril; also, see the general state- 
ment. Total-body clearance is not reduced by renal impairment because 
it is conjugated to inactive glucuronide in the liver and excreted in the 
bile and urine. 


LISINOPRIL 


t-Proline, (S)-1-[N?-[1-(carboxy)-3-phenylpropyl]-i-lysyl]-, 
dihydrate; Prinivil 
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[83915-83-7] C,,H;,N,0, - 2H,O (441.52). 

Preparation—US Pat 4,555,502. 

Description—White crystals; pK, 2.5, 4.0, 6.7, and 10.1. 

Solubility—1 g in 10 mL water or 70 mL of methanol. 

Comments—An ACE inhibitor used in the treatment of renovascu- 
lar, essential and malignant hypertensions and for ventricular unload- 
ing in congestive heart failure. It can be used alone or in combination 
with other drugs. 

It lacks the sulfhydryl group of captopril and thus is less likely to 
cause rashes, proteinuria, leukopenia and dysgeusia. Adverse effects 
are excessive hypotension (0.3 to 5%), chest pain (1.3%), palpitations 
(0.3 to 1%), nausea (2.3%), vomiting (1.3%), abdominal pain (0.3 to 1%), 
diarrhea (3.2%), dyspnea (1.1%), cough (2.9%), pruritus (0.3 to 1%), rash 
(1.5%), angioedema (0.1%), dizziness (6.3%), headache (5.3%), fatigue 
(3.3%), insomnia (0.3 to 1%), and paresthesias (0.8%). Hyperkalemia 
may occur in renal failure. There is no dysgeusia, which distinguishes 
this drug from captopril and enalapril. 

Only about 30% is absorbed by the oral route. Peak plasma levels 
occur in about 7 hr. Elimination is almost entirely by renal excretion; 
the dose must be adjusted in renal failure. The normal half-life is about 
12 hr but is longer in elderly patients. 
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MOEXIPRIL HYDROCHLORIDE 


3-Isoquinolinecarboxylic acid, (35)-2-[(25)-N-[(15)-1-carboxy-3- 
phenyl-propylJalanyl]-1,2,3,4-tetrahydro-6,7-dimethoxy-, Univasc 


HOO, | Hc HM 
a A My 5 
Oe eek 
N _ _-COOH 


[103775-14-0] C,H, )N.0, (470.53). 
Description—Fine white to off-white powder. 
Solubility—Soluble in water about 1 in 10 at 20°. 


PERINDOPRIL ERBUMINE 


1H-Indole-2-carboxylic acid, [2S-[1[R*(R*)],2aB,3a, 7af]]-1-[2-[[1- 
(ethoxycarbonyl)butyl]amino]-1-oxopropylloctahydro-, compd with 
2-methyl-2-propaneamine; Aceon; Procaptan 
OCH, 
OS 2" ER 
Be oS ue eg? 
H 


c 
| 
N 


_-COOH 
Chr 


H 


H,NC(CH,) 


[82834-16-0] C,)H3,N.O; - C,H,,N (441.61). 

Preparation—See US 4,508,729 (1985). 

Comments—Following absorption in the gut it releases perindo- 
prilat in the liver. 


QUINAPRIL HYDROCHLORIDE 


3-lsoquinolinecarboxylic acid, [3S-[2[R*(R*)]],3R*]-2-[2-[[1- 
(ethoxycarbonyl)-3-phenylpropyl]amino]-1-oxopropyl]-1,2,3,4- 
tetrahydro-, monohydrochloride, monohydrate; Accupril 


(90243-99-5] C,,;H,)N.O,; : HCl - HO (493.00) 

Preparation—J Med Chem 1986; 29:1953. 

Description—White crystals melting between 120 to 130° (dehy- 
drated salt). 

Comments—A prodrug rapidly absorbed and rapidly hydrolyzed to 
the more active ACE inhibitor, quinaprilat, which is active for 24 hr 
despite a plasma half-life of about 2 hr. It is approved for treating 
essential hypertension, and several clinical trials have shown it to be 
effective in treating congestive heart failure. Since 60% is excreted in 
the urine, dosage must be reduced in severe renal impairment. Its side 
effects and drug interactions are similar to those of other ACE inhibi- 
tors. See the general statement. 


RAMIPRIL 


Cyclopenta[b]pyrrole-2-carboxylic acid, [2S-[1[R*(R*)],2a,3aB,6aB)]- 
1-[2-[[1-(ethoxycarbonyl)-3-phenylpropyl]amino]-1- 
oxopropylloctahydro-, Altace 

9) 


I 
HeC20—-C. HC. 


CH, c See 
Seay Sih os 
WNGcoon 


[87333-19-5] C,,H,,N,O, (416.52). 
Preparation—See Arzneimittel-Forsch 1984; 34:1399. 
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Description—Fine needles melting about 109°; pK, (ramiprilat) 
3:1, 5.6. 

Solubility—Soluble in alcohol; very slightly soluble in water. 

Comments—A prodrug rapidly absorbed and converted to the 
highly potent, active ACE inhibitor ramiprilat, which has a half-life 
of 13 to 17 hr. It is approved for treating essential hypertension and 
may be effective for treating congestive heart failure. Dosage should 
be reduced in renal failure because 60% is excreted in the urine. Side 
effects and drug interactions are similar to those of enalapril. See the 
general statement. 


TRANDOLAPRIL 


2-Indolinecarboxylic acid, (2S, 3aR, 7aS)-1-[(S)-N-[(S)-1-carboxy-3- 
phenylpropyljalanyl]hexahydro-, Mavik; Odrik 


ee ee 
2 
TN... COOH 


[87679-37-6] C,,H,,N,0; (430.54). 

Preparation—See US 4,933,361 (1990). 

Description—Colorless crystals,melting about 125°. 

Solubility—Soluble in chloroform, methylene chloride, or methanol 
at greater than 100 mg/mL. 

Comments—A prodrug of the nonsulfhydryl ACE, trandoliprat, 
which is formed by the hydrolysis of the ethyl ester. 

ANGIOTENSIN II RECEPTOR ANTAGONISTS—The 
recent introduction of several nonpeptide angiotensin II 
receptor antagonists has added a new therapeutic approach 
for manipulating the renin-angiotensin system. They are 
initially indicated for treating hypertension, where they 
appear to be as effective as ACE inhibitors, but their poten- 
tial roles for treating heart failure and myocardial infarction 
are likely to be expanded if the results of clinical trials 
warrant. 

The side effects of the angiotensin II receptor antagonists 
are similar to those of the ACE inhibitors. However, the inci- 
dences of cough and angioedema are significantly lower, prob- 
ably because of their lack of effect on bradykinin metabolism. 
They are contraindicated in pregnancy. Frank neutropenia or 
hepatotoxicity have not been reported, but caution should dic- 
tate until their use becomes more widespread. 


CANDESARTAN CILEXETIL 


(+)-1-H-Benzimidazole-7-carboxylic acid, 2-ethoxy-1-[[2’- 
(1H-tetrazol-5-yl)[1,1-biphenyl]-4-yl]methyl]-, 
1-[[cyclohexyloxy)carbonylloxy]ethyl ester; Atacand 


[145040-37-5] C,,H;,N,0, (610.67) 
Preparation—See J Med Chem 1993; 36:2343; US 5,196,444 
(1993). 
Description—Colorless 
decomposition. 
Comments—Prodrug for the free acid which is formed by hydroly- 
sis of the ethyl ester. 


crystals melting about 163° with 


LOSARTAN POTASSIUM 


1H-Imidazole-5-methanol, 2-butyl-4-chloro-1-[[2’(1H-tetrazol-5-yl)- 
[1,1’-biphenyl]-4-yl]Jmethyl]-, potassium salt; Cozaar 


CH,0H 


oq“ 
N—CH, 
Ls 
| N= 


CHa / 

| Ne 
CH Se 
2 


CH, 


([124750-26-4] C,,H,.CIKN,O (461.01). 

Preparation—See J Med Chem 1991; 34:2525; US 5,138,069 
(1992). 

Description—White to off-white free-flowing crystalline powder 
melting at about 184°; pK, approx 5.5 (free acid). 

Solubility—Freely soluble in water; soluble in alcohol; slightly 
soluble in acetonitrile or 2-butanone. 

Comments—Oxidation of the hydroxymethyl group on the 5- 
position of the imidazole ring yields the active metabolite. 


VALSARTAN 
.-Valine, N-(1-oxopentyl)-N-[[2’-(1H-tetrazol-5-yl)[1,1’-biphenyl]- 
4-yl]methyl]-, Diovan 
CH, 
CH 


[137862-53-4] C,,Hj)N;O, (435.53). 
Preparation—See US 5,399,578 (1991). 
Description—White crystals melting at about 117°. 


PERIPHERAL VASODILATORS 


Peripheral vasodilators are substances that dilate the arte- 
rioles and increase blood flow in the numerous systemic vascu- 
lar beds, especially in the extremities. To the pharmacologist, 
the word peripheral may indicate that the action is directly on 
the arterioles, but to the clinician the word merely indicates the 
site of the final effect. Thus, centrally acting, reflexly acting, or 
ganglionic blocking drugs that reduce sympathetic tone to the 
periphery are peripheral vasodilators, clinically speaking. Con- 
sequently, all of the hypotensives listed in the previous section 
may be considered to be peripheral dilators. Some sympatho- 
mimetics with prominent B,-receptor stimulant actions are 
employed for their peripheral vasodilator effects. The adrener- 
gic blocking drugs also are used to improve flow through spe- 
cific peripheral vascular beds. See Table 68-1. 

Peripheral vasodilators are employed in the treatment of 
vasospastic disorders such as Raynaud’s disease, causalgias 
and reflex dystrophy, vasospasm associated with arterial embo- 
lism and thrombophlebitis, immersion foot, trench foot, herpes 
zoster, decubitus ulcers, and degenerative arterial diseases 
such as thromboangiitis obliterans, arteriosclerosis obliterans, 
acrocyanosis, and diabetic gangrene. However, there is a great 
deal of justifiable skepticism about the value of peripheral 
vasodilators in most uses, since vasospastic ischemia usually is 
self-limiting because of autoregulatory factors that counteract 
the spasms. An organic obstruction cannot be corrected for by 
vasodilatation, since the obstruction is the principal resistance 
in the line. However, vasodilatation may (or may not) improve 


circulation in the ischemic area through collateral vessels. Pa- 
paverine, alone or in combination with phentolamine, has been 
used as an intracavernous injection for impotence. 


DIPYRIDAMOLE—See RPS-18, page 844. 

ISOXSUPRINE HYDROCHLORIDE—page 1309. 

NIACIN—page 1815. 

NITRATES AND NITRITES (See Coronary Drugs)—page 1274. 
NYLIDRIN HYDROCHLORIDE—page 1310. 
PHENTOLAMINE—page 1323. 


ANTIANGINAL DRUGS 

SLES AT EERE SEE 
Drugs considered in this section are used primarily for the treat- 
ment of angina pectoris of several types: classical (exercise- 
induced or stable), variant (vasospastic or Prinzmetal’s), and 
unstable anginas. 

Three classes of drugs are the mainstays of angina therapy: 
the organonitrates, the calcium entry blocking drugs, and the 
f-adrenoreceptor antagonists. Although nitrates and calcium 
channel blockers dilate coronary arteries, coronary dilatation 
makes a minimal contribution to their antianginal effects, ex- 
cept in vasospastic angina, since diseased coronary arteries 
tend to be maximally dilated and usually are incapable of 
dilating further. 

In the doses used for prophylaxis or relief of acute attacks of 
stable angina pectoris, organonitrates dilate the capacitance 
veins (which decreases ventricular filling pressures) and the 
conducting arteries (which decreases arterial impedance). The 
former effect tends to decrease cardiac output and the latter to 
increase it, the net effect being a decrease in cardiac output and 
afterload. Both effects decrease heart size, the major determi- 
nant of myocardial oxygen demand and, hence, provide relief 
from anginal pain. The decrease in cardiac output and the 
decreased total peripheral resistance lower the blood pressure, 
which elicits reflex arteriolar constriction (which opposes the 
direct arteriolar dilating actions of the drug) and tachycardia, 
both of which are counterproductive. 

The organonitrates are erratic in vasospastic (variant) an- 
gina. Their effect is to decrease venous return and cardiac 
afterload, which ultimately decreases pulmonary venous pres- 
sure. The result is a decrease in pulmonary congestion and 
edema in left heart failure and after myocardial infarction; 
hence, organonitrates can be used to relieve orthopnea and 
paroxysmal nocturnal dyspnea. In the recumbent position, the 
effect to decrease venous return is less marked than in the 
upright position and the effect to decrease cardiac after- 
load also is greater, so that cardiac output is maintained in 
recumbency. 

Organonitrates all have a common mechanism of action 
briefly summarized as follows. The nitrates are denitrated in 
vivo to form nitric oxide (NO), which is also an endothelium- 
derived relaxing factor (EDRF) endogenously generated by the 
oxidation of L-arginine. In turn, NO stimulates guanylate cy- 
clase, thus causing smooth muscle relaxation. Sustained use of 
organic nitrates produces tolerance to the nitrates. Therefore, 
many experts now recommend pulse or intermittent dosing 
rather than continuous nitrate administration, to reduce the 
likelihood of tolerance during chronic therapy. Sustained expo- 
sure to high doses of nitrates can result in a physical depen- 


Table 68-1. Other Peripheral Vasodilators 


DRUG DESCRIPTION 

Cyclandelate (Cyclospasmol) Synthetic 

Ethaverine HCl (Ethaquin, Semisynthetic homolog of 
Ethatab) papaverine 


Papaverine HCl Nonopioid alkaloid in crude opium 
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dence that, upon abrupt discontinuation of drug, can be man- 
ifested as severe anginal attacks and/or myocardial infarction 
and sudden death. They should be withdrawn gradually after 
continuous or chronic use. 

Organonitrates are relaxants of all smooth muscle and may 
be employed as spasmolytics in certain instances, eg, in biliary 
and ureteral spasms. Since their actions are directly on the 
smooth muscle, they are independent of the type of innervation 
and cannot be prevented by any known agent. 

Calcium entry blocking drugs act somewhat differently from 
the organonitrates in relieving angina. Although some are ex- 
tremely effective coronary and peripheral arteriolar dilators, 
the most important antianginal effect in exercise-induced and 
unstable anginas derives from the reduction in cardiac after- 
load. However, coronary artery dilatation is the primary cause 
of relief in vasospastic angina. Effects on cardiac preload are 
negligible. Some calcium entry antagonists directly slow the 
heart; this effect decreases myocardial oxygen demand and 
blunts reflex responses to arteriolar dilatation. Prevention of 
calcium influx into ischemic myocardial cells also may have a 
direct effect to decrease myocardial oxygen demand by preserv- 
ing myocardial ATP. The calcium entry blocking drugs are 
discussed on page 1290 et seq. 

Other pharmacological approaches to the treatment of an- 
gina include the use of B-adrenoreceptor antagonists and var- 
ious drugs that decrease the incidence and consequences of 
coronary artery disease. 

Propranolol and other $-adrenoreceptor antagonists in- 
crease exercise tolerance in angina because they improve 
blood flow to the vulnerable subendocardium, mostly by 
slowing the heart rate and increasing diastolic time, during 
which subendocardial perfusion mainly occurs. Also, a de- 
crease in heart rate decreases myocardial oxygen demand. 
Furthermore, B-blockade also decreases myocardial demand 
by decreasing calcium entry; sympathetically increased 
heart work has a slightly higher oxygen cost than that 
effected through the Starling mechanism. Therefore, B- 
blockade forces the heart to select the more energy-efficient 
mechanism to increase the work demanded by exercise. 
These drugs are discussed in Chapter 72. The use of drugs to 
decrease blood cholesterol and, hence, coronary atheroscle- 
rosis, deserves much attention (page 1293). 

Antiplatelet drugs, such as aspirin and sulfinpyrazone, are 
under continuing investigation as prophylactics, with the ra- 
tionale that thrombosis subsequent to rupture of the athero- 
matous plaque may be prevented and that white thrombus 
formation and release of a transforming factor that participates 
in atherogenesis is suppressed. Aspirin has been shown to 
decrease the incidence of myocardial reinfarction in men. 


ORGANONITRATES 


Organonitrates are available in a variety of dosage forms listed 
below. For aborting an acute attack of angina, inhaled amy] ni- 
trite, translingual spray, or sublingual nitrates have a rapid onset 
of action and are effective for short periods. For prophylaxis, 
sustained-release tablets provide more-uniform blood levels than 
regular tablets or capsules and provide a duration of action of up 
to 8 hr. Topical ointments and transdermal systems of nitroglyc- 
erin can provide sustained blood levels for up to 24 hr. However, 
they should not be used continuously, since the development of 
tolerance quickly undermines their efficacy. 


AMYL NITRITE 


Mixture of nitrous acid, 2-methylbuty! ester, and nitrous acid, 
3-methylbutyl ester; Vaporole; Aspiroles 
[8017-89-8] C,;H,,NO, (117.15). 
Preparation—A good grade of commercial amyl alcohol (isoamyl 
alcohol) boiling above 125° is esterified with nitrous acid. The acid is 
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generated in contact with the alcohol from sodium nitrite and dilute 
H,SO,. 

Description—Clear, yellowish liquid with an ethereal, fruity odor 
and pungent, aromatic taste; boils about 96° but is volatile even at low 
temperatures and is flammable; slowly decomposes on exposure to air 
and light; moisture accelerates decomposition; specific gravity 0.870 
and 0.876. 

Solubility—Practically insoluble in water; miscible with alcohol, 
chloroform, or ether. 

Comments—Although a nitrite, its actions are those of organoni- 
trates (see the general statement). It causes more reflex arteriolar 
constriction than the nitrates. It is quite volatile and is inhaled to 
obtain a rapid effect (onset 0.5 min). In practice, however, amyl nitrite 
is employed rarely in the treatment of attacks of angina pectoris but 
somewhat more frequently for the relief of biliary or renal colic. An 
unusual, but at times life-saving, use for amy] nitrite is in the emer- 
gency treatment of cyanide poisoning, when nitrites are given to pro- 
duce methemoglobin, which temporarily inactivates the toxic cyanide 
ion by combining with it to form cyanmethemoglobin. For this purpose, 
sodium nitrite is employed intravenously, but this drug may be inhaled 
while the solution of sodium nitrite is being prepared. It is administered 
by crushing a glass perle of this drug in a handkerchief and inhaling the 
liquid that volatilizes, or by dropping a small quantity on a handker- 
chief and inhaling the vapor. It has become a drug of abuse because of 
a rush (an acute vasodilatory episode) felt after inhalation. Abuse may 
cause methemoglobinemia, hemolytic anemia, and immunological 
disorders. 

Caution—Amyl Nitrite is very flammable. Do not use where it may be 
ignited. 


ERTHYRITYL TETRANITRATE 


(R*,S*)-1,2,3,4-Butanetetrol, tetranitrate; Tetranitrol; Cardilate 


CH,ONO, 
H---C---ONO2 
H---C---ONO, 

CH,ONO, 


[7297-25-8] C,H,N,O,, (302.11); a dry mixture with lactose or other 
suitable inert excipients, to permit safe handling and compliance with 
federal ICC regulations pertaining to interstate shipment. 

Caution: Undiluted erythrityl tetranitrate is a powerful explosive, 
and proper precautions must be taken in handling. It can be exploded by 
percussion or by excessive heat. Only extremely small quantities should 
be isolated. 

Preparation—Erythritol is reacted with nitric acid in the presence 
of sulfuric acid under controlled temperature. 

Description—White powder with a slight odor of nitric oxides and 
a bitter taste; unstable in light or heat. 

Solubiliity—Soluble (undiluted) in acetone or alcohol; practically 
insoluble in water. 

Comments—See the general statement under organonitrates. By 
the sublingual route, it has a relatively long duration of action (about 2 
hr). By the oral route, the duration is longer, but quite variable. Its 
principal use is in the prophylaxis of angina pectoris in acute situations 
in which an attack can be anticipated. Medical authorities do not 
consider it useful as a chronic, routine, round-the-clock prophylactic 
because of development of a prominent tolerance. In fact, it has been 
shown to be not as good as a placebo. Sensitivity can be restored by 
several days’ rest. As with nitroglycerin and other organic nitrates, its 
peripheral effects to decrease venous return and arterial impedance 
and not coronary vasodilation account for the improved exercise toler- 
ance in anginal patients. 

Untoward effects include tachycardia, headache, flushing, dizziness, 
syncope, and nausea; tolerance to these effects often develops. It should 
be given cautiously to patients with glaucoma. 

The bioavailability by the oral route is unpredictable because of 
differences among individuals and also from time-to-time as the result 
of variations in hepatic metabolism during absorption. Phenobarbital 
increases the metabolism. 


ISOSORBIDE DINITRATE 


p-Glucitol, 1,4:3,6-dianhydro-, dinitrate; Isordil; 
Sorbitrate; Dilatrate-SR 


(87-33-2] C,H,N,O, (236.14). 

Preparation—An aqueous syrup of 1,4:3,6-dianhydro-p-glucitol is 
added slowly to a cooled mixture of HNO, and H,SO,. After standing a 
few minutes the mixture is poured into cold water and the precipitated 
product is collected and recrystallized from ethanol. 

Description—Diluted (with mannitol, lactose, or other inert ingre- 
dients): ivory-white, odorless powder. Undiluted: white, crystalline 
rosettes. 

Solubility—Undiluted: very slightly soluble in water; very soluble 
in acetone; freely soluble in chloroform; sparingly soluble in alcohol. 

Comments—The long-acting organonitrate of choice. With sublin- 
gual and chewable tablet forms, the onset of effect is 2 to 5 min 
(absorption from the chewable tablet is also mainly from the mouth); 
with oral forms, the onset is about 30 min and offset 4 to 6 hr; with 
substained-release forms, the offset is 8 to 12 hr. Nitroglycerin thus 
affords quicker relief, and isosorbide dinitrate is indicated only for the 
prophylaxis of attacks of angina in situations in which attacks can be 
anticipated. Tolerance tends to limit the benefits of continuous, long- 
term prophylaxis. Double-blind studies show that chronic, continuously 
administered isosorbide dinitrate is less effective than a placebo. The 
sustained-release forms have not been proved to be as effective as oral 
tablets for acute prophylaxis. 

The most frequent complaint by users is headache. In some persons 
there is also paradoxical increase in anginal pain. Mild GI disturbances 
as well as vertigo and other signs of orthostatic hypotension may occur. 
It should be given cautiously in patients with glaucoma. 

Oral bioavalability is approximately 22% because of high first-pass 
metabolism. Sublingual administration is said to increase bioavailabil- 
ity, but there is some disagreement on this point. However, sublingual 
and chewable tablet dosages are predicated on bioavailabilities at least 
twice the bioavailability with oral administration. The metabolites of 
isosorbide dinitrate are the 2- and 5-mononitrates, both of which have 
antianginal effects. The 5-mononitrate is the more active. The half-life 
varies with the route of administration and ranges from 20 min (IV) to 
4 hr (oral), probably because there is more mononitrate formed after 
oral administration; mononitrate inhibits the metabolism of the parent 
drug. There is considerable interpatient variation. Phenobarbital, and 
probably other inducers of cytochrome P-450, increase the metabolism 
and decrease efficacy. 


ISOSORBIDE MONONITRATE 


p-Glucitol, 1:4,3:6-dianhydro-, 5-nitrate; ISMO 


{16051-77-7] C,H,NO, (191.14). 

Preparation—See Acta Physiol Scand 1948; 15:173. 

Description—White powder melting about 90°. 

Solubility—About 1 g in 20 mL alcohol or water. 

Comments—A metabolite of isosorbide dinitrate (above). It is ef- 
fective in the treatment of all types of angina pectoris. Its bioavailability 
is about 100%. The half-life is 4 to 6 hr. Advantages over isosorbide 
dinitrate include no first-pass metabolism, no active metabolites, and a 
significantly longer half-life. Interpatient variation in response is much 
less than with isosorbide dinitrate. 


NITROGLYCERIN 


1,2,3-Propanetriol, trinitrate; Glyceryl Trinitrate, Glonoin, Trinitrin 


CHz0NO, 
H—C—ONO, 
CH,ONO, 


Nitroglycerin [55-63-0] C,H;N,0, (227.09). 

Preparation—By nitrating glycerin with a mixture of nitric and 
sulfuric acids called nitration acid. This acid usually consists of 3 parts 
of concentrated nitric acid and 5 parts of sulfuric acid. 

Description—Practically colorless, odorless liquid with a sweet 
taste. 

Packaging—Sufficiently volatile to require packaging of tablets in 
glass containers with tightly fitting metal screw caps and holding no 
more than 100 tablets in each container; only original unopened con- 
tainers may be dispensed. Patients should keep the tablets in the 
original container, close it tightly after each use and avoid exposure to 
heat. Some manufacturers have added a fixing agent (polyethylene 
glycols) to the tablet preparation to minimize volatilization. Regardless, 
the unopened container only should be dispensed and under no circum- 
stance should a label, absorbent cotton, or a desiccant be placed in the 
container. 

Comments—The classical organonitrate once was long the drug of 
choice for the treatment of angina pectoris. See the general statement 
for actions and uses. 

After oral administration, it is metabolized rapidly in the intestinal 
wall and liver, so systemic bioavailability is rather low. Consequently, 
oral doses are quite high, and plasma levels are erratic. Bioavailability 
is much greater by the buccal and sublingual routes. Medical authori- 
ties do not recommend sustained-release forms of nitroglycerin, since 
oral bioavailability is so poor and tolerance is favored. By the sublingual 
route, the vasodilator effects of the drug appear in 2 to 3 min and last 
about 20 min, but exercise tolerance may be increased for as long as an 
hour in some patients. Buccal tablets, if retained in the mouth, release 
nitroglycerin for 3 to 5 hr. Sustained-release oral capsules and tablets 
maintain plasma levels for 8 to 12 hr. A nitroglycerin ointment can 
provide therapeutic blood levels for 2 to 12 hr per application but is not 
recommended for routine use. Transdermal preparations may sustain 
plasma levels for 24 hr or longer. 

The volume of distribution is about 3 L/kg. The distribution half-life 
is 1 to 4 min, and the elimination half-life, about 2 hr. 

Cerebral vasodilation may cause transient headaches. Paradoxical 
angina occurs when the dose is too large and blood pressure falls 
too low to sustain coronary flow. Dizziness, nausea, and other symp- 
toms of hypotension also occur. High, repetitive doses can cause 
methemoglobinemia. 


PENTAERYTHRITOL TETRANITRATE 


1,3-Propanediol, 2,2-bis-[(nitrooxy)methyl]-, dinitrate, 
ester; Peritrate 


BSA: 
O,NO—CH,CCH,—ONO, 
1 

CH,—ONO, 


[78-11-15] C,H,N,O,, (316.14). 

Description—A dry mixture of pentaerythritol tetranitrate (pre- 
pared by nitration of pentaerythritol) with lactose or other suitable 
inert excipient to permit safe handling of the explosive undiluted sub- 
stance; melts about 140°. 

Solubility—Practically insoluble in water; sparingly soluble in po- 
lar organic solvents. 

Comments—A so-called long-acting organonitrate, the long dura- 
tion of which is mainly the result of prolonged release and absorption 
from oral dosage forms. It is used in the prophylaxis of attacks of angina 
pectoris but not in the management of the acute attack. It is no better 
than a placebo as a routine chronic prophylactic in angina pectoris; 
tolerance develops with chronic use. Transient headache and nausea 
may accompany its use. It should be given cautiously to patients with 
glaucoma. Medical authorities state that the sustained-release forms 
are poorly effective. It is not absorbed sublingually. Since absorption by 
the oral route is erratic, efficacy is unpredictable. 


VASOPRESSOR DRUGS 


A number of drugs of other classes treated elsewhere in this 
text have vasoconstrictor or cardiostimulator activity and can 


CARDIOVASCULAR DRUGS 1285 


be used to elevate the blood pressure under appropriate condi- 
tions. The most important of these are sympathomimetics, 
which are treated in Chapter 70. In conditions in which the 
plasma volume is diminished, as in hypovolemic shock, fluid 
replacement tends to restore the blood pressure, but plasma 
extenders (Chapter 67) are not truly vasopressors, since they 
do not cause vasoconstriction. 

The usefulness of vasoconstrictor agents in the treatment of 
shock has been debated intensely. In nearly every kind of 
shock, the body responds by reflex vasoconstriction, and it has 
been argued that if the arterioles and capacitance veins can 
respond to reflex sympathetic stimulation, vasoconstrictors are 
redundant. If arteriolar function has so deteriorated that it 
cannot respond to sympathetic impulses, it also cannot respond 
to vasoconstrictor drugs. Furthermore, there is much evidence 
that vasoconstriction increases the ischemic damage already in 
progress as the result of inadequate circulation. Consequently, 
the attention in the 1960s shifted to a-adrenergic blocking 
drugs and vasodilators and more recently to cardiostimulants. 

Dopamine (page 1313) comes close to fulfilling the require- 
ments of an ideal vasopressor drug for supporting blood pres- 
sure in shock. In appropriate dosage it dilates blood vessels in 
the renal, splanchnic, cerebral, and coronary beds, beds that 
are of vital importance; constricts in the cutaneous and skeletal 
muscle vascular beds, where very little flow is needed in shock; 
and stimulates the heart. (See also Dobutamine, page 1310.) 


LYPRESSIN—page 1363. 


CARDIAC GLYCOSIDES (DIGITALIS) 


The primary action of digitalis on the heart is a direct car- 
diotonic action on the myocardium to increase the force of con- 
traction. The increased contractility results from inhibition of 
the membrane sodium/potassium-activated ATPase, which in- 
hibition ultimately increases the intracellular stores of cal- 
cium. In congestive heart failure, stroke volume is increased, 
which more effectively empties the ventricles and lowers dia- 
stolic ventricular pressures and ultimately pulmonary and cen- 
tral venous pressures. Congestion thus is diminished. 

Increased cardiac output improves renal blood flow and 
glomerular filtration and decreases juxtaglomerular renin se- 
cretion, so that the renal resorption of sodium and water and, 
hence, of edema is diminished. Diuresis is promoted. Hepatic 
blood flow also is increased, which increases the clearance of 
aldosterone and contributes to the reduction in edema. 

Slowing of the cardiac rate occurs only when the rate was 
originally rapid, as the result of compensatory sympathetic 
reflexes, consequent to failure. When the failure is abolished, 
there is no longer any need for the compensatory tachycardia, 
and consequently, the heart rate slows to normal. This slowing 
mistakenly has been attributed to a vagal action of digitalis. 
However, digitalis does sensitize the sinoatrial node, atrium, 
and atrioventricular node to vagal impulses and, in high ther- 
apeutic and toxic doses, increases vagal traffic by actions in the 
CNS and on the baroreceptors. High doses also may slow the 
ventricle by a direct action on atrioventricular conduction. 

The chief therapeutic use for digitalis is in the treatment of 
low-output congestive heart failure. It is of value regardless of 
whether the failure is predominantly of the right or left side 
of the heart. There is some controversy about the benefits 
of extended treatment with digitalis, but the practice is exceed- 
ingly popular. Dysrhythmias and valvular defects may modify 
the response to digitalis, but their presence neither indicates 
nor contraindicates the use of the drug. However, it is generally 
true that the most dramatic responses are seen in patients with 
both atrial fibrillation and congestive heart failure. 

Badly damaged hearts do not respond well. When the failure 
is due to an acute toxic or infectious process, such as typhoid 
fever or diphtheritic myocarditis, rather than to a chronic de- 
generative process such as arteriosclerosis or failure secondary 
to hypertensive heart disease, digitalis may give poor results 


1286 CHAPTER 68 


and may even be contraindicated. High-output failure in pa- 
tients with anemia, hyperthyroidism, and thiamine deficiency 
is likewise not much benefited. Also, heart failure secondary to 
cardiovascular syphilis yields poorly to digitalis therapy. 

The signs and symptoms of heart failure in persons with 
mild heart failure are abolished by digitalis, but bed rest, 
sedatives, and, often, diuretics and restriction of salt intake 
may be required to obtain best results. Exertional and parox- 
ysmal nocturnal dyspnea disappear; cough, cyanosis, ascites, 
edema, and chronic passive congestion of the lungs and abdom- 
inal viscera are relieved. The enlarged diastolic size of the 
heart is decreased, engorged veins caused by increased venous 
pressure are returned to normal, and the diastolic rest period 
in each cardiac cycle is prolonged. 

The action of digitalis to impair atrioventricular conduction 
is employed in the management of atrial flutter, atrial fibrilla- 
tion, and paroxysmal supraventricular tachycardia (PSVT). In 
patients with atrial fibrillation, digitalis occasionally may re- 
vert the dysrhythmia if congestive heart failure is present. 
Digitalis glycosides do not cure the dysrhythmia directly, but 
by improving the condition of the heart and lessening stretch 
and ischemia, the fibrillation may cease in some instances. The 
atrial fibrillation usually persists. 

The action actually sought is second-degree heart block, 
which will decrease the ventricular rate toward a more optimal 
value. The same action is sought in atrial flutter, namely a 
partial heart block to decrease the number of atrial impulses 
that pass through to the ventricles. In an occasional case of 
atrial flutter, the proper use of fairly large doses of digitalis 
may abolish the arrhythmia. In PSVT a properly selected dose 
can interrupt one segment of the reentrant pathway within the 
AV node, thus terminating the circus movement yet allowing 
orthograde conduction of normal impulses. Cardiac glycosides 
commonly are used prophylactically against recurrences of 
PSVT. 

The choice of glycoside offers considerable difficulty to many 
practitioners. When absorbed in adequate amounts, the active 
digitalis principles produce identical effects on the myocar- 
dium, and their toxic effects are essentially the same, although 
there is some evidence that digitoxin gains better access to the 
CNS and causes more neurological side effects and CNS-initi- 
ated arrhythmias. They differ from each other largely in speed 
of onset of action, duration of cardiac effects, and the degree 
of absorption by the oral route. With some glycosides (eg, 
digoxin), bioavailability varies widely from product to product, 
which imposes strict requirements for clinical or plasma-level 
monitoring when unfamiliar products are employed. 

Initial digitalization may be accomplished rapidly or slowly, 
depending on the urgency of the case. The vast majority of 
patients with congestive heart failure are not in extremis and 
can be digitalized without a loading dose, so that about 5 
half-lives are required to achieve a maintenance steady state. 

In acute heart failure or incapacitating atrial tachydys- 
rhythmia, loading is desirable. The process of loading is known 
as rapid digitalization. It is not unusual to digitalize a patient 
in 12 or 24 hr by giving one-half of the calculated dose at once 
and the remainder in two or three divided doses at intervals of 
6 hr. This principle is applied to other cardiac glycosides, and 
only the timing differs. No fixed formula or rule of thumb can 
be employed. Each case is individualized, and physicians must 
watch their patients constantly to observe the developing ef- 
fects of the drug and to prevent unpleasant or serious toxic 
effects from overdosage. 

Optimal effects can be obtained without toxic effects, and 
the optimal dose is not necessarily the largest tolerated dose. It 
can be found only by careful observation of the patient. When 
rapid digitalization is employed, usually the patient should be 
seen immediately before an additional dose is given. 

In rare cases it may be necessary to inject a parenteral 
preparation intravenously to save life. Such patients usually 
are in extremis and may die before digitalis given by mouth can 
exert its effect (within 2 hr) or they are patients who are unable 


to tolerate oral digitalis or who have GI disorders that preclude 
oral dosage. Small doses ‘are employed as a rule, and digitali- 
zation with an orally efficacious preparation then is completed 
by the oral route. 

Cardiac glycosides have a low margin of safety. They may 
cause nausea, vomiting, diarrhea, abdominal pain, headache, 
drowsiness, fatigue, malaise, backache, decreased libido, impo- 
tence, trigeminal neuralgia, white vision and other visual dis- 
turbances, convulsions, mental disturbances, eosinophilia, 
rashes, gynecomastia, and, rarely, thrombocytopenia. 

Cardiac dysrhythmias of all types are relatively common as 
a sign of excessive plasma levels. Heart block and premature 
ventricular contractions (PVC) are the most frequent, ventric- 
ular tachycardia the most ominous. Toxicity is more likely in 
the presence of hypokalemia, a common result of concomitant 
diuretic therapy for the cardiac edema. Amphotericin B and 
mineralocorticoids also cause hypokalemia and may promote 
digitalis toxicity. Intravenous calcium salts also can precipitate 
intoxication. 

Toxicity can be antagonized by digoxin immune Fab (see 
below), edetate disodium, potassium (especially if hypokalemia 
exists), lidocaine, phenytoin, or to a lesser extent, propranolol, 
quinidine, or procainamide. Toxic doses also give rise to serious 
ventricular dysrhythmias. 

Treatment of congestive heart failure with ACE inhibitors 
increasingly has replaced treatment with digitalis glycosides, 
especially in early stages. They lower peripheral resistance and 
promote diuresis and have been shown to reduce morbidity and 
mortality. 


DIGITOXIN 
Card-20(22)-enolide, (38,5)-3-(O-2,6-dideoxy-f-p-ribo- 


hexopyranosyl-(1 — 4)-O-2,6-dideoxy-f-p-ribo-hexopyranosyl- 
(1 — 4)-2, 6-dideoxy-p-ribo-hexopyranosyl)oxy-14-hydroxy-, 


([71-63-6] C,,H,,H,; (764.95); a cardiotonic glycoside obtained from 
Digitalis purpurea Linné, Digitalis lanata Ehrh, and other suitable 
species of Digitalis. 

The side chain consists of 3 molecules of digitoxose in glycosidic 
linkage. Removal of the side chain by hydrolysis yields the aglycone, 
digitoxigenin (C,,H;,0,). 

Description—White or pale buff, odorless, microcrystalline 
powder. 

Solubility—Practically insoluble in water; 1 g in about 150 mL 
alcohol or 40 mL chloroform; very slightly soluble in ether. 

Comments—See the general statement. It is absorbed almost com- 
pletely after oral administration, except when cholestyramine also is 
being used. Action is maximal in 4 to 12 hr. After full digitalization, the 
duration of action is about 14 days. In plasma, about 97% is protein- 
bound. The volume of distribution is about 0.6 mL/g. Plasma concen- 
trations of 15 to 25 ng/mL are considered to be therapeutic, and 35 to 40 
ng/mL or more to be toxic, but plasma potassium and calcium levels and 
other factors cause considerable variation. Hepatic metabolism ac- 
counts for 52 to 70% of elimination. The B-half-life ranges from 2.4 to 9.6 
(av 7.6) days. Phenytoin and phenobarbital can induce hepatic micro- 
somal enzymes and shorten the half-life, hence interfering with the 
efficacy of the drug. 

Caution—Handle digitoxin with exceptional care, since it is highly 
potent. 


DIGOXIN 


Card-20(22)-enolide, (38,58,12)-3-[(O-2,6-dideoxy-B-p-ribo-hexopyr- 
anosyl-(1 — 4)-O-2,6-dideoxy-B-p-ribo-hexopyranosyl-(1 — 4)-2,6- 
dideoxy-B-p-ribo-hexopyranosyl)oxy]-12,14-dihydroxy-, Lanoxin 


fe) 
| OH 3 
H 


[20830-75-5] C,,,H,,0,, (780.95); a cardiotonic glycoside obtained from 
the leaves of Digitalis lanata Ehrh (Fam Scrophulariaceae). 

The side chain of digoxin consists of three molecules of digitoxose in 
glycosidic linkage. Hydrolytic cleavage yields the aglycone, digoxigenin 
(C,3H;,05) 

Description—Clear to white crystals or a white crystalline powder; 
odorless; melts with decomposition above 235°. 

Solubility—Practically insoluble in water or ether; slightly soluble 
in diluted alcohol or chloroform. 

Comments—See the general statement. Because this is a purified 
preparation, it frequently is used intravenously for very rapid digitali- 
zation. Intravenously, its action becomes manifest in 15 to 30 min, and 
the effect reaches its peak in 2 to 5 hr. Orally, its action is manifest 
within 1 to 2 hr and reaches a peak in 6 to 8 hr. After full digitalization, 
the duration of action is about 6 days. In plasma 20 to 30% is protein- 
bound. It has a high volume of distribution, with a v** of about 5.1 L/kg 
in normal adults and neonates and even larger in infants; in renal 
failure v*? is approximately 3.3 L/kg. Extensive intracellular binding 
accounts for the large volume of distribution. 

The therapeutic concentration in plasma is 0.5 to 2.4 ng/mL, and 
concentrations above 2.4 ng/mL are toxic; lower concentrations are toxic 
when hypokalemia, hypercalcemia, and certain other conditions obtain. 
Therefore, blood-level assays have only a rough significance; they are of 
especial utility in determining bioavailability. In adults, renal excretion 
accounts for 60 to 90% of elimination; some is converted in the liver to 
dihydrodigoxin. Infants appear to have a greater fraction of extrarenal 
elimination. Biliary secretion and enterohepatic recirculation account 
for about 7 to 30% of the body burden. The elimination half-life is 29 to 
135 (usually 36 to 41) hr in normal adults; in infants of 1 month to 2 
years, it is sufficiently shorter to require a special dosage regimen. In 
renal failure, the B-half-life may be as long as 89 to 177 hr. Amiodarone, 
indomethacin, propafenone, quinidine, tiapamil, and verapamil also 
considerably prolong the half-life. 

This drug often is preferred to digitoxin because of its shorter 
half-life; when loading is not used, the steady state is reached earlier, 
and when toxicity occurs, nontoxic levels are reached earlier after 
discontinuation of the drug. However, it is difficult to achieve digitali- 
zation and easier to lose control of digitalization if a dose is missed. 
Considerable attention to appropriate spacing of maintenance doses is 
required for smooth digitalization. By the oral route, about 50 to 85% is 
absorbed from solid dosage forms, but it is 90 to 100% absorbed from 
hydroalcoholic solutions in capsules. Increased GI motility diminishes 
and decreased motility increases absorption. 

Antacids, antineoplastic drugs, cholestyramine, dietary fiber, eryth- 
romycin, kaolin-pectate, metoclopramide, neomycin, propantheline, 
sulfasalazine, and tetracyclines all alter its bioavailability. 

Caution—Handle with exceptional care, since it is extremely 
poisonous. 


DIGOXIN IMMUNE FAB (OVINE) 


F(ab); Digibind 

Comments—tThe frequent toxicity and long half-life of digitalis 
glycosides led to the development of specific antidigoxin antibody frag- 
ments obtained from immunized sheep. The antibodies bind and inac- 
tivate molecules of digoxin or digitoxin, and the resulting complex is 
excreted in the urine. It takes 40 mg of Fab to bind about 0.6 mg of 
digoxin or digitoxin. Allergic reactions are rare (0.8%), but hypokalemic 
reactions can develop rapidly. Measures to deal with the loss of thera- 
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peutic action of the digitalis glycoside should be available. It is admin- 
istered intravenously, on the basis of the amount of drug ingested or 
serum digoxin concentration (see package insert). 


PHOSPHODIESTERASE INHIBITORS 
RSS ER LNT LD LE EI. LL TL TTY FRET AD VANTIN, 


Although the cardiac glycosides have been the drugs of choice 
in the treatment of congestive heart failure for two centuries, 
they are not without serious faults. Foremost is the high inci- 
dence of adverse effects, which seems to be increasing, despite 
recognition of the predisposing factors and widespread at- 
tempts to educate physicians about the adverse effects and 
drug interactions. 

As early as 1950, prominent internists sought to abandon 
digitalis and manage the disease with diet and saluretics alone. 
Later, dopamine and dobutamine were introduced for their 
positive inotropic actions in the management of acute, refrac- 
tory, congestive heart failure. Dopamine, initially, was the 
focus of attention because its vasodilator actions decrease the 
cardiac impedance (unload the left ventricle), which increases 
stroke output beyond that achieved by the positive inotropic 
action. However, its pharmacokinetics and side effects restrict 
its use. In the 1980s, vasodilators became used widely, alone or 
as adjuncts to digitalis for the purpose of unloading the failing 
heart. 

The discovery of amrinone in 1977 has led to renewed in- 
terest in drugs that combine positive inotropic with vasodilator 
actions. Such drugs are selective or nonselective phosphodies- 
terase inhibitors and have become known as inodilator drugs. 
They ultimately may come to displace digitalis. Amrinone and 
milrinone are presently the only available inodilators, but 
many others are in the process of development. Flosequinan 
has additional actions to produce similar effects. 


AMRINONE 


[3,4’-Bipyridin]-6(1H)-one, 5-amino-, Inocor 


[60719-84-8] C,,H NO (187.20). 
Preparation—US Pat 4,004,012. 


Description—Pale-yellow crystals; melts about 295° with 
decomposition. 

Solubility—At pH 4, 6, and 8 is 25, 0.9, and 0.7 mg/mL, respec- 
tively. 


Comments—Inhibits phosphodiesterase III and thus increases in- 
tracellular cAMP and calcium. In heart muscle the result is an increase 
in contractility, and in vascular smooth muscle the result is relaxation. 
Both effects contribute to improvement in cardiac output in congestive 
heart failure, but ventricular unloading consequent to arteriolar dila- 
tation is the more important. At present, its use should be limited to 
patients found to be refractory to other drugs. Only short-term treat- 
ment is advised. Adverse effects after intravenous administration in- 
clude nausea (1.7%), vomiting (0.9%), anorexia (0.4%), abdominal pain 
(0.4%) (GI side effects occur with an incidence of about 50% with oral 
administration), arrhythmia (3%), chest pain (0.2%), hypotension 
(1.3%), mild thrombocytopenia (2.4%, greater with oral administration), 
fever (0.9%), and burning at the site of injection (0.2%). Metabisulfite 
preservative in the preparation can cause hypersensitivity in certain 
individuals. Amrinone is not effective by the oral route even though it 
is absorbed. It has a volume of distribution of 1.2 L/kg. Over 70% is 
conjugated in the liver, the remainder is excreted in the urine. The 
half-life is about 3.6 hr in normal persons but 5 to 8 hr in subjects with 
heart failure. The duration of action is 30 to 120 min. 
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FLOSEQUINAN 
4(1H)-Quinolone, 7-fluoro-1-methyl-3-(methylsulfinyl)-, Manoplax 


(76568-02-0] C,,H,,FNO.S (239.26). 

Preparation—US Pat 4,302,460 

Description—White crystals melting about 227°. 

Comments—A fluoroquinolone derivative that produces both ve- 
nous and arterial vasodilatation and increases heart rate and contrac- 
tility. Although its precise mechanism of action remains unknown, it 
appears to influence intracellular release of calcium by attenuating 
levels of inositol triphosphate or inhibiting protein kinase C. It is also a 
nonselective inhibitor of phosphodiesterases. 

It is approved for treating congestive heart failure in patients not 
responding adequately to diuretics (with or without digitalis) and who 
either cannot tolerate ACE inhibitors or have not had an adequate 
response to a regimen that includes an ACE inhibitor. It increases 
cardiac output, stroke volume, heart rate, and exercise tolerance and 
decreases preload and afterload by reducing peripheral resistance and 
blood pressure. Effects are generally additive to those of ACE inhibi- 
tors. Chief side effects are headache to which tolerance usually devel- 
ops, tachycardia, hypotension, and dizziness. Others are nausea and 
vomiting, taste disturbances, and reversible increases in serum 
transaminase. It also has some anticoagulant activity that becomes 
clinically significant in patients taking anticoagulant drugs. 

It is absorbed rapidly after oral administration and undergoes slow 
conversion to an equally active sulfone metabolite. Although the half- 
life of flosequinan is only about 1.7 hr, that of its active metabolite is 30 
to 40 hr. Half-lives may be prolonged markedly in patients with con- 
gestive heart failure or with renal or hepatic impairment. The active 
and several inactive metabolites are excreted in the urine. 


MILRINONE LACTATE 


[3,4’-Bipyridine]-5-carbonitrile, 1,6-dihydro- 
2-methyl-6-oxo-, Primacor 


[78415-72-2] C,,H,N,O (211.22). 

Preparation—US Pat 4,313,951. 

Description—White crystals melting over 300°. 

Comments—lIt is 20 to 30 times more potent than amrinone as a 
positive inotropic agent and somewhat more potent as an arteriolar and 
venous dilator. It does not affect renal function significantly. In patients 
with congestive heart failure it improves cardiac index by 34% and 
decreases systemic vascular resistance 31%. It is superior to amrinone 
in that it is orally effective and also does not cause either thrombocy- 
topenia or fever. However, the oral form is not yet available. The drug 
may be used in the long-term treatment of congestive heart failure. It 
has a volume of distribution of 0.4 L/kg and a mean half-life of 2.3 hr. 
It is excreted rapidly in the urine by active secretion. 


ANTIDYSRHYTHMIC DRUGS 


Cardiac dysrhythmias may result from disturbances in pace- 
maker function of the sinoatrial node, from alterations in 
conduction path and velocity so that heart block or a self- 
perpetuating circus or reentrant rhythm occurs, or from ac- 
tivation of dormant pacemakers outside the sinus node. 
Dysrhythmias originating at the sinoatrial node may be tachy- 
cardia, bradycardia, and even cardiac arrest. 

Autonomic drugs often are sufficient to manage such dys- 
rhythmias. For example, sinus tachycardia may be slowed by 
B,-adrenergic blocking drugs or by reflex action resulting from 
the pressor effects of certain vasoconstrictors, usually sympa- 
thomimetics that lack significant direct actions on the heart 


(see Chapter 70), or they may be slowed directly by cholinergic 
drugs or by anticholinesterases. B,-Agonists are used to revive 
an arrested heart and to relieve certain types of heart block. 
Reentrant dysrhythmias include paroxysmal atrial tachycar- 
dia, atrial flutter, and atrial fibrillation. 

Circus rhythm may be terminated by 


Drugs that increase atrial conduction velocity so that the circular- 
moving wave of excitation catches up with itself and thus dies in its own 
refractory zone. 

Cardiac depressants that increase the refractory period of the heart 
muscle and decrease membrane responsiveness or change unidirec- 
tional conduction block in the reentrant path to bidirectional block. 

Drugs that improve myocardial cell responsiveness, such that uni- 
directional block is abolished. 

Drugs that shorten the relative refractory period, so that there is 
less time for a premature impulse to find a relatively refractory tissue 
and hence aberrant conduction path. 


Premature impulses from aberrant pacemakers, or ectopic 
foci, give rise to certain atrial tachycardias, some atrial flut- 
ters, some atrial fibrillations, nodal rhythms, ventricular 
tachycardias, ventricular extra systoles, and ventricular fibril- 
lation, and they also cause reentrant dysrhythmias by dis- 
charging at a time that finds the heart muscle relatively re- 
fractory. They may be suppressed by drugs that decrease 
automaticity. Cardiac glycosides can be used to invoke heart 
block in unmanageable cases of atrial tachycardia, flutter, and 
fibrillation, so that the ventricle is not overwhelmed with im- 
pulses of atrial origin. 

Antidysrhythmic drugs are classified according to their elec- 
trophysiological properties. The classification that follows is 
based on the classification of Vaughn-Williams as modified by 
Harrison. 


Class 1 drugs have local anesthetic properties, ie, block voltage-sen- 
sitive sodium channels. 

Subclass 1A drugs depress the upstroke of the action potential 
(Phase-0) and slow conduction moderately, and they prolong mem- 
brane repolarization. Drugs discussed below that belong to this 
group are quinidine, procainamide, and disopyramide. 

Subclass 1B drugs have minimal effects on Phase-0 and conduction 
and shorten membrane repolarization. Agents in this class are lido- 
caine, tocainide, and mexiletine. 

Subclass 1C drugs depress Phase-0 and conduction but have little 
effect on repolarization. Flecainide and propafenone belong in this 
group. 

Class 2 drugs have antiadrenergic properties and are $-adrenoreceptor 
antagonists. These drugs (see Chapter 72) are used for treating 
supraventricular tachycardias, ventricular premature beats (ace- 
butalol only), ventricular tachycardia, and digitalis intoxication— 
induced tachyarrhythmias. Major side effects are complex CNS 
effects, complex cardiovascular effects including bradycardia, con- 
duction disturbances, and heart block. It is mildly proarrhythmic. It 
is contraindicated or used with caution in diabetes and broncho- 
spastic diseases. Avoid abrupt withdrawal. Most of these drugs 
increase triglycerides and cholesterol. 

Class 3 drugs prolong repolarization and increase refractoriness. Ami- 
odarone, bretylium, and sotalol compose this group. 

Class 4 drugs block slow, inward calcium currents, ie, are classical 
calcium entry blockers, and are represented by verapamil. 


For simplicity, the most prominent effects at normal doses 
are used to determine placement in groups, but drugs may have 
properties that place them in more than one group. They may 
act differently in different parts of the heart, and in normal and 
diseased hearts the effects may be modified by indirect reflex 
effects and the effects may be complicated by those from active 
metabolites. 
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All antiarrhythmic drugs may cause new or worsened arrhyth- 
mias, a characteristic termed proarrhythmic. Although the in- 
cidence of proarrhythmias is higher with Class 1 and Class 3 
drugs, both B-adrenoreceptor blocking drugs (Class 1) and cal- 
cium channel blocking drugs (Class 4) can be proarrhythmic, 
usually causing sinus bradycardia or AV block. These new 


arrhythmias are often difficult to distinguish from worsening of 
the original arrhythmia, which can lead to further or more 
aggressive treatment with the offending drug. Large clinical 
trials of several Class 1 drugs for post—myocardial infarction 
patients disclosed a significant increase in mortality or nonfa- 
tal cardiac arrest in patients taking the drugs over those taking 
placebo. These trials led to the voluntary withdrawal of one of 
the drugs. 
The antiarrhythmic drugs are summarized below. 


ADENOSINE 
9H-Purine, 6-amino-9-B-p-ribofuranosyl-, Adenocard 


NH. 


(58-61-7] C,)H,3N,0, (267.24). 
Preparation—Derived from yeast nucleic acids. 
Description—White crystals melting at about 235°. 
Solubiliity—Very soluble in water; solution may be sterilized by 
filtration or short-term autoclaving. 
Comments—An antidysrhythmic drug approved for supraventric- 
ular tachycardia. It is given IV only, and has a half-life of about 10 sec. 
Major side effects are flushing and dyspnea. 


AMIODARONE HYDROCHLORIDE 


Methanone, (2-butyl-3-benzofuranyl)[4-[2-(diethylamino)ethoxy]- 
3,5-diiodophenyl]-, Cordarone 


if 


Om NCHa)s Crs O(CH,)aN(CoHs)p * HCI 
ome: 
I 


([1951-25-3] C,,Hs9I,NO, (645.32). 

Preparation—US Pat 3,248,301. 

Description—White to cream-colored, crystalline powder; melts 
about 156°; pK, 6.56. 

Solubility—Slightly soluble in water; soluble in alcohol; freely sol- 
uble in chloroform. 

Comments—Class 3 antidysrhythmic drug approved for life- 
threatening recurrent ventricular arrhythmias that do not respond to 
other antiarrhythmic drugs. Its half-life is 25 to 100 days. It inhibits 
metabolism of many drugs (P-450). Major side effects are serious pul- 
monary toxicity (about 10% fatal), complex CNS effects, proarrhythmia, 
hyper- and hypothyroidism, photosensitivity, drug deposits in the eye 
and skin, nausea, vomiting, and hepatic toxicity. 


BRETYLIUM TOSYLATE 


Benzenemethanaminium, 2-bromo-N-ethyl-N,N-dimethyl-, salt with 
4-methylbenzenesulfonic acid (1:1); Darenthin; Bretylol 


CH, (O)-s+ 
(61-75-6] C,,H,,BrNO.S (414.36). 


Preparation—By interaction of o-bromobenzyl bromide and di- 
methylethylamine, the product being quaternized with p-toluenesul- 
fonic acid. 

Description—White, crystalline powder; melts about 98°. 

Solubility—Freely soluble in water or alcohol. 

Comments—Class 3 antidysrhythmic drug approved for docu- 
mented life-threatening ventricular arrhythmias that do not respond to 
first-line antiarrhythmic drugs and ventricular fibrillation. IV use is 
limited to intensive-care units. A major side effect is hypotension (ad- 
renergic neuron blocking mechanism). 


CH, a 


iad | 
eh —C2H. | 
CH | 


Br | 
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DISOPYRAMIDE PHOSPHATE 


2-Pyridineacetamide, a-[2-[bis(1-methylethyl)amino]ethyl]-a-phenyl-, 
phosphate (1:1); Norpace 


(CH3)CH—NCH,CH»—C—CONH, + H3PO, 


(CH3)9CH oO 


([22059-60-5] C,H, )N,0 - HPO, (437.47). 

Preparation—One process for one synthesis of disopyramide con- 
verts 4-diisopropylamino-2-phenyl1-2-(2-pyridyl)butyronitrile to the cor- 
responding amide (disopyramide) by heating with concentrated H,SO,, 
followed by isolation and purification of the product (CA 58:12522c, 
1963). 

Description—White, crystalline powder; pK, 8:36. 

Solubility—Freely soluble in water. 

Comments—Subclass 1A antidysrhythmic drug approved for life- 
threatening ventricular arrhythmias. It has prominent antimuscarinic 
activity. Major side effects are proarrhythmia and typical antimusca- 
rinic effects. 


B-ADRENERGIC BLOCKING DRUGS—page 1323. 
FLECAINIDE ACETATE 


Benzamide, N-(2-piperidinylmethyl)-2,5-bis(2,2,2-trifluorethoxy-, 
monoacetate; Tambocor 
CF3CH20 
H 


1 
CONHCH, ~N _ + CH3COOH 


OCH »CFs 


[54143-56-5] C,,HsoF,.N.O, - C,H,O, (474.40). 
Preparation—See J Med Chem 1977; 20:821. 
Description—White crystalline solid melting about 146°; pK, 9.3. 
Solubility—1 g in about 21 mL water at 37° or 3.5 mL alcohol. 
Comments—Subclass 1C antidysrhythmic drug approved for par- 
oxysmal atrial fibrillation/ flutter, paroxysmal supraventricular tachy- 
cardia, and life-threatening ventricular arrhythmias. It is not recom- 
mended for chronic atrial fibrillation and is teratogenic and very 
proarrhythmic. Major side effects are complex CNS effects, dizziness, 
dypsnea, headache, nausea, fatigue, and visual disturbances. 


IBUTILIDE FUMARATE 


Methanesulfonamide, (+)-N-[4-[4-(ethylheptylamino)-1- 
hydroxybutyl]pheny!]-, (E)-2-butenedioate (2:1) salt; Corvert. 


10) OH CH,— CH 
\ | white aaa 
HC ic CH CH, CH5 2 \ 
10) 


[122647-31-8] C,,H,,.N.03S). * C,H,O, (885.23). 
Preparation—See J Med Chem 1991; 34:308; US 5,155,268. 
Description—White to off-white powder melting about 118°. 
Solubility—soluble (1 in 10) in water at pH 7 or below. 
Comments—A Class 3 antidysrhythmic drug approved for 
atria fibrillation/ flutter. It is given IV only. A major side effect is 
proarrhythmia. 


LIDOCAINE HYDROCHLORIDE 


For the full monograph, see page 1402. 

Comments—A Subclass 1B antidysrhythmic drug approved for 
life-threatening ventricular arrhythmias. Major side effects are diz- 
ziness, vertigo, nausea, parasthesia, rash, blood dyscrasias, and 
proarrhythmias. 


MEXILETINE HYDROCHLORIDE 
Ethylamine, 1-methyl-2-(2,6-xylyloxy)-, Mexitil 


HOOC —HC 


CH—COOH 
CHo— (CH) <— CH, 


O-CH2—CH-CHg 
H3C CH3NH2 


[81828-71-4] C,,H,,NO (179.26). 
Preparation—US Pat 3,659,019. 
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Description—White crystals; melts about 205°; pK, 8.4. 

Solubility—1 g in 2 mL water or 3 mL alcohol. 

Comments—A Subclass 1B antidysrhythmic drug approved for 
supraventricular tachycardia. Major side effects are proarrhythmias, 
complex CNS effects (including convulsions), nausea, vomiting, hepa- 
toxicity, leukopenia, agranulocytosis, and rash. 


MORICIZINE HYDROCHLORIDE 


Carbamic acid, [10-[3-(4-morpholinyl)-1-oxopropyl]-10H- 
phenothiazin-2-yl]-, ethyl ester; Ethmozine 


N 
NHCOCH. 
hit 
- ) 
S 


Ethyl 10-(3-morpholinopropionyl)phenothiazine-2-carbamate [31883- 
05-3] C..H,.N,0,S (427.52). 

Preparation—US Pat 3,864,487. 

Description—White crystals melting at about 190° (dec). 

Solubility—Soluble in water or alcohol. 

Comments—A Subclass 1A antidysrhythmic drug approved for 
life-threatening ventricular arrhythmias. Major side effects are serious 
proarrhythmias, dizziness, and nausea. 


PHENYTOIN SODIUM 


For the full monograph, see page 1426. 

Comments—A Subclass 1B antidysrhythmic drug approved for 
ventricular arrhythmias and digitalis intoxication. It is saturable and 
undergoes hepatic metabolism. Major side effects are complex CNS 
effects, gingival hyperplasia, hirsutism, rash, blood dyscrasias, and 
proarrhythmias. 


PHENYLEPHRINE HYDROCHLORIDE—page 1307. 
PHENYTOIN—page 1426. 
PROCAINAMIDE HYDROCHLORIDE 


Benzamide, 4-amino-N-[2-(dimethylamino)ethyl]-, 
monohydrochloride; Procan; Pronestyl 


wre-{C))-commosor niet + HCI 


[614-39-1] C,,H,,N,O - HCl (271.79). 

Preparation—Among other ways, by condensing p-nitrobenzoyl 
chloride with B-diethylaminoethylamine and then reducing the nitro 
group to amino by any of the usual methods. The hydrochloride forms 
readily when a stream of hydrogen chloride is passed into a solution of 
the base in an appropriate organic solvent. 

Description—White to tan, crystalline powder, odorless; pH (1 in 
10 solution) 5 to 6.5; melts between 165° and 169°; pK, 9.2. 

Solubility—Very soluble in water; soluble in alcohol; slightly sol- 
uble in chloroform; very slightly soluble in ether. 

Comments—A Subclass 1A antidysrhythmic drug approved for 
life-threatening ventricular arrhythmias. It has less muscarinic effect 
than quinidine. Major side effects are proarrhythmias, lupus erythem- 
atosus syndrome, agranulocytosis, nausea, and diarrhea. 


PROPAFENONE HYDROCHLORIDE 


Propiophenone, 2’-[2-hydroxy-3-(propylamino)propoxy]-3-phenyl-, 
hydrochloride; Rythmol 


cn, CH = 


OCH eet NHCH CH 2c, 


[34183-22-7] C,,H,,NO, - HCl (377.91). 

Preparation—Ger pat 2,001,431. 

Description—White crystals; pK, 8.8. 

Solubility—Soluble in hot water or alcohol; slightly soluble in cold 
water. 

Comments—A Subclass 1C antidysrhythmic drug approved for 
supraventricular arrhythmias. About 10% of patients are slow metabo- 
lizers with 3-fold increase in half-life. It is teratogenic. Major side 
effects are nausea, vomiting, unusual taste, dizziness, constipation, and 
blood dyscrasias. 


QUINIDINE GLUCONATE 


Cinchonan-9-ol, (95)-6’-methoxy-, mono-p-gluconate (salt); 
Quinidine Monogluconate (salt); Quinaglute 

(7054-25-3] C,)H,,N.0. - C,H,,0, (520.58); the gluconate of an alka- 
loid that may be obtained from various species of Cinchona and their 
hybrids or from Remijia pedunculata Fliickiger (Fam Rubiaceae) or 
prepared from quinine. For the structure of quinidine, see page 429. 

Description—White powder; odorless; very bitter taste. 

Solubility—Freely soluble in water; slightly soluble in alcohol. 

Comments—A Subclass 1A antidysrhythmic drug approved for 
atrial fibrillation/ flutter and ventricular tachycardia. It exerts anti- 
muscarinic action on the heart and alpha-blockade on blood vessels. 
Major side effects are proarrhythmias, cinchonism, nausea, vomiting, 
diarrhea, quinidine syncope, and blood dyscrasias. 


QUINIDINE POLYGALACTURONATE 


Cardiaquin 

A compound described as a polymer of quinidine and polygalactu- 
ronic acid and assigned the molecular formula (C,)H,,N,0,- 
C,H,,0, - H,O),, [7681-28-9]. 

Preparation—From quinidine and polygalacturonic acid (from pec- 
tin); described in Am J Pharm 1958; 130:190; and US Pat 2,878,252. 

Description—Creamy white, amorphous powder; melts about 180° 
with decomposition. 

Solubility—Sparingly soluble in water. 

Comments—See Quinidine Gluconate. 


QUINIDINE SULFATE 


Cinchonan-9-ol, (95)-6’-methoxy-, sulfate (2:1) (salt), dihydrate 
[6591-63-5] (Cy 9H,,N 0.) * H,SO, - 2H,O (782.95); anhydrous [50-54-4] 
(746.92); the sulfate of an alkaloid obtained from various species of 
Cinchona and their hybrids and from Remijia pedunculata Flickiger 
(Fam Rubiaceae) or prepared from quinine. 

Quinidine is a stereoisomer of quinine (page 1326) and occurs in 
cinchona bark in amounts ranging from 0.3 to over 1%, although in 
some barks it may be practically absent. Quinidine of commerce usually 
is accompanied by up to 20% of hydroquinidine (which is quinidine with 
an ethyl group replacing the vinyl), which, however, is therapeutically 
as potent as quinidine and no more toxic. 

Preparation—By treating quinine with a metallic alkoxide (Doer- 
ing WE et al. J Am Chem Soc 1947; 69:1700; or by oxidizing quinine to 
quininone and then reducing the latter with sodium isopropoxide 
(Woodward RB et al. J Am Chem Soc 1945; 67:1428. It also may be 
obtained directly from the mother liquors remaining after removal of 
quinine from extracts of Cinchona; separation from cinchonine and 
other alkaloids is effected by special processes. 

Description—Fine, needle-like, white crystals, frequently cohering 
in masses; very bitter taste; darkens on exposure to light; solutions 
neutral or alkaline to litmus; pK,, 5.4; pK,. 10.0. 

Solubility—1 g in about 100 mL water, 10 mL alcohol or 15 mL 
chloroform; insoluble in ether. 

Comments—See Quinidine Gluconate. 


SOTALOL HYDROCHLORIDE 


For the full monograph, see page 1326. 

Comments—A Class 3 antidysrhythmic drug approved for life- 
threatening ventricular arrhythmias. Avoid use for diabetes and bron- 
chospastic diseases. It is a B-adrenoreceptor antagonist with prominent 
Class 3 actions; avoid abrupt withdrawal. Major side effects are com- 
plex CNS effects, complex cardiovascular effects, and proarrhythmias. 


TOCAINIDE HYDROCHLORIDE 
Propanamide, 2-amino-N-[2,6-dimethylphenyl)-, Tonocard 


ongecon-(C) 
NH> 


[35892-53-1] C,,H,,N.O - HCl (228.72). 

Preparation—J Med Chem 1979; 22:1171. 

Description—White, crystalline powder; bitter taste; melts about 
DATO Dele 

Solubility—Freely soluble in water or alcohol. 

Comments—A Subclass 1B antidysrhythmic drug approved for 
life-threatening ventricular arrhythmias. Major side effects are proar- 
rhythmias, dizziness, vertigo, paresthesia, rash, and blood dyscrasias. 


CALCIUM CHANNEL BLOCKING DRUGS 


Calcium channel blockers (CCBs) are a heterogeneous group of 
drugs whose main pharmacological effect is to prevent or slow 
the entry of calcium into cells via specialized calcium channels. 
Other names used for this class of drugs include calcium entry 
blockers, calcium antagonists, and slow channel blockers, since 
the entry of calcium into cells is slower than sodium entry after 
stimulation. Ten CCBs are now available in the US (October 
1998; see below), and others are likely to be introduced soon. 
Most of the CCBs are dihydropyridines. 

The entry of calcium into cells is of fundamental importance 
for the normal functioning of the cardiovascular system. In the 
SA node and AV node in the heart, the slow depolarization 
observed in these specialized tissue cells is a consequence of the 
slow inward movement of calcium ions. In atrial and ventricu- 
lar muscle in the myocardium, the plateau phase of the action 
potential (Phase 2) is the result of inward calcium movement, 
which, in turn, couples the electrical excitation of these cells 
with muscle contraction. Therefore, CCBs depress impulse for- 
mation by the SA node, depress conduction velocity through the 
AV node and Purkinje cells, and depress myocardial contrac- 
tion. In vascular smooth muscle, calcium influx into cells is the 
excitation-contraction link that is necessary for smooth muscle 
contraction whenever smooth muscle is stimulated. Finally, 
inward calcium movements contribute to the resting potential 
and may be responsible for action potentials in some smooth 
muscles. 

Although calcium entry into cells also is important for many 
tissue functions outside the cardiovascular system (eg, excitation- 
contraction coupling in skeletal muscle and nonvascular smooth 
muscle, excitation-release coupling at nerve endings, and excita- 
tion-secretion coupling in glands), the calcium channels in the 
cardiovascular system that are sensitive to CCBs are unique. 
Thus, the clinical usefulness of the presently available CCBs has 
been their applications in the therapy of cardiovascular disease, 
but other potential clinical uses are being investigated. 

Calcium enters cells through specialized pores in the mem- 
brane wall, called calcium channels. Some channels are activated 
by membrane depolarization (voltage-operated, L-type channels) 
and others by activated receptors for neurotransmitters and/or 
sundry hormones and tissue factors (receptor-operated). CCBs 
decrease calcium entry in both the voltage-operated and receptor- 
operated channels, but the voltage-operated channel is much 
more sensitive to drug blockade. 

Although all CCBs have in common the ability to decrease 
calcium entry into cells, drug effects vary from site to site and 
from drug to drug depending on the channel type, the opening 
frequency, and the activation-inactivation kinetics. 

Three different calcium channels have been characterized. 
L-(long opening) and T-(transient) channels have been found in 
neurosecretory cells and cardiac, smooth, and skeletal muscle 
cells; N-(neuronal) channels have been located only in neurons. 
Each channel type has its own characteristic activation and 
inactivation voltage ranges, channel conductance, sensitivity to 
blockade by organic and inorganic compounds, etc; thus each 
has a unique pharmacoresponsive profile. At therapeutic con- 
centrations, CCBs block only L-type channels. Also, CCBs ex- 
hibit both frequency- and voltage-dependence in their ability to 
block calcium movements. Verapamil, for example, binds to 
open channels and hence selects cells that are stimulated fre- 
quently; in contrast, dihydropyridines bind more strongly 
to inactivated channels and hence show little frequency- 
dependence. However, all CCBs are voltage-dependent in that 
they are much better blockers when the tissue is depolarized. 
None of the CCBs actually occlude the channel directly; rather 
they act at allosteric sites on channel proteins to evoke confor- 
mational changes that cause occlusion. 

The dihydropyridines are variably more selective for vascu- 
lar smooth muscle than for cardiac conduction and muscle 
contraction. These differences tend to favor reflex tachycardia 
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in response to vasodepression that is not counteracted by their 
direct cardiac depressant effects. 

CCBs have been approved for the oral treatment of variant 
(vasospastic) and chronic stable and unstable exertional angina 
pectoris. They are useful in the therapy of these diseases for 
three reasons: they directly dilate coronary arteries and in- 
crease myocardial blood flow, they decrease myocardial oxygen 
demand by peripheral arteriolar dilatation that decreases af- 
terload, and they exert negative chronotopic and inotropic ac- 
tions that also decrease oxygen demand. 

Verapamil has been approved for the intravenous therapy of 
supraventricular tachyarrhythmias because of its significant de- 
pressant effects on SA nodal automaticity and AV conduction. 
Oral verapamil also is approved for several chronic arrhythmias. 
To the extent that calcium channel activity is important for spon- 
taneous electrical discharges in diseased myocardium, CCBs also 
may find use in the therapy of other arrhythmias. 

Seven of the ten CCBs are approved for therapy of systemic 
hypertension because they are potent arteriolar vasodilators, and 
they are relatively free of side effects and toxicities. CCBs provide 
effective monotherapy yet can be combined with other antihyper- 
tensive drugs. They do not adversely affect potassium, glucose, or 
blood lipid metabolism; do not cause tolerance; and have appro- 
priate pharmacokinetics. They are effective in virtually all pa- 
tients and produce minimal side effects. Several dihydropyridines 
are used as vasodilators in congestive heart failure. 

Other uses of CCBs include the treatment of pulmonary 
hypertension, peripheral vascular disease, mild congestive 
heart failure, and hypertrophic subaortic stenosis. The role of 
calcium entry blockers in protection against ischemic injury in 
the heart, brain, kidneys, and other tissues is under intense 
investigation. Presently, it appears that diltiazem decreases 
mortality from myocardial infarction only when there is no 
concomitant pulmonary congestion. 

Certain CCBs have been found to be effective in CNS disorders 
such as stroke and migraine and in suppression of atherogenesis. 
The choice of a drug for a particular purpose depends on the 
pharmacological properties of the drugs, the presence of other 
drugs, and the cardiovascular status of the patient. 

Untoward effects of the CCBs are consequences of calcium 
entry blockade and are limited primarily to the cardiovascular 
system. Drug-induced vasodilatation leads to hypotension and to 
dizziness, lightheadedness, flushing, and headache. Vasodilata- 
tion may sum adversely with that of other vasodilators. Decreased 
SA automaticity causes bradycardia, and decreased AV conduc- 
tion sometimes can result in heart block. Decreased myocardial 
contractility can result in congestive heart failure, particularly 
when these drugs are used with 6-adrenergic blocking drugs. Use 
with B-blockers also can induce heart block. Peripheral edema 
caused by these drugs may be due to a combination of heart 
failure and peripheral vasodilatation, but direct effects to de- 
crease sodium excretion have been noted with some CCBs. Effects 
of the drug outside the cardiovascular system are minimal. 

Constipation sometimes is reported and may be caused by 
mild excitation-contraction uncoupling in GI smooth muscle. 
Excitation-secretion coupling in exocrine and endocrine glands 
is another important role of calcium, but the effects of CCBs on 
glandular function have not proved to be important clinically, 
although nifedipine has been reported to decrease insulin se- 
cretion. In usual doses, calcium antagonists do not appear to 
affect norepinephrine release from sympathetic nerve endings, 
although calcium is necessary for norepinephrine release. In 
sharp contrast to B,-adrenergic blockers, CCBs do not increase 
airway resistance. 

CCBs may enhance the neurotoxicity of lithium. Both vera- 
pamil and diltiazem slow the hepatic metabolism of carbamaz- 
epine and probably a number of other drugs. Several CCBs 
increase plasma digoxin concentrations when the drugs are 
used concurrently, probably by decreasing the renal elimina- 
tion of digoxin. Verapamil has been shown also to decrease the 
nonrenal clearance of digoxin. Cimetidine, but not ranitidine, 
decreases the first-pass clearance of nifedipine by about 50% 
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and increases bioavailability accordingly. Rifampin has been 
reported to decrease oral bioavailability of nifedipine by in- 
creasing hepatic cytochrome P-450 activity. 


AMLODIPINE MALEATE 


3,5-Pyridinedicarboxyllic acid, 2-[(2-aminoethoxy)methyl]-4- 
(2-chlorophenyl)-1,4-dihydro-6-methyl-, 3-ethyl 5-methyl ester, 
(+)-, (Z)-2-butenedioate (1:1); Norvasc 


Cl 


0 


i HC— COOH 
COCH,CH, 


| 
HC — COOH 


CH,0CH2CH,NH2 


[88150-47-4] C,,H,,CIN,O; - C,H,O, (524.96). 

Preparation—J Med Chem 1986; 29:1696. 

Description—White crystals melting about 180°; pK, (base- 
NH,) 9.0. 

Comments—Approved for vasospastic chronic stable angina and 
hypertension. Its half-life is 34 hr. Side effects are generally mild and 
typical of vasodilator CCBS. 


BEPRIDIL HYDROCHLORIDE 


B-[(2-methylpropoxy)methyl]-N-phenyl-N-(phenylmethyl)-, 
monohydrochloride, monohydrate; Vascor 


(CHy)2CHCH0CHCHCH LO 
v2 z or 2 \ O Mele 4 H,0 
ef CH 


(74764-40-2] C,,H,,N.0 - HCl - H,O (421.02). 

Preparation—US Pat 3,962,238. 

Description—White crystals melting about 91°. 

Comments—Approved for chronic angina. It causes proarrhyth- 
mias because of its Class 1 properties. About 15% of patients discon- 
tinue use because of GI disturbances (nausea, dyspepsia, diarrhea), 
ventricular arrhythmias, dizziness, or syncope. Torsades de pointes 
have been reported rarely. 


DILTIAZEM HYDROCHLORIDE 


Benzothiazepin-4(5H)-one, (+)-cis-3-(acetyloxy)-5- 
[2-(dimethylamino)ethyl]-2,3-dihydro-2-(4-methoxyphenyl)-, 
monohydrochloride; Cardizem; Dilacor XR 


* HC) 


CH2CH2N(CHs)p 


[33286-22-5] C,,H,,.N.O,S - HCl (450.98). 
Preparation—Chem Pharm Bull 1971; 19:595. 
Description—White crystals melting about 188°; pK, 7.7. 
Solubility—Freely soluble in water, alcohol, or chloroform; slightly 
soluble in dehydrated alcohol. 
Comments—Approved for vasospastic chronic stable angina and 
atrial fibrillation/ flutter; also used for Raynaud’s syndrome. 


FELODIPINE 
3,5-Pyridine dicarboxylic acid; (+)-4-(2,3-dichlorophenyl)-1,4- 
dihydro-2,6-dimethyl-, ethyl methyl ester; Plendil 


| 
HG, Ne cH 


paoee 
H3COC COCH,CH; 
q) 


Cc) 


[72509-76-3] C,,H,9Cl,NO, (384.26). 
Preparation—US Pat 4,264,611. 
Description—White crystals melting about 145°. 
Solubility—Practically insoluble in water, very soluble in alcohol. 


Comments—Approved for hypertension; also used for Raynaud’s 
syndrome and congestive heart failure. Common side effects include 
headache, dizziness, flushing, and ankle edema; others include fatigue, 
insomnia, palpitations, and dyspnea. 


ISRADIPINE 


3,5-Pyridinedicarboxylic acid, (+)-4-(4-benzofurazanyl)-1,4-dihydro- 
2,6-dimethyl-, methyl 1-methylethyl ester; DynaCirc 


[75695-93-1] C,,H,,N,0; (371.39) 
Preparation—US Pat 4,466,972. 
Description—White crystals melting about 142°. 
Solubility—Practically insoluble in water; very soluble in alcohol. 
Comments—Approved for hypertension; also used for Raynaud’s 
syndrome and congestive heart failure. It is tolerated well, and side 
effects are generally extensions of dose-related vasodilation. 


NICARDIPINE HYDROCHLORIDE 


3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4- 
(3-nitrophenyl)-, methyl 2-[methyl(phenylmethyl)aminoethyl ester, 
monohydrochloride; Cardene 


H3C N CH; 


5 | A qs 
H3COC Poorecnatcre KC )) * HCl 
NO, 


[54527-84-3] C.,H2,N,0, - HCl (515.99). 

Preparation—Chem Pharm Bull 1979; 27:1426. 

Description—White crystals melting about 180° (a-form) or about 
169° (B-form); pK, 7.2. 

Comments—Approved for chronic stable angina and hypertension; 
also used for congestive heart failure. Its half-life is 3 to 4 hr. 


NIFEDIPINE 


3,5-Pyridinecarboxylic acid, 1,4-dihydro-2,6-dimethyl-4- 
(2-nitrophenyl)-, dimethyl ester; Adalat; Procardia 


[21829-25-4] C,,H,,N.O, (346.34). 

Preparation—See US Pat 3,485,847. 

Description—Yellow crystals melting about 174°. 

Solubility—Practically insoluble in water; slightly soluble in alco- 
hol; very soluble in chloroform or acetone; solutions are extremely 
light-sensitive. 

Comments—Approved for vasospastic chronic stable angina and 
hypertension; also used for migraine. Raynaud’s syndrome, congestive 
heart failure, and cardiomyopathy. Its half-life is 4 hr. 


NIMODIPINE 
3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4- 
(3-nitrophenyl)-, 2-methoxyethyl 1-methylethyl ester; Nimotop 


eC Rape Nes Cit 


) | | (e) 
MT i 
(CH3)yCHOC COCH,CH,0CH, 
NO. 


[66085-59-4] C,,H.,N,O, (418.45). 
Preparation—US Pat 3,799,934. 


Description—Yellow crystals melting at about 125°. 

Solubility—Insoluble in water; soluble in alcohol. 

Comments—Approved for swbarachnoid hemmorrhage (the only 
CCB approved for this purpose); also used for migraine. It causes high 
brain levels because of its high lipid solubility despite a short plasma 
half-life. Major side effects are hypotension and diarrhea. 


NISOLDIPINE 


3,5-Pyridinecarboxylic acid, (+)-1,4-dihydro-2,6-dimethyl-4- 
(2-nitrophenyl)-, methyl 2-methylpropyl ester; Sular 


NO, 


H,COOC COOCH,CHICH3)» 


HC N GH. 


[63675-72-9] C.,H.,N,0, (388.42). 

Preparation—By the reaction of isobutyl 2-(o-nitrobenzylidene)-3- 
oxobutyrate and methyl 3-aminobutyrate in a Knoevenagel-type reac- 
tion. See US 4,154,839 (1979). 

Description—Yellow crystalline powder melting about 152°. 

Solubility—Practically insoluble in water; soluble in ethanol. 

Comments—Approved for vasospastic chronic stable and unstable 
angina, atrial fibrillation/ flutter, and hypertension; also used for mi- 
graine and cardiomyopathy. 


VERAPAMIL HYDROCHLORIDE 


Benzeneacetonitrile, a-[3-[[2-(3,4-dimethoxyphenyl)ethyl]- 
methylamino]propyl]-3,4-dimethoxy-a-(1-methylethyl)-, 
hydrochloride; Calan; Isoptin; Veralan 


CH CH(CHs), 
CH30 4O)-esononensouten 
CH,0 + HCl 
OCH; 
OCH; 


[52-53-9] C,-H,,N.O (454.61). 

Preparation—See Arzneimittel-Forsch 1962; 12:563; and Helv 
Chim Acta 1975; 58:2050. 

Description—White to off-white crystals melting about 140°; pH 
(7% w/w solution) about 4.2. 

Solubility—1 g dissolves in about 15 mL water, 25 mL alcohol, or 
2 mL chloroform; soluble in most polar organic solvents. 

Comments—Approved for vasospastic chronic stable and unstable 
angina, atrial fibrillation/ flutter, and hypertension; also used for mi- 
graine and cardiomyopathy. Saturation kinetics have been observed 
after repeated doses. 


DRUGS AFFECTING BLOOD LIPIDS 


Drugs that affect blood lipids are classified as cardiovascular 
drugs because of the relation of blood lipids to atherosclerosis. 
Atherosclerosis may be a disorder in lipid metabolism or a 
normal effect of a diet high in certain lipids. Since one of the 
major lipids in the atheroma is cholesterol, much attention has 
been centered upon cholesterol in the diet and blood. 

There is a correlation between blood cholesterol content and 
the incidence of coronary occlusion, although it is far from a 
perfect one. Experimentally, a diet high in cholesterol can 
promote or exacerbate atherosclerosis in certain species. Con- 
sequently, there has been interest in drugs that affect the 
absorption of cholesterol from the intestine. However, choles- 
terol also is synthesized from fatty acids in the body, and there 
has been great interest in the relative abilities of different fatty 
acids to elevate or reduce plasma cholesterol levels. 

Saturated fats, especially palmitates, induce higher blood 
cholesterol levels than do unsaturated fats, but it now appears 
that some of what was attributed to saturation was the result 
of cholesterol in fats derived from animals. Polyunsaturated 
fats have been thought to be not only the least offensive in 
elevating blood cholesterol but also to antagonize the choles- 
terologenic effects of saturated fatty acids. 
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The role of various fatty acids in atherogenesis now requires 
reevaluation. The blood f-lipoprotein and serum triglyceride 
levels also correlate somewhat with the incidence of coronary 
occlusion and with the type of fat in the diet. Since the first 
Framingham study, epidemiological studies and therapy have 
been preoccupied with the low-density (LDL) and the very-low- 
density (VLDL) lipoproteins and also with chylomicrons. It is 
now known, however, that a very important factor in athero- 
genesis 1s the plasma level of high-density lipoproteins (HDLs), 
which serve as scavengers of cholesterol and not only protect 
the arteries from deposition of cholesterol but appear to be 
involved in the transport of cholesterol out of vessel walls. The 
blood lipids are only one of a number of factors that cause 
atherosclerosis and coronary occlusion. 

A study in Sweden has indicated a remarkable decrease in 
coronary reinfarction rate in patients treated with a combination 
of clofibrate and niacin. In the US, bile acid—sequestering resins 
have been shown to decrease the myocardial infarction rate. Fur- 
thermore, evidence continues to mount that low-fat diets in com- 
bination with antilipidemic drugs have a protective effect in cor- 
onary heart disease. Several large studies have shown that the 
statins improved survival in patients with a history of angina or 
myocardial infarction. Other studies have reported lack of pro- 
gression or, in some cases, actual regression of atherosclerosis in 
stenosed coronary arteries. 


CHOLESTYRAMINE RESIN 


Cholybar; Questran 
Cholestyramine [11041-12-6]; a strongly basic anion-exchange resin in 
the chloride form, consisting of styrene-divinylbenzene copolymer with 
quaternary ammonium functional groups. Each gram exchanges 1.8 to 
2.2 g of sodium glycocholate, calculated on the dried basis. 

Preparation—Polystyrene trimethylbenzylammonium chloride is 
copolymerized through cross-linkage with divinylbenzene. 

Description—White to buff-colored, hygroscopic, fine powder; odor- 
less or has not more than a slight amine-like odor; pH between 4 and 6 
in a slurry (1 in 100). 

Solubility—Very slightly soluble in water or alcohol; insoluble in 
chloroform or ether. 

Comments—Binds weak acid anions with partial hydrophobic char- 
acter. It is employed to bind bile acids in the intestine and, hence, to 
prevent their absorption in hypercholesterolemias, especially the familial 
(Type Ila) and heterozygous (Type IIb), cholestasis, and bile-dependent 
diarrheas. It also is used to decrease the absorption of oxalate in hyperox- 
aluria, porphyrins in porphyria cutanea tarda and protoporphyria, cardiac 
glycosides in digitalis intoxication, chlordecone in chlordecone intoxication, 
and clostridial toxin in antibiotic-associated colitis. 

The depletion of bile acids in the intestines not only decreases the 
absorption of dietary and enterohepatic cholesterol but also increases 
the synthesis of bile acids from cholesterol, which decreases the size of 
the systemic cholesterol pool. In familial hypercholesterolemia, the 
plasma concentration of LDL is decreased by 20 to 30%, which upregu- 
lates LDL-receptor populations in hepatocytes and vascular myocytes 
and thus accelerates LDL catabolism. Atherogenesis is retarded and 
probably even reversed. The effect is even more pronounced in the 
presence of hydroxymethylglutaryl coenzyme A inhibitors (LDL is low- 
ered by about 40%) and niacin. There now is evidence that there may be 
a decrease in the coronary occlusion rate. 

In cholestasis, the decrease in the bile acid concentration in the skin 
relieves pruritus. 

Side effects, attributable to depletion of intraintestinal bile acids, 
include constipation (20 to 50%), heartburn and dyspepsia, colic, belch- 
ing, bloating, biliary stasis and lodged gallstones, steatorrhea and mal- 
absorption syndrome (with doses > 24 g/day), and consequent hypovi- 
taminoses A, D, and K. The bulkiness of the dose along with the 
decrease in bowel motility exacerbates constipation and favors impac- 
tion and may be the cause of nausea, vomiting, and GI bleeding from 
ulcers. Hypochloremic alkalosis sometimes occurs. The cause of occa- 
sional diarrhea is not known. In hypertriglyceridemias, the drug may 
elevate VLDLs and intermediate-density lipoproteins. High doses and 
patient age over 60 yr predispose to adverse effects. The preparation 
has a gritty taste. If the anhydrous bulk is ingested, accidental inhala- 
tion and pneumonitis or esophageal distress may result. 

It binds numerous weakly acidic drugs and interferes with their 
absorption during concurrent oral administration. Prominent examples 
are prothrombopenic anticoagulants (warfarin, etc), saluretics, cheno- 
diol, digitalis (especially digitoxin), penicillins, cephalosporins, tetracy- 
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clines, vancomycin, clindamycin, trimethoprim, thyroid hormones, folic 
acid, phenylbutazone, and phenobarbital. 


COLESTIPOL HYDROCHLORIDE 


Tetraethylenepentamine polymer with 1-chloro-2,3-epoxypropane 
hydrochloride; Colestid 

Copolymer of diethylenetriamine and 1-chloro-2,3-epoxypropane, hy- 

drochloride [37296-80-3]. 

Preparation—Colestipol hydrochloride is a high-molecular-weight, 
highly cross-linked, basic anion-exchange copolymer of diethylenetriamine 
and 1-chloro-2,3-epoxypropane, with approximately one of five amine ni- 
trogens protonated (chloride form). US Pat 3,692,895 and 3,803,237. 

Description—White to pale-yellow beads; odorless; tasteless; 
hygroscopic. 

Solubility—Insoluble in water, the beads swelling when placed in 
water or aqueous fluids. 

Comments—An anion-exchange resin similar to Cholestyramine 
Resin (above) in its actions and uses, but there are differences in the 
anions for which it will exchange. Both resins bind and increase the 
fecal excretion of bile acids. The consequences and uses that derive 
therefrom are described under Cholestyramine. The adverse effects and 
drug interactions also are the same. 


FENOFIBRATE 
Propionic acid, 2-[4-(4-chlorobenzoyl)phenoxy-, 1-methylethyl ester 


CH3 
H3C-C -COO -CH(CH3)2 
0 


Cl 


[49562-28-9] C,,H.,ClO, (360.84). 

Preparation—One method involves the formation of the sodium 
salt of 4-chloro-4'-hydroxybenzophenone with sodium hydroxide in 
anhydrous acetone followed by nucleophilic reaction with a-chloroisobu- 
tyric acid to form the ether (Williamson method) and subsequent ester- 
ification with isopropyl alcohol to yield the product. See Arzneimittel- 
Forsch 1976; 26:885; US 4,059,552 (1977). 

Description—White crystals melting about 78°. 

Solubility—Practically insoluble in water; slightly soluble in eth- 
anol or methanol; soluble in ether, acetone, chloroform, or benzene. 

Comments—A newer fibric acid derivative structurally similar to 
gemfibrozil. Like gemfibrozil, it increases lipoprotein lipase activity, 
thereby increasing clearance of triglycerides. It decreases hepatic secretion 
of VLDL cholesterol and increases HDL levels. It is reported to reduce 
triglyceride levels by about 30 to 50% and to increase HDL cholesterol 
levels significantly. LDL levels are also reduced more than with gemfibro- 
zil but to a somewhat lesser degree than with the statins. Side effects are 
similar to those of gemfibrozil. Once-a-day dosing is an advantage. 


GEMFIBROZIL 
Pentanoic acid, 5-(2,5-dimethylphenoxy)-2,2-dimethyl-, Lopid 


CHs 


G)-vesncomn 


CH; 


[25812-30-0] C,,H,.0, (250.34). 

Preparation—See US Pat 3,674,836 

Description—White crystals melting about 61°. 

Solubility—Practically insoluble in water or alcohol; slightly solu- 
ble in dilute alkali; pK, 4.7. 

Comments—Decreases the incorporation of long-chain fatty acids 
into triglycerides and thus decreases the hepatic synthesis of VLDL, and 
it also decreases the synthesis of VLDL carrier apolipoprotein. It thus 
decreases VLDL and, erratically, LDL. It also increases HDL and the 
HDL:cholesterol ratio. At present, it is approved for use in Type IV 
hyperlipidemia (hypertriglyceridemia). Ninety percent of patients with 
Types Ila and IIb hyperlipoproteinemia respond significantly. 

The most frequent adverse effects are abdominal pain (6%), epigas- 
tric pain (5%), diarrhea (5%), nausea (4%), vomiting (1.6%), and flatu- 
lence (1%). Myalgia and arthralgia, hepatitis, and myositis can occur. 


It is well absorbed orally. About 30% is oxidized in the liver to two 
metabolites; the remaining 70% is excreted unchanged in the urine. The 
half-life of a single dose is 1.5 hr, but it is shortened to 1.3 hr during 
maintenance, which implies induction of the hepatic microsomal enzyme 
system. 


The Statins—HMG-CoA 
Reductase Inhibitors 


Six 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reduc- 
tase inhibitors have been introduced in a little over a decade, and 
they have revolutionized the treatment of hyperlipidemia. For 
most hyperlipidemias, they are not only more effective than the 
older bile acid—binding resins, fibric acid derivatives, and niacin, 
they are more palatable and produce a much lower incidence of 
side effects and toxicities. They act as high-affinity inhibitors of 
HMG-CoA reductase, which is the rate-limiting step in the bio- 
synthesis of cholesterol. Cholesterol synthesis is suppressed by 
therapeutic doses, but sufficient cholesterol is synthesized for 
body needs. Decreased intracellular concentrations of cholesterol 
cause upregulation of LDL receptors, so that LDL catabolism is 
increased, and plasma LDL concentrations fall by 25 to 40%; 
when combined with cholestyramine, LDL levels may decline by 
50 to 60%. Maximum doses of atorvastatin also reduce LDL levels 
to 50 to 60%. HDL levels can rise by up to 12%, thereby increasing 
the HDL:LDL ratio even further. Triglycerides are reduced by 10 
to 30%. LDL is not affected in homozygous familial hypercholes- 
terolemia. The statins are indicated for treatment of primary 
familial hypercholesterolemias (heterozygous Type Ila and Type 
IIb, dysbetalipoproteinemia (Type IIL), familial combined hyper- 
lipidemia (Type IV), diabetic dyslipidemia, and nephrotic dyslip- 
idemia. Combination therapy with bile acid—binding resins is safe 
and effective. 

Side effects, if any, are usually mild and transient and account 
for less than 2% of discontinuations of treatment. They include 
headache, flatus, abdominal pain or cramps, diarrhea, rash, pru- 
ritus, constipation, nausea, myalgia, dizziness, blurred vision, 
muscle cramps, and dysgeusia. Some patients have reported sleep 
disturbances. Photosensitivity may occur in some patients. 

Myopathy, occasionally leading to frank rhabdomyolysis, 
has also been associated with therapy and appears to be ag- 
gravated by coadministration with gemfibrozil, niacin, cyclo- 
sporine, or erythromycin. Creatinine phosphokinase (CPK) lev- 
els are typically mildly elevated but can become marked in 
patients with myalgias or muscle tenderness and weakness. 
The statins are concentrated in the liver, where they inhibit 
HMG-CoA and may cause elevated serum transaminases, 
which should be monitored during therapy; they are contrain- 
dicated in active liver disease. Since cholesterol is an essential 
nutrient in fetal and infant development, the statins are con- 
traindicated during pregnancy or lactation. 

Since most cholesterol biosynthesis occurs at night and all 
but one of the statins have a short half-life, the drugs should be 
taken at bedtime. Lovastatin should be taken with a snack or 
meal. If taken in combination with a bile acid—binding resin, 
statins should be taken 1 hr before or 4 hr after taking the 
resin, to avoid reduced absorption. 


ATORVASTATIN CALCIUM 


1H-Pyrrole-1-heptanoic acid, [R-(R*,R*)]-2-(4-fluorophenyl)-B,6- 
dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-, 
calcium salt (2:1) 


© 


[134523-03-8] C,gHgaCaF,N,O,, (1155.37). 


Preparation—See US 5,273,995 (1993). 

Comments—An HMG-CoA reductase inhibitor that appears to 
lower LDL and triglycerides more than other drugs in its class at 
recommended doses. It has a long effective half-life of 20 hr. 


CERIVASTATIN SODIUM 


6-Heptenoic acid, 7-[4-(4-fluorophenyl)-5-methoxymethyl-2,6-bis(1- 
methylethyl)-3-pyridinyl]-3,5-dihydroxy-[S-[R*,S*-(E)]]-, sodium salt; 
Baycol 


{143201-11-0] C,,.H,,FNNaO,. 
Comments—An HMG-CoA reductase inhibitor that is about 100 


times as potent as the other drugs in its class and costs less than most 
of the others. 


FLUVASTATIN SODIUM 


6-Heptenoic acid, [R*,S*-(E)](+)-7-[3-(4-fluorophenyl)-1-(1-methyl)- 
1H-indol-2-yl]-3,5-dihydroxy-, monosodium salt; 
Lescol; Fluindostatin. 


CH 
/\ 
Hee (CH 


3 3 


Preparation—See US 4,739,073 (1988). 

Description—White to pale yellow hygroscopic powder melting at 
about 195° with decomposition. 

Solubility—Soluble in water, ethanol, or methanol. 

Comments—An HMG-CoA reductase inhibitor that costs less than 
most other drugs of its class. 


LOVASTATIN 


Butanoic acid, (S)-2-methyl-, [1a(R*),3a,7B,8B(25*,45*),8af]- 
1,2,3,7,8,8a-hexahydro-3,7-dimethyl-8-[2-(tetrahydro-4-hydroxy-6- 
0xo-2H-pyran-2-yl) ethyl]-1-naphthalenyl ester; Mevacor 


HO! x 
0 
SH 
Obs ve cH 
Hyco oes Oe © 
Sy H 
H3C 30H CH3 
H 
HC” 


(75330-75-5] C,,H;,0; (404.55). 

Description—White, nonhygroscopic, crystalline powder that is 
isolated from a strain of Asperigillus terreus. The drug is an inactive 
lactone, which, after ingestion, is hydrolyzed to the corresponding f- 
hydroxy acid, the active principle. 

Solubility—Insoluble in water; sparingly soluble in alcohol, meth- 
anol, or acetonitrile. 

Comments—An inhibitor of HMG-CoA reductase, the rate-limiting 
enzyme in the biosynthesis of cholesterol. The mevalonic acid moiety in 
lovastatin combines at the active center with an affinity over 6000 times 
that of the natural substrate and is itself reduced. Cholesterolgenesis is 
supressed by therapeutic doses, but enough activity remains to permit 
sufficient cholesterol to be synthesized for body needs. Decreased intra- 
cellular concentrations of cholesterol cause upregulation of LDL recep- 
tors, so that LDL catabolism is increased and plasma LDL concentra- 
tions fall. In heterozygous familial hypercholesteremia, 80 mg a day 
will decrease plasma LDL levels by 35 to 40%; when combined with 
cholestyramine or colestipol, LDL levels may decrease by 50 to 60%. 
LDL is not affected in homozygous familial hypercholesterolemia. The 
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drug is indicated for use in the treatment of primary familial hypercho- 
lesterolemias (heterozygous Type Ila and Type IIb). It is also effective in 
dysbetalipoproteinemia (Type III), familial combined hyperlipidemia 
(Type IV), diabetic dyslipidemia and nephrotic dyslipidemia. Combina- 
tion therapy with bile acid—binding resins is safe and effective. 

Adverse effects usually are mild and transient, and side effects 
account for less than 2% of discontinuations of treatment. They include 
headache, flatus, abduminal pain/cramps, diarrhea, rash/pruritus, con- 
stipation, nausea, myalgia, dizziness, blurred vision, muscle cramps, 
and dysgeusia. 

Myopathy, occasionally leading to frank rhabdomyolysis, has been 
associated with therapy and may be aggravated with cyclosporine, 
erythromycin, niacin, or gemfibrozil. Creatinine phosphokinase (CPK) 
levels typically are elevated mildly but can become marked in patients 
with myalgias or muscle tenderness or weakness. Lovastatin is concen- 
trated in the liver and may cause increased serum transaminases, 
which should be monitored during therapy; it is contraindicated in 
active liver disease. 

By the oral route, about 40% is absorbed. In the body, the lactone 
ring is hydrolyzed to yield the active form of the drug. The drug also is 
oxidized in the liver to four metabolites. Both parent drug and metab- 
olites are excreted mostly into the bile, but about 10% is excreted in 
urine. 


PRAVASTATIN SODIUM 


1-Naphthaleneheptanoic acid, [15]-[1a(BS*,55*),2a,6a,8B(R*),8aa]]- 
1,2,6,7,8,8a-hexahydro-B,6,6-trihydroxy-2-methyl-8-(2-methyl-1- 
oxobutoxy)-, monosodium salt; Pravachol 


[81131-70-6] C,,H,,NaO, (446.52). 

Preparation—US Pat 4,346,227; by microbial action on mevastatin. 

Description—White, crystalline powder. 

Solubility—Very soluble in water or alcohol. 

Comments—lIts mechanism of action, effects, indications, side ef- 
fects, and precautions are essentially the same as those of Lovastatin. 
However, it is 100-fold more hydrophilic and does not cross the blood- 
brain barrier or enter nonhepatic cells as readily. It is absorbed more 
rapidly. Like lovastatin, it undergoes extensive first-pass metabolism 
and is concentrated in the liver, its primary site of action. It has a 
half-life of hr, and 70% of the major metabolite is excreted in the feces. 
Bile acid sequestrants reduce bioavailability by about 50%; it should be 
taken at least 1 hr before or 4 hr after the resin. 


SIMVASTATIN 


Butanoic acid, 2,2-dimethyl-, [1S-[10,3@,78,8B-(2S*,4S*)8aB}]- 
1,2,3,7,8,8a-hexahydro-3,7-dimethyl-8-[2-(tetrahydro-4-hydroxy-6- 
oxo-2H-pyran-2-yl)ethyl]-1-naphthalenyl ester, Zocor 


[79902-63-9] C.,H,,0; (418.57). 

Preparation—J Med Chem 1986; 29:849. 

Description—White crystals melting about 137°; it is a derivative 
of lovastatin. 

Solubility—Practically insoluble in water, freely soluble in alcohol. 

Comments—Its mechanism of action, effects, indications, side ef- 
fects, and precautions are essentially the same as those of Lovastatin, to 
which it is closely related chemically. Its absorption, sequestration by 
the liver, metabolism, and excretion are also very similar. 
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NIACIN—page 0¢@. 


NORETHINDRONE ACETATE—page 44. 
OXANDROLONE—page @0@. 


Special-Use Cardiovascular Drug 


ALPROSTADIL 


Prost-13-en-1-oic acid, (11a@,13E,15S)-11,15-dihydroxy-9-oxo-, Edex; 
MUSE; Prostaglandin E,; PGE,; Prostin VR. 


NNN OOH 


(745-65-3] C,,H,,0; (354.49). Isolated from the seminal vesicle tissue of 
sheep. See J Biol Chem 1963; 238:3555. 
Preparation—For the synthesis see J Org Chem 1974; 37:2921. 
Description—White crystals melting about 115°; [al,,, = 61.6° c = 
0.56, THF). Unstable (dehydrates) in solution at low (<4) or high (>8) pH. 


Comments—Endogenous prostaglandin E, helps maintain the pa- 
tency of the ductus arteriosus of the fetus. After birth, prostaglandin 
production falls and the ductus closes. However, when there are con- 
genital heart defects, such as the tetralogy of Fallot, transposition of the 
great vessels, pulmonary atresia, pulmonary stenosis, coarctation of the 
aorta, tricuspid atresia, or imperfect aortic arch, it is necessary that the 
ductus remain patent until corrective surgery can be accomplished. In such 
instances, infusion of alprostadil (PGE) helps maintain patency pending 
surgery. 

The following adverse effects may occur: apnea (12%); bradypnea, 
tachypnea, respiratory depression, bronchial wheezing (all <1%); flush- 
ing (10%); bradycardia (7%); hypotension (4%); tachycardia (3%); and 
cardiac arrest. 

The drug must be used cautiously when any condition preexists that 
may add to or exaggerate any of the above effects. There should be 
monitoring of arterial pressure and pulmonary status, especially when 
pulmonary flow is already compromised. 

Alprostadil is also available for treating erectile dysfunction by 
injection into the corpora cavernosa of the penis (Edex) or by insertion 
of a suppository into the urethra (MUSE). A transdermal cream is also 
under development. It acts by relaxation of trabecular smooth muscle 
and by dilatation of cavernous arteries. Prolonged priapism is an infre- 
quent but potentially serious side effect. 


Respiratory Drugs 


William K Nichols, PhD 

Associate Professor of Pharmacology and 
Toxicology 

College of Pharmacy 

University of Utah 

Salt Lake City, UT 84112 


The drugs used to treat asthma are the main group of respira- 
tory drugs emphasized in this chapter because it is an ex- 
tremely common respiratory disorder that afflicts 14 to 15 
million people in the US. Asthma is now recognized to be 
an inflammatory illness that has bronchial hyperreactivity 
and bronchospasm that accounts for more than 100 million 
days of restricted activity and 470,000 hospital admissions 
annually. Clinical trials have shown the benefits of anti- 
inflammatory therapy for treatment of the underlying inflam- 
matory component of this respiratory disorder and reserving 
bronchodilators primarily for symptomatic use. The drugs for 
asthma therapy include bronchodilators, corticosteroids, inhib- 
itors of mediator release, leukotriene pathway inhibitors, and 
anticholinergic agents. Other important categories of respira- 
tory drugs that are mentioned include antitussives, expecto- 
rants, and surfactant preparations. 

Bronchodilators are used to open air passages and facilitate 
breathing as well as diminish bronchospasms by relaxing the 
smooth muscles of the bronchioles. They provide respiratory 
relief from conditions such as asthma, bronchitis, emphysema, 
or bronchiectasis. A number of pharmacologically different 
groups of drugs possess bronchodilator properties. Sympatho- 
mimetic drugs, such as metaproterenol, albuterol, terbutaline, 
bitolterol, isoetharine, pirbuterol, and salmetrol, exert a pref- 
erential effect on B,-adrenergic receptors and mediate relax- 
ation of the smooth muscle of the respiratory tract. The bron- 
chial muscles are controlled by the autonomic nervous system 
with parasympathetic fibers predominating in number and 
effect. Stimulation of parasympathetic nerves causes calcium- 
dependent contraction of the bronchi and enhances the release 
of chemical mediators that induce bronchospasm. Conse- 
quently, anticholinergic drugs (eg, atropine) are useful for re- 
ducing bronchospasm. See Table 69-1. 

Corticosteroids, eg, beclomethasone dipropionate, dexa- 
methasone, triamcinolone acetonide, flunisolide, and flutica- 
sone, not only are effective anti-inflammatory agents, but also 
potentiate the bronchodilator effects of adrenergic drugs. These 
corticosteroids are not direct bronchodilators and are not effec- 
tive for rapid relief of bronchospasm. Use of corticosteroid 
inhalers provides effective and localized anti-inflammatory ac- 
tivity within the bronchial airways, while having minimal sys- 
temic effects. See Table 69-2. 

Cromolyn sodium and nedocromil inhibit the release of me- 
diators of inflammation from mast cells. These mediators in- 
clude histamine, leukotrienes, platelet activating factor (PAF), 
prostaglandins, proteases, interleukins, and numerous cyto- 
kines. These diverse mediators are induced by specific antigens 
as well as nonspecific mechanisms (such as exercise) resulting 
in vasodilation, microvascular leakage, leukocyte chemotaxis, 
mucus secretion, and bronchoconstriction. The cells recruited 
during inflammation include eosinophils, T lymphocytes, ba- 
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sophils, and macrophages. Their mediators can cause epithelial 
disruption, bronchoconstriction, altered ciliary function, 
smooth muscle hypertrophy, mucus secretion, airway edema, 
and tissue damage. Early asthmatic reactions to allergen ex- 
posure are dominated by mediators released from mast cells, 
while delayed (2 to 8 hr) or late asthmatic reactions are related 
to mediators released from eosinophils. 

Nedocromil and cromolyn block both early and late asth- 
matic responses induced by either episodic or continuous 
allergen inhalation or exercise. They control the symptoms of 
mild-to-moderate chronic asthma in 60 to 70% of patients in 
doses that induce few, if any, adverse effects. They are not 
recommended for acute asthma or status asthmaticus since 
they have no intrinsic bronchodilator activity. Cromolyn has 
local effects on the lungs and consequently is administered 
often in aerosol forms. It frequently is used in combination 
with corticosteroid and/or bronchodilator treatment. 

Leukotriene pathway inhibitors include receptor antago- 
nists and leukotriene synthesis inhibitors. Leukotrienes are 
endogenous mediators clearly involved in the inflammatory 
process associated with asthma and are recognized to have 
three main effects: increased vascular permeability, recruit- 
ment of inflammatory leukocytes (PMNs), and induction of 
bronchoconstriction. The first leukotriene synthesis inhibitor to 
be approved by the Food and Drug Administration (FDA) was 
zileuton, which inhibits 5-lipoxygenase and improves airway 
function and reduces asthma symptoms in mild-to-moderate 
asthma patients. Zafirlukast is the first leukotriene D4 recep- 
tor antagonist approved, but others are now under investiga- 
tion that produce similar benefits without the increases in liver 
enzymes or drug interactions reported with zileuton and 
zafirlukast. 

The xanthine drugs, especially theophylline, its soluble 
salts, and derivatives, are thought to be the most useful bron- 
chodilators for moderate or severe reversible bronchospasm. 
Moreover, they also improve respiratory exchange by increas- 
ing diaphragmatic contractility. The mechanism for the thera- 
peutic effect of theophylline on respiratory systems is not clear. 
However, the bronchodilator action may be due in part to 
increased cyclic adenosine monophosphate (cAMP) following 
competitive inhibition of phosphodiesterase, the enzyme that 
degrades cAMP. Other proposed mechanisms include mobiliza- 
tion of intracellular calcium in smooth muscle, inhibition of 
prostaglandin action, blockade of adenosine receptors, and in- 
hibition of the release of histamine and leukotrienes from mast 
cells. This drug has several notable actions that influence other 
target organs such as cardiac muscle and the central nervous 
system (CNS) including 


1. It competitively inhibits phosphodiesterase, which increases cAMP 
and the release of endogenous epinephrine. 
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2. It inhibits neural transmission at certain synapses, especially in 
the CNS, where adenosine, a structural analog, may be a neuro- 
transmitter. 

8. It antagonizes the action of PGE, and PGF,,. 

4. It affects the mobilization of intracellular calcium. 


It is important to note that theophylline induces learning and 
behavioral problems in about 5% of school children receiving 
the drug. 

The effectiveness of the theophylline salts and derivatives 
in the treatment of bronchial asthma depends on their he- 
patic conversion to theophylline, which is the active constit- 
uent. Consequently, the dosage of theophylline, its salts, and 
dyphylline usually is expressed in terms of anhydrous the- 
ophylline base, despite the marked pharmacokinetic inter- 
patient variability among these preparations. The approxi- 
mate anhydrous theophylline content of some theophylline 
derivatives is theophylline monohydrate (91%), anhydrous 
aminophylline (86%), aminophylline dihydrate (79%), dy- 
phylline (70%), and oxytriphylline (64%). Numerous sus- 
tained-action preparations of theophylline are also used to 
control nocturnal symptoms in asthma patients. A major 
variable with all of these products is the variability in phar- 
macokinetics, especially the hepatic metabolism of theoph- 
ylline, which can be altered by an extensive list of other 
drugs. The adverse effects and potential toxicities of theoph- 
ylline are dose-related, so it)is often necessary to monitor 
serum levels in patients who receive chronic therapy. A 
summary of theophylline pharmacokinetics and associated 
adverse reactions is included in a monograph. 

The anticholinergic drugs are discussed in Chapter 73, B 
and other adrenergic drugs in Chapter 72, and corticoste- 
roids in Chapter 77. The currently available inhaled £B,- 
adrenergic agonists used for treatment of asthma are shown 
in the cross references below. 


ALBUTEROL—page 1309. 
PIRBUTEROL—page 1310. 
TERBUTALINE SULFATE—page 1310. 
SALMETROL—page 1310. 


AMINOPHYLLINE 


1H-Purine-2,6-dione, 3,7-dihydro-1,3-dimethyl-, compd 
with 1,2-ethanediamine (2:1) 


r H 
Ca KOA 
SN I 7 ; CHa NHe 
of Ny N CH,NH2 
1 CHy , 
Theophylline compound with ethylenediamine  ([317-34-0] 
C,¢Hs4N 190, (420.43); dihydrate [49746-06-7] (456.46). 


Preparation—By adding, with vigorous stirring, a weighted quan- 
tity of theophylline to a volume of solution containing the required 
equivalent quantity of the diamine in anhydrous alcohol. After a few 
hours, the precipitate of aminophylline is filtered off, washed with cold 
alcohol, and dried at a low temperature. 

Description—White or slightly yellowish granules or powder, with 
a slight ammoniacal odor and a bitter taste; on exposure to air it 
gradually loses ethylenediamine and absorbs CO, with liberation of free 
theophylline; its solution is alkaline to litmus. 

Solubility—1 g in about 5 mL water, but, owing to hydrolysis, 
separation of crystals of less-aminated theophylline begins in a few 
minutes, these crystals dissolving on the addition of a small amount of 
ethylenediamine. When, however, 1 g is dissolved in 25 mL water, the 
solution remains clear; insoluble in alcohol or ether. 

Incompatibilities—Aqueous solutions are alkaline and display 
the incompatibilities of the alkalies. Acids cause a precipitation of 
theophylline; even carbon dioxide of the air behaves thus. 

Comments—Indicated for bronchial asthma, and for reversible 
bronchospasm associated with chronic bronchitis and emphysema. Am- 
inophylline (injection, oral solution, enema) also is used as a respiratory 
stimulant in neonatal apnea and in Cheyne-Stokes respiration. It also 


is useful as a diuretic agent..Absorption from the GI tract after oral or 
rectal administration is incomplete, slow, and variable. Approximately 
79% is converted to theophylline. Optimal serum therapeutic levels 
range from 10 to 20 g/mL. It is most effective when given intrave- 
nously; if given slowly in dilute solution, the drug is relatively nontoxic, 
although nausea, vomiting, and anorexia may appear in some patients. 
The simultaneous administration of aluminum hydroxide decreases the 
incidence of this side effect. See Theophylline. 


ATROPINE—page 1330. 
BITOLTEROL—page 1309. 
CROMOLYN SODIUM—pages 1301 and 1467. 


DYPHYLLINE 


1-H-Purine-2,6-dione, 7-(2,3-dihydroxypropyl)-3,7-dihydro-1,3- 
dimethyl-, Dilor; Lufyllin; Neothylline 


0 CH,CHCH,OH 
I 


OH 
CH3—N™ I. : 7 
we N 


| 
CHs 


7-(2,3-Dihydroxypropyl)theophylline C,)H,,N,O0, (254.25). 
Preparation—By interaction of 1-chloro-2,3-dihydroxypropane 
with theophylline dissolved in a sodium hydroxide or potassium hydrox- 
ide solution. US Pat 2,575,344 (see CA 1952; 46:1722i). 
Description—White, crystalline powder; bitter taste; melts about 
158°; pH (1 in 100 solution) 6.6 to 7.3; protect aqueous solutions from 
light. 
Solubility—1 g in 3 mL water, 50 mL alcohol or 100 mL chloroform. 
Comments—Indicated for relief of bronchial asthma and for re- 
versible bronchospasm associated with chronic bronchitis and emphy- 
sema. It exhibits peripheral vasodilator and bronchodilator actions 
characteristic of theophylline. It also has some diuretic and myocardial 
stimulant effects, and is effective orally. Dyphylline is a derivative of 
theophylline and is not metabolized to theophylline in vivo. Following 
oral administration, dyphylline is 68 to 82% bioavailable. Peak plasma 
concentrations are reached in 1 hr; its half-life is 2 hr. The minimal 
therapeutic concentration is 12 ng/mL; 88% is excreted unchanged in 
the urine. Because of its somewhat shorter half-life, other theophylline 
derivatives usually are preferred for chronic bronchodilator therapy. 
Otherwise, its pharmacological profile, effective and toxic serum levels, 
contraindications, precautions, adverse reactions, and drug interac- 
tions are similar to those for theophylline. 


EPHEDRINE—page 1311. 
EPINEPHRINE—page 1311. 
ETHYLNOREPINEPHRINE—page 1312. 
ISOETHARINE—page 1309. 
ISOPROTERENOL—page 1309. 
METAPROTERENOL—page 1309. 
NEDOCROMIL—page 1301. 
OXTRIPHYLLINE 


Ethanaminium, 2-hydroxy-N,N,N-trimethyl-, salt with 3,7-dihydro- 
1,3-dimethyl-1H-purine-2,6-dione; Choline Theophyllinate; Choledyl 
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Choline salt of theophylline (1:1) [4499-40-5] C,,H,,N;0, (283.33). 
Preparation—An aqueous solution of choline bicarbonate is re- 
acted with theophylline in 2-propanol. After concentration by vacuum 
distillation, the crude product is crystallized from 2-propanol—methanol 
solution. US Pat 2,776,287 and 2,776,288. 
Description—White, crystalline powder, with an amine-like odor; 
pH (1 in 100 solution) about 10.3; protect aqueous solutions from light. 


Solubility—1 g in 1 mL of water; freely soluble in alcohol; very 
slightly soluble in chloroform. 

Comments—Oxtriphylline, the choline salt of theophylline, is more 
soluble, more stable, better absorbed from the GI tract, and produces 
less gastric irritation than aminophylline, but has pharmacological 
actions similar to those of other xanthine derivatives. (See Theophyl- 
line). Hence, it is effective orally in the management of acute bronchial 
asthma and for reversible bronchospasm, associated with chronic bron- 
chitis and emphysema. Development of tolerance is infrequent; there- 
fore, it is useful for long-term therapy. Its usefulness in premenstrual 
tension or in dysmenorrhea has not been established. Untoward effects 
include gastric distress and occasionally palpitation and central ner- 
vous system stimulation. 


PIRBUTEROL—page 1310. 
TERBUTALINE SULFATE—page 1310. 
THEOPHYLLINE 


1H-Purine-2,6-dione, 3,7-dihydro-1,3-dimethyl-, monohydrate or 
anhydrous; 1,3-Dimethylxanthine 


Theophylline monohydrate [5967-84-0] C;H,N,O,.H,O (198.18); anhy- 
drous [58-55-9] (180.17); for the structural formula, see page 432. 

Preparation—Present in tea but in too small an amount to make it 
an economical source. It has been made from caffeine but is produced 
more successfully by total synthesis. See page 1232. 

Description—White, odorless, crystalline powder with a bitter 
taste; stable in air; melts between 270° and 274°; saturated aqueous 
solution is neutral or slightly acid to litmus; weaker as a base than 
caffeine or theobromine and scarcely forms salts even with the strong 
acids, but is more “acidic” than those and readily dissolves in ammonia 
water. 

Solubility—1 g in about 120 mL water or 80 mL alcohol; more 
soluble in hot water; sparingly soluble in ether or chloroform; freely 
soluble in solutions of alkali hydroxides or ammonia. 

Comments—Theophylline and its salts and derivatives are used as 
bronchodilators in the symptomatic treatment of mild bronchial 
asthma and reversible bronchospasm, which may occur in association 
with chronic bronchitis, emphysema, and other obstructive pulmonary 
diseases. The drug also suppresses exercise-induced asthma and, in 
doses that maintain therapeutic serum levels, prevents symptoms of 
chronic asthma. Theophylline is well absorbed after administration. 
Food has little effect on its availability, although absorption may be 
slower in the presence of food. Rectal suppositories are absorbed slowly 
and erratically. The time required to reach peak plasma levels varies 
with the route and formulation used; following oral administration of 
liquids or uncoated tablets, peak plasma levels are reached in 2 hr. 
Average volume of distribution is 0.5 L/kg. Plasma or serum levels of 
about 10 to 20 pg/mL usually are needed to produce optimum broncho- 
dilator response. 

Theophylline is excreted by the kidneys. Less than 15% of the drug 
is excreted unchanged in the urine. Elimination kinetics vary greatly 
among individuals. The elimination half-life of theophylline averages 
about 7 to 9 hr in the adult nonsmoker, 4 to 5 hr in the adult smoker (one 
or two packs per day), 3 to 5 hrin children, and 20 to 30 hr in premature 
neonates. The premature neonate excretes about 50% unchanged the- 
ophylline and may accumulate the caffeine metabolite. Theophylline, 
its salts, and dyphylline exert identical pharmacological actions. 

Theophylline has less stimulatory effect on the CNS and skeletal 
muscles than caffeine but has a greater effect on coronary dilatation, 
smooth muscle relaxation, diuresis, and cardiac stimulation than caf- 


Table 69-1. Inhaled B,-Adrenergic Agonists 
DRUG COMMENTS 


Albuterol Rapid onset (<5 min), duration of 


3 to 8 hr 


Bitolterol Ester prodrug, similar to albuterol 

Metaproterenol Similar to albuterol 

Pirbuterol Similar to albuterol 

Terbutaline Similar to albuterol 

Salmeterol Slower onset (20 min), long 
duration (12 hr) 

Fenoterol 


Similar to salmeterol 
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Table 69-2. Inhaled Corticosteroids 
DRUG COMMENTS 


Beclomethasone 
dipropionate 


High topical activity, active 
metabolite formed in lung fluids, 
low systemic bioavailability due 
to high lipophilicity 


Budesonide High topical activity, used as 
powder, rapid hepatic 
metabolism, limited systemic 
bioavailability 

Flunisolide Good topical activity, higher 
systemic bioavailability, short 
plasma half-life 

Fluticasone Very high topical activity, very low 

propionate systemic bioavailability 

Triamcinolone Good topical activity, short plasma 

acetonide half-life, limited systemic 


bioavailability 


feine. In general, it has relatively more pharmacological activity in all 
categories than theobromine. 

Theophylline produces CNS stimulation and GI irritation following 
administration by any route. It and its salts and analogs are all some- 
what irritating to gastric mucosa. The most common GI side effects 
(both locally and centrally mediated) include nausea, vomiting, epigas- 
tric pain, abdominal cramps, anorexia, and, rarely, diarrhea. Cardio- 
vascular side effects include palpitation, sinus tachycardia, and in- 
creased pulse rate. These side effects are usually mild and transient. 
It also may produce transiently increased urinary frequency, dehydra- 
tion, twitching of fingers and hands, and elevated SGOT levels. Hyper- 
sensitivity reactions characterized by urticaria, generalized pruri- 
tus, and angioneurotic edema have been reported with theophylline 
administration. 

Drug interactions are common in patients on theophylline. Agents 
that decrease the effects of theophylline include cigarette and mari- 
juana smoking, phenobarbital, and charcoal-broiled foods. Agents that 
increase the effects of theophylline include cimetidine, erythromycin, 
influenza virus vaccine, troleandomycin, allopurinol, and thiabenda- 
zole. Theophylline increases the effects of sympathomimetic drugs, dig- 
italis, and oral anticoagulants. Theophylline decreases the effects of 
phenytoin and lithium carbonate. Concomitant administration of the- 
ophylline with B-adrenergic blocking agents may result in antagonistic 
effects; theophylline with reserpine or halothane may induce tachycar- 
dia or cardiac arrhythmias, respectively. 

Theophylline toxicity is most likely to occur when plasma levels 
exceed 20 g/mL and becomes progressively more severe at higher 
serum concentrations. Tachycardia, in the absence of hypoxia, fever, or 
administration of sympathomimetic drugs, may be an indication of 
theophylline toxicity. Anorexia, nausea and occasional vomiting, diar- 
rhea, insomnia, irritability, restlessness, and headache commonly oc- 
cur. Fatalities in adults have occurred during or following IV adminis- 
tration of large doses of theophylline in patients with renal, hepatic, or 
cardiovascular complications. In other patients, the rapidity of the 
injection, rather than the dose used, appears to be the more important 
factor precipitating acute hypotension, convulsions, coma, cardiac 
standstill, ventricular fibrillation, and death. There is no specific anti- 
dote for theophylline toxicity; therapy is usually supportive. Treatment 
includes stopping the drug, gastric lavage and/or emesis, and adminis- 
tration of antacids or demulcents and oxygen. Prompt restoration of 
fluid and electrolyte balance is essential. Other symptomatic proce- 
dures are instituted as necessary. 


CORTICOSTEROIDS 


In general, inhaled corticosteroids are used to treat persistent 
asthma and control the inflammatory component of this dis- 
ease. However, oral corticosteroids may be used intensively for 
limited time periods to treat more severe, acute exacerbations 
when other measures, such as B,-selective agonists do not 
provide adequate relief. The long-term use of systemic cortico- 
steroids may be necessary in some patients, which can cause 
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adrenal insufficiency. Corticosteroid therapy for asthma is 
done often in combination with concurrent use of other asthma 
medication, such as inhaled B,-adrenergic agonists and/or sus- 
tained-action theophylline-related oral medication. Such com- 
binations help to reduce the number of doses of corticosteroids 
required to provide adequate asthmatic control and decrease 
the chance of serious side effects. If done conservatively, in- 
haled glucocorticoids often are effective in relieving bronchial 
hyperreactivity associated with moderately severe asthma 
without significant suppression of adrenal function. However, 
oral inhalation of corticosteroids such as dexamethasone 
should not be used for the treatment of occasional mild attacks 
of asthma that are controlled adequately by treatments with 
Bo-selective sympathomimetics. 

It should be remembered that corticosteroids are not 
bronchodilators and will not provide rapid relief from bron- 
chospasm and thus should not be the primary treatment for 
status epilepticus or other acute episodes of asthma. The 
relative topical potency of inhaled corticosteroid agents is 
flunisolide = triamcinolone acetonide < beclomethasone 
dipropionate < budesonide < fluticasone propionate. The 
delivery systems used can affect the topical and systemic 
activity of inhaled corticosteroids. The factors that influence 
clinical efficacy and systemic toxicity of inhaled corticoste- 
roids include topical activity, retention in bronchial fluids, 
and rapid inactivation when, absorbed from the lungs. In- 
creased lipophilicity can slow dissolution and prolong the 
residence in the lung, but complete pharmacokinetic studies 
have not compared all these parameters. Also, there is no 
clear evidence of greater efficacy of any inhaled corticoste- 
roid when administered in equipotent dosages. The most 
common adverse effects associated with inhaled corticoste- 
roids include a huskiness in the voice (dysphonia) and can- 
didiasis. Rinsing the mouth after inhalation usually controls 
the potential for oral candidiasis. The higher doses of all 
inhaled corticosteroids can produce systemic effects that in- 
clude hypothalamic-pituitary-adrenal axis suppression, bone 
resorption, carbohydrate and lipid metabolism changes, cat- 
aracts, skin thinning, and growth retardation. Some of the 
inhaled corticosteroids have less potential for such systemic 
effects because of their rapid hepatic metabolism upon sys- 
temic absorption, such as budesonide and beclomethasone 
dipropionate. These drugs are discussed in greater detail in 
Chapter 77. A summary of the currently available inhaled 
corticosteroids is shown below. The inhaled corticosteroids 
and some potent topical corticosteroids including dexameth- 
asone are also available as either an aqueous spray or aero- 
sol for intranasal administration and are used extensively 
for allergic rhinitis, without significant adverse effects in 
most patients. Some patients may experience mild nasopha- 
ryngeal irritation, dryness, and headache. Effects are not 
immediate, but regular use usually results in benefits within 
a few days. 


LEUKOTRIENE PATHWAY ANTAGONISTS 


The major differences in the new drugs designed to interfere 
with the formation or action of the bronchoconstrictor leukotri- 
enes (LTC,, LTD,, and LTE,) are their duration of action, 
frequency of side effects, and potential drug interactions. Zileu- 
ton inhibits the enzyme 5-lipoxygenase, which converts arachi- 
donic acid to a leukotriene A that is a precursor to the proin- 
flammatory leukotriene (LTB,) that augments the migration of 
neutrophils and eosinophils as well as the potent bronchocon- 
strictor leukotrienes. Zafirlukast and montelukast are LTC, 
receptor antagonists that attenuate bronchoconstriction result- 
ing from the immediate and delayed release of this leukotriene 
in asthmatic patients exposed to allergens as well as other 


types of inhalation challenges. However, these drugs are not 
indicated for acute asthmatic attacks. 


MONTELUKAST SODIUM 
Cyclopropaneacetic acid, [R-(E)-1-[[[1-[3-[2-(7-chloro-2- 


quinolinyl)ethenyl]-phenyl]-3-[2-(1-hydroxy-1- 
methylethyl)phenyl]propyl]thio]methyl]-, sodium salt; Singulair 


[151767-02-1] C,;H3,;CINNaO.S (608.18) 

Preparation—See Drugs of the Future 1997; 22:1103. 

Comments—Approved for oral prophylaxis and chronic treatment 
of asthma in patients = 6 yr of age. It is a selective leukotriene receptor 
antagonist of LTD, receptors. It is absorbed rapidly following oral 
administration, with mean bioavailability of 64% that is not influenced 
by food. It is extensively metabolized by CYP3A4 and CYP2C9 but does 
not inhibit these enzymes at therapeutic doses. The mean half-life is 2.7 
to 5.5 hr. Adverse effects include some dyspepsia in a few patients. 
Phenobarbital can induce its metabolism. 


ZAFIRLUKAST 


Carbamic acid, [3-[[2-methoxy-4-[[[2-methylphenyl)sulfonyl]amino]- 
carbonyl] phenyl]methyl]-1-methyl-1H-indol-5-yl]-, 
cyclopentyl ester; Accolate 


Preparation—See US 4,859,692; J Med Chem 1990; 33:1781. 

Description—White solid melting about 139°. 

Comments—Approved for oral prophylaxis and chronic treatment 
of asthma in patients = 12 yr of age. It is a selective and competitive 
leukotriene receptor antagonist of LTD, receptors, which induce bron- 
choconstriction. It can attenuate the increase in bronchial hyperrespon- 
siveness to inhaled histamine that follows inhaled allergan challenge. 
Pretreatment also attenuates early and late-phase reaction to inhaled 
allergens. It is absorbed rapidly following oral administration and is 
metabolized extensively, with a mean half-life of 10 hr. It inhibits the 
cytochrome P-450 isoenzymes 3A4 and 2C9. Food reduces bioavailabil- 
ity by 40%, so it should be taken 1 hr before or 2 hr after meals. Adverse 
effects include headache, dizziness, nausea, diarrhea, elevation of se- 
rum liver enzymes, and dyspepsia. Drug interactions due to inhibition 
of CYP2C9 and CYP3A4 include aspirin, erythromycin, terfenadine, 
theophylline, and warfarin. 


ZILEUTON 


Urea, (+)-N-(1-benzo[b]thien-2-ylethyl)-N-hydroxy-, Zileuton 


[406-87-2] C,,H,,N.O.S (236.29). 

Preparation—In one procedure, 2-acetylbenzothiophene is con- 
verted to the oxime and reduced with BH./pyridine to form the corre- 
sponding hydroxylamine derivative. The latter is acylated and esteri- 
fied with acetyl chloride in triethylamine; the ester cleaved with LiOH, 
then treated with HCl and phosgene to yield the N-hydroxyacyl chlo- 
ride, which with ammonia is converted to the urea product. See US 
4,873,259 (1989). 

Description—Crystals melting about 158°. 

Comments—Approved for oral prophylaxis and chronic treatment 
of asthma in patients =12 yr of age. It is a specific inhibitor of 5-lipoxy- 
genase, which results in the inhibition of leukotriene (LTB,, LTC,, 


LTD,, LTE,) formation. LTB, augments neutrophil and eosinophil mi- 
gration as well as adhesion and activation of neutrophils. Increased 
inflammation, capillary permeability, edema, mucus secretion, and 
bronchoconstriction are produced by these leukotrienes. Zileuton is 
absorbed rapidly upon oral administration and can be taken with or 
without food. It is metabolized extensively by hepatic cytochrome P-450 
enzymes (1A2, 2C9, and 3A4), with a mean half-life of 2.5 hr. Adverse 
reactions include hepatotoxicity, which requires monitoring of serum 
hepatic transaminases. Drug interactions are observed with several 
drugs undergoing hepatic metabolism such as propranolol, terfenadine, 
theophylline, and warfarin. Other adverse effects include dyspepsia and 
nausea in some patients. 


OTHER INHALED DRUGS USED FOR 
ASTHMATIC PATIENTS (ANTICHOLINERGICS 
AND INHIBITORS OF MEDIATOR RELEASE) 


The synthetic anticholinergic drug ipratropium bromide is a 
quaternary ammonium compound that acts like atropine to 
block muscarinic receptors. It is administered by inhalation to 
limit its systemic anticholinergic actions and to reduce bron- 
choconstriction due to parasympathetic tone that is present in 
some patients with chronic obstructive pulmonary disease (eg, 
chronic bronchitis and emphysema). The inhibitors of mediator 
release, cromolyn and nedocromil, are not used to treat acute 
bronchospasm but require several days to weeks before a de- 
crease in the bronchospasm and congestive symptoms associ- 
ated with the release of inflammatory mediators from mast 
cells, eosinophils, neutrophils, basophils, and alveolar macro- 
phages that are involved in the inflammatory component of this 
disease. Combination therapy with these agents may help de- 
crease the dose of inhaled or systemic corticosteroid therapy as 
well as decrease the frequency of use of inhaled B,-selective 
agonists. 


CROMOLYN SODIUM 


Disodium salt of 1,3-bis(2-carboxychromon-5-yloxy)-2-hydroxy 
propane C,,H,,Na,0,, (512.34) 


For the full monograph see page 1467. 

Comments—Prophylactic management of severe bronchial asthma 
by inhalation of nebulized solution, aerosol, or dry powder contained in 
capsules. Patients must have substantial bronchodilator-reversible 
component to their airway obstruction. Response to treatment gener- 
ally occurs within the first 2 to 4 weeks. Therapy also may include 
prevention of exercise-induced bronchospasm or exposure to other 
known precipitating factors (eg, cold dry air, environmental pollutants, 
allergens). Nasal solution may be used to treat seasonal or perennial 
allergic rhinitis. Cromolyn inhibits the release of histamine and bron- 
choconstrictor leukotrienes from mast cells, which may involve effects 
on calcium channels, but its exact mechanism has not been defined. 
Only 7 to 8% of drug is absorbed from the lung after inhalation, and it 
is rapidly excreted unchanged in the urine and bile. When drug from 
the respiratory tract is swallowed, it is absorbed poorly from the GI 
tract. Adverse reactions with inhalation include dizziness, headache, 
cough, wheezing, nasal congestion, bad taste, and rash. 


IPRATROPIUM BROMIDE 


3-(3-hydroxy-1-0xo-2-phenylpropoxy)-8-methyl-(1-methylethyl)- 
bromide monohydrate; C,,H;,BrNO,.H,O (430.38) 

For the full monograph see page 1331. 

Comments—As a bronchodilator by inhalation for maintenance of 
treatment of bronchospasm associated with chronic obstructive pulmo- 
nary disease (COPD), including chronic bronchitis and emphysema. It 
also is used as a nasal spray for symptomatic relief of rhinorrhea 
associated with allergic and nonallergic rhinitis in patients =12 yr of 
age. Ipratropium bromide is a synthetic quaternary anticholinergic 
ammonium compound that is chemically related to atropine. It has local 
effects when inhaled, and it is absorbed poorly into the systemic circu- 
lation from the nasal mucosa when used as an intranasal spray. About 
half the dose is swallowed and eliminated in the feces. The half-life is 3 
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to 4 hr. Adverse effects from inhalation are cough, mouth dryness, 
headache, dizziness, and nausea. Few systemic effects are observed in 
most patients. Use as a nasal spray induces epistaxis, nasal dryness, 
dry throat, and nasal congestion in some patients. 


NEDOCROMIL SODIUM 


4H-Pyrano[3,2-g]quinolone-2,8-dicarboxylic acid, 9-ethyl-6,9- 
dihydro-4,5-dioxo-10-propyl-, disodium salt; Tilade 


io CH2CH2CH 
~ O0C N (0) COO” 


[69049-74-7] C,,H,-NNa,O, (415.31) 

Preparation—See US 4,474,787; J Med Chem 1985; 28:1832. 

Description—Yellow powder. 

Comments—Used as an inhaled aerosol in maintenance therapy 
for patients with mild-to-moderate bronchial asthma. It inhibits the 
activation and mediator release from a variety of inflammatory cell 
types associated with asthma including eosinophils, neutrophils, mac- 
rophages, mast cells, monocytes, and platelets. It inhibits release of 
mediators including histamine, leukotriene C,, and prostaglandin D,. 
These actions provide the basis for inhibition of the development of 
early and late bronchoconstrictor responses to inhaled antigen and 
other causes of bronchoconstriction such as exercise, cold air, and pol- 
lutants (eg, sulfur dioxide). Systemic bioavailability is low, and ab- 
sorbed drug is excreted unchanged, with a mean half-life of 3.3 hr. The 
drug is well tolerated with few adverse reactions. Some patients expe- 
rience unpleasant taste, upper respiratory tract infections, nausea, 
dyspepsia, and headache. 


ANTITUSSIVES 


Antitussives are substances that specifically inhibit or sup- 
press the act of coughing. Such inhibition may be due to 


1. Depression of the medullary center or associated higher centers. 

2. Increased threshold of the peripheral reflexogenous zones. 

3. Interruption of tussal impulses in the afferent limb of the cough 
reflex. 

4. Inhibition of conduction along the motor pathways. 

5. Removal of irritants by facilitating bronchial drainage and muco- 
ciliary activity. 


The first four ways of inhibiting cough are believed to charac- 
terize the antitussive agents, whereas the last one is theoreti- 
cally associated with expectorant agents. 

Antitussives may be classified in various ways. For exam- 
ple, centrally acting antitussives either depress the CNS and 
inhibit the cough center in the medulla or raise the threshold 
for central noxious stimuli and diminish the cough reflex, 
whereas peripherally acting antitussives act principally within 
the respiratory tract. Another possible classification considers 
these drugs as narcotic antitussives or nonnarcotic antitussives. 
This classification is not used in this section, since most of the 
narcotic antitussives are discussed in Chapter 83. Agents that 
have addiction potential are identified, however, since the ad- 
diction liability of these substances is the same regardless of 
therapeutic use. 


APOMORPHINE HYDROCHLORIDE—see RPS-19, page 902. 
BENZONATATE 


Benzoic acid, 4-(butylamino)-, 2,5,8,11,14,17,20,23,26- 
nonaoxaoctacosan-28-yl ester; Tessalon 


CH3 (CH, Lorin{()-cooergcrtocrser OCH, 


Average: n = 8; [104-31-4] C,,H,,NO,, (average, 603). 
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Benzonatate is a mixture of the p-butylaminobenzoate esters of the 
monomethyl] ethers derived from a mixture of polyethylene glycols 
having the average composition of a nonaethylene glycol. The chemical 
name above is for the average compound. 

Preparation—Ethyl p-(butylamino)benzoate is transesterified 
with a polyethylene glycol monomethyl ether fraction in a methanol 
solution of sodium methoxide. The crude ester is purified by extracting 
its benzene solution with sodium carbonate solution, the ester being 
retained in the benzene. US Pat 2,714,606. 

Description—Pale yellow, clear, viscous liquid with a faint char- 
acteristic odor and a bitter taste followed by a sense of numbness. 

Solubility—Freely soluble in chloroform, alcohol, or benzene; mis- 
cible with water in all proportions. 

Comments—An antitussive. It is related to tetracaine and reduces 
the cough reflex at its source by anesthetizing the stretch receptors in 
the respiratory passages, lungs, and pleura. It begins to act within 15 to 
20 min and its effect lasts for 3 to 8 hr. Although its antitussive potency 
essentially is the same as that of codeine when evaluated against 
experimentally induced cough in animals and man, it is somewhat less 
effective than codeine against cough associated with clinical illness. 
Benzonatate is tolerated well in therapeutic doses. Untoward effects 
reported to date include headache, mild dizziness, pruritus and skin 
eruptions, nasal congestion, constipation, nausea, GI upset, a sensation 
of burning of the eyes, and numbness or tightness in the chest. Hyper- 
sensitivity reactions have been reported. If the capsules are allowed to 
dissolve in the mouth,’ they exert a local anesthetic effect that is dis- 
agreeable to a few patients. Dependence, euphoria, respiratory depres- 
sion, or constipation have not been reported. Overdosage can lead to 
CNS stimulation, resulting in restlessness, tremors, and, ultimately, 
seizures. 


CODEINE—page 1447. 

CODEINE PHOSPHATE—page 1448. 

CODEINE SULFATE—page 1448. 
DEXTROMETHORPHAN HYDROBROMIDE 


(9a,13a@,14a)-Morphinan, 3-methoxy-17-methyl-, 
hydrobromide, monohydrate 


‘i 
H N—CH, 


CH;0 


{6700-34-1] 
(352.32). 

Preparation—Dextromethorphan base (d-3-methoxy-N-methylmor- 
phinan) is prepared from the corresponding d-3-hydroxy compound by 
methylation with phenyltrimethylammonium hydroxide. The procedure is 
analogous to that employed for the methylation of morphine to produce 
codeine. Treatment of the base with HBr yields the hydrobromide. 

Description—Practically white crystals, or crystalline powder, 
with a faint odor; melts about 126° with decomposition, pH (1 in 100 
solution) 5.2 to 6.5. 

Solubility—1 g in about 65 mL water; freely soluble in alcohol or 
chloroform; insoluble in ether. 

Comments—Dextromethorphan, the d-isomer of the codeine ana- 
log of levorphanol, is employed as an antitussive agent. It controls cough 
spasms by depressing the cough center in the medulla. Controlled 
studies in man indicate it has a cough suppression potency approxi- 
mately one-half that of codeine. The oral administration of 30 mg to an 
adult provides effective antitussive activity over an 8- to 12-hr period. 
Unlike codeine, it is devoid of analgesic properties and produces little or 
no depression of the CNS. Addiction does not usually occur even after 
the administration of rather large doses for prolonged periods. How- 
ever, there have been reports of abuse of OTC dextromethorphan- 
containing cold and cough medicines, especially by teenagers. Animal 
studies suggest that this drug has some effects similar to those of 
phencyclidine (PCP), which may account for its abuse. Additional data 
are needed for better assessment of the potential for dextromethorphan 
dependence. High doses of this drug can cause ataxia, respiratory 
depression, and convulsions in children, while in adults high doses can 
alter sensory perception and cause ataxia, slurred speech, and dyspho- 
ria. The side effects include slight drowsiness and GI upset; these are 


C,,H,;NO.HBr.H,O (370.33); anhydrous [125-69-9] 


less severe and less frequent. than with codeine. Accidental poisoning in 
children is characterized by stupor and ataxia with rapid recovery after 
emesis. Dextromethorphan hydrobromide should not be given to pa- 
tients on monoamine oxidase inhibitors. 


DIPHENHYDRAMINE HYDROCHLORIDE—page 1466. 
HYDROCODONE BITARTRATE—page 1448. 
METHADONE HYDROCHLORIDE—page 1452. 
MORPHINE SULFATE—page 1447. 


EXPECTORANTS 


Expectorants are drugs that have been proposed to be useful in 
loosening and liquefying mucous, in soothing irritated bron- 
chial mucosa, and in making coughs more productive. Such 
agents are thought to affect the respiratory tract in two ways: 


1. By decreasing the viscosity of the bronchial secretions and facili- 
tating their elimination so that local irritants are removed and 
ineffectual coughing is alleviated or made more productive. 

2. By increasing the amounts of respiratory tract fluid so that demul- 
cent action is exerted on the dry mucosal lining, thus relieving the 
unproductive cough. 


The FDA has proposed that orally administered expectorants 
available OTC be divided into three categories: 


Category I—those generally recognized as safe and effective. 

Category II—those not generally recognized as safe and effective. 

Category III—those with insufficient data to classify as safe and 
effective. 


The FDA has approved only guaifenesin for classification as a 
Category I expectorant. Thus, it is not surprising that many of 
the orally administered cough and cold combinations include 
guaifenesin as the expectorant. Even so, there is a lack of 
scientific evidence to demonstrate that guaifenesin is of value 
in the treatment of coughing. It should be remembered, how- 
ever, that humidification of room air and adequate fluid intake 
(six to eight glasses of water a day) can effectively liquefy 
respiratory mucus and are useful therapeutic procedures. 


ACETYLCYSTEINE 


i-Cysteine, N-acetyl-, Mucomyst 


H 


N-Acetyl-L-cysteine [616-91-1] C;H,NO;S (163.19). 

Preparation—By direct acetylation of L-cysteine. 

Description—White, crystalline powder with a very slight acetic 
odor and a characteristic sour taste; stable in ordinary light; nonhygro- 
scopic (oxidizes in moist air); stable at temperatures up to 120°; melts 
between 104° and 110°; pK, 3.24; pH (1 in 100 solution) 2 to 2.75. 

Solubility—1 g in 5 mL water or 4 mL alcohol; practically insoluble 
in chloroform or ether. 

Comments—To reduce the viscosity of pulmonary secretions and 
facilitate their removal. Hence, it is used as adjuvant therapy in bron- 
chopulmonary disorders when mucolysis is desirable. It is thought the 
sulfhydryl group in the molecule opens the disulfide bonds in mucus and 
lowers the viscosity. The mucolytic activity of acetylcysteine is related 
to pH; significant mucolysis occurs between pH 6 and 9. Clinical studies 
indicate that after inhalation, onset of action is within 1 min, and time 
to peak effect is 5 to 10 min. Side effects are rare. However, broncho- 
spasm, hemoptysis, and nausea and vomiting have been observed. 
Antimicrobial drugs, including ampicillin, tetracyclines, amphotericin 
B, and erythromycin lactobionate, should not be administered in ace- 
tyleysteine solution, since it inactivates antibiotics. Effectiveness of 
acetylcysteine as a mucolytic is difficult to assess and has been based on 
subjective observations; it may not be any greater than adequate 
humidification. 


Acetyleysteine is used orally and parenterally as an antidote to 
prevent or minimize hepatotoxicity in acute acetaminophen overdosage. 
It also has been used with some success as an ophthalmic solution for 
the treatment of keratoconjunctivitis sicca (dry eye) and as an enema 
for the management of bowel obstruction due to meconium ileus. 


AMMONIUM CARBONATE—see RPS-19, page 978. 
AMMONIUM CHLORIDE—page 1345. 
ANTIMONY POTASSIUM TARTRATE—page 1563. 
GLYCERIN—pages 1039 and 1346. 
GUAIFENESIN 
1,2-Propanediol, 3-(2-methoxyphenoxy)-, Glyceryl Guaiacolate 


OH 
| 

OCH 2 CHCH2OH 
OCH; 


3-(o-Methoxyphenoxy)-1,2-propanediol [93-14-1] C,,H,,0, (198.22). 

Preparation—Guaiacol and 3-chloro-1,2-propanediol are con- 
densed via dehydrochlorination by warming a mixture of the reactants 
with a base. 

Description—White to slightly gray crystalline powder with a 
bitter taste; may have a slight characteristic odor; stable in light and 
heat and is nonhygroscopic; melts with a range of 3° between 78° and 
82°; pH (1 in 100 solution) between 5 and 7. 

Solubility—1 g in 60 to 70 mL water; soluble in alcohol, chloroform, 
glycerin, or propylene glycol; insoluble in petroleum ether. 

Comments—Used for the symptomatic relief of respiratory condi- 
tions characterized by a dry, nonproductive cough and the presence of 
mucus in the respiratory tract. Subjective clinical studies suggest that 
the action of guaifenesin ameliorates dry unproductive cough by de- 
creasing sputum viscosity and difficulty in expectoration and increasing 
sputum volume. However, experimentally, it only increases respiratory 
tract secretions, but only when given in doses larger than those used 
clinically. Adverse effects are infrequent and usually consist of nausea, 
gastric disturbance, and drowsiness. Guaifenesin may produce a false- 
positive test result for 5-hydroxyindoleacetic acid. It is an ingredient of 
many OTC proprietary expectorant formulations. 


POTASSIUM IODIDE 


Potassium iodide [7681-11-0] KI (166.00). 

Preparation—Potassium iodide may be prepared by reacting io- 
dine with a hot solution of potassium hydroxide, the iodate simulta- 
neously formed being subsequently reduced to iodide by heating the dry 
reaction mixture with carbon. 

Description—Hexahedral crystals, either transparent and color- 
less or somewhat opaque and white, or a white granular powder; slight 
hygroscopic in moist air; aqueous solution is neutral or slightly alkaline 
to litmus. 

Solubility—1 g in 0.7 mL water, 22 mL alcohol, 2 mL glycerin, 75 
mL acetone at 25°, or 0.5 mL boiling water; when dissolved in water 
heat is absorbed; 100 mL of a saturated aqueous solution at 25° con- 
tains 100 g of KI. 

Comments—Used as an expectorant and when the action of iodide 
is desired. It is used as an expectorant to liquefy thick and tenacious 
sputum in chronic bronchitis, bronchiectasis, bronchial asthma, and 
pulmonary emphysema. It also is used as adjunctive treatment in cystic 
fibrosis, in chronic sinusitis, and after surgery to prevent atelectasis. 
However, the therapeutic value of potassium iodide as an expectorant 
has not been demonstrated convincingly. Although a substantial num- 
ber of patients tolerate potassium iodide well, iodide-induced goiter and 
hypothyroidism have been observed. Consequently, alternative drugs 
that are safer and more effective should be considered when an expec- 
torant action is desired. 

Mild untoward reactions occur frequently with iodide medication. 
The syndrome is known as iodism. The symptoms include salivation, 
lacrimation, coryza, soreness of the teeth and gums, eruption of the 
skin, headaches, swollen salivary glands, and gastric irritation. The 
symptoms disappear when the drug is discontinued. Serious reactions 
occur very rarely. Concurrent use of potassium iodide with lithium and 
other antithyroid drugs may potentiate the hypothyroid and goitrogenic 
effects of these medications. Likewise, use with other potassium-con- 
taining medications and potassium-sparing diuretics may induce hy- 
perkalemia and cardiac arrhythmias or cardiac arrest. 
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Potassium Iodide Solution—[Saturated Potassium Iodide Solu- 
tion] contains, in each 100 mL, 97 to 103 g of KI. Preparation: Dissolve 
potassium iodide (1000 g) in hot purified water (680 mL), cool to about 
25°, and add sufficient purified water to make 1000 mL; filter, if nec- 
essary. Note: If the solution is not to be used within a short time, 500 mg 
of sodium thiosulfate should be added to each 1 L. Description: Clear, 
colorless, and odorless solution with a characteristic, strongly salty 
taste; neutral or slightly alkaline to litmus paper; specific gravity about 
1.700. Comment: Iodide supplement and expectorant; see Potassium 
Todide. 


SODIUM CITRATE—page 1256. 
TERPIN HYDRATE 


Cyclohexanemethanol, 4-hydroxy-a,a-4-trimethyl-, monohydrate; 
Terpinum; Terpinol 


p-Menthane-1,8-diol monohydrate [2451-01-6] C,)H.,)O..H,O (190.28); 
anhydrous [80-53-5] (172.27). 

Preparation—By hydration of the pinenes in turpentine oil (or 
pine oil) in the presence of a strong acid. 

Description—Colorless, lustrous crystals, or as a white powder; 
slight odor, and efflorescent in dry air; a hot 1:100 aqueous solution 
is neutral to litmus; when dried over H,SO, in a vacuum, it melts 
about 103°. 

Solubility—1 g in about 200 mL water, 13 mL alcohol, 140 mL 
chloroform, or about 140 mL ether at 25°; 1 g in about 35 mL boiling 
water or about 3 mL boiling alcohol. 

Comments—In bronchitis as an expectorant. Terpin hydrate elixir 
contains too little of the compound to be effective alone and is employed 
mainly as a vehicle for cough mixtures such as Terpin Hydrate and 
Codeine Elixir and Terpin Hydrate and Dextromethorphan Elixir. 


Terpin Hydrate Elixir contains, in each 100 mL, 1.53 to 1.87 g of 
C,)H,,0,.H,O. Preparation: Dissolve terpin hydrate (17 g) in the alco- 
hol (430 mL); add successively sweet orange peel tincture (20 mL), 
benzaldehyde (0.05 mL), glycerin (400 mL), syrup (100 mL), and puri- 
fied water (qs) to make the product measure 1000 mL; mix well and 
filter, if necessary, until the product is clear. Note—The sweet orange 
peel tincture may be replaced by 1 mL orange oil dissolved in 15 mL 
alchol. Alcohol Content: 39 to 44%. The high alcoholic content in this 
elixir is required for the solution of the terpin hydrate. Incompatibili- 
ties: Dilution of this elixir with water or liquids of low alcohol content 
causes precipitation of the terpin hydrate. 

Terpin Hydrate and Codeine Elixir contains, in each 100 mL, 
1.53 to 1.87 g of C,)H,,O..H.O (terpin hydrate), and 180 to 220 mg of 
C,,H.,,NO,.H,O (codeine). Preparation: Dissolve codeine (2 g) in terpin 
hydrate elixir (qs) to make the product measure 1000 mL. Alcohol 
Content: 39 to 44%. Comments: This elixir is an expectorant and sedative 
used to allay excessive coughing. Its value resides primarily in its 
content of codeine. Caution—This elixir is sometimes used by addicts, 
by whom it is known as GI Gin, for its alcohol and codeine content. In 
some states pharmacists are required to register and limit its sale. Its 
repeated sale to an individual should be noted and stopped. 

Terpin Hydrate and Dextromethorphan Hydrobromide 
Elixir contains, in each 100 mL, 1.53 to 1.87 g of C,,H,,0..H,O (terpin 
hydrate), and 180 to 220 mg of C,,H,,NO.HBr.H,O (dextromethorphan 
hydrobromide). Preparation: Dissolve dextromethorphan hydrobromide 
(2 g) in terpin hydrate elixir (qs) to make the product measure 1000 mL. 
Comments: The same indications as Terpin Hydrate and Codeine Elixir. 
It is used in the control of coughs associated with the common cold, 
laryngitis, tracheitis and bronchitis. Dextromethorphan acts to elevate 
the threshold for coughing. Unlike codeine, it rarely produces drowsi- 
ness or GI disturbances. 


TOLU BALSAM—page 1025. 


Expectorant Combinations 


The most frequent expectorant combinations include an anti- 
tussive with guaifenesin. However, expectorants also are found 
in combination with sympathomimetics, antihistamines, and 
analgesics in OTC cold and cough medicines. The benefit of 
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such combinations in the treatment of coughing or other respi- 
ratory ailments is controversial. 


SURFACTANT PREPARATIONS 

TS EE 
Surfactant preparations are used as replacement therapy for 
the treatment of premature infants suffering from neonatal 
respiratory distress syndrome (also known as hyaline mem- 
brane disease). This pulmonary condition occurs in approxi- 
mately 20% of the 250,000 premature babies born in the US 
each year and accounts for 5000 deaths annually. A substantial 
deficiency in the endogenous lung surfactant (of which colfos- 
ceril palmitate is the primary phospholipid) is the principal 
factor contributing to the pathology of respiratory distress syn- 
drome. The lung surfactant preparations are used in combina- 
tion with supplemental oxygen and mechanical ventilation to 
facilitate gas exchange for either prophylactic or rescue treat- 
ment of neonatal respiratory distress syndrome. The exogenous 
surfactants are either derived from animals or synthesized. 
The efficacy of lung surfactants has been demonstrated in 
double-blind, randomized studies in comparison to air placebo 
in premature infants with respiratory distress syndrome, par- 


ticularly in infants with a birth weight exceeding 700 g. Studies 
suggest the exogenous lung surfactants are tolerated well, with 
few direct adverse effects. 


COLFOSCERIL PALMITATE 


3,5,9-Trioxa-4-phosphapentacosan-1-aminium, (R)-4-hydroxy-N,N,N- 
trimethyl-10-0xo0-7-[(1-oxohexadecyl)oxy]-, hydroxide, inner salt, 
4-oxide; component of Exosurf; Beractant 


le) 
I 
o CH OCICH,), ,CH, 


CHY(CH,), Lom eH 5 
Il ¢ 
CHO—P—OCH,CH,N(CH,)5 
Wa 
1,2-Dipalmitoyl-sn-glycero-3-phosphocholine [63-89-8] C4 9Hg.NO,P 
(734.05). 

Comments—Beractant is a modified bovine extract consisting of 
phospholipids, neutral lipids, fatty acids, and surfactant-associated pro- 
teins. Colfosceril palmitate, palmitic acid, and tipalmitin are added to 
improve the surface-active properties. Exosurf is a synthetic lung sur- 
factant composed of colfosceril palmitate, cetyl alcohol, and tyloxapol. 
The cetyl alcohol facilitates spreading and adsorption of colfosceril 
palmitate at the air-alveolar interface. 


Sympathomimetic Drugs 
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It is helpful to review briefly the autonomic nervous system 
(ANS) and the classification of drugs that act on or simulate 
components of that system. The ANS generally is defined as 
that aspect of the nervous system involved in the regulation of 
involuntary, visceral function. As such, the ANS is responsible 
for regulating the activity of cardiac muscle; the activity of 
smooth muscle of the viscera, blood vessels, and the eye; and 
the secretory activity of cells in the viscera, as well as sweat, 
salivary, and lacrimal glands. The ANS functions to maintain 
or restore homeostasis of vital physiological functions, such as 
cerebral blood flow, body temperature, visual accommodation, 
blood sugar, and body fluid composition. 

There are two main efferent divisions to the ANS—the 
sympathetic (thoracolumbar) and the parasympathetic (cranio- 
sacral). Most organs or systems (effectors) receive innervation 
from both of these divisions. Generally, but not invariably, the 
two divisions exert opposite influences on a given effector. 

The opposite effects exerted by the two divisions of the ANS 
arise largely because the chemical substances (neurotransmit- 
ter/neuromodulator) liberated by the postganglionic nerve ter- 
minals in the effector organs are not the same for the two 
divisions. Parasympathetic postganglionic nerves liberate ace- 
tylcholine and, hence, are called cholinergic. This acetylcholine 
acts on muscarinic receptors in the effectors. Most sympathetic 
postganglionic nerves liberate norepinephrine (noradrenaline), 
and thus are considered to be noradrenergic. The adrenal me- 
dulla, however, which is innervated by sympathetic pregangli- 
onic nerves, liberates both epinephrine (adrenaline/adrenergic) 
and norepinephrine, with epinephrine release predominating 
under many, but not all, conditions. These two catecholamines 
activate a- and B-adrenergic receptors. Although most postgan- 
glionic sympathetic neurons are noradrenergic, it should be 
noted that sympathetic postganglionic fibers to the sweat 
glands and a few fibers to the vascular beds of the mouth, face, 
and skeletal muscles are cholinergic. 

In the sympathetic ganglia, preganglionic nerves of either 
division liberate acetylcholine (ie, are cholinergic). However, 
the acetylcholine released by the preganglionic neurons acts on 
nicotinic cholinergic receptors, rather than muscarinic recep- 
tors. Thus, the effects of acetylcholine release at these two sites 
(sympathetic ganglia versus effector organ) are not blocked by 
the same drugs. Somatic motor neurons also are cholinergic 
and are similar to autonomic preganglionic nerves in this re- 
gard. However, the nicotinic receptors at the neuromuscular 
junction also are pharmacologically distinguishable from those 
in the sympathetic ganglia. 

Autonomic drugs are classified on the basis of their effects 
relative to activation of the ANS. Thus, sympathomimetic 
drugs are those whose effects mimic (hence -mimetic) the ef- 
fects seen with activation of the sympathetic nervous system. 
Likewise, parasympathomimetics are drugs that mimic the 
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effects of parasympathetic nervous system activation. Since the 
sympathetic nervous system liberates norepinephrine (nor- 
adrenaline) and epinephrine (adrenaline), sympathomimetics 
sometimes are referred to as adrenomimetics. Parasym- 
pathomimetics are referred to as cholinomimetics, since the 
parasympathetic system releases acetylcholine at the effector 
organ. 

The effects of sympathetic nervous system activation and, 
therefore, the effects of sympathomimetic drugs are deter- 
mined largely by the type and localization of the postsynaptic 
receptor to which the released neurotransmitter or exogenous 
sympathomimetic binds. Norepinephrine and epinephrine bind 
to two general families of receptors, the a- and B-adrenergic 
receptors. a-Adrenergic receptors have been further divided 
into a, and a, receptors on the basis of their pharmacology, and 
each of these subclasses can be divided further on the basis of 
their pharmacology and molecular biology. Thus, at least three 
distinct a, receptors have been identified, designated a,,, a;p, 
and a,p. Similarly, molecular biological techniques have iden- 
tified at least three distinct a, receptors, termed a, 5¢. The B 
receptors have been subdivided into B,, B., and B3 receptors on 
the basis of their pharmacological properties and molecular 
cloning as well. It should be noted, however, that despite the 
cloning of a number of a and 8B receptors, clinically available 
pharmacological agents at present only distinguish between 
the broad classes of a,, a , 8,;, and B, receptors. Therefore, in 
this chapter reference is not made to the subtypes of receptor 
within each broad classification. 

a, Receptors increase phosphatidyl inositol hydrolysis, lead- 
ing to the production of inositol trisphosphate (IP) and diacyl- 
glycerol (DAG). These second messengers lead to an increase in 
intracellular calcium concentrations. a, Receptors, on the other 
hand, are coupled negatively to adenylate cyclase through the 
Gj, signaling system, leading to a decrease in intracellular 
cyclic AMP (cAMP) levels. In addition, stimulation of a, recep- 
tors decreases the opening of voltage-sensitive calcium chan- 
nels and increases the activity of voltage-sensitive potassium 
channels, both effects contributing to decreased cell excitabil- 
ity. All three types of B receptors are positively coupled to 
adenylate cyclase, leading to increased levels of cAMP and 
increased activity of protein kinase A in the cell. 

Knowledge of the localization of the different adrenergic and 
dopaminergic receptors is critical for understanding the phys- 
iological effects of sympathomimetic drugs. The localization 
of the adrenergic and dopaminergic receptors in a number of 
effector organs important for the therapeutic usefulness of 
sympathomimetics and the effects of stimulation of those re- 
ceptors are given in Table 70-1. The bold-face type indicates, 
where relevant, which receptor subtype dominates in deter- 
mining function under normal conditions. It should be noted, 
however, that under pathological conditions, the relative con- 
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Table 70-1. Localization and Function of Adrenergic 
and Dopaminergic Receptors in the Periphery 


RECEPTOR 
EFFECTOR ORGAN SUBTYPE EFFECT 
Arterial vascular Qa, Vasoconstriction 
smooth muscle Q Vasoconstriction 
Bo Vasodilation (especially in 
skeletal muscle beds) 
Venous vascular a, Vasoconstriction 
smooth muscle 
a Vasoconstriction 
Bo Vasodilation (especially in 
skeletal muscle beds) 
Heart B, Positive inotropy, positive 
chronotropy 
Qa, Positive inotropy 
Lungs Bo Relaxation of smooth muscle 
Eye 
Radial muscle a, Contraction (mydriasis) 
Aqueous humor Q> Decreased 
outflow 
Kidney a, Decreased sodium and water 
excretion 
Decreased renin release 
B, Increased renin release 
Gastrointestinal tract 
Motility a> Decreased ACh release so 
decreased motility 
lon absorption Q> Increased Na’ and Cl 
absorption 
Pancreas Q> Decreased insulin release 
Urinary bladder 
Detrusor muscle Bo Relaxation 
Trigone muscle a, Contraction 
and sphincter 
Urethra a, Contraction 
Prostate gland a, Contraction of smooth 
muscle 
Uterus Q, Contraction 
Bo Relaxation 
Skeletal muscle B> Increased K* uptake; 
increased glycogenolysis 
Liver Bo Increased glycogenolysis; 
increased gluconeogenesis 
Qs 
Fat cells Bs Lipolysis; thermogenesis 


tributions of the receptors may be altered. For example, 
whereas £, receptors predominate in regulating cardiac func- 
tion under normal conditions, a,-mediated effects become more 
prominent after chronic treatment with B-blockers, after myo- 
cardial ischemia, and in congestive heart failure. Knowledge of 
the localization of the different receptor subtypes and the effect 
of their stimulation on the effector organ allows prediction of 
many of the therapeutic indications and likely side effects of 
the sympathomimetic drugs. Because of this, the sympathomi- 
metic drugs are classified largely relative to the receptor sub- 
types that they affect and are presented in this chapter in such 
a manner. 

The role of dopamine in the sympathetic nervous system 
remains controversial. There is little evidence for dopamine 
nerves per se in the sympathetic nervous system. Although 
dopamine is the immediate biosynthetic precursor of norepi- 
nephrine and therefore is present in postganglionic sympa- 
thetic nerves, there is little support for the idea that dopamine 
is released as a neurotransmitter from those nerve terminals in 
response to sympathetic nervous system activation. Dopamine 
is thought to be synthesized, however, by cells in the proximal 
tubules of the kidney and might exert a paracrine function in 
that region. Despite the lack of dopamine innervation, a num- 
ber of effector organs express dopamine receptors of both the 
D1 and D2 dopamine-receptor families. For example, D1 dopa- 


mine receptors are located on the splanchnic, renal, cardiac, 
and cerebral vascular beds. Stimulation of these D1 dopamine 
receptors produces vasodilation. In addition, D1 receptors are 
expressed throughout the nephron of the human kidney. Stim- 
ulation of these receptors decreases tubular sodium reabsorp- 
tion, thereby promoting natriuresis and diuresis. Although do- 
pamine does not appear to mediate the effects of sympathetic 
nervous system activation, dopamine receptor stimulation pro- 
duces effects analogous to those seen with other sympathomi- 
metics and are therefore are covered in this section. 


a, AGONISTS 


Given the distribution of a, receptors outlined above and the 
effects of their stimulation, it follows that pure a, agonists 
often are used for their ability to produce vasoconstriction. 
Increases in total peripheral resistance achieved with systemic 
a, stimulation are useful in the management of hypotension 
associated with spinal shock or spinal anesthesia, situations in 
which there is a loss of sympathetic outflow to the vasculature. 
Although they can be used in the treatment of other types 
of shock once blood volume has been restored, their use in 
these situations is not recommended, as further vasoconstric- 
tion in vital organs that already are insufficiently perfused is 
undesirable. 

Local administration of a, agonists is beneficial for the 
production of local vasoconstriction. Thus, local administration 
is often used in surgery to control local hemorrhage. This 
vasoconstriction is also of benefit when combined with a local 
anesthetic, as the vasoconstriction decreases absorption of the 
anesthetic, thereby prolonging its duration of action. When 
applied topically to the nasal mucosa or the eye, the local 
vasoconstriction produced promotes decongestion. 

Stimulation of a, receptors in the eye produces mydriasis 
(pupillary dilation) due to contraction of the radial muscle of 
the iris. The a, agonists therefore are useful in producing 
mydriasis for ophthalmologic examinations. 

As is the case for their clinical utility, most of the contrain- 
dications and side effects of the a, agonists arise from their 
marked ability to produce vasoconstriction. The resulting in- 
crease in blood pressure can precipitate cerebrovascular acci- 
dents (ie, stroke), coronary artery occlusion resulting in myo- 
cardial infarction, or aneurysm. Because the heart must work 
harder against the increased pressure, angina may result or 
heart failure may be exacerbated. For these reasons, the use of 
a, agonists in patients with hypertension, coronary artery dis- 
ease, arteriosclerosis, atherosclerosis, cardiac arrhythmias, or a 
history of myocardial infarction is contraindicated except un- 
der strict medical supervision. They also are contraindicated in 
patients with venous thrombosis and diabetes because the vas- 
cular pathology that is or may be present in these patients can 
be exacerbated by the vasoconstriction produced. It should be 
noted that sufficient absorption of a, agonists can occur with 
topical administration to the conjunctiva or nasal mucosa to 
produce systemic hypertension. 

Other peripheral side effects of the a, agonists arise from 
stimulation of a, receptors in other sites. Thus, stimulation of 
a, receptors in the urethra and sphincter of the bladder can 
lead to urinary retention. For this reason, a, agonists should be 
used cautiously in patients with prostatic hypertrophy. The 
mydriasis produced by stimulation of a, receptors in the radial 
muscle of the iris can lead to photophobia. Because rebound 
miosis can occur after the adrenergic effects wear off, a, ago- 
nists should be used cautiously when there is retinal detach- 
ment. In addition, the mydriasis produced by a, agonists may 
significantly increase intraocular pressure in patients with 
angle-closure (narrow angle) glaucoma. 


MEPHENTERMINE SULFATE 


Benzeneethanamine, N,a,a-trimethyl-, sulfate; Wyamine Sulfate 


or 
Oro Ep | sve 
2 


CH, CH; 


[1212-72-2] (C,,H,,N). : H,SO, (424.60); dihydrate [6190-60-9] (460.63). 

Preparation—By a seven-step synthesis starting with phenyl 
isopropyl ketone and conversion of the free base to the salt with sulfuric 
acid. US Pat 2,590,079. 

Description—White, odorless crystals or a crystalline powder; so- 
lutions are acid to litmus, having a pH of about 6. 

Solubility—1 g in 18 mL water, 220 mL alcohol, >1000 mL chlo- 
roform, or >10,000 mL ether. 

Comments—Has indirect and direct actions. 


METARAMINOL BITARTRATE 


Benzenemethanol, [R-(R*,S*)]-a-(1-aminoethyl)-3-hydroxy-, 
[R-(RI,R*)]-2-3-dihydroxybutanedioate (1:1) (salt) 
Aramine; Pressonex 


COOH 
OH NH, 
pat H—C—OH 
C—C—CH; i 
Ter HO—C—H 
H oH ‘ 

ue) COOH 


(—)-a-(1-Aminoethyl)-m-hydroxybenzyl alcohol, tartrate (1:1) (salt) 
[33402-03-8] C,H,,NO, - C,H,O, (317.29). 

Preparation—Among other methods, by reactions using m- 
hydroxybenzaldehyde and benzylamine as the principal reactants. The 
base is converted to the bitartrate with an equimolar quantity of tar- 
taric acid. ; 

Description—White, practically odorless, crystalline powder; 
melts between 171° and 175°; pH (1 in 20 solution) between 3.2 and 3.5. 

Solubility—Freely soluble in water; 1 g in about 100 mL alcohol; 
practically insoluble in chloroform or ether. 

Comments—A direct-acting a and f, agonist with little B, activity. 
It releases norepinephrine and is used mainly for maintaining blood 
pressure during spinal shock or spinal anesthesia. 


METHOXAMINE HYDROCHLORIDE 


Benzenemethanol, a-(1-Aminoethyl)-2,5-dimethoxy-, 
hydrochloride; Vasoxyl Hydrochloride 


CH30. 


Oy-prpnos + HC] 
OH NH, 


OCH, 


(+)-a-(1-Aminoethy]l)-2,5-dimethoxybenzyl alcohol hydrochloride [61- 
16-5] C,,H,,NO, - HCl (247.72). 

Preparation—Among other ways, from 2',5'-dimethoxypropiophe- 
none through reaction with nitrous acid to form the 2-isonitroso deriv- 
ative followed by catalytic hydrogenation which reduces both the car- 
bonyl function to carbinol and the isonitroso function to amino. The 
methoxamine, dissolved in a suitable organic solvent, is readily con- 
verted to the hydrochloride by a stream of hydrogen chloride. 

Description—Colorless or white, plate-like crystals, or a white, 
crystalline powder; odorless or has only a slight odor; solutions are acid 
to litmus, having a pH of about 5; melts between 214° and 219°. 

Solubility—1 g in about 2.5 mL water or 12 mL alcohol; almost 
insoluble in chloroform or ether. 

Comments—A direct-acting a, agonist with a rapid and prolonged 
pressor action. It also has some B receptor—blocking properties. It is 
used mainly to support blood pressure during anesthesia. 


NAPHAZOLINE HYDROCHLORIDE 


1H-Imidazole, 4,5-dihydro-2-(1-naphthalenylmethyl)-, 
monohydrochloride; Privine Hydrochloride 


H 
| 


oT een 
| + HCI 
N 


SYMPATHOMIMETIC DRUGS 1307 


2-(1-Naphthylmethy])-2-imidazoline monohydrochloride [550-99-2] 
C,,H,,N, - HCl (246.74). 

Preparation—In almost quantitative yields by heating 1- 
naphthalene-acetonitrile with ethylenediamine monohydrochloride 
at 175° to 200° for 1 hr. The 1-naphthaleneacetonitrile is made from 
naphthalene by chloromethylation with formaldehyde and HCl fol- 
lowed by treatment of the resulting 1-naphthylmethyl chloride with 
potassium cyanide. 

Description—W hite, crystalline, odorless, bitter powder; melting 
range 253° to 258°, with decomposition; pH (1 in 100 solution) between 
5 and 6.6. 

Solubility—Freely soluble in water or alcohol; very slightly soluble 
in chloroform; practically insoluble in ether. 

Comments—An OTC and Rx nasal and ocular decongestant used 
topically. 


OXYMETAZOLINE HYDROCHLORIDE 


Phenol, 3-[(4,5-dihydro-1H-imidazol-2-yl)methyl]-6- 
(1,1-dimethylethyl)-2,4-dimethyl-, monohydrochloride 


OH 


(CH3)3C CH; 
* HCl 
CH 7=N 
HN 


CH3 


6-tert-Butyl-3-(2-imidazolin-2-ylmethyl)-2,4-dimethylphenol monohydro- 
chloride [2315-02-8] C,,.H,,N,O - HCl (296.84). 

Preparation—2,4-Dimethyl-6-tert-butylphenol is converted into 
the benzyl cyanide intermediate, which is reacted with ethylenedia- 
mine p-toluenenesulfonate whereby, through addition and deammonia- 
tion, the imidazoline ring is formed. The resulting oxymetazoline is 
converted to the salt through interaction with an equimolar quantity of 
hydrogen chloride. US Pat 3,147,275. 

Description—White to nearly white, fine, crystalline powder; odor- 
less; stable in light and heat, nonhygroscopic; melts about 300° with 
decomposition; pH (1 in 20 solution) between 4 and 6.5. 

Solubility—1 g in 6.7 mL water, 3.6 mL alcohol or 860 mL chloro- 
form; practically insoluble in ether. 

Comments—An OTC drug used topically as a nasal and ocular 
decongestant. It causes less rebound congestion than Naphazoline. 


PHENYLEPHRINE HYDROCHLORIDE 


Benzenemethanol, 3-hydroxy-a-[(methylamino)methyl]-, 
hydrochloride 


OH 


Oppo CHa aeHC] 
H 


OH 


(—)-m-Hydroxy-a-[(methylamino)methyl]benzyl alcohol hydrochloride 
(61-76-7] C,H,,NO, « HCl (203.67). 

Preparation—m-Hydroxyphenacyl bromide is condensed with 
methylamine, and the carbonyl group then is reduced to a carbinol via 
catalytic hydrogenation. The phenylephrine so formed is dissolved in a 
suitable solvent and neutralized with HCl. 

Description—White or nearly white crystals; odorless; bitter taste; 
melts between 140° and 145°. 

Solubility—Freely soluble in water or alcohol. 

Comments—Used to maintain blood pressure and as a nasal, 
scleroconjunctival, and uveal decongestant. It also is used as a mydri- 
atic agent and to promote aqueous humor outflow in the treatment of 
open-angle glaucoma. Its vasoconstricting properties are used in con- 
junction with local or spinal anesthetics to prolong their duration of 
action. It is orally active. 


TETRAHYDROZOLINE HYDROCHLORIDE 


Imidazole, 4,5-dihydro-2-(1,2,3,4-tetrahydro-1-naphthalenyl)-, 
monohydrochloride; Collyrium Fresh; Murine; Soothe; Tyzine 


H 
| 
| | + HCl 
N 


[522-48-5] C,,H,,N. - HCl (236.74). 
Preparation—Ethyl phenylacetate and methyl acrylate undergo 
a Michael condensation and cyclization using sodium ethoxide as 


Zz 
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catalyst, followed by acidification to form 4-keto-1,2,3,4-tetrahydro-1- 
naphthoic acid. The keto group is reduced by catalytic hydrogenation to 
methylene, and the resulting 1,2,3,4-tetrahydro-1-naphthoic acid is 
condensed with ethylenediamine in the presence of HCl. 

Description—White crystals; odorless; melts with decomposition 
about 256°. 

Solubility—1 g in 3.5 mL water or 7.5 mL alcohol; very slightly 
soluble in chloroform or ether. 

Comments—An OTC drug used topically as a nasal and ocular 
decongestant. It causes systemic constriction. 


XYLOMETAZOLINE HYDROCHLORIDE 


1H-Imidazole, 2-[[4-(1,1-dimethylethyl)-2,6-dimethylphenyl]- 
methyl]-4,5-dihydro-, monohydrochloride; 
Otrivin Hydrochloride 


2-(4-tert-Butyl-2,6-dimethylbenzyl)-2-imidazoline monohydrochloride 
(1218-35-5] C,,H.,N. : HCl (280.84). 

Preparation—Using (4-tert-butyl-2,6-dimethylphenyl)acetonitrile 
as the participating nitrile, by the method described for Naphazoline 
Hydrochloride, page 1307. 

Description—White, odorless, crystalline powder, melts above 
300° with decomposition; pH (1 in 20 solution) between 5 and 6.6. 

Solubility—1 g in about 30 mL water; freely soluble in alcohol; 
sparingly soluble in chloroform; practically insoluble in benzene or 
ether. 

Comments—A nasal decongestant with possibly less reactive 
hyperemia. 


a, AGONISTS 


The a, agonists presented in this section are those used for their 
actions at peripheral a, receptors, thus mimicking the effects of 
sympathetic nervous system activation. These a, agonists are 
used peripherally in the treatment of open-angle glaucoma, as 
stimulation of a, receptors increases uveoscleral outflow and de- 
creases the production of aqueous humor. Other a, agonists, such 
as clonidine and guanfacine, act on a, receptors in the central 
nervous system (CNS) to decrease sympathetic nervous system 
activity. Such drugs are reviewed in Chapter 68. 


APRACLONIDINE HYDROCHLORIDE 


1,4-benzenediamine,2,6-dichloro-N '-2-imidazolidinylidene-, 
monohydrochloride; lopidine 


[73218-79-8] C,H, )Cl,N, > HCl (281.57) 

Preparation—US Pat 4,517,199. 

Description—White to off-white powder. 

Solubility—1 g in 34 mL water, 74 mL ethanol, 13 mL methanol; 
practically insoluble in chloroform or nonpolar organic solvents, pH of a 
1% soln is about 5.5. 

Comments—Used to prevent increases in intraocular pressure fol- 
lowing eye surgery including argon laser trabeculoplasty, iridotomy, 
capsulotomy, and cataract surgery. Its usefulness in the long-term 
management of glaucoma is limited by the development of tachyphy- 
laxis and ocular allergy. 


BRIMONIDINE TARTRATE 


Quinoxalinamine, 5-bromo-N-(4,5-dihydro-1H-imidazol-2-yl)-, 
[S-(R*,R*)-2,3-dihydroxybutanedioate salt (1:1); Alphagan 


COOH 
4 ‘~ 
| HO = C =H 
N UNH 4 . ' 
| Hm C —0H 
N Br ' 
COOH 


(79570-19-7]) C,,H, )BrN; - C,H,O, (442.23) 

Preparation—See Ger 2,538,620 (1976) 

Description—Yellow crystals melting about 207°. 

Comments—The first selective a, agonist approved for long-term 
use in the treatment of open-angle glaucoma or ocular hypertension. 
It also is indicated for use in the prevention of increased intraocular 
pressure in patients undergoing argon laser trabeculoplasty. It is 
applied topically to the eye and has a peak effect 2 hr after instilla- 
tion and a duration of action up to 12 hr. It is effective in the 
long-term management of patients with glaucoma who cannot toler- 
ate a B-blocker or as add-on therapy. Although it has 1000-fold 
greater selectivity for a, over a, receptors, mydriasis, vasoconstric- 
tion, and eyelid retraction can occur because of a, stimulation. 
Adverse side effects are minimal and include dry mouth, eye redness 
or stinging (25%), and allergic reactions (10%). The effectiveness of 
brimonidine in decreasing intraocular pressure may decrease over 
time in some patients. Brimonidine is contraindicated in patients 
taking monoamine oxidase inhibitors (MAOIs). 


6B AGONISTS 
DN ORS aT] 
The localization of B-receptors to the smooth muscle of the 
trachea and bronchi, as well as to uterine smooth muscle, 
underlies most of the clinical utility of the B agonists. Since 
the B receptors located on the smooth muscle in those effec- 
tor organs are of the B, subtype, efforts have been focused on 
developing B.-selective agonists. 6 agonists are used in the 
treatment of reversible obstructive pulmonary diseases such 
as asthma, emphysema, and bronchitis because they produce 
bronchodilation, inhibit the release of inflammatory media- 
tors from mast cells, and increase ciliary motility. Their 
ability to cause relaxation of the uterine smooth muscle 
underlies their usefulness in the prevention of preterm labor 
and delivery. B, agonists also have been used to treat pe- 
ripheral vascular disease, particularly intermittent claudi- 
cation and thrombophlebitis, which has a predominate vaso- 
spastic component and occurs in vascular beds that contain 
By receptors (eg, skeletal muscle). 8 agonists also are of some 
use in the emergency management of heart block, bradycar- 
dia, and torsades de pointes. 

Selective B, receptor agonists have less tendency to pro- 
duce cardiac stimulation than do nonselective B agonists 
that stimulate B, receptors in cardiac muscle. Thus, the 
incidence of adverse cardiac side effects such as tachycardia 
and more serious arrhythmias is lower, but not absent, in 
selective B, agonists. Patients with underlying cardiovascu- 
lar disease and those on MAO inhibitors or tricyclic antide- 
pressants are at greater risk for such cardiovascular side 
effects. 8, agonists are therefore contraindicated in patients 
with heart disease or cardiac arrhythmias. They also are 
contraindicated in patients with thyrotoxicosis, as the heart 
in such patients is sensitized to the stimulatory effects of B 
receptor activation. B. receptor agonists also can precipitate 
tachycardia and arrhythmias because they can decrease 
blood pressure (by vasodilation), leading to reflex tachycar- 
dia. Consequently, they should be used with caution in pa- 
tients with underlying cardiovascular disease as well. Other 
potential side effects of B agonists include skeletal muscle 
tremor (£.,), although tolerance to this effect usually devel- 
ops; decreased arterial O, tension (8, and £,); feelings of 
restlessness, anxiety, or apprehension; decreased plasma K* 
concentrations (B,); and increased plasma glucose ($.) and 


free fatty acid (B,,,) concentrations. The decreased plasma 
K* concentration may be problematic for cardiac patients, 
especially those taking cardiac glycosides and diuretics, and 
the hyperglycemia may necessitate dietary or insulin 
changes in diabetic patients. All side effects are less likely 
when £ agonists are administered by inhalation. 


ALBUTEROL 


1,3-Benzenedimethanol, a'-[[(dimethylethyl)amino]methyl]-4- 
hydroxy-, Proventil; Ventolin 


HOCH, 


HO CHCH_NHCICH3)s 
OH 


a’-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene-a,a-diol,  [18559-94-9] 
C,;H,,NO, (239.31). 

Preparation—J Med Chem 1970; 13:674. 

Description—Off-white to white, crystalline powder; odorless; 
slightly bitter taste. 

Solubility—1 g dissolves in 4 mL of water; slightly soluble in 
alcohol, chloroform or ether. 

Comments—The prototypic B, selective agonist and the most 
widely used in the treatment of asthma and other forms of reversible 
obstructive pulmonary disease. It has weak B, agonist activity. It is 
administered via oral inhalation through a metered-dose inhaler or 
nebulizer (albuterol sulfate) or orally as a syrup or tablet (albuterol 
sulfate). Albuterol is the only metered-dose inhaler currently FDA 
approved for use in children age 4 yr and above. It often is administered 
nebulized in the emergency room for the treatment of acute exacerba- 
tions of asthma. 

Although the oral administration of albuterol and other B, agonists 
has been used in the past to provide a more prolonged duration of 
action, this approach is being supplanted by the use of 6, agonists that 
have long durations of action when administered by inhalation, as 
administration via inhalation decreases the incidence of systemic side 
effects. 


BITOLTEROL MESYLATE 


Benzoic acid, 4-methyl-, 4-[2-[(1,1-dimethylethyl)amino]- 
1-hydroxyethyl]-1,2-phenylene ester, 
methanesulfonate (salt); Tornalate 


co 800 eS 
WY fa \ 
oc ( ) cls + CHySO3H 
Nz 


HOCHCH, NHC(CHs), 


[30392-41]-7] C,,.H,,NO,; - CH,O,S (557.66) 
Preparation—J Med Chem 1976; 19:834. 
Description—Crystalline solid melting about 171°. 
Comments—A prodrug converted to colterol; a B,-selective agonist. 
It is used as a bronchodilator with a long duration of action (5 to 8 hr). 


ISOETHARINE HYDROCHLORIDE 


1,2-Benzenediol, 4-[1-hydroxy-2-[(1-methylethyl)amino]butyl]-, 
hydrochloride; N-isopropylethylnorepinephrine hydrochloride; 
Bronkosol; Arm-a-Med 


OH 
OH 


e HCI 


CHCHCH CH 
HO NHCH(CH3)> 


3,4-Dihydroxy-a-[1-(isopropylamino)propyl]benzyl alcohol hydrochlo- 
ride C,,H,,NO, - HCl [2576-92-3] (275.77). 

Preparation—Synthesis of isoetharine and other 1-(3,4-dihydroxy- 
phenyl)-2-monoalkyl-1-butanols, starting with 3,4-dihydroxybutyro- 
phenone, is described in German Pat 638,650 (CA 1937; 31:3209*). The 
base is converted to the hydrochloride or the mesylate (below). 

Description—White to off-white, crystalline solid; odorless; melts 
between 196° and 208° with decomposition. 

Solubility—Soluble in water; sparingly soluble in alcohol; practi- 
cally insoluble in ether. 
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Comments—A moderate a and f agonist used as a bronchodilator. 
It has a duration of action of 1 to 3 hr. 


ISOETHARINE MESYLATE 


1,2-Benzenediol, 4-[1-hydroxy-2-[(1-methylethyl)amino[butyl]-, 
methanesulfonate (salt); N-isopropylethylnorepinephrine 
methanesulfonate; Bronkometer 

For the formula of isoetharine base, see Isoetharine Hydrochloride. 
3,4-Dihydroxy-a-[1-(isopropylamino)propyl]benzyl alcohol methanesul- 
fonate [7279-75-6] C,,H,,NO,; -CH,0.S (335.41). 

Preparation—See [soetharine Hydrochloride. 

Description—White to off-white, crystalline solid; odorless; 
slightly bitter, salty taste; melts about 165°. 

Solubility—Freely soluble in water; soluble in alcohol; very slightly 
soluble in ether. 

Comments—See I[soetharine Hydrochloride. 


ISOPROTERENOL HYDROCHLORIDE 


1,2-Benzenediol, 4-[1-hydroxy-2-[(1-methylethyl)amino]ethyl]-, 
hydrochloride; Isopropylarterenol Hydrochloride 


ro{O)-pr-ore- mons + HC] 
OH 


HO 


3,4-Dihydroxy-a-[(isopropylamino)methyl]benzyl alcohol hydrochloride 
({51-30-9] C,,H,,NO, - HCl (247.72). 

Preparation—By the synthetic procedure given for Epinephrine 
(page 1311), using isopropylamine in place of methylamine; the base is 
then converted to the hydrochloride without resolution. 

Description—White to nearly white, odorless, crystalline powder, 
with a slightly bitter taste; gradually darkens on exposure to air and 
light; solutions become pink to brownish pink on standing exposed to 
air, and almost immediately so when rendered alkaline; pH (1% aque- 
ous solution) about 5; melting range between 165° and 170°. 

Solubility—1 g in 3 mL water or 50 mL alcohol; less soluble in 
dehydrated alcohol; insoluble in chloroform or ether. 

Comments—A prototypic, nonselective B agonist used to stimulate 
heat rate in bradycardia, heart block, or torsades de pointes. Its use in 
the treatment of asthma largely has been replaced by more-selective 
agents. 


ISOXSUPRINE HYDROCHLORIDE 


Benzenemethanol, 4-hydroxy-a-[1-[(1-methyl-2-phenoxyethyl)- 
aminoJethyl]-, hydrochloride; Vasodilan 


H 


a 
HO ¢—C-CH, 4 
a > Hel 
OH NH——C—CH,0 


CH, 


[579-56-6] C,,H,,NO, » HCl (337.85). 

Preparation—Phenoxyacetone (from sodium phenoxide and chloro- 
acetone), on reductive amination, yields 1-phenoxy-2-aminopropane (I). 
Sodium p-propionylphenoxide is converted to the ether with benzyl 
bromide, to protect the phenolic group; brominated a to the carbonyl 
and then condensed with I. The resulting secondary aminoketone is 
catalytically hydrogenated to remove the protective benzyl group, the 
carbonyl reduced to the secondary alcohol with NaBH, and the base 
converted to the salt. Rec Trav Chim 1956; 75:1215. 

Description—White, crystalline powder; odorless; bitter taste; melts 
with decomposition about 200°; pH (1 in 100 solution) between 4.5 and 6. 

Solubility—1 g in 500 mL water, 100 mL alcohol, >10,000 mL 
chloroform or >10,000 mL ether. 

Comments—An a antagonist with slight B, activity and nonselec- 
tive vasodilatory action. 


METAPROTERENOL SULFATE 


1,3-Benzenediol, 5-[1-hydroxy-2-[(1-methylethyl)amino]ethyl]-, sulfate 
(2:1) salt; Orciprenaline Sulfate; Alupent; Metaprel 


Hs 
CHCH,NHCH * H2SOq 
‘\ 

CH; 
OH 


HO 5 


3,5-Dihydroxy-a-[(isopropylamino)methyl]benzyl alcohol sulfate (2:1) 
[5874-97-5] (C,,H,,;NO,). - H,SO, (520.59). 
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Preparation—One method involves condensing 2-chloro-3’,5'- 
dihydroxyacetophenone with isopropylamine, reducing the CO group to 
CHOH, and reacting the resulting metaproterenol base with H,SO,. US 
Pat 3,341,594. 

Description—White to off-white, odorless, bitter, crystalline pow- 
der; photosensitive and oxidizes in air; melts about 202°. 

Solubility—Freely soluble in water or alcohol. 

Comments—An orally effective 6, agonist frequently used to treat 
acute exacerbations of asthma. 


NYLIDRIN HYDROCHLORIDE 


Benzeneethanol, 4-hydroxy-a-[1-[(1-methyl-3-phenylpropyl)amino]- 
ethyl]-, hydrochloride 


HO <O)- CH—CHCH, 
meal + HC) 
OH eae 


CHs 


{900-01-6; 849-55-8] C,,H,;NO, - HCl (335.87). 

Preparation—By reacting p-hydroxynorephedrine and benzylace- 
tone in alcohol and catalytically hydrogenating the product. 

Description—White, crystalline powder; odorless; practically 
tasteless. 

Solubility—1 ¢g in about 65 mL water or 40 mL alcohol; very 
slightly soluble in chloroform or ether. 

Comments—Has £, activity more selective for skeletal muscle. It is 
used to treat vascular disease of skeletal muscle with a vasospastic 
component. 


PIRBUTEROL HYDROCHLORIDE 


2,6-Pyridinedimethanol, «°-[[(1,1-dimethylethyl)amino]methyl]- 
3-hydroxy-, hydrochloride; Maxair 


H 


| 
(CH3),CNCH.CH N CH,OH 
aa * 2HCl 
OH 
OH 


[38029-10-6] C,,H.)N.O,°2HCl (313.22); [65652-44-0 (acetate)]. 
C,H. N20 + C,-H,O, (300.35); [38677-82-5(pirbuterol)]. 
Preparation—In a 7-step synthesis from 3-hydroxypyridine; see 
Ger Pat 2,105,464 (CA 77:151974h, 1972). 
Description—(Hydrochloride) White, crystalline powder; melts 
with decomposition about 182°; maximum stability of aqueous solutions 
occurs at pH 1 to 2 (J Pharm Sci 1977; 66:819.) 
Solubility—Soluble in water. 
Comments—A f.-selective bronchodilator. 


RITODRINE HYDROCHLORIDE 


Benzenemethanol, (R*,S*)-4-Hydroxy-a-[1-[[2-4-hydroxyphenyl)- 
ethylJaminoJethyl]-, hydrochloride; Yutopar 


HO (O-G- ice 
AB NHOH:CH:—())—# + HCI 


[23239-51-2] C,,H,,NO, - HCl (323.82). 

Preparation—p-Methoxyphenethyl amine and p-(benzyloxy)-2- 
bromopropiophenone are condensed to form the corresponding second- 
ary amine, which then successively is reduced with hydrogen in the 
presence of palladium, to remove the benzyl group, and HBr, to cleave 
the methoxyl group. Reduction of the carbonyl group, using a palladium 
catalyst, yields the secondary alcohol ritodrine. The base is converted to 
the hydrochloride in the usual fashion. US Pat 3,410,944. 

Description—White, odorless crystals melting with decomposition 
between 196° and 205° 

Solubility—Freely soluble in water. 

Comments—A beta-2 selective drug used only to suppress labor. 


SALMETEROL XINAFOATE 


1,3-Benzenedimethanol, (+)-4-hydroxy-a’-[[[6-(4-phenylbutoxy) 
hexylJamino]-methyl]-, 1-hydroxy-2-naphthalenecarboxylate 
(salt); Serevent 


OH 
‘i COOH 
AO) PO Re) : OO 


HOH ,C 


(94749-08-3] C,,H,,NO, - C,,H,O, (603.76) 


Preparation—See US 4,992,474 (1991). This is a longer-acting 
analog of albuterol (page 1309) with almost 10 times the potency, 
achieved by extending the nonpolar side secondary amine side-chain 
from 3 carbon atoms (albuterol) to 16, which includes an aromatic ring. 

Description—White to off-white powder melting about 138°. 

Solubility—Freely soluble in methanol; slightly soluble in ethanol, 
2-propanol, or chloroform; sparingly soluble in water. 

Comments—A more lipophilic 8, agonist indicated for long-term 
bid maintenance treatment of asthma, it has a duration of action after 
inhalation of 12 hr. 


TERBUTALINE SULFATE 


1,3-Benzenediol, 5-[2-[(1,1-dimethylethyl)amino]-1-hydroxyethyl]-, 
sulfate (2:1) (salt); Brethaire, Brethine; Bricanyl 


bi 
©- GHCH-NHCICH, Ny || 2 laisioy 
OH 


| 
| HO 3 


a-[(tert-Butylamino)methyl]-3,5-dihydroxybenzyl alcohol, sulfate (2:1) 
(salt) [23031-32-5] (C,,H,,NO3). - H,SO, (548.65). 

Preparation—One method involves reduction of 2-(tert-butyl- 
amino)-3’,5'-dihydroxyacetophenone (I) to the carbinol by catalytic hy- 
drogenation, followed by neutralization of the base with H,SO, (Brit 
Pat 1,199,630). Substance I may be prepared by various routes starting 
with 3,5-dihydroxybenzoic acid. 

Description—White to gray-white, crystalline powder; odorless or 
a faint odor of acetic acid; slightly bitter; unstable in light; melts about 
247s; PK 8:83 pK oe LOL: pKa. 

Solubility—1 g in 1.5 mL water or 250 mL alcohol. 

Comments—Recommended, but not labeled, for treating prema- 
ture labor. It is used parenterally for the emergency treatment of status 
asthmaticus. 


MIXED a-6B AGONISTS 


A number of sympathomimetics exert effects on both a and B 
receptors. Therefore, the effects of such agents depend on their 
relative affinities for the different receptors and will, to a great 
extent, be a weighted summation of their actions through the 
different receptors. 


DOBUTAMINE HYDROCHLORIDE 


1,2-Benzenediol, (+)-4-[2-[[3-(4-hydroxyphenyl)- 
1-methylpropyl]aminoJethyl]-, hydrochloride, Dobutrex 


HO 


iy 
HO (CH,)2NH dutch -{C))-0H + HCI 


(+ )-4-[2-[[3-(p-Hydroxyphenyl)-1-methylpropyl]amino]Jethyl]pyro- 
catechol hydrochloride [49745-95-1] C,,H,,NO, - HCl (337.85). 

Preparation—For a summary of a patented process see CA 80: 
14721z, 1974. 

Description—White to off-white powder; melts about 185°; pK, 
(dobutamine) 9.4. 

Solubility—Sparingly soluble in water or methanol; soluble in 
ethanol. 

Comments—A cardioselective sympathomimetic with strong B, ag- 
onist properties and weaker ., and a agonist properties. It is unique in 
that its effects on the heart are to increase the force of contraction 
(positive inotropy) and increase atrioventricular and intraventricular 
conduction without significantly increasing heart rate at therapeutic 
doses. Higher rates of infusion, however, can elicit tachycardia. Blood 
pressure usually is only minimally affected, because of the combined 
B.-mediated vasodilation and a-mediated vasoconstriction. It is the 
preferred treatment in patients with cardiac decompensation after sur- 
gery or with congestive heart failure or acute MI who have only mild- 
to-moderate hypotension. It increases cardiac output, decreases pulmo- 
nary artery wedge pressure, and increases urine output in such 
patients. It also is sometimes used to treat hypovolemic or septic shock 
after volume replacement, although dopamine or norepinephrine are 
preferred for the treatment of shock. Its half-life is 2 min, so it is given 
by continuous IV infusion. 


INDIRECT AGONISTS 


A number of sympathomimetics derive activity from their abil- 
ity to promote the release of norepinephrine from the terminals 
of sympathetic postganglionic neurons or to block the reuptake 
of norepinephrine and epinephrine into the sympathetic nerve 
terminals. Since reuptake is the primary means of terminating 
the action of the catecholamines, blockade of reuptake will 
result in an increase in the intensity and/or duration of the 
response to catecholamines released by sympathetic nerves or 
the adrenal medulla. Although these compounds predomi- 
nately increase the release/concentration of norepinephrine, 
the levels achieved often exceed those seen with normal acti- 
vation of postganglionic neuron stimulation. Therefore, the 
effects of these drugs, although mediated by norepinephrine, 
may include more f, receptor activation than is normally ob- 
served. In addition, the effects of some indirect-acting agonists 
may be greater in particular effector organs, thereby restrict- 
ing the types of effects that may be observed. 


COCAINE HYDROCHLORIDE 


For the full monograph see page 1405. 

Comments—Cocaine blocks the reuptake of released norepineph- 
rine into the nerve terminal, thereby increasing its concentration and 
duration of action. It is recognized most widely for its abuse potential, 
its abuse being related to its ability to increase extraneuronal levels of 
catecholamines in the CNS. However, as a sympathomimetic it often is 
used to produce local hemeostasis and anesthesia during surgery, es- 
pecially of the eye, nose, ear, rectum, and vagina. Whereas the vaso- 
constriction produced by cocaine is related to the activity of the norepi- 
nephrine at a, receptors, the anesthetic properties are unrelated to its 
ability to block the reuptake of norepinephrine. Many of the adverse 
effects of cocaine administration, such as tachycardia and hypertension, 
are secondary to enhanced sympathetic nervous system activity. 


DIPIVEFRIN HYDROCHLORIDE 


Propanoic Acid, (+)-2,2-dimethyl-, 4-[1-hydroxy-2-(methylamino)- 
ethyl]-1,2-phenylene ester, hydrochloride; Propine 


(CHy)3CCOO © Ceres + HCI 


OH 
(CHs)3CCOO 


{64019-93-8] C,,H.,NO, - HCl (387.90). 

Preparation—By esterification of epinephrine under mildly basic 
conditions, with pivaloyl chloride (trimethylacetyl chloride); US Pat 
4,085,270. 

Description—White crystals melting about 158°. 

Solubility—Soluble in water or alcohol. 

Comments—A prodrug converted to epinephrine, used topically for 
open-angle glaucoma. 


EPHEDRINE SULFATE 


Benzenemethanol, [R-(R*,S*)]-a-[1-(methylamino)ethyl]-, 
sulfate (2:1) (salt) 


OH NHCH, 
Opeos » HpS0, 
2 


ah ak 


(—)-Ephedrine sulfate (2:1) (salt) [134-72-5] (C,,H,,NO). - H,SO, 
(428.54). 

Preparation—First obtained by Nagai in 1887 from a Chinese 
herb, ma huang, ephedrine is related structurally to epinephrine. 
Ephedrine may be obtained by alkalinizing powdered ma huang with 
milk of lime or sodium carbonate solution, and extracting the base with 
alcohol or benzene. It is now, however, almost exclusively produced by 
synthetic methods. The most economic process (Neuberg) for synthetic 
production commences with fermentation of a mixture of benzaldehyde 
and molasses to form the ketoalcohol, C,H;CH(OH)COCHsg, which is 
hydrogenated in a methylamine solution. The keto group is thereby 
reduced to —CHOH-—,, which condenses with the methylamine. 

Description—Fine, white, odorless crystals or a powder; affected 
by light; aqueous solution practically neutral to litmus; rotation —30.5° 
to —32.5°. 
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Solubility—1 g in about 1.3 mL water or about 90 mL alcohol: 
insoluble in ether. 

Incompatibilities—See Ephedrine Hydrochloride. 

Comments—Acts as a direct and indirect agonist (ie, releases nor- 
epinephrine). It has CNS stimulatory actions and is used mainly in 
OTC cold, allergy, and asthma remedies. 


EPINEPHRINE 


1,2-Benzenediol, (R)-4-[1-hydroxy-2-(methylamino)ethyl], 
Adrenaline; Suprarenalin; Nephridine; Adrenalin 


OH 


oO) oor 
H 


HO 


(—)-3,4-Dihydroxy-a-[(methylamino)methyl]benzyl alcohol [51-43-4] 
CyH,,NO, (183.21). 

Preparation—By several processes; one of these starts with 
catechol (1,2-dihydroxybenzene), which is converted successively to 
(chloroacetyl)catechol with chloroacetyl chloride, then to (methyl- 
aminoacetyl)-catechol with methylamine, and to racemic epineph- 
rine by hydrogenation. The racemic form is resolved with p-tartaric 
acid. 

Description—White to nearly white, microcrystalline, odorless 
powder, gradually darkening on exposure to light and air; conbines with 
acids, forming salts that are readily soluble in water, and from these 
solutions the base may be precipitated by ammonia water or by alkali 
carbonates; solutions are alkaline to litmus; pK, (apparent) 5.5. 

Solubility—Very slightly soluble in water or alcohol; insoluble in 
ether, chloroform, or fixed or volatile oils. 

Incompatibilities—Solutions usually are prepared with the aid of 
HCl, and an acid reaction is essential to the stability of such solutions 
not only because of possible precipitation but also because of the pos- 
sibility of rapid oxidation to inert products. Oxidation generally is 
evidenced by development of a pink to brown color. Air, light, heat, and 
alkalies promote deterioration. Solutions buffered to a pH of 4.2 and 
containing a suitable antioxidant such as 0.1% sodium metabisulfite are 
stable for prolonged periods of time if protected from light, heat, and 
undue exposure to air. Metals, notable copper, tron and zinc, destroy its 
activity. 

Comments—The major endogenous catecholamine released from 
the adrenal medulla in response to sympathetic nervous system acti- 
vation. It acts on all a and £ receptors, although the affinity of B 
receptors for epinephrine is higher than the affinity of a receptors for 
epinephrine. Consequently, with low doses and slow rates of infusion, 
epinephrine can decrease diastolic blood pressure because of B, recep- 
tor—mediated vasodilation and increase heart rate through activation of 
B, receptors. Systolic blood pressure may be increased because of in- 
creased cardiac output. With increasing doses, a,-mediated vasocon- 
striction rapidly appears, with a resultant net increase in vascular 
resistance and blood pressure. It is the treatment of choice for severe 
allergic reactions such as anaphylactic shock and angioneurotic edema. 
It also is the treatment of choice for the parenteral management of 
severe acute asthma attacks. In advanced life-support settings, it is 
used in the restoration of cardiac function in patients with cardiac 
arrest, as it is of benefit in restoring electrical activity in patients with 
asystole and in enhancing the effects of defibrillation. It often is com- 
bined with a local anesthetic to reduce blood flow to the region, thereby 
retarding absorption of the anesthetic and prolonging its duration of 
action. In the past it also has been used for the treatment of open-angle 
glaucoma, for preventing preterm labor, as a mydriatic, and as a de- 
congestant. However, its use for these conditions has been largely 
supplanted by other, more selective compounds. 

It may cause severe cardiovascular side effects due to excessive a 
and receptor stimulation. Its use is contraindicated in patients taking 
B-blockers, as the unopposed stimulation of a receptors can precipitate 
a hypertensive crisis. It should be used with caution (as should all 
catecholamines) in patients receiving halogenated hydrocarbon anes- 
thetics that sensitize the heart to the stimulatory effects of cat- 
echolamines, as well as in patients with cardiovascular disease, hyper- 
tension, diabetes, or hyperthyroidism. It should be administered 
cautiously to patients on tricyclic antidepressants, as it is cleared from 
the bloodstream by the high-affinity transporter that is blocked by 
tricyclic antidepressants. 
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EPINEPHRINE BITARTRATE 


1,2-Benzenediol, (R)-4-[1-hydroxy-2-(methylamino)ethyl]-, 
[R-(R*,R)]-2,3-dihydroxybutanedioate (1:1) (salt); 
Adrenaline Bitartrate BP 
(—) 3,4-Dihydroxy-a-[(methylamino)methyl]benzyl alcohol (+)-tartrate 
(1:1) salt [51-42-3] C,H,,NO, - C,H,O, (333.29). 
For the structure of the base, see Epinephrine. 
Preparation—By reacting epinephrine with an equimolar portion 
of tartaric acid and precipitating by the addition of alcohol. 
Description—White, grayish white, or light brownish gray crystal- 
line powder; odorless; slowly darkens on exposure to air and light; 
melting range 147° to 152° with decomposition; pH (1% solution) 3.5. 
Solubility—1 g in about 3 mL water or about 500 mL alcohol; 
practically insoluble in chloroform or ether. 
Comments—see Epinephrine. 


ETHYLNOREPINEPHRINE HYDROCHLORIDE 


1,2-Benzenediol, 4-(2-amino-1-hydroxybutyl)-, hydrochloride; 
Bronkephrine 


SOA oS we 


HO 


(3198-07-0] C,,H,;NO, - HCl (233.70). 
Preparation—By the procedure for norepinephrine (this page), 
using ethyl amine in place of methyl amine. 
Description—Crystalline substance; decomposes about 200°. 
Darkens on exposure to light. 
Solubility—Soluble in water. 
Comments—An a, f,, and B, agonist used as a bronchodilator. 


HYDROXYAMPHETAMINE HYDROBROMIDE 
Phenol, 4-(2-aminopropyl)-, hydrobromide; Paredrine 


10-{O)-o- orn, + HBr 


CH3 


(+ )-p-(2-Aminopropyl)phenol hydrobromide [306-21-8] C,H,,-NO - HBr 
(232,12). 

Preparation—Among other methods, by reducing p-methoxybenzyl 
methyl] ketoxime followed by hydrolysis of the methoxy group with mineral 
acids. The free base then may be liberated with alkali and, after extraction, 
be converted into the salt by treatment with hydrobromic acid. 

Description—White, crystalline powder; solutions are slightly acid 
to litmus, having a pH of about 5; melting range 180° to 192°. 

Solubility—1 g in about 1 mL water or about 2.5 mL alcohol; 
slightly soluble in chloroform; insoluble in ether. 

Comments—Used topically as a mydriatic and vasoconstrictor in 
the eye. It has much less ability to penetrate the blood-brain barrier 
and, therefore, has fewer CNS side effects than other amphetamines. In 
addition, it does not cause vasoconstriction when injected intradermally 
and has minimal effects on the bronchioles and gastrointestinal (GI) 
system. 

Most other indirect agonists, such as the amphetamines, methyl- 
phenidate, and pemoline, are useful for their CNS effects, as opposed to 
their sympathomimetic effects. The CNS effects are covered in Chapter 
85. However, the peripheral side effects of these agents are largely 
predictable and interpretable in light of their ability to increase nor- 
epinephrine release in the sympathetic nervous system. 


NOREPINEPHRINE BITARTRATE 


1,2-Benzenediol, 4-(2-amino-1-hydroxyethyl)-, (R)-[R-(R*,R*)]-2,3- 
dihydroxybutanedioate (1:1) (salt), monohydrate; Levarterenol 
Bitartrate; Noradrenaline Acid Tartrate; Levophed Bitartrate 


COOH 
OH : 
: H—C—OH 
HO C—CH,NH, ! * H30 
i HO—C—H 
H 
OH COOH 


(—)-a-(Aminomethyl)-3,4-dihydroxybenzyl alcohol tartrate (1:1) (salt) 
monohydrate [69815-49-2] C,H,,NO, -C,H,O,:-H,O (337.28); anhy- 
drous [51-40-1] (319.27). 

Preparation—By the synthetic procedure given for Epinephrine 
(page 1311), using ammonia in place of methylamine; the base is then 
converted to the bitartrate and resolved. 


Description—White or faintly gray, crystalline powder; odorless; 
slowly darkens on exposure to air and light; solutions are acid to litmus, 
with a pH of about 3.5; melts, without previous drying, between 98° and 
104° to form a turbid melt. 

Solubility—1 g in about 2.5 mL water or about 300 mL alcohol; 
practically insoluble in chloroform or ether. 

Comments—An a and £, agonist with relatively low affinity for B,. 
It is an endogenous transmitter at sympathetic nerve terminals. Its 
main use is in treating shock after volume restoration. 


PHENYLPROPANOLAMINE HYDROCHLORIDE 


(+)-Benzenemethanol, (R*,S*)-a-(1-aminoethyl)-, hydrochloride 


Op-grrginers * HC) 


OH NH, 


(+)-Norephedrine hydrochloride [154-41-6] C,H,,NO - HCl (187.67). 

Preparation—By reacting benzaldehyde with nitroethane to form 
a-(1-nitroethyl)benzyl alcohol and then reducing this nitroalcohol to the 
corresponding amino compound, which is then converted to the hydro- 
chloride. US Pat 2,151,517. For an improved industrial process, see US 
Pat 3,028,429. 

Description—White, crystalline powder with a slight aromatic 
odor; affected by light; melts between 191° and 196°; pH (3 in 100 
solution) between 4.2 and 5.5; pK,, (0.10) 9.04; pK, (0.005) 9.06. 

Solubility—1 g in 1.1 mL water, 7.4 mL alcohol or 4100 mL chlo- 
roform; insoluble in ether. 

Comments—A nasopharyngeal and bronchial decongestant. It also 
is used to treat urinary incontinence and retrograde ejaculation. 


PROPYLHEXEDRINE 


Cyclohexaneethanamine, (+)-N,a-dimethyl-, Benzedrex; Dristan 


(> CH »CHNHCH 3 
i 


CH; 


(+)-N-a-Dimethylcyclohexaneethylamine [101-40-6] C,,H.,N (155.28). 

Preparation—As described in US Pat 2,454,746, a solution of 
cyclohexylacetone in formic acid is reacted with N-methylformamide by 
heating for 4 hr at 160° to 180°. The resulting formyl derivative of 
propylhexedrine then is hydrolyzed by refluxing with 50% H,SO,, and 
the hydrolysate is extracted with ether to remove acid-insoluble mate- 
rial. The aqueous solution then is rendered strongly alkaline with 
NaOH, and the propylhexedrine is extracted with ether and purified by 
distillation under reduced pressure. 

Description—Clear, colorless liquid, with a characteristic, amine- 
like odor; volatilizes slowly at room temperature; solutions are alkaline 
to litmus; absorbs CO, from the air; specific gravity 0.848 to 0.852; boils 
about 205°. 

Solubility—1 g in >500 mL water, 0.4 mL alcohol, 0.2 mL chloro- 
form, or 0.1 mL ether. 

Comments—A nasal decongestant with no CNS effects. 


PSEUDOEPHEDRINE HYDROCHLORIDE 


Benzenemethanol, [S-(R*,R*)]-a-[1-(methylamino)ethyl]-, 
hydrochloride; d-Ilsoephedrine Hydrochloride 


Hl NHCHS 
¢—C—CH, + HCI 


OH H 


(+)-Pseudoephedrine hydrochloride [345-78-8] C,,H,;NO - HCl (201.70). 

Preparation—(—)-Ephedrine hydrochloride is acetylated to pro- 
duce (+)-N-acetylpseudoephedrine hydrochloride, which is then deace- 
tylated to yield the official article. Ephedrine and pseudoephedrine are 
diastereoisomers, the former having the erythro and the latter the threo 
configuration. 

Description—Fine, white to off-white crystals or powder with a 
faint, characteristic odor; melts between 182° and 186°; pH (1 in 20 
solution) between 4.6 and 6. 

Solubility—1 g in 0.5 mL water, 3.6 mL alcohol, 91 mL chloroform, 
or 7000 mL ether. 

Comments—A nasal and ocular decongestant with weaker cardio- 
vascular and CNS effects than ephedrine. 


DOPAMINE DRUGS 


Dopamine and fenoldopam mesylate are the only two dopamine 
agonists currently used clinically for their peripheral, sympa- 
thomimetic effects. 


DOPAMINE HYDROCHLORIDE 


1,2-Benzenediol, 4-(2-aminoethyl)-, hydrochloride; Dopastat; 
Intropin 


HO 


oO) CHpCHyNHp * HCl 


3,4-Dihydroxyphenethylamine hydrochloride [62-31-7] C,H,,NO, - HCl 
(189.64). 

Preparation—Dopamine, which is 3-hydroxytyramine, may be 
prepared from tyramine by successive nitration to 3-nitrotyramine, 
reduction to 3-aminotyramine by catalytic hydrogenation and diazoti- 
zation to 3-hydroxytyramine. 

Description—White, crystalline powder; decomposes about 241°; 
to avoid oxidation of the hydrochloride injection, the air in containers is 
replaced with nitrogen; yellow or brown discoloration of solutions indi- 
cates decomposition of the drug, and such solutions should not be used. 

Solubility—Freely soluble in water; soluble in alcohol; practically 
insoluble in chloroform or ether. 

Comments—Acts on dopamine and a and £ receptors to exert its 
sympathomimetic effects. Its affinity for the different receptor classes is 
dopamine > f£ > a. It increases heart rate and contractility and, there- 
fore, cardiac output by stimulating B receptors in the heart. Dopamine 
activation of a receptors produces vasoconstriction, whereas its D1 
dopamine receptors in renal, splanchnic, coronary, and cerebral vascu- 
lar beds produce vasodilation. Theoretically then, dopamine increases 
blood pressure while maintaining perfusion of these vital organs. Al- 
though this characteristic of dopamine has been cited as a rationale for 
its preferred use in the treatment of shock, the extent to which it is 
therapeutically superior to other vasoconstrictors, such as norepineph- 
rine, remains controversial. Stimulation of D1 dopamine receptors in 
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the kidney inhibits the reabsorption of sodium and water, resulting in 
natriuresis and diuresis. Because of these properties, dopamine is used 
in the treatment of heart failure associated with cardiac decompensa- 
tion after heart surgery, congestive heart failure, or MI when there is 
significant hypotension (ie, cardiogenic shock). Dopamine also is used in 
the treatment of septic shock and other types of shock to restore blood 
pressure after volume replacement. 

The side effects associated with administration are related to exces- 
sive B-mediated stimulation of the heart and a-mediated vasoconstric- 
tion. It is contraindicated in patients with pheochromocytomas, in pa- 
tients with uncorrected tachyarrhythmias or ventricular fibrillation, 
and in patients on MAO inhibitors or tricyclic antidepressants. 


FENOLDAPAM MESYLATE 


1H-3-Benzazepine-7,8-diol, 6-chloro-2,3,4,5-tetrahydro-1-(4-hydroxy- 
phenyl)-, methanesulfonate (salt); Corlopam 


C) 


CH3SO3H 


OH 


(67277-57-0] C,,H,,CINO, - CH,0.,5 (401.86) 

Preparation—Reduction of 3,4-dimethoxyphenylacetonitrile af- 
fords the corresponding amine, which is treated with 2-(4-methoxy- 
phenyl)oxirane, opening the ethylene oxide ring through nucleophilic 
attack to form 2-[2-(3,4-dimethoxyphenylethylamino)]-1(4-methoxyphe- 
nyljethanol. With strong acid this latter compound yields the tri- 
methoxylated benzazepine ring structure; this is demethylated with 
BBr, to the trihydroxy derivative, oxidized to the orthoquinone, and 
treated with 9N HCl to form the basic product. 

Description—Melts about 274° with decomposition. 

Comments—A selective D1 agonist used for the IV management of 
severe malignant hypertension in a hospital setting. 


Cholinomimetic Drugs 


Donald N Franz, PhD 

Professor of Pharmacology and Toxicology 
School of Medicine 

University of Utah 

Salt Lake City, UT 84108 


CHAPTER #4 


The terms cholinomimetic (cholinergic) and parasympathomi- 
metic are not equivalent, but they are treated sometimes erro- 
neously as synonyms. It will be recalled (see General State- 
ment on Autonomic Nervous System and Autonomic Drugs, 
page 1305) that acetylcholine is liberated not only at parasym- 
pathetic postganglionic nerve endings but also at all autonomic 
preganglionic nerve endings, at somatic motor nerve endings, 
and at certain central synapses. Thus, a cholinomimetic can be 
a ganglionic or neuromuscular stimulant (ie, can be nicotinic; 
see Nicotine, page 1316), possibly even a centrally acting drug, 
with or without also being a parasympathomimetic. A para- 
sympathomimetic drug is literally an agent whose cholinomi- 
metic action is limited to the parasympathetic neuroeffectors 
(ie, it is muscarinic). Some muscarinic substances also possess 
varying degrees of action on autonomic ganglia and neuromus- 
cular junctions (ie, nicotinic actions). Even methacholine, 
which generally is held to be only muscarinic, exerts nicotinic 
actions on the neuromuscular junction in myasthenia gravis or 
on the adrenal medullary tumors in pheochromocytoma. There 
are muscarinic receptors in autonomic ganglia, but their nor- 
mal function is elusive and complex. Most sweat glands are 
innervated by postganglionic parasympathetic neurons that 
originate in sympathetic ganglia and are activated by spinal 
neurons that are anatomically sympathetic. The sweat gland 
receptors are therefore muscarinic. 

Acetylcholine is hydrolyzed to choline and acetic acid by 
various isoenzymes called acetylcholinesterases at or near the 
site of liberation of the neurohumor. Similar specific and non- 
specific esterases also are present in plasma, erythrocytes and 
other tissues. Drugs that inhibit these enzymes prolong the life 
of acetylcholine at the cholinergic neuroeffectors and synapses 
and thereby facilitate the normal transmission of cholinergic 
nervous impulses. Although this action of anticholinesterases 
is one of support rather than mimicry of acetylcholine, the 
anticholinesterases generally are classified loosely as cholino- 
mimetics. Therefore, they also are included in this chapter. The 
section on Anticholinesterases begins on page 1317. 


CHOLINOMIMETICS 


Except for nicotine, therapeutic cholinomimetic drugs are used 
for their muscarinic actions. Muscarinic drugs dilate nearly all 
blood vessels, except that they constrict certain veins. Although 
the receptors are on the smooth myocytes, there is no direct 
coupling to the cell interior; rather, the receptors activate en- 
dothelial cells that, in turn, release endothelium-derived relax- 
ing factor (EDRF) now known to be nitric oxide (NO), which 
elicits smooth muscle relaxation by activation of guanyl cyclase 
to increase cyclic GMP in smooth muscle. In high doses they 
may decrease heart rate and atrioventricular conduction veloc- 
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ity and cause varying degrees of heart block; they also may 
decrease the strength of atrial, but not ventricular, contrac- 
tions. However, in therapeutic doses, usually only vasodilata- 
tion occurs, and the heart rate and contractility actually may 
increase because of sympathetically mediated reflexes to the 
hypotension caused by vasodilatation. The muscarinic drugs 
stimulate gastrointestinal (GI) smooth muscle and increase 
peristalsis, thus decreasing bowel transit time and promoting 
defecation; in high doses, bowel and sphincter spasms can 
occur. The lower esophageal sphincter also is stimulated. There 
also are muscarinic actions to contract the smooth muscle of 
the detrusor muscle of the urinary bladder but relax that of the 
trigone sphincter, thus causing urination. The bronchial 
smooth muscle is contracted, and bronchospasm may result. 
Stimulation of the sphincter of the iris causes miosis (pupillo- 
constriction); stimulation of the ciliary muscle causes ciliary 
spasm and a decrease in intraocular tension in glaucoma. Mi- 
osis and ciliary spasm usually do not occur after systemic 
administration, since the muscarinic drugs penetrate poorly 
into the eye from the bloodstream; topical or intraocular ad- 
ministration is employed to achieve therapeutic miosis. Most 
exocrine glands are stimulated; thus, excessive salivation, rhi- 
norrhea, bronchorrhea (and mucous plugs), increased gastric 
and pancreatic secretions, and copious sweating may be 
elicited. 

All muscarinic drugs have some degree of nicotinic activity, 
although some may be considered devoid of such activity for 
practical purposes. Even with those that have relatively strong 
nicotinic activity, such as acetylcholine (the natural nicotinic 
neurotransmitter), nicotinic effects, such as neuromuscular 
stimulation and paralysis and sympathoadrenal discharge, 
usually are manifested only in highly toxic doses; however, in 
therapeutic doses, carbachol appears to exert some nicotinic 
actions at mural ganglia in the gut and perhaps at sacral 
parasympathetic ganglia. 

USES—tThe miotic and ciliary spastic effects are used in the 
topical treatment of open-angle, acute congestive, and narrow- 
angle glaucoma, prior to or during intraocular surgery, such as 
cataract surgery (after the lens is delivered), iridectomy, pen- 
etrating keratoplasty, and other anterior segment surgery; 
they also are used in alternation with mydriatic drugs to break 
adhesions between the iris and the lens. They are used occa- 
sionally in the treatment of accommodative strabismus. Mus- 
carinic drugs may be used to antagonize mydriatics. 

In gastroenterology certain muscarinic drugs are used in 
the treatment of atonic constipation, congenital megacolon 
(Hirschsprung’s disease), postoperative and postpartum ady- 
namic intestinal ileus, and postvagotomy gastric atony. They 
also are used occasionally to stimulate pancreatic secretion in 
tests of pancreatic function. In genitourinary practice musca- 
rinic drugs may be used to treat functional urinary retention. 
Their principal cardiovascular use is for the diagnosis and 


attempted arrest of paroxysmal atrial tachycardia; even 
though therapeutic doses usually do not depress the normal 
functions of the heart, they often do induce a conduction block 
in the aberrant conduction pathway within the atrioventricular 
node that permits this reentrant arrhythmia to occur. Vaso- 
spastic peripheral vascular disorders, such as accompany 
Raynaud’s disease and cold exposure or frostbite, have been 
treated successfully with these agents, but superior drugs are 
available. This is also true of their use to increase cutaneous 
blood flow in scleroderma. Muscarinic drugs are not useful in 
the management of occlusive vascular diseases. 

In pulmonary practice methacholine is used as a diagnostic 
agent for asthma, the asthmatic patient being ultrasensitive to 
the bronchoconstricting effects. 

ADVERSE EFFECTS—tThe adverse effects of muscarinic 
drugs are simply extensions of their pharmacodynamic actions. 
Thus, excessive salivary, nasopharyngeal, and bronchial secre- 
tions and bronchospasm are not only uncomfortable but may be 
life-threatening by way of impeding the movement of air to and 
from the lungs. Excessive sweating may cause discomfort, af- 
fect the clothing, and interfere with body temperature control. 
In low doses, vasodilatation mainly may be confined to the skin, 
causing flushing and prickly or burning sensations. Moderate 
to high doses may cause moderate-to-severe hypotension, lead- 
ing to syncope and even shock. Excessive doses may cause 
severe bradycardia, even cardiac arrest, and atrioventricular 
conduction disturbances, especially heart block. Furthermore, 
reflex sympathoadrenal discharge coupled with direct musca- 
rinic effects on conduction sets the stage for serious cardiac 
arrhythmias. GI adverse effects include epigastric distress, 
belching, diarrhea, involuntary defecation, nausea and vomit- 
ing (partly as the result of hypotension), and colic. There also 
may be a feeling of tightness in the urinary bladder, urinary 
frequency, and enuresis. 

Topical muscarinic drugs applied to the conjunctiva or in- 
traocularly may interfere with near vision (accommodative my- 
opia) and cause blurred vision, ocular pain, browache, head- 
ache, ciliary and conjunctival congestion, twitching of the 
eyelids, and decreased vision in poor light. After conjunctival 
application, there may be enough local absorption and nasolac- 
rimal drainage into the bloodstream to produce systemic side 
effects. 

PRECAUTIONS AND CONTRAINDICATIONS—Mus- 
carinic drugs should be used cautiously in patients with hyper- 
tension, especially those under treatment with antihyperten- 
sive drugs, and when there is arteriosclerosis (since reflex 
adjustments to the hypotensive effects may be impaired). Sys- 
temic muscarinic drugs are contraindicated in the presence of 
atrioventricular conduction defects, coronary insufficiency, 
pheochromocytoma (catecholamine release and hypertensive 
crisis may be initiated), hyperthyroidism (atrial fibrillation 
may result), asthma, and peptic ulcer. Even in ophthalmologi- 
cal use, care must be exercised in these conditions. After instil- 
lation of solutions into the conjunctival sac, the nasolacrimal 
duct should be occluded by digital pressure to minimize drain- 
age and oral absorption. 

Atropine should be at hand, in case serious side effects 
occur. The muscarinic (parasympathomimetic) actions can be 
blocked by atropine and its congeners, which serve as antidotes 
to overdosage, and the ganglionic and neuromuscular (nico- 
tinic) stimulant actions can be antagonized, respectively, by 
ganglionic blocking and neuromuscular blocking agents. 


ACETYLCHOLINE CHLORIDE 


Ethanaminium,2-(acetyloxy)-N,N,N-trimethyl-, chloride; Miochol 
CH,CO(CH,).N * (CH;),Cl — 


Choline chloride acetate [60-31-1] CH,,CINO, (181.66). 
Preparation—Trimethylamine is reacted with 2-chloroethy]l ace- 

tate as described in Bull Soc Chim France 1914; 15(4): 544. 
Description—Hygroscopic, crystalline powder. 
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Solubility—Very soluble in cold water or alcohol; decomposed by 
hot water or alkalies; practically insoluble in ether. 

Comments—Principally a topical ophthalmological drug to induce 
miosis during certain intraocular surgical procedures, such as cataract 
surgery (after the lens is delivered), iridectomy, penetrating kerato- 
plasty, and other anterior segment surgery. It is given as an irrigant 
into the anterior chamber. When applied to the intact cornea, acetyl- 
choline penetrates too poorly to be a clinically useful miotic. 

Because of the rapidity by which acetylcholine is destroyed by ace- 
tylcholinesterase, it has no systemic uses; even huge doses rarely cause 
death. When death occurs it is usually a hypoxic death from mucous 
plugs in the bronchial tree or a cardiac death from fibrillation caused by 
the combination of cholinergic and reflex sympathoadrenal stimulation. 


BETHANECHOL CHLORIDE 


1-Propanaminium,2-[(aminocarbonyl)oxy]-N,N,N-trimethyl-, chloride; 
Duvoid; Urebeth; Urecholine Chloride 


| CHsCHCHN'ICHs)s 
Ie 
OCONH, 


(2-Hydroxypropyl)trimethylammonium chloride carbamate [590-63-6] 
C,H,7CIN.O, (196.68). 

Preparation—By treating propylene chlorohydrin with phosgene, 
reacting the condensation product (2-chloro-1-methylethyl chlorofor- 
mate) with ammonia in ether solution, and heating the resulting ure- 
than with trimethylamine. 

Description—Colorless or white crystals or a white crystalline 
powder, usually having a slight, amine-like odor; slightly hygroscopic; 
pH (1% solution) between 5.5 and 6.5; exhibits polymorphism (one form 
melts about 211° and the other about 219°). 

Solubility—1 g in 0.6 mL water or 13 mL alcohol; less soluble in 
dehydrated alcohol; insoluble in chloroform or ether. 

Comments—Has somewhat stronger muscarinic activity for the GI 
and urinary tracts than for the cardiovascular system and hence is 
employed systemically only for the gastroenterological and genitouri- 
nary uses indicated in the general statement. See the general statement 
for adverse effects, precautions, and contraindications. Bethanechol 
chloride is not hydrolyzed by the cholinesterases, and it has a relatively 
prolonged duration of action. 

Bethanechol chloride is supplied for subcutaneous and for oral ad- 
ministration. It should be taken on an empty stomach. It should not be 
administered by the intravenous or intramuscular route. Even with 
subcutaneous administration, adverse systemic effects may occur. 


CARBACHOL 


Ethanaminium, 2-[(aminocarbonyl)oxy]-N,N,N-trimethyl-, 
chloride; Miostat 
(NH,COOCH,CH,N '(CH3)3]Cl- 
Choline chloride, carbamate [51-83-2] (182.65). 

Preparation—By reaction of ethylene chlorohydrin with phosgene, 
the resulting chloroethyl chloroformate is treated with ammonia to 
produce chloroethyl urethan, which yields carbachol when reacted with 
aqueous trimethylamine. 

Description—White or faintly yellow crystals or crystalline pow- 
der; odorless or with a slight amine-like odor; hygroscopic; melts be- 
tween 200° and 204°; pK, 4.8. 

Solubility—1 g in about 1 mL water or 50 mL alcohol; practically 
insoluble in chloroform or ether. 

Comments—Currently, carbachol is used in ophthalmology, 
mainly for the treatment of narrow-angle glaucoma and to induce 
miosis prior to ocular surgery. It is not hydrolyzed by cholinesterase and 
hence has a longer duration of action than acetylcholine. See the gen- 
eral statement for actions, adverse effects, and contraindications. 


METHACHOLINE CHLORIDE 


Propanaminium, 2-(acetyloxy)-N,N,N-trimethyl-, 
chloride; Provocholine 
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(2-Hydroxypropyl)trimethyl ammonium chloride acetate [62-51-1] 
C,H, ,CINO, (195.69). 
Preparation—From trimethylacetonylammonium chloride by re- 
duction followed by acetylation. (US Pat 2,040,145). 
Description—Highly deliquescent; faint, fishy odor; aqueous solu- 
tions are neutral and stable for only short periods even when refriger- 
ated; alkaline excipients promote degradation. 
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Solubility—Freely soluble in water, alcohol, or chloroform. 

Comments—A selective muscarinic agent. However, weak nico- 
tinic actions are manifested at the neuromuscular junction in myas- 
thenic persons and at adrenal medullary tumors in pheochromocytoma. 
Presently, it is marketed only for the diagnosis of bronchial asthma. 
Persons with asthma are much more sensitive to the bronchoconstrictor 
actions than are normal persons. A positive test result is a 20% or 
greater decrease in the forced expiratory volume. However, there is a 
tendency toward false positives among nonasthmatic smokers and rel- 
atives of asthmatics; there is also a small percentage of false negatives. 
Hypertensives are excessively sensitive to the hypotensive effects, but 
persons with pheochromocytoma respond with an acute hypertension. 
Adverse effects of the inhaled drug are syncope and cardiac arrest, for 
which 0.5 to 1 mg of atropine is given. There is a rare incidence of 
vertigo, throat irritation, and itching. Methacholine is contraindicated 
in the presence of $-adrenoreceptor-blocking drugs. Cromolyn may at- 
tenuate the bronchoconstrictor response. 


NICOTINE 
Pyridine, 3-(1-methyl-2-pyrrolidinyl)- 


[54-11-5] C,,H,,N. (162-23). An alkaloid from Nicotiana tabacum or N 
rustica. 

Preparation—Commercially, it is a byproduct of the tobacco indus- 
try where it occurs to the extent of 2 to 8%. It is extracted from waste 
tobacco with organic solvents and purified through the zinc chloride 
double salt. 

Description—Poisonous, oily liquid; unpleasant tobacco-like odor; 
burning taste; strongly alkaline reaction; pK, 6.16; pK, 10.96 at 15°. 

Solubility—Soluble in water, alcohol, chloroform, and most com- 
mon organic solvents. 

Comments—Nicotine is the prototype of cholinomimetics of the 
so-called nicotinic type. Because it was used by early investigators to 
determine both cholinomimetic agonist and antagonist actions at the 
ganglia, at the adrenal medulla, and at the neuromuscular junction, the 
cholinergic receptors at these sites are designated as the nicotinic 
subtypes. The action of nicotine in the body is characterized by a 
primary transient stimulation followed by a persistent depression of all 
sympathetic and parasympathetic ganglia. The actions are explained by 
a common mechanism, namely, that of depolarization of the postsyn- 
aptic membrane. During the onset of depolarization, nerve action po- 
tentials are generated. Once the postsynaptic membrane becomes fully 
depolarized, further action potentials cannot be initiated, since they 
require a polarized postsynaptic membrane at their outset. Thus, a 
block of synaptic transmission results from the persisting depolariza- 
tion induced by nicotine. Even after the membrane potential is restored, 
the block may persist. The synaptic stimulatory and depressant effects 
of nicotine cannot be overcome by atropine. 

Nicotine likewise stimulates then paralyzes skeletal muscles and 
thus induces a succinylcholine-like action, which is the major reason for 
the toxic effect of the alkaloid on respiration. However, nicotine is more 
active on ganglia than on skeletal muscles, whereas the reverse is true 
of succinylcholine. In addition to the above well-established actions, 
nicotine also first stimulates then depresses the central nervous system 
(CNS). 

Cardiovascular effects of nicotine are hypertension (which may tend 
to shift to hypotension with time), a smearing of circadian cardiovas- 
cular rhythms, tachycardia, a positive inotropic effect (only a part of 
which can be explained by an effect on nicotinic receptors), and, in large 
doses, a variety of abnormal electrocardiographic effects. The relation- 
ship of these effects to the cardiomyopathy of smoking is unknown. 
Nicotine does not appear to elevate blood-lipid levels, so its relationship 
to smoking-aggravated coronary artery disease is unknown. 

The CNS effects of nicotine probably are the most important to the 
initiation and maintenance of the smoking habit. Nicotine is a CNS 
stimulant that resembles psychomotor stimulants, and it may induce 
subtle, complex changes in behavior. Although it is often dysphoric in 
the naive user, it is euphorigenic in tobacco habitues. It increases 
alertness and attention and, consequently, may improve memory some- 
what. It decreases irritability and appetite. Deep tendon reflexes and 
skeletal muscle tone are diminished, which may contribute to a feeling 
of relaxation. However, it also may induce skeletal muscle tremor and 
even cause convulsions in large doses. Death may be either consequent 
to convulsions or respiratory arrest as the result of CNS depression and 
skeletal muscle paralysis. The adult lethal dose is 40 to 60 mg. Even low 


doses may cause nausea and.vomiting by actions at the chemoreceptor 
trigger zone and the vomiting center in the medulla oblongata. The CNS 
actions result from a combination of the stimulation of nicotinic and 
dopaminergic receptors, blockade of some central cholinergic synapses, 
inhibition of choline acetylase, and release of acetylcholine, dopamine, 
norepinephrine, and serotonin. Nicotine also causes the release of sev- 
eral hormones, to which some effects are secondary. 

Nicotine is metabolized to cotinine in the liver. The plasma half-life 
is about 2 hr. Nicotine, along with various other constituents of tobacco 
smoke, induces various hepatic microsomal enzymes in both phase 1 
and phase 2 metabolism. Estrogen elimination is accelerated and may 
cause menopausal-like consequences. Nicotine also increases the elim- 
ination of hydrocortisone, which is counterbalanced by greater release 
of the hormone from the adrenal cortex because of enhanced ACTH 
release. The metabolism of caffeine, theophylline, imipramine, penta- 
zocine, propranolol, propoxyphene, mexiletine, and probably numerous 
other drugs is accelerated. 

Although nicotine has never been used as a therapeutic agent, in 
recent years nicotine gum and transdermal nicotine patches have been 
introduced to suppress withdrawal symptoms in chronic tobacco users 
who are trying to quit. The strategy is to substitute nicotine for that 
previously obtained from tobacco and then to taper the dose over a 
period of weeks until tobacco dependency subsides. 

In nicotine gum, nicotine is complexed with a polyacrylic resin. 
Release from the resin is slow, so that euphorigenesis is less apparent. 
Nevertheless, nicotine dependence is maintained. Adverse effects from 
the nicotine content include (in decreasing order of incidence) nausea 
and vomiting, eructations, vertigo, sialorrhea, headache, and irritabil- 
ity. Effects from constant chewing are oropharyngeal soreness and jaw 
muscle ache. Each stick contains 2 or 4 mg of nicotine; it should be 
chewed for 20 to 30 min, during which time about 90% of the nicotine is 
absorbed. 

Nicotine transdermal systems are attached to hairless, clean skin 
once a day and deliver a rapid initial release of nicotine followed by a 
slow release over the next 24 hr, at which time the patch is exchanged 
for a new one attached to a different site. One manufacturer directs 
application for 16 hr/day with removal at bedtime. Daily dosage (5 to 22 
mg) is regulated and tapered by using patches of differing sizes (3.5 to 
30 cm”). The most common adverse effect is a reversible erythema, 
pruritus, or burning at the site of application. Hypersensitivity reac- 
tions occur in 2% of patients. Headache, insomnia, abnormal dreams, 
nervousness, insomnia, and GI complaints are relatively common. Se- 
rious toxicity can result from oral ingestion of patches or from applica- 
tion of multiple patches. 


PILOCARPINE 


2(3H)-Furanone, (3S-cis)-3-ethyldihydro-4-[(1-methyl-1H- 
imidazol-5-yl) methyl]-, Ocusert 
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Pilocarpine monohydrochloride [92-13-7] C,,H,,gN O. (208.25). 

Preparation—The total alkaloids are extracted from the dried 
crushed leaves of Pilocarpus microphyllus or other suitable Pilocarpus 
species with alcohol containing a small amount of hydrochloric acid. 
The solvent is distilled, and the aqueous residue neutralized with 
ammonia and allowed to stand until the resins are all deposited. It is 
then filtered, and the filtrate is evaporated to a small bulk. Ammonia 
is added in excess, and the free alkaloids are extracted with chloroform. 
The solvent is removed by distillation, and the residue allowed to 
crystallize. 

Description—Colorless, translucent, odorless, faintly bitter crys- 
tals; hygroscopic and affected by light; solutions acid to litmus; melts 
within a range of 3° between 199° and 204°; pK,, 6.8, pK,, 1.3. 

Solubility—Soluble in water, alcohol, or chloroform; sparingly sol- 
uble in ether. 

Incompatibilities—See Alkaloids, Chaper 26. Since the free alka- 
loid is quite soluble in water, alkalies do not readily cause a precipita- 
tion when added to solutions of its salts. It reduces silver nitrate. 

Comments—See Pilocarpine Hydrochloride 


PILOCARPINE HYDROCHLORIDE 


2(3H)-Furanone, (35S-cis)-3-ethyldihydro-4-[(1-methyl-1H-imidazol-5- 
yl)methyl]-, monohydrochloride; 
Pilocarpine monohydrochloride [54-71-7] C,,H,,N,O,.HCI (244.72) 
Description—Colorless, translucent, odorless, faintly bitter crys- 
tals; hygroscopic and affected by light; solutions acid to litmus; melts 
within a range of 3° between 199° and 204°; pK,, 6.8, pK,, 1.3. 


Solubility—1 g in 0.3 mL water, 3 mL alcohol or 360 mL chloro- 
form; insoluble in ether. 

Incompatibilities—See Alkaloids (page 424). Since the free alka- 
loid is quite soluble in water, alkalies do not readily cause a precipita- 
tion when added to solutions of its salts. It reduces silver nitrate. 

Comments—A muscarinic agonist that is totally devoid of nicotinic 
activity but is nonselective with respect to muscarinic targets. Because 
it is a tertiary amine, it penetrates membranes much better than do 
quaternary ammonium cholinomimetics. Consequently, it lends itself 
well to topical administration in ophthalmology (see below). 

Pilocarpine is tolerated better than other miotics. It rarely causes 
irritation or hypersensitivity, and systemic responses following topical 
application are uncommon; however, absorption from solutions of high 
concentration may result in systemic side effects. Lens opacities may 
result from prolonged use. Ocular controlled-release systems may cause 
mechanical irritation of the conjunctiva and sometimes a slight in- 
crease in mucus secretion, which usually wanes during continued use. 

The free base, pilocarpine, is employed in the ocular controlled- 
release system, since only the nonionized form can diffuse readily 
through the hydrophobic membrane. The hydrochloride or nitrate salt 
is employed to make solutions and gels; the less hygroscopic nitrate is 
the more convenient to handle pharmaceutically but offers no thera- 
peutic advantage. 

In narrow-angle glaucomatous patients who are responsive to pilo- 
carpine and who can maintain the unit within the conjunctival sac, the 
ocular controlled-release system has the advantage of long duration; 
the system needs changing but once a week. Topically applied drops are 
suited better to the acute antagonism of antimuscarinic mydriatics. The 
salts also may be used in the management of both narrow-angle glau- 
coma and chronic simple glaucoma of the open-angle type. 


PILOCARPINE NITRATE 


2(3H)-Furanone, (3S-cis)-3-ethyldihydro-4-[(1-methyl-1H-imidazol- 
5-yl)methyl]-mononitrate; P.V. Carpine Liquifilm 

Piocarpine mononitrate [148-72-1] C,,H,,N,O,.HNO, (271.27). 

Description—Shining, white crystals; stable in air but is affected 
by light; solutions are acid to litmus; melts within a range of 3° between 
171° and 176°. 

Solubility—1 g in 4 mL water or 75 mL alcohol; insoluble in 
chloroform or ether. 

Incompatibilities—See Pilocarpine Hydrochloride. 

Comments—See Pilocarpine Hydrochloride 


ANTICHOLINESTERASES 


The term cholinesterase is a generic term that includes all 
enzymes capable of hydrolyzing acetylcholine. There are two 
main categories of cholinesterase. The term acetylcholinester- 
ase is applied to any or all of a family of serine-dependent 
isoenzymes that very selectively hydrolyze acetylcholine and 
hence are called true, or specific, cholinesterases; they are not 
truly specific, since other choline esters may be hydrolyzed at 
low velocities. Acetylcholinesterase is concentrated in the re- 
gion of the motor endplate, at autonomic ganglia, in cholinergic 
neurons in and outside the CNS, and in erythrocytes. The term 
butyrylcholinesterase (also called cholinesterase, pseudocho- 
linesterase, or nonspecific cholinesterase) is applied to a num- 
ber of enzymes that may hydrolyze acetylcholine but for which 
butyrylcholine, not acetylcholine, is the optimal substrate. Bu- 
tyrylcholinesterase is present in glial and satellite cells in the 
CNS and autonomic ganglia, in smooth muscle, exocrine 
glands, and various organs such as the liver, and plasma; its 
concentration in cholinergic neurons is usually insignificant. 
Inhibition of acetylcholinesterase and butyrylcholinesterase 
has various consequences, depending on where the enzymes 
are inhibited. Neither the butyrylcholinesterase in plasma nor 
the acetylcholinesterase in erythrocytes has known functions, 
and their inhibition has no known physiological consequences, 
but inhibition may cause moderate increases in the plasma 
half-life and concentration of acetylcholine and certain other 
hydrolyzable choline esters. The only important effects accrue 
to inhibition at sites of cholinergic neuroeffector transmission. 
The preservation of acetylcholine at such sites prolongs and 
intensifies the cholinergic activity there. Thus, at the neuro- 
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muscular junction, anticholinesterases facilitate neuromuscu- 
lar transmission, with an early increase in muscle strength (by 
recruiting subliminal junctions) and a late decrease in muscle 
strength, even paralysis, if many motor endplates remain de- 
polarized by persisting levels of acetylcholine. Excessive mus- 
cular fasciculations and fibrillations also occur, which also de- 
crease muscle strength, by causing asynchrony among motor 
units and fibers. At the autonomic ganglia, the predominant 
effect is to facilitate transmission, and the final result depends 
on the effector organ system innervated by the excited postgan- 
glionic nerves. In the case of the atria and the atrioventricular 
node, the activity in both adrenergic and cholinergic postgan- 
glionic nerves will be increased, so that the effects mediated by 
the parasympathetic nerves will be antagonized by those of the 
sympathetic nerves. However, in the parasympathetic inner- 
vation, acetylcholine is preserved by the anticholinesterase at 
two sites, the ganglia and the innervated heart cells, which 
amplifies the action, whereas, in the sympathetic innervation, 
transmission is facilitated only at the ganglia. Therefore, 
where there is dual and antagonistic innervation, as in the 
atria, atrioventricular node, pupil, stomach and intestines, uri- 
nary tract, etc, the parasympathetic effects predominate. Thus, 
bradycardia, partial heart block, miosis, increased gastric se- 
cretion and motility, and tendency to urination all result from 
significant anticholinesterase activity. The blood pressure may 
be elevated, because there is little cholinergic innervation of 
the vascular tree, and the facilitation in the sympathetic path- 
way is not antagonized at the vascular smooth muscle. Ciliary 
spasm may be intense, because there is a negligible antagonis- 
tic sympathetic innervation of the ciliary body. Facilitation in 
both sympathetic and parasympathetic pathways causes in- 
creased salivation and sweating (which is mostly cholinergic). 
Anticholinesterase action within the CNS may cause a bizarre 
mixture of stimulation and depression. 

There are two main categories of cholinesterase inhibitors: 
those that are amine or quaternary ammonium compounds, 
which interact with the anionic sites of the cholinesterase as 
well as with the esteratic site, and those that are usually 
organophosphates (but may contain other nucleophilic moi- 
eties), which esterify the serine hydroxyl group at the esteratic 
site. The amine or ammonium anticholinesterases react revers- 
ibly with the enzymes, consistent with ionic bonding; their dura- 
tions of action are a few minutes to a few hours and are deter- 
mined by elimination pharmacokinetics. The organophosphate- 
type anticholinesterases form a firmer bond, some so firm as to 
be essentially irreversible. With these, the duration of action is 
determined by the kinetics of dissociation at the esteratic site 
or, with essentially irreversibly acting ones (like isofluorphate), 
the time for resynthesis of cholinesterase (weeks to months). 

The organophosphate-type anticholinesterases cannot en- 
hance neuromuscular transmission without excessive effects 
on glands and smooth muscle. They are un-ionized and, hence, 
also readily penetrate the blood-brain barrier and cause CNS 
effects. They also can be absorbed through the skin. The amine 
and ammonium agents are more selective for acetylcholinest- 
erase, and the quaternary ammonium anticholinesterases, 
especially, often may enhance neuromuscular function with 
only minimal-to-moderate autonomic side effects. The amine 
agents, like physostigmine and tacrine, can pass the blood- 
brain barrier and elicit central effects, and they are employed 
only for their central actions, except that physostigmine also is 
applied topically to the eye. The quaternary ammonium com- 
pounds have a nicotinic agonist activity, which, at the ganglia 
and neuromuscular junction, adds to the indirect anticholines- 
terase effect; therefore, because of this dual effect, they are the 
agents chosen to enhance neuromuscular function. Because of 
their confinement to the periphery, the quaternary agents also 
are chosen for peripheral actions. 

USES—The quaternary ammonium anticholinesterases are 
used systemically to abolish muscular paralysis from competi- 
tive neuromuscular blocking drugs, to improve muscle function 
in myasthenia gravis, to treat intestinal distention, such as 
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congenital megacolon, postoperative and postpartum adynamic 
intestinal ileus, postvagotomy gastric atony, and functional uri- 
nary retention. Edrophonium or neostigmine are used also in 
the differential diagnosis of myasthenic crisis, in which case 
they will improve muscle function; cholinergic crisis, in which 
case they will worsen function; and to diagnose myotonia con- 
genita. Anticholinesterases, especially physostigmine, are used 
to treat atropine or tricyclic antidepressant poisoning. 

Physostigmine, a blood-brain-barrier-penetrant amine an- 
ticholinesterase, is employed to antagonize the toxic CNS ef- 
fects of antimuscarinic drugs, tricyclic antidepressants, and 
H,-antihistamines. 

The anticholinesterases are applied topically to the eye in 
the treatment of primary wide-angle glaucoma, accommodative 
convergent strabismus, and accommodative esotropia and for 
the emergency treatment of acute congestive glaucoma. They 
also may be used to treat marginal corneal ulcers. In myasthe- 
nia gravis topical application may be used to improve the 
function of the extraocular muscles and eyelids. The reversibly 
acting anticholinesterases may be alternated with mydriatics 
to break adhesions between lens and iris. 

ADVERSE EFFECTS AND INTOXICATION—Conjunc- 
tivally applied anticholinesterases locally may cause stinging, 
lacrimation, ocular pain and brow ache (from ciliary spasm), 
blurring of vision, blepharospasm, conjunctival and intraocular 
hyperemia, transient early rise in intraocular pressure, irido- 
cyclitis, pigment cysts of the iris, anterior and posterior syn- 
echiae, and, rarely, retinal detachment. Atropine can antago- 
nize some of these effects. Allergies also may occur. In addition, 
organophosphates may cause fibrinous iritis cataracts, espe- 
cially in elderly patients (in 50% of cases chronically treated), 
and uveitis. 

Adverse systemic effects, from systemic administration or 
systemic absorption after topical application, include excessive 
salivation, sweating, tracheobronchial secretion, lacrimation, 
bronchoconstriction, marked miosis, blurring of vision, nausea 
and vomiting, diarrhea, abdominal cramps and colic, involun- 
tary defecation, pallor, hypertension or hypotension, bradycar- 
dia, and urinary frequency, urgency, and enuresis. These ef- 
fects can be antagonized with sufficiently large doses of 
atropine. Laryngospasm, tremors, muscle fasciculations and 
twitching, weakness (even respiratory paralysis), potentiation 
of succinylcholine, and dizziness are nicotinic effects that can- 
not be antagonized with atropine. These effects usually occur 
only after quite large overdoses. Pralidoxime will antagonize 
these actions if given early enough. Acute intoxication caused 
by large doses of physostigmine or organophosphates also in- 
duces CNS effects, such as confusion, ataxia, loss of reflexes, 
slurred speech, Cheyne-Stokes respiration, convulsions, coma, 
and respiratory and circulatory paralysis. Huge doses of atro- 
pine and pralidoxime, if used early, can suppress these effects. 
General supportive measures also are necessary in the man- 
agement of both peripheral and central toxicity. 

Some, but not all, organophosphates cause a latent demy- 
elination and degeneration of various nerve axons. 

PRECAUTIONS AND CONTRAINDICATIONS—When 
systemic anticholinesterases are used, the margin between the 
first appearance of side effects and serious toxic effects is small. 
The first signs may be quite subtle. Furthermore, there is wide 
variation among patients and in the same patient from time to 
time, so each patient must be approached cautiously. There- 
fore, careful medical supervision is mandatory. Anticholinest- 
erases should be used cautiously, or withheld, in patients with 
bronchial asthma, mechanical intestinal or urinary obstruc- 
tion, peptic ulcer, vagotonia, bradycardia, hypotension, recent 
myocardial infarction, epilepsy, parkinsonism, or a known hy- 
persensitivity to depolarizing neuromuscular blocking drugs 
and when cholinomimetics are to be used. Quinidine and qui- 
nine antagonize the neuromuscular effects of the anticholines- 
terases. They should not be applied topically to the eye when 
there is a history of retinal detachment, uveitis, or angle- 
closure glaucoma. Their potential systemic effects command 


the same precautions as for systemic anticholinesterases. Sys- 
temic anticholinesterases will antagonize ganglionic block- 
ing drugs. The safety of the amine and quaternary ammo- 
nium agents in mother and fetus during pregnancy has not 
been established; systemic organophosphates are absolutely 
contraindicated. 


AMBENONIUM CHLORIDE 


Benzenemethanaminium, N,N’-[(1,2-dioxo-1,2-ethanediyl)bis-(imino- 
2,1-ethanediyl)]bis[2-chloro-N,N-diethyl]-, dichloride; 
Mysuran; Mytelase 
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[OxalylbisGminoethylene)]bis[(o-chlorobenzyl)diethylammonium]  dichlo- 
ride [115-79-7] C,,H,.Cl,N,0O, (608.48); tetrahydrate [52022-31-8] 
(680.54). 

Preparation—N,N-Diethylethylenediamine is reacted with ethyl 
oxalate to give N,N’ -bis[2-(diethylamino)ethylloxamide which is doubly 
quaternized with 2-chlorobenzyl chloride. US Pat 3,096,373. 

Description—White, odorless powder melting about 200°. 

Solubility—1 g in 5 mL water, 20 mL alcohol, >1000 mL chloro- 
form or >1000 mL ether. 

Comments—A quaternary ammonium anticholinesterase drug 
with actions similar to those of neostigmine; ambenonium chloride is 2 
to 4 times more potent, and its duration of action after oral adminis- 
tration (4 hr) may be slightly longer. It also is claimed to have a lower 
incidence of side effects than neostigmine, particularly of the GI tract. 
It is used in the treatment of myasthenia gravis. For side effects and 
precautions, see the general statement, above. 


DEMECARIUM BROMIDE 


Benzenaminium, 3,3’-[1,10-decanediylbis(methylimino)carbonyloxy] 
bis[N,N,N-trimethyl-, dibromide; Humorsol 
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(m-Hydroxyphenyl)trimethylammonium bromide decamethylenebis- 
[methylcarbamate] (2:1) [56-94-0] C..H;.Br,N,0, (716.60). 

Preparation—N,N’'-Dimethyl-1,10-decamethylenediamine is added 
to molten 3-(dimethylamino)phenyl carbonate to produce 1,10-deca- 
methylenebis[3-(dimethylenebis[3-(dimethylamino)phenyl N-methyl- 
carbamate]. This ester, a viscous oil, is dissolved in ethanol and doubly 
quaternized with an acetone solution of methyl bromide. US Pat 
2,789,981. 

Description—White, or slightly yellow, slightly hygroscopic, erys- 
talline powder; melts about 165° with decomposition; pH (1 in 100 
solution) between 5 and 7. 

Solubility—Freely soluble in water or alcohol; sparingly soluble in 
acetone; soluble in ether; aqueous solutions are stable and may be 
heat-sterilized. 

Comments—A reversible anticholinesterase. It is used as a solu- 
tion with a duration of action from 3 to 5 days. 


ECHOTHIOPHATE IODIDE 


Ethanaminium, 2-[(diethoxyphosphinyl)thio]-N,N,N-trimethyl-iodide; 
Ecodide; Phospholine lodide 
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(2-Mercaptoethyl)trimethylammonium iodide S-ester with O,O-diethyl 
phosphorothioate [513-10-0] C,H,,INO.PS (383.22). 
Preparation—-(Dimethylamino)ethanol is reacted with sodium 
and the resulting sodium alkoxide is condensed with O,O-diethyl phos- 
phorochloridothioate [CIP(S)(OC,H;).] to yield S-[2-(dimethylamino)- 


ethyl] O,O-diethyl phosphorothioate. This ester is quaternized with 
methyl iodide. US Pat 2,911,430. 
Description—White, crystalline, hygroscopic solid with slight 
mercaptain-like odor; its solutions have a pH of about 4. 
Solubility—1 g in 1 mL water, 3 mL methanol, or 25 mL dehy- 
drated alcohol; practically insoluble in other organic solvents. 
Comments—An irreversible anticholinesterase. It is used as a so- 
lution with a duration of action from 3 to 7 days. 


EDROPHONIUM CHLORIDE 


Benzenaminium, N-ethyl-3-hydroxy-N,N-dimethyl-, chloride; 
Enlon-Plus; Tensilon 
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Ethyl(m-hydroxyphenyl)dimethylammonium 
C,9H,,CINO (201.70). 

Preparation—m-Dimethylaminophenol is dissolved in a suitable 
organic solvent and quaternized with ethyl iodide. The dimethylethyl(3- 
hydroxyphenyl)ammonium iodide precipitates and is converted to the 
chloride in various ways, one of which involves treatment with moist 
silver oxide to form the quaternary base followed by neutralization with 
hydrochloric acid. 

Description—White, odorless crystalline powder; 1 in 10 solution 
is practically colorless, pH (1 in 10 solution) between 4 and 5; melts 
between 165° and 170° with decomposition. 

Solubility—1 g in 0.5 mL water or 5 mL alcohol; insoluble in 
chloroform or ether. 

Comments—Inhibits cholinesterase primarily at the neuromuscu- 
lar junction and very little at other sites. It also has some direct 
nicotinic stimulant actions at the neuromuscular junction but not at the 
autonomic ganglia. The duration of action of a single small dose is only 
about 5 min, but large doses may act for 1 to 2 hr. It is used to abolish 
neuromuscular paralysis due to d-tubocurarine or similarly acting mo- 
tor endplate—stabilizing drugs. It also is used as a diagnostic agent for 
myasthenia gravis or to differentiate a myasthenic crisis from a cholin- 
ergic crisis. It may be used occasionally to treat myasthenic crises. 

Transient blurring of vision, lacrimation, perspiration, and dizzi- 
ness may accompany its use. It causes muscle fasciculations in the 
normal human. When it is used to differentiate myasthenic from cho- 
linergic crisis, facilities for endotracheal intubation and artificial res- 
piration must be available. 


ISOFLUROPHATE 
Phosphorofluoridic acid, bis(1-methylethyl) ester; DFP; Floropryl 


chloride [116-38-1] 


F 

I 
(CH3),CHO—P—OCH(CH3), 

1 
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Diisopropyl phosphorofluoridate [55-91-4] C,H,,FO,P (184.15). 

Preparation—lIsopropyl alcohol is reacted with PCl, to form 
diisopropyl phosphite. Oxidation with chlorine gives diisopropyl 
phosphorochloridate, which metathesizes with NaF to yield the 
phosophorofluoridate. 

Description—Clear, colorless, or faintly yellow liquid; boils at 
183°; specific gravity about 1.05; vapor is extremely irritating to the eye 
and mucous membranes; in the presence of moisture, it decomposes 
with formation of hydrogen fluoride. 

Solubility—Sparingly soluble in water; soluble in alcohol. 

Comments—An irreversible anticholinesterase. It is used as an 
ointment; organophosphate with a duration of action from 2 to 4 weeks. 


NEOSTIGMINE BROMIDE 


Benzenaminium,3-[[(dimethylamino)carbonyl]oxy]-N,N,N-trimethyl-, 
bromide; Prostigmin Bromide 


N(CHs)3 


Bre 
OCON(CHs)» 


(m-Hydroxypheny]l)trimethylammonium bromide dimethylcarbamate 
{114-80-7] C,H, ,BrN,O, (303.20). 

Preparation—It may be prepared by reacting dimethylcarbamoyl- 
chloride [(CH;),NCOCI] with potassium m-(dimethylamino)-phenolate, 
then quaternizing with methyl bromide. 
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Description—White, crystalline powder; odorless and with a bitter 
taste; solutions are neutral to litmus; melts between 171° and 176° with 
decomposition. 

Solubility—1 g in about 0.5 mL water; soluble in alcohol; practi- 
cally insoluble in ether. 

Comments—A quaternary ammonium anticholinesterase. It acts 
at the esteratic site of the enzyme to form the inactive dimethylcar- 
bamoyl enzyme. Its effects are more prominent on certain structures 
than on others, being particularly effective on the bowel, urinary blad- 
der, and skeletal muscle; the pupil, heart, blood pressure, and secre- 
tions are affected to a much lesser extent at doses that are ordinarily 
effective on the structures listed above. The duration of action by the 
oral route is 3 to 6 hr and by the intramuscular route, 2 to 4 hr. 

Neostigmine is employed for the genitourinary and neuromuscular 
uses indicated in the general statement. However, it is seldom used 
today to antagonize curare-like drugs or in the diagnosis of myasthenia 
gravis because its duration of action is too long. 

Orally, neostigmine is absorbed poorly; sometimes as little as 1%. 
Changes in bowel condition can alter absorption considerably, which 
may make management difficult. Neostigmine is administered paren- 
terally as the methylsulfate and orally as the bromide salt. 


NEOSTIGMINE METHYLSULFATE 


Benzenaminium, 3-[[(dimethylamino)carbonyl]oxy]-N,N,N-trimethyl-, 
methyl sulfate; Prostigmin Methylsulfate 
(m-Hydroxyphenyl)trimethylammonium methyl sulfate dimethyl- 
carbamate [51-60-5] C,,H,,N,0,8 (334.39). 
Preparation—It is made by the method outlined under Neostig- 
mine Bromide, using dimethyl] sulfate in place of methyl bromide. 
Description—White, crystalline powder, odorless and has a bitter 
taste; solutions are neutral to litmus; melts between 144° and 149°. 
Solubility—Very soluble in water; soluble in alcohol. 
Comments—See Neostigmine Bromide. 


PHYSOSTIGMINE SALICYLATE 


Pyrrolo[2,3-b]indol-5-ol, (3aS-cis)-1,2,3,3a,8,8a-hexahydro-1,3a,8- 
trimethyl-, methylcarbamate (ester); mono-(2-hydroxybenzoate); 
Eserine Salicylate; Isopto-Eserine; Antilirium 
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Physostigmine monosalicylate [57-64-7] C,;H.,N,02.C,H,O, (413.47). 

Preparation—By extracting powdered Physostigma seeds with hot 
alcohol. After distilling off the alcohol, the residue is mixed with sodium 
carbonate and extracted with ether, from which solution the physostig- 
mine is removed with dilute sulfuric acid. The free alkaloid may be 
obtained by alkalinizing the acid solution. The salicylate may be made 
by adding 2 parts of physostigmine to a solution of 1 part of salicylic acid 
in 35 parts of boiling distilled water and allowing the salt to crystallize 
on cooling. 

Description—White or faintly yellow odorless powder or shin- 
ing crystals; acquires a red tint when exposed to light and air; melts 
about 184°. 

Solubility—1 g in 75 mL water, 16 mL alcohol, 6 mL chloroform, or 
about 250 mL ether. 

Incompatibilities—Aqueous solutions tend to develop a red color 
on standing; a pink solution does not necessarily indicate complete 
ineffectiveness, but as the color deepens to red, the product rapidly loses 
its potency. Boric acid retards the change, but alkalies hasten decom- 
position. Alkali-free glass should be used. It is precipitated by the usual 
alkaloidal precipitants. 

Comments—The oldest of the anticholinesterases. It combines 
with the enzyme at the esteratic site to yield the inactive methylcar- 
bamoyl enzyme. It shares with neostigmine marked stimulatory actions 
on the bowel but causes more secretion of glands, more effect on blood 
pressure, more constriction of the pupil, and less action on skeletal 
muscle. Since it is a tertiary amine, it penetrates into the nervous 
system and can exert central actions when given in sufficient doses. It 
is used to treat poisoning by antimuscarinic agents, H,-antihistamines, 
and tricyclic antidepressants. It also penetrates readily into the eye. 
Although its main use in medicine is topically in ophthalmology, for the 
purposes indicated in the general statement, there is some interest in 
its CNS uses. The salicylate is used for both its CNS and ophthalmo- 
logical actions; the sulfate is used only in the eye. 
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The duration of the ocular effects after topical application is 6 to 12 
hr; the duration of systemic effects is less than 2 hr. The systemic 
bioavailability after oral administration is about 5 to 12%. 

The salicylate has the advantage of being less deliquescent than the 
sulfate. Addition of a small amount of boric acid to a solution of the salt 
is said to inhibit formation of the red decomposition product produced 
by alkalies, which frequently occurs in solutions of physostigmine salts 
dispensed on prescription. A solution that has developed a red color 
should not be used. 


PYRIDOSTIGMINE BROMIDE 


Pyridinium, 3-[[(dimethylamino)carbonyl]oxy]-1-methyl-, 
bromide; Mestinon; Regonal 


CHs 
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3-Hydroxy-1-methylpyridinium bromide dimethylearbamate [101-26-8] 
C,H,,BrN,0. (261.12). 

Preparation—3-Pyridinol is condensed with dimethylcarbamoyl 
chloride in the presence of a suitable basic catalyst such as dimethyl- 
aniline, magnesium oxide, etc. The resulting ester, 3-pyridyl dimethyl- 
carbamate, is isolated, dissolved in a suitable organic solvent, and 
quaternized with methyl bromide. 

Description—White or practially white, crystalline, hygroscopic 
powder, with an agreeable, characteristic odor; melts between 154° 
and 157°. 

Solubility—Freely soluble in water, alcohol, or chloroform; slightly 
soluble in solvent hexane; practically insoluble in ether. 

Comments—A quaternary ammonium anticholinesterase drug 
that is approximately one-fourth as potent as neostigmine at the neu- 
romuscular junction and about one-eighth as potent on the bowel, 
genitourinary tract, and exocrine glands. Its duration of action by the 
oral route usually is somewhat longer and absorption is less erratic 
than with neostigmine, which are advantages. Because of its relative 
affinity for the neuromuscular junction, its principal use is in the 
treatment of myasthenia gravis, in which use it causes fewer side effects 
than does neostigmine. It is also superior to neostigmine in that the 
patient may be carried through the night without the necessity of 
interrupting sleep to take medication. However, in some patients, it 
provides less control of muscular weakness than does neostigmine. 
Pyridostigmine is administered orally except when the patient is to 
undergo surgery or childbirth or is in myasthenic crisis. Neonates born 
of myasthenic mothers also may be given parenteral pyridostigmine to 
improve respiration, swallowing, and suckling. The drug also is used to 
antagonize competitive neuromuscular-blocking drugs. 


Anticholinesterases 
for Alzheimer’s Disease 


DONEPEZIL HYDROCHLORIDE 


(+)-2-[(1-Benzyl-4-piperidyl)methyl]-5,6-dimethoxy- 
1-indanone; Aricept 
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{120014-06-4 (base)] C,H, ,NO, HCI (416.02). 

Preparation—In a crossed aldol reaction, 1-benzyl-4-piperidine- 
carboxaldehyde and 5,6-dimethoxy-2(1H)-indenone are reacted in the 
presence of butyl lithium with subsequent dehydration to form the 
alkene. Catalytic reduction yields the product. Drugs of the Future 
1997; 22: 397. 

Comments—A reversible cholinesterase inhibitor used to treat 
mild-to-moderate Alzheimer’s disease. It is completely absorbed from 
the GI tract and has a half-life of about 70 hr. Clinical trials indicate 
modest improvement in cognitive function and activities of daily living; 
a minority of patients showed greater improvement. Muscarinic side 
effects and insomnia occur in some patients. Hepatic toxicity has not 
been reported. 


TACRINE HYDROCHLORIDE 
Acridine, 9-amino-1,2,3,4-tetrahydro-, hydrochloride; Cognex 


NH, 


(1684-40-8] C,,H,,N..HCl (234.73). 

Preparation—By heating 9-chloro-1,2,3,4-tetrahydroacridine with 
ammonium carbonate in phenol at 130° followed by usual conversion to 
the hydrochloride. (See J Soc Chem Ind 1945; 64: 169.) 

Description—Yellow needles melting about 284°; bitter taste; pH 
of 1.5% solution about 5. 

Solubility—Soluble in water. 

Comments—Possesses both an anticholinesterase action and an 
action to block potassium channels in cell membranes. The latter action 
causes prolonged action potentials, which, at cholinergic nerve endings, 
increase the release of acetylcholine. Thus, the two actions complement 
each other. Since the drug can penetrate the blood-brain barrier readily 
(in the nonionized form) and gain access to the CNS, it is of special 
interest as an anticholinesterase for actions in the CNS. The current 
focus is on its effects to improve learning, memory, and mood in patients 
with Alzheimer’s type of senile dementia. Early studies reported con- 
siderable improvement, sometimes dramatic, in about 75% of recipi- 
ents, especially in the early stages of the disease, but subsequent 
studies have been far less encouraging. At best, the drug is only pallia- 
tive and does not prevent the eventual degeneration of the affected 
nerve tracts. Typical muscarinic side effects occur in about 25 to 35% of 
recipients, but they are usually minimal and tolerated; they include 
belching, nausea, emesis, enuresis, abdominal discomfort, diarrhea, 
and sweating. Evidence of hepatic toxicity requires dosage reduction or 
discontinuation. 


CHOLINESTERASE REACTIVATORS 

Several substances are capable of displacing dialkylphosphate 
groups (from organophosphate anticholinesterases) and 
methyl- or dimethylcarbamoyl groups (from physostigmine or 
neostigmine) from the esteratic sites of cholinesterases poi- 
soned by the anticholinesterases. At present, all such sub- 
stances of value contain oxime groups, which engage in a nu- 
cleophilic attack on the attached phosphate or carbamoyl group 
and rupture the bond between the inhibiting group and the 
esteratic site. This action especially is important in the treat- 
ment of intoxication by isopropyl] and certain other organophos- 
phate anticholinesterases, since these organophosphates have 
such a long duration of action. The reactivation of carbamoy- 
lated enzyme is less prominent. Unfortunately, within a period 
of minutes to hours after poisoning with an isopropyl organo- 
phosphate, there is a change in the phosphorylated enzyme 
(aging, dealkylation of the alkyl phosphate moiety), so that the 
alkylphosphate-enzyme bond becomes too stable to be dis- 
placed by reactivators. The efficacy of any one reactivator var- 
ies according to which anticholinesterase is involved, because 
of differences in electrophilicity of the phosphorus in the vari- 
ous phosphate radicals; one anticholinesterase, octameth- 
ylphosphoramide, is refractory to displacement by cholinester- 
ase reactivators. Atropine also must be used concomitantly 
with reactivators for optimal therapy. The reactivators may be 
used prophylactically. 


PRALIDOXIME CHLORIDE 


Pyridinium, 2-[(hydroxyimino)methyl]-1-methyl-, chloride; 
2-PAM Chloride; Protopam Chloride) 


2-Formyl-1-methylpyridinium chloride oxime [51-15-0] C,H,CIN,O 
(172.61). 
Preparation—Picolinal is converted to its oxime which is then 


quaternized with dimethyl sulfate. Metathesis of the resulting prali- 
doxime methosulfate with HCl yields the official chloride. US Pat 
3,123,613. 

Description—White to pale-yellow, crystalline powder; odorless; 
stable in air; melts between 215° and 225° with decomposition. 

Solubility—Freely soluble in water. 

Comments—A cholinesterase reactivator. The quaternary por- 
tion of the molecule attaches to the anionic site of the cholinesterase 
molecule and brings the oxime into close proximity to the poisoned 
esteratic site. The drug is used in the treatment of poisoning by 
organophosphate anticholinesterases; it has questionable value in 
poisoning by neostigmine or physostigmine. The therapeutic effect 
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(remission) usually occurs within 1 hr. Pralidoxime also is given 
prophylactically to handlers of organophosphates, but the status of 
this use is in dispute. Pralidoxime does not antagonize all anticho- 
linesterase compounds; the manufacturer’s package literature 
should be consulted to ascertain whether the drug will be effective. 
After a period of time, organophosphate-inhibited cholinesterase 
undergoes a change that makes reactivation difficult; with isoflu- 
rophate, this time is only about 1 hr. 

The plasma half-life of pralidoxime is about 2.5 hr. 

When pralidoxime is injected more rapidly than at the recom- 
mended rate, dizziness, nausea, headache, mild weakness, blurred vi- 
sion, diplopia, or tachycardia may result. 
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The term blockade is used to indicate interference with a re- 
sponse system such that the final effect is prevented. Thus, 
adrenergic blockade indicates interference with response sys- 
tems involving the catecholamine neurotransmitters, epineph- 
rine (adrenaline), norepinephrine (noradrenaline, levartere- 
nol), and dopamine. Adrenergic blocking agents can be 
classified into two categories: adrenergic receptor (adrenocep- 
tor) antagonists and adrenergic neuron blocking drugs. Adren- 
ergic receptor antagonists are compounds that are devoid of 
intrinsic activity per se and instead exert effects by inhibiting 
the interaction of catecholamines or sympathomimetic agents 
with adrenergic receptors. In contrast, the term adrenergic 
neuron blocking drugs generally refers to those drugs that 
reduce delivery of catecholamines to the adrenergic receptors 
by disrupting catecholamine synthesis, storage, or release. Ad- 
renergic blocking agents sometimes are called sympatholytics, 
because they abolish (lyse) the response to stimulation of the 
sympathetic nerves, or adrenolytics, because they abolish cer- 
tain responses to epinephrine. 


ADRENERGIC ANTAGONISTS 

LEA REE ATI IETS DES ELE 
Based on their pharmacological properties, adrenoreceptors 
have been divided into three classes: alpha (a), beta (8), and 
dopamine. Whereas drugs that block peripheral dopamine re- 
ceptors are of no established clinical importance, those that 
block central dopamine receptors are important psychophar- 
macological agents and are discussed in Chapter 82. 

The a and £ adrenoreceptors have been defined classically 
into four subclasses: a1, a, B,, and B,. The respective pharma- 
cological effects of activating these receptor subclasses is de- 
scribed in Chapter 70. Nonselective and selective antagonists 
targeting these subclasses are of considerable therapeutic im- 
portance and are described below. Recently, molecular biolog- 
ical studies have further identified at least three a, (a;, a1, 
Q1p) and three ay (aj,, Ap, 2c) Subtypes with specific regional 
distributions in the body. Moreover, an additional 6 subclass, 
Bs, has been identified in mammalian tissue. Although a few 
selective antagonists have been identified, therapeutic utility 
for selectively targeting these newly described adrenergic sub- 
classes has yet to be demonstrated clinically. 


a-ADRENERGIC RECEPTOR ANTAGONISTS 


a-Adrenergic antagonists can bind reversibly (eg, phentol- 
amine, prazosin) or irreversibly (eg, phenoxybenzamine) to 
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their receptors. Blockade of a,-adrenoreceptors causes readily 
apparent effects, whereas blockade of a,-receptors generally 
causes subtle effects. Blockade of a,-adrenergic impulses to the 
arterioles decreases vascular resistance, thus tending to lower 
blood pressure and cause a pink, warm skin. a,-Receptor block- 
ade at the venules (capacitance vessels) increases venous ca- 
pacitance and causes postural hypotension. These drugs de- 
crease only that component of vascular resistance that is due to 
sympathetic activation. 

Nonselective a-antagonists (eg, phentolamine, phenoxyben- 
zamine) can cause palpitations and reflex tachycardia. These 
effects are partially attributable to activation of baroreflexes 
resulting from the hypotension produced by a,-blockade. There 
also can be increased norepinephrine release from adrenergic 
nerve endings (transmitter overflow) as the result of concurrent 
block of a,-adrenoreceptors, which subserve a _ negative- 
feedback function to decrease the release of transmitter. Con- 
sequently, tachycardia and palpitations may occur even when 
blood pressure falls very little. These reflex/overflow effects are 
counterproductive in the major uses of nonselective a-blocking 
drugs. 

Other effects associated with a-receptor blockade include 
improved urine flow rates as a consequence of smooth mus- 
cle relaxation in the bladder neck and prostate. Miosis and 
nasal stuffiness also can occur after a-receptor antagonist 
administration. 

Selective a,-antagonists approved for use in the US in- 
clude prazosin, terazosin, and doxazosin. Because these 
agents have little affinity for a,-receptors, they do not in- 
crease catecholamine release and thereby do not cause 
excessive tachycardia. The most adverse side effect of a,- 
blockade can be severe postural hypotension and syncope, 
especially early in treatment. 

Selective a -antagonists include yohimbine and rauwol- 
scine. Theoretically, such agents could be used to correct auto- 
nomic insufficiencies, since these agents increase norepineph- 
rine release by blocking the inhibitory effects of norepinephrine 
at presynaptic a,-receptors. Although there are presently no 
approved therapeutic indications for a,-blockade, yohimbine 
has been used to treat diabetic neuropathy and impotence. 

Some nonselective a-adrenoreceptor antagonists have been 
approved for use in the treatment of pheochromocytoma. The 
drugs may be used in advance of surgery to prevent hyperten- 
sive episodes caused by manipulation of the tumor or for the 
long-term treatment of an inoperable, metastatic pheochromo- 
cytoma. Other uses for nonselective a-antagonists have been 
reported, including treatment of 
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1. Peripheral vascular disorders in which there is an adrenergically 
mediated vasospastic component, such as Raynaud’s syndrome and 
frostbite. 

2. Micturition disorders resulting from neurogenic bladder. 


Theoretically, selective a,-receptor antagonists should be use- 
ful in treating many of the same disorders as are the nonselec- 
tive a-blockers, but a,-antagonists are currently approved only 
for the treatment of hypertension and benign prostatic hyper- 
plasia. However, these agents enjoy considerable use in the 
treatment of refractory heart failure and of vasospasm associ- 
ated with Raynaud’s disease. 


DOXAZOSIN MESYLATE 


Piperazine, 1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-[(2,3-dihydro- 
1,4-benzodioxin-2-yl)carbonyl]-, monomethanesulfonate; Cardura 
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[77883-43-3] C,,Hs,N;O0; - CH,O.S (547.58). 

Preparation—See US Patent 4,188,390. 

Description—Off-white powder; pK, 6.93. 

Solubility—Sparingly soluble in water and most common organic 
solvents. 

Comments—A selective a,-antagonist. 


PHENOXYBENZAMINE HYDROCHLORIDE 


Benzenemethanamine, N-(2-chloroethyl)-N-(1-methyl-2- 
phenoxyethyl)-, hydrochloride; Dibenzyline Hydrochloride 
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N-(2-Chloroethyl)-N-(1-methyl-2-phenoxyethyl)benzylamine hydro- 
chloride [63-92-3] C,,H,,CINO - HCl (340.29). 

Preparation—One method starts with phenol undergoing addition 
to propylene oxide to give 1-phenoxy-2-propanol, which is reacted with 
thionyl chloride to yield 1-phenoxy-2-chloropropane. Refluxing the lat- 
ter with excess ethanolamine gives N-(phenoxyisopropylamino)ethanol 
and additional refluxing of this with benzyl chloride in the presence of 
NaHCO, yields 2-[N-benzyl-N-(1-methyl-2-phenoxyethyl)amino]etha- 
nol. Treatment with thionyl chloride and HCl in CHCl, completes the 
synthesis. US Pat 2,599,000. 

Description—White, crystalline, odorless powder; melts between 
136° and 141°. 

Solubility—1 g in 25 mL water, 6 mL alcohol, 3 mL chloroform or 
>1000 mL ether. 

Comments—An irreversible antagonist with nonselective actions. 


PHENTOLAMINE MESYLATE 


Phenol, 3-[[(4,5-dihydro-1H-imidazol-2-yl)methyl](4-methylphenyl)- 
amino]-, monomethanesulfonate (salt); Regitine Mesylate 
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[65-28-1] C,,H,,N,0.CH,0.8 (377.46) 
Preparation—m-(p-Toluidino)phenol is refluxed with 2-chloro- 
methylimidazoline hydrochloride and the resulting phentolamine base 
treated with an equimolar portion of methanesulfonic acid. 
Description—White or off-white, odorless, crystalline powder; so- 
lutions are acid to litmus, having a pH of about 5, and deteriorate 
slowly; melts about 178°. 
Solubility—1 g in 1 mL water, 4 mL alcohol or 700 mL chloroform. 
Comments—Phentolamine is a nonselective a-adrenoreceptor an- 
tagonist with an immediate onset and short duration of action. In 
addition to a-blocking activity, it has weak muscarinic activity in the 
gastrointestinal (GI) tract and weak-to-mild histaminergic activity in 
the stomach. These effects limit the dose that can be used; hence, 
a-blockade is usually incomplete. Its pharmacological effects are de- 
scribed in the general statement. This drug is approved therapy for 
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treating individuals with a pheochromocytoma and the treatment or 
prevention of dermal necrosis and sloughing resulting from extravasa- 
tion or intravenous administration of norepinephrine. Additional uses 
include the management of hypertensive crises caused by drug inter- 
actions with monoamine oxidase inhibitors (MAOIs) or the abrupt with- 
drawal of clonidine. It is used as a diagnostic agent for pheochromocy- 
toma, although determination of blood and/or urinary concentrations of 
catecholamines and/or their metabolites is a safer method. It has been 
combined with papaverine for intracavernous injection in impotence. 
The adverse effects are those of a-blockade (see the general statement), 
in addition to which there is weakness. 


PRAZOSIN HYDROCHLORIDE 


Piperazine, 1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-(2- 
furanylcarbonyl)-, monohydrochloride; Minipress 
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1-(4-Amino-6,7-dimethoxy-2-quinazolinyl)-4-(2-furoyl)piperazine mono- 
hydrochloride [19237-84-4] C,,H,,N,0,.HCl (419.87). 

Preparation—4,5-Dimethoxyanthranilamide is treated with so- 
dium cyanate to form the corresponding tetrahydroquinazoline-2,4- 
dione. The carbonyl groups are converted to chlorine and the heterocy- 
clic ring aromatized using POCI, plus PCl,. Subsequent treatment with 
ammonia replaces the chlorine atom adjacent to the benzenoid ring 
with an amino function, and the resulting monochloro derivative is 
condensed with 1-(2-furoyl)-piperazine to yield the product. See British 
Pat 1,156,973. 

Description—White, crystalline powder; pK, (in 1:1 water-ethanol 
solution) 6.5. 

Solubility—Slightly soluble in water; very slightly soluble in 
alcohol. 

Comments—A selective a,-antagonist. 


TERAZOSIN HYDROCHLORIDE 


Piperazine, 1-(4-amino-6,7-dimethoxy-2-quinazolinyl-4-[(tetrahydro- 
2-furanyl)carbonyl], monohydrochloride, dihydrate; Hytrin 
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NH, 
[70024-40-7] C,,H,-N-O,.HC1.2H,O (459.93) 

Preparation—See Prazosin Hydrochloride; 1-(tetrahydrofuroyl) 
piperazine is condensed with the monochloroquinazoline. 

Description—White crystalline powder. 

Solubility—Freely soluble in water. 

Comments—A selective a,-antagonist. 


B-ADRENERGIC RECEPTOR ANTAGONISTS 
LATS TPE I ESTO AGRI LOY 


Most B-adrenergic receptor antagonists (8-blockers) reversibly 
and competitively inhibit the binding of norepinephrine to its 
receptors. Although most are pure antagonists, a few clinically 
relevant B-blockers have partial agonist activity. B-Blockers 
can be distinguished by several factors including relative affin- 
ity for the various B-receptor subtypes, duration of effect, local 
anesthetic activity, and lipid solubility. 

Blockade of myocardial B,-receptors causes bradycardia, sup- 
pression of some ectopic pacemakers, decreased force of myocar- 
dial contraction, and slowing of atrioventricular conduction. Im- 
paired exercise tolerance can result. B-Blockers can decrease 
myocardial oxygen demand by preventing catecholamine-induced 
increases in heart rate and contractility. However, these agents 
can also increase myocardial oxygen demand by increasing end- 
diastolic pressure and the duration of systolic injection. Still, the 
net effect of B-receptor blockade on oxygen demand is usually 
advantageous. $-blockers are of value in the treatment of angina 
pectoris. 
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B-Antagonists are used for the management of both su- 
praventricular and ventricular arrhythmias. These drugs also 
can be used to suppress tachycardia in thyrotoxicosis and pheo- 
chromocytoma. Many £-blockers act as sodium channel block- 
ers and thereby as local anesthetics. This membrane-stabiliz- 
ing activity was once considered to be responsible for the 
antiarrhythmic action of these agents, although it is now rec- 
ognized that this effect is likely of little consequence, since the 
dose of B-blockers employed in treatment of arrhythmias is 
generally too low to exert this effect. 

B-Antagonists are used in the treatment of essential hyper- 
tension. Although the precise mechanism for this effect has not 
been determined, it has been suggested that B-blockers de- 
crease blood pressure by (1) a direct effect on the heart and 
blood vessels, (2) decreasing sympathetic outflow from the cen- 
tral nervous system (CNS), and/or (3) affecting the renin- 
angiotensin-aldosterone system. Although many B-blockers in- 
crease peripheral resistance acutely (probably by opposing 
B.-mediated vasodilation), chronic therapy can result in a de- 
creased peripheral resistance that contributes to the long-term 
hypotensive effects of the drug. B-Antagonists are especially 
useful in combination with antihypertensive vasodilators (ie, 
hydralazine, minoxidil) to prevent reflex tachycardia. 

The rate of formation of intraocular fluid is decreased by 
B-antagonists; this effect is useful in the treatment of glau- 
coma. B-Blockers with significant local anesthetic activity gen- 
erally are not used for this purpose, so as to prevent local 
anesthesia of the cornea. Betaxolol, carteolol, levobunalol, 
metipranolol, and timolol are applied topically in this disorder. 

B-Antagonists have varied usefulness in the prophylaxis of 
migraine headache, diminishing pain in many instances but 
increasing it in others. Propranolol and timolol are approved 
for migraine treatment. The mechanism of action is presently 
unknown. 

In the treatment of certain kinds of anxiety, such as stage 
fright and examination apprehension, B-antagonists are fre- 
quently effective. The efficacy is likely attributable to the pre- 
vention of the peripheral manifestations of sympathoadrenal 
discharge (ie, of tachycardia, palpitations, or muscle tremor) 
rather than to a central action. Their value in the treatment of 
pathological anxiety disorders is controversial, as they appear 
to have little effect on the underlying disorder. 

Selective B,-antagonists theoretically can be used for all the 
purposes listed under the nonselective blockers, although they 
have not been approved universally for these uses. 

Not all B-antagonists penetrate into the CNS, nor do these 
drugs have similar CNS effects. Some, for example, block cer- 
tain serotonin receptor subtypes. Central actions explain the 
increase in sleep disturbances, dizziness, and ataxia that can 
result from £-blocker administration. Drowsiness, lassitude, 
headache, vertigo, visual disturbances, depression, hallucina- 
tions, and mental confusion may also result from B-blocker 
administration. Tolerance to these effects is frequent. B-Block- 
ers that are highly lipid soluble are more likely to penetrate 
the CNS. 

Antagonism of B-receptors in the bronchioles causes an in- 
crease in airway resistance. This can cause bronchospasm in 
bronchial asthma, bronchitis, emphysema, and chronic ob- 
structive pulmonary disease. Laryngospasm also may occur. In 
insulin overdosage, B,-blockade may prevent the mobilization 
of glucose from the liver to offset hypoglycemia; furthermore, 
the prevention of reflex tachycardia deprives the patient of an 
early warning signal of impending insulin shock. B-Blockers 
can inhibit the lipolysis resulting from sympathetic nervous 
stimulation. 

Other adverse effects of B-blockade include loss of libido in 
both men and women, impotence, increased very low-density 
and decreased high-density lipoproteins, occasional nausea and 
vomiting, mild diarrhea or constipation, and rare allergic re- 
sponses, such as rashes, fever, and purpura. 

Some f-antagonists also stimulate B-adrenoreceptors (ie, 
have intrinsic sympathomimetic activity, or ISA). For instance, 


carteolol and pindolol have appreciable partial agonist proper- 
ties. Some authorities beliéve that partial agonist activity of- 
fers no advantage over full antagonist activity. Others contend 
that partial agonist properties may be advantageous in pa- 
tients prone to bradycardia. 


ACEBUTOLOL HYDROCHLORIDE 


Butaneamide, (+)-N-3-acetyl-4-[2-hydroxy-3-[(1-methylethyl)- 
amino[propoxy] phenyl-, hydrochloride; Sectral 


CH3CH,CH,CONH 


+ HC] 
fcr, 

OCH,CHCH,NHCH(CHs), 
by 


(+)-3'-acetyl-4'[2-hydroxy-3-(isopropylamino)propoxy]butyranilide hy- 
drochloride [34381-68-5] C,,H,,N,0,.HCl (372.93) 

Preparation—S Afr Pat 68 08,345. 

Description—White to slightly off-white powder melting about 
142°. 

Solubility—Freely soluble in water; partially soluble in alcohol. 

Comments—A £,-selective drug with low lipid solubility. 


ATENOLOL 


Benzeneacetamide, 4-[2-hydroxy-3-[(1-methylethyl) 
amino]propoxy]-; Tenormin 


oH 
OCH, CHCHNHCH(CH3)2 


CH,CONH, 


2-[p-[2-Hydroxy-3-(isopropylamino)propoxy]phenyljacetamide [29122- 
68-7] C,,Hj.N.O, (266.34) 

Preparation—From p-hydroxyphenylacetamide, ethylene chloro- 
hydrin and isopropylamine (US Pat 3,836,671). 

Description—White crystals melting about 147°. 

Comments—A £,-selective drug with low lipid solubility. 


BETAXOLOL HYDROCHLORIDE 


2-Propanol, 1-[4-[2-(cyclopropylmethoxy)-ethyl]phenoxy]-3-[(1- 
methylethyl)amino]-, hydrochloride; Betoptic; Kerlone 


rsconnnorsencnso-{C))-04,08,008, ~<] + HCI 
| 


OH 


[63659-19-8] C,,H.,NO3.HCl (343.89) 

Preparation—The methyl ester of 2-(cyclopropylmethoxy)ethane- 
sulfonic acid and p-benzyloxyphenol react to form 2-(cyclopropyl- 
methoxy )ethoxyphenyl! benzyl ether, which is debenzylated to yield the 
free phenol, treated with epichlorhydrin to form the glycidyl ether, 
followed by ring opening with isopropylamine to yield the product as the 
base. Treatment of the base in dry ether with HCl forms the salt. US 
Pat 4,252,984; Chem Abstr 87:13454. 

Description—Crystals melting about 116°. 

Comments—A £,-selective drug with low lipid solubility. It is used 
to treat open-angle glaucoma. 


BISOPROLOL FUMARATE 


2-Propanol, (+)-1-[4-[[2-(1-methylethoxy)ethoxy]methyl]phenoxy]-3- 
[(1-methylethyl)amino]-, (E)-2-butenedioate (2:1) (salt); Zebeta 


OH 
| CH 
OCH,CHCH,NHCHO 
CH, 

He —COOH 

HOOC — CH 

cH 

CH,OCH,CH,OCH 

CH, |, 


[104344-23-2] (C,,H,,NO,). -C,H,O. (766.97). 
Preparation—Cyclization of 1-(isopropylamino)-3-phenoxy-2-pro- 

panol with COCI, forms a cyclic carbamate. Treatment with parafor- 

maldehyde and HC! yields the p-chloromethy] derivative, which under- 
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goes an S, reaction with 2-isopropoxyethanol to form the ether. 
Aqueous base opens the protective carbamate ring, yielding the prod- 
uct. See US Pat 4,258,062. 
Description—White crystals melting about 100°; pK, (amine) 4.8. 
Solubility—Very soluble in water; 1 g dissolves in 20 mL of alcohol. 
Comments—A £,-selective drug with low lipid solubility. 


CARTEOLOL HYDROCHLORIDE 
2(1H)-Quinolinone, 5-[3-[(1,1-dimethyl-ethyl)amino]-2- 
hydroxypropoxy]-3,4-dihydro-, monohydrochloride; 
Cartrol; Ocupress 


‘ 
N~ 20 


* HCl 


OCH 2CHCH,NHC(CHs)s 
OH 


[51781-21-6] C,,H,,N,O, : HCl (328.84) 

Preparation—It is synthesized from 3,4-dihydro-5-hydroxycar- 
bostyril and epichlorhydrin to afford the 2,3-epoxypropyl ether. Open- 
ing the epoxide with t-butylamine yields the base, which is converted to 
the hydrochloride. See J Med Chem 1974; 17:529. 

Description—White crystals melting about 278°. 

Solubility—Soluble in water; slightly soluble in alcohol. 

Comments—A nonselective drug with low lipid solubility. It is used 
to treat open-angle glaucoma. 


CARVEDILOL 


2-Propanol, (+)-1-(9H-carbazol-4-yloxy)-3-[[2-(2- 
methoxyphenoxy)ethyl]-amino]-, Coreg 


OH 
O—CH,CHCH,NHCH,CH, —O 


or 


[72956-09-3] C,,H.,O, (406.48). 
Preparation—By condensation of 4-(2,3-epoxy-1-propyl)carbazole 
with 2-(2-methoxyphenoxy)ethyl amine. See US 4,503,067 (1985). 
Description—Colorless crystals melting about 115°. 
Comments—Has both nonselective B-antagonist and a-antagonist 
activity. 


ESMOLOL HYDROCHLORIDE 


Benzenepropanoic acid, (+)-4-[2-hydroxy-3-[(1-methylethyl)- 
amino]propoxy]-, methyl ester, hydrochloride; Brevibloc 


(e} 


Il 
CH3OCCH,CHp <C)- CRE rane (CH3)o + HC) 


OH 


[84057-94-3] C,,H.,NO,.HClI (331.84) 

Preparation—J Med Chem 1982; 25: 1408. 

Description—White crystals melting about 85°. 

Comments—A £,-selective drug with low lipid solubility. It has an 
ultrashort duration of action. 


LABETALOL HYDROCHLORIDE 


Benzamide, 2-hydroxy-5-[1-hydroxy-2-[(1-methyl-3- 
phenylpropyl)aminoJethyl]-, monohydrochloride; 
Normodyne; Trandate 


CONH, 
OH 


iors 
(C)-eracrgamcnag 


CH; OH 


5-[1-hydroxy-2-[(1-methyl-3-phenylpropyl)amino]ethyl]salicylamide 
monohydrochloride [32780-64-6] C,,H,,N,03.HCl1 (364.87). 

Preparation—US Pat 4,012,444. 

Description—White crystals. 

Solubility—Soluble in water or ethanol; insoluble in ether or 
chloroform. 

Comments—Has both nonselective B and selective a,-antagonist 
activity. 
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LEVOBUNOLOL HYDROCHLORIDE 


1(2H)-Naphthalenone, (—)-5-[3-[(1,1-dimethylethyl)-amino]-2- 
hydroxypropoxy]-3,4-dihydro-, hydrochloride; Betagan Liquifilm 


* HC) 


OCH, CHCHNHC(CH 
OH 


3)3 


[27912-14-7] C,,H,;NO;.HCl (327.85) 
Preparation—See J Med Chem 1970; 13:684. 
Description—White crystals melting about 210°. 
Solubility—Soluble in water; slightly soluble in alcohol. 
Comments—A nonselective drug used for open-angle glaucoma. 


METIPRANOLOL HYDROCHLORIDE 


Phenol, (+)-4-[2-hydroxy-3-[(1-methylethyl)amino]propoxy]-2,3,6- 
trimethyl-, 1-acetate, hydrochloride; MPR; OptiPranolol 


H3C CH3 


OCH,CHCH2NHCH(CH3), + HCI 


OH 


[22664-55-7(base)] C,,H,,NO, (345.86). 
Preparation—Czech Pat 128,471. 
Description—White crystals melting about 106°. 
Solubility—Slightly soluble in water. 
Comments—A nonselective drug used for open-angle glaucoma. 


METOPROLOL TARTRATE 


2-Propanol, (+)-1-[4-(2-methoxyethyl)phenoxy]-3-[(1-methylethyl) 
amino]-, [R[(R*,R*)]-2,3-dihydroxybutanedioate (2:1) 
(salt); Lopressor; Toprol XL 


COOH 
OH H 
i H—C—OH 
CH30CH,CH> OCH,CHCH»NHCH(CH3)> | « 
HO—C—H 
; 
2 COOH 


(+)-1-(Isopropylamino)-3-[p-(2-methoxyethyl)phenoxy]-2-propanol 
L-(+)-tartrate (2:1) (salt) [56392-17-7] (C,;H.,NO;). - C,H,O, (684.82). 
Preparation—From 4-(2-methoxyethyl)phenol, 3-chloro-1,2-pro- 
panediol and isopropylamine (Swedish Pat 368,004). 
Description—White, odorless powder; bitter taste; melts about 
120°. 
Solubility—Very soluble in water; soluble in alcohol or chloroform; 
insoluble in acetone or ether. 
Comments—A £,-selective drug with moderate lipid solubility. 


NADOLOL 


2,3-Naphthalenediol, cis-5-[3-[(1,1-dimethylethyl)amino]-2- 
hydroxypropoxy]-1,2,3,4-tetrahydro-, Corgard 


OH 
dal 
--H 
‘OH 


OCHaCHCHANHCICHs)s 
OH 


1-(tert-Butylamino)-3-[(5,6,7,8-tetrahydro-cis-6,7-dihydroxy-1-naph- 
thyl)oxy]-2-propanol [42200-33-9] C,,H.,,0, (309.40). 
Preparation—US Pat 3,935,267. 
Description—White crystalline powder melting about 130°; pK, 
9.68. 
Solubility—Freely soluble in alcohol; slightly soluble in water or 
chloroform; insoluble in acetone or hydrocarbon solvents. 
Comments—A nonselective drug with low lipid solubility. 
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PENBUTOLOL SULFATE 


2-Propanol, (5S)-1-(2-cyclopentylphenoxy)-3-[(1,1- 
dimethylethyl)amino]-, sulfate (2:1) (salt); Levatol 
i 
(CHy)gCNHCH, —6—CH,0 
i * H2S0, 
OH 


2 


(38363-32-5] C,,H9NO.). * HSO, (680.94). 
Preparation—See US Pat 3,551,493. 
Description—White crystals melting about 217°. 
Solubility—Soluble in water; slightly soluble in alcohol. 
Comments—A nonselective drug with high lipid solubility. It has 
some agonist activity. 


PINDOLOL 
2-Propanol, 1-(1H-indol-4-yloxy)-3-[(1-methyl-ethyl)amino]-, Visken 


OCH, Gare SEA oe 
OH 


{13523-86-9] C,,Ho)N,O (248.32). 

Preparation—Swiss Pat 472,404. 

Description—Off-white, crystalline powder; almost odorless; melts 
about 172°. 

Solubility—Practically insoluble in water; slightly soluble in an- 
hydrous alcohol or chloroform. 

Comments—A nonselective drug with moderate lipid solubility. It 
has partial agonist activity. 


PROPRANOLOL HYDROCHLORIDE 


2-Propanol, 1-[(1-methylethyl)amino]-3-(1-naphthalenyloxy)-, 
hydrochloride; Inderal 


OH 
i} 
OCH, CHCH,NHCH(CH3)2 


HCI 


[318-98-9] C,,H,,NO, - HCl (295.81). 

Preparation—a-Naphthol is reacted with epichlorohydrin in aque- 
ous alkali to form 2,3-epoxypropyl a-naphthyl ether, and the epoxy ring 
is ruptured by reaction with isopropylamine. The base is converted to 
hydrochloride with HCl. 

Description—White or almost white powder that is odorless, with 
a bitter taste; stable to heat, unstable in light, and nonhygroscopic; 
melts about 161°; pK, 9.45. 

Solubility—1 g in 20 mL water or 20 mL alcohol; slightly soluble in 
chloroform; practically insoluble in ether. 

Comments—tThe prototype nonselective B-antagonist, with all the 
actions, uses, adverse effects, and contraindications characteristic of 
this class of drugs (see general statement), except that it is not used to 
treat glaucoma. The drug penetrates into the CNS and causes the 
central effects in the general statement. It has been reported to be of 
value in more than 20 noncardiovascular disorders, many of which are 
associated with the CNS. Its elimination t,,. is 4 to 6 hr. 


SOTALOL HYDROCHLORIDE 


Methanesulfonamide, N-[4-[1-hydroxy-2-[(1-methylethyl)- 
amino]ethyl]phenyl]-, monohydrochloride; Betapace 


OH 
| 
cnyso,nn-{())-GHors ncn n * HC) 


(959-24-0] C,,H,)N,0.S « HCl (308.82). 

Preparation—One method involves the reaction of methanesulfo- 
nyl chloride with p-aminoacetophenone to form the sulfonamide, which 
is then brominated by a free radical procedure to yield the phenacyl 
bromide. A nucleophilic substitution of bromine by isopropyl amine 
affords the base which is converted to the salt. See J Med Chem 1967; 
10:462. 

Description—White crystals melting about 207°; pK, 8.3, pK, 9.8. 


Solubility—Freely soluble in water; insoluble in alcohol. 
Comments—A nonselectiye drug with low lipid solubility. 


TIMOLOL MALEATE 


2-Propanol, 1-[(1,1-dimethylethyl)amino]-3-[[4-(4-morpholinyl-1,2,5- 
thiadiazol-3-yl]oxy]-(S)-, (Z)-2-butenedioate (1:1) (salt); 
Blocadren, Timoptic 


n-°sN OH 
7 CH HC—COOH 
Taree Well a ae 
° N OCH aia Cae CHeNIAG gaCHls HC—COOH 
e/ ‘ k 


H H3 


(—)-1-(tert-Butylamino)-3-[(4-morpholino-1,2,5-thiadiazol-3-yl)oxy]-2- 
propanol maleate (1:1) (salt) [26921-17-5] C,,H,,N,0,°S-+-C,H,O, 
(432.49). 

Preparation—J Med Chem 1972; 15:651. 

Description—White crystals melting about 202°; pH (5% aqueous 
solution) about 4; stable in aqueous solution up to about pH 12. 

Solubility—Freely soluble in water; soluble in alcohol; sparingly 
soluble in chloroform; practically insoluble in ether. 

Comments—A nonselective drug with moderate lipid solubility. It 
is used for open-angle glaucoma. 


ADRENERGIC NEURON BLOCKING DRUGS 


The adrenergic neurotransmitter, norepinephrine, is synthe- 
sized in sympathetic adrenergic neurons. 3,4-Dihydroxypheny]l- 
alanine (DOPA), which is formed in the adrenergic neuron by 
the hydroxylation of tyrosine, is decarboxylated (by aromatic 
amino acid decarboxylase) to produce the catecholamine dopa- 
mine (3,4-dihydroxyphenylethylamine). Within the adrenergic 
neuron in the region of the nerve endings are granular or- 
ganelles that contain the enzyme dopamine f-hydroxylase, 
which introduces the side-chain hydroxyl group onto dopamine 
to form norepinephrine. Norepinephrine is stored in the gran- 
ular organelles. Nerve impulses cause the influx of calcium, 
which releases norepinephrine from the storage granules. 

Adrenergic neuron blocking drugs reduce the delivery of 
catecholamines (eg, norepinephrine) to adrenergic receptors. 
As noted above, this can occur by disrupting catecholamine 
synthesis, storage, or release. The pharmacology of some such 
agents is described below. 


GUANADREL SULFATE 


Guanidine, (1,4-dioxaspiro[4.5]dec-2-ylmethy)l)-, 
sulfate (2:1); Hylorel 


NH 
ite 

oo eae 
ie} 2 


[22195-34-2] (C, >H,9N,05)o.H,SO, (524.63). 

Preparation—US Pat 3,547,951. 

Description—White solid melting about 235° with decomposition. 

Solubility—1 g dissolves in about 13.5 mL water. 

Comments—An adrenergic neuron blocking drug with a mecha- 
nism of action and hemodynamic properties like those of guanethidine, 
to which it is related chemically. Guanadrel inhibits vasoconstriction by 
inhibiting norepinephrine release in response to sympathetic nerve 
stimulation. The resulting antihypertensive effect is greater when 
standing than in the supine position. Orthostatic hypotension occurs 
frequently. Unlike guanethidine, it is used in the treatment of mild and 
moderate essential hypertension. Tricyclic antidepressants and other 
drugs that inhibit the amine reuptake into the adrenergic neurons 
prevent neuronal uptake of guanadrel and hence attenuate its effects. 
Frequent side effects include palpitations, shortness of breath, cough- 
ing, fatigue, headache, drowsiness, GI disturbances (diarrhea or consti- 
pation), edema, and excessive weight gain/loss. 
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GUANETHIDINE MONOSULFATE 


Guanidine, [2-(hexahydro-1(2H)-azocinyl)ethyl-, sulfate (2:1); 
Ismelin Sulfate 


NH 
a 
NCH, CH, —NH—C. * H,SO, 
NH, 
2 


[60-02-6] (C,,Ho2N4)o-H,SO, (494.69) 
Preparation—Cycloheptanone oxime undergoes Beckmann rear- 


rangement to form hexahydro-2(1H)-azocinone, CH,(CH,), CONHI, 


which is then reduced to heptamethyleneimine (CH,(CH.,),NHI. This is 
condensed with chloracetonitrile, and the resulting nitrile is hydroge- 
nated to 1-(2-aminoethyl)-heptamethyleneimine. Condensation with 
2-methyl-2-thiopseudourea [NH=C(SCH,)NH,] sulfate eliminates 
CH,SH to produce crude guanethidine sulfate. See Experientia 1959; 
15:267. 

Description—White to off-white, crystalline powder. 

Solubility—Sparingly soluble in water; slightly soluble in alcohol; 
practically insoluble in chloroform. 

Comments—lIt is taken up into into noradrenergic nerve terminals 
via the same transporter responsible for uptake of the transmitter. 
Once inside, the drug is transported into, and concentrated within, 
vesicles, wherein it replaces norepinephrine. By replacing norepineph- 
rine, guanethidine causes a gradual depletion of the catecholamine 
from the nerve terminal. Its onset of action is slow, requiring several 
hours to 2 or 3 days for its full effect, and its duration of action may be 
4 or more days. 

Guanethidine causes vasodilation and increases venous capaci- 
tance. The drug lowers blood pressure very effectively, especially when 
an individual is standing or exercising. Since blood pressure can fall to 
dangerously low levels in some patients, the drug usually is employed in 
submaximal doses and is combined with thiazides or hydralazine, to 
permit some adrenergic function. It usually is not employed to treat 
mild to moderate hypertension, only moderately severe to severe 
hypertension. 

The most common untoward effects of guanethidine are those that 
obligatorily accrue because of the effects of sympathetic blockade. They 
include orthostatic hypotension with its attendant vertigo, weakness, 
lassitude, nausea and occasional syncope, bradycardia, dry mouth, di- 
arrhea, urinary incontinence, and nocturia. Tricyclic antidepressants 
and other drugs that inhibit the amine reuptake into the adrenergic 
neurons prevent neuronal uptake of guanethidine and hence attenuate 
its effects. Guanethidine potentiates the pressor effects of norepineph- 
rine and certain other directly acting a sympathomimetics by inhibiting 
uptake into the adrenergic nerve terminals and by causing supersensi- 
tivity of receptors. It also may cause release of catecholamines from 
pheochromocytomas and hence precipitate hypertensive crises. The 
drug is contraindicated in pheochromocytoma, in patients hypersensi- 
tive to the drug, and when MAOIs are in use. 


METYROSINE 


t-Tyrosine, (—)-a-methyl-, Demser 


CH; 


Ho-(CO)-04,-¢=coon 


NHe 


[672-87-7] C,,H,,NO, (195.22). 

Preparation—J Org Chem 1967; 32:4074. 

Description—White, crystalline solid; melts about 310°. 

Solubility—About 1 g in 1750 mL water. 

Comments—Metyrosine inhibits the activity of the catecholamin- 
ergic neurons since it blocks tyrosine hydroxylase and thus suppresses 
the synthesis of catecholamines. This causes depletion of cat- 
echolamines in adrenergic neurons in both the sympathetic and central 
nervous systems and in the pheochrome cells in the adrenal medulla 
and accessory tissue. The drug is used to treat pheochromocytoma. 
Sedation is the most common side effect, but some tolerance occurs 
during the first week of treatment. Extrapyramidal dyskinesias occur in 
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about 10% of recipients. Other adverse CNS effects include anxiety, 
confusion, depression, disorientation and hallucinations. GI side effects 
include diarrhea, nausea, vomiting, and abdominal pain. Other adverse 
effects are nasal stuffiness, impotence, dry mouth, headache, gyneco- 
mastia, galactorrhea, peripheral edema, urticaria, and eosinophilia. 
Metyrosine potentiates the extrapyramidal effects of phenothiazines 
and butyrophenones. 


RESERPINE 


Yohimban-16-carboxylic acid, (38,168,17a,188,20a)-11,17- 
dimethoxy-18-[(3,4,5-trimethoxybenzoyl)oxy]-, methyl ester 


CH30 
OCH; 
i 
o=¢ ZaNOG OCH; 
' 
OCHs cH, oat 


[50-55-5] C3,H,)N2O, (608.69) 

Reserpine, one of more than 20 alkaloids in Rauwwolfia serpentina, 
was first isolated in pure crystalline form by Miiller et al, (Experientia 
1952; 8: 338). Subsequently it was found also in other species of Rau- 
wolfia. A procedure for its separation is described in US Pat 2,833,771 
(1958). Although it has been synthesized (Woodward et al, J Am Chem 
Soc 1956; 78:2023), its production by this route is not economically 
feasible. 

Description—White or pale-buff to slightly yellowish, odorless, 
crystalline powder; darkens slowly on exposure to light, but more rap- 
idly when in solution; melts between 255° and 265° with decomposition. 

Solubility—Insoluble in water; very slightly soluble in ether; 1 gin 
about 1800 mL alcohol or about 6 mL chloroform; slightly soluble in 
benzene; freely soluble in acetic acid. 

Comments—Reserpine is an alkaloid derived from the roots of 
Rauwolfia serpentina. It acts to inhibit both neuronal and chromaffin 
granule transporters. As a consequence, catecholamine accumulation is 
blocked. Depletion is slower and less complete in the adrenal medulla 
than in other tissues. By preventing such storage, reserpine initially 
causes catecholamine release. This is followed by a profound depletion 
of transmitter that can persist for days to weeks. The effects of reser- 
pine appear to be irreversible. 

Reserpine was the first rauwolfia alkaloid to be recognized officially. 
It was used first for the symptomatic management of patients with 
anxiety or tension psychoneuroses or chronic psychoses involving anx- 
iety, psychomotor hyperactivity, or compulsive aggressive behavior. It 
is a sedative and may cause mental depression. Extreme caution must 
be exercised when administering reserpine to patients with a history of 
depression, since reserpine can unmask or worsen this condition. 

Because of the seriousness of side effects, reserpine is rarely used as an 
antianxiety or antipsychotic drug. Instead, reserpine is used in antihyper- 
tensive therapy. By depleting peripheral amines, reserpine lowers blood 
pressure. Central actions may also contribute to this antihypertensive 
effect. The drug is used chiefly in combination with thiazide diuretics for 
the management of mild-to-moderate essential hypertension. 

Nasal congestion, scleroconjunctival congestion, drowsiness, brady- 
cardia, nausea, vomiting, anorexia, weight gain, and diarrhea are fre- 
quently noted side effects. Dry mouth, headache, dizziness, dysuria, 
myalgia, and dull sensorium can also occur. Suicidal depression is the 
most serious untoward effect. Other serious reactions are orthostatic 
hypotension, fatigue, weakness, insomnia, nightmares, excitement, 
paradoxical anxiety, parkinsonian-like rigidity, glaucoma, angina-like 
symptoms, deafness, pruritus, rash, purpura, and optic atrophy. 

The drug is absorbed poorly and erratically from the GI tract, which 
causes considerable differences in efficacy of oral doses. It characteris- 
tically has a long latency of onset and a prolonged duration of action. 
For example, with daily oral administration the effects of the drug 
usually are not fully manifest for several days to 2 weeks and may 
persist for as long as 4 weeks after oral medication is discontinued. 
Tolerance to the drug does not develop with continued administration. 
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Cholinergic transmission occurs not only at the neuroeffectors 
innervated by the parasympathetic and certain sympathetic 
postganglionic nerves but also at all autonomic ganglia, the 
somatic neuromuscular junction, and certain central synapses 
(see introductory statement, Chapter 63. Antimuscarinic drugs 
are competitive antagonists that act only on the cholinergic 
receptors at smooth muscle and secretory cells and certain 
central synapses. The term cholinergic blocking drug is used 
loosely by some as synonymous with antimuscarinic drug but it 
denotes any drug that can antagonize cholinergic stimuli at 
any cholinergic site, nicotinic or muscarinic. Other synonyms 
for the term antimuscarinic are anticholinergic, cholinolytic, 
parasympatholytic, and parasympathetic blocking drugs. Since 
cholinergic, ganglionic, and neuromuscular blocking drugs 
have in common the antagonism of acetylcholine, it is to be 
expected that certain of these drugs may block at more than 
one kind of cholinergic receptor. 

ACTIONS AND SELECTIVITY—tThe effects of antimus- 
carinic drugs on the whole are predicted readily by considering 
the consequences of interruption of parasympathetic (and sym- 
pathetic cholinergic) nerve stimulation. Thus, the effects are 
decreased gastrointestinal (GI) motility, decreased gastric se- 
cretion, dry mouth, drying of the mucous membranes in gen- 
eral, mydriasis, loss of accommodation (with consequent ten- 
dency to increased intraocular pressure), urinary retention, 
decreased sweating and compensatory cutaneous flush, bron- 
chial and biliary dilation, tachycardia (although effective block 
of the cardiac inhibitory nerves is difficult to achieve), etc. 
Some antimuscarinics have important actions in the central 
nervous system (CNS) (see below). 

There are considerable differences among the antimusca- 
rinic drugs in the extent to which the various effects are elic- 
ited, and it now appears that there are at least three and 
possibly five types of muscarinic receptors, each with different 
structural requirements for blockade. Therefore, the selectivi- 
ties (ie, profiles of activity and spectrum of efficacy) may differ 
considerably from drug to drug. For example, scopolamine has 
excellent mydriatic and cycloplegic activity yet cannot block 
cardiac vagal activity in nontoxic doses, whereas its derivative 
methscopolamine is the most efficacious drug for the antago- 
nism of vagally mediated cardiac effects. Many structural fea- 
tures contribute to the different pharmacological and therapeu- 
tic profiles of the antimuscarinic drugs, but the one of greatest 
importance is the amine function, the quaternary ammonium 
compounds differing in certain important respects from the 
secondary and tertiary amines. 

DIFFERENCES BETWEEN TERTIARY AND QUA- 
TERNARY ANTIMUSCARINICS—Tertiary (and secondary) 
amine antimuscarinic drugs can penetrate cell membranes in 
the nonionized form and, hence, can pass the blood-brain bar- 
rier. In the brain, they can exert both therapeutic and toxic 
actions. 
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The quaternary ammonium antimuscarinic drugs do not pass 
the blood-brain barrier easily and, hence, usually lack prominent 
CNS actions. Similarly, the quaternary ammonium compounds 
poorly penetrate into the eye from the bloodstream or cornea and 
are less likely than the tertiary amine antimuscarinic drugs to 
cause mydriasis and cycloplegia. Most topical mydriatic antimus- 
carinic drugs are tertiary amines. Furthermore, the quaternary 
compounds usually are absorbed erratically and incompletely 
from the gut, in contrast to the tertiary amines. 

The quaternary compounds have a greater affinity for nico- 
tinic receptors, so that some degree of ganglionic blockade may 
result from therapeutic doses of some, but not all, quaternary 
ammonium antimuscarinic drugs. Some of the quaternary am- 
monium analogs also have a potential for neuromuscular pa- 
ralysis, especially in drug interactions, in persons with myas- 
thenia gravis or when taken in toxic doses. 

The quaternary ammonium group seems to confer various 
degrees of selectivity for gastric secretory and, perhaps, other 
GI functions. The extent to which ganglionic blockade may be 
involved is not known. 

The quaternary ammonium antimuscarinic drugs are ex- 
creted mostly into the urine unchanged, whereas the secondary 
and tertiary members usually are biotransformed considerably 
in the liver. 

USES—In ophthalmology, antimuscarinic drugs are used 
topically to dilate the pupil (cause mydriasis to facilitate visu- 
alization of the optic fundus) and to paralyze accommodation 
(cause cycloplegia for refractive examination); some of these 
drugs (eg, eucatropine, homatropine) cannot effect a complete 
cycloplegia, so they are not all equivalent. Generally, short- 
acting topical antimuscarinic drugs (cyclopentolate, tropicam- 
ide, eucatropine, homatropine) are preferred for examination, 
so that interference with vision or intraocular tension will last 
for the shortest possible time. They are given in combination 
with phenylephrine to promote maximal widening of the pupil 
to allow greater surgical access and, after surgery, to prevent 
adhesions and, in alternation with miotics or with phenyleph- 
rine, to break adhesions between the iris and lens (synechiae). 
They also are used to treat acute iritis, uveitis, iridiocyclitis, 
and keratitis. Paradoxically, these drugs may be used to treat 
malignant (ciliary block) glaucoma; in this, the rationale is that 
relaxation of the ciliary muscle helps to push the lens/dia- 
phragm posteriorly and reestablish an anterior direction of flow 
of intraocular fluid. 

Antimuscarinic drugs, especially atropine, are used some- 
times for anesthetic premedication, to inhibit excessive salivary 
and bronchial secretions and prevent bronchospasm and laryn- 
gospasm. The antisecretory effects also are sought in the treat- 
ment of siwlorrhea, acute coryza, hay fever, and rhinitis; pro- 
prietary cold medicines used to contain various belladonna 
alkaloids for this purpose, but the doses were mostly sublimi- 
nal. The effects to antagonize parasympathetically mediated 


bronchospasm and bronchorrhea are employed also in the 
treatment of bronchial asthma and other chronic obstructive 
pulmonary diseases; given systemically, they are not as effec- 
tive as certain sympathomimetic aerosols, but several antimus- 
carinic drugs when given as aerosols are as effective. When 
administered by inhalation, systemic effects are less frequent 
and sometimes negligible. 

In cardiology and anesthesiology, antimuscarinic drugs are 
used to prevent or suppress vagally mediated bradyarrhyth- 
mias (such as occur after coronary occlusion), heart block, or 
cardiac syncope due to hyperactive carotid sinuses; in these, 
medical convention clings to atropine, which is less efficacious 
than methscopolamine (not scopolamine!) 

In genitourinary practice, antimuscarinic drugs are used to 
relieve urinary frequency and urgency, to control enuresis in 
children, and to relieve ureteral colic (often in combination with 
opiates). They also are used to control urinary incontinence. 

In gastroenterology, antimuscarinic drugs are used some- 
times for their GI effects, although parasympathetic effects 
in the bowel are difficult to suppress completely. In the 
irritable colon syndrome (spastic colon) they may provide 
some relief initially, but some refractoriness usually devel- 
ops later. Functional GI disorders (functional diarrhea, spas- 
tic constipation, cardiospasm, pylorospasm, neurogenic co- 
lon, general hypermotility) may respond, as may mild-to- 
moderate, irritative or infectious disorders, such as mild 
diarrhea; however, severe infectious dysenteries, regional 
enteritis, and ulcerative colitis do not. Acute enterocolitis, 
mucous colitis, and the splenic flexure syndrome may respond 
erratically. Diverticulitis sometimes may be improved. Anti- 
muscarinic drugs may be used in combination with meperi- 
dine in the relief .of biliary dyskinesia. In these uses, bella- 
donna alkaloids commonly are employed; although they are 
less expensive than nonsolanaceous antimuscarinic drugs, 
they also cause more intense side effects than many syn- 
thetic, especially quaternary ammonium, drugs. For GI use, 
several antimuscarinic drugs are marketed in combination 
with barbiturates or other hypnotic-sedative drugs, a prac- 
tice that deserves to be condemned (Table 73-1). 

Antimuscarinic drugs, especially those tertiary and quater- 
nary drugs—belladonna alkaloids, levorotatory alkaloids of 
belladonna, hematropine hydrobromide and hyoscyamine sul- 
fate—formerly were used extensively to suppress gastric acid 
secretion in peptic ulcer disease. Although the quaternary 
drugs were devoid of effects on the CNS, doses necessary for 
modest reduction of gastric acid secretion also produced signif- 
icant peripheral side effects, which some patients could not 
tolerate, and others suffered a reduced quality of life. Piren- 
zepine (Gaotrozepine, Boehringer Ingelheim) is an antimusca- 
rinic drug that is selective at Ml-receptors and effectively 
reduces acid secretion and promotes ulcer healing with a low 
incidence of antimuscarinic side effects. Although available in 
many countries, it is not yet approved in the United States. 

The high efficacy of the H,-histamine antagonists such as 
cimetidine, which very effectively reduce gastric acid secretion 
with minimal side effects, initially replaced the antimuscarinic 
drugs for peptic ulcer. In addition, omeprazole (Prilosec, MSD) 
and several other proton pump inhibitors, which block the 
ability of the acid-secreting parietal cells in the stomach to 
secrete hydrogen ions, provide another highly effective treat- 
ment for GI ulcers (see Chapter 66). Recent findings that re- 
current ulcers are associated with the presence of Helicobacter 
pylori bacteria have added another strategy to prevent recur- 
rence by appropriate antimicrobial drug therapy coadminis- 
tered with an H,-antagonist or proton pump inhibitor. 

The secondary and tertiary amine antimuscarinic drugs may 
be used for their CNS actions. In the treatment of parkinsonism, 
some play a secondary role but are quite important in combina- 
tions with first-choice drugs (see Chapter 61). They may be of 
some occasional benefit in other spastic and rigid conditions of 
cerebral origin. They also are used as antidotes for muscarinic 
central nervous (and peripheral) toxicity in anticholinesterase in- 
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Table 73-1. Antimuscarinic Drugs Used for Effects 
on the Gastrointestinal Tract? 


DRUG (TRADE NAME) DRUG (TRADE NAME) 


Quaternary amines 
Anisotropine 
methylbromide (Valpin) 
Clidinium bromide 
(Quarzan; ing of Librax) 
Glycopyrrolate 


Tertiary amines 
Dicyclomine hydrochloride 
(Bentyl) 
Oxyphencyclimine 
hydrochloride (Daricon) 
Tridihexethyl chloride 


(Robinul) (Pathilon) 

Hexocyclium methylsulfate 
(Tral) 

lsopropamide iodide 
(Darbid) 

Mepenzolate bromide 
(Cantil) 

Methantheline bromide 
(Banthine) 

Methscopolamine bromide 
(Pamine) 


Propantheline bromide 
(Pro-Banthine) 


° For further information, see RPS-18, Chap 46, page 907. 


toxication. Scopolamine is highly effective against motion sickness 
and is sometimes used for its sedative and amnesic effects, but 
these effects are not typical of antimuscarinic drugs. 

Other uses of antimuscarinic drugs include the treatment of 
dysmenorrhea (questionable efficacy), hyperhidrosis, and poi- 
soning by Amanita muscaria. 

ADVERSE EFFECTS—With nearly all antimuscarinic 
drugs, dry mouth is the first and dry skin is the second most 
common side effect. Thirst and difficulty in swallowing occur 
when the mouth and esophagus become sufficiently dry; 
chronic dry mouth also fosters dental caries. Suppression of 
sweating causes reflexive flushing and heat intolerance and can 
result in heat exhaustion or heat stroke in a hot environment; 
it also contributes to the hyperthermia seen in intoxication. 
Mydriasis frequently occurs, especially with secondary and 
tertiary compounds; photophobia and blurring of vision are 
consequences of mydriasis. With the secondary and tertiary 
amines, cycloplegia (which exacerbates blurred vision) occurs 
approximately concomitantly with mydriasis, but usually 
higher doses are required with many quaternary ammonium 
antimuscarinic drugs. In susceptible persons, especially the 
elderly, cycloplegia may contribute to an elevation of intraocu- 
lar pressure. Difficulty in urination and urinary retention may 
occur, especially in elderly males with prostate enlargement. 
Tachycardia is a common side effect. Constipation, even bowel 
stasis, may occur. Antimuscarinic drugs relax the lower esoph- 
ageal sphincter and, thus, promote gastroesophageal reflux, 
heartburn, and reflux esophagitis. They are, therefore, contra- 
indicated in these conditions. 

In the larger therapeutic doses, the secondary and tertiary 
amine antimuscarinic drugs may cause dizziness, restlessness, 
tremors, fatigue, and locomotor difficulties. Serious systemic in- 
toxication can occur even from topical ophthalmological applica- 
tion, especially in children, since both local absorption and naso- 
lacrimal drainage into the gut can deliver considerable amounts 
to the circulation. In serious intoxication, hyperpyrexia, flushing, 
nausea, vomiting, drowsiness, disorientation, stupor, hallucina- 
tions, leukocytosis, nonallergic rashes, circulatory or respiratory 
collapse, and even death, in addition to all aforenamed effects, 
may occur. Children, especially infants and children with Down's 
syndrome, spastic paralysis, or brain damage, are more sensitive 
than adults to the toxic effects. Blondes and people with light 
irides also are reputed to be more sensitive. 

When barbiturates are included in an antimuscarinic prod- 
uct, adverse effects of the barbiturates must be anticipated, 
and the possibility that chronic use will lead to dependence 
must be considered. 
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The quaternary ammonium drugs mostly have a low CNS 
component of toxicity but instead may cause orthostatic hypoten- 
sion (from ganglionic blockade) and neuromuscular paralysis. 

Hypersensitivity with a variety of manifestations, usually 
rash, may follow the use of any antimuscarinic drug, but it is 
more common with the solanaceous alkaloids. 

DRUG INTERACTIONS— Other drugs, such as phenothia- 
zines, tricyclic antidepressants, certain antihistamines, meperi- 
dine, etc, which have significant antimuscarinic activity, may 
intensify considerably the effects of antimuscarinic drugs. Drugs 
with neuromuscular paralyzant activity (aeuromuscular blocking 
drugs, aminoglycosides, polymyxin, etc) and ganglionic blocking 
drugs will summate with quaternary ammonium antimuscarinic 
drugs. Aluminum and magnesium trisilicate—containing antacids 
have been shown to decrease the absorption of some antimusca- 
rinic drugs and may possibly do so with all of them. 

PRECAUTIONS—TIf there is mydriasis and photophobia, 
dark glasses should be worn. The patient also should be warned 
that driving or other vision-dependent capabilities may be im- 
paired. Appropriate dosage precautions must be taken with 
infants, children, and persons with Down’s syndrome, brain 
damage, spasticity, or light irides. Elevated intraocular pres- 
sure, urinary difficulty and retention, and constipation are 
more probable in elderly persons. Men with prostatic hypertro- 
phy, especially, should be monitored for urinary function. An- 
timuscarinics should be used cautiously in toxic megacolon. 
Because of the tachycardic effects of the drugs, care must be 
exercised when tachycardia, other tachyarrhythmias, coronary 
heart disease, congestive heart disease, or hyperthyroidism pre- 
exist. Persons with hypertension may experience both exagger- 
ated orthostatic hypotension and tachycardia. Similarly, auto- 
nomic neuropathy requires caution. Persons with a history of 
allergies or bronchial asthma will show a higher than normal 
incidence of hypersensitivity reactions. Quaternary ammonium 
antimuscarinic drugs, especially, may cause neuromuscular 
paralysis (with fatal respiratory arrest) in persons with myas- 
thenia gravis. Although these drugs sometimes are used in the 
treatment of adhesions between lens and iris, damage can oc- 
cur, and expert precautions must be taken. When solutions of 
antimuscarinic drugs are applied topically to the eye, pressure 
should be applied just below the internal canthus of the eye to 
prevent nasolacrimal drainage. 

Precautions are appropriate in ulcerative colitis. In hiatus her- 
nia or gastroesophageal reflux, reflux and esophagitis are exacer- 
bated by antimuscarinic drugs, because the lower esophageal 
sphincter is stimulated by cholinergic nerves. In a hot environ- 
ment, the user is more susceptible to disruption of heat regulation. 
Hepatic disease for some and renal disease for other antimusca- 
rinic drugs may decrease the rate of elimination. Cognizance 
should be taken of possible drug interactions. Lastly, until proven 
otherwise, it must be assumed that all antimuscarinic drugs can 
pass the placental barrier; the threat to the fetus in utero is 
unknown, but an infant born with an effective amount of drug 
aboard may have GI difficulties and problems in early nutrition. 

CONTRAINDICATIONS—An antimuscarinic drug gener- 
ally is contraindicated in narrow-angle glaucoma, pyloric or intes- 
tinal obstruction, intestinal atony of the elderly, paralytic ileus, 
achalasia of the esophagus, frank bladder neck obstruction, or 
when there is hypersensitivity to the drug or a closely related one. 
There are specific exceptions depending on the route employed 
and the degree of selectivity (profile of activity) of the drug used. 


ATROPINE SULFATE 
Benzeneacetic acid, endo-(+)-a-(hydroxymethyl)-, 8-methyl-8- 
azabicyclo[3.2.1]oct-3-yl ester, sulfate (2:1) (salt), monohydrate 
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1aH,5aH-Tropan-3a-ol (+)-tropate(ester)sulfate (2:1) (salt) monohy- 
drate [5908-99-6] (C,,H,,NO.)..H,SO,.H,O (694.82); anhydrous [55-48- 
1] (676.82). 

Caution—Atropine Sulfate is very poisonous. 

Preparation—Atropine is dissolved in warm acetone, sufficient 
dilute sulfuric acid is added to form the 2:1 sulfate, and atropine sulfate 
is crystallized from the solution. 

Description—Colorless crystals or a white, crystalline powder; 
odorless; effloresces in dry air; slowly affected by light; when previously 
dried at 120° for 4 hr, it melts not lower than 187°. 

Solubility—1 g om 0.4 mL water, 5 mL alcohol, or about 2.56 mL 
glycerol. 

Comments—Atropine is a tertiary amine antimuscarinic drug with 
all of the actions and most uses and adverse effects described in the 
general statement at the beginning of this chapter. The antimuscarinic 
activity mostly resides in the l-isomer (l-hyoscyamine). By historical 
precedence, it has become the prototype and most widely used of anti- 
muscarinic drugs, although in most respects it no longer deserves the 
special status it continues to enjoy. 

Because atropine is obtained from species of belladonna, the word 
atropine often has been used as synonymous with belladonna. Actually, 
several genera of Solanaceae produce atropine and related alkaloids, so 
atropine and other related natural or semisynthetic congeners are 
sometimes called solanaceous alkaloids. 

Atropine is absorbed rapidly and completely from the gut and is 
distributed rapidly throughout the body. Following topical application 
it penetrates readily into the eye. It produces prolonged mydriasis and 
cycloplegia for more than 1 week. It is metabolized mainly in the liver. 
The plasma half-life of /-hyoscyamine is less than 4 hr. The half-life in 
the eye is long, and effects may last for 7 to 12 days after topical 
application to the eye. Intraocular inflammation, however, greatly 
shortens the half-life in the eye. 


BELLADONNA 


Deadly Nightshade Leaf; Belladonna Herb; Black Cherry Leaf; 
Dwale; Dwayberry Leaf 
The dried leaf and flowering or fruiting top of Atropa belladonna Linné 
or of its variety acuminata Royle ex Lindley (Fam Solanaceae); it yields 
not less than 0.35% of the alkaloids of Belladonna Leaf USP. 
Comments—lIts actions are those of the principal alkaloids, hyo- 
scamine and atropine (see the general statement). 


LEVOROTATORY ALKALOIDS OF BELLADONNA 


A synthetic mixture of the pure salts of the levorotatory alkaloids found 
in belladonna. The ratio of the salts is such that a single dose contains 
the approximate amount of each of the following: scopolamine hydro- 
bromide, 0.006 mg; atropine sulfate, 0.02 mg and hyoscyamine sulfate, 
0.1 mg. 

Comments—See Belladonna. 


HOMATROPINE HYDROBROMIDE 


Benzeneacetic acid, (+)-a-hydroxy-, endo-8-methyl-8- 
azabicyclo[3.2.1]oct-3-yl ester hydrobromide 
1laH,5aH-Tropan-3a-0l mandelate (ester) hydrobromide [51-56-9] 
C,,H,,NO;.HBr (356.26); the hydrobromide of tropine mandelate. For 

the structural formula, see page 430. 

Preparation—By heating tropine with mandelic acid in the pres- 
ence of hydrochloric acid; ammonia is added, and the homatropine that 
is liberated is extracted with chloroform; the solution is evaporated, 
hydrobromic acid is added, and the homatropine hydrobromide is 
crystallized. 

Description—White crystals, or a white crystalline powder; af- 
fected by light; melts between 214° and 217° with slight decomposition; 
aqueous solution is practically neutral or only faintly acid to litmus. 

Solubility—1 g in 6 mL water, 40 mL alcohol or about 420 mL 
chloroform; insoluble in ether. 

Comments—For ophthalmological use only. It has a duration of 
action from 0.5 to 2 days. 


HYOSCYAMINE SULFATE 


Benzeneacetic acid, a-(hydroxymethyl)-, [3(S)-endo]-8-methyl-8- 
azabicyclo[3.2.1]oct-3-yl ester, sulfate (2:1), dihydrate; Cystospaz 
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[6835-16-1] (C,,H,,NO.)..H,SO,2H,O (712.85); anhydrous [620-61-1] 
(676.82). The sulfate of an alkaloid usually obtained from species of 
Hyoscyamus Linné or other genera or Fam Solanaceae. For the struc- 
tural formula of hyoscyamine, see page 430. 

Caution—Hyoscyamine Sulfate is extremely poisonous. 

Preparation—Isolated from the alkaloids of belladonna by resolu- 
tion of atropine. 

Description—White, odorless crystals or a crystalline powder; del- 
iquescent; affected by light; when previously dried at 105° for 4 hr, does 
not melt below 200°; pH (1 in 100 solution) about 5.3. 

Solubility—1 g in 0.5 mL water or 5 mL alcohol; practically insol- 
uble in ether. 

Comments—The levorotatory isomer of atropine. It is used as an 
antispasmodic. 


IPRATROPIUM BROMIDE 


(+)-(endo, syn)-8-Azaniabicyclo[3.2.1]octane,3-(3-hydroxy-1-oxo-2- 
phenylpropoxy)-8-methyl-8-(1-methylethyl)-, 
bromide monohydrate; Atrovent 
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(8r)-3a-Hydroxy-8-isopropyl-laH ,5aH-tropanium bromide (+)-tropate 
monohydrate [66985-17-9]; anhydrous [22254-24-6] C,,H.,BrNO,.H,O 
(430.38). 

Preparation—Atropine is quaternized with isopropyl bromide. 

Description—White, crystalline substance with a bitter taste. 

Solubility—Freely soluble in water or alcohol; insoluble in chloro- 
form or ether. 

Comments—A quaternary ammonium antimuscarinic drug used 
for the treatment of bronchial asthma and chronic obstructive pulmo- 
nary disease, for which it is given as an inhalant aerosol. It appears to 
be approximately equivalent to £,-agonists in its efficacy against bron- 
chial asthma, but the duration of action is longer. It appears to be more 
effective than £.-agonists against chronic obstructive pulmonary dis- 
ease. It seems to act mainly on the larger airways. 

By inhalation, the incidence and severity of side effects is low, the 
most common effects being dry mouth, irritation in the throat, cough, 
and unpleasant taste. Other effects are quite rare and include blurring 
of vision, drowsiness, dizziness, mild bradycardia, and airway obstruc- 
tion caused by sputum made viscous by diminished tracheobronchial 
secretions. 

By inhalation, ipratropium causes bronchodilatation in doses 1/1000 
those of oral or intravenous doses, which avoid most systemic side 
effects. Bronchodilatation occurs within a few minutes, peaks at 1 to 2 
hr, and lasts 4 to 8 hr. About half the dose is eliminated in the feces. The 
half-life is 3 to 4 hr. Nasal sprays of ipratropium (0.03 and 0.06%) are 
now available for topical treatment of allergic rhinitis or rhinorrhea 
associated with the common cold, respectively. 


SCOPOLAMINE HYDROBROMIDE 


Benzeneacetic acid, [7(S)-(1a,2B,4B,5a,7 B)]-a-(hydroxymethyl)-,9- 
methyl-3-oxa-9-azatricy-clo[3.3.1.07*]non-7-yl ester, hydrobromide, 
trihydrate; Transderm-Scop 
68,7B-Epoxy-1aH,5aH-tropan-3a-ol(—)-tropate(ester) hydrobromide 
trihydrate [6533-68-2] C,,-H,,NO,.HBr.3H.O (438.31); anhydrous [114- 
49-8] (384.27). For the structural formula of scopolamine see page 430. 

Preparation—Scopolamine, an alkaloid occurring in several so- 
lanaceous plants, may be obtained from such plants by alkaloid extrac- 
tion procedures followed by fractionation of the extract to remove other 
alkaloids, notable hyoscyamine. 

Description—Colorless or white crystals or white, granular pow- 
der; odorless; slightly efflorescent in dry air; the anhydrous salt melts 
between 195° and 199°; pH (1 in 10 solution) between 4 and 5.5. 

Solubility—1 g in 1.5 mL water or 20 mL alcohol; slightly soluble 
in chloroform; insoluble in ether. 

Comments—It differs from other antimuscarinic drugs in that in 
therapeutic doses it is a sedative and tranquilizing depressant to the CNS. 
In its peripheral actions, it differs from atropine in that it is a stronger 
blocking agent for the iris, ciliary body, and salivary, bronchial, and sweat 
glands but is weaker in its action on the heart (in which it is incapable of 
exerting actions in tolerated doses), the intestinal tract, and the bronchial 
musculature. It is sometimes given as a preanesthetic medication for both 
its sedative-tranquilizing and antisecretory actions. It is effective as a 
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prophylactic against motion sickness, for which slow-release transdermal 
dosage forms have been devised. Transdermal systems provide sustained 
release for 3 days. It also is used sometimes in other types of vertigo. It 
occasionally is used to suppress delirium. It is used as an amnesic agent in 
obstetrics (combined with morphine it was used formerly to produce twi- 
light sleep). As a mydriatic and cycloplegic, it has a somewhat shorter 
duration (3 to 7 days), and intraocular pressure is affected less markedly 
than with atropine. 

Except for drowsiness, its side effects are those of tertiary amine 
antimuscarinic drugs. Occasionally, with therapeutic doses a patient 
may experience excitement, restlessness, hallucinations, delirium or 
disorientation, confusion, memory loss, stupor, and, rarely, coma. In- 
fants and young children are quite susceptible to the CNS toxicity. After 
a transdermal system has been in use for 3 or more days, removal 
sometimes causes a withdrawal syndrome consisting of dizziness, dis- 
equilibrium, nausea, vomiting, and headache. Rarely, there may be 
hypersensitivity, characterized by edema of the uvula, glottis, and lips. 
The toxic effects of overdoses, precautions, and contraindications are 
like those of tertiary amine antimuscarinic drugs. 


OPHTHALMOLOGICAL DRUGS 


CYCLOPENTOLATE HYDROCHLORIDE 


Benzeneacetic acid, a-(1-hydroxycyclopentyl)-, 2- 
(dimethylamino)ethyl ester, hydrochloride; AK-Pentolate; Cyclogyl 
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2-(Dimethylamino)ethyl 1-hydroxy-a-phenylceyclopentaneacetate hy- 
drochloride [5870-29-1] C,,H,;NO,.HC1 (327.85). 

Preparation—The acid moiety of the ester, 1-hydroxy-a-phenylcy- 
clopentaneacetic acid (I), may be prepared by adding sodium phenyl- 
acetate to an ethereal solution of isopropyl magnesium bromide; treat- 
ment of the resulting sodium phenylacetate magnesium bromide with 
an ethereal solution of cyclopentanone produces a Grignard addition 
product that on hydrolysis yields I. The ester is produced by metathesis 
between the sodium salt of I and 2-dimethylaminoethyl chloride in 
isopropyl alchol. After crystallization from acetone, the ester is con- 
verted to the hydrochloride with HCl. 

Description—White, crystalline powder, which on standing devel- 
ops a characteristic odor; melts between 137° and 141°; pH (1 in 100 
solution) between 4.5 and 5.5. 

Solubility—Very soluble in water; freely soluble in alcohol; insol- 
uble in ether. 

Comments—An antimuscarinic drug used primarily for its oph- 
thalmological actions. After application to the cornea, cyclopegia is 
complete in 25 to 75 min; recovery is complete in 6 to 24 hr. The side 
effects and CNS toxicity are those of antimuscarinic drugs, but the 
duration of the effects is very short. 


TROPICAMIDE 


Benzeneacetamide, N-ethyl-a-(hydroxymethyl)-N-(4- 
pyridinylmethyl)-, Mydriacyl 
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N-Ethyl-2-phenyl-N-(4-pyridylmethyl)hydracrylamide [1508-75-4] 
C,7Ho N20. (284.36). 

Preparation—Tropic acid is esterified with acetyl chloride, and the 
resulting tropic acid acetate is converted to the corresponding acid 
chloride by reaction with thionyl chloride. Condensation of the acid 
chloride with 4 (ethylamino)methyl pyridine in the presence of an 
appropriate dehydrochlorinating agent yields the tropicamide acetate 
ester, which saponifies readily to tropicamide. US Pat 2,726,245. 

Description—White or practically white, crystalline powder; odor- 
less or has not more than a slight odor; melts between 96° and 100°. 

Solubility—1 g in 500 mL water or 3 mL chloroform; freely soluble 
in alcohol or solutions of strong acids. 

Comments—An antimuscarinic drug that is used to induce mydriasis 
and cycloplegia in ophthalmological practice. Applied topically to the eye it 
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has a short duration of action. The time to a maximal effect is usually 20 
to 25 min. The duration of maximal effect is only about 15 to 20 min, but 
full recovery requires 5 to 6 hr. However, photophobia and other subjective 
indices of an effect may disappear as early as 2 hr after application. The 
drug, thus, has an obvious advantage over belladonna alkaloids in its 
shorter duration of action and over homatropine in its ability to induce 
cycloplegia. It is disadvantageous in that the ophthalmologist must time 
the examination to coincide with the time of maximal effect and has a brief 
time for examination or else it is necessary to repeat administration at 
30-min intervals to obviate the timing problem. 

Although tropicamide does not increase intraocular pressure in 
normal persons, it may do so in patients with glaucoma or those who 
have certain structural deformities of the anterior chamber of the eye. 
It should, thus, be used cautiously in such patients. If an antimusca- 
rinic drug must be employed in such patients, tropicamide is indicated 
because of its brief duration of action. 

Side effects can occur from passage of solutions through the nasolacri- 
mal duct and subsequent absorption. Dry mouth and tachycardia have 
occurred. Although intoxication in children has not been reported, it must 
be kept in mind. Tropicamide usually stings transiently when applied. 


ANTISPASMODIC DRUGS 


(SE gD ay A A NE RE] 
Spasm may result from a local disorder in which cellular injury 
initiates the contractile process and local hormones or other 
excitatory or irritant substances are released (or local reflexes 
are activated) or it may be the result of hyperactivity in efferent 


excitatory autonomic nerves or electrolyte disturbances that 
favor increased neuronal and muscular activity. Therefore, ac- 
cording to the locus, cause, and mediators of a spastic condi- 
tion, one or more of a number of classes of selective drugs may 
be employed, eg, neuromuscular blocking or centrally acting 
muscle relaxants for various spastic conditions of skeletal mus- 
cle, local anesthetics for some localized neurally mediated 
spasm, a-adrenoreceptor-blocking drugs or B,-adrenoreceptor 
agonists for vasospasm, B,-agonists for bronchial and uterine 
spasms, antimuscarinic drugs for ciliary spasm or spastic 
bowel, calcium for hypocalcemic tetany, calcium channel block- 
ers for various smooth muscle spasms, etc. Thus, the term 
antispasmodic might apply to many different types of drugs. 
The term should be reserved, however, for those drugs that 
relax smooth muscle nonselectively. Only flavoxate hydrochlo- 
ride and oxybutinin chloride potentially influence all smooth 
muscle, regardless of the type of innervation and neurotrans- 
mitter affected. Calcium channel—blocking drugs are discussed 
elsewhere. The selective antagonists are treated in the appro- 
priate chapters. Long before the selective competitive antago- 
nistic actions of antimuscarinic drugs were known, some anti- 
muscarinic preparations and drugs were known to relieve 
certain spastic conditions of the bowel. Therefore, the term 
antispasmodic came to connote antimuscarinic drugs that have 
important GI uses, and it has become common to include anti- 
spasmodics in chapters on antimuscarinic drugs. 


Skeletal Muscle Relaxants 
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Skeletal muscle may be relaxed by blocking the effect of so- 
matic motor nerve impulses, by depressing the appropriate 
neurons within the central nervous system (CNS) so that so- 
matic motor nerve impulses fail to be generated, or by decreas- 
ing the availability of calcium ions to the myofibrillar contrac- 
tile system. Interruption of certain afferent reflex pathways, as 
by local anesthesia, also may effect relaxation of circumscribed 
muscle groups; local anesthetic block of efferent somatic motor 
outflow also is employed sometimes to relieve localized skeletal 
muscle spasm. In this chapter only those drugs that act at the 
myoneural junction, the neuromuscular blocking drugs, and 
those drugs that act upon central neurons, the centrally acting 
muscle relaxants, are discussed. 


NEUROMUSCULAR BLOCKING DRUGS 


Neuromuscular blocking drugs prevent somatic motor nerve 
impulses from initiating contractile responses in the effector 
skeletal (striated) muscles and hence cause a paralysis of the 
muscles. There are two categories of such drugs: the competi- 
tive (or stabilizing) paralyzants and the depolarizing paraly- 
zants, discussed separately. 

USES—Competitive and depolarizing neuromuscular 
blocking drugs have the same major uses, in general. The 
pharmacokinetics and pattern of side effects, rather than their 
mechanism, determine the uses of any given agent. The prin- 
cipal use is to provide adequate skeletal muscular relaxation 
during surgery, controlled respiration, and orthopedic manipu- 
lations. The short-acting drugs are used to relax the laryngeal 
muscles during endotracheal intubation and bronchoscopy. 
Neuromuscular paralyzants may be employed to decrease the 
severity of muscle contraction during electroconvulsive treat- 
ment. Competitive neuromuscular paralyzants have been used 
in the management of tetanus and in various spastic disorders, 
but the results usually have been disappointing. Competitive 
blocking drugs may be used in the diagnosis of myasthenia 
gravis; the myasthenic patient is extremely sensitive to the 
paralyzant actions. 


Competitive Neuromuscular 
Blocking Drugs 


When impulses in the somatic motor nerves arrive in the nerve 
terminals in the motor end-plate region, they evoke the release 
of acetylcholine, which diffuses to the postsynaptic motor end- 
plate membrane. There, acetylcholine combines with nicotinic 
cholinergic receptors to activate them, which leads to the open- 
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ing of transmembrane ion channels, ion flow, and consequent 
membrane depolarization. End-plate membrane depolarization 
is followed by depolarization of the muscle membrane and 
subsequent contraction. Any interruption of the above se- 
quence of events leads to muscular paralysis. 

The competitive neuromuscular blocking drugs combine 
with the nicotinic receptors and occupy them without activat- 
ing them. Acetylcholine cannot activate the already occupied 
receptors, so motor nerve impulses cannot elicit contractions, 
and paralysis ensues. Some of them also lodge in the receptor- 
operated ionophore and, thus, decrease electrical activation of 
the postsynaptic membrane. 

PHARMACOLOGICAL ANTAGONISM—tThe interac- 
tion of blocking drug and receptor is reversible and dynamic. 
Drug molecules combine, dissociate, recombine, etc, thus leav- 
ing receptor molecules transiently unoccupied. The probability 
that an acetylcholine molecule will find an unoccupied receptor 
is directly proportional to the concentration. If the concentra- 
tion is elevated sufficiently, dissociated blocking drug mole- 
cules will find the receptors occupied with acetylcholine and 
will be prevented from recombining with the receptors to main- 
tain blockade. Thus, a blockade can be overcome competitively. 
In practice, the acetylcholine concentration is raised by inhib- 
iting acetylcholinesterase in the end-plate region. Neostigmine 
and edrophonium are the most commonly employed anticho- 
linesterases for antagonizing competitive neuromuscular para- 
lyzants. The anticholinesterases are discussed in Chapter 71. 

SIDE EFFECTS AND PRECAUTIONS—The competitive 
neuromuscular blocking drugs are quite selective for the non- 
respiratory muscles, so that it is possible to achieve surgical 
relaxation of the abdominal, limb, neck, or laryngeal muscles 
without significant loss of respiratory function. However, res- 
piration often may be depressed to the point of danger, even 
apnea, so these drugs should be used only when facilities for 
prolonged respiratory assistance are at hand and the trachea is 
intubated, in case respiratory assistance is needed. In hypo- 
thermic procedures such as cardiopulmonary bypass surgery, 
blockade is less complete, so that larger than standard doses 
are required; excessive paralysis may ensue subsequently 
when body temperature is elevated. 

The two other principal side effects are the release of hista- 
mine from mast cells and ganglionic blockade. The extent to 
which histamine release occurs varies among the several 
drugs; it is greatest with tubocurarine. The histamine released 
may cause vasodilation and consequent hypotension and reflex 
tachycardia, bronchospasm, urticaria, rash, and, rarely, even 
angioneurotic edema. Histamine-releasing neuromuscular 
blocking drugs should be avoided in persons with a history of 
bronchial asthma, angioneurotic edema, or anaphylaxis. 

Ganglionic blockade may occur, because the postsynaptic 
ganglionic cholinergic receptors are nicotinic. However, these 
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receptors have somewhat different structural requirements 
from those at the neuromuscular junction, so ganglionic block- 
ade is only slight to moderate with the usual clinical doses of 
neuromuscular blocking drugs. The types of effects of gangli- 
onic blockade depend upon which ganglia are blocked. Blockade 
of sympathetic ganglia contributes to hypotension and of vagal 
ganglia, to tachycardia. Some curimimetics have a vagolytic 
action of unknown mechanism at cardiac muscarinic sites; this 
action also contributes to tachycardia. Ganglionic blockade is 
salutary when adverse reflexes to surgical manipulation are 
attenuated. 

All of the marketed neuromuscular blocking drugs are qua- 
ternary ammonium compounds, hence they do not penetrate 
the blood-brain barrier and thus lack CNS actions. However, 
some cross the placental barrier into the fetus. 

DRUG INTERACTIONS—Any drug with an effect to de- 
press the excitability of the postsynaptic membrane at the 
motor end-plate will increase the blocking effect of competitive 
neuromuscular blocking drugs. The anesthetic ethers, halo- 
thane, trimethaphan, and propranolol, are among such drugs. 

A number of antibiotics can cause neuromuscular paralysis 
in high doses and in therapeutic doses may increase neuromus- 
cular blockade by the competitive blocking drugs. Some of these 
(gentamicin, kanamycin, neomycin, streptomycin, tobramycin, 
paromomycin, and viomycin) apparently also act competitively 
on the nicotinic receptor and, hence, may be antagonized by 
anticholinesterases. Others (polymyxins, colistin, colis- 
timethate, tetracyclines, lincomycin, and clindamycin) have a 
more obscure action and are not antagonized by anticholines- 
terases, although anticholinesterases will antagonize the neu- 
romuscular blocking drug and relieve the exaggerated paraly- 
sis; calcium partially antagonizes these drugs. Local 
anesthetics (quinine, quinidine, ganglionic blocking drugs, and 
magnesium ion) also potentiate the neuromuscular blocking 
actions of the competitive blocking drugs. 


Depolarizing Neuromuscular 
Blocking Drugs 


The depolarizing neuromuscular blocking drugs are nicotinic 
agonists, which, like acetylcholine, interact with the postsyn- 
aptic nicotinic receptors to effect a depolarization of the mem- 
brane at the motor end-plate. Unlike acetylcholine their so- 
journ at the end-plate is long, so the postsynaptic membrane 
may remain depolarized. Since the muscle membrane and con- 
sequent contraction can be excited only by a fresh depolariza- 
tion, the muscle remains paralyzed. That is to say, the trig- 
ger for the conducted muscle impulse is the transient 
fall in end-plate membrane potential and not the persisting 
depolarization. 

Eventually, the motor end-plate membrane repolarizes de- 
spite the continuing presence of the drug (phase two block), 
owing to a shift in receptor conformation. Nevertheless, despite 
the fact that the membrane is poised for a new depolarization, 
motor nerve impulses and acetylcholine fail to elicit a response, 
because the nicotinic receptor is not in its appropriate config- 
uration. During this phase, the neuromuscular blockade takes 
on some characteristics of competitive blockade and even may 
be antagonized partially by anticholinesterases. This second 
phase is erratic in onset among the various muscles, and block- 
ade may be of a mixed type, thus complicating the treatment of 
overdoses. Furthermore, not all drug recipients respond alike. 
Electrolyte status, muscle condition, disease, genetic factors, 
the presence of other drugs, and temperature all affect the time 
of onset and extent of phase two block. Moreover, not all depo- 
larizing drugs are identical in the pattern of blockade. Clini- 
cally, phase two is usually significant only when the drug dose 
is repeated or the drug is infused and blood levels sustained 
beyond the normal single-dose limit. Monitoring neuromuscu- 
lar function by nerve stimulation to avoid overdose and/or 
conversion to phase two paralysis is advisable. 


SIDE EFFECTS AND.PRECAUTIONS—During the on- 
set of the drug-induced depolarization, as the membrane po- 
tential depolarizes to the critical firing potential, there may 
arise conducted impulses that will cause random contraction 
(fibrillation) of the muscle fibers. Motor nerve terminals are 
stimulated to generate axon reflexes that fire off entire motor 
units. In addition, the depolarizing neuromuscular blocking 
drugs stimulate both the intrafusal fibers and the muscle spin- 
dle afferent nerve endings, which results in facilitatory nerve 
traffic entering the spinal cord. Thus, there usually is an orga- 
nized contraction pattern, namely fasciculations and even 
twitching. The result is muscle soreness. Fasciculations and 
twitching can exacerbate spasm and also cause damage in the 
presence of broken bones; consequently, the depolarizing drugs 
should be avoided in these conditions. 

The muscles of respiration (intercostal and diaphragmatic) 
are more resistant to the paralyzing effects than are other 
skeletal muscles, and it usually is possible to achieve surgical 
relaxation of abdominal, limb, neck, or laryngeal muscles with- 
out significant loss of respiratory function. Nevertheless, res- 
piration often may be depressed, sometimes to the point of 
apnea. This is likely especially after prolonged use, which fa- 
vors considerable loss of potassium from the motor end-plate 
region. Consequently, the depolarizing neuromuscular blocking 
drugs should be used only with tracheal intubation and when 
facilities for prolonged assisted respiration are at hand. Care 
should be used when respiration already is depressed and also 
when the lithotomy or Trendelenburg positions are employed, 
especially in young children and the aged. 

During the depolarizing phase of neuromuscular block, po- 
tassium is lost rapidly from the muscles, which may cause 
hyperkalemia. If a sufficient amount of the mobilized potas- 
sium is excreted, there may be a later hypokalemia. Various 
cardiac arrhythmias, even cardiac arrest, may result, espe- 
cially if the patient is digitalized. Prolonged paralysis by these 
agents may lead to malignant hyperthermia. 

The effects of depolarizing blocking drugs on autonomic 
ganglia and histamine stores are variable. 

DRUG INTERACTIONS—Muscle paralysis with depolar- 
izing neuromuscular blocking drugs is increased by hypother- 
mia, hypokalemia, hypermagnesemia, polymyxin B, colistin, 
colistimethate, and aminoglycoside antibiotics (streptomycin, 
kanamycin, gentamicin, tobramycin, and neomycin). 


ATRACURIUM BESYLATE 


Isoquinolinium, 2,2’-[1,5-pentanediylbis[oxy(3-oxo-3,1- 
propanediyl)]]-bis[1-(3,4-dimethoxyphenyl)methyl]]-1,2,3,4- 
tetrahydro-6,7-dimethoxy-2-methyl dibenzenesulfonate; Tracrium 
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[64228-81-5] C.,;Hg.N.01.S, (1243.49). 

Preparation—Acryloyl chloride and 1,5-pentanediol are reacted to 
produce the diester, which then is treated with tetrahydropapaverine to 
yield the di-tertiary amine. This latter product, with methyliodide, 
forms the bis-quaternary iodide, which is converted to the besylate with 
benzenesulfonic acid. See US Pat 4,179,507. 

Description—Off-white powder; melts at 87°. The molecule has the 
potential to conform to any of 16 different isomers, but due to its 
symmetry, only 10 exist. The drug entity consists of a mixture of several 
possible isomers, and the synthetic procedure results in the production 
of a consistent ratio of isomers, but in unequal amounts. The isomer 
that predominates (approximately in a 3:1 ratio) is that in which the 
quaternary methyl group and the dimethoxybenzyl group assume a 
trans configuration about the tetrahydroisoquinoline parent. 

Solubility—1 g in 20 mL water. 

Comments—A competitive neuromuscular paralyzant that is 2.5 
times as potent as tubocurarine (see page 1336). Its effects are more 


predictable than are those of tubocurarine, especially with respect to 
repeated doses. Its duration of action is 33 to 50% of that of tubocura- 
rine, 90% of recovery of muscle function occurring in 60 to 70 min. 
The drug thus lends itself to use in surgical procedures of short-to- 
intermediate duration. In therapeutic doses, side effects are minimal, 
but moderate degrees of histamine release and consequent sequelae 
occur occasionally. 

Drug interactions and antagonism by anticholinesterases essen- 
tially are the same as with tubocurarine, but the potentiating effects of 
anesthetics are less marked. 

It neither is metabolized appreciably in the liver nor excreted into 
the urine. Rather, the bridge between the isoquinoline moieties is 
ruptured spontaneously by Hoffman elimination and by hydrolysis in 
plasma. This unique elimination makes the effects and duration of 
action independent of liver and/or renal insufficiency. The elimination 
half-life is about 20 min. 


CURARE 

A name applied to extracts principally of the bark and other parts of 
plants of certain species of Chondodendron or Strychnos, especially 
Chondodendron tomentosum and Strychnos toxiferin, prepared by 
South American Indians of the Upper Amazon and Orinoco basins for 
use as arrow poisons. The extracts contain neuromuscular paralyzant 
alkaloids and numerous other contaminants. The chondodendron alka- 
loids contain tertiary and quaternary benzylisoquinoline derivatives 
such as d-tubocurarine (see Tubocurarine Chloride), curine, and related 
compounds. The strychnos alkaloids contain B-carboline alkaloids such 
as the toxiferins and calabash cwrarines. None of the crude preparations 
currently is used in therapeutics. Only purified preparations or alka- 
loids from Chondodendron tomentosum are available commercially. 


DANTROLENE SODIUM 


2,4-Imidazolidinedione, 1-[[[5-(4-nitrophenyl)-2- 
furany]methyleneJamino]-, sodium salt, hydrate (2:7); Dantrium 
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1-[[5-(p-Nitrophenyl)furfurylideneJamino]hydantoin sodium salt hy- 
drate [24868-20-0] C,,H,N,NaO, - 3 1/2H,O (399.29). 

Preparation—See J Med Chem 1967; 10:807, and US Pat 
3,415,821. 

Description—Orange powder; free acid melts about 280°; pK, 
about 7.5. 

Solubility—Slightly soluble in water; more soluble in alkali. 

Comments—Differs from the classical neuromuscular blocking 
drugs in that its action is distal to the nicotinic receptors and neuro- 
muscular junction. Instead, it suppresses excitation-contraction cou- 
pling by interfering with release of calcium from the sarcotubular 
reticulum. The muscle fibers still respond to nerve impulses; the con- 
tractile response is lessened but not abolished. Therefore, muscle weak- 
ness, rather than paralysis, is the result. Fast muscle fibers (white) are 
affected more than slow muscle fibers (red). Because the contractility of 
the intrafusal fibers in the muscle spindles also is decreased, spinal 
cord—mediated stretch reflexes are attenuated, which provides the pri- 
mary explanation of its ability to relieve certain types of spasm. It is 
used to treat spasticity resulting from upper motor neuron lesions, such 
as those in spinal cord injury, stroke, multiple sclerosis, and cerebral 
palsy but not spasticity resulting from musculoskeletal injury, lum- 
bago, or rheumatoid disorders. It is possible that a direct effect on the 
motor neuron may be involved in this limited spectrum of activity, since 
the drug does exert some CNS-depressant actions. In fact, the drug is 
used to treat the neuroleptic malignant syndrome. Its effect on intra- 
cellular calcium also lends itself to the treatment of malignant hyper- 
thermia, which can be triggered by general anesthesia and neuromus- 
cular blocking drugs. 

Interference with muscle function may cause weakness and fatigue, 
poor posture with consequent backache and myalgia, a feeling of suffo- 
cation, difficulties in swallowing, diplopia, and other visual distur- 
bances. Effects on the CNS include drowsiness, dizziness, malaise, 
headache, nervousness, slurred speech, confusion, depression, and, 
rarely, convulsions. Other adverse effects include constipation, diar- 
rhea, abdominal cramps, gastric irritation, GI bleeding, increased uri- 
nary frequency yet oliguria, lacrimation, sweating, disorders of taste, 
urticaria, acneiform rash, eczematoid dermatitis, pleural effusions and 
pericarditis, hepatitis, chills, and fever. It is contraindicated in liver 
and pulmonary disease, in situations in which alertness is essential, 
and when gross postural abnormalities result from its use. It may color 
the urine orange to red. 
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Orally, it is absorbed poorly but more or less consistently, so that 
blood levels are proportional to the dose. It is metabolized in the liver to 
several products. It is stated that the plasma half-life is 5 hr by the 
intravenous route but 9 hr by the oral route. The former is probably an 
approximation of the distribution (a) half-life and the latter of the 
elimination (8) half-life. 


DOXACURIUM CHLORIDE 


Isoquinolinium dichloride, 2,2'-[(1,4-dioxo-1,4-butanediyl)bis(oxy- 
3,1-propanediyl)] bis[1,2,3,4-tetrahydro-6,7,8-trimethoxy-2-methyl-1- 
[(3,4,5-tri-methoxyphenyl)methyl]-, Nuromax 
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[106819-53-8], C,gH,,Cl,N..O,, (1106.15). 

Comments—A long-acting, nondepolarizing, competitive, neuro- 
muscular blocking drug whose action is reversed by anticholinester- 
ases. Doxacurium is indicated as an adjunct to general anesthesia. Its 
time to onset following an intravenous dose is approximately 1.5 to 2 
times longer than that of the intermediate-acting nondepolarizing 
agents atracurium and vecuronium and 4 to 5 times longer than that of 
the short-acting depolarizing agent succinylcholine. Time to 25% recov- 
ery is approximately 10 to 15 times longer than that of succinylcholine 
and 2 to 3 times longer than that of the intermediate agents. Doxa- 
curium does not appear to cause histamine release. The major elimina- 
tion pathway for doxacurium is through excretion of unchanged drug in 
the urine and bile. The duration of action of doxacurium is increased in 
patients with end-stage kidney and hepatic disease. 


METOCURINE IODIDE 


Tubocuraranium, 6,6’,7',12’'-tetramethoxy-2,2,2',2'-tetramethyl-, 
diiodide; Dimethyl Tubocurarine lodide; Metubine lodide 


(+)-O,0'-Dimethylchondrocurarine diiodide [7601-55-0] C,,H,,I,N.O, 
(906.64). 

Preparation—By methylation of the naturally occurring d-tubocu- 
rarine with methyl iodide or dimethyl sulfate, and conversion to the 
diiodide. 

Description—White or yellow, crystalline powder. 

Solubility—1 g in 400 mL water; very slightly soluble in alcohol; 
practically insoluble in chloroform or ether. 

Comments—A competitive neuromuscular blocking drug; see the 
introductory statement for actions, uses, side effects, and drug interac- 
tions. In man, it is approximately three times more potent than d- 
tubocurarine chloride. It is eliminated mainly by renal and biliary 
excretions; the half-life is about 3.5 hr. It can pass the placental barrier. 


MIVACURIUM CHLORIDE 


Isoquinolinium, [R-[R”, R°-(E)]]-2,2'-[(1,8-dioxo-4-octene-1,8- 
diyl)bis(oxy-3,1-propanediyl)]bis-[1,2,3,4-tetrahydro-6,7-dimethoxy-2- 
methyl-1-[(3,4,5-trimethoxyphenyl)methyl]-, dichloride; Mivacron 
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[106861-44-3 (total racemate)] C,H, Cl,N.O,, (1100.18). 
Comments—A short-acting, nondepolarizing, competitive, neu- 

romuscular blocking drug whose action is reversed by anticholines- 

terases. Its time to onset following a bolus dose is equivalent to the 


1336 CHAPTER 74 


intermediate-acting nondepolarizing agents atracurium and vecuro- 
nium and two to three times longer than the short-acting depolariz- 
ing agent succinylcholine. Time to 25% recovery is approximately 2 
times longer than with succinylcholine (16 versus 8 min, respec- 
tively) and two to three times shorter than with the intermediate 
agents (16 versus 25 to 45 min, respectively). For short-duration 
procedures not requiring rapid induction of anesthesia, mivacurium 
represents a viable alternative to succinylcholine. Bolus doses of 
mivacurium can cause histamine release that leads to cutaneous 
flushing of face and neck, increased heart rate, and hypotension. 
Like succinylcholine, mivacurium is metabolized rapidly by plasma 
cholinesterase. The duration of action of mivacurium is increased in 
patients with end-stage kidney and hepatic disease and patients 
with a deficiency of plasma cholinesterase. 


PANCURONIUM BROMIDE 


Piperidinium, 1,1’-[2B,3a,5a,16B,17B)-3,17-bis(acetyloxy)androstane- 
2,16-diyl]bis[1-methyl]-, dibromide; Pavulon 


{15500-66-0] C,,;H,,Br.N.O, (732.68). 

Preparation—See US Pat 3,553,212. 

Description—White, crystalline powder; hygroscopic; melts about 
PAS: 

Solubility—Freely soluble in water; soluble in alcohol or 
chloroform. 

Comments—A competitive neuromuscular blocking drug; see the 
introductory statement for actions, uses, side effects, and drug interac- 
tions. Its mechanism of action usually is assumed to be identical to that 
of tubocurarine, but the dose-response curve is steeper, which suggests 
a difference. It differs from tubocurarine in its side effects in that it does 
not block the autonomic ganglia and rarely releases histamine, so that 
it causes neither hypotension nor bronchospasm. In fact, it may cause a 
slight tachycardia and hypertension as the result of a vagotic action and 
also interference with the neuronal reuptake of norepinephrine. Also, a 
slight transient rash may occur occasionally. Salivary secretion during 
light anesthesia is common. Drug interactions are the same as with 
tubocurarine, except that prior treatment with succinylcholine aug- 
ments the paralysis and increases the duration; also, narcotic analge- 
sics do not seem to affect its actions. It may be used more safely in 
patients with cardiovascular disease or bronchial asthma than any 
other neuromuscular blocking drug. Indeed, it actually has been used in 
the management of status asthmaticus, to relax the muscles, thereby 
facilitating artificial respiration and decreasing oxygen demand. After 
intravenous injection, its effects become maximal in less than 4.5 min in 
adults and 90 sec in children. The duration of action of usual doses is 
generally 30 to 60 min, but it depends on various factors, such as the 
anesthetic or prior dosage with succinylcholine. The plasma half-life is 
usually slightly less than 2 hr. It is excreted mostly unchanged into the 
urine, but up to one-third of a dose is deacetylated; thus, it is advisable 
to use the drug cautiously in the presence of either renal or liver 
disease. 


SUCCINYLCHOLINE CHLORIDE 


Ethanaminium, 2,2'-[(1,4-dioxo-1,4-butanediyl)bis(oxy)]bis[ N,N, N- 
trimethyl-, dichloride; Suxamethonium Chloride; Anectine; 
Quelicin; Sucostrin 


COOCH,CH2N (CHs)3 
(CHo)2 2c. 


COOCH,CH,N*(CHs)3 


Choline chloride succinate (2:1) anhydrous [71-27-2] C,,H3 Cl,N.O, 
(361.31); dihydrate [6101-15-1] (397.34); usually occurs as the 
dihydrate. 

Preparation—It may be prepared by condensing succinyl] chloride 
with B-dimethylaminoethanol and quaternizing the resulting ester with 
methyl] chloride. 


Description—White, odorless, crystalline powder; solutions are 
acid to litmus (pH of about 4); the dihydrate melts about 160°, the 
anhydrous about 190°; hygroscopic. 

Solubility—1 g in about 1 mL water or about 350 mL alcohol; 
slightly soluble in chloroform; practically insoluble in ether. 

Comments—A depolarizing neuromuscular blocking agent; see 
the introductory statement for actions, uses, side effects, precau- 
tions, and drug interactions. It usually has a very transient duration 
of action because of rapid hydrolysis of the drug by serum butyryl 
(pseudo)cholinesterases. The effects of a single injection usually last 
only a few minutes; consequently, it is of special use for muscle 
relaxation during brief manipulations. Prolonged muscular relax- 
ation is achieved by continuous intravenous infusion, and the inten- 
sity of muscle paralysis is controlled readily by adjustment of the 
infusion rate. Alternatively, prolonged muscular relaxation may be 
achieved with periodic injections when the drug is given in combi- 
nation with hexafluorenium bromide (above). Although a stabilizing 
phase of action can occur, its occurrence is erratic and usually results 
only from prolonged use. 

It does not cause liberation of histamine, but hypersensitivity 
reactions sometimes occur. As the drug depolarizes the motor end- 
plate, axon reflex-conducted impulses and contractions of motor 
units (fasciculations) may occur. Muscle aching resulting from its 
transient stimulatory action is minimized by slow administration. 
Hyperkalemia, due to potassium loss from muscle, and myoglo- 
binemia sometimes result from these stimulatory actions. Excessive 
salivation may occur; this is preventable by premedication with 
atropine or scopolamine. It may induce a bradycardia that can be 
suppressed by atropine or methscopolamine but not by scopolamine. 
It may cause cardiac arrhythmias in patients with myocardial dam- 
age. Among neuromuscular blocking drugs, it is unique in its effect 
to increase intraocular pressure; it is contraindicated in persons with 
glaucoma or retinal detachment and in persons with known hyper- 
sensitivity. Rarely, it may cause a severe (malignant) hyperthermia 
when an ether anesthetic or cyclopropane is used. No specific phar- 
macological antagonist of the skeletal muscle effects is available, but 
dantrolene can suppress malignant hyperthermia. Calcium channel— 
blocking drugs also are useful in this regard. Its actions may be 
prolonged in individuals with reduced plasma cholinesterase activ- 
ity, such as results from a genetic defect or from liver disease or 
cachexia. 


TUBOCURARINE CHLORIDE 


Tubocuraranium, 7’,12'-dihydroxy-6,6’-dimethoxy-2,2’,2’-trimethyl-, 
chloride, hydrochloride, pentahydrate; (+)-Tubocurarine Dichloride; 
d-Tubocurarine Chloride 


(+)-Tubocurarine chloride hydrochloride pentahydrate [6989-98-6] 
C,,H,,CIN.O, - HCl - 5H,0 (771.73); anhydrous [57-94-3] (681.65). 

Preparation—lIsolated from the stems and bark of the freshly 
gathered plant Chondodendron tomentosum, which is extracted with 
small portions of water. 

Description—White or yellowish white to grayish white, odorless, 
crystalline powder; melts about 270°, with decomposition. 

Solubility—1 g in 20 mL water or 45 mL alcohol; insoluble in 
chloroform or ether. 

Comments—A competitive neuromuscular blocking agent; see the 
introductory statement for the actions, uses, side effects, and drug 
interactions. 

It is not absorbed from the gut. After intravenous administration it 
rapidly disappears from the plasma, with a distribution half-life of 
about 12 min; however, its terminal plasma half-life is 1 to 3 hr. The 
duration of action of the first dose is 10 to 30 min, but a residual effect 
lasting several hours has been shown. Subsequent doses may have a 
longer action. It is both excreted into urine (43%) and degraded in the 
liver and kidneys, and either renal failure or hepatic failure can prolong 
the half-life. 


VECURONIUM BROMIDE 


Piperidinium, 1-[(28,3a,5a,16B,17)-3,17-bis(acetyloxy)- 
2-(1-piperidinyl)androstan-16-yl]-1-methyl-, bromide, 
diacetate; Norcuron 


[50700-72-6] C,,H;,BrN,O, (637.74). 

Preparation—See J Med Chem 1973; 16:1116. 

Description—White crystals; melts about 230°. 

Comments—It retains the competitive neuromuscular blocking ac- 
tivity of pancuronium but is devoid of some of the side effects and, 
consequently, has clinical advantages over pancuronium. It does not 
release histamine significantly, cause ganglionic blockade, or interfere 
with neuronal reuptake of norepinephrine, hence, has negligible car- 
diovascular side effects. The duration of action in adults is about 15 to 
30 min for doses that cause less than 100% paralysis. Partial recovery 
sufficient to permit breathing may take even less time. Consequently, it 
may be used for relatively short surgical procedures and endotracheal 
intubation in adults. Recovery time is slightly longer in young children 
and more than twice as long in infants. When doses are repeated after 
only 25% of recovery of muscle function, accumulation apparently does 
not occur. 

It is excreted mostly into the bile, and the degree of paralysis and 
duration of action are increased in liver failure. Ten to 25% is excreted 
into urine, and renal failure may prolong the duration of action by as 
much as 32%. 


CENTRALLY ACTING MUSCLE RELAXANTS 


The cell bodies of the somatic motor nerves lie within the spinal 
cord and, hence, within the CNS. The activity of motor neurons 
is affected not only by facilitatory and inhibitory modulation 
through feedback from contralateral and ipsilateral stretch and 
other receptors but also from centers in the brain. Spasticity 
can arise from musculoskeletal injury, which may cause aber- 
rant afferent impulse traffic into the spinal cord, from injury to, 
or disease of, the motor nerves or related interneurons within 
the cord or sensory neurons in the sensory ganglia and from 
disorders in the brain that alter the flow of suprasegmental 
impulses to the motor neurons. Involuntary movement, such as 
is seen in palsies, chorea, or parkinsonism, mostly is the result 
of impairment of feedback control within the brain. 

When the disorder is musculoskeletal or is within the spinal 
cord, the selectivity of drugs is relatively low, because the 
collective neurons involved in the reflex arcs are not sufficiently 
qualitatively different from the motor and sensory neurons in 
chemical sensitivity to permit a selective depression of the 
hyperactive influences on the motor neuron. However, some 
selectivity is achieved when interneurons are involved, simply 
because a small effect on each converging interneuron may 
summate to cause a moderate decrease in interneuronal input 
to the motor neuron. Because the interneurons are involved in 
the fine tuning of neuronal activity, their influences are bal- 
anced critically and hence are more susceptible to pharmaco- 
logical action than the motor neuron itself. Consequently, most 
central relaxants are interneuron depressants, which, however, 
will manifest variable depressant actions throughout the CNS. 
Interestingly, many antianxiety and some sedative drugs 
possess muscle relaxant activity, probably because of the 
high sensitivity of the critically balanced interneurons to 
perturbation. 

In tolerated doses, the centrally acting muscle relaxants are 
erratic, owing to their limited selectivity. Orally, they are usu- 
ally ineffective (the tolerated doses being much too low); intra- 
venously, they have some established value in treating acute 
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muscle spasms resulting from trauma or inflammation. Motor 
dysfunctions that accrue to spinal cord or brain disorders are 
affected little. 

The central relaxant effects and uses of certain benzodiaz- 
epines, such as diazepam, differ from those of interneuron 
depressants. 


BACLOFEN 
Butanoic acid, 4-amino-3-(4-chlorophenyl)-, Atrofen; Lioresal 


HaNCHaCHCH,COOH 


Cl 


B-(Aminomethyl)-p-chlorohydrocinnamic acid [1134-47-0] C,,H,,CINO, 
(213.67). 

Preparation—Synthesis by hydrogenation of B-cyano-p-chlorohy- 
drocinnamic acid in acidified ethanol in the presence of platinic oxide 
catalyst is described in Swiss Pat 449,046 (CA 1968; 69:106273f). 

Description—Crystalline powder; melts about 207° (190°?); pK, 
3.85, 9.25. 

Solubility—Slightly soluble in water; poorly soluble in organic 
solvents. 

Comments—Its muscle relaxant actions result from an action 
within the spinal cord, where both monosynaptic and polysynaptic 
reflexes are inhibited by the drug. It is an analog of y-aminobutyric acid 
(GABA), an inhibitory neurotransmitter within the CNS. Part of the 
action of baclofen is likely attributable to its agonist properties at the 
GABA, receptor, which is coupled to a G-protein-activated K’ channel. 
However, the precise mechanism of its muscle relaxant properties is 
unknown. Its sedative and ataxic actions are consistent with such an 
action in the brain. 

It is used in the relief of painful spasticity in multiple sclerosis, for 
which it is more effective than diazepam. Some residual ambulatory 
function must be present; the drug will not make nonambulatory pa- 
tients ambulatory. Although spasticity may be lessened, the gait and 
posture of some patients may be worsened, because of the unmasking of 
incoordination. It also may afford some relief in patients with spinal 
cord disease and traumatic transverse myelopathies. It is not as effective 
as carbamazepine in the treatment of neuralgias but is an important 
substitute when needed. It has been reported to be of value in tardive 
dyskinesia. It is useful in the management of external urinary sphincter 
hypertonicity and detrussor—external sphincter dyssynergia. It is not 
indicated in musculoskeletal spastic disorders. 

Sedation is the most frequent adverse effect, although it is less 
frequent and severe than with diazepam. Its use in combination with 
other CNS depressants or ethanol should be avoided, if possible. Weak- 
ness may occur, but it is less handicapping than with dantrolene. Other 
common side effects include dizziness, insomnia, pruritus, and rashes. 
The drug is contraindicated when a hypersensitivity exists. Less fre- 
quent side effects include hypotension and mental confusion. Abrupt 
withdrawal has been reported to result in anxiety, tachycardia, and 
even visual hallucinations; therefore, dosage must be discontinued 
gradually. In patients with epilepsy, it may increase the frequency of 
seizures. Overdoses may cause seizures, coma, loss of brainstem re- 
flexes and respiratory depression. It is teratogenic, and this risk must 
be considered in pregnancy. It also has been found to cause ovarian 
cysts and enlarged or hemorrhagic adrenal glands in experimental 
animals. 

It is absorbed rapidly, orally; absorption time is approximately 2 hr. 
More than 80% of the drug is excreted in the urine. The elimination 
half-life is 3 to 4 hr. 


CARISOPRODOL 


1,3-propanediol, 2-methyl-2-propyl-, 
carbamate isopropyl carbamate esters Soma, 


CHs 


(CHy),CHNHCOOCH,CCH 2 OOCNH, 
CH,CH2CHs 


[78-44-4] C,,H,,N.O, (260.33). 

Preparation—Synthesis of the drug, which is an isopropyl me- 
probamate, is described in US Pat 2,937,119. 

Description—White, crystalline powder; melts about 93°. 

Solubility—1 g in about 3300 mL water; 2.5 mL of acetone or 
alcohol; soluble in many common organic solvents. 
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Comments—A sedative drug with muscle relaxant properties that 
result from reticulospinal depression. It is used to treat muscle spasm 
of local origin, such as results from strains, sprains, and lumbago. Part 
of its action may result from analgesia, sedation, and alleviation of 
anxiety. Onset of relief takes about 30 min; duration of action is 4 to 
6 hr. 

Adverse effects of the first dose may include sedation, diplopia, 
extreme weakness, ataxia, transient quadriplegia, tachycardia, pos- 
tural hypotension, syncope, mydriasis, temporary loss of vision, dizzi- 
ness, confusion, irritability, agitation, depression, disorientation, and 
dysarthria. Usually these subside within a few hours, but they may 
continue in milder form throughout treatment. Nausea and vomiting, 
hiccough, and epigastric distress also may occur. Sedation may occur 
throughout treatment. The patient should be advised not to operate a 
motor vehicle or machinery or attempt activities requiring alertness, 
judgment, or complex mentation. Addiction may occur; withdrawal 
signs and symptoms are abdominal cramps, chills, nausea, headache, 
and insomnia. Pregnant or lactating mothers should not use the drug. 
Hypersensitivity occasionally occurs, in part attributable to tartrazine 
in some products; manifestations may be smarting of the eyes, asth- 
matic episodes, pruritus, rash, fixed drug eruption, eosinophilia, fever, 
angioneurotic edema, hypotension, or anaphylaxis. It is contraindicated 
in acute intermittent porphyria. 

The drug is metabolized mostly in the liver; the elimination half-life 
is usually about 8 hr. 


CHLORPHENESIN CARBAMATE 


1,2-Propanediol, 3-(4-chlorophenoxy)-, 1-carbamate; Maolate 


a{O)- comes CH20CONH, 
OH 


([886-74-8] C,,H,,CINO, (245.66). 

Preparation—p-Chlorophenol and glycidol (2,3-epoxy-1-propanol) 
form 3-(p-chlorophenoxy)-1,2-propanediol, which is esterified with car- 
bamoyl chloride at the 1-hydroxy position. US Pats 3,161,567 and 
3,214,336. 

Description—White, crystalline powder; melts between 89° and 91°. 

Solubility—Very slightly soluble in water; freely soluble in alcohol; 
sparingly soluble in chloroform. 

Comments—A centrally active skeletal muscle relaxant similar in 
its actions to Methocarbamol. It is used to diminish skeletal muscle 
spasms resulting from trauma, inflammation, vertebral disk syndrome, 
osteoarthritis, and rheumatoid arthritis. (In the British Common- 
wealth, chlorphenesin is used topically to treat athlete’s foot.) Side 
effects include drowsiness, dizziness, epigastric distress, nausea, rash, 
headache, insomnia, nervousness, and agitation. Rarely, leukopenia, 
thrombocytopenia, pancytopenia, or agranulocytosis may occur. Ana- 
phylaxis and drug fever also have been reported. The various hyper- 
sensitivity effects may be caused, in part, by tartrazine in the commer- 
cial product. It probably has an addiction liability, as do other 
carbamates. Persons taking the drug should not drive, operate machin- 
ery, or undertake activities that require alertness, judgment, or men- 
talization. Elimination is by glucuronidation in the liver. The elimina- 
tion half-life is 2.3 to 5.1 hr. 


CHLORZOXAZONE 


2(3H)-Benzoxazolone-, 5-chloro-, Paraflex, Parafon Forte 


5-Chloro-2-benzoxazolol [95-25-0] C,H,CINO, (169.58) 

Preparation—From 2-amino-5-chlorobenzoxazole (US Pat 
2,895,877). 

Description—White, crystalline powder; melts about 192°. 

Solubility—Sparingly soluble in water; freely soluble in aqueous 
solutions of alkali hydroxides or ammonia. 

Comments—Inhibits polysynaptic reflexes within the spinal cord 
and subcortical regions of the brain. It is used to decrease muscle tone 
and tension and thus to relieve spasm and pain associated with mus- 
culoskeletal disorders such as fibrositis, bursitis, spondylitis, sprains, 
and muscle injury. It is of little use in spasticity resulting from lesions 
involving motor neurons or in dyskinetic movement disorders. It also 
exerts sedative actions, which aid in providing relief. 

Adverse effects are infrequent and generally mild. CNS effects in- 
clude drowsiness, vertigo, lightheadedness, headache, malaise, and oc- 
casional stimulation. Manifestations of hypersensitivity are rash, pete- 
chiae, ecchymosis, and, rarely, angioneurotic edema or anaphylaxis. 


Liver damage possibly occurs, so that it is wise to avoid the drug if there 
is a history of liver disease. Nausea and vomiting are relatively fre- 
quent, and diarrhea and GI bleeding also can occur, so the drug is 
contraindicated in peptic ulcer. Ethanol or other CNS depressants 
should not be taken concomitantly. 

Absorption time is 3 to 4 hr. The elimination half-life is about 60 
min. More than 90% of the drug is glucuronidated in the liver. 


CYCLOBENZAPRINE HYDROCHLORIDE 


1-Propanamine, 3-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-N,N- 
dimethyl-, hydrochloride; Flexeril 


OUO -« 


il 
CHCH2CH2N(CHs)2 


N,N-Dimethyl-5H-dibenzo[a,d]cycloheptene-A°®'’-propylamine _hy- 
drochloride [6302-23-9 C,)H,,N - HCl (311.85). 

Preparation—Cyclobenzaprine may be synthesized by Grignard 
addition of a-dimethylaminopropylmagnesium chloride to 10,11- 
dihydro-5H-dibenzo[a,d]cycloheptene-5-one, followed by elimination of 
water from the resulting tertiary carbinol (Villani et al, J Med Pharm 
Chem 1962; 5: 373; see also Winthrop et al, J Org Chem 1962; 27:230). 

Description—White, crystalline powder; melts about 217°; pK, 
8.47 (cyclobenzaprine). 

Solubility—Freely soluble in water or alcohol. 

Comments—Depresses suprasegmental (upper) motor neurons in 
the brainstem and, to some degree, spinal motor neurons to decrease 
reflex skeletal muscle activity and tonus. It inhibits both the alpha and 
gamma motor systems. It is used to diminish spasm and pain associated 
with musculoskeletal disorders and to increase the range of movement. 
The drug also has weak antimuscarinic activity. 

Frequent side effects include sedation, dry mouth and dizziness. 
Weakness, fatigue, insomnia, unpleasant taste and other paresthesias, 
blurred vision, tachycardia, nausea, and dyspepsia are less frequent. 
Rarely, there may be headache, nervousness, confusion, disorientation, 
tremors, ataxia, depression or euphoria, hallucinations, dyspnea, 
sweating, constipation, urinary difficulty and retention, dysarthria, and 
various allergic reactions (eg, rash, urticaria, and facial edema).The 
drug should be used with care in the presence of monoamine oxidase 
inhibitors (MAOIs) or CNS depressants (including ethanol) and when 
antimuscarinic drugs also are being given. It is contraindicated in 
narrow-angle glaucoma, when there is prostatic hypertrophy, after 
myocardial infarction, or during congestive heart failure, heart block, 
conduction disturbances, tachydysrhythmias, and thyrotoxicosis. 

It is absorbed erratically. The onset of action is about 1 hr. It is 
highly bound to plasma albumin. It is biotransformed and conjugated to 
glucuronides in the liver. The elimination half-life is 1 to 3 days. Very 
little is excreted unchanged into the urine, but some is excreted into 
milk. 


DIAZEPAM—page 1410. 
MEPROBAMATE—page 1419. 
METAXALONE 


2-Oxazolidinone, 5-[(3,5-dimethylphenoxy)methyl]-, Skelaxin 


[1665-48-1] C,,H,;NO, (221.26) 

Preparation—Described in J Am Chem Soc 1960; 82:1166; US Pat 
3,062,827. 

Description—White, crystalline powder; melts about 123°. 

Solubility—Very slightly soluble in water; soluble in alcohol; freely 
soluble in chloroform. 

Comments—Reputed to have muscle relaxant properties with a 
CNS focus of action. Marketed for relief of acute muscle spasm resulting 
from various injuries or strains, but its efficacy is in serious question, 
and there seems to be no reason to use the drug in lieu of drugs that 
obviously are more effective. Furthermore, its toxicity is greater than 
that of more efficacious drugs. Toxic effects include anorexia, nausea, 
vomiting, vertigo, drowsiness, nervousness, mental confusion, dry 
mouth, urinary retention, pruritus, dermatitis; rarely leukopenia, ane- 
mia, and jaundice; and possible pyuria, albuminuria, and nephrolithi- 
asis. It may exacerbate grand mal epilepsy. It should not be used when 
there is anemia, liver or renal disease, or in persons with a history of 


such disease. Peak blood levels occur in about 2 hr; the duration of 
action is 4 to 6 hr. Elimination is by hepatic metabolism; the half-life is 
2 tore hr. 


METHOCARBAMOL 


1,2-Propanediol, 3-(2-methoxyphenoxy)-, 1-carbamate; 
Neuraxin; Robaxin 


OH 
OCH,CHCH,OOCNH, 


OCH, 


3-(0-Methoxyphenoxy)-1,2-propanediol 1-carbamate [532-03-6] C,,H,,NO, 
(241.24). 

Preparation—3-(o-Methoxyphenoxy)-1,2-propanediol participates 
in a transesterification reaction with ethyl carbonate in the presence of 
an alkaline catalyst to eliminate ethanol and produce the cyclic carbon- 
ate of the starting diol. Subsequent treatment with ammonia ruptures 
the cyclic carbonate ring and forms the primary carbamate of the 
starting compound. US Pat 2,770,649. 

Description—Fine, white powder; odorless or with a slight char- 
acteristic odor; melts between 93° and 97°. 

Solubility—1 g in 40 mL water; freely soluble in alcohol; sparingly 
soluble in chloroform. 

Comments—A centrally acting muscle relaxant. After parenteral 
administration, its action is prompt and intense enough to facilitate 
orthopedic procedures. It is used in the treatment of muscle spasm 
resulting from injury, musculoskeletal disorders, tetanus, and other 
disorders. It has been used with limited success in the treatment of 
paralysis agitans, cerebral palsy, multiple sclerosis, and cerebrovascular 
accidents (with spastic manifestations). Side effects by the oral route 
include drowsiness, vertigo, headache, fever, rash, itching, urticaria, GI 
upsets and, rarely, syncope. After parenteral administration there also 
may be flushing, headache, muscular incoordination, nystagmus, dip- 
lopia, hypotension, bradycardia, and metallic taste. These effects are 
minimized if the injection is given slowly at a rate less than 300 mg/min 
and no more than 200 mg/injection. Extravasated injections are locally 
irritating and may cause sloughing or thrombophlebitis. The vehicle for 
commercial solutions, 50% polyethylene glycol 300, causes uremia in 
persons with renal dysfunction, and parenteral administration is con- 
traindicated in the presence of renal disease. It should be avoided in 
pregnancy and in nursing mothers. 

It is erratic by the oral route, probably owing to first-pass metabo- 
lism. Peak concentration occurs in about 30 min. Most of the drug is 
metabolized, with an elimination half-life of 1 to 2 hr. 


ORPHENADRINE CITRATE 


N,N-Dimethyl-2-[(2-methylphenyl)phenylmethoxy]-, ethaneamine, 
2-hydroxy-1,2-3-propanetricarboxylate (1:1) Banflex; Flexoject; 
Myotrol; Norflex; Orfro; Orphenate 


CH COOH 
| 

* HO-C—COOH 
CH,COOH 


(CH,),NCH,CH,OCH 


CH, 


[4682-36-4] C,.H,,NO.C,H,O, (461.51). 

Preparation—From 2-methylbenzhydrol and 2-(dimethylamino) 
ethanol; the base is converted to the salt with citric acid (US Pat 
25991225). 

Description—White, crystalline powder; melts about 136°. 

Solubility—About 1 g in 70 mL water or 400 mL alcohol. 

Comments—Orphenadrine, a methyl analog of the antihistamine 
diphenhydramine, has weak antihistaminic and mild antimuscarinic 
activities. The drug reduces voluntary muscle spasm by a central effect. 
Indications for the citrate are as an adjunct for relief of discomfort 
associated with acute painful musculoskeletal conditions, by a mode of 
action not clearly defined but that may be related to the analgesic 
properties of the compound. It does not directly relax tense skeletal 
muscles in man. It sometimes induces mild excitement and also a mild 
euphoria in fatigued or depressed patients. Peripheral atropine-like 
actions are weak, but blurred vision, dry skin, and dry mouth may 
occur. Other side effects include nausea, vertigo, rash, headache, dizzi- 
ness, drowsiness, constipation, increased intraocular pressure, weak- 
ness, mental confusion, and occasional hallucinations. It is contraindi- 
cated in patients with acute-angle closure glaucoma or myasthenia 
gravis. It should be used cautiously in patients with GI obstruction, 
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urinary retention, urinary tract obstruction, or tachycardia; propoxy- 
phene appears to interact to increase mental confusion, anxiety, and 
tremors. The manufacturer’s recommendation of a longer interval be- 
tween doses is based on the retarding effect of the plasticized matrix in 
which the citrate is compounded in the tablet dosage form. The citrate 
may be given parenterally. 


PROPRANOLOL HYDROCHLORIDE—page 1326. 
QUININE SULFATE—page 1549. 


ANTIPARKINSON DRUGS 
a 


Some kinds of spasticity and involuntary movement arise from 
disorders within discrete nervous structures that contain neu- 
rons predominately of one or two transmitter types. These 
disorders may be controlled more selectively by drugs directed 
at the particular neurotransmitters. Parkinsonism (paralysis 
agitans) is an example of a disorder that lends itself to such 
specific treatment; the antiparkinson drugs are not interneu- 
ron depressants. 

The disorder in parkinsonism lies mostly within the sub- 
stantia nigra and corpus striatum. The cells in the substantia 
nigra, which connect to the corpus striatum, are mostly dopa- 
minergic and inhibitory; in parkinsonism, the substantia nigra 
is deficient in dopamine. Striatal neurons that feed back upon 
the nigral cells are cholinergic and excitatory. Therefore, inter- 
vention with either dopaminergic or antimuscarinic drugs is 
capable of enhancing nigrostriatal activity and improving the 
condition. Dopaminergic intervention is the more effective, es- 
pecially against the rigidity. L-Dopa and amantadine exert 
dopaminergic influences. Used alone, the antimuscarinic drugs 
are second- or third-order drugs, showing efficacy in fewer than 
25% of patients, but they often are used effectively in combi- 
nation with L-dopa or amantadine. 

The antimuscarinic drugs can suppress the extrapyramidal 
effects of the antipsychotic drugs (phenothiazines, reserpine, 
etc), but since they mask the tardive dyskinesias, they should 
not be used chronically with such drugs. 


AMANTADINE HYDROCHLORIDE 


For the full monograph, see page 1557. 

Comments—Possesses both antiparkinsonism and antiviral activ- 
ity, having been introduced as an antiviral agent. Its use in the pro- 
phylaxis of A, influenza virus infection (Asian flu) is less well estab- 
lished and is discussed in Chapter 87. 

In the brain, it appears to block the reuptake of dopamine at dopa- 
minergic nerve terminals, thus increasing the concentration of dopa- 
mine at the synapses. This facilitates the function of the remaining 
nigrostriatal neuronal pathways in patients with parkinsonism. It is 
inferior to levodopa but somewhat superior to the antimuscarinic drugs. 
Patients sometimes are improved dramatically, but the usual response 
is moderate to mediocre. Even when the response is excellent, usually 
after 6 to 8 weeks of continuous treatment, the efficacy gradually 
wanes, and control may be lost between months 2 and 18. Such toler- 
ance is minimal if the drug is used for periods of only 2 to 3 weeks 
separated by intervals of several weeks. Consequently, many physi- 
cians administer the drug only for short periods, when the patient 
requires additional treatment. In combination with levodopa, better 
control is maintained than with either agent alone. 

It may cause hyperexcitability, tremors, anxiety, ataxia, slurring of 
speech, insomnia, drowsiness, lethargy, psychic depression, vertigo, 
and postural hypotension. Less frequently, it may induce dry mouth, 
constipation, abdominal pain, nausea, vomiting, headache, dizziness, 
dyspnea, fatigue, and urinary retention. Dermatitis, pruritus, and h- 
vedo reticularis occasionally occur. Edema, which may precipitate car- 
diac congestion, is not infrequent. Confusion and visual hallucinations 
are seen, especially if the recommended dose is exceeded. Alkaline 
phosphatase in the blood may be elevated. It exaggerates the peripheral 
effects of the antimuscarinic drugs used during treatment. The drug is 
contraindicated in epileptics. There are indications that the drug may 
increase the incidence of measles. Medicated persons should avoid 
driving or other tasks in which safety depends upon alertness. 

Orally, it is absorbed rapidly and completely. Over 90% is excreted 
in the urine unchanged. The elimination half-life is 10 to 37 hr; the 
half-life is pH-dependent, being increased at higher urine pH. It also is 
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increased in renal impairment. It crosses the placental barrier and also 
is excreted into milk. 


BENZTROPINE MESYLATE 


8-Azabicyclo[3.2.1]octane, endo-3-(diphenylmethoxy)-, 
methanesulfonate; Benztropine Methanesulfonate; Cogentin 


ie 


+ CH3SO3H 


3a-(Diphenylmethoxy)-laH,5aH-tropane methanesulfonate [132-17-2] 
C,,H,;NO - CH,0,8S (403.54). 

Preparation—Bromodiphenylmethane, formed by bromination of 
diphenylmethane, is condensed with tropine, using the sodium alkoxide 
derivative of tropine. After purification, the benztropine base thus ob- 
tained is dissolved in a suitable organic solvent and precipitated by 
reaction with methanesulfonic acid. 

Description—White, crystalline powder; colorless; slightly hygro- 
scopic; melts between 141° and 145°; pK, 10. 

Solubility—Very soluble in water; freely soluble in alcohol; very 
slightly soluble in ether. 

Comments—The structure of benztropine resembles both atropine 
and antihistaminics of the diphenhydramine type. It is thus an anti- 
muscarinic drug of potency one-quarter that of atropine sulfate and an 
antihistaminic of potency equal to that of pyrilamine maleate. It also 
possesses local anesthetic properties. However, only its central actions 
to suppress tremor and rigidity are employed therapeutically. These 
actions are similar to those of atropine, but unlike atropine, it possesses 
sedative and other effects similar to those of diphenhydramine. Since 
some patients, particularly the elderly, often are excited by other anti- 
parkinson drugs, the sedative property is of special value. It is used 
mainly in the treatment of paralysis agitans (parkinsonism; see the 
introductory statement) to control tremor and rigidity and also to re- 
lieve sialorrhea, oculogyric crises, mask-like facies, and pain secondary 
to muscle spasm. It also is used to treat extrapyramidal dyskinesia, but 
not tardive dyskinesia, resulting from the use of tranquilizers, such as 
reserpine or chlorpromazine. It may be used alone or in combination 
with other drugs. 

Side effects include dry mouth, mydriasis, blurred vision, nausea, 
and nervousness, and less frequently, they may include vomiting, men- 
tal confusion, ataxia, sedation or excitement, hallucinations, paralysis 
of some muscle groups, dysphagia, hyperpyrexia, rash, and difficulty in 
urination. As with any antimuscarinic drug, it must be used cautiously 
in the presence of bladder neck obstruction or glaucoma. 


BIPERIDEN HYDROCHLORIDE 


1-Piperidinepropanol, a-bicyclo[2.2.1]hept-5-en-2-yl-a-phenyl-, 
Hydrochloride; Akineton 


N=—CH,CH,COH * HC) 


Ud 


a-5-Norbornen-2-yl-a-phenyl-1-piperidinepropanol [1235-82-1] C,,H,)NO- 
HCl (347.93). 

Preparation—Acetophenone undergoes Mannich condensation 
with formaldehyde and piperidine hydrochloride and the resulting 3-pi- 
peridinopropiophenone is grignardized in benzene with 5-chloro-2-nor- 
bornene to yield the tertiary carbinol biperiden, which is extracted with 
methanol. Saturation of the solution with dry HCl yields the salt. US 
Pat 2,789,110. 

Description—White, odorless, crystalline powder; decomposes 
about 275°; somewhat light-sensitive. 

Solubility—Slightly soluble in water, alcohol, chloroform, or ether; 
sparingly soluble in methanol. 

Comments—Exerts antimuscarinic and antiparkinson actions sim- 
ilar to those of trihexyphenidyl, of which biperiden is a congener. In the 


treatment of paralysis agitans (parkinsonism) it reduces tremor, aki- 
nesia, muscle rigidity, drooling, and sweating. It may also decrease the 
incidence and severity of oculogyric crises. It sometimes is of value in 
lessening spasticity in certain disorders of the pyramidal tract, partic- 
ularly drug-induced extrapyramidal dyskinesia. The IV form (ie, the 
lactate) is employed for the management of severe drug-induced extra- 
pyramidal dyskinesia. 

Untoward effects result from the antimuscarinic properties and 
include dry mouth, blurring of vision, urinary retention, and heat 
stroke in hot weather. These effects usually are of low intensity and 
often do not result in intolerance. Less frequently, there occur drowsi- 
ness, dizziness, headache, dysuria, gastric irritation, and rash and, 
rarely, confusion, disorientation, hallucinations, or psychotic episodes. 
The patient should be monitored carefully if glaucoma or urinary blad- 
der neck obstruction exist. 


BROMOCRIPTINE MESYLATE 


Ergotaman-3’,6’,18-trione methanesulfonate; Parlodel 


CH3SO03H 


2-Bromoergocryptine monomethanesulfonate (salt) [22260-51-1] 
C3.H,)BrN;O,; -CH,SO;3H (750.70). 

Preparation—From N-bromosuccinimide and a-ergocryptine (US 
Pat 3,752,814). 

Description—Yellowish white, crystalline powder; melts about 
194° with decomposition; pK, 4.90. 

Solubility—Soluble in water or chloroform; very soluble in benzene 
or hexane; poorly soluble in most organic solvents. 

Comments—The 2-bromo derivative of a-ergocryptine. Like all of 
the ergot alkaloids, it has dopamine-like agonist activity. In the treat- 
ment of parkinsonism it is used to supplement levodopa, when refrac- 
toriness to that agent develops. It also decreases the secretion of pro- 
lactin, presumably by its dopaminergic actions in the median eminence; 
some authorities consider dopamine to be the prolactin release- 
inhibiting hormone. It is used to treat galactorrhea and associated 
amenorrhea and male and female prolactin-induced infertility. Approx- 
imately 4 weeks are required for an effect to peak. It is used to shrink 
prolactinomas prior to surgery. The drug also is used to suppress post- 
partum lactation. It decreases growth hormone secretion in acromegaly 
and is used to treat that disorder, mostly as an adjunct to radiotherapy 
or surgery; used alone, only a low percentage of remissions occur. It also 
has been used in the management of senile depression and related 
disorders. 

The incidence of adverse effects seems to differ according to the 
particular clinical disorder, even when the same dosage regimen is 
used. When it is used to treat galactorrhea/amenorrhea/female infertil- 
ity, nearly 70% of recipients have adverse effects, whereas only about 
23% have adverse effects when the drug is used to suppress physiolog- 
ical lactation. Adverse effect—related discontinuation of treatment oc- 
curs in 3 to 7% of cases. In parkinsonism, the incidence is complicated 
by the concomitant administration of levodopa. Nausea is the most 
frequent side effect (51%) in galactorrhea but occurs in only 7% of 
postpartum patients. The incidences of other side effects are headache, 
10 to 18%; dizziness, 8 to 16%; postural hypotension, up to 28%; vom- 
iting, 3 to 5%; fatigue, 1 to 7%; diarrhea, 0.4 to 3%; nasal congestion, up 
to 5%. Other, less-frequent side effects (mostly in parkinsonism) are 
occasional syncope, urinary frequency and incontinence, dyskinesias, 
visual disturbances, paresthesias, anxiety, nightmares, anorexia, de- 
pression, convulsions, cutaneous vasoconstriction, mottling of the skin 
and Raynaud’s phenomenon, muscle cramps, ataxia, erythromyalgia, 
and rashes. There may be elevations in BUN, alkaline phosphatase, 
urate, CPK, SGOT, SGPT, and GPT, which usually are transient. It is 
teratogenic and also may induce spontaneous abortions. The drug is 
contraindicated in angina pectoris, peripheral vascular disease, preg- 
nancy, and if sensitivity to ergot alkaloids exists. Since it has been 
reported to cause delusions and hallucinations in postschizophrenics, it 
also should be withheld in patients with a history of psychoses. 

Although about 28% of an oral dose is absorbed from the gut, only 


6% reaches the systemic circulation, because of first-pass metabolism. 
One to 2 hr are required for onset of action; action persists for 6 to 14 hr. 


CARBIDOPA 


Benzenepropanoic acid, (S)-a-hydrazino-3,4-dihydroxy-a-methyl-, 
monohydrate, ing of Sinemet 


CH3 


re) o4- feo * 20 
NHNH, 


HO 


(—)-L-a-Hydrazino-3,4-dihydroxy-a-methylhydrocinnamic acid monohy- 
drate [38821-49-7] C,,H,,N.O, - H,O (244.25); anhydrous [28860-95-9] 
(226.23). 

Preparation—Condensation of 1-(4'-hydroxy-3'-methoxyphenyl)- 
2-propanone with aqueous hydrazine and potassium cyanide forms the 
corresponding hydrazinenitrile, which is hydrolyzed first with HCl to 
convert the nitrile to amide and then refluxed with HBr to convert the 
amide to carboxyl and the methoxy group to OH, yielding the pi-form of 
carbidopa (Sletzinger et al, J Med Chem 1963; 6: 101). To obtain the 
L-form, one method involves acylation of the aforementioned hydrazi- 
nenitrile and resolution with 1-menthoxyacetyl chloride, producing 
crystals that on hydrolysis yield the levorotatory compound (Karady et 
al, J Org Chem 1971; 36: 1946, 1949). 

Description—White to creamy white powder; odorless or practi- 
cally odorless, melts about 205° with decomposition; pK, 2.3, 7.3. 

Solubility—Slightly soluble in water; practically insoluble in alco- 
hol, chloroform, or ether; freely soluble in 3N hydrochloric acid. 

Comments—An inhibitor of L-aromatic amino acid decarboxylase, 
often called dopa-decarboxylase. It has no direct therapeutic actions of 
its own but, rather, is used only to protect levodopa and L-5-hydroxytryp- 
tophan, both of which are decarboxylated by aromatic amino acid de- 
carboxylase. Levodopa is 95% decarboxylated in the periphery. 

It does not enter the CNS in concentrations sufficient to inhibit 
aromatic amino acid decarboxylase, so its action is limited to the pe- 
riphery, which is precisely what is desired. It is essential that levodopa 
and 5-hydroxytryptophan be decarboxylated in the brain to their re- 
spective biogenic amine products, dopamine and serotonin (5-hydroxy- 
tryptamine), which are the active agents. But in the periphery it is not 
desirable that these amino acids be decarboxylated, since decarboxyl- 
ation not only lowers the concentration of aromatic amino acid available 
to the brain but also raises the concentrations of the amine products in 
the periphery, which give rise to some of the untoward effects of the 
aromatic amino acids. When it is given concomitantly with levodopa, 
only about 25% as much levodopa is needed; the onset of response is 
more rapid; pyridoxine no longer suppresses the efficacy; dietary control 
no longer is necessary; and certain side effects, such as nausea, vomit- 
ing, and natriuresis, are diminished. The combination permits 
smoother control of parkinsonism than with levodopa alone. 

The side effects that result from the levodopa-derived amines in the 
brain (psychic disturbances, dyskinesias) or the static hypotension and 
cardiac arrhythmias are not affected. Indeed, they may occur sooner 
and be more serious if the dose of levodopa is not reduced sufficiently. 

In the approved doses, it does not appear to cause adverse effects, even 
though the production in the periphery of dopamine and serotonin, which 
have natural physiological roles in the periphery, may be diminished. 
Therefore, side effects, precautions, and contraindications of a combination 
of levodopa and carbidopa are those of levodopa (see this page). 

The drug may be given with levodopa from the outset of levodopa 
therapy or added after levodopa therapy is in progress. Since inhibition 
of peripheral dopa decarboxylase approximately quadruples the avail- 
ability of levodopa to the brain, it is advisable to reduce ongoing levo- 
dopa dosage when adding this drug. Consequently, levodopa first 
should be discontinued for at least 8 hr and then reinstituted at 20 to 
25% of the previous effective dose. Although it is available in a single- 
entity preparation to add to levodopa, it is simpler to employ a fixed- 
dose combination of the two. Fixed-dose ratios of 1:10 and 2.5:10 are 
available. Carbidopa saturates dopa decarboxylase in daily doses of 
about 70 to 100 mg. Some dosage schedules for the fixed-dose combina- 
tion fail to provide a sufficient amount of this drug, and there may be 
persistence of some of the peripheral adverse effects of levodopa. This is 
especially the case when the daily dose of levodopa is less than 700 mg. 
Therefore, there is a place for single-entity preparation in the correction 
of such shortfalls of this drug. The approved dosage limit for it is 200 mg 
a day. 
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DIPHENHYDRAMINE—page 1446. 
ETHOPROPAZINE HYDROCHLORIDE—see RPS-19, page 1037. 
HYOSCYAMINE SULFATE—page 1330. 


LEVODOPA 


-Tyrosine, 3-hydroxy-, .-Dopa; Bendopa; Dopar; 
Larodopa; ing of Sinemet 


NH, 


} 
HO Orasatraces COOH 
H 


HO 


(—)-3-(3,4-Dihydroxyphenyl)-L-alanine [59-92-7] C,H,,NO, (197.19). 

Preparation—By indirect resolution of pi-3-(3,4-dihydroxyphenyl)- 
alanine (pL-dopa). One method first converts this to pi-N-acetyl-3-me- 
thoxy-4-acetoxyphenylalanine and then resolves the latter with the aid of 
a-phenethylamine. Hydrolysis of the desired enantiomer with aqueous 
HBr yields levodopa. The starting pLt-dopa may be synthesized commenc- 
ing with vanillin and glycine. 

Description—Fine, white to off-white, crystalline powder; oxidized 
by atmospheric oxygen in the presence of moisture and darkens; melts 
about 280° with decomposition; pK,, 2.3, 8.7, 9.7, 13.4. 

Solubility—1 g in 10 mL 0.1N HCl, 250 mL water, about 555 mL 
alcohol, or 1000 mL chloroform. 

Comments—tThe single most important drug in the treatment of 
incapacitating paralysis agitans (parkinsonism). The neurochemical 
basis was indicated in the introductory statement. It also is effective in 
nonincapacitating parkinsonism, but its cost and side effects are such 
that its use is not warranted in many patients. Approximately 65 to 
80% of patients are improved, some quite dramatically. The greatest 
effects are on rigidity and hypokinesia. Sialorrhea, dysphagia, sebor- 
rhea, postural instability, speech difficulties, and glabellar reflexes 
usually are suppressed and may be abolished. Tremor and akinesia 
respond only erratically and require prolonged treatment, up to 6 
months, before improvement ensues. All forms of parkinsonism re- 
spond; the idiopathic form responds best, but the postencephalitic form 
responds to lower doses. Paradoxically, the postencephalitic patient 
may experience more severe adverse effects, including exacerbation of 
oculogyric crises, than patients with idiopathic or other forms of the 
disease. Consequently, postencephalitic patients require a conservative 
dosage regimen that increases the dose quite slowly. Levodopa also is 
used to treat the parkinsonism-like neurological syndrome of manga- 
nese intoxication, in which there is also a deficiency of dopamine in the 
basal ganglia. 

It is 40 to 70% absorbed orally. Less than 1% penetrates into the 
brain, There and throughout the body, it is 99% decarboxylated to 
dopamine. Concurrent carbidopa (above) administration prevents pe- 
ripheral decarboxylation and enhances availability to the brain. Peak 
concentrations of dopamine in the brain occur 1 to 2 hr after adminis- 
tration. The plasma half-life of levodopa alone is 0.5 to 1 hr; in combi- 
nation with carbidopa it is 1.2 to 2.3 hr. 

Nearly every patient experiences untoward effects, but only 5% find 
it desirable or necessary to discontinue medication. Nausea will occur in 
virtually all, and anorexia, vomiting, flatulence, epigastric pain, and 
dry mouth in most patients. Peptic ulceration and GI bleeding some- 
times occur. With a slow increase in dosage, the GI side effects are less 
severe, and tolerance tends to develop. If nausea and vomiting are 
intolerable, they may be managed with non-phenothiazine-, non- 
pyridoxine-containing antiemetics. The second most common type of 
side effect is the appearance of abnormal involuntary movements, 
which usually start with the face and tongue and gradually move 
downward to involve the arms, hands, and trunk. These dyskinesias are 
most severe 1 to 2 hr after administration. These effects are not seen 
immediately but progress slowly over a year’s time. Eventually, nearly 
75% of patients will show some such movements; however, most pa- 
tients accept such movements as the price of increased mobility. The 
involuntary movements can be decreased by lowering the dose or by use 
of haloperidol or pyridoxine, but these recourses also abolish the ther- 
apeutic response to this drug. Hypotension occurs in about 75%, and 
orthostatic hypotension in about 30% of recipients, but vertigo and 
syncope are uncommon. Cardiac arrhythmias occur occasionally. After 
2 or 3 months, tolerance develops. Increased myocardial contractility, 
tachycardia, and atrial fibrillation may occur. Behavioral changes fre- 
quently accompany treatment. Increased CNS excitability, with ner- 
yousness, anxiety, insomnia, vivid dreams, tremor, and flushing occurs. 
Paranoid ideation, delusions, hallucinations (often olfactory), delirium, 
and loss of judgment sometimes occur. Easy sexual arousal and loss of 
sexual inhibitions are common; in part this is the result of the emer- 
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gence of normal desire long suppressed by physical incapacity. Serum 
glutamic oxaloacetate transaminase and glutamic pyruvate transami- 
nase may be elevated somewhat early during therapy, but they usually 
subside later. Transient granulocytopenia may occur; agranulocytosis 
no longer seems to be an adverse effect, since the dextro form was 
removed from the preparations. Dental caries is accelerated, and fill- 
ings often fall out, perhaps because the buffering effect of sialorrhea is 
diminished. Other miscellaneous side effects include increased pain 
when pain-producing pathology or headache exists, sweating, alopecia, 
cough, hoarseness, urinary frequency, incontinence or retention, noctu- 
ria, mydriasis, blurred vision, Horner’s syndrome, fever, hot flashes, 
and loss or gain in weight. A mild natriuresis occurs, probably as the 
result of the action of dopamine formed in the kidney. Thrombocytope- 
nia occurs rarely after long-term treatment. 

Pyridoxine antagonizes levodopa, possibly by promoting premature 
decarboxylation (as a coenzyme to dopa decarboxylase) before levodopa 
has penetrated into the brain. Some antagonism occurs with even as 
little as a Recommended Dietary Allowance, so patients should not take 
multivitamin supplements containing pyridoxine. To what extent some 
of the side effects of the CNS are attributable to pyridoxine deficiency is 
not known. Carbidopa prevents antagonism by pyridoxine. Methyldopa 
and reserpine, which interfere with catecholamine synthesis and stor- 
age, exacerbate the parkinson syndrome and, hence, antagonize levo- 
dopa. Tricyclic antidepressants and MAOIs given concomitantly evoke 
hypertensive crises and may precipitate many of the adverse side ef- 
fects of the CNS, because they increase the local concentrations of 
dopamine formed from levodopa. Such drugs should be discontinued 2 
weeks prior to taking levodopa. Antacids decrease gastric emptying 
time and thereby promote absorption, thus increasing efficacy in some 
patients. Levodopa is synergized by antimuscarinics. 

Levodopa is contraindicated when there is evidence of uncompen- 
sated endocrine, renal, hepatic, pulmonary, or cardiovascular disease; 
narrow-angle glaucoma; blood dyscrasia; or hypersensitivity to the 
drug. It should be used cautiously in diabetes, hyperthyroidism, wide- 
angle glaucoma, epilepsy, and hypotension or when antihypertensives 
are being used. The drug should be discontinued 24 hr prior to anes- 
thesia. Levodopa is a precursor of melanin and may activate latent 
malignant melanoma; it should be withheld from persons with a history 
of malignant melanoma or suspicious skin lesions. 


PERGOLIDE MESYLATE—see RPS-19, page 1038. 
PROCYCLIDINE HYDROCHLORIDE 


1-pyrrolidinepropanol, a-cyclohexyl-a-phenyl-, 
hydrochloride; Kemadrin 


N-CH,CH,COH + HCI 


[1508-76-5] C,,H,,NO - HCl (323.91) 

Preparation—From the cyclohexyl Grignard reagent and 3-(1- 
pyrrolidinyl)propiophenone; the resulting base then is converted to the 
hydrochloride. 

Description—White, crystalline powder melts about 226°. 

Solubility—About 1 g in 33 mL water; more soluble in alcohol. 

Comments—An antimuscarinic drug used mostly as a substitute 
for trihexyphenidyl in the treatment of parkinsonism when the latter 
drug fails to control symptoms. Sometimes it is used in combination 
with other drugs. The side effects, precautions, and contraindications 
are those of trihexyphenidyl. 


ROPINIROLE HYDROCHLORIDE 


2(H)-Indol-2-one, 4-[2-(dipropylamino)ethyl]-1,3-dihydro-, 
monohydrochloride; Requip 


g® 


H,C—CH,—N(CH_), 


(91374-20-8] C,,H,,N.0 : HCl (296.84). 

Preparation—The acid chloride of 2-(2-methyl-3-nitropheny]l)ac- 
etic acid is prepared with thionyl chloride, then treated with dipro- 
pylamine to form the amide. The carbonyl group is reduced with borane 


in THF and then reacted with ‘diethyl oxalate and sodium in alcohol in 
a Claisen-type reaction to produce the ethyl ester of 3-[[2-(dipropyl- 
amino)ethyl]-6-nitrophenyl]-pyruvic acid. Hydrolysis and decarboxyl- 
ation of the acid with peroxide and base removes the ethoxycarbonyl 
group and forms 2-[2-(dipropylamino)ethyl]-6-nitrophenylacetic acid. 
Cyclization to the product is effected by catalytic reduction of the nitro 
group, using palladium/hydrogen to give the amine, which through loss 
of water forms the lactam (indolone). Heating with HCl forms the title 
substance. 

Description—White to pale yellowish green powder melting about 
245°. 

Solubility—About 130 mg/mL of water. 

Comments— A dopamine receptor antagonist. This nonergot de- 
rivative displays high-affinity specificity for dopamine D, receptors. 

It has been approved for the management of symptoms associated 
with mild-to-severe Parkinson’s disease. The precise mechanism of 
action has not been elucidated clearly. Unlike levodopa, which is 
thought to act by elevating synaptic concentrations of dopamine, ropi- 
nirole is presumed to be effective by direct activation of postsynaptic 
dopamine receptors in the corpus striatum. 

In several double-blind controlled trials, ropinirole was found to be 
effective in improving daily activities of patients with parkinsonian 
syndrome and reduce their motor manifestations such as bradykinesia, 
tremor, rigidity, and postural instability. In addition, it was reported to 
reduce the off-time of patients with advanced symptoms who were 
experiencing the deteriorating response to levodopa treatment. 

Patients receiving dopamine agonists should be counseled to avoid 
rapid transitions in posture due to increased likelihood for development 
of orthostatic hypotension. Patients receiving ropirinole are also at 
increased risk for hallucinations. This particular adverse effect is 
greater in the geriatric population. 


SELEGILINE HYDROCHLORIDE 


Benzeneethanamine, N,a-demethyl-N-2-propynyl-hydrochloride; 
Atapryl; Eldepryl 


CH 


[14611-52-0] C,,H,,N.HCl (223.78). 

Preparation—By reacting propargyl bromide with L-(N,a- 
dimethyl)phenethylamine and distilling the extracted oil. US Pat 
3,496,195. 

Description—Oil, boiling point 92° to 93° at 0.8 mm; np”? 1.518; 
ta, —11.2. The HCl salt melts about 141°. 

Comments—An inhibitor of monoamine oxidase B, which enzyme 
is selective for dopamine over norepinephrine and epinephrine. As such, 
selegiline is an approved adjunct to levodopa for the treatment of 
parkinsonism. The drug decreases the effective dose of levodopa and 
smooths out dose-related fluctuations in efficacy, effects that should 
rouse only mild interest. However, recent reports indicate that it slows 
the progress of idiopathic parkinsonism and increases the lifespan of 
the afflicted. The drug is converted to amphetamine and methamphet- 
amine in the body, which metabolites possibly account for some of the 
antiparkinson activity. Dyskinesias have been reported to occur in 
about one-third of users, but this high incidence of adverse effects is 
undoubtedly the result of failure to reduce the dose of levodopa to which 
the drug was added. Dry mouth, nausea, and dizziness occur in 10 to 
20% of cases. Side effects of low incidence are postural hypotension, 
unpleasant taste, circumoral paresthesias, hallucinations, depression, 
and paranoia. 


TRIHEXYPHENIDYL HYDROCHLORIDE 


1-Piperidinepropanol, a-cyclohexyl-a-phenyl-, hydrochloride; 
Artane; Trihexane 


e + HC) 
« Nowome—{ 
OH 


a-Cyclohexyl-a-phenyl-1-piperidinepropanol hydrochloride [52-49-3] 
C.H,,NO : HCl (337.93). 
Preparation—From a Mannich reaction of acetophenone, piperi- 


dine, and formaldehyde. The piperidinopropiophenone formed is 
treated as for Procyclidine (page 1342). 

Description—White or slightly off-white, crystalline powder; no 
more than a very faint odor; melts between 247° and 253° with shght 
decomposition. 

Solubility—Slightly soluble in water; soluble in alcohol or 
chloroform. 

Comments—Has weak antimuscarinic and antispasmodic activity. 
In the treatment of parkinsonism it is preferred to levodopa in patients 
with mild-to-moderate nonincapacitating symptoms, and most neurol- 
ogists prefer to begin treatment of all patients with it. It is effective in 
all forms of the disease, although not uniformly. It is most effective 
against rigidity, but it also is useful in the relief of akinesia, tremor, 
sialorrhea, and oculogyria. Tolerance may develop, but not necessarily. 
It also is useful in the treatment of drug-induced extrapyramidal dys- 
Rinesias. 

The adverse effects mostly derive from its antimuscarinic actions, 
but they are much less troublesome than with atropine. The most 
frequent are dry mouth, blurred vision, tachycardia, constipation, dry 
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skin, nervousness, headache, sedation, and muscle weakness. Some of 
these effects subside after continued administration. Sometimes insom- 
nia may occur. Urinary retention is infrequent, but it does occur. Oc- 
casionally, vomiting, severe tinnitus, vertigo, suppurative parotitis, or 
rash occur and may require discontinuation of medication. With large 
doses, inability to concentrate, impaired memory, disorientation, and 
confusion may occur, and if the dose is not reduced, they are followed by 
agitation, excitement, delirium, visual hallucinations, and psychoses. 
Elderly patients or persons with arteriosclerosis especially are suscep- 
tible to the adverse central effects. It should be used cautiously in 
persons with cardiovascular or liver pathology, glaucoma, bladder neck 
obstruction, prostatitis, hyperthyroidism, or arteriosclerosis and in el- 
derly patients. Trihexyphenidyl may interact with CNS-active antihy- 
pertensive drugs, ethanol and other CNS depressants, tricyclic antide- 
pressants, MAOIs, other antimuscarinic drugs, dopamine agonists, 
dopamine antagonists, phenothiazine, and procainamide. When it is 
used in combination with levodopa, bromocriptine, or amantadine, the 
doses of both drugs in combination may need reduction. 
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CHAPTER #43 


Diuretics are drugs that reduce the volume of extracellular 
fluid, enhance the urinary excretion of sodium chloride, and, 
secondarily, increase the volume of urine excreted by the kid- 
neys. They are used primarily to prevent and alleviate edema 
and ascites. These conditions occur in diseases of the heart, 
kidneys, and liver. Consequently, diuretics are used in the 
treatment of edema associated with chronic congestive heart 
failure, acute pulmonary edema, edema of pregnancy, brain 
edema, and cirrhosis associated with ascites. They also are 
used in hypertension, diabetes insipidus, renal calculi, hyper- 
calcemia, acute and chronic renal failure, and the nephrotic 
syndrome. 

Some diuretics have highly specialized uses in glaucoma, 
hyperkalemia, bromide intoxication, anginal syndrome, epi- 
lepsy, migraine, and premenstrual depression, conditions in 
which edema is not present or at least not definitely estab- 
lished. In addition, diuretics sometimes are used to maintain 
adequate urine volume, as in the case of some severe traumatic 
injuries, or to reduce the concentration of a noxious agent in the 
urine, to minimize renal damage. 

The formation of urine from the blood, in simplest terms, 
consists of glomerular filtration and selective tubular reabsorp- 
tion and secretion. As the glomerular filtrate passes through 
the tubules, substances essential to the blood and tissues— 
water, glucose, salts, and amino acids—are reabsorbed. 

Other substances in the glomerular filtrate, such as urea, 
are not absorbed as readily by the tubules. Thus, it is thought 
that in the renal tubule there is a specific mechanism for the 
transport of each ionic species, the capacities of which are quite 
different. For example, the capacity of the renal tubule to 
reabsorb sulfate ion is limited. The tubular capacity for the 
reabsorption of phosphate is such that sufficient is reabsorbed 
to maintain the normal extracellular level, and any excess is 
excreted. On the other hand, much larger amounts of bicarbon- 
ate ion and chloride ion can be reabsorbed. 

Under normal circumstances the glomerular filtration rate 
is about 100 mL/min. About 99 mL of the fluid is returned to 
the blood, and only 1 mL is excreted as urine. It follows, 


therefore, that drugs may increase the rate of urine formation 
by 


1. Increasing glomerular filtration. 
2. Depressing tubular reabsorption. 


Increasing glomerular filtration is not an efficient mechanism 
and usually causes only a moderate increase in urine forma- 
tion. If, for example, the percentage of fluid reabsorbed by the 
renal tubules is assumed to remain constant, glomerular filtra- 
tion rate would have to be increased twofold to double the 
urinary output. On the other hand, a 1% decrease in the tubu- 
lar reabsorption of water, induced either by the administration 
of excessive quantities of electrolytes or nonelectrolytes (os- 
motic diuretics) or by agents that alter selective reabsorption of 
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substances in the renal tubules, would double the urinary 
output. 

Most diuretics block sodium and/or chloride reabsorption in 
the renal tubules. This results in natriuresis and diuresis. 
However, the mechanism(s) by which diuretics block the reab- 
sorption and the site of action varies; they may act at the 
proximal tubule, loop of Henle, distal tubule, collecting tubule, 
or combinations of these sites. 

Osmotic diuretics are thought to produce diuresis by multi- 
ple mechanisms. Mannitol, the most widely used osmotic di- 
uretic, is filtered at the glomerulus and is not reabsorbed by the 
renal tubules. Because of its osmotic action in the proximal 
tubules, mannitol prevents the reabsorption of water and im- 
pairs sodium reabsorption by lowering the concentration of 
sodium in the tubular fluid. In the loop of Henle, mannitol 
reduces medullary hypertonicity by increasing medullary blood 
flow. In the collecting duct, it reduces sodium and water reab- 
sorption because of papillary washout, high flow rate, or some 
other factor. 

Carbonic anhydrase inhibitors (eg, acetazolamide) act on 
the proximal convolution and possibly the collecting tubule to 
inhibit cytoplasmic and brush border carbonic anhydrase. This 
enzyme catalyzes the reaction CO. + OH — HCO ;. The 
overall inhibition of carbonic anhydrase decreases bicarbonate 
reabsorption and passive forces favoring chloride reabsorption. 
The excess chloride (with accompanying sodium) subsequently 
is reabsorbed in the loop of Henle. However, sodium bicarbon- 
ate is excreted, but the total diuretic effect is minimal. Al- 
though potassium excretion is increased during initial therapy 
with carbonic anhydrase inhibitors, clinically significant hypo- 
kalemia is seldom a problem. After several days of continuous 
administration, a mild hyperchloremic acidosis develops, which 
decreases the diuretic effect. 

Thiazide diuretics act mainly to block sodium and chloride 
reabsorption at the first (thick) portion of the distal tubules. 
They also have a mild anti—carbonic anhydrase effect. The 
resulting natriuresis is accompanied by increased excretion of 
potassium (particularly in short-term treatment), bicarbonate, 
chloride, and water. However, glomerular filtration rate actu- 
ally may be reduced by these drugs, causing a problem in 
patients with diminished renal reserve. Unlike carbonic anhy- 
drase inhibitors, thiazide diuretics are effective even though 
systemic acidosis or alkalosis may be present. The antihyper- 
tensive action of the thiazides may be attributable to 


A depletion of sodium and subsequent reduction in plasma volume. 
A decrease in peripheral resistance. 


The latter is thought to be due to either the loss of sodium from 
the arteriolar wall or a direct action on the vascular bed. In 
addition, there is some inhibition of the pressor activity of 
norepinephrine. The antihypertensive effect of chlorthalidone 
is thought to be due to a decreased cardiac output. 


Potassium-sparing diuretics (spironolactone, triamterene, 
and amiloride) interfere with sodium absorption in the late 
distal tubules and cortical collecting ducts, thereby promoting 
sodium excretion while conserving potassium. Spironolactone 
is a competitive inhibitor of aldosterone, whereas triamterene 
and amiloride interfere directly with electrolyte transport. 
These agents are not potent diuretics when used alone, but 
when combined with a thiazide, they reduce potassium loss, 
increase sodium excretion, and minimize alkalosis. In addition, 
the onset of diuresis with combination therapy is much more 
rapid than with spironolactone alone (4 to 7 days). 

Loop, or high-ceiling, diuretics, such as furosemide, 
ethacrynic acid, and umetanide, act mainly on the medullary 
and cortical portions of the thick ascending loop of Henle and 
cause a peak diuresis far greater than that which occurs with 
other diuretics. This action inhibits electrolyte reabsorption 
and reduces the osmotic gradient in the renal medulla that in 
turn impairs both the concentrating and diluting capacities of 
the kidney. Although initially increasing renal blood flow, the 
reduction in extracellular fluid volume that is caused by the 
diuresis can result in a decrease in renal blood flow. Since 
furosemide also induces significant kaluresis, supplemental 
administration of potassium often is necessary. Ethacrynic acid 
induces a greater excretion of chloride than sodium; however, it 
can produce systemic alkalosis. Ethacrynic acid continues to be 
effective in the presence of alkalosis. It also is useful in cases of 
edema refractory to other drugs. 

Contraindications and adverse effects resulting from di- 
uretic therapy usually are due to electrolyte imbalance induced 
by these agents. Many commonly employed diuretics can pro- 
duce acute and chronic sodium depletion, hypokalemia, hyper- 
glycemia, and hyperuricemia, as well as alterations in chloride, 
magnesium, and calcium balance. Osmotic diuretics must be 
used with caution because they can produce a marked increase 
in extracellular fluid volume and may induce pulmonary 
edema. Hypersensitivity to diuretic agents sometimes occurs. 
Also, blood dyscrasias, pancreatitis (thiazides), decreased glu- 
cose tolerance (thiazides and ethacrynic acid), and ototoxicity 
(intravenous ethacrynic acid) occasionally are encountered 
during diuretic therapy. 

Concurrent administration of diuretic agents and other 
drugs results in some of the most frequently encountered drug 
interactions. A common example is the prescribing of a cardiac 
glycoside and a diuretic; the diuretic-induced hypokalemia po- 
tentiates the cardiotoxicity of the glycoside. The adverse inter- 
action can be minimized either by increasing potassium intake 
(potassium supplements, diet, or potassium-sparing diuretic) 
or by administering the diuretic intermittently (allows homeo- 
static mechanisms to correct imbalance). Other examples of 
adverse interactions include 


Loss of blood sugar control in diabetic patients given thiazides, 
furosemide, or ethacrynic acid. 

More-intensive skeletal muscle blockade in patients on certain mus- 
cle relaxants and hypokalemia-inducing diuretics. 

Orthostatic hypotension induced by concurrent administration of 
methyldopa, guanethidine, or a ganglionic blocking agent and a 
diuretic. 

Increased incidence of ototoxicity when patients on aminoglycoside 
antibiotics (gentamicin, kanamycin, neomycin, and streptomycin) 
are given diuretics reported to cause ototoxicity (ethacrynic acid and 
furosemide). 

Increased incidence of nephrotoxicity when patients on cephalori- 
dine are given diuretics that have nephrotoxic effects (ethacrynic acid 
and furosemide). 

Hyperkalemia when potassium salts are administered with triam- 
terene; disruption of uricosuric therapy by administration of a diuretic 
that increases plasma uric acid levels (thiazides). 

An increased anticoagulant effect induced by displacement of war- 
farin from protein binding sites (thiazides). 


Thoughtful management of these interactions will not only 
result in improved patient response, but also will spare the 
patient unnecessary inconvenience and expense. 
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Agents employed clinically as diuretics may be divided into 
two groups: (1) osmotic diuretics and (2) renal tubule— 
inhibiting diuretics. In this presentation a third category, mis- 
cellaneous renal agents, is provided for probenecid, an agent 
that is not a diuretic but inhibits renal tubule reabsorption 
of uric acid and blocks the renal excretion of a number of 
substances. 


OSMOTIC DIURETICS 


The capacity of the renal tubule to reabsorb various electrolytes 
and nonelectrolytes is limited and, as previously mentioned, 
varies for each ionic species. If large amounts of these sub- 
stances are administered to an individual, their concentration 
in the body fluids and, subsequently, in the glomerular filtrate 
exceeds the reabsorption capacity of the tubule, and the excess 
appears in the urine accompanied by an increased volume of 
water. 

Traditionally, substances that increase urine formation in 
this manner are called osmotic diuretics. It is now known, 
however, that osmotic diuretics, such as mannitol, have several 
important mechanisms of action. For example, mannitol has 
been shown to increase renal plasma flow and glomerular hy- 
drostatic pressure secondary to vasodilatation of the afferent 
arteriole. 

Thus, it appears that osmotic agents have multiple sites of 
action; nevertheless, their major component probably is a de- 
crease in medullary solute content resulting in less water re- 
absorption from the thin descending limb of Henle and collect- 
ing duct and less sodium chloride reabsorption in the ascending 
limb of Henle. 

The major toxic effect of osmotic diuretics is related to the 
amount of solute administered and its effect on the volume and 
distribution of body fluids. For example, following its adminis- 
tration, mannitol is distributed throughout the extracellular 
fluid; consequently, the administration of hypertonic solutions 
sufficient to make a significant contribution to extracellular 
osmolarity will be accompanied by a significant expansion of 
extracellular fluid volume, largely at the expense of intracellu- 
lar fluid volume. In edematous states accompanied by dimin- 
ished cardiac reserve, the use of mannitol introduces a risk that 
far outweighs any advantages. Also, a variety of signs and 
symptoms suggestive of hypersensitivity reactions have accom- 
panied the use of some osmotic diuretics. 

This group of diuretics includes osmotic electrolytes (potas- 
sium and sodium salts), osmotic nonelectrolytes (urea, glycerin, 
and mannitol), and acid-forming salts (ammonium chloride). 


AMMONIUM CHLORIDE 


Muriate of Ammonia; Sal Ammoniac 
Ammonium chloride [12125-02-9] NH,Cl (53.49). 

Preparation—By the following processes: (1) the ammoniacal liq- 
uid obtained from gas works during the destructive distillation of coal is 
neutralized with HCl and the crude product subsequently is purified, 
(2) the vapors of ammonia from synthetic processes are absorbed in 
HCl, and (3) as a by-product in the Solvay process for sodium 
bicarbonate. 

Description—Colorless crystals, or a white, fine or coarse crystal- 
line powder; cool, saline taste; somewhat hygroscopic; when dissolved in 
water the temperature of the solution is lowered; pH (1 in 20 solution) 
between 4.6 and 6. 

Solubility—1 ¢ in 3 mL water, 100 mL alcohol, or 8 mL glycerin. 

Comments—A diuretic, systemic acidifier, and expectorant. Ammo- 
nium chloride is a combination of a labile cation and a fixed anion. 
When the ammonium ion is converted to urea, the liberated hydrogen 
ion reacts with bicarbonate and other body buffers. The end result is 
that chloride ion displaces bicarbonate ion; the latter is converted to 
CO,. Thus, the chloride load to the kidneys is increased, and an appre- 
ciable amount escapes reabsorption along with an equivalent amount of 
cation (predominantly sodium) and an isoosmotic quantity of water. 
This is the basic mechanism by which ammonium chloride brings about 
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a net loss of extracellular fluid and promotes the mobilization of edema 
fluid. 

Ammonium chloride has limited value when used alone for its 
diuretic effects. It occasionally is combined with a xanthine for short- 
term relief from temporary water-related weight gain, bloating, or 
edema associated with menstrual periods. 

The fact that ammonium chloride causes systemic acidosis makes 
the salt of some value in the treatment of alkalosis. It also renders the 
urine acidic and is prescribed for this purpose in conjunction with 
methenamine. In the rare instances when it is desired to produce an 
acidosis, ammonium chloride may be used. An example is in the treat- 
ment of lead poisoning when an acidosis is desired to hasten the excre- 
tion of lead or to treat alkalosis from excessive use of alkalinizing drugs. 


GLYCERIN 


1,2,3-Propanetriol; Glycerol; Ophthalgan; Osmoglyn 

([56-81-5] C.,H,O. (92.09) 

Preparation—Obtained in the production of soaps and fatty acids 
through hydrolysis or by hydration of propylene. 

Description—Syrupy liquid with a sweet warm taste; hygroscopic. 

Solubility—Completely miscible with water or alcohol; insoluble in 
most nonpolar solvents. 

Comments—An oral osmotic agent for reducing intraocular 
pressure. 


GLUCOSE—page 1043. 
GLUCOSE, LIQUID—page 1044. 
MANNITOL 
Mannite; Manna Sugar; Osmitrol 


a it OH OH 
HOCHs-C—C—C—C—CH,0H 
OH OH HH 


p-Mannitol [69-65-8] C,H, ,0, (182.17). 

Preparation—May be extracted from manna and other natural 
sources with hot alcohol or other selective solvents. Commercially, it is 
produced by catalytic or electrolytic reduction of certain monosacchar- 
ides such as mannose and glucose. Manufacture is somewhat compli- 
cated by the need for separation of stereoisomers. 

Description—White, crystalline powder or free-flowing granules; 
odorless and with a sweetish taste; density about 1.52 at 20°; melts 
between 165° and 168°; pK,, (19°) 3.4. 

Solubility—1 ¢g in about 5.5 mL water; slightly soluble in pyridine; 
very slightly soluble in alcohol; soluble in alkaline solutions; practically 
insoluble in ether. 

Comments—A diuretic and a diagnostic agent for kidney function. 
The intravenous administration of hypertonic solutions of mannitol is 
used to promote an osmotic diuresis. It is not absorbed significantly 
from the gastrointestinal (GI) tract, and if given orally, mannitol causes 
osmotic diarrhea. 

Mannitol is a useful adjunct in the treatment of acute renal failure 
before irreversible renal failure becomes established. However, to be 
effective, there must be sufficient renal blood flow and glomerular 
filtration for mannitol to reach the kidneys. It also is used to reduce 
intracranial pressure, treat cerebral edema by reducing brain mass, 
reduce intraocular pressure when elevated pressure is not amenable to 
other therapy, and promote urinary excretion of toxic substances. 

When administered parenterally, mannitol is distributed in the 
extracellular space. Only 7 to 10% is metabolized to glycogen, and the 
rest is excreted in the urine. Plasma half-life after a single IV dose is 15 
min with normal renal function. In severe renal insufficiency, mannitol 
excretion is reduced greatly; retained mannitol may increase extracel- 
lular tonicity, expand extracellular fluid volume, and induce hypo- 
natremia. It is superior to dextrose in that it is metabolized only slightly 
in the body and is reabsorbed only slightly by the renal tubule. Al- 
though it requires a larger volume, it produces fewer side effects than 
urea and is equally effective. 

Side effects mostly are due to fluid and electrolyte imbalance. Sig- 
nificant accumulation of mannitol can occur because of rapid adminis- 
tration of large doses or inadequate renal output, leading to an ex- 
panded extracellular fluid volume. Isolated cases of adverse reactions 
(such as pulmonary congestion, fluid and electrolyte imbalances, acido- 
sis, electrolyte loss, dryness of the mouth; thirst, osmotic nephrosis, 
marked diuresis, urinary retention, edema, headache, blurred vision, 
convulsions, nausea, vomiting, rhinitis, diarrhea, arm pain, thrombo- 
phlebitis, chills, dizziness, urticaria, dehydration, hypotension, hyper- 
tension, and anginal-like chest pains) have been reported during or 
following mannitol infusion. 


Safe use of mannitol during pregnancy and in children under 12 yr 
has not been established. 

Since only a negligible amount of mannitol, which appears in the 
glomerular filtrate, is reabsorbed by the renal tubule, it has been 
employed for the measurement of glomerular filtration rate. 

Mannitol and Sodium Chloride Injection—A sterile solution of 
mannitol and sodium chloride in water for injection. It contains no bac- 
teriostatic agents. pH between 4.5 and 7. Uses and Dose: See Mannitol. 


ISOSORBIDE 
p-Glucitol, 1,4:3,6-dianhydro-, Ismotic 


(652-67-5] C,H,,O, (146.14). 
Preparation—By acid dehydration of sorbitol, Brit Pat 600,870. 
Description—White, crystals melting about 63°; usually supplied 
as an aqueous solution of approximately 75% concentration. 
Solubility—Completely miscible with water; insoluble in most 
nonpolar organic solvents. 
Comments—Used for short-term reduction of intraocular pressure. 


POTASSIUM CITRATE—see RPS-16, page 777. 
UREA 


Carbonyldiamide; Ureaphil 
CO(NH,). 

Carbamide [57-13-6] CH,N.O (60.06). 

Preparation—A product of the metabolism of proteins, it is ex- 
creted in human urine in average amounts of 30 g/day. In 1828 Wohler 
obtained it on evaporating a solution containing potassium cyanate and 
ammonium sulfate, the ammonium cyanate first produced isomerizing 
to urea—reputedly the first synthesis of an organic compound from 
inorganic material. 

A large-scale process for preparing urea is by heating calcium cy- 
anamide with water under pressure: 


CaNCN + 3H,0 ~ CO(NH),),. + Ca(OH), 


Description—Colorless to white, prismatic crystals or a white, 
crystalline powder; almost odorless with a cooling, saline taste; may 
gradually develop a slight odor of ammonia, especially in the presence 
of moisture; melts between 132° and 135°; aqueous solutions are neu- 
tral to litmus but, on standing or heating, decompose into NH, and CO,; 
pK,, (21°) 0.1. 

Solubility—1 g in 1.5 mL water, 10 mL alcohol, 20 mL anhydrous 
alcohol, 6 mL methanol, or 2 mL glycerol; practically insoluble in 
chloroform or ether. 

Comments—Used to reduce intracranial and intraocular pressure. 


RENAL TUBULE-INHIBITING DIURETICS 

ENS a ee a PT TE 
The most powerful and consistently effective diuretics are 
those that depress tubular mechanisms responsible for the 
active reabsorptive transport of certain ions. Drugs that induce 
diuresis in this way may be divided into five groups: carbonic 
anhydrase inhibitors, benzothiadiazine and related deriva- 
tives, potassium-sparing diuretics, loop diuretics, and other 
renal tubular-inhibiting diuretics. The mechanisms, uses, and 
limitations of these several groups of diuretics are discussed in 
the introductory statement to the respective section. 


DICHLORPHENAMIDE 
1,3-Benzenedisulfonamide, 4,5-dichloro-, Daranide 
SOpNHp 
C) 


Cl SOpNHp 


4,5-Dichloro-m-benzenedisulfonamide 
(305.15). 


[120-97-8]  C,H,Cl,N.0,S, 


Preparation—o-Chlorophenol is reacted with chlorosulfonic acid to 
produce 5-chloro-4-hydroxy-1,3-benzenedisulfonyl chloride, which is 
treated with PCI; to replace the 4-hydroxy with chlorine. Ammonolysis 
of the sulfonyl chloride yields the disulfonamide. 

Description—White or nearly white, crystalline powder, with not 
more than a slight characteristic odor; melts between 236.5° and 240°. 

Solubility—Very slightly soluble in water; freely soluble in 1 N 
NaOH; soluble in alcohol; slightly soluble in ether. 

Comments—Used for primary, and the acute phase of secondary, 
glaucoma. 


METHAZOLAMIDE 


Acetamide, N-[5-(aminosulfonyl)-3-methyl-1,3,4-thiadiazol- 
2(3H)-ylidene]-, Glauctabs; Neptazane 


ale 


CH;-—N—N 


CH3CON SO,NHp 


N-(4-Methyl-2-sulfamoyl-A*-1,3,4-thiadiazolin-5-ylidene)acetamide [554- 
57-4] C,H,N,O,S, (236.26). 

Preparation—2-Acetamido-5-mercapto-1,3,4-thiadiazole, prepared 
as described under Acetazolamide, is treated with p-chlorobenzy] chlo- 
ride to produce the p-chlorobenzylmercapto derivative, which, on treat- 
ment with methyl bromide in the presence of sodium methylate, under- 
goes methylation and rearrangement to yield the acetylimino 
thiadiazoline derivative. This is oxidized with chlorine water to the 
2-sulfonyl chloride, which yields methazolamide on amidation with 
ammonia. 

Description—White or faintly yellow, crystalline powder with a 
slight odor; melts about 213°; pK, 7.30. 

Solubility—Very slightly soluble in water or alcohol; soluble in 
dimethylformamide; slightly soluble in acetone. 

Comments—Chemically related to Acetazolamide. 


Carbonic Anhydrase Inhibitors 


Carbonic anhydrase is an ubiquitous enzyme responsible for 
the catalytic reversible hydration of carbon dioxide and dehy- 
dration of carbonic acid, a process critical to the transport of 
carbon dioxide in the erythrocyte and its exchange in the pa- 
renchyma of the lungs. This enzyme also is found in the renal 
cortex, gastric mucosa, pancreas, eye, and central nervous sys- 
tem (CNS). 

The renal tubular cells also contain substantial amounts of 
carbonic anhydrase, and the CO, produced metabolically in the 
cells of the renal tubule is converted immediately to carbonic 
acid by the enzyme. Urine is normally acidified by secretion of 
hydrogen ions derived from carbonic acid formed in the proxi- 
mal tubular cells in exchange for sodium ions in the lumen of 
the tubule. 

When carbonic anhydrase is inhibited, via adenyl cyclase 
stimulation, pH of the urine increases because the number of 
hydrogen ions available for exchange with sodium is decreased; 
the excess sodium ions retained in the tubule combine with 
bicarbonate and are excreted by the kidney with an increased 
volume of water and a loss of potassium. The diuretic effect is 
self-limiting when it is administered for longer than 48 hr, 
since the subsequent metabolic acidosis prevents further di- 
uretic action by the carbonic anhydrase inhibitor. 

Although carbonic anhydrase inhibitors were developed 
originally as diuretics, their major usefulness is in glaucoma. 
Inhibition of carbonic anhydrase in the ciliary body of the eye 
markedly reduces secretion of aqueous humor; oral or paren- 
teral administration of carbonic anhydrase inhibitors de- 
creases intraocular pressure in most patients with this ocular 
defect. 

These agents also have been used in some cases of absence 
and generalized tonic-clonic epilepsy refractory to anticonvul- 
sants. The anticonvulsant effects of the carbonic anhydrase 
inhibitors may be due to the metabolic acidosis caused by these 
agents. 

Adverse reactions to carbonic anhydrase inhibitors are sel- 
dom serious and are reversed rapidly, since the drug is excreted 
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rapidly. The most frequent adverse effects include paresthesia, 
particularly tingling in the extremities; loss of appetite; poly- 
uria; some drowsiness; and confusion. During long-term ther- 
apy, an acidotic state may supervene; this can be corrected by 
administration of bicarbonate. Transient myopia has been 
reported. 

Other occasional reactions include urticaria, melena, flaccid 
paralysis, and convulsions. Drowsiness may impair ability to 
drive or perform other tasks requiring alertness; patients 
should be advised of this. Like other sulfonamide derivatives, 
the sulfonamide-type carbonic anhydrase agents may produce 
fever, rash, crystalluria, renal calculus, bone-marrow depres- 
sion, thrombocytopenic purpura, hemolytic anemia, leukope- 
nia, pancytopenia, and agranulocytosis. At the first signs of 
such reactions the drug should be discontinued and appropri- 
ate therapy instituted. 

The safe use of these agents during pregnancy has not been 
established. These agents are contraindicated in patients with 
idiopathic renal hyperchloremic acidosis, renal failure, a 
known depletion of sodium and/or potassium, or Addison’s dis- 
ease and patients known to be sensitive to this class of drugs. 
Moreover, long-term therapy is contraindicated in patients 
with chronic, noncongestive, angle-closure glaucoma. 


ACETAZOLAMIDE 


Acetamide, N-[5-(aminosulfonyl)-1,3,4-thiadiazol-2-yl]-, Diamox 
H,NO,S Ss NHCOCH 
Zale} TT i) 3 


[59-66-5] C,H,N,O.S, (222.24). 

Preparation—Hydrazine hydrate is reacted with a two-molar 
quantity of ammonium thiocyanate to produce 1,2-bis(thiocarbamoyl) 
hydrazine, which yields, through loss of ammonia and rearragement, 
5-amino-2-mercapto-1,3,4-thiadiazole. This is acetylated and then oxi- 
dized to the 2-sulfony! chloride with chlorine. The final step is amida- 
tion with ammonia. 

Description—White to faintly yellowish white, crystalline, odor- 
less powder; pK.; 7.2, 9.0. 

Solubility—Very slightly soluble in water; sparingly soluble in hot 
water (90° to 100°); slightly soluble in alcohol. 

Comments—A carbonic anhydrase inhibitor effective for adjunc- 
tive treatment of edema due to congestive heart failure, drug-induced 
edema, absence and other centrencephalic epilepsies, chronic simple 
(open-angle) glaucoma, secondary glaucoma and preoperatively in acute 
angle-closure glaucoma when it is desired to lower intraocular pressure 
prior to surgery. 

It also is used in the prevention and amelioration of symptoms 
associated with mountain (high altitude) sickness. When used orally in 
tablet form to lower intraocular pressure, it has a rapid onset of action 
(1 to 1% hr), reaches peak effect in 2 to 4 hr and the effect persists for 
8 to 12 hr. When sustained-release capsules are employed, onset of 
action is approximately 2 hr, peak effect varies from 8 to 12 hr and the 
effects persist for 18 to 24 hr. It particularly is useful where careful 
following of blood electrolytes is not possible, as in outpatients. It has 
low toxicity. For additional information on adverse effects and precau- 
tions, see introductory statement. 


ACETAZOLAMIDE SODIUM 


Acetamide, N-[5-(aminosulfonyl)-1,3,4-thiadiazol-2-yl]-, 
monosodium salt; Diamox Sodium 


(1424-27-7] C,H,N,Na0O.S., (244.22); prepared from acetazolamide with 
the aid of NaOH. It is suitable for parenteral use. For the structure of 
the base, see Acetazolamide. 

Preparation—Acetazolamide is dissolved in aqueous NaOH solu- 
tion containing an equimolar quantity of NaOH, whereupon the acidic 
H of the —SO.,NH, group is replaced by Na. The solid sodium compound 
then may be produced by various drying or crystallization techniques. 

Description—White solid, with the characteristic appearance of 
freeze-dried products; pH (freshly prepared solution, 1 in 10) between 9 
and 10. 

Comments—See Acetazolamide. 


1348 CHAPTER 75 


Benzothiadiazine and Related Diuretics 


The benzothiadiazine diuretics occurred from efforts to develop 
more-potent carbonic anhydrase inhibitors. This resulted in 
the introduction of the prototype thiazide, chlorothiazide, in 
1958, a widely used, reliable, well-tolerated, orally effective 
diuretic. 

The thiazide diuretics increase urinary excretion of sodium 
and water by inhibiting sodium reabsorption in the cortical 
(thick) portion of the ascending limb of Henle’s loop and in the 
early distal tubules. They also increase excretion of chloride, 
potassium, and, to a lesser extent, bicarbonate ions. The latter 
effect is due to their slight carbonic anhydrase—inhibitory ac- 
tion, although this action is usually of minor diuretic conse- 
quence. Because of their site of action, they interfere with the 
dilution, but not the concentration, of urine. 

The thiazide drugs also decrease the glomerular filtration 
rate. This effect does not appear to contribute to the diuretic 
action of these drugs and may explain their diminished efficacy 
in the presence of impaired kidney function. 

The thiazide drugs are frequently employed in the treat- 
ment of hypertension and can add to the effectiveness of other 
antihypertensive drugs and reverse the fluid retention caused 
by some of these agents. Although the precise mechanism of 
their antihypertensive action is unknown, it may be due to an 
altered sodium balance. Since the thiazides induce only a lim- 
ited (10%) reduction in blood pressure, they are useful either in 
mild cases of hypertension or as adjunctive therapy to other 
drugs. 

Thiazide diuretics are effective as adjunctive therapy in 
edema associated with congestive heart failure, hepatic cirrho- 
sis, and corticosteroid and estrogen therapy, as well as edema 
due to various forms of renal dysfunction (nephrotic syndrome, 
acute glomerulonephritis, and chronic renal failure). Thiazide 
diuretics also have been used successfully (alone or in combi- 
nation with amiloride and/or allopurinol) to prevent the forma- 
tion and recurrence of calcium stones in hypercalciuric and 
normal calciuric patients. 

Thiazide diuretics are contraindicated in anuria, patients 
hypersensitive to these and other sulfonamide drugs and in 
otherwise healthy pregnant women with or without mild 
edema. Diuretics can decrease placental perfusion. Thiazides 
are excreted into breast milk; therefore, use by nursing moth- 
ers is not recommended. These drugs should be used with 
caution in patients with renal disease, since they may precip- 
itate azotemia. They also should be used with caution in pa- 
tients with impaired liver function, diabetes, gout, or a history 
of lupus erythematosus. 

Adverse effects have been observed as follows: GI (anor- 
exla, gastric irritation, nausea, vomiting, cramping, diar- 
rhea, constipation, jaundice, pancreatitis, sialadenitis), CNS 
(dizziness, vertigo, paresthesias, headache, xanthopsia), he- 
matological (leukopenia, agranulocytosis, thrombocytope- 
nia, aplastic anemia), cardiovascular (orthostatic hypoten- 
sion), hypersensitivity (purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis, fever, respiratory distress, 
anaphylactic reactions), and other (hyperglycemia, glycos- 
uria, hyperuricemia, muscle spasm, weakness, restlessness, 
transient blurred vision). 

Periodic serum electrolyte determinations should be done on 
all patients to detect electrolyte imbalance such as hyponatre- 
mia, hypochloremic alkalosis, and hypokalemia. Finally, in 
higher doses, thiazides may increase serum cholesterol by 5 to 
15% and elevate low-density lipoproteins (LDLs). 

Thiazides are involved in several clinically important drug 
interactions. They interact with adrenal corticosteroids to en- 
hance hypokalemia, with vitamin D and calcium to induce 
hypercalcemia, with diazoxide to cause hyperglycemia, with 
indomethacin to decrease the natriuretic and/or antihyperten- 
sive effect, and with digitalis glycosides to produce digitalis 
toxicity. Moreover, the thiazides increase lithium levels and 


the neuromuscular blocking effect of tubocurarine but decrease 
the anticoagulant effect of the oral anticoagulants. 


BENDROFLUMETHIAZIDE 


2H-1,2,4-Benzothidiazine-7-sulfonamide, 3,4-dihydro-3- 
(phenylmethyl)-6-(trifluoromethyl)-, 1,1-dioxide; Naturetin 


0 
NH,SOz oS 
a : da) 
H 


(73-48-3] C,;H,,F,N,0,S, (421.41). 

Preparation—One method consists of cyclization of 4-amino-6- 
trifluoromethyl-m-benzenedisulfonamide through condensation with 
phenylacetaldehyde (J Am Chem Soc 1959; 81:4807). 

Description—White to cream-colored, finely divided, crystalline 
powder that is odorless or has a slight, characteristic floral odor; melts 
about 220°. pK, 8.5. 

Solubility—1 g in 23 mL alcohol or 200 mL ether; practically 
insoluble in water, chloroform, or benzene. 

Comments—A potent, orally effective thiazide diuretic. 


BENZTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-3- 
[[(phenylmethyl)thio]methyl]- 1,1-dioxide; Aquatag, 
Proaqua; Exna; Hydrex; Marazide; Urazide 


Oo 


NH,SO2 SS 
aA 
Cl N~ ~CH,SCH, 


3-[(Benzylthio)methyl]-6-chloro-2H-1,2,4-benzothiadiazine-7- sulfonamide 
1,1-dioxide [91-33-8] C,,H,,CIN,0,,S, (431.93). 
Preparation—4-Amino-6-chloro-m-benzenedisulfonamide is re- 
acted with chloroacetic anhydride to give 2,3'-dichloro-4’,6’-disulfa- 
moylacetanilide, which is then condensed and cyclized with benzyl 
mercaptan in the presence of sodium hydroxide. US Pat 3,111,517. 
Description—Fine, white, crystalline powder with both a charac- 
teristic odor and taste; stable in both light and air; melts about 240°. 
Solubility—1 g in 41,000 mL water, 480 mL alcohol, 24,000 mL 
chloroform, or 2900 mL ether; soluble in alkaline solutions. 
Comments—A diuretic and antihypertensive similar to the thiazides. 


CHLORTHALIDONE 


Benzenesulfonamide, 2-chloro-5-(2,3-dihydro-1-hydroxy-3-oxo-1H- 
isoindol-1-yl)-, Hygroton; Hylidone; Combipres 


SO2NH, 


2-Chloro-5-(1-hydroxy-3-oxo-1-isoindolinyl)benzenesulfonamide [77-36-1] 
C,,H,,CIN,O,S (338.76). 

Preparation—3-Amino-4-chlorobenzophenone-2-carboxylic acid is 
diazotized, and the resulting diazonium chloride is reacted in the cold 
with sulfur dioxide in the presence of cupric chloride to form 4-chloro- 
2'-carboxybenzophenone-3-sulfony] chloride (1). Heating 1 with thionyl 
chloride yields 3-chloro-3-(3'-chlorosulfonyl-4'-chlorophenyl)phthalide, 
which is reacted with ammonia. Removal of the solvent and treatment 
of the residue with HCl yields chlorthalidone. US Pat 3,055,904. 

Description—White to yellowish white, crystalline powder; melts 
with decomposition above 215°; pK, 9.4. 

Solubility—Practically insoluble in water (12 mg/100 mL at 20°), 
chloroform, or ether; slightly soluble in alcohol; soluble in methanol. 
Soluble in alkali carbonates or basic solutions. 

Comments—An orally effective nonthiazide diuretic. 


CHLOROTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-, 
1,1-dioxide; Diachlor; Diuril 


NH,SO, Se 
or 
el 2 


[58-94-6] C-H,CIN,,O,S, (295.72). 


Preparation—3-Chloroaniline is acylated with chlorosulfonic acid 
to produce the 4,6-disulfonyl chloride, which is amidated with ammonia 
to give the 4,6-disulfonamide. Heating the latter with formic acid re- 
sults in cyclization through double condensation. 

Description—White or practically white, odorless, crystalline pow- 
der; melts about 340°, with decomposition. pK,, 6.7, 9.5. 

Solubility—Very slightly soluble in water (0.4 g/L at pH4, 0.65 g/L 
at pH 7); freely soluble in dimethylformamide or dimethyl sulfoxide; 
slightly soluble in methanol or pyridine; practically insoluble in ether, 
benzene, or chloroform. Soluble in alkaline solutions but decomposes on 
heating or standing. 

Comments—The prototype benzothiadiazine diuretic, with the 
therapeutic indications, warnings, precautions, drug interactions, and 
adverse reactions described on pages 1344 and 1347. Diuretic effects 
are apparent within 2 hr after oral administration, reach peak activity 
in 4 hr, and persist for about 6 to 12 hr; after intravenous administra- 
tion, effects are apparent in 15 min, reach a peak in 30 min, and persist 
for about 2 hr. Refractoriness to the drug is relatively uncommon, even 
after prolonged periods of continuous administration. For information 
on drug interactions of benzothiazides, see pages 1347 and this page. 


CYCLOTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 3-bicyclo[2.2.1]hept-5-en- 
2-yl-6-chloro-3,4-dihydro-, 1,1-dioxide; Anhydron 


oO 


pelea oul 
el N 


i 
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6-Chloro-3,4-dihydro-3-(5-norbornen-2-yl)-2H-1,2,4-benzothiadiazine- 
7-sulfonamide 1,1-dioxide [2259-96-3] C,,H,,CIN.O,S. (389.87). 

Preparation—The process is analogous to that for Chlorothiazide, 
except that 5-norbornene-2-carboxaldehyde is employed in the cycliza- 
tion step instead of formic acid. US Pat 3,275,625. 

Description—White to nearly white, practically odorless powder; 
melts within a range of 4° between 217° and 225°. 

Solubility—1 g in 70 mL alcohol or 30 mL methanol; practically 
insoluble in water, chloroform or ether. 

Comments—An orally effective diuretic and antihypertensive. 


HYDROCHLOROTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-3,4-dihydro-, 
1,1-dioxide; HydroDiuril 


[58-93-5] C,H,CIN.,0,,8, (297.73). 

Preparation—The process is identical with that for Chlorothia- 
zide, except that formaldehyde is employed in the final cyclization step 
instead of formic acid. 

Description—White, or practically white, odorless, crystalline 
powder; melts about 268° with decomposition; pK,,, 7.9; pK,. 9.2. 

Solubility—Slightly soluble in water; freely soluble in sodium hy- 
droxide solution or dimethylformamide; sparingly soluble in methanol; 
insoluble in ether or chloroform. 

Comments—A drug similar to Chlorothiazide. 


HYDROFLUMETHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 3,4-dihydro, 6- 
(trifluoromethyl)-, 1,1-dioxide; Diucardin; Saluron 


Ox .20 


P 
NH, SO 
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CFs i? 
| 
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(135-09-1] C,H,F.,N.,0,,8, (331.28). 

Preparation—4-Amino-6-(trifluoromethyl)-m-benzenedisulfon- 
amide is heated with formaldehyde in a sulfuric acid environment, thus 
effecting concomitant condensation and cyclization to hydroflumethia- 
zide. US Pat 3,254,076. 

Description—White to cream-colored, finely divided, crystalline 
powder; odorless; melts between 270° and 275°; pH (1 in 100 dispersion 
in water) between 4.5 and 7.5; pK, 8.9, pK, 10.7. 
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Solubility—1 g in >5000 mL water, 39 mL alcohol, >5000 mL 
chloroform, or 2500 mL ether. 
Comments—A potent, oral thiazide diuretic. 


INDAPAMIDE 


Benzamide, 3-(aminosulfonyl)-4-chloro-N-(2,3-dihydro- 
2-methyl-1H-indol-1-yl)-, Lozol 


cl CONH 


4-Chloro-N-(2-methyl-1-indolinyl)-3-sulfamoylbenzamide [26807-65-8] 
C,5H,,CIN,O.S (365.83). 

Preparation—p-Chlorotoluene is sulfonated and converted to the 
sulfonamide yielding 3-chloro-4-sulfamoylbenzoic acid. This acid is re- 
acted with thionyl chloride to form the carbonyl] chloride and treated 
with 2-methylindole (skatole) to give the product. See US Pat 3,565,911. 

Description—White to yellow orthogonal crystals melting about 
161°; weak acid, pK, = 8.8. 

Solubility—Soluble in aqueous solutions of strong bases. 

Comments—An oral diuretic and antihypertensive related to the 
indolines. 


METHYCLOTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-3-(chloromethyl)- 
3,4-dihydro-2-methyl-, 1,1-dioxide; Aquatensen; 
Enduron; Methyclodine 


S 
can Gi nee 
c} eine 


[135-07-9] C,H, ,C1,N.,0,8., (360.23). 

Preparation—By a process analogous to that for Chlorothiazide, 
4-amino-6-chloro-N*-methyl-m-benzenedisulfonamide is cyclized 
through condensation with monochloroacetaldehyde or an acetal 
thereof. US Pat 3,163,644. 

Description—White or practically white, crystalline powder; odor- 
less or has a slight odor and is tasteless; chars slightly below 220° and 
decomposes at 220°; pK, (extrapolated from water-acetone) 9.4. 

Solubility—1 g in >10,000 mL water, 92.5 mL alcohol, >10,000 mL 
chloroform, or 2700 mL ether; freely soluble in acetone. 

Comments—A thiazide diuretic. 


METOLAZONE 


6-Quinazolinesulfonamide, 7-chloro-1,2,3,4-tetrahydro-2-methyl-3-(2- 
methylphenyl)-4-oxo-, Diulo; Mykrox; Zaroxolyn 


H 
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2 | 
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[17560-51-9] C,,.H,,CIN.,O.S (365.83). 
Preparation—5-Chloro-o-toluidine is converted through a series 
of reactions into N-(o-tolyl)-2-amino-4-chloro-5-sulfamoylbenzamide, 
which undergoes ring closure through reaction with acetaldehyde. US 
Pat 3,360,518; J Med Chem 1970; 13:886. 
Description—Colorless, odorless, tasteless, crystalline powder; 
light-sensitive; pK, 9.72; melts between 253° and 259°. 
Solubility—Sparingly soluble in water or alcohol. 
Comments—A quinazoline-derived nonthiazide diuretic. 


POLYTHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-3,4-dihydro-2- 
methyl-3-[[(2,2,2-trifluoroethyl)thio]methyl]-, 1,1-dioxide; Renese 


Ox ype 


ele Se 

C) Danone 
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[346-18-9] C,,H,,CIF,N,0,S, (439.87). 
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Preparation—6-Amino-4-chloro-N’-methyl-m-benzenedisulfon- 
amide is condensed with the dimethyl acetal of 2,2,2-trifluoroethylmer- 
captoacetaldehyde. The crude polythiazide, which precipitates when 
the reaction mixture is added to cold water, is recrystallized from 
2-propanol. US Pat 3,009,911. 

Description—White, crystalline powder with a characteristic odor; 
melts between 207° and 217°, with decomposition; pK, 9.1. 

Solubility—1 g in >1000 mL water, 150 mL alcohol, 175 mL 
chloroform or >1000 mL ether; soluble in acetone; soluble in aqueous 
alkali carbonates or hydroxides with increasing decomposition as pH 
increases. 

Comments—A thiazide diuretic. 


QUINETHAZONE 


6-Quinazolinesulfonamide, 7-chloro-2-ethyl-1,2,3,4-tetrahydro- 
4-oxo, Hydromox 


f 
Cl Nw __UCpHs 


NH 
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(73-49-4] C,)H,,CIN,0.S (289.74). 

Preparation—4 '-Chloro-o-acetotoluidide is subjected to chlorosul- 
fonation and subsequent amination to form 2-amino-4-chloro-5-sulfa- 
moylbenzamide. Refluxing with an acidulated alcholic solution of the 
diethylacetal of propionaldehyde effects the required condensation cy- 
clization to yield quinethazone. US Pat 2,976,289; also J Am Chem Soc 
1960; 82:2731. 

Description—White to yellowish white, odorless, crystalline pow- 
der with a bitter taste; discolors in the presence of strong light and 
alkaline materials; melts between 250° and 252°. 

Solubility—1 g in 500 mL alcohol; freely soluble in solutions of 
alkali hydroxides and carbonates; very slightly soluble in water. 

Comments—A quinazoline derivative with 6-thiazide-like effect. 


TRICHLORMETHIAZIDE 


2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-3- 
(dichloromethyl)-3,4-dihydro-, 1,1-dioxide; Metahydrin; Naqua 


aX 49 
NH SO, Oat 
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(133-67-5] C,H,Cl,N.0,S, (380.65). 

Preparation—By reacting 4-amino-6-chloro-m-benzenedisulfon- 
amide with dichloroacetaldehyde, or an acetal thereof, in a suitable 
condensation environment. US Pats 3,163,645 and 3,264,292. 

Description—White, crystalline powder that is odorless or has a 
slight characteristic odor; light-sensitive, but stable in air and heat; 
melts about 274° with decomposition. 

Solubility—1 g in 1100 mL water, 48 mL alcohol, 5000 mL chloro- 
form, or 1400 mL ether. 

Comments—An orally effective and long-acting thiazide. 


Potassium-Sparing Diuretics 


The potassium-sparing diuretics include spironolactone, triam- 
terene, and amiloride. The effects of these agents on urinary 
electrolyte composition are similar in that they cause a mild 
natriuresis and decrease potassium and hydrogen ion excre- 
tion. Despite this similarity, these agents actually compose two 
groups with respect to mechanism of action. 

Spironolactone, the prototype agent of the so-called aldoste- 
rone antagonists, is a specific competitive inhibitor of aldoste- 
rone at the receptor site level; hence, it is effective only when 
aldosterone is present. The other two potassium-sparing di- 
uretics, triamterene and amiloride, exert their effect indepen- 
dent of the presence or absence of aldosterone. 

Triamterene, on the peritubular side, inhibits the poten- 
tial in the collecting duct and not on the distal tubule. 
Amiloride, on the other hand, inhibits the potential in both 
the collecting duct and the distal tubule. In addition, amilo- 


ride also decreases sodium transport in the proximal tubule. 
The potassium-sparing action common to all three of these 
agents is due to alteration of passive forces controlling move- 
ment of these ions. 

The potassium-sparing agents are used in the manage- 
ment of edema associated with congestive heart failure, he- 
patic cirrhosis with ascites, the nephrotic syndrome, and 
idiopathic edema. Because these diuretics have little antihy- 
pertensive action of their own they are used mainly in com- 
bination with other drugs in the management of hyperten- 
sion and to correct hypokalemia often caused by other 
diuretic agents. Spironolactone also is used in primary hy- 
peraldosteronism. 

Potassium-sparing diuretics are contraindicated in pa- 
tients with anuria, acute renal insufficiency, impaired renal 
function, or hyperkalemia. Adverse reactions include diar- 
rhea, nausea, vomiting, weakness, headache, erythematous 
rash, and urticaria. Gynecomastia and carcinoma of the 
breast have been reported after spironolactone; however, no 
causal relationship between the latter and the drug has been 
established. 

These drugs can cause life-threatening hyperkalemia in pa- 
tients using potassium-containing salt substitutes or in those 
with renal impairment. Serum potassium levels should be 
monitored in diabetics, the elderly, and patients with renal 
failure. 


AMILORIDE HYDROCHLORIDE 


Pyrazinecarboxamide, 3,5-diamino-N-(aminoiminomethyl)-6-chloro-, 
monohydrochloride, dihydrate; Midamor 


I 
oun 
HyN~ ~N~ ~NHp 


N-Amidino-3,5-diamino-6-chloropyrazinecarboxamide hydrochloride, di- 
hydrate [2016-88-8] C,H,CIN,O.HCl - 2H,O (302.12). 

Preparation—Pyrazine-2,3-dicarboxamide is converted to 3- 
amino-2-carboxamide through a Hoffman degradation using one equiv- 
alent of NaOBr, the carboxamide forming the ethyl ester by ethanolysis, 
followed by reaction with sulfuryl chloride. This latter treatment forms 
the 5,6-dichloro derivative. As the 5-chloro is activated by the p- 
carboxyl it is readily converted to the amine with ammonia. Finally, the 
ester group is condensed with guanidine to yield the product. See Belg 
Pat 639,386 [CA 1965; 62:14698f]. 

Description—Odorless, pale yellowish-green powder melting 
about 240°; pK, 8.7. 

Solubility—Soluble 1 g in 200 mL water or 350 mL alchol; practi- 
cally insoluble in chloroform or ether. 

Comments—A potassium-conserving drug with natriuretic, di- 
uretic, and antihypertensive activity. It is approved only for concurrent 
use with other thiazide diuretics or other saliuretic-diuretic agents in 
the management of congestive heart failure or hypertension. It is used 
to restore normal serum potassium levels in patients who develop 
hypokalemia and in patients who would be exposed to a particular risk 
if hypokalemia were to develop. 

Its effect on electrolyte excretion is first observed 2 hr after drug 
administration, reaches a peak between 6 and 10 hr, and lasts about 
24 hr. Peak plasma levels are reached in 3 to 4 hr and plasma 
half-life varies from 6 to 9 hr. The drug is not metabolized by the 
liver and is excreted unchanged in the urine. It is contraindicated in 
patients with hyperkalemia or those taking potassium supplements 
or other potassium-sparing drugs. It should be used with extreme 
care in patients with diabetes or impaired renal function. 

Amiloride usually is well-tolerated, and serious side effects are 
infrequent, although minor adverse effects occur in 20% of the users. 
Adverse effects include headache, nausea, anorexia, diarrhea, and vom- 
iting (3 to 8%). Other adverse effects such as dizziness, encephalopathy, 
abdominal pain, constipation, weakness, muscle cramps, decreased li- 
bido, cough, and impotence occur less frequently. Amiloride alone has 
little effect on electrolytes other than potassium; however, electrolyte 
disturbances may occur when it is combined with other diuretics. Se- 
rum potassium levels should be monitored. 


NH 
“oH 


cl + 2H,0 


SPIRONOLACTONE 


(7a,17a)-Pregn-4-ene-21-carboxylic acid, 7-(acetylthio)-17-hydroxy-3- 
oxo y-lactone; Aldactone 


17-Hydroxy-7a-mercapto-3-0xo-17a-pregn-4-ene-21-carboxylic acid y- 
lactone acetate [52-01-7] C.,,H;,0,S (416.57). 

Preparation—By treating dehydroepiandrosterone (prepared from 
cholesterol or sitosterol) with acetylene to form the 17a-ethynyl-17p- 
hydroxy derivative, which is carbonated to the 17a-propiolic acid. Re- 
duction of the unsaturated acid in alkaline solution yields the saturated 
acid, which cyclizes to the lactone on acidification. Bromination to the 
5,6-dibromo compound, followed by oxidation of the 3-hydroxyl group to 
the ketone, then dehydrobromination to the 7a-hydroxyl derivative, 
produces spironolactone when esterified with thiolacetic acid. 

Description—Light, cream-colored to light tan, crystalline powder; 
faint to mild mercaptan-like odor; stable in air; melts between 198° and 
207°, with decomposition. 

Solubility—Practically insoluble in water; freely soluble in chloro- 
form; soluble in alcohol; slightly soluble in fixed oils. 

Comments—A synthetic steroid that acts as a competitive antag- 
onist of the potent, endogeneous mineral-corticosteroid, aldosterone. It 
has a slower onset of action than triamterene or amiloride, but its 
natriuretic effect is slightly greater during long-term therapy. 

It is indicated in the treatment of essential hypertension, edema 
associated with congestive heart failure, hepatic cirrhosis with ascites, 
the nephrotic syndrome, and idiopathic edema and in the diagnosis of 
primary aldosteronism. By blocking the sodium-retaining effects of 
aldosterone on the distal convoluted tubule, it corrects one of the most 
important mechanisms responsible for the production of edema, but 
spironolactone is effective only in the presence of aldosterone. 

Its onset of diuretic action is gradual (24 to 48 hr), reaches a peak in 
48 to 72 hr, and lasts for 48 to 72 hr. It is a relatively weak diuretic and 
usually is employed as an adjunct to other diuretics, such as the thia- 
zides. When used in this combined manner, it enhances the excretion of 
sodium and decreases the excretion of potassium. 

Further increase in diuresis may be obtained by the use of a glu- 
cocorticoid with this drug in combination with another diuretic. It is 
metabolized rapidly after oral administration. The metabolites are ex- 
creted largely in the urine, but also in bile. The primary metabolite, 
canrenone, reaches peak plasma levels 2 to 4 hr after oral administra- 
tion of the drug. 

The half-life of canrenone, following multiple doses of the drug is 13 
to 24 hr. Both this drug and canrenone are more than 90% bound to 
plasma proteins. It has been shown to be a tumorigen in chronic toxicity 
studies in rats; 500 mg/kg induced hepatocytomegaly, hyperplastic liver 
nodules, and hepatocellular carcinoma. 

It is contraindicated in acute renal insufficiency, anuria, and hyper- 
kalemia. It also is contraindicated in patients on digoxin; concurrent 
use elevates digoxin plasma levels and may induce digoxin toxicity. 
Similarly, concurrent use with lithium increases the risk of lithium 
toxicity. Side effects include hyponatremia, hyperkalemia, and drows- 
iness. Other adverse effects include headache, diarrhea, rashes, urti- 
caria, mental confusion, drug fever, ataxia, gynecomastia, decreased 
libido in the male, and mild androgenic effects, such as hirsutism, 
irregular menses, and deepening of the voice in the female. 


TRIAMTERENE 


2,4,7-Pteridinetriamine, 6-phenyl-, Dyrenium 


HoN_ 2N N 
N 
NH> 
2,4,7-Triamino-6-phenylpteridine [396-01-0] C,H, ,N, (253.27). 
Preparation—5-Nitroso-2,4,6-triaminopyrimidine is refluxed with 
phenylacetonitrile in the presence of sodium methoxide. US Pat 
3,081,230; J Org Chem 1963; 28:1191.) 


Description—Yellow, odorless, crystalline powder; stable to tem- 
perature and light; pK, 6.2. 


NH» 
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Solubility—Practically insoluble in water, chloroform, or ether; 
very slightly soluble in alcohol. 

Comments—Inhibits reabsorption of sodium ions in exchange for 
potassium and hydrogen ions at that segment of the distal tubule under 
the control of adrenal mineralocorticoids. The effect is unrelated to the 
level of aldosterone secretion. After oral administration, 30 to 70% is 
absorbed, and 50 to 67% is bound to plasma protein. Diuresis appears 
within 2 hr after administration, reaches a peak in 6 to 8 hr, and lasts 
for 12 to 16 hr. 

It is metabolized primarily by the liver (hydroxytriamterene sulfate, 
an active metabolite), and about 3 to 5% is excreted unchanged in the 
urine. It also is used in combination with hydrochlorothiazide (Dyazide) 
in treatment of edema associated with congestive heart failure, cirrhosis 
and the nephrotic syndrome. It also is indicated in steroid-induced 
edema, idiopathic edema, edema due to secondary hyperaldosteronism, 
and in edematous patients unresponsive to other therapy. It directly 
inhibits the reabsorption of sodium and chloride independent of 
aldosterone. 

Although it promotes the excretion of sodium and chloride, it is 
believed to conserve potassium by reducing the transport of this ion 
from the tubular cell to the tubular lumen. Hence, it should not be used 
with potassium supplements and should be used with caution in pa- 
tients with preexisting elevated serum potassium. 

It also is contraindicated in patients with severe kidney and liver 
disease and should be used with caution in patients with diabetes 
mellitus. Patients receiving long-term triamterene treatment should be 
monitored for electrolyte imbalances. Side effects are usually mild and 
include nausea, vomiting, GI disturbances, weakness, headache, dry 
mouth, and rash. 


Loop Diuretics 


The loop, or high-ceiling, diuretics, ethacrynic acid (Edecrin), 
furosemide (Lasix), and bumetanide (Bumex), are the most 
potent currently available diuretic agents. Although differ- 
ences do exist between these agents, they are similar in that 
their most important action is in the medullary and cortical 
(thick) ascending limb of the loop of Henle. Loop diuretics 
inhibit active chloride, and possibly sodium, transport in the 
ascending thick limb of Henle. 

The loop diuretics have a much greater diuretic effect than 
the thiazides and are effective even in the presence of electro- 
lyte and acid-base disturbances. Excess amounts of the potent 
diuretics can lead to serious water and electrolyte depletion; 
thus, careful medical monitoring is required. The time of onset 
and duration of action of the loop diuretics are shorter than 
those with the thiazides. These potent agents usually are re- 
served for patients with impaired renal function, acute pulmo- 
nary edema, or hypertensive crises. 

Despite their similar actions, there are some essential dif- 
ferences between the loop diuretics. Furosemide usually is 
preferred to ethacrynic acid for a number of reasons: 


It has a broader dose-response curve. 

It is less ototoxic. 

It causes fewer gastrointestinal side effects. 
It is more convenient for intravenous use. 
It may be less likely to cause alkalosis. 


A> Coes lee 


Considerable controversy persists concerning their antihyper- 
tensive effectiveness compared with that of the thiazides. Stud- 
ies have suggested that the loop diuretics are not more effective 
than the thiazides in the management of uncomplicated mild- 
to-moderate hypertension in most patients. There is little con- 
troversy relative to the superiority of the loop diuretics in 
hypertension associated with renal insufficiency. Moreover, the 
loop diuretics increase renal blood flow, whereas the thiazides 
tend to decrease renal blood flow and further compromise renal 
function. 

Many of the adverse effects are similar for both the thia- 
zides and loop diuretics, and the management of these effects 
are the same. However, because of the much greater potency of 
the loop diuretics, compared with the thiazides, close monitor- 
ing is warranted to avoid severe electrolyte imbalances. 
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BUMETANIDE 
Benzoic acid, 3-(aminosulfonyl)-5-(butylamino)-4-phenoxy-, Bumex 
COOH 
q 
HNS NH(CH2)3CH3 
@ © 


O 


3-(Butylamino)-4-phenoxy-5-sulfamoylbenzoic acid 
C,7H..N,0;S (364.42). 

Preparation—3-Chloro-5-(chlorosulfonyl)benzoic acid is nitrated 
in the 3-position with nitric/sulfuric acid, treated with ammonia to form 
the sulfonamide, then with sodium phenoxide to form the phenyl ether 
(replacing the active ring halogen), the nitro group reduced with acid 
bisulfite to the amine and a butylamino group generated by reductive 
coupling of the ring amino group with butyraldehyde in the presence of 
Pd and H,. This latter step also produces the butyl ester of the carbox- 
ylic acid function, which subsequently is saponified with base and the 
free acid generated with HCl. See J Med Chem 1971; 14:432. 

Description—White crystals melting about 230°; pK, 0.3; pK,, 4.0; 
pKa, 10. 

Solubility—1 gm in 30 mL alcohol or 10,000 mL water. 

Comments—A metanilamide derivative that is a potent loop di- 
uretic with efficacy and biochemical effects similar to those of furo- 
semide. Orally, it is effective in patients with chronic congestive heart 
failure, chronic renal failure, cirrhosis with ascites, and the nephrotic 
syndrome. It also is useful when given intravenously in acute pulmo- 
nary edema. 

Orally, 1 mg is equivalent to 40 mg of furosemide. It is 95% protein 
bound and the volume of distribution is 12 to 35 L. Approximately 45% 
of an oral dose is excreted unchanged. The half-life is 1 to 1.5 hr and is 
prolonged in patients with renal failure. Onset of diuresis is observed 
within 30 to 60 min, reaches a peak in 1 to 2 hr and persists for 3 to 6 
hr. It inhibits both chloride and sodium reabsorption in the ascending 
limb of the loop of Henle; it is somewhat more chloruretic than 
natriuretic. 

Bumetanide causes dilation of renal vasculature and increases renal 
blood flow. Since fluid and electrolyte changes are similar to those for 
furosemide, the same precautions apply (see this page). It also may 
cause azotemia, hyperuricemia, and rarely, impaired glucose tolerance. 

Nausea, vomiting, musculoskeletal pain, abdominal pain, rashes, 
and Stevens-Johnson syndrome have been reported. Blood dyscrasias 
have occurred rarely. Reported drug interactions are similar to those for 
furosemide. 


[28395-03-1] 


ETHACRYNIC ACID 


Acetic acid, [2,3-dichloro-4-(2-methylene-1-oxobutyl)phenoxy]-, 
Edecrin 


[e} 


i] 
cng te: 
I 
CHa 


Cl Cc) 


{2,3-Dichloro-4-(2-methylenebutyryl)phenoxylacetic acid [58-54-8] 
C,3H,.C1,0, (803.14). 

Caution—Use care in handling, since it irritates the skin, eyes, and 
mucous membranes. 

Preparation—2,3-Dichlorophenoxyacetic acid is subjected to a 
Friedel-Crafts reaction with butyryl chloride to form the 4-butyryl 
derivative. This undergoes a Mannich reaction with formaldehyde and 
dimethylamine, the product decomposing thermally to introduce the 
methylene group; J Med Pharm Chem 1962; 5:660. 

Description—White or practically white, crystalline powder that is 
odorless or practically odorless and has a bitter taste; relatively stable 
in light and at room temperature; nonhygroscopic; melts between 121° 
and 125°; pK, 3.5. 

Solubility—1 gin 1.6 mL alcohol, 3.5 mL ether, or 6 mL chloroform; 
very slightly soluble in water. 

Comments—An aryloxyacetic acid derivative that is a potent, 
short-acting diuretic. Maximum water and sodium diuresis is similar to 
that with furosemide but greatly exceeds that with the thiazides. It is 
useful especially in patients who require an agent with greater diuretic 
potential than those commonly employed. It is used in the treatment of 
fluid retentive states caused by congestive heart failure, cirrhosis of the 
liver, and renal disease, including the nephrotic syndrome. 


It also is recommended for the short-term management of ascites 
due to malignancy, idiopathic edema, and lymphedema. In addition, it 
is useful for the short-term management of hospitalized pediatric pa- 
tients with congenital heart disease or the nephrotic syndrome. It 
exerts its action on the cortical ascending (thick) loop of Henle and on 
the proximal and distal tubule, where it affects both the concentrating 
and diluting mechanisms of the kidney. 

It causes the excretion of virtually an isoosmotic urine by preventing 
sodium reabsorption from the loop of Henle; chloride excretion is even 
greater than sodium. After oral administration, diuresis begins within 
4 hr, reaches a peak in 2 hr, and persists for 6 to 8 hr. After intravenous 
administration, diuresis begins within 5 min, reaches a peak in 15 to 30 
min, and lasts about 2 hr. Approximately 95% of the drug is bound to 
plasma proteins. Plasma half-life is about 1 hr. It can be used with 
additive effect with diuretics having different sites of action. 

Adverse reactions include GI (anorexia, abdominal discomfort, dys- 
phagia, nausea, vomiting and diarrhea; GI bleeding and pancreatitis 
also have occurred); renal (hyperurinemia, acute gout, and acute hypo- 
glycemia with convulsions in uremic patients); carbohydrate metabo- 
lism (hyperglycemia in a few patients); hemopoietic (agranulocytosis or 
severe neutropenia; thrombocytopenia has been observed only rarely); 
hepatic (jaundice and abnormal liver function), and miscellaneous (ver- 
tigo, deafness, and tinnitus with a sense of fullness in the ears; infre- 
quently, rash, headache, fever, chills, hematuria, blurred vision, 
fatigue, apprehension, and confusion). Patients should have determi- 
nations of blood urea nitrogen, serum carbon dioxide, and electrolytes 
and white blood cell counts made frequently. 


ETHACRYNATE SODIUM 


Acetic acid, [2,3-dichloro-4-(2-methylene-1-oxobutyl)phenoxy]-, 
sodium salt; Edecrin Sodium 
Sodium [2,3-dichloro-4-(2-methylenebutyryl)phenoxy]acetate [6500-81- 
8] C,,H,,Cl,NaO, (325.12). 
Preparation—A sterile, cryodesiccated powder prepared by the 
neutralization of ethacrynic acid with NaOH. 
Comments—See Ethacrynic Acid. 


FUROSEMIDE 


Benzoic acid, 5-(aminosulfonyl)-4-chloro-2-[(2-furanylmethyl)amino]-, Lasix 
COOH 


0 NHCH, an 


HoNS 
roa 


4-Chloro-N-furfuryl-5-sulfamoylanthranilic acid [54-31-9] C,,H,,CIN,O,;S 
(330.74). 

Preparation—2,4-Dichlorobenzoic acid is heated with chlorosulfo- 
nic acid, and the resulting 5-chlorosulfonyl derivative is reacted with 
concentrated ammonia to convert it to the 5-sulfamoyl analogue (I). 
Refluxing I with furfurylamine in large excess or in the presence of 
sodium bicarbonate yields crude furosemide, which is recrystallized 
from aqueous ethanol. US Pat 3,058,882. 

Description—F ine, white to slightly yellow, crystalline powder; 
odorless and practically tasteless; unstable in light but stable in air; 
melts between 203° and 205° with decomposition; pK, 3.9 (acid). 

Solubility—Practically insoluble in water; freely soluble in acetone 
or solutions of alkali hydroxides; sparingly soluble in alcohol; slightly 
soluble in ether; very slightly soluble in chloroform. 

Comments—A diuretic chemically related to the sulfonamide diuret- 
ics. It is characterized by high efficacy, rapid onset of action, comparatively 
short duration of action, and a tenfold ratio between minimum and max- 
imum diuretic dose. Moreover, it is slightly more potent than the organo- 
mercurial agents, is orally effective, and its diuretic action is independent 
of alterations in body acid-base balance. It acts not only on the proximal 
and distal tubules but also on the ascending limb of the loop of Henle. 

It is indicated for the treatment of edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, including the 
nephrotic syndrome. It is indicated particularly when a greater diuretic 
potential is needed than that produced by commonly employed diuretic 
agents. It is also useful in the management of selected patients with 
hypertension. It is thought to decrease peripheral resistance in hyper- 
tensive patients and dilate the veins in patients with congestive heart 
failure (TIPS 1987; 8:254). 

It is given by both oral and parenteral routes of administration; 
parenteral administration should be reserved for those cases in which 
oral therapy is not practical. Orally, the diuretic effect begins within 1 
hr, reaches a peak in 1 or 2 hr and persists for 6 to 8 hr. Administered 
intravenously, the diuretic effect begins within 5 min, reaches a peak in 
30 min, and persists for 2 hr. 


Clinical pharmacokinetic studies carried out after a single intrave- 
nous dose of 0.5, 1.0, or 1.5 mg/kg indicate that peak diuresis occurs 
between 20 and 60 min after injection. Apparent volume of distribution 
of the drug averages 11.4% of the body weight and is independent of the 
dose. Mean plasma half-life in these studies was 29.5 min, with a 
clearance rate of 162 mL/min. 

Renal excretion was found to be the main route of elimination and 
averaged 92% of the administered dose, with a mean renal clearance of 
149 mL/min. Since this exceeds the glomerular filtration rate, it is 
thought that tubular secretion of this drug occurs, despite the fact that 
95% of it is bound to plasma protein. 

Like the other diuretics, furosemide is known to be involved in a 
number of drug interactions. It increases the toxicity of lithium, digi- 
talis, and theophylline. It decreases the arterial responsiveness of nor- 
epinephrine and antagonizes the skeletal muscle relaxant effects of 
tubocurarine and may potentiate the action of succinylcholine. Concom- 
itant administration of indomethacin may reduce the natriuretic and 
antihypertensive effects of the drug. This effect also may occur with 
other nonsteroidal anti-inflammatory drugs such as ibuprofen or 
naproxen. Metolazone acts synergistically with this to stimulate pro- 
found diuresis in patients resistant to it. 

It is contraindicated in anuria, in hepatic coma, and in patients 
known to be sensitive to the drug. Adverse effects that may result from 
therapy include reduction of renal, cerebral, and cardiac blood flow; 
potassium loss with resultant cardiac and neuromuscular abnormali- 
ties; elevation of blood uric acid and blood sugar levels; allergic reac- 
tions; rare cases of exfoliative dermatitis; pruritus; and blood dyscrasias 
(thrombocytopenia and leukopenia). Paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea may occur. In 
addition, cases of reversible deafness and tinnitus have been reported. 

Diuresis induced by the drug also has been accompanied by weak- 
ness, fatigue, light-headedness or dizziness, muscle cramps, thirst, and 
urinary frequency. Excessive therapy can lead to profound diuresis with 
water and electrolyte depletion. Patients on this drug should be tested 
at frequent intervals for blood urea nitrogen, sodium, potassium, chlo- 
ride, and carbon dioxide concentrations. The drug should not be used in 
cirrhotic patients, unless they do not respond to other therapy. It is 
contraindicated in women with childbearing potential. 


Other Renal Tubule-Inhibiting Diuretics 


THEOBROMINE—see RPS-19, page 1050. 


MISCELLANEOUS RENAL AGENT 
PROBENECID 


Benzoic acid, 4-[(dipropylamino)sulfonyl]-, Benemid 


iryorsongs0,-{(C))-c00s 


[57-66-9] C,,H,,NO,S (285.36). 
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Preparation—Oxidation of the methyl group of p-toluenesulfony] 
chloride produces p-carboxybenzenesulfonic acid. This acid is then con- 
verted into the corresponding sulfonyl chloride by treatment with chlo- 
rosulfonic acid, which is condensed with di-n-propylamine (US Pat 
2,608,507). 

Description—White or nearly white, fine, crystalline powder; prac- 
tically odorless; melts between 198° and 200°; pK, 5.8. 

Solubility—Soluble in alochol, chloroform, or acetone; practically 
insoluble in water. Soluble in dilute aqueous alkali. 

Comments—An agent that blocks both renal and CSF transport of 
weak acids. With respect to the inward renal transport, it is an effective 
uricosuric agent for the treatment of gout and gouty arthritis. It inhib- 
its tubular reabsorption of urate at the proximal convoluted tubule, 
thus increasing urinary excretion of uric acid and decreasing serum uric 
acid levels. With regard to outward renal transport probenecid blocks 
secretion of weak organic acids at the proximal and distal tubules and 
is effective as an adjuvant therapy with penicillin G, O, or V, or with 
ampicillin, methicillin, oxacillin, cloxacillin, or nafcillin for elevation 
and prolongation of penicillin plasma levels by whatever route the 
antibiotic is given. 

It inhibits the renal excretion and may increase the plasma levels of 
methotrexate, sulfonamides, sulfonylureas, naproxen, indomethacin, 
rifampin, aminosalicylic acid, dapsone, clofibrate, or pantothenic acid. 
Patients concurrently taking any of these agents should be monitored 
closely and the dosage regimen adjusted appropriately. 

It is absorbed rapidly and completely after oral administration. 
Plasma levels of 100 to 200 »g/mL are necessary for an adequate 
uricosuric effect, whereas plasma levels of only 40 to 60 g/mL produce 
maximal inhibition of penicillin excretion. Plasma levels of 25 wg/mL 
are reached 30 min after a single 1-g oral dose; plasma levels reach a 
peak in 2 to 4 hr and remain above 30 g/mL for 8 hr. Following a single 
2-g oral dose, peak plasma levels of 150 to 200 g/mL are reached in 4 
hr, and levels of 50 ug/mL are sustained for 8 hr; the plasma half-life 
ranges from 4 to 17 hr. At a plasma concentration of 14 pg/mL, about 
17% of the drug is bound to plasma protein. 

It is contraindicated in hypersensitive individuals, children under 2 
years, and persons with known blood dyscrasias or uric acid stones. 
Therapy should not be started until an acute gouty attack has subsided. 
Exacerbation of gout following therapy may occur; in such cases, col- 
chicine or other appropriate therapy is advisable. The drug should not 
be given with methotrexate, since plasma levels of the latter agent have 
been reported to be increased. Use of salicylates also is contraindicated 
because these substances antagonize the drug’s uricosuric action. Pa- 
tients who require a mild analgesic should be advised to use acetamin- 
ophen rather than salicylates. Probenecid is devoid of analgesic activity. 

It is tolerated well, but an occasional patient may experience head- 
ache, anorexia, nausea, vomiting, urinary frequency, hypersensitivity 
reactions, sore gums, flushing, dizziness, and anemia. In gouty patients, 
exacerbation of gout and uric acid stones with or without hematuria, 
renal colic, and costovertebral pain have been observed. Nephrotic 
syndrome, hepatic necrosis, and aplastic anemia occur rarely. Hemo- 
lytic anemia, which in some cases could be related to genetic deficien- 
cies of red blood cell glucose 6-phosphate dehydrogenase, has been 
reported. 
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OXYTOCICS 


Drugs that stimulate the smooth muscle of the uterus are 
known as oxytocics. Three chemical types of oxytocics are prin- 
cipally used clinically: (1) the oxytocic fraction (oxytocin) of the 
posterior pituitary extract, (2) certain ergot alkaloids (ergono- 
vine), and (3) certain prostaglandins (dinoprostone). However, 
a number of other agents possess mild to intense oxytocic 
actions. Some of these, eg, hydrastis and quinine, have been 
used formerly but are now archaic. The main clinical uses of 
the oxytocics include (1) induction of abortion, (2) evacuation of 
the uterus in situations of incomplete abortions, (3) induction 
and augmentation of labor, and (4) involution of the uterus to 
normal during puerperium. 

The response of the uterus to oxytocics depends on estro- 
genic and progestational hormonal influences. Progesterone 
hyperpolarizes the uterine smooth muscle and, thus, dimin- 
ishes its responsiveness and coordination, while estrogen 
increases myometrial excitability. Consequently, and fortu- 
nately, during the first two terms of pregnancy, oxytocics 
generally are incapable of inducing labor. Late in the third 
term, as the progesterone levels decline and the estrogen 
influence increases, uterine responsiveness rises sharply in 
advance of pelvic relaxation, cervical dilatation, and the 
coordination of uterine contractions necessary for proper 
delivery of the fetus. The premature induction of labor by 
oxytocics can result in harm to both mother and infant and 
may result in stillbirth if premature separation of the pla- 
centa, placental vasoconstriction, or umbilical strangulation 
occur. Therefore, only under rare circumstances should oxy- 
tocics be used to induce labor; indeed, they generally are 
withheld during labor until the cervix is dilated and presen- 
tation of the fetus has occurred (ie, until the third stage of 
labor). The oxytocic then is given to hasten the delivery of 
the placenta and to diminish uterine bleeding by contractile 
compression of the blood sinuses and vasoconstriction. Oxy- 
tocics also may be employed during the puerperium to aid in 
the involution of the uterus to normal. Oxytocin promotes 
and facilitates the normal phasic contractions that are char- 
acteristic of normal delivery. The ergot alkaloids induce 
prolonged contractions or contracture, which may be detri- 
mental to safe delivery and, hence, they are employed mainly 
in the third stage of labor to diminish bleeding. Prostaglan- 
dins, notably PGE, and PGFs, promote normal-type phasic 
contractions. However, the effects of the prostaglandins are 
not so dependent on the estrogen-progesterone balance as 
those of oxytocin, so prostaglandins can induce labor consid- 
erably in advance of term and, hence, can be used to induce 
abortion. 
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CARBOPROST TROMETHAMINE 


Prosta-5,13-dien-1-oic acid (5Z,9a,11@,13E,15S)-9,11,15-trihydroxy- 
15-methyl-, compound with 2-amino-2-(hydroxymethyl)-1,3- 
propanediol (1:1); Hemabate 


aan CH,OH 
HO. -~< ‘alee a 
(Cae » H)N-C—CH,OH 
\ HH. OH CH,0H 
OH 


(15S)-15-Methylprostaglandin F., tromethamine [58551-69-2] C,,H,,0;- 
C,H, ,NO, (489.65) 

Preparation—By a series of complex alterations on a prostaglan- 
din precursor. See US Pat 3,728,382. 

Comments—Dinoprost-like, with a longer duration of action. 


DIHYDROERGOTAMINE MESYLATE 


Ergotaman-3’,6’,18-trione, (5’a)-9,10-dihydro-12’-dihydroxy-2’- 
methyl-5’-(phenylmethyl)-, monomethanesulfonate (salt); DHE 45 
Dihydroergotamine monomethanesulfonate [6190-39-2] C.,,H,,N;O;- 

CH,0,8 (679.79). 

For the structural formula of dihydroergotamine, see page 433. 

Preparation—Dihydroergotamine, prepared by catalytic hydroge- 
nation of ergotamine, is reacted with an equimolar portion of methane- 
sulfonic acid in a suitable solvent. 

Description—White, yellowish, or faintly red powder; pH (1 in 
1000 solution) between 4.4 and 5.4. 

Solubility—1 g in 125 mL water, 90 mL alcohol, 175 mL chloro- 
form, or 2600 mL ether. 

Comments—A smooth muscle stimulant with somewhat weaker 
actions than ergotamine. 


DINOPROSTONE 


Prosta-5,13-dien-1-oic acid, (5Z,11a@,13E,15S)-11,15-dihydroxy-9-oxo-, 
PGE,; Prostin E, 


Prostaglandin E,, [363-24-6] C.)H;.0; (352.47). 

Preparation—The limited availability of the prostaglandins (page 
436) from natural sources has spurred efforts to synthesize them, and 
total synthesis of prostaglandins F., (dinoprost) and E., (dinoprostone) 
has been achieved. The complex syntheses are described in articles in J 
Am Chem Soc 1969; 91:5675; 1586, 1970; 92:397; 1972; 94:2123, 4342. 

Description—Colorless crystals or white to off-white crystalline 
solid; melts between 66° and 68°. 

Solubility—1 g in about 1000 mL water; soluble in alcohol. 

Comments—lIt is one of a family of over 30 natural, partially cyclic, 
alkenoic acids, called prostaglandins, derived from arachidonic acid (see 
page 436). They are involved in the regulation of endocrine, reproduc- 
tive, secretory, digestive, nervous, cardiovascular, respiratory, renal, 
and hemostatic systems. Certain prostaglandins are involved in the 
cyclical changes in uterine tone and activity and the changes conse- 


quent to pregnancy. Furthermore, prostaglandins in semen stimulate 
the myometrium and fallopian tubes in a way that facilitates the 
transport of sperm to the ovum. Not all prostaglandins have the same 
actions; some are vasodilators and others vasoconstrictors, etc. Some 
prostaglandins, eg, prostaglandins E., (PGE,, dinoprostone), are oxyto- 
cic and also induce cervical softening. Unlike oxytocin, they are oxytocic 
even in the second trimester of pregnancy and, hence, can be used as an 
early abortifacient. Dinoprostone is used to terminate pregnancy from 
the 12th week through the second trimester (80 to 90% effective), to 
evacuate the uterus in intrauterine fetal death or missed abortion up to 
28 weeks after conception, and to manage benign hydatidiform mole. It 
also is used to induce labor in midtrimester and later, contract the 
postpartum uterus and, hence, decrease hemorrhage and ripen the 
cervix prior to curettage or abortion procedures. 

Endoyaginally, it may be absorbed sufficiently into the bloodstream 
to cause systemic side effects; some of the effects attributed to the drug 
possibly may be the result of hormonal changes and of release of 
substances from the fetoplacental unit or hydatidiform mole consequent 
to sloughing and movement or to movement itself. Adverse effects 
include the following: nausea and vomiting (67%), transient fever (50%; 
PGE, is the mediator of pyrogens), diarrhea (40%), headache (10%), 
chills and shivering (10%), hypotension (10%), backache, arthralgia, 
flushing, vertigo, vaginal pain, chest pain, dyspnea, endometritis, faint- 
ness, syncope, vulvovaginitis, asthenia, muscle cramps and myalgia, 
tightness in the chest, breast tenderness, blurred vision, cough, rash, 
stiff neck, dehydration, tremor, paresthesias, impaired hearing, urinary 
retention, pharyngitis, laryngitis, sweating, wheezing, tachycardia, 
skin discoloration, vaginismus, tension, and convulsions (rare). Also, it 
is not fetotoxic, and near the end of the second trimester a live fetus 
may be presented. Caution should be exercised when there is asthma or 
chronic obstructive pulmonary disease, hypotension, hypertension, 
other cardiovascular disease, renal or hepatic disease, anemia, jaun- 
dice, diabetes, a past history of epilepsy, endocervical disease, vaginitis, 
or cervicitis. It is contraindicated in acute pelvic inflammatory disease 
and when there is hypersensitivity to the drug. 


ERGONOVINE MALEATE 


Ergoline-8-carboxamide, [8(S)]-9,10-didehydro-N-(2-hydroxy-1- 
methylethyl)-6-methyl-, (Z)-2-butenedioate (1:1) (salt); Ergometrine 
Maleate; Ergotrate Maleate 
9,10-Didehydro-N-[(S)-2-hydroxy-1-methylethy]l)-6-methyl-ergoline- 
8B-carboxamine maleate (1:1) (salt) [129-51-1] C,)H,,N,0., - C,H,0O, 

(441.48). 

For the structural formula of ergonovine, see page 432. 

Preparation—May be prepared from the natural alkaloid ergono- 
vine by dissolving the latter in a suitable solvent and reacting it with an 
equimolar portion of maleic acid. 

Ergonovine alkaloid also is prepared synthetically from isolysergic 
acid obtained by alkaline hydrolysis of ergot alkaloids. One of the 
methods of synthesis involves the following steps: (1) conversion of the 
acid to its methyl ester by reaction with diazomethane; (2) hydrazinoly- 
sis of the ester to lysergic acid hydrazide; (3) condensation of the 
hydrazide with nitrous acid to form the azide; (4) metathesis of the 
azide with p-2-amino-1-propanol to form the amide; and (5) isomeriza- 
tion of the amide to the normal form by treatment with acetic or 
phosphoric acid. 

Description—White to grayish white or faintly yellow, odorless, 
microcrystalline powder; affected by light. 

Solubility—1 g in about 36 mL water or about 120 mL alcohol; 
insoluble in ether or chloroform. 

Comments—Ergonovine is the most valued of the ergot alkaloids 
for obstetrical use. It is a powerful uterine stimulant and is active after 
either oral or parenteral administration. It is less toxic than the other 
natural alkaloids of ergot (see Ergot, page 432) and is much less prone 
to cause gangrene. It is given after the delivery of the placenta for the 
purpose of inducing prolonged, nonphasic contractions of the uterus, to 
reduce postpartum bleeding. It also may be administered during the 
puerperium to promote involution of the uterus. In incomplete abortion, 
it may be used to accelerate the expulsion of the uterine contents. It 
constricts the cerebral vessels and, hence, is used in the treatment of 
migraine headache, but it is inferior for this purpose and not recom- 
mended. It constricts coronary arteries; in variant angina pectoris the 
arteries respond to otherwise ineffective doses, so low doses may be 
used in the diagnosis of variant angina pectoris. 

It may cause nausea and vomiting, especially when given intrave- 
nously. Like other oxytocics, occasionally it evokes severe hypertensive 
episodes, especially in hypertensive or toxemic patients or when re- 
gional anesthetics containing vasoconstrictors have been used. Such 
hypertensive episodes can be suppressed by chlorpromazine. Hypersen- 
sitivity, including anaphylactic shock, has been reported. 
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It is contraindicated before the fetus has been presented and should 
not be used to induce or augment labor. In addition, ergonovine should 
not be used in persons with known allergy to ergot alkaloids, in uterine 
sepsis, toxemia of pregnancy, peripheral vascular disease, coronary 
insufficiency, or kidney or liver disease. It should be used cautiously if 
there is cardiac disease or hypertension. The actions are antagonized by 
hypocalcemia, and calcium gluconate can be used judiciously to improve 
the response. 

When used properly, there is little problem with adverse side effects; 
however, high doses administered by the IV route can cause nausea and 
vomiting, headaches, tinnitus, dyspnea, muscle cramps, nasal conges- 
tion, diarrhea, and a foul taste. 


METHYLERGONOVINE MALEATE 


Ergoline-8-carboxamide, [8(5S)]-9,10-didehydro-N-[1- 
(hydroxymethyl)propyl]-6-methyl-, (Z)-2-butenedioate (1:1) (salt); 
Methergine 
9,10-Didehydro-N-|(S)-1-(hydroxymethyl)propyl]-6-methyl-ergoline-8f- 
carboxamide maleate (1:1) (salt) [7054-07-1] [57432-61-8] 

CypHeAN. On C707 (455-51): 

For the structural formula of methylergonovine, see page 432. 

Preparation—Synthesized by the method described above for er- 
gonovine except that in step (4), D-2-amino-1-butanol is employed. The 
base, dissolved in a suitable solvent, yields the maleate by reaction with 
an equimolar quantity of maleic acid. 

Description—White to pinkish tan, microcrystalline powder; odor- 
less and a bitter taste; must be protected from light and heat; pH (1 in 
5000 solution) between 4.4 and 5.2. 

Solubility—1 g in 100 mL water, 175 mL alcohol, 1900 mL chloro- 
form, or 8400 mL ether. 

Comments—Has actions similar to those of ergonovine. 


OXYTOCIN 
Alpha-Hypophamine; Pitocin; Syntocinon 


H-Cys-Tyr- Ile - Glu (NH) - Asp (NHz) - Cys - Pro-Leu-Gly - NH> 
1 2 3 4 5 6 if 8 5 


[50-56-6] C,H gN 20,25. (1007.19). 

Preparation—Obtained from the posterior lobe of the pituitary of 
healthy hogs or cattle; from either source it has the same amino acid 
composition. Synthesis was achieved by du Vigneaud and is beyond the 
scope of this text (see J Am Chem Soc 1954; 76:3107). Commercial 
preparation is described in US Pat 3,076,797. 

Description—White powder; [a]7? — 26.2° (c = 0.53). 

Solubility—Soluble in water, 1-butanol or 2-butanol. 

Comments—See Posterior Pituitary, page 1362. Natural, endoge- 
nous oxytocin is involved in normal parturition. The hormone stimu- 
lates guanyl cyclase in myometrial tissue, which promotes inward 
movement of sodium ion and the consequent increase in both the 
frequency and strength of contractions. The contractions that are in- 
duced are normal phasic contractions. It does not appear to initiate 
activity not already latent. 

Hence, the drug is not very active until close to term, and it is less 
likely than ergonovine to cause harm to the fetus and mother. Never- 
theless, unless the cervix is dilated, oxytocin can cause injury. Oxytocin 
is used antepartum when an early vaginal delivery is desired. It is the 
drug of choice for the induction and maintenance of labor once the 
pregnancy is at term. It is used more frequently when there is prolonged 
uterine inertia than when labor is only somewhat sluggish. It may be 
used to assist an ongoing abortion. It cannot induce an abortion except 
in high doses (20 to 30 units) and usually not until after the 20th week 
of pregnancy. It may be used to control postpartum hemorrhage and 
promote uterine involution, but the appropriate ergot alkaloids are 
preferred. It induces contraction of the myoepithelial cells around the 
breast alveoli, thus squeezing milk into the larger ducts and increasing 
flow through the nipple, and it is used occasionally in the treatment of 
breast engorgement or to increase milk flow to the infant. 

It has a weak antidiuretic hormone-like activity, and during pro- 
longed infusion it can cause water intoxication with convulsions and 
coma, especially in patients with toxemia of pregnancy. For infusion, 
saline, rather than dextrose, lessens this danger. The drug also occa- 
sionally induces a hypertensive episode, which may cause subarachnoid 
hemorrhage or fetal death. Pelvic hematomas and allergic reactions 
may occur in the mother, and cardiac arrhythmias and jaundice in the 
fetus. The drug is contraindicated in toxemia, abruptio placentae, un- 
dilated cervix, overdistended uterus, abnormal presentation, and renal 
or cardiovascular disease. 

Extreme care must be used when combining it with another oxytocic 
drug. 
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ANTIMIGRAINE DRUGS 


As many as 20 million persons suffer the excruciating pain 
associated with migraine headaches. Migraines are distinct 
from other types of headaches and can cause 4 to 72 hr of severe 
unilateral pain accompanied by nausea and sensitivity to light 
or noise. Although the precise mechanisms leading to mi- 
graines are unknown, they appear to relate to hereditary and 
environmental (eg, some foods, food additives, stress, and fa- 
tigue) factors. Because 70% of migraine sufferers are female, 
monthly hormonal changes also have been implicated. Al- 
though there are theories as to the cause of migraines, most 
experts believe the associated pain is due to dilation of cerebral 
blood vessels. One possible explanation is that release of neu- 
ropeptides from the neurons of the trigeminal ganglia is 
prompted by initial serotonin-induced vasoconstriction and in- 
flames the cerebral blood vessels, which causes their persistent 
and painful vasodilation. 

The four principal phases of a migraine attack include the 
prodrome (sensitivity to light and sound, mood changes, fa- 
tigue, etc.), aura (partial blindness, flashes, dizziness, and tin- 
nitus), headache (persists for several hours and in extreme 
cases for days), and postdrome (listless, weak, and irritable). 
The most frequent medications employed to treat migraine 
problems are those drugs to relieve the symptoms of an acute 
attack. These typically are most effective when administered in 
the early phases of the migraine and include the effective and 
popular triptan compounds (eg, sumatriptan, naratriptan, and 
zolmitriptan), the ergotamines with and without caffeine, non- 
steroidal anti-inflammatory agents (NSAIDs), and narcotic an- 
algesics. For sufferers who experience more than two or three 
migraines per month, prophylactic treatment is recommended. 
These drugs typically are used daily for the prevention, or 
reduced incidence and severity, of migraines. The only medica- 
tions FDA-approved for prophylactic treatment of migraines 
are B-adrenergic blockers (see propranolol and timolol, Chapter 
72), ergotamines, dihydroergotamine, and methysergide. Other 
agents also reported to prevent migraines, but not FDA- 
labeled, are calcium channel blockers (Chapter 68), monoamine 
oxidase inhibitors (MAOIs) (Chapter 82), NSAIDs (Chapter 
83), tricyclic antidepressants (Chapter 82), and valproic acid 
(Chapter 81). 


ERGOTAMINE TARTRATE 


Ergotaman-3’,6’,18-trione, 12'-hydroxy-2'-methyl-5’-(phenylmethyl)-, 
(5’a)-R-(R’,R*)-2,3-dihydroxybutanedioate (2:1) (salt); Ergomar; 
Ergostat; Medihaler Ergotamine; Wigraine 
Ergotamine tartrate (2:1) (salt) [879-79-3] (C.,N.,;N;O;). -C,H,O, 

(1313.43). 

For the structural formula of ergotamine, see page 433. 

Description—Colorless crystals or a white to yellowish white, crys- 
talline powder, usually containing solvent of crystallization; these crys- 
tals lose the solvent of crystallization in a high vacuum; melts about 
180° with decomposition. 

Solubility—1 g in about 500 mL water or about 500 mL alcohol; 
slightly more soluble in the presence of a slight excess of tartaric acid. 

Comments—It possesses the characteristic actions of ergot alka- 
loids (page 432). It is the drug of choice in the treatment of migraine, 
cluster, and other vascular headaches, and it affords relief in about 90% 
of cases. It contracts the painfully dilated cerebral vessels in these 
disorders. The drug is most effective if given early in the course of the 
attack. It usually is administered sublingually or by oral inhalation. 
When combined with caffeine, ergotamine is given orally or rectally. 
However, recently a semisynthetic derivative of ergotamine, dihydro- 
ergotamine, also became available in the United States as an intranasal 
preparation (Migranal). Ergotamine also exerts oxytocic actions, but 
stimulates uterine contractions much less effectively than ergonovine. 
There is no acceptable evidence that ergotamine is of benefit in meno- 
pausal disorders. The use of ergotamine to treat cardiovascular disor- 
ders could be dangerous. 

Many of the ergotamine-containing products are combinations. Caf- 
feine (100 mg) frequently is included in these combination products and 
may enhance the relief of vascular headaches by ergotamine by increas- 
ing its gastrointestinal (GI) absorption or by causing cerebral vasocon- 


striction of its own. Some products contain belladonna alkaloids in 
marginally effective amounts, with the unsupported rationale that the 
alkaloids correct some hypothetical autonomic imbalance. Products con- 
taining pentobarbital also are promoted with faulty rationale; if an 
antianxiety drug is justified, a benzodiazepine should be used. 

Peak plasma levels after oral administration occur within 0.5 to 3 
hr, but the pharmacokinetics after sublingual, oral, inhalation, or rectal 
applications are not well studied. 

Adverse effects are most common after large doses or accumulation 
of small doses. They include nausea, vomiting, epigastric distress, di- 
arrhea, muscle weakness, precordial distress and pain (indicative of 
coronary spasm), coldness of the skin (from vasoconstriction), bradycar- 
dia or tachycardia, paresthesias in the extremities, myalgia (especially 
in the thigh and neck muscles), localized edema (mostly in the face and 
extremities), itching, and dermatitis. Occasionally, hypertensive epi- 
sodes occur. With continued administration, severe vasoconstriction, 
endarteritis, and gangrene may result. With combinations, the poten- 
tial adverse effects of the other components also must be kept in mind. 
It is contraindicated in pregnancy, peripheral vascular disease, coro- 
nary insufficiency or angina pectoris, thrombophlebitis, peptic ulcer, 
kidney disease, liver disease, sepsis, malnutrition and when there is a 
history of hypersensitivity to ergot alkaloids. 


METHYSERGIDE MALEATE 


Ergoline-8-carboxamide, (8£)-9,10-didehydro-N-1- 
(hydroxymethyl)propyl-1,6-dimethyl-, (Z)-2-butenedioate (1:1) (salt); 
Sansert 


9,10-Didehydro-N-1-(hydroxymethy])propyl-1,6-dimethyl-ergoline-8- 
carboxamide maleate (1:1) (salt) [129-49-7] C.,,H.,N,0,.C,H,O, 
(469.54) 

For the structural formula of methysergide, see page 433. 

Preparation—Methylergonovine (base) (see Methylergonovine 
Maleate) is methylated at the indole nitrogen with methyl iodide and 
the resulting methysergide (base) is dissolved in a suitable solvent and 
reacted with an equimolar portion of maleic acid. US Pat 3,113,133. 

Description—White to yellowish white or reddish white crystalline 
powder; melting point uncharacteristic, showing decomposition above 
approximately 165°; odorless or not more than a slight odor. 

Solubility—1 g in 200 mL water, 165 mL alcohol, or 3400 mL 
chloroform; practically insoluble in water. 

Comments—Methysergide is the N-methyl derivative of methyler- 
gonovine. However, its oxytocic activity is much weaker, and it is not 
employed as an oxytocic. Its principal therapeutic use is in the treat- 
ment and prophylaxis of migraine and cluster headaches, for which the 
drug is quite effective, but it is of very little use during an acute attack. 
Since it has only weak vasoconstrictor activity, cerebral vasoconstric- 
tion has been discounted as the mechanism of action against migraine; 
thus, its action likely differs from that of ergotamine (see Ergotamine 
Tartrate, page 1356). It is a potent serotonin antagonist, and it has been 
suggested that its usefulness against migraine is based on this action; 
various facts contradict this suggestion. The drug is not effective in 
tension and other types of headache. 

Side effects occur in more than a third of patients, but they usually 
are mild and of brief duration. They are severe enough in 20% of users 
to require discontinuation of the drug. The most common adverse 
effects are nausea, abdominal cramps, leg cramps, vertigo, restless- 
ness, insomnia, drowsiness, confusion, epigastric pain (with increased 
secretion of gastric acid), feelings of depersonalization, and mental 
disturbances. 

Less-frequent effects include vomiting, diarrhea, constipation, mus- 
cle weakness, myalgia, arthralgia, paresthesias in the extremities, 
ataxia, facial flush, rash, telangiectasis, edema and weight gain, weak- 
ness, tachycardia, postural hypotension, coronary and peripheral arte- 
rial insufficiency, alopecia, and induction of premature labor. Neutro- 
penia and eosinophilia are rare. Prolonged therapy has been known to 
cause retroperitoneal fibrosis. Patients should be instructed in the signs 
and symptoms of the syndrome, and a urogram should be taken at 
6-month intervals during chronic use. It also causes pleuropulmonary, 
myocardial, and aortic fibrosis. It suppresses sleep-related prolactin 
secretion and increases growth hormone secretion during sleep, effects 
that may be adverse or beneficial, depending on circumstances. Many of 
the side effects diminish after continued administration of the drug. It 
is contraindicated during pregnancy and in patients with peripheral 
vascular disease; valvular heart disease; coronary artery disease; 
thrombophlebitis; severe hypertension; renal, hepatic, or pulmonary 
disorders; rheumatoid arthritis or other collagen diseases; or any con- 
dition that may cause fibrosis. 


NARATRIPTAN HYDROCHLORIDE 


1H-Indole-5-ethanesulfon-amide, N-methyl-3-(1-methyl-4- 
piperidinyl)-, monohydrochloride; Amerge 
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[143388-64-1] C,,H,,N,0.S - HCl (371.93) 

Preparation—One method involves refluxing 1-methyl-4-piperi- 
done and 5-bromo-(1H)-indole in alcoholic alkali to yield 3-[(1-methyl- 
1,2,3,6-tetrahydropyridin-4yl)-5-bromoindole. The pyridine ring is fur- 
ther reduced to piperidine catalytically, and the resulting indole is 
treated with N-methylallylsulfonamide to displace the bromine in the 
5-position; the alkene produced is again reduced catalytically to form 
the product. Drugs of the Future, 1996; 21(5):476. US Pat 4,977,841. 

Description—White crystals melting about 157°. 


SUMATRIPTAN SUCCINATE 


1H-Indole-5-methanesulfonamide, 3-[2-(dimethylamino)ethyl]-N- 
methyl-, butamedioate; Imitrex 
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[103628-8-4] C,,H.,N,0.,S.C,H,O, (413.49). 

Preparation—Ger Pat 3,320,521. 

Description—White crystalline powder; melts about 165°. 

Comments—A serotonin agonist at the 5HT-1 receptor, used for 
treatment of migraine headaches. It is thought to relieve migraines by 
selectively constricting the large intracranial blood vessels of the ca- 
rotid circulation. This action is thought to be therapeutically advanta- 
geous because it helps to relieve the inflammation around sensory 
nerves caused by vasodilation of intracranial vessels during migraine 
episodes. Sumatriptan does not cross the blood-brain barrier; also, it 
neither decreases cerebral blood flow nor has any direct analgesic 
action. When sumatriptan is administered subcutaneously it is rapidly 
absorbed and reaches peak concentrations in 5 to 20 min. The drug is 
inactivated by hepatic metabolism and following oral administration 
only 15% reaches the systemic circulation because of first-pass clear- 
ance by the liver. The mean t,,. after subcutaneous administration is 
approximately 2 hr. 

Sumatriptan is not recommended for prophylactic use. In clinical 
trials, 70% of the patients receiving this drug reported relief from 
migraine headache pain, compared with 22% receiving placebo. In 
addition, 33% of the patients treated with sumatriptan remained pain- 
free for 24 hr, compared with 11% of the patients receiving placebo. In 
one trial it was observed that 30 min after subcutaneous injection of 6 
mg of sumatriptan, 50% of the patients received relief from migraine 
pain, and within 2 hr of treatment, 90% of the migraine suffers expe- 
rienced diminished pain (Study Group, N Engl J Med 1991; 325: 316). 
This serotonin agonist also is more effective than placebo in relieving 
migraine-associated nausea, vomiting, phonophobia, and photophobia. 


CH,COOH 


CH,COOH 
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In addition, sumatriptan has been reported to relieve pain associated 
with cluster headaches within 15 min of a subcutaneous administration 
in 70% of the patients. 

In general, sumatriptan appears to be more effective than previ- 
ously available drugs for treatment of acute attacks of migraine and 
cluster headaches. The auto-injected, subcutaneous formulation ap- 
pears to be faster acting and more effective than tablets; however, 
neither form is recomamended for prophylactic use. Recently, an intra- 
nasal product (Imitrex spray) became available in the United States 
and was found to be more effective than the oral form, but less effective 
than the injection form, for relieving migraines. 

If given intravenously it can cause a transient increase in blood 
pressure and occasionally constriction of coronary arteries. Conse- 
quently, sumatriptan is not recommended for patients with ischemic 
heart disease or uncontrolled hypertension. In addition, the manufac- 
turer recommends caution when using it in patients with cardiac risk 
factors such as men over 40 years, postmenopausal women, diabetes, 
obesity, smoking, and high cholesterol. 

Subcutaneous injection of sumatriptan can cause localized pain and 
redness. Other side effects of injected sumatriptan include tingling, 
flushing, burning of the skin, nausea, and a sense of tightness and 
thoracic pressure. The most frequent complaints with oral sumatriptan 
are nausea and vomiting. Sumatriptan should not be used until 24 hr 
after administering an ergotamine, and ergotamine preparations 
should not be used until 6 hr after sumatriptan. In addition, 
sumatriptan should not be used within 2 weeks of an MAOJI and should 
be used with caution in persons using selective serotonin uptake 
inhibitors. 


ZOLMITRIPTAN 


2-Oxazolidinone, (S)-4[[3[2-(dimethylamino)ethyl-1H-indol-5-yl]- 
methyl-], Zonig 


H3C 
ss N 
HC/ 


[139264-17-8] C,,H,,N,O, (287.36) 

Preparation—By a multistep synthesis starting with 4-(p-nitro- 
phenyl)alanine, conversion to the methyl ester with thionyl chloride 
and methanol; reduction to the alcohol with sodium borohydride; clo- 
sure of the oxazolidinone ring with phosgene and alkali; catalytic re- 
duction of the nitro group to an amine with subsequent diazotization 
and treatment with stannous chloride to form the hydrazine derivative. 
The latter compound with 4,4-dimethoxybutyronitrile yields the Schiff 
base, which is cyclized to the 3-cyanoindole, which is reductively ani- 
mated with diethylamine to form the product. Drugs of the Future 1997; 
22(3): 260; J Med Chem 1995; 38:3566. US Pat 5,466,699. 

Description—White crystals melting about 141° [al=° — 5.79° 
(c = 0.5, MeOH); maleate, mp 152°; succinate, mp 123°; benzoate, mp 
91°; HCl, mp 119° [a]?;* — 9.35° (c = 0.31, water) (mps approx). 

Comments—Like sumatriptan, but readily crosses the blood-brain 
barrier. It may be effective with patients who do not respond to 
sumatriptan. 
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Hormones are substances secreted directly into the blood by 
the endocrine, or ductless, glands. This chapter focuses on 
hormones that regulate growth, reproduction, and intermedi- 
ary metabolism. The synthesis and secretion of many hormones 
are controlled by other hormones or changes in the concentra- 
tion of essential chemicals or electrolytes in the blood. The 
interrelationships between the peptide hormones of the hypo- 
thalamus, the trophic hormones of the anterior pituitary, and 
peripheral endocrine glands are elegant examples of feedback 
regulation. Drugs and disease can modify hormone secretion as 
well as specific hormone effects at target organs. Some of the 
hormones affect nearly all the tissues of the body; the action of 
others is restricted to but a few tissues or organs. 

Chemically, the hormones represent a very diverse group of 
compounds. Some, like epinephrine and thyroxine, are rela- 
tively simple amino acid derivatives. Several groups of hor- 
mones, such as those produced by the adrenal cortex and the 
gonads, are steroids, while the pituitary, parathyroid, and pan- 
creatic hormones are polypeptides or proteins; the molecular 
weights of the latter range from about 1000 to 30,000 or more. 

ADMINISTRATION—A few of the hormones can be ad- 
ministered orally with full effect, eg, thyroid and certain ste- 
roid hormones. There is usually some loss due to destruction of 
the hormone in the digestive tract, its elimination from the 
circulation, or inactivation while it is in transit through the 
liver immediately after absorption. Some hormones must be 
administered by injection, either subcutaneously or intramus- 
cularly, because they are inactivated in the digestive tract. The 
intramuscular injection usually is chosen, and it gives rapid 
absorption if the hormone is in aqueous solution or slower 
absorption if the hormone is in oil. Suspensions of crystals of 
differing size also have variable repository actions. Another 
technique is the implantation of compressed pellets of those 
hormones that are only slightly soluble in tissue fluid; these 
pellets are placed in the subcutaneous tissues and are absorbed 
during a period of a few months. Hormones entrained in de- 
gradable polymers, or even in silicones, can be used for slow- 
release forms. Still another form is the buccal tablet of very 
highly compressed steroid hormone that is held in the buccal 
area (usually anteriorly between the upper lip and gingiva). 
This avoids the disadvantage of the oral route, by which ste- 
roids must pass through the liver where they are largely inac- 
tivated. Some of the synthetic or semisynthetic hormones are 
structured so that they greatly diminish enzymatic destruction 
in the liver and hence are effective orally. Notable among these 
are the oral contraceptives. Some drugs, particularly insulin, 
may be delivered subcutaneously through a permanently im- 
planted cannula, with the injection powered by a tiny attached 
programmable pump. Some peptide hormones such as oxytocin 
also are administered as a nasal spray to avoid inactivation in 
the digestive tract. 
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THE PITUITARY HORMONES 


The pituitary gland consists of an anterior lobe (adenohypoph- 
ysis) and posterior lobe (neurohypophysis) that are under the 
influence of hypothalamic hormones that control the secretion 
of specific trophic hormones that regulate peripheral endocrine 
gland secretions and target tissues. Some of the anterior pitu- 
itary hormones also are produced outside the adenohypophysis, 
and extrapituitary production plays a role in physiological 
functions of certain pituitary hormones. Hormones of the in- 
termediate lobe of the pituitary of animals have melanocyte- 
stimulating properties that influence skin color changes, but 
they have not been identified as discrete hormones in humans. 
The anterior lobe of the pituitary has at least six separate 
hormones: growth hormone (somatotropin, GH), adrenocortico- 
tropin (ACTH), thyroid-stimulating hormone (TSH), follicle- 
stimulating hormone (FSH), luteinizing hormone (LH), and 
prolactin (PRL). The links between hypothalamic hormones, 
pituitary hormones, and target glands are shown in Table 77-1. 


1. Somatropin (Growth Hormone, GH, Somatotropin, STH; the 
recombinant methionine derivative is known as Somatrem)—This hor- 
mone causes an increase in weight and length of the body. The increase 
in length is especially prominent, due to the bone growth, but its effect 
is manifested in nearly all the tissues of the body. Human GH also 
possesses most of the activities of lactogenic hormone. For maximum 
action of growth hormone, all the essential and quasiessential amino 
acids must be present in abundance. The effects of GH are mediated by 
several somatomedins, two of which are called insulin-like growth fac- 
tors (I and IJ) and at least one of which is the sulfation factor. Human 
GH contains 191 amino acid residues and has a molecular weight of 
22,000. 

In addition to its protein anabolic action, GH affects the metabolism 
of carbohydrates, fats, and steroids. These effects include (1) mainte- 
nance of a normal amount of muscle glycogen in hypophysectomized 
animals, (2) decreased responsiveness to insulin, and (3) increased 
concentration of nonesterified fatty acids in plasma and promotion of 
steroid-metabolizing cytochrome P-450s that differ in males and fe- 
males. In turn, sex hormones regulate GH secretion. Human GH also 
exerts prominent effects on the kidney and electrolyte metabolism. 

Unlike corticotropin, insulin, and some of the other protein hor- 
mones, a considerable species difference has been observed in response 
to GH administration. GH prepared from simian or human pituitaries 
is active in both primate species, but GH from other sources is inactive 
in humans. Human GH is used to stimulate growth in hypopituitary 
dwarfs and other forms of retarded growth, and the nitrogen-sparing 
anabolic effect may suppress catabolism from burns and other severe 
trauma. Potential uses include the stimulation of hematopoiesis and 
postmenopausal and other bone mineralization, the treatment of renal 
failure, obesity, hyperlipidemia, immune disorders, aging, and hypotha- 
lamic hypofunction. 

2. The Gonadotropic Hormones (FSH and LH)—These two dis- 
tinct hormones act both in concert and sequentially to control the 
menstrual cycle. 
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Table 77-1. Summary of Hypothalamic, Anterior Pituitary, and Target Organ Hormones 


HYPOTHALAMIC HORMONE PITUITARY HORMONE 


TARGET ORGAN (HORMONE PRODUCT) 


Stimulatory hormones 


GH-RH Somatotropin, GH 

CRH ACTH 

TRH TSH 

GnRH FSH, LH 
Inhibitory hormones 

Somatostatin GH 

Dopamine Prolactin 


Liver (IGF, somatomedins) 

Adrenal cortex (glucortiocoids, mineralocorticoids, androgens) 
Thyroid (thyroxine, triiodothyronine) 

Gonads (estrogen, progesterone, testosterone) 


Liver (IGF) 
Pancreas (insulin) 
Breast (none) 


a. Follicle-stimulating Hormone (FSH)—Human FSH is a two- 
subunit glycoprotein with a molecular weight of 32,000. It promotes 
maturation of the primordial follicle and in combination with small 
amounts of LH (see below) stimulates secretion of estrogen by the 
developing follicle. During the first 7 days of the menstrual cycle, 
estrogens suppress the release of FSH, as a result of negative feedback 
actions on both the anterior pituitary and hypothalamus. In days 9 to 
18, estrogens have a positive feedback effect to increase FSH secretion; 
progesterone blocks the positive but not the negative feedback effect. 

b. Luteinizing Hormone (LH)—Human LH is also a two-subunit 
glycoprotein with a molecular weight of 32,000. The secretion of LH 
increases near the middle of the cycle. As noted above, small amounts 
of LH, acting with FSH, stimulate the secretion of estrogen by the 
ovarian follicle. As the amount of LH increases, ovulation occurs, and 
the corpus luteum begins to form. 

LH also acts upon the male gonads, specifically upon the interstitial 
cells of the testis, to produce testosterone. Because of this property, LH 
also is referred to sometimes as interstitial cell-stimulating hormone 
(ICSH). é 

As with FSH, estrogens have a suppressant effect on LH secretion 
early and an augmenting effect later in the estrous cycle, but the time 
course of sensitivity is somewhat different from that with FSH. Proges- 
terone similarly blocks the positive feedback effect. Androgens also 
suppress the secretion of LH. 

Other Gonadotropic Substances—Two are produced by the chorionic 
cells of the placenta of women and mares, respectively. The third is a 
gonadotropin (urofollitropin), which is a preparation of highly purified 
FSH extract from the urine of postmenopausal women. Follitropins 
alpha and beta are human FSH preparations of recombinant DNA 
origin. Human chorionic gonadotropin (HCG) is secreted into the ma- 
ternal blood and is excreted in the urine, where it may be detected 
within 48 hr after the ovum is implanted. HCG maintains the secretion 
of the corpus luteum, enabling pregnancy to continue. Like LH, it will 
act upon gonadal interstitial cells. HCG is a glycoprotein of molecular 
weight 35,000. 

Uses of Gonadotropic Hormones—The follitropins or other prepara- 
tions of FSH (urofollitropin or menotropins) are administered with 
HCG to induce ovulation and pregnancy in anovulatory women in 
whom infertility is functional and not caused by primary ovarian fail- 
ure. The gonadotropins also are used to stimulate development of fol- 
licles in ovulatory patients undergoing assisted reproductive technolo- 
gies (eg, in vitro fertilization). HCG also is used for stimulation of 
androgen secretion by testicular interstitial cells and for expediting the 
descent of the testes in boys and young men with cryptorchidism. 
However, HCG appears to induce ovulation only when a mature ovarian 
follicle is present. HCG is not effective in the treatment of obesity. 

3. Prolactin (Prl; lactogenic hormone, mammotropin)—It is a pro- 
tein of MW 20,000, which is derived from a prohormone of MW 50,000. 
In the last 50 N-terminal amino acids of prolactin there is 24% identity 
with growth hormone in the amino acids and sequence. Human placen- 
tal lactogen has an identity of 76%, which accounts for the greater 
growth hormone-—like properties of the placental lactogen. A related 
hormone, placental lactogen (PL; chorionic somatomammotropin) is 
produced by the placenta. It now is recognized that Prl is a hormone 
with many different actions, perhaps more so than growth hormone, of 
which primitive prolactin appears to be the phylogenetic precursor. By 
itself, Prl does not cause breast development, but in concert with estro- 
gens, progesterone, and permissive actions of hydrocortisone and insu- 
lin it is mammotropic. In the human, it also stimulates milk secretion 
by the mammary glands, but only after suitable priming by estrogens 
and progesterone. Other effects in humans include lipolysis, luteotrop- 
ism and luteolysis, promotion of growth and secretion, increase in 
testicular steroidogenesis and development of the male accessory sex 
organs, and involvement in the regulation of gonadotropin release. 


4. Thyrotropic Hormone (Thyrotropin, TSH)—TSH obtained 
from beef pituitaries is a glycoprotein of molecular weight about 28,000. 
Thyrotropin sustains the activity of the thyroid gland, promoting in- 
creased uptake of inorganic iodine and release of organically bound 
iodine. In the absence of TSH, the thyroid gland atrophies, producing 
only small amounts of thyroid hormone. An excess of TSH causes 
hypertrophy and hyperplasia of the thyroid and a clinical picture re- 
sembling Graves’ disease. 

5. Adrenal Corticotropic Hormone (Corticotropin, ACTH)—It is 
a polypeptide containing 39 amino acid residues with a molecular 
weight of 4566. ACTH is produced not only by the adenohypophysis but 
also by the placenta. The hormones from pituitaries of various species 
of animals differ with respect to the sequence of amino acids 25 to 32, 
but these differences do not affect their biological actions. A synthetic 
polypeptide containing the first 23 amino acid residues of naturally 
occurring corticotropin has essentially all of the biological and clinical 
properties of corticotropin. Several peptides have been synthesized that 
are more potent than natural ACTH. 

Physiological Effects—ACTH maintains and controls the functions 
of the adrenal cortex and thus indirectly affects carbohydrate, protein, 
and mineral metabolism. Since the known physiological actions of cor- 
ticotropin are mediated through the adrenal cortex, its effects are 
similar to those of the adrenal cortical hormones, especially the glu- 
cocorticoids (see Adrenocortical Steroids, page 1363). ACTH also 
slightly enhances the adrenal cortical output of aldosterone and hence 
has a minor action on mineral metabolism. However, aldosterone se- 
cretion is mostly under the control of the renin-angiotensin system (see 
page 1279). Since the first 13 amino acids of ACTH are identical in 
sequence to those of a-MSH (melanocyte-stimulating hormone), ACTH 
causes some hyperpigmentation of the skin. ACTH also causes ketosis, 
fat mobilization (adipokinesis), hypoglycemia, and insulin resistance in 
high doses. 


HYPOTHALAMIC REGULATION 
OF ANTERIOR PITUITARY SECRETION 


SS RTT SN AS NST ISIS ISTO Ri 

RELEASING HORMONES AND INHIBITING FAC- 
TORS (Hypothalamic Hormones)—The secretion of an an- 
terior pituitary hormone is not constant but rather undergoes 
intrinsic cyclical variations and additionally is affected by non- 
cyclical factors, such as stress and input from sensory nerves. 
The intrinsic cycles are determined mostly by what are called 
negative feedback loops, that is to say a hormone eventually 
suppresses its own release indirectly by suppressing the secre- 
tion of a specific releasing hormone from the median eminence 
of the hypothalamus. For each anterior pituitary hormone 
there is a distinct releasing hormone (except that LH and FSH 
share the same gonadotropin-releasing hormone). The specific 
hypothalamic releasing hormones include the following: CRH 
designating that for corticotropin, TRH for thyrotropin, LH- 
RH/FSH-RH or gonadotropin-releasing hormone (GnRH) for 
luteinizing and follicle-stimulating hormones, and GH-RH for 
growth hormone. For growth hormone and prolactin there are 
also specific release inhibitory factors (GH-RIH and dopamine 
respectively). These factors are secreted into the bloodstream of 
the pituitary portal system, by which route they reach the 
anterior hypophysis, where they evoke burst electrical activity. 
To be effective, releasing hormones must be released in pulses. 
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Sustained-release and long-acting congeners (eg, leuprolide) 
down-regulate receptors and thus have inhibitory actions. GH- 
RIH, LHRH, and TRH are distributed widely in the brain and 
probably are also neurotransmitters; CRF also is produced in 
the periphery and is released during stress; GH-RIH (soma- 
tostatin) also is produced in the pancreas. There is also a 
pro-GH-RIH that is a stronger inhibitor of insulin release but 
weaker inhibitor of glucagon release than GH-RIH. Dopamine 
release by specific hypothalamic cells acts as a sustained or 
tonic inhibitor of prolactin secretion. 

The negative feedback loop that goes from the anterior 
hypophysis to the hypothalamus is called the short negative 
feedback loop. There is also a long negative feedback loop that 
involves the appropriate target-gland hormone (cortisol for 
ACTH, thyroid hormone for TSH, estrogen for FSH, etc). The 
target hormone not only feeds back negatively on the hypothal- 
amus but also directly on the anterior hypophysis, which ap- 
pears to be the main locus of feedback for some target-cell 
hormones. Negative feedback to the hypothalamus apparently 
elicits both a decrease in secretion of a releasing hormone and 
an increase in the secretion of the inhibitory factor. There is 
also a non-estrogen-mediated long negative feedback on FSH 
secretion; the factors involved are called inhibins. In the case of 
LH there is a long positive feedback loop in which secretion of 
estrogens favors secretion of GnRH. The noncyclical perturba- 
tions in anterior pituitary hormone output also are effected 
through the hypothalamic releasing and inhibiting factors. 

The hypothalamic releasing hormones are relatively small 
polypeptides with molecular weights ranging up to 8000. In 
man, the prolactin-releasing factor may be both norepineph- 
rine and vasoactive intestinal polypeptide (VIP). The simplest 
releasing factor is TRH, the structure of which is a cyclic 
tripeptide. Some releasing factors appear to function as neuro- 
transmitters or neuromodulators elsewhere in the central ner- 
vous system (CNS) and autonomic nervous system. 

The natural and synthetic hypothalamic releasing hor- 
mones are used for diagnostic tools to assess abnormalities of 
hypothalamic and pituitary function as well as for therapeutic 
uses. For example, if a hypothyroid patient responds to TRH 
with an increase in TSH, then the hypothyroidism may be a 
lesion in the hypothalamus or pituitary portal system rather 
than in the anterior hypophysis. In thyrotoxicosis, TRH fails to 
affect plasma TSH or thyroid hormone concentrations, so that 
TRH may distinguish between thyrotoxicosis and apparent 
hyperthyroid states. GnRH can distinguish between hypotha- 
lamic and pituitary defects in hypogonadotropic hypogonadism 
in men but is not reliable in women. GnRH can be used to treat 
infertility if the defect is in the hypothalamus; even when the 
defect appears to be at the anterior pituitary level, after a 
course of treatment anovulatory women frequently go on to 
secrete normal amounts of LH. GH-RH is used to accelerate 
growth in growth-retarded children. GH-RIH may be used to 
treat acromegaly, gigantism, and diabetes mellitus associated 
with excess GH secretion. Structural analogs of some releasing 
hormones are now available and are used as agonists and 
antagonists. Leuprolide, nafarelin, goserelin, and histrelin are 
GnRH analog agonists that induce pituitary suppression and 
are available for treating prostate cancer. Pulsatile adminis- 
tration of leuprolide is used to stimulate pituitary function and 
is available to treat infertility caused by hypothalamic hypogo- 
nadotropic hypogonadism in both sexes. 

The releasing hormones and inhibiting factors are not only 
under the control of the various peripheral hormones but the 
brain as well, and the secretion of some has been demonstrated 
to be affected by neuropharmacological drugs. Thus drugs such 
as reserpine and methyldopa that decrease the release of do- 
pamine and/or norepinephrine increase the output of lactogenic 
and growth hormones. Bromocriptine, lergotrile, and pergolide, 
potent dopaminergic agonists, suppress the output of these two 
hormones and consequently have been tried, successfully, in 
the treatment of galactorrhea, prolactin-secreting tumors with 


hypogonadism in men, hyperprolactinemia-associated infertil- 
ity in women, and acromegaly. 


ARGININE HYDROCHLORIDE—page 1818. 
BROMOCRIPTINE MESYLATE—page 1340. 
CHORIONIC GONADOTROPIN 


Human Chorionic Gonadotropin; HCG 
A gonad-stimulating polypeptide hormone obtained from the urine of 
pregnant women. Its potency is not less than 1500 USP Chorionic 
Gonadotropin Units in each milligram 

Description—White or practically white, amorphous powder. 

Solubility—Freely soluble in water. 

Comments—See Gonadotropic Hormones (page 1358). This drug 
alone rarely induces ovulation in anovulatory women. In sequence with 
Menotropins (this page), which favor the maturation of ovarian follicles, 
or after clomiphene, ovulation may be effected in women with low 
gonadotropin secretion. There have been claims that the hormone may 
be effective in the treatment of female infertility from luteal hypofunc- 
tion. There is some evidence of usefulness of the drug in the treatment 
of male sterility. The hormone stimulates testosterone secretion in the 
male, and some authorities consider it to be superior to either oral or 
parenteral androgens for replacement therapy in androgenic insuffi- 
ciency, but the necessity for the injection of it is disadvantageous and 
such therapy is expensive. 

To achieve full spermatogenesis in hypogonadotropic eunuchoidism, 
the hormone is used in combination with menotropins or clomiphene. 
However, the spermatic tubules may be damaged by prolonged treat- 
ment. In cryptorchidism, chorionic gonadotropin usually promotes de- 
scent of the testicles if the testes are retractile. It seldom causes descent 
in true cryptorchidism. HCG is used as a diagnostic tool to assess the 
cause of delayed puberty in males, to test the responsiveness of the 
testes to gonadotropins, and to identify the source of androgens in 
hirsute females, for which HCG is unreliable. 

It may cause virilization and precocious puberty in prepuberal 
males, and such an effect is an indication to stop treatment. Ovarian 
hyperstimulation with abdominal bloating and pelvic pain occurs in 
about 7% of women given combined chorionic gonadotropin and 
menotropins. It may favor arterial thromboembolism and rupture of 
ovarian cysts. There are also frequent multiple births. In boys, it may 
cause acne, growth of pubic hair, and rapid increase in height. In men, 
there may be edema from increased secretion of testosterone. It also 
may cause gynecomastia, headache, restlessness, irritability, depres- 
sion, asthenia, edema of the lower limbs, and pain at the injection site. 
HCG has not been demonstrated to be effective in the treatment of 
obesity. 


CORTICOTROPIN 


ACTH; Adrenocorticotropin 
The polypeptide hormone derived from the anterior lobe of the pituitary 
of mammals used for food by man, which increases rate of secretion of 
adrenal corticosteroids. 

Preparation—Most commercial preparations of corticotropin are 
obtained from either hog or sheep pituitary glands, although beef and 
whale glands also have been used. Isolation of the hormonal principle(s) 
from swine and sheep pituitaries was reported in 1943 by Sayers et al. 
J Biol Chem 1943; 149:425, and by Li et al. 1943; Ibid413. A process of 
purification of the hormonal substance is described in US Pat 3,124,509. 
For other information see Adrenal Corticotropic Hormone, page 1359. 

Two types of preparations are available: short- and long-acting. The 
short-acting preparations consist of a lyophilized powder or a stable 
aqueous solution containing 1% phenol. The powder is dissolved 
in physiological saline or other suitable medium before injection. 
Short-acting preparations are administered either intramuscularly or 
intravenously. 

Long-acting preparations (repository and gel) contain the drug in- 
corporated in a gelatin menstruum designed to delay the rate of ab- 
sorption and increase the period of effectiveness. Combination with zinc 
hydroxide suspension also delays the rate of absorption. These are 
injected intramuscularly. 

It is standardized by the Sayers assay. The clinical effectiveness, 
however, varies with the mode of administration. The difference is 
evident particularly in comparisons of short-acting preparations in- 
jected intramuscularly with long-acting preparations similarly admin- 
istered. For this reason, gel preparations are labeled in terms of clinical 
units to conform more nearly to their expected physiological potency. 
Fourteen USP Units in gelatin medium possess the approximate clini- 
cal efficacy of 40 USP Units of aqueous solution by intermittent intra- 
muscular injection. 


Description—White or practically white, soluble, amorphous solid 
with the characteristic appearance of substances prepared by freeze- 
drying; pH (of the liquid form or after reconstitution from the solid 
state) between 3 and 7. 

Comments—Stimulates the adrenal gland to produce hydrocorti- 
sone, desoxycorticosterone, and androgens. It is used as a diagnostic 
drug to assess the functional capacity of the adrenal gland. After injec- 
tion, a rise in plasma cortisol or urinary 17-hydroxycorticosterone in- 
dicates a functional gland. This is at present the most important clinical 
use of this agent. Cosyntropin, a synthetic form of corticotropin con- 
taining the first 24 of its 36 amino acids, is preferred because it is less 
allergenic. This drug has been promoted as a therapeutic agent in a 
wide variety of glucocorticoid-responsive disorders (see page 1366). In 
general, with the exception of primary adrenal insufficiency, it is effec- 
tive in all of the conditions for which glucocorticoids are found useful, 
but it is ineffective when applied locally. The continued administration 
of large amounts of the hormone may result in one or more of the 
manifestations of Cushing’s syndrome, may exacerbate the symptoms 
of latent or frank diabetes, and, because of its anti-inflammatory action, 
may mask symptoms of infection. The need for adequate medical su- 
pervision during its use, therefore, cannot be overemphasized. Various 
side effects mediated by the glucocorticoids released from the adrenal 
gland are listed on page 1363. They occur frequently when the dosage 
exceeds 40 Units a day. 

Abrupt cessation of corticotropin injections may be followed by with- 
drawal effects that take the form of symptoms of adrenal insufficiency. 
These result from pituitary inhibition that occurs during treatment 
with corticotropin and may be minimized or eliminated by gradually 
reducing the amount injected. Corticotropin causes some side effects 
not caused by glucocorticoids, namely, hypersensitivity, salt and water 
retention, and androgenic effects (acne, hirsutism, and amenorrhea) in 
women. It is contraindicated if there is osteoporosis, systemic mycosis, 
corneal herpes, or scleroderma. 


GONADORELIN ACETATE 


Luteinizing hormone-releasing factor acetate (salt) hydrate; 
LH-RH; Lutrepulse 


5-oxoPro-His Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH> 
ere Sie 4 186: 7; “8959; “Ao 


* xC,HgO, * yH20 


[52699-48-6] C,,H,.N,,0,, °xC,H,O. + yH,O 

Preparation—By synthesis or from the hypothalamus, Science 
1973; 179:34. 

Description—Faint-yellow powder. 

Solubility—1 g in 25 mL water, 50 mL methanol, or 25 mL 1% 
acetic acid. 

Comments—lIdentical to natural GnRH. Gonadorelin is used in the 
treatment of primary hypothalamic amenorrhea. Gonadorelin hydro- 
chloride (Factel, Ayerst) is a related preparation and is used as a 
diagnostic agent to determine whether hypogonadism is the result of a 
defect in anterior pituitary release of LH or in hypothalamic release of 
LH-RH. If gonadorelin evokes a rise in LH levels, the disturbance is in 
the hypothalamus; if it does not, the disturbance is in the anterior 
pituitary. Administered in pulsatile fashion, it evokes secretion of both 
FSH and LH. However, if plasma levels remain high for periods longer 
than a few hours, preceptor down-regulation occurs. LH receptors are 
affected more than FSH receptors. By careful selection of dose regimen 
it is thus possible to increase or decrease male or female fertility, in the 
latter instance without marked changes in estrogen secretion. 

Local swelling, itching, or pain and occasional rash at the injection 
site may occur after subcutaneous injection. Headache, nausea, light- 
headedness, abdominal discomfort, and rare flushing may occur. It does 
not cause multiple births. 


LEUPROLIDE—page 1445. 
MENOTROPINS 


Pergonal 
Menotropins [9002-68-6]; an extract of postmenopausal urine contain- 
ing the follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH) in a 1:1 ratio. 

Comments—Has the gonadotropic activities of FSH and LH (see 
page 1358. It is used to induce ovulation in women with infertility 
consequent to insufficient endogenous production of gonadotropins. 
HCG is given following menotropins. Clinical experience is that about 
75% of anovulatory women ovulate after treatment, and 25% become 
pregnant after two courses of treatment. Multiple gestation occurs in 
about 15 to 30% of completed pregnancies. The hyperstimulation syn- 
drome occurs in 1 to 2% of cases. 
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It also is used concomitantly with HCG for >3 months to induce 
spermatogenesis in men with hypogonadotropic hypogonadism. 

Side effects include ovarian enlargement, flatulence, abdominal dis- 
comfort, oliguria, weight gain, ascites, pleural effusion, hypotension, 
and hypercoagulability; these are all evidence of hyperstimulation. 
Other adverse reactions include arterial thromboembolism, hypersen- 
sitivity, and febrile reactions. Birth defects occurred in 5 of 287 preg- 
nancies. Occasionally, ovarian rupture and intraperitoneal hemorrhage 
occur and surgery is required. 


NAFARELIN ACETATE 


Lutenizing hormone-releasing factor (pig), 6-[3-(2-naphthadeny))- 
p-alanine, acetate (salt), hydrate; Synarel 


C 
y 
H-5- ono -L- Pro-u-His -L-Trp-t -Ser -L- Tyr — N---C---C— 
ry 
H 


t-Leu-L-Arg-L-Pro-Gly—NH, * xCH,COOH + yH,0 
[86620-42-0] C,,Hs3N,70,, *xC.H,O, - yH,O. 

Preparation—US Pat 4,234,571. 

Comments—An agonist for LH-RH receptors. However, the dura- 
tion of action is too long for pulsatile dosing, so the effect of repetitive 
administration is that of down-regulation of LH-RH receptors. It has 
been found to be effective in the treatment of endometriosis and central 
precocious puberty. In women, adverse effects are those of hypoestro- 
genemia, namely, hot flashes, vaginal dryness, decreased libido, and a 
moderate decrease in trabecular bone mineralization in the spine in 
about 67% of patients. In men, weight gain, hot flashes, decreased 
libido, and decreased drive and initiative occur. These effects disappear 
after discontinuation of the drug. It is absorbed rapidly by the intrana- 
sal but not sublingual route. Intranasal bioavailability is about 21%. 
The drug is metabolized to at least six metabolites. The half-life is about 
2 hr, 


OCTREOTIDE 


t-Cysteinamide, [R-(R*,R*)]-p-phenylalanyl-.-cysteinyl-.-phenyl- 
alanyl-p-tryptophyl-.-threonyl-N-[2-hydroxy-1-(hydroxy- 
methyl)propyl]-, cyclic (2 — 7)-disulfide; Sandostatin 


DNS 


| | 
H—D -Phe-Cys-Phe-D-Trp-Lys- Thr-Cys - Thr—ol 


(83150-76-9] Cy,gHegN 190 19S (1019.24). 

Preparation—US Pat 4,395,403. 

Comments—An analog of somatostatin (see page 1371) that differs 
in that it inhibits growth hormone secretion in lower doses than affect 
insulin secretion, it is long acting (2-hr half-life), there is no rebound 
hypersecretion after discontinuation, and it is orally effective. It is 
approved for symptomatic treatment of carcinoid tumors and profuse 
diarrhea associated with vasoactive intestinal peptide tumors (lipo- 
mas). The drug is tolerated well. During the first few days of treatment 
there are flatulence, loose stools, diarrhea, and abdominal pains. A mild 
steatorrhea occurs in some patients and may persist during treatment 
or disappear in a few days. Malabsorption does not occur. There may be 
a moderate decrease in postprandial glucose tolerance, but no compli- 
cations have been recorded. 


PERGOLIDE MESYLATE 
Permax 


H. .CHsSCHs 


—CH,CH,CH 
Dee gece -anssOat 
H 


HN 


(66104-22-1] C,,H,,N.S - CH,0,S (410.59). 

Preparation—A derivative of the ergot alkaloid, ergoline. US Pat 
4,166,182. 

Description—Off-white crystals; melts at about 225°. 

Comments—Has all of the actions and uses of Bromocriptine (page 
1340). Its advantage is a longer duration of action, namely, over 24 hr. 
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SOMATREM AND SOMATROPIN 
SOMATREM 


N-.-Methionylsomatotropin (human); Protropin 
[82030-87-3] Cy95H i537No6303018s (22,256.21) 


SOMATROPIN 


Humatrope 
Growth hormone, human; somatotropin (human) [12629-01-5] 
Cy 99H i 528N262030097 (21,500.00) 

Preparation—A single polypeptide chain of 191 aminoacids once 
obtained from the anterior lobe of the human pituitary gland. See US 
Pat 3,118,815. 

Comments—Both somatrem and somatropin products are from 
recombinant DNA~—directed syntheses. Humatrope is identical to hu- 
man pituitary—derived somatropin. Somatrem (Protropin) is identical 
to natural growth hormone except it contains an additional methionine 
on the N-terminus of the molecule. However, the effects and potencies 
are identical; therefore, both peptides are considered together. Somat- 
ropin from pituitary extracts was discontinued because of reports that 
its use was sometimes the cause of Creutzfeldt-Jakob disease. For 
description, actions, and uses see Growth Hormone (page 1358). 

Intramuscular administration of the hormone is preferred to subcu- 
taneous injection because the hormone causes lipodystrophy or lipoat- 
rophy at the cutaneous injection site. Pain and swelling usually occur 
on injection, so sites should be rotated. Hypercalciuria occurs frequently 
but usually regresses in 2 to 3 months. Hyperglycemia and frank 
diabetes mellitus due to insulin resistance may occur. Myalgia and 
early morning headaches are relatively frequent. Antibodies to the 
hormone may be found in 30 to 40% of recipients given somatrem, but 
patients rarely fail to respond to therapy. Approximately 2% of patients 
receiving somatropin developed antibodies, but growth responses have 
not been limited in such patients. Occasionally, somatotropin causes 
hypothyroidism. If the epiphyses are closed, the hormone should not be 
used because continued stimulation of growth of the phalanges and 
jawbone, but not other bones, can cause abnormal body proportions. 
Available products are exceedingly expensive. 


THE POSTERIOR PITUITARY 
(NEUROHYPOPHYSIS) 


The posterior pituitary contains two peptide hormones, oxyto- 
cin and vasopressin. Neither is made in the posterior pituitary, 
but rather they are synthesized in neurons in the hypothala- 
mus. Oxytocin is synthesized in the paraventricular nucleus, 
and vasopressin the supraoptic nucleus. The axons of the hor- 
mone-secreting nerve cells pass from the hypothalamus to the 
internal infundibular zone of the posterior pituitary (hence the 
name neurohypophysis). The hormones flow down the axons as 
granules or vesicles composed of a hormone and a carrier pro- 
tein called neurophysin. Their release at the nerve terminals is 
effected by nerve impulses. Thus, the control of release is 
actually in the appropriate hypothalamic nuclei. 

Human and most mammalian vasopressin is Cys-Tyr-Phe- 
Gln-Asn-Cys-Pro-Arg-GlyNHg,, called arginine vasopressin. An 
exception is pigs whose vasopressin called lypressin contains 
lysine at position 8. Vasopressin possesses antidiuretic hor- 
mone (ADH) and vasopressor activities. The ADH activity de- 
creases urine flow by increasing the resorption of water from 
the distal convoluted tubules and collecting ducts of the kidney. 
The effect is a decrease in the osmolarity of the extracellular 
fluid. 

When there is a defect in the hypothalamicopituitary secre- 
tion of ADH, diabetes insipidus results in a watery diuresis. 
Vasopressin is used mainly for its antidiuretic effects in this 
disease rather than for its vasoconstrictor actions, from which 
the name vasopressin is derived. However, not only does vaso- 
pressin stimulate vascular smooth muscle, but also it increases 
bowel motility, and it has been used to treat bowel stasis and to 
expel gas postsurgically. The vasoconstrictor and bowel spastic 
actions have special usefulness in arresting hemorrhage from 
peptic ulcers. The smooth muscle stimulant effects occur with 
higher doses than are necessary to affect renal function. Vaso- 


pressin also has weak oxytocic activity. Vasopressin has a brief 
half-life (less than 20 min). Lypressin has much weaker 
smooth-muscle stimulant activity than vasopressin, the ratio of 
antidiuretic to pressor activity being about 1000:1. 

Oxytocin stimulates the contraction of smooth muscle in the 
uterus and alveoli of the lactating breast. At coitus, uterine 
stimulation by oxytocin causes peristaltic activity that assists 
the migration of spermatozoa. During parturition, the hormone 
enhances the uterine contractions. The uses of oxytocin in labor 
and breast engorgement are described in Chapter 76. Neither 
vasopressin nor oxytocin survives the acid and enzymes of the 
gastrointestinal (GI) tract, so they must be given parenterally 
or intranasally. 

Each of the octapeptides has been synthesized. Oxytocin has 
the structure 


Tyrosine Isoleucine 


NH CH.C,H,OH i" 
| | 
CH,CHCONHCHCONHCHCHC,H, 
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The structure of vasopressin from human, monkey, dog, cat, 
ox, camel, rabbit, and rat pituitaries is identical with that of 
oxytocin, except that the isoleucine and leucine residues are 
replaced by residues of phenylalanine and arginine, respec- 
tively. The successful synthesis of the naturally occurring pos- 
terior lobe hormones has provided the impetus for the synthe- 
sis of a number of analogs of both oxytocin and vasopressin. 
Thus, substances in which one or more of the amino acids of the 
native hormones have been replaced by others or that contain 
fewer or additional amino acid residues have been prepared, 
and their pharmacological properties explored. One of these 
was the compound vasotocin, containing the pentapeptide ring 
of oxytocin and the tripeptide side chain of vasopressin. This 
substance possesses the biological properties of both neurohy- 
pophyseal hormones, although in lesser degree. Synthetic an- 
alogs of oxytocin and the two vasopressins, in which one or 
more of the amino acids of the native hormones have been 
replaced, are named by using numbers to denote the alter- 
ations represented in the synthetic. A synthetic vasopressin in 
which the moiety at position 8 is arginine is named simply 
8-arginine vasopressin; if it is lysine, the peptide is 8-lysine 
vasopressin. 


DESMOPRESSIN ACETATE 


Vasopressin, 1-(3-mercaptopropionic acid)-8-p-arginine, 
monoacetate (salt), trihydrate; DDVAP; Concentraid 


0 
SCH,CHpC-Tyr-Phe-Gin- Asn- Cys -Pro--Arg-Gly- NH * CHsCOOH + 3H,0 
’ 2 SY 40, Soe eer ar, 8 9 
(62357-86-2] C,sHggN,,0,,S. * 3H,O (1183.22). 


Preparation—A synthetic analog of 8-arginine vasopressin in 
which the amino group has been removed from the N-terminal cysteine 


and L-arginine at position 8 has been replaced by the p-enantiomer. 
Helv Chim Acta 1966; 49:695. 

Description—White fluffy powder; pK, (gly-NH,) 4.8. 

Solubility—Soluble in alcohol or water. 

Comments—Used in the treatment of central (neurogenic) diabetes 
insipidus. It also is used to test the ability of the kidney to concentrate 
urine. Since the hormone can raise the plasma levels of Factor VIII 
(antihemophilic factor), it is sometimes used to treat Factor VIII bleed- 
ing disorders and to increase Factor VIII levels prior to surgery. It may 
be used alone or as an adjunct for some refractory cases of primary 
nocturnal enuresis. 

Headache, mild hypertension, nasal congestion, mild abdominal 
cramping, water intoxication, and vulval pain sometimes occur. Chlor- 
propamide and clofibrate potentiate, and glyburide inhibits, antidi- 
uretic action. 


LYPRESSIN 


Vasopressin, 8-.-lysine-, Diapid 


Cys -Tyr~Phe-Gin-Asn-Cys-Pro-Lys-Gly —NH2 
SMR 2 TOES hy AUON IG HE® 17/8 9) 


[50-57-7] C,~H¢sN 3012S. (1056.22). 

Preparation—Isolated from hog pituitaries and prepared synthet- 
ically (J Biol Chem 1956; 222:951; J Am Chem Soc 1960; 32:3195). One 
commercial synthetic method concludes by reacting the protected tri- 
peptide N-tosyl-S-benzyl-L-cysteinyl-L-tyrosyl-L-phenylalanylhydrazide 
with the protected hexapeptide L-glutaminyl-L-asparaginyl-S-benzyl-L- 
cysteinyl-L-prolyl-N-tosyl-L-lysyl-glycinamide and then splits off the 
protecting groups with metallic sodium. 

One milligram of lypressin is stated to be equivalent to 270 USP 
Posterior Pituitary Units (1 Unit is equivalent to 3.7 ug). 

Comments—Has strong antidiuretic but weak pressor activity. It 
is used only in the control or prevention of mild-to-moderate neurogenic 
diabetes insipidus. When the condition is severe, it does not give suffi- 
cient control because of its brief duration of action; even in moderate 
diabetes insipidus, control is only periodic, in accordance with the 
dosage regimen. In the severe condition, vasopressin tannate is used, 
although this hormone may be used as an adjunct between injections of 
the tannate. 

Diabetes insipidus from renal disorders is not affected. After nasal 
application, antidiuresis peaks within 1/2 to 2 hr and lasts 3 to 8 hr. The 
half-life is about 15 min. 

When used as recommended, its untoward effects are infrequent 
and mild; they include nasal irritation and congestion, rhinorrhea, 
nasal pruritus, nasal ulceration, conjunctivitis, and headache. Overdos- 
age may cause heartburn from postnasal drip, abdominal cramps, bowel 
hypermotility, and fluid retention. Inhalation of the spray can result in 
asthma-like tightness in the chest, dyspnea, and coughing. Thus far, 
allergic responses have not been reported. Because the marketed sub- 
stance is synthetic and thus free of traces of foreign proteins, it may 
possibly lack allergenicity, even though its composition differs slightly 
from that of the human hormone. 


VASOPRESSIN 
Beta-Hypophamine; Pitressin 


Lys—Tyr—Phe-Glu —Asp—Cys—Pro—Arg—Gly —NH,, 
NPS aL AES IGMtA7s Ene 6 1S 


(*in pig vasopressin, Arg is Lys) 


8-1-Lysine (or arginine) vasopressin: Lysine form-[50-57-7] C,¢H¢;-N 130,28. 
(1056.22); Arginine form-[113-79-1] C,,Hg,N,,;0,.S. (1084.23). 

Comments—lIts actions are discussed on page 1362. It is employed 
for its antidiuretic effect in central diabetes insipidus and to dispel gas 
shadows in bowel roentgenography and pyelography. It should not be 
used as a pressor agent. 

Untoward effects related to overdosage include water intoxication 
(with headache, nausea and vomiting, confusion, lethargy, coma, and 
convulsions), especially when patients drink excessive amounts of wa- 
ter or are given intravenous fluids, and stimulation of vascular, uterine, 
and intestinal smooth muscle, which may result in pallor, hypertension, 
coronary constriction (with anginal chest pain, electrocardiographic 
changes, and occasional myocardial infarction), uterine cramps, men- 
orrhagia, and nausea, vomiting, diarrhea, and abdominal cramps. Hy- 
persensitivity occasionally occurs; manifestations include urticaria, 
neurodermatitis, flushing, fever, wheezing, dyspnea, and rare anaphy- 
lactic shock. Large doses are oxytocic and also cause milk ejection. 
Alcohol, heparin, demeclocycline, lithium, and large doses of epineph- 
rine antagonize it; carbamazepine, chlorpropamide, clofibrate, glucocor- 
ticoids, and urea potentiate it. 
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The plasma half-life is 10 to 20 min. However, the effect of an 
intramuscular injection lasts from 2 to 8 hr. From 10 to 15% is excreted 
unchanged. Vasopressin tannate is also available as a longer-acting 
preparation. 


THE ADRENOCORTICAL STEROIDS 
ARENT EE ITC IA IIE TE NEEL NG 9 AS Se) NER aes AE 


The steroid hormone products of the adrenal cortex are grouped 
into two classes: the corticosteroids (glucocorticoids and min- 
eralocorticoids), which have 21 carbons, and the androgens, 
which have 19. Adrenal corticosteroids differ in their relative 
glucocorticoid (carbohydrate-regulating) and mineralocorticoid 
(electrolyte-regulating) activities. In humans hydrocortisone 
(cortisol) is the main glucocorticoid and aldosterone is the main 
mineralocorticoid. The cortex, or outer portion, of the adrenal 
gland is one of the endocrine structures most vital for normal 
metabolic function. While it is possible for life to continue in the 
complete absence of adrenal cortical function, serious metabolic 
derangements ensue, and the capacity of the organism to respond 
to physiological or environmental stress is lost completely. 

PHYSIOLOGICAL ACTIONS—Adrenocortical steroids 
have diverse effects that include alterations in carbohydrate, 
protein, and lipid metabolism; maintenance of fluid and elec- 
trolyte balance; and preservation of normal function of the 
cardiovascular system, the immune system, the kidney, skele- 
tal muscle, the endocrine system, and the nervous system. One 
of the major pharmacological uses of this class of drugs is based 
on their anti-inflammatory and immunosuppressive actions. A 
protective role for cortisol is apparent in the physiological re- 
sponse to severe stress that can increase daily production over 
10-fold. Furthermore, many immune mediators associated with 
the inflammatory response can lead to decreased vascular tone 
and cardiovascular collapse if unopposed by adrenal corticoste- 
roids. The relative or complete absence of adrenocortical func- 
tion, known as Addison’s disease, is accompanied by loss of 
sodium chloride and water, retention of potassium, lowering of 
blood-glucose and liver-glycogen levels, increased sensitivity to 
insulin, nitrogen retention, and lymphocytosis. The disturbances 
in electrolyte metabolism are the cause of morbidity and mortality 
in most cases of severe adrenal insufficiency. All of these disorders 
may be corrected by administration of adrenal cortical extract or 
the pure adrenal cortical steroids now available. 

In its biosynthesis of the steroid hormones, the adrenal 
cortex uses cholesterol, which is present in large amounts in 
the gland; during periods of secretory activity it also consumes 
large quantities of ascorbic acid, which is likewise present in 
high concentration. The synthesis and secretion of the glucocor- 
ticoids (essentially hydrocortisone) takes place in the zona fas- 
ciculata. Corticotropin (ACTH) is the primary stimulus to hy- 
drocortisone secretion. ACTH is released in response to the 
hypothalamic hormone CRH (see page 1359). Glucocorticoid 
secretion, then, is regulated through suprahypothalamic and 
hypothalamic nuclei, which integrate responses to sensory, 
emotional, and chemical inputs, including the glucocorticoids 
themselves, and the basophilic cells of the adenohypophysis, 
release from which is suppressed by circulating glucocorticoids. 
Physical (injury, surgery, etc) and emotional stress and hypo- 
glycemia increase secretion. Synthesis in the zona fasciculata 
can be altered by drugs that inhibit specific enzymes involved. 
CRH, ACTH, and glucocorticoid release follows a circadian 
rhythm such that blood concentrations of hydrocortisone are 
highest between 6 and 8 AM and lowest around midnight. 

The synthesis and release of the mineralocorticoid aldoste- 
rone takes place in the zona glomerulosa. ACTH has only a 
slight effect on secretion. Rather, angiotensins I and III are 
the primary stimulants, although hyperkalemia is also an im- 
portant stimulus. The production of the angiotensins is under 
renal, CNS, and sympathetic nervous system control. In the 
kidney, the macula densa around the juxtaglomerular distal 
tubules monitors Na* and Cl concentrations and luminal 
osmolarity. Low Na* and osmolarity or high Cl causes signals 
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to be sent to the juxtaglomerular (JG) cells in the afferent 
arterioles, which then release renin. Renin secretion also is 
increased by low blood pressure at the JG cells and by sympa- 
thetic impulses, which work through £,-adrenoreceptors. Re- 
nin then cleaves angiotensin I from angiotensinogen, both lo- 
cally and in the blood. Angiotensin I is converted to angiotensin 
II by a converting enzyme (CE or kininase II), mainly in the 
lung. (Angiotensin III is a metabolite of II.) Thus, a variety of 
electrolyte, emotional, cardiovascular, and drug factors can 
affect aldosterone secretion indirectly. 

STRUCTURE-ACTIVITY RELATIONSHIP—Clinical ex- 
perience has indicated that the anti-inflammatory activity of 
adrenal cortical steroids in man correlates well with their glu- 
cocorticoid activity. The undesirable side effects of sodium re- 
tention and edema are associated with mineralocorticoid activ- 
ity. Synthetic steroids possessing higher glucocorticoid and 
lower mineralocorticoid activity than cortisone or cortisol have 
been prepared and marketed. A comparison of some commonly 
used systemic corticosteroids is included in Table 77-2. 

All adrenal corticoids require the 3-keto group and 4,5 un- 
saturation. Additional unsaturation in Ring A enhances the 
anti-inflammatory properties while at the same time reducing 
the sodium-retaining effect. The presence of oxygen at position 
11 is necessary for significant glucocorticoid activity; the 11- 
hydroxy group is more potent than the 11-keto group; the 
11-keto group is converted to the active B-hydroxy group in the 
body. The 17a-hydroxy group also is important to glucocorticoid 
activity. Introduction of either a methyl or hydroxyl group at 
position 16 markedly reduces mineralocorticoid activity but 
only slightly decreases glucocorticoid and anti-inflammatory 
activity. The 9a-fluoro group enhances both glucocorticoid and 
mineralocorticoid activities, but the effects of substituents at 
the 6 and 16 positions override this effect. 

BIOLOGICAL ACTIVITY—tThe glucocorticoids appear to 
affect all cells, although not all in the same way. Clinical 
interest primarily focuses on their anti-inflammatory and im- 
munosuppressant effects. They prevent release of various lytic 
enzymes that extend tissue damage during inflammation and 
generate leukotactic substances. Glucocorticoids decrease 
phagocytosis by macrophages. Anti-inflammatory effects in- 
clude the retardation of the migration of polymorphonuclear 
leukocytes, suppression of repair and granulation, reduction in 
the erythrocyte sedimentation rate, decreased fibrinogenesis, 
and diminished elaboration of C-reactive protein. Glucocorti- 
coids suppress the production of cytokines (eg, IL-1,IL-6, inter- 
feron gamma, TNF-alpha, and others) by inflammatory cells 
(eg, monocytes, macrophages, and lymphocytes) that recruit 
eosinophils. They also decrease lipid eicosanoid and prosta- 
glandin production by inhibiting the production of cytokines 
that induce cyclooxygenase-II in inflammatory cells. The im- 
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munosuppressant effects may be partly the result of the sup- 
pression of phagocytosis, gene expression of cytokines and a 
decrease in the number of eosinophils and lymphocytes, sup- 
pression of delayed hypersensitivity reactions, decrease in tis- 
sue reaction to antigen-antibody interactions, and reduction in 
plasma immunoglobulins. 

Effects on carbohydrate, fat, and protein metabolism are 
responsible for both beneficial and untoward effects. These 
hormones increase hepatic gluconeogenesis and glycogen dep- 
osition, both lipolysis and lipogenesis (but increase fat deposi- 
tion at only a few specialized sites), and protein catabolism in 
various tissues (especially skeletal muscle). 

In addition to the above-mentioned changes brought about 
by glucocorticoids are the so-called permissive effects. In these, 
the steroids do not themselves cause change but physiological 
amounts are required for certain organs or structures to re- 
spond to stimuli. For example, neither the kidney can respond 
to a water load nor the arterioles to epinephrine in the absence 
of adequate levels of glucocorticoids. 

Once a glucocorticoid hormone has permeated a cell mem- 
brane, it combines with a cytosolic glucocorticoid receptor that 
is inactive because it is bound to some specific proteins, includ- 
ing some heat shock proteins that prevent them from reaching 
the nucleus and binding to DNA. The glucocorticoid-receptor 
complex undergoes conformational changes that allow dissoci- 
ation from the heat shock proteins and other immunomodula- 
tory proteins, then it is translocated to the cell nucleus, where 
it attaches to glucocorticoid receptor elements in the DNA. The 
result is an enhancement or reduction of the gene transcription 
that leads to an increased or decreased synthesis of certain 
proteins. Other transcription factors also interact at the same 
DNA binding sites. The protein produced is determined, in 
part, by the glucocorticoid receptor, of which there is more than 
one kind within the cell. There are estimated to be from 10 to 
100 glucocorticoid target genes per cell, but not all of them are 
expressed in every cell. Tissue selectivity for different steroid 
hormones seems to be considerably determined by steroid- 
metabolizing enzymes that differentially alter intracellular ste- 
roids that upon transport to the nucleus bind to specific hor- 
mone response elements in the DNA. 

Mineralocorticoids act on the distal tubules and collecting 
ducts of the kidney to increase the expression of genes that 
encode for proteins that enhance reabsorption of Na’ from the 
tubular fluid. The effects on electrolytes are associated with an 
increase in the number of open Na* and K' channels in the 
luminal membrane tubular cells, and they increase the activity 
of basolateral membrane Na /K' -activated ATPase. The net 
result is areturn of Na’ to the systemic circulation in exchange 
for K’. Similar electrolyte effects are promoted by mineralo- 


RELATIVE ACTIVITY 


DRUG ANTI-INFLAM TOPICAL Na + RET DOSAGE FORM 
Short- to medium-acting glucocorticoids 
Hydrocortisone (Cortisol) 1 1 1 Oral, Inj, Top 
Cortisone 0.8 0 0.8 Oral, Inj, Top 
Prednisone 4 0 0.3 Oral 
Prednisolone 5 4 0.3 Oral, Inj, Top 
Methylprednisolone 5 5 0 Oral, Inj, Top 
Intermediate-acting glucocorticoids 
Triamcinolone 5 5-100 0 Oral, Inj, Top 
Fluprednisolone 15 7 0 Oral 
Long-acting glucocorticoids 
Betamethasone 25-40 10 0 Oral, Inj, Top 
Dexamethasone 30 10-40 0 Oral, Inj, Top 
Mineralocorticoids 
Fludrocortisone 10m 10 250 Oral, Inj, Top 
Desoxycorticosterone acetate 0 0 20 Inj, pellets 


° Legend: Relative activity, potency relative to hydrocortisone; anti-inflammatory, anti-inflam; sodium retention, Na + Ret; Injection, Inj; topical, Top. 


corticoids in other tissues (eg, colon, salivary glands, and sweat 
glands). 

Glucocorticoids also inhibit membrane lipid peroxidation, 
which possibly contributes to the salutary effects in brain 
edema; the effect appears to be one of decreasing the activity 
of membrane-bound, superoxide radical-generating mixed- 
function enzymes. Possibly related is an action to block 
phospholipase-A2, which prevents the release of arachidonic 
acid from membrane phospholipids and its subsequent conver- 
sion to eicosanoids. This inhibitory effect results from the pro- 
duction of an inhibitory protein, lipocortin, in leukocytes. 

The primary effects of mineralocorticoids are on cortical 
collecting tubule cells in the kidney to increase sodium reab- 
sorption and potassium secretion. Thus, elevated aldosterone 
titers cause sodium retention and potassium depletion with 
accompanying volume expansion and weight gain, hyperten- 
sion, and metabolic alkalosis. 

SIDE EFFECTS—Certain side effects may appear during 
the first week of treatment with glucocorticoids; they include 
euphoria and a rare paradoxical suicidal depression, psychoses 
(especially with high doses), hypertension (rare), anorexia, oc- 
casional hyperglycemia, colonic ulceration (rare), increased 
susceptibility to infections (especially viral infections, fungal 
infections, tuberculosis), and acne. After 7 to 10 days of treat- 
ment, the pituitary release of ACTH is suppressed, and the 
adrenal secretion of cortisol is temporarily inadequate once 
glucocorticoid administration ceases. In the case of a medical 
emergency, the depressed pituitary-adrenal response may 
make the patient unable to respond to stress. Additional exog- 
enous corticosteroid is given in a dosage and for a duration 
appropriate for the severity of the stress. Consequently, pa- 
tients on high-dose or long-term treatment should carry iden- 
tification stating that they are under treatment with cortico- 
steroids. Withdrawal of corticosteroids should be slow. 

From the first week through the first year of therapy, addi- 
tional side effects may appear, namely, fat redistribution to the 
nape of the neck (buffalo hump) and lower abdomen, diabetes 
mellitus and hyperglycemia, moon face and other edematous 
states, and renal potassium loss (from mineralocorticoid activ- 
ity), alkalosis, additional infections (including tuberculosis), 
papilledema, glaucoma, posterior subcapsular cataracts, diplo- 
pia, 6th nerve palsies, osteoporosis, myopathy, ecchymoses and 
purpura, and cutaneous striae. After prolonged suppression of 
the anterior pituitary secretion of ACTH, there may be a per- 
manent defect in pituitary-adrenal function. Continuous or 
repetitive use of glucocorticoids may cause painless joint de- 
struction, especially if the drug is given intra-articularly. Af- 
ter prolonged glucocorticoid therapy, additional untoward 
effects include bone fractures and vertebral collapse (from 
marked osteoporosis), hyperlipidemia, and possible premature 
atherosclerosis. 

Adverse effects of glucocorticoids applied to the skin include 
stinging or burning sensations, itching, irritation, dryness, sca- 
liness, vasoconstriction, folliculitis, acne, bacterial or yeast in- 
fections, hypopigmentation, atrophy, and striae. Systemic ef- 
fects also can occur, especially if occlusive dressings are used. 
Topical ophthalmological glucocorticoids not only may cause 
serious exacerbations of viral, fungal, and bacterial infections 
of the eye but also glaucoma. From all of the above, it can be 
seen that glucocorticoids are drugs that have numerous and 
potentially serious side effects. 

Because the mineralocorticoids are used mainly in physio- 
logical doses for replacement therapy, untoward effects are 
usually infrequent and mild. Sodium and water retention (with 
moon face), potassium loss, alkalosis, and hypertension can 
occur with excessive doses. 

DRUG INTERACTIONS—Glucocorticoids decrease the 
hypoglycemic activity of insulin and oral hypoglycemics, so that 
a change in dose of the antidiabetic drugs may be necessitated. 
In high doses, glucocorticoids also decrease the response to 
somatotropin. The usual doses of mineralocorticoids and large 
doses of some glucocorticoids cause hypokalemia and may ex- 
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aggerate the hypokalemic effects of thiazide and high-ceiling 
diuretics. In combination with amphotericin B they also may 
cause hypokalemia. Glucocorticoids appear to enhance the ul- 
cerogenic effects of nonsteroidal anti-inflammatory drugs 
(NSAIDs). They decrease the plasma levels of salicylates, and 
salicylism may occur on discontinuing steroids. Glucocorticoids 
may increase or decrease the effects of prothrombopenic anti- 
coagulants. Estrogens, phenobarbital, phenytoin, and rifampin 
increase the metabolic clearance of adrenal corticosteroids and 
hence necessitate dose adjustments. 

PRECAUTIONS AND CONTRAINDICATIONS—Both 
glucocorticoids and mineralocorticoids must be used cautiously 
in congestive heart failure, hypertension, liver failure, renal 
failure, or nephrolithiasis. When glucocorticoids are used in 
persons with emotional instability or psychotic tendencies, hy- 
perlipidemia, diabetes mellitus, hypothyroidism, myasthenia 
gravis, osteoporosis, peptic ulcer, ulcerative colitis, chronic in- 
fections (especially tuberculosis or a positive test), or a history 
of herpetic infections, patients should be monitored frequently 
for untoward effects. Topical application to the eye is absolutely 
contraindicated in the presence of ophthalmological infections. 

PHARMACOKINETICS—Most corticosteroids are ab- 
sorbed rapidly and completely from the GI tract. Some cortico- 
steroids (hydrocortisone and some inhaled congeners including 
beclomethasone and budesonide) are rapidly inactivated by 
metabolism as they pass through the liver. Thus, some corti- 
costeroids must be given parenterally for systemic effects. Es- 
terification with large hydrophobic organic acids decreases sol- 
ubility and therefore slows systemic absorption from sites of 
injection. Esterification with water-soluble acids, such as phos- 
phoric or succinic, increases the rate of absorption from injec- 
tion sites and even may permit intravenous administration. All 
of the glucocorticoids are absorbed from the skin, but some 
slowly enough that metabolic destruction can limit systemic 
accumulation. Many glucocorticoids also are metabolized in the 
skin. Fluorination at the 9-position and various substituents at 
the 17-position make glucocorticoids resistant to local destruc- 
tion and hence make these derivatives more likely to cause 
systemic effects. 

In the plasma, corticosteroids are bound to both corticoste- 
roid-binding globulin (CBG, transcortin, a,-macroglobulin) and 
albumin, which serve as transport vehicles. The extent of bind- 
ing varies among the steroids. Various drugs and diseases can 
affect the concentration of transport proteins and their capac- 
ities. Corticoids cross the placental barrier and may cause 
congenital malformations. They also appear in breast milk and 
may suppress growth of the infant. The action of a steroid- 
receptor complex at the genes long outlasts significant plasma 
concentrations of the steroid, so that the plasma half-life has 
little relevance to a dosage regimen. Instead, a parameter 
known as the biological half-life is the primary determinant of 
dosage intervals. 

THERAPEUTIC USES—The adrenal corticosteroids are 
used for replacement therapy in adrenal insufficiency (eg, Ad- 
dison’s disease and congenital adrenal hyperplasia). In this 
use, toxic effects are infrequent, since the aim is to approximate 
the equivalent of physiological body concentrations. Both min- 
eralocorticoids and glucocorticoids may be required. Glucocor- 
ticoids additionally are used to treat rheumatic, inflammatory, 
allergic, neoplastic, and other disorders; the effects are pallia- 
tive only and do not eradicate the underlying disorders. It is 
necessary to use supraphysiological doses, so some untoward 
effects are unavoidable. 

The anti-inflammatory actions of the glucocorticoids are 
employed in the treatment of noninfectious acute ocular in- 
flammation and certain infectious inflammations, especially in 
combination with antibiotics. Glucocorticoids are of value 
in decreasing some cerebral edemas, eg, vasogenic. Their value 
in the treatment of bacterial meningitis probably accrues to 
decreased permeability of the blood-brain barrier plus inhibi- 
tion of cytokine production, especially tumor necrosis factor 
(TNF-alpha). 
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In serious acute allergic disorders, systemic glucocorticoids 
may be indicated; they should not be used chronically in aller- 
gic disorders, except in acute flareups. However, potent topical 
corticosteroids are now regularly used by inhalation for chronic 
treatment of bronchial asthma and intranasally for chronic 
noninfectious rhinitis (see Respiratory Drugs in Chapter 69). 
Similarly, acute bronchial asthma, status asthmaticus, and 
some chronic obstructive pulmonary disease may require sys- 
temic glucocorticoids. These drugs suppress allergic and in- 
flammatory manifestations of trichinosis. 

Topical or systemic glucocorticoids often markedly improve 
certain skin diseases, such as pruritus, psoriasis, dermatitis 
herpetiformis, and eczema; pemphigus, erythema multiforme, 
exfoliative dermatitis, and mycosis fungoides usually require 
systemic treatment, which may be life-saving. 

Probably the most widely known application of the anti- 
inflammatory actions of the glucocorticoids is in the treatment 
of the arthritic and rheumatic disorders. Immunosuppressant 
actions also may play a role in the treatment of such disorders. 
These disorders are systemic lupus erythematosus, polyarteri- 
tis nodosa, temporal arteritis, Wegener’s granulomatosis, poly- 
myositis, and polymyalgia rheumatica. Glucocorticoids may be 
indicated in severe cases of rheumatoid arthritis unresponsive to 
other treatment, Still’s disease, mixed connective tissue disease, 
drug-induced lupoid syndromes, and psoriatic arthropathy. 

Rheumatic or arthritic conditions in which glucocorticoids 
may or may not provide temporary relief but are not justified 
chronically because of a high toxicity/benefit ratio are osteoar- 
thritis, systemic ankylosing spondylitis, gout fibrositis, and 
Reiter’s syndrome. Even though the nephrotic syndrome is not 
inflammatory, it may respond to treatment, perhaps as the 
result of immunosuppression. Ulcerative colitis sometimes may 
respond dramatically. The beneficial effects in myasthenia gra- 
vis are probably immunosuppressant. Chronic multiple sclero- 
sis does not respond, but acute relapses may. The incidence and 
severity of the respiratory distress syndrome in premature 
infants can be decreased by glucocorticoid treatment. 

Glucocorticoids may be palliative in acute leukemia and also 
in chronic lymphocytic leukemia, and they are components of 
certain curative antineoplastic combinations. They suppress 
the associated autoimmune hemolytic anemia and the nonhe- 
molytic anemia, granulocytopenia, and thrombocytopenia that 
result from encroachment on the bone marrow. The effects are 
only temporary, and the patient eventually becomes refractory 
to steroid therapy. Hodgkin’s disease, lymphosarcoma, and 
multiple myeloma also may be suppressed temporarily. 

In the treatment of endotoxin shock, massive doses of glu- 
cocorticoids suppress the vasculotoxic effects of the toxin. In all 
kinds of shock, massive doses decrease peripheral resistance, 
stimulate the heart, and decrease the amount of circulating 
myocardial depressant factor. To be optimally effective they 
must be given as boluses. 

MODALITIES AND REGIMENS OF CORTICOSTE- 
ROID THERAPY—Replacement Therapy—Treatment of pri- 
mary and secondary adrenal insufficiency requires replace- 
ment of both glucocorticoids and mineralocorticoids in 
sufficient doses to relieve the signs and symptoms of insuffi- 
ciency. However, when the patient experiences an additional 
stress, supplements of glucocorticoids may be required. The 
dose and dose-interval vary from patient to patient, but the 
doses are small, and complications are infrequent and minimal; 
the most difficult challenge is in the adjustment of dosage in 
response to changes in stress. 

CHRONIC LOW-DOSE SYSTEMIC THERAPY OF DIS- 
EASE—In mild inflammatory or collagen disorders, low doses 
of glucocorticoids often are sufficient to be palliative, and low- 
dose regimens are preferable, since adverse effects usually are 
of low intensity, provided that the therapeutic endpoint is only 
amelioration and not elimination of the morbidity. Although 
low-dose therapy may cause some suppression of pituitary- 
adrenal function, the suppression is readily reversible, and 
some reserve exists in the system. However, abrupt withdrawal 


of the drug may be followed not only by a return to the previ- 
ous condition but also an acute exacerbation of the disease. 
Pituitary-adrenal suppression and consequent acute flareup 
after withdrawal may be lessened by avoiding round-the-clock 
administration and, instead, giving the drug between 6 and 9 
AM, so that plasma levels and, hence, pituitary-adrenal sup- 
pression are at a minimum during the early morning sleeping 
hours, when pituitary adrenal function is at its diurnal peak. 
Moreover, the selection of a steroid with a short biological 
half-life allows some drug-free time during the day, during 
which pituitary-adrenal recovery can occur. 

CHRONIC HIGH-DOSE SYSTEMIC THERAPY—In se- 
rious chronic inflammatory or immunological disorders or in 
glucocorticoid-responsive neoplasia, large doses of glucocorti- 
coids may be given for long periods of time. Consequently, side 
effects are frequent, and pituitary-adrenal suppression may be 
severe. The suppression may continue for weeks to months 
after cessation of treatment, so withdrawal must be tapered 
slowly to allow the pituitary-adrenal system to recover. 

Abrupt withdrawal will result in adrenal insufficiency, 
which may be life-threatening, as well as an acute recrudes- 
cence of the original disorder. Pituitary-adrenal suppression 
and systemic side effects may be less severe if the dose is given 
in the morning, so that nocturnal pituitary-adrenal activity is 
less inhibited. Another device to minimize such adverse sys- 
temic effects is use of alternate-day therapy. Thus, twice the 
usual daily dose is given, but only every other day, which 
permits the hypothalamicopituitary segment of the pituitary- 
adrenal negative feedback system and various undiseased tar- 
get organs time to recover partially between doses. Only glu- 
cocorticoids with an intermediate duration of action (12 to 36 
hr) should be used for alternate drug therapy. 

INTENSIVE SHORT-TERM SYSTEMIC THERAPY— 
Massive doses of glucocorticoids may be required in certain 
acute conditions, such as bacteremic shock or status asthmati- 
cus. The short duration of such treatment, sometimes no longer 
than 48 hr, is not enough to give rise to pituitary-adrenal 
suppression, serious immunosuppression, or opportunistic in- 
fections, although in septic shock, suprainfections may occur. 
Psychosis, GI bleeding, and hyperosmolar diabetic coma can 
occur in such short-term use. 

LOCAL TREATMENT (TOPICAL APPLICATION)— 
Topical efficacy depends on the inherent glucocorticoid activity 
(or potency) of the steroid, the concentration in the preparation, 
permeability coefficient, the vehicle and excipients, and local 
metabolic processes. Except for serious conditions, low-potency 
glucocorticoids are preferred by many authorities, because ad- 
verse effects on the skin appear to be less severe than with 
high-potency agents, even if the latter are used at appropri- 
ately lower concentrations. Only hydrocortisone and its acetate 
are available for nonprescription topical use. 

Drugs with a high lipid-water distribution coefficient pene- 
trate well from absorbable or nonoleaginous vehicles and tend 
to remain longer in the skin than water-soluble agents, exert- 
ing a more extended local action but lesser systemic side ef- 
fects, especially if the drug is metabolized rapidly systemically. 
However, it is desirable that the agents be metabolized in the 
skin, so that less is delivered to the systemic circulation. Ste- 
roids that have the 17-OH group substituted and/or that are 
fluorinated are metabolized poorly locally and hence may have 
a significant potential for systemic effects; for this reason, 
special caution is urged when such compounds are used in 
children. 

Occlusive dressings may be used, especially for low-potency, 
poorly penetrant steroids. The stratum corneum under the 
dressing becomes macerated and more permeable. However, 
such dressings increase absorption into the bloodstream and 
hence favor systemic effects. The relative potency of several of 
the most commonly used topical corticosteroids are summa- 
rized in Table 77-3. 

LOCAL TREATMENT (LOCAL INJECTION)—To 
achieve high, rapidly acting local concentrations of a glucocor- 


Table 77-3. Potency Ranking of Some Commonly Used 
Topical Corticosteroids’ 


Super-potent 

Group | 
Betamethasone dipropionate ointment or cream 0.05% 
Clobetasol propionate ointment or cream 0.05% 
Diflorasone diacetate ointment 0.05% 

Potent 

Group II 
Amcinonide ointment 0.1% 
Betamethasone dipropionate ointment 0.05% 
Desoximetasone cream, gel or ointment 0.25% 
Diflorasone diacetate ointment 0.05% 
Fluocinonide cream, gel or ointment 0.05% 
Halcinonide cream 0.1% 

Group III 
Betamethasone benzoate gel 0.025% 
Betamethasone dipropionate cream 0.05% 
Betamethasone valerate ointment 0.1% 
Diflorasone diacetate cream 0.05% 
Mometasone furoate cream or ointment 0.1% 
Triamcinolone acetonide cream or ointment 0.5% 

Mid-strength 

Group IV 
Desoximetasone cream 0.05% 
Fluocinolone acetonide cream 0.2% or ointment 0.025% 
Flurandrenolide ointment 0.05% 
Hydrocortisone valerate ointment 0.2% 
Triamcinolone acetonide cream or ointment 0.1% 

Group V 
Betamethasone benzoate cream 0.025% 
Betamethasone diproprionate lotion 0.02% 
Betamethasone valerate cream or lotion 0.1% 
Fluocinolone acetonide cream 0.025% 
Flurandrenolide cream 0.05% 
Hydrocortisone butyrate cream 0.1% 
Hydrocortisone valerate cream 0.2% 
Triamcinolone acetonide cream or lotion 0.1% 

Mild 

Group VI 
Alclometasone dipropionate cream or ointment 0.05% 
Desonide cream 0.05% 
Fluocinolone acetonide solution 0.01% 


? Legend: Relative potency, Group! > Il > Ill >IV > V > VI; topical activity of 
corticosteroids may vary considerably depending upon the vehicle, site of 
application, disease, individual patient, and whether or not an occlusive 
dressing is used. Approximate relative activity is based on vasoconstrictor 
assay and/or clinical effectiveness in psoriasis (preparations in each group are 
approximately equivalent). 


ticoid, it sometimes is injected as a very soluble derivative that 
rapidly generates the parent steroid. However, such soluble 
forms also rapidly leave the region of injection. For this reason, 
insoluble derivatives may be included or injected alone, so that 
a sustained action in parallel with slow dissolution may be 
effected. 

INHALATION AND INTRANASAL TREATMENT-—In- 
halers and nasal sprays are now available with glucocorticoids 
that possess high topical activity and low systemic bioavailabil- 
ity. These corticosteroids (beclomethasone, budesonide, flutica- 
sone, and flucinolide) have either low systemic absorption 
and/or high first-pass hepatic metabolism. These drugs are 
discussed in Chapter 69. 

INHIBITORS OF BIOSYNTHESIS—Several drugs that 
interfere with the biosynthesis of adrenocorticoids are used 
clinically as antiadrenal drugs. Their mechanisms of action 
vary. Mitotane causes adrenocortical atrophy and a consequent 
decrease in the biosynthesis of all products of adrenocortical 
cells. Aminoglutethimide blocks the conversion of cholesterol to 
pregnenolone, and trilostane the dehydrogenation of the 3- 
hydroxyl group of pregnenolone; hence, they both interrupt the 
biosynthesis of all active adrenal-derived steroids, including 
androgens and estrogens. 
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Mitotane blocks 118-hydroxylation and hence the biosyn- 
thesis of aldosterone, cortisone, and hydroxycortisone. Mito- 
tane and aminoglutethimide, especially, are used in the treat- 
ment of adrenal tumors, and aminoglutethimide also to 
suppress the production of androgens and estrogens in carci- 
noma of the breast. These two drugs are discussed in Chapter 
86. Since blocking 11-hydroxylation leads to the homeostatic 
overflow of ACTH and the 11-deoxy precursors of cortisone and 
hydrocortisone, metyrapone is used diagnostically to ascertain 
the source of excess hydrocortisone in suspected adrenal carci- 
noma or autonomous adenoma by monitoring plasma ACTH 
and 11-deoxycorticoids. Metyrapone and trilostane are used in 
the management of Cushing’s syndrome. 


BECLOMETHASONE DIPROPIONATE 


Pregna-1,4-diene-3,20-dione, (118,168)-9-chloro-11-hydroxy-16- 
methyl-17,21-bis(1-oxopropoxy)-, Beclovent; Beconase; 
Vanceril; Vancenase 


CH,OCOC;H, 
C=0 


[5534-09-8] C,,.H,,ClO, (521.05). 

Preparation—Synthesis of beclomethasone, a 9-chloro-166-methyl 
derivative of prednisolone, and esters of beclomethasone, from steroid 
intermediates is described in British Pats 901,093 and 912,378 (CA 
1963; 58:3488c and 1963; 59:14082b). 

Description—White to cream-white powder; odorless. 

Solubility—Very slightly soluble in water; very soluble in chloro- 
form; freely soluble in alcohol or acetone. 

Comments—Has 500 times the topical anti-inflammatory activity 
of dexamethasone but is less active as a systemic glucocorticoid and is 
almost inactive by the oral route. The low systemic activity is the result 
of rapid deesterification and further metabolism in the liver. Also, it has 
a high lipid, but low water, solubility, so that it not only is absorbed well 
topically but also tends to remain at the site of application. Thus, it may 
be administered by oral inhalation with usually negligible systemic side 
effects. It is indicated for treatment of bronchial asthma. As long as 2 to 
4 weeks may be required for the onset of a beneficial effect. It is also 
employed in the treatment of noninfectious rhinitis. 

The most common side effects of the inhaled drug are dry mouth, 
hoarseness, sore throat, and pharyngeal or tracheal candidiasis. Usu- 
ally, the effects on pituitary-adrenal function are negligible, but sup- 
pression of plasma cortisol levels occurs in a few percent of adult 
patients who receive higher doses. Adverse effects of intranasal admin- 
istration include epistaxis, nasal irritation, sneezing, and nasopharyn- 
geal candidiasis. Hypersensitivity or other adverse effects of the 
propellants (CHF, and CH,F,) and oleic acid (a dispersing agent) 
may occur; hypersensitivity absolutely contraindicates use of the 
aerosol. The plasma half-life is about 0.5 hr based on intravenous 
administration. 


BETAMETHASONE 


Prena-1,4-diene-3,20-dione, (118,16f)-9-fluoro-11,17,21-trihydroxy- 
16-methyl-, Celestone 


CH,OH 


[378-44-9] C,H, FO, (392.47). 

Preparation—Betamethasone is prepared from 16-dehydropre- 
genolone (see Progesterone, page 1388) by treatment with methylmag- 
nesium iodide to insert the 168-methyl group, catalytic reduction of the 
remaining double bond, enol acylation at position 20, and reaction with 
peracetic acid followed by hydrolysis to the 168-methyl-17a-hydroxy 
compound. Bromination and acetoxylation give the 38-hydroxy-21- 
acetoxy derivative, which is oxidized to the 3-oxo compound with chro- 
mic acid. Dibromination at positions 1 and 4 followed by dehydrobro- 
mination with dimethylformamide to the 1,4-diene, then incubation 
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with Pestalotia foedans (or a similar organism) results in the 1la- 
hydroxy derivative. Esterification at the 11-position with ethyl chloro- 
formate, elimination of the ester function with acetic acid to form the 
1,4,9(11)-triene, treatment with N-bromoacetamide and perchloric acid 
gives the 9a-bromo-11f-hydroxy compound. Abstraction of HBr with 
potassium acetate affords the 96,11f,-epoxy derivative, which by treat- 
ment with HF in a halogenated hydrocarbon yields the 9a-fluoro-11- 
hydroxy analog, betamethasone. 

Description—White to practically white, odorless, crystalline pow- 
der; melts about 240° with some decomposition. 

Solubility—1 g in 5300 mL water, 65 mL alcohol or 325 mL chlo- 
roform; very slightly soluble in ether. 

Comments—An extremely potent glucocorticoid with actions, uses, 
and side effects typical of this class of steroids (see the introduction to 
this section). Its activity is 20 to 30 times that of cortisol. However, it 
only rarely induces sodium and water retention and potassium loss 
such as accompany treatment with cortisone and many other adrenal 
corticoids; on occasion, it even may increase sodium excretion and 
induce diuresis. In the usual doses, the incidence of characteristic 
adrenal corticoid untoward effects such as anorexia, protracted weight 
loss, vertigo, headache, and muscle weakness is quite low. The plasma 
half-life is about 6.5 hr, and the biological half-life, 36 to 54 hr. The 
volume of distribution is 1.8 L/kg. 


__BUDESONIDE 


Pregna-1,4-diene-3,20-dione, [118,16a(17R)]-16,17- 
butylidenebis(oxy)-118,21-dihydroxy-, and 11f,16a(175)]-isomer; 
Pulmicort; Rhinocort 


Be-0N «2 CH3CHSCHs 
pos 


[51333-22-3] [51372-29-3] [51372-28-2] C,,H,O, (430.54). 

Preparation—118, 16a,17,21-Tetrahydroxypregna-1,4-diene-3,20- 
dione is converted to the 16,17-acetal with butyraldehyde. US 3,929,768 
(1973); Arzneimittel-Forsch 1979; 29: 1607. 

Description—Off-white crystals melting about 225° (decompn.). A 
mixture of R and S isomers (40 to 51% S-isomer), but not necessarily a 
racemic mixture. 

Solubility—Practically insoluble in water or hydrocarbon solvents; 
sparingly soluble in alcohol; freely soluble in chloroform. Partition 
coefficient (octanol/water) at pH 4 is 1.6 x 10°. 

Comments—lIt is orally inhaled for maintenance treatment of 
asthma as well as intranasally for treatment of allergic rhinitis. The 
onset of action is within 24 hr, which is relatively rapid for an inhaled 
corticosteroid, but maximum benefit may not be achieved for 1 to 2 
weeks or longer. The oral availability of inhaled drug is low (~10%) 
primarily because of extensive first-pass metabolism in the liver (half- 
life, 2 hr). It has higher topical activity than beclomethasone propi- 
onate. The most common side effects of the inhaled drug are dry mouth, 
hoarseness, sore throat, and pharyngeal or tracheal candidiasis. 


DEXAMETHASONE 


(11B-16a@)-Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17,21-trihydroxy- 
16-methyl-, 


(50-02-2] C,H, FO, (392.47). 

Preparation—In a manner quite similar to that for Betametha- 
sone, the difference being that the 16-methyl] group is inserted in the 
a-configuration. 

Description—White to practically white, odorless, crystalline pow- 
der; stable in air; melts about 250° with some decomposition. 

Solubility—1 g in 42 mL alcohol or 165 mL chloroform; sparingly 
soluble in acetone, dioxane, or methanol; very slightly soluble in ether; 
practically insoluble in water. 


Comments—Possesses glucocorticoid activity, for which it is used 
clinically (see the introduction to this section). It especially is used as an 
anti-inflammatory and antiallergic drug. Topically, it is employed in the 
treatment of glucocorticoid-responsive dermatoses. Systemically, it de- 
creases the incidence and severity of hearing loss consequent to bacte- 
rial meningitis. Its systemic glucocorticoid potency is about 25 times 
that of cortisone. It is capable of inducing all the usual side effects of 
adrenal corticoids, except that the mineralocorticoid-like side effects are 
less pronounced than with cortisone acetate. 

Its effect to suppress pituitary-adrenocortical function is used for 
differential diagnostic purposes in Cushing’s syndrome. The plasma 
half-life is 3 to 4 hr, and the biological half-life is 36 to 54 hr. The volume 
of distribution is 0.75 L/kg. It binds linearly to albumin but does not 
bind to transcortin. 


FLUDROCORTISONE ACETATE 


(11f)-Pregn-4-ene-3,20-dione, 21-(acetyloxy)-9-fluoro-11,17- 
dihydroxy-, Florinef Acetate 


CH,OCOCH, 


([514-36-3] C,,H.,FO, (422.49). 

Preparation—One method starts with Hydrocortisone Acetate, 
which is first dehydrated to the 4,9-diene. The 9a-fluoro and 11f- 
hydroxy groups are inserted by a method similar to that used for 
Betamethasone. 

Description—Fine, white to pale-yellow powder that is odorless 
or practically odorless; hygroscopic; melts about 225° with some 
decomposition. 

Solubility—Insoluble in water; soluble 1 g in 50 mL alcohol, 50 mL 
chloroform, or 250 mL ether. 

Comments—A potent mineralocorticoid with considerable glu- 
cocorticoid activity. Its uses and side effects are those of mineralocor- 
ticoids (see page 1363), except that when used for replacement therapy 
in adrenal insufficiency it may not always be necessary to use a glu- 
cocorticoid concurrently, although usually hydrocortisone or cortisone 
are administered also. With the doses used for replacement therapy, 
glucocorticoid side effects of the drug alone are mild and infrequent. The 
plasma half-life is about 3.5 hr, and the biological half-life is 18 to 36 hr. 


FLUNISOLIDE 


Pregna-1,4-diene-3,20-dione, (6a,11f,16a)-6-fluoro-11,21-dihydroxy- 
16,17-[(1-methylethylidene)bis(oxy)]-, hemihydrate; Aerobid; 
Nasalide 


(77326-96-6] C.,H;,FO, - YH.O (443.51). 

Preparation—See US Pat 3,124,571. 

Description—White to creamy white crystalline powder melting 
about 245°. 

Solubility—Soluble in acetone; sparingly soluble in chloroform; 
slightly soluble in methanol; practically insoluble in water. 

Comments—A topical glucocorticoid for the treatment of nonin- 
fectious rhinitis and bronchial asthma. It has a high lipid/water- 
distribution coefficient, which favors both absorption into nasal and 
pulmonary tissue and retention at the site of application. By inhalation, 
about 40% is absorbed, which is considerably more than is absorbed of 
beclomethasone. The plasma half-life is about 1.8 hr, so absorbed ste- 
roid is destroyed rapidly enough so that pituitary-adrenocortical sup- 
pression does not occur with recommended doses. Dry mouth, hoarse- 
ness, sore throat, and pharyngeal, laryngeal, or tracheal candidiasis 
sometimes occur after continuous use. Occasional coughing, wheezing, 
and chest tightness are attributable to the vehicle and/or propellant. 


FLUTICASONE PROPIONATE 


Androsta-1,4-diene-17-carbothioic acid, (6a,11f,17a)-6,8-difluoro-11- 
hydroxy-16-methyl-3-oxo-17-(1-oxopropoxy)-, S-fluoromethyl ester; 
Cutivate; Flonase; Flovent 


en 
H CH; 


[80474-14-2] C,.H,,F,0;S (500.57). 

Preparation—US 4,335,121(1981); Neth Appl 8,100,707 (1981) 

Description—White to off-white crystals melting about 272° 
(decomposition). 

Solubility—Practically insoluble in water; freely soluble in DMSO 
or DMF; slightly soluble in ethyl alcohol or methanol. 

Comments—lIt is similar to other potent inhaled corticocosteroids 
that are useful in the maintenance treatment of chronic asthma and 
intranasally to treat allergic rhinitis. About 30% of the inhaled dose is 
absorbed from airways and is systemically available, with an elimina- 
tion half-life of about 14 hr. The most common side effects include oral 
candidiasis and hoarseness. Higher doses of inhaled fluticasone can 
suppress the hypothalamic-pituitary-adrenal axis. 


HYDROCORTISONE 


(11B)-Pregn-4-ene-3,20-dione, 11,17,21-trihydroxy-, Compound F; 
Reichstein’s “Substance M” 


Cortisol [50-23-7] C,,H;,0; (362.47). 

Preparation—The most attractive commercial synthesis involves 
the oxidation of 17a-21-dihydroxypregn-4-ene-3,20-dione, which is 
readily obtainable from diosgenin. Microbiological hydroxylation at the 
11-position is effected on the diacetate of the above compound employ- 
ing organisms of the Rhizopus, Aspergillus, or Streptomyces species. 
Saponification then yields hydrocortisone. 

Description—White to practically white, odorless, crystalline pow- 
der; melts about 215°, with decomposition. 

Solubility—1 g in 40 mL alcohol; very slightly soluble in water or 
ether; slightly soluble in chloroform. 

Comments—the principal natural glucocorticoid in man and thus 
the prototype of all glucocorticoids (for actions, uses, and side effects of 
glucocorticoids, see the introduction to this section). Systemic side ef- 
fects can result from topical application. Allergic bronchospasm after 
use in asthmatics has been reported. The plasma half-life is 1.5 to 3 hr, 
and the biological half-life is 8 to 12 hr. The volume of distribution is 0.3 
to 0.5 L/kg, varying with the dose. 


METHYLPREDNISOLONE 


(6aa,11B)-Pregna-1,4-diene-3,20-dione, 11,17,21-trihydroxy-6- 
methyl-, Medrol; Meprolone 


[83-43-2] C..H3 0; (374.48). 

Preparation—Progesterone (page 1388) is converted to the 6a- 
methyl derivative in the same manner as indicated in the synthesis 
of Medroxyprogesterone Acetate (page 1387). Incubation of the 6a- 
methyl compound with an ascomycete, such as Pestalotia, forms the 
1la-hydroxy derivative, which is oxidized to the 3,11-diketo com- 
pound with chromic acid. Further treatment with ethyl] oxalate fol- 
lowed by bromination, rearrangement with sodium methoxide, and 
debromination with zinc dust gives the methyl ester of the 4,17(20)- 
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diene-21-carboxylate. With pyrrolidine, lithium aluminum hydride 
reduction, and treatment with alkali, the 116,21-dihydroxy-4,17(20)- 
diene is formed, which is converted to the 21-acetate and then 
oxidatively hydroxylated to 6a-methylhydrocortisone acetate. Sa- 
ponification, followed by dehydrogenation with Septomyxa affinis 
gives the 1,4,17(20)-triene, which is again converted to the 21- 
acetate, oxidatively hydroxylated to yield the 17a-hydroxy deriva- 
tive, and saponified to give methylprednisolone. 

Description—White to practically white, odorless, crystalline pow- 
der; melts about 240° with some decomposition. 

Solubility—1 g in 10,000 mL water, 100 mL alcohol, 800 mL 
chloroform, or 800 mL ether. 

Comments—A glucocorticoid with actions, uses, and side effects 
typical of drugs of this class (see the introduction to this section). It 
induces considerably less retention of sodium and water than the par- 
ent prednisolone. Because it possesses only weak mineralocorticoid 
activity, it is not employed in the management of acute adrenal insuf- 
ficiency. The plasma half-life is 3 to 4 hr, and the biological half-life is 
18 to 36 hr. The volume of distribution is 0.7 L/kg. The drug does not 
bind to transcortin. 


PREDNISOLONE 
(11B)-Pregna-1,4-diene-3,20-dione, 11,17,21-trihydroxy-, 


[50-24-8] C,,H,,0,; (360.45); sesquihydrate [52438-85-4] (387.47); anhy- 
drous or contains one and one-half molecules of water of hydration. 

Preparation—From hydrocortisone by a microbiological process 
using Corynebacterium simplex, which selectively dehydrogenates cor- 
tisol at the 1 and 2 positions. 

Description—White to practically white, odorless, crystalline pow- 
der; melts about 235° with some decomposition. 

Solubility—1 g in 30 mL alcohol or 180 mL chloroform; very 
slightly soluble in water. 

Comments—A glucocorticoid with the actions, uses, and side ef- 
fects typical of drugs of this class (see the introduction to this section). 
It is four times as potent as, but relatively somewhat weaker than, 
hydrocortisone as a mineralocorticoid, although sodium retention and 
potassium depletion can occur. The plasma half-life is said to be about 
3 hr, and the biological half-life is 18 to 36 hr. However, the pharma- 
cokinetics are dose-dependent because of nonlinear protein binding. 
With high doses the plasma half-life may approach 1.7 hr. Except for its 
higher solubility, it may be considered equivalent to prednisone; it is 
the biologically active metabolite of Prednisone. 


PREDNISONE 
Pregna-1,4-diene-3,11,20-trione, 17,21-dihydroxy-, 


[53-05-2] C,,H,,0, (358.43). 

Preparation—As described for Prednisolone except that cortisone 
is used instead of hydrocortisone. 

Description—White to practically white, odorless, crystalline pow- 
der; melts about 230°, with some decomposition. 

Solubility—1 g in 150 mL alcohol or 200 mL chloroform; very 
slightly soluble in water. 

Comments—The active form of the drug is its metabolite, pred- 
nisolone. It has three to five times the glucocorticoid activity of hydro- 
cortisone but somewhat less of mineralocorticoid activity, although 
sodium retention and potassium depletion may occur. It cannot be used 
alone for replacement therapy in adrenal insufficiency. It is the glu- 
cocorticoid predominantly used in cancer chemotherapy, always in com- 
bination with other drugs. In pediatrics it is used widely to treat 
nephrosis, rheumatic carditis, leukemias, other tumors, and tuberculo- 
sis. The plasma half-life is 3 to 5 hr, but the biological half-life is 12 to 
36 hr. 
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TRIAMCINOLONE 


(11B,16a@)-Pregna-1,4-diene-3,20-dione, 9-fluoro-11,16,17,21- 
tetrahydroxy-, Aristocort; Kenacort 


({124-94-7] C,,H.,FO, (394.44). 

Preparation—From hydrocortisone acetate via the 3,20-bisketal 
by treatment with thionyl chloride, refluxing with potassium hydroxide 
and acetylation to give 21-acetoxy-4,9,11(16)-pregnatriene-3,20-dione. 
Oxidation with osmium tetroxide to the 16a,17a-dihydroxy derivative 
and subsequent insertion of the 9a-fluoro and 118-hydroxy groups as 
indicated for Betamethasone (page 1367) gives a product lacking only a 
double bond at the 1-position. This latter step is accomplished by 
incubation with Nocardia corallina, followed by saponification of the 
acetate to yield triamcinolone. Alternatively, the compound can be 
made from Flwdrocortisone by enzymatically inserting the 16a-hydroxy] 
group and dehydrogenating as above at the 1,2-position. 

Description—Fine, white or practically white, crystalline powder 
with not more than a slight odor; its polymorphic forms and/or solvates 
melt between 248 and 250°, 260 and 263°, or 269 and 271°. 

Solubility—1 g in about 5000 mL water, 70 mL propylene glycol, 
or less than 20 mL dimethyl sulfoxide; slightly soluble in alcohol or 
chloroform. 

Comments—A glucocorticoid with actions, uses, and side effects 
typical of drugs of this class (see the introduction to this section). It is 
7 to 13 times more potent than hydrocortisone. It has been claimed that 
therapeutic doses of this drug are nearly devoid of mineralocorticoid 
and other side effects of hydrocortisone, but the mineralocorticoid ac- 
tions vary from patient to patient. It appears that the drug may induce 
natriuresis , negative sodium balance with weight loss in most patients 
(along with headache, dizziness, and fatigue), and sodium retention 
with weight gain, moon face, etc in others. Nearly every side effect seen 
with hydrocortisone has been observed with this drug, but the relative 
frequencies are lower; however, it does not increase appetite and thus 
differs from other glucocorticoids. By the oral route, more of it survives 
the first pass through the liver than does hydrocortisone, and blood 
levels are somewhat more predictable. The plasma half-life is about 5 
hr, and the biological half-life is 18 to 36 hr. The volume of distribution 
is 1.4 to 2.1 L/kg, depending upon the dose. 


THE PANCREATIC HORMONES 

LD A I ET RTE 
The larger portion of the pancreas consists of glandular tissue 
that contains acinar cells that secrete digestive enzymes. How- 
ever, there also are isolated groups of pancreatic cells called the 
islet of Langerhans that are composed of four cell types, each of 
which produces a distinct polypeptide hormone: insulin in the 
beta (8) cell, glucagon in the alpha (qa) cell, somatostatin in the 
delta (6) cell, and pancreatic polypeptide in the PP or F cell. 
B cells make up 60-80% of the islet. 

INSULIN— Chemistry—Insulin preparations are available 
from three different species including cow, pig, and human. 
Human insulin now is produced by chemical conversion from 
porcine insulin and by Escherichia coli into which the human 
genes for insulin have been inserted. The recombinant product 
has the same physiological properties as insulin from beef or 
pork but is much less likely to cause allergic reactions and 
refractoriness. Insulin was one of the first proteins obtained in 
crystalline form. Insulin (monomer) is a polypeptide of molec- 
ular weight 6000; it consists of two peptide chains containing 
21 and 30 amino acids, respectively, the two chains being held 
together by disulfide (—S-S—) bonds of cystine. 

In aqueous solution, the insulin monomer polymerizes to 
form macromolecules of molecular weight 12,000 or 36,000, 
depending on pH and concentration. The isoelectric point of 
insulin is 5.3. Preparations of crystalline insulin contain about 
0.5% zine (USP limits: 0.27 to 1.08%), the function of which is 
unknown. 


The physicochemical properties of human, porcine, and bo- 
vine insulins differ slightly because of substitutions in a couple 
of amino acids. Porcine insulin differs from human insulin by 
only one carboxy-terminal amino acid of the B chain, while 
bovine insulin also has two additional alterations of the A 
chain, at positions 8 and 10. 

PHYSIOLOGY AND ACTIONS—Insulin is the hormone 
that facilitates the uptake of glucose into skeletal muscle and 
adipose tissue by increasing the number of glucose transport- 
ers (specifically the GLUT1 and GLUT4 subtypes) that fa- 
cilitate glucose diffusion in these target cells. These glucose 
transporters are a family of glycoproteins encoded by comple- 
mentary DNAs and transported from intracellular vesicles to 
the plasma membrane. Insulin also decreases hepatic gluco- 
neogenesis and increases glycogenesis. When the supply of, or 
response to, insulin is inadequate, a disease known as diabetes 
mellitus occurs. In this disorder, glucose accumulates rapidly 
in the body fluids, and as the blood glucose concentration in- 
creases beyond a certain point it is excreted by the kidneys. 
Diabetic acidosis requires larger doses of insulin than does 
simple hyperglycemia. 

Severe hyperglycemia and ketoacidosis may produce dia- 
betic coma or unconsciousness, which requires much higher 
doses of insulin. Although attention focuses on the intervention 
of insulin in glucose metabolism, it also has independent ac- 
tions to stimulate lipogenesis and promote the synthesis of 
many proteins important for cell growth and differentiation. 
Other actions include the suppression of synthesis of some 
proteins that regulate catabolic states that promote hepatic 
gluconeogenesis. 

Diabetes mellitus is classified as Type 1 diabetes mellitus 
(formerly called insulin-dependent diabetes mellitus, or 
IDDM), Type 2 diabetes mellitus (formerly called non-insulin- 
dependent diabetes mellitus, or NIDDM), or gestational diabe- 
tes (impaired glucose tolerance during pregnancy). Patients 
with diabetes mellitus Type 1 require insulin to prevent ketosis 
and to sustain life. Islet cell antibodies and autoantibodies 
against endogenous insulin commonly occur early in the dis- 
ease. The onset of this type of diabetes occasionally follows 
viral infection. A strong, positive correlation exists between 
IDDM and the presence of HLA antigens DR3 and/or DR4. 

Diabetes mellitus Type 2 has also been referred to as maturity- 
onset diabetes (MOD), adult-onset or ketosis-resistant diabetes, 
or NIDDM. It is further subdivided into nonobese and obese 
types; the latter is more common (incidence, approximately 
80% of Type 2 patients). Although insulin may be necessary to 
control hyperglycemia, patients with Type 2 or NIDDM are not 
prone to ketosis and have either relatively low insulin levels or 
normal-to-high insulin levels associated with peripheral tissue 
resistance to the hormone. With NIDDM, antagonism to insu- 
lin occurs at a postreceptor site. Hepatic glucose output is 
elevated because of insulin insensitivity, and insulin secretion 
in response to appropriate stimuli is impaired. Diet therapy 
and exercise alone or in conjugation with oral hypoglycemic 
agents or insulin are appropriate to treat this form of diabetes. 

When there is an excess of insulin, serious or dangerous 
symptoms from hypoglycemia may result. There may be sweat- 
ing, hunger, incoherence, tachycardia and palpitations, convul- 
sions, coma, and death. Glucose administration relieves the 
symptoms of overdosage, and the diabetic patient often carries 
some source of glucose to alleviate hypoglycemia. Glucagon 
may be administered when hypoglycemia is severe. 

Insulin binds to the a-subunit of the insulin receptors. This 
evokes tyrosine kinase activity in the B-subunit and autophos- 
phorylation of the receptor and also the translocation of glucose 
transporters to the plasma membrane. Phosphatidyl-inositol 
system coupling also occurs; inositol phosphates mediate re- 
cruitment of intracellular calcium, and inositol phosphate gly- 
cans and diacylglycerol mediate the activation of receptor- 
contained threonine and serine kinases and gene transcription. 
Furthermore, phosphodiesterase activity is increased, which 
decreases cAMP, and guanylate cyclase activity is increased. 


Inward potassium and magnesium transports are stimulated. 
Intracellular enzyme activities are altered variously by phos- 
phorylation, dephosphorylation, and changes in protein syn- 
thesis. Overall, protein, lipid, and DNA syntheses are in- 
creased, and cell growth is promoted. Down-regulation of the 
insulin receptors begins within minutes of receptor activation 
and becomes maximal within a few hours. 

Insulin is absorbed rapidly and exerts its maximum action 
within 3 hr. The plasma half-life is only 9 min. In severe 
diabetes, injections must be spaced throughout the day, usually 
being given before meals. During the night, when no insulin is 
available, the blood sugar rises and is usually at its highest 
point before the morning dose. This erratic behavior of the level 
of blood sugar can be controlled more adequately by the use of 
insoluble insulins, which are absorbed more slowly and thus 
can exert a continuous, even action over a period as long as 24 
hr (see below). Several different types of continuous infusion 
pumps for insulin are available that are easy to program for 
pulse injections at times of increased insulin demand. Devices 
for the nasal inhalation of insulin are under investigation but 
none are currently on the market . Insulin is degraded locally, 
so sometimes subcutaneous insulin has a low efficacy. 

The major insulin preparations are summarized in Table 
77-4. The different insulin preparations are categorized accord- 
ing to their onset and duration of action. 

PREPARATIONS— Crystalline Zinc Insulin—By addition 
of appropriate amounts of zinc salts, insulin may be crystal- 
lized. This achieves a superior degree of purification, which is 
of advantage when treating diabetics who demonstrate an al- 
lergic sensitivity to Insulin Injection, the earlier and more 
commonly used, but less highly purified, type. The speed and 
duration of action of the zinc insulins depends on the crystal 
size. The microcrystalline form (regular insulin or crystalline 
zinc insulin) dissolves promptly and hence, by the intramuscu- 
lar route, has an onset of action of 0.5 to 1 hr and duration of 5 
to 7 hr, and duration of action (8 hr) nearly the same as that of 
zinc-free insulin (prompt zinc insulin or semilente insulin; du- 
ration 6 hr), and they may be used interchangeably. 

Zinc insulins of larger crystal size have slow-release prop- 
erties that depend on crystal size. Thus Prompt Insulin Zinc 
Suspension, Insulin Zinc Suspension (Lente), and Extended 
Insulin Zinc Suspension, with durations of action of 14, 24, and 
36 hr, respectively, represent increasing crystal sizes. 

LISPRO (SYNTHETIC INSULIN ANALOG)—This syn- 
thetic human insulin has lysine and proline at positions 28 and 
29 on the B-chain, which is reversed from their natural posi- 
tion. It is produced by recombinant DNA methods using E£ coli. 
The new drug has biological effects similar to those of unmod- 
ified insulin except it is absorbed more rapidly after subcuta- 
neous injection. Lispro is injected immediately before a meal 
(0 to 15 min), so peak serum concentrations are higher than 
with regular insulin and result in a shorter duration of action. 
The onset of action is 15 min, and peak effects are 0.5 to 1.5 hr, 
while the duration of action is only 3 to 4 hr. It may be given in 
the same syringe with longer-acting insulins, but its absorption 


Table 77-4. Insulin Preparations 


PREPARATION ONSET (hr) 
Ultra-short acting 

Insulin lispro 0.25 
Short-acting 

Regular insulin 0.5-1 

Prompt insulin zinc Susp (semilente) 1-1.5 
Intermediate-acting 

Isophane insulin Susp. (NPH) 1-1.5 

Lente lletin 1-2.5 
Long-acting 

Protamine zinc Insulin susp 4-8 


Extended insulin zinc Susp (ultralente) 4-8 
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may be delayed and prolonged by mixing with protamine 
insulin. 

INSOLUBLE INSULINS—Insulin or zinc insulin may be 
combined with globin or protamine to yield complexes of larger 
molecular weight, and the complexes may be mixed in various 
proportions. The isoelectric point of globin zinc insulin, 
isophane insulin, or protamine zinc insulin is near pH 7.3. This 
means that at the pH of body fluids they are very insoluble. 

Crystalline zinc insulin has a higher solubility than the 
protein complexes but goes into solution at a very slow rate. 
Protamine zinc insulin (PZI) is injected as a suspension. It goes 
into solution slowly, and this limits the rate of absorption. It 
has a duration of action of about 36 hr. By the use of protamine 
zinc insulin the number of injections required to control the 
level of blood sugar often can be reduced to one a day. What is 
more important, wide fluctuations in the level of blood sugar 
are less likely to occur. In certain cases combinations of prota- 
mine zinc insulin and regular insulin may be employed. 

The onsets and durations of action, purity, and animal 
sources of the various commercial products vary, even among 
those of supposedly identical constitution. 

PROINSULIN —This is the single-chain protein precursor 
of insulin. The removal of the C-peptide moiety leaves insulin. 
When administered exogenously, its metabolic effects differ 
somewhat from those of insulin in that it mostly suppresses 
hepatic glucose output and has only a slight action to stimulate 
peripheral glucose uptake. Therefore, it has a much lower 
probability of causing severe hypoglycemia. The locus of action 
especially lends itself to the treatment of non-insulin- 
dependent diabetes mellitus. The pharmacokinetics permit 
once-a-day dosage. A recombinant human product is under- 
going clinical trials. 

GLUCAGON (HYPERGLYCEMIC FACTOR; HGF)—In 
addition to insulin, the pancreas also produces a substance that 
exerts an effect on blood sugar opposite to that of insulin. This 
HGF, or glucagon, is produced by the a-cells of the Islets of 
Langerhans. It plays an important role in the physiological 
regulation of blood sugar, and defects in the control of glucagon 
secretion are a factor in certain types of diabetes mellitus. 
Contamination of an insulin preparation by glucagon is mani- 
fested by a transitory increase in blood glucose following insu- 
lin injection. Some insulins, eg, recombinant human insulin 
and the Danish Novo insulins, do not contain this HGF. 

SOMATOSTATIN (GH-RIF)—Somatostatin (see page 
1370) also is produced in the pancreas, where it inhibits release 
of both insulin and glucagon; it is involved in the physiological 
regulation of the secretion of these hormones. In diabetes mel- 
litus, the persistence of glucagon output contributes to hyper- 
glycemia and ketoacidosis; administration of somatostatin im- 
proves the metabolic condition by suppressing glucagon blood 
levels. Unfortunately, the half-life of somatostatin is very 
short, so that longer-lived congeners with separate activities to 
treat diabetes, acromegaly, peptic ulcer, and other disorders 
are being developed. 


PEAK (hr) DURATION (hr) COMPATIBLE MIXTURES 
0.5-1.5 6-8 Ultralente, NPH 

5-8 8-12 All 

5-10 12-16 Lente 

4-12 24 Regular insulin 

7-15 24 Regular insulin, semilente 
14-24 36 Regular insulin 
10-30 >36 Regular insulin, semilente 
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GLUCAGON 
Glucagon (pig) 


H-His - Ser- Glu(NH_)-Gly - Thr - Phe -Thr - Ser - Asp -Tyr- Ser-Lys-Tyr-Leu-Asp-Ser- 
i CaS Aig SiG STUNG UeSim Out) S12iAs eiGu 1Saane) 


Arg - Arg- Ala -Glu(NH>) - Asp - Phe - Val - Glu(NHz) -Trp- Leu- Met -Asp(NHo)- Thr - OH 
17 18 19 20 ei 2o sles 24 25 26 27 28 29 


Glucagon [16941-32-5] C,53Ho».;N4,0495 (3482.78); a polypeptide occur- 
ring in the pancreas glands of domestic mammals used for food by man, 
which has the property of increasing the blood glucose concentration. It 
is employed as the hydrochloride. 

Description—Fine, white or faintly colored, crystalline powder; 
practically odorless and tasteless. 

Solubility—Soluble in dilute alkali or acid solutions; insoluble in 
most organic solvents. 

Comments—Stimulates the hepatic adenylate cyclase system and 
hence promotes the breakdown of liver glycogen. The end result is the 
release of glucose and an elevation of blood glucose. Stimulation of 
adenylate cyclase in the heart causes positive inotropy and in intestinal 
muscle, relaxation. After parenteral injection the glucose response is 
quite prompt. The action lasts but 45 to 90 min. It is used primarily to 
terminate hypoglycemic coma, such as may occur from an overdose of 
insulin. It is dubious that it offers any compelling advantage over 
intravenous dextrose for this purpose, except when it is difficult to give 
an intravenous infusion. Its value in idiopathic hypoglycemia, islet cell 
carcinoma, and glycogen storage disease has not yet been determined 
fully. However, it can be used to diagnose glycogen storage disease and 
to determine pancreatic B-cell secretory reserve; in the latter test, the 
amount of C-peptide that appears in the plasma quantifies the reserve. 
It must be used cautiously in islet cell carcinoma, because it stimulates 
the release of insulin and may cause hypoglycemia. Even in the diabetic 
patient it may cause rebound hypoglycemia, mostly, however, because 
of the persistence of insulin levels from the overdose for which glucagon 
was administered. It is used as an adjunct in hypotonic radiography of 
the GI tract, to relax the smooth muscle. Side effects include dizziness, 
nausea, vomiting, hypotension, and rebound hypoglycemia, especially 
after intravenous administration. Occasional allergy causes dyspnea or 
rash. 


INSULIN INJECTION 


Regular Insulin; Crystalline Zinc Insulin 
A sterile, acidified or neutral solution of insulin. The solution has a 
potency of 40, 80, 100, or 500 USP Insulin Units in each mL. 

Description—When containing in each mL not more than 100 USP 
Units, it is a colorless or almost colorless liquid; that containing 500 
Units may be straw-colored; substantially free from turbidity and from 
insoluble matter; contains from 0.1 to 0.25% (w/v) of either phenol or 
cresol and 1.4 to 1.8% (w/v) of glycerin; pH, determined potentiometri- 
cally, between 2.5 and 3.5 for acidified injection, and 7.0 and 7.8 for 
neutral injection. 

Comments—Regular insulin is a rapid-acting insulin. The time 
interval from a hypodermic injection of regular insulin until its action 
can be demonstrated is 1/2 to 1 hr. The duration of action is relatively 
short but longer than the plasma half-life, which is approximately 9 
min. The duration of action is not linearly proportional to the size of the 
dose, but it is a simple function of the logarithm of the dose; if 1 Unit 
will last 4 hr, 10 Units will last 8 hr. The usual duration is from 8 to 12 
hr after subcutaneous injection, which is ordinarily timed a few minutes 
before the ingestion of food, to avoid an unpleasant reduction of the 
blood-glucose level. 


ISOPHANE INSULIN SUSPENSION 


Isophane Insulin; Isophane Insulin Injection; NPH Insulin; 
NPH Iletin 

A sterile suspension of zinc-insulin crystals and protamine sulfate in 
buffered water for injection, combined in a manner such that the solid 
phase of the suspension consists of crystals composed of insulin, prota- 
mine, and zinc. The protamine sulfate is prepared from the sperm or 
from the mature testes of fish belonging to the genera Oncorhynchus 
Suckley or Salmo Linné (Fam Salmonidae). 

Each mL is prepared from sufficient insulin to provide either 40, 80, 
or 100 USP Insulin Units of insulin activity. 

Description—White suspension of rod-shaped crystals approxi- 
mately 30 um in length and free from large aggregates of crystals 
following moderate agitation; contains either (1) 1.4 to 1.8% (w/v) 
glycerin, 0.15 to 0.17% (w/v) metacresol, and 0.06 to 0.07% 
(w/v) phenol or (2) 1.4 to 1.8% (w/v) glycerin and 0.20 to 0.25% (w/v) 
phenol; contains 0.15 to 0.25% (w/v) dibasic sodium phosphate; con- 
tains also 0.01 to 0.04 mg of zinc and 0.3 to 0.6 mg of protamine for 


each 100 USP Insulin Units;-when examined microscopically, the 
insoluble matter in the suspension is crystalline and contains not 
more than traces of amorphous material; pH between 7.1 and 7.4, 
determined potentiometrically. 

Comments—An insoluble, repository form of insulin. It is an 
intermediate-acting insulin. The action begins in 1 to 1.5 hr, reaches a 
peak in 4 to 12 hr, and lasts 24 hr, except that human isophane insulin 
has a somewhat shorter duration of action. There may be occasional 
hypersensitivity to the protamine. It is never given intravenously. 


INSULIN ZINC SUSPENSION 


A sterile suspension of insulin in buffered water for injection, modified 
by the addition of zinc chloride in a manner such that the solid phase of 
the suspension consists of a mixture of crystalline and amorphous 
insulin in a ratio of approximately 7 parts of crystals to 3 parts of 
amorphous material. Each mL is prepared from sufficient insulin to 
provide either 40, 80, or 100 USP Insulin Units of insulin activity. 

Description—Almost colorless suspension of a mixture of charac- 
teristic crystals predominantly 10 to 40 pm in maximum dimension and 
many particles that have no uniform shape and do not exceed 2 wm in 
maximum dimensions; contains 0.15 to 0.17% (w/v) sodium acetate, 
0.65 to 0.75% (w/v) sodium chloride and 0.09 to 0.11% (w/v) methylpara- 
ben; contains also, for each 100 USP Insulin Units, 0.12 to 0.25 mg 
of zine of which 20 to 65% is in the supernatant liquid; pH between 7.2 
and 7.5. 

Comments—The amorphous zinc insulin component has a dura- 
tion of action of about 6 to 8 hr, and the crystalline zine insulin 
component a duration of longer than 36 hr, owing to the slowness with 
which the larger crystals dissolve. An appropriate dose of the 3:7 mix- 
ture used has an onset of action of 1 to 2.5 hr and an intermediate 
duration of action that is very close to that of isophane insulin suspen- 
sion (24 hr), with which preparation it may be used interchangeably. 
The advantage of zinc insulin is its freedom from foreign proteins, such 
as globin or protamine, to which certain patients are sensitive. It should 
never be given intravenously. 


EXTENDED INSULIN ZINC SUSPENSION 


Ultra-Lente Iletin; Ultralente Insulin/Ultratard 
A sterile suspension of insulin in buffered water for injection, modified 
by the addition of zinc chloride in a manner such that the solid phase of 
the suspension is predominantly crystalline. In its preparation, suffi- 
cient insulin is used to provide either 40, 80, or 100 USP Insulin Units 
for each mL of the suspension. 

Description—Almost colorless suspension of a mixture of charac- 
teristic crystals the maximum dimension of which is predominantly 10 
to 40 wm; contains, for each 100 USP Units of insulin, 0.12 to 0.25 mg 
of zinc (of which 20 to 65% is in the supernatant liquid) and not more 
than 0.70 mg of nitrogen; contains also 0.15 to 0.17% (w/v) sodium 
acetate, 0.65 to 0.75% (w/v) sodium chloride, and 0.09 to 0.11% (w/v) 
methylparaben; pH, between 7.2 and 7.5. 

Comments—The crystals in this form are of sufficient size to have 
a slow rate of dissolution. It is a long-acting insulin with an onset of 
action of 4 to 8 hr, a peak at 10 to 30 hr, and duration usually in excess 
of 36 hr, which is slightly longer than that of Protamine Zinc Insulin. 
Since it is free of protamine and other foreign proteins, the incidence of 
allergic reactions is minimized. 


PROMPT INSULIN ZINC SUSPENSION 


Semi-Lente Iletin; Semitard 
A sterile suspension of insulin in buffered water for injection, modified 
by the addition of zinc chloride in a manner such that the solid phase of 
the suspension is amorphous. In its preparation, sufficient insulin is 
used to provide either 40, 80, or 100 USP Insulin Units for each mL of 
the suspension. 

Description—Almost colorless suspension of particles that have no 
uniform shape and the maximum dimension of which does not exceed 2 
pm; contains, for each 100 USP Units of insulin, 0.12 to 0.25 mg of zine 
(of which 20 to 65% is in the supernatant liquid) and not more than 0.70 
mg of nitrogen; contains also 0.15 to 0.17% (w/v) sodium acetate, 0.65 to 
0.75% (w/v) sodium chloride and 0.09 to 0.11% (w/v) methylparaben; pH 
between 7.2 and 7.5. 

Comments—The zinc insulin in this form is a mixture of amor- 
phous and extremely fine crystalline materials. Consequently, it is a 
rapid-acting insulin with an onset of 1 to 1.5 hr, a peak of 5 to 10 hr, and 
a duration of 12 to 16 hr. Because this form is essentially free of foreign 
proteins, the incidence of allergic reactions is extremely low. 


LISPRO INSULIN 


Human Insulin Analog; Humalog 
Cy57Hag3Ne50775¢ (5808) 


Preparation—A human insulin analog of rDNA origin synthesized 
from a special nonpathogenic strain of E coli, genetically altered by the 
addition of the gene for insulin lispro; Lys(B28),Pro(B29). The amino 
acids at positions 28 and 29 of human insulin have been reversed. 

Description—Dispensed as the zinc modification. 

Comments—A very rapid-acting insulin that can be injected im- 
mediately prior to a meal. It has an onset within 15 min as well as a 
much shorter peak (0.5 to 1.5 hr) and duration (6 to 8 hr) than regular 
insulin injection. 


PROTAMINE ZINC INSULIN SUSPENSION 


Protamine Zinc Insulin; Protamine Zinc Insulin Injection; Protamine 
Zinc and Iletin 

A sterile suspension of insulin in buffered water for injection, modified 
by the addition of zinc chloride and protamine sulfate. The protamine 
sulfate is prepared from the sperm or from the mature testes of fish 
belonging to the genus Oncorhynchus Suckley or Salmo Linné (Fam 
Salmonidae). In the preparation, the amount of insulin used is suffi- 
cient to provide either 40, 80, or 100 USP Insulin Units for each mL of 
the suspension. 

Description—White, or almost white, suspension, free from large 
particles following moderate agitation; must contain from 1.4 to 1.8% 
(w/v) glycerin, and either 0.18 to 0.22% (w/v) cresol or 0.22 to 0.28% 
(w/v) phenol; contains 0.15 to 0.25% (w/v) Na,HPO,,; must contain 0.15 
to 0.25 mg of zinc and from 1 to 1.5 mg of protamine for each 100 USP 
Insulin Units; pH, determined potentiometrically, between 7.1 to 7.4. 

Comments—tThis is a long-acting insulin with an onset of action of 
4 to 8 hr, a peak at 14 to 24 hr, and a duration of about 36 hr. 
Consequently, it need not be given with any definite time relation to 
food intake, and it must not be depended upon when very prompt action 
is needed, as in diabetic acidosis and coma. Because of its prolonged 
action, it need not be given more often than once a day. Low levels 
persist for 3 or 4 days, so the dose should be adjusted at intervals of not 
less than 3 days. It is administered by injection, usually into the loose 
subcutaneous tissue. It must never be given intravenously! 


ORAL HYPOGLYCEMIC 
AND HYPERGLYCEMIC DRUGS 


SR a IO HT VLD TPT 
The sulfonylurea hypoglycemic agents are sulfonamide deriv- 
atives but do not possess antibacterial activity. These agents 
are now divided into first-generation drugs (acetohexamide, 
chlorpropamide, tolazamide, and tolbutamide) and a more po- 
tent group of second-generation drugs (glipizide, glyburide, and 
glimepiride). The sulfonylureas lower blood glucose by stimu- 
lating insulin release from cells in the pancreatic islets and 
have proved to be efficacious only in Type 2 diabetes mellitus 
(formerly called non-insulin-dependent diabetes mellitus or 
NIDDM). The effects of sulfonylureas are initiated by binding 
to and blocking an ATP-sensitive potassium channel, which 
causes membrane depolarization and opens a voltage-gated 
calcium channel and results in calcium influx and the release of 
preformed insulin. Some functional B cells must be present for 
an effect on blood glucose. In addition, hepatic glucogenesis is 
decreased, and also the number of insulin receptors per cell 
appears to be increased by certain agents. During chronic 
treatment tolerance may occur (except with glipizide), so that 
neither insulin nor glucose blood levels may be much affected. 

In 1970 the results of an 8-year collaborative study involv- 
ing 823 patients among a number of university medical centers 
were reported (University Group Diabetes Program, UGDP). 
The findings were that life expectancy with diet, plus tolbut- 
amide or phenformin, was no greater than with diet alone, thus 
raising serious doubts about the advisability of using oral hy- 
poglycemic agents at all. Furthermore, cardiovascular compli- 
cations appeared to be higher when these drugs were used than 
in their absence, although the findings were by no means 
conclusive. Consequently, the decision to use oral hypoglycemic 
drugs must involve an explanation of the potential risks and 
advantages of these drugs and of alternative modes of therapy. 
The usual advice is that the use of oral hypoglycemics should be 
limited to the management of non-insulin-dependent diabetes 
that does not respond to diet and in which the patient will 


HORMONES AND HORMONE ANTAGONISTS 1373 


not or can not tolerate insulin. Glipizide has been shown to 
reverse the thickening of the vascular basement membrane in 
diabetics. 

Oral hypoglycemic drugs interact with over 50 different 
drugs. A list can be found in Drug Facts and Comparisons. 

NONSULFONYLUREA DRUGS USED FOR TYPE 2 
DIABETES—An orally active inhibitor of a-glucosidase, acar- 
bose, can be taken at the beginning of a meal to interfere with 
the hydrolysis of dietary disaccharides and complex carbohy- 
drates and delay absorption of glucose and other monosaccha- 
rides. Acarbose is a complex oligosaccharide of microbial origin 
that has a high affinity for pancreatic amylase and the a- 
glucosidases on the brush border of intestinal cells. This drug 
can be helpful in combination with appropriate diet therapy or 
in addition to other drugs that lower postprandial plasma 
glucose concentrations in patients with diabetes mellitus. How- 
ever, GI adverse effects are often troublesome, especially flat- 
ulence, cramps, abdominal distention, and diarrhea. In addi- 
tion, some patients have experienced hepatic toxicity. 

Repaglinide is a new oral glucose-lowering agent, although 
structurally different from sulfonylureas, it also binds to ATP- 
sensitive potassium channels on pancreatic 6 cells and in- 
creases insulin secretion. It is a short-acting hypoglycemic 
agent that has an effect on glycemic control and a low incidence 
of serious cardiovascular effects reported in studies to be sim- 
ilar to those of the second-generation sulfonylureas glyburide 
and glipizide. 

Metformin is new generation biguanide with actions similar 
to those of an earlier analog, phenformin, which was with- 
drawn because of severe episodes of lactic acidosis. Its action 
involves increased peripheral tissue utilization of glucose and 
decreased hepatic glucose production. It rarely causes lactic 
acidosis, even in patients with renal impairment. 

Troglitazone is the first of a new class of thizolidinedione 
derivatives (glitazones) for oral treatment of Type 2 diabetes. 
The mechanism of action is associated with a decrease in 
insulin resistance at target tissues that is mediated by its 
binding to nuclear peroxisome proliferator—activated receptors 
(PPARs) that are involved in transcription of insulin- 
responsive genes and in regulation of adipocyte differentiation 
and lipid metabolism. In the presence of insulin (endogenous or 
exogenous), troglitazone decreases gluconeogenesis, glucose 
output, and triglyceride synthesis in the liver; increases glu- 
cose uptake and utilization in skeletal muscle; and increases 
glucose uptake and decreases fatty acid output in adipose tis- 
sue. It has no known effect on insulin secretion. Mild reversible 
increases in aminotransferase have occurred in 1 to 2% of 
patients. The main groups of oral hypoglycemic drugs are de- 
scribed in Table 77-5. 


ACARBOSE 
Glucose, O-4,6-dideoxy-4-[[[15-(10,4a,5B,6a)]-4,5,6-trihydroxy-3- 


(hydroxymethy!)-2-cyclohexen-1-yl]amino]-a-p-glucopyranosyl- 
(1—4)-O-a-p-glucopyranosyl-(1—4)-, Precose 


CHO 
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[56180-94-0] C,,;H,,;NO,,(645.61). 

Preparation—An oligosaccharide obtained through fermentation 
processes involving Actinoplanes utahensis. US 4,062,950(1975); Car- 
bohydrate Res 1989; 189:309. 

Description—Amorphous powder. 

Solubility—Soluble in water; pK, is 5.1. 

Comments—An oral a-glucosidase inhibitor that is used in the 
management of Type 2 diabetes mellitus. It is a complex oligosaccharide 
that delays digestion of ingested carbohydrates, thereby resulting in 
a smaller rise in blood glucose concentration following meals. It does 
not enhance insulin secretion, and its antihyperglycemic action is me- 
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Table 77-5. Oral Hypoglycemic Agents 


DRUG COMMENTS 


First-generation sulfonylureas 
Tolbutamide 
Tolazamide 
Acetohexamide 
Chlorpropamide 
Second-generation sulfonylureas 
Glyburide 
Glipizide 
Glimepiride 
Biguanides 
Metformin 
Meglitinides 
Repaglinide 
Thiazolidinediones (Glitazones) 
Troglitazone 
Rosiglitazone 
Pioglitazone 


Short acting (6-12 hr) 


Similar to troglitazone 
Similar to troglitazone 


Similar to tolbutamide; intermediate acting (10-14 hr); has active metabolites 

Similar to tolbutamide; intermediate acting (12-24 hr); has active metabolite 

Long acting (up to 60 hr); ADH-like action, more serious toxicities 

More potent than first-generation drugs; effects persist for 24 hr 

Shorter half-life (2-4 hr); available as extended-release preparation 

Similar to glyburide and glipizide; more potent; longer half-life (5 hr) 

Actions do not involve stimulation of insulin secretion, some Gl effects; rarely lactic acidosis 
Similar in action to sulfonylureas; short acting (half-life = 1 hr) 


Decreases insulin resistance by effects on target organs 


diated by a competitive, reversible inhibition of pancreatic a-amylase 
membrane-bound intestinal a-glucosidase hydrolase enzymes. Acar- 
bose is metabolized exclusively within the GI tract, principally by 
intestinal bacteria but also by digestive enzymes. The small fraction of 
active drug that is absorbed is excreted completely by the kidneys. 
The most commonly observed side effects are mild-to-moderate GI 
effects such as flatulence (77%), diarrhea (33%), and abdominal discom- 
fort (21%) that generally diminish in frequency and intensity with time. 


CHLORPROPAMIDE 


Benzenesulfonamide, 4-chloro-N-[(propylamino)carbonyl]-, 
Diabinese 
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1-[(p-Chlorophenyl)sulfonyl]-3-propylurea [94-20-2] 
C,oH,3,C1-N,0.S (276.74). 

Preparation—p-Chlorobenzenesulfonamide undergoes addition to 
propyl isocyanate by warming a solution of equimolar quantities of the 
two reactants. 

Description—White, crystalline powder, with a slight odor; melts 
between 125° and 129°. 

Solubility—Practically insoluble in water; soluble in alcohol; spar- 
ingly soluble in chloroform. 

Comments—An oral hypoglycemic agent with actions and uses 
essentially the same as those of Tolbutamide. As with tolbutamide, its 
use is limited to patients with stable, mild to moderately severe diabe- 
tes mellitus who still have some residual pancreatic B-cell function. 
Refractoriness sometimes develops. Elimination is about 80% hepatic. 
The half-life (25 to 60 hr) and duration of action (about 24 to 48 hr) are 
much longer than those of tolbutamide. The side effects are of the same 
type as with tolbutamide but have a somewhat higher incidence, 
namely, about 6%, half of which are cutaneous. It increases the endog- 
enous release of vasopressin (ADH) and thus causes water retention 
with resultant hyponatremia and hypo-osmolality. This action is used 
in the treatment of central diabetes insipidus. Patients under treat- 
ment with this drug have a disulfiram-like intolerance to alcohol. It is 
contraindicated in the presence of renal glycosuria because of the pos- 
sibility of fatal hypoglycemia. 


GLIPIZIDE 


Pyrazinecarboxamide, N-[2-[4-[[[(cyclohexyl- 
amino)carbonylJamino]sulfonyl]phenylJethyl]-5-methyl-, Glucotrol 


Olan {C)-sounnecont 
H,c~ ~N CO 


[29094-61-9] C,,H,,N-O,S (445.54). 

Preparation—By the condensation of 4-(2-(5-methyl-2-pyrazine- 
carboxamido)ethyl]benzenesulfonamide and cyclohexyl isocyanate; 
Arzneimittel-Forsch 1971; 21:200. 

Description—White, odorless powder; pK,, 5.9; melts about 205°. 


Solubility—Insoluble in water or polar solvents; freely soluble in 
dimethylformamide or fixed alkalies. 

Comments—A sulfonylurea used to treat Type 2 diabetes mellitus 
that is 100 times more potent than tolbutamide in evoking pancreatic 
secretion of insulin. It differs from other oral hypoglycemic drugs in 
that tolerance to this action apparently does not occur. It also up- 
regulates insulin receptors in the periphery, which seems to be the 
primary action. It is thought not to have a direct effect on glucagon 
secretion. It is mildly diuretic. It has a special status in the treatment 
of non-insulin-dependent diabetes mellitus because it is effective in 
many patients who are resistant to all other oral hypoglycemic drugs. It 
differs from other oral hypoglycemic drugs in that it is more effective 
during eating than during fasting. 

Adverse effects have been reported to occur in as few as 3% and as 
many as 12%. GI effects, such as nausea, heartburn, diarrhea, consti- 
pation, vomiting, and colic, are the most common and occur with a 
frequency of 1.7 to 3.7%. Rashes occur in 0.5 to 1.5%. Mild headache, 
drowsiness, asthenia, and dizziness occasionally occur. Minor episodes 
of hypoglycemia can occur. 

Peroral absorption is almost complete. It is rapid (about 30 min) if 
the stomach is empty, but 1.2 to 3.5 hr is required in the presence of 
food. 

About 98% is bound to plasma albumin by nonionic forces. The 
volume of distribution is about 0.16 L/kg. About 90% is metabolized in 
the liver to several inactive metabolites. The half-life is about 2 to 4 hr. 
The duration of action is 10 to 16 hr. 


GLYBURIDE 


Benzamide, 5-chloro-N-[2-[4-[[[(cyclohexyl- 
amino)carbonyl]amino]sulfonyl]phenyl]Jethyl]-2-methoxy-, DiaBeta; 
Glynase Pres Tab; Micronase 


Oriowes 04 {Ose wrcon{ 
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Glybenclamide [10238-21-8] C,,H,,CIN.S (494.00). 

Preparation—See Arzneimittel-Forsch 1966; 
66:65289h. 

Description—White to off-white crystalline powder; melts about 
170°; pK, 5.3. 

Solubility—Sparingly soluble in water or ether; 1 g dissolves in 330 
mL of alcohol or 36 mL of chloroform. 

Comments—A sulfonylurea hypoglycemic drug used for Type 2 
diabetes mellitus. It is 200 times as potent as tolbutamide in evoking 
the release of insulin from the pancreatic islets. It is more effective in 
suppressing fasting than postprandial hyperglycemia. Like glipizide, it 
is mildly diuretic. 

The incidence of adverse effects is reported to be 3.6%. GI side 
effects, such as nausea, anorexia, vomiting, heartburn, diarrhea, con- 
stipation, and abdominal pain, occur with a frequency of about 
2%. Pruritus and rashes may occur. Cholestatic jaundice and eosino- 
philia have been reported. Transient leukopenia sometimes occurs. A 
disulfiram-like reaction to alcohol may occur. Hypoglycemic episodes 
sometimes are prolonged and severe, and deaths have resulted. 


16:640; CA 


About 90% of oral drug is absorbed from an empty stomach. The 
absorption time is 1.5 to 2 hr. Food decreases absorption, some fibers 
decreasing it by as much as 50%. About 97% is bound to plasma 
albumin as a weak-acid anion and, hence, is susceptible to displacement 
by many weak acid drugs. Elimination is by hepatic metabolism. The 
half-life is 1.5 to 5 hr. The duration of action is 24 hr. The micronized 
tablets are not strictly bioequivalent to nonmicronized tablets in their 
onset of action or half-life. 


METFORMIN HYDROCHLORIDE 


Imidodicarbonimidic diamide, N,N-dimethyl-, monohydrochloride; 
Glucophage; Metiguanide 


NH NH 
Nil 
(CH3),NCNHCNH, * HC! 


[657-24-9] C,H,,N;.HC1(165.67). 

Preparation—By the reaction of dimethylamine hydrochloride 
with dicyandiamide to yield the base; J Am Chem Soc 1959; 81: 2220, 
3728. 

Description—White crystals melting about 230° 

Solubility—Soluble in water or alcohol; practically insoluble in 
ether or chloroform. 

Comments—An oral antihyperglycemic drug used in the manage- 
ment of Type 2 diabetes mellitus. It may be used as monotherapy or as 
an adjunct to diet or a sulfonylurea to lower blood glucose levels. It 
improves glucose tolerance by lowering both basal and postprandial 
glucose. Its mechanism of action is distinct from that of sulfonylureas 
and does not result in hypoglycemia. It decreases hepatic glucose pro- 
duction, decreases intestinal absorption of glucose, and improves insu- 
lin sensitivity by increasing peripheral glucose uptake and utilization. 
Oral bioavailability under fasting conditions is 50 to 60%, and food 
decreases the extent of absorption. The drug is excreted unchanged in 
the urine and does not undergo hepatic metabolism. 

Adverse effects are primarily GI symptoms such as diarrhea, nau- 
sea, vomiting, abdominal bloating, flatulence, and anorexia. A rare but 
serious toxicity that can occur with metformin is lactic acidosis. 


REPAGLINIDE 


p-Toluic acid, (+)-2-ethoxy-a-[[(S)-a-isobutyl-o-piperidino- 
benzyl]carbamoyl]-, Prandin 


CH 
uO Nei COOH 
fet 
Sy eas, 
CL N CHS O—CH,—CH, 


[135062-02-1] C,,H;,N.0, (452.59). 

Preparation—See Int Pat Appl WO 93 00,337 (1998). 

Description—White powder melting about 129°. 

Comments—An oral hypoglycemic agent that is a meglitinide (the 
nonsulfonylurea moiety of glyburide) that is used in the management of 
Type 2 diabetes mellitus. It acts by stimulating insulin secretion by 
binding to and inhibiting the ATP-dependent potassium channels in the 
B-cell membrane, resulting in an opening of calcium channels. It is 
absorbed rapidly and completely from the GI tract and is completely 
metabolized in the liver by oxidative biotransformation and direct gluc- 
uronidation. It has a short half-life in the bloodstream of 1 hr. The 
hepatic cytochrome P-450 system 3A4 is involved in the metabolism of 
repaglinide, which may be inhibited by some drugs including ketocon- 
azole, miconazole, and erythromycin. 

The most common adverse effect is hypoglycemia. The incidence of 
serious cardiovascular events (3 to 4%) is similar to that with glyburide 
and glipizide in comparative trials. 


TOLBUTAMIDE 


Benzenesulfonamide, N-[(butylamino)carbonyl]-4-methyl-, Orinase 


on-{C))-s0.- NHCONH(CH,)3 CH 


1-Butyl-3-(p-tolylsulfonyl)urea [64-77-7] C,,H,,N,0.S (270.35). 
Preparation—Toluene is treated with chlorosulfonic acid and the 
resulting p-toluenesulfony! chloride is converted into p-toluenesulfon- 
amide by interaction with ammonia. Condensation of the sulfonamide 
with ethyl chloroformate in the presence of pyridine or another suitable 
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basic catalyst produces ethyl N-p-toluenesulfonylcarbamate. Aminoly- 
sis with butylamine in ethylene glycol monomethyl ether solutions 
yields tolbutamide. 

Description—White, or practically white, crystalline powder; 
slightly bitter and practically odorless; melting range is 126 to 132°. 

Solubility—Practically insoluble in water, soluble in alcohol or 
chloroform. 

Comments—An oral hypoglycemic drug. It is useful in the treat- 
ment of selected cases of non-insulin-dependent diabetes mellitus. To 
respond, patients must have some remaining functional islet B-cells 
that can be stimulated by the drug. Patients who require more than 40 
Units of insulin/day generally will not respond to this drug. In diabetic 
patients the peak effect is reached in 5 to 8 hr. The duration of action is 
usually 6 to 12 hr (average plasma half-life, 5.6 hr but longer in elderly 
patients; dose-dependent kinetics occur with high doses), so that two 
daily doses are required in most patients. The hypoglycemia induced by 
even high doses of the drug is generally not as severe as can be induced 
by insulin; hence, the incidence of acute hypoglycemic reactions is lower 
with tolbutamide; however, severe, refractory hypoglycemia sometimes 
does occur. Refractoriness to it sometimes develops. 

Toxic effects include diarrhea, nausea, vomiting, abdominal cramps, 
weakness, headache, tinnitus, paresthesias, allergic reactions (pruri- 
tus, erythema multiforme, maculopapular rash, all usually transient), 
photosensitivity, and alcohol intolerance. Water retention and hypona- 
tremia may result from enhancement of ADH (vasopressin) release. 
Cholestatic jaundice may occur (rarely), and the drug is contraindicated 
in the presence of liver damage. Rare leukopenia, thrombocytopenia, 
pancytopenia, and agranulocytosis occur. Hypoglycemic reactions are 
rare. It is contraindicated in nondiabetic patients with renal glycosuria 
and liver disease. 

The sulfonylureas interact with a number of drugs. The following 
substances increase the hypoglycemic activity of sulfonylureas: dicum- 
arol, phenylbutazone, oxyphenbutazone, several sulfonamides, chlor- 
amphenicol, large doses of salicylates, monoamine oxidase inhibitors 
(MAOIs), clofibrate, anabolic steroids, fenfluramine, guanethidine, 
B-adrenoreceptor-blocking drugs, and alcohol. 


TROGLITAZONE 


2,4-Thiazolidinedione, (+)-5-[[4-[3,4-dihydro-6-hydroxy-2,5,7,8-tetra- 
methyl-2H-1-benzopyran-2-yl)methoxy]phenyl]methyl]-, Rezulin 


ENe=0 
a ie 


CHy of 


(97322-87-7] C.,H,,NO.S (441.55). 

Preparation—See US 4,572,912 (1985). 

Description—White to yellowish with faint characteristic odor, 
melting about 185°. 

Solubility—Soluble in DMF, anhydrous ethanol, acetonitrile, or 
ether; practically insoluble in water. 

Comments—An oral drug that improves the responsiveness to 
insulin, when patients with Type 2 diabetes mellitus have problems of 
insulin resistance, by a unique mechanism of action compared with 
those of other drugs available. It is currently only approved for use 
with insulin. The drug decreases blood glucose in diabetic patients 
with hyperglycemia by improving target organ response to insulin. In 
the presence of exogenous or endogenous insulin, the drug decreases 
hepatic glucose output, increases insulin-dependent glucose uptake and 
use by skeletal muscle, and increases glucose uptake and decreases 
fatty acid output in adipose tissue. Troglitazone binds to nuclear recep- 
tors called peroxisome proliferator-activated receptors (PPARs) that 
regulate transcription of a number of insulin-responsive genes critical 
to glucose and lipid metabolism. It is not an insulin secretagogue. 

It is absorbed rapidly upon oral administration, and food increases 
the extent of absorption by 30 to 80%; therefore, it is taken with meals 
to enhance systemic availability. The drug is highly bound (>99%) to 
serum albumin. It is metabolized in the liver to several inactive com- 
pounds including a sulfate conjugate, the major metabolite, and pri- 
marily eliminated in the feces. The hepatic cytochrome P-450 that is 
involved in metabolism is CYP3A4, so drug interactions can be expected 
when used in combination with drugs such as oral contraceptives, 
terfenadine, and others that are metabolized by the same enzyme. 

The incidence of side effects is relatively low, including headache 
and respiratory infections. It is important to monitor liver function by 
measuring increases in serum levels of aminotransferases that occur in 
1 to 2% of patients. In addition, serious hepatotoxicity may occur in rare 


1376 CHAPTER 77 


cases and fatalities have resulted (withdrawn from the market in March 
2000). 


THE PARATHYROID HORMONE 
AND CALCITONIN 


Se SIRT EIN 
Spontaneous atrophy or injury (as at thyroidectomy) of the 
parathyroid glands is followed by a decrease in the concentra- 
tion of serum calcium and an increase in serum phosphorus. 
These changes can be reversed by the parenteral administra- 
tion of suitably prepared extracts of the parathyroids of domes- 
tic animals. The active principle of the parathyroid gland is a 
protein of molecular weight 9500. Active amino-terminal and 
carboxyl-terminal fragments of lower molecular weight (3800 
and 6900, respectively) are found in plasma. These products 
possess 1/4 to 1/2 the specific calcium-mobilizing activity of 
parathormone (PTH). 

Various cancers produce an active peptide homologous to 
the amino end of PTH, which is called parathyroid hormone— 
like peptide (PTH-LH) and causes hypercalcemia, bone de- 
struction, and pain. PTH-LH also is found in lactating mam- 
mary tissue and plays a role in the mobilization of calcium to 
milk. 

Secretion of PTH is stimulated by a fall in the free Ca* 
concentration of the plasma. The hormone then acts to restore 
Ca?* concentration by (1) increasing reabsorption of calcium 
and the excretion of phosphate and decreasing the absorption 
of bicarbonate by the kidney; (2) increasing resorption of bone, 
with release of Ca**; and (3) increasing absorption of calcium 
and phosphate from the GI tract. The GI effects are mediated 
by 1la,25-dihydroxycholecalciferol (calcitriol), a metabolite of 
vitamin D. that may be considered a hormone; PTH is a tro- 
phin for renal synthesis of calcitriol. The metabolite also pro- 
motes the action of vitamin D, on bone. Vitamin D, (calciferol) 
and dihydrotachysterol can simulate the hypercalcemic effect 
of PTH; these compounds, moreover, are active orally. Over- 
dosage with any of these compounds can lead to dangerously 
high calcium concentrations in the blood, with attendant com- 
plications, such as calcification of kidneys and blood vessels. 

The thyroid gland produces a hormone, thyrocalcitonin, that 
reduces serum calcium concentration. A small amount of cal- 
citonin also is produced in the parathyroid gland as well as the 
thymus, but the main source is the thyroid gland. The biolog- 
ical function of calcitonin is to prevent excessive hypercalcemia 
from parathyroid hormone activity. It has an effect to decrease 
osteoclastic activity, thus inhibiting the movement of bone salts 
from bone to the blood. It decreases the renal tubular secretion 
of calcium and probably inhibits calcium pumping in many 
types of cells. It also increases renal excretion of phosphate. It 
has very little effect on the absorption of calcium from the 
intestine. It plays a role in the homeostasis of blood calcium. 
When plasma calcium levels are elevated, thyrocalcitonin is 
released in increased quantities. Thus it tends to oppose para- 
thyroid hormone but at different cell targets. The molecular 
weight of monomeric thyrocalcitonin is 3500. It is a polypeptide 
of 32 amino acid units. Despite only a 50% homology between 
human and salmon calcitonins, their biochemical actions are 
the same. However, salmon calcitonin is allergenic. 


CALCITONIN 


Calcitonin (Human); Cibacalcin; Calcitonin; Calcimar; Miacalcin 


pon hee) 
Cys -Ser-Asn-Leu-Ser- Thr -Cys -Val-Leu-Gly-Lys-Leu-Ser-Gln-Glu - Leu-His - 
ES ie hy oem ee ne ie cle ee | aie 


Lys-Leu-Gln-Thr-Tyr - Pro - Arg - Thr -Asn-Thr -Gly-Ser -Gly-Thr-Pro—NH> 
#8) 1191 (20,21) 22) :23: (24: 125 26, 27/8 26. 29. 30 31) 32 


[47931-85-1] C, 45H, 904,55 (8481.88). 
A polypeptide hormone secreted by the parafollicular cells of the 
thyroid gland in mammals and by the ultimobranchial gland of birds 


and fish, isolated from various of these sources, all apparently contain- 
ing 32 amino acid residues but differing in the linear sequence. Human 


and salmon calcitonin differ at 18 positions. Both human and salmon 
calcitonins are available as synthetic products. The source of the prod- 
uct is indicated in the labeling. 

Description—White, fluffy powder; lyophilized. 

Solubility—Very soluble in water; slightly soluble in alcohol; insol- 
uble in chloroform or ether. 

Comments—Does not have much effect on normal plasma calcium, 
and patients with calcitonin-producing tumors of the thyroid medulla 
often do not manifest disturbances of calcium metabolism. It appears to 
act only in hypercalcemia, such as that caused by hyperparathyroidism, 
various carcinomas, and multiple myeloma. It normalizes plasma cal- 
cium and causes a favorable change in bone structure in Paget’s dis- 
ease; 3 to 12 months of treatment may be required to restore plasma 
electrolyte, alkaline phosphatase, and hydroxyproline to normal. Hu- 
man calcitonin is less potent than salmon calcitonin because it is more 
rapidly degraded. Used alone against osteoporosis the hormone has a 
variable effect that may be related to the formation of antibodies. In 
combination with calcitriol and calcium it may be effective against 
senile and postmenopausal osteoporosis. 

Side effects are mild nausea, vomiting, diarrhea, facial flushing, and 
malaise. Rashes may occur with salmon calcitonin. Inflammation and 
pain at the injection site sometimes occur. Diuresis at the onset of 
treatment often occurs. 

The half-life of human calcitonin is about 1 hr; that of salmon 
calcitonin is considerably longer, but the exact figure is unknown. The 
duration of action is 6 to 8 hr. 


AGENTS AFFECTING 
BONE MINERALIZATION 


The two hormones that serve as the principal regulators of 
calcium and phosphate homeostasis in bone and the extracel- 
lular fluid are PTH and vitamin D, which acts as a prohormone 
because it must be metabolized to the biologically active calcif- 
erol and calcitriol. Other hormones that are considered second- 
ary regulators include calcitonin, prolactin, growth hormone, 
insulin, thyroid hormone, and sex hormones. However, the 
most important agents used therapeutically are calcitonin, glu- 
cocorticoids, estrogen, and the bisphosphonates (nonhormonal 
analogs of pyrophosphate). Bone undergoes a continuous re- 
modeling process involving resorption and formation, so alter- 
ations in the balance of controlling factors can lead to increased 
resorption, resulting in osteoporosis. 

The principal effects of calcitonin are to lower serum cal- 
cium by effects on bone and kidney. Calcitonin inhibits osteo- 
clastic bone resorption and reduces renal reabsorption of 
calcium and phosphate plus other ions, namely sodium, potas- 
sium, and magnesium. Prolonged use of glucocorticoids inhibit 
collagen synthesis in bone and antagonize vitamin D actions on 
intestinal calcium absorption and renal excretion; the result is 
an increased incidence of osteoporosis in adults and stunted 
growth in children. Estrogens can prevent accelerated bone 
loss during the immediate postmenopausal period and tran- 
siently increase bone in these patients. Estrogen receptors are 
present in bone and have some direct effects on bone remodel- 
ing that involves the osteoclasts that resorb bone and osteo- 
blasts that are responsible for bone formation but are influ- 
enced by osteoclasts. 

Treatment of postmenopausal osteoporosis is an important 
area of new drug development because estrogen replacement 
therapy is associated with increased cardiovascular problems 
as well as the potential increased risk of endometrial and 
breast cancer in some patients. Parenteral salmon calcitonin 
causes nausea, flushing, and formation of antibodies that may 
lead to resistance to the drug. A potential improvement is the 
availability of salmon calcitonin as a nasal spray that has little 
toxicity other than nasal irritation, but it appears to be less 
potent than the bisphosphonates. 

New-drug developments include the selective estrogen- 
receptor modulators (SERMs) such as raloxifene plus new- 
generation bisphosphonates (alendronate) and slow-release 
formations of fluoride. Raloxifene represents a new class of 


synthetic estrogen analogs that have selectivity for the signal 
transduction that occurs at estrogen receptors; raloxifene has 
an agonist effect on bone and an antagonist effect on both the 
breast and the uterus. Alendronate has improved efficacy over 
etidronate for increasing bone mass and decreasing bone frac- 
tures in patients with osteoporosis. Unlike bisphosphonates 
and calcitonin, which decrease bone resorption, sodium fluoride 
stimulates osteoblast proliferation and increases bone forma- 
tion. However, too much fluoride can increase bone fragility. 
Slow-release sodium fluoride has been successful in maintain- 
ing serum fluoride concentrations in the therapeutic range 
associated with increased formation of normal bone, and clin- 
ical trials have demonstrated increased bone mass in women 
with severe postmenopausal osteoporosis. Plain sodium fluo- 
ride can cause moderately serious GI effects, including bleed- 
ing, but the slow-release form has only minor GI toxicity. 

BISPHOSPHONATES—This group of agents are analogs 
of pyrophosphate in which the P-O-P bond is replaced by a 
nonhydrolyzable P-C-P bond. The bisphosphonates have the 
ability to retard formation and dissolution of hydroxyapatite 
crystals within bone and other sites, although the exact mech- 
anism by which they selectively inhibit bone resorption is un- 
clear. The first bisphosphonate available for clinical use was 
etidronate, but several new analogs are now available includ- 
ing pamidronate, alendronate, tiludronate, and risedronate. 
The limitations of etidronate include the lack of efficacy in 
increasing bone mass and reducing fractures in patients with 
osteoporosis for more than 2 years, plus it has potential toxicity 
of a mineralization defect called osteomalacia with higher 
doses. Alendronate is absorbed poorly and must be given on an 
empty stomach but has a greater efficacy in increasing bone 
density and reducing fractures over at least 5 years of contin- 
uous therapy. Pamidronate can cause an acute flulike illness 
and must be given by the intravenous route because it causes 
gastric irritation. The bisphosphonates are useful in treating 
hypercalcemia associated with malignancy, osteoporosis, and 
syndromes of ectopic calcification. They also are used to man- 
age Paget’s disease, which is a localized disease characterized 
by uncontrolled osteoclastic bone resorption with secondary 
increases in bone formation. Tiludronate and risedronate are 
available for oral treatment of Paget’s disease. A summary of 
the comparative features of bisphosphonates is included in 
Table 77-6. 

Other agents used to treat hypercalcemia include gallium 
nitrate and plicamycin, which have toxicity problems. Gallium 
nitrate inhibits bone resorption but has potential nephrotox- 
icity. Therapy with plicamycin is associated with sudden 
thrombocytopenia followed by hemorrhage as well as hepatic 
and renal toxicity. Chronic hypercalcemia of sarcoidosis, vita- 
min D intoxication, and certain cancers may be treated with 
glucocorticoids. 


Table 77-6. Major Features of Bisphosphonates 
BISPHOSPHONATES 


COMMENTS 


Etidronate Less potent inhibitor of bone resorption; 
causes mineralization defects 

Only IV administration; causes acute flulike 
illness 

Useful in treatment of osteoporosis; may cause 
esophageal ulcers 

Similar to etidronate but does not cause 
mineralization defects 

More potent inhibitor than etidronate of bone 
resorption; may cause flulike syndrome and 
arthralgia 


Pamidronate 
Alendronate 
Tiludronate 


Risedronate 
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ALENDRONATE SODIUM 


Phosphonic acid, (4-amino-1-hydroxybutylidene)bis-, monosodium 
salt, trihydrate; Fosfamax; Onclast 


[121268-17-5] C,H,,.NNaO,P,.3H,O (325.12). 

Preparation—Orthophosphorous acid is heated with 4-aminobu- 
tyric acid in an atmosphere of nitrogen and phosphorous trichloride is 
added to the melt. Finally, water is added, the solution is decolor- 
ized with charcoal, and diluted with methanol to precipitate the free 
acid which is treated with one equivalent of sodium hydroxide. US 
4,705,651 (1987). 

Description—(Acid) White crystalline, nonhygroscopic powder 
melting about 234° (decomposition). pK, 2.27; pK, 8.73; pK, 10.5; pK, 
11.6 (in 0.1M KC)). 

Solubility—(salt) Very soluble in water. 

Comments—the first oral bisphophonate to be approved for the 
treatment and prevention of osteoporosis in postmenopausal women. It 
is more potent than etidronate and also is used to treat Paget’s disease. 
Alendronate is a highly selective inhibitor of bone resorption (100 to 
500X more potent), while etidronate has the disadvantage of second- 
arily reducing bone formation that is coupled to resorption. The drug 
should be taken at least 30 min before food, beverage, or other medi- 
cation. The mean oral bioavailability is 0.7%, which can be decreased by 
food. It is not metabolized and is eliminated from the systemic circula- 
tion by renal excretion. Several GI adverse effects may occur that 
include flatulence, acid regurgitation, dysphagia, and gastritis. Other 
effects include headache, musculoskeletal pain, and rash. Upper GI side 
effects including esophagitis and gastritis may be increased with higher 
doses used to treat Paget’s disease. 


CALCITRIOL 


(1a,3B,5Z,7E)-9,10-Secocholesta-5,7,10(19)-triene-1,3,25-triol; 
Dihydrotachysterol; DHT; Calcijex; Rocaltrol; Topitrol 


H.C. CH 
7 OH 


CH; 


(3222-06-3] C,-H,,O0; (416.65). 

Preparation—Stereospecific synthesis from d-carvone in Lednicer 
D, Mitscher LA, The Organic Chemistry of Drugs, vol 3, New York: 
Wiley, 1984, pp 103-106; Baggiolini et al, J Am Chem Soc 1982; 104: 
2945. 

Description—White crystals melting about 114°. Sensitive to air 
and light. 


DIHYDROTACHYSTEROL 


9,10-Secoergosta-5,7,22-trien-3-ol, (38,5£,7E,10@,22E)-, 
Dihydrotachysterol; DHT 


9,10-Secoergosta-5,7,22-trien-36-ol [67-96-9] C.3H,,O (398.67). 
Preparation—Calciferol (activated ergosterol) is dissolved in a 
suitable organic solvent and subjected to catalytic hydrogenation until 
the proper amount of hydrogen has reacted. 
Description—Colorless or white crystals, or a white, crystalline 
powder; odorless; melts between 123.5° and 129° for one form, or 
about 113° for the other form. 
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Solubility—Practically insoluble in water; soluble in alcohol; freely 
soluble in ether or chloroform; sparingly soluble in vegetable oils. 

Comments—Chemically closely related to vitamin D, (calciferol) 
and consequently classified frequently as a D vitamin. However, it 
possesses very weak antirachitic activity, being only about 1/400 as 
potent as calciferol in this respect, mainly because its effects on 
calcium absorption from the intestine are quite weak. But it has 
potent calcemic activity (ie, raises plasma calcium concentration) 
and is similar to parathyroid hormone in this action. Consequently, 
it long has been used in lieu of parathyroid hormone in the treatment 
of idiopathic and postoperative tetanies, hypocalcemia, and hypo- 
parathyroidism. The drug should not be used in the presence of renal 
insufficiency or hyperphosphatemia. Extreme care must be used to 
prevent overdosage. 

Adverse effects result mainly from hypercalcemia. They include 
anorexia, nausea, vomiting, diarrhea, languor, osteoporosis, weight 
loss, metastatic calcification, renal damage, anemia, band keratitis, and 
convulsions. In severe hypercalcemia there may be headache, vertigo, 
tinnitus, abdominal cramps, polyuria, thirst, ataxia, albuminuria, and 
xanthemia. 


ETIDRONATE DISODIUM 
Phosphonic acid, (1-hydroxyethylidene)bis-, disodium salt; Didronel 


C,H,Na,O-,P. (249.99). 

Preparation—FEtidronic acid may be prepared in various ways, as 
by passing gaseous phosphorus trichloride into acetic acid at about 75°, 
by reaction of the same substances in a lower aliphatic tertiary amine 
such as tributylamine, or by reaction of an anhydrous mixture of phos- 
phorous acid, acetic anhydride, and acetic acid. 

Description—White powder. 

Solubility—Very soluble in water. 

Comments—tThis first-generation bisphosphonate is approved for 
treatment of Paget’s disease but is a less potent inhibitor of bone 
resorption than new analogs. It is adsorbed onto hydroxyapatite (bone 
crystal), where it interferes with resorption of the crystals in osteoclasia 
and, in higher concentration, with osteoblastosis. In Paget’s disease 
(osteitis deformans), for which it mainly is used, it slows the rate of 
turnover of bone, decreases excessive osteoclastic and osteoblastic cel- 
lular activities, and diminishes hydroxyproline levels in blood and urine 
and brings the elevated serum alkaline phosphate down toward normal. 
Usually several months of treatment are required to effect a consider- 
able improvement. It also is used in the prophylaxis or slowing of 
heterotopic ossification (eg, after hip replacement or vertebral injury) 
and to suppress hypercalcemia of malignancy. 

In high doses or after prolonged use, increased bone pain, decreased 
mineralization, and increased bone fractures may occur as the result of 
inhibition of osteoid formation. Even with the usual dosage, there may 
be occasional nausea, vomiting, diarrhea, and abdominal cramps, which 
can be lessened by dividing the dose into two or more portions. 

It is 50% absorbed by the oral route. Various constituents in food 
and antacids, especially calcium, impair absorption. The distribution 
half-life is 5 to 7 hr; the elimination half-life is about 24 hr. The drug is 
eliminated entirely by renal excretion. Therefore, it should be used 
cautiously in renal failure. Urine hydroxyproline levels and serum 
alkaline phosphatase activity should be monitored periodically during 
treatment. 


GALLIUM NITRATE 


Nitric acid, gallium salt, nonahydrate: Ganite 

Ga(NO,) - 9H,0[135886-70-3] GaN,O, : 9H,O (417.87). 

Preparation—By dissolution of gallium metal or gallium oxide in 
nitric acid. 

Description—White, deliquescent crystals; decomposes about 
110°; forms Ga,O, at 200°. 

Solubility—Very soluble in water; soluble in anhydrous alcohol. 

Comments—To treat cancer-related hypercalcemia unresponsive 
to adequate hydration. It inhibits calcium resorption from bone, possi- 
bly by reducing increased bone turnover. The precise mechanism has 
not been determined. The plasma half-life is 72 to 115 hr with a 
prolonged intravenous infusion, and the major route of elimination is 
renal excretion. 


Adverse effects include nephrotoxicity, transient hypophospha- 
temia, anemia, and leukopenia. It should not be used with other neph- 
rotoxic drugs. 


THE THYROID HORMONES 


The thyroid gland modulates the energy metabolism and cer- 
tain nonenergetic metabolic functions of the body. In the ab- 
sence of the thyroid gland the basal metabolic rate is less than 
55% of normal, and growth and development are impaired. In 
the presence of a hyperactive gland the metabolic rate may be 
up to 160% of normal; the excitability of irritable tissues is 
increased, and tachycardia, nervousness, etc result. Thyroid 
hormone is used clinically mainly to replenish the corporal 
hormone supply in conditions of thyroid insufficiency (hypothy- 
roidism), such as may result from a natural thyroid or pituitary 
pathology or from thyroid surgery. The hormone rarely is ad- 
ministered to increase the metabolic rate and organic activity 
above normal, and such iatrogenic hyperthyroidism may in- 
deed be dangerous. 

The mediator by which the thyroid gland stimulates the 
tissues to a higher activity and rate of metabolism is called the 
thyroid hormone, but there are actually four active substances, 
all iodinated thyronines, released by the gland. Thyroxine (1- 
3,5,3’,5'-tetraiodothyronine, or T, is found in the greatest 
amount in blood (about 75% of the thyroid hormone content of 
the plasma), and the moderately less active L-3,3’-diiodothyro- 
nine is present in the next greatest amount (25%). L-3,5,3’- 
Triiodothyronine (liothyronine, or T3, which is 3 to 10 times as 
active as thyroxine, and L-3,3’,5’-triiodothyronine make up less 
than 3% of the plasma thyroid hormone content. But since the 
triiodothyronines disappear more rapidly from blood than thy- 
roxine, they probably constitute a somewhat larger proportion 
of the glandular secretion; in the thyroid gland they account for 
about 1/5 of the hormone content and as much as 40% of its 
hormone activity. Furthermore, in the tissues, some thyroxine 
is converted to liothyronine and perhaps as much as 2 to % of 
the body liothyronine is derived from thyroxine. Liothyronine 
regulates TRH release in the hypothalamus and is probably the 
principal hormone involved in the long negative-feedback-loop 
regulation of TSH (thyroid-stimulating hormone, or thyro- 
tropin) release. 

The thyroid gland concentrates iodide ion from the plasma 
and converts it to free iodine, which then reacts with tyro- 
sine moieties within the substance of the gland eventually to 
produce the thyroid hormones. The glandular accumula- 
tion of iodine and the conversion to the intermediate 3,5- 
diiodotyrosine are under the control of the thyrotropic hormone 
(see page 1359). Iodine deficiency results in a compensatory 
increase in the size of the thyroid gland in a usually fruitless 
homeostatic attempt to manufacture more hormone. Iodine 
administration corrects this type of goiter and permits the 
normal production of the thyroid hormones. The incorporation 
of sodium iodide into table salt helps protect against iodine- 
deficiency thyroid disorders. In children under 14 years, iodine 
supplementation corrects endemic cretinism. 

In the colloid of the thyroid gland these thyronine deriva- 
tives are bound to a globulin, thyroglobulin, which formerly 
was thought to be the thyroid hormone. About 90% of the 
thyroid hormone content of the gland is in the thyroglobulin 
complex. The molecular weight of thyroglobulin is 650,000. 
Before thyroxine and liothyronine can be released into the 
bloodstream, the thyroglobulin must be assimilated by the 
thyroid follicular cells, within which the globulin is split by 
proteases to release the hormones. In the blood, the hormones 
are bound mainly to an albumin; the complex is dissociable, so 
the hormones are free to pass into the body cells. 

The thyroid hormones interact with nuclear receptors to 
increase RNA polymerase and also to increase the number of 
initiation sites for the polymerase. The result is an increase in 


transcription for a number of proteins, and the synthesis 
thereof is increased. Thyroid hormone also has a regulatory 
action on tRNA. The synthesized proteins in turn regulate 
various enzymes and enzyme complexes, so that oxidative 
phosphorylation in the mitochondria may become partially un- 
coupled, membrane ATPase activity is increased, adenylate 
cyclase activity is enhanced, etc. There also are some direct 
actions on cellular functions, such as stimulation of autocrine 
growth factors and amino acid transport systems and inhibi- 
tion of some zinc-dependent dehydrogenases, prostaglandin de- 
hydrogenases, etc. The uses and adverse effects of the thyroid 
hormones are indicated in the monograph on Thyroid. Thyroid 
hormones lower plasma lipid concentrations. However, because 
of their effect to increase the metabolic rate, they are not used 
clinically to lower blood lipids. The lipid-lowering action is 
possessed also by the dextro isomers of thyroid hormones, but 
the dextro forms have only a very weak effect on the metabolic 
rate. Consequently, dextrothyroxine is employed to lower blood 
lipids. 

A summary of the thyroid hormone products is shown in 
Table 77-7. 


DEXTROTHYROXINE—see RPS-19, page 969. 
LEVOTHYROXINE SODIUM 


I-Tyrosine, O-(4-hydroxy-3,5-diiodophenyl)-3,5-diiodo-, monosodium 
salt, hydrate; Levothroid; Levoxine; Synthroid; Synthrox; Syroxine 


if 
H 


Monosodium .-thryoxine hydrate [25416-65-3] C,,H,)1,NNaO, - «HO; 
anhydrous [55-03-8] (798.86); the sodium salt of the levo isomer of 
throxine, an active physiological principle obtained from the thyroid 
gland of domesticated animals used for food by man, or prepared syn- 
thetically. It contains 61.6 to 65.5% of iodine, corresponding to 97 to 
103% of levothyroxine sodium. 

Preparation—1-Thyroxine is dissolved in dilute NaOH solution, 
and the resulting sodium salt is precipitated by saturating the solution 
with NaCl. 

Thyroxine may be prepared from thyroid glands or by synthesis. 
Preparation from the glands (fresh or desiccated) involves extraction 
with dilute sodium hydroxide followed by acidification with hydrochlo- 
ric acid, whereupon a very crude form of thyroxine is precipitated. 
Purification involves repeated solubilization by means of sodium hy- 
droxide and reprecipitation with acid, these operations being conducted 
under increasingly refined conditions and with the aid of auxiliary 
operations designed to enhance the purity of the final precipitate of 
thyroxine. 

The key compound in the synthesis of thyroxine is 3,5-diiodo-4- 
(p-methoxyphenoxy)nitrobenzene (I), which is readily formed by con- 
densing p-methoxyphenol with 3,4,5-triiodonitrobenzene under the 
influence of anhydrous potassium carbonate. A series of subsequent 


Table 77-7. Thyroid Hormone Products 


COMPOSITION 
(RATIO OF Ta/T3) 


PREPARATION COMMENTS 


Crude hormone 


Thyroid 2-5 Powdered extract from 
domestic animals 

Thyroglobulin As; Extracted from hog thyroid 
glands 

Thyroid strong Sal Desiccated thyroid with 


higher iodine content, 
50% stronger than 
thyroid 

Synthetic hormone 


Levothyroxine Pure T, Longer half-life (6-7 days) 

Liothyronine Pure T; Short half-life (<2 days), 
potency 4x > T4 

Liotrix 4 Mixture of pure T4 and T3 
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operations involves (a) reduction of nitro to amino; (b) replacement of 
amino by cyano by treatment with cuprous cyanide and butyl nitrite; 


I 
I 


I 


o10-O-»-)- Sp © 


Il 


I 
»O--6- ci vases 
NH, 
I 


(c) hydration of cyano to carboxyl, and (d) reduction of carboxyl to 
formyl. The resulting aldehyde may be converted into thyroxine in 
various ways. One involves condensation with 2-phenyl-2-oxazolin-5- 
one to produce II, which is then simultaneously hydrogenated, demeth- 
ylated, and reductively cleaved by hydrogen iodide in the presence of 
phosphorus and acetic anhydride to give the pL-form of 3-[4-(4-hydroxy- 
phenoxy)-3,5-diiodophenyllalanine (III), which is resolved, and the iso- 
lated L-enantiomorph is iodinated with ammoniacal potassium triiodide 
solution at the 3,5-positions on the phenoxy ring to give levothyroxine. 
Neutralization of this acid with NaOH yields the salt. 

Description—Light yellow to buff-colored, odorless, tasteless, hy- 
groscopic powder; stable in dry air but may assume a slight pink color 
upon exposure to light; pH (saturated solution) about 8.9. 

Solubility—1 g in about 700 mL water or about 300 mL alcohol; 
insoluble in acetone, chloroform, or ether; soluble in solutions of alkali 
hydroxides. 

Comments—Has the actions, uses, side effects, and limitations of 
thyroid. The sodium salt lends itself to intravenous administration in 
the treatment of myxedemic coma, although the more rapidly acting 
liothyronine is preferred. Approximately 50% of an oral dose is ab- 
sorbed. The plasma half-life is about 9 to 10 days in hypothyroid, 6 to 7 
days in euthyroid and 3 to 4 days in hyperthyroid persons, but the time 
for the intensity of its effect to fall to % of its initial value is 9 to 12 days, 
and some residual effects may be apparent for several weeks after the 
last dose. Although the /-form is twice as active as the racemic mixture, 
it offers no particular therapeutic advantage over the dl-form, and it 
has the disadvantage of being more expensive. 


LIOTHYRONINE SODIUM 


L-Tyrosine, O-(4-hydroxy-3-iodophenyl)-3-5-diiodo-, monosodium 
salt; Cytomel; Liothyronine Sodium 


Monosodium _ 1-3-[4-(4-hydroxy-3-iodophenoxy)-3,5-diiodophenyl]alanine 
(55-06-1] C,;H,,1,NNaO, (672.96). 
Preparation—3,5-Diiodo-L-thyronine, the L-enantiomorph of com- 
pound (III) in the thyroxine synthesis described under Levothyroxine 
Sodium, is dissolved in methanol and iodinated only at the 3-position by 
treatment with ammonia and iodine at room temperature. The liothy- 
ronine (acid) is then liberated by acidifying the reaction mixture. It is 
purified and neutralized with NaOH to give the salt. 
Description—Light-tan, odorless, crystalline powder. 
Solubility—Very slightly soluble in water; slightly soluble in alco- 
hol; practically insoluble in most other organic solvents. 
Comments—Three to ten times more potent than Levothyroxine 
Sodium. The actions and uses are those of Thyroid and Levothyroxine 
Sodium, except that it is considered to be more suitable for treatment of 
a vague syndrome known as metabolic insufficiency, which perhaps is 
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due to a deficiency in tissue utilization of thyroxine, and experimentally 
for treatment of male infertility and certain menstrual disorders asso- 
ciated with hypothyroidism. It also has been used to reduce goiter, but 
it is less effective than Levothyroxine in suppressing TSH release. 
Because of the lesser pituitary suppression and the wide fluctuation in 
plasma levels, which negate monitoring, it is not the agent of choice for 
maintenance, especially after ablative radioiodine treatment. It is the 
treatment of choice to treat myxedemic coma, because of the rapid onset 
of action. It may be used to suppress goiter preparatory to surgery. 

It has a rapid onset of action. The peak effect occurs in 1 to 3 days, 
and the offset of action is about 3 days. The prompt onset and rapid 
offset (compared with levothyroxine) are considered to be an advantage 
over thyroid or levothyroxine. The time for the intensity of its effect to 
fall to ¥ of its initial value is 4 to 10 days. Liothyronine is absorbed 
erratically from the GI tract, and 30 to 40% may be recovered from the 
stools. Liothyronine is only loosely bound to plasma proteins and hence 
does not elevate the plasma protein-bound iodine (PBI) significantly. It 
crosses the blood-brain barrier and hence is not recommended for use in 
children. 


THYROID 


Desiccated Thyroid; Thyroid Extract; Thyroid Gland 
The cleaned, dried, and powdered thyroid gland previously deprived of 
connective tissue and fat. It is obtained from domesticated animals that 
are used for food by man. 

Thyroid contains 0.17. to 0.23% of iodine (I) in thyroid combination 
and is free from iodine in inorganic or any form of combination other 
than that peculiar to the thyroid gland. A desiccated thyroid of a higher 
iodine content may be brought to this standard by admixture with a 
desiccated thyroid of a lower iodine content or with lactose, sodium 
chloride, starch, sucrose, or dextrose. 

Description—Yellowish to buff-colored, amorphous powder, with a 
slight characteristic, meat-like odor and a saline taste. 

Comments—Fssential for normal metabolism and development. 
The congenital absence of thyroid hormone results in a condition known 
as cretinism. In childhood or adult life, absence of thyroid hormone 
causes myxedema. These conditions are characterized by an abnor- 
mally low basal metabolic rate. The primary therapeutic use is in their 
treatment. 

These preparations may be used to suppress the secretion of thyro- 
tropin in simple nonendemic goiter (hence decreases thyroid size) and 
chronic lymphocytic thyroiditis (Hashimoto’s disease). These hormones 
do not decrease hyperthyroid exophthalamus. The use of them in the 
diagnosis of hyperthyroidism is outlined under Liothyronine Sodium. 

It often is given to individuals with low metabolic rates unassociated 
with myxedema. For example, patients with chronic constipation, men- 
strual disorders, sterility, arthritis, etc, associated with a low metabolic 
rate, are often benefited by the hormone. 

Employment of the hormone as an aid to reduce excessive weight is 
a frequent practice, often futile, and sometimes fraught with danger. In 
the absence of hypothyroidism, these hormones do not improve skin 
conditions, mental depression, fatigue, lethargy, irritability, nervous- 
ness, menstrual irregularities, and other endocrine and reproductive 
disorders, and there is danger that untoward effects may be produced. 

Untoward effects of overdoses of these hormones include tachycar- 
dia, arrhythmias, angina pectoris, hypertension, insomnia, nervous- 
ness, hyperkinesis, tremors, diaphoresis, hot skin, GI disturbances, and 
hypoadrenocorticism. Even with physiological doses, it may be advis- 
able to administer glucocorticoids concurrently. It may cause allergic 
reactions. 

It has a very slow onset of action. A given dose does not exert its 
maximum effect for several days and will continue to have some degree 
of action for 2 to 3 months. Therefore, caution must be exercised in 
judging the dose, in that cumulative effects must be anticipated. 


ANTITHYROID DRUGS 


A number of linear and heterocyclic derivatives of thiourea inhibit 
the production of thyroid hormone by the thyroid gland. The 
mechanism of action is that of preventing iodination of tyrosine 
and the coupling between iodotyrosines. They also inhibit the 
conversion of thyroxine to liothyronine in the periphery. The 
decline in thyroid hormone output and the resultant lowering of 
plasma levels of the thyroid hormones is sensed in the hypothal- 
amus, which through the long-loop feedback and intermediation 
of the thyrotropin-releasing factor stimulates the adenohypophy- 


sis to produce more thyrotropic hormone. Consequently, the thy- 
roid gland is stimulated to. enlarge, even though the enlarged 
gland cannot produce more thyroid hormone. Because of the thy- 
roid enlargement consequent to the use of the thiourea class of 
antithyroid compounds, such compounds are called goitrogens. 
The goitrogens are employed in the control of hyperthyroidism. 
An enlarged thyroid gland is very vascular and friable, which 
makes surgery difficult. Therefore, iodine (or a thyroid hormone), 
which reduces the size of the gland, is added to the regimen 
preparatory to thyroid surgery. Antithyroid drugs also decrease 
T-lymphocyte cytotoxicity and restore normal suppressor-cell ac- 
tivity and are thought thus to decrease thyroid autoimmunity in 
Grave's disease. 

Several other classes of compounds also are antithyroid 
agents. Compounds such as thiocyanates and perchlorates 
competitively inhibit the iodine uptake mechanism. Large 
doses of iodine inhibit the enzyme tyrosine iodinase and thus 
interfere with the production of thyroid hormone. Therefore, 
iodine also may be used in the treatment of hyperthyroidism. 
Curiously, this action of iodine is not goitrogenic; in fact, iodine 
opposes the goitrogenic effects of certain antithyroid drugs. 
Radioiodine I-131 (7°1]) is antithyroid by virtue of tissue de- 
struction caused by radiation. Thyroid hormones are anti- 
goitrogenic by the long-loop homeostatic feedback mechanism 
to reduce the hypothalamic release of thyrotropin-releasing 
factor. 


LIOTHYRONINE SODIUM—page 1379. 
METHIMAZOLE 
2H-Imidazole-2-thione, 1,3-dihydro-1-methyl-, Tapazole 


i 
N 2s 
ie 
NH 
1-Methylimidazole-2-thiol [60-56-0] C,H,N.S (114.16). 

Preparation—One method consists of cyclizing (methylamino)- 
acetaldehyde diethyl acetal with thiocyanic acid via de-ethanolation. 
Details are provided in J Am Chem Soc 1949; 71:4000. 

Description—White to pale buff, crystalline powder, with a faint 
characteristic odor; solutions are practically neutral to litmus; melting 
range 144 to 147°. 

Solubility—1 g in 5 mL water, 5 mL alcohol, 4.5 mL chloroform, or 
125 mL ether. 

Comments—An antithyroid drug for the preparation of the hyper- 
thyroid patient for surgery and for the total treatment of hyperthyroid- 
ism. It is approximately 10 times as potent as propylthiouracil and is 
more prompt in eliciting an antithyroid response. The drug also exhibits 
a more prolonged action than propylthiouracil; a single dose of 5 mg 
may inhibit the synthesis of thyroid hormone for 24 hr. The plasma 
half-life is 6 to 8.5 hr in hyperthyroid, but 8 to 18 hr in hypothyroid, 
patients; therefore, as the drug lowers the metabolic rate, its own 
metabolism is slowed, and accumulation will occur unless the dose is 
adjusted. 

Approximately 6% of patients taking the drug experience some 
untoward effect. Thus, the incidence of untoward reactions is somewhat 
higher than with propylthiouracil but considerably lower than with 
other antithyroid drugs. Cross-sensitization to other thiouracils can 
occur. Three times as much of this drug crosses the placental barrier as 
propylthiouracil. 


POTASSIUM IODIDE—page 1303. 
PROPYLTHIOURACIL 
4(1H)-Pyrimidinone, 2,3-dihydro-6-propyl-2-thioxo-, Propacil 


CH3CH2CHp a 
‘tout 


6-Propyl-2-thiouracil [51-52-5] C,;H,,N,OS (170.23). 
Preparation—By condensation of ethyl 3-oxocaproate with thio- 
urea (J Am Chem Soc 1945; 67:2197). 
Description—White, powdery, crystalline substance; starch-like in 
appearance and to the touch; bitter taste; melts about 220°. 


Solubility—Slightly soluble in water; sparingly soluble in alcohol; 
slightly soluble in chloroform or ether; soluble in ammonia or alkali 
hydroxides. 

Comments— Since the drug does not interfere with the release or 
use of stored thyroid hormone, the period that elapses between the 
beginning of medication and the manifestations of its antithyroid action 
depends upon the quantity of thyroid hormone stored in the gland. The 
marked hyperplasia of the thyroid gland that follows its administration 
is a result of a compensatory increase of thyrotropin release consequent 
to a reduction in the thyroid hormone titer of the blood. In the prepa- 
ration of the hyperthyroid patient for surgery, when treatment with the 
drug has brought the basal metabolic rate to normal (euthyroidism) or 
nearly so, iodine is administered to reduce the marked vascularity and 
friability of the gland. In the total (medical) treatment of hyperthyroid- 
ism, the duration of treatment usually ranges from 6 months to 3 years, 
after which thyroid function may remain normal. However, at least half 
of patients so treated may be expected to have a recurrence 6 to 12 
months after cessation of medication. 

The most serious toxic actions are granulocytopenia, leukopenia, 
drug fever, and dermatitis. Joint pains and urticaria may occur. Cross- 
sensitivity to other thiouracils may occur. A small percentage of pa- 
tients experience nausea, abdominal discomfort, headache, drowsiness, 
vertigo, paresthesias, and loss of taste sense. The overall incidence of 
untoward reactions to propylthiouracil is approximately 4%; the inci- 
dence of agranulocytosis approaches 0.5%. The drug passes the placen- 
tal barrier and may affect the fetus, so that during pregnancy the lowest 
possible dose should be used. It also is secreted into milk, and the drug 
should be withheld from nursing mothers. 

Only about 75% is absorbed by the oral route. There is considerable 
confusion about the elimination half-life, probably because redistribu- 
tion has been confused with elimination and because of analytical 
difficulties. The elimination half-life is probably about 3 to 5 hr in 
hyperthyroid, 6 to 8 hr in euthyroid, and 24 to 34 hr in hypothyroid, 
persons; thus since the drug decreases the metabolic rate, the dose 
should be adjusted accordingly, to avoid accumulation. 


SODIUM IODIDE—see RPS-19, page 977. 
SODIUM IODIDE I-131—page 480. 


THE GONADAL HORMONES 
AND INHIBITORS 


Three main classes of steroid hormones are produced by go- 
nadal tissues: estrogenic, progestational, and androgenic hor- 
mones. The ovary is the primary site for synthesis and secre- 
tion of estrogenic and progestational hormones in women. At 
puberty, the ovary begins a 30- to 40-year period of cyclic 
function called the menstrual cycle that is regulated by the 
pulsatile production of hypothalamic gonadotropin-releasing 
hormone (GnRH) that stimulates the release of follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) 
from the anterior pituitary. In men and postmenopausal 
women, the principal source of estrogen is adipose tissue 
stroma, where the level of estrogens is regulated in part by the 
availability of androgenic precursors secreted from the adrenal 
cortex. 

The most important androgenic hormone produced by the 
testes in men is testosterone, although the adrenal cortex also 
produces some androgenic hormones in both men and women. 
FSH and LH also regulate testosterone production by specific 
cells in the testis that control spermatogenesis and the de- 
velopment of primary and secondary sexual characteristics 
in men. 

STRUCTURE—The natural estrogens are all steroids (see 
Chapter 26) containing 18 carbon atoms, oxygenated at carbons 
3 and 17. Ring A of all the estrogens is aromatic and is formed 
from either androstenedione or testosterone precursors by a 
monooxygenase enzyme complex called aromatase that uses 
NADPH and molecular oxygen as cosubstrates. 

Progesterone, the hormone of the corpus luteum, is a 21- 
carbon-atom steroid possessing, like adrenal cortical steroids, 
an a,B-unsaturated ketone component in Ring A. It differs from 
the latter in that its C17 does not carry hydroxyl. 
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The natural androgenic steroids are 19-carbon-atom com- 
pounds. They are characterized by a partly or completely sat- 
urated ring A and by either a hydroxyl or a keto group at C3 
and C17. As with all other classes of steroids, stereoisomerism 
is of fundamental importance with the sex hormones; and the 
a- and B-configuration conventions are applied in drawing the 
structural formulas. 


The Ovarian Hormones 


The ovaries serve the dual purpose of secreting the female 
hormones and producing the ova that, after the menarche, are 
liberated normally at the rate of one every 4 weeks. The men- 
strual cycle can be described in terms of the development of 
both the ovarian follicles and changes in the endometrial lining 
of the uterus. The proliferative and secretory phases of the 
endometrial changes coincide with the follicular and luteal 
stages of the ovarian follicles, respectively. Estrogen predomi- 
nates during endometrial proliferation and maturation of an 
ovarian follicle that is released at the time of ovulation. Both 
estrogen and progesterone are produced by the ruptured follicle 
that becomes the corpus luteum, which secretes estrogen and 
progesterone. Progesterone levels are greatest during the se- 
cretory phase of the endometrium and the luteal phase of the 
corpus luteum. Estrogen levels fall at the time of menstruation 
and are associated with bleeding and sloughing of the highly 
vascularized endometrium; if the released ovum or corpus lu- 
teum is not sustained by successful fertilization it regresses. 
During pregnancy the placenta produces large quantities of 
estrogen. The ovaries also secrete small amounts of androgens, 
adrenal steroids, and the nonsteroidal hormone relaxin (see 
below). 

The ovarian production of hormones is regulated by the 
gonadotropic hormones of the anterior pituitary (see page 
1358). However, the control of pituitary gonadotropin produc- 
tion is, in turn, modulated by the estrogens and progesterone, 
which in low plasma concentrations appear to stimulate, and at 
high concentrations inhibit, the production of FSH, LH, and 
LRH. Thus, a complex positive and negative feedback system 
subserves the cyclic phenomena of ovulation and menstruation. 
The exact details in this concert are not known completely for 
humans. It is known that in women ovulation can be prevented 
by estrogens as the result of suppression of FSH production. 
However, estrogen alone is not satisfactory for oral contracep- 
tion, owing to what is termed breakthrough bleeding, except 
when high doses of estrogen are used. In large doses, proges- 
terone also inhibits ovulation, presumably because of suppres- 
sion of the pulsatile secretion of the hypothalamic GnRH. Fur- 
thermore, progesterone can favor infertility by antagonism of 
some estrogen actions, by maintaining the endometrium in a 
hypoproliferative and hyposecretory state that is unfavorable 
to implantation of the fertilized ovum. It now is known that 
some progestins have an antifertility effect at doses well below 
those necessary to suppress endometrial proliferation and 
secretion. 

Intermenstrual bleeding occurs during continuous treat- 
ment with many progestins, and it was found desirable to add 
estrogens. Estrogen not only helped normalize cyclic bleeding 
but also contributed to the contraceptive effect. Progestins 
alone can be used for contraception, but their mechanism does 
not totally depend upon inhibition of ovulation that occurs in 70 
to 80% of cycles by slowing the frequency of the GnRH pulse 
generator and blunting the LH surge. A thickening of the 
cervical mucus to decrease sperm penetration and endometrial 
changes that impair implantation are thought to contribute to 
their efficacy. Progestins alone avoid the drawbacks of estro- 
gens, namely nausea, vomiting, headache, a tendency to ve- 
nous thrombosis, and other untoward effects, but they are 
slightly less effective contraceptives than are the estrogens. 

The luteinized granulosa cells of the corpus luteum also 
produce relaxin, a peptide with a tertiary structure similar to 
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that of insulin and some growth factors. There are two chains 
linked through disulfide bonds. The molecular weight is about 
6000. It relaxes the estrogen-primed symphysis pubis and in- 
creases the viscous pliability of the cervix, thus assisting the 
birth canal to prepare for parturition. It also increases glycogen 
synthesis and water uptake by the myometrium and decreases 
uterine contractility, which suggests a role during gestation. 
During the menstrual cycle, blood levels are high just following 
the LH surge and during menstruation. Much of its physiology 
remains to be learned. Relaxin also is found in the placenta and 
uterus. 

Another relaxing peptide, lututrin, is produced in the ovary. 
Very little is known of its physiological functions. Relaxin and 
lututrin have been used to treat dysmenorrhea, premature 
labor, cervical dystocia, and scleroderma, but efficacy never has 
been proved. 


NATURAL ESTROGENIC HORMONES 
AND CONGENERS 


Natural estrogenic hormones are secreted by the ovarian folli- 
cles. They stimulate or regulate the growth and development of 
the uterus, the vaginal mucous membrane, and other struc- 
tures such as mammary glands, ‘subcutaneous fat, axillary and 
pubic hair, and certain elements in the skin. These latter 
comprise the secondary female sex characteristics. Therefore 
the estrogens also are called female sex hormones. Of the 
estrogens the most potent occurring naturally are B-estradiol 
and its two principal metabolic products, estrone and estriol, 
which also are estrogenic. Several other products of metabolic 
change occur in smaller amounts, but these are not offered as 
single substances for therapy. Estrogens are secreted through- 
out the period of activity of the ovaries, but at varying rates at 
different times of the menstrual cycle. 

The naturally occurring estrogens can be prepared synthet- 
ically, but at greater cost than by extraction from natural 
materials or by simple chemical processing of natural estrogens 
as they occur in urine. An interesting improvement of the 
natural estrogen has been the synthetic modification of B- 
estradiol, the most potent natural estrogen, by the addition of 
a side chain, producing ethinyl estradiol. This has a very high 
activity when administered orally. 

USES—Estrogens are used as substitution therapy when 
menopausal symptoms occur after cessation of ovarian func- 
tion, following ovariectomy or X-ray or radium therapy, or in 
the natural menopause (also called the climacteric). There is 
general agreement that low-dose estrogen treatment will ame- 
liorate the symptoms of vasomotor instability (hot flashes), 
prevent or reverse urogenital atrophy in menopausal women, 


Table 77-8. Major Features of Estrogens 


and slow or prevent postmenopausal osteoporosis, especially 
when given with calcium supplements, calcitriol, and fluoride. 

The beneficial effects of estrogen therapy on irritability, 
depression, anxiety, memory, and insomnia are more unpre- 
dictable. It is not clear whether or not estrogen administration 
can prevent arteriosclerotic cardiovascular disease, although 
high-density lipoproteins (HDLs) are elevated and low-density 
lipoproteins (LDLs) are decreased by these drugs, which im- 
proves the relative lipoprotein profile and risk of atherogenic 
disease. However, any potential benefits of estrogen replace- 
ment therapy must be weighed against serious risk (see Side 
Effects below). 

There is no compelling reason to withhold treatment from 
women suffering with debilitating vasomotor instability or in 
whom osteoporosis can be delayed. It is clear that even very low 
doses of estrogens are effective against menopausal symptoms 
and have low toxicity. However, such low doses do not provide 
optimal prophylaxis against osteoporosis. 

Estrogens are used in young women in whom there is failure 
of steroidogenesis; treatment brings about acceleration of de- 
layed development of the uterus, the appearance of secondary 
sex characteristics, and subtle biochemical and behavioral 
changes. Applied locally, the estrogens are useful in the treat- 
ment of atrophic or senile vaginitis, vulvovaginitis, or cervicitis 
resulting from hypoestrogenesis but not from other causes. 

A number of menstrual irregularities may be treated with 
estrogens. Some of these, such as amenorrhea, may be the 
result of an asynchrony in the release of hypothalamic release 
factors and pituitary gonadotropin release. Estrogens used cy- 
clically may regularize some of these conditions. They are of 
value in symptoms of premenstrual tension such as headache 
and electrolyte imbalance. In endometriosis, estrogens are ef- 
fective for only a short time, endometrial hyperplasia eventu- 
ally resulting. In dysmenorrhea and dysfunctional uterine 
bleeding, combined treatment with estrogens and progestogens 
is used, and normal withdrawal bleeding may follow the abrupt 
cessation of treatment. 

Estrogens also are used to treat acne vulgaris and hirsut- 
ism. They may be used in the induction of parturition and in 
the postpartum period to reduce breast engorgement. They also 
are used to inhibit the growth of prostatic cancer of men and 
carcinoma of the breast or carcinoma elsewhere in the repro- 
ductive tract of women who are more than 4 years beyond the 
menopause (see Chapter 86). 

There is a choice of compounds for estrogenic therapy. A 
comparison of some major features of estrogenic agents is in- 
cluded in Table 77-8. Estrone is employed commonly by intra- 
muscular injection, but considerable activity is lost if the oral 
route is used. Ethinyl estradiol is the most active of all oral 
estrogens, and its oral activity is nearly equal to its parenteral 
activity. Estradiol benzoate is more potent and has a more 


ESTROGENS COMMENTS 


Natural estrogens 
Estradiol 
forms 
Estrone 
Conjugated estrogens 
Esterified estrogens 
used orally or topically 
Synthetic estrogens 
Ethinyl estradiol 
Mestranol 
Quinestrol 
Nonsteroidal estrogens 
Chlortrianisene 
Dienestrol 
Diethylstilbesterol 


Metabolized to ethinyl! estradiol 


Potent topical estrogen 


Slower metabolism; half-life = 13-27 hr 


Good oral absorption; slow inactivation 


Low oral bioavailability due to extensive first-pass hepatic metabolism; oral, IM, topical, and transdermal 
Less active (12) metabolite of estradiol; parenteral only 


Mixture of sulfate esters of estrogenic substances from pregnant mares; predominantly estrone and equilin; 


Slowly released from adipose tissue and metabolized to ethinyl estradiol; used orally 


Metabolized by liver to more active form after oral administration 


sustained action than estrone when given by intramuscular 
injection. Estriol is considerably less active than estrone given 
intramuscularly, and its activity following oral administration 
is too low. Conjugated estrogens (see page 1384) retain much of 
their activity on oral administration and are used extensively 
by this route. Estrogens also can be given by inunction or with 
transdermal systems. In addition, various concentrates of es- 
trogenic hormones are available. 


Synthetic or Nonsteroidal Estrogens 


The best known is diethylstilbestrol, which possesses most of 
the therapeutic and untoward actions of the natural estrogenic 
hormones. Since nonsteroidal estrogens lose little activity after 
oral administration, they have advantages over the natural 
estrogens, but the comparative toxicities are not clear. At- 
tempts to explain why such nonsteroidal compounds are estro- 
genically potent have been intriguing. There is a spatial resem- 
blance between them and the true hormone estradiol. Others 
have focused attention on the closeness of the dimensions of the 
synthetics (especially length, width, and distance between OH 
groups) and those of estradiol. The synthetic estrogens combine 
with the same cytoplasmic receptors as natural estrogens and 
presumably also with the same nuclear receptor. 

Synthetic estrogens are less expensive than natural ones, 
and they have a greater bioavailability. Regarding the latter it 
must be recalled that the oral doses of natural estrogens, with 
the possible exception of ethinyl estradiol (a derivative of a 
natural estrogen), may have to be five or more times that of the 
parenteral doses to secure similar results. This is the result of 
first-pass metabolism, excretion into bile, and destruction in 
the intestines. One disadvantage of some synthetic estrogenic 
compounds is that nausea follows the use of even the minimum 
effective dose in some women. It is most distressing in the first 
2 weeks of use, after which tolerance develops. In such women 
the synthetic materials must be replaced by natural products. 
One other slight difference, which is possibly debatable, is the 
general impression that the natural estrogens give the patient 
a greater feeling of well-being than do the synthetics. Whether 
the synthetic estrogens are more toxic than natural estrogens 
is not established unequivocally, but diethylstilbestrol differs 
significantly from natural compounds (see the introduction to 
this section and Diethylstilbestrol). 

SIDE EFFECTS—Nausea and vomiting are frequent side 
effects of estrogens. These effects appear to be mainly of CNS 
origin. Estrogens may cause fluid retention and breast tender- 
ness. They also may cause breast engorgement, in part by 
promoting the proliferation of the secretory acini and ducts. 
Headache and dizziness are more frequent with high doses and 
severe migraine may occur even with low doses. Malaise, irri- 
tability, and depression occasionally occur with small doses 
and frequently with large doses. The effect on libido is erratic, 
being increased in some and decreased in others. 

Estrogens effect changes in the concentration of some of the 
clotting factors in blood, and therapeutic doses of semisynthetic 
and synthetic estrogens increase the incidence of thrombophle- 
bitis and thromboembolism in both the superficial and deep 
veins. Pulmonary embolism, cerebral embolism with stroke, 
and mesenteric vascular occlusion occur. Coronary thrombosis 
also seems to be increased among users of estrogens. Women 
over 35 years with blood type O are most susceptible. 

Estrogens alter hepatic function, which may alter results of 
various tests of liver function as well as various synthetic and 
biotransformation processes. Effects of estrogen alone to de- 
crease glucose tolerance are now believed to be related to their 
combined effects with progestins. 17-Alkyl derivatives, espe- 
cially, occasionally cause cholestatic jaundice. The composition 
of the bile is altered, and there is a slightly increased incidence 
of gallstones after long-term use. 

Acute porphyria may be precipitated. Changes in the 
concentration of blood proteins may occur; thyroxine- and 
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glucocorticoid-binding proteins are increased, which may alter 
endocrine relationships. Aldosterone secretion is increased, 
which not only accounts for sodium retention but also for an 
abnormal incidence of hypertension among users of estrogens. 
Estrogen-induced hypertension is reversible. 

Estrogens may induce changes in the skin, such as derma- 
titis, increased pigmentation (in combination with progestins, 
causes chloasma), a tendency to candidiasis (also in the 
vagina), and spider angiomas. Photosensitization may occur, 
and protective measures are advisable. Although estrogens 
may improve acne, they only do so after a temporary worsening 
of the condition. Estrogens may cause a loss of scalp hair in 
some users and hypertrichosis in others. Allergic reactions 
include rashes, erythema multiforme, erythema nodosum, and 
cholestatic jaundice. 

The relationship of estrogen therapy to an increased risk of 
breast cancer is unclear for premenopausal women. However, 
the relative risk of breast tumors increased 10% in prolonged 
therapy in postmenopausal women. Estrogens increase the risk 
of endometrial carcinoma by 4.5 to 13.9 times, and the inci- 
dence appears to depend on duration and dose. When diethyl- 
stilbestrol is taken during pregnancy, there is an increased 
likelihood of vaginal adenocarcinoma in the daughter after 
maturity; whether natural and semisynthetic estrogens are 
similarly fetotoxic is not known. There also is an increased 
likelihood of functional abnormalities in the reproductive tracts 
in both female and male offspring. 

Hypercalcemia may occur, especially in men taking large 
doses for prostatic carcinoma. 

In women, chronic use may cause spotting or breakthrough 
vaginal bleeding; after discontinuation, withdrawal bleeding 
usually occurs. 

A discussion of the role of estrogens in the adverse effects of 
oral contraceptives is included under Oral Contraceptives, Ad- 
verse Effects. 

PHARMACOKINETICS—Naturally occurring estrogens 
are not effective orally because they are destroyed almost to- 
tally in a single pass through the liver (first-pass effect). Oral 
effectiveness can be improved by administration of conjugated 
or esterified estrogens, by use of synthetic estrogens that are 
metabolized more slowly, or, in the case of estradiol, by prep- 
aration of the drug in a micronized form that is absorbed into 
the thoracic duct rather than into the portal circulation. 

Estrogens are absorbed rapidly from intramuscular sites, 
mucous membranes, skin, and other sites of therapeutic appli- 
cation. The half-life of estradiol is 40 to 50 min, but other 
estrogens persist much longer. Estrogens circulate in both free 
and conjugated forms. These are bound in varying amounts to 
albumin and to a specific sex hormone—binding globulin 
(SSHBG). 

Estrogens are excreted primarily in the conjugated form in 
urine. Some free estrogen is secreted in bile, from which some 
is excreted in feces and most returns to the systemic circulation 
by the enterohepatic route. Estrogens are excreted in breast 
milk, so their use in nursing mothers is not recommended. 

DRUG INTERACTIONS—Drugs that induce the hepatic 
microsomal mixed oxygenase system (eg, phenobarbital, phe- 
nytoin, and rifampin) will accelerate estrogen metabolism. 

Estrogens antagonize oral anticoagulants and also interfere 
with tests of coagulation. They also interfere with tests of 
thyroid function. By an unknown mechanism, estrogens in- 
crease the effects of tricyclic antidepressants. 


ESTRADIOL 
(17B)-Estra-1,3,5(10)-triene-3,17-diol, 17-Beta-estradiol 


Dihydrotheelin; [50-28-2] C,,H,,0, (273.39). 
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Preparation—Has been isolated from ovarian follicular fluid and 
from placental tissue and is the most potent of the natural estrogens. It 
is usually prepared through reduction of the 17-keto group of Estrone. 

It is curious that the urine of stallions and of the males of other 
Equidae contains 3 to 5 times as much estradiol as that of the female of 
the species. 

Description—White or creamy white, small crystals or a crystal- 
line powder; odorless and stable in air; hygroscopic; melts about 175°. 

Solubility—1 g in 28 mL alcohol, 435 mL chloroform, or 150 mL 
ether; practically insoluble in water. 

Comments—A natural estrogen used for replacement mainly in the 
postmenopause but also in ovarian hypofunction and after ovariectomy. 
It has a high presystemic elimination rate, hence a low bioavailability 
by the oral route. However, a micronized preparation (Estrace) is ab- 
sorbed rapidly enough to flood the pertinent liver enzyme sufficiently to 
make oral administration feasible. Transdermal systems also are used 
effectively for replacement. Intravaginal estradiol works topically in 
atrophic vaginitis, but the action to correct kraurosis vulvae is probably 
partly systemic. Estradiol is considerably converted to estrone in the 
body. The half-life is about 1 hr. 


CHLOROTRIANISENE 


Benzene, 1,1’,1’-(1-chloro-1-ethenyl-2-ylidene)tris [4-methoxy]-, 
TACE 


cn ONET,O pear 


c=c 


\ 
CHO } 


Chlorotris(p-methoxyphenyl)ethylene, [569-57-3] C,,H,,ClO, (380.87). 

Preparation—An alcoholic solution of anisaldehyde is refluxed 
with potassium cyanide to yield anisoin, which may be converted to 
deoxyanisoin (I) by reduction with zinc and hydrochloric acid. Perform- 
ing a Grignard reaction on I with p-methoxyphenylmagnesium bromide 
yields 1,1,2-tri-p-anisylethanol (II). Dehydration of II by treatment with 
phosphoric acid produces 1,1,2-tri-p-anisylethene, which is chlorinated 
directly in carbon tetrachloride solution. The resulting crude chlorotri- 
anisene is purified by recrystallization from an acetone-alcohol mixture. 

Description—Small white crystals or a crystalline powder; odor- 
less and stable in air; exhibits polymorphism, one form melting about 
116° and the other about 118°. 

Solubility—1 g in about 4200 mL water, 360 mL ethanol, 28 mL 
ether, or 1.5 mL chloroform. 

Comments—An estrogen with most of the actions, uses, and limi- 
tations of the other estrogens. It is used to treat menopausal symptoms 
such as severe vasomotor symptoms and atrophic vaginitis. However, it 
is unique in that its potency is greater by the oral route than by any 
other, because drug is converted in the liver to a more active form. Also, 
it apparently induces less anterior pituitary and adrenal hyperplasia 
than other estrogens. In fact, it appears to be antiestrogenic at the 
hypothalamic locus that regulates adenohypophyseal gonadotropin re- 
lease. Furthermore, it causes a lower incidence of withdrawal bleeding. 
It is stored in the fat, from which it is released slowly to give a sustained 
action. The consequent long duration of action makes this drug unsuit- 
able for the treatment of menstrual disorders or other conditions in 
which cyclic therapy is desired. 


DIETHYLSTILBESTROL 
Phenol, (E)-4,4’-(1,2-diethyl-1,2-ethenediyl)bis-, DES 


a,a'-Diethyl-(E)-4,4'-stilbenediol [56-53-1] C,,;H 5 0, (268.35). 

Preparation—A synthetic estrogen first synthesized by Dodds et al 
in 1938. As to be expected, the compound exists in two geometric 
isomeric forms. The cis-isomer(Z), which has less than one-tenth the 
activity of the trans(E) and does not form readily, is unstable and tends 
to revert to the trans-isomer; hence the official product is trans- 
diethylstilbestrol. 

Several methods of synthesis have been devised. That of Kharasch 
and Kleiman (Medicinal Chemistry, vol Il, New York: Wiley, 1956) uses 
anethole hydrobromide as the starting material and is most convenient. 

Description—White, odorless, crystalline powder; melts within a 
range of 4°, between 169° and 175°. 


Solubility—Practically insoluble in water; soluble in alcohol, ether, 
chloroform, fatty oils, or dilutesalkali hydroxides. 

Comments—For the same conditions for which natural estrogens 
are employed; see page 1382 for uses, contraindications, and side ef- 
fects. It is advantageous because it is absorbed well orally. Because the 
rate of inactivation is slow, it can be administered orally in single daily 
doses, even with large doses. 

In large doses it is used as an emergency postcoital contraceptive; it 
is not to be used routinely but only after rape or in other emergencies, 
because the total amount given is equivalent to several-months’ estro- 
gen requirement. Success is 100% if the drug is used within 72 hr of 
insemination. 

Nausea and vomiting appear to be caused, in part, by local actions 
of the drug. Enteric coatings on tablets slow the rate of release and 
lessen the incidence and intensity of such local effects. It is advised to 
start with smaller doses for patients who tend to develop disagreeable 
symptoms such as nausea. It is contraindicated in pregnancy because 
of the danger of inducing a latent vaginal carcinoma in female off- 
spring and structural abnormalities in the genitourinary tract in male 
offspring. 


CONJUGATED ESTROGENS 


Premarin; Progens 
A mixture containing the sodium salts of the sulfate esters of the 
estrogenic substances, principally estrone and equilin, that are of the 
type excreted by pregnant mares. Conjugated estrogens contains 50 to 
65% of sodium estrone sulfate, and 20 to 35% of sodium equilin sulfate, 
calculated on the basis of the total estrogens content. 

Preparation—The urine of pregnant mares is subjected to a sol- 
vent extraction process. US Pat 2,565,115 and 2,720,483. 

Description—Buff-colored powder; odorless or with a slight, char- 
acteristic odor. 

Solubiltiy—Soluble in water. 

Comments— Estrone sulfate, the principal constituent of these 
substances, retains a greater potency by the oral route than does 
estrone, so that it is superior for oral administration. Some clinical 
opinion holds that this mixture causes fewer and milder GI side effects 
than other estrogens. 

It has been advocated for rapid control of spontaneous capillary 
bleeding and to reduce capillary bleeding in surgery. However, in con- 
trolled studies no short-term hemostatic effect has been found, although 
such effects may result from chronic use. 


ETHINYL ESTRADIOL 


(17a)-19-Norpregna-1,3,5(10)-trien-20-yne-3,17-diol, 
17-Ethynylestradiol 


OH 
<<-C=CH 


CHs 


HO 


[57-63-6] C,,H,,0., (296.41). 

Preparation—By the Nef reaction, or a modification thereof, 
whereby estrone is caused to react with sodium acetylide in liquid 
ammonia. Hydrolysis of the sodoxy addition complex yields the desired 
carbinol. It also may be prepared by a typical Grignard reaction from 
estrone and ethynyl magnesium bromide. 

Description—White to creamy white, odorless, crystalline powder; 
melting range 180° to 186°; also exists in a polymorphic modification 
melting between 142° and 146°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, or 
ether. 

Comments—Has the actions, uses, and limitations of the other 
estrogens (see page 1382). It has an anovulatory effect at relatively low 
doses; it is the most widely used estrogen in oral contraceptive combi- 
nations. The ethinyl radical delays the decomposition of the estradiol 
molecule that occurs during absorption by the oral route. It is one of the 
most potent oral estrogens known. 


MESTRANOL 
(17a)-19-Norpregna-1,3,5(10)-trien-20-yn-17-ol, 3-methoxy-, 


[72-33-3] C,,H,,0, (310.44). 

Preparation—HKstrone is converted to its 3-methoxy analog by 
reaction with methyl sulfate. The ethynyl group may then be introduced 
at position 17 either through reaction with sodium acetylide in liquid 
ammonia followed by hydrolysis of the sodoxy compound, or through 
grignardization with ethynyl bromide. US Pat 2,666,769. 

Description—White to creamy white, odorless, crystalline powder; 
melts within a range of 4° between 146° and 154°. 

Solubility—Freely soluble in chloroform; sparingly soluble in 
ether; slightly soluble in alcohol; insoluble in water. 

Comments—This drug was incorporated with norethynodrel in the 
historically famous oral contraceptive, Norethynodrel with Mestranol, and 
it is now combined with several progestins in oral contraceptives. When 
suppression of the pituitary release of gonadotropins occurs with these 
preparations, it is likely that inhibition is more attributable to this drug 
than to the progestin. However, oral contraceptive preparations containing 
mestranol do not suppress ovulation in a large fraction of users, and the 
oral contraceptive effect cannot thus be correctly attributed to an anovu- 
latory effect of the estrogen. It is an effective estrogen for the usual uses of 
estrogens, but it is not marketed as a single entity. 


QUINESTROL 


(17a)-19-Norpregna-1,3,5(10)-trien-20-yn-17-ol, 3-(cyclopentyloxy)-, 
Estrovis 


OH 
GRisikce 


BLOOL 


{152-43-2] C,.H,.0, (364.53). 

Preparation—US Pat 3,231,567. 

Description—White powder; melts about 108°. 

Solubility—Practically insoluble in water; soluble in alcohol, chlo- 
roform or ether. 

Comments—For estrogen replacement therapy, primarily for relief 
of vasomotor symptoms. This cyclopentyl ether of ethinyl estradiol is 
stored in adipose tissue after oral absorption. It is released slowly and 
metabolized to the parent compound. Side effects occur infrequently 
and are similar to those with other estrogens. 


C=CH 


ANTIESTROGENS AND AROMATASE 
INHIBITORS 


In a broad sense, antiestrogens are substances that suppress 
the effects of estrogens, regardless of mechanism. Androgens 
and progestins would thus qualify as incomplete antiestrogens, 
since they are antagonists to estrogens in some of their effects. 
With the advent of competitive antagonists of estrogens, the 
term antiestrogen has become restricted in use to apply only to 
such drugs. A number of estrogens have been found that reduce 
the intensity of response to other estrogens, behaving as ago- 
nists at some target organs and antagonists at other sites. 
Raloxifene is the first drug available in the new class of drugs 
called selective estrogen receptor modulators (SERMs). Ralox- 
ifene acts similarly to estrogen on bone, where it decreases 
bone resorption and increases bone mineral density; it also has 
estrogen-like effects on lipid (decrease in total and LDL choles- 
terol) metabolism. It is only approved for prevention of post- 
menopausal osteoporosis. Preliminary clinical trials have indi- 
cated that raloxifene does not increase the incidence of uterine 
or breast tumors, which is consistent with the selective ability 
to act as an agonist at some but not all estrogen target tissues. 
Studies with several estrogen target tissues have shown that 
some estrogenic drugs can promote selective gene transcription 
by activation of different estrogen-receptor elements upon 
transport of the drug-receptor complex to its nuclear binding 
site on DNA. 

Some antiestrogens, such as tamoxifen, are complete antag- 
onists; tamoxifen has been effective in the treatment of breast 
cancer in premenopausal women. Some substances appear to 
exert antiestrogenic effects on some but not all target organs; 
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for example, chlorotrianisene is estrogenic in the periphery but 
antiestrogenic in the hypothalamus, so that it interrupts the 
normal negative-feedback system that modulates anterior pi- 
tuitary gonadotropin release. 

A closely related compound, clomiphene, has an even stron- 
ger antiestrogenic action in the hypothalamus but is suffi- 
ciently weak in the periphery so as not to interfere with the 
peripheral effects of endogenously released estrogens. By 
blocking the effects of endogenous estrogen to suppress adeno- 
hypophyseal release of gonadotropins, antiestrogens allow the 
anterior pituitary to produce more gonadotropins than nor- 
mally. The ovaries are thus stimulated to a greater extent, and 
follicular development and maturation are enhanced. In cases 
of infertility resulting from failure to ovulate this effect may 
result in ovulation and the development of fertility. 

Another approach to suppress the effects of endogenous 
estrogens is to decrease their synthesis. The most promising 
drugs for this purpose are the aromatase inhibitors. Aromatase 
is an enzyme complex that converts androgen precursors into 
estrogens. Inhibition of this enzyme complex would thus de- 
crease estrogen synthesis; synthesis of adrenal steroids would 
not be compromised since they are formed earlier in the steroid 
synthetic pathway. 

The most potent and selective inhibitor now available is 4-hy- 
droxyandrostenedione (4-OHA), a competitive inhibitor of the en- 
zyme complex. Aminoglutethimide (page 1483) also inhibits the 
aromatase complex, but it is not as selective nor as potent as 
4-OHA. The inhibition of steroid hydroxylases by aminoglute- 
thimide decreases the synthesis of adrenal steroids, a side effect 
that severely limits its clinical usefulness. 4-OHA has been shown 
to be effective in patients with breast cancer who were resistant 
to, or had relapsed from, tamoxifen (see below). 


CLOMIPHENE CITRATE 


Ethanamine, 2-[4-(2-chloro-1,2-diphenylethenyl)phenoxy]-N,N- 
diethyl-, 2-hydroxy-1,2,3-propanetricarboxylate (1:1); Clomid; 
Milophene; Serophene 


©pys =O) oorecren ct CH2COOH 
° nes Cole 
CH,COOH 


2-[p-(2-Chloro-1,2-diphenylvinyl)phenoxy]triethylamine citrate (1:1) 
([50-41-9] C,,.H,.CINO - C,H,O, (598.09). 

Preparation—4-Hydroxybenzophenone is condensed with 2- 
(diethylamino)ethyl chloride in toluene in the presence of alkali. The 
4-[2-(diethylamino)ethoxy]benzophenone thus formed is grignardized 
with benzyl chloride, and the tertiary carbinol thus produced is dehy- 
drated to give 2-[p-(1,2-diphenylvinyl)phenoxy]triethylamine. This 
compound is chlorinated to yield clomiphene and then reacted with an 
equimolar quantity of citric acid. Clomiphene citrate is a mixture of (E)- 
and (Z)-geometric isomers containing 30.0 to 50.0% of the latter isomer. 

Description—White to pale yellow powder, essentially odorless; 
not appreciably hygroscopic; melts about 118° with decomposition. 

Solubility—Sparingly soluble in alcohol; slightly soluble in water 
or chloroform; insoluble in ether. 

Comments—An antiestrogenic drug used to induce ovulation (in- 
crease fertility) in anovulatory and oligoovulatory women who have 
adequate endogenous estrogens and in whom the hypothalamic— 
anterior pituitary has a latent capacity to function. It blocks the negative 
feedback action of endogenous estrogens by blocking cytosolic estrogen 
receptors in the hypothalamus and diminishing their number. The result 
is an increase in the secretion of GnRH and, hence, in gonadotropins (FSH 
and LH). However, its effect is uneven, since it seems to be most effective 
in the late follicular, and not in the luteal, phase of the estrous cycle. The 
elevated LH levels bring about ovulation; sometimes more than one ovum 
is released, which may result in multiple pregnancies. In properly selected 
patients, 80% may be induced to ovulate, and successful pregnancy is 
achieved in 30 to 40%. The probability of multiple pregnancy is increased 
to eight times normal. This is about the same order of success as with 
human chorionic gonadotropin (HCG). 

In addition to multiple pregnancy, the major side effect is cystic 
enlargement of the ovaries. Increased cyclic ovarian pain, breast en- 
largement, and hot flashes that resemble those of the menopause also 
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occur. Nausea is frequent. Blurred vision and scintillating scotoma may 
occur, and they require discontinuation of the treatment. 


RALOXIFENE HYDROCHLORIDE 


Methanone, [6-hydroxy-2-(4-hydroxyphenyl)benzo[b]thien-3-yl]- 
[4-[2-(1-piperidinyl)ethoxy]phenyl]-, hydrochloride; Evista; 
Keofixene hydrochloride 


HO S 
OH 
cl y (O) 
5 hel 
C 
Z 
° XO)rorneete » 


[82640-04-8] C,,H,-NO,S.HCI (510.05). 

Preparation—Condensation of a-bromo-p-methoxyacetophenone 
with m-methoxythiophenol using polyphosphoric acid yields a-(m- 
methoxyphenylthio)-p-methoxy-acetophenone, which is cyclized by a 
Friedel-Crafts-type reaction to form 2-(p-methoxyphenyl)-6-methoxy- 
benzothiazole. The methoxyphenyl group apparently shifts from the 
theoretical 3- to the 2-position on the thiazole ring. The two methyl 
ether groups are removed and the resulting phenols reacted with meth- 
anesufonyl chloride to form the sulfonate ester (I). Methyl paraben is 
alkylated with 1-(2-chloroethyl)piperidine to yield the piperidinoethyl 
ether; the ester is hydrolyzed to the acid and converted to the acyl 
halide (II). Compound I is'then acylated with II (Friedel-Crafts), which 
attaches the carbonyl group to the 3-position of the thiazole ring, and 
finally the sulfonate esters are hydrolyzed to the free base of the title 
compound. J Med Chem 1984; 27:1057. 

Description—Off-white to pale yellow crystals melting about 258°. 

Solubility—Very soluble in water. 

Comments—A selective estrogen receptor modulator (SERM) that 
is used to prevent osteoporosis in postmenopausal patients. It has 
estrogen-like effects on bone (in bone mineral density and decreases 
bone resorption) and on lipid (decrease in total and LDL cholesterol) 
metabolism; in addition, it is an estrogen antagonist and lacks estrogen- 
like effects in uterine and breast tissues. 

Raloxifene is absorbed rapidly after oral administration, with about 
60% of dose absorbed. However, absolute bioavailability is only 2% 
because the drug undergoes extensive first-pass metabolism in the liver 
to glucuronide conjugates and enterohepatic cycling that prolongs the 
elimination half-life to 27.7 hr. Cholestyramine may decrease absorp- 
tion and enterohepatic cycling. The drug is >95% bound to plasma 
proteins and may be displaced by other drugs such as clofibrate, ibu- 
profen, and naproxen. 

The most common side effects are hot flashes and leg cramps that 
seem to be dose-related. Other side effects may be observed such as 
insomnia, rash, and weight gain. The risk of developing venous throm- 
boembolism seems to be similar to that with estrogen replacement 
therapy. 


TAMOXIFEN CITRATE 
(Z)-2-[4-(1,2-diphenyl-1-butenyl)phenoxy]-N,N-dimethyl-, Nolvadex 


wrpynongcrso-()) KO) CH, COOH 


c— + HO-C—COOH 
| 
CH,COOH 


(Z)-2- [p-(1,2-Diphenyl-1-butenyl)phenoxy]-N,N-dimethylethylamine 
citrate (1:1) [54965-24-1] C,,H,,NO - C,H,O, (563.65). 

Preparation—4-fB-Dimethylaminoethoxy-a-ethyldesoxybenzoin by 
reaction with phenylmagnesium bromide or pheny] lithium is converted 
to 1-(4-8-dimethylaminoethoxypheny])-1,2-dipheny! butanol, which on 
dehydration yields a mixture of tamoxifen and its cis-isomer that may 
be separated with petroleum ether; tamoxifen is converted to the 1:1 
citrate for dispensing use. See Nature 1966; 212:733; CA 1967; 67: 
90515g. 

Description—White, crystalline powder; melts about 140°. 

Comments—A nonsteroidal antiestrogen for palliative therapy of 
breast cancer in postmenopausal women. The drug competes with es- 
trogens for cytosol estrogen receptors and thus blocks estrogen effects in 
the target tissue. Tumors with negative receptor assays do not respond 
to it. The drug has been used investigationally to treat female infertil- 
ity, the mechanism being that described for Clomiphene. Unapproved 
uses include the reduction of breast size in gynecomastia and the relief 
of mastalgia. Adverse effects frequently reported are hot flashes, nau- 
sea, and vomiting. The drug also can cause vaginal bleeding and 
discharge, rashes, transient leukopenia, and thrombocytopenia. In- 


creased bone and tumor pain may occur. Infrequent side effects are 
anorexia and hypercalcemia. ‘A few patients have developed retinal 
abnormalities. 

The oral bioavailability is 25 to 100%. The half-life of a single dose 
is 18 hr, but it is only 7 hr at steady state. 


PROGESTINS AND ANTAGONISTS 


Progesterone is the primary progestational substance produced 
by ovarian cells of the corpus luteum. It has a physiological 
action that is unique and distinct from that of estrogen. Pro- 
gestins (progesterone and its derivatives) transform the prolif- 
erative endometrium into secretory endometrium. This alter- 
ation is part of the change that is essential to provide for the 
implantation of a fertilized ovum and for the continuing devel- 
opment of the placenta. This endometrial alteration requires 
the cooperation of an estrogen; in the absence of an estrogen, a 
progestin that is devoid of estrogenic activity will exert an 
atrophic effect on the endometrium. 

Progestins also cause an increase in the viscosity of cervical 
secretions, which impedes the movement of sperm. Progestins 
in high doses suppress the pituitary release of luteinizing hor- 
mone and the hypothalamic release of GnRH, thus preventing 
ovulation. 

Progestins also decrease uterine motility, which may con- 
tribute to a contraceptive effect. In addition, they antagonize 
the endometrial actions of estrogens, especially the natural 
estrogens. Progestins have the ability to stimulate develop- 
ment of the glandular portions of the mammae. They also exert 
some effects upon the capacity of tissues to retain water in the 
intercellular spaces. They also have a thermogenic action. 

Progesterone is biotransformed in vivo, beginning with 5-a 
and 5-B reductions, to several active metabolites that affect the 
CNS in multiple ways and that may be responsible for some of 
the effects of progesterone described above. The metabolites 
decrease brain electrical activity, inhibit calcium entry into 
nerve terminals and norepinephrine release, and modify be- 
havior. They also participate in the control of gonadotropin 
secretion. The metabolites appear to function both by modify- 
ing gene expression or by altering membrane permeability. 

Progestins may be used cyclically in the treatment of infer- 
tility in which the uterus is not receptive to implantation; the 
progestin sustains the secretory endometrium during the third 
and fourth weeks of the menstrual cycle. They are used cycli- 
cally with estrogens in the treatment of secondary amenorrhea 
and dysfunctional uterine bleeding. They also may be used to 
lessen premenstrual tension, although they cause salt and 
water retention, which is a factor in this disorder. 

The effect to suppress the release of LH and GnRH is used 
to prevent ovulation, not only with some oral contraceptives 
but also in the treatment of primary dysmenorrhea and endo- 
metriosis. In sexual infantilism in the female, progestins may 
be combined with estrogens to bring about genital development 
and maturation. Progestins may decrease breast size in mas- 
todynia. In preeclampsia and toxemia of pregnancy due to 
hormonal imbalance, progestins plus estrogens may improve 
the condition, even though both types of hormone can cause 
salt and water retention, and estrogens can cause hyperten- 
sion. They may be used in huge doses as adjunctive treatment 
in endometrial carcinoma. They have been used in the past to 
prevent habitual abortion or treat threatened abortion. 

The use of these agents during the first 4 months of preg- 
nancy is not recommended because there is evidence that the 
fetus may be harmed; progestins may increase the risk of heart 
defects and deformed arms and legs in their children. 

Untoward effects of progestins include nausea, vomiting, 
diarrhea, edema and weight gain, headache, fatigue, hirsutism, 
urticaria, ulcerative stomatitis, pruritus vulvae, and a ten- 
dency to galactorrhea and vaginal candidal infections. Some 
are locally irritating. Some have mild androgenic activity that 
may result in masculinization, especially in the female fetus. 


Others have a weak estrogenic component of activity. Some 
have both estrogenic and androgenic actions. 

Progestins increase the cutaneous pigmenting effect of es- 
trogens, thus favoring chloasma (melasma) when used in com- 
bination. It is probable that they increase the intensity of 
adverse effects of estrogens, especially headache and hyperten- 
sion. There may be breakthrough bleeding when continuous 
high doses are used that suppress menstruation, yet there also 
may be decreased menstrual flow in many patients. 

SUBCLASSES OF PROGESTINS—tThese agents can be 
grouped into three general categories, based on their structure: 
progesterone derivatives, 17a-ethinyl testosterone derivatives, 
and 19-nortestosterone derivatives. The most important differ- 
ences between these synthetic agents are pharmacological 
changes in their activity profile. Table 77-9 provides a sum- 
mary of several progestins that have been compared using 
various endpoints and target tissues, some of which may not 
apply to humans. In general, the 21-carbon compounds that are 
derivatives of progesterone closely reproduce the pharmacolog- 
ical actions of the natural hormone progesterone. The greatest 
variability in pharmacological actions of progestins is demon- 
strated by the 19-nortestosterone derivatives that vary in their 
relative androgenic (masculinizing effects), estrogenic, anties- 
trogenic, and progestational effects. 

Most oral contraceptives contain both an estrogen and a 
progestogen. Certain progestins may be used alone. The oral 
contraceptives are discussed on page 1388. 


PROGESTERONE ANTAGONISTS 


In addition to the widespread use of progestins in oral contra- 
ceptive agents, drugs that are classified as progesterone antag- 
onists are receiving considerable attention in reproductive 
pharmacology. Since progesterone is essential for nidation and 
maintenance of early pregnancy, blockade of progesterone re- 
ceptors or interference with progesterone synthesis prevents 
pregnancy and/or causes abortion early in gestation. Two such 
agents have been studied in some detail in experimental ani- 
mals and humans. 

Mifepristone (RU486) combines with progesterone receptors 
and acts as a progesterone antagonist. The drug is an aborti- 
facient and acts as a contraceptive. Epostane inhibits 3-B- 
hydroxysteroid dehydrogenase, the enzyme that converts preg- 
nenolone to progesterone. Thus, progesterone synthesis is 
decreased, and the effects of progesterone are negated. 
Epostane causes abortion in the first 8 weeks of pregnancy and 
appears to be reasonably safe for this use. The exact clinical 
status of mifepristone and epostane as abortifacients remains 
to be established, but the potential availability of methods to 


Table 77-9. Major Features of Progestins 
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produce safe, noninvasive abortions raises significant medical, 
social, and legal questions. 


LEVONORGESTREL 


(17a)-(—)-18,19-Dinorpregn-4-en-20-yn-3-one, 13-ethyl-17-hydroxy-, 
Norplant 


[797-63-7] C,,H.,0, (312.45). This compound is the (—)-isomer of nor- 
gestrel, but the p-configurational isomer. A former designation as the 
d-enantiomer is incorrect. 

Preparation—Refer to Experiential 1963; 19:394 for the (+)-form 
and US Pat 3,413,314 for both enantiomers. 

Description—White crystals melting about 240°. 

Solubility—Practically insoluble in water; soluble in chloroform; 
slightly soluble in ether or dioxane; sparingly soluble in ether. 

Comments—The levo-isomer of norgestrel (see RPS-19, page 1097). 
It is the active form of norgestrel, hence it is twice as potent on a 
weight basis as norgestrel. Otherwise, the pharmacological properties 
of norgestrel and this drug are the same. It is used alone in sub- 
dermal implants and in combinations with ethinyl estradiol as an oral 
contraceptive. 


MEDROXYPROGESTERONE ACETATE 


(6a)-Pregn-4-ene-3,20-dione, 17-(acetyloxy)-6-methyl-, Curretab, 
Cycrin, Depo-Provera, Provera 


17-Hydroxy-6a-methylpregn-4-ene-3,20-dione acetate [71-58-9] C.,H,,0, 
(386.53). 

Preparation—From 17a-hydroxyprogesterone by first forming the 
3,21-bisethylene acetal with ethylene glycol, then treating with perace- 
tic acid to give a mixture of the 5a,6a- and 58,6B-epoxides. With methyl 
magnesium iodide the a-epoxide isomer yields the 5a-hydroxy-6B- 
methyl derivative, which dehydrates and epimerizes with hydrogen 
chloride in chloroform to the A*-6a-methyl compound, medroxyproges- 
terone. Acylation with acetic anhydride and p-toluenesulfonic acid in 
acetic acid gives medroxyprogesterone acetate. 

Description—White to off-white, odorless, crystalline powder; 
melts at about 205°; stable in air. 

Solubility—Insoluble in water; freely soluble in chloroform; soluble 
in acetone or dioxane; sparingly soluble in alcohol or methanol; slightly 
soluble in ether. 


ACTIVITY PROFILE 


PROGESTINS PROGESTIN ESTROGEN ANTIESTROGEN ANDROGEN 
Progesterone and derivatives 
Progesterone Sree eerie 0 B 0 
Hydroxyprogesterone +++ + 0 4 
Megestrol acetate Shee Ie 0 0 si 
17a-Ethinyl testosterone derivatives 
Dimethisterone e 0 ze 0 
19-Nortestosterone derivatives 
t-Norgestrel +++ 0 ae te ah 
Desogestrel +++ 0/+ Heat 0/+ 
Norgestimate +++ 0 rae 0 
Ethynodiol diacetate + + + eek 
Norethindrone acetate + + +++ ++ 
Norethindrone + A au aualu 
Norethynodrel + ae lute 0 0 
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Comments—Actions, uses, and side effects of the progestins in 
general (see page 1386). Its oral efficacy is an advantage over proges- 
terone. There is no clinical evidence to date confirming the supposed 
efficacy in threatened or habitual abortion. Furthermore, the drug is 
teratogenic during the first 4 months of pregnancy and hence should not 
be used for threatened abortion. The long duration of action of intra- 
muscular drug makes it popular in some countries. It is effective as a 
contraceptive when given IM at the recommended dose to women every 
3 months. Gonadotropin secretion is inhibited, which prevents follicular 
maturation and ovulation and results in endometrial thinning. It has 
been found to be beneficial in some cases of sleep apnea. Aqueous 
suspensions administered intramuscularly have a duration of action of 
weeks to months. 


NORETHINDRONE 


(17a@)-19-Norpregn-4-en-20-yn-3-one, 17-hydroxy-, Norethisterone; 
Micronor; Nor-Q.D.; Norlutin 


[68-22-4] C.,H.,0. (298.42). 

Preparation—The methyl ether of estrone is reacted with lithium 
metal in liquid ammonia to reduce ring A to the 4-ene state and the 
reduced compound is oxidized with chromic acid in aqueous acetic acid 
to form estr-4-ene-3,17-dione (I). To prevent the 3-keto group from 
participating in the ensuing ethynylation reaction, I is reacted with 
ethyl] orthoformate in the presence of pyridine hydrochloride to form the 
3-ethoxy-3,5-diene compound (II), Acetylene is passed into a solution of 
II in toluene, previously admixed with a solution of sodium in tert-amy] 
alcohol, to form the 17-ethynyl-17-hydroxy compound. Hydrolysis at the 
3-ethoxy linkage by heating with dilute HCl is accompanied by re- 
arrangement of the 3-hydroxy-3,5-diene compound to the 3-oxo-4-ene 
state. US Pat 2,744,122. 

Description—White to creamy white, odorless, crystalline powder; 
melts about 205°; stable in air. 

Solubility—Practically insoluble in water; sparingly soluble in al- 
cohol; soluble in chloroform or dioxane; slightly soluble in ether. 

Comments—For the actions and uses, see page 1386. In addition to 
its progestational actions, it has weak estrogenic actions, owing to 
biotransformation to an estrogenic metabolite. Among the progesta- 
tional drugs, it ranks high in ability to postpone menstruation, and it is 
used for this purpose for both medical and social reasons. In high doses 
it prevents ovulation by suppressing pituitary gonadotropin output. In 
lower doses it suppresses the endometrium and decreases the fluidity of 
the cervical mucus. Consequently, the steroid is an important oral 
contraceptive. As an oral contraceptive, it is used alone or combined 
with an estrogen, especially Mestranol and Ethinyl Estradiol; when 
used alone, the pregnancy rate is about three times that when used in 
combination with an estrogen. 

In some women with Type V hyperlipoproteinemia, it markedly 
decreases the concentrations of VLDL and chylomicrons; however, it 
also lowers HDL and hence is used only when the condition is refractory 
to other drugs. The drug has weak androgenic properties and may cause 
deepening of the voice, hirsutism, and acne, and it may cause mascu- 
linization of the fetus. 


NORETHYNODREL 
(17a)-19-Norpregn-5(10)-en-20-yn-3-one, 17-hydroxy-, ing of Enovid 


[68-23-5] Co 9H,,0. (298.42). 

Preparation—Dehydroepiandrosterone acetate is simultaneously 
saponified and oxidized by a series of reactions to 19-hydroxyandrost- 
6(6)-ene-3,17-dione. The hydroxymethyl group at the 10-position is then 
oxidized to carboxyl. The resulting acid is decarboxylated with simul- 
taneous shifting of the double bond to give estr-5(10)-ene-3,17-dione. 
Selective addition of acetylene at the expense of the 17-one group yields 
norethynodrel. US Pat 2,725,389. 

Description—White or nearly white, odorless, crystalline powder; 
stable in air; melts within a range of 3°, between 174° and 184°. 


Solubility—Freely soluble in chloroform; sparingly soluble in alco- 
hol or ether; very slightly soltible in water or solvent hexane. 

Comments—A progestin that is isomeric with Norethindrone. 
However, the shift of the double bond in the A ring abolishes the weak 
androgenic properties found in norethindrone. In fact, norethynodrel 
exerts weak estrogenic actions because it is biotransformed to an estro- 
genic metabolite. Nevertheless, for progestational therapy or for oral 
contraception it is usual to supplement norethynodrel with an estrogen, 
both to prevent withdrawal bleeding and to favor an anovulatory effect. 
The prevention of ovulation is the result of suppression of pituitary 
gonadotropin release. However, contraception results from other mech- 
anisms. The drug is the primary ingredient of the oral contraceptive 
Norethynodrel and Mestranol (see RPS-19, page 1100). It is not advo- 
cated for infertility and maintenance of pregnancy, since it appears not 
to promote an endometrium that is favorable to nidation and support of 
the fetus. Furthermore, it causes some masculinization of the fetus, 
even though it otherwise lacks androgenic properties. This androgenic 
activity is somewhat antagonized by the estrogenic actions of mestranol 
and other estrogens. The drug is not used separately from its estrogenic 
adjuvant, even in general progestational therapy. 


PROGESTERONE 


Pregn-4-ene-3,20-dione 


Progesterone [57-83-0] C.,H,,O0, (314.47). 

Preparation—From animal ovaries, synthesized from stigmas- 
terol, or better from diosgenin (extracted from Dioscorea mexicana, a 
Mexican yam). The latter synthesis involves acetolysis, chromic acid 
oxidation, cleavage of the ketoester diacetate with boiling acetic acid to 
16-dehydropregnenolone acetate, which on catalytic reduction yields 
pregnenolone acetate. Saponification of the acetate ester to the 36- 
alcohol followed by Oppenauer oxidation affords progesterone. Proges- 
terone in pure form was first isolated, from corpus luteum, in 1934 by 
Butenandt. 

Description—White or creamy white, crystalline powder; odorless 
and stable in air; melts about 128°; a polymorphic modification melts 
about 121°. 

Solubility—Practically insoluble in water; soluble in alcohol, ace- 
tone, or dioxane; sparingly soluble in vegetable oils. 

Comments—tThe natural endogenous progestin; its actions, uses, 
and side effects are described on page 1386. However, its plasma half- 
life is only about 5 min, so it is extremely difficult to achieve effective 
blood levels with any convenient dosage schedules. Authorities doubt 
its usefulness in the treatment of habitual or threatened abortion. 
However, some consider it to be the drug of choice in luteal-phase 
dysfunction, a disorder that causes infertility or repeated early abor- 
tion. It is not effective orally and is of limited and erratic efficacy 
buccally; consequently it is given intramuscularly as a suspension or 
solution in oil. The steroid is irritant, more so in aqueous suspension 
than in oil solution. 

One intrauterine contraceptive device (Progestasert, Alza) contains 
38 mg of progesterone in silicone oil. The hormone is said to enhance the 
contraceptive effectiveness of the device by a local effect on the endo- 
metrium and by effects on sperm motility, capacitation, and metabo- 
lism. Progesterone is released at an average rate of 65 wg daily for 1 
year, at which time the device is replaced. The device increases the risk 
of pelvic inflammation and actinomycotic infections. 


HORMONAL CONTRACEPTIVES 
ES TS 

MECHANISMS—tThe various mechanisms whereby hor- 
monal contraceptives can prevent conception are complex. The 
mechanisms involved vary with the particular agent(s) in a 
preparation, the dose(s), and whether a cyclic or continuous 
schedule is used. It is probable that several mechanisms oper- 
ate simultaneously with some preparations. 

SUPPRESSION OF GONADOTROPIC OUTPUT—Dur- 
ing the menstrual cycle, there are two periods of elevated FSH 
secretion, a sharp peak just preceding ovulation and a long 


wave beginning just before menstruation. In sufficient doses, 
estrogens can suppress both phases by feedback actions on both 
the hypothalamus and the anterior hypophysis; FSH and LH 
output is desynchronized at the early peak, ovulation may be 
prevented, and the estrogen-progestin priming of the uterus is 
defective. Estrogens also suppress the hypophyseal output of 
LH. Progestins also can suppress the LH peak (by an action at 
the hypothalamus, only), but their action is weak, owing to 
their antiestrogenic effects, which oppose the suppressant ac- 
tions of endogenous and exogenous estrogen. Very high doses of 
progestins are necessary to suppress LH output, unless the 
progestin is combined with an estrogen. A progestin alone 
desynchronizes the FSH and LH output, thus sometimes pre- 
venting ovulation; long-term use of a combination of progestin 
and estrogen depresses the output of both gonadotropins and 
more consistently prevents ovulation. 

OVARIAN EFFECTS—Estrogens and progestins decrease 
the ovarian response to their respective gonadotropins. The 
result may be a failure to ovulate or, if ovulation does occur, a 
smaller, hyposecreting corpus luteum, the latter especially 
when a progestin is in the contraceptive preparation. 

TUBAL EFFECTS—In some species progestins and in 
others estrogens accelerate the ciliary and peristaltic egg 
transport in the fallopian tubes and increase secretions. 
Consequently, the ovum arrives in the uterus before the 
endometrium is prepared for nidation. The tubal effects of 
these hormones in women may involve a tubal action. 

EFFECTS ON THE ENDOMETRIUM—Long-acting in- 
jectable progestins in appropriate doses cause endometrial at- 
rophy. Oral preparations vary according to the drug and the 
dose, some permitting a normal endometrium and others caus- 
ing regression. In combination with estrogens, progestins effect 
a decrease in tortuosity and secretion of the endometrial glands 
with thinning of the endometrium after several cycles of use. 

EFFECTS ON THE CERVIX—Estrogens favor a thin and 
watery secretion, while progestins promote more-viscous cervi- 
cal secretions that impede the mobility of sperm. In the com- 
bination contraceptives, the progestins predominate. 

EFFECTS ON CAPACITANCE—Capacitance is the abil- 
ity of the sperm to penetrate into the ovum. Progestins are 
thought to decrease capacitance, by an unknown mechanism, 
probably involving prostaglandins. It is speculated that the 
low-dose, continuously administered progestin contraceptives 
are effective by the anticapacitant action. 

TYPES OF PREPARATIONS—tThe first oral contracep- 
tives to be marketed were progestin-estrogen combinations. In 
some preparations, called monophasic combinations, the pro- 
gestin and estrogen are present in fixed amounts, so that blood 
levels rise and fall together, in contrast to the levels in the 
normal menstrual cycle, in which one estrogen peak appears 11 
days in advance of the combined estrogen-progesterone peak. 
With the combined preparations, an artificial menstrual cycle 
is induced by using the contraceptive for only 20 to 21 days of 
every 28; if they were to be used continuously instead, no 
regular menses would occur, but breakthrough bleeding would 
occur eventually. 


Table 77-10. Types of Contraceptives for Women 


ORAL CONTRACEPTIVES COMMENTS 
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The artificial menses caused by the cyclic use of combination 
contraceptives usually is not normal but oligemic. During the 7 
to 8 days in which no hormones are taken, some products 
provide placebo or iron tablets in lieu of the combination; in 
these products, the pills are packaged to be taken serially by 
number. Over the years since combinations appeared on the 
market, the estrogen content has been decreased considerably 
in several products because of the possible adverse effects of 
the estrogen component. 

Attempts to develop more nearly physiological regimens 
have led to the so-called biphasic and triphasic combinations. 
In the former, the progestin dose is increased during the last 11 
days of the medication cycle; in the latter, the progestin/estro- 
gen ratio is changed 3 times during the cycle by altering the 
doses of either progestin or estrogen or both. 

Continuous progestin-only oral products do not contain any 
estrogen and furthermore contain the progestin in amounts 
smaller (the so-called mini-pill) than those used in combination 
products. The dose is small enough not to prevent ovulation 
and menstruation in most users, yet to act sufficiently on the 
uterus, cervix, or capacitance to prevent conception. However, 
the efficacy is lower than that of combination or sequential 
products. A progesterone-containing IUD and continuous- 
progestin injectable products, repository forms of progestins, 
also are available. 

An implanted progestin system is also available for use as 
contraceptive therapy. The levonorgestrol contraceptive im- 
plant system consists of six elongated silastic capsules that are 
all implanted subdermally in the upper arm. Levonorgestrol is 
metabolized in the liver at a much slower rate than endogenous 
progestins. The amount of progestin initially released daily 
from implants is more than double the daily amount released 
after 1 year; however, the daily amount after 1 year is similar 
to the amount contained in oral progestin-only contraceptives. 
Plasma concentrations vary widely, presumably due to individ- 
ual differences in metabolism and body weight. Most patients 
have irregular menstruation during the first year, and some 
women experience progestin-associated side effects, especially 
headaches and acne, that make implants unacceptable (see 
general comments on Progestins, page 1386). The levels of 
exogenous progestin released from implants decrease secretion 
of gonadotropins FSH and LH, and ovulation is suppressed in 
some patients. 

When ovulation does occur, a thick scanty mucus is induced 
that prevents sperm migration, and endometrial development 
is suppressed by the constant low levels of progestin. The 
continuous low-dose release of progestin has a duration of 
action of up to 5 years. Table 77-10 provides a summary of the 
main types of contraceptives used in women. 

Postcoital oral contraceptives (so-called morning-after pills) 
have been used for a long time in emergencies, such as rape, 
and they now are used somewhat more widely, as in student 
health services, to prevent pregnancy in girls or women who 
are caught without contraceptive preparation; these prepara- 
tions, however, are not for routine use, inasmuch as the doses 


Combination 
Monophasic 


Does not change amount of estrogen and progestin in pills taken for 20-21 days; numerous 


preparations available with variable content of estrogen or progestin 


Biphasic 
Triphasic 
change estrogen 
Progestin only 
Levonorgestrel implants 
Intrauterine progesterone 
Medroxyprogesterone acetate 


Increased progestin content for days 11-21 
Changes made in content of progestin on day 8 and again on day 15 or 17; some also 


Continuous release of progestin for 5 yr 
Continuous release of progestin locally in uterus 
Slow release from IM injection given every 3 mo 
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of estrogens employed are very high. They are effective if taken 
within 72 hr after coitus. 

EFFICACY AND FAILURES—tThe efficacy of an oral con- 
traceptive depends on the type and the dose of hormonal ingre- 
dients. The combined type, which contains relatively high 
doses of estrogens, is nearly 100% effective when taken cor- 
rectly; failures probably can be attributed to the negligence of 
the user. There appears to be a finite, though small, probability 
of ovulation and hence of later conception if a single pill is 
missed, because of the rebound oversecretion of the gonadotro- 
pins. If one pill is skipped, the user should take it immediately 
upon discovery of the skip and take the rest on their schedule; 
if two or more are missed, she should additionally use other 
methods of contraception until her next cycle. Lowering the 
estrogen content in combination preparations decreases the 
side effects but increases the risk of pregnancy. The long-acting 
combinations have a relatively high failure rate. The continu- 
ous low-dose oral progestin products have a failure rate several 
times that of combination products. The continuous low-dose 
release of progestin from implants has a failure rate of 0.4 to 
0.5 per 100 users per year. 

ADVERSE EFFECTS—tThe adverse effects vary in inci- 
dence and severity according to the type of preparation. Most 
side effects are from the estrogens (see page 1382) in combina- 
tion contraceptives, but progestins also cause adverse effects. 
The estrogen-progestin ratio is important to the type and inci- 
dence of side effects. A summary of the dose-related side effects 
of oral contraceptives is shown in Table 77-11. 

Oligomenorrhea, or low menstural flow, occurs in 20 to 80% 
of users of combination and some continuous progestin contra- 
ceptives, and amenorrhea occurs in some. The greatest offend- 
ers are the 19-nortestosterone derivatives. Spotting and break- 
through bleeding that is unpredictable or irregular in onset 
may also occur; sometimes such bleeding is more voluminous 
than in regular menstruation. 

Other side effects can occur such as tiredness, weakness, 
malaise, changes in libido, dizziness, and nonspecific head- 
aches. An increase in the incidence of migraine headaches is 
especially notable in some patients; the estrogen component 
appears to be responsible. Weight gain occurs with some but 
not all preparations; salt and water retention is caused mostly 
by estrogen components, whereas anabolic effects are caused 
by higher doses of the 19-nortestosterone-derived progestins 
(not the 17a-hydroxyprogesterones). 

Chloasma occurs in about 4% of users of combination con- 
traceptives during the first year and 37% by the fifth year; it is 
attributable to the combined action of the two active com- 
ponents. Milk flow in lactating women may be decreased by 
an average of 50% when combination preparations are used. 
Estrogen-containing contraceptives also cause an uncommon 
choreiform movement. 

Serious side effects of oral contraceptives are multiple. A 
reversible hypertension is observed in approximately 15% of 
users of estrogen-containing contraceptives. The prevalence of 


Table 77-11. Summary of Dose-Related Side Effects 
of Oral Contraceptives 


Estrogen excess Progestin excess 


Nausea Increased appetite 
Cervicomyxorrhea Weight gain 
Melasma Tiredness, fatigue 
Migraine headache Hypomenorrhea 
Hypertension Acne, oily skin 
Breast tenderness Hair loss 

Edema Depression 


Estrogen deficiency 
Early or midcycle 
breakthrough bleeding 
Increased spotting 
Hypomenorrhea 


Progestin deficiency 
Late breakthrough bleeding 


Amenorrhea 
Hypermenorrhea 


hypertension increases with duration of use and is greater in 
older women. Incidence of thromboembolic disorders, including 
stroke and myocardial infarction, is higher in women using oral 
contraceptives; the relative risk may be several times greater 
in users than in control populations. Further, the risk increases 
sharply in women over 35 years. 

Contraceptive use also has been associated with increased 
evidence of benign liver tumors. The relative risk of liver tu- 
mors appears to rise with duration of use of the drugs. In one 
study, mestranol-containing preparations were implicated al- 
most exclusively, thus indicating that the type of synthetic 
estrogen might be important. The risk of gallbladder disease is 
increased twofold in contraceptive users. Fetal abnormalities 
may result if the mother continues to take the pill after becom- 
ing pregnant. Neuroocular lesions have been associated with 
use of oral contraceptives. Some other possible complications of 
contraceptive use include breast cancer (pill use actually pro- 
tects against the development of benign breast lesions) and 
cancer of the uterus, cervix, and vagina. Any of the other side 
effects of estrogens or progestins given above also may be 
caused by these drugs. 

Irregular bleeding is initially a problem for some women 
with progestin implants and depot progestin administration. 
However, after 1 year most women are completely amenor- 
rheic. Patients taking oral contraceptives must be informed of 
their effectiveness and risks. 


MALE CONTRACEPTIVES 


Since 1980 there has been considerable effort to develop male 
contraceptives. In China, gossypol, a polyphenol-aldehyde iso- 
lated from cottonseed oil, has been under investigation since 
the mid-1950s. It is an inhibitor of human sperm acrosin and 
an LDD isoenzyme known as LDH-C. It also interferes with 
epididymal function and elicits structural alterations. A clini- 
cal trial in over 4000 healthy men found gossypol to be 99.9% 
effective as a contraceptive. However, it causes hypokalemia 
and other untoward effects-and has a narrow margin of safety. 
Its effects are irreversible in 10 to 20% of users. Investigations 
of related compounds are in progress. 

The inhibitory effect of testosterone and other androgens on 
hypothalamic release factor signalling and anterior pituitary 
secretion of gonadotropins results in decreased spermatogene- 
sis, and aspermia may result from prolonged, vigorous use. 
Because of the adverse effects, however, (see the introduction 
under The Testicular Hormones), this approach has limited 
promise. Low-dose androgen-progestin combinations, which 
suppress anterior pituitary release of LH/FSH with less in- 
tense androgenic side effects, are being investigated also. 

A more encouraging approach is the use of analogs of GnRH, 
such as goserelin, nafarelin, buserelin, and leuprolide (see page 
1361), which cause a down-regulation of pituitary release hor- 
mone receptors during continuous administration. Both steroi- 
dogenesis and spermatogenesis are diminished reversibly. De- 
creased libido occurs, so to be acceptable to many men, use 
must be supplemented with androgens. The Sertoli cell pep- 
tide, inhibin, and related proteins, which inhibit the anterior 
pituitary release of FSH, are under active investigation but are 
not ready for clinical trials. They, too, probably will decrease 
libido and hence may not be acceptable to a large percentage of 
potential users. 

Perhaps the most promising but nascent developments are 
vaccines against one or more spermatic proteins. The sperm 
lactic dehydrogenase, LDH-C4, and possibly various prota- 
mines are presently investigational targets for monoclonal and 
other antibodies. The first vaccines for human use are likely to 
be against LDH-C4. The effects of vaccines, are not likely to be 
readily reversible, although some memory immune cells have 
relatively short lifetimes. 


THE TESTICULAR HORMONE 
(TESTOSTERONE) 


The testis has a dual function, to produce the germ cell (the 
sperm) and supply the male hormone (testosterone). Two 
clearly defined groups of cells are found in the testes; the one 
group in the seminiferous tubules produces the sperm, while 
the other, clustered in between the tubules, consists of inter- 
stitial cells (Leydig cells). The spermatogenic tissue produces 
an exocrine secretion and probably also androgens needed for 
spermatogenesis. 

The interstitial cells are the seat of production of a steroid 
hormone, testosterone. However, it is mainly the metabolite 
dihydrotestosterone that stimulates and maintains the second- 
ary sex organs; these are the penis, prostate gland, seminal 
vesicles, vas deferens, and scrotum. It also exerts sustaining 
effects on the spermatogenic cells, and it stimulates the devel- 
opment of bone, muscle, nerves, skin and hair growth, and 
emotional responses to produce the characteristic adult mas- 
culine traits. Testosterone, itself, regulates the anterior pitu- 
itary release of LH. This group of combined actions of this 
hormone is termed androgenic actions. Testosterone also an- 
tagonizes a number of the effects of estrogens and sometimes is 
employed clinically for this purpose. This is especially impor- 
tant in the suppression of metastatic carcinoma of the breast. 
Since it promotes development of the clitoris, which is an an- 
atomical homolog of the penis, androgens may increase the 
libido of women. 

The naturally occurring androgens (androsterone and tes- 
tosterone) are derivatives of androstane. Testosterone and 
its esters (testosterone propionate) and derivatives (methyl- 
testosterone) are the most commonly used androgenic ste- 
roids. In addition to their androgenic properties, however, 
these compounds exert widespread anabolic effects and pro- 
mote the retention of calcium. In attempts to dissociate the 
virilizing and anabolic properties (for use in women) a num- 
ber of compounds with high anabolic:androgenic ratios have 
been prepared. However, it has not been possible yet to 
abolish completely the androgenic effects. A summary of the 
comparative actions of androgens and anabolic agents is 
shown in Table 77-12. 

USES—For replacement therapy in men who have climac- 
teric symptoms or in men or youths with hypogonadism (eu- 
nuchism, Klinefelter’s syndrome). They have been employed to 
facilitate development of adult masculine characteristics when 
the adolescent process has been delayed. In cryptorchidism 
they may be used adjunctively with gonadotropins. They also 


Table 77-12. Major Features of Androgens 
and Anabolic Steroids 


ANDROGEN/ 
ANABOLIC 
ACTIVITY COMMENTS 
Androgens 
Testosterone 12% Given IM/ 
transdermally; 
inactive orally 
Methyltestosterone Ala Orally active; short 
half-life (2.5 hr) 
Fluoxymesterone ie. Orally active; long 
half-life (10 hr) 
Danazol — Weak androgen; 
orally active 
Anabolic steroids 
Oxymetholone 1:3 Orally active 
Oxandrolone 1:3-1:13 Orally active 
Nandrolone 1:3-1:6 Given IM 
phenpropionate 
Stanozolol 1:3-1:6 Orally active 
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are very useful in therapy of patients with hypopituitarism and 
with Addison’s disease. They are of value in the treatment of 
frigidity and occasionally in impotence. The use of androgens 
for relief of impotence not associated with evidence of testicular 
underactivity (psychic causes) is known to be futile in most 
cases. 

Low doses of androgens have been used in pituitary dwarf- 
ism to accelerate growth, but care must be exercised not to 
arrest growth by epiphyseal closure. They also are used some- 
times to promote hematopoiesis. In doses that are 10 to 200 
times larger than normal, anabolic steroids increase athletic 
performance and aggressiveness. Their use has been con- 
demned by the American College of Sports Medicine. Because 
of their potential for some serious adverse effects and their 
potential abuse these drugs are highly publicized for their 
inherent risks. Female performance is improved, but at the 
expense of virilization and acne vulgaris. 

With estrogens, androgen therapy may be efficacious in 
the treatment of the menopause. The anabolic effects are 
possibly of some benefit in the postclimacteric person, and 
they may retard osteoporosis, although many authorities do 
not believe that any lasting benefit is achieved. They also 
help relieve vasomotor instability in postmenopausal women 
in whom estrogens alone do not relieve symptoms. In func- 
tional dysmenorrhea androgens may give relief through an 
antiestrogenic action, although they also are combined often 
with estrogens to treat this disorder. They may be used to 
treat endometriosis. They also may be used in the treatment 
of postpartum breast engorgement and for suppression of 
lactation. 

Testosterone and related compounds find widespread applica- 
tion in the palliative treatment of cancer of the breast in women. 
Its use in men with prostatic cancer, however, is contraindicated. 

SIDE EFFECTS—Androgens cause hirsutism, deepening 
or hoarseness of the voice, precocious puberty and epiphyseal 
closure in immature males, increased libido (in both male and 
female!), priapism, oligospermia and testicular atrophy (from 
negative feedback on LH and FSH production), enlargement of 
the clitoris in the female, flushing, decreased ejaculatory vol- 
ume and sperm population, gynecomastia (from conversion to 
estrogens), hypersensitivity, acne, weight gain, edema, and 
hypercalcemia. Prolonged use increases aggressiveness, some- 
times enormously, and many assaults are stated to be attrib- 
utable to androgen abuse. Paranoia-like and other psychotic 
behavior has been reported. Biliary stasis and jaundice occur. 
There have been a few cases reported of hepatoma following 
long-term therapy. The 17a-methylated androgens are more 
prone to disturb liver function (peliosis hepatis, cholestasis, 
and hepatic failure) than are the nonsubstituted drugs. Blood 
lipid changes associated with increased risk of atherosclerosis 
are seen, including decreased HDL and sometimes increased 
LDL. Hypercalcemia requires discontinuation of therapy, and 
edema requires diuretic therapy. 

Except in the treatment of breast cancer, a reduction in 
dosage is indicated upon virilization in women. The admin- 
istration of androgens to patients on anticoagulant therapy 
may increase the effect of anticoagulants and, thus, may 
require an adjustment of the dose of the latter. Likewise, 
dosage of insulin or oral hypoglycemic agents may require 
adjustment when anabolic androgens are administered to 
diabetic patients. 


DANAZOL 


(17a)-Pregna-2,4-dien-20-yno[2,3-d]isoxazol-17-ol, Chronogyn; 
Danocrine 


c= CH 


[17230-88-5] C,.H,,NO, (337.46). 
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Preparation—Danazol is a derivative of ethisterone (17a-ethynyl- 
testosterone) in which an isoxazole ring is fused to the 2,3-position of 
the steroid nucleus. Methods for preparing such steroidal heterocycles 
have been described by Manson et al, J Med Chem 1963; 6:1; also in US 
Pat 3,135,743. 

Description—Pale yellow, crystalline powder; melts about 225°. 

Solubility—Practically insoluble in water; sparingly soluble in 
alcohol. 

Comments—An impeded androgen (ie, weak androgenic activity). 
It binds to androgen, glucocorticoid, and progesterone receptors, but it 
evokes no glucocorticoid, progestational, or estrogenic effects exceptthat 
it suppresses the release of LH and FSH, even in women. It suppresses 
ovarian steroidogenesis, induces the hepatic metabolism of progester- 
one, and binds to a-macroglobulin, causing partial displacement of 
other steroids. It is used in the treatment of endometriosis in patients 
who do not respond to or cannot tolerate other drug therapy and in the 
management of fibrocystic breast disease and periareolar abscesses. It 
may prevent attacks of hereditary angioedema. It increases platelet 
populations in idiopathic and immune thrombocytopenias. However, it 
also can cause thrombocytopenia. It relieves migraine in some persons. 

Androgenic side effects include deepening of the voice in women, 
acne, edema, mild hirsutism, decrease in breast size, oiliness of the skin 
and hair, weight gain, and clitoral hypertrophy. Hypoestrogenic mani- 
festations include amenorrhea; vasomotor instability; vaginitis with 
itching, burning, and vaginal bleeding; and emotional lability. It also 
may cause muscle cramps, asthenia, rhabdomyolysis, testicular atro- 
phy, and rare hematuria. It has an adverse effect on plasma lipids. In 
doses over 400 mg a day, it may cause hepatic injury, including carci- 
noma. It has been reported to lower serum levothyroxine levels. 


FINASTERIDE 


4-Azaandrost-1-ene-17-carboxamide, (5a-17£)-N-(1,1-dimethyl- 
ethyl)-3-oxo-, Proscar 


NHC(CH,) 5 


c=0 
CH, 


[98319-26-7] C.,H;3,.N,O. (372.55). 

Preparation—J Am Chem Soc 1988; 110:3319. 

Description—White to off-white crystals; melts about 257°. 

Solubility—Very slightly soluble in water or dilute acid or base; 
freely soluble in alcohol or chloroform. 

Comments—An androgen hormone inhibitor that acts by compet- 
itive inhibition of steroid 5-reductase, which converts testosterone to 
potent 5-dihydrotestosterone (DHT) in the prostate gland, liver, and 
skin. DHT induces its effects by binding to androgen receptors in cell 
nuclei of organs containing this enzyme. It is used to treat symptomatic 
benign prostatic hyperplasia. A higher-dose preparation is used to treat 
male pattern baldness. Oral bioavailability is 63%, and its mean plasma 
half-life is 6 hr. About 39% of the drug is eliminated in the urine as 
metabolites, and 57% is excreted in feces. The drug generally is toler- 
ated well, with reports of impotence (3.7%), decreased libido (3.3%), and 
decreased volume of ejaculation (2.8%). 


FLUOXYMESTERONE 


(118,17 B)-Androst-4-en-3-one, 9-fluoro-11,7-dihydroxy-17-methyl-, 
Halotestin 


(76-43-7] CoH, FO, (336.45). 

Preparation—From 17-methyltestosterone first by introduction of 
a hydroxyl group at position 11 through oxidation with a microorganism 
(such as Pestalotia or Aspergillus), followed by dehydration, epoxida- 
tion, and treatment with HF, as for Betamethasone (page 1367). 

Description—White or practically white, odorless, crystalline pow- 
der; melts about 240° with some decomposition. 

Solubility—Practically insoluble in water; sparingly soluble in al- 
cohol; slightly soluble in chloroform. 


Comments—The same actions, uses, and limitations as the andro- 
gens (page 1390).It is approximately five times more potent than tes- 
tosterone and is orally effective. Nevertheless, it is less effective than 
testosterone in hypogonadism and is seldom used to initiate treatment 
but rather for maintenance. In addition to the side effects of testoster- 
one, this drug may cause occasional cholestatic jaundice, gynecomastia, 
oligospermia after prolonged use, and hypersensitivity. It sometimes is 
combined with an estrogen for treatment of postmenopausal osteoporo- 
sis. The half-life is about 10 hr. 


METHYLTESTOSTERONE 
(17B)-Androst-4-en-3-one, 17-hydroxy-17-methyl-, 


[58-18-4] C,,H3,0, (302.46). 

Preparation—From dehydroepiandrosterone (prepared from cho- 
lesterol) by subjecting it to a Grignard reaction with CH,MglI followed 
by an Oppenauer oxidation. The first reaction creates the tertiary 
carbinol structure at C,;, while the second oxidizes the secondary 
carbinol group at position 3 to carbonyl and causes a rearrangement of 
the double bond from the 5,6- to the 4,5-position. 

Description—White or creamy white crystals or a crystalline pow- 
der; odorless; stable in air, but slightly hygroscopic; affected by light; 
melts about 165° 

Solubility—Practically insoluble in water; soluble in alcohol, meth- 
anol, ether, or other organic solvents; sparingly soluble in vegetable 
oils. 

Comments—tThe same actions, uses, and limitations as the andro- 
gens (page 1390). It is effective orally. It also is combined with various 
estrogens to treat menorrhagia, menopausal symptoms, dysmenorrhea, 
osteoporosis, and malnutrition and to suppress postpartum lactation. 
In addition to the side effects caused by testosterone, it may cause 
oligospermia, hypersensitivity with dermatological manifestations, and 
a rare type of cholestatic jaundice. It often is stated that virilization in 
women does not occur unless the dose exceeds 300 mg a month, but 
virilization can occur with doses considerably lower than this. 

It is metabolized rapidly by the liver and undergoes first-pass me- 
tabolism. By the buccal route, potency is twice that by the oral route. 
The half-life is about 2.5 hr. 


NANDROLONE PHENPROPIONATE 


(17B)-Estr-4-en-3-one, 17-(1-0xo-3-phenylpropoxy)-, Durabolin; 
Nandrobolic 
17B-Hydroxyester-4-en-3-one hydrocinnamate [62-90-8] C,,H,,0, (406.56). 

Preparation—19-Nortestosterone is esterified with hydrocinna- 
moyl chloride by the method described for Nandrolone Decanoate. 

Description—Fine, white to creamy white, crystalline powder with 
a slight characteristic odor; melts about 97°. 

Solubility—Practically insoluble in water; soluble in alcohol (1 g in 
2 mL), chloroform, dioxane, or vegetable oils. 

Comments—A synthetic androgen with actions more prolonged 
than those of Testosterone. Although it is less androgenic than testos- 
terone in doses that exert anabolic actions, virilization may occur after 
high doses or during chronic administration. Indeed, the androgenic 
virilizing actions are sought in the treatment with this agent of inop- 
erable breast cancer in women. It is used mainly in the treatment of 
chronic wasting diseases, conditions in which negative nitrogen balance 
exists, and osteoporosis. Low doses may accelerate the growth of chil- 
dren with retarded growth without excessively accelerating bone age; 
higher doses accelerate bone maturation more than body growth. The 
phenylpropionate ester moiety confers a long duration of action to 
suspensions in oil injected intramuscularly. The potential side effects 
are those of testosterone. The drug does not appear to cause cholestatic 
jaundice, probably because it lacks an alkyl group on carbon 17. 


OXANDROLONE 
(5a,17£)-2-Oxaandrostan-3-one, 17-hydroxy-17-methyl-, Oxandrin 


17B-Hydroxy-17-methyl-2-oxa-5a-androstan-3-one [53-39-4] C,,H.,0, 
(306.44). 

Preparation—Methyldihydrotesterone is converted into the corre- 
sponding 1,2-dehydro compound by bromination followed by dehydro- 
bromination. Ring A is then ruptured through ozonization and subse- 
quent hydrolysis to yield the aldehyde-acid (1). Reduction of the formyl 
group in I yields the expected hydroxy acid implied in the partial 
structure (II) which is lactonized to oxandrolone. 


H,C CH, 
H, CH, 
HO—C 
i 
of ti 
(I) 


Description—White, odorless, crystalline powder; stable in air but 
darkens when exposed to light; melts about 225°. 

Solubility—1 g in 5200 mL water, 57 mL alcohol, <5 mL chloro- 
form, 860 mL ether, or 69 mL acetone. 

Comments—Although strictly speaking not a steroid, its configu- 
ration is that of a 17-methy] androgenic steroid. Its anabolic actions are 
strong relative to its androgenic actions. Consequently, it is used in the 
treatment of chronic wasting diseases, conditions in which negative 
nitrogen balance exists, and osteoporosis, especially that caused by 
glucocorticoids. The drug may cause virilization in children or women, 
especially if the recommended doses are exceeded. The potential toxic- 
ity is that of the androgens, but the incidence and severity are less than 
with testosterone. It may affect liver function tests adversely, and the 
possibility of cholestatic jaundice must be kept in mind. Leukopenia 
also has been reported. It is contraindicated in prostatic cancer, breast 
cancer in some women, pregnancy, nephrosis, and premature and new- 
born infants. It is also available as an IND for treatment of constitu- 
tional delay of growth and puberty. 


OXYMETHOLONE 


(5a,17B)-Androstan-3-one, 17-hydroxy-2-(hydroxymethylene)- 
17-methyl-, Anadrol 


[434-07-1] C,,H3,0, (332.48). 

Preparation—17-Hydroxy-17-methylandrostan-3-one (17-methyl- 
dihydrotestosterone) is reacted with ethyl formate and sodium hydrox- 
ide by stirring the mixture under nitrogen for several hours, thus 
forming the 2-(sodoxymethylene) derivative. Treatment of the washed 
sodium compound with cold dilute hydrochloric acid liberates the oxy- 
metholone, which may be purified by recrystallization from ethyl ace- 
tate. J Am Chem Soc 1959; 81:427. 

Description—White to creamy white crystals or crystalline pow- 
der; odorless and stable in air; tautomeric in nature and can exist as 
either tautomer or as a mixture of both, the exact composition depend- 
ing on solvent and rate of crystallization; melts about 175°. 

Solubility—1 g in >10,000 mL water, 40 mL alcohol, 5 mL chloro- 
form, 82 mL ether, or 14 mL dioxane. 

Comments—An androgenic steroid with relatively greater anabolic 
activity than androgenic activity. Consequently, it is employed mainly 
to promote nitrogen anabolism and weight gain in cachexia and debil- 
itating diseases and after serious infections, burns, trauma, or surgery. 
It may relieve pain in certain types of osteoporosis, and it promotes 
calcium retention, so the condition of the bone may improve. It may be 
used for its erythropoietic effects in the treatment of hypoplastic and 
aplastic anemias. Side effects include nausea, vomiting, anorexia, burn- 
ing of the tongue, increased or decreased libido, acne, suppression 
of gonadotropin secretion, virilization (especially in women and chil- 
dren), gynecomastia in males, oligospermia, sodium retention and 
edema, abnormal liver function tests, cholestatic jaundice, decrease in 
several clotting factors, and hemorrhagic diathesis in the presence of 
anticoagulants. 
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STANOZOLOL 
(5a,17B)-2'H-Androst-2-enol[3,2-c]pyrazol-17-ol, 17-methyl-, 
Winstrol 


[10418-03-8] C,,H,.N.,O (328.50). 

Preparation—17-Methyl-5a-androstan-17-ol-3-one is converted 
into its 2-formyl derivative, which is then condensed with hydrazine 
hydrate. US Pat 3,030,358. 

Description—Nearly colorless, odorless, crystalline powder; exists 
in two forms: needles, melting about 155°, and prisms, melting about 
235K 

Solubility—1 g in >1000 mL water, 41 mL alcohol, 74 mL chloro- 
form, or 370 mL ether. 

Comments—An androgen with relatively strong anabolic and weak 
androgenic activity. Consequently, it is employed mainly to promote 
nitrogen anabolism and weight gain in cachexia and debilitating dis- 
eases and after serious infections, burns, trauma, or surgery. Although 
it may relieve pain in certain types of osteoporosis, it apparently does 
not affect bone density. It may have an erythropoietic effect in hypo- 
plastic and aplastic anemias. It also is used in the prophylaxis of 
hereditary angioedema, which is now the only approved use. 

Side effects include increased or decreased libido, virilization (espe- 
cially in women and children), sodium retention and edema, hypercal- 
cemia, insomnia, restlessness, chills, hemorrhage in patients on anti- 
coagulants, acne, and hepatic dysfunction. Potentially, any of the side 
effects of Testosterone may occur. However, these rarely occur during 
the usual 5-day course. 


TESTOSTERONE 
(17B)-Androst-4-en-3-one, 17-hydroxy-, 


07 


176-Hydroxyandrost-4-en-3-one [58-22-0] C,,H.,0, (288.43). 

Preparation—First isolated in crystalline form by Laquer in 1935 
who obtained it from animal testes. Although small amounts of testos- 
terone may be extracted from testicular material, the synthetic com- 
mercial supply is derived from cholesterol. The key intermediate in the 
synthesis is dehydroepiandrosterone, which can be treated further, by 
either chemical or microbiological processes, to yield testosterone. US 
Pat 2,236,574. 

Description—White or slightly creamy white crystals or crystal- 
line powder; odorless; stable in air; melts about 155°. 

Solubility—Practically insoluble in water; 1 g in about 6 mL of 
dehydrated alcohol, 1 mL chloroform, or 100 mL ether; soluble in 
vegetable oils. 

Comments—See the introduction to this section, page 1390. It is 
not effective orally because it is destroyed in the liver on absorption. Its 
plasma half-life is 10 to 20 min. However, two different transdermal 
preparations are now available to use as replacement therapy for pri- 
mary or secondary hypogonadism in men. One is placed on scrotal skin 
(Testoderm) and provides a maximum serum concentration within 2 to 
4 hr and returns to baseline within 2 hr after removal. Daily applica- 
tions of transdermal systems are applied at 10 pm and left in place for 
22 to 24 hr. The nonscrotal transdermal preparation (Androderm) is 
applied at two sites (on back, abdomen, upper arms, or thighs) and 
should never be applied to the scrotum because it is a higher-dose 
preparation. Side effects from transdermal preparations include local 
irritation at sites of application. 


ANDROGEN HORMONE INHIBITORS 
AND ANTIANDROGENS 


Drugs may be used to suppress the effects of androgens by 
inhibition of gonadotropin production or by inhibition of en- 
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zymes involved in the production of androgen or their precur- 
sors. Analogs of the hypothalamic gonadotropin-releasing hor- 
mone, GnRH, can be given in a continuous release preparation 
to inhibit pituitary LH and suppress production of testosterone 
in the testis. Although testosterone levels fall after a month of 
therapy with GnRH analogs, an initial increase in testosterone 
occurs. Inhibitors of the 17-hydroxylation of progesterone or 
pregnenolone can lead to decreased levels of androgen precur- 
sors. More-specific inhibition of androgenic effects can achieved 
by inhibition of the 5a-reductase enzyme that converts testos- 
terone to dihydrotestosterone, the active androgenic hormone 
in specific tissues such as prostate, seminal vesicles, epididy- 
mis, and skin. Other drugs are classified as antiandrogens if 
they can specifically block testosterone receptors. The most 
important drugs currently available as androgen hormone in- 
hibitors and antiandrogens are shown in Table 77-13. 

The subcutaneous injection of leuprolide or other GnRH 
analogs (goserelin, nafarelin, and buserelin) has been used 
successfully in the treatment of prostatic carcinoma. The com- 
bination of a GnRH analog with finasteride, an inhibitor of 
5a-reductase, can inhibit the initial stimulation of testosterone 
production and provide a more effective inhibition of andro- 
genic activity. Finasteride is used in the treatment of benign 
prostate hypertrophy and male pattern baldness. 

The antiandrogens or testosterone receptor antagonists are 
used in the treatment of conditions associated with androgen 
excess such as hirsutism, excessive libido, and prostate cancer. 
Cyproterone acetate has antiandrogenic effects and a proges- 
tational effect that suppresses the feedback enhancement of 


Table 77-13. Features of Androgen Hormone Inhibitors 
and Antiandrogens 


COMMENTS 


Androgen Hormone Inhibitor 
Finasteride 
Leuprolide acetate 


Inhibits 5a-reductase in prostate 

GnRH agonist injected SC; 
inhibits gonadotropin 
secretion resulting in 
decreased gonadal 
testosterone production 

GnRH agonist similar to 
leuprolide in action 


Goserelin 


Antiandrogens 
Cyproterone acetate Antagonist at androgen 
receptors 

Competitive antagonist at 


androgen receptors 


Flutamide 


LH and FSH, leading to a more effective antiandrogenic effect. 
It is used in women for the treatment of hirsutism and in men 
to decrease excessive sexual drive. Flutamide is a potent non- 
steroidal antiandrogen that competitively blocks nuclear an- 
drogen receptors in prostate tissue. It is used in the treatment 
of prostatic carcinoma. 

Other drugs are under development in the area of androgen 
suppression and antagonism or receptors that should improve 
the efficacy and reduce the side effects of these agents. Com- 
mon adverse effects of these agents in men are gynecomastia, 
decreased libido, and infertility. 


CYPROTERONE ACETATE 


3’H-Cyclopropa[1,2]pregna-1-4,6-triene-3,20-dione, (18,28)-17- 
(acetyloxy)-6-chloro-1,2-dihydro-, ing of Androcur 


[427-51-0] C,,H,,ClO, (416.94). 

Preparation—US Pat 3,234,093. 

Description—White crystals; melts about 200°. 

Solubility—Soluble in water; slightly soluble in alcohol. 

Comments—An androgen antagonist orphan drug. It also has 
strong progestin activity that suppresses the otherwise expected in- 
crease in LH/FSH secretion consequent to attenuated androgenic activ- 
ity. It is used to treat severe hirsutism in women (used in sequence with 
estrogens), excessive sexual drive in men, and precocious puberty. Ad- 
verse effects include oligospermia, decreased volume of ejaculate, loss of 
libido in both men and women, gynecomastia in men, galactorrhea and 
glandular enlargement, mastodynia, alterations in hair pattern, skin 
reactions, weight changes, anemia, vasomotor instability in both men 
and women, irregular menses in women, headache, and depression. 


FLUTAMIDE 
For the full monograph, see page 1493. 

Comments—An orally active and potent competitive inhibitor of 
nuclear androgen receptors in target tissues such as the prostate, 
seminal vesicles, and adrenal cortex. It is used in the treatment of 
prostatic cancer that is clinically localized and is given in combination 
with a GnRH analog (eg, goserelin and leuprolide acetate). Its pharma- 
cological activity is substantially due to the principal metabolite, 2- 
hydroxyflutamide. Approximately half of the drug is eliminated in the 
urine within 72 hr, and the hydroxylated metabolite has a half-life that 
varies with the dose from 6 to 22 hr. A high incidence of gynecomastia 
and some GI discomfort are observed. Some cases of severe hepatotox- 
icity were reported. Periodic liver function tests should be performed. 
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General anesthesia is a drug-induced reversible depression of 
the central nervous system (CNS), used most commonly during 
surgical procedures. The ideal general anesthetic produces a 
loss of consciousness leading to amnesia and lack of awareness 
(hypnosis). Obtundation or elimination of pain sensation (an- 
algesia), lack of muscle movement, and control of autonomic 
systems must also be a part of the ideal general anesthetic, 
facilitating the surgical procedure and recovery from surgery. 
Unfortunately, a single drug incorporating all of these ele- 
ments does not exist. Thus, the practice of anesthesia involves 
the use of multiple drugs to achieve the endpoints of hypnosis, 
analgesia, and lack of movement. 

From the chemical standpoint, these drugs must be physi- 
cally stable, nonflammable, nontoxic, and resistant to biodeg- 
radation to active agents. This chapter reviews the inhalation 
agents that provide hypnosis, analgesia, and to some extent 
lack of movement. In addition, intravenous agents cause un- 
consciousness and sometimes analgesia in varying quantities 
as discussed below. Other drugs such as opioids, muscle relax- 
ants, and benzodiazepines are then added to the anesthetic to 
achieve the requisite endpoints. These pharmaceuticals are 
discussed elsewhere. 


INHALATION ANESTHETICS 
SAS IEE DDE BEET ISIE 
General anesthesia was discovered with the use of diethyl 
ether in the 1840s. Chloroform was also utilized until advances 
in fluorine chemistry in the 1940s allowed the development of 
modern potent inhalation anesthetics. These agents remain the 
mainstay for the maintenance of general anesthesia because of 
ease of use and the ability to increase and decrease the amount 
of drug in the body rapidly. For the pediatric population, in- 
haled anesthetics are used commonly to induce anesthesia, 
while in the adult, intravenous agents are used prior to the 
inhalation anesthetic. 

There are three important physical qualities used to define 
inhalation anesthetics: 


1. Vapor pressure, in torr (1/760 of an atmosphere) at 20°, as a mea- 
sure of volatility. 

2. The blood/gas partition coefficient as an indicator of solubility and 
reflecting the speed of onset of drug effect. 

3. Minimal alveolar concentration (MAC) as a measure of potency. 


MAC represents the concentration of vapor at which 50% of 
individuals will move in response to a surgical incision and is 
similar to an ED50. An anesthetic with a low blood/gas parti- 
tion coefficient (the drug is not very soluble in the blood phase) 
and a low MAC (a small amount of drug is an effective dose) 
approximates the ideal physical characteristics of an inhaled 
agent. The liquid/vapor nature of the potent inhalation anes- 
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thetics requires a delivery system called a vaporizer. The vapor 
is drawn off by a calibrated fresh gas stream and added to the 
tidal volume that then is delivered to a patient. Drug effect is 
ended by elimination from the body through the lungs. End- 
tidal concentrations of the anesthetic gases can be measured 
and used to adjust drug dosage. 

Modern inhalation anesthetics are conveniently divided into 
potent carbon-based drugs and relatively weak anesthetics such 
as nitrous oxide and the still experimental xenon. The difference 
lies in the fact that the potent inhalation agents provide the entire 
anesthetic requirement in the presence of an adequate amount of 
oxygen. The inorganic anesthetics must be administered in an 
appropriate combination with opioids, muscle relaxants, or hyp- 
notic adjuvants. The mechanism by which inhalation anesthetics 
exert their effects is unknown. Recent evidence points to a com- 
mon effect on the inhibitory y-aminobutyric acid (GABA) neuro- 
transmitter system, enhancing inhibition by either a direct action 
on the receptor itself or an indirect membrane effect. 


ALKYL HALIDES 


ESE TT EC ETT 
HALOTHANE 


Ethane, 2-bromo-2-chloro-1,1,1-trifluoro-, Fluothane 


2-Bromo-2-chloro-1,1,1-trifluoroethane [151-67-7] C,HBrClF, (197.38); 
contains 0.008 to 0.012% thymol, by weight, as a stabilizer. 

Preparation—Commercially available 2-chloro-1,1,1-trifluoroethane 
is subjected to direct bromination, and halothane is isolated from the 
reaction product by fractional distillation. 

Description—Colorless, mobile, nonflammable, heavy liquid; char- 
acteristic odor resembling that of chloroform; sweet taste and produces 
a burning sensation; distills between 49 and 51°; specific gravity be- 
tween 1.872 and 1.877 at 20°. 

Solubility—Slightly soluble in water; miscible with alcohol, chlo- 
roform, ether, or fixed oils. 

Comments—Synthesized in 1951 and introduced into clinical practice 
in 1956. It has an intermediate solubility (blood/gas partition coefficient, 
2.5) and low MAC (0.7%). Halothane is tolerated at high concentrations, 
allowing overpressure, or delivery of a high dose over a short period of time. 
This in turn leads to a rapid inhalation induction but can result in dan- 
gerous overdosing. Halothane causes dose-dependent vasodilation, myo- 
cardial depression, and decreases in sympathetic tone. Like the other 
potent inhalation anesthetics, halothane provides muscle relaxation and in 
addition has a low incidence of nausea and vomiting. 

Halothane is stored in amber-colored bottles with the preservative 
thymol to prevent spontaneous oxidative decomposition. Thymol can 
accumulate in the vaporizer, leading to malfunction. As a myocardial 
depressant, halothane decreases cardiac output to 80% of normal at 1 
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MAC and 70% of normal at 2 MAC. The drug also sensitizes the 
myocardium to the dysrhythmic actions of epinephrine more than the 
ether-based anesthetics. This effect is accentuated by hypercarbia. Like 
all other potent inhalation anesthetics, halothane decreases the normal 
ventilatory responses to hypoventilation and hypoxemia. 

Hepatotoxicity related to halothane led to the development of the 
newer ether anesthetics (see below). Prior exposure to halothane ap- 
pears to set the stage for an immunological response resulting in liver 
destruction. This effect is seen only rarely with desflurane, isoflurane, 
enflurane, or sevoflurane. 


Ether Anesthetics 


Ether (diethyl ether) was used as an anesthetic agent since the 1840s. 
The introduction of methoxyflurane (a methyl ethyl ether) in 1960 
signaled the first of a family of ether compounds meant to replace 
halothane. Methoxyflurane has been all but discarded because of ex- 
tensive metabolism (40 to 50%) by the liver. Enflurane, isoflurane, 
desflurane, and sevoflurane were all synthesized in the late 1960s and 
are currently used in clinical practice. As a class, they are nonflamma- 
ble, stable, and nonarrhythmogenic. They differ in their degree of 
metabolism and effects on respiration, circulation, or the CNS. 


DESFLURANE 


Ethane, (+)-2-(difluoromethoxy)-1,1,2,2-tera-fluoro-, Suprane 


—o-— 


| 
a—o—7 
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ze 


(57041-67-5] C,H,F,O (168.04) 

Description—Extremely volatile; nonflammable and not explosive 
at clinical concentrations. 

Solubility—Insoluble in water; soluble in organic solvents. 

Comments—Approved for clinical use in the US in 1993. It has a 
low solubility (blood/gas partition coefficient, 0.42), leading to a rapid 
onset and recovery. The drug is minimally metabolized (0.02%), and 
desflurane resists degradation by acids or bases. Its high vapor pressure 
(644 torr) necessitated the development of a heated vaporizer to ensure 
consistent drug delivery. Desflurane is less potent (MAC, 6.0%) than 
the other ethers. 

Dose-related decreases in blood pressure and cardiac output are 
similar to with isoflurane. Increases in heart rate and blood pressure 
have been noted upon introduction of the agent because of stimulation 
of the sympathetic nervous system. This effect can be reduced by avoid- 
ing overpressure (administration of high concentrations of desflurane). 
Desflurane is the most pungent of the inhalation anesthetics, causing 
breath-holding and coughing, and is not recommended for inhalation 
induction of general anesthesia in children. Desflurane either increases 
or does not change intracranial pressure (ICP) in patients with space- 
occupying tumors. It causes cerebral vasodilation and dose-dependent 
decreases in the cerebral metabolic rate of oxygen consumption 
(CMRO,) similar to isoflurane and sevoflurane. 


SEVOFLURANE 
Propane, 1,1,1,3,3,3-hexafluoro-2-(fluoro-methoxy)-, Ultane 


CFSCHCF 
OCH,F 


([28523-86-6] C,H,F,O (200.06) 

Description—Nonflammable, highly volatile. 

Solubility—Insoluble in water. 

Comments—Approved for clinical use in the US in 1995. It has a 
low solubility (blood/gas partition coefficient, 0.69) that is slightly 
higher than that of nitrous oxide and desflurane and an intermediate 
potency (MAC, 2.05%). Sevoflurane has a vapor pressure similar to that 
of enflurane (160 torr). Three to 5% of the drug is metabolized in the 
body, with a by-product being inorganic fluoride. Although fluoride 
toxicity (high-output renal failure) was a concern with this agent, it has 
not been seen in a clinical context. Sevoflurane is also subject to deg- 
radation by the basic environment present in the carbon dioxide absor- 
bent. The breakdown products include Compound A, a substance asso- 
ciated with renal injury in rats. Clinical conditions including low fresh 
gas flows through the vaporizer and preexisting renal failure in the 
patient are relative contraindications to using this agent. Thus far, 
renal injury due solely to sevoflurane has not been reported. 


Dose-related decreases in blood pressure and cardiac output are 
similar to those seen with isoflurane. Sevoflurane is the least pungent 
of the potent inhaled agents and is used commonly for inhalation 
induction of anesthesia in children. It is a potent bronchodilator and can 
be used to treat acute bronchoconstriction. It is similar to isoflurane in 
its effect on cerebral hemodynamics, decreasing ICP with hyperventi- 
lation, decreasing CMRO,, and preserving the response of the cerebral 
vasculature to carbon dioxide. The physical properties of sevoflurane 
allow a smooth, rapid inhalation induction and a quick emergence from 
anesthesia. The addition of nitrous oxide to sevoflurane during induc- 
tion decreases induction time and decreases excitatory phenomena such 
as movement. 


Other Significant Members of This Class 


ENFLURANE 
Ethane, 2-chloro-1-(difluoromethoxy)-1,1,2-trifluoro-, Ethrane 


Kaew 
H-C—0-C—C-H 
F F 


2-Chloro-1,1,2-trifluoroethyl difluoromethyl ether [13838-16-9] C,H,CIF;O 
(184.49). 

Preparation—May be synthesized by a series of reactions starting 
with trifluorochloroethylene. US Pats 3,469,011 and 3,527,813. 

Description—Clear, colorless, volatile liquid; pleasant hydrocar- 
bonlike odor; boils at 56.6°; nonflammable. 

Solubility—Soluble in water to the extent of 0.275%, and water- 
soluble in enflurane to the extent of 0.13%; miscible with organic 
solvents. 

Comments—An isomer of isoflurane (blood/gas partition coeffi- 
cient, 1.9; Vp, 175 torr; MAC, 1.7) that is metabolized to inorganic 
fluoride. An increase in metabolism is seen in the obese patient and 
those taking isoniazid. Enflurane produces spiking discharges on the 
electroencephalogram (EEG) at high doses. Its use is avoided in epilep- 
tics and patients at risk for nephrotoxicity. 


ISOFLURANE 


Ethane, 2-chloro-2-(difluoromethoxy)-1,1,1-trifluor-, Forane, 
AErrane [Veterinary] 


i 
HC—O-CHCF; 
Fao mA 


1-Chloro-2,2,2-trifluoroethyl difluoromethyl ether [26675-46-7] C,H,CIF;O 
(184.49), 

Preparation—Trifluoroethanol is methylated with dimethyl sul- 
fate to form the methyl ether, which is then chlorinated to the dichlo- 
romethyl ether, CF,;CHCIOCHCI,. This latter compound, on treatment 
with HF/SbCl, forms the product. See J Med Chem 1971; 14:517. 

Description—Low-boiling liquid (48.5°) with a slight odor; non- 
flammable. 

Solubility—Miscible with most organic solvents including fats or 
oils; practically insoluble in water. 

Comments—The primary potent inhalation anesthetic used for 
maintenance of anesthesia. Its safety record, acceptable physical prop- 
erties (blood/gas partition coefficient, 1.5; Vp, 238 torr; MAC, 1.15), and 
low rate of metabolism (0.2%) have combined with low cost to make it 
the most commonly used agent. It is too pungent for mask inhalation 
induction and is the most vasodilatory of these agents. 


Inorganic Gases 


NITROUS OXIDE 


Dinitrogen Monoxide; Laughing Gas 

Nitrogen oxide (N,O) [10024-97-2]; contains not less than 99.0%, by 
volume, of NO (44.01). The remainder is chiefly nitrogen. 

Preparation—Usually by heating ammonium nitrate to about 170° 
to produce nitrous oxide and water. 

Nitrous oxide is furnished in compressed form in metallic cylinders. 

Description—Colorless gas, without appreciable odor or taste; 
specific gravity 1.53; 1 L, at a pressure of 760 torr at 0°, weighs about 
ASIF fe. 


Solubility—1 volume dissolves in about 1.4 volumes of water at 20° 
under normal pressure; freely soluble in alcohol; soluble in ether or oils. 

Comments—The narcosis-producing effects of nitrous oxide (N,O) 
were described by Sir Humphry Davy in 1799. It is a weak anesthetic 
(MAC, 105%) with a rapid onset and recovery (blood/gas partition 
coefficient, 0.47) available as a compressed gas (Vp, 39,000). It is often 
used in combination with other anesthetics as part of a balanced tech- 
nique or as an adjunct to potent inhalation agents to decrease the 
concentration necessary to achieve MAC. Nitrous oxide is considered to 
be nonflammable but will support combustion. It is teratogenic in rats 
and inhibits methionine synthetase activity, leading to megaloblastic 
anemia after prolonged (days) administration. 

Nitrous oxide has a minimal effect on respiration, although hypoxic 
drive is blunted. Cardiac output is maintained with increasing dose, 
presumably through mild sympathetic stimulation. In clinical situa- 
tions where there are enclosed air-containing spaces, such as inner ear 
surgery, abdominal surgery, sitting craniotomy, and pneumothorax, 
nitrous oxide will diffuse into the space 35 times faster than nitrogen 
diffuses out, resulting in expansion of the air-containing spaces. There 
is evidence that nitrous oxide may increase postoperative nausea and 
vomiting. 


XENON 
Xe [7440-63-3] Xe (131.29). 

Preparation—From liquid air residues. 

Description—Colorless, odorless, tasteless, inert gas. 

Solubility—About 10% in water at 20°. 

Comments—Currently not approved for use as an anesthetic. How- 
ever, it has physical properties superior to those of nitrous oxide (blood/ 
gas partition coefficient, 0.14; MAC, 71%). It is nontoxic, nonflammable, 
and not metabolized. Xenon provides reversible analgesia and has 
minimal cardiovascular or respiratory side effects but is expensive to 
manufacture. 


INTRAVENOUS ANESTHETICS 

ESSA 20 EE SR TE TST TIO 
The notion of a single, ideal intravenous anesthetic remains 
elusive. Sedative/hypnotic agents such as the barbiturates, 
benzodiazepines, propofol, and etomidate provide unconscious- 
ness without analgesia or lack of movement. Ketamine (a dis- 
sociative anesthetic) causes profound analgesia and amnesia, 
but patients may appear awake and maintain some of their 
protective reflexes. Thus, most of these agents are used for 
induction of general anesthesia and then combined with other 
agents such as opioids, nitrous oxide, or potent inhaled anes- 
thetics to produce the requirements of unconsciousness, anal- 
gesia, and lack of movement. 

As induction agents, intravenous anesthetics should not 
cause pain on injection, should have a rapid onset of effect, and 
should be metabolized to inactive substances. Ideally, these 
drugs lack cardiovascular and respiratory side effects, decrease 
intracranial pressure, and provide a rapid return to conscious- 
ness without sedation, further amnesia, or nausea. The relative 
failings of each of the available agents are discussed below. 

Maintenance of anesthesia with intravenous techniques de- 
mands knowledge of the pharmacokinetics of the various drug 
classes. Inhalation anesthetics are dosed in response to pa- 
tients’ hemodynamic parameters, and adequate levels can be 
monitored with end-tidal measurement of the respiratory gas. 
A similar monitor of drug dose (compared with effect) is not 
currently available for intravenous anesthetics, so a rough dose 
estimate must be made on the basis of the population pharma- 
codynamics and pharmacokinetics. Wide variations exist be- 
tween patients and clinical situations, making accurate titra- 
tion of intravenous agents difficult. The search for better 
intravenous anesthetics and appropriate monitors of their clin- 
ical effect continues. 

Most intravenous anesthetics act through an interaction 
with the inhibitory GABA neurotransmitter system. Specific 
binding sites on the GABA receptor complex have been dem- 
onstrated for the barbiturates and benzodiazepines, enhancing 
the flow of chloride ion into the cell. Propofol and etomidate 
also increase GABA activity. In contrast, ketamine dissociates 
the cortical and limbic portions of the CNS. 
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All intravenous anesthetics should be administered only by 
persons trained in the use of these drugs. Appropriate re- 
suscitative equipment for prevention and treatment of acute 
respiratory compromise or cardiovascular collapse should be 
available. 


Barbiturates 


There are two classes of barbiturates used in anesthesia, thio- 
barbiturates such as thiopental and oxybarbiturates such as 
methohexital. Other members of these classes are used occa- 
sionally (ie, thiamylal or pentobarbital). The drugs differ in 
potency, metabolism, and clinical use, as reviewed below. Com- 
mon to all barbiturates is the proscription in patients with 
latent or clinical porphyria. Induction of cytochrome enzyme 
systems predisposes such patients to a possibly fatal episode. 


METHOHEXITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, (+)-1-methyl-5-(1-methyl-2- 
pentynyl)-5-(2-propenyl)-, monosodium salt; Brevital Sodium 


Os wig ONa 
CH,= CHCH, N 


CHyCH2C= CCH 
CH; 


Sodium 5-allyl-1-methyl-5-(1-methyl-2-pentynyl barbiturate [309-36-4] 
C,,H,,N.NaO, (284.29). 

Preparation—1-Butynyl magnesium bromide is treated with acet- 
aldehyde, and the resulting alcohol is treated with PCl; to produce 
2-chloro-3-pentyne. Condensation with ethyl cyanoacetate in the pres- 
ence of sodium ethylate yields ethyl 1-methyl-2-pentynylcyanoacetate 
which, on similar further condensation with allyl bromide, yields ethyl 
(1-methyl-2-pentynyl)allyleyanoacetate. Reaction with N-methylurea 
yields the iminobarbituric acid, which, on acid-catalyzed hydrolysis, 
forms methohexital. Neutralization with sodium hydroxide produces 
the sodium salt. 

The two diastereoisomers of the barbituric acid have been desig- 
nated as a- and B-forms in the literature. The a-form is the one used 
medicinally (the B-form causes undesirable side effects) and is formed 
almost exclusively by the above process. The malonic ester synthesis 
described under Barbital is not used because it yields mainly the 
unwanted B-form. 

Description—White to off-white hygroscopic powder; essentially 
odorless solutions are alkaline to litmus. 

Solubility—Soluble in water. 

Comments—Used primarily for short, mildly painful procedures 
and induction of general anesthesia. An induction dose of 1 mg/kg 
reliably produces unconsciousness in 30 sec; the pharmacological effect 
terminates with rapid redistribution from the brain to peripheral sites. 
Recovery from methohexital is more rapid and there is less myocardial 
depression than with thiopental. Intravenous injection may be painful, 
and tremor, coughing, and hiccups occur occasionally. Methohexital has 
been used to elicit spiking discharges on the EEG in patients undergo- 
ing testing for seizure activity. In the anesthetic realm, it has been used 
during closed reduction of fractures, electroconvulsive therapy, cardio- 
version, and testing of automatic defibrillators. 

Methohexital is metabolized only in the liver, causing induction of 
cytochrome enzymes. Intravenous injection may result in anaphylaxis 
(1/30,000), and seizures are reported after a continuous infusion (1/3). 


THIOPENTAL SODIUM 


4,6-(1H,5H)-Pyrimidinedione, 5-ethyldihydro-5-(1-methylbuty!)-2- 
thioxo-, monosodium salt; Thiopentone Sodium; Pentothal Sodium 


ON ew 
cote Ml 
CHa(CHp)2CH 


CHs 


Sodium 5-ethyl-5-(1-methylbutyl)-2-thiobarbiturate ([71-73-8] 


C, ,H,;N,NaO.S (264.32). 
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Preparation—In the same manner as Amobarbital, page 1415, 
using 2-bromopentane as the alkyl halide and the ethyl 1-methylbutyl- 
malonate is condensed with thiourea [CS(NH,).]. 

Description—White to off-white, crystalline powder or a yellowish 
white to pale greenish yellow hygroscopic powder; may have a disagree- 
able odor; aqueous solution is alkaline to litmus; solutions decompose 
on standing and, on boiling, precipitation occurs. Carbon dioxide also 
causes precipitation in the solution. 

Solubility—Soluble in water or alcohol; insoluble in absolute ether, 
benzene, or solvent hexane. 

Incompatibilities—Thiopental precipitates in acid solutions. 

Comments—Used for induction of general anesthesia, brain pro- 
tection therapy, and as an anticonvulsant. It is not used for short 
procedures requiring unconsciousness and amnesia because recovery 
occurs faster with methohexital or propofol. A single induction dose (3 
to 5 mg/kg) will cause unconsciousness in 30 to 40 sec, and its action is 
terminated by redistribution of drug away from the brain. Pain at the 
injection site is less common than with methohexital or propofol. There 
is a transient decrease in blood pressure (20%) and a compensatory 
increase in heart rate on injection. Hypovolemic patients are at risk for 
major hemodynamic sequelae because of the vasodilation caused by 
thiopental. Intra-arterial injection leads to arterial thrombosis and 
necrosis of the involved limb. 

Thiopental is metabolized mainly in the liver, although the kidney 
and muscle tissue may’ participate. Intravenous injection has been 
associated with anaphylaxis and porphyria attacks in susceptible 
individuals. 

Thiopental has been used to treat acute increases in ICP and as a 
brain protectant during surgical procedures in which there is risk of 
ischemia due to lack of blood flow. Monitoring of the EKG is helpful in 
determining the thiopental dose needed to cause burst suppression. 
Although the mechanism of this effect is not certain, it is thought that 
decreasing oxygen consumption or free radical scavenging is involved. 


Nonbarbiturates 


ETOMIDATE 


1H-Imidazole-5-carboxylic acid, (+)-1-(1-phenylethyl)-, ethyl ester, 
Amidate 


og) 


CH3CH,OOC__-N 


ry 


(+)-Ethyl (1-(a-methylbenzyl)imidazole-5-carboxylate [33125-97-2] 
Cys gNoO, (244.99). 

Preparation—From a-methylbenzyl amine and ethyl chloroacetate 
in 8 steps. 

Description—White or yellow crystals or amorphous; melts about 
67°. 

Solubility—Insoluble in water; soluble in common polar organic 
solvents. 

Comments—A hypnotic agent used for induction of general anes- 
thesia. Intravenous injection of this water-soluble agent at 0.3 mg/kg 
leads to a rapid loss of consciousness within one arm-to-brain circula- 
tion time. Etomidate is known for its cardiovascular stability and quick 
emergence after a single dose because of rapid redistribution. Adverse 
reactions include pain on injection, respiratory depression (less than 
the barbiturates), and myoclonus. Myoclonic activity results from a 
disinhibition of subcortical structures and is not associated with seizure 
activity on EEG. Adrenocortical suppression has been reported for 
induction doses and is more common after an intravenous infusion of 
etomidate. This effect is due to an inhibition of 11-8-hydroxylase activ- 
ity lasting 4 to 8 hr after an induction dose. The clinical significance of 
this finding remains unclear. 

Metabolism of etomidate takes place in the liver. Recovery from 
etomidate anesthesia is associated with a greater incidence of nausea 
and vomiting, and emergence delirium has been noted after long 
infusions. 

Etomidate is an alternative to barbiturate induction in patients 
with unstable cardiovascular systems, in hypovolemic patients, and as 
a supplement to other anesthetic agents in a balanced technique. Al- 
though it decreases ICP, CMRO,, and EEG activity as thiopental does, 
its efficacy as a brain protectant has been questioned recently. 


KETAMINE- HYDROCHLORIDE 


Cyclohexanone, 2-(2-chlorophenyl)-2-(methylamino)-, hydrochloride; 
Ketaject, Ketalar 


C) 


+ HCl 
NHCH, 


(+)-2-(o-Chlorophenyl)-2-(methylamino)cyclohexanone _ hydrochlo- 
ride [1867-66-9] Base [6740-88-1] C,,H,,CINO - HCl (274.19). 

Preparation—The product resulting from a Grignard reaction in- 
volving o-chlorobenzonitrile and bromocyclopentane is treated in the 
presence of strong alkali to form the epoxy compound (I). Reaction of 
this with methylamine yields the imine (II), which rearranges on heat- 
ing in the presence of hydrochloric acid. Belgian Pat 634,208. 
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Description—White, crystalline powder with a characteristic odor; 
solutions are acid to litmus; melts between 258 and 261° with decom- 
position; pH (1 in 10 solution) between 3.5 and 4.1. 

Solubility—1 g in 5 mL water, 14 mL alcohol, 60 mL chloroform, or 
60 mL absolute alcohol. 

Comments—Unique as an intravenous anesthetic in that it pro- 
vides profound analgesia as well as serving as an induction agent. 
Induction doses (1 to 2 mg/kg) produce surgical anesthesia within 30 
sec. Patients maintain ventilation and cardiovascular function. Ket- 
amine produces a state of dissociative anesthesia; patients may appear 
awake and be noncommunicative yet experience intense analgesia and 
amnesia. Some protective reflexes (gag, laryngeal tone, spontaneous 
ventilation) remain intact. 

Intravenous injection is not painful, and the drug’s action is termi- 
nated by redistribution. Ketamine is metabolized by the liver (cyto- 
chrome P-450 system). Tolerance to the drug may develop after 
repeated dosing. Cardiovascular effects resemble sympathetic stim- 
ulation (increases in heart rate, cardiac output, blood pressure), possi- 
bly through direct interaction with the sympathetic nervous system. In 
vitro, ketamine is a myocardial depressant. Thus, patients with de- 
pleted catecholamine stores (trauma, critical illness) may experience 
cardiovascular collapse upon induction with ketamine. Emergence de- 
lirium (1% of patients) is characterized by visual and auditory halluci- 
nations that may continue up to 24 hr after administration. This effect 
is attenuated by coadministration of benzodiazepines or other anes- 
thetic agents. Patients receiving ketamine should not be released from 
care until recovery is complete and should be accompanied by a respon- 
sible adult. 

Ketamine is used as an intravenous induction agent in adults and as 
an intramuscular injection in difficult-to-manage children (4 mg/kg). It 
is used for short painful procedures (ie, burn wound dressing, emer- 
gency induction for c-section). It may also be given by mouth. Ketamine 
is a bronchodilator and so is useful for asthmatic patients but should be 
avoided in clinical situations with cardiovascular and neurosurgical 
concerns. 


PROPOFOL 
Phenol, 2,6-diisopropyl-, Diprivan 


OH 


a Citi 


[2078-54-8] C,,H,,0 (178.27) 
Preparation—J Org Chem 21:712, 1956; 21:712. 
Description—Oily liquid; melts about 19°, pK,11. 
Solubility—Slightly soluble in water; very soluble in alcohol. 
Comments—Quickly becoming the induction agent of choice for 
general anesthesia. It has a rapid onset (within one arm-brain circula- 
tion time), and its pharmacological action is terminated by redistribu- 
tion. Initially it was formulated in cremaphor EL but is now available 
in an egg lecithin emulsion because of a high incidence of anaphylactic 
reactions to cremaphor. This lipid emulsion has EDTA added as a 
preservative. Pain on injection is common unless the drug is injected 


into a large vein or preceded by injection of a local anesthetic or potent 
opioid. Rapid recovery is facilitated by a short initial distribution half- 
life (2 to 8 min), with clearance by the liver and possibly extrahepatic 
sites. 

An induction dose (1.5 to 2.5 mg/kg) leads to a greater decrease in 
blood pressure than with thiopental, through vasodilation and a direct 
myocardial depressant effect. There is little or no change in heart rate 
or cardiac output. Dose-dependent respiratory depression occurs in 25 
to 35% of patients after a initial dose; it is also a bronchodilator and 
decreases the normal response to hypoxia and hypercarbia. Propofol 
decreases CMRO, and ICP and is reported to have brain-protectant 
qualities. Substantial decreases in blood pressure leading to clinically 
significant decreases in cerebral perfusion pressure limits it application 
in neuroanesthesia. Side effects include precipitation of excitatory mo- 
tor activity (myoclonus and opisthotonus) and antiemetic properties. It 
is not a trigger for malignant hyperthermia (MH) and is the agent of 
choice in patients susceptible to MH. 

Propofol is used as an induction agent for general anesthesia and as 
a maintenance hypnotic under constant intravenous infusions. Patients 
tend to awake quickly from a propofol-based anesthetic with, at times, 
a feeling of euphoria. There is a significant amnestic effect at high 
doses. 


Steroidal-Type Compounds 


Several steroid compounds have been used clinically for their sedative 
hypnotic activity, including althesin (a mixture of alphaxalone and 
alphadolone). It was used for ambulatory procedures because of its 
rapid onset and redistribution, but it suffered from a high rate of 
allergic reactions (1/900) and anaphylaxis (1/10,000). It was not ap- 
proved in the US. Eltanolone (3a-hydroxy-5fB-pregnane-20-one) is cur- 
rently in clinical trials. Like propofol, it is water-insoluble and is for- 
mulated in a lipid emulsion. Induction doses of 0.5 to 0.8 mg/kg cause 
little cardiovascular depression and no pain on injection. There appears 
to be less respiratory depression than with propofol, with favorable 
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effects on cerebral hemodynamics. This class of substances will provide 
for future investigations into sedative/hypnotic intravenous anesthetic 
agents. 
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CHAPTER FO 


Local anesthetics reversibly block impulse conduction in any 
part of the nervous system and in all nerves, including sensory, 
motor, and autonomic types. They often are used to produce a 
transient loss of sensation in a circumscribed area of the body 
without causing a general loss of consciousness. This action can 
be used to block pain sensation—or sympathetic vasoconstric- 
tor impulses—to specific areas of the body. Hence, local anes- 
thetics are used to prevent pain in surgical procedures, dental 
manipulations, injury, and disease. The synthetic local anes- 
thetic agents may be divided into two groups: the slightly 
soluble compounds and the soluble compounds. The slightly 
soluble local anesthetics are used only for surface (topical) 
application, since their slow absorption renders them safe for 
use on ulcers, wounds, and mucous surfaces. The anesthesia 
that they induce is not as complete as that induced by soluble 
compounds, but the duration is longer. Many soluble anesthet- 
ics also may be used for topical anesthesia. On the other hand, 
only soluble local anesthetics of relatively low toxicity should 
be injected. 

Local anesthesia induced by injectable agents is designated 
according to the technique or anatomical site of the injection. 
Infiltration anesthesia refers to injection directly into the area 
that is painful or is to be subjected to surgical trauma. Field 
block is accomplished by administering the local anesthetic to a 
region of the nerve proximal to the site to be anesthetized. 
Peripheral nerve block, commonly called regional anesthesia, 
places the anesthetic agent in direct contact with the nerve or 
nerve plexus. Paravertebral nerve block places the anesthetic 
agent in direct contact with the nerve as it exits the interver- 
tebral foramina. Epidural and caudal blocks are similar; caudal 
block is an epidural block in the caudal region. Subarachnoid 
block, commonly called spinal anesthesia, but more correctly 
spinal analgesia, requires that the anesthetic be placed within 
the subarachnoid space so that the anesthetic agent mixes with 
spinal fluid. 

The use of a hyperbaric (heavy) solution or hypobaric (light) 
solution and proper positioning of the patient on the operating 
table permits manipulation of anesthesia for various body 
areas. 

Local anesthetics prevent both the generation and the con- 
duction of the nerve impulse. The excitable membrane of nerve 
axons maintains a transmembrane potential of —90 to —60 
mV. During excitation, the sodium channels open, and a fast 
inward sodium current quickly depolarizes the membrane to- 
ward the sodium equilibrium potential (+40 mV). As a result of 
depolarization, the sodium channels close (inactivate), and po- 
tassium channels open. The outward flow of potassium repo- 
larizes the membrane toward the potassium equilibrium po- 
tential (—95 mV); repolarization returns the sodium channels 
to the rested state. The transmembrane ionic gradients are 
maintained by the sodium pump. 
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When increasing concentrations of a local anesthetic are 
applied to a nerve fiber, the threshold for excitation increases, 
the impulse conduction slows, the rate of rise of the action 
potential declines, the action potential amplitude decreases, 
and, finally, the ability to generate an action potential is abol- 
ished. All these effects result from the binding of the local 
anesthetic to sodium channels, which in turn blocks the tran- 
sient permeability to sodium. If the sodium current is blocked 
over a critical portion of nerve, propagation of an impulse over 
the blocked area is no longer possible. 

When infiltration, conduction, or regional techniques are 
employed, both nerve fibers and nerve endings are anesthe- 
tized. The ease with which a nerve fiber may be anesthetized is 
related to its type and size. Although there are exceptions, 
large myelinated nerves usually require a higher concentration 
of anesthetic solution and more time to be blocked than small 
nonmyelinated fibers. Accordingly, small nerve fibers con- 
cerned with vasoconstriction, temperature, and surface pain 
are anesthetized most easily, whereas large fibers associated 
with the sensation of touch, pressure, deep pain, and the sen- 
sations from joints and tendons are anesthetized with more 
difficulty. In spinal anesthesia, it is probable that both sensory 
and motor nerve fibers are anesthetized. In surface (topical) 
anesthesia, the sensory nerve endings are the chief nerve struc- 
tures affected. 

The nerve-blocking action of the local anesthetics is pH 
sensitive. Because these drugs generally are marketed as 
water-soluble salts, the injected solutions are mildly acidic. To 
block nerve activity, the local anesthetic must become depro- 
tonated and diffuse through cellular membranes to reach its 
intracellular site of action. However, because the cationic spe- 
cies is the form of the local anesthetic that interacts preferen- 
tially with the sodium channels, molecules that have crossed 
the membranes must be protonated again to be effective. 
Changes in extracellular pH can disrupt the balance between 
protonated and deprotonated forms and interfere with local 
anesthetic activity. This can occur in areas of tissue damage or 
inflammation or following multiple administrations of the 
acidic local anesthetic solutions. 

The duration of action of a local anesthetic is proportional to 
the time during which it is in actual contact with nervous 
tissues. Consequently, procedures that help localize the drug at 
the nerve prolong anesthesia. Cocaine itself constricts blood 
vessels, prevents its own absorption, and has a duration of 
action longer than most local anesthetics. A vasoconstrictor 
drug, such as epinephrine, norepinephrine, or levonordefrin, is 
included frequently in local anesthetic solutions. The presence 
of one of these drugs in the local anesthetic solution retards 
absorption of the local anesthetic solution, thereby reducing its 
systemic toxicity, increasing its duration of action, and increas- 
ing its efficiency by decreasing the volume of solution required. 


The pressor potency relative to epinephrine (shown in paren- 
theses), maximal total dose, and usual concentration are as 
follows: epinephrine (1), 0.2 mg, 1:50,000 to 1:200,000; norepi- 
nephrine (0.6), 0.34 mg, 1:30,000; and levonordefrin (0.5), 1 mg, 
1:20,000. While vasoconstriction helps prolong the effects of the 
local anesthetics, it can be problematic in areas with restricted 
blood supply. Consequently, it is inadvisable to inject local 
anesthetics with vasoconstrictors around the base of fingers, 
toes, or the penis. Some of the vasoconstrictor may be absorbed 
systemically, causing adverse effects associated with their sym- 
pathomimetic actions. Such side effects can be particularly 
dangerous in the presence of cardiovascular disease or concur- 
rent use of other drugs that enhance sympathetic nervous 
activity such as monoamine oxidase (MAO) inhibitors or tricy- 
clic antidepressants. In addition, injection of these vasocon- 
strictor additives into damaged tissue may result in delayed 
healing. 

A number of precautions should be observed when injection 
anesthesia is contemplated. 


Resuscitation equipment and appropriate drugs should be immediately 
available. 

The safe use of these agents in pregnancy, with respect to adverse 
effects on fetal development, has not been established. 

Local anesthetic procedures should be used with caution when there is 
inflammation and/or sepsis in the region of the proposed injection. 

Local anesthetics containing epinephrine should be used with extreme 
caution in patients on MAO inhibitors, tricyclic antidepressants, 
phenothiazines, etc, as either severe hypertension or hypotension 
may occur. 

Vasopressor agents used in caudal or other epidural blocks should be 
used with extreme caution in patients on oxytocic drugs, since the 
resulting interaction may produce severe persistent hypertension 
and/or rupture of cerebral blood vessels. 

Serious, dose-related cardiac arrhythmias may occur if local anesthetics 
containing a vasoconstrictor such as epinephrine are employed in 
patients during or following the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene, or other inhalation anes- 
thetics. 


Factors that must be given careful consideration prior to 
concurrent use of general and local anesthetics include the 
effect of both agents on the myocardium, the concentration and 
volume of the vasoconstrictor, and the elapsed time since in- 
jection. 

Adverse reactions to local anesthetics may be divided into 
two groups: systemic and local adverse reactions. In general, 
these reactions are qualitatively similar for all local anesthetic 
agents. 

Systemic adverse reactions usually are associated with high 
blood levels of the drug and result from overdosage, rapid 
systemic absorption, or inadvertent intravenous injection. Be- 
cause local anesthetics can affect all excitable membranes, the 
reactions usually involve the central nervous and cardiovascu- 
lar systems. 

The initial CNS reactions are excitatory and/or depressant 
and may be characterized by nervousness, agitation, dizziness, 
blurred vision, and tremors, followed by drowsiness, convul- 
sions, unconsciousness, and possibly respiratory arrest. Other 
systemic effects may include nausea, vomiting, chills, pupil 
contraction, or tinnitus. The excitatory reactions may be very 
brief or absent, in which case the first manifestation of toxicity 
may be drowsiness, merging into unconsciousness and respira- 
tory arrest. 

Cardiovascular reactions usually require high systemic con- 
centrations, are depressant, and may be characterized by hy- 
potension, cardiovascular collapse, bradycardia, and possibly 
cardiac arrest. Treatment of a patient with toxic manifesta- 
tions includes reassurance, maintaining a patent airway, and 
supporting ventilation using oxygen and assisted or controlled 
respiration. Should circulatory depression occur, vasopressors, 
such as ephedrine or metaraminol, and IV fluids may be used. 
Should a convulsion persist despite oxygen therapy, diazepam 
given IV is usually the treatment of choice. 
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Allergic reactions are characterized by cutaneous lesions, 
urticaria, edema, or anaphylactoid reactions. Untoward reac- 
tions from overdosage with epinephrine and other vasoconstric- 
tor agents added to local anesthetics are relatively common. 
Anxiety, palpitation, dizziness, headaches, restlessness, trem- 
ors, tachycardia, anginal pain, and hypertension are observed 
frequently. These reactions may be differentiated from those 
caused by local anesthetics in that epinephrine does not pro- 
duce convulsions and causes tachycardia rather than bradycar- 
dia. Reactions of this kind respond to sedatives and oxygen. 

Local adverse reactions to these anesthetic drugs, although 
infrequent, are either cytotoxic or allergic and are manifested 
by skin discoloration, pain, edema, slough, neuritis, or neurol- 
ysis. Eczematoid dermatitis, characterized by erythema and 
pruritus that proceeds to inflammation, swelling, vesiculation, 
and oozing, is the predominant local reaction. The aminoben- 
zoic acid derivatives are by far the most likely to cause allergic 
sensitivity reactions; cross-sensitivity between members of this 
group often is reported. If a patient is allergic or does not 
tolerate a particular local anesthetic, it is advisable to use a 
drug from a different chemical family. Unfortunately, tests for 
sensitivity such as skin, conjunctival, and patch tests are not 
reliable for predicting the possibility of allergic reactions. 

All local anesthetics are toxic, and the tolerance of patients 
varies. Safe dosage, therefore, is limited for each drug and must 
be individualized. The choice of drug, concentration, rate and 
site of injection, and age and emotional and physical status of 
the patient are a few factors that must be considered. In gen- 
eral, the smallest amount of the least toxic drug that will serve 
the purpose should be used, if reactions are to be avoided. In 
some patients, premedication with diazepam may be advisable 
to minimize the incidence of toxic reactions. Many local anes- 
thetics occasionally give rise to dermatitis. When this is severe, 
the use of the anesthetic should be discontinued. 

The interested reader is referred to the following reviews on 
the subject: Courtney KR. Structural elements that determine 
local anesthetics activity. In Handbook of Experimental Phar- 
macology, vol 81, Strichartz GR, ed. Berlin: Springer-Verlag, 
1987, p 53, and McLeskey CH. Rational use of local anesthetics. 
NC Med J 1982; 43:496. 


INJECTION ANESTHETICS 

SN ASE ER ELI WTO SES ETE BUT EGS EAT 
Injectable local anesthetic drugs can be divided conveniently 
into two groups: esters and nonesters. The esters are primarily 
of the para-aminobenzoic acid type and include chlorproma- 
zine, procaine, propoxycaine, and tetracaine. The nonesters are 
anilides (amides or nonesters) that include lidocaine, mepiva- 
caine, bupivacaine, etidocaine, and prilocaine. This classifica- 
tion is particularly important from the point of view of possible 
allergic reactions as well as biotransformation. Thus, local 
anesthetics with an ester linkage (aromatic acid + amino alco- 
hol) such as procaine and those with an amide linkage (aro- 
matic amine + amino acid) such as lidocaine differ significantly 
in hypersensitivity, metabolism, and duration of action. Hyper- 
sensitivity seems to occur most prominently in response to local 
anesthetics of the ester-type and frequently extends to chemi- 
cally related compounds. Allergic reactions to the amide type 
are extremely rare, and substitution of such amide-type, com- 
pounds to avoid allergic responses is usually possible. 

The metabolic fate of local anesthetics is of great practical 
importance because their toxicity depends largely on the bal- 
ance between their rate of absorption and their rate of destruc- 
tion. The ester-type local anesthetic appears to be hydrolyzed 
by both liver esterase and plasma esterase. Metabolic degra- 
dation by plasma esterase is particularly important in man; 
human plasma esterase can hydrolyze local anesthetics 4 to 20 
times faster than can animal plasma esterases. Consequently, 
very little of the ester-type agent is available for hydrolysis by 
liver esterase. Spinal fluid contains little or no esterase; hence, 
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anesthesia produced by intrathecal injection of an ester-type 
local anesthetic will persist until the local anesthetic agent is 
absorbed into the blood. 

On the other hand, amide-type local anesthetics are de- 
graded by hepatic microsomes; the initial reactions involve 
N-dealkylation and subsequent hydrolysis. Consequently, the 
amide-type local anesthetics usually have a longer duration of 
action than the ester type. 

Considerable pharmacokinetic data have been accumulated 
on the amide-type local anesthetics, particularly lidocaine, 
mepivacaine, bupivacaine, and etidocaine (the data are pre- 
sented in the respective monographs). Comparatively little 
such information is available on the older ester-type agents; for 
the most part their rapid metabolism has hindered most at- 
tempts to measure their blood concentrations after less than 
heroic doses in man. Consequently, most studies with the latter 
agents deal with potency, toxicity, time for onset, and duration 
of action. The descriptive phrase short-acting suggests a dura- 
tion of 45 to 75 min, medium-acting, 90 to 150 min, and long- 
acting, 180 min or longer. 

With the exception of solutions for use in spinal anesthesia, 
local anesthetic solutions should be isotonic to avoid edema, 
local irritation, and inflammation at the site of injection. Solu- 
tions for spinal anesthesia may be isobaric, hypobaric, or hy- 
perbaric, depending on the desired level of anesthesia. The 
total maximal dosages employed with injection anesthetics 
vary markedly, depending on the technique used and the pa- 
tient’s age, weight, and physical condition. In general, the 
physician should administer the smallest volume of the most 
dilute solution that is effective. For adverse effects and special 
warnings in the use of these agents, refer to the introductory 
statement. 


BUPIVACAINE HYDROCHLORIDE 


2-Piperidinecarboxamide, 1-butyl-N-(2,6-dimethylphenyl)-, 
hydrochloride; Marcaine Hydrochloride; Sensorcaine 


CH3CH2CH CH, cts 
1-Butyl-2',6’-pipecoloxylidide |monohydrochloride [14252-80-3] 


CraHoeNoO> HCl HO 3427 9u)) 

Preparation—Similar to that of Mepivacaine Hydrochloride, ex- 
cept that butyl bromide instead of dimethyl sulfate is used for alkyla- 
tion. J Med Chem 1971; 14:891. 

Description—White, crystalline powder; odorless; melts with de- 
composition about 250°. pK, 8.05. 

Solubility—1 g in 25 mL water or 8 mL alcohol; slightly soluble in 
chloroform. 

Comments—For local infiltration (0.25% soln), lumbar epidural 
(0.25%, 0.5%, and 0.75% soln), caudal block (0.25% and 0.5%), periph- 
eral nerve block (0.25% and 0.5% soln), retrobulbar block (0.75% soln), 
sympathetic block (0.25% soln), and dental block (0.5% soln). It is not 
used for obstetrical paracervical block or topical anesthesia. The onset 
of action after local injection is rapid (5 min); however, onset may be 
delayed as long as 20 min when used for brachial plexus or peridural 
anesthesia. The duration of peripheral nerve blocks produced may be up 
to 7 hr, whereas the duration of peridural anesthesia is about 4 hr. 
Epidural block with 0.75% solution induces complete motor block; 
hence, abdominal operations requiring complete muscle relaxation may 
be done. It also has been noted that a period of analgesia persists after 
the return of sensation; during this time the need for analgesics is 
reduced. It has a t,,. of 2.7 hr, V, of 1.04, and a partition coefficient of 
130; 84 to 95% of the drug is bound to plasma protein. Consequently, it 
has a low degree of placental transmission of parenteral local anesthetic 
and may cause the least fetal depression. 

After injection for caudal, epidural, or peripheral nerve block in 
humans, peak blood levels of approximately 1.2 ug/mL are reached in 
30 to 45 min, followed by a decline to insignificant levels within 3 to 6 
hr. Like other local anesthetics with an amide structure, it is not 
detoxified by plasma esterases but is detoxified in the liver, via conju- 
gation with glucuronic acid. 

Contraindications, general warnings, precautions, and adverse re- 
actions are similar to those of other amide-type local anesthetics (see 


Lidocaine, page 1405). It is not recommended for children under 12 yr, 
and the solution for spinal anesthesia should not be used in children 
under 18 yr. The safe use in pregnancy, with respect to adverse effects 
on fetal development, has not been established. 


CHLOROPROCAINE HYDROCHLORIDE 


Benzoic acid, 4-amino-2-chloro-, 2-(diethylamino)ethyl ester, 
monohydrochloride; Nesacaine, Nesacaine-MPF 


pho va ane 


C) 


2-(Diethylamino)ethyl 4-amino-2-chlorobenzoate monohydrochloride 
(3858-89-7] C,,H, CIN,O, - HCl (307.22). 

Preparation—2-Chloro-4-nitrobenzoic acid is reacted with thionyl 
chloride, and the resulting acid chloride is condensed with 2-(diethyl- 
amino)ethanol. Reduction of the nitro ester with iron and acidulated 
water yields chloroprocaine base, which may be converted into the 
hydrochloride by dissolving in a suitable solvent and introducing hy- 
drogen chloride. 

Description—White, crystalline powder; odorless and stable in air; 
solutions acid to litmus; exhibits local anesthetic properties when 
placed on the tongue; melts about 175°. 

Solubility—1 g in about 20 mL water or about 100 mL alcohol; very 
slightly soluble in chloroform; practically insoluble in ether. Aqueous 
solutions are acid to litmus and if discolored, should not be used. 

Comments—Infiltration and nerve block (mandibular, infraorbital, 
or brachial plexus anesthesia, 2% soln; digital, 1%; pudendal, 2%; and 
paracervical block, 1% soln). Caudal and epidural block, 2 or 3% solu- 
tion. It is not effective topically. Its onset of action is about 6 to 12 min, 
and anesthesia lasts from 30 to 60 min; with the addition of epinephrine 
1:200,000, duration is increased to 60 to 90 min. For adverse reactions 
see the introductory statement. 


ETIDOCAINE HYDROCHLORIDE 


Butanamide, (+)-N-(2,6-dimethylphenyl)-2-(ethylpropylamino)-, 
monohydrochloride; Duranest 


CH3CH,CH> 

CH3CHN 

CH3CH,CHCONH * HCl 
CH, CH; 


(+)-2-(Ethylpropylamino)-2'-6'-butyroxylidide monohydrochloride [3667- 
18-0 (free base)] C,7H,,N.O » HCl (312.88). 

Preparation—Etidocaine is synthesized by the interaction of 2,6- 
xylidine, 2-bromobutyric acid, and ethyl n-propylamine. German Pat 
2,162,744 (CA 77: 101244c, 1972). 

Description—White, crystalline powder; pK,, 7.74 (etidocaine). 

Solubility—Soluble in water; freely soluble in alcohol. 

Comments—It has a rapid onset (3 to 5 min) and a prolonged 
duration of action (5 to 10 hr). The duration of sensory analgesia is 1.5 
to 2 times longer than that of lidocaine; duration in excess of 9 hr is not 
infrequent in peripheral nerve blocks. It also produces a significant 
degree of motor blockade and abdominal muscle relaxation when used 
for peridural analgesia. Because of its tendency to block voluntary 
expulsive muscles, etidocaine should not be used in vaginal deliveries. 
This drug also should not be used for spinal anesthesia. 

Contraindications, warnings for use, precautions, and adverse reac- 
tions are similar to those for lidocaine. Its safe use in pregnancy, with 
respect to adverse effects of fetal development, has not been estab- 
lished. The use of this agent in children under 14 years has not been 
investigated. 


LIDOCAINE—page 1405. 
LIDOCAINE HYDROCHLORIDE 


Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-, 
monohydrochloride, monohydrate; Lignocaine 
2-(Diethylamino)-2',6'-acetoxylidide monohydrochloride [6108-05-0] 
C,,H..N,0 - HCl - H,0 (288.82); anhydrous [73-78-9] C,,Hs.N.O0 » HCl 

(270.80). 

For the structure of the base, see Lidocaine, page 1405. 

Description—White, odorless, crystalline powder; slightly bitter 
taste; melts about 76°. pK, 7.86 (base). 

Solubility—1 g in 0.7 mL water or 1.5 mL alcohol; pH (0.5% solu), 
5.0 to 7.0; solutions may be sterilized by autoclaving. 


Comments—A widely employed amide-type local anesthetic and 
antiarrhythmic drug. As a local anesthetic, it is employed for infiltra- 
tion and field block anesthesia in a concentration of 0.5%; for peripheral 
nerve block in concentrations of 0.5 and 1%; for paravertebral nerve 
block in a concentration of 0.5 to 1.5%; for epidural or caudal anesthesia 
in a concentration of 1.5% with 7.5% dextrose; and in subarachnoid 
block (spinal analgesia) in a concentration of 5% made hyperbaric with 
7.5% dextrose. It also is used topically on mucous membranes as a 1 to 
4% aqueous solution, 2% jelly, 2.5% and 5% ointment, and 2.0% viscous. 
It is also used in the form of suppositories for temporary relief of pain 
associated with inoperative, irritated, or inflamed anorectal conditions. 

Some of its injections contain epinephrine to delay absorption, pro- 
long its action, and reduce its toxic effects. Because it is also effective 
without a vasoconstrictor, it appears to be the anesthetic of choice for 
use in those individuals who are sensitive to epinephrine and its con- 
geners. In addition, it is so dissimilar in chemical structure to procaine 
and related anesthetics that it is the agent of choice in individuals 
sensitive to procaine. 

Its local anesthetic action is more rapid in onset, more intense, and 
of longer duration than that of procaine. It also is more potent than 
procaine. Because of its local vasodilating action, epinephrine often is 
combined with lidocaine. When used alone, anesthesia after perineural 
injection lasts 60 to 75 min; with epinephrine, anesthesia lasts 2 hr or 
more. This drug and procaine are approximately equally toxic when 
administered extravascularly in 0.5% solutions; when higher concen- 
trations are used, this is 1 1/2 times as toxic as procaine. By the 
intravenous route, it is twice as toxic as procaine. 

As an antiarrhythmic agent it is administered intravenously for the 
management of ventricular arrhythmias occurring during cardiac ma- 
nipulation, such as cardiac surgery, and life-threatening arrhythmias 
that are ventricular in origin, such as occur during acute myocardial 
infarction. For this purpose it usually is given in a dose of 50 to 100 mg 
intravenously at a rate of 25 to 50 mg/min. If the initial injection does 
not produce the desired clinical response, a second dose (1/3 to 1/2 the 
initial dose) may be given after 5 min. 

No more than 200 to 300 mg of lidocaine should be administered 
during a 1-hr period. Smaller doses should be used in cardiac failure, a 
reduced cardiac output from any cause, and in patients over 60 years. It 
exhibits a biphasic half-life. The distribution phase (t,,.: 7 to 8 min) 
accounts for the short duration of action after intravenous administra- 
tion (10 to 20 min). The terminal elimination half-life is 1 to 2 hr. 

Therapeutic antiarrhythmic plasma levels range from 1.5 to 5.5 
pg/mL; subjective toxic effect levels range from 3 to 5 wg/mL; and 
objective adverse manifestations such as muscular irritability, convul- 
sions, and coma appear at plasma levels of 6 to 10 wg/mL. Thus, there 
is considerable overlap between therapeutic levels and subjective toxic 
effect levels. Moreover, toxicity may be significantly altered by the 
coadministration of other drugs. For example, coadministration with 
propranolol impairs the clearance of lidocaine and enhances toxicity; 
concomitant intravenous administration of phenytoin and lidocaine 
may induce excessive cardiac depression; and additive neurological 
effects may be produced during concurrent administration of procain- 
amide and lidocaine. 

It should be emphasized that after administration as a local anes- 
thetic agent, systemic absorption may result in blood concentrations in 
the usual therapeutic antiarrhythmic, or even toxic, ranges. Plasma 
levels vary according to the site at which the local anesthetic is injected: 
subcutaneous, 1.2 ug/mL/100 mg; epidural, 1.1 ug/mL/100 mg; and 
subcutaneous (abdominal), 0.5 wg/mL/100 mg. Thus, the epidural injec- 
tion of 25 mL of a 1.5% solution (375 mg) has the potential for producing 
a plasma level of 4.13 uwg/mL, a value well within the range that induces 
subjective toxic effects (3 to 5 ug/mL) and approaching that which 
results in objective adverse manifestations (6 to 10 ug/mL). 

After absorption, it partitions extensively into body tissues. Studies 
in monkeys indicate that it has a high affinity for spleen (tissue to 
plasma coefficient 3.5), lung (3.1), kidney (2.8), adipose tissue (2.0), 
brain (1.2), heart (0.96), and musculoskeletal tissues (0.6). Because of 
the avidity with which tissues take up the drug, only about 6% of a 
given dose is found in the blood at steady state. It then redistributes to 
muscle and adipose tissue, and these tissues become the major storage 
reservoirs. For more detailed pharmacokinetic data, the interested 
reader is referred to the excellent review by Benowitz and Meister (Clin 
Pharmacokinet 1978; 3:177). 

This drug is a weak base with a pKa of 7.86, t,/. of 1.6 hr, and V, of 
1.3 L/kg; 60 to 80% is bound to plasma protein. Maximal excretion in an 
acid urine is only 10%. The major portion of this agent is metabolized by 
the liver microsomal system. Two major metabolites have been identi- 
fied: monoethylglycinexylidide and glycinexylidide. Animal experi- 
ments indicate that both metabolites have antiarrhythmic and convul- 
sant activities; the former has potency similar to this drug itself, while 


LOCAL ANESTHETICS 1403 


the latter is only 10 to 26% as potent. Both metabolites, after further 
biotransformation in the liver, are excreted in the urine. 

Some adverse CNS effects frequently are observed during therapy. 
These commonly include drowsiness, dizziness, paresthesia, and eupho- 
ria. Typical symptoms with higher doses include confusion, agitation, 
dysarthria, vertigo, visual disturbances, tinnitus, and nausea. Sweat- 
ing, muscle tremor, or fasciculations also may occur. Manifestations of 
severe toxicity include psychosis, seizures, respiratory depression, and 
coma. Seizures that persist after the administration of oxygen may be 
controlled by intravenous administration of 2.5-mg increments of diaz- 
epam. Caution must be exercised, since overdosage may occur if suffi- 
cient time is not allowed for the anticonvulsant action of the individual 
doses to become apparent. Diazepam has been recommended for pro- 
phylaxis of convulsions during local anesthetic therapy. 


MEPIVACAINE HYDROCHLORIDE 


2-Piperidinecarboxamide, N-(2,6-dimethylphenyl)-1-methyl-, 
monohydrochloride; Carbocaine; Polocaine 


oH CHs 
(ye) + HCl 
CH; 
1-Methyl-2’,6'-pipecoloxylidide monohydrochloride [1722-62-9] 


C,;H..N.O - HCl (282.81). 

Preparation—Picolinic acid (2-pyridinecarboxylic acid) is con- 
densed with 2,6-xylidine to 2',6’-picolinoxylidide, which is reacted with 
dimethyl sulfate in xylene solution. Reduction of the pyridine ring 
followed by treatment with HCl yields the product. Acta Chem Scand 
1957; 11:1183. 

Description—White, odorless, crystalline solid; melts with decom- 
position about 258°; pH (1 in 50 solution) about 4.5; pK, 7.73 + 0.08. 

Solubility—Freely soluble in water or methanol; very slightly sol- 
uble in chloroform; practically insoluble in ether. 

Comments—An amide anesthetic employed for nerve block (1 or 
2% soln), paracervical block in obstetrics (1% soln), caudal and epidural 
block (1, 1.5, or 2% soln), infiltration (1% soln), therapeutic block (1 or 
2% soln), and dental procedures (1, 2, or 3% soln). It is not effective 
topically, except in large doses; therefore it should not be used for this 
purpose. It has a t,,. of 1.9 hr, a V, of 1.2 L/kg, and a partition coefficient 
of 12.1. Approximately 60 to 80% of that in blood is bound to serum 
proteins. 

When used in obstetrics, maternal plasma concentrations vary from 
2.9 to 6.9 wg/mL, whereas the umbilical vein concentration varies from 
1.9 to 4.9 wg/mL; thus, the fetus is exposed to only 60 to 70% of that in 
maternal plasma. It has an action similar to that of lidocaine hydro- 
chloride; however, its onset is faster, and its duration of action is 
somewhat longer. 

Anesthesia develops in 3 to 5 min and lasts 2 to 2 1/2 hr. It may be 
used for many purposes without epinephrine. Thus, it particularly is 
indicated in circumstances in which epinephrine is contraindicated. 
The systemic effects are similar to those produced by other local anes- 
thetics. For additional information, see the introductory statement. 


PRILOCAINE HYDROCHLORIDE 


Propanamide, N-(2-methylphenyl)-2-(propylamino)-, 
monohydrochloride; Citanest 


CH, 


Opwrcoenen * HCI 


NHCH,CH»CHs 
2-(Propylamino)-o-propionotoluidide monohydrochloride [1786-81-8] 
C,3Ha)N2O - HCl (256.77). 

Preparation—o-Toluidine is condensed with 2-bromopropionyl 
bromide, and the resulting 2-bromo-o-propionotoluidide is condensed 
with propylamine to yield prilocaine (base). An acetone solution of the 
base treated with hydrogen chloride yields the official salt. Brit Pat 
839,943. 

Description—White, odorless, crystalline powder; initially an 
acid and then bitter taste, stable in light and air; melts about 167°; pK, 
7.89. 

Solubility—1 g in 3.5 mL water, 4.2 mL alcohol or 175 mL chloro- 
form; practically insoluble in ether. 

Comments—An amide-type local anesthetic chemically related to 
lidocaine and mepivacaine. For the most part, it is used for dental 
procedures and administered either by infiltration or nerve block. An 
initial dose of 40 to 80 mg (1 to 2 mL of a 4% solution) is usually 
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sufficient, with a maximum dose of 600 mg (8 mg/kg). Onset of action 
after infiltration averages 1 or 2 min; duration of action is 60 min or 
longer. For major nerve blocks (epidural), the onset of analgesia is 
approximately 2 min longer than that for lidocaine; whereas the dura- 
tion of action is 30 to 60 min longer. Approximately 55% is bound to 
plasma protein. After 600 mg of the drug, peak plasma levels are 
reached in 20 min, at which time plasma levels average 4 ug/mL; the 
same dose with epinephrine also peaks at 20 min, but the plasma level 
is only 2 »g/mL. Consequently, this drug generally is used without 
epinephrine. Hence, this local anesthetic is particularly useful for pa- 
tients who cannot tolerate vasopressor agents, eg, patients with hyper- 
tension, diabetes, thyrotoxicosis, or other cardiovascular disorders. 

Like other amide-type local anesthetics, prilocaine is not metabo- 
lized by plasma esterases; it is metabolized by both the liver and the 
kidney and excreted by the kidney. One of its metabolites is o-toluidine, 
a substance known to induce methemoglobinemia. Methemoglobin lev- 
els up to 15% and cyanosis have been reported following doses of 600 mg 
or more. Other clinical symptoms of methemoglobinemia, such as tachy- 
cardia, fatigue, headache, lightheadedness, and dizziness, may occur at 
higher doses. Except for methemoglobinemia, its side effects are similar 
to those observed with other local anesthetics. When methemoglobin- 
emia occurs, it can be reversed by intravenous injection of methylene 
blue, 1 to 2 mg/kg of a 1% solution administered over a 5-min period. As 
with other local anesthetics, prilocaine is contraindicated in the pres- 
ence of shock, severe cardiovascular disease, or heart block. For other 
adverse effects, see the introductory statement. 


PROCAINE HYDROCHLORIDE 


Benzoic acid, 4-amino-, 2-(dimethylamino)ethyl ester, 
monohydrochloride; Novocain 


niir{(C)-coocre crits * HC) 


2-(Diethylamino)ethyl p-aminobenzoate monohydrochloride [51-05-8] 
CBHEGNsOs HCIQ72.77): 

Preparation—2-(Diethylamino)ethanol is made by reacting ethyl- 
ene chlorohydrin or bromohydrin with diethylamine. The diethylamino- 
ethanol is then heated with p-nitrobenzoyl chloride, forming diethyl- 
aminoethyl p-nitrobenzoate. The NO, group is reduced with iron or tin 
and HCl. US Pat 812,554. 

Description—Small, white, odorless crystals or a white crystalline 
powder; melts about 157°; pK, 8.7 (base). 

Solubility—1 g in 1 mL of water or 15 mL of alcohol; slightly 
soluble in chloroform; practically insoluble in ether. 

Comments—An ester-type local anesthetic. It is used for infiltra- 
tion (0.25 to 0.5% soln), peripheral nerve block (0.5 to 2% soln), and 
spinal anesthesia (10% soln). It is ineffective when applied topically. 
The drug has a slower onset of action than lidocaine or prilocaine; its 
duration of action is short, about 1 hr. 

It produces vasodilation, and thus vasoconstrictor drugs such as 
norepinephrine or levonordefrin may be required to retard absorption, 
prolong duration of action, and maintain homeostasis. Following ab- 
sorption, it is hydrolyzed rapidly by esterases in both the plasma and 
liver (see the introductory statement). Since spinal fluid contains little 
or no esterase, when given by this route of administration it remains 
active until it is absorbed into the general circulation. 

The products of metabolic degradation include para-aminobenzoic 
acid and diethylaminoethanol; the former inhibits the action of sulfon- 
amides. Therefore, it and other ester-type local anesthetics should not 
be used in any condition in which therapy with sulfonamide is being 
employed. This drug and its congeners also interfere with the labora- 
tory determination of sulfonamide concentration in biological fluids. 
Local anesthetics other than derivatives of para-aminobenzoic acid 
should be used in all circumstances when sulfonamide therapy has been 
instituted. The IV use of procaine is contraindicated in patients receiv- 
ing digitalis, anticholinesterase drugs, or succinyl] choline. For adverse 
effects, see the introductory statement. 


TETRACAINE—page 1406. 
TETRACAINE HYDROCHLORIDE 


Benzoic acid, 4-(butylamino)-, 2-(dimethylamino)ethyl ester, 
monohydrochloride; Amethocaine Hydrochloride; Pontocaine 
Hydrochloride 


2-(Dimethylamino)ethyl p-(butylamino)benzoate monohydrochloride 
[136-47-0] C,.H.,N.O0, - HCl (300.83). 
For the structure of the base see page 1406. 


Preparation—By dissolving tetracaine (base) in a solvent such as 
benzene and passing hydrogen chloride into the solution, whereupon 
the salt precipitates. For the preparation of the base, see Tetracaine. 

Description—Fine, white, crystalline, odorless powder; slightly 
bitter taste followed by a sense of numbness; solutions neutral to 
litmus; melts about 148°; two polymorphic modifications melt about 
134° and 139°, respectively; mixtures of these may melt between 134° 
and 147°; pK, 8.39. Protect solutions from light. 

Solubility—Very soluble in water; soluble in alcohol; insoluble in 
ether or benzene. 

Comments—An ester-type local anesthetic used topically on the 
eye and in the nose or throat and by infiltration for subarachnoid block 
(spinal analgesia). When used in the eye, it does not dilate the pupil, 
paralyze accommodation, or increase intraocular pressure. It is partic- 
ularly suitable for spinal anesthesia, especially for surgical procedures 
requiring 2 to 3 hr. Although it is an ester-type local anesthetic, it is 
only slowly hydrolyzed by plasma and liver esterases. It has a delayed 
onset of action, often as long as 15 min, but a long duration of action; 
spinal anesthesia may last as long as 3 hr. Since its para-aminobenzoic 
acid metabolite may antagonize the activity of aminosalicylic acid and 
sulfonamides, it should not be used in patients receiving these drugs. 
For information on cautions, contraindications, and adverse effects, see 
the introductory statement. 


TOPICAL ANESTHETICS 


The salts and base forms of the esters and amides included in 
this section are used to produce topical (surface) anesthesia. 
The salts do not penetrate intact skin, but both forms penetrate 
abraded or raw, granulated skin surfaces. The base forms re- 
lieve pruritus, burning, and surface pain on intact skin but 
penetrate only to a limited degree. Wounds, ulcers, and burns 
preferably are treated with preparations that are relatively 
insoluble in tissue fluids. Mucous membranes of the nose, 
mouth, pharynx, larynx, trachea, bronchi, and urethra are 
anesthetized readily by both salt and base forms. Conse- 
quently, these agents are used prior to inserting intratracheal 
catheters, pharyngeal and nasal airways, nasogastric and en- 
doscopic tubes, urinary catheters, laryngoscopes, proctoscopes, 
sigmoidoscopes, and vaginal specula. Many of these agents also 
are used in the eye for such procedures as tonometry and 
gonioscopy, for removal of foreign bodies from the cornea, or for 
short operative procedures on the cornea or conjunctiva. For 
precautions, warnings, and adverse effects, see the introduc- 
tory statement. 


BENZOCAINE 


Benzoic acid, 4-amino-, ethyl ester; Benzocaine; Anesthesin 


we{(O) coves 


Ethyl p-aminobenzoate [94-09-7] C,H, ,NO, (165.19). 

Preparation—p-Nitrobenzoic acid, obtained by nitration of toluene 
and oxidation of the resulting p-nitrotoluene, is converted into the ethyl 
ester by heating with alcohol and sulfuric acid. The resulting ethyl 
p-nitrobenzoate is reduced with tin and hydrochloric acid. 

Description—Small, white, odorless crystals or a white crystalline 
powder; melts within a 2° range between 88° and 92°; pK, 2.5. 

Solubility—1 g in about 2500 mL water, 5 mL alcohol, 2 mL 
chloroform, 4 mL ether, or 30 to 50 mL expressed almond oil or olive oil; 
soluble in dilute mineral acids. 

Comments—An insoluble local anesthetic. It usually is employed 
as an ointment to relieve pain associated with ulcers, wounds, and 
mucous surfaces. It also is used as a lubricant and anesthetic on 
intratracheal catheters, pharyngeal and nasal airways, nasogastric and 
endoscopic tubes, etc. It is included in proprietary creams, lozenges, 
ointments, powders, sprays, and suppositories to relieve pain of dam- 
aged skin surfaces and inflamed mucous membranes, particularly those 
in the anorectal area. It also is used as an otic preparation for the 
temporary relief of ear pain. Benzocaine commonly is combined with 
antitussives, such as dextromethorphan, in cold medications. It acts 
only as long as it is in contact with the skin or mucosal surface. Peak 
effect occurs within 1 min after application and lasts for 36 to 60 min. 
For adverse reactions, see the introductory statement in this chapter. 


CHLOROBUTANOL—see RPS-19, page 1380. 
COCAINE 


8-Azabicyclo[3.2.1]octane-2-carboxylic acid, [1R-(exo,exo)]-3- 
(benzoyloxy)-8-methyl-, methyl ester 


Methyl 36-hydroxy-1aH,5aH-tropane-28-carboxylate benzoate (ester) 
[50-36-2] C,-H,,NO, (303.36); an alkaloid obtained from the leaves of 
Erythroxylon coca Lamarck and other species of Erythroxylon Linné 
(Fam Erythroxylaceae) or by synthesis from ecgonine or its derivatives. 

History—Isolated by Gaedken in 1844 from Brazilian coca leaves, 
which for many years was the only source of cocaine. At present the 
alkaloid is obtained principally from Java coca leaves. Brazilian coca 
leaves contain from 0.5 to 1% methylbenzoylecgonine or cocaine, 
whereas the Java leaves contain very little cocaine as such. However, 
there are present in the latter such derivatives as benzoylecgonine, 
cinnamoylecgonine, methylecgonine, etc, to the extent of 1.5 to 2%, all 
of which are conyerted to cocaine in the manufacturing process. For the 
structural relationships among the ecgonine derivatives, see page 431. 

Preparation—By moistening ground coca leaves with sodium car- 
bonate solution, percolating with benzene or other solvents such as 
petroleum benzin, shaking the liquid with diluted sulfuric acid, and 
adding to the separated acid solution an excess of sodium carbonate. 
The precipitated alkaloids are removed with ether, and after drying 
with sodium carbonate, the solution is filtered and ether distilled off. 
The residue is dissolved in methyl alcohol and the solution heated with 
sulfuric acid or with alcoholic hydrogen chloride. This treatment splits 
off any acids from ecgonine and esterifies the carboxyl group. After 
dilution with water the organic acids that have been liberated are 
removed with chloroform. The aqueous solution is concentrated, neu- 
tralized and cooled with ice, whereupon methylecgonine sulfate crys- 
tallizes. This is benzoylated by heating with benzoyl chloride or benzoic 
anhydride to about 150°. On adding water and sodium hydroxide meth- 
ylbenzoylecgonine or cocaine is precipitated. The cocaine is extracted 
with ether and the solution concentrated to crystallization. For the 
purification of cocaine recrystallization from a mixture of acetone and 
benzene generally is preferred. 

Total synthesis of cocaine was achieved by Willstater et al, Ann 
1923; 434:111. 

Description—Colorless to white crystals, or a white, crystalline 
powder; odorless; melts at about 97°; solution (in diluted HCl) levoro- 
tatory; saturated solution alkaline to litmus. 

Solubility—1 g in about 600 mL water, 7 mL alcohol, 1 mL chlo- 
roform, 3.5 mL ether, about 12 mL olive oil, or 80 to 100 mL liquid 
petrolatum; very soluble in warm alcohol. 

Comments—tThe first local anesthetic to be discovered. While it is 
considered too toxic for any anesthetic procedure requiring injection, it 
is still employed topically in a 1 or 2% solution for anesthesia of the ear, 
nose, throat, rectum, and vagina because of its intense vasoconstrictive 
action. When in solution as the hydrochloride salt it is used for local 
anesthesia of mucous membranes. For topical application (ear, nose, 
throat, or bronchoscopy) concentrations of 4 to 10% are employed. 
Besides its local anesthetic properties, cocaine enhances catecholamine 
systems by interfering with uptake of their transmitters into neuronal 
terminals. Peak effect is reached within 2 to 5 min and lasts from ¥2 to 
2 hr. Toxic symptoms occur frequently because it is absorbed readily 
and dosage often is not monitored carefully. CNS effects include eupho- 
ria and cortical stimulation manifested by excitement and restlessness. 

Stimulation of the lower motor centers causes hypertension, tachy- 
cardia, and tachypnea. Repeated use results in psychic dependence and 
tolerance, the euphoric effects of which are almost indistinguishable 
from those induced by amphetamines. Indeed, knowledgeable human 
subjects cannot distinguish between the subjective effects induced by 
the intravenous injection of 8 to 10 mg of the drug and those induced by 
10 mg of dextroamphetamine. The drug is abused by intranasal, par- 
enteral, or inhalation administration because of its CNS-stimulating 
effects. It is listed under Schedule II of the Controlled Substances Act. 
Severe toxic effects have been reported with doses as low as 20 mg, 
while the fatal dose is approximately 1.2 g. For adverse reactions, see 
the introductory statement. 
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DIBUCAINE 
4-Quinolinecarboxamide, 2-butoxy-N-[2-(diethylamino)ethyl]-, 
Nupercainal 


Nw OCHCH,CH»CH, 


CONHCH 2CH2NI(CHs)2 


2-Butoxy-N-[2-(diethylamino)ethyl]cinchoninamide [85-79-0] C.,.H,.N,0, 
(343.47). 

Preparation—May be synthesized by the following sequence of 
reactions: (1) Acetylation of isatin (obtained by oxidation of indigo) to 
N-acetylisatin, (2) rearrangement of 2-hydroxycinchoninic acid by 
treatment with alkali, (3) formation of 2-chlorocinchoninoyl chloride by 
reaction with phosphorous pentachloride; (4) conversion to 2-chloro-N- 
[2-(diethylamino)ethyl]cinchoninamide with asym-diethylethylenedi- 
amine, and (5) heating with sodium butoxide. US Pat 1,825,623. 

Description—White to off-white powder; slightly characteristic 
odor; somewhat hygroscopic; darkens on exposure to light; melts about 
63%, 

Solubility—1 ¢g is soluble in 4600 mL water, in less than 1 mL of 
alcohol or chloroform, or in 1.4 mL ether. 

Comments—Topically, for the temporary relief of pain and itching 
associated with burns, sunburn, insect bites, or minor skin irritation. 
Ointment or suppositories are used topically for the relief of the pain 
and itching of hemorrhoids. Its toxicity caused it to be removed from the 
US market as an injectable local anesthetic. 


DYCLONINE HYDROCHLORIDE 
1-Propanone, 1-(4-butoxyphenyl)-3-(1-piperidinyl)-, Dyclone 


{e} 


i] 
ongonet-(C) -ocngcre0% 
* HCI 


N 


ee) 


4'-Butoxy-3-piperidinopropiophenone 
C,,H,,NO, - HCl (325.88). 

Preparation—p-Hydroxyacetophenone is reacted with butyl bro- 
mide in a basic environment to produce the butoxy compound, which is 
reacted with piperidine hydrochloride and formaldehyde in an organic 
solvent under acidic conditions. US Pat 2,771,391 and 2,868,689. 

Description—White crystals or white, crystalline powder; may 
have a slight odor; melts about 175°; pH (1 in 100 solution) 4 to 7. 

Solubility—1 g in 60 mL water, 24 mL alcohol, or 2.3 mL chloro- 
form. Insoluble in ether or hexane. 

Comments—To anesthetize accessible mucous membranes (eg, the 
mouth, pharynx, larynx, trachea, esophagus, and urethra) prior to 
various endoscopic procedures. The 0.5% solution also may be used to 
block the gag reflex and to relieve pain associated with oral or anogeni- 
tal lesions. Dyclonine-containing lozenges are used to relieve minor sore 
throat or mouth discomfort. It is contraindicated in cystoscopic proce- 
dures following intravenous pyelography; the drug precipitates iodine 
and interferes with visualization. When instilled into the conjunctival 
sac, it induces anesthesia without miosis or mydriasis. It also has 
antimicrobial properties. The clinical significance of this property has 
not been determined. Because of irritating properties, dyclonine should 
not be injected. For adverse effects, see the introductory statement. 


ETHYL CHLORIDE—see RPS-19, page 1141. 
LIDOCAINE 


Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-, Xylocaine 


hydrochloride (536-43-6] 


CHs 


Oprecene 


CH; 


2-(Diethylamino)-2',6’-acetoxylidide [137-58-6] C,,H,,N.O (234.34). 
Preparation—By chloroacetylation of 2,6-xylidine and condensa- 
tion of the resulting chloroacetoxylidide and diethylamine. 
Description—White or slightly yellow, crystalline powder; charac- 
teristic odor; stable in air; melts about 67°; pK, 7.86. 
Solubility—Very soluble in alcohol or chloroform; freely soluble in 
benzene or ether; practically insoluble in water; dissolves in oils. 
Comments—A local anesthetic used as an ointment topically on 
mucous membranes on minor burns, abrasions, and anorectal lesions; 
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also used as an anesthetic lubricant for endotracheal intubation. See 
Lidocaine Hydrochloride. 


LIDOCAINE HYDROCHLORIDE—pages 1289 and 1402. 
PRAMOXINE HYDROCHLORIDE 


Morpholine, 4-[3-(4-butoxyphenoxy(propyl]-, hydrochloride; 
Tronothane; Proctofoam; Prax 


CH,CH,CH,C 0-(C))-e« CH, CH, —N 0 HC] 
H,CH,CH H a . 
32 jean 2 "a 2 

Ney 


4-[3-(p-Butoxyphenoxy)propyl]morpholine hydrochloride [637-58-1] 
C,7H.,NO; - HCl (329.87). 

Preparation—An acqueous mixture of 4-(3-chloropropyl)morpho- 
line and p-butoxyphenol is refluxed until condensation is complete. The 
reaction mixture is cooled, and the base is extracted with benzene. After 
evaporation of the benzene, the purified base is converted to the hydro- 
chloride with HCl. J Am Chem Soc 1951; 73:2281. 

Description—White to nearly white, crystalline powder; numbing 
taste; may have a light aromatic odor; pH (1 in 100 solution) about 4.5; 
melts about 182°. 

Solubility—1 g in about 35 mL chloroform; freely soluble in alcohol 
and water; very slightly soluble in ether. 

Comments—A surface anesthetic that has low indices of sensitiza- 
tion and toxicity and is unrelated structurally to either ester- or amide- 
type agents. Consequently, it may be useful in patients sensitive to 
these classes of drugs. Local anesthesia develops in 3 to 5 min; its 
potency is comparable to that of benzocaine and is not sufficient to 
abolish the gag reflex. It is applied locally in a 1% concentration for 
relief from discomfort and pain in hemorrhoids and rectal surgery, 
episiotomies, anogenital pruritus, itching dermatoses, and minor burns. 
It is too irritating to be used in the eye. For adverse effects, see the 
introductory statement. 


PROPARACAINE HYDROCHLORIDE 


Benzoic acid, 3-amino-4-propoxy-, 2-(diethylamino)ethyl ester, 
monohydrochloride; Alcaine; Ak-Taine; Ophthaine; Ophthetic 


onsoneno-{())-cenen crane aes 


NHp 


2-(Diethylamino)ethyl 3-amino-4-propoxybenzoate monohydrochloride 

[5875-06-9] C,,H,,N.O. - HCl (330.85). 
Preparation—p-Hydroxybenzoic acid is reacted with n-propyl chlo- 

ride in alkaline solution and the resulting p-propoxybenzoic acid is 


nitrated to the 3-nitro compound. Treatment with thionyl chloride 
yields the acid chloride, which is coupled with 2-(diethylamino)ethanol. 
The resulting nitro ester is reduced to the base, which reacts with an 
equimolar quantity of HCl to form the hydrochloride. J Am Chem Soc 
1952; 74:592. 

Description—White to off-white, or faintly buff-colored, crystalline 
powder; odorless; on heating or exposure to air the compound tends to 
discolor; solutions exposed to air slowly discolor and finally become 
dark, with some loss of potency; crystals melt within 2° range between 
178 and 185°; pK,, 3.2. 

Solubility—1 g in about 30 mL water or 30 mL warm alcohol or 
methanol; insoluble in ether or benzene. Solutions are neutral to litmus. 

Comments—An effective ester-type surface anesthetic with a po- 
tency about equal to that of tetracaine. It is a useful anesthetic in 
ophthalmology and induces little or no initial irritation. Its onset of 
action is rapid; surface anesthesia of sufficient intensity to permit 
tonometry can generally be obtained within about 20 sec after the 
instillation of 1 or 2 drops of a 0.5% solution. The duration of such 
anesthesia is about 15 min. It is useful for most ocular procedures that 
require topical anesthesia such as cataract extraction, tonometry, re- 
moval of foreign bodies and sutures, gonioscopy, conjunctival scraping 
for diagnosis, and short operative procedures involving the cornea and 
conjunctiva. Although it is too toxic for use as an injection anesthetic, 
its ophthalmic use has been relatively free from side effects or untoward 
reactions. For adverse effects, see the introductory statement. 


TETRACAINE 


Benzoic acid, 4-(butylamino)-, 2-(dimethylamino)ethyl ester; 
Pontocaine 


cratoranin-{())-coocn,crion 


2-(Dimethylamino)ethyl p-(butylamino)benzoate [194-24-6] C,-H,,N,O, 
(264.37). 

Preparation—Kthyl p-aminobenzoate is butylated by refluxing 
with n-butyl bromide and ethanol in the presence of sodium carbonate. 
The resulting ethyl p-butylaminobenzoate is transesterified by heating 
with 2-(dimethylamino)ethanol in the presence of sodium ethoxide such 
that the liberated ethanol is distilled continously from the reaction 
mixture. US Pat 1,889,645. 

Description—White, or light yellow, waxy solid; melts about 43°. 

Solubility—1 g in 1000 mL water, 5 mL alcohol, 2 mL chloroform, 
or 2 mL ether. 

Comments—See Tetracaine Hydrochloride, page 1404. 
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The term sedative refers to a quieting effect accompanied by 
relaxation and rest but not necessarily sleep. Sedative drugs 
are used to allay excitement and anxiety without inducing 
sleep. The term hypnotic refers to the production of sleep. 
Hence, hypnotic drugs are used to induce drowsiness and 
help the onset and maintenance of sleep. With most of the 
current drugs both sedative and hypnotic actions occur; a 
small dose of a drug may act as a sedative, whereas a large 
dose of the same drug may act as a hypnotic. However, it 
appears that a drug can have an anxiolytic effect without the 
sedative actions associated with most of the currently used 
medications. For example, the drug buspirone represents a 
new generation of anxioselective agents that do not impair 
psychomotor function significantly and are devoid of abuse 
potential. 

Agents used as sedatives and hypnotics include a large 
number of compounds of diverse chemical structure and phar- 
macological properties, which, with the exception of the benzo- 
diazepines (eg, diazepam) and buspirone, have in common the 
ability to induce a nonselective, reversible depression of the 
central nervous system (CNS). Thus, inorganic salts (bromide), 
chloral derivatives (chloral hydrate), acetylenic alcohols (eth- 
chlorvynol), cyclic ethers (paraldehyde), carbamic acid esters of 
alcohols (ethinamate), carbamic acid esters of glycols (mepro- 
bamate), diureides (barbiturates), piperidinedione derivatives 
(glutethimide), disubstituted quinazolones (methaqualone), 
and some miscellaneous aromatic tertiary alkylamines such as 
antihistaminics (diphenhydramine) and parasympatholytics 
(scopolamine) all exhibit pronounced sedative and hypnotic 
effects. 

Some of these agents, such as buclizine, diphenhydramine, 
methotrimeprazine, and scopolamine, exhibit primary pharma- 
cological actions that dictate they should be classified in other 
sections of this text. On the other hand, agents such as diaze- 
pam, flurazepam, pentobarbital, meprobamate, and related 
agents exhibit primary pharmacological actions that character- 
ize them as sedative and hypnotic agents. For convenience, the 
sedatives and hypnotics presented here are divided into three 
groups: benzodiazepines, barbiturates, and miscellaneous sed- 
ative and hypnotic agents. 

In addition to their use as sedatives and hypnotics, the drugs 
discussed in this chapter also are administered as muscle re- 
laxants, anticonvulsants, preanesthetic medication, and diag- 
nostic and therapeutic aids in psychiatry. 

As sedatives, they are used in the management of neuro- 
ses and to allay anxiety, apprehension, and panic episodes. 
Anxiety is perceived as a pervasive feeling of apprehension 
about some unspecified future threat to self esteem. This 
threat is assumed to arise within the person, perhaps based 
on amemory of a past threat triggered by some unrecognized 
present situation. The memory may signal the emotions and 


the somatic responses of the past fearful state. A unique 
form of anxiety is the panic attack. This disorder is charac- 
terized by periods of intense fear or discomfort that can last 
minutes and occasionally hours. These attacks are charac- 
terized by a sudden onset of severe anxiety or terror, often 
with a feeling of impending doom. Panic attacks can be 
spontaneous or situational. 

The somatic manifestations of anxiety include fatigue, diz- 
ziness, palpitations, indigestion, bowel disturbances, head- 
aches, muscle aches, insomnia, excessive perspiration, tremu- 
lousness of the hands or voice, and other signs of nervous 
tension. Anxiety may be a primary symptom associated with 
emotional disorders or a secondary symptom of physical illness. 
In either case, it can be extremely disabling and worthy of 
careful diagnosis and treatment. Symptoms of related panic 
disorder include faintness, tachycardia, trembling, chest pain, 
fear of dying or going crazy, and a general sense of losing 
control. 

To induce sleep, hypnotic agents are selected on the basis of 
the characteristics of the insomnia. Some patients have diffi- 
culty only in falling asleep and, once asleep, need no drug 
assistance; a rapidly acting hypnotic drug with a short duration 
of action will suffice for these patients. Other patients fall 
asleep readily, but experience one or more periods of wakeful- 
ness during the night; a hypnotic drug with a longer duration 
of action usually is indicated in such cases. Still other patients 
have trouble falling and staying asleep; a rapidly acting hyp- 
notic drug that exerts an effect throughout part or most of the 
night is required for such patients. 

In all cases, however, consideration should be given to what 
the patient does on the day following a night of drug-induced 
sleep. Persons who must be alert the following day usually will 
object to drugs that leave residual sedation, whereas hospital- 
ized patients or individuals with no place to go and nothing 
to do actually may benefit from the sedative aftereffects the 
next day. 

It should be remembered that not all patients with insomnia 
require hypnotic drug therapy. Often, when the insomnia is 
spontaneous and chronic, with no apparent cause, long-term 
use of a hypnotic is undesirable, and the patient likely is served 
better with behavior-modification techniques and counseling. 
Moreover, there are many instances in which nonhypnotic 
drugs are superior to hypnotic drugs. For example, methyl- 
phenidate may improve sleep in some hyperkinetic patients, 
phenytoin in patients with insomnia due to paroxysmal night- 
mares, analgesics when sleep is impaired by pain, antithyroid 
drugs or B-blockers when sleep is difficult because of hyperthy- 
roidism, bethanechol or similar drugs in nocturnal gastro- 
esophageal reflux, cimetidine in peptic ulcers, and others. 
Nonspecific hypnotic therapy should be employed only 
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when specific causes of the insomnia cannot be identified and 
eliminated. 

A number of the sedative-hypnotic drugs have anticonvul- 
sant properties. Several benzodiazepines have excellent anti- 
convulsant actions, and some are used to treat epilepsy. 


Clonazepam is used alone or as an adjunct in the management of 
absence (petit mal), petit mal variant, and especially akinetic and 
myoclonic seizures. 

Diazepam is used as adjunctive therapy in status epilepticus and 
severe recurrent seizures as well as treatment of acute seizures result- 
ing from drug overdoses or exposure to toxins. 

All barbiturates exhibit anticonvulsant activity, but only phenobar- 
bital, mephobarbital, and metharbital are sufficiently selective to be 
clinically useful antiepileptics. Phenobarbital is useful in the manage- 
ment of generalized tonic-clonic seizures and as adjunctive therapy in 
complex partial (temporal lobe) seizures. 


Sedative and hypnotic agents frequently are used as prean- 
esthetic medication and as adjunctive therapy in psychiatry. 
Benzodiazepines and barbiturates are used commonly to allay 
anxiety and apprehension prior to surgery or other medical and 
dental procedures. In psychiatry, barbiturates with a short 
half-life have been used in narcoanalysis and narcotherapy. 
Sedative and hypnotic drugs also are employed in the treat- 
ment of dependence on CNS depressants. For example, diaze- 
pam often is used to manage symptoms associated with acute 
alcohol withdrawal. 

A number of the sedative-hypnotic drugs cross the placental 
barrier. Consequently, their chronic use during pregnancy may 
cause withdrawal effects in the newborn infant. Moreover, 
many of these substances are excreted in breast milk. Their 
chronic use during breast feeding may cause sedation in the 
nursing infant. 

Drowsiness is a side effect common to sedative-hypnotic 
agents. Patients taking such substances should be cautioned 
about operating hazardous machinery or operating a mo- 
tor vehicle while taking such medication. Concurrent use of 
sedative-hypnotic drugs with alcohol, other CNS depressants, 
monoamine oxidase (MAO) inhibitors, or tricyclic antidepres- 
sants should be avoided. More-detailed information with re- 
spect to adverse effects and drug interactions is provided in the 
introductory statement to each section and in the individual 
monographs. 

Prolonged overdosage with most of these drugs can result in 
habituation and dependence liability. However, the dependence 
risk varies markedly among the various agents. For example, 
the dependence risk with benzodiazepines is very low and has 
been estimated to be as few as one case per 5 million patient- 
months at risk for all recorded cases and one case per 50 million 
months in therapeutic use. Even though it is likely that in the 
past problems with benzodiazepines have been underesti- 
mated, there is no question that these agents are considerably 
safer than most other sedative and hypnotic drugs, such as 
barbiturates. Accordingly, flurazepam, chlordiazepoxide, diaz- 
epam, and other benzodiazepines are listed in Schedule IV 
under the Controlled Substances Act. 

On the other hand, the dependence risk with methaqualone, 
amobarbital, pentobarbital, and related substances is very 
high, with severe abuse potential. Consequently, these agents 
are listed in Schedule IJ under the Controlled Substances Act. 
It should be emphasized that with usual hypnotic doses and 
close medical supervision, the problem of dependence with 
these agents can be minimized. Nevertheless, they should be 
used with extreme caution, if at all, in patients with a history 
of previous drug dependence. 

Finally, the marketing of buspirone as an anxiolytic pro- 
vides another therapeutic option for treatment of anxiety in 
patients with a high risk of dependence. Because of its lack of 
sedative and amnesic effects, buspirone lacks significant abuse 
potential. 


BENZODIAZEPINES 

a a ST 
This group includes the most frequently prescribed sedative- 
hypnotic agents. In 1990 diazepam and lorazepam were the 
only sedative-hypnotic agents in the top 20 most frequently 
prescribed generic drugs, and Xanax (alprazolam) and Halcion 
(triazolam) were the only sedative-hypnotic agents in the top 
25 most prescribed brand-name drugs. These findings demon- 
strate the great popularity enjoyed by the benzodiazepines. 

The benzodiazepines are not general depressants of the 
CNS like the barbiturates, ethanol, and various other sedative- 
hypnotic agents and general anesthetics. There are marked 
differences among the various agents in selectivity, pharmaco- 
logical profile, clinical usefulness, and pharmacokinetic prop- 
erties (see Table 80-1). Moreover, they do not induce a true 
“anesthetic effect,” since awareness is still present and total 
muscular relaxation is not obtained even after large doses. 
Retrograde amnesia may take place, and this creates the illu- 
sion that anesthesia has occurred. True surgical anesthesia can 
be obtained only when benzodiazepines are combined with 
other drugs that depress the CNS. 

Gamma-aminobutyric acid (GABA) is a major inhibitory 
neurotransmitter in the mammalian CNS. It is believed that 
the benzodiazepines exert at least some of their actions via 
the inhibitory neurotransmitter GABA. The benzodiazepines 
and barbiturates potentiate GABA-mediated inhibitory neu- 
rotransmission, albeit by distinct molecular mechanisms 
(Twyman et al, Ann Neurol 1989; 25: 213) by binding to a 
specific site on the GABA, receptor is thought to be penta- 
meric. There are multiple subunits (a,_¢, B,_3, 11-9, 5) that 
when expressed together form an ion pore permeable to Cl . 
Benzodiazepines allosterically enhance GABA-evoked Cl” cur- 
rents and, unlike the barbiturates, do not directly activate a 
Cl current. The cellular mechanisms, pharmacokinetics, basic 
pharmacology, and clinical pharmacology of the benzodiaz- 
epines have been reviewed by MacDonald and Olsen, Annu Rev 
Neurosci 1994; 17:569. 

The benzodiazepines are used in the symptomatic relief of 
anxiety and tension states resulting from a stressful environ- 
ment or emotional factors. They also are useful in psychoneu- 
rotic states characterized by tension, anxiety, apprehension, 
fatigue, depression symptoms, or agitation, and the benzodiaz- 
epine alprazolam has been approved for treatment of panic 
attacks. Certain benzodiazepines (chlordiazepoxide and diaze- 
pam) also are useful in acute alcohol withdrawal to provide 
symptomatic relief from acute agitation, tremors, and impend- 
ing delirium tremens and hallucinosis. 

Clonazepam is useful alone or as an adjunct in the manage- 
ment of several types of epileptic seizures. Diazepam is used as 
an adjunct therapy to endoscopic procedures, to the manage- 
ment of acute skeletal muscle spasm, and, by parenteral injec- 


Table 80-1. Elimination of Benzodiazepines 


DRUG HALF-LIFE (ty) (hr) ACTIVE METABOLITES 
Alprazolam 12-15 None 
Chlordiazepoxide 5-30 Four 
Clonazepam 18-50 None 
Clorazepate — Two 
Diazepam 20-50 Three 
Estazolam 10-24 None 
Flurazepam — Two 
Halazepam 14 One 
Lorazepam 10-20 None 
Midazolam 1-12.3 One 
Oxazepam 3-21 None 
Prazepam — Two 
Quazepam 25-41 Two 
Temazepam 10-20 None 
Triazolam 1.6-5.4 None 


tion, to status epilepticus, to control convulsions resulting from 
overdosage with local anesthetics and other severe recurrent 
convulsive seizures. The benzodiazepines also are useful ad- 
junct therapy in the management of apprehension and anxiety 
that precedes or accompanies surgical procedures and disease 
states. 

Benzodiazepines markedly influence CNS activity of hu- 
mans in both the awake and sleep state. In the waking human 
electroencephalogram (EEG), alpha activity is decreased, fast 
activity (primarily beta) is increased, and the energy content of 
the EEG is decreased. 

With respect to sleep, the benzodiazepines decrease sleep 
latency and decrease the number of awakenings and the time 
spent in Stage 0 (wakefulness). They also increase the awak- 
ening threshold. The time spent in Stage 1 (descending drows- 
iness) is decreased by flurazepam, lorazepam, and nitrazepam 
but increased by chlordiazepoxide, diazepam, and oxazepam. 
The time spent in Stage 2 (major fraction of non—rapid eye 
movement (REM) sleep) is increased by all benzodiazepines. 
The time spent in Stages 3 and 4 (slow wave sleep) usually is 
decreased; however, a few agents may increase these stages. 
Because of suppression of Stage 4 sleep, diazepam has been 
used to prevent night terrors in adults. 

The benzodiazepines increase the latency to REM sleep, 
decrease REM sleep time, and increase the number of REM 
cycles. Total sleep time is increased by the benzodiazepines. 
The greatest increase is observed in subjects with the shortest 
baseline sleep time. In such individuals, total sleep time may 
increase threefold. 

After oral administration, the benzodiazepines are absorbed 
in 1 to 6 hr, depending on the formulation given. Binding to 
serum albumin varies widely; after oral administration of flu- 
razepam only a few percentage is bound, whereas after nitraz- 
epam, 87% is in bound form. The extent to which benzodiaz- 
epines interact with other protein-bound drugs is not known; 
the absence of reports of such adverse interactions suggests 
that such competition is not of clinical significance. 

Biotransformation takes place in the liver by the microso- 
mal drug-metabolizing system. Clorazepate, chlordiazepoxide, 
diazepam, halazepam, flurazepam, and prazepam are trans- 
formed to active metabolites, primarily to N-demethylated 
products with a longer half-life than the parent drug. This 
metabolite may be particularly significant in the elderly, new- 
borns, or those with severe liver disease. Only lorazepam, ox- 
azepam, temazepam, and triazolam do not form long-acting 
active metabolites; thus, their action is not prolonged signifi- 
cantly in the elderly and liver-diseased patient. Benzodiaz- 
epines cross the placental barrier and are excreted in human 
milk. 

Patients on these drugs should be warned about potential 
effects induced by the concomitant use of alcohol or other CNS 
depressants such as other antianxiety and hypnotic drugs, 
tricyclic antidepressants, opiate analgesics, antipsychotics, and 
antihistamines, including nonprescription sleep aids and cold 
remedies. They also should be warned not to operate a motor 
vehicle or hazardous machinery while on these drugs. 

Side effects most commonly reported after benzodiazepines 
include drowsiness, fatigue, confusion, dizziness, weakness, 
ataxia, syncope, venous thrombosis, and phlebitis at the site of 
the injection. Other, less-frequent side effects include antero- 
grade amnesia, blurred vision, diplopia, and nystagmus; urti- 
caria and rash; hiccups; changes in salivation; constipation; 
changes in appetite; bizarre behavior; antisocial acts; neutro- 
penia; and jaundice. Paradoxical reactions such as acute hy- 
perexcited states, anxiety, hallucinations, increased muscle 
spasticity, insomnia, rage, and sleep disturbances also have 
been reported; should these occur the drug should be discon- 
tinued. Since significant amounts of benzodiazepines are found 
in maternal and cord blood, these agents are not recommended 
for obstetrical use. The safe use of benzodiazepines in children 
under 12 years has not been established. 
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Physical and psychological dependence may occur, espe- 
cially following prolonged use, although dependence also can 
occur with short-term, high-dose treatment. Symptoms of ben- 
zodiazepine dependence can resemble those associated with 
barbiturate or alcohol dependence and include slurred speech, 
ataxia, and drowsiness. Abrupt discontinuation of long-term 
benzodiazepine treatment can result in severe withdrawal 
symptoms as with other CNS depressants. To prevent such 
consequences, these drugs should be withdrawn gradually. In- 
dividuals known to be addictive-prone or those whose history 
suggests they modify drug dosage on their own initiative 
should not be given the drug. Withdrawal symptoms resemble 
those resulting from barbiturate withdrawal. The benzodiaz- 
epines are listed in Schedule IV under the Controlled Sub- 
stances Act. 


ALPRAZOLAM 


4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-1-methyl-6- 
phenyl-, Xanax 


as 
0) 
) 


(28981-97-7] C,,H,;CIN, (308.77). 

Preparation—See J Med Chem 1977; 20:1694. 

Description—White crystals; melts about 228°. 

Solubility—Practically insoluble in water; soluble in methanol or 
ethanol. 

Comments—For the management of anxiety disorders or the short- 
term relief of the symptoms of anxiety. It also is indicated for the 
adjunctive treatment of anxiety associated with mental depression. 
Alprazolam also has been found to be effective in the short-term (4- to 
10-week) treatment of panic disorder with or without agoraphobia. 
Although not evaluated in well-controlled studies, the drug has been 
used effectively for 8 months or longer. In many patients, discontinua- 
tion of alprazolam results in a relapse of panic attacks and anxiety. 
After oral administration peak plasma levels are reached in 1 to 2 hr, 
and half-life is 12 to 15 hr. Thus, it has a short to medium half-life 
compared with other benzodiazepines. Accumulation is minimal during 
multiple dosage, and steady-state plasma concentration usually is at- 
tained within 2 to 3 days. Elimination is rapid following discontinuation 
of therapy. Therefore, chronic therapy should not be terminated 
abruptly. Medical problems and adverse effects are similar to those for 
other benzodiazepines. See the introductory statement. 


CHLORDIAZEPOXIDE 


3H-1,4-Benzodiazepin-2-amine, 7-chloro-N-methyl-5-phenyl-, 
4-oxide; Libritabs; Menrium 


NHCHs 
oy 
wee. 
\ 

Oo 
7-Chloro-2-(methylamino)-5-phenyl-3H-1,4-benzodiazepine 4-oxide [58- 
25-3] C,,H,,CIN,O (299.76). 

Preparation—For the preparation of chlordiazepoxide, see Chlor- 
diazepoxide Hydrochloride, below. 

Description—Yellow, practically odorless, crystalline powder; sen- 
sitive to sunlight; melts about 242°; pK, 4.6. 

Solubility—1 g in >10,000 mL water, 50 mL alcohol, 6250 mL 


chloroform, or 130 mL ether. 
Comments—See Chlordiazepoxide Hydrochloride. 


CHLORDIAZEPOXIDE HYDROCHLORIDE 
3H-1,4-Benzodiazepin-2-amine, 7-chloro-N-methyl-5-phenyl-, 
4-oxide, monohydrochloride; Librium; Lipoxide 


[438-41-5] C,,H,,CIN,O » HCl (336.22). 
For the structure of the base, see above. 
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Preparation—By condensation cyclization of 2-amino-5-chloroben- 
zophenone oxime with chloroacetyl chloride to form 6-chloro-2-chloro- 
methyl-4-phenylquinazoline 3-oxide, which subsequently is reacted 
with methylamine in methanol solution. US Pat 2,893,992. 

Description—White or nearly white, crystalline powder; odorless; 
sensitive to sunlight; melts about 215°, with decomposition. 

Solubility—1 g in 10 mL water or 40 mL alcohol. 

Comments—Indicated for the relief of anxiety and tension, with- 
drawal symptoms of acute alcoholism, preoperative apprehension and 
anxiety, and adjunct therapy in various disease states in which anxiety 
and tension are prominent features. Its efficacy for long-term use (ie, for 
longer than 4 months) has not been established; therefore, the need for 
continued therapy with the drug should be reevaluated periodically. It 
has a pK, of 4.6 and a half-life of 8 to 20 hr. During chronic adminis- 
tration, accumulation occurs, not only of the parent substance but also 
of three active metabolites (desmethylchlordiazepoxide, demoxepam, 
and desoxydemoxepam). Demoxepam has a half-life of 37 (range, 28 to 
63) hr and desoxydemoxepam of 44 (range, 39 to 61) hr. These metab- 
olites probably contribute to the overall activity of this drug, since they 
are pharmacologically active in animals. Steady-state plasma levels of 
chlordiazepoxide, desmethylchlordiazepoxide, and demoxepam average 
0.75, 0.54, and 0.36 wg/mL, respectively. It is excreted in the urine; 1 to 
2% is excreted unchanged, and 3 to 6% as a conjugate. 

As with other benzodiazepines, this drug requires the same warn- 
ings and precautions regarding its use in patients with known hyper- 
sensitivity, elderly and excessively depressed individuals, pregnant and 
lactating mothers, patients with known renal and hepatic impairment, 
patients on other CNS-depressant drugs, and patients with a history of 
either drug addiction or indiscriminate alteration of drug dosage (page 
1408). 

Chlordiazepoxide is also available commercially in anxiolytic prod- 
ucts, combined with estrogens and anticholinergic (clidinium) and anti- 
depressant (amitriptyline) agents. The therapeutic value of these fixed 
combinations has not been established. 

Adverse reactions include drowsiness, ataxia, confusion, skin erup- 
tions, edema, menstrual irregularities, nausea and constipation, extra- 
pyramidal symptoms, and decreased libido in some patients; blood 
dyscrasias (agranulocytosis), jaundice, and hepatic dysfunction have 
occasionally been reported. Paradoxical reactions of rage, excitement, 
stimulation, hostility, and depersonalization have sometimes followed 
administration to severely disturbed patients. Rashes, nausea, head- 
ache, and decreased tolerance to alcohol also have been reported. The 
chronic administration of large doses of chlordiazepoxide hydrochloride 
may result in the development of tolerance and physical dependence. 


CHLORMEZANONE—see RPS-19, page 1167. 
CLOBAZAM—see RPS-18, page 1080. 
CLONAZEPAM—page 1423. 

CLORAZEPATE DIPOTASSIUM 


1H-1,4-Benzodiazepine-3-carboxylic acid, 7-chloro-2,3-dihydro-2-oxo- 
5-phenyl-, potassium salt compound with potassium hydroxide 
(1:1); Tranxene 


[57109-90-7; 15585-90-7] C,,.H,,CIK,N.O, (408.92). 

Preparation—2-Amino-5-chlorobenzonitrile is treated with phe- 
nylmagnesium bromide, and the resulting ketimine is condensed via 
deamination with diethyl aminomalonate. The diester is then saponi- 
fied with KOH in aqueous methanol, and the resulting dipotassium 
dicarboxylate cyclizes via isomerization. US Pat 3,516,988. 

Description—Fine, light-yellow, practically odorless, crystalline 
powder; slightly burning taste; sensitive to light, moisture, and exces- 
sive heat; aqueous solutions are unstable (clear, light-yellow, and alka- 
line to litmus). 

Solubility—Very soluble in water; very slightly soluble in alcohol; 
insoluble in chloroform, ether, benzene, or acetone. 

Comments—For the symptomatic relief of anxiety associated with 
neurosis, psychoneuroses with symptoms of anxiety, acute alcohol with- 
drawal, and other conditions in which anxiety is a prominent feature 
and as adjunctive therapy in the management of partial seizures. This 
substance is hydrolyzed in the stomach to desmethyldiazepam, a met- 
abolic precursor of oxazepam and also a metabolite of both chlordiaze- 


poxide and diazepam. The metabolite is absorbed rapidly (1 to 2 hr); the 
volume of distribution is 0.93 to 1.47 L/kg, and the half-life ranges from 
50 to 100 hr. Desmethyldiazepam accumulates for about 7 days and 
then reaches a steady state. Consequently, clorazepate can be given 
once a day as well as in divided doses. 

It requires the same warnings and precautions regarding use with 
other drugs, in hypersensitive individuals, during pregnancy and in 
young children, in elderly and excessively depressed patients, in pa- 
tients with impaired renal or hepatic function, and in patients with a 
history of drug addiction as other benzodiazepines (see page 1408). 
Drowsiness is the most common adverse effect. Less-common untoward 
reactions include dizziness, various gastrointestinal (GI) complaints, 
nervousness, blurred vision, dry mouth, headache, and mental confu- 
sion. Other adverse reactions include insomnia, transient rashes, fa- 
tigue, ataxia, genitourinary complaints, irritability, diplopia, depres- 
sion, and slurred speech. Hypotension, decreased hematocrit, and 
abnormal liver and kidney function also have been reported. 


DIAZEPAM 


2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-1-methyl-5- 
phenyl-, Valium; Zetran; Diazepam Solution 


CHy 


| 
a) 


N 
N 


[439-14-5] C,,.H,,CIN.O (284.74). 

Preparation—2-(Methylamino)-5-chlorobenzophenone in ethereal 
solution is reacted with bromoacetyl bromide to form 2-(2-bromo-N- 
methylacetamido)-5-chlorobenzophenone. The latter is then reacted 
with ammonia in methanol solution, whereby the bromine is replaced 
by amino followed by cyclization through a dehydration involving the 
hydrogens of the amino group and the oxygen of the starting phenone. 
The crude diazepam may be purified by recrystallization from ether. US 
Pat 3,136,815. 

Description—Off-white to yellow, practically odorless, crystalline 
powder; stable in the air; melts about 133°; pK, 3.7, 3.2. 

Solubility—1 g in 333 mL water, 16 mL alcohol, 2 mL chloroform, 
or 39 mL ether. 

Comments—A benzodiazepine indicated for the symptomatic relief 
of tension and anxiety, acute alcohol withdrawal, and adjunctive ther- 
apy in skeletal muscle spasms and preferred by many clinicians for the 
management of status epilepticus. It is used preoperatively because of 
its ability to relieve anxiety, sedate, and cause light anesthesia and 
anterograde amnesia. It is absorbed well after single oral doses (pK, 
3.3), leading to rapid onset of clinical effects. Initially these effects may 
be transient due to extensive distribution to body tissues. 

After distribution is complete, elimination is slow, with a half-life of 
20 to 50 hr. Effective plasma levels vary from 0.2 to 0.5 g/mL. With 
chronic administration, the drug and its major active metabolite, des- 
methyldiazepam, accumulate and reach a steady state in about 7 days. 
Consequently, it may take this long to achieve maximal sedative and 
antianxiety effects, at which time the patient can usually be maintained 
by giving the drug once or twice a day. 

More details of its clinical uses as well as warnings, precautions, 
contraindications, addiction liability, and a detailed enumeration of its 
adverse reactions and side effects are given on page 1408. Patients on 
the drug should be cautioned not to drive an automobile or to oper- 
ate dangerous machinery until a few days after the drug has been 
discontinued. 


DROPERIDOL—page 1431. 
ESTAZOLAM 


4H-[1,2,4]Triazolo [4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-, 
ProSom 


[29975-16-4] C,,H, CIN, (294.74). 


Preparation—From 7-chloro-1,3-dihydro-5-phenyl-2H-benzo-[1,4]- 
diazepin-2-thione and formylhydrazine in boiling n-butyl alcohol; see 
J Org Chem 1964; 29:231, and J Med Chem 1971;14: 1078. 

Description—White crystals; melts at about 230°. 

Comments—A triazolobenzodiazepine derivative that structurally 
resembles alprazolam and triazolam. Estazolam has an intermediate 
half-life: the peak plasma concentration is reached 1.5 to 2 hr after oral 
administration. It undergoes hepatic microsomal oxidation and has an 
elimination half-life of 10 to 24 hr. Some clinicians believe that tri- 
azolobenzodiazepines, such as estazolam, cause more serious toxicity 
and withdrawal reactions than other benzodiazepines. The adverse 
effects of estazolam are like those of other benzodiazepines and include 
sedation, drowsiness, dizziness, incoordination, and possible recall im- 
pairment. Sudden discontinuation can cause significant transient re- 
bound insomnia. Because use of benzodiazepines during pregnancy can 
result in fetal damage, estazolam should not be administered to preg- 
nant women. Since the elimination of this drug may be slowed in 
geriatric patients, the doses of estazolam should be individualized care- 
fully for this age group. 


FENTANYL CITRATE—page 1451. 


FLURAZEPAM HYDROCHLORIDE 


2H-1,4-Benzodiazepin-2-one, 7-chloro-1-[2-(diethylamino)ethyl]-5- 
(2-fluorophenyl)-1,3-dihydro-, dihydrochloride; Dalmane 


CHeCHeN(CoHs)e 


Nw 40 
Z 
oO ) + 2HC) 
Cl =N 


[1172-18-5] C,,H,3,ClIFN,0.2HC1 (460.81). 

Preparation—Aqueous CrO, is added dropwise to an acetic 
acid solution of 2-aminomethyl-5-chloro-1-2-(diethylamino)ethyl-3- 
(o-fluorophenyl)indole dihydrochloride, and the mixture is stirred 
overnight. 

Description—Off-white to yellow, crystalline powder; slight odor to 
odorless; melts with decomposition about 212°; moderately hygroscopic; 
pk, 19; 8:2: 

Solubility—1 g in 2 mL water; 4 mL alcohol; slightly soluble in 
chloroform. 

Comments—A benzodiazepine widely used in short-term treat- 
ment (up to 4 weeks) of all types of insomnia such as difficulty in falling 
asleep, frequent nocturnal awakenings, and/or early morning awaken- 
ing. It also is used in acute and chronic medical situations in which 
restful sleep is desirable. It is absorbed rapidly from the GI tract and 
rapidly metabolized by the liver. Following a single oral dose, peak 
plasma concentrations ranging from 0.5 to 4.0 ng/mL are reached in 30 
to 60 min. After 7 to 10 days of treatment the major metabolite, 
N'-desalkylflurazepam, reaches steady-state levels 5- to 6-fold higher 
than the 24-hr levels observed on day 1. The parent compound disap- 
pears rapidly from the blood; N-desalkylflurazepam remains active and 
has a half-life that ranges from 47 to 100 hr. The major urinary me- 
tabolite is conjugated N’-hydroxyethylflurazepam and accounts for 22 
to 55% of the dose. 

This drug is excreted primarily in the urine. Less than 1% is ex- 
creted in the urine as N‘-desalkylflurazepam. The onset of sleep ranges 
from 15 to 45 min. Maximum effectiveness may not be achieved for 3 or 
4 nights. Thus, the metabolite is responsible for the clinical effect as 
well as the residual effects that persist after the drug is discontinued. It 
requires the same warnings and precautions regarding use with other 
drug therapy, in hypersensitive individuals, during pregnancy, in chil- 
dren under 12 years, in elderly and excessively depressed patients, in 
patients with impaired renal or hepatic function, and in patients with a 
history of drug addiction that other benzodiazepines require (see page 
1408). 

Adverse reactions include dizziness, drowsiness, lightheadedness, 
ataxia and falling (especially in elderly or debilitated persons), and 
severe sedation. The last usually is due to drug intolerance or overdos- 
age. Other reported side effects include headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, GI pain, nervous- 
ness, talkativeness, apprehension, irritability, weakness, palpitation, 
chest pains, body and joint pain, and genitourinary complaints. Less 
frequently, sweating, flushes, blurred vision, difficulty in focusing, 
burning eyes, faintness, hypotension, shortness of breath, pruritus, 
rash, dry mouth, bitter taste, excessive salivation, anorexia, euphoria, 
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depression, slurred speech, confusion, restlessness, hallucinations, and 
paradoxical reactions (excitement, stimulation, and hyperactivity) have 
been observed. 


HALAZEPAM 


2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-5-phenyl-1-(2,2,2- 
trifluoroethyl)-, Paxipam 


Giteces 


Ow 
O 


[23092-17-3] C,,H,.CIF,N,O (352.74). 

Preparation—The synthesis is similar to that for diazepam, page 
1410. See J Med Chem 1973; 66:1354. 

Description—A white crystalline solid; melts about 165°; its phys- 
ical properties are similar to those of diazepam. 

Comments—Indicated primarily for anxiety disorders or for the 
short-term relief of symptoms of anxiety not controlled by other more 
specific medication. It is absorbed rapidly and well after oral adminis- 
tration and excreted primarily in the urine. At least 90% of the absorbed 
drug is bound to plasma proteins. Maximum plasma concentration is 
achieved within 1 to 3 hr after oral administration; half-life following a 
40-mg oral dose is approximately 14 hr. The major active metabolite of 
halazepam is N-desmethyldiazepam; maximum plasma concentrations 
of this metabolite occur in 3 to 6 hr, and it has a half-life of elimination 
of approximately 50 to 100 hr. Less than 1% of the parent substance is 
excreted in the urine as unchanged drug. 

Common adverse effects include drowsiness, headache, apathy, psy- 
chomotor retardation, disorientation, confusion, euphoria, dysarthria, 
depression, and syncope. Ataxia, fatigue, and paradoxical agitation or 
rage also have been reported. No adverse drug interactions peculiar to 
this drug have been reported. However, additive sedation with alcohol 
and other CNS-depressant drugs would be anticipated as well as those 
common to benzodiazepines (see page 1408). It should be used with 
caution in patients required to perform hazardous tasks and those with 
a history of drug abuse. 


LORAZEPAM 


2H-1,4-Benzodiazepin-2-one, 7-chloro-5-(2-chlorophenyl)-1,3- 
dihydro-3-hydroxy-, Ativan; 


[846-49-1] C,,H, 9Cl,.N.O, (3821.16). 

Preparation—Syntheses of a number of substituted 1,4-benzodi- 
azepin-2-ones, including lorazepam, have been described by Bell et al 
(J Med Chem 1968; 11:457; see also J Org Chem 1962; 27:1691). It 
differs from oxazepam in having a 5-o-chloropheny] substituent in place 
of the 5-phenyl. 

Description—White to off-white powder; no characteristic odor; 
melts about 173° with decomposition; pK, 1.3, 11.5. 

Solubility—Practically insoluble in water; slightly soluble in alco- 
hol or chloroform. 

Comments—A benzodiazepine used orally for anxiety and tran- 
sient situational stress. Its effectiveness for long-term use (more than 4 
months) has not been assessed. It is used parenterally for preanesthetic 
medication, producing sedation and decreased ability to recall events 
related to the surgery. It is absorbed rapidly after oral administration; 
peak plasma levels after a 2-mg dose are about 20 ng/mL, and maximal 
clinical effects occur within 2 hr after administration. Its mean plasma 
half-life is about 12 hr, whereas that of its conjugated metabolite, 
lorazepam glucuronide, is about 18 hr. Approximately 85% is bound to 
plasma proteins. There is no evidence of its accumulation on adminis- 
tration for up to 6 months. 

Adverse reactions, if they occur, usually appear at the beginning of 
therapy and disappear on continued medication or on decreasing the 
dose. Sedation is the most frequent adverse reaction (15.9%) and may 
persist up to 6 to 8 hours following an injection. Other common side 
effects include dizziness (6.9%), weakness (4.2%), and unsteadiness 
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(3.4%). Less-frequent adverse effects are disorientation, depression, 
nausea, headache, sleep disturbance, agitation, dermatological symp- 
toms, eye function disturbance, GI symptoms, and autonomic manifes- 
tations. The incidence of sedation and unsteadiness usually increases 
with age. 

It requires the same warnings and precautions regarding use with 
other drugs, in hypersensitive individuals, during pregnancy and in 
young children, in elderly and excessively depressed patients, in pa- 
tients with impaired renal or hepatic function, and in patients with a 
history of drug addiction that other benzodiazepines require (see page 
1408). 


MIDAZOLAM HYDROCHLORIDE 


4H-\Imidazo[1,5-a][1,4]benzodiazepine, 8-chloro-6-(2-fluoropheny))-1- 
methyl-, monohydrochloride; Versed 


[59467-96-8]C,,.H,,CIFN - HCl (3862.23); [59467-70-8] (335.76) (base). 
Preparation—One method starts with 2-amino-4-chloro-2’-fluoro- 
benzophenone in eight steps. See J Org Chem 1978; 43:936 and 4480. 

Description—Colorless crystals melting about 159°; pK, 6.2. 

Solubility—Soluble in water. 

Comments—An imidazobenzodiazepine, short-acting CNS depres- 
sant. The sedative potency of midazolam is likely two to four times that 
of diazepam. It is administered intramuscularly for preoperative seda- 
tion and perioperative amnesia. Because of its relatively rapid onset 
and short duration, it is considered by some clinicians to be the best 
benzodiazepine for preoperative use with short surgical procedures. 
Midazolam also is administered by the intravenous route, often com- 
bined with a narcotic, for conscious sedation associated with minor 
surgical or dental procedures or for short diagnostic or endoscopic 
procedures. It has been used IV as part of balanced anesthesia (eg, 
nitrous oxide and oxygen). It also has been administered orally for 
preoperative sedation and short-term management of insomnia. Mida- 
zolam is absorbed rapidly from IM injection sites, and pharmacological 
effects are apparent within 5 to 15 min and maximal in 20 to 60 min. 
The duration of action of this drug is 1 to 6 hr. Following IV injection, 
onset of sedation and amnesic effect is usually within 1 to 5 min. After 
oral dosing, midazolam is absorbed rapidly from the GI tract and 
achieves maximum plasma concentration within 1 hr; however, up to 
60% is altered with first-pass hepatic metabolism to 1-hydroxymethy]l- 
midazolam or 4-hydroxymidazolam. Approximately 95% of midazolam 
is bound to plasma proteins, and it is excreted principally as a conju- 
gated metabolite in the urine. 

Midazolam can cause serious respiratory depression or arrest, 
especially with high doses, when given IV for conscious sedation. 
Consequently, it should only be given IV in hospital or ambulatory- 
care facilities that are equipped to provide respiratory and cardiac 
monitoring and render resuscitative care if necessary. Patients with 
chronic obstructive pulmonary disease (COPD) are particularly sen- 
sitive to midazolam-induced respiratory depression. There also have 
been rare reports of hypotensive responses to this drug that required 
treatment, although changes in blood pressure and heart rate fre- 
quently occur after parenteral administration of midazolam. Adverse 
responses to this drug, which are similar to the side effects of other 
benzodiazepines, include excessive sedation, drowsiness, prolonged 
emergence from anesthesia, euphoria, dysphoria, confusion, agita- 
tion, sleep disturbance, weakness, lethargy, slurred speech, nausea 
and vomiting, blurred vision, and visual disturbances. Some local 
tenderness following parenteral administration of midazolam has 
been reported but appears to be less than with other benzodiaz- 
epines. 

Similar cautions should be used for midazolam as used for other 
benzodiazepines. Midazolam is a potent drug, and dosing should be 
individualized for the patient. It should not be administered during 
pregnancy nor to children younger than 18 years. Midazolam will 
potentiate the action of other CNS depressants. 


OXAZEPAM 


2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-5- 
phenyl-, Serax 


[604-75-1] C,,H,,CIN.O, (286.72). 

Preparation—2-Amino-5-chlorobenzophenone is acylated with 
chloroacetyl chloride, and the product is refluxed with sodium iodide to 
form the iodoacetamido compound (I). Reaction of I with hydroxylamine 
effects dehydration and dehydrohalogenation to form the benzodiaz- 
epine derivative (II). Treatment of II with acetic anhydride causes 
rearrangement to oxazepam, which is simultaneously esterified to ace- 
tate. Saponification liberates oxazepam. 

Description—Creamy white to pale-yellow powder; practically 
odorless; bitter taste; stable in light and nonhygroscopic; melting point 
indefinite; pH (1 in 50 suspension) 4.8 to 7.0. 

Solubility—1 g in >10,000 mL water, 220 mL alcohol, 270 mL 
chloroform, or 2200 mL ether. 

Comments—A congener of chlordiazepoxide and diazepam; it is a 
mild sedative useful in the management and control of anxiety, tension, 
agitation, irritability, and related symptoms, particularly in elderly 
patients. Also, it is useful for the control of acute tremulousness, in- 
ebriation, or anxiety associated with alcohol withdrawal. Unlike diaz- 
epam, this drug is absorbed slowly after oral administration (1 to 4 hr) 
and has a simple, one-step elimination pathway without active inter- 
mediate metabolites. Its half-life is short (5 to 15 hr), there is little 
accumulation, and full therapeutic effect can be expected with the first 
few doses. However, several daily doses may be necessary to reach a 
clinical steady state. Excessive and prolonged use may result in the 
development of physical dependence on the drug. Withdrawal symp- 
toms following abrupt discontinuance of oxazepam are similar to those 
seen with barbiturates. 

As with other sedative agents, patients on this drug should be 
cautioned against driving automobiles or operating dangerous machin- 
ery. Other warnings, contraindications, and precautions are similar to 
those for other benzodiazepines (see page 1408). Untoward effects in- 
clude transient mild drowsiness, dizziness, vertigo, headache, and, 
rarely, syncope. Mild paradoxical reactions such as excitement and 
excessive stimulation also have been recorded. 

Other side effects that have been observed include rashes, nausea, 
lethargy, edema, slurred speech, tremor, and altered libido. More- 
severe reactions include leukopenia and jaundice. Fortunately, the lat- 
ter reactions only occasionally are observed. Patients on the drug 
should be observed carefully for the appearance of other untoward 
effects characteristic of benzodiazepine drugs. 


QUAZEPAM 


2H-1,4-Benzodiazepine-2-thione, 7-chloro-5-(2-fluorophenyl)-1,3- 
dihydro-1-(2,2,2-trifluorethyl)-, Doral 


CH,CF, 
I 


NEL 28 
Cl OC io 
Oo 
(36735-22-5] C,,H,,CIF,N.S (386.79). 

Preparation—lIt is synthesized in a manner similar to that for 
midazolam (page 1412); J Med Chem 1974; 16:1354. 

Comments—A benzodiazepine with a relatively long elimination 
half-life (39.3 hr). It is used for the short-term (up to 4 weeks) manage- 
ment of insomnia. Its two principal metabolites (2-oxoquazepam and 
N-desalkylflurazepam) are pharmacologically active with long elimina- 
tion (t,/»., 40.2 and 69.5 hr). These long half-lives likely account for the 
drowsiness and hangover effects that persist for 2 to 3 days following 
discontinuation of therapy. However, because of its slow elimination, 
this drug is unlikely to cause significant withdrawal such as hyperex- 


citability or rebound insomnia. Adverse effects, drug interactions, and 
precautions appear to be similar to those of other benzodiazepines. 


TEMAZEPAM 


2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-1- 
methyl-5-phenyl-, Restoril 


[846-50-4] C,,H,,CIN,O, (300.74). 

Preparation—The synthesis is similar to that of oxazepam, using 
2-(methylamino)-5-chlorobenzhydrol as the starting material. See 
J Org Chem 1962; 27:1691. 

Description—White crystals melting about 120°. 

Solubility—Very slightly soluble in water; sparingly soluble in 
alcohol; pK, 1.6. 

Comments—A hypnotic drug indicated for the short-term (up to 5 
week) relief of insomnia associated with difficulty falling asleep, fre- 
quent nocturnal awakenings, and/or early morning awakenings. Oral 
bioavailability is relatively slow (mean times to peak concentration, 2 to 
3 hr); 96% is bound to plasma proteins. Volume distribution ranges 
from 1.4 to 1.5 L/kg, and clearance from 1.10 to 1.36 mL/kg/min. The 
elimination half-life varies from 3 to 38 hr (mean, 14.7 hr). It is conju- 
gated with glucuronic acid and excreted in the urine. Since metabolic 
enzyme induction does not appear to occur after 5 to 7 days of admin- 
istration, tolerance to repeated use is not troublesome. 

Adverse effects are usually mild and diminish with continued ad- 
ministration. Those observed most frequently include morning drowsi- 
ness, dizziness, lethargy, confusion, and GI disturbances (anorexia, 
diarrhea). Other, less-frequent adverse effects include vertigo, dryness 
of the mouth, paresthesias, tachycardia, panic reactions, nystagmus, 
paradoxical excitement, and hallucinations. Precautions and possible 
drug interactions are the same as those for other benzodiazepines (see 
page 1408). Dysmorphogenic changes in rib formation have been ob- 
served in two animal species given 50 to 100 times the human thera- 
peutic dose. Use during pregnancy should be avoided if possible. 


TRIAZOLAM 


4H-1,2,4-Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6- 
(2-chlorophenyl)-1-methyl-, Halcion 


H3C. 
‘=! 


[28911-01-5] C,,H,,CI,N, (343.21). 

Preparation—Kthyl a-aminoacetate and 2-amino-2’,4-dichloro- 
benzophenone are reacted in pyridine, which upon elimination of the 
elements of water and ethanol yields 7-chloro-5-(2-chlorophenyl)benzo- 
diazepin-2-one. The latter, with P,S, forms the 2-thiono derivative, 
which when treated with acetyl hydrazide gives the 2-acetamidoimino 
compound (I). Upon heating I over 200°, water is eliminated to form the 
triazole ring of triazolam. See Ger Pat 2,533,924. 

Description—Tan crystals from isopropyl alcohol; melts about 
235°. 

Solubility—Very slightly soluble in water; slightly soluble in 
alcohol. 

Comments—In the short-term management (up to 6 weeks) of 
insomnia characterized by difficulty in falling asleep, frequent noctur- 
nal awakenings, and/or early morning awakenings. It is absorbed rap- 
idly after oral administration; approximately 90% is bound to plasma 
proteins. Time to peak concentration is 1.25 hr. Volume distribution 
ranges from 0.8 to 1.3 L/kg. The elimination half-life is 2.6 (1.7 to 5.2) 
hr. The metabolites have little if any hypnotic activity. Common ad- 
verse effects include drowsiness, dizziness, and headache. Hallucina- 
_ tions and marked confusion also have been reported. Some reports 
suggest that anterograde amnesia and other side effects, such as con- 
fusion, bizarre behavior, agitation, and hallucinations may occur more 
often with triazolam than with most of the other benzodiazepines. Thus, 
patients using this drug should be monitored and treatment discontin- 
ued if such symptoms appear. Prescribers should be alert to the usual 
drug interactions common to benzodiazepines (see page 1408). The safe 
use of this drug during pregnancy or lactation has not been established. 
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Benzodiazepine Combinations 


Some examples of benzodiazepine combinations (with milli- 
grams/unit provided) are as follows: 


Chlordiazepoxide with Amitryptyline Hydrochloride [Lim- 
britol, Limbritol DS (Roche)]—5 or 10 mg with 12.5 or 25 mg, 
respectively. 

Chlordiazepoxide Hydrochloride with Clidinium Bromide 
[CDP Plus (Gold Line); Clindex (Rugby); Clindibrax (Pharmaceutical 
Basics); Clinoxide (Geneva Generics, Halsey); Librax (Roche); Lidox 
(Major); Lidoxide (Interstate)—5 mg with 2.5 mg, respectively. 

Chlordiazepoxide with Esterified Estrogens [Menrium 5-2; 
Menrium 5-4; Menrium 10-4 (Roche)—5, 5, or 10 mg with 0.2, 0.4, or 0.4 
mg, respectively. 


BENZODIAZEPINE ANTAGONIST 

A TST PSE RT DEAE ERAS SIE DI TYR AGT BTR AEE 
Because of the widespread use and the growing abuse of the 
benzodiazepines, attempts have been made to develop selective 
benzodiazepine antagonists to treat suspected benzodiazepine 
overdoses. These efforts have met with some success, and the 
Food and Drug Administration (FDA) has approved the use of 
flumazenil (Mazicon) as an adjunct to conventional therapy for 
overdosing with the benzodiazepines. 


FLUMAZENIL 


4H-|midazo[1,5-a][1,4]benzodiazepine-3-carboxylic acid, 8-fluoro-5,6- 
dihydro-5-methyl-6-oxo-, ethyl ester; Romazicon 


fo) 
N doc 
H 
¢ ] 25 
N 
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F ees 
fo) 


[78755-81-4] C,,H,,FN,O, (303.29). 

Preparation—Sarcosine and 6-fluorisatoic anhydride are con- 
densed to 7-fluoro-5-methylbenzo[1,4]diazepin-2,5-dione. The dione, 
with ethyl a-isonitriloacetate forms a Schiff base through nucleophilic 
reaction with the amido hydrogen atom. A Claisen condensation closes 
the imidazole ring between positions 1 and 2 on the diazepine ring to 
yield the product. US Pat 4,316,839. 

Description—White crystals melting about 202°. 

Solubility—Insoluble in water; slightly soluble in aqueous acid. 

Comments—An imidazobenzodiazepine that binds directly to the 
benzodiazepine (BDZ) recognition site on the GABA/BDZ receptor com- 
plex. It acts as a selective competitive antagonist to block the CNS 
actions of the benzodiazepines. Flumazenil only blocks the psychomo- 
tor, cognitive, and memory impairment caused by the benzodiazepines 
and has no effect on the actions of other CNS depressants (eg, ethanol, 
barbiturates, or general anesthetics). The effects are dose-dependent, 
with approximately 0.1 to 0.2 mg of flumazenil causing partial antag- 
onism, and 0.4 to 1.0 mg producing complete blockade of benzodiazepine 
effects. After IV administration, the reversal of BDZ effects occurs 
within 1 to 2 min, with peak inhibition at 6 to 10 min. However, because 
of extensive first-pass elimination, oral administration results in low 
plasma drug concentration and is not recommended. Extensive and 
rapid (t,. = 0.7 to 1.3 hr) hepatic metabolism results in no active 
metabolites. Despite a rapid clearance (31 to 78 L/hr), flumazenil can 
block benzodiazepine effects up to 6 hr. This drug was found to improve 
psychomotor performance, coordination, short-term memory loss, and 
subjective feelings of pain and drowsiness within 30 min of administra- 
tion to patients pretreated with midazolam. 

Flumazenil is to be used as an adjunct to, not a substitute for, proper 
airway and circulatory management in the case of BDZ overdosing. 
Although large IV doses produce no serious side effects in healthy 
volunteers, in BDZ-dependent patients this BDZ antagonist can pro- 
voke severe withdrawal effects such as anxiety, panic attacks, hot 
flashes, tremors, and seizures. Consequently, flumazenil generally is 
not to be used in patients with BDZ-dependence. Deaths have resulted 
from using this drug in patients with serious underlying diseases or in 
patients who overdosed on BZDs in combination with large amounts of 
nonbenzodiazepine drugs (eg, tricyclic antidepressants). In such cases, 
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the flumazenil blocks the protective action of the BZDs and unmasks 
the toxic effects of the other drugs. In the absence of BZDs, it causes no 
serious adverse effects. 

Besides the treatment of BZD overdoses, flumazenil has been used 
to reverse the sedative effects of BDZ used for general anesthesia. It has 
been suggested that this drug is able to reverse hepatic encephalopathy 
in some patients with acute and chronic liver failure. However, its 
effects are short-lasting. 

Flumazenil should be titrated to the desired pharmacological effect 
by administering a series of small infusions (not a single large bolus) 
through a freely flowing IV tube in a large vein. 


BARBITURATES 

SAT SP ET TT 
The introduction of barbital in 1903 and phenobarbital in 1912 
initiated the barbiturate era. For over half a century they 
reigned as the preeminent sedative-hypnotic agents. Although 
several so-called nonbarbiturates attempted to displace the 
barbiturates from time to time, it was not until chlordiazep- 
oxide was marketed in 1961 that their position was challenged 
seriously. During the ensuing quarter century the benzodiaz- 
epines displaced the barbiturates as the sedative-hypnotics of 
choice. Indeed, a careful comparison of the barbiturates and the 
benzodiazepines reveals the following cogent reasons for this 
obsolescence: dependence liability, potential for suicide, quality 
of sleep, antianxiety selectivity, propensity for tolerance and 
for drug interactions, safety, and side effects. Nevertheless, the 
barbiturates continue to be prescribed by a number of physi- 
cians and are preferred for a few specialized uses. 

The development of clinical pharmacokinetic data on hyp- 
notic drugs revealed that the traditional classification of bar- 
biturates into long-, intermediate-, and short-acting com- 
pounds bears little relation to the rate of elimination of these 
agents in man. Moreover, these data indicate that onset (rate of 
absorption) and duration of action (rate of elimination) are 
essential factors to be considered in their use. In general, 
barbiturate salts are absorbed rapidly, in contrast to the free 
acids. Liver disease tends to decrease the elimination rate of 
these substances, whereas renal insufficiency may give rise to 
accumulation of polar metabolites. For these reasons and for 
ready reference, the elimination half-lives, apparent volumes of 
distribution, and clearance values of barbiturates are summa- 
rized in each monograph. 

Although traditionally used as nonspecific CNS depressants 
for daytime sedation and short-term treatment of insomnia, the 
barbiturates generally have been replaced by the benzodiaz- 
epines for these purposes. However, they are still given for 
preoperative medication to allay anxiety and facilitate induc- 
tion of anesthesia. The anticonvulsant barbiturates, such as 
phenobarbital, mephobarbital, and metharbital, are still use- 
ful alternatives for the long-term management of generalized 
tonic-clonic and cortical focal seizures and are given intrave- 
nously for the management of acute convulsive episodes, such 
as status epilepticus, eclampsia, meningitis, tetanus, and toxic 
reactions to strychnine or local anesthetics. The barbiturates 
also are administered rectally to infants and children when 
oral or parenteral therapy may be undesirable. 

Elixirs of certain barbiturates are still available for use as 
somnifacients and sedatives for children, despite the availabil- 
ity of more effective agents. They also are used in the relief of 
colic, excitation, and restlessness due to illness. Sedative doses 
may be administered as frequently as 3 to 4 times a day in 
cases of pylorospasm, whooping cough, nausea, and vomiting of 
functional origin, etc. 

Barbiturates are contraindicated in patients with a history 
of porphyria. They should be used with caution in patients with 
impaired hepatic or renal function and in debilitated patients 
with depressed respiration. They also are contraindicated in 
persons with known previous addiction to the sedative/hyp- 
notic drugs. Moreover, they should not be used in women of 
childbearing age, since their safe use in pregnancy has not been 


established. Patients on barbiturates should avoid alcoholic 
beverages as well as other CNS depressants and refrain from 
driving an automobile or operating hazardous machinery while 
receiving such drugs. 

Drug interactions are relatively common in patients taking 
barbiturates in combination with other drugs. For this rea- 
son patients on these drugs should be monitored closely. The 
most common problems relate to the ability of barbiturates 
(especially phenobarbital) to induce the hepatic microsomal 
enzyme system and increase the rate of metabolism of couma- 
rin anticoagulants, tricyclic antidepressants, oral contracep- 
tives, corticosteroids, digitoxin, phenytoin, phenothiazines, 
doxycycline, and other agents. Accordingly, the effectiveness of 
these agents may be decreased when given to a patient already 
on a barbiturate, and contrariwise, patients on both a barbitu- 
rate and one of these agents may experience adverse effects if 
the barbiturate is discontinued during chronic therapy, ie, a 
patient on coumarin may hemorrhage if the barbiturate is 
stopped and the anticoagulant dosage is not readjusted. 

Barbiturates (especially phenobarbital) may competitively 
inhibit the metabolism of some drugs, such as phenytoin. Bar- 
biturates have been shown to decrease the GI absorption of 
dicumarol and griseofulvin. Some barbiturates potentiate the 
adverse effects of tricyclic antidepressants by competing for the 
same hydroxylating enzymes. MAO inhibitors, valproic acid, 
chloramphenicol, and acute alcoholic intoxication inhibit the 
metabolism of barbiturates. Chronic alcoholic intoxication, on 
the other hand, increases the metabolism of barbiturates. Con- 
comitant use of ether or curare-like drugs may produce additive 
respiratory depression. It also has been suggested that sul- 
fisoxazole competes with thiopental for plasma-protein binding 
sites and decreases the amount of the latter necessary for 
anesthesia. Finally, additive depressant effects may occur with 
concomitant use of barbiturates and other CNS-depressant 
drugs. 

Adverse reactions to barbiturates include 


CNS: somnolence, agitation, confusion, hyperkinesia, ataxia, night- 
mares, lethargy, paradoxical excitement, nervousness, hallucina- 
tions, insomnia, anxiety, and dizziness. 

Respiratory: apnea, hypoventilation, respiratory depression, broncho- 
spasm, and circulatory collapse. 

Cardiovascular: bradycardia, hypotension, and syncope. 

Hypersensitivity: rashes, angioneurotic edema, fever, serum sickness, 
morbiliform rash, urticaria, exfoliative dermatitis, and Steven- 
Johnson syndrome. 

Other: physical and psychological dependence, headache, blood dyscra- 
sias, myalgia, neuralgia, and arthritic pain. 


For these and other reasons mentioned in this section, their 
indiscriminate use should be avoided. 

Accidental and suicidal deaths from acute barbiturate poi- 
soning are encountered frequently, although the incidence has 
decreased with their diminished use. Treatment varies with 
the degree of intoxication. In general, emergency measures in 
acute poisoning are directed toward maintenance of respiration 
and cardiac function, followed by gastric decontamination. The 
latter is accomplished by gastric lavage, administration of ac- 
tivated charcoal (20 to 25 g in a child, 50 g in an adult) by 
gastric lavage tube, and a saline cathartic to clear the gut. In 
severe intoxication, measures to enhance elimination of ab- 
sorbed barbiturate may be necessary, such as diuresis, urine 
alkalinization, dialysis, and hemoperfusion. The prognosis in 
barbiturate poisoning, with adequate medical care, is very 
good; mortality is less than 1%. 

Continual use of barbiturates can result in tolerance, which 
encourages an increase in dosages. Tolerance to the effects of 
barbiturates on mood, sedation, and hypnosis is greater than 
tolerance to respiratory depression; consequently, with toler- 
ance comes a decrease in the therapeutic index. 

Chronic barbiturate poisoning involves a large number of 
individuals in this country. Some authorities consider the prob- 
lem of chronic barbiturate poisoning as serious as morphine 
addiction. Consequently, three barbiturates (amobarbital, pen- 


tobarbital, and secobarbital), either alone or in combination, 
have been placed under Schedule II of the Controlled Sub- 
stances Act. Serious withdrawal symptoms, including convul- 
sions and psychoses, may occur when a barbiturate is withheld 
from dependent patients. In some chronically intoxicated indi- 
viduals, even though they have no previous history of epilepsy, 
major convulsive seizures follow the sudden withdrawal of 
barbiturate. It is advisable to reduce the dose of barbiturate 
gradually in both epileptic and nonepileptic patients when 
cessation of chronic barbiturate medication is contemplated. It 
also should be emphasized that barbiturate therapy is contra- 
indicated in patients with a history of drug addiction. 


AMOBARBITAL 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(3-methylbutyl)-, 
Amylobarbitone; Amytal 
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5-Ethyl-5-isopentylbarbituric acid [57-43-2] C,,H,,N.O, (226.27). 

Preparation—A typical method starts with monochloroacetic acid, 
which is treated with sodium cyanide to form cyanoacetic acid; the 
latter is reacted with hydrochloric acid in the presence of alcohol, 
yielding the diethyl ester of malonic acid. This ester, in absolute alcohol 
solution, is treated with the theoretical quantity of metallic sodium to 
replace one hydrogen of the CH, group, then a slight excess of the 
theoretical amount of an ethylating agent, such as ethyl bromide, is 
added. The second hydrogen is replaced similarly, using isopentyl bro- 
mide as the alkylating agent. The diethyl ester of ethyl isopentyl mal- 
onic acid thus obtained is heated in an alcoholic solution, in the pres- 
ence of sodium, with urea. Sodium amobarbital is formed, from which 
amobarbital is liberated with HCl. The alkylation of the CH, group of 
the malonic ester, whether the alkyls are both the same as in barbital 
or different, as in amobarbital, may be done in two stages, introducing 
one alkyl group at a time. 

Description—White, crystalline, odorless, bitter powder; pH (sat- 
urated solution) about 5.6; melts within a 3° range between 156° 
and 161°. 

Solubility—1 g in about 1300 mL of water, 5 mL of alcohol, about 
17 mL of chloroform, or 6 mL of ether; soluble in solutions of fixed alkali 
hydroxides and carbonates. 

Comments—A sedative and hypnotic. It may be used in any condi- 
tion that requires sedation, ranging from relief of anxiety and tension to 
hypnotic doses for preanesthetic medication. Because of tolerance, its 
use as a hypnotic is limited to 2 weeks. See the introductory statement 
on Barbiturates. It is a Schedule IJ drug under the Controlled Sub- 
stances Act. 


AMOBARBITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(3-methylbutyl)-, 
monosodium salt; Amylobarbitone Sodium; Amytal Sodium 
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Sodium 5-ethyl-5-isopentylbarbiturate [64-43-7] C,,H,,N,Na0O,, (248.26). 

Preparation—By reacting amobarbital with a solution containing 
a chemically equivalent quantity of sodium hydroxide or sodium car- 
bonate, evaporating to dryness, and crystallizing the residue from a 
solution in a suitable solvent such as alcohol. 

Description—White, friable, hygroscopic, odorless, granular pow- 
der with a bitter taste; pH (1 in 20 solution) 9.6 to 10.4. 

Solubility—Very soluble in water; soluble in alcohol; practically 
insoluble in ether or chloroform. 

Comments—A hypnotic and sedative. It is indicated for sedation 
and relief of anxiety, preanesthetic medication, and the control of acute 
convulsive disorders. The onset of action varies from 45 to 60 min, 
half-life is approximately 25 hr, and duration of action is 6 to 8 hr. See 
the introductory statement on Barbiturates. It is a Schedule II drug 
under the Controlled Substances Act. 
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BUTABARBITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylpropyl)-, 
monosodium salt; Butisol Sodium 
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Sodium 5-sec-butyl-5-ethylbarbiturate [143-81-7] C,,H,,N,NaO, (234.23). 

Preparation—By preparing butarbital using a method similar to 
that for Amobarbital, using ethyl bromide and sec-butyl bromide as the 
alkylating agents. Then treating an alcoholic solution of butabarbital 
with an equimolar quantity of NaOH and removing the solvent by 
evaporation. 

Description—White, bitter powder; pH (1 in 10 solution) 9.5 
to 10.2. 

Solubility—1 g in 2 mL of water, 7 mL of alcohol, 7000 mL of 
chloroform, or >10,000 mL of ether. 

Comments—A sedative and hypnotic. Used for short-term treat- 
ment of insomnia. Because of tolerance, barbiturates lose efficacy after 
2 weeks of use. See the introductory statement on Barbiturates. It is a 
Schedule III drug under the Controlled Substances Act. 


MEPHOBARBITAL 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-1-methyl-5-phenyl-, 
Prominal; Phemitone; Mebaral 
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5-Ethyl-1-methyl-5-phenylbarbituric acid [115-38-8] C,,H,,N.O, (246.27). 

Preparation—The diethyl ester of ethylphenylmalonic acid is pre- 
pared by the general method described under Amobarbital and is then 
condensed with N-methylurea in the presence of sodium ethylate. The 
resulting sodium mephobarbital is treated with HCl, whereupon 
mephobarbital crystallizes. 

The N-methylurea is prepared as follows. Methylamine is passed 
into a mixture of sulfuric acid and absolute alcohol until the mix- 
ture is alkaline. Potassium cyanate then is added, and the mix- 
ture is refluxed overnight, whereupon the monomethyl ammonium 
cyanate produced initially by metathesis rearranges (Wohler) to 
N-methylurea. 

Description—White, crystalline powder; odorless; bitter taste; sat- 
urated solution acid to litmus; melts about 178°; pK, 8.8. 

Solubility—1 g in >1000 mL water, >1000 mL alcohol, 50 mL 
chloroform, or >1000 mL ether; soluble in solutions of fixed alkali 
hydroxides or carbonates. 

Comments—A barbiturate with strong sedative and anticonvul- 
sant actions but a relatively mild hypnotic action. Hence, it is used for 
relief of anxiety, tension, and apprehension and as an antiepileptic 
in the management of generalized tonic-clonic (grand mal) and ab- 
sence (petit mal) seizures. See also the introductory statement on 
Barbiturates. 


METHOHEXITAL SODIUM—page 1397. 
PENTOBARBITAL 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylbutyl)-, 
Nembutal 
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5-Ethyl]-5-(1-methylbutyl)barbituric acid [76-74-4] C,,H,,N,O3 (226.27). 
Preparation—By the general method described under Amobarbi- 
tal (this page), using ethyl bromide and 1-methylbutyl bromide as 
alkylating agents. 
Description—White to practically white, fine powder; practically 
odorless; melts about 130°. 
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Solubility—1 g in >2000 mL water, 4.5 mL alcohol, 4 mL chloro- 
form, or 10 mL ether. 

Comments—See Pentobarbital Sodium. It is a Schedule IJ drug 
under the Controlled Substances Act. 


PENTOBARBITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-(1-methylbutyl)-, 
monosodium salt; Pentobarbitone Sodium; Soluble Pentobarbital; 
Nembutal Sodium 


—S rae 
cent 
CH(CHe)2 CH 

CH, 


Sodium 5-ethyl-5-(1-methylbutyl)barbiturate [57-33-0] C,,H,,N,NaO, 
(248.26). 

Preparation—By the process given for Amobarbital (page 1415), 
using 2-bromopentane instead of ethyl bromide to react with one of the 
hydrogens in the CH, of the malonyl group. It then is converted into the 
soluble sodium salt by the addition of the required amount of NaOH. 

Description—White, odorless, crystalline granules or a white pow- 
der with a slightly bitter taste; pH (1 in 10 solution) 10.0 to 10.5 when 
used in parenterals; otherwise, 9.7 to 10.2; solutions decompose on 
standing, heat accelerating the decomposition; pK,1 8.17; pK,. 12.67. 

Solubility—Very soluble in water; freely soluble in alcohol; practi- 
cally insoluble in ether. 

Comments—Widely used as a sedative or hypnotic for the short- 
term (up to 2 weeks) management of insomnia and as preanesthetic 
medication. It also is indicated, in anesthetic doses administered intra- 
venously, for control of certain convulsive syndromes. This barbiturate 
is thought to reduce cerebral blood flow and thereby decrease edema 
and/or intracranial pressure. See also the introductory statement 
on Barbiturates. It is a Schedule II drug under the Controlled Sub- 
stances Act. 


PHENOBARBITAL 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-phenyl-, 
Phenylethylmalonylurea; Phenobarbitone; Luminal 
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5-Ethyl-5-phenylbarbituric acid [50-06-6] C,,H,,N.O, (232.24). 

Preparation—Benzy] chloride is converted into phenylacetic ester 
(ethyl phenylacetate) by treating with sodium cyanide and then 
hydrolyzing with acid in the presence of alcohol. The ester is con- 
densed in the presence of alcohol and metallic sodium with ethyl 
oxalate, forming diethyl sodium phenyloxaloacetate. HCl is added 
to liberate diethyl phenyloxaloacetate, which on being distilled at 
180° splits off carbon monoxide and forms phenylmalonic ester 
{C,H;CH(COOC,H,),]. The hydrogen of the CH in the phenylmalonic 
ester is then ethylated, and the resulting ethylphenylmalcnic ester 
condensed with urea as described under Amobarbital (page 1415). 

Description—White, odorless, glistening, small crystals or a white 
crystalline powder, which may exhibit polymorphism; stable in air; pH 
(saturated solution) about 5; melts about 176°; pK, 7.6. 

Solubility—1 g in about 1000 mL water, 10 mL alcohol, about 40 
mL chloroform, or 15 mL ether. 

Comments—tThis classical barbiturate is a sedative, hypnotic, and 
antiepileptic drug. In appropriate doses it is used in neuroses and 
related tension states when mild, prolonged sedation is indicated, as in 
hypertension, coronary artery disease, functional GI disorders and pre- 
operative apprehension. In addition, it has specific usefulness in the 
symptomatic therapy of epilepsy. It is especially useful in patients with 
generalized tonic-clonic seizures (grand mal) and complex partial (psy- 
chomotor) seizures. Effective doses usually produce a degree of drows- 
iness or sluggishness. Phenobarbital also has been found to be effective 
in the treatment and prevention of hyperbilirubinemia in neonates. 
Approximately 80% of an oral dose is absorbed, and peak plasma levels 
are reached in 16 to 18 hr. Because of its slow onset of action, pheno- 
barbital generally is not used orally to treat insomnia, but is used to 
help withdraw people who are physically dependent on other CNS 
depressants. The apparent volume of distribution is 0.7 to 1 L/kg. 
Therapeutic plasma levels range from 10 to 30 ug/mL. About 45 to 50% 


of the drug is bound to plasma protein. Apparent plasma half-life varies 
from 50 to 120 hr in adults and 40 to 70 hr in children. Approximately 
65% of the drug is metabolized (largely to the inactive p-hydroxyphenyl 
derivative), and 35% is excreted by the kidney unchanged. Plasma 
clearance is slow and approximates 0.004 L/kg/hr. With the exception of 
metharbital and mephobarbital, this is the only barbiturate effective in 
epilepsy. See the introductory statement on Barbiturates. 


PHENOBARBITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-phenyl-, monosodium 
salt; Sodium Phenobarbital; Soluble Phenobarbital; 
Phenobarbitone Sodium; Luminal Sodium 


Sodium 5-ethyl-5-phenylbarbiturate [57-30-7] C,.H,,N,Na0O, (254.22). 

Preparation—By dissolving phenobarbital in an alcohol solution of 
an equivalent quantity of NaOH and evaporating at low temperature. 

Description—Flaky crystals or white, crystalline granules, or 
white powder; odorless; bitter taste; hygroscopic; solutions alkaline to 
phenolphthalein and decompose on standing; pH (1 in 10 solution) 9.2 
to 10.2. 

Solubility—Very soluble in water; soluble in alcohol; practically 
insoluble in ether or chloroform. 

Comments—Because it is soluble in water, it may be administered 
parenterally. It is given by slow intravenous injection for control of 
acute convulsive syndromes. For additional information see Phenobar- 
bital and the introductory statement on Barbiturates. 

Note: Doses should be reduced significantly in elderly or debilitated 
patients. No barbiturate should be given parenterally without full 
knowledge of its particular characteristics, dosage, and recommended 
rate of administration. Because of potentially severe respiratory de- 
pression, phenobarbital sodium should not be administered at a rate 
that exceeds 60 mg/min. 


SECOBARBITAL 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-(1-methylbutyl!)-5-(2-propenyl)-, 
Seconal 
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5-Allyl-5-(1-methylbutyl)barbituric acid [76-73-3] C,,H,,N,O, (238.29). 

Preparation—By the general method described under Amobarbi- 
tal (page 1415), using allyl bromide and 1-methylbutyl bromide as 
alkylating agents at the 5-position. 

Description—White, amorphous or crystalline, odorless pow- 
der; slightly bitter taste; pH (saturated solution) about 5.6; melts about 
98°) 

Solubility—Very slightly soluble in water; freely soluble in alcohol, 
ether, or solutions of alkali hydroxides; soluble in chloroform. 

Comments—A sedative and hypnotic. See also Secobarbital So- 
dium and the introductory statement on Barbiturates. It is a Schedule 
IT drug under the Controlled Substances Act. 


SECOBARBITAL SODIUM 


2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-(1-methylbutyl)-5-(2-propeny))-, 
monosodium salt; Quinalbarbitone Sodium; Seconal Sodium 
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Sodium 5-allyl-5-(1-methylbutyl)barbiturate [309-43-3] C,,H,,N,NaO, 
(260.27). 
Preparation—By treatment of secobarbital with a chemically 
equivalent portion of NaOH as described under Phenobarbital Sodium. 
Description—White, odorless, hygroscopic powder; bitter taste; pH 
(1 in 20 solution) 9.7 to 10.5; solutions decompose on standing, heat 
accelerating the decomposition. 


Solubility—Very soluble in water; soluble in alcohol; practically 
insoluble in ether. 

Comments—A short-acting barbiturate widely used sedative and 
hypnotic. The drug also is used, in anesthetic doses intravenously, for 
the control of certain acute convulsive conditions, such as those associ- 
ated with tetanus, status epilepticus, and toxic reactions to strychnine 
and local anesthetics. Within 2 hr after oral administration, 90% is 
absorbed from the GI tract. The effect after a hypnotic dose occurs in 15 
to 30 min with oral or rectal administration and persists for 1 to 4 hr. 
The elimination half-life is about 30 hr. Secobarbital has been used 
rectally in children to induce anesthesia. See the introductory state- 
ment on Barbiturates. It is a Schedule IJ drug under the Controlled 
Substances Act. 


THIAMYLAL SODIUM—see RPS-19, page 1144. 
THIOPENTAL SODIUM—page 1397. 


Barbiturate Combinations 


Some examples of barbiturate combinations (with milligrams/ 
unit provided) are as follows: 


Butalbital, Acetaminophen and Caffeine [Fioricet (Sandoz)]— 
50, 325, and 40 mg, respectively. 

Butalbarbital, Aspirin and Caffeine [Fiorinal (Sandoz)]—50, 
325, and 40 mg, respectively. 


MISCELLANEOUS SEDATIVES 
AND HYPNOTICS 


In addition to the benzodiazepines and barbiturates discussed 
in the previous two sections, there are a number of other agents 
that possess useful sedative and hypnotic properties. These are 
derived from several heterogeneous structures, including alco- 
hols (ethchlorvynol), carbamates (ethinamate, meprobamate), 
chloral hydrate and related drugs (triclofos), cyclic ether 
(paraldehyde), piperidinediones (glutethimide, methyprylon), 
and quinazolinone (methaqualone). In addition to sedative- 
hypnotic properties, several of these substances possess anti- 
convulsant, antispasmodic, local anesthetic, and weak antihis- 
taminic properties. In general, the effective hypnotic dose of 
these substances is larger than that for either the benzodiaz- 
epines or barbiturates. Nevertheless, they do not differ quali- 
tatively from the barbiturates in their desirable and unde- 
sirable effects. Hence, patients should be cautioned about 
concomitant use of alcohol or other CNS depressants and 
warned about operating a motor vehicle or hazardous machin- 
ery while on such drugs. It should be remembered that safe and 
effective use of many of these agents during pregnancy and in 
pediatric patients has not been established. Also, many of these 
agents will produce physical dependence and habituation when 
taken chronically in excessive doses. For this reason metha- 
qualone is listed in Schedule IJ and glutethimide in Schedule 
III under the Controlled Substances Act. Other substances in 
this section have lower abuse potential and are listed in Sched- 
ule IV. Nevertheless, they all should be used with caution in 
patients with a previous history of drug dependence. 

An anxiolytic drug that is structurally and pharmacologi- 
cally distinct from the benzodiazepines and barbiturates is the 
arylpiperazine derivative, buspirone. This drug is distin- 
guished from the other sedatives because it relieves anxiety 
without causing drowsiness or impairing psychomotor function 
and appears to lack abuse potential. 

Disulfiram (Antabuse), an antioxidant agent devoid of sed- 
ative and hypnotic properties, is included in this section be- 
cause of its use as an adjunct in the management of alcoholism. 
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BUSPIRONE HYDROCHLORIDE 


Azaspiro[4,5]decane-7,9-dione, 8-[4-[4-(2-pyrimidinyl)-1- 
piperazinylbutyl-, monohydrochloride; BuSpar 
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[33386-08-2] C,,H,,N,O, - HCl (421.97). 

Preparation—Piperazine and 2-chloropyrimidine are reacted to 
form 2-(1-piperazinyl)pyrimidine (I). Treatment of I with y-chlorobuty- 
ronitrile N-alkylates the free piperazinyl nitrogen atom to yield II. With 
spirocyclopentane-1, 3’-glutaric anhydride (III), the free base of buspi- 
rone is produced, which is then converted to the hydrochloride; J Med 
Chem 1969; 12:876, and ibid, 1972; 15:477. 
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Description—White, crystalline solid melting about 200°; pK, 1.22 
and 7.32. 

Solubility—1 g in 1 mL water, 50 mL alcohol. 

Comments—An antianxiety agent unrelated either chemically or 
pharmacologically to the benzodiazepines, barbiturates, or other seda- 
tive/anxiolytic drugs. It is used in the management of anxiety disorders, 
the short-term relief of the symptoms of anxiety, or phobic neurosis. 
Although its long-term effectiveness as an anxiolytic has not been 
proven, there are reports of use in patients for 6 to 12 months without 
apparent loss of clinical benefit. The antianxiety effects of buspirone in 
general have been found to be comparable to that of the benzodiaz- 
epines, with some exceptions, while causing fewer adverse CNS side 
effects, such as sedation, psychomotor impairment, or dependence. Bu- 
spirone has been used successfully as an anxiolytic in patients who 
experience disinhibition or aggressive behavior when taking benzodi- 
azepines. The mechanism of its anxiolytic effect is not known, but 
appears to be different from that of the benzodiazepines and barbitu- 
rates and likely involves multiple transmitter systems, particularly 
those of a serotonergic nature. It is absorbed rapidly and undergoes 
extensive first-pass metabolism. However, buspirone tends to have a 
slow onset of antianxiety action, which can cause patients to be dis- 
couraged during initial therapy. Peak plasma levels of 1 to 6 mg/mL 
usually occur within 40 to 90 min; approximately 95% is bound to 
plasma protein; 29 to 63% is excreted in the urine, and 18 to 38% in the 
feces. Elimination half-life of the unchanged drug is about 2 to 3 hr. 

Even though it appears that this drug has no abuse potential and 
does not induce either tolerance or psychological dependence, patients 
on the drug should be monitored closely. Although animal studies 
suggest that the drug does not cause fetal damage, use during preg- 
nancy should be limited to those clearly in need of the medication. Since 
it is excreted in breast milk, administration to nursing women is not 
recommended. Safety and efficacy in children under 18 years has not 
been established. 

Common adverse effects include dizziness, nausea, headache, ner- 
vousness, drowsiness, lightheadedness, excitement, and mood changes. 
Chest pain, tachycardia, syncopy, hypo- and hypertension, sore throat, 
blurred vision, rashes, leukopenia, and shortness of breath also have 
been observed. Patients should notify their physician if any abnormal 
chronic muscle movements occur. Although buspirone generally does 
not impair psychomotor function at usual therapeutic doses, there is 
enough individual variation that patients should be warned that their 
ability to perform mental or motor tasks may be impaired. 


CHLORAL HYDRATE 


1,1-Ethanediol, 2,2,2-trichloro-, Chloral 
CCl,CH(OH). 
Chloral hydrate [802-17-0] C,H;Cl,O, (165.40). 

Preparation—By hydration of trichloroacetaldehyde (chloral) ob- 
tained by action of chlorine on alcohol. 

Description—Colorless, transparent, or white crystals; aromatic, 
penetrating, and slightly acrid odor; slightly bitter, caustic taste. Melts 
about 55°; slowly volatilizes in air. 

Solubility—1 g in 0.25 mL water, 1.3 mL alcohol, 2 mL chloroform, 
or 1.5 mL ether; very soluble in olive oil. 
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Comments—Principally for the short-term (2-week) treatment of 
insomnia. It is used preoperatively to allay anxiety and to induce 
sedation and/or sleep. It is used postoperatively as an adjunct to opiates 
and other analgesics to control pain. It also has been used to produce 
sleep prior to EEG evaluations. It is also effective in reducing anxiety 
associated with the withdrawal of alcohol and other drugs such as 
opiates and barbiturates. 

Following oral administration, chloral hydrate is converted rapidly 
to trichloroethanol (TCE), which is largely responsible for its hypnotic 
action. Other metabolites are trichloroacetic acid (TCA) and trichloro- 
ethanolglucuronide (TCEG). Peak plasma levels of TCE and TCEG are 
reached in 20 to 60 min; plasma half-lives are 8.0 (7.0 to 9.5) hr and 6.7 
(6.0 to 8.0) hr for TCE and TCKG, respectively. The half-life for TCA is 
4 days. These data suggest that this drug has desirable properties, since 
the half-life of its active metabolite is short. The formation of TCA is a 
matter of concern, since its effect on the patient is unknown. It must be 
used with caution in patients receiving oral anticoagulants because 
TCA displaces warfarin from plasma protein binding sites; it is likely 
that dicumarol is affected similarly. Also, concomitant administration 
of alcohol and chloral hydrate should be avoided; significant potentia- 
tion may occur. 

Gastric irritation occurs in some patients. Paradoxical excitement is 
observed rarely. The continued use of large doses causes peripheral 
vasodilation, hypotension, ventilatory depression, arrhythmias, and 
myocardial depression. Overdosage produces symptoms similar to those 
caused by barbiturate overdosages and may result in coma. Patients 
with serious heart, kidney, or liver disease should not be given this 
drug. If gastritis is present, the drug may be administered by rectum in 
olive oil as a retention enema. The acute toxic oral dose for adults is 
approximately 10 g; death has been reported after as little as 4 g, and 
individuals have survived after ingesting 30 g. 

For oral use, it is sometimes given in a flavored syrup. As alkali 
causes decomposition of chloral hydrate, it is important that the vehicle 
not be alkaline. 


DISULFIRAM 


Thioperoxydicarbonic diamide, tetraethyl-, Tetraethylthiuram 
Disulfide; Antabuse 
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Bis(diethylthiocarbamoyl)disulfide [97-77-8] C, Hj oN.S, (296.52). 

Preparation—A cold solution of diethylamine and carbon disulfide 
in alcohol is treated with an alcoholic solution of iodine. Ice water may 
be added to hasten separation of the disulfiram. Ind Eng Chem 1928; 
20:1173. US Pat 1,796,977. 

Description—White to off-white, odorless, crystalline powder; 
melts about 70°. 

Solubility—1 g in >5000 mL water, 30 mL alcohol, or 15 mL ether; 
soluble in chloroform. 

Comments—An adjunct in the treatment of selected chronic alco- 
holic patients who want to remain in a state of enforced sobriety. It is 
not a cure for alcoholism when used alone without supportive therapy. 
It blocks the oxidation of alcohol at the acetaldehyde stage, which then 
accumulates in the body and produces unpleasant symptoms charac- 
terized by flushing, palpitation, dyspnea and hyperventilation, in- 
creased pulse rate, nausea and vomiting, cyanosis, and decreased blood 
pressure and occasionally profound collapse. These symptoms usually 
are followed by drowsiness and sleep, after which the patient fully 
recovers. The duration of the reaction varies from 30 to 60 min to 
several hours in the more severe cases or as long as there is alcohol in 
the blood. 

The drug should not be used without the patient’s consent and only 
after the patient has been made fully aware of risks associated with the 
treatment. Extreme caution is necessary during its use because severe 
and alarming reactions (and some deaths) have been reported. These 
include cardiovascular complications involving unusual fall in blood 
pressure, cardiac arrhythmia and electrocardiographic evidence of myo- 
cardial ischemia, and even myocardial infarction. Some patients com- 
plain of mild drowsiness, fatigability, impotence, headache, or periph- 
eral neuritis and, occasionally, rashes. 

Patients on this drug should avoid contact with all alcohol, even that 
in a partially disguised form such as cough syrup or other medicinals 
and alcoholic lotions applied to the skin. In addition to alcohol-induced 
reactions, physicians should be alert to drug-induced psychotic episodes 
that may occur during therapy. It should not be used in patients 
recently treated with paraldehyde, and paraldehyde should not be given 
to patients receiving this drug. It appears to decrease the rate at which 


certain drugs are metabolized and so may increase the blood levels and, 
thus, the clinical toxicity of drugs given concomitantly. 

It should be given with caution in patients receiving phenytoin, oral 
anticoagulant drugs, metronidazole, and isoniazid. Because of the pos- 
sibility of an accidental disulfiram-alcohol reaction, it should be used 
with extreme caution in patients with diabetes mellitus, hypothyroid- 
ism, epilepsy, cerebral damage, chronic and acute nephritis, and he- 
patic cirrhosis or insufficiency and is contraindicated in patients with 
alcohol intoxication, cardiovascular disease, or psychosis. Patients 
should be informed of the reactions and cautions stated above. Disul- 
firam itself can cause adverse effects such as drowsiness, fatigue, head- 
ache, and skin reactions. 


DOXEPIN HYDROCHLORIDE—page 1439. 
DOXYLAMINE SUCCINATE—page 1468. 
DROPERIDOL—page 1431. 
ETHCHLORVYNOL 
1-Penten-4-yn-3-ol, 1-chloro-3-ethyl-, Placidyl 


OH 
HC =C—C—CH= CHC! 
CH2CHs 


{113-18-8] C,H,C1O (144.60). 

Preparation—By reacting ethyl chloroviny! ketone (1) with lithium 
acetylide under Grignard reaction conditions. The alkoxide addition 
complex reacts readily with dilute acid to form crude ethchlorvynol, 
which is extracted with a suitable water-immiscible organic solvent 
such as ether and is subsequently purified by distillation. Compound I 
may be prepared in good yield by addition of propionyl chloride to 
acetylene at a temperature of about 40° in the presence of zinc chloride. 

Description—Colorless to yellow liquid with a characteristic pun- 
gent odor; darkens on exposure to light and air; specific gravity 1.068 to 
1.071; refractive index 1.476 to 1.480. 

Solubility—Immiscible with water; miscible with most organic 
solvents. 

Comments—A mild hypnotic that induces sleep within 15 min to 1 
hr and has a duration of action of approximately 5 hr. Elimination 
half-life varies from 10 to 25 hr. Its effect is less profound and not as 
predictable as that obtained with benzodiazepines. It is indicated as 
short-term (up to 1 week) hypnotic therapy in insomnia. This drug is 
thought to have little effect on REM sleep; hence, REM rebound is not 
a major problem. It has been reported to increase the metabolism of 
coumarin anticoagulants by enzyme induction; patients on oral antico- 
agulants should be monitored closely when this drug is started or 
stopped. It is contraindicated in patients with porphyria and those with 
known hypersensitivity to the drug. 

Patients should be cautioned about concomitant use of alcohol, 
barbiturates, other CNS depressants, or MAO inhibitors, since such 
combinations may produce exaggerated depressant effects. Also, they 
should be warned against operating a motor vehicle or hazardous ma- 
chinery while on the drug. The excessive chronic use of large doses has 
been reported to cause psychic and physical dependence, tolerance, and 
withdrawal symptoms much like that caused by chronic use of barbi- 
turates or alcohol and including severe convulsions when the drug is 
discontinued. It should not be used in patients with a history of drug 
abuse, mental depression, or suicidal tendencies, and the drug should 
be withdrawn gradually from patients taking excessive quantities. The 
drug is metabolized primarily by the liver, although the kidneys appear 
to contribute also. 

Side effects, such as nausea, mental confusion, headache, and der- 
matitis, have been observed in some patients. In addition, hypotension, 
blurring of vision, dizziness, facial numbness, and allergic reactions 
have been reported. There have been rare reports of cholestatic jaundice 
and a few instances of thrombocytopenia. The safe and effective use of 
this agent during pregnancy and in pediatric patients has not been 
established. 


GLUTETHIMIDE 
2,6-Piperidinedione, 3-ethyl-3-phenyl-, 


CH,CHs 


2-Ethyl-2-phenylglutarimide [77-21-4] C,,H,,NO, (217.27). 


Preparation—Benzyl cyanide in toluene solution is treated with 
ethyl chloride in the presence of sodamide to yield a-ethylbenzyl cya- 
nide. This is then caused to undergo addition (Michael condensation) to 
methyl acrylate under the catalytic influence of piperidine, thus form- 
ing methyl 4-cyano-4-phenylhexanoate (I). After purifying by low- 
pressure distillation, I is cyclized in acid medium. The cyclization may 
be represented as involving hydration of the cyanide group to amide and 
saponification of the ester, followed by dehydration between the amide 
and carboxyl groups. 

Description—White, crystalline 
slightly acid; melts about 88°. 

Solubility—Freely soluble in ethyl acetate, acetone, ether, or chlo- 
roform; soluble in alcohol or methanol; practically insoluble in water. 

Comments—A hypnotic used to induce sleep in all types of insom- 
nia. Overdosage is less likely to depress respiration but more likely to 
cause hypotension than most barbiturates. The onset of action begins 
about 30 min after the administration of a hypnotic dose and generally 
lasts from 4 to 8 hr. Oral absorption is variable, with peak plasma level 
times between 1 and 6 hr. Elimination half-life varies from 5 to 22 hr, 
with an average value of 11.6 hr. It is contraindicated in hypersensitive 
patients, and patients should be warned about the concomitant use of 
alcohol and other CNS-depressant drugs. Patients also should be cau- 
tioned about engaging in activities that require alertness until 4 or 5 hr 
have elapsed following ingestion of the drug. It induces liver microso- 
mal enzymes; therefore, therapy in patients on coumarin anticoagu- 
lants may require adjustment of the coumarin dose during and upon 
cessation of such therapy. 

Adverse reactions include a generalized rash (in this case the drug 
should be withdrawn); occasionally, a purpuric or urticarial rash; exfo- 
liative dermatitis has been observed rarely; nausea, hangover, paradox- 
ical excitation, and blurred vision have occurred. Some of these side 
effects may be due to the anticholinergic activity of this drug. Porphyria 
or blood dyscrasias (thrombocytopenic purpura, aplastic anemia, or 
leukopenia) also have been reported. Habituation and physical depen- 
dence, like that which occurs with the barbiturates, may result from the 
prolonged administration of excessive doses. It is currently a Schedule 
II drug under the Controlled Substances Act. The drug should be used 
with caution in patients with a history of drug abuse. 


HYDROXYZINE HYDROCHLORIDE 


Ethanol, 2-[2-[4-[(4-chlorophenyl)methyl]-1-piperazinyl]ethoxy]-, 
dihydrochloride; Atarax 


") + 2HCI 
O-O- 
{2192-20-3] C,,H,,CIN,O, - 2HC1 (447.83). 

Preparation—By condensing p-chlorobenzhydryl chloride (I) 
with N-[2-(2-hydroxyethoxy)ethyllpiperazine (II). Conversion to the 
hydrochloride may be effected by dissolving the base in a double mo- 
lar quantity of hydrochloric acid and evaporating the solution to 
dryness. 

I may be synthesized by treating benzaldehyde with p-chlorophe- 
nylmagnesium bromide and reacting the resulting p-chlorobenzhydrol 
with a suitable halogenating agent. II may be synthesized by interac- 
tion of piperazine and ethylene oxide. 

Description—White, odorless powder; melts with decomposition 
about 200°. 

Solubility—1 g in 1 mL of water, 4.5 mL of alcohol, 138 mL of 
chloroform, or >1000 mL of ether. 

Comments—A piperazine derivative used for the management of 
neuroses and emotional disturbances characterized by anxiety, tension, 
agitation, apprehension, or confusion. This includes its use in anxiety 
and apprehension associated with organic diseases, alcoholism, allergic 
conditions, pre- and postoperative conditions, and cardiac conditions. 
Hydroxyzine also is used to control motion sickness, and nausea and 
vomiting of various causes. It is contraindicated in early pregnancy and 
in patients who have shown a previous hypersensitivity to it. Like most 
other sedatives it should be used with caution, with proper dose adjust- 
ment in patients on other CNS-depressant drugs. Therefore, when used 
as preanesthetic medication with other agents, such as meperidine and 
a barbiturate, the dosage should be adjusted on an individual basis. 
Because of its anticholinergic action, the effects of hydroxyzine may be 
additive with those of atropine and other belladonna alkaloids. Since 
the drug may cause drowsiness, the patient should be warned not to 
drive a car or operate hazardous machinery while on the drug. 


powder; saturated solution 


CH,CH2OCH,CH,OH 


| 
N 
N 
| 
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Adverse reactions are relatively mild and include drowsiness and 
dryness of the mouth. Less frequent side effects are dizziness, ataxia, 
agitation, and anxiety. Involuntary motor activity, including rare in- 
stances of tremor and convulsions, have been reported. Because of 
marked local irritation and possible tissue necrosis, hydroxyzine should 
not be administered by subcutaneous, intra-arterial, or IV injection. 
Clinical studies substantiate the absence of toxic effects on the liver or 
blood. The potentiating effect of this drug must be taken into consider- 
ation when it is used in conjunction with CNS-depressants such as 
narcotics and barbiturates. 


HYDROXYZINE PAMOATE 


Ethanol, 2-[2-[4-[(4-chlorophenyl)phenylmethyl]-1- 
piperazinyl]ethoxy]-, compd with 4,4’-methylenebis[3-hydroxy-2- 
naphthalenecarboxylic acid] (1:1); Vistaril 


COOH 
RN SS COO 
N OH 
(J F 
N 
OH 


O-O co", 


{10246-75-0] C,,H,,CIN,O, « Co,H,.0, (763.29). 
Preparation—Hydroxyzine, prepared as described under Hy- 

droxyzine Hydrochloride, is reacted with an equimolar portion of 4,4’- 

methylenebis[3-hydroxy-2-naphthoic acid]. 
Description—Light-yellow, practically odorless, powder. 
Solubility—1 g in >1000 mL water, 700 mL alcohol, >1000 mL 

chloroform, >1000 mL ether, or 10 mL dimethylformamide. 
Comments—See Hydroxyzine Hydrochloride. 


MAGNESIUM SULFATE INJECTION—see RPS-19, page 1175. 
MEPROBAMATE 


1,3-Propanediol, 2-methyl-2-propyl-, dicarbamate 


CH, 
NH,COOCHCCH,OOCNH, 
CH2CH,CHs 


[57-53-4] CygH,,.N,0, (218.25). 

Preparation—2-Methyl-2-n-propyl-1,3-propanediol, in toluene so- 
lution, is condensed at about 0° with phosgene in the presence of 
dimethylaniline to yield the chloroformate diester, which is then sub- 
jected to ammonolysis to form the dicarbamate ester. 

Description—White powder; characteristic odor and a bitter taste; 
melts within a range of 2° between 103° and 107°. 

Solubility—Slightly soluble in water; freely soluble in alcohol or 
acetone; sparingly soluble in ether. 

Comments—A propanediol derivative chemically related to mephe- 
nesin, indicated for the management of anxiety disorders or for the 
short-term relief of the symptoms of anxiety. Anxiety or tension associ- 
ated with the stress of everyday life usually does not require treatment 
with an anxiolytic. It is contraindicated in patients with acute, inter- 
mittent porphyria and in patients allergic to meprobamate or related 
agents, such as carisoprodol, mebutamate, or carbromal. Much like the 
barbiturates, physical and psychological dependence is known to occur 
after chronic use of high doses. Sudden withdrawal of the drug after 
prolonged, excessive use should be avoided to minimize withdrawal 
effects. Withdrawal symptoms usually appear 12 to 48 hr after discon- 
tinuation of meprobamate and usually cease within the next 12 to 48 hr. 
The drug should not be prescribed for patients with a history of drug 
abuse or those known to increase the dosage of drugs on their own 
initiative. Patients should be warned not to attempt potentially haz- 
ardous tasks or take other CNS-depressant drugs while on this drug. 
The drug should be used with caution in elderly or debilitated patients, 
epileptic patients, patients with compromised hepatic or renal function, 
and patients with suicidal tendencies. It is capable of producing a 
variety of side effects and untoward reactions. Briefly, these include 
CNS: drowsiness, ataxia, dizziness, slurred speech, headache, vertigo, 
weakness, paresthesias, impaired visual accommodation, euphoria, 
overstimulation, and paradoxical excitement; GJ: nausea, vomiting, and 
diarrhea; cardiovascular: palpitation, arrhythmias, syncope, and hypo- 
tensive crises; allergic or idiosyncratic: a variety of reactions including 
various skin, blood, and hypersensitivity reactions (also, Stevens- 
Johnson syndrome and bullous dermatitis) have been observed: hema- 
tological: agranulocytosis, aplastic anemia, and rare cases of thrombo- 
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cytopenic purpura have been reported. Exacerbation of porphyric symp- 
toms also has been observed. 

Plasma half-life ranges from 6 to 17 hr (average 10 hr). Therapeutic 
blood levels range from 0.5 to 2.0 mg%; levels of 3 to 10 mg% usually 
correlate with mild-to-moderate symptoms of overdosage, ie, stupor or 
slight coma; and levels of 10 to 20 mg%, with deeper coma requiring 
intensive therapy, with some fatalities occurring. At levels above 20 
mg% more fatalities than survivors can be expected. It is evident, 
therefore, that the drug should be employed with the same discretion as 
other CNS-depressant agents and with due cognizance of the possibility 
of untoward effects. 


METHOTRIMEPRAZINE HYDROCHLORIDE—see RPS-19, page 1220. 


PARALDEHYDE 
1,3,5-Trioxane, 2,4,6-trimethyl-, Paracetaldehyde; Paral 


Se 


le} ie} 


CHs 


2,4,6-Trimethyl-s-trioxane [123-63-7] C,H,,O,; (132.16); a trimer of 
acetaldehyde. 

Caution—It is subject to oxidation to form acetic acid. It may contain 
a suitable stabilizer. 

Preparation—By treating acetaldehyde with small quantities of 
sulfur dioxide, hydrochloric acid, carbonyl chloride, or zinc chloride; 
almost complete conversion occurs, and by freezing the liquid and then 
distilling the crystallized material, if necessary, the pure compound is 
produced. 

Description—Colorless, transparent liquid; a disagreeable taste 
and a strong, characteristic, but not unpleasant or pungent odor; spe- 
cific gravity about 0.99; congeals not below 11° and distills at 120° to 
126°; in contact with air it slowly oxidizes to acetic acid. 

Solubility—1 mL in about 10 mL water or about 17 mL boiling 
water; miscible with alcohol, chloroform, ether, or volatile oils. 

Incompatibilities—Acids convert it into acetaldehyde, which is 
prone to oxidation. 

Comments—One of the oldest sedatives and hypnotics. It is ab- 
sorbed rapidly after oral administration and produces sleep within 10 to 
15 min after a 4- to 8-mL dose. It is detoxified by the liver (70 to 80%) 
and 11 to 28% is excreted by the lungs. A negligible amount is excreted 
in the urine. Its chief disadvantage is that, being in part excreted 
through the lungs, it imparts an odor to the exhaled air, causes irrita- 
tion, and thus should not be used in patients with asthma or other 
pulmonary diseases. Also, it has an unpleasant taste and may irritate 
the throat and gastric mucosa unless dispensed in suitable vehicles and 
should not be used in patients with gastroenteritis. It is poorly soluble 
in water; hence, it usually is prescribed in combination with alcoholic 
liquors, elixirs, etc. The drug also can be taken in milk, fruit juices, or 
iced tea or with cracked ice. Finally, it can be administered as a rectal 
retention enema in olive oil. It is effective in status epilepticus but 
should be reserved for patients who do not respond to phenobarbital. It 
occasionally is employed as an obstetrical analgetic, in which case large 
doses are administered, usually by rectum. The drug also is used 
frequently in delirium tremens and in patients undergoing withdrawal 
therapy for alcoholism. 


PROMETHAZINE HYDROCHLORIDE—page 1466. 

PROPOFOL—page 1398. ; 

PROPRANOLOL HYDROCHLORIDE—page 1326. 

PYRILAMINE MALEATE—see RPS-19, page 1227. 

SCOPOLAMINE HYDROBROMIDE—page 1331. 
ZOLPIDEM TARTRATE 


Imadazolo[1,2-a]pyridine-3-acetamide, N,N,6-trimethyl-2-(4-methyl- 
phenyl)-, [R-(R*,R’)]-2,3-dihydroxybutanedioate; Ambien 


CH; 
COOH 
Bug H—C—0H 
SEN | 0. : HO-¢—H 
eS 


N(CH3) |, COOH 


[99294-93-6] (C,,H,,N30). - C,H,O, (764.88). 

Preparation—The condensation of p-(bromomethyl)benzophenone 
and 5-methyl-2-pyridineamine yields 2-(p-tolyl)-6-methylimidazolo[1,2- 
a)pyridine. This latter compound, with dimethylamine and formalde- 
hyde, in a classic Mannich reaction, adds the dimethylamino group on 
position-3, which is quaternized with methyl iodide, and the quaternary 
group is replaced with a nitrile, followed by conversion of the CN to the 
N,N-dimethylamide; the title compound. US 4,382,938 (1983). Drugs of 
the Future 1987; 12:777. 

Description—White to off-white crystals melting about 196°; pK, 
6.2 (for the base). 

Solubility—(Salt) Soluble 23 mg/mL in water. 

Comments—A hypnotic agent that although structurally unrelated 
to the benzodiazepines reacts primarily at their A-receptors (BZ). It is 
absorbed rapidly in the GI tract, with a mean elimination half-life of 2.6 
(range 1.4 to 3.8) hr. Total protein binding is about 93%, independent of 
concentration between 40 and 790 ng/mL. When taken with food the 
mean AUC and C.,,,,,. were decreased by 15 and 25%, respectively, and 
mean T,,,,, was prolonged by 60% (from 1.4 to 2.2 hr) with no change in 
tio. For faster sleep onset it should not be administered with, or im- 
mediately following, a meal. The most common side effects are drows- 
iness, dizziness, lightheadedness, and diarrhea. 


Sedative Combinations 


Some examples of sedative combinations (with milligrams/unit 
provided) are as follows: 


Meperidine Hydrochloride and Promethazine Hydrochlo- 
ride [Mepergan (Wyeth-Ayerst)]—25 mg each; 25 and 50 mg, 
respectively. 

Meprobamate with Aspirin [Equagesic (Wyeth-Ayerst)|—200 and 
325 mg, respectively. 

Meprobamate with Conjugated Estrogens [Milprem-200 or 
-400 (Wallace); PMB-200 or -409 (Wyeth-Ayerst)]—200 or 400 and 0.45 
mg, respectively. 

Meprobamate with Benactyzine Hydrochloride 
(Wallace)|—400 and 1 mg, respectively. 
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CHAPTER 814 


Epilepsy may be defined as a paroxysmal, self-sustaining 
and self-limiting cerebral dysrhythmia characterized by an 
abnormal and excessive EEG discharge and a loss of con- 
sciousness. It may or may not be associated with body move- 
ments or hyperactivity of the autonomic nervous system. The 
epileptic attack is initiated by an abnormal focus of electric 
discharge, originating either in the grey matter or in the 
other part of the brain. The discharge spreads to other parts 
of the CNS and results in convulsions and other manifesta- 
tions of the disorder. 

There are many conditions that result in seizures. These 
include the entire range of neurological diseases from infection 
to neoplasm to head injuries. Contrary to popular opinion, 
hereditary factors are involved in only a few subtypes of sei- 
zures. The antiepileptic drugs described in this chapter also are 
used in patients who have febrile seizures or who have seizures 
as a result of an acute illness such as meningitis, even though 
the term epilepsy is not applied to such patients unless they 
later develop chronic seizures. Seizures also may result from an 
acute toxic or metabolic disorder; in such cases appropriate 
therapy is directed to the specific abnormality, such as hypocal- 
cemia. In most cases of epilepsy, the choice of medication is 
dictated by the seizure classification. 

Based on a modification of the International Classification 
(Epilepsia 1981; 22:489), epileptic seizures may be divided into 
two groups: 


I. Partial Seizures (Focal Seizures). 

A. Partial seizures with elementary symptomatology 
(cortical focal). Generally without impairment of con- 
sciousness. Includes seizures confined to a single limb 
or muscle group (Jacksonian motor epilepsy), those 
who have sensory or somatosensory symptoms (Jack- 
sonian sensory epilepsy) and those who have other 
limited symptoms, depending on the particular corti- 
cal area involved. 

B. Partial seizures with complex symptomatology (tem- 
poral lobe, psychomotor seizures). Generally with im- 
pairment of consciousness. Attacks of confused behav- 
ior with a wide variety of clinical manifestations, 
associated with bizarre generalized EEG activity dur- 
ing the seizure and temporal lobe abnormalities dur- 
ing the interictal period. 

C. Partial seizures secondarily generalized. 


Il. Generalized Seizures (bilaterally, symmetrical seizures). 
Includes absences (petit mal), characterized by brief, 
abrupt loss of consciousness associated with synchro- 
nous, 3-per-second spike-and-wave pattern in the EEG, 


usually with symmetrical clonic motor activity (eyelid 
blinking or jerking of entire body). Bilateral massive ep- 
uleptic myclonus, isolated clonic jerks with brief burst of 
multiple spikes in EEG; infantile spasms, motor spasms 
with bizarre diffuse changes in the interseizure EKG, ie, 
hypsarrhythmia and progressive mental retardation; 
clonic seizures, rhythmic clonic contraction of all muscles, 
loss of consciousness and autonomic manifestations; tonic 
seizures, opisthotonos, loss of consciousness, and auto- 
nomic manifestations; tonic-clonic seizures (grand mal), 
characterized by a sequence of maximal tonic spasms of 
all body musculature followed by synchronous clonic jerk- 
ing and profound depression of all central functions; 
atonic seizures, loss of postural tone with sagging of the 
head or falling; akinetic seizures, impaired consciousness 
and complete muscle relaxation, secondary to excessive 
inhibitory discharge. 


The limitation of this type of description is that it is confined to 
describing individual seizure types and does not take into ac- 
count a description of the numerous epileptic syndromes which 
continue to be described. To satisfy the need for a more accu- 
rate description of a seizure disorder, the International Clas- 
sification of Epilepsies and Epileptic Syndromes was proposed 
to supplement the above classification. An epileptic syndrome 
is characterized by a variety of signs and symptoms. A partic- 
ular syndrome will attempt to incorporate a number of items, 
including type of seizure, etiology, anatomy, precipitating fac- 
tors, age of onset, severity, chronicity, diurnal and circadian 
cycling and often prognosis (Epilepsia 1989; 30(4): 389). 

A number of specific childhood epileptic syndromes have 
been recognized and classified by age. The notable examples 
include Early Myoclonic Encephalopathy; Lennox-Gastaut 
Syndrome; Absence Epilepsy Syndromes such as typical ab- 
sence, juvenile absence and juvenile myoclonic epilepsy; and 
Progressive Myoclonic Epilepsy. One major advantage of this 
classification is that it recognizes that a simple partial seizure 
can progress to a complex partial seizure, and then to a sec- 
ondary generalized seizure. In so doing, this classification does 
not require that a seizure be classified into one specific seizure 
category (Univ Rep Epilepsy 1992; 1(1): 1). 

One approach to the treatment of seizure disorders employs 
the use of antiepileptic drugs. The many medical therapies of 
antiquity have been replaced by a rational therapeutic ap- 
proach which had its origin in the beginning of the 19th cen- 
tury. It has progressed from the use of bromides in 1857 and 
phenobarbital in 1912 to the modern era marked by introduc- 
tion of diphenylhydantoin (phenytoin) in 1938. The clinical 
efficacy of the latter established the fact that chemicals effec- 
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tive in epilepsy need not be hypnotics and stimulated the 
laboratory search for other effective anticonvulsant agents. As 
a result, a number of anticonvulsant barbiturates, benzodiaz- 
epines, deoxybarbiturates, dipropylacetic acid derivatives, hy- 
dantoins, oxazolidinediones and succinimides have been intro- 
duced in the last 50 years. Since 1993, five new drugs have been 
approved for the adjunctive treatment of partial seizures (..e., 
felbamate, gabapentin, lamotrigine, topiramate, and tiaga- 
bine). Of these five, serious idiosyncratic adverse effects have 
been identified for felbamate which include aplastic anemia 
and hepatic failure. As a result of these advances in drug 
therapy, it generally is stated that 50% of all individuals who 
have epileptic disorders can be satisfactorily controlled with 
available drugs and that the incidence of seizures can be re- 
duced in another 25% of epileptic persons. 

Knowledge of the underlying causes of various types of 
seizure disorders is still incomplete. Nevertheless, most exper- 
imental models of epilepsy are designed to simulate, either in 
isolated animal brain tissues (in vitro) or in the intact labora- 
tory animal (in vivo), various chemical, electrical or overt man- 
ifestations of the disorder. 

The mechanisms of action of currently marketed anticon- 
vulsant drugs are not, understood fully. Although numerous 
molecular targets exist wherein anticonvulsants may exert an 
effect, the final common pathway appears to be through mod- 
ulation of voltage-gated and/or neurotransmitter-gated ion 
channels. Most of the prototype anticonvulsants presently are 
thought to exert their primary action by 


e Reducing sustained, high-frequency, repetitive firing of action po- 
tentials by modulating voltage-dependent sodium channels (pheny- 
toin, carbamazepine and valproate). 

e Enhancing GABA-mediated inhibitory neurotransmission via a 
receptor-gated chloride channel (benzodiazepines). 

e Modulating neurotransmitter release and neuronal bursting 
through an effect on voltage-gated and receptor-gated calcium chan- 
nels (ethosuximide, dimethadione and valproate (Epilepsia 1989; 30 
(4): 389). 


In addition, newer anticonvulsant substances still under preclinical 
development have been found to open potassium channels (Brain Res 
1989; 495: 189; Eur J Pharmacol 1989;167:181). Another promising 
area currently being pursued involves identifying novel therapies which 
are aimed at either reducing excitation by blocking specific excitatory 
amino-acid receptors and those aimed at enhancing inhibition by block- 
ing high-affinity uptake of neuronally released GABA. It is anticipated 
that the increased appreciation of the processes underlying the initia- 
tion, propagation and amelioration of seizure activity will lead to the 
introduction of mechanistically novel drugs in the not-too-distant 
future. 

No one anticonvulsant drug is effective equally in all types of epi- 
lepsy. Hence, antiepileptic therapy must be individualized and drug 
therapy selected on the basis of seizure type, epileptic syndrome and 
patient response. In generalized tonic-clonic seizures (grand mal) and 
simple and complex partial (focal, psychomotor), the drugs of choice are 
phenytoin, carbamazepine or valproate; in generalized absence seizures 
(petit mal), ethosuximide and valproate with clonazepam as an alter- 
nate; for myoclonic epilepsy, valproate. It should be noted that val- 
proate is effective in all of the above. 

Status epilepticus, a succession of tonic-clonic seizures without in- 
tervening return of consciousness, requires prompt intravenous medi- 
cation. The objective of treatment is suppression of the seizures, but all 
of the drugs used to treat this medical emergency can be lethal if they 
are given too rapidly or in overdosage. Intravenous diazepam is pre- 
ferred by many clinicians but since it is short-acting, maintenance must 
be started promptly. Some clinicians prefer intravenous phenytoin, 
especially in patients already on this drug. Phenobarbital is an effective 
alternative for the management of this disorder. If these drugs do not 
suppress the continuous seizure activity, general anesthesia may be 
used as an emergency treatment. 

Until the 1970s, antiepileptic polytherapy was the most widely 
accepted practice in the treatment of epilepsy. Now, monotherapy is 
considered the superior therapeutic practice in the management of this 
disorder. This change was encouraged by refinements in diagnosis and 
the availability of broad-spectrum antiepileptics such as valproic acid. 
Successful monotherapy involves three basic principles. 


e Careful diagnosis of the specific type of seizures. 

e Accurate selection of the most suitable antiepileptic drug for the 
patient’s seizures. 

e Appropriate drug use and monitoring. 


Monotherapy has been shown to improve seizure control 
and reduce the risk of idiosyncratic reactions, dose-related 
adverse effects and complex drug interactions. Monotherapy 
also encourages better patient compliance and is cost effective. 

When should plasma antiepileptic drug levels be measured? 
Ideally, plasma levels should be measured in the steady state 
at fixed times in relation to the drug dosage interval. For most 
drugs which are eliminated according to processes which follow 
monoexponential kinetics, virtually steady-state plasma levels 
are achieved after approximately five drug-elimination half- 
lives. In the case of antiepileptics, the elimination half-lives are 
so long, in relation to dosage regimens, that the change in 
plasma level over a dosage interval is likely to be within the 
experimental error in an individual drug concentration mea- 
surement. Therefore, unless the dosage is changed or other 
drug therapy added, the time of measurement of antiepileptic 
drug levels does not present too much of a problem. 

From a clinical standpoint antiepileptic drug levels should 
be monitored at the outset of therapy, to see if a satisfactory 
plasma level has been obtained initially and during the course 
of therapy. The latter is especially important if the seizures are 
not controlled, intercurrent illness develops, antiepileptic drug 
dosage is changed, dosage of any other drug is changed or 
symptoms occur which appear to be caused by the drug. It also 
is important to monitor the epileptic patient during pregnancy, 
since antiepileptic drug levels tend to fall during pregnancy 
and rise again during puerperium. Such monitoring increases 
the changes of controlling epilepsy in patients and decreases 
the risk of their being overdosed in the process. 

Behavioral disturbances and cognitive effects have been 
observed in patients on antiepileptic drug therapy (Pediatrics 
1985; 76: 644). Phenobarbital is associated with hyperactivity, 
fussiness, lethargy, disobedience and stubbornness; phenytoin 
with unsteadiness, involuntary movements, tiredness and al- 
terations of emotional state; carbamazepine with sleep disor- 
ders, agitation, irritability and emotional liability; clonazepam 
with irritability, aggression, hyperactivity, disobedience and 
antisocial activities; and valproic acid with drowsiness. In ad- 
dition, some have been shown to induce deficits in neuropsy- 
chological tests and impair attention and short-term memory. 
Physicians and parents should be alert for such behavioral and 
cognitive changes. Of the newer antiepileptic drugs, topiramate 
has the greatest liability for inducing cognitive impairment. 
However, this effect can be markedly reduced or even elimi- 
nated by initiating therapy at low doses and after a slow- 
titration rate. 

Antiepileptic drugs may add to or potentiate the action of 
other CNS depressants, including other anticonvulsants and 
alcohol. A number of drugs, when concurrently administered 
with various antiepileptic agents, have been reported to alter 
the patient’s response either to the antiepileptics or the other 
drugs (see Chapter 102 for additional information concerning 
specific drug interactions). 

Whether or not the effects are clinically significant cannot 
be stated categorically; they must be evaluated by careful ob- 
servation of the individual patients, with monitoring of blood 
plasma levels of the concurrently administered drugs after 
which dosage adjustments of the interacting drugs may be 
necessary. For these reasons patients on antiepileptic medica- 
tion should not take other drugs, either OTC or prescription, 
without the knowledge and approval of the physician respon- 
sible for their seizure therapy. 

As tricyclic antidepressants may precipitate seizures, pa- 
tients being treated with anticonvulsants should be observed 
closely for decreased seizure control if tricyclic antidepressant 
therapy is commenced; if necessary, the dosage of the anticon- 
vulsant should be adjusted. 


Children of epileptic mothers who receive anticonvulsant 
medication during the early months of pregnancy have an 
increased incidence of birth defects. The risk is approximately 
7% as compared with 2 or 3% in the general population. Data 
are more extensive with respect to phenytoin, phenobarbital 
and trimethadione. More recent observations indicate that val- 
proate may be associated with spinal defects in the fetus. 

Although systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticonvulsant 
drugs, therapeutic abortion should be considered when tri- 
methadione has been used during pregnancy. The great major- 
ity of mothers on anticonvulsant medication, however, deliver 
normal infants. It also is important to note that anticonvulsant 
drugs should not be discontinued in patients in whom the drug 
is administered to prevent generalized tonic-clonic seizures 
because of the strong possibility of precipitating status epilep- 
ticus with an attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious 
threat to the patient, discontinuation of the drug may be con- 
sidered prior to and during pregnancy, although it cannot be 
said with any confidence that even seizures do not pose some 
hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh the risk/benefit of these consider- 
ations in treating or counseling epileptic women of childbear- 
ing age. 

Antiepileptic agents have several uses in the nonepileptic 
patient. They have been used to soften the seizures in patients 
undergoing electroshock therapy, control convulsions occurring 
in dementia paralytica and tetanus and lessen muscular rigid- 
ity in certain cases of cerebral palsy. Phenytoin administered 
intravenously has been reported to be effective in suppressing 
recurrent cardiac arrhythmias. In addition, phenytoin, tri- 
methadione and phenacemide have been employed for the 
treatment of disturbed nonepileptic psychotic patients, partic- 
ularly in catatonic excitement states, and in the management 
of children who have behavioral disorders. The latter use is 
especially intriguing and warrants careful clinical study. In 
addition, a number of the established as well as the newer 
generation antiepileptic drugs are sometimes employed in the 
management of bipolar disorder, aggression, and certain forms 
of chronic pain. 


ACETAZOLAMIDE—PAGE 1347. 
CARBAMAZEPINE 


5H-Dibenz[b, f]azepine-5-carboxamide; Tegretol 


(298-46-4]C,.H,,.N.O (236.27). 

Preparation—5H-Dibenz|b, f]azepine, which may be prepared by 
thermal deammoniation of 2-(0-aminostyryl) aniline hydrochloride, is 
condensed with carbamoyl chloride by refluxing in an inert solvent in 
the presence of sodamide. US patent number 2,948,718. 

Description—White to off-white powder; melts within a range of 3° 
between 187 and 193°. 

Solubility—Practically insoluble in water; soluble in alcohol or in 
acetone. 

Comments—Considered the drug of choice for complex partial sei- 
zures (temporal lobe, psychotomotor). It is preferred by many physi- 
cians for generalized tonic-clonic seizures (grand mal) and simple par- 
tial (focal, Jacksonian) seizures, particularly in patients who have not 
responded to other less-toxic anticonvulsants. It sometimes is effective 
in patients who have mixed seizure patterns which include the above, or 
other partial or generalized seizures. It is also useful in treatment of 
pain associated with true trigeminal neuralgia. Beneficial results also 
have been reported in glossopharyngeal neuralgia. Carbamazepine also 
has been used with some benefit for the management of acute mania, 
maintenance therapy of bipolar affective disorder and for the manage- 
ment of aggression and alcohol withdrawal syndrome (Am Pharm 1993; 
NS33(2): 47). The drug has a neutral pK,,; from 60 to 73% of the drug is 
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bound to plasma protein, volume distribution usually is between 0.8 to 
1.4L/kg; and half-life varies from 10 to 25 hr in adults and 8.5 to 19 hr 
in children. Therapeutic plasma levels range from 4 to 12 uwg/mL. It 
should not be used in combination with other drugs; for example, 
troleandomycin, erythromycin, cimetidine, isoniazid and propoxyphene, 
inhibit the metabolism of carbamazepine and elevate the plasma con- 
centration of this agent. The steady-state plasma concentration of car- 
bamazepine is reduced by the concomitant administration of felbamate 
(see brainstem). In contrast, felbamate increases the concentration of 
carbamazepines-active metabolites. On the other hand, carbamazepine 
decreases the plasma levels of clonazepam, diazepam, ethosuximide, 
phenytoin, phenobarbital, primidone and valproic acid. 

To minimize adverse effects, initial dosage and daily increments 
should be limited to 200 mg. Adverse are encountered in approximately 
50% of patients who have serum levels from 8.5 to 10 ug/mL, but few 
occur with concentrations less than 5 g/mL. Diplopia, dizziness, 
drowsiness and ataxia occur with concentrations greater than 6 wg/mL; 
nystagmus may occur at serum levels below the therapeutic range. 
Other reactions include anorexia and nausea, rash (including the 
Stevens-Johnson syndrome) and edema. More-serious adverse effects 
include aplastic anemia, agranulocytosis, thrombocytopenia and tran- 
sient leukopenia. Therefore, all patients should be subjected to a com- 
plete blood test before being placed on the drug; additional blood tests 
should be done at weekly intervals during the first month of therapy, 
every 2 weeks during the 2nd and 3rd month, and at monthly intervals 
as long as the patient is on the drug. Patients should be made aware of 
the early toxic signs and symptoms of hematological problems such as 
fever, sore throat, ulcers in the mouth, easy bruising and petechial or 
purpuric hemorrhage. If any blood abnormality is observed, the drug 
should either not be used or stopped if the patient is already on the 
drug. If adverse effects are of such severity that the drug must be 
withdrawn, the physician must be aware that abrupt discontinuation of 
any anticonvulsant drug in a responsive patient may lead to increased 
seizure incidence or even status epileptics. 

The safe use of the drug in pregnancy, lactation and in women of 
childbearing age has not been established. See the introductory state- 
ment. 


CLONAZEPAM 


2H-1,4-Benzodiazepin-2-one, 5-(2-chlorophenyl)-1,3-dihydro-7-nitro-, 
Klonopin 


{1622-61-3] C,,H,,CIN,O, (315.72). 

Preparation—o-Chlorobenzoyl chloride is reacted with p-nitroani- 
line to form 2-amino-5-nitro-2'-chlorozophenone, and this is condensed 
with bromacetyl to form 2-bromoacetamido-5-nitro-2’-chlorobenzophe- 
none, then with ammonia to form the corresponding acetamido com- 
pound. The acetamido compound is converted to its hydrochloride with 
anhydrous HCl in methanol, dissolved in boiling methanol, and cyclized 
to clonazepam with pyridine as the catalyst. 

Description—Light-yellow, crystalline powder; faint odor; melts at 
approximately 238°; pK, 1.5 (deprotonation of nitrogen in 4 position), 
10.5 (deprotenation of nitrogen in 1 position). 

Solubility—Practically insoluble in water; slightly soluble in alco- 
hol; sparingly soluble in chloroform; slightly soluble in ether. 

Comments—One of the drugs of choice for the management of 
myoclonic epilepsy. It also is useful alone or as an adjunct in the 
management of several types of generalized seizures such as absence 
(petit mal) attacks not responsible to either valproate or ethosuximide, 
the Lennox—Gestaut syndrome (petit mal variant) and akinetic sei- 
zures. Approximately 87% of the drug is bound to plasma protein; 
volume distribution is 3.2 L/kg and its half-life varies from 19 to 46 hr 
in adults and from 13 to 33 hr in children. Therapeutic plasma levels 
range from 20 to 80 ng/mL. 

As with diazepam, which it resembles, tolerance develops in approx- 
imately 30% of patients as shown by a loss of anticonvulsant activity; 
adjustment of dosage may reestablish efficacy. Consequently, the drug 
should be withdrawn gradually during simultaneous substitution of 
another anticonvulsant. When used in patients who have mixed seizure 
types, it may increase the incidence or precipitate the onset of gener- 
alized tonic-clonic seizures (grand mal). This may require the use of 
either increased dosage or addition of other antiepileptic medication. 


1424 CHAPTER 81 


Like other benzodiazepines, it is characterized in laboratory animals by 
its remarkable ability to antagonize pentylenetetrazole-induced sei- 
zures; it also has a taming effect in aggressive primates and induces 
muscle weakness and hypnosis. 

Its depressant effects may be potentiated by alcohol, narcotics, 
barbiturates, nonbarbiturate hypnotics, antianxiety agents, the phe- 
nothiazines, thioxanthene, and butyrophenone classes of antipsychotic 
agents, monoamine oxidase inhibitors and the tricyclic antidepressants, 
as well as by other anticonvulsant drugs. Phenobarbital or phenytoin 
may decrease steady-state plasma levels of this drug by enzyme induc- 
tion. Its concomitant use with valproate may produce absence status. 

The most frequently occurring side effects are referable to CNS 
depression; drowsiness occurs in approximately 50% of patients and 
ataxia in approximately 30%. Other adverse reactions, listed by sys- 
tems are 


e Neurological: abnormal eye movements, aphonia, choreiform move- 
ments, coma, diplopia, dysarthria, dysdiadochokinesis, glassy-eyed 
appearance, headache, hemiparesis, hypotonia, nystagmus, respira- 
tory depression, slurred speech, tremor and vertigo. 

e Psychiatric: confusion, depression, forgetfulness, hallucinations, 
hysteria, increased libido, insomnia, psychosis, and suicidal tenden- 
cies. 

e Respiratory: chest congestion, rhinorrhea, shortness of breath and 
hypersecretion in upper respiratory passages. 

e Cardiovascular: palpitations. 

e Dermatological: hair loss, hirsutism, skin rash, and ankle and facial 
edema. 

e Gastrointestinal: anorexia, coated tongue, constipation, diarrhea, 
dry mouth, encopresis, gastritis, hepatomegaly, increased appetite, 
nausea and sore gums. 

e Genitourinary: dysuria, enuresis, nocturia, and urinary retention. 

e Musculoskeletal: muscle weakness and pains. 

e Miscellaneous: dehydration, general deterioration, fever, lymphad- 
enopathy, and weight loss or gain. 

e Hematopoietic: anemia, leukopenia, thrombocytopenia, and eosino- 
philia. 


Its safe use in pregnancy, in lactation, and in women of 
childbearing age has not been established. See the introductory 
statement. 


CLORAZEPATE DIPOTASSIUM—PAGE 1410. 
DIAZEPAM—PAGE 1410. 
DIVALPROEX SODIUM 
Pentanoic acid, 2-propyl-, sodium salt (2:1); Depakote 


CH3CH,CH,— CH—CH,CH2CH3 


CH3CH,CH,— CH— CH2CH2CH3, 


Sodium hydrogen 
(310.41). 

Preparation—Neutralization of a solution of valproic acid (page 
1428) with 2 equivalent of sodium hydroxide and the solvent removed 
yields the product. 

Comments—An antiepileptic agent that dissociates in the GI tract 
into two molecules of valproate. Hence, it has the same indications, 
adverse reactions, and contraindications as valproate. It differs from 
valproate, however, in that it is available in tablet form. See Valproate 
Sodium, page 1179. 


bis(2-propylvalerate)[76584-70-8] C,,H,,NaO, 


ETHOSUXIMIDE 
2,5-Pyrrolidinedione, 3-ethyl-3-methyl-, Zarontin 


’ 
e) 


Os NN z 
CH, 


Cots 


2-Ethyl-2-methylsuccinimide [77-67-8]C,H,,NO, (141.17). 
Preparation—Methyl ethyl ketone is condensed with ethyl cyano- 
acetate to yield ethyl 2-cyano-3-methyl-2-pentenoate, which, in ethan- 
olic solution, adds hydrogen cyanide to form ethyl 2,3-dicyano-3-meth- 
ylpentanoate. Proton-catalyzed saponification of the latter ester is 
accompanied by decarboxylation to produce 2-methyl-2-ethylsuccinoni- 


trile. This, on heating with aqueous ammonia, cyclizes to ethosuximide. 
US patent number 2,993,835.* 

Description—White to off-white crystalline powder or waxy solid; 
characteristic odor; stable in light, air and heat at 37°; melts at approx- 
imately 50°; pK, 9.5. 

Solubility—Soluble in alcohol or ether; freely soluble in water or 
chloroform; very slightly soluble in solvent hexane. 

Comments—The drug of choice for control of uncomplicated ab- 
sence seizures (petit mal). It suppresses the paroxysmal 3 cycles/s spike 
and the wave activity associated with lapses of consciousness charac- 
teristic of this disorder. It should not be used alone in mixed seizure 
types since it may increase the incidence of generalized tonic-clonic 
seizures in such patients. It is absorbed completely after oral adminis- 
tration. The drug is not bound to plasma protein; volume distribution is 
0.7 L/kg; its half-life is approximately 60 hr in adults and 30 hr in 
children. It is excreted slowly in the urine; approximately 20% is ex- 
creted unchanged and as much as 50% as the hydroxylated metabolite 
or its glucuronide or as both. Therapeutic plasma levels range from 40 
to 100 yug/mL. Maximal serum concentrations are usually achieved 
within 5 days after oral surgery is begun. 

Adverse effects involve the GI, hemopoietic, nervous, and integu- 
mentary systems. GI symptoms occur frequently and include anorexia, 
nausea, vomiting, cramps, epigastric distress, and abdominal pain; 
blood disturbances such as leukopenia, agranulocytosis, pancytopenia, 
aplastic anemia, and eosinophilia have occurred; neurologic and sen- 
sory reactions observed include drowsiness, headache, dizziness, eupho- 
ria, hyperactivity and ataxia; skin manifestations include urticaria, 
Stevens—Johnson syndrome, lupus erythematosus, and pruritic ery- 
thematous rashes; other reactions reported include myopia, vaginal 
bleeding, gum hypertrophy, and hirsutism. Periodic blood and urine 
tests should be made on patients who are taking the drug. It should be 
administered with extreme caution in patients known to have liver or 
renal disease. Its safe use in pregnancy, lactation, and women of child- 
bearing age has not been established. See the introductory statement. 


ETHOTOIN BP 
Imidazolidin-2,4-dione, 3-ethyl-5-phenyl-, Peganone 


(86-35-1]C,,H,.N,O. (204.23). 

Preparation—From mandoelonitrile and urea to form N-(a-cyano- 
benzyl) urea that cyclizes with HCl to yield the imino derivative of 
hydantoin. Hydrolysis of the imine followed by ethylation with C,H,I 
forms ethotoin. See Ber, 1888; 21: 2320. 

Descriptions—White, crystalline powder; melts about 94°. 

Solubility—Sparingly soluble in water; freely soluble in alcohol. 

Comments—Used for the management of generalized tonic-clonic 
and complex partial seizures. With plasma levels less than 8 ug/mL, the 
half-life ranges from 3 to 9 hr. Therapeutic plasma levels range from 15 
to 50 g/mL. It is contraindicated in patients who have hepatic and 
hematological disorders. Untoward effects include nausea, vomiting, 
fatigue, dizziness, headache, diplopia, nystagmus, skin rash, numb- 
ness, fever, diarrhea, and chest pain. Ataxia and gum hyperplasia have 
occurred rarely; lymphadenopathy has been reported in some patients. 
See the introductory statement on the use of antiepileptics during 
pregnancy. 


FELBAMATE 
1, 3-Propanediol, 2-phenyl-, bis(carbamate) ester; Felbamate 


CH,OCONH, 


Ors 
CH 
\ 


‘CH,OCONH, 


(25451-15-4] C,,H,,N.O, (238.24). 

Comments—tThe first new drug approved for the management of 
epilepsy since 1978. It represents the first new chemical entity to 
emerge from the National Institute for Neurological Disorders and 
Stroke’s comprehensive Anticonvulsant Drug Development Program. 
Felbamate is approved for the add-on treatment of partial seizures in 
patients 14 yrs of age and older. It also has been approved for the 
adjunctive therapy of partial and generalized seizures associated with 
Lennox—Gastaut syndrome, which is characterized by a mixture of 
several seizure types and usually is uncontrolled with other available 
anticonvulsants. 


In laboratory animal models of epilepsy, it is effective against sei- 
zures induced by maximal electroshock, pentylenetetrazol, or picro- 
toxin. This unique profile is broader than that of phenytoin, carbamaz- 
epine, or ethosuximide, and slightly narrower than that of valproate; 
this suggests that felbamate has the ability to limit the spread of 
seizure activity and to raise seizure threshold. Its mechanism of action 
has yet to be clearly established. However, felbamate has been shown to 
inhibit high-frequency repetitive firing of spinal cord neurons and to 
modulate the strychnine-insensitive glycine recognition site of the 
NMDA receptor-ionophore complex. Felbamate is a weak inhibitor at 
the benzodiazepine recognition site of the GABA, receptor and the 
GABA, -receptor. It is devoid of any activity at the MK-801 binding site 
of the NMDA-preferring receptor. 

Felbamate is well absorbed after oral administration. Absorption of 
the tablet formulation does not appear to be affected by food. Approxi- 
mately 40% to 50% of the absorbed dose is excreted in the urine 
unchanged. An additional 40% appears as unidentified metabolites and 
conjugates. It is approximately 22% to 25% bound to protein and dis- 
plays a terminal half-life of 20 to 23 hrs. The C,,,, and AUC are 
proportional to dose after single and multiple doses over a range of 100 
to 800 mg and single doses of 1200 to 3600 mg. 

Felbamate is reported to produce only mild dose-related side effects. 
The most common adverse reactions seen in adults receiving felbamate 
monotherapy include anorexia, vomiting, insomnia, nausea, and head- 
ache. The most commonly reported side effects in pediatric patients 
during adjunctive therapy are anorexia, vomiting, headache, and 
somnolence. 

Unfortunately, felbamate use has been associated with an increased 
risk of aplastic anemia and acute hepatic failure. Recognition of this 
liability has clearly curtailed felbamate use since 1994. Now, both phy- 
sicians and patients are required to sign an informed consent form prior 
to felbamate’s being dispensed. 

The addition of felbamate to other anticonvulsant drugs affects the 
steady-state plasma concentrations of the coadministered drug. It has 
been shown in clinical trials to increase the plasma concentration of 
phenytoin or valproate, decrease the plasma concentration of carbam- 
azepine, and increase the concentration of the active metabolite of 
carbamazepine. Phenytoin and carbamazepine have been shown to 
increase the clearance of felbamate and to reduce its steady-state con- 
centration. The available data suggest that there is no significant effect 
of valproate on the clearance of felbamate. These interactions necessi- 
tate careful titration of felbamate and scheduled dosage reduction of 
concomitant anticonvulsants when it is administered concurrently with 
other antiseizure drugs. The safety and efficacy of felbamate during 
pregnancy has not been established and the drug should only be used 
during pregnancy if clearly needed. 


GABAPENTIN 
Cyclohexaneacetic acid, 1-(aminomethyl)-, Neurontin 


HON COOH 


[60142-96-3] C,H,,NO, (171.24). 

Preparation—Cyclohesane-1,1-diacetic acid is monoesterified with 
methanol and the ester reacted with ethyl chloroformate in the pres- 
ence of triethylamine followed by reaction with sodium azide to yield 
the 1-isocyanatomethyl derivative of the monoester. This latter com- 
pound is converted to the 1-(aminomethyl) product and the lactam, 
through the cyclization of the ester and the free amine. The mixture is 
refluxed with dilute HCl to give the product. US 4,024,175 (1977). 

Description—White crystals melting about 164° - 167°; HCl melts 
about 70°-pK,, 3.68; pK,, 10.7. 

Solubility—Greater than 100 mg/mL in water at pH 7.4. 

Comments—Approved as adjunctive therapy for the management 
of partial seizures in adults. Although the precise mechanism of action 
of gabapentin remains unknown, several molecular mechanisms have 
been proposed. These include an ability to limit sustained repetitive 
firing of action potentials with prolonged exposure. This effect suggest 
and action at the voltage-sensitive sodium channel. Furthermore, gaba- 
pentin has been found to increase brain GABA levels in epilepsy pa- 
tients. Last, gabapentin may modify neurotransmitter release through 
an interaction with the a2d auxiliary subunit of the voltage-sensitive 
calcium channel. 

Side effects are fairly mild but may include dizziness and aggres- 
siveness at higher therapeutic doses. In some patients, gabapentin may 
produce significant weight gain. Gabapentin is not significantly metab- 
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olized in humans; nor does it induce liver enzymes. Gabapentin, which 
is excreted unchanged by the kidneys, is the only new antiepileptic drug 
to be introduced into the US market since 1993. As such, it displays 
minimal potential for drug—drug interactions. One major disadvantage 
of gabapentin is its short half-life (approximately 4 to 6 hrs), which 
necessitates multiple daily dosing (3 to 4 times a day). 

Gabapentin has been endorsed as an effective drug for the manage- 
ment of neuropathic pain. However, its use for this indication is cur- 
rently relegated as off-label. 


LAMOTRIGINE 


1,2,4-Triazine-3,5-diamine, 6-(2,3-dichlorophenyl)-, Lamictal 


(84057-84-1] C,H,Cl,N, (256.09). 

Preparation—Reaction of 2,3-dichlorobenzoyl chloride with cya- 
nide ion forms the benzoylcyanide derivative that is then treated with 
aminoguanidine to form a Schiff base through loss of water between the 
carbonyl group and the one primary amine function of the guanidine. 
Ring closure by addition of the lone free primary amino group remain- 
ing on the guanidine moiety to the nitrile function is accomplished by 
base catalysis and yields the product. US 4,602,017 (1986). 

Description—White crystals melting about 217°. 

Comments—Approved for the adjunctive management of partial 
seizures in adults. In addition, anecdotal evidence suggests that 
lamotrigine is effective against a broad spectrum of seizure disor- 
ders, including generalized absence seizures. In addition to its anti- 
convulsant effects, lamotrigine appears to be effective in the man- 
agement of bipolar disorder; however, this use is currently 
unapproved by the FDA. Lamotrigine, like phenytoin and carba- 
mazepine, appears to exert its anticonvulsant effect through its 
ability to inhibit voltage-sensitive sodium channels in a voltage- and 
use-dependent manner. 

Lamotrigine use does not affect the metabolism of other antiepi- 
leptic drugs; however, the metabolism of lamotrigine can be modified 
by the addition of other drugs. This latter effect is particularly 
problematic when lamotrigine is administered in conjunction with 
valproic acid. 

Lamotrigine is generally well tolerated in both normal and epilepsy 
patients. However, the incidence of a severe life-threatening rash with 
lamotrigine use had led the FDA to issue a black box warning in 1997. 
There appears to be a greater risk in children (1:100) as opposed to 
adults (1:1000). The risk of rash is lower with slower titration rates. 
Patients should be counseled to contact their physician at the first sign 
of rash. The incidence of rash appears to be greater with concomitant 
use of valproic acid. This is most likely related to the ability of valproic 
acid to increase lamotrigine plasma levels by modification of the me- 
tabolism of lamotrigine. For example, the half-life of lamotrigine is 
increased from 24 to 59 hrs by concomitant administration of valproic 
acid. 


MEPHENYTOIN 


2,4-Imidazolidinedione, 5-ethyl-3-methyl-5-phenyl-, Mesantoin 


H3CH 
Chis 2 N—CH3 


5-Ethyl-3-methyl-5-phenylhydantoin [50-12-12-4] C,,H,,N,O, (218.25). 

Preparation—5-Ethyl-5-phenylhydantoin, which may be prepared 
by condensing ethyl a-ethylmandelate with urea in the presence of 
sodium alcoholate, is monoethylated through reaction dimethy] sulfate. 

Description—White, crystalline powder; melts about 137°. The pH 
(dissolve 500 mg in 10 mL alcohol, add 10 mL water, mix, and deter- 
mine pH without delay) is 7.5 to 8.5. 

Solubility—1 g in 1400 mL water, 15 mL alcohol, 3 mL chloroform, 
or 90 mL ether. 

Comments—Similar in spectrum to Phenytoin. 
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METHSUXIMIDE 
2,5-Pyrrolidinedione, 1,3-dimethyl-3-phenyl-, Celontin 


OLN 
CH, O 
N,2-Dimethy]-2-phenylsuccinimide [77-41-8]C,,H,,NO, (203.24). 
Preparation—2-Methyl-2-phenylsuccinic acid is dissolved in ex- 
cess 40% methylamine. The water and excess urine are distilled off, and 
the residue of the di(methylamine) salt of the acid is pyrolyzed at 250° 
until no more distillate is formed. The residue of crude methsuximide 
may be purified by vacuum ditilation. US patent number 2,643,257. 
Description—White to grayish white, crystalline powder; odorless 
or not more than a slight odor; melts about 53°. 
Comments—Similar in spectrum to Ethosuximide (i.e., absence 
seizures). It does not worsen or increase generalized tonic-clonic 
seizures. 


PARAMETHADIONE 
2,4-Oxazolidinedione, 5-ethyl-3,5-dimethyl-, Paradione 


CH; mane 
CH,CH? | 
On ‘CH, 


{115-67-3] C,H,,NO, (157.17). 

Preparation—Ethyl a-hydroxy-a-methylbutyrate and urea are re- 
fluxed for 24 hrs in the presence of sodium methoxide, resulting in 
condensation cyclization with formation of the sodium derivative of 
5-ethyl-5-methyl-2, 4-oxazolidinedione. After the alcohol is distilled off, 
dimethyl sulfate is slowly added to effect N-methylation. 

Description—Clear, colorless liquid; may have an aromatic odor; 
pH (1 in 40 solution) approximately 6; refractive index 1.449 to 1.501. 

Solubility—Sparingly soluble in water; freely soluble in alcohol, 
benzene, chloroform, or ether. 

Comments—Used for the treatment of generalized absence sei- 
zures in patients refractory to other drugs. 


PHENACEMIDE 


Benzeneacetamide, N-(aminocarbonyl)-, Phenurone 


(Op erscomcon 


(Phenylacetyl)urea [63-98-9] C,H,,N.O, (178.19). 

Preparation—Urea is reacted with phenylacetyl chloride. J Am 
Chem Soc 1948; 70:4189. 

Description—White to practically white, fine, crystalline powder, 
odorless or practically so; melts at 213°. 

Solubility—1 g in >2000 mL water, alcohol, chloroform or ether, 
500 mL of warm alcohol or 300 mL of methanol. 

Comments—In severe forms of epilepsy, particularly mixed forms 
of complex partial seizures (psychomotor), refractory to other drugs. It 
can produce serious side effects as well as direct organ toxicity. Its use, 
therefore, entails the assumption of certain risks that must be evalu- 
ated against the potential benefit to the patient. This drug should be 
used only in those cases that do not respond to other anticonvulsant 
medication. Extreme caution must be exercised in treating patients who 
have previously shown personality disorder, liver dysfunction, or a 
history of allergy. Concurrent use with ethotoin is not recommended 
since paranoid symptoms have been reported. 

The untoward effects that may occur include the following: GI dis- 
turbances, anorexia and weight loss, headache, drowsiness, insomnia, 
paresthesias, psychic changes, hepatitis, blood dyscrasias, skin rash, 
and nephritis. Its safe use in pregnancy, lactation, or women of child- 
bearing age has not been established. See introductory statement. Liver 
function tests should be performed before and during therapy. 


PHENSUXIMIDE 
2,5-Pyrrolidinedione, 1-methyl-3-phenyl-, Milontin 
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N-Methyl-2-phenylsuccinimide [86-34-0] C,,H,,NO, (189.21). 


Preparation—By the method described above for methsuximide 
using phenylsuccinic acid a8 the starting compound. US patent 
2,643,258. 

Description—White to off-white, crystalline powder; odorless or 
not more than a slight odor; melts about 71°. 

Solubility—1 g in 210 mL water, 11 mL alcohol, <1 mL chloroform 
or 19 mL ether. 

Comments—tThe first succinimide introduced for the therapy of 
absence seizures (petit mal), it is now relegated to secondary status. It 
generally is uneffective in the management of partial seizures with 
complex symptomatology and tonic-clonic (grand mal) seizures. In con- 
trast, it may increase the frequency of tonic-clonic seizures when used 
in patients who have mixed epilepsy. Its lesser effect is thought to be 
because its desmethyl metabolite does not accumulate in the body. The 
drug, although fairly free from serious toxic effects, may reproduce such 
side reactions as nausea, vomiting, anorexia, muscular weakness, 
drowsiness, ataxia, lethargy, and occasional skin disorders such as 
pruritus, skin eruptions, erythema multiforme, and erythematous 
rashes. Increased urinary frequency, renal damage, hematuria, granu- 
locytopenia, transient leukopenia, and pancytopenia have been re- 
ported. Therefore, periodic urinalysis, hepatic function tests, and blood 
studies are advisable in patients taking the drug for prolonged periods. 

Its safe use in pregnancy, lactation, and women of childbearing age 
has not been established. See the introductory statement. 


PHENYTOIN 


2,4-Imidazolidinedione, 5,5-diphenyl-, Diphenylhydantoin; Dilantin 
Infatabs, Dilantin-30 Pediatric and Dilantin-125 
5,5-Diphenylhydantoin [57-41-0] C,;H,.N,0, (252.27). See Phenytoin 
Sodium for the formula. 
Preparation—Phenytoin sodium, prepared as described below 
yields the base on acidification of its aqueous solution. 
Description—White powder, odorless; melts about 295°. 
Solubility—Practically insoluble in water; slightly soluble in cold 
alcohol, chloroform, or ether. 
Comments—See Phenytoin Sodium. 


PHENYTOIN SODIUM 


2,4-Imidazolidinedione, 5,5-diphenyl-, monosodium salt; 
Diphenylhydantoin Sodium Salt; Diphenylhydantoin Sodium; 
Soluble Phenytoin; Alepsin; Epanutin; Eptoin; Dilantin Sodium 


5,5-Diphenylhydantoin sodium salt [630-93-3] C,;H,,N ,NaO, (274.25). 

Preparation—By treating benzaldehyde with a solution of sodium 
cyanide, 2 mol of benzaldehyde are condensed (benzoin condensation) 
into 1 mol of benzoin, which is oxidized to benzil with nitric acid or 
cupric sulfate. The benzil is then heated with urea and in the presence 
of sodium ethoxide or isopropoxide, forming phenytoin sodium. 

Description—White, odorless powder; somewhat hygroscopic and 
on exposure to air, gradually absorbs carbon dioxide with the liberation 
of the base. pK, 8.32. 

Comments—One of the drugs of choice for the management of gen- 
eralized tonic-clonic (grand mal) seizures, complex partial (temporal lobe; 
psychomotor) seizures, and simple partial (focal, Jacksonian) seizures. It is 
not recommended for the management of pure absence (petit mal) epi- 
lepsy. Parenterally, it is used for the control of status epilepticus of the 
generalized tonic-clonic (grand mal) type and in the management of sei- 
zures occurring during neurosurgery. Intravenous phenytoin sodium may 
be useful in the treatment of paroxysmal atrial tachycardia, ventricular 
tachycardia, and digitalis-induced cardiac arrhythmias. Oral phenytoin 
sodium also may afford benefit in the treatment of behavioral disorders 
and, in large doses, the management of trigeminal neuralgia. It is much 
less effective in the latter than carbamazepine (see page 1423). Approxi- 
mately 87 to 93% of the drug is bound to plasma protein, volume distri- 
bution ranges from 0.5 to 0.8 L/kg, and half-life is approximately 22 hrs in 
adults and 18 to 22 hrs in children. Therapeutic plasma levels range from 
10 to 20 g/mL in adults and 5 to 20 g/mL in children. Toxic levels range 
from 30 to 50 ug/mL, and lethal levels are approximately 100 pg/mL. 

It acts on the motor cortex where it stabilizes the neuronal mem- 
brane and inhibits the spread of the seizure discharge. Present evidence 
suggests that it limits sustained high-frequency repetitive firing by 
blocking Na‘-channels in a use- and frequency-dependent manner. It 
also enhances calcium binding to phospholipids in neuronal mem- 
branes. These effects result in a more stable membrane configuration. 


These observations are in harmony with the fact that its most easily 
demonstrated properties are its ability to limit the development of 
maximal seizure activity and to reduce the spread of the seizure process 
from the active focus. Both features are undoubtedly related to its 
clinical usefulness. 

There are two distinct forms of Phenytoin Sodium Capsules: the 
rapid-release type (Prompt Phenytoin Sodium Capsules) and the slow- 
dissolution type (Extended Phenytoin Sodium Capsules). The former 
have a dissolution rate of not less than 85% in 30 min and are used for 
3- or 4-times-a-day dosing, whereas the latter has a slow dissolution 
rate of 15 to 35% in 30 min, 45 to 65% in 1 hr, and not less than 85% in 
2 hr and may be used for once-a-day dosing. Studies comparing doses of 
100 mg three times a day of Prompt Phenytoin Sodium Capsules with 
a single, daily dose of 300 mg of Extended Phenytoin Sodium Capsules 
(Dilantin Kapseals, Parke-Davis) indicate that absorption, peak plasma 
levels, biological half-life, difference between peak and minimum val- 
ues, and urinary recovery are equivalent. Because of the differences in 
dissolution rates among various brands, physicians should be cautioned 
to keep patients on one manufacturer’s product. 

Its metabolism may be altered significantly by concomitant use of 
other drugs. Drugs that increase the serum levels include chloramphen- 
icol, dicumarol, tolbutamide, isoniazid, phenylbutazone, acute alcohol 
intake, salicylates, chlordiazepoxide, phenothiazines, felbamate, diaze- 
pam, estrogens, ethosuximide, halothane, methylphenidate, sulfonamides, 
cimetidine, and trazodone. Drugs that decrease the serum levels include 
carbamazepine, chronic alcohol abuse, reserpine, and preparations con- 
taining calcium. Drugs that either increase or decrease the serum levels 
include phenobarbital, valproic acid, and valproate sodium. 

This is a fairly safe anticonvulsant, although many adverse effects 
have been observed. Nystagmus may appear with serum concentrations 
of 8 to 20 wg/mL and is nearly always present at higher levels. At 
concentrations greater than 30 ug/mL, ataxia and dysarthria commonly 
occur. Gingival hyperplasia and hirsutism are often intolerable, partic- 
ularly in the young. A morbilliform rash may occur, usually in the first 
10 days of treatment, and it rarely progresses to exfoliate dermatitis or 
the Stevens-Johnson syndrome; the drug should be stopped if a rash 
appears. There also are reports of peripheral neuropathy, a lupus 
erythematous syndrome, hepatitis, lymphadenopathy, megaloblastic 
anemia and rickets, and osteomalacia because of interference with 
vitamin D metabolism. Serum folic acid and vitamin K levels also may 
be depressed, and bleeding disorders have been reported in infants born 
to mothers taking the drug. Overdosage causes an acute cerebellar 
syndrome, delirium and, rarely, coma. 

It is contraindicated in patients who have a history of sensitivity to 
hydantoins. Abrupt withdrawal of this medication may precipitate sta- 
tus epilepticus; when the dosage needs to be reduced or when substi- 
tution of another antiepileptic appears desirable, such alteration in 
therapy should be done gradually. Recent reports suggest an associa- 
tion between the use of anticonvulsant drugs by women who have 
epilepsy and an increased incidence of birth defects in children born to 
these women. The prescribing physician should weigh the benefit and 
risk potential of antiepileptic agents when treating or counseling epi- 
leptic women of childbearing age. See the introductory statement. 


PRIMIDONE 
4,6-(1H,5H)-Pyrimidinedione, 5-ethyldihydro-5-phenyl-, Mysoline 


(125-33-7] C,.H,,N.O. (218.25). 

Preparation—A solution of ethylphenylmalonamide (J) in a large 
molecular excess of formamide (II) is refluxed for 2 hr. The cyclization 
may be viewed as being brought about by a Cannizzaro type of dispro- 
portionation of II followed by a deammoniation and a dehydration 
between I and the highly reactive methanolamine resulting from the 
disproportionation. 

Description—White, odorless; crystalline powder; slightly bitter 
taste; melts about 281°. 

Solubility—1 g in 2000 mL water or 200 mL alcohol; slightly 
soluble in most organic solvents. 

Comments—Hither alone or in combination with other antiepilep- 
tics, used as alternate therapy in the control of generalized tonic-clonic 
seizures (grand mal), complex partial seizures (temporal lobe; psy- 
chomotor), and focal epileptic seizures. It is metabolized to phenyleth- 
ylmalonamide (PEMA) and phenobarbital. Phenobarbital formation 
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ranges from 15 to 25%. The plasma half-life of PEMA is 24 to 48 hr, 
whereas that of phenobarbital is 48 to 120 hr. Both substances tend to 
accumulate during chronic medication. 

PEMA is an active antiepileptic but is less potent and less toxic than 
phenobarbital. From 0 to 30% of this drug is bound to plasma protein, 
volume distribution averages 0.6 L/kg and plasma half-life in adults 
range from 9 hr in combination therapy to 15 hr in monotherapy; in 
children, half-life varies from 6 to 8 hr. Therapeutic plasma concentra- 
tions range from 6 to 12 g/mL for this drug and from 15 to 45 pg/mL 
for pheobarbital. Few interactions with other drugs have been reported, 
but those for phenobarbital also apply. The ratio of phenobarbital to 
this unmetabolized drug in serum is significantly higher in epileptic 
patients treated with a combination of this drug and phenytoin than in 
patients on this drug alone. It decreases the prothrombin response to 
dicumarol and warfarin. Also, concurrent treatment with valproate 
increases the plasma level of phenobarbital in patients on this drug. 

The most frequent side effects include ataxia and vertigo; these tend 
to disappear with continued or reduced therapy. Occasionally, nausea, 
anorexia, vomiting, fatigue, irritability, emotional disturbances, diplo- 
pia, nystagmus, drowsiness, and morbilliform rashes occur. Megalo- 
blastic anemia may occur as a rare idiosyncrasy; this anemia responds 
to folic acid, 15 mg a day, without the medicine’s being discontinued. 


TIAGABINE HYDROCHLORIDE 


3-Piperidinecarboxylic acid, 1-[4,4-(bis-(3-methyl-2-thienyl)-3- 
butenyl]-, hydrochloride; Tiabex 
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[145821-59-6] C.,H,.NO.S,-HCI (412.02). 

Preparation—Cyclopropyl magnesium bromide and 2,2’-dithienyl 
ketone yield an oil that is treated with aqueous HBr to yield 4,4’-bis(2- 
thienyl)-1-bromobutene-3, which is refluxed with ethyl nipecotate and 
potassium carbonate in acetone and purified by column chromatogra- 
phy to form tiagabine methyl ester. The ester is saponified with alco- 
holic base to yield the acid which is converted to the hydrochloride. US 
5,010,090 (1991); J Med Chem 1993; 36: 1776. 

Description—Off-white crystals melting about 192° (decompn); 
base melts about 64°. pK, 3.3; pK,. 9.4. 

Solubility—Approximatley 30 mg/mL in water; insol in hydrocar- 
bon solvents. 

Comments—Approved for the adjunctive treatment of partial sei- 
zures in adults. Tiagabine was introduced into the US market in 1997 
and was derived from a mechanistic-based drug discovery program that 
targeted the GABA-uptake carrier in the CNS. By selectively blocking 
GABA reuptake into both neurons and glial, tiagabine enhances GABA- 
mediated neurotransmission within the CNS. It is through this effect 
that tiagabine is thought to exert its anticonvulsant action. 

Tiagabine is highly protein bound and extensively metabolized by the 
hepatic P-450 drug-metabolizing enzyme system. Both of these properties 
of tiagabine are likely to contribute to numerous drug—drug interaction 
and should be considered when tiagabine is added to the therapeutic 
regimen of patients who have epilepsy. The short half-life (7-9 hr) of 
tiagabine may necessitate multiple daily dosing (three to four times a day). 
Tiagabine does not appear to induce the metabolism of other antiepileptic 
drugs. For example, in patients being concomitantly treated with an 
enzyme-inducing antiepileptic drug (eg, phenytoin, carbamazepine, and 
phenobarbital), the half-life of tiagabine can be reduced from 7—9 to 4—7 hr. 

Because an increase in seizure frequency has been reported after 
the discontinuation of therapy, the dosage should be reduced slowly. 

The most commonly reported side effects associated with tiagabine 
use include somnolence, dizziness, and cognitive effects. 


TOPIRAMATE 


B-p-Fructopyranose, 2,3:4,5-bis-O-(1-methylethylidene)-, sulfamate; 
Topamax 
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[97240-79-4] C,,H,,NO,S (339.37). 
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Preparation—Fructose and acetone form the diacetonide (acetal) 
with the hydroxyl group in the C-1 position remaining free. The hy- 
droxyl hydrogen is treated with NaH to form the alkoxide and then with 
sulfamoyl chloride to yield the product. US patent number 4,513,006 
(1985); J Med Chem, 1987; 30: 880. 

Description—White crystals that melt about 126°. 

Comments—Topiramate was approved for the adjunctive treat- 
ment of partial seizures in 1996. Anecdotal reports suggest that the 
anticonvulsant profile of topiramate also includes efficacy against gen- 
eralized seizures, including absence and myoclonic seizures. Topira- 
mate has been reported to possess multiple mechanisms of action. For 
example, it appears to inhibit voltage-sensitive sodium channels, block 
non—NMDA-evoked glutamate currents, enhance GABA-evoked chlo- 
ride currents, and inhibit carbonic anhydrase. 

In clinical trials, the most troublesome adverse effects associated 
with topiramate use were CNS related. These included somnolence, 
fatigue, and certain troublesome cognitive side effects such as psy- 
chomotor slowing and word-finding difficulties. The cognitive effects 
associated with topiramate use were later shown to be lessened when 
the titration rate was decreased. There appears to be greater incidence 
of renal stones associated with topiramate use; however, this effect is 
reduced by maintenance of adequate hydration and probably is related 
to the carbonic inhibitory properties of topiramate. Last, a significant 
percentage of patients experienced weight loss. 


TRIMETHADIONE 
2,4-Oxazolidinedione, 3,5,5,-trimethyl-,Tridione 


CH3__ Os 20 
0= N-CHs 
{127-48-0] C,H NO, (143.14). 

Preparation—By a series of reaction beginning with acetone and 
involving the following steps: conversion with HCN to acetone cyanhy- 
drin, hydrolysis, and esterification with alcohol to ethyl dimethylgylco- 
lae, condensation with urea to 5,5-dimethyloxazolidine-2,4-dione and 
methylation with dimethyl sulfate to trimethadione. 

Description—White, crystalline granules; slight, camphorlike 
odor; melts about 46°. 

Solubility—Soluble in water; freely soluble in alcohol, ether, or 
chloroform. 

Comments—An alternate for the treatment of refractory general- 
ized absence seizures. A frequent and troublesome adverse effect is 
hemeralopia. 


VALPROATE SODIUM 
Pentanoic acid, 2-propyl-, sodium salt; Depakene 


CH3CH,CH pcticochs 
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Sodium 2-propylpentanoate; sodium 2-propylvalerate [1069-66-5] 
C,H,;NaO, (166.20). 

Preparation—Valproic acid may be synthesized from 4-heptanol 
by successive conversions to 4-bromoheptane with Hbr, to 4-cyanohep- 
tane with HCN and to 2-proplpentanoic (valproic) acid by alkaline 
hydrolysis of the 4-cyanoheptane. 

Description—White, crystalline powder; odorless; saline taste; 
pK, 4.95. 

Solubility—Soluble in water or in alcohol. 

Comments—It is unique both in its experimental and clinical pro- 
file of anticonvulsant action. It is effective in nontoxic doses against 
tonic seizures induced by either electroshock or strychnine, as well as 
against minimal-threshold seizures induced by either pentylenetetra- 
zol, bicuculline, or picrotoxin. Clinical efficacy confirms this broad spec- 
trum of antiepileptic activity. It is one of the drugs of choice in the 
management of simple absence seizures. Similarly, atypical absence 
seizures and myoclonic epilepsies respond well and, since there has 
never been an entirely satisfactory drug for these types of childhood 
epilepsy, this is an important advance. It also is effective in generalized 


tonic-clonic. In some refractory patients it has been used effectively in 
the management of partial seizures with complex symptomatology (psy- 
chomotor or temporal lobe seizures) or myoclonic and akinetic seizures. 
Like carbamazepine, valproate has been used with some success in the 
management of bipolar disorder and in the treatment of aggression or 
violence (Am Pharm 1993; NS33 (2): 47). 

Approximately 90 to 95% is bound to plasma protein, volume dis- 
tribution ranges from 0.1 to 0.5 L/kg (mean 0.2 L/kg), and half-life 
varies from 6 to 17 hr in adults and 4 to 14 hr in children. Therapeutic 
plasma levels range from 50 to 100 yug/mL; levels greater than 100 
pg/mL are potentially toxic. More than ten metabolites have been 
identified in human blood and urine. Only 0.5 to 20% is excreted 
unchanged in the urine. Of the several metabolites, only 2-propyl-2- 
pentenoic acid (2—2-en-VPA) has been shown to accumulate in the 
brain. The 2-VPA metabolite is approximately 1.3 times more potent 
than the parent drug and may contribute significantly to the anticon- 
vulsant effect of chronically administered valproate. 

The precise mechanism of its anticonvulsant action is still unknown. 
It has been postulated that its administration inhibits GABA-transam- 
inase and thus increases the concentration of cerebral GABA. However, 
other saturated straight-chain fatty acids (propionic, butyric, and pen- 
tanoic) that lack anticonvulsant properties are more potent inhibitors of 
GABA-transaminase than is valproic acid. It has been also reported 
that there is a strong correlation between the anticonvulsant potency of 
valproate and other branched-chain fatty acids and their ability to 
reduce the concentration of cerebral aspartate. 

It may decrease binding to serum proteins or block hepatic metab- 
olism of phenobarbital. Administration of the drug to patients in a 
steady state while on phenobarbital (or primidone, which is metabolized 
to phenobarbital) can increase the plasma levels of phenobarbital from 
35 to 200%, causing excessive somnolence. Present evidence indicates 
this is caused by an immediate decrease in the rate of elimination of 
phenobarbital. This drug interacts unpredictably with phenytoin; it has 
been associated not only with lowered serum phenytoin levels and 
increased seizure frequency, but also with increased free phenytoin 
levels and phenytoin toxicity. Valproate also has been found to increase 
the clearness of felbamate significantly and to reduce its plasma con- 
centration correspondingly. Conversely, phenobarbital, primidone, phe- 
nytoin, and other drugs may induce enzymes that metabolize this drug 
and reduce its half-life. In contrast, felbamate has been shown to 
increase the plasma concentration of valproate when the two drugs are 
administered concurrently. 

More than 40 cases of fatal hepatic failure have been reported in 
patients on this therapy. The risk of hepatic failure is drastically less in 
patients on monotherapy (ca 1/37,000) compared with those on polythe- 
rapy (ca 1/6500). Moreover, the incidence is much greater in children 
younger than 2 yr and who are on polytherapy (monotherapy, 1.42/ 
10,000; polytherapy, ca 1/500). 

The most commonly observed side effects in patients on mono- 
therapy (valproate) are weight gain (11%), sedation (10%), nausea (6%), 
headache (3%), tremor (3%), hair loss (1%), and dizziness (1%). Other 
rarely observed untoward effects include skin rashes, enuresis, insom- 
nia, anxiety, fatigue, and paresthesias. Teratogenic effects have been 
reported in animals. Moreover, its use by women who have epilepsy 
during the first trimester (3 months) of pregnancy has been reported by 
the Centers for Disease Control, United States Public Health Service 
(USPHS), to be associated with increased risk (1.2%) of spina bifida in 
their infants (MMWR 1982; 31). Although the majority of women who 
have epilepsy and who are taking this drug will give birth to nonaf- 
fected babies, it is recommended that they consider prenatal testing for 
neural tube defects. 


OTHER ANTIEPILEPTIC DRUGS 


2 Se A ETT ST TR 
Several other established antiepileptic drugs are available for 
management of seizure disorders; however, these have been 
relegated to late-stage treatment primarily because of the de- 
velopment of less toxic and more efficacious agents. 
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Many conditions that afflict people are related to mental func- 
tion. Some of these are transient with symptoms that are 
moderately uncomfortable but that are not incapacitating. Of- 
ten, these symptoms are responses to events in our lives, but in 
some cases there is not an identified precipitating cause. On 
the other end of the spectrum are severe mental disorders that 
prevent an individual from functioning appropriately in soci- 
ety. It is estimated that approximately 20% of people will suffer 
sometime during their life from a mental condition that affects 
their ability to function with normal efficiency. Although some 
of the conditions related to mental function can be resolved 
through counseling and nondrug therapy, management of oth- 
ers requires pharmacological intervention. Although pharma- 
cotherapy does not cure mental disorders in the same sense 
that antibiotics cure infectious diseases, the available drugs do 
control most symptomatic manifestations and behavioral devi- 
ances, facilitate the patient’s tendency toward remission, and 
improve his or her capacity for social, occupational, and famil- 
ial adjustment. We are fortunate that medicines that can help 
are available. 

Drugs that alter the mind and behavior have attracted the 
attention of man since the beginning of recorded history. With- 
out the benefits of science and medicine, mankind has sought 
emotional comfort or novelty through the use of drugs for a 
venerable period of time. To cite two examples, alcohol and 
opium have been used for this purpose since antiquity. How- 
ever, it was the inadvertent discovery of the unusual psy- 
chotomimetic properties of lysergic acid diethylamide in 1943 
and the subsequent demonstration that these effects were sim- 
ilar to those induced by mescaline that marked the beginning of 
psychopharmacology. Additional interest in this new science 
was created with the introduction of chlorpromazine for the 
empiric treatment of mental disorders. The successful clinical 
use of this agent not only led to the realization that behavior 
can be studied objectively in laboratory animals but also re- 
sulted in the discovery of a host of new drugs that stimulate, 
sedate, or otherwise change behavior. 

More than 1500 compounds classified as psychoactive or psy- 
chotropic drugs have been described, and approximately 20% of 
all prescriptions written in the US are for medications intended to 
alter mental processes and behavior. Those agents employed in 
the treatment of psychotic illnesses and depressant disorders are 
the focus of this chapter. Antianxiety drugs are not discussed here 
because the spectrum of effects of these agents includes sedative- 
hypnotic actions. These drugs are covered in Chapter 80 with the 
conventional sedative and hypnotic agents. 


ANTIPSYCHOTIC AGENTS 


LLL TE SL BEES SE REE I SSE ENE! 
One of the major uses of the antipsychotic drugs is treatment of 
schizophrenia. Manifestations of the disease include two types 


of symptoms: positive and negative. Positive symptoms tend to 
be exaggerations of normal functioning. For example, a distor- 
tion of perceptions may be manifest as an auditory hallucina- 
tion, and a distortion of thought process may be manifest as 
delusions. Negative symptoms involve loss of normal function- 
ing and include blunted affect, asociality, reduced ability to 
relate to others, lack of motivation and drive, narrowing of 
ideation, and poverty of speech. The spectrum of symptoms 
varies widely between afflicted persons. To aid in diagnosis and 
treatment, psychiatrists have classified schizophrenia into var- 
ious types: disorganized (hebephrenic), paranoid, catatonic, un- 
differentiated, and residual. Symptoms usually manifest dur- 
ing the early years of adulthood, and approximately 1% of 
people are affected across all cultures and ethnic groups. 
Oftentimes, the symptoms are debilitating relative to the abil- 
ity to function in society. The illness is chronic, and less than 
20% of patients recover fully from a single episode of psychosis. 
Rates of employment among people who have schizophrenia 
rarely exceed 20%, and schizophrenia accounts for approxi- 
mately 10% of all suicides. 

The cause of schizophrenia is unknown, although it is al- 
most certainly the result of flawed neurochemistry. The fact 
that major symptoms do not manifest until young adulthood 
suggests that abnormalities in brain development might be 
involved. Imaging techniques show alterations in patterns of 
activity in a variety of brain regions, with the prefrontal cortex 
and the thalamic areas being particularly affected. Because an 
underlying morphological or structural deficit likely is the 
cause of schizophrenia, pharmacotherapy cannot cure but can 
only hope to normalize the balance between various brain 
circuits. 

The first successful pharmacological treatment of schizo- 
phrenia was introduced in 1952 with the advent of the use of 
chlorpromazine (which was originally marketed as a new an- 
tihistamine) to treat psychotic illness. Over the years, other 
antipsychotic drugs with similar efficacy have become avail- 
able. These drugs are now grouped together under the title 
“typical” antipsychotics or neuroleptics. They are mainly effec- 
tive against the positive symptoms of schizophrenia and often 
cause both short- and long-term movement disorders. Thus, in 
schizophrenic patients, the typical antipsychotics reduce or 
eliminate the positive symptoms of hallucinations, delusions, 
and thought disorganization in a majority of patients. The 
widespread use of these moderately safe compounds has 
greatly reduced the number of chronic patients residing in 
public mental hospitals, shortened the duration of hospitaliza- 
tion for acute episodes, and shifted the focus of treatment of 
mental disorders from institutional care to community-based 
ambulatory treatment programs. This clinical efficacy is ac- 
companied by significant adverse effects. Depending on the 
agent used, adverse effects include sedation, dry mouth, sexual 
dysfunction, akathisia, bradykinesia, rigidity, and sometimes 
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tardive diskinesia. Although these drugs are a major advance 
in the treatment of schizophrenia, as many as 33% of those 
treated do not respond to therapy, and as many as 40% of those 
whose symptoms are alleviated by drug therapy discontinue 
their medication because of adverse effects. In addition to their 
use to treat schizophrenia, several of these drugs are also 
effective antiemetic and antinausea agents. 

A new type of antipsychotic medication became available 
with the introduction of clozapine in 1990. After its success, 
other medications with similar clinical profiles have been de- 
veloped. These atypical or novel antipsychotic agents are effec- 
tive against both the positive and the negative symptoms of 
schizophrenia and seldom cause movement disorders. Al- 
though the atypical agents are more expensive than the typical 
drugs, recent evaluations of the total costs of treatment show 
that the atypical drugs are economically superior. This is 
because the increased efficacy and higher rate of compli- 
ance result in fewer hospital admissions and other emergency 
interventions. 

Although pharmacotherapy normalizes many aspects of 
thinking and emotion, the antipsychotic drugs alone do not 
allow most patients to function fully in society. Intensive train- 
ing in social and job-related skills is often required. 

The mechanism of action of the antipsychotic agents is 
complex, and many details remain to be established. However, 
evaluation of properties shared by effective antipsychotic 
agents provides clues to their mechanism of action. All of the 
typical antipsychotic agents block postsynaptic dopaminergic 
receptors (in the basal ganglia, hypothalamus, limbic system, 
brainstem, and medulla) and act as competitive antagonists of 
dopamine centrally and peripherally. The clinically observed 
potency of the drugs in this class is directly correlated with the 
affinity for binding to the D2 family of dopaminergic receptors. 
This observation coupled with the fact that drugs increase 
dopaminergic activity (levodopa, amphetamine, cocaine, apo- 
morphine) aggravate schizophrenia or produce it in some 
nonpsychotic individuals led to the hypothesis that excessive 
activity of dopaminergic systems may be a cause of schizophre- 
nia. However, the dopamine hypothesis of schizophrenia does 
not account for all of the pathology of the disease. For example, 
many patients do not respond to treatment with drugs that 
block dopaminergic receptors, the degree of dopaminergic re- 
ceptor block shown in positron emission tomography (PET) 
scans does not correlate with clinical responses, and the atyp- 
ical agents show little dopaminergic receptor antagonism. 
Some of the atypical antipsychotic drugs have a high affinity 
for the serotonin 5-HT2 receptor, making it likely that a com- 
bination of interference with some subset of dopaminergic and 
serotonergic neurotransmission is required for clinical effec- 
tiveness. However, the situation may be even more complex, as 
some studies suggest a correlation of clinical efficacy with a- 
adrenoceptor blocking potency. 

Relating to mechanism of action of antipsychotic drugs, 
schizophrenic patients often require weeks of treatment to 
attain therapeutic benefit, and many patients experience an 
increase in clinical efficacy with long duration of treatment. 
These and other observations suggest that it is the response of 
brain systems to long-term effects of the antipsychotic drugs 
that accounts for their therapeutic effectiveness. One experi- 
mental model supporting this concept shows that chronic treat- 
ment of animals with any active antipsychotic drug results 
eventually in the loss of ability (called depolarization block) of 
these drugs to increase ventral-tegmental area dopaminergic 
cell firing. 

The effective antipsychotic drugs vary significantly in selec- 
tivity and potency for the three known subtypes of receptor 
within the dopaminergic D2 family, and all, to some degree, are 
competitive antagonists of other neurotransmitters. This vari- 
ation in activity at a variety of receptors accounts for differ- 
ences in adverse effects of the drugs. The extrapyramidal tox- 
icity appears to be related to antagonism of the dopaminergic 
D2 family of receptors in the caudate-putamen brain areas. The 


extrapyramidal toxicity also is related inversely to the central 
anticholinergic properties of the drugs. Many of the various 
peripheral effects, including the cardiovascular effects of some 
of these agents, are attributable to anticholinergic properties 
and peripheral a-adrenergic blockade. 

A drug with significantly different action is lithium carbon- 
ate. Its major use is in the treatment of bipolar (manic depres- 
sant) affective disorder. In addition, it is sometimes used as an 
adjunct with other antipsychotic drugs in the treatment of a 
variety of psychotic disorders. 


Typical Antipsychotics 


Several different typical antipsychotics are available. Structur- 
ally, they can be divided into five groups: phenothiazines, thio- 
xanthenes, butyrophenones, dihydroindolone derivatives, and 
dibenzoxazepines. The numerous phenothiazines and related 
congeners have qualitatively similar clinical efficacy, but their 
potency and side effects are influenced significantly by their 
chemical structure. For example, congeners with an aliphatic 
side chain, such as chlorpromazine, are fairly low in potency 
and high in sedative effects. Conversely, congeners with a 
piperazine constituent are more potent and have less sedative 
effects but more prominent extrapyramidal toxicity. A thioxan- 
thene is a phenothiazine in which the nitrogen at the 10 posi- 
tion is replaced by a carbon atom with a double bond to the side 
chain. Thus phenothiazines and thioxanthenes are closely re- 
lated chemically and have many biological effects in common. 

Experimentally, the phenothiazines suppress or abolish 
conditioned avoidance responses in trained rats, prevent mor- 
phine-induced mania in cats, and reduce the toxicity of am- 
phetamine in aggregated mice. Many of these compounds also 
suppress vomiting from apomorphine, irradiation, and motion 
sickness but, in laboratory animals, do not affect the emesis 
from morphine, veratrum alkaloids, digitalis, and copper sul- 
fate. In addition, they decrease spontaneous motor activity, 
lower electroshock seizure threshold, and cause skeletal muscle 
relaxation. The phenothiazines also exhibit weak adrenolytic, 
hypotensive, antispasmodic, hypothermic, and antihistaminic 
effects. 

In general, the typical antipsychotic drugs are highly lipid 
soluble and protein bound (92-99%). Consequently, they tend to 
have large volumes of distribution (usually more than 7 L/kg); 
bioavailability after oral administration is variable and low 
(25-35%). Plasma half-life tends to be short, ranging from 10 to 
20 hr, but the duration of the antipsychotic action is much 
longer. Metabolites may be found in the urine weeks after the 
last dose of drug. This suggests that large amounts of the drug 
are sequestered in the tissues. 

The phenothiazines are indicated for the management of 
psychotic disorders, control of nausea and vomiting, control of 
manic depression, relief of intractable hiccups and acute inter- 
mittent porphyria, and as an adjunct in the treatment of teta- 
nus. The thioxanthenes (chlorprothixene and thiothixene) are 
used for the management of the symptoms of psychotic disor- 
ders. Butyrophenone (haloperidol) also is employed for the 
management of symptoms of psychoses, including schizophre- 
nia, the manic phase of manic depressive illness or psychotic 
reactions associated with organic brain syndrome or mental 
retardation. Dibenzoxazepine (loxapine succinate) is indicated 
for the management of schizophrenia. 

Many of the contraindications to the use of these drugs are 
similar. For example, they are contraindicated in comatose 
patients who have received large amounts of central-nervous- 
system (CNS) -depressant drugs (alcohol, barbiturates, narcot- 
ics, etc.), in patients who have Parkinson’s disease and in 
patients who have a known history of hypersensitivity to these 
agents. It is not known whether there is cross sensitivity be- 
tween the phenothiazines and the thioxanthenes, but this pos- 
sibility should be kept in mind. 


The safe use of many of these agents during pregnancy has 
not been established with respect to possible adverse effects on 
fetal development. The safe use of thioxanthenes in children 
has not been established. It is recommended that these agents 
not be used in children younger than 12 years of age. Geriatric 
or debilitated patients usually require a lower initial dose of 
these agents; the dose then is increased as needed and toler- 
ated. Both phenothiazines and thioxanthenes have an anticho- 
linergic effect; hence, they should be used with extreme caution 
in patients who have a history of glaucoma or prostatic hyper- 
trophy. All agents in these groups tend to impair the mental 
and the physical ability required for operating a motor vehicle 
or complex hazardous machinery. Patients should be warned 
accordingly. 

Phenothiazines and thioxanthenes may significantly affect 
the actions of other drugs (see Chapter 102 for additional 
information concerning specific drug interactions). They may 
increase, prolong, or intensify the action of CNS depressants 
(anesthetics, alcohol, barbiturates, narcotics, etc); therefore, 
appropriate adjustments in dosage of narcotics and barbitu- 
rates should be made when such agents are to be administered 
concomitantly. These agents also lower convulsive threshold; 
hence, they should be used with extreme caution in patients 
who have a history of epilepsy. They also should be cautiously 
used in patients receiving atropine and related drugs because 
of the possible additive anticholinergic effect. Because these 
agents have antiemetic properties, they may mask signs of 
drug overdosage and obscure symptoms of brain tumor or in- 
testinal obstruction. These agents also should be used with 
extreme caution in patients who have cardiovascular disease, 
chronic respiratory disorders, impaired liver function, or a his- 
tory of gastric ulcer; the aggravation of a preexisting ulcer has 
been reported. 

Although not all the adverse reactions listed herein have 
occurred after administration of either phenothiazines or thio- 
xanthenes, the chemical and the pharmacological similarities 
of the two groups suggest that all of the known side effects and 
toxicities associated with these agents should be kept in mind. 
CNS effects include drowsiness, particularly during the first or 
the second week of therapy; and extrapyramidal reactions may 
be fairly common. Extrapyramidal effects are usually of three 
types: (1) Parkinsonian-like syndrome, (2) dystonia and dyski- 
nesia, including torticollis, tics, and other involuntary muscle 
movements, and (3) akathisia, shown by restlessness and an 
urge to move about. Hyperreflexia has been reported in the 
newborn when phenothiazines are used during pregnancy. 
Grand mal seizures, catatoniclike states, psychotic symptoms, 
and cerebral edema also have been reported. Cardiovascular 
effects include postural hypotension, tachycardia, bradycardia, 
faintness, dizziness, and cardiac arrest. Hematological effects, 
including agranulocytosis, eosinophilia, leukopenia, hemolytic 
anemia, thrombocytopenic purpura, and pancytopenia have 
been reported. Liver jaundice has been observed but is usually 
reversible. Allergic reactions of urticaria or dermatitis also 
occur in approximately 5% of patients. Photosensitivity, result- 
ing in an increased propensity to sunburn, occurs in some 
patients. Antipsychotic drugs exert endocrine effects: these 
agents block ovulation, suppress the menstrual cycle, and 
cause infertility and pseudopregnancy, lactation, and breast 
engorgement in females. They reduce urinary levels of gonad- 
otropins, estrogens, and progestins. In males, gynecomastia or 
change in libido have been observed. Cholesterol levels also are 
increased significantly. Other reported reactions include dry 
mouth, nasal congestion, constipation, myosis, mydriasis, url- 
nary retention, increased appetite, weight gain, peripheral 
edema, fever, and suppression of cough reflex. The last 
may enhance the potential of aspiration or asphyxia. Pro- 
longed therapy with antipsychotic drugs at high doses may 
cause pigmentation of exposed skin areas; ocular changes con- 
sisting of lenticular and corneal opacities, epithelial keratopa- 
thies, and pigmentary retinopathy; impaired vision. See also 
Chapter 61. 
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ACETOPHENAZINE MALEATE 


Ethanone, 1-[10-[3-[4-(2-hydroxyethyl)-1-piperazinyl]proply]-10H- 
phenothiazin-2-yl]-, (Z)-2 butenedioate (1:2) (salt); Tindal 


CH,CH,CH,—N 


Nw OC COCH, 
Ge! 
[5714-00-1] C.,H,,N,0.8 « 2C,H,0, (9643.71). 

Preparation—Piperazineethanol is condensed with 10-(3-chloro- 
proply)phenothiazin-2yl methyl ketone (1) in the presene of a dehydro- 
chlorinating such as sodiamide. The resulting acetophenazine (base) is 
reacted with a double equimolar portion of maleic acid. It is prepared 
from phenothiazine through (a) acetylation with acetic anhydride and 
aluminum chloride to the 2, 10-diacetyl compound, (b) deacetylation at 
the 10 position with alkali, and (c) condensation of 2-acetylphenothia- 
zine with 1-bromo-3-chloropropane. US patent 2,985,654. 

Description—A fine, yellow powder that is odorless and has a 
bitter taste; is sensitive to light and reasonably stable in dry air; melts 
about 165°. 

Solubility—1 g in 10 mL of water; 250 mL of alcohol, 2850 mL of 
chloroform, 600 mL of ether, 370 mL of acetone, or 11 mL of propylene 
glycol. 

Comments—A phenothiazine with medium clinical potency and 
extrapyramidal toxicity, moderate sedative effect, and low hypotensive 
action. 


N—CH,CH,OH 
HC—COOH 
HC—COOH 


CHLORPROMAZINE HYDROCHLORIDE 


10H-Phenothiazine-10-propanamine, 2-chloro-N,N-dimethyl-, mono- 
hydrochloride; Thorazine Hydrochloride 

2-Chloro-10-[3-(dimethylamino)propyl]phenothiazine monohydrochlo- 
ride [69-09-0] C,,H,,CIN.S - HCl (355.32) 

See Chloropromazine for the structure of the base. 

Description—White or slightly creamy white, odorless, crystalline 
powder; darkens on prolonged exposure to light; melts about 196°. 

Solubility—1 ¢ in 1 mL of water, 1.5 mL of alcohol, or 1.5 mL of 
chloroform; insoluble in ether or in benzene. 

Comments—A phenothiazine with low clinical potency, medium 
extrapyramidal toxicity, high sedative effect, and high hypotensive 
action. 


CHLORPROTHIXENE 


1-Propanamine, (Z)-3-(2-chloro-9H-thioxanthen-9-ylidene)-N,N- 
dimethyl-, Taractan 


H—~C—CHpCHNICHs}2 


COLO 


(Z)-2-Chloro-N,N-dimethylthioxanthene-A®’-propylamine 
C,,H,sCINS (315.86). 

Preparation—One method cyclizes 5-chloro-2-(phenylthio)ben- 
zoic acid with the aid of polyphosphoric acid to 2-chlorothioxanthen- 
9-one, followed by reaction with [3-dimethylamino)propylidene]- 
triphenylphosphorane to introduce the 9-substituent. US patent 
3,115,502 describes a process by which heat, in the presence of a 
strongly basic agent, is used for the conversion of the cis form of the 
compound to the therapeutically active trans form. 

Description—Yellow, crystalline powder; slight aminelike odor; 
unstable when exposed to light and air; melts at approximately 99° 

Comments—A thixanthene with low clinical potency, medium ex- 
trapyramidal toxicity, high sedative effect, and moderate hypotensive 
action. 


{113-59-7] 


DROPERIDOL 


2H-Benzimidazol-2-one, 1-[1-[4-(4-fluorophenyl)-4-oxobutyl]-1,2,3,6- 
tetrahydro-4-pyridinyl-1,3-dihydro-, Inapsine, ing of Innovar 


0 
tl 
K YrononontO)- 


1-[1-[3 -( p-Flurorbenzoyl)propy]] - 1,2,3,6 - tetrahydro - 4 -pyridyl]]-2- 
benzimidazolinone [548-73-2] C,,H,,.FN.O, (379.43). 
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Preparation—4-Chloro-4’-flurobutyrophenone is prepared from 
y-butyrolactone and reacted with 1-(1,2,3,6-tetrahydro-4-pyridyl)-2- 
benzimidazolinone in the presence of a suitable condensing agent. US 
patent 3,161,645. 

Description—White to light tan, amorphous or microcrystalline 
powder; odorless and tasteless (Note: Because this compound is ex- 
tremely potent, no taste test is reeommended.); sensitive to light, air, 
and heat; hygroscopic; melts at approximately 146° after being dried in 
a vacuum at 70° for 4 hr, pK, 7.6. 

Solubility—1 g in 10,000 mL of water, 140 mL of alcohol, 4 mL of 
chloroform, or 500 mL of ether. 

Comments—A butyrophenone with low clinical potency, medium 
extrapyramidal toxicity, high sedative effect, and high hypotensive 
action. It is approved only for sedation and treatment of nausea and 
vomiting. 


FLUPHENAZINE DECANOATE 


1-Piperazineethanol, 4-[3-[2-(trifluoromethyl)-10H-phenothizin-10- 
yl]-proply]-,decanoate (ester); Prolixin Decanoate 


GH,CHeCH,—N 


N CF3 
OVO 
[30909-31-4] C,.H,,F3N,0.8 (591.77). 

Preparation—Fluphenzine (see Fluphenazine Hydrochloride) is 
esterified with decanoy] chloride in the presence of pyridine. US patents 
3,194,733 and 3,394,131. 

Description—Pale yellow to yellowish orange viscous liquid with a 
characteristic odor; light sensitive; melts about 31°. 

Solubility—Insoluble in water; soluble in alcohol, acetone, ben- 
zene, or ether. 

Comments—See Fluphenazine Hydrochloride. 


FLUPHENAZINE ENANTHATE 


Prolixin Enanthate 


N—CH,CH,O0OCCH,(CH,) <CH2CH3 


CHeCHeCHe—N N—CH,CH,O0CCH,(CH,)3CHsCHs 


i : CFs 
Cr Ss 
[2746-81-8] C,,H,,.F,N,0.5 (549.69). 

Preparation—Fluphenazine is esterified through reaction with en- 
anthoyl chloride in the presence of pyridine. For the preparation of 
fluphenazine, see Fluphenazine Hydrochloride. US patent 3,058,979. 

Description—Pale yellow to yellow-orange, clear to slightly turbid, 
viscous liquid with a characteristic odor; not recommended to be tasted; 
unstable in strong light, but stable in air at room temperature. 

Solubility—1 g in <1 mL of alcohol, <1 mL of chloroform, or 2 mL 
of ether; insoluble in water. 

Comments—See Fluphenazine Hydrochloride. 


FLUPHENAZINE HYDROCHLORIDE 


Permitil; Prolixin 


Ci liectgl aay 
N CES 
OL 

[146-56-5] C..H,,.F3;N;OS - 2HCl (510.44). 

Preparation—Fluphenazine may be prepared by condensing 
2-(trifluoromethyl)-10-(3-chloropropyl)phenothiazine with 1-piperazine- 
ethanol in toluene with the aid of sodamide. Reaction of the purified base 
with a double molar quantity of hydrogen chloride yields the official 
salt. The starting phenothiazine compound may be prepared by heating 
3-(trifluoromethyl)diphenylamine with sulfur and condensing the result- 
ing 2-(trifluoromethyl)phenothiazine with 1-bromo-3-chloropropane. US 
patent 3,058,979. 

Description—White or nearly white, odorless, crystalline powder; 
melts within a 5° range above 225° . 

Solubility—1 g in 1.4 mL of water or 6.7 mL of alcohol; slightly 
soluble in chloroform; practically insoluble in ether. 


Comments—A phenothiazine with high clinical potency and extra- 
pyramidal toxicity, low sedative effect, and low hypotensive action. 


N—CH,CH, OH 
+ 2HCI 


HALOPERIDOL 


1-Butanone, 4-[4-(chlorophenyl)-4-hydroxy-1-piperidinyl]-1- 
(4-fluorophenyl)-, Haldol 


HO a 
a N-CH,CHpCH2C F 


4-[4-(p -Chlorophenyl)-4-hydroxypiperidino]-4’ -fluorobutyrophenone 
(52-86—8] C,,H,,CIFNO, (375.87). 

Preparation—4-(p-Chlorophenyl)-4-piperidinol is condensed with 
4-chloro-4'-fluorobutyrophenone in a toluene solution. The haloperidol 
thus formed is isolated and recrystallized from a solvent such as diso- 
propyl ether. The starting substituted piperidinol may be prepared from 
p-chloro-a-methylstyrene by the method described by Schmidle and 
Mansfield (J Am Chem Soc 1956; 78:1702). 

Description—White to faintly yellowish, odorless, amorphous, or 
microcrystalline powder; light sensitive and nonhygroscopic; satu- 
rated solution is neutral to litmus; melts about 150°; pK, 8.2 
to 8.3. 

Solubility—1 g in >10,000 mL of water, 60 mL of alcohol, 15 mL of 
chloroform, or 200 mL of ether. 

Comments—A butyrophenone that is indicated for the manage- 
ment of symptoms of psychotic disorders and the control of tics and 
vocal utterances of Tourette’s Disorder. Haloperidol is effective for the 
treatment of severe behavior problems in chidren who have combative, 
explosive hyperexcitability. Haloperidol is effective in the short-term 
treatment of hyperactive children who show excessive motor activity 
with accompanying conduct disorders consisting of some or all of the 
following symptoms: impulsivity, difficulty sustaining attention, ag- 
gressivity, mood lability, and poor frustration tolerance. Haloperidol 
should be reserved for use in managing behavioral problems of children 
who fail to respond to psychotherapy or other medications. 

The bioavailability of haloperidol has been reported to be approxi- 
mately 60% via the oral route. The half-life of elimination ranges from 
12 to 38 hr after oral administration of the drug but is reduced to 10 to 
19 hr after intravenous administration. Therapeutic plasma levels usu- 
ally range from 3 to 10 ng/mL, but some patients require significantly 
higher levels before adequate antipsychotic effects are observed. 

Haloperidol is contraindicated in severe toxic CNS depression or 
comatose states from any cause and in individuals who are hypersen- 
sitive to this drug or who have Parkinson’s disease. Potential adverse 
effects from the use of haloperidol include tardive diskinesia (poten- 
tially irreversible, involuntary, dyskinetic movements—rhythmical in- 
voluntary movements of tongue, face, mouth or jaw), neuroleptic 
malignant syndrome (hyperpyrexia, muscle rigidity, altered mental 
status, autonomic instability), extrapyramidal symptoms (Parkinson- 
like symptoms, akathisia, dystonia). Care should be exercised when 
antihypertensive agents, general anesthetics, hypnotics, alcohol, anal- 
gesics, and other CNS depressants are used concomitantly with this 
drug, because it may potentiate their actions. There is considerable 
variation from patient to patient in the amount of medication required 
for treatment. 


LITHIUM CARBONATE 


Carbonic acid, dilithium salt 

Dilithium carbonate [554-13-2] Li,CO, (73.89). 

Preparation—Lithium chloride is metathesized with sodium car- 
bonate in aqueous solution. 

Description—White, light, granular powder; melts about 61.8° . 

Solubility—1 g in 78 mL of cold water or 140 mL of boiling water; 
slightly soluble in alcohol; dissolved by dilute acids. 

Comments—Indicated for the treatment of bipolar disorder, both 
for treatment of acute mania and for prophylaxis against recurrences. 
Other psychiatric conditions that may be benefitted include recurrent 
severe depressions without manic episodes, schizoaffective psychosis, 
episodic alcoholism, periodic antisocial behavior, and periodic schizo- 
phrenic illness. Bipolar affective (manic depressive) is a very serious 
psychiatric disorder characterized by wide fluctuations in mood. Pa- 
tients who have cyclic attacks of mania have many symptoms that 
resemble paranoid schizophrenia (grandiosity, bellicosity, paranoid 
thoughts, and over activity). These are interspersed with periods of 
fairly normal mood and behavior and periods of depression. Mainte- 
nance therapy with lithium prevents or diminishes the intensity of 
subsequent episodes of mania in those manic-depressive patients. The 
overall success rate for achieving remission from the manic phase of 
bipolar disorder is reported to be 60 to 80%. 

Neither the cause of bipolar disorder nor the mechanism of action of 
lithium is known. The best-defined pharmacological effect of lithium is 
alteration of second messenger pathways involving inositol phosphate 


Table 82-1. Atypical Antipsychotic Drugs 


GENERIC NAME TRADE NAME 
Clozapine Clozaril 
Olanzapine Zyprexa 
Quetiapine Seroquel 
Risperidone Risperdal 
Sertindole Serlect 
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COMMENTS 


Adverse effects include sedation, orthostatic hypotension, 
weight gain. Must monitor WBC count for possible 
agranulocytosis 

Adverse effects include orthostatic hypotension, sedation, 
and mild antimuscarinic effects. Higher doses may 
produce extrapyramidal effects 

Adverse effects include dizziness, somnolence, agitation, 
and weight gain 

Adverse effects include nasal congestion, orthostatic 
hypotension, insomnia, and possible extrapyramidal 
symptoms 

Nasal congestion is the most common adverse effect. 
Long half-life allows once per day dosing 


compounds. Lithium blocks several enzymes involved in recycling of 
inositol compounds, eventually leading to a depletion of phosphatidyl- 
inositol-4,5-bisphosphate, the membrane precursor of inositol-based 
second messengers and diacylglycerol. Lithium also inhibits second 
messenger systems involving adenylyl cyclase, alters sodium transport 
in nerve and muscle cells, and effects a shift toward interneuronal 
metabolism of catecholamines and serotonin. 

Lithium carbonate is completely absorbed 6 to 8 hours after oral 
administration. Its plasma half-life is approximately 24 hr. It is ex- 
creted by the kidneys, and approximately 80% of filtered lithium is 
reabsorbed by a carrier in the renal tubules. Lithium competes for this 
carrier with sodium, and therefore sodium depletion decreases renal 
excretion of lithium, resulting in lithium accumulation. The lithium ion 
is distributed in total body water but is concentrated in various tissues 
to different degrees. After a steady state has been reached, approxi- 
mately 40% is contained in cerebrospinal fluid, and renal clearance is 
somewhat constant. Serum levels should be maintained between 0.7 
and 1.38 mEq/L. Adverse effects are noted at levels higher than 1.5 
mEq/L, and serious toxicity is common when concentrations exceed 2.0 
mEq/L. Because toxicity develops at serum levels little higher than 
effective therapeutic levels, frequent monitoring and dosage adjust- 
ments are mandatory for successful therapy. 

Nausea, vomiting, and diarrhea are presumptive evidence of toxicity 
and indicate the dose should be reduced. The most common untoward 
effects are slight tremor and polyuria; these ordinarily do not require a 
reduction in dosages. CNS effects, such as slurred speech, blurred 
vision, confusion, and lethargy, require immediate withdrawal of the 
drug and the administration of sodium chloride (at least 4 g extra a day) 
to facilitate the excretion of lithium. Adverse cardiovascular effects 
include arrhythmias and hypotension. Goiter, hypothyroidism, and di- 
abetes insipidus also have been observed. Lithium should not be used in 
patients who have cardiovascular or renal disease. Lithium must be 
used with caution during pregnancy as it can cause cardiac and other 
birth defects. The drug should not be used in children younger than 
P2hyns 


LOXAPINE SUCCINATE 


Butanedioic acid, compd with 2-chloro-11-(4-methyl-1-piperazinyl)- 
dibenz[b,f][1,4]oxazepine (1:1); Loxitane 


N NCH3, 


\// CHCOOH 


or Cl CH,COOH 
fo) 


2-Chloro-11-(4-methyl-1-piperazinyl)dibenz[b,f][1,4]oxazepine 
nate (1:1) [27833-64-3], C,,H,,CIN,O - C,H,O, (445.90). 

Preparation—A method of synthesis of loxapine starting with 
anthone oxime is described in US patent 3,412,193. Other procedures 
are summarized in CA 1965; 63:11592h. 

Description—White to off-white, crystalline powder; pK, 6.6 
(loxapine). 

Solubility—Slightly soluble in water or alcohol. 

Comments—A dibenzoxazepine with medium clinical potency and 
extrapyramidal toxicity, low sedative, effect, and low hypotensive 
action. 


succl- 


MESORIDAZINE BESYLATE 


10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2-(methyl- 
sulfinyl)-, monobenzenesulfonate; Serentil 


[32672-69-8] C,,H,,N.OS, - C,H,O,S (544.74). 

Preparation—Nitrophenide [bis(3-nitrophenyl)disulfide)] is con- 
verted by a series of reactions into 2-(methylthio)phenothiazine. Oxi- 
dation with H,O, yields the corresponding sulfinyl compound that is 
reacted with 1-methyl-2-(2-chloroethyl)piperidine in the presence of a 
suitable condensing agent and the mesoridazine thus formed is con- 
verted, with benzenesulfonic acid, to the besylate salt. US patent 
3,084,161. 

Description—White to pale yellow, crystailine powder with a faint 
odor; melts about 178° . 

Solubility—1 g in 1 mL of water, 11 mL of alcohol, 3 mL of 
chloroform, or 6300 mL of ether. 

Comments—A phenothiazine with medium clinical ptency, low extrapy- 
ramidal toxicity, high sedative effect, and medium hypotensive action. 


MOLINDONE HYDROCHLORIDE 


4Hindol-4-one, 3-ethyl-1,4,6,7-tetrahydro-2-methyl-5-(4- 
morpholinylmethyl)-, monohydrochloride; Moban 


1 


Nw CH; 
* HCl 
lx ida) 
0 NCHS 205 
Nae 


it 
10) 


[15622-68-8] C,,H,,N,0,.HCI (312.84). 

Preparation—From 4-(morpholinyl)-1,3-cyclohexanedione and 
2-oximino-3-pentanone in acetic acid by refluxing with powdered zinc 
yields the base that may be converted to the hydrochloride by usual 
procedures. See Belg patent 670,798; CA 1966; 65,7148f. 

Description—White crystals; melts about 180° . 

Solubility—Freely soluble in water or alcohol. 

Comments—A dihydroindolone with medium clinical potency, low ex- 
trapyramidal toxicity, medium sedative effect, and no hypotensive action. 


PERPHENAZINE 


1-Piperazineethanol, 4-[3-(2-chloro-1 OH-phenothiazin-10-yl) 
propyl]-, Trilafon 


CH,CH»CH,—N N—CH,CH20H 


OUT 


C,,H,,CIN,OS (403.97). 
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Preparation—A toluene solution of 2-chloro-10(3-chloropropyl)- 
phenothiazine and 1-piperpazineethanol is refluxed with sodamide and 
the resulting perphenazine purified by means of vacuum distillation. 
US patent 2,766,235. 

Description—White to creamy white, light-sensitive powder; al- 
most odorless and has a bitter taste; melts about 97°. 

Solubility—1 g in 7 mL of alcohol or 13 mL of acetone; practically 
insoluble in water; freely soluble in chloroform. 

Comments—A phenothiazine with high clinical potency, medium 
extrapyramidal toxicity, medium sedative effect, and low hypotensive 
action. 


PIMOZIDE 


2H-Benzimidazol-2-one, 1-[1-[4,4-bis(fluorophenyl)butyl]-4- 
piperindinyl]-1,3-dihydro-, Orap 


Mrs 
N\_20 
mia 
NH 


[2062-78-4] C,,H,.F,N3O0 (461.55). 

Preparation—The ethyl ester of 1-benzyl-4-oxo-3-piperidine- 
carboxylic acid and o-phenylenediamine are condensed, with the 
loss of the elements of water and ethanol, to yield I. With hydrogen and 
Pd catalyst, the benzyl group is removed from I, and the unsaturation 
is reduced to give II, 1(2H)-(4-piperindinyl)benzimidazol-2-one. The 
other necessary intermediate is formed from a Grignard reaction be- 
tween p-fluorophenylmagnesium bromide and ethyl cyclohexylpropane- 
carboxylate to give 4,4'-difluorophenyl)-4-chloro-1-butene. Catalytic re- 
duction of the 1,1-bis(4-fluorophenyl)-4-chloro-1-butene. Catalytic 
reduction of the double bond followed by condensation with II in the 
presence of Na,CO, yields pimozide. 


(I) (Il) 


Description—Crystals; melts about 216°; pK,, 7.32. 

Solubility—Practically soluble in water; 1 g in 140 mL of alcohol, 5 
mL of chloroform, or 500 mL of ether; slightly soluble in dilute aqueous 
acid solution. 

Comments—Has high clinical potency, high extrapyramdial toxic- 
ity, low sedative effect, and low hypotensive action. 


PROCHLORPERAZINE 


For the full monograph, see page 1237. 
Comments—A phenothiazine used for treating nausea and vomiting. 


PROMAZINE HYDROCLORIDE 


10H-Phenothiazine-10-propanamine, N,N-dimethyl-, 
monohydrochloride; Sparine; Prozine 


CHeCHaCHeN(CHy)2 


OO 


10-[3-Dimethylamino)propyl] phenothiazine 
60-1] C,,H,).N.S - HCl (320.88). 
Preparation—Phenothiazine is dissolved in an inert solvent and 
condensed wit 3-chloro-N,N-dimethylproplyamine in the presence of 
sodium hydride to yield promazine. After purification, it is dissolved in 
an organic solvent and reacted with an equimolar quantity of HCl. 
Description—White to slightly yellow, practically odorless, crys- 
talline powder; oxidizes upon prolonged exposure to air and acquires a 
blue or pink color; melts within a 3° range between 172° and 182° 
Solubility—1 g in 3 mL of water; free soluble in chloroform. 
Comments—A phenothiazine with low clinical potency, medium 
extrapyradmidal toxicity, high sedative effect, and high hypotensive 
action. 


monohydrochloride [53- 


THIORIDAZINE 


10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2- 
(methylthio)-, Mellaril-S; Millazine 


[50-52-2] C,,H,,N2S_ (370.57). 
Preparation—2-(Methlythio)phenothiazine, which may be pre- 
pared by reacting 2-chlorophenothiazine with (methylthio)sodium, is 
condensed with 2-(1-methyl-1-piperidyl)ethyl chloride with the aid of a 
dehydrochlorinating agent such as sodamide. US patent 3,239,514. 
Description—Crystals; melts about 73°; pK, 9.5 (methylamino 
group). 
Solubility—1 g in 6 mL of alcohol; practically insoluble in water. 
Comments—See Thioridazine Hydrochloride. 


THIORIDAZINE HYDROCHLORIDE 


10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2- 
(methylthio)-, monohydrochloride; Mellaril; Intensol 

{130-61-0] C,,H,,N.S. - HCl (407.03). 

For the structure and preparation of the base, see Thioridazine. 

Description—White to slightly yellow, granular powder with a 
faint odor and a very bitter taste; stable in moderate heat, nonhygro- 
scopic and darkens on exposure to light; melts within a range of 3° 
between 157° and 163°; pH (1 in 100 solution) between 4.2 and 5.2. 

Solubility—1 g in 9 mL of alcohol or in 10 mL of water; freely 
soluble in chloroform or methanol; slightly soluble in benzene; insoluble 
in ether. 

Comments—A phenothiazine with low clinical potency, low extra- 
pyramidal toxicity, high sedative effect, and medium hypotensive action. 


THIOTHIXENE 


(Z)-9H-Thioxanthene-2-sulfonamide, N,N-dimethyl-9-[3-(4-methyl-1- 
piperazinyl)propylidene]-, Navane 


H 


CH,CH2N NCH 
en 3 
Ul 


S 


[5591-45-7 and 3313-26-6(Z)] C,,H,,N,0.S. (443.62). 

Preparation—2-Chlorobenzoic acid is converted into its 5-dimeth- 
ylsulfamoyl derivative by successive reaction with chlorosulfonic acid 
and dimethylamine. The chlorine is then replaced with the phenylthio 
group by treatment with benezenethiol in the presence of alkali, and the 
resulting 2-phenylthio derivative is cyclized with polyphosphoric acid to 
form N,N-dimethyl-9-oxothioxanthene-2-sulfonamide. Reaction of this 
compound with [3-(4-methyl-1-piperidyl)propylidene]triphenylphos- 
phorane replaces the oxo oxygen with the appropriately substituted 
propylidene group to yield thiothixene. US patent number 3,310,553. 

Description—White to tan, crystalline powder; practically odor- 
less; very bitter taste; unstable in light; melts about 150° (cis or Z 
isomer). 

Solubility—Practically insoluble in water; 1 g in 110 mL of any- 
drous alcohol, 2 mL of chloroform, or 120 mL of ether; slightly soluble in 
methanol or acetone. 

Comments—A thioxanthene with high clinical potency, medium 
extrapyramidal toxicity, medium sedative effect, and medium hypoten- 
sive action. 


THIOTHIXENE HYDROCHLORIDE 


(Z)-9H-Thioxanthene-2-sulfonamide, N,N-dimethyl-9-[3[3-(4-methyl-1- 
piperazinyl)propylidene]-, dihydrochloride, dihydrate, Nevene 
Hydrochloride 
[22189-31-7 and 49746-09-0(Z)] C..;H).N;,0.S, - 2HCl - 2H,O (552.57); an- 
hydrous [49746-04-5] (516.54). For the structure of the base, see Thio- 

thixene. 

Preparation—Thiothixene is reacted with aqueous HCl, and the 
hydrochloride is crystallized therefrom. 

Description—White, or nearly white, crystalline powder; slight 
odor; affected by light. 


Solubility—1 g in 8 mL of water, 270 mL of anhydrous alcohol, or 
280 mL of chloroform; practically insoluble in benzene, acetone, or 
ether. 

Comments—See Thiothixene. 


TRIFLUOPERAZINE HYDROCHLORIDE 


10H-Phenothiazine, 10-[3-(4-methyl-1-piperazinyl)propyl]-2- 
(trifluoromethyl)-, dihydrochloride; Stelazine; Suprazine 
(as the base) 


CH,CH,CH, —N 


| NEE. 
S 


[440-17-5] C,,H.,F,N.,S - 2HCl (480.42). 

Preparation—By the process described for Triflupromazine Hydro- 
chloride, except that 1-(3-chloropropyl)-4-methylpiperazine is used as 
the condensing amine in place of (3-chloropropyl)dimethylamine. US 
patent 2,921,069. 

Description—White to pale yellow, crystalline powder; practically 
odorless; bitter taste; melts about 242° with decomposition. pK, 8.1 
(piperazine). 

Solubility—1 g in 3.5 mL of water, 11 mL of alcohol, or 100 mL of 
chloroform; insoluble in ether; protect aqueous solutions from light. 

Comments—A phenothiazine with high clinical potency, high ex- 
trapyramidal toxicity, low sedative effect, and low hypotensive action. 


TRIFLUPROMAZINE HYDROCHLORIDE 


10H-Phenothiazine-10-propanamine, N,N-dimethly-2- 
(trifluoromethyl)-, monohydrochloride; Vesprin Hydrochloride 


N—CH, 


CHa CHzCHaN (CH), 


N CFs 
OGOs 

10-[3-(Dimethylamino)propyl]-2-(trifluoromethyl)phenothiazine mono- 
hydrochloride [1098-60-8] C,,H,,F,N.S - HCl (388.88). 

Preparation—2-(Trifluoromethyl)phenothiazine is condensed with 
(3-chloropropyl)dimethylamine by refluxing in dry benzene in the pres- 
ence of sodamide and the resulting base converted to the hydrochloride. 
Preparation of the starting phenothiazine compound may be done 
by heating 3-(trifluoromethyl)diphenylamine with sulfur. US patent 
2,921,069. 

Description—White to pale tan, crystalline powder; slight charac- 
teristic odor; melts about 174°. 

Solubility—1 g in <1 mL of water, <1 mL of alcohol, or 1.7 mL of 
chloroform; insoluble in ether. 

Comments—A phenothiazine with moderate clinical potency, high 
extrapyramidal toxicity, medium sedative effect, and medium hypoten- 
sive action. It is used as an injection only. 


Atypical or Novel Antipsychotics 


Antipyschotics are classified as atypical based on three impor- 
tant clinical observations. Atypical antipsychotic agents are 
effective against the negative symptoms of schizophrenia (as 
well as the positive symptoms), often effective in patients re- 
fractory to treatment with typical antipsychotics, and seldom 
induce motor-related adverse effects. Clozapine, the first of 
these agents to appear, was approved for use in the United 
States in 1989. The major limitation to use of clozapine has 
been that it induces agranulocytosis in approximately 1% of 
those receiving it. Thus, patients being treated with clozapine 
need to have a blood analysis done every week. Recently, other 
agents have become available that do not induce agranulocy- 
tosis and that appear to have an efficacy equal to that of 
clozapine. They also have a reduced adverse effect spectrum 
compared with typical antipsychotics. Treatment with all of 
these atypical or novel antipsychotic agents is associated with 
higher efficacy and better rates of compliance than is treatment 
with the typical antipsychotics. The absence of motor-related 
adverse effects appears to correlate with lower affinity for the 
D2-specific receptor within the family of dopaminergic D2 re- 
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ceptors. Olanzapine and risperidone do elicit motor disorders at 
higher doses; hence these do not fit into the class of atypical 
antipsychotics as completely as the other agents. 


CLOZAPINE 


5H-Dibenzo[b,e][1,4]diazepine, 8-chloro-11-(4-methyl-1-piperaziny))-, 
Clozaril 


EN 
N NCH 


(5786-21-0] C,.H, CIN, (326.83). 

Preparation—Clozapine may be prepared by means of intramolec- 
ular condensation of 2-amino-4-chlorodiphenylamine-2’-carboxylic acid 
4-methylpiperazide in the presence of phosphoroxychloride and N,N- 
dimethylformamide. The desired product is extracted with benzene, 
extracted from the organic solution with dilute acetic acid, and then 
precipitated by addition of concentrated ammonia water. Neth patent 
application 293,201. 

Description—Yellow, tasteless crystals; melts between 183° 
and 184°. 

Solubility—Slightly soluble in water; soluble in ether. 

Comments—A dibenzodiazepine-derived atypical antipsychotic in- 
dicated for the management of symptoms of schizophrenia. In several 
trials, clozapine has been effective in patients refractory to treatment 
with typical antipsychotic drugs. In addition to its antipsychotic ac- 
tions, clozapine may also help reduce aggressive and hostile behavior 
and the risk of suicide. It has also been used in the treatment of 
L-dopa—induced psychotic symptoms in patients who have Parkinson’s 
disease. 

Although clozapine does not produce the extrapyramidal symptoms 
and other motor irregularities associated with typical antipsychotic 
drugs, it does have significant adverse effects. These include drowsi- 
ness, headaches, disturbed sleep, dizziness, fever (5%), changes in blood 
pressure (less than 10%), tachycardia (25%), cardiac arrhythmias, dry 
mouth or hypersalivation (50—80%), nasal congestion, pallor, bowel 
irregularities, nausea or vomiting, respiratory irregularities and rash 
(2%), and seizures (3-5%). The most serious problem is agranulocytosis, 
which occurs in 1 to 2% of patients taking the drug. More than 95% of 
incidents of agranulocytosis occur within the first 6 months of therapy. 
Patients taking clozapine should be monitored closely with weekly 
white blood cell (WBC) assessments. Another adverse effect is a re- 
bound psychosis from discontinuance of drug therapy. 

Clozapine is absorbed rapidly from the gastrointestinal (GI) tract 
and is extensively metabolized during first pass through the liver. Peak 
plasma levels occur approximately 1.5 hr after a single oral dose. There 
is sixfold interindividual variability in steady-state plasma levels in 
patients using high doses of this drug. Pharmacological effects are 
apparent within 15 min after administration, and the duration of action 
is 4 to 12 hr after a single dose. Elimination is biphasic and after a low 
dose averages 8 hr. Clozapine and its metabolites are excreted primar- 
ily in the urine. 


OLANZAPINE 


10H-Thieno[2,3-b][1,5]benzodiazepine, 2-methyl-4-(4-methyl-1- 
piperazinyl)-, Zyprexa 


on 
© 


CH; 


[132539-06-1] C,H, .N,S (312.43). 

Preparation—A mixture of sulfur, propanol, DMF , and trimeth- 
ylamine are heated during the addition of malononitrile to produce 
2-amino-5-methylthiophene-3-carbonitrile. Reaction of this compound 
with 2-fluoronitrobenzene and sodium hydride forms 2-(2-nitroanilino)- 
5-methylthiophene-3-carbonitrile, which is subsequently treated with 
anhydrous stannous chloride to close the diazepine ring. The diazepine 
with 1-methylpiperazine in DMSO yields the product (base). 
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Table 82-2. Table of Typical Antipsychotic Drugs 


GENERIC NAME 
Acetophenazine 


Chlorpromazine 


Chlorprothixene 


Droperidol 


Fluphenazine 


Haloperidol 


Loxapine 


Mesoridazine 


Molindone 


Perphenazine 


Pimozide 


Prochlorperazine 


Promazine 


Thioridazine 


Thiothixene 


Trifluoperazine 


Triflupromazine 


TRADE NAME 


Tindal 


Thorazine 


Taractan 


Inapsine 


Permitil, Prolixin 


Haldol 


Loxitane 


Serentil 


Moban 


Trilafon 


Orap 


Compazine 


Sparine 


Mallaril 


Navane 


Stelazine 


Vesprin 


COMMENTS 


A phenothiazine with medium clinical 
potency, medium extrapyramidal 
toxicity, moderate sedative effect, and 
low hypotensive action 

A phenothiazine with low clinical potency, 
medium extrapyramidal toxicity, high 
sedative effect, and high hypotensive 
action 

A thioxanthene with low clinical potency, 
medium extrapyramidal toxicity, high 
sedative effect, and moderate 
hypotensive action 

A buterophenone with low clinical 
potency, medium extrapyramidal 
toxicity, and high sedative effect—only 
approved for sedation and treatment of 
nausea and vomiting; high hypotensive 
action 

A phenothiazine with high clinical 
potency, high extrapyramidal toxicity, 
low sedative effect, and low 
hypotensive action 

A buterphenone with high clinical 
potency, high extrapyramidal toxicity, 
low sedative effect, and low 
hypotensive action 

A dibenzoxazepine with medium clinical 
potency, medium extrapyramidal 
toxicity, low sedative effect, and low 
hypotensive action 

A phenothizine with medium clinical 
potency, low extrapyramidal toxicity, 
high sedative effect, and medium 
hypotensive action 

A dihydroindolone with medium clinical 
potency, low extrapyramidal toxicity, 
medium sedative effect, and no 
hypotensive action 

A phenothiazine with high clinical 
potency, medium extrapyramidal 
toxicity, medium sedative effect, and 
low hypotensive action 

High clinical potency, high extrapyramidal 
toxicity, low sedative effect, and low 
hypotensive action 

A phenothiazine used for treatment of 
nausea and vomiting 

A phenothiazine with low clinical potency, 
medium extrapyramidal toxicity, high 
sedative effect, and high hypotensive 
action 

A phenothiazine with low clinical potency, 
low extrapyramidal toxicity, high 
sedative effect medium, and 
hypotensive action 

A thioxanthene with high clinical potency, 
medium extrapyramidal toxicity, 
medium sedative effect, and medium 
hypotensive action 

A phenothizine with high clinical potency, 
high extrapyramidal toxicity, low 
sedative effect, and low hypotensive 
action 

A phenothiazine with moderate clinical 
potency, high extrapyramidal toxicity, 
medium sedative effects, and medium 
hypotensive action — injectable only 


Description—Yellow crystals. 

Solubility—Practically insoluble in water. 

Comments—An atypical antipsychotic. Its adverse effects include 
orthostatic hypotension, sedation, and mild antimuscarinic activity. 
Higher doses may produce extrapyramidal effects. 


QUETIAPINE FUMARATE 


Ethanol, 2-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-1- 
piperazinyl)ethoxy]-, (£)-2-butenedioate (2:1) salt; Seroquel 


— OH 
a zr 
r 
foe HC — COOH 
i ; HOOC — a 
Sey 
ae 
\ ieee: 
—— <i 


{111974-72-2] (C,,H,,N,0.8,) -C,H,O, (883.11). 

Preparation—The cyclic amide, dibenzo[b,/][1,4]thiazepin-11-one 
is converted to the 11-chloro derivative with phosphorus oxychloride. 
Nucleophilic displacement of the halogen by 2-[2-(piperazin-lyl)- 
ethoxylethanol yields the product (base). The salt is prepared by mixing 
saturated solutions of the base and fumaric acid in ethanol. Drugs of the 
Future 1986; 21:483-489. 

Description—White crystals that melt about 129°; base, 172°; HCl, 
DANS 

Comments—An atypical antipsychotic. Its adverse effects include 
dizziness, somnolence, and weight gain. 


RISPERIDONE 


4H-Pyrido[1,2-a]pyrimidin-4-one, 3-[2-[4-(6-fluoro-1.,2-benzisoxazol- 
3-yl)-1-piperinylJethyl]-6,7,8,9-tetrahydro-2-methyl-, Risperdal 


[106266-06-2] C,,H,,FN,O, (410.49). 

Preparation—A Friedel-Crafs condensation of 1-acetylpiperidone- 
4-carbonyl chloride and 2,4-difluorobenzene, followed by hydrolysis of 
the N-acetyl group yields 4-(2,4-difluorobenzoyl)piperidone and the ben- 
zoyl carbonyl is converted to the oxime. With alkali, the fluorine atom in 
the 2-position is displaced through ring closure to form the isoxazole 
moiety. The secondary amine of the piperidine ring is alkylated with 
3-(2-chloroethyl)pyrido[1,2-a]pyrimidin-4-one to yield the product. 

Description—Off-white crystals that melt about 170° . 

Solubility—Practically insoluble in water; freely soluble in meth- 
ylene chloride; soluble in methanol and 0.1 M HCl. 

Comments—An atypical antipsychotic and neuroleptic. Its adverse 
effects include nasal congestion, orthostatic hypotension, insomnia, and 
possible extrapyramidal symptoms. 


SERTINDOLE 


2-Imidazolidinone, 1-[2-[4-[5-chloro-1-(4-fluorophenyl)-1H-indol-3-yl]- 
1-piperidinylJethyl]-, SerLect 


F 


{106516-24-0] C,,H,,.CIFN,O (440.95). 

Preparation—In an Ullman-type reaction |-chloro-fluorobenzene 
and 5-chloro-(1H)-indole produce 1-(p-fluorophenyl)-5-chlorobenzimida- 
zole. This latter compound is condensed with 4-piperidinone hydrochlo- 
ride hydrate in a mixture of acetic and trifluroroacetic acids to yield 
3-(1,2,3,5-tetrahydropiperidin-4-yl of the indole. Catalytic reduction 
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(H,, Pt) of the unsaturation followed by condensation with 1-(2-chloro- 
ethyl)imidazolin-2-one to place the appropriate side chain on the nitro- 
gen atom of the piperidine affords the product. 

Description—Crystals from acetone that melts about 155°: from 
2-propanol/ethylacetate, 166°. 

Comments—An atypical antipsychotic and neuroleptic. Its adverse 
effects include nasal congestion, orthostatic hypotension, insomnia, and 
possible extrapyramidal symptoms. Its long half-life allows once-a-day 
dosing. 


Antidepressants 


Antidepressants relieve the symptoms of depressive disorders. 
Depression is a common ailment, which afflicts approximately 
5-6% of the population. It estimated that 10-15% of people 
experience depression sometime during their lifetime. The di- 
agnosis of depression excludes behaviors resulting from normal 
bereavement, physical conditions, and drug use. Depression 
varies significantly in intensity and in the clinical symptoms 
manifested. Patients who have depression experience symp- 
toms of depressed mood or loss of interest or pleasure in normal 
activities. They commonly complain of fatigue, decreased pro- 
ductivity, changes in appetite or weight, insomnia or somno- 
lence, difficulty concentrating, and anhedonia. For such 
patients, nearly 75% experience clinically significant improve- 
ment with antidepressant drug treatment, and approximately 
50% experience complete recovery. Treatment is characterized 
by a long interval (weeks to months) from the time that the 
patient begins taking medication to the time that improvement 
in Symptoms occurs. 

Several effective antidepressants are currently available. 
These drugs vary significantly in chemical and pharmacologi- 
cal properties. One convenient way of characterizing the drugs 
is to combine the chemical and the pharmacological criteria 
and group the drugs into four major categories: tricyclic (based 
on three rings in the chemical structure), selective serotonin 
reuptake inhibitors (SSRIs) (based on pharmacological action), 
monoamine oxidase inhibitors (MAOIs) (based on pharmaco- 
logical effect), and heterocyclics (whatever does not fit into the 
other three categories). 

Generally, when tested in a broad population of patients, all 
of the antidepressants have equal efficacy. However, the drugs 
have significantly different spectra of adverse effects. Thus, the 
choice of drug is often made on the basis of least potential 
adverse effects. The SSRI drugs as a group of drugs and some 
of the agents from the heterocyclic group show significantly less 
incidence of adverse effects than the tricyclic agents or the 
MAOIs. Clinical trials indicate equal efficacy of antidepres- 
sants when tested across a wide population. Recent research 
indicates that some patients refractory to treatment with most 
antidepressant drugs may still respond to one of the other 
antidepressant drugs. Because standard criteria are not avail- 
able for determining what agent is effective in the nonrespond- 
ing group, several agents may need to be tried. 

The SSRIs (fluoxetine, paroxetine, and sertraline) are cur- 
rently the most commonly used antidepressant drugs. Gener- 
ally, these have a low incidence of adverse effects, especially 
when compared with the tricyclic antidepressants and the 
MAOIs. Some adverse effects associated with the SSRIs are 
related to their ability to increase synaptic levels of serotonin. 
Because the GI tract utilizes more serotonin than any other 
body organ, the most common adverse effects are GI distur- 
bances. Other adverse effects include headache, incoordination, 
sleep disturbance, sexual dysfunction, and tremor. Some of 
these effects are transient and disappear with continued use of 
the drug. In some patients, a potentially fatal serotonin syn- 
drome can occur. Symptoms of the serotonin syndrome include 
agitation, diaphoresis, diarrhea, fever, hyperreflexia, incoordi- 
nation, mental status changes, myoclonus, shivering, and 
tremor. The syndrome is usually associated with a defect in 
serotonin metabolism accompanied by the stimulation of re- 
lease of serotonin from its storage sites. Nonprescription cold 
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remedies and diet pills contain agents that release serotonin 
(dextromethorphan, sympathomimetics, ethanol) and may pre- 
cipitate the syndrome in patients taking SSRIs. The syndrome 
is reversible when the stimulus for serotonin release is re- 
moved, and it can be treated acutely with nitroglycerin or 
lorazepam. 

The heterocyclic group (amoxapine, bupropion, maprotiline, 
mirtazapine, nefazodone, trazodone, and venlafaxine) of anti- 
depressants (sometimes termed miscellaneous antidepres- 
sants) have little in common other than clinical efficacy. These 
drugs have a different spectrum of adverse effects from the 
SSRI group and can often be taken by patients who do not 
tolerate the SSRIs. The drugs in the heterocyclic group have a 
much lower incidence of adverse effects than the tricyclic or the 
MAOI antidepressants. 

The tricyclic antidepressant compounds (amitriptyline, 
clomipramine, desipramine, doxepin, imipramine, nortripty- 
line, protriptyline, and trimipramine) generally have anti- 
anxiety and sedative properties. Some tricyclic antidepres- 
sants (imipramine and, to a lesser extent, amitriptyline and 
nortriptyline) are also helpful in alleviating enuresis in chil- 
dren and adolescents. The tricyclic antidepressant drugs 
induce a wide variety of adverse effects. Because all of these 
drugs have antagonist activity at muscarinic receptors, 
many adverse effects are related to this action. The most 
common include dryness of the mouth, constipation, blurred 
vision, and drowsiness. Other adverse effects associated 
with tricyclic antidepressants are excessive perspiration and 
weight gain. Occasionally, manic episodes, tremors, heart 
block, tachycardia and other arrhythmias, rashes, and facial 
sweating are observed. Cholestatic jaundice, bone-marrow 
depression, epileptiform seizures, peripheral neuropathy, 
and photosensitization occur rarely. Urinary retention, es- 
pecially in men, also has been reported. 

The MAOIs (phenelzine and tranylcypromine) are used 
for symptomatic relief of severe reactive or endogenous de- 
pression in hospitalized or closely supervised patients who 
have not responded to other antidepressant therapy. They 
must be used with caution because they are more toxic than 
the other antidepressant drugs. The untoward reactions pro- 
duced by MAOIs include postural hypotension. In addition, 
certain foods and drugs when combined with a MAOI can 
produce a hypertensive crisis characterized by headache, 
palpitation, nausea and vomiting, and, occasionally, sub- 
arachnoid or intracranial hemorrhage. This reaction may be 
induced by the ingestion of certain kinds of sharp cheese, 
yeast extracts, broad beans, chicken livers, pickled herring, 
and chocolate. Other adverse reactions include restlessness, 
insomnia, dry mouth, nausea, dizziness, constipation, and 
anorexia; occasionally, patients may experience flushing, 
urinary retention, tremors, impotence, and paresthesias; 
and rarely, patients might develop skin rash, hepatitis, tin- 
nitus, muscle spasms, and mania. 

The mechanism by which antidepressant drugs exert 
their effects is complex. Certain conclusions emerge from a 
comparison of pharmacology of active agents. All anti- 
depressant drugs affect norepinephrine and serotonin syn- 
apses in the brain. However, the nature of the acute effects 
on synaptic transmission and the selectivity for one of these 
two neurotransmitter systems varies significantly. The 
MAOI increase amount of monoamine neurotransmitters 
available by interfering with their metabolism. Several of 
the tricyclic drugs and the SSRI class block uptake of 
neurotransmitters from the synapse into the presynaptic 
terminal. Drugs that selectively block uptake of either sero- 
tonin or norepinephrine are effective antidepressants. Fur- 
ther, there seems little evidence to distinguish between 
effectiveness of these two types of antidepressants. Drugs 
that block the uptake of norepinephrine or serotonin selec- 
tively are equally effective as drugs that block the uptake 
of both neurotransmitters. Several antidepressant drugs 
are antagonists at the serotonin 5-HT2A receptor, and this 


antagonism has been postulated to reduce anxiety. As all of 
the antidepressant drugs necessitate 3 to 4 weeks or more of 
therapy before clinical benefit is observed, it would appear 
that neuronal adaptations to the presence of the drugs cor- 
relate with efficacy. All of the compounds that enhance nor- 
epinephrine neurotransmission induce a delayed down reg- 
ulation of B-adrenergic receptors and a decreased ability to 
increase levels of cyclic adenosine monophosphate (cAMP) by 
activation of B-adrenergic receptors. Such observations sug- 
gest that clinical effectiveness may be produced through 
adaptations in second-messenger systems stimulated by nor- 
epinephrine. All of the compounds that enhance serotonergic 
neurotransmission appear to alter the balance between ef- 
fects mediated by presynaptic and postsynaptic serotonin 
receptors, such that an increase in serotonergic transmission 
is observed. 

Patients taking antidepressants should avoid all other 
medications, including over-the-counter (OTC) preparations, 
unless specifically approved by their physician. They should 
be advised not to use alcoholic beverages and to limit the 
amount of caffeine-containing beverages while on these 
medications. Special precautions should be taken when 
antidepressants are used with other medications. The tricy- 
clic compounds may decrease the effect of anticonvulsant 
medication, necessitating dosage adjustment. Many tricyclic 
agents potentiate the effects of antihistaminics, anti- 
muscarinics, and other CNS depressants; block the anti- 
hypertensive effects of clonidine and guanethidine; alter 
blood-glucose levels; and decrease the effectiveness of hypo- 
glycemic medication. Their effectiveness is reduced by con- 
current use of estrogens. Their concurrent use with MAOIs 
should be avoided as a hyperpyretic crisis, severe convul- 
sions, and death may occur. A minimum of 14 days should 
elapse between the discontinuance of MAOIs and the initia- 
tion of tricyclic antidepressant therapy and vice versa. Like- 
wise, concurrent use of tricyclic antidepressants with sym- 
pathomimetics may result in severe hypertension or 
hyperpyrexia; these agents may enhance the possibility of 
cardiac arrhythmias in patients on thyroid medication. The 
tricyclic compounds are contraindicated in patients who 
have congestive heart failure, angina pectoris, and paroxys- 
mal tachycardia. Also, they should be used with caution in 
patients who have urinary retention, glaucoma, diabetes, 
impaired liver function, asthma, and a history of convulsive 
seizures. 

MAOIs potentiate the effects of many other drugs (barbitu- 
rates, insulin, procaine, adrenergic agents, methyldopa, thia- 
zide diuretics, anti-Parkinson agents, phenothiazines, and 
morphine analgesics); thus, a reduced dosage of each agent is 
necessary if the drugs are used concomitantly. The MAOIs 
should not be administered with or immediately after other 
MAOIs or other antidepressants. Such combinations can pro- 
duce a hypertensive crisis, fever, significant sweating, excita- 
tion, delirium, tremor, twitching, convulsions, chorea, and cir- 
culatory collapse. At least 14 days should elapse between 
discontinuing a MAOI and the institution of another antide- 
pressant or MAOI. A similar period should elapse before pa- 
tients on MAOIs undergo elective surgery. The MAOIs should 
not be used in patients who have cerebrovascular defects or in 
patients who have cardiovascular disease, hypertension, or 
pheochromocytoma. 

The safe use of tricyclic compounds or MAOIs during preg- 
nancy or lactation has not been established. These agents 
should not be used in children younger than 12 years for the 
same reason. Also, geriatric, adolescent, and black patients on 
tricyclic compounds usually require reduced dosage; this is 
thought to be related to slower drug metabolism. Antidepres- 
sant drugs are toxic agents and should be employed only with 
a full knowledge of their precautions and potential adverse 
effects. 


AMITRIPTYLINE HYDROCHLORIDE 


1-Propanamine, 3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5- 
ylidene)-N,N-dimethyl-, hydrochloride; Elavil; Amitril; Emitrip: 
Endep 


OLIG evHe} 


Ul 
CHCH,CH,N(CHs) 


[549-18-8] C,,H,3N - HCl (313.87). 

Preparation—Phthalic anhydride is reacted with phenylacetic 
acid to form 3-benzylidenephthalide, which is hydrogeanted to 2-phen- 
ethylbenzoic acid. Conversion to the acid chloride followed by intramo- 
lecular dehydrochlorination yields the ketone (5H-dibenzo[a,d]cyclo- 
hepten-5-one), which is grignardized with 3-(dimethylamino)propyl 
chloride. Dehydration of the resulting tertiary carbinol gives amitrip- 
tyline, which is dissolved in a suitable solvent and converted to the 
hydrochloride by a stream of HCl. US patent 3,205,264. 

Description—White or practically white, odorless or practically 
odorless, crystalline powder or small crystals; melts about 197°; pH (1 
in 100 solution) 5 to 6; pK, 9.4. 

Solubility—1 g in in 1 mL water, 1.5 mL alcohol, 1.2 mL chloro- 
form, or 1 mL methanol; insoluble in ether. 

Comments—A tricyclic used for the relief of symptoms of depres- 
sion. Endogenous depression is more amenable to amitriptyline therapy 
than are other depressive states. It is useful in the management of 
depression accompanied by anxiety. It is also useful in temporarily 
alleviating enuresis in children and adolescents. 

Amitriptyline is contraindicated in patients who have shown previ- 
ous hypersensitivity to it. It should not be given concomitantly with 
MAOIs. Hyperpyretic crises, severe convulsions, and deaths have oc- 
curred in patients receiving tricyclic antidepressant and MAO-inhibit- 
ing drugs simultaneously. When a MAOT is replaced with amitriptyline, 
a minimum of 14 days withdrawal should be allowed before initiation of 
the new therapy. Amitriptyline is not recommended for use during the 
acute recovery phase after myocardial infarction. 

Amitriptyline is absorbed rapidly after either oral or parenteral 
administration; (31-61% is bioavailable); peak plasma levels occur 
within 2 to 12 hr; 96% is bound to plasma proteins. The plasma half-life 
ranges from 31 to 46 hr; volume of distribution is 5 to 10 L/kg; thera- 
peutic plasma levels range from 80 to 200 ng/mL. It is metabolized in 
the liver by P-450 2D6. At least one active metabolite, nortriptyline, has 
been identified. Approximately 25 to 50% is excreted in the urine as 
inactive metabolites within 24 hr; small amounts are excreted in the 
feces via the bile. 

Adverse effects associated with amitriptyline include drowsiness, 
xerostomia, tremor, fatigue, weakness, blurring of vision, constipation, 
urinary retention, edema, tachycardia, and orthostatic hypotension. 
Most untoward effects can be controlled by a reduction in dosage. 
Patients taking large doses over an extended period should be watched 
closely for possible changes in liver and hematopoietic functions. 


AMOXAPINE 
Dibenz[b,f][1,4]oxazepine, 2-chloro-11-(1-piperazinyl)-, Asendin 


{14028-44-5] C,,H,,CIN,,O (313.79). 
Preparation—See Helv Chim Acta 50:245, 1967. 
Description—White crystals; melting about 175° . 
Solubility—Practically insoluble in water; freely soluble in chloro- 
form; sparingly soluble in acetone or methanol. 
Comments—A heterocyclic with moderate sedative and antimus- 
carinic effects. 


BUPROPION HYDROCHLORIDE 


1-Propanone, 1-(3-chlorophenyl)-2-[(1,1-di-methylethyl)amino]-, 
hydrochloride; Wellbutrin 
ee) 
COCHCHs 
+ HC) 


a} 
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(+)-2-(tert-butylamino)-3'-chloropropriophenone [31677-93-7] C,,H,,CINO - 
HC] (276.22). 

Preparation—m-Chlorobenzonitirile is reacted with ethyl Grig- 
nard reagent in ether to produce m-chlorobenzyl ethyl ketone, which is 
brominated in dichloromethane. The product is reacted with tertiary 
butyl amine in acetronitrile to yield bupropion base. Treatment of an 
ethereal solution of the base with dry HCl yields the salt. Ger Offen 
2,059,618. 

Description—White solid; melting about 233° to 234°. 

Solubility—1 g in 3.5 mL water or 5 mL ethanol. 

Comments—A heterocyclic with no sedative or antimuscarinic 
effects. 


DESIPRAMINE HYDROCHLORIDE 


5H-Dibenz[b,f]azepine-5-propanamine, 10,11-dihydro-N-methyl-, 
monohydrochloride; Norpramin; Pertfrane 


OVO. 


D 
CH,CH»CH,NHCH, 


[58-28-6] C,H, N. - HCl (302.85). 

Preparation—Pyrolysis of the methanesulfonate of 4,4’-diamino- 
bibenzyl results in cyclization with formation of 10,11-dihydro-5H- 
dibenz[b,fJazepine. This is condensed with N-(3-chloropropyl)-N- 
methylbenzylamine in the presence of alkali to form N-benzylated 
desipramine, which, after debenzylation through reductive cleavage, is 
reacted with an equimolar quantity of HCl. Brit patent number 
908,788; US patent 3,454,698. 

Description—White to off-white, crystalline powder; odorless; bit- 
ter taste; unstable after long exposure to light, heat, and air; melts 
within a 5° range between 208° and 218°; pK, 10.2 (methylamino). 

Solubility—1 g in 12 mL of water, 14 mL of alcohol, 3.5 mL of 
chloroform, or >10,000 mL of ether. 

Comments—A tricyclic with low sedative and antimuscarinic 
effects. 


DOXEPIN HYDROCHLORIDE 


1-Propanamine, 3-(dibenz[b,e]oxepin-11(6H)-ylidene)-N,N-dimethyl-, 
hydrochloride; Adapin; Sinequan 


CHCH,CH,N(CHs)> 
i 


are) 


{1229-29-4; 4698-39(E); 251127-31-5(Z)] C,,H,,NO - HC1 (315.84). Dox- 
epin hydrochloride, an (FE) and (Z) geometric isomer mixture, contains 
the equivalent of not less than 85.0% and not more than 92.0% of 
C,,H.,,NO (doxepin), calculated on the dried basis. It contains not less 
than 12.0% and not more than 16.0% of the (Z)-isomer and not less than 
72.0% and not more than 78.0% of the (#)-isomer. 

Preparation—6,11-Dihydrodibenz|b,e]oxepin-ll-one is prepared 
from ethyl 2-(bromomethyl)benzoate and phenol to produce 2-(phe- 
noxymethyl)-benzoic acid, which is converted to 6,11-dihydrobenzo- 
[b,eloxepin-11-one by cyclization with polyphosphoric acid. This latter 
compound is transformed to 11-[3-(dimethylamino)propyl]-6H-dibenz- 
[b,eloxepin-11-ol through Grignard reaction with 3-(dimethylamino)- 
propyl chloride. Dehydration of the alcohol with mineral acid yields the 
base that is reacted with HCl. 

Description—White, odorless, bitter, crystalline substance; decom- 
poses slowly in light, nonhygroscopic up to 75% RH, and relatively 
stable in heat; melts about 188°; pK,, 8. 

Solubility—1 g in 1 mL water, 2 mL alcohol, or 10 mL chloroform, 

Comments—A tricyclic with high sedative and intense antimusca- 
rinic effects, causing moderate hypotension and weight gain. 


FLUOXETINE HYDROCHLORIDE 


Propylamine, (+)-3-(p-trifluoromethylphenoxy)-N-methyl-3-phenyl-, 
(Prozac) 


rc {C)-o- enone 


[56296-78-7] C,,H,,F,NO - HCl (345.79, hydrochloride salt). 
Preparation—f-(Dimethylamino)propiophenone is reduced by di- 
borane to the corresponding secondary alcohol. The hydroxyl group is 
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substituted by cholorine using hydrochloric acid in chloroform. The 
product is reacted with sodium 4-trifluoromethylphenoxide in a Wil- 
liamson synthesis to produce the dimethyl analog of the desired com- 
pound. Mono-demethylation is accomplished by successive reaction 
with BrCN and KOH. German patent 2,500,110. 

Description—Off-white crystalline solid. 

Solubility—1 g in 70 ml of water. 

Comments—An SSRI indicated for treatment of depression, obses- 
sive-compulsive disorder, and bulimia nervosa. Besides its use in the 
treatment of major depression, fluoxetine also has been used in patients 
who have bipolar disorder, obesity, and panic attacks. 

Although fluoxetine has a wide margin of safety, it can have unde- 
sirable actions on nervous and GI systems that cause discontinuance in 
15% of patients. These effects include anxiety, nervousness, insomnia, 
dizziness, headaches, and nausea. Significant weight loss may occur. 
Fluoxetine is contraindicated in patients known to be allergic to it. 
Fluoxetine should not be used in combinations with an MAOI or within 
14 days of discontinuing therapy with an MAOI. Fluoxetine forms an 
active metabolite norfluoxetine, which has a half-life of approximately 7 
to 9 days. Therefore, after stopping fluoxetine, allow at least a 5-week 
interval before starting an MAOI. 

Fluoxetine is well absorbed from the GI tract (60-80%), and peak 
plasma levels occur 4 to 8 hr after administration. The elimination 
half-life of fluoxetine is approximately 2 to 3 days (range of 1 to 9 days), 
and the half-life of its active metabolite, norfluoxetine, is 7 to 9 days 
(range of 3-15 days); thus, adverse effects may disappear slowly 
after discontinuing the drug. Fluoxetine is metabolized principally 
in the liver, and blood levels are increased in patients who have liver 
dysfunction. 


FLUVOXAMINE MALEATE 


1-Pentanone, £-5-methoxy-1-[4-(trifluoromethyl)phenyl]-, 
O-(2-aminoethyl) oxime; Luvox 


rach Vc cha cH CHa CHy-0-CHs 


N—-O-—CH2-CH2-NH2 


[54739-18-3] C,-H,,F,N.O, (318.34). 

Preparation—A Fiedel Crafts reaction of a,a,a-trifluorotoluene 
and 5-methoxyvaleryl chloride forms 1-(4-trifluormethylphenyl)-5- 
methoxyvalerophenone, which with 2-aminoxyethyl amine hydrochlo- 
ride yields the oxime product. US patent 4,058,225 (1978). 

Description—White to off-white, odorless crystals that melt about 
Pale 

Solubility—Sparingly soluble in water; freely soluble in ethanol or 
chloroform; practically insoluble in ether. 

Comments—An SSRI approved in the US only for obsessive- 
compulsive disorder. 


IMIPRAMINE HYDROCHLORIDE 


5H-Dibenz[b,f]azepine-5-propanamine 10,11-dihydro-N,N-dimethyl-, 
monohydrochloride; Tofranil; Janimine; SK-Pramine; Tipramine 
(as the base) 


N 


i 
CH, CH,CH N(CH )> 


5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenz[b,flazepine mono- 
hydrochloride [113-52-0] C,,H.,N. - HCl (316.87). 

Preparation—Dimerization of o-nitrotoluene is affected with so- 
dium ethoxide and an oxidizing agent to produce 1,2-bis(o-nitrophe- 
nyl)ethane. This compound is reduced to the corresponding diamine, 
2-(o-aminophenethyl)aniline hydrochloride, which is condensed with 
3-chloro-N,N-dimethylpropylamine by refluxing in benzene solution 
with the aid of sodamide. The basic constituents are then extracted with 
aqueous HCl and the extract is rendered alkaline and extracted with 
ether. After drying, the solvent is evaporated and the residue is vacuum 
distilled to yield the base. Treatment with alcoholic HCl produces the 
hydrochloride. US patent 2,553,736. 

Description—White to off-white, odorless crystalline powder; 
melts about 172°; pK, 9.4. 

Solubility—1 g in approximately 5 mL of water, approximately 10 
mL of alcohol, or approximately 15 mL of acetone; insoluble in ether or 
benzene. 

Comments—A tricyclic with moderate sedative and antimuscarinic 
effects, causing hypotension and weight gain. 


IMIPRAMINE PAMOATE 
Tofranil-PM 


5-[3-(Dimethylamino)propyl]-10,11,-dihydro-dH-dibenz[b,f]-azepine 
compound (2:1) with 4,4-methylene-bis][3-hydroxy-2-naphthoic acid] 
[10075-24-8] C,,H54No)o + Co3H,g0, (949.20). 
Description—Yellow powder; tasteless; odorless. 
Solubility—Insoluble in water; soluble in alcohol, ether, or 
chloroform. 
Comments—See Imipramine Hydrochloride. 


MAPROTILINE HYDROCHLORIDE 


9,10-Ethananthracene-9(10H)-propanamine N-methyl-, 
hydrochloride; Ludiomil 


CH2CH2CH2NHCH3 


{10347-8] C,,H.,N - HCl (313.87). 
Preparation—Refer to Helv Chim Acta 1969; 52:1385. 
Description—White crystals; melting about 230°; pK, 10.5. 
Comments—A heterocyclic with moderate sedative and antimus- 
carinic effects. 


MIRTAZAPINE 


Pyrazino[2,1-a]pyrido[2,3-c][2]benzazepine, (+)1,2,3,4,10,14b- 
hexahydro-2-methyl-, Remeron 


{61337-67-5] C,,H,,N, (265.36). 

Preparation—The reaction of 2-chloropyridine-3-carbonitrile and 
3-phenyl-1-methylpiperazine forms 2-(4-methyl-2-phenylpieridin-1-yl)- 
nicotrinonitrile. Hydrolysis of the nitrile to the acid followed by reduc- 
tion with diborane converts the carboxyl to a carbinol. Concentrated 
sulfuric acid closes the azepine ring and yields the product. 

Description—White to off-white crystals that melting about 116°. 

Solubility—Slightly soluble in water. 

Comments—A heterocyclic with high sedative and no antimusca- 
rinic effect. 


NEFAZODONE HYDROCHLORIDE 


3H-1,2,4-Triazol-3-one, 2-[3-[4-(3-chlorophenyl)-1-piperazinyl)]- 
propyl]-5-ethyl-2,4-dihydro-4-(2-phenoxyethyl)-, monohydrochloride; 
Serzone 


CoHs 


\ 


NO ON i X 
O)roonsent a “CH,CH;CH>—N ON Be 
0 ea 


Cy 


[82752-99-6]C,-H,.CIN.O.,:HCl (506.48) 

Preparation—Heating phenol and 2-ethyloxazoline yields N-(2- 
phenoxyethyl)propionamide, which with phosgene forms the imidoyl 
chloride derivative. This latter compound with ethyl hydrazinocarboxy- 
late, yields I. J Hetero Chem 22:11211, 1985. US patent 4,338,317 


(1982). 
wwe: NNHCOOCH; 


O Ve 
WAN 


(1) 


Compound I undergoes base-catalyzed intramolecular rearrangement 
to form the triazole moiety of the drug. The secondary amine fragment 


of the triazole is alkylated with 1-(3-chlorophenyl)-4-(3-chloropro- 
pyl)piperazine to form the product (base). 

Description—White, nonhygroscopic crystals that melt about 187° 
(slow cooling); polymorph, which melts about 182° (rapid cooling) from 
2-propanol; m 177° from ethanol. See US 4,338,317 (1982). 

Solubility—Freely soluble chloroform; soluble in propylene glycol; 
slightly soluble in water or polyethylene glycols. 

Comments—A heterocyclic with low sedative and antimuscarinic 
effects. 


NORTRIPTYLINE HYDROCHLORIDE 


1-Propanimine, 3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5- 
ylidene)-N-methyl-, hydrochloride; Aventyl Hydorchloride, Pamelor 


COCGmars 


il 
CHCH,CH,NHCH3, 


([894-71-3] C,,H,,N - HCl (299.84). 
Preparation—10,11-Dihydro-5H-dibenzo[a,d] cyclohepten-5-one, 
which may be prepared as described under Cyproheptadine Hydrochlo- 
ride (page 1469), is reacted with an alkali metal derivative of N-methyl- 
2-propynylamine and the product hydrolyzed to form the carbinol. The 
acetylenic bond is then saturated by hydrogenation and the resulting 
carbinol dehydrated to yield nortriptyline (base). Reaction of the base 
with hydrogen chloride produces the hydrochloride. 
Description—White to off-white powder; slight, characteristic 
odor; melts within a range of 3° between 215° and 220°. pK, is 9.73. 
Solubility—1 g in 90 mL water, 30 mL alcohol, 20 mL chloroform, 
or 10 mL methanol. 
Comments—A tricyclic with moderate sedative and antimuscarinic 
effects. 


PAROXETINE 


(3S-trans)-3-[(1,3-benzodioxol-5-yloxy)methyl]-4-(4-fluorophenyl)-, 
hydrochloride; Paxil 


(TOL 
(0) OCH, 


{61869-08-7] C,,H. .FNO, - HCl (365.87). 

Preparation—A Grignard reaction between 4-fluorophenylmagne- 
sium bromide and methyl 1,2,5,6-tetrahydronicotinate produces methyl 
4-(4-fluorophenyl)nipecotate. This ester is reduced with LiAIH, and the 
resulting carbinol condensed wtih 3,4-methylenedioxybenzyl alcohol in 
the presence of cyclohexylcarbodiimide to yield the product, an ether 
(base). US patent 4,721,723 (1988) and US patent 4,007,196 (1977). 

Description—Off-white powder that melts about 120° to 134°; 
HCl - %2H.0, 131°; maleate, 138°; [a],, - 87° (C = 5, ethanol). 

Solubility—Soluble in 5.4 mg/mL water. 

Comments—An SSRI with low sedative and no antimuscarinic 
effects. 


PHENELZINE SULFATE 


Hydrazine, (2-phenylethyl)-, sulfate (1:1); Nardil 


CH2CHNHNH, 


Phenethylhydrazine sulfate (1:1) [156-51-4] C,H,.N, - H,SO, (234.27). 

Preparation—Phenethy] alcohol is reacted with thionyl chloride to 
give phenethyl chloride, which is then added to hydrazine hydrate to 
yield phenethylhydrazine hydrochloride. Reaction with sodium hydrox- 
ide liberates the base, which is then reacted sulfuric acid to form the 
sulfate. US patent 3,314,855. 

Description—White to yellowish-white powder; characteristic 
odor; subject to oxidation and must be protected from heat and light; 
melts about 166°; pH (1 in 100 solution) 1.4 to 1.9. 

Solubility—1 g in about 7 mL water; practically insoluble in alco- 
hol, chloroform, or ether. 

Comments—An MAOI with low sedative and antimuscarinic ef- 
fects, causing weight gain. 
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PROTRIPTYLINE HYDROCHLORIDE 


5H-Dibenzo[a,d]cycloheptene-5-propanamine, N-methyl-, 
hydrochloride; Vivactil 


H CH,CH,CHzNHCH3 


[1225-55-4] C,,H,,N - HCl (299.84). 

Preparation—5H-Dibenzola,d]cyclohepten-5-one, prepared as de- 
scribed under Cyproheptadine Hydrochloride (page 1469), is reduced to 
the corresponding carbinol that is then converted to the 5-chloromethyl 
compound (1). Reaction with HCl gives the hydrochloride. 

Description—White to yellowish powder; odorless or has not more 
than a slight odor; a bitter taste; reasonably stable in light, air, and heat 
under the usual prevailing temperature conditions; melts about 168°; 
pH (1 in 100 solution) 5 to 6.5. 

Solubility—1 g in 2 mL water, 4 mL alcohol, 2.3 mL chloroform, or 
2 mL methanol; practically insoluble in ether. 

Comments—A tricyclic with no sedative and moderate antimusca- 
rinic effects. 


SERTRALINE HYDROCHLORIDE 


Naphthalenamine, (15-cis)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro- 
N-methyl-, hydrochloride, Zoloft 


HCl 


[79559-97-0] C,,H,-CI,N - HCl (342.70). 

Preparation—4-(3,4-Dichlorophenyl)-3,4-dihydro-1(2H)-naphtha- 
lenone, methylamine, and titanium tetrachloride are reacted to form a 
Schiff base, which then is reduced with sodium borohydride to produce 
a mixture of geometric isomers. The cis and trans isomers are separated 
by use of chromatography on silica gel. The purified base is dissolved in 
ether and converted to the salt with HCl gas in ether. J Med Chem 
1984; 27:1508. 

Comments—An SSRI with low sedative and antimuscarinic 
effects. 


TRANYLCYPROMINE SULFATE 
Cyclopropanamine, trans-(+)-2-phenyl-, sulfate (2:1); Parnate 


NH, 5 


Sol 


{13492-01-8] (C,H, ,N).H.SO, (364.46). 

Preparation—Styrene is reacted with ethyl diazoacetate to form 
ethyl 2-phenylcyclopropanecarboxylate. Saponification of this ester 
with sodium hydroxide and subsequent acidification yields a mixture of 
the cis and the trans forms of the corresponding acid, and the trans form 
is isolated by fractional crystallization from water. The trans acid is 
then subjected to the Curtius reaction, whereby carboxyl is transformed 
successively through the acyl chloride, acyl azide, and isocyanate states 
to yield finally the base. Reaction with a 2 equimolar quantity of H,SO, 
gives the sulfate. US patent number 2,997,422. 

Description—White, crystalline powder; odorless or a faint, cinna- 
maldehyde-like odor; slightly acid taste; stable in light, heat, and air; 
melts with decomposition at 218°; pK, 8.2. 

Solubility—1 g in 25 mL of water; slightly soluble in alcohol or 
ether; practically insoluble in chloroform. 

Comments—An MAOI with low sedative and antimuscarinic 
effects. 


TRAZODONE HYDROCHLORIDE 


1,2,4-Triazolo[4,3-a]pyridin-3(2H)-one, 2-[3-[4-(3-chlorophenyl)-1- 
piperazinyl]propyl]-, monohydrochloride; Desyrel 


Nw “ X 
LZ ~NCH,CH2CHN N Bee 
S Neel Tt 


~O Cl 


[25332-39-2] C,)Hj,CIN;O - HCl (408.33). 
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Table 82-3. Antidepressant Drugs 


SSS SS SS SS SS SSS SS a SSR SSS SS SRS SS 


COMMENTS 


GENERIC NAME TRADE NAME 
Amitriptyline Elavil 
Amoxapine Asendin 
Bupropion Wellbutrin 


Desipramine 


Doxepin Sinequan 
Fluoxetine Prozac 
Fluvoxamine Luvox 
Imipramine Tofranil 
Maprotiline Ludiomil 
Mirtazapine Remeron 
Nefazodone Serzone 


Nortriptyline Hydrochloride 


Paroxetine Paxil 
Phenelzine Sulfate Nardil 
Protriptyline Hydrochloride Vivactil 
Sertraline Zoloft 
Tranylcypromine Parnate 
Trazodone Hydrochloride Desyrel 
Trimipramine Surmontil 
Venlafaxine Effexor 


Norpramin, Pertofrane 


Aventyl, Pamelor 


A tricyclic with high sedation, intense 
antimuscarinic effects, high 
hypotension, and weight gain 

A heterocyclic with moderate sedation 
and moderate antimuscarinic effects 

A heterocyclic with no sedation, no 
antimuscarinic effects 

A tricyclic with low sedation, low 
antimuscarinic effects 

A tricyclic with high sedation, intense 
antimuscarinic effects, moderate 
hypotension, and weight gain 

An SSRI with no sedation, no 
antimuscarinic effects 

An SSRI: only approved in US for 
obsessive-compulsive disorder 

A tricyclic with moderate sedation, 
moderate antimuscarinic effects, 
high hypotension, and weight gain 

A heterocyclic with moderate sedation 
and moderate antimuscarinic effects 

A heterocyclic with high sedation, no 
antimuscarinic effects 

A heterocyclic with low sedation, low 
antimuscarinic effects 

A tricyclic with moderate sedation and 
moderate antimuscarinic effects 

A SSRI with low sedation, no 
antimuscarinic effects 

A MAO! with low sedation, low 
antimuscarinic effects, and weight 
gain 

A tricyclic with no sedation, moderate 
antimuscarinic effects 

A SSRI with low sedation, no 
antimuscarinic effects 

A MAOI with low sedation, low 
antimuscarinic effects 

A heterocyclic with high sedation, no 
antimuscarinic effects — 

A tricyclic with high sedation, high 
antimuscarinic effects, high 
hypotension, and weight gain 

A heterocyclic with no sedation and 
no antimuscarinic effects 


Preparation—Semicarbazide and 2-chloropyridine are condensed 
with loss of water and ammonia to form 1,2,4-triazolo[4,3-a]pyridin- 
3(2H)-one, which on treatment with 1-(3-chlorophenyl)4,3-chloro- 
phenyl)piperazine (I) and sodamide, yields trazodone. I is prepared 
form 1-(3-chlorophenyl)piperazine with 1-bromo—3-chlorpropane. See 
US patent 3,381,009. 

Description—White crystals; melts about 90° ; pK, (in 50% etha- 
nol) 6.14. 

Solubility—Sparingly soluble in water or alcohol; soluble in 
chloroform. 

Comments—A heterocyclic with high sedative and no antimusca- 
rinic effects. 


TRIMIPRAMINE MALEATE 


5H-Dibenz[b,fjazepine-5-propanamine, 10,11-dihydro-N,N, 
B-trimethyl-, (Z)-2-butenedioate (1:1); Surmontil 


| 
CHeCHCH,N(CHs)2 
CH; 


HC—COOH 
ome iil 
HC—COOH 


[521-78-8] C>H..N. > C,H,O, (410.51). 

Preparation—As per imipramine, page 1440, except that the side 
chain is attached with 3-(dimethylamino)-2-methylpropylchloride. See 
Compt Rend 1961; 252:2117. 


Description—White crystals; bitter taste; slight numbing 
characteristic; melts about 143°; pK,7.72 (dimethylamino). 

Solubility—Slightly soluble in water or in alcohol; freely soluble in 
chloroform. 

Comments—A tricyclic with hgih sedative, antimuscarinic, and 
hypotensive effects, causing weight gain. 


VENLAFAXINE HYDROCHLORIDE 


Cyclohexanol, (+)-1-[2-(dimethylamino)-1-(4-methoxyphenyl)ethyl-, 
hydrochloride; Effexor 


CH,0 


[99300-78-4] C,-H,,NO,:HCl (313.87). 

Preparation—Under basic conditions an aldol-type condensation 
of the anion nucleophile of 4-methoxyphenylacetonitrile and cyclohex- 
anone yield 2-(2_hydroxycyclohexyl)-2-(4-methyoxyphenyl)acetonitrile. 
Reduction of the nitrile to the primary amine followed by N-methylation 
gives the product (base). J Med Chem 1990; 33:2899. US patent 
4,535,186 (1985). 

Description—Off-white crystals that melt about 217°; (+)-form, 
102° to 104° from ethanol; (—) form, 241° from methanol or ether. 
Octanol-0.2 M NaCl partition coefficient, 0.543. 


Solubility—Soluble at 572 mg/mL in 0.2 M NaCl. 
Comments—A heterocyclic with no antimuscarinic effects. 
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Analgesics are agents that relieve pain by elevating the pain 
threshold without disturbing consciousness or altering other sen- 
sory modalities. Antipyretics are drugs that reduce elevated body 
temperature. Certain analgesics, aminopyrine and phenylbuta- 
zone, also possess antirheumatic and anti-inflammatory pro- 
perties; such substances, as well as gold compounds, are used in 
the treatment of arthritis and other inflammatory conditions. 
Drugs that exhibit one or more of these actions are considered in 
this chapter. 

Despite pain being a universal experience, everybody appre- 
ciates its aversive properties. Attempts to define this term have 
not been entirely satisfactory. Pain has been defined in psycho- 
logical language as a particular type of sensory experience 
distinguished by nerve tissue from sensations such as touch, 
pressure, heat, and cold. Because there are several types of 
pain (bright, dull, aching, pricking, cutting, burning, etc.) and 
many causes (injury, body derangements, or disease), it is 
apparent that this definition is incomplete. Furthermore, it 
now is generally agreed that pain involves a large psychological 
component that depends on perception. Thus, it must be con- 
cluded that pain can only be defined introspectively. 

All persons in good health have the ability to perceive pain. 
The point at which sensory stimuli are perceived as being 
noxious and unpleasant is referred to as the pain threshold. If 
it is raised, more stimuli are required before pain is experi- 
enced, if it is lowered, less stimuli induce the pain experience. 
Many factors such as sex, circulatory change, skin tempera- 
ture, sweating, carbon dioxide, tension, anxiety, fear, emotion, 
etc., alter the pain threshold. Consequently, it is not the same 
for everyone and can even vary in the same individual. Thus, 
data obtained from laboratory and clinical studies on the effect 
of drugs on pain threshold are difficult to interpret. 

A mechanism by which some analgesic drugs obtund pain 
(raise the threshold) has been based on the presence of opiate 
receptors in selected portions of the central nervous system 
(CNS) related to pain regulation. Drugs that activate certain 
opiate receptors can be potent analgesics. Opiate receptors are 
located 


1. In the medial thalamus that processes deep, chronic, burning pain 
that is most susceptible to relief by narcotic analgesics. 

2. In the brainstem’s vagus nuclei where coughing is triggered. 

3. In Layers | and II of the spinal cord at the point where the afferent 
nerves that carry pain perception first synapse. 


Interestingly, the greatest concentration of opiate receptors is 
found in the amygdala, the part of the limbic system that plays 
a major role in regulating emotions. These receptors bind mor- 
phine and related narcotic analgesic drugs, as well as the 
narcotic antagonist naloxone, and account for the pharmaco- 
logical profile of action of these drugs. 
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Based on the assumption that there is no reason why the 
body would have receptors for narcotic drugs unless it produces 
some narcotic-like substance of its own, pharmacologists John 
Hughes and Hans W. Kosterlitz at the University of Aberdeen 
in Scotland isolated (from pig brain) and identified such mate- 
rial (Nature 258: 577, 1975), which they called enkepha- 
lins. Two of the identified brain peptides differed only in the 
N-terminal amino acid, one peptide being methionine and 
the other leucine. The methionine-enkephalin is tyrosine- 
glycine-glycine-phenylalanine-methionine, whereas leucine- 
enkephalin is tyrosine-glycine-glycine-phenylalanine-leucine. 

Endorphins (a generic name contracted from endogenous 
and morphine, and used for all native brain peptides with 
opiate-like activity) probably diminish pain intensity by mod- 
ulating the so-called pain threshold, the point at which one 
begins to perceive a stimulus as painful. On the other hand, 
naloxone, an opiate antagonist, tends to increase one’s sensi- 
tivity to pain. These observations have not only significantly 
increased understanding of the mechanism by which narcotic 
analgesics obtund pain but also have provided an explanation 
for the antitussive and euphoric action of these drugs as well as 
an insight into how tolerance and addiction develop. More 
important, perhaps, this research has resulted in the develop- 
ment of several opioid analgesics with diverse pharmacological 
actions. 

The available opioid analgesics are derivatives of five chem- 
ical groups (phenanthrenes, phenylheptylamines, phenylpi- 
peridines, morphinans, and benzomorphans). Pharmacologi- 
cally, these opiates and nonopiates differ significantly in activ- 
ity. Some are strong agonists (morphine); others are moderate 
to mild agonists (codeine). In contrast, some opiate derivatives 
exhibit mixed agonist-antagonist activity (nalbuphine), 
whereas others are opiate antagonists (naloxone). 

Many drugs used to relieve pain are not analgesics. General 
anesthetics obtund pain by interfering with consciousness; lo- 
cal anesthetics prevent pain by blocking peripheral nerve fi- 
bers; antispasmodics relieve certain kinds of pain by relaxing 
smooth muscle; and adrenal corticoids relieve pain associated 
with rheumatoid arthritis by an anti-inflammatory action. 
These drugs are considered elsewhere. 

Many of the drugs described in this section come under the 
control of the Comprehensive Drug Abuse Prevention and Con- 
trol Act of 1970. This law, commonly referred to as the Con- 
trolled Substances Act, is designed to regulate the distribution 
of all drugs with abuse potential as designated by the Drug 
Enforcement Administration, Department of Justice (Chap- 
ter 90). 

Morphine is the prototype of the opioid analgesics, all of 
which have similar actions on the CNS. Moreover, they have 
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overlapping clinical usefulness. They are indicated in the man- 
agement of acute pain, chronic pain, severe pain of acute 
myocardial infarction, obstetric analgesia, preanesthetic med- 
ication, pulmonary edema, cough (see Chapter 69), gastro- 
intestinal (GI), and urinary tract disorders (see Chapter 69). 
Agents used principally for symptomatic relief of pain may 
for convenience in presentation be divided into four groups: 
opiate analgesics, analgesics that also have antipyretic or anti- 
inflammatory action, gold compounds (to treat pain associated 
with arthritis), and other drugs used to treat pains associated 
with a variety of unrelated medical conditions. The drugs con- 
sidered in this section are classified according to this scheme. 


OPIATE ANALGESICS 
SLL PTI ETRE 
The opium group of narcotic drugs are among the most power- 
fully acting and clinically useful drugs producing depression of 
the CNS, They are either derived from or related to active 
compounds from exudate of the opium poppy. Drugs of this 
group are used principally as analgesics, but they possess nu- 
merous other useful properties. 

Morphine, for example, is used to induce sleep in the pres- 
ence of pain, check diarrhea, suppress coughs, ease dyspnea, 
and facilitate anesthesia. Unfortunately, morphine also de- 
presses respiration. In addition, it increases nonpropulsive in- 
testinal spasms, decreases the propulsive motility of the small 
and the large intestines, and diminishes biliary, pancreatic, 
and intestinal secretions. The consequences of these actions are 
periods of slight atony, causing a delay in the passage of bowel 
contents and an increase in stool viscosity. Also, it causes 
nausea and vomiting in some individuals and may induce cu- 
taneous pruritus. These and other actions of morphine and 
related compounds tend to limit their usefulness. If these 
agents are given for long periods, tolerance to the analgesic 
effect develops so that the dose must be periodically increased 
to obtain equivalent pain relief. 

Tolerance and physical dependence develop, which, com- 
bined with euphoria, results in excessive use and addiction by 
those patients who are susceptible. For these reasons, it is 
important that morphine and its derivatives be taken only as 
directed by the physician (never in a greater dose, more often, 
or longer than prescribed) and never be used for pain when 
some other type of analgesic is satisfactory. Because drowsi- 
ness and decreased alertness are not uncommon, the patient 
taking any opiate analgesics usually should avoid tasks that 
require intact reflexes, coordination, and mental alertness. 

The opiate analgesics generally are contraindicated in pa- 
tients who have myxedema, Addison’s disease, and hepatic 
cirrhosis. Such patients are especially sensitive to these agents. 
Consequently, respiratory depression, stupor, and even coma 
may result from relatively small doses of the narcotics. Because 
opiates decrease ventilation, which causes hypercapnia and 
progresses to cerebrovascular dilatation and increased intra- 
cranial pressure, they should be used with caution in head 
injuries, cerebral edema, and delirium tremens. These agents 
also should be used with caution in patients who have cardiac 
arrhythmias, chronic ulcerative colitis, and impaired kidney 
function. Moreover, narcotic analgesics cross the placental bar- 
rier; hence, newborn infants whose mothers have been admin- 
istered such analgesics during labor should be observed closely 
for signs of respiratory depression and be treated for narcotic 
overdosage if necessary. Individuals sensitive to a particular 
narcotic agent, or group of agents, should avoid these drugs. 

The analgesic and depressant effects of these agents provide 
the basis for many interactions with other drugs. Alcohol, an- 
tihistamines, muscle relaxants, antipsychoties, tricyclic antide- 
pressants, or sedative-hypnotics may interact with opiates to 
intensify their overlapping actions, such as respiratory depres- 
sion and anticholinergic effects. Particular caution is necessary 
if monoamine oxidase inhibitors (MAOIs) are administered 
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concurrently with narcotic analgesics because of intensification 
of action (use of meperidine in patients treated with MAOIs has 
produced severe and occasionally fatal reactions). Doses of the 
opiate analgesics should be adjusted to avoid these enhanced 
reactions. 

Opium and its preparations exhibit analgesic and narcotic 
effects that directly are proportional to their morphine content. 
Traditionally, opium is employed more frequently in the form 
of tinctures for diarrhea and dysenteries. 

The pharmaceutically important opium alkaloids commonly 
are subdivided into two chemical groups: the isoquinoline de- 
rivatives that are, generally, antispasmodic drugs, such as 
papaverine and narcotine (see RPS-18, page 842) and the 
phenanthrene derivatives described in this section, such as 
morphine and codeine, which are analgesic and narcotic. The 
Narcotic Act of 1956 required that all heroin in the hands of 
pharmacists, physicians, veterinarians, hospitals, etc., be sur- 
rendered to the federal government. Currently, heroin is under 
Schedule I of the Controlled Substances Act. 


OPIUM 


Gum Opium; Crude Opium; Raw Opium; Thebaicum; Meconium 


The air-dried milky exudate obtained by incision of unripe capsules of 
Papaver somniferum Linné or its variety album De Candolie (Fam 
Papveraceae). It yields not less than 9.5% of anyhydrous morphine. 

History—As a medicinal drug it has been known and cultivated for 
many centuries, but it was not until the investigations of Sertiiner, 
published in 1817, that it was known that the drug contained certain 
definite principles now called alkaloids. 

Dioscorides, in the 2nd century, was the first writer to discuss opium 
and its uses at length. He gave the recipe for a preparation called 
diacodion, which is the prototype of the formerly official syrup of pop- 
pies. Paracelsus used opium extensively in the 15th century and re- 
ferred to it as the “stone of immortality.” Van Helmont, early in the 17th 
century, used opium so freely that he was referred to as Doctor Opiatus. 
Sydenham, a little later in the same century, praised opium as the most 
valuable gift of God to man. 

The principal opium exporting countries have been Turkey, Iran, 
Yugoslavia, and India. The Turkish and Yugoslavian products are 
nearly alike in their physical properties: color, odor, and consistency. 
Iranian and Indian opiums, although closely resembling each other, 
differ from the former in physical properties—they are darker and have 
a somewhat different odor and consistency. There also is a significant 
difference between the two groups in the amounts of the principal 
opium alkaloids. 

Constituents—It owes its activity to the narcotic alkaloids; 25 have 
been found in the various kinds of opiums, and several more have been 
suspected, but their existence has not been confirmed. Three acids occur 
combined with the alkaloids—viz, meconic, lactic, and sulfuric acids. 
Also present are meconin [C,,H,,O,], pectin, glucose, mucilage, caout- 
choue, wax and odorous, fatty, and coloring matters. The known alka- 
loids are tabulated and classified on pages 427 to 434. 

Description—More or less rounded, oval, brick-shaped or elon- 
gated, somewhat flattened masses, usually approximately 8 to 15 cm in 
diameter and weighing approximately 300 g to 2 kg each. Externally, it 
is pale olive-brown or olive-gray, having a coarse surface and covered 
with a thin coating consisting of fragments of poppy leaves and, at 
times, with fruits of a species of Rumex adhering from the packing. It is 
more or less plastic when fresh, becoming hard or tough on storage. 
Internally, it is reddish brown and coarsely granular. It has a very 
characteristic odor and a bitter taste. 

Comments—It owes its chief pharmacological effects to its mor- 
phine content, other alkaloids not being present in sufficient amount to 
modify significantly the morphine type of action. Thus, it has many of 
the same uses as morphine, but the latter drug nearly always is pre- 
ferred, inasmuch as it can be administered in a variety of ways. The 
average adult dose of opium is 60 mg, taken orally. This is the equiv- 
alent of 6 mg of morphine. Like morphine, this drug has analgetic and 
narcotic effects. It acts as an antiperistaltic agent by causing spasm of 
the bowel musculature and preventing propulsive movements. Tradi- 
tionally, it is used for diarrheas and dysenteries rather than morphine. 
It produces sedation and sleep. It also controls cough and dyspnea. 
Thus, it has a variety of therapeutic uses in medicine and surgery. 

Caution—Opium, and all opium derivatives and related synthetic 
compounds, are listed in Schedule II of the Controlled Substances Act 
(Chapter 90). It should not be dispensed except upon the presentation of 
a physician’s prescription. See Morphine. 
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Powdered Opium is opium dried at a temperature not exceeding 
70° and reduced to a fine powder and yields 10.0 to 10.5% of anhydrous 
morphine. It may contain any of the diluents, with the exception of 
starch, permitted for powdered extracts under Extracts (page 750). 

Description—Light brown to moderate yellowish brown, consist- 
ing chiefly of yellowish-brown to yellow, more or less irregular and 
granular fragments of latex, varying from 15 to 150 jm in diameter; a 
few fragments of strongly lignified, thick-walled, 4- to 5-sided or nar- 
rowly elongated, epidermal cells of the poppy capsule; few fragments of 
tissues of poppy leaves, poppy capsules, and, occasionally, Rumex fruits. 
In addition, there are the microscopic characteristics of the diluent if 
any has been used in the preparation of the powder. 

Comments—A pharmaceutical necessity for Paregoric. See Opium 
and Morphine. 

Paregoric [Camphorated Opium Tincture USP XVI; Paregoric 
Elixir; Tinctura Opii Benzoica; Tinctura Thebaica Benzoica] yields, 
from each 100 mL, 35 to 45 mg of anhydrous morphine. 

Preparation—Macerate powdered opium (4.3 g), anise oil (3.8 mL), 
benzoic acid (3.8 g), and camphor (3.8 g) for 5 days, with occasional 
agitation, in a mixture of diluted alcohol (900 mL) and glycerin (38 mL). 
Then filter, and pass enough diluted alcohol through the filter to obtain 
950 mL of total filtrate. Assay a portion of this filtrate as directed in the 
USP, and dilute the remainder with a sufficient quantity of diluted 
alcohol containing, in each 100 mL, 0.4 mL of anise oil, 400 mg of 
benzoic acid, 400 mg of camphor, and 4 mL of glycerin, to produce a 
solution containing, in each 100 mL, 40 mg of anhydrous morphine. 

History—This preparation was originated about 1715 by Professor 
LeMort of the University of Leyden. It was official in the 1721 edition of 
the London Pharmacopaeia as Elixir Asthmaticum, which was changed 
to Elixir Paregoricum, meaning soothing elixir, in 1746. It also has been 
known as Tinctura Camphorae Composita and Tinctura Opii Benzoica, 
and the formula has changed in minor details many times since its 
introduction into medicine. Alcohol Content: 44 to 46%. 

Comments—An antidiarrheal agent and mild anodyne in cough, 
nausea, and abdominal pains. It should never be used to quiet restless 
infants, as a habit may be induced. It contains 0.4% opium. Paregoric is 
listed in Schedule III of the Controlled Substances Act; hence, it only 
can be obtained on a prescription order (either oral or written) of a 
licensed practitioner. 


MORPHINE 

History—Morphine was the first alkaloid discovered. In the 17th 
and 18th centuries many attempts were made to separate from opium 
the active ingredient. Preparations thought to represent these active 
principles but that were really extracts, were employed in medicine 
under the name of Magisterium Opii. Bucholz was the first to endeavor 
to obtain a crystalline product from opium. About 1800 several learned 
apothecaries of the time devoted their attention to the separation of the 
suspected active drug. One of these apothecaries, Derosne, succeeded in 
isolating narcotine in 1803, and the following year Seguin read a paper 
to the Institute of France describing the isolation of a substance that is 
now recognized as morphine. He did not publish his paper however, 
until 1814 and in 1806, Frierich William Adam Sertiiner, an apothecary 
of Einbeck, Germany, announced the separation of a basic crystalline 
substance that existed in opium in combination with a special acid. He 
later published, in 1817, the results of further investigation in which he 
named the substance morphium and described it as a vegetable alkali. 
Liebig, in 1831, assigned to it the formula C.,,H;,N,0,, which was later 
modified by Laurent to the present formula, C,,H,,NO, (285.33). 

It was only after almost 100 years of intensive research by many 
able chemists that the correct structural formula, which adequately 
explains the chemical transformations of morphine, could be proposed. 
Final confirmation of this structure came with the successful total 
synthesis of morphine in 1952. 

Preparation—Several processes are in use. In all or nearly all of 
them the morphine and most of the other opium alkaloids are extracted 
from the opium with water alone or with slightly acidulated water. In 
one of the processes, the extract, after concentration, is neutralized, a 
solution of calcium chloride added, and the mixture filtered and further 
concentrated. Crude morphine hydrochloride crystallizes and is puri- 
fied by precipitation with ammonia and recrystallized as the sulfate or 
hydrochloride. In another process the concentrated water extract is 
mixed with alochol and made alkaline with ammonia. The morphine, 
being but slightly soluble in dilute alcohol, separates, whereas the 
greater part of the other alkaloids remain in solution. The crude mor- 
phine so obtained is purified by repeated crystallization as the sulfate 
or hydrochloride and reprecipitation if necessary in the presence of 
alcohol. 

Description—Monohydrate: colorless or white, shining, rhombic 
prisms, fine needles or a crystalline powder; darkens on exposure to air; 


a saturated aqueous solution is alkaline to litmus; melts with decom- 
position at approximately 255°. 

Solubility—Monohydrate: 1 g in approximately 5000 mL water 
(1100 mL boiling water), 210 mL alcohol (98 mL boiling alcohol), 1220 
mL chloroform, 6500 mL ether, or 100 mL lime water; insoluble in 
benzene; readily soluble in solutions of fixed alkali or alkaline earth 
hydroxides from which it is reprecipitated by ammonium chloride or 
sulfate. 

Comments—An analgesic, adjunct to anesthesia, antitussive, and 
nonspecific antidiarrheal agent. It is a strong analgesic, altering the 
psychological response to pain and suppressing anxiety and apprehen- 
sion. It is the drug of choice for the treatment of pain associated with 
myocardial infarction and for dyspnea associated with acute left ven- 
tricular failure and pulmonary edema. It is used in small to moderate 
doses to relieve constant dull pain and in moderate to large doses to 
alleviate intermittent, sharp pain of traumatic or visceral origin. Al- 
though effects may begin earlier, maximal analgesic effect occurs ap- 
proximately 20 min after intravenous injection, 50 to 90 min after 
subcutaneous injection, and 30 to 60 min after intramuscular injection. 
Analgesia persists for approximately 4 hr, but, in some patients, it may 
be as short as 2.5 hr or as long as 7 hr. 

Although it has played a dominant and controversial role in prean- 
esthetic medication, it generally is agreed that it is of particular value 
when pain is present preoperatively, in selected types of cardiac sur- 
gery, and in poor-risk patients in general. It is an effective antitussive 
agent, but because of its erratic absorption after oral administration 
and its dependence liability, it should be used as an antitussive agent 
only when cough is associated with severe pain and cannot be controlled 
by antitussives having less potential for abuse. This drug and other 
opiates, such as paregoric, are the most effective and prompt-acting 
nonspecific antidiarrheal agents. They act by enhancing tone in long 
segments of the longitudinal muscle and inhibiting propulsive contrac- 
tion of both circular and longitudinal muscle. They are used to treat 
acute, self-limited diarrhea. 

When administered orally, it is absorbed rapidly but incompletely 
and metabolized equally rapidly to the glucuronide. Thus, the plasma 
levels after this route are usually only 1/5 to 1/3 those obtained after 
parenteral injection. The half-life of morphine in plasma or serum 
during the first 6 hr is between 2 and 3 hr; the serum half-life, between 
6 and 48 hr after intravenous administration, ranges from 10 to 44 hr. 
Approximately 35% of the drug is bound, primarily to the albumin 
fraction. After parenteral administration 70 to 80% is excreted during 
the first 48 hr with 60% as conjugated morphine. After oral adminis- 
tration, approximately only 60% of a given dose is excreted; this prob- 
ably reflects the incomplete absorption from the GI tract. 

For a review of untoward effects, contraindications, interactions 
with other drugs, and precautions see the introductory statement. 
Overt symptoms of overdosage include coma, pinpoint pupils, and de- 
pressed respiration. Shock, decreased body temperature, and pulmo- 
nary edema may occur. Treatment includes establishing a patent air- 
way and ventilating the patient. If significant respiratory depression 
occurs, a suitable narcotic antagonist, such as naloxone, should 
be administered. Other supportive measures should be applied as 
indicated. Morphine is a Schedule IJ drug under the Controlled Sub- 
stances Act. 


MORPHINE SULFATE 


Morphinan-3,6-diol, (5a,6a)-7,8-didehydro-4,5-epoxy-17-methyl-, 
sulfate (2:1) (salt), pentahydrate 
{6211-15-0] (C,,H,,NO,). - H,SO, - 5H,0 (758.83); anhydrous [64-31-3] 
(668.76). 

For the structural formula of morphine; see page 428. 

Description—White, feathery, silky crystals, as cubical masses of 
crystals, or as a white crystalline powder; odorless and when exposed to 
air gradually loses water of hydration; darkens on prolonged exposure 
to light. 

Solubility—1 g in 16 mL water, 570 mL alcohol, 1 mL water at 80° 
or approximately 240 mL alcohol at 60°; insoluble in chloroform or 
ether. 

Comments— See Morphine and Morphine Sulfate Injection. 


MORPHINE SULFATE INJECTION 


A sterile solution of morphine sulfate in water for injection. It may 
contain suitable antimicrobial agents. 

Preparation—Solutions of morphine sulfate at a pH above 7 de- 
compose quickly even at room temperature. At a pH of less than 5.5 no 
change is reported in a 1% solution heated for 1 hr. The pH should be 
between 2.5 and 6.0. Sterilization should be conducted with a minimum 
of heat. 
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Comments—Indicated for the relief of severe pain. It is effective in 
the control of postoperative pain as well as for relieving preoperative 
apprehension. Its most important actions are on the brain, especially its 
higher functions. An initial transitory stimulation is followed by de- 
pression of the brain, its higher functions, and its medullary centers. 
The reflexes and spinal functions usually are stimulated. It affects 
perception in such a way that the patient is more tolerant to discomfort 
and pain. In addition it appears to interfere with pain conduction. It 
depresses the respiratory center, stimulates the vomiting center, de- 
presses the cough reflex, constricts the pupils, increases the tone of the 
GI and genitourinary tracts, and produces mild vasodilation. 

It is contraindicated in bronchial asthma, respiratory depression, or 
idiosyncrasy to the drug. Overdoses may cause respiratory depression, 
coma, and death. The drug should be used with caution in extreme ages 
(infants and elderly) as well as in the debilitated patient, or in patients 
who have increased intracranial pressure, toxic psychoses, myxedema, 
or prostatic hypertrophy. Untoward reactions may include allergic re- 
actions, nausea, vomiting, constipation, urinary retention, depression, 
delirium, and convulsions. Morphine Sulfate Injection is a Schedule II 
drug under the Controlled Substances Act. 


CODEINE 


Morphinan-6-ol, (5a,6a)-7,8-didehydro-4,5-epoxy-3-methoxy-17- 
methyl-, monohydrate, Methylmorphine 
[6059-47-8] C,.H,,NO,, - H,O (317.38); anhydrous [76-57-3] (299.37). 
For the structural formula, see page 428. 

History—Isolated from opium by the French chemist Robiquet in 
1832, who gave it a name derived from the Greek work meaning poppy 
capsules. 

Preparation—Although some codeine is obtained from opium di- 
rectly, the quantity if not sufficient to meet the extensive use of this 
alkaloid as a valuable medicinal agent. Much more codeine is used than 
morphine. This need is met by making it by partial synthesis from 
morphine. The process involves methylating the phenolic OH of the 
latter with phenyltrimethylammonium hydroxide. Dry morphine is dis- 
solved in a solution of potassium hydroxide in absolute alcohol, the 
methylating agent added, and the solution heated. After cooling, water 
is added, the solution acidified with sulfuric acid, the dimethylaniline 
product separated, and the alcohol removed by distillation. Treatment 
with caustic soda solution precipitates the codeine, while any unreacted 
morphine is held in solution by the sodium hydroxide. The crude co- 
deine is purified by crystallization as the sulfate. 

Description—Colorless or white crystals, or a white, crystalline 
powder; effloresces slowly in dry air and is affected by light; when 
rendered anhydrous by drying at 80°, it melts within a 2° range between 
154° and 158°; sublimes (anhydrous) under reduced pressure; pH (sat- 
urated aqueous solution) approximately 9.8. 

Solubility—1 ¢g in 120 mL water, 2 mL alcohol, about 0.5 mL 
chloroform, 50 mL ether, or about 20 mL benzene. When heated in an 
amount of water insufficient for complete solution, it melts to oily drops 
that crystallize on cooling. 

Incompatibilities—Precipitated from its aqueous solution by most 
alkaloidal precipitants but not by sodium, potassium or ammonium 
carbonate, or sodium bicarbonate. Aqueous solutions are sufficiently 
alkaline to precipitate other less soluble alkaloids from solutions of 
their salts. Ammonia may be liberated from ammonium salts. See also 
page 426. 

Comments—May be viewed as a weakened morphine, which fails 
to produce proportionately greater narcotic effects as the dose is in- 
creased. Indeed, large amounts of codeine may cause excitement. Av- 
erage doses are sedative, analgetic, and antitussive. When administered 
by the oral route 30 to 60 mg is equivalent in analgesic effectiveness to 
approximately 650 mg of aspirin; subcutaneously, 60 mg is somewhat 
less effective than 10 mg of morphine. Because of different mechanisms 
of action, codeine plus salicylates or acetaminophen produces enhanced 
analgesic action. 

Codeine is useful for inducing sleep in the presence of mild pain. It is 
absorbed rapidly after either oral or parenteral administration; onset of 
action occurs in 15 to 30 min, and analgesia is maintained for 4 to 6 hr. 
Codeine is metabolized mainly in the liver where it undergoes O-demeth- 
ylation, N-demethylation and partial conjugation with glycuronic acid. The 
drug is excreted largely in the urine as narcodeine and free and conjugated 
morphine. Like morphine, this drug also produces cortical and respiratory 
depression, but serious degrees of either are practically unknown. It is less 
apt than morphine to cause nausea, vomiting, constipation, and miosis. 
Both tolerance and addiction occur, however, and the same precautions 
should be observed in its use as for morphine. Naloxone is a specific 
antagonist in cases of acute intoxication. 

This drug, like morphine, is employed as an analgetic, sedative, 
hypnotic, antiperistaltic, and antitussive agent. It commonly is given in 
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combination with aspirin, acetaminophen, or other agents. Adminis- 
tered alone, codeine is a Schedule IJ drug under the Controlled Sub- 
stances Act. In combination with aspirinlike drugs it is classified as 
Schedule I. 


CODEINE PHOSPHATE 


Morphinan-6-ol, (54,6a)-7,8-didehydro-4,5-epoxy-3-methoxy-17- 
methyl-, phosphate (1:1) (salt), hemihydrate 
[41444-62-6] C,.H,,NO, - HPO, - ’2H.0O (406.37); anhydrous [52-28-8] 

(397.36). 

Preparation—By dissolving codeine in an equimolecular quantity 
of aqueous phosphoric acid, adding alcohol, and allowing the salt to 
crystallize from solution. 

Description—Fine, white, needle-shaped crystals or a white, crys- 
talline powder; odorless; readily loses water of hydration on exposure to 
air and is affected by light; solutions are acid to litmus and levorotatory. 

Solubility—1 ¢g in 2.5 mL water, 325 mL alcohol, 0.5 mL water at 
80°, or 125 mL boiling alcohol. 

Comments—See Codeine, Morphine, and general statement. Being 
more soluble then codeine sulfate, the phosphate is preferred to the 
sulfate. 


CODEINE SULFATE 


Morphinan-6-ol, (5a,6a)-7,8-didehydro-4,5-epoxy-3-methoxy-17- 
methyl-, sulfate (2:1) (salt), trihydrate 
[6854-40-6] (C,,H,,NO.,). - H,SO, + 3H.O (750.86); anhydrous [1420- 
53-7] (698.81). 

Preparation—By crystallization from a solution of codeine in di- 
luted H,SO,. 

Description—White crystals, usually needle-like or a white, crys- 
talline powder; effloresces in dry air and is affected by light; aqueous 
solution is practically neutral or only slightly acid to litmus. 

Solubility—1 g in 30 mL water, 1300 mL alcohol, or approximately 
6.5 mL water at 80°; insoluble in chloroform or ether. 

Incompatibilities—See the Alkaloids (page 424). It reacts with 
phenobarbital sodium to produce free alkaloid and phenobarbital, both 
of which may precipitate unless the vehicle contains a moderate pro- 
portion of alcohol. 

Comments—See Codeine, Morphine, and the introductory statement. 


Semisynthetic Opiate Analgesics 


In the effort to obtain an agent with the advantages of mor- 
phine or codeine without their disadvantages, chemists have 
modified the structure of these natural alkaloids of opium. 
Some of these modifications, e.g., hydrocodone, hydromor- 
phone, or nalorphine result from making minor chemical alter- 
ations in the natural alkaloids, the characteristic nucleus re- 
maining intact. For pharmacological convenience, all of these 
agents are classified here as semisynthetic opium alkaloids. In 
general, the pharmacological properties exhibited by these 
agents differ quantitatively from those of the parent substance, 
but qualitatively they are similar. The several semisynthetic 
agents employed clinically are described below. 


HYDROCODONE BITARTRATE 


Morphinan-6-one, (5«)-4,5-epoxy-3-methoxy-17-methyl-, [R-(R,*R*)]- 
2,3-dihydroxybutanedioate (1:1), hydrate (2:5); Dihydrocodeinone 
Bitartrate 
(34195-34-1] [6190-38-1] C,,H,,NO, - C,H,O, - 2’2H.O (494.50); anhy- 

drous {143-71-5] (449.46). 

For the structure of hydrocodone, see page 428. 

Preparation—This synthetic alkaloid, 7,8-dihydrocodeinone, is 
prepared either by catalytic rearrangement of codeine or by controlled 
hydrolysis and oxidation of dihydrothebaine. 

Description—Fine white crystals or a fine white crystalline pow- 
der; affected by light; pH (1 in 50 solution) 3.2 to 3.8. 

Solubility—1 g in 16 mL water; slightly soluble in alcohol; insolu- 
ble in ether or chloroform. 

Comments—For the relief of moderate to severe pain and for the 
symptomatic relief of cough. It is a narcotic that is somewhat more 
sedating and addictive than codeine, and is a Schedule III drug under 
the Controlled Substances Act. It frequently is combined with other 
drugs such as aspirinlike analgesics, antihistamines, expectorants, and 
sympathomimetics. 
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HYDROMORPHONE HYDROCHLORIDE 


Morphinan-6-one-, (5a)-4,5-epoxy-3-hydroxy-17-methyl-, 
hydrochloride, Dihydromorphinone Hydrochloride; Dilaudid 
Hydrochloride 


[71-68-1] C,,H,,NO, - HCl (321.80). 

Hydromorphone hydrochloride is 7,8-dihydromorphinone hydro- 
chloride; for the structure, see page 428. 

Preparation—By electrolytic reduction of morphine or by oxida- 
tion of dihydromorphine and then reacting with HCl. US patent 
2,649,454. 

Description—Fine, white, odorless, crystalline powder, affected by 
light; aqueous solution is practically neutral or only slightly acid to 
litmus. 

Solubility—1 g in about 3 mL water; sparingly soluble in alcohol; 
practically soluble in ether. 

Incompatibilities— Reactions characteristic of alkaloids are gen- 
erally applicable to this substance. 

Comments—A semisynthetic analgetic, chemically and pharmaco- 
logically similar to morphine, indicated for the relief of moderate to 
severe pain of myocardial infarction, cancer, trauma (soft tissue and 
bone), biliary and renal colic, burns, and postoperative pain. (See the 
introductory statement)..It also is used occasionally for its antitussive 
effects. It is one-fifth as potent orally as intramuscularly; the peak effect 
occurs later, and the duration of analgesia is longer after oral admin- 
istration. After parenteral administration, analgesic action is apparent 
within 15 to 30 min and lasts for 4 to 5 hr. After oral administration, 
onset of analgesia is approximately 30 min. Slower absorption and 
hence longer relief from pain can be obtained from its use in suppository 
form. It has less tendency to cause sleep than morphine when given in 
equivalent analgetic doses, and thus relief from pain can be obtained 
without sleep or stupefaction. It is contraindicated in bronchial asthma, 
respiratory depression, or idiosyncrasy to the drug. It is claimed that 
the drug causes less constipation and vomiting than morphine; also, it 
produces less euphoria. However, tolerance and addiction do occur with 
the drug, and it must be used with the same precautions as for mor- 
phine. It can be given by mouth, by rectum in suppository form, or 
injected subcutaneously or intravenously (in emergency). The high-dose 
injection (10 mg/mL) should be used only in patients who are tolerant to 
the narcotics and require large doses of these drugs for relief. 

Caution—This drug, being a morphine derivative, is a Schedule II 
drug under the Controlled Substances Act. Naloxone (page 428) is a 
specific antagonist in cases of acute intoxication. 


LEVORPHANOL TARTRATE 


Morphinan-3-ol, 17-methyl-, [R-(R*,R*)]-2,3-dihydroxybutanedioate 
(1:1) (salt), dihydrate; Levo-Dromoran 


CH 
H N—=CH, COOH 
H—C—OH 
; 2H,0 
HO—C—H 
COOH 


17-Methylmorphinan-3-ol tartrate (1:1) (salt) dihydrate [5985-38-6] 
C,,H.,NO - C,H,O, - 2H,O (443.49); anhydrous [125-72-4] (407.46). 

Preparation—5,6,7,8-Tetrahydro-2-methylisoquinolinium bromide 
(1) is metathesized with p-methoxybenzyl magnesium bromide (II), and 
the product rearranges at the expense of the 1,2-double bond to form 
1-(p-methoxybenzyl)-2-methyl]-1,2,5,6,7,8-hexahydroisoquinoline (III). 
III may be redrawn as shown below to display the ensuing reactions 
more clearly. A solution of the hydrochloride of III is then hydrogenated 
at the 3,4-positions with the aid of platinized charcoal, and subsequent 
treatment with ammonia liberates the d/-1,2,3,4,5,6,7,8-octahydro com- 
pound (IV), which may be resolved into its (+)- and (—)-enantiomorphs 
by the usual procedures. The final step in the preparation of the base 
involves heating the (—)-enantiomorph with phosphoric acid at 150° 
whereby cyclization between the isoquinoline residue and the benzene 
ring occurs at the expense of the remaining double bond of the isoquino- 
line. During the treatment with phosphoric acid, the methoxy group 
simultaneously is converted to hydroxy, thus producing levorphanol 
(V). 

The tartrate may be produced by dissolution of the base in aqueous 
tartaric acid solution and crystallizing. 


CH,MgCl 


Ill (Redrawn) 


tl 
N—CH, N—CH, 
IV 


V 


Description—Practically white, odorless, crystalline powder; melts 
about 115° (anhydrous, about 207°). 

Solubility— 1 g in 50 mL water or 120 mL alcohol; insoluble in 
chloroform and ether. 

Comments—A potent synthetic analgesic related chemically and 
pharmacologically to morphine (see Morphine, page 1447 and the in- 
troductory statement). It produces analgesia at least equal to that of 
morphine and greater than that of meperidine with much smaller doses 
than either. It also is longer acting than either of the above; from 6 to 
8 hr of pain relief can be achieved after either oral or parenteral 
administration. Its margin of safety is essentially the same as that of 
morphine, but it is less likely to produce nausea, vomiting, and consti- 
pation. It is indicated whenever a narcotic analgesic is required; it is 
effective for moderate to severe pain and is used parenterally for pre- 
operative sedation as well as an adjunct to nitrous oxide-oxygen anes- 
thesia. The drug is contraindicated in acute alcoholism, bronchial 
asthma, increased intracranial pressure, respiratory depression, and 
anoxia. Other precautions and adverse reactions are similar to those 
induced by other narcotic analgesics. It is a narcotic with addiction 
liability similar to that of morphine; therefore, the same precautions 
should be observed when prescribing this drug as for morphine. The 
drug is a Schedule IJ drug under the Controlled Substances Act. 


OXYCODONE HYDROCHLORIDE 


4,5-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-6-one 
Hydrochloride; Dihydrodihydroxycodeinone Hydrochloride 


CH, 


3 S ee 
CH,0 0 fe) 


{124-90-3] C,,H,,NO, - HCl (351.83). For the structure, see page 428. 
Preparation—From thebaine, also obtained from opium. Thebaine 
is the 3,6-dimethoxy-A°*-diene that on oxidation with H,O, inserts an 
OH at position 14 and a hemiacetal at 6. Hydrolysis of the hemiacetal 
forms the ketone at position 6; see Manske, Chemistry of the Morphine 
Alkaloids, Oxford Press, 1954. The hydrochloride is prepared from the 
base by the usual means. 
Description—Odorless, white, crystalline powder; saline, bitter 
taste; melts with decomposition between 274° and 278°. 
Solubility—1 g in 10 mL water or 60 mL alcohol. 
Comments—For the relief of moderate to moderately severe pain. 
Like codeine and methadone, it retains one half of its analgesic activity 
after oral administration. It often is used to relieve postoperative, 
postextractional, and postpartum pain. Although oxycodone has less 
analgesic capability than morphine, it possesses comparable addiction 
potential and is a Schedule I drug under the Controlled Substances Act. 
It frequently is used in combination with aspirin or acetaminophen. 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


OXYMORPHONE HYDROCHLORIDE 


(5a)-Morphinan-6-one, 4,5-epoxy-3,14-dihydroxy-17-methyl-, 
hydrochloride; Numorphan 
(357-07-3] C,-H,,NO, - HCl (337.80). 

For the structure, see page 428. 

Preparation—Thebaine is dissolved in aqueous formic acid and 
treated with 30% hydrogen peroxide, after which neutralization with 
aqueous ammonia yields 14-hydroxycodeinone. This then is dissolved in 
acetic acid and hydrogenated with the aid of palladium-charcoal cata- 
lyst to form 14-hydroxy-7,8-dihydrocodeinone (oxycodone). In the form 
of its hydrochloride, this compound is demethylated by means of heat- 
ing with pyridine hydrochloride to yield crude oxymorphone hydrochlo- 
ride, which then is purified. US patent 2,806,033. 

Description—White, acicular crystals or as a white or slightly 
off-white powder; odorless; darkens on prolonged exposure to light; pH 
(aqueous solutions) approximately 5. 

Solubility—1 ¢g in 4 mL water, 100 mL alcohol, >1000 mL chloro- 
form or >1000 mL ether. 

Comments—A semisynthetic narcotic analgesic with actions, uses, 
and side effects similar to those of hydromorphone and morphine, 
except it possesses no significant antitussive activity. After parenteral 
administration, 1 mg of this drug is approximately equivalent in anal- 
gesic activity to 10 mg of morphine. Onset of action is rapid; initial 
effects usually are seen within 5 to 10 min, duration of action is 
approximately 3 to 6 hr. It satisfactorily controls postoperative pain, the 
more severe pain of advanced neoplastic diseases, and other types of 
pain that ordinarily can be controlled by morphine. It also is used 
parenterally for preoperative medication as well as a supplement to 
anesthesia. Except that it is somewhat less constipating, the overall 
incidence and severity of side effects are similar to those of morphine. 
Its addiction liability is approximately the same as morphine. It is a 
Schedule I drug under the Controlled Substances Act. 


Opiate Antagonists 


Although N-allylnorcodeine was observed in 1915 to prevent or 
abolish morphine- and heroin-induced respiratory depression, 
more than 25 yr elapsed before it was demonstrated that 
N-allylnormorphine (nalorphine; no longer available in the 
United States) had even more pronounced morphine- 
antagonizing properties. Even then the clinical significance of 
this antagonizing effect was not explored until 1951. Two years 
later it was shown that nalorphine would precipitate acute 
abstinence syndromes in postaddicts who had been given mor- 
phine, methadone, or heroin for brief periods. It also was shown 
that nonaddicted subjects given large doses of nalorphine ex- 
hibited dysphoria and anxiety rather than euphoria. Subse- 
quently, it was noted that, although nalorphine antagonized 
the analgesic effects of morphine, it was a potent analgesic 
when given to patients who have postoperative pain. 

Except for meperidine, the substitution of an allyl group for 
the N-methyl group in most of the narcotics—e.g., morphine, 
levorphanol, methadone, oxymorphone, and phenazocine—re- 
sults in drugs with varying levels of narcotic antagonistic ef- 
fect. It should be emphasized that this is not restricted to allyl 
substitution, because the substitution of other groups (methal- 
lyl, propyl, isobutyl, propargyl, or cyclopropargylmethyl) for the 
N-methyl group of narcotic analgesics also produces substances 
that are antagonists. 

The term antagonist, as used in this section, includes nal- 
oxone and naltrexone, which are antagonists with little or no 
agonist actions. These competitive narcotic antagonists are 
effective in the management of severe respiratory depression 
induced by narcotic drugs and of asphyxia neonatorum caused 
by administration of these drugs to the expectant mother and 
for the diagnosis or treatment of narcotic addiction. 


NALOXONE HYDROCHLORIDE 


(5a)-Morphinan-6-one, 4,5-epoxy-3, 14-dihydroxy-17-(2-propeny])-, 
hydrochloride, Narcan 
(357-08-4] C,,H,,NO, - HCl (363.84); dihydrate [51481-60-8] (399.87). 
For the structure, see page 428. 
Preparation—Oxymorphone (page 1449) is demethylated and the 
resulting 4,5a-epoxy-3,14-dihydroxymorphinan-6-one is N-allylated by 
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reaction in ethanol with allyl bromide in the presence of NaHCO,. The 
resulting naloxone is reacted with ethanolic HCl. US patent 3,254,088. 

Description—White to slightly off-white powder; aqueous solu- 
tions are acidic; melts about 203°. 

Solubility—Soluble in water; slightly soluble in alcohol; practically 
insoluble in chloroform or ether. 

Incompatibilities—Long-chain or high-molecular-weight anions 
(forms relatively inseiuble salts) and with alkaline solutions (base pre- 
cipitates if concentration is high enough); however, the injection is 
compatible with bulk IV solutions that are slightly alkaline. Also, 
oxygen, oxidizing agents, bisulfites, or metabisulfites. 

Comments—A synthetic narcotic antagonist essentially devoid of 
narcotic agonist properties. Hence, it does not possess morphinelike 
properties, such as respiratory depression, psychotomimetic effects, and 
pupillary constriction, characteristic of other narcotic antagonists. 
Available evidence suggests that it antagonizes these opioid effects by 
competing for the same receptor sites. It is the drug of choice for 
management of respiratory depression induced by natural and syn- 
thetic narcotic analgesics, including depression induced by the partial 
agonist pentazocine. It also is indicated for diagnosis of acute narcotic 
overdosage. It is not effective against nonnarcotic respiratory depres- 
sion. Naloxone has been used to detect opiate abuse and can precipitate 
severe opioid withdrawal symptoms in physically dependent patients. 
The use of this drug may diminish opiate-dependent euphoria and help 
reduce the desire for these drugs. 

The drug rapidly disappears from serum in man. After an intrave- 
nous dose, naloxone is distributed rapidly in the body. The onset of 
activity generally is apparent within 2 to 5 min; the onset of action is 
only slightly less rapid when administered by the subcutaneous or 
intramuscular routes. The mean half-life in adults ranges from 30 to 81 
min (means of 64 and12 min); the mean half-life in neonates is 3.1 and 
0.5 hr. It is metabolized in the liver, primarily by glucuronide conjuga- 
tion, and excreted in the urine. This short duration of action necessi- 
tates multiple dosing and severely limits its value. Hence, considerable 
research effort has been directed toward the development of antago- 
nists with a much longer duration of action (see Naltrexone following). 
Safe and effective use in children younger than 12 yr and in pregnant 
women has not been established. Adverse effects are said to be rare and 
usually consist of nausea and vomiting. It is wnscheduled under the 
Controlled Substances Act. 


NALTREXONE HYDROCHLORIDE 


Morphinan-6-one, (5a)-17-(cyclopropylmethyl)-4,5-epoxy-3,14- 
dihydroxy-, Trexan 


[16676-29-2] C,,H,,NO, - HCl (377.87). 

Preparation—From normophine by oxidation at the allylic posi- 
tions C6 and C14; hydrogenation of the C7-8 double bond and N- 
alkylation with cyclopropylmethyl halide. US patent 3,332,950. 

Description—White crystals; melts about 275°. 

Solubility—1 g in approximately 1 mL water. 

Comments—Naltrexone generally has little or no agonist activity. 
Its opiate antagonist activity is reported to be 2 to 9 times that of 
naloxone and 17 times that of nalorphan. Consequently, it is used as an 
adjunct to the maintenance of the opioid-free state in detoxified, for- 
merly opioid-dependent, individuals. It also has been used in the treat- 
ment of postconcussional syndrome unresponsive to other treatments. 
It is absorbed rapidly and almost completely after oral administration, 
but undergoes extensive first-pass metabolism in the liver. Only 5 to 
20% of an orally administered dose reaches systemic circulation un- 
changed. The major metabolite is 6f-naltrexol; this also is a pure 
antagonist and may contribute to the opioid receptor blockade. Mean 
elimination half-lives for naltrexone and 6\Gf-naltrexol are 3.9 and 
12.9 hr, respectively; pharmacological effects are apparent for 24 and 72 
hr and appear to be independent of dose. The drug does not accumulate 
after chronic administration but is excreted primarily in the urine. 
Adverse effects most frequently observed (10%) include anxiety, ner- 
vousness, headache, low energy, abdominal cramps, nausea, vomiting, 
and joint and muscle pain. Liver test abnormalities and lymphocytosis 
have been reported. Patients should wear some identification indicating 
they are taking this drug. 
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SYNTHETIC OPIATE AGONIST/ANTAGONIST 


The many undesirable side actions of morphine and the depen- 
dence on the Mediterranean and Near East countries for opium 
stimulated the search for synthetic drugs as analgesic as mor- 
phine but with fewer side actions and less addiction liability. 
An ideal analgesic drug is theoretically possible and conceiv- 
ably could make morphine and other opium derivatives obso- 
lete as analgesics. 
It generally is agreed that an ideal analgesic drug should 


not become ineffective through the development of tolerance 
not be habit forming or addicting 

have a wide margin of safety 

be effective against all types of pain 

possess a short latent period and a long duration of action 
not alter sensory modalities 

not depress respiration or the cardiovascular system 

not affect the GI tract 

be effective both orally and parenterally 

be relatively inexpensive 


Because all the potent synthetic opiate analgesics developed for 
clinical use are addicting, mimic some of the pharmacological 
properties of morphine, and are antagonized to some extent by 
nalorphine, it is obvious that the ideal analgesic agent has yet 
to be developed. Nevertheless, currently available synthetic 
agents have valuable analgesic and pharmacological properties 
that are described in this section. 


ALFENTANIL HYDROCHLORIDE 


Propanamide,N-[1-[2-(4-ethyl-4,5-dihydro-5-oxo-1H-tetrazol- 
1-yl)ethyl]-4-(methoxymethyl)-4-piperidinyl]-N-phenyl-, 
monohydrochloride, monohydrate; Alfenta 


fo) 
CH20CH3 


i 
cHyoha—y worth i 
Yu eul N—CCHjCH; + HCl » H,0 


N=—=N 


(70879-28-6] C.,H,.N,O., - HCl (471.00). 

Preparation—See J Med Chem 1986; 29:2290. 

Description—White crystals; melts at 138°. 

Comments—A potent synthetic opioid analgesic related to fentanyl 
but with a more rapid onset of action and a shorter duration of narcotic 
effects. The brief duration (30 to 60 min after 50 mg/kg intravenous) is 
advantageous for short surgical procedures but requires frequent injec- 
tion or continuous infusion for longer operations. Because it is less lipid 
soluble than fentanyl, it is less likely to accumulate with prolonged or 
repeated administration. 

Adverse effects include muscular rigidity (chest wall, trunk, and 
extremities), hypotension and bradycardia, respiratory depression, 
nausea, vomiting, and dizziness. Large doses over a long period also 
may prolong postoperative awakening and respiratory depression. Fen- 
tanyl and sufentanil frequently have been abused; this drug also is 
likely to be abused. 


BUPRENORPHINE HYDROCHLORIDE 
6,14-Ethenomorphinan-7-methanol, 17-(cyclopropylmethy)-a-(1,1- 


dimethylethyl)-4,5-epoxy-18, 19-dihydro-3-hydroxy-6-methoxy-a- 
methyl-, hydrochloride; Buprenex 


Hn G(CHs)s + HCI 


re \ 
HO o- =60 HH OOCHS 


Preparation—From thebaine; US patent 3,433,791 

Description—White crystalline powder; aqueous solutions are 
weakly acidic. 

Solubility—Slightly soluble in water. 


Comments—A semisynthetic centrally acting opioid analgesic 
derived from thebaine, it is used for the relief of moderate to severe 
pain particularly associated with postoperative discomfort. It is ap- 
proximately 30 times as potent as morphine and exerts its analgesic 
effect by binding to CNS opiate receptors. It is classified as a partial 
agonist and exhibits antagonist effects in higher doses. Onset of 
analgesia occurs within 15 min after intramuscular injection, peaks 
at 1 hr and persists for up to 6 hr. Approximately 96% is bound to 
plasma protein and metabolized by the liver. Terminal half-life is 2 
to 3 hr. The drug is excreted in the feces as free buprenorphine. 
Chronic use may produce psychological dependence and may infre- 
quently produce limited physical dependence. Adverse effects related 
to the CNS include sedation (66%), dizziness (5-10%), headache 
(1-5%), confusion, slurred speech, depression, and hallucinations; 
cardiovascular adverse effects are hypotension or hypertension, 
tachycardia or bradycardia; GI adverse effects are nausea and vom- 
iting, dry mouth, dyspepsia, or flatulence; respiratory adverse effects 
are hypoventilation, dyspnea, or cyanosis; ophthalmological adverse 
effects are miosis, blurred vision, diplopia, or conjunctivitis; other 
adverse effects include pruritus, urinary retention, flushing, chills or 
coldness, and tinnitus. Safety and efficacy in children has not been 
established. 


BUTORPHANOL TARTRATE 


(—)-Morphinan-3,14-diol, 17-(cyclobutylmethyl)-, [R(R*,R*)]-2,3- 
dihydroxybutanedioate (1:1) salt; Stadol 


(—)-17-(Cyclobutylmethyl)morphinan-3,14-diol 
[58786-99-5] C,,H,,NO, - C,H,O, (477.55). 

Preparation—Total synthesis of N-substituted 3,14-dihydroxy- 
morphinans, including butorphanol, from 7-methoxy-1-tetralone, has 
been reported by Monkovié et al (J Am Chem Soc 1973; 95:7910). 

Description—White, crystalline powder; melts about 219°. 

Solubility—Soluble in water. 

Comments—A potent analgesic with both narcotic agonist and 
antagonist effects. Analgesic potency is 3. 5 to 7 times that of mor- 
phine, 30 to 40 times that of meperidine, 15 to 20 times that of 
pentazocine, and 10 the antagonist potency of naloxone. It is indi- 
cated for moderate to severe postsurgical pain to supplement bal- 
anced anesthesia and to relieve postpartum pain. After intramuscu- 
lar injection, analgesia begins within 10 min, reaches peak activity 
in 30 to 60 min and persists for 3 to 4 hr. After intravenous admin- 
istration, peak activity is reached within a few minutes. A 2-mg 
intramuscular dose is equivalent in analgesic effect to 10 mg of 
morphine. Although completely absorbed from the GI tract after oral 
administration, it undergoes approximately 80% first-pass metabo- 
lism. Adverse effects observed are similar to those observed after 
morphine, including dizziness, lightheadedness, and nausea. Tran- 
sient but disturbing psychotomimetic reactions have been reported 
after doses of 2 to 4 mg. Two mg depresses the respiration to the 
same extent as 10 mg of morphine; slow, shallow respiration has 
been reported in patients taking recommended doses of the drug. The 
respiratory depression and other effects can be reversed by naloxone. 
Like pentazocine, the drug increases arterial resistance and the 
work of the heart; consequently, it is contraindicated in patients who 
have acute myocardial infarction. It is known to cause euphoria, and 
tolerance to the analgesic effect has been reported in animals. It also 
can precipitate withdrawal in opioid-dependent patients. It is an 
unscheduled drug under the Controlled Substances Act. 


DEZOCINE 


(—)(5a,11a,135*)-5,11-Methanobenzocyclodecen-3-ol, 13-amino- 
5,6,7,8,9,10,11,12-octahydro-5-methyl-, Dalgan 


Pe 
G 
i 
CH.» OH 
CH; 


[53648-55-8] C,qH,,NO (245.37). 


tartrate (1:1) salt 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


Preparation—1-Methyl-7-methoxy-2-tetralone is treated with 
Br(CH,);Br and NaH to insert a pentamethylene bridge between 
positions 1 and 3 of the tetralone. Reductive amination of the car- 
bonyl group with NH,OH and Ni/H, followed by demethylation of the 
7-methoxy group with HBr affords the product; J Med Chem 1973; 
16:595. 

Comments—A synthetic opioid agonist or antagonist structur- 
ally similar to pentazocine. Its analgesic and pharmacokinetic prop- 
erties are similar to morphine. Its adverse effects are like those of 
other opioid analgesics and include nausea, vomiting, sedation, and 
respiratory depression. Dizziness, anxiety, disorientation, hallucina- 
tions, and sweating also have been reported. Dezocine is not recom- 
mended for use in patients physically dependent on narcotics. Ex- 
treme caution should be exercised if dezocine is used in combination 
with other CNS-depressant drugs due to an increased risk to the 
patient. Although it is likely that because of its opioid agonist- 
antagonist properties, dezocine has less abuse potential than some of 
the other opioid analgesics, it probably does have some potential for 
dependence, particularly in patients who have a history of opioid 
drug abuse. Dezocine is metabolized extensively in the liver by 
glucuronide conjugation and excreted in the urine. 


FENTANYL CITRATE 


Propanamide, N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-, 
2-hydroxy-1,2,3-propanetricarboxylate (1:1); Sublimaze; ing of 
Innovar 


CH3CH,CON {Yrorse{O) CH,COOH 
+ HO-C—COOH 
CH,COOH 


N-(1-Phenethyl-4-piperidyl)propionanilide citrate (1:1) [990-73-8] 
Cy,H.,N.0 »C,H,0, (528.60). 

Preparation— One method consists of condensing propionyl chlo- 
ride with N-(4-piperidyl)aniline, then treating the resulting N-(4- 
piperidyl)propionanilide with phenethyl chloride, aiding each conden- 
sation by the presence of a suitable dehydrochlorinating agent. Reac- 
tion of the base with an equimolar portion of citric acid yields the (1:1) 
citrate. US patent number 3,164,600. 

Description—White, crystalline powder or glistening crystals; 
odorless and tasteless (Note: because this compound is extremely po- 
tent, no taste test is recommended); stable in air; melts at 147° to 152°; 
pK, 8.3. 

Solubility—1 ¢g in approximately 40 mL of water, 140 mL of alcohol 
or 350 mL of chloroform. 

' Comments—A potent narcotic analgesic with rapid onset and 
short duration of action when administered parenterally. Adminis- 
tration of the base via a transdermal patch has a much slower onset 
(8 to 12 hr) and a longer duration of action (longer than 72 hr) and 
often is used to manage chronic pain that necessitates an opiate 
analgesic. It has a profile of pharmacological action similar to mor- 
phine, except that it does not cause emesis or release histamine. 
Equianalgesia can be obtained with a dose Yis0 that of morphine. 
After intravenous injection, peak analgesia appears within 3 to 5 
min and lasts 30 to 60 min. Fentanyl produces signs and symptoms 
typical of narcotic analgesics, such as miosis, euphoria, and respira- 
tory depression. It is used primarily as an analgesic for the control of 
pain associated with all types of surgery. It also can be used as a 
supplement to all agents commonly employed for general and re- 
gional anesthesia. It also is an ingredient in Fentanyl Citrate and 
Droperidol Injection, see RPS-18, page 1045. 

It is contraindicated in children 2 yr and younger, in asthmatic 
patients, and in patients who have a history of myasthenia gravis. 
Other depressant drugs, such as barbiturates, major tranquilizers, 
tricyclic antidepressants, narcotics, and general anesthetics have an 
additive or potentiating effect on the drug. Its safe use in pregnancy 
has not been established. It crosses the placental barrier; use during 
labor may lead to respiratory depression in the newborn infant. It 
should be used with caution in patients who have liver and kidney 
disease. Adverse reactions include respiratory depression, apnea, 
muscular rigidity, and hypotension. Less freyuently, nausea and 
vomiting may occur. Infrequently, dizziness, visual disturbance, 
itching, euphoria, and spasms of the sphincter of Oddi have been 
observed. It is a Schedule II drug under the Controlled Sub- 
stances Act. 
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MEPERIDINE HYDROCHLORIDE 


4-Piperidinecarboxylic acid, 1-methyl-4-phenyl-, ethyl ester, 
hydrochloride; Pethidine Hydrochloride; Dolantin, Dolantol 
Eudolat, Isonipecaine; Demerol Hydrochloride 


’ 


* HC) 


COOC,Hs 


Ethyl 1-methyl-4-phenylisonipecotate hydrochloride [50-13-5] C,;H,,NO, - 
HCl (283.80). 

Preparation—One of several methods in which benzyl chloride, 
diethanolamine, and benzyl cyanide are used in the following principal 
steps: 


NH(CH,CH,OH), 
ee 


C.H;CH,Cl 5" C,H;CH,N(CH,CH,OH), 
SOCI, C,H;CH,CN 
GHOHEN(CHICH Cl) ge 


—_—_—_—————>- 
Thiony! Chloride Benzyl Cyanide 


C,H,;OH 


CN 
cau xX — 
C,H 24 


5 


: : COOC;H; H,/Pa 
C,HCHEN TiGHo” 
CsH; 


Removal of the N-benzyl group is accomplished by catalytic hydrogena- 
tion in acetic acid solution in which a palladium catalyst is used. The 
addition of formaldehyde to the reduction mixture followed by further 
catalytic hydrogenation leads to meperidine. The free base is converted 
to the hydrochloride by neutralization with HCl. 

Description—Fine, white, crystalline, odorless powder; stable in 
air at ordinary temperatures; pH (1 in 20 solution) approximately 5; 
melts between 186° and 189°; pK, 7.7 to 8.15. 

Solubility—Very soluble in water; soluble in alcohol; sparingly 
soluble in ether. 

Comments—A synthetic narcotic analgesic with multiple actions 
qualitatively similar to those of morphine; the most prominent of these 
actions are on the CNS and on organs composed of smooth muscle. It 
acts principally to induce analgesia and sedation. It is indicated for 
preoperative use, relief of moderate to severe pain, support anesthesia, 
and obstetrical analgesia. It crosses the placental barrier; use during 
labor may lead to respiratory depression in the newborn infant. Avail- 
able evidence suggests it produces less smooth muscle spasm, consti- 
pation, and depression of cough reflex than equianalgesic doses of 
morphine. In a 60- to 80-mg parenteral dose, it essentially is equal in 
analgesic effectiveness to 10 mg of morphine; the onset of action is 
slightly more rapid, and the duration of action is somewhat shorter 
than morphine. 

It is significantly less effective by the oral than by the parenteral 
route. After intravenous administration of meperidine in healthy 
adults, the volume distribution at steady state was 269 L; plasma 
clearance was 1.06 L/min; and elimination half-life was 3.6 hr. Evidence 
exists that the disposition of meperidine varies between day and night, 
with elimination half-life shorter and plasma clearance greater at 
night. It is contraindicated in patients on MAOJ; it inconsistently has 
precipitated severe, and occasionally fatal, reactions within 14 days in 
patients who have received such medication. The drug should be used 
with caution and in reduced dosage in patients on other narcotic anal- 
gesics, general anesthetics, phenothiazines, sedatives, tricyclic antide- 
pressants, and other CNS depressants. Major adverse reactions include 
respiratory depression, circulatory depression, respiratory arrest, 
shock, and cardiac arrest. The most frequent untoward effects include 
dizziness, sedation, nausea, vomiting, and sweating. Other adverse 
reactions include euphoria, weakness, headache, agitation, tremor, sei- 
zures, transient hallucinations, and disorientation. Some of the CNS 
toxicity may be due to the neurotoxic metabolite, normeperidine. Be- 
cause of concern about the incidence and severity of the CNS adverse 
effects, many clinicians recommend its short-term use only in otherwise 


Meperidine 


healthy adults who are unable to receive either morphine or hydromor- 


phone. Other effects involving the GI tract, cardiovascular system, and 
genitourinary tract are similar to morphine. Analgesia is possible with 
doses that do not cause stupefaction, a decided advantage over mor- 
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phine. Pain usually is relieved within 20 min to 1 hr, analgesia lasting 
from 2 to 5 hr. Naloxone is a specific antagonist in cases of acute 
intoxication. 

It is a Schedule II drug under the Controlled Substances Act. 


METHADONE HYDROCHLORIDE 


3-Heptanone, 6-(dimethylamino)-4,4-diphenyl-, hydrochloride; 
Dolophine Hydrochloride 


CH,CH3 


Ge CH3 
| 
Op-rombincrs * HCl 


Amidone Hydrochloride; [1095-90-5] C,,H,,NO - HCl (345.91). 

Preparation—Diphenylacetonitrile is condensed with 2-chloro-1- 
dimethylaminopropane in the presence of sodamide, yielding 4-(di- 
methylamino)-2,2-diphenylvaleronitrile and an unwanted isomeric ni- 
trile in approximately equal amounts. The isomers are separated and 
the former is subjected to Grignard addition with ethyl magnesium 
bromide. Subsequent hydrolysis in the presence of hydrochloric acid 
yields methadone hydrochloride. 


CH,CH= CHAMP )rcncven 
Wee diphenylacetonitrile 
N Ca (CoHs)2CCN 
Vax NaNHo2 | 
CH; CH; sodamide CH,CH(CH;)N (CH;). 


4-(dimethylamino)- 


Cyclized form of 
2,2-dipheny!]- 


2-chloro-1-dimethyl- 


aminopropane valeronitrile 
C.H;MgBr 
Hydrolysis 
Methadone <———— (C,H;),2 C—C=N—MgBr 
Hydrochloride (HCl) | 
C2Hs 
CH.CH(CHs3) N(CHs3)o 


Description—Colorless crystals or a white, crystalline, odorless 
powder; pH (1 in 100 solution) 4.5 to 6.5; optically inactive (the official 
salt is a racemic mixture of which only the levo form has analgetic 
activity). 

Solubility—1 g in 13 mL water, 8 mL alcohol, or 3 mL chloroform; 
practically insoluble in ether or glycerin. 

Comments—A synthetic narcotic analgesic with multiple actions 
quantitatively similar to morphine, the most prominent of which in- 
volve the CNS and organs composed of smooth muscle. The principal 
actions of therapeutic value are those of analgesia, sedation, and detox- 
ification or temporary maintenance in narcotic addiction. It also has 
significant antitussive properties but is no longer approved for this use 
in the United States. It is rapidly but probably incompletely absorbed 
after oral administration, because only 52% of a given dose appears in 
the urine. Mean plasma levels of 182 and 420 ng/mL have been reported 
in patients maintained on a daily oral dose of 40 and 80 mg, respec- 
tively, 71 to 87% of which is in bound form. The half-life is approxi- 
mately 25 hr, with a range of 13 to 47 hr. A parenteral dose of 8 to 10 
mg is approximately equivalent in analgesic effectiveness to 10 mg of 
morphine; onset and duration of action of the two drugs are similar. 

It is approximately half as potent orally as parenterally. It is indi- 
cated for the relief of moderate to severe pain, for detoxification treat- 
ment of narcotic addiction, and for temporary, or sometimes long-term, 
maintenance treatment of narcotic addiction. If it is administered for 
heroin treatment for longer than 3 wk, the procedure passes from 
treatment of the acute withdrawal syndrome (detoxification) to main- 
tenance therapy; the latter use can be undertaken only in approved 
programs, unless the addict is hospitalized for conditions other than 
addiction. Its abstinence syndrome qualitatively is similar to that of 
morphine; however, the onset is slower, the course more prolonged, and 
the symptoms less severe. It can produce drug dependence of the mor- 
phine type; therefore, it should be prescribed and administered with the 
same degree of caution as morphine. 

It is contraindicated in patients known to be sensitive to it. The drug 
should be used with caution and in reduced dosage in patients on other 
narcotic analgesics, general anesthetics, phenothiazine and other tran- 
quilizers, sedative-hypnotics, tricyclic antidepressants, MAOIs, and 
CNS depressants as respiratory depression; hypotension, profound se- 
dation, or coma may result. Patients on a maintenance program are 


given methadone only as an oral liquid form and should not be given 
pentazocine or rifampin because these drugs may induce withdrawal 
symptoms. The safe use of the drug in pregnancy has not been estab- 
lished. It is not recommended for obstetrical analgesia, because its long 
duration may induce respiratory depression in the newborn. Adverse 
reactions are similar to those for other narcotic analgesics (see espe- 
cially Meperidine). It is widely employed in the withdrawal manage- 
ment of patients addicted to morphine, heroin, and related narcotic 
drugs. 

Naloxone is an effective antagonist in cases of acute intoxication. It 
is a Schedule IT drug under the Controlled Substances Act. 


NALBUPHINE HYDROCHLORIDE 


(5a@,6a)-Morphinan-3,6,14-triol, 17-(cyclobutylmethyl)-4,5-epoxy-, 
hydrochloride, Nubain 


° HCl 


[23277-43-2] C,,H,,NO, - HCl (393.91) 

Preparation—Refer to US patent 3,393,197. 

Description— Base: white crystals; melts about 230°. 

Comments—For the relief of moderate to severe pain. It also may 
be used for preoperative analgesia, as a supplement to surgical anes- 
thesia and for obstetrical analgesia during labor. It is related chemi- 
cally to oxymorphone and the opiod antagonist, naloxone. It possesses 
both agonist and antagonist properties. Thus, it resembles pentazocine 
pharmacologically. Its analgesic potency, when administered parenter- 
ally on a milligram basis, is approximately the same as that of mor- 
phine and approximately three to four times greater than that for 
pentazocine; its antagonistic potency is approximately ten times 
greater than that of pentazocine. The onset of action occurs within 2 to 
3 min after intravenous administration and within 15 min after intra- 
muscular or subcutaneous administration; it is metabolized in the liver; 
its plasma half-life is 5 hr and the duration of effect is 3 to 6 hr. Adverse 
reactions are the same as those for morphine and other potent analge- 
sics (see page 1444). Those most frequently observed include sedation 
(36%), sweaty or clammy skin (9%), nausea and vomiting (6%), dizzi- 
ness and vertigo (5%), dry mouth (4%), and headache (3%). Respiratory 
depression may occur with usual doses of nalbuphine, but it is not dose 
related; however, it plateaus with a cumulative intravenous dose of 
approximately 30 mg. The abrupt withdrawal after prolonged admin- 
istration causes opiatelike abstinence symptoms that are milder than 
those of morphine but more intense than those of pentazocine. Although 
it possesses narcotic antagonist activity, evidence exists that in nonde- 
pendent patients it does not antagonize a narcotic analgesic adminis- 
tered just before, concurrently, or just after an injection of the drug. 
Therefore, patients receiving narcotic analgesics, general anesthetics, 
phenothiazines, other sedatives, hypnotics, or CNS depressants con- 
comitantly may exhibit additive effects. Thus, the dose of one or both 
agents should be reduced. Clinical experience to support use in children 
younger than 18 yr is presently unavailable. 


PENTAZOCINE 


2,6-Methano-3-benzazocin-8-ol, (2a,6a,11R*)-1,2,3,4,5,6-hexahydro- 
6,11-dimethyl-3-(3-methyl-2-butenyl)-, Talwin 


H 


7 ech ect 


HO H 


CH, 


[359-83-1] C,)H,,NO (285.43). 

Preparation—1,2,3,4,5,6-Hexahydro-6, 11-dimethyl-2,6-methano- 
3-benzazocin-8-ol (I) is condensed with 1-bromo-3-methyl-2-butene by 
refluxing in N,N-dimethylformamide in the presence of sodium bicar- 
bonate. The reaction mixture is filtered, and the crude pentazocine is 
isolated by means of a suitable solvent extraction process and finally 
crystallized from aqueous methanol. US patent 3,250,678. 

Compound I may be prepared by the following sequence of reactions: 
3,4-dimethylpyridine methiodide is converted to 1,3,4-trimethyl-2-(p- 
methoxybenzyl)-1,2-dihydropyridine with p-methoxybenzylmagnesium 
chloride, reduced to 1,3,4-trimethyl-2-(p-methoxybenzyl)-1,2,5,6-tetra- 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


hydropyridine with sodium borohydride, cyclized (with H,PO, or HBr) 
to 1,2,3,4,5,6-hexahydro-3,6,11-trimethyl-2,6-methano-3-benzazocin-8- 
ol, esterified with acetic anhydride and reacted with cyanogen bromide 
to form 3-cyano-1,2,3,4,5,6-hexahydro-6,11-dimethyl-2,6-methano-3- 
benzazocin-8-ol acetate, and hydrolyzed with dilute HCl to compound I. 

Description—White to pale tan, crystalline powder; odorless; 
slightly bitter taste; stable in light, heat (ambient room temperature), 
and air; melts between 147° and 158°; pK,, approximately 8.95. 

Solubility—1 g in >1000 mL of water, 11 mL of alcohol, 2 mL of 
chloroform or 42 mL of ether. 

Comments—A synthetic analgesic agent. When administered 
orally in a 50-mg dose, it appears to be equivalent in analgesic effec- 
tiveness to 60 mg of codeine. When given in usual parenteral doses, it 
is as effective in relieving moderate to severe pain as usual parenteral 
doses of morphine, meperidine, butorphanol, or nalbuphine. Significant 
analgesia occurs within 15 to 30 min after oral administration, 15 to 20 
min after intramuscular injection, and 2 to 3 min after intravenous 
administration. Duration of action is usually 3 hr or longer. Half-life 
after intramuscular administration is 2.1 hr. Onset, duration of action, 
and degree of pain relief are related both to dose and to the severity of 
pain. It weakly (approximately 1/50 that of nalorphine) antagonizes the 
analgesic effect of morphine and meperidine. It also produces incom- 
plete reversal of the cardiovascular, respiratory, and behavioral depres- 
sion induced by morphine and meperidine. It also has some sedative 
properties. It is indicated for the control of moderate to severe pain. It 
is contraindicated in patients hypersensitive to it. It should be used 
with caution in patients who have head injuries and increased intra- 
cranial pressure. Except during labor, its use during pregnancy has not 
been established. Because of limited experience in children younger 
than 12 yr, its use in this age group is not recommended. Patients on the 
drug should be warned not to drive an automobile, operate machinery, 
or expose themselves to hazards. Although some patients on thera- 
peutic doses exhibit acute CNS manifestations (hallucinations, disori- 
entation, and confusion), such instances are rare and usually clear 
spontaneously. 2 

GI (nausea, vomiting, diarrhea, infrequent constipation, and ab- 
dominal distress), CNS (dizziness, lightheadedness, sedation, euphoria, 
headache, disturbed dreams, insomnia, syncope, visual blurring, and 
hallucinations), autonomic (sweating, flushing, and chills), allergic 
(rash, urticaria, and edema of the face), and cardiovascular (hypoten- 
sion and tachycardia) adverse effects have been reported. Respiratory 
depression has also been included among these adverse effects. 

Pentazocine has been reported to cause psychological and physical 
dependence after both oral and parenteral use. This is more common in 
patients who have a history of drug abuse. It has been abused in 
combination with the antihistamine, tripelennamine, by parenteral 
injection. This combination is reported to cause effects similar to those 
of heroin. It is a Schedule IV drug younger than the Controlled Sub- 
stances Act. 


PROPOXYPHENE HYDROCHLORIDE 


Benzeneethanol, [S-(R*,S*)]-a-[2-(dimethylamino)-1-methylethyl]-a- 
phenyl-, propanoate (ester), hydrochloride; Darvon 


ul 
CH, OCC,H, 


(orsienow e608) ic 
O 
{1639-60-7] C,H, .NO,, - HCl (375.94). 

Preparation—The Mannich base formed by condensation of pro- 
piophenone and dimethylamine with formaldehyde is grignardized with 
benzyl magnesium chloride to produce a mixture of the racemates of the 
two diastereoisomers (designated commercially as a and 8) of the alco- 
hol. The desired a-di form is isolated by fractional crystallization and 
resolved by means of d-camphorsulfonic acid. The desired a-d enan- 
tiomorph is propionylated with propionic acid in the presence of tri- 
methylamine to form propoxyphene, which adds an equivalent of HCl 
in forming the hydrochloride. 

Description—White, crystalline powder; odorless; bitter taste; 
melts within a 3° range between 163.5° and 168.5°. 

Solubility—Freely soluble in water; soluble in alcohol, chloroform, 
or acetone; practically insoluble in benzene or ether. 

Comments—A mild analgesic structurally related to the narcotic 
analgesic methadone. Although its pharmacological properties resem- 
ble those of the narcotics as a group, it does not compare with them in 
analgesic potency. Well-controlled studies indicate that the milligram 
potency of propoxyphene is approximately one-third to two-thirds that 
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of codeine. It appears that its effectiveness in a dose of 32 mg is 
questionable, and in a dose of 65 mg it is not more, and usually less, 
effective than the same dose of codeine or 650 mg of aspirin. It has no 
anti-inflammatory or antipyretic action and little antitussive activity, 
despite the fact its levo isomer is used for this purpose. It is indicated for 
the control of mild-to-moderate pain. It is absorbed completely after oral 
administration; however, first-pass elimination of 30 to 70% signifi- 
cantly reduces its bioavailability. The apparent volume of distribution 
is 700 to 800 L; oral clearance is 1.3 to 3.6 L/min; and half-life is 6 to 12 
hr. The major metabolite, norpropoxyphene, has a half-life of 30 to 36 
hr. It is contraindicated in patients hypersensitive to it and to aspirin, 
phenacetin, or caffeine. The drug should not be used during pregnancy 
unless, in the physician’s judgment, the potential benefits exceed the 
potential hazards. The most frequent adverse effects are dizziness, 
sedation, nausea, and vomiting. Other adverse reactions include con- 
stipation, abdominal pain, skin rashes, lightheadedness, headache, 
weakness, euphoria, dysphoria, and minor visual disturbances. The 
chronic ingestion of 800 mg/day has caused toxic psychoses and convul- 
sions. The depressant effects of propoxyphene may be experienced with 
those of other depressant drugs, such as alcohol, tranquilizers and 
sedative-hypnotics. Moreover, deaths have been reported in patients on 
excessive doses, either alone or in combination with other CNS depres- 
sant drugs. Because both psychological and physical dependence have 
been induced with this agent, it should be prescribed with the same 
degree of caution as codeine. Drowsiness or dizziness may occur, which 
may impair ability to drive or perform other tasks requiring alertness. 
It is not recommended for children. 


PROPOXYPHENE NAPSYLATE 


Benzeneethanol, [S-(R*,S*)]-a-[2-(dimethylamino)-1-methylethyl]-a- 
phenyl-, propanoate (ester), compound with 2-naphthalenesulfonic 
acid (1:1) monohydrate; Darvon-N 
[26570-10-5] C,,H.NO, + C;>H,0.,8 - H,0 (565.72); anhydrous [17140- 

78-2] (547.71). 

For the structure of the base, see Propoxyphene Hydrochloride. 

Preparation—Propoxyphene is reacted with an equimolar quantity 
of aqueous 2-naphthalenesulfonic acid and the salt is crystallized there- 
from. 

Description—White, bitter, crystalline powder; essentially no 
odor; melts in a 4° range between 158° and 165°. 

Solubility—1 g in 10,000 mL water, 15 mL alcohol, or 10 mL 
chloroform; soluble in ether. 

Comments—Actions, uses, and precautions are the same as 
Propoxyphene Hydrochloride, except that, because of its larger molec- 
ular weight, a dose of 100 mg is needed instead of the 65-mg dose of the 
hydrochloride. This compound permits more stable liquid and tablet 
dosage forms because of its very slight solubility in water. 


SUFENTANIL 


Propanamide, N-[4-(methoxymethyl)-1-[2-(thienyl)ethyl]-4- 
piperidinyl]-N-phenyl-, 2-hydroxy-1,2,3-propanetricarboxylate (1:1); 
Sufenta 


None TL biiciaaaed 
« HO—C—COOH 
xo) 1,cOOH 
(60561-17-3] C.,Hs )N.S - C,H,O, (578.68). 
Preparation—Arzneimittel-Forsch 26:1521, 1976. 
Description—White crystals; melts about 97°. 
Comments—A strong opioid analgesic. Its analgesic potency is 5 to 
12 times that of fentanyl on a weight basis. High doses can cause 
amnesia and a loss of consciousness. It is used for balanced anesthesia 
in general surgery as an adjunct to nitrous oxide and oxygen. It also 
may be used for induction of surgical anesthesia and as the sole anes- 
thetic agent with a muscle relaxant and oxygen for cardiovascular and 
neurosurgical procedures. Given intravenously it is metabolized rapidly 
(elimination half-life, 2.4 hr). The volume of distribution is 2.5 L/kg; 
92.5% is bound to plasma protein; plasma clearance is 0.8 L/min. The 
most common adverse effects include respiratory depression and skel- 
etal muscle rigidity. The rapid intravenous administration of sufentanil 
may induce a general increase in muscle tone, including chest-wall 
spasm. Other adverse effects include bradycardia, hypotension, and 
hypertension. After low doses recovery time is approximately the same 
as that for fentanyl. Sufentanil is a Schedule IJ drug younger than the 
Federal Controlled Substances Act. 


CH5CCH, 


CH4CH,CON 


1454 CHAPTER 83 


TRAMADOL HYDROCHLORIDE 


Cyclohexanol, (+)-cis-2-[dimethylamino)methyl]-1- 
(3-methoxyphenyl)-, hydrochloride; Ultram; Zydol 


CHpN(CH3)2 
wa 
HO. 


CH30 


([22204-88-2]C,,.H,-NO, - HCl (299.84). 

Preparation—See US patent number 3,652,589 (1965). 

Description—White crystals that melt at aproximately 180° 

Solubility—Soluble in water. 

Comments—It exerts analgesic effect by activating the pu opioid 
receptor, but it is neither an opium derivative nor a semisynthetic 
derivative. It also inhibits the uptake of norepinephrine and seroto- 
nin that is thought to contribute to its analgesic effects. The pain- 
relieving action of tramadol is only partially blocked by naloxone. It 
is effective against moderate to moderately severe postoperative, 
gynecologica, obstetric, and cancer pain. Tramadols principal metab- 
olite is 6 times more potent as an analgesic and has 200 greater 
affinity for the « receptor. Although tramadol shares pharmacolog- 
ical and adverse effects of other opiate agonists, such as drowsiness, 
dry mouth, nausea, and pruritus, the abuse potential appears to be 
low. Consequently, tramadol is not subject to regulation by the 
Federal Controlled Substances Act of 1970 and is not a scheduled 
substance. Tramadol causes minor tolerance and withdrawal. In 
addition, respiratory depression is significantly less than with mor- 
phine. The onset of analgesia with this drug occurs within 1 hr and 
peaks at 2 to 4 hr. Usually the duration of the pain relief is 3 to 6 hr. 
Seizures have occurred in patients using tramadol. 


ANALGESICS, ANTIPYRETICS, 
AND ANTI-INFLAMMATORIES 


Drugs of the analgesic, antipyretic, and anti-inflammatory 
class include a heterogeneous group of compounds that, un- 
like those presented in the preceding section, are without 
significant addiction liability and, therefore, are not subject 
to regulation younger than the Controlled Substances Act. 
Many of these agents affect pain, fever, and inflammation 
and are referred to as the nonsteroidal antiinflammatory 
drugs (NSAIDs). Consequently, they are used widely for 
minor aches and pains, headaches, the general feeling of 
malaise that accompanies febrile illnesses, and to alleviate 
symptoms of rheumatic fever, arthritis, gout, and other mus- 
culoskeletal disturbances. Several agents (allopurinol, col- 
chicine, probenecid, etc.) do have pain-relieving properties in 
various conditions (gout, arthritis, etc); however, because 
they are of no value in other types of pain, they cannot be 
classed as true analgesic drugs and are discussed in a sep- 
arate section (see. Table 83-1). 


Nonsteroidal Anti-inflammatory Drugs 


The number of NSAIDs continues to increase. In addition to 
aspirinlike drugs, the NSAIDs available in this country in- 
clude meclofenamate sodium, phenylbutazone, indometha- 
cin, piroxicam, sulindac, and tolmetin for the treatment of 
arthritis; mefenamic acid for analgesia; and ibuprofen, feno- 
profen flurbiprofen, diclofenac, etodolac, ketorolac, and 
naproxen for both analgesia and arthritis. Ibuprofen, mefe- 
namic acid, and naproxen are used also for the management 
of dysmenorrhea. Currently, ibuprofen, ketoprofen, and 
naproxen are available over the counter (OTC). For the most 
part, the newer nonsalicylate NSAIDs have similar pharma- 
cological properties with some differences in their pharma- 
cokinetic properties. The principal mechanism of action for 
all NSAIDs appears to be inhibition of prostaglandin syn- 


Table 83-1. Properties of Nonsalicylate NSAIDs 


USES 
ANTI- 
ANALGESIC INFLAMMATORY 
NONSALICYLATE NSAIDs ONSET DURATION ONSET 
(ty2 hr) (hr) (hr) (DAYS) 
Propionic acids 
Fenoprofen (2-3) — - 2 
Flurbiprofen (3-9) — — NAv? 
Ibuprofen (1.8-2.5) 0.5 4-6 <7 
Ketoprofen (2-4) NAv? NAv? NAv? 
Naproxen (12-15) 1 <7 =7/ 
Acetic acids 
Diclofenac (1-2) — — NAv? 
Etodolac (~7) 0.5 4-12 — 
Indomethacin (4.5) 0.5 4-6 <7 
Ketorolac (2.4-8.6) ORS <6 — 
Sulindac (7.8) o — =i) 
Tolmetin (1-2) — — <7 
Fenamates 
Meclofenamate (2) NAv? NAv? several days 
Mefenamic acid (2-4) NAv? NAv? — 
Oxicam 
Piroxicam (30-86) 1 48-72 7-12 
Others 


Nabumetone (22-30) _ — 


? NAv—information not available. 


thesis by blocking the activity of the precursor enzyme, 
cyclooxygenase. Their actions on prostaglandins likely ac- 
count for many of the side effects of the NSAIDs. Although, 
in general, there is little difference between the efficacy of 
different NSAIDs, some patients may respond to one agent 
better than another. This is difficult to predict and often 
necessitates trial and error to find the most suitable drug. 

The clinical usefulness of NSAIDs is restricted by several 
adverse effects. Phenylbutazone has been implicated in hepatic 
necrosis and granulomatous hepatitis; and sulindac, indometh- 
acin, ibuprofen, and naproxen has been implicated in hepatitis 
and cholestatic hepatitis. Transient increases in serum amino- 
transferases, especially alanine aminotransferase, have been 
reported. All of these drugs, including aspirin, because of their 
inhibition of prostaglandins, can interfere with regulation of 
glomerular filtration and renal sodium and water excretion. 
Thus, the NSAIDs can cause fluid retention and decrease so- 
dium excretion, followed by hyperkalemia, oliguria and anuria. 
Moreover, all of these drugs can adversely affect the stomach 
and may even cause peptic ulceration. Other side effects in- 
clude diarrhea with meclofenamate; tinnitis with aspirin; 
headache with indomethacin, and upper abdominal pain with 
ketoprofen, meclofenamate, and tolmetin. The ranking of 
NSAIDs according to toxicity shows indomethacin, tolmetin, 
and melofenamate to be the most toxic with coated or buffered 
aspirin and ibuprofen the least. Blood dyscrasias associated 
with NSAIDs are rare, but death has been attributed to the use 
of these drugs. All of them can interfere with platelet function 
and may cause bleeding in patients taking anticoagulants. In 
addition, agranulocytosis or aplastic anemia have been re- 
ported in patients on indomethacin, ibuprofen, fenoprofen, 
naproxen, tolmetin, and piroxicam. Phenylbutazone has caused 
agranulocytosis and aplastic anemia, especially in the elderly, 
and may cause leukemia. 

Other adverse effects attributed to these drugs include der- 
matitis and allergic reactions as well as CNS effects, such as 
sedation, agitation, headaches, and tinnitis. Patients taking 
these drugs for long periods should have periodic white cell 
counts and determinations of serum creatinine levels and he- 
patic enzyme activities. 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


Salicylatelike Nonsteroidal 
Anti-inflammatory Drugs 


The salicylate group of analgesics and antipyretics are com- 
monly employed. Indeed, these are consumed at a rate in excess 
of 10,000 tons annually. In general, salicylates are contraindi- 
cated in hypersensitive individuals and in those who have GI 
disturbances, particularly hemorrhaging ulcers. They also 
should be used with caution in patients on anticoagulant ther- 
apy and avoided in patients on uricosurics. The salicylates 
interact with a wide variety of agents, some of which are 
important clinically, whereas others are largely of theoretical 
interest. Nevertheless, the well-informed pharmacist should be 
knowledgeable of the potential interactions between salicylate 
drugs: 


Antidiabetic agents (increased hypoglycemia). 

Oral anticoagulants (displacement of anticoagulants from protein bind- 
ing sites, increased anticoagulant effect). 

Uricosuric agents (relative effect of large and small doses of salicylates). 

Antiarthritic drugs (may lower plasma concentrations of these agents). 

Alcohol (which enhances GI bleeding). 

Tetracycline (may complex with buffering agent in some aspirin 
products). 


ACETAMINOPHEN 


Acetamide, N-(4-hydroxyphenyl)-, N-Acetyl-p-aminophenol; 
p-Acetamidophenol 


HC) NHCOCH,, 


4'-Hydroxyacetanilide [103-90-2] C,H,NO, (151.16). 

Preparation—p-Nitrophenol is reduced and the resulting p-amino- 
phenol is acetylated by means of heating with a mixture of acetic 
anhydride and glacial acetic acid. The crude product may be purified by 
recrystallization from an ethanol—water mixture. 

Description—White, odorless, crystalline powder; slightly bitter 
taste; melts about 170°; pH (saturated solution) 5.3 to 6.5; pK, 9.51. 

Solubility—1 ¢g in 70 mL water, 20 mL boiling water, 10 mL 
alcohol, 50 mL chloroform, 40 mL glycerin; slightly soluble in ether. 

Comments—An effective antipyretic and analgesic that exerts its 
clinical effects by a mechanism similar to that of the salicylates. It is a 
major metabolite of phenacetin, a p-aminophenol-derived analgesic no 
longer available in the United States owing to its association with 
analgesic nephropathy. It produces antipyresis by acting on the hypo- 
thalamic heat-regulating center and analgesia by elevating the pain 
threshold. It is effective in the treatment of a wide variety of arthritic 
and rheumatic conditions involving musculoskeletal pain as well as the 
headache pain, dysmenorrhea, myalgias, and neuralgias. It also is 
useful in diseases accompanied by pain, discomfort, and fever, such as 
the common cold and other viral infections. It is useful particularly as 
an analgesic-antipyretic in patients who experience untoward reactions 
to aspirin. It rarely induces untoward effects in therapeutic doses and 
usually is well tolerated by aspirin-sensitive patients. Rarely, a sensi- 
tivity reaction may occur; in this case the drug should be stopped. 
Acetaminophen frequently is combined with other drugs, such as caf- 
feine, aspirin, and opiates, such as codeine and oxycodone. It lacks the 
anti-inflammatory action of the salicylates; hence, it is of only limited 
usefulness in inflammatory rheumatic disorders and is often not con- 
sidered an NSAID agent. Unlike aspirin, acetaminophen does not an- 
tagonize the effects of uricosuric agents. Although large doses have 
been reported to potentiate anticoagulants, therapeutic doses have no 
effect on prothrombin time. 

Absorption of the drug after oral administration is rapid and peak 
plasma levels are reached in 30 to 120 min. The therapeutic half-life is 
approximately 3 hr. Approximately 2% is excreted unchanged in the 
urine; the glucuronide and the sulfate conjugates are nontoxic and 
account for approximately 95% of the drug. A much smaller amount, 
estimated to be 3%, is oxidized via the hepatic cytochrome P-450 system 
to a chemically reactive intermediate that combines with liver gluta- 
thione to form a nontoxic substance. However, after massive single 
doses of the drug, the supply of liver glutathione is exhausted and the 
excess reactive arylating intermediate covalently binds to vital hepato- 
cellular macromolecules, leading to necrosis. Hepatic necrosis and 
death have been observed after overdosage; hepatic damage is likely if 
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an adult takes more than 10 to 15 g in a single dose or if a 2-year-old 
child takes more than 3 g. 

Both in vivo and in vitro studies have shown that agents that 
stimulate metabolism, such as phenobarbital, phenytoin, and alcohol, 
potentiate acetaminophen-induced hepatotoxicity. The best indicator of 
potential liver injury is the half-life of its elimination. A half-life longer 
than 4 hr is associated uniformly with liver injury. Also, plasma levels 
greater than 300 mg/niL at 4 hr postingestion are consistent with liver 
injury, whereas levels less than 120mg/mL at 4 hr postingestion usually 
are not. 

Treatment of overdosage includes administration of acetyleysteine 
to help conjugate the hepatotoxic metabolite plus symptomatic and 
supportive care. The label on its dosage forms carries the following (or 
equivalent) statement: Warning—Do not use more than 10 days unless 
directed by a physician. Keep this medication out of reach of children. 


ASPIRIN 


Benzoic acid, 2-(acetyloxy)-, 


OUR 
OCOCH; 
Acetylsalicylic acid [50-78-2] C,H,O, (180.16). 

Preparation—Salicylic acid is acetylated directly with acetic an- 
hydride and the crude material purified by recrystallization from ben- 
zene or various other nonaqueous solvents. A granulated form of 
aspirin, either white or colored, also is available commercially for com- 
pression into tablets. 

Description—White crystals, commonly tabular or needlelike, or a 
white, crystalline powder; odorless or a faint odor; stable in dry air (in 
moist air it gradually hydrolyzes into salicylic and acetic acids, the odor 
of the latter becoming noticeable); melts about 135°, but the exact 
melting temperature varies with the conditions of the test; an alcoholic 
solution is not colored violet by ferric chloride (distinction from salicylic 
acid). 

Solubility—1 g in approximately 300 mL water, 5 mL alcohol, 17 
mL chloroform, or approximately 10 to 15 mL of ether; less soluble in 
absolute ether; dissolves with decomposition in aqueous solutions of 
alkali hydroxides or carbonates. 

Incompatibilities—Can form a damp to pasty mass when tritu- 
rated with acetanilid, acetophenetidin, antipyrine, aminopyrine, methe- 
namine, phenol, or salol. Powders containing aspirin with an alkali salt 
such as sodium bicarbonate may become gummy on contact with atmo- 
spheric moisture owing to a partial solution and subsequent hydrolysis 
of the aspirin. Hydrolysis likewise occurs in admixture with salts con- 
taining water of crystallization. Solutions of alkali acetates and ci- 
trates, as well as alkalies themselves, dissolve this drug, but the re- 
sulting solutions hydrolyze rapidly to form salts of acetic and salicylic 
acids. Sugar and glycerin have been shown to hinder the decomposition. 
It very slowly liberates hydroidic acid from potassium or sodium iodide. 
Subsequent oxidation by the air produces free iodine. 

Comments—Of the salicylate drugs, aspirin (acetylsalicylic acid) is 
the most frequently used. All commerically available salicylates have 
similar pharmacological properties, so aspirin is discussed as the pro- 
type for this group. Aspirin is employed as an antipyretic and analgetic 
in a variety of conditions. It is indicated for the relief of pain from 
simple headache, discomfort, and fever associated with the common 
cold and minor muscular aches and pains. When drug therapy is indi- 
cated for the reduction of a fever, it is one of the most effective and 
safest drugs. 

Epidemiological evidence has suggested the possibility of an associ- 
ation between the use of aspirin in the treatment of fever in children 
who have varicella (chickenpox), a common cold, or influenza virus 
infections and the subsequent development of Reyes syndrome. The 
current opinion is that aspirin should not be prescribed under usual 
circumstances for children who have upper respiratory, viral infections. 
If control of fever, aches, and pains are necessary, alternative measures 
should be employed. Because the drug inhibits platelet function, it 
prophylactically reduces the incidence of myocardial infarction and 
transcient ischemic attacks in men and postmenopausal women. 

In gout and in acute rheumatic fever, the salicylates, including 
aspirin, have a fairly specific action. In gout, large doses must be given 
often, and the results are somewhat less drastic than with phenylbu- 
tazone or allopurinol. In acute rheumatic fever, full doses are given 
every hour until salicylism occurs (ringing in ears, dizziness); thereaf- 
ter, it is given every 4 hr for days or weeks. In neither of the above- 
mentioned conditions are the salicylates a cure, and other forms of 
treatment are employed simultaneously. After oral administration, 
peak plasma levels are reached within 1 to 2 hr, and fairly constant 
levels are maintained for 4 to 6 hr. 
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Plasma half-life after oral administration of 1 g of aspirin ranges 
from 4.7 to 9 hr, with an average of 6 hr. With toxic doses (10 to 20 g) 
the half-life may be increased to 22 hr. A direct correlation between 
plasma levels and clinical effectiveness has not been established, but 
analgesia usually is achieved at plasma levels of 15 to 30 mg/100 mL, 
anti-inflammatory activity at 20 to 40 mg/100 mL, and some symptoms 
of salicylism at 35 mg/100 mL. It is bound poorly to plasma protein; 
nevertheless, with therapeutic doses, from 50 to 80% is bound to plasma 
proteins. 

Adverse effects from usual doses of the drug are infrequent; most 
common are GI disturbances (dyspepsia, nausea, vomiting, and occult 
bleeding). Prolonged administration of large doses (3.6 g a day) results 
in occult bleeding and may result in anemia. Massive GI hemorrhage 
occurs rarely and, although its relation to peptic ulcer is uncertain, a 
nonsalicylate analgesic may be preferred in high-risk patients. 

As evidenced by substantial fecal blood loss, alcohol increases the 
gastric bleeding caused by aspirin in many patients. Concomitant use of 
the drug and corticosteroids or pyrazolone derivatives (phenylbutazone) 
may increase the risk of GI ulceration. Its use with fenoprofen, ibupro- 
fen, indomethacin, or naproxen may cause a lowering of plasma con- 
centrations and thus reduce the effectiveness of the latter drugs. It 
displaces highly bound coumarin-type anticoagulants from protein- 
binding sites and thus increases the concentrations and effects of the 
anticoagulants. 

The hypoglycemic action of oral sulfonylureas may be increased by 
concurrent administration of the drug. The uricosuric activity of probe- 
necid and sulfinpyrazone are inhibited when either drug is adminis- 
tered simultaneously with aspirin. Buffered aspirin formulations that 
contain calcium, magnesium, or aluminum may form complexes with 
tetracycline from which absorption of the antibiotic is impaired. 

Salicylates account for many accidental poisonings that may result 
from promiscuous use of large doses of these agents by the laity. To 
avoid accidental poisoning of children, this drug and other salicylate 
drugs should be kept out of their reach; also, caution in use of these 
drugs in children who have fever and dehydration is necessary because 
they are particularly prone to intoxication from relatively small doses of 
the drugs. In addition, some few people manifest idiosyncrasy in the 
form of an allergic sensitivity to salicylates, especially this drug, and 
may suffer from serious, if not fatal, asthma after ingestion of a single 
300-mg dose. Consequently, it should be used with great care in pa- 
tients who have asthma, nasal polyps, or allergies. 

It crosses the placental barrier, and is excreted into breast milk. As 
use of aspirin before delivery may have inhibited platelet aggregation 
and diminished factor XII plasma levels in newborn infants, it has been 
suggested that no salicylate be ingested during the last month of preg- 
nancy. Chronic high-dose therapy has been reported to increase the 
length of gestation and to prolong labor. 


Nonsalicylate Nonsteroidal 
Anti-Inflammatory Drugs 


This group of NSAIDs include derivatives from propionic, ace- 
tic, and anthranilic acids, as well as oxicam. Little distin- 
guishes these NSAIDs, as discussed above, although there cer- 
tainly will be new drugs from these groups marketed in the 
future. 


BROMFENAC SODIUM 


Benezenacetic acid, 2-amino-3-(4-bromobenzoyl)-, monosodium 
salt, sesquihydrate; Duract 


[12638-5-3] C,,H, ,BrNNaO, : 1142 H,O (338.17). 

Preparation—From 2-amino-4'-bromobenzophenone and ehtyl 
2-(methylthio)acetate in the peence of t-butyl hypochlorite to form 
3-(methylthio)-6-(p-bromobenzoyl)-2(1H)-indoline through the sulfo- 
nium ion inermediate, followed by rearrangement. The methylthio 
group is removed by catalytic reduction (Raney nickel) with subsequent 
hydrolysis of the resulting amide to yield the free acid. See J Med 
Chem1984; 27:137. 

Description—Orange crystals melting about 285° with decomposi- 
tion. 


Solubility—Soluble in water, alcohol, and dilute aqueous alkali; 
insoluble in organic solvents or dilute aqueous acid. 


DICLOFENAC SODIUM 


Benzeneacetic acid, 2-[(2,6-dichlorophenyl)amino]-, monosodium 
salt; Voltaren 


i 
NaOCCH, C1 


NH 
(o] 


[15307-79-6] (salt); [15307-86-5] (free acid) C,,H, )CI,NN,O, (318.13). 

Preparation—Oxalyl! chloride and 2,6-dichlorodiphenylamine are 
condensed to form the N, N-diphenyloxanilyl chloride that cyclizes 
under Friedel-Crafts conditions to yield 1-(2,6-diphenyl)isatin. Wolff- 
Kishner reduction of the 3-oxo group gives the lactam, which on hydro- 
lysis affords the free acid. Neutralization with NaOH produces the salt; 
US patent 3,558,690. 

Description—White crystals; melts about 284°; pK, 4.0. 

Solubility—Soluble in water; insoluble in organic solvents. 

Comments—A pharmacological activity much like the other 
NSAIDs. As with other drugs in this group, diclofenac is thought to 
exert many of its effects as a result of its ability to inhibit prostaglandin 
synthesis. 

Diclofenac is used as an anti-inflammatory, analgesic and occasion- 
ally an antipyretic. Its anti-inflammatory action is similar to other 
NSAIDs with a potency, on weight basis, that is approximately 2.5 
times that of indomethacin. On a weight basis, its analgesic potency is 
8 to 16 times that of ibuprofen. It is used in the symptomatic relief of 
acute and chronic rheumatoid arthritis, osteoarthritis, and ankylosing 
spondylitis. It also has been used to relieve mild-to-moderate postoper- 
ative pain associated with dental, orthopedic, or postpartum proce- 
dures. It is also effective in relieving some cancer-related visceral pains. 
Diclofenac doses of 75 to 100 mg a day are equally effective in relieving 
pain as 0.9 to 2.7 g of aspirin or 1.2 g of ibuprofen. It is also effective in 
relieving some of the discomforts associated with dysmenorrhea. 

Most of the adverse effects of diclofenac are similar to those of other 
NSAIDs and occur in several systems. The GI effects can include irri- 
tation, bleeding, ulceration, and eventually wall perforation. Such ef- 
fects usually are associated with chronic, high-dose treatments. How- 
ever, with usual therapeutic doses, diclofenac is less likely to cause 
serious GI problems than aspirin or naproxen. Diclofenac can cause 
headaches and dizziness in 3 to 9% and 1 to 3%, respectively, of pa- 
tients. Use of this drug has been associated with renal impairment in 
less than 1% of patients. Severe hepatic reactions occur rarely, whereas 
1 to 3% of patients may experience a rash or pruritus when using the 
drug. Tinnitus has been reported in 1 to 3% of patients using this drug, 
and fluid retention occurs in 3 to 9%. Because of its anticlotting actions, 
Diclofenac should be used with caution in patients who would be put at 
risk by prolonging bleeding time. 


DIFLUNISAL 
[1,1'-Biphenyl]-3-carboxylic acid, 2’,4'-difluoro-4-hydroxy-, Dolobid 


COOH 
F 
(22494-42-4] C,,H.F.O., (250.20). 

Preparation—Refer to US patent 3,714,226. 

Description—White crystals; melts at approximately 210°. 

Solubility—Sparingly soluble in water; soluble in most organic 
solvents or dilute aqueous bases. 

Comments—A prostaglandin inhibitor, nonsteroidal analgesic, and 
anti-inflammatory drug used in the management of mild-to-moderate 
pain and osteoarthritis. It also has measurable, but not clinically use- 
ful, antipyretic activity. Double-blind studies indicate that a 500-mg 
dose of the drug is more effective in the control of postoperative episiot- 
omy pain than 600 mg of aspirin; in postoperative oral surgery 500 to 
1000 mg of the drug was more potent than 600 mg of acetaminophen 
alone and comparable with 600 mg of acetaminophen with 60 mg of 
codeine, and more effective than 100 mg of propoxyphene napsylate. 
Moreover, it had a longer duration of action. After oral administration, 
peak plasma levels occur within 2 to 3 hr. Approximately 99% is bound 
to plasma proteins. Plasma half-life is 8 to 12 hr. Approximately 90% of 
the drug is excreted in the urine as two soluble glucuronide conjugates. 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


Although it is a derivative of salicylic acid, it is not metabolized to 
salicylic acid. 

The drug is contraindicated in patients in whom acute asthmatic 
attacks, urticaria, or rhinitis are precipitated by aspirin. It prolongs the 
clotting time in patients on anticoagulant therapy, significantly in- 
creases plasma levels of hydrochlorathiazide and acetaminophen, 
decreases the hyperuricemic effect of furosemide, and significantly 
decreases the urinary excretion of naproxen and its glucuronide metab- 
olite. The most prominent side effects include nausea, dyspepsia, GI 
pain, and diarrhea; dizziness, headache, and rash also have been re- 
ported in 3 to 9% of patients. It appears to cause less GI bleeding than 
aspirin. Aspirin or acetaminophen should not be taken with this drug, 
except on professional advice. 


ETODOLAC 


Pyrano[3,4-b]indole-1-acetic acid, 1,8-diethyl-1,3,4,9-tetrahydro-, 
Lodine 


H 
CH2CHS | CH2CH, 
N CH,COOH 
O 


[41340-25-4] C,,H,,NO, (287.36). 
Preparation—See J Med Chem 19:391, 1976. 
Description—White crystals; melts about 147°; pK, 4.65. 
Solubility—1 g in 10 mL water or 4 mL alcohol. 
Comments—An NSAID used for osteoarthritis and rheumatoid 
arthritis. 


FENOPROFEN CALCIUM 


Benzeneacetic acid, (+)-a-methyl-3-phenoxy-, calcium salt (2:1), 
dihydrate; Nalfon 


becom 


Ae 

2 
(+)-Calcium m-phenoxyhydratropate dihydrate [53746-45-5] C.,. H,,.CaO, - 
2H,O (558.64); anhydrous [34597-40-5] (522.61). 

Preparation—From p-phenoxyacetophenone by reduction of the 
phenone carbonyl group to the secondary alcohol; replacing the OH with 
Br using PBr,; nucleophilic substitution of Br by CN followed by hy- 
drolysis to one acid, which is converted to the calcium salt. J Med Chem 
19:391, 1976. 

Description—White, crystalline powder; pK, 4.5 (fenoprofen). 

Solubility—Slightly soluble in water; sparingly soluble in alcohol. 

Comments—An NSAID propionic acid derivative like Ibuprofen. 


FLURBIPROFEN 
(+)-[1,1’-Biphenyl]-4-acetic acid, 2-fluoro-a-methyl-, Ansaid 


ft 
© oO) CH— COOH 


[5104-49-4] C,,H,,FO, (255.26) 

Preparation—The Willgerodt reaction on 3-fluoro-4-phenylaceto- 
phenone yields the corresponding phenylacetic acid ester, which, with 
NaOC,H, and ethyl carbonate, forms the substituted malonic ester. The 
ester is methylated by the classical method, hydrolyzed, and decarboxy- 
lated to the product; US Pat 3,755,427. 

Description—White to slightly yellow powder; melts about 110°. 

Solubility—Slightly soluble in water; soluble in dilute alkali; freely 
soluble in alcohol. 

Comments—An NSAID used topically in ophthalmology to prevent 
miois during ocular surgery. 


IBUPROFEN 


Benzeneacetic acid, (+)-a-methyl-4-(2-methylpropyl)-, Rufen, 
Nuprin, Advil, Haltran, Motrin, Medipren 


crscncte(C))-¢reoet 
I 


CHs CHs 


Ca + 2H,0 


(+)-p-Isobutylhydratropic acid; (+)-2-(p-isobutylphenyl)propionic acid 
[15687-27-1] C,,H,,O, (206.28). 
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Preparation—Isobutylbenzene is acetylated in the para position 
by a Friedel-Crafts procedure to the acetophenone, which is treated 
with HCN to yield the cyanohydrin. Heating with HI and red P hydro- 
lyzes the nitrile to the acid and simultaneously reduces the hydroxyl 
group; J Org Chem 43:2936, 1978. 

Description—White to off-white, crystalline powder; slight char- 
acteristic odor and taste; melts about 75°; apparent pK, 5.2. 

Solubility—Slightly soluble in water; soluble in alcohol or other 
organic solvents. 

Comments—An NSAID that possesses analgesic and antipyretic 
activities. In mild-to-moderate pain, 200 mg appears to be as effective 
as 650 mg of aspirin. When used to relieve dysmenorrhea, it is as 
effective as mefenamic acid and more effective than aspirin or propoxy- 
phene. Like other NSAIDs its mechanism of action likely relates to its 
inhibition of prostaglandin synthesis. Evidence that it does have a 
salutary effect in the treatment of chronic rheumatoid arthritis and 
osteoarthritis is shown by a reduction of joint swelling, decrease in pain, 
decrease in duration of morning stiffness and improved functional ca- 
pacity as indicated by an increase in grip strength, a delay in the time 
to onset of fatigue, and a decrease in the time to walk 50 ft. 

The drug is absorbed rapidly after oral administration, and peak 
plasma serum levels generally are attained within 1 to 2 hr after oral 
administration. With single doses from 200 mg to 800 mg, a dose— 
response relation exists between the amount of drug administered and 
the integrated area under the serum drug concentration versus time 
curve. It is metabolized rapidly and eliminated in the urine; excretion 
virtually is complete 24 hr after the last dose of drug. The serum 
half-life is 1.8 to 2.0 hr. 

It is indicated for relief of symptoms of rheumatoid arthritis and 
osteoarthritis. It also is indicated for the relief of mild-to-moderate pain, 
for the treatment of primary dysmenorrhea, and as an antipyretic. It is 
contraindicated in individuals sensitive to the drug or in individuals 
who have the syndrome of nasal polyps, angioedema, and bronchospas- 
tic reactivity to aspirin or other NSAIDs. Peptic ulceration and GI 
bleeding have been reported. Consequently, it should be given under 
close supervision to patients who have a history of upper GI tract 
disease. Blurred or diminished vision, scotomata, and other changes in 
color vision have been noted; should such occur, the drug should be 
discontinued and the patient given an ophthalmological examination. 

Patients should be cautioned to report to their physicians signs or 
symptoms of GI ulceration or bleeding, blurred vision or other eye 
symptoms, skin rash, weight gain, or edema. This drug, like aspirin and 
other NSAIDs, can inhibit platelet function and prolong bleeding time, 
but the effects are reversible and not as long lasting as those of aspirin. 
Nevertheless, it should be administered with caution to patients on 
anticoagulants. It is not recommended for use in pregnant women or 
nursing mothers. 

Adverse reactions with an incidence greater than 1% may be cate- 
gorized as GI (4-16%) (e.g., nausea, epigastric pain, heartburn, diar- 
rhea, abdominal distress, nausea and vomiting, indigestion, constipa- 
tion and abdominal cramps, or pain), CNS l[e.g., dizziness (3 to 9%), 
headache, nervousness, and tinnitus], dermatologic [e.g., rash (3 to 9%) 
and pruritus], and metabolic (e.g., decreased appetite, edema, and fluid 
retention). 

Adverse effects with an incidence of less than 1% include GI (gastric 
or duodenal ulcer with bleeding or perforation), dermatologic (vesicu- 
lobullous eruptions, urticaria, and erythema multiforme), CNS (depres- 
sion or insomnia), special senses [amblyopia (blurred or diminished 
vision, scotomata, or other changes in vision)], hematologic (leukopenia 
and decreases in hemoglobin and hematocrit), and cardiovascular 
(congestive heart failure in patients who have marginal cardiac func- 
tion and elevated blood pressure). Other reactions have been reported 
but under circumstances in which a causal relation could not be 
established. 


INDOMETHACIN 


1H-Indole-3-acetic acid, 1-(4-chlorobenzoy!)-5-methoxy-2-methyl-, 
Indocin, Indocin SR 


Ore 
N 
CH30 CH,COOH 


[53-86-1] C,,H,,CINO, (357.79). 

Preparation—p-Anisidine is diazotized and the diazonium com- 
pound reduced with sodium sulfite. The resulting p-methoxyphenylhy- 
drazine undergoes the Fisher indole synthesis with methyl levulinate. 
The steps involved include formation of the hydrazone (I), rearrange- 
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ment of I to the enamine compound II, and cyclization of II through loss 
of ammonia to form III. III is then hydrolyzed to the acid, which is 
re-esterified by means of the anhydride to give the tert-butyl ester. 
Acylation with p-chlorobenzoyl chloride followed by debutylation yields 
indomethacin. US patent 3,161,654. 

Description—Pale-yellow to yellow-tan, crystalline powder; odor- 
less or a slight odor; slightly bitter taste; light sensitive, stable in air 
and stable in heat under the usual prevailing temperature conditions; 
one polymorphic form melts about 155°, the other about 162°. 

Solubility—1 g in 50 mL alcohol, 30 mL chloroform, or 40 mL ether; 
practically soluble in water. 


% NH, 
fom ‘ 
I 4 
CH,O C= CHa CHO CH; 

| CH, 
CH | 
| COOCH, 
ch (II) 
COOCH; 
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H 
NN OF: 
CH;0 CH.COO CH; 

Comments—A nonsteroidal drug with anti-inflammatory, anti- 
pyretic, and analgesic properties. It is not a simple analgesic and, 
because of its potential serious untoward effects, should not be used 
for trivial or minor problems. It is indicated for the treatment of 
rheumatoid arthritis, ankylosing (rheumatoid) spondylitis, osteoar- 
thritis, bursitis, tendinitis, gouty arthritis, and patent ductus arteri- 
osus in premature neonates. The drug is absorbed rapidly after oral 
administration; peak plasma levels are reached in 2 hr; 97% of the 
drug is protein bound. It has a half-life of 2.6 to 11.2 hr; 10 to 20% of 
the drug is excreted unchanged in the urine. Because it is a potent 
drug and has a potential to cause severe adverse effects, it should be 
considered carefully for an active disease unresponsive to adequate 
trial with salicylates and other established measures, such as ap- 
propriate rest. The drug is contraindicated in children, pregnant 
women, and nursing mothers, patients who have GI problems, and 
patients who are allergic to aspirin. 

The incidence of untoward effects has been reported to vary from 
a few percent to 75% of patients. Most frequent untoward actions 
include GI (single or multiple ulcerations, hemorrhage, GI bleeding, 
increased pain in ulcerative colitis, gastritis, nausea, vomiting, and 
epigastric distress), eye reactions (corneal deposits, retinal distur- 
bances, and blurring of vision), hepatic [toxic hepatitis and jaundice 
(some fatalities have been reported)], hematologic (aplastic anemia, 
hemolytic anemia, depression of the bone marrow, agranulocytosis, 
leukopenia, and thrombocytopenia purpura), hypersensitivity [acute 
respiratory (including asthma and dyspnea), angiitis, pruritus, urti- 
caria, skin rashes, etc.], ear [deafness (rarely) and tinnitus], CNS 
(psychotic disturbances, depersonalization, depression, mental con- 
fusion, coma, convulsions, peripheral neuropathy, drowsiness, light- 
headedness, dizziness, and headache); cardiovascular renal (edema, 
hypertension, hematuria), dermatologic (loss of hair and erythema 
nodosum), miscellaneous (vaginal bleeding, hyperglycemia, glycos- 
uria, ulcerative stomatitis, and epistaxis). Both the incidence and 
the severity of side effects appear to be dose related. 

The high potential for dose-related adverse reactions (see above) 
makes it imperative that the smallest effective dosage be determined 
for each patient. GI reactions may be reduced if the patient takes the 
drug with food, immediately after meals, or with antacids. The 
occurrence of ocular or hematological disturbances in some patients 
on prolonged therapy with the drug indicates the need for periodic 
ophthalmological examination and appropriate blood tests. Whether 
the drug has any effect on anticoagulants is uncertain, but concur- 
rent administration may be hazardous because of increased risk of 
GI bleeding. 

It may aggravate psychiatric disturbances, epilepsy, and parkinson- 
ism; it should be used with considerable caution in patients who have 
these conditions. Patients should be warned that ability to drive or 
perform other activities requiring alertness may be affected adversely. 


The drug should be discontinued if any of the untoward effects listed 
above occurs, pending consultation with the physician. 


KETOPROFEN 


Benzeneacetic acid, 3-benzoyl-a-methyl-, Orudis 


fo) 
¢ CHCOOH 
oO Ot 
(22071-15-4] C,,H,,O0., (254.28). 

Preparation—The diazonium salt prepared from 2-(p-aminopheny])- 
propionic acid is converted to the mercaptan (I) with potassium ethyl 
xanthate followed by hydrolysis. I, with o-iodobenzoic acid yields the 
corresponding diphenyl] sulfide. The carboxyl group ortho to the sulfur 
atom cyclizes with the adjacent ring to form a thioxanthone configura- 
tion followed by desulfurization to reopen the ring and reform the 
benzophenone product; Farmaco Ed Sci 35:684, 1980. 

Description—White to off-white, odorless, crystalline, nonhy- 
groscopic powder; melts about 95°. 

Solubility—Practically insoluble in water; soluble in fixed bases; 
freely soluble in alcohol, chloroform, acetone, or ether. 


Comments—An NSAID propionic derivative like Ibuprofen, but 
lower doses are needed and available. 


MECLOFENAMATE SODIUM 


Benzoic acid, 2-[(2,6-dichloro-3-methylphenyl)amino]-, monosodium 
salt, monohydrate 


COONa Cl CH, 
NH * H,0 
C1 


Monosodium N-(2,6-dichloro-m-tolyl)anthranilate monohydrate [6385- 
02-0] C,,H,)>CI,NNaO, : H,O (336.15). 

Preparation—By the Ullman condensation of o-iodobenzoie acid 
and 2,6-dichloro-m-toluidine in the presence of copper-bronze, J Med 
Chem 11:1009, 1968. 

Description—White crystals; melts about 290°; a saturated solu- 
tion in water (1 g in 65 mL) is slightly turbid; pH approximately 7.5. 

Comments—An NSAID related to Mefenamic Acid. 


MEFENAMIC ACID 
Benzoic acid, 2-[(2,3-dimethylphenyl)amino]-, Ponstel 
COOH 
NH 


CH, CH, 


N-(2,3-Xylylanthranilic acid [61-68-7] C,;H,;NO, (241.29). 

Preparation—o-Chlorobenzoic acid is condensed with 2,3-xylidine 
with the aid of potassium carbonate, and the resulting potassium salt is 
treated with mineral acid to liberate the desired acid. J Med Chem 
11:111, 1968. 

Description—White to off-white, crystalline powder; odorless; lit- 
tle initial taste, but a bitter aftertaste; darkens on prolonged exposure 
to light, nonhygroscopic; stable up to 45°; decarboxylates at tempera- 
ture above its melting point (at 300°, 100% is decarboxylated in 3 min); 
melts about 230°. 

Solubility—1 g in 220 mL of alcohol; insoluble in water; sparingly 
soluble in chloroform or ether. 

Comments—An analgesic drug used for the relief of moderately 
severe pain when therapy will not exceed 1 wk and for the treatment 
of primary dysmenorrhea. It also is indicated for the relief of pain 
resulting from postoperative pain. It is contraindicated in patients 
who have ulceration of the upper or lower intestinal tract, children 
younger than 14 yr, women during pregnancy, or patients known to 
be hypersensitive to the drug. Untoward effects include diarrhea, 
which may be severe and indicates the drug should be stopped; 
autoimmune hemolytic anemia; thrombocytopenic purpura; leukope- 
nia; pancytopenia; agranulocytosis; and bone-marrow hypoplasia. 

Minor reactions include drowsiness, GI discomfort, dizziness, 
headache, vomiting, urticaria, rash, eosinophilia, blurred vision, in- 
somnia, and perspiration. Rarely, palpitations, facial edema, dys- 
pnea, eye pain, ear pain, dysuria, hematuria, reversible loss of color 
vision, and increased insulin need in diabetic patients. Mild renal 
and hepatic toxicity also have been reported (see page 1454). Because 


this drug is useful in moderate pain, physicians would be well 
advised to consider its use only in cases that either cannot tolerate or 
do not respond to less-toxic agents. 


NABUMETONE 
2-Butanone, 4-(6-methoxy-2-naphthalenyl)-, Relafen 


fo) 
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OXYPHENBUTAZONE 
3,5-Pyrazolidinedione, 4-butyl-1-(4-hydroxyphenyl)-2-phenyl-, 
monohydrate 
OH 

+ H,0 

AO 

esi 
CH, (CH,)5 So 


I 
IOC tie 3 
CH30 


4-(6-Methoxy-2-naphthyl)-2-butanone; [42924-53-8] C,,H,,O, (228.29). 
Preparation—Acetone and 6-methoxynaphthalenecarboxaldehyde 
are reacted in aldol fashion to form 5-(6-methoxy-2-naphthyl)-3-buten- 
2-one, which is reduced catalytically to nabumetone. See J Med Chem 
21:1260, 1978. 
Description—White crystals; melts about 80°. 
Solubility—Practically insoluble in water; sparingly soluble in 
alcohol. 
Comments—An NSAID with a metabolite similar to naproxen. 


NAPROXEN 


2-Naphthaleneacetic acid, (+)-6-methoxy-a-methyl-, Equiproxen 
(Veterinary), Naprosyn 


ae 


(oom 
CH30 


[22204-53-1] C,,H,,0., (230.26). 

Preparation—6-Methoxynaphthalene is acetylated in the 2- 
position and the acetyl group is then converted to—CH(CH.,)COOH by 
a sequence of reactions—Willgerodt-Kindler, esterification, alkylation 
and hydrolysis—yielding pi-naproxen (CA 71:91162j, 1969). Resolution 
of the racemate may be effected through precipitation of the more 
potent D-enantiomer as the cinchonidine salt (J Med Chem 13:203, 
1970). 

Description—White to off-white, crystalline powder; bitter taste; 
melts about 155°; apparent pK, 4.15. 

Solubility—Practically insoluble in water at pH 2; freely soluble in 
water at pH 8 or above; sparingly soluble in alcohol. 

Comments—A propionic acid derivative that has anti-inflamma- 
tory, analgesic, and antipyretic activities. It is commercially avail- 
able both as the acid and the sodium salt and is sold OTC. It is 
indicated for relief of symptoms of rheumatoid arthritis, both of 
acute flares and long-term management of the disease. Symptomatic 
improvement, when use of the drug is indicated, usually begins 
within 2 wk but a longer trial period may be necessary. It is compa- 
rable to aspirin in controlling disease symptoms, but with lesser 
frequency and severity of nervous system and milder GI adverse 
effects. It is used to relieve mild-to-moderate postoperative pain as 
well as postpartum pain, primary dysmenorrhea, orthopedic pain, 
headache, and visceral pain associated with cancer. Its analgesic 
effects are comparable with those of aspirin or indomethacin with 
usual doses. 

It appears to be absorbed completely from the GI tract after oral 
administration. Peak plasma levels (approximately 55 mg/mL) are 
reached in 2 to 4 hr after a 500-mg dose, and steady-state levels are 
attained after 4 or 5 doses at 12-hr intervals. More than 99% is bound 
to serum albumin. The mean plasma half-life is approximately 13 hr. 
Approximately 95% of a dose is excreted in the urine, principally as 
conjugates of naproxen and its inactive metabolite 6-demethyl- 
naproxen. The adverse effects, precautions, contraindications and drug 
interactions are essentially the same as for Fenoprofen Calcium (page 
1457). 


NAPROXEN SODIUM 


2-Naphthaleneacetic acid, 6-methoxy-a-methyl-, sodium salt 
Anaprox 
[26159-34-2] C,,H,,NaO, (252.24). 
Comments—See Naproxen, above. 


4-Butyl-1-(p-hydroxyphenyl)-2-phenyl-3,5-pyrazolidinedione monohy- 
drate [7081-38-1] C,,H,,.N,0,-°-H,O (342.39); anhydrous [129-20-4] 
(324.38). 

Preparation—Diethyl butylmalonate is condensed with p-benzyl- 
oxyhydrazobenzene, with the aid of a solution of sodium ethoxide in an- 
hydrous ethanol, to form  1-(p-benzyloxy)-2-phenyl-4-butyl-3,5- 
pyrazolidinedione (I). Completion of the reaction is effected by the 
addition of xylene and by the heating of the mixture to about 140° for 
several hours, thus removing the alcohol released by the cyclizing 
condensation. Debenzylation of I is effected by Raney nickel hydroge- 
nation at ambient temperature and pressure. Recrystallization of the 
initial product is from ether/petroleum ether. US patent 2,745,783. 

Description—White to yellowish white, odorless, crystalline pow- 
der; melts over a wide range between 85° and 100°. 

Solubility—1 g in >10,000 mL water, 1.5 mL alcohol, 4 mL chlo- 
roform, 15 mL ether. 

Comments—An NSAID propionic acid derivative. 


PHENYLBUTAZONE 
3,5-Pyrazolidinedione, 4-butyl-1,2-diphenyl-, Butazolidin 


Q 
AO 


CH3CH,CH, CHy So 


[50-33-9] C,,H,)N.O, (308.38). 

Preparation—Butylmalonyl! chloride is condensed with hydrazo- 
benzene in ether solution at 0° with the aid of pyridine. After extraction 
of the pyridine with aqueous HCl, the phenylbutazone is extracted with 
aqueous Na.CO,., and then precipitated by addition of HCl. US patent 
2,562,830. 

Description—White to off-white, odorless, crystalline powder; 
melts about 105°. 

Solubility—1 g in approximately 20 mL alcohol; slightly soluble in 
water; freely soluble in acetone or ether. 

Comments—A synthetic pyrazolone derivative chemically related 
to aminopyrine and that has anti-inflammatory, antipyretic, analgesic, 
and mild uricosuric properties. Like other NSAIDs, these pharmacolog- 
ical effects likely relate to inhibition of prostaglandin synthesis caused 
by this drug. It is indicated for the symptomatic relief of gout, rheuma- 
toid arthritis, rheumatoid spondylitis, osteoarthritis, psoriatic arthritis, 
acute superficial thrombophlebitis, and painful shoulder. Its anti- 
inflammatory and analgesic actions are comparable with that of usual 
doses of indomethacin, ibuprofen or tolmetin. Because of the risk of 
agranulocytosis and aplastic anemia, it should be used only after other 
nonsteroidal and anti-inflammatory drugs have proved unsatisfactory; 
it is not recommended for use as a simple analgesic or antipyretic. 

Therapy should not be started until the patient has been subjected 
to a complete physical and laboratory examination, including a hemo- 
gram and urinalysis, and has been adequately warned of potential 
adverse effects. In particular, it is contraindicated in patients who have 
severe renal, hepatic, or cardiac disease and should not be prescribed 
for those not available for frequent observation. Patients should be 
warned not to exceed the recommended dosage and to report any fever, 
sore throat or lesions in the mouth (symptoms of blood dyscrasia), 
dyspepsia, epigastric pain, symptoms of anemia, unusual bleeding, 
bruising, black or tarry stools (symptoms of intestinal lesions), and 
significant weight gain or anemia immediately. 

The goal of therapy should be short-term relief of severe symptoms to 
a level tolerable with the smallest possible drug dosage. If a favorable 
response is not observed within 1 wk, the drug should be discontinued. 
The drug is contraindicated in patients who have GI problems, have a 
history of drug allergy and in children younger than 14 yr. It also is 
contraindicated in patients on other concurrent therapy, such as potent 
chemotherapeutic drugs and anticoagulant medication. 
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It is absorbed rapidly after oral administration and highly bound to 
plasma protein. Phenylbutazone’s time to peak serum concentration is 
approximately 2.5 hr; however, the usual time for onset of antigout 
activity varies from 1 to 4 days and that for antirheumatic activity 3 to 
7 days. Therapeutic serum concentrations average approximately 43 
mg/mL; elimination half-life is approximately 84 hr. The drug (1%) 
and its major metabolite (oxyphenbutazone, 2%) are excreted by the 
kidneys. 

It produces untoward effects in approximately 40% of patients; 
approximately 15% have to discontinue the drug because of toxic effects. 
Consequently, the drug should be employed only in those patients who 
fail to respond adequately to less hazardous substances. The most 
frequently encountered untoward effects are water retention, nausea, 
rash, epigastric pain, vertigo, and stomatitis. Other less frequent but 
more severe effects include hepatitis, hypertension, transient psychosis, 
moderate leukopenia, agranulocytosis, and thrombocytopenia. CNS 
stimulation, visual symptoms, anemia, lethargy, constipation, diar- 
rhea, GI hemorrhage, fever, and cardiac arrhythmias also have been 
observed. 

Numerous drug interactions have been reported. Some of these 
interactions may be due to microsomal induction caused by phenylbu- 
tazone and its metabolite, oxyphenylbutazone. Generally, it should not 
be administered to patients taking anticoagulants, anti-inflammatory 
agents, bone-marrow depressants, digitoxin, hypoglycemics, methotrex- 
ate, phenytoin, or sulfonamides. 

Because it is a potent drug and misuse can lead to serious results, 
physicians are well advised to familiarize themselves with its GI, acid- 
base balance, hepatic, dermatological, allergic, renal, cardiovascular, 
ocular, metabolic, and endocrine effects before prescribing this drug. It 
should be used with caution in pregnant women, nursing mothers, 
elderly patients, and patients known to have other illnesses. This drug 
should be taken with milk or with meals to minimize gastric irritation. 


PIROXICAM 


2H-1,2-Benzothiazine-3-carboxamide, 4-hydroxy-2-methyl-N- 
pyridinyl-, 1,1-dioxide; Feldene 


Ne 
oe 
ZZ conn(C)) 
OH N 


[36322-90-4] C,;H,,N.,0,S (331.35). 

Preparation—See J Med Chem 14:1171, 1971 and Ibid 15:848, 
1972. 

Description—White crystals; melts about 200° a saturated solu- 
tion in dioxane:water (2:1) has a pK, of approximately 6.3. 

Solubility—Slightly soluble in water. 

Comments—An NSAID structurally unrelated, but pharmacologi- 
cally similar, to other NSAIDs. 


SULINDAC 


1H-Indene-3-acetic acid, (Z)-5-fluoro-2-methyl-1- 
[[4-(methylsulfinyl)phenyl] methylene]-, Clinoril 


CH; 
F O CH,COOH 
[38194-50-2] C,)H,,FO,S (356.41). 

Preparation—The reaction of p-fluorobenzyl chloride with methyl- 
malonic ester in the classic malonic ester synthetic route yields 3-(p- 
fluorophenyl)-2-methylpropanoic acid. Cyclization with polyphosphoric 
acid gives 6-fluoro-2-methylindanone which is reduced by means of a 
Reformatsky reaction to the alcohol, dehydrated to the indene, con- 
densed with p-(methylthio)benzaldehyde to the 3-benzylidene deriva- 
tive, the ester hydrolyzed and the thio group oxidized to the sulfoxide; 
J Org Chem 42:1914, 1977. 

Description—Yellow crystals; melts at about 183° with decompo- 
sition; pK, 4.5. 

Solubility—Practically insoluble in water; sparingly soluble in 
alcohol. 

Comments—An NSAID structurally related to Indomethacin. 


TOLMETIN SODIUM 


1H-Pyrrole-2-acetic acid, 1-methyl-5-(4-methylbenzoyl)-, sodium 
salt, dihydrate; Tolectin, Tolectin DS 


CH3 


0 
i 
on(C)-é NCH COONa 
ave! 


(64490-92-2] C,.H,,NNaO, - 2H,O (315.31). 

Preparation—The corresponding acetonitrile is obtained by a 
Friedel-Crafts reaction between 1-methylpyrrole-2-acetonitrile and p- 
methylbenzoyl chloride; after separation from the 4-aroyl isomer, pro- 
duced simultaneously, by fractional crystallization or adsorption chro- 
matography, the acetonitrile is converted to tolmetin by saponification 
and subsequently to its sodium salt (J Med Chem 14:646, 1971). 

Description—Light yellow, crystalline powder; pK, 3.5 (free acid). 

Solubility—Freely soluble in water; slightly soluble in alcohol. 

Comments—A nonsteroidal compound that has anti-inflammatory, 
analgesic, and antipyretic activities. Its mode of action is unknown, 
although inhibition of prostaglandin synthesis likely contributes to its 
anti-inflammatory action. In patients who have rheumatoid arthritis, 
various manifestations of its anti-inflammatory and analgesic actions 
are observed, but there is no evidence of alteration of the progressive 
course of the underlying disease. 

The drug is absorbed rapidly and almost completely with peak 
plasma levels being reached within 30 to 60 min after an oral thera- 
peutic dose. It is bound approximately 99% to plasma proteins; the 
mean plasma half-life is approximately 1 hr. Essentially, all of a dose is 
excreted in the urine within 24 hr, either as an inactive oxidative 
metabolite or as conjugates of tolmetin. 

The drug is indicated for the relief of signs and symptoms of 
rheumatoid arthritis, both for acute flares and for long-term man- 
agement of the disease. Safety and effectiveness in patients who are 
incapacitated, largely or wholly bedridden, or confined to a wheel- 
chair, with little capacity for self-care (Functional Class IV rheuma- 
toid arthritis) have not been established. The drug is comparable 
with aspirin and with indomethacin in controlling disease activity; 
however, the frequency of the milder GI adverse effects is reported to 
be less than in aspirin-treated patients and the incidence of CNS 
adverse effects less than in indomethacin-treated patients. Concom- 
itant administration of this drug and aspirin is not recommended 
because there does not appear to be any greater benefit from the 
combination over that achieved with aspirin alone and the potential 
for adverse reactions is increased. 

It is contraindicated in patients demonstrated to be hypersensitive 
to the drug and also in those in whom aspirin and other NSAIDs induce 
symptoms of asthma, rhinitis, or urticaria. In patients who have active 
rheumatoid arthritis who also have an active peptic ulcer, treatment 
with nonulcerogenic drugs should be attempted; if it must be given, the 
patient should be observed closely for signs of ulcer perforation or 
severe GI bleeding. As it is eliminated primarily by the kidneys, pa- 
tients who have impaired renal function should be monitored closely 
and dosage reduced or discontinued if necessary. As it prolongs bleeding 
time, patients who may be affected adversely should be observed care- 
fully when treated with the drug. Patients who have compromised 
cardiac function should be treated with caution because the drug causes 
some retention of water and sodium, with a resultant mild peripheral 
edema. 

The most frequent adverse reactions are GI in nature and include, 
in descending order of frequency, epigastric or abdominal pain or dis- 
comfort (approximately 1 of 6 patients), nausea, vomiting, indigestion, 
heartburn, constipation, and dyspepsia. The most common nervous 
system reactions are headache (1 of 15 patients), followed by dizziness 
and lightheadedness, tension and nervousness, and drowsiness. Tinni- 
tus occurs in 1 of 40 patients. Mild edema is observed in approximately 
1 of 50 patients. Rash, including maculopapular eruptions or urticaria, 
develops in 1 of 30 patients and pruritus in approximately 1 of 50 
patients. Small and transient decreases in hemoglobin and hematocrit, 
not associated with GI bleeding, occur infrequently as also do a few 
cases of granulocytopenia. 

Safe use in children younger than 2 yr has not been established, 
although the drug has been used safely and effectively in children older 
than 2 yr. Use of the drug in pregnancy is not recommended, and 
because it is secreted in human milk, its use by nursing mothers also is 
not recommended. 
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GOLD COMPOUNDS 


Most authorities prefer the gold compounds over the adrenal 
steroids or NSAIDs for the adjunctive treatment of selected 
cases of active rheumatoid arthritis. Gold compounds suppress 
or prevent, but do not cure, arthritis and synovitis in the 
rapidly progressive forms of the diseases. Although their exact 
mechanism is not known, localized high concentrations of gold 
are found in Kupffer cells and synoviocyte liposomes; this sug- 
gests that gold therapy may inhibit liposomal enzyme activity 
in macrophages and decrease macrophage phagocytic activity. 
Some of the cellular effects of these compounds may be due to 
the strong affinity of gold for sulfur, which causes inhibition of 
sulfhydral systems. Accumulation occurs with repeated admin- 
istration and levels persist for many years in subsynovial tis- 
sues and in macrophages of many tissues. Macrophages are 
thought to be involved in the antigen process and in the inter- 
action of helper T lymphocytes with antibody-forming B lym- 
phocytes. Whether this action is responsible for the effective- 
ness of gold compounds in arthritis is unknown. 

The oral gold compound available (auranofin) contains 29% 
gold by weight, whereas the parenteral preparations (aurothio- 
glucose; gold sodium thiomolate) contain 50% gold by weight. 
Before gold therapy is initiated, the patient’s hemoglobin, 
erythrocyte, leukocyte, differential, and platelet counts should 
be determined and a urinalysis done to serve as a basic refer- 
ence. Urine should be analyzed for protein and sediment 
changes, and a complete blood count should be done before 
every administration or injection throughout the course of 
treatment. ; 

Adverse reactions to gold therapy may occur at any time 
during treatment or many months after therapy has been dis- 
continued. Common adverse reactions include cutaneous (der- 
matitis, pruritic eruptions, erythema, vesicular and exfoliative 
dermatitis, alopecia, and loss of nails), mucous membranes 
(stomatitis, buccal ulcers, glossitis, or gingivitis), pulmonary 
(interstitial pneumonitis, fibrosis, fever, rash, cough, shortness 
of breath, etc.), renal (nephrotic syndrome, glomerulitis with 
hematuria and, rarely, renal failure), hematologic (granulocy- 
topenia, thrombocytopenia, leukopenia, eosinophilia, hemor- 
rhagic diathesis, hypoplastic, and aplastic anemia), and mis- 
cellaneous (flushing, dizziness, sweating, nausea, vomiting, 
and malaise. It is important to note that, except for diarrhea, 
serious toxicity occurs most frequently when parenteral ther- 
apy is used. See Table 83-2. 

If toxicity develops, gold therapy should be discontinued 
immediately. Treatment includes topical or systemic corticoste- 
roids, as appropriate, and the chelating agent dimercaprol 
(BAL) to increase the excretion of gold. 


Table 83-2. Overall Incidence and Frequency 
of Terminations Due to Adverse Effects 
from Oral and Injectable Gold 


ORAL GOLD (n = 527) 


INJECTABLE GOLD (n = 526) 


ADVERSE EFFECT REPORTED? WITHDRAWN? REPORTED? WITHDRAWN? 
Diarrhea 44 (230) 4.6 (24)? 13 (69) 1.3 (7) 
Rash 32 (168) 5.7 (30) 41 (213) 15.2 (80)? 
Stomatitis 15 (78) 2.7 (14) 18 (95) 5.3 (28)? 
Anemia 5.7 (30) 0.6 (3) 4.9 (26) 0.4 (2) 
Thrombocytopenia 1.9(10) 0.2 (1) 1.9 (10) 1.7 (9)° 
Leukopenia 1.5 (8) 0.9 (5) 2.9 (15) 1.3 (7) 
Proteinuria 7 (39) 1.7 (9) 12 (64) 4.9 (26)? 
Liver enzymes 4 (21) 1.1 (6) 4 (22) 1.5 (8) 


>twice normal 


? % (number). 
» Significant increase. 
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AURANOFIN 


Gold, (2,3,4,6-tetra-O-acetyl-1-thio-B-p-glucopyranato-S)- 
(triethylphosphine)-, Ridaura 


i 
CH,OCCHs 


) 
S—Au+ P(CpHs)3 


[34031-32-8] C,,H,,AuO,PS (678.48). 

Preparation—By condensation of the tetraacetate ester of auro- 
thioglucose with triethylphosphine to form the coordination complex. 
US patent 3,635,945. 

Description—Colorless crystals; melts about 110°; contains ap- 
proximately 29% by weight of gold. 

Comments—It is an oral gold preparation used in the treatment of 
rheumatoid arthritis. Although auranofin does not have analgesic ac- 
tivity, it may slow the progress of this inflammatory disease. The 
therapeutic benefits usually are not apparent until after 3 to 4 months 
of use. The value of gold salts in rheumatoid arthritis is well estab- 
lished; except for this drug, all available gold preparations must be 
administered intramuscularly. Although it is administered orally, it 
appears to retain the efficacy of the parenteral gold substances albeit 
with fewer major side effects and perhaps with slightly less efficacy. 
Approximately 25% of the gold in the drug is absorbed. The mean 
terminal body half-life is 21 and 31 days (range 42 to 128); approxi- 
mately 60% of the absorbed gold is excreted in the urine; the remainder 
is excreted in the feces. Patients on 6 mg/day display a mean steady 
state of blood-gold concentrations of 0.68/0.45 mg/mL. Approximately 
40% of its gold is associated with red blood cells and 60% with serum 
proteins. The mechanism by which auranofin exerts its therapeutic 
effect in rheumatoid arthritis is unknown, although the drug does affect 
numerous cellular processes associated with inflammation. In contrast 
to parenteral gold preparations, it is not a potent inhibitor of sulfhydryl 
group reactivity. Adverse effects include diarrhea (46.6%) and micro- 
scopic hematuria (14%); skin reactions (pruritus or rash, 24%) were 
mild and occurred in approximately 30% of patients; and mucosal 
ulcerations in approximately 10%; proteinuria was observed in 4% and 
was serious enough in 0.7% of patients to that therapy had to be 
discontinued. Liver function test abnormalities occurred in 0.4% of 
patients. Its contraindications are the same as those for parenteral gold 
compounds. Auranofin should be administered only to carefully selected 
patients who can be monitored closely during therapy. 


AUROTHIOGLUCOSE 
Gold, (1-thio-p-glucopyranosato)-, Gold Thioglucose, Solganal 


CH,OH 
(e) 
VAN ef 
OH H - 
HO S-Au 
H OH 


[12192-57-3] C,H,,AuO,S (392.18). It is stabilized by the addition of not 
more than 5% of sodium acetate. 

Preparation—By refluxing an aqueous solution of thioglucose with 
gold tribromide in the presence of sulfur dioxide. The compound is thus 
precipitated and is purified by dissolving in water after which it is 
reprecipitated by the addition of alcohol. 

Description—Yellow powder; odorless or nearly so; stable in air; 
pH (1 in 100 solution) approximately 6.3; aqueous solutions are unsta- 
ble on long standing. 

Solubility—Freely soluble in water; practically insoluble in ace- 
tone, alcohol, chloroform, or ether. 

Comments—It is a gold-containing injectable antirheumatic used 
for treatment of active and progressing rheumatoid arthritis and non- 
disseminated lupus erythematosus. The adrenal steroids once largely 
displaced gold compounds from the therapeutic methods, but recogni- 
tion of the dangers of steroid therapy and the potential curative prop- 
erties has restored the use of gold. No other antirheumatic drug is 
capable of arresting the progression of the disease, as gold can do in 
some cases. However, the gold compounds do not permanently arrest or 
reverse the associated disease process. The best therapy usually occurs 
when it is used in the early active stages of the disease and is based on 
the daily excretion rate of gold in the individual patient. Aurothioglu- 
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cose contains 50% gold; time to peak effect is 4 to 6 hr; 95 to 99% is 
bound to plasma protein; plasma half-life after a single dose varies from 
3 to 27 days; and 70% is excreted in the urine and 30% in the feces. 
Parenterally administered gold compounds tend to cause more ad- 
verse effects than auranofin and should be given only to carefully 
selected patients by experienced physicians. Pruritus is generally the 
first sign of toxicity. Other toxic manifestations are listed in the intro- 
duction to this section and include mucocutaneous, hematological, re- 
nal, hepatic, GI, and ocular effects. Although side effects can occur after 
the first dose, severe side effects do not usually occur until at least 300 
to 500 mg has been administered; sometimes they do not occur until 
several months after treatment has been discontinued. Glucocorticoids 
increase toxicity, yet protect against serious consequences such as ne- 
phrosis. Dimercaprol and penicillamine increase the excretion of gold. 


OTHER DRUGS TO RELIEVE PAIN 


This section includes discussions of unrelated drugs with dis- 
tinct mechanisms of action. Although, technically some of these 
drugs are not analgesics because they do not directly affect the 
nociceptive system, they do relieve pain by altering the under- 
lying cause of a medical condition. For example, some drugs are 
discussed here that are used to relieve gouty pain because they 
block the formation or enhance the excretion of uric acid. 


ALLOPURINOL 
4H-Pyrazolo[3,4-d]pyrimidin-4-one, 1,5-dihydro-, Zyloprim 


[315-30-0] C;H,N,O (136.11). 

Preparation—(Ethoxymethylene)malononitrile is reacted with hy- 
drazine hydrate by means of deethanolation and addition thus cyclizing 
to form 3-aminopyrazole-4-carbonitrile. Controlled hydration of the ni- 
trile forms the corresponding carboxamide that, on condensation with 
formamide, yields allopurinol. US patent 2,868,803. 

Description—Fluffy white to off-white powder; slight odor; taste- 
less; stable in light and air; melts about 300° with decomposition. 

Solubility—Slightly soluble in water or alcohol; soluble in solutions 
of fixed alkali hydroxides; practically insoluble in chloroform or ether. 

Comments—A structural analog of hypoxanthine used in the 
treatment of gout, primary or secondary uric acid nephropathy, and 
uric acid stone formation and in the prevention urate deposition, 
renal calculi, or uric acid nephropathy in patients who have leuke- 
mias, lymphomas, and malignancies who are receiving cancer che- 
motherapy with its resultant effect of increasing serum uric acid 
levels. It is not an analgesic per se; relief from pain is secondary to 
the reduction in blood uric acid levels. It is not uricosuric; it inhibits 
the production of uric acid by blocking the biochemical reactions 
immediately preceding uric acid formation. Thus, it inhibits xan- 
thine oxidase, the enzyme responsible for the conversion of hypoxan- 
thine to xanthine and of xanthine to uric acid. 

In addition, the drug inhibits de novo purine synthesis by a 
feedback mechanism, which provides another benefit to the pa- 
tient. It is metabolized by xanthine oxidase to oxypurinol, which 
also inhibits xanthine oxidase. Oxypurinol has a much longer half- 
clearance time from plasma than allopurinol (18-30 hr and less than 
2 hr, respectively). This accounts for its long duration of action and 
permits use of a single daily dose. It is contraindicated in children 
(except those with hyperuricemia secondary to malignancy) and in 
nursing mothers; it is also contraindicated in patients who develop a 
severe reaction to the drug. 

A few cases of reversible hepatotoxicity have been observed; 
hence, periodic liver function studies should be done during the early 
stages of therapy. It should not be given concomitantly with iron 
salts, because laboratory studies suggest increased hepatic iron con- 
centration may occur. Moreover, it increases the effect of the oral 
anticoagulants and enhances the toxicity of azathioprine, cyclophos- 
phamide, and mercaptopurine by decreasing the rate at which these 
agents are metabolized. It particularly is useful in patients who are 
resistant to or who cannot tolerate uricosuric drugs and in patients 
who have renal function so reduced as to not respond to conventional 
drugs. It precipitates acute gouty arthritis in early therapy more 


frequently than uricosuric drugs. This can be minimized by giving 
maintenance doses of colchicine and by starting therapy on a small 
dose and increasing the dose gradually. 

Untoward effects include a rash that is usually maculopapular and 
less frequently is exfoliative, urticarial, or purpuric; the rash may be 
accompanied by fever, leukopenia, arthralgias, or other symptoms of 
hypersensitivity. Diarrhea is frequently observed. Isolated cases of 
peripheral neuritis, depression of the bone marrow, cataracts, and 
reversible hepatic damage have been reported. 


COLCHICINE 


Acetamide, (S)-N-(5,6,7,9-tetrahydro-1,2-3,10-tetramethoxy-9- 
oxobenzo[a]heptalen-7-yl)-, 


Colchicine [64-86-8] C.,H,;NO, (399.44); an alkaloid obtained from 
various species of Colchicum. 

Caution—Colchine is extremely poisonous. 

Preparation—By extracting the corm or seed of the plant with 
alcohol. After distilling off the alcohol, the syrupy residue is diluted 
with water to precipitate fats and resins and filtered. The filtrate is 
digested with some lead carbonate, refiltered, evaporated to a small 
volume and the colchicine extracted with chloroform. 

Description—Pale yellow to pale greenish yellow, amorphous 
scales, or powder or crystalline powder; odorless or nearly so; darkens 
on exposure to light; melts about 145°; pK, 12.35. 

Solubility—1 g in 25 mL water or approximately 220 mL ether; 
freely soluble in alcohol or chloroform. 

Comments—tThe agent of choice in the symptomatic treatment of 
acute attacks of gouty arthritis and sometimes used for long-term pro- 
phylactic treatment of gouty arthritis. When properly administered, it 
usually terminates an attack in 24 to 48 hr. It also is used in combina- 
tion with either phenylbutazone or allopurinol in the management of 
acute gout. Colchicine is not an analgesic, and the precise mechanism of 
action is unknown, although it is thought to decrease leukocyte motil- 
ity, phagocytosis, and lactic acid production, thereby decreasing the 
deposition of urate crystals and the inflammatory response. These 
effects may relate to the interference by colchine on cellular mitotic 
spindles. The drug is well absorbed after oral administration; 31% is 
bound to plasma protein. It often is combined with probenecid to im- 
prove prophylactic therapy of chronic gouty arthritis. It is eliminated by 
both urinary and fecal routes. It is practically useless in chronic gout, 
but its routine administration does lessen the frequency and severity of 
acute attacks. It is very toxic, and it should be discontinued at the first 
evidence of toxicity, namely, diarrhea, nausea, vomiting and abdominal 
pain. 

Patients taking the drug for long periods are under some risk of 
occurrence of agranulocytosis, aplastic anemia, myopathy, and alopecia; 
hence they should have periodic examinations for possible blood dys- 
crasias or other adverse effects. Caution should be exercised in prescrib- 
ing the drug for aged and debilitated patients and for those who have 
cardiac, renal, hepatic, GI, or hematological disease. 


SULFINPYRAZONE 


3,5-Pyrazolidinedione, 1,2-diphenyl-4-[2-(phenylsulfinyl)ethyl]-, 
Anturane 


{57-96-5] C,H. )N.O.S (404.48). 
Preparation—[2-(Phenylsulfinyl)ethyl|malonic acid diethyl ester 
is condensed with hydrazobenzene with sodium ethoxide in absolute 
ethanol. The reaction is completed by addition of xylene and by heating 
to about 130°, whereby the residual ethanol and that liberated during 
the condensation is removed. The sulfinpyrazone is isolated by a solvent 
extraction process and recrystallized from ethanol. US Pat 2,700,671. 


ANALGESIC, ANTIPYRETIC, AND ANTI-INFLAMMATORY DRUGS 


Description—White to off-white powder; melts about 132°. 

Solubility—Practically insoluble in water or solvent hexane; solu- 
ble in alcohol or acetone; sparingly soluble in dilute alkali. 

Comments—A pyrazolone derivative with potent uricosuric activity 
and some antithrombotic and platelet inhibitory activity. It has no anti- 
inflammatory or analgesic properties. It is used to lower serum urate 
concentration for chronic and intermittent gouty arthritis. It is well- 
absorbed after oral administration; 98 to 99% is bound to plasma protein; 
plasma half-life is approximately 2.2 to 3 hr; and approximately 50% of the 
administered dose is excreted unchanged in the urine. 
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The drug is contraindicated in patients who have active pep- 
tic ulcer, renal impairment, or a history of renal calculi, especially 
uric acid stones, because of the possibility of aggravating these 
conditions. Its uricosuric action is mutually antagonistic with 
that of salicylates. It should be used with caution in patients 
on sulfa drugs, sulfonylurea hypoglycemic agents, and insulin be- 
cause it may potentiate these agents. Side effects include up- 
per GI disturbances, rash (reported in approximately 3% of 
patients) and, rarely, anemia, leukopenia, agranulocytosis, and 
thrombocytopenia. 


CHAPTER 84 


Histamine and Antihistaminic Drugs 


H Steve White, PhD 

Associate Professor of Pharmacology and Toxicology 
College of Pharmacy 

University of Utah 

Salt Lake City, UT 84112 


Histamine is a physiologically active, endogenous substance 
(autocoid) that is produced within the body by the decarboxyl- 
ation of the amino acid, histidine, and then stored in mast cells 
and basophils where it is protected from ubiquitous destructive 
enzymes, such as histaminase. It binds to and activates hista- 
mine H,- and H,-receptors in various sites in the body. H;- 
receptors, which may be involved in the control of histamine 
synthesis, also have been described. 

The action of histamine on the cells depends to some extent 
on the function of the cell as well as on the ratio of its H,- and 
H,-receptors. The cardiovascular effects of histamine include 
direct and indirect microvascular dilation (involving H,- and 
H,-receptors) and increased vascular permeability (probably 
involving H,-receptors); as a result, intracutaneous injection of 
histamine produces a triple response characterized by local 
reddening, a bright halo or flare, and wheal formation. His- 
tamine also binds to and activates specific receptors in the 
nose, eyes, respiratory tract, and skin, causing characteristic 
allergic signs and symptoms. Activation of H,-receptors (H,- 
antagonists) block these actions. 

Historically, the term antihistamine has been used to de- 
scribe drugs that act as H,-receptor antagonists. Activation of 
H.-receptors stimulates gastric acid secretion; drugs that an- 
tagonize H,-receptors (eg, cimetidine/nizatidine, ranitidine, or 
famotidine) are referred to as H,-receptors antagonists (see 
Chapter 66). The H,-antagonists inhibit gastric secretion stim- 
ulated not only by histamine, but also by insulin, pentagastrin, 
food, or physiological vagal reflex. 

Another amine, 5-hydroxytryptamine, also is distributed 
widely in animals and is present in some plants. This sub- 
stance, discovered independently by three groups of workers, 
is also known as enteramine and serotonin. It is found in 
largest amounts in the brain, blood, spleen, stomach, intes- 
tine, lungs, and skin. It has been suggested that 5-hydroxy- 
tryptamine may be involved in the regulation of vascular 
tone, motor, and secretory activity of the gastrointestinal 
(GI) tract and kidney function. Serotonin also functions as a 
neurotransmitter in the brain, and drugs that prevent its 
reuptake (eg, fluoxetine) possess antidepressant activity. 
These observations and the demonstration that tumors of 
the argentaffin cells of the intestinal mucosa (argentaffin- 
omas or carcinoids) secrete large amounts of 5-hydroxytryp- 
tamine have stimulated the search for 5-hydroxytryptamine 
antagonists. The pharmacological actions of 5-hydroxytryp- 
tamine are varied and complex. Liberation of excessive 
amounts in man, as in argentaffin cell tumors, produces 
episodic flushing, tachycardia, and hypertension followed by 
cyanosis, diarrhea, asthma, and pulmonary stenosis. 5- 
Hydroxytryptamine antagonists have been employed in the 
management of this malignancy, as well as certain skin 
diseases and psychoses. Several of the antihistamines de- 
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scribed below possess both antihistaminergic and antisero- 
tonergic activity. However, there are several clinically useful 
serotonin antagonists (granisetron hydrochloride, methyser- 
gide maleate and ondansetron hydrochloride) that have been 
introduced into the clinical arena in recent years for the 
management of nausea or vomiting associated with carcinoid 
syndrome (granisetron, methysergide, and ondansetron) and 
vascular headache (methysergide). The reader is referred to 
those monographs describing their specific utility on pages 
1236 (granisetron hydrochloride and ondansetron hydrochlo- 
ride), 1236, and 1256 (methysergide maleate). The remain- 
der of this chapter is focused primarily on the role of hista- 
mine and uses of H,-receptor antagonists. 


HISTAMINE PHOSPHATE 


1H-Imidazole-4-ethanamine, phosphate (1:2); 
Histamine Phosphate; Histatrol 


“a 
ae + 2H3PO, 
= OHS OHaN TS 


4-(2-Aminoethyl)imidazole phosphate (1:2) [51-74-1] C,H,N, : 2H,PO, 
(307.14). 

Preparation—Histamine occurs in small amounts in ergot. It is 
among the products of bacterial decomposition of histidine, and this 
constitutes one of the methods for its production. It also is produced 
synthetically from imidazolylpropionic acid by several methods. 

Description—Long prismatic crystals; colorless; odorless stable in 
air but affected by light; aqueous solutions are acid to litmus; when 
dried at 105° for 2 hr, melts at approximately 140°; pH (4.1% aq soln, 
iso-osmotic with serum) about 5. 

Solubility—1 g in approximately 4 mL of water; slightly soluble in 
alcohol. 

Pharmacology—Although many tissues contain a lethal amount of 
histamine in a bound or inactive form, no effect is produced until it is 
released in free form into body fluids as a result of certain stimuli. 
Because it is destroyed in the intestinal tract by the enzyme histami- 
nase, it is ineffective when taken orally. After injection, it constricts 
certain smooth muscles such as the bronchi, uterus, and intestines and 
dilates the capillary bed. Characteristically, increased capillary perme- 
ability accompanies the dilation, and there is a seepage of fluid, plasma, 
proteins, and even some cellular elements of the blood into extracellular 
spaces. Dilation of the capillaries and arterioles produces flushing of the 
face, fall in blood pressure, and increase in skin temperature. 

It stimulates all types of glandular secretions— gastric, duodenal, 
salivary, and lacrimal. An important effect in man is the stimulation of 
the gastric glands, which increases the hydrochloric acid of the stom- 
ach. This effect of histamine was the basis of a diagnostic test that had 
been used in the past to differentiate between nonspecific hypochlorhy- 
dria and that caused by pernicious anemia (see page 1092).The pre- 
ferred agent for this purpose is pentagastrin (see page 1189). 

One highly characteristic effect of this agent is the triple response 
induced by the intracutaneous injection of small amounts of this agent. 


It consists of 


1. a local reddening at the site of the injection, 

2. a wheal or patch of localized edema that obscures the original red 
spot, and 

3. the scarlet flare that surrounds the wheal. 


The initial red spot is due mostly to local capillary dilatation, and the 
wheal develops from arteriolar dilation and increased capillary perme- 
ability. The flare is a local phenomenon produced by an axon reflex 
involving peripheral sensory nerves. Because the flare does not appear 
in the presence of atrophy or degeneration of the nerve, this reaction 
has been used as a diagnostic test to distinguish between real and 
pseudoanesthesia. 

When injected intravenously, it provokes an increased output of 
epinephrine from the adrenal medulla as indicated by a secondary rise 
in blood pressure. In the past, clinical use was made of this action on the 
adrenals by the use of it as a test agent in the diagnosis of pheochro- 
mocytoma. This test is now considered obsolete because of its hazardous 
nature and because chemical assays are now available for detecting and 
quantitating the levels of catecholamines and their metabolites in pa- 
tients suspected of having pheochromocytoma. 

Comments—Used primarily as a positive control in evaluation of 
allergenic skin testing. It has a few other minor diagnostic applications. 
Because the flare that results from intracutaneous injection of this 
agent is mediated by an axon reflex, this approach has been used as a 
test for the integrity of sensory nerves; the wheal that results has been 
used as a test for circulatory competency. 

Adverse reactions are observed even after small doses, such as those 
employed in gastric analysis [0.01 mg/kg subcutaneously (SC)]. These 
include flushing, dizziness, headache, bronchial constriction, dyspnea, 
visual disturbances, faintness, syncope, urticaria, asthma, significant 
hypertension or hypotension, palpitation, tachycardia, nervousness, ab- 
dominal cramps, diarrhea, vomiting, metallic taste, allergic manifesta- 
tions, or collapse with convulsions. The hypotension usually is postural 
and requires no treatment other than the patient’s assuming a recum- 
bent position. If treatment is required, epinephrine (0.3 mg SC) is an 
effective physiological antagonist. 


ANTIHISTAMINES 

(2. A ee ET A TINO ATR 
All clinically available antihistamines antagonize histamine to 
approximately the same extent, regardless of their chemical 
class (ethanolamines, ethylenediamines, alkylamines, pheno- 
thiazines, or piperidines). They all induce some degree of 
sedation and anticholinergic activity. Only the ethanolamines 
and phenothiazines possess antiemetic properties. The clinical 
and pharmacological differences, therefore, are related chiefly 
to variations in adverse effects and to nonhistamine antagoniz- 
ing actions, such as their atropinelike effects, central nervous 
system (CNS) effects (depression, stimulation, antiemetic, 
antitremor, and motion sickness), and local anesthetic proper- 
ties. A knowledge of these factors is essential for proper drug 
selection. 

All currently available antihistamines (H,-receptor antago- 
nists) act by competitively antagonizing the effects of his- 
tamine at receptor sites; they do not block the release of 
histamine and, hence, offer only palliative relief of allergic 
symptoms. After oral administration, effects are apparent 
within 15 to 30 min, are maximal within 1 hr, and persist for 4 
to 6 hr. The liver is the principal site of metabolism; the agents 
are excreted in urine as unidentified metabolites. 

Clinically, indications for the use of the various antihista- 
minic drugs vary considerably. The majority of these agents are 
effective for perennial and seasonal allergic rhinitis, vasomotor 
rhinitis, allergic conjunctivitis, urticaria and angioedema, al- 
lergic reactions to blood and plasma, and dermographism and 
as adjuncts to conventional therapy in anaphylactic reactions. 
A few antihistamines probably are effective in mild, local al- 
lergic reactions to insect bites; physical allergy; and minor drug 
and serum reactions characterized by pruritus. Selected anti- 
histamines (e.g., diphenhydramine hydrochloride) reduce rigid- 
ity and tremors in paralysis agitans (Parkinson’s disease) and 
in drug-induced extrapyramidal symptoms. Some antihista- 
mines (e.g., buclizine, cyclizine, dimenhydrinate, diphenhydra- 


HISTAMINE AND ANTIHISTAMINIC DRUGS 1465 


mine, meclizine, and others) are also effective in the active and 
prophylactic management of motion sickness. More sedative 
agents (e.g., diphenhydramine, doxylamine, promethazine, and 
others) sometimes are used in insomnia and in insomnia pre- 
dominant in certain medical disorders. Certain antihistamines, 
such as chlorpheniramine, doxylamine succinate, and pyril- 
amine maleate, are used in proprietary medication advertised 
as daytime sedatives and sleep aids. Methapyrilene, formerly 
used in virtually all nonprescription sleep aids in the United 
States, was removed from these products in 1979 because of its 
possible carcinogenic properties. 

The phenothiazine antihistamines possess other useful clin- 
ical properties not shared by conventional antihistamines. For 
example, promethazine hydrochloride is useful for preopera- 
tive, postoperative, and obstetric sedation; prevention and con- 
trol of nausea and vomiting associated with certain types of 
anesthesia and surgery; and as adjunctive therapy to meperi- 
dine or other analgesics for the control of postoperative pain. 

The usefulness of antihistamines in various other clinical 
conditions (eg, bronchial asthma, atopic dermatitis, neuroder- 
matitis, allergic eczema, various contact and chemotoxic 
dermatitides and generalized pruritus) and for cardiac ar- 
rhythmias, spasmolysis in GI allergies, prophylaxis of drug 
reactions, etc. must await further clinical investigation before a 
final assessment can be made. It is generally agreed that most 
antihistamines are ineffective in migraine and histamine head- 
ache; for prevention or reduction of the sequelae of pain, 
edema, and hemorrhage in oral surgery; and for potentiation 
of narcotic analgesic drugs, as antiemetics in postoperative 
patients and as antitussives or for treatment of noctur- 
nal leg cramps, leg cramps of pregnancy, and functional 
dysmenorrhea. 

The most common side effect of antihistamines is sedation, 
evidenced principally by drowsiness, plus a diminished alert- 
ness and ability to concentrate. Less-common effects— unless 
large doses are used—include dryness of the mouth, blurred 
vision, vertigo, and GI distress (see also above). The sedative 
effect of some antihistamines may be so intense as to impair 
driving ability and performance of duties that necessitate men- 
tal alertness. Other side effects elicited by these drugs include 
nausea, headache, and restiveness. Dermatological complica- 
tions and skin eruptions have followed local application or oral 
administration of antihistamines. In a few individuals, certain 
antihistamines produce signs of central excitation such as in- 
somnia and nervousness. Concurrent use of antihistamines 
and certain other CNS-active drugs should be avoided because 
the depressant effects of alcoholic beverages and other drugs 
that depress the CNS (tranquilizers, hypnotics, sedatives, an- 
tianxiety agents, depressants, analgesics, etc.) are increased 
by antihistamines. Patients being treated with monoamine 
oxidase inhibitors (MAOIs), or who have been treated with 
such drugs within the preceding 2 weeks, should not be given 
antihistamines. 

Because of their drying effect on mucous membranes, anti- 
histamines may exacerbate wheezing and therefore should not 
be used during an asthmatic attack. Because of the anticho- 
linergic action of antihistamines, their use in the following 
diseases may be contraindicated or subject to great caution: 
narrow-angle glaucoma, prostatic hypertrophy, stenosing pep- 
tic ulcer, pyloroduodenal obstruction, bladder-neck obstruc- 
tion, increased intraocular pressure, history of bronchial 
asthma, hyperthyroidism, cardiovascular disease, or hyperten- 
sion. Antihistamines should not be given to premature or new- 
born infants and may be denied by the physician for patients 
breast-feeding infants. 

These brief observations call attention to the enormous 
number of clinical conditions for which antihistaminic drugs 
have been suggested. They also point up the fact that these 
drugs vary from effective to ineffective in these conditions. 

When considering the multiplicity of available antihista- 
mines, their numerous untoward reactions, and their pro- 
pensity to induce sedation of variable intensity, one can 
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appreciate the complex therapeutic problem that confronts 
both the patient and the physician in the selection of an 
antihistamine for a particular patient with a histamine- 
related clinical condition. Three monographs that highlight 
prototype antihistamines of the alkylamine (chlorphenira- 
mine), ethanolamine (diphenhydramine), and phenothiazine 
(promethazine) classes of antihistamines are presented 
below. 


CHLORPHENIRAMINE MALEATE 


2-Pyridinepropanamine, y-(4-chlorophenyl)-N,N-dimethyl-, 
(Z)-2-butenedioate (1:1); Chlor-Trimeton 


or: re 


tl 
HC—COOH 
CHgCH2N(CHs)2 


2-[p-Chloro-a-[2-(dimethylamino)ethyl]benzyllpyridine maleate (1:1) 
[113-92-8] C,,H, CIN, - C,H,O, (390.87). 

Preparation—By condensing 2-[p-chloro-a-(2-chloroethyl)benzyl]- 
pyridine with dimethylamine in the presence of sodamide. Treatment of 
the base with an equimolar portion of maleic acid results in the forma- 
tion of the maleate. 

Description—White, crystalline powder; odorless; solutions are 
acid to litmus (pH 4 to 5); melts about 130° to 135°; pK, 9.2. 

Solubility—1 g in 4 mL water, 10 mL alcohol, or 10 mL chloroform; 
slightly soluble in ether or benzene. 

Comments—An alkylamine antihistamine that is a common ingre- 
dient in over-the-counter (OTC) antitussive formulation. It has a mild 
sedative action and slight anticholinergic activity. It is probably effec- 
tive in allergic and vasomotor rhinitis, allergic conjunctivitis, mild 
urticaria and angioedema, allergic reactions to blood and plasma in 
sensitive patients, and dermographism and as adjunct therapy in ana- 
phylactic shock. It is used widely as an ingredient in proprietary anti- 
tussive formulations. It undergoes significant first-pass metabolism (40 
to 55%). Peak plasma levels of 5.9 and 11 ng/mL are achieved in 2 to 6 
hr. It has a low incidence of side effects; these side effects are similar to 
those induced by other antihistamines. See the introductory statement. 


DIPHENHYDRAMINE HYDROCHLORIDE 


Ethanamine, 2-(diphenylmethoxy)-N,N-dimethyl-, hydrochloride; 
Benadryl Hydrochloride 


H 


l 
(Op fo-oneoncrng 


2-(Diphenylmethoxy)-N, N-dimethylethylamine hydrochloride [147- 
24-0] C,,H,,NO - HCl (291.82). 

Preparation—By heating diphenylbromomethane, [f-dimethyl- 
aminoethanol and sodium carbonate in toluene. After the toluene is 
distilled off, the purified diphenhydramine is converted to the hydro- 
chloride with hydrogen chloride. 

Description—White, crystalline powder; slowly darkens on expo- 
sure to light; solutions are practically neutral to litmus; melts about 
167° to 172°. 

Solubility—1 gin 1 mL water, 2 mL alcohol, 2 mL chloroform, or 50 
mL acetone; slightly soluble in benzene or ether. 

Comments—A potent ethanolamine antihistamine that possesses 
significant anticholinergic (drying), antitussive, antiemetic, and seda- 
tive effects. It is effective for use in perennial and seasonal allergic 
rhinitis; vasomotor rhinitis; allergic conjunctivitis caused by inhalant 
allergens and foods; mild, uncomplicated allergic skin manifestations of 
urticaria and angioedema; alleviation and prevention of allergic reac- 
tions to blood or plasma in patients who have a known history of such 
reactions; dermographism; therapy for anaphylactic reactions adjunc- 
tive to epinephrine and other standard measures after the acute man- 
ifestations have been controlled; parkinsonism (including drug induced) 
in the elderly unable to tolerate more potent agents; mild cases of 
parkinsonism (including drug induced) in other age groups; other cases 
of parkinsonism (including drug induced) in combination with centrally 
acting anticholinergic agents and active and prophylactic treatment of 
motion sickness. It also has significant antitussive activity; the syrup is 
used as a cough suppressant for the control of cough due to colds or 
allergy. 

It is probably effective for use in mild, local allergic reactions to 
insect bites; physical allergy; minor drug and serum reactions charac- 


* HC) 


terized by pruritus; and intractable insomnia and insomnia dominant 
in certain medical disorders. Other suggested uses require further 
investigation. Although it is well absorbed after oral administration, 
first-pass metabolism is so extensive that only 40 to 60% reaches sys- 
temic circulation unchanged. Peak plasma concentrations are attained 
in 1 to 4 hr; 80 to 85% is bound to plasma protein; and elimination half- 
life ranges from 2.4 to 9.3 hr. 

Patients, observed while on this drug, have shown numerous side 
effects such as drowsiness, confusion, restlessness, nausea, vomiting, 
diarrhea, blurring of vision, diplopia, difficulty in urination, constipa- 
tion, nasal stuffiness, vertigo, palpitation, headache, and insomnia. 
Other side effects observed were urticaria, drug rash, photosensitivity, 
hemolytic anemia, hypotension, epigastric distress, anaphylactic shock, 
tightness of the chest and wheezing, thickening of bronchial secretions, 
dryness of the mouth, nose and throat and tingling, and heaviness and 
weakness of the hands. 

Dimenhydrinate (Dramamine) contains approximately 50% diphen- 
hydramine. The former agent is capable of masking symptoms of oto- 
toxicity; therefore, dimenhydrinate and diphenhydramine should be 
used with caution in patients receiving aminoglycoside antibiotics 
(streptomycin, neomycin, or kanamycin) or other ototoxic drugs. 

Because it has an atropine-like action, it should be used with cau- 
tion in patients who have asthma. Likewise, patients should be cau- 
tioned about taking this drug with other depressant substances, be- 
cause of the additive effect. Persons also should be advised not to 
operate a motor vehicle, fly an airplane, or operate hazardous machin- 
ery while on this drug. The incidence of side effects is approximately 30 
to 60%. 


PROMETHAZINE HYDROCHLORIDE 


10H-Phenothiazine-10-ethanamine, N,N,a-trimethyl-, 
monohydrochloride; Mepergan; Phenergan 


CHeCH(CHs) N(CH3)2 


Owe yam 


10-[2- (Dimethylamino)propyl] phenothiazine monohydrochloride [58-33-3] 
C,H N.S - HCl (320.88). 

Preparation—By reacting phenothiazine with 1-chloro-2-(dimeth- 
ylamino)propane hydrochloride in the presence of sodamide and sodium 
hydroxide in xylene. The base is extracted, purified, and converted to 
the hydrochloride. 

Description—White to faint yellow, crystalline powder; practically 
odorless; slowly oxidized, particularly when moistened, on prolonged 
exposure to air, becoming blue in color; pH (1 in 20 solution) 4.0 to 5.0; 
melts within a 3° range between 215° and 225°; pK, 9.1. 

Solubility—Soluble in water, hot dehydrated alcohol, or chloro- 
form; practically insoluble in ether, acetone, or ethyl acetate. 

Comments—A phenothiazine antihistamine with significant seda- 
tion and antiemetic actions. It has significant anticholinergic activity. It 
has marked potency and prolonged duration of action. It is effective for 
use in perennial and seasonal allergic rhinitis; vasomotor rhinitis; 
allergic conjunctivitis caused by inhalant allergens and foods; mild, 
uncomplicated allergic skin manifestations of urticaria and angio- 
edema; alleviation and prevention of allergic reactions to blood or 
plasma in patients who have a known history of such reactions; der- 
mographism; therapy for anaphylactic reactions adjunctive to epineph- 
rine and other standard measures after the acute manifestations have 
been controlled; preoperative, postoperative, or obstetric sedation; pre- 
vention and control of nausea and vomiting associated with certain 
types of anesthesia and surgery; therapy adjunctive to meperidine or 
other analgesics for control of postoperative pain; sedation in both 
children and adults as well as relief of apprehension and production of 
light sleep from which the patient can easily be aroused; active and 
prophylactic treatment of motion sickness; and antiemetic action in 
postoperative patients. 

It is well absorbed, and peak effects occur within 20 min after oral, 
rectal, or intramucular (IM) administration; 76 to 80% is bound to 
plasma proteins; the duration of antihistaminic effect may persist for 12 
hr or longer. The drug is excreted slowly in the urine and feces, pri- 
marily as inactive sulfoxides and glucuronides. 

Untoward reactions include dryness of the mouth, blurring of vision, 
and, rarely, dizziness. Rare cases of leukopenia and one case of agran- 
ulocytosis have been reported. Minor increases in blood pressure and 
occasional mild hypotension have been documented. The appearance of 
photosensitivity may contraindicate further treatment. Excessive doses 
in adults have resulted in deep coma, sedation, and, rarely, convulsions; 
in children such doses have resulted in hyperexcitability and night- 
mares. See the introductory statement. 


ANTIHISTAMINE COMBINATIONS 


Typically, most antihistamine combinations include an antihis- 
tamine, a decongestant (e.g., phenylephrine, phenylpropanol- 
amine, or pseudoephadrine), a cough suppressant (e.g., dextro- 
methorphan, codeine, or hydrocodone), and an analgesic (e.¢g., 
acetaminophen or aspirin). Because there are literally dozens 
of OTC and prescription antihistamine combinations available, 
it is recommended that the reader refer to a current Facts and 
Comparisons Drug Information or Physicians’ Desk Reference 
(for both prescription and nonprescription drugs) for a listing of 
the available products, dosage, and suppliers. 


INHIBITORS OF HISTAMINE RELEASE 


The antihistamines described in the previous section antago- 
nize, in varying degrees, most but not all pharmacological 
effects of histamine. They appear to accomplish this by occu- 
pying the receptor sites on the effector cell to the exclusion of 
the agonist, histamine, without initiating a response. Typi- 
cally, they are competitive antagonists and do not prevent the 
release of histamine in response to injury, drugs, or antigens. 
However, a more recently developed drug, cromolyn sodium, 
can prevent the release of histamine from mast cells that have 
been sensitized by specific antigens. 


ASTEMIZOLE 


1H-benzimidazol-2-amine, 1-[(4-fluorophenyl)methyl]-N-[1-[2-4- 
methoxyphenyl)ethyl]-4-piperidinyl]-, Hismanal 


es < * —CHp CH, OCH; 
| 
N 


[68844-77-9] C,,H;,FN,O (458.58). 

Preparation—The ethyl ester of 4-thiocyanato-1-piperidine car- 
boxylic acid is treated with o-phenylenediamine to form the monourea. 
The unreacted primary arylamine is alkylated with p-fluorobenzyl bro- 
mide, and the urea is then cyclized to the benzimidazole. Removal of the 
carbethoxy group (a carbamate) with base liberates the free piperidine 
nitrogen atom, which N-alkylated with p-methoxyphenethyl bromide to 
form the product. See US patent 4,219,599. 

Description—Melts about 150°, pK, 8.35. 

Solubility—Insoluble in water; 1 g in 30 mL alcohol. 

Comments—A slow-onset, long-acting, nonsedating, piperidine an- 
tihistamine with no anticholinergic activity. 


AZATADINE MALEATE 


5H-Benzo[5,6]cyclohepta[1,2-b]pyridine, 6,11-dihydro-11-(1-methyl-4- 
piperidinylidene)-, (Z)-2-butenedioate (1:2); Trinalin 


Bae) 
I HC—COOH 


6,11-Dihydro-11-(1-methyl-4-piperidylidene)-5H-benzo[5,6]-cyclohepta- 
[1,2-b]pyridine maleate (1:2) [3978-86-7] C,,H..N. - 2C,H,O, (522.55). 

Preparation—Azatadine is a chemical relative of cyproheptadine, 
differing from the latter in that a pyridine ring replaces one of the 
benzene rings of cyproheptadine and in the saturation of the cyclohep- 
tane ring of the latter compound. It may be prepared by dehydrating the 
condensation product formed in the presence of sodium and liquid 
ammonia from 4-chloro-N-methylpiperidine and _ 5,6-dihydro-11H- 
benzo-[5,6]cyclohepta[1,2-b]pyridine-1l-one. Treatment of the base 
with a bimolar quantity of maleic acid forms the maleate salt. US 
patent 3,326,924. 

Description—White to off-white powder; nonhygroscopic; melts at 
approximately 153°; pK, 8.4. 
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Solubility—1 g in 30 mL of water or 30 mL of alcohol. 

Comments—An antihistamine structurally related to cyprohepta- 
dine. with antiserotonin activity, mild to marked sedative action, and 
slight anticholinergic activity. 


BROMPHENIRAMINE MALEATE 


2-Pyridinepropanamine, y-(4-bromophenyl-N,N-dimethyl-, 
(Z)-butenedioate (1:1); Dimetane; Rolabromophen 


CH2CH3N(CH3)> HES COI 


2-[p-Bromo-a-[2-(dimethylamino)ethyl]benzyl]pyridine maleate (1:1) 
(980-71-2] C,,H, ,BrN, - C,H,0, (435.32). 

Preparation—a-(p-Bromopheny])-2-pyridineacetonitrile is con- 
verted to its sodium derivative with sodium amide and condensed with 
2-chloro-N, N-dimethylethylamine. The resulting nitrile is hydrolyzed 
to the corresponding acid, which is decarboxylated by treatment with 
H,SO,. The base, obtained on alkalinization, is solvent extracted and 
reacted with maleic acid. 

Description—White, crystalline powder; odorless; melts about 
130° to 135°; pH (1 in 100 solution) 4.0 to 5.0; pK, 3.9, 9.1. 

Solubility—1 g in 5 mL water, 15 mL alcohol or 15 mL chloroform; 
slightly soluble in ether or benzene. 

Comments—A mildly sedative bromine analog of chlorphenira- 
mine with slight anticholinergic activity. It is an alkylamine derivative. 


CARBINOXAMINE MALEATE 


Ethanamine, 2-[(4-chlorophenyl)-2-pyridinylmethoxy]-N,N-dimethyl-, 
(Z)-2-butenedioate (1:1); ing of Rondec 


ore: HC—COOH 
O "He 


HC—COOH 
OCH, CHpN(CH3)o 


2-[p-Chloro-a[2-(dimethylamino)ethoxy]benzyl]pyridine maleate (1:1) 
[3505-38-2] C,,.H, gCIN.O - C,H,O, (406.87). 

Preparation—Picolinaldehyde and p-chlorophenylmagnesium bro- 
mide undergo a Grignard reaction to produce p-chloro-a-(2-pyridyl)ben- 
zyl alcohol. This is converted into its sodium alkoxide derivative with 
sodamide; 8-Dimethylaminoethyl chloride is added to form carbinox- 
amine and the base converted into the maleate by reaction with maleic 
acid. 

Description—White, crystalline powder; odorless; melts about 
116° to 121°; pH (1 in 100 solution) 4.6 to 5.1; pK, 8.7. 

Solubility—1 g in <1 mL of water, 1.5 mL alcohol, 1.5 mL chloro- 
form or 8300 mL ether. 

Comments—An ethanolamine antiemetic with significant sedation 
and significant anticholinergic activity. It is useful for treating motion 
sickness. 


CETIRIZINE HYDROCHLORIDE 


Acetic acid, [2-[4-[(4-chlorophenyl)phenylmethyl]-1-piperazinyl]- 
ethoxy-,dihydrochloride; Zyrtec 


© iN «  2HC) 


CH-N _N—CH,CH,OCH,COOH 
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[83881-52-1] C,,H,;CIN,O, - 2HCl (461.82). 

Preparation—Piperazine is condensed with 1 mol of 4-chloroben- 
zhydryl bromide under slightly alkaline conditions, and then the free 
secondary amine on the ring is further alkylated with 2-(2-chloro- 
ethoxy)acetamide to yield the amide of cetirizine that is hydrolyzed to 
the free acid. US patent 4,525,358 (1985). 

Description—Crystals that melt about 112° (base); dihydrochlo- 
ride melts about 225°. 

Comments—A long-acting carboxylic acid metabolite of hy- 
droxyzine with negligible anticholinergic activity. It is a piperazine 
derivative. 
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CLEMASTINE FUMARATE 


Pyrrolidine, [R-(R*,R*)]-2-[2-[1-(2-[2-[1-(4-chlorophenyl)-1- 
phenylethoxyJethyl]-1-methyl-, (£)-2-butenedioate (1:1); Tavist 


cl 


© 
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(+)-(2R)-2-[2-[(R)-p-Chloro-a-methyl-a-phenylbenzyl)oxy]-ethyl|-1-methyl- 
pyrrolidine fumarate (1:1) [14976-57-9] C,,H.,CINO - C,H,O, (459.97). 

Preparation—Various benzhydryl ethers that have histamine- 
inhibiting action, clemastine being one, may be prepared by one’s heat- 
ing a mixture of the appropriate benzhydryl bromide and N-methyl-2- 
piperidylethanol in the presence of sodium carbonate. Details of the 
process, as well as of an alternate synthesis, are described in British 
patent 942,152 (see CA 60: 9250g, 1964). 

Description—White to faintly yellow, crystalline powder; practi- 
cally odorless; melts 176° to 181° with decomposition. 

Solubility—Slightly soluble in water, chloroform or ether; slightly 
soluble in alcohol. 

Comments—A long-acting ethanolamine antihistamine with slight 
anticholinergic activity. It has sedative and anticholinergic side effects. 


CROMOLYN SODIUM 


4H-1-Benzopyran-2-carboxylic acid, 5,5’-[(2-hydroxy-1,3- 
propanediyl)-bis[4-oxo-, disodium salt; DSCG; Sodium 
Chromoglycate; Gastrocrom, Intal, Nasalcrom, Opticrom 


NaoOoc 0 On _LCOONa 
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[15826-37-6] C,,H,,Na,O,, (512.34). 

Preparation—2,6-Dihydroxyacetophenone is reacted with epichlo- 
rohydrin in the presence of a basic catalyst to yield the diether, 2’ ,2”- 
[((2-hydroxytrimethylene)dioxy]bis[6’-hydroxyacetophenone]. Reaction 
with diethyl oxalate affects dehydration and deethanolation of each 
hydroxyacetophenone portion, thus introducing the fused oxopyrancar- 
boxylate groups as ethyl esters. This diester is then saponified with 
NaOH. US patent 3,419,578. 

Description—White, crystalline powder; odorless; tasteless but 
with a slightly bitter aftertaste; hygroscopic; pK, believed by analogy 
with similar monochromes to be approximately 1.5 to 2; melts about 
261°; does not exhibit polymorphism. 

Solubility—1 g in 20 mL of water; insoluble in alcohol or chloro- 
form. 

Comments—An antiasthmatic, antiallergic, and mast-cell stabi- 
lizer used in the management of severe bronchial asthma; the pre- 
vention of exercise-induced and acute bronchospasm and allergic 
rhinitis; the treatment of allergic ocular disorders, such as vernal 
keratoconjunctivitis, vernal conjunctivitis, giant papillary conjunc- 
tivitis, vernal keratitis, and allergic keratoconjunctivitis; and in the 
management of mastocytosis. Animal studies show that it inhibits 
the degranulation of sensitized mast cells that occurs after exposure 
to specific antigens. Thus, it inhibits the release of histamine and 
SRS-A (slow-reacting substance of anaphylaxis) from the mast 
cell. It has no vasoconstrictor, antihistaminic, or anti-inflammatory 
activity. 

It is absorbed poorly from the GI tract, lung (7 to 8%), or eye (0.03%). 
The systemically absorbed drug is excreted unchanged in the bile and 
the urine. Adverse reactions from the use of capsule and aerosol prep- 
arations include lacrimation, swollen parotid glands, nausea, dysuria, 
dizziness, headache, rash, urticaria, angioedema, joint swelling and 
pain; adverse reactions from the use of a nebulizer or nasal solutions 
are cough, nasal congestion, sneezing, nasal itching, epistaxis, postna- 
sal drip, headache, and abdominal pain; and adverse reactions from 
ocular solutions include stinging or burning on instillation, puffy eyes, 
eye irritation, and styes. It is contraindicated in patients hypersensitive 
to cromolyn or any component of the product. 


CYPROHEPTADINE HYDROCHLORIDE 


Piperidine, 4-(5H-dibenzo[a, d]cyclohepten-5-ylidene)-1-methyl-, 
hydrochloride, sesquihydrate; Periactin Hydrochloride 


OLS 
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4-(5H-Dibenzol[a,d]cyclohepten-5-ylidene)-1-methylpiperidine _hydro- 
chloride sesquihydrate [41354-29-4] C,,H.,N - HCl - 1142H,0O (350.89); 
anhydrous [969-33-5] (323.86). 

Preparation—Phthalic anhydride is reacted with phenylacetic 
acid to form 3-benzylidenephthalide that, on isomerization and 
hydrogenation, gives 2-phenethylbenzoic acid. This is converted 
to its acid chloride, which then undergoes condensation to close 
the 7-membered ring and gives 10,11-dihydro-5H-dibenzola,d] 
cyclohepten-5-one. Bromination at the 10 position followed by 
dehydrobromination introduces the 10,11 double bond. Grig- 
nardization of this ketone with 4-chloro-1-methylpiperidine 
followed by dehydration of the resulting carbinol yields cypro- 
heptadine (base), which, on reacting with an equimolar quantity of 
hydrogen chloride, forms the hydrochloride. US patent number 
3,014,911. 

Description—White to slightly yellow, crystalline powder; odorless 
or practically odorless; slightly bitter taste; relatively stable in light, 
stable at room temperature; nonhygroscopic; sesquihydrate is stable in 
air; anhydrous form melts about 250° and sesquihydrate melts about 
162°. 

Solubility—1 g in 275 mL of water, 35 mL of alcohol or 26 mL of 
chloroform; practically insoluble in ether. 

Comments—An antihistamine with slight anticholinergic activity. 
It has mild sedative and antiserotonin activity. 


DEXBROMPHENIRAMINE MALEATE 


2-Pyridinepropanamine,(S)-y-(4-bromophenyl)-N,N-dimethyl-, 
(Z)-2-butanedioate (1:1); ing of Disophrol, Drixoral 
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(+)-2[p-Bromo-a-[2-dimethylamino)ethyl]benzyl]pyridine maleate (1:1). 
[2391-03-9] C,,H,)BrN, - C,H,O, (435.32). 

Preparation—As for chlorpheniramide, using the p-bromo deriva- 
tive, rather than chloro. The racemic mixture produced is resolved to 
yield the product. See US patents 2,676,964 and 3,061,517. 

Description—White, crystalline powder; odorless; pH (1 in 100 
solution) approximately 5; melts about 103° to 113°. 

Solubility—1 g in 1.2 mL water, 2.5 mL alcohol, 2 mL chloroform, 
or 3000 mL ether. 

Comments—The d-isomer of brompheniramine with slight anti- 
cholinergic activity. It is an alkylamine derivative. 


DEXCHLORPHENIRAMINE MALEATE 


2-Pyridinepropanamine, (S)-y-(4-chlorophenyl)-N,N-dimethyl-, 
(Z)-2-butenedioate (1:1); Polaramine 
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(+)-2-[p-Chloro-a-[2-(dimethylamino)ethyl]benzyllpyridine maleate (1:1) 
(2438-32-6] C,,H,,CIN. - C,H,O, (390.87). 

Preparation—Racemic chlorpheniramine (see Chlorpheniramine 
Maleate) is resolved with the aid of (+)-phenylsuccinic acid. The (+)- 
enantiomorph of the base then is liberated from its (+)-phenylsuccinate 


salt by treatment with sodium hydroxide and reacted with an equimo- 
lar portion of maleic acid. 

Description—White, crystalline powder; odorless; melts at 110 to 
115°; pH (1 in 100 solution) 4.0 to 5.0. 

Solubility—1 g in 1.1 mL water, 2 mL alcohol, 1.7 mL chloroform, 
or 2500 mL ether. 

Comments—The d-isomer of chlorpheniramine with twice the po- 
tency and a wide margin of safety. It has minimal anticholinergic 
activity. It is an alkylamine derivative. 


DIMENHYDRINATE 


For the full monograph, see page 1235 

Comments—An ethanolamine antihistamine causing significant 
sedation. It is an antinauseant in motion sickness and vertigo asso- 
ciated with Meniere’s syndrome. It has significant anticholinergic 
activity. 


DIPHENHYDRAMINE HYDROCHLORIDE 


Ethanamine, 2-(diphenylmethoxy)-N,N-dimethyl-, hydrochloide; 
Benadryl Hydrochloride 
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2-(Diphenylmethoxy)-N,N-dimethylethylamine hydrochloride [147-24- 
0]C,,H,,NO.HC1(291.82). 

Preparation—By heating diphenylbromomethane, B-dimethyl- 
amino-ethanol and sodium carbonate in toluene. After distilling off the 
toluene, the purified diphenhydramine is converted to the hydrochlo- 
ride with hydrogen chloride. 

Description—White, crystalline powder; slowly darkens on exposure 
to light; solutions are practically neutral to litmus; melts 167° to 172°. 

Solubility—1 g in 1 mL water, 2 mL alcohol, 2 mL chloroform or 50 
mL acetone; slightly soluble in benzene or ether. 

Comments—An ethanolamine antihistamine with significant anti- 
cholinergic activity. 


DOXYLAMINE SUCCINATE 
Ethanamine,N, N-dimethyl-2-[1-phenyl-1-(2-pyridinyl)ethoxy]-, 


butanedioate (1:1); Decapryn succinate; 
Unisom Night-time Sleep Aid 
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2-[a-[2-(Dimethylamino)ethoxy]-a-methylbenzyllpyridine succinate (1:1) 
[562-10-7] C,,H,,N,0 - C,H,O, (388.46). 

Preparation—Methylphenyl-2-pyridylcarbinol is converted into its 
sodium alcoholate and refluxed in toluene with 2-(dimethylamino)ethyl 
chloride. The doxylamine thus formed is reacted with an equimolar 
quantity of succinic acid in warm acetone. 

Description—White or creamy white powder; characteristic odor; 
melts within a range of 3° between 103° and 108°. 

Solubility—Soluble in water or alcohol; freely soluble in chloro- 
form; slightly soluble in ether or benzene. 

Comments—An ethanolamine antihistamine with significant seda- 
tion found primarily in OTC sleep aids. It has significant anticholinergic 
activity. 


FEXOFENADINE HYDROCHLORIDE 


Benzeneacetic acid, (+)-4-[1-hydroxy-4-[4-hydroxydiphenylmethyl)- 
1-piperdinyl]butyl]-a,a-dimethyl-, hydrochloride; Allegra; Telfast 
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[138452-21-8] C,,H,,NO,HCl (538.13). 
Preparation—One method involves reduction of 2-methyl-2- 
phenylpropanoic acid with LiAIH,, esterification of the resulting alcohol 
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with acetic anhydride to form the acetate, I. A Friedel-Crafts reaction of 
I with 4-chlorobutyryl chloride yields the p-(4-chlorobutyryl) derivative, 
II. N-Alkylation by II of a,-diphenyl-4-piperidinemethanol in the pres- 
ence of KHCOs, followed by reduction of the carbonyl group to a sec- 
ondary alcohol with NaBH, gives the methyl ester of fexofenadine. 
Hydrolysis with base affords the product, which is converted to the 
hydrochloride. Arzneimittel-Frosch. 1982; 32:1185. 

Description—White crystals that melt about 143°. 

Comments—An active metaboline of terfenadine without the car- 
diotoxic and drug-interaction potential. It has no anticholinergic activ- 
ity. It is a piperidine derivative. 


HYDROXYZINE HYDROCHLORIDE 


For the full monograph, see page 1419 

Comments—A piperazine antihistamine with significant sedation 
often used as a preanesthetic (page 1419). It has no anticholinergic 
activity. 


LORATIDINE 


1-Piperidinecarboxylic acid, 4-(8-chloro-5,6-dihydro-11H-benzo[5,6]- 
cyclohepta[1,2-b]pyridin-11-ylidene)-, ing of Claritin D. 


On 


So OCs 


[79794-75-5] C,,H,,CIN,O, (382.89). 
Preparation—J Med Chem 1972; 15:750. US patent 4,282,233 (1981). 
Description—Crystals that melt about 135°. 
Comments—A long-acting, nonsedating tricyclic antihistamsine. It 
has no anticholinergic activity. 


MECLIZINE HYDROCHLORIDE 


For the full monograph, see page 1236. 

Comments—A piperazine antihistamine with slight sedation. Its 
major use is for prophylactic treatment of motion sickness (page 1236). 
It has no antichloinergic activity. 


TRIPELANNAMINE CITRATE 


1,2-Ethanediamine,N,N-dimethyl-N’-(phenylmethyl)-N’-2-pyridinyl-, 
2-hydroxyl-1,2,3-propanetricarboxylate (1:1); Pyribenzamine 
CH,COOH 


Op-oreprotscremon 
+ HO—C—COOH 
F Ho=¢ coo 
@) CHCOOH 


2-([Benzyl][2-(dimethylamino)ethyl]amino]pyridine citrate (1:1) [6138- 
56-3] C,,H,,N; - CgH,O, (447.49). 

Preparation—Tripelennamine is reacted with an equimolar por- 
tion of citric acid in a suitable volatile solvent. For the preparation of 
the base, see Tripelennamine Hydrochloride. 

Description—White, crystalline powder; solutions are acid to lit- 
mus; melts about 107°. 

Solubility—1 g in approximately 1 mL of water; freely soluble in 
alcohol; slightly soluble in ether; practically insoluble in chloroform or 
benzene. 

Comments—An antihistamine said to be more palatable by the 
oral route of administration than the hydrochloride. Otherwise, its 
actions and uses are the same. See Tripelennamine Hydrochloride. 


TRIPELENNAMINE HYDROCHLORIDE 


1,2-Ethanediamine,N,N-dimethyl-N’-(phenylmethyl)-N’-2-pyridinyl-, 
monohydrochloride; Pyribenzamine; Ro-Hist 
2-[Benzyl(2-(dimethylamino)ethyl]amino]pyridine monohydrochloride 
[154-69-8] C,,H.,N, - HCl (291.82). For the structure of the base, see 
Tripelennamine Citrate. 

Preparation—As follows: 2-aminopyridine, prepared by the action 
of sodamide on pyridine, is reacted with B-dimethylaminoethyl chloride 
in the presence of sodamide, and the resulting 2-[2-(dimethylamino)eth- 
ylamino]pyridine is condensed with benzyl bromide in the presence of 
sodamide. The hydrochloride is formed from the base by treatment with 
hydrogen chloride in an organic solvent. 

Description—White, crystalline powder; slowly darkens on exposure 
to light; solutions practically neutral to litmus; melts at 188° to 192°. 
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Solubility—1 g in 1 mL water, 6 mL alcohol, 6 mL chloroform, or 
about 350 mL acetone; insoluble in benzene, ether or ethyl] acetate. 

Comments—An ethylenediamine antihistamine with moderate se- 
dation. It has slight anticholinergic activity. 


TRIPROLIDINE HYDROCHLORIDE 


Pyridine, £-2-[1-(4-methylphenyl)-3-(1-pyrrolidinyl)-1-propenyl]- 
monohydrochloride, monohydrate, Actidil 


| 
; * HCl + H,O 


c=C 
N 


on 


{6138-79-0] C,,H,,N,°-HClH,O (332.87); anhydrous [550-70-9] 
(314.86). 


Preparation—4'-Methylacetophenone is reacted with formalde- 
hyde and pyrrolidine to form 3-(1-pyrrolidinyl)-4’-methylpropiophe- 
none. Reaction with 2-pyridylsodium and subsequent hydrolysis 
produces the tertiary carbinol, a-[2-(1-pyrrolidinyl)-ethyl]-a-p-tolyl-2- 
pyridinemethanol, which is dehydrated with sulfuric acid to introduce 
the propenyl double bond. Alkalinization liberates triprolidine, which is 
pruified and reacted with an equimolar portion of HCl. US patents 
2,712,020 and 2,712,023. 

Description—White, crystalline powder; no more than a slight, but 
unpleasant, odor; bitter taste; solutions are alkaline to litmus; melts 
about 115°; light sensitive; nonhygroscopic; stable to reasonable heat; 
pK, 3.6, 9:3. 

Solubility—1 g in 2.1 mL water, 1.8 mL alcohol, 1 mL chloroform, 
or 2000 mL of ether. 

Comments—A propylamine antihistamine with a rapid onset and 
long duration of action found in OTC cold and sinus preparations. It has 
no anticholinergic activity. 
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Central nervous system (CNS) stimulants are substances that 
increase excitability within various regions of the brain or the 
spinal cord. The prominent effects produced by many of these 
drugs are arousal and increased motor function that result in 
subjective feelings of increased mental alertness, decreased 
fatigue, improved concentration, increased energy and motiva- 
tion, and an elevation in mood. Excessive CNS excitation pro- 
duced by these drugs can lead to dose-dependent adverse ef- 
fects such as extreme nervousness, agitation, anxiety, and 
seizures. 

Excitability of the CNS reflects an intricate balance between 
excitatory and inhibitory activity within the brain. Stimulants 
of the CNS directly or indirectly enhance excitatory activity 
or block inhibitory components. The excitatory transmitters, 
glutamate and aspartate, are important neurotransmitters 
at excitatory synapses where their actions are mediated 
through N-methyl-D-aspartate (NMDA) or non-NMDA (kain- 
ate or AMPA/quisqualate) receptors. In contrast, gamma- 
aminobutyric acid (GABA) and glycine are prominent inhibi- 
tory neurotransmitters. The neuromodulator, adenosine, also 
plays an important role in CNS excitation in that it can exert a 
depressant action, owing to its ability to decrease impulse- 
generated transmitter release and to limit excitation of 
postsynaptic elements by direct hyperpolarization of the neu- 
ronal membrane. Many CNS stimulants produce excitation 
through their antagonism at GABA, glycine, or adenosine re- 
ceptors, whereas others, the indirect-acting sympathomimet- 
ics, produce pronounced CNS stimulation by enhancing the 
actions of endogenous catecholamines because of their ability 
to increase release or to prevent the uptake of endogenous 
catecholamines (see Table 1). 

The CNS stimulants are a diverse group of pharmacological 
agents. Many are used therapeutically and are prescription 
drugs (eg, the psychostimulant amphetamine). Others, such as 
the xanthine derivative, caffeine, are found predominately in 
nonprescription preparations or in common beverages. The 
powerful CNS stimulants, such as pentylenetetrazol and pic- 
rotoxin, have no established therapeutic use because the ther- 
apeutic dose is close to the convulsant dose. However, these 
compounds are widely used in animal research, primarily as 
models for epilepsy and in testing compounds as potential 
anticonvulsant drugs. See Table 1 for classification of the CNS 
stimulants. 

The xanthine derivatives (caffeine and theophylline) are mild 
CNS stimulants. Indeed, the ability of caffeine to increase alert- 
ness is one reason for the high consumption of caffeine-containing 
beverages. Of this class, only caffeine is used therapeutically for 
its stimulant effects. It is available in nonprescription prepara- 
tions for use in promoting wakefulness. It is also found as an 
adjunct in various analgesic drug preparations, including pre- 
scription and nonprescription drugs, although its efficacy in the 
treatment of pain is not well established. 


The indirect acting sympathomimetics (e.g., methylpheni- 
date and the amphetamines) are more potent CNS stimulants 
than caffeine but have limited therapeutic use. They are used 
in the treatment of attention deficit hyperactivity disorder 
(ADHD), narcolepsy, and obesity. However, because these CNS 
stimulants convey a sense of self-confidence, well-being, and 
euphoria, they are highly addictive and some are widely abused 
(eg, amphetamines, especially methamphetamine). Because of 
their abuse potential, the search continues to find alternative 
therapies for the potent CNS stimulants in these disorders. For 
example, recent clinical trials have demonstrated that the 
wake-promoting drug modafinil is effective in treating narco- 
lepsy, and it is likely that this agent will prove to be a prom- 
ising therapy for this disorder. As relates to weight loss ther- 
apy, the amphetamines have limited usefulness because of the 
development of tolerance to their anorexic actions. Research in 
the area of obesity has revealed the role of various hormones 
and neuropeptides in lipid metabolism and satiety. It is likely 
that in the future, alternative therapeutics will be developed as 
more efficacious agents in the treatment of obesity. 

Historically, several of the CNS stimulants were used as 
respiratory stimulants in the treatment of overdoses with de- 
pressant drugs. However, their use in such conditions is no 
longer recommended because 


1. Their antagonism of the depressant actions are not selective. 

2. The doses needed to reverse respiratory depression can also com- 
plicate treatment because of induction of cardiac arrhythmias and 
seizures. 

3. Various supportive measures provide a safer and effective treat- 
ment of the patient. 


CNS stimulation can be an adverse effect of some drugs at 
therapeutic or toxic doses. Only those drugs that have central 
stimulation as a predominant action are described in this sec- 
tion. Those agents whose central stimulant properties are sec- 
ondary and undesirable side effects of their primary action or 
are induced at toxic doses, eg, 


Albuterol 
Atropine 

Ergot alkaloids 
Fluoxetine 
Lobeline 

Many sympathomimetic amines 
Nefazodone 
Nicotine 
Paroxetine 
Salicylates 
Scopalamine 
Tramadol 
Tranylcypromine 
Xylocaine 


are described in other chapters. 
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Table 85-1. Various Classes of CNS Stimulants 
and Representative Compounds 


CLASS/COMPOUND PRIMARY USE 
Xanthines (adenosine antagonists) 
Caffeine Stimulant 
Theophylline Bronchodilator 


Psychostimulants? 
Amphetamine 
Methylphenidate 
Pemoline 
Benzphetamine 
Diethylpropion 
Mazindol 
Phendimetrazine 
Phentermine 
Sibutramine 
Cocaine 
Methamphetamine 

Miscellaneous CNS stimulants 


Narcolepsy, ADHD 
Narcolepsy, ADHD 
Narcolepsy, ADHD 
Weight control 
Weight control 
Weight control 
Weight control 
Weight control 
Weight control 
Drug of abuse 
Drug of abuse 


Doxapram? Respiratory Stimulant 
Bicuculline? Seizure model in animals 
Modafinil‘ Narcolepsy 
Pentylenetetrazol® Seizure model in animals 
Picrotoxin® Seizure model in animals 


Strychnine* Seizure model in animals 


? Increase aminergic activity by releasing monoamines or blocking their 
reuptake. 

© Stimulates medullary respiratory centers. 

© Mechanism unclear, possible adrenergic a-1 agonist. 

2 Competitive GABA antagonist. 

© Noncompetitive GABA antagonist. 

* Competitive antagonist at non-NMDA linked glycine receptors. 


XANTHINE DERIVATIVES 


Xanthine derivatives include caffeine, theophylline, theobro- 
mine, and several related synthetic derivatives, all of which 
have similar pharmacological properties but differ considerably 
in the intensity of their actions in various structures. For 
example, the stimulant effects of caffeine and theophylline on 
the CNS and on skeletal muscle are much greater than those of 
theobromine. However, theophylline surpasses caffeine in its 
diuretic, cardiac, and smooth muscular actions. Therefore, in 
the therapeutic application of these drugs for a specific effect, 
side effects can be minimized and the desired effect intensified 
by careful selection of the xanthine employed. For example, 
theophylline, but not caffeine, is used in the treatment of 
asthma because of its greater action on smooth muscle and its 
ability to alleviate bronchoconstriction. Because the principal 
therapeutic application of caffeine is as a CNS stimulant, its 
actions are discussed in this section. The principal therapeutic 
use of theophylline and related compounds is as a bronchodi- 
lator in the management of asthma; these drugs are discussed 
in Chapter 69. 


AMINOPHYLLINE—page 1298. 
CAFFEINE 


1H-Purine-2,6-dione, 3,7-dihydro-1,3,7-trimethyl-, Theine: No Doz; 

Tirent; Vivarin; Dexitac; Quick Pep 
1,3,7-Trimethylxanthine [58-08-2] C,H,,.N,O, (194.19); monohydrate 
(5743-12-4] (212.21). 

For structural formula, see page 432. 

Preparation—Caffeine may be isolated from tea or coffee by boil- 
ing with water in the presence of lime or magnesium oxide, which 
serves to precipitate the tannins and some of the coloring matter. After 
filtration, the crude caffeine that separates is recrystallized from hot 
water after treatment with decolorizing charcoal. A source of the com- 
mercial supply is tea dust or sweepings. Increasing quantities of caf- 
feine are now obtained as a byproduct in the manufacture of “decaffein- 
ized coffee.” It is also produced by methylation of theobromine (partial 
synthesis) and by total synthesis from urea or dimethylurea by varia- 


tions of Traube’s classic process,(Ber 33:3052, 1900). The essential steps 
of a synthesis of theophylline and caffeine from urea are shown below: 


NH2 CH3NH CH3N co 
| CH3NH2 | NCCH2COOH | | 
NH2 CH3NH CH3NH CN 
Urea 1,3-Dimethylurea 
Alkali 
oO oO 
reduction Chis = N NO2 HNO> CH3—N 
eh an 
SAN om SN 
CH3 CH3 
O 0 
CH3— N NHz ~~ HCOOH CH3— N NH» Alkali 
Be se | NH> yly | NHCHO 
6) 1 oO N 
| 
CH3 CH3 
O 


CH NH methylation 


—=N 
e \ ——> Caffeine 
uN CH 
O N N 
| 


CH3 
Theophylline 


Description—White powder or white, glistening needles, usually 
matted: odorless and has a bitter taste; pH (1% solution) 6.9; the 
hydrate is efflorescent in air and loses all its moisture at 80°; when 
rendered anhydrous by drying, it melts between 235° and 237.5°; 
pK, 13:9. 

Solubility—1 g of anhydrous caffeine dissolves in approximately 50 
mL water, 6 mL of water at 80°, 75 mL alcohol, approximately 25 mL 
alcohol at 60°, approximately 6 mL chloroform, or 600 mL-ether. Being 
a weak base, caffeine does not form stable salts, and even its salts of 
strong acids, such as the hydrochloride or hydrobromide, are hydrolyzed 
readily by water. The solubility of caffeine in water is increased by the 
presence of organic acids or their alkali salts, eg, benzoates, salicylates, 
cinnamates, or citrates, and this is the reason for the use of several such 
preparations. 

Comments—None of the CNS stimulants are as widely used as is 
caffeine. The most prevalent sources of caffeine are beverages, which 
include coffee, tea, and many soft drinks. The caffeine content of tea 
leaves (2-3%) is higher than that of coffee beans (0.7—2.0%), but the 
beverages as finally prepared contain approximately equal amounts of 
this stimulant. The caffeine content (in 5 oz) is approximately 60 to 180 
mg in brewed coffee, 30 to 120 mg in instant coffee, 20 to 110 mg in 
brewed tea, 25 to 50 mg in instant tea, 1 to 5 mg in decaffeinated coffee, 
and approximately 40 to 50 mg/12 oz in soft drinks. There is little doubt 
that the popularity of these beverages is due to the stimulant action of 
the caffeine that they contain. Caffeine is also found in oral nonpre- 
scription and prescription drugs. 

Pharmacokinetics—Caffeine is absorbed readily after oral adminis- 
tration. After the oral administration of 100 mg of caffeine (amount 
contained in a cup of coffee), peak plasma levels of approximately 1.5 to 
1.8 wg/mL are reached after 15 to 20 min. Plasma concentrations >20 
g/mL commonly produce adverse reactions. The lethal concentration is 
>100 pg/mL. Caffeine is distributed rapidly throughout all body tis- 
sues, readily crossing the placenta and the blood—brain barrier. Ap- 
proximately 17% of the drug is bound to plasma proteins. Plasma 
half-life is 3 to 4 hr in adults; in preterm infants the half-life may be 
>100 hr. The longer half-life in infants is because of a much slower rate 
of metabolism because of the immaturity of the P-450-metabolizing 
systems. Therefore, if caffeine is used therapeutically in neonates (e.¢., 
in the treatment of prolonged apnea in preterm infants), dosing inter- 
vals need to be adjusted accordingly and its plasma concentration needs 
to be closely monitored. Caffeine is metabolized rapidly by the liver to 
1-methyluric acid, 1-methylxanthine, and 7-methylxanthine. Less than 
10% is excreted unchanged by the kidneys. 


Pharmacology—Several mechanisms have been proposed for caf- 
feine’s stimulant actions. For many years it was thought that the 
stimulant action of caffeine was caused by its inhibition of the enzyme 
phosphodiesterase in the brain and the resulting accumulation and 
actions of cyclic 3’,5’-adenosine monophosphate (c-AMP). However, sey- 
eral compounds that are more potent than caffeine in inhibiting phos- 
phodiesterase activity lack CNS-stimulant actions. Moreover, the con- 
centration of caffeine needed to inhibit phosphodiesterase activity is 
100 times greater than blood levels achieved after caffeine consump- 
tion. The more likely mechanism for the stimulant actions of caffeine is 
its blockade of adenosine receptors. Adenosine exerts prominent pre- 
synaptic and postsynaptic inhibition of neuronal activity. Blockade of 
this inhibition by caffeine would result in increased excitatory activity 
of neurons. 

System Effects—Caffeine exerts effects on many systems. For exam- 
ple, in one double-blind clinical study, oral administration of 250 mg of 
the drug to nine healthy young noncoffee drinkers who had no coffee, 
tea, or cola in the previous 3 wk increased plasma renin activity (57%); 
plasma norepinephrine (75%); and plasma epinephrine by (207%); uri- 
nary normetanephrine and metanephrine were increased 52 and 100%, 
respectively; mean blood pressure increased 14/10 Torr within 1 hr; 
heart rate first decreased and then increased; and respiratory rate 
increased 20%. 


e CNS: Caffeine stimulates all levels of the CNS. In oral doses of 100 
to 200 mg, it stimulates the cerebral cortex, producing a more rapid 
and clear flow of thought, wakefulness or arousal in fatigued pa- 
tients, and improved psychomotor coordination. However, tasks re- 
quiring finite muscular coordination or timing may be adversely 
affected. Its cortical effects are milder and of shorter duration than 
those of the amphetamines. In larger doses, caffeine stimulates 
medullary vagal, vasomotor, and respiratory centers, inducing brady- 
cardia, vasoconstriction, and an increased respiratory rate. 

e Cardiovascular: In the heart, caffeine has a positive inotropic effect 
on the myocardium and a positive chronotropic effect on the sino- 
atrial node, causing a transient increase in heart rate, force of 
contraction, cardiac output, and work of the heart. In doses in excess 
of 250 mg, the centrally mediated vagal effects of caffeine may be 
masked by increased sinus rates; tachycardia, extrasystoles, or 
other ventricular arrhythmias may result. In the vasculature, caf- 
feine, in normally ingested amounts, produces vasoconstriction of 
blood vessels, presumably by blocking adenosine receptors located 
in the smooth muscle of the vasculature. It is thought that the 
vasoconstriction of the cerebral blood vessels by caffeine contributes 
to its ability to relieve headaches. In the peripheral vasculature, 
caffeine ingestion results in increased vascular resistance and a 
slight increase in blood pressure, probably because of the action of 
caffeine on the smooth muscle of the vessels and on catecholamine 
release. 

e Skeletal Muscle: Caffeine stimulates voluntary skeletal muscle, in- 
creasing the force of muscle contraction and decreasing muscular 
fatigue. 

e Gastrointestinal (GI): Caffeine stimulation of parietal cells increases 
gastric acid secretion. 

e Renal: Caffeine induces a mild diuresis by increasing renal blood 
flow and glomerular filtration rate and by decreasing proximal tu- 
bular reabsorption of sodium and water. 

e Metabolism: Caffeine increases glycogenolysis and lipolysis, al- 
though the increases in blood glucose and plasma lipids usually are 
not of physiological consequence in healthy humans. 


Adverse Effects—Dose-related adverse effects of caffeine include 
nervousness, anxiety, tremulousness, irritability, headache, excitation, 
restlessness, insomnia, tinnitus, GI irritation, nausea, vomiting, tachy- 
cardia, palpitations, and extrasystoles. Miscellaneous effects include 
hypersensitivity, urticaria, hyperglycemia, and diuresis. 


e Toxicity: Large doses are usually associated with GI pain, muscle 
twitching, facial flushing, dizziness, dyspnea, mild delirium, diure- 
sis, dehydration, nausea, vomiting, and fever. More serious symp- 
toms include cardiac arrhythmias and convulsions. The acute lethal 
dose of caffeine in adults appears to be approximately 5 to 10 g. 
Caffeine may aggravate diarrhea in patients who have irritable 
bowel, or it may exacerbate duodenal ulcers. Safety for pregnancy 
has not been established, but moderate intake does not appear to be 
harmful to the fetus. 


Tolerance—Prolonged, high intake may produce tolerance to the 
diuretic, cardiovascular, and CNS system effects as well as physical 
dependence. Abrupt discontinuation of the stimulant may produce 
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withdrawal symptoms of fatigue, headache, anxiety, nausea, vomiting, 
irritability, impaired psychomotor function, restlessness, lethargy, and 
less commonly, yawning and rhinorrhea. A typical symptom is head- 
ache that results from a rebound vasodilation of the brain vasculature 
upon withdrawal from caffeine. Symptoms appear within 24 hr after 
the last ingestion of caffeine, peak within 48 hr and may persist for as 
long as 1 wk. 

Drug Interactions—Caffeine and other xanthines may modify the 
effects of other drugs. These drugs can enhance the cardiac inotropic 
effects of beta-adrenergic stimulating agents and decrease the effect of 
benzodiazepines. Because caffeine ingestion results in reduced liver 
blood flow, the metabolism and elimination of drugs that are eliminated 
primarily by hepatic metabolism may be slowed. 

Laboratory Tests—The ingestion of caffeine can cause a slight in- 
crease in urine levels of vanillylmandelic acid, catecholamines, and 
5-hydroxyindoleacetic acid. Because high urine levels of vanillylman- 
delic acid or catecholamines may result in a false-positive diagnosis of 
pheochromocytoma or neuroblastoma, caffeine intake should be avoided 
during these tests. 

Uses—Nonprescription caffeine preparations are used orally as a 
mild CNS stimulant to aid in staying awake and to restore mental 
alertness. Caffeine is the only stimulant approved by the Food and Drug 
Administration (FDA) for nonprescription use. Caffeine also is found in 
nonprescription drugs containing analgesics (acetaminophen, aspirin) 
for the treatment of mild pain, for relief from vascular headaches such 
as migraine and cluster headaches, and for the treatment of menstrual 
pain and discomfort (usual caffeine content of 30 to 65 mg/tablet). It is 
also a component in various cold remedies. Although the efficacy of 
caffeine in the analgesic preparations is controversial, results from 
some clinical studies indicate that the adjunct use of caffeine with 
analgesics may lower the amount of analgesic needed for pain relief. 
Caffeine is also used in combination with ergotamine in prescription 
drugs for migraine headaches, presumably because of its actions on 
extracranial vasculature and trigeminal afferents. Caffeine is used to 
treat preterm apnea in infants because of its stimulation on respiration. 
However, the combination of caffeine with sodium benzoate is contra- 
indicated for use in these infants because the benzoate can cause 
metabolic disturbances and bilirubinemia. 


CITRATED CAFFEINE 


Caffeine citrate (1:1) [69-22-7]; a mixture of caffeine and citric acid 
containing 50% C,H,,.N,O, (anhydrous caffeine) and 50% C,H,O, 
(anhydrous citric acid). 

Preparation—The formula of USP IX was 


Gatieiine ere se else ese oselet wees ee ae ona ee sa cerns 50g 
heli ike Naltolioie carcteera te mat ERR ea Mae ACE en oreGioc oeBESersce Sennen 50g 


Dissolve the citric acid in the hot distilled water, add the caffeine, 
and evaporate the resulting solution to dryness on a water bath, con- 
stantly stirring toward the end of the operation. Reduce the product to 
a fine powder and transfer it to well-closed containers. It is, however, 
usually prepared by mixing equal proportions of finely powdered anhy- 
drous caffeine and anhydrous citric acid. 

Description—White, odorless powder; slightly bitter, acid taste; 
acid reaction. 

Solubility—1 g in approximately 4 mL warm water; the caffeine 
gradually precipitating on diluting the solution with an equal volume of 
water but redissolving on further dilution with sufficient water. 

Incompatibilities—Neutralization of the citric acid by alkalies or 
alkaline salts causes precipitation of caffeine if in sufficient concentra- 
tion. The alkali salts of organic acids may release either caffeine or the 
free organic acid. Generally, it displays the incompatibilities of the 
citric acid that it contains. 

Comments—See Caffeine. 


CAFFEINE AND SODIUM BENZOATE INJECTION 


A sterile solution of caffeine and sodium benzoate in water for injection; 
contains an amount of anhydrous caffeine (C,H,)N,O;) equivalent to 45 
to 52%, and an amount of sodium benzoate (C;H;NaO,) equivalent to 
47.5 to 55.5%, of the labeled amounts of caffeine and sodium benzoate. 
Description—pH between 6.5 and 8.5. 
Comments—See Caffeine. 


DYPHYLLINE—page 1298. 
OXTRIPHYLLINE—page 1299. 
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THEOPHYLLINE—page 1299. 


THEOPHYLLINE, EPHEDRINE HYDROCHLORIDE, AND 
PHENOBARBITAL—see RPS-19, page 973. 


PSYCHOSTIMULANTS 


Most of the compounds included under this heading are 
indirect-acting sympathomimetic drugs and are more potent 
central stimulants than the xanthine derivatives. These com- 
pounds do not stimulate monoaminergic receptors directly, but 
rather they increase the actions of endogenous monoamines. 
This is because of their ability to inhibit the uptake of the 
catecholamine from the synaptic cleft after release (e.g., co- 
caine, methylphenidate, mazindol, or sibutramine) or to cause 
catecholamine release (amphetamine and congeners). The ac- 
tions of diethylproprion and phentermine are primarily on 
adrenergic neurotransmission, pemoline on dopaminergic neu- 
rotransmission, and those of mazindol and sibutramine in- 
crease adrenergic, dopaminergic, and serotonergic activity. Be- 
cause of their propensity to produce euphoria, many of these 
drugs are widely abused and are controlled substances (Sched- 
ule II). Given the abuse liability and dependence potential of 
many of these compounds, the therapeutic use of these drugs 
needs to be monitored closely. Other compounds in this cate- 
gory (eg, cocaine, methamphetamine) have limited therapeutic 
use but are some of the most widely abused drugs in the world. 

Many drugs in this class are used in the treatment of ADHD 
in children. This is a disorder characterized by a variety of 
symptoms , including an unacceptable degree of hyperactivity, 
inability to concentrate, short attention span, difficulty in 
learning, emotional lability, and compulsiveness. Paradoxi- 
cally, CNS stimulants can be beneficial in the treatment of this 
disorder although the mechanisms by which they provide ben- 
efit is unknown. Although their use remains controversial, 
there is a patient group with severe, persistent hyperactivity 
and a short attention span that benefit from treatment with 
these agents. Drug treatment is not indicated for all children 
who have this disorder; stimulants are not indicated for the 
child who exhibits symptoms secondary to environmental fac- 
tors or primary psychiatric disorders. Consequently, these 
should be ruled out and remedial psychological, educational, 
and social resources should be used before drug therapy is 
instituted. The psychostimulants most frequently used for this 
purpose are amphetamine and methylphenidate; pemoline is 
also used but is not the first choice of drug for treatment. 

Narcolepsy is another condition that requires long-term 
treatment. This disorder, characterized by sleep attacks, cata- 
plexy (loss of muscle tone), hypnagogic hallucinations, sleep 
paralysis, and nocturnal sleep disruption, may result from an 
impairment in catecholamine neurotransmission. The psycho- 
stimulants are effective in preventing the daytime symptoms 
(sleep attacks and cataplexy), although they can also interfere 
with nighttime sleep. In the US, the drugs approved for use for 
narcolepsy are amphetamine, methylphenidate, pemoline, and 
modafinil. 

Obesity is the only other condition for which the psycho- 
stimulants are approved for use. Amphetamine and its analogs 
have significant anorexic effects. The mechanisms by which 
these drugs reduce appetite is not fully established, but it is 
thought that stimulation of satiety centers in the hypothala- 
mus and limbic areas is involved. However, tolerance readily 
develops to this action within a few weeks. Because of the 
development of tolerance, the production of undesirable side 
effects, and the high abuse potential of the amphetamines, 
many in the medical field believe that the use of these drugs for 
weight reduction purposes is inappropriate. Others would ar- 
gue that their use is appropriate when all other approaches 
have failed and if drug use is carefully monitored. The drugs 
primarily used as appetite suppressants are benzphentamine, 


diethylpropion, mazindol, methamphetamine, phendimetra- 
zine, and phentermine. Although these drugs may differ in 
potency and some of their adverse effects, their qualitative 
pharmacological effects are similar. 

The psychostimulants can improve psychomotor perfor- 
mance and enhance wakefulness, although it is questionable 
whether concentration in complex learning situations or judge- 
ment is improved. Their effects are thought to be mediated 
through cortical stimulation and possibly through stimulation 
of the reticular activating system. For the amphetamines, the 
(S), (+), or dextro- isomers are somewhat more potent than the 
(R), (—), or levo- isomers (e.g., amphetamine isomer effects 
differ by 3 to 4-fold) in elicitation of CNS responses. The alert- 
ing effect of the psychostimulants, their anorectic effect, and 
their locomotor-stimulating action are likely mediated by en- 
hancement of the actions of norepinephrine and dopamine in 
various brain regions. Euphoric effects are likely related to 
actions on dopamine within the limbic system. That the CNS- 
stimulating effects of these compounds are mediated through 
the catecholamines is suggested by animal studies findings 
that the inhibition of catecholamine synthesis prevents the 
behavioral activation produced by the drugs. 

Adverse effects of the psychostimulant drugs are generally 
extensions of their therapeutic actions but may differ some- 
what with the individual agents owing to their differences in 
potency and the specificity of their pharmacological action. In 
general, adverse effects include nervousness, insomnia, an- 
orexia, nausea, palpitations, headache, dyskinesias, blood pres- 
sure and pulse changes, tachycardia, angina, cardiac arrhyth- 
mias, abdominal pain, weight loss, and hypersensitivity 
reactions. Acute CNS toxicity with these agents can produce 
restlessness, dizziness, tremor, hyperactive reflexes, talkative- 
ness, irritability, weakness, insomnia, and fever. Larger doses 
can produce confusion, increased libido, anxiety, panic states, 
hallucinations, psychotic behavior, and seizures. Some of these 
effects may also be caused by the ability of these drugs to 
enhance the actions of 5-hydroxytryptamine (5-HT) from sero- 
tonergic neurons. In addition, there may be pronounced cardio- 
vascular and GI effects. Symptoms of overdose may include 
vomiting, agitation, tremors, hyperreflexia, muscle twitching, 
convulsions (may be followed by coma), euphoria, confusion, 
hallucinations, delirium, sweating, hyperpyrexia, tachycardia, 
palpitations, cardiac arrhythmias, hypertension, mydriasis, 
and dryness of the mucous membranes. Tolerance, psycholog- 
ical dependence, abnormal behavior, and physical dependence 
can occur with the psychostimulants. Characteristics of high- 
dose use that may emerge include severe dermatoses, signifi- 
cant insomnia, irritability, hyperactivity, personality changes, 
disorganized thought, poor concentration, compulsivity, hallu- 
cinations, and possibly, a severe psychotic state resembling 
paranoid schizophrenia. 

Severe drug interactions may occur between the psycho- 
stimulants and other drugs, especially those that also have 
actions on monoaminergic neurons. Noteworthy is the proposed 
adverse drug interaction between the appetite-suppressant 
drugs fenfluramine or dexfenfluramine (drugs that act primar- 
ily on serotonin systems) and the amphetamine-like drug phen- 
termine. The combined use of these two drugs has been pro- 
posed, although not proved, to produce severe life-threatening 
heart valve defects and pulmonary hypertension; for this rea- 
son, the fenfluramines were withdrawn from the market in 
1997. Severe drug interactions also may occur between the 
psychostimulants and selective serotonin-reuptake inhibitors 
(e.g., fluoxetine, paroxetine, sertraline, or fluvoxamine). The 
resulting symptoms (termed serotonin syndrome) include exci- 
tation, hypomania, restlessness, loss of consciousness, con- 
fusion, disorientation, anxiety, agitation, motor weakness, 
myoclonus, tremor, hemiballismus, hyperreflexia, ataxia, dys- 
arthria, hyperthermia, shivering, diaphoresis, emesis, and 
tachychardia. Similarly, the use of pyschostimulants in pa- 
tients being treated with monoamine oxidase inhibitors 
(MAOIs) is contraindicated. Because of their cardiovascular 


effects, stimulants are contraindicated in patients who have a 
history of coronary heart disease, chronic heart failure, ar- 
rhythmias, stroke, or glaucoma. In addition, the psychostimu- 
lants need to be used cautiously in patients being treated with 
other drugs that affect cardiovascular function, including non- 
prescription drugs containing phenylpropanolamine, ephed- 
rine, or pseudoephredrine. The use of pyschostimulants is not 
recommended for patients taking antidepressants, lithium, 
sumatriptin, tryptophan, or dihydroergotamine. In general, 
psychostimulants are contraindicated in patients who have 
agitation, cardiovascular disorders, hypertension, hyperthy- 
roidism, glaucoma, hypersensitivities to the drugs, motor tics, a 
diagnosis of or family history of Tourette’s syndrome, a history 
of epilepsy or abnormal EEGs, or a history of drug abuse 
because their use could exacerbate the symptoms associated 
with these disorders or diseased states. The safe use of the 
psychostimulants in children younger than 6 yr of age has not 
been established. See Chapter 70 for additional discussion of 
the amphetamines, contraindications for use, and drug inter- 
actions. 

Cocaine is also a potent sympathomimetic CNS stimulant 
with actions similar to those of the amphetamines but with a 
much shorter duration of action. In contrast to the amphet- 
amines, which cause monoamine release, cocaine’s actions are 
thought to be mediated primarily by its blockade of the re- 
uptake of released monoamines. Cocaine has local anesthetic 
actions; however, its use for this purpose is limited, having 
been replaced by synthetic local anesthetics that have little 
CNS stimulation. The importance of cocaine lies in its abuse 
potential; it is currently one of the most widely abused drugs in 
the United States. See Chapters 63 and 79 for additional in- 
formation on the psychostimulants. 


AMPHETAMINE SULFATE—see RPS-19, page 986. 

BENZPHETAMINE HYDROCHLORIDE—see RPS-19, page 987. 

COCAINE—page 1405. 

DEXTROAMPHETAMINE SULFATE—see RPS-19, page 987. 

DIETHYLPROPION—see RPS-19, page 987. 

MAZINDOL—see RPS-19, page 992. 

METHAMPHETAMINE—see RPS-19, page 994. 
METHYLPHENIDATE HYDROCHLORIDE 


2-Piperidineacetic acid, (R*,R*)-(+)-a-phenyl-, methyl ester, 
hydrochloride, Ritalin 


COOCHs 
Onn. aaa 
HN 


[298-59-9] C,,H,,NO, - HCl (269.77). 

Preparation—2-Chloropyridine is condensed with phenylacetonitrile 
and the resulting a-phenyl-2-pyridineacetonitrile is hydrated to its corre- 
sponding amide. The pyridine ring then is hydrogenated catalytically and 
the amide converted to its corresponding carboxylic acid. Esterification 
with methanol, with the aid of HCl, yields the final product. 

Description—White, odorless, fine, crystalline powder; melts 
about 75°; solutions are acid to litmus, pK, 8.9. 

Solubility—Freely soluble in water or methanol; soluble in alcohol; 
slightly soluble in chloroform or acetone. 

Comments—A mild CNS stimulant with a potency intermediate 
to caffeine and amphetamine. It is effective as adjunctive therapy to 
other remedial measures (psychological, educational, and social) in 
the management of ADHD. It is also effective in the treatment of 
narcolepsy and possibly effective in mild depression and in apathetic 
or withdrawn senile behavior. Methylphenidate also shares the 
abuse potential of the amphetamines. The drug should not be used to 
alleviate normal fatigue. 

Pharmacokinetics—Methylphenidate is readily absorbed from 
the GI tract. Peak blood levels are reached in 1 to 3 hr, and the 
plasma half-life ranges from 1 to 3 hr. The pharmacological effects 
persist from 4 to 6 hr after oral administration of conventional 
tablets and approximately 8 hr for extended-release preparations. 
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Approximately 80% of an oral dose is metabolized to ritalinic acid 
and excreted in the urine. 

Pharmacology—Its pharmacological properties are essentially the 
same as those of the amphetamines. Its actions, like cocaine, appear to 
be mediated by blockade of catecholamine reuptake rather than by 
release of catecholamines as occurs with the amphetamines. 

See the general statement for effects, adverse effects, and contrain- 
dications for use of methylphenidate. Additional adverse reactions re- 
ported with methylphenidate use include leukopenia and anemia, and 
a few cases of scalp hair loss have been reported with methylphenidate. 

Drug Interactions—In addition to above discussion of drug interac- 
tions, human studies indicate methylphenidate may inhibit metabolism 
of coumarin anticoagulants, anticonvulsants and tricyclic antidepres- 
sants. Dosage of these agents may require downward adjustment when 
given concomitantly with this drug. 


PEMOLINE 
4(5H)-Oxazolone, 2-amino-5-phenyl-, Cylert 


Ow UNH 
‘Ogimiks 
2 N 


[2152-34-3] C,H,N.O, (176.17). 

Preparation—Ethyl mandelate C,H.CH(OH)COOC,H,, is reacted 
with guanidine, HN—C(NH,)», in boiling alcohol solution, US patent 
2,892,753. 

Description—White, crystalline powder; odorless and tasteless; 
melts about 256° with decomposition. 

Solubility—Practically insoluble in water, chloroform, dilute HCl, 
or ether; slightly soluble in alcohol or propylene glycol. 

Comments—A CNS stimulant that is structurally different from 
the amphetamines and methylphenidate. It has less abuse potential 
than the amphetamines and is classified as a Schedule IV drug (am- 
phetamines are Schedule II drugs). Although laboratory studies indi- 
cate that pemoline may act through dopaminergic mechanisms, the 
mechanism and site of action in man are not known. It is used in the 
treatment of narcolepsy and as adjunctive therapy in children who have 
attention deficit disorder; however, its efficacy is less than that of 
amphetamine or methylphenidate. It also has less sympathomimetic 
effects than the amphetamines. Pemoline has been used in the treat- 
ment of fatigue, mental depression, chronic schizophrenia, and as a 
mild stimulant in geriatric patients; however, clinical benefits from 
such use are minimal. It should not be used for the prevention or the 
treatment of normal fatigue. 

Pharmacokinetics—Peak serum levels of the drug are reached 2 to 4 
hr after ingestion of a single oral dose; the serum half-life is approx 12 
hr, and a steady-state level is reached in 2 to 3 days of multiple dosage. 
Approximately 50% of the drug is bound to serum proteins. Approxi- 
mately 75% of an oral dose is excreted in the urine within 24 hr, 
approximately 43% is excreted unchanged, and 22% is excreted as 
pemoline conjugates. 

Adverse Effects and Toxicity—In addition to adverse effects common 
to the psychostimulants, pemoline use can produce dyskinetic move- 
ments of the tongue, lips, face, and extremities as well as abnormal 
oculogyric function (nystagmus and oculogyric crises). Pemoline has 
been associated with life-threatening hepatic failure and, for this rea- 
son, it is not recommended as the first choice of drug in treatment. 


SIBUTRAMINE HYDROCHLORIDE 


(+)-Cyclobutanemethanamine, 1-(4-chlorophenyl)-N,N-dimethyl-a- 
(2-methylpropyl)-, hydrochloride, monohydrate; Meridia; Reductil 


CH, 


H,CCHCH,CHN(CH,), 
HC] « HO 


Cc) 


(125494-59-9] C,,H,,CIN - HC1l.2H,O (334.33). 

Preparation—See US patent 4,929,629 (1987). 

Description—White crystals that melt about 193° to 196°. 

Solubility—Moderately soluble in water. 

Comments—An appetite-suppressant drug that was approved by 
the FDA in 1997. It can be considered a prodrug because its pharma- 
cological activity actually resides in two of its desmethylated metabo- 
lites (formed from P-450-3A, metabolism of the parent drug). The 
pharmacological effects of the active sibutramine metabolites block the 
uptake of all three monoamines but with a slightly greater potency on 
norepinephrine and dopamine uptake than on serotonin uptake. 


1476 CHAPTER 85 


Pharmacokinetics—The drug is rapidly absorbed after oral adminis- 
ration. Sibutramine undergoes extensive first-pass metabolism (half- 
life is approximately 1 hr). Concentrations of the active metabolites 
peak at 3 to 4 hr and have half-lives of 14 to 16 hr. These metabolites 
are further metabolized by hydroxylation and conjugation to inactive 
substances and excreted in the urine. 

Adverse Effects and Contraindication—Similar to other psycho- 
stimulants. 


MISCELLANEOUS CENTRAL NERVOUS 
SYSTEM STIMULANTS 


Included in this category are modafinil (treatment of narco- 
lepsy), doxapram (used as a respiratory stimulant in humans), 
and various compounds (formerly used as analeptic drugs). 
Modafinil is included in this category because its mechanism of 
action is dissimilar from those of the psychostimulants. 

The analeptics are substances that stimulate various re- 
gions of the brain. Although once used to stimulate respiration 
in patients intoxicated with general depressant drugs, their 
use in these situations is no longer recommended, although 
doxapram is still available for use in certain conditions. Several 
of the analeptics, although not used therapeutically, have be- 
come important research tools for evaluating the efficacy and 
mechanism of action of various drugs, particularly of anticon- 
vulsants, because the mechanism by which these convulsants 
exert their actions is well characterized. It is known that 
strychnine is a glycine antagonist with actions primarily in the 
spinal cord, whereas bicuculline, picrotoxin, and pentylenetet- 
razol are GABA antagonists that act within various regions of 
the brain. Strychnine is used as a pesticide for destroying 
rodents and other predatory animals and thus is encountered 
frequently as a cause of poisoning in man. 


DOXAPRAM HYDROCHLORIDE—see RPS-19, page 979. 
MODAFINIL 
Acetamide, 2-[fiphenylmethyl)sulfinyl]-, Provigil 


NH 


CHSOCH>C 
\ 


(68693-11-8] C,;H,;NO,S (273.35). 

Preparation—See US patent 4,177,290 (1978). 

Description—White crystals that melt at 164° to 166°. 

Comments—It is approved for use in the US for the treatment of 
the symptoms of daytime sleepiness in narcolepsy and other sleep 
disorders. Modafinil is a drug that possesses alerting properties, al- 
though its precise mechanism of action is not known. Psychometric, 
psychobiological tests, and electroencephalogram (EEG) profiles show 
changes that are viewed as improvements in vigilance. There is some 
suggestion that modafinil may be somewhat less effective than amphet- 
amine or methylphenidate. However, unlike the amphetamines, 
modafinil does not reduce Stage 2 rapid eye movement (REM) sleep or 
alter heart rate or blood pressure. 

Pharmacology—The effects of modafinil appear to be mediated 
through increased activation of adrenergic a-1 receptors, although ex- 
perimental studies in vitro demonstrate that it binds to the dopamine 
transporter and not to the a-1 receptors. The ability of a-antagonists to 
block modafinil’s effects in vivo also provides support that the drug 
exerts a-agonist properties. 

Pharmacokinetics—Peak plasma concentrations are reached 2 to 3 
hr after oral administration of the drug. Plasma half-life is 8 to 10 hr. 

Adverse Effects—Dose-related adverse effects include dry mouth, 
dry eyes, nausea, inner tension, sleep disturbances, sweating, head- 
ache, dizziness, hot flashes, and gastralgia. Other effects include tachy- 
cardia, hypersalivation, anorexia, anxiety, choking, cysphoria, bad tem- 
per, hypertension, excitation, fatigue, sexual hyperactivity, weight 
gain, euphoria, and motor excitation. Therapeutic doses have yet to be 
established, but 200 to 400 mg/day was effective in alleviating most 
symptoms of narcolepsy in recent clinical studies. 
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Formerly, nearly all the drugs used to intervene in the immune 
system were antineoplastic drugs. Indeed, the leukemias and 
lymphomas, which were the first major neoplastic diseases to 
be treated successfully with chemotherapeutic agents, may be 
thought of as disorders of the immune system. Until recently 
and except for the use of gold, progress in the suppression of 
autoimmune disorders was achieved mainly with antineoplas- 
tic drugs or congeners. Therefore, in previous editions of this 
textbook, immunosuppressive drugs were also described in the 
chapter on antineoplastics. For want of a better place, the sole 
immunostimulatory drug, levamisol, was included. With this 
edition, there is a greatly enlarged collection of immunoactive 
drugs owing to drastic developments in immunology. Neverthe- 
less, the present focus with most of these new agents pertains 
to their usefulness in cancer chemotherapeutic regimens or 
organ transplantation. Consequently, it is still appropriate to 
treat antineoplastic and immunoactive drugs together, even 
though some agents may seem out of place. 


ANTINEOPLASTIC DRUGS 

ST a TI TEE NE LESTE 
Before the 1940s the principal nonsurgical treatment of neo- 
plasms was radiograph and radium therapy, although certain 
arsenicals and urethane were also in use. During the 1940s there 
were three main developments: radioisotopes, nitrogen mustards, 
and antifolic acid agents. The use of sex hormones for the treat- 
ment of certain types of neoplasms and of adrenal corticoids and 
adrenocorticotropic hormone (ACTH) for the treatment of leuke- 
mia also developed considerably during these years. 

Much excitement was generated by these early develop- 
ments in antineoplastic therapy, but it was later tempered by 
the realization not only that the drugs were not curative but 
also that, for the most part, life-expectancy was negligibly 
increased, the drugs being mainly palliative. Subsequently, 
there has been a great proliferation in both the number and the 
classes of anticancer drugs and in the theory of cell kinetics and 
cell-population statistics, so that with the consequently im- 
proved collections and regimens, long-term disease-free remis- 
sions are achievable with several neoplasms, and even a few 
carcinomata can be cured. 


Tumor Growth and Kinetics 


The principal difference between mature normal tissues and 
tumors is not in the rate of cell replication but in that the rate 
of proliferation for most normal tissues equals the rate of cell 
death, whereas in neoplasms, proliferation exceeds the death 
rate. Proliferation in normal tissue responds to subtle signals 


that indicate when proliferation is needed for repair, regener- 
ation or growth, and development. Neoplasms seem to lack 
such an autoregulation of proliferation, and the cell-replication 
rate appears to depend mostly on an intrinsic rate modulated 
by the adequacy of the vascular supply. 

EXPONENTIAL GROWTH AND DOUBLING TIMES— 
In the early stages, the growth of a tumor is approximately 
constant. The doubling time is the mean (average) interval 
between successive mitoses. It is characteristic of the particu- 
lar type of tumor cell. Doubling time varies significantly among 
various kinds of tumors. In Burkitt’s tumor, it is approximately 
24 hours; in acute leukemia, 2 weeks; in breast cancer, 3 
months; and in multiple myeloma, 6 to 12 months. Contrary to 
common belief, these doubling times are within the range of 
those for normal tissues. For example, white-cell precursors 
divide approximately every 12 hours and mucosal cells of the 
rectum every 24 hours. 

A tumor becomes detectable when the number of cells 
reaches approximately 109 to 1010 cells. This requires 30 to 33 
doubling times. The neoplasm becomes lethal when the popu- 
lation reaches approximately 5 < 1011 to 5 X 1012 cells, after 
39 to 42 doubling times. 

PHASES OF THE CELL CYCLE—Some drugs can exert a 
lethal action only when a cell is in a particular stage of activity 
and growth. Therefore, a resume of cell kinetics will be useful. 
After mitosis and cell division, the new daughter cells are in a 
resting state, terms phase G, (G for gap). The length of time spent 
in Gp depends on both the type of cell and the autoregulatory 
factors. In some tissues, such as bone marrow, gastrointestinal 
(GI) mucosae, and skin, Gp is prolonged only moderately during 
maturation and aging, whereas with others, such as nerve and 
skeletal muscle cells, Gy) becomes essentially infinitely long well in 
advance of maturity. In solid tumors, Gp is longer when the cell 
mass is large than when small, because the vascular supply 
cannot keep pace with the rate of growth. Ultimately, the cell 
enters a postresting phase, called G,. In this phase, metabolism 
appears to be normal, but the cell is committed to divide. After a 
latency, the cell enters the S-phase, in which DNA synthesis is 
activated, in preparation for mitosis. The cell then enters another 
phase, Gs, the premitotic phase, in which DNA synthesis is es- 
sentially at rest but protein synthesis and other metabolic activ- 
ities are increased and the cell volume grows. Finally, the cell 
undergoes mitosis (phase M) and cellular fission. 

The cell cycle can be thought of as existing in two super- 
stages: Gp as one, and all of G, + S + G, + Mas the other, the 
latter comprising all phases committed to cellular division. The 
entity (G, + S + G. + M)/(Gy + G, + S + G, + M) is known as 
the growth fraction. In tumors, it usually lies between 0.2 to 
0.7. Although the growth fraction tends to be greater in the 
more rapidly proliferating tissues and tumors, this is not al- 
ways the case. 
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Chemotherapeutic Intervention 


PHASE SPECIFICITY—Antineoplastic drugs are of two 
general categories: (1) those that can act on the cell throughout 
its cycle (such drugs are said to be phase nonspecific) and (2) 
those that act preferentially during one or more of the nonrest- 
ing phases (these drugs tend to be ineffective if delivered to the 
cell during the wrong phase). Even phase-nonspecific drugs 
have greater activity during the growth phases. The particular 
phase during which a drug acts depends on the lethal mecha- 
nism. Those that combine irreversibly with DNA can do so at 
any time and hence are phase nonspecific. However, more DNA 
is exposed during the growth phases than during Gp, so that 
even these drugs have some phase selectivity. Drugs that in- 
terfere with DNA synthesis are specific to the S phase; those 
that block protein synthesis are specific mainly to phases S and 
G2; and those that inhibit microtubule assembly are specific 
mainly to M. 

TUMOR SELECTIVITY AND RESPONSE—Especially 
for phase-specific drugs, the probability of a lethal action on a 
tumor cell (or normal cell) is directly proportional to the per- 
cent of time spent in the vulnerable phase. It follows that the 
percent of time spent in the vulnerable phase is an important 
determinant of the susceptibility of tumors of different cell 
types. Even without reference to any particular growth phase, 
the generality that those tumors with a large growth fraction 
are more susceptible to chemotherapy than those with a low 
fraction is an important precept. Examples of tumors with high 
growth fractions that respond well to chemotherapy are acute 
leukemia in children, Burkitt's lymphoma, choriocarcinoma, 
chronic myelogenous leukemia (these last three now are con- 
sidered curable), lymphocytic leukemia, Hodgkin’s disease, 
Wilms’ tumor and breast cancer. Examples of neoplasms that 
respond poorly are malignant melanoma, carcinoma of the GI 
tract, bronchogenic carcinoma, and tumors of the uterus and 
cervix. 

Because growth fractions are higher in small, recent tu- 
mors, it follows that efficacy is enhanced by early treatment. 
Different cell types spend different proportions of time in one 
as opposed to another phase (ie, more in G, than S, etc.). 
Therefore, the most effective drug would be expected to be of a 
type that is specific to the phase of longest duration. In part, 
this may account for the differences in efficacy among drugs of 
different mechanisms and phase specificity. 

There has been interest in and investigation of the possibil- 
ity of synchronizing tumor cells so that all cells are in the same 
phase of the cycle. If the cells were synchronized and the host 
cells were not, then the tumor could be made more vulnerable 
to appropriate drugs given at the proper time, and the thera- 
peutic index could be increased. Synchronization is attempted 
by a holding pulse of a mitostatic or some other drug that holds 
the cells in a given phase until the out-of-phase cells also come 
into that phase. Discontinuation of the synchronizing drug 
simultaneously releases the cells to resume their cycle, all 
starting from the same phase. In combination chemotherapy, 
drugs often are administered in sequence, rather than simul- 
taneously; the first-given drug sometimes serves as a synchro- 
nizing drug. 

DETERMINANTS OF SENSITIVITY AND SELECTIV- 
ITY—In addition to the growth fraction or vulnerable phase 
time of a tumor, other factors also determine the selectivity of 
drugs for certain cell types. The demand for nutrients varies 
among tumor types but also differs between tumor cells and 
normal cells. For example, many tumors require more aspara- 
gine than normal cells, so that if the plasma asparagine is 
destroyed enzymatically (see Asparaginase, page 1484), the 
tumor cells are selectively starved to death. 

Some drugs are metabolized in the peripheral cells as well 
as in the liver, and the different cell types differ in their ability 
to metabolize these drugs. For example, with bleomycin there 
is evidence to suggest that the drug is metabolized less in 


susceptible tumor cells than in other cells, thus permitting 
higher local concentrations, Several drugs are converted to ac- 
tive metabolites by the target cells (lethal synthesis), and dif- 
ferences in the rates of conversion may contribute to selectivity. 

Differences in penetrance account for some differences 
among drugs; lipid-soluble antineoplastic drugs are more effec- 
tive than water-soluble ones for neoplasms in the central ner- 
vous system (CNS). With some drugs, active transport into 
tumor cells is greater than into normal cells; with other drugs, 
there are differences in outward transport. An unassessed fac- 
tor in selectivity is that of effects on the immune system. There 
are not only tumor-cell-attacking killer T cells but also suppres- 
sor T cells and blocking factors from B cells that protect certain 
neoplastic cells from immune attack. According to which im- 
mune cells are the most suppressed, some antineoplastic drugs 
might antagonize the immune response to neoplastic cells, and 
other drugs augment it. 

REQUIREMENTS FOR “KILL”—A remission usually 
can be achieved with a kill of 90 to 99% of the neoplastic cells. 
A kill of 99% would leave at least 107 to 108 surviving cells to 
carry on tumor growth, and the remission would last only 3 to 
4 doubling times. With those neoplasms against which the 
immune system is ineffective, a 100% kill is necessary to effect 
a true cure, because it has been shown experimentally that a 
single implanted neoplastic cell can develop into a tumor. How- 
ever, a true cure may not always be necessary. For example, 
with a tumor, the doubling time of which is 12 months, a kill of 
99.99% (which would leave perhaps 106 surviving cells) would 
require approximately 13 years for the tumor cell population to 
recover to the number extant at the time of treatment. 

A second course of an appropriate chemotherapy might add 
another 13 years, which, with middle-aged or elderly patients, 
might be beyond the normal life expectancy. However, with a 
rapidly doubling tumor like Burkitt’s tumor, the survival time 
in the untreated patient is measured in days, not years; even if 
all but a single cell were killed by an antineoplastic drug, 
survival would be prolonged less than 2 months; therefore, 
either a complete kill or sustained or frequently repeated 
courses are imperative. Fortunately, 50 to 60% of Burkitt’s 
tumor cells are in the S phase and are thus highly susceptible 
to drugs that are S-phase specific. 

COMBINATION CHEMOTHERAPY—One way of in- 
creasing the percent of kill is to combine two or more antineo- 
plastic drugs. Radiation also is a modality that often can be 
combined effectively with drugs. There are four criteria to 
optimize such combinations: 


1. Each component drug must have some efficacy by itself. 

2. Each component drug should have a different mechanism of cyto- 
toxic activity and, preferably, phase specificity. 

3. Each component drug should have a different spectrum of toxicity 
than the other components, in order to avoid overwhelming toxicity 
of a given type. 

4, The mechanism of resistance to each component should be different 
to that of the other components. 


LOG CELL-KILL PRINCIPLE—Antineoplastic drugs 
may be characterized by their log cell-kill index, that is, by the 
negative log of the fraction of the tumor cell population that 
survives a single course of treatment. Thus a drug that kills 
99.9% of the tumor cell population, ie, leaves 0.0001 (or Mos) of 
the population, is known as a 4-log drug; a second drug that 
kills 99.9% is known as a 3-log drug. The log cell-kill index is a 
tenuous number, but it serves a usefulness in predicting the 
effects of combinations that meet criteria 1 and 2. The pre- 
dicted effect of a combination is obtained by addition of the 
indices of the component drugs. Theoretically, a 4-log drug plus 
a 3-log drug should provide a 7-log combination, that is, kills 
99.99999% or leaves Yio7 of the population. A third drug that 
kills 99% (2-log drug) would further reduce the remaining 
population to Yios, which comes close to complete eradication of 
a tumor caught early. 

DRUG RESISTANCE—Some tumor populations appear to 
be heterogeneous by the time the tumor is discovered, some of 


the cells being resistant to certain drugs at the outset of treat- 
ment. This is well established for adrenal, colon, jejunal, kid- 
ney, and liver carcinomas. As many as four different cancer cell 
types have been identified in a single tumor. Differences among 
some of these cell types do not represent different genes nec- 
essarily but rather, sometimes, differences in the number of 
copies of a single gene. Some resistance seems to be acquired 
in much the same way as microbial resistance, a resistance- 
conferring genetic change occurring during treatment; the re- 
sistant daughter cells then can proliferate in the environment 
of the drug. Whatever the cause, resistance often terminates 
the usefulness of an antineoplastic drug. 

At least ten mechanisms of resistance have been identified: 


1. Loss of a transport system essential for the permeation of the drug 
into the tumor cell, as happens with methotrexate. 

2. Disappearance of the enzyme necessary for the intratumor lethal 
synthesis of an essential active metabolite. 

3. An increase in the production of the target enzyme, as sometimes 
happens with methotrexate. 

4. A decrease in the affinity for or the amount of the target enzyme, 
as sometimes happens with methotrexate and fluorouracil or 
topoiso- 
merase inhibitors. 

5. An increase in outward active transport of the drug, so that effec- 
tive intracellular concentrations cannot be achieved or maintained 
(so-called pleiotropic drug-resistance functions by this mecha- 
nism). 

6. Overexpression of metallothionine in resistance to platinum- 
containing and certain alkylating antineoplastics. 

7. Antibody formation (eg, interferons). 

8. Membrane changes that confer resistance to natural killer (NK) 
cells. 

9. Increase glutathione synthesis in cancer cells treated with anthra- 
cyclinedione cells. 

10. Repair of potentially lethal DNA damage. 


Lipophilic anticancer drugs such as the vinca alkaloids, 
certain alkylaminoanthraquinones actinomycin-D, colchicine, 
verapamil, and probably other drugs are transported outwardly 
by an adenosine-triphosphate-(ATP-)—dependent pump, known 
as P-glycoprotein. This is produced excessively by some tumor 
cells, which accounts for multiple drug resistance. Verapamil 
competes for this pump; it is this property, and not its calcium 
channel-blocking activity, that accounts for the ability of vera- 
pamil to restore the sensitivity of some tumors to formerly effica- 
cious drugs. Other mechanisms are easy to conceive and will 
undoubtedly be observed. 

TOXICITY—Neoplastic cells have compositions and activ- 
ities very much like those of the host cells. This has made it 
impossible thus far to design antineoplastic drugs that also do 
not attack normal cells. Every antineoplastic drug has a ther- 
apeutic index less than 1.0. This may be changing with some of 
the new targeted therapies, although many of these new ther- 
apeutics lack significant cytotoxicity when used independently. 
The principles that apply to antitumor efficacy also apply to the 
toxicity. Thus the tissues most affected are those with high 
growth fractions, and the integrity of the highly proliferative 
tissues can be disturbed considerably. Consequently, the bone 
marrow, lymphoblasts, mucous membranes, skin, and gonads 
are affected to a greater extent than other cells. Because the 
myelogenous leukocyte turnover is faster and the growth frac- 
tion is greater than those of erythrocytes, bone-marrow depres- 
sion usually causes a more severe neutropenia and thrombocy- 
topenia than anemia. Bone-marrow depression is a major 
adverse effect of antineoplastic drugs. 

Suppression of proliferation of mucosal cells causes mucosi- 
tis, characterized by aphthous and Gl ulceration. At least 15 of 
drugs reviewed, prominently cause mucositis. Arrest of the 
proliferation of the cutaneous epithelial cells may cause alope- 
cia (at least 18 of the drugs reviewed), scaliness of the skin, and 
sometimes even desquamation. Some drugs that lack signifi- 
cant dermatological actions may nevertheless recall cutaneous 
toxicities induced by previous drugs or radiation. 
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Aspermia may result from actions on the seminiferous tu- 
bules and amenorrhea from actions on the ovaries (where the 
growth fraction but not the turnover rate is high). The immune 
cells have a rapid turnover and are highly susceptible to certain 
cytotoxic agents. Immunosuppression makes the patient more 
vulnerable to infection; it is noteworthy that 50% of cancer 
patients die of intercurrent infections rather than from the 
terminal phases of the neoplastic disease. 

Immunosuppression probably enhances the growth of cer- 
tain neoplasms. Because they interfere with genetic mecha- 
nisms, certain antineoplastic drugs are mutagenic and carci- 
nogenic, and the patient is subjected to the risk of future 
neoplasia. The incidences of acute leukemia and bone sarcoma 
are considerably higher in persons who have been treated with 
antineoplastic drugs than in the general population. Theoreti- 
cal considerations predict that all neoplastic drugs are terato- 
genic, and teratogenic activity has been shown with some. 

There are also other toxicities related to antineoplastic ac- 
tions. For example, massive cell destruction results in the 
release of large quantities of purine from the nucleic acids of 
the dead cells; these purine bases are metabolized to uric acid. 
Hyperuricemia, renal damage consequent to hyperuricuria and 
also some neurological damage may result. Hence, it is common 
to give allopurinol along with antineoplastic drugs. Massive 
destruction of certain leukemic cells may also cause an acute 
hypotensive crisis that sometimes is called anaphylaxis despite 
its not being a true allergic response. For reasons not under- 
stood, treatment of breast cancer is thrombogenic in approxi- 
mately 7% cases, irrespective of the drug used. 

Some of the local adverse effects also are related to the 
antineoplastic mechanisms. Extravasation, or accidental con- 
tamination of the skin or lungs, may present high concentra- 
tions to the cells in the local area, such that the cells are killed 
by the cytotoxic actions, leading to vesication, ulceration, 
sloughing, bronchitis, etc. With the nitrogen mustards, the 
drugs need not interact with DNA to be caustic, because the 
nitrogen mustards readily alkylate crystal chemical groups in 
the cell membranes and in the cytoplasm. Local toxicity in the 
GI tract prevents certain antineoplastic drugs from being ad- 
ministered orally. Local GI toxicity may cause nausea, vomit- 
ing, diarrhea, cramping, etc., but these are also acute side 
effects of many antineoplastic drugs administered intrave- 
nously, and it is not always clear whether they relate to the 
antineoplastic actions. 

With good nutrition, toxicity is less severe. Total parenteral 
nutrition is advised when nutrition is otherwise difficult to 
manage. 

PRECAUTIONS AND CONTRAINDICATIONS—With 
all drugs that cause bone-marrow depression, it is essential to 
monitor the blood cell count, which may serve both as a guide 
to adequate dosage and as a precaution against overdoses. The 
minimum advisable leukocyte and platelet count varies some- 
what among the drugs but is usually 3000 to 4000 leukocytes 
and 20,000 to 100,000 platelets. When the count falls below 
these limits, the drug dosage should be reduced or the drug 
discontinued until there is recovery. It usually is not advisable 
to begin treatment with a bone-marrow depressant drug within 
4 wk of the administration of another bone-marrow depressant 
drug or radiation therapy. When two bone-marrow depressant 
drugs are used in combination, it is necessary to reduce the 
dose and to monitor more frequently. 

Other toxicities with notable exceptions, usually are not as 
life threatening as bone-marrow depression, but analogous pre- 
cautions should be observed, even though monitoring cannot be 
as quantitative as cell counts. However, aphthous ulcers can be 
visualized and monitored. With patients in poor condition, it is 
imperative to proceed cautiously and to monitor more closely 
than with patients in good condition. Not only might elderly 
patients be more susceptible to the adverse actions of antineo- 
plastic drugs, but toxicity is more incapacitating and life 
threatening, so that therapy should be undertaken most cau- 
tiously. Antineoplastic drugs should not be used during preg- 
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nancy unless alternatives are exhausted. There is even evi- 
dence that anticancer drugs are fetotoxic in pregnant nurses 
that handle such drugs. Because most antineoplastic drugs can 
be found in breast milk, infants must not be nursed during 
antineoplastic therapy. 

CLASSES AND MECHANISMS OF DRUGS—Antineo- 
plastic drugs may be conveniently grouped into several catego- 
ries. Some of the categories are based on chemical and mech- 
anistic properties and others on the origins of natural products. 

Alkylating Agents—There are five subgroups of the alkyl- 
ating agents: nitrogen mustards, nitrosoureas, methylhy- 
drazines, ethylenimines, and alkylsulfonates. The nitrogen 
mustards are all bis(-chloroethyl)amines. The mustards are 
important drugs in treatment regimens; cyclophosphamide, the 
most useful alkylating agent, is a member of this class. 

The ethylenimines contain three ethylenimine groups per 
molecule, and the alkylsulfonates are bismethylsulfonates. 
Thus these compounds are all polyfunctional alkylating agents, 
a fact that relates importantly to the mechanism of action. The 
alkylating groups react with nucleophilic centers in many dif- 
ferent kinds of molecules; guanine is the most reactive target in 
DNA. However, their bifunctional or trifunctional character 
allows them to cross-link double-stranded DNA, thus prevent- 
ing the strands from separating for replication. 

Nitrosoureas—These usually are classified as alkylating 
agents. Carmustine is bifunctional and may be able to cross- 
link double-stranded DNA. Lomustine and semustine each con- 
tain a single B-chloroethyl group but can cross-link DNA by use 
of the nitroso group as a second electrophilic group. Streptozo- 
cin lacks a bifunctional alkylating moiety. Carbamoylation of 
the nucleoside bases in nucleic acids has been suggested as a 
possible mechanism of action. However, the nitroso group is 
also a free radical and an ion generator, which could confer 
radiomimetic properties. 

Methylhydrazines—Procarbazine and dacarbazine some- 
times are classified as alkylating agents, because an alkylating 
moiety is liberated within the target cell. However, like other 
hydrazines, they generate free hydroxyl radicals and ions and 
thus also are considered radiomimetic. 

Antimetabolites—There are three subcategories of antime- 
tabolites: purine analogs, pyrimidine analogs, and folinic acid 
analogs. The purine analogs are incorporated into DNA as the 
deoxyribotides and into RNA as the ribotides, where they in- 
terfere with coding and replication. They also act like the 
natural purine bases in inhibiting synthesis of purine bases by 
acting through the allosteric feedback systems (pseudofeed- 
back). The pyrimidine analogs inhibit enzymes in the biosyn- 
thetic pathways for pyrimidine ribotides and deoxyribotides; 
thymidylate synthetase, orotic acid decarboxylase, aspartate 
carbamoyltransferase, dihydroorotase, and DNA polymerase 
are inhibited. Methotrexate and trimetrexate are the only fo- 
linic acid analogs for use in neoplasia; they bind very tightly to 
dihydrofolate reductase and thereby prevent the conversion of 
dihydrofolate (folinate) to tetrahydrofolate. 

Antibiotics and Natural Products—This is a miscellaneous 
group of drugs with respect to mechanism of action. Mitomycin 
appears to be an alkylating agent, the anthracyclines and epi- 
podophyllotoxins act therapeutically by inhibiting topoisomer- 
ase II, and the Vinca alkaloids and taxols interfere with micro- 
spindle function. Dactinomycin binds to DNA and inhibits DNA 
synthesis, and mithramycin inhibits DNA-dependent RNA 
polymerase. Bleomycin both acts as an antimetabolite of thy- 
midine and causes fragmentation of DNA. 

Steroid Hormones—The steroid hormones are transported 
to the cell nucleus, where they attach to chromatin and usually 
stimulate transcription and, hence, protein synthesis. How- 
ever, the glucocortoids suppress mitosis in lymphocytes, and 
fibroblasts and appear to inhibit transcription. This so-called 
lympholytic effect is employed in the chemotherapy of the lym- 
phocytic leukemias and in immunosuppression. 

The estrogens, progestins, and androgens also probably in- 
hibit transcription and prevent mitosis in those cell types that 


are derived from normal cells that are suppressed by these 
hormones in the natural hormonal physiology. Thus, the nor- 
mal prostate gland is suppressed by estrogens, apparently by a 
comparative antagonism of androgens, and estrogens are used 
to treat cancer of the prostate gland, etc. Similarly, androgens 
exert an antiestrogen effect on certain breast tumors; only 
tumors of a cell type that contain estrogen receptors are re- 
sponsive. Antiestrogens also are used to suppress such tumors. 
Estrogens also suppress the growth of some breast tumors, but 
the mechanism of the effect is understood poorly. Luteinizing 
hormone releasing hormone (LHRH) analogs act centrally to 
inhibit androgen and estrogen synthesis. Progestins behave as 
antiestrogens in the endometrium and, hence, may be em- 
ployed in the chemotherapy of endometrial carcinoma. 

Tetrahydrodesoxycorticosterone suppresses tumor angio- 
gensis without exerting glucocorticoid or mineralocorticoid 
activity. 

The hormones are described in Chapter 77. Drugs that 
induce local inflammation and fibrosis may suppress effusions 
secondary to various neoplasms. Thus, quinacrine may be 
given into the pleural and the peritoneal cavities to control 
such effusions. Because the neoplastic process is unaffected, 
quinacrine is not truly antineoplastic. 

Cytokines and Growth Factors—Cytokines formerly were 
called lymphokines, but the finding that some not only are 
elaborated by but also act upon nonlymphoid cells brought 
about the change in name. Research on these factors is ex- 
tremely active and productive, and exciting discoveries have 
been made. Most of the current cytokines act as modulators of 
the immune system such that killer and NK cells are stimu- 
lated to increased activity against cancer cells. However, recent 
research indicates that some cytokines may act upon cancer 
cells directly to cause differentiation or even cell death. Others 
may act upon endothelial cells to alter invasiveness. Colony- 
stimulating growth factors are becoming an important part of 
dose-intensified regimens, by allowing the reimplantation of 
extracorporeally amplified bone marrow or the stimulation 
of severely suppressed bone marrow in situ. Erythropoietin, 
likewise, can counteract some myelosuppressive effects. In- 
terleukins (ILs) and IL-activated lymphocytes, interferons, 
macrophage-stimulating factor, granulocyte colony-stimulating 
factors pentostatin, thymopentin, transfer factor, transforming 
growth factor-beta,, and tumor necrosis factor either are available 
or are in therapeutic trials. 

Antitumor Antibodies—Several antitumor antibodies have 
been produced for clinical trials. Two currently are approved 
for treatment of neoplasia. 

KINETICS AND REGIMENS—With drugs with phase- 
specific actions, the temporal window of vulnerability is the 
duration of the vulnerable phase of the cell cycle. With rapidly 
proliferating cells, this may be only a few hours for any given 
cell. If the cell cycles are synchronized, only a brief exposure to 
the drug may be needed to accomplish a high degree of cell kill; 
the optimal drug would be one with a half-life such that it does 
not persist in the body beyond the time necessary to act upon 
the tumor cells, so that there would be the least necessary 
exposure of normal cells to the drug. However, the synchroni- 
zation of cell cycles is yet in its infancy, and most regimens 
attack a tumor cell population that randomly is in various 
phases of the cell cycle. In this case, it is optimal to keep the 
drug in the body for slightly longer than the duration of the 
entire cell cycle. 

In the case of Burkitt’s lymphoma, with a doubling time of 
24 hours, exposure to drug should be approximately a day to 
effect the greatest tumor cell kill. Unfortunately, white-cell 
stem cells have a doubling time of only 12 hours and GI cells 
approximately 24 hours, so that it is not possible to expose 
Burkitt’s lymphoma cells for the duration of an entire cell cycle 
without causing a life-threatening kill of certain kinds of nor- 
mal cells. The clinical problem, then, is to devise a regimen that 
is more sparing of normal cells yet causes an adequate remis- 
sion, though not complete elimination of the tumor. This is 


possible, despite the shorter cell cycles of certain normal cells, 
because the normal cells spend more time in Gp than do Bur- 
kitt’s lymphoma cells. Problems of this kind usually are re- 
solved by repeating courses of submaximal tumor-killing doses. 

It is much more difficult to devise an effective yet safe 
regimen for the treatment of tumors with long doubling times, 
because the tumor doubling time may be many times longer 
than the hematopoietic stem, immune, and mucosal cells. Long, 
multicourse combination treatments are the rule. Most are 
quite empirical with respect to kinetic considerations. In these, 
because the duration of a course is inevitably longer than the 
elimination lifetime of the drugs in use, a regimen needs main- 
tenance dosing or constant infusion. It might be expected that 
constant infusion would be more effective than intermittent 
dosing. This has proved to be the case with breast carcinoma. It 
also has proved to be less toxic. 

Site-directed administration of antineoplastic drugs by in- 
traarterial infusion is advantageous to intravenous adminis- 
tration only if the concentration of drug in the blood in systemic 
circulation is substantially lower than that infused into the 
artery. This is thought to occur when a high rate of systemic 
clearance of the drug exists, so that toxic amounts of the drug 
do not accumulate systematically. However, experience with 
intra-arterial fluorouracil, a drug with a half-life of less than 20 
min, has been disappointing. It has been explained that the 
local extraction ratio of fluorouracil during prolonged intra- 
arterial infusion is sufficiently low that there is not a suffi- 
ciently selective uptake into the target to gain much advantage 
by local infusion. 

In contrast, the nitrosourea, BCNU, has a high extraction 
ratio by the intracarotid arterial route and, consequently, is 
advantageous by this route (for CNS tumors), even though 
there is considerable local toxicity. Similarly, diaziquone has a 
high local extraction ratio and is advantageous by the intra- 
arterial route. The local clearance of an intra-arterially infused 
drug of low extraction ratio may be increased by decreasing the 
rate of blood flow with a vasoconstrictor. Although most regi- 
mens are largely empirical, improvisation, or failure to follow 
the regimen as recommended, is a common cause of early 
relapse, especially in pediatrics. 

Circadian rhythms are not only in the metabolism of many 
drugs but also in the susceptibility of the patient to the toxic 
effects of antineoplastic drugs. In the future, circadian kinetics 
may be incorporated into anticancer regimens. 

As among drugs in general, various antineoplastic drugs are 
involved in pharmacokinetic drug interactions. For example, 
cisplatin and daunorubicin induce the hepatic enzymes for the 
metabolism of carbamazepine, phenytoin, and valproate. Vera- 
pamil competes for the active transport of lipophilic anticancer 
drugs out of cells. Any drug that causes mucositis interferes 
with the peroral absorption of other drugs. 


IMMUNOACTIVE DRUGS 
EL DTA AS AE 
The immune system is quite complex. Several types of cells are 
involved. These are cells, the ancestral line of which has de- 
rived from bone marrow stem cells. Some of the descendants of 
the stem cells migrate to sites elsewhere in the body, where 
they become small lymphocytes. There are two general types of 
lymphocytes involved in the immune responses: the B cells and 
the T cells. The B lymphocytes get the designation B from the 
fact that in birds they derive from stem-cell clones in the bursa 
of Fabricus; in man, the location of analogous clones may be in 
the intestinal mucosal Peyer’s patches. The T cells get their 
designation from the fact that they are derived from stem cells 
cloned in the thymus gland. Undifferentiated lymphocytes take 
up residence in lymph tissue in the spleen, tonsils, intestines, 
and other sites. 

B and T cells respond to antigen by cellular transformation, 
proliferation, and differentiation. Proliferation increases the 
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population of immunocompetent cells and differentiation cre- 
ates cells with various roles to play in the immune response. 
Both B and T cells differentiate into what broadly may be 
termed effector cells and memory cells. The memory cells re- 
vert to an inactive state (Gj) but respond to later immune 
challenge by accelerated proliferation, differentiation, and ac- 
tivity. During their residence in the bursa equivalent, the fu- 
ture effector B cells become programmed to respond to an 
antigen by transformation into plasma cells, which produce 
antibodies (immunoglobulins I,, Ip, Ip, Ig, and Iy4), the role of 
which is to combine with circulating antigens. The immunity 
conferred by B cells is known as humoral immunity. 

Hypersensitivity mediated through the humoral immune 
system is called immediate hypersensitivity, because the re- 
sponse is rapid. T cells become programmed in the thymus to 
respond in various ways to antigen that has become fixed to cell 
surfaces or engulfed by macrophages. The cytotoxic T cell (ef- 
fector cell, killer cell), with the aid of complement, attacks and 
lyses those cells to which the offending antigen is attached. 
There are different cytotoxic T cells for different antigens. 
There are also helper T cells, which promote B-cell activity, and 
suppressor T cells, which restrain both the cytotoxic T cells and 
the B cells. Helper and suppressor B cells also exist. T-cell- 
mediated immunity is known as cell-mediated immunity. This 
is the immune response involved in graft rejection, autoimmu- 
nity, and delayed hypersensitivity. 

The priming of lymphocytes in response to antigen is known 
as the primary response. The final effector response is known 
as the secondary, or efferent, response. 

There are other bone-marrow, stem-cell-derived cells, such 
as macrophages and K cells, that participate in the immune 
response. In the primary response, the macrophages phagocy- 
tose antigens, process them, and present the processed antigen 
to helper T lymphocytes, which initiate the recruitment of 
other lymphocytes. Thus the macrophages are an integral part 
of the afferent limb of the primary response. They also appear 
to be involved in the efferent response; they fix and alter 
antigen prior to its recognition by the T cells. Details of the 
immune system may be found in Chapter 89. 

IMMUNOSUPPRESSIVES—An immunosuppressive drug 
is one that can attenuate the expression of at least one type of 
immune response. The numerous cell types involved in the 
immune system afford an equal number of places of immuno- 
suppressive drugs to intervene. It is conceivable that a T cell 
responsive to one antigen may be affected more than is another 
T cell specific to another antigen, or that suppressor T cells 
might be affected more than cytoxic or helper T cells. In gen- 
eral, information on drug selectivity is lacking. However, the 
increase in the incidence of lymphomas in persons who have a 
history of immunosuppression lends credence to the hypothesis 
of a selectivity for suppressor T cells. The ability of indometh- 
acin to delay graft rejection also suggests a selective action on 
suppressor cell function, because prostaglandins are suppres- 
sor mediators. Generally, though, cells involved in the primary 
response seem more susceptible to immunosuppressive treat- 
ment than those in the secondary response. The overall effect of 
an immunosuppressive drug probably depends on its phase 
specificity and the differences and similarities of the cell cycle 
phasing among the various cell types. 

The immunosuppressive drugs comprise many classes of 
drugs, not all of which are antineoplastic drugs. For example, 
the antimalarial drug, pyrimethamine, and the antibacterial 
drug, trimethopterin, have immunosuppressant properties and 
have been used clinically as immunosuppressants. Also, peni- 
cillamine and gold salts are employed as immunosuppressants 
in the treatment of rheumatoid arthritis, as have cytotoxic 
agents like methotrexate and cyclophosphamide. Biological 
agents, such as lymphocyte immune globulin and antimacro- 
phage serum are actively under investigation. Physical inter- 
ventions, such as radiation, desensitization and surgery are 
still used in the management of certain immune diseases, 
which testifies to the present limitations of the drugs. 
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The alkylating agents mainly affect the short-lived and not 
the long-lived small lymphocytes. They also suppress prolifer- 
ation of macrophages but do not interfere with phagocytosis. 
Therefore, the primary immune response mainly is affected, 
although cyclophosphamide acts on both afferent and efferent 
limbs in certain immune disorders. The antipurines, 6-mercap- 
topurine (6-MP) and azathioprine, have a strong effect on cel- 
lular immunity and act mainly on the efferent limb (according 
to their program of use), although they also have suppressant 
effects on macrophage proliferation and display afferent activ- 
ity in certain circumstances. The antipyrimidines behave 
mainly as efferent suppressants. Experimentally, methotrex- 
ate has mixed properties, but in man it behaves mostly as an 
afferent suppressant. Adrenalcorticoids both suppress macro- 
phage activity and decrease the population of small lympho- 
cytes. Clinically, they behave mostly as afferent suppressants, 
but they are adjuvant to efferent and mixed suppressants. 

The adverse effects and precautions of the primary immu- 
nosuppressant drugs are those of the antineoplastic drugs. 

The isolation of various cytokines and other growth factors, 
elucidation of their roles in immune responses, and sequencing 
of the peptides has opened up a class of immunosuppressives 
that are more selective for the immune system than are the 
antineoplastic drugs used for immune suppression. This new 
class is made up of synthetic or recombinantly engineered 
competitive analogs of the cytokines that block the actions of 
cytokines on the target immune cells. Also under investigation 
are other ligands of the cytokine receptors. 

Much publicity has been given to the use of immunosup- 
pressive drugs to prevent rejection of organ and bone-marrow 
transplants. However, they have a greater potential usefulness 
in the management of the autoimmune diseases. Diseases in 
which they are of established benefit include systemic lupus 
erythematosus, rheumatoid arthritis, nonglomerular nephro- 
sis, psoriasis, and chronic active hepatitis. Diseases for which 
these drugs unequivocally have not been proved sufficiently 
efficacious for general use include ulcerative colitis, Crohn’s 
disease, Behcet’s disease, chronic glomerulonephritis (membra- 
nous), chronic thrombocytopenic purpura, and autoimmune he- 
molytic anemia. 

OTHER IMMUNOMODULATORS—Because immuno- 
suppression is a common adverse effect of antineoplastic drugs 
and also because many immunosuppressive drugs have come 
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Interleukin-2 Recombinant; Proleukin 
2-133-Interleukin 2 (human reduced) [110942-02-4] Coo 9H, 445N 177020356 
(15,600). 

Preparation—A continuous chain of 133 amino acid residues; a 
product of recombinant DNA technology with genetically engineered E 
coli strains containing an analog of the human IL-2 gene. 

Comments—lIdentical to a cytokine, IL-2, secreted by activated 
helper T lymphocytes that is a colony-stimulating factor for active T 
lymphocytes, immature thymocytes, natural killer (NK) cells, antigen- 
activated B lymphocytes, and probably other cells of the immune sys- 
tem. The ability to stimulate proliferation of cytotoxic T lymphocytes 
and NK cells has led to clinical trials against several kinds of cancer. 
It is approved for metastatic renal cancer. Treatment consists of the 
administration of IL-2 alone, prior to, and along with, autologous 
lymphokine-activated killer (LAK) cells; the IL-2 for the purpose of 
encouraging the proliferation of LAK cells. At present, the combination 
has been found effective in some cases of metastatic renal carcinoma, 
melanoma, colorectal carcinoma, and Hodgkin’s disease, but treatment 
of other cancers is under active investigation. It is also under investi- 
gation as an anti-infective agent; it is in Phase II trials for use in AIDS. 

Common adverse effects attributable to IL-2 are nausea, vomiting, 
diarrhea, fever, malaise, pruritus, severe anemia, hyperbilirubinemia, 
and elevated plasma creatinine. Less-common effects are elevated cap- 
illary permeability with pulmonary edema, fluid retention, hypoten- 
sion, cardiac dysrhythmias, thrombocytopenia, and disorientation, even 


from among the antineoplastics, it is common to believe that 
antineoplastic cytotoxicity: automatically suppresses the im- 
mune system. However, the immune system has helper, sup- 
pressor and killer components, so that the net effect depends on 
which components are affected most. IL-2 (IL-2) is used for its 
direct stimulation of T lymphocytes. Indeed, there is thought to 
be immunostimulatory components to the actions of some 
antineoplastic drugs. 

Conversely, the situation is analogous with the so-called 
immunostimulants, because the net effect on any given im- 
mune response depends on which of the sundry participating 
cells are stimulated most. For example, levamisole is called an 
immunostimulant, but it either can augment or suppress an 
immune response depending on factors such the type of re- 
sponse, dose, and timing. T-lymphocyte function is augmented 
more than B-lymphocyte function. The drug tends to normalize 
a disturbed immune system. A similar bifunctionalism exists 
among the various cytokines. Interferons, for example, stimu- 
late some immune cells and suppress others. Diethyl] dithiocar- 
bamate, however, is nearly a pure immunostimulant; it induces 
the recruitment of T lymphocytes and promotes cytotoxicity. 
Every vaccine is an immunostimulant and often selective. 
However, some, such as staphage lysate, cause rather general 
immunostimulation and may be used to confer varying degrees 
of immunity to various nonbacterial invaders. 

It is now known that certain autonomic and CNS transmit- 
ters and neuromodulators also have influences on the immune 
system. Enkephalins and endorphins stimulate B-lymphocyte 
proliferation and antibody production and promote T-lympho- 
cyte and natural killer-cell cytotoxicity. Opioid drugs mimic 
some of the immunomodulatory actions of the peptides. It is 
believed that these peptides are part of a neuroendocrine- 
immune system loop. Histamine stimulates suppressor T lym- 
phocytes and thus tends to limit immune responses. The action 
is mediated through H,-receptors. Consequently, H,-antago- 
nists, such as cimetidine and ranitidine, tend to augment the 
efferent immune response. Various immune cells also possess 
alpha- and beta-adrenoreceptors, through which immune func- 
tions can be affected by circulation of epinephrine and sympa- 
thetically released norepinephrine and their antagonists. The 
overall effect of alpha-agonism is immunosuppression but that 
of beta-agonism varies according to the immune status under 
various conditions. 


coma. Approximately 20% of patients treated with IL-2 and LAK cells 
develop hypothyroidism. Treatment is prohibitively expensive. The pep- 
tide nature of IL-2 requires parenteral administration. The half-life is 
less than 1 hr, so that constant intravenous infusion is the optimal 
mode of administration. 
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1,3,5-Triazine-2,4,6-triamine, N,N,N’,N’,N’,N’-hexamethyl-, 
Hexamethylmelamine; Hexalen 
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N(CH), 


N(CH), 


[645-05-6] CyH,,N, (210.28). 

Preparation—J Am Chem Soc 73:2984, 1951. 

Description—White needles; melts about 173°. 

Solubility—Practically insoluble in water; increasingly soluble at 
pH less than 3. 

Comments—A Group C alkylating agent related to triethylenemel- 
amine, an early alkylating agent. It is one of several secondary drugs for 
treatment of ovarian tumors. It is approved as a single agent for 
refractory ovarian cancer. It also has proved useful in the treatment of 
both Hodgkin’s and non-Hodgkin’s lymphomas, oat-cell bronchogenic 
carcinoma, and breast tumor. Nausea and vomiting are the main acute 


adverse effects. Delayed toxicity includes bone-marrow depression, 
CNS depression, peripheral neuritis, ataxia, hallucinations, psychoses, 
pruritus, and dermatitis. The drug is metabolized in the liver. The 
terminal half-life is 4.7 to 10.2 hr. 


AMIFOSTINE 


Ethanethiol, (S)-2-[(3-aminopropyl)amino]-, dihydrogen phosphate 
(ester); Ethiotos; Ethyol 


0) 
I] 
HN(CH,),NH(CH.),S ie 


OH 


[20537-88-6] C;H,,-N.O.3PS (214.21). 

Preparation—1,3-Propanediamine is monoalkylated with 2- 
chloroethanol to form 2-[3-(aminopropyl)amino]ethanol and the free OH 
converted to Br by use of HBr. Treating the resulting alkyl bromide 
with sodium thiophosphate (Na.,PO,S), followed by acidification affords 
the product. J Med Chem 12:236, 1969. US patent 3,892,824 (1973). 

Description—White crystalline solid melting about 161° (dec). 

Solubility—Freely soluble in water; pK,, < 2.0; pK,,, 4.2; pK,,, 9.0; 
jac Tale 

Comments—Approved for reduction of renal toxicity caused by 
repeated administration of cisplatin. It is a thiophosphate prodrug that 
once dephosphorylized provides a reduced thiol. It reduces cisplatin 
cytotoxicity. In a clinical trial of patients receiving cisplatin as part of 
their therapy for ovarian cancer, it significantly reduced cumulative 
renal toxicity. It is rapidly metabolized and after only 6 min, less than 
10% remains in the plasma. The thiol metabolite is distributed rapidly 
throughout the body. 

Approximately 62% of treated patients experienced hypotension, 
19% experienced severe nausea and vomiting. Administration should be 
interrupted if systolic blood pressure drops significantly. Antiemetics 
should be coadministered, including a 5HT3 receptor antagonist. Hy- 
persensitivity reactions also were reported. 


AMINOGLUTETHIMIDE 
2,6-Piperidinedione, 3-(4-aminophenyl)-3-ethyl-, Cytadren 


O 
lncsHe 
HN 


Za 
OF NH, 


2-(p-Aminopheny])-2-ethylglutaramide [125-84-8]C,,H,,.N.O. (232.28). 

Preparation—By a procedure similar to Gluthethamide (page 
1418) with nitration of the a-ethylbenzyl cyanide to the p-nitro deriv- 
ative. This then is reduced to the amine after ring closure. US patent 
2,848,455. 

Description—White crystals; melts about 150°. 

Solubility—Slightly soluble in water; freely soluble in many or- 
ganic solvents. 

Comments—Inhibits the first step in adrenalcorticoid biosynthesis 
by inhibiting the conversion of cholesterol to A5-pregrenolone. It also 
inhibits the aromatase that converts androstenedione to estrone and 
estradiol, thus eliminating the adrenal source, the only source of estro- 
gens in postmenopausal and oophorectomized women. It is approved for 
suppression of adrenalcorticoid production in selected Cushing’s syn- 
drome patients. Treatment with aminoglutethimide is preferred to 
adrenalectomy in postmenopausal women who have estrogen receptor- 
positive breast carcinoma. Hydrocortisone is administered con- 
comitantly to suppress the counterproductive, counterregulatory in- 
crease in ACTH release that accrues to the drug-induced lowering of 
plasma hydrocortisone. The regimen, however, causes more adverse 
effects than does tamoxifen and hence is a second-choice treatment. 
It also is useful in the management of certain cases of Cushing’s 
syndrome. 

Early adverse effects include lethargy (40% of recipients), ataxia 
(10% of recipients), nausea, vomiting, and anorexia, and morbilliform 
rash; tolerance to this effects develops in 1 to 6 wk. Delayed adverse 
effects mostly relate to mineralocorticoid insufficiency and include or- 
thostatic hypotension (10% of recipients; symptoms are dizziness and 
weakness) so that mineralocorticoids may require supplementation. 
Occasional adverse effects include pruritus, myalgia, headache, mascu- 
linization and hirsuitism in women, precocious sexual development in 
boys, hypothyroidism with goiters after long-term use, leucopenia, 
thrombocytopenia, granulocytopenia, and pancytopenia. Alkaline phos- 
phatase and serum glutamic oxaloacetic transminase (SGOT) activi- 
ties in serum frequently occur, and cholestatic jaundice occurs rarely. 
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Aminoglutethimide induces the metabolism of dexamethasone, thus 
that particular glucocorticoid should not be used concomitantly. It also 
increases the metabolism of digitoxin and theophyllin. 

Aminoglutethimide is well absorbed orally. Initially, approximately 
50% is excreted in the urine unchanged, but induction of liver metab- 
olism diminishes the importance of renal elimination. The elimination 
half-life is initially approximately 13 hr but decreases to approximately 
7 hr after 1 to 2 wk. 


AMSACRINE 


Methanesufonamide, N-[4-(acridinylamino)- 
3-methoxyphenyl]-, Amsidyl 


OCH; 


CH3SO2NH NH 


ODO 


[51264-14-3] C,,H,,N,0,8 (393.46). 

Preparation—From 2'-methoxy-4'-nitrobutyranilide. The nitro 
group is reduced to the amine, converted to the methanesulfonamide, 
and the resulting free amino group reacted with 9-acridinyl chloride to 
yield the product. J Med Chem 18:1110, 1975. 

Description—Reacts with some plastics and should be given in 
glass syringes. 

Solubility—Reported to be incompatible in solutions of ionic chlo- 
ride, causing precipitation; stable in dilute lactic acid or 5% dextrose 
solutions. 

Comments—Intercalates into DNA and inhibits topoisomerase II. 
Phases S and G, of the cell cycle are the most sensitive. It is currently 
the primary drug for the treatment of refractory acute myelocytic leu- 
kemia of adults; complete remissions are achieved in 10 to 20% of such 
patients. It also is effective in refractory diffuse histiocytic lymphoma, 
the acute phase of chronic myelocytic leukemia, and non-Hodgkin’s 
lymphomas. Immediate toxicity includes nausea, vomiting, local irrita- 
tion at the injection site, acute cardiotoxicity, and occasional convul- 
sions. Delayed toxicity includes leukopenia in almost all recipients, 
mucositis, and delayed cardiotoxocity. The drug is not absorbed effec- 
tively by the oral route. It is metabolized in the liver and secreted into 
the bile. The elimination half-life is 7 to 17 hr. 


ANASTRAZOLE 


1,3-Benzenediacetonitrile, a,a,a,'a'-tetramethyl-5- 
(1H-1,2,4-triazol-1-ylmethyl)-, Arimidex 


N 

\ HC 
Le 

AS 


[120511-73-1] C,,H,,N, (293.37). 

Preparation—A mixture of a,a'-dibromomesitylene, tetra-(t-butyl) 
ammonium bromide, and KCN in methylene chloride or methylene 
chloride/water is heated to produce 5-methyl-1,3-phenyl- enebisaceto- 
nitrile. Refluxing this latter compound with methyl iodide and NaH in 
DMF yields the a,a-dimethyl derivative of both nitrile side chains. 
Further treatment with NBS and benzoyl peroxide brominates the free 
aryl methyl group, and reaction with sodiated 1,2,4-triazole forms the 
product. US patent 4,935,437 (1990). 

Description—Off-white crystals that melt about 82°. 

Solubility—Freely soluble in methanol, ethanol, acetone, or tetra- 
hydrofuran (THF); soluble in acetonitrile; soluble in 0.5 mg/mL water. 

Comments—Approved for use in postmenopausal women who have 
advanced breast cancer evidencing progress after tamoxifen therapy. It 
is a potent nonsteroidal inhibitor of aromatase, and, as such, inhibits 
conversion of androstenedione to estrone. It significantly reduces levels 
of circulating estradiol up to 80% after daily dosing with no detectable 
effect on adrenal corticosteroids of aldosterone. In clinical trials it 
proved similar in efficacy to megosterol in objective response and sta- 
bilization of disease in postmenopausal (primarily ER-positive) women 
who had progressing breast cancer, evidencing progression after tamox- 
ifen therapy. ER-negative breast cancer rarely responds to anastrozole. 

It is well absorbed when taken orally with or without food. Approx- 
imately 85% of the dose can be recovered from the urine and the feces. 


1484 CHAPTER 86 


Aproximaely 85% of the dose is eliminated by means of hepatic metab- 
olism and another 11% by means of renal excretion. The major circu- 
lating metabolite has no pharmacological activity. It has a terminal 
half-life of approximately 50 hr, concordantly steady-state levels are 
reached after 7 days of dosing. 

Hepatic function is important for its clearance; clearance was re- 
duced as much as 30% in patients who have cirrhosis of the liver. 
Vaginal bleeding occurs infrequently in the first weeks after the switch 
to therapy with this drug. 


ASPARAGINASE 


t-Asparagine amidohydrolase; E.C. 3.5.1.1.; Elspar 
L-Asparaginase [9015-68-3], an enzyme of molecular weight 133,000 
+ 5000, believed to consist of four equivalent subunits. 

Preparation—1-Asparaginase, an enzyme that catalyzes hydroly- 
sis of L-asparagine to ]-aspartate and ammonia, occurs in many species. 
Isolated in pure form from several sources, it usually is obtained from 
E coli or Erwinia caratovora, which produces also an asparaginase 
devoid of antileukemic activity, that is removed on purification of the 
enzyme. See Mashburn and Wriston, Arch Biochem Biophys 105:450, 
1964. 

Description—White, crystalline powder. 

Solubility—Freely soluble in water; practically insoluble in chloro- 
form or in methanol. 

Comments—Protein synthesis in several normal as well as malig- 
nant cell types depends partly on exogenous asparagine, and, in a few 
cells, such as lymphoblasts and certain other leukemic cells, essentially 
is dependent totally. The enzymatic destruction of asparagine by as- 
paraginase injected into plasma deprives the dependent cells of the 
essential asparagine and, thus, not only arrests their growth but also 
might even result in some cell death and tumor regression. It is ap- 
proved for use in acute lymphocytic leukemia. 

Currently, it is used mainly in chemotherapy of acute lymphocytic 
leukemia, T-cell leukemias, and lymphomas in sequential combinations 
with other drugs. When it is administered immediately after a course of 
vincristine and a glucocorticoid (usually prednisone or dexamethasone) 
for the induction of the first remission in children, the median duration 
of remission is more than doubled. Addition of doxorubicin and intra- 
thecal cytarabine further prolongs survival. Some studies indicate a 
small increase in the incidence of complete remissions. The enzyme also 
is useful for induction of remission in children who have relapse of acute 
lymphocytic leukemia. It is not recommended for maintenance. Aspar- 
aginase protects some tissues and cancers from some antimetabolities 
(eg, methotrexate, ara-c), probably by preventing DNA synthesis. Such 
interactions, especially with methotrexate, should be anticipated. Er- 
winia asparaginase is an orphan drug that is reserved for use in pa- 
tients allergic to asparaginase from E. coli. 

Sixty to 90% of recipients of asparaginase show laboratory evidence 
of an impairment of liver function, such that plasma fibrinogen and 
other clotting factors may be diminished, and most patients have a 
considerable elevation of blood ammonia. Effects on the pancreas also 
are common; insulin production is diminished; there may be hypergly- 
cemia; serum amylase activity may increase; and acute pancreatitis, 
sometimes hemorrhagic, may occur in as many as 5% of recipients. 
There also are actions on the CNS to cause impairment of the senso- 
rium, mental depression, and rare coma. Nausea, vomiting, chills, and 
fever also occur frequently. Hypersensitivity reactions, ranging from 
mild rash to anaphylaxis and death, occur in 5 to 20% of recipients, so 
that sensitivity testing before administration is necessary and desen- 
sitization may be necessary before a second course is administered. 
Erwina (Porton) asparaginase is less sensitizing than that from E. coli. 
Both enzymes also have immunosuppressant activity. 

It must be administered parenterally. The rate of clearance varies 
considerably between preparations. Its half-life is approximately 16 hr. 


AZACITIDINE 


1,3,5-Triazin-2(1H)-one, 4-amino-1-B-p-ribofuranosyl-, Mylosar 


[320-67-2] C,H,.N,O; (244.20). 
Preparation—A ring analog of cytidine, obtained by synthesis or 
produced microbiologically. US patent 3,350,388. 
Description—White powder that melts about 229°. 


Solubility—1 g in 25 mL water or 1000 mL alcohol. Reconstituted 
intravenous solutions are not stable for more than a few hours. 

Comments—An antimetabolite used investigationally to treat re- 
fractory acute myelocytic leukemias and the acute phase of chronic 
myelocytic leukemias. It has been reported to arrest the progress of 
AIDS in 84% of cases. It causes acute nausea, vomiting, diarrhea, and 
fever. Delayed toxicity, which is not dose-related, includes prolonged 
leukopenia, thrombocytopenia, and hepatotoxicity. The mortality rate 
has been reported to be approximately 6%. 


AZATHIOPRINE 
1H-Purine, 6-[(1-methyl-4-nitro-1H-imidazol-5-yl)thiol]-, Imuran 


/=N 
H3C-N 
—+—NO, 


6-[(1-Methy]-4-nitroimidazol-5-yl)thio] purine 
(277.26). 

Preparation—N,N'-Dimethyloxaldiamide is reacted with phos- 
phorus pentachloride to give 5-chloro-1-methylimidazole. This is ni- 
trated, and the resulting 5-chloro-1-methyl-4-nitroimidazole condensed 
with purine-6-thiol (mercaptopurine) in an appropriate dehydrohalo- 
genating environment. US patent 3,056,785. 

Description—Yellow, matted powder that is odorless and has a 
slightly bitter taste; light sensitive, nonhygroscopic, and stable to rea- 
sonable temperatures; decomposes at approximately 245°. 

Solubility—Insoluble in water; slightly soluble in alcohol or chlo- 
roform; soluble in dilute solutions of alkali hydroxides (unstable); spar- 
ingly soluble in dilute mineral acids. 

Comments—Approved for prevention of renal transplant rejection. 
It is a derivative of Mercaptopurine into which it largely is converted in 
the body, but not all of its actions are those of mercaptopurine. It is used 
only as an immunosuppressive drug. It suppresses T-lymphocyte and 
monocyte (hence macrophage) production more than B-lymphocyte pro- 
duction. It probably has been used more than any other immunosup- 
pressive drug in kidney transplantations. Currently, approximately 
one-half of kidney transplants survive for longer than 3 yr when aza- 
thioprine is used, but other measures also contribute to this rate of 
success. It also is used in other organ transplantations. 

Azathioprine works in the afferent and not the efferent immune 
phase and hence does not suppress ongoing graft rejection. It appears to 
bring about a satisfactory response in a high percentage of patients who 
have ulcerative colitis, regional enteritis, polymyositis, or refractory 
idiopathic thrombocytopenic purpura but induces considerable toxicity. 
In rheumatoid arthritis, it is used when conventional therapy fails. It is 
almost as effective as gold, penicillamine, or cyclophosphamide and less 
toxic than penicillamine or cyclophosphamide. It may improve meta- 
bolic control in recent-onset diabetes mellitus. It is usually of little 
benefit in systemic lupus erythematosus. 

Nausea and vomiting are frequent. Other toxicity or intercurrent 
infection (see the introductory statement) occurs in approximately one- 
third of patients under immunosuppressive treatment with the drug. 
Bone-marrow depression is the most frequent, occurring in approxi- 
mately 11% of patients; leukopenia (28 to over 50%, as much as 16% 
serious), thrombocytopenia, and, to a lesser extent, anemia or panc- 
tyopenia are manifested. 

In antiarthritic doses, infections are not increased, and other ad- 
verse effects are less frequent and less severe. Pancreatitis, alopecia, 
arthralgia, skin rashes, serum sickness, stomatitis, esophagitis, ste- 
atorrhea, retinopathy, peritoneal hemorrhage, and pulmonary edema 
also may occur in a small percentage of cases. Occasionally, hepatic 
damage, with elevation of the plasma content of liver enzymes and 
jaundice, is seen, but damage seems slight and seems to disappear 
during the course of treatment. However, in the presence of liver dys- 
function the drug should be withheld. Although the incidence is rare, an 
increase in reticulum cell sarcoma and lymphoma has been noted in 
transplant patients receiving azathioprine; it is unclear whether this is 
from immunosuppression or from the successfully sustained trans- 
plant. However, the drug is carcinogenic in experimental animals. 

Although it is degraded rapidly in the liver, it is important that the 
kidney regulates the plasma concentration of the effective metabolites, 
so that toxicity is greatly increased in the presence of allopurinol or 
renal impairment, unless the dosage is properly adjusted. It should not 
be used during pregnancy if possible. 

It is metabolized rapidly to 6-MP, so that its useful half-life is that 
of 6-MP (page 1497). Because allopurinol inhibits the metabolism of 


[446-86-6] C,H,N,0,S 


6-MP, the dosage of this drug must be reduced to approximately one- 
third of the usual dose when allopurinol is used concurrently. Hepatic 
insufficiency diminishes efficacy. 


BACTERIAL ANTIGEN MADE FROM 
STAPHYLOCOCCUS 


Staphage Lysate (SPL) 
A sterile preparation of lysed cultures of Staphylococcus aureus, Cowan 
Serologic Types I & III. 

Comments—Approved for staphylococcus infections. Types I & III 
staphylococci have broad antigenicity. Jn vitro, they have been shown to 
stimulate lymphoproliferative responses in certain subpopulations of 
both B and T cells. A controlled study in laboratory animals has shown 
elevated immunoglobulin levels. The preparation appears to induce 
cell-mediated immunity not only to sundry staphylococcal infections but 
also to aphthous ulcers (cankers) and herpes viral infections. Vaccine- 
type reactions (e.g., malaise, fever, or chills) may occur. Because there 
is the possibility of promoting allergies not only to staphylococcal com- 
ponents but also to various media components, it must be used judi- 
ciously in subjects with histories of allergies. An intracutaneous skin 
test is recommended. 


BCG VACCINE 


TICE BCG; TheraCys, BCG Live (intravesical) 

Preparation—TICE is an attenuated live culture preparation of 
the Bacillus of Calmette and Guerin (BCG) strain Mycobacterium. The 
culture is grown on a medium containing glycerin, asparagine, citric 
acid, potassium phosphate, magnesium sulfate, and iron ammonium 
citrate. Prior to freeze-drying lactose is added. Each 10° colony-forming 
units (CFU) is equivalent to approximately 50 mg net weight. 

TheraCys is a freeze-dried suspension of the same bacterium grown 
on Sauton medium (potato and glycerin based). Each approx 10° CFU 
weighs approximately 80 mg. 

See, Guerin C, The History of BCG in BCG Vaccines: Tuberculosis- 
Cancer, Rosenthal SR, ed, Littleton, MA: PSG, 1980. 

Comments—Approved for treatment of primary cancer of the uri- 
nary bladder. TICE BCG is freeze dried and (attenuated), whereas 
TheraCys is live, but both are used by intravenous installation into the 
urinary bladder. The exact mechanism is unknown, but BCG instilla- 
tion elecits an inflammatory response with leukocytic infiltration into 
the bladder. This is associated with an eradication or reduction of 
superficial carcinoma lesions. In clinical trials approximately 50% of 
patients treated with TICE BCG showed complete responses and ap- 
peared disease-free; approximately 75% showed positive response. In 
patients who have in situ carcinoma and are treated with TheraCys, 
approximately 71% showed good clinical response. 

BCG should not be given to patients who have compromised im- 
mune systems or who are on immunosuppressants. Deaths have oc- 
curred owing to system BCG, and therapy should be interrupted if 
patients show high or persistent fever and malaise. 


BICALUTAMIDE 


Propanamide, (+)-N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[4-(fluoro- 
phenyl)sulfonyl]-2-hydroxy-2-methyl-, Casodex 


9 
I 
Niortai se F 
CHy 
CF, 


CN 


[90357-06-5] C,,H,,N.0,5 (430.38). 

Preparation—Thiophenol is reacted with methyl 2,3-epoxy-2- 
methylpropanoate and NaH in THF to yield the methyl ester of 2- 
hydroxy-2-methyl-3-(phenylthio)propionic acid (I). Saponification of I, 
to form the acid, followed by treatment with thionyl chloride, and the 
acyl chloride reacted with 4-amino-3-(trifluoromethyl)benzonitrile, pro- 
duces the corresponding amide. Oxidation of the thio ether linkage with 
3-chloroperbenzoic acid gives the title compound. 

Description—White to off-white crystals that melt about 192°. It is 
a racemic mixture and the S-isomer is essentially inactive; pK, ~ 12. 

Solubility—Soluble in 5 mg/mL water; soluble in acetone or in 
THF; slightly soluble in chloroform or anhydrous alcohol; sparingly 
soluble in methanol. 

Comments—Approved for use in advanced prostate cancer in com- 
bination with LHRH analogs. It is a nonsteroidal antiandrogen that 
acts by inhibiting androgen uptake or nuclear binding a target tissues. 
When 50 mg of this drug was given once a day, it proved no different 
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from flutamide 250 mg tid in patients who had either leupron or 
goserelin depot or implants. Time to treatment failure was no different. 

Bicalutamide is well absorbed orally with or without meals. The 
active (R) isomer is inactivated largely by oxication followed by glucu- 
ronidation. The (S) isomer is cleared rapidly, and does not contribute 
significantly to steady-state plasma levels. Peak levels are reached 
approximately 3 hr after a single dose and exhibit a half-life of 5.8 days. 
Mean steady-state plasma concentration in cancer patients is 8.9 mcg/ 
mL. Renal and hepatic function impairment did not affect the affect the 
drug’s elimination. 

Elevations in plasma testosterone and estradiol levels are noted 
when bicalutamide is used as a single agent. Gynecomastia and breast 
pain were reported in approximately 38% of treated patients. The most 
frequent adverse reaction was hot flashes reported in 49% of patients. 
Diarrhea was also reported. It can displace coumarin anticoagulants 
from plasma protein binding sites, thus caution should be exercised 
when treatment is started in patient being treated with anticoagulants. 


BLEOMYCIN SULFATE 


Blenoxane 


* xH,SO, 


(Main component: Bleomycin Az, in which is (CH3)9$° CHyCHaCHp —) 


Bleomycin Sulfate (salt) [9041-93-4]. 

A mixture of the sulfate salts of a group of related basic glycopeptide 
antibiotics, notably bleomycin A, and bleomycin B,, obtained from 
cultures of Streptomyces verticillus; bleomycin A, is the main compo- 
nent of the bleomycin used clinically. 

Preparation—For the purification and separation of the bleomy- 
cins see Umezawa et al, J Antibiot 1966, 19:200, 210, also Takita et al, 
ibid 1968, 71:79, and 1969, 22:237. 

Description—Cream-colored, hygroscopic powder. 

Solubility—Soluble in water; sparingly soluble in alcohol. 

Comments—Causes fragmentation of DNA and also inhibits incor- 
poration of thymidine into DNA. It stops the progression of cells 
through the G, and the M phases of the cell cycle. Despite these actions, 
it has little effect on bone marrow, a circumstance that gives it a special 
usefulness in drug combinations. Its selectivity appears to be related to 
distribution. It is approved as palliative treatment of lymphomas, tes- 
ticular carcinoma, and squamous cell carcinoma. A component of all 
three preferred combinations is used for the treatment of testicular 
carcinoma and of two for cervical cancer. It is included in one of two 
preferred combinations to treat squamous cell carcinoma of the head 
and neck. It also has been used successfully in the treatment of squa- 
mous cell carcinomas of the skin, penis, and vulva. It is in two of five 
preferred for Hodgkin’s disease. It is a component of four of seven 
preferred combinations to treat diffuse lymphocytic lymphoma. It has 
shown efficacy against reticulum cell sarcoma, lymphosarcoma, chlorio- 
carcinoma, and teratocarcinoma. It is also effective against common 
warts. 

It is toxic, and 10 to 40% of patients develop a pneumonitis that 
progresses to pulmonary fibrosis: 1% of bleomycin-treated patients die 
of pulmonary complications. The effect is most likely to occur in elderly 
patients or those who have received a total of 400 U. The drug must be 
used extremely cautiously in the presence of pulmonary disease. Acute 
hyperpyrexia and cardiorespiratory collapse also occur, especially in 
patients who have lymphomas; for this reason, patients who have 
lymphomas are given two test doses of 5 U or less and are observed for 
a day before treatment is begun. Anticalmodulin drugs (e.g., triflupera- 
zine) enhance lethal toxicity. Bleomycin commonly causes nausea, vom- 
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iting, chills, and fever, and in half the patients, it causes erythema and 
hyperkeratosis, which sometimes progresses to vesication. Other occa- 
sional adverse effects are cutaneous desquamation, hyperesthesia, con- 
fusion, vertigo, pruritus, tenderness, alopecia, and aphthous ulcers. 
Cutaneous toxicity is most likely to occur when the total cumulative 
dose exceeds 150 U. 

It is absorbed poorly orally and also is inactivated in the gut and the 
liver. Consequently, it must be administered parenterally. Higher con- 
centrations are reached in certain neoplasms (carcinomas more than 
sarcomas), lungs, and skin than in other tissues, which accounts for the 
selectivity and the loci of toxicities. In the tissues, the drug appears to 
be deaminated and, possibly, also hydrolyzed by peptidases. The enzy- 
matic destruction is less in those tissues in which the higher concen- 
trations are reached. Sixty to 70% is excreted in the urine. In patients 
who have normal renal function, the elimination half-life is approxi- 
mately 2 hr; in renal failure the half-life may be as long as 21 hr. Care 
must be exercised in the presence of renal impairment. 


BROMOCRIPTINE—page 1340. 
BUSULFAN 


1,4-Butanediol, dimethanesulfonate; Tetramethylene 
Dimethanesulfonate; Myleran CH,SO0,0(CH,),0SO,CH, 
1,5-Butanediol dimethanesulfonate [55-98-1] C,H,,0,S, (246.29). 

Caution; it is extremely poisonous. Great care should be taken to 
prevent inhaling its particles and exposing the skin to it. 

Preparation—By esterifying 1,4-butanediol with methanesulfonyl 
chloride in the presence of pyridine. 

Description—White, crystalline powder; melting about 116°. 

Solubility—Slightly soluble in water; slightly soluble in alcohol; 1 g 
in approximately 45 mL acetone. 

Comments—An alkylating agent that is efficacious as an antineo- 
plastic drug in certain cases. It is phase nonspecific. Its principal dis- 
tinction is that in the usual doses it exerts little action on rapidly 
proliferative tissues other than bone marrow. With low doses, granulo- 
cytopoiesis can be suppressed selectively without affecting erythropoi- 
esis. Thus, it is approved for the palliative treatment of chronic gran- 
ulocytic (myelogenous, myeloid, myelocytic) lewkemia; for this type of 
leukemia, it is one of two drugs of choice. It is not to be used in terminal 
or acute phases of the disease. It is also quite effective in the treatment 
of polycythemia vera and primary thrombocytosis. Because it has little 
effect on lymphopoiesis, it is of no value in lymphocytic leukemia, 
Hodgkin’s disease, or malignant lymphoma. It is useless against solid 
tumors. 

Its principal toxicity is pancytopenia and long-lasting thrombocyto- 
penia. Lymphocytopenia is uncommon. A complete differential blood 
count (including thrombocytes) once a week is mandatory. Nausea, 
vomiting, diarrhea, impotence, amenorrhea, sterility, and fetal malfor- 
mation occasionally occur. Granulocyte destruction results in a high 
rate of excretion of urates, the precipitation of which may cause renal 
damage; cotreatment with Allopurinol (page 1462) may avoid such 
damage. It also sometimes causes cheilosis, glossitis, interstitial pul- 
monary fibrosis, anhidrosis, skin pigmentation (which may be the result 
of adrenalcortical hypofunction), alopecia, and gynecomastia. 

It is not immunosuppressive. The elimination half-life is 2 to 3 hr. 


CARBOPLATIN 


Platinum, diammine [1,1-cyclobutanedicarboxylato(2-)-O,0’]-, 


Paraplatin 
Io) 
H3N O f 
Nev 
Pt 
LIN 
H3N O—\ 
0 


[41575-94-4] C,H, .N,O,Pt (371.25). 

Preparation—Silver sulfate is reacted with cis-diammine plati- 
num diiodide to yield the diaquodiammine platinum sulfate. Interaction 
with barium 1,1-cyclobutanedicarboxylate precipitates BaSO,, and 
forms the product. Inorg Chem Acta, 1980 46:L15. 

Description—White crystals. 

Solubility—1 g in approximately 10 mL water or 1000 mL alcohol. 

Comments—lIts antineoplastic activity results from the same 
mechanism as that of cisplatin, and it is proving to have substantially 
the same clinical antitumor spectrum as that of cisplatin. Because this 
drug is less nephrotoxic and ototoxic, it eventually may come to replace 
cisplatin. It is approved as palliative relief for ovarian cancer. It is 
presently an alternative drug for treatment of oat-cell and non-small- 
cell bronchogenic, ovarian, and testicular carcinomas. Immediate ad- 
verse effects are nausea and vomiting. Delayed toxicity includes myelo- 


suppression with sometimes pronounced thrombocytopenia and renal 
and otic toxicities. The drug is not effective orally. In plasma, less than 
10% is protein bound. The elimination half-life is 3 to 7 hr. 


CARMUSTINE 
Urea, N,N'-bis(2-chloroethyl)-N-nitroso-, BiCNU 


(0) 
i 
CICH,CHyN—C—NCH,CH, Cl 
H N=0 


1,3-Bis(2-chloroethyl)-1-nitrosourea [154-93-8] C;H,CI,N,O. (214.05). 

Preparation—Like other cytotoxic nitrosoureas, it may be synthe- 
sized by nitrosation with sodium nitrite of the appropriate substituted 
urea—in this case 1,3-bis(2-chloroethyl)urea—in a cold, acid medium 
(eg, formic acid). Methods of synthesis of nitrosoureas have been pub- 
lished by Johnston et al, J Med Chem 1963, 6:669. 

Description—White or light yellow powder; melts, with decompo- 
sition, to an oily liquid about 30°. 

Solubility—Slightly soluble in water; freely soluble in alcohol; 
highly soluble in lipids; decomposes rapidly in acid or aqueous solutions 
with a pH greater than 7. 

Comments—Although this is an alkylating drug, it also carbamoy- 
lates amino and other groups. Its cytotoxic effect is likely due to its 
ability to cross-link cellular DNA. Synthesis of DNA and RNA is inhib- 
ited. It is phase nonspecific. Carmustine is approved for use in brain 
tumors, multiple myeloma, Hodgkin’s disease, and non-Hodgkin’s lym- 
phomas. The drug is used mainly in the treatment of brain glioblastoma 
(for which it shares drug-of-choice status with its congener lomustine), 
Hodgkin’s disease and other lymphomas; it is a component of a first- 
choice combination for myeloma. It has been reported to have a high 
efficacy against Burkitt’s tumor. Although it has activity against vari- 
ous other carcinomas, including melanoma and renal cell carcinoma, it 
is not among the usual choices for such diseases. It usually is given in 
combination with radiotherapy in the treatment of brain tumors and 
with vincristine, procarbazine, and glucocorticoids (e.g., prednisone) in 
the treatment of the various lymphomas and multiple myeloma. 

Within 2 hr after administration and lasting for 4 to 6 hr, nausea 
and vomiting occur frequently and usually severely. Rapid intravenous 
infusion causes intense flushing and conjunctival suffusion with a sim- 
ilar time course. There may be a burning sensation but rarely throm- 
bosis at the site of injection. Delayed bone-marrow toxicity occurs; also, 
thrombocytopenia that reaches a nadir in approximately 4 wk and a 
less severe leukepenia in approximately 6 wk occur, each lasting 2 to 7 
wk; mild anemia may occur. With repeated doses, bone-marrow depres- 
sion is cumulative. Leukocyte and platelet counts and signs of intercur- 
rent infections should be monitored carefully throughout treatment. 
Severe dyspnea and a sometimes fatal interstitial pulmonary fibrosis 
occasionally occur. There also may be a mild, reversible hepatotoxicity 
in approximately 25% of recipients. Other adverse effects include slight 
nephrotoxocity [with a transient elevation of blood urea nitrogen 
(BUN)] to severe nephrotoxicity and renal failure, and with large cu- 
mulative doses, vertigo and ataxia occur. There is an increased risk of 
nonlymphocytic leukemia. 

By the oral route, it is metabolized almost completely as it passes 
through the liver; consequently, it must be given intravenously. After 
intravenous administration, its plasma half-life is short, reported var- 
iously as from 3 to 30 min. Because the drug is highly lipid soluble, it 
readily passes the blood-brain barrier, and concentrations of metabo- 
lites in the cerebrospinal fluid range from approximately 50 to 115% of 
those in plasma. 


CHLORAMBUCIL 


Benzenebutanoic acid, 4-[bis(2-chloroethyl)amino]-, Leukeran 


(CICHaCHa)2N {O))-orsonscnsc000 


4-[p-[Bis(2-chloroethyl)amino]phenyl]butyric acid [305-03-3] C,,H,Cl,NO, 
(304.22). 

Caution; it is extremely poisonous. Great care should be taken to 
prevent inhaling its particles and exposing the skin to it. 

Preparation—4-Phenylbutyric acid is nitrated and the resulting 
p-nitric acid is esterified with isopropyl alcohol. The nitro ester then is 
hydrogenated to the aminoester. Reaction with ethylene oxide converts 
the—NH, into—N(CH,CH,OH),, which then is converted into— 
N(CH,CH,Cl), by treatment with POCI,. Hydrolysis of the ester yields 
the acid, chlorambucil. 

Description—Off-white, slightly granular powder. 


Solubility—Slightly soluble in water; soluble in dilute alkali; 1 g in 
2 mL acetone. 

Comments—An alkylating agent effective by the oral route. It is 
approved for and is the agent of choice in the treatment of chronic 
lymphocytic leukemia. It also is effective in the treatment of Walden- 
strom’s macroglobulinemia, multiple myeloma, lymphosarcoma, giant- 
cell follicular lymphoma, and, to a lesser degree, in choriocarcinoma, 
Hodgkin’s disease, and ovarian and testicular tumors. As an immuno- 
suppressant it is considered of value in the treatment of the nephrotic 
syndrome and vasculitis associated with systemic lupus erythematosus, 
Wegner’s granulomatosis, idiopathic membranous nephropathy, and 
Behcet's disease. 

It is the slowest-acting and least toxic of currently used nitrogen 
mustards. Its toxicity is manifested mainly as bone-marrow depression, 
although in therapeutic doses it generally is moderate and reversible. 
Most patients have some neutropenia after the third week of treatment 
until approximately 10 days after discontinuation of treatment. Slowly 
progressing lymphopenia also occurs, but it repairs itself quickly after 
treatment. Thrombocytopenia and anemia also occur sometimes. When 
the total accumulated dose exceeds 6.5 mg/kg the incidence of severe 
bone-marrow damage becomes high, and even irreversible toxicity may 
occur. It is mandatory that hemoglobin, leukocyte and platelet counts 
be monitored closely. It is contraindicated for 4 wk after radiotherapy or 
other drugs that depress bone marrow. If possible, it should be avoided 
during the first trimester of pregnancy. 

It is adsorbed well by the oral route. It is degraded extensively in the 
body. The elimination half-life is approximately 1.5 hr. 


CHLOROQUINE HYDROCHLORIDE AND PHOSPHATE—page 1547. 
CHROMIC PHOSPHATE P32—Chapter 104. 
CISPLATIN 


Platinum, diamminedichloro-, (SP-4-2), Platinol 


Cl NH3, 


cis-Diamminedichloroplatinum [15663-27-1]Cl,H,N.Pt (300.06). 

Preparation—A solution of potassium tetrachloroplatinate(II), 
which is prepared by reduction of the hexachloroplatinate(II) salt with 
hydrazine, is neutralized with ammonium chloride and ammonium 
hydroxide. The cis-isomer precipitates (Inorg Synth 1963, 7:239). 

Description—White, lyophylized powder; melts about 207°. 

Solubility—1 g in approximately 1000 mL of water or normal 
saline; 1 g in approximately 42 mL of dimethylformamide. 

Comments—Cross-links DNA and hence acts like alkylating anti- 
neoplastic agents. It is approved as palliative relief for metastatic 
testicular and ovarian tumors and for advanced bladder cancer. It is 
used in various first-choice combinations for the treatment of meta- 
static carcinomas of the testes, ovary, prostate, and cervix; squamous 
cell carcinoma of the head and neck; small-oat-cell and non-small-cell 
cancer of the lung; advanced cancer of the bladder, medulloblastoma, 
and retinoblastoma that has proved refractory to surgery or radiation. 
It also is used alone in the treatment of bladder cancer. 

Acute toxicity includes severe nausea, vomiting, and anorexia, 
which occurs in almost all recipients but can be controlled largely with 
antiemetics. Occasional anaphylactoid reactions occur. Delayed toxicity 
includes ototoxicity (tinnitus or hearing loss in approximately 30% of 
patients), which requires audiometric monitoring; Fosfomycin has been 
reported to attenuate this side effect. Nephrotoxicity, which requires 
monitoring of serum creatinine, urate, and BUN and avoidance of other 
nephrotoxic drugs, is a serious side effect in all patients and is con- 
trolled by forced diuresis (administration of drug in mannitol and 
saline) and hydration prior to administration. Bone-marrow depression, 
which requires leukocyte and platelet counts, occur in 25 to 30% of 
recipients; occasional peripheral neuropathies, loss of taste, and con- 
vulsions are other side effected experienced. Electrolyte deficits, per- 
haps from hemodilution by fluids, have been reported. It combines 
tightly with various proteins, which stimulates the immune system to 
produce various antibodies; the adverse effect of such immune stimu- 
lation are not known. 

It is not absorbed orally and must be given intravenously. Approx- 
imately 90% is bound to plasma proteins. It does not cross the blood- 
brain barrier. Elimination is mainly renal, partly by tubular secretion; 
excretion is nonlinear. The distribution half-life of the unbound drug is 
25 to 49 min and the elimination half-life of total platinum is normally 
58 to 73 hr but may be as long as 240 hr in anuria. However, platinum 
can be identified in tissues, especially liver, kidney, testes, and intes- 
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tine, for prolonged periods of time. Sodium thiosulfate decomposes the 
drug and complexes platinum and thus protects against renal damage 
and certain other toxicity. 


CLADRIBINE 


Adenosine, 2-chloro-2’-deoxy-, Leustatin 


[4291-63-8] C,,H,.CIN,O, (285.69). 

Preparation—By condensing 2,6-dichloropurine with 1-chloro- 
2-deoxy-3,5-di-O-(p-tolyl)-a-D-erythro-pentofuranose in acetonitrile, 
the product(s) purified and separated by chromatography and the 7- 
substituted isomer heated with ammonia-saturated methanol, whereby 
the free chloro group is replaced by amino, to give the product. 

Description—White crystals that melt about 212°; solidifies and 
does not remelt below 300°. 

Solubility—Soluble in water and DMF. 

Comments—Approved for use in hairy-cell leukemia and has use- 
ful activity against several lymphomas and leukemias. It is a synthetic 
antimetabolite that passively crosses the plasma membrane and is 
activated by deoxycytidine kinase to 2-CdAMP. It is both incorporated 
into DNA and inhibits DNA single-strand-break repair. Poly adenosine 
diphosphate-(ADP-) ribosylation of the damaged DNA depletes cellular 
NAD and ATP and disrupts cell cycling. In clinical trials, 92% of 
previously untreated patients and 84% of previously treated patients 
displayed positive clinical responses to a single course of 0.09 mg/kg/day 
administered for 7 consecutive days. 

It is usually administered by continuous intravenous infusion. It 
has a terminal half-life of elimination of approximately 5.4 hr. It is 
cleared mainly by the kidney. In patients who have normal renal 
function, no accumulation of the drug is seen after the normal 7-day 
course of therapy. Severe neutropenia is seen in approximately 70% of 
treated patients starting therapy. This is frequently accompanied by 
fever or infection. Severe anemia appeared in approximately 12% of 
patients. Headache is also a common side effect. A prolonged bone- 
marrow hypocellularity has been noted in 34% of treated patients. This 
condition may last for as long as 3 yr, although its significance is 
unknown. 


CYCLOPHOSPHAMIDE 


2H-1,3,2-Oxazaphosphorin-2-amine, N,N-bis(2-chloroethyl)- 
tetrahydro-, 2-oxide, monohydrate; Cytoxan; Neosar 


Ox 59 


~ 
PO 
Cx + H20 


{6055-19-2] C,H,;Cl,N.O,P-H,O [50-18-0] 
(261.09). 

Caution; Great care should be taken to prevent inhaling its particles 
and exposing the skin to it. 

Preparation—3-Amino-1-propanol is condensed with N,N-bis(2- 
chloroethyl)phosphoramidic dichloride [(CICH,CH,CH,),N—POCI,] in 
dioxane solution under the catalytic influence of triethylamine. The 
condensation is double, involving both the hydroxyl and the amino 
groups, thus effecting the cyclization. 

Description—White, crystalline powder; liquefies on loss of its 
water of crystallization. 

Solubility—1 g in approximately 25 mL water; soluble in alcohol. 

Comments—An alkylating agent. Unlike other B-chloroethylamino 
alkylators, it does not cyclize readily to the active ethyleneimonium 
form until activated by hepatic enzymes. The liver is protected by the 
further metabolism of activated metabolites to inactive end products. 
Thus, the substance is stable in the GI tract, tolerated well, and effec- 
tive by the oral and parenteral routes; it does not cause local vesication, 
necrosis, phlebitis, or even pain. 

Cyclophosphamide is approved for Stage II and IV, malignant 
lymphomas, multiple myeloma, leukemias, mycosis fungoides, neuro- 
blastoma, retinoblastoma, and carcinoma of the breast. Alone or in 
combination, it is the drug of choice for treatment of Burkitt's and 
non-Hodgkin’s lymphomas. It is a component of various first-choice 


(279.10); anhydrous 
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combinations for treatment of Hodgkin’s disease, follicular lymphoma, 
diffuse histiocytic lymphoma, multiple myeloma, squamous cell and 
large-cell anaplastic carcinomas, and adenocarcinoma of the lung, 
small- (oat-) cell lung cancer, soft-tissue sarcomas, embryonal rhabdo- 
myosarcoma, osteogenic sarcoma, retinoblastoma, neuroblastoma, pe- 
diatric solid tumors, Ewing’s sarcoma, breast tumor, ovarian tumors, 
and testicular tumors. In combination, it shares alternative drug status 
with various other drugs for chemotherapy of acute lymphocytic leuke- 
mia, testicular cancer, Wilm’s tumor, glioblastoma, cervical cancer, 
head and neck squamous cell carcinoma, islet cell carcinoma, Kaposi’s 
sarcoma, and chronic lymphocytic leukemia. Active metabolites appear 
in cerebrospinal fluid but in insufficient quantities to treat meningeal 
leukemia. 

It is an immunosuppressive drug. It has been shown to be of value 
in the treatment of rheumatoid arthritis, Wegner’s granulomatosis, 
hemophilia A with factor VIII destruction, idiopathic thrombocytopenic 
purpura (alone or in combination), erythroid aplasia, childhood ne- 
phrotic syndrome, pemphigus and vulgaris and dermatomyositis (in 
combination). It appears to be erratic against systemic lupus erythem- 
atosus. It possibly may be efficacious in the management of uveitis. In 
combination with radiation treatment, it improves the survival of bone 
marrow and probably of heart transplants. The long-term toxicities of 
cyclophosphamide should be considered if the drug is to be used as other 
than a cancer chemotherapeutic agent. 

Alopecia occurs in approximately 50% of patients receiving maximal 
prolonged treatment. Leukopenia is the inevitable side effect and is 
used as an index of dosage. Other side effects include sterile hemor- 
rhagic cystitis in 20% of those receiving treatment, anorexia, nausea 
and vomiting (regardless of route of administration), anaphylactoid 
reactions, fever, hemolytic-uremic reaction, pulmonary infiltrates and 
fibrosis, mucosal ulcerations, dizziness, occasional thrombocytopenia, 
hypoprothrombinemia, nail ridging, cutaneous pigmentation, water in- 
toxication, aspermia in males (3 to 6 months or longer in onset), anovu- 
lation in 30 to 50% of females, and occasional hepatic dysfunction. 
Bladder telangiectasis and abnormal urinary cytology occur; in long- 
term use, bladder fibrosis and transitional cell carcinoma occasionally 
occur. 2-Mercaptoethanesulfonate (Mesna) protects the bladder from 
this acrolein metabolite. The blood count should be monitored closely 
during induction and at least weekly thereafter. Cyclophosphamide is 
relatively platelet sparing; cyclophosphamide is carcinogenic. 

It is absorbed orally. It is distributed to the tissues with a volume of 
distribution greater than the total body water. The drug is metabolized 
by the hepatic microsomal system to alkylating metabolites that, in 
turn, are converted to phosphoramide mustard and acrolein. High doses 
rapidly induce the metabolism of the drug. The plasma half-life is 4 to 
6 hr. 


CYCLOSPORINE 


For the full monograph, see page 1240. 

Comments—Suppresses helper T lymphocytes without signifi- 
cantly affecting suppressor T or B lymphocytes. Thus, it is a selective 
immunosuppressive drug without the cytotoxicity characteristic of most 
other immunosuppressive drugs. Because it works only in the primary 
(afferent) immune phase, it must be administered before exposure to 
the attacking antigen. It has a modest effect to suppress some humoral 
immunity. 

It is the most efficacious immunosuppressive and is approved for 
prevention of graft rejection in allogenic transplantation of kidney, 
liver, or heart. It is less successful in pancreatic, lung, or bone-marrow 
transplantation. It also is used in the management of severe aplastic 
anemia, some cases of myasthenia gravis, childhood diabetes (Type I) of 
recent onset, Graves’ disease, Crohn’s disease, multiple sclerosis, pem- 
phigus and pemphigoid, dermatomyositis, polymyositis, atopic derma- 
titis, severe psoriasis, Behcet’s disease, uveitis, biliary cirrhosis, and 
pulmonary sarcoidosis. It usually is employed in combination with a 
glucocorticoid. Although combination with other immunosuppressives 
usually is avoided, in bone-marrow transplantation it commonly is 
combined with methotrexate. 

Nephrotoxicity is a common, serious adverse effect, occurring with 
an incidence of approximately 25% in renal and 40% in heart trans- 
plantations. In renal transplantation, nephrotoxicity is difficult to dis- 
tinguish from graft rejection. Nonsteroidal anti-inflammatory drugs 
(NSAIDs), aminoglycosides, trimethoprim, or sulfamethoxozole favor 
nephrotoxicity. Hepatotoxicity occurs in 4 to 7% of cases. Hypertension 
occurs in approximately 26% of cases. Benign breast tumors and lym- 
phoproliferative disorders may occur; the latter usually remit after the 
drug is discontinued. 

CNS toxicity includes headache, parethesias (50%), lethargy, weak- 
ness, loquaciousness, sleep disorders, confusion, depression, blurred 
vision, tremors (12%), ataxia, quadraplegia, coma, hallucinations, ma- 


nia, and convulsions. Severe CNS effects have been associated with low 
plasma cholesterol, hypomagnesemia, hypokalemia, high-dose methyl- 
prednisolone, aluminum overload (from dialysis), and hypertension. 
Hirsutism occurs with an incidence of 21% and acne with an 
incidence of 6%. Gum hyperplasia and diarrhea occur in 3 to 4% of 
cases. Leucopenia, anemia, and thromboembolism occur rarely. In- 
sulin- 
dependent diabetes may result from cyclosporine-glucocorticoid com- 
bination. Rare anaphylactoid reactions occur during intravenous 
infusion; polyoxyethylated castor oil in the injection is the usual 
culprit. There is a danger of severe infection, especially when other 
immunosuppressives or verapamil are used concurrently. It is tera- 
togenic. It also is exceedingly expensive, which leads some authori- 
ties to doubt the cost-effectiveness of the drug. The systemic bio- 
availability by the oral route averages 27% but varies greatly; the 
intravenous dose is approximately 3 the oral dose. Plasma levels 
peak in approximately 3.5 hr. In plasma, approximately 90% is 
protein bound. The pharmacokinetics are multicompartmental. The 
volume of distribution is 1 to 13 (av 4) L/kg; it is concentration 
dependent. Nearly all of the drug is metabolized by cytochrome P-450 
III in the liver; 94% of the metabolites are excreted into the bile, and 
6% are excreted into the urine. The elimination half-life is 10 to 27 
hr; there is a circadian periodicity to the elimination rate, the rate 
being faster in the morning. In infants and children, the volume of 
distribution and clearance are greater than in adults. Androgens, 
cimetidine, danazol, erythromycin, ketoconazole, and miconazole 
each slows the elimination rate and increases plasma levels. Trough 
plasma levels should be monitored daily as should be renal function, 
because many treatment failures result from low concentrations. 


CYTARABINE 


2(1H)-Pyrimidinone, 4-amino-1-B-p-arabinofuranosyl-, Cytosine 
Arabinoside; Cytarabine Cytosar-U 


1-B-p-Arabinofuranosylcytosine [147-94-4] C,H,,N,O; (243.22). 

Preparation—Cytidine is reacted with fuming HNO, and the re- 
sulting cytidine 2’,3’,5’-trinitrate is boiled in alcohol containing dilute 
alkali hydroxide to form the inverted 2'-hydroxy compound. Remaining 
nitrate groups are removed by means of saponification. CA 1971:75, 
130077q. 

Description—White to off-white, odorless, crystalline powder; non- 
hygroscopic and stable at 40°; melts about 216°. 

Solubility—1 g in 5 mL water, 500 mL alcohol, 1000 mL chloro- 
form, or 300 mL methanol. 

Comments—A pyrimidine nucleoside antimetabolite that is cyto- 
toxic to a number of cell types. Incorporation of the nucleotidase into 
DNA inhibits polymerization by termination of strand synthesis. It is 
S-phase specific. It is approved for use in acute lymphocytic leukemia. It 
is a component of first-choice combinations to treat both acute and 
chronic myeloblastic leukemias and non-Hodgkin’s and Burkitt’s lym- 
phomas. By the intraventricular route, it is the first alternate to meth- 
otrexate to treat lewkemic metastases in the CNS and also other men- 
ingeal soft-tissue metastases. With other drugs it shares alternative- 
drug status for treatment of acute lymphocytic leukemia and diffuse 
histiocytic lymphoma. There does not appear to be cross refractoriness 
to mercaptopurine, methotrexate, or prednisone. By constant intrave- 
nous infusion, or with frequent low doses, it is also effective in the 
treatment of preleuwkemic syndromes. 

As an immunosuppressant, it suppresses primary (afferent) re- 
sponses in doses that cause little or no other toxicity. It is under active 
clinical investigation. 

This drug is not absorbed sufficiently orally to be maximally effec- 
tive by this route. Oral bioavailability is less than 0.2. However, it does 
penetrate into the cerebrospinal fluid and reaches a concentration of as 
much as 40% of that in plasma. Conversely, intrathecal administration 
can result in systemic toxicity. In the body, 90% is destroyed by deami- 
nation; the plasma elimination half-life is 1 to 3 hr. The elimination 
half-life in the cerebrospinal fluid is approximately 3.5 hr. Because 
detoxification takes place throughout the body, the drug may be given 


in the presence of renal impairment, but the dose should be reduced in 
hepatic failure. 

The primary adverse effects are leukopenia (66%), thrombocyto- 
penia (62%), and, less frequently, anemia and megaloblastosis, 
which are actually closely related to the therapeutic response and 
hence, are essentially unavoidable. Bone-marrow depression is more 
severe when the drug is given in high-dose regimens (15 times the 
usual dose) and by continuous intravenous infusion than by single 
injection. However, there are indications that with low rates of 
infusion an antineoplastic effect can be achieved without serious 
immunosuppression. 

Other side effects are nausea, vomiting (especially after intravenous 
administration), diarrhea, aphthous ulceration, abdominal pain and 
bowel necrosis, esophagitis, chest pain, thrombophlebitis at the site of 
injection, neuritis, arthalgias, flushing, rash, alopecia, sepsis, and ter- 
atogenicity. Liver damage may occur. It should be given cautiously and 
in reduced doses to patients who have liver impairment or bone-marrow 
depression. It must not be given in combination with methotrexate. 
Leukocyte and platelet counts should be made daily during the initial 
course of treatment and at regular intervals during maintenance. High- 
dose treatment may cause serious neurotoxicity (in peripheral nerves, 
mood, ideation, memory, cerebellum, and seizures) and skin and ocular 
toxicities. 


DACARBAZINE 


1H-|Imidazole-4-carboxamide,5-(3,3-dimethyl-I-triazenyl)-, DIC; 
DTIC-Dome 


5-(3,3-Dimethyl-I-triazeno)imidazole-4-carboxamide [4342-03-4] C,H,,N,O 
(182.18). 

Preparation—5-Diazoimidazole-4-carboxamide, obtained by reac- 
tion between 5-aminoimidazole-4-carboxamide and sodium nitrite in 
acid solution, is reacted with an anhydrous solution of dimethylamine 
in methanol at 5 to produce dacarbazine (Shealy et al, J Org Chem 1962, 
17:2150). 

Description—Colorless to ivory-colored microcrystalline powder; 
sensitive to light and heat; reported to melt at 205° and decompose 
explosively at 250° to 255°; pKa 4.42. 

Solubility—Slightly soluble in water or alcohol. 

Comments—lIt is converted in the body to an alkylating metabolite 
that primarily impairs DNA. It is approved for and shares a first-choice 
status with semustine in the treatment of metastatic malignant mela- 
noma. The objective response rate is approximately only 20%. It is also 
a component of first-choice combinations for Hodgkin’s disease |Adria- 
mycin, bleomycin, vinblastine, dacarbazine (ABVD)], and is useful in 
some adult soft-tissue tumors. With several drugs it shares alternative 
status for islet-cell carcinoma and neuroblastoma. 

The most serious adverse effect is bone-marrow depression, which 
occasionally is fatal; the myelogenous leukocytes and platelets are the 
most affected, anemia being mild, when it occurs. Careful monitoring of 
leukocytes, platelets, and erythrocytes is required. If there is preexist- 
ing bone-marrow depression, or if another bone-marrow suppressant 
drug is in use or has been used within 4 wk, the dose must be reduced. 
Anorexia, nausea, and vomiting lasting 1 to 12 hr occur in more than 
90% of recipients of the drug; tolerance occurs after the first few doses; 
phenobarbital or prochlorperazine occasionally arrests the vomiting. 
Diarrhea occurs rarely; food and fluid intake usually are restricted. An 
influenzalike syndrome accompanied by fever as high as 39° can occur; 
myalgia and malaise sometimes occurs approximately 1 wk after large 
doses and may continue for 1 to 3 wk. Facial flushing, facial paresthe- 
sias, and alopecia also have been observed. Abnormalities in liver or 
renal function have been reported, and the drug should be used cau- 
tiously in patients who have liver or renal damage. Extravasation of 
dacarbazine may cause pain and local necrosis. The drug is fetotoxic 
and teratogenic. 

It is eliminated with a terminal half-life of 5 hr. Approximately 
50% of an intravenous dose is metabolized in the liver; by the oral 
route, little remains unchanged, thus making the intravenous route 
necessary. Approximately 40% of the drug appears unchanged in the 
urine within 6 hr. The unmetabolized drug is excreted in the urine by 
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tubular secretion. The volume of distribution is larger than total 
body water. 


DACTINOMYCIN 


Dactinomycin; Meractinomycin; Cosmegen 


ce) 
IN Macerunregnerarecaias =a 
CH, C—Thr-pVal-Pro-MeGly -MeVal 


(0) 
Cee 
CH; C —Thr-pVal -Pro-MeGly-MeVal/ 


4 
0 NH 


Actinomycin D [50-76-0]; Cg.HsgN,.01, (1255.43). 

Caution—Handle with exceptional care, to prevent inhaling particles 
of it and exposing the skin to it. 

Preparation—FElaborated during the culture of Streptomyces par- 
vulus. After extracting from the fermentation broth, it is purified 
through chromatographic and crystallization processes. US patent 
2,378,876. 

Description—Bright-red crystalline powder; light sensitive and 
should be protected appropriately; should be protected from excessive 
heat and moisture; melts about 246° with the decomposition; contains 
in each milligram an amount of antibiotic activity of not less than 900 
yg of dactinomycin. 

Solubility—1 g in approximately 8 mL alcohol, 25 mL water (at 
10°), 1000 mL water (at 37°), or approximately 1666 mL ether. 

Comments—An antineoplastic drug that inhibits DNA-dependent 
RNA polymerase, approved for use in Wilm’s tumor, rhabdomyosar- 
coma, and carcinoma of the testis and the uterus. It is a component of 
first-choice combinations for treatment of choriocarcinoma, embryonal 
rhabdomyosarcoma, and Wilm’s tumor. It no longer has alternative 
drug status for any purpose, although it is still approved for use against 
Ewing’s sarcoma, testicular carcinoma, and sarcoma botyroides. Tu- 
mors that fail to respond to systemic treatment sometimes respond to 
local perfusion. Dactinomycin potentiates radiotherapy (radiation re- 
call). It is a secondary (efferent) immunosuppressive. 

Nausea and vomiting are usual and occur within the first few hours 
after administration of dactinomycin. Anorexia, abdominal pain, diar- 
rhea, proctitis, and GI ulceration follow. The patient also may experi- 
ence malaise, fatigue, lethargy, myalgia, and fever. Cheilitis, ulcerative 
stomatitis, pharyngitis, esophagitis, and proctitis are common. Because 
agranulocytosis, leukopenia, pancytopenia, thrombocytopenia, and ane- 
mia frequently occur, the blood picture must be monitored daily. Cuta- 
neous eruptions, alopecia, hyperpigmentation, and erythema also occur. 
Anaphylaxis has been reported. Side effects appear to be reversible. The 
drug is toxic locally, and phlebitis and cellulitis may occur at the site of 
injection; extravasation may cause serious local tissue damage. Venous 
thrombosis also may result from local effects. 

Half of the dose is excreted intact into the bile and 10% into the 
urine; the half-life is approximately 36 hr. The drug does not pass the 
blood—brain barrier. 


DIETHYLSTILBESTROL DIPHOSPHATE—page 1384. 
DAUNORUBICIN HYDROCHLORIDE 


5,12-Naphthacenedione, (85-cis)-8-acetyl-10-[(3-amino-2,3,6-trideoxy- 
a-t-lyxo-hexanopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8, 11-trihydroxy- 
10-methoxy-, hydrochloride; Cerubidine 


Satie 


[23541-50-6] C,,H, NO, - HCl (563.99). 

Preparation—An antibiotic produced by S peuceticus or S 
coeruleorubidus. 

Description—Red needles decomposing about 190°; pH (aqueous 
solution containing 5 mg/mL) 4.5 to 6.5. 

Comments—Intercalates into DNA, inhibits topoisomerase IJ, pro- 
duces oxygen radicals, and inhibits DNA synthesis. It can prevent cell 
division in doses that do not interfere with nucleic acid synthesis. 
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It is approved for use in acute nonlymphocytic leukemia in adults 
and for acute lymphocytic leukemia in adults and in children. In com- 
bination with other drugs it is included in the first-choice chemotherapy 
of acute myelocytic leukemia in adults (for induction of remission), acute 
lymphocytic leukemia, and the acute phase of chronic myelocytic leuke- 
mia. The drug is not given as a single agent. 

Acutely, it causes nausea, vomiting and fever; rarely, it causes 
convulsions, cardiac dysrhythmias, S-T depression, and pulmonary 
edema; occasionally, it is fatal. Phlebitis at the site of injection or a 
slough from extravasation may occur. It also colors the urine red. 
Delayed toxicity includes frequent bone-marrow depression (with 
leukopenia and thrombocytopenia), which may be severe, and a 
dose-limiting congestive heart failure (CHF). Other toxicities include 
stomatitis and aphthous ulceration, anorexia, hemorrhagic mucosi- 
tis enterocolitis, abdominal pain, fever, rashes, usually reversible 
alopecia (80% of recipients), renal tubular damage, and hematuria. 
Cardiotoxicity also may be delayed. Rhythm disturbances are not 
related to cumulative dose, but a late CHF is frequent when the 
cumulative dose exceeds 550 mg/m’. The onset of failure may occur 
as long as 1 to 6 months after discontinuation of treatment. Dauno- 
rubicin is teratogenic, mutagenic, and carcinogenic. Monitoring of 
blood-cell counts, renal function, and electrocardiogram (ECG) is 
required. 

Oral absorption is poor, and it must be given intravenously. The 
half-life of distribution is 45 min and of elimination, approximately 19 
hr. The half-life of its active metabolite, daunorubicinol, is approxi- 
mately 27 hr. Daunorubicin is metabolized mostly in the liver and also 
secreted into the bile (ca 40%). Dosage must be reduced in liver or renal 
insufficiencies. 


DEXRAZOXANE 


2,6-Piperazinedione, (S)-4,4'-(1-methyl-1,2-ethanediyl)bis-, Zinecard 
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(24584-09-6] C,,H,,.N,O, (268.27). 

Preparation—The S-isomer of propane-1,2-diamine is treated with 
excess chloroacetic acid to yield the tetra-carboxymethyl derivative, 
which is cyclized with formamide at each pair of acetic acid fragments 
to form a bis-imide (2,6-piperazinedione), the title product. US patent 
3,941,791 (1976). 

Description—White crystals that melt at approximately 194°. 
Octanol-water partition coefficient 0.025; pK, 2.1. 

Solubility—In milligrams per milliliter: water, 10 to 12; 0.1 N HCl, 
35 to 43; 0.1 N NaOH, 25 to 34; 10% alcohol, 6.7 to 10; methanol, 1; 0.1 
M citrate buffer pH 4, 9.7 to 14.5; 0.1 M borate buffer pH 9, 8.7 to 13. 
Practically insoluble in nonpolar organic solvents. If the pH is greater 
than 7, it rapidly degrades. 

Comments—Approved for reduction of the incidence or severity of 
cardiomyopathy associated with doxorubicin use in women who have 
breast cancer and whose total doxorubicin dose has reached 300 mg/m?. 
It is a cyclic ethylenediamine tetra-acetic acid (EDTA) derivative that 
penetrates cell membranes. Intracellularly, the ring opens and it che- 
lated iron, thereby interfering with the free-radical generation that 
contributes to doxorubicin cardiomyopathy. 

Peak plasma concentrations are reached 15 to 30 min after a 15-min 
infusion of a 500-mg/m? dose. It is not bound to plasma proteins, and 
approximately 42% of the above dose is cleared in the urine. When 
started with the seventh course of 5-FU, adriamycin, cyclophosphamide 
(FAC) therapy in patients continuing the therapy, it reduced the inci- 
dence of CHF from 22 to 3%. In other studies, it was shown to reduce 
loss of cardiac function and the risk of heart attack. 

It may add to the myelosuppresive action of anticancer regimens. 
Evidence also exists that this drug will reduce the efficacy of FAC 
therapy if used too early. It should be used only in patients who have 
received a cumulative dose of 300 mg/m?. It was found to be materno- 
toxic and embryotoxic in animals. It is not known if it appars in breast 
ilk or if it is dangerous to children. 


DOCETAXEL 


(2R,3S)-N-Carboxy-3-phenylisoserine, N-tert-butyl ester, 13-ester 
with 5£,20-epoxy-1,2@,4,7B,10B,13a-hexahydroxytax-11-en-9-one 
4-acetate-2-benzoate; Taxotere 


lias cael mesa 

HuG=—C=— 

3° i ON SE Ser 
Cae Ae FA ag 


[114977-28-5] C,,;H;,NO,, (807.89). 

Preparation—Complex synthesis with a precursor obtained from 
the needles of the yew plant. US patent 4,814,470 (1989); J Org Chem 
1991, 56:6939. 

Description—White to off-white powder that melts about 232°. 

Solubility—Practically insoluble in water; highly lipophilic. 

Comments—Approved for use in patients who have advanced 
breast cancer and who have progressed after anthracycline therapy. It 
promotes the inappropriate assembly of microtubules and prevents 
their disassembly. Cells experiencing this, arrest in mitosis. It induced 
clinical response in approximately 45% of patient who had advanced 
breast cancer and who progressed after anthracycline treatment with 
approximately 2% complete responses. 

After a 1-hr infusion, its distribution is characterized by three 
compartments with half-lives of 4 min, 36 min, and 11.1 hr. In the 
blood, it is approximately 94% protein bound. Approximately 80% of an 
administered dose is excreted after 1 wk, with approximately 75% 
appearing in the feces. The excreted drug is primarily the major me- 
tabolite that is produced by cytochrome P-450 oxidation of the tertbutyl 
ester group. In patients who have moderate hepatic impairment, total 
clearance of the drug reduced 27%, increasing the AUC 38%. 

Neutropenia is the major toxicity and occurs in virtually every 
patient. Deaths due to sepsis are the most common drug-related lethal- 
ity, as high as 11% in patients who have abnormal liver function. 
Frequent monitoring of blood counts is essential so that doses can be 
adjusted. The drug should not be administered to patients who have 
neutrophil counts less than 1500/mm?*. Deaths due to thrombocytopenia 
and bleeding were seen in patients who had severe liver function 
impairment. Pain, paresthesia, and asthenia are reported frequently. 


DOXORUBICIN HYDROCHLORIDE 


5,12-Naphthacenedione, (85-cis)-10-[(3-amino-2,3,6-trideoxy-a-t-lyxo- 
hexopyransoyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-8- 
(hydroxyacetyl)-1-methoxy-, hydrochloride; Hydroxydaunorubicin 
Hydrochloride; Adriamycin; Rubex; Doxorubicin 


fe) * HC] 


NH, 


14-Hydroxydaunorubicin hydrochloride [25316-40-9] C,,Hs,NO,, ‘HCl 
(579.99). 

Preparation—An anthracycline antibiotic isolated from cultures of 
Streptomyces peucetius var caesius (US patent 3,590,028). It differs 
from Daunorubicin only in having a hydroxyacetyl group in place of the 
acetyl group in daunorubicin, in postion 8. 

Description—Red-orange, crystalline powder; almost odorless; hy- 
groscopic; melts about 205° with decomposition; pKa 8.22. 

Solubility—1 g dissolves in approximately 10 mL water or approx- 
imately 2000 mL alcohol. 

Comments—Approved for use in acute lymphoblastic and myelo- 
blastic leukemias; Hodgkin’s and non-Hodgkin’s lymphomas; Wilm’s 
tumor; neuroblastoma; sarcomas, and breast, ovarian, transitional cell, 
bronchogenic, gastric, and thyroid carcinomas. It has the widest anti- 
neoplastic spectrum and usefulness of the antineoplastic drugs. It binds 


to DNA and inhibits nucleic acid synthesis, inhibits topoisomerase II 
and produces oxygen radicals. Administered alone, it is the drug of first 
choice for the treatment of thyroid adenoma and primary hepatocellular 
carcinoma. It is a component of 31 first-choice combinations for the 
treatment of ovarian, endometrial, and breast tumors; bronchogenic 
oat-cell carcinoma, non-small-cell lung carcinoma; gastric adenocarci- 
noma; retinoblastoma; neuroblastoma; mycosis fungoides; pancreatic 
carcinoma; prostatic carcinoma; bladder carcinoma; myeloma; diffuse 
histiocytic lymphoma; Wilms’ tumor; Hodgkin’s disease; adrenal tu- 
mors; osteogenic sarcoma; soft-tissue sarcoma; Ewing’s sarcoma; rhab- 
domyosarcoma; and acute lymhocytic leukemia. It is an alternative drug 
for the treatment of islet cell, cervical, testicular, and adrenocortical 
cancer. It is also an immunosuppressant, but its status remains to be 
determined. Tumor resistance to this drug may be suppressed by vera- 
pamil. 

There is a high incidence of bone-marrow depression, which mani- 
fests itself mainly as a neutropenia that is most severe 10 to 14 days 
after treatment and lasts approximately 7 days; a white-cell count as 
low as 1000/mm’ is to be expected. Monitoring of leukocytes and eryth- 
rocytes and signs of intercurrent infection is mandatory. Other frequent 
adverse effects are nausea and vomiting and reversible alopecia. Sto- 
matitis and esophagitis may occur 5 to 10 days after treatment. An- 
orexia and diarrhea occur occasionally. Rarely, there may be hypersen- 
sitivity (fever, chills, urticaria), hyperpigmentation of the nails, 
lacrimation, conjunctivitis, and recurrence of skin reactions caused by 
previous radiotherapy. Hyperuricemia from rapid lysis of neoplastic 
cells may occur. 

A serious toxicity is acute left-ventricular cardiomyopathy, which is 
refractory to digitalis. An early change in ECG patterns is not prodro- 
mal of the more serious CHF. This cardiotoxicity is most likely to occur 
with patients in whom the cumulated dose is 550 mg/m”. Prior radio- 
therapy to the chest, concomitant cyclophasphamide therapy, or hyper- 
thermia may cause the cardiomyopathy to occur with a total dose as low 
as 400 mg/m’. Antineoplastic activity has been dissociated from cardio- 
toxicity in certain chemical congeners that may eventually replace this 
drug. Toxicity appears to result from oxidant and free-radical metabo- 
lites. Certain antioxidants, especially bispiperazinedione (ICRF-187) 
and a-tocopherol protect against cardiotoxicity without affecting the 
antineoplastic properties. 

It is locally toxic and causes venous streaking, and extravasation 
results in pain, cellulitis, and sloughing. Its natural color may cause the 
urine to be red. It may potentiate hemorrhagic cystitis caused by cyclo- 
phosphamide, mucositis by radiotherapy, hepatotoxicity by 6-MP and 
the bone-marrow depressant actions of other antineoplastic drugs. 

It is absorbed poorly and must be administered intravenously. The 
pharmacokinetics are multicompartmental. Distribution phases have 
half-lives of 12 min and 3.3 hr. The elimination half-life is approxi- 
mately 30 hr. Forty to 50% is secreted into the bile. Most of the 
remainder is metabolized in the liver, partly to an active metabolite 
(doxorubicinol), but a few percent is excreted into the urine. In the 
presence of liver impairment, the dose should be reduced. 


ESTRAMUSTINE PHOSPHATE SODIUM 


Estra-1,3,5(10)-triene-3,17-diol(17)-, 3-[bis(2-chloroethyl)carbamate] 
17-(dihydrogen phosphate), disodium salt; Emcyt 


I 
(C1CHCH5),NC—O 


[52205-73-9] C,H, )Cl,NNa,O,P (564.35). 

Preparation—A compound of estradiol with a nitrogen mustard 
moiety. 

Description—Off-white powder. 

Solubility—Freely soluble in water or in methanol; slightly soluble 
in chloroform or in anhydrous ethanol; pH of 0.5% solution, 8.5 to 10. 

Comments—An alkylating agent that is among several aternative 
drugs for treatment of cancer of the prostate gland. It is approved for 
metastatic cancer of the prostate. It causes nausea and vomiting, de- 
layed bone-marrow depression, mild gynecomastia, perianal anesthe- 
sia, thrombophlebitis, occasional myocardial infarction, hypertension, 
hypoglycemia, and hepatotoxicity. It is carcinogenic in animals. 
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ETHINYL ESTRADIOL—page 1384. 
ETOPOSIDE 
Vepesid 


9-[(4,6-O-Ethylidene-B-p-glucopyranosyl)oxy]-5,8,8a,9-tetrahydro-5-(4- 
hydroxy-3,5-dimethoxypheny])furo[3’,4’:6,7]-naphtho[2,3-d]-1,3-dioxol- 
6(5aH)-one [33419-42-0] C,oH4,0,, (588.56). 

Preparation—A semisynthetic derivative of podophyllotoxin. See 
J Med Chem 1971, 14:936. 

Description—White to yellow-brown powder; melts about 221°. 

Solubility—Soluble in methanol or in chloroform; slightly soluble 
in ethanol; sparingly soluble in water or in ether. 

Comments—Damages DNA, most likely by means of topoisomer- 
ase II cleavage, and arrests the cell cycle primarily in phase G,, al- 
though it has some action in late S and M. It is approved for refractory 
testicular tumors and small-cell lung cancer. Alone, it is one of two 
drugs of choice for the treatment of Kaposi's sarcoma and one of three 
for non-Hodgkin’s lymphoma. It also is a component of first-choice 
combinations to treat oat-cell bronchogenic carcinoma and refractory 
disseminated germ-cell tumors. It is an alternative drug for use against 
acute lymphocytic leukemia, acute myelocytic leukemia, Hodgkin's dis- 
ease, Wilm’s tumor, choriocarcinoma, diffuse histiocytic lymphoma, 
Ewing’s sarcoma, hepatocellular carcinoma, neuroblastoma, non- 
Hodgkin's lymphoma, and non-small cell bronchogenic carcinoma. 

Acute adverse effects of mild nausea and vomiting, chills and fever; 
postural hypotension, tachycardia, palpitations, and bronchospasm oc- 
cur during and after rapid intravenous infusion. Delayed toxicity in- 
cludes leukopenia (60-90% of recipients), thrombocytopenia (28-41%), 
anemia (= 33%), diarrhea, fever, alopecia, rash, stomatitis, Stevens- 
Johnson syndrome, various other allergic responses, hepatotoxicity 
(3%), and peripheral neuropathy. It increases the hypoprothrombopenic 
affects of warfarin. 

Peroral absorption is 25 to 75%. In plasma, approximately 94% is 
protein bound, and the concentration in the cerebrospinal fiuid is less 
than 10% of that in plasma. Distribution is slow, the initial half-life 
being approximately 1.5 hr. Approximately 35% is excreted unchanged 
in the urine and approximately 6% into bile. A hydroxyacid metabolite 
is excreted in the bile, and the sulfate and glucuronide metabolites are 
excreted in urine. The elimination half-life is 4 to 11 hr. 


ETRETINATE—page 1215. 


FILGRASTIM 


For the full monograph, see page 1271. 

Comments—A single-chain polypeptide containing 175 amino ac- 
ids. Filgrastim is produced by E coli, and therefore has an N-terminal 
methionine. Unlike the human protein, the recombinant form is not 
glycosylated. The drug is purified from bacterial cultures primarily by 
chromatographic means. Neupogen is approved for use in patients who 
have nonmyeloid malignancies or who are suffering from neutrope- 
nia and receiving myelosuppressive anticancer agents. Endogenous 
granulocyte—colony stimulating factor (G-CSF) is produced by mono- 
cytes, fibroblasts, and other cells and acts on neutrophil-granulocyte 
progenitor cells by binding to specific G-CSF receptors. G-CSF is rela- 
tively cell line specific, acting to stimulate neutrophil-committed stem- 
cell proliferation, differentiation, and activation. It also appears to 
stimulate mature neutrophil chemotaxis and phagocytosis, among 
other functions. Eosinophils, basophils and erythrocytes do not appear 
to be affected by filgrastim. 

It generally is tolerated well; bone pain is the most common adverse 
effect. Adverse dermatological effects may be due to increased neutro- 
phils. Such reactions include acute febrile neutrophilic dermatosis, 
leukoblastic vasculitis, and exacerbated psoriasis. Splenomegaly also 
has been documented, possibly due to extramedullary myelopoiesis. 
Drug should be discontinued at blood white cell counts > 10,000/yl. 
Clinical studies have thus far failed to detect development of antibodies 
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to E coli or filgrastim in filgrastim-treated patients. Use of filgrastim 
may promote the growth of myeloid leukemic blasts. 

The half-life of filgastrim is approximately 1.3 hr, but it may be 
longer at higher doses. Renal failure decreases clearance. It is absorbed 
rapidly after subcutaneous injection. It should not be administered 
within 24 hr of a myelosuppressive chemotherapeutic. 


FLOXURIDINE 
Uridine, 2'-deoxy-5-fluoro-, FUDR 


OH 


(50-91-9] C,H, ,FN.O; (246.19). 

Preparation—J Am Chem Soc 1959, 81:4112. 

Description—White to off-white, odorless solid; melts about 151°. 

Solubility—1 g in 3 mL water, 12 mL alcohol, or more than 10,000 
mL chloroform or ether; pH of 2% solution, 4.0 to 5.5. 

Comments—In the body it is converted into a false nucleotide that 
interferes with the synthesis of DNA. It also is converted to fluorouracil, 
so that it potentially has all the actions and uses of Fluorouracil (pages 
1492 and 1558). It is approved for GI adenocarcinoma with metastasis 
to the liver. However, currently, its use is restricted to regional intraar- 
terial infusion of carcinomata that are judged incurable by surgery or 
other chemotherapy, mainly colorectal cancer metastatic to the liver and 
hepatocellular carcinoma. In these uses, it does not appear to be supe- 
rior to fluorouracil. 

The most frequent adverse effects are nausea, vomiting, diarrhea, 
enteritis, localized erythema along the course of infused artery, leuko- 
penia and elevation in serum transaminase, alkaline phosphatase, bil- 
irubin, and lactic dehydrogenase. Other effects are abdominal cramps, 
anorexia, duodenal ulcer, duodenitis, gastroenteritis, pharyngitis, glos- 
sitis, gastritis, alopecia, dermititis, hyperpigmentation, edema, peeling 
of the skin, pruritus, various rashes and skin ulceration, abscesses, 
ataxia, blurred vision, convulsions, depression, hemiplegia, hiccoughs, 
lethargy, nystagmus, malaise, pain, vertigo, asthenia, dysuria, fever, 
hypoadrenalism, thrombocytopenia, prothrombinopenia, hypoproteine- 
mia and aberrations in the sedimentation rate and BSP test. 

It is contraindicated in patients who have cachexia, potentially 
serious infections, or bone-marrow depression. The drug is metabolized 
mainly in the body, but some is excreted unchanged in the urine. 


FLUDARABINE PHOSPHATE 


9H-Purin-6-amine, 2-fluoro-9-(5-O-phosphono-B-p-arabinofuranosy)l)-, 
Fludara 


HO 


(75607-67-9] C,)H,,FN-O,P (365.21). 

Preparation—US patent 4,357,324. 

Description—White powder. 

Solubility—Soluble in water. 

Comments—Supplied as the monophosphate but is rapidly dephos- 
phorylated in vivo to yield the free nucleoside that is actively trans- 
ported into susceptible cells. Once rephosphorylated and part of the 
nucleotide pool of the cell, fludarabine is a potent inhibitor of DNA and 
RNA synthesis, by inhibition of many enzymes involved in nucleic acid 
synthesis. The synthesis of DNA appears to be inhibited at lower 
intracellular concentrations of fludarabine nucleotides. Fludarabine is 
approved for use in chronic lymphocytic leukemia that has proved 
refractory to at least one alkylating agent. It also has activity against 
Hodgkin’s and non-Hodgkin’s lymphomas, mycosis fungoides, and mac- 
roglobulinemia. Fludarabine, administered IV, has a short initial half- 
live of approximately 80 min. The most severe adverse effects involve a 
CNS syndrome and suppression of the hematopoietic system. The CNS 
syndrome includes a delayed blindness, coma, and death that appear at 


high doses. This syndrome is rare in patients receiving the recom- 
mended dose for chronic lymphocytic leukemia. Severe bone-marrow 
suppression results in decreased counts of neutrophil (< 500/l in 59% 
of patients), hematocrit, and platelets in 50 to 60% of patients. The 
myelosuppression may be cumulative. It also is reported to cause pul- 
monary disfunction. 


FLUOROURACIL 


2,4(1H,3H)-Pyrimidinedione, 5-fluoro-, 5-FU; Adrucil; 
Efudex; Fluoroplex 


5-Fluorouracil [51-21-8] C,H,FN.O, (130.08). 

Caution—Great care should be taken to prevent inhaling its particles 
and exposing the skin to it. 

Preparation—Potassium fluoroacetate is reacted with methyl bro- 
mide to form methyl] fluoroacetate that is then subjected to a Claisen 
condensation with methyl formate and sodium ethoxide to produce the 
potassium enolate of the methyl ester of a-fluoromalonaldehydic acid 
(I). Cyclization of I is affected through condensation under anhydrous 
conditions with S-benzylisothiourea. The resulting 2-(benzylthio) com- 
pound is hydrolyzed readily in the presence of acid to form fluorouracil. 
US patent 2,802,005. 

Description—White to practically white, practically odorless, crys- 
talline powder; stable when exposed to air; decomposes about 282°. 

Solubility—1 g in 80 mL water, 170 mL alcohol, or 55 mL metha- 
nol; practically insoluble in chloroform, ether, or benzene; solubility in 
aqueous solutions increases with increasing pH. 

Comments—A congener of uracil that acts both as a surrogate and 
as an antimetabolite of that nucleotide. Its metabolite, 5-fluorode- 
oxyuridine-5'-monophosphate (FUMP), blocks the synthesis of thymi- 
dylic acid and hence of deoxyribonucleic acid; it also is incorporated into 
RNA. Uracil is used preferentially by neoplastic tissue; thus the anti- 
metabolite has some degree of selectivity for the neoplasm. It is ap- 
proved for palliative treatment of cancer of the colon, rectum, stomach, 
breast, and pancreas. It is not curative, but it may bring approximately 
regression of a number of neoplasms. It is the antineoplastic of choice of 
the treatment of colorectal cancer. 

In combination with other drugs it provides chemotherapy of first 
choice in the treatment of breast cancer, islet-cell tumors, squamous cell 
carcinoma of the head and neck, non-small-cell carcinoma of the lung, 
pancreatic and gastric carcinomas, primary hepatocellular carcinoma, 
testicular and prostatic carcinomas, and bladder tumors. It shares 
alternative-drug status for the treatment of endometrial carcinoma; 
squamous cell tumors of the head, neck, and cervix; and ovarian tumors. 
It may be useful in the treatment of neoplasms of the gallbladder and, 
to a lesser extent, those of the esophagus, larynx, thyroid, and pharynx. 
Remissions of as long as 4 yr have been noted in a few instances, 
although the average is a few months. 

The drug also is used topically in the treatment of precancerous 
dermatoses, especially actinic keratosis, for which it is the treatment of 
choice if the lesions are multiple. Even lesions that are not clinically 
discernible respond. For this reason, the drug is applied to the entire 
affected area. Healing continues for 1 to 2 months after treatment. The 
drug does not affect nonkeratotic lesions. It is a secondary (efferent) 
immunosuppressive agent and therefore has not been used in organ 
transplantation. 

The drug is toxic, approximately two-thirds of patients showing 
signs of toxicity; the mortality rate is approximately 3% when treat- 
ment is initiated by daily doses. When the drug is administered by 
intravenous bolus, leukopenia is the principal adverse effect, usually 
occurring between day 7 and day 14, with a nadir at days 21 to 25. 
Leucocytes readily recover if the dose is lowered promptly. Thrombocy- 
topenia is less frequent, with a nadir occurring between day 7 and day 
17. Aphthous ulceration may occur or the appearance of diarrhea are 
signs that therapy should be discontinued temporarily. Other toxic 
effects include vomiting, nausea, GI ulceration (the dose-limiting effect 
of constant infusion), alopecia, dermatitis, hyperpigmentation, pharyn- 
gitis, esophagitis, cerebellar ataxia (sometimes irreversible), and epi- 
staxis. Lassitude and asthenia, lasting from 12 to 35 hr after an injec- 
tion, may occur; severe CNS depression may occur in patients who have 
familial pyrimidinemia. When this drug causes death, it is usually from 
septicemia, so that concomitant antibiotic therapy is advisable. Topi- 
cally, it may induce photosensitization and always erythema, scaling, 
fissuring, tenderness and usually erosion, ulceration, necrosis, and 


re-epithelialization as the result of the therapeutic action, although 
some persons appear to be resistant to this effect. 

By the oral route, there is poor absorption and variable first-pass 
elimination of the drug by the gut and liver, so that intravenous ad- 
ministration is required. At least 60% is metabolized to CO., but more 
than 15% is excreted into the urine. The drug enters the cerebrospinal 
fluid and effusions. The plasma half-life is approximately 10 min, but 
the active metabolite, FUMP, may be detectable for days. 


FLUOXYMESTERONE—page 1392. 
FLUTAMIDE 


Propaneamide, 2-methyl-N-[4-fluoro-3-(trifluoromethyl)phenyl]-, 
Eulexin 


CFs 


cxgcom-(O)) NO, 


CH, 


{13311-84-7] C,,H,,F.,N.O,, (276.21). 

Preparation—See J Med Chem 1967, 10:93. 

Description—Yellow crystals that melt about 110°. 

Solubility—Practically insoluble in water. 

Comments—Approved for use in Stage D or metastatic prostate 
cancer in combination with LHRH analogs. It is a nonsteroidal antian- 
drogen that acts by inhibiting androgen uptake or nuclear binding at 
target tissues. When used with goserelin or leuprolide an radiation, in 
patients who have fairly advanced prostate cancer (StageB2-C), this 
drug significantly lowered local failure rate against radiation alone and 
with hormonal therapy reduced distant metastasis from 36 to 16%; it 
also increased disease-free survival time in patients receiving complete 
hormone therapy to 4.4 yr versus 2.6 yr for those receiving radiation 
alone. 

It is absorbed rapidly and completely when taken orally; it is also 
metabolized rapidly. The major plasma metabolite is the pharmacolog- 
ically active alpha hydroxylate, which accounts for 23% of the dose 1 hr 
after administration. The half-life of this metabolite is approximately 6 
hr in normal healthy volunteers, approximately 9 hr at steady state in 
the elderly. The drug itself accounts for approximately only 2.5% of the 
drug in plasma 1 hr after administration. Both flutamide and the alpha 
hydroxylate are >90% plasma protein bound. In patients who have 
renal impairment, the half-life of the major metabolite was slightly 
prolonged. 

Hepatotoxicity has been noted with the use of flutamide, and hepatic 
function should be monitored. Treatment should be discontinued if 
serum transaminase levels exceed 2 or 3 times the normal upper limit. 
Likewise, methemoglobinemia, hemolytic anemia, and cholestatic jaun- 
dice have been noted. Malignant breast neoplasms and gynecomastia 
have occurred in male patients taking drug. Urine discoloration and 
photosensitivity also occur with drug intake. 


GOLD AU—see Chapter 29. 
GEMCITABINE HYDROCHLORIDE 


Cytidine, 2'-deoxy-2’,2’-difluoro-, monohydrochloride; Gemzar 


HC) 


{122111-03-9] C,H,,F,N.0, - HCl (299.66). 

Preparation—The acetonide of 2,3-dihydroxypropanal (chiron— 
from mannitol) undergoes a Reformatsky reaction with ethyl 2,2- 
dibromo-2-fluoroacetate to yield the classic alcohol product, which is 
then benzylated to protect the generated OH group. Treatment with 
acid removes the acetonide group and the resulting diol forms a lactone 
with the y-OH function. The free OH is benzylated (protection) and the 
lactone carbonyl reduced to form a mixture of isomers of 3,3-difluoro- 
4,5-di(benzyloxy)-2-furanol and the free OH is converted to a mesyl 
ester (I) with methanesulfonyl chloride and base. Cysteine is reacted 
with trimethylsilyl chloride to silylate the hydroxyl and amino groups 
(II). Compound I reacts with II, accompanied by loss of the mesyl group 
and, after removal of the benzyloxy groups with ammonia, yields the 
title compound. 
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Description—White to off-white powder that melts about 290° (dec). 

Solubility—Soluble in water; slightly soluble in methanol; practi- 
cally insoluble in ethanol or in polar organic solvents. 

Comments—Indicated as first-line treatment for Stage II or above 
adenocarcinoma of the pancreas or in patients previously treated with 
5-FU. After uptake into the cellular phosphoneucleotide pool, its 
triphosphate salt serves as a substrate for DNA polymerase but results 
in inhibition of DNA strand elongation. Clinical trials have shown that 
this drug yielded significant improvement over 5-FU for previously 
untreated pancreatic cancer, both with respect to time to disease pro- 
gression and survival. The volume of distribution increases with dura- 
tion of infusion, indicating that shorter infusions do not reach maximal 
distribution. It is eliminated by the kidneys, with no drug accumulating 
after weekly dosing. 

Nausea and vomiting are relatively common adverse reactions, al- 
though myelosuppression is dose-limiting toxicity. Approximately 19% 
of patients required red-blood-cell (RBC) transfusions, and 16% suf- 
fered mild hemorrhage. Dyspnea was reported in 235 of the patients. 


IMMUNE GLOBULIN 


BayRho-D; Gammimune-N; Gammagard; Gamma-P; RhoGam; 
MICRhoGam 

Preparation—From immunoglobulin G (IgG) derived from pooled 
human plasma. 

Comments—Containing antibodies to Rho(D), it is approved for 
use in Rh-negative women who have been exposed to Rh-positive fetal 
blood as a result of hemorrhage induced by various causes. These might 
include amniocentesis, trauma, abortions, or delivery. Administration 
of the concentrated antibodies against this erythrocyte antigen blocks 
immune response and prevents immunization of the mother and hemo- 
lytic disease in Rh-positive fetuses of subsequent pregnancies. It also 
can be used in Rh-negative individuals wrongly transfused with Rh- 
positive blood. Side effects are minimal and include a possible mild 
fever. 


GOSERELIN ACETATE 


Luteinizing hormone-releasing factor (pig) 6-[O-(1,1-dimethylethyl)- 
p-serine]-10-deglycinamide-, 2-(aminocarbonyl)hydrazide, acetate 
salt; Zoladex 


(e) 


ll 
H—5 oxoPro-His Trp - Ser - Tyr -0-Ser( ¢- Bu )- Leu - Arg - Pro- NH—NH—C—NH2° CH3COOH 
\ 6 ? < 


4 4 5 # 3) 


[65807-02-5 (goserelin)] C,,H,,N,.O,, * C.H,O. (1329.48). 

Preparation—J Med Chem 1978, 21, 1018. 

Description—White to off-white powder. 

Solubility—Soluble in water, dilute acids, or bases; aqueous solu- 
tion pH approx 6.0. 

Comments—A synthetic LHRH (GnRH) analog that acts as a po- 
tent inhibitor of pituitary gonadotropin secretion. Proliferation of pros- 
tatic cells and usually prostatic neoplastic cells are simulated by dihy- 
dortestosterone generated locally from circulating testosterone (80%); 
hence it is directly under the control of LH-RH/FSH/RH. Like the 
natural releasing hormone, treatment with this drug initially causes an 
acceleration of the growth of prostatic tumors; however, it later causes 
a decline in tumor growth rate, as a result of downregulation (densen- 
sitization) of LH-RH/FSH-RH receptors in the anterior hypophysis and 
androgen receptors in prostatic tumor cells. It is approved for palliative 
treatment of prostatic carcinoma; however, it is active against estrogen 
receptor positive breast cancer. 

Recipients often experience an exacerbation of the cancer during the 
first few weeks of treatment. This results in temporarily increased bone 
destruction and pain in approximately 8% of cases; hypercalcemia, 
renal insufficiency, and urinary obstruction may occur. The concurrent 
use of the antiandrogen and flutamide, prevents these flareups. As 
downregulation develops and androgen-estrogen blood levels decline to 
castration levels, approximately 60% of the patients have hot flashes 
that gradually recede. In male patients, loss of libido and sexual dys- 
function are common. Plasma levels of phosphatase and appropriate sex 
hormone should be monitored; hormone levels reach castration values 
in approximately 2 wk; and phosphatase returns to baseline levels in 
4 wk. 


HYDROXYPROGESTERONE CAPROATED—see RPS-19, page 1095. 
HYDROXYUREA 


Hydroxycarbamide; Hydrea H,NCONHOH 
(127-07-1] CH,N,,0, (76.05). 
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Preparation—By interaction of hydroxylamine hydrochloride and 
potassium cyanide. 

Description—White powder; odorless; essentially tasteless; melts 
about 135°. 

Solubility—Freely soluble in water. 

Comments—Inhibits synthesis of DNA but not of RNA. It is lethal 
to cells in the S phase and also holds cells in the G, phase in which they 
are more sensitive to irradiation. It shares first-choice status with 
busulfan for the treatment of the chronic phase of chronic myelocytic 
lewkemia. The value of either drug as a backup drug for the other may 
be limited by cross resistance. It sometimes is combined with radiation 
to treat squamous cell carcinoma of the head and neck or used alone to 
treat inoperable ovarian carcinoma in which it has erratic palliative 
actions; superior chemotherapy is retiring it from such uses. 

As an immunosuppressant, it may be used in the treatment of 
psoriasis. It appears to improve the condition of the patient in a high 
percentage of cases, but the quality of the response may not be as good 
as with some other drugs. Thus it has an unsettled status. 

Its most serious side effect is bone-marrow depression in which the 
neutrophils are most affected: the leukocyte count drops approximately 
50% in 2 to 4 days but recovers within a week. Thrombocytopenia and 
anemia are uncommon. Megaloblastosis may occur. Aphthous ulcer- 
ation, nausea, vomiting, diarrhea, headache, vertigo, disorientation, 
hallucinations, convulsions, minor rashes, and pruritus also may occur. 
Elevated BUN and hyperuricemia and urate nephrolithiasis have been 
reported. It is eliminated mainly by renal excretion. The drug is con- 
traindicated in renal failure and when there is previous bone-marrow 
depression. The blood-cell population and kidney and liver functions 
must be monitored weekly. 


IDARUBICIN HYDROCHLORIDE 


5,12-Naphthacenedione, (75S-cis)-9-acetyl-7-[(3-amino-2,3,6-trideoxy- 
a-t-lyxo-hexopyranosyl)oxy]-7,8,9,10-tetrahydroxy-, hydrochloride; 
Idamycin; Zavedos 


(e) OH fe) 
lls 


HC) 


[57852-57-0] C.,H.,NO, - HCl (533.96). 

Preparation—See US patent 4,046,879 (1977). 

Description—Orange crystals that melt about 184° (or 173°). 

Comments—Approved for use with other approved drugs for the 
treatment of acute myelogenous leukemia (AML) in adults. Clinical 
trials showed it to be superior to daunorubicin when used with cytar- 
abine in the induction and the duration of remissions in previously 
untreated AML. It is a highly lipohilic synthetic anthracycline. Its 
cellular uptake is increased over other anthracyclines, although it 
shares the topoisomerase II cellular target. It exhibits high levels of 
tissue binding and undergoes extensive extrahepatic metabolism. Elim- 
ination is primarily by means of biliary and secondarily by means of 
renal excretion of the biologically active major metabolite idarubicinol 
(13-dehydroidarubicin). It is thought to penetrate into the cerebrospinal 
fluid, and both idarubicin and idarubicinol are approximately 95° bound 
to plasma proteins. 

The terminal half-life of elimination for idarubicin varies widely, 
but averages approximately 22 hr. The half-life for elimination of ida- 
rubicinol is longer than 45 hr; thus it accumulates to higher levels than 
idarubicin and may contribute significantly to the therapeutic effect. 
Patients who have moderate levels of hepatic dysfunction exhibit ele- 
vated levels of circulating drug, so care must be taken in treating such 
patients. The drug should not be administered if bilirubin levels are 
higher than 5 mg/dL. 

Myelosuppression is the major toxicity resulting from idarubicin 
administration; care should be taken when the drug is administered to 
patients who have low WBC counts or who previously have received 
radiation therapy. Bleeding and infection have followed therapy. Car- 
diotoxicity resembling CHF is common. Although difficult to predict, 
cardiotoxicity is associated with a decrease in left ventricular end 
volume. Administration necessitates close monitoring of thepatient for 
blood counts and cardiac, renal, and hepatic function. 


IEOSFAMIDE 


2H-1,3,2-Oxazaphosphorin-2-amine, N,3-bis(2-chloroethyl) 
tetrahydro-, 2-oxide; Ifex 


OL 2° 
PO 
ike NHCH,CH, Cl 


BachecHe ct 


(3778-73-2] C,H,<C,.N,O5P (261.09). 

Preparation—Reaction of 3-(chloromethylamino)-1-propanol with 
POCI, yields the N-(2-chloroethyl)-P-chlorooxaphosphorane oxide, 
which with 2-chloroethylamine yields the product. US patent 3,732,340. 

Description—White crystals that melt about 40°. 

Solubility—Soluble in water. 

Comments—An investigational alkylating agent isomeric with cy- 
clophosphamide. It is a component of a first-choice combination for the 
treatment of adult soft-tissue sarcomas and testicular cancer. It is an 
alternative drug for the treatment of acute lymphocytic leukemia, acute 
myelocytic leukemia, breast carcinoma, Burkitt’s lymphoma, colorectal 
carcinoma, diffuse histiocytic lymphoma, Ewing’s sarcoma, melanoma, 
non-small-cell lung carcinoma, oat-cell carcinoma, pancreatic carci- 
noma, testicular carcinoma, ovarian carcinoma, and Wilm’s tumor. 
Nausea and vomiting occur acutely. Delayed toxicity includes bone- 
marrow depression, hemorrhagic cystitis, alopecia, and a usually tem- 
porary sterility. It is converted slowly to an active metabolite, the 
half-life being approximately 15 hr. The active metabolites are rapidly 
bound to proteins. The volume of distribution is larger than that of total 
body water. 


INTERFERON ALFA-2a, RECOMBINANT 


For the full monograph, see page 1241. 

Comments—lIdentical to one of the human alpha-interferons. In- 
terferons and other cytokines are discussed in Chapter 60. It increases 
class I histocompatibility molecules on lymphocytes, enhances the pro- 
duction of ILs-1 and -2 (which mediate much of the toxic and therapeu- 
tic effects), modulates antibody responses, and enhances NK cell activ- 
ity. It also inhibits tumor-cell growth by its ability to inhibit protein 
synthesis. It also is antiproliferative and thus can be immunosuppres- 
sive. The action on NK cells is the most important for its antineoplastic 
action. It is approved for use in hairy-cell leukemia and AIDS-related 
Kaposi's sarcoma. It shares first-choice status for the treatment of 
hairy-cell leukemia and Kaposi's sarcoma and is the drug of choice for 
treatment of renal cell carcinoma. It also is an alternative drug for use 
against chronic myelocytic leukemia multiple myeloma (21% respond), 
melanoma (13-23% respond), and advanced cutaneous T-cell lympho- 
mas. Preliminary trials also show promising efficacy against ovarian 
carcinoma, non-Hodgkin’s lymphoma, and metastatic carcinoid tumor. 

It has antiviral activity, especially against RNA viruses. It has been 
shown to be effective in the treatment of varicella in immunocom- 
promised children, non-A and non-B hepatides, genital warts, and lym- 
phoproliferative disorders caused by Epstein-Barr virus and in the 
prevention of cytomegalovirus, rhinoviral colds, and even possibly op- 
portunistic bacterial infections in renal and other transplant recipients. 
Other investigations are in progress. 

It enhances the targeting of monoclonal antibody-tethered cytotoxic 
drugs to cancer cells. 

Toxicity varies directly with the dose and the rate of absorption. 
Antiviral effects, without toxicity, can be achieved with 3 x 10° IU. No 
adverse effects accrue to intranasal doses of 2.5 x 107 IU. 

Antibodies to rIFN-aA develop, which may cause refractoriness to 
occur. 

The following adverse effects with antineoplastic doses have inci- 
dences of 75 through 98% (in order of decreasing incidence): fever 
(IL-1-mediated), fatigue, elevated SGOT, and myalgias; 50 through 
74%: headache, leukopenia, chills, neutropenia, and hypocalcemia; 25 
through 49%: proteinuria, elevated alkaline phosphatase, anorexia, 
thrombocytopenia, nausea, hyperglycemia, hyperbilirubinemia, diar- 
rhea, and proteinuria; 10 through 24%: dizziness, rash, hyperphos- 
phatemia, oropharyngeal inflammation, hyperuricemia, weight loss, 
pruritus, dry skin, and azotemia; 5 through 9%: anemia, emesis, con- 
fusion, arthralgia, sweating, alopecia, paresthesias, numbness, leth- 
argy, and hypotension; less than 5%: lethargy, nervousness, night 
sweats, conjunctivitis, sleep disturbances, edema, dysrhythmias and 
chest pain, decreased libido, impotence, etc. Interstitial nephritis and 
renal failure rarely occur. Many of the adverse effects diminish after 
several days of continued treatment. Interferons are expensive. 

It is not absorbed perorally. By the intravenous route, it entirely 
disappears within 4 hr, but by the intramuscular or subcutaneous route 
disapperance takes 6 to 7 hr. 


INTERFERON ALFA-2b, RECOMBINANT 
For the full monograph, see page 1241. 

Comments—lIt is approved for use in hairy-cell leukemia, AIDS- 
related Kaposi’s sarcoma, condylomata acuminata, and chronic hepati- 
tis. Its actions are nearly those of rIFN-aA, and the uses are presently 
the same, except that it appears to be somewhat less effective against 
melanoma, and antibody formation is less. Neither alpha interferon has 
been studied in a sufficient number of cases to ascertain whether 
adverse effects differ substantially; they seem to be qualitatively 
the same but perhaps of slightly lower incidence and severity with 
rIFN-a-2. 


IRINOTECAN HYDROCHLORIDE TRIHYDRATE 


[1,4'-Bipiperidine]-1'-carboxylic acid, 4,11-diethyl-3,4,12,14-tetra- 
hydro-4-hydroxy-3,14-dioxo-1H-pyrano[3’,4’:6,7]indolizino- 
[1,2-b]quinolin-9-yl ester, monohydrochloride, trihydrate; 

Camptosar; CPT-11 


BOL hos. 
CHj—CH, 


[136572-09-3] C.,H3.N,O, - HCl: 3H,O (677.20). 

Preparation—A semisynthetic derivative of camptothecin, an al- 
kaloid derived from plants (e.g., Camptotheca acuminata). US patent 
4,604,463 (1986). 

Description—Pale yellow needles that melt about 257°. 

Solubility—Slightly soluble in water or organic solvents; pH of a 
2% aq solution is 4. 

Comments—Indicated in metastatic carcinoma of the colon or the 
rectum in patients failing 5-FU therapy. It is a prodrug that is con- 
verted to the active metabolite, SN-38, in vivo. This conversion is 
attributed primarily to carboxylesterase enzymes located in the liver 
and is linear with dose. The activating enzymes do not appear to be 
saturable or inducible. SN-38 is a potent inhibitor of topoisomerase I. It 
causes the enzyme to freeze at a step in catalysis where it exists as a 
covalent adduct to a nicked strand of the DNA helix. Cancer-cell resis- 
tance to SN-38 may arise from lowered levels of topoisomerase I or from 
specific topoisomerase I mutations. 

SN-38 is inactivated largely by glucuronidation. Urinary excretion 
of irinotecan accounts for approximately 15% of the dose. Very little 
SN-38 is eliminated via the kidney, but 3% of the dose appears in the 
urine as the SN-38-glucuronide. Cumulative urinary and biliary excre- 
tion over 48 hr ranges from 25 to 50%. After IV infusion, drug levels in 
plasma drop in a multiexponential manner with a terminal half-life of 
approximately 6 hr. The terminal half-life for SN-38 is approximately 
10 hr. Maximal concentrations of SN-38 are generally seen 1 hr after a 
90-min infusion of the drug. After a 125-mg/m* infusion. Maximal 
plasma concentrations of irinotecan equal approximately 1660 ng/mL, 
whereas maximal SN-38 concentrations equal approximately 26 ng/mL. 

This drug can induce early and late forms of diarrhea. The early 
form is transient and is cholinergic in derivation. The later form of 
diarrhea, due to cytotoxic effects on gut lining, can be prolonged and can 
result in dehydration or electrolyte imbalance. Severe myelosuppres- 
sion and death due to sepsis have followed its administration. Therapy 
should be discontinued temporarily if neutropenic fever occurs or if the 
neutrophil count drops to less than 500/mm® or if total WBC count 
drops to less than 2000/mm. Patients previously receiving pelvic or 
abdominal irradiation are at particular risk for myelosuppression. This 
drug may harm the fetus and may be excreted in breast milk. 


LETROZOLE 


Benzonitrile, 4,4’-(1H-1,2,4-triazol-1-ylmethylene)bis-, Femara 


{112809-51-5] C,,H,,N, (285.31). 
Preparation—A mixture of a-bromo-p-tolunitrile and 1,2,4-tria- 
zole in chloroform and acetonitrile is stirred to give 1-(p-cyanotolyl)- 
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1,2,4-triazole which is then treated with a-fluoro-p-tolunitrile and po- 
tassium ft-butoxide to yield the product. US patent 4,978,672 (1990) and 
US patent 5,473,078 (1995). 

Description—White to yellowish-white, practically odorless, crys- 
talline powder melting about 185°. 

Solubility—Freely soluble in methylene dichloride; slightly soluble 
in ethanol; practically insoluble in water. 

Comments—Approved for use in postmenopausal women who have 
breast cancer that has progressed after antiestrogen therapy. It is a 
nonsteroidal inhibitor of aromatase. It binds the heme portion of the 
P-450 subunit of the enzyme and reduces the production of estrogen in 
all tissues. Treatment with this drug significantly lowers serum estrone 
and estradiol. It is effective as ovarectomy at raising serum luteinizing 
hormone (LH) while not increasing follicle-stimulating hormone (FSH). 
It causes regression of estrogen-stimulated neoplasia. 

It is rapidly and completely absorbed from the GI tract. Its absorp- 
tion is unaffected by coadministration wit food. Plateau blood levels are 
reached after 2 wk daily dosing with 25-mg tablets. It has a large 
volume of distribution and displays a terminal half-life for elimination 
of approximately 2 days. The major pathway for elimination is by 
means of metabolism to an inactive carbinol metabolite and the renal 
clearance of the glucuronide conjugate of the carbinol. Approximately 
90% of the drug appears in the urine, approximately 75% of it as the 
conjugated metabolite. Cytochrome P-450 enzymes are likely responsi- 
ble for the metabolism, and the drug is known to inhibit some of these 
enzymes. Renal dysfunction was not found to affect circulating drug 
levels, while moderate hepatic dysfunction increased levels of circulat- 
ing drug 37%. 

In clinical studies, approximately 3% of patients discontinued ther- 
apy for reasons other than cancer progression. A minor incidence of 
thromboembolism and vaginal bleeding was observed. Patients receiv- 
ing the drug did not require replacement corticoid therapy. 


LEUCOVORIN CALCIUM—page 1815. 
LEUPROLIDE ACETATE 


6-p-Leucine-9-(N-ethyl-t-prolinamide)-10-deglycinamide-, 
monoacetate salt; Lupron 


H—5-oxoPro-His-Trp - Ser - Tyr-p-leu-Leu-Arg-Pro—NHEt * CH,CO 


Leuprorelin; LH releasing factor (pig). [74381-53-6] C;)5Hs,N,,0,.° 
C.H,O, (1269.47). 

Comments—An analog of the gonadotropin-releasing hormone, 
LH-RH/FSH-RH. Proliferation of prostatic and usually of prostatic neo- 
plastic cells is stimulated by dihydrotestosterone generated locally from 
circulating testosterone (80%); hence it is indirectly under the control of 
LH-RH/FSH/RH. Like the natural releasing hormone, treatment with 
this drug initially causes an acceleration of the growth of prostatic 
tumors; however, it later causes a decline in tumor growth rate, as the 
result of downregulation (densensitization) of LH-RH/FSH-RH recep- 
tors in the anterior hypophysis and androgen receptors in prostatic 
tumor cells. It is approved for use only for palliative treatment of 
prostatic carcinoma when orchiectomy or estrogen therapy is rejected 
by the patient; however, it is analogously active against estrogen re- 
ceptor-positive breast cancer. 

Recipients often experience an exacerbation of the cancer during the 
first few weeks of treatment. This results in temporarily increased bone 
destruction and pain in 3 to 10% of cases, and hypercalcemia and 
urinary obstruction may occur. The concurrent use of the antiandrogen, 
flutamide, prevents these flareups. As downregulation develops and 
androgen-estrogen blood levels decline to castration levels, approxi- 
mately half of the patients have hot flashes which gradually recede. In 
male patients there is commonly loss of libido, impotence, and gyneco- 
mastia. Nausea and vomiting, edema, changes in bone density and 
thrombophlebitis are uncommon complications. Plasma levels of phos- 
phatase and appropriate sex hormone should be monitored; hormone 
levels reach castration values in approximately 2 wk and phosphatase 
to baseline levels in 4 wk. 


LEVAMISOLE HYDROCHLORIDE 


Imidazo[2,1-b]thiazole, (S)-2,3,5,6-tetrahydro-6-phenyl-, 
monohydrochloride; Ergamisol 


Orca - HCI 


[16595-8--5] C,,H,.N.S - HCI (240.75). 
Preparation—US patent 3,274,209 or 3,579,530. 
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Description—White to cream-colored crystals. 

Solubility—1 g in 2 mL water or 5 mL methanol; practically insol- 
uble in ether. 

Comments—A drug that predominantly stimulates, but also sup- 
presses, immune responses to a variety of antigens, depending on dose 
and timing of administration. It acts upon T lymphocytes, B lympho- 
cytes, monocytes, macrophages, and neutrophils to modify their prolif- 
eration, mobility, and factor-release. It does not act on killer or NK cells. 
An increase in monocyte chemotaxis is thought to be the most impor- 
tant action. Its effects on T lymphocytes are more pronounced than 
those on B lymphocytes. Clinical interest focuses on the immune stim- 
ulatory effects, especially in the treatment of cancer. It is approved for 
use after surgical resection of colon cancer and for coadministration 
with 5-FU. It is most ineffective in the induction of tumor regression, 
although it may be occasionally effective against breast carcinoma, 
ovarian carcinoma, and AML. It is most useful for the stabilization of 
remission in breast carcinoma, bronchogenic carcinomas, squamous cell 
sarcomas of the head and neck, gastric carcinoma, leukemias, and 
myeloma. It has been reported to be effective in the management of 
certain immune disorders, namely, erythema multiforme, lupus erythe- 
matosis, and rheumatoid arthritis, against which it seems to be as 
effective as penicillamine. There also are reports of anti-infectious 
activity against aphthous stomatitis, chronic brucellosis, leprosy, and 
staphylococcal infections. Adverse effects are usually mild and infre- 
quent. They include vertigo (especially with ethanol), nausea, vomiting, 
headache, fever, dermatitis, and granulocytopenia. It readily is ab- 
sorbed orally. It is metabolized nearly entirely in the liver. The elimi- 
nation half-life is approximately 4 hr. 


LOMUSTINE 
Urea, N-(2-chloroethyl)-N’-cyclohexyl-N-nitroso-, CCNU; CeeNU 


O CH,CH,C) 
Riva” 
NCN 

(AN 

H 


N=0 


1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea [13010-47-4] C,H,,CIN.O. 
(233.70). 

Preparation—This drug, a cytotoxic nitrosourea, may be prepared 
by nitrosation of its substituted urea moiety (see preparation of Car- 
mustine), page 1486. 

Description—Yellow powder. 

Solubility—Practically insoluble in water, soluble in alcohol; 
highly soluble in lipids. 

Comments—It has been approved for use in brain cancer and 
Hodgkin’s disease. A chemical congener of Carmustine (page 1486) and 
has similar mechanisms of action and shares some of the same uses. 
Like carmustine, it reaches high concentrations in the cerebrospinal 
fluid and hence shares with carmustine a first-choice status for the 
treatment of glioblastoma. It has alternative drug status for treatment 
of Hodgkin’s and diffuse histiocytic lymphomas, multiple myeloma, non- 
small-cell lung cancer, and renal carcinoma. It also is used in bone- 
marrow transplantation in Hodgkin’s disease. 

The adverse effects are similar to those of carmustine except that 
there may be rare interstitial pulmonary fibrosis. Nausea and vomiting 
occur later (3 to 6 hr) and last longer (24 hr). Thrombocytopenia and 
leukokpenia reach nadirs in 4 and 6 weeks, respectively, and last 1 to 2 
wk. Stomatitis, alopecia, anemia, and mild, transient hepatotoxicity 
occasionally occur. Dysarthria, ataxia, lethargy, and disorientation 
have been reported. Monitoring of leukocyte counts is required. When 
other myelosuppressive drugs are in use or have been used within the 
previous 4 wk, the dose of lomustine should be reduced. 

Lomustine is absorbed well orally and survives the first pass 
through the liver to be effective by the oral route. It is distributed 
among the tissues with a volume of distribution greater than total body 
water. In the cerebrospinal fluid, the concentration of metabolites 
reaches 150% of that in plasma. Biotransformation occurs throughout 
the body; the half-life is approximately 15 min; the half-lives of metab- 
olites are 48 hr. 


LYMPHOCYTE IMMUNE ANTI-THYMOCYTE GLOBULIN 
(EQUINE) 


Atgam 

A preparation of equine immunoglobulin containing antibodies (primar- 
ily IgG) prepared from the hyperimmune serum of horses immunized 
with human thymus lymphocytes. 

Description—Transparent to slightly opalescent (pink) aqueous 
solution of the protein. 

Comments—Attacks T lymphocytes but not B lymphocytes. Its 
approved use is the prevention of allograft rejection in renal transplan- 


tation. Efficacy is enhanced and adverse effects are attenuated when 
the globulin is used in combination with other immunosuppressive 
agents. The globulin also has been reported to be of value in the 
treatment of T-cell leukemias, graft-versus-host disease, and selected 
cases of aplastic anemia. Frequent adverse effects include chills, fever, 
urticaria, pruritus, generalized rashes, leukopenia, and thrombocyto- 
penia. Less frequently experienced adverse effects are nausea, vomit- 
ing, stomatitis, diarrhea, hypotension, chest pain, back pain, night 
sweats, pain at the injection site, and peripheral thrombophlebitis. 
Rarely there may be tachycardia, myalgias, pulmonary edema, serum 
sickness, anaphylaxis, laryngospasm, local and systemic infections, and 
activation of herpes simplex infections. Prior to use, a skin test for 
sensitivity to horse serum is advisable. The half-life 3 to 9 days. 


MECHLORETHAMINE HYDROCHLORIDE 


Ethanamine, 2-chloro-N-(2-chloroethyl)-N-methyl, hydrochloride 
Nitrogen Mustard: HN2; Mustargen 


CH3N(CH2CH2Cl)s + HCI 


2,2'-Dichloro-N-methyldiethylamine hydrochloride [55-86-7] C;H,,CI,N - 
HC] (192.52). 

Caution—This is a vesicant, and the powder or its solution is irri- 
tating to the respiratory tract. 

History—The medical uses for nitrogen mustards were discovered 
as a result of chemical warfare research on vesicant agents during 
World War II. After noting that these agents brought about dissolution 
of lymphoid tissue, L Goodman, A Gilman, and T Dougherty were 
prompted to study the effect of nitrogen mustards on transplanted 
lymphosarcoma in mice. The first clinical trial with these agents was 
conducted in 1942. 

Preparation—Among other ways, the base may be synthesized by 
reacting methylamine with a double equimolar portion of ethylene 
oxide to produce N-methyldiethanolamine, which then is reacted with 
thionly chloride. After purification, the base then may be converted 
conveniently to the hydrochloride by dissolving it in a suitable organic 
solvent and passing HCl into the solution. 

Description—White, crystalline, hygroscopic powder that melts 
about 109°; pH (1:500 aqueous solution) 3 to 5. 

Solubility—Soluble in water; soluble in alcohol. 

Comments—tThe prototype of a series of alkylating agents called 
the nitrogen mustards. The £-chloroethyl groups lose chloride ions to 
generate carbonium and azaridium (ethylenimonium) ions, which are 
extremely reactive and alkylate many biologically important chemical 
groups. In DNA they alkylate guanine groups; if one arm alkylates one 
guanine moiety and the second arm another guanine on the opposing 
strand of double-stranded DNA, the DNA becomes irreversibly cross- 
linked. This inhibits mitosis and also may cause chromosomal break- 
age. Relatively undifferentiated germinal cells are nonproliferative and 
hypertrophied during exposure to the drug, but the more differentiated 
germinal cells disintegrate. Certain neoplastic growths, particularly of 
the lymph nodes and bone marrow, are somewhat more sensitive to the 
drug than are the normal more slowly proliferative tissues. It is ap- 
proved for use in Hodgkin’s disease, lymphosarcoma, chronic lympho- 
cytic and myelocytic leukemia, polycythemia vera, mycosis fungoides, 
and bronchogenic carcinoma. 

Although this was the drug that ushered in the era of cancer che- 
motherapy, it is still used today. The combinations known as MOPP 
(mechlorethamine, vincristine, procarbazine, prednisone) and MOP 
(MOPP without prednisone) offer two first-choice treatments for 
Hodgkin’s disease. It is also a component of first-choice combinations to 
treat medulloblastoma and diffuse histiocytic lymphoma. Mechloreth- 
amine’s only other therapeutic status of note is as the drug of choice in 
the topical treatment of mycosis fungoides and plural or intraperitoneal 
effusions. In polycythemia vera, remissions of several months to 2 yr 
have been achieved. All of the above diseases eventually develop resis- 
tance to nitrogen mustards. 

It is an immunosuppressive drug, but the requirement for intrave- 
nous administration and its high toxicity have discouraged its use. In 
the treatment of “malignant” rheumatoid arthritis it effects a good 
initial response in nearly all patients; maintenance is carried on with 
cyclophosphamide or other immunosuppressive drugs. It also has been 
reported to improve the condition of a high percentage of patients who 
have ulcerative colitis. 

Nausea and vomiting commonly occur within 30 to 180 min after 
administration, but sedative and antiemetic agents greatly diminish 
the incidence of such untoward actions originating centrally. Diarrhea 
also occurs frequently. Bone-marrow depression may result in lympho- 
cytopenia followed by leukopenia and occasionally thrombocytopenia 


and thus in bleeding tendencies; hyperheparinemia also may rarely 
lead to hemorrhagic complications. Serious and potentially lethal he- 
matological responses mainly occur when the total accumulated dose in 
a course of therapy exceeds 0.4 mg (400 g)/kg. Skin eruptions are noted 
rarely, but herpes zoster (shingles) commonly occurs, especially in the 
treatment of malignant lymphoma. Sometimes temporary menstrual 
irregularities occur in females. In patients who have large tumor 
masses which involute rapidly with treatment, there may be hyperuri- 
cemia, and adequate fluid intake and allopurinol are needed to prevent 
crystalluria and kidney damage. Alopecia, metallic taste, headache, 
drowsiness, asthenia, tinnitus, and deafness sometimes occur. 

It is teratogenic and carcinogenic and should not be used during the 
first trimester of pregnancy. Several local reactions to mechloreth- 
amine, as well as rapid chemical breakdown of the drug, require that 
therapy be limited to the intravenous route; even so, extravasation may 
cause tender local induration and sloughs, and irritation from within 
the lumen of the vessel may cause phlebothrombosis or thrombophle- 
bitis, especially if the infusion rate is too rapid or the concentration of 
solution is too high. Extravasation should be followed with 1/6 M 
sodium thiosulfate solution. 


MEDROXYPROGESTERONE ACETATE—page 1387. 
MEGESTROL ACETATE—page 1096. 
MELPHALAN 


t-Phenylalanine, 4-[bis(2-chloroethyl)amino]-, Alkeran 


| 2 
(CICH2CH2)N <O)- CH, -~ Ne --COOH 


[148-82-3] C,,H,.Cl,N.O, (305.20). 

Caution—Do not inhale. 

Preparation—1-3-Phenylalanine is nitrated and the p-nitro com- 
pound is reduced to L-3-(p-aminophenyl)alanine. This is reacted with 
ethylene oxide to form the corresponding bis(2-hydroxy-ethyl)-amino 
compound that then is treated with phosphoryl chloride to yield the 
drug. 

Description—Off-white to buff powder having a faint odor; sensi- 
tive to light, heat, and moisture; melts about 180° with decomposition. 

Solubility—Practically insoluble in water, chloroform, or ether; 
slightly soluble in alcohol; soluble in dilute mineral acids. 

Comments—An alkylating agent of the nitrogen-mustard-type. It 
is approved for use in multiple myeloma and nonresectable epithelial 
carcinoma of the ovary. In combination with prednisone either it or 
cyclophosphamide is the drug of choice for treatment of multiple my- 
eloma. Seventy to 80% of patients show subjective improvement; 33 to 
50% show objective improvement for periods from 6 months to 2 yr; and 
life expectancy may be increased even when no objective signs of im- 
provement are obtained. It is a component of the combination of choice 
against ovarian carcinoma. It is used occasionally in the treatment 
of tumors of the testis, osteogenic sarcoma, and chronic granulocytic 
leukemia. 

It is a primary (afferent) immunosuppressive drug. 

Adverse effects include mild nausea and vomiting after large doses, 
bone-marrow depression with anemia, neutropenia, thrombocytopenia, 
and occasional azotemia. Aphthous ulceration, GI hemorrhage, skin 
eruptions, and bronchopulmonary dyplasia also occur occasionally. Reg- 
ular blood-cell counts are required. It should be given cautiously if the 
patient has been receiving radiation or other cancer chemotherapy. It is 
contraindicated in thrombocytopenia, anemia, and leukopenia and dur- 
ing the first trimester of pregnancy. In the presence of impaired renal 
function the drug should be used cautiously. 

It is absorbed well by the oral route, being as efficacious as by the 
intravenous route. It is transformed into active metabolites in probably 
all tissues. The elimination half-life is approximately 1 to 3 hr. 


MERCAPTOPURINE 
6H-Purine-6-thione, 1,7-dihydro-, monohydrate; Purinethol 


Purine-6-thiol monohydrate (tautomer) [6112-76-1] C,;H,N,S-H,O 
(170.19); anhydrous [50-44-2] (152.17). 

Preparation—Thiourea and ethyl cyanoacetate are reacted in the 
presence of sodium methylate to give 2-thiol-4-amino-6-hydroxypyrimi- 
dine (I) that then is converted to the 5-nitroso derivative (II) by treat- 
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ment with sodium nitrite and acetic acid. Reduction of II with sodium 
hydrosulfite yields the corresponding diamino compound (III) which 
then is desulfurized by hydrogenolysis in the presence of Raney nickel 
to yield 4,5-diamino-6-hydroxypyrimidine (IV). The imidazole ring clo- 
sure then is effected by double condensation of IV with formic acid (V), 
and the resulting hypoxanthine is thiolated with P.S.. 

Description—Yellow, crystalline powder; odorless or practically 
odorless; melts with decomposition at temperatures above 308°. 

Solubility—Insoiuble in water, acetone, or ether; soluble in hot 
alcohol or in dilute aqueous alkali; slightly soluble in diluted H,SO,. 

Comments—It is converted to 6-thioinosinic acid, which acts as an 
antimetabolite to inhibit synthesis of adenine and guanine and also to 
prevent conversion of purine bases into nucleotides. It also mimics 
inosinic acid in exerting a negative feedback suppression of the synthe- 
sis of inosinic acid. Some mercaptopurine also is converted to thiogua- 
nine, which is incorporated into both DNA and RNA to generate defec- 
tive nucleic acids. Thus nucleic acid synthesis and functions are 
impaired several ways. Cell mitosis is inhibited. 

In combination with methotrexate it provides a combination of first 
choice in the maintenance chemotherapy of acute lymphocytic leukemia 
(this is its approved use). It is an alternative drug for the treatment of 
stable chronic myelocytic leukemia; the remission rate is approximately 
80% if the disease is caught early, but cures are not achieved. Induction 
sometimes is accomplished with busulfan and maintenance with mer- 
captopurine. There is no cross resistance between this drug and non- 
purine antineoplastic drugs. 

It is mostly a secondary (efferent) immunosuppressive drug that is 
capable of eliciting a high percentage of favorable responses in wlcer- 
ative colitis and psoriatic arthritis. It also is moderately effective in the 
treatment of systemic lupus erythematosus, dermatomyositis, and poly- 
myositis. However, it probably will not become the drug of choice for any 
of these disorders. Immunosuppression predisposes to intercurrent 
infections. 

Bone-marrow depression occurs during treatment. Leukopenia and 
thrombocytopenia (with hemorrhage) are common and may be severe, 
but anemia is rare. Frequent monitoring of the blood-cell population is 
mandatory. Nausea, vomiting, and anorexia may occur; they signal 
onset of GI toxicity, which may take the form of mucositis and ulcer- 
ation. Oral, pharyngeal, and esophageal mucositis may also occur, with 
thrushlike stomatitis or aphthous ulceration. Diarrhea and spruelike 
symptoms occasionally occur. There also may be jaundice in 10 to 40% 
of patients who have acute leukemia. In patients who have high WBC 
counts or massive disease, cellular destruction leads to hyperuricemia 
and sometimes to tubular clogging with urate crystals and consequent 
oliguria, thus necessitating use of allopurinol. 

The systemic bioavailability by the oral route ranges from 5 to 37%, 
owing to first-pass metabolism in the intestinal mucosa and liver. Both 
oxidation by xanthine oxidase and S-methylation occur. The xanthine 
oxidase inhibitor, allopurinol, considerably increases plasma levels 
from oral, but not from intravenous, drug, so that only approximately 
one-third of the usual oral dose should be given in the presence of 
allopurinol. Approximately 20% of the drug in plasma is protein bound, 
and the volume of distribution is larger than the extracellular space; 
however, the access to cerebrospinal fluid is slight. The half-life aver- 
ages 47 min in adults and 21 min in children. 


MESNA 


Ethanesulfonic acid, monosodium salt; Mesnex 


Na* [ xs =CH—CH,—50, | 


[19767-45-4] C,H.NaO.8, (164.17). 

Preparation—Reaction of sodium vinylsulfonate with NaSH or 
H,S, in an anti-Markoynikov addition yields the product. 

Description—White crystalline powder with a “rotten egg” odor. 

Solubility—Freely soluble in water; sparingly soluble in organic 
solvents. 

Comments—Approved for prevention of ifosfamide-induced hem- 
orrhagic cystitis. It is a mercaptan which scavenges and inactivates 
reactive molecules such as acrolein produced by ifosfamide activation. 
In clinical trials, patients treated with ifosfamide and traditional pro- 
tective strategies (diuretics and alkalinization of urine) suffered ap- 
proximately 20% hematuria. Those treated with this drug suffered 
none. It is eliminated rapidly by the kidneys. Approximately 33% of a 
dose appears in the urine within 24 hr, the largest fraction within the 
first 4 hr. 

It should not be used in patients hypersensitive to thiol-containing 
agents. Adverse reactions include nausea, vomiting, and diarrhea. 
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METHOTREXATE 
t-Glutamic acid, N-[4-[[(2,4-diamino-6- 


pteridinyl)methyl]Jmethylamino]benzoyl], 
Folex: Methotrexate; Mexate 


N N 
ale CG) CH; 
| 
CH2N co 
. N {© 
NHp 


HOOCCH, CHy--- 


H 


---COOH 


LO 


4-Amino-10-methylfolic acid; [59-05-2]; a mixture of 4-amino-10- 
methylfolic acid and closely related compounds and contains not less 
than 85.0% of Cj )Hs,N,0, (454.44). 

Caution—It is extremely poisonous. 

Preparation—2,3-Dibromopropionaldehyde (I) is condensed in an 
aqueous medium with 2,4,5,6-tetraminopyrimidine (II). The condensa- 
tion is multiple, consisting of (a) dehydrobromination, involving a hy- 
drogen of the 5-amino group and the 2-bromine; (b) dehydration, in- 
volving two hydrogens of the 6-amino group and the oxygen in II; and (c) 
dehydrogenation, involving the remaining hydrogen of the 5-amino 
group and the 2-hydrogen of II. The dehydrogenation in step (c) is 
brought approximately by another molecule of II that, by effecting the 
dehydrogenation, is reduced to 2,3-dibromo-1-propanol. The overall ef- 
fect of these condensations is the cyclization of I with II to produce 
6-bromomethyl-2,4-diaminopteridine (III). Further condensation (dehy- 
drobromination involving the bromine in III and the hydrogen of the 
methylamino group in N-[p-(methylamino)benzoyl]glutamic acid) yields 
the crude drug, which is purified. 

Description—Orange-brown, crystalline powder. 

Solubility—Practically insoluble in water, alcohol, chloroform, or 
ether; freely soluble in dilute solutions of alkali hydroxides or carbon- 
ates; slightly soluble in dilute hydrochloric acid. 

Comments—Inhibits dihydrofolate reductase, and thus prevents con- 
version of deoxyuridylate to thymidylate and blocks the synthesis of new 
DNA needed for cellular replication. Methotrexate is approved for use, and 
is the drug of choice, in trophoblastic tumors such as choriocarcinoma, 
hydatidiform mole, and chorioadenoma destruens. It also is approved for 
prophylaxis of and treatment of meningeal leukemias and for breast cancer 
and nonmetastatic osteosarcoma. It sometimes is combined with dactino- 
mycin in these uses. It is the drug of choice for CNS prophylaxis in acute 
lymphocytic leukemia. In combination with other drugs it provides the 
therapy of choice. It is a component of first-choice combinations for induc- 
tion and maintenance in acute lymphocytic lewkemia, diffuse histiocytic 
leukemia, cervical cancer, medulloblastoma, osteogenic sarcoma, breast 
cancer, non-Hodgkin’s lymphomas, Burkitt's lymphoma, bladder carci- 
noma, squamous cell carcinoma of the head and neck, oat-cell and non- 
small-cell lung cancers. It is an alternative drug for treatment of adult 
soft-tissue sarcoma, follicular lymphoma, embryonal rhabdomyosarcoma, 
and colorectal carcinoma. It also is used sequentially with fluorouracil in 
the treatment of node-negative breast cancer. 

It may be given by intra-arterial infusion into the affected region in 
the treatment of a variety of carcinomata of the head, neck, pelvis, and 
limbs; the local concentrations achieved may be high enough to be 
effective and yet low enough in the rest of the body not to be toxic. The 
endocellular transport competitor, folinic acid (leucovorin), is also often 
given systematically to prevent generalized toxicity. 

It is a secondary (efferent) immunosuppressive drug. It is one of a 
few drugs used to treat Reiter’s syndrome, although results range from 
poor to good. It is employed to treat psoriasis refractory to other drugs; 
with methotrexate, approximately 50% of affected joints and 65% of 
skin lesions improve. It is used successfully to treat severe, progressive, 
refractory rheumatoid arthritis and glucocorticoid-dependent asthma. 
It has provided improvement in dermatomyositis and polymyositis (40— 
100% improvement), Wegner’s granulomatosis, pemphigus vulgaris, 
pityriasis rubra pilaris, bullous pemphigoid, and thrombocytopenic pur- 
pura, but other drugs appear to be equal or superior. 

The toxic effects are extensions of its antimetabolite effects; some- 
times toxicity occurs first. They include bone-marrow hypoplasia with 
leukopenia, thrombocytopenia (with hemorrhage), and anemia. Depres- 
sion of cellular proliferation along the GI tract results in diarrhea, 
ulcerative stomatitis, hemorrhagic enteritis, and perforation. Alopecia 
also may occur. Dosage schedules in which methotrexate is given chron- 
ically daily may cause liver damage. The drug must not be used when 
there is preexisting liver damage or bone-marrow depression, or during 
pregnancy. Daily blood counts and triweekly creatinine determinations 
are mandatory. The toxicity and therapeutic effects may be antagonized 
by leucovorin (leucovorin or thymidine rescue); if the leucovorin is given 
after an appropriate delay, it can prevent the toxic but not the thera- 


peutic effect on certain tumors or the immune system. The drug is 
concentrated in the urine, and precipitation may cause renal failure; 
alkalinization and high water intake help protect the kidneys. Nitrous 
oxide, often used in pediatric oncology units, increases its cytotoxicity 
and probably its efficacy. 

In doses less than 30 mg/m”, it is absorbed well by the oral route; but 
approximately Y3 of an oral dose is metabolized by intestinal bacteria, and 
antibiotics affect the amount absorbed. In doses greater than 80 mg/m’, 
the amount absorbed is reduced further by 30 to 50%. Only approximately 
50% of the drug is bound to plasma protein, but it does not gain much 
access to the cerebrospinal fluid because it is strongly ionized and out- 
wardly transported at the choroid plexus; consequently, it must be admin- 
istered intrathecally for use in the CNS. In the usual doses, it actively is 
transported into all tissues, but it is transported preferentially into respon- 
sive neoplastic cells. Intensification of therapy, alternating with or fol- 
lowed by leucovorin rescue, may achieve sufficient plasma levels (1 uM) to 
effect meningeal leukemias and lymphomas without intrathecal adminis- 
tration. Plasma clearance is triexponential, with a distribution half-life of 
approximately 45 min, a second phase of approximately 3.5 hr (possibly an 
enterohepatic component, because 10% of the drug is secreted into bile), 
and an elimination half-life of 6 to 69 hr. Renal tubular secretion accounts 
for approximately 80% of elimination, and probenecid, salicylate, and other 
NSAIDs, etc, interfere with excretion. The dose must be adjusted in renal 
failure. 


MITOMYCIN 


Azirino[2',3':3,4]pyrrolo[1,2-a]indole-4,7-dione, [1aR- 
(1aa@,8B,8aa,8ba)]-6-amino-8-[[(aminocarbonyl)oxy]methyl]- 
1,1a,2,8,8a,8b-hexahydro-8a-methoxy-5-methyl-, 
Mitocin-C; Mutamycin 
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Mitomycin C [50-07-7] C,;H,,N,O; (334.33). 

Preparation—One of three closely related entities isolated from 
the antibiotic complex produced by Streptomyces caespitosus, an organ- 
ism from Japanese soil. 

Description—Blue-violet, crystalline powder. 

Solubility—Soluble in water and in common organic solvents. 

Comments—Inhibits DNA synthesis by cross-linking double- 
stranded DNA through guanine and cytosine. It is approved for pallia- 
tive treatment of disseminated adenocarcinoma of the stomach and the 
pancreas that have failed other treatments. It is a component of second- 
line combinations for the treatment of cervical, gastric, and pancreatic 
carcinomas and non-small-cell bronchogenic carcinoma. It is instilled 
into the bladder in papilloma. It is an alternative drug for use against 
head and neck squamous cell carcinoma, bladder carcinoma, and osteo- 
genic sarcoma. Acute adverse effects occur in approximately 14% of 
patients; they include nausea, vomiting, anorexia, fever and local irri- 
tation, and cellulitis from extravasation at the site of injection. Delayed 
toxicity includes cumulative, frequently irreversible, bone-marrow de- 
pression (64% of recipients), stomatitis, alopecia, and renal impairment 
(20% of recipients). 


MITOTANE 


Benzene, 1-chloro-2[2,2-dichloro-1-(4-chlorohenyl)ethyl]-, 
o,p’-DDD; Lysodren 


Orn 


CHClp 


1,1-Dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane [53-19-0] C,,H, Cl, 
(320.05). 

Preparation—Chlorobenzene is condensed with 2,2-dichloro-1- 
(o-chlorophenyl)ethanol with the aid of H,SO,. 

Description—White, tasteless, crystalline powder; slight aromatic 
odor; stable in light, air, and heat; melts about 78°. 

Solubility—Practically insoluble in water; soluble in alcohol, ether, 
solvent hexane, or fixed oils or fats. 

Comments—Because it is toxic to the adrenal cortex, it is approved 
for the treatment of inoperable adrenal cortical carcinoma. Nearly 50% 
of patients respond to treatment. It also is used to treat Cushing’s 
syndrome. Adverse effects of adrenal insufficiency may necessitate ad- 
renal steroid replacement; these effects include anorexia, nausea, vom- 


iting (in 80%), diarrhea, lethargy, somnolence (25%), dizziness (15%), 
headache, confusion, asthenia, tremors, ataxia, speech difficulties, neu- 
ropathies, dermatitis (15%), hypersensitivity, flushing, hyperpyrexia, 
postural hypotension, alopecia, pigmentation, leukopenia, thrombocy- 
topenia, hyperbilirubinemia, albuminuria, hemorrhageic cystitis, ele- 
vated serum transaminase, blurred vision, diplopia, lens opacities, and 
retinopathy. The drug should be used with caution in the presence of 
liver damage, bone-marrow depression, dermatitis, or neuropathy. It is 
metabolized in the liver. 


MITOXANTRONE HYDROCHLORIDE 


9,10-Anthracenedione, 1,4-dihydroxy-5,8-bis-[[2-[(2-hydroxyethyl)- 
aminoJethyljamino]-, dihydrochloride; Novantrone 


Onu) Oo NHCH»CH2NHCH2CH 2 OH 


NHCH2CH2NHCH2CH 2 OH 


Mitozantrone [70476-82-3] C,.H,.N,0,° 2HClI (517.41). 
Preparation—J Med Chem 1978, 21:291. 
Description—Blue-black solid; hygroscopic; melts about 161°; pKa 

DO Sls. 

Solubility—Sparingly soluble in water; slightly soluble in methanol. 
Comments—An alkylaminoanthraquinone antineoplastic drug re- 

lated to doxorubicin. In the US it is approved for the treatment of acute 
nonlymphocytic leukemia for which it is combined with cytarabine; the 
remission rate is approximately 63%. It is an alternative drug for the 
treatment of acute lymphocytic and breast carcinoma. It possibly may 
come to replace both daunarubicin and doxorubicin in some uses. Im- 
mediate adverse effects include nausea, vomiting, and phlebitis. Tissue 
necrosis and sloughing result from extravasation. Delayed adverse ef- 
fects include myelosuppression and cardiac, renal, and hepatic toxici- 
ties. The N-substitution on the aminosugar decreases the cardiotoxic- 
ity. The drug is not absorbed perorally. It is eliminated mostly in the 
bile and has a half-life of 20 to 36 hr. 


MUROMONAB-CD3 


Orthodone OKT3 

A murine monoclonal antibody (anti-CD3), IgG.,,,, of two chains having 
molecular weights of approximately 50,000 and 25,000. 

Preparation—Mouse myeloma is fused into lymphocytes from im- 
munized animals producing a hybridoma which then secretes antigen- 
specific antibodies to the T3 antigen of T lymphocytes. 

Comments—Anti-CD3 blocks cell signals that induce proliferation 
of cytotoxic lymphocytes and also causes the removal of T lymphocytes 
from the circulation. This causes reversal of acute allograft rejection of 
renal and certain other transplants. In renal graft rejections, the suc- 
cess rate has been reported to be as much as 94%. Most adverse effects 
persist only during the first two days of treatment. They include fever 
(90%), chills (59%), dyspnea consequent to pulmonary edema (21%), 
nausea (19%), vomiting (19%), chest pain (14%), diarrhea (14%), wheez- 
ing (13%), tremor (13%), headache (11%), and tachycardia (10%). The 
antibody is antigenic and has caused occasional serum sickness and one 
case of anaphylaxis. Various opportunistic infections have occurred, 
herpes simplex and cytomegalovirus infections being the most common. 


MYCOPHENOLATE MOFETIL 


4-Hexenoic acid, (£)-6-(1,3-dihydro-4-hydroxy-6-methoxy- 
7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl-, 
2-(4-morpholinyl)ethyl ester; Celicept 


{115007-34-6] C,,H,,NO, (433.50). 

Preparation—Mycophenolic acid and 2-morpholinoethanol are 
boiled in a mixture of toluene and xylene(s), and water is removed by 
azeotropic distillation to form the ester product. Mycophenolic acid is an 
antibiotic produced by Penicillium brevi-compactum or a related spe- 
cies. US patent 5,247,083 (1993). 

Description—White to off-white crystalline powder; partition co- 
efficient (octanol-water, pH 7.4) 238; pK, (morpholino group) 5.6; pK, 
(phenolic group) 8.5. 
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Solubility—Freely soluble in acetone; soluble in methanol; spar- 
ingly soluble in ethanol; soluble 43 wg/mL in water at pH 7.4; 4.27 
mg/mL at pH 3.6. 

Comments—Approved for prophylaxis of organ rejection, in com- 
bination with cyclosporin and corticosteroids, in renal transplant pa- 
tients. It inhibits immunological inflammatory responses. In clinical 
trials the drug reduced failures of cyclosporin—corticosteroid therapy 
for prevention of kidney transplant rejection. On metabolism to its 
active metabolite MPA, it inhibits de novo guanine—purine biosynthesis 
and thereby suppresses lymphocyte production. It is absorbed rapidly 
from the GI tract and undergoes virtually complete metabolism ot MPA, 
which itself may be metabolized further to an inactive glucuronide. 
MPA is 97% bound to albumin in the blood. Coingestion of food de- 
creased blood levels by 40%. Oral bioavailability, based on MPA blood 
levels, is approximately 94%. More than 94% appears in the urine, the 
majority of which is the MPA glucuronide. The half-life of MPA in the 
blood is approximately 17.9 hr. 

The most common adverse reactions were diarrhea, vomiting, leu- 
kopenia, and a higher frequency of various infections. Overall, the in- 
cidence of adverse reactions was comparable with those of azathioprine. 


NILUTAMIDE 


2,4-Imidazolidindione, 5,5-dimethyl-3-[4-nitro-3-(trifluoromethyl)- 
phenyl]-, Nilandron 


7 oe _ 
NO» 
{63612-50-0] C,,H, F,N,0, (317.23). 

Preparation—By reaction of 5,5-dimethylhydantoin with 5-chloro-2- 
nitro-a,a,a-trifluorotoluene in diphenyl ether or diglyme at 200° with CuO, 
Cu,O, or NaOH as the condensing agent. US patent 5,166,358 (1992). 

Description—Microcrystalline, off-white powder that melts about 154°. 

Solubility—Freely soluble in ethyl acetate, acetone, chloroform, ethanol, 
methylene chloride, or methanol; slightly soluble in water (<0.1% at 25°). 

Comments—Approved for use in metastatic prostate cancer (Stage 
D) in combination with castration. It is a nonsteroidal antiandrogen 
that interacts with the testosterone receptor and prevents its response 
or nuclear binding at target tissues. It is absorbed rapidly and com- 
pletely after oral administration. After a detectable distribution phase, 
it is metabolized extensively, less than 2% is excreted unchanged in the 
urine within 5 days. Several metabolites have been identified, one with 
25 to 50% of the activity of the parent drug. The majority of the 
administered doses (62%) appears in the urine within 120 hr of admin- 
istration. The average half-life is approximately 45 hr after a single 
dose. During multiple dosing (3 x 50 mg twice a day), steady-state 
levels were reached in 2 to 4 wk. It is bound by plasma proteins. Severe 
hepatic impairment is a contraindication for this drug. 

Interstitial pneumonitis had been reported in 2% of patients receiv- 
ing the drug. Signs of pneumonitis most often appeared within the first 
3 months of treatment. Serum increases in hepatic enzymes led to 
discontinuation of the drug in 1% of patients. The drug should be 
discontinued if liver serum enzyme levels increase to 2- or 3-fold the 
normal upper limit. As many as half the patients report a delay in 
adapting to the dark; wearing tinted glasses seems to help in this 
respect. It inhibits several P-450 enzymes and care should be taken to 
monitor coadministered drugs that necessitate liver metabolism. 


PACLITAXEL 
FK + 506; Taxol 
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[33069-62-4] C,,H;,NO,, (853.92). 
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Preparation—Extracted from the bark of the Pacific yew tree 
(Taxus brevifolia, Taxaceae). 

Description—White needles that melt about 215° with 
decomposition. 

Comments—Inhibits mitosis by stabilizing mitotic spindles and 
promoting their formation, apparently inappropriately. Taxol is ap- 
proved for use in ovarian cancer, it also has significant activity against 
breast cancer. 


PEGASPARGASE 


(Monomethoxypolyethylene glycol succinimidyl),,- 
l-asparaginase; Oncaspar 


nn ,— asparaginase 
n 


n=l14 n'=74 


[130167-69-0]. 

Preparation—See US patent 4,179,337 (1979). 

Description—The reaction product of L-asparaginase (derived 
from £ coli) with succinic anhydride and esters with polyethylene glycol 
monomethyl ether. Its molecular weight about 5000. 

Comments—Approved for patients who have acute lymphoblastic 
leukemia who require, but who have developed hypersensitivity to, 
L-asparaginase. It generally is used in combination with other drugs. It 
is the enzyme L-asparaginase, obtained from E coli, that has been 
modified covalently by the addition of methoxypolyethylene glycol (mol 
wt 5000 daltons). Rapid depletion of asparagine by the administration 
of pegaspargase kills leukemia cells hat rely on exogenous sources 
of asparagine for growth. In asparaginase-hypersensitive patients, 93% 
of whom had relapsed from previous therapy, 50% evidenced reinduc- 
tion after multiple injections of pegasparagase, 36% showing complete 
remissions. 

The half-life of this drug in the blood is 3 to 6 days, with the volume 
of distribution approximating plasma volume. L-asparaginase is detect- 
able in the blood 15 days after an administration of pegaspargase. 
Adverse reactions were relatively minor with elevations of liver en- 
zymes, thrombosis, hyperglycemia, and pancreatitis being reported in 
less than 5% of patients. Allergic reactions, including rash and bron- 
chospasm, were reported in greater than 5% of patients. 


PENICILLAMINE—page 1268. 
PENTOSTATIN 


Imidazo[4,5-d][1,3]diazepin-8-ol, (R)-3-(2-deoxy-B-p-erythro- 
pentofuranosyl)-3,6,7,8-tetrahydro-, Nipent 


[63677-95-2] C,,H,,N,O, (268.27). 

Preparation—J Org Chem 1982, 47, 3457. Usually isolated from 
Streptomyces antibioticus. 

Description—White crystals that melt about 223°; pKa 5.2. 

Comments—Inhibits adenosine deaminase, thus leading to an ac- 
cumulation of 2’-deoxyATP. Inhibition of cell proliferation results. Lym- 
phocytes are especially sensitive to this drug. It is approved for use in 
a-interferon refractory hairy-cell leukemia. Currently, it shares drug-of- 
choice status with interferon alpha-2 for the treatment of hairy-cell 
leukemia, and it is an alternative drug for use against chronic lympho- 
cytic leukemia and mycosis fungoides. Adverse effects include mye- 
losuppression sometimes with severe lymphopenia, conjuctivitis, 
panserositis, lethargy, coma, pulmonary toxicity, hyperuricemia and 
immunosuppression; various infections may occur, herpes simplex in- 
fections being the most common. 


PIPOBROMAN 
Piperazine, 1,4-bis(3-bromo-1-oxopropyl)-, Vercyte 


{e} 


0) 
ul tl 
N—CCH, CH, Br 


BrCH,CH,C—N 


(54-91-1] C,,H,,Br,N.0, (356.06). 


Preparation—By condensation of piperazine with 3-bromopropio- 
nyl chloride. 

Description—White or practically white, crystalline powder that 
melts at approximately 103°. 

Solubility—1 ¢ in 230 mL water, 35 mL alcohol, or 5 mL chloroform. 

Comments—An antineoplastic drug of the alkylating type. Its 
use is limited mainly to treatment of polycythemia vera and chronic 
granulocytic leukemia. Even in these disorders, however, it generally 
is not as effective as older modes of treatment. Consequently, it is 
held in reserve for use in patients who have become refractory to 
X-irradiation and busulfan in the case of leukemia and phlebotomy 
and radiophosphate in the case of polycythemia vera. 

Adverse effects include severe anemia, in part of a hemolytic 
nature, and reticulocytosis. Leukopenia and thrombocytopenia are 
the result of the intended action of the drug, but the leukocyte count 
should be kept at greater than 3000/mm?® and the platelet count 
above 100,000/mm*. Transient nausea, vomiting, abdominal cramps, 
and diarrhea sometimes occur. There is an occasional rash. The drug 
is contraindicated in patients whose bone-marrow function remains 
depressed from radiation or previous chemotherapy. It should not be 
used in pregnancy. 


PLICAMYCIN 


Aureolic acid; Mithramycin; Mithracin 


[18378-89-7] C,.H,,05, (1085.16). 

Preparation—Produced by cultures of Streptomyces argillaceus, S 
plicatus, and S tanashiensis. 

Description—Yellow, crystalline powder; odorless; hygroscopic; 
melts about 182°. 

Solubility—Slightly soluble in water, slightly soluble in alcohol; 
freely soluble in ethyl acetate. 

Comments—An antibiotic elaborated during culture of cer- 
tain strains of Streptomyces. A yellow, crystalline powder; odorless; 
hygroscopic; slightly soluble in water; slightly soluble in alcohol. 
It has various uses: Binds to guanine-rich DNA and thus inhibits 
DNA-dependent RNA polymerase. It acts mainly during the S 
phase. It is approved for and used to treat carcinoma of the testes. It 
also is an alternative drug for acute phase of chronic myelocytic 
leukemia, especially in combination with hydroxyurea. Because it 
suppresses osteoclast activity, it often is used to treat malignant 
hypercalcemia (neoplasms that cause dissolution of bone salts) un- 
responsive to conventional treatment and other severe, refractory 
hypercalcemias. 

It is toxic, and drug-induced mortality ranges from 0.09 to 0.7%, 
depending on dose. Death results from hemorrhagic diatheses result- 
ing from prothrombinopenia, thrombocytopenia, increased clotting 
and bleeding times, and abnormal clot retraction. The hemorrhagic 
episode usually begins with nosebleed, but it may begin with 
hematemesis. The most common untoward effects are nausea, vom- 
iting, diarrhea, anorexia, and stomatitis. Less frequently there 
occur fever, facial flushing, rash, phlebitis, malaise, headache, 
drowsiness, asthenia, lethargy, depression, hepatic dysfunction, re- 
nal insufficiency, hypocalciuria, hypopotassemia, hypophos- 
phatemia, and leukopenia. The hemorrhagic syndrome occurs in 
approximately 5% of patients who receive no more than 30 pg/kg/day 
for no more than 10 doses, whereas it is approximately 12% for 
higher doses. It is locally toxic and can cause necrosis and sloughing 
if extravasated. 


PODOPHYLLUM RESIN—page 1211. 

PODOPHYLLOTOXIN—see RPS-18, page 767. 

POLYESTRADIOL PHOSPHATE—see RPS-18 page 987. 
PORFIMER SODIUM 


Polymorphin oligomer containing ester and ether linkages; 
Photofrin 


CH, (CH,),CO,Na 


R= — CHCH, or — CH=CH, n=0-6 
[87806-31-1]. 

Preparation—See US patent 4,649,151 (1987). 

Description—The purified product as a mixture of oligomers 
formed by ester and ether linkages to as many as eight porphyrin units 
with aggregates of a combined molecular weight of approximately 10°. 

Solubility—The reconstituted product should be protected from 
heat and light and used immediately. DO NOT MIX with other drugs 
in the same solution. 

Comments—Approved for photodynamic therapy of obstructive 
esophageal cancer. It is injected intravenously after which 40 to 70 hr 
are allowed for clearance. It is retained in a few tissues, notably spleen, 
liver, and skin, and tumor. Laser light at 630-nm wavelength then is 
used to irradiate the esophagus. The drug that is present is excited by 
the light to initiate the production of reactive oxygen species. These are 
tissues damaging on their own but, in addition, they induce necrosis in 
the tumor by means of ischemia mediated by the production of throm- 
boxane A2 and vascular occlusion. In a clinical trial of 17 patients who 
have obstructive esophageal cancer, 93% showed objective response 
after therapy, and 65% received clinically important benefit. 

After a 2-mg/kg dose the half-life for elimination was 250 hr. It is 
approximately 90% protein bound in the serum. Patients treated with 
this drug are photosensitive and should take care to remain protected 
from sunlight and bright indoor light for a minimum of 30 days. Serious 
side effects were noted in less than 5% of patients. 


PREDNISONE—page 1369. 
PROCARBAZINE HYDROCHLORIDE 


Benzamide, N-(1-methylethyl)-4-[(2-methylhydrazino)methyl]-, 
monohydrochloride; Matulane 


fe) 
il 
crsacrnnd-{())-crsnnnony * HC) 


N-\sopropyl-a-(2-methylhydrazino)-p-toluamide monohydrochloride [366- 
70-1] C,,5H,,N,0 - HCl (257.76). 

Preparation—1,2-Bis(carbobenzoxy)-1-methylhydrazine is reacted 
with 4-(bromoethyl)benzoic acid methyl ester ultimately to yield 4-([2- 
methyl-1,2-di(carbobenzoxy)hydrazino]methyl|benzoic acid. Thionyl 
chloride is used to obtain the acid chloride which is reacted with iso- 
propylamine to give the N-isopropylamide compound. Treatment with 
33% HBr in glacial acetic acid removes the protecting carbobenzoxy 
groups, and thus resulting hydrobromide may be converted to the 
hydrochloride by the usual process. US patent 3,520,926. 

Description—White to pale yellow, crystalline powder; slight odor 
and a bitter taste; solutions are acid to litmus; stable in light, slowly 
oxidized in air, and stable at room temperature (in the presence of 
oxygen, oxidation is accelerated by increased temperature); melts about 
223° with decomposition; pK, (at room temperature) 6.8. 

_ Solubility—1 g in 7 mL water or 100 mL alcohol; slightly soluble in 
chloroform; insoluble in ether. 

Comments—Unstable in aqueous solutions, it breaks down to form 
the methylazoxy derivative, the active form of the drug. It generates 
hydrogen peroxide, hydroxyl, and methyl-free radicals, the latter being 
thought to alkylate DNA, resulting in degradation and chromosomal 
breaks; DNA synthesis, and hence protein synthesis, is impaired. It is 
approved as part of a combination therapy for Hodgkin’s disease. The 
most important use of procarbazine is as a component of several com- 
binations of choice for Hodgkin’s disease, histiocytic lymphoma, and 
medulloblastoma. It is an alternative drug to treat non-small-cell bron- 
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chogenic carcinoma; it is rarely used alone. Cross resistance with other 
agents or radiation apparently does not occur. 

Untoward reactions include frequent leukopenia, thrombocytope- 
nia, anemia, less frequent nausea, and vomiting; rare reactions are 
anorexia, dry mouth, stomatitis, dysphagia, diarrhea, constipation, my- 
algia and arthralgia, chills and fever, sweating, fatigue, asthenia, leth- 
argy, and drowsiness. Ascites, edema, effusions, cough, intercurrent 
infections, epistaxis, hemorrhaging, melena, pruritus, allergic derma- 
titis, allergic pneumonitis, flushing, alopecia, pigmentation, herpes, 
jaundice, headache, vertigo, depression, paresthesias, neuropathies, 
insomnia, nightmares, ataxia, confusion, coma, tremors, and convul- 
sions may occur. Rarely, there may be hoarseness, hypotension, tachy- 
cardia, syncope, hemolysis, nystagmus, photophobia, photosensitivity, 
retinal hemorrhage, diplopia, papilledema, impaired hearing, and 
slurred speech. It is mutagenic, teratogenic, and carcinogenic in exper- 
imental animals. Thus, it must be regarded as a dangerous drug. 

CNS depressants should not be given at the same time, except un- 
der supervision. Because the drug is a monoamine oxidase inhibitor, 
tricyclic antidepressants, various sympathomimetics and tyramine- 
containing foods should be avoided. Because it has disulfiram-like 
activity, patients should be warned against ingestion of alcoholic bev- 
erages. Caution must be exercised in the presence of liver damage, 
respiratory disorders, renal impairment, or bone-marrow depression. 

It is absorbed almost completely by the oral route. It penetrates 
readily into the cerebrospinal fluid. Peak plasma and cerebrospinal 
fluid levels occur approximately 60 min after an oral dose. It is metab- 
olized rapidly and auto-oxidized, with an elimination half-life of only 
approximately 7 min. Almost none is excreted unchanged. 


SODIUM IODIDE | 131—see Chapter 29. 
SODIUM PHOSPHATE P 32—see Chapter 29. 


SARGRAMOSTIM 


For the full monograph, see page 1272. 

Comments—A single-chain glycopeptide containing 127 amino ac- 
ids with a substitution of leucine at position 23. Sargramostim is pro- 
duced by yeast. The drug is purified from yeast cultures primarily by 
chromatographic means. Sargramostim is approved for acceleration of 
bone-marrow recovery in all Hodgkin’s disease, non-Hodgkin’s disease, 
and acute lymphocytic leukemia patients undergoing autologous bone- 
marrow transplantations and for use in all patients undergoing allo- 
genic or autologous bone-marrow transplants in whom engraftment has 
failed or is delayed. Granulocyte macrophage-CSF (GM-CSF) stim- 
ulates relatively uncommitted progenitor cells to produce eosino- 
phils, monocytes, macrophages, and neutrophils. It also prolongs WBC 
survival, and increases phagocytosis, chemotaxis, and cell-mediated 
cytotoxicity. 

It generally is tolerated well; bone pain is the most common adverse 
effect. Adverse dermatological effects may be due to increased neutro- 
phils. Such reactions include acute febrile neutrophilic dermatosis, 
leukoblastic vasculitis, and exacerbated psoriasis. Splenomegaly also 
has been documented, possibly due to extramedullary myelopoiesis. 
Rare effects of pericarditis, eosinophilic pulmonary infiltrates, and cap- 
illary leak syndrome and inflammation at injection site have been 
reported. Clinical studies have identified antisargramostim antibodies 
in some patients, which may speed clearance of the drug. Its half-life is 
approximately 2 hr. It usually is administered by intravenous infusion 
over 2 hr, but may be administered subcutaneously. It should not be 
administered within 24 hr of a myelosuppressive chemotherapeutic. 


HYDROXYCHLOROQUINE—page 1322. 
HYDROXYPROGESTERONE CAPORATE—page 1095. 
STREPTOZOCIN 


p-Glucopyranose, 2-deoxy-2[[(methylnitrosoamino)carbonyl]amino]-, 
Streptozocin; Zanosar 


CH,0H 


[18883-66-4] C,H,.N,0, (265.22). 

Preparation—A nitrosourea antibiotic isolated from Streptomyces 
achromogenes fermentation broth; also synthesized; J Am Chem Soc 
1969, 52, 2555. 
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Description—Plates or prisms; melts about 115° with 
decomposition. 

Solubility—Soluble in water or in alcohol. 

Comments—lIt is approved for and has become the drug of first 
choice (in combination with fluorouracil) for treatment of islet-cell car- 
cinoma. It also is used with fluorouracil and mitomycin for pancreatic 
carcinoma. It is an alternative drug for use against malignant carcinoid 
tumor and Hodgkin’s disease. Acute adverse effects include nausea and 
vomiting, local pain at the site of administration, and chills. Renal 
damage is the principal delayed toxicity, but hepatotoxicity also occurs. 
Bone-marrow depression occurs in approximately 20% of recipients. 
The drug is mainly metabolized; its half-life is approximately 15 min. 


TACROLIMUS HYDRATE 


Prograf, FK506 


2 


{109581-93-3] C,,H,,.NO,, - HO (822.05). 

Preparation—Obtained from Streptomyces tsukubaensis. 

Description—Colorless prisms that melt about 128°. 

Solubility—Soluble in methanol, ethanol, acetone, ethyl acetate, 
chloroform, or ether; sparingly soluble in hexane or ligroin; practically 
insoluble in water. 

Comments—Approved for prophylaxis of organ rejection, in com- 
bination with corticosteroids, in liver transplant patients. Also ap- 
proved for use in kidney transplants. It inhibits T-cell activation and, as 
such, broadly suppresses the immune system. In clinical trials in pa- 
tients receiving liver transplants, it was found to be equivalent to 
cyclosporine. 

Its absorption from the gut is variable, with approximately 15% 
bioavailability from 1- or 5-mg capsules, and peak blood concentrations 
were achieved 1.5 to 3.5 hr after ingestion. It is highly protein bound 
with a terminal half-life for elimination of 11.7 hr in patients (approx- 
imately half of that found in healthy individuals). 

The most common side effects are headache, fever, tremor, hyper- 
tension, abdominal pain, diarrhea, nausea, renal dysfunction, and in- 
somnia. Overall, the incidence of adverse reactions was comparable 
with cyclosporine-based immunosuppressive therapy. 


TAMOXIFEN—page 1386. 
TENIPOSIDE 


Furo[3’,4':6,7]naphtho[2,3-d]-1,3-dioxol-6(5aH)-one, 
[5R-[5a,5afB,8ac,9B(R*)}]-5,8,8a,9-tetrahydro-5-(4-hydroxy- 
3,5-dimethoxyphenyl)-9-[[4,6-O-(2-thienylmethylene)- 
B-v-glucopyranosylloxy]-, Vee M-26 


[29767-20-2] C,.H,.0,,5 (656.66). 
Preparation—A semisynthetic derivative of podophyllotoxin. 
Description—White crystals that melt about 245°. 
Comments—A drug related to podophyllotoxin and similar to eto- 
poside in antieoplastic activity. It arrests the cell cycle in late S and G, 
phases. It is approved for use in refractory acute lymphocytic leukemia. 


It is an alternative drug for the treatment of diffuse histiocytic lym- 
phoma, Hodgkin’s disease, non-Hodgkin's lymphoma, acute lymphocytic 
leukemia, AML, breast cancer, and neuroblastoma. The principal ad- 
verse effects (leukopenia, thrombocytopenia, etc) result from myelosup- 
pression, but hypotension, thrombophlebitis, and anaphylaxis also oc- 
cur. The drug is not absorbed orally. In plasma it is almost completely 
protein bound. It is eliminated mainly by hepatic metabolism, with a 
half-life of 8 to 24 hr. 


TESTOLACTONE—see RPS-19, page 1104. 
TESTOSTERONE PROPIONATE—see RPS-19, page 1105. 
THIOGUANINE 
6H-Purine-6-thione, 2-amino-1,7-dihydro-, Tabloid 


S H 
il . 
HN + %H,0 
si ale 
HoN~ SN 


2-Aminopurine-6(1H)-thione [154-42-7] C,H;N;S (167. 19); hemihy- 
drate [50322-14-0] (176.20). 

Preparation—By thionation of guanine with phosphorus pentasul- 
fide. US patent 2,884,667. 

Description—Pale yellow, crystalline powder, odorless or practi- 
cally odorless. 

Solubility—Insoluble in water, alcohol, or chloroform; freely solu- 
ble in dilute solutions of alkali hydroxides. 

Comments—An antimetabolite of guanine which is converted into 
6-thioguanine-ribose-phosphate; this not only is incorporated into DNA 
and RNA but also interferes with guanine synthesis. It acts mainly in 
the S phase of the cell cycle, but cell replication ultimately is prevented. 
It also promotes differentiation of some cancer cells. Its actions are very 
similar to those of mercaptopurine, some of which is converted to 
thioguanine and cross resistance occurs between the two drugs; how- 
ever, its actions and uses are not identical. It is approved for acute 
nonlymphocytic leukemia. With other drugs, thioguanine is a compo- 
nent of combinations that are treatments of choice for AMLs and the 
acute phase of chronic granulocytic leukemia. It is an alternative drug 
for use against acute lymphocytic leukemia. It sometimes is used in the 
stable phase of chronic myelocytic leukemia. It also is a potent im- 
munosuppressive drug, but its status has yet to be settled. It has been 
used especially in the treatment of nephrosis and collagen-vascular 
disorders. 

Its adverse effects are virtually the same as those for mercaptopu- 
rine (see page 1497), except that the incidence of GI toxicity is less and 
there is no adverse interaction with allopurinol. 

It is metabolized nearly completely in the body; the 6-thiol group is 
methylated and the 8-amino group removed to yield 6-methyl-mercap- 
topurine. Xanthine oxidase is not involved. 


THIOTEPA 


Aziridine, 1,1',1,’-phosphinothioylidynetris-, 
Triethylenephosphoramide; Thioplex 


Hj;C—CH 
yioe 
HoC ‘ CH 
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[52-24-4] C,H,.N.,PS (189.2). 

Caution—It is extremely poisonous. 

Preparation—By condensing ethylenimine with thiophosphoryl- 
chloride (PSCl1,) in the presence of triethylamine as the acid receptor. 

Description—Fine, white, crystalline flakes; faint odor; melts 
about 54°. 

Solubility—1 g in 13 mL water, 8.3 mL alcohol, 1.9 mL chloroform, 
or 4.1 mL ether. 

Comments—An alkylating agent. However, it has a much lower 
chemical reactivity than the B-chloroethylamines and hence has a low 
degree of local irritancy and lacks the vesicant properties. For this 
reason it currently is used mainly for local application, where appro- 
priate. It is approved for use in adenocarcinoma of the breast and ovary. 
Local instillation into the urinary bladder for papillary carcinoma is 
sometimes effective. It also may be instilled into other cavities to control 
serous infusions consequent to certain neoplasms. It occasionally may 
be infiltered directly into tumors, especially obstructive lesions. Given 
systemically, its bone-marrow toxicity is unpredictable, so that such use 
is dangerous; consequently, it is nearing obsolescence for systemic 


treatment. The neoplasm for which it is still a possible desperation 
choice is embryonal rhabdomyosarcoma. 

Local adverse effects include local pain, weeping, and occasional 
perforation through the lesion. The most serious systemic adverse effect 
is bone-marrow depression, characterized by neutropenia, thrombocy- 
topenia, and usually low-grade anemia. It is mandatory to monitor the 
blood-cell counts. The effects may not appear for 5 to 30 days, which 
complicates management. Anorexia, nausea, and vomiting are not as 
common as with other alkylating agents. Headache, dizziness, fever, 
and tightness in the throat may occur. Hyperuricemia may result from 
massive cell destruction, and crystalluria and oliguria are possible. 
Hypersensitivity is uncommon, but hives, skin rash, and even anaphy- 
laxis can occur. Depression of spermatogenesis and ovarian function 
have been reported. Systemic side effects from local instillation can 
occur. It is excreted mostly unchanged, so that the dose should be 
reduced in renal failure. It is contraindicated if there is previous bone- 
marrow depression or pregnancy. 


TOPOTECAN HYDROCHLORIDE 


1H-Pyrano[3’,4’:6,7]indolizino[1,2-b]quinoline-3,14(4H, 12H)-dione, 
10-[(dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-, 
monohydrochloride; Hycamptin 


, oe 
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{119413-54-6] C,,H,,N,0; - HCl (457.92). 

Preparation—Semisynthetic derivative of camptothecin derived 
from Camptotheca acuminata. J Med Chem 1991, 34: 98. 

Description—Light yellow to greenish-yellow crystals that melt 
about 215° (dec). 

Solubility—Soluble 1 mg/mL in water. 

Comments—Indicated in metastatic ovarian cancer that has failed 
at least one round of alternative therapy. It is a potent inhibitor of 
topoisomerase I. It causes the enzyme to freeze at a step in catalysis 
where it exists as a covalent adduct to a nicked strand of the DNA helix. 
Cancer-cell resistance to this drug may arise from lowered levels of 
topoisomerase I or from specific topoisomerase I mutations. 

It undergoes reversible hydrolysis of the lactose moiety to yield a 
pharmacologically inactive ring-opened form. Liver metabolism plays 
only a minor role in inactivation of the drug. Approximately 30% of the 
drug is excreted in the urine; thus renal clearance is important. It 
exhibits multiexponential elimination from the plasma with a terminal 
half-life of approximately 2.5 hr. Approximately 35% is bound to plasma 
proteins. 

Bone-marrow suppression is its dose-limiting toxicity, most com- 
monly neutropenia. The drug should not be administered if baseline 
neutrophil counts are less than 1500/mm‘” or platelet counts less than 
100,000/mm*. Neutropenia is most common during the first course of 
treatment, approximately a 60% frequency, but occurs during all 
courses at approximately a 40% frequency. The nadir of the neutrophil 
count is approximately 11 days. Thrombocytopenia occurs in approxi- 
mately 25% of patients. Anemia occurs in approximately 40% of pa- 
tients, with the nadir in RBC count at approximately day 15. It may 
harm the fetus and may appear in breast milk. Nausea and vomiting 
and total alopecia are noted in approximately 50% of patients. 


TRETINOIN 


Vesanoid 
See page 1213 for full monograph. 

Comments—Approved for induction of remission in patients who 
have acute promyelocytic leukemia displaying the t(15;17) transloca- 
tion and who are refractory or who have relapsed from anthracycline 
therapy. It is a transretinoic acid related to vitamin A. It induces 
differentiation of promyelocytic cell and can induce complete remis- 
sions. Administered daily for as long as 90 days, it induced complete 
remissions in 50 to 80% of relapsed patients. It induces leukocytosis in 
approximately 40% of patients. 

A single 45-mg/m”* oral dose yields peak blood concentrations in 
approximately 1.5 hr; it is >95% bound to plasma proteins, largely 
albumin. Approximately 65% of a dose appears in the urine within 72 
hr; approximately 30% appears in the feces within for 6 days. Cyto- 
chrome P-450 is involved in the metabolic activation of this drug, and 
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several metabolites have been identified. This metabolism in inducible, 
and blood levels decrease by approximately one third after a 1-wk 
continuous treatment. Ketoconazole pretreatment led to a 72% increase 
in tretinoin AUC. 

Almost all patients experience adverse reactions characteristic of 
high-dose vitamin A ingestion. Fever, headache, skin dryness, bone 
pain, malaise, chest discomfort, edema, DIC, etc. It can induce benign 
intracranial hypertension. Symptoms include headache, nausea, and 
visual disturbances. GI hemorrhage, pain, diarrhea, and constipation 
have been reported. 


URACIL MUSTARD 


2,4(1H, 3H)-Pyrimidinedione, 5-[bis(2-chloroethyl)amino-, 
Uramustine; Uracil Mustard 
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5-[Bis(2-chlorethyl)amino]uracil [66-75-1] C,H, ,Cl,N.O, (252.10). 

Preparation—Using 5-aminouracil, ethylene oxide and thionyl 
chloride as reactants. 

Description—Off-white, crystalline powder; odorless; melts about 
200° with decomposition. Unstable in high humidity or aqueous 
vehicles. 

Solubility—1 g in more than 1000 mL water or in 50 mL alcohol. 

Comments—An alkylating agent of the nitrogen-mustard-type. It 
is essentially an obsolete drug, having been displaced by the more 
efficacious and less toxic chlorambucil. However, this drug still may 
have a special use in the treatment of primary thrombocytosis. Other 
neoplasms for which the drug is used occasionally are non-Hodgkin’s 
lymphomas, chronic lymphocytic leukemia, chronic myelocytic leuke- 
mia, mycosis fungoides, and polycythemia vera. The most common 
untoward effects are nausea, vomiting, and diarrhea. Pruritus, derma- 
titis, and partial alopecia do occur, but less frequently than with cyclo- 
phosphamide. Nervousness, irritability, depression, amenorrhea, and 
oligospermia occur infrequently. Bone-marrow depression with leuko- 
penia, thrombocytopenia, and even anemia may occur, and the blood 
picture must be monitored twice a week during the first month of 
treatment. The bone-marrow damage may become irreversible when 
the cumulative dose approaches 1 mg/kg. Rapid involution of tumors 
may cause hyperuricemia and consequent nephropathy and renal fail- 
ure, so that plasma uric acid levels should be determined regularly and 
the patients should drink a lot of water. 


VINBLASTINE SULFATE 
Vincaleukoblastine, sulfate (1:1) (salt); Velban 


OH 


sox tne 


N 
H 


(R is CH3) 


[143-67-9] C,,H;,N,0, : H.SO, (909.06). 

Preparation—By extracting the leaves, bark, or stems of Vinca 
rosea with aqueous or aqueous-alcoholic sulfuric acid, isolating the 
alkaloid from the extract by the usual precipitation and solvent tech- 
niques and purifying by chromatography on aluminum oxide. Conver- 
sion to the (1:1) sulfate may be effected by dissolution of the alkaloid in 
an equimolar quantity of dilute H,SO, and either evaporating to dry- 
ness or precipitating with a suitable organic solvent. US patent 
3,097,137. 

Description—White to slightly yellow, amorphous or crystalline 
powder; odorless; hygroscopic. 

Solubility—Freely soluble in water. 

Comments—Interferes with the assembly of the microtubules, by 
combining with tubulin; the result is mitotic arrest in metaphase. 
However, there is also evidence that vinblastine exerts its antineoplas- 
tic effect by interfering with glutamate and aspartate metabolism. The 
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antineoplastic spectrum and toxicity are much different than for vin- 
cristine, which also interacts with tubulin. It is approved for use in 
advanced Hodgkin’s disease, lymphocytic and histiocytic lymphoma, 
mycosis fungoides, testicular cancer, and Kaposi’s sarcoma. This drug is 
a component of first-choice combinations for the treatment of testicular 
carcinoma, Hodgkin’s disease, and bladder cancer. It is an alternative 
drug for choriocarcinoma, squamous cell carcinoma of the head and 
neck, renal-cell carcinoma, neuroblastoma, breast tumors, cervical 
carcinoma, Kaposi’s sarcoma, melanoma, and mycosis fungoides. It 
also has been used to treat lymphosarcoma, lymphocytic lymphoma, 
reticulum-cell sarcoma, and Letterer-Siwe’s disease. This drug is sub- 
ject to pleiotropic drug resistance. 

It is a secondary (efferent) immunosuppressive drug, but it has not 
been exploited for this purpose. 

Nausea, vomiting, headache, and paresthesias occur within 4 to 6 hr 
and last from 2 to 10 hr. Severe bronchospasm may occur, especially if 
mitomycin has been given. Diarrhea, constipation, adynamic ileus, 
anorexia, and stomatitis also may occur and are premonitory of neuro- 
toxic effects, such as severe headache, malaise, mental depression, 
paresthesias, and loss of deep tendon reflexes. Neurotoxicity occurs in 5 
to 20% of cases, more frequently at higher doses. CNS damage occa- 
sionally is permanent when excessive doses have been used. Blindness 
and death have been reported. Alopecia occurs in approximately 30 to 
60% of users, but it generally is reversible. Mild bone-marrow depres- 
sion with leukopenia occurs in a high percentage of patients and may 
require discontinuation of the drug. The thrombocytes are less affected, 
unless other thrombocytogenic drugs also are being given or recently 
have been given. Anemia is rare. The blood-cell count must be deter- 
mined weekly. The drug is toxic locally, and extravasation should be 
avoided. It may cause phlebitis at the site of injection. Inappropriate 
secretion of ADH may occur. It is teratogenic in animals, and probably 
should not be used during the first trimester of pregnancy. 

In plasma it is approximately 75% protein bound. It manifests 
three-compartment kinetics, the second phase having a half-life of 1 to 
1.5 hr and an elimination half-life of 18 to 40 hr. It is metabolized 
largely by the liver and doses should be reduced by 50% in patients who 
have impaired liver function. 


VINCRISTINE SULFATE 


Vincaluekoblastine, 22-oxo-, sulfate (1:1) (salt); 
Oncovin; Vincasar PFS 
Leurocristine sulfate (1:1) (salt) [2068-78-2] C,,H=,N,O,.°HSO, 
(923.04). 

The structure is the same as for Vinblastine Sulfate, except that R 
is CHO, an aldehyde. 

Preparation—With suitable modifications in the chromatographic 
part of the process, vincristine sulfate may be prepared as described 
above for Vinblastine Sulfate. US patent 3,205,220. 

Description—White to slightly yellow, amorphous or crystalline 
powder: odorless; hygroscopic. 

Solubility—Freely soluble in water. 

Comments—Combines with the protein tubulin and prevents as- 
sembly of microtubules, thus disrupting various cellular processes, 
including spindle formation and mitosis. Synthesis of RNA and proteins 
also is suppressed. It is approved for use in Hodgkin’s lymphomas, 
rhabdomyocsarcoma, neuroblastoma, and Wilm’s tumor. The alkaloid is 
the second most widely used of the antineoplastic drugs. It is especially 
useful in the treatment of hematological malignancies. It is a compo- 
nent in 27 first-choice combinations for the treatment of acute lympho- 
cytic leukemia, the acute phase of chronic myelocytic leukemia, 
Hodgkin’s disease, non-Hodgkin's lymphoma, Burkitt’s lymphoma, dif- 
fuse histiocytic lymphoma, follicular lymphoma, cervical carcinoma, 
oat-cell bronchogenic carcinoma, Wilms’ tumor, medulloblastoma, soft- 
tissue sarcomas, Ewing’s sarcoma, and embryonal rhabdomyosarcoma. 
It is an alternative drug for treatment of breast carcinoma, cervical 
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carcinoma, testicular carcinoma, glioblastoma, neuroblastoma, and 
chronic lymphocytic leukemia. Some authorities prefer to use this drug 
only to induce remissions and not for maintenance, because chronic use 
favors neurotoxicity. Cross resistance to other drugs occurs by means of 
pleiotropic drug resistance. 

It differs from most other antineoplastics in that bone-marrow de- 
pression frequently does not occur; this is one reason why vincristine is 
used in combinations. However, leukopenia can occur, and WBC counts 
should be made before each dose. Treatment usually is limited by the 
neurotoxic effects. Adverse effects usually begin with nausea, vomiting, 
constipation, abdominal cramps, and weight loss; these effects readily 
are reversible. Severe bronchospasm may occur, especially if mitomycin 
has been given. The drug also may cause slowly reversible reactions, 
such as alopecia and peripheral neuropathy, Serious neuropathic ef- 
fects may occur; they include loss of deep tendon reflexes, neuritic pain, 
numbness of extremities, headache, ataxia, and visual defects; paresis 
or paralysis and atrophy of certain extensor muscles may occur late; 
paralysis of cranial nerves 2, 3, 6, and 7 may occur. Neuropathies may 
persist for several months. Severe hypertension, agitation, or mental 
depression also may occur transiently. The drug is toxic locally, and 
extravasation should be avoided. It is best given into the tubing for a 
running intravenous solution. 

It is cleared rapidly from the blood. It manifests three-compartment 
kinetics, with half-lives of 0.08, 2.3, and 85 hr. Seventy percent is 
secreted into the bile. In obstructive jaundice or impaired liver function 
the toxicity is greater, and the dose should be reduced by 50%. Approx- 
imately 12% is excreted in urine. It does not penetrate into the brain, 
hence it cannot be used from CNS leukemias. 


VINDESINE SULFATE 


Eldisine 


+ H2S0, 


(59917-39-4] C,,H;.N.O, - H,SO, (852.01). 

Preparation—A semisynthetic derivative of vinblastine obtained 
from Catharanthus. J Med Chem 1978, 21:88. 

Description—White crystals that melt about 230° (base). 

Solubility—pH (reconstituted solution for injection) 4.2 to 4.5; pH 
levels greater than 6 precipitates the free base. 

Comments—An investigational drug that combines the therapeu- 
tic and the toxic properties of vincristine and vinblastine. It is active 
agianst vinca-resistant acute lymphocytic leukemia, the blast crisis of 
chronic myelocytic leukemia, melanoma, Hodgkin’s and non-Hodgkin’s 
lymphomas, and breast carcinoma. In combination with cisplatin it 
especially is effective against non-small-cell bronchogenic carcinoma. 
Toxicity includes occasional nausea and vomiting; severe bronchos- 
pasm, especially in the presence of mitomycin; common, but moderate 
myelosuppression (especially leukopenia, alopecia, constipation, ileus, 
muscle aches, paresthesias, weakness, occasional chills and fever); 
phlebitis, and rare confusion and lassitude. Vindesine is absorbed 
poorly orally. It manifests three-compartment pharmacokinetics, with 
half-lives of 2 min, 1 hr, and 24 hr. 


GENERIC NAME 


MANUFACTURER (TRADE NAME) USE 


Aldesleukin 
Allopurinol (injection) 


Chiron (Proleukin) 


Altretamine 
Amifostine 


Anagrelide 


Glaxo-Wellcome (Zyloprim) 


US Bioscience (Hexalen) 
US Bioscience (Ethyol) 


Roberts Pharm (Agrelin) 


Melanoma and renal cell cancer 

Leukemias, lymphomas and tumors in patients 
who cannot tolerate the oral preparation 

Ovarian carcinoma 

Chemoprotective in cisplatin for melanoma and 
ovarian carcinoma and cyclophosphamide in 
ovarian carcinoma 

Thrombocytosis, thrombocythemia, and 
polycythemia vera 


GENERIC NAME 


MANUFACTURER (TRADE NAME) 
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USE 


Antibody 520C9x22 
Antithymocyte serum 
APL 400-020 
Arcitumomab 
Autolymphocyte therapy 
Beta-alethine 
Bromodeoxyuridine 
Busulfan 


Cis-Retinoic acid 
Cladribine 


Coumarin 

DAB389IL-2 

2'-Deoxycytidine 
Depofoam-encapsulated cytarabine 
Dexrazoxane 


Disaccharide tripeptide glycerol dipalmitoy| 


Disodium clodronate 

Disodium clodronate tetrahydrate 
Erwina L-asparaginase 
Exemestane 

FGN-1 

Filgrastim 


Fludarabine Phosphate 


Fluorouracil 

Fluorouracil 

Gallium nitrate injection 
Gossypol 

GP 100 adenoviral gene therapy 
Herpes simplex viral gene 
Idarubicin 


Idarubicin injection 


Idoxuridine 
Ifosohamide 


Imexon 
In-111 mutine MAb (2b8-Mx-dtpa) 
and Y-90 murine MAb (2b8-Mx-dtpa) 
Interferon alfa-2a 
Interferon alfa-2b (Recombinant) 
Interferon beta (Recombinant) 


Interleukin-2 
Interleukin-11 


lodine 1123 Murine Mab 


lodine 1123 Murine Mab to hCG 
lodine 1131-Murine MAb IgG2A to B cell 


lodine 1131-B1 MAb 
Leucovorin 


Liposome encapsulated 
Recombinant Interleukin-2 
MART-1 adenoviral gene 
Melanoma cell vaccine 
Melanoma vaccine 


Melphalan injection 
Mesna 
Methionyl human stem 


Methotrexate 


Medarex 

Applied Med Res 

Apollon 

Immunomedics 

Cellcor 

Dovetail Tech 

NeoPharm 

Orphan Med/Sparta 
(Busulfanex) 

Ligand Pharm 

RW Johnson Res (Leustatin) 


Praevomed GmBH (Oncastat) 


Seragen 
S Grant, MD 
Depo Tech Corp 


Pharmacia & Upjohn (Zinecard) 
ImmunoTherapeutics (Immther) 


Discovery Exp/Dev 
Leiras Pharm (Bonefos) 
Proton (Erwinase) 
Pharmacia & Upjohn 
Cell Pathways 

Amgen (Neupogen) 


Berlex (Fludara) 


Hoffman La Roche 
Lederle (Adrucil) 
Solopak (Ganite) 
MM Reidenberg, MD 
Genzyme 

Genetic Therapy 
Pharmacia & Upjohn 


Adira/Pharmacia & Upjohn 
(Idamycin) 

NeoPharm 

Bristol-Myers Squibb (Ifex) 


Amplimed 
IDEC Pharm 


Hoffmann-La Roche (Roferon A) 


Schering (Infron A) 
Biogen/(R-IFN-beta) 
Serono (Rebif) 


Hoffman-La Roche (Teceleukin) 


Genetics 


Immunomedics 


Immunomedics 


Immunomedics 
(Immurait L1-2-I-131) 
Coulter Pharm 
Glaxo-Wellcome/Immunex/ 
(Leucovorin Calcium) 
Biomira 


Genzyme 

DL Morton, MD 

Ribi immunoChem Res 
Melacine 

Glaxo-Wellcome (Alkeran) 

Asta/Degussa (Mesnex) 

Amgen 


Lederle 


Serotherapy of ovarian cancer 

Allograft rejection 

Cutaneous T-cell lymphoma 

Localization of metastatic thyroid carcinoma 

Renal carcinoma 

Multiple myeloma 

Radiation sensitizer for brain cancer 

Preparation for bone transplantation in 
malignancies 

Promyelocytic leukemia 

Acute myeloid, hairy-cell and chronic lymphocytic 
leukemias, non-Hodkgkin’s lymphoma 

Renal carcinoma 

T-cell lymphoma 

Acute myelogenous leukemia 

Neoplastic meningitis 

Prevention of anthracycline cardiomyopathy 

Colorectal adenocarcinoma metastisis 

Hypercalcemia in malignancy 

Bone resorption in malignancy 

Acute lymphocytic leukemia 

Breast cancer metastasis 

Control of adenomatous polyposis coli 

Neutropenia due to myeloablative or 
myelosuppressive chemotherapy 

Non-Hodgkin’s lymphoma and chronic 
lymphocytic leukemia 

Esophageal carcinoma 

Metastatic adenocarcinoma of colon or rectum 

Hypercalcemia due to malignancy 

Cancer of adrenal cortex 

Advanced melanoma 

Brain tumors 

Chronic myelogenous leukemia and 
myelodysplastic syndromes 

Acute myelogenous leukemia and acute 
lymphoblastic leukemia 

Sarcomas 

Bone and soft tissue sarcomas and testicular 
cancer 

Multiple myeloma 

Non-Hodgkin’s B-cell lymphomas 

Chronic myelogenous leukemia 

Kaposi's sarcoma in AIDS 

Kaposi's sarcoma in AIDS, cutaneous T-cell 
lymphoma and malignant melanoma, advanced 
renal cell cancer and primary brain tumors 

Advanced renal cell and malignant melanoma 

Prevent chemotherapy-induced 
thrombocytopenia 

Detection and treatment of to alpha-fetoprotein 
hepatocarcinomas and alpha fetoprotein- 
producing tumors 

Detection and treatment of hCG to hCG- 
producing tumors 

B-cell leukemia and lymphoma to B cell 


Non-Hodgkin‘s B-cell lymphoma 
Advanced colorectal cancer and osteosarcoma 


CNS tumors and renal cancers interleukin-2 


Malignant melanoma therapy 
Invasive melanoma 
Advanced melanoma 


Multiple myeloma 

Use with ifosfamide and cyclophosphamide 

With filgrastim after cell factor myelosuppressive 
or myeloablative therapy 

Osteogenic sarcoma 
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GENERIC NAME 


MANUFACTURER (TRADE NAME) 


USE 


Methotrexate with laurocapram 


Microbubble contrast agent 


Mitoguazone 
Mitoxantrone 


Mab-B34.13 

Mab PM-81 and AML-2-23 
9-Nitro-20-(s)-camptothecin (9-NC) 
N-trifluoroacetyl-adriamycin-14-valerate 
OncoRad Ov13 

Paclitaxel 

Pegaspargase 

Pentostatin 

Polifeprosan 20 with carmustine 
Poly ICLC 

Poly I:Poly C12U 


Porfimer sodium 


Porfiromycin 

Prednimustine 

9-[3-Pyridyl]-9-deazaguanine 

R-Il Retinamide 

Ricin (Blocked) conjugated mutine MCA 
Anti (B4) 

Ricin (Blocked) conjugated mutine MCA 
Anti (MY9) 

Ricin (Blocked) conjugated mutine MCA 
(N901) 

Ricin (Blocked) conjugated mutine MAb 
Anti (CD6) 

Roquinimex 


Sargramostim 


Satumomab Pendetide 

Serratia Marcescens Extract (Polyribosomes) 

Sodium Monomercapto-undecahydrocloso- 
dodecaborate 

ST1-RTA Immunotoxin (SR 44163) 

SU-101 

Sucralfate 


T4 Endonuclease V Liposome Encapsulated 


Talc 

Technetium Tc-99m Anti Melanoma Murine 
Mab 

Technetium Tc-99m Murine Mab (lgG2a) to 
B cell 

Technetium Tc-99m Murine Mab to hCG 


Technetium Tc-99m Murine Mab to hAFP 
Teniposide 

Torimifene 

Treosulfan 

Trimetrexate 

Trisodium Citrate Concentration 


Vaccinia (human papillomavirus, 
recombinant) 


Durham Pharm (Methotrexate/ 
Azone) 
Cav-Con (Filmix- 


Neurosonographic contrasting 


agent) 
ILEX Oncology (Zyrkamine) 
Immunex/Lederle (Novantrone) 


AltaRex (Ovarex Mab-B43.13) 
Medarex 

Stehlin Found 

Anthra Pharm 

Cytogen 

Bristol-Myers Squibb (Taxol) 
Enzon (Oncaspar) 
Warner-Lambert (Nipent) 
Guilford (Gliadel) 

A Salazar and H Levy 
HEMISPHERx/(Ampligen) 


QLT Phototherapeutics [Lederle/ 
(Photofrin)] 

OncoRx 

Upjohn & Pharmacia (Sterocyt) 

Biocyst Pharm 

Sparta 

ImmunoGen 


ImmunoGen 
ImmunoGen 
ImmunoGen 
Upjohn & Pharmacia 
Immunex (Leukine) 


Cytogen (Oncoscint CR/OV) 
Cell Technology 
Neutron Technology (Borocell) 


Sanofi Winthrop 
Sugen 
Fuisz Technol/Darby Pharm 


Applied Genetics 


Bryan 

NeoRx (Oncatrac Melanoma 
Imaging Kit) 

Immunomedics (Lymphoscan) 


Immunomedics (Immuraid, 
hCG-Tc99m) 

Immunomedics (Immuraid, 
hAFP-Tc99m) 

Bristol-Myers Squibb 
(Vumon for Inj) 

Orion 

Medac GmbH (Ovastat) 

US Bioscience 


Hemotec Medical (Hemocitrate) 
Cantab Pharm 


Mycosis fungoides 


Localization of brain tumors 


Diffuse non-Hodgkin's lymphomas 

Acute myelogenous leukemia and advanced 
prostate cancer 

Ovarian cancer 

Acute myelogenous leukemia 

Pancreatic cancer 

Bladder cancer 

Ovarian cancer 

Kaposi's sarcoma 

Acute lymphocytic leukemia 

Chronic lymphocytic leukemia 

Malignant glioma 

Primary brain tumors 

Renal cell carcinoma and Advanced malignant 
melanoma 

Esophageal and bladder cancer 


Head and neck cancer, cervical cancer 
Malignant non-hodgkin’s lymphomas 
Cutaneous T-cell lymphoma 
Myelodysplastic syndrome 

B-cell leukemias and lymphomas 


Myelogenous leukemias 
Small cell lung cancer 
T-cell lymphomas and leukemias 


With bone marrow transplant in leukemia 
patients 

Used for neutropenia with myelosuppressive 
chemotherapy 

Ovarian cancer detection 

Primary brain tumors 

Boron neutron capture therapy for glioblastoma 


B-cell leukemias 

Malignant glioma and ovarian cancer 

Oral complications after radiation or 
chemotherapy 

Prevention of neoplasia in xeroderma 
pigmentosum 

Malignant pleural effusions 

Imaging of malignant melanoma 


Imaging in B-cell leukemias and lymphomas 

Imaging of hCG-producing tumors 

Detection of hepatic and germ line cancers 

Acute lymphocytic leukemia 

Breast cancer 

Ovarian Cancer 

Colorectal and pancreatic adenocarcinoma, head 
and neck cancer 


Leukophoresis 
Cervical cancer 


° Additional information on all Orphan Drugs may be obtained from the Office of Orphan Products Development (HF-35), FDA, 5600 Fishers Lane, Rockville, MD 
20857; (301)827-3666, and in USAN-98, USPC, Rockville, MD; pp. 837-865. 


Anti-Infectives 


William K Nichols, PhD 

Associate Professor of Pharmacology and Toxicology 
College of Pharmacy 

University of Utah 

Salt Lake City, UT 84112 


The distinction between the terms antibiotic and antimicrobial 
agent has little meaning today. The term antibiotic tradition- 
ally refers to a substance produced by a microorganism. How- 
ever, most agents are produced by chemical synthesis or vari- 
ous moieties are attached to the basic core structure of an 
antibiotic after microbial fermentation. 

The pathogenic microorganisms that can invade the human 
body and cause disease include a number of bacteria, viruses, 
fungi and parasites. The major pharmacological approaches to 
treat these infections will be covered under the following head- 
ings: antiseptics and disinfectants, systemic antimicrobials, 
antimycobacterials, antifungals and antivirals. Only the major 
antimicrobial drugs will be discussed in each section of this 
chapter to emphasize the general characteristics of specific 
drug families and their major subclasses. Common features 
will be summarized and unique uses or problems will be high- 
lighted for important drugs within each class. 


ANTISEPTICS, DISINFECTANTS 
AND SPERMICIDES 


SE TR NT EIT TET RISER TST 
The terms antiseptic and disinfectant refer to an agent that 
kills microbes upon contact. Drugs in this category are not 
taken internally and are not used to treat disease. These agents 
are used to prevent infection by destroying microorganisms on 
foreign surfaces and skin. Antiseptics are applied to living 
tissues and inhibit microorganism growth but this degerming 
action is only temporary. Presurgical scrubs reduce the normal 
and pathogenic flora on the skin if used appropriately but 
bacterial multiplication resumes in minutes to hours. 

The agents in this class are very diverse groups of chemicals 
and have a variety of mechanisms of action that include: highly 
reactive oxidizing and alkylating agents (i.e., general protoplas- 
mic poisons); protein denaturing agents that damage microbial 
cell walls or cytoplasmic membranes; lower surface tension; in- 
hibit essential enzymes; and other examples of nonselective ac- 
tions. The effectiveness of antiseptics and disinfectants is influ- 
enced by concentration, temperature and time of exposure. 

Many of these agents are poorly effective in the presence of 
serum or other organic media, or else they are excessively 
damaging to the tissues. Tissue damage, of course, is not of 
concern when such agents are employed for the disinfection of 
inanimate objects; on the other hand, corrosiveness, staining 
and other effects then become important considerations. The 
best and most effective antiseptics are iodine and chlorhexidine 
in combination with alcohol. 

Notable problems of commonly used preparations are listed in 
each monograph. Cationic detergents are very poor antiseptics or 
disinfectants due to their inactivation by soap and organic tissue 
components. It commonly is believed that antiseptics are nonse- 
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lective and that they have a continuous spectrum of activity. 
Although this is essentially true, certain significant absolute ex- 
ceptions exist, and the relative susceptibilities of the numerous 
microorganisms must be considered in antiseptic use. For exam- 
ple, hexachlorophene is effective primarily against gram-positive 
organisms, and cationic antiseptics are not effective against 
sporulating organisms. Certain bacteria are even capable of grow- 
ing in 70% ethanol. 

No really satisfactory classification of antiseptics exists. The 
most widely used scheme is the chemical classification. Neverthe- 
less, the drugs listed below are not arranged according to chemical 
type. However, it will be noted that the major chemical categories 
represented are oxidizing agents (including the halogens and 
halogen-releasing compounds), phenols and related compounds, 
compounds of heavy metals (especially of mercury), surface-active 
agents (especially the cationic detergents) and scattered represen- 
tatives from the alcohols and glycols, aldehydes and acids. Locally 
effective antibiotics are discussed with the antibiotics. 

It should be kept in mind that systemic antimicrobial drugs 
are often superior to topical ones. This is because topical agents 
usually do not penetrate into infected sites as well as systemic 
agents do. Nevertheless, topical drugs are often efficacious, 
simply by limiting surface infections so that tissue defenses can 
clean up below without continual reinfection from superficial 
foci. Furthermore, some superficial disorders do not seem to 
respond to safe systemic agents, or, if they do, there may be 
cogent reasons for withholding systemic drugs, for example, to 
avoid sensitizing the patient or creating resistant microorgan- 
isms. Therefore, there is still an important place for topical 
antiseptics. However, topical antiseptics can damage tissue 
defenses, so that sometimes they may exacerbate lesions. Such 
occasions are not always predictable, and they evidently de- 
pend in part on the condition of the patient and the activity of 
the immunological response to infection. A summary of the 
activities of antiseptics is shown in Table 87-1 on page 1516. 


ACETIC ACID, DILUTED—page 1040. 
ACRISORCIN—see RPS-17, page 1226. 


ALCOHOL 
For the full monograph, see page 1038. 

Comments—An antiseptic with the following susceptibilities: 
gram-positive and gram-negative bacteria, highly susceptible; spores, 
resistant; lipophilic viruses, susceptible; hydrophilic viruses, variable; 
and fungi, no data. 

ALUMINUM ACETATE TOPICAL SOLUTION—page 1206. 
BACITRACIN—page 1536. 


BENZALKONIUM CHLORIDE 


Ammonium, alkyldimethyl(phenylmethyl)-, chloride; 
Zephiran Chloride 
Alkylbenzyldimethylammonium chloride [8001-54-5]; a mixture of 
alkylbenzyldimethylammonium chlorides of the general formula 
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[(C,H,CH,N(CH;).R]Cl, in which R represents a mixture of alkyls, 
including all or some of the group beginning with n-C,H,, and extend- 
ing through higher homologs, with n-C,,H,;, n-C,,Hog and n-C,,Hs, 
comprising the major portion. On the anhydrous basis, the content of 
n-C,H.,, homolog is not less than 40%, and the content of the n-C,,H5, 
homolog is not less than 20%, of the total alkylbenzyldimethylammo- 
nium chloride content. The amounts of the n-C,,H,; and n-C,,Ho, 
homolog components comprise together not less than 70% of the total 
alkylbenzyldimethylammonium chloride content. 

Preparation—By treating a solution of N-alkyl-N-methylbenzyl- 
amine in a suitable organic solvent with methyl chloride, the solvent 
being so chosen that the quaternary compound precipitates as it is 
formed. 

Description—White or yellowish white, thick gel or gelatinous 
pieces; aromatic odor and a very bitter taste; solutions are alkaline to 
litmus and foam strongly when shaken. 

Solubility—Very soluble in water and alcohol; 1 g of the anhydrous 
form dissolves in approximately 6 mL benzene and in approximately 
100 mL ether. 

Incompatibilities—Like other cationic surface-active agents, 
benzalkonium chloride is incompatible with soap and other anionic 
agents. The large organic ions of the two agents are oppositely charged 
and, in sufficient concentration, can precipitate from solution. Nitric 
acid and nitrates cause precipitation. 

Comments—A bacteriostatic in low and bactericidal in high con- 
centrations. Gram-positive bacteria are more sensitive than gram— 
negative bacteria. The antiseptic has a slow action. It requires 7 min for 
the bacterial count on the skin to be decreased by a mere 50%, while 
only 36 sec is required by 70% ethanol; to effect a 90% reduction, 25 min 
is required for this compared to 2 min for the 70% ethanol. 

It is used for application to skin and mucous membranes. It is used 
widely in OTC ophthalmic solutions and as applications to contact 
lenses. It also is used for the sterilization of inanimate articles, such as 
surgical instruments. Its solutions have low surface tension and possess 
detergent and emulsifying actions. It has relatively low systemic toxic- 
ity. It does not destroy bacterial spores, it is ineffective against some 
viruses, it is inactivated by soap and other anionic surface—active 
agents and, when applied to the skin, it has a tendency to form a film 
under which bacteria remain viable. Organic matter from tissue inac- 
tivates the drug, so that it has limited efficacy in the disinfection of 
wounds. The drug can cause irritation and damage the epidermis, and 
it also can cause allergies. 


BENZETHONIUM CHLORIDE 


Benzenemethanaminium,N,N-dimethyl-N-[2-[2[4-(1,1,3,3- 
tetramethylbutyl)phenoxy]JethoxylJethyl]-, chloride 
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Benzyldimethy] [2-[2-[p-(1,1,3,3-tetramethylbutyl)phenoxy]-ethoxy]ethyl]- 
ammonium chloride. [121-54-0] C,H, ,CINO, (448.09). 

Preparation—From p-diisobutylphenol with dichlorodiethyl ether, 
dimethylamine and benzyl chloride. 

Description—White crystals; mild odor; very bitter taste; melts at 
approximately 160°; aqueous solution (1%) slightly alkaline and foams 
strongly when shaken. 

Solubility—1 g in 0.6 mL water, 0.6 mL alcohol, 1 mL chloroform 
or 6000 mL ether. 

Comments—A disinfectant with the following susceptibilities: 
gram-positive and gram-negative bacteria, highly susceptible; spores, 
resistant; lipophilic viruses, susceptible; hydrophilic viruses, resistant; 
and fungi, no data. 


BENZOIC ACID—see RPS-19, page 1327. 

BENZYL ALCOHOL—see RPS-19, page 1151. 

BORIC ACID—see RPS-19, page 1407. 

BUTYLPARABEN—see RPS-18, page 1170. 
CHLORHEXIDINE GLUCONATE 


p-Gluconic acid, compd with N,N’-bis(4-chlorophenyl)-3,12-diimino- 
2,4,11,13-tetraazatetradecanediimidamide (2:1); Hibiclens, Hibistat 


ee eae 
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1,1'-Hexamethylenebis[5-(p*chlorophenyl)biguanide] di-p-gluconate 
[18472-51-0] C,H oCloN jo * 2CgH,.0, (897.77). 

Preparation—Chlorhexidine base may be prepared by refluxing a 
mixture of hexamethylenebis [dicyandiamide], [NCNHC(:NH)-NH- 
(CH,)s]4, and p-chloroaniline hydrochloride in 2-ethoxyethanol at 130- 
140° for two hours (Rose and Swain, CA 50: 1082h, 1956). The diglu- 
conate, diacetate, and dihydrochloride salts may be obtained by 
neutralizing the base with the respective acids. 

Description—Colorless to pale-yellow solution. Usually available 
in 5 or 20% aqueous solution. pH (5% aqueous solution) 5.5 to 7. 

Solubility—Very soluble in water; 1 g in 5 mL alcohol or 3 mL 
acetone. 

Comments—Bactericidal to both gram-positive and gram-negative 
bacteria, although it is not as potent against the latter. It disrupts the 
plasma membrane of the bacterial cell, and cellular contents are lost. 

In a 4% aqueous solution as a surgical scrub, it decreases the 
cutaneous bacterial population more than either hexachlorophene or 
povidone-iodine. It is slightly less effective than povidone-iodine if the 
skin is contaminated with certain gram-negative bacteria. A 1% aque- 
ous solution has erratic antiseptic effects, but a 0.5% solution in 95% 
ethanol is more effective than a 4% aqueous solution. Chlorhexidine 
solutions leave a residue on the skin that gives a persistent antibacte- 
rial effect lasting 1 or 2 days. Its actions are not affected by blood, pus 
or soaps. 

It is used for the preoperative preparation of both surgeon and 
patient, for the treatment of superficial skin infections, burns, acne 
vulgaris and the irrigation of wounds and surgical infections. It can be 
used in the hospital nursery to bathe neonates for prophylaxis against 
staphylococcal and streptococcal infections. 

It is absorbed negligibly from the skin and mucous membranes; it 
has low systemic toxicity. However, serious injury may occur when it 
enters open wounds of the eye and deafness may occur if it enters the 
middle ear through a perforated eardrum. A few cases of sensitization 
have been reported. 


ETHYLENE OXIDE 
Oxirane 
H2C—CH2 


(2) 


Ethylene oxide [75-21-8] C,H,O (44.05). 

Preparation—FEthylene is catalytically oxidized with air at high 
temperature. 

Description—Colorless, flammable gas; liquid at less than 12°. 

Solubility—Soluble in water, alcohol or ether. 

Comments—An alkylating agent that has a very broad germicidal 
spectrum, including spores and viruses. Since it is reactive at room 
temperature, it may be used for the disinfection and sterilization of 
heat-labile objects, such as certain catheters and endoscopes in the 
hospital. Because it is applied as a gas, it is advantageous for the 
sterilization of objects that would be harmed by immersion in aqueous 
or other media. 

Inhalation of the gas causes nausea, vomiting and neurological 
disorders, and severe exposures can cause death. Consequently, steril- 
ization must be done only in appropriate chambers or rooms. Chemical 
burns can result from the wearing of ethylene oxide-sterilized clothing, 
shoes or gloves that have been aired inadequately after sterilization; 
thrombophlebitis or hemolysis can result from the use of catheters, and 
tracheitis from endotracheal tubes that have retained a residue of the 
gas. Polyvinyl tubing and bags are especially dangerous because of the 
formation of chlorohydrin. Therefore, after exposure, such items should 
be aired for 5 days at room temperature or 8 hr at 120°. The gas also is 
used as a fumigant. 

The gas is highly explosive at concentrations above 3%, so that it 
needs to be mixed with CO, or fluorocarbons before use. 

The gas kills vegetative bacteria very rapidly, but desiccated micro- 
organisms and spores are killed only slowly, so that a 3-hr exposure at 
30° is advised. The optimal humidity for action is 30 to 40%. 

The gas is also discussed on page 1765. 


ETHYLPARABEN—see RPS-18, page 1171 
FORMALDEHYDE 


Comments—A disinfectant with the following susceptibilities: 
gram-positive bacteria, susceptible; gram-negative bacteria, highly 


susceptible; spores, susceptible; lipophilic viruses, susceptible; hydro- 
philic viruses, moderately susceptible; and fungi, susceptible. 


GLUTARAL 


Pentanedial; Glutaraldehyde; Glutaric Dialdehyde; Cidex 
OCH(CH,),CHO [111-30-8] C;H,O, (100.12). 

Preparation—The 1:1 Diels-Alder adduct of acrolein and a vinyl 
alkyl ether is hydrolyzed, forming glutaral and an alkanol. 

Description—Colorless liquid; pungent odor; boils about 188° with 
decomposition; stable in light; oxidizes in air; polymerizes on heating. 
Glutaral Concentrate is a 50% (w/w) solution in water. 

Solubility—Soluble in water and in alcohol. 

Comments—A disinfectant with the following susceptibilities: 
gram-positive bacteria, susceptible; gram-negative bacteria, highly sus- 
ceptible; spores, susceptible; lipophilic viruses, susceptible; hydrophilic 
viruses, moderately susceptible; and fungi, susceptible. 


HEXACHLOROPHENE 
Phenol, 2,2'-methylenebis[3,4,6-trichloro-, G-11; AT-7; 


OH OH 


Cc) Cc) 


(70-30-4] C,,H,Cl,0., (406.91). 

Preparation—By the Baeyer condensation reaction involving two 
molecules of 2,4,5-trichlorophenol, and one molecule of formaldehyde. 
Sulfuric acid is employed as the dehydrant. 

Description—White to light tan, crystalline powder; odorless or 
only slightly phenolic odor; melting range 161° to 167°; incompatible 
with benzalkonium chloride; pK, 5.7. 

Solubility—Insoluble in water; freely soluble in acetone, alcohol 
and ether; soluble in chloroform and dilute solutions of fixed alkali 
hydroxides. ; 

Comments—An effective bacteriostatic antiseptic against gram- 
positive bacteria but it has low activity against gram-negative organ- 
isms. On the skin the bacterial population initially will decrease by only 
30 to 50% but within 1 hr the decrease will exceed 90%. When washes 
are repeated 2 or more times a day, the decrease will reach 95 to 99% in 
3 or 4 days from a persisting residuum of the drug in the skin. This 
reservoir can be removed by ethanol, isopropyl alcohol and soap and 
water washes or other detergents. The drug is effective whether applied 
as a tincture, detergent emulsion or soap; the tincture is the most 
effective and a 0.23% tincture foam has been reported to be more 
effective than a 3% soap. In soaps, one hydroxyl group is neutralized, 
which moderately decreases activity. 

Preparations containing this are used widely as antiseptic scrubs by 
physicians, dentists, food handlers and others. The incidence and se- 
verity of pyogenic skin infections are reduced by routine use. 

In infants, it can cause myelinopathy and spongiform encephaloma- 
lacia following topical application; for this reason, it is no longer used in 
hospital nurseries to bathe infants. Avoid contact with eyes and do not 
use on burns or mucous membranes. By the oral route it can cause 
nausea, vomiting and abdominal cramps with associated water and 
electrolyte derangements. Topically, the drug can cause dermatitis and 
sensitization. It is teratogenic. 


HYDROGEN PEROXIDE SOLUTION 


Hydrogen Dioxide 
[7722-84-1] H,O, (34.01). 

Preparation—Hydrogen peroxide: by many methods, one of the 
most important ones involving electrolysis of sulfuric acid in a solution 
containing sulfate, whereby persulfate is formed, which is hydrolyzed to 
hydrogen peroxide. Solutions containing as much as 90% H,O, in each 
100 mL. 

Description—Clear liquid; colorless; odorless or having an odor 
resembling that of ozone; usually deteriorates on standing or on pro- 
tracted agitation; decomposes rapidly when in contact with many oxi- 
dizing or reducing substances; when rapidly heated, it may decompose 
suddenly. 

Comments—A germicide active by virtue of the release of nascent 
oxygen; it is short acting because the release occurs rapidly. It is the 
substance released by activated neutrophils, and it is an effective mi- 
crobicide when applied in close contact with most microorganisms. 
However, the ubiquitous enzyme catalase often destroys it before it 
reaches organisms in wounds. Effervescence helps cleanse wounds 
mechanically. 
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IODINE 


lodine 
(7553-56-2] I (126.90). 

Preparation—From the iodide in the ashes of seaweed by chlo- 
rination, from the iodate in chile saltpeter by reduction with sulfite 
ion, or from the iodide in oil well brines by oxidation with chlorine or 
nitrite ion. 

Description—Heavy, grayish black plates or granules, a metallic 
luster; characteristic odor; specific gravity approximately 4.9; melts at 
approximately 114° but volatilizes even at room temperature. 

Solubility—1 g in 3000 mL water, 13 mL alcohol, 80 mL glycerin; 
freely soluble in chloroform, carbon tetrachloride, ether, and glacial 
acetic acid; soluble in solutions of iodides by the formation of I,-. 

Incompatibilities—Oxidizes hypophosphites, sulfites, the lower 
valence forms of some metals and other reducing agents, the iodine 
being reduced to an iodide. Thiosulfates (hyposulfites) also react with 
free iodine. It reacts with fixed oils to form addition compounds, and 
with volatile oils to form various derivatives. The reaction with turpen- 
tine oil is violent. An explosive iodide of nitrogen may be formed with 
ammonia water or ammoniated mercury. Alkali hydroxides and carbon- 
ates react with iodine to form iodides and iodates. Many alkaloids are 
precipitated from aqueous solutions of their salts. In alcoholic solution 
iodine slowly forms hydrogen iodide if alkali iodide is absent. 

Comments—One of the best all-around antiseptics. It is active 
against bacteria, fungi, spores, yeasts, protozoa and viruses. Although 
it is available in high concentration in various complexes (with iodide 
ion, poloxamer, povidone, etc, called iodophores) or tinctures, its solu- 
bility in water is only 0.033% (1:3,000). The advantage of iodophores or 
concentrates is that they provide a reservoir (called available iodine) 
from which to replenish iodine that is depleted in combining with 
microbial components and organic materials resulting in a sustained 
action. Iodine can complex loosely with amino and heterocyclic groups 
in tissues constituents that serve as repository iodine. Ethanol and 
other organic solvents in tinctures act superadditively with free iodine. 

Most bacteria are killed within 10 sec by a 1% solution, 1 min by 
1:20,000 (0.05%) and 10 min by 1:500,000 (0.0002%). A 0.15% solution 
may kill wet bacterial spores, amebic cysts and enteric viruses in about 
15 min, but dry spores may require hours, even with 1:3000. On the 
skin, a 1% tincture will kill 90% of the bacteria in 90 sec. 

Its tinctures and solutions are used widely by the lay public for the 
disinfection of cuts and abrasions. The 2% solution is the best-available 
OTC preparation for this purpose because it lacks the irritancy of 
tinctures and hypertonicity of the strong solution. Solutions are effec- 
tive even in strengths as low as 0.1%, which is sometimes used for 
wound irrigation. The tincture is the best preparation for presurgical 
preparation of the intact skin. It may be used to purify drinking water. 
However, Giardia is less sensitive than bacteria and amebae, and 
requires higher concentrations and longer incubations. 

It has a high therapeutic index among antiseptics. Tinctures sting 
and also cause local damage. The strong tincture, especially, can cause 
burns, even on intact skin; it was this toxicity that gave iodine a bad 
reputation. 


ISOPROPYL ALCOHOL 


2-Propanol 


CH.CH(OH)CH., [67-63-0] C,H,O (60.10). 

Preparation—Most of the isopropyl alcohol prepared commercially 
is obtained by treating propylene with H,SO, followed by hydrolysis. 
The olefin is obtained in the cracking of petroleum. 

Some of the alcohol also is obtained by the reduction of acetone 
through high-pressure hydrogenation. 

Description—Transparent, colorless, mobile, volatile liquid; char- 
acteristic odor; slightly bitter taste; specific gravity 0.783 to 0.787; 
distilling range 81° to 83°; refractive index 1.376 to 1.378 at 20°. 

Solubility—Miscible with water, alcohol, ether and chloroform. 

Comments—For the disinfection of hypodermic syringes and nee- 
dles and, as the rubbing alcohol, a skin antiseptic. It is superior to ethyl 
alcohol in regard to its antiseptic properties. All concentrations greater 
than 70% are effective skin disinfectants. It does promote bleeding at an 
injection site, which may make reading of allergic tests difficult. It can 
not be relied on to destroy the spores of organisms such as Clostridium 
tetani, Clostridium welchii or Bacillus anthracis. It has a greater effect 
than ethanol to dry and irritate the skin. It is not potable and should not 
be given by mouth. It is recognized as a rubefacient, although it is used 
more widely as an antiseptic. 
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METHYLENE BLUE—see RPS-18, page 1272. 

METHYLPARABEN—see RPS-18, page 1172. 

MUPIROCIN—page 1220. 
NITROFURAZONE 


Hydrazinecarboxamide, 2-[(5-nitro-2-furanyl)methylene]-, 
Furacin; Amifur 


NO, -0._,CH =NNHCONH, 


qe 


5-Nitro-2-furaldehyde semicarbazone [59-87-0] C,H,N,O, (198.14). 

Preparation—By condensing 5-nitro-2-furaldehyde with semicar- 
bazide hydrochloride in the presence of sodium acetate. 

Description—Odorless, lemon-yellow, crystalline powder; nearly 
tasteless, but develops a bitter aftertaste; darkens slowly on exposure to 
light; melts at approximately 236° with decomposition; pH (saturated 
solution) 5 to 7.5. 

Solubility—1 g in 4200 mL water, 590 mL alcohol, 350 mL pro- 
pylene glycol, and polyethylene glycol mixtures as much as 1%; practi- 
cally insoluble in chloroform and ether. 

Comments—A local antibacterial agent with a broad spectrum of 
activity. 

Most bacteria of surface infections of the skin or mucosal surfaces 
are sensitive to the drug. It is applied topically in the treatment of 
mixed, superficial infections of the skin. It finds use, especially, in the 
treatment of 2nd-and 3rd-degree burns and in skin grafting in which 
there are complications from bacterial infections that are refractory to 
the usual drugs of choice but in which bacterial sensitivity to the drug 
is demonstrable. It has not yet been shown to be useful in the treatment 
of minor burns, wounds or cutaneous ulcers that are infected. It retains 
its antibacterial activity in blood, serum and pus; phagocytosis is not 
inhibited and nitrofurazone does not interfere with healing. However, it 
is a slowly acting drug, and at least 24 hr are required for it to take 
effect properly. Therefore, no treatment should be less than 2 or 3 days 
in duration. 

Approximately 1% of patients become sensitized to the drug, some- 
times within 5 days of initiation of treatment. The systemic toxicity 
is low. 


PHENOL—page 1045. 

PHENYLETHYL ALCOHOL—page 1024. 

PHENYLMERCURIC ACETATE—see RPS-18, page 1172. 

PHENYLMERCURIC NITRATE—see RPS-18, page 1172. 

PINE TAR—page 1210. 

POLYMYXIN B SULFATE—page 1537. 

POTASSIUM PERMANGANATE—see RPS-19, page 1270. 
POVIDONE-IODINE 


2-Pyrrolidinone, 1-ethenyl-, homopolymer, compd with iodine 
oie = 
CNB 


| NSO) Sstact 
ae | 
n 


1-Vinyl-2-pyrrolidinone polymer compd with iodine [25655-41-8]; con- 
tains 9-12% of available iodine. 

Preparation—Povidone having an average molecular weight of 
40,000 is heated with elemental iodine in the presence of a little water 
whereby a small amount of the iodine enters into loose organic union 
with the polymer to form a compound which contains approximately 
10% of available iodine. 

Description—Yellowish-brown, amorphous powder; slight, charac- 
teristic odor; aqueous solution is acid to litmus. 

Solubility—Soluble in water or alcohol; practically insoluble in 
chloroform, carbon tetrachloride, ether, solvent hexane or acetone. 

Comments—kKills both gram-positive and gram-negative bacteria, 
fungi, viruses, protozoa and yeasts. The povidone component increases 
the solubility of iodine and provides a slow-release form of iodine. The 
affinity of povidone for iodine is greater than that of iodide, so that the 
concentration of free iodine is less than 1 ppm. Consequently the im- 
mediate bactericidal action of povidone-iodine is only moderate com- 
pared to that of iodine solutions. Although it takes 6 to 8 hr for the skin 
bacterial population to return to normal, which is longer than with 
iodine solutions, the effective duration of action for surgical purposes is 
only about 1 hr. 


It is claimed that it stings less than iodine preparations. This is not 
true; it is iodine tincture that stings, and tinctures of this drug also 
sting. Iodine solutions are more effective in wound irrigation. It stains 
the skin and clothing less than iodine solutions and is also less of an 
irritant under occlusive dressings. 

Its antiseptic preparations are indicated clinically for the prevention 
and treatment of surface infections as well as to degerm the skin prior 
to injection and hyperalimentation procedures; for seborrhea; for disin- 
fection of wounds, burns, lacerations and abrasions; for preoperative 
and postoperative scrubbing and washing of hospital operating-room 
personnel and for preoperative skin preparation of patients. It has no 
clear advantage over iodine solutions or tinctures. 


PROPYLENE OXIDE—see RPS-18, page 1173. 
PROPYLPARABEN—see RPS-18, page 1173. 
PYRITHIONE ZINC—see RPS-18, page 1173. 
SALICYLIC ACID—page 1212. 

SELENIUM SULFIDE 


Selenium Disulfide, Selsun; Exsel; Selsun Blue 

Selenium sulfide (SeS.,) [7488-56-4] SeS, (143.08); contains 52.0 to 
55.5% of selenium. 

Preparation—Among other ways, by adding an aqueous solution of 
selenious acid to an aqueous solution containing a stoichiometric excess 
of hydrogen sulfide. 

Description—Reddish brown to bright-orange powder; not more 
than a faint odor. 

Solubility—Practically insoluble in water or organic solvents. 

Comments—An antibacterial, antifungal and mildly keratolytic 
agent used in the local treatment of seborrheic dermatitis of the scalp. 
It is effective in the treatment of tinea versicolor. It is also useful in the 
management of acne vulgaris and juvenilis and atopic eczema, but it 
has not been approved for these uses. Some authorities attribute its 
antiseborrheic efficacy to cytostatic actions. It induces inflammation of 
the mucous membranes and exposed tissues, so that care should be 
exercised in the application of the compound. It also causes rebound 
oiliness of the scalp. It should not be allowed to get into the eyes. 

Occasionally it causes loss of hair. Although it has considerably 
lower toxicity than selenites and some other selenium compounds and 
is available OTC, care nevertheless should be taken to keep prepara- 
tions away from the mouth. 


SILVER NITRATE—page 1211. 
MILD SILVER PROTEIN—see RPS-18, page 1173. 


SILVER SULFADIAZINE 


Benzenesulfonamide, 4-amino-N-2-pyrimidinyl-, monosilver (1+) 
salt; Silvadene; SSD 


nw-{O)- sol 40) 


N'-2-Pyrimidinylsulfanilamide monosilver(1+) salt [22199-08-2] 
C,.>H,AgN,0.S (357.13). 

Description—A white powder. 

Solubility—Practically insoluble in water. 

Comments—Combines in one compound the antibacterial proper- 
ties of silver ion and sulfadiazine; it is especially effective against Ps 
aeruginosa. It is indicated for topical use as an adjunct for prevention 
and treatment of wound sepsis in patients with second-and third-degree 
burns. It can penetrate the eschar. Although some sulfadiazine is ab- 
sorbed, it is rarely sufficient to cause crystalluria. However, bacterial 
resistance to sulfonamides can occur. The drug does not cause pain at 
the site of application. Hypersensitivity may occur. Silver inactivates 
proteolytic enzymes used for debridement. 


SODIUM BENZOATE—see RPS-18, page 1173. 
SODIUM HYPOCHLORITE SOLUTION 


Antiformin, Dakin’s Solution, Hyclorite 

An aqueous solution containing 4.0 to 6.0% w/w of sodium hypochlo- 
rite [7681-52-9] NaClO (74.44). 

Preparation—By electrolysis of a solution of sodium chloride in a 
cell permitting reaction of chlorine with sodium hydroxide; an equiva- 
lent quantity of sodium chloride is produced simultaneously. 

Description—Clear, pale greenish yellow liquid; slight odor of chlo- 
rine; affected by light. 


Comments—A disinfectant and irrigant with the following suscep- 
tibilities: gram-positive and gram-negative bacteria, highly susceptible; 
spores, susceptible; lipophilic and hydrophilic viruses, susceptible; and 
fungi, moderately susceptible. 


SYSTEMIC ANTIBACTERIAL DRUGS 

LSD LO REE ET AL EET 
Systemic antibacterial agents can be bactericidal (kill mi- 
crobes) or bacteriostatic (growth inhibition) but also rely on 
host defenses to aid in eliminating bacterial pathogens. A given 
agent may be bactericidal under some conditions but be only 
bacteriostatic at other times, depending on the concentration of 
drug and type of bacteria. For a neutropenic patient a bacteri- 
cidal agent would be necessary to maximize the potential for 
successful treatment. 

The antibacterial agents can be classified into specific 
classes as well as divided into five major groups according to 
their primary mechanism of action or cellular biochemical 
pathway that is inhibited. The antibiotics and systemic anti- 
bacterial agents will be grouped into the following categories: 
inhibition of bacterial cell wall synthesis (penicillins, cephalo- 
sporins, carbapenems, and vancomycin), damage to cytoplas- 
mic membrane (polymixins), modification of synthesis or metabo- 
lism of nucleic acids (quinolones, rifampin and nitrofurantoin), 
inhibition of protein synthesis (aminoglycosides, tetracyclines, 
chloramphenicol, erythromycin and clindamycin) and _ folate- 
inhibitors or modification of energy metabolism (sulfonamides 
and trimethoprim). 

Factors to consider when selecting systemic antimicrobial 
agents for therapy in patients should include identification of 
likely or specific microorganism, antimicrobial susceptibility, 
bactericidal versus bacteriostatic, and host status (ie, allergy 
history, age, pharmacokinetic factors, renal and hepatic func- 
tion, pregnancy status, genetic or metabolic abnormalities, an- 
atomical site of infection and host defenses, especially neutro- 
phil function). The systemic antibacterial drugs will be 
described according to their major chemical families because 
similarities of antibiotics within each class are extensive. The 
major differences of unique members within each subclass will 
be emphasized. 


Sulfonamides 


The sulfonamides and trimethoprim act by inhibiting folic acid 
synthesis that most bacteria must synthesize whereas humans 
can rely on dietary sources. Sulfonamides were the first anti- 
microbial agents but their clinical use has been greatly re- 
stricted as a result of the development of resistant bacteria, 
their significant side effects, and the availability of other drugs. 
The sulfonamides are no longer the preferred drugs for treat- 
ment of urinary tract infections (UTIs) but are still effective for 
some infections. Some examples include the treatment of ini- 
tial, uncomplicated UTIs, nocardiosis and topical treatment of 
burn areas. The trimethoprim-sulfamethoxazole combination 
has many therapeutic applications that expand the usefulness 
of sulfonamides to treat some urinary, respiratory and GI in- 
fections, pneumocystis, toxoplasmosis and prevention of bacte- 
rial peritonitis. See Table 87-2 on page 1517. 

HISTORY—The compound p-aminobenzenesulfonamide, 
now known as sulfanilamide, was first synthesized in 1908, but 
it was many years before its therapeutic value was discovered. 
In 1932 a German firm prepared a red dye, 4-(4'-sulfamylphe- 
nylazo)-m-phenylenediamine or, p’-sulfamylchrysoidine, and 
in 1935 Domagk reported remarkable curative effects of this 
compound and named it Prontosil. 

In the same year, a group of French investigators found that 
the antibacterial property of the drug resided in the p-amino- 
benzenesulfonamide portion of the molecule. In 1937 Ewins 
and Phillips of England synthesized sulfapyridine, which was 
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the first sulfonamide used with great success in combating 
pneumonia. Then followed sulfathiazole, sulfadiazine and a 
large number of other sulfonamides. 

All the official, and generally all the therapeutically useful, 
antimicrobial sulfonamides are characterized by the structure. 


H H 
p =O < 
N SO,—N 
a Sse 


ANTIMICROBIAL PROPERTIES—The sulfonamides 
originally possessed a wide antimicrobial spectrum that in- 
cluded all gram-positive cocci, except enterococcus, all gram- 
positive bacilli, nearly all Enterobacteriaceae and gram- 
negative cocci, H influenzae, Bordetella pertussis, Pasteurella, 
some Pseudomonas, Chlamydia (psittacosis, Trachoma, Lym- 
phogranuloma venereum), Actinomycetes, Nocardia and some 
Toxoplasma and malaria. However, resistance to the drugs has 
limited the spectrum greatly. 

In most circumstances, these agents exert only a bacterio- 
static action, and ultimate elimination of the invading micro- 
organisms depends upon the cellular and humoral defense 
mechanisms of the host. However, bactericidal concentrations 
of these agents sometimes are attained in the urinary and 
intestinal tracts, where the concentration of drug may be quite 
high. 

The mechanism of the antimicrobial action of the sulfon- 
amides has been analyzed extensively. The sulfonamides com- 
pete with p-aminobenzoic acid and prevent its normal cellular 
use, particularly its incorporation into folic acid (pteroyl- 
glutamic acid, PGA). Thus, sulfonamide-sensitive organisms 
are primarily those that synthesize their own folic acid. Organ- 
isms able to use preformed folic or tetrahydrofolic acid or the 
tetrahydrofolate-dependent pyrimidines and thymidine are not 
affected by these agents generally. This mechanism is of im- 
portance as an example of the general concepts of biological 
antagonism and antimetabolites. The efficacy of sulfonamides 
generally is enhanced when the drugs are used in combination 
with trimethoprim that inhibits conversion of dihydrofolate to 
tetrahydrofolic acid and thence to folinic acid. 

Microorganisms initially sensitive to the sulfonamides may 
become resistant to these drugs. The clinical importance of 
such acquired bacterial resistance is attested by the fact that 
the majority of the strains of N gonorrhoeae now isolated from 
patients with gonococcal urethritis are resistant to these 
agents, whereas the sulfonamides were once the agents of 
choice against such organisms. Enterobacteriaceae, especially, 
have become resistant. 

Certain combinations of the sulfonamides with various an- 
tibiotics minimize the development of bacterial resistance and 
achieve chemotherapeutic results not attainable with either 
agent alone. Specific examples of valid combinations of the 
sulfonamides with other chemotherapeutic agents are indi- 
cated below. 

ABSORPTION, DISTRIBUTION AND EXCRETION— 
Sulfonamides in which the para-amino group is free are ab- 
sorbed readily into the blood stream, mostly via the small 
intestine. Although only a small amount may remain unab- 
sorbed, the local concentration in the bowel may be high 
enough to exert a prominent antibacterial action on some of the 
bowel flora. Absorption from the skin and vagina is erratic. 
Once into the bloodstream, sulfonamides bind to serum albu- 
min to varying degrees, ranging from less than 10 to over 90%, 
depending on the particular drug. Protein binding limits pen- 
etrance into the tissues and glomerular filtration is a determi- 
nant of the rate of excretion. 

Concentrations in tissue fluids usually range from about 50 
to 80% of those in the plasma. Highly polar sulfonamides do not 
penetrate tissues well, but they are excreted rapidly. 

Thus, sulfisoxazole is mainly extracellular in distribution 
and is of limited usefulness in systemic infections; because it is 
filtered rapidly in the renal glomerulus and resorbed poorly by 
the renal tubules (being lipid-insoluble), high concentrations 
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are reached in the urine, which makes it effective in the treat- 
ment of UTIs. Nevertheless, when the UTI is extraluminal, 
more widely distributed sulfonamides, such as sulfadiazine, 
may be more effective. 

Sulfonamides are acetylated in the liver to an extent of 30 to 
85% depending on the sulfonamide and the patient. The frac- 
tion of the acetylate conjugate in the urine varies accordingly. 
Crystallization of sulfonamide, conjugate or both may occur in 
the urine, depending on the solubility properties of each form of 
the drug at the pH of the urine and on the volume of urine. In 
general, both parent and acetylated sulfonamides are more 
soluble in alkaline than acid urine. 

TOXICITY—Untoward effects during therapy with sulfon- 
amides represent the major limitation to their clinical use. The 
most frequently observed side effects are crystalluria and re- 
lated renal damage, hematuria being noted in approximately 
2% of patients receiving sulfadiazine or other pyrimidine con- 
geners. GI side effects include nausea, vomiting, abdominal 
pain, diarrhea, anorexia, stomatitis and rare pancreatitis. Of 
the neurological effects, headache, vertigo and insomnia are 
the most frequent, but tinnitus, psychic depression, ataxia, 
hallucinations, peripheral and optic neuritis, acute myopia and 
convulsions occasionally occur. This incidence is less when 
adjuvant alkali and fluid therapy is instituted or when sulfon- 
amide mixtures or the more soluble congeners are employed. 

Hypersensitivity reactions, such as drug fever, dermatitis, 
hepatitis, polyarteritis nodosa, lupoid syndrome, pulmonary 
eosinophilia and rare myocarditis, occur in about 2% of patients 
receiving most present-day sulfonamides. The incidence of hy- 
persensitivity reactions is higher in patients receiving sulfa- 
pyridine. Agranulocytosis, aplastic anemia, leukopenia and 
thrombocytopenia have been noted during sulfonamide ther- 
apy, but the incidence is low when sulfadiazine and the other 
newer congeners are employed. 

Hemolytic anemia may occur; persons whose erythrocytes 
are deficient in glucose 6-phosphate dehydrogenase (G6PD) are 
especially susceptible. Sulfonamide-induced hepatocellular 
jaundice is now rare. Long-acting sulfonamides that may cause 
exudative erythema multiforme (Stevens-Johnson syndrome), 
are no longer available in the US. 

CNS effects are observed infrequently during current sul- 
fonamide therapy, and cyanosis, acid-base disturbances and 
other miscellaneous toxic effects, formerly common during 
therapy with sulfanilamide, sulfathiazole or sulfapyridine, are 
observed only rarely during the administration of sulfadiazine. 

Sulfonamides displace bilirubin from plasma proteins and 
hence can cause kernicterus in the newborn. It is not recom- 
mended that sulfonamides be administered to infants younger 
than 2 mo. Consequently, sulfonamides should be avoided in 
pregnant women near term and in newborn or premature in- 
fants. Some sulfonamides have been shown to be teratogenic 
in rats. If at all possible, then, sulfonamides should be avoided 
in pregnancy. 

Because the sulfonamides may cause serious untoward ef- 
fects, they should be administered only when bacteriological 
diagnosis indicates that these agents can be expected to be 
superior to drugs of other classes. Constant medical surveil- 
lance, preferably daily, is necessary, and periodic blood counts 
and urinalysis are mandatory. 

COMMENTS—Sulfonamide therapy alone has a minor 
place in the chemotherapy of infectious diseases. Major advan- 
tages of sulfonamides are their low cost and ease of adminis- 
tration; major disadvantages are their untoward effects and 
limited efficacy. The combination, trimethoprim-sulfamethox- 
azole is the treatment of choice for infections caused by Shi- 
gella, Nocardia, Ps maltophila, Ps cepacia, Yersinia entero- 
colitica, Aeromonas hydrophila and Pneumocystis carinii. 
Sulfonamides share alternate-drug status with other drugs 
in the treatment of infections caused by H influenzae (if not 
life-threatening), Mycobacterium fortuitum, Chlamydia tra- 
chomatis, lymphogranuloma venereum and meningococcal 
meningitis. 


Sulfonamides sometimes are combined with penicillin or 
erythromycin in the treatment of otitis media and may be 
combined with pyrimethamine in toxoplasmosis. Many strains 
of meningococcus are more sensitive to sulfonamides, but the 
occurrence of resistant strains has made penicillin G the drug 
of first choice. They are of use in some UTIs caused by E coli, 
Salmonella, Shigella, Staphylococcus, Klebsiella-Enterobacter, 
Pr mirabilis and vulgaris. 

Sulfonamides are given with pyrimethamine to treat toxo- 
plasmosis in immunosuppressed patients. In regions in which 
there is a problem of resistance of malarial parasites to the 
usual antimalarials, sulfonamides may be given in combination 
with trimethoprim, quinine, pyrimethamine or other antima- 
larials. The beneficial effect of sulfasalazine in ulcerative colitis 
is understood poorly. 

TYPES AND CHOICE OF PREPARATIONS—The anti- 
microbial spectrum of all sulfonamides is essentially the same. 
However, on the basis of solubility and degree of absorption 
from the GI tract, the sulfonamides can be divided into two 
broad classes, namely, those employed for systemic chemother- 
apy and those intended only for intestinal chemotherapy. 

Oral administration of the sulfonamides is preferred. How- 
ever, when medication cannot be taken by mouth, the soluble 
sodium or diolamine salts may be given parenterally. Topical 
chemotherapy rarely is effective, except in the most superficial 
infections, and may be dangerous because of sensitization. A 
possible exception is topical use of sulfacetamide sodium in 
trachoma and inclusion conjunctivitis, for which both topical 
and systemic treatment are used. A summary of the sulfon- 
amides is presented in Table 87-2 on page 1517. 

MIXTURES—Sulfonamide mixtures are designed to mini- 
mize the incidence of crystalluria and related renal injury 
associated with systemic use of sulfonamides. Since the solu- 
bility of a particular sulfonamide is not influenced by the pres- 
ence of others in the same solution, a higher total concentration 
of sulfonamide can be attained in the urine without precipita- 
tion after administration of a mixture than is possible if a 
single sulfonamide is given. 

There is no clinical necessity for less soluble triple sulfonamides 
because preparations that are more water-soluble are available. 

INCOMPATIBILITIES-—The sodium derivatives are sol- 
uble in water, invariably imparting to the solution a marked 
alkalinity. Hence, such solutions are incompatible with all 
acidic substances and with precipitable amines. 

Local anesthetics related to para-aminobenzoic acid antago- 
nize the action of the sulfonamides. Ethyl aminobenzoate, pro- 
caine, isocaine, butacaine and tetracaine are related in this way. 


PHTHALYLSUFATHIAZOLE 


Benzoic acid, 2-[[[4-[(2-thiazolylamino)sulfonyl]phenyl]- amino] 
carbonyl]-, Sulfathaladine 


COOH 
Om ory 
con ))-soaoi-X | 
N 
[85-73-4] C,,H,,N,0.,S, (403.43). 
Preparation—US 2,324,015 (1943). 
Description—Foams about 244°-250° then melts about 272°— 
277° dec. 
Solubility—Slightly soluble in alcohol, very slightly soluble in 
ether, very soluble in fixed bases and acids, practically insoluble in 
water. 


Comments—A sulfonamide which is not absorbed orally and is 
used only for ulcerative colitis. 


SULFACETAMIDE 
Acetamid, N‘-sulfanilyl-; ing of Sultrin, Trysul 


H 
1 
we{C)-soatcoor 


[144-80-9] CgH,,N,0.S (214.24). 


Preparation—By reacting sulfanilamide with acetic anhydride, 
followed by controlled alkaline hydrolysis to remove the N'-acetyl group 
and subsequent acidification to a pH of approximately 4. 

Description—White, crystalline powder; melts about 183°; pK, 
1.78. 

Solubility—1 g in approximately 140 mL water; soluble in alcohol; 
insoluble in ether. 

Comments—Employed topically in combination with sulfabenz- 
amide and sulfathiazole for the treatment of vaginitis caused by Gard- 
nerella (Hemophilus) vaginalis. 


SULFACETAMIDE SODIUM 


Acetamide, N-(4-aminophenyl)sulfonyl-, monosodium salt, 
monohydrate; Soluble Sulfacetamide 


Net 
wi{O)-soatooos * HO 


N-Sulfanilylacetamide monosodium salt monohydrate [6209-17-2] 
C,H,N,NaO.S - H,O (254.24); anhydrous [127-56-0] (236.22). 

Preparation—By reacting sulfanilamide with acetic anhydride, 
followed by controlled alkaline hydrolysis to remove the N’-acetyl group 
and subsequent acidification to a pH of approximately 4 to form sulfa- 
cetamide which is dissolved in the required quantity of NaOH solution 
and the solution is evaporated to dryness or precipitated with alcohol. 

Description—White, crystalline powder; odorless; bitter taste; pH 
(1 in 20 solution) between 8 and 9.5. 

Solubility—1 g in 2.5 mL water; sparingly soluble in alcohol; prac- 
tically insoluble in benzene, chloroform or ether. 

Comments—Its antibacterial spectrum is similar to that of the 
other sulfonamides, but it is less potent, owing to poor penetration into 
both tissues and bacteria. Employed in high concentration by local 
application, it is of benefit in various ophthalmologic infections, espe- 
cially those caused by pyogenic cocci, gonococcus, FE coli and Koch- 
Weeks’ bacillus. 

Trachoma also may respond well sometimes. Since the drug is 
nonirritating even in high concentration, it can be employed in suffi- 
cient concentration to achieve penetration of the ocular tissues. 


SULFADIAZINE 


Benzenesulfonamide, 4-amino-N-2-pyrimidinyl-, 


mi(S)-smO) 


N'-2-Pyrimidinylsulfanilamide [68-35-9] C,,H,)N,O.S (250.27). 

Preparation—By combining p-acetamidobenzenesulfonyl chloride 
with 2-aminopyrimidine in the presence of a mild alkaline agent, then 
splitting off the acetyl group by hydrolyzing with acid or alkali. 

Description—White or slightly yellow powder; odorless or nearly 
so; stable in air, but slowly darkens on exposure to light; melts between 
251° and 254°. 

Solubility—1 g in approximately 13,000 mL water; sparingly sol- 
uble in alcohol and acetone; 1 g in approximately 620 mL human serum 
at 37; freely soluble in dilute mineral acids, solutions of potassium and 
sodium hydroxides or ammonia TS. 

Comments—The therapeutic uses have been described in the gen- 
eral statement. Sulfadiazine is bound to plasma proteins to the extent 
of 40 to 50%, and concentrations of the drug in the CSF vary from 50 to 
80% of those in the plasma; this is a good tissue concentration, as 
antibacterial agents go. Thus, it is the sulfonamide of choice for CNS 
infections susceptible to sulfonamides and for which superior agents are 
not available; nocardiosis is an example, as is antibiotic-resistant me- 
ningococcal meningitis. It readily enters cells, and the volume of distri- 
bution is slightly greater than total body water. The tissue-penetrating 
properties have proven to be of importance in combating UTIs, so 
that in some such infections it may be superior to the more soluble 
sulfonamides. 


SULFADOXINE 
Sulfanilamide, N'-(5,6-Dimethoxy-4-pyrimidinyl)-Fanasil, Fanzil 


CH;0 OCH 


( \ 
wie) s00 N 
N 


[2447-57-6] C,H, ,N,0,S (310.34). 


K\ 
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Preparation—By the general method for N'-substituted sulfanil- 
amides using 4-amino-5,6-dimethoxypyrimidine for the condensation 
with the sulfonyl chloride. 

Description—White, to creamy white, crystalline powder; melts 
about 192°. 

Solubility—Very slightly soluble in water; slightly soluble in 
alcohol. 

Comments—Has antimicrobial activity similar to that of Sulfadi- 
azine. Its principal use, however, is in the prophylaxis or suppression of 
malaria caused by chloroquine-resistant P falciparum. It is used only in 
combination with pyrimethamine, in a fixed-dose formulation. 


SULFAMETHOXAZOLE 


Benzenesulfonamide, 4-amino-N-(5-methyl-3-isoxazolyl)-, Gantanol 


XO) ese 
ae) CH3 


N'-(5-Methy1-3-isoxazolyl)sulfanilamide [723-46-6] C,,H,,N.,0.S (253.28). 

Preparation—By the general method for N'-substituted sulfanil- 
amides using 3-amino-5-methylisoxazole as the coupling amine. The 
latter may be prepared by heating ethyl 5-methylisoxazole-3-carbamate 
with aqueous sodium hydroxide. US Pat 2,888,455. 

Description—White to off-white, crystalline powder; practically 
odorless; stable in air; melts about 172°. 

Solubility—1 g in 3400 mL water, 50 mL alcohol, 1000 mL chloro- 
form or 1000 mL ether. 

Comments—Chemically, closely related to Sulfisoxazole; has high 
aqueous solubility and low tissue penetrance, with the volume of dis- 
tribution being considerably less than the extracellular space. It is 
bound to plasma proteins to the extent of about 68%. Thus, it is best 
suited to treatment of UTIs caused by susceptible organisms. It is the 
sulfonamide most used around the world in combination with tri- 
methoprim or pyrimethamine for the treatment of various systemic 
infections. 


SULFAMETHOXAZOLE AND TRIMETHOPRIM 


Co-Trimoxazole, TMP-SMZ, Bactrim, Septra 

Comments—Sulfamethoxazole and trimethoprim inhibit sequen- 
tial steps in the formation of tetrahydrofolic acid. Thus, the inhibition is 
magnified by the independent actions at two consecutive metabolic 
steps, and bacteriostasis may be altered to that of bactericidal. The 
incidence of resistance is low but has been increasing with widespread 
use of the drug. The double blockade also widens the antibacterial 
spectrum from that of either agent alone. 

The predominant use is in the treatment of UTIs, especially recur- 
rent, chronic or complicated infections not considered controllable by 
single drugs. With these limitations of use, the rate of development of 
resistant strains in a community can be retarded. UTIs caused by E coli, 
Klebsiella-Enterobacter and Proteus spp are the ones mostly treated. 
The combination provides the treatment or prophylaxis of choice for 
pneumonitis caused by Pneumocystis carinii and enterocolitis caused by 
Isospora in immunocompromised patients. However, tissue distribution 
of sulfamethoxazole is poor, and the pharmacokinetics of the mixture is 
not optimal for treatment of systemic infections. Trimethoprim enters 
the CSF and tissues more readily than does sulfamethoxazole, so that 
the ratio is less than 20:1 at these sites. 

In the presence of the sulfonamide, trimethoprim is bound poorly by 
plasma proteins, so that it filters rapidly into the urine, and less than 
40% is metabolized. Consequently, the urine concentration may be 100 
times that in plasma, whereas the sulfamethoxazole concentration may 
be only 3 times higher, thus departing from the supposedly optimal 20:1 
ratio. The half-life of trimethoprim is about 9 hr. Impairment of renal 
function increases the half-life of each drug, the greater effect being on 
that of sulfamethoxazole. 


SULFASALAZINE 


Benzoic acid, 2-hydroxy-5-[[4-[(2-pyridinylamino)sulfonyl]- 
phenylJazo]-, Salicylazosulfapyridine; Azulfidine 


N ei COOH 
Or a 
TOL 
N=N 


[599-79-1] C,,H,4N,0;5 (398.39). 
Preparation—N'-2-Pyridylsulfanilamide is diazotized and coupled 
with salicylic acid. 
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Description—Light brownish yellow to bright yellow, fine powder; 
practically tasteless and odorless; melts about 255° with decomposition. 

Solubility—1 g in >10,000 mL water, 2900 mL alcohol, >10,000 
mL chloroform or >10,000 mL ether. 

Comments—Poorly absorbed from the small intestine, so that the 
major portion of drug passes into the colon where bacterial enzymes 
release both 5-aminosalicylic acid and sulfapyridine from the drug. It 
has a suppressive effect on ulcerative colitis, that is not defined pre- 
cisely. The local antibacterial effect of sulfapyridine in decreasing an- 
aerobic bacteria may not be significant due to systemic absorption. The 
5-aminosalicylate inhibits arachidonic acid cascade, both cyclooxygen- 
ase and lipoxygenase pathways. Most important may be the inhibition 
of leukotriene B, production by PMNs. 

Since some sulfapyridine is absorbed from the colon, this drug has 
the toxic potential of Sulfapyridine. 


SULFISOXAZOLE 


Benzenesulfonamide, 4-amino-N-(3,4-dimethyl-5-isoxazolyl)-, 


Gantrisin 
0 
mne{O)-s0.nry * 
CH3 CHs 


N'-(8,4-Dimethyl-5-isoxazolyl)sulfanilamide [127-69-5] C,,H,,N,0,S 
(267.30). 

Preparation—By the general method for N'-substituted sulfanil- 
amides using 3,4-dimethyl-5-aminoisoxazole for the condensation with 
the sulfonyl chloride. 

Description—White to slightly yellowish crystalline powder; odor- 
less; melts about 199°. 

Solubility—1 g in approximately 6700 mL water; soluble in diluted 
hydrochloric acid. 

Comments—The antibacterial properties and therapeutic uses re- 
semble those of sulfadiazine. However, it does not penetrate cells and 
pass barriers as well as most sulfonamides. Consequently, it is not 
always effective against systemic infections that are sensitive to other 
sulfonamides. UTIs caused by sulfonamide-susceptible bacteria re- 
spond favorably. However, in genitourinary tract infections in which 
penetration into the involved tissues is required, it may not be as 
effective as sulfadiazine. It is secreted into prostatic fluid, but it is not 
known whether it is secreted into other genitourinary fluids. The extent 
of protein binding in plasma is 86%. It is metabolized primarily by 
acetylation and oxidation in the liver. Both it and the conjugate are 
excreted rapidly by the kidney and reach high concentrations in the 
urine. The half-life is about 6 hr. Since both the free and acetylated 
forms are highly soluble, even in acidic urine, adjuvant alkali therapy is 
not necessary and fluids need not be forced. The incidence of renal 
toxicity is lower than that caused by sulfadiazine or sulfonamide 
mixtures. With this exception, untoward effects during its therapy 
are similar to those caused by other sulfonamides (see the general 
statement). 


Antibiotics 


Antibiotic substances are technically chemical compounds 
produced by living cells and that inhibit, in very low con- 
centrations, the growth of microorganisms although the 
term has come to refer to all systemic drugs used to treat 
bacterial infections. While antibiotics have been isolated 
from tissues of higher plants and animals, the term gener- 
ally has come to refer to inhibitory substances of microbial 
origin. 

The historical development of the field of antibiotics be- 
gan with the discovery by Chain, Florey and associates at 
Oxford University who discovered the favorable therapeutic 
and pharmacological properties of extracts of cultures of the 
mold Penicillium notatum, found to produce penicillin by 
Fleming in 1929. The introduction of various acids, amines 
or amides into the medium in which the mold is developing 
leads to the production of biosynthetic penicillins. Dozens of 
biosynthetic penicillins have been prepared in this manner 
in an attempt to obtain compounds superior to penicillin G 
with respect to various physical, microbiological or pharma- 
cological properties. In 1958 methods were devised for pre- 
paring the penicillin nucleus, thus making it possible to 


biosynthesize penicillins.that could not be formed in a more 
normal medium. The resulting compounds were often more 
acid-stable, more penicillinase-resistant or had a wider an- 
tibacterial spectrum. 

The wide use of antibiotics in animal nutrition and disease 
has resulted in the sensitization of a relatively large number of 
the susceptible people, many of whom have serious reactions 
upon contact with these drugs. Such agricultural use also 
contributes to the pool of antibiotic-resistant bacteria in a 
community. 

In this chapter penicillin is considered in detail because it is 
the historical prototype. It was the first antibiotic to be pro- 
duced commercially and still assumes a position of major im- 
portance in this field. 


DETECTION AND ISOLATION OF ANTIBIOTIC- 
PRODUCING ORGANISMS 


The detection of productive organisms is based on the ability 
of cultures of the candidate organism to inhibit certain con- 
comitantly cultured test bacteria under controlled conditions 
in vitro. A number of different test organisms are used, 
because no one organism is representative of the antibiotic 
susceptibilities or organisms in general. Thus, the use of a 
certain strain of S aureus as the test organism will detect all 
antibiotics inhibitory to that organism, but the antibiotic 
may or may not also be effective against FE coli, for example, 
or even against various other strains of S aureus. To insure 
securing a valid antibacterial spectrum, a number of species 
and types of strains must be used in the testing. 

Antibiotic-producing organisms can be obtained by test- 
ing pure cultures of organisms available in culture collec- 
tions or isolated from natural sources, and “screening,” or 
selection through suitable techniques from the vast hetero- 
geneous mixed population of the soil or other natural habi- 
tations of microorganisms. In the first case, the practice 
consists simply of adding to broth or agar cultures, seeded 
with the test organism, suitable quantities or culture fil- 
trates of the cultures being examined, incubating and in- 
specting for inhibition of the test organism. The screening 
method involves plating out in serial dilution an aqueous 
extract of soil or other natural substrate using a medium, 
usually agar, previously seeded with the test organism. Dur- 
ing incubation the various organisms of the soil population 
develop, and those forming antibiotic substances are distin- 
guished by a clear zone or halo around the colony, indicative 
of inhibition of the test organism which, in the region beyond 
the clear zone, grows abundantly in the form of a marked 
turbidity throughout the agar. 

Many modifications of this principle are employed. Thus, 
the use of different media, pH, temperature and sub- 
strates will expose, for screening, different types of soil 
organisms. These conditions must be compatible with the 
growth of the particular test organism employed. Theoreti- 
cally, the best chance for detecting the largest possible num- 
ber of antagonists lies in the preincubation of the agar cul- 
tures containing the soil dilutions, but without the test 
bacteria. This is followed by a secondary incubation after the 
test organism is applied to the plate by streaking or spray- 
ing. In this manner slow-growing soil organisms are given 
the opportunity to develop and manifest antibiotic-producing 
ability. 

Once detected, the antagonist is isolated in pure culture 
and identified, and the optimal conditions for production 
of the antibiotic substance produced by it are investigated. 
The composition of the medium is important. Different 
organic and inorganic nitrogenous substances are tested, 
with and without various carbohydrates, minerals, heavy 
metals, etc. 


Once a favorable medium is established, other known 
strains of the antagonist, obtained either from stock-culture 
collections or isolated from nature, are compared for the 
character and amount of the antibiotic produced, and the 
highest yielding strain selected for further work. The anti- 
bacterial spectrum is obtained, i.e., the relative effectiveness 
of the antibiotic in inhibiting the growth of a large variety 
of gram-positive and gram-negative bacteria, rickettsiae, 
viruses and fungi, especially those which are pathogenic. 
This indicates those infections in which it may be useful 
chemotherapeutically. 

Several concentrates or isolates of the antibiotic, not neces- 
sarily pure, then are examined for toxicity in mice. Only low- 
toxicity preparations and, in particular, those in which toxicity 
is inversely proportional to the antibacterial potency are of 
interest. Toxicity and pharmacological data are obtained in 
animals and, if favorable, in clinical trials on human beings. If 
the clinical trials show the antibiotic to be a promising thera- 
peutic agent, attention is turned to large-scale manufacture. 
Chemical studies of the structure of the pure compound will 
indicate the feasibility of chemical synthesis. Generally, anti- 
biotics are complex substances whose synthesis may be ex- 
tremely difficult, or at least uneconomical, compared with 
microbiologic production. This is the case now with most of the 
successful antibiotics, such as penicillin, streptomycin or 
chlortetracycline. 

The gradual increase in numbers of strains of microorgan- 
isms resistant to antibiotics, especially the staphylococci, and 
the numbers of individuals developing sensitivity to them 
make it extremely desirable that screening programs for the 
isolation and development of new agents be continued. 


PRODUCTION 


The development and operation of the large-scale commercial 
production of antibiotic substances may be exemplified by a 
description of the manufacture of penicillin. In general, the 
approach and methods employed are typical. Two types of 
processes for the microbiological production of antibiotics are: 


The surface process, in which the antibiotic-producing organism 
grows in the form of a pad on the surface of a liquid medium in trays or 
bottles, or on the surface of a finely divided moist solid substrate such 
as wood shavings or wheat bran. 

The submerged process, in which the organism develops in a liquid 
medium, maintained continuously under mechanical agitation and aer- 
ation, so that the organism develops uniformly and homogeneously in 
the form of a suspension of single cells, or small aggregates or colonies, 
throughout all portions of the culture liquid. 


The penicillin is excreted into the culture fluid. The molds used 
industrially today are derived from Penicillium chrysogenum. 

In the submerged process, growth is accelerated greatly and 
the handling of large quantities greatly facilitated. It is consid- 
erably more efficient than the surface processes, and hence is 
the only feasible method for large-scale commercial production. 
Stationary, closed tanks, known as fermenters, of 5000-to 
30,000-gal capacity, are used in penicillin manufacture. Most of 
these are equipped with vertical single-shaft propeller or tur- 
bine-type agitators and with a mechanical means of comminut- 
ing and distributing sterile air, introduced for maximum dis- 
persal effect in the region of the agitator. The tanks have a 
detachable manhole on the top, sight glasses and outlets to 
valve-closed sampling lines and accessory feed chambers, en- 
abling inoculation by hand if necessary, particularly in small 
seed tanks, and the addition whenever necessary of other (ster- 
ile) materials, such as antifoam agents, during the fermenta- 
tion. All outlets from the tank are exposed continuously to 
flowing steam to minimize chances of contamination. The cul- 
ture medium is sterilized by high-pressure steam and subse- 
quently cooled. Temperature control during growth of the mold 
is maintained automatically at 23° to 25°. The compressed air, 
which is introduced into the fermenters, is sterilized by filtra- 
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tion through steam-sterilized cartridges of suitable size and 
filled, for example, with glass wool. 

Inoculum for large tanks is obtained by building up the 
amount of growth successively through a series of seed tanks, 
from tank to tank, and transferring under air pressure through 
sterile pipe lines. Generally, this massive inoculum amounts to 
5 to 10% of the main batch and, consequently, seed tanks are 
approximately 1/10 the volume of the next larger tank. The 
first and smallest seed tank is inoculated with a laboratory- 
prepared culture, consisting either of spores or of a small flask 
of submerged growth obtained on a laboratory-, rotary-or 
reciprocal-type shaking machine. 

The stock or master culture of the penicillin-producing mold 
is dry and cold-preserved in the form of spores. Continuous 
vegetative transfer of the mold on artificial media leads to loss 
of penicillin-producing power (physiological degeneration). 
Hence, the number of intermediate transfers between master 
culture and the final batch is kept at a minimum. 


A Typical Production Medium 


Conn-steepulGUomm SOlIGS iaateatereeeteneta.aamncneneere ss 2to5% 
CHUGEAGtOS Geir re temar ti neioe cates Greets ans emacs 2 to 3% 
GalcititntcarbOmaterneremtemncr cnc nuncoscese te haeene nets 0.5to 1% 


The culture medium used for commercial production of pen- 
icillin generally contains natural nitrogenous material, nitrate, 
a-aminoadipic acid, cottonseed meal or corn-steep liquor, which 
is a by-product of the corn-milling industry, lactose, side-chain 
precursor, surface-active agent and mineral salts (including 
sulfate). The penicillin potency is followed by assay every 3 to 
6 hours and, at the time when the potency stops rising, the 
batch is harvested. Maximum activity generally is reached in 
50 to 90 hours. Because of the instability of penicillin at ordi- 
nary temperatures, the batch is cooled to 5° and the mycelium 
filtered off by pressure filtration. 

The penicillin is extracted and concentrated by charcoal 
adsorption or solvent extraction. 

IMPROVEMENTS IN PRODUCTION—The greatest ad- 
vancements in the production of penicillin have been the use of 
the submerged or tank method of production, the use of corn- 
steep liquor and the progressive improvement in the penicillin- 
producing capacity of the mold. 

The earliest widely used strain in tank production was Peni- 
cillium notatum, No 832, which yielded 50 to 60 units/mL. Later, 
a strain of Penicillium chrysogenum, No 1951B25, with maximum 
yields of 250 units/mL, was discovered. Spores of this organism, 
exposed to X-ray irradiation and tested from single spore isolates, 
led to selection of a mutant strain X1612 producing approximately 
500 units/mL. Strain X1612 was subjected to ultraviolet irradia- 
tion and strain Q176, yielding penicillin potencies of more than 
double that of X1612, was obtained. This strain has been used 
widely in commercial production, but industry has even improved 
on it. Some variant strains produce several thousand units/mL. 
The improvement in strains suit-able for the surface production of 
penicillin followed a similar path although these were obtained by 
testing single spore isolates from parent cultures. A strain excel- 
lent in submerged culture is not necessarily good for surface 
culture, and vice versa. Surface culture methods are no longer 
used for commercial production of any of the presently useful 
antibiotics. 

A large number of different fungi are now known to produce 
penicillin. Over 20 different species of Aspergillus and Penicillia 
produce penicillin, as do the dermatophyte Trichophyton menta- 
grophytes and a thermophilic fungus, Malbranchea pulchella. 


CONTROL 


Federal control of antibiotics dates back to an amendment of 
the 1938 Food, Drug and Cosmetic Act (Section 507) under 
which the FDA was required to pretest all forms of penicillin 
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Table 87-1. Activities of Antiseptics 


SS I EI 


ACTIVITY 


BACTERIA VIRUSES 
CHEMICAL CLASS/AGENTS Gm+ Gm- SPORES LIPOPHILIC HYDROPHILIC FUNGI USE 
Alcohols 
Ethanol HS HS R Ss V — Antiseptic 
Isopropanol 
Aldehydes S HS Ss Ss MSs Ss Disinfectant 
Formaldehyde 
Glutaraldehyde 
Chlorhexidine gluconate HS Ms R V R — Antiseptic 
Chlorine sodium hypochlorite HS HS Ss Ss 5 MSs Disinfectant, irrigant 
Hexachlorophene S R R R R R Soap, shampoo 
lodine HS HS S S R Antiseptic 
Povidone-iodine 
Phenols HS HS R R R —_ Disinfectant 
Oxidizing agents HS HS Ss V V Ss Disinfectant, irrigant 
Hydrogen peroxide 
Quaternary HS HS R S R -= Disinfectant 


Ammonium (Benzalkonium 
chloride Cetylpyridinum 
chloride Benzethonium 
chloride) 


Key: HS = highly susceptible, MS = moderately susceptible, S = susceptible, R = resistant, V = variable, —no data. 


and its preparations before releasing them for sale. This certi- 
fication covered potency, demonstration of nontoxicity and 
moisture content (the presence of excess moisture makes pen- 
icillin less stable). When intended for parenteral use, it also 
was tested for freedom from pyrogens, for sterility, clarity and 
pH of its solutions. 

This amendment included the provision that when it was 
found by the Federal Security Administrator (now Secretary 
HHS) that the pretesting of penicillin or its preparations was 
no longer necessary to insure safety and efficacy of such drugs, 
they could be exempted from the pretesting requirement. 

Under this provision of the Act the Federal Security Agency, 
FDA Division, finding that certain new, highly purified forms of 
penicillin no longer required pretesting, issued a notice in the 
Federal Register of April 18, 1949, exempting Crystalline Pen- 
icillin G Potassium and Crystalline Penicillin G Sodium from 
this provision. 

In March, 1947, the Congress of the US placed streptomycin 
under the certification system and in July of 1949 included 
chlortetracycline, chloramphenicol and bacitracin. Because 
these amendments include all derivatives as well, both dihy- 
drostreptomycin and tetracycline, as well as pyrrolidinomethyl 
tetracycline and demeclocycline, were certifiable drugs. 

In May, 1963, the Drug Amendments passed by Congress in 
1962 became effective and superseded all previous rulings. 
These now provide that all antibiotics used in humans are 
subject to certification. Furthermore, those certifiable prior to 
passage of these latest amendments, i.e., chlortetracycline, bac- 
itracin, streptomycin, penicillin and chloramphenicol, also 
must be certified for veterinary use. 


CLASSES AND AGENTS 


Antibiotics are classified by various schemes, the two most 
important being according to mechanism of action and accord- 
ing to chemical relationship. The antibiotic monographs that 
follow will be arranged according to chemical relationships. 


Beta-Lactam Antibiotics 


PENICILLINS 


HISTORY—During an inspection of some culture plates in 
the laboratory of St Mary’s Hospital London, in 1928, Professor 


Alexander Fleming observed the lysis of staphylococcus organ- 
isms by a contaminating mold. Upon subculturing the mold he 
found in the broth a powerful, but nontoxic, antibacterial sub- 
stance. He gave it the name “penicillin” from the organ- 
ism Penicillium notatum which caused the generation of the 
antibiotic. 

CHEMISTRY—The name “penicillin” now designates a 
number of antibiotic substances produced by the growth of 
various Penicillium species or by other means. The better 
known natural penicillins are listed in Table 87-3. Penicillins 
F, G and X were referred to formerly as I, II and III, respec- 
tively. 

The parent compound is (2S-cis)-4-thia-1-azabicyclo- 
[3.2.0] hepatane-2-carboxylic acid (I). The 3,3-dimethyl-7-oxo 
derivative of I is known commonly by the trivial name peni- 
cillanic acid (II) and the penicillins are a-carboxamido de- 
rivatives of it (IID: 


COOH COOH 
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Penicillins are named variously in the literature as deriva- 
tives of I, II, or II] above. Nomenclature by I is purely system- 
atic, whereas that by II or III is trivial. As derivatives of II, it 
is merely necessary to identify the specific a-carboxyamido 
group; as derivatives of III, only the R of the a-carboxamido 
group is identified. 

The introduction of various acids, amines or amides into the 
medium in which the mold is developing leads to the production 
of biosynthetic penicillins which differ only in R. Dozens of 
biosynthetic penicillins have been prepared in this manner in 
an attempt to obtain compounds superior to penicillin G@ with 
respect to various physical, microbiological or pharmacological 
properties. In 1958 methods were devised for preparing the 
penicillin nucleus, thus making it possible to biosynthesize 


penicillins that could not be formed in a more normal medium. 
The resulting compounds were often more acid-stable, more 
penicillinase-resistant or had a wider antibacterial spectrum. 

Much of the penicillin of commerce is pure crystalline G. It 
occurs in fermentation liquors together with variable amounts 
of K and F penicillins and smaller amounts of others, and is 
separated from the other penicillins during purification. Com- 
mercial practice suppresses, to a certain extent, the natural 
tendency of the mold to form penicillins other than the desired 
G by the incorporation of a precursor of G, namely phenylacetic 
acid, phenylacetamide, phenylethylamine or other substance 
containing the phenylacetyl radical, which is built directly into 
the penicillin G molecule. Penicillin G has the additional ad- 
vantage of being much easier to crystallize than K or F. 

As seen in figures I, II, and III, penicillins are acids. The 
potassium salt predominates in use, with the sodium salt next. 
These salts are very soluble in water. The acid moiety can be 
used to combine penicillins with various bases, such as pro- 
caine or benzathine, to create insoluble salts, for repository use, 
or for the purpose of decreasing solubility so as to make the 
compound more resistant to gastric acid. 

Penicillin in solution is very unstable at pH 5 or less and at 
8 or more. Solutions of penicillin begin to deteriorate upon 
standing a few days, even in the cold. Certain penicillins are 
more resistant to acid hydrolysis and thus lend themselves 
better to oral administration. 

CLASSIFICATION AND SPECTRUM—Penicillins for- 
merly were classified according to pseudohistorical divisions, 
by “generation”, similar to the classification of the cephalospo- 
rins. However, it is more useful to classify them according to a 
mixture of chemical and antimicrobial designations. The cate- 
gories are penicillin G, acid-stable penicillins, penicillinase- 
resistant penicillins, amino penicillins, extended-spectrum pen- 
icillins and amdinopenicillins. There is a great deal of overlap 
in the properties among the categories. For example, two of the 
penicillinase-resistant, all of the amino penicillins and one 
extended-spectrum penicillin are sufficiently acid-stable to be 
orally effective; amino penicillins, extended-spectrum penicil- 
lins and amdinocillin are all resistant to certain B-lactamases 
(which often are called penicillinases indiscriminately) and 
variably resistant to Class II B-lactamases, to which the term, 
penicillinase, is becoming restricted. All penicillins are bacte- 
riostatic at low and bactericidal at high concentrations. Their 
antimicrobial spectra differ according to the pattern of B-lacta- 
mase resistance, the ability to penetrate the outer membrane of 
gram-negative bacteria and selectivities for the various bacte- 
rial transpeptidases (penicillin binding proteins; PBPs). 

Although penicillin G is destroyed largely by gastric acid, its 
low oral bioavailability can be compensated by increased dos- 
age. Penicillin V is the only marketed member of the acid- 
stable class. These two drugs/classes have nearly identical 
antimicrobial spectra, except that sensitivities to penicillin-V 
are not high enough for a number of gram-negative infections 
to be treated by the oral route. The spectrum is narrow and 
mostly limited to gram-positive bacteria, gram-negative cocci 
and a few miscellaneous bacteria. They are especially active 
against gram-positive bacteria, particularly Strep pyogenes, 
most pneumococci, Cl tetani and perfringens, Coryn diphthe- 
riae, B anthracis, Bacteroides, Eubacterium, Fusobacterium, 
Listeria monocytogenes, Peptococcus and Peptostreptococcus. 


Table 87-2. Sulfonamides 
DRUG COMMENTS 


Highly soluble, short half-life 

Highly soluble, intermed. half-life 

Best tissue levels, intermed. half-life 

Not absorbed orally, used only for 
ulcerative colitis 

Only used topically, ophthalmic 


Sulfisoxazole 
Sulfmethoxazole 
Sulfadiazine 
Sulfathalidine 


Sulfacetamide 
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Although Staph aureus and epidermidis were originally 
mostly sensitive, they are now over 90% resistant in hospital 
populations and 50% in the community. Strep viridans is vari- 
ably sensitive. Strep faecalis (enterococcus) is usually resistant. 
The gram-negative cocci, N meningitidis and N gonorrhoeae, 
are mostly sensitive, although resistance is increasing rapidly. 
Activity against the gram-negative bacilli is usually too low to 
be of clinical significance, but over 80% of strains of E coli, 
Enterobacter, most Prot mirabilis and some Salmonella and 
Shigella are sufficiently sensitive to respond in the urinary 
tract, where drug concentrations are high. Concentrations are 
also high in the bile, and these penicillins may be used to treat 
biliary tract infections caused by some enterobacteria and en- 
terococci. These drugs are also active against Actinomycetes, 
Leptospira, Providencia, Spirillum minus, Streptobacillus mo- 
niliformis and Treponema pallidum. 

Resistance of gram-positive and a number of gram-negative 
bacteria to penicillins G and V results from the bacterial elab- 
oration of so-called penicillinase. This kind of resistance was 
obviated by the development of penicillins which penicillinase 
cannot destroy. The first member of the penicillinase-resistant 
class was methicillin, to which cloxacillin, dicloxacillin, nafcil- 
lin and oxacillin were added. These drugs have approximately 
the same spectrum of activity as the former two drugs, except 
increased activity against most staphylococci (especially), en- 
terococci, gonococci and meningococci. 

The amino penicillins include ampicillin, amoxacillin, be- 
campicillin, cyclicillin and epicillin. Each has an amino group 
adjacent to the carbonyl of the N-acyl substituent. Efficacy is 
increased against enterococcus, meningococcus and several 
gram-negative bacilli, such as community-acquired FE coli, H 
influenzae, Pr mirabilis, various Salmonella and Shigella. 
However, there is less activity against most gram-positive bac- 
teria, N gonorrhoeae, B anthracis, Bacteroides, Clostridium, 
Corynebacterium, Enterobacter, Eubacterium, Listeria, Pepto- 
coccus, Peptostreptococcus, Providencia, Streptobacillus, Acti- 
nomyces and Treponema; consequently, this group also has 
been called shifted-spectrum penicillins. There are important 
differences among the spectra of the various members, ampi- 
cillin having the broadest spectrum but amoxacillin being the 
only one to be effective against Strep viridans. Only ampicillin 
has clinically significant activity against Salmonella and 
Shigella. 

The extended-spectrum (antipseudomonal) penicillins in- 
clude azlocillin, carbenicillin, indanylcarbenicillin, mezlocillin, 
piperacillin and ticarcillin. There is increased activity against 
Acinetobacter, Citrobacter, E coli, Enterobacter, H influenzae, 
Klebsiella, Morganella morganii, Pr mirabilis and vulgaris, 
Providencia rettgeri and stuartii, Ps aeruginosa, Bacteroides, 
Clostridium, Eubacterium, Fusobacterium, Peptococcus, Pep- 
tostreptococcus and Veillonella. They are even less active than 
amino penicillins against most gram-positive bacteria, Actino- 
mycetes and Treponema, and they are not used to treat infec- 
tions by these pathogens. There are considerable differences 
among the members. Neither azlocillin nor mezlocillin is active 
against staphylococci; azlocillin is inactive against Pseudomo- 
nas or Neisseria and carbenicillin is inactive against Hubacte- 
rium. Only piperacillin is active against Strep viridans and 
azlocillin and mezlocillin against Providencia stuartit. 

Amdinocillin is the only marketed member of the class by 
the same name. It has a very limited spectrum. No infections by 
gram-positive or anaerobic bacteria are treatable. Among the 
gram-negative bacteria only Citrobacter, Enterobacter, E coli, 
Klebsiella, Salmonella, Serratia and Shigella are sensitive 
enough so that this drug is used alone to treat infections by 
them. In combination with other B-lactams, it may be used 
against Prot mirabilis, Morganella morganii and Providencia. 

RESISTANCE—The penicillin resistance of many gram- 
positive and gram-negative bacteria is owing to their elabora- 
tion of penicillin-destroying enzymes called beta-lactamases. 
They are produced by large numbers of bacteria and actinomy- 
cetes and convert penicillin into inactive penicilloic acid by 
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Table 87-3. Penicillins 


CLASS COMMENTS 


Natural Penicillins (best streptococcal and narrow spectrum) 
Penicillin G 
Penicillin V 


Penicillinase-resistant Penicillins (antistaphylococcal) 
Cloxacillin 
Dicloxacillin 


Oral 
Preferred oral 


Methicillin 
Nafcillin 
Oxacillin Oral 


Best narrow spectrum (streptococci), IV, IM 
Same spectrum as Pen G, oral only 


IV, interstitial nephritis may occur 
Preferred IV drug for Staph. 


Aminopenicillins (improved gram-neg, H influenzae, Enterococcus, Shigella, Salmonella) 


Amoxacillin 
Ampicillin 
Bacampicillin 


Extended-spectrum (antipseudomonal) penicillins 
Carbenicillin 


Good oral absorption, 
Preferred IV drug, incomplete oral absorp., diarrhea, rash 
Oral prodrug converted to ampicillin 


IV, high sodium, oral prodrug available 
IV, similar to carbenicillin but less sodium 


Ticarcillin 
Mezlocillin IV, similar to piperacillin 
Piperacillin 


Preferred IV, best gram-neg. spectrum 


Beta-Lactamase Combinations (expand spectrum to staph., beta-lactamase producers) 


Clavulanalate-Amoxacillin 
Sulbactam-Ampicillin 
Clavulanate-Ticarcillin 
Tazobactam-Piperacillin 


Oral, more diarrhea than amoxacillin 

IV, active vs. staph. and beta-lactamase-producing H influenzae and Strep pneum 
IV, active vs. more gram-neg. bacilli 

IV, active vs. more gram-neg. bacilli 


liberation of a second carboxyl group. The enzymes from staph- 
ylococci, enterococci, meningococci, gonococci and various other 
bacteria were the first-known beta-lactamases and were called 
penicillinases. Penicillinases are Group II beta-lactamases, 
acidic proteins which are resistant to mercuric ions. Although 
they are inducible, the capacity for induction is determined by 
a plasmid-located gene. 

Resistance of bacteria to penicillin cannot be explained en- 
tirely on penicillinase production because many resistant or- 
ganisms produce little or no penicillinase. Nonpenicillinase- 
mediated resistance is called methicillin resistance. It is caused 
by an alteration in the target transpeptidase (penicillin-bind- 
ing protein I). With some bacteria, eg, Staph aureus, resistance 
develops very fast clinically, but some microorganisms, eg, T 
pallidum, never become resistant. Resistance by staphylococci 
currently is a major hospital problem. 

More resistant bacteria dwell in hospital personnel than in 
the community at large, because such personnel are close to 
patients under treatment. Acquired resistance is the result of 
the selection of natural penicillin-resistant strains that ordi- 
narily are held in check by the sensitive parent strain. Resis- 
tant genes may be acquired by mutation, transduction by vi- 
ruses, transformation and conjugative transfer of resistant- 
gene-containing plasmids. 

MECHANISM—Penicillin is known to interfere with the 
synthesis of peptidoglycans, which are part of the cell-wall 
material. Consequently, the growing protoplast cannot form a 
protective cell wall. Several wall enzymes are reversibly inhib- 
ited, the most important being a D, D-carboxypeptidase which 
also functions as a transpeptidase. Conditions favoring rapid 
growth of bacteria are best for the inhibitory action of penicil- 
lin, owing to the fact that the cell must be producing cell 
wall-lysing enzymes during the time transpeptidases are in- 
hibited in order for cell-wall lysis to occur. Under favorable 
conditions, penicillin exerts a direct bactericidal action, and- 
successful penicillin therapy may be relatively independent of 
immunity mechanisms of the host. 

POTENCY—The potency of penicillin is expressed in units/ 
mg. One International Unit is equivalent to the activity of 0.6 ug 
of pure crystalline sodium penicillin G to which, by interna- 
tional conference, a potency of 1667 units/mg has been as- 
signed. See Table 87-3. Because of the large doses now used, it 


is common to speak in terms of megaunits, ie, 1 megaunit 
equals 10° Units. 


ASSAY—See Biological Testing (page 540). 


COMMENTS—Although penicillin G is the original 
penicillin, it remains the drug of choice for the treatment of 
almost all infections caused by nonpenicillinase-producing, 
nonmethicillin-resistant gram-positive bacteria, the integrity 
of which depends upon cell walls. Thus, it is the drug of choice 
against infections by gram-positive, nonpenicillinase-produc- 
ing cocci, such as Staph aureus or epidermidis, ‘Strep bovis, 
Group B, pyogenes, viridans, faecalis (enterococcus; in combi- 
nation with gentamycin, for serious infections, only) or pneu- 
moniae (pneumococcus), Peptococcus or Peptostreptococcus and 
gram-positive bacilli, such as B anthracis or Cl perfringens or 
tetani. It is thus also the drug of choice against infections by 
nonpenicillinase-producing strains of the gram-negative coc- 
cus, N meningitidis, the gram-negative bacillus Bacteroides 
fragilis (especially oropharyngeal strains), Fusobacterium, 
Leptotrichia buccalis, Pasteurella multicida, Spirillum minus 
or Streptobacillus moniliformis, the actinomycete, Actinomyces 
israelit, or the spirochete, Leptospira or Treponema pallidum. 

It is an alternative drug to treat infections by Coryn, diph- 
theriae, Vibrio vulnificus or Borrelia burgdorferi. Penicillin V 
shares with penicillin G first choice status in the treatment of 
lesser staphylococcal infections and streptococcal (pneumococ- 
cal) pneumonia. 

Penicillinase-resistant penicillins are drugs of choice only 
for the treatment of infections by penicillinase-producing 
staphylococci. They also can be used as penicillinase inhibitors, 
to combine with penicillin G; however, clavulanate and sulbac- 
tam are preempting that use. 

An aminopenicillin is the drug of choice for the treatment of 
infections by Strep Group B (ampicillin; shares status with 
penicillin G), Branhamella catarrhalis (amoxacillin), E coli 
(ampicillin, combined with an aminoglycoside), Prot mirabilis, 
Salmonella (except typhi), Eikenella corrodens (with or without 
clavulanate or sulbactam), mild-to-moderate infections by H 
influenzae (with or without clavulanate or sulbactam) or Liste- 
ria monocytogenes (with or without gentamycin). 

It is an alternate drug for the treatment of infections by 
penicillinase-producing Staphylococcus (with clavulanate), 


Table 87-4. Cephalosporins 
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CLASS COMMENTS 


First generation (Staph, some enteric gram-neg. bacilli) 
Cefadroxil 

Cefazolin 

Cephalexin 

Cephalothin 

Cephapirin 

Cephradine 


Oral, intermediate acting 

IM, IV, intermed. duration, less painful 
Oral, short acting 

IM, IV, short acting, weakest spectrum 
IM, IV, short acting 

IM, IV, oral, short acting 


Second generation (more active vs gram-neg, some active vs H influenzae & anaerobes) 


Cefaclor 
Cefamandole 
Cefmetazole 
Cefonicid 
Ceforanid 
Cefotetan 
Cefoxitin 
Cefprozil 
Cefuroxime 
Loracarbef 


Oral, short acting, active vs H influenzae 

IM, IV, short acting 

IV, short acting, good vs. anaerobes 

IM, IV, intermed-long acting 

IM, IV, intermed acting 

IM, IV, intermed-long acting, good vs anaerobes 

IM, IV, short acting, good vs anaerobes 

Oral, short acting 

IM, IV, oral, beta-lactamase resist., active vs H influenzae, good csf levels 
Oral, short acting, active vs H influenzae 


Third generation (best gram-neg. spectrum, beta-lactamase resistant, poor vs staph.) 


Cefixime 
Cefpodoxime 
Cefoperazone 
Cefotaxime 
Ceftazidime 
Ceftizoxime 
Ceftriaxone 
Ceftibuten 
Cefdinir 


Fourth Generation 
Cefepime 


Oral, intermed-long acting 

Oral, intermed acting, similar to cefixime 
IM, IV, intermed acting, good vs Pseud 
IM, IV, shortest acting, metab, good csf 
IM, IV, short acting, good vs Pseud 

IM, IV, short acting, good csf levels 

IM, IV, long acting, good vs gonococci 
Oral, similar to cefixime 

Oral, similar to cefixime 


IV, better vs staph and strep than 3rd gen 


Bordetella pertussis, E coli (with clavulanate or sulbactam), 
Gardnerella vaginalis, H influenzae (serious infections; ini- 
tially in combination with chloramphenicol), Kl pneumoniae 
(with clavulanate or sulbactam), Morganella morganii, Prot 
vulgaris (with clavulanate or sulbactam), Pasteurella multi- 
cida (with clavulanate or sulbactam), Salmonella typhi or 
Shigella. 

An extended-spectrum (antipseudomonal) penicillin is 
the drug of choice only for the treatment of infections by 
sensitive Ps aeruginosa. It is an alternate drug for the treat- 
ment of infections by penicillinase-producing Staphylococ- 
cus, Acinetobacter, Bacteroides fragilis (gastrointestinal 
strains), Enterobacter, Kl pneumoniae (with clavulanate or 
sulbactam), Morganella morganii (with clavulanate or sul- 
bactam), Prot mirabilis or vulgaris (with clavulanate or sul- 
bactam), Providencia rettgeri or stuartii (with clavulanate or 
sulbactam), Ps aeruginosa (urinary tract infections) or Ser- 
ratia. 

A penicillin is employed sometimes in combination with 
other agents. The results of such therapy are often, but not 
invariably, superior to those obtainable with a penicillin alone. 
When it is administered with the tetracyclines, chloramphen- 
icol or the sulfonamides, antagonism may be noted if the mi- 
croorganism is highly susceptible to a penicillin when it is 
administered alone. Nevertheless, it often is used in combina- 
tion with chloramphenicol in the treatment of bacterial men- 
ingitis caused by A influenzae. 

The number of bacteria and the quantity of pus appear to 
have only a minor influence upon the antibacterial action of 
penicillin, except when the organism produces an appropriate 
B-lactamase. 

ADVERSE EFFECTS—Penicillin is practically nontoxic. 
However, hypersensitivity reactions occur in several per- 
cent of patients, depending on the type of preparation employed 
and the route of administration. The most-common manifesta- 
tion of this allergic response is a skin rash. Nondermatological 


manifestations of allergy include serum sickness, angioedema, 
nephropathy, rare hemolytic anemia, Arthus reaction, rare 
pericarditis, enteropathy, hepatotoxicity and anaphylaxis. 
Neutropenia, which occasionally results from high-dose ther- 
apy, does not appear to involve an immune process. 

Side effects of oral administration of penicillins are nausea, 
vomiting, epigastric distress, diarrhea and black “hairy” 
tongue. 

Like other antibiotics, penicillin markedly can alter the 
normal bacterial flora of man. As a result, superimposed 
infection by a penicillin-resistant microorganism may de- 
velop during the course of treatment, and appropriate che- 
motherapy should be instituted as soon as possible. Over- 
growth (suprainfection) even occurs in the bowel, because 
penicillin is secreted into the bile, which keeps the intestinal 
levels high. Coagulation disorders also may occur as the 
result of the suppression of enteric bacteria which synthesize 
vitamin K. 

Very high concentrations of penicillin are neurotoxic, and 
nerve damage has resulted from intramuscular adminis- 
tration. Crystalline penicillin has an irritating effect when 
applied directly to the central nervous system. Symptoms after 
intrathecal administration include listlessness, headache, nau- 
sea, vomiting, respiratory difficulty, cyanosis, fall in blood pres- 
sure, thready pulse, muscular twitching and convulsions. 
These are reduced or eliminated by lowering dosage. 

With sodium and potassium salts, the effect of the cation 
load must be considered. Lastly, untoward effects some- 
times result from the rapid bactericidal effects, because of the 
release of endotoxins and other bacterial cell components. 

ABSORPTION, DISTRIBUTION AND EXCRETION 
—Penicillin G in the form of its sodium or potassium salt is 
absorbed rapidly from subcutaneous and intramuscular sites. 
The intramuscular route is preferred. Penicillin G is given 
intravenously by continuous infusion only when it is impera- 
tive to maintain very high blood concentrations such as in the 
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treatment of subacute bacterial endocarditis. The rate of ab- 
sorption from intramuscular sites of injection may be slowed 
markedly by the use of repository (depot) preparations consist- 
ing of relatively insoluble salts of penicillin in a suitable vehi- 
cle. For example, therapeutic blood levels (for some purposes) 
persist 12 to 24 hours after a single 300,000-unit dose of Pro- 
caine Penicillin in Aqueous Suspension, 24 to 48 hours after 
Procaine Penicillin in Oil and 1 wk or more after 1.2 million 
units of Benzathine Penicillin G. However, the slower the ab- 
sorption, the lower the peak plasma level, and some uses are 
precluded. 

The absorption of penicillin G from the gastrointestinal 
tract is incomplete and irregular, but some acid-stable penicil- 
lins are absorbed well. To obtain the same blood concen-tra- 
tions as by the intramuscular route, 3 to 5 times the parenteral 
dose of penicillin G must be employed. Penicillin G should be 
ingested when the stomach is empty because penicillin binds to 
food substances. Although hydrochloric acid in the gastric juice 
destroys penicillin G, buffer agents have not proved to be nec- 
essary for successful oral medication, because the dose can be 
raised to compensate. Oral penicillin G therapy should never be 
relied upon alone in severe infections. 

Penicillins are distributed in the extracellular water, but 
they penetrate cells poorly. Tissue concentrations are approx- 
imately 1/4 the plasma concentration at equilibrium. Plasma 
levels fall so fast that there is not enough time for the build-up 
of high concentrations in many tissues. Diffusion of penicillins 
into CSF is minimal unless the meninges are inflamed. The 
preferred route of administration for treatment of bacterial 
meningitis is [V supplemented by IM injection. It usually is not 
recommended to use intrathecal administration of penicillins 
because of the irritative effect of even low doses of penicillin on 
the CNS. Local instillation may be used in various body cavities 
to supplement systemic administration. 

Penicillins are secreted mostly into the urine, partly by 
glomerular filtration but mostly by tubular secretion (80%). 
Substances which interfere with renal tubular excretion of 
penicillin (see Probenecid, page 1353) serve to enhance and 
prolong the effective blood levels of the antibiotic. Probenecid 
can block completely the renal tubular secretion of penicillin, 
which slows excretion; it also decreases removal from the CSF. 
Phenylbutazone also interferes with excretion to a degree com- 
parable to probenecid; sulfinpyrazone, aspirin, indomethacin 
and some sulfonamides also moderately interfere with the ex- 
cretion of penicillin. The normal plasma half-time of penicillin 
G is approximately 45 minutes, but in persons over 65 years it 
is almost twice as long. In oliguria, it may be 7 to 10 hours. The 
penicillins are summarized in Table 87-3 on page 1518. 


AMOXICILLIN 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 6-[[amino(4-hydroxyphenyl)acetyl]amino]- 
3,3-dimethyl-7-oxo-, trihydrate 
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p(—)-a-Amino-p-hydroxybenzylpenicillin; [61336-70-7] C,,H,,N,0,S - 3H,O 
(419.45); anhydrous [26787-78-0] (365.30). 

Preparation—By acylation of 6-aminopenicillanic acid with p-(—)- 
2-(p-hydroxyphenyl)glycine. 

Description—Fine, white to off-white, crystalline powder; bitter 
taste; high humidity and temperature over 37°adversely affect stability. 

Solubility—1 g in 370 mL water or 2000 mL alcohol. 

Comments—Amoxicillin, the p-hydroxy analog of ampicillin, has 
an antibacterial spectrum similar to that of Ampicillin, except that 
it is less active against Streptococcus, N meningitidis, Clostridium, 
Salmonella and Shigella. Like ampicillin, it is destroyed by B- 
lactamases. However, it is more acid-stable than ampicillin and 


absorption is not affected appreciably by food; it cannot be given 
parenterally. It is the drug of choice for infections caused by Entero- 
coccus faecalis (enterococcus), Branhamella catarrhalis or Bacte- 
roides fragilis (mild to moderate infections). It is an alternate drug 
for infections by penicillinase-producing Staphylococcus (combined 
with clavulanate), N gonorrhoeae (with probenecid), E coli (with 
clavulanate) or Pasteurella multicida (with clavulanate). It cannot 
be given parenterally for severe infections. The toxicity is that of 
ampicillin, but there is less diarrhea and rash. 

By the oral route, 75 to 90% is absorbed. In plasma, it is 17% 
protein-bound. The volume of distribution is 0.31 mL/g. From 50 to 72% 
is eliminated by renal tubular secretion. The half-life is about 1 hr when 
renal function is normal and 8 to 16 hr in renal failure. 


AMPICILLIN 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 6-[(aminophenylacetyl)amino]-3,3-dimethyl-7-oxo-, 


(69-53-4] C,H, N,0,S (349.40); trihydrate [7177-48-2] (403.45). Po- 
tency: 900 to 1050 ug of C,,H,,N,0,S/mg, calculated on the anhydrous 
basis. 

Preparation—6-Aminopenicillanic acid is acylated with D-glycine. 
US Pat 2,985,648. 

Description—White, crystalline powder; practically odorless; oc- 
curs as the trihydrate, which is stable at room temperature. 

Solubility—1 g in approximately 90 mL water or 250 mL absolute 
alcohol; practically insoluble in ether or chloroform. 

Comments—tThe first aminopenicillin (see the general statement). 
Its in vitro spectrum against gram-positive cocci is similar to but gen- 
erally somewhat less effective than that of penicillin G, except that it is 
somewhat more effective against Enterococcus faecalis (enterococcus). 
It is Y0 as effective against Strep pyogenes. 

It is poorly effective against penicillinase-producing organisms. It 
is the drug of choice for treatment of infections due to sensitive 
strains of Strep Group B, Enterococcus faecalis (combined with 
gentamycin), Listeria monocytogenes (with or without gentamycin), 
E coli (with or without gentamycin) and Prot mirabilis, and 
Salmonella (not typhi). It is an alternative drug against K/ 
pneumoniae (with sulbactam), indole-positive Proteus (M morganii, 
Pr vulgaris and Providencia rettgeri; with sulbactam), Salmonella 
typhi, Shigella, Gardnerella vaginalis, H influenzae (serious infec- 
tions; initially combined with chloramphenicol) or Nocardia. Some of 
these readily acquire resistance by elaboration of penicillinase, so it 
is given often in combination with sulbactam. 

It causes allergic reactions typical of other penicillins. It is 5 times 
as allergenic as penicillin G. The incidence of rashes is about 7%, but 
most of these are not allergenic; they are especially prevalent in pa- 
tients with infectious mononucleosis. Patients allergic to penicillin G 
are often also allergic to ampicillin. The drug also may cause nausea 
and vomiting, diarrhea, glossitis and stomatitis. It is acid-resistant and 
is 30 to 50% absorbed by the oral route. 


AMPICILLIN SODIUM 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 6-(aminophenylacetyl)amino]-3,3-dimethyl-7-oxo-, 
monosodium salt 
[69-52-3] C,,H,,.N,NaO,S (371.39). Potency: not less than 845 pg of 

ampicillin/mg, on the anhydrous basis. 

Preparation—Ampicillin is dissolved in a suitable organic sol- 
vent and precipitated as the sodium salt by the addition of sodium 
acetate. 

Description—White to off-white, crystalline powder; hygroscopic; 
pK,, 2.66; pK,. 7.24. 

Solubility—Very soluble in water, isotonic NaCl or dextrose 
solutions. 

Comments—Has the actions and uses of Ampicillin, and is the 
form in which ampicillin is employed for intramuscular and intrave- 
nous administration. 


AZLOCILLIN SODIUM—see RPS-18, page 1187. 
BACAMPICILLIN HYDROCHLORIDE 


4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid,[2S- 
[2a,5a,6B(S*)]]-,-6-[(aminophenylacetyl)amino]-3,3-dimethyl-7-oxo-, 
1-[(ethoxycarbonyl)oxy]ethyl] ester, monohydrochloride, 
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[37661-08-8]C.,H,,N,0/S - HCl (501.98). 

Preparation—US Pat 3,939,270. 

Description—White crystals; melts about 175°; pH (2% aqueous 
solution) 3 to 4.5. 

Solubility—1 g in approximately 15 mL water, 7 mL alcohol or 10 
mL chloroform. 

Comments—An aminopenicillin with improved gram-negative ac- 
tivity against H influenzae, Enterococcus, Shigella and Salmonella. It is 
an oral prodrug converted to Ampicillin. 


CARBENICILLIN DISODIUM 


[2S-(2a,5a,6B)-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
6- [(carboxyphenylacetyl)amino]-3,3-dimethyl-7-oxo-, disodium salt; 
(a-Carboxybenzyl)penicillin Disodium; Geopen, Pyopen 
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[4800-94-6] C,,H,,N.Na,O,S (422.36). Potency: the equivalent of not 
less than 770 yg of carbenicillin/mg, calculated on the anhydrous basis. 
Preparation—One method consists of hydrolyzing esters of the type 
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(R = alkyl, aryl, or benzyl) with the aid of a suitable esterase, such as 
a-chymotrypsin or pancreatin, and extracting the acid and reacting it 
with aqueous NaHCO,. Chem Abstr 72: 41674a, 1970. The starting 
esters may be prepared by acylating 6-aminopenicillanic acid with 
monoesters of phenylmalonic acid. US Pats 3,282,926 and 3,492,291. 

Description—White to off-white, crystalline powder; bitter taste; 
hygroscopic; odorless, pH (1% solution, w/v) 8.0. pK,, 2.76; pK,. 3.5. 

Solubility—1 g in 1.2 mL water or 25 mL alcohol; practically 
insoluble in chloroform or ether. 

Comments—An extended-spectrum (antipseudomonal) penicillin. 
It is given IV with high sodium. An oral prodrug (indanyl sodium) is 
available. 


CLOXACILLIN SODIUM 


[2S-(2a,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
6- [[[3-(2-chlorophenyl)-5-methyl-4-isoxazolyl]carbonyl]amino]- 
3,3-dimethyl-7-oxo-, monosodium salt, monohydrate; 
Cloxacillin Sodium Monohydrate, Tegopen, Cloxapen 
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[7081-44-9] C,,H,,CIN,NaO;S-H,O (475.88); anhydrous [642-78-4] 
(457.86). Potency: the equivalent of not less than 825 yg of cloxacillin/mg. 

Preparation—6-Aminopenicillanic acid is acylated with 3-(o-chloro- 
phenyl)-5-methyl-4-isoxazolecarboxylic acid and the resulting cloxacillin is 
purified by recrystallization and converted to the sodium salt. 

Description—White, odorless, crystalline powder having a bitter 
taste; stable in light and only slightly hygroscopic; decomposes about 
173°; pH (1 in 100 solution) 7.5; pK, (COOH) 2.7. 

Solubility—Freely soluble in water; soluble in alcohol; slightly 
soluble in chloroform. 

Comments—A penicillinase-resistant penicillin (antistaphylococ- 
cal) administered orally. 
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DICLOXACILLIN SODIUM 


[2S-(2a,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
6-[[[3-(2,6-dichlorophenyl)-5-methyl-4-isoxazolyl]-carbonyl]amino]- 
3,3-dimethyl-7-oxo-, monosodium salt, monohydrate; 
Dynapen, Pathocil, Dycill 
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{13412-64-1] C,,H,,Cl,N,NaO;S - H,O (510.32); anhydrous [343-55-5] 
(492.31). Potency: the equivalent of not less than 850 yg of dicloxacillin/mg. 

Preparation—6-Aminopenicillanic acid is acylated with 3-(2,6-dichloro- 
phenyl)-5-methyl-4-isoxazolecarboxylic acid and the resulting dicloxacillin 
(acid) is purified by recrystallization and converted to the sodium salt. 

Description—White to off-white, crystalline powder; faint, charac- 
teristic odor; melts about 225° with decomposition; pK, 2.67. 

Solubility—Freely soluble in water; soluble in alcohol. 

Comments—An oral penicillinase-resistant penicillin (see the gen- 
eral statement). As with all penicillinase-resistant penicillins, it is not 
as effective as penicillin G except against those organisms whose resis- 
tance depends on penicillinase production. Therefore, its use should be 
limited to the treatment of susceptible penicillinase-producing strains 
of Staph aureus or epidermidis. 

The toxicity is the same as that of penicillins in general (see the 
general statement). Nausea and diarrhea sometimes occur, but they 
usually do not necessitate discontinuation of the drug. Rare hepatotox- 
icity has been observed. In persons with a low sodium tolerance, the 
sodium content must be taken into account. 

By the oral route the amount absorbed is 37 to 50%. It is bound to 
plasma proteins to the extent of 90 to 97%, the highest among the 
penicillins. The volume of distribution is only 0.1 mL/g. Approximately 
60% is excreted into the urine. Its half-life in plasma is 0.5 to 1.5 hr in 
normal patients but is 1 to 3 hr in renal insufficiency. 


METHICILLIN SODIUM 


4-Thia-l-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
6-[(2,6-dimethoxybenzoyl)amino]-3,3-dimethyl-7-oxo-, 
monosodium salt, monohydrate, [25-(2a,5a,6£)]-, 
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[7246-14-2]C,,H, ,N,NaO,S -H,O [132-92-3](anhydrous),[61-32-5](meth- 
icillin, acid) (420.41). 

Preparation—Fermentation-produced 6-aminopenicillanic acid is 
condensed with 2,6-dimethoxybenzoyl chloride in a suitable organic 
solvent and the resulting methicillin is precipitated as the sodium salt 
by the addition of sodium acetate. 

Description—Fine, white, crystalline powder; odorless, or a slight odor. 

Solubility—Freely soluble in water; slightly soluble in chloroform; 
insoluble in other. 

Comments—A penicillinase-resistant penicillin (antistaphylococ- 
cal). It is given IV. Interstitial nephritis may occur. 


MEZLOCILLIN SODIUM 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 3,3-dimethyl-6-[[[[[3-(methylsulfonyl)-2-oxo- 
1-imidazolidinyl] carbonyllamino]phenylacetyl]amino]-7-oxo-, 
monosodium salt; Mezlin 
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(51841-65-3] C,,H.,NaN,O,S, (561.56). 
Preparation—Ger Pat 2,318,955. 
Description—Yellowish-white powder; pK, 2.7. 
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Solubility—Very soluble in water; soluble in DMF or methanol; 
very slightly soluble in alcohol or acetone. 

Comments—An extended-spectrum (antipseudomonal) penicillin. 
It is given IV and is similar to Piperacillin. 


NAFCILLIN SODIUM 


[2S-(2@,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
6-[[(2-ethoxy-1-naphthalenyl)carbonyl]amino]-3,3-dimethyl-7-oxo-, 
monosodium salt, monohydrate; Unipen, Nafcil, Nallpen 
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[7177-50-6] C,,H,,N,NaO;S-H,O (454.47); anhydrous [985-16-0] 
(436.46). Potency: equivalent to not less than 820 yg of nafcillin/mg. 

Preparation—6-Aminopenicillanic acid is acylated by treatment 
with 2-ethoxy-1l-naphthoyl chloride in an anhydrous organic solvent 
containing triethylamine. An aqueous extract of this product is admixed 
with a water-immiscible solvent and nafcillin is precipitated by the 
addition of sulfuric acid. Nafcillin sodium is precipitated by mixing 
ethanolic solutions of the acid and sodium ethylhexanoate. US Pat 
3,157,639. 

Description—White to yellowish white powder; not more than a 
slight characteristic odor. 

Solubility—Freely soluble in water or chloroform; soluble in 
alcohol. 

Comments—A penicillinase-resistant penicillin, the use of whichis 
restricted to the treatment of infections caused by penicillinase- 
producing cocci (mostly staphylococci). After oral administration 
serum levels are low and unpredictable, therefore the oral route is 
not recommended. 

It is destroyed partly by gastric acid, and about 36% is absorbed 
from the gut, somewhat erratically. For serious infections, initial ther- 
apy should be by parenteral administration. About 90% is bound to 
protein in plasma. The volume of distribution is 0.26 to 0.44 mL/g. Only 
about 10 to 30% is eliminated unchanged in the urine. Nafcillin is 
excreted primarily by the liver with 60% of dose metabolized and 10% 
secreted unchanged in the bile. The half-life is 0.5 to 1 hr, except 1.2 to 
1.5 hr in renal failure. 

Untoward reactions are similar to those shown by other penicillins. 
It causes occasional nausea and diarrhea. It is irritating and may cause 
pain and an increase in serum transaminase activity after IM injection. 
Thrombophlebitis can occur with IV injection. 

Cross-sensitivity between it and other penicillins may occur. It is 
preferred in adults because of the association of interstitial nephritis 
with methicillin. The sodium content must be considered when the drug 
is used in persons with a low sodium tolerance. 


OXACILLIN SODIUM 


[2S-(2a,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-6-[[(5-methyl-3-phenyl-4-isoxazolyl)carbonyl]- 
amino]-7-oxo-, monosodium salt, monohydrate; 
Bactocill, Prostaphlin 
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[7240-38-2] C,,H,,N,NaO,S - H,O (441.43); anhydrous [1173-88-2] 
(423.42). Potency: equivalent to 815 to 950 wg of oxacillin 
(Cy 9H, 9N,0;S)/mg. 

Preparation—Fermentation-produced 6-aminopenicillanic acid is 
condensed with 5-methyl-3-phenyl-4-isoxazolyl chloride in a suitable 
organic solvent and the resulting oxacillin is precipitated as the sodium 
salt by the addition of sodium acetate. 

Description—Fine, white, crystalline powder; odorless or a slight 
odor. 

Solubility—Freely soluble in water; slightly soluble in absolute 
alcohol, chloroform; insoluble in ether. 

Comments—A penicillinase-resistant penicillin (antistaphylococ- 
cal) given orally. 


PENICILLIN G BENZATHINE 


[2S-(2a,5a,6f)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-7-oxo-6-[(phenylacetyl)amino]-, compd with 
N,N'-bis-(phenylmethyl)-1,2-ethanediamine (2:1), 
tetrahydrate; Bicillin, Permapen 
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{41372-02-5] C,H oN. + 2C,,H,,N,0,S -4H,O (981.19); anhydrous 
(1538-09-6] (909.13). Potency: 1090 to 1272 Penicillin Units/mg. One mg 
of Penicillin G Benzathine represents 1211 Penicillin G Units. 

Preparation—Precipitates on mixing aqueous solutions containing 
N,N-dibenzylethylenediamine diacetate and sodium penicillin G in the 
required molar proportion. 

Description—White, odorless, crystalline powder; pH (saturated 
solution) 5 to 7.5. 

Solubility—1 g in approximately 5000 mL water and approxi- 
mately 65 mL alcohol. 

Comments—Low water-solubility; hence, on IM injection, it is re- 
leased slowly and yields prolonged blood levels of penicillin, generally 
for 1 to 4 wk. Its antibacterial activity is that of the penicillin G moiety 
(see the general statement), except that its long duration of action 
makes it especially suitable for prophylaxis of rheumatic fever. How- 
ever, by the IM route the blood levels are quite low and are not suitable 
for most of the uses of the drug. For example, 1.2 million units will yield 
an average plasma level of only 0.15 unit/mL on the 1st day, and by the 
14th day it will have fallen to 0.03 unit/mL. CSF concentrations are 
negligible. With concurrent probenecid the levels will be somewhat 
higher. Consequently, it is indicated only for the prophylaxis and treat- 
ment of infections caused by highly susceptible group A streptococcus, 
syphilis and yaws. 


PENICILLIN G POTASSIUM 


[2S-(2a,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-7-oxo-6-[(phenylacetyl)amino]-, monopotassium salt; 
Benzylpenicillin Potassium 
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[113-98-4] C,,H,,KN,O,S (372.48). Penicillin G Potassium has a po- 
tency of not less than 1440 and not more than 1680 Penicillin .G 
Units/mg. 

Preparation—From 6-aminopenicillanic acid and phenylacetyl 
chloride in an inert organic solvent; the sodium salt is precipitated with 
sodium acetate. 

Description—Colorless or white crystals, or a white, crystalline 
powder; odorless or practically so; moderately hygroscopic; decomposed 
by prolonged exposure to temperatures of approximately 100°, moisture 
accelerating decomposition; not appreciably affected by air or light; 
solutions deteriorate at room temperature, but solutions stored lower 
than 15° remain stable for several days; rapidly inactivated by acids 
and alkalies, and also by oxidizing agents; pH (aqueous solution, 30 
mg/mL) 5 and 7.5; pK, (acid) 2.8. 

Solubility—Very soluble in water, saline TS or dextrose solutions; 
soluble in alcohol (but is inactivated by this solvent), glycerin or many 
other alcohols. 

Comments—See the uses of penicillins in the general statement. 
The potassium salt has no advantage over the sodium salt except when 
high doses are used in patients on sodium restriction. The potassium 
salt also avoids the hypokalemic alkalosis that sometimes occurs during 
treatment with high doses of penicillins. The possibility of potassium 
intoxication from massive doses in oliguric patients should be kept in 
mind. The bioavailability by the oral route is 15 to 33%. In plasma 50 to 
65% is protein-bound. The volume of distribution is 0.47 mL/g. Renal 
elimination is 60 to 90% of the total, the remainder being mostly biliary. 
The half-life is 0.5 to 0.7 hr, except 2.5 to 10 hr in renal failure or after 
probenecid. 


PENICILLIN G PROCAINE 


[2S-(2a,5a,6f)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-7-oxo-6-[(phenylacetyl)amino]-, compd with 
2-(diethylamino)ethyl 4-aminobenzoate (1:1) monohydrate 
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[6130-64-9] C,,H,,.N,0,S - C,,H,)N,O, - H,O (588.72); anhydrous [54- 
35-3] (570.70). Potency: 900 to 1050 Penicillin Units/mg. One mg rep- 
resents 1009 Penicillin G units. 

Preparation—An aqueous solution of sodium (or potassium) pen- 
icillin G undergoes metathesis with an equimolar quantity of procaine 
hydrochloride. 

Description—White, fine crystals or a white, very fine, microcrys- 
talline powder; odorless or practically so; not appreciably affected by air 
or light; pH (saturated solution) 7.5; rapidly inactivated by acids and by 
alkali hydroxides, also by oxidizing agents. 

Solubility—1 g in 250 mL water, approximately 30 mL alcohol or 
approximately 60 mL chloroform. 

Comments—Upon IM injection it slowly releases the penicillin G 
and provides prolonged duration of effective blood levels. An IM dose of 
300,000 units yields a peak plasma concentration of 1.5 units/mL at 1 to 
3 hr, and the level is about 0.2 unit/mL at 24 hr and 0.05 unit/mL at 48 
hr. Because of the relatively low peak blood levels, the drug is indicated 
only for mild to moderately severe infections by very susceptible organ- 
isms. For its uses and toxicity see the general statement. Allergies can 
occur due to the procaine component but other toxic effects of procaine 
are very rare. IV injection should never be used. 


PENICILLIN V POTASSIUM 


[2S-(2a,5a,6B)]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-7-oxo-6-[(phenoxyacetyl)amino]-, monopotassium salt; 
Penicillin Potassium Phenoxymethyl 
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[132-98-9] C,,.H,,KN.O;S (388.48). Penicillin V Potassium has a potency 
of not less than 1380 and not more than 1610 Penicillin V units/mg. 
Preparation—As for Penicillin G, using phenoxyacetyl chloride. 
Description—White, odorless, crystalline powder; pH (aqueous so- 
lution, 30 mg/mL) 7.5; pK, 2.73. 
Solubility—Very soluble in water; 1 g in approximately 150 mL alcohol. 
Comments—the antibacterial spectrum is essentially that of penicil- 
lin G against gram-positive bacteria but this is less potent and effective 
against gram-negative bacteria. Consequently, it shares the same uses 
(see the general statement), except that in severe acute infections paren- 
teral penicillin G is mandatory. It is inactivated less by gastric juice than 
is penicillin G.Penicillin V is the preferred oral penicillin for less serious 
infections because serum levels are 2 to 5 times higher than comparable 
doses of penicillin G and there is less individual variability in absorption. 
Like penicillin G, it may cause allergic reactions, and it frequently shows 
cross-sensitivity to the other penicillins. Its other toxicities are also those 
of penicillin G. The oral bioavailability is about 60% at best. It is 75 to 80% 
bound to plasma proteins. The volume of distribution is 0.73 mL/g, which 
is considerably larger than that of penicillin G. Only 20 to 40% is excreted 
unchanged in the urine. The half-life is about 0.5 to 1 hr. 


PIPERACILLIN SODIUM 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 6-[[[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbonyl]amino]- 
phenylacetyl]amino]-3,3-dimethyl-7-oxo-, monosodium salt; Pipracil 
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[59703-84-3] C,,H.,.N;NaO,S (539.54). Potency: the equivalent of not 
less than 863 wg piperacillin/mg. 
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Preparation—US Pat 4,087,424. 

Description—White crystals. 

Solubility—1 g in approximately 1.5 mL water or methanol; 5 mL 
of ethyl alcohol. 

Comments—An extended-spectrum penicillin with antibacterial ac- 
tivities characteristic of its class (see the general statement). It is the 
most active penicillin against Ps aeruginosa, with a potency nearly that 
of gentamicin. It is one of five drugs of choice for use against infections 
caused by Ps aeruginosa. It is more potent against Klebsiella and 
several other enteric bacilli than is carbenicillin or ticarcillin. It is an 
alternative drug for use against infections by Acinetobacter, Bacteroides 
fragilis (GI strains), Enterobacter, E coli, Kl pneumoniae, Morga- 
nella morganii, Pr mirabilis or vulgaris, Providencia rettgeri or stuar- 
tii, Ps aeruginosa (UTIs) or Serratia. It has a low efficacy against 
penicillinase- and other £-lactamase-producing bacteria. Resistance 
can develop rapidly to piperacillin during use, so that it should be 
administered only in combination with an aminoglycoside or penicilli- 
nase inhibitor (tazobactam) when used against Ps aeruginosa and other 
hard-to-suppress bacilli. 

The oral bioavailability is too low and erratic to be of use. In plasma, 
16 to 22% is protein-bound. The volume of distribution is about 0.18 to 
0.30 mL/g. Renal excretion accounts for 60 to 80% of elimination. The 
half-life is 0.5 hr, except 0.6 to 1.2 hr in renal failure. 


TICARCILLIN DISODIUM 


[2S-[2a,5a,6B(S*)]]-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid, 6-[(carboxy-3-thienylacetyl)amino]-3,3-dimethyl-7-oxo-, 
disodium salt; Ticar 


H. GOONa 


Ss On ; CH; 
fet aac: 
“=G--=CONH==- S 


COONa H H 


[4697-14-7] C,,.H,,N.Na,0,S, (428.38). Potency: equivalent to not less 
than 800 yg of ticarcillin (C,, “H No O,S,)/mg, calculated on the anhy- 
drous basis. 

Preparation—Belgian Pat 646,991. 2-(3-Thienyl)malonic acid, 
monobenzyl ester is converted to the acid chloride which is condensed 
with 6-aminopenicillanic acid, followed by hydrogenation to convert the 
ester to the free acid. 

Description—White to pale-yellow powder; hygroscopic; unstable 
in acid medium; pK, (acid form) 2.44, 3.64; acid solutions are unstable. 

Solubility—1 g in 10 mL water or 66 mL ethanol; pH of a concen- 
trated solution (>100 g/100 mL) approximately 7.0. 

Comments—An extended-spectrum penicillin almost identical to 
Carbenicillin in its antibacterial spectrum and potency, except that it is 
twice as active against Ps aeruginosa. Resistance develops rapidly. 
With many infections, resistance is obviated by adding clavulanate. 
Also, for gram-negative infections, it is often combined with gentamicin 
or tobramycin to enhance activity and delay resistance. 

The adverse effects are those of penicillins in general (see the 
general statement), and cross-sensitivity to penicillin occurs. Sodium 
overload and hypokalemia can occur, especially with high doses. In 
renal failure, high doses may inhibit platelet aggregation, and hemor- 
rhagic phenomena may result. 

It is not absorbed orally. In plasma, 55 to 65% is protein-bound. The 
volume of distribution is 0.22 mL/g. It is 86% eliminated by renal 
excretion. The half-life is 0.5 to 1 hr, except 15 hr in renal failure. 


Beta-Lactamase Combinations 


CLAVULINATE-AMOXICILLIN—A combination given 
orally. It causes more diarrhea than amoxicillin. 

CLAVULANATE-TICARCILLIN—A combination given 
IV. It is active versus more gram-negative bacilli. 

SULBACTAM-AMPICILLIN—A combination given IV. It 
is active versus Staphylococcus and beta-lactamase producing 
H influenzae and Strep pneumoniae. 

TAZOBACTAM-PIPERACILLIN—A combination given 
IV. It is active versus more gram-negative bacilli. 


CEPHALOSPORINS 


The cephalosporins are a group of antibiotics closely related to 
the penicillins. The cephalosporanic acid moiety characteristic 
of cephalosporins is an analog of the penicillanic acid moiety 
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characteristic of penicillins; cephalosporanic acid contains a 
dihydrometathiazine ring, while penicillanic acid contains a 
tetrahydrothiazole (thiazolidine) ring. Both have a beta-lactam 
ring. The 7-aminocephalosporanic acid derivatives are much 
more acid-stable than the corresponding 6-aminopenicillanic 
acid compounds. Cephamycins are cephalosporins that possess 
a 7-methoxy group that enhances beta-lactamase resistance. 
Cephamycins may induce beta-lactamase production. 

The cephalosporins have a mechanism of action very similar 
to that of the penicillins, namely, they bind to one or more 
penicillin-binding proteins (PBPs) that are transpeptidases 
and inhibit the cross-linking of the peptidoglycan units in the 
bacterial cell wall. The intrinsic activity of a cephalosporin 
depends in part on resistance to beta-lactamases, affinity to 
PBPs and their ability to reach these targets that are extracel- 
lular for gram-positive bacteria and periplasmic for gram-neg- 
ative bacteria. See Table 87-4 on page 1519. 

Currently, the cephalosporins are classified into four gener- 
ations based on their gram-negative spectrum and stability in 
the presence of beta-lactamases. However, this classification 
scheme is becoming less reliable because newer agents have led 
to more exceptions and less precise criteria for differences in 
antibacterial spectrum. 

The first-generation cephalosporins (cefazolin, cephalothin- 
,cephapirin, cephradine, cephalexin and cefadroxil) have the 
highest activity against gram-positive and the lowest against- 
gram-negative bacteria. In summary, they are effective 
against the following antibacterial spectrum: good activity 
against most staphylococci (even penicillinase-producers, 
but not methicillin-resistant staphylococci) plus most com- 
mon streptococci (Strep pyogenes, viridans and pneumoniae), 
but not enterococci; moderately active against certain 
gram-negative bacteria, such as N gonorrhoeae and menin- 
gitidis, many E coli, some H influenzae, and nonhospital- 
acquired Klebsiella and Pr mirabilis and some Salmonella 
and Shigella. 

The second-generation cephalosporins (cefuroxime, cefa- 
mandole, cefmetazole, cefonicid, cefoxitin, cefotetan, cefaclor, 
cefprozil and loracarbef) are more active against gram-negative 
and less active against gram-positive bacteria than are first- 
generation members. Notable differences include the increased 
activity against most H influenzae and the efficacy of some 
cephalosporins (cefoxitin, cefotetan, cefmetazole) against some 
more resistant hospital-acquired infections due to anaerobic 
bacteria (Bacteroides fragilis) and indole-positive Proteus. Like 
the first-generation, members of this group are inactive against 
Ps aeruginosa. 

The third-generation cephalosporins (cefotaxime, cefti- 
zoxime, ceftriaxone, cefpodoxime, ceftibuten, moxalactam, 
ceftazidime, cefoperazone, and cefixime) are considerably less 
active than first-generation drugs against gram-positive bacte- 
ria (especially staphylococci) but have a much expanded spec- 
trum of activity against gram-negative organisms and have 
more resistance to gram-negative beta-lactamases. They are 
quite active against gram-negative anaerobes and are fre- 
quently active against Enterobacteriaceae (E coli, Enterobacter, 
K pneumoniae). Of special interest is the activity some mem- 
bers of this group (ceftazidime and cefoperazone) that have 
high activity against Pseudomonas but possess a weaker over- 
all gram-negative spectrum. 

The current fourth-generation cephalosporin classification 
(cefepime) is based on an improved gram-positive spectrum 
while retaining the expanded gram-negative activity of third- 
generation cephalosporins. 

RESISTANCE—As with the penicillins, one common 
mechanism of resistance is that of elaboration of a beta- 
lactamase. Although some cephalosporins are inactivated by 
penicillinase-types of beta-lactamase, many beta-lactamases 
are selective for cephalosporins and are called cephalospori- 
nase types. Other resistance mechanisms include failure to 


bind to PBPs as occurs with methicillin-resistant strains of 
staphylococci. 

INDICATIONS—The cephalosporins are effective in a 
wide variety of infections because they have a broad spec- 
trum and high therapeutic/toxic ratio. The first-and second- 
generation cephalosporins are used frequently for prophylaxis 
during certain surgical procedures to reduce the risk of post- 
operative wound infections. Cefazolin is preferred over other 
first-generation analogs because it has a higher serum concen- 
tration and longer elimination half-life; also it is less painful 
upon IM administration. Cefoxitin, cefotetan and cefmetazole 
are cephamycins that are preferred for intra-abdominal sur- 
gery because of their beta-lactamase resistance and activity 
against Bacteroides fragilis. A number of second-and third- 
generation cephalosporins are effective alternatives as prophy- 
lactic agents for various surgical procedures. 

Cephalosporins are generally not the first drug of choice for 
any bacterial infections because of the availability of equally 
effective and less expensive alternatives. First-generation 
cephalosporins are preferred alternatives to antistaphylococcal 
penicillins or penicillin G for serious staphylococcal and/or 
streptococcal infection except enterococcal infections or menin- 
gitis. The non-cephamycin second-generation cephalosporins 
such as cefuroxime have similar antimicrobial spectra and may 
be used as alternatives to treat most serious infections caused 
by staphylococci and aerobic gram-negative bacilli. Only the 
third-generation cephalosporins are approved for treatment of 
meningitis caused by enteric gram-negative bacilli. Cefuroxime 
may be used to treat meningitis caused by H influenzae, al- 
though a third-generation cephalosporin is still the preferred 
choice. 

Cefotaxime, ceftizoxime and ceftriaxone are third-generation- 
cephalosporins that are effective against serious hospital-ac- 
quired infections caused by enteric gram-negative bacilli, such 
as Enterobacter, indole-positive Proteus, Providencia stuartit 
and Serratia. Against H influenzae, cefotaxime and ceftriaxone 
are preferred for parenteral therapy, although cefuroxime is 
an alternative. 

Ceftriaxone is the drug of choice for treatment of gonorrhea, 
and any cephalosporin may be preferred over an extended- 
spectrum penicillin against K] pneumoniae. The cephalospo- 
rins are also alternatives to penicillins to treat infections 
caused by Branhamella catarrhalis and less serious infections 
of streptococci, staphylococci, H influenzae, N meningitidis and 
E coli. 

Several oral cephalosporins have increased activity against 
H influenzae including cefaclor, cefuroxime axetil, cefixime, 
cefprozil and cefpodoxime proxetil. Ceftazidime and cefopera- 
zone are preferred in the treatment of infections caused -by Ps 
aeruginosa, cepacia or maltophilia. Third-generation cephalo- 
sporins such as cefotaxime and ceftizoxime are expensive al- 
ternatives against indole-positive Proteus, Providencia and 
nontyphoid Salmonella. 

ADVERSE EFFECTS—Hypersensitivity occurs in about 5 
to 10% of recipients of cephalosporins; manifestations are eo- 
sinophilia, drug fever, maculopapular rash, urticaria, serum 
sickness, angioneurotic edema, anaphylaxis, positive Coombs 
test associated with rare hemolytic anemia and infrequent 
transient hepatic abnormalities (increased SGOT, SGPT and 
total bilirubin), thrombocytopenia, neutropenia and interstitial 
nephritis. There is an appreciable incidence of cross-sensitiza- 
tion with penicillin; when previously manifested, penicillin 
sensitivity has not been serious. A cephalosporin, especially 
cefazolin, may be administered cautiously after sensitivity test- 
ing, but only if necessary; skin tests often give false negatives. 
If the previous reaction to penicillin was severe, such as with 
anaphylaxis or angioneurotic edema, or if the patient reacts to 
penicillin minor determinants, a cephalosporin usually is dis- 
couraged. 

Other adverse effects of cephalosporins include pain, indu- 
ration, sterile abscess and sloughing at the site of IM injection, 
thrombophlebitis after IV administration, nausea, vomiting, 


glossitis, diarrhea, loose stools, abdominal pain and heartburn, 
especially with oral administration, sodium load and water 
retention with sodium salts, antibiotic-associated colitis (espe- 
cially with poorly absorbed members) and a false-positive urine 
test for glucose (Benedict, Fehling and Clinitest, but not Tes- 
Tape). Present cephalosporins are not significantly nephrotoxic 
alone but may increase considerably the nephrotoxicity of an 
aminoglycoside. 

Cephalosporins should not be used in combination with 
other antibiotics that cause nephrotoxicity or ototoxicity. 
High-ceiling diuretics (e.g., furosemide and ethacrynic acid) 
also enhance nephrotoxicity and make certain cephalospo- 
rins ototoxic. The acquisition costs of some cephalosporins is 
very high. Suprainfections by gram-negative bacteria and 
Candida may occur. There may be occasional hypoprothrom- 
binemia and disulfiram-like reaction with alcohol; those 
drugs with N-methylthiotetrazole side chains seem to be the 
serious offenders that include cefamandole, cefoperazone, 
cefotetan and cefmetazole. 

PHARMACOKINETICS—Cephalosporins vary consider- 
ably in their peroral bioavailability (15 to 86%), protein 
binding (14 to 96%) and half-lives (0.5 to 6.5 hr). Elimination 
is mainly by glomerular filtration and tubular secretion (ex- 
cept for cefoperazone) and some biliary secretion (and reab- 
sorption), except that most of cephaloglycin and some of 
cefotaxime, cephalothin, cephapirin and cephacetrile are 
deacetylated and subsequently further transformed; conse- 
quently, renal failure may greatly increase the half-lives of 
most cephalosporins. Cephalosporins vary in their pen- 
etrance into tissues. Only cefuroxime and third-generation 
cephalosporins achieve therapeutic concentrations in CSF, 
and then only in inflammation of the meninges. The first-and 
second-generation cephalosporins should not be used for 
meningitis. 

Cephalosporins cross the placental barrier and reach 
plasma concentration in the fetus in about 10% of maternal 
concentrations; effects on the fetus are unknown, but it is 
advisable to avoid treatment of pregnant women with cephalo- 
sporins if possible. A summary of the cephalosporins is in- 
cluded in Table 5. 


CEFACLOR 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R- 
[6a@,7 B(R*)]}-7-[(aminophenylacetyl)amino]-3-chloro- 
8-oxo-, monohydrate; Ceclor 
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[70356-03-05] C,H, ,CIN,0,,S - HO (385.82)]. Cefaclor is a semi-synthetic 
cephalosporin related to cephalexin. 

Preparation—See J Med Chem 18: 4038, 1975. 

Description—White crystalline solid; aqueous solutions are most 
stable at pH of approximately 3.5, which is the pH of a 2% solution. 

Solubility—Soluble in water (1 in 100); practically insoluble in 
most organic solvents. 

Comments—A second-generation cephalosporin with typical anti- 
bacterial activities and adverse effects (see the general statement). It 
was the first orally efficacious member of its group. It is approved for 
use in the treatment of wpper respiratory tract infections, pharyngitis 
and tonsillitis caused by Strep pyogenes; lower respiratory tract infec- 
tions caused by Strep pneumoniae, pyogenes and H influenzae; otitis 
media caused by Strep pneumoniae or pyogenes, staphylococci and H 
influenzae; cutaneous infections caused by Staph aureus and Strep 


Table 87-5. Carbapenems 


DRUG COMMENTS 
Imipenem IV, metabolized by renal enzymes 
Carbapenem IV, not metabolized by renal enzymes 
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pyrogens; and UTIs caused by E coli, Pr mirabilis, Klebsiella spp and 
coagulase-negative staphylococci. In plasma, 25% is bound to protein. 
The volume of distribution is 0.24 to 0.36 mL/g. About 60 to 85% is 
excreted unchanged into the urine. The half-life is 0.6 to 0.9 hr, except 
longer in renal failure. 


CEFAMANDOLE NAFATE 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R- 
[6a,7 B(R*)]]-7-[[(formyloxy)phenylacetyl]amino]-3-[[(1-methyl- 
1H-tetrazol-5-yl)-thio]methyl]-8-oxo-, monosodium salt, Mandol 
COONa Cis 
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[42540-40-9] [34444-01-4(acid)] C,,H,,N,NaO,S, (512.49). 

Preparation—US Pat 3,641,021. 

Description—White crystals; melts about 190° with decomposi- 
tion; pK, 2.8. 

Solubility—Soluble in water or methanol; insoluble in nonpolar 
solvents. 

Comments—A second-generation cephalosporin given IM and IV. It 
is short-acting. 


CEFAZOLIN SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[[(5-methyl- 
(6R-trans)-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo0-7-[[(1H- 
tetrazol-1-yl)acetyl]-amino]-, monosodium salt; Ancef, Kefzol 
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(27164-46-1] C,,H,,N,NaO,S, (476.48). Potency: not less than 850 wg 
and not more than 1050 yg of cefazolin (C,,H,,N,0,S,)/mg, calculated 
on the anhydrous basis. 

Preparation—The sodium salt of 7-aminocephalosporanic acid is 
acylated with 1H-tetrazole-1-acetyl chloride and the acetoxy group is 
then displaced by reaction with 5-methyl-1,3,4-thiadiazole-2-thiol; the 
resulting cefazolin is converted to the sodium salt. 

Description—White to off-white, crystalline powder. 

Solubility—Freely soluble in water, saline TS or dextrose solutions; very 
slightly soluble in alcohol; practically insoluble in chloroform or ether. 

Comments—A first-generation cephalosporins given IV or IM. 
Some gram-negative organisms and penicillinase-producing staphylo- 
cocci resistant to both penicillin G and ampicillin are sensitive to 
cefazolin. Gram-negative activity essentially limited to E coli, Kleb- 
siella and Pr mirabilis. 

The drug can be used to treat infections of the respiratory tract, skin, 
soft tissues, bones, joints and urinary tract and endocarditis and septice- 
mia caused by susceptible organisms. Among UTIs, cystitis responds much 
better than pyelonephritis. It is the preferred cephalosporin for most sur- 
gical prophylaxis, because of its (relatively) long half-life. 

The adverse effects are those of cephalosporins in general (see the 
general statement). It causes some pain at the site of injection and 
occasional phlebitis. Oral, genital and vaginal candidiasis and anal 
pruritus occur. It causes a transient increase in blood urea nitrogen yet 
seems to have negligible nephrotoxicity. 

It is not absorbed orally. It is bound to the extent of 70 to 85% by 
plasma proteins and has a low volume of distribution of only 0.10 to 0.14 
mL/g. From 95% is excreted into urine. The half-life is 1.5 to 2 hr in 
normal persons but 3 to 42 hr in renal failure. 


CEFDINIR 
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(Z)]]- 
7-[[2-amino-4-thiazolyl) (hydroxyimino)acetyl]amino]- 
3-ethenyl-8-oxo-, Omnicef 
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[91832-40-5] C,,H,3N,O0;S. (395.42). 
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Preparation—US 4,559,334(1985). 

Description—White to slightly brownish yellow powder melting 
about 170° (dec); pK, 9.7. 

Solubility—Slightly soluble in dilute HCl; sparingly soluble in 
0.1M phosphate buffer. 

Comments—A third generation cephalosporin given orally. It has a 
similar action as Cefixime. 


CEFEPIME HYDROCHLORIDE 


Pyrrolidinium, [6R-[6«,7B(Z)}]-1-[[7-(2-amino-4-thiazolyl) 
(methoxy-imino)acetyl]amino]-2-carboxy-8-oxo-5-thia- 
1-azabicyclo[4.2.0]oct-2-ene-3-yl]-methyl]-1-methyl-, hydroxide, 
inner salt hydrochloride; Maxipime 
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[88040-23-7] C,,H,N.0;S._ > HCl (527.08). 

Preparation—US Pat 4,406,899 (1983). 

Description—Colorless solid melting about 150° (dec) (base). 
White to pale yellow powder (HCl); the commercial product is the 
hydrochloride dihydrate. 

Solubility—Very soluble in water (hydrochloride). 

Comments—A new fourth-generation cephalosporin that retains 
an extended gram-negative spectrum against gram-negative aerobic 
bacilli covered by cefotaxime and ceftazidime including some strains 
resistant to these third-generation cephalosporins. It has improved 
activity against Strep pneumoniae and Staph aureus compared to the 
third-generation cephalosporins. Its activity against P aeruginosa is 
variable like other antibiotics and resides between that of ceftazidime 
and cefotaxime. 

The drug may be given IV or IM for treatment of UTIs, pneumonias, 
and skin infections. It is eliminated like most cephalosporins by renal 
excretion and has a half-life of 2 hr. Its adverse effects resemble the 
other cephalosporins. 


CEFIXIME 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(Z)]I- 
7-[[(2-amino-4-thiazolyl)[(carboxymethoxy)imino]acetyl]amino]-3- 
ethenyl-8-oxo-, Suprax 


[79350-37-1] C,,H,;N;O0,S, (453.44). 

Preparation—US Pat 4,098,888. 

Description—Off-white crystals; melts over 250°; distinguished 
from the E-trihydrate which melts about 220° with decomposition; pK, 
(acid) 2.5. 

Solubility—1 g in 125 mL water or 2000 mL alcohol. 

Comments—An oral third-generation cephalosporin with excel- 
lent activity against most # coli and Klebsiella, H influenzae, Bran- 
hamella catarrhalis, N gonorrhoeae and meningitidis, including 
B-lactamase-producing strains. It is active against common strepto- 
cocci but staphylococci are resistant. It is used for respiratory infec- 
tions, otitis media and uncomplicated UTIs, but its therapeutic role 
remains to be defined. 

It is absorbed slowly and incompletely from the GI tract and has a 
bioavailability of 40 to 50%. The oral suspension produces peak concen- 
trations that are 25 to 50% higher than equivalent doses of tablet 
formulations. Food does not affect the amount of cefixime absorbed but 
delays absorption. Approximately 65 to 70% is bound to plasma protein. 
Renal excretion is the main route of elimination although biliary excre- 
tion is greater than 10%. The serum half-life is 3 to 4 hr but is prolonged 
with renal impairment. 

The most common adverse reactions are gastrointestinal, primarily 
diarrhea. Other GI side effects may occur such as nausea, dyspepsia 
and flatulence. Dizziness, headache, genital pruritus and hypersensi- 
tivity reactions may occur. 


CEFMETAZOLE SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, (6R-cis)- 
7-[[[(cyanomethy])thioJacetyl]amino]-7-methoxy-3-[[(1-methyl- 
1H-tetrazol-5-yl)thio]methyl]-8-oxo-, monosodium salt, Zefazone 
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[56796-39-5], [5796-20-4 (acid)] C,;H,,.N,NaO;S, (493.51). 
Preparation—J Antibiot 29: 554, 1976. 
Description—White solid. 
Solubility—Very soluble in water or methanol; soluble in acetone. 
Comments—A second-generation cephalosporin given IV. It is 
short-acting and has good activity versus anaerobes. 


CEFONICID SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(R*)]- 
7-[(hydroxyphenylacetyl)amino]-8-oxo-3-[[[1-(sulfomethyl)-1H- 
tetrazol-5-yl]thio]methyl]-, disodium salt, Monocid 
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{61270-78-8] C,,H,g.N,Na,O,S5 (586.52). 
Preparation—Ger Pat 2,611,270; CA 86: 2985t, 1977. 
Description—pH (5% solution) 3.5 to 6.5. 
Comments—A second-generation cephalosporin given IM and IV. It 
is intermediate-acting. 


CEFOPERAZONE SODIUM 


5-Thia-1-azabicyclo[4.2.0Joct-2-ene-2-carboxylic acid, [6R- 
[6a,7B(R*)]]- 7-[[[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbonyl]amino]- 
(4-hydroxyphenyl)acetyl]amino]-3-[[(1-methyl-1H-tetrazol-5-yl)- 
thio]methyl]-8-oxo, monosodium salt, Cefobid 
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[62893-20-3] C,-H.,N NaO,S,. (667.65). 

Preparation—See Belg Pat 837,682; CA 87: 6002v, 1977. 

Description—White powder; melts about 170°; pH (25% aqueous 
solution), 4.5 to 6.5; unstable in alkaline solution. 

Comments—A third-generation cephalosporin given IM and IV. It 
is intermediate-acting and has good activity versus Psewdomonas. 


CEFOTAXIME SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(Z)]I- 
3-[(acetyloxy)methy]]-7-[[(2-amino-4-thiazolyl)- 
(methoxyimino)acetyl]amino]-8-oxo-, monosodium salt, Claforan 
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[64485-93-4] C,,H,,.N;NaO-S, (477.44). 

Preparation—Chem Pharm Bull 28: 2629, 1980. 

Description—White to off-white solid; pH (10% solution) approxi- 
mately 5.5; pK, (acid) 3.75. 

Solubility—Freely soluble in water; practically insoluble in most 
organic solvents. 

Comments—A third-generation cephalosporin, given IV or IM, 
with an antibacterial spectrum characteristic of its class (see the gen- 
eral statement). Against many gram-negative bacilli it is equal to the 
aminoglycosides, except against Ps aeruginosa, Acinetobacter and some 
Enterobacter. It is more active against multiple-drug-resistant gram- 
negative bacilli than are moxalactam ceftazidime and cefoperazone. It 


is highly resistant to B-lactamases. Against S aureus, it is less active 
than first-or second-generation cephalosporins. It is a preferred third- 
generation cephalosporin for gram-negative meningitis and other seri- 
ous gram-negative bacillary infections outside the CNS. It is used for 
surgical prophylaxis. When appropriate, it may be combined with an 
aminoglycoside. It has no unique toxicity (see the general statement). It 
is very expensive. 

The drug is absorbed poorly by the oral route. In plasma, 38% is 
protein-bound. The volume of distribution is 0.25 to 0.39 mL/g. It 
penetrates into the CSF. About 85% is eliminated in the urine and 
8% in the feces. The half-life is 1 to 1.2 hr, except 3 to 12 hr in renal 
failure. It is 30 to 50% metabolized to an active B-lactamase-stable 
metabolite. 


CEFOTETAN DISODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-6a,7a)]- 
7-[[[4-(2-amino-1-carboxy-2-oxoethylidene)-1,3-dithietan-2-yl]- 
carbonyl]amino]-7-methoxy-3-[[(1-methyl-1H-tetrazol-5-yl)- 
thio]methyl]-8-oxo-, disodium salt; Cefotan 
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[74356-00-6] C,-H,;N,Na.O,S, (619.57). 

Preparation—See Chem Pharm Bull 28: 2629, 1980. 

Description—White to pale yellow powder; pH (freshly reconsti- 
tuted solution) approximately 5.5; pK, 2.1, 3.3. 

Solubility—Very soluble in water (the color varies from colorless to 
yellow depending on the concentration). 

Comments—A second-generation cephalosporin given IM and IV. It 
is intermediate-acting and has good activity versus anaerobes. 


CEFOXITIN SODIUM 


(6R-cis)-5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,3- 
[[(aminocarbonyl)oxy]methyl]-7-methoxy-8-oxo-7- 
[(2- thienylacetyl)amino]-, sodium salt; Mefoxin 
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[33564-30-6] C,,H,,.N,Na0,S, (449.43). 

Preparation—A semi-synthetic, broad spectrum cepha antibiotic 
derived from cephamycin C, which is produced by S lactamdurans. See 
J Am Chem Soc 94: 1410, 1972. 

Description—Crystals melting about 150°; pK, 2.2 (acid). 

Solubility—Very soluble in water; soluble in methanol; sparing 
soluble in ethanol or acetone. 

Comments—A second-generation cephalosporin. It is not the 
drug of choice for any infection, but it is an alternative drug for 
intra-abdominal infections, colorectal surgery or appendectomy and 
ruptured viscus because it is active against most enteric anaerobes 
including Bacteroides fragilis. It is approved for use in the treatment 
of bone and joint infections caused by S aureus, gynecological and 
intra-abdominal infections by Bacteroides spp and other common 
enteric anaerobes and gram-negative bacilli; lower respiratory tract 
infections by Bacteroides spp, E coli, H influenzae, Klebsiella spp, S 
aureus or Streptococcus spp (except enterococci); septicemia by Bac- 
teroides spp, E coli, Klebsiella spp, S aureus or Strep pneumoniae; 
skin infections by Bacteroides spp, E coli, Klebsiella spp, S aureus or 
epidermidis or Streptococcus spp (except enterococci) or UTIs by E 
coli, Klebsiella spp or indole-positive Proteus, and for perioperative 
prophylaxis. It is absorbed poorly by the oral route. Elimination is 


Table 87-6. Aminoglycosides 
DRUG COMMENTS 


More resistant to bacterial enzymes, active vs 
some gentamicin resistance strains 


Amikacin 


Gentamicin Least expensive 
Netilmicin Similar to gentamicin spectrum 
Tobramycin Similar to gentamicin spectrum 


Streptomycin Used mainly for TB 
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essentially renal. The half-life is 40 to 60 min, except 13 to 22 hr in 
renal failure. 


CEFPODOXIME PROXETIL 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(Z)]]- 
7-[[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino]- 
3-(methoxy-methyl)-8-oxo-, 1-[[(1-methylethoxy)- 
carbonylloxy]Jethyl ester, Vantin 


CH, CH 


i 
© OCHOCOCH 
\/ tN 
& fe) CH, 
Oy CHD OCHS 
Oo 4H 
S aS 
ee Ss 
—~ Il A oA 
HN 
oct, 


[87239-81-4], [80210-62-4 (acid)] C,,H,2N;O.S,, (557.59). 
Preparation—J Antibiot 40: 370, 1987. The ester is the prodrug of 
the metabolite, cefpodoxime, with the free carboxyl group at position 4 
of the thiazine ring. 
Comments—A third generation cephalosporin given orally. It is 
intermediate-acting. It is similar to Cefixime. 


CEFPROZIL 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a, - 
7B(R*)]}-, 7-[[amino(4-hydroxyphenyl)acetyl]amino]-8-oxo-3- 
(1-propenyl)-, Cefzil 


[92665-29-7] C,,H,)N,0;5 (389.43). 
Comments—A second-generation cephalosporin given orally. It is 
short-acting. 


CEFRADROXIL 


[6R-[6a,7 B(R*)]]-5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 
7-[[amino-(4-hydroxyphenyl)acetyl]amino]-3-methyl-8-oxo-, 
monohydrate; Duricef 


COOH 
H “Ss Nes 
| * 1,0 
HO ~==C----CONH=-- 
| S 
NH H H 


[66592-87-8] C,,H,,N,0;S » H,O(381.42). 
Preparation—US Pat 4,504,657 (1985); German Pat 2,163,514 (1973). 
Description—White to yellow-white crystals melting about 197° (dec). 
Solubility—Soluble in water; stable in acid solution. 
Comments—A first-generation cephalosporin given orally. It is 
intermediate-acting and effective against Staphylococcus and some en- 
teric gram-negative bacilli. 


CEFTAZIDIME 


Pyridinium, [6R-[6a,7B(Z)]]-1-[[7-[[(2-amino-4-thiazolyl)-[(1-carboxy- 
1-methylethoxy)imino]acetyl]amino]-2-carboxy-8-0xo-5-thia-1- 
azabicyclo[4.2.0]oct-2-ene-3-yl]-methyl]-, hydroxide, inner salt; 

Fortaz,Tazicef, Tazidime 


ee coo7 
A XO) 
S7 Sn Ox ss CH2N 
—| + 5H,0 
CCONH-- +h. 
H H 
NS 


OC(CH3)2COOH 


[78439-06-2] C..H,,.N,0,S, - 5H,O (636.67). 
Preparation—See Ger Pat 2,921,316; CA 92: 198413c, 1980. 
Description—Ivory-colored powder; pK, 1.8, 2.7, 4.1. 
Comments—A third-generation cephalosporin given IV or IM. It 
is a broad-spectrum antibiotic. It is of special interest because of its 
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Table 87-7. Macrolides 
DRUG COMMENTS 


Expanded spectrum, less GI effects, does not 
affect CYP enzymes, long half-life 

Improved spectrum over erthromycin, less GI 
effects, inhibits CYP enzymes 

Frequent Gl effects, inhibits CYP enzymes 


Azithromycin 
Clarithromycin 


Erythromycin 


high activity against Psewdomonas and Enterobacteriaceae but not 
enterococci. It is resistant to penicillinases. It is an alternative drug 
for the treatment of hospital-acquired gram-negative infections. It 
may be combined with amikacin in the treatment of infections in 
immunocompromised patients when Ps aeruginosa is a potential 
causative organism. 

It is approved for use in the treatment of bone and joint infections, 
CNS infections, gynecological infections, lower respiratory tract infec- 
tions, septicemia, skin and UTIs. 

The adverse effects are those of the cephalosporins in general. 

It is absorbed poorly by the oral route. It is 80 to 90% eliminated in 
the urine. The half-life in normal persons is about 2 hr but longer in 
renal failure. 


CEFTIBUTEN 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(Z)]]- 
7-[[2-(2-amino-4-thiazolyl)-4-carboxy-1-oxo-2-butenyl]amino]-8-oxo-, 
dihydrate; Cedax 


COOH 
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[97519-39-6] C,-H,,N,0,S., ° 2H,O (410.43). 
Preparation—US Pat 4,634,697 (1987). 
Description—The commercial product is the dihydrate 
Comments—A third generation cephalosporin given orally with 
activity similar to Cefixime. 


CEFTIZOXIME SODIUM 


[6R-[6a,7 B,(Z)}]-5-Thia-1-azabicyclo[4.2.0]-oct-2-ene-2-carboxylic acid, 
7-[[(2,3-dihydro-2-imino-4-thiazolyl)(methoxyimino)acetyl]amino]- 
8-oxo-, monosodium salt; Cefizox 


COONa 


procs Ox as 


ul 
ae 
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[68401-82-1] C,,H,.N;NaO-;S, (405.38). 

Preparation—See US Pat 4,166,155. 

Comments—A third-generation cephalosporin given IV with 
antibacterial activity typical of this class (see the general state- 
ment). It is about as active as cefotaxime and more active than 
cefoperazone against gram-negative enteric bacilli but is less 
active than cefoperazone against Ps aeruginosa. It has unreliable 
activity against anaerobes. It is not active against enterococci. It 


Table 87-8. Tetracyclines 
DRUG COMMENTS 


Chlortetracycline 
Demeclocycline 
Doxycycline 


Short acting, incomplete oral abs 

Intermed. acting, more phototoxicity 

Long acting, good oral abs, biliary 
excretion 

Long acting, good oral abs, dizziness, 
and vertigo, metabolized 

Intermed acting 

Short acting, incomplete oral abs 

Short acting, incomplete oral abs 


Minocycline 


Methacycline 
Oxytetracycline 
Tetracycline 


is approved for the treatment of bone and joint infections, gonorrhea, 
intra-abdominal infections, lower respiratory tract infections, 
meningitis, septicemia, skin infections or UTIs. In serious infec- 
tions caused by gram-negative bacilli, it usually is combined with an 
aminoglycoside. 

Its adverse effects are those of cephalosporins in general. The 
drug is not effective orally. IM and IV doses of 1 g yield respec- 
tive concentrations of 36 and 80 to 90ug/ mL 30 min after adminis- 
tration. Only 30% is protein-bound in plasma. About 80% is elimi- 
nated in the urine. The half-life is about 1.7 hr but much longer in 
renal failure. 


CEFTRIAXONE SODIUM 


[6R-[6a@,7 B(Z)]]-5-Thia-1-azabicyclo[4.2.0]-oct-2-ene-2-carboxylic acid, 
7-[[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino]-8-oxo-3- 
[[(1,2,5,6-tetrahydro-2-methyl-5,6-dioxo-1-2,4-triazin-3-yl)- 
thio]methyl]-, disodium salt; Rocephin 


Na 

| 
HCN NW 20 
NH> COONa N he 
AS VE we Bs cH, -sy Xo 


[74578-69-1] C,,H,,.N,Na,O0,S, (598.53). 

Preparation—See Brit Pat 2,022,090; CA 93: 95289h, 1980. 

Description—White to yellowish orange crystalline powder 
(hemiheptahydrate); melts over 155° with decomposition; pK, ~ 3 
(COOH); 3.2 (NH ); 4.1 (enolic OH); solution color varies from light 
yellow to amber depending on concentration and length of storage; 
pH (1% solution) approximately 6.7). 

Solubility—Readily soluble in water (approximately 40g/100 mL 
at 25°); sparingly soluble in methanol; very slightly soluble in 
alcohol. 

Comments—A third-generation cephalosporin that is the drug of 
choice for uncomplicated and disseminated gonococcal infections. It 
is an effective alternative for meningitis in infants caused by H 
influenzae, N meningitidis and Strep pneumoniae. It is effective 
against gram-negative bacillary meningitis and other serious gram- 
negative infections, including complications associated with Lyme 
disease. It is not used for enterococci. It is approved for the treatment 
of bone and joint infections, intra-abdominal infections; lower respi- 
ratory tract infections, pelvic infections, skin and urinary tract in- 
fections. It also is indicated for perioperative prophylaxis, for which 
it is as effective as cefazolin. 

The side effects are those of the cephalosporins. Some patients show 
symptoms of cholecystitis. 

It is not orally effective. Redistribution time is about 2 hr. In 
plasma, 83 to 96% is protein-bound. Elimination is 40 to 65% renal. 
The elimination half-life is 6 to 9 hr, except up to 34 hr in renal 
failure; the long half-life is an important advantage of the drug that 
permits a single daily administration. 


Table 87-9. Fluroquinolones 
DRUGS 


COMMENTS 


Classical Fluoroquinolones 


Ciprofloxacin Intermed. spectrum, good distribution 


Norfloxacin Incomplete oral absorption, limited spectrum 
Ofloxacin Intermed. spectrum 

Levofloxacin More active than ofloxacin, long acting 
Enoxacin Limited spectrum 

Lomefloxacin Intermed. spectrum, phototoxicity 

Pefloxacin Intermed. spectrum, long acting, phototoxicity 


Newest Fluoroquinolones 

Expanded spectrum, long acting, serious 
phototoxicity problems 

Expanded spectrum, long acting 

Expanded spectrum, no effect on drug 
metabolizing enzymes 


Sparfloxacin 


Grepafloxacin 
Trovafloxacin 


Table 87-10. Antifungals 
DRUG COMMENTS 


Drugs for Systemic Mycoses 

IV only, broad spectrum, nephrotoxicity 

Narrow spectrum, bone marrow suppression 

IV or oral, good oral abs and distribution, 
long acting 

Oral abs good unless reduced gastric acid, 
limited distribution, inhibits CYP3A4 

Very lipophilic, so food improves p oral abs, 
metabolized, inhibits CYP3A4 


Amphotericin B 
Flucytosine 
Fluconazole 


Ketoconazole 


Itraconazole 


Oral Drugs for Cutaneous Mycoses 
Food improves oral abs, fungistatic 
Good oral abs., fungicidal, shorter therapy 


Griseofulvin 
Terbinafine 


Topical Drugs for Cutaneous Mycoses 


Clotrimazole High efficacy vs dermatophytes 


Miconazole Best efficacy vs dermatophytes 
Ciclopirox High efficacy vs dermatophytes 
Tolnaftate Good efficacy vs dermatophytes 
Haloprogin Good efficay vs dermatophytes 


Undecylenic acid Lower efficacy vs dermatophytes 


CEFUROXIME SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, (6R,7R)-7- 
[2-(2-furyl)glyoxylamido]-3-(hydroxymethyl)-8-oxo-, 7-(Z)-mono 
(O-methyloxime) carbamate (ester); Kefurox, Zinacef, 


N 
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(56238-63-2] C,,H,;N,NaO,S (446.37). 

Preparation—See US Pat 3,974,153. 

Description—Off-white to white powder; unbuffered aqueous so- 
lutions are stable for approximately 12 hr at room temperature; approx- 
imately 15% decomposition occurs after 24 hr. Suspensions for IM use 
and solutions for IV infusion are usually stable for 48 hr if stored 
between 2° and 10°. May become yellowish on standing; pK, (acid) 2.5. 

Solubility—1 g in 5 mL of water; slightly soluble in alcohol. A 10% 
aqueous solution has a pH of approximately 7. 

Comments—A second-generation cephalosporin with antibacte- 
rial activity typical of that class (see the general statement). Its 
activity against H inflwenzae and ability to penetrate into the CSF 
make it particularly useful for treating meningitis caused by that 
organism; it also is approved to treat meningitis caused by Strep 
pneumoniae, N meningitidis and Staph aureus. It has excellent 
activity against all gonococci, hence is used to treat gonorrhea. It 
may be used to treat lower respiratory tract infections caused by 
H influenzae and parainfluenzae, Klebsiella spp, E coli, Strep 
pneumoniae and pyogenes and Staph aureus. It is approved for use 
against UTIs caused by E coli and Klebsiella, a more limited ap- 
proval than for other second-generation drugs. It also is approved for 
bone infections, septicemias and surgical prophylaxis. The adverse 
effects are those of cephalosporins in general (see the general state- 
ment). Pain at the injection site is usually slight. However, supra 
infections caused by Pseudomonas and Candida may occur more 
frequently than with first-and other second-generation cephalospo- 
rins. 

It is absorbed poorly by the oral route. However, the axetil ester 
is available for oral therapy of otitis media, pneumonia, and UTIs. In 
plasma, 33% is protein-bound. The volume of distribution is 0.19 
mL/g. It penetrates into CSF. More than 85% is eliminated in the 
urine; the half-life is 1.3 to 1.7 hr but may be as much as 24 hr in 
renal failure. 

The axetil amide of cefuroxime is more lipid-soluble than the 
sodium salt, so that it is better absorbed by the oral route. Oral 
bioavailability without food is 36% compared to 50% fasting. It is 
approved for the treatment of otitis media caused by Branhamella 
catarrhalis, H influenzae and Strep pneumoniae or pyogenes; phar- 
yngitis and tonsilitis by Strep pyogenes; lower respiratory tract in- 
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fections by H influenzae or parainfluenzae and Strep pneumoniae; 
skin infections by Staph aureus and Strep pyogenes; and UTIs by E 
coli and Kl pneumoniae. 


CEPHALEXIN 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R- 
[6a,7B(R*)}}- 7-[(aminophenylacetyl)amino]-3-methyl- 
8-oxo-, monohydrate; Keflex 


COOH 
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[23325-78-2] C,,H,,N,0,S - H,O (365.40). 

Preparation—J Med Chem 12: 310, 1969. 

Description—White crystals; pK, 5.2, 7.3; pH (0.5% solution) ap- 
proximately 4.5. 

Solubility—1 g in 100 mL water; soluble in dilute aqueous alkaline 
solutions; very slightly soluble to practically insoluble in organic solvents. 

Comments—An oral first-generation cephalosporin with antimi- 
crobial activity and adverse effects characteristic of that class (see 
the general statement). It is approved for use against respiratory 
infections by pneumococcus and Group A beta-hemolytic strepto- 
cocci; otitis media by H influenzae, Branhamella catarrhalis, pneu- 
mococcus, staphylococci and streptococci; bone and joint infections by 
Pr mirabilis and staphylococci; skin and soft tissue infections by 


Table 87-11. Antiviral Drugs 
DRUG COMMENTS 


Nucleic Acid Synthesis Inhibitiors 
Purine Analogs 


Acyciovir Antiherpes (IV, oral or topical), CNS effects 
Cidofovir For CMV, nephrotoxicity 

Famciclovir Prodrug of penciclovir 

Ganciclovir For CMV, bone marrow suppression 
Penciclovir Topical antiherpes, similar to acyclovir 
Ribovarin For RSV, potential embryotoxicity 
Valacyclovir Prodrug of acyclovir, better oral 


absorption 
Pyrimidine Analogs 


Fluorouracil Topical for warts 

Idoxuridine Topical for herpes simplex 

Trifluridine Topical for herpes simplex 
Nonnucleosides 

Foscarnet For CMV, acyclovir-resistant herpes, 

nephrotoxicity 
HIV Reverse Transcriptase Inhibitors 

Pyrimidine 

Nucleosides 

Lamivudine Well tolerated 

Stavudine Peripheral neuropathy 

Zalcitabine Peripheral neuropathy 

Zidovudine Anemia, neutropenia, GI effects, CNS 


effects 

Purine Nucleosides 

Didanosine Peripheral neuropathy, pancreatitis, Gl 
effects 


Nonnucleosides 


Nevirapine Rash, fever, nausea, headache 
Delavirdine Rash 
HIV Protease Inhibitors 

Indinavir Good bioavailability, kidney stones, 
inhibits CYP3A4 

Nelfinavir Less side effects, some dirrhea 

Ritonavir Good bioavailability, more side effects, 
many drug interactions (CYP3A4 
related) 

Saquinavir Lower bioavailability, less side effects, 


CYP3A4 related drug interactions 
Inhibitors of Influenza Viral Penetration or Uncoating 
Amantidine Renal excretion, more CNS toxicities 
Rimantidine Metabolized, similar toxicity as amantidine 
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staphylococci and streptococci; and UTIs by E coli, Klebsiella and Pr 
mirabilis. It is effective orally. 

Elimination is by renal excretion with a half-life of 0.9 hr, except 5 
to 30 hr in renal failure. 


CEPHALOTHIN SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, (6R-trans)- 
3-[(acetyloxy)methyl]-8-o0xo-7-[(2-thienylacetyl)amino]-, 
monosodium salt, Keflin, Leutral 


COONa ° 
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[58-71-9] C,,.H,,N.NaO,8, (418.41). 

Preparation—7-Aminocephalosporanic acid is N-acetylated with 
2-thiopheneacety] chloride in a dehydrochlorinating environment. The 
starting acid may be prepared from the natural antibiotic, cephalospo- 
rin C, by either proton-catalyzed or enzymatic hydrolysis. The cephalo- 
thin thus prepared may be converted into its sodium salt by interaction 
with sodium acetate in a suitable organic solvent. 

Description—White to off-white, crystalline powder; prac- 
tically odorless; moderately hygroscopic; decomposes on heating; 
DIEZ: 

Solubility—Freely soluble in water, normal saline or dex- 
trose solution; slightly soluble in alcohol; insoluble in most organic 
solvents. 

Comments—A first-generation cephalosporin given IM and IV. It is 
short-acting and has the weakest spectrum of its class. 


CEPHAPIRIN SODIUM 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-trans] 
3-[(acetyloxy)methyl]-8-oxo-7-[[(4-pyridylthio)acetyl]amino]-, 
monosodium salt; Cefadyl 
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[24356-60-3]C,,H,,.N3;NaO,S, (445.46). 

Preparation—From 7-aminocephalosporanic acid by bromomethy- 
lation of the amino group to form the bromacetamide and then displac- 
ing the bromine with 4-mercapto-pyridine to produce the thioether. 
Treatment with sodium bicarbonate gives the salt. US Pat 3,578,661 
(1970); J Med Chem 16: 1413, 1973. 

Description—Soluble in water. 

Solubility—Soluble in water. 

Comments—A short-acting first-generation cephalosporin given IM 
or IV. 


CEPHRADINE 


5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B- 
(R*)}]-7-[(amino-1,4-cyclohexadien-1-ylacetyl]amino]-3-methyl- 
8-oxo-, Velosef 


[31828-50-9 (non-stoichiometric hydrate)] [38821-53-3 (anhydrous)] 
C,,H, .N;0,S (anhydrous)(349.40). 

Preparation—From cephalosporanic acid. US Pat 3,485,819 
(1969); J Med Chem 14:117, 1971. 

Description—Colorless crystals (monohydrate) melting about 
ATS TO 5, = Pay 10) a, I-AA. 

Solubility—Slightly soluble in acetone or alcohol; soluble in pro- 
pylene glycol. 

Comments—A short-acting first generation cephalosporin given 
IM or IV. The dosage form contains a non-stoichiometric hydrate con- 
taining up to 16% water and products must indicate by the labeling on 


the package and each label.of a bulk shipment, eg, “Each capsule 
contains X mg of cephradine as the dihydrate.” 


LORACARBEF 


1-Azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, [6R-[6a,7B(R*)]]- 
7-[(aminophenylacetyl)amino]-3-chloro-8-oxo-, monohydrate, 
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[124750-99-8] C,,H,,CIN,O, - H,O (867.79). 

Preparation—US Pat 4,708,956 (1987). 

Description—White solid melting about 210°. 

Solubility—Slightly soluble in water. 

Comments—An oral second-generation cephalosporin with good 
beta-lactamase resistance. It is actually a carbacephem that has an 
antibacterial spectrum similar to cefaclor, cefprozil or cefuroxime ax- 
etil. It is an alternative agent for upper and lower respiratory tract 
infections due to Strep pneumoniae, H influenzae or Branhamella ca- 
tarrhalis. It also may be used for uncomplicated UTIs caused by E coli 
or Staph saprophyticus. 

It has a serum half-life of 1 hr and is eliminated almost entirely by 
renal excretion. Protein binding is 25%. The most common adverse 
effect is diarrhea, but limited experience with this beta-lactam antibi- 
otic suggests that one consider its potential for allergic reactions in- 
cluding anaphylaxis. Patients allergic to penicillin may also be allergic 
to loracarbef. 


Carbapenems and Monobactams 


Carbapenems (imipenem and meropenem) are penicillin- 
related antibiotics in which the sulfur atom in the A ring of 
penicillanic acid has been replaced by carbon. A double 
bond in the A ring helps the planarity of the ring to approx- 
imate that of penicillanic acid. The carbapenems bind to 
penicillin-binding Proteins 1 and 2 and thus have antibac- 
terial actions similar to those of the penicillins. However, 
they also bind to binding-Protein 7, which enables them to 
kill nongrowing bacteria, a property that undoubtedly will be 
found to be important in the treatment of infections with 
large populations of dormant cells (endocarditis, meningitis, 
ophthalmitis, osteomyelitis, etc). Carbapenems induce beta- 
lactamases but are resistant to them, which accounts for 
their efficacy against more than 90% of gram-negative spe- 
cies of bacteria. 

Some important advantages of carbapenems include better 
activity against many highly penicillin-resistant strains of 
Strep pneumoniae and gram-negative aerobes, especially Hn- 
terobacter. They are not active against methicillin-resistant 
strains of staphylococci and Enterococcus. They also penetrate 
body tissues and fluids well including the CSF. They are elim- 
inated by the kidney that can inactivate imipenem. Conse- 
quently, imipenem is only available with cilistatin, an inhibitor 
of renal dehydropeptidases. Patients allergic to penicillin may 
be sensitive to carbapenems. Other common side effects of 
these parenteral drugs are nausea, vomiting, skin rashes and 
reactions at infusion sites. Excessive blood levels in patients 
with renal failure may lead to seizures, which are less fre- 
quently observed with meropenem. See Table 87-5 on page 
15253 

Monobactams (aztreonam) are natural or synthetic analogs 
of a monocyclic beta-lactam antibiotic isolated from certain soil 
bacteria. They bind only to penicillin-binding Protein 8, so that 
their activity is limited to aerobic gram-negative organisms; 
gram-positive and anaerobic organisms are insensitive. B-4- 
Alkyl groups confer resistance to most B-lactamases. Monobac- 
tams do not induce B-lactamases. 


AZTREONAM 


Propanoic acid, [2-S-2a,3(Z)]]- 2-[[[1-(2-amino-4-thiazolyl)-2-[(2- 
methyl-4-oxo-1-sulfo-3-azetidinyl)amino]-2-oxoethylideneJamino]- 
oxy]- 2-methyl-, Azactam 
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[78110-38-0] C,,H,-N,O,S, (435.43). 

Preparation—Neth Pat Appl 81 00571; CA 96: 181062x, 1982. 

Description—White powder; decomposes about 227°; pK, —0.5, 
265 307: 

Solubility—Very soluble in water; slightly soluble in methanol; 
soluble in DMF; practically insoluble in nonpolar solvents. 

Comments—A monobactam with antibacterial activity against 
most Enterobacteriaceae comparable to that of the extended-spectrum 
penicillins or third-generation cephalosporins. However, it is not active 
against Acinetobacter and is variably active against Ps aeruginosa. 
Against B-lactamase-producing, nonenteric gram-negative bacilli, such 
as H influenzae and N gonorrhoeae, it is as effective as third-generation 
cephalosporins. This drug and aminoglycosides mutually enhance an- 
tibacterial efficacy. In bacteremias, intra-abdominal infections, pneu- 
monias, skin and soft-tissue infections and UTIs, efficacy ranges from 
80 to 90%. Gram-positive organisms are not sensitive. 

It causes the adverse effects characteristic of penicillins and ceph- 
alosporins except that coagulation defects do not occur. However, it does 
not cause cross-sensitization with penicillins or cephalosporins. 

Oral bioavailability is low. In plasma, 56% is protein-bound. The 
volume of distribution is 0.18 mL/kg. The drug crosses the placental 
barrier and also is excreted in milk. Renal tubular secretion accounts 
for about 67% of elimination; 7% is converted to a metabolite and 
excreted and over 1% is secreted into bile. The half-life is 1.7 hr in 
healthy adults but longer in renal failure or if given with probenecid. 


IMIPENEM 


1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, [5R-[5a,6a(R*)]]- 
6-(1-hydroxyethyl)-3-[[2-[(iminomethyl)amino]ethyl]thio]-7-oxo-, 
monohydrate; ing of Primaxin 
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Imipemide[74431-23-5] C,.H,,N,0,S - H,O (317.36). 

Preparation—J Med Chem 22:1435, 1979. A crystalline derivative 
of thienamycin, produced by S cuttleya. 

Description—White solid; nonhygroscopic; pK, 3.2, 9.9. 

Solubility—1g in 1000 mL water or 2000 mL methanol; practically 
insoluble in ethanol, DMF or DMSO. 

Comments—A carbapenem. It binds to bacterial penicillin-binding 
Proteins 1 and 2 and thus interferes with cell-wall synthesis, so that 
elongation and lysis occur. It is not destroyed by B-lactamases except 
those from Ps maltophila and occasional strains of Bacteroides fragilis. 
It has a broader antibacterial spectrum than any other f-lactam. It 
includes all cocci (except methicillin-resistant staphylococci and entero- 
cocci), Enterobacteriaciae, Haemophilus, Ps aeruginosa and most 
anaerobes, including Bacteroides fragilis. It surpasses cephalosporins 
against staphylococci, equals penicillin G against streptococci, equals 
third-generation cephalosporins against most aerobic gram-negative 
bacilli and is comparable to ceftazidime against Ps aeruginosa. It 
is comparable to clindamycin or metronidazole against anaerobes. It is 
particularly useful for treatment of mixed bacterial infections. It should 
not be used alone for serious infections due to Ps aeruginosa because 
resistance may occur. 

The adverse effects are those of other B-lactams. Nausea and vom- 
iting occur with an incidence of 4%, diarrhea 3% and hypersensitivity 
3%. A reported incidence of seizures in 1.5% of recipients of imipenem- 
cilastatin requires confirmation; high doses, neurological disorders and 
renal failure are said to contribute. The incidence of suprainfections is 
about 4%. 

The induction of B-lactamases jeopardizes other B-lactam therapy. 
There is acquired resistance in up to 60% of strains of Pseudomonas. 
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The oral bioavailability is low. Inflamed meninges are penetrated by the 
drug. Elimination is primarily renal, but the renal tubular cells inacti- 
vate the drug. The dehydropeptidase inhibitor, cilastatin, prevents 
inactivation and enables tubular reabsorption; when it is coadminis- 
tered, renal excretion of it is about 70%. It is marketed only in combi- 
nation with cilastatin. Elimination half-life of both imipenem and cila- 
statin is 1 hr but is increased with decreased renal function. 


MEROPENEM 


1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, [4R-[3(35*,5S*)- 
4a,5B,6B(R*)]]-3-[[5-(dimethylamino)carbonyl]-3-pyrrolidino] 
thio]-6-(1-hydroxyethyl)-4-methyl-7-oxo-, trihydrate; Merrem 


COOH ie} 
Q. . N(CH 
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OH H CH 


[119478-56-7] C,,H,,N,0,S - 3H,O (437.52). 

Preparation—US Pat 4,943,569 (1990). 

Description—White to pale yellow crystalline powder. Solutions 
vary from colorless to yellow, depending on the concentration. 

Solubility—Sparingly soluble in water; soluble in 5% monobasic 
sodium phosphate solution; very slightly soluble in alcohol; practically 
insoluble in acetone or ether. 

Comments—A carbapenem similar to imipenem with slightly dif- 
ferent affinity for specific PBPs (primary targets include PBPs 2 and 3) 
depending on strain of gram-negative bacteria. Staph aureus is very 
susceptible due to high affinity for PBPs 1,2 and 4. Resistance to most 
beta-lactamases is good. It has a similar distribution as imipenem. 
However, it is not degraded by renal dehydropeptidases. It has the same 
side effects as imipenem but is less likely to cause seizures. 


Beta-Lactamase Inhibitors 


Enzymes that open the B-lactam rings of penicillins, cephalo- 
sporins and related compounds at the 8-lactam bond are known 
as B-lactamases. There are several classes; classification is 
based upon general substrate selectivity and inhibition, the 
acidity or basicity of the enzyme protein and the intra- and 
extracellular location of the enzyme. Those that are excreted 
mainly from the bacterium and the genes for which are located 
on plasmids are called penicillinases. They are Type II f-lac- 
tamases. They are mainly responsible for the penicillin-resis- 
tance of gram-positive bacteria, gram-negative cocci and a 
number of gram-negative bacilli. 

Penicillinase-resistant penicillins bind to the penicillinases 
but dissociation of the drug-enzyme complex is relatively rapid. 
They have been supplanted by clavulanate, sulbactam and 
tazobactam. These newer inhibitors are B-lactams that acylate 
the enzyme by forming a double bond and consequently disso- 
ciate very slowly. They greatly increase the potency of the 
penicillins against certain bacteria and thus enhance efficacy. 
The combinations currently available in the US include clavu- 
lanate with amoxacillin and ticarcillin, sulbactam with ampi- 
cillin and tazobactam with piperacillin. 


CLAVULANATE POTASSIUM 


[2R-(2.a,3Z,5a)]-4-Oxa-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3-(2-hydroxyethylidene)-7-oxo-, monopotassium salt; 
ing of Augmentum and Timentin 


COOK 


(61177-45-5] C,H,KNO,, (237.25). 

Preparation—A -lactamase inhibitor, produced by S clavulig- 
erus. It is the first reported naturally occurring fused B-lactam contain- 
ing oxygen. J Antibiot 29:668, 1976. 

Description—White powder; bitter-tasting. 

Solubility—1 g in 2.5 mL alcohol or in less than 1 mL water. 
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Comments—The sulfur at Position 1 of the B-lactam ring has been 
replaced by oxygen and there is an ethylidene moiety at Position 2, 
which greatly enhances reactivity with the classic exopenicillinases of 
Staph aureus and epidermidis and the gram-negative B-lactamases of 
the Richmond Types II and III (Haemophilus, Niesseria, E coli, Salmo- 
nella and Shigella), IV (Bacteroides, Klebsiella and Legionella) and V. 
These are all plasmid-mediated enzymes; chromosomally mediated en- 
zymes are not inhibited. It reacts irreversibly with some but not all 
B-lactamases. It is not presently available in a single-entity product but 
is marketed only in combination with amoxicillin and ticarcillin (see the 
separate monographs for use in particular infections). 

It is absorbed well by the oral route but is also suitable for paren- 
teral administration. In plasma, about 30% is protein-bound. About 25 
to 50% is eliminated by renal tubular secretion, which is inhibited by 
probenicid; some is metabolized. The half-life is about 1 hr. 


SULBACTAM SODIUM 


(2S-cis)-4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 
3,3-dimethyl-7-oxo-4,4-dioxide, sodium salt; ing of Unasyn 


[69388-84-7] C,H, ,NNaO;S (255.22). 

Preparation—6-aminopenicillanic is diazotized to form the unsta- 
ble diazo derivative, which is immediately converted to the 6,6-dibromo 
compound if the reaction is carried out in the presence of bromine. 
Catalytic hydrogenolysis of the bromine atoms forms the product. J Org 
Chem 47:3344, 1982. 

Comments—A greater activity against Type I B-lactamases than 
clavulanate, but does not penetrate the cell walls of gram-negative 
bacteria as well. It extends the antibacterial spectrum of ampicillin to 
include B-lactamase-producing strains of Acinetobacter, Bacteroides 
and other anaerobes, Branhamella, Enterobacter, E coli, Klebsiella, 
Neisseria, Proteus and Staphylococcus. It has weak antibacterial activ- 
ity of its own. 

It is absorbed by the oral route but is also suitable for parenteral 
administration. The volume of distribution is about 0.27 mL/g. 

Elimination is mostly by renal tubular secretion; however, it does 
not interfere significantly with the elimination of ampicillin, the only 
B-lactam antibiotics with which it is combined. It also is secreted into 
milk. The plasma half-life is about 1 hr. It is not currently available in 
a single-entity product. 


AMINOGLYCOSIDES 
RR i GI ET SIS 
The aminoglycosides each contain one or more aminosugars, 
such as glucosamine or neosamine, linked by glycoside linkages 
to a basic (amino or guanidino) 6-membered carbon ring, eg, 
streptidine or streptamine. 

ANTIBACTERIAL SPECTRUM—The major spectrum of 
activity of aminoglycosides include aerobic gram-negative ba- 
cilli and Staph aureus. Only gentamicin, tobramycin, amikacin 
and netilmicin are reliable against most hospital-acquired in- 
fections due to aerobic gram-negative bacteria. Other amino- 
glycosides have distinct limitations and disadvantages that 
restrict their uses. It is easier to state what organisms are not 
affected: anaerobes (Bacteroides, Clostridium, Entameba histo- 
lytica, Trichomonas vaginalis), Rickettsia, fungi, Trypanosoma 
and viruses. See Table 87-6 on page 1527. 

MECHANISM—tThe aminoglycosides combine with bacte- 
rial (not mammalian) ribosomes to arrest protein synthesis. 
The initiation complex can be formed, but cannot pass into, 
subsequent stages of protein synthesis. The binding is quite 
firm, so that inhibition is severe enough that a bactericidal 
effect can result. The drugs also appear to interfere with the 
binding of aminoacetyl-t-RNA, which prevents chain elonga- 
tion. They further appear to cause misreading of some RNA 
codons, such that inappropriate proteins can be formed when 
protein synthesis is not prevented completely. 

Toxicity in the human is unrelated and, instead, results 
from blockade of N-type calcium channels and inhibition of 
lysosomal phospholipase and sphingomyelinase. 


RESISTANCE—Resistance to aminoglycosides develops 
very rapidly with some bacteria, sometimes as a single-step 
high resistance. With meningococcus, Hemophilus and some 
other bacteria, even dependence on the drug can occur. 

Although resistance to one amino glycoside often confers 
resistance to others, there are important exceptions that may 
determine the choice of amino glycoside for the treatment of 
certain infections. Both acquired and natural resistance often 
resulting from bacterial elaboration of amino glycoside-de- 
structive enzymes; nine such enzymes have been identified. 
Because of the rapid acquisition of resistance, it is common to 
employ aminoglycosides only in combination with other anti- 
bacterial drugs when the organism is one that rapidly develops 
high resistance. 

COMMENTS—Aminoglycosides have been a very impor- 
tant class of antibiotics to treat infections caused by gram- 
negative bacilli. Treatment of most nosocomial gram-negative 
bacillary infections with third-generation cephalosporins, car- 
bapenems and new fluoroquinolones have made the aminogly- 
cosides alternative drugs unless resistant strains are suspected 
in immunosuppressed patients. 

TOXICITY—Most of the toxic actions are common among 
all aminoglycosides, although there are important quantitative 
differences in incidence and severity. Hypersensitivity, mostly 
manifested as rashes but sometimes as drug fever and blood 
dyscrasias, occurs in 5 to 10% of recipients. Eosinophilia is 
relatively common. A history of sensitization contraindicates 
use. Cross-sensitization occurs. Vestibular and auditory func- 
tion may be impaired; in the early stages it may be reversible, 
but often it becomes irreversible if medication is not stopped. 
Headaches, dizziness and nausea and vomiting during move- 
ment are early signs of impairment of vestibular function. Loss 
of auditory perception of high-frequency sound signals onset of 
auditory toxicity. Aminoglycosides vary with respect to 
whether auditory or vestibular function is most affected. High- 
ceiling diuretics increase risk of ototoxicity. Nephrotoxicity, 
manifested by albuminuria, hematuria, cylindruria, azotemia, 
tubular necrosis and renal failure, is common to all aminogly- 
cosides, although there are marked differences in incidence and 
severity. Aminoglycosides should not be used in combination 
with other nephrotoxic substances. Neuromuscular blockade 
also occurs with high doses, as the result of both postjunctional 
and prejunctional inhibitory actions, probably because of inter- 
ference with movement of calcium into nerve terminals and 
motor endplate. Low plasma-calcium predisposes to the block- 
ade. Aminoglycosides greatly will increase neuromuscular pa- 
ralysis induced by curare-like drugs and ether anesthetics. 
Supra infections (overgrowth), most often candidal, may occur 
during prolonged use, as the result of interference with the 
normal microbial flora. 

Therapeutic drug monitoring may be used to determine 
appropriate drug intervals and renal function must be moni- 
tored. Signs and symptoms of toxicity should be monitored. The 
use of single daily dosing of aminoglycosides may be used if 
renal function is not compromised. Aminoglycosides have a 
post-antibiotic effect and the rate of killing is concentration- 
dependent so that the total daily dose may be given once daily. 
This approach allows plasma levels to be below the threshold 
for MIC and decrease drug accumulation in sites that cause 
toxicities. 

PHARMACOKINETICS—At the pH of the lower small 
bowel, aminoglycosides are polycationic and, hence, are ab- 
sorbed poorly from the gut. For the same reason, they are 
confined mostly to the extracellular space and penetrate cells 
poorly. The distribution coefficients (A’) range from 0.19 to 0.28 
mL/g. Aminoglycosides penetrate the blood-brain barrier only 
slightly, unless the meninges are inflamed. Binding to plasma 
protein is low and ranges from 0 to 34%. The drugs are excreted 
mostly into urine, the amount ranging from 60 to 100%. The 
average clinically significant half-lives are about 2 to 3 hr, but 
there is a much slower phase of elimination that relates to the 
gradual release of tissue-bound drug; there is greater variation 


among recipients than there is among the drugs. Renal failure 
greatly prolongs the half-life. Half-lives in the inner ear are 4 to 
5 times those in plasma; the half-lives in the renal cortex range 
from 25 to 700 hr. These facts help explain the predisposition to 
vestibular, auditory and renal toxicities. 


AMIKACIN SULFATE 


p-Streptamine, (S)-O-3-amino-3-deoxy-a-p-glucopyranosyl-(1 — 6)- 
O-[-6- amino-6-deoxy-a-p-glucopyranosyl-(1 — 4)]-N'-(4-amino- 
2-hydroxy-1-oxobutyl)-2-deoxy-, sulfate (1:2) salt; Amikin 


CH,NH, NH. ° OH 
x NHC—CCH2CH2NHz 
OH 4H 
HO (0) 
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[39831-55-5] C..H,,N,O., - 2H,SO, (781.78). 

Preparation—Amikacin, the 1-L-(—)-4-amino-2-hydroxybutyry] de- 
rivative of kanamycin, is obtained by acylation of the C-1 amino group 
of the 2-deoxystreptamine moiety of kanamycin with 1-(—)-4-amino-2- 
hydroxybutyric acid. German Pat 2,234,315, corresponding to US Pat 
3,781,268 (CA 78: 136615x, 1973). 

Description—Amikacin base: white to off-white flocculent powder, 
which is converted to the sulfate salt in preparing injection dosage 
forms; melts (base) at approximately 203°, (sulfate) about 225° with 
decomp; pK, (base) 8.1. 

Solubility—Amikacin base: freely soluble in water; insoluble in 
alcohol. ; 

Comments—The N-(4-amino-2-hydroxy-1-oxobutyl) group protects 
the amino glycoside from all but one of the nine amino glycoside- 
inactivating enzymes and acetyltransferase. In one study, more than 
80% of strains of bacteria resistant to one or more aminoglycosides were 
sensitive in vitro to this drug. The greatest differences are shown with 
Ps aeruginosa and to a lesser extent with various Enterobacteriaceae. 

Amikacin is considered the drug of choice for empirical therapy of 
infections caused by gram-negative bacilli in hospitals where bacterial 
strains are common that are resistant to gentamicin or tobramycin. 
Development of resistance to amikacin has not occurred where hospi- 
tals have used it as the primary amino glycoside. Septicemia, and 
serious infections of burns, urinary tract, respiratory tract and various 
soft tissues, meningitis, peritonitis, osteomyelitis, omphalitis in neo- 
nates and serious surgical infections are indications for use. 

The toxicity is that of the aminoglycosides in general (see the gen- 
eral statement). Tremors, paresthesias, arthralgia and hypotension 
also occur. Plasma levels should be monitored where possible, and 
auditory tests and examination of the urine are mandatory. The effect 
on the fetus is unknown, and use in pregnancy should be avoided, if 
possible. 

The absorption, distribution and elimination is that of aminoglyco- 
sides in general (see the general statement). The drug is eliminated 
totally unchanged in the urine. The half-life is 2 to 3 hr in adults with 
normal renal function but up to 30 hr in renal failure; in neonates it is 
4 to 8 hr. 


GENTAMICIN SULFATE 


Gentamicin, sulfate 
Gentamycins sulfate [1405-41-0]; the sulfate salt of the antibiotic 
substances produced by the growth of Micromonospora purpurea. Po- 
tency: not less than 590 wg of gentamicin/mg, on the anhydrous basis. 
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Gentamicin is a mixture of gentamicin C,, gentamicin C, and gentami- 
cin C,,. Gentamicin C,, is O-3-deoxy-4-C-methyl-3-(methylamino)-B-L- 
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arabinopyronosyl-(1 — 6)-O-[2,6-diamino-2,3,4,6-tetradeoxy-a-D-erythro- 
hexopyranosyl-(1 — 4)-2-deoxy-p-streptamine. 

Preparation—Recovered from a fermentation broth produced 
when submerged cultures of two subspecies of Micromonospora purpu- 
rea are grown in a yeast extract-cerelose medium. US Pat 3,136,704. 

Description—White to buff powder; odorless; stable in light, air 
and heat; melts with decomposition between 220° and 240°. 

Solubility—Scluble in water; insoluble in alcohol, acetone or benzene. 

Comments—Currently the most important amino glycoside for use 
in the treatment of infections caused by most aerobic gram-negative 
bacteria and many strains of staphylococci. It has broad-spectrum an- 
tibacterial activity. The action against Pseudomonas is of especial in- 
terest, since species of that genus resistant to other antibiotics have 
become an important cause of surgical infections. They also almost 
always invade burned skin and, furthermore, cause some serious UTIs. 
However, because of systemic toxicity, present systemic use is limited 
mainly to life-threatening infections caused by Psewdomonas, Klebsiella- 
Enterobacter-Serratia, Citrobacter and Proteus. In these infections it may 
be combined with an appropriate cephalosporin or penicillin. 

It is used topically in the treatment of impetigo, infected bed sores, 
burns and nasal staphylococcal carrier state, pyodermata and in infec- 
tions of the external eye. 

The absorption, distribution, elimination and toxicity are those of 
aminoglycosides in general (see the general statement). 


NEOMYCIN SULFATE 


Fradiomycin Sulfate, Mycifradin Sulfate 


Neomycin sulfate [1405-10-3]; the sulfate of an antibacterial sub- 
stance produced by the growth of Streptomyces fradiae Waksman (Fam. 
Streptomycetaceae). Potency: equivalent to not less than 600 yg of 
neomycin/mg, calculated on the dried basis. 

Neomycin consists almost entirely of a pair of C,,.H,,.N,O,, epimers 
designated as neomycin B and neomycin C, and the ratio of B to C has 
been observed to vary widely among different production lots. The total 
structure and the common names of the component parts of neomycin C 
are shown below. One g of salt should contain no less than 600 mg of the 
base. 
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Neomycin B 


Systematically, it is O-2,6-diamino-2,6-dideoxy-a-p-gluco-pyranosyl- 
(1 > 3)-O-B-p-ribofuranosyl-(1 — 5)-O-[2,6-diamino-2,6-dideoxy-a-p- 
gluco-pyranosyl-(1 — 4)-2-deoxy-d-streptamine. Neomycin B is identi- 
cal except that the a-p-glucopyranosyl residue in the neobiosamine 
moiety is B-L-idopyranosyl. 

Description—White to slightly yellow powder or cryodesiccated 
solid; odorless or practically odorless; hygroscopic; pH (aqueous solution 
33 mg/mL) between 5 and 7.5. 

Solubility—1 g in approximately 1 mL water; very slightly soluble 
in alcohol; practically insoluble in acetone, chloroform or ether. 

Comments—Used topically in a wide variety of local infections 
caused by common aerobic gram-negative bacteria in the Enterobacte- 
riaceae family plus gram-positive cocci (Staph and Enterococcus but not 
streptococci). Some examples include infected dermatoses, burns, 
wounds, ulcers, impetigo, furunculosis, otitis externa, conjunctivitis 
and sty, as well as for irrigation of the bladder and urethra during 
catheterization, as prophylaxis. It mostly is combined with other anti- 
biotics, especially polymyxin B sulfate, bacitracin zine and gramicidin. 

Orally, the drug is used to produce intestinal antisepsis prior to 
large bowel surgery, for the treatment of gastroenteritis caused by 
toxigenic E coli and to suppress ammonia-producing bowel flora in the 
management of hepatic coma. Because of rapid overgrowth of nonsus- 
ceptible bacteria, including staphylococci, oral therapy should not be 
continued for longer than 72 hr. 
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Although the orally administered drug rarely causes systemic toxic 
effects, it frequently produces loose stools, nausea, vomiting and mal- 
absorption syndromes. Applied topically, the drug is tolerated well, 
relatively nonirritating and has a low index of sensitivity. However, 
contact dermatitis occasionally occurs. Injected parenterally, it causes 
serious nephrotoxic, ototoxic and neurotoxic effects. Because of the 
potential toxicity, parenteral injection and prolonged oral administra- 
tion are avoided if possible. 


NETILMICIN SULFATE 


p-Streptamine, O-3-deoxy-4-C-methyl-3-(methylamino)-B-.-arabino- 
pyranosyl-(1 — 6)-O-[2,6-diamino-2,3,4,5-tetradeoxy-a-p-glycero-hex-4- 
enopyranosyl-(1 — 4)]-2-deoxy-N'-ethyl-,sulfate (2:5) (salt); Netromycin 
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(56391-57-2] (C,,H,,N;0,).°5H,O (1441.54); contains not less than 
595 wg of netilmicin base calculated on the dried basis. 
Preparation—A semi-synthetic derivative of sisomicin formed by 
ethylation of the amino group in the 1-position of the 2-deoxy- 
streptamine ring; see Chem Commun 206: 1976. 
Description—Off-white powder, p (1 in 25 solution) between 3.5 
and 5.5; pK, 8.1. 
Solubility—Very soluble in water. 
Comments—An aminoglycoside with a spectrum similar to Gentamicin. 


PAROMOMYCIN—page 1550. 
STREPTOMYCIN SULFATE 


p-Streptamine, O-2-deoxy-2-(methylamino)-a-.-glucopyranosyl- 
(1 — 2)-O-5-deoxy-3-C-formyl-a-t-lyxofuranosyl-(1 — 4)-N,N'- 
bis(aminoiminomethyl)-, sulfate (2:3) (salt) 
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Streptomycin sulfate (2:3) (salt) [3810-74-0] (C,,H39.N;O,2).° 3H,SO, 
(1457.38). Potency: equivalent to 650 to 850 yg of streptomycin 
(C2, H39N70;.)/mg. 

Streptomycin is an organic base, consisting of N-methyl-l-glucosamine 
and streptidine linked through the carbohydrate streptose. The overall 
structure is portrayed above. 

Preparation—Isolated from soil by Waksman and his colleagues of 
Rutgers University in 1943. 

Streptomycin is produced in organic or synthetic media, in surface 
or submerged cultures of an actinomycete, Streptomyces griseus, a 
mold-like organism with filaments (mycelium) of bacterial thickness. 

Commercially, streptomycin is manufactured much like penicillin, 
microbiologically in tank fermenters with aeration and agitation. 

Description—White or practically white powder; odorless or has 
not more than a faint odor; hygroscopic; but stable toward air and light; 
pH (1 in 5 solution) between 4.5 and 7.0. 

Solubility—Freely soluble in water; slightly soluble in alcohol; 
practically insoluble in chloroform. 

Comments—Bacteriostatic in low concentrations and bactericidal 
in high concentrations to a large number of gram-negative and gram- 
positive bacteria. Brucella, H ducreyi, Yersinia pestis, Francisella tula- 
rensis, many strains of Mycobacterium tuberculosis are sensitive to 
concentrations that are usually achievable in man. 


The only infections in which it alone is the drug of choice are 
tularemia and bubonic plague. In combination with a tetracycline it is 
used in the treatment of brucellosis and infections caused by Pseudo- 
monas mallei. It is an alternate choice drug in the treatment of chan- 
croid, rat-bite fevers (Spirillum and Streptobacillus) and tuberculosis; 
in tuberculosis, however, it is never used alone, because of the rapidity 
of development of resistance. 

The toxicity is that of aminoglycosides in general (see the general 
statement). In addition, malaise and myalgia may occur. Vestibular 
disturbances are more frequent than loss of hearing. 

The absorption, distribution and elimination are those of aminogly- 
cosides in general. 


TOBRAMYCIN 


p-Streptamine, O-3-amino-3-deoxy-a-p-glucopyranosyl- (1 — 6)-O- 
[2,6-diamino-2,3,6-trideoxy-a-p-ribo-hexopyranosyl-(1 — 4)]-2-deoxy-, 
Tobrex, Nebcin (sulfate) 


CHpNH, — NH2 


ou 
HO (e) 
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[32986-56-4] C,,H;,N;O, (467.52). Potency: not less than 900 pg of 
C,,H;-N;0,/mg, calculated on the anhydrous basis. 

Preparation—An antibiotic entity separated from an antibiotic 
complex produced by Streptomyces tenebrarius. In its injection dosage 
form tobramycin is present as a sulfate. 

Description—White or off-white, hygroscopic powder; hygroscopic; 
pK, 6.7, 8.3, 9.9. 

Solubility—1 g in 1.5 mL water; slightly soluble in alcohol; prac- 
tically insoluble in chloroform or ether; a 1 in 10 aqueous solution, pH 
between 9 and 11. 

Comments—An aminoglycoside with a spectrum similar to Gentamicin. 


Aminoglycoside-Containing Combinations 


Some examples of aminoglycoside-containing combinations 
(with content/mL or g provided) are as follows: 

NEOMYCIN SULFATE AND POLYMYXIN B SUL- 
FATE—[Neosporin G.U. Irrigant]—40 mg and 200,000 
Units,respectively; G.U. irrigant. [Neosporin, Startol]—3.5 and 
10,000 Units, respectively; cream, ophthalmic ointment. —3.5 mg 
and 16,250 units, respectively; ophthalmic solution. 

NEOMYCIN SULFATE, POLYMYXIN B SULFATE 
AND BACITRACIN ZINC—[Neosporin and Neosporin Oph- 
thalmic, Triple Antibiotic, Mycitracin Triple Antibiotic and 
Mycitracin Ophthalmic,]—3.5 or 5 mg, 5000 Units and 400 or 
500 Units, respectively; ointment and ophthalmic ointment. 

NEOMYCIN SULFATE, POLYMYXIN B SULFATE 
AND GRAMICIDIN—[AK-Spore, Neocidin, Neosporin Oph- 
thalmic]—1.75 mg, 10,000 units and 0.025 mg, respectively; 
ophthalmic solution. 


Macrolides 


The macrolides are hydroxylated macrocyclic lactones contain- 
ing 12 to 20 carbon atoms in the primary ring. There are 37 
known members of this class but only erythromycin and its 
derivatives have been used widely. Two new macrolides, clar- 
ithromycin and azithromycin were approved in 1991. These are 
chemically similar to the 14-membered-ring macrolide, eryth- 
romycin. Clarithromycin is a 6-methoxyerythromycin. Azithro- 
mycin is a 15-membered-ring macrolide. 

The macrolides are active against gram-positive bacteria, 
mycoplasmas and Legionella spp. Erythromycin is used less 
frequently because of emergence of resistant strains of strep- 
tococci and staphylococci plus its problems with GI intolerance. 


The new macrolides are better tolerated and have a broader 
spectrum with activity against H influenzae and Mycobacte- 
rium avium. 

Macrolides bind to the 50s subunit of the bacterial ribosome. 
The main effect is an inhibition of the translocation step in 
protein synthesis, so that the synthesis itself is inhibited. The 
complex has a low-enough affinity constant that some protein 
synthesis can take place, so that these drugs are mainly bac- 
teriostatic in therapeutic concentrations. Macrolides bind 
equally to ribosomes from gram-positive and gram-negative 
bacteria; the much greater effect on gram-positive organisms is 
the result of greater permeation of the cell membrane. Macro- 
lides do not bind to mammalian ribosomes. The activities and 
uses of erythromycin-type macrolides are discussed mainly 
under the prototype, Erythromycin. See Table 87-7 on page 
1528. 


AZITHROMYCIN 


Oxa-6-azacyclopentadecan-15-one, 13-[(2,6-dideoxy-3-C-methyl- 
[2R-(2R*,35*,4R*,5R*,8R*,10R*,11R*,12S5*,135*,14R*)]-3-O-methyl-a- 
t-ribo-hexopyranosyl)oxy]-2-ethyl-3,4, 10-trihydroxy-3,5,6,8,10,12,14- 

heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-B-p- 
xylo-hexopyranosylloxy]-, Zithromax 


{83905-01-5)] C,,H-.N.O,. (749.00). 

Preparation—A semisynthetic macrolide similar to erythromycin 
A; US Pat 4,517,359. 

Description—White crystals; melts about 114°. 

Comments—A new alternative macrolide to erythromycin that has 
a similar spectrum of activity. It is active against staphylococci and 
streptococci but is more active than erythromycin against H influenzae 
and some aerobic gram-negative bacilli. Azithromycin suspension 
should be taken at least 1 hr before or 2 hr after a meal but tablets (as 
the dihydrate) are unaffected by food. It has a half-life of 68 hr, which 
is much longer than any other macrolide. Only 6% is recovered from the 
urine; hepatic metabolism and biliary excretion account for most of its 
clearance. It is concentrated in phagocytes and fibroblasts. Side effects 
most frequently reported are diarrhea, nausea and abdominal pain, but 
these are less than those observed with erythromycin. Antacids con- 
taining aluminum or magnesium affect absorption. 


CLARITHROMYCIN 


Erythromycin, 6-O-methyl; Biaxin 
{81103-11-9] C,,H,.NO,, (747.96). For the structure of Erythromycin 
base, see next monograph. 

Preparation—US Pat 4,331,802. 

Description—Crystals; colorless; melts about 220° with decompo- 
sition. 

Comments—An alternative to erythromycin for treating strepto- 
coccal pharyngitis, community-acquired respiratory tract infections, 
skin and soft tissue infections and acute sinusitis. It is two-to fourfold 
more active than erythromycin against most streptococci and staphy- 
lococci, but organisms resistant to erythromycin are also resistant to 
clarithromycin. It has moderate activity against H influenzae and N 
gonorrhoeae. Also susceptible are Branhamella catarrhalis, Legionella 
pneumophilia, Mycoplasma pneumoniae, Chlamydia trachomatis and 
pneumoniae and Borrelia burgdorferi (agent of Lyme’s disease). 

Clarithromycin is well absorbed from the GI tract with or without 
food. Bioavailability is approximately 50%. It is metabolized in the liver 
and 30 to 40% of the dose is recovered in the urine. It has an elimination 
half-life of 3 to 4 hr with a 250 mg dose every 12 hr but increases to 5 
to 7 hr with a 500 mg dose every 12 hr. It is 65 to 70% bound to plasma 
proteins but penetrates well into tissues and cells, including macro- 
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phages and polymorphonuclear leukocytes. It may increase serum con- 
centrations of theophylline or carbamazepine. Diarrhea, nausea, vom- 
iting and dyspepsia may occur but seem to be less frequent than 
reported with erythromycin. High doses have caused fetal abnormali- 
ties in animals. 


ERYTHROMYCIN 


E-Mycin (3R*,4S*,5S*,6R*,7R*,9R*,11R*,12R*,135*, 14R*)-4-[(2,6-Di- 
deoxy-3-C-methyl-3-O-methyl-a-t-ribo-hexopyranosyl) oxy]-14-ethyl- 
7,12,13-trihydroxy-3,5,7,9,11,13-hexamethyl-6-[[3,4,6-trideoxy-3- 
(dimethyl-amino)-B-p-xylo-hexopyranosyl]oxy]oxacyclotetradecane- 
2,10-dione; Ilotycin 
[114-07-8] C,,H,,NO,, (733.94). Potency: not less than 850 pg of 

C,,;H,;NO,./mg, calculated on the anhydrous basis. 
Preparation—Elaborated during the growth of a strain of Strep- 
tomyces erythreus. US Pat 2,823,203. 


CH3 


Description—White or slightly yellow crystals or powder; odorless 
or practically odorless; slightly hygroscopic; pK, 8.7. 

Solubility—1 g in approximately 1000 mL of water; soluble in 
alcohol, chloroform or ether. 

Comments—A relatively broad spectrum of activity that overlaps 
the activity of penicillin. It is most effective against gram-positive cocci, 
such as enterococci, Group A hemolytic streptococci, pneumococci and 
Staph aureus. N meningitidis and gonorrhoeae, Listeria, Corynebacte- 
rium diphtheria and acnes and some strains of H influenzae are also 
sensitive. Mycoplasma and the agent of Legionnaires’ disease are in- 
hibited by low concentrations of the drug. Enterococci are resistant. The 
activity demonstrated by erythromycin against mycoplasma, chlamydia 
and rickettsia places this drug in the so-called broad-spectrum group, 
although showing low activity against some of the important disease- 
producing organisms of the gram-negative group. 

Untoward reactions attributable to therapy are uncommon and 
usually are of little consequence. Nausea, vomiting and, occasionally, 
diarrhea and stomatitis may occur, particularly with large doses. Hy- 
persensitivity, skin eruptions, fever and eosinophilia occasionally occur. 
The drug antagonizes lincomycin and chloramphenicol. Hepatic dys- 
function, with or without jaundice, occurs in some patients receiving 
oral erythromycin products (especially the estolate). 

It is absorbed variably after oral administration. Food interferes with 
absorption. The antibiotic is destroyed by gastric acid so enteric-coated 
preparations of the free base and acid-resistant salts or esters are used. 
Peak plasma levels are attained in 1 to 4 hr, following which the concen- 
tration declines sharply by the 4th to 6th hr. It is 73% bound to plasma 
proteins. The volume of distribution is 0.72 mL/g. The plasma half-life is 
1.2 to 2 hr, except that it may be up to 5 to 6 hr in renal insufficiency. 

The antibiotic does not diffuse readily into CSF, but attains anti- 
bacterial concentrations in peritoneal and pleural fluids. Only 2% of 
oral and 20% of parenteral erythromycin is excreted in active form by 
the kidney. The antibiotic is concentrated in the liver and excreted in 
active form in the bile. Erythromycin increases the plasma levels of 
theophylline, caffeine, alfentanil, carbamazepine, cyclosporine, digoxin, 
warfarin and bilirubin. 


Polypeptides 


The polypeptide antibiotics (bacitracin and polymyxin B) are 
restricted to topical use because of their systemic toxicity. They 
differ from each other in their mechanism of action and anti- 
bacterial spectrum. Bacitracin is mainly effective against 
gram-negative bacteria and inhibits cell wall synthesis by in- 
terfering with the transfer of peptidoglycan subunits to the cell 
wall. Polymyxin are active against gram-negative bacteria by 
virtue of their cationic detergent-like disruption of bacterial 
cytoplasmic membranes. 
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BACITRACIN 


Ayfivin; Penitracin; Topitracin; Zutracin 

Bacitracin [1405-87-4]; polypeptide produced by the growth of the /i- 
cheniformis group of Bacillus subtilis (Fam Bacillaceae). It has a po- 
tency of not less than 40 USP Units of bacitracin/mg. (The USP Unit of 
Bacitracin is the bacitracin activity exhibited by the weight of USP 
Bacitracin Reference Standard indicated on the label of the Standard. 
The USP unit and that defined by the FDA are equivalent.) Sterile 
bacitracin has a potency of not less than 50 Units/mg. 

Bacitracin is a mixture of at least nine polypeptides, principally 
bacitracin A, C,¢H,93;N,;70,,S (1411). The structure of bacitracin A has 
been shown to be 


s CH—CHCH,CH3; 


Ae 
FU i. be 
c=0 
D-Asp(NH2) ah, 
D-Phe —-L-His——L-Asp ae 
cs D-Orn L- ah 


in which the detailed structure at the upper right represents a cyclic 
condensation moiety derived from cysteine and isoleucine. 

Preparation—Several methods for isolation and purification of 
this antibiotic have been published. For details of certain of these 
multi-step procedures see US Pats 2,498,165, 2,828,246, and 2,915,432. 

Description—White to pale-buff powder; odorless or has a slight 
odor; hygroscopic; solutions rapidly deteriorate at room temperature; 
precipitated from its solutions and is inactivated by salts of many of the 
heavy metals; solutions retain their potency for several weeks if kept in 
a refrigerator. 

Solubility—Freely soluble in water; soluble in alcohol; insoluble in 
chloroform or ether. 

Comments—Fffective mainly against gram-positive bacteria. It is 
limited largely in its use to infections that can be treated by topical 
application or local infiltration. The high incidence of nephrotoxicity 
(albuminuria, cylindruria, azotemia, accumulation of drug) that follows 
its parenteral administration precludes systemic use except in life- 
endangering staphylococcal infections (pneumonia, empyema) in in- 
fants in which other antibiotics have proved to be ineffective or in the 
treatment of antibiotic-associated (pseudomembranous) enterocolitis 
caused by Cl difficile. 

It is effective topically in the treatment of the following cutaneous 
bacterial infections where the pathogen is bacitracin-sensitive:impetigo 
contagiosa, folliculitis, pyoderma, ecthyma, furunculosis, decubitus ul- 
cer, infectious eczematoid dermatitis, scabies and dermatophytosis. The 
drug is used in the treatment of ophthalmological conditions. The zinc 
salt often is preferred for topical therapy and is the form most often 
incorporated into combinations. It usually is combined with neomycin 
and polymyxin B sulfate. Development of bacterial resistance is much 
less frequent and slower for bacitracin than for penicillin, and for most 
organisms it is essentially nil. 

In addition to renal damage, toxic effects of parenteral use include 
pain, induration and petechiae at the site of injection, skin rash, mal- 
aise, anorexia, nausea and vomiting. In a few instances tinnitus and a 
peculiar taste may be noted. Topical application is usually not irritating 
and rarely induces allergic reactions. 


POLYMYXIN B SULFATE 


Polymyxin B, sulfate; Aerosporin 


Polymyxin B sulfate [1405-20-5]; the sulfate salt of a substance 
produced by the growth of Bacillus polymyxa (Prazmowski) Migula 
(Fam Bacillaceae). It has a potency of not less than 6000 Units of 
polymyxin B/mg, calculated on the anhydrous basis. 

Preparation—The filtered broth from the fermentation step (see 
page 1516) is treated with a certified dye and the polymyxin B-dye salt 
complex thus precipitated is collected by filtration, washed with water 
and treated with an alcoholic solution of a lower aliphatic amine sulfate. 
The polymyxin B sulfate thus formed is filtered off, purified and lyoph- 
ilized. 

There are several polymyxins each of which is an N-monoacylated 
decapeptide with seven of the amino acid residues in cyclic union. 
Polymyxin B is a mixture of polymyxin B, (C;¢H9,N,.0,,) and poly- 
myxin B, (C;;H,gN,¢0,3) the only difference being in the composition of 
the N-acyl group: 


O 
Dbu-Thr-Dbu-C-R 


fees ° Dbsclbe Daw Deepa ae 


(Dbu = 2,4-diaminobutyric acid) 
Polymyxin B, R = (+)-5-methylheptyl 
Polymyxin B, R = 5-methylhexyl 


The close relationship between these polymyxins and the colistins (see 
preceding article) is readily apparent. 

Description—White to buff-colored powder; odorless or a faint 
odor; solutions are slightly acid or are neutral to litmus (pH 5 to 7.5); 
pK, 8 to 9. 

Solubility—Freely soluble in water; slightly soluble in alcohol. 

Comments—In vitro and in vivo antimicrobial spectrum of activity 
is restricted to gram-negative bacteria, including Aerobacter, Esche- 
richia, Haemophilus, Klebsiella, Pasteurella, Pseudomonas, Salmo- 
nella, Shigella, most Vibrio and Yersinia; all strains of Pr providencia 
and most of Serratio marcescens are unaffected by the antibiotic. All 
gram-positive bacteria are resistant. 

The drug is used topically for the treatment or the prevention and 
treatment of external ocular infections caused by susceptible microor- 
ganisms, especially Ps aeruginosa. In topical therapy, it often is com- 
bined with neomycin, gramicidin and bacitracin. It also is included in 
glucocorticoid ophthalmological topical preparations. 

When given parenterally, it adversely can affect the nervous system 
and the kidney. Substances such as soap, which antagonize cationic 
surface-active agents, impair the action of the antibiotic. 
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Tetracyclines 


The tetracyclines are all very much alike with respect to their 
antimicrobial spectra and the untoward effects they elicit. They 
differ mainly in their absorption, duration of action and suit- 
ability for parenteral administration. See Table 87-8 on page 
1528. 

ANTIMICROBIAL ACTIONS—tThe tetracyclines are 
broad-spectrum antibiotics. They are mainly bacteriostatic. 
They bind to the bacterial 30s ribosomes and prevent t-RNA 
from combining with m-RNA. Thus, protein synthesis is inhib- 
ited. The drugs have activities against both gram-positive and 
gram-negative bacteria, mycobacteria, Mycoplasma, trepone- 
mas, leptospira, rickettsia, actinomycetes, Coxiella, Chlamy- 
diae and plasmodia. The susceptible gram-positive bacteria are 
variable. 

Although resistance to the tetracyclines is not acquired as 
rapidly as to penicillin, it nevertheless does occur readily. 
Among the gram-positive bacteria up to 44% of Strep pyogenes 
are resistant and 74% of Enterococcus fecalis. The incidence of 
resistance among hospital strains of Staph aureus may run 
from 30 to 50% but may increase to as high as 75% after several 
days of treatment. Highly resistant gonococci have become 
prevalent. However, topical tetracycline is comparable with 
silver nitrate in the prophylaxis of ophthalmia neonatorum and 
does not cause chemical conjunctivitis. 

Various streptococci and pneumococci also become resis- 
tant. The incidence of resistance among various gram-negative 
bacteria is also very high, especially among the Enterobacte- 
riaceae, which in the intestine can pass resistance-controlling 
genes from one species, even genus, to another (infectious drug 
resistance). Resistance to one tetracycline usually confers re- 
sistance to all others, except that some tetracycline-resistant 
strains of streptococci and E coli may retain sensitivity to 
minocycline. Cross-resistance between penicillin and tetracy- 
clines or between other classes of antibiotics and tetracyclines 
is uncommon, except in infectious drug resistance, in which the 
acquired episome or plasmid contains more than one gene for 
resistance to other drugs. 


COMMENTS—A tetracycline alone is the drug of choice in 
the treatment of cholera, relapsing fever, granuloma inguinale 
and infections caused by rickettsia, Borrelia, Mycobacterium 
fortuitum and marinum and Chlamydia psittaci and trachoma- 
tis (except pneumonia and inclusion conjunctivitis). With 
erythromycin it shares first-choice status for the treatment of 
Mycoplasma pneumonia (primary atypical pneumonia). A tet- 
racycline is a component of first-choice combinations for the 
treatment of brucellosis, glanders and infections by Ps 
pseudomallei. It is an alternative drug for the treatment of 
actinomycosis, anthrax, chancroid, mellioidosis, plague, rat- 
bite fevers, syphilis and yaws. However, in the treatment of 
acne, tetracyclines maintain a favored but challengeable sta- 
tus; if there is inflammation with pustules and cysts, an anti- 
biotic may be indicated. 

Doxycycline has been shown to prevent travelers’ diarrhea 
caused by enterotoxigenic E coli. In UTIs, other drugs usually 
are preferred, unless sensitivity testing especially indicates 
tetracyclines. However, tetracyclines are used in nongonococcal 
urethritis and in prostatitis (often a mycoplasma). In UTIs and 
urethritis, the urine should be acidified to favor antibacterial 
action. In the treatment of the meningococcal carrier state, 
minocycline, but not other tetracyclines, appears to be effective. 

In combination with quinine, a tetracycline is an alternative 
drug for the treatment chloroquine-resistant Plasmodium fal- 
ciparum malaria. 

Tetracyclines are used as an alternative to silver nitrate in 
the prevention of neonatal ocular prophylaxis of chlamydial 
and gonococcal conjunctivitis, but studies have shown them to 
be inferior. 

ADVERSE EFFECTS—The tetracyclines cause a number 
of untoward effects. GI toxicity is common with oral use; it is 
probably the combined effect of local irritation and alteration of 
the intestinal flora. Manifestations are heartburn, epigastric 
distress, nausea, vomiting, diarrhea and rare esophageal ulcer- 
ation in persons with esophageal obstruction or spastic disease. 

The broad-spectrum antibacterial activity of the tetracy- 
clines causes marked alterations in the floral ecology, so that 
microorganisms formerly held in check overgrow to cause su- 
perinfections. This occurs most frequently in the bowel but it 
also may occur readily in the mouth, lungs, vagina and occa- 
sionally elsewhere. The most common superinfection is candi- 
diasis, but overgrowth from staphylococci, enterococci, Proteus, 
Pseudomonas or Cl difficile (cause of antibiotic-associated coli- 
tis) occurs. Staphylococcal enteric superinfections are fre- 
quently fatal. 

Various hypersensitivity reactions, especially urticaria, 
asthma or facial edema, occur, but they are uncommon. Photo- 
toxicity can occur with all tetracyclines but it is most frequent 
with demeclocycline. 

Hepatotoxicity, which is sometimes fatal, occasionally re- 
sults when the daily dose in adults exceeds 1 g/day, especially 
if the tetracycline is given intravenously; pregnancy and renal 
failure predispose to this toxicity. Tetracyclines also may in- 
crease the risk of hepatic damage by other hepatotoxic drugs. 

Although tetracyclines probably do not affect normal kidney 
function, they aggravate preexisting renal insufficiency, which 
can lead to extreme azotemia, but without oliguria. Doxycy- 
cline appears to be free of this effect. Old preparations that 
have undergone decomposition on the shelf are serious offend- 
ers in causing nephrotoxicity. Minocycline can cause vestibular 
toxicity. 

Tetracyclines pigment developing teeth and reversibly im- 
pair bone growth through complexation with the bone salts and 
fixation to matrix proteins. The implication is that tetracy- 
clines should be avoided in children up to 8 yr of age, in whom 
the cosmetically important permanent teeth have not erupted. 
It also should be avoided in pregnancy. 

IV tetracyclines may cause thrombophlebitis, caused mainly 
by the acid required to effect solution. IM injections cause local 
pain, unless a local anesthetic is included. 
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ABSORPTION, DISTRIBUTION AND ELIMINATION 
—The extent of GI absorption is 58 to 100%. Doxycycline and 
minocycline are absorbed the best. Tetracyclines complex with 
bivalent and trivalent metal ions, so that their absorption is 
greatly impaired by calcium-, magnesium- and aluminum-con- 
taining antacids and by iron preparations. Food, especially 
milk products or other high-calcium foods, also interferes with 
oral absorption of tetracyclines, although a minimal effect oc- 
curs with doxycycline and minocycline. Phosphate appears to 
improve absorption, in part by removing calcium. 

All tetracyclines are bound to plasma proteins, to an extent 
ranging from 35 to 91%. Volumes of distribution range from 
0.14 to 1.79 mL/g. Half-lives vary from 6 to 17 hr in normal 
persons but 12 to 108 hr in renal failure. Doxycycline and 
minocycline are longer acting, the most lipophilic and pentrate 
tissues more efficiently. Therapeutic concentrations of minocy- 
cline are achieved in saliva and tears to eradicate the menin- 
gococcal carrier state. Renal excretion is the principal mode of 
elimination, except that minocycline is excreted mostly in the 
bile and doxycycline is more than 50% metabolized and/or 
excreted into the colon. The tetracyclines penetrate well into 
the tissues and body fluids, but penetration into the CSF is low 
by the oral route. All tetracyclines are excreted somewhat into 
the bile and not resorbed completely in the intestine, so that 
even IV doses are capable of altering the bowel flora. 


DEMECLOCYCLINE HYDROCHLORIDE 
2-Naphthacenecarboxamide, [45-(4a,4aa,5aa,6B,12aa)]-7-chloro- 
4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a- 


pentahydroxy-1,11-dioxo-, monohydrochloride; Declomycin 


OH 0 OH ie} 


« HCl 


cl HO H H N(CH)» 


7-Chloro-6-demethyltetracycline hydrochloride (64-73-3] Gpdle lst 
CIN.O, - HCl (501.32). Potency: not less than 900 pg of C,,H.,-CIN.O, » HCl 
mg, calculated on the anhydrous basis. 

Preparation—An appropriate mutant strain of Streptomyces au- 
reofaciens is grown in an appropriate liquid nutrient medium under 
controlled conditions of temperature, pH, and aeration. The harvested 
broth is acidified and filtered, and the antibiotic is isolated from the 
filtrate, either by solvent extraction or by chemical precipitation, and 
converted into the hydrochloride. 

Description—Yellow, crystalline powder; odorless; bitter taste; pH 
(1 in 100 solution) approximately 2.5; pK, 3.3, 7.2, 9.3. 

Solubility—1 g in approximately 60 mL water, 200 mL ethanol or 
50 mL methanol; sparingly soluble in solutions of alkali hydroxides or 
carbonates; practically insoluble in chloroform. 

Comments—A tetracycline. It is intermediate-acting and causes 
more phototoxicity than other members of its class. 


DOXYCYCLINE 


2-Naphthacenecarboxamide, [45-(4a,4aa,5a,5aa,6a,12aa)]-4- 
(dimethyl-amino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a- 
pentahydroxy-6-methyl-1,11-dioxo-, monohydrate; Vibramycin 


H 
SS AS ASNS 
H CH,H OH H N(CHs)> 


[1086-28-1] C,,H,,N,O, : H,O (462.46); anhydrous [564-25-0] (444.44). 
Potency: 880 to 980 wg of C.,H,,N,0,/mg. 

Preparation—6-Deoxy-6-demethyl-6-methylene-5-oxytetracycline 
(see Methacycline) is dissolved or suspended in an inert liquid such as 
methanol and hydrogenated under the influence of catalytic amounts of 
noble metals such as rhodium or palladium to give a mixture of the 
6a-and 66-methyl epimers. The desired epimer is then isolated by 
chromatographic processes. US Pat 3,200,149. 

Description—Yellow, crystalline powder; bitter taste; pK, 3.4, 
Thoth, Dah 
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Solubility—Very slightly soluble in water; freely soluble in dilute 
acid or alkali hydroxide solutions; sparingly soluble in alcohol; practi- 
cally insoluble in chloroform or ether. 

Comments—The actions and uses generally are the same as other 
tetracyclines (see the general statement). Against gram-positive bacte- 
ria it is about twice as potent as tetracycline, except that it is up to 10 
times as potent against Strep viridans. Furthermore, strains of Entero- 
coccus fecalis that are resistant to other tetracyclines may be sensitive 
to the drug. 

Against gram-negative bacteria it is as potent to twice as potent as 
tetracycline. It is the drug of first choice for prophylaxis of travelers’ 
diarrhea, commonly caused by enterotoxigenic E coli. It is the best of 
the tetracyclines against anaerobes. 

It is absorbed more completely (90 to 100%) after oral adminis- 
tration than other tetracyclines, and its absorption does not appear 
to be inhibited by foods. Plasma-protein binding is about 93%. It has 
a volume of distribution of 0.75 mL/g. It readily penetrates cells, 
body fluids and cavities. Elimination is about 65% by hepatic metab- 
olism and 35% by biliary/renal excretion. The rate of excretion is 
slow and the half-life is the longest of the tetracyclines, namely, 12 
to 22 hr. Renal insufficiency has little influence on plasma levels or 
duration of action. 

The toxicity is that of tetracyclines in general, but there is a three- 
fold greater incidence of GI effects and more frequent skin rashes than 
with other tetracyclines. Photosensitization occurs much more fre- 
quently than with shorter-acting tetracyclines. It complexes calcium to 
a lesser extent than other tetracyclines not affected by food or dairy 
products. 


MINOCYCLINE HYDROCHLORIDE 
2-Naphthacenecarboxamide, [45-(4a,4aa,5aa,12aa)]-4,7- 


bis(dimethyl-amino)-1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a- 
tetrahydroxy-1,11-dioxo-, monohydrochloride; Minocin 


* HC) 


7-Dimethylamino-6-demethyl-6-deoxytetracycline [13614-98-7] C,,- 
H,,N.,0, - HCl (493.94). Potency: equivalent to not less than 785 pug of 
minocycline (C,,H,,N,0-)/mg. 

Preparation—6-Demethyltetracycline, dissolved in tetrahydro- 
furan containing methanesulfonic acid, is reacted with dibenzyl azodi- 
carboxylate to form 7-[1,2-bis(carbobenzoxy)hydrazino]-6-demethy]l- 
tetracycline. Palladium-catalyzed hydrogenation in the presence of 
formaldehyde yields minocycline which reacts with an equimolar quan- 
tity of HCl to form the monohydrochloride. US Pats 3,148,212 and 
3,226,436. 

Description—Yellow, crystalline powder; odorless; slightly bit- 
ter taste; slightly hygroscopic; stable in air when protected from light 
and moisture (strong light and/or moist air causes it to darken); 
potency in solution affected primarily caused by epimerization; pH 
(1 in 100 solution) between 3.5 and 4.5; pK,, 2.8; pK,, 5; pK,; 7.8; 
pkey, 9:3: 

Solubility—1 g in approximately 60 mL water and approximately 
70 mL alcohol; soluble in solutions of alkali hydroxides or carbonates; 
practically insoluble in chloroform or ether. 

Comments—The actions and uses are essentially the same as those 
of the tetracyclines in general (see the general statement). Against most 
gram-positive organisms it appears to be generally two to four times as 
potent as tetracycline, but it shares an equally low potency against 
Enterococcus fecalis. Against Strep viridans it is about eight times as 
potent. Against gram-negative bacteria it is generally two to four times 
as potent as tetracycline. It is especially effective against Mycobacte- 
rium marinum, and it is now the drug of choice for treating infections 
caused by that bacterium. It differs from other tetracyclines in that 
bacterial resistance to the drug is of a lower order and incidence; this is 
especially true of staphylococci, in which cross-resistance has been 
reported to be as low as 4%. 

The incidence and severity of the usual side effects of tetracyclines, 
effects like phototoxicity and GI upsets, are less than with other tetra- 
cyclines. However, nausea and vomiting are frequent, as the result of 
ototoxicity and CNS effects. 

It is 90 to 100% absorbed by the oral route. Its absorption is dimin- 
ished slightly by food and milk and markedly by nonsystemic antacids 
and iron preparations. It is 70 to 75% protein-bound in plasma. The 
volume of distribution is 0.14 to 0.7 mL/g. The half-life is 11 to 17 hr. 


Only 10% is reported to be excreted unchanged, but the half-life has 
been reported to be greatly prolonged in renal failure. 


OXYTETRACYCLINE 


2-Naphthacenecarboxamide, [45-(4a,4aa,5a,5aa,6B,12aqa)]-4- 
(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,6,10,12,12a- 
hexahydroxy-6-methyl-1,11-dioxo-, dihydrate; Terramycin 


OH (@) OH 


) 
OH Il 


* 2H,0 
SH /RH OS 
H3;C OHH OHH N(CH), 


{6153-64-6] C,.H,,N,0, - 2H,O (496.47); anhydrous [79-57-2] (460.44). 
Potency: not less than 832 mg of C,,H,,N,O0./mg. 

Preparation—By the growth of a selected strain of Streptomyces 
rimosus on a medium consisting of water, proteins and nutrient salts. 

Description—Pale yellow to tan, odorless, crystalline powder; sta- 
ble in air, but exposure to strong sunlight causes it to darken; deterio- 
rates in solutions of pH less than 2, and is rapidly destroyed by alkali 
hydroxide solutions; saturated solution is nearly neutral to litmus, 
having a pH of approximately 6.5. 

Solubility—1 g in 4150 mL water, 100 mL alcohol, >10,000 mL 
chloroform, 6250 mL ether; freely soluble in diluted hydrochloric acid or 
alkaline solutions. 

Comments—A tetracycline. It is short-acting with incomplete oral 
absorption. 


TETRACYCLINE 


2-Naphthacenecarboxamide [45S-(4a,4aa,5aa,6B,12aa)]-4- 
(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a- 
pentahydroxy-6-methyl-1,11-dioxo-, 


[60-54-8] C,,H,,N.O; (444.44). Potency: equivalent to not less than 975 
pg of tetracycline hydrochloride (C,,H,,N,0, - HCl)/mg, calculated on 
the anhydrous basis. 

Preparation—By removal of chlorine from chlortetracycline by 
hydrogenation. Also obtained from a Streptomyces species cultured in 
an appropriate nutrient medium. 

Description—Yellow, crystalline powder; odorless; stable in air, 
but exposure to strong sunlight causes it to darken; potency is affected 
in solutions of pH less than 2, and is destroyed rapidly by alkali 
hydroxide solutions; more soluble than chlortetracycline and within the 
physiological and moderately alkaline range of pH is more stable; its 
solutions darken more rapidly than chlortetracycline but less than 
oxytetracycline; pH (aqueous suspension, 10 mg/mL) between 3.0 and 
OB os Bhakti, WLS) 

Solubility—1 g in approximately 2500 mL water and approxi- 
mately 50 mL alcohol; freely soluble in dilute HCl or alkali hydroxide 
solutions; practically insoluble in chloroform or ether. 

Comments—tThe antibiotic spectrum, actions, toxicity, absorption, 
fate and excretion, doses and uses essentially the same as those of the 
tetracyclines in general (see the general statement). It has been reported to 
be useful in the treatment of toxoplasmosis; it is not known whether this 
use can be extended to all tetracyclines. The GI side effects are less than 
those from chlortetracycline and oxytetracycline but more than from de- 
meclocycline. About 77% of an oral dose is absorbed. In the plasma 25 to 
55% is bound to proteins. The volume of distribution is 1.5 ml/g. 

About 60% is eliminated by renal excretion. The plasma half-life is 
6 to 11 hr in patients with normal renal function; in oliguria it may be 
as long as 2 to 4 days, and dosage must be adjusted accordingly. 


FLUOROQUINOLONES 

ETT ET] 
Quinolone antibacterial drugs have been in use since 1964, 
when nalidixic acid was released. Oxolinic acid and cinoxa- 
cin were introduced somewhat later. These drugs have fallen 
into disuse because of their limited antibacterial spectra, 
and resistance to them rapidly develops. The introduction of 
6-fluoro and 7-(1-piperazinyl) groups expanded the spec- 


trum, increased potency and appears to have prevented the 
development of plasmid-mediated resistance. The fluoro- 
quinolones are bacteriostatic at low and bactericidal at high 
concentrations. 

They are highly active against most gram-negative patho- 
gens, including Ps aeruginosa and the Enterobacteriaceae. 
Staph aureus and epidermidis, coagulase-negative staphylo- 
cocci, Legionella myobacteria, mycoplasma and chlamydia have 
intermediate sensitivities. Streptococci are only moderately 
susceptible to ciprofloxacin, ofloxacin and levofloxacin, while 
norfloxacin and enoxacin are even less active. The newest ap- 
proved fluoroquinolones (levofloxacin, sparfloxacin, grepaflox- 
axin and trovafloxacin) have improved activity against Strep 
pneumoniae and some gram-negative bacteria resistant to 
older fluoroquinolones. Trovafloxacin has the broadest spec- 
trum and best overall activity including better activity against 
anaerobes. Enterococci require very high concentrations. The 
drugs inhibit DNA gyrase (topoisomerase II), which results in 
abnormal linkage between opened DNA and the gyrase. Neg- 
ative supercoiling (absent in mammalian nuclei) is impaired, so 
that efficient transcription of DNA into RNA and subsequent 
protein synthesis is prevented. Moderate, chromosomal-medi- 
ated resistance among strains of Pswedomonas occurs clinically 
in cystic fibrosis patients. Resistance to one fluoroquinolone 
usually confers resistance to all other quinolones but not to 
other classes of antimicrobial drugs. 

Fluoroquinolones are used to treat upper and lower respi- 
ratory infections, gonorrhea, bacterial gastroenteritis, skin and 
soft tissue infections and both uncomplicated and complicated 
UTIs, especially those caused by gram-negative bacteria. In 
general, success is greater against gram-negative than gram- 
positive infections. 

Adverse effects are usually mild and transient. They include 
GI disturbances (nausea, vomiting, diarrhea, dyspepsia, flatu- 
lence, constipation, heartburn, abdominal discomfort; 2 to 8%), 
CNS symptoms (headache, restlessness, malaise, dizziness, 
tremor, insomnia, nightmares, depression, paresthesia, visual 
disturbances, rare hallucinations, phobias, manic excitement, 
convulsions; 0.5 to 6%), hematologic perturbations (eosino- 
philia, anemia, elevated erythrocyte sedimentation rate; 1.5 to 
5%), mild or moderate rash and/or pruritus (1%), dry mouth, 
photosensitivity (especially severe with sparfloxacin), arthrop- 
athy in growing children, increased likelihood of tendon rup- 
tures (especially Achilles in adults) and arthralgias. Prolonga- 
tion of QT interval occurs with some new fluoroquinolones. 
Suprainfections may occur. Some fluoroquinolones prolong the 
half-life of theophylline; other drug interactions undoubtedly 
will be discovered. Erosion of cartilage occurs in young animals 
so the fluoroquinolones are not recommended for use in chil- 
dren under 18 yr or pregnant or nursing women. 

Fluoroquinolones are all effective orally but also may be 
administered parenterally. They have large volumes of distri- 
bution and reach therapeutic concentrations in most tissues. 
They have long half-lives and may be administered only once or 
twice a day. See Table 87-9 on page 1528. 


CIPROFLOXACIN HYDROCHLORIDE 


3-Quinolinecarboxylic acid, 1-cyclopropyl-6-fluoro-1,4-dihydro-4- 
oxo- 7-(1-piperazinyl)-, monohydrochloride, monohydrate; Ciloxan, 
Cipro 


[= COOH 


MI 
{e} 


[8693-32-0] C,,H,,FN,0., - HCl - HO (385.82). 

Preparation—From 3-chloro-4-fluoroaniline by condensation with 
diethyl ethoxymethylenemalonate to form the imine which is thermally 
cyclized to ethyl 7-chloro-6-fluoro-4-hydroxyquinoline-3-carboxylate. N- 
alkylation with cyclopropyl iodide followed by nucleophilic displace- 
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ment of the 7-chloro group by N-methylpiperazine and hydrolysis of the 
ester affords the product. J Med Chem 19: 1138, 1976. 

Description—Pale-yellow crystals; amphoteric; pK, 6, 8.8. 

Solubility—1 ¢g in 25 mL water. 

Comments—A fluoroquinolone (see the general statement). It is 
approved for use in the treatment of bone and joint infections, infectious 
diarrhea (by Shigella or Campylobacter), lower respiratory tract infec- 
tions, skin infections and urinary tract. It is the drug of choice for the 
treatment of infections by Campylobacter jejuni. In addition, it is an 
unlabeled but authoritatively alternative drug for the treatment of 
gonorrhea and salmonella and yersinia infections. 

The adverse effects are those of fluoroquinolones in general. The 
overall, obviously drug-related incidence is 7.3%. Discontinuation is 
required in about 3.5% of cases. 

The oral bioavailability is about 70 to 80%.A dose of 0.5 g yields a 
plasma concentration 12 hr after administration of about 0.2 g/mL. 

Urinary excretion accounts for the elimination of 40 to 50% of an 
oral dose. Twenty to 35% is eliminated in the feces. There is hepatic 
biotransformation of four known metabolites, which accounts for 15% of 
a dose. The half-life is about 4 hr. 


ENOXACIN 


1,8-Naphthyridine-3-carboxylic acid, 1-ethyl-6-fluoro-1,4-dihydro-4- 
oxo-7-(1-piperazinyl); Penetrex 


[74011-58-8] C,-H,,FN,O, (320.32). 

Preparation—The active 2-chloro group of 2,6-dichloro-3-nitropy- 
ridine is nucleophilically displaced by N-carbethoxypiperazine; then the 
6-chloro atom is displaced with ammonia and the resulting amined 
acylated to the acetamide. The nitro group is reduced, diazotized and 
treated with HBF, to yield the fluoro derivative. The balance of the 
synthesis is analogous to that for ciprofloxacin; J Med Chem 27: 292, 
1984. 

Description—White crystals; bitter taste; melts at approximately 
Deas 

Solubility—1 g in 3330 mL water. 

Comments—A limited-spectrum fluoroquinolone. 


GREPAFLOXACIN HYDROCHLORIDE 


3-Quinolinecarboxylic acid, (+)-1-cyclopropyl-6-fluoro-1,4-dihydro-5- 
methyl-7-(3-methyl-1-piperazinyl)-4-oxo-, monohydrochloride; Raxar 


en 


i Cone 
QO 


CH, 


H 


{161967-81-3] C,,H,.FN,O, - HCl (422.88). 

Preparation—US Pat 4,920,120 (1990); J Med Chem 34: 1155, 
ilg}eil, 

Description—Commercial product is the sesquihydrate. 

Solubility—Soluble in water; very slightly soluble in alcohol. 

Comments—It is a newer fluoroquinolone with similar antibacte- 
rial activity to that of levofloxacin and sparfloxacin. It has better activ- 
ity against many gram-positive and gram-negative activity than cipro- 
floxacin; it is more active against Strep pnewmoniae and several other 
respiratory pathogens (H influenzae, Branhamella catarrhalis, Legio- 
nella, Chlamydia and Mycoplasma). It is also active against N gonor- 
rhoeae, Staph aureus, enteric gram-negative bacteria and anaerobes; 
but is less active than ciprofloxacin against Ps aeruginosa. It is rapidly 
absorbed after oral administration with 70% bioavailability and under- 
goes hepatic metabolism (primarily by CYP1A2). Its half-life is 15 
hr and its clearance is reduced in patients with decreased renal 
function. Its side effects and drug interactions are similar to older 
fluoroquinolones. 
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LEVOFLOXACIN 


7H-Pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid, (S)-9-fluoro- 
2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-, 
hemihydrate; Levaquin; Cravit 


[138199-71-0] C,,Ho)FN,0, + %2H,O (369.93). 

Preparation—US Pat 4,382,892 (1983); Lednicer D, et al, Org 
Chem of Drug Syn, vol 4, NY, Wiley, 1990, p 141. 

Description—White to light yellow needles melting about 226° 
(dec). It is the (—) isomer; the racemic form is ofloxacin. Forms stable 
coordination complexes with metal ions (eg Al > Cu > Zn > Mg > Ca 
in order if decreasing stability). 

Solubility—Essentially constant from pH 0.6 to 5.8 (100 mg/mL). 
Above pH 5.8 solubility increases rapidly and at pH 6.7 it reaches a max 
of 272 mg/mL. Above pH 6.7 solubility decreases to a min of 50 mg/mL 
at pH 6.9. 

Comments—The more active lJevo isomer of ofloxacin (a racemic 
mixture of D,L-isomers) that has improved activity against Strep pneu- 
moniae including strains resistant to penicillin, Enterococcus, and 
Staph aureus compared to ciprofloxacin. It is well absorbed after oral 
administration and more than 80% of dose is excreted in urine. Its side 
effects are similar to other fluoroquinolones. 


LOMEFLOXACIN HYDROCHLORIDE 


3-Quinolinecarboxylic acid, (+)-1-ethyl-6,8-difluoro-1,4-dihydro-7- 
(3-methyl-1-piperazinyl)-4-oxo-, monohydrochloride; Maxaquin 


Tone N - HCl 


o= 


[98079-52-8] C,,H,,F,N,0, * HCl (387.81). 

Preparation—By a method analagous to that for Enoxacin; US Pat 
4,528,287. 

Description—Colorless needles; melts about 295° with decomposi- 
tion. 

Solubility—Soluble in water. 

Comments—Another limited-spectrum fluoroquinolone that is 
similar in antibacterial activity to enoxacin. It is approved only for 
treatment of UTIs and bronchitis caused by H influenzae or 
Branhamella catarrhalis. It covers gram-negative organisms fre- 
quently associated with UTIs but does not have the activity to cover 
the same bacterial infections which respond to ciprofloxacin and 
ofloxacin. 


NORFLOXACIN 


3-Quinolinecarboxylic acid, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7- 
(1-piperazinyl)-, Chibroxin, Noroxin 


Oo 
aOles 


| 
HN CoH. 


[70458-96-7] C,,H,.FN;O, (319.34). 

Preparation—Similar to Ciprofloxacin, see J Med Chem 23: 1358, 
1980. 

Description—White to pale-yellow crystalline powder; melts about 
221°; hygroscopic and forms a hemihydrate in air; pK, 6.3, 8.8. 

Solubility—Very slightly soluble in water, methanol or alcohol; 
freely soluble in glacial acetic acid. 


Comments—A limited-spectrum fluoroquinolone. It has incomplete 
oral absorption. 


OFLOXACIN 


7H-Pyridol[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid, (+)-9-fluoro- 
2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-, Floxin 


ee oi his 


[82419-36-1] C,,.H,).FN,0, (361.38). The carbon atom to which the 
methyl group is attached, in the oxazine ring, is chiral and the clinically 
used substance is a racemic mixture, whereas the (+) form has twice 
the activity of the (—) form. 

Preparation—By a method analogous to that for Ciprofloxacin; US 
Pat 4,382,892. 

Description—Colorless needles; melts about 255° with decomposi- 
tion; pK, 7.9. 

Solubility—Poorly soluble in water or ethanol. 

Comments—An intermediate-spectrum fluoroquinolone. 


PEFLOXACIN 


3-Quinolinecarboxylic acid, 1-ethyl-6-fluoro-1,4-di-hydro-7- 
(4-methyl-1-piperazinyl)-4-oxo-, 


CoHs 
| 


Preparation—US Pat 4,292,317 (1981); Lednicer D, et al, Org 
Chem of Drug Syn, vol 4, p 141. Wiley, NY, 1990. 

Description—White crystals melting about 271° (dec). It is the 
N-methyl] analog of norfloxacin. 

Solubility—Slightly soluble in water; soluble in fixed acids or alkalies. 

Comments—An intermediate spectrum, long acting fluoroquino- 
lone; causes. 


SPARFLOXACIN 


3-Quinolinecarboxylic acid, cis-5-amino-1-cyclopropyl-7-(3,5- 
dimethyl-1-piperazinyl)-6,8-difluoro-1,4-dihydro-4-oxo-, Zagam 


Hy 
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{110871-86-8] C,)H,,F,N,O; (392.41). 

Preparation—US Pat 4,795,751 (1989); J Med Chem 33: 1645, 
1990. 

Description—Yellow crystalline powder melting about 268°(dec); 
PKey = 6:2ompKes 9:30) 

Solubility—Sparingly soluble in glacial acetic acid or chloroform; 
very slightly soluble in alcohol; practically insoluble in water or ether. 
Soluble in dilute mineral acids or fixed bases (ca 0.1 N). 

Comments—lIt is a newer fluoroquinolone with improved activity 
against Strep pneumoniae and other lower respiratory pathogens 
covered by grepafloxacin. It is more active against Mycoplasma than 
other fluoroquinolones. It has excellent oral bioavailability (92%) and 
is metabolized mainly by hepatic glucuronidation rather than cyto- 
chrome P450-mediated pathways. Consequently, it does not affect 
the clearance of other drugs (like theophylline, cimetidine, digoxin, 
warfarin and cyclosporine) that occurs with some fluoroquinolones. 
It has a half-life of approximately 20 hr. Its side effects are similarto 
other fluoroquinolones except that photosensitivity is much more 
severe. 


TROVAFLOXACIN 


1,8-Naphthyridine-3-carboxylic acid, (1a,5a,6a@)-7-(6-amino-3- 
azabicyclo[3.1.0]hex-3-yl)-1-(2,4-diflourophenyl)-6-fluoro-1,4- 
dihydro-4-oxo-, monomethanesulfonate; Trovan 
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[147059-75-4] C,,H,,F,N,0, -CH,0,S (512.47). 

Preparation—US Pat 5,164,402 (1992). 

Description—White to off-white powder. 

Comments—It is a new fluoroquinolone that is similar to the 
antibacterial spectrum of grepafloxacin that involves a better activ- 
ity against some respiratory pathogens than the older fluoroquino- 
lones such as ciprofloxacin. It is more active against Strep pneumoni- 
ae(including penicillin-resistant strains), Staph aureus (including 
methicillin-resistant strains), Enterococcus faecalis, and most impor- 
tant respiratory tract pathogens (H influenzae, Moraxella, Legio- 
nella, Neisseria). It is highly active against Chlamydia, Mycoplasma 
and Ureaplasma, plus covers important anaerobes such as Bacte- 
roides fragilis and the gram-negative Enterobacteriaciae, including 
Ps aeruginosa. 

This fluoroquinolone is marketed for a wide variety of infections 
including oral and IV treatment of nosocomial and community-acquired 
pneumonia, acute exacerbations of chronic bronchitis, acute sinusitis, 
complicated intra-abdominal and pelvic infections, diabetic foot infec- 
tion, uncomplicated UTI, prostatitis, cervicitis and uncomplicated 
gonorrhea. 

It has excellent oral bioavailability (88%) and is well distributed to 
all body fluids and tissues. It is partly metabolized by conjugation 
(predominantly by glucuronidation) but 50% of oral dose is excreted 
unchanged (43% in feces and 6% in urine). Urine concentrations are 
high enough to be active for the treatment of uncomplicated UTIs. 
Serum protein binding is 70% and its half-life is 10 hr. Dizziness occurs 
but is reduced by taking the single daily dose at bedtime or with food. 
Other side effects are similar the other fluoroquinolones except photo- 
sensitivity is rare. It also does not interfere with the metabolism and 
affect their serum levels of other drugs as observed with several other 
fluoroquinolones. 


MISCELLANEOUS ANTIBACTERIAL AGENTS 


These antibacterial agents are principally second-line drugs 
because of emerging resistance, concerns with toxicity or 
special activity against selected organisms. Chlorampheni- 
col has the potential for causing aplastic anemia but is an 
alternative for treatment of life-threatening infections 
such as bacterial meningitis or rickettsial infections. Clin- 
damycin is a unique licosamide antibiotic that is useful 
for anaerobic infections but is only bacteriostatic against 
streptococci and staphylococci. It also covers some parasitic 
infections such as pneumocystis and toxoplasmosis that 
occur in immunosuppressed patients. Spectinomycin is only 
used to treat gonococcal infections in patients unable to 
receive first-line drugs. Rifampin is important for prophy- 
laxis of meningococcal disease and H inflwenzae meningitis 
plus some cases of Mycobacterium avium infections in AIDS 
patients. Vancomycin is a very specialized glycopeptide an- 
tibiotic for serious hospital infections caused by staphylo- 
cocci (especially methicillin-resistant strains) and entero- 
cocci. Consequently, vancomycin should be reserved for such 
conditions where it is often the only effective drug available 
for such infections. 
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AMPHOTERICIN B—page 1552. 
CHLORAMPHENICOL 


Acetamide, [R-(R*,R*)]-2,2-dichloro-N-[2-hydroxy-1- 
(hydroxymethyl)-2-(4-nitrophenyl)ethyl-, Chloromycetin 


Ont 


oO) C—C—CH,OH 


H_ NHCOCHCI, 


p-threo-(—)-2,2-Dichloro-N-[ B-hydroxy-a-(hydroxymethy]l) - p-nitro- 
phenethyllacetamide [56-75-7] C,,H,,CI,N.O, (323.13). Potency: not 
less than 900 yg of C,,H,,Cl,N,O./mg. 

Preparation—Chloramphenicol is believed to be the first naturally 
occurring compound known to contain a nitro group or to be a derivative 
of dichloroacetie acid. Its stereochemical configuration is analogous to 
that of (—)-norpseudoephedrine, and is the only one of the four related 
stereoisomers that has antibiotic activity. 

Chloramphenicol can be obtained from the filtrate of a Streptomyces 
venezuelae culture by extraction with ethyl acetate. If the charcoal 
extract is rich in chloramphenicol, the latter can be crystallized from 
the ethyl acetate by diluting with many volumes of kerosene. 

Several synthetic methods of preparation are known. One of the 
better known commences with p-nitroacetophenone and, after convert- 
ing it into p-nitro-2-aminoacetophenone, proceeds through the following 
steps: (a) acetylation of the —NH,, group, (b) reaction with HCHO to 
introduce the terminal —CH,OH group, (c) reduction with aluminum 
isopropoxide to give a mixture of the racemates of the threo and erythro 
forms of p-NO,PhCH(OH)CH(NH,)CH,OH, (d) isolation of the threo 
racemate and resolution of it using d-camphorsulfonic acid, and (e) 
condensing the (—) enantiomorph with methy] dichloroacetate. 

Description—Fine, white to grayish white or yellowish white, 
needle-like crystals or elongated plates; odorless; intensely bitter taste; 
pH (saturated solution) between 4.5 and 7.5; reasonably stable in neu- 
tral or moderately acid solutions but rapidly destroyed in alkaline 
solutions; melts between 149° and 153°; pK, 5.5. 

Solubility—1 g in approximately 400 mL water; freely soluble in 
alcohol; slightly soluble in ether or chloroform. 

Comments—A wide spectrum of antibacterial activity. The drug is 
effective in rickettsial diseases including epidemic, murine and scrub 
typhus, Rocky Mountain spotted fever, rickettsial pox and Q fever; 
chlamydial diseases including the psittacosis-lymphogranuloma group 
and many gram-positive and gram-negative bacterial infections includ- 
ing the anaerobes (especially Bacteroides fragilis). Because of serious 
toxic reactions, the systemic use of the drug should be limited only to 
very serious infections that cannot be managed by other drugs. It is still 
the drug of choice for typhoid fever. 

It is used topically for superficial conjunctival infections and bleph- 
aritis caused by E coli, H influenzae, Moraxella lacunata, Staph aureus 
and Strep hemolyticus. Bone-marrow injury is the major toxic effect. 
Thrombocytopenia, granulocytopenia and aplastic anemia are the most 
serious hematopoietic disturbances observed and have resulted in a 
number of fatalities. 

In neonates it may cause the Gray syndrome, a fatal cyanosis (40% 
of cases) with symptoms of vomiting, abdominal distention and loose, 
green stools, owing to the inability of the infant to metabolize the drug 
in consequence of glucuronyl transferase deficiency. Optic atrophy and 
blindness occur in a small number of cases, mainly in children on 
prolonged therapy. 

Minor untoward effects such as transient mild euphoria, skin rash 
and GI disturbances have been observed; the drug is contraindicated in 
patients with a history of previous sensitization. 

Occasional untoward effects include glossitis, stomatitis and phar- 
yngitis. Its use, as with other antibiotics, may result in an overgrowth 
of microorganisms not susceptible to the drug. Oral anticoagulants, oral 
hypoglycemics, phenytoin and perhaps acetaminophen inhibit its me- 
tabolism and increase the risk of intoxication; appropriate dose adjust- 
ments should be made. Rifampin decreases plasma concentrations. 

The drug is absorbed rapidly from the GI tract, with a bioavailabil- 
ity of about 90%. Sixty percent of the drug in blood is bound to serum 
albumin. The volume of distribution is about 0.7 mL/g. From 85 to 95% 
is biotransformed in the liver. The half-life is 1.5 to 5 hr, except over 24 
hr in neonates 1 to 2 days old and 10 hr in infants 10 to 16 days old. 
Because of considerable variability, plasma levels must be monitored. 
Also, the clearance increases with continuous use, and dose adjust- 
ments are necessary. When there is impaired hepatic function, and 
sometimes of renal function as well, the dosage must be reduced, 
according to determined plasma concentrations. It can cross the placen- 
tal barrier and intoxicate the fetus, so that the drug should be avoided 
in pregnancy, if possible. 
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CLINDAMYCIN HYDROCHLORIDE 


.-threo-a-b-galacto-Octopyranoside, methyl (2S-trans)-7-chloro- 
6,7,8-trideoxy-6-[[(1-methyl-4-propyl-2-pyrrolidinyl)carbonyl]- 
amino]-1-thio-, monohydrochloride; Cleocin Hydrochloride 


ss 
Hy HCC! 
-CONHCH 


H Ho +o * HCl 
CHCH, CH, ae 
H SCH, 
OH* 


(*) Indicates site of esterification to form the palmitate or phosphate 
derivatives. 

[21462-39-5] C,,H,,CIN.O-S - HCl (461.44). Potency: equivalent to 
not less than 800 yg of clindamycin/mg. 

Preparation—Lincomycin is treated with a solution of Rydon re- 
agent prepared from triphenylphosphine, acetonitrile, and chlorine. 
The base is ultimately reacted with HCl. CA 73:15185v, 1970. 

Description—White or practically white, crystalline powder; 
strong, characteristic taste; odorless or has a faint mercaptan-like odor; 
stable in air and light; pK, 7.72; melts about 142°. 

Solubility—1 g in 2, mL water or 200 mL ethanol. 

Comments—An antibacterial spectrum very much like that of Lin- 
comycin, from which it is derived. However, among staphylococci and 
several streptococci it may be as much as 20 times more potent. It is also 
more potent against certain gram-negative organisms, but not against 
gram-negative cocci; with the recommended doses the plasma levels 
usually are not high enough to be effective against gram-negative 
bacteria. It is especially useful in the treatment of several infections 
caused by anaerobes; it is the drug of choice for treatment of GI infec- 
tions caused by Bacteroides fragilis. It is important as an alternate drug 
for treating infections caused by penicillin-resistant Staph aureus. It 
also is used for treatment of respiratory tract infections and pharyngitis 
or tonsillitis caused by Strep pyogenes. It is perhaps the best drug for 
the topical treatment of acne vulgaris (used as the phosphate). 

It may cause abdominal pain, nausea, vomiting, diarrhea and loose 
stools, which may occasionally contain blood and mucus. Incidence of 
benign diarrhea is about 10 to 20%. Incidence of antibiotic-associated 
(pseudomembranous) colitis is estimated to be 1:10,000. Allergic rashes 
and urticaria occur with an incidence of about 10%. 

By the oral route, bioavailability is about 90% with low doses. The 
presence of food in the stomach and intestines does not appear to 
interfere with absorption. In plasma it is 60 to 95% protein-bound. Its 
volume of distribution is about 0.66 mL/g. It is distributed widely in 
most tissues, body fluids and bone. 

However, high enough concentrations are not achieved in CSF to be 
used to treat meningitis. Most of it is eliminated in the liver, only about 
10% being excreted in the urine. The half-life is 2.4 to 3 hr, except 3.5 
to 5 hr in anuria and 7 to 14 hr in liver disease. Hepatic failure can be 
expected to reduce the dose requirement more than renal failure. 


SPECTINOMYCIN HYDROCHLORIDE 


4H-Pyrano[2,3-b][1,4]benzodioxin-4-one, [2R- (2a,4aB,5aB,6B,7B,8B, 
9a,9aa,10aB)]-decahydro-4a,7,9-trihydroxy-2-methyl-6,8-bis(methyl- 
amino)-, dihydrochloride, pentahydrate; Trobicin 
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[22189-32-8]; C,,H,,N.O, : 2HCl-5H.O (495.35); anhydrous [21736- 
83-4] (405.27). Potency: equivalent to not less than 603 yg spectinomy- 
cin/mg. 

Preparation—By growth of the soil microorganism Streptomyces 
spectabilis. Reaction with a double equimolar quantity of HCl yields the 
hydrochloride. Antibiot Chemother 11: 118 and 661, 1961. US Pat 
3,234,092. 

Description—White, odorless, crystalline powder; slightly bitter 
taste; stable in light; nonhygroscopic; stable in air at room temperature; 
pK, 6.88, 8.84. 

Solubility—1 g in approximately 7 mL water; practically insoluble 
in alcohol, chloroform or ether. 

Comments—A wide-spectrum antibiotic with moderate activity 
against both gram-positive and gram-negative bacteria. However, it is 
employed clinically for only one purpose, namely, to treat or prevent 


acute gonorrhea when the organism is resistant to penicillin, or when 
the patient is allergic to penicillin. It is not as effective as ceftriaxone. 
Resistance sometimes develops. It is not effective in eradicating pha- 
ryngeal gonococcal infections in more than 50% of patients. 

Orally, the drug is absorbed poorly and must be given intramuscu- 
larly. The distribution coefficient is 0.12 mL/g. About 75% is excreted 
into urine unchanged. Plasma half-life is approximately 1 to 3 hr. 

Untoward effects caused include frequent pain at the site of injec- 
tion and infrequent headache, nausea, vomiting, insomnia, chills, fever, 
mild pruritus and urticaria. It does not eradicate Treponema or Chla- 
mydia trachomatis, which are common sexually transmitted pathogens. 


VANCOMYCIN HYDROCHLORIDE 


Vancomycin, hydrochloride; Lyphocin (Lyphomed); 
Vancocin, Vancoled 
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Vancomycin hydrochloride [1404-93-9] is a substance produced by 
growth of Streptomyces orientalis (Fam Streptomycetaceae). Potency: 
equivalent to not less than 900 yg of vancomycin/mg, calculated on the 
anhydrous basis. 

Preparation—Vancomycin is produced by the submerged fermen- 
tation process (page 1516). After purification the base is converted to 
the soluble hydrochloride with HCl. See Antibiot Ann: 606, 1955-1956; 
US Pat 3,067,099. 

Description—Tan to brown, free-flowing powder; odorless; bitter 
taste. 

Solubility—Freely soluble in water; insoluble in ether or chloro- 
form. 

Comments—A glycopeptide highly active against gram-positive 
cocci, Neisseria and Clostridia. It inhibits synthesis of peptidoglycan in 
cell-wall formation. It is the drug of choice in the treatment of 
antibiotic-associated colitis and other infections caused by Cl difficile. 
The rapid emergence of methicillin-resistant staphylococci (especially 
Staph epidermidis) makes this drug valuable in the treatment of severe 
staphylococcal infections. Development of resistance to vancomycin is 
rare, and there is no cross-resistance to other antibiotics. Streptococcal 
(especially Strep vividans and bovis), enterococcal and pneumococcal 
infections also are treated with the drug. It is used only in combination 
with an aminoglycoside in treating enterococcal endocarditis. Because 
of its toxicity, the drug is held in reserve for serious infections unre- 
sponsive to other antibacterial agents or prophylaxis in penicillin-sen- 
sitive patients. 

It is absorbed poorly from the GI tract, so that it may be used or- 
ally against staphylococcal and enterococcal enteritis and antibiotic- 
associated enterocolitis. In plasma, 55% is protein-bound. It enters the 
CSF. The volume of distribution is 0.47 mL/g. The distribution half-life 
is 0.5 hr. The elimination half-life is 4 to 6 hr in adults and 2 to 3 hr in 
children. 

Since the drug is 70% eliminated by excretion in urine, the half-life 
in anuric patients ranges from 3 to 10 days and doses must be appro- 
priately adjusted. Elimination is accelerated in burn patients, which 
also requires dose-adjustments. 

It is irritating to tissue and may cause thrombophlebitis, or pain at 
the site of injection and necrosis occurs if extravasated; also chills, 
fever, occasional urticaria and maculopapular rashes with hypotension 
(red man’s syndrome), nephrotoxicity and ototoxicity and, rarely, 
thrombocytopenia and neuropathy. The drug is contraindicated in pa- 
tients taking, or who have recently taken, ototoxic or nephrotoxic drugs, 
except that it is used in combination with streptomycin for surgical 
prophylaxis against bacterial endocarditis in penicillin-sensitive pa- 
tients. Elderly persons should have serial auditory tests and determi- 
nations of plasma levels of the drug. 


ANTIMYCOBACTERIAL DRUGS 


Drugs used in the treatment of tuberculosis, Mycobacterium 
avium and leprosy can be grouped together because all involve 
slow growing microorganisms that cause chronic diseases. 
Therapeutic problems are also similar and consist of prolonged 
therapy regimens with drug toxicity, microbial resistance and 
the challenges of patient compliance. 

The first-line drugs for tuberculosis include isoniazid, ri- 
fampin, ethambutol, pyrazinamide and streptomycin. Excel- 
lent responses can now be obtained with a 6-mo regimen: 
isoniazid, rifampin and pyrazinamide for the first 2 mo, fol- 
lowed by isoniazid and rifampin for the remaining 4 mo. Iso- 
niazid is the only drug approved for prophylaxis of tuberculosis. 
Hepatoxicity is observed with chronic use of isoniazid, rifampin 
and pyrazinamide. The first new drug approved in the last 25 
yr for tuberculosis is rifapentine, a cyclopentyl derivative of 
rifampin. It has a longer half-life (16hr versus 3 hr) and shares 
some of the same problems as observed with rifampin including 
potential hepatoxicity, drug interactions and red-orange discol- 
oration of secretions. In areas where resistance occurs therapy 
involves up to four drugs for as long as 24 mo. Second-line 
drugs for tuberculosis are more toxic but may be required with 
resistance problems. These drugs include some fluoroquino- 
lones (ofloxacin and ciprofloxacin), cycloserine, ethionamide, 
aminosalicylic acid, aminoglycosides (amikacin, kanamycin), 
clofazimine and capreomycin. 

Mycobacterium avium complex infection as well as tubercu- 
losis are increased because of the high numbers of AIDS pa- 
tients that coexist in the large inner city populations and home- 
less shelters. Antimicrobial drugs used to treat Mycobacterium 
avium complex include rifabutin, the new macrolides (cla- 
rithromycin and azithromycin), the fluoroquinolones, and com- 
bination regimens of ethambutol (or other tuberculosis drugs) 
with clarithromycin (or azithromycin). 

The drugs most frequently used to treat leprosy are dap- 
sone, clofazimine and rifampin for 6 mo to 2 yr depending on 
the type of disease. All of these drugs have some serious toxic- 
ities that can develop with the prolonged therapeutic regimens 
required. Therefore, patient compliance must be well super- 
vised and patients should be informed of the need to discuss 
side effects of their treatment. 


CLOFAZIMINE 


2-Phenazinamine, N,5-bis(4-chlorophenyl)-3,5-dihydro-3-[(1- 
methylethyl)imino]-, Lamprene 


3-(p-Chloroanilino) -10-(p-chloropheny]l) - 2,10 - dihydro- 2 -(isopropyl- 
imino)phenazine; [2030-63-9] C,,Hs,Cl,N, (473.40). 

Preparation—J Chem Soc: 859, 1958. 

Description—Dark-red crystals; melts about 210°. 

Solubility—Practically insoluble in water; soluble in alcohol, ace- 
tone, ethyl acetate, chloroform or benzene. 

Comments—In combination with other drugs, used for the treat- 
ment of leprosy and infections caused by Mycobacterium avium in AIDS 
patients. It is not significantly active against other bacteria. It binds to 
mycobacterial DNA and interferes with growth. It is bactericidal, but as 
long as 50 days may be required before killing is evident. Nausea, 
vomiting, diarrhea, abdominal pain and eosinophilic enteritis may oc- 
cur. Crystalline deposits of the drug in the viscera may cause GI 
bleeding and/or obstruction. Antimuscarinic actions cause dry skin and 
dryness, burning, itching and irritation of the eyes. The drug also 
causes long-persisting, rufous discoloration of the skin, cornea, conjunc- 
tiva and body fluids. The oral-systemic bioavailability is about 50%. The 
drug has a predilection for adipocytes, reticuloendothelial cells and 
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other macrophages, in which crystals may accumulate. During mainte- 
nance, the elimination half-life is about 70 days. 


DAPSONE 


Benzenamine 4,4'-sulfonylbis-, DDS 


4,4'-Sulfonyldianiline [80-08-0] C,,H,,N.O.S (248.30). 

Preparation—Benzene is condensed with sulfuric acid to yield 
phenyl sulfone [(C,H;),SO.] which is then nitrated by standard proce- 
dures to yield the 4,4'-dinitro derivative. Reduction with tin and HCl or 
with various other appropriate reductants yields dapsone. 

Description—White or creamy white, crystalline powder; odorless; 
slightly bitter taste; melts between 175° and 181°. 

Solubility—Very slightly soluble in water; freely soluble in alcohol; 
soluble in dilute mineral acids. 

Comments—Has an antibacterial spectrum and mechanism of ac- 
tion similar to those of sulfanilamide (see Sulfonamides), of which it 
originally was studied as a congener. Limited success against tubercu- 
losis has been achieved with it, but it is far surpassed by other agents. 
However, in combination with rifampin, it is the drug of choice in the 
chemotherapy of leprosy. Most of the sulfones used in the treatment of 
this disease owe both their activity and toxicity to dapsone released 
from the molecule. For this reason, the drug is the preferred sulfone, 
since it is cheaper than and equally efficacious to the others. However, 
resistance is becoming common. Combined with trimethoprim, it is as 
effective as trimethoprim-sulfametoxazole in the treatment of Pneumo- 
cystis carinii pneumonia. It is also useful as a suppressant in the 
treatment of dermatitis herpetiformis and relapsing polychondritis. 

It is absorbed by the oral route. Absorption is more efficient with low 
than with high doses. It is eliminated in the liver by acetylation. There 
are slow and fast acetylators among patients. The half-life is 10 to 50 hr, 
and at least 8 days are required to reach plateau concentrations. 

It may cause hemolytic anemia in glucose 6-phosphate dehydrogenase- 
deficient persons, methemoglobinemia, GI upset, headache, nervousness, 
giddiness, tachycardia, motor neuropathy, blurred vision, paresthesias 
and pruritus, hematuria, liver damage and jaundice or rash that may 
become exfoliative. The dermatitis frequently occurs during the 5th week 
of therapy, followed by Hypermelanosis. Lepra reactions (erythema nodo- 
sum-like) may occur from a flooding of the body with endotoxins released 
from killed organisms. Careful initial grading of dose and rest periods 
avoids much of the toxicity. 


ETHAMBUTOL HYDROCHLORIDE 


[R-(R*,R*)]-1-Butanol, 2,2'-(1,2-ethanediyldiimino)bis-, 
dihydrochloride; Myambutol 
CH,0H H 
CH3CHy—C¢—NHCH,CH,NH—C—CH,CH, + 2HCT 
4 CH2OH 
(+)-2,2'-(Ethylenediimino)di-1-butanol dihydrochloride [1070-11-7] 
CroHe4N,O5." 2HCl (277.23). 

Preparation—(+ )-2-Aminobutanol is resolved via its tartrate and 
the (+)-enantiomorph is condensed with 1,2-dichloroethane in an ap- 
propriate dehydrochlorinating environment. The ethambutol thus 
formed is dissolved in a suitable solvent and reacted with HCl. US Pat 
3,297,707. 

Description—White, crystalline powder; essentially odorless; a bit- 
ter taste; stable in light and heat but is hygroscopic when exposed to 
high relative humidities; melts between 198° and 202°; pK, 6.3, 9.5. 

Solubility—1 g in 1 mL water or 4 mL alcohol; slightly soluble in 
ether or chloroform. 

Comments—A tuberculostatic drug that is effective against tuber- 
cle bacilli resistant to isoniazid or streptomycin. It acts only on prolif- 
erating cells, apparently by interfering with synthesis of RNA. When 
used alone in the treatment of tuberculosis, the drug may clear the 
sputum of mycobacteria within 3 mo in the majority of patients, but 
bacterial resistance occurs in 35% of cases, and relapses frequently 
occur. In combination with isoniazid or other tuberculostatic drugs, 
relapses are uncommon. It should be used as a companion drug to 
isoniazid. The ethambutol-isoniazid rifampin combinations are now the 
most frequently used for patients exposed to drug-resistant organisms. 

It occasionally causes optic neuritis, with blurred vision and dimin- 
ished visual acuity to green light; the effect relates to the duration of 
use of the drug. Although these effects disappear on discontinuation, 
the drug should be discontinued at the first indication of a loss in visual 
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acuity. Eye tests should be made before and at monthly intervals after 
the onset of therapy. 

Other untoward effects include dermatitis, pruritus, anorexia, nau- 
sea, vomiting, abdominal pain, pyrosis, fever, headache, vertigo, mal- 
aise, mental confusion, disorientation, hallucinations, paresthesias, el- 
evated serum urate levels (and gout) and abnormal liver function. 

Multivitamins should be given concurrently. Leukopenia and ana- 
phylaxis are rare occurrences. 

The oral bioavailability is 75 to 80%. It is distributed well into most 
tissues and fluids but poorly in CSF. The volume of distribution is 1.6 
mL/g. Over 80% is eliminated in the urine. The half-life is 3 to 4 hr but 
up to 8 hr in renal failure. 


ISONIAZID 
4-Pyridinecarboxylic acid, hydrazide; Isonicotinylhydrazine; INH 
O 
O=C—NHNH, 


Isonicotinic acid hydrazide [54-85-3] C,H,N,O (137.14). 

Preparation—By heating isonicotinic acid or its ethyl ester with 
anhydrous hydrazine. Isonicotinic acid may be synthesized by various 
oxidative processes starting with 4-methylpyridine. 

Description—Colorless or white crystals, or a white, crystalline 
powder; odorless; slowly affected by exposure to air and light; solutions 
are practically neutral to litmus; mélts between 170° and 173°; pK, 1.8, 
3.5, 9.5; pH (1 in 100 solution) 5.5 to 6.5. 

Solubility—1 g in approximately 8 mL water and approximately 50 
mL alcohol; slightly soluble in chloroform and ether. 

Comments—The most potent and selective of the known tubercu- 
lostatic antibacterial agents. It is tuberculocidal to growing bacteria 
and regarded as the most effective agent in the therapy of tuberculosis. 
The fact that it gains access to all organs and to all body fluids, 
including CSF, renders the drug of special value in treating tuberculous 
meningitis and other extrapulmonary forms of the disease. The drug is 
never used alone because of the rapid emergence of resistance. Used in 
combination with other antitubercular drugs, it enhances the clinical 
response, permits lower doses of the other active agent(s) to be used and 
retards emergence of resistant tubercle bacilli. It is the central drug 
around which various combinations are formulated. The first-choice 
combination contains isoniazid and rifampin, with or without pyrazin- 
amide. It also is used as a prophylactic. 

Untoward effects are relatively few except in persons who are slow 
acetylators, when the dose must be lowered. The effects may include 
restlessness, insomnia, muscle twitching, hyperreflexia, paresthesia 
and even convulsions, toxic encephalopathy, optic neuritis and atrophy 
and psychoses. These neurological disorders result from competition of 
the drug with pyridoxine; pyridoxine administration suppresses the 
neurological disorders without antagonizing the antitubercular action. 
Other signs of pyridoxine deficiency may occur. The drug also may 
cause nausea, vomiting, epigastric distress, agranulocytosis, hemolytic 
or aplastic anemia, thrombocytopenia, eosinophilia, fever, various 
rashes and dermatoses and rheumatoid and lupoid syndromes. Hepa- 
titis, with jaundice, is uncommon in patients under 35 yr but occurs in 
about 2% of recipients over 50 yr, but 10 to 20% will show elevations in 
SGOT and SGPT. The hepatic, hematological and dermatological effects 
are probably all allergic. 

It is mostly acetylated by the liver; the rate varies considerably. In 
fast acetylators, the half-life is 1 to 1 1/2 hr; in slow ones, it is 2 to 5 hr. 

IM injections cause local irritation. 


PYRAZINAMIDE 


Pyrazine carboxamide 


Gr 
N 
[98-96-4] C,H.N,O (123.11). 


Preparation—By thermal decarboxylation of 2,3-pyrazinedicar- 
boxylic acid to form the monocarboxylic acid, which is esterified with 
methanol and then subjected to controlled ammonolysis. J Am Chem 
Soc 74:3617, 1952. 

Description—White to practically white, crystalline powder; sub- 
limes about 60°; melts about 190°; pK,0.5. 

Solubility—1 g in 67 mL water, 75 mL methanol, 175 mL absolute 
ethanol, 135 mL chloroform, 1000 mL ether or 110 mL alcohol. 


Comments—An antituberculosis drug used for initial treatment in 
combination with isoniazid and rifampin. It generally is administered 
with isoniazid, which it potentiates. However, it is quite toxic and 
should be held in reserve until other therapy fails. It may cause fever, 
anorexia, malaise and hepatic damage, with or without jaundice, and 
death can occur. All patients intended to be treated with this drug 
should have prior liver function tests, which tests also must be repeated 
periodically during therapy. All patients should be hospitalized during 
treatment. It may cause retention of uric acid. 


RIFABUTIN 


(9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,16,18,20- 
tetrahydroxy 1’-isobutyl-14-methoxy-7,9,15,17,19,21,25-hepta- 
methylspiro[9,4-(epoxypentadecal[1,11,13]trienimino)-2H-furo 
[2’,3':7,8]naphth[1,2-d]imidazole-2,4'-piperidine]-5,10,26-(3H, 9H)- 
trione-16-acetate; Mycobutin 


(72559-06-9] C,,Hg2N,0,, (847.02). 

Comments—A semisynthetic ansamycin antibiotic that has anti- 
mycobacterial activity. It inhibits DNA-dependent RNA polymerase in 
susceptible strains of bacteria. It is indicated for prevention of dissem- 
inated Mycobacterium avium complex (MAC) disease in patients with 
advanced HIV infection. 

It should not be administered to patients with active tuberculosis 
because single agent therapy is likely to lead to development of tuber- 
culosis that is resistant both to rifabutin and rifampin. Adverse reac- 
tions primarily may include rash (4%), GI intolerance (3%) and neutro- 
penia (2%). Other reactions may include flu-like syndrome, hepatitis 
hemolysis, arthralgia, parathesia, aphasia, confusion and nonspecific 
T-wave changes on ECG. 

Oral doses are absorbed readily from the GI tract and slowly elim- 
inated with a half-life of 16 to 69 hr. It has a high volume of distribu- 
tion and good tissue uptake due to its lipophilicity. About 30% of dose is 
excreted in the feces, and 53% is excreted in urine primarily as metab- 
olites. 


RIFAMPIN 


Rifamycin, 3-[[(4-methyl-1-piperazinyl)imino]methyl]-, Rifampicin, 
Rifadin, Rimactane 


[13292-46-1] C,,H;,N,0,. (822.95). Potency: not less than 900 pg of 
C,3H53N,0,,/mg. 

Preparation—Rifamycin SV, which may be prepared by the 
method of Sensi, et al (US Pat 3,313,804), is converted to the 8-carbox- 
aldehyde derivative, known also as 3-formylrifamycin SV, and this is 
condensed with 1l-amino-4-methylpiperazine to form a Schiff base, 
which is rifampin. 

Description—Red-brown, crystalline powder; odorless; unstable in 
light, heat, air and moisture; melts between 183° and 188° with decom- 
position; pK, 1.7, 7.9. 

Solubility—1 g in approximately 762 mL water; freely soluble in 
chloroform; soluble in ethyl acetate or methanol. 

Comments—A broad-spectrum antibiotic effective against most 
gram-positive bacteria, especially Staph pyogenes, Strep pyogenes, viri- 
dans and pneumoniae, and variably active against gram-negative or- 
ganisms, especially H influenzae, meningococci and gonococci. Both 
Mycobacterium tuberculosis and Mycobacterium leprae are very suscep- 
tible to the drug. Its clinical use is mainly in the treatment of tubercu- 


losis. The rate of development of resistance of the mycobacterium is low. 
Nevertheless, it always is used in combination with other antitubercu- 
lar drugs. It also appears to be an excellent drug for prophylaxis of 
meningococcal meningitis and pneumonia from H influenzae Type B 
and treatment of meningococcal carrier state. It may cause heartburn, 
epigastric distress, gas, cramps, diarrhea, anorexia and nausea and 
vomiting. Headache, drowsiness and fatigue commonly occur. Inability 
to concentrate, confusion, muscular weakness, ataxia, pain in the ex- 
tremities, visual disturbances and generalized numbness are other 
CNS side effects. Jaundice and other manifestations of hepatotoxicity 
have occurred. It is teratogenic in laboratory animals and should there- 
fore be withheld in pregnancy. 

It induces the hepatic drug-metabolizing enzyme system and accel- 
erates the metabolism of digitoxin, methadone, phenytoin, beta block- 
ers, verapamil, theophylline, chloramphenicol, oral contraceptives and 
estrogens, oral anticoagulants, barbiturates, tolbutamide and itself. 

It is 100% absorbed after oral administration, but food in the stom- 
ach delays absorption of the drug. The drug is distributed widely in the 
body, even into CSF. In plasma 98% is protein-bound. The volume of 
distribution is 0.9 mL/g. About 85% of the drug is eliminated by bio- 
transformation in the liver. An active metabolite is secreted into bile, 
where it is therapeutically effective. The risk of hepatotoxicity is in- 
creased when it is used with isoniazid. It imparts a reddish-orange color 
to urine, stools, sweat, saliva and tears. Soft contact lenses may be 
stained permanently. 


MISCELLANEOUS SYSTEMIC URINARY 
TRACT ANTISEPTICS 


These drugs are used for chronic suppressive therapy of UTIs. 
The primary agents in this group are methenamine and nitro- 
furantoin. Both drugs are given orally for recurrent urinary 
tract pathogens and require an acidic urine for efficacy. They 
are not first-line agents to treat an initial UTI. 


METHENAMINE 


1,3,5,7-Tetraazatricyclo[3.3.1.17’]decane; Aminoform; Cystamin, 
Cystogen, Hexamine, Uritone, Urised 


Hexamethylenetetramine [100-97-0] C,H,,N, (140.19). 

Although a cyclic tetramine, the therapeutic action of this compound 
depends exclusively on its ability to liberate formaldehyde under suit- 
able environmental conditions. 

Preparation—By adding a moderate excess of ammonia water to 
formaldehyde solution, and evaporating to dryness. 

Description—Colorless, lustrous crystals or a white crystalline 
powder; practically odorless; aqueous solution is alkaline to litmus; 
sublimes about 260°; when ignited it burns with a smokeless flame. 

Solubility—1 gin 1.5 mL water, 12.5 mL alcohol, 10 mL chloroform 
or 320 mL ether. 

Incompatibilities—Alkaline in reaction and forms salts with weak 
acids. Strong acids and concentrated solutions of organic acids decom- 
pose it with liberation of formaldehyde. With prolonged contact, weak 
acids also decompose it, as do acidic vehicles. 

It liquefies, in some cases with decomposition, when rubbed with 
aspirin, antipyrine, benzoic acid, lithium carbonate, menthol, phenol, 
potassium acetate, sodium benzoate, sodium salicylate, etc. 

Ammonium salts and alkalies darken it. In capsules, it may combine 
slowly with the gelatin, rendering it insoluble. 

Comments— A urinary tract anti-infective, provided it is acting in 
an acid medium. It is excreted rapidly and thus reaches effective anti- 
septic concentrations in the urine. The drug depends for its action on 
the liberation of free formaldehyde. This occurs to the extent of 20% of 
theoretical at pH 5, 6% at pH 6 and almost not at all at pH 7.6. 

Consequently, precaution must be taken to maintain an acid urine (pH 
6 or below) during medication with it. This usually is accomplished by 
administration of sodium biphosphate, mandelic acid, hippuric acid, ascor- 
bie acid or cranberry juice. Ammonium chloride should not be used, since 
NH; drives the equilibrium to the left. At a pH of 6, a daily dose of 2 g will 
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yield an average 24-hr urine concentration of about 18 to 60 ug/mL, which 
is about 40 times the minimum to inhibit the growth of most bacteria that 
cause UTIs. However, it will not prevent growth of Candida albicans. It is 
improbable that products that provide only 40.8 to 81.6 mg/dose can 
provide a high enough concentration of formaldehyde, since the urine 
contains substances that bind some of the formaldehyde. 

It is of particular value in the treatment of E coli infections of the 
urinary tract. It also is especially useful in patients with renal insuffi- 
ciency. Because of its low systemic toxicity, failure to excrete the drug 
causes no harmful consequences, unless renal insufficiency is severe. 

Approximately 10 to 30% is converted to formaldehyde in the acid 
stomach contents unless enteric capsules are employed. Even with 
enteric coatings, nausea, vomiting, diarrhea and other GI distress often 
occur when the dose exceeds 500 mg 4 times a day. Take with food to 
minimize GI upset. Formaldehyde liberated from the compound pre- 
sumably is the cause of the distress. Other untoward effects are occa- 
sional pruritus and skin rashes and bladder irritation, painful and 
frequent urination, and hematuria in persons who have taken the drug 
longer than 3 to 4 wk. Dyspnea, lipoid pneumonitis and headache occur 
rarely. In persons with acidosis or renal failure, the acid salts usually 
given concomitantly may be detrimental. The drug should not be used 
if hepatic insufficiency exists. 


NITROFURANTOIN 


2,4-Imidazolidenedione, 1-[[(5-nitro-2-furanyl) methyleneJamino]-, 
Furadantin, Macrodantin 


X 
7 NH 


0. 
0. CH=N—N 
9 a oy 


% 


1-[(-5-Nitrofurfurylidene)amino]hydantoin [67-20-9] C,H,N,O; (238.16). 

Caution—It is discolored by alkali and by exposure to light, and is 
decomposed upon contact with metals other than stainless steel or 
aluminum. 

Preparation—5-Nitro-2-furaldehyde (1) readily undergoes condensa- 
tion with 1-aminohydantoin (II) to yield nitrofurantoin. I is synthesized by 
direct nitration of “2-furfural diacetate” [2-furanmethanediol diacetate 
(III), prepared by the addition reaction between 2-furaldehyde and acetic 
anhydride] followed by saponification to regenerate the formyl group 
which, had it not been so protected, would have been oxidized to carboxyl 
during the nitration. II may be synthesized by effecting the addition of 
cyanic acid to hydrazinoacetic acid (IV) to produce the 3-carbamoyl deriv- 
ative (V) which cyclizes by dehydration to II. 
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Description—Lemon-yellow crystals or fine powder; odorless; bit- 
ter aftertaste; pk, 7.2. 

Solubility—Very slightly soluble in water or alcohol. 

Comments—Fffective against a majority of urinary tract pathogens, 
including certain strains of EF coli, Enterobacter, Klebsiella, Proteus spp, 
Staph aureus and Strep faecalis. It is also effective against many staphy- 
lococci, clostridia and B subtilis. It is indicated for the treatment of infec- 
tions of the urinary tract caused by the above bacteria: pyelonephritis, 
cystis and pyelitis. An acid urine favors activity. It is not the drug of first 
choice in the treatment of any acute infection and it rarely is used. In 
chronic bacteriuria, it is a second-or third-choice agent. However, as a 
prophylactic in the prevention of recurrences it is effective, being slightly 
superior to methenamine mandelate but inferior to sulfamethizole. It is 
not indicated for treatment of associated perinephric or renal cortical 
abscesses, prostatitis or other genitourinary tract infections, since in these 
the blood level is more important than urine concentration. The microc- 
rystalline form is absorbed rapidly and completely; the macrocrystalline 
form is more slowly and less completely absorbed. About 67% is metabo- 
lized in the body, and 33% is excreted into the urine unchanged. The 
half-life is only 0.3 hr; slow absorption helps to sustain urine levels. Dose 
adjustment must be made in renal failure. Overall, the side effects are high 
(10% or more). Nausea, vomiting and diarrhea occur in an appreciable 
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number of patients. Reduction in dosage, or administration with food or 
milk, lessens the incidence; it is claimed that use of “macrocrystalline” 
product diminishes the incidence and intensity of GI upsets without af- 
fecting potency. Absorption is delayed, but bioavailability is not dimin- 
ished. GI effects also occur in some patients receiving the drug intrave- 
nously. Hypersensitivity reactions with dermatological manifestations 
also occur. Headache, vertigo, drowsiness, malaise, muscular aches, nys- 
tagmus and polyneuropathy occasionally occur. Neuropathies appear to be 
more likely to occur if there is renal insufficiency; they appear to be caused 
by metabolites. Hemolytic anemia, megaloblastic anemia, granulocytope- 
nia, leukopenia, esoinophilia and maculopapular rashes occur occasion- 
ally. It also causes infrequent cholestatic jaundice and hepatocellular dam- 
age. Pneumonitis and pulmonary fibrosis can occur, especially in elderly 
patients. Occasionally, there is transient alopecia. Superinfections may 
occur. The drug is mutagenic in the Ames test. 


PHENAZOPYRIDINE HYDROCHLORIDE 


2,6-Pyridinediamine, 3-(phenylazo)-, monohydrochloride; Pyridium 


NHN NH» 
Tor ie 
N=N 


2,6-Diamino-3-(phenylazo)pyridine 
C,,H,,N; : HCl (249.70). 

Preparation—Aniline is diazotized with sodium nitrite and excess 
HCl, and the resulting benzenediazonium chloride is coupled with 2,6- 
diaminopyridine. 

Description—Light or dark red to dark violet, crystalline powder; 
odorless or has a slight odor; melts about 235° with decomposition. 

Solubility—1 g in <10 mL water, 59 mL alcohol, 331 mL chloro- 
form, >5000 mL ether or 100 mL glycerin. 

Comments—A drug used for symptomatic relief of pain, burning, 
urgency, frequency and other discomforts arising from irritation of lower 
urinary tract mucosa caused by infection, trauma, surgery, endoscopic 
procedures or passage of catheters. When taken systemically it is excreted 
quickly into the urine, so that a high local concentration is reached. Thus, 
the drug either may be administered orally or instilled locally. 

However, a considerable proportion of the drug is converted meta- 
bolically to an inactive form, so that large oral doses are required to 
exert a therapeutic effect. The relief of discomfort is attributable mostly 
to a local anesthetic action rather than to an antibacterial action. 
Treatment should not continue beyond two days because there is no 
evidence it provides greater benefit than sulfonamides alone. GI irrita- 
tion, jaundice, hemolytic anemia and methemoglobinemia have been 
reported. After oral administration the color of the urine may be orange 
red to dark red, if the urine is acidic. Large doses and prolonged 
treatment can give rise to renal stones of the drug. It is contraindicated 
in renal insufficiency, severe hepatitis and pyelonephritis of pregnancy, 
and it should be used cautiously in the presence of GI disturbances. It 
often is combined with sulfonamides or methenamine salts. 


monohydrochloride  [136-40-3] 


TRIMETHOPRIM 


2,4-Pyrimidinediamine, 5-[(3,4,5-trimethoxyphenyl)methyl]-, 
Proloprim, Trimpex 


2,4-Diamino-5-(3,4,5-trimethoxybenzyl)pyrimidine [738-70-5] C,,H,s- 
NO, (290.32). 

Preparation—By interaction of a-(ethoxymethy]l)-3,4,5- 
trimethoxycinnamonitrile and guanidine, the former prepared by 
condensing 3,4,5-trimethoxybenzaldehyde with $-ethoxypropion- 
itrile. US Pat 3,049,544. 

Description—White to cream-colored crystals or crystalline pow- 
der; odorless; bitter taste; melts about 199°; pK, approximately 6.6. 

Solubility—Very slightly soluble in water; 1 g in approximately 
285 mL absolute alcohol or 53 mL chloroform. 

Comments—A congener of pyrimethamine and it similarly inhibits 
dihydrofolate reductase, although it is considerably less potent. It was 
introduced as an antimalarial drug (mostly against Plasmodium falci- 


parum) and is still used somewhat for that purpose, usually in combi- 
nation with an appropriate sulfonamide. However, its most important 
use is as an antibacterial agent. Bacterial dihydrofolate reductases are 
generally more susceptible than are the plasmodial ones. Therefore, the 
drug is effective against all bacteria that must synthesize their own 
folinic acid (leucovorin). This gives it a wide spectrum of activity that 
includes Strep pyogenes, viridans and pneumoniae, Staph aureus and 
epidermidis, H influenzae, Klebsiella-Enterobacter-Serratia, E coli, var- 
ious Shigella and Salmonella, Bordetella pertussis, Vibrio cholerae, 
Pneumocystis carinii, Toxoplasma gondii and Plasmodia. It is not 
effective against Ps aeruginosa but is against Ps cepaciae and 
pseudomallei. Many of these same organisms must also synthesize their 
own folic acid. Sulfonamides and dapsone block the incorporation of 
p-aminobenzoate into folate, thus inhibiting a crucial biosynthetic step 
just previous to that where this drug acts. Therefore, the combination of 
this drug and sulfonamides or dapsone is supposedly more effective 
than either drug alone, although clinical confirmation of significant 
synergism is lacking. Nevertheless, it is widely used in combination 
with sulfamethoxazole. It alone is approved for the same uses as the 
above combination (see page |-). It would seem prudent to use the 
combination for UTIs, even though the cost is greater, but the pharma- 
cokinetics are such that sulfamethoxazole in the present formulation 
adds little to this drug alone for systemic infections. The combination of 
dapsone and trimethoprim is used in the treatment of leprosy and 
infections by Mycobacterium avium. 

Mammalian dihydrofolate reductase is about 1:10,000 to 1:50,000 as 
sensitive to it as the bacterial enzymes, so that there is little interfer- 
ence with folate metabolism in man. The toxicity is low. It includes 
occasional nausea and vomiting, diarrhea, malaise, immunosuppres- 
sion and, rarely, rash, leukopenia and thrombocytopenia. It increases 
bone-marrow suppression and immunosuppression by antineoplastics. 
It is potentially teratogenic. 

By the oral route, it is well absorbed and reaches a peak in 2 to 3 hr. 
About 45% is protein-bound in plasma. The volume of distribution is 
about 1.8 mL/g. The concentration in CSF reaches 30 to 50% of that in 
plasma. It is excreted mainly into the urine. The half-life is 9 to 12 hr 
in normal adults, but may be increased 2-to 3-fold when the creatinine 
clearance falls below 10 mL/min. It is considerably shorter in infants 
and children. The drug decreases the renal clearance of procainamide 
and acecainide. Rifampin accelerates its elimination. 


ANTIMALARIALS 


Malaria is caused by several species of the protozoan Plasmo- 
dium, of which Plasmodium vivax and Plasmodium falciparum 
are the most common. The most serious infections involve 
Plasmodium falciparum, which causes a higher incidence of 
complications and deaths. They all have complex life cycles 
involving both the anopheles mosquito and the erythrocyte of 
the human host. In Plasmodium vivax, a persisting tissue 
phase continues to infect the blood at intervals for many years. 
Thus, the ideal antimalarial not only should eradicate the 
microzoan from the blood, (i.e., to suppress the clinical attack) 
but from the tissues as well, to effect a radical cure. The several 
antimalarials differ in their point of interruption of the cycle of 
the parasite and in the type of malaria affected. In addition, 
parasite resistance (especially Plasmodium falciparum) to 
these drugs is an important therapeutic problem. 

The 4-aminoquinolines (amodiaquine, chloroquine and hy- 
droxychloroquine) and quinacrine cause similar adverse ef- 
fects. GI side effects such as nausea, vomiting, diarrhea and 
sialorrhea are common; they can be diminished by administer- 
ing the drugs with meals and milk. 

Oropharyngeal and dermatological side effects may occur, 
especially during protracted therapy. They include pigmenta- 
tion of the skin, nailbeds and palate (especially quinacrine), 
bleaching of hair, pruritus and lichenoid and pleomorphic skin 
eruptions. They may precipitate severe attacks of psoriasis in 
patients with that disease. The drugs should not be coadmin- 
istered with phenylbutazone or gold salts, which have similar 
dermatotoxicities. There is cross-sensitization among all the 
4-aminoquinolines. The drugs may cause neurological distur- 
bances, such as fatigue, lassitude, neuromyopathy, polyneuri- 
tis, toxic psychosis and ototoxicity with vertigo and/or de- 


creased auditory sensitivity. The knee and ankle reflexes 
should be monitored periodically. Ocular disorders, such as 
corneal opacities, keratopathy and retinopathy (the drugs are 
concentrated in the retina) occur, especially during long-term 
treatment. Periodic ophthalmological examinations are ad- 
vised. The drugs are contraindicated if retinal or visual field 
disease is present. 

The 4-aminoquinolines are concentrated in the liver and 
may cause hepatotoxicity, and they may precipitate attacks of 
porphyria; they must be used cautiously in persons with liver 
disease or who are under medication with other potentially 
hepatotoxic drugs (gold salts, erythromycin estolate, indometh- 
acin, phenylbutazone, certain anabolic steroids, etc). 

Hematological disorders occasionally caused by the 4-amin- 
oquinolines include leukopenia, pancytopenia and agranulocy- 
tosis; periodic white-blood-cell counts are necessary. The drugs 
may depress the electrocardiographic T-wave. 

The drugs pass the placental barrier and can cause cochleo- 
vestibular paresis in the fetus; they should be withheld in 
pregnancy, although chloroquine has been given safely in low 
doses for chemoprophylaxis. 


CHLOROQUINE PHOSPHATE 


1,4-Pentanediamine, N*-(7-chloro-4-quinolinyl)-N',N'-diethyl-, 
phosphate (1:2); Aralen Phosphate 
7-Chloro-4-[[4-(diethylamino)-1-methylbutyl]amino]quinoline 
(1:2) [50-63-5] C,.H.,CIN, - 2H.,PO,, (515.87). 

Preparation—By addition of concentrated phosphoric acid to a hot 
ethanolic solution of chloroquine base. 

Description—White, crystalline powder; odorless; bitter taste; 
slowly discolors on exposure to light; pH (aqueous solution) approxi- 
mately 4.5; is dimorphic; one form melts about 193° to 195° (usual form) 
or 210° to 215° (other polymorphic form); pK,,, 7; pK,. 9.2. 

Solubility—Freely soluble in water; practically insoluble in alco- 
hol, chloroform or ether. 

Comments—An antimalarial that causes dysfunction of the acid 
phagosomes in plasmodia and also in human leukocytes and macro- 
phages. It is used both for control of acute attacks of vivax malaria 
and for suppression against all plasmodia except chloroquine- 
resistant Plasmodium falciparum. The drug is neither a prophylactic 
nor a radical curative agent in vivax malaria. In regions where 
Plasmodium falciparum is generally sensitive to chloroquine, it is 
markedly effective in terminating acute attacks of nonresistant fal- 
ciparum malaria and usually brings about complete cure in this type 
of malaria. However, in some regions a high incidence of resistance 
(up to 90%) exists, so that other drugs, such as quinine or quinidine, 
alone or in combination with pyrimethamine, sulfadiazine or tetra- 
cycline, may have preference. Resistant strains of Plasmodium vivax 
also occur. 

It is the drug of choice for the oral treatment of all malaria except 
that caused by resistant Plasmodium falciparum; the hydrochloride is 
second to quinine or quinidine for parenteral treatment. 

Although not useful in intestinal amebiasis, it is an effective agent 
in the treatment of extraintestinal amebiasis, especially amebic hepa- 
titis. It is not used alone but rather in combination with dihydroemetine 
or emetine. The combination is only the treatment of second choice, 
behind metronidazole-diiodohydroxyquin. Since chloroquine is well tol- 
erated, it has been recommended that it be employed routinely even in 
cases of amebiasis without demonstrable hepatic involvement. Like 
quinacrine, it also may be of value in chronic discoid lupus erythema- 
tosus and rheumatoid arthritis. It is quite effective in the treatment of 
photoallergic reactions. 

The adverse effects are those of the 4-aminoquinolines (see the 
general statement). The incidence is low, except for the GI side effects 
of the oral forms. 

The drug is absorbed almost completely from the GI tract and 
usually is administered orally. It (as the hydrochloride) is given intra- 
muscularly when necessary to resort to parenteral administration. Tis- 
sues bind the drug, although not quite to the same degree of quinacrine. 
It is degraded in tissues to unknown products. The drug is slowly 
excreted in the urine with an initial half-life of 1 wk, changing to 17 
days after 4 wk, then ultimately becoming months. 


phosphate 
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DAPSONE—page 1544. 
MEFLOQUINE HYDROCHLORIDE 


4-Quinolinemethanol, (R*, S*)-(+)-a-2-piperidinyl-2,8- 
bis(trifluoromethyl)-, hydrochloride; Lariam 
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[51773-92-3] C,,H,,F,.N.O - HCl (414.78). 

Preparation—J Med Chem 14:926, 1971. 

Description—White powder; bitter taste; melts about 260° with 
decomposition; the secondary alcohol group is chiral, but the racemate 
is used clinically; pK, 8.6. 

Solubility—1 g in 6 mL water or 250 mL alcohol. 

Comments—Can eliminate fever and parasitemia and cause a 
radical cure in infections caused by Plasmodium falciparum and can 
suppress infections caused by Plasmodium vivax; with Plasmodium 
vivax, infections usually recur at a later time. Its mechanism is un- 
known. Resistance develops rapidly (the WHO is investigating combi- 
nations to delay resistance)and it is absorbed well orally. In plasma, it 
is extensively bound to plasma proteins and is concentrated in the liver 
and lungs. It is eliminated mainly in the feces, mostly after biliary 
secretion. The half-life is about 13 to 24 days. 


PRIMAQUINE PHOSPHATE 
1,4-Pentanediamine, N*-(6-methoxy-8-quinolinyl)-, phosphate (1:2) 


CH(CH3)—CH2CH2 CHp—NHp 
| 
NH 


woe 


8-[(4-Amino-1-methylbutyl)amino]-6-methoxyquinoline phosphate (1:2) 
[63-45-6] C,,H,,N,O - 2H,PO, (455.34). 

Preparation—2-Chloropentylamine is condensed with 8-amino-6- 
methoxyquinoline and the resulting primaquine base is reacted with a 
double molar quantity of phosphoric acid. 

Description—Orange-red, crystalline powder; odorless; bitter taste; 
solutions are acid to litmus; melts about 200°. 

Solubility—1 g in approximately 15 mL water; insoluble in chloro- 
form or ether. 

Comments—An antimalarial that is very important for the rad- 
ical cure (i.e., prevention of relapse) of relapsing vivax or ovale 
malaria; it is not employed for suppressive therapy or for control of 
the acute clinical attacks of the disease. It often is administered in 
combination with chloroquine. The incidence of serious untoward 
effects is low. Administration of the drug with milk, food or antacids 
lessens GI adverse effects of abdominal cramps and epigastric dis- 
tress; however, aluminum-containing antacids interfere with absorp- 
tion. Mild hemolytic anemia, cyanosis (methemoglobinemia) and leu- 
kocytosis also may be observed. At higher dose levels these 
symptoms are accentuated, and leukopenia may be noted. Impair- 
ment of liver function has not been noted, even in patients with 
infectious hepatitis. Persons with tendencies toward granulocyto- 
penia (eg, lupus erythematosus or rheumatoid diseases) should not 
take it because the blood dyscrasia may be precipitated. Other he- 
molyzing drugs should not be administered concurrently. 

Untoward effects in non-Caucasians are similar, but the inci- 
dence and degree of anemia and intravascular hemolysis are greater 
especially in patients whose erythrocytes are deficient in glucose 
6-phosphate dehydrogenase. Bone-marrow depressant drugs (eg, 
antineoplastics, colchicine, gold salts, penicillamine, phenylbuta- 
zone, hydroxyphenylbutazone or quinacrine) given concurrently can 
cause excessive bone-marrow depression. 


PYRIMETHAMINE 
2,4-Pyrimidinediamine, 5-(4-chlorophenyl)-6-ethyl-, Daraprim 


* 2H5P0, 
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2,4-Diamino-5-(p-chlorophenyl)-6-ethylpyrimidine [58-14-0] C,,H,,CIN, 
(248.71). 

Preparation—Ethy] propionate is condensed with p-chlorophenyl- 
acetonitrile in the presence of sodium methylate. The resulting a-pro- 
pionyl-p-chlorophenylacetonitrile is reacted with isoamyl alcohol to 
form the hemiacetal which undergoes dehydration to a-(p-chlorophe- 
nyl)-B-ethyl-6-isoamyloxylacrylonitrile (I). I is reacted with guanidine 
whereupon cyclization occurs because of (a) the liberation of isoamyl 
alcohol by condensation involving the imino hydrogen of guanidine and 
the isoamyloxy group of I, and (b) an addition reaction involving an 
amino group of guanidine and the nitrile group of I. 

Description—White, crystalline powder; odorless; melting range 
238 to 242°; pK, 7.3. 

Solubility—Practically insoluble in water; 1 g in approximately 
200 mL alcohol or 125 mL chloroform. 

Comments—Inhibits dihydrofolate reductase in plasmodia; thus 
the developing parasite cannot synthesize and use nucleic acid precur- 
sors needed for growth. Its action in preventing the development of the 
erythrocytic phase of the parasite is slow, so that it is of little value in 
suppression of acute attacks, except as an adjunct to quinine; rather it 
is used mainly as a suppressive prophylactic for the prevention of 
clinical attacks by Plasmodium falciparum in regions where the organ- 
ism is resistant to chloroquine, in which use it is combined with sulfa- 
doxine. It also renders the parasites incapable of sporulating in the 
mosquito, so that the life cycle of the parasite is broken. In some 
regions, treatment with the drug is successful in up to 90% of cases; 
addition of quinine increases the success rate to about 95%. Combina- 
tion of the drug and trisulfapyrimidines is the treatment of choice for 
toxoplasmosis. 

The toxicity is low. Anorexia and vomiting are common with large 
doses. Skin rashes are rare. In high doses it may cause megaloblastic 
anemia and, less commonly, leukopenia, thrombocytopenia and pancy- 
topenia as the result of antagonism of folic acid. Atrophic pharyngitis 
and esophagitis occasionally results. CNS signs of folate deficiency may 
occur. Because of the intensive dose regimen for toxoplasmosis, semi- 
weekly blood-cell and platelet counts should be made. The hematopoi- 
etic toxicity can be reversed by leucovorin. The antifolate actions are 
damaging to the fetus, so that the drug should be avoided in pregnancy, 
if possible, or be coadministered with leucovorin. 


QUINACRINE HYDROCHLORIDE 


1.4-Pentanediamine, N*-(6-chloro-2-methoxy-9-acridinyl)-N",N'- 
diethyl-, dihydrochloride, dihydrate, Atabrine Hydrochloride 


NHCH(CH3)CH2CH CHpN(CzHs )2 


6- Chloro - 9 - [[4-(diethylamino)-1-methylbutyl]amino]-2-methoxyacridine 
dihydrochloride dihydrate, [6151-30-0] C,,H,,CIN,O - 2HCl - 2H,O 
(508.91). 

Preparation—2,4-Dichlorobenzoic acid is condensed in alkaline 
solution with p-anisidine, and the product, on treatment with phospho- 
rus oxychloride, is cyclized to methoxydichloroacridine. This is heated 
with 2-amino-5-(diethylamino)pentane in phenol solution and the reac- 
tion mixture is added to acetone containing hydrochloric acid. Quina- 
crine is precipitated as the dihydrochloride while the phenol is held in 
solution by the acetone. 

Description—Bright-yellow, crystalline powder; odorless; bitter; 
pH (1 in 100 solution) approximately 4.5; melts about 250° with decom- 
position. 

Solubility—1 g in approximately 35 mL water; soluble in alcohol; 
almost insoluble in chloroform. 

Comments—Now generally considered an alternative choice for 
giardiasis for patients who do not tolerate metronidazole. It is obsolete 
for treating of malaria. A small percentage of patients treated with it 
exhibit untoward effects. These are essentially the same as those 
caused by the 4-aminoquinolines (see the general statement), of which 
quinacrine can be considered to be an analog. The GI irritancy is higher 
than with the 4-aminoquinolines, and it is common to give sodium 
bicarbonate concomitantly. Children do not tolerate it well, and pa- 
tients with psoriasis should not receive quinacrine because it may 
exacerbate the condition. Toxic psychosis has been reported in 1.5% of 
adults who take it. It is absorbed readily from the GI tract and from IM 
and intracavitary sites of injection. It is excreted very slowly in the 
urine and accumulates in tissue on chronic administration. It usually is 
administered orally; each dose is given with water after a meal. If the 
oral route cannot be employed, IM injection is preferred over the IV 
injection. 


+ 2HCI + 2H20 


QUINIDINE GLUCONATE—see page 1290. 
QUININE SULFATE 
(8a,9R)-Cinchonan-9-ol, 6’-methoxy-, sulfate (2:1) (salt), dihydrate 


Quinine sulfate (2:1) (salt) dihydrate [6119-70-6] 

(Cy9Hs,N.05)5 *H,SO, - 2H,O (782.95); anhydrous [804-63-7] (746.92); 
the sulfate of an alkaloid obtained from the bark of Cinchona officinalis 
Linné (C ledgeriana Moens) (Fam Rubiaceae) or other species of Cin- 
chona. 

Contains not more than 10.0% of dihydroquinine. 

Preparation—The crude sulfate, obtained when quinine is isolated 
from the bark of Cinchona sp, is recrystallized once or twice from hot 
water slightly acidified with sulfuric acid. 

Description—White, fine, needle-like crystals; usually lusterless, 
making a light and readily compressible mass; odorless; persistent, bitter 
taste; when exposed to light, it acquires a brown tint; K, 4.1, 8.5. 

Solubility—1 g in approximately 500 mL water, 120 mL alcohol, 35 
mL water at 100 or approximately 10 mL alcohol at 80°; slightly soluble 
in chloroform or ether. 

Comments—tThe original antimalarial drug. It only affects the 
erythrocytic form of the plasmodia and hence is used only as a 
suppressive in the management of acute attacks of vivax, malariae or 
ovale malaria. It may cure up to 50% of infections caused by falci- 
parum plasmodia, but some strains are resistant. The drug may be 
combined with pyrimethamine and a sulfonamide, but it appears to 
be antagonized by chloroquine. The quinine-pyrimethamine-sulfadi- 
azine (or sulfadoxine) combination is presently the treatment of 
choice for infections caused by chloroquine-resistant Plasmodium 
falciparum; an alternative is quinine with tetracycline. In severe 
infections, IV dihydrochloride or quinidine gluconate is the drug of 
choice. The combination, clindamycin-quinine, is the treatment of 
choice for babesiosis. 

It has an effect to suppress neuromuscular transmission. In the 
symptomatic treatment of a rare myopathy known as myotonia con- 
genita, or Thomsen’s disease, it exerts a neuromuscular depressant 
action. It occasionally benefits patients with spasmodic torticollis 
(torsion spasm) and also persons with nocturnal leg cramps. It is a 
frequent constituent of bitter tonics and stomachic preparations. 

A syndrome of toxic effects known as cinchonism, follows the 
repeated use of full therapeutic doses. Mild cinchonism is character- 
ized by tinnitus, headache, nausea and slight disturbance of vision. 
In severe cinchonism the skin is hot and flushed, rashes are frequent 
and the CNS is involved; headache, fever, vomiting, apprehension, 
excitement, confusion, delirium and syncope are common. The eme- 
sis is due to a central action of the drug as well as to its local irritant 
action on the intestinal mucosa. In a few cases, renal damage, 
photosensitivity and hypoprothrombinemia may occur. Agranulocy- 
tosis has been observed rarely. Transient ventricular tachycardia is 
noted in rare instances after massive acute overdosage. Although it 
generally exerts vasodilator actions, retinal vasoconstriction, lead- 
ing to loss of vision, has been described; these effects mostly have 
followed rapid IV injections or large overdoses. It is absorbed readily 
from the GI tract. It is only moderately concentrated in tissues and 
undergoes degradation particularly in the liver. The drug and its 
degradation products are excreted rapidly in the urine and for this 
reason the drug must be given every 6 hr in order to maintain 
relatively constant plasma levels. The half-life is 5 to 16 hr. 

An alkaline urine prolongs the half-life. See the USP DI for the 
various pharmacokinetic drug interactions. The drug is given after 
meals to minimize gastric irritation. IM and SC injections are painful 
and frequently are followed by local tissue injury. The IV route is used 
rarely and only in emergencies. 


SULFADIAZINE—page 1513. 
SULFADOXINE—page 1513. 


AMEBICIDES 

SS ET 
Endemic amebiasis is relatively rare in the US but it still has a 
prevalence of 2 to 4% in some areas. Most infections are essentially 
asymptomatic, but the number of severe infections is still large. 
Amebic infections generally remain confined to the intestines, where 
they may give rise to dysentery, but in an appreciable fraction of 
cases the amebae may locate elsewhere, especially in the liver. The 
chemotherapy of amebiasis thus must provide drugs to treat both the 
intestinal and extraintestinal forms of the disease. In addition, the 


ideal amebicide also is capable of eliminating amebic cysts from the 
intestine. No safe drug exists that will eradicate all of motile forms, 
cysts and extraintestinal amebas, but judicious combined therapy 
can eliminate the parasite from all sites. Metronidazole acts on 
amebae within the lumen and wall of the intestine as well as other 
organs. Diloxanide, iodoquinol and paromomycin are oral luminal 
amebicides. Emetine and chloroquine are tissue amebicides. 

The most commonly reported intestinal protozoal infec- 
tion in the US is giardiasis, caused by the flagellated proto- 
zoan, Giardia lamblia. Most individuals are asymptomatic. 
However, these organisms cause a diarrhea that can be 
transient or persistent. Infection results from ingestion of 
cysts from fecal contamination of water, especially from 
lakes and streams in back country areas where various 
mammalian species can serve as reservoirs. Cysts change 
into motile trophozoites in the upper intestine where disease 
may be produced. Chemotherapy with metronidazole or 
quinacrine usually is successful. 


EMETINE HYDROCHLORIDE 
Emetan, 6’,7',10,11-tetramethoxy-, dihydrochloride 


CH;0 


CH30 


DoancHs chy * 2HC! 
H Che 
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[316-42-7] C,,H, .N.O0, : 2HCl (553.57); the hydrochloride of an alkaloid 
obtained from ipecac, or prepared by methylation of cephaeline, or 
prepared synthetically. 

Description—White or slightly yellowish, crystalline powder; odor- 
less; affected by light; pK, 7.4, 8.3. 

Solubility—1 g in 8 mL water or 12 mL alcohol. 

Comments—Eradicates Entameba histolytica from both intestinal 
and extraintestinal sites. It is an alternative drug for severe intestinal 
amebiasis or amebic hepatitis; it ranks only as an alternative when 
other drugs fail. It is concentrated in the liver, hence its value in amebic 
hepatitis; it is also of considerable value in the treatment of amebic 
abscesses in other locations. Occasionally, the drug may be life-saving. 
It rapidly relieves symptoms of intestinal amebiasis by destroying mo- 
tile amebas, but the percentage of cures is below 15%, since cysts are 
affected little; other agents are not only safer but superior. It may be 
used initially to control quickly severe intestinal amebiasis; the drug 
then is followed by treatment with other agents. It has no place in the 
therapy of mild ambulatory or chronic cases. 

The incidence of toxic effects is very high, both by local and systemic 
administration. Thus, the IV route is contraindicated. Large doses produce 
acute lesions in the heart, liver, kidney and intestines, and the dose is now 
restricted. Nevertheless, deaths still sometimes occur, often because of 
repeated courses of treatment at close intervals; the drug has a probable 
half-life on the order of weeks to months. Diarrhea, nausea and vomiting 
are frequent, as are also skeletal muscle weakness, stiffness and aching. 
Sensory disturbances also occur. By far the most important toxic effects 
are cardiovascular; they include hypotension, precordial pain, dyspnea, 
tachycardia and long-persisting electrocardiographic changes; electrocar- 
diographic and blood-pressure recordings at daily intervals are necessary. 
It is contraindicated in patients with organic disease of the heart or kidney, 
unless there is no therapeutic alternative, in pregnancy, and when there 
has been a previous course of therapy within 6 wk. 

A course of the drug should not continue for more than 5 days. The patient 
should be kept in bed, and carefully watched for toxic effects. Do not give the 
drug IV. Dehydroemetine is available in US but only from the CDC. 


IODOQUINOL 


8-Quinolinol, 5,7-diiodo-, Diiodohydroxyquinoline; 
Diodohydroxyquin; Yodoxin 


OH 


[83-73-8] C,H,I,NO (396.95). 
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Preparation—8-Quinolinol is iodinated by treatment with iodine 
monochloride or with a solution of iodine in potassium iodide. 

Description—Light yellowish to tan, microcrystalline powder; wet- 
ted by water with difficulty; odorless or nearly so; stable in air; melts 
about 210° with decomposition. 

Solubility—Practically insoluble in water; sparingly soluble in al- 
cohol or ether. 

Comments—The drug of choice for the treatment of asymptomatic 
intestinal amebiasis (cyst carrier state) caused by Entameba histolytica. 
In symptomatic intestinal disease, it follows initial treatment with 
metronidazole or dehydroemetine. In hepatic abscess, it follows metro- 
nidazole or emetine. Bed rest is not required. It is the drug of choice in 
the treatment of infections caused by Dientameba fragilis. It is a sec- 
ond-choice drug in the treatment of balantidial dysentery. 

It has caused subacute myelo-optic neuropathy when doses larger 
than recommended for amebiasis were given for 3 wk, so long term 
therapy should be avoided. Iodine toxicoderma, chills, fever, mild to 
severe dermatitis, irritation, abdominal discomfort, diarrhea and head- 
ache occur. The drug may cause goiter. It also can interfere with certain 
thyroid tests, and protein-bound iodine may remain elevated for as long 
as 6 mo after termination of a course of treatment. Systemic toxicity can 
result from topical, especially intravaginal, application. Because of GI 
irritation, it should be taken after meals. 


METRONIDAZOLE—page 1551. 
PAROMOMYCIN SULFATE 


p-Streptamine, O-2-amino-2-deoxy-a-p-glucopyranosyl-(1 — 4)-O-[O- 
2,6-diamino-2,6-dideoxy-f-t-idopyranosyl-1(1 — 3)-B-p-ribofuranosyl- 
(1 — 5)]-2-deoxy, sulfate (salt); Humatin 


CH,OH 


(0) 
CH2NH, 
OH 
HO OH 
fe) 
NH, 


[1263-89-4];[7542-37-2;59-04-1 (paramomycin)] C,,H,,;N;O,,4 ‘xH.SO,; 
the sulfate of an antibiotic substance or substances produced by the 
growth of Streptomyces rimosus var paromomycinus, or a mixture of 
two or more such salts. Potency: equivalent to not less than 675 ug of 
paromomycin (C,3H,,N,O,,)/mg, calculated on the anhydrous basis. 

Preparation—Paromomycin is isolated from fermentation broths 
by ion-exchange adsorption. 

Description—Off-white to light-yellow, amorphous powder; odor- 
less or practically so; hygroscopic. 

Solubility—1 g in <1 mL water; >10,000 mL alcohol, chloroform or 
ether. 

Comments—FEffective against most clinically significant gram-neg- 
ative bacteria, especially various species of Shigella and Salmonella 
and strains of E coli. It is not effective against Ps aeruginosa. Among 
the gram-positive organisms, only staphylococci are sufficiently sensi- 
tive to be of clinical significance. It has been used to treat gastroenter- 
itis or bacterial dysentery caused by these organisms, but resistance 
develops rapidly, the relapse rate is high and other antibiotics are more 
successful. It also has been used to reduce the bacterial content of the 
intestine prior to surgery on the bowel or to rid the bowel of nitrogen- 
forming bacteria in patients with hepatic coma. 

Its principal and approved use (US) is in the treatment of asymptom- 
atic intestinal amebiasis, for which it is an alternative drug. It alters the 
ecology of the intestinal flora in such a way that growth of intestinal 
amebas is discouraged and it also helps to prevent secondary infections 
that may follow or facilitate amebic invasion of the intestinal walls. It is of 
no value in treating hepatic or other extraintestinal abscesses. It also is 
used to treat infections caused by Dientamoeba fragilis. It is an obsolete 
drug for the treatment of tapeworm infestations. 

It often causes GI hypermotility, nausea, diarrhea and abdominal 
cramps, which generally appear on the 2nd or 3rd day of treatment and 
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when the daily dose exceeds 2 g. Occasionally, the drug may cause 
headache, vertigo, vomiting, abdominal pain or skin rash. 

Overgrowth of enteric staphylococci and other pathogenic bacteria 
rarely occurs, but may if treatment is prolonged. Malabsorption syn- 
dromes have not been reported. There is mutual cross-resistance to 
kanamycin and neomycin, and often to streptomycin. Although it is 
absorbed poorly from the gut, there is potential nephrotoxicity, espe- 
cially in the presence of renal disease. 


MISCELLANEOUS ANTIPROTOZOAL DRUGS 


Among the protozoal infections that are endemic to the US are 
trichomoniasis, amebiasis, giardiasis and malaria. Other pro- 
tozoal infections, uncommon in the US, nevertheless constitute 
serious public health and agricultural problems within the 
possessions and elsewhere. The amebicides and antimalarials 
are useful in the treatment of a number of other protozoal 
infections. The antimalarials and amebicides have been treated 
in separate sections. 

Two important protozoal infections that occur in immuno- 
comprimised patients (especially AIDS) are pneumocystis and 
toxoplasmosis. The intracellular protozoa Toxoplasma gondii is 
responsible for congenital infections (usually ocular) or enceph- 
alitis that are treated with trimethoprim-sulfamethoxazole or 
pyrimethamine-sulfadoxine. Alternative regimens include spi- 
ramycin, clindamycin, trimetrexate and atovaquone. The inci- 
dence of pneumonias due to Pneumocystis carinii (PCP) are 
increasing in AIDS patients and drug-induced immunosup- 
pressed patients because more physicians are aware of this 
life-threatening risk to such patient populations. Therapy for 
PCP includes trimethoprim-sulfamethoxazole in most cases. 
However, some patients intolerant to this regimen are treated 
with pentamidine isethionate or atovaquone. 


ANTIMONY POTASSIUM TARTRATE—page 1563. 
ATOVAQUONE 


1,4-Naphthalenedione, trans-2-[4-(4-chlorophenyl)cyclohexyl]-3- 
hydroxy-, Mepron 


Cc) 


(95233-18-4]C,..H, ClO, (366.85). 

Preparation—A mixture of acetyl chloride, anhydrous AICl.,, cy- 
clohexene and chlorobenzene is heated in CS, to form 4-(p-chlorophe- 
nyl)cyclohexyl methyl ketone. The haloform reaction with hypobromite 
yields 4-(p-chlorophenyl)cyclohexanecarboxylic acid. This latter com- 
pound with 2-chloro-1,4-naphthoquinone boiled in an aqueous solution 
containing silver nitrate, CH,CN and ammonium persulfate yields the 
title compound with the ring hydroxyl replaced by Cl. The halogen is 
replaced with OH by boiling with aqueous alkali to yield the product. 
US 5,053,532 and 4,981,874 (both 1991). 

Description—Yellow crystals melting about 218°. 

Solubility—Practically insoluble in water. 

Comments—An analog of ubiquinone with antiprotozoal activity 
against Pneumocystis carinii, Plasmodium spp and Toxplasma gondii. 
Its mechanism of action is not fully elucidated but antiprotozoal activ- 
ity may be explained by an ability to inhibit selectively mitchondrial 
electron transport that results in inhibition of de novo pyrimidine 
synthesis. 

It is highly lipophilic with low aqueous solubility. Bioavailability is 
increased significantly with food, but especially by fat. It has a half-life 
of 2.9 days and is believed to be excreted in the bile and to undergo 
enterohepatic cycling with almost all of the drug eliminated in the feces. 
It is highly protein-bound (>99.9%). 

It is indicated for acute oral treatment of mild to moderate Pneuw- 
mocystis carinii pneumonia (PCP) in patients who are intolerant to 
trimethoprim-sulfamethoxazole. It has not been evaluated adequately 


as a chronic suppressive agent to prevent PCP in patients at high risk 
for it. 

Adverse effects in one study of 203 patients have included rash 
(23%), nausea (21%), diarrhea (19%), headache (16%), vomiting (14%), 
fever (14%), insomnia (10%), asthenia (8%), pruritus (5%), oral monilial 
(5%), abdominal pain (4%), constipation (3%) and dizziness (3%). 
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METRONIDAZOLE 


1H-Imidazole-1-ethanol, 2-methyl-5-nitro-, Flagyl 


CHeCH,0H 


OnN Nw _CHg 
Lt 


2-Methyl-5-nitroimidazole-1-ethanol [443-48-1] C,H,N,O, (171.16). 

Preparation—2-Methyl-5-nitroimidazole is condensed with ethyl- 
ene chlorohydrin by heating with a large excess of the chlorohydrin. 
After removing the surplus chlorohydrin, the residue is extracted with 
water and the extract is alkalinized and extracted with chloroform. 
Evaporation of the chloroform yields crude metronidazole which is 
recrystallized from ethyl acetate. US Pat 2,944,061. 

Description—White to pale-yellow, crystals or crystalline powder; 
odorless; stable in air, but darkens on exposure to light; melts between 
159° and 163°; pK, 2.62. 

Solubility—Sparingly soluble in water, alcohol or chloroform; 
slightly soluble in ether. 

Comments—Bactericidal to anaerobic and microaerophilic micro- 
organisms, including Bacteroides, Clostridium sp, Endolimax nana, 
Entameba histolytica, Fusobacterium vincentii, Gardnerella vaginalis, 
Giardia lamblia, Peptococcus, Peptostreptococcus and Trichomonas 
vaginalis. These organisms reduce the nitro group and generate me- 
tabolites that inhibit DNA synthesis. It long has been the drug of choice 
for the treatment of trichomoniasis and more recently in combination 
with iodoquinol for the treatment of symptomatic amebiasis (except in 
brain). Because it is absorbed well orally, concentrations in the lower 
bowel sometimes are not high enough to eradicate amebas, so that it is 
combined with iodoquinol to make a first-choice combination. It is also 
the drug of choice for the treatment of Dracunculus (guinea worm) 
infestations. It is the alternative drug to treat giardiasis (although some 
authorities consider it the drug of first choice), balantidiasis, blastocys- 
titis and infections by Entameba polecki. It is used widely for the 
treatment and prophylaxis of infections caused by anerobic bacteria; it 
is a drug of choice against GI strains of Bacteroides fragilis and vaginal 
infections by Gardnerella vaginalis. It has been used successfully in the 
treatment of antibiotic-associated pseudomembranous colitis, for which 
it may be given orally or intravenously. It also has been reported to be 
of value in Crohn’s disease. The drug sensitizes hypoxic tumor cells to 
radiation and has been employed as an adjunct to radiation therapy. 

The most common untoward effects are nausea, diarrhea, anorexia, 
epigastric distress and abdominal cramps. Unpleasant taste, vomiting, 
furry tongue and stomatitis are fairly frequent. Urticaria, pruritus, 
flushing, dysuria, cystitis, dry mouth, dry vulva and vagina, feeling of 
pelvic pressure, vaginal burning, rash, vertigo, headache, numbness, 
paresthesias and insomnia occur occasionally. Incoordination and 
ataxia are rare. Sudden overgrowth of monilia sometimes occurs. The 
urine sometimes turns a dark color. During treatment the patient 
should refrain from drinking alcoholic beverages, since the drug has a 
mild effect similar to Disulfiram. Neutropenia occurs, so that a blood 
count should be made, especially before a second course of the drug. In 
patients with blood dyscrasias great care must be exercised. It should 
not be used in patients with diseases of the CNS. The drug has been 
found to be carcinogenic in mice and rats, and mutagenic. Substances 
mutagenic in the Ames test have been found in the urine of recipients. 
It has been used in pregnancy without consequence, but it is advisable 
to withhold it during pregnancy, if possible. 

It is usually about 80% absorbed by the oral route, but in some 
patients absorption is low. Bowel surgery decreases presystemic elim- 
ination. Feces contain 6 to 20% of an oral dose. Although metabolism is 
performed by target anaerobes and microaerophiles, the principal route 
of elimination is hepatic oxidation and glucuronidation. About 20% of 
unchanged drug and all of the hepatic metabolites are excreted into the 
urine. The half-life is about 6 to 12 hr. The drug inhibits the oxidation 
of warfarin. 


PENTAMIDINE ISETHIONATE 


4,4'-(Pentamethylenedioxy)dibenzamidine, 
bis(2-hydroxyethanesulfonate; Pentam 300, NebuPent 


NH NH 

i i 

C {O)-cotsenascrs {Op - 2HOCH2 CHeSO3H 
| 

NH> NH, 


[140-64-7] C,,H.,N,0. : 2C,H,O,S (592.68). 

Preparation—J Chem Soc: 103, 1942. 

Description—Crystals; hygroscopic; melts about 180°. 

Solubility—Soluble in water; slightly soluble in alcohol; insoluble 
in ether or chloroform; pK, 11.4 (base). 

Comments—tThe alternate drug to suramin for treatment of the 
hemolymphatic stage of African sleeping sickness (trypanosomiasis) 
caused by T brucci gambiense and T brucei rhodesiense. It is the alter- 
nate drug for the treatment and the drug of choice for prophylaxis of 
infections caused by Pneumocystis carinii; some reports indicate an 
efficacy equal to that of trimethoprim-sulfamethoxazole and compara- 
ble toxicity in patients with AIDS. It is also an alternative drug for the 
treatment of kala azar and visceral leishmaniasis. It concentrates in 
some organs and is eliminated mainly by the kidney. It has a half-life of 
6.4 hr and 9.4 hr after 1 IM or IV administration, respectively. Frequent 
adverse effects include pain and swelling at the site of injection, hypo- 
tension, vomiting, blood dyscrasias and renal damage. Occasional ef- 
fects are diabetes, hypoglycemia, shock and liver damage. Herxheimer 
reactions are rare. Too-rapid injection causes hypotension. 


SULFADOXINE—page 1513. 
TRIMETREXATE—see RPS-19, page 1262. 


ANTIFUNGAL DRUGS 


Human fungal infections have increased in recent years be- 
cause more patients are now at risk for these pathogens. The 
increased exposure is explained by more frequent surgeries, 
the use of broad spectrum antimicrobials, immunosuppressive 
drug therapy for cancer and organ transplantation patients 
and the HIV epidemic. The antifungal drugs are grouped into 
the following categories: drugs for systemic mycoses, oral drugs 
for mucocutaneous infections and topical drugs for mucocuta- 
neous infections. See Table 87-10 on page 1529. 

The major drugs for systemic mycoses include amphotericin 
B (a polyene macrolide), flucytosine (a pyrimidine analog), and 
the relatively nontoxic, orally-active azoles (ketoconazole, itra- 
conazole, and fluconazole). These azoles are synthetic com- 
pounds that possess either an imidazole or triazole group. The 
major attributes of the lipophilic amphotericin B are its broad 
fungicidal activity and potential for serious nephrotoxicity. 
Flucytosine has a very restricted spectrum and causes bone 
marrow suppression and transient hepatoxicity. In contrast, 
the azoles have a broad antifungal spectrum and cause only 
relatively minor GI upset. Ketoconazole inhibits adrenal and 
gonadal steroid hormone synthesis and some hepatic metabo- 
lizing enzymes. However, itraconazole and fluconazole have 
much less potential for the inhibition of hepatic metabolism of 
other drugs. 

Amphotericin B is relatively selective for fungal membranes 
because it binds to ergosterol, the predominant sterol in these 
microbes, whereas the main sterol in bacteria and human cells 
is cholesterol. Upon binding to ergosterol, amphotericin B al- 
ters the permeability of fungal cells resulting in pores allowing 
leakage of intracellular ions and macromolecules. Resistance 
occurs if ergosterol binding is impaired. 

Flucytosine is converted to 5-fluorouracil and then a mono- 
phosphate and triphosphate inside the fungal cell where it 
inhibits DNA and RNA synthesis. Human cells are unable to 
convert the parent drug to its active metabolites. 

The antifungal activity of azole drugs is based on their 
inhibition of fungal cytochrome P450 enzymes that participate 
in ergosterol sytnesis. Ketoconazole (an imidazole) is less se- 
lective and inhibits adrenal and gonadal cytochrome P450 
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enzymes (causing gynecomastia, infertility and menstrual ir- 
regularities) as well as hepatic enzymes involved in drug me- 
tabolism. Itraconazole and fluconazole (both triazoles) have 
less interaction with hepatic microsomal enzymes. 

The other major differences in these systemic antifungal 
drugs involve their pharmacokinetics. Amphotericin B is given 
by IV infusion and must be formulated as a colloidal suspen- 
sion because of its low water solubility. Reactions due to IV 
infusion include fever, chills, headache and hypotension. New 
liposomal formulations are now available to reduce the renal 
toxicity by decreasing its accumulation in renal cell mem- 
branes and increase delivery at other sites such as liver, spleen, 
lymph nodes and lung. 

The distribution of flucytosine is very extensive including 
the CSF in contrast to amphotericin B that must be given 
intrathecally to treat fungal meningitis. Flucytosine is elimi- 
nated by renal excretion, while amphotericin is mainly metab- 
olized. The azoles vary in their water solubility and route of 
administration. Fluconazole is the most water soluble and best 
orally absorbed. It also has good CSF levels and is eliminated 
by renal excretion. Both ketoconazole and itraconazole have 
low water solubility, variable oral absorption, low CSF levels 
and undergo metabolism. 


AMPHOTERICIN B 


Fungizone 


(1R -(1R*,3S* ,5R*,6R* 9R*,11R*,15S*,16R*,17R*,18S*, 19H 21K, - 23K, 
25E,27E,29F,31E,33R*,35S ,36S*,37S*)]-33-[(3-Amino-3,6-dideoxy-B-D- 
mannopyranosy])oxy]-1,3,5,6,9,11,17,37-octahy-droxy-15,16,18-tri- 
methyl-13-oxo-14,39-dioxabicyclo[33.3.1]nona-triaconta-19,21,23,25,27, 
29,31-heptaene-36-carboxylic acid [1397-89-3] C,,H73° NO,, (924.09); a 
substance produced by the growth of Streptomyces nodosus. Potency: 
not less than 750 wg of amphotericin B/mg. 

Preparation—By the growth of selected strains of Streptomyces 
nodosus in an appropriate medium under controlled conditions of tem- 
perature, pH, and aeration. After extracting from the medium, the 
crude product is purified by treatment with various solvents at con- 
trolled acidity. 

Description—Yellow to orange powder; odorless or practically so; 
pK, (acid) 5.7, (amine) 10.0. 

Solubility—Insoluble in water, anhydrous alcohol or ether; aque- 
ous solubility can be increased to approximately 50 mg/mL by com- 
plexation with sodium desoxycholate. 

Comments—The widest spectrum of antifungal activity of any 
systemic antifungal drug. By the IV route it is an extremely useful drug 
for therapy of systemic fungus diseases, especially coccidioidomycosis, 
cryptococcosis, systemic moniliasis, histoplasmosis, aspergillosis, rho- 
dotorulosis, sporotrichosis, phycomycosis (mucormycosis) and North 
American blastomycosis. It also is used topically in the treatment of 
superficial monilial infections and by nasal spray in the prophylaxis of 
aspergillosis in immunocompromised patients. 

It is absorbed very poorly from the GI tract. It is highly bound 
predominantly to 6-lipoproteins and is excreted slowly by the kidneys 
but neither renal failure nor hemodialysis has a consistent effect on 
plasma levels. The initial half-life is 24 hr, which is followed by a 
terminal half-life of about 15 days. 

It may induce chills and fever, nausea and vomiting, diarrhea, 
abdominal cramps, hemorrhagic gastroenteritis, dyspepsia, headache, 
vertigo, pain in the vein injected, thrombophlebitis, muscle and joint 
pains, anemia, purpura, hypertension, hypotension, cardiac arrest, ven- 
tricular fibrillation, skin rashes, hypokalemia, hypomagnesemia, renal 
damage, blood dyscrasias, loss of hearing and other untoward effects. 
When given intrathecally it may cause grand mal convulsions, radicu- 
litis, arachnoiditis, paralysis of the extremities, urinary retention and 
other difficulties. 
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ANTHRALIN—page 1208. 
BUTYLPARABEN—page 1170. 
CLOTRIMAZOLE 


1H-Imidazole, 1-[(2-chlorophenyl)diphenylmethyl]-, Gyne-Lotrimin, 
Lotrimin, Mycelex, Mycelex-G 


1-(0-Chloro-a,a-diphenylbenzyl)imidazole [23593-75-1] 
(344.84). 

Preparation—From the reaction between imidazole and 2-chloro- 
triphenylmethy] chloride using trimethylamine as a proton receptor. 

Description—White, to pale-yellow, crystalline powder; melts 
about 147° with decomposition weakly basic; hydrolyses on heating 
with aqueous acid. 

Solubility—Slightly soluble in water; soluble in alcohol or chloro- 
form; slightly soluble in ether. 

Comments—A broad-spectrum antifungal agent that inhibits growth 
of pathogenic dermatophytes. It exhibits fungicidal activity in vitro against 
isolates of Trichophyton rubrum and mentagrophytes, Epidermophyton 
floccosum, Microsporum canis and Candida albicans. It shares with econ- 
azole and miconazole first-choice status for topical treatment of tinea 
pedis, tinea cruris and tinea corporis due to any of the aforementioned 
organisms, candidiasis due to Candida albicans. It is effective for the 
topical treatment of vulvovaginal and oropharyngeal candidiasis. 

Adverse effects from topical use include erythema; stinging, blister- 
ing and peeling of the skin; pruritus and urticaria. 


FLUCONAZOLE 


1H-1,2,4-Triazole-1-ethanol, a-(2,4-difluorophenyl)-a-(1H-1,2,4- 
triazol-l-ylmethyl), Diflucan 


Cy9H,;CIN, 


N=\ i Ms 
Se pastes Se a 
N F 
F 
[86386-73-4] C,,H,.F,N,O (306.27). 

Preparation—US Pat 4,404,216. 

Description—White crystals; melts about 139°. 

Comments—A highly selective inhibitor of fungal cytochrome 
P-450 and sterol C-14 a-demethylation that results in inhibition of 
ergosterol synthesis. It is a broad-spectrum bistriazole antifungal agent 
that is primarily fungistatic with activity against Cryptococcus neofor- 
mans and Candida spp. In common with other azole antifungal drugs, 
most fungi are more susceptible in vivo. It is approved for systemic 
candidiasis, oropharyngeal and esophageal candidiasis and cryptococ- 
cal meningitis. 

The bioavailability of oral fluconazole is over 90% compared with IV 
administration. The volume of distribution is 0.8 g/L and reaches con- 
centrations in the CSF that are 80% of that in serum of patients with 
meningitis. Plasma protein binding is 11% and fluconazole is cleared 
primarily by renal excretion with 80% of the dose unchanged and 11% 
as metabolites in the urine. The plasma half-life is about 30 hr. 
Fluconazole may alter cytochrome P-450 pathways of metabolismof 
several drugs including phenytoin, cyclosporine, warfarin and 
sulfonylureas. 

The most common adverse effects of fluconazole are nausea, vomit- 


ing, bloating and abdominal discomfort. Elevated hepatic aminotrans- 
ferase activity and allergic rashes may occur. 


FLUCYTOSINE 


Cytosine, 5-fluoro-, 5-FC; Ancobon 


[2022-85-7] C,H,FN,O (129.09). 


Preparation—5-Fluorouracil (page 1492) is reacted with POCI, to 
form 2,4-dichloro-5-fluoropyrimidine which is reacted with NH, to pro- 
duce 2-chloro-4-amino-5-fluoropyrimidine. Heating the latter in concen- 
trated HCl yields flucytosine. US Pat 3,368,938. 

Description—White to off-white, crystalline powder; odorless or 
has a slight odor; melts about 295° with decomposition; stable in light; 
nonhygroscopic; stable for at least 3 months at 45°; pK, 2.9, 10.7. 

Solubility—1 g in approximately 83 mL water or approximately 12 
mL 0.1 N HCl; slightly soluble in alcohol; practically insoluble in chlo- 
roform or ether. 

Comments—Converted in the fungus to 5-fluorouracil, which is 
incorporated into RNA, which interferes with normal protein syn- 
thesis. Certain fungal organisms are more sensitive to interference 
from the drug than are human cells, so that the drug is useful in the 
treatment of some fungal infections. Most clinical isolates of Cryp- 
tococcus and 40 to 92% of Candida are sensitive to the drug. It is the 
drug of choice to treat chromomycosis and of second choice to treat 
systemic candidiasis. It may be combined with amphotericin B for 
first-choice treatment of aspergillosis or cryptococcosis, especially 
with meningitis. 

Nausea, vomiting, diarrhea and rash rather commonly are caused 
by the drug. Bone-marrow depression, manifested by anemia, leukope- 
nia and thrombocytopenia, occur in about 10% of patients; there have 
been a few fatalities. 

Sedation, confusion, hallucinations, headache and vertigo occur in- 
frequently. Mild azotemia and an increase in liver enzymes in the 
plasma are rather common effects. Monitor hepatic function and hema- 
topoietic system during therapy. 

About 90% is absorbed orally. It is distributed well among all the 
tissues, including the CNS. About 80 to 90% is excreted unchanged in 
the urine with a half-life 0.5 to 1 hr, except 4 to 6 hr in renal failure. The 
dose needs to be adjusted if renal function is abnormal. 


FORMALDEHYDE SOLUTION—page 1509. 
GENTIAN VIOLET—see RPS-18, page 1171. 
HALOPROGIN 


Benzene, 1,2,4-trichloro-5-[(3-iodo-2-propynyl)oxy]-, ing of Halotex 


5OMm 
cl (2) 


(777-11-7] C,H,C1,1O (361.39). 

Preparation—CA 58: 14635g, 1963. 

Description—White or pale-yellow, crystalline powder; melts 
about 114°; decomposes at 190°. 

Solubility—Very slightly soluble in water; soluble in alcohol. 

Comments—A topical antifungal with good efficacy versus der- 
matophytes, used for cutaneous mycoses. 


ICHTHAMMOL—page 1209. 
IODINE—page 1509. 
KETOCONAZOLE 


Piperazine, cis-1-acetyl-4-[4-[[2-(2,4-dichlorophenyl)-2-(1H-imidazol- 
1-ylmethyl)-1,3-dioxolan-4-yl]methoxy]phenyl]-, Nizarol 
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{65277-42-1] C.,Ho.Cl,N,O, (531.44). 

Preparation—J Med Chem 22: 1003, 1979. 

Description—White crystals melting about 146°. 

Comments—Blocks the fungal synthesis of ergosterol, which is 
essential to the integrity of the cell membranes of nearly all the patho- 
genic fungi. Consequently, it has a broad spectrum of antifungal activ- 
ity. It or amphotericin B is the drug of choice for the treatment of 
blastomycosis, coccidiodosis, histoplasmosis and paracoccidiodosis. It is 
an alternative drug for candidiasis and chromoblastomycosis. Success- 
ful treatment sometimes requires months. 

Nausea and vomiting are the most frequent (3 to 10%) side effects; 
these can be avoided by taking the drug with food. Pruritus is the next 
most frequent (1.5%) and abdominal cramps, third (1.2%). Other effects 
are pruritus, sleepiness, headache, diarrhea, photophobia, fever, throm- 
bocytopenia, gynecomastia, impotence and oligospermia (from low tes- 


tosterone levels). A disulfiram-like reaction to alcohol occurs. Most 
adverse effects are transient and all are reversible, except that three 
cases of liver necrosis have been fatal. Monitoring of liver function is 
mandatory. In rats, it is teratogenic; thus, it should not be used during 
pregnancy. It inhibits certain cytochrome P-450 enzymes; plasma levels 
of cyclosporine, estradiol, hydrocortisone, methylprednisolone, rifampin 
and theophylline can be increased. Cimetidine inhibits and rifampin 
induces the metabolism of the drug. Ketoconazole inhibits steroid 
C17-20 lyase and thus decreases the biosynthesis of adrenalcorticoids, 
androgens and estrogens. This is the basis of its uses to treat Cushing’s 
syndrome, precocious puberty and prostatic carcinoma. 

It is absorbed well by the oral route. In plasma, 95 to 99% is 
protein-bound. The principal route of elimination is hepatic metabolism 
and biliary secretion of the metabolites, less than 4% being renal 
excretion. There are a number of metabolites. Enterohepatic circulation 
complicates the pharmacokinetics. During the first 10 hr (alpha-phase), 
the half-life is 1.4 to 3.3 hr; thereafter (beta-phase), it is 6 to 10 hr. 


SYSTEMIC DRUGS 
FOR MUCOCUTANEOUS INFECTIONS 


Systemic treatment of dermatophyte infections of skin, hair 
and nails has been restricted for many years to the fungistatic 
drug, griseofulvin. Its action involves deposition in newly 
formed skin and nail beds where it binds to keratin protecting 
these sites from new infection. It is given orally for prolonged 
periods with numerous side effects (headaches, nausea, hepa- 
toxicity, skin rashes and photosensitivity). 

More recently, terbinafine (an allylamine) and itraconazole 
(an azole) have become available as oral fungicidal drugs for 
dermatophytes. Terbinafine is especially useful for antifungal 
therapy of nail beds (onychomycosis) because it is more effec- 
tive over a shorter time period. It inhibits the fungal enzyme 
squalene epoxidase leading to the accumulation of the toxic 
sterol, squalene. Adverse effects are much less but involve 
some cases of GI upset and headache. Itraconazole is the azole 
of choice for treatment of dermatophytoses and onychomycosis. 


GRISEOFULVIN 


Spiro[benzofuran-2(3H),1’-[2]cyclohexene]-3,4-dione, 7-chloro-2,4,6- 
trimethoxy-6-methyl-, (1'S-trans)-, 


[126-07-8] C,,H,,ClO, (352.77); a substance produced by the growth of 
Penicillium griseofulvum or by other means. It has a potency equivalent 
to not less than 900 pg of C,,H,,ClO,/mg. 

Preparation—By the submerged process using selected strains of 
Penicillium patulum. 

Description—White to creamy white, powder, in which particles of 
the order of 4 ~.m in diameter predominate; odorless. 

Solubility—Soluble in chloroform; sparingly soluble in alcohol; 
slightly soluble in water. 

Comments—An effective agent in the treatment of superficial fun- 
gus infections. It is fungistatic and not fungicidal. Administered sys- 
temically, the drug is highly effective in the management of tinea 
capitis, tinea corporis, tinea unguium (onychomycosis) and the chronic 
form of tinea pedis caused by the dermatophytes, Microsporon, Tricho- 
phyton and Epidermophyton. 

Since it does not kill but only arrests reproduction of the organism, 
it is necessary to continue medication long enough for the entire epi- 
dermis to be shed and replaced in order to remove reinfecting organ- 
isms. It is deposited in the keratin precursor cells and is carried out- 
wards into the epidermis as normal skin growth proceeds. This also 
makes for a long latency from the time medication is begun until 
evidence of improvement occurs. 

Serious untoward reactions are infrequent, but skin eruptions, leu- 
kopenia, granulocytopenia and allergic reactions such as serum sick- 
ness or angioneurotic edema are among the serious side effects re- 
ported. It also may cause nausea, vomiting, epigastric distress and 
diarrhea; these often may be avoided by giving the drug with or shortly 
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following a meal. Headache is also relatively frequent. Infrequently, 
phototoxicity, proteinuria, lassitude and fatigue occur and, rarely, there 
is mental confusion and motor incoordination. It is advisable to monitor 
kidney, blood and liver functions. Ingestion of alcohol during treatment 
with the drug causes tachycardia and flushing. 

The oral bioavailability depends upon particle size; the smaller the 
crystal size, the more complete the absorption. The percent absorbed 
from the microsize preparations is 25 to 70%; from the ultramicrosize 
preparations it is almost complete. Absorption is greater if the drug is 
administered with a high-fat meal. The principal route of elimination 
may be transepidermal loss, although a considerable hepatic metabo- 
lism and biliary secretion probably also occur. The half-life is 24 to 36 
hr. It induces the hepatic microsomal system, and the metabolism of 
warfarin, mexiletine and oral contraceptives is increased, thus neces- 
sitating dosage adjustments. 


ITRACONAZOLE 
3H-1,2,4-Triazol-3-one, (+)-4-[4-[4-[4-[[2-(2,4-dichlorophenyl)-2- 


(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-4-yl]methoxy]-phenyl]-1- 
piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-, Sporanox 
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[84625-61-6] C,.-H3.Cl],N,O, (705.65). 

Preparation—J Med Chem 27:894, 1984. The racemate is used 
clinically. 

Description—White crystals; melting about 166°; pK, approxi- 
mately 3.5. 

Solubility—1 g in 10,000 mL water or 1000 mL of alcohol; more 
soluble in acidulated polyethylene glycols. 

Comments—A triazole antifungal agent with a mechanism of ac- 
tion and broad spectrum similar to fluconazole. It also inhibits chitin 
synthesis in both yeast-budding and hyphal growth of fungi. It is used 
to treat fungal infections in immunocompromised and nonimmunocom- 
promised patients who have cryptococcosis, blastomycosis, histoplasmo- 
sis and aspergillosis. Unlabeled uses include superficial mycoses, sys- 
temic mycoses and subcutaneous mycoses. 

Bioavailability is 55% and food enhances oral absorption. It is 99.8% 
protein bound and is eliminated in urine and bile after extensive 
hepatic metabolism. The half-life is 20 to 30 hr. Negligible levels reach 
CSF. 

Adverse effects include nausea, epigastric pain, edema and hypoka- 
lemia. Reversible alterations in liver function have been reported in a 
few cases. Some interactions with drugs metabolized by P450 pathways 
have been observed in some patients. 


TERBINAFINE HYDROCHLORIDE 


1-Naphthalenemethaneamine, (E£)-N-(6,6-dimethyl-2-hepten- 
4-ynyl)-N-methyl-, monohydrochloride; Lamasil 
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(78628-80-5] C,,H,.N - HCl (327.90). 

Preparation—J Med Chem 27: 1539, 1984; Lednicer D, et al, Org 
Chem of Drug Syn, vol 4, Wiley, NY, 1990, p 55. 

Description—White to off-white crystalline powder. 

Solubility—Freely soluble in methanol and methylene chloride; 
soluble in alcohol; slightly soluble in water. 

Comments—The first allylamine available for systemic use in the 
treatment of all dermatophytes (Trichophyton, Epidermophyton, and 
Microspora). It is also available for topical therapy of dermatophytes 
including tinea infections. It selectively inhibits fungal squalene epoxi- 
dase causing a fungicidal action due to the intracellular accumulation of 
the toxic sterol, squalene; it also exerts a fungistatic action by depletion 
of ergosterol. One tablet daily for 12 wk achieves a 90% cure rate for 
onychomycosis that is more effective than griseofulvin or itraconazole. 
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It does not seem to affect the cytochrome P450 metabolism of other 
drugs. The most common adverse effects are headache, diarrhea, dys- 
pepsia and abdominal pain. Taste disturbances do occur and may per- 
sist for several weeks after discontinuing the drug. 


TOPICAL DRUGS 
FOR MUCOCUTANEOUS INFECTIONS 


Nystatin is a topical polyene macrolide analog of amphotericin 
B with a similar mode of action but too toxic for parenteral use. 
It is active against most Candida spp and may be used for 
oropharyngeal thrush, vaginal candidiasis and intestinal can- 
didiasis. However, the most frequently used topical antifungal 
therapy today for oral thrush and dermatophytic infections are 
the azoles, clotrimazole and miconazole. Other azoles also 
available for topical use include econazole, oxiconazole and 
sulconazole. The allylamines available of topical treatment of 
tinea infections are terbinafine and naftifine. 


CLOTRIMAZOLE—page 1552. 
ECONAZOLE NITRATE 


1H-Imidazole, (+)-1-[2-[(4-chlorophenyl)methoxy]-2-(2,4- 
dichlorophenyl)ethyl]-, mononitrate, Spectrazole 


OCH, <O)- 


Cc) CH—CH, + HNO; 
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(+)-1-[2,4-Dichloro-B-[(p-chlorobenzyl)oxy]phenethylJimidazole mono- 
nitrate [68797-31-9] C,,H,;Cl,N.O - HNO, (440.70). 
Preparation—2,4-Dichloroacetophenone is further chlorinated to 
the phenacyl chloride and this compound treated with imidazole with 
loss of HCl to yield 1-(1H)-(2,4-dichlorophenacyl)imidazole (I). Reduc- 
tion of the ketone group of I with sodium borohydride forms the sec- 
ondary alcohol (II). With sodium hydride, the alcoholate of II is pro- 
duced, which on reaction with p-chlorobenzyl chloride produces 
econazole base. See J Med Chem 12: 784, 1969. 
Description—White crystals; melts at approximately 162° pK, 6.6. 
Solubility—Very slightly soluble in water or most organic solvents. 
Comments—Antifungal activity against the dermatophytes (Epi- 
dermophyton floccosum, Microsporon auduoni, canis and gypseum, and 
Trichophyton rubrum, mentagrophytes and tonsurans), Pityrosporon 
obiculare (Malasserzia furfur) and Candida albicans. It is employed in 
the treatment of cutaneous Candidiasis, and tineas corporis, cruris, 
pedis and versicolor (pityriasis versicolor). Its efficacy is comparable to 
that of miconazole or clotrimazole. It readily penetrates into the stra- 
tum corneum, where effective concentrations persist for as long as 
several days. In approximately 3% of recipients, local erythemia, burn- 
ing sensation, stinging and itching occur. 


MERCURIC OXIDE, YELLOW —see RPS-18, page 1172. 
MERCURY, AMMONIATED—see RPS-18, page 1172. 
MICONAZOLE 


1H-Imidazole, 1-[2-(2,4-dichlorophenyl)-2-[(2,4-dichlorophenyl) 
methoxylethyl]-, Micatin, Monistat 
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1-[2,4-Dichloro-B-[(2,4-dichlorobenzyl)oxy]phenethyllimidazole [22916- 
47-8] C,,H,,Cl,N.O (416.12). 

Preparation—2,4-Dichlorophenacyl bromide is used to alkylate 
imidazole followed by reduction of the ketone group to a secondary 
alcohol which is converted to the alkoxide. Williamson alkylation with 
a,p,-dichlorotoluene yields the product. J Med Chem 12: 784, 1969. 

Comments—Fungicidal to various species of Aspergillus, Blasto- 
myces, Candida, Cladosporium, Coccidioides, Epidermophyton, His- 


toplasma, Microsporon, Paracoccidioides and Trichophyton. It inhibits 
ergosterol synthesis, which disrupts fungal cell membranes. The drug 
readily penetrates into the stratum corneum and remains there in high 
concentration for as long as 4 days, which probably contributes to its 
efficacy against the dermatophytoses. In tinea pedis (athlete’s foot) a 
mycological cure rate of 96% has been reported with the nitrate salt, 
which considerably exceeds that of any other drugs except clotrimazole 
and econazole. 

Topically, for vulvovaginal candidiasis, the reported cure rate varies 
from 80 to 95%, considerably superior to that with nystatin (65%) and 
amphotericin B (75%). Often pruritus is relieved after a single applica- 
tion. It is also effective against some vaginal infections caused by 
Trichophyton glabratus. The free base is useful in the topical treatment 
of various ophthalmic mycoses. The base has been used successfully in 
the systemic treatment of several deep or systemic mycoses, especially 
those of candidiasis and cryptococcosis. 

Burning, itching and maceration sometimes occurs after application 
of the nitrate to the skin, as happens frequently with effective antifun- 
gal drugs. Intravaginally, burning, itching, pelvic discomfort, urticaria 
and headache occur in 6 to 7% of users, especially during the first few 
days of treatment. Experimental and clinical studies suggest that the 
drug is safe for use in pregnancy, but systemic use during pregnancy 
should probably be avoided, if possible. Orally, it appears to be tolerated 
well, but nausea, vomiting and diarrhea occur. No evidence of renal or 
hepatic toxicity has been observed. 

IV administration may cause phlebitis, hypercholesterolemia and 
hypertriglyceridemia (caused by the vehicle), hyponatremia (from ADH 
secretion), nausea, vomiting, diarrhea, anorexia and infrequent allergic 
and immune reactions, such as fever, chills, pruritus, rashes, thrombo- 
cytopenia, anaphylaxis and anemia. Wheezing and tachypnea and sino- 
atrial and ventricular tachycardias occur, which can be avoided by 
slower rates of infusion. Intrathecally, it may cause some meningeal 
irritation, but the route appears to be safe. 

From topical sites, only trace amounts of the drug appear in the 
blood or urine. Slightly less than 50% of an oral dose is absorbed. In 
plasma, about 93% is bound to proteins. Less than 1% of an oral dose 
appears unchanged in urine. The drug manifests three-compartment 
pharmacokinetics. The terminal (elimination,) half-life is about 1 day. 
Systemically, it inhibits the metabolism of warfarin. 


NYSTATIN 


| A, 
~ ~S VN a, 
is 
n f—9,0 
HBO nystetin A) 
me, | /, 
RO bi 
| | 
BOR 


Nystatin [1400-61-9] is a substance produced by the growth of Strepto- 
myces noursei Brown, et al (Fam Streptomycetaceae). It contains not less 
than 4400 Units of nystatin activity/mg. Nystatin is a mixture of 4 
different tetraenes, nystatin A, (principally) and nystatin A,, A, and 
polyfungin B. Nystatin A, [34786-70-4] C,-H,;NO,, is closely related to 
Amphotericin B. Each is a macrocyclic lactone containing a ketal ring, 
an all-trans tetraene system and a mycosamine (3-amino-3-deoxyrham- 
nose) moiety. 

Description—Yellow to light-tan hygroscopic powder; odor sugges- 
tive of cereals; hygroscopic; affected by long exposure to light, heat or 
air; pK, 4.5, 8.64; gradually decomposes at temperatures higher than 
160° without melting. 

Solubility—(mg/mL, at approximately 30) Water, 4; alcohol 1.2; 
methanol 11.2; chloroform, 0.48; or ethylene glycol, 8.75. 

Comments—Active in vitro against a number of yeasts and molds, 
but its clinical usefulness is limited to the treatment of candidiasis. The 
antibiotic is absorbed poorly from the gastrointestinal tract; conse- 
quently it is not effective against systemic infections, but is effective 
against intestinal candidiasis. It may prevent emergence of candidal 
suprainfections resulting from oral therapy with broad-spectrum anti- 
biotics, although such suprainfections are so infrequent that routine 
“prophylactic” use of nystatin is not worthwhile. It does not prevent 
diarrhea from oral broad-spectrum antibiotics. It has been employed 
with variable success in the treatment of oral “thrush” (moniliasis). It is 
used alone to treat vulvovaginal candidiasis. For use on the skin, it may 
be combined with neomycin, gramicidin and triamcinolone acetonide. It 
is not the drug of first or second choice in any use. It is relatively 


nontoxic, but nausea, vomiting and diarrhea may occur with oral ther- 
apy. 


OXICONAZOLE NITRATE 


Ethanone, (Z)-1-(2,4-dichlorophenyl)-2-(1H-imidazol-1-yl)-O-[(2,4- 
dichlorophenyl)methyl]oxime, mononitrate; Oxistat 


[64211-46-7]C,,H,,Cl,N,0 - HNO, (492.15). 

Preparation—An exothermic reaction occurs upon mixing 2,4-di- 
chlorophenacyl chloride and imidazole in acetonitrile. The product, 
2,4-dichlorophenacylimidazole, is refluxed with hydroxylamine HCl in 
pyridine to form the oxime, which is heated with 2,4-dichlorobenzyl 
chloride in ethanolic pyridine to yield the base of the title compound. US 
4,124,767 (1978). 

Description—White crystals melting about 138°. 

Solubility—Soluble in methanol; sparingly soluble in alcohol, chlo- 
roform or acetone; very slightly soluble in water. 

Comments—An antifungal agent used for the topical treatment of 
tinea pitryasis versicolor and for tinea pedis, tinea cruris and tinea 
corporis due to Trichophyton rubrum, T mentagrophytes or Epidermo- 
phyton floccosum. 


SULCONAZOLE NITRATE 


1H-Imidazole, (+)-1-[2-[[(4-chlorophenyl)methyl]thio]-2-(2,4- 
dichlorophenyl)ethyl]-, mononitrate; Exelderm 
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[61318-91-0] C,,H,;Cl,N,S - HNO, (460.77). 
Preparation—US 4,038,409 (1977); Lednicer D, et al, Org Chem of 
Drug Syn, vol 3, NY, Wiley, 1984, p 133. 
Description—White to off-white crystals melting about 130°. 
Solubility—Freely soluble in pyridine; slightly soluble in alcohol, 
acetone or chloroform; very slightly soluble in water. 
Comments—Used for various tinea conditions (athlete’s foot), such 
as T corporis, T pedis or T cruris; action is similar to oxiconazole. 


POTASSIUM IODIDE—page 1303. 

POTASSIUM PERMANGANATE—see RPS-18, page 1173. 
PROPYLPARABEN—see RPS-18, page 1173. 

SALICYLIC ACID—page 1212. 

SODIUM BENZOATE—see RPS-18, page 1173. 

SODIUM HYPOCHLORITE SOLUTION—see RPS-19, page 1271. 


+ HNO; 


ANTIVIRAL DRUGS 

0 a SRD EIRENE TRISTE 
Viruses cause much of the morbidity and mortality in popula- 
tions worldwide, but the number of drugs available are still 
quite limited. Antiviral drug development has become a very 
active area in the last decade, especially with the challenges of 
the AIDS epidemic. The need to develop more selective inhib- 
itors of viral function has increased the number of antiviral 
drugs in clinical trials for the human immunodeficiency virus 
(HIV) and should lead to important advantages in the next 
decade. 

Viruses cannot replicate independently because they use 
the energy-generating, DNA or RNA replicating, and protein 
synthesizing pathways of the host cells to replicate. Viral rep- 
lication can be targeted at several steps: 


1. Adsorption to and penetration into susceptible host cells. 

2. Uncoating of viral nucleic acid. | 

3. Synthesis of early, regulatory proteins (eg, nucleic acid polymerase). 
4. Synthesis of RNA or DNA. 
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5. Synthesis of late structural proteins. 
6. Assembly of viral particles. 
7. Release of infectious virions from the cell. 


Replication of the virus peaks after or before manifestation 
of clinical symptoms, so early initiation of therapy or preven- 
tion of infection are important for optimal clinical efficacy. 
Some good examples of successful early therapy or prevention 
include acyclovir to treat varicella-zoster infections and aman- 
tidine prophylaxis against influenzae A. The development of 
many pyrimidine and purine nucleoside analogs have lead to 
new compounds that selectively inhibit viral DNA synthesis. 
The selectivity of drugs for the HIV retrovirus was derived from 
reverse transcriptase inhibitors that block transcription of the 
HIV RNA genome into DNA and protein synthesis. More re- 
cently, protease inhibitors have been developed that prevent 
the synthesis of late protein and packaging of the virion. 

The major antiviral drugs will be discussed under the fol- 
lowing categories: inhibitors of viral uncoating, inhibitors of 
viral nucleic acid synthesis, reverse transcriptase inhibitors, 
protease inhibitors and immunostimulants. See Table 87-11 on 
page 1529. 

Amantadine and rimantidine are orally active inhibitors of 
viral uncoating that are effective for prophylaxis of influenzae 
A. These antiviral drugs are tricyclic amines that differ only in 
their pharmacokinetics. Renal excretion predominates for 
amantidine while rimantidine is extensively metabolized. 

Acyclovir and other closely related guanosine analogs (gan- 
ciclovir, valacyclovir and famciclovir) are the most important 
group of antiherpes drugs that act by inhibition of viral nucleic 
acid synthesis. These nucleoside antivirals have to be mono- 
phosphorylated by viral thymidine kinase and then are further 
phoshorylated to triphosphates that inhibit virus growth in 
three ways. First, the acyclovir triphosphate acts as a compet- 
itive inhibitor of DNA polymerases, while the human enzyme is 
much less susceptible than the viral enzyme; second, it can be 
a chain terminator; and third, it can produce irreversible bind- 
ing between DNA polymerase and the interrupted chain caus- 
ing permanent inactivation. 

Foscarnet, a phosphonoformic acid, inhibits DNA poly- 
merases, RNA polymerases and reverse transcriptases. It is 
used primarily for AIDS patients with CMV retinitis but can be 
used against CMV herpes viruses resistant to acyclovir. 

Ribovarin is a synthetic purine nucleoside analog that is 
phosphorylated by host cell adenosine kinase resulting in a 
monophosphate that inhibits cellular inosine monophosphate 
formation. The net result is depletion of guanosine triphos- 
phate and inhibition of viral protein synthesis plus suppression 
of initiation or elongation of viral mRNA. 

The family of nucleoside reverse transcriptase inhibitors 
includes zidovudine (azidodeoxythymidine) several dideoxy- 
nucleosides (didanosine, zalcitabine, lamuvidine and stavu- 
dine) that are competitive inhibitors of the HIV enzyme that 
converts viral RNA into DNA and act as DNA chain termina- 
tors upon phosphorylation to the triphosphate nucleotide de- 
rivatives. These nucleoside antivirals also inhibit mammalian 
DNA polymerases but require higher concentrations than those 
effective on HIV reverse transcriptase. Resistance to these 
compounds occurs from mutations in reverse transcriptase, so 
they need to be used in combination with each other or the HIV 
protease inhibitors. Two reverse transcriptase inhibitors are 
usually combined with a protease inhibitor to decrease the 
development of resistance. Nevirapine and delavirdine are non- 
nucleoside inhibitors of reverse transcriptase that also disrupts 
the catalytic site of this enzyme. 

Idoxuridine and trifluridine are pyrimidine analogs that are 
incorporated into viral DNA resulting in inhibition of DNA 
synthesis. They are only used topically for herpes simplex 
infections of the cornea because of their toxicity problems. 
Fluorouracil, another pyrimidine nucleoside, acts by blocking 
production of thymidylate and interrupts normal cellular RNA 
and DNA synthesis. Consequently, it is also restricted to topi- 
cal therapy of warts. 
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The protease inhibitors (saquinavir, ritonavir, indinavir and 
nelfinavir) are peptide analogs that inhibit the HIV-1-specific 
protein cleaving enzyme necessary for the production of infec- 
tious HIV virions and act synergistically with reverse tran- 
scriptase inhibitors. It is important to use them in combination 
HIV therapy because resistance occurs if they are used alone or 
intermittently. Two reverse transcriptase inhibitors may be 
used in combination with one protease inhibitor or alterna- 
tively two protease inhibitors may be used with a reverse 
transcriptase inhibitor. The success of individual combination 
regimens has been variable but the overall success of combina- 
tion therapy has been able to decrease viral replication, im- 
prove the immunologic status (ie, increase CD4° cell counts), 
delay complications and prolong life. 

Interferons and immunoglobulins are examples of endog- 
enous compounds that stimulate immune responses to virus 
infections. Interferons are glycoproteins produced by lym- 
phocytes, macrophages, fibroblasts and other cells. The three 
distinct immunologic and chemical classes of interferons are 
alpha, beta and gamma. They act by inhibiting viral protein 
synthesis or assembly or by stimulating the immune system. 
Interferons have specific intracellular actions that result in 
several effects including inhibition of viral penetration, un- 
coating, translation of viral proteins plus assembly and re- 
lease of virus. Immunoglobulins can be used to prevent some 
viral infections by using antibody preparations with high 
titers of specific binding to viruses (especially, hepatitis B 
and rabies). 

The limitations of specific oral antiviral drugs are deter- 
mined by the profile of adverse effects. Amantidine and riman- 
tidine cause GI upset and CNS effects. Acyclovir and its related 
analogs (valacyclovir and famciclovir) cause CNS effects and 
decreased renal function. Other specific problems may occur 
with some analogs such as ganciclovir that causes bone marrow 
suppression. The nucleoside reverse transcriptase inhibitors 
have individual differences in their adverse effect profiles, but 
the most notable side effects include bone marrow suppression 
(zidovudine, lamivudine), neuropathy (didanosine, zalcitabine, 
stavudine) and pancreatitis (didanosine). The protease inhibi- 
tors vary in their inhibition of cytochrome P450 metabolism 
(notably CYP3A isoenzyme) but all possess some potential for 
drug interactions. 


ACYCLOVIR 


6H-Purin-6-one, 2-amino-1,9-dihydro-9-[(2-hydroxyethoxy)methyl]-, 
Zovirax 


CH,OCH2CH,OH 


9-[(2-Hydroxyethoxy)methyl] guanine [59277-89-3] C,H, ,N;O, (225.21). 

Preparation—Guanine is alkylated with 2-(chloromethoxy)ethyl- 
benzoate and the resulting ester hydrolyzed to the product; See Ger Pat 
2,539,963. 

Description—White crystals melting about 257°. 

Solubility—In water, 1.3 mg/mL. 

Comments—Activity against Herpes simplex viruses (HSV) 1 
and 2, varicella-zoster, Epstein-Barr viruses and cytomegalovirus. 
Inside an infected cell, it is changed into the triphosphate, which 
then is incorporated into DNA; this terminates elongation of the 
DNA and prevents viral replication. The sodium salt is approved in 
the US for the oral treatment of recurrent mucosal and cutaneous 
infections caused by HSV-1 and HSV-2 in immunocompromised 
adults and children and for severe initial herpes genitalis infections 
in immunocompetent patients. However, the drug has been employed 
effectively in the treatment of HSV encephalitis and neonatal infec- 
tions and in the treatment of chicken pox, cytomegalovirus and 
varicella-zoster infections. The drug also is approved for the topical 
treatment of nonfulminating HSV-1 and HSV-2 infection (except in 
the eye), but it is only moderately effective, especially against genital 


herpes in women. It does not eradicate latent herpes. It is somewhat 
unpredictable as a topical prophylactic against recurrent infections 
by HSV-1 and HSV-2. Resistance of herpes simplex and cytomega- 
loviruses occurs and is a source of concern. 

The most frequent adverse effect of systemic treatment is irrita- 
tion at the site of injection (9%). The drug may crystallize in the 
urine, cause hematuria and impair renal function if fluid intake is 
inadequate, glomerular filtration rate is low, the dosage interval is 
too short or the drug is given as a bolus. Metabolic encephalopathy 
(1%) with hallucinations, confusion, tremors and seizures, bone- 
marrow depression and alterations in hepatic function also may 
result from parenteral therapy. Untoward effects from oral admin- 
istration are more frequent with long-term than with short-term 
therapy. In the short term, there may be nausea and vomiting (2.7%), 
headache (0.6%), diarrhea, dizziness, fatigue, skin rash, sore throat 
(all 0.3%), anorexia, edema, lymphadenopathy (especially inguinal) 
and leg pain. In the long term there may be headache (1.9%), diar- 
rhea (2.4%), nausea and vomiting (2.7%), arthralgia, vertigo (both 
3.6%), insomnia, fatigue, irritability, depression, rash, acne, alope- 
cia, fever, palpitations, sore throat, muscle cramps and lymphade- 
nopathy. The drug is mutagenic and should be avoided in pregnancy, 
if possible. Topically, adverse effects occur in about 30% of recipients 
and consist of local stinging, burning or pain (28%), itching (4%), 
vulvitis (0.3%) and rash (0.3%). 

In plasma, only 9 to 33% is protein-bound. Renal excretion after 
IV and oral use accounts for 62 to 91% and 9 to 20%, respectively. 
The half-life is about 2.5 hr but may be as long as 19.5 hr in renal 
failure. 


AMANTIDINE HYDROCHLORIDE 


Tricyclo[3.3.1.1?]decan-1-amine, hydrochloride; 
Symmetrel, Symadine 


* HCl 


1-Adamantanamine hydrochloride [665-66-7] C,)H,,;N - HCl (187.71). 

Preparation—Adamantane is halogenated, with chlorine or bro- 
mine in the presence of AlCl,, at the bridgehead carbon atom to yield a 
reactive tertiary halide, incapable of dehydrohalogenation. Therefore, 
even with a weak base, such as CH,CN, it undergoes an S,1 reaction to 
the acetamido derivative. Hydrolysis affords the product, which is con- 
verted to the salt. J Med Chem 6: 760 (1963). 

Description—White crystals; decompose over 360°; pK, 10.4, (amino 
group). 

Solubility—1 g in 3 mL water or 5 mL alcohol. 

Comments—A narrow-spectrum antiviral active against all in- 
fluenzae A virus strains, some C virus strains, but not effective 
against B strains. It is approved for chemoprophylaxis and treat- 
ment of respiratory tract illness caused by influenzae A virus strains, 
when immunization is contraindicated or not feasible. It is indicated 
especially for high-risk patients because of underlying disease (e.g., 
cardiovascular, pulmonary, metabolic, neuromuscular or immunode- 
ficiency disease), close-household or hospital-ward contacts of index 
cases, immunocompromised patients and health-care and community-ser- 
vices personnel. 

Amantidine is well tolerated by most patients but CNS side effects 
are most common and include difficulty in thinking, confusion, light- 
headedness, hallucinations, anxiety and insomnia. These side effects 
are reversible upon discontinuation of the drug. More severe adverse 
effects such as mental depression and psychoses may occur with doses 
exceeding 200 mg daily. Less common side effects include anorexia, 
nausea, vomiting and orthostatic hypotension. The peripheral and cen- 
tral effects of anticholinergic drugs are increased by concomitant use of 
amantidine. 

Oral absorption is rapid and complete. It is not metabolized and 
90% of the dose is excreted unchanged in the urine. The half-life is 
about 20hr and it reaches levels in the cerebral spinal fluid that are 
60% of the plasma concentration. The dose must be reduced with 
renal insufficiency and in the elderly who have decreased renal 
function. 


CYTARABINE—see RPS-18, page 1247. 
CIDOFOVIR 


Phosphonic acid, (S)-[[2-(4-amino-2-oxo-1(2H)-pyrimidin-yl)-1- 
(hydroxymethyl)ethoxy]methyl]-, dihydrate; Vistide 


NH, 
iS 
2s : 
0 N I Co eH 
Sear 


OH 


[149394-66-1] C,H,,N,0,P - 2H,O (315.22). 
Preparation—From guanine; US 5,142,051 (1992). 
Description—White powder melting about 260°; log P (octanol/pH 
7.1 buffer) —3.3. 
Solubility—Approximately 170 mg/mL at pH 6-8. 
Comments—A nucleic acid synthesis inhibitor (purine analog) 
used for cytomegalovirus (CMV). It causes nephrotoxicity. 


DELAVIRDINE MESYLATE 


Piperazine, 1-[3-[(1-methylethyl)amino]-2-pyridin-yl]-4-[[5-[(methyl- 
sulfonyl)amino-1H-indol-2-yl]carbonyl]-, 
monomethanesulfonate; Rescriptor 


CHs 


GH=GHs 


f NH 
; N ji™ 
aie ay *  CH,SO,0H 
H3C —SO,—N I Ne 


({147221-93-0] C,,H.,N,O0,8 - CH,O,S (552.68). 
Preparation—US 5,691,372 (1997); J Med Chem 36: 1505, 1993. 
Description—White to tan crystals melting about 227° (base). 
Solubility—(Base) Approximately 2.9 wg/mL at pH 1, 295 ug/mL at 
pH 2 and 0.81 pg/mL at pH 7.4. 
Comments—An HIV reverse transcriptase inhibitor (non-nucleoside). 
It causes rash. 


DIDANOSINE 


Inosine, 2',3’-dideoxy-, ddL; Videx 


[69655-05-6] C,,H,.N,0, (236.23). 

Preparation—WNucleosides Nucleotides 7: 147, 1988. 

Description—White solid; melts about 160° to 163°. 

Comments—A nucleoside analog that is incorporated into retrovi- 
ral DNA contributing to chain termination and inhibition of viral rep- 
lication. The active metabolite, dideoxyadenosine triphosphate, is a 
reverse transcriptase inhibitor that is active against the human immu- 
nodeficiency virus (HIV) infected T cell and monocyte/macrophage cell 
cultures. 

The approved indication is treatment of adult and pediatric patients 
with advanced HIV infection who have received prolonged prior zidovu- 
dine therapy or who have demonstrated intolerance or significant clin- 
ical or immunological deterioration during zidovudine therapy. 

The major clinical toxicities of didanosine are pancreatitis (9%) and 
peripheral neuropathy (34%). Several other adverse effects are ob- 
served frequently including diarrhea (34%), asthenia (25%), insomnia 
(25%), nausea and vomiting (25%), rash/pruritus (24%), abdominal pain 
(21%), CNS depression (19%), constipation (16%), stomatitis (14%), 
myalgia (13%), arthritis (11%), taste loss/perversion (10%), pain (10%), 
dry mouth (9%), alopecia (8%) and dizziness (7%). 
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The average bioavailability of didanosine is reported to be 33% after 
a single dose. The elimination half-life is 1.6 hr and renal clearance is 
about 50%. There is no evidence of accumulation after either IV or oral 
dosing. 


FAMCICLOVIR 


1,3-Propanediol, 2-[2-(2-amino-9H-purin-9-yl)ethyl-, 
diacetate (ester); Famvir 


I 


CHp>—O—C —CHs 
SS 
CH,—CH,—CH 
gia ee 


S 
ey 


[104227-87-4] C,,H,)N;O, (321.34). 

Preparation—One method involves first the formation of 5-(2- 
hydroxy- ethyl)-2,2-dimethyl-1,3-dioxolane(I) by the reaction of trieth- 
ylethane-1,1,2-tricarboxylate with THF and lithium aluminum hydride 
to form an oil which reacts with 2,2-dimethoxypropane in the presence 
of p-toluenesulfonic acid to yield I. The OH group is replaced by bromine 
using CBr, and trimethyl phosphine. The bromo derivative is combined 
with 2-amino-6-chloropurine to alkylate in the 7-position. The diox- 
alane ring is opened by warming with dilute HCl and the resulting diol 
esterified with acetic anhydride using 4-(dimethylamino)pyridine as the 
acid scavenger. US 5,075,445 (1991); J Med Chem 32: 1738, 1989. 

Description—White to pale yellow platelets melting about 103° 
Non-hygroscopic below 80% relative humidity. Partition coefficient; oc- 
tanol/water(pH 4) P = 1.09; octanol/pH 7.4 phosphate buffer P = 2.08. 

Solubility—In water at 25° it initially is freely soluble (up to 25%) 
but forms a sparingly soluble monohydrate (about 3% soluble) which 
precipitates. Freely soluble in methanol or acetone; sparingly soluble in 
alcohol or 2-propanol. 

Comments—An purine analog which is an inhibitor of nucleic acid 
synthesis; a prodrug of penciclovir. 


FOSCARNET SODIUM 


Phosphinecarboxylic acid, dihydroxy-, oxide, trisodium salt; 
Foscavir 


(NaO)PCOONa 


Phosphonoformic acid, trisodium salt [63585-09-1] CNa,0,P (191.95). 

Preparation—Ber 57B:1023, 1924. 

Description—White crystals (usually as the hexahydrate); melts 
above 250°; pK, 7.27, 3.41, 0.49. 

Solubility—Soluble in water; insoluble in alcohol. 

Comments—An antiviral agent that acts at the pyrophosphate- 
binding site and inhibits viral DNA polymerases and reverse transcrip- 
tases at concentrations that do not affect cellular DNA polymerases. It 
does not require activation (phosphorylation) by a kinase. All known 
herpes viruses are inhibited in vitro including cytomegalovirus (CMV), 
herpes simplex 1 and 2 (HSV-1, HSV-2), human herpes virus 6 (HHV-6), 
Epstein-Barr virus (EBV) and varicella zoster virus (VZV). The only 
approved indication is the treatment of CMV retinitis in patients with 
AIDS. 

The major toxicity is renal impairment that occurs in 33% of all 
patients, so everyone receiving it should be monitored for renal func- 
tion. The other frequent adverse reactions include fever (65%), nausea 
(47%), anemia (33%), diarrhea (30%), vomiting or headache (26%) and 
seizures (10%). Electrolyte abnormalities must be monitored because of 
the propensity of foscarnet to chelate divalent cations. The drug is only 
administered by controlled IV infusion to decrease the incidence of 
toxicity as a result of excessive plasma levels. 

Approximately 80 to 90% of IV foscarnet is excreted unchanged in 
the urine. Plasma half-life of foscarnet increases as renal function is 
impaired, but initial half-lives of 2 to 8 hr have been reported for 
patients with normal renal function. The safety and efficacy of foscarnet 
in children has not been studied because it is deposited in teeth and 
bone, and deposition is greater in young and growing animals. Devel- 
opment of tooth enamel is adversely affected in studies of animals. 


FLUOROURACIL 
For the full monograph, see page 1492. 
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Comments—A nucleic acid synthesis inhibitor (pyrimidine analog) 
used topically for warts. 


GANCICLOVIR SODIUM 


6H-Purin-6-one, 2-amino-1,9-dihydro-9-[[2-hydroxyl-1- 
(hydroxymethyl)ethoxy]-methyl]-, Cytovene 


) 
ean 
HN >) 
we r4 
H2N7  °N ~cHpOCHCH2OH 
CHpOH 


9-[[2-Hydroxyl-1-(hydroxymethyl)ethoxy]methyl]guanine [82410-32-0] 
CyH,3N,0, (255.23). 

Preparation—US Pat 4,355,032; J Med Chem 26:759, 1983. 

Description—White powder. 

Solubility—1 g in 250 mL water. 

Comments—An antiviral drug active against cytomegalovirus 
(CMV), herpes simplex virus-1 and -2 (HSV-1, HSV-2), Epstein-Barr 
virus and viricella zoster virus. It is approved for treatment of CMV 
retinitis in immunocompromised patients, including those with 
AIDS and prevention of CMV disease in transplant patients at risk 
for CMV disease. Upon entry into host cells, CMV induce kinases 
that phosphorylate ganciclovir to its active triphosphate form that is 
believed to inhibit viral DNA synthesis by competitive inhibition of 
viral DNA, resulting in termination of viral DNA elongation. 

The major clinical toxicities of ganciclovir include granulocytope- 
nia (40%) and thrombocytopenia (20%). In animal studies it is car- 
cinogenic, teratogenic and causes aspermatogenesis. Other adverse 
effects that have led to its withdrawal or interrupted its use in 
clinical trials are headache (17%), confusion (6%), abnormal 
thoughts or dreams, ataxia, dizziness, nervousness, parasthesia, 
psychosis, somnolence, tremor, arrhythmia, hypertension, rash, pru- 
ritus, alopecia, urticaria, nausea, vomiting, anorexia, diarrhea, ab- 
dominal pain, sepsis, fever, chills, edema, malaise and dyspnea. 
Retinal detachment has occurred before and after initial treatment 
of CMV retinitis, so ophthalmological evaluations are advised. Renal 
toxicity may occur in heart allograft recipients, so renal function 
should be monitored during therapy. 

Ganciclovir is given by IV infusion. Phlebitis and pain at the site 
of injection occur. The high pH (11) of solution may result in severe 
tissue irritation if given SC or IM. It is eliminated unmetabolized by 
renal excretion that accounts for 90% of the administered dose. The 
plasma half-life with normal renal function is about 3 hr but is 
increased to more than 10 hr with severe renal impairment. There is 
limited evidence to suggest that ganciclovir crosses the blood brain 
barrier in adequate concentrations. 


IDOXURIDINE 


Uridine, 2'-deoxy-5-iodo-, IDU; Herplex; Stoxil 


OH 


2'-Deoxy-5-iodouridine [54-42-2] C,H,,IN,O, (354.10). 

Preparation—By refluxing a solution of deoxuridine in aqueous 
mineral acid in the presence of iodine. Brit Pat 1,024,156. For the 
preparation of deoxuridine, see J Chem Soc 1958: 3035. 

Description—White, crystalline powder; practically odorless; 
turns black 171°; pH (0.1% aqueous solution) about 6; a 0.1% solution in 
distilled water and preserved with 1:50,000 thimerosal is stable at room 
temperature for over a year; pK, 8.25. 

Solubility—Slightly soluble in water or alcohol; practically insolu- 
ble in chloroform or ether; 1g in 2.5 mL DMSO. 

Comments—A nucleic acid synthesis inhibitor (pyrimidine analog) 
used topically for herpes simplex. 


INTERFERONS—see also chapter 29. 
INTERFERON ALFA 


(available as 2a, 2b or 2c) 
For the full monograph see page 1241. 


Comments—This glycopeptide is produced by genetic engineering 
techniques based on the human sequence. It affects many stages of viral 
infections but primarily inhibits viral protein translation. It is used for 
therapy of hepatitis B and C. The drug is administered by SC or IM 
injection. It is rapidly inactivated but the effects outlast the plasma 
concentration. Toxicities include flu-like syndrome, bone marrow sup- 
pression and neurotoxicity. Drug interactions can result from its ability 
to reduce hepatic cytochrome P450-mediated metabolism. 


LAMIVUDINE 


2(1H)-Pyrimidinone, (2R-cis)-4-amino-1-[2-(hydroxy-methyl)-1,3- 
oxathiolan-5-yl]-, Epivir; 3TC 


{134678-17-4] C,H,,N,0.S (229.26). 
Preparation—J Org Chem, 55: 2217, 1992. 
Description—White to off-white powder melting about 161°. 
Solubility—About 70 mg/mL in water at 20°. 
Comments—An HIV reverse transcriptase inhibitor (pyrimidine 
nucleoside) which is well tolerated. 


NEVIRAPINE 


6H-Dipyrido[3,2-b:2’,3'-e][1,4]diazepin-6-one, 11-cyclopropyl-5,11- 
dihydro-4methyl-, Viramune 


{129618-40-2] C,,H,,N,O (266.30). 
Preparation—US 5,075,455 (1991); J Med Chem 34: 2331,1991. 
Description—White crystals melting about 248°; pK < 3. 
Solubility—Slightly soluble in water at pH7; very soluble at pH < 3. 
Comments—An HIV reverse transcriptase inhibitor (pyrimidine 
nucleoside). It causes rash fever, nausea and headache. 


PENCICLOVIR 


6H-Purin-6-one, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxy- 
methyl)butyl]-, Denavir 


> — —_— 
CH,—CH,—CH—CH,0H 


CH,0H 


[39809-25-1] C,,H,;N,O. (253.25). 
Preparation—US 5,075,445 (1991); J Med Chem 30: 1636, 1987. 
Description—White to pale yellow non-hygroscopic crystals melting 
at approximately 275° (monohydrate); log P (octanol/water, pH 7.5) 1.62. 
Solubility—Approximately 1.7 mg/mL in water at 20°; 0.2 mg/mL 
in methanol; 1.3 mg/mL in propylene glycol or 10mg/ml in pH 2 buffer. 
Comments—A nucleic acid synthesis inhibitor (purine analog) sim- 
ilar to acyclovir and used topically for herpes. 


RIBAVIRIN 


1H-1,2,4-Triazole-3-carboxamide, 1-B-p-ribofuranosyl-, Virazole 


OH OH 


Tribavirin; [36791-04-5] C,H,.N,O, (244.21). 


Preparation—J Med Chem 15: 1150, 1972. 

Description—Colorless, crystalline powder existing in two poly- 
morphic forms: melts about 167° (from aqueous ethanol) and melts 
about 175° (from ethanol). 

Solubility—142 mg/mL in water at 25°; slightly soluble in alcohol. 

Comments—A nucleoside analog with significant activity against 
influenza B, respiratory syncytial virus (RSV) and herpes simplex virus. 
It also has lesser activity against a wide variety of other viruses, such 
as those of herpes, varicella, Lassa fever, infectious hepatitis, dengue 
fever, measles and AIDS. It is converted to metabolites that inhibit the 
5’ capping of viral mRNA, so that ultimately viral protein synthesis of 
both DNA and RNA viruses are affected. It is approved for use only in 
the treatment of severe upper respiratory infections caused by RSV in 
infants and children. If the duration of the infection is judged to be less 
than that of a full course of treatment, the drug is contraindicated. It 
has been used successfully as an aerosol in the treatment of influenza A 
and B. Varying success has been achieved against infectious hepatitis, 
measles, Lassa fever and Asian hemorrhagic fever. 

IV or oral doses of more than 1 g a day suppress erythropoiesis, 
characterized mostly by normocytic anemia and reticulocytosis. The 
effect is reversible. There is also occasional hypotension, cardiac arrest 
or digitalis intoxication. Adverse effects of the inhalation aerosol in- 
clude occasional rash and conjunctivitis. In chronic obstructive pulmo- 
nary disease, pulmonary function often deteriorates. It antagonizes the 
effect of zidovudine on human immunodeficiency virus replication. It is 
contraindicated in pregnancy and during breast-feeding. 

Systemic absorption occurs after aerosol administration but bio- 
availability is unknown. It is highly accumulated in erythrocytes but is 
not bound to plasma proteins. In the cells, the drug is degraded by 
deribosylation and amide hydrolysis and the product is mono-, di- and 
triphosphorylated. 

The triphosphate is thought to be the active metabolite. It is formed 
more in lung and liver than in other tissues, hence the drug is most 
effective against infections in these organs. It does not pass the blood- 
brain barrier. Drug and known metabolites are excreted in the urine 
(50%) and feces (15%). The plasma half-life is 9.5 hr while the half-life 
in erythrocytes is about 40 days. 


RIMANTADINE HYDROCHLORIDE 


Tricyclo[3.3.17,’]decane-1-methaneamine-, a-methyl-, 
hydrochloride; Flumadine 


{1501-84-4] C,,H.,N - HCl (215.77) 

Preparation—From 1-bromoadamantane by addition of vinyl bro- 
mide, using AICl, catalyst, to yield the 1-(2,2-dibromoethyl) derivative 
which undergoes classical dehydrohalogenation by heating with alkali 
to form the corresponding acetylene. The ketone is formed from the 
triple bond using mercury-catalyzed hydration with aqueous sulfuric 
acid. The carbonyl group is converted to the oxime which is the reduced 
with LiAlH, to form the product. US 3,352,912 (1967). 

Description—White to off-white crystals melting about 376° 
(sealed tube). 

Solubility—Freely soluble in water (50 mg/mL at 20°). 

Comments—An inhibitor of influenza viral penetration or wncoat- 
ing. When metabolized it exhibits toxicity similar to amantidine. 


STAVUDINE 


Thymidine, 2',3'-didehydro-3’-deoxy-, Zerit; d4t 


[3056-17-5] C,,H,,.N,O, (224.22). 
Preparation—US 5,130,421 (1992). 
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Description—White to off-white crystals melting about 166° 
(174°). Octanol-water partition coefficient 0.144 at 23°. 

Solubility—At 23°; water, 83 mg/mL, propylene glycol 30 mg/mL. 

Comments—An HIV reverse transcriptase inhibitor (pyrimidine 
nucleoside). It causes peripheral neuropathy. 


RIFAMPIN—page 1545. 
SURAMIN—see RPS-19, page 1326. 


TRIFLURIDINE 


Thymidine, a,a,a-trifluoro-, Viroptic 


OH 


2'-Deoxy-5-(trifluoromethyl)uridine [70-00-8] C,)H,,F3N.O, (296.20). 
Preparation—J Amer Chem Soc 84: 3597, 1962. 
Description—White crystals; melts about 188°. 

Comments—A nucleic acid synthesis inhibitor (pyrimidine analog) 
used topically for herpes simplex. 


VALACYCLOVIR HYDROCHLORIDE 


t -Valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)- 
methoxyl]ethyl ester, monohydrochloride; Valtrex 


N 
HN 
ne 
S . 
HoN N NH, HC) 


| ie} 
CH,0CH,CH ,0C it CH(CH,), 


H 


([124832-27-5] C,,H,)N,O, - HCl (360.80). 

Preparation—US 4,957,924 (1990). 

Description—White to off-white crystals, pK,, 1.90, pK,, 7.47, 
pK, 3 9.43. 

Solubility— 174 mg/mL in water at 25°. 

Comments—A nucleic acid synthesis inhibitor (purine analog). A 
prodrug of acyclovir but with better oral absorption. 


ZALCITABINE 


Cytidine, 2’,3’-dideoxy-, ddC, Hivid 


NH 
OO 
Ay 
HOCH, 
() 


[7481-89-2] C,H, ,N,0, (211.22). 
Preparation—Chem Pharm Bull 22: 128, 1974. 
Description—White crystals; melts about 216°. 
Comments—Antiviral activity against human immunodeficiency vi- 
rus (HIV) is mediated by its conversion within infected cells to the active 
nucleoside triphosphate metabolite that inhibits HIV reverse transcrip- 
tase and viral DNA synthesis. It is approved for combination therapy with 
zidovudine in advanced HIV infection (CD4 cell count\H300/mm*) who 
have demonstrated significant clinical or immunological deterioration. 
The major clinical toxicities of zalcitabine are peripheral neuropa- 
thy (17 to 31%) and pancreatitis (<1%). It may exacerbate hepatic 
dysfunction and a greater risk of toxicity may occur in patients with 
renal impairment. Infrequent cases of esophageal ulcers have been 
attributed to zalcitabine therapy. Other adverse effects include oral 
ulcers, nausea, dysphagia, anorexia, abdominal pain, vomiting, diar- 
rhea, rash, pruritus, headache, dizziness, myalgia, arthralgia, fatigue, 
pharyngitis, fever, rigors, chest pain and weight decrease. The mean 
oral bioavailability is >80%, but food decreases the extent and rate of 
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absorption. Renal excretion is the major route of excretion with little if 
any degree of hepatic metabolism. The half-life is 1 to 3 hr but impaired 
renal function prolongs elimination. 


ZIDOVUDINE 


Thymidine, 3’-azido-3’-deoxy-, AZT; Retrovir 


Nz 


Azidothymidine; [30516-87-1] C,)H,,N,O, (267.24). 
Preparation—Tetrahedron Letters 29: 5349, 1988. 
Description—White needles; from petroleum ether melts about 

110°; from water, melts about 121°; pK, 9.68. 

Solubility—1 g in 40 mL water or 15 mL alcohol. 

Comments—Incorporated into retroviral DNA by reverse-tran- 
scriptase to make a nonsense sequence that terminates DNA chain 
synthesis. The reverse-transcriptase is 100 times more susceptible to 
the drug than mammalian DNA polymerase. It has activity against 
human immunodeficiency virus; consequently, it is used for the 
treatment of AIDS and AIDS-related complex (ARC). It increases the 
survival and improves the quality of life of patients with complica- 
tions, such as severe weight loss, fever, pneumocystosis, herpes 
zoster, herpes or thrush. Because it crosses the blood-brain barrier, 
it has a favorable effect on the neurological symptoms of AIDS. 
During prolonged therapy resistance may occur. 

It causes severe anemia from bone-marrow depression in patients 
with AIDS; 25% of infected persons without AIDS develop anemia. It 
causes granulocytopenia and/or thrombocytopenia in about 5% of 
AIDS patients. However, it may increase platelet count if the count 
is depressed as the result of the disease. Nausea (46%), headaches 
(42%), GI pain (20%), rash (17%), fever (16%), diarrhea (12%), an- 
orexia (11%), myalgia (8%), somnolence (8%), malaise (8%), vomiting, 
dizziness, paresthesias (each 6%), insomnia, dyspnea, sweating (all 
5%) and macrocytosis occur. Polymyositis sometimes occurs. It is 
weakly mutagenic and should be withheld in pregnancy, if possible. 
In vitro antagonism of AZT inhibition of HIV-1 by ribovarin has been 
demonstrated, so those agents should not be used simultaneously. 
Drugs that inhibit hepatic glucuronidation, such as acetaminophen, 
aspirin, indomethacin, probenecid, pyrimethamine and _ tri- 
methoprim decrease elimination and increase toxicity. 

Oral bioavailability is 52 to 75%. CSF levels are nearly the same as 
in plasma. The drug is metabolized rapidly in liver with a half-life of 0.8 
to 1.9 hr. Only 14% of intact drug is eliminated in urine. 


PROTEASE INHIBITORS 


INDINAVIR SULFATE 


p-erythro-Pentanamide, [1(15S,2R,5(S)]-2,3,5-trideoxy-N-(2,3-dihydro- 
2-hydroxy-1H-inden-1-yl)-5-[2-[[(1, 1-dimethylethyl)amino]carbonyl]- 
4-(3-pyridinyl-methyl)-1-piperazinyl]-2-(phenylmethy))-, 
sulfate(1:1 salt), monohydrate; Crixivan 


OH 
\ H»SO, 


Za~ 
Oo NHC(CH,), 


{157810-81-6] C,,H,,N;O, : H,SO, (711.88). 
Preparation—US 5,413,999 (1995) 


Description—White to off-white hygroscopic powder; (as the mono- 
ethanolate) melts at 152°(dec). Loses ethanol on exposure to moist air 
and forms the hydrate. 

Solubility—Very soluble in water or methanol. 

Comments—A synthetic peptide analog that is a specific inhib- 
itor of HIV-1 and -2 proteases that are essential enzymes for pro- 
duction of mature infectious virions. It has excellent oral bioavail- 
ability but must be consumed on an empty stomach. Resistance is 
mediated by expression of multiple and variable protease amino acid 
substitutions. Cross-resistance commonly occurs for indinavir, sa- 
quinavir and ritonavir. Combination therapy with nucleoside reverse 
transcriptase inhibitors is used to decrease resistance. Adequate 
water consumption is important to prevent kidney stones (nephroli- 
thiasis). Other side effects include thrombocytopenia, nausea, vom- 
iting, diarrhea, hemolytic anemia, hepatitis, and irritability. Inhibi- 
tion of cytochrome P450 enzymes (notably CYP3A4) results in 
numerous drug interactions. Increased serum levels of antihista- 
mines, cispride, benzodiazepines and riftabutin occur because they 
are metabolized by CYP3A4 and results in an increase in their 
potential toxicity. Serum levels of indinavir may be increased by 
antifungal azoles and decreased by riftabutin and rifampin. 


NELFINAVIR MESYLATE 


3-Isoquinolinecarboxamide, [35-[2(25*,35*),3a,4aB,8aB]]-N- 
(1,1-di-methylethyl)decahydro-2-[2-hydroxy-3-[(3-hydroxy- 
2-methylbenzoyl)-amino]-4-(phenylthio)butyl]-, 
monomethanesulfonate (salt); Viracept 


2 ie 
Ss. ONG NH G—— CHa 
GH. 0 i 
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HO 
N N 
| OH 
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cH, + CH,SO3H 
H 
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[159989-65-8] C,,H,,N,0,S - CH,O,S (663.91). 
Preparation—Drugs of the Future 22: 371-377, 1997. 
Description—White to off-white amorphous powder. 
Solubility—Slightly soluble in water at pH = 4; freely soluble in 
methanol, ethanol, isopropyl alcohol or propylene glycol. 
Comments—Similar to other peptide analogs that inhibit HIV-1 
specific cleaving enzyme. It is used in combination with reverse 
transcriptase inhibitors to prevent resistance. Resistance to other 
protease inhibitors may not lead to cross-resistance with nelfinavir. 
Oral absorption is moderate and may be increased if drug is taken 
with a meal. It is similar in its adverse effects and drug interactions 
due to inhibition of CYP3A enzymes. The most common side effect is 
diarrhea. 


RITONAVIR 


2,4,7,12-Tetraazatridecan-13-oic acid, [5S-(5R*,8R*,10R*,11R*)]- 
10-hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1-methylethyl)- 
4-thiazolyl]-3,6-dioxo-8, 11-bis(phenylmethyl)- 
5-thiazolylmethyl ester; Norvir 


[155213-67-5] C,,H,.N,O;S, (720.96). 

Preparation—PCT Int Pat Appl 94 14,436(1994); Drugs of the 
Future 21: 700-705, 1996. 

Description— White to light tan powder with a bitter metallic 
taste. 

Solubility—Freely soluble in methanol or ethanol; soluble in iso- 
propyl alcohol; practically insoluble in water. 


Comments—A synthetic peptide analog and inhibitor of HIV-1 
and -2 proteases. It has high oral bioavailability (60 to 80%) and is 
taken with meals. Combination therapy with nucleoside reverse 
transcriptase inhibitors is used to decrease resistance. The most 
common side effects are GI disturbances, circumoral paresthesia, 
elevated hepatic serum enzymes, altered taste and hypertriglyceri- 
demia. Caution is advised when it is given to patients with impaired 
liver function. A practical limitation is the numerous drug interac- 
tions due to its metabolism by hepatic CYP3A4. Because prepara- 
tions of ritonavir contain alcohol, coadministration of disulfiram is 
contraindicated. 


SAQUINAVIR MESYLATE 


Butanediamide, [35-[2(1R*(R*),2S*],3a,4aB,8aB]]-N'-[3-[3-[[(1,1- 
dimethylethyl)amino]carbonyl]octahydro-2(1H)-isoquinolinyl]-2- 
hydroxy-1-(phenylmethyl)propyl]-2-[(2-quinolinylcarbonyl)amino]-, 
monomethanesulfonate; Invirase 
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{127779-20-8] C,,H;,N,O; - CH,0.3S (766.96). 

Preparation—US 5,196,438 (1993); J Org Chem 59: 3656, 1994. 

Description—White to off-white fine powder. 

Solubility—Water; 2.22 mg/mL at 25°. 

Comments—A synthetic peptide analog and inhibitor of HIV-1 and 
-2 proteases. It is used in combination with reverse transcriptase in- 
hibitors, but is has less cross-resistance with other protease inhibitors. 
It has poor oral bioavailability (4%) and should be taken within 2 hr of 
a full meal for enhanced absorption. Adverse effects include GI distur- 
bances and rhinitis. Potential drug interactions occur with drugs me- 
tabolized by CYP3A4. 
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CHAPTER 88 


Parasitic infections are now a worldwide problem. Increased 
travel, use of immunosuppressants, and the spread of AIDS 
has led to a greater prevalence of parasitic infections (Med Lett 
Drugs Ther 1992;34:17). Consequently, the subject is an impor- 
tant part of pharmacology. In its broadest aspects, it includes 
the problem of eradication of all organisms that live within or 
upon man. However, the discussion in this chapter is limited to 
the anthelmintics and those agents that are applied directly to 
the skin of the human host in the treatment of pediculosis and 
scabies. The antimalarials, amebicides, and fungicides are dis- 
cussed in Chapter 87. 


ANTI-INFECTIVES 
a EE EE a) 
The term anthelmintic frequently is restricted to drugs acting 
locally to expel parasites from the GI tract. However, there are 
several types of worms that penetrate other tissues; drugs that 
act on these parasitic infections are also known as anthel- 
mintics. Furthermore, drugs that kill worms are referred to 
commonly as vermicides; those that affect the worm in such a 
manner that peristaltic activity or catharsis expels it from the 
intestinal tract are referred to as vermifuges. This arbitrary 
division serves no useful purpose because many anthelmintics 
manifest both actions, according to the dose employed. There- 
fore, the anthelmintics are defined more properly as drugs used 
to combat any type of helminthiasis. 

The worm parasites of man belong to two phyla: Nemathel- 
minthes (roundworms) and Platyhelminthes (flat worms). 

The roundworms include the hookworm, roundworm, whip- 
worm, pinworm, Strongyloides stercoralis, Trichinella spiralis, 
and Wuchereria bancrofti. 

There are two common varieties of hookworm: Necator 
americanus, the American variety, and Ancylostoma duode- 
nale, the European variety. They are cylindrical worms, 1 to 2 
cm long, with two pairs of hooks near the mouth. They attach 
themselves to the mucosa of the duodenum and derive their 
nourishment by sucking blood from the surrounding blood 
vessels. 

The common roundworm, Ascaris lumbricoides, is the most 
prevalent of human helminths. It may be 7 to 23 cm in length, 
3 to 6 mm in diameter, grayish to reddish in color, and inhabits 
the upper part of the small intestine; therefore, it is vomited up 
occasionally. 

The whipworm, Trichuris trichiura, is approximately 5 cm 
long and resembles a whip. It inhabits the cecum principally, 
but is found also in the lower part of the ileum and the 
appendix. 

The pinworm or threadworm, Enterobius vermicularis, is 
1.5 to 3 mm long. It inhabits the small intestine, cecum, and 
colon. 

S stercoralis is only approximately 2 mm long. It inhabits 
the duodenum chiefly, but may be found in the stomach, biliary 
passages, pancreatic ducts, and various parts of the intestinal 
tract. 
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Infection with T spiralis causes trichinosis, a condition that 
results from eating incompletely cooked pork infested with the 
larvae of the worm. When such meat is eaten, the cysts dis- 
solve, the parasites mature and a new crop of larvae develops 
that penetrate the intestinal mucosa and eventually lodge in 
the muscles. 

The most important filarial worm is W bancrofti, which is 
transmitted by the bite of the mosquito. Symptoms result from 
the blocking of the lymphatic ducts with the adult worms. 

The flatworms are of two types: segmented (cestodes) and 
nonsegmented (trematodes). The cestodes include the tape- 
worms, and the trematodes include the flukes. 

Four common varieties of parasitic tapeworms are found in 
man; Taenia saginata (beef tapeworm), Taenia solium (pork 
tapeworm), Diphyllobothrium latum (fish tapeworm) and Hy- 
menolepis nana (dwarf tapeworm). Except for the dwarf tape- 
worm, they are from 2 to 10 m in length and may contain 3000 
to 4000 segments, each segment being capable of producing 
hundreds of eggs. The dwarf tapeworm is only 6 to 12 mm in 
length, but it consists of 150 to 200 segments. The larval stage 
of all tapeworms is spent in the muscles of the intermediate 
host, and human infection occurs through eating imperfectly 
cooked meat and fish. 

Three varieties of blood fluke inhabit the blood stream of 
man, causing schistosomiasis: S haematobium, S mansoni, S 
mekongi, and S japonicum. These parasites cause epigastric 
distress, abdominal pain, anorexia, diarrhea with blood and 
mucus in the stools, enlarged and tender liver, pyrexia, and 
ascites. The intermediate host is either a freshwater snail or a 
freshwater mollusk. Transmission is by way of contaminated 
water. 

Parasitic worms are harmful to the human host for several 
reasons. They deprive the host of food, injure organs or obstruct 
ducts, may elaborate substances toxic to the host, and may 
provide a portal of entry for other organisms. It is desirable, 
therefore, to eradicate the parasites as soon as they have been 
discovered. Nevertheless, the need for treatment must be 
weighed carefully against the toxicity of the drug; the mere 
presence of a parasite does not necessarily demand that it must 
be treated. 

Proper choice of the anthelmintic is important, as most 
drugs are more effective against some species than others, and 
virtually all antiparasitic drugs induce some adverse effects. 
The drug selected should offer the best combination of effec- 
tiveness and relative safety. There is an excellent review (Med 
Lett Drugs Ther 1992;34:17) of the choice of drugs for parasitic 
infections. 

Many of the newer drugs require little or no change in the 
patient’s normal routine. When the patient has a tapeworm 
infestation, a thorough examination of the stools produced by 
the second purgation is necessary. Unless the head of the worm 
has been expelled and identified, the worm regenerates. Usu- 
ally three specimens of stools are examined 1 week after ad- 
ministration of the anthelmintic. If ova or parasites are still 
present, the treatment should be repeated. All drugs that are 


poisonous to the worms are also poisonous to the patient. 
Therefore, the recommended methods of treatment for each 
drug should be followed carefully and the patient watched 
closely for the appearance of any untoward drug effects. 


ALBENDAZOLE 


Carbamic acid, [5-(propylthio)-1H-benzimidazol-2yl-], methyl ester; 
Albenza 


/ 
eo mihy: 
CH3CH2 CHaS N 


Preparation—Etherification of 4-mercaptoacetanilide with n- 
propyl bromide yields 2-nitro-4-(propylthio)acetanilide, which is hydro- 
lyzed to the amine, reduced to the diamine with stannous chloride, then 
converted to the benzimidazole structure with S-methylthiourea, and 
finally acylated at the 2-amino group with methyl choloformate. J Med 
Chem 1971;14:580. US 3,915,986 (1975). 

Description—Colorless crystals melting about 209° (decompn). 

Solubility—Insoluble in water; soluble in dimethyl sulfoxide (DMSO), 
acetic acid, strong acids, or bases; can be regenerated from these solutions 
by neutralization if not heated or kept for too long a time. 

Comments—A synthetic, benzimidazole-derivative anthelmintic 
that is used for the treatment of parenchymal neurocysticercosis result- 
ing from active lesions produced by the larval form of T solium (pork 
tapeworm) and the treatment of cystic hydatid disease of the liver, lung, 
and peritoneum, produced by the larval form of the dog tapeworm 
(Echinococcus granulosus). 

The precise mechanism of action is not clear; however, it appears to 
exert its primary anhelmintic effice by binding to the free B-tubulin in 
parasite cells, thereby producing a selective inhibition of parasite mi- 
cotubule polymerization, and inhibition of micotubule-dependent glu- 
cose uptake. Inhibition of parasite B-tubulin occurs at lower concentra- 
tions of albendazole than those that are needed to inhibit human 
microtubule polymerization. 

When employed in the treatment of neurocysticercosis, corticoste- 
roids are often administered in conjunction with albendazole to reduce 
the frequency and severity of adverse nervous system effects. When 
employed for the treatment of cystic hydatid disease, it is most often 
used perioperatively to reduce the risk of intraoperative dissemination 
of daughter cysts. 

Albendazole is administered orally with food. Bioavailability is in- 
creased by the presence of fat. For example, in the presence of 40 g of 
fat, the plasma concentrations of albendazole are approximately 5 times 
that observed in fasting patients. It is contraindicated during preg- 
nancy because of potential risk to the fetus. In addition, liver function 
tests are recommended prior to each course of treatment and at 2-week 
intervals during treatment. Should clinically important increases in 
liver function test results be observed, its use should be discontinued. 


ANTIMONY POTASSIUM TARTRATE 


Antimonate(2-), bis[-[2,3-dihydroxybutanedioato(4-)- 
O', O?, O?, O*]]-di-,dipotossium, trihydrate, stereoisomer 


Ox 0-2 
Sc¢— cH—cH—c7 
| | | | 
OX.,-0 Ww 0 
BES - 2K" ‘i 3H 
Baan Se 0 3H,0 
oo HCH Ce 


Tartar Emetic [28300-74-5] C,H,K,Sb,0,.°3H,O (667.85); anhydrous 
{11071-15-1] (613.81). 

Preparation—By dissolving a mixture of 10 parts of potassium 
bitartrate with 8 parts of antimony trioxide [Sb,O,] in 75 parts 
of boiling water, filtering the solution while hot and allowing it to 
crystallize. 

Description—Colorless, odorless, transparent crystals or a white 
powder; the crystals effloresce on exposure to air; solutions are acid to 
litmus. 

Solubility—1 g dissolves in 12 mL water, approximately 15 mL 
glycerin or approximately 3 mL boiling water; insoluble in alcohol. 

Incompatibilities—Mineral acids, when added to aqueous solu- 
tions of antimony potassium tartrate, precipitate basic salts of anti- 
mony, with possibly some potassium bitartrate. Alkali hydroxides and 
carbonates of sufficient concentration precipitate antimony trioxide. 
Precipitation is retarded by citrates, tartrates, glycerin, or sugar. Many 
metallic salts form insoluble tartrates. Addition of alcohol to an aque- 
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ous solution may cause precipitation. An insoluble tannate is formed 
with tannic acid. 

Comments—Formerly used for infections caused by Schistosoma 
Japonicum. It is also an emetic, chiefly by virtue of its irritant action on 
the GI mucosa. Subemetic doses produce an expectorant action owing to 
reflex stimulation of the salivary and bronchial glands. Toxic effects 
induced by antimony potassium tartrate frequently include painful 
local inflammation, coughing and vomiting when intravenous injection 
is rapid, muscle and joint stiffness, and bradycardia. Occasional ad- 
verse effects include colic, diarrhea, rash, pruritus, and myocardial 
damage. Rarely, liver damage, hemolytic anemia, renal damage, shock 
and sudden death are encountered. 


BITHIONOL 
Phenol, 2,2’-Thiobis(4,6-dichloro- 


OH OH 


Cl el 


[97-18-7] C,,H,C1,0.,S (356.05). 

Preparation—By reaction of 2,4-dichlorophenol and sulfur 
chloride. 

Description—White or off-white, crystalline powder; melts at 188°. 

Solubility—Practically insoluble in water; freely soluble in alcohol 
or ether; soluble in solutions of alkali hydroxides. 

Comments—tThe drug of choice for infections caused by Fasciola 
hepatica (sheep liver fluke) and, alternative drug for those caused by 
Paragonimus westermani (lung fluke). Untoward reactions are frequent 
and include photosensitivity skin reactions, vomiting, diarrhea, abdom- 
inal pain, and urticaria. Available from the Parasitic Disease Drug 
Service, CDC, Atlanta, GA 30333. 


DIETHYLCARBAMAZINE CITRATE 


1-Piperazinecarboxamide, N,N-diethyl-4-methyl-, 2-hydroxy-1,2,3- 
propanetricarboxylate; Hetrazan 


CHeCOOH 
HO—C—COOH 
CH2COOH 


CH3—N N—CON(CpHs)2 * 


N,N-Diethyl-4-methyl-1piperazinecarboxamide citrate (1:1) [1642-54-2] 
Ci oH.,N,0 - C,H,O, (391.42). 

Preparation—By acylating piperazine with diethylcarbamoy] chlo- 
ride, and then methylating at the N*-position by treatment with form- 
aldehyde and formic acid. Treatment of the purified base with an 
equimolar portion of citric acid yields the official citrate. 

Description—White, crystalline powder; odorless, or has a slight 
odor; slightly hygroscopic; melts between 134 and 139°. 

Solubility—Very soluble in water; sparingly soluble in alcohol; 
practically insoluble in acetone, chloroform, or ether. 

Comments—The drug of choice for treating filariasis infections (W 
bancrofti, Brugia malayi, Mansonella ozzardi, Loa loa, and tropical 
eosinophilia). In adequate dosage it clears the blood rapidly of the 
microfilariae and appears to be curative. The drug should be adminis- 
tered with special caution in Loa loa, because it can provoke an enceph- 
alopathy. Antihistamines or corticosteroids may be needed to control 
the allergic reactions caused by the disintegration of microfilariae. 

Untoward reactions are frequent but not serious; they include se- 
vere allergic or febrile reactions, owing to the filarial infection, and 
GI disturbances. Rarely, encephalopathy and loss of vision are 
encountered. 

Note—Available only from the manufacturer. 


EMETINE HYDROCHLORIDE—page 1549. 
MEBENDAZOLE 


Carbamic acid, (5-benzoyl-1H-benzimidazol-2-yl)-, methyl ester; 
Vermox 


nig NHCOOCH; 
| 
1@m) 

I 


Methyl 5-benzoyl-2-benzimidazolecarbamate [31431-39-7] C,,H,,N;03 
(295.30). 
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Preparation—Synthesis of mebendazole and related anthelmintic 
benzimidazolecarbamates is described in German Pat 2,029,637 (corre- 
sponding to US Pat 3,657,267). See CA 74:100047s, 1971. 

Description—White to slightly yellow powder; melts about 290°. 

Solubility—Practically insoluble in water, alcohol, ether, or 
chloroform. 

Comments—The anthelmintic of choice in hookworm (Ancylos- 
toma duodenale and Necator americanus), pinworm (Enterobius ver- 
micularis), roundworm (Ascaris lumbricoides), whipworm (T tri- 
chiura) and guinea worm (Dracunculus medinensis); in filariasis 
(Mansonella perstans); and as an alternative drug for Visceral Larva 
Migrans. It also is used as an adjunct to steroids for the treatment of 
trichinosis (T spiralis). It blocks the glucose uptake by susceptible 
helminths, thereby depleting glycogen stored within the parasite. 
The glycogen depletion results in a decreased formation of adenosine 
triphosphate (ATP); the latter is required for survival and reproduc- 
tion of the helminth. Side effects are usually mild and transient; 
abdominal pain and diarrhea have occurred in cases of massive 
infection and expulsion of worms. Leukopenia is rare but has been 
reported. The drug is contraindicated in pregnancy and in persons 
who have shown hypersensitivity to it. 


METRONIDAZOLE—page 1551. 


OXAMNIQUINE 


6-Quinolinemethanol, 1,2,3,4-tetrahydro-2-[[(1-methylethyl)amino]- 
methyl]-7-nitro-, Vansil 


i 
Sie joes 
HOCH 
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(21738-42-1] C,,H,,N,0, (279.34). 

Preparation—From 6-methoxymethylquinaldinic acid to form the 
acyl chloride, which with diethylamine yields the amide. Reduction of 
the amide with lithium aluminum hydride and Raney nickel produces 
the diethylaminomethy] derivative. Nitration of the latter compound in 
the 7-position followed by demethylation of the 6-position yields oxam- 
niquine (US Pat 3,821,228). 

Description—A light, orange, crystalline powder melting about 
ease 

Solubility—Soluble in 3300 in water; soluble in acetone, chloro- 
form, or methanol. 

Comments—An alternate drug for infection caused by Schistosoma 
mansoni, including the acute and the chronic phase with hepatosplenic 
involvement. It significantly reduces the egg load of S mansoni. Con- 
traindicated in pregnancy. Adverse effects observed include occasional 
headache, fever, dizziness, somnolence, nausea, diarrhea, rash, insom- 
nia, and electrocardiogram (ECG) changes. Convulsions and neuropsy- 
chiatric disturbances also have been observed, but are rare. 


PIPERAZINE 
N 
bo} 
4 
{110-85-0] C,H,.N, (86.14). 

Preparation—By catalytic deamination of diethylenetriamine and 
of ethylenediamine. US Pat 2,267,686. 

Description—White to slightly off-white lumps or flakes having an 
ammoniacal odor; melts between 109° and 113°; boils between 145° and 
146°; in water it crystallizes with 6H,O in colorless crystals called 
piperazine hydrate, melting at 44° and boiling between 125° and 130°. 
Soluble in water or alcohol; insoluble in ether. Incompatible with salts 
of heavy metals, alkaloidal salts or with acetanilid, phenacetin, or 
nitrites. 

Comments—Piperazine and several of its salts—the adipate, cal- 
cium edetate, citrate, phosphate, and tartrate—have been used as an- 
thelmintics for treatment of roundworm and pinworm infections. When 
administered orally, therapeutic doses have little or no pharmacological 
effects on the host. Adverse effects are transient, usually mild and 
disappear when the drug is discontinued. Occasionally, patients may 


complain of nausea, vomiting, mild diarrhea, abdominal cramps, head- 
ache, and dizziness. 


More serious adverse effetts such as seizures and respiratory de- 
pression are rare and occur after large doses. Piperazine should be used 
with caution in patients who have severe malnutrition oranemia. It is 
contraindicated in patients who have impaired renal or hepatic function 
or seizure disorders and in those patients who are hypersensitive to 
piperazine. Although piperazine has been used, without adverse effects, 
in pregnant women, its safe use in pregnancy has not been established 
clearly. 


PRAZIQUANTEL 


4H-Pyrazino[2,1-a]isoquinolin-4-one, 2-(cyclohexylcarbonyl)- 
1,2,3,6,7,11b-hexahydro-, Biltricide 


[55268] C,,H,,N,O, (312.41). 

Preparation—Aminomethyltetrahydroisoquinoline, cyclohexane- 
carbonyl chloride, acetonitrile, and aqueous hydrochloric acid are re- 
fluxed in the presence of pyridine to first form the cyclohexanecar- 
bamoylmethy] derivative that cyclizes to form the product (US Pat 
4,001,411). 

Description—A hygroscopic solid with a bitter taste, melting about 
IS, 

Solubility—Freely soluble in chloroform; soluble in ethanol; very 
slightly soluble in water. 

Comments—tThe drug of choice for infections caused by S japoni- 
cum, S mekongi, S haematobium, and S mansoni. It is also an investi- 
gational drug of choice for tapeworm infestations and numerous fluke 
infections. It increases the permeability of the worm’s cell membrane to 
calcium ions; this causes massive contraction and paralysis of its mus- 
culature and disintegration of its tegumental layer. Adverse effects 
include sedation, abdominal discomfort, fever, sweating, nausea, eosin- 
ophilia, headache, and dizziness. 


PYRANTEL PAMOATE 


(E)-1,4,5,6-tetrahydro-1-methyl-2-[2-(2-thienyl)ethenyl]-, compd with 
4,4'-methylenebis[3-hydroxy-2-naphthalenecarboxylic acid] (1:1); 
Antiminth 


2 ie COOH 
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[22204-24-6] C,,H,,N.S « C,,H,,0, (594.68). 

Preparation—Thiophene is converted to 2-thiophenecarboxalde- 
hyde (I) via a Vilsmeier-Haack reaction. N-Methy]-1,3-propanedia- 
mine is condensed with acetonitrile to yield 1,4,5,6-tetrahydro- 
1,2-dimethylpyrimidine, which is then coupled with I in the pre- 
sence of methyl formate to yield pyrantel (base). The pyrantel is 
isolated as the tartrate and metathesized with a soluble alkali-metal 
pamoate. 

Description—Yellow to tan powder that is tasteless and free of 
characteristic odor; decomposes slowly in light; nonhygroscopic in air 
under ordinary conditions; relatively stable in heat; melts with decom- 
position between 247° and 261°. 

Solubility—Insoluble in water; very slightly soluble in alcohol. 

Comments—One of the anthelmintics of choice in the treatment of 
ascariasis (common roundworm infection) and enterobiasis (pinworm) 
infection. It is also an investigational drug for the treatment of hook- 
worm, moniliformis, and trichostrongylus infections. Side effects occur 
only occasionally and are relatively mild; GI disturbances, headache, 
dizziness, rash, and fever have been reported. 


QUINACRINE HYDROCHLORIDE—page 1548. 
SURAMIN SODIUM—See RPS-19, page 1326. 


THIABENDAZOLE 


1H-Benzimidazole, 2-(4-thiazolyl)-, Mintezol; Thibenzole 


2-(4-Thiazolyl)benzimidazole [148-79-8] C,)H,N.S (201.25). 

Preparation—Ethyl pyruvate is brominated, and the resulting 
2-bromo ester is reacted with thioformamide whereby cyclization occurs 
with formation of ethyl 4-thiazolecarboxylate. This ester is saponified 
and condensed with o-phenylenediamine to introduce the benzimid- 
azole moiety. US Pat 3,017,415. 

Description—White to practically white, odorless or practically 
odorless, tasteless powder; stable in light and nonhygroscopic; melts 
between 296° and 303°; pK, 4.7. 

Solubility—Practically insoluble in water; slightly soluble in ace- 
tone or alcohol; very slightly soluble in chloroform or ether. 

Comments—tThe anthelmintic of choice in S stercoralis, cutaneous 
larva migrans (creeping eruption), Angiostrongylus costaricensis. It also 
is recommended as an alternate drug in the treatment of Capillaris 
philippensis, D medinensis (guinea worm) infections, and visceral larva 
migrans. No special diet or purgation is needed with this drug. Side 
effects usually include nausea, vomiting, vertigo, headache, and weak- 
ness. Leukopenia, crystalluria, rash, disturbance of color vision and 
hallucinations also have been reported. In rare instances, shock, tinni- 
tus and Stevens—Johnson syndrome have been observed. Because from 
one third to one half of patients usually are incapacitated for several 
hours after receiving the drug, it should be given on days when the 
patient does not have to go to school or work. Patients on the drug 
should be cautioned not to engage in activities requiring mental 
alertness. j 


PEDICULICIDES AND SCABICIDES 


Pediculicides are compounds effective in the treatment of 
pediculosis. Pediculosis in man is caused by three species of 
sucking lice known as Pediculus humanus variety capitis 
(the head louse), P humanus variety corporis (the body 
louse) and Phthirius pubis (the crab louse). These para- 
sitic, wingless insects thrive where personal hygiene is 
neglected. The eggs (nits) of the body louse are attached to 
the fibers of clothing while those of the other two species 
are attached to hairs by a chitin-like cement. Cutting the 
hair short or shaving the area is helpful in destroying the 
eggs. The period of development from egg to adult is ap- 
proximately 2 to 4 weeks. To be effective completely, an 
antipedicular agent must kill both parasites and eggs. 
Should the latter fail to be destroyed, repeated applications 
of the agent may be necessary to destroy the newly hatched 
lice. 

Scabicides are compounds that are effective against Sar- 
coptes scabiei, the animal parasite that causes scabies in 
man. The parasite, a mite, thrives where personal hygiene is 
neglected. After copulation takes place on the surface of the 
skin, the female mite excavates a sinuous inward-sloping 
burrow in the corneous layer of the skin. The eggs are laid in 
the burrow and, after hatching, the larvae and nymphs may 
exit. For this infestation to be eradicated, an antiscabious 
agent must kill both parasites and eggs. If the eggs are not 
destroyed, repeated applications of the antiscabious agent 
may be necessary. The life cycle from egg to adult parasite is 
from 8 to 15 days. Sulfur ointment has been a time-honored 
scabicide. Except for alternate use in scabies (S scabies), it 
now has been replaced by more effective agents. Because 
many agents possess both antipedicular and anti-scabious 
properties, the pediculicides and scabicides are listed 
together. : 
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CROTAMITON 
2-Butenamide, N-ethyl-N-(2-methylphenyl)-, Eurax 


CH3CH=CHCONCH,CH, 
CH, 


N-Ethyl-o-crotonotoluidide [483-63-6] C,,H,,NO (203.28). 

Preparation—By condensation of a crotonyl halide, ester, salt, or a 
derivative thereof with N-ethyl-o-toluidine. 

Description—Colorless to slightly yellowish oil; faint aminelike 
odor. 

Solubility—Practically insoluble in water; miscible with alcohol. 

Comments—A scabicidal and antipruritic agent, effective in erad- 
icating scabies infestations and useful for symptomatic treatment of 
pruritic skin. Allergic sensitivity or primary irritation reactions may 
occur in some patients. It should not be applied to acutely inflamed 
skin, raw, weeping surfaces, or in the eyes or mouth. In scabies, it is 
recommended that crotamiton be thoroughly massaged into the skin of 
the entire body, from the chin down; a second application 24 hours later 
is advised to assure complete eradication of mites. A cleansing bath 
should be taken 48 hours after the last application. In pruritus the 
cream is massaged gently into affected areas until absorbed; repeated 
as needed. 


LINDANE 


Cyclohexane, (1a,2a,38,4a,5a,6B)-1,2,3,4,5,6-hexachloro-, Gamma 
Benzene Hexachloride; Gammexane; BHC; 666; 


y-1,2,3,4,5,6-Hexachlorocyclohexane [58-89-9] C,H,Cl, (290.83). 

Gamma benzene hexachloride, as this compound was formerly offi- 
cially called, is one of the nine theoretical stereoisomeric forms of 
1,2,3,4,5,6-hexachlorocyclohexane. It has been shown to have the con- 
formation 


and, in terms of equatorial-axial notation, becomes 1le,2e,3e,4a,5a,6a- 
hexachlorocyclohexane. 

Preparation—By the chlorination of benzene in the presence of 
light. The reaction product is a mixture of stereoisomers containing 
from 10 to 15% of the insecticidally active gamma isomer that may be 
separated by solvent extraction processes. 

Description—White, crystalline powder; slight, musty odor. 

Solubility—Practically insoluble in water; slightly soluble in eth- 
ylene glycol; 1 g in 20 mL dehydrated alcohol, 3.5 mL chloroform or 40 
mL ether. 

Comments—Widely used as an ectoparasiticide and ovicide. It is an 
alternative drug for the treatment of Sarcoptes scabiei (scabies), P 
capitis (head lice) and P pubis (crab lice). As a scabicide, it is employed 
in a 1% concentration in a vanishing cream or lotion. The mixture is 
applied in a thin layer over the entire cutaneous surface from the neck 
down. One ounce usually is sufficient for an adult. Leave it on for at 
least 12 hr; remove it by thorough washing. One application is usually 
curative; retreatment is indicated only if living mites can be demon- 
strated. The shampoo is used for the treatment of P pubis and capitis. 
Approximately 1 oz (for short hair) and 2 oz (for long hair) is worked 
thoroughly into the hair and allowed to remain in place for 4 min; small 
quantities of water are added then until a lather forms; the hair is 
rinsed thoroughly, toweled briskly and any nits removed with nit comb 
or tweezers. 

Adverse effects include occasional eczematous skin rash and 
conjunctivitis; rarely, convulsions and aplastic anemia have been 
observed. 


MALATHION—PAGE 1357. 
PRECIPITATED SULFUR 


Precipitated Sulphur; Lac Sulfuris; Milk of Sulfur 
Sulfur [7704-34-9] S (32.06). 
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Preparation—To a slurry of 1 part of lime and 10 parts of water, 2 
parts of sublimed sulfur are added, thoroughly mixed and the mixture 
boiled with frequent agitation until all of the sulfur is dissolved: 


12S + 3Ca(OH), — 2CaS; + CaS,0,; + 3H,0 


After cooling, the clear liquid is decanted through a filter, and a slight 
excess of HCl, calculated from the quantity of lime used, is added to the 
filtrate. The acid decomposes the calcium pentasulfide and the thiosul- 
fate with the precipitation of sulfur: 


2CaS; + CaS,03 + 6HCl — 3CaCl, + 12S + 3H,O 


Description—Very fine, pale yellow, amorphous or microcrystal- 
line powder; odorless and tasteless. 

Solubility—Practically insoluble in water; very slightly soluble in 
alcohol; slightly soluble in olive oil. Distinguished from other forms of 
sulfur by more rapid solubility in carbon disulfide: on shaking 1 g of 
precipitated sulfur with 5 mL carbon disulfide, it should dissolve 
quickly except for a small amount of insoluble matter usually present. 

Incompatibilities—Sufficiently hydrophobic that it sometimes 
causes trouble in lotions, where it tends to float on the surface. Among 
substances that have been shown to promote the wetting of sulfur, and 
thus aid its dispersion, are triethanolamine oleate and benzoin tincture. 
Trituration of the sulfur with a few drops of alcohol, glycerin, or a dilute 
solution of a wetting agent is also of some service. 

Comments—An active parasiticide; a 10% sulfur paste or ointment 
is used as an alternative treatment for S scabiei (mites). Sulfur also is 


actively keratolytic and, in the form of full-strength ointment or in 
combination with other keratolytic agents such as salicylic acid, it is 
used in the treatment of skin disorders such as psoriasis, seborrhea, 
eczema-dermatitis and lupus erythematosus. The percentage of sulfur in 
an ointment should be reduced in the event that a patient’s skin shows 
intolerance. Prolonged use of sulfur may result in a characteristic 
dermatitis venenata. 


PYRETHRINS WITH PIPERONYL BUTOXIDE 


RID; A-200 Pyrinate 

Preparation—Pyrethrins are the insecticidal extracts of the pyre- 
thrum flower and are usually synthesized from pyrethrolone [(Z)(+)-4- 
hydroxy-3-methyl-2-(2,4-pentadienyl)-2-cyclopentene-l-one, C,,H,,0] 
and chrysanthemic acid [2,2-dimethyl-3-(2-methyl-1-propenyl)cyclo- 
propanecarboxylic acid, C,)H,,O.] to yield a mixture of pyrethrins I and 
IL. Piperonyl butoxide, [5-[[2-(2-butoxyethoxy)ethoxy]methyl]-6-propyl- 
1,3-benzodioxazole, C,)H;,0;] has a synergistic effect on pyrethrins 
and rotenone, another floral insecticide. 

Comments—This combination (pyrethrins 0.3%, piperonyl bu- 
toxide 3.0%) is an alternative treatment for P humanis, P capitis, 
and P pubis. It is contraindicated in individuals sensitive to the 
ingredients or ragweed, harmful if swallowed or inhaled, and may be 
irritating to the eyes and mucous membranes. Discontinue use and 
notify a physician if irritation or skin rash occurs. Usually it is 
applied topically only once and after 5 to 7 days later if needed to kill 
hatching progeny. 
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immunizing Agents and Allergenic Extracts 


E Richard Shough, PhD 
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Immunizing agents and allergenic extracts are two of the main 
groups of drugs that are classified as biologics by the Food and 
Drug Administration (FDA). The properties of these agents are 
sufficiently unique that they are under the control of a separate 
division of the FDA; ie, the Center for Biologics Evaluation and 
Research (CBER) rather than the Center for Drug Evaluation 
and Research (CDER). This is perhaps one of the things that 
has confused many laymen and professionals alike into think- 
ing that biologicals are not drugs. To the contrary, they were 
the first group of drugs to fall under Federal Control and were 
originally defined in the Public Health Service Act of 1902. 
More importantly, the biologics as a group and, more specifi- 
cally the active immunizing agents, have likely prevented more 
morbidity and mortality than all other drugs combined. Vac- 
cina Vaccine must be considered the most effective drug to date 
since it has totally eradicated smallpox from our world. A 
similar success for the poliomyelitis virus vaccines appears 
imminent. 


Characteristics of Biologics 


Biologics (Table 89-1) are drugs in every sense of the word but 
they have unique characteristics that are helpful to review 
before considering the specific groups and individual agents. To 
be sure, none of the characteristics listed below is completely 
unique to biologics but, considered together, they describe what 
make these drugs special when compared to what are called 
conventional drugs for the purpose of this discussion.* 


1. Biologics are natural products. Virtually all of the drugs in this 
group are derived from once living organisms including man, higher 
animals, plants and microorganisms. Although there may ulti- 
mately be a few exceptions to this rule, even the so-called synthetic 
proteins today are produced in living systems. 

2. Biologics are relatively crude products by contemporary pharma- 
ceutical standards. Most of these products contain cells, tissues or 
even entire organisms. Even the relatively pure products that con- 
tain no biological structural elements are often mixtures of chemi- 
cals with varying degrees of activity. 

3. The active constituents of biologics are macromolecules, proteins 
and/or, less commonly, polysaccharides. This is a particularly im- 
portant consideration with respect to formulation, administration 
and pharmacokinetics. 

4. Most biologics are standardized by bioassay. The doses of very few 
of these products can be expressed in the conventional units of mass 


*Chapters 81, Immunizing Agents and Diagnostic Skin Antigens, and 82, 
Allergenic Extracts, in the 19th edition have been combined. The diagnostic 
skin antigens are discussed with other delayed hypersensitivity tests under 
the Allergenic Extracts. 


of active constituent but rather are usually expressed in units of 
biological activity that are characteristic to the individual agent. 

5. Biologics are immunogenic. Conventional drugs with low molecular 
weights can induce immune responses by acting as haptens but this 
is a relatively uncommon occurrence with most drugs. Biologics 
virtually always contain complete immunogens (proteins and poly- 
saccharides) that are highly immunogenic by themselves. Even the 
increasingly common human or humanized proteins are rarely com- 
pletely identical to their natural analogs and are usually more 
immunogenic than conventional drugs. There is nothing more cen- 
tral to understanding biologics than knowledge of the principles of 
immunology (Chapter 60). 

6. Biologics have some very wnique hazards. Adverse toxic, idiosyn- 
cratic and, as noted above, allergic reactions can occur with biolog- 
ics as with other drugs. But some biologics consist of living micro- 
organisms that actually infect the patient and, on occasion, may 
even be transmitted to others. Some biologics carry a significant 
risk of microbial contamination because of their source. Certainly 
any product containing cells carries some risk of carrying an un- 
known biological contaminant. Those vaccines that are used for 
mass immunization have a very unique ability to alter the epide- 
miological patterns of disease that may have both advantages and 
disadvantages within a community. 


Sources of Information 


The biologics, including those described in this chapter repre- 
sent one of the most rapidly, developing areas of pharmaceuti- 
cal practice and science today. It is difficult for many older 
pharmacists who received minimal training in this area to 
catch up and for all pharmacists to keep up with the many 
developments in this area. The following are some suggestions 
for how a practicing pharmacist can deal with this problem. 

Knowledge of the principles of immunology (Chapter 60) are 
essential to understanding biologics and even those who have a 
solid foundation in this area require regular updating on the 
rapidly changing developments in the science of immunology. 
The textbook of Stites, et al’ is a comprehensive treatise cov- 
ering both basic and clinical immunology and, importantly, is 
revised about every 3 years. 

The most current and comprehensive source of product in- 
formation is Immunofacts: Vaccines and Immunological 
Drugs,” which is a subscription service in looseleaf format that 
is updated twice annually and has an accompanying newslet- 
ter, Booster Shots. Particularly useful in this source are the 
sections in each monograph on disease epidemiology and other 
information (ie, history, national policy, pharmacoeconomics, 
etc), which contain information not found in most of the com- 
mon references used by pharmacists. 

The internet is an essential source of information today and 
probably every pharmacist should have the FDA homepage 
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Table 89-1. Biologicals® 


Active Immunizing Agents (Vaccines) 
Allergenic Extracts 
Biological Response Modifiers (Cytokines) 
Blood and Blood Derivatives 
Cellular Therapies 
Diagnostic Products 
In vitro antibodies and antigens 
In vivo diagnostic skin test antigens 
Enzymes and Venoms 
Passive Immunizing Agents (Antibody Products) 


? Products considered in this chapter are indicated in bold type. Consult 
Establishments and Products Licensed under Section 351 of the Public Health 
Services Act at the FDA Web site [http:/Awww.fda.gov] for a complete list of 
currently licensed biologics. 


bookmarked [http://www.fda.gov]. It is easy to navigate to the 
CBER to find current information on biologics. The Centers for 


Immunizing agents are among the oldest of modern drugs and 
can be dated to the beginning of immunology in 1798 when 
Edward Jenner introduced his vaccine for smallpox. The active 
immunizing agents are also, from virtually all perspectives, the 
most successful and powerful drugs yet developed. First, their 
main action is to prevent rather than to treat disease; most of 
the commonly used agents are highly effective and several have 
been singularly successful as noted earlier. Second, in spite of 
a number of real and potential hazards, they have generally 
proven to be remarkably safe in actual practice. Finally, and 
very importantly, active immunizing agents are generally 
available at a relatively low cost. 

Passive immunizing agents date to the early part of the 20th 
century following the discovery of antibodies. Various antitox- 
ins derived from animals held an important place in therapy 
prior to the development of antibiotics but these products, in 
contrast to the vaccines, had a number of problems with respect 
to both efficacy and safety and for a number of years their 
utility was quite limited. Presently, antibody preparations are 
rapidly gaining prominence in therapeutics largely because of 
the following developments: availability of human immune 
globulins; development of intravenous dosage forms; monoclo- 
nal antibody (MAb) technology; and the ability to prepare hu- 
manized MAbs. 

Between 1996 and 1999 the FDA licensed six new vaccines, 
two immune globulin, six MAbs for therapy and four MAbs for 
diagnosis. Many more new products may be expected over the 
next several years along with revised and expanded indications 
for the currently available products. 


Immunity 


Immunity in the broadest sense may be defined simply as 
inborn or acquired resistance to disease and necessarily in- 
volves all of what may collectively be called the host defenses 
(Fig 89-1). It is common practice to restrict immunity and 
related terms to specific defenses and use resistance to denote 
those that are nonspecific. This is not fixed, however, and one 
will see the terms used in a variety of different contexts. What 
is most important to understand is that much of the terminol- 
ogy of immunology is context-based and the observer must be 
careful in trying to apply rigid definitions. 

Immunizing agents are broadly classified on the basis of the 
type of immunity that they induce and knowing the properties 
of the different types of immunity is fundamental to the un- 
derstanding of immunizing agents and their applications. Ac- 


Disease Control and Prevention (CDC) homepage [http: 
/Iwww.cdc.gov] is another essential source of information on 
biologics, especially immunizing agents. There is no longer a 
need to subscribe to the hard copy of Morbidity and Mortality 
Weekly Report and the many other useful CDC publications 
since they are all on-line. 

The manufacturers and distributors of biologics are excel- 
lent sources of information but these are sometimes specialty 
firms or divisions of large manufacturers with whom some 
pharmacists may not be familiar. Many biologics are manufac- 
tured by one company and distributed by another and the many 
specific licensing arrangements are very confusing. For this 
reason the tables in this chapter list the distributor rather than 
the manufacturer of the product. Establishments and Products 
Licensed under Section 351 of the Public Health Services Act 
lists all of the currently licensed biologics along with the li- 
censed manufacturers and is now available on-line at the FDA 
Web site. Some of these manufacturers also have Web sites 
that provide convenient sources of information. 


tive immunity is a form of acquired immunity that develops in 
an individual in response to an immunogen. This may be nat- 
urally acquired by exposure to an infectious disease or artifi- 
cially acquired by receiving active immunizing agents (vac- 
cines). The term vaccination is used as a synonym for active 
immunization. There is a lag time of several days after first 
exposure to an immunogen and protective levels of immunity 
are typically not achieved for 1 to 2 weeks. Because of the 
phenomenon of immunologic memory, second and subsequent 
exposures to the same immunogen usually result in faster and 
stronger responses. However, it is important to recognize that 
immunologic memory is not infinite and will wane in the ab- 
sence of periodic booster doses of the immunogen. A graphic 
representation of the time-course of the active immune re- 
sponse is found in Figure 60-3, Chapter 60. 

Passive immunity involves the transfer of the effectors of 
immunity,usually the specialized molecules called immuno- 
globulins or antibodies, from an immune individual to another. 
This occurs naturally by the active transport across the placen- 
tal barrier of IgG antibodies from mother to fetus and, to a 
lesser extent, by the transfer of slgA antibodies in the mother’s 
milk. Passive immunizing agents include those derived from 
humans (homologous) or other higher animals (heterologous). 
The onset of passive immunity is much quicker but the dura- 
tion is much shorter because there is no active immune re- 
sponse to the immunogen and thus no memory. Immunoglobu- 
lins, especially if derived from foreign sources, are highly 
immunogenic proteins and may elicit an active immune re- 
sponse that is the basis for serum sickness and other allergic 
reactions. 


Host Defenses 


Nonspecific Defenses Specific Defenses 


[Resistance] Ummunity] 

+ Physical 

* Chemical 

* Cellular 

* Microbial Acquired Immunity Innate Immunity 


(Inborn) 


Naturally Acquired Artificially Acquired 


Active Passive Active 


t Passive 
+ Disease + Maternal Ab + Vaccination 


+ Antisera 


Figure 89-1. The host defenses. 


ACTIVE IMMUNIZING AGENTS 

(CES SR PETRY 
Active immunizing agents are immunogenic drugs that are 
usually administered to a patient prior to their being exposed 
to a disease with the intention of providing long-term, even 
permanent, protection against the disease. Often there is the 
secondary goal of preventing the patient from serving as a 
reservoir and thereby transmitter of the disease. Active immu- 
nization can conceivably and, perhaps, one day will be used for 
a variety of conditions ranging from cancer to drug abuse. But 
all of the currently available active immunizing agents (Tables 
89-2—89-5) are employed in the control of infectious disease and 
the discussion of these agents is restricted to this perspective. 


Types of Products 


Vaccine may be defined as pharmaceutical suspension or solu- 
tion of an immunogenic substance or compound(s) that is in- 
tended to induce active immunity. In the past it was common to 
limit the term to products that contained whole microorgan- 
isms but today the term may be applied to all active immuniz- 
ing agents and the process of active immunization is called 
vaccination. 

The majority of vaccines still consist of entire microorgan- 
isms that may be either inactivated (killed) or live attenuated. 
Attenuated refers to strains of organisms that have a reduced 
disease-causing capacity but that retain the major immuno- 
genic characteristics of the so-called wild strains that circulate 
in the community. It can be seen that viruses comprise most of 


Table 89-2. Bacterial Vaccines” 
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the live attenuated vaccines while most of the bacterial vac- 
cines contain killed bacteria or their components. It is impor- 
tant to understand that the live vaccines contain less immuno- 
gen than the killed and must actually cause an infection and 
replicate within the patient in order to induce a protective 
immune response. In evaluating a vaccine, the first two things 
that should be looked at are (1) the identity of the immuno- 
gen(s), 1e, the disease(s) protected against, and (2) whether the 
product contains live or inactivated immunogen. 

Toxoids are protein toxins that have been modified (eg, by 
treatment with formalin) to reduce the toxicity without signif- 
icantly altering the immunogenicity. Two of the oldest and best 
known active immunizing agents are diphtheria toxoid and 
tetanus toxoid that protect against the bacteria exotoxins elab- 
orated by Corynebacterium diphtheriae and Clostridium tetani, 
respectively. 

Better methods of producing and purifying macromolecules 
in recent years have led to significant advances in the produc- 
tion of vaccines containing more highly purified compounds 
that represent important virulence factors of the microorgan- 
isms. The antiphagocytic capsular polysaccharides of Hemophi- 
lus influenzae type b, Streptococcus pneumoniae, and Neisseria 
meningitidis have been used to prepare effective vaccines 
against these important bacterial pathogens. The hepatitis B 
virus vaccine is the first to be produced by recombinant tech- 
nology and contains a synthetic protein that has immunogenic 
epitopes of the hepatitis B surface antigen. Several acellular 
pertussis vaccines have been licensed and are expected ulti- 
mately to replace the killed whole cell vaccine of Bordetella 
pertussis. 


VACCINE DISTRIBUTOR ADMINISTRATION? 
Live Attenuated Vaccines 
Bacillus Calmette Guérin (BCG) Vaccine Organon Technika PC 
Mycobax Pasteur-Mérieux 
Tice BCG Intravesical 
Typhoid Vaccine, Live, Oral 
Vivotif Berna Berna Products Oral 
Inactivated Vaccines 
Anthrax Vaccine Michigan Dept of Public Health SC 
Cholera Vaccine Wyeth-Ayerst ID, SC, IM 
Hemophilus Influenza Type B 
Conjugate Vaccines IM 
ActHIB (Tetanus toxoid conjugate) Pasteur-Mérieux Connaught 
HibTITER (Diphtheria CRM,97 conjugate) Wyeth-Lederle 
OmniHIB (Tetanus toxoid conjugate) SmithKline Beecham 
PedvaxHIB (Meningococcal Protein Conjugate) Merck 
ProHI/Bit (Diphtheria toxoid conjugate) Pasteur—Mérieux Connaught 
Lyme Disease Vaccine L YMErix Merck 
Meningococcal Polysaccharide Vaccine, Groups A, SC or Jet 
Cc, Y, and W-135 
Menomune-A/C/Y/W-135 Pasteur—Mérieux Connaught 
Pertussis Vaccine, Adsorbed Michigan Biologic Products Inst IM 
Plague Vaccine Greer IM or Jet 
Pneumococcal Conjugate Vaccine, 7-Valent Prevnar 
Pneumococcal Vaccine, 23-Valent SC or IM 
Pneumovax-23 Merck 
Pnu-Imune-23 Wyeth-Lederle 
Staphylococcus Bacteriophage Lysate‘ Delmont Laboratories a a 
opica 
Tetanus Toxoid, Adsorbed Pasteur-Mérieux Connaught IM or Jet 
Wyeth-Lederle 
Te Anatoxal Berna Berna Products 
Typhoid Vi Capsular Polysaccharide Vaccine IM 
Typhim Vi Connaught 
Typnoid Vaccines, Inactivated Wyeth—Ayerst SC 


? The terms live and inactivated (Killed) are omitted from some of the names in this table but will appear in the official name of the product on the label. 
© Routes of administration include intradermal (ID), intramuscular (IM), percutaneous (PC), subcutaneous (SC) and Jet injector. , a 
© The FDA has directed that further investigation be conducted to establish that this product is effective for the labeled indications. National authorities (eg, 


ACIP, AAP) do not recommend use of this product. 
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The products described above are formulated as aqueous 
suspensions or lyophilized powders for reconstitution. In some 
cases the antigen has been adsorbed on an adjuvant (eg, alum 
or aluminum hydroxide) that enhance the immune response, 
probably by delaying absorption and prolonging the period of 
immunogenic stimulation. The diphtheria and tetanus toxoids 
and pertussis vaccine (DTP) are adsorbed in the vast majority 
of the products in which they occur and this is so noted on the 
label; products containing no adjuvants are commonly referred 
to as fluid preparations. 

A simple vaccine is one that protects against a single disease 
while a combined vaccine is, as the name implies, a combina- 
tion product that protects against two or more diseases (cp, 
Tables 89-3 and 89-4). This should not be confused with the 
valency of a vaccine that refers to the number of strains of an 
organism causing a single disease. 

Virtually all of the information described above is found in 
the official name of the product (Tables 89-2—89-5). This name 
provides a guide to most of the important information that one 
needs to know about any vaccine. 


Storage, Handling and Administration 


It is common practice to assume that when a vaccine is admin- 
istered that the patient is immunized and generally no mea- 
sures are taken to confirm this (eg, serological confirmation of 
antibody formation). The validity of this assumption depends 
in large measure upon the vaccine being properly stored, han- 
dled and administered. Anyone administering vaccines, and 
this is increasingly including the pharmacist, should be famil- 


Table 89-3. Combined Bacterial Vaccines?’ 
VACCINE 


DISTRIBUTOR 


Diphtheria and Tetanus Toxoids 
and Whole-Cell Pertussis 
Vaccine (DTwP) 

Tri-Immunol 

Diphtheria and Tetanus Toxoids 
with Hemophilus influenza 
type b Conjugate and 
Whole-Cell Pertussis Vaccine 


Connaught 
SmithKline Beecham 


Wyeth-Lederle 


(DTwP-HIB) 
ActHIB/DTP Pasteur-—Mérieux Connaught 
Tetramune Wyeth-Lederle 


Diphtheria and Tetanus Toxoids 
and Acellular Pertussis 
Vaccine (DTaP) 


Acel-/mune Wyeth-Lederle 
Infanrix SmithKline Beecham 
Tripedia Pasteur—Mérieux Connaught 


Biocine Sclavo 
Connaught 

Lederle—Praxis 
Wyeth-Ayerst 
Biocine Sclavo 
Connaught 

Lederle—Praxis 
Wyeth-Ayerst 


Diphtheria and Tetanus Toxoids, 
Adsorbed, for Pediatric 
Use (DT) 


Diphtheria and Tetanus Toxoids, 
Adsorbed, for Adult 
Use (Td) 


HIB Conjugate Vaccine and 
Hepatitis B Virus Vaccine 


Comvax Merck 
Mixed Respiratory Vaccine® 
MRV Vaccine Bayer 


? The term inactivated (Killed) is omitted from some of the names in this 
table but will appear in the official name of the product on the label. All 
products in this table are administered by the intramuscular route except for 
the Mixed Respiratory Vaccine that is administered subcutaneously. Hepatitis 
B is a virus not a bacterial vaccine. 

© The FDA has directed that further investigation be conducted to establish 
that this product is effective for the labeled indications. National authorities 
(eg, ACIP, AAP) do not recommend use of this product. 


Table 89-4. Live Attenuated Virus Vaccines® 


VACCINE DISTRIBUTOR ADMINISTRATION? 
Adenovirus Vaccine Type Wyeth-Ayerst Oral 

4, Oral Tablet 
Adenovirus Vaccine Type Wyeth-Ayerst Oral 

7, Oral Tablet 
Measles Virus Vaccine 

Attenuvax Merck SC or Jet 
Mumps Virus Vaccine 

Mumpsvax Merck SC or Jet 
Poliovirus Vaccine, Oral 

Trivalent 

Orimune Wyeth-Lederle Oral 
Rotavirus Vaccine, Oral 

Tetravalent® 

RotaShield Wyeth-Lederle Oral 
Rubella Virus Vaccine 

Meruvax II Merck SC or Jet 
Vaccina Virus Vaccine 

(Smallpox Vaccine) 
Dryvax Wyeth-Ayerst PC 
Varicella Virus Vaccine 

Varivax Merck SC 
Yellow Fever Virus 

Vaccine? 

YF-Vax Pasteur—Mérieux Sc 

Connaught 

Combination Vaccines 
MMR Virus Vaccines 

M-M-R II Merck SC or Jet 
Measles and Rubella 

Virus Vaccines 

M-R Vax II Merck SC or Jet 
Mumps and Rubella Virus 

Vaccines 

Biavax II Merck SC or Jet 


* The term live is omitted from the names in this table but will appear in the 
official name of the product on the label. 

© Routes of administration include percutaneous (PC), subcutaneous (SC) and 
Jet injector. 

© Rotavirus vaccine was withdrawn on October 15, 1999 due to early reports 
of intussusception, a form of bowel obstruction. 

? Distribution is limited to designated Yellow Fever Vaccination Centers au- 
thorized by state health departments to issue yellow fever certificates of 
vaccination. 


iar with the General Recommendations on Immunization pub- 
lished by CDC.? 

The immunogens in vaccines are susceptible to alteration or 
inactivation by heat, freezing and extremes of pH and care 
should be taken to store and reconstitute the products within 
the labeled limits. Most vaccines should be stored at refriger- 
ator temperatures (2-8 °C) but a few are frozen (eg, varicella 
vaccine) and some for field use may not require refrigeration. 
Unless designed to do so, vaccines should never be mixed with 
each other or with other drugs. 

The route of administration can have a profound effect on 
the quantity and quality of the immune response. The majority 
of vaccines are still administered by a parenteral route (Tables 
89-2—89-5). Adjuvant products and killed bacterial vaccines are 
usually administered by intramuscular injection; subcutane- 
ous injection usually provides an immune response but often 
results in a painful sterile cyst at the injection site. Live virus 
vaccines are usually administered by subcutaneous injection. A 
few vaccines are administered by intradermal injection (eg, 
typhoid, some rabies vaccines) and multiple puncture tech- 
niques (eg, BCG, vaccinia). Jet injectors may be used with some 
products to expedite the vaccination of large numbers of people. 
Vaccines should never be administered intravascularly since 
this is both less effective and results in more adverse reactions. 

The quantity of immunogen in a vaccine is determined by a 
bioassay and expressed in units that are nearly always unique 
to that immunogen; a notable exception is those vaccines that 


Table 89-5. Inactivated Virus Vaccines’ 
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VACCINE DISTRIBUTOR ADMINISTRATION? 
Hepatitis A Vaccine 
Havrix SmithKline Beecham IM or Jet 
Vaqta Merck 
Hepatitis B Vaccine 
Engerix-B SmithKline Beecham IM 
Recombivax-HB Merck 
Influenza Virus Vaccines, Trivalent Types A & B IM or Jet 


Flu-Shield (Purified subunit antigen) 
Fluvirin (Purified surface antigen) 
Fluzone (Subvirion or whole-virion) 
Japanese Encephalitis Vaccine 
JE-Vax 
Poliovirus Vaccine, Inactivated 
Ipol 
Rabies Virus Vaccine 
Imovax Rabies (Human diploid cell) 
RabAvert (Purified chicken embryo cell) 


Wyeth-Lederle 
Evans Medical Limited (Medeva) 
Pasteur—Mérieux Connaught 


Pasteur-Mérieux Connaught SC 
Pasteur-Mérieux Connaught SC 
Bioport IM 
Pasteur-Mérieux Connaught IM or ID 
Chiron IM 


° The term inactivated (Killed) is omitted from some of the names in this table but will appear in the official name of the product on the label. 
» Routes of administration include intradermal (ID), intramuscular (IM), subcutaneous (SC) and Jet injector. 


contain purified microbial components that are expressed in 
meg. Parenteral vaccines are typically administered in volumes 
of 0.1 to 1 mL with 0.5 mL being the most common. It should be 
noted that the products from different manufacturers do not 
always contain completely identical immunogens and some 
may have different dosage regimens (cp, Hemophilus influen- 
zae type b vaccines). When multiple vaccines are available, the 
best practice is to complete an immunization series with the 
same vaccine. However, in those cases where this is not possi- 
ble, it is generally better to use a different vaccine than to not 
vaccinate. 

A distinction needs to be made between the multiple doses 
in a primary immunization series and booster doses of a vac- 
cine. Primary immunization series are designed to assure that 
most if not all of those vaccinated will elicit a positive immune 
response. For example, if the efficacy of a single dose of a 
vaccine is 80%, a primary series of 3 doses would be expected to 
immunize most of the vaccinees. Primary series are especially 
important in pediatric immunizations since very young chil- 
dren may fail to respond because of underdeveloped immune 
systems (< 2 years of age) and/or interference by maternal 
antibodies (< 6 months of age). 

A true booster dose of a vaccine is intended to enhance 
immunity in an immunized individual. In this respect, it is 
important to recognize that immunologic memory is not infinite 
in duration in spite of the apparent life long immunity im- 
parted by either vaccination or having a disease. Immunity 
may be boosted following primary immunization by exposure to 
the natural disease, exposure to cross-reacting antigens or 
nonspecific activation during another immune response by the 
so-called bystander effect. The first of these is probably most 
important and it follows that any mass immunization program 
that reduces the prevalence of a disease also reduces the op- 
portunity for natural boosters. Most of the mass immunization 
procedures have not been in effect long enough to completely 
evaluate if this is a problem but its clear from the experience 
with diphtheria immunization that immunity can wane with 
age in the absence of booster doses of vaccine. 


Efficacy 


The effectiveness of a vaccine can be measured in several ways. 
Serological responses, such as the appearance of neutralizing 
antibody in the serum, are most easily measured and are often 
used as an indication of immunity. However, in many diseases 
cell-mediated immunity or local) mucosal immunity are more 
important; these are not reflected by serum antibody titers and 


are generally more difficult to evaluate. The degree of clinical 
protection afforded a vaccinated population against a disease is 
a better measure of product efficacy but, even when high, does 
not assure immunity in an individual patient. Both measures 
of efficacy will be found in product literature and the pharma- 
cist should be aware of the limitations of each. 

Generally speaking, live vaccines provide better immunity 
than killed and the natural route of administration is even 
better (eg, mucosal administration versus parenteral). Experi- 
ence with the poliovirus vaccines“ illustrate this well. The 
inactivated poliovirus vaccines provide an excellent antibody 
response that protects well against systemic disease but pro- 
duce little local immunity in the gut that is necessary to pre- 
vent infection and transmission of the wild virus. The live, oral 
poliovirus vaccines provide excellent antibody and _ cell- 
mediated immunity both systemically and locally in the gut. 
The rotavirus vaccine released in 1998 and a live intransal 
influenza virus vaccine that is expected to be licensed in 2000 
reflect this trend in vaccine development. 

It is impractical and probably even unwise to try to develop 
a vaccine for every infectious disease. Most of the common 
acute infectious diseases are not serious enough to warrant the 
expense or risks of vaccination even if it may be effective. The 
emphasis until recently has been to develop vaccines for those 
diseases that cannot be adequately controlled by other means 
(eg, virus, toxigenic bacteria) and/or are serious enough to 
merit the investment, especially when viewed from the per- 
spective of public health. Some of the newer vaccines have been 
directed against bacterial diseases that have classically been 
managed with anti-infective therapy. The impetus for this di- 
rection has been two-fold: recognition that anti-infectives 
agents do not provide complete control for infectious diseases 
and advances in molecular science that have permitted devel- 
opment of microbial component vaccines. 

Just as live vaccines are more effective than killed, those 
vaccines that are directed against specific virulence factors of 
the pathogen are often better than those containing the entire 
killed organism. This principle applies to diphtheria and teta- 
nus toxoids, which have been used very effectively for more 
than 50 years as well as newer vaccines for pertussis (cp, whole 
cell versus acellular vaccines) and typhoid (cp, killed whole cell 
versus live attenuated versus toxoid). 

The capsular polysaccharide vaccines are an important ad- 
vance in the microbial component vaccines and also illustrate 
the effect of age and several other factors on efficacy. The 
original Hemophilus influenzae type b vaccines were poorly 
effective in children under 2 years of age, as are the unconju- 
gated pneumococcal and meningococcal vaccines (Table 89-2). 


1572 CHAPTER 89 


Among several explanations for this is the fact that polysac- 
charides often induce a thymic-independent immune response 
(Chapter 60) that results in atypical antibody production (pri- 
marily IgM) and little or no memory, especially in the very 
young. Conjugation of the polysaccharides to protein carriers 
have resulted in Hemophilus influenzae type b vaccines that 
are very effective in young children and a conjugated pneumo- 
coccal vaccine was released in February, 2000. 

Most vaccines are administered with the goal of inducing 
immunity and protecting the individual patient. Vaccines for 
communicable disease are often employed with the important 
objective of public health to break the transmission of the 
disease and thereby protect the unvaccinated. This protection 
of the unvaccinated by the vaccinated is called herd immunity 
and represents one of the finest achievement of health science. 

The principle of herd immunity is simple. If the immunity 
acquired by an individual can prevent colonization by the 
pathogen as well as protect against disease, the chain of trans- 
mission of the disease within the community can be broken. 
The level of immunization required to completely stop trans- 
mission and eliminate the disease from a community is directly 
related to the communicability of the disease; diseases with 
high communicability rates like measles require much higher 
levels of immunization to provide effective herd immunity. 
Effective herd immunity against a disease is the result of a 
concerted public health effort (eg, mass active immunization 
campaigns) with which all health professionals should cooper- 
ate. It is also important to remember that there is no herd 
immunity established against a noncommunicable disease like 
tetanus; in such cases it is essential for each individual to be 
immunized. 

The poliomyelitis vaccines described above are an excellent 
example of how the effectiveness of herd immunity can vary 
with product formulation. Rubella (German measles) is an 
example of where the major goal of the mass immunization 
effort is the establishment of herd immunity. This is a rela- 
tively mild disease in both children and adults but can be 
devastating if contracted in fetal life. And because rubella is 
not nearly as communicable as measles, a significant propor- 
tion (~15%) of women of child-bearing age remain susceptible 
to the disease in the absence of any preventative measures. 
These susceptible women and thereby their unborn children 
are protected from rubella by the herd immunity resulting from 
the vaccination of normal children, the major reservoir of the 
disease. 

Perhaps the greatest benefit of herd immunity is the poten- 
tial to eradicate certain diseases through mass active immuni- 
zation. Candidate diseases for eradication must meet the fol- 
lowing criteria: be communicable and susceptible to herd 
immunity; have one, or at most a few, antigenically stable 
strains; man must be the only natural reservoir of infection; 
and there must be an effective vaccine and delivery system for 
a mass immunization program. Diseases like influenza with its 
propensity for antigenic change and rabies with many animal 
reservoirs are poor candidates for eradication. On the other 
hand, the World Health Organization (WHO) declared small- 
pox eradicated in 1980 and the goal has been established to 
eradicate poliomyelitis virus by the year 2000; there has not 
been a case of wild virus poliomyelitis in the Americas since 
1991. Measles, mumps and rubella also have been identified as 
targets for eradication.” 

The history of measles immunization? provides great in- 
sight for anyone interested in a study of the problems encoun- 
tered in the development of an effective vaccine and vaccina- 
tion procedures. Several problems were encountered with the 
original killed vaccine including the occurrence of atypical dis- 
ease in some patients that was likely due to immune complex 
disease. One of the early live vaccines was poorly attenuated 
and often administered concurrently with immune globulin 
that may have interfered with the immune response. The live 
vaccines were originally given at or before 1 year of age and 
there appeared to be vaccine failures due to the underdevel- 


oped immune system and/or interference from maternal anti- 
bodies. The immunization programs originally appeared to be 
very successful for there were dramatic decreases in the inci- 
dence of measles, but after a time there were many reports of 
measles outbreaks in older children and young adults who had 
been previously vaccinated. It will probably never been certain 
how much each of the factors of the high communicability of 
measles, declining immunity in the absence of natural disease, 
inadequate vaccine design, and poorly designed immunization 
procedures has contributed to the overall problem of controlling 
measles. 


Indications and Uses 


The indications and recommendations for the use of vaccines 
arise from several sources. The FDA approves the indications 
for each licensed product on the basis of safety and efficacy as 
with other drugs. The Advisory Committee on Immunization 
Practices (ACIP) of the US Public Health Service (PHS) makes 
recommendations for both mass and selective immunization 
programs that impact public health. The consolidated recom- 
mendations of the ACIP, American Academy of Pediatrics 
(AAP) and American Academy of Family Practice (AAFP) are 
published in Morbidity and Mortality Monthly Report and can 
be accessed at the CDC Web site. All 50 states have school 
immunization laws, many also covering day-care centers, 
which require all or most of the pediatric immunizations listed 
in Table 89-6; detailed information on these laws may be ob- 
tained from state health departments but exemptions are usu- 
ally permitted for medical and religious reasons. 

A convenient way to classify active immunization proce- 
dures is as follows: routine pediatric immunizations (with an 
adolescent follow-up evaluation); routine adult immunizations; 
routine geriatric immunizations; and selective immunizations. 

ROUTINE PEDIATRIC IMMUNIZATIONS—The ACIP 
currently recommends that all normal children be immunized 
against 10 infectious disease and for hepatitus A in areas of 
high incidence (Table 89-6). Pediatric immunization remains 
one of the most important public health measures in this coun- 
try and every pharmacist should be able to discuss these dis- 
eases, vaccines and immunization procedures with patients. 

Simultaneous immunization for diphtheria, tetanus and 
pertussis (DTP) has been routine in the USA since the late 
1940s and has resulted in dramatic reductions in the incidence 
of all of these diseases. Diphtheria was a common childhood 
disease and there were more than 200,000 cases in 1921 with 
10,000 deaths; currently there only a few annual cases of re- 
spiratory diphtheria reported and these are nearly always in 
adults. Tetanus is now mainly a disease of older adults in this 
country and several dozen cases are reported each year. There 
are perhaps a million annual cases in the world with a case- 
fatality rate of 20 to 50% and more than half of these are 
neonatal tetanus associated with an infected umbilicus; mater- 
nal immunization and sanitary deliveries effectively control 
neonatal tetanus. 

Pertussis (whooping cough) was a major cause of childhood 
mortality during the first half of the 20th century when typi- 
cally there were more than 200,000 cases a year in the US with 
5000-10,000 deaths. The disease is mainly a problem in the 
very young with 50 to 70% of the deaths occurring in those 
under 1 year of age, which is the main reason for starting DTP 
administrations at 2 months of age; immunization for pertussis 
is not recommended after 6 years of age. The incidence of 
pertussis was reduced to less than 2000 cases in 1980 but has 
gradually increased to more than 7000 cases in recent years. 
There has, over the years, been controversy over the safety of 
pertussis vaccines but there is absolutely no question that the 
benefits far outweigh the risks. Health professionals need to be 
aware of the dangers of apathy due to the low prevalence of 
disease and exaggerated concerns about the hazards of immu- 
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Table 89-6. Routine Pediatric Immunizations? 
a EE EE EEE 


AGE 
VACCINE BIRTH 1 MO 2MO 4 MO 6 MO 12 MO 15 MO 18 MO 4-6Y 11-12 Y 14-16 Y 
HBV? HBV-1 

HBV-2 HBV-3 

DTP‘ DTaP-1 DTaP-2 DTaP-3 DTaP-4 DTaP-5 Td 
Hib? Hib-1 Hib-2 Hib-3 Hib-4 
Polio® IPV-1 IPV-2 IPV-3 IPV-4 
MMR* MMR-1 MMR-2 
Varicella Varicella 
HAV? HAV selected areas 


* Adopted from the recommendations of the USPHS Advisory Committee on Immunization Practices (ACIP) January 2000. Current recommendations are 
available through the Centers for Disease Control and Prevention (CDC) Web site (http://www.cdc.gov). The shaded areas indicate that the dose may be 
administered within the period noted. 

» Hepatitis B Vaccine (HBV) may be administered at 2, 4, and 6 to 18 months along with DTP. Infants born to HBsAg-positive mothers should receive the first 
dose of HBV shortly after birth with a dose of hepatitis B immune globulin. 

© Diphtheria and Tetanus Toxoids and Pertussis Vaccine Killed (DTP) products are available containing the whole-cell pertussis vaccine (DTWP) or the acellular 
pertussis vaccine (DTaP) and current product literature should be consulted concerning the specific indications and uses of each. Pertussis vaccine is not 
recommended beyond six years of age. 

¢q Heroprilus influenzae type b vaccines (Hib) differ immunogenically and in dosage regimen (3 or 4 doses). The combination products DTwP-Hib and Hib-HBV 
are also available. 

© Poliovirus vaccines include the Sabin type trivalent oral poliomyelitis virus vaccines (OPV) and Sa/k type inactivated poliomyelitis virus vaccine (IPV). 

‘Live measles, mumps, and rubella virus vaccines (MMR) are generally used to effect these immunizations but the individual vaccines and other combinations 
are available for special situations. The ACIP recommends the second dose of MMR upon entering kindergarten or the first grade since this is easiest to 
implement in public health clinics; the AAP recommends the second dose upon entering middle school or junior high school because of epidemiological 
advantages. 

9 Hepatitis A Vaccine is recommended for children residing in areas where the annual infection rate is 20 per 100,000 of above and may be considered in areas 


where the infection rate is 20-30 per 100,000. 


nization. It is absolutely essential to maintain the currently 
high immunization rates for DTP (about 90%) or these diseases 
will emerge again. 

Hemophilus influenzae type b (Hib) was the leading cause of 
invasive bacterial disease (eg, meningitis) among children until 
pediatric immunization was introduced in 1988. The impor- 
tance of the conjugated vaccines was described above and it is 
hoped that similarly effective vaccines can be developed for 
pneumococcal and meningococcal infections. It should be kept 
in mind that common noninvasive Hemophilus influenzae in- 
fections (eg, otitis media) are generally caused by nontypable 
strains and Hib vaccine does not protect against these 
infections. 

In 1952, shortly before the advent of polio immunization, 
there were 57,000 cases (about 40% paralytic) and 3,100 deaths 
in the US. The Salk inactivated vaccine was introduced in 1954 
and the Sabin live vaccine in 1961; there has been no poliomy- 
elitis in the Americas in recent years except for vaccine- 
associated disease and a few importation cases. The use of the live 
oral vaccine has always been controversial because of the vaccine- 
associated disease that occurs in small numbers of vaccinees and 
susceptible contacts. Because of the progress toward the global 
eradication of polio, the ACIP changed its recommendation from 
the use of OPV to IPV only (Table 89-6). 

Measles, mumps and rubella (German measles) are three 
important virus diseases that potentially can be eradicated by 
mass active immunization. The first measles vaccine was li- 
censed in 1963 and individual vaccines for the others were 
available shortly thereafter. The combined vaccine (MMR) was 
licensed in 1971 and has been recommended for routine immu- 
nizations since 1977. In the time since the individual vaccines 
appeared the incidence of measles, mumps and rubella has 
declined more than 99%. Some of the problems with measles 
vaccination were mentioned earlier and the recent emphasis 
has been on assuring that all children receive a second dose of 
MMR. In spite of much publicity, there are still many miscon- 
ceptions about these diseases. An estimated 2 million children 
around the world die each year from measles and many others 
have permanent neurological sequelae that may not be recog- 
nized as a consequence of the disease (eg, hearing and/or sight 
loss). Although generally not as serious, neurological problems 
also may occur with mumps, but many worry more about ste- 
rility that rarely occurs. Congenital rubella syndrome has vir- 
tually disappeared in this country because of the vaccination. 


The way to continue to control all of these diseases is by 
continued compliance with the immunization program. 

Hepatitis B infection is a major worldwide health problem 
with many facets including acute and chronic disease, liver 
failure and cirrhosis, hepatic carcinoma, and chronic carriers. 
Disease in newborns is usually asymptomatic but more than 
50% of those infected will become chronic carriers. Neonates 
born to mothers who are positive for the hepatitis B surface 
antigen (HBsAg) should be immunized immediately both with 
the vaccine and hepatitis B immune globulin. The first hepa- 
titis B vaccine was prepared from plasma-derived HBsAg and 
licensed in 1981. Recombinant proteins reflecting the immuno- 
genicity of HBsAg are used in the current vaccines that have 
been recommended for the universal immunization of infants 
since 1991. Vaccination provides a high level of protection 
against both hepatitis B and hepatitis D, which requires the 
hepatitis B coat to become infectious, but it is too early to 
evaluate the complete impact of the immunization program on 
the epidemiology of the disease. 

Varicella (chickenpox) is a highly communicable disease 
that is generally benign but sometimes may be accompanied by 
serious complications (eg, bacterial superinfection, encephali- 
tis); the disease is more serious in adults and particularly in 
the immunodeficient where it can cause devastating disease. 
After this primary infection the varicella-zoster virus lies dor- 
mant in sensory nerve roots and may, in 10 to 20% of those who 
had chickenpox, be reactivated to cause Herpes zoster (shin- 
gles). The varicella vaccine was licensed in 1995 and appears to 
be very effective in protecting against chickenpox but it is much 
too early to completely evaluate the impact of the immuniza- 
tion program on the epidemiology of varicella-zoster. 

Rotaviruses are the major cause of severe dehydrating di- 
arrhea in infants and children in both developed and other 
nations. There are approximately 40 to 50 deaths each year in 
this country and significant costs associated with treating ro- 
tavirus diarrhea. Immunization was expected to reduce these 
costs substantially, but the vaccine was withdrawn from the 
market due to reported cases of bowel obstruction. 

Hepatitus A vaccination is recommended by ACIP for chil- 
dren residing in communities with annual infection rates of 20 
cases per 100,000 or higher. Routine immunization is sug- 
gested where the rate is 10—20 cases per 100,000. 

IMMUNIZATION OF ADOLESCENTS— Vaccination pro- 
grams in the US have focused upon infants and children but 
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many adolescents (age 11-21) experience vaccine-preventable 
diseases because the vaccine was not available when they were 
younger, failure to comply with the ACIP recommendations, or 
the presence of chronic diseases, which makes them candidates 
for certain selective immunization. Additionally, adolescence is 
a time of new infectious risks for many because of travel, 
experimentation with drugs, sexual activity and starting work 
or a hobby. The ACIP, AAP, AAFP and AMA now recommend 
a routine visit to health-care providers at age 11 to 12 years, 
which emphasizes the screening for immunization deficiencies 
and administration of indicated vaccines.°® 

Most persons in this country infected with hepatitis B virus 
acquired their infection as an adolescent or young adult; the 
virus is transmitted primarily through sexual contact, intrave- 
nous drug use, household contacts or occupational exposure. 
Since the routine immunization of infants began in 1991, a 
number of individuals currently in the 11- to 12-year old group 
needs to be immunized. 

Nearly half of the cases of measles in recent years have been 
in individuals over age 10 and this shift in the epidemiological 
pattern is felt to be due largely to the failure of primary im- 
munization. Those adolescents who have not received two doses 
of MMR beginning at or after 12 months of age should be 
properly immunized at this time. 

Booster doses of adult diphtheria and tetanus toxoids (Td) 
are recommended every 10 years but there has never been a 
strategy implemented for effecting this recommendation. The 
adolescent office visit is a convenient time to administer the 
first Td booster. 

Varicella immunization became routine in 1995 and many 
adolescents remain susceptible. Varicella vaccines should be 
given at the adolescent visit to any patient who has not been 
immunized or has no reliable history of chickenpox. 

The adolescent office visit also should be used to identify 
individuals who are at risk for other vaccine-preventable dis- 
ease and selective immunization should be conducted as indi- 
cated. It is estimated that more than 8 million children and 
adolescents are candidates for annual influenza immunization 
but few are ever vaccinated. This includes patients with 
chronic pulmonary disease (eg, asthma, cystic fibrosis) or car- 
diovascular disease; residing in chronic -care facilities and hav- 
ing a chronic medical condition; having required regular med- 
ical follow-up or hospitalization during the preceding year 
because of chronic metabolic disease (eg, diabetes), renal dis- 
ease, hemoglobulinopathy or immunosuppression; or receiving 
long-term aspirin therapy and at a risk of developing Reye’s 
syndrome after influenza infection (up to 18 years of age). 

It is estimated that 340,000 persons from 2 to 18 years of 
age have chronic illnesses that increase the risk of pneumococ- 
cal disease and should be vaccinated with the 23-valent vac- 
cine. This includes those with anatomic or functional asplenia 
including sickle cell disease, nephrotic syndrome, cerebrospinal 
fluid leaks or conditions associated with immunosuppression. 

Hepatitis A virus infections occur in about 140,000 persons 
a year in the US and the highest rates of disease are in those 5 
to 14 years of age. Hepatitis A vaccine should be administered 
to adolescents who plan to travel of work in areas where the 
disease is prevalent; human immune globulin may be used for 
short term prophylaxis when protection is needed faster than 
the vaccine can provide. Vaccination may be considered for 
adolescents who reside in communities that experience periodic 
outbreaks of hepatitis A. Adolescents should definitely be vac- 
cinated if they have chronic liver disease, are receiving clotting 
factors, use illegal drugs of any kind or are males who have sex 
with males. 

There are other selective immunizations that may be occa- 
sionally indicated in adolescents and many of these are de- 
scribed under adult immunizations. 

IMMUNIZATION OF ADULTS UNDER AGE 65—The 
first thing to consider about the immune state of an adult 
patient is whether or not they have completed the recom- 
mended pediatric immunizations. Pertussis vaccine is not rec- 


ommended for adults but the other nine vaccines are commonly 
indicated under different circumstances if there is not evidence 
of immunity; ie, reliable history of having the disease or posi- 
tive serological test. When a patient is found to be susceptible 
to any of these nine diseases, their history should be reviewed 
vis-a-vis the recommendations for the appropriate vaccine(s) to 
determine if vaccination is indicated. Three circumstances 
where it is particularly important that the pediatric immuni- 
zations are up-to-date are the following: 


1. Women of child-bearing age who may become pregnant since the 
immunity (ie, IgG) that they transfer to the fetus depends on their 
immune status. 

2. Individuals with chronic diseases since they may be more suscep- 
tible to the disease or its adverse effects. 

3. Individuals who travel internationally since some of these diseases 
remain prevalent in other parts of the world. 


The only routine immunization that is recommended for all 
normal adults between the ages of 18 and 65 years is a booster 
dose of adult diphtheria and tetanus toxoid every 10 years. 
Unfortunately there is no strategy for accomplishing this and 
many, if not most, adults in this country do not comply with 
this recommendation and may not even be aware of it. For 
some, this booster is received in the emergency room at the 
time of traumatic injury and may consist only of tetanus toxoid; 
in cases of contaminated wounds the tetanus booster should be 
administered if more than 5 years has elapsed since the last 
dose. 

Annual influenza immunization is recommended for those 
at high-risk of influenza complications (described above) as 
well as those capable of nosocomial transmission of influenza to 
high-risk patients; ie, pharmacists, physicians, nurses and oth- 
ers who provide in-patient, out-patient, and home health-care 
services as well as nonprofessional caregivers. Annual vaccina- 
tion is also wise for those who provide essential community 
services, and individuals in institutional settings such as 
schools, to minimize disruption of activities during outbreaks. 
However, it should be noted that the current inactivated influ- 
enza vaccines are probably better at preventing the complica- 
tions of influenza than of preventing the disease and its trans- 
mission. It is anticipated that the live, intranasal vaccine will 
provide both better protection and have a stronger impact on 
the epidemiological patterns of the disease. 

The bacterial capsular polysaccharide vaccines should be 
considered for individuals with anatomic or functional asplenia 
as well as those with any major immunosuppression (eg, HIV 
infection, organ transplant, some cancer). Pneumococcal vac- 
cine should be administered to other high-risk individuals in- 
cluding those with cardiovascular or pulmonary disease, 
chronic hepatic or renal disorders, and diabetes mellitis. Me- 
ningococcal vaccine is recommended for some travelers and 
some closed populations where outbreaks may occur. 

International travel is very common today for business, 
travel and hobby and all travelers should review the current 
recommendations of CDC’ well in advance of any trip. Most 
travelers to developed areas of the world need only to have 
their routine immunizations up-to-date. The only disease for 
which an International Certificate of Vaccination may still be 
required is yellow fever. Travelers to underdeveloped countries 
or the back country of developed countries may find other 
vaccines recommended; hepatitis A vaccine is most likely but 
cholera, plague’ and typhoid vaccines may occasionally be 
suggested. 

Hepatitis B immunization is essential for health-care work- 
ers with exposure to human blood and tissues and there are a 
number of other vaccinations that are recommended for those 
in high-risk occupations. Laboratory and field workers exposed 
to Yersinia pestis or wild rodents and fleas should receive 
plague vaccine. Military recruits will receive adenovirus, hep- 
atitis A, and meningococcal vaccines and sometimes others. 

The majority of vaccines are administered prior to exposure 
to the infectious organism but in diseases with long incubation 
periods postexposure active immunization, with or without 


concurrent passive immunization, may be effective. Postexpo- 
sure active immunization is routinely used to prevent rabies in 
individuals exposed through the bites of infected animals while 
the usual pre-exposure immunization is recommended only for 
those who have occupational exposure. Both hepatitis A and 
hepatitis B have sufficiently long incubation periods to warrant 
postexposure vaccination when needed. 

BCG vaccine is one of the most widely used worldwide but is 
very rarely recommended in this country. It appears to be 
effective in preventing serious miliary and meningeal tubercu- 
losis but its efficacy in preventing common pulmonary tuber- 
culosis is questionable. It is recommended only in extremely 
high-risk individuals where other controls are impractical. It 
should be mentioned that BCG vaccine is commonly used to 
treat bladder cancer by direct instillation into the bladder. This 
is sometimes called nonspecific immunotherapy but the precise 
mechanism is unknown; the vaccine does promote a local in- 
flammatory response that may be responsible for the anti- 
tumor effects. 

IMMUNIZATION OF ADULTS AGE 65 AND OVER— 
Older age is often thought of as being synonymous with declin- 
ing immunity although there is little objective evidence to 
indicate that most older persons suffer from major immunode- 
ficiency. There is an increasing incidence and severity of 
chronic diseases that often increase the risk and complications 
of a number of infectious diseases. The elderly may respond 
poorer to some vaccines but this does not appear to be a general 
problem. Although applicable throughout life, an important 
principle in preparing for old age is to effect immunization 
while still healthy whenever possible. The routine pediatric 
and selective immunizations described earlier are an impor- 
tant factor contributing to the increasing number of persons 
reaching old age. Evaluation of immune status and appropriate 
vaccination at age 65 is important to the quality of the later 
years. 

Every individual should continue to receive adult diphtheria 
and tetanus toxoid boosters every 10 years and, if this has not 
been done, it is important to update these vaccinations at age 
65. Unfortunately many older Americans are susceptible to 
these diseases as reflected in the epidemiological pattern of 
tetanus. 

All individuals age 65 and over should receive annual influ- 
enza immunization and a single dose of pneumococcal vaccine. 
Those who received pneumococcal vaccine prior to age 65 
should receive a booster dose if it has been 5 or more years since 
the first dose. Those at highest risk of fatal pneumococcal 
disease (eg, asplenia) also should receive a booster dose at 5 
years after the initial dose. 

Pharmacists and other health professionals should encour- 
age individuals of all ages to receive appropriate immunization. 
Although the immunization rates for children in this country 
are generally good, the immunization rates for both healthy 
and chronically ill adults of all ages are relatively poor. 


Adverse Reactions 


The vaccines that are routinely used today are generally very 
safe as well as highly effective. There are, as with any drugs, 
risks of vaccination that range from common, minor and incon- 
venient to rare, serious and life-threatening. There are also 
some misconceptions on the part of both lay persons and pro- 
fessionals that may unnecessarily prevent or delay vaccination. 
As with most drugs, the acute hazards are much better under- 
stood than the chronic and there are some potential risks 
associated with vaccines that should always be kept in mind. 
Pharmacists and others who administer vaccines will find the 
CDC publication on the risks of vaccination® helpful. 

The most common adverse effects of vaccines are mild toxic 
and/or allergic reactions although, as with most adverse drug 
reactions, the mechanism usually remains unconfirmed. Both 
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of these tend to be more common with the inactivated products 
than with live vaccines since they usually contain more antigen 
and require booster doses. It is not surprising, for example, that 
products containing whole, killed, gram negative bacteria such 
as the cholera, plague, and killed typhoid vaccines frequently 
cause minor inflammation at the site of injection as well as 
mild systemic febrile responses. Reactions such as this occur- 
ring shortly after injection, and especially after the first dose, 
are almost certainly direct toxic reactions. 

That vaccines may cause allergic reactions is also quite 
predictable considering their immunogenic character. This is 
an uncommon problem with the live virus vaccines that are 
administered locally and/or boosted less frequently. The too- 
frequent administration of tetanus toxoid, which was formerly 
very commonly done in emergency rooms, is associated with 
local and systemic immune complex reactions. These Arthus- 
type skin reactions or any of the systemic symptoms of serum 
sickness are expected to occur within several hours of admin- 
istration, especially following booster vaccination with an in- 
activated product. 

IgE-mediated or anaphylactic sensitivity is more cause for 
concern and may take the form of urticaria (hives), angio- 
edema, wheezing or even life-threatening shock. These reac- 
tions usually occur soon (0 to 60 minutes) after administration 
and, if due to the vaccine antigen, will generally occur after a 
booster dose. Reactions to components of the production me- 
dium (eg, eggs), antibiotics (eg, neomycin) or preservatives (eg, 
thimerosol) are very rare today but are likely to occur on the 
first dose in previously sensitized persons who are strongly 
allergic. Anaphylactic sensitivity to a vaccine or component is 
generally a contraindication to vaccination but there are some 
protocols for immunizing sensitive individuals.® 

Inactivated vaccines pose very little infectious hazard if 
they are manufactured properly. That accidents may happen is 
best illustrated by the so-called Cutter incident in 1955 when 
improperly inactivated polio virus in IPV caused disease in a 
number of vaccinees. 

Live vaccines are unique among pharmaceutical products in 
that infection of the patient receiving the product is inten- 
tional. There are several obvious as well as some subtle haz- 
ards associated with these products. 

Live vaccines generally are contraindicated in pregnancy 
but the risk, at least with the current vaccines, is largely 
theoretical and occasionally the benefits merit vaccinating a 
pregnant woman who is at serious risk of disease. Rubella has, 
of course, been of particular concern and there is some evidence 
that the vaccine virus may be transmitted to the fetus; there 
have been many pregnant women inadvertently immunized 
with rubella vaccine but never a confirmed case of vaccine- 
associated congenital rubella. The medicolegal aspects of vac- 
cinating a pregnant woman also must be considered, particu- 
larly in light of the relatively high incidence of miscarriages 
and birth defects during usual pregnancies. 

Severely immunocompromised individuals can be safely ad- 
ministered inactivated vaccines, although the immune re- 
sponse may be poor, but should generally not receive live vac- 
cines that have the potential to cause serious disease in such 
individuals. Serious immunosuppression can result from con- 
genital immunodeficiency, HIV infection, malignancy (eg, leu- 
kemia, lymphoma, generalized malignancy), chemotherapy 
and/or immunosuppressive therapy. The decisions in this area 
can be difficult and there may or may not be data available to 
guide the clinician. For example, immunization of HIV-positive 
patients with MMR has caused no problems to date and it is 
generally recommended that it be given to asymptomatic pa- 
tients and considered even for those with symptoms. The im- 
munosuppressive effects of corticosteroids are poorly defined 
but most steroid therapy is not a contraindication for live 
vaccines including the following: short-term therapy of less 
than 2 weeks; low to moderate dose therapy including physio- 
logic maintenance doses (replacement therapy); long-term al- 
ternate day therapy; and topically or locally administered 


1576 CHAPTER 89 


steroids including aerosols and intra-articular injections. The 
best practice is, whenever possible, to vaccinate prior to the 
immunosuppression. 

Live vaccines also may pose a threat to the unvaccinated 
contacts of recent vaccinees. Poliovirus may be transmitted and 
cause disease especially in household contacts; vaccinees living 
with immunosuppressed individuals should only receive IPV. 
Varicella vaccine may cause chickenpox or shingles type rashes 
in immunosuppressed individuals (eg, leukemia patients) and 
they may transmit the virus to susceptible contacts. Although 
vaccinees may shed measles, mumps and rubella viruses after 
vaccination, there is no evidence of transmission of the viruses 
following MMR. 

In addition to the real risks of vaccines, there are several 
potential problems that merit mention. Mass active immuniza- 
tion changes the epidemiological pattern of a disease and can 
have several consequences. What were formerly childhood dis- 
eases may in the unvaccinated be deferred until later in life 
where some are more serious; this has been the concern of some 
with mumps immunization particularly if the immunity is not 
as long as desired. On a longer term, the absence of a disease 
from a community for generations may result in a population 
even more susceptible than it was prior to immunization; ap- 
athy in immunization coupled with reintroduction of the dis- 
ease could prove devastating to a community. 

The viruses for vaccines are much like other drugs in the 
fact that much more is understood about their acute adverse 
effects than the chronic. The possibility of the virus causing an 
inapparent chronic or integrated infection as well as the poten- 
tial for such things as oncogenesis and tetratogenesis cannot be 
completely ignored. The requirement that viruses be grown in 
living cells also increases the risk for inadvertent contamina- 
tion with unknown organisms. These esoteric concerns are far 
outweighed by the benefits of vaccination, but their existence 
emphasizes two important points: first, active immunization 
should not be considered for trivial conditions and second, 
continuous diligence and study is required of all immunizing 
agents and procedures. 


Contraindications 


The contraindications given above are associated with adverse 
reactions to vaccination while those described below are gen- 
erally related to achieving a poor immune response. 

Active immunization should generally not be conducted in 
infants under 1 or 2 years of age unless there is a special risk 
and/or an effective procedure has been established. Maternal 
antibodies can persist for 6 or more months in a neonate and it 
takes several years for the immune system to develop com- 
pletely; infants usually respond poorly to any immunizing 
agent relative to older individuals and there may be a risk of 
vaccine-induced illness if live vaccines are administered too 
early. Those pediatric immunizations recommended before 1 
year of age all require completion of a primary series of doses to 
assure effectiveness. When other vaccines must be given early, 
revaccination at a later age is virtually always indicated. 

Serious febrile illness is a contraindication to active immu- 
nization, especially with live virus vaccines, but there can be 
much confusion about this. Most acute febrile illnesses are 
caused by viruses that induce interferon and can interfere with 
virus replication and the response to the vaccine. The admin- 
istration of any vaccine to a seriously ill individual can con- 
found the evaluation of the illness and/or any reaction to the 
product. These factors must be weighed against the urgency for 
the vaccination. All vaccines can be administered to individuals 
with minor illnesses such as common diarrhea and mild upper 
respiratory disease with or without fever. Such conditions are 
so common in children that failure to do so may seriously 
interfere with the vaccination program. 

Live vaccines are contraindicated for varying periods after 
administration of immunoglobulin containing preparations be- 


cause specific antibodies can interfere with the immune re- 
sponse; this is usually not a problem with killed vaccines that 
contain sufficient immunogen to overcome any inhibition. The 
products that can interfere with immunization include all hu- 
man immune globulin preparations, whole blood and several 
blood components (eg, packed RBCs, plasma/platelet products). 

The effect of immune globulin on virus vaccines varies con- 
siderably with the vaccine. For example, OPV and yellow fever 
vaccines can be administered without regard to immune glob- 
ulin administration. It has generally been recommended to 
wait 6 weeks to three months before administering most live 
vaccines such as MMR. But this interval is not sufficient for 
measles vaccine when high doses of intravenous immune glob- 
ulin are administered and vaccination may have to be delayed 
for up to 11 months.” As always, the recommended intervals 
have to be viewed with respect to the urgency of vaccination in 
the individual case. 


National Childhood Vaccine Injury Act 


The National Childhood Vaccine Injury Act (NVICA) became 
effective March 21, 1988 and has two main objectives: (1) to 
avoid future crises that may interrupt the National Immuni- 
zation Program and (2) to provide financial compensation for 
patients who suffer vaccine-related injuries. The act requires 
that the providers of vaccinations keep certain permanent 
records of covered vaccinations as well as to report on certain 
adverse events. A surcharge is placed on the price of covered 
vaccines to fund the program and compensation is paid to 
persons who suffer specified injuries from receiving these 
drugs. The covered vaccines currently include all of the routine 
pediatric immunizations (Table 89-6). The details of the record- 
keeping and reporting requirements as well as the current list 
of covered vaccines may be found at the CDC Web site. 


Immunization Records 


Proper documentation of immunizations is important from sev- 
eral respects. It helps ensure that those in need of vaccination 
receive it without the need for serologic testing and helps 
prevent overvaccinating, which increases the risks of hypersen- 
sitivity reactions. A comprehensive vaccination record should 
include not just the history of vaccinations but also ancillary 
information such as documentation of having had a disease or 
serologic testing for immunity. The NVICA specifies the 
records to be maintained by the provider.” 

Official immunization cards have been adopted by every 
state to facilitate the assessment of immunization status by 
schools and child-care centers. A permanent immunization 
record card should be established for each newborn infant and 
maintained by the parents. Some states are developing com- 
puterized immunization record systems and there is even con- 
sideration of a national immunization registry. 


Veterinary Vaccines 


Veterinary biologics are controlled by the Center for Veterinary 
Biologics (CVB) of the Animal and Plant Health Inspection 
Service (APHIS) of the US Department of Agriculture (USDA), 
which maintains a Web site [http://www.aphis.usda.gov/vs/evb/ 
index.html]. Interestingly, conventional veterinary drugs are 
regulated by the Center for Veterinary Medicine of the FDA 
(http://www.fda.gov/cvm]. Veterinarians may prescribe human 
drugs but the reverse is not true. 

The principles and terminology of veterinary biologics are 
essentially the same as the human with one notable exception; 
the term bacterin is used to denote killed bacterial vaccines. 
Veterinary vaccines also tend to be administered more by mu- 


cosal routes including nasal, ophthalmic, inhalation and even 
oral. 

There are many vaccines and several passive immunizing 
agents available for dogs, cats, horses and livestock (cattle, 
goats, pigs, poultry, sheep) as well as some products for birds, 
fox, mink and even some fish. Grabenstein” provides an excel- 
lent overview of veterinary biologics. 


PASSIVE IMMUNIZING AGENTS 


Passive immunization in the broadest sense involves the admin- 
istration of any specific immune effector, antibody or effector T 
cell. In practice it has been restricted to the use of antibodies since 
effector T cells are limited in number, difficult to harvest, and, 
perhaps most importantly, MHC-restricted and not usually effec- 
tive when transferred from one individual to another. There have, 
however, been recent attempts to harvest the T cells of the indi- 
vidual patient, expand their number in vitro with colony-stimu- 
lating factors, and reintroduce the cells into the patient. The 
currently employed passive immunizing agents are all derived 
from immunoglobulins and the majority of these consist mainly of 
IgG isotypes (see Chapter 60). 

Human serum was used as early as 1907 for the prevention 
of measles and later for mumps and pertussis. Animal-derived 
antitoxins were used extensively prior to World War II to treat 
diphtheria, tetanus, scarlet fever and other diseases with 
mixed results. Intramuscular human immune globulin (IGIM) 
became available after the war and was first used to treat a 
form of agammaglobulinemia (Bruton’s disease) in 1952. Intra- 
venous human immune globulin (IGIV) was developed over the 
1980s and represents a major advance in passive immunizing 
agents. The first MAbs (digoxin immune Fab and muromonab 
CD3) were licensed in 1986 but only as the 20th century closes 
is this technology beginning to have a major impact on clinical 
medicine. 

The antibody-containing products available in the US as of 
January 2000 are listed in Tables 89-7—89-9. Depending on 
how one defines passive immunization, it can be correctly ar- 
gued that not all of these are passive immunizing agents. The 
emphasis at this point will be on those products that are used 
to impart passive immunity for infectious and toxic diseases 
but, as will be seen, the difference between these and the other 
antibody products is not always clear. All of the products are 
listed in the tables to assist the reader in making comparisons 
but some of the products are described in greater detail in other 
chapters under their respective therapeutic categories. 


Types of Products 


When considering immunoglobulin containing products it is 
useful to think in terms of three dichotomies: human or animal, 
intramuscular or intravenous, polyclonal or monoclonal. 
Human immune globulin products are derived from pooled 
plasma obtained from 1000 or more donors. The antibody con- 
tent of all of these products is primarily IgG (90 to 98% depend- 
ing on the product) and the four isotypes are generally within 
the range of their natural distribution: IgG, (60 to 70%), IgG. 
(23 to 29%), IgG, (4 to 8%) and IgG, (2 to 6%). The other 
isotypes are largely removed since they usually contribute little 
to the activity of the products and may give rise to adverse 
reactions. The composition of the products is very similar for 
both the so-called normal immune globulin preparations 
(IGIM, IGIV) as well as the specific or hyperimmune globulin 
products (eg, hepatitis B immune globulin). The former are 
standardized by assaying for several common antibodies (eg, 
measles, diphtheria, poliovirus and often others) while the 
specific immune globulins also are assayed for the labeled 
antibody; the latter products are obtained from the pooled 
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plasma of individuals having high titers of the labeled antibody 
such as recent vaccinees. 

Heterologous antibody products (Table 89-8) must have 
their source displayed on the label and this is nearly always 
equine. The horse was chosen because it has a large blood 
volume and is rarely used as a food animal in this country, 
which lessens the chance for sensitization. MAbs are often 
derived from sheep (ovine) or mice (murine). There is little 
functional difference between human and animal antibodies 
but there is sufficient structural difference that allergy is a 
major problem with heterologous sera. Serum sickness is a 
systemic immune complex disease that occurs 5 to 14 days after 
administration of foreign antibodies; this active immune re- 
sponse also serves to clear the antibodies and heterologous 
products thus have a shorter duration of action than the ho- 
mologous. Subsequent administration of a heterologous serum 
will result in an even faster and stronger reaction and may 
even be accompanied by IgE-mediated anaphylactic reactions. 
It is apparent that heterologous products are severely limited 
and has been a major factor in delaying the development of 
products containing MAbs; there are technical difficulties in 
producing human MAbs by hybridoma technology (Chapter 


Table 89-7. Human Immune Globulins 


IMMUNE GLOBULIN DISTRIBUTOR 
Immune Globulin Intramuscular 
(IGIM) 
BayGam Bayer 


Gammar-P.|.M. 
Immune Globulin Intravenous 
(IGIV) 
Gammar-P.I.V. 
Gamimune N 
Gammagard S/D 


Centeon LLC 


Aventis Biologicals 
Bayer 
Hyland Immuno HealthCare 


lveegam Immuno-Hyland 
Polygam S/D American Red Cross 
Sandoglobulin Novartis 


Venoglobulin-I and 
Venoglobulin-S 
Anti-Infective Immune Globulins 
Cytomegalovirus Immune Globulin 


Alpha Therapeutics 


Intravenous 

CcytoGam Medimmune 
Hepatitis B Immune Globulin 

BayHep B Bayer 

Nabi-HB North American Biologicals. 
Rabies Immune Globulin 

BayRab Bayer 

Imogam Rabies Pasteur—Mérieux 

Connaught 


Respiratory Syncytial Virus 
Immune Globulin, 


Intravenous 
RespiGam Medimmune and Wyeth-— 
Lederle 
Tetanus Immune Globulin Massachusetts Public Health 
BayTet Biologics Lab 
Vaccinia Immune Globulin Bayer 


Centers for Disease Control 
and Prevention 


Varicella-Zoster Immune Globulin Massachusetts Public Health 


Biologics Lab 
Immunosuppressive Immune 
Globulins 
Rho (D) Immune Globulin 
BayRho-D Bayer 
Gamulin Rh and Mini-Gamulin Centeon LLC 
Rh 


RhoGAM and MICRhgGAM Ortho Diagnostics 
Rho (D) Immune Globulin 
Intravenous 


WinRho SDF North American 
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60). Technological advances in preparing chimeric (human- 
animal) and humanized MAbs has led to a number of products 
at the end of the millennium and many more can be expected 
early in the 21st century. 

Intramuscular human immune globulin (IGIM) is the pro- 
totype for the specific immune globulins that are administered 
by this route. A major limitation of these products is that, even 
with painful injections at several sites, the desired blood levels 
of IgG are not always attainable. Care must be taken not to 
inject these products intravascularly, for they contain immu- 
noglobulin aggregates that can activate the complement sys- 
tem and cause serious anaphylactic reactions. 

Intravenous human immune globulin (IGIV) is the proto- 
type for the specific immune globulins that are administered by 
this route. Intravenous preparations are treated to prevent 
aggregation of the immunoglobulins and there are virtually no 
limitations with respect to attainable blood levels. The first of 
these products marketed in the early 1980s were of question- 
able activity because of alteration of the Fc portion of the IgG 
molecules; ie, loss of the complement-activating and opsonizing 
activities required for antibacterial effects. The current prod- 
ucts are evaluated for these secondary antibody activities. 
Later some of the products were associated with transmission 
of hepatitis C but virus inactivation is now required in the 
manufacture of all immune globulins; the P in some of the 
product names represents pasteurization and S/D stands for 
surfactant/detergent, which are processes used to inactivate 
viruses. 

IGIM and IGIV are polyclonal antibody preparations con- 
taining perhaps 10’ different antibody specificities. These prod- 
ucts are extremely broad spectrum when compared to MAbs 
but of relatively low activity for each specificity. MAbs are 
specific for essentially a single epitope (assuming no cross 
reactivity) and are highly concentrated when compared to the 
polyclonal products. This level of specificity is desirable when 
the drug is targeting a specific receptor in the body such as a 
tumor antigen (eg, rituximab), physiologically active molecule 
such as tumor necrosis factor (eg, infliximab), or drug (eg, 
digoxin immune Fab) but is likely a disadvantage when the 
goal is to neutralize an infectious organism. Immunologic re- 
dundancy with polyclonal antibodies specific for different 
epitopes, and of multiple isotypes, is probably more effective 
against pathogens. It also should be recalled that all of the 
epitopes in an MAb are highly concentrated and some of these 
may be foreign and cause allergic reactions; eg, idiotopes, allo- 
typic markers (Gm, Km). 


Immune Globulin Intramuscular 


The IGIM products are aqueous solutions containing 15 to 18% 
protein of which more than 90% is IgG and each lot represents 
the pooled plasma of more than 1000 donors. They are stan- 


Table 89-8. Heterologous Antisera 


ANTISERUM DISTRIBUTOR 
Antitoxins 

Botulism Antitoxin Types A, B, and E (Equine) GDE 
Botulism Antitoxin Monovalent Type E (Equine) CDG 
Diphtheria Antitoxin (Equine) De 


Antivenins 
Crotalidae Antivenin Polyvalent (Equine) 
Micrurus fulvius Antivenin (Equine) 


Wyeth—Ayerst 
Wyeth-Ayerst 


Latrodectus Mactans Antivenin (Equine) Merck 
Sculpturatus centruroides Antivenin (Caprine) Arizona State 
University 
Immunosuppressive 
Anti-thymocyte Globulin (Equine) 
ATGAM Upjohn 


° Centers for Disease Control and Prevention. 


Table 89-9. Monoclonal Antibodies’ 
DISTRIBUTOR 


ANTIBODY 


Anticoagulant Antibodies 
Abciximab (Chimeric)* 

ReoPro Lilly 
Anti-Infective Antibodies 
Palivizumab (Humanized) 

Synagis 
Antiinflammatory Antibodies 
Infliximab (Chimeric) 

Remicade 
Antineoplastic Antibodies 
Rituximab (Chimeric) 


Medimmune and Ross Products 


Centocor 


Rituxan IDEC and Genentech 
Tratuzumab (Humanized) 
Herceptin Genentech 


Immunoantidote Antibodies 

Digoxin Immune Fab (Ovine)* 
Digibind 
Digidote 

Immunosuppressive Antibodies 

Daclizumab (Chimeric) 
Zenapax 

Muromonab-CD3 (Murine) 
Orthoclone-OKT3 IDEC and Genentech 

2 Includes Fab fragments (*) derived from monoclonal antibodies but does 


not include the radioisotope-conjugated MAbs and fragments licensed for 
diagnostic purposes as of January 2000. 


Glaxo—Wellcome 
Boehringer Mannheim 


Hoffmann-LaRoche 


dardized for antibody to measles, diphtheria and poliovirus to 
assure reasonable uniformity of product but contain antibodies 
specific for numerous bacteria, viruses and fungi. 

The main indications of IGIM is for IgG-replacement ther- 
apy in disorders where there is a deficiency of IgG antibodies 
and for the passive prevention or modification of hepatitis A 
and measles in susceptible persons when given shortly after 
exposure; passive immunization for measles is particularly im- 
portant in household contacts less than 1 year of age since they 
are particularly prone to measles complications and have not 
yet been vaccinated. IGIM is not standardized for hepatitis B 
and the specific immune globulin should be used in this case. 
IGIM can be used for the prevention of varicella in immuno- 
compromised patients if varicella-zoster immune globulin is 
not available. It also has been used to prevent fetal damage in 
women who are exposed to rubella during the first trimester of 
pregnancy and who do not want a therapeutic abortion, but it 
is of questionable value for this purpose. The ACIP recom- 
mends immune globulin (IM or IV) administration to symptom- 
atic HIV-positive and other severely immunocompromised pa- 
tients who are exposed to measles, regardless of their 
immunization status. 

Immune globulins are probably effective in preventing or 
modifying infections by encapsulated bacteria and their 
complement-activating and opsonizing activities are most im- 
portant in this respect. Antibody is more effective in preventing 
virus, fungal and other intracellular infections than in the 
resolution of established infection where cell-mediated immu- 
nity is much more important. 

In treating immunodeficiency diseases the goal is to main- 
tain IgG levels at about 200 mg/dL, which may require IGIM 
doses of 1mL/kg or more; lower doses are generally indicated 
for the other uses. Injection is preferably in the upper, outer 
quadrant of the gluteal region and doses of more than 10 mL 
should be divided and injected at several sites to reduce dis- 
comfort. The IgG titers peak within 2 to 5 days and the serum 
half-life of IgG is usually about 20-25 days but this can vary 
considerably. 

There are few adverse reactions associated with IGIM ex- 
cept for local pain and tenderness at the injection site. Serious 
anaphylactic reactions occur occasionally and, as with all im- 
mune globulin products, are most often associated with selec- 


tive IgA deficiency. This is the most common selective immu- 
noglobulin deficiency but the true incidence is not known and 
estimates range from 1:700 to 1:2,500. 

IGIM is reported to be 80 to 95% effective in preventing 
hepatitis A depending upon the degree of exposure and time of 
treatment. It is probably much less effective in completely 
preventing the other virus diseases but is believed to lessen the 
incidence of severe disease and complications. IGIM helps in 
controlling infections in antibody deficiency disorders but seri- 
ous immunodeficiency disease involves multiple problems that 
are not addressed by IGIM. 

The fundamental properties of the specific immune globu- 
lins for hepatitis B, rabies, tetanus, vaccinia and varicella- 
zoster are very similar to those of IGIM. 


Immune Globulin Intravenous 


The IGIV products are aqueous solutions or lyophilized pow- 
ders that are reconstituted to provide 5% or 10% protein solu- 
tions except for Sandoglobulin, which is prepared as 3, 6, 9 or 
12% solutions. The IgG content ranges from greater than 90 to 
99% depending upon the specific product and is nearly all 
monomeric (>92 to 99%). Each lot represents the pooled 
plasma of from more than 1000 to 50,000 donors. Most of the 
powders can be stored at room temperature and the solutions 
at 2-8° but there are some differences in the way that individual 
products are stored and reconstituted so that pharmacists should 
become familiar with the properties of the individual products 
used. Some of the products have less IgA and may be able to be 
used in some IgA-sensitive patients. There is much variation in 
the reported mean serum half-life (23-40 days) of the products 
but this also varies considerably between patients. The individual 
products also vary in the approved labeled indications but, for 
most purposes, they are considered to be therapeutically equiva- 
lent and will be discussed as such below. 

IGIV is especially useful in those conditions where rapid 
and/or high levels of antibody are desired and cannot be 
achieved with IGIM or in patients where IGIM is contraindi- 
cated because of such things as limited muscle mass or bleeding 
tendencies. The indications and uses of IGIV are somewhat 
paradoxical in that these products are employed both as anti- 
infectives and as immunosuppressive agents. Note however 
that the dose levels in the first case are similar to those for 
IGIM with the goal being to maintain baseline serum levels of 
IgG of at least 200 mg/dL; the dose levels of IGIV when used as 
an immunosuppressive generally exceed those that can be eas- 
ily attained with IGIM. Several days is required for the serum 
levels of IgG to equilibrate since IgG is extensively redistrib- 
uted to extravascular spaces. 

IGIV is indicated for the treatment of primary immunodefi- 
ciency disease in much the same way as IGIM (see above). It also 
is indicated for the prevention of bacterial infections in patients 
with B cell chronic lymphocytic leukemia, the most common form 
of adult leukemia, and in children with AIDS. Doses in the range 
of 100 to 400 mg/kg every 3 to 4 weeks will usually maintain the 
IgG serum levels at the desired 200 mg/dL. 

IGIV also is indicated for immune thrombocytopenia purpu- 
rea (ITP), Kawasaki disease and bone marrow transplant pa- 
tients. IGIV is presumably acting as an immunosuppressive in 
these conditions but the reader should be aware that neither 
the detailed mechanisms of these diseases nor of IGIV are 
completely understood at this time. 

Both the anti-infective and immunosuppressive activities of 
IGIV are important in bone marrow transplantation where it is 
effective in reducing the incidence and severity of both infec- 
tions and graft-versus-host disease. Doses of 500 mg/kg are 
administered 7 and 2 days prior to transplantation, or at the 
beginning of conditioning therapy, and are continued weekly 
after transplantation for about 13 weeks. 

In Kawasaki disease, IGIV plus aspirin therapy reduces the 
incidence of coronary artery abnormalities significantly more 
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than aspirin therapy alone. Several different dosing schedules 
are used including a single dose of 2 g/kg within 10 days of 
onset of the disease or 400 mg/kg on four consecutive days. 

The efficacy of IGIV in ITP depends upon the age of the 
patient and form of the disease and, while often helpful in 
restoring platelet levels, is difficult to predict; acute childhood 
ITP probably responds best but this is also the form with the 
highest rate of spontaneous remission. A wide variety of dosage 
regimens have been used to attain the goal of a platelet count 
of 30,000 to 50,000 cells/mm’; one example is induction therapy 
of 400 to 2000 mg/kg for 1 to 7 consecutive days and, if required, 
maintenance therapy of 400 to 2000 mg/kg every 2 weeks. 

The mechanism of the immunosuppressive activity of IGIV 
is not well understood but likely involves multiple mechanisms 
of varying importance depending upon the condition.® For ex- 
ample, ITP involves antibody-dependent cell-mediated cytotox- 
icity in which the antibody-coated platelets are lysed, primarily 
in the spleen, by effector cells such as macrophages that have 
Fc receptors for the autoantibodies. One theory is that antibod- 
ies in the IGIV, after forming immune complexes with their 
complementary antigens, compete for the Fc binding sites with 
the antibody-coated platelets; the efficacy of Rh,(D) immune 
globulin intravenous in treating ITP in Rh-positive patients is 
notable in this respect. Another possibility is that the IGIV 
contains anti-idiotypic antibodies specific for the anti-platelet 
antibodies. It also may be speculated that immune complexes 
suppress the immune response by binding to Fc receptors and 
inhibiting B cell responsiveness, which appears to be a mech- 
anism of feedback inhibition of antibody production. Note how- 
ever that the mechanism of action of the immunosuppressive 
antibodies used in the management of allograft rejection (anti- 
thymocyte globulin, muromonab CD3 and daclizumab) is likely 
quite different than that of IGIV; these antibodies all inhibit 
specific receptors on lymphocytes and thereby suppress ongo- 
ing immune responses. 

There are many off-label uses of IGIV and an expert panel 
has reviewed and made recommendations on 53 of these.'° 
The majority of the diseases are known or suspected to be 
immunologically-mediated diseases (eg, autoimmune). Lassis- 
ter’s'' evaluation of the studies of IGIV in the management of 
neonatal sepsis contains an excellent review of the factors to be 
considered in fetal and neonatal immunity. 

The adverse reactions of IGIV tend to be mild and transient. 
Mild fever, chills, arthralgia, myalgia, and many other minor 
symptoms are most likely to occur when there are large time 
intervals (greater than 8 weeks) between treatment and a build 
up of what may be called the antigen load; the administered 
antibodies react with their complementary antigens that have 
accumulated since the last dose of IGIV and the immune com- 
plexes formed may cause the mild reactions until they are 
cleared. Such reactions can be controlled, in part, by using 
slower initial infusion rates. More serious anaphylactic reac- 
tions are rare and usually associated with IgA deficiency. 

Cytomegalovirus immune globulin and respiratory syncy- 
tial virus immune globulin are both intravenous preparations 
that share the essential properties of IGIV except that their use 
is restricted to the conditions for which they are named. 


Other Antibody Products 


The heterologous antisera currently available are all, with the 
exception of anti-thymocyte globulin, used to treat intoxica- 
tions by venomous animals or bacterial exotoxins. Each of these 
products have limited and specific indications that are well 
described in the product literature. Patients should always be 
skin-tested for anaphylactic sensitivity prior to receiving het- 
erologous products; it is also notable that most of these prod- 
ucts are administered by slow IV infusion since the onset of 
activity with IM administration is too slow to deal effectively 
with a serious intoxication. It is of interest to compare these 
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products with digoxin immune Fab that is an immunoantidote 
derived from MAb technology. It too is a heterologous product, 
but it demonstrates the potential to develop humanized MAbs 
(or Fab fragments) for the safer and more effective manage- 
ment of intoxications of many types. 

The MAb products marketed as of January 2000 are listed 
in Table 89-9. The six therapeutic categories represented by the 
eight current products only partially reflect the potential of 
MAbs as therapeutic agents. Conceivably every known thera- 
peutic class could ultimately be represented, possibly along 
with some that are currently unknown. 


SZ 


Allergenic extracts comprise a large group of products that are 
unique compared to other biologics and conventional pharma- 
ceuticals. A specific license is required for their manufacture 
and they are available mainly from specialty companies. In 
spite of nearly 90 years of clinical use for the diagnosis and 
treatment of allergy, allergenic extracts are relatively crude 
drugs by contemporary standards. Their composition is heter- 
ogeneous and ill-defined, their mechanism of action is under- 
stood poorly and to date there are no totally reliable standards 
of potency. Allergenic extracts are administered (or dispensed) 
primarily in the allergist’s office and, with few exceptions, 
these drugs do not enter conventional pharmaceutical distri- 
bution systems. 

Common allergies are estimated to affect 10 to 30% of the 
population and allergenic extracts, despite their shortcomings, 
are mainstays in the control of these diseases. Every pharma- 
cist should have a fundamental understanding of allergenic 
extracts and some clinical, institutional and industrial special- 
ists require expertise. In recent years allergy research has 
intensified but an unfortunately small number of pharmaceu- 
tical scientists have entered the field. 

Because of the complexity and large number of allergenic 
extracts only the fundamental terminology, principles, proper- 
ties and types of products are included in this chapter. As noted 
earlier, the diagnostic skin antigens for infectious diseases are 
included in this discussion of allergenic extracts (delayed hy- 
persensitivity tests) since they are most closely related to these 
products in both composition and use. 


ALLERGY 


Allergy (hypersensitivity) may be defined as an untoward im- 
munological reaction to an environmental immunogen called 
the allergen. The phenomenon is not a simple cause-effect 
relationship, however, for exposure to an allergen results in 
disease only in a small portion of the population. The occur- 
rence of allergic disease is determined by the characteristics of 
the individual as well as those of the allergen and the condi- 
tions of exposure. Disease occurs only in those previously sen- 
sitized by exposure to the allergen and the ability to become 
sensitized is, at least sometimes, genetically determined (see 
Atopy). Sensitization also may vary with the age of the individ- 
ual, nature of the allergen, route and degree of exposure and 
many other factors. 

The immunological processes involved in allergy result in 
inflammation and tissue damage but otherwise do not differ 
fundamentally from those seen in the normal immune response 
(Chapter 60). The classification system of Coombs and Gell 
(Table 89-1) that considers four basic mechanisms of 
immunologically-mediated disease remains a very useful frame 
of reference for allergic disease 

Most of the common allergies are IgH-mediated and aller- 
genic extracts are most useful in the diagnosis (immediate 
sensitivity tests), and to a lesser extent immunotherapy, of 


The MAb that is definitely a passive immunizing agent is 
palivizumab. This antibody is specific for an epitope in the F pro- 
tein of the respiratory syncytial virus (RSV). The F protein on the 
surface of RSV is necessary for the virus to infect cells and, as 
expressed on the surface of the infected cells, is responsible for the 
cell fusion that results in syncytia. Palivizumab exhibits both 
virus-neutralizing and fusion inhibitory activity. It is indicated, as 
is RSV immune globulin intravenous (Table 89-7), for the preven- 
tion of serious lower respiratory tract disease caused by RSV in 
high-risk infants. This product may, more than any of the others, 
best reflect the future of passive immunization. 


these conditions. Cytotoxic allergy and immune complex disease 
are more prominent in autoimmune and alloimmune diseases 
(Chapter 60) and are not as important in the present context. 
Many environmental allergens, including the well-known poi- 
son ivy, produce allergic contact dermatitis and this cell- 
mediated immunity is the basis for delayed hypersensitivity 
tests. 


Atopy 


Atopy is the inherited tendency to develop IgE-mediated al- 
lergy to common inhaled and ingested allergens. The atopic 
diseases include the common allergic rhinitis (hay fever) and 
allergic asthma, atopic dermatitis, and, less commonly, allergic 
gastroenteropathy. Allergenic extracts are most useful in the 
management of the first two conditions. 

The etiology of atopy is poorly understood. The atopic indi- 
vidual frequently has a family history of allergy and typically is 
allergic to multiple allergens. Serum IgE usually is elevated 
and eosinophilia is usually present in the blood and tissues. 
The shock tissues are hyperresponsive and this may involve 
autonomic imbalance such as a B-adrenergic deficit (or cholin- 
ergic excess) in the case of asthma. The nature of the allergen 
and the route of exposure via mucous membranes undoubtedly 
play important roles. 

The IgE-mediated conditions urticaria-angioedema and 
anaphylaxis are nonatopic diseases in that there is no genetic 
predisposition and the shock tissues not hyperirritible. The 
allergens are most often ingested or injected and the most 
common offenders are foods and drugs. Sensitivity testing and 
immunotherapy are of limited value in these nonatopic condi- 
tions with the notable exception of Hymenoptera (stinging in- 
sect) sensitivity. 

The manifestations of both atopic and nonatopic IgE-medi- 
ated disease are what are often considered to be the typically 
allergic symptoms. It is important for the pharmacist to under- 
stand that allergy can be manifest by other symptoms and, 
especially, that rhinitis, asthma, urticaria, and anaphylaxis 
can result by nonimmunological mechanisms. 


Allergens 


Allergens are the inciting agents of allergy. It is common to 
speak of substances such as pollens, danders, dusts, etc, as 
allergens when, in fact, the true allergens are found in the 
individual compounds within these substances. As in other 
immunological reactions, the specificity resides in small frag- 
ments within the molecules called epitopes. 

The chemical identity of most allergens is unknown, but the 
tools of molecular biology are being employed for both the 
elucidation of structure and synthesis of recombinant aller- 
gens. When isolated, individual allergens are named by the 
system of the International Union of Immunological Societ- 


Table 89-10. Mechanisms and Manifestations of Allergy” 
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TYPE Ill TYPE IV 


TYPE |? TYPE II 
Names IgE-Mediated Immediate Cytotoxic 
Hypersensitivity 
Immune Effectors IgE IgG 


Major cells involved 
in inflammation 


Mast Cell Basophil 


Macrophage (Antibody- 
dependent cell-mediated 


Immune Complex 
Arthus-type 


Cell-Mediated Delayed 
Hypersensitivity Tuberculin-type 


cytotoxicity) or, less 


commonly, 
Histamine 
Leukotrienes 
0-30 minutes 


Mediators 


Onset in sensitized 
individual 
Manifestations 


inapparent) 
Allergic rhinitis 
Allergic asthma 
Atopic dermatitis 
Gastroenteropathy 


Neutropenia 


Complement-mediated lysis 
Immediate (but symptoms 
Hemolytic anemia 


Thrombocytoenia 


IgG, IgM CD4* T Cells 
CD8" T Cells 
Neutrophil Macrophage 
Lysozomal enzymes Cytokines 
2-24 hours 6-24 hours 
Vasculitis Allergic contact dermatitis 


Serum Sickness 
Glomerulonephritis 
Arthus-type rash 


Hypersensitivity pneumonitis 


° Based upon the classification of Coombs and Gell.12 


» The characteristics of late phase reactions are not represented in this table. 


ies.!° The first three letters of the genus are followed by the 
first letter of the species and then a Roman numeral; eg, Amb 
a I is antigen E of short ragweed (Ambrosia artemisifiolia). 
Baldo has reviewed the structural characteristics of both envi- 
ronmental and drug allergens. '* 

Most known allergens are proteins or glycoproteins and do 
not appear to differ much from other immunogens except per- 
haps being somewhat smaller (mol wt 10,000-70,000). Most 
allergenic substances contain multiple allergens that vary in 
their allergenic potency, ie, major and minor allergens. Aller- 
gens from related sources often are similar chemically and 
cross-allergenicity is common between biologically related sub- 
stances. The number and diversity of potential allergens in the 
environment is great, which provides a major complication in 
the control of allergy. 

A variety of low-molecular-weight chemicals may serve as 
allergenic haptens (partial immunogens) and induce allergy 
after combining covalently with a suitable protein carrier. 
While this is an important process in drug allergy, most com- 
mon environmental allergens appear to be complete immuno- 
gens. A notable exception is the case of common allergic contact 
dermatitis caused by a variety of plants, drugs, clothing addi- 
tives and other substances. The plants most responsible for 
contact dermatitis in North America belong to the Anacardi- 
aceae family, primarily the genus Toxicodendron (Rhus), and 
include poison ivy, oak and sumac. The allergenic components 
of these plants, called urushiols, are found in the oleoresin 
fraction and are derivatives of pentadecylcatechol or heptade- 
cyleatechol. Many plants of the Compositae family, which in- 
cludes the ragweeds, also cause contact dermatitis and the 
allergens have been identified as sesquiterpenoid lactones. 

The chemical differences between the common atopic and 
contactant allergens are of significance in the preparation of 
allergenic extracts. The plant oleoresins containing the contac- 
tants usually are removed during the defatting process and are 
not present in the aqueous allergenic extracts. The ether- 
soluble fraction, on the other hand, can be used for the prepa- 
ration of patch-testing materials. 


Diagnosis of Allergy 


The diagnosis of an allergic disease requires first the determina- 
tion of allergic etiology and second the identification of the specific 
allergen(s). Understanding the fundamental principles in the di- 
agnosis of allergy is important to pharmacists, particularly in the 
community setting, where they are called upon for the initial 
evaluation of reactions to both drugs and environmental sub- 
stances. In such cases important decisions must be made whether 


to refer the patient to a physician or emergency facility, recom- 
mend OTC therapy or to take another course of action. 

Physical diagnosis, while important, is not sufficient to es- 
tablish allergic etiology since the symptoms of allergic diseases 
can result from other causes. Important in this respect are the 
intrinsic (nonallergic) diseases of asthma, rhinitis and urticaria 
that should be distinguished from the extrinsic (allergic) dis- 
eases. This distinction between allergy and intrinsic diseases is 
not always clear and some clinical conditions likely involve 
both. It is important, however, since a number of drug idiosyn- 
crasies are associated with intrinsic disease and may be mis- 
taken for allergy. 

A detailed history is perhaps the most important step both 
in determining whether the condition is an allergy as well as 
suggesting possible allergens. This should include consider- 
ation of the patient’s symptoms in relation to familial, seasonal, 
home environment, occupational, medication and related per- 
sonal factors. 

Clinical laboratory tests are assuming greater importance in 
the diagnosis of allergy. Diagnostic testing services are avail- 
able to measure total serum IgE and immunogen-specific IgE 
for many allergens. These tests can be used in conjunction with 
sensitivity tests and in those with dermographia, very young 
patients or others where skin testing may be unreliable. De- 
termination of IgG, IgA and IgM may be helpful in differenti- 
ating various autoimmune, infectious or other diseases that 
may mimic allergies. These and related tests also may be used 
to monitor immunotherapy 

Sensitivity testing with allergenic extracts is still the principal 
method of determining specific allergic etiology. Sensitivity test- 
ing has been used since the early part of the century for the 
diagnosis of allergy. A variety of different test methods may be 
employed but all involve the administration of a small amount of 
allergen to the patient who is observed for reactions suggestive of 
allergy. While simple in principle, both the administration and 
interpretation of sensitivity tests require a great deal of expertise 
and should be conducted only by qualified individuals. Also, since 
sensitivity testing is a costly, discomforting and time-consuming 
procedure, it is impractical to test the patient for all possible 
allergens. A detailed history provides the main basis for selection 
of the specific tests to be performed. 


Immediate Sensitivity Tests 


These tests, as the name implies, are used to detect IgK- 
mediated allergy and there are two general types of test 
procedures. 
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CUTANEOUS TESTS—tThese are the simplest of the im- 
mediate sensitivity tests and somewhat safer than intradermal 
tests. The back as well as the arms can be used for testing that 
enables 50 or more allergens to be evaluated in a single office 
visit. Cutaneous tests also are less sensitive, which some feel is 
an advantage that provides better correlation with clinical 
allergy. Allergists often employ a cutaneous test for prelimi- 
nary screening followed by intradermal tests for more complete 
evaluation of the allergens to which the patient is sensitive. 
The skin is abraded with a sharp needle (prick test) or scarifier 
(scratch test) either before or after application of a drop of a 
relatively concentrated (1:00 to 1:10 w/v) allergenic extract. 
The test sites, grading of reactions and precautions are similar 
to those described for the intradermal tests. 

INTRADERMAL TESTS—tThese are the most sensitive of 
the immediate sensitivity tests and are accomplished by inject- 
ing relatively dilute (1:1000 to 1:100 w/v) allergenic extracts 
directly into the skin on the volar surface of the lower or upper 
arm. The back should not be used because of the difficulty in 
dealing with systemic reactions. Multiple extracts can be tested 
at one time using sites 2 to 3 inches apart and marked with an 
appropriate code. The tests are inspected after 15 minutes or 
again at 30 minutes if the characteristic wheal and flare reac- 
tions are not developed fully. The tests are graded from 0 to 4+ 
depending upon the size of the wheal. Generalized allergic 
reactions are relatively uncommon, but a rubber tourniquet 
and epinephrine (1:1000) should always be available when 
these tests are performed. 

Histamine controls are used to eliminate false-negative re- 
actions by confirming the wheal/flare reaction of the skin and 
quality of the technique. Diluent controls are used to detect the 
rare individual with dermographia that gives positive tests to 
the skin trauma. Although a single concentration of allergenic 
extract often is used for testing, more information can be ob- 
tained by a threshold dilution titration using a 10-fold dilution 
series. 

Other types of immediate sensitivity tests using allergenic 
extracts such as provocation tests and passive transfer tests are 
employed less commonly and are described in standard refer- 
ences on allergy. 

EFFECT OF DRUGS ON SENSITIVITY TESTS—Anti- 
histamines (H,-antagonists, Chapter 84) and other drugs with 
antihistaminic activity such as the tricyclic antidepressants 
suppress the immediate skin-test reactions. Long-acting agents 
may suppress the reaction for as long as 6 weeks. H,-antago- 
nists do not suppress the immediate skin-test reactions alone 
but may act synergistically with the H,-antagonists. Oral and 
parenteral B.-adrenergic agonists have been reported to de- 
crease the allergen induced wheal, and potent topical cortico- 
steroids may suppress skin reactivity locally. Inhaled B,-adren- 
ergic agonists, methylxanthines and cromolyn do not interfere 
with skin testing. Oral corticosteroids and nonsteroidal antiin- 
flammatory agents have little effect on immediate skin tests. It 
is recommended that tricyclic antidepressants, chlorpromazine 
and hydroxyzine be discontinued for at least 5 days before 
testing, and that the short-acting antihistamines be discontin- 
ued for at least 24 hours. Beta-blocking agents can increase the 
immediate skin test reaction significantly and patients on 
these drugs may be less responsive to the beta-agonists needed 
to treat a systemic reaction to an allergenic extract. The opti- 
mal time for skin testing is when the patient has recently taken 
no drugs that may potentially interfere, and in all cases it is 
important to administer a positive control (ie, histamine). 


Treatment of Allergy 


The types, causes and contributing factors of allergy are nu- 
merous. Therapy is thus complex and variable but can be 
divided into three main types. 

Environmental controls are designed to eliminate or at least 
minimize exposure to the allergen.'° The avoidance of an aller- 


gen is relatively simple and effective in some instances but 
most allergens cannot be eliminated totally from the environ- 
ment. However, minimizing exposure to the allergen always 
enhances the effectiveness of other therapeutic measures and 
should always be accomplished as much as possible. 

Symptomatic drug therapy is required in the control of most 
common allergies. The many drugs used for this purpose in- 
clude the antihistamines and leukotriene antagonists (Chapter 
84), corticosteroids (Chapter 77) and sympathomimetics (Chap- 
ter 70). 

Specific immunotherapy may be employed for certain aller- 
gies as described below. 


Immunotherapy 


The immunotherapy of allergy is accomplished by administra- 
tion of gradually increasing doses of allergen over a period of 
months or years with the anticipation of the patient developing 
increasing tolerance to the allergen. This is called commonly 
desensitization or hyposensitization but these terms tend to 
imply unconfirmed mechanisms and may be confused with 
other clinical procedures. For example, different desensitiza- 
tion procedures have been used in drug allergy (eg, penicillin, 
sulfonilamide, insulin, etc) but these are short term procedures 
that likely involve different mechanisms. 

Immunotherapy was first used for hay fever in England in 
1911 and is still used nearly exclusively in the treatment of 
IgE-mediated allergy. There have been many attempts to de- 
sensitize against the cell-mediated Rhus contact dermatitis 
(poison ivy and oak) but they have met with little success and 
the products marketed for this purpose remain controversial. 

The precise mechanism of immunotherapy remains un- 
known but a variety of both humoral and cellular immunolog- 
ical changes haye been observed over the course of allergen 
administration. Clinical improvement in some patients corre- 
lates well with the level of IgG blocking antibodies that, as 
suggested by the name, may bind the allergen and prevent its 
interaction with the mast cell-bound IgE. This is undoubtedly 
too simple an explanation and it appears that the parenteral 
exposure to allergen (most disease involves mucosal exposure) 
alters the factors that regulate the production of allergen spe- 
cific IgE. 

The efficacy of immunotherapy is difficult to judge. There 
have been many controlled clinical trials but most of these have 
considered allergic rhinitis and asthma caused by common 
aeroallergens (eg, ragweed pollens, common grass and tree 
pollens). Immunotherapy commonly is recommended and is 
considered to be effective for these conditions when properly 
employed. The treatment of hay fever and asthma due to other 
aeroallergens (eg, molds) is based mainly upon experience with 
the common allergens but is common and likely effective in 
skilled hands. Hymenoptera insect venom therapy is highly 
effective and recommended for any patient who has experi- 
enced systemic anaphylaxis following a sting. Immunotherapy 
is not recommended for food allergies that are best treated by 
elimination diets nor for dander allergies except in rare in- 
stances where avoidance is impossible (eg, veterinarians). 

The variety of regimens and techniques used in the imuno- 
therapy of allergy are described in standard reference works on 
allergy. The optimum duration of therapy is uncertain but usually 
continues until the patient is symptom-free for at least 1 year. The 
average course of therapy may require 3 to 5 years. Success often 
is relative but some patients remain free of symptoms for ex- 
tended periods. In others there is sufficient reduction of symptoms 
that symptomatic therapy alone can be employed but some pa- 
tients require resumption of immunotherapy. 

Immunotherapy is not without risk.'” Most patients develop 
some swelling and redness at the injection site but reactions 
that persist for more than 24 hours are a signal to proceed 
cautiously. Particularly uncomfortable local reactions may be 


Table 89-11. Licensed Manufacturers of Allergenic 
Extracts 


ALK Laboratories, Inc. 
Allergologisk Laboratorium A/S 
ALO Laboratories, Inc. 

Allergy Laboratories, Inc. 
Allermed Laboratories, Inc. 
Antigen Laboratories, Inc. 
Center Laboratories, Inc? 

Greer Laboratories, Inc 
Hollister-Steir Labs? 

Nelco Laboratories, Inc 


? Establishments and Products Licensed under Section 351 of the Public 
Health Services Act, available at the FDA Web site [http://www.fda.gov]. 
» Aqueous and alum precipitated extracts. 


treated with oral antihistamines and cold compresses. The 
possibility of serious generalized allergic reactions always is 
present. Patients should remain in the physician’s office for at 
least 20 minutes after each course of immunotherapy or longer 
if they are in one of the following high-risk groups: unstable 
asthma, seasonal exacerbation, high degree of hypersensitiv- 
ity, receiving beta-blockers or rush immunotherapy (ie, more 
rapid dose escalation than with conventional therapy). During 
pregnancy there is no evidence of major adverse effects of 
allergenic extracts on the fetus but uterine contractions may 
occur as part of a generalized allergic reaction. It generally is 
recommended that immunotherapy not be started during preg- 
nancy and that slight reduction of the maintenance dose be 
considered for those who become pregnant during therapy. 

It should be remembered that the most successful therapy of 
allergy is achieved by avoidance of the allergen(s) and that all 
other forms of therapy are essentially adjunctive. Immunother- 
apy should not be continued indefinitely in the absence of 
clinical improvement. Treatment failures may result from im- 
proper selection of allergens, development of new sensitivities, 
improper use of environmental controls and various problems 
associated with the allergenic extracts that are discussed in the 
next section. 


ALLERGENIC EXTRACTS 

(SS ETA 
Allergenic extracts are concentrated solutions or suspensions of 
allergens used for the diagnosis and treatment of allergic dis- 
eases. Most are injectable products administered in the physi- 
cian’s office and for many years they were prepared by the 
individual users. Commercial extracts gradually replaced ex- 
temporaneous preparation as a number of small specialty com- 
panies began marketing allergenic extracts several decades 
ago. More recently, many of the familiar names in allergy 
products have merged into the larger pharmaceutical compa- 
nies, and today several of the manufacturers of allergenic ex- 
tracts are multinational corporations. There are more than 900 
different diagnostic allergenic extracts and about 600 thera- 
peutic extracts currently licensed by the FDA. Because of the 
great number of allergenic extracts on the market only the 
general characteristics of the products are described here. Ad- 
ditional information on these and related products may be 
obtained from the licensed manufacturers listed in Table 89-11. 


Handling 


Allergenic extracts usually are designated as being aqueous or 
glycerinated products. Normal saline or similar isotonic elec- 
trolyte solution is the diluent for the former while the latter 
contain 50% glycerin in the diluent. The preparations normally 
are buffered to pH 8 and contain phenol (0.4%) as a preserva- 
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tive. The preparation of allergenic extracts is described in 
earlier editions of this book and more detailed information on 
their production is available from the manufacturers and FDA. 

The most common measures of allergenic potency are by 
weight/volume (w/v) and the protein nitrogen unit (PNU) (Table 
89-12). Weight/volume is the weight of allergenic substance 
extracted per volume of extracting fluid. For example, a 1:50 
extract is prepared by extracting 1 g of substance with 50 mL 
of solvent and decimal dilutions of this extract provide 1:500, 
1:5000, etc concentrations. One protein nitrogen unit repre- 
sents 0.01 meg of total protein nitrogen in the product. 

A typical allergenic substance contains multiple allergenic 
molecules and epitopes of varying potency and there is signif- 
icant chemical and biological variation with different lots of the 
substance. Neither the w/v concentration nor the PNU are 
directly related to allergenic potency nor can the two units be 
reliably compared with each other. One must understand well 
this variation that occurs between the lots of the same product 
and between similar products produced by different manufac- 
turers in order to safely and effectively employ allergenic ex- 
tracts in the clinic. 

The FDA has licensed standardized allergenic extracts (see 
Tables 89-13-89-17) since 1983 that are bioassayed against 
FDA reference standards. The potency of these products are 
expressed in terms of allergy units (AU) or bioequivalent al- 
lergy units (BAL). The potency between lots is definitely more 
consistent than with conventional extracts but variation may 
still occur and the same general principles of use still apply. 

The absence of a completely reliable method of standardiza- 
tion along with the extreme variation between patients dictates 
that the appropriate dosage for immunotherapy must be deter- 
mined clinically. The initial dilution of extract, starting dose 
and progression of dosage is determined by a skilled clinician 
on the basis of the patient’s history and sensitivity tests. Some 
things to keep in mind are that dilute extracts tend to lose 
activity more rapidly and that care must be exercised when 
changing to a new lot since it may be significantly more potent. 

Scratch test extracts are glycerinated products supplied in 1 
to 5 mL dropper vials. They are relatively concentrated solu- 
tions, usually in strengths of 1:5 to 1:20 depending on the 
allergen. Intradermal test extracts are aqueous solutions sup- 
plied in 1 to 5 mL multiple dose vials and are more dilute (1:500 
to 1:5000). Therapeutic extracts are supplied in multiple-dose 
vials in a variety of sizes (5 to 100 mL) and dilutions (1:10 to 
1:100). Since these extracts are diluted before use, most com- 
panies provide a variety of dilution vials that contain a volume 
of diluent that facilitates preparation of 10-fold dilutions. Ad- 
juvant extracts of several types have been used for many years 
but only alum-adsorbed extracts are available commercially 
(Table 89-11). Autogenous extracts sometimes are prepared 
from allergenic substances collected from the individual pa- 
tient’s environment. Standard and custom diagnostic and ther- 
apeutic sets and mixtures also are available as are a variety of 
auxiliary supplies used in allergy practice. 

Prescriptions for therapeutic allergenic extracts may con- 
tain up to a dozen or more allergens although many clinicians 
prefer to use multiple extracts if more than 4-5 allergens are to 
be included. These prescriptions are labeled according to clini- 
cian preference on the basis of the total allergen content or the 


Table 89-12. Units of Potency for Allergenic Extracts 
SS 
UNIT DESCRIPTION 


Weight/Volume (w/v) Allergenic substance (g) per 
volume (mL) of extracting fluid 
1 mg protein N = 100,000 PNU 


Protein Nitrogen Unit 
(PNU) 


Allergy Unit (AU) Bioassay compared to reference 


standard 
Bioequivalent Allergy Unit Bioassay compared to reference 
(BAU) standard 
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concentration of the greatest single allergen present. The pre- 
scriptions are usually prepared in the allergist’s office or ob- 
tained through a manufacturers prescription service. A few 
pharmacists offer this specialized service. 

It is vitally important that allergenic extracts be handled 
and stored properly. They tend to show reduced potency within 
a matter of weeks or months after their preparation, but there 
have been few detailed studies on the stability of these prod- 
ucts. Both high temperatures and freezing usually have dele- 
terious effects, and the latter may cause agglomeration of ad- 
juvant extracts. Some extracts contain proteolytic enzymes 
that may contribute to decomposition of the allergens. Both 
glycerinated and lyophilized products are more stable than 
aqueous extracts. Very dilute extracts tend to lose potency by 
adsorption to the surfaces of containers and syringes and thus 
usually are prepared close to the time use. All allergenic ex- 
tracts should be refrigerated at 2° to 8° and freezing should be 
avoided. Care must be exercised in changing to new lots or 
different dilutions of extracts because of possible variations in 
potency. It generally is recommended that quantities of extract 
sufficient to last the patient for 1 year be prepared to avoid 
frequent changes in extracts. 


Role of the Pharmacist 


Few pharmacists are called on today to prepare allergenic 
extracts or to dispense prescriptions for these products. Some 
pharmacies, particularly in hospitals, may stock allergenic ex- 
tracts and related supplies for allergists. Actually, the training 
of a pharmacist is suited uniquely to many of the services 
required in the allergy clinic, and it is unfortunate that more 
pharmacists have not become involved in this area.® 

In a few institutions allergenic extracts are provided by the 
pharmacist on a prescription order. Some patients require only 
a single extract but even in these cases appropriate dilutions 
must be prepared. More frequently, patients are allergic to 
multiple allergens and complex extract mixtures are required. 
The basic techniques and facilities required for this service are 
essentially the same as those used in a typical IV-additive 
program but the pharmacist should have some additional 
training and experience in handling allergenic extracts.1® 

In addition to assuming responsibility for the preparation 
and control of allergenic extracts, the pharmacist also may 
provide a variety of patient-oriented services in the allergy 
clinic.'® These services include obtaining patient histories, per- 
forming allergy testing procedures and patient consultation. 
Common allergic diseases are found in up to 30% of the popu- 
lation and patients with these ailments obtain a variety of 
drugs and medical supplies from community pharmacies. Thus, 
there are many opportunities for pharmacists to be of service to 
the allergy patient in traditional practice sites as well as the 
allergy clinic. To accomplish this effectively, pharmacists must 
have a fundamental understanding of allergy and the products 
used in the control of allergic diseases. 


PRODUCTS 


This section contains a summary of the principal allergenic 
extracts available today. It is impractical to provide an individ- 
ual monograph for each product and they have been grouped 
according to the type of allergenic substance (eg, pollens or 
dusts). This type of classification is used in the manufacturers’ 
literature and also has merit when considering both the prod- 
uct characteristics and clinical allergy. These are described 
briefly for each group with emphasis on the following: clinical 
significance of the allergen group, most-common offenders of 
the group and general usefulness and limitations of the 
extracts. 


The lists of allergenic extracts are not intended to be com- 
prehensive but rather to illustrate the scope of the problem in 
each case. Only one name, usually the common one, is given for 
each extract, while in practice a number of both common and 
scientific names may be used. Similarly, individual extracts 
usually are derived from a single species of plant, animal or 
microorganism but only the genus is given in the list; however, 
extracts of most of the common allergenic species are commer- 
cially available. Extracts containing allergens from more than 
one source are designated as mixtures and, while many are 
commercially available, only a few are listed. Not all manufac- 
turers produce all of the extracts, and it should be recognized 
that different companies may employ significantly different 
source materials and processes in preparing products of the 
same name. The products from different manufacturers cannot 
be considered to be equivalent in all respects. 

Most of the products listed are provided as diagnostic ex- 
tracts for both scratch and intradermal testing, but therapeutic 
extracts may or may not be routinely available. Similarly, the 
availability of both lyophilized and adjuvant products is lim- 
ited. Many of the extracts also are available in diagnostic test 
sets. These are not listed but include various regional, pollen, 
food, mold, pediatric, titration and other test sets. Manufactur- 
ing services for custom therapeutic mixtures and autogenous 
extracts are also available. The individual manufacturers 
should be contacted for more specific information on their prod- 
ucts and services. 


Pollen Extracts 


Pollens (Table 89-13) are the most common group of atopic 
allergens and, in fact, hay fever is sometimes called pollinosis. 
Pollens are produced only by seed-bearing plants and not by 
algae, fungi, mosses or ferns. Not all pollens are of equal 
clinical significance for there is variation in both allergenicity 
and degree of exposure. Allergy usually results from anemophi- 
lous (wind-borne) rather than entomophilous (insect-borne) 
pollens. Conifers such as the pines are copious pollen producers 
but the pollens, with few exceptions, are less allergenic than 
others. 

Pollen allergy is largely a problem of temperate climates. In 
Arctic and alpine regions where summers are short, plants 
generally reproduce vegetatively (asexually) and most subarc- 
tic plants are conifers. In the tropics there tends to be a prolif- 
eration of species with a small number of individual plants so 
that the degree of exposure to a specific pollen is minimized. 
Anemophilous plants also tend to be less common in regions of 
extremely high humidity. 

Seasonal and geographical variation is more pronounced 
with pollen allergy than other types. Pollen seasons vary with 
both the plant and locale but the following generalizations can 
be made: trees from late winter to spring, grasses from spring 
to early summer and weeds from late summer to fall. Pollen 
allergy is a significant problem in most parts of North America, 
but the allergens vary somewhat with the region and are de- 
termined best by consulting one of the published guides. Per- 
haps 100 of the approximately 300 pollens represented in com- 
mercial extracts are fairly common offenders. 

Allergenic extracts prepared from some of the common pol- 
lens (eg, ragweed, several grasses and trees) have been among 
the most widely studied. Controlled studies generally have 
shown these products to be reliable for both diagnosis and 
therapy when properly prepared and employed. Many of the 
products listed have not been studied extensively but their 
reliability often is assumed based on extrapolation of the data 
on the common pollens. 


Table 89-13. Pollen Extracts 


Trees 
Acacia Elderberry Orange 
Alder, grey Elm, American Osage orange 
Almond Eucalyptus Palo verde 
Apple Fir Peach 
Apricot Hackberry Pear 
Arbor vitae Hazelnut Pecan 
Ash Hemlock Pepper tree 
Aspen Hickory Pine 
Bayberry Hop-hornbeam Plum 
Beech Ironwood Poplar 
Birch, spring Juniper Privet 
Birch, white Locust Redwood 
Bottle brush Maple Russian olive 
Box elder Melaleuca Spruce 
Carob tree Mesquite Sweet gum 
Cedar Mock orange Sycamore 
Cherry Mulberry Tamarack 
Chestnut Oak, white Tree of heaven 
Cottonwood Olive Walnut 
Cypress Willow 
Grasses 
Bahia Corn Redtop? 
Barley Fescue, Rye grass, 
Beach meadow” perennial? 
Bent Grama Salt 
Bermuda grass® Johnson Sorghum 
Bluegrass, Koeler’s Sudan 
Kentucky? Oats Sweet vernal 
Brome Orchard grass? grass° 
Bunch Quack Timothy grass? 
Canarygrass Velvetgrass 
Wheat 
Weeds and garden plants 
Alfalfa Fireweed Poppy 
Amaranth Gladiolus Povertyweed 
Aster Goldenrod Quailbush 
Balsam root Greasewood Ragweed, 
Bassia Hemp giant? 
Beach bur Honeysuckle Ragweed, 
Broomweed Hops short? 
Burrow brush lodine Bush Ragweed, 
Careless weed Jerusalem oak western? 
Castor bean Kochia Rose 
Chamise Lamb’‘s quarters Russian thistle 
Clover Lily Sagebrush 
Cocklebur Marigold Saltbrush 
Coreopsis Marshelder Scale 
Cosmos Mexican tea Scotch broom 
Daffodil Mugworta Sea blight 
Dahlia Mustard Sheep sorrel 
Daisy Nettle Snapdragon 
Dandelion Pickleweed Sugar beet 
Dock Pigweed Sunflower 
Dog fennel Plantain, Western 
English waterhemp 
Winter fat 
Wormseed 
Wormwood 


? Standardized extract for which FDA reference standard is available. The 
FDA discontinued licensing of the 8 nonstandardized grass extracts July 1998. 


Dust Extracts 


House dust is the most common atopic allergen and the dust 
mite (Dermatophagoides spp) is by far the most important 
allergenic constituent. Although house dust may contain a wide 
variety of other allergens that may be important in individual 
cases, the dust mite is definitely the number one offender. 
The dust mite appears to be distributed virtually univer- 
sally and usually is found in furnishings stuffed with vegetable 
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fibers (eg, cotton) used by humans. In contrast to the cockroach, 
another important arthropod allergen, dust mites are not as- 
sociated with poor hygiene. 

House-dust sensitivity differs from pollen allergy in several 
respects and is suspected particularly when the patient’s his- 
tory includes one or more of the following factors: perennial 
symptoms that worsen when the patient remains indoors, in- 
creased nocturnal symptoms, increased symptoms when per- 
forming household chores and increased symptoms associated 
with turning on heating or air conditioning systems. 

House dust is a ubiquitous allergen and its total elimination 
is virtually impossible. However, it is important that the pa- 
tient maintain as dust-free an environment as possible, partic- 
ularly in the bedroom. Instructions for the preparation of dust- 
free rooms and products to minimize the circulation of dust and 
kill mites are available. 

The reliability of sensitivity testing for the diagnosis of 
house dust allergy has improved greatly with the introduction 
of standardized dust mite extracts (Table 89-14). These prod- 
ucts are also effective for immunotherapy, however, it is still 
important to employ stringent environmental controls in the 
management of house dust allergy.'° 

Relatively little information is available on other dust ex- 
tracts. These are generally less-common allergens and many 
are associated with occupational allergies. Some of these are 
implicated as a cause of extrinsic allergic alveolitis described 
under Fungal Extracts. 


Fungal Extracts 


The fungi are a large group of organisms that may be involved 
in many types of diseases, including intoxications, infections 
and allergy (Table 89-15). Most fungi are saprophytes and 
compared to bacteria are relatively uncommon causes of infec- 
tious disease. Mycotoxins are of great concern in several areas 
of health including as possible contaminants of allergenic ex- 
tracts. A number of fungi have been implicated increasingly as 
important causes of several types of allergic disease. 

Molds are one of the major causes of atopic allergy. Allergic 
asthma and rhinitis, as well as various cutaneous reactions, 
can be precipitated by inhalation of mold spores or mycelial 
fragments in sensitive individuals. Fungi are ubiquitous and 
may be found in the home on textiles, leather goods, uphol- 
stered furniture, food and plants. Damp, warm places such as 
basements and closets tend to favor mold growth, which is 
often encountered as common mildew, which most often is 
Aspergillus or Penicillium spp. Fungal allergy resulting from 
indoor exposure tends to be perennial; that from outdoor expo- 
sure shows more distinctive seasonal and geographical pat- 
terns but these are less pronounced than in pollen allergy. 
Fungal allergy is generally more difficult to evaluate because of 
taxonomic confusion, biologic complexity, and less predictable 
seasonal and geographical patterns than with pollens. 

Sensitivity testing for fungal allergens appears to be gener- 
ally reliable. It also is useful at times to identify the specific 
fungi in the patient’s environment and fungal identification 


Table 89-14. Dust Extracts 


House dusts 


House Mattress Upholstery 
Dust mites : 

D farniae? D pteronyssinus? Mite mix? 
Other dusts? 

Cedar and red cedar Cotton gin Oak 

Grain, elevator Padauk Wood dusts 


? Standardized extract for which FDA reference standard is available. 
© See also Table 89-16. 
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services are available. Therapy should include efforts to create 
a mold-free environment but this is difficult to accomplish 
completely. Several studies indicate that immunotherapy may 
be of value for some patients. One problem is that the aller- 
genic extracts are prepared variously from mycelium, medium 
or both and too little is known about the fungal allergens to 
know the most-appropriate method of preparation. 

Fungi, along with a variety of organic dusts, have been 
found to be important causes of another respiratory allergy, 
extrinsic allergic alveolitis (hypersensitivity pneumonitis). 
Many names related to either the allergen or affected individ- 
uals have been applied to this condition; eg, farmer’s lung, 
mushroom-workers disease, wood-dust asthma, etc. The dis- 
ease shows no relationship to atopy but usually can be related 
to recent high-level exposures to the offending inhalant. 

Extrinsic allergic alveolitis results primarily from a cell- 
mediated reaction to allergens in the lung but may involve 
some immune complex disease in the early stages. Diagnosis is 
based mainly on a detailed personal history. Both cell-mediated 
and immune complex allergy may provide cutaneous reactions 
on allergen challenge, but they differ in time-course and ap- 
pearance from the immediate skin test reactions. The products 
listed in Table 89-15 are not useful in the diagnosis of extrinsic 
allergic alveolitis and effective therapy depends mainly on 
avoidance of the allergen. 


Miscellaneous Inhalant Extracts 


Atopic allergies may be caused by a variety of inhalant aller- 
gens other than pollens, dusts and molds. The epidermals from 
domestic animals (cat, dog, horse) are the best-known, but the 
variety of inhalant allergens is remarkable. Exposure of an 
average individual to some of the substances listed below might 
appear unlikely but this is not necessarily the case. Probably 
few people recognize that camel hair may be found in imported 
textiles and rugs, that the plant gums acacia, karaya and 
tragacanth are present in hundreds of food, cosmetic and drug 
products and that pyrethrum is an active constituent of many 
household insecticides. Many of these substances are also in- 
gestant (see Food Extracts) and contactant (see Patch-Testing 
Materials) as well as inhalant allergens. 

Sensitivity testing with many of the extracts listed in Table 
89-16 is fairly common but based largely on experience with 
common aeroallergen extracts. Little information is available 
on the use of most of these products for immunotherapy. Sev- 
eral cat allergens have been characterized and standardized 
extracts are available. Avoidance of the allergen remains the 
preferred method of control and usually can be achieved, al- 
though at times only with great effort. 


Insect Allergy 


Insect allergy is a term rather loosely applied to describe al- 
lergy from both insects and arthropods such as spiders and 


Table 89-15. Fungal Extracts 


Table 89-16. Miscellaneous Inhalant Extracts 


Mammalian epidermals 


Camel Dog Horse 

Cat hair? Gerbil Mohair 

Cat pelt? Goat Monkey 

Chinchilla Guinea pig Mouse 

Cow Hamster Rabbit 

Deer Hog Wool (sheep) 

Feathers 

Canary Duck Pigeon 

Chicken Goose Turkey 
Parakeet 

Miscellaneous inhalants 

Acacia Hemp fiber Lycopodium 

Algae Henna Orris root 

Castor bean Flaxseed Pyrethrum 

Cotton linters Guar gum Silk, raw 

Cottonseed Jute Sisal 

Derris root Karaya gum Tobacco leaf 

Fern spores Kapok Tragacanth 

Grain dusts Leather Wood dusts 


Alternaria Fusarium Phoma 
Aspergillus Gelasinospora Pullularia 
Botrytis Geotrichum Rhizopus 
Candida Gliocladium Rhodotorula 
Cephalosporium Helminthosporum Rusts 
Cephalothecium Hormodendrum Saccharomyces 


Chaetomium Microsporium Smuts 
Cladosporium Mucor Spondylocladium 
Cryptococcus Mycogone Stemphylium 
Curvularia Nigraspora Trichoderma 
Epicoccum Paecilomyces Trichophyton 
Epidermophyton Penicillium Verticillium 


? Standardized extract for which FDA reference standard is available. 


mites. Allergy may result from inhalation of body emanations 
but most often occurs following a sting or bite. 

Allergy to stinging insects of the order Hymenoptera is of 
greatest clinical significance and has been studied most widely. 
The honeybee is the most common offender but the bumblebee, 
wasp, hornet and yellow jacket also may cause reactions. Hy- 
menoptera sensitivity is estimated to result in 40 deaths an- 
nually in this country and the incidence of serious allergy is 
estimated at 1 to 10:100,000. Allergy with few exceptions in- 
volves IgE-mediated reactions and may be manifest as urti- 
caria, angioedema, asthma or systemic anaphylaxis. Death 
usually results from cardiovascular collapse and/or respiratory 
failure and typically occurs within 1 hour following the sting. 

Serious reactions may occur in individuals without a history 
of sensitization but they are more common in those who have 
previously exhibited a systemic reaction following a sting. It is 
of the utmost importance that sensitive individuals be aware of 
their problem and understand preventive measures and emer- 
gency procedures. Emergency kits are available for the treat- 
ment of Hymenoptera sensitivity in the field. These and the 
services that can be rendered by the community pharmacist are 
discussed by Sadik.”° 

Diagnosis of insect allergy usually is self-evident but prob- 
lems may arise in identifying the insect. Cross-sensitivity 
among Hymenoptera is common but by no means absolute and 
species-specific allergens are important. 

Sensitivity testing and immunotherapy commonly are rec- 
ommended and employed for allergy to the stinging insects. 
The venom extracts (Table 89-17) have been shown to be highly 
effective when properly employed. These products are stan- 
dardized somewhat differently than the other standardized 
extracts. The venoms are assayed for several known compo- 
nents (ie, hyaluronidase, antigen 5, phospholipase A), as well 
as total protein nitrogen. The quantity and potency of the 
products are expressed in mcg rather than allergy units. 

Fire-ant allergy is being reported with increasing frequency. 
The fire ant has now spread over 13 Southern states and is 
particularly a problem along the Gulf coast. It is a member of 
the Hymenoptera and causes similar allergic reactions but its 
allergens appear to differ considerably from those of other 
stinging insects. Skin-testing with whole-body extracts appears 
to be reliable for the determination of sensitivity and reports on 
immunotherapy are encouraging. 

Allergic reactions have been attributed to many biting in- 
sects including the mosquito, chigger, flea, louse, bedbug, kiss- 
ing bug and many flies. The majority of the reactions have been 
localized, with both the immediate- and delayed-types re- 


Table 89-17. Insect Extracts’ 


Stinging Insect-Whole Body 
Ant, black Ant, carpenter Ant, fire 
Ant, red Ant mix (black/red) 


Stinging Insect-Venom Protein 
Honey bee? Wasp? White-faced hornet? 
Yellow hornet? Yellow jacket? Mixed vespid? 


Inhalant Allergy to Insects 


Aphid Deerfly Mites, dust? 
Black fly Fruit fly Mosquito 
Butterfly Honey bee, whole body Moth 

Caddis fly Horse fly Mushroom fly 
Cicada/locust House fly Screwworm fly 
Cricket Leafhopper Sow bugs 
Cockroach May fly Spider 
Daphnia Mexican bean weevil Water flea 


° Standardized extracts. The potency of insect venom extract is expressed in 
Hg. 


ported. The pathogenesis of most of these sensitivities remains 
to be verified but, since many appear to be cell-mediated reac- 
tions, it is not surprising that the limited information on sen- 
sitivity testing and immunotherapy is contradictory. 

Allergic rhinitis and asthma can develop after inhalation of 
scales, hairs or other emanations of various insects. This is 
analogous to the allergy seen with common inhalants but most 
often is seen in individuals who by reason of occupation or 
hobby are exposed to large numbers of insects. The cockroach 
has been increasingly implicated as an important cause of 
allergic asthma especially in central city areas. The caddis fly, 
mayfly and aphid occur in large numbers in some locales and 
have been implicated frequently. Allergenic extracts for a num- 
ber of these have proven to be effective for skin-test diagnosis 
and may be of value for immunotherapy (see Table 89-17). 


Food Extracts 


Various food products are the most common ingestant aller- 
gens. Food allergy may seem simple but, in fact, is an ex- 
tremely complex clinical entity. One problem stems from the 
tendency of many to attribute virtually any GI disturbance of 
unknown etiology to food allergy. GI disturbance may arise 
from many causes, including enzyme deficiencies (lactose intol- 
erance), intoxications, infections and others. Also, food allergy 
may and often is manifest outside the GI tract. The indiscrim- 
inate use of the term food allergy is to be condemned strongly. 

Food allergens (Table 89-18) may cause atopic (asthma, 
rhinitis, gastroenteropathy) and nonatopic (urticaria-angioede- 
ma, anaphylaxis) symptoms but both are IgE-mediated. Food 
allergy is usually not life-threatening but some individuals 
may suffer serious exacerbation of asthma or, on rare occa- 
sions, systemic anaphylaxis. Strongly allergic individuals must 
be trained on how to deal with serious reactions and some 
should carry emergency kits with epinephrine to deal with 
inadvertent exposures. 

Relatively few foods are responsible for the majority of re- 
actions (peanuts, milk, nuts, fish, shellfish, eggs and soy are the 
most common offenders) but many others may cause food al- 
lergy.*! Food allergy may occur at any age but is probably most 
common in childhood and may be related to an underdeveloped 
GI system. Patients commonly appear to outgrow some food 
allergy (eg, cow’s milk), but this is probably not the case with 
most foods. 

Only a few food allergens have been characterized, but it is 
possible that many are not present in fresh foods but are the 
products of food processing or digestion. The diagnosis of food 
allergy depends heavily upon a detailed history along with the 
use of carefully designed elimination and challenge test diets. 
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Skin testing is useful in the hands of experienced clinicians but 
requires some modified techniques.”! 

The therapy of food allergy is often even more difficult than 
the diagnosis. Elimination of the offending food(s) is about the 
only effective therapy, but it is often difficult to design a nutri- 
tious and palatable diet when multiple and/or common aller- 
gens are involved (eg, milk, eggs, peanuts). Immunotherapy is 
very difficult to assess for reasons noted above and therapeutic 
food extracts are not generally recommended. 


Table 89-18. Food Extracts’ 


Meat 
Beef Goat Rabbit 
Chicken Goose Turkey 
Deer Lamb 
Duck Pork 
Dairy 
Casein Egg, whole Milk, cow 
Egg, white Milk, goat 
Egg, yolk 
Fish 
Bass Halibut Sardine 
Bluefish Herring Scallop 
Carp Lobster Shrimp 
Clam Mackerel Smelt 
Codfish Oyster Swordfish 
Crab Pike Trout 
Flounder Red Snapper Tuna 
Haddock Salmon Whitefish 
Nuts 
Almond Chestnut Peanut 
Brazil Coconut Pecan 
Cashew English Walnut Pistachio 
Filbert 
Grains 
Barley Corn Rye 
Buckwheat Oat Wheat 
Rice 
Fruits 
Apple Cranberry Peach 
Apricot Date Pear 
Avocado Fig Pineapple 
Banana Grape Plum 
Blackberry Grapefruit Raspberry 
Blueberry Honeydew Strawberry 
Carrot Lemon Tangerine 
Cantaloupe Lime Watermelon 
Cherry Orange 
Vegetables 
Artichoke Celery Pea 
Asparagus Cucumber Potatoes 
Beans Eggplant Pumpkin 
Beet Green Pepper Radish 
Broccoli Lentil Rhubarb 
Brussell Sprouts Lettuce Spinach 
Cabbage Mushroom Squash 
Carrot Olives Tomato 
Cauliflower Onion Turnip 
Spices 
Allspice Garlic Peppermint 
Bay Leaf Licorice Poppy Seed 
Caraway Seed Mustard Seed Sage 
Cinnamon Nutmeg Sesame 
Clove Oregano Spearmint 
Dill Paprika Thyme 
Ginger Pepper, Black Vanilla 


@ This is not a comprehensive list and the absence of a food does not imply 
that it is never allergenic. 
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It is notable that, of all of the allergies to environmental 
substances, food allergy is the most similar to that of drug aller- 
gy.” Ingestants (ie, foods and drugs) and injectants (ie, drugs and 
Hymenoptera stings) are the major cause of the nonatopic, IgH- 
mediated urticaria(hives), angioedema and anaphylaxis. 


Veterinary Allergenic Products 


Veterinary allergy is an emerging field and pharmacists in- 
volved in animal health can expect increasing activity in this 
area. The general principles of immunology and allergy noted 
earlier apply for the most part to animals as well. Veterinary 
biologics are controlled by the US Department of Agriculture 
(USDA) as described earlier. Greer Laboratories markets a line 
of veterinary allergenic extracts and supplies. Most of the cur- 
rently available products are marketed primarily for dogs. 

It is estimated that as many as 20% of the dogs in the US have 
allergies. Flea allergic dermatitis is the most common canine 
allergy and its control requires the complete eradication of fleas 
from the environment. Immunotherapy is rarely successful. 

Atopy is the second most common allergic condition in dogs 
and, as in humans, is associated with inhaled pollens, molds, 
house dust and other aeroallergens. Canine allergic inhalant 
dermatitis is a common form of, atopy and is manifest by pru- 
ritus (scratching, foot licking, face rubbing) and sometimes 
sneezing, rhinitis and conjunctivitis. Immunotherapy is often 
successful in the management of atopy. 

Food allergy and contact dermatitis are also common in 
dogs; immunotherapy is of no value in the treatment of these 
conditions. It is apparent that the problems of canine allergy 
are quite analogous to those of human allergy. 


DELAYED HYPERSENSITIVITY TESTS 
a 
Delayed hypersensitivity tests are used to detect the presence 
or absence of cell-mediated allergy and, as their name indi- 
cates, the time-course of a positive reaction varies considerably 
from those of the immediate hypersensitivity tests discussed 
above. Cell-mediated responses begin in a sensitized individual 
as early as 5 to 6 hours after exposure to the immunogen and 
a maximum response is usually observed within 96 hours. 
There are two main types of clinically useful delayed hypersen- 
sitivity tests: the patch test used to evaluate allergic contact 
dermatitis (Table 89-19) and diagnostic skin antigens used to 
evaluate several infectious diseases and the status of cell- 
mediated immunity (Table 89-20). 


Patch-Testing 


Contact dermatitis is a term that has been used in two main 
ways: first, to describe any rash resulting from a substance 
touching the skin and second, as a synonym for allergic contact 
dermatitis. The latter is used in present context and refers to 
eczematous lesions resulting from cell-mediated hypersensitiv- 
ity reactions analogous to tuberculin sensitivity. Similar clini- 
cal manifestations may occur by other mechanisms: primary 
irritant dermatitis, from direct chemical irritation; photocon- 
tact (phototoxic) dermatitis, which requires light to generate 
the irritant; and photoallergic dermatitis, which requires light 
to generate the allergen. These are not necessarily indepen- 
dent, for a number of contact allergens also may be irritants, 
but allergic reactions generally occur with lower concentrations 
of the offending agent. A variety of other conditions also must 
be differentiated from contact dermatitis (eg, atopic dermatitis, 
dermatomycoses), and virtually any disease of the skin may 
result in increased response to both contact irritants and 
allergens. 


The best known and most common contact dermatitis in 
North American is rhus dermatitis (poison ivy, poison oak and 
poison sumac”) but the scope of the problem is much greater 
than this. It is estimated that at least 35 million Americans are 
affected by contact dermatitis with the incidence and causes 
varying in different populations. The overall socioeconomic im- 
pact is great for it is a leading cause of industrial illness. The 20 
American Academy of Dermatology standard-tray allergens 
(Table 89-19) are among the most common causes of allergic 
contact dermatitis and illustrate some of the complexity of the 
problem. Particularly notable are the drugs and drug additives 
that laymen may not recognize as constituents of drug prod- 
ucts. The pharmacist can assist the sensitive patient with both 
drug product selection and avoidance. 

The diagnosis of contact dermatitis depends mainly on a 
detailed history and complete physical examination. The area 
of the body affected is suggestive of the contactant and other 
factors (eg, light, dermatophytes). The patch test is presently 
the only practical way to demonstrate contact sensitivity and is 
used for the following purposes: to verify clinically diagnosed 
contact sensitivity; to determine the specific allergens includ- 
ing those that may not have been clinically suspected; as a 
predictive test to determine what the patient can safely toler- 
ate; and to exclude contact dermatitis in puzzling clinical 
situations. 

Patch testing usually involves application of the test sub- 
stance to a piece of cloth or soft paper placed on the outer arm 
or upper back, covered with an impermeable substance and 
taped in place. After 24 to 48 hr the patch is removed and the 
test site examined for presence of the characteristic rash. Pa- 
tients receiving antiinflammatory steroids or immunosuppres- 
sive therapy and those with other significant deficiency of cell- 
mediated immunity may be expected to have a reduced skin- 
test response. The monograph of Marks and DeLeo™* is an 
excellent introduction to patch testing and includes a descrip- 
tion of each of the allergens included in the American Academy 
of Dermatology standard tray. 

The therapy of contact dermatitis involves, most importantly, 
avoidance of the contactant. Cool compresses and topical steroids 
are the mainstays of therapy but systemic steroids may be em- 
ployed for serious cases. Other topical medications should be 
avoided since they may contain irritants or sensitizers. 

There have been a number of attempts at both oral and 
parenteral immunotherapy for poison ivy and several reports of 
success over the years. However, both forms of therapy have 
the potential of precipitating serious reactions in highly sensi- 
tive individuals and immunotherapy is not generally applicable 
in the management of contact dermatitis. Avoidance of the 


Table 89-19. Patch-Testing Allergens 


American College of Dermatology Standard-Tray Allergens? 
Balsam of Peru Imidazolidinyl urea 
Benzocaine Lanolin alcohol 

Black rubber mix Mercaptobenzothiazole 
p-tert-Butylphenolformaldehyde Mercapto mix 


Carba mix Neomycin sulfate 
Cinnamic aldehyde Nickel sulfate anhydrous 
Colophony p-Phenylenediamine 
Epoxy resin Potassium dichromate 


Ethylenediamine dihydrochloride Quaternium-15 
Formaldehyde Thiuram mix 


Commercial Patch Test Products 

Standard-Tray Allergens (in 
reclosable syringes) 

T.R.U.E. Test? 


Hermal Laboratories 


Glaxo-Wellcome Dermatology 
Products 


° For a description of the individual standard-tray allergens, consult Marks 
and DeLeo.3 
© T.R.U.E. stands for thin-layer rapid use epicutaneous test and consists of 
two unit dose patches, each with 12 allergens, for administration to the 
upper back. 


allergen is definitely the preferred and generally effective 
method of control. 


Diagnostic Skin Test Antigens 


Dermal reactivity in the form of delayed hypersensitivity de- 
velops in the course of many infectious diseases. Much study 
over the years has shown that this dermal sensitivity not only 
indicates that the patient is or has been infected with the 
microorganism in question, but also reflects the patency of 
cell-mediated immunity. Delayed hypersensitivity testing is of 
major value in the management of tuberculosis and is of some 
utility for the evaluation of several systemic mycoses (coccid- 
lomycoses, histoplasmosis). These and other skin test antigens 
(Table 89-20) also are used to evaluate the status of cell-medi- 
ated immunity. 

Tuberculin testing is an important procedure in the man- 
agement of tuberculosis in this country. High-risk populations 
are screened to identify those who may be infected and benefit 
from chemoprophylaxis as well as those who have clinical dis- 
ease and require therapy. Two forms of tuberculin products 
(Table 89-20) are available: old tuberculin (OT) and purified 
protein derivative (PPD). Both of these are available in multi- 
ple puncture devices (tine test) for transcutaneous administra- 
tion; these products can be stored at room temperature and are 
particularly useful for the rapid mass screening of large groups. 
PPD solutions for intradermal administration (Mantoux test) 
are more sensitive, must be refrigerated and are used for de- 
finitive tuberculin testing of individuals. 

Tuberculin tests are read 48 to 96 hours after administra- 
tion and a positive reaction consists of induration of 2 mm or 
greater in diameter, or the presence of any vesiculation at the 
site of application. A positive test indicates only that the indi- 
vidual is hypersensitive to tuberculin, which implies past or 
present infection with Mycobacterium tuberculosis. A positive 
tuberculin test is an indication for additional diagnostic testing 
(eg, chest X-ray) to determine if prophylactic or therapeutic 
measures are required. 


Table 89-20. Diagnostic Skin Antigens 


VACCINE DISTRIBUTOR 
Candida albicans Skin Test Antigen 

Candin ALK 
Coccidioidin 

BioCox (Coccidioidin Mycelial Derivative) latric 

Spherulin (Coccidioidin Spherule Derivative) ALK 
Histoplasmin 
Generic (Mycelial Derivative) Parke—Davis 
Histolyn-CYL (Controlled Yeast Lysate) ALK 
Multiple Skin-Test Antigen Device 

Multitest CMI Connaught 
Mumps Skin Test Antigen 

MSTA Connaught 
Tetanus Toxoid Fluid Connaught 


Wyeth-Lederle 


Trichophyton 

Dermatophytin Miles 
Tuberculin, Old (OT), Multiple Puncture Device 

Mono-Vac Test (OT) Connaught 


Tuberculin, Tine Test OT Lederle—Praxis 
Tuberculin, Purified Protein Derivative (PPD) 
Multiple Puncture Device 

Aplitest 

Sclavo Test-PPD 

Tuberculin, Tine Test PPD 
Tuberculin, Purified Protein Derivative (PPD) 
Intradermal Solution 

Aplisol 

Tubersol Diagnostic Antigen 


Parke—Davis 
Biocine Sclavo 
Lederle—Praxis 


Parke—Davis 
Connaught 
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The other skin test antigens listed in Table 89-20 are very 
similar to the tuberculin test in principle and application. They 
have not, however, proven to be as useful in the evaluation of 
infection for a number of reasons including the problem of 
frequent cross-reactivity with immunogens from other organ- 
isms giving rise to false positive reactions. 

A number of drugs can interfere with delayed hypersensi- 
tivity tests. Dermal reactivity may be depressed in patients 
taking corticosteroids or other immunosuppressive agents as 
well as those recently vaccinated with live virus vaccines (eg, 
measles, mumps, rubella and polio viruses). Tuberculin testing 
can be administered simultaneously with these vaccines but 
otherwise it should be deferred until 4 to 6 after vaccination. 
Persons immunized with BCG vaccine often convert to tuber- 
culin positive and the interpretation of the test results is more 
complicated in these patients. 

Delayed hypersensitivity may be suppressed in patients 
with a variety of conditions including acquired and congenital 
immune deficiencies, autoimmune disease, infections (bacte- 
rial, fungal, mycobacterial, virus), malignancy, malnutrition 
and others. The absence of a dermal reactivity in a patient who 
has been sensitized to the immunogen in question is called 
anergy. 

The usual method for assessing the competence of cell- 
mediated immunity is to employ a battery of 4 to 6 common 
immunogens referred to as an anergy-test panel. The panel is 
selected with the expectation that the patient will show a 
positive delayed hypersensitivity response to at least 2 to 4 
immunogens if not anergic. Such testing is of little value in 
evaluating primary immune deficiency during the first year of 
life since a failure to react may simply represent lack of expo- 
sure to the immunogens. 
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Pharmacists—whether community practitioners, employed 
by an institution or employed by a pharmaceutical manufac- 
turer—must be aware of the legal requirements that apply to 
their daily professional activities. The laws pertaining to the 
practice of pharmacy may come from different sources, eg, 
FDA, State Board of Pharmacy, DEA, etc. Moreover, laws 
may appear in different forms, such as statutes, regulations 
or court decisions. 

There are various types of law. Civil law governs the rela- 
tionship between individuals within society, whereas criminal 


STATE LAWS 


The regulation of the practice of pharmacy is primarily a func- 
tion of the states and not of the Federal Government. It rests 
upon the power vested in the state to protect the health, safety 
and welfare of its citizens. Accordingly, states are relatively 
free to enact laws and board of pharmacy rules independent of 
the Federal Government so long as the regulations are not in 
conflict or inconsistent with Federal policy. While pharmacy 
laws of the different states do vary among themselves, they are 
in agreement with respect to the fundamental principles, pur- 
poses, aims and objectives of pharmaceutical practice. 

Like every profession, the practice of pharmacy is a privilege 
bestowed by the state under the constitutional reservation of 
police powers. However, this is a privilege available to a class of 
persons who satisfy stated minimal qualifications. No one may 
practice pharmacy without a license, except for those exempted 
by the state legislation that creates the license requirement. 
However, anyone may achieve such licensure by successfully 
completing the statutory pattern of qualification that the state 
has established and administered by an agency generally 
termed a board of pharmacy. In some instances the board of 
pharmacy is a subagency in that it exists as part of a larger 
state agency, such as a department of health or licensing. Once 
licensure is gained it may not be easily revoked. The state may 
suspend, revoke or terminate it but only after due process and 
for just cause as set out in the appropriate legislation. At the 
same time, the state undertakes to protect the public and the 
licensed pharmacists from practice by unlicensed (hence, un- 
qualified) parties in its jurisdiction. As to licensed pharmacists, 
they have gained a profession the practice of which is safe- 
guarded by the Federal and state constitutions as a property 
right. While they must abide by the legislation to preserve it, 
must pay fees required to accomplish initial and continuing 
registration, must satisfy the legal, moral and ethical stan- 
dards of their peers, as set out in law and regulations, they do 
have the right to legal redress against any who would seek 
unjustifiably to deprive them of the benefits and prerogatives of 
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law governs the relationship of the individual to society as a 
whole. Two important subdivisions of civil law are the law of 
contracts and tort law. The former concerns relationships that 
the individuals enter into voluntarily, while the latter embod- 
ies relationships that exist automatically by virtue of law. 
Moreover, judicial law is that which results from court deci- 
sions, whereas statutes result from action by the legislature. 
Regulations are promulgated by administrative agencies to 
enhance enforcement and understanding of statutes. Each type 
of law is applicable to pharmacists and pharmacy practice. 


licensure. Pharmacy practice acts specifically must identify the 
conduct for which sanctions can be imposed. 
State pharmacy laws generally provide for: 


1. The educational and experiential qualifications that pharmacists 
must meet at the time of examination or registration. 

2. The agency, usually known as the State Board of Pharmacy, 
charged with enforcement and administration of the law. 

3. The granting of permits for the conduct of a community pharmacy. 
In most states permits are issued for 1 year and application must be 
made for their renewal. 

4. Periodic reregistration of pharmacists. In most states, certificates of 
registration are granted for the period of 1 or 2 years. 

5. The conditions under which certificates of registration or pharmacy 
licenses may be canceled or revoked. 

6. The prominent display of the certificate of registration in the phar- 
macy in which the holder is employed. 

7. Penalties for violations. Infractions of pharmacy laws are punish- 
able by fines or the revocation or suspension of a license. Some state 
laws specify that violations of the pharmacy act are punishable as 
a misdemeanor. 

8. Reciprocal registration whereby a pharmacist licensed by examination 
in one state may, by conforming to more or less nominal rules, becomes 
registered in another state without full licensure examination. 

9. The discretion vested in boards of pharmacy. While the board is 
authorized to make rules and regulations for the enforcement and 
administration of the pharmacy law, such rules and regulations 
must be strictly in accord with the expressed or implied purposes of 
the law. The board is an administrative, not a legislative, agency. It 
may not exercise any power or authority not clearly delegated to it. 


Every state has a pharmacy practice act that regulates the 
profession, but there is significant variation in the detail of these 
acts from state to state. Many of the states statutes are anti- 
quated, with amendments being added in a haphazard manner. 
Many of these early acts regulated a profession that primarily was 
product-oriented and involved in the preparation of dosage forms. 

Nuclear pharmacy, clinical pharmacy and drug-product se- 
lection are just some of the more recent developments to have 
an impact upon the regulation of the profession. These devel- 
opments, along with the need to provide more uniformity 
among the states, caused the National Associations of Boards 
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of Pharmacy (NABP) to develop a Model State Pharmacy Prac- 
tice Act. This is intended to provide a greater degree of unifor- 
mity but still offer flexibility to the states that adopt it. Many 
states have adopted some of the Model Act’s provisions while 
formulating unique regulations to address issues of particular 
concern in individual states. 

The NABP’s Model State Pharmacy Practice Act (MSPPA) 
will be reviewed here to afford the reader an example of the 
overall objectives and purposes of state pharmacy acts. Al- 
though the format will be similar to the laws of many states, 
pharmacists must be versed in the statutory and regulatory 
requirements of the state where they practice. 

The quoted paragraphs set forth below are taken verbatim 
either from the MSPPA or from various state pharmacy acts. 
The source of the quoted paragraph is given in each instance. 

The MSPPA is organized by articles that deal with various 
aspects of regulating the practice of pharmacy. Article I sets 
forth introductory material including the title of the act, as 
modified by individual states, the purpose of the act and key 
legal definitions. 


Title 


The title is an important part of all bills submitted to the 
legislature. The title must, in a very precise sense, give the 
purpose of the measure. 


“An Act relating to the regulation of the practice of pharmacy, 
including the sales, use and distribution of drugs and devices at retail; 
and amending, revising, consolidating and repealing certain laws relat- 
ing thereto.” (Pennsylvania Pharmacy Act) 


Many acts will also designate a short title that is a conve- 
nient device by which the legislation may be referred to in a 
brief, concise manner. 


“This Act shall be known as the (name of state) Pharmacy Practice 
Act.” (MSPPA) 


Declaration of Policy and Purpose 


While it is not necessary that a legislative act, such as a state 
pharmacy law, include a declaration of policy and purpose, 
such declaration often proves advantageous. It is of aid to the 
court when the constitutionality of the measure is questioned, 
and also throws much light upon the meaning of the various 
provisions of the law. In addition, it serves to inform the mem- 
bers of the legislature having the measure under consideration 
of the objectives sought by the passage of the law. 


“The Practice of Pharmacy in the State of is 
declared a professional practice affecting the public health, safety 
and welfare and is subject to regulation and control in the public 
interest. It is further declared to be a matter of public interest and 
concern that the Practice of Pharmacy, as defined in this Act, merit 
and receive the confidence of the public and that only qualified 
persons be permitted to engage in the Practice of Pharmacy in the 
State of . This Act shall be liberally construed 
to carry out these objects and purposes... . 

“It is the purpose of this Act to promote, preserve, and protect the 
public health, safety, and welfare by and through the effective control 
and regulation of the Practice of Pharmacy; the licensure of Pharma- 
cists; the registration of technicians; the licensure, control, and regula- 
tion of all sites or Persons, in or out of this State that Distribute, 
Manufacture, or sell Drugs (or Devices used in the Dispensing and 
Administration of Drugs), within this State, and the regulation and 
control of such other materials as may be used in the diagnosis, treat- 
ment, and prevention of injury, illness, and disease of a patient or other 
individual.” (MSPPA) 


Definitions 


Many words in laws are used in ways that differ from common 
everyday usage. Basic definitions are essential to the clarity, 


administration and enforcement of any law. The comments to 
the MSPPA indicate that its writers felt that the definition 
of the practice of pharmacy was one of the most important 
clauses: 


“The Practice of Pharmacy means the interpretation, evaluation, 
and implementation of Medical Orders; the Dispensing of Prescription 
Drug Orders; participation in Drug and Device selection, Drug Admin- 
istration, Drug Regimen Reviews, and drug or drug-related research; 
provision of Patient Counseling and the provision of those acts or 
services necessary to provide Pharmaceutical Care in all areas of pa- 
tient care including Primary Care; and the responsibility for Com- 
pounding and Labeling of Drugs and Devices (except Labeling by a 
Manufacturer, repackager, or distributor of Non-Prescription Drugs 
and commercially packaged Legend Drugs and Devices), proper and 
safe storage of Drugs and Devices, and maintenance of proper records 
for them.” (MSPPA) 


Many state statutes have become dated in that they limit 
the practice of pharmacy to the preparation and distribution of 
a dosage form. The MSPPA includes very broad language to 
allow boards of pharmacy to promulgate rules and regulations 
with considerable flexibility as the profession changes to meet 
future needs. 

Comments to the MSPPA indicate that the practice of phar- 
macy includes the selection of therapeutic agents in accord 
with institutional protocols or some other legal authority. The 
definition also encompasses the concept of consulting with, or 
providing information to, both the prescriber and the patient 
regarding drug therapy. Patient counseling and pharmaceuti- 
cal care are further defined in the model rules. 

The following definitions from the MSPPA are provided as 
examples of important terms often included in pharmacy acts: 


(a) Administer means the direct application of a Drug to the 
body of a patient or research subject by injection, inhala- 
tion, ingestion, or any other means. 

(b) Automated Pharmacy Systems include, but are not limited 
to, mechanical systems that perform operations or activi- 
ties, other than compounding or administration, relative to 
the storage, packaging, dispensing, or distribution of med- 
ications, and that collect, control, and maintain all trans- 
action information. 

(c) Beyond-Use Date means a date determined by a Pharma- 
cist and placed on a prescription label at the time of Dis- 
pensing that is intended to indicate to the patient or care- 
giver a time beyond which the contents of the prescription 
are not recommended to be used. 

(d) Compounding means the preparation, mixing, assembling, 
packaging, or Labeling of a Drug or Device (i) as the result 
of a Practitioner’s Prescription Drug Order or initiative 
based on the Practitioner/patient/Pharmacist relationship 
in the course of professional practice, or (ii) for the purpose 
of, or as an incident to, research, teaching, or chemical 
analysis and not for sale or Dispensing. Compounding also 
includes the preparation of Drugs or Devices in anticipa- 
tion of Prescription Drug Orders based on routine, regu- 
larly observed prescribing patterns. 

(e) Confidential Information means information accessed, 
maintained by, or transmitted to the Pharmacist in the 
patient’s records or that is communicated to the patient as 
part of patient counseling, which is privileged and may be 
released only to the patient or, as the patient directs, to 
those Practitioners, other authorized health care profes- 
sionals, and other Pharmacists where, in the Pharmacist’s 
professional judgment, such release is necessary to protect 
the patient’s health and well being; and to such other 
Persons or governmental agencies authorized by law to 
receive such Confidential Information, regardless of 
whether such information is in the form of paper, preserved 
on microfilm, or is stored on electronic media. 

(f) Dispense or Dispensing means the interpretation, evalua- 
tion, and implementation of a Prescription Drug Order, 
including the preparation and Delivery of a Drug or Device 


to a patient or patient’s agent in a suitable container ap- 

propriately labeled for subsequent Administration to, or 

use by, a patient. 

(g) Distribute means the Delivery of a Drug or Device other 
than by Administering or Dispensing. 

(h) Drug means: 

(1) Articles recognized as Drugs in any official compen- 
dium, or supplement thereto, designated from time to 
time by the Board for use in the diagnosis, cure, miti- 
gation, treatment, or prevention of disease in humans 
or other animals; 

(2) Articles intended for use in the diagnosis, cure, mitiga- 
tion, treatment, or prevention of disease in humans or 
other animals; 

(3) Articles (other than food) intended to affect the struc- 
ture or any function of the body of humans or other 
animals; and 

(4) Articles intended for use as a component of any articles 
specified in clause (1), (2), or (3) of this subsection. 

G) Emergency Situations, for the purposes of authorizing an 
oral Prescription Drug Order of a Schedule II controlled 
substance, means those situations in which the prescribing 
Practitioner determines (1) that immediate Administration 
of the controlled substance is necessary for proper treat- 
ment of the patient, (2) that no appropriate alternative 
treatment is available, including Administration of a drug 
that is not a Schedule II controlled substance, and (3) that 
it is not reasonably possible for the prescribing Practitioner 
to provide a written Prescription Drug Order to be pre- 
sented to the person Dispensing the substance, prior to the 
Dispensing. | 

(j) Equivalent Drug Product means a Drug product that has 
the same established name, active ingredient(s), strength 
or concentration, dosage form, and route of Administration 
and that is formulated to contain the same amount of active 
ingredient(s) in the same dosage form and to meet the same 
compendial or other applicable standards (ie, strength, 
quality, purity, and identity), but that may differ in char- 
acteristics such as shape, scoring, configuration, packag- 
ing, excipients (including colors, flavors, preservatives), 
and expiration time. 

(k) Intern means an individual who is: 

(1) currently licensed by this State to engage in the Prac- 
tice of Pharmacy while under the personal supervision 
of a Pharmacist and is satisfactorily progressing to- 
ward meeting the requirements for licensure as a Phar- 
macist; or 

(2) a graduate of an approved college of pharmacy or a 
graduate who has established educational equivalency 
by obtaining a Foreign Pharmacy Graduate Examina- 
tion Committee (FPGEC) Certificate, who is currently 
licensed by the Board of Pharmacy for the purpose of 
obtaining practical experience as a requirement for 
licensure as a Pharmacist; or 

(3) a qualified applicant awaiting examination for licen- 
sure; or 

(4) an individual participating in a residency or fellowship 
program. 

(1) Labeling means the process of preparing and affixing a 
label to any Drug container exclusive, however, of the la- 
beling by a Manufacturer, packer, or distributor of a Non 
Prescription Drug or commercially packaged Legend Drug 
or Device. Any such label shall include all information 
required by federal and state law or rule. 

(m) Non Prescription Drug means a drug that may be sold 
without a prescription and that is labeled for use by the 
consumer in accordance with the requirements of the laws 
and rules of this State and the Federal Government. 

(n) Patient Counseling means the oral communication by the 
Pharmacist of information, as defined in the rules of the 
Board, to the patient or caregiver, in order to ensure proper 
use of Drugs and Devices. 
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(0) Person means an individual, corporation, partnership, as- 
sociation, or any other legal entity including government. 

(p) Pharmaceutical Care is the provision of drug therapy and 
other patient care services intended to achieve outcomes 
related to the cure or prevention of a disease, elimination or 
reduction of a patient’s symptoms, or arresting or slowing 
of a disease process as defined in the Rules of the Board. 

(q) Pharmacist means an individual currently licensed by this 
State to engage in the Practice of Pharmacy. 

(r) Pharmacist-in-Charge means a Pharmacist currently li- 
censed in this state who accepts responsibility for the op- 
eration of a Pharmacy in conformance with all laws and 
rules pertinent to the Practice of Pharmacy and the distri- 
bution of Drugs, and who is personally in full and actual 
charge of such pharmacy and personnel. 

(s) Pharmacy means any place within this State where Drugs 
are Dispensed and Pharmaceutical Care is provided and 
any place outside of this State where Drugs are Dispensed 
and Pharmaceutical Care is provided to residents of this 
State. 

(t) Practice of Telepharmacy Across State Lines means the 
provision of Pharmaceutical Care through the use of tele- 
communications and information technologies that occurs 
when the patient is physically located within the jurisdic- 
tion and the Pharmacist is located outside the jurisdiction. 

(u) Practitioner means an individual currently licensed, regis- 
tered, or otherwise authorized by the appropriate jurisdic- 
tion to prescribe and Administer Drugs in the course of 
professional practice. 

(v) Preceptor means an individual who is currently licensed as 
a Pharmacist by the Board of Pharmacy, meets the quali- 
fications as a Preceptor under the Rules of the Board, and 
participates in the instructional training of pharmacy In- 
terns. 

(w) Prescription Drug or Legend Drug means a Drug that is 
required under Federal law to be labeled with either of the 
following statements prior to being Dispensed or Delivered: 
(i) Caution: Federal law prohibits dispensing without pre- 
scription; or (11) Caution: Federal law restricts this drug to 
use by, or on the order of, a licensed veterinarian; or (ili) a 
Drug that is required by any applicable Federal or State 
law or rule to be Dispensed pursuant only to a Prescription 
Drug Order or is restricted to use by Practitioners only. 
(MSPPA) 


The definitions of a device or a drug in state law are often 
similar to those included in the FD&C Act, but their applica- 
tion will be different under state law as the board of pharmacy 
is interested primarily in the dispensing aspects of such drugs 
or devices as opposed to the Federal orientation to the purity, 
strength and appropriate labeling of drugs. 

It often is difficult to determine what constitutes manufac- 
turing. Such a determination often is necessary for purposes of 
licensing, inspection and other board procedures. The MSPPA 
has attempted to clarify the definition of manufacturer by 
excluding those acts by which a pharmacist prepares a prepa- 
ration in the course of professional practice. 

The various states may include a variety of individuals 
within the definition of a practitioner, such as a podiatrist. The 
definition of Practitioner anticipates that those persons other 
than pharmacists who are permitted to prescribe and admin- 
ister drugs will be specifically authorized in other legislation. 

Each state pharmacy practice act, as well as state controlled 
substances legislation, must be examined carefully to deter- 
mine the legality of pharmacists filling prescription orders 
written by prescribers in other states. The majority of the 
states do not prohibit the dispensing of prescription orders that 
originate out-of-state, but some states prohibit the dispensing 
of prescriptions from all out-of-state prescribers except those 
living in border states. Pharmacists should consult state stat- 
utes carefully and with the board of pharmacy to determine the 
legal status of prescription orders originating in another state. 
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Board of Pharmacy 


Article II of the MSPPA deals with the Board of Pharmacy. The 
Introductory Comment explains the purpose of this article and 
highlights important sections. Before it can regulate the Prac- 
tice of Pharmacy, the State must first establish and empower 
the Board of Pharmacy. Accordingly, Article II of the Model Act 
defines and creates the Board of Pharmacy by specifying ele- 
ments necessary to its formation, organization, and opera- 
tLOnaera 


“The responsibility for enforcement of the provisions of this Act is 
hereby vested in the Board of Pharmacy. The Board shall have all of the 
duties, powers and authority specifically granted by and necessary to 
the enforcement of this Act, as well as such other duties, powers and 
authority as it may be granted from time to time by appropriate law. 

“The Board of Pharmacy shall consist of ( ) members ... (each) of 
whom shall be licensed pharmacists who possess the qualifications 
specified. .. .” (MSPPA) 


The number of board members varies greatly, and is deter- 
mined by each individual state according to its particular re- 
quirements. In most states, the total number of board members 
selected is an odd number. The MSPPA also includes a provi- 
sion by which states may elect to include public member(s). 
Many state agencies that are responsible for the protection of 
the publics health, safety and welfare have included public 
members to assist in the regulatory process. 


Qualifications 


(a) Each Pharmacist member of the Board of Pharmacy shall 
at the time of appointment: 

(1) Bea resident of this State for not less than six months; 

(2) Be currently licensed and in good standing to engage 
in the Practice of Pharmacy in this State; 

(3) Be actively engaged in the Practice of Pharmacy in 
this State; 

(4) Have five (5) yr of experience in the Practice of Phar- 
macy in this State after licensure. 

(b) The public member of the Board of Pharmacy shall be a 
resident of this State who has attained the age of majority 
and shall not be, nor shall ever have been, a Pharmacist, or 
the spouse of a Pharmacist, or a person who has ever had 
any material financial interest in the provision of phar- 
macy services or who has engaged in any activity directly 
related to the Practice of Pharmacy. (MSPPA) 


Because one of the duties of the board of pharmacy is to pass 
upon the fitness of applicants to engage in the practice of 
pharmacy, it generally is required that the board members 
shall have been engaged actively in pharmacy practice for a 
designated period of years. The MSPPA contains very broad 
language to allow a pharmacist involved in almost any area of 
practice eligible for appointment. 


Appointment and Removal 


(a) The Governor shall appoint the members of the Board of 
Pharmacy in accordance with other provisions of this Sec- 
tion and the State Constitution. 

(b) Nominations for appointment to the Board may be made 
to the Governor by any individual, association, or any 
other entity. Such nominations shall be recommendations 
only and shall not be binding in any manner upon the 
Governor. 


Terms of Office 


(a) Except as provided in subsection (b), members of the Board 
of Pharmacy shall be appointed for a term of (number) 


years, except that members of the Board who are appointed 
to fill vacancies that occur prior to the expiration of a 
former member’s full term shall serve the unexpired por- 
tion of such term. 

(b) The terms of the members of the Board shall be staggered, 
so that the terms of no more than (number) member(s) 
shall expire in any year. Each member shall serve until a 
successor is appointed and qualified. 

(1) The present members of the Board shall serve the 
balance of their terms. 

(2) Any present Board member appointed initially for a 
term of less than (number) years shall be eligible to 
serve for (number) additional full terms. 


(c) No member of the Board shall serve more than (number) 
consecutive full terms. The completion of the unexpired 
portion of a full term shall not constitute a full term for 
purposes of this Section. 


Any vacancy that occurs in the membership of the Board for 
any reason, including expiration of term, removal, resignation, 
death, disability, or disqualification, shall be filled by the Gov- 
ernor in the manner prescribed. . . (MSPPA) 

The state pharmacy acts customarily provide for the sub- 
mittal of a list of nominees by any individual, association or 
other entity to the governor who selects the persons to consti- 
tute the board of pharmacy. In most states nominations are 
recommendations only and are not binding on the governor. 

Board of pharmacy members most often serve in staggered 
terms to provide continuity. Many state provisions prevent a 
member of the board from serving more than two consecutive 
full terms. The governor will have the authority to fill any 
vacancies that might arise and also to remove a member of the 
board pursuant to specified procedures. 


Removal 


(a) A Board member may be removed pursuant to the proce- 
dures set forth in subsection (b) herein, upon one or more of 
the following grounds: 

(1) The refusal or inability for any reason of a Board mem- 
ber to perform his duties as a member of the Board in 
an efficient, responsible, and professional manner; 

(2) The misuse of office by a member of the Board to obtain 
personal, pecuniary, or material gain or advantage for 
himself or another through such office; 

(3) The violation by any member of the laws governing the 
Practice of Pharmacy or the distribution of Drugs 
and/or Devices. 

(b) Removal of a member of the Board of Pharmacy shall be in 
accordance with the Administrative Procedures Act of this 
State, or other applicable laws. (MSPPA) 


Organization 


(a) The Board of Pharmacy shall elect from its members a President 
and such other officers as it deems appropriate and necessary to 
the conduct of its business. The President of the Board of Phar- 
macy shall preside at all meetings of the Board and shall be 
responsible for the performance of all of the duties and functions of 
the Board required or permitted by this Act. Each additional officer 
elected by the Board shall perform those duties normally associ- 
ated with his position and such other duties assigned to him from 
time to time by the Board. 

(b) Officers elected by the Board shall serve terms of one (1) year 
commencing with the day of their election and ending upon elec- 
tion of their successors and shall serve no more than (number) 
consecutive full terms in each office to which they are elected. 

(c) The Board shall employ a Pharmacist to serve as a full time 
employee of the Board in the position of Executive Director. The 
Executive Director shall be responsible for the performance of the 


administrative functions of the Board and such other duties as the 
Board may direct. 

(d) Each member of the Board of Pharmacy shall receive as compen- 
sation the sum of (dollars) per day for each day on which the 
member is engaged in performance of the official duties of the 
Board, and shall be reimbursed for all reasonable and necessary 
expenses incurred in connection with the discharge of such official 
duties. (MSPPA) 

As the board is a functioning agency, it must be organized so as 
to conform to parliamentary usage. Most states will require that 
the secretary or executive director of the board be a licensed 
pharmacist, but in most instances that individual will not be a 
voting member of the board. It also is necessary that the executive 
officer’s duties are defined and specific responsibilities fixed insofar 
as these can be done by the legislative act. 


Meetings 


(a) The Board of Pharmacy shall meet at least once every 
(number) months to transact its business. The Board shall 
meet at such additional times as it may determine. Such 
additional meetings may be called by the President of the 
Board or by two-thirds (2/3) of the members of the Board. 

(b) The Board shall meet at such place as it may from time to 
time determine. The place for each meeting shall be de- 
termined prior to giving notice of such meeting and shall 
not be changed after such notice is given without adequate 
prior notice. 

(c) Notice of all meetings of the Board shall be given in the 
manner and pursuant to requirements prescribed by the 
State’s Administrative Procedures Act. 

(d) A majority of the members of the Board shall constitute a 
quorum for the conduct of a Board meeting and, except 
where a greater number is required by this Act or by any 
rule of the Board, all actions of the Board shall be by a 
majority of a quorum. 

(e) All Board meetings and hearings shall be open to the 
public. The Board may, in its discretion and according to 
law, conduct any portion of its meeting in executive ses- 
sion, closed to the public. (MSPPA) 


As a general rule, meetings of a public agency must be open 
to all parties. The people of the states do not yield their sover- 
eignty to an agency and, thus, the people have the right to be 
informed of public business. The open meetings statutes of 
most states do provide exceptions in which public agencies may 
meet in closed sessions. 


Employees 


“The Board of Pharmacy may, in its discretion, employ persons in 
addition to the Executive Director in such other positions or capacities 
as it deems necessary to the proper conduct of Board business and to the 
fulfillment of the Board’s responsibilities as defined by this Act.” 
(MSPPA) 


Rules and Regulations 


“The Board of Pharmacy shall make, adopt, amend, and repeal such 
rules as may be deemed necessary by the Board from time to time for 
the proper administration and enforcement of this Act. Such rules shall 
be promulgated in accordance with the procedures specified in the 
Administrative Procedures Act of this State. 


(a) The Board of Pharmacy shall be responsible for the control and 
regulation of the Practice of Pharmacy in this State including, but 
not limited to, the following: 

(1) The licensing by examination or by license transfer of appli- 
cants who are qualified to engage in the Practice of Pharmacy 
under the provisions of this Act; 

(2) The renewal of licenses to engage in the Practice of Pharmacy; 


(b) 
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(3) The establishment and enforcement of compliance with pro- 
fessional standards and rules of conduct of Pharmacists en- 
gaged in the Practice of Pharmacy; 

(4) The determination and issuance of standards for recognition 
and approval of degree programs of schools and colleges of 
pharmacy whose graduates shall be eligible for licensure in 
this State, and the specification and enforcement of require- 
ments for practical training, including internship; 

(5) The enforcement of those provisions of this Act relating to the 
conduct or competence of Pharmacists practicing in this State, 
and the suspension, revocation, or restriction of licenses to 
engage in the Practice of Pharmacy; 

(6) The licensure and regulation of the training, qualifications, 
and employment of Pharmacy Interns and Pharmacy Techni- 
cians; 

(7) The collection of professional demographic data; 

(8) The right to seize any such Drugs and Devices found by the 
Board to constitute an imminent danger to the public health 
and welfare; 

(9) Establishing minimum specifications for the physical facili- 
ties, technical equipment, environment, supplies, personnel, 
and procedures for the storage, Compounding and/or Dispens- 
ing of such Drugs or Devices, and for the monitoring of drug 
therapy; 

(10) Establishing minimum standards for the purity and quality of 
such Drugs, Devices, and other materials within the Practice 
of Pharmacy; 

(11) The issuance and renewal of licenses of all Persons engaged in 
the manufacture and distribution of Drugs and Devices; 

(12) Inspection of any licensed Person at all reasonable hours for 
the purpose of determining if any provisions of the laws goy- 
erning the legal distribution of Drugs or Devices or the Prac- 
tice of Pharmacy are being violated. The Board of Pharmacy, 
its officers, inspectors, and representatives shall cooperate 
with all agencies charged with the enforcement of the laws of 
the US, of this State, and of all other states relating to Drugs, 
Devices, and the Practice of Pharmacy; and 

(13) Establishing minimum standards for maintaining the integ- 
rity and confidentiality of prescription information and other 
patient health-care information. 


The Board of Pharmacy shall have such other duties, powers, and 

authority as may be necessary to the enforcement of this Act and to 

the enforcement of Board rules made pursuant thereto, which shall 
include, but are not limited to, the following: 

(1) The Board may join such professional organizations and as- 
sociations organized exclusively to promote the improvement 
of the standards of the Practice of Pharmacy for the protection 
of the health and welfare of the public and/or whose activities 
assist and facilitate the work of the Board. 

The Board may receive and expend funds, in addition to its 

{annual/biennial] appropriation, from parties other than the 

State, provided: 

(i) Such funds are awarded for the pursuit of a specific 
objective that the Board is authorized to accomplish by 
this Act, or that the Board is qualified to accomplish by 
reason of its jurisdiction or professional expertise; 

(ii) Such funds are expended for the pursuit of the objective 
for which they are awarded; 

(ii) Activities connected with or occasioned by the expendi- 
tures of such funds do not interfere with the perfor- 
mance of the Board’s duties and responsibilities, and do 
not conflict with the exercise of the Board’s powers as 
specified by this Act; 

(iv) Such funds are kept in a separate, special account; and 

(v) Periodic reports are made concerning the Board’s re- 
ceipt and expenditure of such funds. 

(3) The Board may establish a Bill of Rights for patients concern- 
ing the health-care services a patient may expect in regard to 
Pharmaceutical Care. 

(4) Any investigation, inquiry, or hearing that the State Board of 
Pharmacy is empowered to hold or undertake may be held or 
undertaken by or before any member or members of the Board 
and the finding or order of such member or members shall be 
deemed to be the order of said Board when approved and 
confirmed as noted in Section 210(d). 

(5) Embargo 

(i) Notwithstanding anything in this Act to the contrary, 
whenever a duly authorized representative of the Board 
finds, or has probable cause to believe, that any Drug or 
Device is adulterated or misbranded within the mean- 
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ing of the (State) Food and Drug Act, he shall affix to 
such Drug or Device a tag or other appropriate marking 
giving notice that such article is or is suspected of being 
adulterated or misbranded, has been detained or em- 
bargoed, and warning all Persons not to remove or dis- 
pose of such article by sale or otherwise until provision 
for removal or disposal is given by the Board, its agent, 
or the Court. No Person shall remove or dispose of such 
embargoed Drug or Device by sale or otherwise without 
the permission of the Board or its agent or, after sum- 
mary proceedings have been instituted, without permis- 
sion from the Court. 
(ii) When a Drug or Device detained or embargoed under 
Paragraph (i) of this subsection (5) has been declared by 
such representative to be adulterated or misbranded, 
the Board shall, as soon as practical thereafter, petition 
the Judge of the Court in which 
jurisdiction the article is detained or embargoed for an 
order for condemnation of such article. If the judge 
determines that the Drug or Device so detained or em- 
bargoed is not adulterated or misbranded, the Board 
shall direct the immediate removal of the tag or other 
marking. 
If the court finds the detained or embargoed Drug or 
Device is adulterated or misbranded, such Drug or De- 
vice, after entry of the decree, shall be destroyed at the 
expense of the owner under the supervision of a Board 
representative and all court costs and fees, storage, and 
other proper expense shall be borne by the owner of 
such Drug or Device. When the adulteration or mis- 
branding can be corrected by proper Labeling or pro- 
cessing of the Drug or Device, the Court, after entry of 
the decree and after such costs, fees, and expenses have 
been paid and a good and sufficient bond has been 
posted, may direct that such Drug or Device be Deliv- 
ered to the owner thereof for such Labeling or process- 
ing under the supervision of a Board representative. 
Expense of such supervision shall be paid by the owner. 
Such bond shall be returned to the owner of the Drug or 
Device on representation to the Court by the Board that 
the Drug or Device is no longer in violation of the em- 
bargo and the expense of supervision has been paid. 
It is the duty of the Attorney General [State’s Attorney] 
to whom the Board reports any violation of Section 
213(b)(5) to cause appropriate proceedings to be insti- 
tuted in the proper court without delay and to be pros- 
ecuted in the manner required by law. Nothing in this 
subparagraph (iv) shall be construed to require the 
Board to report violations whenever the Board believes 
the public’s interest will be adequately served in the 
circumstances by a suitable written notice or warning. 
The Board may place under seal all Drugs or Devices that are 
owned by or in the possession, custody, or control of a licensee 
at the time his license is suspended or revoked or at the time 
the Board refuses to renew his license. Except as otherwise 
provided in this section, Drugs or Devices so sealed shall not 
be disposed of until appeal rights under the Administrative 
Procedures Act have expired, or an appeal filed pursuant to 
that Act has been determined. The court involved in an appeal 
filed pursuant to the Administrative Procedures Act may or- 
der the Board, during the pendency of the appeal, to sell 
sealed Drugs that are perishable. The proceeds of such a sale 
shall be deposited with that court. 
Except as otherwise provided to the contrary, the Board shall 
exercise all of its duties, powers, and authority in accordance 
with the State Administrative Procedures Act. 
In addition to the fees specifically provided for herein, the 
Board may assess additional reasonable fees for services ren- 
dered to carry out its duties and responsibilities as required or 
authorized by this Act or Rules adopted hereunder. Such 
services rendered shall include, but not be limited to, the 
following: 
(i) Issuance of duplicate certificates or identification cards; 
(ii) Mailing lists, or reports of data maintained by the 
Board; 
(iii) Copies of any documents; 
(iv) Certification of documents; 
(v) Notices of meetings; 
(vi) Licensure transfer; 
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(vii) Examination administration to a licensure applicant; 
and 
(viii) Examination materials. 

(9) Cost Recovery 

(i) If any order issues in resolution of a disciplinary pro- 

ceeding before the Board of Pharmacy, the Board may 
request the to direct any lic- 
ensee found guilty of a charge involving a violation of 
any drug laws or rules, to pay to the Board a sum not to 
exceed the reasonable costs of the investigation and 
prosecution of the case and, in any case, not to exceed 
twenty-five thousand dollars ($25,000). 

(ii) In the case of a Pharmacy or Wholesale Distributor, the 
order may be made as to the corporate owner, if any, 
and as to any Pharmacist, officer, owner, or partner of 
the Pharmacy or Wholesale Distributor who is found to 
have had knowledge of or have knowingly participated 
in one or more of the violations set forth in this section. 
The costs to be assessed shall be fixed by the 

and shall not be increased 
by the Board; where the Board does not adopt a pro- 

posed decision and remands the case to a(n) 

, the ; 
shall not increase any assessed costs. 

(iv) Where an order for recovery of costs is made and timely 
payment is not made as directed in the Board’s decision, 
the Board may enforce the order for payment in the 

Court in the county where the 
administrative hearing was held. This right of enforce- 
ment shall be in addition to any other rights the Board 
may have as to any Person directed to pay costs. 

(v) In any action for recovery of costs, proof of the Board’s 
decision shall be conclusive proof of the validity of the 
order of payment and the terms for payment.” (MSPPA) 


(ii1) 


It virtually is impossible for the state legislature to detail 
clearly all the aspects of regulation of the practice of pharmacy. 
Therefore, administrative agencies are given the power to 
make rules and regulations that may modify or interpret the 
legislative mandate. In promulgating rules and regulations, it 
is vitally important that the board of pharmacy does not exceed 
its statutory authority. The power to make rules and regula- 
tions must not be used to accomplish that which the legislature 
has not sanctioned specifically. Most states will have adopted 
some sort of administrative procedure act that will specify the 
appropriate constitutionally required procedures for rule-mak- 
ing, conduct of hearings and other board functions. It is vital 
that the board rely upon the provisions of the administrative 
procedure act so that it can insure that the public, and any 
affected individuals, are provided due process of law in the 
promulgation of rules and in the conduct of hearings. 


Licensure 


Article III deals with the licensing of pharmacies and pharma- 
cists. The first section makes it clear that engaging in phar- 
macy practice without the proper license is unlawful. 


(a) Except as otherwise provided in this Act, it shall be un- 
lawful for any individual to engage in the Practice of 
Pharmacy unless currently licensed to practice under any 
facet of the provisions of this Act. 

(b) Licensed Practitioners authorized under the laws of this 
State to Compound Drugs and to Dispense Drugs to their 
patients in the practice of their respective professions 
shall meet the same standards, record keeping require- 
ments, and all other requirements for the Dispensing of 
Drugs applicable to Pharmacists. 

(c) It shall be unlawful for any individual to assist in the 
Practice of Pharmacy unless currently registered as a 
Pharmacy Technician according to the provisions of Sec- 
tion 307 of this Act. 

(d) Any individual who, after a hearing, shall be found by the 
Board to have unlawfully engaged in the Practice of Phar- 
macy shall be subject to a fine to be imposed by the Board 


not to exceed $ for each offense. 
Each such violation of this Act or the rules promulgated 
hereunder pertaining to unlawfully engaging in the Prac- 
tice of Pharmacy shall also constitute a (misdemeanor) 


punishable upon conviction as provided in the criminal 
code of this State. (MSPPA) 


Qualifications 


(a) To obtain a license to engage in the Practice of Pharmacy, an 
applicant for licensure by examination shall: 

(1) Have submitted a written application in the form prescribed by 
the Board of Pharmacy; 

(2) Have attained the age of majority; 

(3) Be of good moral character; 

(4) Have graduated and received the first professional undergraduate 
degree from a college or school of pharmacy that has been ap- 
proved by the Board of Pharmacy; 

(5) Have graduated from a foreign college of pharmacy, completed 
a transcript verification program, taken and passed a college of 
pharmacy equivalency exam program, and completed a process 
of communication ability testing as defined under Board of 
Pharmacy regulations so that it is assured that the applicant 
meets standards necessary to protect public health and safety. 

(6) Have completed an internship or other program that has been 
approved by the Board of Pharmacy, or demonstrated to the 
Board’s satisfaction that experience in the Practice of Phar- 
macy that meets or exceeds the minimum internship require- 
ments of the Board; 

(7) Have successfully passed an examination or examinations 
given by the Board of Pharmacy; 

(8) Have paid the fees specified by the Board of Pharmacy for the 
examination and any related materials, and have paid for the 
issuance of the license. 

(b) Examinations 

(1) The examination for licensure required under Section 302(a)(7) 
of the Act, shall be given by the Board at least two (2) times 
during each year. The Board shall determine the content and 
subject matter of each examination and approve the site and 
date of the administration of the examination. 

(2) The examination shall be prepared to measure the competence 
of the applicant to engage in the Practice of Pharmacy. The 
Board may employ, cooperate, and contract with any organiza- 
tion or consultant in the preparation and grading of an exam- 
ination, but shall retain the sole discretion and responsibility 
for determining that applicants have successfully passed such 
an examination. 

(ec) Internship and Other Training Programs 

(1) All applicants for licensure by examination shall obtain practical 
experience in the Practice of Pharmacy concurrent with or after 
college attendance, or both, under such terms and conditions as 
the Board shall determine. 

(2) The Board shall establish such licensure requirements for In- 
terns and standards for internship, or any other experiential 
program necessary to qualify an applicant for the licensure 
examination, and shall also determine the qualifications of 
Preceptors used in practical experience programs. (MSPPA) 


Each state may exercise its police powers by determining 
the qualifications necessary for an individual to obtain a phar- 
macy license. It is likely that there will be a substantial degree 
of similarity among the various state laws regarding qualifica- 
tions, but each act should be examined by the applicant. 

Many states require the applicant be 18 yr of age. Those 
individuals who apply for a pharmacy license must be of good 
moral character. The case law in this area indicates a tremen- 
dous variation by the courts as to what constitutes good moral 
character. Although it is expected that professional boards will 
continue to have the authority to inquire as to moral character 
of the applicant, they must be careful that their inquiry rea- 
sonably is related to the protection of the public’s health and 
safety. 

One could expect that an applicant for pharmacy licensure 
must be a graduate of an accredited college of pharmacy. Al- 
though the programs of US pharmacy schools are accredited by 
the ACPE, the board may not delegate the accrediting function 
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to this private organization. The comments to the MSPPA 
indicate that it is contemplated that boards will accredit those 
schools with programs whose standards are at least equivalent 
to the minimum standards required by the ACPE, but it is 
important that the government agency make its own determi- 
nations regarding accreditation, rather than direct reliance 
upon the private organization. 

A requirement that the applicant be a citizen of the US is 
unconstitutional under existing case law. Such a requirement 
would deprive noncitizens of the equal protection of the law 
under the US Constitution. 

A variety of internship, externship and clinical clerkship 
programs have developed in the various states. While the 
states generally require some sort of internship training, the 
programs and duration of experience vary among the states. 
Six-months or 1-year experiences are common. There is an 
increasing emphasis by the ACPE for colleges of pharmacy to 
include a substantial portion of the required internship hours 
within the curriculum of the school. 

An examination also is a necessary prerequisite prior to 
licensure. All but a few states administer the NAPLEX that 
was developed through the auspices of the National Association 
of Boards of Pharmacy (NABP). The NAPLEX consists of a 
combined format that determines a candidate’s competency to 
practice through an integrated test, rather than dividing the 
material into separate subject areas. A pharmacy jurispru- 
dence exam is available and may be modified for each state 
where it is used to account for variations between the states. 


Reciprocity 


As an alternative to licensure by examination, some applicants 
also may seek licensure by the reciprocal or license transfer 
process. Such an applicant must 


(1) Have submitted a written application in the form prescribed by the 
Board of Pharmacy; 

(2) Have attained the age of majority; 

(3) Have good moral character; 

(4) Have possessed at the time of initial licensure as a Pharmacist all 
qualifications necessary to have been eligible for licensure at that 
time in this State; 

(5) Have engaged in the Practice of Pharmacy for a period of at least one 
(1) year or have met the internship requirements of this State 
within the one (1) year period immediately previous to the date of 
such application; 

(6) Have presented to the Board proof of initial licensure by examina- 
tion and proof that such license is in good standing; 

(7) Have presented to the Board proof that any other license granted to 
the applicant by any other state has not been suspended, revoked, or 
otherwise restricted for any reason except nonrenewal or for the 
failure to obtain the required continuing education credits in any 
state where the applicant is currently licensed but not engaged in 
the Practice of Pharmacy; and 

(8) Have paid the fees specified by the Board. 

(9) No applicant shall be eligible for license transfer unless the state in 
which the applicant was initially licensed as a Pharmacist also 
grants licensure transfer to Pharmacists duly licensed by examina- 
tion in this State, under like circumstances and conditions. 
(MSPPA) 


Not all states require 1 yr of licensure in order to be eligible 
to be licensed by reciprocity. However, an applicant will not be 
eligible for licensure by reciprocity unless the state in which 
the applicant was licensed initially also grants reciprocal licen- 
sure to those from the state wherein the applicant seeks to be 
registered. At the present time, reciprocity is available from all 
boards of pharmacy except California and Florida. 

The NABP acts as a clearinghouse for the reciprocation 
process. The applicant provides information to the NABP that 
in turn verifies these facts relating to licensure and provides 
that information to the reciprocating state. The reciprocating 
state reviews the application, and it is highly likely that before 
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it will issue a license it will require the applicant to pass an 
examination on state laws. 

One of the more recent developments in pharmacy regula- 
tion involves practices that cross state borders such as in mail- 
order dispensing where a pharmacist in one state may be 
dispensing prescriptions and counseling patients in another 
state. This could present a challenge to Boards of Pharmacy 
that do not have any legal authority or jurisdiction over the 
pharmacist located out of state. The MSPPA has a provision to 
address this situation: 


(a) An applicant applying for registration to engage in the 

Practice of Telepharmacy Across State Lines shall: 

(1) present to the Board proof of licensure in another ju- 
risdiction and proof that such license is in good stand- 
ing; 

(2) submit a written application in the form prescribed by 
the Board of Pharmacy; 

(3) pay the fee(s) specified by the Board of Pharmacy for 
the issuance of the license; and 

(4) comply with all other requirements of the Board of 
Pharmacy. 

(b) Application 

(1) The written application required under Section 
304(a)(1) of the Act shall request of the applicant, at a 
minimum, the following information: 

(i) Name, address, and current pharmacist licensure 
information in all other jurisdictions, including 
jurisdiction(s) of licensure and license number(s); 

(ii) Name, address, phone number, and (if applicable) 
jurisdiction of licensure and license number of 
the site where the Practice of Telepharmacy will 
originate; 

(ii) A statement of the scope of patient services that 

will be provided; 

(iv) A description of the protocol or framework by 
which patient care will be provided, including any 
collaborative practice arrangements with other 
health-care practitioners; and 
A statement attesting that the applicant will abide 
by the pharmacy laws and regulations of the ju- 
risdiction in which the patient is located. (MSPPA) 


— 
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Renewal 


In the majority of the states, certificates of licensure expire 
annually or biannually, but may be renewed upon the payment 
of a specific fee. Most states require proof that the pharmacist 
has completed satisfactorily an accredited program of continu- 
ing education prior to the issuance of the renewal certificate. It 
is beneficial if the legislature mandates a continuing-education 
requirement by statute. The board of pharmacy then may adopt 
rules and regulations to carry out the objectives and purposes 
of the statute. 


Discipline 


As one would expect, the board of pharmacy also is endowed 
with the power to refuse or revoke the license of those individ- 
uals who have failed to exhibit fitness to practice the profession 
of pharmacy. In order to safeguard the public’s health and 
safety, the board may find it necessary to permanently or 
temporarily discipline unfit practitioners. The board also has 
an important role to assist and educate wrongdoers to prevent 
recurrences of the errant behavior. 


Grounds, Penalties, and Reinstatement 


The Board of Pharmacy may refuse to issue or renew, or may 
suspend, revoke, restrict the licenses or the registration of, or 


fine any Person pursuant to the procedures set forth in Section 
402 herein below, upon one or more of the following grounds: 


(1) Unprofessional conduct as that term is defined by the 
rules of the Board; 

(2) Incapacity that prevents a licensee from engaging in the 
Practice of Pharmacy or a registrant from assisting in the 
practice of pharmacy, with reasonable skill, competence, 
and safety to the public; 

(3) Being guilty of one (1) or more of the following: 

G) A felony; 
Gi) Any act involving moral turpitude or gross immoral- 
ity; or 
(iii) Violations of the pharmacy or drug laws of this State 
or rules and regulations pertaining thereto; or of 
laws, rules, and regulations of any other state; or of 
the Federal Government. 

(4) Knowing or suspecting that a Pharmacist or Pharmacy 
Intern is incapable of engaging in the Practice of Phar- 
macy or that a Pharmacy Technician is incapable of as- 
sisting in the Practice of Pharmacy, with reasonable skill, 
competence, and safety to the public, and failing to report 
any relevant information to the Board of Pharmacy; 

(5) Misrepresentation of a material fact by a licensee in se- 
curing the issuance or renewal of a license or registration; 

(6) Fraud by a licensee in connection with the Practice of 
Pharmacy; 

(7) Engaging, or aiding and abetting an individual to engage 
in the Practice of Pharmacy without a license; assisting in 
the Practice of Pharmacy or aiding and abetting an indi- 
vidual to assist in the Practice of Pharmacy without hav- 
ing registered with the Board of Pharmacy; or falsely 
using the title of Pharmacist, Pharmacy Intern, or Phar- 
macy Technician; 

(8) Failing to pay the costs assessed in a disciplinary hear- 
THORS. a 

(9) Engaging in any conduct that subverts or attempts to 
subvert any licensing examination or the administration 
of any licensing examination; 

(10) Being found by the Board to be in violation of any of the 
provisions of this Act or rules adopted pursuant to this 
Act; or 

(11) Divulging or revealing Confidential Information or per- 
sonally identifiable information to a Person other than as 
authorized by the rules of the Board... . (MSPPA) 


Moral turpitude, unprofessional conduct and gross immo- 
rality may be terms that defy definition. However, the board of 
pharmacy must make every attempt to set forth, by rule and 
regulation, that which is being legislated against. The pharma- 
cist should be able to understand reasonably the type of con- 
duct that is being discouraged. The board of pharmacy will 
have at its disposal, as per the legislative enactment, the au- 
thority to suspend, revoke or restrict the offender’s license. In 
addition, the board may be able to impose a fine for each offense 
and also may place the offender on probation for a stated period 
of time. None of these board-imposed penalties would bar a 
criminal prosecution on behalf of the state for the violations of 
the Pharmacy Practice Act if the violations were criminal in 
nature. 


Licensing of Facilities 


In most states community, as well as institutional, pharmacies 
may be operated only under permits issued by the board of 
pharmacy. State law normally will require an annual fee, pro- 
visions for inspection of the premises, proper prescription 
records and the maintenance of certain minimums of equip- 
ment or stock. Nonprescription or proprietary medicines usu- 
ally may be sold in any establishment, and the sale need not be 
made by licensed pharmacists. However, some states do re- 


quire such a nonpharmacy outlet to obtain a permit from the 
state board of pharmacy in order to sell OTC preparations. 

The licensure of facilities provides a board with knowledge 
of all premises involved in the storage, distribution and sale of 
drugs and devices within the state and those located outside 
the state that are shipping drugs into the state. These require- 
ments permit a board better to insure against drug diversion 
from legitimate channels of commerce. 

The MSPPA sets forth standards for facility licensing: 


(a) All Persons, whether located within or outside of this 
State, engaging in the Practice of Pharmacy or in the 
Manufacture, production, sale, or distribution of Drugs or 
Devices, or Pharmacies where Drugs or Devices are dis- 
pensed, shall be licensed by the Board of Pharmacy, and 
shall annually renew their license with the Board. Where 
operations are conducted at more than one location, each 
such location shall be licensed by the Board of Pharmacy. 

(b) The Board may by rule determine the licensure classifica- 
tions of all Persons licensed under Article V, and establish 
minimum standards for such Persons. 

(c) The Board shall establish by rule, under the powers 
granted to it under Section 212 and 213 of this Act and as 
may be required from time to time, under Federal law, the 
criteria that each Person must meet to qualify for licen- 
sure in each classification. The Board may issue licenses 
with varying restrictions to such Persons where the Board 
deems it necessary. 

(d) Each Pharmacy shall have a Pharmacist-in-Charge. 
Whenever an applicable rule requires or prohibits action 
by a Pharmacy, responsibility shall be that of the owner 
and the Pharmacist-in-Charge of the Pharmacy, whether 
the owner is a sole proprietor, partnership, association, 
corporation, or otherwise. 

(e) Each licensed Person located outside of this State who 
ships, mails, Distributes, or Delivers Drugs or Devices in 
this State, or Pharmacy located outside of this State who 
ships, mails, Distributes, or Delivers Drugs or Devices in 
this State shall designate a registered agent in this state 
for service of process. Any such licensed Person or Phar- 
macy who does not so designate a registered agent shall be 
deemed to have designated the Secretary of State of this 
State to be its true and lawful attorney, upon whom may 
be served all legal process in any action or proceeding 
against such licensed Person growing out of or arising 
from such Delivery. A copy of any such service of process 
shall be mailed to such Person or Pharmacy by the Board 
by certified mail, return receipt requested, postage pre- 
paid, at the address such licensed Person has designated 
on its application for licensure in this State. If any such 
Person is not licensed in this State, service on the Secre- 
tary of State only shall be sufficient service. 

(f) The Board may enter into agreements with other states or 
with third parties for the purpose of exchanging informa- 
tion concerning the licensure and inspection of entities 
located in this jurisdiction and those located outside this 
State. 

(g) The Board of Pharmacy may deny or refuse to renew a 
license if it determines that the granting or renewing of 
such license would not be in the public interest. (MSPPA) 


Few states have ownership restrictions on pharmacies. 
Some states have attempted to legislate against physician- 
owned pharmacies or any other type of nonpharmacist-owned 
pharmacies. The US Supreme Court in 1928 held that laws 
restricting pharmacy ownership only to pharmacists violated 
the Fourteenth Amendment of the US Constitution. Forty-four 
years later, the same issue again was raised in the North 
Dakota courts. The North Dakota Pharmacy Act required that 
the majority of stock of a pharmacy corporation be owned by 
registered pharmacists in good standing in North Dakota. The 
statute was challenged by an out-of-state chain operation, and 
the case eventually was appealed to the US Supreme Court. 
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The nations highest court reversed its earlier decision and held 
that pharmacy-ownership laws were constitutionally sound if 
such a requirement could be related reasonably to the public’s 
health and welfare. The case was returned to the North Dakota 
Supreme Court and that court identified seven possible reasons 
for ownership restrictions: 


1. The professional and ethical standards of pharmacy demand the 
pharmacist’s concern for the quantity and quality of stock and 
equipment. A drug that has deteriorated because of improper stor- 
age can be a detriment to public health. A drug not in stock poses a 
threat to the individual who needs it now. Decisions made in con- 
junction with the quantity and quality of stock and equipment by 
nonregistered pharmacist-owners could be detrimental to the pub- 
lic health and welfare. 

2. Supervision of hired pharmacists by registered-pharmacist-owners 
would be in the best interests of public health and safety. 

3. Responsibility for improper action could be pinpointed more readily 
when supervision is in registered pharmacist-owners. 

4. The dignity of a profession, and the morale and proficiency of those 
licensed to engage therein, is enhanced by prohibiting the practi- 
tioner from subordinating himself to the direction of untrained 
supervisors. 

5. Ifcontrol and management is vested in laymen unacquainted with 
pharmaceutical service, who are untrained and unlicensed, the risk 
is that social accountability will be subordinated to the profit 
motive. 

6. The term pharmacy was intended to identify a particular type of 
establishment within which a health profession is practiced, and 
thus was intended to be more than a mere means of making a profit. 
He who holds the purse strings controls the policy. 

7. Doctor-owned pharmacies with built-in conflict-of-interest prob- 
lems could be restricted. 


Although this case cleared the way for state legislatures to 
develop restrictions on the ownership of pharmacies, there has 
not been a great deal of momentum in this area. Consumer 
groups and large national pharmacy corporations have lobbied 
successfully against such proposals. 


Miscellaneous State Provisions 


INSTITUTIONAL PHARMACY—The NABP also has de- 
veloped model rules for institutional pharmacy. These regula- 
tions may be applied to facilities such as a hospital, nursing 
home, psychiatric center, health maintenance organization and 
others. These regulations include special provisions for the 
distribution of drugs when the institutional pharmacy is unat- 
tended by a licensed pharmacist. The model rules include pro- 
visions for night cabinets, emergency kits, investigational 
drugs, quality assurance and other items that particularly are 
applicable to the institutional practice of pharmacy. 

Central to the issue of regulating institutional pharmacy 
practice is the definition of institution. The Model Rules for 
Institutional Pharmacy developed by NAPB provides: 


(a) Institutional Facility means any organization whose pri- 
mary purpose is to provide a physical environment for 
patients to obtain health-care services, including but not 
limited to a(n): 

(1) Hospital; 
(2) Convalescent Home; 
(3) Nursing Home; 
(4) Extended Care Facility; 
(5) Mental Health Facility; 
(6) Rehabilitation Center; 
(7) Psychiatric Center; 
(8) Developmental Disability Center; 
(9) Drug Abuse Treatment Center; 
(10) Family Planning Clinic; 
(11) Penal Institution; 
(12) Hospice; 
(13) Public Health Facility; 
(14) Athletic Facility. 


1604 


CHAPTER 90 


(b) Institutional Pharmacy means that physical portion of an 


Institutional Facility where Drugs, Devices, and other ma- 
terials used in the diagnosis and treatment of injury, ill- 
ness, and disease (hereinafter referred to as Drugs) are 
Dispensed, Compounded, and distributed and Pharmaceu- 
tical Care is provided; and that is registered with the State 
Board of Pharmacy pursuant to Article V of the Pharmacy 
Practice Act. (MSPPA) 


The Model Rules for Institutional Pharmacy contemplates 


that a Pharmacist-in-Charge will direct pharmacy practice in 
the institution. Absences are addressed in another provision: 


(a) 


(c) 


During such times as an Institutional Pharmacy may be 
unattended by a Pharmacist, arrangements shall be made 
in advance by the Pharmacist-in-Charge for provision of 
Drugs to the medical staff and other authorized personnel 
of the Institutional Facility by use of night cabinets and, in 
emergency circumstances, by access to the Pharmacy. A 
Pharmacist must be on call during all absences. 

In the absence of a Pharmacist, Drugs shall be stored in a 
locked cabinet or other enclosure constructed and located 
outside of the pharmacy area, to which only specifically 
authorized personnel may obtain access by key or combi- 
nation, and that is sufficiently secure to deny access to 
unauthorized persons. The Pharmacist-in-Charge shall, in 
conjunction with the appropriate committee of the Institu- 
tional Facility, develop inventory listings of those Drugs to 
be included in such cabinet(s) and determine who may have 
access, and shall ensure that: 

(1) Drugs are properly Labeled; 

(2) Only prepackaged Drugs are available, in amounts 

sufficient for immediate therapeutic requirements; 

(3) Whenever access to the cabinet occurs, written Prac- 

titioner’s orders and proofs-of-use are provided; 

(4) All Drugs therein are inventoried no less than once 

per week; 

(5) A complete audit of all activity concerning such cabi- 

net is conducted no less than once per month; and 

(6) Written policies and procedures are established to 

implement the requirements of this Section 4. 
Whenever any Drug is not available from floor supplies or 
night cabinets, and such Drug is required to treat the 
immediate needs of a patient whose health would other- 
wise be jeopardized, such Drug may be obtained from the 
Pharmacy in accordance with the requirements of this Sec- 
tion 4. One supervisory nurse in any given 8-hr shift is 
responsible for obtaining Drugs from the Pharmacy. The 
responsible nurse shall be designated in writing by the 
appropriate committee of the Institutional Facility. Re- 
moval of any Drug from the Pharmacy by an authorized 
nurse must be recorded on a suitable form showing patient 
name, room number, name of Drug, strength, amount, 
date, time, and signature of nurse. The form shall be left 
with the container from which the Drug was removed. 
For an Institutional Facility that does not have an Institu- 
tional Pharmacy, Drugs may be provided for use by autho- 
rized personnel by emergency kits located at such Facility, 
provided, however, such kits meet the following require- 
ments: 

(1) Emergency kit Drugs are those Drugs that may be 
required to meet the immediate therapeutic needs of 
patients and that are not available from any other 
authorized source in sufficient time to prevent risk of 
harm to patients by delay resulting from obtaining 
such Drugs from such other sources; 

All emergency kit Drugs shall be provided and sealed 
by a Pharmacist; 

The supplying Pharmacist and the medical staff of the 
Institutional Facility shall jointly determine the 
Drugs, by identity and quantity, to be included in 
emergency kits; 


(3) 


(4) Emergency kits shall be stored in secured areas to 
prevent unauthorized access, and to ensure a proper 
environment for preservation of the Drugs within 
them; 

The exterior of each emergency kit shall be labeled 
so as to clearly indicate that it is an emergency drug 
kit and that it is for use in emergencies only. The 
label shall contain a listing of the Drugs contained 
in the kit, including name, strength, quantity, and 
expiration date of the contents, and the name, ad- 
dress(es), and telephone number(s) of the supplying 
Pharmacist; 

Drugs shall be removed from emergency kits only 
pursuant to a valid Prescription Drug Order; 
Whenever an emergency kit is opened, the supplying 
Pharmacist shall be notified and the Pharmacist shall 
restock and reseal the kit within a reasonable time so 
as to prevent risk of harm to patients; and 

The expiration date of an emergency kit shall be the 
earliest date of expiration of any Drug supplied in 
the kit. Upon the occurrence of the expiration date, 
the supplying Pharmacist shall replace the expired 
Drug. (MSPPA) 


(5) 


(7) 


(8) 


Drug distribution and control are also to be assigned respon- 


sibility of the Pharmacist-in-Charge: 


(a) 


(b) 


(c) 


as 


The Pharmacist-in-Charge shall establish written proce- 
dures for the safe and efficient distribution of Drugs and 
for the provision of Pharmaceutical Care. An annual up- 
dated copy of such procedures shall be on hand for inspec- 
tion by the Board of Pharmacy. 

Drugs brought into an Institutional Facility by a patient 
shall not be Administered unless they can be identified 
and the quality of the Drug assured. If such Drugs are not 
to be Administered, then the Pharmacist-in-Charge shall, 
according to procedures specified in writing, have them 
turned into the Pharmacy, which shall package and seal 
them and return them to an adult member of the patient’s 
immediate family, or store and return them to the patient 
upon discharge. 

Investigational Drugs shall be stored in and Dispensed 
from the Pharmacy only. All information with respect to 
investigational Drugs shall be maintained in the Phar- 
macy. (MSPPA) 


NUCLEAR PHARMACY—Nuclear pharmacy, recognized 
the first specialty area in the profession, also may have 


special regulations at the state level. Most regulations make it 
unlawful for any person to provide nuclear pharmaceutical 
services unless under the supervision of a qualified nuclear 
pharmacist: 


Qualified Nuclear Pharmacist means a currently licensed pharma- 


cist in the State of practice, who is certified as a Nuclear Pharmacist by 
the State Board of Pharmacy or by a certification board recognized by 
the State Board of Pharmacy, or who meets the following standards: 


(1) 


(2) 


(3) 


Minimum standards of training for authorized user status of radio- 
active material [cite State Radiation Control Agency or NRC licen- 
sure guide]. 
Completed a minimum of 200 contact hours of instruction in nu- 
clear pharmacy and the safe handling and the use of radioactive 
materials from a program approved by the State Board of Phar- 
macy, with emphasis in the following areas: 

(i) Radiation physics and instrumentation; 

(ii) Radiation protection; 
(iii) Mathematics of radioactivity; 
(iv) Radiation biology; and 

(v) Radiopharmaceutical chemistry. 
Attain a minimum of 500 hr of clinical nuclear pharmacy train- 


ing under the supervision of a qualified nuclear pharmacist. 
(MSPPA) 


PHARMACEUTICAL CARE—The NABP has developed 
comprehensive model rules to implement the patient-care con- 
cepts embodied in the definition of the practice of pharmacy. 
The rules provide for the age-old requirements of a prescription- 
drug order with provisions for the electronic transmittal of the 
prescription to the pharmacist. The transfer of prescriptions 
between pharmacies also is addressed in these rules. 

The model rules include provisions for drug-product selec- 
tion, prescription labeling and patient records. These sections 
provide an important background for the central focus of the 
pharmaceutical care rules—the requirement for patient coun- 
seling and prospective drug review by the pharmacist. Follow- 
ing a review of the patient’s records for therapeutic duplication, 
drug interactions, over or underuse and a number of other 
considerations, the pharmacist personally shall initiate discus- 
sion with the patient or the patient’s caregiver regarding the 
prescription. 

The physical facilities housing a pharmacy are addressed in 
the Model Rules for Pharmaceutical Care: 


Minimum Requirements for a Pharmacy 


(1) Each Pharmacy shall be of sufficient size to allow for the safe and 
proper storage of Prescription Drugs and for the safe and proper 
Compounding and/or preparation of Prescription Drug Orders. 

(2) Each Pharmacy shall maintain an area designated for the provi- 
sion of Patient Counseling services. This area shall be designed to 
provide a reasonable expectation of privacy. 

(3) Each Pharmacy shall maintain on file at least one current refer- 
ence in each of the following categories: 

(a) State and Federal drug laws relating to the Practice of 
Pharmacy and the legal distribution of Drugs and any rules 
or regulations adopted pursuant thereto; 

(b) pharmacology; 

(c) dosage and toxicology; 

(d) general. 

(4) Each Pharmacy shall maintain patient-oriented reference mate- 
rial for guidance in proper drug usage. 

(5) All areas where Drugs and Devices are stored shall be dry, well- 
lighted, well-ventilated, and maintained in a clean and orderly 
condition. Storage areas shall be maintained at temperatures that 
will ensure the integrity of the Drugs prior to their Dispensing as 
stipulated by the USP/NF and/or the Manufacturer’s or distribu- 
tor’s Labeling unless otherwise indicated by the Board. 

(6) Each Pharmacy shall have access to a sink with hot and cold 
running water that is convenient to the Compounding area for the 
purpose of hand scrubs prior to Compounding. 

(7) Security 

(a) Each Pharmacist, while on duty, shall be responsible for the 
security of the Pharmacy, including provisions for effective 
control against theft or diversion of Drugs and/or Devices. 

(b) The Pharmacy shall be secured by either a physical barrier 
with suitable locks and/or an electronic barrier to detect 
entry at a time when the Pharmacist is not present. Such 
barrier shall be approved by the Board of Pharmacy before 
being put into use. 

(c) Prescription and other patient health-care information shall 
be maintained in a manner that protects the integrity and 
confidentiality of such information as provided by the rules 
of the Board. 

(8) Equipment/Supplies 

(a) The Pharmacy shall carry and use the equipment and sup- 
plies necessary to conduct a Pharmacy in a manner that is 
in the best interest of the patients served and to comply with 
all State and Federal laws. 

(9) The Pharmacy shall provide a means for patients to prevent 
disclosure of Confidential Information or personally identifiable 
information that was obtained or collected by the Pharmacist or 
Pharmacy incidental to the delivery of Pharmaceutical Care other 
than as authorized by law or rules of the Board. (MSPPA) 


Duties of the pharmacist and pharmacy personnel are also 
delineated: 


Duties and Responsibilities of the Pharmacist-in-Charge 


(1) No Person shall operate a Pharmacy without a Pharmacist-in- 
Charge. The Pharmacist-in-Charge of a Pharmacy shall be desig- 
nated in the application of the Pharmacy for license, and in each 


(2) 


(3) 
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renewal thereof. A Pharmacist may not serve as Pharmacist-in- 

Charge unless he is physically present in the Pharmacy a sufficient 

amount of time to provide supervision and control. A Pharmacist 

may not serve as Pharmacist-in-Charge for more than one Phar- 
macy at any one time except upon obtaining written permission 
from the Board. 

The Pharmacist-in-Charge has the following responsibilities: 

(a) Developing quality assurance programs for pharmacy services 
designed to objectively and systematically monitor and evalu- 
ate the quality and appropriateness of patient care, pursue 
opportunities to improve patient care, and resolve identified 
problems. Quality assurance programs shall be designed to 
prevent and detect drug diversion. 

(b) The Pharmacist-in-Charge shall develop or adopt, implement, 
and maintain a Pharmacy Technician Training Manual for the 
specific practice setting of which he is in charge. He shall 
supervise a training program conducted pursuant to the Phar- 
macy Technician Training Manual for all individuals employed 
by the Pharmacy who will assist in the Practice of Pharmacy. 
The Pharmacist-in-Charge shall be responsible for maintaining 
a record of all technicians successfully completing the Pharma- 
cys Technician training program and shall attest to the Board 
of Pharmacy, in a timely manner, those persons who, from time 
to time, have met the training requirements necessary for 
registration with the Board. 

(c) Establishing policies and procedures for the procurement, stor- 
age, security, and disposition of Drugs and Devices. 

(d) Establishing policies and procedures for the provision of phar- 
macy services. 

(e) Assuring that the Automated Pharmacy System is in good 
working order and accurately dispenses the correct strength, 
dosage form, and quantity of the drug prescribed while main- 
taining appropriate record keeping and security safeguards. 

(f) Implementing an ongoing quality assurance program that mon- 
itors performance of the Automated Pharmacy System, which 
is evidenced by written policies and procedures developed by 
the pharmacy. 

(g) Assuring that all Pharmacists and Interns employed at the 
Pharmacy are currently licensed and that all Pharmacy Tech- 
nicians employed at the Pharmacy are currently registered 
with the Board of Pharmacy. 

(h) Notifying the Board of Pharmacy immediately of any of the 
following changes: 

(i) Change of employment or responsibility as the Pharma- 
cist-in-Charge; 
(ii) Change of ownership of the Pharmacy; 
(ii) Change of address of the Pharmacy; or 
(iv) Permanent closing of the Pharmacy. 

(i) Making or filing any reports required by State or Federal laws 
and rules. 

(j) Responding to the Board of Pharmacy regarding any minor 
violations brought to his/her attention. 

(k) Establishing policies and procedures for maintaining the integ- 
rity and confidentiality of prescription information and patient 
health-care information, or verifying the existence thereof and 
ensuring that all employees of the Pharmacy read, sign, and 
comply with the established policies and procedures. 

(1) Assuring that the means provided for as stipulated in Section 

1.A.(9) have been established and implemented. 

Providing the Board with prior written notice of the installation 

or removal of Automated Pharmacy Systems. Such notice must 

include, but is not limited to: 
(i) The name and address of the pharmacy; 
(ii) The location of the automated equipment; and 
(iii) The identification of the responsible pharmacist. 


a 


(m 


The Pharmacist-in-Charge shall be assisted by a sufficient number 
of Pharmacists and Pharmacy Technicians as may be required to 
competently and safely provide pharmacy services. 

(a) The Pharmacist-in-Charge shall maintain and file with the 
Board of Pharmacy, on a form provided by the Board, a current 
list of all Pharmacy Technicians assisting in the provision of 
pharmacy services. 

(b) The Pharmacist-in-Charge shall develop and implement writ- 
ten policies and procedures to specify the duties to be performed 
by Pharmacy Technicians. The duties and responsibilities of 
these personnel shall be consistent with their training and 
experience. These policies and procedures shall, at a minimum, 
specify that Pharmacy Technicians are to be personally and 
directly supervised by a Pharmacist stationed within the same 
work area who has the ability to control and who is responsible 
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for the activities of Pharmacy Technicians, and that Pharmacy 
Technicians are not assigned duties that may be performed 
only by a Pharmacist. 


(4) The Pharmacist-in-Charge shall develop and implement a proce- 
dure for proper management of Drug recalls that may include, 
where appropriate, contacting patients to whom the recalled Drug 
product(s) have been Dispensed. (MSPPA) 


Processing of prescription orders are described in detail: 


Prescription Drug Order. 


A Prescription Drug Order shall conta#n 


the following information at a minimum: 


(1) 
(2) 


(3) 
(4) 


(7) 


B. Manner of Issuance of a Prescription Drug Order. 


Full name and street address of the patient; 

Name, address, and, if required by law or rules of the Board, 
DEA registration number of the prescribing Practitioner; 

Date of issuance; 

Name, strength, dosage form, and quantity of Drug prescribed; 
Directions for use; 

Refills authorized, if any; and 

If a written Prescription Drug Order, prescribing Practitioner’s 
signature. 


A Prescription 


Drug Order, to be effective, must be issued for a legitimate medical 
purpose by a Practitioner acting within the course of legitimate 
professional practice, 


(1) 


C. Transfer of a Prescription Drug Order. 


A Prescription Drug Order must be communicated directly to a 
Pharmacist in a licensed Pharmacy. This may be accomplished 
in one of the following ways. A Prescription Drug Order, includ- 
ing that for a controlled substance listed in Schedules II through 
V, may be communicated in written form. A Prescription Drug 
Order, including that for a controlled substance listed in Sched- 
ules III through V, and, in certain situations, that for a con- 
trolled substance listed in Schedule Il, may be communicated 
orally (including telephone voice communication) or by way of 
Electronic Transmission. 

If communicated orally or by way of Electronic Transmission, 
the Prescription Drug Order shall be immediately reduced to a 
form by the Pharmacist that may be maintained for the time 
required by laws or rules.... 


Pharmacies using auto- 


mated data processing systems shall satisfy all information require- 
ments of a manual mode for Prescription Drug Order transferal, 
except as noted in subsection (4) below. The transfer of original 
Prescription Drug Order information for the purpose of refill dis- 
pensing is permissible between Pharmacies subject to the following 
requirements: 


(1) 


The information is communicated directly between two Pharma- 
cists and the transferring Pharmacist records the following in- 
formation: 

(a) Write the word VOID on the face of the invalidated Pre- 
scription Drug Order; 

(b) Record on the reverse side of the invalidated Prescription 
Drug Order the name and address of the Pharmacy to 
which it was transferred and the name of the Pharmacist 
receiving the Prescription Drug Order; 

(c) Record the date of the transfer and the name of the Phar- 
macist transferring the information; and 

(d) The computer record shall reflect the fact that the original 
Prescription Drug Order has been voided and shall contain 
all the other information required above. 


(2) The Pharmacist receiving the transferred Prescription Drug Or- 


der information shall reduce to writing the following: 

(a) Write the word TRANSFER on the face of the transferred 
Prescription Drug Order; 

(b) Provide all information required to be on a Prescription 
Drug Order pursuant to State and Federal laws and rules, 
and include: 

(i) Date of issuance of original Prescription Drug Order; 

(ii) Original number of refills authorized on original Pre- 
scription Drug Order; 

(ii) Date of original Dispensing; 

(iv) Number of valid refills remaining and date of last refill; 

(v) Pharmacy’s name, address, and original prescription 
number from which the Prescription Drug Order infor- 
mation was transferred; and 

(vi) Name of transferring Pharmacist. 

(c) Systems providing for the electronic transfer of information 
shall not infringe on a patient’s freedom of choice as to the 
provider of Pharmaceutical Care. 


(3) 


(4) 


Both the original and transferred Prescription Drug Order shall 
be maintained for a period of 5 yr from the date of last refill. 
Pharmacies accessing a common electronic file or database used 
to maintain required Dispensing information are not required to 
transfer Prescription Drug Orders or information for Dispensing 
purposes between or among Pharmacies participating in the 
same common prescription file, provided, however, that any such 
common file shall contain complete records of each Prescription 
Drug Order and refill Dispensed, and, further, that a hard copy 
record of each Prescription Drug Order transferred or accessed 
for purposes of refilling shall be generated and maintained at the 
Pharmacy refilling the Prescription Drug Order or to which the 
Prescription Drug Order is transferred. 


D. Drug Product Selection by the Pharmacist. 


(1) 


A Pharmacist Dispensing a Prescription Drug Order for a Drug 
product prescribed by its brand name may select any Equivalent 
Drug Product provided that the Manufacturer or distributor holds, 
if applicable, either an approved New Drug Application (NDA) or 
an approved Abbreviated New Drug Application (ANDA), unless 
other approval by law or from the FDA is required. 

The Pharmacist shall not select an Equivalent Drug Product if 
the Practitioner instructs otherwise, either orally or in writing, 
on the Prescription Drug Order. 

The Pharmacist shall notify the patient or patient’s agent if a 
Drug other than the brand name Drug prescribed is Dispensed. 
Whenever Drug Product Selection is performed by a Pharmacist, 
the Pharmacist shall Dispense the Equivalent Drug Product ina 
container Labeled in accordance with Section 3.E (Labeling). 


E. Labeling. 


(1) 


(2) 


All Drugs Dispensed for use by inpatients of a hospital or other 
health-care facility, whereby the Drug is not in the possession of 
the ultimate user prior to Administration, shall meet the follow- 
ing requirements: 

(a) The label of a single-unit package of an individual-dose or 
unit-dose system of packaging of Drugs shall include: 

(i) The nonproprietary or proprietary name of the Drug; 

Gi) The route of Administration, if other than oral; 

Gii) The strength and volume, where appropriate, ex- 
pressed in the metric system whenever possible; 

(iv) The control number and expiration date; 

(v) Identification of the repackager by name or by license 
number shall be clearly distinguishable from the rest of 
the label; and 

(vi) Special storage conditions, if required. 

(b) When a multiple-dose Drug distribution system is used, 
including Dispensing of single unit packages, the Drugs 
shall be Dispensed in a container to which is affixed a label 
containing the following information: 

(i) Identification of the Dispensing Pharmacy; 

(ii) The patient’s name; 

(ii) The date of Dispensing; 

(iv) The nonproprietary and/or proprietary name of the 
Drug Dispensed; and 

(v) The strength, expressed in the metric system whenever 
possible. ... 

All Drugs Dispensed to ambulatory or outpatients shall contain 
a label affixed to the container in which such Drug is Dispensed 
including: 

(a) The name and address of the Pharmacy Dispensing the 
Drug; 

(b) The name of the patient for whom the Drug is prescribed; 
or, if the patient is an animal, the name of the owner and 
the species of the animal; 

(c) The name of the prescribing Practitioner; 

(d) Such directions as may be stated on the Prescription Drug 
Order; 

(e) The date of Dispensing; 

) Any cautions that may be required by Federal or State law; 

(g) The serial number of the Prescription Drug Order; 

(h) The name or initials of the Dispensing Pharmacist; 

(i) The proprietary or generic name of the Drug Dispensed 
and its strength, if more than one strength of the Drug is 
marketed; 

(7) When Dispensing an Equivalent Drug Product, the 
word INTERCHANGE or letters JC must appear on the 
label affixed to the container in which such Drug is 
Dispensed, followed by the generic name and Manufac- 
turer, or reasonable abbreviation, and/or distributor of 
the chosen product. 

(ii) The requirements of (i) only apply to single-entity, 
multiple-source Drugs. 


(iii) When Dispensing a single-entity, single-source Drug, 
the trade name of the prescribed Drug may also appear 
on the label, and the generic name of the prescribed 
Drug may also appear on the label. 
When Dispensing a fixed combination product, the 
USP’s publication of Pharmacy Equivalent Names 
(PEN) for fixed combination products is the official list 
of abbreviations for such Labeling, and will be the 
approved abbreviation for identifying the combination 
product Dispensed. If no PEN has been officially issued 
by the USP, the Practitioner or Pharmacist will label 
the medication secundum artem. 

(v) Subsection (i) - (iv) apply in all cases of Dispensing by 

Practitioners or Pharmacists. 

(j) The name of the Manufacturer or distributor of the Drug; 
(k) The Beyond-Use Date.... 


(iv) 


F. Patient Records. 


(1) A patient record system shall be maintained by all Pharmacies 
for patients for whom Prescription Drug Orders are Dispensed. 
The patient record system shall provide for the immediate re- 
trieval of information necessary for the Dispensing Pharmacist 
to identify previously Dispensed Drugs at the time a Prescrip- 
tion Drug Order is presented for Dispensing. The Pharmacist 
shall make a reasonable effort to obtain, record, and maintain 
the following information: 

(a) Full name of the patient for whom the Drug is intended; 

(b) Street address and telephone number of the patient; 

(c) Patient’s age or date of birth; 

(d) Patient’s gender; 

(e) A list of all Prescription Drug Orders obtained by the pa- 
tient at the Pharmacy maintaining the patient record dur- 
ing the (number) years immediately preceding the most 
recent entry showing the name of the Drug, prescription 
number, name and strength of the Drug, the quantity and 
date received, and the name of the Practitioner; and 

(f) Pharmacist comments relevant to the individual’s drug 
therapy, including any other information peculiar to the 
specific patient or Drug. 

(2) The Pharmacist shall make a reasonable effort to obtain from 
the patient or the patient’s agent and shall record any known 
allergies, drug reactions, idiosyncrasies, and chronic conditions 
or disease states of the patient and the identity of any other 
Drugs, including over-the-counter Drugs or Devices currently 


LAWS GOVERNING PHARMACY 1607 


(a) The name and description of the Drug; 

(b) The dosage form, dose, route of Administration, and dura- 
tion of Drug therapy; 

(c) Intended use of the Drug and expected action; 

(d) Special directions and precautions for preparation, Admin- 
istration, and use by the patient; 

(e) Common severe side or adverse effects or interactions and 
therapeutic contraindications that may be encountered, in- 
cluding their avoidance, and the action required if they 
occur; 

(f) Techniques for self-monitoring Drug therapy; 

(g) Proper storage; 

(h) Prescription refill information; 

G) Action to be taken in the event of a missed dose; and 

(j) Pharmacist comments relevant to the individual’s Drug 
therapy, including any other information peculiar to the 
specific patient or Drug. 


Alternative forms of patient information shall be used to supplement 
Patient Counseling when appropriate. Examples include written infor- 
mation leaflets, pictogram labels, video programs, etc. 


(2) A Pharmacist providing Telepharmacy services across state 
lines shall: 

(a) Identify himself or herself to patients as a licensed 
pharmacist; 

(b) Notify patients of the jurisdiction in which he or she is 
currently licensed to Practice Pharmacy and registered to 
Practice Telepharmacy Across State Lines; and 

(c) Provide patients with that jurisdiction’s board of pharmacy 
address and/or phone number. 

(4) Patient Counseling, as described above and defined in this Act, 
shall not be required for inpatients of a hospital or institution 
where other licensed health-care professionals are authorized to 
Administer the Drug(s). 

(5) A Pharmacist shall not be required to counsel a patient or 
caregiver when the patient or caregiver refuses such consulta- 
tion... . (MSPPA) 


The Model Rules for Pharmaceutical Care also address un- 


professional conduct. 


Unprofessional conduct shall include, but is not limited to, the 


following acts of a Pharmacist or Pharmacy: 


: F 3 (1) The publication or circulation of false, misleading, or otherwise 
pe used by the patient that may relate to Prospective Drug eee statements concerning the Practice of ee 
eview : : ape 
ae ate x to C dor D 12 tion D 
(3) A patient record shall be maintained for a period of not less than ey) iecchie wete Si tepe es Cente al Re Wess “ i 
5 years from the date of the last entry in the profile record. This PrarmacieehyPharaaciats 
Leet ee ae Ree ee epee’ Sues : 2 (3) Attempting to circumvent the Patient Counseling requirements, or 
(4) Confidential Information or personally identifiable information discouraging the patient from receiving Patient Counseling con- 
may be released to the patient or the patient’s authorized rep- cerning their Preseription Drug Orders 
i re raibes or other ieenscdiy recuiuoner then (4) Divulging or revealing to unauthorized Persons patient or Practitioner 


caring for the patient, another licensed Pharmacist, the Board or 
its representative, or any other person duly authorized by law to 
receive such information. Confidential Information or personally 
identifiable information in the patient medication record may be 
released to others only on written release of the patient. 


G. Prospective Drug Review. A Pharmacist shall review the patient 


record and each Prescription Drug Order presented for Dispen- 
sing for purposes of promoting therapeutic appropriateness by 
identifying: 


(1) Over-utilization or under-utilization; 

(2) Therapeutic duplication; 

(3) Drug-disease contraindications; 

(4) Drug-Drug interactions; 

(5) Incorrect Drug dosage or duration of Drug treatment; 
(6) Drug-allergy interactions; 

(7) Clinical abuse/misuse. 


Upon recognizing any of the above, the Pharmacist shall take ap- 


(5) 


information or the nature of professional Pharmacy services rendered 

without the patient’s express consent, or without order or direction of 

a court. The following are considered authorized Persons: 

(a) Patient or patient’s agent, or another Pharmacist acting on 
behalf of a patient; 

(b) Practitioner who issued the Prescription Drug Order; 

(c) Certified/licensed health-care personnel who are responsible 
for the care of the patient; 

(d) A member, inspector, agent, or investigator of the Board of Phar- 
macy or any Federal, State, county, or municipal officer whose 
duty is to enforce the laws of this State or the US relating to Drugs 
and/or Devices and who is engaged in a specific investigation 
involving a designated Person or Drug; and 

(e) An agency of government charged with the responsibility of 
providing medical care for the patient, upon a written request 
by an authorized representative of the agency requesting such 
information. 

Selling, giving away, or otherwise disposing of accessories, chemi- 

cals, or Drugs or Devices found in illegal Drug traffic when the 


propriate steps to avoid or resolve the problem that shall, if necessary, 
include consultation with the Practitioner. 


H. Patient Counseling. (6) 


Pharmacist knows or should have known of their intended use in 
illegal activities. ; 
Engaging in conduct likely to deceive, defraud, or harm the public, 


(1) Upon receipt of a Prescription Drug Order and following a re- 
view of the patient’s record, a Pharmacist shall personally ini- 
tiate discussion of matters that will enhance or optimize drug 
therapy with each patient or caregiver of such patient. Such 
discussion shall be in person, whenever practicable, or by tele- 
phone and shall include appropriate elements of patient coun- 
seling. Such elements may include the following: 


(7) 


or demonstrating a willful or careless disregard for the health, 
welfare, or safety of a patient, or engaging in conduct that substan- 
tially departs from the standards of care ordinarily exercised by a 
Pharmacist, with proof of actual injury not having to be established. 
Selling a Drug for which a Prescription Drug Order from a Practi- 
tioner is required, without having received a Prescription Drug 
Order for the Drug. 
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(8) Willfully and knowingly failing to maintain complete and accurate 
records of all Drugs received, Dispensed, or disposed of in compli- 
ance with the Federal laws and regulations and State laws and 
rules. 

(9) Obtaining any remuneration by fraud, misrepresentation, or decep- 
tion, including, but not limited to, receiving remuneration for 
amending or modifying, or attempting to amend or modify, a pa- 
tient’s Pharmaceutical Care, absent a clear benefit to the patient, 
solely in response to promotion or marketing activities. (MSPPA) 


All states that intend to remain in compliance with Federal 
Medicaid requirements will need to adopt some form of patient 
counseling. The Omnibus Budget Reconciliation Act (OBRA) of 
1990 provides that pharmacists must offer to counsel, in person 
or by telephone, all Medicaid recipients who receive prescrip- 
tion drugs. The model rules provide a framework for the states 
to adopt so that the concepts of pharmaceutical care might be 
extended to all patients, not just those on Medicaid. 


COMPUTER REGULATIONS—Computerization has be- 
come an important component of the profession as more and 
more pharmacies keep a wide variety of records on computers. 
Model rules have been developed by the NABP for states who 
wish to use them to.facilitate the inspection of pharmacies 
employing computers. These computer systems must have ad- 
equate security and systems safeguards to maintain the confi- 
dentiality of patients and to prevent unauthorized access or 
manipulation of patient-profile data. 

The computer system must provide for on-line retrieval (via 
CRT display or hard-copy printout) of original information for 
those prescription orders that are currently authorized for re- 
filling. 


“The computerized system shall have the capability of producing a 
printout of any prescription-drug order information. The systems 
should provide a refill-by-refill audit trail for any specified strength and 
dosage form of any drug. Such an audit trail must be by printout, and 
include name of the prescribing practitioner, name and location of the 
patient, quantity dispensed on each refill, date of dispensing of each 
refill, name or identification code of the dispensing pharmacist and 
unique identifier of the prescription.” (MSPPA) 


The model rules also provide for special backup procedures 
when the automated system becomes temporarily inoperative. 
This auxiliary system must insure that all refills are autho- 
rized and that the maximum number of refills is not exceeded, 
and it must! be maintained until the automated system be- 
comes operational. The proposed model rules provide that noth- 
ing shall preclude the pharmacist from using professional judg- 
ment for the benefit of the patient’s health and safety when the 
computerized system is not working. When the computer re- 
turns to operation, all information regarding prescriptions 
filled and refilled during the inoperative period must be en- 
tered into the computer within 96 hours. 


COMPOUNDING—NAPB also has developed Good Com- 
pounding Practices guidelines to assist pharmacists who en- 
gage in the practice of compounding drugs. This activity has 
been the subject of much controversy between state regulators 
who traditionally deal with pharmacy practice including com- 
pounding and the FDA that has regarded compounding as akin 
to manufacturing. In an attempt to ameliorate the controversy, 
the recently enacted FDA Modernization Act of 1997, discussed 
in more detail below, requires the State and Federal Govern- 
ments to develop cooperative regulations concerning com- 
pounding activities. This law follows many of NABP’s current 
compounding guidelines. 

The following definitions are excerpted from the NABP 
Model State Pharmacy Act: 


Compounding—the preparation, mixing, assembling, packaging, or 
Labeling of a Drug or Device (i) as the result of a Practitioner’s Pre- 
scription Drug Order or initiative based on the Practitioner/patient/ 
Pharmacist relationship in the course of professional practice, or (ii) for 
the purpose of, or as an incident to, research, teaching, or chemical 
analysis and not for sale or Dispensing. Compounding also includes the 


preparation of Drugs or Devices in anticipation of Prescription Drug 
Orders based on routine, regularly observed prescribing patterns. 

Manufacturing—the production, preparation, propagation, conver- 
sion, or processing of a Drug or Device, either directly or indirectly, by 
extraction from substances of natural origin or independently by means 
of chemical or biological synthesis, and includes any packaging or 
repackaging of the substance(s) or Labeling or relabeling of its con- 
tainer, and the promotion and marketing of such Drugs or Devices. 
Manufacturing also includes the preparation and promotion of commer- 
cially available products from bulk compounds for resale by pharma- 
cies, Practitioners, or other Persons. 

Component—any ingredient intended for use in the compounding of 
a drug product, including those that may not appear in such product. 


HYPODERMIC NEEDLES AND SYRINGES—Some 
states permit the sale of hypodermic needles and syringes by 
the pharmacist on an over-the-counter (OTC) basis. The phar- 
macist of course must use good professional discretion to insure 
that the devices are not to be used illegally. Other states will 
require that these devices be sold only upon a physicians order. 
This provision has been modified in some states to permit their 
sale without a prescription order when they are to be used by 
diabetics, for the administration of adrenaline or for veterinary 
use. In these latter cases a registry is often required as evi- 
dence of the OTC sale. 


THE FEDERAL FOOD, DRUG 
AND COSMETIC ACT 


The first attempt by the US government to regulate the 
quality of drugs occurred during 1848. The government had 
discovered that adulterated quinine was being supplied for use 
by American troops in Mexico. In 1906, Congress enacted the 
first Federal statute designed to regulate drug products man- 
ufactured domestically. 

The Food and Drug Act of 1906 required that drugs mar- 
keted in interstate commerce meet their professed minimal 
standards of strength, purity and quality. This law did not 
attempt to regulate therapeutic claims for medication. Label- 
ing was first regulated by the Sherley Amendment to the Act, 
which Congress enacted during 1912. Here the term mis- 
branded was used first in drug regulation to refer to fraudulent 
or false claims of therapeutic effects. A deficiency in this revi- 
sion was that to establish a violation, the enforcement agency 
was required to show deliberate fraud. 

In 1938 further amendments were made as the result of a 
firms marketing a product using diethylene glycol as a vehicle 
for sulfanilamide. Approximately 40 people were killed by the 
formulation, so Congress acted to require that a product be 
shown to be safe before it could be distributed in interstate 
commerce. However, there was a grandfather clause included 
in the revision that provided that anything that was on the 
market prior to enactment of the amendment could continue to 
be marketed, unless challenged by the FDA. 

During the 1940s the FDA began to use internal regulations 
to establish categories of prescription and nonprescription 
drugs. The process did not work very well, so in 1951, Sena- 
tor Hubert Humphrey, a pharmacist from Minnesota, and 
Congressman Carl Durham, a pharmacist from North Caro- 
lina, sponsored legislation to establish clear criteria for such 
decisions. 

In 1962 the Act again was amended to require that drug 
products, both prescription and nonprescription, be shown to be 
effective, as well as safe. Once again a grandfather clause was 
included, covering drugs marketed prior to 1938. However, 
every product marketed between 1938 and 1962 was now sub- 
ject to the safety and efficacy requirements. At this time pro- 
visions were added to the Act concerning factory inspections 
and investigational drugs and responsibility for regulating 
prescription drug advertising was shifted from the FTC to 
the FDA. 


In 1976 the Medical Device Amendments were enacted, 
representing the first major change in this area since 1938. 
This amendment substantially increased the regulation of 
these products. 

In 1984 the Drug Price Competition and Patent Term Res- 
toration Act was enacted to facilitate approval of generic ver- 
sions of established drug products while extending patent pro- 
tection for pharmaceuticals in certain instances. Due to 
diversion of medicaments from legitimate channels of distribu- 
tion, and the resultant risk to patients’ health, Congress passed 
the Prescription Drug Marketing Act of 1987. This latter stat- 
ute imposed limits on distribution of samples of prescription 
medications and created strict recordkeeping requirements. 

Next, in 1994 Congress passed the Dietary Supplement 
Health and Education Act in an attempt to clarify the regula- 
tory framework applicable to nutritional supplements and es- 
tablish specific labeling requirements. At this writing the Fed- 
eral courts are striving to clarify the interplay of this 
amendment with the wording of the original Act, with one issue 
being whether including a therapeutically active ingredient or 
making a therapeutic claim shifts a nutritional supplement 
into the drug category. Such issues will likely occupy the Fed- 
eral courts for years to come. 

Finally, the FDA Modernization Act of 1997 was the culmi- 
nation of efforts started over 20 yr earlier to effect an extensive 
review and updating of the statute. The vast majority of pro- 
visions in this amendment were directed at pharmaceutical 
manufacturers and distributors. Several changes of note are 
mentioned below. 

A complete discussion of the provisions of the FD&C Act and 
the regulations promulgated by the FDA for enforcement of the 
statute likely would be longer than this entire chapter. Conse- 
quently, this discussion will focus primarily upon those sec- 
tions of the Act that are of primary importance to pharmacists. 
Interested readers may wish to obtain an up-to-date copy of the 
Act and its effectuating regulations—21 CFR Parts 1-end. 
These may be obtained from the Government Printing Office, 
Washington DC 20402. 

A drug is defined in Section 201(g) of the Act to be an article 
recognized in the official compendia (USP/NF or Homeopathic 
Pharmacopeia of the United States), or intended for use in the 
diagnosis, cure, mitigation, prevention or treatment of disease 
in man or other animals or intended to alter a bodily function 
or structure of man or other animal. For purposes of determin- 
ing the intended use of the drug, reference must be made to the 
intention of the person labeling the drugs, not the intentions of 
the purchaser. The same is true in the case of a device, which 
is an instrument, apparatus, implement or contrivance in- 
tended for the same use as a drug. An article may be classified 
as both a drug and a cosmetic under the Act. Moreover, the 
distinction between a drug and device under the Act may not be 
clear-cut. For example, is a soft contact lens a drug or a device? 

A cosmetic is an item intended to be rubbed, poured, sprin- 
kled or sprayed on, introduced into or otherwise applied to the 
human body or any part thereof for cleansing, beautifying, 
promoting attractiveness or altering the appearance. However, 
the Act specifically excludes soap from the definition of cosmet- 
ics. Note that a deodorant would be a cosmetic whereas an 
antiperspirant may be a drug because it is intended to alter a 
bodily function. 

An important distinction is made in the Act between a label 
and labeling. A label is a display of written, printed or graphic 
matter upon the immediate container of the item. Labeling 
includes the label as well as other written, printed or graphic 
matter upon the article or any of its containers or wrappers 
accompanying the item. If information is required to appear on 
the label, it also must appear on the outside container or 
wrapper or easily be legible through the container or wrapper. 
In the case of labeling, it is not necessary that the printed 
matter directly accompany the item. Literature may be shipped 
separately and still constitute part of the labeling. 
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A new drug as defined in the Act is one that is not yet 
generally recognized by medical experts as being safe and 
effective for the intended use. This might be by virtue of its 
having a new drug entity as an ingredient, or by having an 
older chemical ingredient for which a new use, new dosage level 
or new period of usage is proposed. Sometimes a combination of 
old drugs in a new dosage form, with claims for use extending 
beyond those for each ingredient individually, is considered a 
new drug. Such agents may not be shipped in interstate com- 
merce unless the FDA has approved a New Drug Application 
(NDA) or Abbreviated New Drug Application (ANDA) for the 
drug product. 

The new drug provision of the Act was at the center of the 
issue between the FDA and the profession over compounding 
by pharmacists during the 1990s. The agency took the position 
that at times compounding activities by pharmacists could 
result in a new drug, activating all the statutory requirements 
for testing, etc. Application of the law to this situation was 
clarified by the FDA Modernization Act of 1977. 

However, this new drug provision poses a problem for if the 
drug cannot be shipped in interstate commerce without being 
approved by the FDA, how can the drug be tested for safety and 
efficacy? The Act contains an exemption from the interstate 
shipment ban for drugs undergoing clinical trials. In order to 
secure exemption from that provision of the Act, the individual 
or firm sponsoring the research must apply to the FDA for an 
exemption by filing an Investigational New Drug (IND) appli- 
cation. Once approved, the drug can be shipped in interstate 
commerce for testing purposes only. The detailed regulations 
adopted by the FDA on this topic can be found at 21 CFR §312. 

Once the clinical trials have been completed the sponsor 
may submit an NDA to the FDA. Section 505 of the Act speci- 
fies what information must be provided by the sponsor and the 
basis on which the agency may disapprove the application. At 
the time of approving the NDA, the FDA determines whether 
the drug should be available to the public as a nonprescription 
medication or restricted to prescription-only status. Guidance 
for this decision can be found in the Durham-Humphrey 
Amendment of 1951. The applicability of this provision of the 
Act is restricted to drugs for human use; the standard for 
restriction of a drug to prescription-only status are: 


The drug is habit-forming. 

The drug is not safe for self-medication because of its toxicity or other 
potentiality for harmful effect, or the method of its use or the 
collateral measures necessary to its use. 

The drug is a new drug that has not been shown to be safe and is 
restricted to prescription-only distribution by the FDA when it is- 
sues the NDA. 


The FDA has taken the position that drugs also may be 
restricted to prescription-only distribution if a layman would 
not know how to use them properly or because the conditions 

“for which they are used and the diagnostic techniques and 
collateral therapeutic measures necessary to their use require 
it. If a drug is to be restricted to prescription-only distribution, 
the Act requires that its label bear a cautionary statement. 
Caution—Federal Law Prohibits Dispensing Without Prescrip- 
tion has been the traditional wording. Under the FDA Modern- 
ization Act the shorter phrase Rx Only may be used. The 
traditional phrase has been known as the prescription legend 
and, hence, prescription drugs sometimes are referred to as 
legend drugs. It is likely this designation will continue to be 
used. 

Section 301 of the Act sets forth the acts that are prohibited: 


Introduction or delivery for introduction into interstate commerce of 
any food, drug, device or cosmetic that is adulterated or misbranded is 
prohibited. 

Adulteration or misbranding of any food, drug, device or cosmetic in 
interstate commerce is violative of the Act. 

Receipt in interstate commerce of any food, drug, device or cosmetic 
that is adulterated or misbranded also may subject the individual to the 
penalties under the Act. 
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In the landmark case of US v Sullivan, the US Supreme 
Court ruled that under the Act, once something has been in 
interstate commerce it is considered always to be subject to 
the interstate jurisdiction of the FDA. Indeed, the Act spe- 
cifically provides that an item in violation of the Act may be 
seized at any time while the drug is in interstate commerce 
or at any time thereafter. 

One section of the Act that is of particular interest to phar- 
macists prohibits alteration, mutilation, destruction, oblitera- 
tion or removal of the whole or any part of the labeling or the 
doing of any other act after shipment in interstate commerce 
that results in the article being adulterated or misbranded. 
Consequently, the pharmacist may not remove or destroy the 
label or labeling of a drug product, eg, the package insert. 

Refusal to permit entry to an FDA inspector is also a viola- 
tion of the Act. 

The Act is designed to prevent two evils—adulteration and 
misbranding of products. Adulteration relates to the composi- 
tion of the product. A drug is deemed to be adulterated if, 
among other reasons: 


It consists in whole or in part of any filthy, putrid or decomposed 
substance. It has been prepared, packed or held under insanitary con- 
ditions whereby it may have become contaminated with filth or may 
have been rendered injurious to health. 

It was manufactured, processed, packed or held under conditions 
that do not comply with the FDAs current good manufacturing practice 
(GMP) regulations. 

Its container is composed of any poisonous or deleterious substance 
that may render the drug injurious to health. 


A drug also will be considered to be adulterated if it pur- 
ports to meet compendial standards and does not, or if its 
strength differs from its labeled strength. Misbranding deals 
primarily with labeling violations, not the composition of the 
drug. A drug will be considered to be misbranded if, among 
other reasons: 


Its labeling is false or misleading in any particular. 

Its label does not bear the name and address of the manufacturer, 
packer or distributor as well as an accurate statement of the quantity of 
the contents. 

It contains a habit-forming substance specified in the Act or regu- 
lations and does not bear the statement Warning—May Be Habit Form- 
ing directly adjacent to the name of the agent. 

It does not bear the established name of the agent and, in the case 
of legend drugs only, the quantity of ingredients. 

Its labeling does not bear adequate directions for use, unless ex- 
empted by FDA, and adequate warnings against use in situations 
where it may be dangerous to health. It purports to be a drug that meets 
compendial standards and is not labeled in accordance with compendial 
standards. 

Its container is so made, formed or filled as to be misleading. 

It is an antibiotic or insulin that has not been certified. 

Its advertising does not meet the standards contained in FDA 
regulations. 

It was manufactured or processed in a plant that was not registered 
with the FD. 

Its packaging and labeling are not in conformity with the Poison 
Prevention Packaging Act of 1970. 


The packaging standards for drug products have been revised 
such that some drugs must be distributed in containers with 
tight closures and others with well-closed caps. 

An exemption exists under the Act for the generally appli- 
cable labeling requirements when a drug is dispensed pursuant 
to a prescription. The label of such a drug is required to bear: 


The name and address of the dispenser. 

The serial number of the prescription and date of its dispensing. 

The name of the prescriber. 

The name of the patient, if stated in the prescription. 

The directions for use and cautionary statements contained in the 
prescription. 


This list in the Act is not intended to be all-inclusive, and the 
pharmacist may add other truthful information, eg, additional 
warnings or auxiliary labels bearing messages directed to the 


patient. It should be emphasized that the requirement that the 
container bear a label has been interpreted to mean that the 
label be affixed to the outside of the container, not inserted 
inside the container. Also of note is that the labeling and 
packaging requirements of the Act apply to all who dispense 
medication, eg, pharmacists, physicians or others. 

As noted above, the FDA has the responsibility for enforce- 
ment of the FD&C Act. Drugs or other articles that violate the 
Act are subject to seizure by the FDA, and individuals who 
cause a violation are subject to criminal penalties. Note that 
each act would constitute a separate violation. It is also note- 
worthy that the US Supreme Court has ruled that people will 
be held liable for a violation of the Act if they have responsi- 
bility for assuring compliance with its provisions even though 
they had no first-hand knowledge of the violation existing. In 
that case the president of a super market chain was held liable 
for filthy conditions in one of their warehouses. 

NONPRESCRIPTION MEDICATION—As mentioned 
above, the Durham-Humphrey Amendment to the FD&C Act 
embodies the criteria for determining whether a given drug is 
to be restricted to prescription-only distribution. If a drug does 
not fall within at least one of those three categories, it is 
available to the public without a prescription. 

Drugs that may be sold legally without a prescription must 
bear a 7-point label. The elements that must be borne on the 
label, and the sections of the FDA regulations in which discus- 
sion of the requirements can be found, are: 


The name of the product. 

The name and address of the manufacturer, packer or distributor. 

The net contents of the package. 

The established name of all active ingredients, and the quantity of 
certain other ingredients whether active or not, eg, alcohol, potent 
alkaloids, etc. 

The name of any habit-forming drug contained in the preparation. 

Cautions and warnings needed for the protection of the user. 

Adequate directions for safe and effective use. 


The most important distinction between nonprescription and 
prescription medication is based on the availability of adequate 
directions for use under which a layman can use the drug safely 
and for the purposes for which it is intended. 

One issue related to labeling of nonprescription medication 
has been brought to prominence by the increasing frequency 
with which FDA has been reclassifying drug products from 
prescription-only to nonprescription status. That is whether a 
pharmacist must relabel a product that has just been changed 
from prescription to nonprescription status. The FDA has ruled 
that former legend drugs that now may be distributed lawfully 
without a prescription must be relabeled prior to dispensing. 
The*reason for this is that if the drug is still in a package 
bearing the Federal prescription legend, but is lawfully sold 
without a prescription, the drug is misbranded. Moreover, the 
labeling requirements that apply to prescription drugs are not 
the same as those that apply to nonprescription products. Con- 
sequently, the former prescription drug probably does not bear 
all the information required to be on the 7-point label. That, 
too, would render the drug misbranded. Hence, should a phar- 
macist wish to distribute a former prescription drug without a 
prescription, relabeling must occur. The same requirement of 
relabeling is seen when the pharmacist purchases a large 
quantity of nonprescription medication and then repackages it 
in smaller quantities for distribution to the public. All seven 
points must be included on the label of the repackaged drug. 

In 1972 the FDA initiated the Over-the-Counter Drug Re- 
view. Nonprescription drugs marketed before 1962 were not 
required to be shown to be both safe and effective. Rather than 
review the contents of each of the estimated 100,000 to 500,000 
nonprescription products on the market, the agency decided to 
proceed in a rule-making fashion. The FDA selected panels of 
experts who reviewed nonprescription drug therapy of 27 cat- 
egories of drug use, eg, analgesics, laxatives, antiemetics, etc. 
When the panel completed its review, it prepared a monograph 


setting forth the active ingredients that have been found to be 
safe and effective for nonprescription use in that area of ther- 
apy. Following a period for public comment the monograph was 
finalized and any product in that therapeutic category that did 
not meet the standards established in the monograph was 
subject to FDA sanctions. The OTC Review concluded during 
the 1980s and it likely will be a number of years before the 
action in this area is finalized. 

Within recent years a number of pharmacy organizations 
have proposed that a third and fourth class of drug products be 
established in addition to the currently existing classes of pre- 
scription and nonprescription drugs. The third class of drugs 
would be those that would be available only from a pharmacist 
and the fourth class of drugs would include those for which a 
prescription from a licensed prescriber would be required for 
initiation of therapy but that could be refilled at the profes- 
sional discretion of the pharmacist. To some extent interest in 
such a change at the Federal level has been obviated by state 
legislation authorizing collaborative care agreements under 
which pharmacists can manage patients’ drug therapy. 

One additional question that frequently arises is the legal 
status of refilling a prescription written for a nonprescription 
medication when no refills have been authorized by the pre- 
scriber. The answer turns on the definition of a prescription 
under state law. If it is described as an order for drugs autho- 
rized by a licensed practitioner and the statute further states 
that the pharmacist must have the prescriber’s authorization 
to dispense a prescription, then refilling the prescription prob- 
ably would not be lawful. Note that this is so even though the 
patient could merely pick up the same drug from a counter 
display. On the other hand, if the state statute is phrased 
differently, then it may be lawful for a pharmacist to refill the 
prescription because, under the Federal scheme of regulation, 
the drug may be distributed without a prescription. 


THE COMPREHENSIVE DRUG ABUSE 
PREVENTION AND CONTROL ACT OF 1970 


The Federal Comprehensive Drug Abuse Prevention and Con- 
trol Act became effective on May 1, 1971. Title II of that Act is 
known as the Controlled Substances Act (CSA) and it regulates 
the manufacture, distribution and dispensing of controlled sub- 
stances. This law supersedes most previous narcotic and drug- 
abuse control laws, and places the enforcement of this Act with 
the DEA, which is part of the US Department of Justice. The 
DEA has promulgated extensive regulations to implement the 
Act, and these regulations appear in 21 CFR 1300-—end. 

The statute provides a closed system for virtually every 
person who legitimately handles controlled substances other 
than the ultimate user. Over 500,000 individuals and institu- 
tions, such as hospitals, pharmacies, researchers, drug manu- 
facturers and physicians are included in the class of persons 
subject to direct regulation through registration by the DEA. In 
addition to replacing or amending the numerous Federal laws 
relating to the control of drugs, the CSA is intended to aid in 
reducing the widespread diversion of these substances from 
legitimate channels. 

When enacting the CSA Congress no longer relied upon the 
tax clause of the US Constitution, as had been done in the past. 
The authority for Congress to enact this legislation was derived 
from the interstate commerce clause of the Constitution. The 
power to regulate the health, safety and welfare of the Amer- 
ican people has been left primarily within the jurisdiction of the 
individual states through the police powers that were reserved 
to the states via the Tenth Amendment of the US Constitution. 
However, Congress determined that the Federal control of in- 
trastate incidents of the traffic in controlled substances is es- 
sential to the effective control of the interstate incidents of such 
traffic, and it thereby felt compelled to enter into the regulation 
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of subject matter that previously had been left to the states. It 
must be remembered that if a provision of state or local law is 
inconsistent or conflicts with a provision of the CSA, the state 
or local law must yield to the Federal provision. However, if the 
state or local law augments or strengthens the Federal act, the 
more stringent provision must be followed. In order to provide 
uniformity with the Federal Government, the majority of the 
states have adopted a Uniform Controlled Substances Act. 


IMPORTANT DEFINITIONS 
a ee 


The following selected definitions are derived from the CSA or 
from the DEA regulations. These definitions must be read 
carefully for their language will affect greatly the use of the 
words within the Act. The following definitions are those that 
bear most heavily upon pharmacy practice: 


Administer refers to the direct application of a controlled substance 
to the body of a patient or research subject. 

Dispenser means an individual practitioner, an institutional practi- 
tioner, pharmacy or pharmacist who dispenses a controlled substance. 

Individual practitioner means a physician, dentist, veterinarian or 
other individual licensed, registered or otherwise permitted, by the US 
or the jurisdiction in which he practices, to dispense a controlled sub- 
stance in the course of professional practice, but does not include a 
pharmacist, a pharmacy or an institutional practitioner. 

Institutional practitioner means a hospital or other person (other 
than an individual) licensed, registered or otherwise permitted, by the 
US or the jurisdiction in which it practices, to dispense a controlled 
substance in the course of professional practice, but does not include a 
pharmacy. 

Narcotic drug means any of the following, whether produced directly 
or indirectly by extraction from substances of vegetable origin, or inde- 
pendently by means of chemical synthesis: (a) opium, coca leaves and 
opiates; (b) a compound, manufacture, salt, derivative or preparation of 
opium, coca leaves or opiates; (c) a substance that is chemically identi- 
cal with any of the substances referred to in a or b. 

Person includes any individual, corporation, government or govern- 
mental subdivision or agency, business trust, partnership, association 
or other legal entity. 

Pharmacist means any pharmacist licensed by a State to dispense 
controlled substances, and shall include any other person (eg, pharma- 
cist-intern) authorized by a State to dispense controlled substances 
under the supervision of a pharmacist licensed by such State. 

Prescription means an order for medication that is dispensed to or 
for an ultimate user but does not include an order for medication that 
is dispensed for immediate administration to the ultimate user (eg, an 
order to dispense a drug to a bed patient for immediate administration 
in a hospital is not a prescription). 

Readily retrievable means that certain records are kept by auto- 
matic data processing systems or other electronic or mechanized record- 
ing systems in such a manner that they can be separated from all other 
records in a reasonable time and/or records are kept on which certain 
items are asterisked, redlined or in some other manner visually iden- 
tifiable apart from other items appearing on the records. 


SCHEDULES 
eT EE EN 
The drugs that come under the jurisdiction of the CSA have 
been categorized according to their potential for abuse and are 
divided into five schedules. Procedures for controlling a sub- 
stance under the CSA are set forth in Section 201 of the Act. 
Proceedings may be initiated by the DHHS, by the DEA or by 
petition of a manufacturer, medical society, pharmaceutical 
association, public interest group or an individual citizen. 
Once the DEA receives a request to control a drug or remove 
a substance entirely from the schedules, the agency must re- 
quest the DHHS to conduct a scientific and medical evaluation. 
The Secretary of the DHHS then consults with the FDA and 
the other affected agencies regarding recommendations 
whether the drug or other substance should be controlled or 
removed from control. The medical and scientific evaluations 
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are binding on the DEA with respect to scientific and medical 
matters and, if the DHHS recommends that a drug not be 
controlled, the DEA may not control the substance. 

After the DEA receives the DHHS report, it then will pro- 
ceed to make a final decision. If it has determined to control the 
drug, a proposal will be published in the Federal Register 
setting forth the proposed schedule and inviting all interested 
parties to file comments. At this point the affected parties may 
request a hearing before an administrative law judge. If no 
hearing is requested, the DEA will evaluate all the comments 
received and publish a final order in the Federal Register. 

In reaching a final decision, the DEA is required by the Act 
to consider a number of factors with respect to each drug 
proposed to be controlled or removed from the schedules. These 
include potential for abuse; pharmacological effects; risk to 
public health; the history, scope, duration and significance 
of the abuse and the potential for psychic or physiological 
dependence. 

The drugs that come under the jurisdiction of the CSA are 
divided into five schedules based upon their potential for abuse 
as follows: 

SCHEDULE I—These drugs have a high potential for 
abuse and no accepted medical use in the US. The three broad 
categories of substances found in this schedule are the opiates, 
opium derivatives and hallucinogens. Some examples are her- 
oin, marihuana, LSD, peyote, mescaline, psilocybin, tetrahy- 
drocannabinols (THC) and dihydromorphine and others. 

Properly registered persons may use Schedule I substances 
for research purposes. The FDA has approved the marketing of 
the THC product, dronabinol (Marinol), and the synthetic can- 
nabinoid, nabilone (Cesamet), for the treatment of the nausea 
and vomiting associated with cancer chemotherapy. Both 
agents have been placed in Schedule II. All other tetrahydro- 
cannabinols and marihuana remain in Schedule I. 

SCHEDULE II—These drugs also have a high potential for 
abuse, but do have a currently accepted medical use in treat- 
ment in the US. It has been determined that the abuse of a 
drug, or other substances included in this schedule, may lead to 
severe psychological or physical dependence. The broad cate- 
gories of Schedule II drugs include opiates and opium deriva- 
tives, derivatives of coca leaves and certain CNS stimulants 
and depressants. Some examples of Schedule II controlled nar- 
cotic substances are opium, morphine, codeine, hydromorphone 
(Dilaudid), methadone (Dolophine), pantopon, meperidine (De- 
merol), cocaine, oxycodone (Percodan—in combination with 
aspirin), anileridine (Leritine) and oxymorphone (Numor- 
phan). Also in Schedule II are amphetamine (Benzedrine, 
Dexedrine) and methamphetamine (Desoxyn), phenmetrazine 
(Preludin), methylphenidate (Ritalin), amobarbital, pentobar- 
bital, secobarbital, etorphine hydrochloride, diphenoxylate and 
phencyclidine. 

The quantity of the substance in a drug product often de- 
termines under which schedule it will be controlled. For exam- 
ple, amphetamines and codeine generally are included in 
Schedule II. However, certain products containing smaller 
quantities, most often in combination with a noncontrolled 
substance, are controlled in Schedules III and V. 

SCHEDULE IlI—These drugs have accepted medical use 
in the US, but they have a lower potential for abuse than 
Schedule I and II drugs. Schedule III drugs include compounds 
containing limited quantities of certain narcotic drugs, and 
nonnarcotic drugs such as derivatives of barbituric acid except 
those that are listed in another schedule, glutethimide, 
methyprylon (Noludar), nalorphine, benzphetamine, chlor- 
phentermine, clortermine, phendimetrazine and _ paregoric. 
Any suppository dosage form containing amobarbital, secobar- 
bital or pentobarbital is in this schedule. 

SCHEDULE IV—tThese drugs have a low potential for 
abuse relative to those in Schedule III. Abuse of Schedule IV 
drugs or substances may lead to limited physical dependence or 
psychological dependence as compared to those included in 
Schedule III. Schedule IV drugs are generally the long-acting 


barbiturates, certain hypnotics and the minor tranquilizers. 
For all practical purposes there are no regulatory differences 
between Schedule III and IV. Some of the more common drugs 
found in Schedule IV are barbital, phenobarbital, methylphe- 
nobarbital, chloral betaine, chloral hydrate, ethchlorvynol 
(Placidyl), ethinamate (Valmid), meprobamate (Equanil, Mil- 
town), paraldehyde, methohexital, fenfluramine, diethylpro- 
pion, phentermine, chlordiazepoxide (Librium), diazepam (Va- 
lium), oxazepam (Serax), clorazepate (Tranxene), flurazepam 
(Dalmane), clonazepam (Clonopin), prazepam (Verstran), 
lorazepam (Ativan), mebutamate, propoxyphene (Darvon) and 
pentazocine (Talwin-NX). 

SCHEDULE V—tThese drugs have the lowest abuse poten- 
tial of the controlled substances and consist of preparations 
containing limited quantities of certain narcotic drugs gener- 
ally for antitussive and antidiarrheal purposes. As a general 
rule, Schedule V items are OTC preparations that might be 
sold without a prescription. There are notable exceptions, and 
the pharmacist should always check the label to see if the FDA 
has determined the item to be a prescription-only item. For 
example, Lomotil is a Schedule V item, but it is prescription- 
only. Paregoric now is restricted to prescription sales and in- 
cluded in Schedule III. 

Manufacturers of nonnarcotic substances that may be sold 
OTC under the terms of the FD&C Act may apply to the DEA 
to have their product excluded from any schedule. Phenobar- 
bital is the most common substance found in those products 
that are excluded from the scheduling process. One of the 
prime factors considered in determining whether to exclude a 
product would be the amount of the controlled substance in- 
volved. Once a product is excluded under Section 201 (g)(1) of 
the CSA it is no longer subject to DEA control. However, the 
pharmacist always should consult state and local laws to de- 
termine if any of the federally excluded products have been 
given more restrictive controls. 


Schedule V Retail Distribution Restrictions 


Controlled substances listed in Schedule V, which are not pre- 
scription only drugs, may be dispensed without a prescription 
by a pharmacist to a purchaser at retail, provided the following 
conditions are met: 


1. Such dispensing is made only by a pharmacist (which, by definition, 
also includes a pharmacist intern unless prohibited by state law). 
However, after the pharmacist has fulfilled his professional and 
legal responsibilities, the actual cash, credit transaction or delivery 
may be completed by a nonpharmacist. 

2. Not more than 240 mL (8 oz) or 48 solid dosage units of any 
substance containing opium, or more than 120 mL (4 oz) or 24 solid 
dosage units of any other controlled substance may be dispensed at 
retail to the same purchaser in any given 48-hr period without a 
prescription. 

3. The purchaser at retail is at least 18 years of age. 

4. The pharmacist requires every retail purchaser of a controlled 
substance, who is not known to him, to furnish suitable identifica- 
tion (including proof of age where appropriate). 

5. A bound record book is maintained that contains the name and 
address of the purchaser, name and quantity of controlled sub- 
stance purchased, date of each sale and initials of the selling phar- 
macist. This record book shall be maintained for a period of 2 yr 
from the date of the last transaction entered in the record book, and 
it must be made available for inspection and copying by officers of 
the US, authorized by the Attorney General. 

6. Other federal, state or local law does not require a prescription. 


The pharmacist must be cautioned that in some states cer- 
tain, or all, Schedule V substances have been placed on pre- 
scription-only status. In these states the more restrictive state 
law would apply and prohibit the OTC sale of Schedule V items. 
States may alter any of these restrictions and make them more 
stringent. 


Symbols and Labeling 


Each commercial container of controlled substances will have 
on its label a symbol designating to which schedule it belongs. 
The symbol for Schedule I through V controlled substances will 
be as follows: 


I or C-I 

II or C-II 
III or C-III 
IV or C-IV 
V or C-V. 


The symbols will be at least twice as large as the largest letter 
printed on the label. There are exceptions to these labeling 
requirements. In those cases where the commercial container is 
too small to accommodate the label, only the box and the 
package insert must contain the C symbol. 

As a general rule, these symbols are not required on pre- 
scription containers dispensed by a pharmacist to a patient in 
the course of his professional practice, although laws of some 
states may require such symbols on prescriptions dispensed to 
extended-care facilities. 


Registration 


Every person who manufactures, distributes or dispenses any 
controlled substance or who proposes to engage in the manu- 
facture, distribution or dispensing of any controlled substance 
must obtain a registration unless exempted. Registrations vary 
in length from 1 to 3 years. Most pharmacy registrations will be 
issued for a three year period. A unique DEA number is as- 
signed to those who must register under the law including 
manufacturers, distributors, wholesalers and practitioners 
such as physicians, dentists, veterinarians, scientists, pharma- 
cies, podiatrists and hospitals. There are, however, seven gen- 
eral categories of persons who are exempt from registration 
under the statute or the regulations, including civil defense 
officials, law enforcement officials, certain government employ- 
ees, practitioners affiliated with registered institutions and 
agents or employees of registrants. It is this latter exemption 
that permits individual pharmacists not to register with the 
DEA since such pharmacists serve as agents of the registered 
pharmacies. 

In other words, pharmacies must register with the DEA to 
dispense controlled substances but pharmacists do not. The one 
exception is for a pharmacist who owns a pharmacy as a sole 
proprietor; in such a case, the pharmacist would be required to 
register. The certificate of registration must be maintained at 
the registered location and kept available for official inspec- 
tions. If an individual owns and operates more than one phar- 
macy, each place of business must be registered separately. 

Applications for reregistration will be mailed by the DEA to 
each registered person approximately 60 days before the expi- 
ration date of the registration. If a registered pharmacy does 
not receive such forms within 45 days prior to the expiration 
date of the registration, it must give notice of such fact and 
request the reregistration forms. 


New Registrations 


Pharmacies that seek to become registered for the first time 
must request a registration application from the DEA. No 
pharmacy may engage in any activity for which registration is 
required until its application for registration has been granted 
and a certificate issued to it by the DEA. However, a pharmacy 
may not dispense controlled substances if it has not been issued 
a valid state license, even though the DEA already may have 
registered the pharmacy and authorized it to obtain controlled 
substances. 
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Modifications such as change of address, location or name by 
existing registrants may be made without going through the 
new registration process. To make such a modification, the 
registrant should submit a letter to the DEA requesting it. No 
fee is required. A registrant also may apply to modify his 
registration to authorize the handling of additional schedules 
of controlled substances, but may not modify his registration to 
transfer it to ancther party. 


Termination 


The DEA has the authority under the CSA to suspend or revoke 
a registration where the registrant has falsified his application, 
or has been convicted of a felony under the federal or state CSA 
or has had his state license or registration suspended and no 
longer is authorized by state law to dispense controlled sub- 
stances. Except in emergency situations, registrants are as- 
sured of a hearing and due process of law prior to suspension or 
revocation of registration. In addition, the registration of any 
person terminates if and when such a person dies, ceases legal 
existence or discontinues business or professional practice. 


Distribution 


As a general rule a separate DEA registration is required for 
each activity a registrant wishes to engage in such as manu- 
facturing, distributing, dispensing or conducting research. 
However, a pharmacy registered to dispense a controlled sub- 
stance may distribute (without being registered as a distribu- 
tor) a quantity of controlled substances to a physician, another 
pharmacy, hospital or nursing home for the purpose of general 
dispensing by that practitioner provided the following condi- 
tions are met: 


1. The pharmacy or practitioner to which the controlled substance is 
being distributed is registered under the Act to dispense that con- 
trolled substance. 

2. The distribution is recorded as being distributed by the pharmacy 
and the pharmacist, or practitioner, records the substance being 
received. The pharmacy distributing a controlled substance must 
record the name of the substance, the dosage form, the quantity and 
the name, address and DEA registration number of the pharmacy 
or practitioner to whom it is distributed as well as the date of 
distribution. 

3. Ifthe substance is listed in Schedule I or II, the transfer must be 
made on an official DEA order form. 

4, The total number of dosage units of controlled substances distrib- 
uted by a pharmacy may not exceed 5% of all controlled substances 
dispensed by the pharmacy during the 12-month period in which 
the pharmacy is registered. If at any time it does exceed 5% the 
pharmacy is required to register as a distributor as well as being 
registered as a pharmacy. 


As an incident to this distribution, a pharmacist may man- 
ufacture (without being registered to manufacture) an aqueous 
or oleaginous solution or solid dosage form containing a nar- 
cotic controlled substance in a proportion not exceeding 20% of 
the complete solution, compound or mixture. 

The regulations also permit a person lawfully in possession 
of controlled substances to return them to the supplier without 
registering as a distributor. Registrants would have to use 
official DEA order forms for the return of Schedule I and II 
substances to a supplier. 


Records and Reports 


Every pharmacy handling controlled substances must keep 
complete and accurate records of all receiving and dispensing 
transactions that shall be maintained for a period of 2 years. 
Many states require that the records be kept for as long as 5 
years. 
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All inventories and records of controlled substances in 
Schedule II must be maintained separately from all other 
records of the registrant. All inventories and records of con- 
trolled substances in Schedules III, IV, and V must be main- 
tained separately or must be in such form that they are readily 
retrievable from the ordinary professional and business records 
of the pharmacy. 

All records pertaining to controlled substances must be 
made available for inspection and copying by duly authorized 
DEA officials. 

When a registrant first engages in business, and every 2 
years thereafter, a complete and accurate inventory of all 
stocks of controlled substances on hand must be completed and 
kept by the registrant for a period of 2 years. Pharmacies are 
not required to submit a copy of the inventory to the DEA, 
however, many states require a copy of the inventory be sent to 
the regulatory agency. 


Continuing Records 


Every pharmacy must maintain, on a current basis, a complete 
and accurate record of each controlled substance received. Copy 
3 of executed DEA order forms retained by the pharmacy, 
which have been completed as described under the section 
entitled Order Forms, will constitute a pharmacy’s receiving 
records for Schedule II controlled substances. Invoices for 
Schedule III, IV, and V controlled substances will be considered 
as complete receiving records if the actual date of receipt is 
recorded clearly on the invoices by the pharmacist or other 
responsible individual. 


Filing Prescriptions 


Prescription orders for controlled substances must be filed in 
one of the following three ways: 


1. A pharmacy can maintain three separate files—a file for Schedule II 
drugs dispensed, a file for Schedules III, IV, and V drugs dispensed 
and a file for prescription orders for all other drugs dispensed. 

2. A pharmacy can maintain two files—a file for all Schedule II drugs 
dispensed, and another file for all other drugs dispensed, including 
those in Schedules III, IV, and V. If this method is used, the 
prescription orders in the file for Schedules III, [V, and V must be 
stamped with the letter C in red ink, not less than 1-inch high, in 
the lower-right corner. This distinctive marking makes the records 
readily retrievable for inspection. 

3. A pharmacy can maintain two files—one file for all controlled drugs 
in all schedules and a second file for all prescription orders for 
noncontrolled drugs dispensed. If this method is used, the prescrip- 
tion orders for drugs in Schedules III, IV, and V in the controlled 
drug prescription file must be stamped with the red letter C not less 
than 1-inch high in the lower-right corner, as previously mentioned. 
This latter requirement is waived for pharmacies using electronic 
record keeping methods. State requirements vary widely but usu- 
ally do not permit as many options for maintaining prescription 
records as permitted under federal law. 


Inventory 


The CSA requires each registrant to make a complete and 
accurate record of all stocks of controlled substances on hand 
every 2 years. The DEA no longer specifies a date on which the 
inventory must be performed. Many states do, however, specify 
a date or provide for a window of time when the inventory must 
occur. The actual taking of the inventory should not vary more 
than 4 days from the biennial inventory date. The inventory 
record must 


1. List the name, address and DEA registration number of the 
registrant. 


2. Indicate the date and time the inventory is taken, ie, opening or 
closing of business. 

3. Be signed by the person or persons responsible for taking the 
inventory. 

4. Be maintained at the location appearing on the registration certif- 
icate for at least 2 years. 

5. Keep records of Schedule II drugs separate from all other controlled 
substances. 


When taking the inventory of Schedule II controlled sub- 
stances, an exact count or measure must be made. When taking 
the inventory of Schedules III, IV, and V controlled substances, 
an estimated count may be made unless the container holds 
more than 1000 dosage units, in which case an exact count 
must be made if the container has been opened. 

NEWLY CONTROLLED SUBSTANCES—Occasionally a 
drug that has not been controlled previously will be placed in 
one of the drug schedules or a controlled substance will be 
moved into a higher or lower schedule. In either case the drug 
must be inventoried as of the effective date of transfer, and this 
inventory should be added to the biennial inventory. 


Order Forms 


The order form system developed by the DEA is a completely 
closed system of drug distribution. The DEA permits only au- 
thorized persons to obtain or distribute Schedule I or II con- 
trolled substances and only pursuant to official DEA order 
forms. The regulations set forth those instances where official 
order forms are not required to transfer Schedule I or II con- 
trolled substances, eg, transfer to a patient pursuant to a 
written prescription, administration to a patient by a regis- 
tered practitioner, procurement by civil defense officials or 
delivery by a common carrier to a warehouse. 

A pharmacy desiring official order forms may requisition the 
appropriate ones from the DEA. Such forms are numbered 
serially and issued with the name, address and registration 
number of the pharmacy, the authorized activity and autho- 
rized schedules with respect to that pharmacy. Each triplicate 
form is contained in a book of seven. Up to six books may be 
ordered at one time unless the pharmacy can show that it needs 
to exceed this limit. There is no charge for these forms. 

The pharmacist must prepare and execute the order form in 
triplicate using a typewriter, pen or indelible pencil. One must 
enter the name and address of the supplier from whom the 
controlled substances are being ordered. Only one supplier may 
be listed on any one form. There are ten lines in the item section 
of each form. Each of the ten lines must contain a different drug 
or item. The number of lines completed must be totaled at the 
bottom. This is the total number of lines or items and not the 
total number of commercial containers ordered. The order form 
must be completed properly and have no material alterations 
or erasures or a distributor will be obligated to refuse the form, 
and may elect to do so in other cases as well, if the order form 
is not completed correctly. 

The purchaser must sign his name and date the order form 
on the day he places the order. If his name is different from the 
authorized registrant, ie, if he has been given a power of attor- 
ney to complete order forms, he also must include the name of 
the authorized registrant in the signature space. When the 
form is completed, the purchaser separates the three copies in 
the following manner: Copies 1 and 2 must be kept intact with 
the carbon in between them. These are sent in with the regis- 
trant’s order to his supplier. Copy 3 is retained by the pur- 
chaser separately from other records. When the registrant re- 
ceives the items he must record, on the retained Copy 3, the 
number of packages and the date such packages were received. 
A space is provided for this. 


Power of Attorney 


Any registered pharmacy may authorize one or more individ- 
uals, whether or not they are at the registered location of the 
pharmacy, to obtain and execute order forms on its behalf by 
executing a power of attorney for each such individual. This 
must be signed by the same person who signed the most recent 
application for registration or reregistration and must contain 
the signature of the individual being authorized to obtain and 
execute order forms. The power of attorney is not submitted to 
the DEA but must be retained by the pharmacy with the 
executed forms. It must be available for inspection together 
with the order form records. A power of attorney may be re- 
voked at any time by filing a notice of revocation, signed by the 
individual who signed the most recent application for registra- 
tion or reregistration and by filing it with the power of attorney 
being revoked. Many states have restrictions on who may sign 
order forms under a power of attorney. For example only a 
licensed health-care worker such as a pharmacist may be per- 
mitted to sign the forms under such restrictions. 


Lost or Theft 


When unfilled order forms are lost, the pharmacy must execute 
a new one in triplicate. The pharmacy also must execute a 
statement containing the serial number and date of the lost 
form, stating that the drugs in it were never received, and 
attach a copy of that statement to Copy 3 of the lost form. A 
copy of that statement also should be attached to Copies 1 and 
2 of the newly executed order form. 

Whenever any used or unused order forms are stolen or lost, 
upon discovery, the pharmacy must report this immediately to 
the Drug Enforcement Administration, stating the serial num- 
bers of each form lost or stolen. If an entire book or books of 
order forms are lost or stolen, and the pharmacist is unable to 
state the serial numbers, he shall report, in lieu of the serial 
numbers, the date or approximate date of issuance. Lost or 
stolen order forms also should be reported to the state board of 
pharmacy or other state controlled substance agency. 


Prescriptions 


WHO MAY ISSUE —In order to issue a prescription an 
individual practitioner must be both (1) authorized to prescribe 
controlled substances by the jurisdiction, usually a state, where 
licensed to practice and (2) either registered or exempted from 
registration by the DEA. 

PURPOSE OF ISSUE—A prescription for a controlled 
substance to be effective must be issued for a legitimate med- 
ical purpose by a practitioner acting in the usual course of 
professional practice. The responsibility for the proper pre- 
scribing and dispensing of controlled substances is upon the 
prescribing practitioner, but a corresponding liability rests 
with the pharmacist who dispenses the prescription. An order 
purporting to be a prescription issued not in the usual course of 
professional treatment, or in legitimate and authorized re- 
search, is not a prescription within the meaning and intent of 
Section 309 of the CSA. The person knowingly dispensing such 
a purported prescription, as well as the person issuing it, will 
be subject to the penalties provided for violations of the provi- 
sions of law relating to controlled substances. 

A prescription by which a practitioner attempts to resupply 
an office stock or maintain drug-dependent individuals is not a 
valid prescription and, therefore, is void. 

EXECUTION OF PRESCRIPTIONS—AII prescriptions 
for controlled substances must be dated as of, and signed on, 
the day when issued and bear the full name and address of the 
patient and the name, address and registration number of the 
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practitioner. A practitioner may sign a prescription in the same 
manner as a check or legal document, eg, J. H. Smith or John 
H Smith. Where an oral order is not permitted, prescriptions 
must be executed using a typewriter, ink or an indelible pencil 
and must be signed manually by the practitioner. The prescrip- 
tion may be prepared by a secretary or agent for the signature 
of a practitioner, but the prescriber is responsible in case the 
prescription does not conform, in all essential respects, to the 
law and regulations. 

Prescription orders that are written for controlled sub- 
stances in Schedule II must be executed using a typewriter, ink 
or indelible pencil and must be signed by the practitioner 
issuing such prescription orders. In an emergency, Schedule II 
drugs may be dispensed upon an oral or facsimile (fax) autho- 
rization (see below). Prescription orders for controlled sub- 
stances in Schedules III, IV, or V may be issued either orally or 
in writing by a practitioner or his authorized agent. Federal 
law also permits facsimile transmission of Schedule III, IV, and 
V prescriptions. 

EMERGENCY DISPENSING-SCHEDULE II—In the 
case of a bona fide emergency, as defined by the Secretary of 
Health and Human Services, a pharmacist may dispense a 
Schedule II controlled substance upon receiving oral or facsim- 
ile authorization of a prescriber provided that 


1. The quantity prescribed and dispensed is limited to the amount 
adequate to treat the patient during the emergency period. Pre- 
scribing or dispensing beyond the emergency period must be pur- 
suant to a written prescription order. 

2. The oral prescription order is reduced immediately to writing by the 
pharmacist and contain all information, except for the prescriber’s 
signature. 

3. Ifthe prescriber is not known to the pharmacist, he must make a 
reasonable effort to determine that the oral authorization came 
from a prescriber, by verifying his telephone number against that 
listed in the directory and other good-faith efforts to insure his 
identity. 

4. Within 7 days after authorizing an emergency oral prescription 
order, the prescriber must cause a written prescription order for the 
emergency quantity prescribed to be delivered to the dispensing 
pharmacist. The prescription order shall have written on its face 
Authorization for Emergency Dispensing.The written prescription 
order may be delivered in person or by mail, but if delivered by mail 
it must be postmarked within the 7 day period. Upon receipt, the 
dispensing pharmacist must attach this prescription order to the 
oral emergency prescription order that had been reduced to writing 
earlier. The pharmacist shall notify the nearest office of the DEA, if 
the prescriber fails to deliver a written prescription order to him. 
Failure of the pharmacist to do so shall void the authority conferred 
by the subsection to dispense without a written prescription order 
of a prescriber. 


Definition of Emergency—For the purpose of authorizing an 
oral prescription order of a controlled substance listed in 
Schedule II of the Controlled Substances Act, the term emer- 
gency situation means those situations in which the prescriber 
determines that 


1. Immediate administration of the controlled substance is necessary 
for the proper treatment of the intended user. 

2. No appropriate alternative treatment is available, including admin- 
istration of a drug that is not a controlled substance under Schedule 
II of the Act. 

3. It is not reasonably possible for the prescriber to provide a written 
prescription order to be presented to the person dispensing the 
substance, prior to the dispensing. 


REFILLS AND RENEWALS—No prescription for a 
Schedule II controlled substance may be refilled; however, in 
certain limited circumstances, federal law allows the partial 
filling of Schedule II prescriptions. (See below) Prescriptions 
for Schedule III or IV controlled substances may be refilled if so 
authorized. The prescriptions may not be filled or refilled more 
than 6 months after the date issued or be refilled more than five 
times after the date issued. After five refills or after 6 months, 
the practitioner may renew the prescription. A renewal of any 
such prescription must be recorded on a new prescription blank 
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and a new prescription number assigned. Oral prescriptions 
must be committed to writing and filed by the pharmacist. 

Prescriptions for a Schedule V controlled substance may be 
refilled only as authorized by the prescribing practitioner on 
the prescription. If no such authorization is given, the prescrip- 
tion may not be refilled. However, if the item may be sold over 
the counter legally, the burden of determining the propriety of 
the sale will be upon the pharmacist. 

Recording Refills—A pharmacist, after refilling a prescrip- 
tion for any controlled substance in Schedules III, IV, or V, 
must enter on the back of that prescription his initials, the date 
the prescription was refilled and the amount of drug dispensed. 
If the pharmacist merely initials and dates the back of the 
prescription, he shall be deemed to have dispensed a refill for 
the full face amount of the prescription. 

Computerization—A pharmacy is permitted to use a data 
processing system as an alternative method for the storage and 
retrieval of prescription refill information for controlled sub- 
stances in Schedules III and IV. 

The computerized system must provide immediate re- 
trieval, (via CRT display or hard-copy printout) of original 
prescription information for those prescriptions that currently 
are authorized for refilling. The information that readily must 
be retrievable must include, but is not limited to, data such as 
the original prescription number, date of issuance of the pre- 
scription by the practitioner, full name and address of the 
patient, practitioner’s name and DEA registration number, 
name, strength, dosage form, quantity of the controlled sub- 
stance prescribed, quantity dispensed if different from the 
quantity prescribed and the total number of refills authorized 
by the prescriber. 

In addition, the system must provide immediate retrieval of 
the current refill history for Schedule III or IV controlled sub- 
stance prescriptions that have been authorized for refills dur- 
ing the past 6 months and backup documentation to show that 
the refill information is correct. The backup documentation 
must be stored in a separate file at the pharmacy and main- 
tained for a 2-year period from the dispensing date. 

TRANSMITTAL OF ORAL AUTHORIZATION—A prac- 
titioner’s nurse, or other member of his staff, cannot authorize 
the renewal of a prescription for a controlled substance that 
has been refilled five times or is 6-months old. The authority for 
prescribing controlled substances is vested only with the prac- 
titioner, and cannot be delegated to anyone else. However, 
nurses or staff members receiving calls from pharmacies re- 
garding renewals may act as the practitioners agent and trans- 
mit the practitioners order. In other words, once the practitio- 
ner authorizes the order, an agent may communicate that order 
to the pharmacy. 

PRACTITIONERS’ OFFICE STOCK—A pharmacist may 
not dispense a controlled substance on the order of a prescrip- 
tion that is issued by a practitioner and is intended for office 
use or bag use of the practitioner. Distribution must be made 
on invoice and/or order form, if required. 

LABEL REQUIREMENTS—tThe pharmacist filling a pre- 
scription for controlled substances listed in Schedules II, III, IV 
or V must affix to the package a label showing the pharmacy 
name and address, serial number and date of initial filling, 
name of the patient, name of the practitioner issuing the pre- 
scription, directions for use and cautionary statements, if any. 
This labeling requirement does not apply to institutionalized 
patients. 

The label of any drug listed as a controlled substance in 
Schedules II, III, or IV of the CSA must, when dispensed to a 
patient, contain the following warning: 


CAUTION: Federal law prohibits the transfer of this drug to any 
person other than the patient for whom it was prescribed. 

PARTIAL FILLING-SCHEDULE II—The partial filling 
of a Schedule II controlled substance prescription is permissi- 
ble if the pharmacist is unable to supply the full quantity called 
for in a written or emergency oral prescription. The pharmacist 


may supply a portion of*the quantity called for provided a 
notation of the quantity supplied is made on the face of the 
written prescription (or written record of the emergency oral 
prescription). The remaining portion may be filled within 72 hr 
of the first dispensing; however, if the remaining portion is not, 
or cannot be filled within the 72-hour period, the pharmacist 
must notify the prescriber. No further quantity may be sup- 
plied beyond the 72 hours except on a new prescription. How- 
ever, the partial dispensing of a prescription for Schedule II 
controlled substances beyond the 72-hour limitation is permis- 
sible for patients in long-term care facilities. 

A prescription for a Schedule II controlled substance written 
for a patient in a Long Term Care Facility (LTCF) or for a 
patient with a medical diagnosis documenting a terminal ill- 
ness may be filled in partial quantities to include individual 
dosage units. If there is any question whether a patient may be 
classified as having a terminal illness, the pharmacist must 
contact the practitioner prior to partially filling the prescrip- 
tion. Both the pharmacist and the prescribing practitioner have 
a corresponding responsibility to assure that the controlled 
substance is for a terminally ill patient. The pharmacist must 
record on the prescription whether the patient is terminally ill 
or an LTCF patient. A prescription that is partially filled and 
does not contain the notation terminally ill or LTCF patient 
shall be deemed to have been filled in violation of the Act. For 
each partial filling, the dispensing pharmacist shall record on 
the back of the prescription (or on another appropriate record, 
uniformly maintained, and readily retrievable) the date of the 
partial filling, quantity dispensed, remaining quantity autho- 
rized to be dispensed, and the identification of the dispensing 
pharmacist. The total quantity of Schedule II controlled sub- 
stances dispensed in all partial fillings must not exceed the 
total quantity prescribed. Schedule II prescriptions for patients 
in a LTCF or patients with a medical diagnosis documenting a 
terminal illness shall be valid for a period not to exceed 60 days 
from the issue date unless sooner terminated by the discon- 
tinuance of medication. 

PARTIAL FILLING-SCHEDULE II AND IV—Partial 
filling of prescriptions for controlled substances in Schedules 
III and IV is permitted if the pharmacist filling or refilling the 
prescription sets forth the quantity dispensed and his initials 
on the back of the prescription. In addition, the partial fillings 
may not exceed the total amount authorized in the prescription 
and the dispensing of all refills must be within the 6-month 
limit. 

TRANSFERS—Prescriptions for Schedules III, IV, and V 
drugs may be transferred between pharmacies for refill pur- 
poses. The transfer of original prescription information for a 
controlled substance listed in Schedules III, IV, or V for the 
purpose of refill dispensing is permissible between pharmacies 
on a one time basis only. However, pharmacies electronically 
sharing a real-time, on-line database may transfer up to the 
maximum refills permitted by law and the prescriber’s autho- 
rization. Transfers are subject to the following requirements: 


The transfer is communicated directly between two licensed phar- 
macists and the transferring pharmacist records the following 
information: 


Write the word VOID on the face of the invalidated prescription. 

Record on the reverse of the invalidated prescription the name, address 
and DEA registration number of the pharmacy to which it was 
transferred and the name of the pharmacist receiving the prescrip- 
tion information. 

Record the date of the transfer and the name of the pharmacist trans- 
ferring the information. 


The pharmacist receiving the transferred prescription infor- 
mation is required to reduce to writing the following: 
Write the word transfer on the face of the transferred prescription. 


Provide all information required to be on a prescription pursuant to 21 
CFR 1306.05 and include: 


e Date of issuance of original prescription; 
e Original number of refills authorized on original prescription; 


e Date of original dispensing; 

e Number of valid refills remaining and date(s) and locations of pre- 
vious refill(s) 

e Pharmacy’s name, address, DEA registration number and prescrip- 
tion number from which the prescription information was trans- 
ferred; 

e Name of pharmacist who transferred the prescription; 

e Pharmacy’s name, address, DEA registration number and prescrip- 
tion number from which the prescription was originally filled. 


The original and transferred prescription(s) must be main- 
tained for a period of 2 years from the date of last refill. 


Distribution on Discontinuance or Transfer 


Any registrant desiring to discontinue business activities alto- 
gether, or with respect to controlled substances (without trans- 
ferring such business activities to another person), must re- 
turn, for cancellation, the registrant’s certificate of registration 
and any unexecuted order forms in his possession to the loca- 
tion as instructed by the DEA Field Office. 

Any controlled substances in possession of the registrant 
may be disposed of in accordance with instructions under the 
section on drug Disposal (below). 

Any registrant desiring to discontinue business activities 
altogether, or with respect to controlled substances (by trans- 
ferring such business activities to another person), must sub- 
mit in person or by registered or certified mail, return receipt 
requested, to the nearest DEA office at least 14 days in advance 
of the date of the proposed transfer: 


1. The name, address and registration number of the pharmacy dis- 
continuing business. 

2. The name, address and registration number of the person acquiring 
the pharmacy. 

3. Whether the business activities will be continued at the location 
registered by the person discontinuing business or moved to an- 
other location (if the latter, the address of the new location should 
be listed). 

4. The date on which the transfer of controlled substances will occur. 


On the day of transfer a complete inventory of all controlled 
substances being transferred must be taken in accordance with 
21 CFR 1304.11-1304.19. This inventory serves as the final 
inventory of the registrant transferor and the initial inventory 
for the registrant transferee. A copy of the inventory must be 
included in the records of each person. It is not necessary to file 
a copy with the DEA unless requested by the Regional Director. 
Transfers of any Schedule II substances require the use of 
order form 222. 

On the day of transfer all records required to be kept by the 
registrant transferor, with reference to the controlled substances 
being transferred, are to be transferred to the registrant trans- 
feree. Responsibility for the accuracy of records prior to the date of 
transfer remains with the transferor, but responsibility for cus- 
tody and maintenance shall be upon the transferee. 


Miscellaneous Requirements 


SECURITY—Pharmacies must keep Schedules II, III, IV, 
and V controlled substances in a locked cabinet or dispersed 
throughout the noncontrolled stock in such a manner as to deter 
theft. A combination of these two methods is permissible. For 
example, many pharmacies lock Schedule II drugs in a drawer or 
cabinet while dispersing Schedule III, IV, and V drugs alphabet- 
ically throughout the nonscheduled drug inventory. 

DISPOSAL—A pharmacy wishing to dispose of any excess 
or undesired stock of controlled substances must contact its 
nearest DEA Office and request the necessary form (DEA-41). 
A cover letter from the pharmacy must be attached to the 
report stating that the controlled substances are not desired 
and the pharmacy wishes to dispose of them. 
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Upon the receipt of the letter from the pharmacy, one of four 
courses of action will be chosen by the DEA; this will be stated 
in letter form, attached to the original copy of the DEA-41 form 
and returned to the pharmacy. 

The four courses of action are: 


1. The drugs may be destroyed by two responsible parties employed or 
acting on behalf of the registrant. This course of action will be used 
when there are factors that preclude an on-the-site destruction 
witnessed by DEA personnel, such as the firms history of compli- 
ance and the abuse potential of the drugs involved. 

2. The excess or undesired stocks of controlled substances should be 
forwarded to the appropriate state agency for destruction. In leu of 
actual surrender to the state agency, destructions witnessed by 
state personnel are acceptable. 

3. The substances should be held until DEA personnel arrive at a 
mutually convenient time to witness their destruction. DEA per- 
sonnel will date and sign the reports or forms after witnessing the 
destruction. 

4. The substances should be forwarded to the DEA Field Office that 
serves the area in which the registrant is located. Upon receipt of 
the substances, the DEA Field Office will verify the actual sub- 
stance submitted. If errors are found, a corrected form must be 
prepared and the registrant duly notified. The original form will be 
returned to the registrant. 


DRUG THEFT—Any pharmacy involved in loss of con- 
trolled substances must notify the nearest DEA office of the 
theft or significant loss upon discovery. The pharmacy must 
make a report regarding the loss or theft by completing DEA- 
106 form. Such reports shall contain the following information: 
name and address of firm, DEA registration number, date of 
theft, local police department notified, type of theft, listing of 
symbols or cost code used by the pharmacy in marking contain- 
ers and listing of the controlled substances missing. Four copies 
of this report should be made. The pharmacy should keep the 
original copy for its records and forward two copies to the 
nearest DEA office. Most states require a copy be sent to the 
Board of Pharmacy as well. Local ordinances may require no- 
tification be provided to the appropriate police authority. 


Mailing 


Title 39 of the Code of Federal Regulations contains the US Postal 
Service Regulations regarding nonmailable matter and special 
mailing rules for various articles and substances. Controlled sub- 
stances may be mailed to a patient’s home if they are sent in a 
reasonable quantity intended for personal use. Controlled sub- 
stances may also be transmitted in the mail between persons 
registered with the DEA or between persons who are exempted 
from registration such as military, law enforcement or civil de- 
fense personnel in the performance of their official duties. 

Parcels containing controlled substances must be prepared 
and packaged for mailing in accordance with the regulations 
set forth in 39 CFR 124. Regular mail may be used for these 
parcels. 


DEA Inspections 


The CSA specifically requires an administrative search warrant 
for most nonconsentual DEA inspections. Therefore, in order for 
an agent of the DEA to enter any DEA-registered premise, the 
agent must state the purpose for the inspection and present 
appropriate identification. In addition, the agent must either ob- 
tain an informed consent from the registrant, secure an adminis- 
trative inspection warrant or fit into one of the special exceptions 
set forth in the statute. The Act recognizes certain exigent cir- 
cumstances in which an inspection warrant is not required such 
as the initial registration inspection, inspection of mobile vehicles, 
emergency situations or dangerous health situations. 
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POISONS 

(SS 2 a Ra UH I na 
A poison has been defined as any drug known to the pharmaceu- 
tical or medical profession that is liable to be destructive to adult 
human life if taken in quantities of 60 grains or less. This general 
definition is helpful in indicating the substances customarily re- 
garded as poisonous, but it is not followed in many of the state 
poison laws. Regulation of the sale of poisons usually falls within 
the jurisdiction of the state governments and governmental limits 
in this area may vary widely from state to state. 

State statutes regulating the sale of poisons usually require 
that the purchaser be of a certain minimum age and that he 
know, or be informed, that the substance being purchased is a 
poison. Moreover, the pharmacist frequently has a responsibil- 
ity to determine that the substance will be used for a lawful 
purpose. Recordkeeping requirements usually are specified in 
state statutes. For example, the pharmacist may be required to 
record the date of sale, name and address of the purchaser, 
name or initials of the seller, name and quantity of the poison 
and purpose for which it is intended. Some states require that 
the purchaser sign the record book to form a receipt and im- 
press upon the purchaser the dangerous nature of the sub- 
stance. The book in which this information is recorded fre- 
quently is referred to as the Poison Register and there may be 
a requirement that the book be used exclusively for recording 
sales of poisons. Most states specify a time period during which 
the sales records must be preserved and made available for 
inspection by appropriate state authorities. 

Special labeling requirements for poisons frequently are 
encountered. The usual minimum requirement is that the con- 
tainer bear the name of the substance, the word poison and the 
name and place of business of the seller. Such state require- 
ments may be supplemented by federal requirements concern- 
ing labeling with information about toxicity, cautionary state- 
ments and information about treatment. 

Poisons are not permitted to be mailed without specific 
authorization from the US Postal Service. 


Poison Prevention Packaging Act 


The Poison Prevention Packaging Act was enacted by Congress 
during 1970 and authorizes the Consumer Product Safety Com- 
mission (CPSC) to establish standards for child-resistant pack- 
aging. The agency also enforces the statute at the pharmacy 
level. 

Under this statute, prescription drugs, and some nonpre- 
scription medications, are considered to be hazardous house- 
hold substances and, consequently, must be dispensed with a 
child-resistant closure. However, there are some exceptions to 
this requirement under the Act. 


Tort law is that subdivision of the civil law that deals with 
relationships between individuals created by law rather than 
by the parties themselves. A tort is a private injury or wrong 
arising from a breach of a duty created by law. It may involve 
harm to a person, as well as damage to property, caused neg- 
ligently or intentionally. 

Negligent torts are those that arise because the tort-feasor (the 
person doing the act) breached a duty or level of care expected of 
him. Intentional torts are those that the actor does purposefully or 
with an intention of achieving the desired result. 


NEGLIGENCE 


(RS 
Negligence has been defined as the omission to do something 
that a reasonable person, guided by those ordinary consider- 


Most nonprescription medications are not required to be 
packaged in a child-resistant fashion. However, the CPSC has 
ordered, for example, that aspirin and products containing 
more than 500 mg of iron per package must be in safety pack- 
ages. Yet manufacturers of aspirin products may produce one 
size of a package containing the drug that has a standard 
closure. Such nonsafety packages are required to bear the 
warning statement, This package for households without young 
children. Other nonprescription products may be added to the 
list of drugs requiring safety packaging and pharmacists 
should watch for such developments. 

Some prescription drugs are not required to be dispensed in 
child-resistant packages either. For example, the CPSC has 
stated that safety packaging is not required for sublingual 
dosage forms of nitroglycerin as well as sublingual and chew- 
able dosage forms of isosorbide dinitrate in strengths of 5 mg or 
less. Other prescription drugs may be considered for exemption 
from the requirements of the Act and, while under consider- 
ation, child-resistant packaging is not required. 

The prescriber may request that a drug, which otherwise 
would be required to be in a child-resistant package, be dispensed 
with a standard closure. The patient also has this option under 
the Act. The legislation does not require any specific fashion for 
communicating this waiver, ie, it is not required to be in writing. 
For example, a prescriber transmitting a prescription by tele- 
phone could indicate orally that standard packaging is requested. 
Nonetheless, the pharmacist may desire to have requests by pre- 
seribers or patients for noncomplying packaging in writing in 
order to document the transaction; this could prove to be invalu- 
able in case of an adverse occurrence. 

At the outset of the enforcement of this statute, the CPSC 
took the position that the pharmacist could not advise the 
patient of the option of standard packaging. This position was 
taken in furtherance of the agency’s view that nonsafety pack- 
aging should be the rare exception, not the rule, and a feeling 
that if pharmacists were to advise patients of their options 
widely, the Act would be undermined. The APhA challenged 
this position of the agency and the CPSC now adopts the 
position that pharmacists may advise patients of their right to 
request nonsafety packaging. 

Drugs dispensed for use by inpatients, be they in a hospital 
or a nursing home, probably are not required to be in child- 
resistant containers because the patients usually do not have 
access to them. 

Manufacturers are not required to use child-resistant clo- 
sures on stock bottles of medication that are not intended to 
reach the patient. However, if the packaging provided by the 
manufacturer is that which will be dispensed to the patient, eg, 
packages bearing antibiotic powders for reconstitution, safety’ 
tops must be used. 


ations that ordinarily regulate human affairs, would do, or the 
doing of something that a reasonable and prudent individual 
would not do. As is obvious from this statement, one can be 
negligent either by doing or failing to do something. A more 
direct description is that negligence occurs when a person 
under a duty to another to use due care breaches that duty, 
resulting in the other party suffering damages as a direct result 
of that breach. Using this statement as a point of departure, 
each element of negligence shall be considered in order. 

In the normal situation, the existence of a legal duty will be 
created by the activities of other persons. The jury will be 
charged with determining what the fictional reasonable and 
prudent person mentioned above would have done under the 
circumstances. To do this, the jurors receive testimony from a 
number of people to determine what they would have done. The 
jury then decides what the reasonable and prudent person 


would have done, and that creates the existence of a legal duty. 
In the ordinary circumstance, the duty will be created by the 
actions of laymen. Yet, when pharmacists are acting within the 
scope of their professional calling, their performance will be 
evaluated in light of what professional peers would have done. 
Generally, pharmacists will be held liable for negligence only if 
they departed from the practice of other reputable practitioners 
of pharmacy. For the general practitioner of pharmacy, the 
reference standard to be used is other general practitioners of 
pharmacy. While there may be individuals within the profes- 
sion with greater knowledge or skill in a particular area, eg, the 
detection of drug interactions, the general practitioner of phar- 
macy will be required to discharge only that amount of skill 
exhibited by peers, not the experts. 

Nonetheless, this does not mean that the members of a 
profession can lag unduly in adopting new methods or proce- 
dures. A number of courts have ruled that while in the usual 
case the law will recognize the standard of care established by 
the members of the trade, industry or profession, the entire 
group may have lagged in adopting an innovation. In such 
cases the courts will not be bound by the standards used by the 
profession, but rather the court will establish the standard of 
care to be exercised under the circumstance. 

The concept of duty is not fixed but constantly evolving and 
changing. An example of this is the doctrine of the pharmacists 
duty to consult with patients about proper drug use. Through a 
number of cases decided during the past 40 years, various 
courts have ruled that the pharmacist does have the legal duty 
to instruct the patient about safe and proper use of medication. 
This duty is owed to the patient, and should a pharmacist fail 
to fulfill this responsibility, he may be held answerable in 
court. : 

A second requirement for the existence of negligence is 
damage. The party who is alleging negligence must prove that 
he suffered legally sufficient damages. Generally, these dam- 
ages must be substantial, not slight, eg, a temporary skin rash 
would be insufficient. 

The party bringing the suit next must prove that the dam- 
ages were the direct result of the pharmacist’s breach of a legal 
duty. This may be quite difficult. In some cases it is known that 
the patient suffered legally cognizable damages, but it cannot 
be established by a preponderance of the evidence that dam- 
ages flowed directly from a breach of duty. 

The plaintiff has the burden of establishing those first three 
elements. Once they have been shown in a legally sufficient 
manner, the pharmacist has a number of defenses that may be 
available to result in a verdict of not liable. One such defense 
may be contributory negligence. That is the rule that a person 
who has in some way contributed to his own injury will not be 
entitled to recover. In a majority of states the rule is one of 
comparative negligence. While contributory negligence is a to- 
tal bar to recovery by the plaintiff, in states that follow the 
comparative negligence rule the jury engages in an allocation of 
responsibility and bases the amount of damages awarded on 
the parties’ relative contributions to the injury. 

Another defense that the pharmacist has is known as vol- 
untary assumption of the risk. This is the doctrine that states 
that a patient who understands the risk inherent in a transac- 
tion or procedure, and who voluntarily gives his informed con- 
sent to assume the risk, cannot sue to recover for damages that 
occur from the defined risk. An unresolved issue is whether 
presenting a patient with a patient package insert or leaflet 
that outlines the potential hazards of a certain medication 
results in informed consent and, consequently, voluntary as- 
sumption of the risk. Generally the procedure required for 
informed consent is a lengthy discussion covering the alterna- 
tives and the relative incidence of the various risks. This point 
probably will be litigated in the future. 

Another defense that may be available to the pharmacist is 
the statute of limitations. The legislature imposes a time limit 
on filing suits for negligence. Generally, the statute of limita- 
tions in this area is 2 years, meaning that the suit must be filed 
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within 2 years of the time of reasonable discovery of the dam- 
age. Note, however, that a person may suffer some damage and 
not be able to discover it until some time long after the incident, 
as in the diethylstilbestrol cases that were litigated. In those 
cases, the injured parties, daughters of women who took the 
drug during pregnancy, developed precancerous lesions 15 to 
20 years after the drug was consumed. The statute of limita- 
tions would begin to run at the time of reasonable discovery, 
not the time when the drug was dispensed. 

The issue of liability of the pharmacist for negligence has 
been raised in conjunction with a number of developments and 
innovations in pharmacy practice in recent years. A consider- 
ation of the application of the above discussion to these devel- 
opments is in order. Of necessity, a detailed discussion of these 
areas is impossible in this chapter. The professional literature 
contains a number of articles that address these issues in 
detail, and the interested reader may wish to refer to those. 

Patient medication records (PMRs) have been adopted 
widely in community pharmacy practice. This is largely attrib- 
utable to the requirements of federal legislation adopted during 
1990 known as OBRA ’90. This mandated that pharmacists 
maintain records of medication dispensed to Medicaid patients 
and offer to consult with those patients at the time of dispens- 
ing. Most states expanded this dictate to include all patients. 

Some states have mandated by statute that PMR’s be main- 
tained. In such a case a special rule of negligence may apply. 
The doctrine of negligence per se is that where a statute man- 
dates that a certain activity be performed to protect an identi- 
fiable group of people from an identifiable type of harm and one 
does not do it, that fact and the statute may be introduced into 
evidence at trial to establish the duty and breach of it. This 
facilitates the case of the plaintiff. Note that this rule of neg- 
ligence per se is applicable only in the case where the activity 
is required by a statute. A regulation of a board of pharmacy, 
for example, would not suffice to establish the duty in and of 
itself. Nonetheless, such a regulation could be introduced into 
evidence to buttress the testimony of pharmacists on this point. 

All states have now enacted drug product selection legisla- 
tion that frees the pharmacist from the restrictions of the 
antisubstitution laws, enabling him to use his professional 
judgment in selecting products to be dispensed on certain pre- 
scriptions. Naturally, because these statutes give pharmacists 
greater responsibility, they increase their potential liability. 
However, so long as they discharge this responsibility in a 
prudent fashion, the potential for legal entanglements will be 
minimal. In some states the government has provided guidance 
for the pharmacist in the form of a positive formulary, desig- 
nating those drugs for which interchange is permissible. The 
FDA also has published such a list. In the case of pharmacists 
who selects a product from the formulary for brand inter- 
change, they then should have a fairly good defense based on a 
reliance on such governmental lists. 

There has not been a successful law suit based on negligence 
in drug product selection. This even more is significant in light 
of the fact that pharmacists have been selecting extensively the 
brand of product to be dispensed for years pursuant to prescrip- 
tions written using generic terminology. 

Pharmacists should not be concerned unduly with their 
potential liability exposure as they move into new areas of 
practice. So long as they are competent to assume the new 
responsibility and perform the task in a diligent fashion, their 
liability problems should continue to be minimal. 


INTENTIONAL TORTS 


The law distinguishes intentional acts from those that are 
negligent or careless in nature. Intentional wrongs to persons 
or property involve such torts as assault, battery and false 
imprisonment. At the onset, it is important to distinguish be- 
tween a tort and a crime. The same act may give rise, but not 
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necessarily, to both a tort and a crime. The criminal violation 
will be prosecuted in the name of the state, but the same act 
also may result in a separate civil lawsuit between the individ- 
uals involved. Quite naturally, intentional torts require a 
showing of the element of intent, but it is not necessary to 
demonstrate harmful or hostile design. 

ASSAULT—An intentional act, other than the mere speak- 
ing of words, which places another individual in apprehension 
of harmful or offensive contact is an assault. The danger must 
be of an immediate nature and the individual must be aware of 
the defendant’s apparent intent. Bodily contact is not neces- 
sary to establish a claim for relief and, thus, damages for an 
assault alone are likely to be nominal. 

BATTERY—A battery is defined as an intentional act 
that, directly or indirectly, is the cause of harmful or offen- 
sive contact with another person. Assault and battery are 
separate torts but very often will appear together. A person 
may be liable for battery even though he intended only to 
play a practical joke or intended to confer a benefit on the 
other party. In patient-care settings it is possible for a cause 
of action based upon battery to arise during unauthorized 
surgical operations. 

A number of defenses exist for the torts of assault and 
battery. An individual who consents to physical contact may 
not claim a battery successfully. Consent to physical contact 
may be expressed or implied in nature. Consent to surgical 
procedures also will negate an action based upon assault and 
battery, but the consent obtained from the patient should be an 
informed consent, ie, the patient must have a sufficient under- 
standing of that to which he is consenting. The use of investi- 
gational drugs also will require informed consent. 

DEFAMATION—Defamation is a communication that in- 
jures the good name or reputation of another. Defamatory 
statements that are communicated in a permanent form such 
as the written word, pictures, statues, etc, are called libel. 
Communications that are more transient in nature such as the 
spoken word or a gesture are termed slander. 

A defamatory statement, either libel or slander, must be 
communicated to a third person, ie, one other than the person 
defamed. The statement will be deemed defamatory if it harms 
the reputation of another or exposes an individual to scorn, 
ridicule or contempt. 

Because of its historical background, special rules have been 
developed regarding the showing of actual damages in a case of 
defamation. Almost any action based upon libel will be able to 
proceed regardless of whether actual monetary damages have 
been suffered by the plaintiff. Most courts have held that spe- 
cial harm or actual dollar loss must be shown in cases of 
slander unless the slander fits into established exceptions. 

As is true with the other tort situations, several defenses 
exist to actions for libel and slander. Truth is always a defense 
to actions based upon defamation of character. The burden is 
on the defendant, in a defamation action, to prove that the 
statement was true. 


The pharmacist should understand the general principles of 
the law of contracts in order to realize the responsibility he 
undertakes when entering a business obligation or an employ- 
ment relationship. The law of advertising has a direct bearing 
on the day-to-day activities of pharmacists, both as profession- 
als and as consumers. Questions concerning ownership of pre- 
scriptions and application of the federal antitrust laws to 
the pharmacists relationships with third-party prescription 
program administrators may be encountered frequently by 
pharmacists. 

It is impossible in a general treatise of this kind to de- 
scribe in detail the legal subjects on which the pharmacist 


Certain individuals are said to be privileged to defame, or 
free from liability for slander or libel. An absolute privilege 
exists for defamatory remarks made during the course of judi- 
cial, legislative or executive proceedings. Many states have 
enacted statutes that provide immunity from civil lawsuits for 
pharmacists and other health-care professionals who file 
charges or present evidence against another member of their 
profession regarding alleged incompetence or gross miscon- 
duct. The immunity often is extended to claims filed with a 
board of pharmacy or with the regularly constituted review 
committee of a pharmaceutical society or hospital. In addition, 
most states also will provide immunity for those individuals, 
including pharmacists, who are required to report suspected 
cases of child abuse. 

Pharmacists may subject themselves to litigation for care- 
less remarks made about patients or other health-care profes- 
sionals in the community. Oral statements that accuse another 
of improper conduct of a business or unprofessionalism are 
slanderous per se, and subject the maker to liability without 
the necessity of showing actual damages. A pharmacist’s un- 
true imputation of certain loathsome diseases also could result 
in litigation based upon slander per se. 

RIGHT TO PRIVACY—A relatively new tort is invasion of 
another’s privacy. The oral or written dissemination of private 
information about an individual, even if true, may give rise to 
an action based on invasion of privacy. Information contained 
in patient medication records or prescriptions is confidential in 
nature and should be released only with the consent of the 
patient or pursuant to a warrant, subpoena or other statutory 
authority. The invasion must be objectionable and not too 
trifling. Truth is not a defense to this type of action nor is the 
absence of malice. 

The right to privacy often conflicts with the state’s au- 
thority to exercise its power to protect the publics health, 
safety and welfare, known as police power. Certain individ- 
uals in the state of New York filed a lawsuit against that 
state for the inclusion of prescription information in a com- 
puterized data bank. The plaintiffs alleged that the inclusion 
of the names of patients, who receive Schedule II prescrip- 
tion drugs, in a centralized computer file violated their 
rights to privacy. The case eventually was decided by the US 
Supreme Court, which ruled that the New York statute did 
not impair any privacy interest. The court found that the 
requirement was a reasonable exercise of the state’s police 
powers. This decision led to the implementation of triplicate 
prescription requirements for Schedule II prescriptions now 
in place in a number of states. 

Liability based upon the tortious invasion of privacy should 
not be confused with the constitutional right of privacy that 
protects an individual from unconstitutional intrusions by gov- 
ernment. The constitutional right of privacy increasingly is 
being used by courts as the basis for allowing health-care 
decisions to be made by patients. 


should keep posted. All that can be attempted is a general 
outline. 

Because the US is composed of 50 individual jurisdictions, 
the law may vary from state to state. Nonetheless, it is 
possible to provide an overview of the law applicable to 
pharmacists in the operation of their practices. To a certain 
extent the laws applicable to commercial activities have been 
rendered uniform in most of the states through enactment of 
the Uniform Commercial Code (UCC); it was drafted in the 
early part of this century by a group of noted legal scholars 
in order to bring some order out of the patchwork quilt of 
states laws applicable to business affairs. Enacted nearly 


intact in almost all states, the UCC has done a great deal to 
facilitate the flow of commerce among the states. 


CONTRACT LAW 


A contract may be defined as a promise or set of promises for 
the breach of which the law provides a remedy, or the perfor- 
mance of which the law, in some way, recognizes as a duty. Yet, 
the law requires much more for a contract to result than a mere 
exchange of promises. Perhaps a more complete definition of a 
contract is an agreement between legally competent individu- 
als based on genuine assent of the parties and supported by 
consideration, made for a lawful purpose and in the form re- 
quired by law, if any. This definition provides a framework for 
discussion of these elements of a contract. 

The agreement between the parties, which forms a basis for 
the contract, is composed of both an offer and an acceptance. In 
order for an offer to be legally sufficient the party making it 
must have the intention of entering into an agreement with the 
other party. For example, an offer made in jest would not 
indicate the required contractual intent. Moreover, an invita- 
tion to make an offer or an offer to negotiate is not a legally 
cognizable offer for it, too, lacks contractual intent. Advertise- 
ments are not an offer of sale but, rather, an indication of 
willingness to consider an offer made by the potential pur- 
chaser. The offer must be communicated to the other party 
prior to acceptance for an agreement to result. 

An additional requirement for an offer is that it be definite. 
This means that the offer must be detailed sufficiently to pro- 
vide a basis for the agreement. Courts will not add an essential 
element to an offer, agreement or contract. At the time of 
acceptance the offer must still be viable. An offer may be 
withdrawn prior to acceptance, in the absence of an option 
having been granted. An option is a binding promise to keep an 
offer open for a stated period of time. If an option exists, the 
person making the offer may not withdraw it until the option 
period has expired. An offer also may be terminated by rejec- 
tion or by lapse of a period of time stated in the offer. 

Acceptance is assent by the recipient of the offer to the 
terms of the offer. No particular form of acceptance is required, 
eg, in writing, unless specified in the offer. However, the ac- 
ceptance must be absolute and unconditional. Any variation of 
the terms or conditions in the acceptance will result in rejection 
of the offer. 

The parties entering into a contract must be competent 
legally to do so. This means that each party must have con- 
tractual capacity. Minors generally lack contractual capacity 
and contracts they enter into are subject to their avoidance. 
The other party may not be able to enforce the contract against 
a minor because the contract can be voided by the minor due to 
his lack of contractual capacity. However, parents may be 
liable under contract theory for necessaries provided to their 
minor dependents. Necessaries are those things relating to the 
health, education or comfort of the minor. Prescription drugs 
probably would fall within this category and a pharmacist 
providing them to a minor would, in all likelihood, be able to 
collect the reasonable value of the medication from the parents. 

Insane persons also may be under a contractual incapacity. 
If a person is so mentally deranged as not to know that a 
contract is being made or does not understand the conse- 
quences of what he is doing, the contract may be voided on 
recovering sanity. The same is true of a person who is so 
intoxicated as to be unaware that he is making a contract. 

The requirement of genuineness of assent relates to mis- 
take, misrepresentation, concealment, fraud or exercise of un- 
due influence or duress over one of the parties. Each of these 
activities has a different effect on the enforceability of the 
contract, and a full discussion of each is beyond the scope of this 
discussion. Nonetheless, the pharmacist should be aware that 
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each bears a possibility for interference with the enforceability 
of the contract. 

Consideration is essential for a contract to be enforceable. It 
may be defined as an act or forbearance, or the promise of 
either, which is offered by one party to an agreement and 
accepted by the other as an inducement to the others’ act or 
promise. When you have given consideration you have agreed 
to do something that you were not bound to do or you have 
agreed to refrain from doing that which you have the right 
to do. 

Consideration must be provided by both parties to the con- 
tract. If only one is providing consideration, no contract results. 
It is a mere gift and not legally enforceable. 

Ordinarily, courts will not inquire into the adequacy of the 
consideration exchanged by the parties. The fact that the 
amount of consideration may appear to be small in the eyes of 
one person does not necessarily mean that the amount is inad- 
equate or inappropriate. Hence, if some consideration is pro- 
vided, the contract will be enforceable. One sometimes hears of 
employment contracts for a dollar-a-year person, as in the case 
of a wealthy individual working for the government or a char- 
ity. Such an employment contract will be enforceable even 
though the value of a person’s services will be much greater 
than the amount of compensation provided. 

In order for a contract to be enforceable it must be made for 
a lawful purpose, and this must be achieved in a lawful man- 
ner. If this were not so, the courts might be placed in the 
uncomfortable situation of compelling one party to a contract to 
commit a crime in order to have the contract performed. An 
example of this doctrine is the rule that contracts of an unli- 
censed operator cannot be enforced. Hence, one who practices 
pharmacy without being licensed to do so, not only is likely to 
be charged with the crime of violating the state pharmacy 
practice act, but also will be unable to enforce the contracts he 
made while practicing pharmacy, ie, he will be unable to sue to 
collect for his services. 

Contracts for the sale of prohibited articles also are unen- 
forceable. The sale of a prescription drug without valid autho- 
rization would fall in this category. Contracts that unreason- 
ably restrain trade also are unlawful and, consequently, 
unenforceable. When a pharmacist sells a pharmacy it is cus- 
tomary for the purchaser to request that the contract contain a 
noncompetition clause that bans the seller from owning a phar- 
macy within certain geographic and time limits. The purpose is 
to prevent the seller from selling and immediately opening up 
a pharmacy, attracting all his prior patients. If such a clause is 
drafted to include too large a geographic area, or for too long a 
time, it will be unenforceable due to its restraint on trade. 
However, note that only contracts that unreasonably restrain 
trade are unlawful. Consequently, if the noncompetition clause 
is drafted carefully it will be enforceable. Such provisions in- 
creasingly are being seen in employment contracts for pharma- 
cists as well. 

Most contracts are not required to be in writing to be en- 
forceable. Obviously, though, it is much easier to prove the 
existence of and enforce one that is written. Each state has a 
Statute of Frauds that dictates which types of contracts must 
be in writing to be enforceable. Generally, contracts for creation 
of an interest in land, which run for more than 1 yr, must be in 
writing. Those that involve employment for more than 1 yr and 
those that are for sale of goods of a value of $500 or more also 
must be in writing. Each state may have additional categories, 
and the minimum limits just mentioned may vary from state to 
state. 

When a contract is breached, the nonbreaching party has 
the right to bring legal action against the breaching party to 
recover that sum of money that will place him in the same 
position as he would have been had the contract been per- 
formed. There are a number of types of damages that may be 
assessed against the breaching party. Nominal damages are 
awarded when the injured party did not suffer an actual loss. 
They usually are of minimal magnitude. Compensatory dam- 
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ages are those that are designed to compensate the injured 
party for his loss. Liquidated damages also may be encoun- 
tered; these are those for which provision was made in the 
contract itself by the contracting parties when they entered 
into the agreement. Liquidated-damage clauses generally will 
be enforced if the amount specified is not excessive and if the 
contract is of such a nature that it would be difficult to deter- 
mine the actual amount of damages. 

The UCC addresses a special category of contracts known as 
sales. A sale may be defined as a transaction wherein a seller 
transfers title for personal property to a buyer for a price 
(consideration). 

Of particular interest to pharmacists is the law applicable to 
warranties in sales transactions. A warranty is an assurance or 
guarantee, by a seller, that the goods sold are, or will be, as 
represented. Warranties may be divided into two general cat- 
egories: express and implied. 

Express warranties are those based on an affirmation of fact 
or promise relating to the goods, whereas an implied warranty 
is one that exists by virtue of law, not because of an express 
statement by the seller. Express warranties may be made 
about almost any attribute of the goods, but the warranties 
implied by law are more limited in scope. One such implied 
warranty is the implied warranty of merchantability. It is seen 
only with sellers who usually deal in goods of that type and 
means that the goods provided, must be fit for the ordinary 
purposes for which such goods are used. 

The implied warranty of fitness for a particular purpose is 
present when the seller knows the use to which the goods will 
be put and has reason to know that the buyer is relying on the 
sellers skill and judgment to select suitable goods for the pur- 
pose. These implied warranties automatically are present in a 
transaction without any action on the part of the seller to place 
them there. They can be removed from the sale but require a 
specific type of action. 

Goods sold as is are sold with no implied warranties. To 
remove the implied warranty of merchantability those specific 
words must be used, but the disclaimer can be made orally. 
Removal of the implied warranty of fitness for a particular 
purpose can be done only by written words, but no special 
language is required. However, the statement that the war- 
ranty is absent must be conspicuous. Naturally, express war- 
ranties can be kept out of a transaction merely by not making 
an express statement about the goods. 


PRESCRIPTION OWNERSHIP 

ESR SR IT 
A question arises from time to time regarding ownership of the 
prescription. When it is issued by the prescriber, the patient 
gains ownership of the document. When it is transferred to the 
pharmacist for purposes of dispensing the medication, owner- 
ship then passes to the pharmacist, pursuant to the contract 
between the pharmacist and the patient. However, the patient 
retains certain rights with regard to the document. 

While the document itself is the property of the pharmacist 
and must be retained by law for recordkeeping purposes, the 
patient has the legal right to refills that the law and the 
prescriber have authorized. Moreover, the patient may have a 
right to obtain a copy of the prescription, except in those cases 
where the giving of a copy is prohibited or limited. For example, 
in some states copies provided to patients must be marked with 
a statement indicating that the prescription copy is provided 
for informational use only and cannot serve as the basis for 
dispensing medication. 

In some situations, such as with prescriptions that are sus- 
pected to be forgeries or those that bear the potential for a 
harmful drug interaction, the pharmacist may wish to deface or 
retain the document even though the medication will not be 
dispensed. Such action does, however, present the risk that the 
prescription might be legitimate or that the drug interaction 


would not result. In such a case a suit for damages that re- 
sulted from his action may result because he does not own the 
document. Should the pharmacist receive a prescription that 
he does not intend to follow, the problem should be handled 
through communication with either the patient or the pre- 
scriber, not by defacing the document that he does not own. 
Because the pharmacist owns the prescription records re- 
flecting medication that he has dispensed, they are assets of the 
pharmacy that may be transferred on the cessation of the 
practice. Prescription records should be maintained for a min- 
imum of 5 yr, the statute of limitations of the FD&C Act. 


ANTITRUST AND PRESCRIPTION 
INSURANCE PLANS 


Third-party prescription drug insurance programs have bur- 
geoned in the US in recent years, and a substantial portion of 
Americans now have insurance coverage for their medication 
expenditures. This brief discussion shall center on the legal 
problems associated with private third-party prescription 
plans, not those administered by governmental agencies. 

In the typical third-party plan, the pharmacy owner re- 
ceives an offer to participate in the insurance plan and a 
contract to be signed. This usually provides for reimbursement 
of the pharmacists cost in acquiring the drug product dispensed 
and the addition of a dispensing fee of fixed magnitude. Other 
provisions may relate to what products are compensable, eg, 
many plans will not pay for nonprescription medication, or 
limit quantities that may be dispensed. Provisions also are 
seen dealing with claims submission, services the pharmacist 
is required to provide and access to the pharmacists financial 
records for purposes of program accountability. Often, the offer 
to participate in such plans is distributed to many pharmacies 
in an area in order for the insurer to offer the subscriber 
maximum flexibility in selecting a pharmacist with whom to 
deal or to offer enrollees a variety of options for service. 

When such offers to participate are disseminated widely, 
the possibility of the offers being discussed collectively arises. 
This may run afoul of the Sherman Antitrust Act of 1890, 
which provides that 


Every contract, combination ... or conspiracy, in restraint of trade 
or commerce among the several States .. . is declared to be illegal. 


Thus, collective action by pharmacists to withhold entering 
into contracts with the insurer because the professional fee is 
too low or because other provisions of the contract are objec- 
tionable may violate this federal statute. Individual penalties 
may be assessed under this statute. Applicability of this statute 
to pharmacy was affirmed in the 1962 case of US v Northern 
California Pharmaceutical Association. In that case the activ- 
ity that brought federal sanctions was publication of a recom- 
mended fee schedule in an attempt to encourage the adoption of 
uniform pricing. 

With prescription drug insurance plans, the activity that 
may violate the statute is collective action by pharmacists 
(combination . . . or conspiracy) to withhold their participation 
(restrain trade) in the insurance plan until the contract is 
worded in terms acceptable to them as a group. While such 
action is legally permissible if done by an individual acting 
alone, collective action toward the same end would be unlawful. 

In addition to the criminal penalties mentioned above, the 
patients who are injured by such unlawful activity may bring a 
civil suit to recover damages. Of importance is the fact that in 
an antitrust claim, the award is for treble damages, ie, the 
amount of damages is calculated and then multiplied by three 
to yield the amount the party engaging in the unlawful activity 
must pay. 


ADVERTISING 


The regulation of the advertising and promotion of drugs on an 
interstate commerce basis is a shared commitment of numer- 
ous federal agencies, including the Postal Service, FCC, FTC 
and FDA. The latter two bear the brunt of the responsibility. 
The FTC is involved actively in the regulation of OTC drug 
advertising while the FDA exercises its jurisdiction primarily 
over matters involving the labeling and advertising of prescrip- 
tion drugs. There is, however, considerable overlap between the 
two agencies because of statutory definitions and by mutual 
agreement. 

States can also regulate drug advertising. However, state 
limitations imposed primarily by budget give these controls 
much less effect in comparison to federal activities. The phar- 
macist, therefore, will be bound primarily by federal restric- 
tions in the area of advertising. 

FEDERAL TRADE COMMISSION—The FTC derives its 
authority over advertising in general and drug advertising in 
particular from the Federal Trade Commission Act. Section 5 of 
that statute provides 


“Unfair methods of competition in commerce and unfair or deceptive 
acts or practices in commerce are hereby declared unlawful.” 


In addition, Section 12 makes it unlawful to disseminate a 
false advertisement for the purpose of inducing, or that is likely 
to induce, the purchase of food, drugs, devices or cosmetics. The 
Wheeler-Lea Amendment to the Act defines false advertising as 
follows: 


“The term ‘false advertisement’ means an advertisement, other than 
labeling, which is misleading in a material respect; and in determining 
whether any advertisement is misleading, there shall be taken into 
account (among other things) not only representations made or sug- 
gested by statement, word, design, device, sound or any combination 
thereof, but also the extent to which the advertisement fails to reveal 
facts, material in the light of such representations or material with 
respect to consequences, which may result from the use of the commod- 
ity to which the advertisement relates under the conditions prescribed 
in said advertisement, or under such conditions as are customary or 
usual.” 


Based on the above provision, the FTC has authority to 
move against not only false advertisements for OTC drug prod- 
ucts but also advertisements that operate in an unfair or de- 
ceptive way. The Commission can use its powers by either 
promulgating a Trade Regulation Rule or by issuing a com- 
plaint against an advertiser when there is reason to believe 
that the law has been violated. 

In most cases in which a complaint is issued by the FTC, 
the advertiser is willing to enter into an agreement to cease 
and desist from the use of the acts and practices being 
investigated. Such an agreement is for settlement purposes 
only, and it does not constitute an admission by the adver- 
tiser that the law has been violated. The FTC has been 
successful in obtaining consent agreements from a number of 
corporations, including those practicing pharmacy, which 
require all items advertised to be available for sale readily at 
or below the advertised price. Displays of advertised items 
must be marked conspicuously by a sign or other means 
disclosing that the item is as advertised or on sale. In addi- 
tion, many of the consent orders provide that if the adver- 
tised item is unavailable, the consumer may either be given 
a rain-check or be allowed to purchase a similar product of 
equal or better quality at or below the advertised price. 
Phrases such as regular price or manufacturers suggested 
list price and words of similar import should not be used 
unless they can be documented. Whenever a free, 2-for-1, 
half price sale, 1¢ sale or similar type of offer is made, all of 
its terms and conditions to the consumer should be made 
clear at the outset. 

If the parties are unable to agree to a consent order, an FTC 
complaint will result in a trial before an administrative law 
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judge who will determine if a violation has occurred and, if so, 
the appropriate remedies. This decision may be appealed by 
either party to the full Commission sitting as an appellate 
body. Thereafter, review can be pursued to a US Court of 
Appeals and possibly to the US Supreme Court. A case involv- 
ing a well-known mouthwash followed just such a procedure. 
An administrative law judge ruled that the advertisements for 
the mouthwash had made claims that were false, misleading 
and deceptive. Under the administrative ruling, the manufac- 
turer was ordered not only to stop making such claims but also 
to institute corrective advertising to inform consumers that the 
product would not help prevent colds or sore throats or lessen 
their severity. This ruling was upheld by the full Commission 
and by a federal appeals court, and the US Supreme Court 
rejected the manufacturer’s petition for further review. 

In another action, a 1975 FTC complaint alleging false and 
misleading advertising included a pharmacy as a defendant 
even though the ads were prepared by the manufacturer’s 
advertising agency. The administrative law judge held that 
although the retailer did not know whether the ad claims were 
true or false, it was not relieved of responsibility simply be- 
cause the ad copy and content were prepared by others. The full 
FTC bench ruled that the Act does not exempt the seller of a 
product from investigating the truthfulness of claims set forth 
over the retailers own name. The lack of knowledge of the 
falsity of the ad was found not to be a defense. 

FOOD AND DRUG ADMINISTRATION—Prior to 1962 
the FTC was vested with sole authority for regulating the 
advertising of drugs. The Kefauver-Harris Amendments of 
1962 to the FD&C Act gave the FDA control over prescription 
drug advertising. Thus, the FDA regulates not only the labeling 
of prescription drugs but their advertising as well. All adver- 
tisements and other descriptive printed matter issued by the 
manufacturer must include a statement of the established 
name, quantitative formula and other information such as side 
effects, contraindications and effectiveness. 

The FDA’s authority over the regulation of prescription 
drug advertising extends not only to advertising directed to 
professionals but also to that presented to the lay public. Up 
until 1997, the FDA required manufacturers to include a brief 
summary of important information health-care professionals 
and patients need about use of prescription drugs in any ad- 
vertising. This rule effectively banned any television or radio 
advertising. In late 1997 the FDA changed its policy and began 
permitting direct to consumer advertising of prescription drugs 
on broadcast media as long as the manufacturer includes a 
major statement that discloses significant risks associated with 
the drugs use. The new approach presumes the advertising is 
truthful and not misleading. Under the proposed guidelines 
broadcast advertising will have to include: 


Providing a toll-free telephone number for consumers to access detailed 
product information in a timely fashion—either by mail, fax or 
phone. 

Referring to direct-to-consumer print ads that contain a brief summary 
of the product labeling. Reference to brochures containing similar 
information would also be acceptable if the brochures were distrib- 
uted in a variety of publicly available sites such as doctors’ offices, 
libraries and stores. 

Providing an Internet web page (URL) address with full access to the 
approved product labeling. 

Containing a statement that pharmacists, and/or physicians and/or 
veterinarians (in the case of animal drugs) may provide additional 
information about the product. 


At the time of this revision, the proposed guidelines were not 
adopted. By internal policy decision, the FDA permits broad- 
cast advertising of prescription drugs as long as the content 
conforms to the proposed guidelines. Print advertising still 
must comply with the brief summary requirement. 

STATE REGULATION—For some time, many states had 
pharmacy act provisions or pharmacy board regulations that 
prohibited or severely restricted prescription drug advertis- 
ing. Numerous state court decisions had been handed down 
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regarding the permissibility of such prohibitions, but their 
dictate was anything but clear. In order to obtain an ulti- 
mate decision on this controversy, a group of consumers filed 
suit against the Virginia State Board of Pharmacy alleging a 
First Amendment right to receive prescription price infor- 
mation. The case of Virginia State Board of Pharmacy v 
Virginia Citizens Consumer Council, Inc. eventually reached 
the US Supreme Court. The court, basing its decision on the 
First Amendment, held that even speech that primarily is 
commercial in nature is protected. The consumer should 
have the freedom to obtain the price information necessary 
to make a choice regarding prescription drugs. The FTC 
previously had proposed a Trade Regulation Rule that would 
preempt and override all state statutes and regulations that 
prohibited prescription drug advertising, but with the ad- 


vent of the Virginia case the FTC did not feel it was neces- 
sary to move further in this area. 
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Practitioners and managers face a multitude of economic chal- 
lenges as our ability to discover new therapies seem boundless 
while patients resources to purchase these cures remains 
limited. How do we decide which are the best medicines to 
use within limited budgets? The continuing effect of cost- 
containment is causing administrators and policy makers in all 
health fields to examine closely the costs and benefits of both 
proposed and existing programs. It is increasingly evident that 
private employers and public agencies are demanding that 
health programs be evaluated in terms of clinical and social 
outcomes related to costs incurred. Cost-benefit analysis, along 
with other pharmacoeconomic approaches, is a way to analyze 
the value of the service to the public as a supplement to the 
traditional marketplace value as measured by the prices that 
the patient or patron is willing to pay. As third parties are 
paying for a higher percentage of prescriptions dispensed, 
pharmacy managers are beginning to realize that pharmacy 
services may require further cost justification to thrive in the 
future.'? 

Pharmacy entrepreneurs have established numerous inno- 
vative roles for pharmacists, such as home intravenous ther- 
apy, drug-level monitoring, parenteral nutrition management, 
and self-care counseling. The use of valid economic evalua- 
tions methods (such as cost-benefit analysis (CBA) and cost- 
effectiveness analysis CEA) to measure the value and effect of 
new services can increase acceptance of such programs by the 
medical profession, third-party payers, and consumers.*° 

There is increasing competition among health professionals 
for the limited dollars and resources available. Within institu- 
tions and communities, pharmacists have to compete increas- 
ingly with nursing, medical, and other groups for adequate 
reimbursement and payment.”® Pharmacy must document the 
cost benefits of distinct pharmacy services and must develop 
priorities for those services to compete successfully within var- 
ious competitive arenas. 

In this chapter, general concepts related to cost-benefit and 
cost-effectiveness analysis are presented and suggestions of 
how these concepts can be applied in justifying, evaluating, and 
improving pharmacy programs and services are included. 


OVERVIEW OF COST-BENEFIT AND OTHER 
ECONOMIC METHODS 


In this section the reader becomes acquainted with some meth- 
odological issues regarding pharmacveconomics, including 
CBA and CEA. Table 1 provides a basic comparison of these 
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methods; it also supplies a comparison of cost of illness, cost- 
minimization, and cost-utility analysis. One can differentiate 
between the various approaches according to the units used to 
measure the inputs and outcomes, as shown in the table. In 
classic operations research (inputs versus outputs), the inputs 
would be measured in pharmacy hours and the output produc- 
tion units would be number of prescriptions dispensed or num- 
ber of patients monitored. Generally, the outputs in CEA are 
related in various outcome measures, such as lives saved, life 
years added, disabilitydays prevented, and so on. CBA is dif- 
ferentiated from CEA through the use of dollars to measure the 
output of the respective program. Further discussion and 
examples of these techniques have been presented else- 
where.'*?"!” The evaluation mechanisms delineated may be 
helpful in demonstrating both the cost effectiveness and the 
cost benefit of pharmaceutical services and may, thereby, grant 
them greater acceptance by other health-care providers, ad- 
ministrators, and the public. 


COST-BENEFIT ANALYSIS 

[ESR EES RSE SE EE SOR ES AE SDE IO OEE 
The use of CBA is not a new concept in evaluating health 
programs. CBA is a basic tool that can be utilized to improve 
the decision-making process in the allocation of funds to health 
and other programs.'?!*?" Although the overall concept of 
CBA is simple, many of the methodological considerations re- 
quire a certain degree of technical expertise to apply CBA 
appropriately. 

CBA evolved from the need to ascertain estimates of the 
costs and benefits of public investment projects. Expenditures 
for health care should produce net social benefits for the public. 
CBA techniques can be applied to make such resource alloca- 
tion decisions in the health-care field. Economists have indi- 
cated that medical care is both an investment good and a 
consumption good. When considered an investment good, med- 
ical care is an investment in human capital.?° As Pigou”® has 
pointed out, “the most important investment of all is the in- 
vestment in health, intelligence, and character of the people.” 
In economic terms, the present value of a person’s lifetime 
productivity is generally considered the appropriate measure of 
the benefit from investment in human capital.??*? 

A major function in any pharmacy planning process is the 
formulation of alternative ways to achieve desired objectives 
and then the choosing between those alternatives. Many times, 
decisions are made on the basis of intuition and personal judg- 
ment. CBA, by requiring one to state precise definitions and 
objectives, to identify criteria for judging results, and to quan- 
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tify the results of each alternative, formal exposition of alter- 
natives and examination of the effects of assumptions and 
uncertainties, provides a more solid basis for decision making. 

Although it may not be easy to conduct a full economic 
evaluation, an important advantage of CBA is that it forces 
those responsible to quantify input (costs) and outputs (bene- 
fits) as thoroughly as possible rather than to rest content with 
vague qualitative judgments or personal hunches.???! 

CBA consists of identifying all the societal benefits that 
accrue from a health program of interest and converting them 
into equivalent dollars in the year in which they occur. This 
stream of benefit dollars is then discounted to its equivalent 
present value at the selected interest rate. On the other side of 
the equation, all costs of the program are identified and allo- 
cated to a specific year, and, again, the costs are discounted to 
their present value at the same interest rate. Then, other 
things being equal, the program with the largest present value 
of benefits minus costs is the best in terms of its economic value. 

Ideally, all benefits and costs caused by the program should 
be included. This presents considerable difficulty— especially 
on the benefits side of the equation—because many of the 
benefits are difficult either to measure or to convert to dollars, 
or both. For example, benefits such as improved patient com- 
fort, improved patient satisfaction with the health-care system, 
improved working conditions for the physician, and so on are 
not only difficult to measure but are extremely difficult to 
convert into dollars.??°" 

Another problem in CBA is how one determines the proper 
interest rate for discounting future benefits and costs. Prest 
and Turvey®° recommend that the selection of a rate be based 
on similar projects and be followed by sensitivity analysis of the 
problem to determine the effect of a range of discount rates as 
the final solution. The problem of selecting an appropriate 
discount rate and other methodological considerations are dis- 
cussed in further detail later in the chapter. 


Measuring Costs and Benefits 


The economic benefits of a health program are defined as the 
reduction in costs realized because of the implementation of 
that program. The conventional classification of these costs is 
threefold: direct, indirect, and intangible. 


Direct Costs 


Direct costs are defined as that portion of costs currently borne 
that are associated with spending for health services; they 
represent potential expenditures in the use of health resources. 
Direct benefits are estimations of savings on direct costs. Direct 
costs include those costs incurred before diagnosis and hospi- 
talization, during hospitalization, during convalescent care, 
and during continued medical surveillance. Rice***? suggested 
that these costs include “expenditures for prevention, detec- 
tion, treatment, rehabilitation, research, training, and capital 
investments in medical facilities as well as professional ser- 
vices, drugs, medical supplies, and nonpersonal health ser- 
vices.” Most often, direct benefits may be calculated with rela- 
tively little difficulty. 


Table 91-2. Sample Comparison with Three Different 
Cost-Benefit Equations 


COST- NET INTERNAL 

BENEFIT PRESENT RATE OF 

RATIO VALUE RETURN 

PROGRAM __COSTS (t) BENEFITS (t;) _ (B/C) (B- ©) (B ~ O/C 
A $ 10,000 §$ 15,000 tase $ 5,000 50% 


B $100,000 $180,000  1.8:1 $80,000 80% 
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Indirect Costs 


Indirect benefits represent the potential cost of lost productiv- 
ity. Despite extensive treatment in the literature, indirect costs 
are difficult to measure. They are the result of the lost earnings 
and productivity that would have been borne without the 
health program in question. Rice*®? provides a systematic 
method of measuring indirect costs. Her estimates include 
wage and productivity losses resulting from illness, disability, 
and death based on age and sex for major causal categories of 
morbidity and mortality. 


Intangible Costs 


Intangible costs of ill health are difficult, if not impossible, to 
measure. These costs may be described as the psychic costs of 
disease such as those incurred from pain, suffering, and 
grief.4041 

The measurement of such intangible benefits poses an al- 
most insuperable task. However, Mishan** emphasizes that, if 
possible, an attempt should be made to account for the value of 
spillover effects. 


Discount Rates 


All benefits and costs that occur at different times must be 
adjusted to reflect comparable values. This is accomplished by 
converting dollar amounts into present values through the use 
of an interest rate referred to as the discount rate. Although 
most economists agree that discounting should be emphasized, 
there is much discussion as to the appropriate rate for a given 
situation. The consequences of choosing a high or a low dis- 
count rate are clear: A low discount rate favors projects with 
benefits accruing in the distant future, whereas a high rate 
favors projects with costs in the distant future.**“*° 

One commonly used rate is the current yield rate on long- 
term government bonds. This seems practical because it rep- 
resents a riskless long-term alternative use of funds by a tax- 
free institution and, therefore, appears valid for use by 
hospitals in evaluating long-term investment proposals.*** 
Theoretical support can be found in the literature for practi- 
cally any figure between the pure time-reference (riskless) rate, 
as low as 4%, and the corporate return on capital, approxi- 
mately 20%.*"*? 

Cost-benefit methodology is based on certain assumptions; 
it is important to have these assumptions clearly in mind 
before proceeding. The basic assumptions of CBA are these 


1. It is possible to separate one service from another service in a 
sensible way. 

There is a possibility of choice between the interventions. 

It is possible to estimate the outcomes associated with each service. 
It is possible to value these outcomes. 

It is possible to estimate the cost of providing each service. 

These costs and benefits can be weighed against each other. 


OU CS 


Using these assumptions, there are several mathematical 
methods for developing a benefit-to-cost ratio. All have the 
same objective, but they differ in the way in which they handle 
the data mathematically.°°°! The most common method is the 
following calculation: 


n 


SBA +r) 


t 
Cost Benefit Ratio = 
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where B, = total benefits for time period t, C, = total costs for 
time period ¢, r = discount rate, and n = number of time 
periods. The decision criterion is as follows: 


If B/C > 1, then benefits exceed costs and program is socially valuable. 

If B/C = 1, then benefits equal costs. 

If B/C < 1, then benefits are less than costs; therefore, program is not 
socially beneficial. 


The major problem with selecting this method is in choosing 7, 
the discount rate that was discussed earlier. 

A second equation used in CBA relates to the logical concept 
of net present value (NPV) represented in the equation below. 


n 


Benefit-costs = NPV = )\[(B, - C,)/(1 +r)'] 


t=1 


These calculations can become complicated, depending on the 
potential differences in the magnitude of dollars and the time 
involved, when one compares the costs and benefits of compet- 
ing programs. In Table 1, there is comparative information 
about the formulas and factors for pharmacoeconomic calcula- 
tions. In Table 2, simplified versions of three different cost- 
benefit approaches have been presented to illustrate how the 
decision factors can vary. The third approach presented in the 
table includes calculation of a rate of return on the investment, 
which is a rearrangement of the above equations to allow 
calculation of the interest rate from an initial program invest- 
ment over a potential stream of benefits over time. From these 
various calculation options, one must select which formula is 
most appropriate in their institution or setting and perhaps the 
calculated answers from all three CBA equations should be 
presented in the report. Many economists recommend the NPV 
approach to compare programs. 

In the example provided in Table 2, Program A might rep- 
resent a proposal for a medium-sized computer in the phar- 
macy, whereas Program B might represent a large computer 
system with multiple decentralized terminals. Although Pro- 
gram B has a higher cost:benefit ratio and rate of return, it is 
an expensive system, and the pharmacy may not want to com- 
mit such a substantial amount of funds. One could imagine 
numerous other examples here that change the results from 
the various formulas and make it more difficult to select be- 
tween programs. 

Note that, for the limited investment streams presented in 
this example, the calculations have been greatly simplified. 
The calculations and comparisons become more complex as 
benefits are accrued at different increments of time and as 
costs and benefits are properly discounted with the more com- 
plete formulas presented earlier. 

If a new project involves start-up costs, such as a laminar 
flow hood for a home intravenous service, calculations from 
the above formulas can be considered. If there are extra 
benefits accrued by an efficient distribution system, the 
amount of money that must be saved as benefits each year 
becomes similar to amortizing off a start-up loan (SL) over 
time (¢) with interest rate (r) and with extra yearly benefits 
(Bx). Therefore 


Bx = SL[r/1 —Q +r)“ 


COST-EFFECTIVENESS ANALYSIS 

1S A I TT 
In CEA, costs are calculated in dollars, but alternative ways 
are then compared for achieving a specific set of results such as 
blood pressure or life-expectancy changes. The objective is not 
just how to use funds most wisely; CEA also includes the 
constraint that similar output measurements must be achieved 
to compare interventions.“° Thus, CEA is applied to health 
matters in situations for which the program’s inputs can be 
readily measured in dollars, but the program’s outputs are 


more appropriately stated in terms of the health improvement 
created (e.g., life years extended). Weinstein and Stason®® pro- 
vided an excellent explanation of the use of CEA for the prac- 
ticing physician as well as for the physician-administrator. 
This article is recommended for those interested in a more 
detailed discussion. Table 91-3 provides an additional compar- 
ison points between the CBA and the CEA®*®”. 


CALCULATIONS FOR A 
PHARMACOECONOMIC CONSULT 


SLE RESTLESS VEE PESTS TE LIT 
Figure 91-1 provides a basic consult form that suggests a 
framework for pharmacoeconomic assessments. If a decision 
needs to be made between alternative treatments, this form 
could help structure the calculations and considerations re- 
lated to pharmacoeconomics. This consult worksheet is a tem- 
plate for evaluating therapy options for a drug formulary, fram- 
ing a formal pharmacoeconomic study, or the worksheet could 
be used for a basic pharmacoeconomic calculation sheet to 
discuss with a physician or a patient and then put in a patient’s 
record. At an individual patient level it might be difficult to 
have the time with each patient to consider complicated dis- 
counting calculations. 

Basic mathematical examples of various economic analyses 
are presented for cost benefit (Table 91-3), cost effectiveness 
(Table 91-4), cost utility (Table 91-5), and cost minimization 
(Table 91-6). 


CHECKLIST AND SCORING FORM FOR A 
PHARMACOECONOMIC STUDY 


(5S STN TTD 1 ETS TER 
In Table 91-7 the reader is provided with an evaluation check- 
list that includes a possible weighting system for evaluating an 
article or a research proposal. This form could be utilized for an 
external review or self-assessment of a research proposal. It 
could also be utilized to compare several articles to see which 
articles are more rigorous than others. This comparison might 
be useful in formulary decisions when one compares several 
articles on alternative treatments. 


ECONOMIC PERSPECTIVES 


TA SET 
An important consideration in pharmacoeconomics and CBA or 
CEA is that a pharmacy service providing a positive benefit- 
to-cost ratio in terms of value to society as a whole may not be 


Table 91-3. Cost-Benefit Analysis: Example Applied 
to Drug Therapy 


COST OF THERAPIES ($) 


DRUG A DRUG B 
Costs 
Acquisition cost 300 400 
Administration 50 0 
Monitoring 50 0 
Adverse effects 100 0 
Subtotal 500 400 
Benefits 
Days at work ($) 1000 1000 
Extra months of life ($) 2000 3000 
Subtotal ($) 3000 4000 
Benefit-to-cost ratio 3000/500 = 6:1 4000/400 = 10:1 
Net benefit 2500 3600 


PHARMACOECONOMICS 1629 


PHARMACOECONOMICS CONSULT; 


BASIC CALCULATION SHEET 


|. 1D NUMBER: See eee ee 


Il. TREATMENT OBJECTIVES: 

Ill. PERSPECTIVE: 

IV. TYPE OF ANALYSIS:" 

V. TREATMENT OPTIONS: 
Names of Treatment: 
Disease/Symptom: 

Major Outcome Measure: 

VI. COST FACTORS 

A. DIRECT COSTS: 

( HEALTH CARE RESOURCES) 
Practitioner 
Clinic/Hospital 
Acquisition 
Administration 
Monitoring 
Managing 
Adverse effects 


B. DIRECT COSTS: 

(NON-HEALTH CARE RESOURCES 
Transport 
Telephone 


C. INDIRECT COSTS 
Morbidity Costs (time 
lost from work in dollors) 
Mortality Costs (time lost 
from work in dollars) 


D. INTANGIBLE COSTS 
(difficult to put in dollars) 


Discomfort/Pain 

Emotional 

QOL Quality of 

Life Index (as percentage 
of full health) 


TOTAL COST 


Vil_ MEASUREMENT CONSIDERATIONS 
of effectiveness, benefit, or utility. 


Unit of measurement 
col (direct and indirect costs of illness) 
CMA ( input costs only, outcomes assumed equivalent) 
CBA & NB ( input = $, outcomes all in dollars) 
CEA ( input = $, outcomes in natural units, mmHg, etc.) 
CUA ( input = $, outcomes in utiles, QALYs) 
Other 
Vill. CALCULATED RESULTS: 
(Ratios are results of Outcomes divided by Inputs.) 
col (direct & indirects costs of illness) 
CMA: (total direct & indirect costs) 
CBA: (benefit over cost ratio) 
NB: (benefit minus cost)] 
CEA: (cost over effectiveness over ratio) 
CUA: (cost over utility ratio) 
Other: 


1 See calculation formula table for definitions 


Copyright: McGhan WF and Smith MD Reprinted with permission. 
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Table 91-4. Cost-Effectiveness Analysis: 
Example Applied to Drug Therapy 


COST OF THERAPIES ($) 


DRUG A DRUG B 

Costs 

Acquisition cost 300 400 

Administration 50 0 

Monitoring 50 0 

Adverse effects 100 0 
Subtotal 500 400 

Outputs 

Extra years of life IES 1.6 

Cost-effectiveness ratio 500/1.5 400/1.6 

= $333 =$250 


per extra year of life 


valued in the same way by separate segments of society. For 
example, a drug therapy that reduces the number of admis- 
sions or patient days in an acute care institution is positive 
from society’s point of view but not necessarily from that of the 
institution’s administrator who)depends on a high number of 
patient admissions to meet expenses. In other words, what is 
viewed as cost beneficial to society may be viewed differently by 
third-party payors, administrators, health providers, govern- 
mental agencies, or even individual patients. One must deter- 
mine whose interests are to be measured when identifying 
outcome criteria for evaluation. From a cost-benefit perspec- 
tive, one must always consider who pays the costs and who 
receives the benefits. A proposal justifying a pharmacy pro- 
gram to a hospital administration would often want to demon- 
strate that the benefits to the hospital outweigh the costs to the 
hospital. 


QUALITY-OF-LIFE OUTCOMES 
AND PATIENT DECISIONS 


(REA SSSI LS TS 
Equally significant and equally misunderstood in pharmaco- 
economics and patient outcomes management is the issue of 
quality of life.°°°” Although we recognize that there are phys- 
ical, mental, and social impairments associated with disease, 
we have not agreed on how to measure these factors. Conse- 
quently, the concept of satisfaction with care is often over- 
looked in cost-effectiveness studies and even in the approval 


Table 91-5. Cost-Utility Analysis: Example Applied 
to Drug Therapy 


COST OF THERAPIES ($) 


DRUG A DRUG B 
Costs 
Acquisition cost 300 400 
Administration 50 0 
Monitoring 50 0 
Adverse effects 100 0 
Subtotal 500 400 
Utilities 
Extra years of life le5 1.6 
Quality of life index 0.33 0.25 
QALYs? 0.50 0.40 
Cost-to-utility ratio 500/0.5 400/0.4 
=$1000 =$1000 


per extra quality of life year 


? QALYs = Quality adjusted life years. 


Table 91-6. Cost-Minimization Analysis: 
Example Applied to Drug Therapy” 


COST OF THERAPIES ($) 


DRUG A DRUG B 

Costs 

Acquisition cost 250 350 

Administration 75 0 

Monitoring 75 25 

Adverse effects 100 25 
Subtotal 500 400 

Outcomes 

Antibiotic effectiveness 90% 90% 


Result = Cost of Drug A > Cost of Drug B 


? In cost minimization, both interventions (drugs) are considered equally 
effective, and in this example, the cost-minimization question is answered by 
stating that Drug B is $100 less than Drug A. 


process of the Food and Drug Administration (FDA). But phar- 
macoeconomics and outcomes research considers quality of life 
an important predictor in creating a full model of survival and 
improvement.°*°° Quality of life is related to clinical outcomes 
as much as drugs, practitioners, settings, and types of disease. 
The question is how to select and utilize effective instruments 
(as listed in Table 8) for measuring quality of life and satisfac- 
tion with care in a meaningful way. 

Another important aspect of quality-of-life research is the 
number of healthy years within life extension. In an average 
life span of 73 or 74 years, people may have approximately 11 
or 12 dysfunctional years. Therefore, whenever we examine the 
pharmacoeconomic effect of pharmaceuticals, we should adjust 
for the quality of life of any extra years so as to reflect whether 
this increase leads to full, healthy years or includes some 
dysfunctional adjustments as well. Likewise, if adjustments 
are not made for comorbidities, the resulting health profile may 
be skewed. For example, untreated hypertension may escape a 
quality-of-life measurement because it does not overtly affect 
daily life. But a myocardial infarction would definitely lessen 
quality of life. The FDA has been leery of drugs that make 
patients feel better while life expectancy is reduced. Neverthe- 
less, we must be able to present to patients the different prob- 
abilities between perfect health and death, present the com- 
promises associated with different treatments, and then 
administer care accordingly. 

To present these probabilities, though, we must monitor 
what happens to patients during clinical treatments over time 
and collect data on their utilities. This means that we should 
ask patients how they feel about their therapy options, which 
therapies do they prefer, and how their quantity and quality of 
life is affected. Pharmaceutical companies have sponsored 
studies that examine probabilities, utilities, and cost effective- 
ness and then charts the results over time. Using decision- 
analysis concepts, researchers can construct a decision tree of 
what actually happens to the patient from diagnosis to cure. As 
a result of utilizing such analytic approaches, we can clearly 
see not only costs, but also the probability of entering one 
health state over another. 

From this type of computer modeling, we can develop treat- 
ment protocols. Each of the branches of the decision tree des- 
ignates specific treatments for patients at specific health 
states. In a simplified form, this tree doubles as an educational 
tool for presenting available therapy options and probable con- 
sequences to the patient.°>°? 

Wennberg”™ has been exploring ways to involve patients in 
this type of decision-making process. His most more recent 
research has involved a computer interactive program on pros- 
trate surgery. This program explains to patients the probabil- 
ity of success, what pain might be involved at each step, and 
what the procedure actually entails. After viewing this pro- 
gram with visual graphic depictions of the surgery, many of 


Table 91-7. Evaluating a Pharmacoeconomic Study 


EVALUATION CRITERIA 


Me 


10. 
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RELATIVE CRITERIA WEIGHT/ 
IMPORTANCE (SCALE 0 ‘NOT 
APPLICABLE’-10 ‘VERY 
IMPORTANT’) 


ITEM QUALITY SCORE 
(SCALE 1 ‘NOT AT ALL 
SATISFACTORY’ TO 10 
‘TOTALLY SATISFACTORY’) 


Appropriate question? Was a well-defined question posed in answerable 
form? Did the study examine both costs and effects of the service(s) or 
program(s)? Did the study involve a comparison of alternatives? Was a 
viewpoint for the analysis stated and was the study placed in any particular 
decision-making content? 


. Proper alternatives? Was a comprehensive description of the competing 


alternatives given? Were any important alternatives omitted? Was (Should) a 
do-nothing alternative (be) considered? 


. Effectiveness determined? Was there evidence that the program's 


effectiveness had been established? Has this been done through a 
randomized, controlled clinical trial? If not, how strong was the evidence of 
effectiveness? 

All costs and consequences? Were all the important and relevant costs and 
consequences for each alternative identified? Was the range wide enough 
for the research question at hand? Did it cover all relevant viewpoints? 
(Possible viewpoints include the community or social viewpoint, and those of 
patients and third-party payers. Other viewpoints may also be relevant 
depending on the particular analysis.) Were capital costs, as well as operating 
costs, included? 

Accurate measurement? Were costs and consequences measured accurately in 
appropriate physical units (eg, hours of nursing time, number of physician 
visits, lost workdays, gained life years)? Were any of the identified terms 
omitted from measurement? If so, does this mean that they carried no 
weight in the subsequent analysis? Were there any special circumstances (eg, 
joint use of resources) that made measurement difficult? 

Proper values assigned? Were costs and consequences valued credibly? Were 
the sources of all values clearly identified? Were market values employed for 
changes involving resources gained or depleted? Where market values were 
absent (eg, volunteer labor) or market values did not reflect actual values 
(such as clinic space donated at a reduced rate), were adjustments made to 
approximate market values? Was the valuation of consequences appropriate 
for the question posed? (ie, has the appropriate type or types of analysis— 
cost effectiveness, cost benefit, cost utility—been selected?) 


. Discounting & time adjustments? Were costs and consequences adjusted for 


differential timing? Were costs and consequences that occur in the future 
discounted to their present value? Was any justification given for the 
discount rate used? 


. Incremental analysis? Was an incremental analysis of costs and consequences 


of alternatives performed? Were the additional (incremental) costs 
generated by one alternative over another compared with the additional 
effects, benefits, or utilities generated? 


. Sensitivity analysis? Was a sensitivity analysis performed? Was justification 


provided for the ranges of values (for key study parameters) employed in the 
sensitivity analysis? Were study results sensitive to changes in the values 
(within the assumed range)? 

All issues discussed? Did the presentation and discussion of study results 
include all issues of concern to users? Were the conclusions of the analysis 
based on some overall index or ratio of costs to consequences (eg, cost- 
effectiveness ratio)? If so, was the index interpreted intelligently or ina 
mechanistic fashion? Were the results compared with those of others who 
have investigated the same question? Did the study discuss the 
generalizability of the results to other settings and patient/client groups? 
Did the study allude to, or take account of, other important factors in the 
choice or decision under consideration (eg, distribution of costs and 
consequences or relevant ethical issues)? 


Total weighted score for a study is calculated by multiplying each of the ten 


importance weights by its corresponding quality score 


the patients changed their decisions about wanting surgery 
over watchful waiting. This reduction in a major procedure 
resulted from a greater focus on quality of life and patient 
satisfaction. With further evaluation and perhaps modifica- 
tion of the computer program, it should also produce more 
cost-effective care. Wennberg’s work is really just an appli- 
cation of outcomes research that helped to weigh costs, util- 
ities, and quality of life for the patient. This example shows 
how a concern for the patient can help balance health-care 
costs at the same time. 


DISCUSSION 


A key effect that pharmacy needs to give more attention to is 
the idea that the greatest benefit we can generate for society as 
a whole is to target and take more responsibility toward de- 
creasing mortality, not just decreasing morbidity. Giving extra 
years of life to a patient population can be converted to dollars 
for society, which greatly enhances the benefit-to-cost ratio of a 
program. Substantial research remains to be done on the po- 
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Table 91-8. Outcomes and Quality-of-Life 
Measurement Approaches 


Basic-outcomes list 
Death 
Disease 
Disability 
Discomfort 
Dissatisfaction 
Major quality-of-life domains 
Physical status and functional abilities 
Psychological status and well-being 
Social interactions 
Economic status and factors 
Expanded outcomes list 
Clinical endpoints 
Symptoms and signs 
Laboratory values 
Death 
Functional parameters 
Physical (activities) 
Mental (depression) 
Social (friends) 
Role (work) 
General well-being 
Pain 
Energy/fatigue 
Health perceptions 
Opportunity (future) 
Life satisfaction 
Satisfaction with care 
Access 
Convenience 
Financial coverage 
Quality 
General 
Sample of instruments for outcomes measurement 
Generic instruments—Sickness Impact Profile (SIP), Nottingham, 
Quality of Well Being (QWB), Medical Outcome Study (MOS) 
Specific instruments—Pain, Arthritis, Epilepsy, Cancer 


tential effect of pharmacists and their services on mortality 
rate. It is hoped that the new reimbursement plans will include 
incentives to decrease patient mortality rates and improve 
quality of life. 

Pharmacy practitioners and managers must consider cost 
benefit and cost effectiveness based on the outcomes and the 
effects that pharmacy services provide . There are several ways 
that pharmacy can produce positive outcomes. For example, 
pharmaceutical services can 


e decrease morbidity in patient populations; 

e increase the percentage of patients in therapeutic control; 

e reduce the costs of the treatment by use of more efficient modes of 
therapy; 

e reduce the number of physician visits; 

e reduce the rate of hospitalization attributable to or affected by the 
improper use of drugs; 

e contribute to better use of health manpower by utilizing computers 
and technicians; 

e decrease the incidence and intensity of iatrogenic disease, such as 
adverse drug reactions. 


Other examples of the types of pharmacy services and their 
potential benefits and effects include patient consultation, 
which improves patient compliance, reduces medication errors, 
reduces misuses of medication, and provides efficient use of all 
personnel. With a unit dose distribution program, patient ther- 
apy 1s improved and drug waste and perhaps nursing personnel 
costs are reduced. 

By monitoring drug therapy in acute-care situations, phar- 
macy can provide early detection of therapy failure or adverse 
reaction. Admixture programs provide better intravenous ther- 
apy and possibly more efficient use of personnel. Under patient 
and therapy responsibilities, drug prescribing by pharmacists 


might be added, which can be highly cost effective. What is 
being done in defined patient care situations is the substitution 
of a pharmacist’s salary for that of a physician, which may be 
two or even three times greater. Pharmacists can be beneficial 
in the areas of conducting patient discharge interviews and 
taking patient histories. Under personnel substitutions, we can 
look at ways that pharmacists can increase physician produc- 
tivity and, by using computers and technicians, how the phar- 
macy salary budget can be best allocated. 

In this chapter a general explanation of CBA and CEA 
has been provided with the intent that it helps the reader in 
cost-justification efforts. There are encouraging reports in the 
pharmacy literature that demonstrate that pharmacists can 
have cost-benefit effects in a number of areas. Still, it must 
be realized that even though this research is positive, there is 
a need to continue to develop programs that maximize the 
benefit-to-cost ratio to society and to institutions. 

Although a pharmacy endeavor can demonstrate a positive 
ratio of benefit to cost, society or the institutions ultimately 
invest their resources in needed programs that have the higher 
benefit-to-cost ratio. Similarily, the health system must be 
convinced that these beneficial pharmacy services are worth 
using with modification or that other less-effective programs 
must be deleted if necessary. Pharmacy managers must fully 
understand evaluation tools such as CBA and CEA if their 
programs are to survive in the future. 
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“Marketing is the business function that identifies customer 
needs and wants, determines which target markets the organi- 
zation can serve best, and designs appropriate products, services, 
and programs to serve these markets. However, marketing is 
much more than just an isolated business function—it is a 
philosophy that guides the entire organization.” 


For more than a decade, pharmacy has embraced the concepts 
introduced by Brodie, Hepler, and Strand.** These concepts 
helped the profession to adopt a new practice philosophy— 
pharmaceutical care. In recent years, practitioners have 
worked hard to re-engineer their practices to incorporate this 
new philosophy. This re-engineering has resulted in pharma- 
cies presenting a new look to their patients by incorporating 
patient consultation areas, workflow improvements, and the 
increased use of pharmacy technicians within the practice. Not 
only have physical changes to pharmacies been implemented, 
but pharmacists have developed new clinical services, disease 
state management programs, drug information services, and 
other value-added pharmacy services for their practice. Even 
with all these changes, many practitioners are finding it diffi- 
cult to receive appropriate reimbursement for their services 
and integrate into existing health-care systems. In his article 
on unresolved issues in pharmacy, Hepler? discusses these 
challenges to the profession and the need for pharmacy to 
market itself as an essential part of medical care. 

To overcome the difficulties associated with reimbursement 
and integration, pharmacists need to embrace another philoso- 
phy-the philosophy of marketing as mentioned by Kotler and 
Armstrong.’ Although the profession has worked hard to de- 
velop a supply of new pharmacy services over the past several 
years, pharmacy practitioners have invested a substantially 
smaller proportion of their resources in creating the demand 
for such services. For pharmaceutical care to be successfully 
implemented in all practices, pharmacists should increase 
their efforts in developing a plan for marketing pharmacy 
services. 

An understanding of patient needs and wants is essential 
for developing and implementing a successful plan for market- 
ing pharmacy services. The need for most of our patients is to 
have good health. If their health deteriorates, a need exists to 
return to a healthy state. Patients have many options for prod- 
ucts, services, and providers to help them achieve this healthy 
state, including pharmacists and pharmacy-care services. Pa- 
tients choose the resources that they believe best fit their 
needs. To be successful, a marketing plan for pharmaceutical 
care should include strategies to assess the wants of consumers 
regarding health-care services. Once the needs and wants are 
addressed, pharmacists can follow a strategy that incorporates 
the key steps in the marketing process. 
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MARKETING PLAN 

SE SET 
As with other strategic planning processes, the marketing plan 
should contain key elements that are essential for successful 
implementation. The marketing plan should be consistent with 
the mission of the practice and should include an analysis of 
the market environment (external factors) as well as an anal- 
ysis of the practice itself (internal analysis). From this infor- 
mation, the target markets may be identified, the marketing 
mix determined, and the marketing strategies developed. In- 
cluded in the marketing plan should be a process to evaluate 
the results of the plan. The key elements of a marketing plan 
include® 


Competitive analysis (SWOT analysis; see Table 92-1). 

Goal statements (complete with objectives, tasks, and timelines). 
Target market and stakeholders. 

Marketing mix. 

Control. 


SWOT Analysis 


An essential component of the marketing plan is for the phar- 
macist to analyze their practice site and its environment. This 
process can be accomplished with a technique called a SWOT 
analysis (Table 1) that can be used to assess the internal 
strengths and weaknesses of the pharmacy in context with the 
opportunities and threats that may exist in its external 
environment. ’*® 

Strengths can include the clinical expertise of pharmacists 
in certain disease-state management programs, the positive 
image of the pharmacy in the community, and the diversity of 
services offered by the practice. Weaknesses can include work- 
flow issues, shortage of technician help, and lack of time to 
provide pharmaceutical care services. The opportunities of a 
practice may be with physician groups, collaborative practice 
strategies with certain physicians, and the needs of the com- 
munity for innovative health-care services. When one identifies 
the threats to the practice, competitive programs should be 
distinguished, turf issues with other health-care providers 
need to be recognized, and lack of reimbursement for clinical 
services should be considered. 

Through this analysis, the pharmacist can determine what 
services or programs they offer or can offer in the future to gain 
a competitive or differential advantage in the marketplace. In 
addition, pharmacists within the practice need to identify their 
weaknesses and develop strategies that either minimize these 
factors or convert them into strengths. 

After completing the SWOT Analysis, pharmacists can 
match the strengths of their pharmacy with the opportunities 


Table 92-1. SWOT Analysis 


S = Strengths of the 
practice (Internal 
environment) 

O = Opportunities for 
the practice 
(External environment) 


W = Weaknesses of the practice 
(Internal environment) 


T = Threats to the practice 
(External environment) 


in the marketplace and minimize the threats (or competition) 
to a profitable practice. Examples of threats to the pharmacy 
can include a competitor with superior services, the lack of 
reimbursement for cognitive services, and increased costs to 
implementing and sustaining a clinical service. 

To better understand the external environment of their 
pharmacy, pharmacists may use marketing research tech- 
niques. This provides them with additional information about 
their marketplace and assists them in the development of 
strategies to increase sales, improve the practice, assess the 
competition, and determine the needs of patients. Market re- 
search can encompass several techniques that may include 
questionnaires, telephone surveys, focus groups, casual conver- 
sation, observation, and published data. This information 
should be collected and updated annually and the necessary 
adjustments made to the marketing plan. 

The information gathered from this market research can be 
continually incorporated into the practice’s SWOT analysis. 
The research provides new information regarding external op- 
portunities and threats to the practice. Using this information, 
along with an internal inventory of the strengths and weak- 
nesses of their pharmacy, provides an excellent starting point 
to develop a comprehensive marketing plan. 

Goal Statements—These outline what a pharmacy wants to 
accomplish. These statements should reflect the mission state- 
ment for the practice, which is the underlying philosophy of the 
pharmacy. Goal statements are general and provide direction 
for the practice to meet the mission of the pharmacy. Each goal 
statement has its own set of objectives that are the steps needed 
to meet the goals. The objectives that are developed for the 
practice should be clearly stated, realistic, and measurable. It 
is through the objectives that the pharmacist can determine 
the success or failure of their marketing plan. A well-written 
marketing plan with clear, quantifiable goals and objectives 
can provide the pharmacist with the feedback mechanism to 
change and refine specific components of the plan. To achieve 
the goals and objectives, one must accomplish specific tasks in 
accordance with a timeline that provides a reasonable period 
for completion of each task. Table 2 provides examples of a 
mission statement, a goal statement, and objectives. 

Next, specific tasks and a timeline should be created to 
guide the pharmacy personnel in meeting their goals and ob- 
jectives. Table 3 can be used as a guide in developing this 
marketing action plan. 

Once the goals and objectives are developed, time should be 
spent thinking about the persons (target markets) who can 
benefit from the services offered by the practice. Additionally, 
individuals or programs that can positively or negatively affect 
the practice of the pharmacy (stakeholders) should be identi- 
fied. The target markets and stakeholders represent those in- 
dividuals who the marketing efforts are trying to reach and 
affect. 


Target Markets and Stakeholders 


Target markets are those customers who behave in similar 
patterns and can benefit from the pharmacy care services of- 
fered by the practice.° It is important to identify key targets for 
the marketing efforts because it is neither efficient nor cost 
effective to market to the general public. Customers who are 
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the targets of the marketing process should have needs and 
wants that the pharmacy services can meet. When initiating 
the market plan, it is beneficial to consider how customers 
behave. Research in this area shows that subgroups of consum- 
ers can be identified based on their adoption (i.e., use of) new 
services. 1°11 

ADOPTION GROUPS—Various elements compose the 
adoption group. A list of these is as follows: 


Innovators—less than 5% of customers. 
Early adopters—10 to 15% of customers. 
Early majority—30 to 35% of customers. 
Late majority—30 to 35% of customers. 
Late adopters—15 to 20% of customers. 


CUR 0 


Innovators represent the smallest percentage of customers, but 
they are the first to try a new service offered if they believe it 
meets their needs. They are considered risk takers and ven- 
turesome. Early adopters, who are the opinion leaders in the 
community, need to hear the marketing message several times 
because they carefully evaluate new ideas and services. This 
group accepts a new service early in the marketing efforts. 

The early majority, though not leaders, do adopt a new 
service earlier than the average consumer. Repeat marketing 
efforts need to stay focused on this group because they need to 
hear the marketing message several times before purchasing a 
new service. 

The late majority are consumers who question new products 
and services. However, they adopt a new service once the 
majority of consumers buy. 

The last group is the late adopters who not only question a 
new innovation, but remain suspicious. This group buys only 
after the service has a well-proven record. 

By understanding the characteristics of each of these 
groups, marketing plans can be created to focus on the appro- 
priate group. For new pharmacy services, innovators and early 
adopters would be of most interest. Typically, consumers in 
these two groups are younger, have more education, and have 
higher income than other consumers.'”'' Because they trust 
their own judgment, they are more willing to try new services 
and to respond to promotional strategies that attract them to 
such services. 

In addition to patients, a marketing plan of the pharmacy 
also should include the stakeholders of the practice. A stake- 


Table 92-2. Mission, Goals Statements, and Objectives 


To enhance health status and provide 
innovative and high-quality pharmacy 
services by being sincere, 
compassionate, and focused on the 
individual needs of each patient. 

To market and promote the pharmacy 
services effectively to physicians and 
other health-care providers to increase 
the referrals to the practice. 

Within 3 months, identify key decision 
makers in each medical group. 

In the next 3 months, identify the key 
100 primary-care physicians and develop 
a newsletter that provides information 
about the programs and pharmacy-care 
services offered by the practice. 

Identify 100% of the physicians 
(specialists and primary care) who care 
for a large percentage of diabetes and 
asthma patients. 

In the next 3 months, identify 
competing programs/services within the 
community. 

Within 1 month, develop promotional 
tools to use when marketing to 
physicians and other health-care 
providers. 


Mission Statement of 
the practice 


Goal Statement 


Objectives 
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Table 92-3. Tasks and Timeline 


TASK PERSON RESPONSIBLE 


OBJECTIVES MET 


DEADLINE TO COMPLETE TASK 


List the tasks that need to 
be completed. 


Identify who the person is 
responsible for specific 
tasks; this can be a 
pharmacist, technician, 
or clerk. 


Have a deadline for each task 
to be completed. Once 
completed have the person 
responsible for the task 
initial and date this form. 


From the goal and objective 
statements listed, identify 
which one corresponds to 
each task. 


holder is anyone who can affect the success of the practice. 
They include other health-care providers, community resources 
such as hospitals and clinics, community leaders, public agen- 
cies, employers, and third-party payers. Other potential stake- 
holders to the practice may include other pharmacists not 
employed by the pharmacy but who have created some type of 
alliance with the pharmacy. Stakeholders influence the prac- 
tice by providing a support structure for new ideas, identifying 
key targets for marketing efforts, and providing a process that 
helps to improve the quality of the services provided by the 
pharmacy. 

Marketing strategies should include all these groups since 
they can have a major effect on the practice. 


Marketing Mix 


The term for the variables that are under the pharmacists 
control and that provide the general framework for marketing 
is marketing mix. The elements of the marketing mix, also 
called the 4 P’s of marketing include®!** 


1. Product. 
Duerices 

3. Promotion. 
ay blacey 


A fifth P, positioning, often is included as well. 

PRODUCT—The product refers to what is being marketed. 
With pharmaceutical care services, it is not a physical product 
that needs promoting but rather intangible services. Services 
have certain characteristics that differentiate them from 
products. This property is referred to as the 4 I’s in service 
marketing.®!° 


Intangible. 
Inconsistent. 
Inseparable. 
Non-Inventoried. 


Because patients cannot physically see or touch a service (in- 
tangible), they must experience the services to receive the 
benefits. This experience and the quality of the interaction with 
the pharmacist provides the basis for patient satisfaction with 
the services. 

Because services are delivered by individual pharmacists, 
there is variability in delivery among different practitioners 
(inconsistency). The clinical competencies, knowledge base, 
communication skills, and personalities of the pharmacists are 
all key factors for provider performance in service delivery. 
Since pharmacy-care services cannot be separated from the 
pharmacists who perform them (inseparability), quality pro- 
grams need to be delivered by quality providers. Kotler’® dis- 
cussed the need for service providers to focus not only on the 
technical quality of the service (was the service successful?), 
but also on its functional quality (did the pharmacist demon- 
strate concern, empathy, and competence in providing the 
care?). In other words, providers that deliver high-touch as well 
as high-tech services are more likely to have satisfied custom- 
ers. Practice standards and training programs can help assure 
consistency between pharmacists and thus improve satisfac- 
tion and increase patient acceptance of pharmacy-care services. 
In addition, the development of protocols, policies and proce- 
dures, and standard educational materials helps to enhance 


pharmacists performance with service delivery. Last, continu- 
ous quality-improvement activities should be implemented to 
keep the quality of the service at a high level. 

The fourth characteristic of service marketing is the concept 
of inventory. Unlike products, services do not have a physical 
presence in the practice. But pharmacists should remember 
that services have an inventory as well. To provide pharmacy- 
care services, a practitioner needs to be prepared to deliver 
services when purchased by the patient. There is a cost of 
inventory associated with the pharmacist who is working but 
who may not always be delivering pharmacy-care services. The 
challenge in this situation is to provide sufficient pharmacist 
coverage to provide services when needed but, at the same 
time, to minimize pharmacist overlap and costs. By under- 
standing the patient flow in the pharmacy throughout the day, 
strategies can be developed to improve the efficiencies of the 
practice. 

Often, marketing a program or service involves making a 
major change in the perceptions of a patient of a pharmacy and 
the pharmacists who are employed there. For example, if pa- 
tients view pharmacists as doing little more than dispensing, it 
is unlikely that they will want to participate in pharmacy-care 
activities. Increasing the expectations of patients can be accom- 
plished by making changes, ranging from simply improving the 
workflow to becoming certified in a particular area of expertise. 
If a pharmacist wants to create the image of being knowledge- 
able about diabetes education, for example, he or she may want 
to become a Certified Diabetes Educator (CDE) or to enroll in a 
certificate program that focuses on that disease. Patients who 
perceive a service as new and different are more likely to see 
the benefit of those services. Another strategy to increase pa- 
tient awareness of a service is to stock a variety of products 
related to the service (i.e., a diabetes supply display). Helping 
patients select appropriate products can offer a unique oppor- 
tunity to market the service of the pharmacy on a personal 
level. Pharmacists can also indirectly change patients’ percep- 
tions by partnering with physicians and other health-care pro- 
viders who may serve as a referral source for the practice. This 
helps to give the practice credibility and an improved public 
image. 


Features Versus Benefits of the Product 
or Service 


Changing perceptions and expectations of the practice are im- 
portant, but not the sole activity that guarantees success for 
marketing a service. It is equally important to examine the 
needs of the persons identified as targets of the marketing 
efforts. Once these needs are recognized, the marketing mes- 
sage can focus on the features and benefits (Table 4) of 
the services that are specific for that group (target market or 
stakeholder). 

The features of the service are the elements that describe 
what the service offers the patient. In contrast, the benefits of 
the service to the individual patient or the stakeholder help 
describe why that person should be interested in the service. 
Understanding these key principles in service marketing helps 
to develop effective marketing strategies and promotional ma- 
terials. More important, it provides the pharmacist with a 


Table 92-4. Features and Benefits 
SSS SS SS TL TE TS ET SEI ET SE 
FEATURES BENEFITS 


One-on-one patient 
education. 


Providing you with the 
information necessary to help you 
make better decisions about your 
own health care. 

Helping you take charge of your 
own health. 

Making sure your medications 
are working appropriately to 
improve your health. 

Reducing problems associated 
with medications, such as side 
effects and interactions with other 
medications. 

Keeping your physician informed 
about the education provided so 
he/she can better care for your 
health-care needs. 

Providing feedback about your 
medications to make sure you are 
receiving the benefits needed to 
keep you healthy. 


Medication review and 
assessment. 


Communication with other 
health-care providers 


framework to discuss services to patients during one-on-one 
consultations. 

Using features and benefits to market services may be used 
not only for patients but also for health-care providers and 
third-party payers. The features and benefits for these other 
groups and payers may be different depending on their needs, 
however. For example, the medication review and assessment 
feature described above may be used for discussing pharmacy- 
care services with physicians as well as third-party payers, but 
the benefits are different. The benefit to physicians may be on 
the time constraints they experience in their own practices. For 
example, it would be useful to discuss how the services can 
reduce the number of unnecessary calls from patients regard- 
ing their medications. Also, by providing this service, patient 
compliance and other issues related to the medications can be 
assessed by the pharmacist, with progress reports sent to the 
physician on a regular basis. This can complement the physi- 
cian’s educational efforts with the patient regarding proper 
medication use. In contrast, the benefit to the payer would 
focus on cost issues and how this service could potentially save 
them money by reducing the additional use of health-care 
resources (i.e., hospitalizations and increased physician visits) 
due to inappropriate medication use. 

Price considerations are difficult for most pharmacists 
since they have limited experience pricing pharmacy-care ser- 
vices. Nonetheless, setting an appropriate price that remains 
competitive yet profitable is important. Being aware of the 
pricing strategies of competing programs such as a diabetes 
center can provide information that helps to guide fees. If a 
competitive program does not exist or if an innovative program 
is developed, setting a fee structure then becomes more diffi- 
cult. It is important to think about the resources and time 
consumed by offering the service and set prices accordingly. By 
concentrating on the value of the service and creating the 
perception of expertise to the customer, fees can be set higher 
and adjusted only after the market has had time to respond. It 
is important to assess the prices for services continually to 
make sure the practice remains profitable and competitive. 

Promotion, the third marketing principle is more than just 
advertising. Promotional strategies include publicity, public 
relations, direct mail, sales promotions, advertising, and per- 
sonal selling. To be cost effective, the strategies used should 
focus on customers who can benefit from the services offered. 
Using the features and benefits to describe the services to these 
customers helps in developing effective promotional material. 
The effectiveness of each strategy should be determined by 
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measuring the outcomes associated with the promotional ef- 
fort. This evaluation helps to determine which methods are 
worthwhile or ineffective and also provides the information 
needed to make adjustments in the overall plan. 

The development of effective promotional materials requires 
much time and thought. When using direct mail as a strategy, 
developing a mailing list should be the first step in the process. 
Mailing lists can be created from the pharmacy computer 
record, a membership list from service groups and support 
groups, as well as from lists developed from special promotions 
when information is collected. There are certain guidelines that 
can be followed to create direct-mail pieces.? Keeping focused 
on the features and benefits for that particular target market 
helps organize the letter. 

Publicity is another form of promotion that should be con- 
sidered in the marketing plan. Some of these strategies that 
are effective and inexpensive include newsletter articles, opin- 
ion editorials, and news and press releases. The same princi- 
ples are important for these promotional materials: emphasize 
features and benefits, keep focused on the reader, and avoid 
complex medical terminology that may confuse the reader. 

Providing presentations to support groups should be part of 
the promotional mix. The presentations should be well planned 
in advance. Know what points you want to discuss with the 
group and how you will promote the services of your pharmacy. 
Avoid lecturing, and keep the presentation as much of a dis- 
cussion as possible. By listening to the participants, informa- 
tion can be gathered about their needs and wants. Make sure 
you have brochures, business cards, and other promotional 
materials that can be handed out to the group during the 
presentation. Invite them to visit the practice or call you if they 
have any questions about the services or programs that you 
provide. 

Participating in special events or communitywide events 
can augment the overall marketing strategy. A goal when 
participating in events such as health fairs is to increase the 
good will of the pharmacy, to generate interest in the clinical 
programs developed, and to demonstrate the competence and 
skills of the pharmacists to potential patients. Creating special 
events such as health promotions and screenings, brown bag 
days, and open houses allow potential patients and local 
health-care providers to see and experience the new services 
offered by the practice. 

Other promotional strategies such as sales promotions and 
advertising should be considered in the marketing plan. Sales 
promotions include any materials or efforts developed to assist 
the pharmacist in selling their clinical services. One such tech- 
nique, referred to as personal selling or sometimes called the 
Fifteen-Second Commercial, should be practiced and mastered 
by the pharmacists and support staff.” A skill that may help 
pharmacists in their personal selling efforts is learning to 
identify the needs of their patients. By identifying the needs, 
pharmacists can apply the personal selling process during their 
consultations with patients. This personal selling process is 
need(s) identification, a brief description of the clinical service 
or program that can satisfy the need(s), an explanation of its 
benefits and the cost to the patient. Because many pharmacists 
do not think of themselves as salespeople, training programs in 
personal selling techniques may provide additional skills to 
help them excel in this effort. Marketing tools such as bro- 
chures, fliers, and bag stuffers can be developed to help the 
pharmacists and support staff in these efforts. These materials 
should describe the features and benefits of the service or 
program in terminology that patients can understand and 
should complement the Fifteen-Second Commercial. 

Advertising includes the paid efforts of the practice to de- 
liver the marketing message to a broader audience. Radio, 
television, and newspapers are effective media to market pro- 
grams and services. The media selected depends on the mes- 
sage that the pharmacist wants to promote, the audience they 
want to reach, and their budget. It is important to find out 
about the readership or viewership of the media and the costs 
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of advertising because this information helps in deciding which 
promotional strategies fit within your marketing plan and 
budget. 

The best promotion is providing quality care to the patient. 
Patients can be the greatest advocate of a pharmacy by sharing 
their experiences with their friends and other health-care pro- 
viders. If they discuss the services with their physicians and 
their satisfaction with those services, this could enhance the 
physician’s image of the practice as well as increasing the 
likelihood that he or she may be more willing to refer other 
patients. It is important to assess the quality of the practice 
continually by receiving feedback from patients. This can be in 
the form of patient satisfaction surveys; the information col- 
lected from these surveys may be incorporated into new pro- 
motional materials. Table 5 can be used to generate a list of 
promotional strategies employed by a pharmacy. 

Place refers to where and how the services are delivered. 
When providing services, it is important to make it available at 
the right place and at the right time. Convenience to the pa- 
tient or customer needs to be assessed to assure success of the 
service. Within the pharmacy, an area that is considered pri- 
vate and professional, helps in improving the perception of 
the patient. If possible, it may be necessary to deliver the 
service outside the pharmacy such as at a physician clinic or at 
the work site of the employer who contracts out for the services. 
The use of the telephone as an element of service delivery 
should be considered especially with follow-up monitoring that 
may be associated with a service. If the practice has a delivery 
service, this service may be used to provide patient care and 
should be included in the marketing plan. 

Positioning is the final element of marketing that needs to 
be considered. Throughout this chapter, reference to patient 
needs and wants has been emphasized. Once the target market 
and stakeholders have been identified for the practice, position- 
ing the pharmacy to these groups to increase demand for ser- 
vices becomes paramount. Schwartz and Sogol® refer to posi- 
tioning as creating a favorable image of the pharmacy in the 
minds of potential targets and stakeholders so they want and 
demand your services. In a competitive environment, position- 
ing helps to create a niche for the practice by identifying unmet 
needs and responding by developing the services to meet those 
needs. The messages contained in your promotional materials 
can be vital to establishing your position in a market. 

Control is the final component of the marketing plan. Im- 
plementation of the plan needs to be carried out and completed 
in a timely manner. Methods to ensure this implementation 
need to be developed. Creating the task list with responsible 
staff and deadlines aids in this process. Additionally, because 
the practice is guided by means of the mission statement and is 
assessed by means of the goals and objectives, it is important to 
reassess the success and follow through of the plan continually. 
The outcomes of the marketing plan should be established 
before implementation and processes are in place to collect the 
data. The outcomes may include 


Number of programs sold. 

Increase in pharmacy service revenue. 

Increase in referrals. 

Number of contracts with employers. 

Improved patient satisfaction surveys. 

Number of third-party payers who are paying for services. 


Table 92-5. Promotional Strategies 
PROMOTIONAL STRATEGY 


TARGETS/STAKEHOLDERS FREQUENCY 


List the promotional 
strategies that 
will be used by 
the practice. 


Identify the Target How frequent will this 
Markets and promotional 
Stakeholders the strategy be used, ie, 
promotional quarterly, monthly, 
strategies are weekly, etc. 
targeting. 


By assessing this outcome data from the marketing efforts, one 
can make decisions about future marketing efforts and the 
cost-effectiveness of certain strategies. 

Budgeting for the marketing plan will need to be ad- 
dressed at this time as well. Several strategies can be used to 
determine the appropriate amount that should be spent for 
marketing and advertising.'7'1® 

One common approach is to determine a fixed percentage of 
sales to set aside for advertising (percentage of sales). Although 
this method is easily applied, it has some inherent problems. 
Its major shortcoming is the implication that sales cause ad- 
vertising. Instead, marketing and advertising should be seen 
as increasing sales. 

A second method is to establish a marketing budget based 
on the competition or industry norms (competitive parity). This 
is not an optimal approach because the competition may be 
reaching a different target market or may not have appropri- 
ated sufficient funds for marketing. 

The next approach is the affordable method. This strategy 
takes the marketing budget into consideration only after funds 
have been allocated to other important operations or projects to 
the pharmacy. The remaining funds then are applied to the 
marketing budget. This approach does not take into account 
the goals and objectives of the marketing plan and how to 
complete the tasks of the marketing plan effectively. 

The last strategy, objective and task approach, is the most 
cost-effective method for determining a budget. This bottom-up 
method determines the goals and objectives of the marketing 
plan, the tasks that need to be completed, and the costs asso- 
ciated with each task. The marketing budget is created by 
determining what investment is needed to implement the mar- 
keting strategies developed during the planning process. As- 
sessments of the effectiveness of each strategy allow adjust- 
ments to be made in the plan and budget. 

Decisions about the amount spent on marketing should be 
evaluated routinely by looking at the return on investment. 
Contact various sources to determine the most cost-effective 
methods of advertising. Certain promotional strategies may 
prove to be more effective than others, causing the need to 
reassess the investment in these strategies. Some pharmacies 
may invest a larger amount in the marketing budget earlier in 
the planning stages and hire a consultant. Once the plan is put 
into place and the consultant is no longer needed, the practice 
can decrease the budget to usual levels. Regardless of which 
strategies are used, developing and refining a budget is a 
dynamic process and helps guide decisions for the marketing 
plan. 


THE MARKETING CYCLE 


The marketing cycle refers to the systematic process that 
should be used by practices to put their marketing plan into 
effect. The six steps of this process include’??? 


market analysis 

market planning 

selection, development, testing, and refining of marketing materials 
implementing the market plan 

evaluating the effectiveness of the plan 

applying the findings and feedback into the market analysis 


PEON > COU 


A major feature of this process is the feedback received from 
the marketing plan evaluation. This feedback helps to deter- 
mine what was or was not successful in the marketing plan and 
provides the needed information to make adjustments in the 
marketing strategies. Use of this process permits promotional 
materials to be tested and refined before a major investment is 
made for these marketing tools. 

Not all marketing strategies nor all promotional materials 
that are developed provide the results initially anticipated. It is 
important to test, monitor, and refine strategies and tools con- 


tinually and to minimize costly approaches to the marketing 
plan that are marginally effective. During evaluation of the 
effectiveness of new materials, it is also important to allow 
adequate time for testing. The marketing plan, timeline, and 
budget help to provide the boundaries or limits to the market- 
ing process. Predefined outcome measures of the marketing 
plan provide the goals or the results of the marketing process. 
By referring to the written marketing plan, one can make an 
accurate assessment of marketing materials. 

Receiving feedback from patients and stakeholders regard- 
ing promotional materials before market testing helps in the 
development of these marketing tools. It can be used to recruit 
a small group of patients and stakeholders to preview materi- 
als regularly. During the market testing, carefully evaluate 
patient and stakeholder response to the marketing strategies. 
It is during this time that feedback about the effectiveness of 
certain marketing materials and tools can be collected to help 
revise and refine these materials. For example, asking all new 
service customers how they found out about the services can 
help identify effective promotions. Once this step is accom- 
plished, implementation of the marketing plan follows. 

Once decisions are finalized regarding each aspect of the 
marketing process, implementation of the plan is next. The 
goal is to follow the written action plan and timeline created 
during the planning process. Expect minor problems as new 
activities are undertaken. For example, territory battles may 
arise not only with other health-care providers but also within 
your own pharmacy. Delegating tasks and responsibilities to 
individuals within the practice distributes the workload asso- 
ciated with each task and can include all the staff. It is impor- 
tant that pharmacists remain supportive and realistic when 
assigning tasks to other employees in the practice, because 
each employee must feel that his or her contributions are 
equally important. Use of a monthly planner or calendar to 
assign responsibility to individuals to complete certain tasks 
can assist the pharmacist in the implementation process. Em- 
ployees should date and initial each task as it is completed. 
Providing incentives for employees encourages their participa- 
tion and creates a sense of ownership in the marketing process. 

The different promotional strategies should be implemented 
at this time as well. Promotion and advertising dollars should 
be kept within the established budget. Because an increase in 
sales may not be immediate, cash-flow considerations should be 
part of the implementation plan. The practice may need to 
stagger activities to assure sufficient funds when needed. When 
the pharmacist is determining costs associated with certain 
tasks, not only are the economic considerations important, but 
time constraints on the staff are equally significant. The time 
and cost of the implementation phase can be substantial; phar- 
macists and staff need to remain committed to the marketing 
plan to help ensure its success. In addition, pharmacists should 
remain flexible and make adjustments to the plan if things 
obviously are not working. 

The last two steps of the marketing process help to deter- 
mine the effectiveness of the marketing plan based on sales and 
other outcome measures. Comparing the results of the market- 
ing strategies with established objectives on a regular basis 
helps guide pharmacists in future marketing efforts. This in- 
formation should be collected routinely to assess efficacy and to 
avoid wasting resources on methods that do not yield the de- 
sired results. Adjustments to the marketing plan should be 
made in an ongoing manner as new opportunities are identi- 
fied. The marketing process is dynamic and requires continu- 
ous evaluation of the different steps and a mechanism to incor- 
porate feedback into the marketing analysis. Finally, the 
outcome measures are used to monitor the process and deter- 
mine the ultimate success of the marketing program. 
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CONCLUSIONS 
ERT aE CLT RT BOIL OE EM 


To successfully implement pharmacy-care services, improve 
reimbursement strategies, and integrate into the existing 
health-care system, pharmacists must realize the importance 
of marketing. The six steps of the marketing process outlined in 
this chapter provide a basic framework that can be applied to 
any practice. Each step of the marketing process may be indi- 
vidualized to a particular practice site, demographic area, pa- 
tient base, competitive environment, and financial constraint. 
Regardless of the pharmacy involved, however, the importance 
of adequate market research and planning should not be un- 
derestimated. A thorough analysis of your environment is es- 
sential to identify key targets and stakeholders, recognize op- 
portunities and threats to your practice’s success, and ensure 
that your marketing resources are used in the most cost- 
effective manner. 

When implementing the marketing plan in an individual 
pharmacy, pharmacists should use goals, objectives, and indi- 
vidual tasks to give direction to the marketing process. Includ- 
ing all employees in this process, from clerks to pharmacist, 
helps to ensure consistency and commitment from all involved. 
During the implementation phase of the marketing plan, reg- 
ularly scheduled meetings should be held to keep employees 
updated and informed on the marketing eftorts. By careful 
consideration of the concepts described in this chapter and by 
involving all employees of the pharmacy in the process, phar- 
macists can achieve the optimal results from their marketing 
plan. 
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THE ROLE OF DOCUMENTATION 
IN PHARMACEUTICAL CARE 


The role of documentation in pharmaceutical care is often 
misunderstood. Documentation is often viewed as an activity 
that detracts from care by consuming time that could otherwise 
be spent with the patient. In fact, accurate and consistent 
documentation of clinical observations, decisions, and actions 
improves the quality of care delivered to patients in several 
important ways. 


1. It imposes a logical structure on the clinician’s thinking. Essen- 
tially, documentation requires the pharmacist to routinely ask and 
answer the question, What did I do, and why did I do it? Over time, 
the same critical reasoning is incorporated into the process of plan- 
ning and delivering care. This continuous critical self-assessment 
translates into a more logical, deliberate, and consistent approach 
to providing care. 

2. It enhances the quality of care through improving the continuity of 
care. This effect is particularly pronounced in the community prac- 
tice setting, where systems to ensure continuity of patient care are 
often not as fully developed as institutional practice settings. Prop- 
erly integrated into a practice, written documentation provides a 
mechanism for assuring the consistent flow of patient information 
from encounter to encounter and from provider to provider. Like 
other health-care providers, pharmacists often develop close rela- 
tionships with their patients. As a result, some may erroneously 
conclude that documenting the services they perform is unneces- 
sary because they will remember. However, such a casual approach 
increases the risk that important patient information will be over- 
looked. When this happens, the quality of care inevitably suffers. 

3. In addition to supporting patient care, it also is performed to create 
a permanent written record of observations made and actions taken 
for legal purposes. As Cohen’ has noted, “if it isn’t documented, it 
wasn’t done.” Perhaps even more to the point is the admonition 
found on a nurses station in a large hospital: In God We Trust, All 
Others Must Document! 

4. Itis useful in workload management to maximize the use of exist- 
ing personnel and justify the need for additional positions.” Addi- 
tionally, documentation of key professional activities, such as phar- 
macists’ interventions to correct prescribing errors, can serve to 
establish the need for and the value of the pharmacist in the 
channel of distribution for prescription medications.” ° Indeed, the 
importance of documenting pharmacist interventions has been rec- 
ognized by the Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) who have included it as a key clinical 
quality indicator in a medication-use monitoring system.’ 

5. It may be performed for purposes of billing and getting paid for care 
provided to patients.° In November 1990, the Office of HHS Inspec- 
tor General, Richard P. Kusserow, released a report titled The 
Clinical Role of the Community Pharmacist.® The report concluded, 


*Portions of this manuscript were excerpted with permission from 
Ref 16. 
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“there is strong evidence that clinical pharmacy services add value 
to patient care,” but that “in the community pharmacy setting, 
significant barriers exist that limit the range of clinical services 
generally provided.” Among the most formidable of these barriers, 
the report concluded, is “a transaction-based reimbursement struc- 
ture [which] links pharmacists’ reimbursement to the sale of a 
product rather than provision of services.” 


Thus, the development of compensation strategies that rec- 
ognize the value of professional services and that equitably 
reward pharmacists who competently and consistently provide 
these services, represents a clear and urgent priority for the 
profession. As a result, developing accurate and efficient docu- 
mentation and billing systems represent a clinical, legal, and 
economic mandate for the pharmacy profession. 


NARRATIVE DOCUMENTATION: 
THE SUBJECTIVE, OBJECTIVE, ASSESMENT, 
AND PLAN (SOAP) SYSTEM 


Many of the seminal advances in clinical documentation can be 
traced to the work of Dr Lawrence Weed, a physician and 
pioneer in creating systematic approaches to organizing the 
collection, documentation, and use of clinical information.1° 
Weed’s intuitive problem-oriented medical record (POMR) rep- 
resented a significant advance from the fragmented source- 
oriented record that had preceded it; in a source-oriented 
record, notes were filed according to the source from which they 
had come, such as physician orders, nursing notes, laboratory 
reports, and so on. 

As described by Weed, the POMR consisted of four essential 
components: 


1. The defined database. 

2. The complete problem list. 
3. The initial plan. 

4. The progress notes. 

Weed recommended that progress notes be further orga- 
nized to reflect the four types of information that are commonly 
found in clinical documentation. This has come to be known as 
the Subjective, Objective, Assessment, and Plan (SOAP) ap- 
proach to clinical documentation. 

Subjective information includes a description of the problem 
and the associated symptoms in the patients own words. These 
notes often contain verbatim quotes from the patient, “J feel hot 
and achy, and I have a splitting headache,” and/or from those 
close to the patient such as a relative or friend, “She has been 
complaining of fever and headache for a couple of days.” 

Objective information includes observations made and data 
collected and/or considered by the caregiver that is relevant to 
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the problem, including physical examination or assessment, 
laboratory data, and so on (e.g., patient presents to the phar- 
macy in acute distress complaining of flulike symptoms for the 
past 2 days. Complexion is pale, skin is warm and dry to the 
touch, temperature is 101°F orally). 

The assessment component of the note allows the caregiver 
to express his or her net conclusion or opinion about the prob- 
lem based on the subjective and objective information that is 
available (patient’s symptoms are consistent with flu). The as- 
sessment note may be seen as a diagnosis, clinical impression, 
or a change in the condition of the patient for better or worse.!! 

The plan component of the progress note describes the rec- 
ommended course of action based on the new information being 
considered by the caregiver. This may include revising a pre- 
vious plan or establishing a new one and may contain recom- 
mended treatment, patient education and instruction, or the 
need for additional information (recommended acetaminophen 
650 mg every 4 to 6 hr, push fluids, and bed rest. If symptoms 
worsen or if the condition does not improve in 48 hr, patient 
instructed to see physician). 

Although the SOAP approach provides a simple, logical 
structure for documenting clinical encounters with patients, 
there are some elements that are not applicable to every care- 
related service performed by the pharmacist. For example, sub- 
jective patient information is usually relevant only to situations 
involving direct patient care. In other situations, such as an in- 
tervention to correct a prescription-related problem that is iden- 
tified during prescription screening and dispensing, subjective 
patient information would often be unnecessary or irrelevant.” 

Many permutations of the SOAP approach to clinical docu- 
mentation have appeared over the years. However, even under 
different acronyms, most are essentially minor derivations of 
Weed’s simple, yet effective approach. By organizing clinical doc- 
umentation in a logical and consistent format, SOAP maintains 
significant advantages over unstructured approaches for ensuring 
greater accuracy and completeness of a care encounter. Addition- 
ally, because the SOAP approach is widely used in the clinical 
training of many health professionals, it is likely to be more 
familiar, and therefore more acceptable, to health professionals 
and claims administrators working for third-party payers. 

USING ABBREVIATIONS AND SYMBOLS—It is not 
uncommon for pharmacists and other health professionals to 
use symbols and abbreviations in their clinical documentation. 
Indeed, used appropriately, symbols and abbreviations can im- 
prove the accuracy of documentation while conserving provider 
time and documentation space. But used inappropriately, these 
shortcuts can increase the likelihood of medication errors and 
other adverse patient outcomes. 

Consider the following note: Pt c/o PND X Sd. In this 
note, PND could refer to either paroxysmal nocturnal dys- 
pnea, or postnasal drip. Without additional information, it is 
impossible to say which with any certainty. Documentation 
should clarify, not obscure. Ambiguous or equivocal clinical 
documentation is simply unacceptable. Many commonly 
used symbols and medical abbreviations have multiple uses 
and interpretations. For this reason, it is prudent to avoid 
using them whenever possible. If they are to be used, how- 
ever, it is important that their meaning is clear and unam- 
biguous. Pharmacists who wish to use symbols and abbrevi- 
ations in their documentation should adopt and strictly 
adhere to a standard set of approved symbols and abbrevia- 
tions in their practices. Excellent references are available to 
assist in establishing an approved list of symbols and abbre- 
viations for a pharmaceutical care practice. ‘* 


STANDARDIZED DOCUMENTATION 
SYSTEMS 


The advantage of narrative documentation is that it allows the 
caregiver to provide detail and nuance to the documentation of 
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clinical observations, impressions, and activities. However, a 
significant limitation of narrative documentation is the diffi- 
culty in transforming it into quantifiable data that are consis- 
tent with contemporary computer-based information manage- 
ment and claims administration systems. To do this, it is 
necessary to create ways to codify key data related to the care 
provided to the patient. This, in turn, has given rise to stan- 
dardized documentation systems that allow for more efficient 
documentation and billing of health services. 

CODING SYSTEMS TO DOCUMENT PHARMACEU- 
TICAL CARE—The National Council for Prescription Drug 
Programs (NCPDP) is a standards development organization 
(SDO) whose membership includes representation from vir- 
tually every relevant segment in the US prescription drug 
delivery system. Since its inception in 1976, the mission of 
NCPDP has been to create and promote voluntary standards 
for information transfer in prescription drug benefit program 
administration. In this capacity, the Council has historically 
concerned itself primarily with the creation and mainte- 
nance of standards for the exchange of information related to 
the delivery of prescription drug products. NCPDP’s Univer- 
sal Claims Form that was released in 1977 and its more 
recent electronic counterparts are familiar to most commu- 
nity pharmacists. 

In November 1993, NCPDP recognized the need to add 
the ability to document and bill for pharmaceutical care 
services to its electronic telecommunication standard. It re- 
sponded to this emerging need by creating WG-10, the Pro- 
fessional Pharmacy Services (PPS) Work Group. The mission 
of WG-10 was to 


“create a standardized, practical framework that will allow the 
electronic documentation, storage and transmission of clinical 
and billing data that describe the delivery of professional phar- 
macy services.” 


Essentially, the mission of WG-10 was to define and opera- 
tionalize the pharmacist’s professional services in a uniform 
coding system and to integrate this system into the electronic 
claims administration process through the creation of an elec- 
tronic data interchange (EDI) standard. This standard could 
then serve as the basis for the efficient communication of in- 
formation related to the delivery of pharmacists’ care-related 
services to patients. This, in turn, would provide an essential 
prerequisite for the creation of efficient mechanisms by which 
pharmacists could routinely document their professional ser- 
vices and, where covered by a patient’s health insurance or 
pharmacy services benefit plan, bill and receive compensation 
for these services. 

In 1995, the NCPDP approved the addition of the new PPS 
code set, and billing for professional services became part of 
NCPDP’s electronic telecommunication standard.'*' After 
NCPDP’s approval, the National Community Pharmacists As- 
sociation (NCPA) modified their popular Pharmacist Care 
Claim Form (PCCF) to support the NCPDP coding standard, 
thereby taking an important step toward creating uniformity 
in how pharmacists document and bill for their professional 
services. Since this alignment occurred, all subsequent ver- 
sions of the PCCF have continued to support the PPS coding 
system. The most recent version of this claim form appears in 
Figure 93-1. In addition, NCPA publishes a manual on the use 
of the PCCF’®. 

The core of the PCCF consists of six fields of information: 


Reason for Service. 
Professional Service. 

Result of Service. 

Level of Service. 

Drugs Involved. 

Billing Codes/Professional Fees. 


CD Sas COS 


Together, these fields comprise the key components of a phar- 
maceutical care service as documented and billed with the NCP- 
DP’s PPS coding set. 
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As illustrated on the PCCF in Figure 93-1, the Reason for 
Services codes are further classified into one of five groups to 
better reflect their common content: 


1. Administrative. 

2. Dosing/Limits. 

3. Drug Conflict. 

4. Disease Management. 
5. Precautionary. 


Codes in this field are used to indicate the problem or the need 
that stimulated the pharmacist’s professional service. 

Adjacent to this field on the PCCF are the Professional 
Service codes that describe the professional service(s) that were 
performed in response to the problem or need that was identi- 
fied. These services are divided into two groups: administrative 
and patient care. 

The Result of Service codes are used to describe the imme- 
diate results of the service that was performed. Clearly, many 
things can and do result from professional services that phar- 
macists perform during their delivery of care. However, some of 
these results, such as improved health outcomes, can only be 
determined at some point well after the performance of the 
service. For this reason, the measurement and recording of 
true patient health outcomes—although an important part 
of clinical documentation—is inconsistent with most billing 
and claims administration systems in which documentation 
and billing is performed contemporaneously with the delivery 
of care. As a result, the codes in the Result of Service field 
primarily reflect process or procedural results of the service 
that was performed, whether or not it was related to the dis- 
pensing of a prescription medication. 

Values in the Level of Service field may be used to describe 
the intensity of the service that was performed. For any phar- 
macist service (i.e., Reason-Service-Result combination), sev- 
eral different levels of service are possible. In contrast to the 
other fields of information, the definition and rules of assign- 
ment for codes in this field are left to the decision of users and 
their trading partners. In some cases, the level of service may 
be best represented by the amount of time the pharmacist 
required to perform the service. Alternatively, it may be based 
on the complexity of the problem, the level of professional 
judgment that was needed, or the risk that the identified prob- 
lem represented to the patient. Most pharmacists use the Level 
of Service field to record the amount of time that was needed to 
perform the service in question. If so, it is important to note 
that in some cases a pharmacist’s service to a patient may be 
interrupted. This may occur, for example, when a physician is 
not immediately available and the pharmacist must wait for a 
return telephone call. If such an interruption does occur, the 
delay that results should not be considered during assignment 
of level of service unless the pharmacist was actively engaged 
in the performance of the service during the elapsed time. For 
additional guidance on this and other issues, the reader is 
directed to the Pharmacist Care Claim Form User’s Manual.'° 

Although not always the case, one or more drug products 
may be involved in the delivery of a pharmacist service to a 
patient. If so, the Drugs Involved field allows for the identifi- 
cation of as many as two specific drug products using the 
standard 11-character NDC (National Drug Code) as the prod- 
uct identifier. Although many pharmacist services or interven- 
tions involve only a single drug product, circumstances may 
arise in which the pharmacist wishes to identify two drug 
products with a particular service. Such situations may include 
the following medication conflicts (ie, Reason for Service): 


Additive Toxicity (AT). 
Drug—Drug Interactions (DD). 
Drug Incompatibility (DD. 
Ingredient Duplication (ID). 

Prior Adverse Drug Reaction (PR). 
Therapeutic Duplication (TD). 


In cases of formulary enforcement (NF) or discretionary prod- 
uct selection (PS), this field allows for the identification of both 
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the originally prescribed product and the product that was 
eventually dispensed. 

The Billing Code for a pharmacist service on the PCCF is 
created by transferring the two-character codes from columns I 
through IV to the appropriately numbered boxes in this field. 
The resulting 8-character code represents a complete profes- 
sional pharmacist service. Also included on the PCCF is a 
section called Discussion within which the pharmacist could 
include a brief narrative summary of the service or provide 
additional information not captured in the codes selected. 

THE PHARMACY PRACTICE ACTIVITY CLASSIFI- 
CATION—Although the NCPDP’s PPS code set captures many 
services pharmacists may perform, it cannot be considered 
exhaustive in terms of its representation of the pharmacist as 
a health-care professional. The single greatest challenge that 
has historically faced those who would create standard coding 
systems to document and bill for pharmaceutical care services 
has been the absence of a comprehensive and widely embraced 
list of specific activities that pharmacists may perform in the 
course of fulfilling their professional responsibilities. An impor- 
tant step toward overcoming this barrier was taken in 1998, 
when ten national professional associations jointly issued the 
Pharmacy Practice Activity Classification (PPAC).'” 

The PPAC is intended to be an exhaustive classification of 
activities performed by practicing pharmacists across the con- 
tinuum of health-care settings. Much like a biological taxon- 
omy, the PPAC is organized as a hierarchy. In descending 
order, they are domain, class, activity, task, and step. 

At the highest level in the PPAC are four broad domains of 
pharmacist activity: 


1. Ensuring Appropriate Therapy and Outcomes. 
2. Dispensing Medications and Devices. 

3. Health Promotion and Disease Prevention. 

4. Health Systems Management. 


Within each domain are more specific classes of activity. 
Within each class, are individual activities, and so on, down to 
the most specific level in the system that are discrete steps 
involved in performing a particular activity-related task. An 
example of the increasingly specific hierarchical nature of the 
PPAC is 


Domain A Ensuring Appropriate Therapy and Outcomes 

Class A.2 Ensuring Patient’s Understanding And Adherence to His or 
Her Treatment Plan. 

Activity A.2.1 Interview patient. 

Task A.2.1.4 Verify patient understanding and knowledge of treatment 
plan. 

Step A.2.1.4.1Verify that patient can describe the use of new and/or 
existing medication. 


Note that the presence of an activity on the PPAC does not 
necessarily mean it is performed exclusively by pharmacists. 
Indeed, some activities listed in the system are routinely per- 
formed by automated systems or are delegated to supportive 
personnel in many pharmacy practices. These activities were 
included in the PPAC because it was thought that they remain 
the professional responsibility of the pharmacist to ensure they 
are performed correctly, whether the pharmacist is personally 
performing them or supervising others in their performance. 

It is too early to determine what affect, if any, the PPAC will 
have on future documentation and billing systems for pharma- 
ceutical care. However, its potential to serve as the foundation 
for a common language with which pharmacists and the phar- 
macy profession can better articulate the professional roles and 
responsibilities of the pharmacist is significant. It is not un- 
likely that the PPAC, or some derivative thereof, may eventu- 
ally serve as the basis for future standardized documentation 
and billing systems in pharmacy. 

FEE SETTING AND RESORCE-BASED RELATIVE 
VALUE SCALE—To0 the right of the billing code on the PCCF, 
an area is provided for the pharmacist to assign a professional 
fee for the service that was performed. At present, there exists 
no widely accepted standard for assigning professional fees to 
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pharmacist services. For private pay patients, professional ser- 
vice fees will be set by pharmacists in much the same way that 
other products and services are priced. Where these services 
are covered by insurance or third-party benefit plans, the phar- 
macist’s professional fees are determined in negotiation with 
payers. 

Many pharmacists who routinely bill major medical carriers 
for their services know that under the Medicare program, phy- 
sicians fees are set by a Resource-Based Relative Value Scale 
(RBRVS). Because some have suggested that a similar ap- 
proach may be used in future payment systems that are created 
for pharmaceutical care, it is useful to describe the RBRVS 
system briefly within the context of this discussion. 

By the early 1980s, government third-party payers had 
concluded that the usual, customary, and reasonable (UCR) 
method of compensating physicians and other medical care 
providers was financially unsound and encouraged abuse. This 
opinion was particularly prevalent in the Medicare program, 
where it was decided that a standard fee schedule was needed 
for physician services. The result was the creation of an ongo- 
ing research project at Harvard University known as the 
Resource-Based Relative Value Scale project.1® 

Essentially, the RBRVS project was an attempt to create a 
method of reimbursing physician services that is based on the 
estimated resource input costs)necessary to perform the ser- 
vices. The RBRVS that is used by Medicare to determine phy- 
sicians’ fees defines the resource input costs as consisting of 
four components: 

1. The time required by the physician before, during, and after the 
service. 

2. The intensity with which the time was spent. 

3. The practice costs necessary to supply the service. 

4. The opportunity costs of additional training or specialization for the 
physician may have been required to complete in order to provide 
the service.'® 


The RBRVS combines these resource inputs into a model 
that is intended to reflect the relative costs that efficient phy- 
sicians would incur in providing a given service if a perfectly 
competitive market existed. Because it was not considered 
feasible to gather data on all 7000 Medicare procedure codes, 
the researchers surveyed 3000 physicians in 18 specialties to 
determine the work necessary to perform over 400 medical 
services. They then grouped the procedures into broad classes 
of services that were assumed to be relatively similar in terms 
of resource inputs and extrapolated the results to procedures 
that were not surveyed. 

The general approach used in the RBRVS has received 
widespread support from policy makers and even from some 
physician organizations. As a result, it has been suggested that 
a similar approach may eventually be applied to determine the 
professional fees of other providers, including pharmacists. 

PHARMACIST CREDENTIALING—It now appears 
likely that programs to certify pharmacist competency in the 
performance of certain specialized patient care services will 
increase in the future. Already, some third-party payers re- 
quire certified evidence of advanced proficiency as a condition 
of compensation for certain services. 

In 1998, two groups were formed to develop consensus and 
create standards for credentialing pharmacists.”° The National 
Institute for Standards in Pharmacist Credentialing (NISPC) 
was formed through a consortium agreement between the Na- 
tional Association of Chain Drug Stores (NACDS), the National 
Community Pharmacists Association (NCPA), and the Na- 
tional Association of Boards of Pharmacy (NABP) to create 
standards for a series of examinations to credential pharma- 
cists in various specific disease states. A separate group, the 
Council on Credentialing in Pharmacy (CCP), includes repre- 
sentation from Academy of Managed Care Pharmacists 
(AMCP), American Association of Colleges of Pharmacy 
(AACP), American College of Apothecaries (ACA), American 
College of Clinical Pharmacy (ACCP), American Pharmaceuti- 
cal Association (APhA), American Society of Consultant Phar- 


macists (ASCP), and American Society of Health-System Phar- 
macists (ASHP). The focus of this group appears to be the 
certification of general practitioners who are capable of provid- 
ing pharmaceutical care. 

Thus, although some disagreement still exists with respect 
to whether pharmacy should credential practitioners in focused 
areas of specialty expertise or in general pharmaceutical care, 
there seems to be growing agreement about the need for and 
the value of credentialing as a way to ensure a certain mini- 
mally acceptable level of quality. Although not yet included in 
the NCPDP’s PPS code set, the creators of the PCCF antici- 
pated this trend and have included a field on the form that 
allows pharmacists to indicate their certification status in the 
management of specific disease states. Also included on the 
PCCE are fields to document the identity of both the pharmacy 
organization at which the service was provided and the indi- 
vidual pharmacist who performed the service. Currently, SDOs 
are working with governmental agencies to create a system of 
unique provider identification numbers (UPIN) that will allow 
for the tracking of virtually any billed health-care service to the 
individual who provided the service. This is in keeping with a 
growing interest among payers for more individual account- 
ability from providers of all health-care services. 


LIMITATIONS ON THE PPS STANDARD 
a a) 
It is important for potential users to recognize the limitations 
of the PPS coding standard as it is currently configured. It is 
not the intent of the standard to represent the entirety of 
pharmaceutical care and the professional roles and responsi- 
bilities of pharmacists in all practice settings. The PPS stan- 
dard was created to support those professional activities and 
responsibilities that are now, or may be anticipated soon to be, 
included in third-party pharmacy service benefit plans in the 
ambulatory practice setting. It is recognized that pharmacists 
in certain specialized settings (eg, long-term care, consulting, 
radiopharmacy) have additional roles and responsibilities that 
may not be adequately captured in this first version of the PPS 
standard. As both the standard and the pharmacy practice 
continue to evolve, it is expected that the special needs of 
pharmacists in more nontraditional roles will be increasingly 
supported in the standard. 

Although not strictly a limitation, an important caveat of 
the PPS coding standard is that it is not intended to replace 
more comprehensive narrative documentation by pharmacists 
of care delivered to their patients. Rather, the standard is 
intended to provide an efficient and uniform mechanism for 
electronically communicating key aspects of this care, primar- 
ily for billing purposes. A complete clinical picture should al- 
ways be recorded by the pharmacist in the patient’s pharmacy- 
based medical record before any claims coding mechanism is 
consulted or applied. 

USING THE HEALTH-CARE FINANCING ADMINISTRA- 
TIONS 1500 TO FILE PHARMACIST CARE CLAIMS— 
First issued in the early 1980s, the Health Care Financing 
Administration’s (HCFA’s) 1500 (ie, universal) claim form is 
the most widely recognized and accepted format for billing 
third-party payers for health-care services. It is required by 
Medicare and many other third-party payers for payment of 
health-care services. Commonly known as the HCFA-500 (pro- 
nounced hick-fa), the most recent version was released in De- 
cember 1990, and is illustrated in Figure 93-2. 

In deciding whether to use the HCFA-1500 to bill for phar- 
macist care services, the pharmacist should consider the na- 
ture of the service provided, as well as the payer to whom the 
claim will be submitted. Many pharmacist care services are 
discrete events that occur during the routine process of provid- 
ing care—particularly prescription care—to patients. For some 
of these services, the value that is created is confined primarily 
to the prescription benefit plan. For example, when a pharma- 
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cist recommends a therapeutically equivalent but less expen- 
sive product to a prescriber, the value created by the pharma- 
cist is restricted to the differential in the ingredient costs of the 
two drug products. In such cases, a PCCF submitted directly to 
the prescription drug benefit component of the patient’s insur- 
ance plan would probably be the most appropriate claims pro- 
cedure simply because that is where the value is being realized. 

In other cases, the value of the pharmacist’s professional 
service goes beyond or is less likely to be recognized as directly 
relevant to the prescription drug benefit. An example would be 
the pharmacist’s involvement in patient education, instruction, 
or disease-state management activities. Because there are of- 
ten no hard dollar savings generated by such activities, the 
value created by the pharmacist is likely to be better recognized 
and appreciated by that component of the patient’s medical 
insurance plan that is concerned with the total care of the 
patient and with the total cost of that care. This is usually what 
is commonly referred to as the major medical component of the 
patient’s health insurance plan. 

Pharmacists should consider filing their claim with the pa- 
tient’s major medical insurance carrier whenever they provide 
a service whose primary value is likely to be realized through 
positive patient health outcomes or the prevention of negative 
health outcomes and their related economic sequelae. Although 
each carrier has its own policies and procedures for filing major 
medical claims, many require a HCFA-1500 to be submitted in 
the claims packet. This requirement does not, however, elimi- 
nate the usefulness of appending a PCCF to the claim to pro- 
vide additional explanatory information. Pharmacists should 
consider filing a HCFA-1500 form and appending a fully com- 
pleted PCCF whenever they bill the major medical carrier for a 
pharmacist care service. 


Billing Using the HCFA-1500 


The HCFA-1500 universal claim form is the most widely rec- 
ognized and accepted format for billing third-party payers for 
health-care services. It is required by Medicare and many other 
third-party payers for payment of health-care services. The 
form consists of 33 boxes or fields of required information. 
Fields 1 to 3 contain information about the patient and the 
insured beneficiary. The remaining 20 fields, 14 to 33, contain 
information about the provider or supplier of the service. Two 
fields on the form are particularly important for ensuring 
prompt and correct payment, field 21 and field 24D. 

The first rule of third-party payment for health-care ser- 
vices is there must have existed a demonstrated medical need 
for the service that was performed. On the PCCF, need is 
established by the Reason for Service code that the pharmacist 
selects. On the HCFA-1500, need is established by the patient’s 
diagnosis and related background facts about the condition 
being treated. 

INTERNATIONAL CLASSIFICATION OF DISEASES 
CODING—Field 21 on the HCFA-1500 form is labeled Diag- 
nosis or Nature of Illness or Injury. This field contains four 
slots, numbered 1 to 4, for entering patient diagnostic informa- 
tion using the International Classification of Diseases, 9th Re- 
vision, Clinical Modification (ICD-9-CM) coding system. This 
reference is available through various medical publishers. 

At least one diagnosis code must be reported on each claim. 
As many as four codes may be reported if needed for accurate 
representation of the reason for the service that was provided. 
When more than one is reported, the code that represents the 
disease, condition, or problem that was primarily responsible 
for the service provided should be listed first, with any addi- 
tional or supplementary codes listed afterward in order of their 
proximal relation to the primary code. 

The ICD-9 coding system contains 19 categories of codes. 
Categories 1 through 15 (codes 001-779) identify diseases and 


related medical conditions. Category 16 (codes 780-799) des- 
ignates symptoms, signs, and ill-defined conditions. Category 
19 (codes 800-999) relates to injury and poisoning. Hach cate- 
gory contains numerical codes of 3 to 5 digits, depending on the 
level of specificity and precision. For example, undifferentiated 
asthma is coded as 493 in the ICD-9 system. For asthma with 
an allergic cause, 493.9 would be the appropriate selection. An 
additional fifth digit is also available if the patient does or does 
not have a history of status asthmaticus (ie, 493.91 or 493.90). 
Thus, with each successive digit, the level of diagnostic preci- 
sion increases. With few exceptions, payers generally require 
the submission of diagnoses that are coded to at least the fourth 
digit. Failure to do so often results in payment delay or rejec- 
tion. In addition, other common coding problems are 


The patient’s chronic diagnosis that is not the reason for the encounter 
is incorrectly billed as the primary diagnosis, 

The ICD-9 code that is selected is inaccurate or insufficiently precise (ie, 
not coded to the fourth or the fifth digit when appropriate), 

A supplementary code is used inappropriately as the primary reason for 
the encounter. 


In addition to the above 17 categories of numerical codes, 
the ICD-9 system provides two categories of supplementary 
codes. The first of these is the Supplementary Classification of 
Factors Influencing Health Status and Contact with Health 
Services (VO1-V82), more commonly known as the V codes. Of 
particular interest to pharmacists within the V codes are a 
series (V73-V82) that are used to classify routine screening 
examinations, such as those that might be part of a preventive- 
care assessment. For example, there is a special code that is 
used when screening for diabetes mellitus (V77.1). 

The final category of ICD-9 codes is the Supplementary 
Classification of External Causes of Injury and Poisoning 
(E800—E999) commonly known as the F codes. This category 
allows the classification of environmental events, circum- 
stances, and conditions as the cause of the patient’s illness and 
is generally not used by pharmacists to code for their services. 

Because there is no place for narrative description of the 
patient’s condition on the HCFA-1500, it is particularly impor- 
tant that code selection is as accurate and specific as possible. 
It is also for this reason that many pharmacists who bill major 
medical carriers for their services routinely append a com- 
pleted PCCF when they submit a HCFA-1500. 

CPT CODING—Field 24D on the HCFA-1500 form is la- 
beled Procedures, Services or Supplies. Payers who require the 
HCFA-1500 usually require the use of Physician’s Current 
Procedural Terms (CPT) codes or HCFA’s Common Procedure 
Coding System (HCPCS; pronounced hick-picks) codes in this 
field. As with diagnosis, it is essential that pharmacists thor- 
oughly understand the codes that are used in this field to 
describe the service that was performed. 

The relation between HCPCS and CPT is illustrated in 
Figure 93-3. The CPT codes were created by the American 


CPT codes 


HCPCS codes 
Figure 93-3 
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Medical Association in 1966 to be a listing of descriptive terms 
and identifying codes for reporting medical services and proce- 
dures performed by physicians. In 1983, HCFA developed 
HCPCS as a uniform method for health-care providers and 
medical suppliers to code professional services, procedures, and 
supplies to meet the operational needs of the Medicare and 
Medicaid programs. 

The HCPCS classification is organized into three numbered 
levels of codes, each of which represents a unique coding 
system. 


Level I of HCPCS is the CPT codes, the maintenance of which continues 
to be performed by the American Medical Association (AMA). 

Level II codes were created by HCFA to cover medical services and 
supplies that are not covered in the CPT codes. Although these codes 
were primarily intended for use with government payers, they are 
also recognized by many private insurers. 

Level III codes are assigned by Medicare carriers in individual states 
and are therefore not common across all insurance carriers. These 
codes are often used to describe new procedures that are not yet 
available in Level I or II. 


Most pharmacists who wish to bill for their patient-care 
activities will find the CPT codes to be the most useful, espe- 
cially that section known as the Evaluation and Management, 
or E&M codes. 

As illustrated in Figure 3, the E&M codes occupy one of six 
sections within the CPT coding structure. Each five-digit nu- 
merical E&M code begins with a 99 prefix (ie, 99201-99499). 
The codes are divided into several categories, including office 
visits, hospital visits, and consultations. These categories are 
further subdivided into two or more subcategories. For exam- 
ple, separate codes are available for an outpatient office visit 
with a provider, depending on whether the patient is estab- 
lished or new to the practice. 

E&M code selection is usually based on three key compo- 
nents, with additional considerations becoming relevant only 
under special circumstances. Once the appropriate category is 
selected (eg, outpatient office visit with an established patient), 
the proper code is determined on the basis of 


1. The level of History that is taken on the patient. (The four levels of 
History include Problem Focused, Expanded Problem Focused, De- 
tailed, and Comprehensive.) 

2. The extent of the Examination that was performed. (The four 
levels of Examination include Problem Focused, Expanded Problem 
Focused, Detailed, and Comprehensive.) 

8. The level of Medical Decision Making that was needed to per- 
form the service. (Four levels of Medical Decision Making include 
Straightforward, Low Complexity, Moderate Complexity, and High 
Complexity.) 


Selection of the level of medical decision making that was 
required is itself determined on the basis of three additional 
considerations: 


1. The number of diagnosis or management options. 
2. The amount and/or complexity of data reviewed. 
3. The risk of complications and/or morbidity or mortality. 


Five different codes are available to describe an office visit 
with a new patient (99201-99205). Likewise, five codes are 
available to describe an office visit with an established patient 
(99211-99215). Many pharmacists in the community practice 
setting find that these ten codes fulfill most of their needs 
related to completing a HCFA-1500 claim form. 

Table 1 illustrates how a provider would use the three key 
components of history, examination, and medical decision mak- 
ing to select the code that best represents the nature of a 
patient-care encounter. For example, 99213 would be the most 
appropriate code to describe an office visit with an established 
patient that required expanded problem-focused history and 
examination and a relatively low level of medical decision 
making. 

Under special circumstances, other considerations become 
operative in code selection. For example, when counseling or 
coordination of care activities account for more than 50% of a 
patient encounter, selection of the proper E&M code from 
among a sequence involving different levels of care is based 
exclusively on the amount of time the provider spent with the 
patient. For example, 99204 would be the most appropriate 
code to describe an office visit with an established patient that 
was dominated by counseling and required approximately 45 
min to complete. 

Also illustrated in Table 1 are the Relative Value Unit scores 
(RVUs) that HCFA has assigned to each of the codes using the 
RBRVS discussed above. The resulting RVU score is then re- 
gionally adjusted and multiplied by a monetary conversion 
factor to determine the dollar amount that a provider is to be 
paid for a particular service or procedure under Medicare. 

In addition to the 99201—05 and 99211-15 series, there are 
several sets of CPT codes that are commonly used to report 
preventive medicine or health services that some pharmacists 
find useful. Two series of codes, 99381-99387 (new patient) and 
99391-99397 (established patient), are used for preventive 
medicine evaluation and management that includes a compre- 
hensive history and examination, as well as counseling and/or 
risk factor reduction interventions. However, most pharma- 
cists will find two other series of codes to be more applicable for 
their preventive health services. The series 99401-99404 are 
for preventive medicine counseling or risk-factor reduction in- 
tervention(s) provided to an individual patient, with separate 


Table 93-1. Selected E&M Codes Used to Invoice Pharmaceutical Care 
CODES FOR A NEW PATIENT OFFICE VISIT 


E & M CODES HISTORY EXAMINATION MEDICAL DECISION MAKING TIME RVUs 
99201 Problem focused Problem focused Straightforward 10 min 82 
99202 Exp problem focused Exp problem focused Straightforward 20 min es2 
99203 Detailed Detailed Low complexity 30 min 1.80 
99204 Comprehensive Comprehensive Mod. complexity 45 min 2.66 
99205 Comprehensive Comprehensive High complexity 60 min 3:33 
CODES FOR AN ESTABLISHED PATIENT OFFICE VISIT 
E & M CODES HISTORY EXAMINATION MEDICAL DECISION MAKING TIME RVUs 
99211 — Minimal problems —— 5 min 40 
99212 Problem focused Problem focused Low complexity 10 min 71 
99213 Exp problem focused Exp problem focused Low complexity 15 min 1.00 
99214 Detailed Detailed Mod complexity 25 min 1355 
99215 Comprehensive Comprehensive High complexity 40 min 2.53 
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codes reflecting increasing amounts of time required for the 
service (eg, 99402 for approximately 30 min). Two additional 
codes are available when similar services are provided to more 
than one person in a group setting, such as a class. In this case, 
the code 99411 is used if the service required approximately 30 
min, whereas 99412 is available if the service required approx- 
imately 60 min. 

Additional information about CPT/HCPCS coding is avail- 
able through The American Medical Association, HCFA, and 
various commercial publishers of medical coding materials. 


GENERAL PAYMENT PRINCIPLES 

ESTER RRS SE SD 
As discussed previously, some pharmacist care services are 
isolated activities that pharmacists perform to correct prob- 
lems or fulfill needs that have arisen unexpectedly during the 
course of the practice day. In these cases, it is usually not 
realistic for the pharmacist to have prenegotiated payment 
coverage for the service with the payer. The pharmacist must 
then submit a cold claim to the payer in hopes that the infor- 
mation contained on the claim makes a persuasive case for 
payment. Unfortunately, although proper completion of the 
required claims forms and aggressive follow-up with the payer 
can significantly improve the likelihood of receiving at least 
partial payment, the submission of cold claims to third-party 
payers for pharmacist care activities is still risky, even under 
the best of circumstances. 

Recognizing this reality, some pharmacists have developed 
and implemented cohesive pharmacist care products in their 
practices. These products often take the form of specific 
disease-state management or patient education or instruction 
programs.”! For these types of services it is both possible and 
desirable for the pharmacist to have prenegotiated authoriza- 
tion for payment with selected insurers or managed-care orga- 
nizations whose patients are potential candidates for the ser- 
vice or program in question. These agreements will drastically 
improve the efficiency and effectiveness of the claims process. 

When it is not possible to prenegotiate payment, the phar- 
macist has two options. First, the pharmacist can deliver the 
service and explain to the patient that payment will be sought 
from their insurer. In this case it is important the patient 
understands that the ultimate responsibility for payment rests 
with him or her. Alternatively, it is sometimes possible to delay 
provision of the service until the payer can be contacted to 
confirm or deny coverage for the service in question. 


CONCLUSIONS 

SE A ES 
Like pharmacy practice itself, documentation is a learned skill. 
Increasingly, technology is assisting the pharmacist to docu- 
ment accurately and consistently the care they provide. How- 
ever, good documenters are not born, they are made. Until 
recently, pharmacy curricula provided little opportunity for 
students to develop their written communication skills. The 
same can be said for the professional careers of most pharma- 
cists. Because of the pharmaceutical care movement and the 
economic imperatives now facing the profession, these condi- 
tions are rapidly changing. Pharmacists who wish to partici- 
pate fully in the movement toward patient-centered care, and 
who expect to be paid for their activities, must master the art 
of clinical documentation and billing. 

Pharmacists who wish to pursue compensation for their 
professional services must recognize that they are still entering 
largely uncharted waters. Most government and private third- 
party payers still do not have well-defined policies for paying 
pharmacists for their professional services. This is not to say 
that payers have no interest in pharmaceutical care. Rather, 


for the most part they simply do not understand what it is or 
how it benefits them and their beneficiaries. 

In his economic treatise, Wealth of Nations, Adam Smith 
commented on pharmacists and the value of their professional 
services: 


“Apothecaries’ profit is become a bye-word, denoting something 
uncommonly extravagant. This great apparent profit, however, 
is frequently no more than the reasonable wages of labour. The 
skill of an apothecary is much nicer and more delicate matter 
than that of any artificer whatever; and trust which is reposed 
in him is of much greater importance. He is the physician of the 
poor in all cases, and of the rich when the distress or danger is 
not great. His reward, therefore, ought to be suitable to his skill 
and his trust, and it arises generally from the price at which he 
sells his drugs. But the whole drugs which the best employed 
apothecary, in a large market town, will sell in a year, may not 
perhaps cost him more than thirty or forty pounds. Though he 
should sell them, therefore, for three or four hundred, or at a 
thousand percent profit, this may frequently be no more than 
the reasonable wages of his labour charged, in the only way in 
which he can charge them, upon the price of his drugs. The 
greater part of the apparent profit is real wages disguised in the 
garb of profit.””” 


Although the practice of pharmacy has changed drastically 
in the past two centuries since those words were written, the 
basis for compensating pharmacists has not. In general, the 
value of pharmacists’ professional services is still interwoven 
with, and obscured by, the price of the products they sell. The 
future of compensation for cognitive services must break from 
this tradition. 

The creation of pharmacy services terminology and related 
electronic claims transmissions standards will help speed the 
evolution of new payment systems. Likewise, the growing body 
of research in outcomes assessment and pharmacoeconomics 
will allow the pharmacy profession to better understand the 
economic value of pharmaceutical care and better communicate 
this value to payers. Indeed, overcoming this barrier and dem- 
onstrating to payers the value of pharmacists’ services repre- 
sents a priority—perhaps the priority—for pharmacy practice- 
related research in the years ahead. 
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The economic effect of the health-care industry on our society is 
difficult to evaluate.’ However, recognizing that health care 
currently represents over 13% of National Gross Domestic 
Product (GDP) should give some indication of its effect. It is 
accepted that advances made by the industry during the past 
few decades have reduced morbidity and mortality rates that, 
in turn, have increased productivity and added to the gross 
domestic product. At the same time, the cost of health care is 
rising at a faster rate than is the consumer price index (CPI) for 
all items, and this cost continues to represent an increasingly 
larger share of the GDP. 


ECONOMICS OF HEALTH CARE 

LES LL TE 
According to the US Health Care Financing Administration, 
Americans spent $969 billion on personal health care in 1997. 
Projections based on historical trends indicate that personal 
health-care expenditures may exceed $1.8 trillion by the year 
2007. However, the actual level of future expenditures will be 
determined by the outcome of current efforts to reform the US 
health-care system. The increase in expenditures for personal 
health care is the result of a number of factors, including 


Population increases and aging of the population. 

Inflation (general and medical). 

Increased use of facilities and services. 

Increased governmental involvement in health care. 

Increased quality of care from new technologies, equipment, and drugs. 


Further analysis of national health expenditures reveals that a 
significant portion of personal health costs are paid with public 
funds. In 1997, governmental outlays represented more than 
46% of all health-care expenditures. Medicare payments ac- 
counted for a major portion of governmental health-care expen- 
ditures. However, state Medicaid programs and other social 
welfare programs also contributed to the public expenditures 
for health care. 

The magnitude of health-care expenditures in the US and 
the growing governmental involvement as a third-party payer 
of health-care costs are evidence of society’s commitment to 
providing the best care possible for all citizens. Those involved 
in the delivery of health care share society’s commitment and, 
therefore, must be concerned with the economics of the delivery 
system. 

The pharmaceutical segment of the health-care industry 
entails a significant expenditure. In 1997 more than $108 bil- 
lion was spent at the retail level for drugs and other medical 
nondurables in the United States. The 1997 expenditure for 


1650 


prescription drugs represented 7.2% of the nation’s personal 
health bill. 

In view of the level of expenditures for drugs and pharma- 
ceutical services and given the trend of health-care costs, it is 
apparent that those involved in the delivery of pharmaceutical 
services must be aware of their responsibility to provide high- 
quality services in the most economical way. Although some 
look on third-party payment as a mechanism for solving the 
high cost of health care, including the drug-cost segment, it 
should be understood that third-party payment does not reduce 
the cost. It simply spreads it over a larger population. 

Actually, third-party payment may increase the total cost of 
health care as additional administrative costs and increased 
use of services are inherent in these programs. It follows that 
third-party payers, whether governmental or private, have an 
obligation to their constituents to ensure the delivery of quality 
services at reasonable prices. In this regard, health profession- 
als find their services under scrutiny by a sophisticated group 
of agencies representing a large portion of the general public. 

In recent years, concern over increasing personal health- 
care expenditures has led to the development of various alter- 
native delivery systems for prepaid health care. These systems, 
sometimes referred to as managed-care programs, include 
Health Maintenance Organizations (HMOs), Preferred Pro- 
vider Organizations (PPOs) and Administrative Service Orga- 
nizations (ASOs) sponsored by providers of health care. 

The objectives of all of the managed-care programs are 
to provide quality health services while attempting to reduce 
the rate of increase of health-care expenditures. The cost- 
containment objective of managed-care programs has gener- 
ated increased competition among providers, as only the most 
cost-effective providers are eligible to participate in some 
programs. 

With the development of managed-care programs, those 
who provide pharmacy services must consider economic and 
professional factors, as they make decisions about participation 
in the programs. Pharmacy owners and managers face the 
challenge of maintaining the economic practicality of their 
pharmacies as. participants in managed-care programs. 

Participation in such programs often increases administra- 
tive expenses for the pharmacy while providing reimbursement 
that may not be adequate to cover the costs of providing quality 
pharmacy services. In response to the move to managed-care 
programs, several pharmacy organizations have formed Phar- 
macy Services Administrative Organizations (PSAOs) that are 
attempting to provide an alternative system that balances the 
public need for cost-effective services with the professional and 
economic needs of those who provide pharmacy services. 


COMMUNITY PHARMACY ECONOMICS AND MANAGEMENT 


In the past, the cost of health care was given little attention 
by the providers of health services. It was assumed that the 
primary obligation of the provider was to ensure the physical 
well-being of the patient, without regard to cost. It is now 
apparent that it does little good to develop a level of health care 
that is unsurpassed in the world if a sizable segment of the 
population cannot afford to pay for it. 

The obligation of health professionals to consider the eco- 
nomic dimensions of health care is now recognized. For exam- 
ple, pharmacy practice laws in all states have been amended to 
allow pharmacists to practice drug-product selection. These 
amendments allow the pharmacist, under specified conditions, 
to choose drug products with due regard for both the physical 
and the economic well-being of the patient. The drug-product 
selection amendments are tangible evidence of societal concern 
with the cost of health care. The concern of health professionals 
with the cost of health care now reinforces the efforts of con- 
sumer groups, government, and others involved in financing 
health care, to the end of providing the best care for all, re- 
gardless of economic status. 

According to the Health Insurance Council, comprehensive 
health-service planning and delivery should be based on the 
following guidelines. 


Health services cost money, and good health service costs a good deal of 
money. Agencies that spend money on behalf of others have a 
responsibility to get their money’s worth for their beneficiaries. 

Financing methods for health service should encourage efficient orga- 
nization and management of the professional personnel and insti- 
tutions. 

Financing methods should distribute the burden of medical care costs in 
the way that best assures proper care of the entire population. 
Health personnel and institutions must be reimbursed in amounts and 
by methods that permit them to maintain standards and achieve 

efficiency. 


Although these guidelines are intended for the total health- 
care system, they may be applied to any segment of the system. 
The guidelines include concepts that are applicable to phar- 
macy practice. The guidelines suggest that health insurers 
promote efficient organization and management of personnel 
and facilities. It follows that pharmacists should promote effi- 
cient organization and management. Using carefully developed 
organizational plans and modern management techniques, 
pharmacists in community practice can contribute to the ef- 
forts being made to contain health-care costs. 


THE COMMUNITY PHARMACY 


The majority of consumer expenditures for prescription drugs, 
proprietary medicines and health appliances are channeled 
through the over 51,000 community pharmacies in the 
United States. Although heterogeneous in some respects, as in 
type of ownership and type of goods and services offered, com- 
munity pharmacies generally are recognized by the public as 
the most accessible source of drugs and of information about 
drugs. 

Community pharmacy, as used here, is defined broadly to 
include all of those establishments that are privately owned 
and whose function, in varying degrees, is to serve society's 
need for both drug products and pharmaceutical services. It is 
difficult to characterize or describe the typical pharmacy be- 
cause of the great variance among them. They range from the 
corporately owned chain pharmacy, to the pharmacy depart- 
ment in a supermarket, to the independently owned pharma- 
ceutical center that provides prescription service plus a rela- 
tively few lines of health-related products. 

According to the operating data submitted to the National 
Community Pharmacist Association Searle Digest (NCPA; 
Alexandria, VA) by community pharmacy owners, the aver- 
age independent community pharmacy generated sales of 
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$1,649,052 in 1997. These data represent a summary of indi- 
vidual pharmacy operating figures that were supplied volun- 
tarily by pharmacy managers and owners. 

Note that the editors of the NCPA-Searle Digest make no 
attempt to structure the sample that comprises the data input 
and, therefore, their citations are subject to the statistical 
limitations inherent in the collection of unstructured voluntary 
data. It appears, however, that the figures serve to describe 
fairly accurately the financial profile of the independent com- 
munity pharmacy. 

The data from the 1996 NCPA-Searle Digest indicate that 
approximately 75% of the revenues of the pharmacies reporting 
are derived from prescription medications and services. The 
average prescription charge in 1991, as reported in the NCPA- 
Searle Digest, was $30.53, compared with an average charge 
reported 6 years earlier of $22.44. Note that the average pre- 
scription charge is not an accurate measure of the price 
changes for prescription medications. Over a period of years, 
the types of drugs dispensed have changed with the introduc- 
tion of new products that usually provide improved drug ther- 
apy at a higher cost. In addition, there has been an increase in 
the number of maintenance drugs prescribed with a corre- 
sponding increase in the average number of dosage units per 
prescription order. Therefore, the average prescription charge 
in 1997 was for a different mix of prescription products, in 
larger quantities, than was represented by the average charge 
in 1991. 

CHAIN PHARMACIES—tThe foregoing discussion dealt 
mainly with the independent pharmacies that represent ap- 
proximately 43% of the community pharmacies in the United 
States. Chain pharmacies also are an important factor in the 
delivery of pharmaceutical services and products to the public. 

There is no consensus on the definition for a chain phar- 
macy, as there appears to be a question as to what criteria are 
appropriate for classifying a group of centrally owned pharma- 
cies as chain pharmacies. To some, the matter of central own- 
ership, alone, is sufficient to classify the individual units as 
chain pharmacies. Another approach is to classify individual 
units that are owned centrally as chain pharmacies only when 
there also is centralized organization and management. 

The number of centrally owned units also has been used as 
a method of defining chain pharmacies. However, this criterion 
does not provide a satisfactory answer to the question, as many 
multiple-unit pharmacies are owned centrally and yet each 
unit functions independently from the central ownership. In 
mode of operation these pharmacies are more similar to indi- 
vidually owned community pharmacies. On the other hand, as 
the number of units under a central ownership increases, at 
some point there must be some coordination of policies and 
activities that results in more central management. 

Although it is not possible to establish an exact number of 
units as the point at which all units assume the characteristics 
of a true chain pharmacy operation, it appears that there is 
some relation between the number of units owned and the 
definition of a pharmacy chain. The US Department of Com- 
merce defines a pharmacy chain as those units with prescrip- 
tion departments that are centrally owned by individuals or 
organizations who own 11 or more units. 

The typical chain pharmacy operates from a broader base in 
the variety of goods offered for sale than does the independent 
pharmacy. The kinds of goods offered for sale in chain phar- 
macies are almost limitless and include durable consumer 
goods in addition to health-related products. 

In this regard it may be somewhat misleading to compare sales 
in the chain pharmacy with sales in the independent community 
pharmacy. However, when trends over the past few years are 
studied, it is apparent that the chain pharmacies have improved 
their relative position in such areas as revenues from prescription 
medications and over-the-counter (OTC) drugs. 
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Establishment of a Community Pharmacy 


The pharmacist considering the establishment of a new phar- 
macy should subject the basic decision to an objective analysis 
that should include a consideration of community needs—does 
the community really need another facility for pharmaceutical 
services? This question may have both a quantitative and a 
qualitative dimension. Perhaps a given community has a suf- 
ficient number of pharmacies and yet none of them is providing 
the full scope of needed services. If a community need is iden- 
tified, the analysis should continue in terms of evaluating the 
various alternatives that are available for satisfying it. Per- 
haps an existing pharmacy could be purchased and made to 
provide more-extensive pharmaceutical services or there may 
be an opportunity to join with another pharmacist in the own- 
ership of an existing pharmacy and establish a group practice. 
Such alternatives provide the opportunity for improving ser- 
vices to the community while promoting the most efficient use 
of professional personnel and facilities. 

If the analysis indicates that a new pharmacy should be 
established, the pharmacist must consider a number of ques- 
tions, some of them simultaneously, eg 


What is the appropriate legal organization for the enterprise? 
What specific location should be chosen? 
How may the necessary capital be obtained? 


Although each of the foregoing questions is related to the 
others and cannot be isolated in a practical situation, each will 
be treated by itself for purposes of this discussion. 


ORGANIZATION 


The pharmacist may choose from three widely recognized forms 
of legal organization for the community pharmacy enterprise. 
Traditionally, the majority of these have been organized as 
individual or sole proprietorships, with little governmental 
control applied to the organizational structure. 

In recent years, because of the increase in the joint owner- 
ship of pharmacies by two or more individuals, the partnership 
and corporate forms of organization have become more signif- 
icant. The partnership, as a form of business organization, 
enjoys relative independence from governmental control. The 
corporation, as a creation of the state government, is subject to 
rather strict governmental regulation. Each form presents ad- 
vantages that must be weighed against the disadvantages and 
limitations that become apparent when compared with the 
alternative forms of organization. 

UNINCORPORATED SOLE PROPRIETORSHIPS— 
The business enterprise owned and managed by an unincorpo- 
rated sole proprietor is not considered in law a separate legal 
entity; rather, the owner and the enterprise are considered one. 
It follows that the risk inherent in establishing a business 
enterprise in this way has implications for the nonbusiness 
assets of the proprietor. 

The unincorporated sole proprietor has unlimited personal 
liability. Personal assets are available to satisfy business obli- 
gations, and business assets may be used to satisfy personal 
debts. In return for assuming unlimited liability, the sole pro- 
prietor enjoys the freedom to conduct the enterprise in any 
lawful manner he or she deems appropriate. 

Except for the required licenses, the sole proprietor may 
begin or quit operations without legal formality or governmen- 
tal permission. Some states do require that a statement of 
ownership be filed with a designated office when the owner’s 
name is not indicated in the name of the enterprise. The sole 
proprietor receives all profits from the enterprise. 

The size or scope of the operation is not necessarily a deter- 
mining factor in the decision to organize as a sole proprietor- 
ship, as opposed to one of the other forms of organization. 
However, because of the risks involved and the fact that few 
persons possess all of the abilities and capacities necessary for 


carrying on a large complex enterprise, the sole proprietorship 
most often is associated with smaller, less complex operations. 

Historically, the majority of community pharmacists are 
independent by nature and have chosen this rather informal 
form of organization. The typical community pharmacy being 
geographically local and only moderately complex in scope of 
operation generally succeeds under the unincorporated sole- 
ownership system. 

PARTNERSHIPS—When the resources of one individual 
are not sufficient to provide a proper base for establishing a 
pharmacy or when the individual does not wish to assume the 
entire risk associated with the entrepreneurial function, joint 
ownership may be considered. Partnership arrangements and 
incorporation are mechanisms that may be used to broaden the 
financial or talent base for an enterprise and also may serve to 
spread the risk. The partnership may be described as an asso- 
ciation of two or more individuals based on an expressed or 
implied contract. They combine their resources as co-owners of 
an enterprise for their mutual profit. This provides a way for 
the individuals to do jointly what they could not do separately. 

As to liability, a partnership may be described as an asso- 
ciation of sole proprietors, because at law the partnership is not 
considered separate from those who compose it. As with the 
sole proprietorship, each partner is liable for all debts of the 
partnership, even to the extent of personal assets. Within the 
scope of partnership activities, each general partner is consid- 
ered an agent of the other general partners and, as such, each 
has the right to bind or commit the partnership in business 
affairs. Because of the mutual-agency concept and the unlim- 
ited liability inherent in partnership associations, it is espe- 
cially important that the full implications of such an arrange- 
ment be understood before adopting this form. 

Although it is a contractual arrangement, there are few 
legal restrictions or regulations applied to the partnership as- 
sociation. No expressed governmental consent is required for 
establishing or dissolving a partnership, and the contract may 
be written or simply based on a handshake, as long as the 
elements of a valid contract are present. This is not to imply 
that the partnership should be consummated on the basis of an 
informal verbal agreement. The contractual relation between 
partners should be verified by a written agreement drafted 
with the assistance of a lawyer. 

The close personal relationship among partners tends to 
foster a disregard for formalized written documents relating to 
the operation of the partnership. In the interest of producing a 
smoothly functioning organization and helping to prevent dis- 
agreements among the partners, it is most important that a 
written partnership agreement be prepared at the outset. 

Such matters as the investment, duties, responsibilities, 
and division of profits and losses of each partner should be 
considered and incorporated into the partnership agreement. 
The agreement not only provides a reference for solving future 
misunderstanding but also serves to compel the partners, at 
the inception of the agreement, to consider matters that might 
otherwise remain hidden until a specific problem arises. 

The partnership as a form of business organization provides 
a mechanism for joint ownership of an enterprise that is rela- 
tively free of governmental regulation and that embodies the 
same flexibility of operation enjoyed by the sole proprietorship. 
As the partnership is not considered a legal entity, it is not 
required to pay income taxes on profits; rather, the individual 
partners are assigned their share of profits and pay income 
taxes on them as individuals. 

When compared with the corporate form of joint ownership, 
the partnership usually presents an advantage to the co- 
owners with regard to income tax liability. The partnership has 
been a popular form of organization for the co-ownership of 
community pharmacies. 

CORPORATIONS—Co-ownership also may be effected 
through a more formal organization known as the corporation, 
which is a separate legal entity, created by the expressed 
authority of the state. A properly constituted corporation offers 
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the stockholders the advantage of limited liability for business 
debts. 

In contrast to the sole proprietorship and the partnership, 
the incorporated business enterprise is considered a separate 
entity from the persons who own it. Consequently, in the ab- 
sence of a statute to the contrary, corporate stockholders are 
liable only to the extent of their contributions to the capital of 
the enterprise. As a general rule, creditors of the corporation 
cannot proceed against the individual stock holders for debts of 
the corporation. 

As a legal entity created by the state, the corporation enjoys 
continuity of life subject only to the limitation(s) included in its 
charter. The death or incapacity of a stockholder or the transfer 
of ownership in no way affects the corporate existence. 

The corporation provides a way for individuals to invest in a 
business venture without placing their personal assets in jeop- 
ardy. It also provides a convenient, highly organized mecha- 
nism for accumulating a large amount of capital from several 
individuals to establish a business enterprise. 

In terms of initial organization, the formation of a corpora- 
tion is more complex and formal than other types of ownership. 
Each state has a required procedure to be followed in the 
creation of a corporation, and once franchised, it is subject to 
regulation and control by the state. 

By definition, the corporation only has those powers and can 
do those things that are authorized by the state, in contrast to 
the partnership, which may do any lawful thing agreed to by 
the partners. The corporation may be dissolved only by or with 
the expressed consent of the state. 

The status of the corporate enterprise as a legal entity 
makes it subject to local, state, and federal income taxes on its 
earnings. When the earnings after corporate income taxes are 
distributed as dividends, the individual stockholders are re- 
quired to pay personal income taxes on them. As a result, the 
owners of corporations are said to be subject to double taxation, 
a factor that in many cases has deterred sole proprietorships 
and partnerships from adopting the corporate form of organi- 
zation. However, under special conditions the owners of a cor- 
poration may avoid double taxation of profits by requesting 
designation as a Subchapter S corporation under provisions of 
the US Internal Revenue Code. If Subchapter S status is 
granted, profits are not subject to corporate income taxes but 
are passed through to stockholders and taxed as part of their 
personal income. 

In the field of community pharmacy, the majority of chain 
organizations are corporations. The corporate form provides 
the protection of limited liability, which is especially important 
for larger multiunit operations. In addition, a fair number of 
the larger nonchain pharmacies are also incorporated, al- 
though it should be noted that neither size nor scope of opera- 
tion is necessarily the only determinant in the decision to 
incorporate. 

In establishing a new pharmacy, the prospective owner(s) 
must decide at the outset which form of organization to follow. 
The factors of liability, flexibility of operations, governmental 
regulation, continuity of life, and income taxes should be con- 
sidered in relation to the scope of the operation and the per- 
sonal circumstances of the organizers. It is especially impor- 
tant to seek legal counsel in arriving at a decision. 


SITE SELECTION 


Much has been written on the criteria that should be employed 
in choosing a specific community as the site for a new phar- 
macy. Such factors as population in the trading area, distribu- 
tion of income among the population, type of industry, and the 
competitive climate have been cited as being important. 
Sometimes a pharmacy is established in a community be- 
cause the pharmacist-owner is determined to own a pharmacy 
in a specific community because of personal factors such as 
family ties, climate, or other appeals of the community. In such 
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cases the decision often is made without regard to the key issue 
of whether the community needs another facility for pharma- 
ceutical services. 

Ifa need is identified in a given town or city, the selection of 
a specific site requires careful consideration. The degree of 
success of a community pharmacy may depend on the choice of 
the location most suitable among those available. In some 
cases, the choice of a specific site is extremely limited; the 
pharmacist must choose from what is available rather than 
that which is most desirable. 

The majority of consumers choose the pharmacy they will 
patronize on the basis of convenience and accessibility, so long 
as the pharmacy offers adequate service and fair prices. There- 
fore, the primary emphasis in site selection should be on ob- 
taining a location that is central to the population to be served. 
The modern pharmacy must provide easy access and adequate 
parking. The growth of shopping centers may be cited as evi- 
dence of the importance of these factors. 

As a general rule, shopping centers are located centrally in 
relation to the neighborhood, community or region they serve. 
They provide easy access and adequate free parking. 

Interestingly, as a general rule, community pharmacies are 
more successful in neighborhood and community shopping cen- 
ters than in the larger regional centers. This tends to substan- 
tiate the impression that consumers wish to obtain pharmacy 
services near home. 

Although a site in a neighborhood or community shopping 
center may be considered a choice location for a new pharmacy, 
as a practical matter, few independent community pharmacists 
are able to obtain such locations. Because of the nature of the 
system used to finance new shopping centers, preference is 
given by the developers of the centers to large well-established 
chain pharmacies. However, it appears that there are other 
suitable locations for a traditional pharmacy that emphasized 
professional services rather than the sale of non-health-related 
merchandise. 

The island type of location, where the pharmacy sits by itself 
on a main traffic artery into a suburb and surrounded by 
adequate parking facilities, has proved to be attractive to con- 
sumers. A location within a large medical clinic also may prove 
to be valuable, although, because of the tendency of patients to 
obtain prescription service near home, the clinic location may 
not be so important as some believe. 

The selection of a site solely because it is available readily or 
inexpensively, should be avoided. Usually, a bargain location in 
terms of rent proves to be a liability rather than an asset in the 
long run. 

The selection of the proper site for a new pharmacy is 
important especially as it is a decision that the pharmacist may 
have to live with for 5, 10, or more years, depending on the 
terms of the lease, if the pharmacy is operated in a rented 
facility. Whenever possible, advice should be obtained from 
others regarding site selection. Some wholesale drug firms 
provide counsel in this regard, or a business consulting firm 
may be engaged to assist in making an objective evaluation of 
alternatives. 


CAPITAL 


Planning and assembling the capital requirements for a new 
pharmacy are predicated on careful evaluation of projected 
sales volume, breadth and depth of inventory requirements, 
and estimated operating expenses. The amount of capital re- 
quired for the operation of a successful pharmacy is a function 
of its productivity. 

Although certain of the assets required represent a fixed 
core necessary for any pharmacy, regardless of sales volume, 
beyond these, the amount of assets required largely depends on 
the scope of operation and the volume anticipated. As illus- 
trated in Table 94-1, as sales volume increases, investment in 
inventory, fixtures, and other assets also increases. 
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Table 94-1. Balance Sheets for NCPA-Searle Digest 
Pharmacies under 5 Years Old: 1996 (Averages per 
Pharmacy)? 


SALES 
UNDER SALES $750,000 TO 
$750,000 $1,500,000 

Assets 

Current assets 

Cash $ 14,473 $ 35,379 
Accounts receivable 15,353 40,097 
Inventory 68,113 is29223 
Total current assets $ 97,939 $ 207,699 
Fixed assets 
Fixtures and equipment and 
leasehold 
improvements (net 
after reserve for 
depreciation) 11,019 18,438 
Other assets 
Prepaid expenses, deposits, 
etc. 4,823 8,210 
Total assets? $114,781 $ 234,347 
Liabilities 
Current and accrued liabilities 
Accounts payable $ 19,344 $ 47,063 
Notes payable (within 1 yr) 9,830 20,573 
Accrued expenses and other 
liabilities eS 8,343 
Total current and accrued 
liabilities $ 36,347 $ 75,979 
Long-term liabilities 
Notes payable (later than 
1 yr) 40,513 77,181 
Total liabilities $ 76,860 $ 153,160 
Net Worth 37,921 81,187 
Total liabilities and net 
Sorte $114,781 $ 234,347 

Net working capital $ 61,592 $ 131,720 

Sales $500,014 $1,113,921 

Purchases $363,613 $ 816,748 

New profit (before taxes) $ 10,308 $ 47,101 


° Source: The NCPA-Searle Digest for 1997. 
» Excludes land, building, investments and goodwill plus corresponding lia- 
bilities. 


Other factors also have an effect on capital requirements. 
For example, the policy of the owner toward offering credit may 
require more or less working capital. The mix of sales volume 
also may affect capital requirements. 

The problem of determining capital requirements for a new 
pharmacy is difficult. Most of the underlying factors are based 
on conjecture and forecasts regarding the future, for which 
there is no reliable basis at the outset. However, some judg- 
ment must be made as to what assets are required for a specific 
venture, so that the pharmacist may explore the feasibility of 
assembling a definite amount of capital. 

When making the forecasts and estimates needed to estab- 
lish the basis from which to estimate capital requirements, a 
sense of conservatism should prevail. The projected sales vol- 
ume should be estimated at minimum level and operating 
expenses, at maximum level. It is usually easier to add new 
capital if sales exceed expectation than it is to recall committed 
capital if sales are less than anticipated. When operating ex- 
penses are estimated on the high side and planned for accord- 
ingly with adequate capital, a margin of safety is provided. If 
expenses are estimated at a level lower than is actually real- 
ized, financial difficulty may be encountered. 

The method of estimating the capital requirements for a 
new pharmacy can be described by example. Assume that a 


conservative estimate indi¢ates that a new pharmacy can pro- 
duce $750,000 in sales volume during the first year of opera- 
tion. The question becomes, What kinds of capital will be nec- 
essary to support the estimated volume and in what amounts? 
The answer is as follows: cash, inventory, fixtures, and equip- 
ment. The assumption made here is that the owner will not 
own the building or land used for the pharmacy. The amount of 
capital required in each category is related, in varying degrees, 
to the anticipated sales volume and may be estimated as 
follows. 

CASH—Sufficient cash is needed to pay preopening ex- 
penses, operating expenses for a stated period, and some excess 
for emergency use. Preopening expenses include license fees, 
legal fees, utility deposits, and advertising. These expenses, 
with the possible exception of advertising, are fixed relatively 
for any new pharmacy and are not related to sales volume. 
They are determined easily and usually total $2000 to $3000. 
The higher figure will be assumed here. 

It is considered good practice to start a new business ven- 
ture with sufficient cash to pay the first 2 to 3 months of 
operating expenses, on the theory that the first months of 
operation may be extremely slow. For a new pharmacy, the 
amount required may be determined by relating estimated 
monthly sales volume to operating expense statistics, available 
from such sources as the NCPA-Searle Digest. Only cash ex- 
pense items are used in the calculation. Such noncash expenses 
as depreciation and bad debt losses are not considered. 

For a pharmacy in the volume category of this example, the 
NCPA-Searle Digest indicates that approximately 25% of sales 
go to cover cash operating expenses, including a salary for the 
pharmacy owner. Applying this percentage to 3-month sales of 
a pharmacy with annual sales of $750,000 gives a figure of 
$46,875 needed to pay operating expenses for a 3-month period. 
The total amount of cash required for preopening expenses and 
early operating expenses equals $49,875. In addition, cash is 
needed to provide the other kinds of capital described below. 

INVENTORY—The amount of inventory necessary to sup- 
port a $750,000 sales volume may be determined by referring to 
data that give averages for cost of goods sold and annual 
stock-turnover rates. Again referring to the NCPA-Searle Di- 
gest, the cost of goods sold for a pharmacy with sales of 
$750,000 is approximately 73%, or $547,000. The average an- 
nual stock-turnover rate is given as 4.7 for a pharmacy with 
this sales volume and is determined by division of the cost of 
goods sold by the average inventory at cost. Knowing the cost of 
goods sold and the stock-turnover rate, it is possible to estimate 
the average inventory; in this case it is approximately 
$116,400. 

FIXTURES AND EQUIPMENT—The fixtures and equip- 
ment necessary for a new pharmacy also are related to esti- 
mated volume. Larger volume means more inventory, which, in 
turn, requires more fixtures and equipment to facilitate storage 
and display. The size of the building to be furnished and the 
quality of fixtures chosen also affects the total expended. On 
occasion, savings may be realized by purchasing good, used 
fixtures and equipment, usually available at a fraction of the 
cost of new ones. A reasonable expenditure for these items for 
a pharmacy properly equipped to generate annual sales of 
$750,000 would be approximately $30,000. 

TOTAL INVESTMENT AND SOURCES OF CAPITAL— 
The total investment required for a new pharmacy with esti- 
mated sales per year of $750,000 would be approximately 
$196,275, broken down as 


Cash (for preopening and operating expenses) $ 49,875 
Inventory 116,400 
Fixtures and equipment 30,000 
Total investment $196,275 


The total represents the cash value of the assets required to 
establish the new pharmacy in this example. However, the 
amount of actual cash needed will be somewhat less than the 
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total amount stated. In most cases, the owner can assemble the 
required assets by using a combination of equity capital, bor- 
rowed capital, and credit. 

Equity capital consists of the investment of the owner or 
owners, and it comes from personal savings or from other 
sources that require no security and no commitment as to date 
of repayment. Relatives may be a source of equity capital, 
either on a co-ownership basis or simply by providing unse- 
cured, undated loans. It is thought that at least one-half to 
two-thirds of the total requirement should be equity capital, 
although many successful pharmacies have been established 
with lower amounts. The amount of equity capital provided 
influences the availability of borrowed capital and the level of 
credit that may be obtained by the owner. 

Commercial lending institutions, such as banks and savings 
and loan associations, usually require a substantial equity 
interest in a new business venture before they consider lending 
the funds necessary to supplement the owner’s contribution. 
Generally, commercial lending institutions should not be de- 
pended on for a significant portion of initial capital needs. Such 
institutions are limited in the amount of risk they are willing to 
assume, especially for new ventures. 

Trade sources, such as suppliers of fixtures and wholesale 
drug firms, present the best opportunity for obtaining non- 
equity capital for the new pharmacy. It is common for whole- 
salers to supply the opening inventory requirements for a new 
pharmacy on the basis of approximately 50% of the total cost as 
a down payment, with the balance to be paid over an extended 
period that varies with the individual circumstances. Usually, 
if the time exceeds 90 to 180 days, the supplier attaches an 
interest charge to the unpaid balance. 

The amount of cash required for inventory may be further 
reduced by cutting back the level of inventory at the outset and 
then building it up to the required level as operations continue 
and sales volume increase. Two cautions should be considered 
in obtaining any significant amount of capital through the use 
of trade credit: 


The interest factor should be studied; depending on the rate and the 
method of calculation, interest charges can be surprisingly high. 
The use of credit simply postpones the underlying obligation to some 
future date or dates. Repayment of credit obligations should be 
considered in terms of the practical feasibility of meeting the obli- 

gations when they are due. 


Fixtures and equipment may be obtained by relatively long- 
term financing through suppliers, or in some cases through 
finance companies by a mechanism similar to the one used to 
finance a personal automobile. Underlying this form of financ- 
ing is a chattel mortgage that places title to the fixtures and 
equipment in the hands of the lender as security. 

The interest charges from this type of financing may be 
especially significant, often reaching an effective rate of 15% or 
more annually. Usually a down payment of one-quarter to 
one-third of the value of the fixtures is required, with the 
balance to be paid in installments over as many as 5 years. The 
scheduled installment payments should be included in long- 
range financial budgeting and planning. 

After the potential sources of capital have been evaluated 
carefully, it may be necessary to make compromises or adjust- 
ments regarding the amounts estimated originally. In some 
cases the owner will reduce his withdrawals or salary during 
early operations to reduce the amount of cash needed for oper- 
ating expenses. Inventories also may be reduced at the outset. 
In fact, it is considered good practice to hold approximately 20% 
of the amount budgeted for inventory in abeyance until the 
needs of the particular community are identified. 

The amount required for fixtures and equipment may be 
reduced by purchasing some used fixtures and equipment. It 
also is possible to lease fixtures and equipment, although this 
may increase the cost of fixtures and equipment over the long 
term. However, such arrangements also reduce initial capital 
requirements. By these means and through the judicious use of 
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borrowed funds and credit, a new pharmacy may be established 
with less cash than is indicated by the figure for the total 
investment. 


MANAGEMENT 


In general terms, the management function may be described 
as all those activities involved in the organization and direction 
of the elements of an economically productive enterprise. 
Money, material, equipment, and people must be brought to- 
gether in the proper relations to one another to achieve the 
objectives and goals that management has identified. Manage- 
ment practices predicated on predetermined goals and objec- 
tives provide for more efficient operation and provide a basis for 
measuring the effectiveness of management activities. 

The management activities of the pharmacist too often con- 
sist of handling day-to-day problems and crises. Much of the 
activity labeled management in the typical community phar- 
macy is actually routine administrative work that can and 
should be delegated to nonmanagement personnel. Perhaps 
this point is best illustrated by the axiom “management’s job is 
not to do, but to get others to do.” 

The traditional approach to community pharmacy manage- 
ment consisting of the ad hoc handling of problems as they 
arise is inconsistent with the nature or responsibilities of mod- 
ern practice. The total of all activities in a pharmacy is becom- 
ing increasingly complex, because of increased volume of oper- 
ations and outside pressures for more efficient delivery of 
pharmaceutical services and products. 

All health workers are being called on to develop a social 
conscience and assume more responsibility for the economic 
effect of their activities. Although technological changes may 
relieve some of the pressure on health-care costs, better man- 
agement and administrative techniques also can contribute 
significantly to solving the problem. 

The effect of more effective management also may be re- 
flected in improved professional services to the public. For 
example, a management decision to assign certain record- 
keeping functions in the prescription department to nonprofes- 
sional personnel allows a more economical use of professional 
staff. At the same time, it provides the pharmacist with more 
time for consultation with the patient. 


The Role of Management 


OBJECTIVES AND GOALS—The first role of manage- 
ment for any business enterprise should be to establish the 
objectives and goals for the organization. Concurrently, man- » 
agement must provide the policies that serve as the framework 
for accomplishing the stated objectives. For example, one ob- 
jective might be an atmosphere of patient orientation, the 
elements of which would need to be identified. Proper record- 
keeping procedures, facilities for consultations, and patient- 
oriented personnel would be prerequisite for carrying out this 
objective. 

Working with predetermined objectives provides the man- 
ager with a basis for establishing policy and assists in decision 
making. As in the example cited, the objective has implications 
in the area of personnel policies and practices. Recruitment and 
selection techniques geared toward obtaining professional and 
supporting staff who can function effectively in a patient- 
oriented environment would have to be developed by the 
manager. 

The kinds of objectives to be established by management 
might be divided into two categories: 

1. A set of rather basic, almost philosophical objectives need to be 
developed; for example, will the pharmacy stress low prices rather 
than full service? 
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2. Objectives concerned with more specific operational matters are 
needed, as meeting a projected sales volume level during a given 
year. 


In either case, it is management’s responsibility to provide a 
sense of direction by setting forth both basic and specific objec- 
tives as guidelines for current and future activities. 

Objectives lie in the future and, therefore, are subject to 
adjustments dictated by forces outside the control of manage- 
ment. Management personnel should keep abreast of those 
technological, economic, and social changes that relate to 
stated organizational objectives. In this regard the role of man- 
agement in establishing objectives and goals must include 
a mechanism for continuing re-evaluation and updating of 
objectives. 

MATERIAL AND HUMAN RESOURCES—The organi- 
zation of these resources to pursue the objectives of the enter- 
prise represents the second management function. The kinds 
and amounts of resources required are largely dictated by the 
nature of the objectives. The ability to obtain capital, generally 
considered an entrepreneurial rather than a managerial func- 
tion, also may influence this management responsibility. 

For the typical independent community pharmacy, it is nei- 
ther possible nor practical to divorce acquisition of capital from 
its application and management. In most cases, the same per- 
son is charged with both functions. Assuming that the required 
inventories, equipment, and people can be assembled, it re- 
mains for management to provide the organizational structure 
and the coordination necessary to mold these resources into an 
efficiently functioning community pharmacy. 

PLANNING AND CONTROLLING OPERATIONS— 
Although a major share of the manager’s time must be devoted 
to controlling day-to-day operations, it is important to maintain 
a balance between the present and the future. Control of cur- 
rent operations far too often becomes the sole function of many 
managers, who devote little or no time to planning for future 
operations. 

The lack of planning often compounds the problems associ- 
ated with day-to-day operations, resulting in a situation in 
which the controlling function requires all of the management 
effort. For example, many managers spend a disproportionate 
amount of time ordering merchandise and maintaining inven- 
tory when, through a properly planned inventory-control pro- 
gram, this routine activity could be delegated to others. 

The brief and simplistic description of management func- 
tions given here tends to understate their complexity and sig- 
nificance. Management may be considered an art rather than a 
science. There are few established laws or formulas for solving 
the problems inherent in conducting an economically produc- 
tive enterprise. It especially is difficult to make the numerous 
and varied decisions required in exercising the management 
functions. Although there have been attempts to quantify these 
decisions through the use of mathematics and mathematical 
models, in the last analysis the human element still dominates 
the decision-making process. 

As management decisions are made and implemented by 
human beings to affect human beings, it is apparent that those 
who manage need to consider and study the behavioral and 
social sciences so they may function effectively. For the com- 
munity pharmacist who performs the dual role of health 
professional and manager, such a background especially is 
appropriate. 

Essentially, management is an exercise in group dynamics. 
The manager must be able to organize, direct, and control a 
group of individuals toward the stated objectives of the orga- 
nization. The manager who is unable to obtain the cooperation 
of his subordinates or who fails to delegate the responsibility 
for routine operational matters to others is not functioning 
effectively. 

In the community pharmacy the human dimension of man- 
agement especially is crucial. The nature of the typical com- 
munity pharmacy is such that the manager constantly is in 


close personal contact with his employees, suppliers, and 
patrons. 

In such an environment it is difficult to make consistently 
objective decisions. Further, the dual role of the pharmacist- 
manager tends to create situations involving conflicts between 
sound management decisions and professional responsibilities. 
For example, as a manager, the pharmacist establishes policies 
regarding the extension of credit to patrons. Yet when a patron 
with a poor credit rating has an immediate need for prescrip- 
tion medication, the established policies may be waived or 
adjusted to satisfy the professional obligation of the pharmacist 
to the patron. 

These rather unique characteristics and the need for the 
pharmacist-manager to be more flexible than those performing 
the management function in other types of organizations 
should not be construed to minimize the importance of effective 
management in the community pharmacy. In the current so- 
cioeconomic climate, with increasing costs of operation and 
pressures to reduce the costs of health care, the management 
function takes on greater, rather than lesser, significance. 

The functions of management provide a somewhat theoret- 
ical basis for understanding the overall role of management in 
the continuing operation of an economically viable enterprise. 
For practical purposes, however, it may be more valuable to 
examine the role of management as it relates to the various 
resources and activities that go to compose the business entity. 

In the community pharmacy the following items require 
effective management: money, inventory, facilities, personnel, 
credit, and risk. Establishing objectives, organization, plan- 
ning, and control apply to each of these items, as well as to the 
pharmacy as a unit. At this level the objectives are more 
specific, and the organization, planning, and control more 
definitive. 

Consideration of the management of the specific elements 
that in total represent the community pharmacy does not imply 
that each element is managed in isolation. There are many 
interrelations among the various elements, and a decision re- 
garding one element often has an effect on one or more of the 
others. For example, the decision to expand the inventory may 
have implications to the management of money, facilities, per- 
sonnel, and risk. 


Money 


To a large extent, the success of a community pharmacy de- 
pends on the ability to obtain money from various sources in 
sufficient quantity to acquire and support the resources neces- 
sary for operation. Once the money is obtained it becomes 
management’s function to employ it in the most appropriate 
way to achieve the objectives of the pharmacy. 

In its simplest and most pragmatic form, the objective of 
money management is to maximize the rate of return on in- 
vestment. Such an objective may appear inconsistent with the 
responsibilities of professionals engaged in providing health 
services, yet in the long run the economical use of money is 
beneficial to society. 

In theory, money is in limited supply and demand usually 
exceeds supply. In the competition for the limited supply, only 
the most efficient users of money can obtain it. Applying this 
concept to community pharmacy practice would suggest that 
only those owners who can manage money effectively, in all its 
forms, succeed. In a sense, the foregoing concept simply is a 
statement of the basis of our economic system in which effi- 
ciency is rewarded and inefficiency is not. 

In the broad sense, money management applies not only to 
cash but to all those materials and services that are used in the 
operation of a pharmacy and are purchased with money. Given 
a limited amount, the manager must make judgments and 
decisions about the use of the money in terms of the stated 
objectives. 
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In this regard conflicts may develop between basic objec- 
tives. For example, the objective of maximizing return on in- 
vestment may conflict with the objective of offering full ser- 
vices, as in the case in which a decision must be made 
regarding the purchase of a delivery vehicle. The money in- 
vested for this purpose represents an inefficient use of money 
for many pharmacies and thus is contrary to the objective of 
maximizing return on investment. Yet, for the goal of providing 
full services to the patrons of the pharmacy to be met, such an 
investment may be necessary. 

The effectiveness of money management may be measured 
to some extent by the progress made toward meeting noneco- 
nomic objectives. For the most part, however, the most mean- 
ingful measure of effectiveness is in economic terms, specifi- 
cally, by the return on investment, which for a pharmacy may 
be expressed in two ways: 


Return on Total Assets—The rate of return on total assets is 
determined by dividing the total of all assets employed in the pharmacy 
into the net profit. No distinction is made between owner’s equity and 
borrowed capital in this calculation. This ratio describes the productiv- 
ity of the total asset investment. 

Return on Owner’s Equity—The rate of return realized on the 
owner’s investment in the pharmacy is determined by division of the 
difference between total assets and total liabilities (owner’s equity) into 
the net profit. This ratio describes how well the funds provided by the 
owners are being used. 


The manager may calculate these rates and compare them with 
national data to obtain some idea of the effectiveness of the 
money management policies. Rates below the national aver- 
ages, such as those reported in the NCPA-Searle Digest, may 
indicate too much investment for the level of operation or the 
inefficient management of the pharmacy. 

In either event, by using the return on investment concept 
and analyzing the operation of the pharmacy, the manager can 
identify a problem requiring attention and can take appropri- 
ate steps to correct it. 

The management of money in terms of both the total com- 
mitment of capital and the application of the owner’s equity 
represents only one dimension of the management function in 
this area. In a narrower sense, money management also is 
concerned with day-to-day inflow and outflow of cash from 
operations. The maintenance of balanced cash flow requires the 
application of the management functions of planning and 
control. 

Budgeting is necessary to assure that sufficient cash is 
available to meet such obligations as accounts payable, wages, 
and taxes. To a large extent, cash needs can be anticipated by 
an analysis of past experiences combined with projections of 
future operations. 

The inflow of cash may be estimated in the same way. 
Matching cash revenues with cash expenditures is of more than 
academic significance: both excessive and deficient cash bal- 
ances may prove to be uneconomical. When more cash is main- 
tained than is necessary for normal operations, the excess 
represents earning power that is not being used. 

For the pharmacy that consistently maintains a balance of 
several thousand dollars in its checking account, it may be 
possible to transfer some of the cash to a savings account or to 
convert the cash into high-quality marketable securities. In 
this way, the excess cash earns interest or otherwise appreci- 
ates and yet still is available easily for emergency use. A 
deficient cash position presents some obvious problems, includ- 
ing the possible impairment of the firm’s credit rating that may 
have long-term implications. 

One problem associated with an unfavorable cash position is 
inability to pay bills on time. In many cases this results in a 
loss of cash discounts. It is a common practice for suppliers to 
allow a 1 or 2% discount for the payment of invoices within a 
given time. The usual terms allow the discount to be taken if 
the amount is paid within 10 days of a specified date; other- 
wise, the full amount is due in 30 days. The buyer is offered 
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what appears to be a small discount for paying the bill 20 days 
early. In terms of interest rates, however, the 2% cash discount 
for paying 20 days early represents an annual interest rate of 
approximately 36%. 

For the typical pharmacy, cash discounts can amount to 
thousands of dollars each year. Too often, managers do not 
recognize the significance of taking advantage of all cash dis- 
counts, and consequently they do not devote sufficient thought 
to alternative courses of action when faced with an unfavorable 
cash position. It may be possible to borrow money on a short- 
term basis at a low annual interest to take advantage of a 2% 
cash discount representing an effective annual interest rate of 
approximately 36%. 

To some extent, the manager can control the cash flow in the 
pharmacy. Although certain obligations such as payrolls and 
taxes are fixed as to time of payment, the manager may be able 
to influence other aspects of cash flow. Good management of 
credit and collection procedures, for example, can increase in- 
flow. Proper scheduling of purchases of inventory can effect a 
degree of control over the timing of the outflow for such 
purposes. 

The manager makes the decisions regarding acquisition of 
new fixtures and equipment that requires outflows of cash 
either in a lump sum or in installments. Depending on future 
prospects for cash inflow, the manager can decide whether to 
proceed with such acquisitions. 

In actual practice, inflow for a given period should be esti- 
mated, and known fixed obligations for the same period should 
be deducted. If a balance remains, this represents discretionary 
cash available for expenditure. If a negative figure results, it is 
management’s responsibility to attempt to increase inflow or 
decrease outflow to achieve a balance. 

During periods of temporary cash deficiencies, management 
may be required to obtain additional funds through borrowing. 
Knowledge of the sources of funds and the cost of such funds is 
a prerequisite for effective money management. 


Inventory 


The merchandise inventory represents the largest single asset 
on the balance sheet for the typical community pharmacy. 
More than 50% of all assets, excluding real estate holdings 
were reported as merchandise inventory for NCPA-Searle Di- 
gest pharmacies in 1996. The extent of this investment plus the 
fact that the inventory requirements for a given pharmacy are 
in a constant state of flux forces a need for continuing manage- 
ment attention to this area of operation. 

It has been stated that the community pharmacist is the 
buying agent in the community for health-related products. He 
or she must provide the right products, in the right quantities, 
at the right time, and at the right prices to serve the needs of 
patrons. 

Because of varying consumer preferences and geographical 
differences in prescribing habits of physicians, the manage- 
ment of inventory becomes a highly individualized function in 
each community pharmacy. Given a limited amount of capital 
and the responsibility to use the capital economically, the man- 
ager must develop systems and policies that ensure a continu- 
ous flow of needed goods while avoiding the problems of exces- 
sive inventory levels. 

Although the objective of effective inventory management is 
stated simply here, in practice it represents one of the most 
challenging responsibilities of management. In the community 
pharmacy the management of inventory is complicated by a 
major portion of the inventory consisting of prescription (leg- 
end) drugs. This makes the problem of inventory control in the 
pharmacy unique in comparison with control in other enter- 
prises that distribute products at the retail level. 

The demand for prescription drugs is generated by physi- 
cians and other health practitioners rather than by the ulti- 
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mate consumer. When dealing directly with the consumer, it is 
easier to manage inventory. Excessive inventory levels can be 
reduced by special sales and markdowns. These techniques 
cannot be used to effect reduction in overstock of prescription 
drugs. 

On the other hand, the successful pharmacy depends on 
maintaining a breadth and depth of prescription drug inven- 
tory that is adequate to handle all prescription orders received. 
Usually, the need for a prescription drug is immediate. The 
patient cannot wait until it is ordered or is delivered in a few 
days. The dilemma of the manager in this situation is appar- 
ent—that of providing a continuous supply of products that are 
characterized by an unpredictable and uncontrollable demand. 

The management of other segments of the inventory such as 
OTC drugs, cosmetics, and sundry items, although not subject 
to the limitations inherent in the prescription drug segment, 
presents no less a problem to the manager. Changing consumer 
preferences and pressures by suppliers to buy greater quanti- 
ties and assortments of OTC drugs and nondrug items increase 
the need for careful attention to this area of management. 

Three basic decisions are required for the effective manage- 
ment of inventory. They are as follows: the specific items to be 
included in the inventory, the quantity of each item required, 
and the best source of supply. 

The specific items included in the inventory should be cho- 
sen according to the needs of the community. Although there is 
a core of items common to every pharmacy, a significant portion 
of the inventory is dictated by local demand. In this regard the 
manager must be objective in the selection of goods and ignore 
those personal preferences that might influence purchasing 
decisions. For the newly established pharmacy it is important 
that a portion of the capital budgeted for the initial inventory is 
held in reserve until the preferences of the local community are 
identified. As operations continue, the manager is constantly 
faced with decisions on additions to the original selection. 

Some managers adopt the policy of stocking all new items 
immediately, as long as the items are related to current mer- 
chandise assortments. Other managers adopt the wait-and-see 
policy, stocking new items only when a local demand is estab- 
lished. Both approaches have advantages and drawbacks. 

The wait-and-see manager runs the risk of losing consider- 
able sales volume and, perhaps more importantly, develops a 
reputation for not having in stock what the patrons desire. On 
the other hand, the manager who indiscriminately adds all new 
items to the inventory runs the risk of an overcommitment of 
capital to inventory, with its serious economic implications. 
Striking a balance between these two extremes presents a 
challenge to the manager. 

Perhaps as important as the specific items to be included in 
the inventory is the quantity of each item carried in stock. 
Assuming that a given item should be stocked, the manager 
must decide what quantity is necessary. At this point, several 
decisions must be made, based on a consideration of sources of 
supply, extent of demand, and such financial factors as quan- 
tity discounts and buying terms. 

In most instances the manager may choose from alternative 
sources of supply. Some manufacturers of prescription drugs 
and many producers of the other goods distributed through 
pharmacies sell directly to the pharmacy. The pharmacist also 
may obtain inventory needs from indirect sources, such as 
wholesale drug companies. 

Direct sources offer the advantage of lower prices, whereas 
indirect sources offer the advantage of faster delivery. Gener- 
ally, direct purchasing requires a larger commitment to inven- 
tory investment because of minimum order requirements es- 
tablished by the manufacturer and increased delivery time. 

Indirect sellers, such as wholesale drug firms, usually do not 
establish a minimum order level and emphasize rapid and 
frequent delivery service. The quantity of a given item carried 
in the pharmacy’s stock, therefore, is influenced, to some de- 
gree, by the source of supply. 


Quantity-purchase discounts play an important role in de- 
cisions regarding inventory levels. Generally, the purchase of 
larger numbers or sizes of the items stocked in the pharmacy 
effects a lower cost per item or unit. Such cost savings can be 
beneficial to both the owner of the pharmacy and to the public 
being served. However, note that cost savings on the purchase 
of goods in larger quantities can be offset by additional ex- 
penses that accrue from excessive inventory levels. 

The costs associated with maintaining a merchandise inven- 
tory include implicit and explicit interest, obsolescence, deteri- 
oration, storage, property taxes, and insurance. Generally, 
these costs increase in direct proportion to the level of 
inventory. 

The capital invested in inventory represents money that 
could be used in other ways to earn a return. To the extent that 
such an investment is necessary to generate sales and to earn 
a profit, it may be said that the investment is economically 
sound. However, when the investment in inventory exceeds 
what is actually required for the level of operation realized, the 
excess represents an uneconomical use of capital. 

For example, assume that a pharmacy has $90,000 invested 
in inventory. The safest alternative use of this capital might be 
to buy time-savings certificates at an effective annual rate of 
5%. At this rate, the $90,000 would earn $4,500 per year and it 
can be said that this inventory investment has an implicit 
interest cost of $4,500. To the extent that the inventory pro- 
duces net profit in excess of $4,500 the capital represented is 
being used economically. 

Assume further that it can be shown that the $90,000 in- 
ventory could be reduced to $80,000 without adversely affect- 
ing sales or net profit. In terms of the safest alternative use of 
funds, the excess inventory of $10,000 is costing $500 per year 
in interest that could be earned and added to net profit. 

An explicit interest cost also may result from excess inven- 
tory levels if the capital tied up in inventory is needed to pay 
other operational expenses. To support current activities, the 
pharmacy owner may be forced to borrow money at current 
interest rates. To the extent that the need to borrow is caused 
by excessive inventory investment, the cost of borrowing should 
be considered a cost of the excess inventory. 

The possibility of obsolescence and deterioration are risks 
associated with the maintenance of an inventory, and although 
such risks may result in some unavoidable losses, they are 
minimized at optimum inventory levels. When the costs of 
storage, insurance, and taxes are added to the interest factors 
and to the risk of obsolescence and deterioration, the cost of 
each dollar invested in inventory can be significant. An aware- 
ness of the costs associated with inventory investment proves 
useful to the manager as he or she makes decisions regarding 
the types and quantities of goods to be included in the mer- 
chandise inventory. 

The effectiveness of inventory management traditionally 
has been measured by the stock-turnover rate (the annual rate 
of turnover for the inventory). The rate is calculated with the 
following formula: 


cost of goods sold for the year/average inventory at cost 
= stock-turnover rate 


This rate denotes the number of times, on the average, that the 
inventory has been sold and replaced during a given year. It 
represents the turnover of dollars invested in inventory but 
tells nothing of the turnover of specific items or units that go to 
make up the inventory. As presented here, the rate relates to 
the entire inventory of the pharmacy. However, the same con- 
cept may be applied to departments if appropriate data are 
available. 

The stock-turnover rate may be calculated for a specific 
pharmacy and then compared with national averages such as 
those reported in the NCPA-Searle Digest. The average rate 
reported by the NCPA-Searle Digest pharmacies for 1996 was 
6.6. It generally is assumed that a rate of approximately 5 to 6 
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times per year is indicative of adequate management of inven- 
tory. Rates considerably below this level may indicate an over- 
investment in inventory. 

Note that pharmacies with rather low sales volumes typi- 
cally have stock-turnover rates much lower than the average. 
For these pharmacies, increased sales represent the only real 
opportunity for improving their position in this area. 

The typical community pharmacy with a sales volume near 
the national average should show an annual stock-turnover 
rate of at least 5 times/year. If it falls significantly below the 
average, the management of inventory should be reexamined. 

The rate may be improved in two ways. Attempts can be 
made to increase sales while keeping the inventory level con- 
stant. Generating more sales with the same inventory in- 
creases the rate. In the event it is not possible to increase sales, 
the alternative is to reduce the inventory level. With constant 
sales, this produces a faster rate of turnover. 

A combination of the two alternatives, increasing sales 
while reducing inventory, can have a profound effect on the 
stock-turnover rate. As a practical matter, the manager may 
best be able to work toward a reduction of the inventory level as 
an immediate means of improving the rate. Certain items in 
the inventory may be returned to suppliers for refunds or 
credit. Items that cannot be returned may be sold at reduced 
prices. Most important, buying practices should be reviewed 
with the objective of reducing purchases until a more favorable 
rate is achieved. 

If a stock-turnover rate of 5 is adequate, a rate of 7 or 8 
might appear to be excellent. In some cases this is a valid 
assumption. However, unless the inventory is managed care- 
fully, high rates may cause problems that are as serious as 
those resulting from low rates. An extremely high rate may be 
achieved by ultraconservative buying policies. 

Conservative buying betters the rate for capital invested in 
inventory, but the improvement may prove to be uneconomical 
in the long run. When undue emphasis is placed on maintain- 
ing a high stock-turnover rate, quantity discounts may be lost, 
resulting in an increase in cost of goods sold. Usually, a phar- 
macy can afford to do at least some quantity buying, thus 
realizing the benefits accruing from quantity discounts. 

Frequently, buying in small quantities increases the time 
and effort involved in the buying process. More orders must be 
submitted and checked in, and more accounting time is re- 
quired for processing several small orders as compared with a 
few large ones. 

Finally, and perhaps most important, the manager who 
attempts to control the inventory level too closely runs the risk 
of frequently being out of items. The disadvantages of this 
include a reduced sales volume and accompanying gross mar- 
gin. Further, a reputation for being out of stock may result ina 
loss of patrons to other pharmacies where their needs are met 
more consistently. 

Through good management, however, it is possible to realize 
an annual stock-turnover rate higher than the accepted norm 
without creating the problems described here, and many suc- 
cessful pharmacies do this. However, unusually high rates 
reduce the likelihood of meeting the objective of having on hand 
the right goods at the right time, in the right quantity, and at 
the right price. 

In the final analysis, the key to effective management of 
merchandise is stock control on a day-to-day basis. The man- 
ager is responsible for designing policies, procedures, and sys- 
tems for controlling and maintaining the proper selection and 
level of goods carried in stock. Proper training of employees in 
the importance of stock control and proper use of established 
control systems are the responsibilities of management. 

There are several formal systems that may be employed to 
assist in inventory control. Many pharmacies, for example, 
maintain and control stock by using computer-based reorder 
systems. Other firms use the perpetual inventory method of 
stock control. 
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The pharmacy manager also can effect reasonable control 
over inventory by implementing a well-organized visual stock- 
control system. By predetermining the number of units of each 
item to be carried in stock, based on estimated sales and ade- 
quate turnover, the manager can establish minimum and max- 
imum stock levels for each item. The indicated levels for each 
item are recorded in an inventory-control book or on the shelf 
where the item is stored. It becomes a simple task for an 
employee to check the stock on a regularly scheduled basis and 
to note those items that should be reordered. 

There is nothing profound about such a system, but it does 
formalize an important function and provides a mechanism for 
the maintenance of inventory levels. Such a system also forces 
the manager to think in terms of the minimum and maximum 
stock levels for each item. This in itself effects a degree of 
control over the total inventory. 

Often, overcommitment of capital to inventory is not appar- 
ent until the end of an accounting period, when a physical 
inventory is made. In many cases the inventory level creeps 
upward without a corresponding increase in sales. 

When little attention is given to a comparison of the inflow 
of goods against the outflow, it is easy to accumulate excessive 
inventory. One mechanism that may be used to combat this 
problem is the buying budget. In its simplest form the buying 
budget provides a means of dollar control of inventory on the 
basis of matching purchases with sales. In a pharmacy, each 
dollar of sales generally represents approximately $0.70 in 
inventory at cost prices. Assuming a balanced inventory level 
at the outset, approximately $700 would be needed to restore 
the inventory level after $1000 worth of goods had been sold at 
retail. 

The buying budget concept is most effective when used to 
plan purchases in the near future. The manager determines a 
budget by estimating sales for a future period, as for the next 
month, then calculating the amount of new inventory that is 
necessary to support the anticipated sales. The resulting figure 
becomes the buying budget for the period involved. 

As purchases of inventory items are made during the period, 
they are subtracted from the budgeted amount. The balance is 
termed the open-to-buy allowance for the remainder of the 
period. Although the budgeted figure represents neither an 
absolute minimum nor maximum, it does provide a guide for 
management control of the dollars invested in inventory. 

The real advantage of the buying budget lies in the fact that 
continuing management attention is directed toward an impor- 
tant operating problem. 


Facilities 


On the average, approximately 15% of the capital required for 
a typical community pharmacy is invested in fixtures, equip- 
ment, and leasehold improvements. Charges for housing the 
pharmacy are second only to wages among the costs of opera- 
tion. Expressed as a percentage of annual net sales, rent rep- 
resents approximately 2.0%. 

Overall, the cost of facilities necessary to operate a phar- 
macy represents a significant portion of total costs. Manage- 
ment of these costs is difficult, especially because they are 
based on long-term commitments from which there is little 
opportunity for retreat. Rent, for example, most often is agreed 
on in advance for a 5- to 10-year period. The lease that estab- 
lishes the level of rent to be paid is a legal contract that, once 
agreed to, is enforceable for its term. Fixtures and equipment, 
once purchased, represent costs that only can be recovered by 
longtime use. 

Management’s main role in the effective and economical use 
of facilities lies in a careful consideration of the original com- 
mitment to these assets. In a sense, facilities must be managed 
in advance. 

RENTAL AGREEMENTS—As is the case in most areas of 
management, decisions regarding the types and amounts of 
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facilities depend in large measure on projections and forecasts 
of future operations. Basic decisions on the size of the building 
and quantities of fixtures and equipment are related intimately 
to anticipated sales volume. The nature of the pharmacy also 
plays a role in these decisions. An exclusively prescription 
pharmacy usually requires less space than does a pharmacy 
that emphasizes general merchandise. 

In negotiating the rental agreement the manager must have 
some notion of anticipated sales and the relation of rent to 
sales. Although such information may be useful as a guideline 
for negotiating with potential landlords, generally, landlords 
refuse to be bound by statistics. 

In many cases rental figures for two or more pharmacies are 
difficult to compare because the services provided by landlords 
may vary. A pharmacy located in a medical clinic may pay rent 
considerably in excess of the average figure for a pharmacy 
doing a similar volume in another location. However, it may be 
that the rent includes janitorial services, centralized heating, 
air conditioning, or other services normally not provided. 

When negotiating a rental agreement or renewing a lease, 
the manager may be able to get a stabilization of the rental 
charge as a percentage of sales by obtaining a percentage lease 
arrangement. This provides that the landlord receives rent 
based on a percentage of net sales. Such an arrangement is 
attractive, especially for a new pharmacy for which there is 
doubt about the level of sales volume that may be realized. 

Landlords increasingly are receptive to percentage lease 
arrangements. In most cases, however, they insist on a guar- 
anteed minimum rent, with a percentage to be added after a 
specified sales volume has been realized. If the guaranteed 
minimum rent is set at a modest figure, this may prove to be 
advantageous for the pharmacy. 

It would be inaccurate to infer that the manager has signif- 
icant command of the alternatives and terms of the rental 
agreement. Most often, the landlord dictates the terms of the 
lease. Management’s main role is to avoid gross errors in judg- 
ment, resulting in long-term overcommitments for space and 
rent. 

FIXTURES AND EQUIPMENT —The original commit- 
ment for fixtures and equipment should be made only after 
careful analysis of requirements and after searching the mar- 
ket for the most economical and suitable fixtures and equip- 
ment. The manager has options regarding quantity, quality, 
and sources of supply for these facilities. It is good practice to 
secure bids from several sources before making the final deci- 
sion on the purchase of fixtures and equipment. Further, many 
suppliers provide counsel and advice. 

Once acquired, the problem of proper arrangement of fix- 
tures and equipment requires additional management deci- 
sions. For example, should the prescription laboratory be lo- 
cated in the front or the rear of the pharmacy? When located in 
the front, it is visible from the street and tends to emphasize 
prescription service to passersby; when located in the rear, 
it provides a private atmosphere, free from congestion and 
activity. 

Numerous other decisions regarding layout must be made. 
Thus, the manager is well-advised to make use of the services 
of experts in store design before making these decisions. 

Studies have demonstrated that the arrangement of fixtures 
and proper departmentalization of goods can help increase 
sales volume, promote employee efficiency, and make the phar- 
macy more pleasant and convenient for patrons. With modern 
fixtures designed for flexibility, the manager can experiment 
with various arrangements and layouts until the most efficient 
combination is achieved. Proper management of facilities can 
play a significant role in efficient and profitable operation. 


Personnel 


One of the most important aspects of developing an efficiently 
operating community pharmacy is a well-conceived program of 


personnel management. The uniquely personal nature of the 
atmosphere in the typical community pharmacy dictates that 
the proper selection, training, and maintenance of employees 
be given top priority as management functions. 

Each employee represents the pharmacy in daily interaction 
with patrons, physicians, and suppliers. Their ability to reflect 
and to carry out the objectives of the pharmacy may mean the 
difference between financial success and failure. 

In view of the obvious benefits of sound personnel manage- 
ment, it is surprising to observe that many managers look on 
good personnel administration as an area for which they have 
neither the inclination nor the time. Deficiencies in this area 
arise in part from the numerous and diverse responsibilities 
assumed by most pharmacy managers. Yet, time and attention 
devoted to personnel management would, in the long run, free 
more time for other management functions. The properly se- 
lected and well-trained employee can assume many duties that 
otherwise may be the responsibility of the manager. 

The nature of retail employment also contributes to the 
complexity of personnel management in the pharmacy. In gen- 
eral, retail concerns experience significant variations in the 
demand for employees. Seasonal variations in sales require 
adjustments in staff needs. Further, retail activity often is 
concentrated during certain days of the week and certain hours 
of the day. Under such conditions, it is difficult to manage 
payroll costs without the extensive use of part-time help. 

Because of the extensive use of part-time employees, many 
of the people employed by retail firms are young people without 
previous work experience. Often they have little understanding 
of the economic value of the services they are expected to 
render. Personnel of this type present special problems in 
training and orientation, not only to a specific job but also to 
the general obligation of an employee to an employer. 

Attracting competent employees is made more difficult by 
the need to cater to the desires of the public regarding store 
hours. Modern consumers expect to shop 7 days a week and 
into the late evening hours. The retail employee, therefore, is 
expected to work during hours and on days when others in 
society are free to shop and play. 

Other problems associated with obtaining good employees 
are inherent in the nature of retailing. Retail employees are 
meeting the public continually, so they must be of at least 
average intelligence, present a good appearance, and have an 
acceptable personality. Also, wages paid to retail employees 
ordinarily are well below those paid in other industries. 

SELECTION—Although the nature of retail employment 
is unique in many respects, the basic principles of personnel 
management may be applied in the development of a program 
for selecting, training, and maintaining employees for the re- 
tail field and specifically for the community pharmacy. Proper 
selection techniques must be developed to ensure that employ- 
ees are compatible with the job to be done and with the objec- 
tives of the pharmacy. 

A high turnover rate in a pharmacy often makes the atti- 
tude of management toward selecting employees rather casual. 
Managers rationalize that the employee will not be staying 
long, therefore, why worry about selectivity? 

Further, the manager frequently is faced with the problem 
of replacing employees on relatively short notice. In such emer- 
gencies selectivity often is ignored. 

Improper selection of employees has the effect of perpetuat- 
ing and intensifying the turnover problem, and the employee 
who is not suited to his job can be detrimental to the operation 
of the pharmacy. Two general rules should be incorporated into 
the personnel policies regarding selection. 


1. Minimum standards for qualifications of employees should not be 
allowed to fall below the minimum standards for service established 
for the pharmacy. To “underhire” for a given position can serve only 
to undermine the reputation of the pharmacy. 

2. “Overhiring” should be avoided; obviously superior people should 
not be hired for inferior jobs. Such personnel rapidly become dis- 
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contented and may have an adverse effect on staff morale and 
efficiency. 


Proper selection of personnel for a specific job is predicated on 
an understanding of the duties and responsibilities involved 
and on knowledge of the individual characteristics required for 
efficient performance. The manager should develop a job 
description and a job specification for each position in the 
pharmacy. 

The job description is a brief summary of the scope of the 
job, its relation to other jobs, and such details as working hours 
and pay scales. It also serves to prevent misunderstandings 
about the nature or duties of a particular job. The job specifi- 
cation sets forth the characteristics and competencies neces- 
sary in the individual who fills the position. 

With these materials, the manager is in a position to eval- 
uate objectively the candidates who apply for the position. 
Selection also requires a knowledge of the sources of potential 
employees. For some jobs, promotion from within the pharmacy 
staff may be appropriate. In most cases external sources must 
be used, such as employment agencies, placement offices of 
schools, and universities or classified newspaper advertising. 

A growing source of part-time employees are the co-op work- 
study programs of many high schools. An availability file 
should be established in the pharmacy—a record of qualified 
people who applied for jobs when no openings existed. 

The manager should develop an application form to assist in 
the selection process. Although the application form serves 
basically to provide information about the applicant, it can 
serve other purposes as well; for example, 


It provides a means for observing the applicant’s ability to follow 
simple written instructions. 

It serves as a guide in the employment interview. If no openings 
currently are available, it can go into the availability file. 

It serves a practical purpose as a part of the employee’s permanent 
record and as a source of information for social security and withholding 
tax reports. 


A properly designed application form can serve as an effective 
screening device for prospective employees. The information 
supplied on the application form often indicates that the appli- 
cant does not meet the job specifications and, thus, should not 
be considered further. If the information suggests that the 
applicant is a good prospect, the selection procedure should 
continue with an interview. 

Often the employment interview is the sole selection proce- 
dure used by pharmacy managers, and this is not advisable. At 
the least, the references provided by the applicant should be 
checked thoroughly to substantiate the impressions generated 
by the interview. The interview, however, is a key step in most 
selections. It should be conducted in an unhurried manner, in 
privacy and in a relatively informal atmosphere. Much can be 
learned about the prospective employee through a properly 
conducted interview. 

The manager also might consider developing some simple 
tests to be used in the selection process. Testing is used as a 
selection technique by many larger firms and can be most 
useful. In the pharmacy, simple arithmetic tests can be used in 
selecting personnel for sales or clerking positions that may 
require that the person be able to handle the simple problems 
involved in making change and computing sales taxes. 

Note that all employment policies and procedures must be 
consistent with applicable federal and state laws governing 
equal employment opportunity. In general such laws prohibit 
discrimination in selection and hiring practices. 

ORIENTATION AND TRAINING—Proper selection 
needs to be followed by adequate orientation and training of the 
employee. These can serve to increase productivity and to re- 
duce employee turnover. The orientation process should in- 
clude a give-and-take discussion with the employee on the 
following questions: 
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What are the basic philosophies of the pharmacy (toward patrons, 
other health professionals, and employees)? 

What are the hours the employee is expected to work (evenings, 
weekends, and holidays)? 

How long is the lunch hour? 

How is overtime handled? 

What is the policy regarding coffee breaks? 

What are the regulations about smoking? 

What are the rules regarding punctuality? 

Are uniforms required? If so, who buys them and who pays for 
laundering? 

What are the safety and security regulations? 

May this employee answer the telephone? If so what information is 
he or she authorized to give? 

Can the telephone be used for personal calls? 

What is the vacation policy? 

What is the policy regarding leave (sick or personal business)? 

What are the opportunities and procedures for advancement? 

What are the policies on employee purchases and discounts? 


These questions are by no means all-inclusive on those matters 
that might be of concern to both the employer and the em- 
ployee, but the use of such a list provides a basis for posing 
additional specific questions. Although some of the questions 
may appear to be trivial, these are the kinds of matters that 
often cause problems between employers and employees. 

In an extreme case disagreements over such matters may 
lead to termination of employment. In other cases, employee 
resentment may be reflected in attitudes toward and dealings 
with patrons of the pharmacy, and this could be the most 
serious consequence of such disagreement. If these matters are 
discussed in advance, misunderstandings may be minimized, to 
the mutual benefit of both parties. 

After a general orientation to the pharmacy the employee 
needs specific training in the duties and responsibilities of the 
job. Too often the new pharmacy employee is trained by the 
sink-or-swim method. The employee is simply put to work and 
is expected to pick up knowledge on the job. Obviously, such a 
method of training is inefficient and in the long run costly, 
although it does offer the advantage of requiring little or no 
management time or effort. 

Although the typical community pharmacy has neither the 
staff nor the facilities for sophisticated training programs, 
there are effective, simple, training methods that can be used. 
The sponsor system of training is the most appropriate for a 
pharmacy. A new employee is assigned to a capable experi- 
enced employee who explains and demonstrates the job in 
question. The conference method also may be used, by itself or 
to supplement the sponsor system. Here, the new employee 
meets privately with the pharmacy manager or a designated 
employee to discuss the techniques of the job. In either case the 
management responsibility lies in organizing and structuring 
the training so that all aspects of the employee’s duties are 
considered. 

COMPENSATION—Retaining good employees is one of 
the most difficult problems faced by the community pharmacy 
manager. There are many elements in the employment envi- 
ronment that may help in keeping employees, but most impor- 
tant is the compensation plan. Adequate compensation is nec- 
essary, not only to retain employees but also to encourage them 
to work toward the overall goals and objectives of the phar- 
macy. The basic elements of a sound plan are 


Adequacy—The amount of compensation should be commensurate 
with the responsibilities of the job. Adequacy also may be viewed in a 
legal sense in terms of state and federal minimum wage laws. 

Simplicity—Plans that are uncomplicated are understood easily 
by the employee and have the further advantage of being easy to 
administer. 

Progressiveness—A plan should recognize and reward initiative, 
productivity, and increasing value of the employee to the pharmacy. It 
should provide incentive for doing a better job. Periodic review of 
performance and salary should be provided for in the plan. 

Patron Protection—The plan should not encourage acts that are 
detrimental to the best interests of the patrons of the pharmacy. For 
example, it is inappropriate to offer extra commissions for promoting 
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the sale of OTC drugs. If commissions are paid on these drugs, the 
employee may be tempted to place personal economic gain ahead of the 
real needs of the patron. 

Traditionally, the compensation plan for pharmacy employees has 
consisted of an hourly or weekly salary plus the legally required social 
security contribution by the employer for each employee. Modern per- 
sonnel management calls for a broader compensation plan to compete 
effectively for the limited number of good employees. 

Increasingly, even small pharmacies are offering plans that include 
not only salary but such fringe benefits as health insurance, life insur- 
ance, paid vacation, and sick days plus supplemental retirement bene- 
fits. When such benefits are provided, the employer should calculate 
their value in terms of preincome tax dollars, thus demonstrating to the 
employee their real economic value. 


Credit 


The need for credit is apparent especially when health products 
and services are involved. The need for drugs and pharmaceu- 
tical services often is immediate and independent of the cash 
position of the patient. Further, a charge account statement 
provides the patient with a mechanism for keeping track of 
expenditures for drugs for insurance and income tax purposes. 

Credit management in the community pharmacy, on occa- 
sion, presents a conflict between sound business practice and 
professional responsibility. Sound business practice may indi- 
cate that credit should not be given to a particular patron, 
whereas professional responsibility may dictate that credit 
must be given. It is not possible to develop inflexible credit 
policies that solves such problems. However, it is possible to 
develop policies and procedures that are effective in a majority 
of such situations. There are two general areas that require 
attention in credit management. 

POLICIES AND PROCEDURES— Included here are the 
matters of eligibility, limits on credit, credit terms, maintain- 
ing accurate records and identification of credit patrons. Decid- 
ing which patrons are eligible for credit is the most troublesome 
problem for the pharmacy manager. 

It is difficult to make a decision without knowing the credit 
history of the patron. Data on past credit experiences must be 
obtained and should be checked. The patron can be asked to 
supply the necessary information and usually will do so. 

However, verification presents a serious practical problem. 
Some managers attempt to verify the information personally by 
contacting each credit reference. Such a procedure is time 
consuming, and the information received is often incomplete. 

A better approach appears to lie in the use of professional 
credit bureaus. Most localities are now served by such bureaus 
that, for a fee, investigates prospective credit customers and 
supplies a report on their ratings. With this information the 
manager can make better decisions and minimize the problems 
associated with granting credit. 

COLLECTION—The best policies can be thwarted by care- 
less collection procedures. The terms of credit granted should 
be made clear to the grantee at the outset. If the terms are not 
met, appropriate and prompt action should be taken. 

The manager is responsible for establishing the guidelines 
and procedures necessary to ensure prompt payment of credit 
accounts. Collection policies that result in prompt payment 
offer a number of advantages. 

Prompt payment means rapid turnover of capital invested 
in accounts receivable, and this permits a given level of oper- 
ations to be supported with less capital. Operating expenses 
are lower when accounts are paid on time as delinquent ac- 
counts cost money in terms of employee time and supplies 
required for follow-ups. 

Finally, there is a definite relation between the length of 
time accounts are outstanding and bad debt losses; usually, the 
longer an account is outstanding, the less likely it is to be 
collected. 

Although guidelines and procedures should be established 
for collecting past-due accounts, rarely is the same procedure 


appropriate for all such accounts. New accounts, for example, 
should be handled firmly to impress the patron with the im- 
portance of prompt payment. Casual handling or lack of 
follow-up of delinquent new accounts sets a precedent that may 
be hard to overcome. 

For established accounts, more individualized treatment is 
indicated. Some patrons fail to pay promptly simply out of 
negligence. Usually a simple reminder stimulates payment. 
Others may be willing to pay their debts but for reasons beyond 
their control are unable to do so. The manager may be able to 
work out a budget plan for those to help solve their problems. 

A small group of patrons may fall into the category of those 
who simply do not wish to pay. Outside collection agencies or 
legal action may be the only alternative for this group. In any 
event, policies and procedures for collection should be included 
as part of the credit management function. 

Credit also may be provided to patrons by means of various 
credit card systems operated by banks. The credit card system 
involves the establishment of a line of credit for an individual 
with a participating bank or group of banks. The individual is 
issued a credit card that is honored by participating businesses 
for goods or services. The participating business then forwards 
the receipts for sales of goods or services to the bank and 
receives immediate payment, less a service charge based on the 
amount of the sale. 

The advantages of this system lie in the fact that bad-debt 
losses are reduced almost to zero, and the cost of billing is 
assumed by the bank. Even though the amount realized from 
the sales transaction is reduced by the amount of the service 
charge, some pharmacy owners view the bank credit card sys- 
tem as the answer to problems associated with credit transac- 
tions. In fact, many pharmacies use such systems as their only 
credit program. 

As a practical matter, however, many people who require 
drugs and pharmaceutical services cannot qualify, and some 
people refuse to participate in the credit card system. As a 
result, some pharmacies use such systems simply as a supple- 
ment to their own charge-account system. In addition, increas- 
ing numbers of pharmacies are accepting nationally recognized 
credit cards. 

Most, if not all, community pharmacies today also extend 
credit for prescription drugs and pharmacy services to private 
and government third-party programs. In 1997 it was esti- 
mated that 71% of all outpatient prescriptions were paid for, 
either in full or in part, by third-party programs. As a result, a 
significant portion of the accounts receivable for the typical 
community pharmacy represents payments due from third- 
party payers. Generally, credit extended to third-party payers 
involves minimal risk of bad-debt losses if services are provided 
to patients who are eligible for benefits, program requirements 
are met, and accurate claims are submitted. However, the 
payment cycle from the submission of a claim to receipt of 
reimbursement varies greatly among third-party payers. Some 
process claims within 15 to 20 days, whereas others may take 
a month or more. To minimize delays in reimbursement, the 
pharmacy manager must implement systems that assure the 
prompt submission of accurately prepared claims to all third 
parties. 

Fortunately, increasing numbers of third-party payers are 
using electronic systems that provide for on-line processing and 
adjudication of claims for pharmacy services. The electronic 
transmission of claims directly from the pharmacy to the third- 
party payer provides for instant verification of patient eligibil- 
ity, confirms whether the service provided is a payable benefit 
and confirms the amount to be paid to the pharmacy provider. 
Electronic submission of claims also may shorten the payment 
cycle and reduce the average collection period for accounts 
receivable from third-party payers. 

To measure the effectiveness of management control over 
credit sales, it is useful to calculate the average collection 
period of customers’ accounts receivable. Average daily credit 
sales are divided into the total of accounts receivable at the end 
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of a period, giving the average collection period for accounts 
receivable. In theory, this figure should be approximately 40 
days if all accounts are paid on time. Figures in excess of 60 
days indicate deficiencies in credit policies and credit manage- 
ment, and call for prompt action. 


Risk 


As a commercial enterprise, a community pharmacy presents 
numerous risks in terms of economic gain or loss. Some risks 
inherent in the operation are speculative in nature. For exam- 
ple, will operations produce a profit or a loss? With this type of 
risk there is an uncertainty that may work either to the detri- 
ment or to the benefit of the pharmacy owner. Such risks can be 
managed only indirectly by careful attention to the manage- 
ment of all of the elements comprising the pharmacy. Even 
then there is no guarantee of success. 

Other risks associated with the operation of a pharmacy 
may be termed pure risks. These involve uncertainty and 
chance of loss but do not provide a gain directly if the loss is not 
realized. Tangible destructible property is subject to pure risk; 
its destruction always is possible but not certain. 

For example, there is a risk that the merchandise inventory 
owned by the pharmacy may be destroyed by fire. If a fire 
occurs a loss surely will be suffered, but if it does not occur no 
direct increase in value or profit is realized. Pure risk may be 
controlled or protected against by appropriate direct manage- 
ment action. 

TYPES—tThe first function of management related to con- 
trolling pure risk is to identify and analyze the several perils 
to which business assets are subject. Some perils are com- 
mon to all pharmacies; others are unique to specific situa- 
tions. It is important, therefore, that the analysis of risk be 
individualized. There are four common categories of perils to 
be considered. 


Actual Loss of Property—All tangible property is subject to being 
lost. For the pharmacy, most such losses are due to dishonesty such as 
shoplifting, burglary, robbery, or embezzlement. 

Damage or Destruction of Property—Most tangible property is 
exposed to possible destruction or damage by fire, the elements, civil 
commotion, and various other causes. 

Civil Liability—Every pharmacy is subject to various risks asso- 
ciated with dealing with the public and with employing people. Negli- 
gence or breach of responsibility, alleged or proven, can cause financial 
losses. Injuries to individuals in the pharmacy, malpractice by pharma- 
cists, and product liability are examples of these perils. 

Contractual Liability—Legal liability beyond that imposed by the 
law may be assumed in a contractual relationship between a pharma- 
cist and other persons. The lease signed by the pharmacist to obtain the 
building for the pharmacy is an example of contractual liability. 


RISK MANAGEMENT—Each peril identified by the phar- 
macy manager must be further analyzed to determine the 
probability of occurrence of an actual loss as follows: the loss 
must be quantified in terms of its effect on the total assets of 
the pharmacy and the ability to handle the loss; the manager 
must decide which of the alternative methods or combination of 
methods should be utilized to protect against each peril or loss. 
The three commonly recognized ways to handle risks are 


Self-Insurance—This may be used to protect against small losses 
with a low probability of occurrence. A reserve is established and, in the 
event such losses occur, they are paid for out of the reserve that is 
created by systematically setting aside money for this purpose. A major 
danger is that a large loss may occur before a sufficient reserve has been 
established. Except for large, multiunit pharmacies, self-insurance is 
not practical for community pharmacies. 

Assumption of Risk—When the probability of loss is low and the 
loss is of small magnitude, it may be economically advantageous for the 
owner to assume the risk. For example, when the cost of insuring plate 
glass against perils other than fire and the elements is compared with 
the probability of loss from these perils, most owners decide to assume 
the risk. Assumption of risk differs from self-insurance in that no 
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reserve is established. Obviously, this method of risk management 
must be used carefully. 

Insurance through Others—The majority of pure risks associ- 
ated with community pharmacy practice are of sufficient magnitude to 
dictate the placement of risks with other parties such as insurance 
companies. They offer service to the insured and provide indemnity in 
the event a loss is suffered. Such firms provide the technical knowledge 
and the legal experience required for settling losses quickly and effi- 
ciently. Often the seivices of insurance companies are as important as 
the indemnification they provide, as is the case in liability suits. 


Too often the management of risk is considered adequate 
when proper provision has been made to insure indemnification 
in the event of a loss. A complete risk-management program 
should include a consideration of loss prevention as well as 
protection. An attempt to prevent losses can be beneficial in 
many ways. 

Insurance companies are beginning to recognize clients with 
good records and to reward them by reductions in premiums. A 
direct cash savings thus is effected by reduction of prevention 
of losses. More important, most tangible losses result in other 
losses that cannot be handled by insurance. For example, when 
an error 1s made in dispensing prescription medication and a 
malpractice suit is brought, the tangible dollar cost of such a 
suit may be paid by the insurance company. 

The intangible loss caused by damage to the reputation of 
the pharmacy cannot be alleviated by cash payment. Preven- 
tion of such occurrences is the best way to avoid all of the losses 
involved. Loss prevention, both philosophically and practically, 
should be an integral part of risk-management programs. 

The services of an insurance counselor may prove valuable 
to the manager of a pharmacy in developing a risk-manage- 
ment program. The complexities involved in evaluating risks 
and in understanding the various types of insurance policies 
and terminology call for expert advice. The insurance counselor 
generally is the best source of unbiased information. 

The insurance counselor usually does not order policies. The 
counselor’s function is to evaluate the risks of a specific indi- 
vidual or firm and to make recommendations regarding the 
best way to deal with them. The fee for these services is paid by 
the insured rather than the insurer. Expenditures of money for 
this service may prove to be extremely economical in the long 
run. 


INSURANCE—Among the types of coverage required for 
the community pharmacy are 


Fire insurance 

Malpractice insurance 

General public liability insurance 

Products liability insurance 

Employer’s liability or worker’s compensation 
Crime insurance 

Business interruption insurance 


These specific coverages may be acquired separately or several 
of them may be included in a package policy, similar to the 
well-known homeowner's policy. Package policies have the ad- 
vantage of offering broader coverage at the same or even at a 
lower cost than do the individual policies purchased separately. 
Such policies should be evaluated carefully; the multiple cov- 
erage involved may leave gaps in protection that are not ap- 
parent until a loss occurs. It often is difficult to know exactly 
what is covered, and to what extent, under package, all-risks 
policies. 

Perhaps the most important coverage for the tangible assets 
of the pharmacy is fire insurance. Although most pharmacies 
are protected to some degree, often the amount of the fire 
insurance falls below the actual value of the property. 

This is particularly important because most fire insurance 
policies contain a co-insurance clause. This clause requires that 
insurance equal to a specified percentage of the value of the 
property be carried at all times. A common requirement is 80% 
of the value. 
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Under co-insurance if, at the time of a loss, the amount of 
insurance carried is below the required amount, the insured 
must bear part of the loss. For example, if the insurable value 
of the property owned by a pharmacist is $50,000 and the fire 
insurance policy has an 80% co-insurance clause, the pharma- 
cist must carry $40,000 worth of insurance on the property. If 
only $30,000 is carried and a $10,000 loss is suffered, the 
insurer is required to pay only $7,500. The pharmacist must 
assume the balance of the loss because only 75% of the required 
amount of insurance was maintained. 

The standard fire insurance policy should be supplemented 
by an extended coverage endorsement. For a small additional 
fee this endorsement has the effect of extending protection to 
cover damage by windstorm, hail, explosion, riot, smoke, and 
from land vehicles and aircraft. Note that usually neither the 
standard fire insurance policy nor the extended coverage en- 
dorsement covers losses of documents, accounts receivable, pre- 
scription files, or currency. 

Several types of liability insurance are becoming increas- 
ingly important in modern practice. Pharmacy owners may be 
required to answer a suit arising out of the negligence or 
alleged negligence of them or of their employees. In addition, 
the pharmacy is a public facility where there are innumerable 
opportunities for injury to patrons. 

Product liability may arise out of claims of patrons that have 
suffered injuries from products purchased in the pharmacy. 
Although the pharmacist may be able to fall back on the man- 
ufacturer under the concept of implied warranty, such claims 
must be answered by the pharmacist. Insurance can provide 
the financial and legal resources necessary to answer suits of 
this type. 

The owner must obtain coverage of sufficient scope and 
amounts adequate to protect against lability claims. Without 
insurance coverage, an unfavorable judgment from one such 
claim may be sufficient to bankrupt the owner. 

Insurance coverage against criminal acts also should be 
obtained. In addition, the manager is in an excellent position to 
use loss prevention as a means of minimizing these risks. 
Minimizing the amount of cash carried on the premises, instal- 
lation of burglar alarm systems, and carefully observed secu- 
rity measures can greatly reduce losses in this area. 

The dishonesty of employees can be controlled best by ade- 
quate systems and policies regarding handling of cash and 
other assets. Shoplifting losses can be reduced by proper sur- 
veillance and proper training of employees. As a rule, insur- 
ance is not available to cover these losses. 

When a pharmacy suffers losses because of fire or other 
causes that interrupt operations, the actual loss goes beyond 
the property that is damaged or destroyed. Profits are lost 
while the pharmacy is closed. Certain business expenses con- 
tinue, even during interrupted operations. Key employees may 
be forced to seek other employment. Such losses may be cov- 
ered by business interruption insurance. This is designed to 
indemnify the owner for lost profits, continuing expenses, and 
salaries of key employees during a reasonable period of inter- 
rupted operations. 

Life insurance also may have a role in a comprehensive 
risk-management program for a community pharmacy. If a 
pharmacist is the sole owner of a pharmacy, insurance on his 
life can provide funds to take care of the debts of the pharmacy 
in the event of the owner’s death. If the pharmacist is the 
co-owner of the pharmacy as a partner, arrangements should 
be made for life insurance on each partner with the other 
partner(s) named as beneficiaries. The amount of such insur- 
ance should be sufficient to pay for each partner’s equity in the 
enterprise. 

In the event of the death of a partner, the surviving part- 
ner(s) can use the proceeds from the insurance to buy a de- 
ceased partner’s interest in the pharmacy from the heirs. Such 
an arrangement reduces the possibility that the enterprise 
would be dissolved to settle the estate of a deceased partner. 


The premium payments made for partnership life insurance 
policies are regarded as a business expense. 

There are various other risks that may be covered effectively 
by insurance. Some of these are peculiar to individual circum- 
stances and must be analyzed and managed in terms of the 
specific pharmacy. Effective management of all the insurable 
risks associated with modern community pharmacy practice 
must be combined with effective management of the uninsur- 
able speculative risks inherent in entrepreneurial activity. 


Records 


For various reasons—some legal, some financial, and some 
professional—the maintenance of records in the pharmacy is 
becoming increasingly important. The types of records required 
may be classified as 


Records required by law regarding the acquisition and disposition of 
drugs. 

Records regarding patient utilization of drugs. 

Records regarding the past and the present financial status of the 
pharmacy. 


Management’s role in this function is to identify the specific 
records required, develop systems for keeping them, and dele- 
gate the responsibility for day-to-day record keeping to capable 
personnel. 

LEGAL RECORDS—According to federal and state law, 
the pharmacy owner or manager is charged with maintaining 
accurate up-to-date records on specific classes of drugs and 
poisons. Under the provisions of the Federal Controlled Sub- 
stances Act of 1970, the pharmacist is charged with maintain- 
ing accurate records related to the acquisition and disposition 
of certain drugs that are deemed to be subject to possible 
misuse or abuse. Several states have enacted legislation that 
requires accurate records on the distribution of poisons and 
other hazardous substances. 

The legal implications of record keeping, as it relates to 
these drugs, are serious. Improperly maintained or incomplete 
records can bring legal action and penalties. 

PATIENT RECORDS-—In recent years many pharmacists 
have broadened their record-keeping activities to include pa- 
tient drug histories. Although the form of patient record varies, 
the basic idea is to establish a record (usually on a family-unit 
basis) that allows the pharmacist to monitor the drug usage of 
each member of the family. It increasingly is apparent that, 
because of the kinds and amounts of drugs being taken by the 
average patient, there is need for a drug history for each 
individual. 

To reduce the problems associated with drug interactions 
and individual idiosyncrasies to drugs, the pharmacist has a 
professional obligation to maintain records of this type. In 
addition, these records also may serve economic purposes, as 
sources of information for insurance claims and for income tax 
deductions of the patient. 

FINANCIAL RECORDS—Properly collected and orga- 
nized accounting data serve various important uses and are of 
value to the pharmacy owner in the following ways: 


Providing the basic tools for efficient management and measuring its 
effect. 

Making sound decisions regarding future cash needs, inventory re- 
quirements, personnel matters, and expansion of facilities. 

Evaluating past operations, controlling current operations, and provid- 
ing information for planning and forecasting. 

Analyzing revenues and expenses. 

Measuring return on investment. 

Providing the required information to potential grantors of credit and 
loans as well as to federal, state, and local governmental agencies 
regarding income and business taxes. 

Helping to ensure a profitable operation. 


Generally, the manager no longer acts as bookkeeper in the 
community pharmacy. Considering the complexities of con- 
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temporary business and the importance of good financial 
records, the pharmacist is well advised to employ experts to 
assist in the development and the maintenance of his or her 
accounting system. The experts can help to develop an indi- 
vidualized system that meets the accepted criteria for good 
financial records: objectivity, conservatism, consistency, and 
comparability. 

Financial records should reflect, insofar as is possible, an 
objective evaluation of the transactions and data on which they 
are based. Personal opinion and judgment should not be al- 
lowed to prevail over an objective analysis of financial data. For 
example, the cost of fixtures in the pharmacy should be re- 
ported in the financial statement on the basis of acquisition 
cost as evidenced by a bill of sale or an invoice. 

The value of these fixtures should not be increased on the 
statements simply because management feels they are worth 
more than the original cost because of increasing price levels. 
Convincing objective evidence of the dollar amounts reported 
on the financial statement is a prerequisite to maintaining the 
integrity of such statements. 

The general optimism of many owners and managers may 
be in conflict with the principle of conservatism as it relates to 
financial records. A moderately conservative approach should 
be employed in reporting financial data; otherwise, the data 
may tend to overstate earnings and assets and to understate 
liabilities. The consequences of overstated earnings include the 
possibility of excess income tax liability in a given year. 

If a choice must be made between understatement or over- 
statement of income or assets, the principle of conservatism 
would dictate understatement. This does not imply that earn- 
ings or assets should be understated deliberately. However, 
when estimates or opinions must be used in making decisions 
regarding financial records, a conservative attitude should pre- 
vail. For example, many managers are reluctant to admit that 
a certain percentage of accounts receivable will prove to be 
uncollectable. 

They are inclined to report accounts receivable in the finan- 
cial records without a realistic reduction for bad debts. To do 
this without adjustment based on recognition of the likelihood 
of some not being collected is to violate the principle of 
conservatism. 

Although there is no hard and fast rule for accounting for 
financial transactions, it is important that a given enterprise 
be consistent in its accounting system. This also is linked 
closely to the final criterion for good financial records: 
comparability. 

There are various methods of recording and reporting finan- 
cial transactions, and decisions must be made regarding the 
best method. Once chosen, it should be applied consistently 
throughout the life of the enterprise so that financial records 
will be comparable from period to period. For example, there 
are several ways to allocate depreciation charges to expense. If 
the policy on depreciation is changed from one period to the 
next, the net income may be altered significantly. Such a 
change would have an effect on the comparability of the finan- 
cial statements for the two periods. 

Attention to consistency and comparability should not nec- 
essarily rule out all changes in accounting methods. When 
valid reasons dictate a change in method, it should be made. 
However, the nature of the change should be indicated clearly 
on future financial statements. 

Comparability of financial records also is important in the 
broader sense to compare records between firms in the same 
field. It is advantageous to be able to compare the financial 
statements for the pharmacy with similar statements such as 
those reported in the NCPA-Searle Digest and other refer- 
ences. Such comparisons are facilitated if relatively standard 
accounting systems are used. The manager could instruct his or 
her accountant to classify expenses according to the NCPA- 
Searle Digest system. He or she then would be able to analyze 
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the expenses of their pharmacies in relation to national trends 
and averages. 

The day-by-day financial transactions are summarized in 
the statements prepared at the end of the accounting period. 
Among the statements most important to those concerned with 
the financial progress of the pharmacy are the balance sheet 
and the income statement. Assuming that the underlying data 
have been treated objectively and conservatively, the balance 
sheet should represent fairly accurately the financial position 
of the pharmacy at the end of a given period. It reflects the 
basic accounting equation: 


assets = liabilities + owner’s equity 


Assets are the items of value owned by the enterprise, listed 
at cost prices less any allowances for depreciation or doubtful 
accounts. The liabilities and owner’s equity represent the 
claims against the assets. 

The balance sheet is of interest to the owners in terms of the 
total value of their investment and the value of specific assets 
that make up the total investment. Managers especially are 
interested in such items as total merchandise inventory and 
accounts receivable. 

Future management decisions regarding inventory control 
and credit policies may be influenced by the information in- 
cluded on the balance sheet. Those who are asked to grant 
credit to the pharmacy will be interested in the current liabil- 
ities and the owner’s equity, as reported on the balance sheet. 
A formal detailed balance sheet should be prepared at least 
once a year. One commonly used format for reporting balance- 
sheet information for community pharmacies is illustrated in 
Table 94-1. 

The income statement details the effects of revenue and 
expense transactions during a given accounting period. Unlike 
the balance sheet, which describes the financial position of an 
enterprise on a given date, the income statement summarizes 
only those transactions directly related to income production 
for a specific period, usually a year. For most purposes the 
income statement is used in concert with the balance sheet, 
each supplementing the other. 

The owners of the pharmacy are interested not only in total 
investment but also in the net profit, which represents return 
on investment. The manager cannot accurately judge the ap- 
propriateness of the level of merchandise inventory reported in 
the balance sheet without knowing the sales revenue generated 
by the inventory as reported in the income statement. 

The information included in the income statement can be 
used by the manager to plan for future operations and as a 
means for controlling current operations. When the informa- 
tion is compared against past years and national averages, 
trends are observed and problem areas may be identified. The 
manager then can make decisions and take actions intended to 
improve the profit-making potential of the pharmacy. 
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Product Recalls and Withdrawals 


Michael R McConnell, RPh 
Founder and Consultant 
National Notification Center 
Indianapolis, IN 46204 


Pharmaceutical manufacturers must occasionally recall or 
withdraw products from wholesalers, pharmacies or patients. 
There are approximately two hundred pharmaceutical recalls 
each year. The reasons for recalls and withdrawals range from 
life-threatening situations (eg, a product that is supposed to be 
sterile but is instead contaminated with bacteria) to situations 
where there is no health hazard but the product does not 
measure up to the quality standards that the pharmaceutical 
community wishes to present to the public (eg, a label that is 
upside down on a bottle). The purpose of this chapter is to offer 
guidelines and background information for practicing pharma- 
cists to efficiently and professionally handle recalls and with- 
drawals. It is impossible to anticipate every possible situation 
and it is unwise to have a cookie cutter solution for every recall 
or withdrawal.’ It is hoped that pharmacists will take these 
guidelines and then enhance or modify them to fit their partic- 
ular practice of pharmacy. This chapter will be divided into 
several sections. First will be Recall Procedures, then Actions 
for a Recall, Background Information on Recalls and Future 
Directions and Implications of Recalls. 


RECALL PROCEDURES 


Documenting Procedures 


The lack of documentation for quality systems seems to be a 
typical condition for many American companies. In the 20th 
century, America seems to have been successful without having 
to write everything down, without keeping extensive records, 
without issuing many standard operating procedures. Now ev- 
eryone is faced with the challenge of documenting what it is 
that we do. The watchwords for the future seem to be: Jf you do 
it, write it. If you write it, do it! 7 

The purpose of any written procedure is to provide a docu- 
mented plan for what to do in a certain situation. Pharmacists 
may well find that it is better to create procedures prior to a 
crisis situation, when a cooler head and more time allow for 
better quality consideration. The middle of a life-threatening 
recall is not the time to try and think of everything to do. 
Established written procedures better ensure that policies are 
carried out consistently and with the same level of quality from 
event to event. In large institutions there may be dozens of 
pharmacy personnel and written procedures are essential if the 
pharmacy department is to function as a cohesive unit. But 
written procedures are also valuable in a one-pharmacist facil- 
ity. Even in the case of a sole-practitioner community pharma- 
cist working most of the hours the pharmacy is open, recalls 
may not happen with enough regularity for the pharmacist to 
remember exactly what to do from recall to recall. Never mind 
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that Murphy’s Law says that the worst recalls will happen 
when the sole-practitioner pharmacist is on a rare vacation and 
a relief pharmacist is on duty. In a situation like that, written 
procedures can help to ensure the smooth delivery of high 
quality patient services and lessen the risk of legal liability. 

In developing the procedures documentation, the pharma- 
cist may want to create forms or templates to guide pharmacy 
personnel through the recall procedures. A form is simply a 
printed or typed document with blank spaces for insertion of 
required information. Creating a form does not have to involve 
deluxe design skills. In the interest of getting a procedure form 
created in a timely manner, a simple hand-written layout may 
be the most efficient way to get it done today. 


Elements of a Recall Procedure 


There may be many elements of a recall procedure. A simple 
list includes the three major elements of 


1. Communication. 
2. Product handling. 
3. Recordkeeping. 


A pharmacist may find that for a particular pharmacy institu- 
tion, facility or type of pharmacy practice, there needs to be 
additional elements. There is probably no one right answer. 


COMMUNICATION 


After becoming aware of a product recall or withdrawal, one of 
the first things a pharmacist will probably need to do is to 
communicate the recall to someone else. It may be helpful to 
think in terms of who to contact (who needs to know about this 
recall event, ie, other pharmacists, physicians, patients, etc), 
what to communicate (what facts, options, advice, etc, need to 
be communicated), when to send out communication (how 
quickly does the communication need to take place) and how to 
communicate (what are the appropriate methods to send com- 
munication quickly, accurately, etc). 

Regarding to whom a communication should be sent, the 
pharmacist may wish to make a list of those who could be 
affected by a recall. The idea here is not that all those who 
might possibly be affected by any recall need to be notified 
about every aspect of every recall. As will be commented on 
later in the background discussion on recalls, recalls vary in 
importance and there may be situations where it is perfectly 
reasonable not to communicate a recall to a wide audience. A 
sample checklist of Who to Contact is shown in Fig 1. In pre- 
paring the Who to Contact list, the pharmacist may want to list 
actual specific facilities in the area, for which, he or she feels a 
responsibility to notify about recalls. For example, even if a 
recall is being carried out only to the pharmacy level (more 
about Jevels later), the pharmacist may want to notify some 


Recalled Product Name 


Manufacturer 
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Today's Date 


NDC # 


Contacted for this Recall ? 


Yes (date & initial) No INTERNAL PHARMACY PERSONNEL NOTES 
O lz Director of Pharmacy 
0 O Staff Pharmacists 
a 0 Pharmacy Interns / Technicians 
O Front-end Clerks / Window Clerks / Receptionist 
0 O Materials Management / Inventory Clerks 
O Other 
Yes (date & initial) No EXTERNAL PHARMACY PERSONNEL 
0 zl Other Pharmacy of Same Ownership 
O] ] Other Pharmacist to whom product sold or loaned 
0 0 Other 
Yes (date & initial) No HEALTH CARE PROFESSIONALS 
0 0 Local Physicians 
0 0 Nurses / Physician's Assistants 
U 0 Other 
Yes (date & initial) No PATIENTS 
oO ch Patients Identified having Rx filled within months 
QO J All Patients / Customers 
0 J Other 
Yes (date & initial) No 
O al 
La 
Personnel Name Title Date 
Personnel Name Title Date 


Figure 95-1. Recall or Withdrawal WHO to CONTACT LIST. 


local doctor’s offices, nursing homes and other similarly inter- 
ested parties. 

Regarding what should be communicated, the pharmacist 
may wish to think in terms of 
1. Identifying the product. 


2. Stating the reason for recall. 
3. The action to be taken by the person being contacted. 


Also, when considering what should be communicated, one 
should think about the audience. For example, to communicate 


the product identity within a pharmacy the pharmacist should 
include the product name, strength, manufacturer, package 
size, NDC (National Drug Code) and lot number. To communi- 
cate product identity to a patient, things such as package size, 
NDC and lot number may have little meaning and may be 
confusing. Likewise when communicating the reason for a re- 
call to a patient, it may be factual to say that a product “con- 
tains Pseudomonas Aeruginosa,” but it may have more mean- 
ing for the patient if the pharmacist said that the product is 
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“contaminated with bacteria.” Care must be taken when com- 
municating the original reason for the product recall, especially 
if communicating to patients. 

Although it can be said that everyone (pharmacists, physi- 
cians, patients, etc) has a right to know the reason for the 
recall, pharmacists should keep in mind the ramifications that 
a recall communication may have for patients. For example, 
will the wording used when stating the reason for a recall 
possibly cause a patient to stop taking a life-saving medication 
and thus be subject to a possibly greater harm than if the 
recalled product was continued? 

The next consideration is what action should be communi- 
cated. In general, if a recall is being officially communicated to 
the patient level then it is usually, but not always, serious 
enough that the patient will probably be instructed to stop 
taking the product. Sometimes a patient will be instructed to 
continue his medication but to see his physician as soon as 
possible. The original recall communication from the pharma- 
ceutical manufacturer or the FDA will probably have suggested 
actions to communicate to patients. In any case, the impact of 
a recalled product on any individual patient’s health, and ex- 
actly what action an individual patient should take, is a matter 
best addressed by the patient’s physician. 

Pharmacists play a very important role in one aspect of 
what action to take after a recall and that regards the avail- 
ability of alternative therapy. In preparing for consultations 
with physicians and patients regarding possible alternative 
therapy, the pharmacist may want to consider such questions 
as: Is the same product available in a different form, for exam- 
ple, taking two 5-mg tablets instead of the recalled 10-mg 
tablet, or in a liquid form? Is the same chemical entity available 
from a different manufacturer? If so, are there any important 
differences in formulation such as different color dyes or dif- 
ferent preservatives? If no alternative identical chemical entity 
is available, then what products are in the same class of drug 
as the recalled product and might be options for alternative 
therapy? 

More mundane, but still important, items regarding the 
actions that a patient might take following a recall concern 
product disposition and reimbursement. Regarding disposition, 
is the product to be returned to the pharmacy, sent directly to 
the manufacturer, disposed of down the drain, or some other 
action? If it is to be returned to the manufacturer should it be 
sent by secured carrier (which may be important for legal 
lability reasons)? If product tampering is suspected, then the 
patient may be asked to hold the product pending immediate 
retrieval by an agent of the FDA or the FBI. A patient may be 
tempted to forego product reimbursement and just dispose of a 
product down the drain. If the product is potentially hazardous, 
then that may have environmental ramifications and should 
only be disposed of with the proper authority. Regarding reim- 
bursement, questions include how much will the patient be 
reimbursed for the actual product (full price paid, minus any 
amount used, co-pay or deductible?), will reimbursement be 
given for followup physician visits and if so what kind of re- 
ceipts or documentation will the patient need? 

The matter of when to communicate a recall can be naively 
answered with as soon as possible. But one must recognize the 
implication that the decision of when to communicate has on 
how a communication is then made. For example, if the recall 
communication should be made as soon as possible, does that 
imply that sending a letter by first-class mail is unacceptable 
and that everyone should be contacted by phone or by facsim- 
ile? And, what is a practical time frame for a pharmacy to 
contact hundreds of patients even if it is an urgent matter? 
Within hours? The same day? Within a few days? The target 
date or time for completing recall communications to patients, 
physicians or other pharmacists should be commensurate with 
the degree of health hazard of the recall. For example, in the 
case of a minor mislabeling that does not pose a serious health 
risk and the recall is to be carried out only to other pharmacies, 


clinics, etc, that may have purchased the product from the 
pharmacy, then it may be perfectly reasonable to set a notifi- 
cation goal of a few days. In the case of a sterile product that is 
contaminated with bacteria where the recall is being carried 
out to the patient level, it may be more prudent to set a goal of 
notifying all patients within 24 hr. 

The methods that a pharmacist chooses for how to commu- 
nicate recalls should follow directly from the above consider- 
ations of the whos, whats and whens of communication. Again 
using the present examples, if a communication of a recall with 
no health hazard needs to be completed within a few days, then 
sending a first-class mail letter may be the most appropriate 
method. If a recall communication involves potential health 
risks then using telephone or faxing, in order to communicate 
more quickly and have some degree of confirmation that the 
recall notice was received, may be the more appropriate meth- 
ods. The pharmacy’s written procedures for how to communi- 
cate may include considerable details, such as whether or not 
the pharmacist should leave a message on the patient’s an- 
swering machine. And if a message is to be left on an answering 
machine, whether or not the message mentions details about a 
recalled product or just a message for a particular person to call 
the pharmacy. (Keep in mind the confidentiality issue, eg, a 
teenage girl may not wish her parents to know that she is 
taking an oral contraceptive or a spouse may not wish it to be 
known that he/she is taking an antidepressant.) 


PRODUCT HANDLING 


Establishing written procedures for how the product is to be 
handled should address such items as identifying the recalled 
product, locating the product in the pharmacy, quarantining 
the product and returning the product. 

Identifying the recalled product is done most reliably if the 
NDC number is used. Reliance on identifying factors such as 
name, manufacturer, etc, can be confusing in the modern phar- 
maceutical marketplace considering repackaging, contract 
manufacturing and group purchasing and labeling. The other 
identifier necessary in most pharmaceutical recalls is the lot 
number. The lot number identifies which manufactured batch 
of the product is affected by any particular recall. Some recalls 
affect all lots manufactured. 

In locating the recalled product within the pharmacy or 
facility, it is vital that pharmacists establish a checklist of all 
locations where a recalled product might possibly reside. In 
addition to the obvious answer of looking for a recalled product 
on the main shelves, the pharmacist should consider other 
locations such as the fast mover section, refrigerator, special 
sections (eg, otics, ophthalmics, dermatologicals), returns box 
and prescriptions in will-call, just to name a few. In the case of 
hospital or institutional pharmacies, it is important that writ- 
ten procedures clearly spell out the locations where the phar- 
macy is responsible for managing the inventory. These will 
vary from institution to institution, but may include such loca- 
tions as satellite pharmacies, clinic pharmacies, nursing sta- 
tions, emergency rooms and operating rooms. It may be that 
the pharmacy department is not responsible for all pharmaceu- 
ticals in all locations throughout the facility and that is all the 
more reason why the locations for which the pharmacy depart- 
ment is responsible should be clearly identified in the written 
procedures. 

Once all of the affected recalled product has been identified 
and located, it must be collected and labeled as recalled. While 
immediate removal of the recalled product from the facility 
may be desirable, as a practical matter it is often the case that 
the return instructions from the manufacturer have not been 
finalized. It may take several days before return shipping in- 
structions and the attendant materials such as inventory forms 
and shipping labels, arrive in the pharmacy. In the meantime, 
it is vital that all of the recalled product be clearly labeled in 


some manner as not for use. A procedure for this may include 
such means as using bright orange tape to secure the recalled 
containers and then marking the tape with words such as 
RECALLED—DO NOT USE or QUARANTINE. This proce- 
dure is very important. It cannot be assumed that just because 
the recalled product has been removed from shelves, that there 
is no danger of dispensing it to patients. Unfortunately the 
FDA has many anecdotal reports of recalled merchandise that 
was removed from pharmacy shelves and placed in a safe 
location only to have another pharmacist pick up the recalled 
product and dispense it later.® 

A pharmacy’s written procedure for product return should 
address where the product is to be sent and how it should be 
packaged and shipped. For most pharmacies it will probably be 
the case that the product will be returned to a location as 
described in the pharmaceutical manufacturer’s recall letter. 
This may be a manufacturer’s warehouse, distribution center 
or an approved third-party reverse distribution handler. Or, 
the manufacturer may instruct that the product be returned 
through the wholesaler where the product was purchased in 
the first place. The importance of established written proce- 
dures comes into play when the case arises that a pharmacy 
will choose not to return product according to the manufactur- 
er’s instructions. An example of this situation happens with 
many chain pharmacies who are required by their corporate 
headquarters to return recalled product to, perhaps, a chain 
warehouse where all recalled product will be consolidated and 
handled as one big return. Deviating from the manufacturer’s 
recommendation can be reasonable and acceptable, but it is 
important for the pharmacist to be able to reference the phar- 
macy’s own standard operating procedures as justification. 

When packaging the product for return shipping, good pack- 
aging practices should be followed, such as allowing for suffi- 
cient cushion packing so that liquids do not break in shipment. 
The choice of a return shipping method should be carefully 
considered. The manufacturer may provide prepaid shipping 
labels that dictate that a certain carrier be used. If no carrier is 
chosen by the manufacturer, pharmacists may wish to choose a 
carrier that can provide proof of pickup and proof of delivery. 
This can be important in situations where the product may be 
hazardous or where product has a high monetary value. 


e There may be some instances where the product should not be sent 
by common carrier or the US Postal Service at all. One example of 
this is when product tampering is suspected. If it is possible that a 
prosecution could result, then the government may want to estab- 
lish an unbroken chain of custody of the product. Another example 
is in those situations of major adverse health consequences where 
the causative agent (eg, bacterial contamination, wrong product in 
bottle) has not been definitively established and immediate investi- 
gation is warranted. If the product has been returned through a 
ground or air carrier, it can be days before it is received by the FDA 
or the manufacturer. Instead, the pharmacist should hold the prod- 
uct for pickup. The FDA will gladly send its own agents or local law 
enforcement agents, to the pharmacy to pick up the product when 
the situation is warranted.* 


RECORDKEEPING 


The reasons that a pharmacist would want to document the 
actions in a recall range from the simple determination of fact 
(eg, which product was affected, were patients notified?) to 
lessening of legal liability (good records may show a pattern of 
a pharmacist’s diligent concern for patient health). Document- 
ing a pharmacist’s actions during a recall can be greatly facil- 
itated by forms and checklists. Examples of forms that may be 
appropriate are shown in Figures 95-1—95-3. In addition to 
using forms to establish documentation of a pharmacist’s own 
actions, copies of documents created by others should also be 
kept (eg, the original recall letter from the manufacturer, a 
copy of the prepaid shipping label, etc). A simple pocket file 
folder can be labeled with the name of the particular recall and 


PRODUCT RECALLS AND WITHDRAWALS 1669 


then all documents, forms, letters, responses, etc can be kept in 
one place. 


Action When a Recall Happens 


Once a recall event has begun, the pharmacist should proceed 
in a step-by-step znanner. A good outline, that the pharmacist 
may wish to customize, might include 


Receiving the initial notification. 
Listing further action steps. 
Carrying out further notification. 
Responding to the initial notification. 
Product handling. 

Reimbursement. 


SOO 


INITIAL NOTIFICATION 


By definition, the first thing that will happen in any particular 
recall is that the pharmacist will learn about that recall for the 
first time. This may be by one of several methods. Most com- 
mon is a notice from a pharmaceutical manufacturer, a whole- 
saler or a chain headquarters. This can be by letter, facsimile or 
automated telephone voice message. But, other methods in- 
clude reading a report in pharmacy journals, on an internet 
web page, hearing about it from a pharmacist at another store, 
a mass media news report or (frustratingly) nearing about it 
from a patient. In any case, the pharmacist should make a note 
of the date and time that the notice was received. If the notice 
was not received in writing, then the pharmacist should write 
down the pertinent facts known at that time and date that 
piece of paper (it has now become the first document of that 
recall). 


ACTION STEPS 


The next thing the pharmacist should do is to make a list of 
action steps dictated by that particular recall. If there are no 
written recall procedures for the pharmacist’s particular facil- 
ity, it is recommended that first the pharmacist should simply 
write down all the action steps that he or she can think of. The 
list may include items discussed in the paragraphs above, as 
well as instructions from the recall notice received from the 
manufacturer, wholesaler or headquarters. 

Prioritize the action’s steps according to their urgency, eg, 
carrying out further notification to other pharmacists (and 
possibly patients) is more urgent than boxing up the recalled 
product for return shipment. 


FURTHER NOTIFICATION 


Carrying out further notification, sometimes called a sub- 
recall, may be an important part of a particular recall. In the 
case where patient notification is required, the pharmacist will 
have to identify any patients who may have received the re- 
called product and then communicate the recall instructions to 
them. The timeliness of communicating to the patient could be 
a matter of life and death in the worst case or could simply 
spare confusion and anxiety in the least case. 


RESPONSE TO NOTIFICATION 


An important aspect of the recall process is responding back to 
the manufacturer, wholesaler or whoever sent the recall noti- 
fication in the first place. The pharmacist should promptly 
respond that the notice was received and the pharmacist is 
carrying out the actions instructed in the recall communica- 
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tion. This response can be fulfilled by different methods. In the 
case of a letter sent by US mail there is usually a postage-paid 
business reply card. Some manufacturers have a toll-free fax 
number and the recall response can be transmitted by fax. If 
the notification was sent by automated telephone voice mes- 
saging, then the pharmacist should listen to the entire message 
and press the appropriate button on the telephone keypad to 
respond. 

Pharmacists must respond to the recall notification to indi- 
cate how many packages of the recalled product they have in 
stock. Also, pharmacists must respond even if they do not have 


Date Product 


3 |) WAU 


amoxicillin 250 mg caps 100 s 
Acme Pharma 

NDC 99999-8888-77 

4 lots (see folder) 


Stock ? 


lot# THX1188 


any of the recalled product and even if they do not carry the 
recalled product in stock. This is a requirement of the Code of 
Federal Regulations.° 


PRODUCT HANDLING 


As described in the procedures section on product handling, the 
recalled product must be identified, located, quarantined and 
returned. 


Notify Date 
Patients ? Returned RPh/Tech notes 


1/13/01 |MJ Smith, RPh 


MJ Smith, RPh 


2.| 1/26/01 |meperidine inj 50 mg/ml 20 ml 
Wonderful Labs 
NDC 11111-2222-33 
lot # BR549 

3.| 2/6/01 

> || Seaton 


furosemide tabs 20 mg 1000s 
November Pharmaceuticals 
NDC 98765-4321-00 

all lots 


infant glycerine suppos 24 s 
August Products Co. 
NDC 12345-6789-10 
6 lots (see folder) 


Yes 
1 full btl 
1/4 btl 


Yes 
see folder 
for list 


2/10/01 |K Ashby, Tech 


MJ Smith, RPh 


Figure 95-2. An Example of a Pharmacy Recall Log for Calendar Year 2001. 


REIMBURSEMENT 


The pharmacist will want to monitor when reimbursement is 
received from the manufacturer. Although product reimburse- 
ment is not an urgent health-related issue, many patients may 
be understandably anxious about how much and when they 
will be reimbursed. Pharmacists should attempt to ascertain 
what the manufacturer’s reimbursement policy will be and 
failing that, at least reassure the patient that some form of 
reasonable compensation could be expected from most major 
manufacturers. 


Long-Term Recordkeeping 


As stated in previous sections, the importance of long-term 
recordkeeping cannot be stressed too much. If, unfortunately, 
litigation ensues because of a recall, it probably will not happen 
in the weeks or months immediately following the recall. It will 
probably happen a year or more later. The pharmacist will be 
well served to have copies of all internal recall documents (lists 
of contacts, when contacts were made, etc), as well as copies of 
all documents created by others (original recall letter from 


Recalled Product Name 
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manufacturer, copy of business reply card returned to manu- 
facturer, etc). 


BACKGROUND INFORMATION ON RECALLS 


Importance of Lot Numbers 


Pharmaceutical products are not manufactured in a continuous 
manner like automobiles rolling off an assembly line. Rather 
pharmaceuticals are manufactured in batches (called lots) like 
your mother might make chocolate chip cookies. Each lot man- 
ufactured is coded with a Lot Number so that if there is any 
need (such as in a recall), then that particular lot can be traced 
back to discover such things as which raw materials were used, 
what equipment was used and which personnel were on duty 
during the manufacture of that lot. The configuration of the lot 
number (eg, combination of letters and/or numbers) is at the 
discretion of each individual manufacturer, but regulations 
require that the lot number must be printed on each package. 
Recalls can affect one lot, multiple lots or all lots that have ever 


Today's Date 


Manufacturer 


NDC # 5 


Check & Initial Location 


Main Shelves (Alphabetical) 


Fast Mover Section 


Refrigerator 


Specialty Section (Otics, topicals) 


Returns Box 


Will Call Prescriptions 


Satellite Stations 


Number of Units Found 


Personnel Name Title 


Date 


Personnel Name Title 


Date 


Figure 95-3. Recall or Withdrawal Product Locator Checklist. 
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been manufactured. The pharmacist can help the recall process 
by paying close attention to which lots are affected by a par- 
ticular recall. Perhaps in an effort to spare time and resources, 
some pharmacists have simply returned all product in stock 
even though only certain lots were affected in that recall. 
Besides being generally wasteful, this can create an unneces- 
sary product shortage. 


Classes of Recalls and Withdrawals 


The difference between a recall and a withdrawal is that the 
word recall applies if the product in question could potentially 
violate the FD&C (Food, Drug and Cosmetic) Act. A recall is 
defined as a “firm’s removal or correction of a marketed product 
that the FDA considers to be in violation of the laws it admin- 
isters and against which the agency would initiate legal action, 
eg, seizure.”® A withdrawal is defined as a “firm’s removal or 
correction of a distributed product that involves a minor viola- 
tion that would not be subject to legal action by the FDA or that 
involves no violation, eg, normal stock rotation practices, rou- 
tine equipment adjustments and repairs, etc.”° It is not clear 
what is meant by “minor violation that would not be subject to 
legal action” since the term minor violation is not defined in the 
FD&C Act.’ One example of a withdrawal that would not 
violate the Act would be if a manufacturer changed the formu- 
lation from, for example, a green tablet to a blue tablet and 
desired to pull all of the old green tablets to avoid confusion in 
the marketplace. Another example would be that after the 
introduction of an approved new drug, a manufacturer may 
experience an unacceptable number of adverse drug reactions 
and decide to withdraw the product from the market. 

For legal reasons, a manufacturer may prefer to character- 
ize a particular event as a withdrawal rather than a recall. It 
has happened a few times in recent years that manufacturers 
have quickly taken the initiative to send out notifications (with- 
out conferring with the FDA) and describe the event as a 
withdrawal, when it really should have been termed a recall. 
This prompted FDA to issue statements warning manufactur- 
ers to confer with the FDA on whether an event should be a 
recall or a withdrawal or risk having to send out a corrective 
notice.*? 

Whether a removal event is termed a recall or a withdrawal, 
the pharmacist should follow basically the same procedures. 

Recalls are officially listed by the FDA in the FDA Enforce- 
ment Report. It is published every Wednesday afternoon and 
can be viewed free on the internet [http://www.fda.gov/opacom. 
enforce.html] or a written version can be subscribed to for $100/ 
yr. The Enforcement Report is the official listing of FDA actions 
but it only includes violative actions, that is, it only lists recalls 
(seizures, etc), not withdrawals. Also, any particular recall may 
not appear in the Enforcement Report for many weeks or even 
months after a recall was issued. 

Strictly speaking, all recalls of drug products are voluntary. 
Through what might be described as a loophole in the law, the 
FDA has no authority under the FD&C Act to order a recall 
without the aid of a court.1° The FDA (more specifically, the 
Secretary of Health and Human Services) does have the au- 
thority to order a recall of medical devices, infant milk formulas 
and some biologicals, but pharmaceutical recalls are voluntary. 
If a pharmaceutical manufacturer refuses to recall a product, 
then the only immediate enforcement tool the FDA has is to 
initiate a seizure. Seizures are slow, costly and generally inef- 
ficient but there are some pharmaceutical seizures every year. 
Outside of the legal realm, the FDA has one very potent tool for 
inducing the manufacturer to conduct the recall and that is the 
power of the press release. If the manufacturer is dragging its 
heels about doing a recall, the FDA will essentially inform the 
manufacturer that the FDA has no choice but to issue a general 
press release naming the company, the product and describing 
the potential for health hazard. As a practical matter, the 


threat (whether explicit or implicit) of a press release usually 
prompts the manufacturer to initiate a voluntary recall. 

Recall communications from manufacturers to pharmacists 
very often state that the recall is voluntary for the manufac- 
turer, but pharmacists should NOT make the mistake of con- 
cluding that the recall is in any way voluntary for the pharma- 
cist. Pharmacists should carry out the recall procedures with 
all due diligence. 

The overwhelming majority of things that can go wrong 
during the manufacture of a product, no matter how uninten- 
tional or minor, will usually result in the product being mis- 
branded or adulterated under the FD&C Act and thus subject 
to a recall. Recalls are classified as 


Class I is a situation in which there is a strong likelihood that the use 
of or exposure to, a violative product will cause serious, adverse 
health consequences or death. 

Class II is a situation in which the use of or exposure to, a violative 
product may cause temporary or medically reversible adverse health 
consequences or where the probability of serious adverse health 
consequences is remote. 

Class III is a situation in which the use of or exposure to, a violative 
product is not likely to cause adverse health consequences.’ 


Of the approximately 200 drug recalls per year, about 30% are 
Class III; about 65% are Class II and less than 5% are Class I./7 

A health-hazard evaluation committee within the FDA usu- 
ally determines the Class of a recall. The committee is com- 
posed of physicians and other appropriate scientific personnel 
who may consult with private practice physicians, the Centers 
for Disease Control and Prevention and the manufacturer’s 
medical department. They then make a recommendation for 
that particular recall. Although the FDA will try to expedite 
this process, it can still take several days. That is why some 
recall notifications have been sent to pharmacists without a 
Class of recall listed. 

In an effort to streamline the process, the FDA has taken an 
experimental initiative to have recall officers in local FDA 
offices make classification decisions. Whether this initiative 
will result in all future recall communications containing a 
classification, remains to be seen. In any case, the lack of an 
official recall classification should in no way inhibit the phar- 
macist from implementing the recall process. The pharmacist’s 
individual recall policies and procedures should be carried out 
forthwith. The possibility of a lack of official classification does, 
however, imply that pharmacists should NOT write recall pro- 
cedures that are dependent on knowing the Class of recall. For 
example, having a procedure that says to notify patients in the 
case of a Class I recall but not in the case of a Class II recall, 
would be an inappropriate recall procedure because the class of 
recall may not be known for days or weeks after an initial recall 
announcement is made. Whether or not to notify patients about 
a recall should be based on the degree of health hazard, not on 
the official classification. The initial recall announcement from 
the manufacturer almost always has instructions for if-and- 
when to notify patients. But if those instructions are absent or 
unclear, then the pharmacist should take whatever appropri- 
ate action that good judgement dictates (as he or she does many 
times a day). 


Level of Recall and Distribution Channels 


When a recall is announced, there should be a statement as to 
what level the recall is being carried out. In its simplest form, 
the levels of the pharmaceutical distribution system in the US 
can be charted thus: 

Pharmaceutical Manufacturer > Drug Wholesaler > Phar- 
macy > Patient. 

Additional distributors of pharmaceutical products, such as 
repackagers and nursing homes, complicate the distribution 
channel and do not always fit neatly into the definition of what 


is a wholesaler or pharmacy, but the above is a reasonable 
model. The initial recall notice issued by the manufacturer 
should state the level of the recall, but unfortunately this is not 
always the case. There is a false assumption by some pharma- 
cists that the Class of recall correlates perfectly with the Level 
of distribution, ie, that Class I = patient level, Class II = 
pharmacy level and Class III = wholesaler level. This is not 
true. Many Class III recalls are carried out to the pharmacy 
level, some Class II recalls have been carried out to the patient 
level and a few Class I recalls did not involve notifying patients 
(because the product was caught before it was fully distrib- 
uted). Wholesalers sometimes contribute to the confusion about 
recall level by sending pharmacies copies of recall letters that 
were sent to the wholesaler and were meant by the manufac- 
turer to be a wholesaler-only recall. It might be said that the 
wholesaler is simply erring on the side of caution by sending 
the recall notice to the pharmacy. But if that is taken to its 
logical conclusion by all wholesalers then there would be a de 
facto elimination of the wholesaler-only recall and there would 
be two levels of recall: wholesaler/pharmacy and patient. There 
is some sentiment within the FDA that that should actually be 
the case, ie, if a product is worth recalling from the wholesaler, 
then it is worth recalling from the pharmacy. The situation is 
unclear and pharmacists will just have to use their best judge- 
ment. Pharmacists must determine the /evel of the recall inde- 
pendently of the class of the recall and then take appropriate 
action. 


Reasons for Recalls 


The approximately two hundred pharmaceutical recalls issued 
every year happen for a variety of reasons. Table 1 lists some 
major reasons and a rough approximation of what percentage 
of all pharmaceutical recalls they represent. !” 


Future Directions and Implications 


Some potential legal developments may directly affect pharma- 
cists in the coming years. Legislation (both state and federal) 
changes constantly and pharmacists must keep abreast of new 
regulations. One possible legislative initiative may require 
pharmacists to notify patients in the case of certain recalls. 
While this chapter has stated that proper patient notification 
should be good normal practice for the pharmacist, there is 
currently no specific federal law or regulation that states that 
pharmacists must notify patients of a drug recall. Pending 
federal legislation may codify that item. This situation may be 
analogous to the patient counseling situation. Conscientious 
pharmacists tried to do patient counseling in a conscientious 
manner as part of overall professional responsibility, but leg- 
islation then required counseling and rules and regulations 
spelled out specifics of how it should be done (some pharmacists 
would claim there are too many specifics and some would claim 
there are not enough specifics). If new legislation passes re- 
quiring that pharmacists notify patients of a recall, it is unclear 
whether that legislation will really make any difference in the 
conscientious pharmacist’s day-to-day practice. 
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One outgrowth of recalls that may affect pharmacists’ fu- 
ture practice is the topic of tracking dispensed drugs by lot 
number. For each manufactured lot of a pharmaceutical prod- 
uct, the manufacturer is required to track exactly where each 
bottle of that lot has been shipped. The overwhelming majority 
of wholesalers and pharmacies do not track, by lot number, 
where product has gone. Tracking by lot number is an enor- 
mous data management burden for manufacturers. However, it 
does have the benefit that when a product needs to be recalled 
and the product defect can be traced to specific lots only, then 
the manufacturer has to recall those lots only and not all of the 
product in the marketplace. With modern computerized ship- 
ping and billing records, wholesalers can determine if a partic- 
ular product has been sold to a particular pharmacy. But since 
wholesalers do not track by lot number, for each recall they 
must notify every pharmacy that purchased the product even 
though the pharmacy may have purchased only unaffected lots 
of the recalled product. But, at least the pharmacy can check 
inventory, return only the affected product and keep any un- 
affected product in stock to serve patients. In the case where 
the pharmacist has dispensed the product to the patient, there 
is currently no way to determine whether the patient is holding 
product from a recalled lot or from an unaffected lot (unless it 
was dispensed in the original container). Thus, patient level 
recalls involve removing all product from all patients. Theoret- 
ically, if pharmacists tracked dispensed product by lot number 
then they could notify and recall product only from those pa- 
tients with affect product and patients with unaffected product 
wouldn't necessarily even have to know that a recall took place. 
There are other problems with whether or not this scenario 
would work. Some overall pros and cons are apparent. A sig- 
nificant con is the detailed recordkeeping that would be re- 
quired. Improved computer software might make it possible. 
One pro is that with detailed lot number records, a pharmacist 
might receive a recall notice and be able to quickly determine 
that he or she never stocked, nor dispensed, the recalled lot. 
The pharmacist’s recall obligations would be quickly concluded. 


SUMMARY 


Important steps for a pharmacist to take in order to effectively 
handle recalls are 


Establish procedures. Do it before a recall hits. If one is not sure how 
to start, one should just think of whatever one can and write it down. 
Keep it simple and brief. As experience is gained and better methods 
are found, they can be incorporated. Whatever can be done before an 
actual recall hits, the smoother the recall will go. 

Document what is done. It may save a life. It may legally prove that 
the pharmacist acted with due diligence. 

Use good judgement. Laws are not always clear. Definitions are not 
always exact. Instructions can be confusing. In the end, do what is best 
for the patient. 


Thankfully, most recalls do not involve life-threatening sit- 
uations. Occasionally they will. The pharmacist is on the front 
line and plays a most important, vital role in protecting the 
patient from potentially unsafe products. 


Table 95-1. Reasons for, Descriptions of, and Approximate Incidence of Pharmaceutical Recalls 


REASON DESCRIPTION PERCENTAGE OF ALL DRUG RECALLS* 
Potency Failure to maintain potency at certain times during the in-date period. 30 
Labeling/packaging mixups For examples, incorrect strength on label, wrong product in bottle. 25 
Misc. product problems Discoloration, leaking bottles, particulate matter, etc. 20 
Dissolution Failure to dissolve at certain time during the in-date period. 10 
Manufacturing discrepancies Deviations from official manufacturing procedures. 10 
Contamination Contamination with bacteria, or general lack of sterility. 5 


* Approximate percentages based on averages for 1997 and 1998. 
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Drug use occurs in virtually every society and culture. Whether 
the use of a particular drug is for a medical or a nonmedical 
reason, problems resulting from use often arise. Preventing 
drug-use problems is a major concern of most societies, and it 
usually is highlighted when specific outbreaks of problems or 
inappropriate use occur. As pharmacy is the profession to 
which the control of drugs is attributed, it should be involved 
intimately with those activities aimed at preventing or reduc- 
ing drug-use problems. In fact, the pharmaceutical profession 
should be providing the leadership and directing the research 
in this area. It is unfortunate that, on the whole, pharmacy has 
been lacking in its social responsibility for the chemical sub- 
stances it develops, promotes and dispenses. 

Most pharmacists are aware of the important problems that 
potentially can occur with the appropriate use of prescription 
medications, such as adverse reactions and drug interactions. 
Many pharmacists also are knowledgeable about potential 
problems inherent in self-medication with a nonprescription 
drug, though they probably are less familiar with the use of 
herbal remedies and homeopathic medications in the same 
context. Few pharmacists, however, are aware of potential 
problems that can arise with social-recreational drug use. The 
problem of poisoning by a drug has been delegated to poison- 
control centers and hospital emergency rooms. The individual 
pharmacist, particularly one working in a community setting, 
may not feel capable of consulting or educating a particular 
drug consumer in these problem areas. 

Most societies are in great need of learning more rational 
and appropriate uses of all types of drugs and of gaining control 
over the products of their own technology. The primary impor- 
tance of drug education is its benefit to the drug user (patient 
or consumer); such education improves the appropriateness of 
drug-taking behaviors to achieve optimal health and well- 
being. At the center of any educational effort is the provision of 
drug information, the strategy with which pharmacists and 
pharmacy students are most familiar. In today’s highly com- 
plex, technological world, the availability of current and precise 
information allows one to understand, to make better choices, 
and to prevent or solve problems. 

The individual best suited to assist people in preventing 
drug-use problems and in achieving optimal, desired experi- 
ences from their drug taking is the pharmacist. The pharmacist 
is an accessible source of high-quality information and educa- 
tional programs and should be concerned with a person’s drug- 
taking behavior. Whether it be the use of a prescription medi- 
cine or an herbal remedy to achieve or maintain a state of 
health, the use of a drug for its socially oriented effects in a 
recreational setting, or the ingestion of a chemical substance to 
enhance a religious or aesthetic experience, the perspective 
presented herein considers the pharmacist to be the leader in 
efforts to prevent or limit drug-use problems. 


CHAPTER 96 


In this chapter, the basic principles of drug education are 
presented with the underlying premise that these principles 
and strategies are applicable to any type of drug use. Although 
information about, and inherent problems resulting from, spe- 
cific types of drug taking might vary from drug to drug or 
among reasons for use, the fundamental approach to educating 
people and fostering changes in drug use is the same. Here, the 
word drug refers to any substance, other than food, which by its 
chemical or physical nature, alters structure or function in a 
human being, resulting in physiological, behavioral, or social 
changes. This includes all medicinal agents (whether defined 
legally as prescription or nonprescription), herbal and home 
remedies, alcohol and caffeine (and other substances that are 
often considered food by consumers, but are used for their 
pharmacological activity), substances used primarily in a non- 
medical context, and even poisons. 

Many approaches have been developed for designing 
drug-information and drug-education programs in medical 
settings, and many of these are described in other chapters 
of this book. The majority of the examples in this chapter, 
therefore, come from the realm of drug-abuse prevention. 
These techniques and strategies, and their basic principles, 
are also applicable to educating patients about medicines or 
providing drug-education programs in any context. It is im- 
portant to realize that, conversely, ideas, strategies, and 
programs from the field of patient drug education can be 
relevant to the development of programs on the nonmedical 
use of drugs, and some examples of this broader view of drug 
education are provided. 


DRUG USE AND DRUG EDUCATION 
SE SP TE SON TUDE ER ET EET NS 
Human beings engage in a great variety of drug-taking behav- 
iors, but one of the most important and rudimentary consider- 
ations involves the definition of what constitutes a drug and 
which situations or reasons characterize drug taking. In a 1972 
nationwide survey of drug use, adults and youths were asked to 
indicate which substances they regarded as drugs.’ More than 
80% of the respondents regarded substances such as heroin, 
cocaine, marijuana, and psychotherapeutic agents to be drugs. 
One should realize, however, that a small proportion of the 
general public (5—20%, depending on the specific drug) did not 
regard these substances to be drugs. Alcohol and tobacco were 
regarded as drugs by less than one-third of the respondents. 
Most of the adolescent respondents (84%) did not consider 
tobacco to be a drug, though we might expect that if the survey 
were repeated today, the results would be different. 

The key point is that individuals can hold different beliefs or 
perceptions about which chemical substances they regard as 
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being drugs. In fact, this type of survey can be a useful and 
interesting exercise in a drug-education program. The audience 
is shown a list of chemical substances and asked to indicate 
which ones are drugs and which ones are not. Not only can this 
exercise, and its results, provide the educator with a better idea 
of the opinions and level of drug knowledge of an individual or 
group, but it also can be used as a focal point for discussion at 
that time or subsequent sessions. The belief that certain sub- 
stances may be drugs is important in understanding why and 
how people use such substances, and it should be a primary 
consideration in the development of any drug-education 
program. 

The nature and extent of certain types of drug taking vary 
by drug, availability (or accessibility), and the reason for use. 
In the medical realm, drug taking may be initiated by the 
patient, as in self-medication, or it may be directed by another 
person, usually a physician, who writes a prescription for it. 
Studies of self-medication are limited. The research done in 
this area indicates that self-diagnosis, rather than making 
contact with the health-care delivery system, occurs in the 
majority of illness episodes and that self-medication occurs 
from 60 to 90% of the time in these situations.” 

Studies of nonprescription-drug consumption indicate that, 
in general, approximately one-third of a population could be 
defined as current users of such substances and that from 25 to 
60% of a population may be users of such drugs during any 
specific period.” 

When a drug is prescribed for a patient, health professionals 
expect that the drug will be taken precisely as directed. Com- 
pliance with medication regimens is another type of drug tak- 
ing considered of major importance in a successful treatment 
plan. There have been many studies in this area (see Chapter 
115 , Compliance, for a thorough review); their results have 
shown that anywhere from 5 to 90% of patients may be non- 
compliant in some manner. Although there is a wide variation 
in noncompliance, caused by various factors as well as the 
research design of particular studies, the rate of noncompli- 
ance, in general, probably ranges from 33 to 50% in any given 
population. This situation represent a different behavior; many 
patients are not taking drugs when they should be. 

Drug taking also occurs in a nonmedical context. Although 
cigarette smoking has declined steadily among adults, tobacco 
use has increased in young people during the past few years.” 
The rate of alcohol use has remained stable for many years, but 
there is an increase in binge drinking among young adults, 
especially college students.* Nationwide surveys of drug use, 
conducted by the National Institute on Drug Abuse in 1996, 
found that 20% of youths (less than 18 years), 40% of young 
adults (18 to 25 years), and 29% of adults (26 years or older) 
were current users of tobacco, whereas 20% of youths, 58% of 
young adults, and 56% of adults were current users of alcohol.® 

The nonmedical use of most other types of psychoactive 
drugs has declined during the past decade. The exceptions are 
the nonmedical use of marijuana and some psychedelic drugs 
(eg, LSD). Drugs are also the cause of almost one-half of all 
poisoning episodes (see Chapter 99), a type of drug-taking 
behavior that is most often unintentional, except in cases of 
suicide. 

Clearly, drugs are used appropriately in certain situations 
for beneficial reasons, are not used in some instances when 
they should be, and are used inappropriately on many occa- 
sions. In all three circumstances, though most often in the last 
two examples, problems can result from drug use. The preven- 
tion or recognition and management of problems resulting from 
drug use are the main reasons for developing and providing 
drug-education programs. 

Drug education in a medical context has occurred for some 
time. The earliest health-promotion movement occurred in the 
late 19th century, and educational activities were an important 
part of the effort. Patient counseling always has been a part of 
the health professional’s role, though the assumption of this 
role has varied from time to time, especially within pharmacy. 


The principal strategies have been to provide either drug in- 
formation or drug education to patients through verbal in- 
teraction. Structured educational programs have been devel- 
oped throughout the 20° century, but it was only after World 
War II that concerted efforts to develop and implement health- 
education programs began to occur in public health. In the 
1950s and 1960s, several attitudinal and behavioral ap- 
proaches were studied to expand the traditional information- 
based approach and improve on the effectiveness of informa- 
tion-only programs. In the 1990s, the behavioral approach has 
become popular in health-education programs, and the use of 
the mass media has increased dramatically. 

Early efforts in education about nonmedical drug use con- 
sisted of negative portrayals of drugs and moralizing about 
drug use in the classroom and through the mass media, with 
little objective information being presented. Such an approach 
unfortunately still can be found in many contemporary drug- 
education programs. These early efforts evolved into the drug- 
education programs of the late 1960s and early 1970s, which 
claimed to provide relatively objective information, mostly 
pharmacological in nature, to children in the health, social 
science, or some other part of a school’s curriculum. In most of 
these cases, the information was provided, but ways of using 
and incorporating it into one’s lifestyle were not presented and 
discussed. Several studies in the 1970s found that informa- 
tional programs in this area aroused the student’s curiosity 
about drugs and increased the likelihood of experimentation 
with drugs.*”° 

There came, consequently, a shift in educational program- 
ming toward the goal of enhancing social competencies (i.e., a 
person’s communication and interpersonal skills and ability to 
make decisions and to solve problems). The reasoning was that 
a stable, well-adjusted, socially competent individual surely 
would have little need for drugs, and in those cases when drugs 
were used, it would be only socially approved substances in 
socially accepted and appropriate ways. Such programs usually 
were effective in enhancing these competencies, but the subse- 
quent influence on drug taking was usually unknown. It was 
soon realized, however, that the effectiveness of these pro- 
grams indicated a general lack of social competency training in 
the family, schools, religious settings, and other places. These 
programs have value in an educational plan, but mostly when 
incorporated with drug information, alternatives to drugs, rec- 
ognition of drug-use problems, and other related activities. 

In the mid-1970s, in the US, several responsible drug-use 
programs were created, mainly in response to the dominant 
approach, which implied that a successful drug-education pro- 
gram would result in abstinence from socially disapproved 
drugs, and of course, a reduction in drug-use problems.° The 
responsible drug-use movement accepted the notion that people 
will always want to take chemical substances, and so programs 
were designed to foster appropriate drug-taking behaviors, ra- 
tional decision making in the use of drugs, and skills for pre- 
venting or recognizing drug-use problems. 

Programs employing the responsible drug-use approach 
ranged from responsible drinking-awareness activities, to 
drug-overdose first-aid training, to the suggestion that some 
individuals who had alcohol-use problems could reintegrate 
social drinking into their lives after chemical dependency treat- 
ment and counseling. Such programs, however, were not of 
value to all individuals and groups who engage in drug taking, 
and the relative utility and effectiveness of these programs still 
are not well known. 

A few researchers and educators more recently have sug- 
gested a rather different drug-education and drug-prevention 
approach in which drug taking is considered a natural behav- 
ior.’ In this context, educational programs focus on the need to 
alter one’s state of consciousness in an acceptable way and to 
use drugs in a responsible manner consistent with one’s life- 
style. The drug taker is alerted additionally to the importance 
of values and the influence of societal attitudes on drug taking. 


These two notions are extremely important in presenting pro- 
grams or for counseling patients with regard to drug use. 

Differences in opinion about and the actual use of many 
drugs may vary considerably between different individuals and 
groups. Tobacco (nicotine) and coffee (caffeine) were considered 
dangerously toxic and addictive substances in earlier times, 
whereas few people today call either a drug, though renewed 
interest in combating cigarette smoking has led to the labeling 
of nicotine as being as addictive as heroin. 

In some societies, alcohol is the social drug of choice by 
adults, whereas marijuana is the social drug of the young 
people despite its being socially unaccepted or illegal. In other 
societies, alcohol use is forbidden, whereas marijuana use is 
socially accepted. As a result of these differences, specific needs 
for information, education, or consultation to resolve problems 
in drug taking may not be met; it might be that what we are 
now doing in the name of stopping the drug problem is the drug 
problem.° 

In the 1980s, there was a backlash against the responsible 
drug-use approach and a reorientation of prevention efforts 
from a supply-reduction strategy (ie, preventing or limiting the 
supply and flow of drugs at the source) to a demand-reduction 
strategy (ie, preventing or limiting the need, and thus actual 
use, of drugs in an indigenous population). Popular contempo- 
rary trends are the Just Say No campaign and the use of the 
mass media to inform and educate. The refusal skill technique 
(eg, Just Say No campaign) is an abstinence-based approach, 
which was developed in the area of smoking-prevention 
research. The use of peers in educational programs also in- 
creased in the 1990s. Much of the effort started in the field of 
alcohol education as attempts were made to move away from 
authoritarian, moralistic programs with abstinence as a goal to 
peer-facilitated strategies based on the concept of self-discovery 
and the fact that alcohol use is socially approved and engen- 
dered in most societies, even if it is an illegal activity for certain 
segments (eg, by age) of the population. Regardless of these 
trends, fads, or new approaches in drug-education program- 
ming, there are a few basic principles that always should be 
considered. 


BASIC PRINCIPLES OF DRUG EDUCATION 


Various strategies and techniques exist for use in counseling 
and educating patients, but before these are considered, the 
process through which learning takes place is reviewed. The 
process of learning occurs in three domains or in three different 
ways’ (Fig. 96-1). The basic domain is cognitive, where facts 
and information are assimilated. A person’s knowledge is built 
through a process of acquiring, understanding, retaining 
(memory), and reinforcing specific bits of information. The next 
domain (affective) involves the formation of attitudes such as 
feelings, beliefs, perceptions, emotions, and appreciations. 
These are constructed through an interactive process, combin- 
ing knowledge (from the cognitive domain) and real-life expe- 
riences during which the person’s knowledge is applied and 
evaluated to see if it fits that of reality. The behavioral domain 
(eg, actions, decision making, physical abilities) is developed 
from what the person knows and feels, in conjunction with the 
nature and requirements of their social environment. 


Knowledge <> Attitudes <> Behavior 
(Cognitive) (Affective ) (Psychomotor) 


“Nae azote 


Value Foundation 
Figure 96-1. Domains of learning. 
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Values may affect all domains of learning. One’s viewpoint, 
ethical orientation, or way of life influences drug taking, and it 
also influences educators as they develop and provide pro- 
grams. The classic philosophical approach is to consider beliefs 
and decision making in one of two ways. The deontological 
approach focuses more on the action or motive behind the 
decision, whereas the teleological approach focuses more on the 
results or consequences of the action or decision. 

Decisions to give or take drugs can follow the same philo- 
sophical lines of thought. In health care, for instance, the 
outcome or result of therapy usually is more important than 
the nature of the therapy itself. In many cases, a vast array of 
drugs is used to continue the patient’s life (the primary result of 
therapy) even when the drugs themselves lead to various neg- 
ative effects and problems, sometimes worse than the disease 
itself. Medical and drug research in the past also followed the 
teleological approach. The emphasis was on the results of re- 
search (ie, finding a drug that would cure a disease) and less on 
what happened to the patients in the experiment. Contempo- 
rary clinical drug trials are much more ethical, but the empha- 
sis on results or the outcome of therapy still remains. 

The influence of values also can be seen in the development 
and provision of drug-education programs. As described by 
Dembo,’ the two current views or frames of reference in drug 
prevention and treatment differ in their emphasis on drug use. 
The positivist view focuses on drug-use problems and drug 
education attempts to alter the user’s attitudes and behaviors 
in the direction of total abstinence. The interactionist view 
stresses the importance of sociocultural and environmental 
factors leading to drug taking as a valued activity, and drug 
education focuses on the development of social sanctions and 
rituals to prevent or limit dysfunctional drug taking. Each 
viewpoint would result in the development of perhaps different 
types of drug-education programs. 

The importance of values in drug taking and drug education 
even has been considered a primary facet in the development of 
programs. One approach is known as values clarification, 
which was developed as a strategy to improve an adolescent’s 
general social skills and which has been adapted to drug- 
education and drug-prevention programs.'° The idea behind 
values clarification is that an individual’s beliefs and ability to 
make decisions are influenced greatly by values. The clearer 
these values and the process of valuing are, the more self- 
directed and consistent the individual is in making optimal 
decisions and choices in life. The values-clarification strategy 
has become an important part of some drug-education efforts. 

The main problem that educational theorists and research- 
ers have had is in determining what and how much of what is 
learned in one domain influences the learning process in an- 
other domain. There is a dominant notion, based in part on 
common sense, that the provision of drug information will 
improve appropriate drug-taking behaviors in most situations 
(eg, increased compliance, responsible self-medication, or de- 
creased social-recreational use). Various research in different 
areas of drug education suggests that this relation does not 
necessarily hold true. 

Many studies on patient package inserts (PPIs) have found 
that this form of printed information can lead to reliable gains 
in drug knowledge, but they seem to have little effect on how 
patients use a drug.'! Although the patients’ knowledge and 
understanding (cognitive domain) of the drug and drug regi- 
men were improved, their initial decisions regarding drug ther- 
apy, their intention of using the drug (attitudinal domain), and 
their actual compliance with the regimen were not changed 
greatly. The same also holds in educating people about non- 
medical drug use. The relation between what a person knows 
about the nonmedical use of drugs and whether a person actu- 
ally uses drugs in such a way is not very strong, according to 
most of the research in this area.’” This body of research also 
suggests that the relation between values and behavior is un- 
clear and may be weak or inconsistent for some individuals or 
in some drug-taking situations. 


1680 CHAPTER 96 


On the other hand, some studies of drug knowledge, atti- 
tudes, and behaviors in the area of social-recreational drug use 
have shown a direct link among these three domains in some 
educational situations. The strongest relationship seems to 
exist between attitudes and behaviors, but even this appears to 
be a complex and difficult connection to describe and predict in 
educational efforts. Interactions with individual patients in 
practice settings also might show that improving patients’ 
knowledge about their drug therapy, in fact, directly influences 
their compliance behavior. It is obvious that some things we 
know do influence our attitudes about them, and what we feel 
about them will influence how we act toward them. 

The relationships illustrated in Figure 96-1 are assumed to 
exist, but not necessarily for everyone in all possible situations, 
and the relations are shown to occur in either direction. The 
most important point to realize is that for achieving a partic- 
ular type of effect, the best approach is to focus on the domain 
of learning where the desired effect or change should occur. If 
the goal of the educator’s efforts is a more negative attitude 
toward the use of certain drugs, then the educational program 
should focus its activities more on attitudes and less on increas- 
ing drug knowledge or on discouraging drug taking. If the goal 
of the program is to prevent or limit certain types of drug use, 
the focus should be on building skills and directing behavior 
away from use and not so much on increasing drug knowledge 
or on developing attitudes against drugs and their use. 

Truly effective drug education occurs by individualizing the 
learning process to the particular needs of the patient or con- 
sumer. The pharmacist should become aware of a particular 
person’s situation and be ready to help as needed. Not only is 
this a part of effective counseling and drug education, but most 
people indicate that this approach (ie, being considered as a 
unique human being) is what they desire and expect in inter- 
actions with health professionals. 

Individualized attention, not surprisingly, is also one of the 
major factors in a consumer’s selection and patronage of a 
particular pharmacy. In terms of drug education, then, the best 
way to approach the learning process is to 


Assess the person’s level of knowledge and provide relevant information 
in those areas where there is a deficiency. 

Counsel the person and encourage positive attitudes toward the appro- 
priate and controlled use of drugs. 

Evaluate the person’s drug taking and general health over time to 
verify appropriate patterns of use and optimal outcomes from use 
and to reinforce positive attitudes and behaviors. 


The concepts and principles presented herein apply to people 
who use a chemical substance for a medical or nonmedical 
reason in any setting. The delineation of educational effects or 
outcomes is most productive when it is based on the idea that 
people learn and act on what they know in different ways. 


EFFECTS AND OUTCOMES 
OF DRUG-EDUCATION PROGRAMS 


The most important concept, which surprisingly often is not 
stated explicitly in educational programs, is the behavior or 
problem that is the target of the educational or prevention 
effort. This is unfortunately the case with most drug-education 
programs. There is sometimes a general sense of what should 
be achieved, but the specific results or outcomes are not clearly 
delineated. Several different, though not necessarily mutually 
exclusive, goals for drug-education programs are: 


An increase in drug knowledge. 

A change in attitudes about drugs and their use. 

An improvement in social functioning (eg, social competency), which 
might lead to better decision making in drug-taking situations. 

A change in drug use in general. 

A change in the use of specific types of drugs. 

A reduction in the occurrence of specific drug-use problems. 


Once the overall goals of the program are determined, more spe- 
cific results and outcomes may be identified and characterized. 

This degree of generality appears to occur most often in 
educational programs on the nonmedical use of drugs. Most 
programs list a primary goal of prevention of drug abuse, but 
the question of what constitutes abuse of a chemical substance 
usually is not well defined. This results in the adoption of 
complete abstinence from drug use as the goal of the educa- 
tional or the prevention program. 

What, then, are the effects and outcomes of drug-education 
programs? The most effective type, in relation to one specific 
level of learning, addresses drug knowledge. The provision of 
drug information, and the receipt and understanding of that 
information, leads to increases at the cognitive level most of the 
time; patients or consumers show an improvement in their 
knowledge about drugs, as measured by some cognitive test. 
This increase in knowledge, however, may not lead to a change 
in attitudes or behaviors. For instance, the effectiveness of 
PPIs and other programmed medication instruction sheets are 
variable. Studies of PPIs by the Rand Corporation provided a 
better idea of the use and effectiveness of patient drug infor- 
mation.’ The principle findings of those studies were that 


PPls are likely to be read widely. 

PPIs are used as reference documents by many patients. 

PPIs lead to reliable gains in drug knowledge. 

PPIs seem to have little effect on how patients use a drug. 

PPIs do not, in general, lead patients to report more side effects. 

PPIs are unlikely to change the frequency with which patients contact 
their physicians. 

Patients find written drug information helpful. 

The amount of explanation provided in a PPI makes little difference in 
how much information patients understand or remember. 

The simplicity with which a PPI is written has little effect on under- 
standing. 


Other studies, as well as comprehensive reviews of the litera- 
ture in this area, have arrived at similar conclusions.'* In a 
medical context, the provision of drug information often leads 
to measurable gains in knowledge about drugs, but correspond- 
ing changes in drug taking (eg, improved compliance or more 
appropriate self-medication) may not occur, especially if learn- 
ing also does not take place in the attitudinal or the behavioral 
domain. 

Drug-education programs directed at these other domains of 
learning most often have their effect in those specific domains. 
The general lack of effectiveness of drug-information programs in 
improving compliance motivated educators to develop other tech- 
niques. In the area of compliance, several attitudinal and behav- 
ioral strategies have been developed (see Chapter 115 ). For ex- 
ample, health beliefs have been found to influence an individual’s 
decision making about seeking health care and complying with 
prescribed therapy. In educational efforts, the Health Belief 
Model’ has been used to design specific techniques and strate- 
gies, which have been found to be effective in increasing compli- 
ance in some patients. Behavioral-modification techniques also 
have been effective in helping patients to adhere to dieting plans, 
to comply with complex or difficult therapeutic regimens, and 
even to stop smoking. 

In the area of nonmedical drug education, the informational 
approach also has been found to have a short-term effect on 
drug knowledge and little effect on nonmedical drug use. The 
interesting and somewhat unfortunate exception is that the 
provision of information or lecturing solely on the pharmacol- 
ogy of the drugs of abuse was found in some studies actually to 
increase students’ curiosity and their desire to experiment with 
these substances.*!© In these studies, drug use increased 
slightly for a short time after the educational program, and 
then it fell back to the level measured before the educational 
activity. Early efforts using fear-arousal messages and scare 
tactics were found to have an immediate effect, when compared 
with the provision of factual information or discussions of at- 
titudes, but the effect usually only lasted for a short period. The 
consensus of researchers is that fear as a part of punishment is 


not an effective approach, but positive reinforcement might be 
effective in some programming efforts. 

From a meta-analysis of 143 adolescent drug-prevention 
programs, Tobler’’ concluded that of all the different ap- 
proaches only the peer-counseling programs were effective in 
producing changes in all three domains of learning and, most 
important, these types of programs were the only ones to pre- 
vent or reduce significantly nonmedical drug use in adoles- 
cents. Programs using alternatives to drugs were found to be 
effective in reducing drug use for high-risk’ adolescents. In 
general, this large-scale analytical review found that multimo- 
dality programs were much more effective than programs that 
used only a single approach or strategy. A review and analy- 
sis of 35 drug-education programs, which employed specific- 
outcome measures, found that the new generation of prevention 
strategies may produce more positive and fewer negative re- 
sults than did the older drug-information approaches.'* Even 
when positive changes were noted in a particular program, 
those changes were usually small and short term. Other stud- 
ies and reviews have arrived at similar conclusions; most edu- 
cational programs, regardless of the approach or strategy, seem 
to produce changes in drug knowledge, but few are capable of 
leading to significant changes in drug-taking behaviors.’” 

Some educators, however, have argued and shown through 
research that the relation among knowledge, attitudes, and 
behavior might be a complex one, and although changes in the 
cognitive domain can occur quickly, changes in attitudes and 
behaviors take longer to be internalized by the learner and put 
into practice in everyday, real-life situations.”° 

Strategies and approaches that have been developed more 
recently have not been shown to be more effective. The refusal- 
skills approach (eg, Just Say No) appears to be most effective in 
smoking prevention, but even then, the effect is short term. 
Mass-media approaches to drug education and prevention also 
have been shown to have a noticeable, short-term effect on drug 
use, especially in terms of smoking prevention. The use of 
written drug information, as a supplement to the media con- 
tent, seems to improve slightly the effectiveness of the mass 
media. 


DRUG EDUCATION 
IN A MEDICAL CONTEXT 


LSE TTT 2 II TEE EBT TT 
The range of audiences for medical drug-education programs 
can vary from the one-to-one interaction with an individual 
patient to comprehensive programming for groups of people or 
whole communities. Drug information and consultation are 
educational activities that pharmacists have been using for 
some time (see Chapters 8 and 9). Providing information, pre- 
senting drug-education programs and consulting with patients 
and health professionals represent the major prevention effort 
requiring pharmacy involvement. 

Drug taking in a medical context often is influenced or 
directed by a health professional. The drug educator should not 
forget this audience in planning and developing drug-education 
programs. The primary group is the drug prescriber, mostly 
physicians. Research has shown that prescribing behaviors are 
influenced by numerous factors. 


The prescriber’s previous education and training, especially when it 
includes the pharmacology of drugs. 

Drug advertising and promotion. 

Interactions with colleagues. 

Control and regulatory mechanisms in health care. 

The demands of patients and society.*? 


These factors should be considered in developing programs 
to educate physicians and others about drugs and to improve 
the appropriateness of their prescribing behaviors. Drug- 
information newsletters and other services, counter detail- 
ing and screening pharmaceutical representatives, in- 
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service seminars and presentations and drug-utilization review 
with feedback and consultation are the most commonly used 
approaches to improve drug knowledge and change prescribing 
practices. 

The actual education of patients about their prescribed med- 
ications covers a wide range of complex and involved strategies. 
At one end of the spectrum, a drug-information sheet (also 
called a study-insiruction sheet), education card, or PPI is 
given to the patient along with the medication. Information 
sheets in languages other than English, and in a pictorial 
format for those who cannot read, also have been designed. 
Programmed instruction sheets, which provide both informa- 
tion and autotutorial learning with reinforcement, also have 
been developed and used in pharmacy. The value and effective- 
ness of sheets is variable, with the greatest degree of learning 
occurring in the cognitive domain. 

Written drug information obviously is important, and used 
by many patients. The best manner to provide such informa- 
tion, however, may not be through mandatory distribution of 
standardized information, but by individualization of the infor- 
mation to the patient’s needs. Supplementing written informa- 
tion with verbal counseling usually increases its effectiveness 
and utility. The Omnibus Budget Reconciliation Act of 1990 
(OBRA 90) mandates patient counseling. The pharmacist also 
may help patients’ informational needs by being aware of and 
providing some of the many consumer-oriented drug books now 
on the market. 

Experience and past research suggests that the majority, 
approximately 85%, of patients’ questions and needs can be 
answered fairly immediately from one’s knowledge and expe- 
rience.2” The optimal distribution of drug information should 
be based on the old adage: the right information, in the right 
form and amount, to the right person or place at the right time. 

A newer concept that has emerged recently as an effective 
learning strategy is social support. Some programs have been 
designed to include social support in the educational process, 
and this concept even can be applied to individual counseling 
situations in health-care settings. The pharmacist and a sig- 
nificant other, such as a spouse, family member, or friend, help 
in motivating the patient toward a positive health behavior by 
monitoring drug use, noting problems, and reinforcing appro- 
priate drug-taking behaviors. 

Another moderately new strategy involves the use of 
behavioral modification to assure appropriate drug use. This 
problem-solving process employs the observation of behavior, 
cueing (some type of motivator or reminder to initiate behav- 
ior), and rewards to define and modify behavior in a specific 
way. The patient learns about the medical condition and drug 
regimen, and then implements a self-management program 
related to his particular therapy. The patient becomes a part- 
ner in the planning of therapy, and consequently feels respon- 
sible for following the agreed-upon regimen. These two tech- 
niques, social support and behavioral-modification programs, 
have been found to be effective in improving patient compliance 
with medication regimens. 

There is one type of drug-taking behavior for which few 
educational programs have been developed. Self-medication 
and related practices involving home remedies have not been 
well studied in the past, and consequently, ideas and theories 
for how to change and improve self-medicating behavior are 
limited. Some investigators are working on the application of 
the Health Belief Model’ to situations involving self-diagnosis 
and self-medication. For the most part, educational activities in 
self-medication have consisted of drug information, usually in 
the form of consumer-oriented books on drugs. A perusal of the 
health and medical sections of local bookstores should give the 
reader an idea of the range and quality of this information. 

Basic principles in the provision of drug information apply 
to the evaluation and use of these materials as well, before they 
are suggested or distributed to consumers. In addition to 
consumer-oriented books and materials, the only other strate- 
gies developed in this area are simple, structured educational 
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presentations on self-medication trends, fads and problems, 
and the use of algorithms or flow charts to assist consumers in 
their decision making.”* 


DRUG EDUCATION 
IN A NONMEDICAL CONTEXT 


Various programs have been designed to provide information 
and education on drug taking in a nonmedical context (see 
Appendix A). The classic approach is to provide drug-specific 
(eg, pharmacology) and drug-related (eg, drug laws or alterna- 
tives) information to individuals or groups. The affective or 
attitudinal approach consists of training in communication 
skills, values clarification, self-esteem and coping with stress. 
Informational and affective strategies often are combined in a 
single program or a series of workshops. 

The behavioral approach focuses on the building of skills, 
such as refusal skills to counter peer pressure, assertiveness, 
decision making and problem solving, or employs behavioral 
modification techniques to help identify and change inappro- 
priate behaviors. Comprehensive programming involves com- 
plex, multisession educational experiences that are designed to 
have an effect on all domains of learning. Examples of these 
types of programs include peer-counselor and teacher training, 
curricular design in school settings, and community-based ap- 
proaches such as parenting and parent-child interaction work- 
shops and the use of the local mass media. 

Research has shown that the best point in a curriculum to 
begin or to expand drug-abuse education programming is ap- 
proximately at the fifth- or sixth-grade level.® Student popula- 
tions may differ greatly from one school setting to another, thus 
necessitating the use of a needs assessment survey to deter- 
mine their level of experience and understanding. Drug-related 
information (eg, drug laws, alternatives to drugs) also should 
be presented and discussed as part of any drug-education 
program, particularly if the program goal is abstinence from 
drug use. 

Social competencies are those skills and abilities that pro- 
mote healthy personal and social functioning. It has been sug- 
gested that people who are not socially competent, ie, those 
with low levels of trust, confidence, self-esteem, identity, direc- 
tionality, and interpersonal skills, are more likely to engage in 
inappropriate drug use. On the other hand, the socially com- 
petent person is more likely to make better decisions about 
drug use, prevent problems from drug use, or recognize such 
problems and solve them. In fact, the strategy of enhancing 
social competencies is a major part of Alcoholics or Narcotics 
Anonymous. 

The training of gatekeepers and other key people to assist in 
recognizing drug-use problems and in referring people to ap- 
propriate health and social agencies has been the focus of some 
educational programs. Gatekeepers are those individuals to 
whom a person might turn for help in dealing with drug-use 
problems. Such individuals can be family members, school per- 
sonnel, religious leaders, local officials, criminal-justice work- 
ers, bartenders (with regard to alcohol-use problems), civic 
organizations, and health professionals. Pharmacists perhaps 
are qualified best to be gatekeepers for individuals who have 
drug-use problems. 

Being a gatekeeper essentially means being able to recog- 
nize potential or actual drug-use problems, being empathic in 
understanding the different attitudes or motivations that 
might have led to the problem, and being able to assist the 
person in solving the problem or making a referral. Such skills 
are not difficult to learn and actually enhance one’s ability to 
help family, friends, patients, and even one’s self with all kinds 
of problems. 


DEVELOPING DRUG-EDUCATION 
PROGRAMS 


The provision of drug-education programs occurs to varying 
degrees, according to the motivations of the pharmacist and the 
nature of the pharmacy-practice setting. Many factors should 
be considered in developing a drug-education service: 


What types of educational programs can be provided? 

How involved the pharmacist is willing to become, given the constraints 
of personal knowledge and skills, space, time, manpower, availabil- 
ity of resources, and financial considerations? 


It is good practice to define the exact role one plans to assume 
as a drug educator, including the specific programs and ser- 
vices to be provided. This provides a framework upon which 
skills and abilities may be built and acts as a point of reference 
from which to work. It also delineates how and what to pro- 
mote, and makes it clear to patients and consumers what is 
being offered. 

It is important to recognize that each pharmacist becomes a 
drug educator to a different degree of involvement. One phar- 
macist may wish to provide only verbal and written informa- 
tion at his pharmacy, whereas another may be willing to give 
structured drug-education presentations before groups of peo- 
ple. Neither should be forced to do more or less. In essence, the 
type of education required by the patients and consumers must 
be determined, and a personal educational style best suited to 
meet those needs must be developed (see certain sections of 
Chapters 7, 110, and 114 for ideas on this point). 

In using any particular educational strategy or program, the 
pharmacist should be familiar with its goals and content, the 
target audience for whom it is intended, its biases and flaws, 
the results of any evaluation studies performed on it, its known 
effect on actual use and practical considerations such as costs, 
time and manpower requirements, materials and equipment, 
and extra training. 

Whether an individual or group effort, drug-education ac- 
tivities require an interactive and structured approach, such as 
described by the framework illustrated in Figure 96-2 This 
general approach is useful during education of individual pa- 
tients in practice settings or during presentation of formal 
programs before groups of people. The approach basically de- 
lineates the important steps one should consider in the concep- 
tualization, development, and implementation of any activity 
intended to educate patients and consumers about drugs. 


[ Problem/Need ] 


Referral 


Interaction with Pharmacist 


Selection of Specific 
Educational Strategy or Program 


Implementation 


Monitor and Evaluate 


Continual Problem/Need 


Figure 96-2. Pharmacist-oriented approach to drug education. 


The first step is the identification or presentation of a spe- 
cific question, problem, or need. This might consist of anything 
from a patient’s noncompliance with prescribed drug therapy to 
a community’s need for comprehensive programming in the 
area of alcohol use and alcoholism. The problem is identified 
and defined through interaction with the pharmacist. Once the 
need has been stated and defined, appropriate strategies can be 
selected and combined into a specific educational or prevention 
program. The activity may be as simple as the provision of 
written and verbal drug information to the patient, or it might 
be as complex as a multisession drug-education program in- 
volving various strategies. The effect of the activity that has 
been implemented always should be monitored and evaluated 
to assure relevance and usefulness in fulfilling the need. In the 
instance of an ineffective strategy or program, then, the phar- 
macist can add or drop specific strategies to improve the overall 
program. If there is a continual need or problem or if the 
pharmacist feels that the nature of the stated problem is out- 
side of his or her area of expertise or comfort, a referral should 
be made. 

A stepwise approach also should be used in developing drug- 
education programs, but the educator must realize that a list of 
guidelines (Table 96-1) represents only those decisions and 
activities that should be considered in the planning and devel- 
opmental stages. These guidelines, and program outlines and 
curricula from other sources, must never be used in a cookbook 
fashion, with little or no critical thought about what is being 
done. 

Flexibility in program design and tailoring the program to 
the individual needs of the audience are most essential for a 
successful educational endeavor. One procedure for improving 
the match between the audience’s needs and expectations and 
the educational program’s content and approach is to perform a 
needs assessment. A short questionnaire is prepared to elicit 
the needs, suggestions, and expectations of the target audience, 
as well as the demographic information on the group’s charac- 
teristics. The results from such a survey then are used to 
design the content and format of the educational program. 

In addition to the program’s content and educational mate- 
rials, there are a few technical matters that need to be consid- 
ered. The provision of drug-information and drug-education 
programs always entails the use of time, money, and equip- 


Table 96-1. Guidelines for Developing a Drug 
Education Program 


|. Identify Audience and Educational Need or Problem 
1. Receive request for program 
2. Determine need or problem and individual or group at 
risk. 
Il. Set Goals and Objectives for the Program 
Clarify needs, interests, and expectations. 
Determine outcomes. 
Define specific goals and objectives. 
Identify specific topics and content areas based on needs 
and objectives. 
5. Determine focus and philosophical approach. 
Ill. Develop Resources and Materials 
1. Identify sources of information and gather and evaluate 
these materials. 
2. Identify key people with expertise. 
3. Prepare new materials. 
IV. Select Appropriate Educational Techniques 
1. Choose teaching approach and strategies. 
2. Identify educational setting, time-frame, equipment, and 
other technical needs. 
V. Design, Implement, and Evaluate the Program 
Structure the program format. 
Make a complete outline. 
Pretest components, content, and educational approach. 
Implement the program. 
Evaluate and refine. 
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ment. More complex and involved programs often are more 
effective in changing drug-taking behaviors, but they also can 
be more costly and time consuming. The provider of a drug- 
education program also must make certain that specific types 
of equipment (eg, audiovisuals or computers) are available and 
in good working order for the program. Finally, in most situa- 
tions, the consent or permission of the audience or their repre- 
sentative, such as in school settings, is necessary prior to the 
actual implementation of any educational activity. 

Developing and providing educational services involves four 
steps: design, implementation, evaluation, and promotion. 
Each step should be directed by the specific situation. The 
design of educational services consists of assessing patients’ 
needs, collecting and developing resources and program mate- 
rials, being trained in their appropriate use, and planning their 
distribution to the target person or audience. 

Patient or consumer needs may be determined by recalling 
past experiences with specific problems, being aware of the 
mass media and the concerns of consumer-advocacy groups, 
and surveying the local population for current and future 
needs. Many pharmacists periodically have used patient-need 
surveys (which simply can consist of a single page of general, 
open-ended questions soliciting a written response from the 
person or a listing of services and programs that the person can 
check off) to assist them in the design process. They have found 
that besides being useful for that purpose, it also builds greater 
trust and loyalty among their patients and gives the pharma- 
cist an idea of what the patients think about the pharmacy and 
pharmacist in general. 

Once the educational services are defined and developed, 
they can be implemented whenever a need or problem arises. 
On many occasions, the pharmacist might have to take the 
initiative, particularly if it is perceived there are potential 
drug-use problems occurring in a person or in the community. 
Most of what is involved in implementation has already been 
described. Local and regional resources (e.g., drug information 
and poison-control centers, mental health and chemical- 
dependency facilities, hospitals, libraries, bookstores, and me- 
dia centers) should be identified beforehand to determine what 
services or information they can provide, and to know when 
they are available and how to reach them if necessary. One 
should consider evaluating the educational services used to 
make sure that they are both effective and efficient and that 
the information and services provided are understandable and 
of use in meeting the problem or need. Evaluations can be 
performed in the same manner as the aforementioned patient- 
need surveys. 

The pharmacist also should consider the promotion of edu- 
cational programs and services, so that the patients and con- 
sumers become aware of and use them. The promotion of such 
services is similar, in concept, to the promotion of any product 
or service. Detailed descriptions may be found in any reference 
book on marketing, advertising, or business practices. There 
are many specific techniques that can be used in promotion. 
Some are free of cost and involve only a small amount of time, 
whereas the willingness to spend more time and money leads to 
more intricate and diverse promotional schemes. One compre- 
hensive way is through the local mass media. It is not difficult 
to contact the local town or neighborhood newspaper, local TV 
or radio station, and local cable networks and ask for a news 
story or even request an interview that would describe the new 
educational services that will be provided to the community. 

If the services are significantly new in nature or potentially 
beneficial to the community, such as presenting structured 
drug-education programs, free news stories and public service 
announcements about these services and their provider could 
result. Word-of-mouth communication from current users of 
the services also is important. It is good to end an episode 
involving counseling and education with the statement, “If you, 
or anyone else you know, needs further help or information, 
please don’t hesitate to contact me.” Advertising in the phone- 
book and through the media, and placing signs in the phar- 
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macy’s window and at key spots around the community also 
may be effective. 

Single-page consumer-oriented drug-information sheets 
may be produced for distribution. Assistance for the printing of 
such materials may be obtained from local agencies and busi- 
nesses as a show of community support. There is also the 
accepted practice of promoting a new service by informing lay 
people or community groups about them. Through a process of 
diffusion, this information is shared with a larger number of 
people who come in contact with those who have been informed. 
In most communities, key people or groups include teachers 
and counselors at local schools, the Jaycees and Chamber of 
Commerce, the PTA, women’s clubs, consumer groups, govern- 
mental agencies, social and welfare organizations, chemical- 
dependency agencies, and other health professionals in the 
area. 


FUTURE EFFORTS 

SA SB ESD RI 
The nature and focus of most drug-education and drug- 
prevention programs'will not change greatly in the near 
future. Numerous different strategies and techniques have 
been developed, but what is really needed are more con- 
certed efforts to design and evaluate programs in a rational 
manner. In a philosophical way, our ability to prevent drug- 
use problems can be improved in several ways. Drugs should 
not be categorized as being “hard” or “soft,” licit or illicit, or 
addictive or nonaddictive, but instead it should be stressed 
that the use of any chemical substance carries with it a 
certain potential for the development of problems, depending 
on the pattern and setting of use, the reason for use, past 
experiences with the drug, and various additional social and 
pharmacological factors. Future efforts should focus more on 
preventing or limiting drug use problems. 

Some educators** have even argued that a _health- 
promotion, rather than the more traditional disease-prevention, 
approach should be used. Also, a need exists to become more 
cognizant of attitudes, values, and motivations—especially 
those that differ from our own—in people’s drug taking, be- 
cause these factors are most important in recognizing and 
characterizing the nature and the extent of drug-use problems. 
For instance, some educators have argued that it is time to 
view drug use as a motivated, adaptive behavior that is pur- 
sued in the consummation of valued experience, and then to 
develop strategies and programs based on this notion.” 

In practical terms, the success of future programs and ac- 
tivities depends on a clearer and more coordinated effort in 
using the strategies and techniques that have been developed 
and tested. Health professionals, the family, schools, and com- 
munities should combine their efforts and integrate drug- 
education strategies into ongoing activities, instead of just add- 
ing them onto irrelevant courses and programs. Attitudinal 
strategies and basic drug information should be combined in 


COGNITIVE PROGRAMS 


Drug Information 


educational programs. The various structured and prepack- 
aged materials and techniques should be selected and synthe- 
sized into programmatic formats that best meet the needs of 
the target audience. 

It is important to identify individuals or groups at high risk 
for developing drug-use problems and to focus educational and 
prevention efforts on their needs. Finally, a humanistic ap- 
proach, in which drug taking is considered a natural kind of 
behavior and in which an awareness of different values is 
stressed, should be brought into educational programming. 
Regardless of the degree of involvement, it is time for pharma- 
cists and the pharmaceutical profession to provide more drug- 
education programs for their patients and all of society. 
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CHAPTER 97 


A prescription is an order for medication issued by a physician, 
dentist, or other properly licensed medical practitioner. Vari- 
ous states also have licensed other prescribers who have lim- 
ited scopes of practice. For example, a veterinarian may pre- 
scribe only for animals; a podiatrist can prescribe only for 
conditions of the human foot; and optometrists have been given 
authority, in some states, to use drugs for diagnostic purposes, 
whereas in others they have received authority to both use and 
prescribe drugs for disorders of the eye. In certain states, nurse 
practitioners, and even pharmacists, can issue prescriptions 
under protocol or with certain restrictions. Prescriptions des- 
ignate a specific medication and dosage to be administered to a 
particular patient at a specified time. Commonly, the pre- 
scribed medication also is referred to as the prescription by the 
patient. 

The prescription order is a part of the professional relation- 
ship among the prescriber, the pharmacist, and the patient. It 
is the pharmacist’s responsibility in this relationship to provide 
quality pharmaceutical care that meets the medication needs of 
the patient. The pharmacist not only must be precise in the 
manual aspects of filling the prescription order but must pro- 
vide the patient with the necessary information and guidance 
to assure the patient’s compliance in taking the medication 
properly. It is also the pharmacist’s responsibility to advise the 
prescriber of drug sensitivities the patient may have, previous 
adverse drug reactions (ADRs), or other medications that the 
patient may be taking that may alter the effectiveness or safety 
of the newly or previously prescribed medications. To meet 
these responsibilities it is essential that the pharmacist main- 
tains a high level of practice competence, keeps appropriate 
records on the health status and medication history of his 
patients and develops professional working relationships with 
other health professionals. 

Pharmacists must establish and maintain the trust of the 
prescriber and the patient. Pharmaceutical care cannot opti- 
mally occur until the pharmacist has established a relationship 
with the patient. An important part of this relationship in- 
cludes maintaining confidentiality. The medication being taken 
by a patient and the nature of his illness is a private matter 
that must be respected. 

There are two broad legal classifications of medications: 
those that can be obtained only by prescription and those that 
may be purchased without a prescription. The latter are 
termed nonprescription drugs or over-the-counter (OTC) drugs. 
Medications that may be dispensed legally only on prescription 
are referred to as prescription drugs or legend drugs. The latter 
term refers to the legend that must appear on the label of the 
product as it is provided to the pharmacist by the manufac- 
turer—Caution: Federal Law Prohibits Dispensing without Pre- 
scription. Occasionally, physicians may issue prescriptions for 
nonlegend drugs that they desire the patient to receive. 

Prescriptions may be written by the prescriber and given to 
the patient for presentation at the pharmacy, may be tele- 


phoned or communicated directly to the pharmacist by means 
of a fax machine, or may be electronically sent from a physi- 
cian’s computer to a pharmacist’s computer. Prescription or- 
ders received verbally should be reduced to proper written form 
immediately or entered directly into a prescription computer by 
the pharmacist. 


FORM OF THE PRESCRIPTION ORDER 


Prescriptions usually are written on printed forms that contain 
blank spaces for the required information. These forms are 
called prescription blanks and are supplied in the form of a pad. 
Most prescription blanks are imprinted with the name, ad- 
dress, telephone number and other pertinent information of the 
physician or his or her practice site; eg, hospital or clinic 
(Figure 97-1). The printed information clarifies the prescriber’s 
name when it is signed illegibly, and his address and telephone 
number facilitates additional professional communication, as 
may be required. 

Certain health-care institutions or systems, such as the 
Veterans Health Administration, provide prescription forms 
for use only in their facilities; these forms are printed on 
security paper and sequentially numbered. The front of the 
Veterans Administration (VA) form, printed in gray tone, has 
checkoff blocks to indicate patient status (eg, inpatient) as well 
as check-off blocks to override the general authority to allow 
drug substitution and require the product name, strength, and 
quantity to be placed on the label. The back of the form, in 
white, which must be completed before dispensing an original 
or refill prescription, provides space to enter the manufacturer 
and control number of the product, the date dispensed or 
mailed, the signature or initials of the dispensing pharmacist, 
and any calculations or written notations. 

Prescription blanks that are used by the pharmacist in his 
or her transposition of verbally received prescriptions com- 
monly are imprinted with the name, address, and telephone 
number of the pharmacy. These blanks also may be used by 
physicians to write prescriptions when visiting the pharmacy. 
Specially imprinted prescription blanks are not required le- 
gally for prescriptions; any paper or other writing material may 
be used. Most states allow prescription orders to be faxed to a 
pharmacy directly from the prescriber, and some states even 
allow direct computer transmission of a prescription order from 
the prescriber to the pharmacy’s computer. 

Some states require prescription blanks for controlled sub- 
stances (especially Schedule IT) to include certain security fea- 
tures. These include triplicate prescription forms, sequentially 
numbered forms, forms with special watermarks that can only 
be observed at a 45° angle, and forms that reveal a repetitive 
void pattern when the prescription is photocopied. Check-off 
boxes with specified quantities also may appear on the forms to 
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Figure 97-1. Example of a physician’s prescription showing typical 
form and content. 


Dea. # 


confirm the actual number of dosage units authorized by the 
prescriber. For the purpose of study, the component parts of a 
prescription are described as follows and are identified in Fig- 
ure 97-1. 


Prescribers office information. 

Patient information. 

Date. 

RB symbol or suwperscription. 

Medication prescribed or inscription. 

Dispensing directions to pharmacist or subscription. 

Directions for patient or signa (to be placed on label). 

Refill, special labeling, and/or other instructions. 

Prescriber’s signature and license or Drug Enforcement Agency (DEA) 
number as required. 


In practice, some of the above information (such as the 
patient’s address) may be absent when the prescription is re- 
ceived by the pharmacist. In these instances the pharmacist 
obtains the necessary information from the patient or physi- 
cian, as is required. 

PATIENT INFORMATION—The full name and address 
of the patient are necessary on the prescription for identifica- 
tion purposes. Names and addresses written illegibly should be 
clarified on acceptance of the prescription. Incorrect spelling of 
a patient’s name on a prescription label not only might cause 
concern in the patient’s mind as to the correctness of the 
medication but also would hamper the desired professional 
relationship between the pharmacist and patient. 

Federal law requires that both full name and address of 
both the prescriber and the patient be included on prescriptions 
for certain controlled substances. The physician’s DEA regis- 
tration number also is required on the prescription. Controlled 
substances are drugs that, because of their potential for abuse, 
are controlled under special regulations by the federal govern- 
ment. The address of the patient is useful for identification 
purposes as well as for delivery of medication to the patient’s 
home. 

Some prescription blanks used by medical specialists, par- 
ticularly pediatricians, include a space for insertion of the 
patient’s age, weight, or body surface area. This information is 
placed on the prescription by the physician when medication 


dosage is an important function of age or weight. This infor- 
mation assists the pharmacist in interpreting the prescription, 
checking the dose prescribed for the child and is particularly 
useful when a child has the same name as one of his or her 
parents. 

DATE—Prescriptions are dated at the time they are writ- 
ten and also when they are received and filled in the pharmacy. 
The date is important in establishing the medication record of 
the patient. An unusual lapse of time between the date a 
prescription was written and the date it is brought to the 
pharmacy may be questioned by a pharmacist to determine if 
the intent of the physician and the needs of the patient can still 
be met. The date prescribed is also important to a pharmacist 
in filling prescriptions for controlled substances. The Drug 
Abuse Control Amendments specify that no prescription order 
for controlled substances may be dispensed or renewed more 
than 6 months after the date prescribed. 

B SYMBOL OR SUPERSCRIPTION—The &j symbol gen- 
erally is understood to be a contraction of the Latin verb recipe, 
meaning take thou or you take. Some historians believe this 
symbol originated from the sign of Jupiter, 2|, employed by the 
ancients in requesting aid in healing. Gradual distortion 
through the years has led to the symbol currently used. Today, 
the symbol is representative of both the prescription and the 
pharmacy itself. 

MEDICATION PRESCRIBED OR INSCRIPTION— 
This is the body or principal part of the prescription order. It con- 
tains the names and quantities of the prescribed ingredients. 

Today, the majority of prescriptions are written for medica- 
tions already prepared or prefabricated into dosage forms by 
industrial manufacturers. The medications may be prescribed 
under their trademarked or manufacturer’s proprietary name 
or by their nonproprietary or generic names. 

Pharmacists are required to dispense the trademarked 
product when prescribed, unless substitution of an equivalent 
product is permitted by the prescribing physician or by state 
law. Most states have generic substitution laws that mandate 
the use of a generically equivalent product for certain patients. 
In some instances, the patient also must consent to the drug 
substitution. Some states require the prescriber to write spe- 
cific instructions or sign a specific line on the prescription to 
allow or disallow product substitution. Many health mainte- 
nance organizations and prescription benefit plans have strict 
formularies for which only certain drug products within a ther- 
apeutic class may be dispensed; thus, the pharmacists may be 
directed by the prescription plan to dispense a similar but 
different drug product than was prescribed for the patient. 

Prescription orders requiring the pharmacist to mix ingre- 
dients are termed compounded prescriptions. Prescriptions re- 
quiring compounding contain the names and quantities of each 
ingredient required. The names of the ingredients generally 
are written using the nonproprietary names of the materials, 
although occasionally proprietary names may be employed. 
Quantities of ingredients to be used may be indicated in the 
metric or apothecary system of weights and measures; how- 
ever, the use of the apothecary system is diminishing. These 
systems are described in Chapter 11. 

In the use of the metric system, the decimal is often replaced 
by a vertical line that may be imprinted on the prescription 
blank or drawn by the prescriber. The symbols g or mL often 
are eliminated, as it is understood that solids are dispensed by 
weight and liquids by volume. 

DISPENSING DIRECTIONS TO PHARMACIST OR 
SUBSCRIPTION—tTThis part of the prescription consists of 
directions to the pharmacist for preparing the prescription. 
With diminished frequency of compounded prescriptions, such 
directions are likewise less frequent. In a majority of prescrip- 
tions, the subscription serves merely to designate the dosage 
form (as tablets, capsules, etc) and the number of dosage units 
to be supplied. Examples of prescription directions to the phar- 
macist are 
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Table 97-1. Commonly Used Abbreviations in Prescriptions and Medication Orders 
rr 


ABBREVIATION MEANING ABBREVIATION MEANING 
aa of each MTX methotrexate 

abd abdomen MVI multivitamin 

ac before meals m Mix 

ad To, up to N&Vv Nausea and vomiting 
a.d. Right ear non rep/NR Do not repeat 

ad lib At pleasure, freely noct At night 

AM morning NS normal saline 

amp Ampul of medication NTG nitroglycerin 

aq Water OA osteoarthritis 

a.s. left ear OCD obsessive compulsive disorder 
ASA aspirin OJ Orange juice 

ATC Around the clock O2 oxygen 

au each ear ou Each eye 

BCP birth control pill od Right eye 

bid Twice a day os Left eye 

BM Bowel movement P pulse 

BP Blood pressure pc After eating 

BPH benign prostatic hypertrophy PEFR peak expiratory flow rate 
BS Blood sugar pm evening 

BSA Body surface area po by mouth 

c with postop after surgery 

Ca calcium pr rectally 

CAD coronary artery disease prn when necessary 

caps Capsule pulv A powder 

cc cubic centimeter [milliliter] PVCs premature ventricular contractions 
CHF congestive heart failure PVD peripheral vascular disease 
COPD chronic obstructive pulmonary disease q every 

@e chest pain qd every day 

dil dilute qid four times daily 

dtd Let such doses be given qod every other day 

DC discontinue medication qs as much as is sufficient 
DES diethylstilbestrol qs ad a sufficient quantity to (prepare) 
disp dispense gh every hour 

div divide RA rheumatoid arthritis 

DJD degenerative joint disease RN Registered Nurse 

DM diabetes mellitus Rect Use rectally 

DO Doctor of Osteopathy S without 

DW distilled water SS One-half 

Dx diagnosis SE subcutaneous injection 
elix elixir Sig write on label 

EtOH ethanol SL sublingual 

Ft Make, let it be made SLE systemic lupus erythematosus 
gorgm gram SOB shortness of breath 
GERD gastroesophageal reflux disease sol Solution 

Gl Gastrointestinal SQ or SubQ subcutaneous injection 
GU Genitourinary sqm, m? square meter 

gr Grain stat immediately 

gtt A drop supp Suppository 

HA headache Susp Suspension 

HBP High blood pressure Sx symptom 

HCTZ hydrochlorothiazide syr Syrup 

HR heart rate qT temperature 

HRT hormone replacement therapy tab tablet 

hs at bedtime TB tuberculosis 

HTN Hypertension TCN tetracycline 

inj An injection TED thromboembolic disease 
IV Intravenous injection TIA transient ischemic attack 
IM Intramuscular injection tid three times a day 

ID Intradermal injection tiw three times a week 

IU international units tbsp tablespoon 

JRA juvenile rheumatoid arthritis TMP-SMX trimethoprim-sulfamethoxazole 
KCL potassium chloride tsp teaspoon 

kg kilogram top (Use) topically 

L liter ax treatment 

mcg microgram U unit 

mEq milliequivalent UA uric acid, urinalysis 

mg milligram UC ulcerative colitis 

mg/kg milligrams/kilogram ud as directed 

mg/m? milligrams/square meter ung ointment 

mL milliliter URI upper respiratory infection 
mOsmol milliosmole ut dict as directed 

m or min Minimum UTI urinary tract infection 
MOM Milk of Magnesia WA while awake 

MS morphine sulfate wk week 
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M ft caps dtd no xxiv (Mix and make capsules. Dispense 24 such doses). 
Ft supp No xii (Make 12 suppositories). 

M ft ung (Mix and make an ointment). 

Disp tabs No c (Dispense 100 tablets). 


DIRECTIONS FOR PATIENT OR SIGNATURA—The 
prescriber indicates the directions for the patient’s use of the 
medication in the portion of the prescription called the Signa- 
tura. The word, usually abbreviated Signa or Sig means mark 
thou. The directions in the signa commonly are written using 
abbreviated forms of English or Latin terms or a combination of 
each. Examples are 


Tabs ti q4h (Take two tablets every four hours). 

Caps i 4xd pc & hs (Take one capsule four times a day after meals and 
at bedtime). 

Instill gtts ii od (Instill two drops into the right eye) . 


The directions are transcribed by the pharmacist onto the 
label of the container of dispensed medication. A list of some 
prescription abbreviations is presented in Table 97-1. 

It is advisable and in fact required by law in many states for 
the pharmacist to reinforce the directions to the patient on 
dispensing the medication because the patient may be uncer- 
tain or confused as to the proper method of use. Some pharma- 
cists and physicians provide their patients with written direc- 
tions outlining the proper use of the medication prescribed. 
These directions frequently include the best time to take the 
medication, the importance of adhering to the prescribed dos- 
age schedule, what to do if a dose is missed, the permitted use 
of the medication with respect to food, drink, and other medi- 
cations the patient may be taking, as well as information about 
the drug itself. As a requirement of law, certain manufacturers 
have prepared patient package inserts (PPIs) for specific prod- 
ucts for issuance to patients (Fig 97-2). These present to the 
patient information regarding the usefulness of the medication 
as well as its side effects and potential hazards. Other PPIs are 
available to pharmacists for use in their practices from profes- 
sional and commercial sources. For example, The United States 
Pharmacopeial Convention provides patient education leaflets 
containing supplementary printed instructions on many drugs 
and drug categories to physicians, pharmacists, and other 
health professionals for distribution to patients (Figure 97-3). 
The information is also available on computer diskette, allow- 
ing leaflets to be printed in the pharmacy as needed and with 
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Figure 97-2. Example of manufacturers’ patient package inserts 
intended to enhance patient understanding of the medication 
prescribed. 
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Figure 97-3. Examples of USP Patient Education Leaflets. The infor- 
mation also is available on computer disk for use in the pharmacy 
(courtesy, The USPC). 


a compatible computer and standard line printer. Similar com- 
puter software programs are available from various other 
sources, designed to generate personalized patient-counseling 
information for use by the pharmacist in patient education.! 
Numerous sources of information for consumers are now avail- 
able via the Internet. Pharmacists can refer patients to these 
web sites but may want to caution patients that all of the 
information on these sites may not apply to their individual 
situation. 

In addition to instructions to the patient, many prescribers 
desire that the name and strength of the prescribed drug be 
included on the label of the dispensed medication. Prescribers 
indicate this to the pharmacist by including the name and 
strength of the drug in the signa or by simply writing in the 
word label in the signa. Some prescription blanks have the 
word /abel printed for circling or checking by the prescribing 
physician (Fig 97-1).The practice of including the name of the 
drug on the medication label is required in most states and may 
be excluded only upon the specific direction of the prescriber. 
The advantages to having the name and strength of the drug 
identified on the prescription label include the facilitation of 
communication among the patient and the pharmacist and the 
physician and the rapid identification of the medication in 
times of accidental or purposeful overdose. When a generic 
drug product is dispensed, it is customary to include the man- 
ufacture of the product on the label as well. 

The date after which the medication will be subpotent (ex- 
piration date) may be placed on the label based on information 
included on the original manufacturer’s package. This precau- 
tion is important for certain drugs that rapidly deteriorate and 
lose their potency. For example, many oral liquid formulations 
of antibiotics remain stable for only a period of 14 days under 
refrigeration, and one-half that time when nonrefrigerated af- 
ter their preparation by the pharmacist. 

Physicians generally do not specify that expiration dates be 
noted on the label because they recognize that the pharmacist 
provides this information when dispensing such preparations. 
Statements on auxiliary labels such as do not use after __ days 
or discard after __ days serve this purpose. Some state laws 
require that pharmacists place the expiration date on the label 
of all medications dispensed, even those with no special stabil- 
ity problems. 

SPECIAL LABELING AND OTHER INSTRUCTIONS— 
The number of authorized refills should be indicated on each 


prescription by the prescriber. In case no refill information is 
provided, it is understood that no refills have been authorized. 
Most prescription blanks include a section where this informa- 
tion may be indicated (see Fig 97-1). Many states limit refills on 
a prescription to 1 year after the prescription was originally 
written. When a prescriber indicates that a prescription can be 
refilled prn as needed, the pharmacist should refill it only with 
a frequency consistent with the directions. No refills are per- 
mitted for Schedule II controlled substances. Federal law re- 
quires that prescriptions for Schedule II controlled substances 
be validated by the full signature of the prescriber. 


HOSPITAL MEDICATION ORDERS 
pA VSO TL 
Medication orders for inpatients in hospitals and other insti- 
tutions are written by the physician on forms called the Phy- 
sician’s Order Sheet. The type of form used varies between 
institutions and even within the institution, depending on the 
unit rendering the care. Because these orders are written in a 
controlled environment, many of the requirements and restric- 
tions placed on prescription orders for outpatients do not apply 
in the institutional setting. Institutional pharmacy practice is 
discussed in Chapter 111. 


REDUCING MEDICATION ERRORS 


Medication errors, which include inappropriate prescribing, 
patient noncompliance (under use or overuse), dispensing er- 
rors, and medication administration errors, undermine the 
purpose of drug therapy and the patient’s therapeutic out- 
comes. Medication errors also are associated with a significant 
number of hospitalizations each year, as well as numerous 
reports of morbidity and mortality. The risk of medication 
errors is greatest in the pediatric and the geriatric populations 
and when drugs with narrow therapeutic indexes are pre- 
scribed for patients. An important role of pharmacists in pro- 
viding pharmaceutical care is to anticipate and prevent medi- 
cation errors from occurring to the patient they serve. 
Guidelines for the prevention of medication errors have been 
developed by the Council on Professional Affairs of the Amer- 
ican Society of Health-System Pharmacists.” Included among 
the recommendations pertaining to the writing of medication 
orders are 


1. Medication orders should be complete with regard to patient infor- 
mation and drug name, and dosage and should be reviewed by the 
prescriber for accuracy and legibility immediately after writing. 

2. Instructions should be written out rather than using nonstandard 
or ambiguous abbreviations. 

8. Vague instructions, as take as directed should not be used; instead, 
more drug-specific instructions should be given. 

4. Exact dosage strengths (as 20 mg) rather than dosage units (as one 
tablet) should be specified. 

5. Exact nomenclature for drug names (nonproprietary or proprietary) 
should be used, rather than fabricated drug-name abbreviations. 

6. A leading zero should always precede a decimal expression of less 
than one (eg, 0.5 mL); conversely, a terminal zero should never be 
used (eg, 5.0 mL), because failure to note the decimal would result 
in a tenfold error. When possible avoid the use of decimals (eg, 
prescribe 500 mg instead of 0.5 g). 

7. The word units (eg, 10 units of regular insulin) should be spelled out 
rather than abbreviated with a U, which could be misinterpreted 
as a zero (misinterpreted as 100 units rather than the 10 units 
intended). 

8. Use of the metric system should be required. 


Pharmacists should consider the reporting of medication 
errors as one of their professional duties. The US Pharma- 
copeia (USP) and the Institute for Safe Medication Practices 
(ISMP) have teamed up to develop a standardized form (Fig 
97-4) and method for reporting medication errors. Information 
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about preventing medication errors can be obtained by calling 
1-800-23-ERROR or by connecting with the web sites for the 
USP [www.usp.org] or the ISMP [www.ismp.org/ISMP]. 

PROCESSING THE PRESCRIPTION ORDER—The 
manner in which a pharmacist processes a prescription order is 
important in fulfilling his or her professional responsibilities 
and can enhance his or her image with both the physician and 
the patient. Proper procedures are given below for receiving, 
reading and checking, numbering and dating, labeling, prepar- 
ing, packaging, rechecking, delivering and counseling, record- 
ing and filing, and pricing the prescriptions. 

RECEIVING THE PRESCRIPTION—It is desirable that 
the patient present the prescription order directly to the phar- 
macist because this enhances the pharmacist—patient relation- 
ship and facilitates the gathering of essential disease and drug 
information from the patient that is critical for the provision of 
quality pharmaceutical care. In situations in which this is not 
practical, the individual receiving the prescription should be 
trained to accept it in a professional manner and obtain the 
correct name, address, and other pertinent patient informa- 
tion. Patients having a prescription filled for the first time at a 
pharmacy may be asked to complete a brief health and medi- 
cation history to establish a database in the pharmacy’s com- 
puter for the patient. It is important to determine if the pa- 
tient’s medications are provided through insurance coverage 
and whether the patient wishes to wait, call back, or have the 
medication delivered. If the pharmacist is unable to receive the 
prescription order personally, he or she should be available to 
provide an estimate of the length of time required for filling the 
prescription and to price it if requested by the patient. Many 
pharmacists make it a practice to price prescriptions before 
dispensing, especially in the case of unusually expensive med- 
ication, to avoid subsequent questions concerning the charge. 

READING AND CHECKING THE PRESCRIPTION— 
The prescription order first should be read completely and 
carefully; there should be no doubt as to the ingredients or 
quantities prescribed. From the pharmacy’s prescription com- 
puter (or other record of the patient’s medication history), the 
pharmacist should determine the compatibility of the newly 
prescribed medication with other drugs being taken by the 
patient and also consider if any drug—food or drug-disease 
interactions may exist. Most prescription computer software 
programs identify possible drug—drug interactions. These soft- 
ware programs do not always identify the potential significance 
of the drug—drug interaction. This is the point at which the 
pharmacist must use information specific to this patient to 
determine the significance of the interaction and to determine 
if the prescriber should be contacted. In addition, references 
may be used for this purpose, such as USP Dispensing Infor- 
mation (USP DI) or Drug Interaction Facts. Should the proba- 
bility or likelihood of a drug interaction exist, the pharmacist 
should first consider alternative drug products that might be 
used and then consult with the prescriber to determine best 
therapeutic alternative for the patient The same would apply 
when a medication is prescribed for a patient who has a known 
drug allergy or sensitivity to the drug prescribed or to other 
drugs of the same chemical class. If something is illegible or if 
it appears that an error has been made, the pharmacist should 
consult another pharmacist or the prescriber. A pharmacist 
should never guess at the meaning of an indistinct word or 
unrecognized abbreviation. Unfamiliar or unclear abbrevia- 
tions represent a source of error in interpreting and filling 
prescriptions.® No official or standard list of prescription ab- 
breviations exists. Many of them in use are derived from the 
Latin and generally are recognized (see Table 97-1); however, 
many others may be simply shorthand creations of the individ- 
ual prescriber. 

Common prescriber abbreviations for drug names include 
Pb for phenobarbital, HCTZ for hydrochorothiazide, MTX’ for 
methotrexate and ASA for aspirin. Diseases and conditions also 
are abbreviated commonly, such as CHF for congestive heart 
failure, BPH for benign prostatic hypertrophy, URI for upper 
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USP MEDICATION ERRORS REPORTING PROGRAM 


Presented in cooperation with the Institute for Safe Medication Practices 


M E D I- The USP Practitioners’ Reporting Network™ is an FDA MedWatch partner 


CATION a ACTUAL ERROR (J POTENTIAL ERROR 


ERRORS Please describe the error. Include description of sequence of events, personnel involved, and work environment (e.g., code 
situation, change of shift, short staffing, no 24-hr. pharmacy, floor stock). If more space is needed, please attach separate page. 


PROGRAM 


Was the medication administered to or used by the patient? LJ} Yes LJ No Date of Event 


Please describe outcome (e.g., death, type of injury, adverse reaction). 


When and how was error discovered? 


If practitioner intervened, what type of staff discovered the error? 


Where did the error occur (e.g., hospital, outpatient or retail pharmacy, nursing home, patient's home)? 


At what time of day? 


What type of staff or health care practitioner made the initial error? 


Was the error perpetuated by another practitioner? 


Was patient counseling provided? [J Yes LJ No If yes, before or after error was discovered? 


Please complete the following if a product was involved. 
Product #1 Product #2 


Brand Name of Product Involved 


Generic Name 


Manufacturer 


Labeler (if different from mfr.) 


Dosage Form 


Strength/Concentration 


Type and Size of Container 


If available, please provide patient information that may be relevant, including age, gender, diagnosis, etc. (pt. identification not required). 


Reports are most useful when relevant materials such as product label, copy of prescription/order, etc., can be reviewed. 
Can these materials be provided? LJ Yes LJ No Please specify 


Please retain these materials/samples for 60 days, if possible. 


Do you have any recommendations to prevent recurrence of this error, or have you instituted policies or procedures to prevent future similar errors? 


A copy of this report is routinely sent to the Institute for Safe Medication Practices (ISMP), the manufacturer/labeler, and to the Food and Drug 
Administration (FDA). USP may release my identity to: (check boxes that apply) 


(JismP (The manufacturer and/or labeler as listed above [JFDA (] Other persons requesting a copy of this report (J Anonymous to all 
Your Name and Title Telephone Number 


Your Facility Name, Address, and Zip (include area code) 


Return to: USP PRN™ 12601 Twinbrook Parkway, Rockville, Maryland 20852-1790 _ | Dae Recetved by USP: or power boeG 
Cail Toll Free: 1-800-23-ERROR (1-800-233-7767) or FAX 1-301-816-8532 


Figure 97-4. USP Medication Errors Reporting Program form. 


respiratory tract infection and HBP for high blood pressure. 
Other abbreviations, such as ATC for around-the-clock, WA for 
while awake, and BM for bowel movement, also are used in 
prescription writing. 

The use of Latin words, phrases, and abbreviations in pre- 
scriptions is a carryover from the time that Latin was consid- 
ered the international language of medicine. Latin was used 
extensively in writing prescription orders until the early part of 
the 20th century. Although its use gradually has diminished, it 
is still used widely, in the form of abbreviations, in the sub- 
scription and signa portions of prescriptions. 

Pharmacists are frequently confronted in their interpreta- 
tion of the prescription order with the names of drugs that look 
alike or sound alike. These similar names are a potential 
source for errors. Knowledge of the patient’s medical problems 
and diagnoses can often provide the pharmacist with insight 
into which of the look-alike or soundalike drugs is intended for 
the patient. There have been numerous cases in which the 
brand name of a drug product has been changed after several 
months on the market subsequent to confusion with other 
marketed drugs with similar brand names. Examples of drugs 
with similar names are listed in Table 97-2. 

The pharmacist must take great care and use his or her 
broad knowledge of drug products to prevent dispensing errors. 
A call to the physician, made so as not to alarm the patient, 
serves to verify the meaning of a prescription that is unclear 
and at the same time bolster the professional reputation of the 
pharmacist as a careful practitioner and valuable member of 
the health team. 

Omissions, such as the failure to specify the desired 
strength of a medication or its dosage form, must be corrected. 
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In such a case, the pharmacist should never elect to dispense 
the usual dose or dosage form but should consult the pre- 
scriber. To detect such omissions and to provide the physician 
with the necessary information, the pharmacist must be famil- 
iar with available strengths and dosage forms of prefabricated 
drug products. Knowledge of available dosage forms also en- 
ables the pharmacist to suggest a more appropriate or easy-to- 
use method of drug delivery for a particular patient. 

The amount and frequency of a dose must be noted carefully 
and checked. In determining the safety of the dose of a medic- 
inal agent, the age, weight and condition of the patient, dosage 
form prescribed, possible influence of other drugs being taken, 
and the frequency of administration all must be considered. 
Several guides are available to the pharmacist in evaluating 
the safety of a prescribed dose. The USP DI provides usual 
doses and dosage ranges for many drugs in use. Manufacturers’ 
catalogs, file cards, and package inserts provide dosage infor- 
mation on their products. References such as Physicians’ Desk 
Reference, AMA Drug Evaluations, American Hospital Formu- 
lary Service Drug Information, Drug Facts and Comparisons, 
Handbook of Clinical Drug Data, and Pediatric Dosage Hand- 
book are useful general sources of such information. Some 
computer software programs now can check doses for pediatric 
patients when the child’s weight is entered. In the case of a 
suspected error in dose, appropriate references should be 
checked prior to consulting the physician. 

Measurement of liquid medication may lead to dosage vari- 
ation caused by differences in the capacity of household spoons 
and interpretation of which measuring device to use by the 
patient. The problems associated with teaspoonful dosage have 
long been recognized. A standard teaspoon has been estab- 


Table 97-2. Examples of Look-Alike and/or Sound-Alike Drug Names 


Adriamycin Achromycin 
Albuterol Atenolol 
Alupent Atrovent 
Amikin Amicar 
Apresoline Priscoline 
Brevital Bretylol 
Carafate Cafergot 
Cefoxitin Cefotaxime 
Chlorpromazine Chlorpropamide 
Clonidine Klonopin 
Cyclosporine Cycloserine 
Digitoxin Digoxin 
Dilantin Dilaudid 
Diphenhydramine Diphenhydrinate 
Dopamine Dobutamine 
Doriden Doxidan 
Doxirubicin Daunorubicin 
Dyazide Diazoxide 
Enalapril Anafranil 
Enduronyl Inderal 
Esimil Estinyl 
Fiorinal Florinef 
Fiorinal Fioricet 
Fluocinolone Fluocinonide 
Folic Acid Folinic Acid 
Glipizide Glyburide 
Haldol Halcion 
Hydralazine Hydroxyzine 
Hydroxyzine Hydroxyurea 
Imferon Interferon 
Inderal Isordil 
Indocin Lincocin 
Isomil Isordil 
Lanoxin Xanax 
Lithobid Lithotabs 
Lorazepam Alprazolam 
Mesantoin Mestinon 
Metaproterenol Metoprolol 


Methotrexate Metolazone 
Myleran Mylicon 
Nicardipine Nifedipine 
Orinase Ornade 
Pediapred PediaProfen 
Penicillin Penicillamine 
Percodan Percocet 
Phenobarbital Pentobarbital 
Physostigmine Pyridostigmine 
Pitressin Pitocin 
Prazepam Prazosin 
Prednisolone Prednisone 
Prednisone Primidone 
Prilosec Prozac 
Quinamm Quinidine 
Quinidine Clonidine 
Quinine Quinidine 
Ramapril Enalapril 
Regroton Hygroton 
Ritodrine Ranitidine 
Salsalate Sucralfate 
Sandimmune Sandostatin 
Stelazine Selegiline 
Tegretol Tegopen 
Tenex Xanax 
Timolol Atenolol 
Timolol Tylenol 
Tolazamide Tolbutamide 
Tylenol Tylox 
Vanceril Vancenase 
Vicodin Hycodan 
Vinblastine Vincristine 
Vistaril Restoril 
Wellbutrin Wellcovorin 
Xanax Zantac 
Zarontin Zaroxolyn 
Zofran Zantac 
Zovirax Zostrix 
Zyloprim ZORprin 
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Figure 97-5. Examples of medicinal spoons of various capacities, 
calibrated medicine droppers, an oral medication tube, and a dis- 
posable medication cup.” 


lished by the American National Standards Institute as con- 
taining 4.93 + 0.24 mL. For practical purposes, the standard 
teaspoonful is considered to be equivalent to 5 mL, although 
different household teaspoons vary widely in capacity. Thus, 1 
fl oz (29.57 mL) of a medicated liquid is considered to provide 
approximately six standard teaspoonful doses. 

To avoid errors in liquid dosing, pharmacists often dispense 
calibrated measuring devices with liquid medication. Some of 
these devices are shown in Figures 97-5 and 97-6. 

NUMBERING AND DATING—It is a legal requirement to 
number the prescription order and to place the same number 
on the label. This serves to identify the bottle or package and to 
connect it with the original order for reference or to renew the 
prescription. Consecutive numbers are assigned by prescrip- 
tion computers or manually by use of numbering machines. 
These machines can be set to number consecutively in dupli- 
cate or triplicate, so that the same number can be stamped 
clearly and neatly on the prescription order, label, and record 
book as desired. 

Dating of the prescription on the date filled is also a legal 
requirement. This information is important in determining the 
appropriate refill frequency, patient compliance, and as an 
alternate means of locating the prescription order should the 
prescription number be lost by the patient. The prescription 
computer may be employed for these purposes. 

LABELING—tThe prescription label may be typewritten 
or prepared by computer, using the information entered by 
the pharmacist or pharmacy assistant. Figure 97-7 shows a 
computer-prepared prescription, including the label, patient- 
counseling information, and receipt. The type and quality of 
computer printer used by a pharmacy can have a major effect 
on the readability of a prescription label. Newer printers pro- 
duce a label with a type font and boldness that is much easier 
for most patients to read. 

A prescription should have an aesthetic and professional- 
appearing label. If the label and the container are not neat and 
professional in appearance, the patient may conclude that the 
prescription medication itself also was prepared in a careless 
manner. This may result in a loss of confidence in the pharma- 
cist or pharmacy. 

Because the label is important in the appearance of the 
finished prescription, a quality label stock should be used. The 
size of the label used should be in conformance with the size of 
the prescription container. 

The name and address of the pharmacy are legally required 
to appear on the label; the telephone number is also commonly 
included. The prescription number, prescriber’s name, pa- 
tient’s name, directions for use, and the date of dispensing also 
are legally required; the patient’s address and the name and 
strength of the medication are also frequently included. 


The pharmacist should make the directions to the patient 
for taking the medication as clear and complete as possible. For 
example, Take one (1) tablet four (4) times a day before meals 
and at bedtime would be preferred to One 4 times a day. 

Some state laws require that the name or initials of the 
pharmacist dispensing the medication appear on the label. 
Also, many states require that the name and strength of the 
medication dispensed appear on the label. Some pharmacists 
indicate the refill or renewal status of the prescription on the 
primary label or use an auxiliary label to indicate this infor- 
mation. Occasionally, the manufacturer’s lot number for the 
medication dispensed is entered on the label to aid in rapid 
identification of medication that might be recalled. 

Labeling requirements for controlled substances are pre- 
sented in Chapter 90. Auxiliary labels are used to emphasize 
important aspects of the dispensed medication, including its 
proper use, handling, storage, refill status, and necessary 
warnings or precautions. A shake-well label is indicated for a 
prescription containing material that may separate on stand- 
ing, such as mixtures, lotions, and emulsions. The use of labels 
such as For the Ear, For the Eye, and External Use is recom- 
mended because of the added safety they offer, even when the 
primary directions indicate their proper use. Other precaution- 
ary labels may be used to warn that the medication should not 
be swallowed or used internally or should be kept out of reach 
of children and others for whom it is not intended. 

Auxiliary labels are available in various colors to give them 
special prominence. They should be placed in a conspicuous 
spot on the prescription container. Examples of some auxiliary 
labels in English and Spanish are shown in Figure 97-8. 

In certain circumstances it may be desirable for the phar- 
macist to supplement the instructions or directions of the pre- 
scriber. Some states have passed regulations that recognize 
that a need may exist for the pharmacist to add to the direc- 
tions of the prescriber to either clarify or expand the prescrib- 
er’s instructions. Such regulations indicate that when, in the 
judgment of the pharmacist, directions to the patient are nec- 
essary, either for clarification or for insurance of proper admin- 
istration of the medication, the pharmacist may add such di- 
rections or cautionary messages to those indicated by the 
prescriber on the original prescription. For example, a phar- 
macist might advise that a medication be taken with a large 
volume of water or that certain foods or activities are to be 
avoided when taking the medication. 
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Figure 97-6. An oral liquid dispenser for the accurate delivery of 
small doses of liquid medication to infants (courtesy, Baxa). 
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Figure 97-7. Example of a computer-prepared prescription record, label, patient receipt, and patient-counseling information. 


The federal government has required that patient product 
information be provided with the dispensing of certain drugs to 
ensure that the patient is apprised of proper use of the medi- 
cation, its benefits and risks, and the signs of adverse reaction. 
Examples of these are shown in Figure 97-2. Other types of 
patient information sheets have been noted in this chapter and 
may be used by pharmacists in their practice. Some prescrip- 
tion computers are programmed to provide supplemental in- 
structions to patients (see Fig 97-7).These printed instructions 
may be used by the pharmacist to reinforce his or her personal 
efforts in patient counseling. Pharmacists may need to assist 
some patients interpret the information contained in these 
product information sheets. This is especially the case when 
dealing with poorly educated patients or patients who have 
impaired cognitive function. 

PREPARING THE PRESCRIPTION—After reading and 
checking the prescription order the pharmacist should decide 
on the exact procedure to be followed in dispensing or com- 
pounding the ingredients. Most prescriptions call for dispens- 
ing medications already prefabricated into dosage forms by 
pharmaceutical manufacturers. Care must be exercised by the 
pharmacist in making certain that the product dispensed is of 
the prescribed dosage, form, strength, and number of dosage 


units. As noted above, when substitution is permitted, the 
pharmacist is responsible for the selection of the manufactur- 
er’s product to use in filling the prescription. He or she per- 
forms this responsibility on the basis of his knowledge of the 
quality, effectiveness, and cost to the patient of the selected 
product. 

In filling prescriptions with prefabricated products, the 
pharmacist should check the manufacturer’s label, comparing 
it with the prescription order, before and after filling the order, 
to make certain of its correctness. Products that show signs of 
poor manufacture, which look deteriorated or are past the 
stated expiration date on the label should never be dispensed. 

Solid, prefabricated dosage forms generally are counted in 
the pharmacy using a device such as that shown in Figure 97-9. 
Such a device facilitates the rapid and sanitary counting and 
transferring of medication from the stock packages to the pre- 
scription container. To prevent contamination of tablets and 
capsules, the counting tray should be wiped clean after each 
counting, as powder, especially from uncoated tablets, tends to 
get on the tray. Some pharmacies use automated counting 
machines that are activated by the computer when the pre- 
scription order is entered.. In some practices, unit dose pack- 
ages are dispensed as shown in Figure 97-10. 
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Figure 97-8. Examples of pharmacy auxiliary labels in English and 
Spanish. Actual labels available in color (courtesy, PHARMEX). 


Although the number of.prescriptions that now require com- 
pounding represents only a small percentage of the total, the 
pharmacist must acquire and maintain the knowledge and 
skills necessary to prepare them accurately. The extemporane- 
ous compounding of prescriptions is an activity for which phar- 
macists are qualified uniquely by virtue of their education, 
training, and experience. Pharmacy compounding is defined as 
the preparation, mixing, assembling, packaging, or labeling of 
a drug or device as a result of a practitioner’s prescription-drug 
order or initiative based on the prescriber—patient—pharmacist 
relationship in the course of professional practice.® In addition 
to the compounding of individual prescriptions when received, 
guidelines of the FDA permit the preparation of small quanti- 
ties of compounded products in anticipation of prescriptions for 
individual patients based on regularly observed prescribing 
patterns. However, unless licensed as a manufacturer, phar- 
macies may not engage in the large-scale preparation of drugs 
for other pharmacies or entities for resale.® 

Extemporaneous compounding is essential in the course of 
professional practice to prepare drug formulations in dosage 
forms or strengths that are not otherwise commercially avail- 
able. The process may include the use of readily available bulk 
pharmaceutical chemicals, or it may require the use and con- 
version of a commercially available dosage form into another 
form. For example, it is not uncommon to fortify or reduce the 
strength of an active ingredient in a dermatological prepara- 
tion, to reformulate adult dosage forms, such as tablets or 
capsules, into an oral suspension for use by pediatric patients, 
or to prepare intravenous admixtures in the hospital, nursing 
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Figure 97-9. Steps in the hygienic counting of solid dosage units with the Abbott Sanitary Counting Tray: (1) placing units from the stock 
package onto the tray, (2) counting and transferring the units to the trough, (3) returning the excess units to the stock container, and (4) 


transferring the counted units into the prescription container. 


Figure 97-10. Examples of multiple-unit and single-unit packaging, 
including patient cup, unit dose of powder, blister packaging of 
single capsule, and strip packaging of tablets (courtesy, Roxane). 


home, or home-care setting.’ In each instance of compounding, 
the pharmacist must apply his or her technical and scientific 
knowledge and use available informational sources to assure 
product efficacy and stability. Information about the prepara- 
tion and stability of drugs into suspension formulations can 
often be obtained from pharmacists colleagues at pediatric 
hospitals where the preparation of such formulations may be 
commonplace. 

When a prescription requiring compounding is received, the 
pharmacist should take into consideration the chemical and 
physical compatibility of the ingredients, the proper order of 
mixing, the need for special adjuvants or techniques, and the 
mathematical calculations required. 

Once deciding on the procedure, the pharmacist assembles 
the necessary materials in a single location on the prescription 
counter. As each ingredient is used, it is transferred to another 
location away from the work station. The use of this technique 
provides the pharmacist with a mechanical check on the intro- 
duction of each ingredient. If the pharmacist is interrupted 
during the process, there is then no doubt as to which ingredi- 
ents already have been used. When the pharmacist has fin- 
ished, all the ingredients are returned to their storage places. 
Through this process, the pharmacist has the opportunity to 
read the label of each ingredient three times: once, when the 
container is removed from the storage shelf, again when the 
contents are weighed and measured and, finally, when the con- 
tainer is returned to the shelf. 

Any calculations or compounding information that would be 
useful in refilling the prescription at a later date should be 
noted either on the face or back of the prescription order. 
Adjuvants used, order of mixing, amount of each ingredient, 
capsule size used, type and size of the container, name and 
product identification number of the manufacturer, auxiliary 
labels used, clarification of illegible words or numbers, price 
charged, and any special notations should be recorded. The 
failure to do this may result in differences in the appearance of 
the prescription when refilled and possibly create doubt and 
apprehension in the mind of the patient. 

The term incompatibility may be applied to prescriptions 
when certain problems arise during their compounding, dis- 
pensing, or administration. Incompatibilities are categorized 
as being physical, chemical, or therapeutic. The problems usu- 
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ally develop as a result of the use of two or more drug sub- 
stances but problems involving the use of a single drug also 
may occur. 

Physical incompatibility is usually the result of drug insol- 
ubility, liquefaction, or physical complexation. 

Chemical incompatibility may be the result of oxidation- 
reduction, acid-base, hydrolysis, or combination reactions. 

The occurrence of physical and chemical incompatibilities 
generally results in drug deterioration, discoloration, precipi- 
tation, or other effects that render the product unsatisfactory. 
Pharmacists overcome these incompatibilities by use of their 
knowledge of chemistry, physical pharmacy, and compounding 
techniques. 

A therapeutic incompatibility exists when the response to 
one or more drugs administered to a patient is different in 
nature or intensity than that intended. An example of this type 
of incompatibility is the stimulation sometimes observed in 
children after the administration of drugs with sedative prop- 
erties such as phenobarbital or diphenhydramine. Therapeutic 
effectiveness may be reduced or delayed as the result of a 
physical or chemical reaction. Taking multiple drugs can result 
in drug interactions, which, in turn, may result in an altered 
drug response. These effects may accentuate or diminish the 
activity of one or more of the drug substances or may produce 
synergistic or antagonistic effects. ADRs may also be consid- 
ered therapeutic incompatibilities. 

The alteration of a prescription order to correct or prevent a 
therapeutic incompatibility generally requires the permission 
of the prescriber. Before contact is made, however, the phar- 
macist should be certain of the potential incompatibility and its 
therapeutic significance and should be prepared to make the 
appropriate recommendation to the prescriber to overcome the 
problem. 

The area of drug interactions is covered in Chapter 102. 

PACKAGING—In filling a prescription, pharmacists may 
select a container from among various shapes, sizes, mouth 
openings, colors, and composition. Selection is based primarily 
on the type and quantity of medication to be dispensed and the 
method of its use. 

Among the types of containers generally used in the phar- 
macy are 


Round vials, used primarily for solid dosage forms as capsules and 
tablets. 

Prescription bottles, used for dispensing liquids of low viscosity. 

Wide-mouth bottles, used for bulk powders, large quantities of tablets 
or capsules, and viscous liquids that cannot be poured readily from 
the narrow-necked standard prescription bottles. 

Dropper bottles, used for dispensing ophthalmic, nasal, otic (ear), or 
oral liquids to be administered by drop. 

Applicator bottles, used for applying liquid medication to a wound or 
skin surface. 

Ointment jars and collapsible tubes, used to dispense semisolid 
dosage forms, such as ointments and creams. 

Sifter-top containers, used for powders to be applied by sprinkling. 

Hinged-lid or slide boxes, used for dispensing suppositories and 
powders prepared in packets. 

Aerosol containers, used for pharmaceutical aerosol products. They 
are pressurized systems dispensed by the pharmacist in the original 
container. 


Most of the prescription containers usually are available in 
colorless or amber-colored glass or plastic. Amber-colored con- 
tainers are used most widely because they provide maximum 
protection of their contents against photochemical deteriora- 
tion. In most instances a container made of good quality amber 
glass reduces light transmission sufficiently to protect light- 
sensitive pharmaceuticals. The containers shown in Figure 
97-11 are examples of such containers. For total light restric- 
tion, opaque glass, or glass rendered opaque by special coating 
may be employed. The use of outer wrappings or cartons also 
may be used to protect light-sensitive pharmaceuticals. Phar- 
maceutical manufacturers select and use containers that do not 
affect the composition or stability of their products adversely. 
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Figure 97-11. Examples of light-protective amber prescription con- 
tainers for, from left to right: small numbers of solid dosage forms, 
such as tablets and capsules; liquid preparations administered by 
drops; liquid preparations; powders or large numbers of solid dos- 
age forms; and semisolid preparations, such as ointments and 
creams (courtesy, Armstrong Cork). 


Similar types of containers should be used by the pharmacist in 
dispensing the medication to the patient. FDA regulations 
require pharmaceutical manufacturers to include in their 
prescription-product labeling the type of container to be used 
by the pharmacist when dispensing the prescription drug to 
preserve its identity, strength, quality, and purity. The regula- 
tion does not apply to products intended to be dispensed in the 
manufacturer’s original container. 

The closure on a prescription container is as important as 
the container itself. By law, prescription containers must be 
moistureproof and thus the ability of the closure to restrict 
entrance of moisture into the container is of prime importance. 
Moisture has a deteriorating effect on many dosage forms, 
especially capsules, tablets, and powders. For example, aspirin 
tablets are hydrolyzed in the presence of moisture and broken 
down into acetic acid and salicylic acid. Sublingual nitroglyc- 
erin tablets are always dispensed in their original glass bottles 
to minimize exposure to air and moisture. Many pharmacies 
use screw-cap glass or tight-fitting closures to reduce moisture 
penetration (Fig 97-12). 

Plastic containers have widespread use in the pharmaceu- 
tical industry and in prescription practice. The advantages of 
plastic over glass containers include lightness of weight, resis- 
tance to breakage on impact and greater versatility in con- 
tainer design. Flexible polyethylene is used widely in the pack- 
aging of squeeze bottles for medication to be administered as 
drops or as a spray. Nose drops, eye drops, and throat sprays, 
as well as oral medication to be administered dropwise, fre- 
quently are packaged and dispensed in these containers. Lo- 
tions, medicated shampoos, and creams also are packaged con- 
veniently in flexible polyethylene containers. Pliable ointment 
tubes and flexible plastic containers for intravenous fluids also 
are used widely. 

Rigid polystyrene vials are employed commonly by pharma- 
cists to dispense capsules and tablets. This type of plastic also 
is used widely in ointment jars and box packages for supposi- 
tories. The modern compact-type container used for oral con- 
traceptives, which contain sufficient tablets for a monthly cycle 
of administration and permit scheduled removal of one tablet 
at a time, is a prime example of the imaginative packaging 
possible with plastic. Examples of these containers are shown 
in Figure 97-13. These prepackaged containers, as obtained 
from the manufacturer, are labeled properly by the pharmacist 


Figure 97-12. Gross and cutaway views of moisture-tight prescrip- 
tion container (courtesy, Kerr Glass). 


and dispensed in the original container to the patient. Several 
manufacturers now market antibiotics and other medications 
used for a limited number of days packaged as individual 
dosage units on cards with the instructions for administration 
indicated next to each dose. This approach to drug packaging is 
designed to help assure compliance to the prescribed regimen. 

The increased responsibilities of pharmacists in drug distri- 
bution and inventory control in hospitals, nursing homes, and 
other patient-care facilities have had an effect on the develop- 
ment of the single-unit drug package, such as the strip pack- 
age, the blister package, and the plastic disposable syringe. 
These single-unit packages are termed unit-dose packages at 
the time of administration to a specific patient. Examples are 
shown in Figure 97-10. 

CHILD-RESISTANT CONTAINERS—tThe high number 
of accidental poisonings after ingestion of medication and other 
household chemicals by children led to the passage of the 
Poison Prevention Packaging Act in 1970. The initial regulation 
called for use of childproof closures for aspirin products and 
certain household chemical products shown to have significant 
potential for causing accidental poisoning in youngsters. As the 
technical capability in producing effective closures was devel- 
oped, the regulations were extended to include the use of such 
safety closures in the packaging of both legend and OTC 
medications. 

The Consumer Product Safety Commission has ruled that 
manufacturers must place prescription drugs in child-resistant 


Figure 97-13. Example of the MEDISET medication container de- 
signed to assist patient compliance with prescribed medication 
schedule (courtesy, Drug Intelligence). 


packages if the original package is intended to go directly from 
the pharmacist to the patient. However, manufacturers need 
not place drugs in safety packaging if the drugs are intended to 
be repackaged by pharmacists. 

All legend drugs intended for oral use must be dispensed by 
the pharmacist to the patient in containers having safety clo- 
sures unless the prescribing physician or the patient specifi- 
cally requests otherwise. A request for a non-child-resistant 
container may be applied to a single prescription or to all of a 
patient’s dispensed medications. The pharmacist should clarify 
the patient’s desires, obtain and file a signed waiver request, 
and maintain the information in the prescription computer for 
future reference.? There are some exceptions to the overall 
requirements, such as oral contraceptive packages because of 
their unique and useful design, and certain cardiac drugs (eg, 
nitroglycerin) because of the importance to the patient for 
direct and immediate access to the medication. 

Exemptions also are permitted in the case of OTC medica- 
tion for one-package size or specially marked packages to be 
available to consumers for whom safety closures might be un- 
necessary or too difficult to manipulate. These consumers in- 
clude childless persons, arthritic patients, and the debilitated. 

Further, drugs that are used or dispensed in inpatient in- 
stitutions, such as hospitals, nursing homes, and extended-care 
facilities, need not be dispensed with safety closures unless 
they are intended for patients who are leaving the confines of 
the institution. Examples of child-resistant containers are 
shown in Figures 97-12 and 97-14. 

RECHECKING—tThe importance of this step cannot be 
overemphasized. Every prescription should be rechecked and 
the ingredients and amounts used verified by the pharmacist. 
All details of the label should be rechecked against the pre- 
scription order to verify directions, patient’s name, prescription 
number, date, and prescriber’s name. Rechecking is especially 
important for those drug products available in multiple 
strengths. 

DELIVERING AND PATIENT COUNSELING—The 
pharmacist personally should present the prescription medica- 
tion to the patient (or family member) unless it is to be deliv- 
ered to the patient’s home or workplace. Suggested questions to 
ask the patient when dispensing a new prescription include 
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Figure 97-14. Example of child-resistant safety closure on a prescrip- 
tion container (courtesy, Owens-Brockway). 
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What did the doctor tell you the medication is for? 
How did the doctor tell you to take the medication? 
What did the doctor tell you to expect from the medication? 


NS 


Appropriate responses to these questions by the patient 
gives the pharmacist assurance that the patient knows how to 
use the medication properly. When presenting the medication 
to the patient, the pharmacist should reinforce the information 
the patient already is aware of, call attention to any auxiliary 
labeling instructions, and provide further information regard- 
ing the medication as may be desirable. When personal deliv- 
ery of the prescription is not possible, the pharmacist should 
make certain that the appropriate instructions are provided to 
the patient and that the patient is encouraged to phone should 
there be any questions. The pharmacist should take the initia- 
tive to phone the patient when a product is dispensed with 
unusual or complicated dosing instructions and when specific 
precautions need to be reviewed. 

There is an increased awareness that labeling instructions 
frequently are inadequate to ensure patient understanding of 
his or her medication and his or her adherence or compliance 
with recommended instructions. The responsibility that the 
patient receive specific instructions, precautions, and warnings 
for safe and effective use of prescribed drugs is the shared 
responsibility of the prescriber and the pharmacist. Reinforce- 
ment of the labeled instructions is through verbal communica- 
tion among the prescriber, pharmacist, and patient, or as 
supplemental printed instructions, as noted previously (see 
Fig 97-3). 

The Omnibus Budget Reconciliation Act of 1990 (OBRA 90) 
amended the 1965 Medicaid law and, among other things, 
required the development of state drug-use review (DUR) pro- 
grams and patient counseling activities by pharmacists. Al- 
though the law applies specifically to pharmaceutical care ren- 
dered to persons receiving Medicaid benefits, the individual 
states have developed and adopted similar pharmacy practice 
standards to apply uniformly to all patients. 

The specific requirements of the Act are presented in Chap- 
ter 90; however, in brief, pharmacists must offer to discuss 
with each eligible patient—or care giver of such individual— 
who presents a prescription, information on the drug, dosage 
form, route of administration, any special directions for use, 
common side effects or interactions and therapeutic contra- 
indications that may apply, techniques for self-monitoring drug 
therapy, proper storage, prescription refill information, and 
action to be taken in the event of a missed dose. Written 
information may be used to supplement but not to replace the 
oral counseling requirement. 

Under the Act, the pharmacist also must make a reasonable 
effort to obtain, record, and maintain patient profiles of the 
patient’s disease states, known allergies, and drug sensitivi- 
ties; a comprehensive list of medications taken and medical 
devices used; pharmacists’ comments relevant to the patient’s 
drug therapy; and the name, address, telephone number, date 
of birth or age, and gender of the patient. 

The state DUR programs must be both prospective and 
retrospective to ensure that the medications are appropriate, 
medically necessary, unlikely to result in adverse medical re- 
sults, and based on predetermined standards. 

To assist the pharmacist in having up-to-date and pertinent 
information available for the counseling of his patients, several 
organized and conveniently arranged sources of dispensing 
information for patients are available. For example, USP Dis- 
pensing Information, Vol I, Drug Information for the Health 
Care Professional, and Vol Il, Advice for the Patient (drug 
information in lay language), provide useful information on 
officially recognized medications for use by pharmacists in 
counseling their patients. 

These references provide the pharmacist with resource in- 
formation, including clinical indications and applications, 
ADRs, drug interactions, interference with diagnostic tests, 
known effects on the fetus and newborn, relevant biopharma- 
ceutics and pharmacokinetics, excretion of the drug through 
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breast milk, sugar and/or alcohol content of the medication, 
and other information deemed important. 

The prescription medication frequently is placed in specially 
designed and imprinted prescription bags. Some pharmacists 
place the patient’s name and address, the prescription number, 
and the price on the package to identify the prescription. 

RECORDING AND FILING—A record of the prescrip- 
tions dispensed is maintained in the pharmacy through the use 
of computer and hard copy prescription files. Newer centralized 
computer systems used by many chain drug stores allow phar- 
macists from anyplace in the system to access a patient’s 
records and refill a prescription previously dispensed at an- 
other store. 

Various prescription file types are available to maintain 
original prescription orders. Metal or cardboard units, which 
conveniently store approximately 1000 prescriptions are com- 
mon. When these files are used, holes are punched in the 
prescription orders; the files are then slipped onto two metal 
rods firmly attached to the file and placed in a designated 
compartment in numerical order for safe storage and rapid 
retrieval. 

Suitably partitioned drawers sometimes are used for filing. 
The partitions may be placed between every 100 or 1000 pre- 
scriptions, plainly marked with the numbers of the prescrip- 
tions filed in that section. This method permits the removal of 
a single prescription without preventing ready access to others, 
as normally occurs when metal rod files are used. 

Microfilming of prescriptions for purposes of filing and re- 
trieving is an available but little-used method. 

PRICING THE PRESCRIPTION—For a prescription 
practice to be successful, the pharmacist must be an effective 
manager of the financial aspects of his practice. To maintain 
the types of pharmaceutical services desired by his patients, 
the pharmacist must make a fair and equitable profit. 

Each pharmacy should have a method for pricing prescrip- 
tions that is applied consistently by each pharmacist practicing 
in that pharmacy. The pricing method should be established to 
ensure the profitable operation of the prescription department. 
A uniform and consistently applied system is beneficial to 
the pharmacist and helps to avoid misunderstandings from 
patrons. 

The charge applied to a prescription should cover the costs 
of the ingredients, including the container and label, the time 
of the pharmacist and auxiliary personnel involved, the cost of 
inventory maintenance and other operational costs of the de- 
partment, as well as providing a reasonable margin of profit on 
investment. 

Although many methods of pricing prescriptions have been 
used through the years, the most common are 


1. % Markup. Cost of ingredients + (cost of ingredients X % markup) = 
dispensing price. 

2. % Markup + Minimum Fee. Cost of ingredients + (cost of ingredi- 
ents X % markup) + minimum fee = dispensing price. 

3. Professional Fee. Cost of ingredients + professional fee = dispens- 
ing price. 

% MARKUP—This method and the % markup plus mini- 
mum fee method commonly are used in prescription practice. 
In the straight markup method, the desired percentage 
markup is taken of the cost of the ingredients and added to the 
cost of the ingredients to obtain the dispensing price. For ex- 
ample, if the ingredients in a prescription cost the pharmacist 
$8.00 and he or she wishes to apply an 80% markup on cost, he 
or she would add $6.40 to the cost of the ingredients and arrive 
at a dispensing price of $14.40. The % markup applied may be 
varied, depending on the cost of the ingredients, with a lower % 
markup generally used for prescription items of higher cost and 
a higher % markup applied for prescription items of a lower 
cost. 

In many multiple-pharmacy operations, such as chain-store 
pharmacies, each pharmacy is provided with a pricing schedule 


for prescription items, resulting in price consistency through- 
out the chain. These frequently are provided on microfiche, 
programmed into the prescription computer or affixed directly 
to the bulk container of prescription products by chain-store 
warehouses; the schedules are updated on a regular basis to 
account for changes in costs of ingredients or in % markup 
desired. Many computer systems now automatically download 
pricing updates and thus the price of prescription reflects the 
most current costs and fees. 

% MARKUP PLUS MINIMUM FEE—In this method, a 
minimum fee is added to the cost of ingredients plus a % 
markup. The % markup in this method is usually lower than 
the one used in the method described above. The minimum fee 
usually is established to recover the combined cost of the con- 
tainer, label, overhead, and professional services. This method 
is applied as follows: if the cost of the prescription ingredients 
is $8.00, and a 40% markup on cost is applied, the charge to 
that point would be $11.20. Then, a minimum fee is added and 
the final dispensing price determined. If, for example, a mini- 
mum fee of $4.00 is added, the final prescription price would be 
$15.20.To achieve the desired profit, the % markup used in this 
method may be adjusted up or down, depending on the mini- 
mum fee established. 

PROFESSIONAL FEE—This method involves the addi- 
tion of a specified professional fee to the cost of the ingredients 
used in filling a prescription. The professional fee includes all 
the dispensing costs and professional remuneration. A true 
professional fee is independent of the cost of the ingredients 
and thus does not vary from one prescription to another. Some 
pharmacists use a variable or sliding professional-fee method, 
whereby the magnitude of the fee is varied somewhat on the 
cost of the ingredients. By this method, the greater the cost of 
prescription ingredients, the greater the fee, the rationale be- 
ing that the cost of inventory maintenance must be recovered in 
this manner. However, a single fee for all prescriptions is the 
true basis of the professional-fee method. The fee represents 
payment for professional service rendered in the filling of a 
prescription and is the same without regard to the cost of 
ingredients. 

In practice, the professional fee may vary widely between 
pharmacies, depending on the cost and types of pharmaceutical 
services rendered (eg, family record systems, delivery service, 
home health-care needs) and the professional desires of the 
pharmacist. Professional fees are determined by means of (1) 
averaging the amount previously charged, above ingredient 
cost, for prescriptions dispensed over a specified period or (2) 
using a more exacting cost-analysis method in which all costs 
attributed to the prescription department are divided by the 
prescription volume in determining the actual cost of filling a 
prescription, with the profit and desired fee then determined. 
Pharmacies using the professional fee commonly make adjust- 
ments for prescriptions requiring compounding to compensate 
for the extra time, materials, and equipment. Some pharmacies 
may charge their patients an annual fee for professional ser- 
vices. This fee then might entitle the patient to the following: 
routine professional service each time a prescription is filled, a 
yearly record of prescriptions, regular blood pressure checks, 
plus a yearly one-on-one consultation. 

Governmental units, such as state human services agencies, 
and many insurance companies and prescription card services, 
have adopted the professional-fee method for the reimburse- 
ment of pharmacists in filling prescriptions covered under their 
programs. Such third-party payers negotiate the professional 
fee to be used with pharmacists interested in participating in 
the programs. This practice has resulted in lower fees being 
paid to many pharmacists as large-volume pharmacies attempt 
to maintain profits by increasing prescription volume. Many of 
these programs have a copayment provision that requires the 
patient to pay a part of the charge for each prescription he or 
she has filled. 


After pricing a prescription, pharmacists place the price on 
the prescription and in the prescription computer for future 
reference should the prescription later be renewed. 

PRESCRIPTION REFILLING—Instructions for refilling 
a prescription are provided by the prescriber, on the original 
prescription or by verbal communication. Although prescrip- 
tions for noncontrolled substances have no limitation according 
to federal law as to the number of refills permitted or the date 
of expiration, state laws may impose such limits. Many states 
limit refills to 1 year after the prescription was written. Refill- 
ing prescriptions for controlled substances is limited as de- 
scribed in Chapter 90. 

Physicians and pharmacists should work together so that 
prescriptions are renewed only with the frequency consistent 
with directions for use, and the pharmacist should check with 
the prescriber after a reasonable time to assure himself that his 
intent is being met. No prescription should be renewed indefi- 
nitely without the patient being reevaluated by the prescriber 
to assure that the medication as originally prescribed remains 
the medication of choice. 

Renewals should be noted on the reverse side of the pre- 
scription order or in the prescription computer with the date, 
the quantity dispensed if different from the original, and the 
name or initials of the pharmacist dispensing the medication. If 
verbal authorization has been obtained from the prescriber, 
this should be noted. 

The maintenance of accurate records of renewals is impor- 
tant not only for following federal and state laws but also for 
providing information on the patient’s medication history. 

COPIES AND TRANSFERS OF PRESCRIPTION OR- 
DERS—tThese occasionally are requested by the patient or a 
pharmacist on behalf of the patient. In some instances the 
intention is to provide information, and in other instances the 
patient is desirous of having the copy refilled at another phar- 
macy. Patients who change residences either temporarily or 
permanently may request their prescriptions be transferred to 
another pharmacy. Chain pharmacies that have centralized 
computer systems can access a patient’s prescription records 
from any of their pharmacies throughout the US and can easily 
transfer any remaining refills on the original prescription 
order. 

Although the FDA maintains that a copy of a prescription 
order has no legal status and should not be honored, the agency 
has opened the door for honoring copies under certain circum- 
stances. The FDA does not object to the exchange of prescrip- 
tion copies between pharmacies for the purpose of renewal, 
provided that certain safeguards are taken: 


The original order is voided and marked to indicate that a copy has been 
issued, the individual to whom it has been issued, and the date of 
issuance. 

The copy should be so marked and the location and number of original 
noted. 

The copy shows the date of original dispensing, the date of the last 
renewal, and the number of renewals remaining.® 


This procedure does not apply to Schedule II controlled 
drugs or if individual states prohibit such a procedure. In 
instances in which copies of prescriptions are provided by the 
pharmacist and in which the copy may not be refilled legally, 
the pharmacist supplying the copy should write Copy—wNot to 
be Dispensed or a similar designation across the top. A copy 
should be made exactly like the original, including all pertinent 
information that a pharmacist might require in dispensing 
the medication as originally provided. The copy preferably 
should be written or typed on a preprinted form identifying 
the pharmacy. 

The DEA amended the Code of Federal Regulations (CFR) in 
1981 to permit the transfer of prescription orders between two 
pharmacies for controlled-substance prescriptions that may be 
renewed lawfully. The amendment allows for the transfer of an 
original prescription order for controlled substances listed in 
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Schedules III, IV, or V between pharmacies on a one-time basis 
only. 

To comply with these regulations, pharmacists first must 
ascertain if the transfer of a prescription order for renewal 
dispensing purposes is permissible under state or other appli- 
cable law. When a prescription order is transferred, it must 
be communicated directly between two licensed pharmacists, 
and the transferring pharmacist must record the following 
information: 


Write VOID on the face of the invalidated prescription order. 

On the back of the invalidated prescription order, the name, the ad- 
dress, and the DEA registration number of the pharmacy it was 
transferred to and the name of the pharmacist who received the 
information. 

The date of transfer and the transferring pharmacist’s name. 


The pharmacist receiving the transferred prescription order 
must reduce to writing the following: 


The word transfer on the face of the transferred prescription order. 

All information required on a controlled-substance prescription order as 
it appears on the original prescription order. 

The date of issuance of original prescription order. 

The original number of renewals authorized on the original prescription 
order. 

The date of the original prescription order. 

The number of valid renewals remaining and the date of the last 
renewal. 

The pharmacy’s name, address, DEA registration number and the 
original prescription number for which the prescription order was 
transferred. 

The name of the transferring pharmacist. 


The DEA requires that the original and the transferred 
prescription orders must be maintained for 2 years from the 
date of the last renewal. Approximately 60% of states now 
allow the transfer of prescriptions via computers within their 
states, whereas only 50% allows computer transfers from other 
states. Pharmacies electronically accessing the same prescrip- 
tion record must satisfy all information requirements of a man- 
ual mode for prescription transferral. 


PATIENT COMPLIANCE 
WITH PRESCRIBED MEDICATION 


(aes RET EEE NETRA or a EES yi ARTA eh ne oe eC NZIS 
When a prescriber writes a prescription, it is with the intent 
that the patient fills the prescription promptly and begins 
using the medication according to directions. Patient adher- 
ence or compliance with the prescribed medication schedule 
has been a source of concern to both the physician and the 
pharmacist. 

Patients may unnecessarily delay the initiation of drug 
therapy or may wait to see if they feel better before having the 
prescription filled. Some patients discontinue their medication 
prematurely because they are feeling better and see no partic- 
ular need to continue taking the medication. Other patients 
may take excessive doses of the medication believing that they 
will get better faster, whereas others take their medication at 
incorrect intervals or whenever they remember. 

On refilling a prescription, a pharmacist generally can de- 
termine the compliance of the patient in taking his medication 
by comparing the dosage units dispensed versus the dosage 
units apparently taken over the treatment period. Pharmacists 
can often gain a great deal of useful information about compli- 
ance by simply having the patient describe how he or she takes 
the medication on a daily basis. Pharmacy computer systems 
are useful in determining patient compliance and can be used 
to generate refill reminder cards or phone lists for courtesy 
calls to remind patients about the need to comply with their 
medication. 
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Figure 97-15. Examples of plastic packaging used for oral contra- 
ceptive products.* 


Specially designed medication containers are useful in 
assisting patients to adhere to their medication schedule. 
These containers have individual compartments for daily 
medication and generally hold a week’s supply (Fig 97-15). 
Containers for oral contraceptive medication, previously dis- 
cussed and shown in Figure 97-13, have proved effective in 
patient compliance during the monthly medication cycle. See 
also Chapter 115. 


PHARMACY COMPUTER SYSTEMS 


The use of computer systems in pharmacy practice is now 
standard because of the expanded informational needs of the 
pharmacist, the increased amount of paper work required in 
the practice, the need for efficiency, and the availability of 
computer technology and expanded databases to provide the 
necessary support. Most chain pharmacies are linked together 
by dedicated telephone lines or satellites, thus facilitating the 
sharing of information between pharmacies (Figure 97-16). 

In general, computerized systems in pharmacy are used in 
three areas: prescription dispensing and associated record 
maintenance, clinical support and accounting, and business 
management. Many insurance and prescription plans now re- 
quire on-line verification and authorization prior to the dis- 
pensing of any medication. Pharmacists can now use the Inter- 
net to obtain and download information about disease states 
and drug therapy for their patients. 


Prescription Dispensing and Associated 
Record Maintenance 


LABEL PREPARATION— Once basic prescription infor- 
mation is entered, the computer produces an error-free label or 
multiple labels if required. 

PRESCRIPTION NUMBER ASSIGNMENT—Consecu- 
tive numbers are assigned to prescriptions by the computer, 
and the problem of lost and duplicate numbers virtually is 
eliminated. 

PRICE CALCULATIONS—Prescription computer sys- 
tems can accommodate multiple pricing methods, including 
cost plus a professional fee, cost plus % markup, or other more 
complex formulas. The pharmacist specifies the formula de- 


sired and the computer calculates the dispensing charge based 
on drug-cost information contained in its files. 

RECEIPT PREPARATION—Prescription computers cal- 
culate and store information; thus, it is simple for the computer 
to prepare a receipt automatically for the patient that may 
include the amount paid for an individual prescription or for 
the total prescriptions filled over a given period. This informa- 
tion may be important to the patient for insurance or tax 
purposes. 

PRESCRIPTION NOTATION—As a prescription order 
is processed, the pharmacist typically makes several nota- 
tions, including the initials of the dispensing pharmacist, the 
drug cost and product dispensed, and special entries such as 
dispensed only one-half at patient request.This information 
may be retained by the computer and used in renewal 
processing. 

RENEWAL PROCESSING—The computer-assisted re- 
newal processing of prescriptions is almost automatic. If the 
computerized records indicate that the prescription renewal is 
allowable, the computer automatically prepares the new label 
and receipt, updates the renewal status of the prescription, 
recalculates the price on the basis of current cost information, 
and adds the entire transaction to the patient’s medication 
profile. 

See also Chapter 93. 


Clinical Support 


PATIENT MEDICATION PROFILES—On command, 
the computer presents on its monitor the most recent medica- 
tions that have been dispensed to the individual patient. This 
information is used by the pharmacist in ascertaining potential 
drug—drug interactions. Information pertaining to the patient’s 
drug allergies and primary illnesses also permits the pharma- 
cist to assess the drug therapy and dispense only rational and 
effective medications. 

PATIENT EDUCATION INFORMATION—Computer- 
printed information is provided to the patient on the medica- 
tion dispensed. The information generally includes the proper 
use and administration of the medication, precautions, possible 
side effects, a brief description of the purpose of the medication, 
and what to do if a dose is missed. Some computer programs 
also may generate a picture of the dosage form. 

NURSING HOME OR CONSULTANT PHARMACIST 
ACTIVITIES—Pharmacists who serve nursing homes as pro- 
viders or consultants can use computers to prepare physician 
order sheets, medication administration records, nursing-home 
shipping reports, consultant pharmacist reports, patient- 


Figure 97-16. Pharmacist using a prescription computer system in 
his professional practice (courtesy, General Computer). 


medication profiles, patient drug usage and census reports, and 
others. 

DRUG UTILIZATION MONITORING—By tracking the 
dispensing dates and quantities dispensed, a pharmacist can 
determine a patient’s compliance in taking the prescribed med- 
ication properly. 


Accounting and Business Management 


BUSINESS RECORDKEEPING—tThe computer may be 
programmed to provide accounts receivable, payroll, general 
ledger, accounts payable, third-party claims processing and 
records, inventory control and ordering, sales analysis func- 
tions, and daily summary of business. 

PRESCRIPTION ANALYSIS—The computer provides re- 
trievable information on daily, monthly, or yearly prescription 
totals; new versus refilled prescriptions; medication costs per 
prescription filled; and profit per prescription filled. 


DRUG-PRODUCT DEFECT AND ADVERSE- 
REACTION REPORTING PROGRAMS 


Monitoring Drug-Product Quality 


Monitoring drug-product quality is an important function of 
the practicing pharmacist. The medications dispensed on pre- 
scription and those sold OTC should meet high standards of 
manufacturing quality to assure safety and efficacy when used 
properly. 

As contained in the Code of Federal Regulations (21 CFR 
211), manufacturers of pharmaceutical products must com- 
ply with FDA standards for Current Good Manufacturing 
Practice (CGMP) for Finished Pharmaceuticals to ensure 
product quality. A section of these regulations includes pro- 
visions for the reporting and handling of drug-product com- 
plaints. A complaint or concern regarding product quality 
may arise from a patient or from a health professional and 
may be communicated directly to the manufacturer or 
brought to the attention of the FDA. In either case, the 
information is shared between the agency and the manufac- 
turer, and each complaint is evaluated to determine whether 
corrective action is required. Complaints or concerns may 
relate to any factor of product quality or effectiveness, in- 
cluding dosage form integrity, stability, appearance, odor, 
taste, color, packaging, and labeling. 

Pharmacists play an important role in the detection and 
reporting of product defects through participation in the FDA’s 
Medical Products Reporting Program (MedWatch), a voluntary 
program for the reporting of concerns regarding the quality of 
distributed prescription and nonprescription drug products. 
Since the program’s initiation in 1993, both the number of 
serious events reported has increased and the quality of 
adverse-event reporting to the FDA has improved, primarily 
owing to the efforts of pharmacists.'° Information provided 
through this program becomes useful to both the manufacturer 
\ and the FDA in maintaining quality standards.'' Pharmacists 
may report drug-product quality concerns by telephone (1-800- 
FDA-1088) or by mail using the MedWatch form provided for 
this purpose. (Fig 97-17) 

Specific information requested on the FDA MedWatch form 
includes product name, dosage form, strength, and size; Na- 
tional Drug Code Number, if available; lot number and expira- 
tion date; name and address of manufacturer, distributor, or 
labeler; name, address, and profession of person reporting the 
suspected product defect; a description of the problem noted or 
suspected and the date and the signature of the person filing 
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the report. The option is given to the person filing the report to 
remain anonymous in the subsequent FDA communication to 
the affected manufacturer or distributor. Additional informa- 
tion about the MedWatch program can be found on the FDA’s 
web site [www.fda.gov]. 


Monitoring Adverse Drug Reactions 


The FDA has specific requirements for drug manufacturers 
of investigational and marketed pharmaceutical products to 
report ADRs or adverse drug experiences (ADEs).!* Pharma- 
cists have the opportunity to participate in reporting such 
incidents through practices in the institutional and commu- 
nity pharmacy settings. Observations of reactions to inves- 
tigational drugs generally are observed in the clinical (usu- 
ally institutional) setting during controlled clinical studies 
as investigational drugs are evaluated prior to FDA approval 
for marketing. Reactions to marketed drugs may be observed 
during any postmarketing clinical studies and through sur- 
veillance by health professionals during the course of their 
practice. 

The postmarketing surveillance of pharmaceuticals for 
adverse reactions is essential in establishing a complete 
safety profile for marketed drugs. Once marketed, the num- 
ber and diversity of patients receiving a new drug is far 
greater than during the controlled clinical trials. Thus, some 
ADRs and drug interactions that escape detection during the 
clinical trials are seen initially after the drug product is 
marketed. During the past decade, there are several exam- 
ples of newly marketed drug products that subsequently 
have been removed from the market after postmarketing 
surveillance by both the FDA and the manufacturer has 
detected the occurrence of rare but potentially lethal adverse 
reactions or drug interactions. 

Pharmacists and other health-care providers who observe 
suspect reactions to drugs are encouraged to report these to the 
FDA. Serious reactions, observations of events not described in 
the package insert, and reactions to newly marketed products 
are of particular importance. The FDA provides the MedWatch 
form for filing a voluntary—or in the case of user facilities, 
distributors, or manufacturers, a mandatory—report. The form 
includes space for entering patient information; adverse reac- 
tion information, including a description of the reaction expe- 
rience and relevant laboratory tests or data; suspect drug in- 
formation, such as the drug name, manufacturer, lot number, 
daily dose, route of administration, dates of administration and 
duration of administration; concomitant drugs taken and 
record of administration; and name and contact information for 
the person or manufacturer filing the report. In some institu- 
tions in which clinical studies are conducted, computer pro- 
grams are used to record, monitor, and report suspected 
ADEs.!° ADR reports may result in changes in product label- 
ing, warning letters to health-care professionals regarding safe 
conditions of use, requirements for further clinical or safety 
studies or, in some instances, withdrawal of the product from 
the market.'* 


LEGAL CONSIDERATIONS 


All aspects of manufacture, distribution, and possession of 
drugs are controlled by both state and federal laws and 
regulations. State laws and regulations governing the prac- 
tice of pharmacy generally are administered by state boards 
of pharmacy composed of varying numbers of pharmacy 
practitioners and in some instances by consumer represen- 
tation. These boards generally regulate the licensing of phar- 
macy interns, pharmacists, and pharmacies, and enforce 
rules and regulations pertaining to the legal and ethical 
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For VOLUNTARY reporting oes Oe Sos ue ctaieenere carn tetas 
by health professionals of adverse —— 
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THE FDA MEDICAL PRODUCTS REPORTING PROGRAM Page sof it: i 
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Expiration date 
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FDA Form 3600 (6/93) Submission of a report does not constitute an admission that medical personnel or the product caused or contributed to the event. 


Figure 97-17. FDA MedWatch Reporting Form. 


practice of pharmacy within the state. State regulations 
regarding drugs frequently include and extend the federal 
law. Federal laws are administered by various federal agen- 
cies and pertain primarily to products considered interstate 
commerce. 

The laws governing the practice of pharmacy are presented 
in Chapter 90. 
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Historically, pharmaceutical compounding has been an inte- 
gral part of pharmacy practice as shown by some definitions 
and references to pharmacy, such as 


Pharmacy is the art or practice of preparing and preserving drugs 
and of compounding and dispensing medicines according to the pre- 
scriptions of physicians.' 

Pharmacy is (1) the art or practice of preparing, preserving, com- 
pounding, and dispensing drugs or (2) a place where medicines are 
compounded or dispensed.” 

Pharmacy is the science, art, and practice of preparing, preserving, 
compounding, and dispensing medicinal drugs and giving instructions 
for their use.” 

And thou shalt make it an oil of holy ointment, an ointment com- 
pounded after the art of the apothecary; it shall be an anointing oil.* 


Compounding is a professional prerogative that pharma- 
cists have performed since the beginning of the profession. 
Even today, the definitions of pharmacy include the prepara- 
tion of drugs.”° 

The heritage of pharmacy, spanning some 5000 years, has 
centered around the provision of pharmaceutical products for 
patients. Pharmacists are the only health professionals that 
possess the knowledge and skill required for compounding and 
preparing medications to meet the unique needs of patients. 
The responsibility of extemporaneously compounding safe, ef- 
fective prescription products for patients who require special 
care is fundamental to the pharmacy profession. 

The 19th century did not see an end to the art of compound- 
ing, but the art did give way, however grudgingly, to new 
technology. It has been estimated that a broad knowledge of 
compounding was still essential for 80% of the prescriptions 
dispensed in the 1920s. Although pharmacists increasingly 
relied on chemicals purchased from the manufacturer to make 
up prescriptions, there still remained much to be done secun- 
dum artem.' 

Pharmaceutical industry began to take over the production 
of most medications used by the medical profession. In many 
ways this has provided superior service, new methods and a 
vast array of innovative products that could not have been 
provided in a one-on-one basis. Research and development 
have been the hallmarks of the pharmaceutical manufacturers. 
However, the very nature of providing millions of doses of a 
product requires that the dosage forms (capsule, tablet, sup- 
pository) and doses (individual strengths of each dose) be lim- 
ited and results in a one-sided approach to therapy. It is simply 
not economical for a pharmaceutical company to produce a 
product in 50 different conceivable doses or in 15 different 
dosage forms to meet the needs of the entire range of persons 
receiving therapy. Windows of activity are determined that 
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meet the majority of patient needs, but the very nature of the 
process cannot meet all patient needs. 

We also must recognize that some individuals and their 
health-care needs do not fall in the windows of theoretical 
dosage strength and forms and that large-scale manufacturers 
cannot tailor-make a medication for a handful of patients and 
do so cost effectively and meet the everchanging needs of a 
given patient or institution. The skills of pharmacists in prac- 
ticing their art of compounding fills in this gap to meet indi- 
vidualized needs. By this assessment the pharmacist may, 
through understanding of the principals of compounding and 
recognition of their skill level in working secundum artem, 
recommend that therapy be provided that is not provided by 
pharmaceutical industry but that is individualized for a spe- 
cific patients’ needs at a specific time. 

Compounding has always been a basic part of pharmacy 
practice; the drugs, dosage forms, and equipment or techniques 
used are the variables. Pharmacists possess knowledge and 
skills that are unique and are not duplicated by any other 
profession. Pharmacy activities to individualize patient ther- 
apy include compounding and clinical functions. Either func- 
tion in the absence of the other results in placing pharmacy in 
a disadvantaged position. It is important to use a pharmacist’s 
expertise to adjust dosage quantities, frequencies, and even 
dosage forms for enhanced compliance. All pharmacists should 
understand the options presented by compounding. 

Pharmaceutical compounding is increasing owing to the 
effect of home health care, nonavailable drug products, orphan 
drugs, veterinary compounding, and biotechnology-derived 
drug products. Newly evolving dosage forms and therapeutic 
approaches suggest that compounding of pharmaceuticals and 
related products specifically for individual patients will become 
more common in pharmacy practice. Compounding pharmacy 
is unique as it allows one to use much of their scientific, math, 
and technology background to a fuller extent than some of the 
other types of practices. Compounding pharmacists develop a 
special and unique relationship with the patients they serve. 
They work hand in hand with physicians to solve problems not 
addressed by commercially available dosage forms. 

In the hospital and home health-care environments, there 
has been a noticeable increase in the batch production of sterile 
products. Reasons for this increase may include 


1. The changing patterns of drug therapy, such as home parenteral 
therapy and patient-controlled parenteral administration. 

2. The use of noncommercially available injectable drug products in 
hospitals in order to meet individual patient needs or prescriber’s 
clinical investigational protocols. 

3. Cost containment in which a pharmacy batch produces drug prod- 
ucts intended to be similar to commercially available products. 


THE COMPOUNDING PHARMACIST—Pharmacists 
are unique professionals: well trained in the natural, physical, 
and medical sciences and sensitized to the potential tragedy 
that may result from a single mistake that may occur in the 
daily practice of their profession. However, the demonstrated 
expertise, demeanor, and manner in which pharmacists have 
practiced over the years have resulted in a continued rating of 
pharmacists as the most respected and trusted individuals in 
our society. This is because over the years, pharmacists have 
developed the reputation of being available in the local com- 
munity to interact with patients, provide needed medications, 
and work with patients to regain or maintain a certain stan- 
dard or quality of health and of just being there in time of need. 

Pharmacy is a complex mixture of different practices and 
practice sites. No longer is pharmacy simply community phar- 
macy or hospital pharmacy. Pharmacy is diverse and offers 
many opportunities for those willing to look around, find their 
niche and practice pharmacy to meet the needs of their own 
community of patients. Most compounding pharmacists appear 
to be interested and excited about their practices. In fact, many 
pharmacists intimately involved in pharmaceutical care have 
now realized the importance of providing individualized pa- 
tient care through the preparation of patient-specific products. 
Compounding pharmacy is not for everyone, and this practice 
is not going to take over pharmacy. However, as it grows it will 
provide a significant number of pharmacists the excitement 
and fulfillment of using their innovative and creative skills to 
solve patient problems. This is compounding pharmacy. 

As mentioned, pharmaceutical compounding requires the 
use of one’s training in mathematics, science, and technology 
more than some of the other practices of pharmacy. It has been 
stated 


“The sciences are what support pharmacy’s expertise in drug 
distribution and drug use. Recent history leads one to question 
whether we in the profession, and some in pharmaceutical 
education, recognize and appreciate the contribution that the 
pharmaceutical sciences have made and continue to make to the 
pharmacy profession and health care. The pharmaceutical sci- 
ences are what make us unique. They provide us the special 
value that we bring to the bedside. No other health professional 
is capable of bringing to the pharmacotherapeutic decision- 
making table such concepts as pH, particle size, partition co- 
efficient, protein binding, structure-activity relationships, 
economics, and epidemiology. The pharmaceutical sciences, 
combined with pharmacy’s infrastructure, including pharma- 
ceutical education, are what make the pharmacist an indispens- 
able participant on the health care team.” ‘ 


And what area of pharmacy practice has the opportunity of 
using the scientific education and training as much as phar- 
macists involved in individualizing patient care through ex- 
temporaneous compounding? The pharmaceutical sciences, es- 
pecially chemistry and pharmaceutics, serve as the foundation 
for pharmacists’ ability to formulate specific dosage forms to 
meet patients’ needs. 

DEFINITIONS—Pharmacy is united in the sense that 
pharmacists have a responsibility to serve their patients and 
compound an appropriately prescribed product in the course of 
their professional practice. It is the right and responsibility of 
pharmacists to compound medications to meet the specific 
needs of patients. The pharmacist is ultimately responsible for 
the integrity of the finished product prepared by him or her or 
under his or her immediate supervision. 

Compounding has been defined by the National Association 
of Boards of Pharmacy: 


“Compounding means the preparation, mixing, assembling, 
packaging, or labeling of a drug or device (i) as the result of a 
practitioner’s Prescription Drug Order or initiative based on the 
pharmacist/patient/prescriber relationship in the course of pro- 
fessional practice, or (ii) for the purpose of, as an incident to 
research, teaching, or chemical analysis and not for sale or 
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dispensing. Compounding also includes the preparation of 
drugs and devices in anticipation of Prescription Drug Orders 
based on routine, regularly observed patterns.” ® 


Compounding may hold different meanings to different 
pharmacists. It may mean the preparation of oral liquids, topi- 
cals, suppositories; the conversion of one dose or dosage form 
into another; the preparation of select dosage forms from bulk 
chemicals; the preparation of intravenous admixtures, paren- 
teral nutrition solutions, pediatric dosage forms from adult 
dosage forms; the preparation of radioactive isotopes; or the 
preparation of cassettes, syringes, and other devices with drugs 
for administration in the home setting. 

There are different types of compounded prescriptions, in- 
cluding the isolated, routine and batch prepared. The isolated 
prescription is one the pharmacist is not expecting to receive 
nor expecting to receive it again. The routine prescription is one 
the pharmacist may expect to receive in the future on a routine 
basis, and there may be some benefits to product quality to 
standardize preparations like this, ie, preparation protocols on 
file. The batch-prepared prescription is one in which multiple 
identical units are prepared as a single operation in anticipa- 
tion of the receipt of prescriptions, which is allowed by the Food 
and Drug Modernization Act (FDAMA 1997).° 

EVALUATING THE NEED—When considering whether 
to compound a prescription, one might wish to consider the 
following questions. 


1. Is the product commercially available in the exact dosage form, 

strength, and packaging? 

2. Is the prescription rational concerning the ingredients, intended 

use, dose, and method of administration? 

3. Am I qualified to prepare this prescription by training and 

expertise? 

4. DoIThave the proper equipment, supplies, and chemicals or drugs? 

5. Is there documentation for assigning a beyond-use date for the 

prescription, or do I use the guidelines delineated in US Pharma- 

copeia (USP) Section (795), Pharmacy Compounding? 

Is there an alternative by which the patient will receive a benefit? 

Will this compounded product satisfy the intent of the prescribing 

physician and meet the needs of the patient? 

8. Is there a bona fide prescriber-pharmacist—patient relationship? 
9. Does the patient have the necessary storage facility, if required, to 
assure potency of the product until its beyond-use date? 

10. Can I perform the necessary calculations to prepare the product? 

11. Am I willing to complete the necessary documentation to prepare 
the product? 

12. Is there a literature reference that might provide information on 
use, preparation, stability, administration, etc? 

13. How long will the patient be using the product and is the expected 
duration of therapy consistent with an appropriate beyond-use 
date? Alternatively, should the product be prepared in small quan- 
tities and dispensed to the patient in short intervals? 

14. Can I do some basic quality control to check the product prior to 
dispensing? (capsule weight variation, pH, visual observations, 
etc?) 

15. Am I assured of ingredient identity, quality, and purity? 

16. What procedures do I have for investigating and correcting fail- 
ures? 

17. Are the physical, chemical and therapeutic properties of the indi- 
vidual ingredients consistent with the expected properties of the 
ordered drug product?'° 


TS 


Evaluating the Feasibility 
of Batch Compounding 


1. Will the processes, procedures, compounding environment, and 
equipment used to prepare this batch produce the expected quali- 
ties in the finished product? 

2. Will all the critical processes and procedures be carried out exactly 
as intended for every batch of the prepared product to produce the 
same high-quality product in every batch? 

3. Will the finished product have all the qualities as specified, on 
completion of the preparation and packaging of each batch? 

4. Will each batch retain all the qualities within the specified limits 
until the end of the labeled expiration date? 
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5. CanI monitor and trace the history of each batch, identify potential 
sources of problems and institute appropriate corrective measures 
to minimize the likelihood of their occurrence?'° 


Pharmacists who perform batch compounding should be 
capable and willing to do it properly, particularly when sterile 
drug products are involved. Trends indicate that more batch 
compounding may be occurring in more pharmacies in the 
future. 

ECONOMIC CONSIDERATIONS—There are at least 
two different economic considerations in making the decision to 
compound prescriptions; these include (1) pharmacists compen- 
sation and (2) health-care costs. 

Pharmaceutical compounding is a cognitive service, hence 
cognitive services reimbursement is justified. As a surgeon uses 
both cognitive and technical, manipulative skills, so does the 
pharmacist use cognitive, technical, and manipulative skills in 
extemporaneous compounding to meet individualized patient 
needs. The pricing of a compounded prescription should include 
consideration for pharmacodynamic and pharmacotherapeutic 
decision making, formulation expertise, time, and reimburse- 
ment of materials. Compounding prescriptions can be attrac- 
tive both professionally and financially. Historically, it has 
been said that compounding is an act whereby the professional 
and scientific knowledge of a pharmacist can find its expres- 
sion. For those pharmacists dedicated to doing a quality job in 
compounding, the professional, psychological, and financial re- 
wards can be substantial. 

Compounding prescriptions can be a way of lowering the 
cost of drug therapy. In some cases, it is less expensive for the 
pharmacist to prepare a specific prescription for the patient, 
which may mean the difference between the patient actually 
obtaining the drug or doing without it. If compounding a pre- 
scription results in a patient being able to afford the drug 
therapy, it must be considered. 

Another example concerns the economic use of expensive 
drug products. Some drug products are expensive and may 
have short shelf lives. If a patient does not need the entire 
contents of a vial or dosage unit, in many cases, the remaining 
drug product is discarded and wasted. However, there are 
numerous instances in which the pharmacist can divide the 
commercial product into smaller, usable units, store it properly 
and dispense the required quantity on individual prescriptions. 

Another obliquely related economic question can also be 
addressed about the commercialization of compounded prod- 
ucts. Over the years it has been interesting to note that many 
compounded products eventually become commercially avail- 
able products. Examples might include 


Fentanyl Lozenges 

Minoxidil Topical Solution 

Nystatin Lozenges 

Clindamycin Topical Solution 
Tetracaine-Adrenalin-Cocaine (TAC) Solution 
Dihydroergotamine Mesylate Nasal Spray 
Buffered Hypertonic Saline Solution 
Erythromycin Topical 


as well as numerous other dermatological and pediatric oral 
liquids and some premixed intravenous solutions. It is inevita- 
ble that when a product becomes economically profitable for a 
pharmaceutical manufacturer to produce it, they will. 


COMPOUNDING FACTORS 
SLR A 
STABILITY—One key factor in compounding prescriptions 
is stability. The more common types of stability of which com- 
pounding pharmacists should be aware include chemical, phys- 
ical, and microbiological. Whereas commercially manufactured 
products are required to possess an expiration date, com- 
pounded products are assigned a beyond-use date. There are 
numerous sources of information that can be used for deter- 


mining an appropriate beyond-use date, such as chemical com- 
panies, manufacturers literature, laboratory data, journals, 
and published books on the subject. Generally, most pharma- 
cists prepare or dispense small quantities of compounded prod- 
ucts; recommend storage at room, cool, or cold temperatures; 
and use a conservative beyond-use date. 

The guidelines published in the USP 23/NF 18 Section 
(795), Pharmacy Compounding, state that 


In the absence of stability information that is applicable to a 
specific drug and preparation, the following maximum beyond- 
use dates are recommended for nonsterile compounded drug 
precautions that are packaged in tight, light-resistant contain- 
ers and stored at controlled room temperature unless otherwise 
indicated. 


For nonaqueous liquids and solid formulations (for which the man- 
ufactured drug product is the source of active ingredient)—The beyond- 
use date is not later than 25% of the time remaining until the product’s 
expiration date or 6 months, whichever is earlier. 

A USP or NF substance is the source of active ingredient—The 
beyond-use date is not later than 6 months. 

For water-containing formulations (prepared from ingredients in 
solid form)—The beyond-use date is not later than 14 days when stored 
at cold temperatures. 

For all other formulations—The beyond-use date is not later than 
the intended duration of therapy or 30 days, whichever is earlier. These 
beyond-use date limits may be exceeded when there is supporting valid 
scientific stability information that is directly applicable to the specific 
preparation (i.e., the same drug concentration range, pH, excipients, 
vehicle, water content, etc).'? 


COMPOUNDING SUPPORT—Numerous agencies, com- 
panies, organizations, etc, are available to assist pharmacists 
in compounding. Information, chemicals, supplies, and equip- 
ment are readily available. Chemical and supply companies 
have increased in size and number in recent years and many 
provide information on compounding, incompatibilities, and 
stability. Specialty compounding organizations have developed 
over recent years and generally provide full-line services and 
products to the compounding pharmacist. Many national orga- 
nizations provide continuing education programs in both non- 
sterile and sterile compounding. 

These entities provide services to compounding pharmacists 
ranging from selling only compounding aids to providing only 
chemicals. Others expand to include formulas as well as con- 
sulting expertise by telephone. This service can assist in the 
process of compounding a particular product that may be 
difficult. 

TRAINING AND EXPERIENCE—Pharmacists involved 
in upgrading and increasing the traditional aspects of extem- 
poraneous compounding need to keep up all the new tools of 
their trade, retrieve the old from storage, and put in a bit of 
practice using their scientific background and their art before 
they will be comfortable in exhibiting their skills. When con- 
sidering providing additional services of compounding in an 
institution, pharmacists should not expect that this will change 
a great deal of their practice in time consumed for compound- 
ing. The majority of the time, pharmaceutical manufacturers 
do provide what patients need. They do an excellent job, as they 
have invested both money and effort into research and devel- 
opment, and are entitled to the sales of products that they are 
approved to produce. The extemporaneous compounding by 
pharmacists meets the additional needs of patients that tradi- 
tionally manufactured products do not meet. 

Because there is an expectation that pharmacists can com- 
pound, there is a need that pharmacists be able to compound. 
Because of the decrease in instruction in compounding phar- 
macy in colleges of pharmacy, graduating pharmacists may not 
feel comfortable in their ability to compound. They can be 
advised to seek training if their practice may encompass com- 
pounding activities. The need for compounding training and 
experience can be addressed by short courses, continuing edu- 
cation, increased curricular requirements, apprenticeships, etc, 


in the future. Additional training areas for compounding are 
needed to provide the experience needed to compound prescrip- 
tions accurately and safely. Pharmacists who compound should 
become more extensively involved in the practicums and rota- 
tions of the colleges of pharmacy in their respective states. 

Only properly trained pharmacists should be involved in 
pharmaceutical compounding. If pharmacists wish to com- 
pound but do not possess the required techniques or skills, they 
should participate in continuing education programs that have 
been designed to properly train them, including the scientific 
basis and practical skills necessary for sound, contemporary 
compounding. 

EQUIPMENT—The equipment needed will be determined 
by the type and extent of the services one chooses to provide. 
Hospitals already have laminar air flow hoods where aseptic 
compounding of sterile solutions is performed. These same 
hoods can be used to compound other sterile products such as 
eye drops. A balance, preferably electronic, is essential. Oint- 
ment slabs (pill tiles), along with spatulas of different types 
and materials, should be purchased. A few mortars and pestles 
(both of glass and of ceramic, plastic, or both) and some glass- 
ware should be obtained. It may not be necessary to buy a 
roomful of equipment, but one should purchase what is needed 
to start the service and should build on it as the service grows 
and expands to different arenas. 

Much of the equipment used today in compounding has 
changed. Today, electronic balances are used more often than 
torsion balances; micropipets are commonplace; and ultrafreez- 
ers are sometimes required in addition to standard refrigerator 
freezers. This area is constantly changing and the compound- 
ing pharmacist should be aware of the available technology to 
prepare accurate and effective prescriptions. Becoming ac- 
quainted with the local representative for a laboratory supply 
company is helpful. 

ENVIRONMENT—A separate area for traditional com- 
pounding is recommended, rather than simply cleaning off a 
small area of the dispensing counter. The compounding phar- 
macist needs a clean, neat, well-lit and quiet working area. If 
aseptic compounding is considered, a clean room with a lami- 
nar airflow hood should be used. The actual facility to be used 
depends on the level of compounding to be done. 

FORMULAS—Consistency of the compounded product is 
important. Formulas should be developed or obtained and tried 
to assure that each time an extemporaneous product is pre- 
pared, the methods used, ingredients added, and the order of 
steps is documented. This accomplishes three things. First, it 
provides the methodology for each person involved or requested 
to provide such service the information necessary to do so 
properly. Second, it provides consistency from batch to batch. 
Third, if the product does not turn out the way expected, a 
stepwise methodology exists for reviewing and determining 
what happened and if revisions and improvements are needed. 
This journal prints, in each of its bimonthly publications, many 
different formulas. Of the list of companies at the end of the 
article, many have formulas available or may assist you in 
writing an appropriate formula. 

CHEMICALS AND SUPPLIES—TIf one is going to prepare 
a topical product, a vehicle (cream, ointment, gel) and the 
active ingredients (either finely ground product from an avail- 
able tablet or injection or pharmaceutical-grade chemicals) 
would be required. One needs proper dispensing containers for 
the medication. In short, a relationship with providers that 
carry chemicals and supplies is important. 

Pharmacists have been using chemicals and other materials 
for prescription compounding throughout history. These chem- 
icals and materials, in the past, have been obtained from nat- 
ural products, raw materials, and household ingredients. To- 
day compounding pharmacists use chemicals from various 
sources, depending on their availability. 

Some chemical companies place a disclaimer on their chem- 
icals for various reasons, including, but not necessarily limited 
to 
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1. The companies do not want to be required to provide complete 
labeling of the materials as required by the Food Drug and Cos- 
metic (FD&C) Act; consequently, they state they are not to be used 
as drugs. This exempts the companies from having to comply with 
the FD&C regulations. 

2. The source of the chemicals may not be companies meeting current 
Good Manufacturing Practices; consequently, when the drugs are 
repackaged, only selected information concerning the level of po- 
tency, impurities, and other miscellaneous characterization data is 
provided. 

3. The disclaimer is to protect the companies from the use of their 
products without the full safety and effectiveness testing as re- 
quired by the Food and Drug Administration (FDA) for drug prod- 
ucts for manufacturing. 


Historically, the FD&C Act has not applied to chemicals 
used for pharmaceutical compounding, but it does apply to 
chemicals used for manufacturing. The selection of the chemi- 
cal source for compounding is a judgment call on the part of 
pharmacists. When selecting a supplier of compounding chem- 
icals, certificates of analysis should be obtained and reviewed 
for purity, impurities, etc, as part of the decision-making 
process. 

Chapter (795), Pharmacy Compounding, published in the 
Pharmacopeial Forum and now official in USP 24/NF 19 is 
reprinted here as'! 


A USP or NF grade drug substance is the preferred source of 
ingredients for compounding all drug preparations. If that is not 
available, the use of another high-quality source, such as ana- 
lytical reagent (AR) or certified American Chemical Society 
(ACS) grade, is an option for professional judgment. If the 
substance is not an official preparation or substance, additional 
information, such as a certificate of analysis, needs to be ob- 
tained by the pharmacist to ensure its suitability. 

A manufactured drug product may be a source of active in- 
gredient. Only manufactured drugs from containers labeled 
with a batch control number and a future expiration date are 
acceptable as a potential source of active ingredients. When 
compounding with manufactured drug products, the pharma- 
cist must consider all ingredients present in the drug product 
relative to the intended use of the compounded preparation. 


In summary, it is the responsibility of the pharmacist to 
select the most-appropriate quality of chemical for compound- 
ing, beginning with the USP/NF as the first choice and, if this 
is not available, then descending the list of purity grades (Table 
98-1) using professional judgment and discretion. A certificate 
of analysis for the chemicals should be obtained and kept on file 
in the pharmacy for these selected chemicals.''!* 


Table 98-1. Description of Chemical Grades 
DESCRIPTION 


GRADE 


Indeterminate quality 

More refined, but still of unknown 
quality 

Meets minimum purity standards; 
conforms to tolerances set by the 
USP/NF for contaminants dangerous 
to health 

High purity; conforms to minimum 
specifications set by the Reagent 
Chemicals Committee of the 
American Chemical Society 

Very high purity 

Solvents purified for use in high- 
performance liquid chromatography 
(HPLC); very high purity 

Very high purity 

Highest purity; required for accurate 
volumetric analysis (for standard 
solutions) 


Technical or commercial 
CP (chemically pure) 


USP/NF 


ACS reagent 


Analytical reagent 
HPLC 


Spectroscopic grade 
Primary standard 
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COMPOUNDING TYPES 
aT aD) 

AMBULATORY-CARE COMPOUNDING — If individuals 
can walk, they are considered mobile or ambulatory, i.e., they 
are not bedridden. Consequently, most pharmacists are in- 
volved in ambulatory care, and most ambulatory patients are 
outpatients. The term actually can also be applied to home-care 
patients and even institutionalized patients that are mobile. 
One general characteristic of an ambulatory patient is they are 
generally responsible for obtaining their own medication, stor- 
ing it, preparing it (if necessary), and taking it.'? It seems 
almost incongruous that in health care today as we become 
more aware that patients are individuals, respond as individ- 
uals, and must be treated as individuals that some health-care 
providers appear to be grouping patients into categories. They 
are grouped in categories for treatment, for reimburse- 
ment from a third party, or for determining levels of care in 
managed-care organizations and using fixed-dose products pro- 
vided by pharmaceutical manufacturers that are available be- 
cause the marketing demand is sufficiently high to justify their 
manufacture and production. Since when does the availability 
or the lack of availability of a specific commercially available 
product dictate the therapy of a patient? 

Pharmacists have an opportunity to extend their activities 
in patient care as the emphasis continues to shift from inpa- 
tient care to ambulatory care. Ambulatory care, however, is so 
diverse and involves so many disciplines that sometimes it is 
difficult to understand it; and, it changes rapidly. Also, ambu- 
latory care could generally encourage a team approach to 
health improvement, prevention, health maintenance, risk as- 
sessment, early detection, management, curative therapy, and 
rehabilitation.'* Ambulatory care offers various opportunities 
for individualizing patient care through pharmaceutical com- 
pounding. In fact, it is the area where most compounding 
pharmacists practice. 

Pharmacists’ roles in ambulatory care patients can include, 
among others 
Dispensing 
Compounding 
Counseling 
Minimizing medication errors 
Compliance enhancement 
Therapeutic drug monitoring 
Minimizing expenditures.’*"° 
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Most reimbursement for ambulatory patients comes from 
the dispensing or the compounding process. Little financial 
consideration is given to counseling, minimizing medication 
errors, compliance enhancement, therapeutic monitoring, and 
minimizing expenditures; however, these activities are impor- 
tant and should be done. Because of the unique nature of 
compounded medications, counseling is an absolute must for 
these patients. 

From the above discussion of the activities of an ambulatory 
care pharmacists, it should be evident that extemporaneous 
compounding can be vitally important in ambulatory patient 
care. 

HOSPITAL PHARMACY COMPOUNDING—The ever- 
present responsibility of the health-care industry is to provide 
the best available care for the patient, using the best means to 
do so, and providing that care in a conducive environment. This 
must be sufficiently economical to not put the institution in 
jeopardy of being unable to continue to provide the services to 
the community they serve. This requires cooperation on the 
part of the hospital administration, the medical staff, and the 
employees (nurses and pharmacists in particular as regards to 
medication usage) and must involve the patient. One of the 
effective means by which hospitals, and therefore hospital 
pharmacies, can meet these challenges is to consider expanding 
extemporaneous compounding services within the hospital 
pharmacy. Pharmaceutical care and pharmaceutical com- 
pounding can provide cost savings to the hospital while provid- 


ing needed options to the physician through problem-solving 
approaches and stimulating the hospital pharmacist through 
new challenges that allow the expression of both their skills 
and their art. 

Hospital pharmacists have always been actively involved in 
compounding, or producing medications for the patient. Daily 
IV therapy is provided through compounding of medications. 
Antibiotic piggybacks, total parenteral nutrition (TPN) solu- 
tions, IV additives, and many others are daily calculated, com- 
pounded, dispensed, and generally administered by the nurs- 
ing staff. The preparation of pediatric dosage forms has also 
been an area of extensive activity in some hospitals. 

To assist hospital administrators in supporting the provi- 
sion of extemporaneous compounding services, they should be 
aware that '° 


1. The patients’ needs are better served. 

2. The economic implication is favorable to the institution, or at least 
no less favorable than other alternatives. 

3. The provision of such alternative care improves and does not de- 
tract from the image of the institution for the purpose of public 
relations. 

4. Making such services available enhances the abilities of the physi- 
cian to meet the patients’ specific needs. 

5. The services fall within regulatory guidelines. 

6. The pharmacy staff is capable of performing such services. 


Members of the hospital staff are constantly reading journal 
articles and are generally aware of innovative thought and 
practice by their peers. When physicians become aware of the 
skill, availability, and awareness of pharmaceutical compound- 
ing and that they can literally have almost any medication they 
need, in the form and strength they need for a specific situ- 
ation, they generally request it more often. As the hospi- 
tal pharmacy staff demonstrates their expertise and problem- 
solving skills, the medical staff consistently calls on them. 

Guidelines are essential in determining any changes that go 
on within a hospital pharmacy. Policies and procedures must 
be written to indicate the types of services that are made 
available. The two most important aspects to consider when 
making both the decision and the guidelines are '° 


1. Keep intact the triad relationship. The medical staff (physician), 
the hospital staff (pharmacist and nurse), and the patient should all 
be informed of the decision to approach patient care by the use of 
institutionally compounded products. The patient is already aware 
that much of this occurs in the preparation of their TPN solutions 
or their IV antibiotic piggybacks. Patient awareness that the insti- 
tution has recognized a special need they might have and that the 
institution is going the extra mile to meet those needs enhances 
public relations. The patient, recognizing that they are being 
treated as an individual, is receiving treatment benefit that may 
have a placebo effect in enhancing their improvement, especially 
when handled in a caring manner. 

2. Do not overstep one’s bounds. When products are commercially 
available to meet the institution, patient, and physician needs, use 
them. When the physician desires a product that is different for any 
number of reasons than anything commercially available, then 
consider extemporaneous compounding. 


In consideration of meeting patient specific needs, the hos- 
pital pharmacist must look at various modalities as potential 
solutions. When traditional hospital processes and procedures 
are not meeting the patient’s need, extemporaneous compound- 
ing should be a consideration. Improving outcomes, getting 
patients well and out of the hospital as quickly as possible, 
should be the end goal. Individualized dosage forms, dosage 
strengths, and alternative routes of administration can often 
help attain these goals. There are many easily accessible orga- 
nizations specializing in helping meet these needs. The public 
relations aspect of meeting these needs may enhance commu- 
nity support. Improving outcomes assist the medical staff in 
allowing them to spend their time dealing with new problems 
as hospital pharmacy meets the challenge of past problems. 
Nursing and pharmacy have the enhanced opportunity to in- 
terest and use the skills they have developed and to provide 


opportunities for pharmacy to have more patient involvement 
and job satisfaction. 

VETERINARY COMPOUNDING—The first symposium 
on veterinary compounding was a significant forum for discus- 
sion by experts and was a pivotal point in the history of veter- 
inary compounding, occurring in September 1993.” The meet- 
ing was important because it assembled an impressive group of 
experts on veterinary compounding, who then set about ex- 
plaining and defining the roles of the veterinarian and the 
pharmacist. 

The FDA’s interest in compounding by veterinarians dates 
back to the beginning of the1990s. The avowed purpose of the 
symposium was to provide a forum for a comprehensive, public 
debate in response to the American Veterinary Medical Asso- 
ciation (AVMA) position on compounding prior to the issuance 
of the FDA Compliance Policy Guide on veterinary compound- 
ing. Numerous speakers presented views on (1) compounding 
by veterinarians, and (2) compounding for veterinarians by 
pharmacists. Topics such as conflicts of interest, lack of com- 
pounding training by veterinarians, the new-drug issue, and 
bioequivalency standards were discussed in detail.’ 

Veterinary compounding is necessary for many reasons. For 
example, with multiple species ranging from small to large it 
would be impossible to practice effective medicine without com- 
pounded products! Do we simply refuse to treat exotic species 
or small animals? Do we abandon oncology in veterinary 
medicine? 

Also commented on was a more specific area of need: the 
lack of an ideal anesthetic drug, which has led veterinarians to 
devise anesthetic combinations inducing good-quality anesthe- 
sia, with minimal risk to the patient. Compounding is essential 
for safe and effective veterinary anesthetic practice. Veterinar- 
ians need to administer anesthetic drugs to a wide variety of 
patients with a wide variety of temperaments in settings that 
are less than ideal. They are called on to anesthetize elephants, 
gorillas, tigers, ostriches, sharks, horses, cows, and poisonous 
snakes, among others. 

Other reasons why veterinary compounding is necessary 
included 


The necessity for multiple injections in the absence of a compounded 
product. 

Rapid changes in management and disease problems in veterinary 
medicine. 

Problems associated with the treatment of large numbers of animals 
with several drugs within a short period. 

Cost-prohibitive factors associated with the large volume of some large- 
volume parenterals required for animals. 

The need for previously prepared antidotes for use in cases of animal 
poisoning. 


Unique aspects of veterinary compounding compared with 
compounding for human patients include the potential effect on 
human health of compounded veterinary products in food ani- 
mals and the variability in animal response and size. 

The summarized ideas expressed at the meeting were 


Veterinarians have a definite need for drug compounding. 

Drug compounding was reported to be necessary in all areas of veteri- 
nary medicine. 

The necessity of compounding poisoning antidotes, e.g., sodium nitrite, 
sodium thiosulfate, methylene blue, or CaEDTA , was expressed. 


Compounding will continue to exist in the future for the 
same reason as it does now, to fill therapeutic needs in veter- 
inary medicine, as well as in medicine for human patients. 
Difficulties and costs associated with the veterinary drug-ap- 
proval process make compounding necessary to fill therapeutic 
needs not being met by the introduction of therapeutic agents. 

An increasing interdependence between the veterinarian 
and the pharmacist is developing, resulting in higher stan- 
dards of veterinary care. As to the future of compounding for 
veterinary patients, it was reported that 
1. It is virtually inconceivable that there will ever be FDA-approved 

drugs labeled for every therapeutic need. 
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2. It appears that compounding for veterinary medicine will become 
more prevalent, as it has in human medicine, especially with the 
future introduction of biotechnology-derived products with limited 
stability.*’ 

NUCLEAR PHARMACY COMPOUNDING—Nuclear 
pharmacy is a specialty practice of pharmacy that has been 
defined as a patient-oriented service that embodies the scien- 
tific knowledge and professional judgment required for improv- 
ing and promoting health through assurance of the safe and 
efficacious use of radioactive drugs for diagnosis and therapy. 
Radioactive drugs, commonly referred to as radiopharmaceuti- 
cals, are a special class of drugs that are regulated by the FDA. 
They are unique in that they contain an unstable nuclide 
(radioactive nuclide) as a part of the compound designed to 
localize in an organ or tissue. Since radiopharmaceuticals are 
radioactive, the Nuclear Regulatory Commission or a similar 
state agency is involved in regulatory matters relevant to 
radiopharmaceuticals. 

A nuclear pharmacist is expert at preparing (compounding) 
radiopharmaceuticals with Tc-99m sodium pertechnetate and 
reagent kits. The kits are multidose vials containing the com- 
pound to be labeled with the radioactive nuclide Tc-99m to 
create the radiopharmaceutical. The contents within the vial 
are sterile and pyrogen free as is the Tc-99m sodium pertech- 
netate. Most radiopharmaceuticals are administered intrave- 
nously so a nuclear pharmacist is expert at maintaining aseptic 
conditions during compounding. 

The most common setting for the provision of radiopharma- 
ceuticals by nuclear pharmacists is a commercially centralized 
nuclear pharmacy. Radiopharmaceuticals are prepared early 
in the morning (2-3 AM) and unit doses delivered by automobile 
to hospitals in the region surrounding the nuclear pharmacy. 
The nuclear pharmacy provides economic benefit to the hospi- 
tal by use of all the doses of a radiopharmaceutical produced in 
a multidose vial plus reduction in space required for radiophar- 
maceutical preparation and radioactive waste containment. 
Other benefits include the availability of infrequently used 
radiopharmaceuticals, specialized products requiring extensive 
compounding, and the resources of pharmaceutical care avail- 
able through professionals in nuclear pharmacy. Today there 
are several hundred commercial centralized nuclear pharma- 
cies providing a significant fraction of radiopharmaceuticals 
used in nuclear medicine procedures. What started as limited 
service in large medical centers and universities by a few 
pharmacists with education beyond the bachelor of pharmacy 
degree has grown to extensive services provided by several 
hundred first-professional-degree pharmacists. Truly a re- 
markable change in a time period of 20 to 25 years, resulting 
from dedicated entrepreneurs working to make a difference in 
patient care through quality products and pharmaceutical 
care. 


JOB SATISFACTION 


Job satisfaction among independent community pharmacists 
who were classified as compounders and noncompounders has 
been measured.'? Two previously validated survey instru- 
ments that measured job satisfaction were used with additional 
questions to determine the volume of compounded prescrip- 
tions the respondent dispensed. Questionnaires were mailed to 
randomly selected independent community pharmacists in the 
US and Canada with a response rate of 53.4% (n = 391). 

The results indicate that pharmacists’ job satisfaction levels 
may be improved if intrinsic factors are satisfied in their job 
role. Because prescription compounding provides satisfaction 
with several intrinsic factors such as variety, challenge, and 
use of skills, independent community pharmacists may im- 
prove their job satisfaction levels by providing prescription 
compounding services. 
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In the past 25 years, studies on pharmacist job satisfaction 
have provided descriptive information on job satisfaction or 
have attempted to assess the relationship between factors and 
job satisfaction. One factor that studies have shown positively 
influences pharmacist job satisfaction is the provision of clini- 
cal services by the pharmacist. From these clinical services, the 
following intrinsic job characteristics were identified: 


Opportunities for self-expression and self-actualization. 
Autonomy. 

Variety. 

Skull. 

Responsibility. 

Feelings of pride and accomplishment. 


Signy CN 


All of these characteristics can enhance an individual’s sat- 
isfaction with job situations. Several of these intrinsic job char- 
acteristics describe the activities of those pharmacists who do 
compounding in their daily work tasks, and thus a study into 
the relation between job satisfaction and prescription com- 
pounding seemed warranted. 

One of the responsibilities of a compounder requires that 
the pharmacist become actively engaged in the clinical assess- 
ment of a patient to assist the prescriber in determining the 
customized patient specific formula to be extemporaneously 
compounded. In addition, this responsibility requires the phar- 
macist to interact with prescribers and the patient as the 
customized formulation and dosage form are determined. The 
use of clinical skills and physician—patient interaction have 
been identified in previous studies as intrinsic factors that 
enhance a pharmacist’s job satisfaction. Therefore, a com- 
pounder using clinical skills and interacting with prescribers 
and patients may be predisposed to a higher job satisfaction 
than would be noncompounders whose responsibilities may not 
require such activities. The objective of the study was to deter- 
mine and compare the job satisfaction of pharmacists who are 
classified as compounders and noncompounders. 

This study supports findings of earlier studies that show 
that job satisfaction is influenced by pharmacist activities that 
include intrinsic job characteristics. Because a compounder is 
typically required to use his or her professional skills to meet 
the challenges of preparing a variety of formulations, such 
intrinsic job characteristics may have a positive influence on 
job satisfaction of compounders. 

The two statistically and probably practical significant dif- 
ferences between compounders and noncompounders was in 
career satisfaction and overall job satisfaction. The profes- 
sional challenges of the practice activities of a compounder (i.e., 
prescriber—patient interaction to determine customized dosage 
form, art, and skill in compounding an elegant dosage form and 
patient monitoring) are intrinsic factors that may have influ- 
enced respondents’ opinions. 


REGULATIONS AND GUIDELINES® 


Three documents are of special importance in providing regu- 
lation and guidelines for pharmaceutical comounding. These 
include the 


National Association of Boards of Pharmacy Good Compounding Prac- 
tices Applicable to State Licensed Pharmacies 

The Food, Drug and Modernization Act of 1997, Section 127 

USP 24/NF 19 Section (795), Pharmacy Compounding Practices and 
Section (1206), Sterile drug Products for Home Use 


as well as numerous other portions of the USP 24/NF 19. Of 
these, the National Association of Boards of Pharmacy Good 
Compounding Practices Applicable to State Licensed Pharma- 
cies and the Food, Drug and Modernization Act of 1997, Section 
127 (the portion related to pharmaceutical compounding) are 
presented here as well as a summary of the USP/NF Sections 
(795) and (1206). 


GOOD COMPOUNDING PRACTICES APPLICABLE 
TO STATE-LICENSED PHARMACIES—The following 
Good Compounding Practices (GCPs) are meant to apply only 
to the compounding of drugs by state-licensed pharmacies. 


SUBPART A—GENERAL PROVISIONS 

The recommendations contained herein are considered the minimum 
current good compounding practices for the preparation of drug prod- 
ucts by state-licensed pharmacies for dispensing or administration to 
humans or animals. 

The following definitions from the NABP Model State Pharmacy Act 
apply to these GCPs. States may wish to insert their own definitions to 
comply with State Pharmacy Practice Acts. 

Compounding—tThe preparation, mixing, assembling, packaging, 
or Labeling of a Drug or Device (i) as the result of a Practitioner’s 
Prescription Drug Order or initiative based on the Practitioner/patient/ 
Pharmacist relationship in the course of professional practice, or (ii) for 
the purpose of, or as an incident to, research, teaching or chemical 
analysis and not for sale or Dispensing. Compounding also includes the 
preparation of Drugs or Devices in anticipation of Prescription Drug 
Orders based on routine, regularly observed prescribing patterns. 

Manufacturing—The production, preparation, propagation, con- 
version or processing of a Drug or Device, either directly or indirectly, 
by extraction from substances of natural origin or independently by 
means of chemical or biological synthesis, and includes any packaging 
or repackaging of the substance(s) or Labeling or relabeling of its 
container, and the promotion and marketing of such Drugs or Devices. 
Manufacturing also includes the preparation and promotion of commer- 
cially available products from bulk compounds for resale by pharma- 
cies, Practitioners, or other Persons. 

Component—Any ingredient intended for use in the compounding 
of a drug product, including those that may not appear in such product. 
Based on the existence of a Pharmacist/patient/Prescriber relationship 
and the presentation of a valid Prescription, Pharmacists may Com- 
pound, in reasonable quantities, Drug products that are commercially 
available in the marketplace. 

Pharmacists shall receive, store, or use drug substances for com- 
pounding that have been made in an FDA-approved facility. Pharma- 
cists shall also receive, store, or use drug components in compounding 
prescriptions that meet official compendia requirements. If neither of 
these requirements can be met, pharmacists shall use their professional 
judgment to procure alternatives. 

Pharmacists may compound drugs in very limited quantities prior to 
receiving a valid prescription based on a history of receiving valid 
prescriptions that have been generated solely within an established 
pharmacist/patient/prescriber relationship, and provided that they 
maintain the prescriptions on file for all such products compounded at 
the pharmacy (as required by State law). The compounding of inordi- 
nate amounts of drugs in anticipation of receiving prescriptions without 
any historical basis is considered manufacturing. 

Pharmacists shall not offer compounded drug products to other 
State-licensed persons or commercial entities for subsequent resale, 
except in the course of professional practice for a prescriber to admin- 
ister to an individual patient. Compounding pharmacies/pharmacists 
may advertise or otherwise promote the fact that they provide prescrip- 
tion compounding services; however, they shall not solicit business (eg, 
promote, advertise, or use salespersons) to compound specific drug 
products. 

The distribution of inordinate amounts of compounded products 
pursuant to a legitimate prescription out of state without a prescriber/ 
patient/pharmacist relationship is considered manufacturing. Pharma- 
cists engaged in the compounding of drugs shall operate in conformance 
with applicable State law regulating the practice of pharmacy. 


SUBPART B—ORGANIZATION AND PERSONNEL 

As in the dispensing of all prescriptions, the pharmacist has the respon- 
sibility and authority to inspect and approve or reject all components, 
drug product containers, closures, in-process materials, labeling and 
the authority to prepare and review all compounding records to assure 
that no errors have occurred in the compounding process. The pharma- 
cist is also responsible for the proper maintenance, cleanliness and use 
of all equipment used in prescription compounding practice. 

All pharmacists who engage in compounding of drugs, shall be 
proficient in the art of compounding and shall maintain that proficiency 
through current awareness and training. Also, every pharmacist who 
engages in drug compounding must be aware of and familiar with all 
details of the Good Compounding Practices. 

Personnel engaged in the compounding of drugs shall wear clean 
clothing appropriate to the operation being performed. Protective ap- 
parel, such as a coat/jacket, apron or hand or arm coverings, shall be 
worn as necessary to protect drug products from contamination. 


Only personnel authorized by the responsible pharmacist shall be in 
the immediate vicinity of the drug compounding operation. Any person 
shown at any time (either by medical examination or pharmacist de- 
termination) to have an apparent illness or open lesion(s) that may 
adversely affect the safety or quality of a drug product being com- 
pounded shall be excluded from direct contact with components, drug 
product containers, closures, in-process materials and drug products 
until the condition is corrected or determined by competent medical 
personnel not to jeopardize the safety or quality of the products(s) being 
compounded. All personnel who normally assist the pharmacist in 
compounding procedures shall be instructed to report to the pharmacist 
any health conditions that may have an adverse effect on drug products. 


SUBPART C—DRUG COMPOUNDING FACILITIES 


Pharmacies engaging in compounding shall have a specifically desig- 
nated and adequate area (space) for the orderly placement of equipment 
and materials to be used to compound medications. The drug com- 
pounding area for sterile products shall be separate and distinct from 
the area used for the compounding or dispensing of non-sterile drug 
products. The area(s) used for the compounding of drugs shall be main- 
tained in a good state of repair. 

Bulk drugs and other materials used in the compounding of drugs 
must be stored in adequately labeled containers in a clean, dry area or, 
if required, under proper refrigeration. 

Adequate lighting and ventilation shall be provided in all drug 
compounding areas. Potable water shall be supplied under continuous 
positive pressure in a plumbing system free of defects that could con- 
tribute contamination to any compounded drug product. Adequate 
washing facilities, easily accessible to the compounding area(s) of the 
pharmacy, shall be provided. These facilities shall include, but not be 
limited to, hot and cold water, soap or detergent, and air-driers or 
single-use towels. 

The area(s) used for the compounding of drugs shall be maintained 
in a clean and sanitary condition. It shall be free of infestation by 
insects, rodents and other vermin. Trash shall be held and disposed of 
in a timely and sanitary manner. Sewage, trash and other refuse in and 
from the pharmacy and immediate drug compounding area(s) shall be 
disposed of in a safe and sanitary manner. 


Sterile Products/Radiopharmaceuticals 


If sterile (aseptic) products are being compounded, conditions set forth 
in the NABP Model Rules for Sterile Pharmaceuticals must be followed. 

If radiopharmaceuticals are being compounded, conditions set forth 
in the NABP Model Rules for Nuclear/Radiologic Pharmacy must be 
followed. 


Special Precaution Products 


If drug products with special precautions for contamination, such as 
penicillin, are involved in a compounding operation, appropriate mea- 
sures, including either the dedication of equipment for such opera- 
tions or the meticulous cleaning of contaminated equipment prior 
to its return to inventory, must be used in order to prevent cross- 
contamination. 


SUBPART D—EQUIPMENT 


Equipment used in the compounding of drug products shall be of ap- 
propriate design, adequate size, and suitably located to facilitate oper- 
ations for its intended use and for its cleaning and maintenance. Equip- 
ment used in the compounding of drug products shall be of suitable 
composition so that surfaces that contact components, in-process mate- 
rials, or drug products shall not be reactive, additive or absorptive so as 
to alter the safety, identity, strength, quality or purity of the drug 
product beyond that desired. 

Equipment and utensils used for compounding shall be cleaned and 
sanitized immediately prior to use to prevent contamination that would 
alter the safety, identity, strength, quality or purity of the drug product 
beyond that desired. In the case of equipment, utensils and containers/ 
closures used in the compounding of sterile drug products, cleaning, 
sterilization and maintenance procedures as set forth in the NABP 
Model Rules for Sterile Pharmaceuticals must be followed. 

Previously cleaned equipment and utensils used for compounding 
drugs must be protected from contamination prior to use. Immediately 
prior to the initiation of compounding operations, they must be in- 
spected by the pharmacist and determined to be suitable for use. 

Automatic, mechanical or electronic equipment, or other types of 
equipment or related systems that will perform a function satisfactorily 
may be used in the compounding of drug products. If such equipment is 
used, it shall be routinely inspected, calibrated (if necessary) or checked 
to assure proper performance. 
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SUBPART E—CONTROL OF COMPONENTS AND DRUG PRODUCT 
CONTAINERS AND CLOSURES 

Components, drug product containers and closures, used in the com- 
pounding of drugs shall be handled and stored in a manner to prevent 
contamination. Bagged or boxed components of drug product containers 
and closures used in the compounding of drugs shall be stored off the 
floor in such a manner as to permit cleaning and inspection. 

Drug product containers and closures shall not be reactive, additive 
or absorptive so as to alter the safety, identity, strength, quality or 
purity of the compounded drug beyond the desired result. Components, 
drug product containers and closures for use in the compounding of 
drug products shall be rotated so that the oldest stock is used first. 
Container closure systems shall provide adequate protection against 
foreseeable external factors in storage and use that can cause deterio- 
ration or contamination of the compounded drug product. Drug product 
containers and closures shall be clean and, where indicated by the 
intended use of the drug, sterilized and processed to remove pyrogenic 
properties to assure that they are suitable for their intended use. 

Drug product containers and closures intended for the compounding 
of sterile products must be handled, sterilized, stored, etc in keeping 
with the NABP Model Rules for Sterile Pharmaceuticals. Methods of 
cleaning, sterilizing and processing to remove pyrogenic properties 
shall be written and followed for drug product containers and closures 
used in the preparation of sterile pharmaceuticals, if these processes 
are performed by the pharmacist, or under the pharmacist’s supervision 
following the NABP Model Rules for Sterile Pharmaceuticals. 


SUBPART F—DRUG COMPOUNDING CONTROLS 
There shall be written procedures for the compounding of drug products 
to assure that the finished products have the identity, strength, quality 
and purity they purport or are represented to possess. Such procedures 
shall include a listing of the components (ingredients), their amounts 
(in weight or volume), the order of component addition and a description 
of the compounding process. All equipment and utensils and the con- 
tainer/closure system, relevant to the sterility and stability of the in- 
tended use of the drug, shall be listed. These written procedures shall 
be followed in the execution of the drug compounding procedure. 
Components for drug product compounding shall be accurately 
weighed, measured or subdivided as appropriate. These operations 
should be checked and rechecked by the compounding pharmacist at 
each stage of the process to ensure that each weight or measure is 
correct as stated in the written compounding procedures. If a compo- 
nent is removed from the original container to another (eg, a powder is 
taken from the original container, weighed, placed in a container and 
stored in another container) the new container shall be identified with 
the: 


(a) component name, and 
(b) weight or measure. 


To assure the reasonable uniformity and integrity of compounded drug 
products, written procedures shall be established and followed that 
describe the tests or examinations to be conducted on the product being 
compounded (eg, compounding of capsules). Such control procedures 
shall be established to monitor the output and to validate the perfor- 
mance of those compounding processes that may be responsible for 
causing variability in the final drug product. Such control procedures 
shall include, but are not limited to, the following (where appropriate): 


(a) capsule weight variation; 
(b) adequacy of mixing to assure uniformity and homogeneity; 
(c) clarity, completeness or pH of solutions. 


Appropriate written procedures designed to prevent microbiological 
contamination of compounded drug products purporting to be sterile 
shall be established and followed. Such procedures shall include vali- 
dation of any sterilization process. 


SUBPART G—LABELING CONTROL OF EXCESS PRODUCTS 
In the case where a quantity of a compounded drug product in excess of 
that to be initially dispensed in accordance with Subpart A is prepared, 
the excess product shall be labeled or documentation referenced with 
the complete list of ingredients (components), the preparation date, and 
the assigned expiration date based upon professional judgment, appro- 
priate testing, or published data. It shall also be stored and accounted 
for under conditions dictated by its composition and stability charac- 
teristics (eg, in a clean, dry place on a shelf or in the refrigerator) to 
ensure its strength, quality and purity. 

At the completion of the drug finishing operation, the product shall 
be examined for correct labeling. 


SUBPART H—RECORDS AND REPORTS j ; 
Any procedures or other records required to be maintained in compli- 
ance with these Good Compounding Practices shall be retained for the 
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same period of time as each State requires for the retention of prescrip- 
tion files. 

All records required to be retained under these Good Compounding 
Practices, or copies of such records, shall be readily available for au- 
thorized inspection during the retention period at the establishment 
where the activities described in such records occurred. These records 
or copies thereof shall be subject to photocopying or other means of 
reproduction as part of such inspection. 

Records required under these Good Compounding Practices may be 
retained either as the original records or as true copies, such as photo- 
copies, microfilm, microfiche or other accurate reproductions of the 
original records. 

Section 127 of Public Law 105-115—SEC. 127. Application of 
Federal Law to Practice of Pharmacy Compounding 

(a) Amendment.—Chapter V is amended by inserting after section 
503 (21 USC 353) the following: 

SEC. 503A. PHARMACY COMPOUNDING.’ 

(a) In General.—Sections 501(a)(2)(B), 502(f)(1), and 505 shall not 
apply to a drug product if the drug product is compounded for an 
individual patient based on the unsolicited receipt of a valid prescrip- 
tion order or a notation, approved by the prescribing practitioner, on the 
prescription order that a compounded product is necessary for the 
identified patient, if the drug product meets the requirements of this 
section, and if the compounding 

(1) is by 

(A) a licensed pharmacist in a State licensed pharmacy or a Federal 
facility, 

(B) a licensed physician, on the prescription order for such individ- 
ual patient 

made by a licensed physician or other licensed practitioner autho- 
rized by State law to prescribe drugs; or 

(2)(A) is by a licensed pharmacist or licensed physician in limited 
quantities before the receipt of a valid prescription order for such 
individual patient; and 

(B) is based on a history of the licensed pharmacist or licensed 
physician receiving valid prescription orders for the compounding of the 
drug product, which orders have been generated solely within an es- 
tablished relationship between 

(i) the licensed pharmacist or licensed physician; and 

(1i)(1) such individual patient for whom the prescription order will be 
provided; or 

(II) the physician or other licensed practitioner who will write such 
prescription order. 

(b) Compounded Drug 

(1) Licensed pharmacist and licensed physician._A drug product 
may be compounded under subsection (a) if the licensed pharmacist or 
licensed physician 

(A) compounds the drug product using bulk drug substances, as 
defined in regulations of the Secretary published at section 207.3(a)(4) 
of title 21 of the Code of Federal Regulations 

(i) that 

(I) comply with the standards of an applicable United States 
Pharmacopoeia or National Formulary monograph, if a monograph 
exists, and the United States Pharmacopoeia chapter on pharmacy 
compounding; 

(ID) if such a monograph does not exist, are drug substances that are 
components of drugs approved by the Secretary; or 

(IIL) if such a monograph does not exist and the drug substance is 
not a component of a drug approved by the Secretary, that appear on a 
list developed by the Secretary through regulations issued by the Sec- 
retary under subsection (d); 

(ii) that are manufactured by an establishment that is registered 
under section 510 (including a foreign establishment that is registered 
under section 510(i); and 

(iii) that are accompanied by valid certificates of analysis for each 
bulk drug substance; 

(B) compounds the drug product using ingredients (other than bulk 
drug substances) that comply with the standards of an applicable 
United States Pharmacopoeia or National Formulary monograph, if a 
monograph exists, and the United States Pharmacopoeia chapter on 
pharmacy compounding; 

(C) does not compound a drug product that appears on a list pub- 
lished by the Secretary in the Federal Register of drug products that 
have been withdrawn or removed from the market because such drug 
products or components of such drug products have been found to be 
unsafe or not effective; and 

(D) does not compound regularly or in inordinate amounts (as de- 
fined by the Secretary) any drug products that are essentially copies of 
a commercially available drug product. 


(2) Definition._For purposes of paragraph (1)(D), the term ‘essen- 
tially a copy of a commercially available drug product’ does not include 
a drug product in which there is a change, made for an identified 
individual patient, which produces for that patient a significant differ- 
ence, as determined by the prescribing practitioner, between the com- 
pounded drug and the comparable commercially available drug product. 

(3) Drug Product.-A drug product may be compounded under sub- 
section (a) only if 

(A) such drug product is not a drug product identified by the Secre- 
tary by regulations as a drug product that presents demonstrable 
difficulties for compounding that reasonably demonstrate an adverse 
effect on the safety and effectiveness of that drug product; and 

(B) such drug product is compounded in a State 

(i) that has entered into a memorandum or understanding with the 
Secretary which addresses the distribution of inordinate amounts of 
compounded drug products interstate and provides for appropriate 
investigation by a State agency of complaints relating to compounded 
drug products distributed outside such State; or 

(ii) that has not entered into the memorandum of understanding 
described in clause (i) and the licensed pharmacist, licensed pharmacy, 
or licensed physician distributes (or causes to be distributed) com- 
pounded drug products out of the State in which they are compounded 
in quantities that do not exceed 5 percent of the total prescription 
orders dispensed or distributed by such pharmacy or physician. The 
Secretary shall, in consultation with the National Association of Boards 
of Pharmacy, develop a standard memorandum of understanding for 
use by the States in complying with subparagraph (B)(i). 

(c) Advertising and Promotion.-A drug may be compounded under 
subsection (a) only if the pharmacy, licensed pharmacist, or licensed 
physician does not advertise or promote the compounding of any par- 
ticular drug, class of drug, or type of drug. The pharmacy, licensed 
pharmacist, or licensed physician may advertise and promote the com- 
pounding service provided by the licensed pharmacist or licensed phy- 
sician. 

(d) Regulations 

(1) in general.-The Secretary shall issue regulations to implement 
this section. Before issuing regulations to implement subsections 
(b)\(1)(AJ@CID, (b)(1)(C), or (b)(8)(A), the Secretary shall convene and 
consult an advisory committee on compounding unless the Secretary 
determines that the issuance of such regulations before consultation is 
necessary to protect the public health. The advisory committee shall 
include representatives from the National Association of Boards 
of Pharmacy, the United States Pharmacopoeia, pharmacy, physi- 
cian, and consumer organizations, and other experts selected by the 
Secretary. 

(2) Limiting compounding.—The Secretary, in consultation with the 
United States Pharmacopoeia Convention, Incorporated, shall promul- 
gate regulations identifying drug substances that may be used in com- 
pounding under subsection (b)(1)(A)G)(ID for which a monograph does 
not exist or which are not components of drug products approved by the 
Secretary. The Secretary shall include in the regulation the criteria for 
such substances, which shall include historical use, reports in peer 
reviewed medical literature, or other criteria the Secretary may 
identify. 

(e) Application—This section shall not apply to 

(1) compounded positron emission tomography drugs as defined in 
section 201(ii); or 

(2) radiopharmaceuticals. 

(f) Definition.—As used in the section, the term ‘compounding’ does 
not include mixing, reconstituting, or other such acts that are per- 
formed in accordance with directions contained in approved labeling 
provided by the product’s manufacturer and other manufacturer direc- 
tions consistent with that labeling. 

(b) Effective Date.Section 503A of the Federal Food, Drug and 
Cosmetic Act, added by subsection (a), shall take effect upon the expi- 
ration of the 1-year period beginning on the date of the enactment of 
this Act. 

USP24/NF19—The following are summaries of the lengthy 
Section (795), Pharmacy Compounding Practices, and (1206), 
Sterile Drug Products for Home Use, in the USP/NF. 

Chapter (795)—This material is divided into 


Compounding Environment. 

Stability of Compounded Preparations. 

Ingredient Selection and Calculations. 

Checklist for Acceptable Strength, Quality, and Purity. 
Compounded Dosage Forms. 

Compounding Process. 

Compounding Records and Documents. 
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8. Quality Control. 
9. Patient Counseling. 


The compounding environment section describes guidelines for 
the facilities and equipment that should be available, calibrated, 
maintained and, used in a compounding pharmacy. The stability 
section has been cited previously in this chapter, in part, to provide 
guidlines for beyond-use dates to be placed on compounded prepara- 
tions. The selection of ingredients has been previously discussed in 
this chapter, and sample calculations are presented. The checklist 
for the USP/NF hallmarks of standards of acceptable Strength, Qual- 
ity, and Purity is presented in a series of questions to be answered. 
Examples of compounded dosage forms are discussed along with 
some precautionary statements as appropriate. A step-by-step pre- 
sentation on the compounding process is outlined to ensure unifor- 
mity of activities in preparing each preparation. Documentation is 
described for the Formulation Record, the Compounding Record, and 
the Material Safety Data Sheets (MSDS) files that should be main- 
tained. The section ends with various aspects for patient counseling 
involving the proper use, storage, and evidence of instability of the 
compounded preparaton. 

Chapter (1206)—This material covers the areas of 


Responsibility of the Dispensing Pharmacist. 
Risk Levels. 
Validation. 
Low-Risk Operations. 
High-Risk Operations. 
Environmental Quality and Control, Finished Product Release 
Checks, and Tests. 
7. Storage and Expiration Dating. 
Maintaining Product Quality and Control After It Leaves the 
Pharmacy. 
9. Patient or Caregiver Training. 
10: Patient Monitoring and Complaint System. 
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The compounding pharmacist dispensing any home sterile drug 
product is responsible for ensuring that the product has been pre- 
pared, labeled, controlled, stored, dispensed, and distributed prop- 
erly. Low-risk and high-risk levels of sterile products compounding 
are defined with examples of each. Validation of the sterilization and 
aseptic processing procedures are described as related to both per- 
sonnel, facilities or equipment, and processes. Low-risk and High- 
risk operations are described along with the valdations required for 
each. Environmental quality and control procedures for the work 
area and personnel along with suggested Standard Operating Pro- 
cedures (SOPs) and an example of an environmental monitoring 
program are described. 

Tests and procedures for the finished product are described with the 
guidelines that only those products that are free from defects and 
meeting all quality specifications will be distributed. Guidelines are 
discussed for preparation storage and beyond-use dating after the 
preparation leaves the pharmacy. After the preparation leaves the 
pharmacy, the caregiver or patient should receive training to ensure 
understanding and compliance with the storage, handling, and admin- 
istrations of the preparations. The various aspects of the training pro- 
gram are outlined in this chapter. Also included, is the recommendation 
for written policies and procedures for the monitoring of patients using 
home-use sterile drug products and the handling and reporting of 
adverse events. It is evident in this chapter, that the responsibility of 
the compounding pharmacist ranges from the activities involved in the 
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compounding of the product through its proper storage, distribution, 
use, and disposal. 


SUMMARY 


Pharmacy compounding is providing pharmacists with a 
unique opportunity to practice their time-honored profession. It 
will become an even more important part of pharmacy practice 
in the future, including those involved in community, hospital, 
nursing home, home health care, veterinary, and specialty 
practices. Pharmaceutical compounding is a practice in which 
the clinical expertise of pharmacists can be merged with the 
scientific expertise of pharmacists to make pharmaceutical 
care a reality. 

Pharmacists should not hesitate to become involved in phar- 
macy compounding but should be aware of the requirements 
and uniqueness of formulating a specific drug product for a 
specific patient. This is an important component in providing 
pharmaceutical care. After all, without the pharmaceutical 
product, there is no pharmaceutical care. 
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It is estimated that there are between 5 and 10 million toxic 
exposures annually in the US. Among children beyond the first 
year of life, accidents cause more deaths than do the five 
leading fatal diseases combined. Also among the most common 
causes of death of preadolescents, adolescents, and adults is 
suicide. Both accidents and suicides frequently involve poisons. 
Another important cause of morbidity and mortality, especially 
among the young, is the deliberate abuse of drugs and chemi- 
cals for their effects on the central nervous system. Even 
though the reporting, especially of suicides and abuses, un- 
doubtedly is incomplete, there are known to be over 10,000 
deaths in the US each year attributable to poisoning. 

In addition to the fatalities caused by poisoning, there are 
staggering numbers of nonfatal cases requiring treatment. The 
toll in terms of manpower, expense, and occupation of medical 
facilities cannot be estimated but must be tremendous. 

Accidental poisonings should be preventable in most in- 
stances. This is especially true of accidental poisonings of 
young children by drugs and chemicals in the home. This is a 
problem of great public-health significance, the solution of 
which requires efforts of individuals in many disciplines. 
Among these are pharmacists, who can play a key role in 
preventing or mitigating the consequences of accidental poison- 
ings, especially those caused by drugs. 


EPIDEMIOLOGY 


Effective preventive measures require a knowledge of who and 
what are involved, how it happened, and any predisposing or 
contributory factors. For delineating some of these factors, a 
description of the experiences of those poison-control centers 
who report to the Toxic Exposure and Surveillance System 
(TESS) of the American Association of Poison Control Centers 
(AAPCC) may be instructive. The TESS of the AAPCC was 
established in 1983. The data collected by this system consti- 
tutes the largest body of data about poisoning exposures in the 
world. Table 99-1 summarizes the growth of this System. Start- 
ing in 1983 with slightly more than 250,000 reported cases 
from 16 reporting centers representing approximately 11% of 
the US population, the system grew rapidly over the next 3 
years to a point where it recorded over 1 million cases in 1986. 
In 1996, 2,155,952 cases were reported from 67 centers repre- 
senting approximately 80% of the US population. 

Poisoning exposure calls make up approximately 80% of all 
calls reported to the System (Table 99-2). Poison centers also 
receive calls that are informational in nature and in which no 


1716 


poisoning victim is involved. The majority of information calls 
are toxicology or drug-information requests, but they also in- 
clude requests for medical and veterinary information. Of the 
human poisoning exposure cases reported in 1996, 86% were 
unintentional in nature. Suicidal or intentional poisonings 
made up 8%, whereas poisonings involving drug abuse 
amounted to 1.5%. Environmental or industrial exposures ac- 
counted for 3% of the human poisoning exposure cases. 

Of the 2,155,952 poisoning cases reported in 1996, 74.5% 
involved ingestions as the mode of exposure. The remainder of 
exposures were 


Topical, 8.1% 

Ophthalmic, 5.9% 

Inhalation, 7.0% 

Bites and stings, 3.8% 
Aspiration, 0.1% 

Miscellaneous or unknown, 0.7% 


Children 5 years of age and younger were involved in 60% of 
the cases. Ages 6 through 19 were involved in 9%, whereas 31% 
involved adults aged 19 and older. In their overall experience, 
males and females were represented equally. 

In terms of the severity of exposures handled by poison- 
control centers, 24% had no effect, and 19% had only a minor 
effect. Major toxicity was seen in only 0.4%. 

In cases of a poisoning exposure, approximately 75% were 
managed at home or in some other non-health-care facility. 
Generally, treatment consisted of simple administration of de- 
mulcents, dilution, irrigation, or emesis. Of the poisoning 
exposure cases, approximately 25% were managed in an 
emergency-care facility (Tables 99-3 to 99-6). 

In the AAPCC database, the substances most frequently 
involved in human poisoning exposures were cleaning sub- 
stances, analgesics, cosmetics, plants, cough and cold prepara- 
tions, hydrocarbons, bites or envenomations, topicals, foreign 
bodies, pesticides, foods, and sedative-hypnotic-antipsychotics 
(Table 99-7). A wide variety of agents made up the remaining 
cases. 

In contrast, the most frequent category of toxic substances 
involved in reported fatalities was analgesics, followed by 
antidepressants, stimulants, cardiovascular drugs, alcohols, 
sedative-hypnotics, gases, fumes, chemicals, cleaning sub- 
stances, antihistamines, asthma therapies, automotive prod- 
ucts, and hydrocarbons. Among those categories causing the 
most fatalities, there is a wide variation in the percentage of 
fatalities with respect to all exposures in that category. At the 
high end, stimulants and street drug fatalitites made up 0.32% 
of all exposures in that category, antidepressants 0.24%, and 


Table 99-1. Growth of the AAPCC National Data 
Collection System’ 


NUMBER OF POPULATION % OF US HUMAN 
PARTICIPATING SERVED POPULATION EXPOSURES 
YEAR POISON CENTERS (MILLIONS) SERVED REPORTED 
1983 16 43.1 11.0 251,012 
1984 47 99.8 42.0 730,224 
1985 56 113.6 47.6 900,513 
1986 57 SPA 55.0 1,098,894 
1987 63 13725 57.0 1,166,940 
1988 64 15527, 63.0 1,368,748 
1989 70 182.4 73.0 1,581,540 
1990 72 SEZ: 76.8 1,713,462 
1991 73 200.7 80.4 1,837,939 


° Adapted from Ref 1. 


cardiovascular drugs 0.28%, whereas analgesic fatalities made 
up only 0.10% of exposures and cleaning substances, 0.01%. 
Of continued importance is therapeutic overdosage, a fact 
having important preventive implications for the pharmacist. 
It is not at all uncommon for a parent who has never been told 
of the toxic potential of such a commonplace item as aspirin to 
administer several times the safe dose to a small infant over a 
period of several days. In fact, such unintentional overdoses are 
responsible for many of the most serious cases of poisoning. 
Particularly tragic are accidental poisonings caused by ma- 
terials that are either outmoded, excessively toxic for their 
intended use, or for which there is only questionable rationale. 
Also, household chemicals, solvents, cleaners, and some pesti- 
cides, although valuable to the professional user, are exces- 
sively toxic for routine household use. There is little reason for 
employing highly dangerous inorganic materials such as ar- 
senic, phosphorus, or thallium as rodenticides when warfarin, 
practically devoid of acute human toxicity, will do the job. 


Influential Factors 


Several factors seem to be important in the consideration of 
poisoning risk and in poison prevention. The following is a brief 
discussion of some of those factors. 

AGE—Approximately two-thirds of poisonings occur in chil- 
dren and are accidental, whereas a majority of the poisonings 
in adolescents and adults represent suicide attempts. Poison- 
ings do occur in adults from the inadvertent taking of some 


Table 99-2. Typical Pattern of Human Poison Exposure 
Cases Reported to AAPCC° 


NUMBER OF 
TYPE OF POISONING CASES TOTAL % TOTAL 
Accidental 1,606,507 87.4 
General 1,443,202 78.5 
Misuse 98,373 5.4 
Occupational 36,859 2.0 
Environmental 25,588 1.4 
Unknown 2,485 0.1 
Intentional 194,197 10.6 
Suicidal 131,707 WD 
Abuse 27,581 125 
Misuse 18,884 1.0 
Unknown 16,025 0.9 
Adverse 30,044 1.6 
Reaction 
Drug 19,143 1.0 
Food 7,392 0.4 
Other 3,509 0.2 
Unknown 7,191 0.4 
Total 1,837,939 100 
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Table 99-3. Distribution of Human Poison Exposure 
Cases by Route of Exposure’” 


SS a SES ED 


NUMBER OF NUMBER OF 

ROUTE CASES % FATALITIES % 

Ingestion 1,473,361 76.3 622 75.7 
Dermal 143,196 7.4 8 1.0 
Ophthalmic 119,027 6.2 2 0.2 
Inhalation 107,634 5.6 116 14.1 
Bites and stings W233) Bal 5 0.6 
Parenteral Ser2il7/ 0.3 37 45 
Other/unknown 11,340 0.6 31 3.9 


° Adapted from Ref 1. 

» Multiple routes of exposure were observed in many poison-exposure vic- 
tims. Percentage is based on the total number of exposure routes (1,932, 106) 
for all patients, 822 for fatal cases, rather than the total number of human 
exposures (1,837,939) or fatalities (764). 


material other than intended medication or accidental overdos- 
age of proper medication. Although such accidents are rather 
rare, people should nonetheless be cautioned to read labels 
carefully before taking medications, not to take medications in 
the dark, not to transfer materials from their original contain- 
ers, to protect medication labels against destruction, and to 
follow carefully the recommended dosage schedules. 

Accidental poisoning is less common in children older than 
5 or 6 years of age. The most critical age period is between 1 
and 3 years, where nearly one-half of poisonings occur. Poison- 
ing is among the most likely reasons to bring a child to the 
hospital for emergency treatment. The reasons for the high 
incidence in that age range relate to certain characteristics of 
child development. During these early years the youngster is 
inquisitive. By 1 year of age the child also usually can either 
creep or walk, yet is too young to recognize danger. It is to be 
expected that attempts will be made to mouth or ingest any 
substance left within reach. 

No matter how distasteful a product may be, a child still will 
make an initial attempt to eat or taste it. Although pleasant 
flavoring may be influential in a child’s ingesting a larger dose, 
it has little bearing on the likelihood that an initial attempt to 
ingest the material is made. During the first 2 to 3 years of life, 
texture is at least as important as flavor in determining accept- 
ability of something to be eaten. Materials that would gag or 
dissuade an older individual may be ingested readily by the 
young child. Obviously, even highly caustic substances such as 
lye are ingested without hesitation by children at this age. 

Children younger than 1 year old may be given a toxic 
material by an older sibling. Thus, it is important to keep 


Table 99-4. Distribution of Human Poison Exposure 
Cases by Age of Victim’ 


AGE (YR) % OF CASES 
cif 8.0 
1 18.6 
2 19.0 
3 8.7 
4 Ball 
5 2.0 
6-12 5.6 
13-19 5.7 
20-29 6.8 
30-39 5.8 
40-49 Sal 
50-59 1.4 
60-69 (lel 
70-79 0.7 
80-89 0.4 
90-99 0.1 
Unknown adult 9.3 
Total 100.0 


? Adapted from Ref 1. 


? Adapted from Ref 1. 
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Table 99-5. Medical Outcome of Human 
Exposure Cases” 


Table 99-7. Substances Most Frequently Involved 
in Human Poison Exposures* 


OUTCOME NUMBER % 
No effect 490,421 26.7 
Minor effect 409,537 22.3 
Moderate effect 41,613 RB 
Major effect 5,812 0.3 


Death 764 <0.01 
Unknown, nontoxic? 624,135 34.0 
Unknown, potentially toxic‘ 216,726 eS 
Unrelated effect 46,920 2.6 
Unknown 2,011 0.1 
Total 1,837,939 10.0 


? Adapted from Ref 1. 
© No follow-up provided as exposure was assessed as nontoxic. 
© Patient lost to follow-up. Exposure was assessed as potentially toxic. 


potentially toxic materials inaccessible not only to young chil- 
dren but to their older brothers and sisters as well. In addition, 
children should be educated not to give things to the baby 
without a parent’s permission. Preschool education programs 
teach children these principles, and they should be a standard 
part of parenting in every household. 

It also is of interest that among children older than 3 years 
of age, ingestions may occur as group activities. Occasionally, 
two or more children share the material in some form of play, 
where they might otherwise be unlikely to ingest it by them- 
selves. Again, at this age, children are more educable than 
earlier, so instruction in avoidance of potentially toxic nonfood 
substances should be given in the home and in the educational 
environment. 

Some of the supposedly accidental poisonings in teenage 
and younger children are actually suicide attempts or gestures 
or attempts at drug abuse. It is important to realize that 
serious suicide attempts may occur at 9 or 10 years of age. 
Suicidal attempts or gestures are, of course, common among 
adolescents and in the several years immediately before and 
after this important transitional stage of life. 

ACCIDENT PRONENESS—Only a small number of pa- 
tients treated for poisoning have had a history of having been 
involved in similar accidents. Thus, although some children 
may be involved in repetitive episodes, they account for a small 
percentage of such cases. Nonetheless, a child who has ingested 
something once, especially if some effort was required in the 
act, may be at greater future risk and should be treated accord- 
ingly. The idea that there are accident-prone children probably 
is less valid than the fact that there are accident-prone situa- 
tions and surroundings. Parental education about poison- 
prevention techniques and what to do in case of a poisoning 
should be considered part of the routine follow-up in all child- 
hood poisoning episodes. 

LOCATION—The majority of childhood accidental poison- 
ings occur in the home. At the time they were taken, materials 
that become involved in childhood accidental poisoning usually 
have been left out after being used, rather than being returned 
to their usual place of storage. The most common areas for 


Table 99-6. Management Site of Human Poisoning 
Exposure Cases° 


MANAGEMENT SITE NUMBER % 
Non-health facility 1,316,605 71.6 
Health-care facility 475,597 25.9 
Already there at time of call to 
poison center 244,544 ses 
Referred by poison center 231,053° 12.6° 
Other/unknown 45,737 25 
Total 1,837,939 100 


° Adapted from Ref 1. 
» These data are not included in the total. 


SUBSTANCE NUMBER %» 

Cleaning substances 191,830 10.4 
Analgesics 183,013 10.0 
Cosmetics 153,424 8.3 
Plants 112,564 6.1 
Cough and cold preparations 105,185 5y7 
Bites/envenomations 76,941 4.2 
Pesticides (includes rodenticides) 70,523 3.8 
Topicals 69,096 3.8 
Antimicrobials 64,805 85) 
Foreign bodies 64,472 3.5 
Hydrocarbons 63,536 BED) 
Sedatives/hypnotics/antipsychotics 58,450 Bez. 
Chemicals 53,366 2.9 
Alcohols 50,296 Dail 
Food poisoning 46,482 PhS) 
Vitamins 40,883 ae. 


? Adapted from Ref 1. 

» Percentages are based on total number of known ingested substances 
rather than the total number of human exposures cases. 

Note: Despite a high frequency of involvement, these substances are not 
necessarily the most toxic but, rather, often represent only ready availability. 


poisoning within the home are the kitchen, bathroom, and 
bedroom. 

The highest incidence of accidental childhood poisoning is in 
the late afternoon and around the dinner hour or in the early- 
morning hours, but poisonings occur with regular consistency 
during a child’s waking hours. Poisonings in the late-morning 
hours often occur in the kitchen and the substances most fre- 
quently involved are common household products such as 
cleaning agents, polishes, and other materials commonly kept 
in the kitchen. Poisonings that occur in the bedroom may 
involve cosmetics and, to a lesser extent, medications. Bath- 
room incidents usually involve either medications or cosmetics. 
The more often a consumer product is used and stored in the 
home, the more likely it is to be involved in an accidental 
poisoning exposure. 

Among cases that occur outside the home, the garage and 
automobile are common sites of accidental poisoning in young 
children. Involved most frequently in the automobile are med- 
ications left either in the glove compartment or in mother’s 
purse. In the garage, pesticides, petroleum products, cleaning 
agents, and paint products often are stored and thus involved 
in poisoning. An increasing percentage of cases occurring in- 
side or outside the home involve plants kept for decorative 
purposes or which are growing either in the yard or wild in the 
fields. Parents should be reminded that children may be poi- 
soned when they visit the homes of others (especially grand- 
parents) who leave things within reach because they are not 
accustomed to having children about. 

ACCESSIBILITY—Poison-prevention campaigns often fo- 
cus on the provision of a locked medicine cabinet.The availabil- 
ity of a safe storage place for medicines is desirable, but this 
probably would prevent less than one-half the cases of acciden- 
tal childhood poisoning. 

In as many as 75% of the cases, the materials involved in 
childhood accidental poisoning have been left within reach of a 
child. In many instances, ingestion occurs when the individual 
responsible for the care of a child is interrupted during his or 
her use of the material in question. 

People must be instructed not only to provide a storage place 
for potentially toxic materials, but also to return these mate- 
rials immediately after use. 

THE CONTAINER—Removal of potentially toxic materi- 
als from their original containers is a significant factor in 
increasing risk of accidental poisoning, especially with certain 
compounds. The common practice, for example, of storing a 
small quantity of gasoline or solvents in a soft-drink bottle is 


especially hazardous, for obvious reasons. Other hazardous 
materials with which this frequently is done are cleaning so- 
lutions, paint products, turpentine, and pesticides. Sometimes 
the container to which they are transferred is a drinking glass 
or dish. In all such instances, a material may be made to seem 
more attractive to the child because of resemblance to food or 
other ingestable items. In addition, transfer of materials from 
their original containers creates problems of accurate identifi- 
cation if and when poisoning does occur. A similar problem 
exists when materials, particularly medications, are not iden- 
tified properly in their original containers. Obviously, all pre- 
scription vials should identify accurately the contents on the 
label. 

SUPERVISION—Most children are considered under the 
supervision of one or both parents at the time an accidental 
poisoning occurs, but usual adult supervision is not adequate to 
prevent poisoning accidents in young children. This may, in 
part, be because parents underestimate the ability of the child 
to obtain and ingest a potentially toxic material. A common 
error is to leave medications on a bedside stand after adminis- 
tering them to a young child, so that the child for whom it was 
intended or a sibling may ingest the entire contents. 

A significant number of childhood poisonings occur when 
there is a disruption in normal household routine. Times of 
moving, painting, holidays, visits by friends or relatives, or 
death or illness in the family are occasions when increased 
caution should be exercised. Other circumstances that invite 
unsupervised access of children to potentially toxic materials 
are when items are sent through the mail or have been dis- 
carded into a refuse container. 

When deteriorated or unwanted materials are to be dis- 
carded, the safest procedure for potentially toxic liquids or 
powders either is to pour them down a drain or flush them 
down a toilet. With some highly concentrated and highly toxic 
materials, such as pesticide concentrates, even the amount left 
remaining in an empty bottle may be sufficient to cause serious 
poisoning. Such containers should be rinsed thoroughly before 
being discarded and placed carefully in closed refuse containers 
as far from normal access by children as possible. 

Optimal supervision also involves attention to detail in the 
legitimate use of potentially hazardous materials. As previ- 
ously noted, drug labels always should be examined carefully to 
ensure accurate identification before a medication is adminis- 
tered or taken. Self-medication, use of another individual’s 
medications for the same problem, and unsupervised self-diag- 
nosis and prescription of a child’s treatment by the parents 
should be encouraged only with appropriate education and 
potential for consumer understanding. 

There is a tendency for many to believe that if a material 
were significantly hazardous it would not be available for over- 
the-counter (OTC) sales, but obviously this is not true. Fre- 
quently, parents may overmedicate a child, either because they 
underestimate the potential hazard or are given inadequate 
instructions. It is important that physicians who order and 
pharmacists who dispense medications provide and emphasize 
specific instructions concerning proper use. The pharmacist 
can play a key role in this, even if only a minute or two is spent 
in appropriate patient education. 

Although seemingly unlikely, it is not at all uncommon for a 
patient who has been advised to take or administer “some 
aspirin every once in a while” to use two or three times the safe 
dose every few hours for several days or to take concurrent 
medications containing salicylates until serious intoxication 
occurs. Instructions on the label are meaningful to the cautious 
and the concerned, but these are rarely the people who become 
poisoned. Person-to-person conversation is far more effective 
and easily can take place at the time a material is prescribed or 
dispensed. 
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TREATMENT 
PLLA A LT HH AIO EERE TE TTS, 


The most important treatment measure for poisoning is pre- 
vention. Of course, once a poisoning occurs, it is important to be 
able to provide highly skilled supportive medical care. It is 
insufficient to focus only on simple first-aid measures and 
antidotal therapy or home remedies. 

Actually, there are few poisons for which there are effective 
antidotes. Even in those instances in which antidotes are avail- 
able, supportive care is at least as important; indeed, the best 
antidote in the world is of little value without good supportive 
care. Most of the home remedies that have been recommended 
from time to time actually are of little value, and most tend to 
waste valuable time that could better be devoted to proper 
treatment under adequate medical supervision. 

Unfortunately, many lay publications, including first-aid 
texts, are outmoded in this respect and continue to recommend 
all sorts of elaborate but ineffective procedures to be carried out 
in the home. The same criticism can be leveled at the instruc- 
tions provided on the many rather complicated antidote lists 
and first-aid treatment charts that are disseminated for use of 
the public, often by well-meaning professional organizations. 


FIRST-AID PRINCIPLES 
ARS TET TL TTT ED, 
The cardinal rule for first-aid treatment of poisoning is to 
remove the poison from contact with the patient (unless such 
removal is contraindicated) and to obtain further definitive 
medical care at the earliest possible moment if warranted. 

The more simplified instructions for home treatment are, 
the more likely they are to be followed and the less likely they 
are to either delay or be substituted for proper care by a 
physician. Thus, general procedures that can be carried out 
simply and are applicable almost irrespective of the nature of 
the poison are to be recommended until medical help can be 
obtained. 

Recommended procedures for lay use in the first-aid treat- 
ment of poisoning are outlined in Table 99-8. The principal 
elements are knowing what to do before you call someone, 
obtaining medical advice immediately to determine what to do 
next, and terminating contact of the victim with the poison by 
dilution, washing or, in increasingly rare instances, through 
induction of vomiting. In regard to the latter point, note that 
induction of vomiting with ipecac syrup is the only method of 
vomiting in use today. Many measures recommended in the 
past for the induction of vomiting, such as mechanical stimu- 
lation of the posterior pharynx or giving mustard water or salt 
water, appear to be less effective and may be dangerous. The 
most widely used emetic for first-aid use is ipecac syrup. Up to 
one ounce can be dispensed without a prescription. Recent 
research showing limited removal of stomach contents after 
induced emesis has led to a decline in the use of ipecac syrup. 

Activated charcoal is a highly effective adsorbent of many 
poisons and appears to be more effective than ipecac-induced 
vomiting at decreasing the absorption of materials from the 
gastrointestinal tract. Most organic and inorganic materials 
are adsorbed by this material, and so its use routinely in cases 
of poisoning by ingestion is worthwhile. Remember, however, 
that if activated charcoal is given before ipecac syrup, it will 
inactivate the latter; consequently, if one is going to both in- 
duce vomiting and give activated charcoal, it is advisable to 
induce vomiting first and then, after the vomiting has subsided, 
administer the charcoal. As the use of ipecac-induced emesis 
has declined in popularity, the use of activated charcoal as the 
sole method of gastrointestinal decontamination has increased 
substantially. Activated charcoal is worthwhile as a nonspecific 
antidote not only for home use but also for use in hospitals and 
in poison treatment centers. It is best given as a slurry in 
water. 
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Table 99-8. First-Aid Treatment for Poisoning 


|. DO THESE THINGS BEFORE YOU CALL SOMEONE 

A. Remove poisons from contact with eyes, skin or mouth. 

1. Eyes: Gently wash eyes with plenty of water (or milk) 
for 10 to 15 minutes with the eyelids held open. 
Remove contact lenses and again wash the eyes. Do 
not allow victims to rub their eyes. 

2. Skin: Wash poisons off the skin with large amounts 
of plain water. Then wash the skin with a detergent 
if it is possible. Remove and discard all contaminated 
clothing. 

3. Mouth: Look into victim’s mouth and remove all 
tablets, powder, plants or any other material that 
you find. Also examine for cuts, burns or any unusual 
coloring. Wipe out mouth with a cloth and wash 
thoroughly with water. 

B. Remove victim from contact with poisonous fumes or 
gases. 

Get the victim into fresh air. 

Loosen all tight-fitting clothing. 

If the victim is not breathing, you should start artificial 
respiration immediately. Do not stop until the victim is 
either breathing well or help arrives. Use oxygen if 
available. Send someone else to call for help. 

C. If a caustic poison has been swallowed, you should dilute 
it by giving 1 or 2 glassfuls of milk or water. 

Il. CALL FOR INFORMATION ABOUT WHAT TO DO NEXT: 

A. Call your doctor, or call the poison control center. 

1. Identify yourself and your relationship to the victim. 

2. Describe the victim by name, age and sex. 

3. Have the package or poison in your hand and 
identify exactly (as best as you can) what the victim 
took and how much he took. 

B. Call for information even if you are not sure. Keep calm. 
You have enough time to act, but don’t delay 
unnecessarily. 

Ill. IF YOU ARE INSTRUCTED TO INDUCE VOMITING 
Never induce vomiting until you are instructed to do so. 

A. Have syrup of ipecac available to induce vomiting. 
Purchase 1 oz of ipecac syrup from your pharmacist. You 
may do this without a prescription. It will keep stored at 
room temperature for several years. 

B. To use ipecac syrup: 

In an adult give 2 tablespoonfuls (30 mL), in a child over 
1 year give 1 tablespoonful (15 mL), and in a child less 
than 1 year give 2 teaspoonfuls (10 mL), of ipecac syrup 
followed by a glass (8 oz) of liquid (water, juices, etc). If 
patient hasn’t vomited within 20 to 30 min, repeat the 
dose of ipecac syrup and give more water. 

C. Don’t waste time trying other ways to make the victim 
vomit. 

Tickling the back of the throat with your fingers, a 
spoon, or some other object is not effective. Do not use 
salt water. It is potentially dangerous. 

D. Never induce vomiting if the patient: 

Is unconscious. 

Is having convulsions (fits). 

Has swallowed strong caustics or corrosives. 

Has swallowed petroleum products, cleaning fluids, 

gasoline, lighter fluid, etc, unless specifically instructed 

to do so. 
IV. IF YOU GO TO THE HOSPITAL: 

A. Take with you or send the poison container, poisonous 
plant, etc. 

B. Take any vomitus you collect. 

C. Don’t give substances like coffee, alcohol, stimulants or 
drugs to the victim. 


In recent years parents have been encouraged to keep ipecac 
syrup and activated charcoal in homes where there are chil- 
dren of poisoning-prone age. If such items are to be used, it is 
important that a prominent part of the instruction on the label 


is to call the local poison-control center, an emergency depart- 
ment, or a physician before administering either. 

ANTIDOTES—Note that although activated charcoal is an 
effective, nonspecific adsorbent of many materials, there is no 
true universal antidote. The classic universal antidote, which 
was in use for a long period, consisted of activated charcoal, 
tannic acid, or magnesium oxide (or, in the home: burnt toast, 
strong tea, or milk of magnesia). It now has been established 
that the last two constituents have no significant efficacy and 
may actually impede the one active ingredient, activated char- 
coal. The long-advocated preparation of burnt toast and strong 
tea in the home has no merit. 

Because they are not used often, it is important for infor- 
mation concerning antidotes to be readily available, not only so 
that they can be used properly and at the earliest possible 
moment, but also so that time is not wasted in searching for 
nonexistent antidotes. For a few poisons, there are chemical 
antidotes that react with the poison in the stomach either to 
inactivate it or to retard its absorption. Such local antidotes are 
sufficiently innocuous that they can be administered safely. 

The most useful antidotes are those available for systemic 
administration to counteract the effects of poisons that have 
been absorbed. Table 99-9 summarizes the use and adminis- 
tration of antidotes that currently are recommended. 

OTHER MEASURES—Aside from removal or inactivation 
of the poison and use of antidotes when available, the treat- 
ment of poisoning is supportive.The symptomatic or supportive 
approach to treatment does not differ significantly from that 
encountered in other medical problems. Common problems re- 
quiring supportive care include coma, respiratory insufficency, 
convulsions, shock, vomiting, diarrhea, fluid and electrolyte 
disturbances, cerebral edema, kidney failure, and damage to 
other organs. 

Additionally, several procedures exist that may be used to 
hasten elimination of a poison. In some instances drugs can be 
eliminated more rapidly with diuresis induced by use of phar- 
macological or osmotic diuretics along with alkalinization of 
the urine. With poisons that are dialyzable, extracorporeal 
hemodialysis (use of artificial kidney) is preferred. Sorbent 
hemoperfusion also is effective with many agents. These pro- 
cedures are indicated when normal excretory processes fail or 
prove to be inadequate or when the degree of poisoning por- 
tends a fatal outcome unless the level of poison in the body is 
reduced rapidly. 

Centers that are likely to be called on to treat cases of 
poisoning generally have the necessary supplies and equip- 
ment for performance of peritoneal dialysis, hemodialysis, and 
hemoperfusion. If such is not available in a given hospital, the 
poison center should have information concerning the nearest 
location of such equipment. 


PREVENTION 

UR ETE BG ETERS PI SS DT SEE BTS TTS ROO AIT TTD 
Many preventive measures have been suggested or alluded to 
previously. Total prevention through education is an ideal 
worth striving for. To date, educational programs have elimi- 
nated only a portion of the problem. One concern is that edu- 
cational efforts may be too general, so the public does not know 
precisely what it should do and has no specific actions to im- 
plement. Instruction is most effective when it includes specific 
directions that can and should be followed. For instance, an- 
nouncing to parents that they should “keep things out of the 
reach of small children” helps little until they are told what to 
keep out of reach. 

It is not uncommon in cases of childhood poisoning that 
parents are unaware that the material was potentially poison- 
ous, that they took no special precautions because their child 
had been no problem previously, or that they thought the 
material was inaccessible to the child. Aiming educational ef- 
forts at specific actions (see below) has far more chance of being 
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Table 99-9. Summary of Local and Systemic Antidotes 


POISON 
Acetaminophen 


Acids, corrosive 
Alkali, caustic 
Alkaloids 
coniine, quinine, 
strychnine, etc 
Anticholinergics 


Anticholinesterases 
organophosphates 
neostigmine 
physostigmine 
pyridostigmine 
carbamates 

Antihistamines 

Arsenic 

Atropine 

Belladonna alkaloids 

Cadmium 

Carbon monoxide 


Cholinergic compounds 
Copper 
Cyanide 


Ethylene glycol 
Fluoride 


Gold 
Heavy metals 


Metal 
Arsenic 
Cadmium 
Gold 
Lead 
Mercury 
Silver 
Thallium 


Hypochlorites 
lron 


Isoniazid 


Lead 
Mercury 


LOCAL ANTIDOTE 


SYSTEMIC ANTIDOTE 


Activated charcoal 


Dilute with water or milk 
Dilute with water or milk 
Activated charcoal 


Activated charcoal 


Activated charcoal 


(see Anticholinergics) 
(see Heavy metals) 
(see Anticholinergics) 
(see Anticholinergics) 
(see Heavy metals) 


(see Anticholinesterases) 
(see Heavy metals) 


(seeMethanol) 


Calcium gluconate or lactate, 150 


mg/kg, or milk 
(see Heavy metals) 


Usual chelators used 
BAL 

Satisfactory use not 
demonstrated 

BAL, penicillamine 
BAL 


BAL, EDTA, penicillamine, 


succimer 

BAL, penicillamine 
Satisfactory use not 
demonstrated 
Prussian Blue 

(see Alkali, caustic) 


Activated charcoal 


(see Heavy metals) 
(see Heavy metals) 


N-acetylcysteine (Mucomyst) initial dose of 140 mg/kg orally in soft drinks, 
fruit juice, or water; then, 70 mg/kg every 4 hr for 68 hr (17 doses). 


Physostigmine, adult: (trial), 2 mg slowly IV, repeat one time, then give 
1-4 mq, using lowest effective dose to control life-threatening 
symptoms; child: (trial) 0.5 mg slowly IV, repeat as much as 2 mg max., 
then give lowest effective dose. (Caution: may cause seizures, asystole, 
cholinergic crisis.) 

Atropine, 2-5 mg (for children under 2 yr, 1 mg or 0.05 mg/kg) IV or IM 
repeated every 10-30 min until atropinization is evident; then give 
pralidoxime chloride 25-50 mg/kg (1 g in adults) IV; repeat in 8-12 hr 
prn. 


Atropine as above, but do not use pralidoxime 


100% oxygen by inhalation. Consider hyperbaric oxygen in severe or 
comatose patients. 


100% oxygen by inhalation. Consider hyperbaric oxygen in severe or 
comatose patients. 

Adult: amyl nitrite inhalation (inhale for 15-30 sec q 60 sec) pending 
administration of 300 mg sodium nitrite (10 mL of a 3% solution) IV 
slowly (over 2-4 min); follow immediately with 12.5 g sodium 
thiosulfate (2.5-5 mL/min of 25% solution) IV slowly (over 10 min) 
Children: (sodium nitrite should not exceed recommended dose as fatal 
methemoglobinemia may result). Use the following table as a guide: 


Initial dose 25% 
Na thiosulfate IV (mL/kg) 


Initial dose 3% 
Na nitrite IV (mg/kg) 


Hemoglobin (g) 


8 0.22 mL (6.6) 1.10 
10 0.27 mL (8.7) 139 
12 0.33 mL (10) 1.65 
14 0.39 mL (11.6) 118S)55 


Calcium gluconate, 10 mL of 10% solution, given slowly IV until symptoms 
abate; may be repeated prn. 


BAL (dimercaprol): 3-5 mg/kg/dose deep IM q 4 hr for 2 days, q 4-6 hr for 
an additional 2 days, then q 4-12 hr for as long as 7 additional days 

EDTA: 75 mg/kg 24 hr deep IM or slow IV infusion given in 3-6 divided 
doses for as long as 5 days: may be repeated for a second course after a 
minimum of 2 days; each course should not exceed a total of 500 mg/kg 

Penicillamine: 100 mg/kg/day (max 1 g) PO in divided doses for as long as 
5 days; for long-term therapy do not exceed 40 mg/kg/day 


Deferoxamine, 20-40 mg/kg IV given as slow drip over 4 hr period not to 
exceed 15 mg/kg/hr; followed by 20 mg/kg every 4-8 hrs until urine 
color normal or iron level normal. (Can give 20 mg/kg IM every 4-12 hr 
if no IV sites available) 

Pyridoxine (vitamin Bg) 1 mg/mg of isoniazid ingested in divided doses 
given slow IV (5-10% concentration in 5% dextrose in water over 30-60 
min). If amount of isoniazid is unknown, give 5 g IV over 30 minutes. 
Use benzodiazepines to control seizures. 
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Table 99-9. (Continued) 


POISON LOCAL ANTIDOTE 


SYSTEMIC ANTIDOTE 


Methanol 


Ethanol, loading dose to achieve blood level of 100 mg/dL. Adult: 0.6 g/kg 


+ 7-10 g to be infused IV over 1 hr. Child: 0.6 g/kg + 4-5 g to be 
infused IV over 1 hr. Maintenance doses should approximate 10 g/hr in 
adults and 5 g/hr in children, to be adjusted to maintain a blood 
ethanol level of 100 mg/dL. 


Methemoglobinemic 


Methylene blue, 1-2 mg (0.1-0.2 mL/kg) of a 1% solution IV slowly over 
5-10 min if cyanosis is severe (or methemoglobin level is greater than 
40%). May be repeated every 4 hr. 


Naloxone, 0.4-0.8 mg IV, IM or SC. If respiratory depression, give 2 mg. 


Repeat as necessary. 


agents 
Nitrites 
Chlorates 
Nitrobenzene 
Narcotics Activated charcoal 
Nitrites (see Methemoglobinemic agents) 
Oxalate (hypocalcemic — Dilute with water or milk, then 
tetany) give calcium glouconate or 


lactate, 150 mg/kg 
Phenothiazines 
(neuromuscular 
reaction only) 


Physostigmine (see Anticholinesterases) 


Calcium gluconate, 10 mL of 10% solution, given slowly IV until symptoms 
abate; may be repeated prn 


Diphenhydramine, 1-2 mg/kg IM or IV; or benztropine, 1-2 mg IM or IV 


Vitamin K,, 0.5-1.0 mg/kg IV, IM or SC 


Children: 1-5 mg 


Silver (see Heavy metals) 
Thallium (see Heavy metals) 
Tricyclic (see Anticholinergics) 
antidepressants 
Warfarin 
Adults: 10 mg 
FOR ENVENOMATION 
ANIMALS 


Snake, Crotalidae (all North American rattlers and moccasins) 
Snake, Coral 
Spider, Black Widow 


ANTIVENIN? 


Antivenin (Crotalidae) Polyvalent (Wyeth) 
Antivenin (Microurus fulvius, monovalent (Wyeth) 
Antivenin, Latrodectus mactans (MSD) 


NOTE: All antisera should be tested for sensitivity to horse serum. 
° See package insert for dosage and administration. 


effective. General admonitions about preventing poisoning are 
much less likely to be effective. 

Consonant with the theory of specific instruction is the need 
to provide specific directions with individual products. This is 
an important role for the pharmacist. There is a tendency for 
precautionary labeling to be ignored until after an accident. 
Labels may be effective in directing individuals to proper treat- 
ment, but their preventive value depends on the consumer’s 
interest and concern in reading the label in the first place. 
Person-to-person instruction by the physician or the dispensing 
pharmacist is much more effective. 

Limiting the availability of highly toxic materials er direct- 
ing the consumer to the least toxic material that will serve the 
intended purpose are of potential value. Outmoded materials 
that have higher degrees of toxicity should be eliminated as 
safer substitutes become available. Pharmacists should be in a 
position to advise about comparative safety as well as efficacy 
of the products that they dispense or sell. 

THE POISON PREVENTION PACKAGING ACT—En- 
acted in 1970, this legislation (PL 91-601; 16CFR 1700) calls for 
the packaging of specified potentially hazardous household 
chemicals and drugs in safety containers. The latter include 
safety-capped vials or bottles or strip, blister, or other unit 
packaging. Child-resistant packaging must be demonstrated 
through the use of standardized tests in target-age populations 
to resist opening by children but not by adults. Such testing 
demonstrates the particularly effective barrier such packages 
provide to the poison-prone-age child. Drugs designated thus 
far as requiring such packaging include, with certain specific 
exemptions, aspirin-containing preparations, those containing 
high concentrations of methyl salicylate, prescription drugs, 
caustics, petroleum distillates, glycols, alcohols, acetamino- 


phen, and iron. Additional drugs may be regulated similarly by 
the time of this publication. For the benefit of the elderly and 
infirm, the law provides that a single size of regulated products 
may, at the request of the consumer or prescribing physician, 
be packaged in conventional containers that are labeled as 
being intended for households without young children. 

Although the manufacturer provides the safety packaging 
for OTC drugs, the pharmacist is responsible for complying 
with the regulations for prescription products that are repack- 
aged and plays a key role in implementation of this important 
poisoning-prevention measure. Not only may the pharmacist 
be the one to select and employ appropriate packaging for 
prescription items, but the pharmacist is in an excellent posi- 
tion to promote effectiveness of the Act. The Act can succeed 
only to the extent that purchasing adults accept and use the 
special packaging. The pharmacist should assure that people 
are aware of the availability of such packaging for regulated 
products, that they are instructed as to its importance and 
proper use, and that substitutions of conventional packaging 
are restricted to legitimate and informed requests. This is 
particularly important as long as reversible or dual function 
closures are used, because their comparative safety has yet to 
be demonstrated. 

POISON-CONTROL CENTERS—tThe poison-control con- 
cept was initiated in Chicago in 1953. After the impetus of local 
health officials, pediatricians, and other interested physicians, 
a single center for collecting product data was established. The 
idea soon caught on and numerous other centers were estab- 
lished. To provide a coordinating agency for these centers, the 
then Bureau of Product Safety in the Food and Drug Adminis- 
tration (FDA) established the National Clearinghouse for Poi- 
son Control Centers. This clearinghouse served as a center for 


collecting and standardizing product toxicology data and for 
distributing this data in the form of 5 inch by 8 inch index cards 
to recognized poison-control centers. State health departments 
were given the responsibility for identifying poison centers 
within their states. The great interest in poison control even- 
tually resulted in over 580 officially recognized poison-control 
centers and numerous additional unofficial centers, including 
drug-information services, bringing the total to well over 600. 
Unfortunately, many poison centers have had little if any ca- 
pability for providing sophisticated information or treatment 
for poisoning, handling as few as one call per week. 

From the beginning, studies of poison-control center opera- 
tion demonstrated a wide variability in the manner by which 
services were provided. Some centers provided information 
solely to physicians or health-care facilities, whereas others 
provided information to the public or both. Staffing of poison- 
control centers likewise was variable. The staff of a poison 
center may have consisted only of full- or part-time clerks, 
nurses, or pharmacists without any direct medical supervi- 
sion, or they have consisted of a full-time clinical toxicologist- 
medical director and specially trained full-time professional 
staff, such as clinical pharmacists or nurses. Other centers 
have included pharmacologists, emergency room physicians, 
ambulatory pediatricians, or other scientifically trained per- 
sonnel as staff or consultants. 

The questions facing the poison-control center movement, 
now in the fifth decade after its inception, are to whom to 
provide services, how best to provide services, how to improve 
services, how to standardize or monitor services, and how to 
organize such services on a regional or a national basis. The 
question of how to organize these services has been resolved to 
a great degree over these past several years. Consolidation of 
manpower and resources into centralized or regional services is 
crucial. In centralized or regional poison-control centers, so- 
phisticated information can be provided both to health profes- 
sionals and to the public. Treatment facilities are generally an 
integral part of the regional poison-control center, and the 
staff, particularly the medical staff, can provide the treatment 
for poisoning victims. In addition, active supervision and even 
bedside consultation of poisoning cases admitted to other 
health-care facilities ought to be provided. 

There probably should be some 50 to 60 regional programs 
in the US. A regional poison-control center should be one that, 
in less densely populated areas, serves a single or multistate 
region or that, in heavily populated areas, serves a portion of a 
state. Generally, a regional center is found to serve no fewer 
than 1 million people, but could serve as many as 5 to 10 
million people in areas of high-population density. A regional 
center would provide: 


Comprehensive poison information, both to health professionals and 
consumers. 

Comprehensive poisoning treatment services. 

A toll-free communication system. 

Access to a full range of analytical toxicological services. 

Access to transportation facilities for critically ill patients. 

Professional and public education programs. 

Collection and dissemination of poisoning experience data. 


In essence, these regional centers are capable of assuming 
ultimate responsibility, which include the functions mentioned 
above, for the provision of poisoning consultations and patient 
care for all poisonings brought to its attention within its re- 
gion. The AAPCC has developed standards for regional poison- 
control centers and provides a process to evaluate a poison 
center’s capabilities and to designate centers as regional poison 
centers. The types of services and equipment recommended for 
various types of centers are described in more detail in refer- 
ences noted in the Bibliography. 

NATIONAL POISON PREVENTION WEEK—Since 
1962 the third week of March has been designated National 
Poison Prevention Week. In addition to giving annual empha- 
sis to the problem of poison control, this week provides an 
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opportunity for concentrated educational efforts directed to the 
public. Pharmacists can and should play an active role in the 
activities of this period. Special displays in pharmacies have 
been one type of effective weapon. Other worthwhile activities 
have included television or radio messages, special meetings, 
and newspaper articles, all of which can be made more effective 
by interested pharmacists. By joining forces with the regional 
or local poison-centrol centers, this week can be used to high- 
light the year-round educational activities of the center and the 
community. 

ROLE OF THE PHARMACIST—There is much that the 
pharmacist can do to help prevent poisoning and to improve the 
treatment thereof. Pharmacists direct and staff many regional 
poison centers. They actively provide consultation to physi- 
cians treating poisoned patients to assure quality care. 

Undoubtedly, the most important role can be played by the 
pharmacist in the area of prevention. This role, relative to 
poison-prevention packaging of prescription drugs, was men- 
tioned above. However, the role of the pharmacist is particu- 
larly critical with regard to nonprescription items. With pre- 
scription medications there is involvement of a physician who 
may provide instructions and precautionary advice. However, 
with OTC materials, the pharmacist is often the only person 
who is in a position to serve these functions. 

The pharmacist can and should provide, explain, and am- 
plify directions for proper use of potentially toxic materials, 
bearing in mind that the concern is not only for the safety of the 
patient but also for other individuals in the household. Thus, 
the dispensing of a toxic medication provides an opportunity to 
warn the buyer about the hazards of leaving the material 
within reach of children. 

In some instances it is desirable to affix warning labels on 
the products that a pharmacist dispenses or to hand out patient 
information materials. The dispensing of a drug also provides 
an opportunity to inquire and give advice about facilities for 
safe storage. Because of this contact, the pharmacist can play a 
personalized role in cautioning about prescription and commer- 
cial products. 

The pharmacist can do much to reduce the aforementioned 
limitations of labeling. Although the public often may not read 
or appreciate precautions on labels, the effectiveness of the 
latter are increased significantly if they are explained by a 
pharmacist. The pharmacist also has a unique role to play in 
detecting product or labeling defects and an obligation to call to 
the attention of appropriate manufacturers or regulatory agen- 
cies potential labeling or product defects. 

There has been a tendency in the past for the development 
of too many small and ineffectual poison centers, the activities 
of which could be carried out more effectively and efficiently if 
they were amalgamated with others in the same area. A trend 
toward centralization and regionalization of poison information 
and treatment facilities should be encouraged by local phar- 
macy associations. 

Finally, pharmacists can assist greatly in the educational 
efforts of a community by distributing literature and by pro- 
viding space for displays related to poisoning prevention. 
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Practicing pharmacists are asked many questions about foods 
and nutrition, including specific questions about which prod- 
ucts or supplements a client may be considering for purchase 
and what amount of a product to ingest. A review of basic 
nutrition and knowledge of dietary standards and guidance 
helps provide the pharmacist with sound information to supply 
the client. 


NUTRITION 101 


Nutrients are chemical substances found in food that are 
needed for life. The realization that nutrients are chemicals 
helps the pharmacist understand why there are interactions 
with drugs, which also are composed of chemicals. Putting 
together the chemicals from food and drugs is analogous to 
mixing chemical components in a laboratory, but more poten- 
tially reactive because they have been introduced in the com- 
plex system of the body. 

There are over 40 different nutrients needed by the body for 
growth, reproduction, and maintenance of tissue and body reg- 
ulations. For classification purposes nutrients are divided into 
six basic categories: proteins, carbohydrates, lipids, vitamins, 
minerals, and water. The only additional substance needed for 
life is oxygen. Nutrient groups providing kilocalories (kcal) and 
thus supplying a source of energy for the body are carbohy- 
drates, proteins, and fat. Currently in the average US diet, the 
percent of total kilocalories provided by carbohydrate, protein, 
and fat is approximately 51, 12, and 37, respectively with much 
individual variation caused by personal diet patterns and be- 
haviors. Another additional source of energy in the US diet is 
alcohol. 

Each category of nutrients performs different, but interre- 
lated, functions in the body. Carbohydrates provide kilocalories 
for energy and dietary fiber for bulk. Often divided into com- 
plex and simple, carbohydrates are found in many food groups, 
including grains, milk, fruits, and vegetables. Complex carbo- 
hydrates include starchy vegetables such as corn and potatoes, 
all foods prepared from grains such as breads, cereals and 
pastas and legumes, dried beans, and peas. Simple carbohy- 
drates are the main carbohydrate found in fruit fructose and in 
milk, lactose, and is in foods made from sugar like jellies and 
syrups. Proteins play the major role in growth, maintenance, 
and repair of body tissue. Protein can be used by the body to 
supply kilocalories when carbohydrates and fats are not sup- 
plied in adequate amounts, but this is not a desirable function 
of proteins. Proteins are supplied by both animal and vegetable 
sources. Animal sources include meats, poultry, fish, eggs, 
milk, and milk products such as cheese and yogurt. Vegetable 
sources include nuts, seeds, legumes and smaller amounts in 


grains. Lipids provide the primary source of kilocalories in the 
US diet. The term lipid is used to encompass both fats and oils, 
terms that simply indicate the nature of the lipid at room 
temperature. Fats are solids and oils are liquid at room tem- 
perature. Lipids provide essential fatty acids, are components 
of cell membranes, are involved in synthesis of some hormones, 
and surround and cushion internal organs. Vitamins are or- 
ganic compounds needed in small amounts to help the body 
function in normal growth, reproduction, and maintenance. 
They do not supply kilocalories but do facilitate chemical reac- 
tions that extract energy from the metabolism of carbohydrate, 
fat, and protein. Minerals function in a wide array of metabolic 
roles in the body ranging from enzyme components to electro- 
lyte balance to providing structure for hard tissues. Vitamins 
and minerals, including food sources, are discussed fully in 
Chapter 106. Water is also a nutrient and, next to oxygen, the 
most important substance needed for life. Approximately two- 
thirds of the weight of the body is water. Water is important in 
the proper removal of waste products from the body, is a com- 
ponent of body secretions, helps to regulate body temperature, 
and provides for lubrication of the body. 

Nutrient needs are estimated by balance studies on both 
animals and humans that compare nutrient intake and excre- 
tion, by biochemical markers of a nutrient in the body compo- 
nents and excreta, and by clinical and physical evaluation of 
humans in both health and disease. Not all types of study are 
possible on humans; thus a variety of studies is used to esti- 
mate a single requirement or a range in the requirement for the 
nutrient. Nutrients can be consumed in quantities that are too 
little for good health, a range that is generally thought to be 
conducive to good health, and an amount, for some nutrients, 
that cannot only be detrimental to good health, but could be 
toxic to life. Current research is focused on identifying which 
nutrients and in what amount have a protective effect in pre- 
venting or reducing the risk of chronic diseases. 


FOODS AND NUTRITION STANDARDS 
AND DIETARY GUIDANCE 


SRT aS 

DIETARY REFERENCE INTAKES—tThe Recommended 
Dietary Allowances (RDA) have been recognized universally as 
the standard for levels of nutrients recommended in the Amer- 
ican diet. In 1997, new terminology was introduced for these 
standards . Published by the Institute of Medicine, National 
Academy of Sciences, National Research Council, updated nu- 
trient values will be released in the future as a series of reports 
over several years, versus one large report approximately every 
10 yr. The values will continue to serve as benchmarks for 
nutrient intakes for the American diet. It will be necessary for 
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the pharmacist to understand the new terminology to best 
advise clients. 

The term Dietary Reference Intakes (DRI) is used as a 
generic term to refer to four different sets of data. Estimated 
Average Requirements (EAR) is the intake that meets the 
estimated nutrient needs of half of the individuals in a specific 
group. This figure is to be used as a basis for developing an 
RDA for a nutrient and to be used by nutrition policy makers in 
the evaluation of the adequacy of nutrient intakes of the spe- 
cific group and for planning how much a specific group should 
consume. The RDA will continue to be the intake that meets 
the nutrient need of almost all of the healthy individuals in a 
specific age and/or gender group. The RDA should be used in 
guiding individuals to achieve adequate nutrient intake aimed 
at decreasing the risk of chronic disease. It is based on esti- 
mating an average requirement plus an increase to account for 
the variation within a particular group. Adequate Intake (AI) is 
used when sufficient scientific evidence is unavailable to esti- 
mate an average requirement. Als can be used by individuals 
and professionals as a goal for intake when no RDA exists for 
the nutrient. The Al is derived through experimental or obser- 
vational data that show a mean intake that appears to sustain 
a desired indicator of health. Tolerable Upper Intake Level 
(UL) is used to indicate the maximum intake by an individual 
that is unlikely to pose risks of adverse health effects in almost 
all healthy individuals in a specified group. The UL is not 


intended to be a recommended level of intake, and there is no 
established benefit for individuals to consume nutrients at 
levels greater than those given by the RDA or the AI. 

Seven nutrient groups are being evaluated for a DRI and 
include 


Calcium, vitamin D, phosphorus, magnesium, and fluoride 
Folate and other B Vitamins 

Antioxidants such as vitamins C and E, selenium 
Macronutrients such as protein, fat, carbohydrate 

Trace elements such as iron, zinc, etc. 

Electrolytes and water 

Other food components such as fiber, phytoestrogens 


Values released in August 1997, for calcium, vitamin D, and 
fluoride are not RDAs, but rather Als. Values released in April 
1998 for folate and other B vitamins also include some as Als 
and some as RDAs. Table 100-1 includes the most recently 
released values and Table 100-2, RDAs for groups of nutrients 
not yet revised with the DRI terminology. 

DIETARY GUIDANCE—Numbers associated with the 
DRI standards, reported as grams, milligrams, and micro- 
grams, are not easily interpreted to consumers unless they are 
related to food and a diet pattern. The practicing pharmacist 
needs to know acceptable guidelines that are consumer friendly 
to assist the client. Dietary guidance is meant to be individu- 
alized to the client, and it is the individualization that can take 


Table 100-1. Food and Nutrition Board, Institute of Medicine-National Academy of Sciences Dietary Reference 


Intakes: Recommended Levels for Individual Intake* 


LIFE-STAGE CALCIUM PHOSPHORUS MAGNESIUM VITAMIND FLUORIDE THIAMIN RIBOFLAVIN NIACIN ViT B® FOLATE VITB'? PANTOTHENIC BIOTIN CHOLINE® 
GROUP (ug/d) (ug/d) (ug/d) (ug/d)?® _ (ug/d) (ug/d) (ug/d) (ug/d)S (ug/d) _(ug/d)° —_(ug/d)- ACID (ug/d) _—_(ug/d) (wad) 
Infants 
0-6 mo. 210* 100* 30% 5a 0.01* 0.01* 0:24 OBS OultenGbS 0.4* 53 125* 
7-12 mo. 270* QI 5% 15 5 05 Or3* 0.4* 04 03 80* OS elise 6* 150* 
Children 
1-3 yr. 500* 460 80 Be: OW 0:5* (a) Jose 6 0.5 150 0.9 ae 8* 200* 
4-8 yr. 800* 500 130 ye Os 0.6 0.6 8 0.6 200 1.2 3% {2 250* 
Males 
9-13 yr. 1,300* 1,250 240 5a Bis 0.9 0.9 12 1 300 1.8 q* 20* 3/5* 
14-18 yr. 1,300* 1,250 410 oe By 1.2 1.3 16 183 400 2.4 5 25% 550% 
19-30 yr. 1,000* 700 400 Sy 4* 1.2 1:3 16 1:5 400 2.4 ay 30* 550% 
31-50 yr. 1,000* 700 420 5s 4* 1.2 1.3 16 1.3 400 2.4 54 30* 550* 
51-70 yr. 1,200* 700 420 10* 4* 1:2 1.3 16 ee 400 2.4 5% 30* 550* 
>70yr.  1,200* 700 420 s[ye 4% si? ee} 16 ley 400 Ae BE 30* 550m 
Females 
9-13 yr. 1,300* 1,250 240 be De 0.9 0.9 12 1.0 300 1.8 4* 20* 3752 
14-18 yr. 1,300* 1,250 360 b* Sa 1.0 1.0 14 1.2 4009 2.4 5s PAs 400* 
19-30 yr. 1,000* 700 310 5% ste 1.1 fed 14 1.3 4009 2.4 Be 30* 425* 
31-50 yr. 1,000* 700 320 5% ae Ma ee | 14 1.3 4009 2.4 5% 30* 425* 
51>70 yr. 1,200* 700 320 10* 3% 1.1 1.1 14 a5: 400 2.47 5s 30* 425* 
<70 yr.  1,200* 700 320 15% 3% 1.1 ED 14 5 400 24° 5% 30% 425* 
Pregnancy 
<18 yr. 1,300* 1,250 400 5x ays 1.4 1.4 18 1.9 600” 2.6 6* 30* 450* 
19-30 yr. 1,000* 700 350 5s Be 1.4 1.4 18 1.9 600” 2.6 Ge 30* 450* 
31-50 yr. 1,000* 700 360 5x aie 1.4 1.4 18 1.9 600” 2.6 6* 30* 450* 
Lactation 
<18yr. 1,300* 1,250 360 5 3% 15 1.6 17 2 500 2.8 ies 35% 550* 
19-30 yr. 1,000* 700 310 be ahs 1:5 1.6 17 2 500 2.8 de Shy 5505 
31-50 yr. 1,000* 700 320 Be Bk3 125) 1.6 17 2 500 2.8 fe 354 550* 


Note: This table presents Recommended Dietary Allowances (RDAs) in bold type and Adequate Intakes (Als) in any type followed by an asterisk (*). RDAs and 
Als may both be used as goals for individual intake. RDAs are set to meet the needs of almost all (97 to 98%) individuals in a group. For healthy breastfed infants, 
the Al is the mean intake. The Al for other life stage and gender groups is believed to cover needs of all individuals in the group, but lack of data or uncertainty 
in the data prevent being able to specify with confidence the percentage of individuals covered by this intake. 
? As cholecalciferol. 1 4g cholecalciferol = 40 1U vitamin D. 
» In the absence of adequate exposure to sunlight. 
© Als niacin equivalents (NE). 1 wg of niacin = 60 mg of tryptophan; 0-6 months = preformed niacin (not NE). 
7 As dietary folate equivalents (DFE). 1 DFE = 1 wg food folate = 0.6 jg folic acid (from fortified food or supplement) consumed with food = 0.5 jg of synthetic 
(supplemental) folic acid taken on an empty stomach. 
© Although Als have been set for choline, there are few data to assess whether a dietary supply of choline is needed at all stages of the life cycle, and it may be 
that the choline requirement can be met by endogenous synthesis at some of these stages. 
* Because 10 to 30% of older people may malabsorb food-bound B,,, it is advisable for those older than 50 years to meet their RDA mainly by consuming foods 
fortified with B,, or a supplement containing B,>. 
9 In view of evidence linking folate intake with neural-tube defects in the fetus, it is recommended that all women capable of becoming pregnant consume 400 
a) of synthetic folic acid from fortified food and/or supplements in addition to intake of food folate from a varied diet. 

It is assumed that women will continue consuming 400 yg of folic acid until their pregnancy is confirmed and they enter prenatal care, which ordinarily occurs 
after the end of the periconceptional period—the critical time for formation of the neural tube. 
* Copyright 1998 by The National Academy of Sciences. All rights reserved (reproduced with permission). 
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Table 100-2. Food and Nutrition Board, National Academy of Sciences-National Research Council Recommended 
Dietary Allowances,” Revised 1989 (Abridged) Designed for the Maintenance of Good Nutrition of Practically all 


Healthy People in the United States 
Ceenneerenn nnn nnnnnnrnnnnnrnnnrnenceccncceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeee eee SSS SSS SSS SSS 


AGE (YRS) WEIGHT? HEIGHT? 
OR PROTEIN VITAMINA  VITAMINE  VITAMINK  VITAMING IRON ZINC IODINE SELENIUM 
CATEGORY CONDITION (kg) (Ib) (cm) (in) (g) (yg RE)S (mg a-TE)? (ug) (mg) (mg) (mg) (4g) (ug) 
Infants 0.0-0.5 6 1s 60 24 13 S75 3 5 30 6 5) 40 10 
0.5-1.0 9 20 Thy. RS. oe! 375 4 10 35 10 5 50 15 
Children 1=3 13 29 WO. 35. 10 400 6 15 40 10 10 70 20 
4-6 20 44 112 44 24 500 7 20 45 10 10 90 20 
7-10 28 62S S252 ears 700 7 30 45 10 10 120 30 
Males 11-14 45 OOM 5i/ Nolte 745 1,000 10 45 50 12 15 150 40 
15-18 CGNs 145 ee a76m) CONTE5SS 1,000 10 65 60 (2 15 150 50 
19-24 72 6OR alae ORES S: 1,000 10 70 60 10 15 150 70 
25-50 TOME ASE a Cty ORES 1,000 10 80 60 10 iS 150 70 
Bilic ijn) Oe lise tOSeme 10S 1,000 10 80 60 10 15 150 70 
Females 11-14 46 101 TSi7etO2e nt A6 800 8 45 50 15 2 150 45 
15-18 55 (205163 6645.44 800 8 55 60 tS 12 150 50 
19-24 Some 2S O64 6515 46 800 8 60 60 ils 12 150 55 
25-50 6359.0 O35 04 50 800 8 65 60 15 12 150 55 
Sia 655) 1437 160) 63550 800 8 65 60 10 12 150 55 
Pregnant 60 800 10 65 70 30 ‘lS 175 65 
Lactating 1st6 65 1,300 12 65 95 15 19 200 75 
mo. 
2nd 6 62 1,200 11 65 90 1S 16 200 75 
mo. 


NOTE: This table does not include nutrients for which Dietary Reference Intakes have recently been established (see Dietary Reference Intakes for Calcium, 
Phosphorus, Magnesium, Vitamin D, and Fluoride [1997] and Dietary Reference intakes for Thiamin, Riboflavin, Niacin, Vitamin Bg Folate, Vitamin Bj >, 
Pantothenic Acid, Biotin, and Choline [1998)). 

° The allowances, expressed as average daily intakes over time, are intended to provide for individual variations among most normal persons as they live in the 
United States under usual environmental stresses. Diets based on a variety of common foods in order to provide other nutrients for which human requirements 
have been less well defined. 

» Weights and heights of Reference Adults are actual medians for the U.S. population of the designated age, as reported by NHANES II. The median weights and 
heights of those under 19 years of age were taken from Hamill et al. (1979). The use of these figures does not imply that the height-to-weight ratios are ideal. 


© Retinol equivalents. 1 retinol equivalent = 1 4g retinol or 6 wg B-carotene. 


¢ @-Tocopherol equivalents. 1 mg d-a tocopherol = 1 a-TE. 


© Copyright 1998 by the National Academy of Sciences. All rights reserved (reproduced with permission). 


a simplistic educational tool and make it fit within an individ- 
ual’s complex need. Dietary guidance fosters time-honored con- 
cepts of good nutrition: variety, balance, and moderation. Va- 
riety refers to choosing different foods each day from within a 
single food group; balance refers to including foods from each 
food group daily; and moderation refers to controlling por- 
tion size to allow for variety and balance within a kilocalorie 
allowance. 

THE DIETARY GUIDELINES FOR AMERICANS AND 
THE FOOD GUIDE PYRAMID—The Dietary Guidelines for 
Americans provide advice about nutrition and food choices 
related to disease prevention for healthy Americans age 2 yr 
and older. The guidelines have been published every 5 yr since 
1980 by the US Department of Agriculture (USDA) and the US 
Department of Health and Human Services (DHHS). This stan- 
dard is also helpful in advising clients with modified diets, as 
all diets, normal and modified, are based on the same general 
principles. The current edition of the Dietary Guidelines, re- 
leased in December 1995, is in Figure 100-1. There are seven 
Dietary Guidelines, and it is intended that all seven be used 
together to plan appropriate nutritional care for individu- 
als and groups. The 1995 Dietary Guidelines for Americans 
include 


Eat a variety of foods. 

Balance the food you eat with physical activity—maintain or improve 
your weight. 

Choose a diet with plenty of grain products, vegetables, and fruits. 

Choose a diet low in fat, saturated fat, and cholesterol. 

Choose a diet moderate in sugars. 

Choose a diet moderate in salt and sodium. 

If you drink alcoholic beverages, do so in moderation. 


Words like variety, plenty, low, and moderate have different 
meanings to different people. A review of each of the guidelines 
assists the practitioner in helping clients interpret this stan- 


dard guidance. Specific issues of current debate are integrated 
within this review of the guidelines. 

EAT A VARIETY OF FOODS—No single food supplies all 
the nutrients needed by the body. Therefore it is important to 
eat a variety of foods, on a daily basis, to meet all the nutrient 
needs of the body. The Food Guide Pyramid,” Figure 100-2, was 
developed by the USDA to help interpret the Dietary Guide- 
lines. Both the Dietary Guidelines for Americans and the Food 
Guide Pyramid support the concept that all foods can fit in a 
well-balanced diet and help to eliminate the negative and un- 
true perception that there are good foods and bad foods. There 
are no good foods and bad foods, but there are good diets and 
bad diets. 

The pyramid shape emphasizes that the foundation of a 
sound diet should be foods from the bread, cereal, rice, and 
pasta group. Build on this foundation by adding foods from the 
vegetable and fruit groups, and then from the milk and meat 
groups. Each group suggests a range of servings to consume 
each day. Fats, oils, and sweets are to be used sparingly and are 
represented in the top section of the pyramid. The top section is 
not considered a group of foods, and there are no suggested 
serving ranges for the fats, oils, and sweets. The complete name 
of the milk and meat groups identifies food alternatives within 
each group that provide many of the same basic nutrients as 
milk or meat. For example, calcium, an important nutrient 
supplied by the milk group can be obtained through other 
foods, eg, yogurt, hard cheeses like cheddar, cottage cheese, or 
even cheese foods. Not all alternatives supply the same amount 
of calcium. It takes 2 cups of cottage cheese and 2 oz of a 
processed cheese food to equal the amount of calcium in only 1 
cup of milk or yogurt. Calcium alternatives also are found in 
the vegetable group and in legumes. Basic nutrition texts, and 
educational information about the Dietary Guidelines and the 
Food Guide Pyramid from the USDA and the HHS are helpful 
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alcoholic beverages, 
do so in 
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4th Edition, 1995 
USDAAJUS HHS 


Dietary guidelines for Americans. ' 


Figure 100-1 


in interpreting specifics about these educational tools. Meat 
alternatives that supply the same amount of protein as a 2-oz, 
cooked serving of meat include 2 eggs, 1 cup dried beans or peas 
(cooked), 4 tablespoons peanut butter, 2 oz hard cheese, or 2 
cup cottage cheese. Although these foods substitute for the 


protein in a 2-0z serving of meat, poultry, or fish, they do not 
substitute for all the other nutrients found in meat such as 
iron, zinc, and B vitamins. 

Appropriate use of the Food Guide Pyramid requires know]- 
edge of what constitutes a serving. Confusion about serving 
size may be associated with the overconsumption of food in our 
society. Table 100-3 reviews what is considered a serving. 

BALANCE THE FOOD YOU EAT WITH PHYSICAL 
ACTIVITY—MAINTAIN OR IMPROVE YOUR WEIGHT— 
The practicing pharmacist is asked multiple questions about 
weight gain and loss by their clients. These questions range 
from asking for interpretation of standards associated with 
weight to selection of products or programs to assist in weight 
gain or loss. Clients may be most comfortable with standard 
weight and height charts (Table 100-4), but a National Insti- 
tutes of Health (NIH) panel suggested physicians and research 
use the Body Mass Index (BMI) as a standard. The BMI is 
calculated by weight in kilograms divided by height in meters, 
squared. This measure minimizes the effect of height and cor- 
relates with other more precise measures of body fatness. The 
BMI standard is increasingly used in the professional and lay 
literature (Table 100-5). 

Excess weight can be detrimental to good health, and the 
desire for weight loss is a major concern of many Americans. 
Comorbidities associated with excess weight include commonly 
known ones such as coronary heart disease (CHD), stroke, 
hypertension, diabetes mellitus, gout, dyslipidemias, cholecys- 
titis, and gallstones. Less commonly known comorbidities in- 
clude obstructive sleep apnea, osteoarthritis of weight-bearing 
joints, reduced fertility, increased risk of accidents caused by 
less physical agility, and impaired obstetrical performance. 

Pharmacists often are asked to help the consumer select 
specific food products or supplements advertised to assist with 
weight loss or gain, as these products are frequently available 
in the pharmacy setting. A well-balanced diet for weight loss 
should not require the purchase of any special product. In 
general, clients wishing to lose weight need professional advice 
if they wish to select any weight loss product or regimen. Table 
100-6 lists NIH guidelines for choosing a weight-loss program, 
and Table 100-7 lists a means to analyze weight-loss ap- 
proaches. The minimum number of servings of the Food Guide 
Pyramid provides approximately 1200 to 1400 kcal. This 
amount of kilcalories would be an acceptable weight-loss regi- 
men for most adults. 

CHOOSE A DIET WITH PLENTY OF GRAIN PROD- 
UCTS, VEGETABLES, AND FRUITS—Fruits and vegeta- 
bles and foods from grains form the base of the Food Guide 
Pyramid, thus illustrating this should be the foundation of a 
healthy diet. These three food groups provide less kilocalories 
than many foods in the top two pyramid groups, are important 
sources of vitamins and minerals, and are the only food sources 
of dietary fiber. Grains include foods such as pasta, breads, 
cereals, and rice. When selecting a diet high in grains, espe- 
cially bread and baked products, look for those labeled whole 
grain or that list whole-grain flours as one of the first ingredi- 
ents on the label. Also be aware that many baked items can also 
be high in fat and sugar. The Five-A-Day campaign was initi- 
ated by the National Cancer Institute in the early 1990s to call 
attention to ingesting a minimum of five fruits and vegetables 
a day. Evidence suggests this simple recommendation could 
help to reduce the risk for some cancers because of the vitamin, 
mineral, and fiber content of fruits and vegetables. 

Evidence is mounting to indicate a protective role for some 
nutrients often associated with fruits and vegetables. This 
includes the antioxidant nutrients and folacin, also called folic 
acid. The antioxidants include beta-carotene, the vitamins C 
and E, and the mineral selenium. Fruits and vegetables are the 
primary sources of beta-carotene and vitamins A and C, 
whereas selenium is found in meat, fish, and eggs but also in 
the grains of whole-wheat bread and oatmeal. Antioxidants 
help to prevent the oxidation of substances in the body, includ- 
ing free radicals. Free radicals are compounds with an un- 
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Food Guide Pyramid 
A Guide to Daily Food Choices 


Fats, Oils, & Sweets 
USE SPARINGLY 


Milk, Yogurt, 
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Vegetable 
Group 
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Figure 100-2 Food guide pyramid. 


paired electron that can be especially destructive to electron- 
dense areas of the cell such as the DNA and the cell membrane. 
Lipids are components of cell membranes. Oxidation of lipids 
occurs freely in the body and in foods. The antioxidant nutri- 
ents help to decrease the amount and rate of oxidation. Oxida- 
tion of lipids are implicated in the development of arterial 
plaque in CHD and in the DNA changes in the cell during the 
initiation of a cancer. Oxidation of lipids in foods causes ran- 
cidity and spoilage. Folacin, a member of the B vitamin family, 
also is found in some fruits and vegetables. Adequate amounts 
of folacin have been proved to reduce the risk of neural-tube 
defects, such as spina bifida, in the developing fetus. This role 
of folacin is so strong that in 1992, the US Public Health 
Service (USPHS) issued a recommendation for all women of 
childbearing age to take folacin as a supplement. It is impor- 
tant to take folacin before conception because neural-tube de- 
velopment occurs in the first trimester of pregnancy, a time 
when many women would not yet know they were pregnant. To 
further foster the consumption of folacin in the diet, the addi- 
tion of folacin to enriched bread products was started in Jan- 
uary 1998. Folacin also may be related to reduction of risk of 
cardiovascular disease (CVD) through a role in reducing homo- 


cysteine levels. Chapter 106 lists sources of all the vitamins 
and minerals, including the antioxidants and folacin. 

Fiber is an important component of plant carbohydrates in 
our diet, and the best sources are the whole grains, fruits and 
vegetables, and legumes. Dietary fiber is defined as plant parts 
that are not digested by the human digestive tract. Animal 
foods such as dairy foods and meats do not contain any dietary 
fiber. It is recommended we eat approximately 25 g of dietary 
fiber each day. Table 100-8 includes the average fiber content of 
selected types of foods. This represents approximately double 
what most Americans consumed in 1998. Increasing dietary 
fiber to 25 g a day would decrease the incidence of large-bowel 
diseases such as colon cancer and diverticulosis. Not all food 
fiber acts the same in the body. Contributing a smaller part of 
the total fiber content of foods are soluble fibers that act in the 
small intestine. Soluble fiber is related to less absorption of 
dietary cholesterol and also plays a role in the control of blood 
glucose. Insoluble fibers act in the large intestine where they 
add bulk and foster regular elimination of wastes. Food sources 
have a mixture of soluble and insoluble. When asked about 
fiber supplements, the clinician should first stress food sources 
such as grains, fruits, vegetables, and legumes because food 
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Table 100-3. What Counts As a Serving?° 


Grain Products Group (bread, cereal, rice, and pasta) 
@ 1 slice of bread 
@ 1 oz of ready-to-eat cereal 
e '% cup of cooked cereal, rice, or pasta 
Vegetable Group 
@ 1 cup of raw leafy vegetables 
@ cup of other vegetables—cooked or chopped raw 
@ ¥/, cup of vegetable juice 
Fruit Group 
@ 1 medium apple, banana, orange 
@ cup of chopped, cooked, or canned fruit 
e@ ¥% cup of fruit juice 
Milk Group (milk, yogurt, and cheese) 
@ 1 cup of milk or yogurt 
@ 1% oz of natural cheese 
@ 2 oz of processed cheese 
Meat and Beans Group (meat, poultry, fish, dry beans, eggs, 
and nuts) 
@ 2-3 oz of cooked lean meat, poultry, or fish 
e 2 cup of cooked dry beans or 1 egg counts as 1 oz of lean 
meat. Two tablespoons of peanut butter or % cup of nuts 
count as 1 oz of meat. 


? Some foods fit into more than one group. Dry beans, peas, and lentils can 
be counted as servings in either the meat and beans group or the vegetable 
group. These crossover foods can be counted as servings either from one or 
from the other group, but not from both. Serving sizes indicated here are 
those used in the Food Guide Pyramid and based on both suggested and 
usually consumed portions necessary to achieve adequate nutrient intake. 
They differ from serving sizes on the Nutrition Facts Label, which reflect 
portions usually consumed. 


sources offer the added benefit of the vitamins and minerals 
associated with these foods. Additionally plant foods carry a 
variety of phytochemicals, substances in plants that increas- 
ingly are being found to offer benefits related to good health. 
CHOOSE A DIET LOW IN FAT, SATURATED FAT, 
AND CHOLESTEROL — It is important for the professional to 
understand that some dietary fat is needed for good health. 
Fats provide essential substances such as essential fatty acids 
and are sources of the fat-soluble vitamins A, E, D, and K. The 
Dietary Guidelines counsel Americans to choose a diet low in 
total fat, and particularly low in saturated fat and cholesterol. 
Many pharmacy clients are on medications to reduce their 
cholesterol or triglyceride levels. Although blood lipids and 
dietary lipids are not always directly associated, in general, 
medications to alter blood lipids work best if the client also is 
following a diet modified in fat. Dietary fat often is referred to 
as saturated, polyunsaturated, or monounsaturated, which re- 
fers to the degree of saturation of the fatty acid, the basic 
chemical unit in fat. Generally, consumers should reduce the 
total amount of fat in their diet to less than 30% of total 
kilocalories, the saturated fat to 10% or less of total kilocalo- 
ries, and the dietary cholesterol to 300 mg per day or less. 
Saturated fats are found primarily in animal sources such as 
butter, lard and the fat associated with red meats, and in whole 
milk and whole-milk products such as cheese. Poultry and fish 
also have some saturated fat, but, in general, less than red 
meats. Polyunsaturated fats primarily come from plant sources 
of which sunflower, corn, soybean, cottonseed, and safflower 
oils are primary sources; products, such as some margarines, 
are made from these plants oils. Monounsaturated fatty acids 
are of both plant and animal origin with olive oil and peanut oil 
the most common examples. Cholesterol is a type of fat found 
only in animal foods, such as butter, lard, eggs, whole and 2% 
milk, and milk products from these sources. Cholesterol also is 
produced by the body and is not a dietary essential. Lowering 
dietary cholesterol does not necessarily mean that the choles- 
terol level in the blood will correspond. Generally approxi- 
mately one third of Americans blood cholesterol levels respond 
to a diet lower in cholesterol. Generally, less total fat, less 
saturated fat, and less cholesterol are associated with a reduc- 


tion in the risk of CVDs, including stroke. Following the Food 
Guide Pyramid is the starting place for a diet plan lower in fat. 
Because most saturated fat is found in animal sources and 
cholesterol is only found in foods of animal origin, if the diet 
foundation is based on grains, fruits and vegetables, with only 
the suggested serving sizes from the meat and milk groups, the 
resulting diet is naturally low in total fat, saturated fat and 
cholesterol. As apparent in Figure 100-2, the Food Guide Pyr- 
amid also helps consumers identify where fats are located in 
the food groupings through the use of icons to represent fats 
that are both naturally occurring and are added to foods. 
Current issues regarding lipids may alter standard advice 
in the future. Two of these issues are trans fatty acids and the 
role of omega-3 fatty acids. Trans fatty acids refer to the ori- 
entation of the molecule when fats are hydrogenated for the 
purpose of providing the food industry and the consumer with 
fats of differing consistencies. For example, hydrogenation is 
used to change the physical state of an oil to the physical state 
of a solid, as in making a solid margarine from a liquid vege- 
table oil. The addition of hydrogen to the molecule increases the 
saturation of the molecule, but also alters the structural orien- 
tation of the organic molecule from the more naturally occur- 
ring cis form to a trans form, thus a trans fatty acid. Estimated 
ranges of the amount of trans fatty acids in the diet of Ameri- 
cans range from 3 to 8% of total kilocalories. In 1998, there was 
not a standard to lower trans fatty acids in the American diet, 
but the evidence mounted for possible future educational ef- 
forts to include trans fatty acid caution along with that of total 
fat, saturated fat, and cholesterol. Current food labels list the 
amount of total fat, saturated fat, and cholesterol but not the 
amount of trans fatty acids. In the future, a standard may be 
included for omega-3 fatty acid consumption in the diet, and 
already the food industry is supplying new products that have 
no trans fatty acids in the product. Commonly referred to as 
fish oils, omega-3 fatty acids are commonly found in fatty fish 
such as salmon and tuna and in some oils such as canola or 
soybean oil. Through a role in reducing the tendency of blood to 
clot, omega-3 fatty acids may reduce the risk of CVD; but to 
offset this role, omega-3s are also implicated in a higher risk for 
hemorrhagic stroke. These essential fatty acids also have func- 
tions related to vision, the immune system, and the hormone- 
like compounds they produce called eicosanoids. Currently, not 
enough is understood to recommend supplements of specific 


Table 100-4. Suggested Weight for Adults’ 


WEIGHT (Ib)? 

HEIGHTS 19-34 YR OLD 35 YR OLD AND OLDER 
5/0 97-128 108-139 
By | 101-132 111-143 
32 104-137 115-148 
53 107-141 119-152 
5/4 111-146 122-157 
by) 114-150 126-162 
5'6 118-155 130-167 
Sy 7/ 121-160 134-172 
5'8 125-164 138-178 
5'9 129-169 142-183 

5/10 132-174 146-188 

5'11 136-179 151-194 
6'0 140-184 155-199 
6/1 144-189 149-205 
6'2 148-195 164-210 
6/3 152-200 168-216 
6'4 156-205 173-222 
6/5 160-211 177-228 
6/6 164-216 182-234 


° The higher weights in the ranges generally apply to men, who tend to have 
more muscle and bone; the lower weights more often apply to women, who 
have less muscle and bone. 

© Without shoes. 

“Without clothes. 
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Table 100-5. Body Weight According to Height and Body Mass Index 
BODY MASS INDEX 
HEIGHT 19 21 23 25 27 29 Si 33 35 37 39 41 43 45 47 49 
(INCHES) BODY WEIGHT (Ib) 
58 91 100 110 119 129 138 148 157 167 176 186 95 205 214 224 238) 
59 94 104 114 124 134 144 154 164 174 184 193 203 2N3 223 233 243 
60 97 107 We 27 138 148 158 168 178 188 199 209 219 229 239 250 
61 101 ith 122 132 143 154 164 175 185 196 207 217 228 238 249 260 
62 103 114 125 136 147 158 168 179 190 201 242 223 234 245 255 266 
63 107 i) 130 141 152 164 175 186 198 209 220 231 243 254 265 277 
64 111 123 135 146 158 170 182 193 205 DAY 228 240 252 264 275 287 
65 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294 
66 118 131 143 156 168 180 n93 205 218 230 243 255 268 280 292 305 
67 121 134 147 159 172 185 198 210 223 236 248 261 274 287 299 312 
68 125 139 152 165 178 YL 205 218 231 244 Sy) 271 284 297 310 323 
69 128 142 155 169 182 196 209 223 236 250 263 277 290 304 317 331 
70 133 147 161 175 189 203 aly, 231 244 258 272 286 300 314 328 342 
va 136 150 164 179 193 207 221 236 250 264 279 293 307 321 336 350 
72 140 155 170 185 199 214 229 244 258 273 288 303 317, 332 347 362 
73 143 158 174 189 204 219 234 249 264 279 294 309 324 340 355 370 
74 148 164 WAS) 195 210 226 242 257 273 288 304 319 334 351 366 382 
75 151 167 183 199 215 231 247 263 279 294 310 326 342 358 374 390 
76 156 172 189 205 222 238 255 271 287 304 320 33)7/ 353 370 386 402 


fatty acids, but it is recommended to add fish to the diet several 
times a week. 

CHOOSE A DIET MODERATE IN SUGARS—Of all the 
scientific evidence associating various components of the diet 
with disease, there is little, if any, to support a direct role of 
sugar. Sugar in the diet does not cause diabetes or hyperactiv- 
ity and is only indirectly associated with the promotion of 
dental decay. Sugars are added to the diet in popular ingredi- 
ents added to food and occur naturally in some foods such as 
milk and fruit. Consumers who eat higher amounts of sugar in 
their diet may be lacking a good balance of vitamins and 
minerals but are not necessarily more likely to be overweight. 
The Food Guide Pyramid uses icons to represent added sugars 
to foods. Unlike the icons representing fats, the sugar icons 
only include added sugars because this is where additional 
kilocalories would occur in the diet, versus the naturally occur- 
ring sugars found in fruit or milk (Fig 100-2). 

CHOOSE A DIET MODERATE IN SALT AND SODIUM— 
Sodium in the American diet comes primarily from salt or 
sodium chloride. Most of the salt and sodium comes from the 
addition of salt, or other ingredients containing salt, at the 
table, in cooking, and from the salt added to foods during 
processing. Examples of foods that receive salt during process- 
ing are salad dressings, soups, most snack foods like chips and 
dips, cured meats, and most packaged foods. Sodium plays an 
important role in the body to help regulate body fluids and 
blood pressure. Most Americans consume more salt and sodium 
than is needed for daily balance, but most individuals simply 
excrete it. For this reason there is some controversy on having 
a general guideline for all Americans to limit the consumption 


Table 100-6. NIH° Guidelines for Choosing 
a Weight-Loss Program 


@ The diet should be safe and include all of the Recommended 
Dietary Allowances for vitamins, minerals, and protein. 

® The program should be directed toward a slow, steady weight 
loss unless a more rapid weight loss is medically indicated. 

e A doctor should evaluate health status if the client’s weight 
loss goal is greater than 15 to 20 lb, if the client has any 
health problems, or if the client takes medication on a regular 
basis. 

@ The program should include plans for weight maintenance. 

@ The program should give the prospective client a detailed list 
of fees and costs of additional items. 


? NIH = National Institutes of Health. 


of sodium. For some Americans, however, excess consumption 
of salt and sodium contributes to hypertension, kidney disease, 
heart disease, and a host of other problems. The taste for salt is 
acquired, and the general advice is to be more moderate in our 
consumption. Salt-sensitive people will see a reduction in blood 
pressure with a reduction in sodium in the diet, but not all 
people are salt sensitive. A means to identify salt sensitivity is 
a current area of nutrition research. Many clients on diuretics 
also follow a diet lower in sodium. The most common lower 
sodium diet plans are for a 2- to 3-g sodium restriction. A diet 
without added salt generally provides approximately 3 g of 
sodium, whereas a diet without added salt and the reduction of 
foods especially high in sodium generally provides approxi- 
mately 2 g of sodium. 


Table 100-7. Analysis of Weight 
Loss/Management Approaches’ 


DOES THE WEIGHT LOSS OR MAINTENANCE APPROACH YES NO 


1. Promise weight loss greater than 12 to 1 Ib/wk? O 
2. Claim a single or few foods are crucial to the diet? Oo 
3. Advocate a single source of foods, eg, a fortified 
beverage? 
4. Eliminate any one or more of the food groups 
associated with the Food Guide Pyramid? 
Bread, cereal, rice and pasta 
Fruit 
Vegetables Oo 
Milk, yogurt, cheese Bre) 
Meat, poultry, fish, dry beans, eggs and nuts 
5. Advise less than the minimum number of servings 
for 
Bread, cereal, rice and pasta (6-11) 
Fruit (2-4) 
Vegetables (3-5) 
Milk, yogurt, cheese (2-3) 
Meat and its alternatives 
6. Suggest fewer than three meals per day? 
7. Suggest a requirement for fewer specific foods in 
combination with other specific foods? 
8. Sell a product? 
9. Suggest the diet is all you need without reference to 
behavior modification? 
10. Suggest a program without exercise? 


OO 


? If the answer to any one of these questions is Yes, you should be aware the 
approach does not conform to generally accepted standards for appropriate 
weight loss or weight maintenance. 
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Table 100-8. Average Fiber Content of Food Types (g) 


Legumes (2 cup) 

Cereals, bran (%2 cup) 

Cereals, whole grain (1/2 cup) 

Nuts and seeds (1 oz) 

Starchy vegetables (1/2 cup) 

Vegetables (2 cup) 

Breads and crackers, whole grain (1 slice, 5 crackers) 
Fruit (1 piece or 2 cup) 

Meats, poultry, fish 

Dairy products 


DONNNWWWOO 


IF YOU DRINK ALCOHOLIC BEVERAGES, DO SO IN 
MODERATION—Alcohol supplies kilocalories but no nutri- 
ents. Although some nutrients may be present in a beverage 
mixed with the alcohol, this is a dietary guideline because 
many Americans need guidance regarding alcoholic beverages. 
Moderation is defined as no more than one drink per day for 
women and no more than two drinks per day for men. Many 
clients on medications may be advised to not consume alcohol. 

OTHER DIETARY GUIDANCE—There are other appro- 
priate dietary guidance standards. The US Dietary Guidelines 
is a generic set of guidance, whereas many standards are for 
specific purposes. For example, an appropriate set of guidance 
is published by The American Heart Association with a focus 
on prevention of CVD. The American Institute for Cancer Re- 
search has a global report with a focus on prevention of cancer, 
and The American Cancer Society also has a set of guidance 
aimed at cancer reduction risk. The American Diabetes Asso- 
ciation releases recommendations specific to persons who have 
diabetes. All these guides have many components in common, 
namely, to eat a variety of foods from different food groups, to 
maintain weight within an acceptable range, and to alter any 
overconsumption of food components determined to be detri- 
mental to an individual’s health such as kilocalories, fat, sat- 
urated fat, cholesterol, sodium, and alcohol. 


FOOD AND SUPPLEMENT LABELING 
SE ST 
FOOD LABELS—Many food items and supplements are 
sold in the pharmacy, making it important for the pharmacist 
to understand nutrition labeling regulations. A current label- 
ing focus is to have more accurate and less misleading labeling 
on diet supplements and to have labeling of organic foods. The 
Nutrition Labeling and Education Act of 1990 requires most 
packaged foods to list a specified set of nutrition facts on the 
label. Standard setting and enforcement for nutrition labeling 
is a responsibility of the Food and Drug Administration (FDA). 
Nutrition labels are helpful in complying with the Dietary 
Guidelines. Figure 100-3 is an example of a current food label 
with the minimum required facts. All the nutrition information 
on the label is based on the stated serving size. Larger pack- 
ages, such as cereal boxes, often include additional information 
not required by law. At the bottom of the panel is located 
percent daily values based on a standard diet of 2000 kcal. 
Daily Values (DV) represent another standard used primarily 
only on nutrition labels. The DV is based on either a DRI or, in 
the case of dietary components without a current DRI such as 
fiber and cholesterol, the DV follows a generally acceptable 
standard such as the Dietary Guidelines. DVs give a quick 
analysis for those diet components of current concern. 
Nutrition labeling for raw fruits, vegetables, and fish is 
voluntary, but the standards are consistent with that required 
on packaged foods in terms of the required set of information 
and the format in which it is presented. The FDA provides the 
retailer with the factual data for the voluntary listing of the 20 
most commonly consumed raw fruits, vegetables, and fish and 
they are posted in the store at the point of purchase. At the 


current time, the FDA does not plan to require labeling for 
fresh foods unless less than 60% of retailers do not adhere to for 
the voluntary listing. The FDA updates the nutrition labeling 
facts for the voluntary listings every 4 yr with the next update 
in the year 2000. 

DESCRIPTIVE TERMINOLOGY ON LABEL—Many 
terms are approved by the FDA, in conjunction with the Food 


Nutrition Facts 


Serving Size 1 cup (228g) 
Servings Per Container 2 


Amount Per Serving 
Calories 260 Calories from Fat 120 


% Daily Value* | 
Total Fat 139 20% 
Saturated Fat 5g 
Cholesterol 30mg 10% 
Sodium 660mg 28% 
Total Carbohydrate 319g 
Dietary Fiber Og 
| Sugars 5g 
Protein 59 


ee | 
Vitamin A 4% ° Vitamin C 2% 


Calcium 15% ° lron 4% 


|” Percent Daily Values are based on a 2,000 
calorie diet. Your daily values may be higher 


or lower depending on your calorie needs: | 
Calories: 2,000 2,500 
Total Fat Less than 659 80g 
| Sat Fat Less than 20g 25g | 
Cholesterol Lessihan 300mg 300mg _ 
Sodium Lessthan 2,400mg 2,400mg 
i Total Carbohydrate 300g 375g 
Dietary Fiber 259g 30g | 
| Calories per gram: 
| Fat9 + Carbohydrate 4 - Protein 4 | 


Figure 100-3 Nutrition facts. 


Safety and Inspection Service (FSIS), to describe a food prod- 
uct. Some terms, like dietetic, are not regulated, are discour- 
aged by the FDA and are not needed when regulated terms are 
used on labels. Eleven core terms form the basis of the descrip- 
tions. The eleven are free, low, lean, extra lean, high, good 
source, reduced, less, light, fewer, and more. Additionally syn- 
onyms are approved for the terms. Approved synonyms for free 
include without, trivial source of, negligible source of, dietarily 
insignificant source of, no, and zero. A food meets the definition 
for low if a large amount of the food could be eaten without 
exceeding the DV for the nutrient. Synonyms allowed for /ow 
are contains a small amount of, low source of, little, and few. A 
product can claim a specific food is a good source of a nutrient 
only if the food contains 10 to 19% of the DV for the nutrient or 
high only if the product contains 20% or more of the DV for the 
nutrient. Some terms cannot be used unless additional charac- 
teristics of the product also support the claim. For example 
products that bear claims related to percent fat free also must 
meet the definition for /ow fat and must accurately reflect the 
amount of fat in 100 g of the food. Table 100-9 includes 
the terms commonly used on products as related to specific 
nutrients. 

ADDITIONAL LISTINGS ON LABELS—The section on 
a food label that lists the ingredients is not considered part of 
the nutrition labeling regulations, but it does conform to regu- 
lations. Generally, ingredients are listed by their chemical 
name that allows consumers to identify a substance they may 
need to avoid because of a food sensitivity or allergy. Ingredi- 
ents also are listed in descending order of their amount. When 
looking for a whole-grain product, the words whole grain, 
should be among the first in the ingredient list. 

All food labels must bear the name and address of the 
manufacturer and the weight. Universal bar codes allow the 
product to be traced to the exact place, date, and time it was 
manufactured. Consumers are encouraged to contact the man- 
ufacturer with any specific questions about the product. Many 
products also have dates on them, but dating is neither 
required or regulated and therefore not consistent in meaning. 

HEALTH CLAIMS ON FOODS—Health claims are only 
allowed if there is sufficient scientific basis for a relation be- 
tween nutrient and health or disease. All health claim wording 
must be preapproved by the FDA and must state the rela- 
tionship of the claim to the total daily diet. As of 1998, 
health claims were allowed for the following ten diet and health 
relationships: 


Calcium and osteoporosis 

Fat and cancer 

Saturated fat and cholesterol and CHD 

Fiber-containing grain products, fruits, and vegetables and cancer 

Fruits, vegetables, and grain products that contain fiber and risk of 
CHD 

Sodium and hypertension 

Fruits and vegetables and cancer 

Folic acid and neural-tube defects 

Soluble fiber from whole oats (rolled oats, oat bran, and oat flour) and 
risk of CHD 

Soluble fiber from psyllium seed husk and risk of CHD 


In December 1997, proposed rules to regulate USDA’s Na- 
tional Organic Program were released. Organic foods have 
never been regulated. In the proposal the term organic is de- 
fined and a uniform set of national standards has been estab- 
lished to produce and handle organic agricultural products. 
The usual process for new regulations takes several years for 
comment time, revisions and final regulations, and setting 
dates for compliance. Therefore, the regulation of organic foods 
can be expected after the year 2000. 

LABELS ON DIETARY SUPPLEMENTS—By the year 
2000, it will be a requirement that all dietary supplements 
have labels that meet specific regulations. Labels on supple- 
ments began to appear in the pharmacy in the late 1990s. 
Before these dates, dietary supplements were unregulated with 
regard to statements about nutrition. The Dietary Supplement 
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Table 100-9. Meanings of Descriptive Words 


for Specific Nutrients 
SS 


Sugar 
Sugar free: less than 0.5 g per serving 
No added sugar, Without added sugar, No sugar added: 

@ No sugars added during processing or packing, including 
ingredients that contain sugars (for example, fruit juices, 
applesauce, or dried fruit). 

@ Processing does not increase the sugar content above the 
amount naturally present in the ingredients. (A functionally 
insignificant increase in sugars is acceptable from processes 
used for purposes other than increasing sugar content.) 

@ The food that it resembles and for which it substitutes 
normally contains added sugars. 

® If the food does not meet the requirements for a low- or 
reduced-calorie food, the product bears a statement that 
the food is not low-calorie or calorie-reduced and directs 
consumers’ attention to the nutrition panel for further 
information on sugars and calorie content. 

Reduced sugar: at least 25% less sugar per serving than 
reference food 

Calories 

Calorie free: fewer than 5 calories per serving 

Low calorie: 40 calories or less per serving and if the serving is 
30 g or less or 2 tablespoons or less, per 50 g of the food 

Reduced or Fewer calories: at least 25% fewer calories per 
serving than reference food 

Fat 

Fat free: less than 0.5 g of fat per serving 

Saturated fat free: less than 0.5 g per serving and the level of 
trans fatty acids does not exceed 1% of total fat 

Low fat: 3g or less per serving, and if the serving is 30 g or less 
or 2 tablespoons or less, per 50 g of the food 

Low saturated fat: 1g or less per serving and not more than 
15% of calories from saturated fatty acids 

Reduced or Less fat: at least 25% less per serving than 
reference food 

Reduced or Less saturated fat: 
than reference food 

Cholesterol 

Cholesterol free: less than 2 mg of cholesterol and 2 g or less 
of saturated fat per serving 

Low cholestero/: 20mg or less and 2 g or less of saturated fat 
per serving and, if the serving is 30 g or less or 2 tablespoons 
or less, per 50 g of the food 

Reduced or Less cholesterol: at least 25% less and 2 g or less of 
saturated fat per serving than reference food 

Sodium 

Sodium free: less than 5 mg per serving 

Low sodium: 140mg or less per serving and, if the serving is 30 
g or less or 2 tablespoons or less, per 50 g of the food 

Very low sodium: 35 mg or less per serving and, if the serving 
is 30 g or less or 2 tablespoons or less, per 50 g of the food 

Reduced or Less sodium: at least 25% less per serving than 
reference food 

Fiber 

High fiber: 5 or more per serving. (Foods making high-fiber 
claims must meet the definition for low fat, or the level of 
total fat must appear next to the high-fiber claim.) 

Good source of fiber: 2.5 g to 4.9 per serving 

More or Added fiber: at least 2.5 g more per serving than 
reference food 


at least 25% less per serving 


Health and Education Act of 1994 required the FDA to develop 
labeling requirements specifically designed for products con- 
taining ingredients such as vitamins, minerals, herbs, or amino 
acids intended to supplement the diet. Information similar to 
the Nutrition Facts panel on foods is required. Health claims on 
supplements must follow the same regulations as health claims 
on foods and may not claim to diagnose, mitigate, treat, cure, or 
prevent a specific disease or class of diseases. 

Labeling regulations for supplements were first on a volun- 
tary basis, with requirements becoming effective in March 
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1999 for all products labeled after that date. Products on the 
market before March 1999 that carried the voluntary labeling 
as suggested by the FDA can remain on the market shelf. Those 
products with no voluntary labeling will be subject to the new 
rules. Words such as high potency will be required for the 
product to meet the standard of 100% or more of the DRI or the 
DV established for that nutrient. High potency also can be used 
with multi-ingredient products if two thirds of the nutrients 
that are in the product are present at levels that are more than 
100% of the DRI or the DV. The term antioxidant may be used 
in conjunction with previously defined terms of good, high, or 
good and high for products for which scientific evidence 
shows that after absorption of a sufficient quantity, the antioxi- 
dant nutrient or nutrients inactivate free radicals or prevent 
radical-initiated chemical reactions in the body. 

ISSUES RELATED TO SUPPLEMENTS—General agree- 
ment on taking nutritional supplements is lacking among med- 
ical and nutrition professionals. In general a wise nutritional 
strategy is to obtain nutrients from foods as part of a well- 
balanced diet, and supplements should not be taken as an 
excuse for obtaining nutrients from the daily diet. However, 
supplementation, including the amount to be taken, is appro- 
priate when the supplement has been shown to be safe through 
sound scientific discovery. Supplementation is needed when 
food intake may be variable, such as in childhood; when needs 
may be temporarily increased, such as in pregnancy and lacta- 
tion; when a specific recommendation from an appropriate 
source has been made, such as the USPHS recommending 
folacin for all women of childbearing age; or when the client has 
a medical condition that is altering digestion, absorption, me- 
tabolism, or excretion of nutrients such as malabsorption syn- 
dromes, renal disease, etc. Surveys have associated supple- 
ment users with higher intake of nutrients from foods, with 
whites, women, older persons, those who have higher education 
and incomes, and more common among persons who believe 
diet affects disease. In general, large epidemiological studies 
have demonstrated supplement use has not lowered overall 
mortality but has sometimes been associated with a reduced 
risk of a specific disease. 

Over-the-counter (OTC) supplements continue to offer the 
client a wide variety of substances, including nutrients, pack- 
aged in many different combinations. Labeling regulations on 
supplements help to interpret the information, but the phar- 
macist should not rely solely on the label for their judgement in 
giving advice. The pharmacist can best answer specific ques- 
tions about supplements and their claims if the scientific liter- 
ature is thoroughly understood, including all possible advan- 
tages and disadvantages of the supplement. An important 
concept to remember is that nutrients do not function individ- 
ually, but rather in complex interrelations. Single doses of 
nutrients can upset natural balances and interrelations. Be- 
cause of nutrient interrelations, the best advice if a supplement 
is warranted or desired, is to take one that supplies an accept- 
able amount of all the nutrients and does not exceed a DRI 
standard for any one nutrient. This suggestion is consistent 
with recommendations of the American Medical Association, 
the Food and Nutrition Board of the National Academy of 
Sciences, the American Dietetic Association (ADA), the Amer- 
ican Society for Clinical Nutrition, and the National Council 
Against Health Fraud. 

FUNCTIONAL FOODS, PHARMAFOODS, AND NU- 
TRACEUTICALS—As scientific evidence has advanced the 
knowledge of beneficial relations among food, nutrition, health, 
and disease, a new arena for foods, and food technology, has 
emerged. Terms like functional foods, pharmafoods, and nutra- 
ceuticals now exist with little current agreement on standard- 
ized definitions and many different definitions published in the 
literature. A position paper of The American Dietetic Associa- 
tion on Phytochemicals and functional foods lists the defini- 
tions found in Table 100-10. The terms have in common that 
nutrients may have a beneficial effect in the prevention and 
treatment of disease. The public is aware of some of the terms 


owing to use in the popular press. Literally hundreds of food 
components exist, and through bioengineering, those compo- 
nents proved of benefit could be increased in the food supply. 
For example, the antioxidant beta-carotene could be increased 
in a food or even added to foods that normally would not have 
this precursor to vitamin A. Strong research is needed to help 
answer which nutrients need to be increased in the diet 
whether in the form of foods or as a supplement and what level 
is needed to gain a benefit and cause no harm. As the media 
reports suspected benefits, pharmacists are increasingly asked 
for recommendations about supplements and foods. Until solid 
evidence is generated, including amounts to recommend, the 
best advice remains to eat a wide variety of foods with an 
emphasis on plant foods to form the foundation of the diet. 

ADDITIVES IN FOOD AND SUPPLEMENTS—A food 
additive is any substance that becomes part of a food product. 
Technically speaking, supplements could be considered addi- 
tives because they become part of the diet even when they are 
not in a food product. 

Food additives can be intentionally added, such as salt or 
cinnamon, or unintentionally added, such as when a pesticide 
used to treat crops unintentionally is incorporated into the 
plant or when a drug given to an animal unintentionally ends 
up in the food product supplied by that animal. Even chemical 
substances that migrate from package materials can become 
unintentional additives. Generally, additives intentionally 
added to foods impart properties that yield an improved food 
supply. Broad purposes of food additives include maintaining 
or improving nutritional value such as the addition of vitamins 
and minerals to a food product. The surge in the addition of 
calcium to juices and other foods is a good example of this 
function. A second broad purpose of additives is to maintain 
freshness in the food. The addition of antioxidants to foods 
processed with fat, such as potato chips, helps to prevent the 
fat from becoming rancid, and preservatives help to prevent 
spoilage as well as changes in color, texture, and flavor of food. 
A third broad purpose of additives is to help in the processing 
and preparation of foods such as when emulsifiers are added to 
peanut butter and mayonnaise to keep the product smooth or to 
salad dressings and chocolate milk to keep the product in a 
homogenous solution rather than allowing it to separate. A 
fourth broad purpose of additives is to make food more appeal- 
ing. This represents the most widely used additive examples 


Table 100-10. Definitions of Functional Foods 
and Related Terminology 


TERM DEFINITION/CHARACTERISTIC ELEMENTS 


Chemopreventive 
agent 


Nutritive or nonnutritive food component 
being scientifically investigated as a 
potential inhibitor of carcinogenesis for 
primary and secondary cancer prevention 

Processed foods that are supplemented with 
food ingredients naturally rich in disease- 
preventing substances. This may involve 
genetic engineering of food. 

Any modified food or food ingredient that 
may provide a health benefit beyond the 
traditional nutrients it contains. 

Any substance that may be considered a 
food or part of a food and provides 
medical or health benefits, including the 
prevention and treatment of disease. 

Food or nutrient that claims medical or 
health benefits, including the prevention 
and treatment of disease. 

Substances found in edible fruits and 
vegetables that may be ingested by 
humans daily in gram quantities and that 
exhibit a potential for modulating human 
metabolism in a manner favorable for 
cancer prevention 


Designer food 


Functional food 


Nutraceutical 


Pharmafood 


Phytochemical 


and includes coloring agents, natural and synthetic flavors, 
flavor enhancers, and sweeteners. The flavor of strawberries in 
ice cream can come from a strawberry or a chemical flavoring, 
and the pink color is added because consumers expect straw- 
berry ice cream to be pink. Consumers use additives in the 
home preparation of food through the use of salt, pepper, sugar, 
and other ingredients. The most widely used food additives by 
the food industry are sugar, salt, and corn syrup. These three 
plus citric acid, baking soda, vegetable colors, mustard, and 
pepper account for more than 98%, by weight, of all food addi- 
tives used in the US. 

Food additives are regulated under the same basic law as 
are drugs; the Food, Drug & Cosmetics (FD&C) Act. Food and 
color additive amendments occurred in 1958 and 1960. Only 
two groups of additives were exempt at that time from a strict 
testing and approval process. Additives already in use and 
found to cause no harm when the amendments were added, in 
1958 and 1960, were placed on a generally recognized as safe 
(GRAS) list, and a second list of prior sanctioned additives were 
exempt because of previously meeting the regulatory require- 
ments. However, if questions should arise about the GRAS 
substances, the testing required would meet all current regu- 
lations. Colors used in drugs are the same colors approved for 
use in foods. All new additives must undergo years of testing, 
similar to the testing required for new drugs, before being 
approved by the FDA. Unintentional additives are monitored 
through collection and analysis of foods at their point of pro- 
duction and through the FDA Total Diet Study. The Total Diet 
Study purchases all types of regular foods from the grocery four 
times a year and in four regions of the US. These foods are then 
prepared in their usual manner and tested for all substances 
present in the final product, including nutrients as well as 
additives. The incidence of unintentional additives, such as 
pesticides, must be less than amounts established by the FDA, 
FSIS, and the Environmental Protection Agency (EPA). One 
approved food process, the irradiation of foods, is regulated as 
an additive. This is to assure consumers that any changes in 
the food from irradiation are monitored by the same strict 
regulations as all other substances added to foods. 

FOODS AND NUTRITION MISINFORMATION—In 
this chapter, several recommendations from reputable sources 
about eating healthfully have been discussed, but all the rec- 
ommendations from reputable sources do not begin to compare 
in number to the abundance of misinformation that exists 
about foods and nutrition. Notwithstanding the immense cost 
of purchasing foods and supplements for which no added ben- 
efit is known, foods and nutrition misinformation may be harm- 
ful when it contributes to false hope and delay of appropriate 
treatment for an ailment. Misinformation may occur because of 
a cultural influence, misinterpretation of scientific studies, or 
as a result of fraudulent business practice. The dietary supple- 
ments labeling regulations should help control the latter. Phar- 
macists should know general ways to spot misinformation and 
the most common myths related to foods and nutrition. Of the 
top health frauds listed by the FDA, many are related to nu- 
trition. These included instant weight-loss schemes; supple- 
ments to boost sexual ability; fraudulent arthritis products; 
megavitamin and mineral therapies for cancer, AIDS, and 
other ailments; false nutritional schemes such as bee pollen, 
OTC herbal remedies, wheat germ capsules, and protein sup- 
plements; chelation therapy; and specific diets and vitamin and 
mineral supplements to treat candidiasis. In general, suspect 
misinformation when the following has occurred: 


Recommendations promise a quick fix, such as loss of 5 lb a week. Use 
Table 100-8 as a way to determine the merit of a diet program 
Dire warnings of danger are listed for a single food or product or 
regimen. Hundreds of foods and approximately 90,000 meals are 
eaten over a normal lifetime. It would take a lot of any one food for 
it to severely affect health. Avoiding specific foods does not guaran- 
tee a healthy diet. A healthy diet is about what is eaten, not what is 

avoided. 
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A single food is recommended as superior to all other foods. No one food, 
or even several foods, has all the nutrients needed for life. 

The nations food supply is reported as being unable to provide adequate 
nutrients through overprocessing, requiring the purchase of special 
products or supplements to overcome the deficit. The US has the best, 
safest, and most regulated food supply in the world. 

Claims that sound too good to be true such as an increase in metabolism 
simply by taking @ supplement. Activity is needed to get any signif- 
icant increase in metabolism to burn kilocalories. 

Recommendations based on a single study, a study with few subjects, a 
study that was not conducted as a double blind, a study that was not 
confirmed by other studies, a study that was not peer reviewed, or a 
study that was complex but is listing simplistic recommendations. 
Professionals must learn how to interpret scientific studies. 

A list of good or bad foods. There are no good or bad foods, but there are 
good and bad diets. 

Recommendations made to help sell a product. A well-balanced diet does 
not require the purchase of a specific product. 

Recommendations from studies that ignore differences among individ- 
uals, treating all people the same. People come in all sizes and 
shapes and are individual in their diet patterns and behaviors. 


MEDICAL NUTRITION THERAPY—The assessment 
and development of nutrition care plans, along with monitoring 
and evaluation, for clients who have diseases that could benefit 
from nutrition intervention is termed Medical Nutrition Ther- 
apy (MNT). The MNT process is effective in treating disease 
and preventing disease complications, resulting in health ben- 
efits and cost savings for the public. Many health-care advocacy 
and government groups have published recommendations that 
include MNT. These include, but are not limited to, the Na- 
tional Cholesterol Education Program, the National High 
Blood Pressure Education Program, the American Diabetes 
Association, the American Cancer Society, the National Acad- 
emy of Sciences Committee on Nutritional Status During 
Pregnancy and Lactation, and the Nutrition Screening Initia- 
tive. Most health problems that warrant MNT also include 
medication(s). 

Foremost in any MNT is the individualization of a nutrition 
care plan to the client. The client is assessed as to their nutri- 
tional status and how it may be compromised by the specific 
disease process. Assessment includes attention to anthropo- 
metric measures (ie, height, weight, and adipose deposits), 
biochemical measures (ie, all pertinent laboratory values), clin- 
ical evaluations (ie, a physical assessment of the body), and a 
diet evaluation to assess the usual diet and factors that affect 
eating behavior. After a thorough assessment, the nutrition 
professional can determine the best nutrition care plan for the 
individual, taking into account the medical and drug therapy 
the client will be receiving during their illness. All diet plans 
for MNT use the Dietary Guidelines for Americans and the 
DRIs as basic goals. An appropriate nutrition care plan first 
attempts to feed the client in as normal a fashion as possible, 
using the gut for entry of nutrients, known as enteral nutrition. 
In some cases the client may require the administration of 
nutrition outside the gut, parenteral nutrition, to achieve the 
nutrition goal. When the client is in a stage of growth, (ie, 
childhood), a major goal of MNT is to foster a normal growth 
pattern. Many chronic diseases result in anorexia, presenting 
feeding challenges to the client and nutrition professional. 

The individualization of the nutrition care plan is impor- 
tant, but general aspects can be listed as customary with spe- 
cific conditions (Table 100-11). When a client has multiple 
conditions (ie, both hypertension and diabetes mellitus), the 
MNT must include aspects related to the control of both disease 
entities. 

RESOURCES—tThe practicing pharmacist can benefit im- 
mensely from making contact with nutritional professionals. 
Ultimately it is the client who benefits from the team work of 
all health professionals. The Registered Dietitian (RD) is the 
nutrition counterpart to the Registered Pharmacist. The RD 
provides general nutrition guidance as well as MNT individu- 
alized to the client’s specific needs. Through its National Cen- 
ter for Nutrition and Dietetics, The ADA maintains a Nutrition 
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Table 100-11. Usual Medical Nutrition Therapy in Selected Health Conditions 


HEALTH CONDITION 


USUAL NUTRITION THERAPY 


Coronary heart disease 


Diabetes mellitus 


HIV/AIDS 


Achievement and maintenance of appropriate weight range. Optimalization of serum lipid levels by alteration 
of dietary total fat, saturated fat, cholesterol, trans fatty acid content of diet. May include sodium 
modification. 


Achievement and maintenance of appropriate weight range. Food intake to achieve normalized blood glucose 
values in conjunction with, or without, insulin therapy. Optimalization of serum lipid levels by means of 
dietary lipid alterations in total fat, saturated fat, and cholesterol. 


Maintenance of appropriate weight range, including use of meal replacement supplements as necessary. May 


require parenteral nutrition and repletion of specific nutrients as assessed. Management of nutrition-related 
issues, ie, food safety, drug/nutrient/food interactions, and food regimens and general guidance to help 
offset related problems, ie, nausea, vomiting, satiety, dysphagia, etc. Attention to the social aspects of food 
as well as restorative and maintenance aspects. Clients need assistance in evaluating supplement 


information and nutrition products. 
Hypertension 
Neoplastic disease Same as HIV/AIDS listed above. 


Obesity 
with obesity, ie, blood lipids. 


Chronic renal disease 


Achievement and maintenance of appropriate weight range. Sodium modification. Alcohol moderation. 


Achievement and maintenance of appropriate weight range. Alteration of serum parameters often associated 


General nutrition therapies include varying levels of protein, depending on the disease stage; decreasing 


dietary phosphorus, potassium, sodium, and fluids; and increasing calcium by means of the diet and/or 
supplements. Weight maintenance within a normal range and vitamin and mineral supplements are also 


concerns when individually warranted. 


Hot Line for professionals and consumers at 1-800-366-1655. 
Callers can listen to prerecorded food and nutrition messages, 
locate RDs in their area for nutrition counseling, and seek 
answers to questions from RDs. The information is available in 
both English and Spanish and also via telecommunications 
device for the deaf. The ADA also publishes refereed position 
papers on issues of importance about foods and nutrition. Many 
of the position papers related to information in this chapter are 
included in the chapter bibliography. Increasingly the world- 
wide web (www) is being used by consumers and professionals 
for information. The professional must be able to evaluate all 
resource information, including the www, as to its validity and 
usefulness. In the bibliography are several resources to provide 
information on evaluation of nutrition information. 
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Pharmacists and Nonprescription Products—Pharmacists are in 
a unique position because of their education, training and ready acces- 
sibility to the public when it comes to self-medication by the public with 
over-the-counter (OTC) drugs. Although the FDA is unsure about the 
actual number of OTC products, it is estimated to be between 125,000 
and 300,000 in number, with sales totaling almost $42 billion in phar- 
macies, food stores and mass merchandisers during 1996.' 


The sales of these products will continue to escalate because 
self-medication continues to increase in importance for two 
main reasons: (1) the continued sophistication and knowledge 
of consumers in self-medication and (2) the movement of addi- 
tional prescription products to OTC status. It is estimated that 
for every dollar spent on OTC products, two dollars are saved 
on health-care costs. 

It is noteworthy that the average community pharmacist 
recommends an OTC product 3888 times per year (324 recom- 
mendations per month). Another study demonstrated that 40% 
of consumers ask their pharmacist for advice on minor health 
problems at least once during the year and that people under 
50 years of age seek advice more often than people over 50. This 
is consistent both with the younger group of people having 
families about which they are concerned and being more at- 
tuned to expect information about their health care. This same 
study demonstrated that 99% of consumers indicated they 
would use the product recommended by the pharmacist, and 
96% reported they were satisfied with the OTC product recom- 
mended by the pharmacist. 

THE MOVE TO SELF-CARE—A critical driving force be- 
hind the push for the pharmacist to become involved in ambu- 
latory care is the move toward self-care. Consumers demand 
personal involvement and responsibility for health-care main- 
tenance.” Direct-to-consumer advertising of prescription and 
nonprescription products has helped give consumers the idea 
that they are absolutely capable of making sophisticated med- 
ical decisions. Many patients, however, mistakenly believe that 
prior experience with a drug or drug product is equivalent to 
safety and efficacy. There is also the common myth that being 
advertised commercially on radio or television automatically 
denotes safety and efficacy. Other patients place an exagger- 
ated faith in product labels, denying the possibility that a 
pharmacist consultation can add any value to the purchase. 
Partially as a result of this increased (and often misplaced) 
sophistication on the part of the patient, misadventuring with 
(ie, misusing) OTC products results in increased morbidity and 
mortality each year. 

Fortunately, the pharmacist increasingly is being viewed as 
a valid aid to self-care through the change wrought by the 
Omnibus Budget Reconciliation Act of 1990 (OBRA 90). This 
law has increased the visibility of pharmacists as they counsel 
the consumer about prescription products. Already, the phar- 
macist has marked influence as evidenced that 97% of 406 
respondent pharmacists surveyed indicated that patients al- 
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ways (14%) or usually (83%) purchase the product that the 
pharmacist recommends. This influence must extend also to 
patient acceptance of pharmacist advice about safe/effective 
use of OTC products and the need for the patient to commit 
with the pharmacist to share followup information to deter- 
mine the success of the selected self-care regimen. 

THE RX-TO-OTC SWITCH—A second force in this emerg- 
ing role for pharmacists in self-care is the movement of drug 
products from prescription to nonprescription status.® Patients 
now have access to medications whose sale in the past was 
restricted to prescription use only. This movement will con- 
tinue as a result of the OTC efficacy panel reviews that the 
FDA initiated in 1972. In recent years, the conversion of mi- 
noxidil topical solution, nicotine gum and patches, and 
histamine-2 antagonists to OTC status, among others, has 
occurred.* 

Pharmacists welcome this movement of drugs from pre- 
scription to nonprescription status. While this transfer will 
continue to have a significant economic impact on pharmacies, 
the main concern of pharmacists is for patient safety when 
using these drugs. This area of practice affords the clear 
opportunity for pharmacists to use their knowledge and 
expertise. 

CAN/WILL PATIENTS READ NONPRESCRIPTION 
PRODUCT LABELS?—Another major rationale for pharma- 
cist involvement in self-care is the issue of patients and their 
ability to read and/or comprehend OTC labels. Studies have 
demonstrated that patients have difficulty reading and/or un- 
derstanding the information that is presented on the OTC 
product package and label. Many, for example, simply do not 
understand the meaning of For therapeutic use only. As a 
result, in 1990, California enacted a law requiring the phar- 
maceutical industry to report to the State on the progress made 
on improvement in readability and clarity of labeling informa- 
tion. Subsequently, the Consumer Healthcare Products Asso- 
ciation (CHPA) developed voluntary industry guidelines that 
identify specific technical factors that could be addressed to 
improve the readability of OTC labels. While this is a forward 
step, these guidelines probably will not be of too much use for 
those people who experience degenerative eye disorders, most 
commonly amblyopia (weak eye caused by the destruction of 
the retinal cones), or be of help to the 20 million people who 
wear eyeglasses and/or contact lenses that have prescriptions 
no longer suited to them or an estimated 20 million other 
people who are in need of some visual correction but are un- 
aware of this necessity. 

Another group of patients cannot read the label because of 
functional illiteracy. Although the patient often will not admit 
this disability, as many as 90 million Americans suffer from 
poor reading comprehension.” 


HOW A PATIENT CHOOSES A NONPRESCRIPTION 
PRODUCT—Persons may not always desire to seek the advice 
of a physician each time they become ill. Correspondingly, the 
symptoms of the ailment may be minor enough to treat with an 
OTC product. The decision of the patient concerning which 
product to purchase usually is based on prior experience with 
the product; advice received from the pharmacist, neighbor, 
and/or relatives; and/or commercial advertisements by manu- 
facturers. However, the pharmacist is the only expert/specialist 
in this area of knowledge and should make this particular 
expertise available to the patient. 


THE ROLE OF THE PHARMACIST 
RE LS TE ES TE EE CRIS WD TED 

THE PAST ROLE—At one time, it was common for the 
patient to seek the advice of a pharmacist for minor ailments 
and first aid, and for the pharmacist to provide this service. 
Pharmacists were seen as a valuable source in providing advice 
on minor ailments. 

The involvement of the pharmacist in self-care changed 
dramatically in 1921 with the adoption of the APhA Code of 
Ethics, which deemed it unethical for a pharmacist to prescribe. 
This was interpreted to mean that pharmacists recommending 
an OTC medication would be committing a violation of ethics 
because they would be couwnter-prescribing (prescribing over 
the counter). During the later 1920s and 1930s, the pharmacist 
gradually withdrew from self-care. As a result, the pharmacist 
consulted about OTC drugs and/or treatments often refused to 
provide any information, forcing the patient to self-diagnose 
and self-treat. 

For several reasons, pharmacists felt justified in failing to 
provide advice on nonprescription products: 


Prior to the more enlightened 1970s, pharmacists also were taught not 
to tell patients the intended use or potential adverse effects of their 
prescription medications. It was natural then not to provide advice 
on minor health conditions. 

Prescriptions were not labeled routinely with the contents so that the 
patient would be forced to ask the physician for additional informa- 
tion. It was natural to refer the patient to the physician for all 
questions about minor ailments. 

An increase in prescription volume began in the 1940s that made the 
pharmacist too busy for consultation. 

The pharmacist felt an inability to provide adequate and relevant 
information because of a lack of education; most colleges of phar- 
macy did not feature a specific nonprescription product course in the 
curriculum. 

The pharmacist was hesitant to communicate with patients because of 
communication apprehension as a result of poor communication 
skills development. 


PHARMACY CHANGES IN THE 1970s—For a period of 
about 40 years the pharmacist tended to avoid patient contact. 
During the mid-1970s pharmacy was rejuvenated with the 
promotion and gradual introduction of clinical and patient- 
oriented concepts into the practice of pharmacy. Advising the 
patient on health matters not only became fashionable but was 
recognized as a responsibility of the pharmacist, ethically and 
legally. The pharmacist was encouraged to question the patient 
who had decided to self-medicate and triage the patient, ie, 
recommend an OTC medication, recommend that the patient 
seek medical attention. By 1969 the membership of the APhA 
voted to adopt a new Code of Ethics that held the health and 
welfare of the patient to be of first consideration for the 
pharmacist. 

This brief historical perspective was presented to explain 
why the average pharmacist in practice today may not be 
aware of the responsibility to provide advice to persons who 
decide to treat themselves and why the pharmacist may have 
neglected to offer this professional service. A number of phar- 
macists may have to be educated, or reeducated, on how to 
counsel the patient who decides upon self-treatment. This is 
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achieved within curricula of schools and colleges of pharmacy 
that provide appropriate coursework in the area of OTC drug 
therapy. Furthermore, continuing-education providers should 
strive in part to educate pharmacists who did not have the 
benefit of a formal course in OTC drug therapy through 
curriculum-based certificate programs. 

THE POTENTIAL ROLE—The move to self-care, the ongo- 
ing switch of potent medications to OTC status, and the inability 
to read and understand OTC labels effectively all point to the 
potential importance of the pharmacist as an information source 
with OTC products. It is clear that the pharmacist is in an oppor- 
tune position to help consumers with their self-care needs but 
must take a proactive role to do so. Consumer trends indicate that 
the pharmacist slowly is gaining recognition toward providing 
information to the patient about OTC drugs/products. Consumers 
seek pharmacists who provide service, and media advertisements 
tout the pharmacist as a source to consult.° The factors (in de- 
scending order of importance) germane to the patient/consumer 
selection of a pharmacist were 


1. Actively discussing instructions for the use of the pharmaceutical 
product, including effectiveness, anticipated side effects, and dura- 
tions of treatment. 

2. Being available for consultation. 

3. Providing willingness to offer advice on general health problems. 

4. Being friendly and approachable. 


One survey indicated that consumers are so intent on having 
the personal advice of pharmacists that even when they were 
busy, most consumers were willing to wait until they were free. 

THE NONPRESCRIPTION PRODUCT LABEL—The 
FDA supports the concepts of self-medication but, unfortu- 
nately, has not embraced the concept of the pharmacist as the 
first professional that the patient should consult before using 
the product. Instead, the FDA has ruled that certain OTC 
drugs be labeled, “seek the advice of a health professional 
before using this product.” This is unfortunate because health 
professional has a broad definition, sometimes to the exclusion 
of the pharmacist. However, favorable advertising that sug- 
gests that consumers ask their doctor or pharmacist, helps 
them identify the valuable counsel the pharmacist has to offer. 


RESPONSIBILITIES OF THE PHARMACIST 
IN SELF-CARE 


A PT ET SEE 
Self-care counseling is a primary-care activity that carries with 
it a great amount of professional responsibility. Communicat- 
ing information about OTC products requires the same basic 
skills used for prescription medication and does not mandate 
additional specialized education/training or vast financial ex- 
penditures to be done well. 

Many commercial enterprises use the old business maxim, 
“The customer is always right.” However, in pharmacy, the cus- 
tomer is often quite wrong in the potential choice of a self-care 
product, diagnostic product, or accessory/device. They may be 
mistaken in the need for a product, the choice of product, and 
often the need to consult a physician or other primary care prac- 
titioner. It is the pharmacist’s responsibility to correct the pa- 
tient’s misconceptions tactfully when needed as a component of 
pharmaceutical care. To provide proper advice, the pharmacist 
must gather relevant information needed to decide whether the 
patient should not select a specific product, should choose a non- 
prescription product or device, or should be referred to the physi- 
cian. This process is referred to as pharmacist triage. 


THE TRIAGE FUNCTION 
OF THE PHARMACIST 


Patients who wish to enter the self-care area may not seek the 
services of a pharmacist. Nonprescription products and devices 
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are freely available in food stores, variety stores, vending ma- 
chines in hotel lobbies, airports, and gasoline stations. The 
drawback to these purchases is that these venues lack a phar- 
macist to provide advice, educate the patient, and provide 
medically sound recommendations. The consumer then may 
choose a product or advice on the basis of recommendations 
from friends or family, the attractiveness of the packaging, or 
perhaps the memory of an entertaining ad in the popular 
media. While the vast majority of ads sponsored by nonpre- 
scription drug and device manufacturers are factual and accu- 
rate, to a certain extent, one can list many dozens of ads that 
urge consumers to purchase products or devices that lack proof 
of safety and/or efficacy. 

Thus, without a pharmacist, patient safety may be compro- 
mised seriously. The presence of an educated/trained pharma- 
cist is the value-added benefit of purchasing nonprescription 
drug products and devices at a pharmacy. Of course, this ar- 
gument assumes that the pharmacist has embraced the con- 
cept of triage, moving from a protected spot behind the pre- 
scription counter to engage the patients actively. This allows 
the pharmacist to elicit the information needed to carry out 
triage. 

The pharmacist who is willing to talk to patients in the 
self-care area fields many dozens of questions daily.’ The sim- 
plest of these questions is “Where can I find (name of product)?” 
However, the prudent pharmacist must learn to get behind this 
type of question, asking what type of problem the patient has 
that prompts the visit to the pharmacy or perhaps asking the 
patient to describe the complaint as a visual picture (eg, “My 
eyes feel like they have burning coals in them”). Failure to 
discover the nature of the medical condition can lead the pa- 
tient to inappropriate use of a product. The pharmacist must 
understand that some patients are hesitant to provide any 
details, however, and must be prepared for a cool rebuff from 
some patients. Other patients refuse to consider any advice 
from the pharmacist. This may be due to the greater relative 
influence of their friends or the advertising. However, the phar- 
macist should still make the attempt to educate the patient 
regarding a safer course of action. 

More complicated questions are common. The patient often 
asks about a specific medical condition. This is when triage 
decisions become critical. Patients must be placed into one of 
three categories. 


No Need for a Product—The patient may have no perceptible 
need for a nonprescription product or device (eg, the healthy patient 
who has become convinced that vitamins are necessary for everyday 
use). At times, another intervention will fit the concept of pharmaceu- 
tical care more closely than selling a product (eg, educating a patient 
about sleep-hygiene methods to treat insomnia rather than purchasing 
a nonprescription sleep-aid). 

A Minor Medical Condition That Will Benefit from a Nonpre- 
scription Product or Device—There are numerous medical condi- 
tions that may be improved with self-care products and devices (eg, the 
common cold or athletes’ foot). 

A Medical Condition That Places the Patient beyond the 
Realm of Self-Care—When the medical condition cannot be classified 
as minor or is clearly beyond the capacity of nonprescription products or 
devices, the patient must be referred for care from another practitioner 
(eg, MD, DO, podiatrist, optometrist, or dentist) who is able to order lab 
tests, diagnostic examinations, and prescriptions. In the most severe 
cases, the patient might be given directions to the nearest hospital 
emergency room. 


Thus, many times in the average workday, the pharmacist who 
is willing to assist patients in self-care must implement phar- 
maceutical care through recognizing medical conditions, decid- 
ing whether they are self-treatable, knowing which products 
are appropriate for that condition, and being able to persuade 
the patient which course of action is most suitable. To carry out 
these sophisticated decisions, the pharmacist must bring a vast 
body of knowledge to bear. The information needed to make 
informed triage decisions can be divided into two sets of factors: 
those related to the product and those related to the patient. 


PRODUCT-RELATED DECISION FACTORS 


The foremost factors to consider in nonprescription products 
and devices are safety and efficacy. Both must be present for a 
product to be the best choice for a patient. Safety without 
proven efficacy is a waste of money. Conversely, efficacy with- 
out proven safety presents an unacceptable risk to the patient. 

Prior to the 1970s, objective data regarding safety and effi- 
cacy of nonprescription products and devices were difficult to 
find in the professional medical literature. Congress remedied 
that unfortunate situation in the early 1970s by mandating a 
sweeping review of all nonprescription drug products and de- 
vices. This review has been an outstanding example of govern- 
mental service, but the downside has been the slow pace at 
which the review has been carried out. It is still proceeding 
one-quarter of a century later. Nevertheless, the OTC Drug 
Review process of the FDA has been a boon to the pharmacist. 
It has provided a knowledge base that allows sound decisions 
regarding comparative product effectiveness and safety. The 
review process has generated substantial scientific research, 
producing impressive amounts of new information and data on 
nonprescription medications. At the same time it has placed a 
burden upon the pharmacist to keep current about new infor- 
mation in this important subject area. A real handicap for the 
diligent pharmacist is obtaining factual, current information. 
Few realize that they can contact the National Center for Drug 
Evaluation and Research, FDA, Rockville, MD 20857 (1-301- 
295-8000) for appropriate information relative to the review 
panels. Also, current pharmacy literature often provides syn- 
opses of the latest FDA rulings. 

The major strength of the FDA review of nonprescription 
drug products and devices has been its objectivity. Full ap- 
proval for any ingredient requires overwhelming proof of safety 
and efficacy. Proof of efficacy must be demonstrated in placebo- 
controlled, double-blind studies with sample sizes sufficient to 
ensure statistical significance when the correct statistical tests 
are used. FDA personnel examine each study submitted care- 
fully to uncover such shortcomings as bias in patient recruit- 
ment, poor questionnaire construction, insufficient blinding, 
and use of parametric statistics on nominal or ordinal data. The 
study must have been replicated in a nonrelated research cen- 
ter. Thus, strict adherence to the scientific method ensures that 
medications are proved efficacious. Proof of safety is examined 
by studies that list adverse reactions and through examina- 
tions of the extant literature on the specific ingredient. While 
no medication is free of adverse reactions, the risk must be 
small in relation to the proved benefit the consumer can expect 
from the product when used as directed. 

If a nonprescription medication is proved safe and effica- 
cious, it is given a designation known as Category I. These 
ingredients can be recommended by the pharmacist with con- 
fidence as long as all label warnings are carefully read and 
adhered to, and as long as all patient-related decision factors 
are taken into consideration. 

Numerous ingredients reviewed by the FDA and its panels 
lack proof of safety and/or efficacy. They are referred to as 
Category III ingredients. The pharmacist should take great 
caution in recommending these ingredients. If their efficacy 
remains unproved, any possible risks to which the patient 
would be exposed are unacceptable. If, on the other hand, their 
safety is unproved, any possible benefit is not worth the risk to 
patient safety. 

Some ingredients are found in the review to be unsafe 
and/or to lack efficacy. They are placed in Category II. The FDA 
is usually able to force their removal eventually, but an article 
in the lay press exposed situations in which pharmacies con- 
tinued to sell these banned products freely.® 

There are several reasons why pharmacists might recom- 
mend products that lack proof of safety and/or efficacy. For 
instance, companies sponsor promotions in which an unidenti- 
fied mystery shopper enters pharmacies and asks for help with 


a certain medical condition. These shoppers are actually acting 
for a certain company, and the pharmacist who recommends 
that company’s product may win a cash prize, a free trip, or a 
new vehicle. Advertising campaigns encourage the pharmacist 
to suggest that company’s product to all who ask, just in case 
the person might be the mystery shopper. Thus, the pharmacist 
might suggest a specific product out of self-interest. 

Pharmacists are also approached by rack jobbers, who often 
ask to place a rack of merchandise in the pharmacy on consign- 
ment. The pharmacist does not purchase the items on the rack 
and has no cash outlay. When products sell, the pharmacist 
receives a fee set in advance. The rack jobbers promise to 
restock the rack as needed. These products should be inspected 
carefully to ensure that their ingredients are actually safe and 
effective. This seductive approach may have been used by the 
manufacturers of Cal-Ban 3000, a diet aid that was marketed 
nationally. The ingredient had not been approved by the FDA.® 
Its labeling was confusing in listing its ingredient as Cyamop- 
sis tetragonolobus, which was the scientific name of guar gum, 
a complex sugar that swells when wetted. The FDA was ad- 
vised by health professionals of adverse reactions and discov- 
ered that ten hospitalizations from intestinal or esophageal 
obstruction had occurred. One death occurred from a blood clot 
that reached the lungs following surgical removal of a guar 
gum throat obstruction. The FDA forced the company to recall 
the product, levying a heavy fine. Had pharmacists been more 
wary about selling a product of unknown efficacy/safety, per- 
haps the medical problems could have been prevented. 

Some pharmacists sell unproved products out of a desire 
to please the customer. It is uncomfortable to have a con- 
frontation with patients who are convinced that an unproved 
product is the best choice for them. For example, a patient 
may be convinced that ginseng has helped him feel younger 
or that ginkgo has helped improve his memory. After many 
months of use, patients may become extremely upset with 
the pharmacist who then counsels them to discontinue these 
unproved products and seek legitimate medical care if their 
symptoms return. 

Pharmacists also fear that they will lose business if they 
refuse to sell unproved products. They may not want to be 
seen as an impediment to the patient. They also realize that 
patients may listen to the pharmacist, then purchase the 
products they wanted in the first place at a store down the 
street. Of course, pandering to the patient’s every whim is 
ultimately self-defeating. The pharmacist must instead 
strive to build a reputation for professional integrity by 
refusing to sell these unproved products and by offering 
logical reasons for such refusals. Such a refusal is in the 
highest traditions of pharmaceutical care. 

Pharmacists also sell unproved products out of a belief that 
the product may actually work, even though data are lacking, 
or from the mistaken belief that “It can’t hurt, can it?” These 
pharmacists will evidently continue to sell unproved products 
until they cause overt patient harm or until there is over- 
whelming evidence of a lack of efficacy. Unfortunately, congres- 
sional legislation has burdened the overworked FDA so that 
unscrupulous companies can continue to market their un- 
proved products for a long period without making the barest 
pretense of carrying out legitimate scientific studies. The pa- 
tient often has no idea that the products lack proof of safety 
and/or efficacy despite the fact that they are sold freely on the 
shelf of the pharmacy. 


PATIENT-RELATED DECISION FACTORS 
(ER RE WAR PR PR EA TRIE GT TEE 
The pharmacist who sells only safe and effective ingredients 
may feel there is no need to counsel patients seeking self-care. 
This is a mistaken assumption, as the safe and effective ingre- 
dients have many restrictions on their use that must be ob- 
served to ensure that patient health is not compromised. 


> 
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AGE OF THE PATIENT—The FDA and its panels have 
established the minimum ages below which nonprescription 
ingredients may be administered safely. Certain guidelines are 
still preliminary, but major changes in the lower age cutoffs are 
unlikely. 

As a general rule, nonprescription products are not to be 
recommended to patients below the age of 2 years. Teething 
products are an exception, being approved down to 4 months of 
age. Some products are not safe for dosing under the age of 6, 
12, or 16 years. These age cutoffs are not arbitrary. With each, 
there is overwhelming evidence that providing the ingredient 
to those younger than indicated on the label without the su- 
pervision of a prescribing professional can be extremely dan- 
gerous. For instance, pharmacists are routinely asked about 
dosing of antihistamine-containing cold and allergy products 
for patients as young as 1 month of age. However, administra- 
tion of antihistamines to those below the age of 6 years can 
result in paradoxical excitation. Use of antidiarrheals in those 
under the age of 3 years can result in life-threatening fluid and 
electrolyte abnormalities. Despite these warnings, various 
companies have distributed pediatric dosing charts that pur- 
port to provide safe doses for acetaminophen, loperamide, 
pseudoephedrine, and antihistamines down to ages as young as 
0 months (ie, a newborn). 

DURATION OF THE CONDITION—The range of condi- 
tions for which patients seek self-care is nothing short of amaz- 
ing. The first author has been asked to recommend nonpre- 
scription products for heavy-metal toxicity from inhalation of 
fumes from welding nickel pipe, Brown Recluse Spider bites, 
nail and scalp fungi, loose teeth, boils, and eyeballs bruised so 
completely that the whites were totally blackened. By contrast, 
most minor medical conditions for which self-care is acceptable 
will resolve regardless of whether a nonprescription product is 
used or not. 

The pharmacist must remember that even a seemingly mi- 
nor condition or symptom may reflect an underlying etiology 
that is beyond self-treatment. For instance, while simple head- 
ache is usually benign, a headache that lasts for a certain 
period may indicate, eg, bacterial meningitis. Additionally, con- 
stipation of sufficient duration may indicate fecal impaction 
and/or megacolon/megarectum. For these reasons, many non- 
prescription products and devices carry a labeled safe maximal 
time cutoff for unsupervised use in self-care. For instance, 
nonprescription diarrhea products carry the warning “Do not 
use for more than 2 days unless directed by a physician.” The 
FDA seldom clarifies the exact meaning. For instance, how 
should the pharmacist handle the patient who already has had 
diarrhea for 3 days when seeking self-care products? Should 
the pharmacist advise an additional 2 days of therapy prior to 
seeking medical care? How about the patient who has a chronic 
diarrhea for 2 months? Obviously, both patients are in greater 
need of rehydration and electrolyte replacement than the pa- 
tient with only a single diarrheal episode. 

When examining the FDA-labeled maximal durations for 
self-use, the pharmacist should err on the side of patient safety. 
First, it is vital to ask “How long have you had this condition?” 
or “When did the symptoms begin?” A judicious judgment al- 
lows appropriate triage decisions to be made. Diarrhea prod- 
ucts only allow 2 days of self-care, so a strict interpretation of 
this timeline is preferable because of the potentially serious 
nature of diarrhea. In other words, the patient who has already 
had diarrhea for 2 days or more is beyond the realm of safe 
self-care and should be referred at once. Intraoral topical an- 
algesics are only to be used for 1 week to ensure that the 
patient seeks self-care for a more serious cause of oral sores, 
such as an oral tumor. Again, a strict interpretation is needed, 
and the patient with an oral lesion of 1 week or more in 
duration should be referred immediately for an oral evaluation 
without being sold a product. On the other hand, corn and 
callus products caution against use for more than 14 days. 
Obviously, typical patients have had the corn or callus for 


1742 CHAPTER 101 


many months to years and may be allowed to use the product 
for 2 weeks from the point they begin self-care. 

CONTRAINDICATIONS—Just as is the case with pre- 
scription products, certain nonprescription products are unsafe 
for unsupervised self-use when the patient also has other med- 
ical conditions. For instance, antihistamines are contrain- 
dicated in the patient with glaucoma. They can cause a rise 
in intraocular pressure in the patient with narrow (acute or 
angle-closure) glaucoma, causing irreversible visual loss. Lax- 
atives are contraindicated with rectal bleeding, since this is a 
cardinal sign of colorectal carcinoma. Oral nasal decongestants 
are contraindicated in the patient with hypertension. The pa- 
tient seldom reads or may not understand these warnings, and 
the pharmacist can perform a particular service in pointing out 
alternative FDA-approved products that would be safer, when 
they exist. If there is no ingredient that is safe and effective, 
patients should be urged to seek the advice of the physician or 
other prescriber monitoring their condition. 

CURRENT USE OF FOODS AND MEDICATIONS— 
Some nonprescription ingredients have FDA-labeled precau- 
tions regarding drug interactions or warning against concomi- 
tant ingestion with other medications or foods. The pharmacist 
might inspect a patient’s profile or ask about routine medica- 
tions to discover whether or not these precautions pertain to a 
specific patient. For instance, nonprescription cimetidine car- 
ries a label warning against concomitant use with theophylline, 
coumarin, or phenytoin. For patients taking these medications, 
the pharmacist could point out the other three alternative H, 
blockers, which do not carry this warning. Nonprescription 
salicylates contain a warning against concomitant use of anti- 
coagulants, as well as medications for gout, arthritis, and 
diabetes. 

DEMOGRAPHIC VARIABLES— Occasionally, a patient’s 
demographic variables (other than age) contraindicate a cer- 
tain nonprescription product. For instance, nonprescription di- 
uretics carry FDA approval for menstrually related water re- 
tention only. They are never to be recommended for any other 
cause of fluid retention (eg, possible congestive heart failure or 
renal dysfunction). Further, their gender disqualifies any male 
from the safe purchase and use of nonprescription diuretics. As 
another example, nonprescription hypopigmenting agents are 
legitimately used for lightening skin that has darkened in 
response to sun exposure (eg, solar lentigines or sun-induced 
freckles), usage of oral contraceptives or estrogens, or during 
pregnancy. African Americans and Hispanic Americans have 
used these products incorrectly in misguided attempts to 
lighten overall skin color, a use that can result in a paradoxical 
darkening of the skin, known as exogenous ochronosis. Thus, 
the pharmacist should counsel these patients against use of 
skin-hypopigmenting agents. Miscellaneous demographic pa- 
tient factors should be elicited also. Is the patient allergic to 
medications? If female, is the woman pregnant or nursing? 

PAST MEDICATION USE—As the pharmacist questions 
the patient, also ask about the products or devices already used 
to alleviate the condition. Of course, this also provides a clue 
regarding the duration of the condition. Instances of the im- 
proper use of quack products or of application of home remedies 
can be uncovered and discouraged. The pharmacist also can 
discourage the use of unapproved and unsafe products such as 
those sold in health-food stores. Assuming the patient still has 
a few days of self-use remaining, the pharmacist can recom- 
mend an appropriate product. 

EXACT NATURE OF THE CONDITION—Some patients 
lack a clear idea of their medical condition or symptoms. In 
these cases, the pharmacist must listen carefully to the pa- 
tient’s oral history. Other patients have already formulated a 
self-diagnosis. In these cases, the pharmacist must still elicit a 
history to either confirm the patient’s self-diagnosis or correct 
the patient. This ability requires a thorough understanding of 
the minor medical conditions that are self-treatable and also of 
the various red flags that indicate a serious condition that 


requires referral to a physician, dentist, podiatrist, optome- 
trist, etc. 

The pharmacist is hampered in discovering the exact nature 
of the condition for several reasons: 


The pharmacist typically has not undergone formal training in physical 
assessment, so that judgments must be rendered without a full spec- 
trum of medical information being available. At times the disorder can 
be confirmed visually (eg, warts or athlete’s foot), but in other situations 
(eg, vaginal candidiasis or hemorrhoids), the pharmacist depends 
wholly on the verbal information imparted by lay persons who may be 
fundamentally mistaken regarding certain aspects of their condition 
(eg, its appearance). 

The legality of pharmacist assessment is questionable, and the 
boundaries are vague and ill-defined. While the pharmacist easily can 
recognize poison ivy dermatitis, should the pharmacist examine throats 
to differentiate viral from bacterial pharyngitis? While the pharmacist 
can easily check a patient’s head for head lice, should the pharmacist 
also check pubic areas for pubic lice? In an article published in the 
pharmacy literature, several clinical pharmacists advocated that retail 
pharmacists should conduct ear inspections for perforated eardrum, 
peer into the nostrils to recognize sinus congestion, and look into the 
fundus of the eye to recognize arteriovenous nicking.'° But where does 
this stop? Would these pharmacists also recommend peering down the 
esophagus to recognize gastroesophageal reflux—induced esophagitis or 
conducting a digital rectal exam to differentiate hemorrhoidal bleeding 
from colorectal carcinoma? On what basis can the individual pharma- 
cist decide what distinguishes acceptable assessment from the unac- 
ceptable? One is tempted to examine state pharmacy practice acts to 
remove these decisions from their seemingly arbitrary designations. 
The pharmacist is cautioned to ensure that the pharmacy practice act 
for that state allows pharmacist assessment prior to beginning. In 
Oklahoma, a pharmacist’s license was suspended because he did not 
“refrain from attempts at diagnosis and treatment that infringe upon 
the legally constituted rights and obligations of practitioners of the 
healing arts.”'':!* Resistance from the local medical society would be 
anticipated. Finally, the pharmacist should check malpractice insur- 
ance to ensure that these nontraditional pharmacist roles are covered in 
the case of legal complications. 

The typical pharmacy lacks otoscopes and equipment for appropri- 
ate assessments. Also, while many pharmacies have added areas for 
OBRA-mandated patient counseling, how many pharmacies have ex- 
amining rooms with a door for patient privacy? Do male pharmacists 
also understand the legal necessity of having a female employee present 
when examining a female patient? 


The difficulties involved in pharmacist assessment demon- 
strate that the pharmacist should not hesitate to triage the 
patient to a medical practitioner if any doubt is present about 
the condition being appropriate for self-care or if the validity of 
the patient’s self-diagnosis is questionable. 

There are many conditions that require referral, including 
nail and scalp fungi, boils or any other bacterial skin infection, 
sinus infection, ear pain, dental pain, swimmer’s ear, eye in- 
fections, ingrown toenails, thumbsucking, nailbiting, nocturnal 
leg cramps, urinary tract pain/infection, and vomiting caused 
by anything other than motion sickness. 

PAST EXPERIENCE WITH THE CONDITION—The 
pharmacist should discover whether the patient has experi- 
enced the condition previously. If so, was a physician or other 
legitimate practitioner consulted, and was a diagnosis made? 
For instance, consider the patient who enters the pharmacy 
with conjunctival redness and tearing. If the patient has been 
diagnosed with perennial allergic rhinitis, these symptoms con- 
stitute part of the syndrome and nonprescription products are 
appropriate. On the other hand, if the patient has not been 
diagnosed with allergic rhinitis, viral conjunctivitis is possible, 
necessitating referral. 

As another example, corneal edema causes the patient to 
experience halos around lights and blurred vision. If previously 
diagnosed by a physician as due to some benign cause (eg, 
prolonged wearing of contact lenses), it is easily self-treatable 
with nonprescription 2 to 5% sodium chloride products. How- 
ever, if the patient has not sought medical advice, the condition 
may be due to glaucoma, which requires immediate referral. 


Finally, the female with a vaginal fungal infection is an- 
other example. If she has never had a physician-diagnosed 
vaginal fungal infection, she must obtain a physician diagnosis 
prior to using a nonprescription product. However, once she 
has received such a diagnosis, she then can self-differentiate 
fungal vaginitis from other causes (eg, trichomonal) and can 
begin self-treatment. Thus the pharmacist must discover 
whether she is competent to self-treat, with judicious question- 
ing prior to the sale of vaginal antifungals. 

THE REASON FOR A SPECIFIC MEDICATION RE- 
QUEST—The pharmacist should discover why a specific med- 
ication is requested, when patients have a product in mind. 
Was the decision due to previous successful experience with 
that product? Did they see or read an ad? Did they hear a 
testimonial from a relative or friend? 

The patient’s motivation to purchase a specific product can 
have a profound impact on the pharmacist’s actions. Previous 
use with positive results is one of the most potent arguments a 
patient has. Unless the product is clearly unsafe or ineffective, 
it may not be in the patients’ best interests to switch them to an 
alternate product, because of loss of confidence in a potential 
cure (eg, switching from a systemic analgesic to a topical anal- 
gesic for sore throat). On the other hand, if the motivation is 
simply an ad or advice from a well-meaning friend or relative, 
the pharmacist may be better able to offer an alternative prod- 
uct that may be a better choice. 


COUNSELING TIPS 


SE a oe I RS CRTC STEEN] 
In the perfect pharmacist-patient self-care situation, the phar- 
macist always approaches the patient with a friendly “May I 
help you find something?” This lets the patient know that the 
pharmacist is available to provide the needed advice, facilitat- 
ing communications. However, in busy retail establishments, 
pharmacists often cannot cruise the nonprescription aisles to 
converse with patients at their leisure. More often, it is the 
patient who looks for assistance and initiates the dialog when 
seeking an OTC remedy. In these cases, pharmacists may give 
the impression that they have been interrupted while carrying 
out a more important duty. 

The patient may initiate the self-care conversation with 
several general types of questions: 


What do you have for diarrhea? (help relieve a patient’s symptom) 

What is the best antacid? (choose a product from a specific nonpre- 
scription category) 

Do you carry Lotrimin AF Cream? (locate a product for the patient) 


As the pharmacist assesses the question and brings the various 
product- and patient-related decision-making factors to that 
specific situation, several important tips can be used. 

EXERCISE ACTIVE LISTENING—The patient should be 
allowed to state the problem completely, and the pharmacist 
should provide the undivided attention that is necessary to 
minimize misperception and misunderstanding. The pharma- 
cist then must be able to summarize mentally what the patient 
has said and provide positive feedback that conveys an under- 
standing of the problem, empathy, and concern. Using the 
words of the patient or paraphrasing what was has been re- 
lated indicates understanding the problem. Rewording or hav- 
ing to restate the situation forces the pharmacist to focus on 
what has been said and indicates that the pharmacist is pro- 
cessing the information actively and attempting to understand 
the situation. If pharmacists can relate to the discomfort of the 
problem the patient is experiencing, using his or her own 
words, it indicates that the pharmacists have exercised a very 
important component of communication: active listening. This 
process also facilitates and enhances personal relations be- 
tween the pharmacist and patient by the demonstration of a 
true concern. 

QUESTION THE PATIENT THOROUGHLY— Quite of- 
ten, the patient provides incomplete or contradictory informa- 
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tion, much of which is necessarily subjective. To make the 
appropriate triage decision, the pharmacist must be willing to 
thoroughly cover the patient-related decision-making factor 
listed previously (eg, age, duration of the condition or exact 
nature of the condition). Other helpful information includes 


Does the condition come and go away at certain times during the 
day? 

How severe is the problem? If it is recurrent, is it getting worse each 
time? 

Do you have any other symptoms that are occurring? 

Does anything make your symptoms worse or seem to cause the 
problem to recur? 


Questioning should be direct and to the point. With experience, 
the pharmacist should be able to gather needed information in 
a period of minutes. If the situation is more complex and 
time-consuming, the pharmacist can ask patients to return at a 
mutually agreeable time, contact them by telephone, or refer 
them directly to a physician. 

INTERPRET VERBAL AND NONVERBAL COMMU- 
NICATION—Every question asked of the patient should be 
phrased carefully to facilitate interpretation. The patient 
should be able to understand that the questions asked come 
from a genuine interest and desire to be of help. The pharma- 
cist may ask two types of questions: 


1. Open-ended questions, which are useful to gather information re- 
garding the medical problem. For instance, “ Can you tell me about 
the symptoms you have been experiencing?” This question type 
provides flexibility for patient response and encourages more than 
a simple yes-or-no answer. 

2. A direct question, which is useful when the information is a specific 
inquiry, eg, “How long have you noticed the burning sensation in 
your stomach?” 


It is crucial that these questions be asked one at a time and not 
in rapid fashion that only results in confusion and frustration 
for the patient. 

Nonverbal communication skills also serve a vital role in 
this situation. The body posture, facial expression, and dis- 
tance of the patient all provide perception of the patient as a 
whole. At the same time it is important to be aware of the 
patient’s nonverbal behavior. Physical barriers to communica- 
tion should be eliminated whenever possible. In fact, anything 
that impedes the verbal exchange should be eliminated. The 
pharmacist should make every effort not to talk down to the 
patient, both verbally (ie, use the vernacular) and physically 
(ie, the pharmacist and patient should be at the same eye 
level). These exchanges should be as private and uninterrupted 
as possible. All pharmacies do not have the benefit of a private 
consultation area or the money to construct one, but privacy 
can be achieved readily without expense by simply forming a 
triangle using the patient, the pharmacist, and the wall shelf or 
gondola as sides. This automatically signals others that the 
consultation is private and not to be interrupted. 

Whenever possible, the pharmacist should assess the 
patient physically, through observation or inspection. For 
example, the skin is assessed easily by inspection and 
palpation. However, the lung requires percussion and 
auscultation, not easily attainable for the practicing phar- 
macist. The clear majority of pharmacists obtain physical 
data (eg, number of comedones per side of the face) exclu- 
sively through the use of observation. Further, there are 
clues to the overall state of health of the patient, and these 
provide insight into the seriousness of the problem. Facial 
expressions mirror pain and discomfort, pallor and lethargy 
may indicate an infectious process, and persistent coughing 
may be a sign of some systemic illness. 

SPEAK TO A RESPONSIBLE CAREGIVER—When 
counseling the patient, the pharmacist may hear phrases such 
as 


“I can’t do that without talking to my parents.” 
“My husband won’t let me go to the doctor; we don’t have insurance.” 
“[’m not sure what it looks like; it’s for my grandmother.” 
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In these situations, it may be prudent to call the individual 
from whom more information is necessary or who needs to be 
convinced of the serious nature of the problem. 


GAINING THE PATIENT’S COOPERATION 
SLT LE IE 
After the pharmacist has questioned the patient thoroughly 
and considered various courses of action, the time comes when 
a recommendation must be made. The triage decision and its 
ramifications fall into several categories. 

THE PHARMACIST CHOOSES NOT TO RECOM- 
MEND ANY PRODUCT OR DEVICE—Many patients are 
simply worried that a product might be necessary. The phar- 
macist may inform them of the fact that their condition is likely 
to recede without any intervention and that no product will 
relieve symptoms. An example is discontinuing smoking to help 
coughing symptoms rather than purchasing a cough product. 
The net result is that some patients are dissatisfied with the 
advice and remain convinced that a product will help them. 
They may simply purchase the product in another establish- 
ment in an effort to ignore the helpful advice of the pharmacist. 

RECOMMENDING A SPECIFIC NONPRESCRIP- 
TION PRODUCT OR DEVICE—When the pharmacist rec- 
ommends a specific nonprescription product or device, most 
patients take the advice and purchase that product. However, 
a small group of patients insist on their first product choice, 
even though it clearly may be inappropriate. The pharmacist 
may urge them to reconsider, with the precaution that it is not 
the best product. When pharmacists recommend a drug treat- 
ment for a condition amenable to self-therapy, they should tell 
the patient of the condition itself, the monitoring guideposts to 
remember, and the duration of time before the patient should 
notice the benefit of treatment. 

Using acne vulgaris as an example, the objective of topical 
treatment is to control an existing condition, impede acne in 
the developmental stages, and relieve the discomfort (eg, phys- 
ical or psychological). The patient should be told to note a 
decrease in the number of lesions that will occur with the 
continual, daily application of the medication to the entire face 
and that it may take 2 to 3 weeks before the benefits of the 
medication are observed. Tied into the discussion should be 
indices that demonstrate the acne condition may be worsening 
and require medical attention. Lastly, potential toxicity from 
the treatment selected should be told to the patient. Using 
benzoyl peroxide as an example, the acne patient should un- 
derstand that some skin redness and irritation may develop. 

RECOMMENDING REFERRAL—This is the most diffi- 
cult group of patients with which to deal. They enter the phar- 
macy asking for relief from a minor complaint and are told that 
they must consult a physician, dentist, etc. This involves an 
expenditure of money and time lost from work. The pharmacist 
may even insist that they make an immediate visit to an 
emergency room. All of the persuasive powers of the pharma- 
cist must be brought to bear in this situation. Phrases such as 
the following may be used: 


“If he were my child, I would have had him into the physician 4 
days ago.” 

“The consequences of this could be as severe as loss of sight.” 

“T have heard of this type of problem resulting in a ruptured appendix 
if it is not seen by a physician.” 


The goal is to impress upon the patient the potential gravity of 
the problem. 

There is a danger that when a pharmacist recommends 
something to hold the patient over until an appointment with a 
physician can be scheduled, some patients simply will not 
follow through and make the appointment, particularly if the 
product seems to work for their condition. An example is the 
patient who requests a nonprescription analgesic and promises 
to “visit the dentist tomorrow.” 


FOLLOWUP—Whenever possible, the pharmacist should 
follow up with the patient, consistent with the concept of phar- 
maceutical care. To facilitate followup pharmacists should 
make some notation, perhaps on the patient profile, to docu- 
ment the original problem and reinforce their memory. It is 
very important, too, that the patient understand the advantage 
to reporting back to the pharmacist the success of the inter- 
vention. If the patient does not seem to be responding to the 
treatment plan, additional information and data assessment 
(eg, did the patient follow instructions correctly and for a rea- 
sonable amount of time?) may determine a new course of ac- 
tion. Frequently, this reevaluation culminates with the referral 
of the patient to the physician for further treatment. If at all 
possible the pharmacist should share information attained 
from the initial and the followup evaluation with the physician. 


RECOMMENDING DIAGNOSTIC DEVICES 
(ER TEE ED 
Aside from OTC products the pharmacist also must have a 
working knowledge of diagnostic aids and tests that are now 
available to consumers. Since the introduction of the first home 
pregnancy test in 1977, these do-it-yourself tests have ex- 
panded the self-care market. In one year, patients spend ap- 
proximately $650 million on home test kits and monitors.‘ 
This booming market, represented by an average growth rate 
of 17%, is attributable to the relatively low cost and reliability 
of the home tests, as well as their user-friendly nature. 

Home pregnancy tests, ovulation prediction tests, fecal oc- 
cult blood test kits, home blood glucose monitors, and blood- 
pressure devices are just a few of the ever-increasing number of 
in-home diagnostic kits and devices that continue to revolution- 
ize health care within the US. These devices help monitor 
chronic diseases, decrease unnecessary doctor visits and hos- 
pitalizations, and, most importantly, actively involve patients 
in their own health care. With the trend toward preventive 
medicine, the pharmacist who offers to educate the consumer 
on the newer diagnostic products that may thwart the leading 
causes of fatality, eg, colon cancer, diabetes mellitus, or high 
blood pressure, will be in a very opportune professional and 
economic position. Even though these continue to become more 
user-friendly, patients encounter problems with even the sim- 
plest of these products and do not always follow directions; 
consequently, the pharmacist will be called upon to problem 
solve for the patient and make appropriate recommendations 
based upon the test result. The patient should understand that 
these diagnostic kits are intended to be used in close coopera- 
tion with health-care professionals who can discuss the test 
results and their implications. 

As a drug-information specialist in OTC products, the phar- 
macist is not displacing the physician when recommending (or 
helping the patient select) an OTC product. At least, in this 
instance, the patient has the benefit of the expertise of the 
pharmacist, whereas, if the product were purchased in a non- 
pharmacy outlet there would be no chance for a dialog to occur. 
In the latter instance there is a great chance for misuse of the 
product. Given the education of the pharmacist, in conjunction 
with practical experience, there is no other person who under- 
stands the limitations of self-treatment with OTC products and 
who is in a position to encourage the patient to seek the pro- 
fessional advice of a physician when necessary. 

DIABETES TESTING—These products, which allow 
home-monitoring of the diabetic, comprise a large segment of 
the home test-kit market. 

PREGNANCY TESTING—Home pregnancy detection kits 
use monoclonal antibody technology. Monoclonal antibodies 
are either antibodies or immunoglobulins that are capable of 
binding to certain target chemicals, so that an extremely low 
amount of the target chemical can be detected.’ 

The monoclonal antibody pregnancy tests detect human 
chorionic gonadotropin produced by the human placenta. 


Through a second set of reactions, a color change is produced or 
another sign is triggered on the product to alert the patient 
that she is pregnant. With some tests, a minus sign appears to 
indicate that there is no pregnancy. 

The typical pregnancy test is a stick that is placed directly 
into the woman’s urine stream for 5 to 10 seconds. After as 
short a time as 3 min, the product will produce the reading. To 
enhance interpretation, some of these also show a control win- 
dow or Not Pregnant indicator. Tests normally can be used as 
early as the first day after the missed period. They are 98% 
accurate when used by consumers. They are not reusable. 

OVULATION PREDICTION—Ovulation prediction home 
test kits use monoclonal antibody technology to detect luteinizing 
hormone.'? Luteinizing hormone levels in a female’s urine rise 
prior to ovulation. The female who wishes to detect ovulation 
purchases a kit, which contains as many as nine separate urine 
tests. She then begins testing somewhat before ovulation is pre- 
dicted to occur (Day 14 in the average female). The first few tests 
may be negative, then a weak positive followed by a strong posi- 
tive. The strong positive precedes ovulation by 12 to 24 hr. Since 
the purpose of ovulation is to facilitate pregnancy, the couple can 
then time intercourse around the projected ovulation to ensure 
that sperm reach a viable ovum. Ovulation prediction tests are 
not suitable for use as contraceptive devices. 

COLORECTAL CANCER DETECTION—Colorectal can- 
cer eventually will affect one out of every 25 Americans.!° At 
least 75% of deaths could be prevented if the cancer is detected 
early enough. Fecal blood test kits detect occult (visually hid- 
den) blood in the stool, a possible marker of colorectal carci- 
noma. The patient drops a treated test paper in the toilet water 
following a bowel movement, and then observes a chemically 
impregnated space on the paper for a color change. The patient 
should be cautioned to follow all enclosed directions regarding 
foods and medications to be avoided during the test period, 
because they may cause false positives. The patient visually 
reads a color change or other change on test strips. 

URINARY TRACT INFECTION DETECTION (UTI—A 
product was marketed in 1997 to allow the patient to detect a 
urinary tract infection or monitor the effectiveness of drug 
therapy after UTI diagnosis. The patient may suspect a UTI 
through experiencing pain on urination, urinary burning, ur- 
gency, or frequency. Infectious bacteria convert urinary nitrate 
to nitrite qualitatively. The urine test detects urinary nitrite. 
The patient reads color changes on a test strip. If positive, the 
patient then should consult the physician. 

DRUG ABUSE TESTING—A product marketed in 1997 
(PDT-90 Personal Drug Testing Service) allows the concerned 
parent to test the child for ingestion of illegal drugs. A certain 
amount of illegal drug enters the user’s hair. The parent must 
collect a hair sample from the crown of the head and mail it to the 
manufacturer. After 5 business days, the consumer calls a toll- 
free number and provides the code number that came with the 
package. Personnel provide the drugs found in the hair sample, if 
any. The PDT-90 detects marijuana, cocaine, opiates, metham- 
phetamine, and PCP that were taken during the last 90 days. 

HIV DETECTION—Honme test kits for HIV detection have 
been a controversial area, with several kits having been intro- 
duced and withdrawn. Two currently available are the Home 
Access Express and Home Access. The patient pierces a finger 
to provide a blood sample on the provided card. The card is 
allowed to air dry (30 min) and then mailed quickly (FedEX 
with Home Access Express) or through the normal mail. 

CHOLESTEROL MEASUREMENT-—A home cholesterol 
test has been marketed, allowing the concerned patient to 
measure serum cholesterol. Known as CholesTrak Home Cho- 
lesterol Test, it requires the patient to pierce the side of a 
finger, placing 1 to 2 drops of blood in the appropriate location 
of a test panel referred to as a cassette. After following addi- 
tional directions, the patient examines the cassette for a color 
change, matching it to a chart provided. The test is only for 
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one-time use and does not differentiate between HDLs and 
LDLs. It has a diagnostic accuracy of 97%. 


PRECAUTIONS 
PERE RIT EEE EEE REL IOS LEAN IT TELAT NE IT DLE LOIS EEE EEN ER TED, 


The pharmacist providing advice in self-care must take great 
caution in recommending products that lack proof of safety 
and/or efficacy. Examples include the numerous herbal supple- 
ments, athletic aids, obesity treatments, and quack products 
and devices. 

Another example of products that should not be recom- 
mended is homeopathic products. Homeopathy is an outdated 
branch of medicine that was developed in the early 1800s.‘” 
Among its theories are 


One treats a condition by administration of a product that causes 
the same symptoms. Thus, cockroach extract is used for asthma, can- 
didal suppositories for vaginal Candida, caffeine for insomnia, ipecac 
for vomiting, and bronchial cancer extract for bronchial cancer. 

If 1 drop of active ingredient is diluted with 99 drops of water and 
the flask beaten repeatedly in a process known as succussion, the water 
molecules will use the medication as a template and align themselves so 
that the diluted medication actually becomes stronger. 

Each 1/100 dilution is known as 1X. The more diluted the medica- 
tion is, the stronger it becomes. Some homeopathic remedies are as 
strong as 60X, by which time Avogadro’s number has been passed, and 
there is no active ingredient in the final preparation. 


All of these homeopathic theories directly contradict basic 
pharmacology and the dose-response curve.'® Further, there is no 
proof that they work when subjected to the exhaustive and rigor- 
ous scrutiny required in double-blinded, placebo-controlled trials 
with sample sizes sufficient to ensure statistical significance. 

Through a loophole in the federal law homeopathic products 
are not required to prove efficacy as legitimate medication 
must. This double-standard should cause the pharmacist to 
pause when considering sales of these products. Several law- 
suits against chain stores that sell these products have been 
settled out of court. 
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Although some drug-related problems develop unexpectedly 
and cannot be predicted, many are related to known pharma- 
cological actions of the drugs and reasonably can be antici- 
pated. However, as drug therapy becomes more complex and 
because many patients are being treated with two or more 
drugs, the ability to predict the magnitude of a specific action of 
any given drug diminishes. These circumstances point to a 
need not only for maintenance of complete and current medi- 
cation records for patients but also for closer monitoring and 
supervision of drug therapy so that problems can be prevented 
or detected at an early stage in their development. The phar- 
macist is in a unique position to meet these needs, and oppor- 
tunities exist for greater involvement in, and contribution to, 
provision of drug therapy that is both efficacious and safe. 
Many drug-related problems are caused by drug interac- 
tions. As a basis for this discussion a drug interaction may be 
considered a situation in which the effects of one drug are 
altered by prior or concurrent administration of another drug 
(ie, drug-drug interactions). The concept of drug interaction 
often is extended to include situations in which 
1. Food or certain dietary items influence the activity of a drug (ie, 
drug-food interactions) or 
2. Environmental chemicals or smoking influences the activity of a 
drug or 
3. A drug causes alterations of laboratory test results (ie, drug- 
laboratory test interactions) or 
4. A drug causes undesired effects in patients with certain disease 
states (ie, drug-disease interactions). 


Considerable attention has been focused on the subject of 
drug interaction, and information pertaining to these occur- 
rences has been widely publicized. Several comprehensive ref- 
erences, such as Drug Interaction Facts (Tatro DS, ed. St Louis: 
Facts and Comparisons, 2000) and Drug Interactions, Analysis 
and Management (Hansten PD, Horn JR, eds. St Louis: Facts 
and Comparisons, 2000) deal exclusively with this subject, 
while other references give extensive attention to it. Comput- 
erized databases that provide drug interaction information also 
are available. 

Problems that may result from drug interactions also have 
been publicized to the public. In addition to cautions given to 


A number of factors contribute to the occurrence of drug inter- 
actions. 

MULTIPLE PHARMACOLOGICAL EFFECTS—Most 
drugs used in current therapy have the capacity to influence 
many physiological systems. Therefore, there is an increased 
possibility that two drugs concomitantly administered will af- 
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patients by physicians and pharmacists, articles on the subject 
have appeared in many publications widely read by the public. 
For example, the cover story of the Aug 26, 1996, issue of U.S. 
News & World Report, “Danger at the Drugstore,” is an inves- 
tigative report of the risk of patients receiving medications that 
have the potential to interact. 

One of the most important consequences of a drug interac- 
tion is an excessive response to one or more of the agents being 
used. For example, a significantly enhanced effect of agents like 
digoxin and warfarin can result in serious adverse effects. Not 
as well recognized, but also very important, are those interac- 
tions in which drug activity is decreased, resulting in a loss of 
efficacy. These interactions are especially difficult to detect, 
since they may be mistaken for therapeutic failure or progres- 
sion of the disease. 

Some drug interactions continue to occur even though they 
are well documented and recognized. Digoxin and a diuretic 
often are given concurrently, and rationally so, in treating 
patients with congestive heart failure. It is well known that 
most diuretics can cause potassium depletion that if uncor- 
rected could become excessive and lead to adverse effects of the 
digoxin. Yet problems continue to occur as a result of this 
interaction. 

Even with the extensive publicity that drug interactions 
have received, it is still often difficult to determine their 
incidence or clinical significance. However, numerous stud- 
ies have demonstrated that many patients receive multiple 
drug therapy with agents of recognized potential for inter- 
action. As the number of drugs in a patient’s therapeutic 
regimen increases, the greater is the risk of occurrence of a 
drug interaction. Although there are only limited data re- 
garding many of the potential drug interactions that have 
been suggested, considerable progress has been made in 
defining the level of risk attending the use of a number of 
combinations of drugs. Indeed, the risk of serious interac- 
tions involving the use of terfenadine and mibefradil was 
sufficiently important for these drugs to be withdrawn from 
the market in the US. 


fect some of the same systems. When considering the potential 
for interactions between drugs there often is a tendency only to 
be concerned with the primary effects of the drugs involved and 
to overlook the secondary activities they possess. Combined 
therapy with a phenothiazine antipsychotic (eg, chlorproma- 
zine), a tricyclic antidepressant (eg, amitriptyline), and an 


antiparkinson agent (eg, trihexyphenidyl) is employed in some 
patients. Each of these agents has a considerably different 
primary effect; however, all three possess anticholinergic ac- 
tivity. Even though the anticholinergic effect of any one of the 
drugs may be slight, the additive effects of the three agents 
may be significant. 

MULTIPLE PRESCRIBERS—It is necessary for some 
individuals to see more than one physician, and it is very 
common for a patient to be seeing one or more specialists in 
addition to a family physician. Some individuals also are seeing 
other health professionals (eg, dentists, podiatrists) who may 
prescribe medication. It frequently is difficult for one prescriber 
to be aware of all the medications that have been prescribed by 
others for a particular patient, and difficulties could arise from 
such situations. For example, one physician may prescribe an 
antihistamine (eg, diphenhydramine) for a patient for whom 
another physician has prescribed an antianxiety agent, with 
the possible consequence of an excessive depressant effect. 

Even though the patient is seeing different physicians, he or 
she usually will have the prescriptions dispensed by the same 
pharmacy. Therefore, the pharmacist, by maintaining patient 
medication records, plays an important role in the detection 
and prevention of drug-related problems. 

USE OF NONPRESCRIPTION DRUGS—Many reports 
of drug interactions have involved the concurrent use of a 
prescription drug with a nonprescription drug (eg, aspirin, 
antacids, decongestants). When a physician questions patients 
about medications that they are taking, the patients often will 
neglect to mention the nonprescription medications that they 
have purchased. Many patients have been taking preparations 
such as antacids, analgesics, and laxatives for such long peri- 
ods and in such a routine manner that they do not consider 
them to be drugs. This information often may be missed in 
questioning a patient, and some physicians and pharmacists 
prefer to use a list of symptoms that might ordinarily be 
treated with nonprescription drugs in trying to obtain this 
information from the patient. 

Interactions also may result from the concurrent use of two 
or more products available without a prescription. In some 
situations two nonprescription products promoted for different 
purposes contain the same active ingredient(s), increasing the 
risk of an excessive response to these agents. Phenylpropanol- 
amine is used as a decongestant as well as in formulations used 
as diet aids. Diphenhydramine is included in many products for 
its antihistaminic action but also is included for its sedative 
effect in many nonprescription sleep-aid formulations. Patients 
often are unaware that products they purchase for different 
conditions may contain the same active ingredients and that 
they, therefore, are at increased risk of problems with the use 
of products they might assume to be safe because they do not 
require a prescription. 

Although many individuals will have their prescriptions 
dispensed in their local pharmacy, they often purchase nonpre- 
scription drugs elsewhere, thus making identification of poten- 
tial problems extremely difficult for the pharmacist as well as 
the physician. For this reason, patients should be encouraged 
to obtain both their prescription and nonprescription medica- 
tions at a pharmacy. Such advice is justified, however, only 
when the pharmacist personally supervises the sale of nonpre- 
scription medications with which problems may develop. 

The observations made with respect to potential interac- 
tions involving nonprescription products also apply to the use 
of herbal products, dietary supplements, and other related 
products that are available without a prescription. Although 
much is still to be learned about the properties of these prod- 
ucts, many appear to have a potential to interact with prescrip- 
tion medications, and patients should be asked whether they 
are using such products. 

PATIENT NONCOMPLIANCE—Fr a variety of reasons 
many patients do not take medication in the manner intended 
by the prescriber. Some have not received adequate instruction 
from the prescriber and pharmacist as to how and when to take 
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their medication. In other situations, particularly involving 
patients who are taking several medications, confusion about 
the instructions may develop even though the patient may have 
understood them initially. It is understandable that older pa- 
tients who may be taking five or six medications several times 
a day at different times can become confused or forget to take 
their medication, although these occurrences are by no means 
unique to the geriatric population. 

Although the situations involving noncompliance usually 
would result in a patient not taking enough medication, some 
circumstances could lead to excessive use of certain medica- 
tions, thereby increasing the possibility of drug interaction. For 
example, some patients if they realize they have forgotten a 
dose of medication, double the next dose to make up for it. Some 
other patients may act on an assumption that if the one tablet- 
dose that has been prescribed provides partial, but not com- 
plete relief of symptoms, a two-tablet dose will be even more 
effective. 

DRUG ABUSE—The tendencies of some individuals to 
abuse or deliberately misuse drugs also may lead to an in- 
creased incidence of drug interactions. The barbiturates, opioid 
analgesics, and amphetamines are among the agents most 
often abused, and the inappropriate use of these drugs can 
result in a number of problems, including an increased poten- 
tial for drug interaction. 

Many interactions that occur are undetected or unreported. 
Koch-Weser (Drug Inform J 1972; 6: 42) observed that detec- 
tion of drug interactions by clinicians is inefficient and cited six 
reasons for existence of this situation. Although initially noted 
in 1972, many of these observations are just as valid today. 


1. In most cases the clinical situation is too complex to allow recogni- 
tion of an unexpected event in a patient’s course as related to his or 
her drug therapy. 

2. With few exceptions, the intensity of action of drugs in the thera- 
peutic setting cannot be quantitated accurately. 


One reason for the many reports of interactions involv- 
ing anticoagulants, antidiabetic agents, and antihypertensive 
agents is that there are specific parameters such as prothrom- 
bin time, blood glucose concentrations, and blood pressure that 
can be measured and provide a quantitative indication of drug 
activity. Therefore, any change in these values that may be 
caused by introducing another drug into therapy can be mea- 
sured with relative ease. In contrast, when one considers drugs 
like the antipsychotic agents and analgesics with which it is far 
more difficult to measure degree of activity, it becomes increas- 
ingly difficult to observe and measure the effect of other drugs 
on their activity. 


3. Even when a deficient, excessive, or abnormal response to one or 
both drugs is recognized clearly during concomitant administration, 
it is attributed usually to factors other than drug interaction. 


When an unexpected response to a drug develops, it often is 
attributed to something other than a drug interaction, such as 
patient idiosyncrasy in the case of an excessive response, or 
tolerance in the case of a deficient response. 


4. The index of suspicion of most clinicians concerning drug interac- 
tions is quite low, and many practicing physicians are hardly aware 
of the phenomenon. 

5. Practicing physicians tend to doubt their observations concerning 
drug interactions unless the same interaction has been reported 
previously. 


Although physicians are now well aware of the occurrence of 
drug interactions, there are situations in which a drug inter- 
action may be occurring but there are other factors that also 
could contribute to the altered response noted. Therefore, phy- 
sicians often accept a reasonable explanation, albeit incom- 
plete, based on information with which they are familiar, 
rather than suspecting a possibility that has not been reported 
previously. Although many interactions that have been re- 
ported via case reports have not been confirmed by other ob- 
servations or additional study, many single-case reports have 
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served as the stimulus for additional study that has resulted in 
warnings about potentially dangerous interactions. 
6. Physicians frequently fail to report drug interactions even when 
they have unequivocally recognized them. 
Several factors, no doubt, contribute to this situation. The 
time it would take to write up a case report to submit to a 
journal is a deterrent to many physicians and pharmacists. 


Although there has been considerable progress in identifying 
drug interactions, a careful analysis of the literature reveals 
that some of the information is conflicting, incomplete, and 
misleading. Too frequently, the suggested clinical impor- 
tance of an alleged drug interaction is greatly overstated and 
publicized. 

The use of some of this information unfortunately has led, 
in some situations, to an undue degree of alarm characterized 
by some observers as drug-interaction hysteria or a drug- 
interaction anxiety syndrome. Caution is needed, therefore, in 
evaluating and using the information available, because by 
overreacting to a possible problem, a more difficult situation 
may result than might have occurred if nothing were done. In 
some situations patients have been deprived unnecessarily of 
therapy from which they could benefit as a result of concern 
about a potential interaction with other medication they are 
taking. Conversely, some health-care practitioners have found 
so many of the reports and commentaries regarding drug in- 
teractions to be lacking in clinical relevance that their skepti- 
cism has precluded adequate attention to those interactions 
that are clinically important. Recognition of the importance of 
exercising the appropriate clinical perspective is essential if 
optimal therapy is to be achieved. 

In using the literature on drug interactions and deciding 
what action is appropriate, a number of factors should be kept 
in mind. 

INTERACTING DRUGS USUALLY CAN BE USED TO- 
GETHER—In most cases, two drugs that are known to inter- 
act can be administered concurrently so long as adequate pre- 
cautions are taken (eg, closer monitoring of therapy, dosage 
adjustments to compensate for the altered response). Although 
there are some situations in which the use of one drug usually 
is contraindicated while another is being given, such combi- 
nations are not likely to be employed frequently, and there 
may even be exceptions to the contraindication under certain 
circumstances. In those situations, though, where another 
agent with similar therapeutic properties and a lesser risk of 
interacting could be used, such a course of action would be 
preferable. 

Serious reactions have been reported to occur following the 
concurrent use of a monoamine oxidase inhibitor (MAOI) (eg, 
tranylcypromine) with a tricyclic antidepressant (eg, amitrip- 
tyline), and the literature for most of these products warns that 
use of such combinations is contraindicated. However, it has 
been indicated by some that such reactions do not occur com- 
monly and that these combinations, when used under close 
supervision, may be of benefit in some patients when conven- 
tional drug therapy has failed. The fact that these combina- 
tions may be used beneficially in some patients does not excuse 
the pharmacist from responsibility in checking the therapy 
with the physician. However, the pharmacist should be aware 
that certain circumstances may justify the concomitant use of 
even contraindicated drugs. 

BENEFICIAL INTERACTIONS—It should be recognized 
that sometimes a second drug is prescribed deliberately to 
modify the effects of another. Such an approach might be used 
in an effort to enhance the effectiveness or to reduce the ad- 
verse effects of the primary agent. In these situations the 


Also, since drug interactions often represent an undesirable 
experience for the patient, health professionals often are 
reluctant to expose themselves to possible criticism, or even 
liability, regarding the therapy. However, it is important 
that health professionals communicate information that will 
be useful to others or will help others to avoid the same 
problems. 


efficacy and/or safety of a drug is increased, indicating that 
interactions are not always harmful as frequently thought, but 
also can be beneficial. 

The ability of probenecid to increase the serum concentra- 
tions and prolong the activity of penicillin derivatives has been 
known for many years, and this interaction has been used to 
therapeutic advantage in certain infections. Probenecid also is 
used to reduce the risk of toxicity to certain agents such as 
cidofovir. By inhibiting the renal tubular secretion of cidofovir, 
probenecid reduces its renal clearance as well as the risk of 
nephrotoxicity. For this reason orally administered probenecid 
must accompany each IV infusion of cidofovir. 

Another example of a situation in which one drug is given to 
minimize the undesirable effects of another is seen with the use 
of an antiparkinson drug with an antipsychotic agent in an 
effort to reduce the extrapyramidal effects of the latter. 

NATURE OF REPORTS—Reports and reviews of interac- 
tions sometimes attach importance to isolated observations of 
problems in one patient or a limited number of patients. On 
several occasions a suspected interaction that was observed in 
a single patient has been reported in a number of reviews and 
tables without qualification as to the nature of the report or the 
possible significance of the interaction. The fact that such an 
interaction now is included in a number of publications can 
result in an impression that the problem is well documented 
and clinically significant. 

DEPTH OF INFORMATION—Most of the charts and ta- 
bles of drug interactions do not provide detailed information 
about specific situations. The mere mention of an increased or 
decreased effect of one drug in the presence of another is not 
enough to form a judgment as to the clinical importance and 
potential severity of the situation. Because of this, most refer- 
ences of this type should be used only to screen initially for 
possible interactions, and more comprehensive reference 
sources should be consulted for further information. 

CURRENT LITERATURE —It is important to review the 
current literature constantly, since new information may 
change the significance of earlier reports. The existence of 
conflicting reports regarding some interactions also will be- 
come evident as the literature is carefully searched. Although 
there is no assurance that more-recent information is more 
accurate or pertinent, the date of publication of a particular 
reference should be noted, and, when appropriate, more cur- 
rent references consulted. The importance of having access 
to the current literature is reflected in the decisions of the 
publishers of most of the widely used comprehensive drug- 
interaction references to issue updates at frequent intervals 
(eg, four times.a year). 

It is also important to be aware of warnings about medica- 
tions that are issued by the FDA and pharmaceutical manu- 
facturers as well as pertinent revisions in product labeling. 
Several warnings regarding drug interactions involving terfe- 
nadine and mibefradil preceded the withdrawal of these drugs 
from the market. 

RECOMMENDATIONS AND THERAPEUTIC ALTER- 
NATIVES—tThere is not enough information available on 
many reported interactions to permit the development of spe- 
cific guidelines to govern such combination therapy. When such 


guidelines are presented they can be extremely helpful, and 
there is an increasing number of such statements in the pack- 
age inserts for various products. Where possible, the pharma- 
cist should not only identify a potential problem but also be 
prepared to make a recommendation to the physician and/or 
patient as to how problems best can be avoided or minimized. 

For example, it is known that aspirin may enhance the 
anticoagulant activity of warfarin. Although many patients 
taking the two drugs concurrently will not experience a prob- 
lem, acetaminophen usually would be preferred to aspirin in 
patients on anticoagulant therapy because it is less likely to 
alter the activity of agents such as warfarin. However, before 
making a recommendation that a patient on anticoagulant 
therapy use acetaminophen instead of aspirin, there should be 
an awareness of the purpose for which the aspirin is to be used. 
Although acetaminophen is comparable to aspirin with regard 
to analgesic and antipyretic activity, it possesses little anti- 
inflammatory activity and, unlike aspirin, has not been shown 
to reduce the risk of problems such as transient ischemic at- 
tacks and myocardial infarction. Therefore, it should not be 
used as an alternative to aspirin in the conditions in which one 
of these actions is needed. 

The use of tetracycline by a patient also taking antacids 
provides an example of a situation in which a specific recom- 
mendation can be made to avoid difficulty. If taken at the same 
time, the antacid can decrease the absorption and effectiveness 
of the tetracycline. However, if the two agents are given at least 
1 hr apart, difficulty should be avoided. 

VIEWING INTERACTIONS IN PERSPECTIVE—Even 
after the previously discussed factors have been considered and 
the data have been analyzed critically, the possibility of inter- 
actions developing must be viewed in perspective. Although an 
altered response appears likely, it might not be clinically sig- 
nificant in many patients. In these situations a patient should 
not be deprived of needed therapy because of the possibility of 
an interaction, but such therapy should be monitored closely. 

Most health-care practitioners do not have rapid access to a 
large number of primary literature sources. Therefore, the use 
of an authoritative and comprehensive reference source such as 
Drug Interaction Facts or Drug Interactions and Updates Quar- 
terly is recommended, and these references can be very helpful 
in identifying potential problems and in making judgments as 
to their clinical importance and therapeutic alternatives. How- 
ever, even though certain interactions are well documented, it 
often is difficult, if not impossible, to predict the severity of an 
interaction, if indeed it does develop. The many variables that 
may influence the activity of a drug and its ability to interact 
with other agents contribute to the existing uncertainty. Many 
of these variables pertain to the drugs being used and include 
dosage, route of administration, time of administration, se- 
quence of administration, and duration of therapy, whereas 
other variables, which are considered in the following discus- 
sion, pertain to the patient. 


PATIENT VARIABLES 
LE RAE DELS RODE EBS OE STE 
There are many factors that influence the response to a drug in 
man. A number of reports have indicated how these factors 
may predispose a patient to the development of adverse effects 
to a drug, and it can be anticipated that many of these consid- 
erations also apply to the development of drug interactions. 

AGE—When considering the risk of drug-related problems, 
age is an important factor. Studies indicate that there is an 
increased incidence of adverse drug reactions in both young 
and geriatric patients, and it is reasonable to expect that the 
occurrence of drug interactions also is highest in these patient 
groups. 

Drug-related problems in young patients are encountered 
most frequently in newborn infants. Newborn infants do not 
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have fully developed enzyme systems that are involved in the 
metabolism of certain drugs, and they also have immature 
renal function. 

Several factors point to an increased risk of interactions in 
the elderly. Most elderly patients have at least one chronic 
illness (eg, hypertension, diabetes), and this is reflected in the 
prescribing of a larger number of medications for this patient 
group. The types of diseases more frequently experienced by 
elderly patients (eg, renal disorders) may contribute to an 
altered drug response, and there appears to be an increased 
sensitivity to the action of certain drugs with advancing age. In 
addition, there may be aging-related changes in the absorption, 
distribution, metabolism, and excretion of certain drugs, which 
increase the possibility of adverse drug reactions and drug 
interactions. Accordingly, drug therapy in elderly patients 
must be monitored especially closely. 

GENETIC FACTORS—These may be responsible for the 
development of an unexpected drug response in a particular pa- 
tient. Isoniazid is metabolized by an acetylation process, the rate 
of which appears to be under genetic control. Some individuals 
metabolize isoniazid rapidly, whereas others metabolize it slowly, 
thus necessitating careful dosage adjustment, as the dose that 
provides satisfactory concentrations in rapid acetylators may 
cause toxicity in slow acetylators. For example, isoniazid causes 
peripheral neuritis in a number of patients, and this effect has 
been noted most frequently in slow acetylators. 

It has been observed that isoniazid may inhibit the metab- 
olism of phenytoin, possibly resulting in the development of 
adverse effects (nystagmus, ataxia, lethargy) of the latter. 
However, studies have indicated that those patients who de- 
veloped phenytoin toxicity when also receiving isoniazid were 
slow acetylators of isoniazid. It is likely that this interaction 
will be of significance only in patients who metabolize isoniazid 
at a very slow rate. 

DISEASE STATES—A number of disease states, other 
than the one for which a particular drug is being used, may 
influence patient response to a drug. Impaired renal and he- 
patic function are the most important conditions that may alter 
drug activity. However, other disorders also may bring about a 
change in the activity of a drug. Since many drugs are bound 
extensively to plasma proteins and only the unbound fraction 
of the drug is active, a decreased concentration or amount 
of protein conceivably could change the availability of drugs 
and, thus, their activity. This possibility must be recognized 
in patients with conditions that may be associated with 
hypoalbuminemia. 

RENAL FUNCTION—Renal function is one of the most 
important determinants of drug activity. The patient’s renal 
status should be known, particularly when drugs that are 
excreted primarily in an active form by the kidney are to be 
used for long periods of time. If there is renal impairment and 
the usual dose of a drug that is excreted by the kidney is given, 
there can be an increased and prolonged effect, since it is not 
being excreted at the normal rate. As additional doses are 
given, serum concentrations will increase, possibly resulting in 
toxicity. Therefore, a need exists for careful dosage adjustment 
and particular caution when other potentially imteracting 
drugs are added to the therapeutic regimen. 

The alteration of renal excretion as a mechanism by which 
a number of drug interactions develop is considered later, and 
the status of the patient’s renal function is an obvious deter- 
minant of the rate of excretion of the drugs involved and the 
occurrence of interactions. 

HEPATIC FUNCTION—Many drugs are metabolized in 
the liver by a number of mechanisms. Therefore, when there is 
hepatic damage, these drugs may be metabolized at a slower 
rate and exhibit a prolonged effect. Although each situation 
should be evaluated to determine whether a reduction in dos- 
age is necessary, it should be recognized that some drugs will 
be metabolized at the normal rate even though hepatic function 
is impaired. A number of studies of drug metabolism in pa- 
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tients with liver disease have been conducted. However, the 
results vary considerably, and it is difficult to predict with 
certainty whether the rate of metabolism will be altered in a 
given patient. 

Many therapeutic agents are metabolized by liver enzymes. 
If other drugs alter the amount and/or activity of these en- 
zymes, a modified response to the drugs that depend on these 
enzymes for their metabolism might occur. For example, many 
agents (eg, barbiturates) are known to stimulate the activity of 
liver enzymes (enzyme induction). The result would be a more 
rapid metabolism and excretion of concurrently administered 
agents that are metabolized by these enzymes. This mecha- 
nism of drug interaction is discussed in greater detail later as 
are the situations in which the action of hepatic enzymes is 
inhibited. 

ALCOHOL CONSUMPTION—Several studies have 
shown that chronic use of alcoholic beverages may increase the 
rate of metabolism of drugs such as warfarin, phenytoin, and 
tolbutamide, probably by increasing the activity of liver en- 
zymes. However, in contrast, acute use of alcohol by nonalco- 
holic individuals may cause an inhibition of hepatic enzymes. 

Concurrent use of alcoholic beverages with sedatives and 
other depressant drugs could result in an excessive depressant 
response. The fact that the use of such combinations is com- 
monplace cannot be cause for failing to exercise the caution 
that must be observed if problems are to be averted. 

SMOKING—A number of investigations have suggested 
that smoking increases the activity of drug-metabolizing en- 
zymes in the liver, with the result that certain therapeutic 
agents (eg, diazepam, propoxyphene, theophylline, chlorprom- 
azine, amitriptyline) are metabolized more rapidly, and their 
effect is decreased. This response may be more pronounced in 
young and middle-aged individuals than in older patients. 

DIET—F ood often may affect the rate and extent of absorp- 
tion of drugs from the gastrointestinal (GI) tract. For example, 
many antibiotics should be given at least 1 hr before or 2 hr 
after meals to achieve optimal absorption. 

The type of food may be important with regard to the ab- 
sorption of concurrently administered drugs. For example, di- 
etary items such as milk and other dairy products that contain 
calcium may decrease the absorption of tetracycline and fluo- 
roquinolone derivatives by forming a complex with them in the 
GI tract that is absorbed poorly. 


An understanding of the mechanisms by which drug interac- 
tions develop will be valuable in anticipating such situations 
and dealing with problems that do develop. Although the cir- 
cumstances surrounding the development of some drug inter- 
actions are complex and poorly understood, the mechanisms by 
which most interactions develop are well documented and re- 
late to the basic processes by which a drug acts and is acted 
upon in the body. 

These mechanisms often are categorized generally as being 
pharmacokinetic or pharmacodynamic types. Pharmacokinetic 
interactions are those in which one agent (designated by some 
as the precipitant drug) alters the absorption, distribution, 
metabolism, or excretion (ADME) of a second agent (the object 
drug), with a resultant change in the plasma concentration of 
the latter agent. Included among the pharmacodynamic inter- 
actions are those in which drugs having similar (or opposing) 
pharmacological effects are administered concurrently and sit- 
uations in which the sensitivity or responsiveness of the tissues 
to one drug is altered by another. Pharmacodynamic inter- 
actions also have been viewed as situations in which there 
is a change in drug effect without a change in drug plasma 
concentration. 


Some dietary items, such as certain cheeses and alcoholic 
beverages, have a relatively high content of the pressor amine 
tyramine. Tyramine is metabolized by MAO, and normally 
these enzymes in the intestinal wall and liver protect against 
the pressor actions of amines in foods. However, if these en- 
zymes were to be inhibited by an MAOI, large quantities of 
unmetabolized tyramine could accumulate, which could lead to 
the development of a severe hypertensive reaction. 

Certain dietary items contain an appreciable amount of 
vitamin K. A change in dietary habits that would significantly 
alter the intake of these foods could cause problems in patients 
on warfarin therapy. 

Diet also may influence urinary pH values. One study has 
compared the excretion of amphetamine in two groups of pa- 
tients maintained on different diets. One group was placed on 
a balanced protein diet that provided an acidic urine (average 
pH of 5.9), whereas the other group was put on a low-protein 
diet that provided an alkaline urine (average pH of 7.5). Hach 
group was given a dose of amphetamine, and those with the 
acidic urine excreted 23 to 56% of unchanged amphetamine in 
the first 8 hr and 5 to 13% in the next 8 hr. In comparison, in 
those with an alkalinized urine, there was a 2 to 6% excretion 
in the first 8 hr, followed by a 0.5 to 3% excretion in the next 
8 hr. 

ENVIRONMENTAL FACTORS—DDT and related mate- 
rials may increase the activity of liver enzymes and thereby 
increase the rate of metabolism of other agents. Individuals 
whose jobs necessitate intensive exposure to these materi- 
als should be observed more closely for altered metabolic 
responses. 

INDIVIDUAL VARIATION—Even after the preceding 
factors have been considered, wide variations in the response 
of patients to drugs will be seen that are often difficult to 
explain. As an example, it has been noted that plasma con- 
centrations of tricyclic antidepressants vary widely among 
individuals using the same dosage regimen over the same 
time period. When recognition is taken of the difficulty in 
predicting the response to many therapeutic agents when 
they are given alone, the challenge and limitations in en- 
deavoring to anticipate the response with a multiple-drug 
regimen clearly become apparent. 


Although the pharmacokinetic interactions often present 
challenging clinical problems that have been publicized widely, 
the pharmacodynamic interactions are encountered more fre- 
quently. It also should be recognized that several mechanisms 
may be involved in the development of certain interactions. 


ALTERATION OF GI ABSORPTION 

LA LSS SE ST OS ES EE TE 
Interactions that involve a change in the absorption of a drug from 
the GI tract may develop through different mechanisms and be of 
varying clinical importance. In some situations the absorption of 
the drug may be reduced, and its therapeutic activity compro- 
mised. In others, absorption may be delayed, but the same 
amount of drug is absorbed eventually. A delay in drug absorption 
can be undesirable when a rapid effect is needed to relieve acute 
symptoms, such as pain. The slower absorption rate also may 
prolong the effects of a drug and may present difficulty. For 
example, if the effects of a hypnotic agent are prolonged, the 
patient may experience excessive residual sedation or hangover in 


the morning. A slower rate of absorption may preclude achieve- 
ment of effective plasma and tissue concentrations of drugs that 
are metabolized rapidly and excreted. 

Conversely, a delay in drug absorption may not be clinically 
significant; this is usually the case when a drug is being used 
on a chronic basis and therapeutic concentrations in the body 
have already been achieved. 

As a general guideline, it is the drugs that are not absorbed 
completely under normal circumstances that are most suscep- 
tible to alterations of GI absorption. 


Alteration of pH 


Since many drugs are weak acids or weak bases, the pH of the 
GI contents may influence the extent of absorption. It is recog- 
nized that the nonionized form of a drug (the more lipid-soluble 
form) will be absorbed more readily than the ionized form. 
Acidic drugs exist primarily in the nonionized form in the 
upper region of the GI tract (having a lower pH). If a drug such 
as an antacid is ingested, which will raise the pH of the GI 
contents, it is possible that the absorption of such acidic drugs 
can be delayed and/or inhibited partially. 

Although changes in absorption might be predicted for 
many acidic and basic drugs on a theoretical basis, it would 
appear that clinically important interactions are likely to occur 
in only a few situations, and factors other than pH seem to be 
more important determinants of GI absorption. 

ASPIRIN-ANTACIDS—The situation seen with aspirin is 
an interesting one. As a weak acid it might be anticipated that 
aspirin would be absorbed primarily from the upper region of 
the GI tract and that antacids would decrease its absorption. 
Because aspirin produces GI side effects in many patients, 
various efforts including concurrent use of an antacid have 
been employed to minimize these problems (eg, combination 
products such as Bufferin, Ascriptin, and certain of the Alka- 
Seltzer formulations). Although some studies suggest that ab- 
sorption of aspirin from buffered products is decreased, other 
investigations indicate that absorption is not altered or may 
even be increased. Drugs such as aspirin that are administered 
orally in solid dosage forms must first dissolve in the GI fluids 
before they can be absorbed. The fact that aspirin dissolves 
faster in an alkaline medium, even though it is predominantly 
in the ionized form, is the probable explanation for successful 
use of aspirin products that also contain antacids. 

KETOCONAZOLE-ANTACIDS—An acidic medium is re- 
quired to achieve dissolution of ketoconazole following oral 
administration. Therefore, an antacid, a histamine H,-receptor 
antagonist (eg, cimetidine, ranitidine), or a proton pump inhib- 
itor (eg, lansoprazole, omeprazole) is likely to reduce the dis- 
solution, absorption, and effectiveness of the antifungal agent. 
An antacid should be administered at least 2 hr after ketocon- 
azole; the concurrent use of ketoconazole and a histamine H,- 
receptor antagonist or proton pump inhibitor is best avoided, 
and alternative agents having a lesser potential for interaction 
should be considered. 

BISACODYL-ANTACIDS—A change in the pH of the GI 
contents also may cause another type of problem. For example, 
oral dosage forms of the laxative bisacodyl are enteric-coated 
because the drug can be extremely irritating. It has been sug- 
gested that this agent should not be given orally within an hour 
of antacid therapy or ingestion of milk because an increase in 
the pH of the GI contents may cause disintegration of the 
enteric coating in the stomach, resulting in release of the drug 
in this area, which could cause irritation and vomiting. 

Antacids also may alter the GI absorption of drugs through 
other mechanisms, and additional examples are considered in 
the following discussion. 
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Complexation and Adsorption 


TETRACYCLINES-METALS—The interaction between 
tetracycline derivatives and certain metal ions is well known. 
Tetracycline can combine with metal ions such as calcium, 
magnesium, aluminum, iron, bismuth, and zinc in the GI tract 
to form complexes that are absorbed poorly. Thus, the simul- 
taneous administration of certain dietary items (eg, milk, prod- 
ucts containing calcium) or drugs (eg, antacids, iron prepara- 
tions, products containing calcium salts) with tetracycline 
could result in a significant decrease in the amount of antibiotic 
absorbed. 

The absorption of doxycycline and minocycline is influenced 
to a lesser extent by simultaneous ingestion of food or milk, 
and one of these agents may be preferred to tetracycline 
when gastric irritation occurs or appears likely. However, the 
concurrent administration of aluminum hydroxide gel will 
decrease absorption of these analogs, as is seen with other 
tetracyclines. 

When two drugs are recognized as having a potential to 
interact there is often a tendency to believe that one of them 
should be discontinued. In the case of the antacid-tetracycline 
interaction, problems can be avoided by allowing an appropri- 
ate interval of time to separate administration of the two 
agents. This interval should be as long as possible, but a min- 
imum period of 1 hr should elapse between administration of 
the drugs. 

The interaction between doxycycline and iron salts calls 
attention to another factor that must be considered, as the 
results of one study suggest that the interaction cannot be 
avoided completely by allowing an interval of 3 hr (or even a 
longer period) to separate administration of the two drugs. It is 
noted that a significant amount of doxycycline is transported 
back to the GI tract via the enterohepatic circulation, and the 
unabsorbed iron still present in the GI tract prevents reabsorp- 
tion of the antibiotic. 

An exception to the recommendation that an appropriate 
interval of time separate the administration of tetracycline and 
a metal-containing product is seen with the use of Helidac 
therapy, a regimen containing tetracycline, metronidazole, and 
bismuth subsalicylate used in the treatment of active duodenal 
ulcer associated with Helicobacter pylori infection. It is recom- 
mended that the three components of this regimen be admin- 
istered together (four times a day at mealtimes and at bed- 
time), even though it might be initially anticipated that 
bismuth would reduce the action of the tetracycline. Whether 
this interaction is of clinical importance in this situation has 
been questioned, because the benefit of the regimen may be 
primarily due to a local, rather than systemic, antimicrobial 
action in the GI tract, and clinical studies have documented the 
effectiveness of this therapy. 

FLUOROQUINOLONES-METALS—Aluminum- and 
magnesium-containing antacids, as well as certain dietary 
items (eg, milk, yogurt), have been reported to reduce markedly 
the absorption and serum concentrations of fluoroquinolones, 
probably as a result of the metal ions complexing with the 
anti-infective agent. Even allowing a long interval to separate 
the administration of the two drugs may not be sufficient to 
avoid the interaction, and as long an interval as possible should 
separate the administration of the fluoroquinolone and metal- 
containing product. For example, in the product labeling for 
enoxacin, it is recommended that aluminum- and magnesium- 
containing antacids, bismuth subsalicylate, sucralfate, prod- 
ucts containing iron, and multivitamins containing zinc 
should not be taken for 8 hr before or 2 hr after enoxacin 
administration. 

CHOLESTYRAMINE AND COLESTIPOL— Other inter- 
actions involving complexation might be anticipated when the 
drugs cholestyramine and colestipol are used. These resinous 
materials, which are not absorbed from the GI tract, bind with 
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bile acids and prevent their reabsorption. In addition to bind- 
ing with bile acids, cholestyramine and colestipol can bind with 
drugs that are present in the GI tract, and reports suggest that 
these agents may reduce the absorption of thyroid hormone, 
warfarin, digoxin, and thiazide diuretics. To minimize the pos- 
sibility of an interaction, the interval between the administra- 
tion of cholestyramine or colestipol and another drug should be 
as long as possible. 

Two naturally occurring human bile acids, chenodiol and 
ursodiol, are used in the dissolution of gallstones composed 
primarily of cholesterol. Because of the affinity of cholestyra- 
mine and colestipol for bile acids, the administration of these 
agents should be separated by as long an interval as possible. 

It also should be recognized that prolonged administration 
of cholestyramine and colestipol can decrease the absorption of 
fat-soluble vitamins such as vitamin K. This could lead to 
increased bleeding tendencies in some patients if the vitamin K 
intake is not increased. When cholestyramine or colestipol is 
administered to a patient on warfarin therapy, it is under- 
standably difficult to predict the eventual response, since con- 
ceivably the absorption of both the anticoagulant and its an- 
tagonist, vitamin K, could be reduced. 

An interesting application of this interaction is seen with 
the use of leflunomide in the treatment of rheumatoid arthritis. 
Leflunomide can cause fetal harm if administered during preg- 
nancy, and it has an active metabolite that can persist in the 
system for up to 2 years. If a woman of childbearing potential 
discontinues use of leflunomide, it is recommended that cho- 
lestyramine (8 g, three times a day, for 11 days) be used to 
accelerate the elimination of the drug and its active metabolite. 

ANTIDIARRHEAL AGENTS AND ANTACIDS—It has 
been suggested that since certain antidiarrheal agents (eg, 
attapulgite) can adsorb toxic substances responsible for caus- 
ing diarrhea, they also might be capable of adsorbing certain 
medications that are administered concurrently, resulting in a 
decrease in their absorption. The occurrence of such interac- 
tions has not been evaluated thoroughly. However, since cer- 
tain antidiarrheal agents and antacids possess this adsorptive 
potential, the interval between the administration of one of 
these preparations and another drug should be as long as 
possible. 

PENICILLAMINE-METALS—Aluminum and iron salts 
have been reported to reduce the absorption of penicillamine 
significantly, probably through chelation and/or adsorption 
mechanisms. An interval of at least 2 hr should separate the 
administration of an antacid or iron salt and penicillamine. 
Food also will decrease the absorption of penicillamine, and the 
drug should be administered apart from meals. 


Alteration of Motility/Rate 
of Gastric Emptying 


CATHARTICS—A cathartic, by increasing GI motility, 
may increase the rate at which another drug passes through 
the GI tract. This could result in a decreased absorption of 
certain drugs, particularly those that normally are absorbed 
slowly and require prolonged contact with the absorbing sur- 
face or those that are absorbed only at a particular site along 
the GI tract. Similar problems might be noted with enteric- 
coated and controlled-release formulations. 

ANTICHOLINERGICS—Anticholinergics, by decreasing 
GI motility, also may influence drug absorption. The effect may 
be one of decreased absorption, since the reduced peristalsis 
may retard dissolution and the slowing of gastric emptying 
may delay absorption from the small intestine, or increased 
absorption if a drug is retained for a longer period of time in the 
area from which it is optimally absorbed. 

METOCLOPRAMIDE—Because metoclopramide increases 
motility of the upper GI tract, it should be anticipated that it 


may influence the absorption of other drugs administered 
concurrently. : 


The Effect of Food 


It is known that food can influence the absorption of a number 
of drugs. In some situations, absorption may be delayed but not 
reduced, whereas in other circumstances the total amount of 
drug absorbed may be reduced. The effect of food in influencing 
drug absorption sometimes is due to its action in slowing gas- 
tric emptying. However, food also may affect absorption by 
binding with drugs, decreasing the access of drugs to sites of 
absorption, altering the dissolution rate of drugs, or altering 
the pH of the GI contents. The drug-administration time sched- 
ules used in many hospitals and long-term care facilities may 
correspond closely to the times at which meals are served. It is 
important that a specific dosage schedule be established for 
those drugs that should be administered apart from meals or 
with food. 

ANTI-INFECTIVE AGENTS-FOOD—The presence of 
food in the GI tract will reduce the absorption of many anti- 
infective agents. Although there are some exceptions (eg, pen- 
icillin V, amoxicillin, doxycycline, minocycline), it generally is 
recommended that the penicillin and tetracycline derivatives 
as well as certain other anti-infective agents be given at least 
1 hr before meals or 2 hr after meals, to achieve optimum 
absorption. 

Erythromycin stearate formulations should be administered 
at least 1 hr before meals or 2 hr after a meal, whereas formu- 
lations of erythromycin ethylsuccinate and estolate may be 
given without regard to meals. 

The formulations of erythromycin base should be considered 
on an individual basis because the information for some prod- 
ucts indicates they may be given without regard to meals, 
whereas for other products it is noted that optimum absorption 
is achieved when given apart from meals. 

Food reduces the absorption of the antiviral drug didanosine 
by as much as 50%, and it is recommended that patients have 
nothing to eat or drink, except water, for at least 1 hr before 
and after taking the drug. : 

THEOPHYLLINE-FOOD-— It generally has been felt that 
food does not alter the activity of theophylline significantly 
when the drug is administered in an immediate-release formu- 
lation (ie, those formulations that are not controlled-release). It 
is likely that many of the controlled-release dosage forms of 
theophylline also can be given with food without an interaction 
occurring. However, the extensive discussion that has occurred 
regarding the influence of food on the absorption of certain of 
these formulations warrants consideration of these products on 
an individual basis. 

For example, studies with the Theo-24 formulation indicate 
that, if the drug is taken less than 1 hr before a high-fat- 
content meal, theophylline absorption and peak serum concen- 
trations may increase significantly compared with administra- 
tion in the fasting state. This response increases the risk of 
toxicity, and it is recommended that patients receiving large 
single daily doses (ie, equal to or greater than 900 mg or 13 
mg/kg, whichever is less) should avoid eating a high-fat-content 
breakfast or should take the medication at least 1 hr before 
eating. If it is anticipated that the patient will not comply with 
these instructions, a twice-a-day dosing regimen should be 
used. 

Considerable variation is seen among the controlled-release 
formulations of theophylline with respect to their potential to 
interact with food. If data are insufficient to assess the poten- 
tial for a particular theophylline formulation to interact with 
food, the medication preferably should be administered apart 
from meals. 

It also has been reported that the rate of metabolism of 
theophylline is increased in individuals consuming large 


amounts of charcoal-broiled beef, and this has been attributed 
to the enzyme induction effect of the polycyclic hydrocarbons 
introduced in this cooking process. 

CAPTOPRIL-FOOD—The presence of food in the GI tract 
has been reported to reduce the absorption of captopril by 30 to 
40%. Although more-recent investigations suggest that food is 
unlikely to alter significantly the effects of captopril, it is ad- 
visable to administer the drug 1 hr before meals until this 
question is resolved. Food does not appear to alter the absorp- 
tion of most of the other angiotensin-converting enzyme inhib- 
itors (eg, enalapril, lisinopril). 

ALENDRONATE-FOOD—Food and even orange juice, 
coffee, and mineral water may markedly reduce the bioavail- 
ability of alendronate, and it is recommended that the drug be 
administered (once a day) at least 1/2 hr before the first food, 
beverage, or medication of the day, with plain water only. 

ACARBOSE-FOOD-—In some situations it is important 
that a medication be administered with food to obtain optimum 
benefit. Acarbose is effective in the treatment of diabetes mel- 
litus because it delays the digestion of ingested carbohydrates 
and reduces the elevation of blood glucose concentrations fol- 
lowing meals. Maximum effectiveness is attained when doses 
are administered at the start (with the first bite) of each main 
meal. 


Alteration of Metabolism in the GI Tract 


The absorption of certain agents is influenced by the extent to 
which they are metabolized in the GI tract. 

MAOIs-TYRAMINE—There have been reports of serious 
reactions (hypertensive crisis) occurring in people being 
treated with an MAOI (eg, isocarboxazid, phenelzine, tranyl- 
cypromine) following ingestion of certain foods with a high 
content of pressor substances, such as tyramine. 

Tyramine is metabolized by MAO, and normally these en- 
zymes in the intestinal wall and in the liver protect against the 
pressor actions of amines in foods. However, when these en- 
zymes are inhibited, large quantities of unmetabolized tyra- 
mine can accumulate and act to release norepinephrine from 
adrenergic neurons where greater-than-usual stores of this 
catecholamine are concentrated as a result of MAO inhibition. 
Among the foods having the highest tyramine content are aged 
cheeses (eg, cheddar; in contrast, cottage and cream cheeses 
contain little or no tyramine and need not be restricted), cer- 
tain alcoholic beverages (eg, Chianti wine), pickled fish (eg, 
herring), concentrated yeast extracts, and broad-bean pods 
(also known as fava beans or Italian green beans). 

The pharmaceutical companies that market the MAOIs 
have developed lists of dietary items that patients taking one of 
these agents should avoid. This information should be provided 
to, and discussed with, each patient for whom an MAOI is 
prescribed. 

GRAPEFRUIT JUICE—The consumption of grapefruit 
juice has been reported to increase the serum concentration 
and activity of a number of medications such as calcium chan- 
nel blockers (eg, amlodipine, felodipine, and nisoldipine), hy- 
droxymethylglutaryl-CoA (HMG-CoA) reductase inhibitors (eg, 
lovastatin), carbamazepine, and cyclosporine. The bioavailabil- 
ity of most of these agents is generally low, primarily as a 
result of extensive first-pass metabolism. It has been suggested 
that components of grapefruit juice reduce the activity of the 
cytochrome P-450 enzymes (primarily CYP3A4) in the gut wall 
that are involved in the metabolism of these agents. As a result, 
larger amounts of unmetabolized drug is absorbed, and serum 
concentrations are increased. 
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Alteration of GI Flora 


Changes in the microbial flora of the GI tract caused by anti- 
biotics may alter the production or metabolism of certain 
agents, with a resultant change in the amount of agent being 
absorbed and available to produce a clinical response. 

ANTICOAGULANTS-ANTIBIOTICS—A number of anti- 
infective agents have been reported to enhance the effect of 
concurrently administered anticoagulants. It has been sug- 
gested that this effect develops, in part, as a result of interfer- 
ence by the anti-infective agent with production of vitamin K 
by microorganisms in the GI tract. Broad-spectrum antibiotics 
such as the tetracyclines are most likely to cause problems of 
this type, although similar effects also may be seen with other 
antibiotics. The clinical importance of this mechanism has been 
questioned, and if it is a factor, it is likely that problems will 
occur only in patients who have a low dietary intake of vita- 
min K. 

It is also probable that other mechanisms may be involved 
in some of these interactions. For example, the increased anti- 
coagulant effect noted when sulfonamides and anticoagulants 
are given concurrently may be due, in part, to displacement of 
the anticoagulant from protein-binding sites and/or inhibition 
of its hepatic metabolism. 

DIGOXIN-ANTIBIOTICS—It is estimated that approxi- 
mately 10% of patients being treated with digoxin convert a 
significant portion of the parent compound to inactive reduc- 
tion metabolites in the GI tract. The bacterial flora of the 
intestine contributes to this metabolic process. Elevated serum 
digoxin concentrations have been observed in patients receiv- 
ing erythromycin or tetracycline concurrently, and it is sug- 
gested that these antibiotics, by reducing the bacterial flora, 
decrease the extent to which digoxin is metabolized in the GI 
tract, resulting in the higher serum concentrations of the car- 
diac glycoside. 

ORAL CONTRACEPTIVES-ANTIBIOTICS—Several anti- 
biotics (eg, ampicillin) have been suggested to decrease the 
effectiveness of oral contraceptives. The estrogen component of 
the contraceptive formulation is conjugated to a large extent in 
the liver and excreted in the bile. Bacteria in the intestine 
hydrolyze the conjugated form of the estrogen, permitting the 
free drug to be reabsorbed, and contribute to the serum con- 
centration of the estrogen. Antibiotics, by reducing the bacte- 
rial flora, may interrupt the enterohepatic circulation, with a 
resultant reduction in serum estrogen concentrations. 

Although questions have been raised regarding the signifi- 
cance of this interaction, it would be desirable for patients to 
use supplementary contraceptive measures in addition to the 
oral contraceptive, during cycles in which antibiotics are used. 


Malabsorption States 


Certain drugs, such as laxatives, colchicine, cholestyramine, 
and colestipol, have been reported to cause malabsorption prob- 
lems that result in decreased absorption of vitamins and nu- 
trients from the GI tract. It should be recognized that these 
agents may alter absorption of other drugs that are adminis- 
tered simultaneously, and several examples with cholestyra- 
mine already have been considered. 


ALTERATION OF DISTRIBUTION 


Displacement from Protein-Binding Sites 


An interaction of this type may occur when two drugs that are 
capable of binding to proteins are administered concurrently. 
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Although they may bind at different sites on the protein, the 
binding characteristics of one of the drugs may be altered 
(noncompetitive displacement). Probably more significant are 
situations in which two drugs are capable of binding to the 
same sites on the protein (competitive displacement). Since 
there are only a limited number of protein-binding sites, com- 
petition will exist, and the drug with the greater affinity for the 
binding sites will displace the other from plasma or tissue 
proteins. It is recognized that the protein-bound fraction of a 
drug in the body is not pharmacologically active. However, an 
equilibrium exists between bound and unbound fractions, and 
as the unbound or free form of the drug is metabolized and 
excreted, bound drug is released gradually to maintain the 
equilibrium and pharmacological response. 

The binding of acidic drugs to serum albumin represents the 
type of drug-protein binding that has been studied most exten- 
sively. The binding to albumin is readily reversible, and the 
albumin-drug complex essentially serves as a reservoir that 
releases more drug as the free drug is metabolized and/or 
excreted. The importance of the binding of basic drugs (eg, 
propranolol or lidocaine) to a,-acid glycoprotein (AAG) also has 
been recognized. Even small increases in the reactant protein 
concentration, such as might be associated with infection and 
inflammation, can result in significant changes in the concen- 
tration of free drug. 

The risk of an interaction occurring is greatest with drugs 
that are highly protein-bound (more than 90%) and also have a 
small apparent volume of distribution. Since only a small frac- 
tion of the drug ordinarily would be available in the free form, 
the displacement of even a small percentage of the amount that 
is bound to proteins could produce a considerable increase in 
activity. 

WARFARIN-PHENYLBUTAZONE—Although  phenyl- 
butazone is no longer marketed in the United States, its inter- 
action with warfarin has been studied thoroughly and provides 
information that is of value in identifying and preventing in- 
teractions involving other medications that might develop 
through similar mechanisms. Both phenylbutazone and warfa- 
rin are bound extensively to plasma proteins, in particular to 
albumin. Phenylbutazone, however, apparently has a greater 
affinity for the binding sites, resulting in displacement of war- 
farin and making increased quantities of the free drug avail- 
able. In this situation the activity of the anticoagulant is in- 
creased, and risk of hemorrhaging exists. 

The risk of interactions resulting from protein displacement 
appears to be greatest during the first several days of concur- 
rent therapy. It has been suggested that drugs having the 
greatest capability of displacing warfarin can increase the an- 
ticoagulant response within 24 hr and exhibit maximum po- 
tentiation in 3 to 5 days. After this period the effect levels off, 
since the drug, as a result of greater amounts being available in 
the unbound form, also is being metabolized more rapidly and 
excreted. Therefore, the anticoagulant usually has a shorter 
half-life when a displacing agent is given concurrently. 

In the case of the warfarin-phenylbutazone interaction, it 
has been noted that the enhancement of anticoagulant activity 
persisted beyond the time that could be explained by the 
mechanism of drug displacement alone. Warfarin is a racemic 
mixture of R- and S-isomers, and subsequent studies have 
shown that phenylbutazone inhibits the metabolism of the 
S-enantiomer (which is considerably more active than the R- 
enantiomer), resulting in an increased anticoagulant response. 
This represents a second important mechanism contributing to 
the occurrence of the interaction and provides the explanation 
for the continued enhancement of the anticoagulant effect. 

METHOTREXATE—Methotrexate is highly bound to 
plasma proteins, and it has been suggested that agents such as 
the salicylates may be capable of displacing it from binding 
sites. Studies also indicate that salicylates may increase the 
action of methotrexate by inhibiting its renal excretion. Al- 
though data pertaining to this interaction are limited, the 


potential for toxicity with methotrexate dictates extreme cau- 
tion in any situation in which it is used. 

PHENYTOIN-VALPROIC ACID—Valproic acid has been 
reported to displace phenytoin from plasma protein—binding 
sites, and some studies suggest it also may inhibit the metab- 
olism of phenytoin. In some patients the result may be signif- 
icantly increased free phenytoin concentrations and the occur- 
rence of adverse reactions, even when the total phenytoin 
serum concentrations are within what would ordinarily be con- 
sidered the desired therapeutic range. The evaluation of the 
potential for these agents to interact is made even more com- 
plex by reports that phenytoin may decrease valproic acid 
plasma concentrations. Combination therapy with these agents 
should be monitored closely, with dosage adjustments made as 
needed, in an effort to achieve effective control of the seizure 
disorders for which they have been prescribed with as low a 
risk of adverse reactions as possible. 

REDUCED ALBUMIN CONCENTRATIONS—Because 
many drugs are bound extensively to plasma proteins, a de- 
creased concentration or amount of protein could change the 
availability of drugs and thus their activity. Although the type 
and incidence of clinical problems have not been determined 
conclusively, several reports suggest that the incidence of ad- 
verse effects with certain drugs may be higher in patients with 
conditions associated with hypoalbuminemia (eg, renal, he- 
patic, and GI diseases). 

A relationship between prednisone dosage, frequency of side 
effects, and serum albumin concentrations has been shown in 
one study. When the serum albumin concentration is less than 
2.5 g/100 mL, the frequency of prednisone side effects is almost 
doubled, and this is attributed to an increased concentration of 
prednisolone, an active metabolite of prednisone. 

In another study it was noted that the incidence of adverse 
reactions to phenytoin was greater in patients with low serum 
albumin concentrations. It is suggested that the higher inci- 
dence of adverse effects in the hypoalbuminemic patients is 
probably due to increased circulating concentrations of un- 
bound phenytoin. 

PROTEIN BINDING IN DISEASE STATES—It has been 
noted in an increasing number of reports that the response to a 
particular drug was altered in the presence of a certain patho- 
logical state. Most studies have evaluated the action of drugs in 
the presence of impaired renal function. In one study the bind- 
ing of phenytoin to plasma proteins was found to be decreased 
in patients with poor renal function, this being attributed to a 
qualitative change in the drug-binding proteins rather than to 
a decrease in serum albumin or total protein concentrations. 
Since this results in a greater amount of the drug being avail- 
able in the free or active form, it is likely that favorable clinical 
responses with phenytoin will be noted at relatively low total 
plasma concentrations ordinarily considered to be nontoxic. 
This must be considered when total plasma concentration val- 
ues of protein-bound drugs are used to establish or monitor 
dosage regimens. 


STIMULATION OF METABOLISM 


Drug metabolism occurs primarily in the liver and most com- 
monly involves oxidation, reduction, hydrolysis, and conjuga- 
tion (eg, with glucuronic acid) reactions. Quantitatively, the 
most important hepatic enzymes are the cytochrome P-450 
enzymes, which have been divided into families and subfami- 
lies (eg, CYP3A4) on the basis of the similarity of their amino 
acid sequences. These enzymes are responsible for the oxida- 
tion— often, hydroxylation—of a large number of drugs (Table 
102-1). A comprehensive review of the clinically significant 
cytochrome P-450 drug interactions has been published re- 
cently (Michalets EL. Pharmacotherapy 1998; 18: 84.) 


Table 102-1. Examples of Drugs That Are Metabolized 
Extensively by Certain Hepatic Enzyme Systems 


Alprazolam Metoprolol 
Amitriptyline Midazolam 
Carbamazepine Nifedipine 
Clozapine Nisoldipine 
Corticosteroids Paroxetine 
Cyclosporine Phenytoin 
Desipramine Propranolol 
Diazepam Theophylline 
Diltiazem Triazolam 
Felodipine Verapamil 
Fluoxetine Warfarin 
Imipramine 


Many drug interactions have resulted from the ability of one 
drug to stimulate the metabolism of another, most often by 
increasing the activity of hepatic enzymes that are involved in 
the metabolism of numerous therapeutic agents. The increased 
activity probably is due to enhanced enzyme synthesis, result- 
ing in increased amounts of drug-metabolizing enzymes, an 
effect frequently referred to as enzyme induction. These situa- 
tions have been documented well, with barbiturates, phenyt- 
oin, carbamazepine, and rifampin being the agents best recog- 
nized as causing enzyme induction. 

In most situations, drugs are converted to less active, water- 
soluble metabolites, and enzyme induction usually will result 
in an increased metabolism and excretion and a reduced phar- 
macological action of the agent being metabolized by hepatic 
enzymes. Less frequently, a drug may be converted to a me- 
tabolite that is more active than the parent compound, and 
there may be an enhanced response. However, the initially 
increased effect may subsequently diminish, since the drug will 
be excreted more rapidly and have a shorter duration of action. 

The stimulation of hepatic enzyme activity is not only a 
factor in the development of drug interactions, but also may be 
responsible for a drug (eg, carbamazepine) stimulating its own 
metabolism. With continued use, the half-life of the drug will 
decrease, possibly resulting in a need to increase the dosage. 

WARFARIN-PHENOBARBITAL—By causing enzyme 
induction, phenobarbital can increase the rate of metabolism of 
warfarin. The result of this interaction is a decreased response 
to the anticoagulant since it is being more rapidly metabolized 
and excreted, possibly leading to an increased risk of thrombus 
formation if the interaction is not recognized. To compensate 
for this loss of effect, the dose of warfarin would have to be 
increased until the desired activity was obtained. If the dose of 
warfarin has been increased to compensate for loss of activity, 
it will have to be reduced when phenobarbital is discontinued. 
Otherwise, the readjusted higher dosage that was necessary 
when phenobarbital was given concurrently may be excessive 
when it is withdrawn and possibly result in hemorrhaging. 

It is probable that all barbiturates have the ability to cause 
enzyme induction, although phenobarbital may be a more potent 
inducing agent than analogs having a shorter duration of action. 
Several studies indicate that the effect of barbiturates in decreas- 
ing anticoagulant activity is evident within 2 to 5 days, and it is 
suggested that the administration of a barbiturate for a week or 
longer is likely to produce this effect in most patients. There have 
been varying reports as to how rapidly enzyme activity returns to 
pretreatment levels when the barbiturate is discontinued. How- 
ever, it is probable that in most situations normal enzyme activity 
will be restored in 2 to 3 weeks. 

Although close monitoring of combined barbiturate-antico- 
agulant therapy usually will prevent problems from develop- 
ing, it would seem unwise to expose the patient unnecessarily 
to the risk of an interaction when therapeutic alternatives are 
available. The benzodiazepines (eg, diazepam, temazepam) are 
not likely to interact with anticoagulants and one of these 
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agents might be useful as an alternative to a barbiturate. 
These alternatives apply to the use of a barbiturate as a 
sedative-hypnotic. Although some benzodiazepines have been 
used in certain types of seizure disorders, they would not be 
adequate alternatives to phenobarbital when the latter is used 
in the treatment of these conditions. 

ORAL CONTRACEPTIVES—Phenobarbital, rifampin, and 
other drugs are known to increase the metabolism of steroid 
hormones, including estrogens and progestins that are used in 
oral contraceptive formulations. The high rate of effectiveness of 
oral contraceptives may suggest that other agents are not likely to 
reduce their effect significantly. However, there is concern that 
agents capable of causing enzyme induction indeed may reduce 
the effectiveness of oral contraceptives, possibly resulting in an 
unplanned pregnancy. This possibility takes on increased signif- 
icance in view of the fact that the dosages of the hormones in- 
cluded in these products have been decreased in the interest of 
minimizing the risk of adverse effects. It is possible that the lower 
dosages of the hormones used in certain products could be ap- 
proaching the minimum effective level and that addition of an- 
other agent that can reduce their action is sufficient to compro- 
mise their effectiveness. Although the potential for such an 
interaction is low, the importance of the possible consequences 
warrants extra caution, and additional contraceptive measures 
should be used during the period of time that the enzyme- 
inducing drug is used. 

GLUCOCORTICOIDS— One study of patients with asthma 
noted increased bronchospasm and pulmonary function deterio- 
ration when phenobarbital therapy (120 mg daily in four divided 
doses) was initiated in three prednisone-dependent patients. 
Withdrawal of phenobarbital reversed these changes. Other 
investigations have shown that phenobarbital causes a sig- 
nificant decrease in the half-life of dexamethasone. It is 
likely that the ability of phenobarbital to increase the rate of 
metabolism of these steroids is responsible for these effects. 

Other studies have shown phenytoin to increase the rate of 
metabolism of prednisolone and dexamethasone, and similar 
caution should be exercised when phenytoin or other agents 
capable of causing enzyme induction are given concurrently 
with steroid hormones. 

VITAMIN D-PHENYTOIN AND PHENOBARBITAL— 
A number of studies have associated disturbances of calcium 
metabolism and development of rickets and osteomalacia with 
the use of antiepileptic drugs such as phenobarbital and phe- 
nytoin. Reduced serum calcium concentrations have been noted 
in a number of patients on long-term therapy with antiepileptic 
drugs, evidence indicating that this is the result of vitamin D 
deficiency. Although other factors also may be involved, most 
reports indicate that antiepileptic drugs, by causing enzyme 
induction, increase the rate of metabolism of vitamin D, 
thereby causing the deficiency. 

The possibility of deficiency developing is greater in individu- 
als whose dietary intake of this vitamin is low or borderline. The 
incidence and severity of the clinical problems are increased with 
use of multiple-drug regimens and appear to be directly propor- 
tional to the total daily dose of antiepileptic drugs. 

SMOKING—A number of studies have indicated that the 
effects of certain drugs may be decreased in individuals who 
are heavy smokers, presumably because of increased hepatic 
enzyme activity resulting from the action of polycyclic hydro- 
carbons that are present in cigarette smoke. Among the drugs 
whose metabolism is increased and therapeutic activity likely 
to be reduced are chlorpromazine, diazepam, propoxyphene, 
theophylline, pentazocine, and tricyclic antidepressants. The 
results of one study suggest that the induction of theophylline 
clearance by phenytoin is additive to that caused by cigarette 
smoking. In addition to careful monitoring of therapy with 
drugs that are metabolized by hepatic enzyme systems in pa- 
tients who are moderate or heavy smokers, caution also must 
be exercised if a patient treated with such a medication discon- 
tinues smoking. For example, if therapy with a tricyclic anti- 
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depressant is initiated in a patient who is a heavy smoker, the 
maintenance dosage will be determined during the time period 
in which the enzyme-inducing action of smoking is decreasing 
the effect of the medication. If the patient stops smoking and is 
still taking the medication, the dosage that had been appropri- 
ate is now likely to be excessive and will have to be reduced. 

In the examples noted, the effect of smoking is to increase 
the rate of metabolism of other agents being used, and a de- 
creased response to these agents can be anticipated. In con- 
trast, a significant risk of toxicity exists when oral contracep- 
tives are used by women who smoke, as it has been noted that 
smoking markedly increases the risk of serious cardiovascular 
effects (eg, myocardial infarction), especially in women over 35 
years of age. 

CHARCOAL BROILING—When meat is charcoal-broiled, 
polycyclic hydrocarbons are formed and deposited on the meat. 
It has been reported that the rate of metabolism of theophyl- 
line is increased in individuals consuming large amounts of 
charcoal-broiled beef. This has been attributed to the enzyme- 
induction effect of the polycyclic hydrocarbons introduced in 
this cooking process. 

ALCOHOL—Alcohol may either stimulate or inhibit the 
activity of hepatic enzymes, depending on the circumstances of 
use. An increased rate of metabolism of tolbutamide, warfarin, 
and phenytoin has been reported in alcoholic patients. This was 
attributed to increased liver enzyme activity caused by chronic 
administration of alcohol. 

In contrast, acute use of alcohol by nonalcoholic individuals 
may cause inhibition of hepatic enzymes. This may decrease 
the rate of metabolism, thereby increasing the effect of other 
agents administered concurrently, and may be responsible, at 
least in part, for the enhanced sedation experienced when 
alcoholic beverages and sedative drugs are taken together by 
individuals who are not alcoholics. The extent to which the 
mechanism of enzyme inhibition and central nervous system 
(CNS) summation or synergism are involved in this interaction 
remains to be clarified. 

LEVODOPA-PYRIDOXINE—Pyridoxine has been shown 
to reduce the action of levodopa by accelerating its decarboxyl- 
ation to dopamine in the peripheral tissues. Consequently, less 
levodopa reaches and crosses the blood-brain barrier, with the 
result that less dopamine is formed in the brain and the ther- 
apeutic effect is diminished. The labeling for levodopa formu- 
lations notes that pyridoxine, in doses of 10 to 25 mg, rapidly 
reverses the effect of the antiparkinson drug. 

The combination product Sinemet contains both levodopa 
and carbidopa, the latter agent acting as an inhibitor of decar- 
boxylase enzymes. When administered with levodopa, carbi- 
dopa permits the use of significantly lower doses of the former, 
since it now is metabolized to a lesser extent in the peripheral 
tissues. The decrease in dosage often is accompanied by a 
decreased incidence of adverse effects. Since carbidopa does not 
cross the blood-brain barrier, it will not hinder the conversion 
of levodopa to dopamine in the brain. 

Levodopa is metabolized also in the peripheral tissues in a 
pathway that is catalyzed by catechol-O-methyltransferase 
(COMT). When the decarboxylation pathway is inhibited by 
carbidopa, the O-methylation pathway becomes the primary 
pathway through which levodopa is metabolized in the periph- 
eral tissues. The COMT inhibitor entacapone was developed to 
inhibit this metabolic pathway and has been used in conjunc- 
tion with levodopa and carbidopa. 


INHIBITION OF METABOLISM 


A number of situations have been reported in which one drug 
has inhibited the metabolism of another, usually resulting in a 
prolonged and intensified activity of the latter (Table 102-2). 


Table 102-2. Examples of Drugs That Inhibit Certain 
Hepatic Enzyme Systems 


Fluvoxamine 
Itraconazole 
Ketoconazole 


Cimetidine 
Ciprofloxacin 
Clarithromycin 


Diltiazem Nefazodone 
Enoxacin Paroxetine 
Erythromycin Ritonavir 
Fluoxetine 


ALCOHOL-DISULFIRAM—A well-known example of in- 
hibition of metabolism that has been used to advantage is the 
use of disulfiram in the treatment of alcoholism. Disulfiram 
inhibits the activity of aldehyde dehydrogenase, thus inhibiting 
oxidation of acetaldehyde, an oxidation product of alcohol. This 
results in accumulation of excessive quantities of acetaldehyde 
and development of the unpleasant effects characteristic of the 
disulfiram reaction. 

Disulfiram is not a selective inhibitor of aldehyde dehydro- 
genase but exhibits several inhibitory actions that can result in 
the development of drug interactions. It has been reported that 
it can enhance the activity of warfarin and phenytoin, presum- 
ably by inhibiting their metabolism. 

ALCOHOL-CEPHALOSPORINS— Disulfiram-like reac- 
tions have been observed in patients receiving cefamandole, 
cefmetazole, cefoperazone, and cefotetan, following the con- 
sumption of alcoholic beverages. The interaction is likely to 
occur only when the alcohol ingestion follows the administra- 
tion of the antibiotic, and the reaction may be observed as late 
as 72 hr after the last dose of antibiotic. 

The four cephalosporins implicated in these interactions 
contain a methylthiotetrazole substituent, and this struc- 
tural characteristic is considered to be responsible for these 
interactions. 

MERCAPTOPURINE OR AZATHIOPRINE-ALLOPU- 
RINOL—Allopurinol, by inhibiting the enzyme xanthine oxi- 
dase, reduces production of uric acid, which is the basis for its 
use in the treatment of gout. Xanthine oxidase also has an 
important role in the metabolism of such potentially toxic 
drugs as mercaptopurine and azathioprine, and when this en- 
zyme is inhibited by allopurinol, the effect of the latter agents 
can be increased markedly. When allopurinol is given in doses 
of 300 to 600 mg/day concurrently with either of these drugs, it 
is advised that the dose of mercaptopurine or azathioprine be 
reduced to about ¥% to %4 the usual dose. 

BENZODIAZEPINES-CIMETIDINE—The inhibition of 
oxidative metabolic pathways by cimetidine has been demon- 
strated in a number of investigations, and it should be antici- 
pated that the action of concurrently administered drugs that 
are metabolized via these pathways will be increased. Cimeti- 
dine has been reported to inhibit the metabolism of diazepam, 
and several other benzodiazepines, and the sedative effect of 
these agents may be enhanced as a result of the interaction. 
Particular caution is necessary in elderly patients who may 
exhibit an increased sensitivity to the depressant effects of the 
benzodiazepines, even when one of these agents is given alone. 
The metabolism of lorazepam, oxazepam, and temazepam is 
not likely to be affected, since cimetidine does not alter the 
glucuronide conjugation of these agents. One of these agents 
may be preferred when a benzodiazepine is indicated in a 
patient being treated with cimetidine. 

CIMETIDINE—Because cimetidine is known to inhibit he- 
patic oxidative enzyme systems, it should be anticipated that 
the action of other agents that are metabolized extensively via 
these pathways will be increased. There have been reports of 
such interactions with carbamazepine, phenytoin, theophyl- 
line, warfarin, and other agents, and it may be necessary to 
reduce the dosage of these agents when cimetidine is included 
in the therapeutic regimen. Although ranitidine also binds to a 


limited extent to the cytochrome P-450 enzymes involved in the 
metabolism of these agents, it appears to have a lesser affinity 
for the enzymes than does cimetidine. Consequently, clinically 
significant interactions are less likely to occur with ranitidine. 
Studies of the other histamine H,-receptor antagonists (famo- 
tidine and nizatidine) suggest that they are not likely to inhibit 
oxidative metabolic pathways and to interact with other drugs 
via this mechanism. 

THEOPHYLLINE-MACROLIDE ANTIBIOTICS—Eryth- 
romycin has been reported to increase significantly serum the- 
ophylline concentrations by inhibiting its hepatic metabolism. 
Patients receiving high doses of theophylline or who are other- 
wise predisposed to theophylline toxicity should be monitored 
closely if erythromycin is administered concurrently. It also 
should be anticipated that clarithromycin and troleandomycin 
will inhibit the metabolism of theophylline, whereas azithro- 
mycin is unlikely to interact. 

THEOPHYLLINE-FLUOROQUINOLONES—Ciproflox- 
acin, grepafloxacin, and enoxacin have been reported to in- 
crease the plasma concentrations and activity of theophylline 
markedly, presumably by inhibiting its hepatic metabolism, 
and concurrent use is best avoided. Certain other fluoroquino- 
lones, such as levofloxacin and trovafloxacin, are not likely to 
inhibit hepatic enzyme systems and interact with theophylline. 

MAOIs—There have been many reports of drug interac- 
tions involving use of an MAOI with another drug or with 
certain dietary items. It is likely that MAOIs enhance the effect 
of drugs such as the barbiturates and opioid analgesics by 
inhibiting hepatic enzyme systems involved in their metabo- 
lism. However, other mechanisms are involved in some of the 
more publicized problems with these compounds and are con- 
sidered elsewhere in this chapter. 

CALCIUM CHANNEL BLOCKING AGENTS—The cal- 
cium channel blocking agents (eg, diltiazem, nifedipine, vera- 
pamil) have been reported to interact with a number of drugs, 
although the mechanisms through which these interactions 
occur are not defined well. It has been suggested that vera- 
pamil and diltiazem may inhibit the hepatic metabolism of 
carbamazepine, thereby increasing the activity of the latter 
agent. Because the calcium channel blocking agents are me- 
tabolized themselves in the liver, they may interact with cer- 
tain drugs because they are competing for the same metabolic 
pathways. 

PROPRANOLOL-FOOD—Observations of an enhanced 
bioavailability of propranolol and metoprolol in the presence of 
food present interesting implications. Both drugs are subject to 
considerable first-pass metabolism in the liver after oral ad- 
ministration. It is suggested that the transient increase in 
hepatic blood flow associated with the ingestion of food may 
reduce hepatic extraction of the drugs and first-pass metabo- 
lism, resulting in increased bioavailability. The increase in 
bioavailability appears to be related to the protein content of 
the meal, and a minimum amount of protein must be present in 
the meal to induce an effect. In contrast to propranolol and 
metoprolol, most other B-adrenergic blocking agents are not 
metabolized significantly, and it is unlikely that the bioavail- 
ability of these agents would be altered appreciably by food. 


ALTERATION OF EXCRETION 

(BT aS BT STS CREST FEAT 
Although some therapeutic agents are eliminated via other 
mechanisms, most drugs and their metabolites are excreted via 
the kidneys. The most important clinical implications of alter- 
ing renal excretion involve the use of drugs that are excreted in 
their unchanged form or in the form of an active metabolite. 
Thus, substances with pharmacological activity are being re- 
absorbed or excreted to a greater extent when renal excretion is 
altered. In contrast, when only inactive metabolites are being 
excreted, changes in therapeutic activity are less likely to be 


DRUG INTERACTIONS 1757 


associated with the use of other drugs that can influence renal 
excretory pathways. 


Alteration of Urinary pH 


Alteration of urinary pH can influence the activity of certain 
drugs. For example, acidifying agents are administered with 
methenamine to enhance its antibacterial activity. Methena- 
mine must be converted to formaldehyde, which is the active 
antibacterial substance, and for this conversion to take place so 
an adequate concentration of formaldehyde is achieved, the 
urinary pH should be 5.5 or less. 

SALICYLATES-ACIDIFYING AND ALKALINIZING 
AGENTS—A change in urinary pH will influence the ionization 
of weak acids and weak bases and thus affect the extent to which 
these agents are reabsorbed and excreted. When a drug is in its 
nonionized form it will diffuse more readily from urine back into 
blood. Therefore, for an acidic drug, there will be a larger propor- 
tion of drug in the nonionized form in an acid urine than in an 
alkaline urine—where it will exist primarily as an ionized salt. 
The result is that from an acid urine more of an acidic drug will 
diffuse back into the blood and produce a prolonged, and perhaps 
intensified, activity. In one study it was noted that a salicylate 
dosage regimen that provided a serum concentration of 20 to 30 
pg/mL in a patient when the urinary pH was approximately 6.5 
produced serum concentrations that were approximately twice as 
high when the urinary pH was decreased to 5.5. The risk of a 
significant interaction is greatest in patients who are taking large 
doses of salicylates (eg, for arthritis). 

AMPHETAMINES-ALKALINIZING AGENTS—Converse 
effects will be seen for a basic drug like dextroamphetamine. In 
one investigation the excretion of a dose of dextroamphetamine at 
urinary pH values of approximately 5 and 8 was studied. When 
the urinary pH was maintained at approximately 5, 54.5% of the 
dose of dextroamphetamine was excreted within 16 hr, compared 
with a 2.9% excretion in the same period when the urinary pH 
was maintained at approximately 8. 

Similar observations have been made with other basic 
drugs. One report calls attention to the possible development of 
quinidine toxicity when urine becomes alkaline, since excretion 
of quinidine was shown to decrease considerably as urinary pH 
was raised. In another investigation, when the urinary pH was 
increased to about 8 with sodium bicarbonate, the plasma 
half-life of pseudoephedrine (Sudafed) was approximately dou- 
ble that in normal subjects. When urinary pH in the same 
subjects was decreased to 5.2, using ammonium chloride, the 
plasma half-life decreased markedly from contro! values. 


Alteration of Active Transport 


PENICILLINS-PROBENECID—A number of organic ac- 
ids are transported actively from the blood into the tubular 
urine and vice versa. In some situations these agents interfere 
with the excretion of each other. It is well-recognized that 
probenecid can increase serum concentrations and prolong ac- 
tivity of penicillin derivatives by blocking their tubular secre- 
tion, and this interaction has been used to therapeutic advan- 
tage. Often there will be a 2-fold to 4-fold elevation of serum 
penicillin concentrations, although the degree to which these 
concentrations are increased and the duration of activity pro- 
longed depend on a number of factors. 

Probenecid also has been reported to decrease renal excre- 
tion of other agents, including methotrexate. 

METHOTREXATE-NONSTEROIDAL ANTI-INFLAM- 
MATORY DRUGS—A number of nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) have been reported to increase the activ- 
ity and toxicity of methotrexate. There have been several 
reports of fatal methotrexate toxicity in patients also receiving 
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ketoprofen, and it has been suggested that ketoprofen inhibited 
the active renal tubular secretion of methotrexate. However, 
other mechanisms probably also contribute to an increase in 
serum methotrexate concentrations. Most of the patients in 
whom these interactions have been reported were receiving 
high-dose methotrexate therapy for neoplastic disorders. How- 
ever, caution also should be exercised in patients receiving 
lower doses, particularly since there is an increased use of 
low-dose methotrexate regimens in patients with rheumatoid 
arthritis who also are taking an NSAID. 

DIGOXIN-QUINIDINE—A number of reports have noted 
significantly greater serum digoxin concentrations when quin- 
idine was administered concurrently than when digoxin was 
given alone. Digoxin is secreted actively in the renal tubules 
and a primary cause of the quinidine-induced increase in se- 
rum digoxin concentrations appears to be a reduction in the 
renal clearance of digoxin. However, other mechanisms proba- 
bly are involved also, as it has been suggested that quinidine 
also may reduce the nonrenal clearance of digoxin and reduce 
the volume of distribution by displacing digoxin from tissue 
binding sites. In one study, a rise in the serum digoxin concen- 
trations was observed within 2 to 3 days following the addition 
of quinidine to the regimen. A new plateau was reached in 
approximately 5 days, and when quinidine was discontinued, 
an average of 5 days passed before the serum digoxin concen- 
trations returned to the prequinidine concentrations. 

DIGOXIN-VERAPAMIL—Verapamil has been reported 
to increase serum digoxin concentrations by 50 to 70% during 
the 1st week in which the agents are administered concur- 
rently, and it usually will be necessary to reduce the dosage of 
the cardiac glycoside. It has been suggested that verapamil 
may inhibit both the renal tubular secretion and nonrenal 
elimination of digoxin, resulting in the increase in the serum 
concentrations of the latter. 

LITHIUM-NONSTEROIDAL ANTI-INFLAMMATORY 
DRUGS—tThe serum concentrations and incidence of adverse 
effects of lithium salts have been reported to be increased by 
the concurrent administration of anti-inflammatory agents 
such as ibuprofen, indomethacin, and piroxicam. It is sug- 
gested that the renal clearance of lithium is reduced as a result 
of the action of these anti-inflammatory agents to inhibit renal 
prostaglandin synthesis. This interaction should be anticipated 
when any NSAID is administered concurrently with a lithium 
salt. 


Although pharmacokinetic interactions often present challeng- 
ing clinical problems and are publicized widely, pharmacody- 
namic interactions are the type that occur most frequently. 


DRUGS HAVING OPPOSING 
PHARMACOLOGICAL EFFECTS 


Interactions resulting from the use of two drugs with opposing 
effects should be among the easiest to detect. However, these 
sometimes are due to the secondary effects of certain drugs and 
this and other factors may preclude early identification of such 
situations. 

DIURETICS—tThe ability of the thiazides and certain 
other diuretics to elevate blood glucose concentrations is well 
known. When the diuretic is prescribed for a diabetic pa- 
tient being treated with insulin or one of the oral antidia- 
betic agents, this effect partially may counteract the glucose- 
lowering action of the antidiabetic drug, necessitating an 
adjustment in dosage. Similarly, many diuretics may produce a 
hyperuricemic effect. Therapy in patients with gout should be 
monitored closely, as the hyperuricemic action of a diuretic 
may necessitate an adjustment in dosage of the agent being 
used in the treatment of gout. 


DRUGS HAVING SIMILAR 
PHARMACOLOGICAL EFFECTS 


LEE ES A TTP ST 
An excessive response attributable to the concurrent use of 
drugs having similar actions is the type of interaction that 
occurs most often, and these potential problems warrant par- 
ticular attention. 

CNS DEPRESSANTS—An excessive CNS depressant ef- 
fect resulting from the concurrent use of two or more drugs 
exhibiting a depressant action represents one of the most dan- 
gerous drug-related problems. Older patients should be viewed 
as being especially susceptible to this type of response, and 
patients experiencing effects such as sedation and dizziness are 
at increased risk of falls and injuries, such as hip fractures. 
Patients also must be advised of the risks of operating motor 
vehicles or machinery. In considering multiple drug regimens, 
recognition must be taken of the large number of agents (eg, 
sedative-hypnotics, antipsychotics, tricyclic antidepressants, 
opioid analgesics, and most antihistamines) that can exhibit a 
depressant effect that will be at least additive to the effect 
contributed by other drugs. At the minimum, the dosages of the 
drugs having a depressant effect should be reduced from the 
usual dose, and consideration also should be given to whether 
it is necessary to use all the drugs concurrently. 

ALCOHOL-OTHER CNS DEPRESSANTS—tThe in- 
creased CNS depressant effect that is experienced by individ- 
uals being treated with depressant drugs when they consume 
alcoholic beverages is among the best-known interactions. 
However, this interaction also illustrates the difficulties in 
trying to predict the magnitude of the response that will be 
experienced by a particular patient, as the response will de- 
pend on many variables, including the patient’s tolerance to 
alcohol. How then should the patient be instructed when he or 
she is to take a depressant medication? Certainly it would be 
most desirable not to consume alcoholic beverages during the 
period the medication is being taken. However, there should be 
a realistic recognition that many patients if faced with a man- 
date not to drink while on drug therapy will decide not to take 
the drug. Every patient should be alerted to the fact that the 
depressant effect of the drug prescribed may be increased by 
alcohol. If it is anticipated that a patient would not completely 
avoid alcoholic beverages, that patient should be urged to use 
them in moderation, particularly when therapy is initiated, 
and cautioned to observe his or her own tolerance when such 
combinations are employed. However, the fact that many indi- 
viduals can take depressant drugs and consume relatively 
large amounts of alcoholic beverages with no apparent diffi- 
culty should not be cause to forget that such combinations have 
been lethal in some individuals and the cause of injury in 
others. Thus, there is an important need to caution all patients 
for whom such drugs are prescribed. 

DRUGS HAVING ANTICHOLINERGIC ACTIVITY— 
Drugs that differ considerably in their primary pharmacologi- 
cal actions may exhibit the same secondary effects. Some pa- 
tients being treated with antipsychotic agents such as chlor- 
promazine also are given an antiparkinson agent such as 
trihexyphenidyl to control the extrapyramidal effects of the 
former. In addition, a number of patients experience depressive 
symptoms, and a tricyclic antidepressant such as amitriptyline 
might be added to the therapy. Each of these three agents 
possesses anticholinergic activity, and the additive effect could 
result in side effects such as dryness of the mouth, blurred 
vision, urinary retention, constipation, and elevation of intraoc- 
ular pressure. 

Even an effect such as dryness of the mouth, which most 
health professionals would consider as a minor problem, could 
be troublesome in certain patients. For example, persistent 
dryness of the mouth could make the use of dentures more 
difficult and also cause other dental complications. In addition, 
there may be increased difficulty in chewing and swallowing, 


an important factor with respect to the problem of malnutrition 
in many elderly individuals. Dryness of the mouth also may 
result in other problems as illustrated by a case report of a 
patient treated with imipramine. The patient experienced per- 
sistent dryness of the mouth and when nitroglycerin tablets 
were administered sublingually for the management of exer- 
tional angina, the relief of the symptoms was delayed because 
of the slower dissolution of the sublingual tablets. 

It has been observed that an excessive anticholinergic effect 
can cause an atropine-like delirium, particularly in geriatric 
patients. This effect could be misinterpreted as an increase in 
psychiatric symptoms, which might be treated by increasing 
the dosage of the therapeutic agents that are actually respon- 
sible for causing the problem. This example points out the 
difficulty that often can exist in distinguishing between the 
symptoms of the condition(s) being treated and the effects of 
the drug(s) being employed as therapy. 

Several studies call attention to other potential problems 
associated with the use of drugs having anticholinergic activ- 
ity. In one investigation using volunteers aged 60 to 72, tri- 
hexyphenidyl was found to cause substantial memory impair- 
ment. In another study of 22 demented nursing-home patients, 
it was noted that those with high serum anticholinergic con- 
centrations had greater impairment in self-care capacity than 
patients with low concentrations. 

The blurring of vision, which also may be associated with 
the use of drugs having anticholinergic activity, may be espe- 
cially distressing for older patients, particularly those whose 
physical activities may be limited and for whom reading is a 
favorite activity. 

Several reports have described the development of severe 
hyperpyrexia in patients taking phenothiazine—antiparkinson 
combinations who were exposed to high environmental temper- 
ature and humidity. These investigators call attention to the 
ability of these combinations to interfere with the thermoreg- 
ulatory system of the body and recommend that physicians 
treating patients in hot and humid climates should minimize 
outdoor exposure of patients receiving high doses of these 
agents. 

DRUGS EXHIBITING HYPOTENSIVE EFFECTS— 
Certain antihypertensive drugs (eg, prazosin) as well as some 
other classes of medications (eg, tricyclic antidepressants) can 
cause orthostatic hypotension, resulting in symptoms such as 
dizziness, lightheadedness, and, in more severe cases, syncope. 
Older patients are more susceptible to this type of response and 
the associated risks such as falls and injuries, and appropriate 
precautions should be exercised whether these agents are given 
alone or in combination. 

NSAIDs—Several situations exist in which a patient un- 
knowingly may be taking several different products that 
contain the same NSAID. An arthritic patient whose condi- 
tion has been managed with ibuprofen obtained via prescrip- 
tion (often at dosage levels at or near the recommended 
maximum) may purchase an ibuprofen product available 
without a prescription for pain/discomfort not associated 
with the arthritis, without recognizing that the two products 
contain the same drug and that there is an increased risk of 
adverse effects. 

Naproxen and naproxen sodium formulations are marketed 
under different trade names (Naprosyn and Anaprox, respec- 
tively). The potential exists for one physician to prescribe one 
formulation for an arthritic disorder and another physician to 
prescribe the other product for pain and/or inflammation due to 
another problem (eg, an injury or dental procedures). A patient 
for whom one of these products is prescribed may purchase a 
naproxen sodium product available without a prescription 
without recognizing that the two formulations contain the 
same active ingredient. 
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ALTERATION OF ELECTROLYTE 


CONCENTRATIONS 
RE EES HS SBE HF) TAI) UT 


Several important drug interactions occur as a result of the 
ability of certain therapeutic agents to alter the concentration 
of electrolytes such as potassium and sodium. When these 
drugs are included in a therapeutic regimen, it is important 
that electrolyte concentrations be monitored periodically. 

DIGOXIN-DIURETICS—One of the problems associated 
with the use of most of the commonly employed diuretics (eg, 
the thiazide derivatives) is that they can cause an excessive 
loss of potassium. Particular caution is necessary in patients 
also being treated with digoxin (or other digitalis prepara- 
tions), many of whom would be candidates for diuretic therapy. 
If potassium depletion remains uncorrected, the heart may 
become more sensitive to the effects of the cardiac glycoside 
and arrhythmia may result. 

Although potassium supplementation will be necessary in 
many individuals being treated with a potassium-depleting 
diuretic, the initiation of therapy with such a diuretic must not 
be viewed as a mandate also to provide potassium supplemen- 
tation. This decision should be based on a consideration of the 
individual patient situation, and the appropriate parameters 
should be monitored periodically. It must be recognized that 
dangers also exist if hyperkalemia occurs as a result of exces- 
sive supplementation. This risk of such complications is great- 
est in patients with diminished renal function. 

In addition to the diuretics, other agents also can cause 
potassium depletion. Prolonged therapy with cathartics and 
corticosteroids may cause potassium depletion, although this is 
not likely to occur as quickly or to the same extent as with 
diuretics. 

Interest has developed also in the clinical implications of 
magnesium depletion. Concern has been expressed that this 
condition occurs much more commonly than is recognized and 
that some clinical problems may continue or worsen despite 
seemingly adequate electrolyte therapy because magnesium 
deficiency has not been identified and corrected. 

Diuretic therapy may lead to development of magnesium 
depletion, and as observed when potassium is depleted, the 
activity of digoxin may be enhanced and possibly result in 
toxicity. In some patients with digoxin toxicity, low serum- 
magnesium concentrations may coexist with normal potassium 
values. 

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS- 
POTASSIUM-SPARING DIURETICS—The angiotensin- 
converting enzyme (ACE) inhibitors (eg, captopril, enalapril, 
lisinopril) may cause an elevation of serum potassium concen- 
trations. Potassium-sparing diuretics (amiloride, spironolac- 
tone, and triamterene) or potassium supplements should be 
used concurrently with caution, because of the risk of hyper- 
kalemia and associated complications. Salt substitutes contain- 
ing potassium also should be used with caution. 

LITHIUM-DIURETICS—Sodium depletion is known to 
increase lithium toxicity, for which reason it generally has 
been recommended that lithium salts should not be used in 
patients on diuretic therapy or on a sodium-restricted diet. 
Even protracted sweating or diarrhea can cause sufficient 
depletion of sodium to result in decreased tolerance to 
lithium. 

The sodium depletion caused by diuretics reduces the renal 
clearance and increases the activity of lithium. However, it has 
been noted by some that if preferable therapeutic alternatives 
are not available, concurrent therapy need not be contraindi- 
cated so long as the interaction is recognized and steps are 
taken to monitor therapy and adjust dosage. 
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INTERACTIONS AT RECEPTOR SITES 
(LLL aA RTS 

MAOIs-SYMPATHOMIMETIC AGENTS—MAO func- 
tions to break down catecholamines such as norepinephrine. 
When the enzyme is inhibited, the concentrations of norepi- 
nephrine within adrenergic neurons increase, and a drug that 
can stimulate its release can bring about an exaggerated re- 
sponse. It is by this mechanism that interactions between 
MAOIs and indirectly acting sympathomimetic amines (eg, 
amphetamine) develop. Thus, if amphetamine is administered 
to patients whose stores of norepinephrine have been increased 
by MAO inhibition, they may experience severe headache, hy- 
pertension (possibly a hypertensive crisis), and cardiac ar- 
rhythmias. The serious consequences associated with these 
interactions contraindicate use of these agents in combination. 

Although most sympathomimetic amines, such as amphet- 
amine, are available only by prescription, others such as ephed- 
rine, phenylephrine, and phenylpropanolamine, which also 
have been reported to interact similarly with MAOIs, are found 
in many of the popular nonprescription cold and allergy prep- 
arations, as well as many of the over-the-counter diet-aid prod- 
ucts. It is important that patients being treated with MAOIs 
avoid using products containing these agents. 

MAOIs-OTHER ANTIDEPRESSANTS—Cautions in the 
product literature, as well as case reports, warn against con- 
current use of an MAOI with a tricyclic antidepressant (eg, 
amitriptyline, imipramine) because severe atropine-like reac- 
tions, tremors, convulsions, hyperthermia, and vascular col- 
lapse have been reported to result from such use. It is recom- 
mended in the labeling for most of these products that therapy 
with an MAOI or a tricyclic antidepressant should not be ini- 
tiated until at least 7 to 14 days after therapy with the other 
has been discontinued. 

Although the labeling for most MAOIs and tricyclic antide- 
pressants notes that concurrent use is contraindicated, there is 
controversy as to the degree of risk involved. Several studies of 
the combined use of these agents have revealed little evidence 
of interaction, and the growing impression that serious inter- 
actions are uncommon, coupled with the reports of favorable 
results with such combinations in selected patients who did not 
respond to either agent given alone, have led some to conclude 
that these combinations can be employed cautiously. In pa- 
tients who are refractory to single antidepressants and who are 
not candidates for alternative therapeutic approaches, the po- 
tential benefits of combination therapy may outweigh the risks. 
However, such therapy should be undertaken only by those 
who are thoroughly familiar with the risks involved and under 
circumstances in which therapy can be monitored closely. 

There are only limited data regarding the combined use of 
fluoxetine and an MAOI, and it is advised that their combined 
use be avoided and that at least 14 days elapse between dis- 
continuation of an MAOI and initiation of treatment with flu- 
oxetine. There have been several reports of deaths of patients 
in whom therapy with an MAOI was initiated shortly after 
discontinuation of fluoxetine. Because of the long half-lives of 
fluoxetine and its active metabolite, it is recommended that at 
least 5 weeks should elapse between discontinuation of fluox- 
etine and initiation of therapy with an MAOI. 

It should be noted that the antineoplastic procarbazine and 
the anti-infectives furazolidone and linezolid, also can inhibit 
MAO enzymes, and warnings applying to the use of other 
MAOIs should be heeded for these drugs also. With furazoli- 
done, however, it is not likely that enzyme inhibition will occur 
within the first 5 days of therapy, and usually the course of 
treatment will be completed within that time. 

GUANETHIDINE-TRICYCLIC ANTIDEPRESSANTS— 
Guanethidine is transported to its site of action within adren- 
ergic neurons by a transport system that also is responsible for 
uptake of norepinephrine, as well as several indirectly acting 
sympathomimetic amines such as ephedrine and the amphet- 


amines. Concentration of guanethidine in these neurons is 
necessary for its hypotensive effect. It appears that tricyclic 
antidepressants can inhibit uptake of guanethidine into the 
neuron terminal, thereby preventing its concentration at these 
sites and reducing its activity. Other studies suggest that an- 
tipsychotic agents such as chlorpromazine, haloperidol, and 
thiothixene can act similarly to the tricyclic antidepressants in 
reducing the antihypertensive effect of this agent. 

Although other mechanisms may be involved in the devel- 
opment of drug interactions, the ones cited are the most im- 
portant. As often stated, more than one mechanism may be 
responsible for certain interactions; these mechanisms may 
work in concert or in opposition as determinants of the result- 
ing effect. Still other drug interactions develop by mechanisms 
yet to be identified. 

Even though the discussion of some interactions has raised 
more questions than have been answered, an awareness of the 
factors predisposing to the development of drug interactions, as 
well as the mechanisms by which they occur, will be of value in 
the identification and prevention of potential problems. 

It is evident that significant limitations still exist in trying 
to predict the results of combination therapy. In the following 
section, guidelines are provided to minimize the risk of the 
occurrence of drug interactions. 


REDUCING THE RISK 
OF DRUG INTERACTION 


The reduction of the risk of drug interactions is a challenge that 
embraces a number of considerations. Although they could be 
applied to drug therapy in general, the following guidelines to 
reduce and manage drug interactions are offered to assist 
health professionals who have the responsibility of selecting 
and monitoring therapeutic regimens. 


Identify the Patient Risk Factors—Factors such as age, the 
nature of the patient’s medical problems (eg, impaired renal function), 
dietary habits, smoking, and problems like alcoholism will influence the 
effect of certain drugs and should be considered during the initial 
patient interview. 

Take a Thorough Drug History—An accurate and complete 
record of the prescription and nonprescription medications a patient is 
taking as well as products such as herbal products and dietary supple- 
ments must be obtained. Numerous interactions have resulted from a 
lack of awareness of prescription medications prescribed by another 
physician or nonprescription medications the patient did not consider 
important enough to mention. 

Be Knowledgeable about the Actions of the Drugs Being 
Used—The knowledge of the properties and the primary and secondary 
pharmacological actions of each of the agents used or being considered 
for use is essential if the interaction potential is to be assessed 
accurately. 

Consider Therapeutic Alternatives—In most cases, two drugs 
that are known to interact can be administered concurrently as long as 
adequate precautions are taken (eg, closer monitoring of therapy or 
dosage adjustments to compensate for the altered response). However, 
in those situations in which another agent with similar therapeutic 
properties and a lesser risk of interacting is available, it should be used. 

Avoid Complex Therapeutic Regimens When Possible—The 
number of medications used should be kept to a minimum. In addition, 
the use of medications or dosage regimens that permit less-frequent ad- 
ministration may help avoid interactions that result from an alteration of 
absorption (eg, when a drug is administered in close proximity to meals). 

Educate the Patient—Patients often know little about their ill- 
nesses, let alone the benefits and problems that could result from drug 
therapy. Individuals who are aware of, and understand, this informa- 
tion can be expected to be in greater compliance with the instructions 
for administering medications and more attentive to the development of 
symptoms that could be early indicators of drug-related problems. Pa- 
tients should be encouraged to ask questions about their therapy and to 
report any excessive or unexpected responses. There should be no 
uncertainty on the part of patients as to how to use their medications in 
the most effective and safest way. 


Monitor Therapy—The risk of drug-related problems warrants 
close monitoring, not only for the possible occurrence of drug interac- 
tions but also for adverse effects occurring with individual agents and 
noncompliance. Any change in patient behavior should be suspected as 
being drug-related until that possibility is excluded. 

Individualize Therapy—Although the development of a thera- 
peutic regimen that meets the specific needs of individual patients is 
inherent in many of the above guidelines, the importance of this 
consideration cannot be emphasized too strongly. Wide variations in 
the response of patients to the same dose of certain individual drugs 
is well-recognized. It is difficult to predict the response of many 
therapeutic agents when they are given alone; the challenge and 
limitations in anticipating the response with a multiple-drug regi- 
men are even greater. Therefore, priority should be assigned to the 
needs and clinical response of the individual patient, rather than to 
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the usual dosage recommendations and standard treatment and 
monitoring guidelines. 


The pharmacist will be involved actively in the observance 
of the guidelines described above. In addition, the need to not 
only maintain complete and current patient medication 
records, but also to supervise and monitor drug therapy more 
closely, places the pharmacist in a strategic position to detect 
and prevent drug interactions. By observing the preceding 
guidelines and recommendations and by strengthening com- 
munication with patients and other health professionals, the 
pharmacist has a valuable opportunity to make a significant 
contribution toward the further enhancement of the efficacy 
and safety of drug therapy. 
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Most people would agree that during the 20th century there 
have been more changes and improvements in medical science 
than in almost all of the preceding years of recorded history. 
The germ theory of the 20th enabled the eradication of most 
microbial infections through the use of antibiotics and antiviral 
drugs. Numerous advances in medical technology have brought 
rapid and accurate analysis of specific invading organisms, the 
determination of the status of the blood and immunological 
systems, and the kinds and levels of drugs to administer to 
patients. 

The new high-tech machines including X-rays, the CAT scan 
(computerized axial tomography), MRI (magnetic resonance 
imaging), ultrasound imaging, the PET scan (positron emission 
tomography) and others have allowed the location and diagno- 
sis of most major cellular and body organ malfunctions, so that 
appropriate therapy can be undertaken. 

The rapidly emerging field of biotechnology has spawned a 
bewildering array of bioengineered enzymes, peptides, hor- 
mones, and the like, which have allowed the replacement of 
normal body substances that maintain health. 

Similarly, ways have been found to bolster and increase 
levels of newly recognized immunological factors that 
strengthen our infection defense mechanisms. Hence, it is easy 
to understand why modern conventional or orthodox medicine 
(allopathy) has generally held the upper hand of efficacious 
therapy in most advanced societies. However, in recent years it 
has appeared to have reached its limits in the minds of many 
individuals. More and more people expect perfect and complete 
results every time they seek medical help. When modern med- 
icine fails, this attitude often leads to the search for help in 
alternative or complementary medicine, which appears to offer 
hope in a more holistic mode. 

THE RISE OF ALTERNATIVE MEDICINE—The past 
few decades have generated a rapidly growing interest and 
popularity in alternative or complementary medicine because 
of its perceived, either potentially beneficial or pernicious ef- 
fects on individual health or society. 

Many reasons have been given for the resurgence of nontra- 
ditional or holistic medicine. Some have blamed a loss of faith 
in science (many people believe science has caused pollution, 
depletion of ozone, drug misuse, and iatrogenesis); others feel 
that confidence in orthodox medicine has eroded because it has 
failed to meet continuously rising medical expectations. Some 
feel that high-tech medicine does not care about or pay atten- 
tion to the patient’s belief system. 

There is little doubt that rising costs of medical care have 
not helped promote efficient use of all the major advancements 
in medical technology or given better attention to the patient. 
Worldwide, it has been acknowledged that modern health care 
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in the US has become an uncontrolled monster that is difficult, 
if not impossible, to contain. The political upheaval being 
caused by current health-care reforms in the US serves as an 
example. 

Medical costs have risen over 15-fold in the past 30 years, 
and yet only a little over 40% of the people are served with 
adequate medical care. The current medical costs have been 
rising faster than inflation, and insurance costs have been 
unaffordable to many individuals and industries. Over 25 years 
ago, forecasters predicted that neither decreasing or increasing 
amounts of money spent on health would have any further 
effect on how long one could expect to live. 

Some have said that we have reached a state of diminishing 
returns in modern medicine. The truth is that we have finally 
identified all the major disorders for which there is no easy 
cure. Many of these are the normal consequences of aging. 
There is little doubt that we will probably never fully conquer 
the old age-related disorders of bronchitis, arthritis, rheuma- 
tism, heart disease, back pain, high blood pressure, and many 
others. These degenerative chronic diseases of old age simply 
do not respond well, even to the most modern treatments. 

Another problem that exists is the profit-driven motive to 
design drugs simply to capture a fraction of established mar- 
kets. This has led to more and more me too drugs that do not 
really promise important therapeutic gains. Because of the 
great expense involved in developing totally new drugs with 
unique pharmacological properties, many drug companies have 
shied away from the efforts. 

With all these problems in mind it is easy to understand 
why complementary 2nd alternative medicine has been sum- 
moned to fill the gap not met by modern medicine. 

Since the 1960s more and more Americans have turned to 
self-awareness and self-controlled medical treatments. Well- 
ness as a concept and prevention as a mode of life have become 
standard thinking for a significant percentage of the American 
population. Our increased trade and relations with Asia and 
better communication with the traditional medical practices of 
Asia, Europe, Africa, and South America have opened new 
doors of treatment for all ills. 

By the 1970s and 1980s numerous articles on alternative 
medicine appeared in the literature. At least one author has 
given 92 alternative therapies ranging from acupressure (Shi- 
atsu) to yoga. Several books also have appeared under the titles 
of natural or nature’s therapies. : 

Many of these alternative systems are complex and possess 
variable standards of qualification, training, and registration. 
Indeed, many within alternative medicine do not even agree on 
definitions for the numerous specialities let alone on standard- 
ization of treatment modalities. Generally, many of the theo- 
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Table 103-1. Reasons for Popularity 
of Alternative/Complementary Medicine 


Perceived and real limitations of allopathy. 

Love (when it works) and hate (when it fails) relationships with 
high-tech medicine. 

Lack of tender loving care. People complain about being seen as 
problems or interesting cases to solve rather than real persons. 

Complaints of endless tests with ambiguous meanings. 

Desire to be a partner in healing one’s self. 

Unhappy about being sent to various specialists. 

Desire to have one physician who can treat whole person and 
not just a body part. 

Desire to have a physician who listens, does not direct all 
therapies, and makes one a partner in recovery. 

Desire to see the practitioner as a trusted friend and not an 
authority figure. 

Desire to be empowered or given authority or trust over the 
manner of being healed and self-healing capabilities. 


ries on which alternative therapies are based are not in accord 
with current medical concepts. Nevertheless, many of these 
therapies have become popular and are in demand by the 
American public and should be understood by all health 
practitioners. 

In 1990 the US population made an estimated 425 million 
visits to providers of nonconventional therapies at a cost of 
some $10 billion from their own pockets. Some of these thera- 
pies now are covered by health insurance, but many are not. 

In November 1998, the Journal of the American Medical 
Association (JAMA) had as its major theme, alternative medi- 
cine. Statistics of the last few years have shown that 4 out of 10 
Americans used alternative medical therapies in 1997. Fur- 
ther, the total visits to alternative medical practitioners in- 
creased by close to 50% from that in 1990 and in fact exceeded 
the patient visits for all US primary-care physicians. Mone- 
tarily, this population paid approximately $21.2 billion for ser- 
vices (an increase of 45%) provided by alternative medical 
practitioners. An updated survey by David M. Eisenberg, MD, 
of Beth Israel Deaconess Medical Center in Boston, and his 
cohorts in 1997 showed that between 1990 and 1997, the prev- 
alence of complementary/alternative medicine (CAM) in- 
creased by 25%, with the total number of visits increasing by 
47% from an estimated 427 million in 1990 to 629 million in 
1997. As mentioned above, the expenses for these services were 
about $21.2 billion, with $12.2 billion out-of-pocket, and ex- 
ceeded the out-of-pocket expenses for all hospitalizations in 
1997. This survey covered 16 CAM therapies, which included 
relaxation techniques, herbal medicine, massage, chiropractic, 
spiritual healing by others, megavitamins, self-help, imagery, 
commercial diet, folk, lifestyle diet, energy healing, homeopa- 
thy, hypnosis, biofeedback, and acupuncture. 

Both the 1990 and 1997 surveys found that CAM was used 
most commonly for chronic conditions, which included back and 
neck problems, arthritis, headaches, and anxiety. An increase 
from 33.8% in 1990 to 42.1% in 1997 was seen in the use of at 
least 1 of the 16 CAM therapies. The largest increases were in 
the areas of use of herbal medicine, massage, megavitamins, 
self-help groups, folk remedies, energy healing, and homeopa- 
thy. Even though these data show increased use of CAM across 
the board, the level of patient disclosure of this to their physi- 
cians remained low at less than 40% in 1990 and 1997. Obvi- 
ously all health practitioners are concerned because at least 15 
million Americans in 1997 took prescribed medications and 
herbal remedies concurrently. Since at least one in five patients 
who take prescription drugs also may take herbs, high-dose 
vitamins, and supplements, etc, investigators are concerned 
that millions of adults may be at risk for potential unintended 
herb or vitamin/drug interactions. They caution that the CAM 
market is continuing to grow, and that trend needs continuous 
monitoring based on scientific inquiry, clinical judgment, reg- 
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ulatory authority, and shared decision-making. They advise 
that the don’t ask and don’t tell approach to patient/physician 
communication must be discarded. 

Further interesting statistics from this study revealed that 
CAM was significantly more common among women (48.9%) 
than men (37.8) and less common among African-Americans 
(33.1%) than other racial groups (44.5%). Persons in the age 
range of 35 to 49 years reported higher rates of use (50.1%) 
than persons either older (39.1%) or younger (41.8%). CAM 
usage was higher among college-educated persons (50.6%) than 
persons with no college education (36.4%), and more common 
among those with annual incomes above $50,000 (48.1%) than 
those with lower incomes (42.6%). CAM usage was higher in 
the Western US (50.1%) than elsewhere in the US (42.1%). 
Surprisingly, the total out-of-pocket expenditures for CAM in 
1997 (including professional service, herbals, vitamin diet 
products, books, and classes), were estimated conservatively to 
be about $27 billion. These studies also showed that 42% of all 
CAM use was attributable to the treatment of existing illness 
and/or health maintenance. 

In conclusion, those authors noted that CAM is neither 
taught widely in medical schools nor generally available in US 
hospitals. Even so, an increasing number of US insurance 
companies and managed-care organizations now offer some 
level of CAM benefits, and most US medical schools at least 
offer some courses in CAM therapies. Finally, they offer the 
observations that federal agencies, private corporations, foun- 
dations, and academic institutions should adopt a more proac- 
tive posture related to implementing both clinical and basic 
scientific research, creating relevant educational curricula, 
developing credentialing and referral guidelines, improving 
the quality control of dietary supplements, and establishing 
postmarket surveillance of drug-herb (and drug supplement) 
interactions. 

DEFINITIONS—Table 103-1 provides a summary of rea- 
sons cited for why CAM has become popular in recent times. 
Table 103-2 provides criticisms and comments about CAM. The 
Appendix provides a list of terms used in CAM as well as 
definitions for the numerous specialities. As with all listings of 
this sort there will be disagreements about reasons or defini- 
tions. However, these reasons and definitions should establish 
an understanding of the complex nature of the popularity and 
practice of complementary/alternative medical care. 

The following practices in CAM are among the most popular 
in the US today. An attempt has been made to list and define 
all of these with minimal comments or judgments on efficacy, 
since there may be few hard data available. Most medical 
practitioners are aware that one out of three drugs or manage- 
ments of disease may be successful regardless of true or known 
efficacy. It is with this thought that all practitioners should 
keep their minds open about all modalities of health care, as 
only time and science ultimately will show what is effective and 
what is not, in medicine. Generally, most practitioners have 
been in agreement that conventional medicine is best for the 
management of acute care. 

No attempt is made here to negate the necessity to handle 
emergencies in a hospital setting where all of the high-tech 
methods can usually solve severe traumatic medical problems. 


Table 103-2. Comments and Criticisms 
about Complementary/Alternative Medicine 


SS 

Many conventional practitioners and medical scientists believe 
these to be a modern form of quackery. 

Some of the successes reported are placebo effects. 

Most ailments treated successfully are self-limiting. Self-limiting 
disorders predominate in these areas of practice. 

Many of the approaches lack scientific proof. 

Relatively few studies are clinical, double-blind investigations. 

Most references, books, and papers are not truly scientific 
publications, and many reports are anecdotal. 


1764 CHAPTER 103 


Table 103-3. Examples of Foods with Purported Medical Properties 


FOOD CONSTITUENTS 

Apple Pectin, caffeic acid 

Banana and Fiber in unripe plantain, pectin 

plantain 

Broccoli Indoles, glucosinolates, dithiolthiones, carotenoids 

Cabbage Chlorophyll, dithiolthiones, flavonoids, indoles, 
isothiocyanates, phenolic caffeic & ferulic acids, 
vitamins E and C “growth factor” mucin-like 
substances 

Chili pepper Capsaicin, vitamin C 


Spices, eg, cumin, 
cinnamon, ginger, 
mustard 

Fenugreek 


Various active principles 


Various active principles, fiber 


PURPORTED MEDICAL PROPERTIES 


Lowers cholesterol, blood pressure. Juice has 
antimicrobial, antidiarrheal properties. Possible 
protectant against cancer. 

Prevents and heals ulcers, helps lower blood-cholesterol. 
Stimulates proliferation of cells in stomach lining and 
release of protective mucus. 

Lowers risk of cancer. 

Lowers risk of colonic cancer, juice helps prevent and heal 
ulcers, stimulates immune system, kills microbes, is 
classed as desmutagen (cancer antagonist). 


Increases mucous secretion in lung, acts as expectorant, 
alleviates chronic bronchitis and emphysema, 
decongestant, diminishes clot formation (fibrinolytic), 
topically effective analgesic used in cluster headaches, 
induces secretion of endorphin. 

Reduces cholesterol levels in animals. 


Helps control sugar levels in diabetics. 


Conversely, many agree that numerous long-term health 
problems (aging, anxiety, arthritis, backaches, chronic pain, 
elevated blood pressure, headaches, ulcers, etc) often lend 
themselves to various complementary/alternative practices. 
Certainly, many of these can be treated less expensively and 
less invasively than with allopathy. The major caveat, of 
course, is that of providing care without causing harm or delay 
when allopathy clearly can do something that is efficacious. 
The ultimate choice must be made jointly by the patient and 
the practitioner, keeping in mind the limitations, advantages, 
and disadvantages of each medical practice. 

Finally, it should be kept in mind that the preventative 
approach is of paramount importance in health. This is a major 
change in philosophy for the 1990s. More and more people have 
opted for the obvious and are protecting their future health 
with good nutrition, exercise, stress reduction, and cessation of 
smoking. Much of complementary and alternative medicine has 
moved in this direction or has practiced it for many years. 
Medical foods or nutraceuticals also have been stressed re- 
cently and Tables 103-3 and 103-4 provide samples of foods and 
their contained active principles that may be preventative and 


curative for many medical problems, from appendicitis to 
ulcers. 

All medical practices are beginning to pay a lot more atten- 
tion to good and preventative aspects of nutrition as the US 
population ages and extends life well into the 70- to 80-year age 
potential. 

Finally, it should be noted that money is now being spent in 
the academic and federal sectors to determine the veracity of 
alternative medicine. 

Temple University in Philadelphia developed a Center for 
Frontier Sciences for studying the mind/body connection as 
well as how electromagnetic fields may influence health. They 
also are looking into the potential of soft therapies in medicine, 
such as electroacupuncture and therapeutic touch. 

OAM AND NCCAM—In the latter part of 1992, in response 
to increasing public pressure, Congress established the Office 
of Alternative Medicine (OAM) within the Office of the Director 
of the National Institutes of Health (NIH) to facilitate the fair 
scientific evaluation of CAM and to establish an information 
clearinghouse. The OAM was designed primarily to encourage 
study and research in the many promising CAM approaches to 


Table 103-4. Examples of Phytochemicals in Foods with Purported Medical Properties 


PHYTOCHEMICALS BOTANICAL SOURCE 


Allicin, ajoene Garlic 


PURPORTED PROPERTIES 


Stimulates biochemical pathways involving glutathione, which detoxifies 


foreign materials; intercepts activated carcinogens before they attach to 
DNA; inhibits prostaglandin E,, which is linked to tumor promotion; has 


Flavonoids, phenolics, 
carotenoids, saponins, 
and triterpenoids 


a-Linoleic acid, phenolic 
lignans 


Glycyrrhizic acid, other 
related triterpenoids 
phenolics 

Isoflavones 

Indoles, betacarbolenes 


Phenolic acids 


Citrus fruits 


Flaxseed 


Licorice 


Soybeans 


Cabbage-family members 


Umbelliferous vegetables, 


eg, parsley, celery 


antimicrobial properties. 

Enhance body’s detoxification system; have antioxidant effects; regulate 
enzymes produced by cancer cells. Phenolics stimulate synthesis of 
glutathione, the body’s detoxifier. Carotenoids quench damaging oxygen 
free radicals. Saponins and triterpenoids may block cell receptors for 
estrogen, which may protect against breast cancer. Inhibits prostaglandin 
E,, which is linked to tumor promotion. 

These fatty acids diminish cholesterol formation; lignans have antiestrogenic 
activity, which may lower breast cancer risk. Inhibit prostaglandin E>, 
which is linked to tumor promotion. 

Antibiotic properties, phenolics inhibit key enzymes overproduced by cancer 
cells. Inhibit prostaglandin E,, which is linked to tumor promotion. 


Inhibit activity of tyrosine kinases that are overproduced when normal cells 
are transformed into cancer cells. 

Favor estrogen deactivation and excretion which minimizes tumor activation 
pathway. 

Possible antiulcer properties. 
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determine which are potentially effective, safe, and economical 
as health-care practices. However with the passage of the fiscal 
year 1999 Omnibus appropriations bill, and the subsequent 
signing by the President on October 21, 1998, Congress estab- 
lished the National Center for Complementary and Alternative 
Medicine (NCCAM). With stronger support and money the 
center will be devoted to the conduct and support of basic and 
applied research and training, and will disseminate informa- 
tion on CAM to health practitioners and the public. It also has 
been set up to carry out related programs that one hopes will 
advance the investigation and application of CAM methods 
that prove to be efficacious. 

This Act has the legislative reference bill number S 2440, 
section 601, and is summarized in the the Web site 
http://altmed.od.nih.gov/nccam/. These references provide the 
details on the OAM change to NCCAM, their address, toll-free 
phone number and fax number, history, purpose, mission, pro- 
gram advisory council charter, fiscal year budget, program 
areas, extramural affairs (grants), 10 specialty research cen- 
ters, research database evaluation program, NCAAM clearing- 
house and media relations, international and professional liai- 
son program, research development and _ investigation 
program, intramural research training program, and relations 
with other government agencies (eg, Agency for Health Care 
Policy and Research, Department of Defense, Food and Drug 
Administration (FDA), Health Care Financing Administration 
Agency, and the Centers for Disease Control and Prevention). 
The NCAAM also holds regular meetings with the FDA to seek 
its help in reevaluating current rules and regulations that 
govern research on the use of new devices, acupuncture nee- 
dles, herbs, and homeopathic remedies. NCAAM also continues 
to keep in touch with most of the CAM organizations to provide 
them with new information regarding research support and 
development. 

The Web site has a What’s New section that provides a 
running update on new bills, grants, requests for applications, 
annual meetings, CAM citation index, and results of new re- 
search in CAM. Scientific exploration in CAM has become 
vigorous enough for Congress to raise the status of CAM from 
an office to a national center. It has given NCAAM the author- 
ity to fund its own research projects. 

Certainly the big jump in annual funding (from $20 million 
to $50 million) will go a long way in helping prove its promises. 
With recent studies showing that at least two out of five Amer- 
icans use an alternative therapy, it certainly behooves reduc- 
tionist science to determine the real efficacy of holistic 
medicine. 

THE DSHEA ACT OF 1994—The Dietary Supplement 
Health and Education Act of 1994 (DSHEA) was passed after 
substantial negotiations between members of the House and 
Senate and their staffs, including representatives from the 
dietary supplement industry. The Act is intended to enable 
consumers to make informed choices about nutrient supple- 
ments and subjects these products to the same general labeling 
requirements that apply to foods. Basically, the Act came about 
through enormous public pressure to maintain the All-Ameri- 
can freedom of choice in self-nutrition and medication. The Act 
generated more calls, letters, and faxes of support than any 
previous bill. 

For several decades the FDA regulated dietary supplements 
as foods, mainly to ensure that they were safe and wholesome 
and that labeling on them was true and not misleading. One 
focus to ensure safety was the FDA’s regulation of the safety of 
all new ingredients, even those used in dietary supplements 
under the older 1958 Food Additive Amendments to the Fed- 
eral Food, Drug, and Cosmetic Act (FD&C Act). With the pas- 
sage of DSHEA, Congress amended the FD&C Act to add 
several newer provisions that apply directly to dietary supple- 
ments and their ingredients. Because of the new provisions, 
ingredients in dietary supplements are no longer subject to the 
premarket safety evaluations required of other new food ingre- 
dients or new uses of old food ingredients. Now they must meet 
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the requirements of other safety provisions. The specific areas 
of coverage of the DSHEA include definition of dietary supple- 
ment, safety, literature, nutrition support statements, ingredi- 
ent and nutrition information labeling, new dietary ingredi- 
ents, good manufacturing practices (GMPs), Commission on 
Dietary Supplements; Office of Dietary Supplements; and ef- 
fective date. 

The DSHEA defines a dietary supplement as any product 
(besides tobacco) that contains a vitamin, mineral, herb, or 
amino acid that is intended as a supplement to the normal diet. 
No proof of safety is required for dietary supplements marketed 
prior to Oct 15, 1994, to remain on the market. They are 
considered safe unless they “present a significant or unreason- 
able risk of illness or injury under conditions of use recom- 
mended or suggested in labeling or, if no conditions of use are 
suggested or recommended in the labeling, under ordinary 
conditions of use.” In contrast to over-the-counter (OTC) and 
ethical drugs for which manufacturers are required to prove 
safety and efficacy before marketing, the grandfathered dietary 
supplements are deemed safe unless proven unsafe by the 
FDA. So it is obvious that DSHEA regulates herbals (as well as 
other dietary supplements) more like foods than drugs. The Act 
does, however, grant the secretary of Health and Human Ser- 
vices emergency powers to withdraw a supplement from the 
market if it poses an imminent health hazard. 

Unique to the act is the labeling requirement that allows 
warnings and dosage recommendations as well as substanti- 
ated structure or function claims. Before this time, such label- 
ing would cause the product to be misbranded and removed 
from the market. Now this labeling is allowed with specific 
limitations, viz, all claims must be accompanied by a conspic- 
uous notice that they have not been evaluated by the FDA and 
in fact must state on the label “This product is not intended to 
diagnose, treat, cure or prevent any disease.” The label must 
also contain the term dietary supplement and give each ingre- 
dient by name, quantity, total weight, and identity of any plant 
parts from which the botanical ingredient is derived. 

All statements on the label must be truthful and not mis- 
leading. Any claim to conform to an official reference (eg, 
United States Pharmacopeia) must meet all the specifications 
or be deemed misbranded. Also new is the ability to provide 
information representing a balanced view of the scientific in- 
formation on the botanical along with its sale. This literature 
must be truthful, cannot promote a specific brand of the herbal, 
and must be displayed physically separate from the product. 
The burden of proof that the information is false or misleading 
lies with the FDA. Before this time, such literature was con- 
sidered an extension of the label, and any implied clinical 
efficacy claims were the basis for judging the product mis- 
branded. The law further states that these requirements “shall 
not apply to or restrict a retailer or wholesaler of dietary 
supplements in any way whatsoever in the sale of books or 
other publications as a part of the business of such retailer or 
wholesaler.” 

DSHEA further created a Commission of Dietary Supple- 
ment Labels to make recommendations for the regulation of all 
claims and statements, with forthcoming reports on a timely 
basis. In addition, DSHEA created the Office of Dietary Sup- 
plements within the NIH. This agency is entrusted with pro- 
moting the scientific study of the usefulness of dietary supple- 
ments. The head of this office is specified as the principal 
advisor on dietary supplements to the secretary of Health and 
Human Services, the FDA commissioner, and other federal 
officials. All health professionals should expect that both the 
FDA and the entire supplement industry will be active for 
many years to come in establishing new and continuously 
changing rules. In particular, pharmacists should keep abreast 
of all legal changes, to provide proper patient counseling and 
evaluate all health advertising claims that appear for herbals. 

To completely cover all aspects of this Act would be difficult 
in this overview. However, the Act may be summarized as 
follows: 
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Definitions (eg, a dietary supplement may be a vitamin, mineral, herb 
or other botanical, an amino acid, a supplement that can increase total 
dietary intake, and a concentrate, metabolite, constituent, extract or 
combination of these ingredients). 

Information on adulteration (eg, a product is unsafe if it presents a 
significant or unreasonable risk of illness or injury under the label’s 
suggested conditions of use, etc). 

Statements on allowable claims (eg, claims a benefit related to a 
classical nutrient deficiency disease and discloses the prevalence of 
such diseases in the US, etc). 

Health claims (eg, a statement for a dietary supplement may not 
claim to diagnose, mitigate, treat, cure, or prevent a specific disease or 
class of diseases, etc). 

Labeling exemptions (eg, the Act adds a new paragraph to exempt 
from labeling a third-party publication used in connection with the sale 
of dietary supplements if it is not false or misleading and does not 
promote a particular brand, etc). 

Misbranding (eg, the Act is amended and deems a supplement 
misbranded unless it lists each ingredient, the quantity, and total 
quantity of ingredients in proprietary blends; unless it is identified as a 
dietary supplement; and if it comes from a plant and does not identify 
the part of the plant from which it is derived, etc). 

Adds new labeling requirements (eg, 1); the nutrient information 
shall first list those ingredients that are present in the product in a 
significant amount and for which a recommended daily requirement 
has been established (dietary ingredient not present in significant 
amounts do not have to be listed) and shall list any other ingredient 
present and identified as having no recommendation for daily consump- 
tion, etc). 

Data on good manufacturing practices (eg, authorizes the Secretary 
to issue regulations for GMPs for dietary supplements, including for 
expiration date labeling, but prohibits imposition of standards 
for which there is no current and generally available analytical 
methodology). 

Establishes a Commission on Dietary Supplement Labeling (eg, 
establishes a seven-member Commission as an independent agency 
within the Executive Branch to conduct a study and issue a report 
making recommendations, within 2 years of enactment, to the White 
House and Congress on regulation of label claims for dietary supple- 
ments and legislation , if appropriate, etc). 

Provides regulations (eg, within 90 days of the issuance of the 
Commission’s report, the Secretary shall publish in the Federal Register 
a notice of any recommendations made by the Commission for changes 
in regulations and shall include with such notice of proposal a rule 
making an opportunity for public comment, etc). 

Establishes an Office of Dietary Supplements (eg, to conduct and 

coordinate scientific research on the extent to which dietary supple- 
ments can limit or reduce various conditions, such as heart disease, 
cancer, birth defects, osteoporosis, etc, and collect and compile the 
results of such research, etc). 
The complete details of DSHEA may be obtained by writing 
to NCCAM or accessing various web sites, eg, http://vm. 
cfsan.da.gov/dms/dietsupp.html. Finally, in effect, the DSHEA 
has resulted in a deregulation of the supplement industry. 
Now, unlike food additives or drugs, supplements do not re- 
quire FDA approval prior to marketing. It is the manufacturers 
alone who decide whether their products are effective and safe. 
If a problem arises, the burden of proof falls on the FDA to 
prove that the supplement poses an unreasonable risk and 
should be recalled from the market. As might be expected, the 
$4-billion-a year supplement industry will strongly oppose any 
stringent regulations. For example, there are proposals to 
create new regulatory categories for some supplements as 
nutraceuticals. 

While generally understood to be foods with health-promot- 
ing qualities, they are not yet defined legally or scientifically. In 
perspective, supplements (pills, powders, or other typical me- 
dicinal dosage forms) really make up only a relatively small 
percentage of the $77 billion nutraceutical market. The largest 
percentage obviously relates to foods, snacks, and drinks that 
purport to satisfy the consumers’ desire for health through 
foods. For example, complete liquid meals, originally intended 
for those too ill to eat regularly, are now marketed as nutri- 
tionally complete and convenient instant meals for persons 
with active lifestyles or too busy to prepare meals. Often these 
products contain all the protein, vitamins, and minerals (and 
other healthful ingredients) in easy-to-swallow form. Even 


ideal ingredients such as energy inducers, herbal phytochemi- 
cals, and antioxidants are added to foods for long-term health- 
ful benefits. Consumers easily can find products such as orange 
juice with added calcium, or peanut butter fortified with all the 
essential vitamins and minerals. 

DSHEA has allowed the food industry to market readily any 
food or ingredient currently being investigated in biochemical 
nutrition research. For the most part nutraceutical advocates 
are now urging the FDA to lighten up on its criteria on health 
claims so that manufacturers can make exclusive claims based 
on their own research even without being required to reveal 
their studies in public. There is already much disagreement on 
health claims, labeling matters, proof of efficacy, and safety 
regarding nutraceuticals. It will take several decades to resolve 
these issues as the battle between holistic approaches and 
reductionist science continues. 

Of the numerous complementary/alternative procedures in 
existence, the most widely accepted are acupuncture, aroma- 
therapy, bodywork, chiropractic, faith healing, herbalism, ho- 
meopathy, hypnosis, iridology, mind/body connection, naturop- 
athy, and reflexology. Table 103-5 gives the seven categories of 
alternative medicine as defined by NCCAM. 


ACUPUNCTURE 


This has been a primary practice of the health-care system of 
China for at least 2500 years. The Chinese systematized acu- 
puncture and were the first to include it in a medical book—The 
Yellow Emperor’s Classic of Internal Medicine (written between 
300 and 100 BCE). Acupuncture and Chinese medicine spread 
to Japan in the 6th century and to France in the 17th century. 
It got the attention of the American medical scene in 1972 
when James Reston, a New York Times columnist who was 
covering President Nixon’s visit to China, wrote about his ap- 
pendectomy, which was performed with acupuncture instead of 
pharmaceutical anesthesia. 

Most recently, the NIH issued a statement supporting the 
integration of acupuncture into Western medicine’s therapeu- 
tic regimens for certain conditions. The 12-member panel of 
experts who weighed the evidence that supported these recom- 
mendations, on November 38rd to 5th, 1997, concluded that 
there is clear evidence of acupuncture’s efficacy for treating 
postoperative and chemotherapy nausea and vomiting, the 
nausea of pregnancy, and postoperative dental pain. For a 
number of other conditions, the panel concluded that acupunc- 
ture may be an effective adjunctive therapy. Specific conditions 
cited are addiction, stroke rehabilitation, headache, menstrual 
cramps, tennis elbow, fibromyalgia, low-back pain, carpal tun- 
nel syndrome, and asthma. 

The NIH panel of experts also explored what was known 
about the biological effects of acupuncture. Both human and 
animal studies were found to demonstrate that acupuncture 
can cause multiple biological responses. Some examples of 
these responses include release of opioid peptides during acu- 
puncture and reversal of acupuncture-induced analgesic effects 
with naloxone administration, activation of the hypothalamus 
and the pituitary gland function, neurotransmitter and neuro- 


Table 103-5. The Seven Categories of Complementary 
and Alternative Medicine as Defined by NCAAM 


Mind-body interventions 
Bioelectromagnetic therapies 

Alternative systems of medical practice 
Manual healing methods 

Pharmacological and biological treatments 
Herbal medicine 

Diet and nutrition 
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hormonal modulation, changes in the regulation of blood flow, 
and immune function alterations. 

Questions regarding specificity of some of these biological 
changes have arisen because sham acupuncture point stim- 
ulation was found also sometimes to elicit biological effects. 
This makes research problematic, especially because non- 
specific effects like the quality of the relationship between 
the clinician and the patient, trust, and expectations also are 
thought to account for a substantial proportion of acupunc- 
ture’s effectiveness. 

The system of healing for acupuncture is based on the fun- 
damental concepts of Oriental medicine, which are strongly 
influenced by philosophical and metaphysical world views of 
Taoism, Confucianism, and Buddhism. The principle concepts 
of yin and yang harmony (balance of opposites) and the five 
phases or elements (represented by nature’s elements: fire— 
heat, earth-damp, metal—dryness, water—cold, and wood— 
wind) are used to describe imbalances. Diagnostic procedures 
include physical examination similar to that in Western med- 
icine but also include examination of pulse patterns in both 
wrists, tongue appearance, and abdominal and acupoint palpa- 
tion. Often the practitioner will use herbal medicine, recom- 
mend exercise such as Qigong or Tai-Chi, and prescribe diets as 
adjuncts to acupuncture. 

The therapeutic goal of acupuncture is to regulate the Qi, or 
energy flow, in the body through activating points on meridian 
pathways. Each meridian pathway is associated with specific 
organ systems that can be regulated by the stimulation of 
points on the skin surface or below. In classical Chinese texts at 
least 365 points are described, with a possible total of over 
2000. In practice, a typical number of points a practitioner has 
in his or her repertory is 150. The acupuncturist may use 
needles, either inserted or held on the point, or may apply 
cupping, moxibustion, massage (Shiatsu), or laser light to the 
point. Cupping involves inducing a vacuum in a small glass cup 
and immediately applying it to the skin surface at a meridian 
point. Moxibustion is a process in which small cones of the herb 
Artemisia vulgaris L (mugwort = MOXA) are placed on the 
needle or acupuncture point and then burned to produce a 
penetrating heat (thence removed before strong pain). Electri- 
cal stimulation also can be applied to inserted needles or to a 
meridian point directly for therapeutic effects. 

Acupuncture needles are very fine (diameter, 0.12 to 0.34 
mm) and may elicit a slight prick when inserted but do not, and 
should not, hurt once they are in place. The number of needles 
used in a treatment (usually 5 to 15), depth of needle insertion 
(usually 0.1 to 0.4 inches), diameter of needle used, and length 
of time the needle is kept in place vary in relation to the 
condition being treated. These parameters also will vary de- 
pending on the style (Chinese, Japanese, French) of acupunc- 
ture used; for instance, Japanese acupuncturists use finer nee- 
dles more superficially. Finally, intradermal needles are used 
sometimes to engage a meridian point for longer periods of 
time. 

Acupuncture needles have been made of bronze, gold, silver, 
copper, tin, and bamboo. Today, most acupuncturists use ster- 
ile, single-use, stainless-steel needles and are trained in clean 
needle technique guidelines and methods. The investigational 
label for acupuncture needles was removed in March 1996, 
when the FDA placed needles under Class 2 regulations, to 
ensure that reasonable safety would be maintained. Adverse 
events relating to acupuncture treatment have been docu- 
mented to be extremely low (193 incidents from 1981 to 1994), 
with most adverse effects attributed to insufficient medical 
knowledge of the practitioner (inadequate training and use of 
poor hygienic technique). Possible complications due to needle 
mishandling include organ puncture, infectious disease trans- 
mission, spinal cord injury, contact dermatitis, hematoma, and 
pain. 

At least 300 programs are described nationally that use 
acupuncture, often combined with supportive counseling. Ap- 
proximately 10,000 practitioners provide acupuncture to Amer- 
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icans today, of whom 30% are MD or DO physicians. Licensing 
of acupuncturists varies from state to state and is designated 
by LAc, RAc, or CAc titles. It is obvious that anyone who wishes 
to be treated by acupuncture should be sure that the practitio- 
ner has attended an accredited acupuncture program (=2 
years), is licensed or registered in the state, or has passed the 
National Certification Commission for Acupuncture and Orien- 
tal Medicine examination for acupuncture. The American As- 
sociation of Oriental Medicine has published a referral list of 
practitioners. 

While the AMA has not officially sanctioned acupuncture, 
over 2000 of the US acupuncturists are MDs. Most feel it is 
difficult to understand and to accept the invisible energy-path 
or meridians theory of effectiveness. Many still claim a placebo 
effect, but even this has not held up to scientific testing. Some 
say that the distraction of the practice explained its efficacy. 
Most current research seems to indicate that the acupuncture 
stimulates the release of endorphins, enkephalins, and the 
natural anti-inflammatory agent, cortisol. 


AROMATHERAPY 


The basis of this form of therapy is aroma and the biochemical 
effects derived from the essential volatile oils of plant flowers 
and fruits. These fragrant extracts, when inhaled, allow pa- 
tients to relax or bring about relief of pain. They also may 
induce a mild stimulation. 

In most people it is acknowledged that smell is undoubtedly 
the most acute of the five senses (at least 10,000 times more 
than any of the others). These volatile plant essential oils are 
inhaled and activate receptors in the nasal cavity. These, in 
turn, induce nerve impulses that travel rapidly from this olfac- 
tory bulb to the brain. The olfactory tract is connected directly 
to the limbic system, which is the control center in the brain for 
memory, emotions, and sexual arousal. 

It has long been known that pleasant odors can mask offen- 
sive ones and that this perhaps was the basis for the use of 
incense in closed places wherever nonbathers congregated. In a 
like manner, almost all societies sought quiet refuge in pleas- 
ant odors and surroundings against the smelly world. Thus, in 
answer to the question “does aroma heal?”, one can say that it 
will ease certain physical maladies such as headaches or colds 
as well as calm individuals who suffer from emotional irrita- 
bility and nervousness. Recent studies show a usefulness in 
depression. The efficacy of aromatherapy in clinical situations 
is being tested widely in Europe. 

Almost everyone acknowledges the powerful nudge of smell 
memory whenever their favorite food, perhaps originally from 
mother’s kitchen, is sensed. Similarly, nearly everyone is re- 
pulsed by the odor of anything burning, probably a remnant of 
primitive instincts alerting one against potential danger. 

In recent years, numerous studies have shown the useful- 
ness of inhaled volatile oils to relieve bronchitis and sinusitis 
(eg, pine, thyme, peppermint, or eucalyptus), as a first-aid 
measure (eg, lavender for burns or tea tree for infections), and 
as massage oils to relax tense muscles (eg, rosemary or sage). 
The use of wintergreen oil is another example of a topically 
applied oil with a characteristic odor and aspirin-like analgesic 
qualities. 

Aromatherapy long has been known and used in France, 
where René Gattefosse, a French chemist, coined the word in 
1937. His personal experience of being healed after burning his 
hand and then plunging it into lavender oil to effect a cure led 
to its use in World War I to combat injuries. Today, many 
hospitals use essential oils to help relax patients and cleanse 
the air. Some have used aromas to help reduce the incidence of 
crime in subways, to increase worker productivity, and to in- 
crease students’ concentration. World-wide research is being 
conducted to explain more fully how aromatherapy works, per- 
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haps through the psychoneuroimmunology system, to promote 
both physical and emotional healing. 

Aromatherapy encompasses a wide spectrum of use for es- 
sential oils, ranging from environmental fragrancing to body- 
mind therapy to internal medicine. In France, it is taught in 
medical schools; the oils are prescribed by a physician, pre- 
pared by a pharmacist, and taken internally. In many cases, 
essential oils (rosemary, mint) are incorporated into wellness 
programs because they are easy and pleasant to use and often 
mask malodorous facilities (eg, incontinence-related ammoni- 
acal odors). Aromatherapy holds that pleasant aromas help 
maintain bodily balance and harmony and promote mental and 
emotional pleasantness. Most critics from allopathic medicine 
note the general lack of critical research on efficacy and the 
many unscientific pronouncements of its advocates. Even ho- 
listic practitioners fault aromatherapy because it promotes the 
use of the volatile oil and not the whole plant. 

Finally, it should be cautioned that only very low doses or 
amounts of volatile oils are used in aromatherapy. Because 
they do represent the distilled essences of many pounds of 
flower parts and because they may contain pungent mixtures of 
terpenes, aldehydes, ketones, and esters, they are potentially 
powerful chemicals with pharmacological and toxicological ef- 
fects. These should never be taken orally in a concentrated 
form. Several flavorful oils (wintergreen, cinnamon, mints) are 
used in highly diluted forms in mouthwashes, sprays, and the 
like for their topical antibacterial properties and refreshing 
taste. 


AYURVEDIC MEDICINE 

(SER TR AE ROE I ED I TE STEIN 
This system of medicine has its roots deep in the Indian phi- 
losophy of Asia. It emphasizes the use of a person’s physical 
and mental abilities to reach harmony with the environment. 
The therapy here is composed of reaching a balance between 
diet, daily routine, and daily activities. Ayurveda literally 
means the knowledge or science of life. Many practice yoga 
(system or exercises) and meditation as part of Ayurveda. It 
has been described as an active or assertive program of pre- 
vention and can include a wide variety of things, including 
rising early in the morning, listening to parental advice, dis- 
playing consistent daily routine, basing exercise and activities 
on body type, drinking herbal teas, and having regular bowel 
movements. 

There are many practices associated with Ayurvedic medi- 
cine including shirodara (pouring or dripping specially warm 
and prepared oils (eg, sesame oil) on the forehead for relief of 
tension and to bring on mental harmony); pulse reading (feel- 
ing for wave patterns, or doshas), which provides information 
on body types; taking histories on preference habits and 
dreams; physical exams of the body’s dhatus, or tissues, and 
srotases, or passageways (exits of cleansing and elimination); 
cupping (using cups with a vacuum applied to the back) to 
lower blood pressure, increase circulation, or relieve muscle 
pain; sitting in a steam-filled sweatbox to cleanse the body; 
panchakarma (procedures to cleanse the body of accumulated 
wastes) using herbalized steam, oil massage, nasal flushing, 
laxatives, and medicated enemas. 

Overall, Ayurveda is not a licensed practice in the US, but 
many health practitioners in related areas (nutritionists, chi- 
ropractors) do practice some aspects of it. At least several 
hundred physicians have trained in the US at Ayurvedic in- 
stitutes. Basically, Ayurveda protects and sustains the body 
and does no harm. In India, physicians trained in this area 
complete a 5 1/2—year program of study, including a hospital 
residency. 

Because Ayurvedic medicine uses nonstandard methods of 
diagnosis and treatment, conventional Western physicians of- 
ten find it unsettling. However, those who have been trained in 
its practices (often Asian ethnic groups) use it to complement 


their conventional practices. Some have focused their criticism 
against the Maharishi ayurvedic system because of its per- 
ceived self-serving nature and great popularity in the US. Both 
traditional ayurvedic and Maharishi Ayurvedic therapies are 
being evaluated clinically at several localities, and one hopes 
time will reveal the good and bad aspects of the practices. 


CHIROPRACTIC 


As a result of searching for a uniform method of curing many 
illnesses, Daniel David Palmer (1845-1913) devised a theory 
called chiropractic. He based his cures largely on the manipu- 
lation of spinal vertebrae. Later, his son developed this into a 
school that became the original home of this technique in 
Davenport, IA. As his practice gained a foothold he refined the 
original basic theory that disease is caused by vertebrae press- 
ing on the spinal nerves. These blockages were referred to as 
subluxations, and he felt that dispatching these by quick 
thrusts or adjustments would restore normal functions to mus- 
cles, organs, joints, and other tissues. 

Usually, chiropractors take a medical history, perform an 
examination, and use X-rays to find problems related to what is 
called vertebral subluxation complex. Attempts are made to 
locate muscle strength or weakness, extent of spinal mobility, 
skeletal deformities, or bad posture. Some practitioners at- 
tempt to evaluate the electrical activity or muscles and nerves, 
so that a baseline can be obtained to monitor any progress in 
treatments. If pathologies (fractures, tumors) are located, these 
are referred to appropriate allopathic practitioners. 

The most common adjustment procedures are referred to as 
high-velocity, low-force recoil thrust and/or rotational thrust. 
In the former procedure, the patient is placed in the prone 
position on a specially designed segmented table that can be 
raised or lowered so that the appropriate adjustments can be 
made. In the latter procedure, the patient is placed so that the 
upper body is twisted counter to the pelvis. Then, the spine is 
rotated to its normal limit while the chiropractor uses a short, 
fast thrust to the spine to realign it. 

Today, many chiropractors fall into two groups, those who 
adhere strictly to Palmer’s philosophy of adjustments to get rid 
of subluxations (straight chiropractors) or those who use the 
original technique coupled with exercise, treatments involving 
heat, and nutritional counseling (mixer chiropractors). Many of 
the modern chiropractors focus almost entirely on treatments 
for back pain. Closely related disorders (headaches, shoulder 
pain, golfer’s and/or tennis elbow, wrist and hand pain, foot and 
leg pain) involving neck vertebrae and the sciatic nerve also 
commonly are treated by chiropractors. 

While many orthodox practitioners doubt the claims of ef- 
fectiveness, chiropractic devotees abound, usually swearing 
that regular medical practice provided no relief for their prob- 
lems. At one time the AMA labeled chiropractic an unscientific 
cult, but now they are licensed to practice in all 50 states and 
throughout Canada. In both countries, treatment is covered by 
many private health-insurance plans and all similar govern- 
ment agencies. During the 1970s up to the 1990s, chiropractic 
has moved from being considered unusual and dangerous to a 
place where it is accepted relatively well by both the lay and 
medical communities. It is considered to be the third largest 
primary-care profession in the Western world, with only med- 
icine and dentistry exceeding it. 

Some 45,000 licensed chiropractors and 14 accredited 
schools may be found in the US. They offer 4- to 5-year pro- 
grams that cover much of what is given in the average medical 
school. Chiropractors currently are not permitted to prescribe 
drugs or perform surgery. Practitioners of mixed chiropractic, 
because of the lack of general medical practitioners, may 
become entry-level physicians in the future health-care 
paradigm. 
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In summary, critics of chiropractic feel that misaligned ver- 
tebrae do not always explain every ailment. They also maintain 
that frequent visits to a chiropractor may be useless either as a 
preventive measure or as a treatment for a specific condition 
(eg, back pain). Many of these problems are self-limiting and go 
away on their own with time. Nonadvocates of chiropractic also 
emphasize that even quadriplegics can have healthy internal 
organs despite extensive nerve damage. They feel that this 
helps disprove the chiropractic assertion that a sound nervous 
system is the basic key to overall good health. Finally, many 
health practitioners argue that chiropractors should restrict 
their practice to managing back pain, because there simply is 
too little evidence to demonstrate that manipulation provides 
relief from any other medical problem. Some studies are ongo- 
ing to prove, at least, that chiropractic may be helpful in treat- 
ing some back problems. 


HERBALISM 
LLL EER BIE IR TTT] 
It is well known that herbs have been used in medicine by all 
cultures from the beginning of time. Almost every modern drug 
owes its origin to some medicinal plant. Of the numerous po- 
tent phytopharmaceuticals that have been used in US medi- 
cine, one can cite morphine (opium poppy), digitoxin (foxglove), 
diosgenin (Mexican yam), atropine (nightshades), colchicine 
(autumn crocus), quinine (cinchona trees), reserpine (Indian 
snakeroot), vincristine (periwinkle plant), podophyllin (mayap- 
ple), castor oil (castor-oil plant), anthraquinones (cascara), ar- 
temesinin (artemisia), taxol (Pacific yew), and the numerous 
antibiotics. ! 

For centuries, right up to the 19th century, herbs were the 
major source of drugs and were kept in glass jars or as alcoholic 
extracts for long shelf-life or convenience of use. While they 
were put aside with the rapid advances in synthetic organic 
chemistry of the past 50 years, they still occupy an important 
place in medicine. For the most part, the reasons for their being 
left aside in the last 40 years included difficulty in identifica- 
tion and extraction, difficulty in patentability (in the US, prod- 
ucts from nature cannot be patented), and abuses in the early 
1900s when spurious plant mixtures were sold as cures for 
everything. [For the latter reason alone, plants have been con- 
sidered quack cures by the medical establishment and the FDA 
and efforts in the US generally are aimed at keeping their use 
at a minimum.] There is little doubt that some reasons for this 
attitude exist, because modern medicine wishes that all herb- 
als be standardized and show efficacy in the same way that 
single-entity synthetic drugs do. However, because of costs 
involved (up to several hundred million dollars) to do this, few 
companies have an incentive to produce drugs from natural 
products, patent problems notwithstanding. 

So, currently, we are in an era when many herbals in the US 
(once standardized and common in pharmacies up to the 1960s) 
are now widely available in health-food stores and offered as 
foods with no drug-use labeling. With the upswing in consumer 
interest in CAM since the 1960s, high demand has been seen 
for these, to the extent that health foods and herbals have 
become a several billion dollar per year business. Part of this 
has been due to an international rise in the interest in herbals 
or because many countries never let them go as part of their 
traditional and cultural medical practices. Similarly, efforts of 
the NIH, through the cancer-screening program have uncov- 
ered numerous leads to potential drugs that currently are 
being used (camptothecin, taxol, etc). 

Phytomedicinals (eg, garlic, ginkgo, ginger) from interna- 
tional traditions are being adopted for use by many Americans 
and presently are being investigated by medical researchers in 
the United States. However, Chinese, Ayurveda, and Tibetan 
herbalists, among others, usually use combinations of herbs in 
their prescriptions. Combinations of herbs are used by these 
herbalists because they believe that illness is attributed to an 
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imbalance in the total person (including emotional and spiri- 
tual elements) and that an environment inhospitable to disease 
can be established by combining herbs with specific properties. 

A Chinese herbalist would rarely, if ever, use one herb by 
itself and might include other ingredients such as zoological 
(eg, insects, reptiles) and mineral derivatives in their prescrip- 
tions. Chinese herbalists use four different categories of herbs 
in their prescriptions. The chief herb(s) supports the main 
therapeutic direction of the formula; the deputy herb(s) assists 
the chief herb; the assistant or adjunctive herb(s) moderates 
and supports the actions of the chief and deputy herbs; and the 
envoy herb(s) harmonizes and distributes the actions of the 
other herbs. Chinese herbal medicine is based on a tradition 
that has developed over thousands of years. It stands as the 
most experienced of all the herbal traditions. Some English 
translations of Chinese herbal materia medicas and herbal 
therapeutics are available. While these can be useful to phar- 
macists, they are often difficult to interpret because plant 
activities and applications are given in Chinese medical termi- 
nology. For example, herbs may be indicated for their Exterior- 
resolving, Heat-clearing, Qji-rectifying, or Blood-rectifying 
properties. 

Practitioners of Chinese herbal medicine frequently use 
acupuncture with herbs, and herbs are taken for periods be- 
tween acupuncture sessions. A formally trained practitioner 
would have a degree in Oriental medicine (OMD). Two states in 
the US, California and Nevada, include a specific section in 
their state acupuncturist licensing examination that evaluates 
knowledge of herbal medicine. Several companies are market- 
ing Chinese herbal combinations in the US that have been 
derived from ancient recipes. One should be cautious about 
buying combination products from companies or stores that can 
not ensure that proper procurement or manufacturing proce- 
dures have been practiced in the preparation of the medicine, 
as there have been many reports in the medical literature of 
heavy-metal contamination, adulteration with prescription 
medications, and inclusion of misidentified plant materials. 

Concomitantly, many of the crude forms of herbs have made 
it into this country via the various ethnic connections in the 
United States (eg, Japan and India on the West Coast and 
Mexico in the Southwest) and are being used in various cul- 
tural groups. So, while the use of herbs is moving rapidly to the 
mainstream, it behooves pharmacists and consumers to locate 
reliable information available in books and periodicals, in col- 
leges of pharmacy (scientifically reliable), and in health-food 
stores (advocacy literature) with the view in mind that appro- 
priate authors and articles in the valid scientific literature be 
stressed. 

The powerful green wave of interest in phytopharmaceuti- 
cals (plant medicine) has prompted the FDA to develop labeling 
requirements for supplements, which include herbs, vitamins, 
minerals, and amino acids. The labeling requirements are 
found in the DSHEA, which was published first in September of 
1977. Under these regulations herbs will be considered dietary 
supplements, not food or drugs. After March 1999, all herbal 
products must be labeled with a Supplement Facts box. Many 
high-quality manufacturers of herbs began to include it on 
their products in 1998. The information on the product label 
includes nutrient content, health claims, and statements of 
nutritional support. Ingredients on the market as of October 
1994 are grandfathered. New ingredients require submission of 
information to the FDA before marketing, but formal FDA 
approval is not required before marketing. The FDA published 
notice of proposed rulemaking for GMPs in February 1997 and 
will publish a final ruling upon thorough evaluation of the 
matter. 

At least 60 to 100 other herbs that have been used for minor 
ailments are used in the US and elsewhere, eg, basil, thyme, 
rosemary, aloe, anise, boneset, buckthorn, cayenne pepper, 
chamomile, cranberry, echinacea, eucalyptus, evening prim- 
rose, feverfew, garlic, ginger, ginkgo, ginseng, goldenseal, haw- 
thorn, juniper, licorice, milk thistle, peppermint, psyllium, 
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senna, valerian, wintergreen, witch hazel, and yarrow. All of 
these have known active principles and a specific regulatory 
status, eg, GRAS, OTC, Commission E (Germany), for the 
various countries. 

It also should be mentioned that perfectly acceptable non- 
pharmacologically active herbal teas have established them- 
selves in the US popular drink marketplace. Where once we 
had only regular tea, there are now numerous varities (with 
citrus flavors, cinnamon, fruit flavors), as well as mixtures of 
lemon tea, ginger tea, wintergreen, peppermint, blueberry, and 
many others. 

As with Chinese medicine, one should be careful of sources, 
because different species may be used in different countries or 
may be adulterated accidently or purposefully. 

As far as reliable dosage forms are concerned, tinctures 
(alcoholic extracts) and freeze-dried herbs are usually best. 
Dried (oven or sunlight) herbs sold in bulk, whole or powdered, 
or encapsulated forms may lose potency rapidly because of air 
oxidation. 

As far as dosage is concerned, one should start with the 
lowest recommended amount and work upward. Unless these 
herbs are standardized, there is little choice to obtain the active 
dose. Certainly, overdosing with herbs can have deleterious 
effects. One also should be careful of potential herb-drug inter- 
actions. These also can occur, so it is advisable to check with 
the experts (pharmacists, physicians, pharmacognosists, herb- 
alists) before use. It is likewise imperative to monitor one’s 
reactions, being careful to observe that desired effects are ob- 
tained and undesired effects (eg, rash) are avoided. 

Many people in the US are turning to herbal medicine to 
treat their ills, and pharmacists are in a position that requires 
them to have resources to answer patients’ questions and mon- 
itor for possible adverse effects. While no one reference is 
available that covers it all and information regarding drug 
interactions is especially lacking, there are some good re- 
sources available. See the Bibliography for suggestions for 
building a reference library on herbal medicine. The pharma- 
cist has the opportunity to help build the database that is 
needed to use herbs safely. For many of the most popular herbs 
used by Americans today, some important drug interactions 
are known. See Table 103-6 for examples. Herbs without 
known drug interactions should be treated like any new pre- 
scription product that comes on the market. Here too, pharma- 
cists are called upon to participate in collection and manage- 
ment of drug interactions manifested. Unlike prescription 
drugs however, with herbal medicine, the patient is more likely 
to be taking herbs without the support of a conventional med- 
ical doctor. This puts the pharmacist in a more direct role with 
the patient in making sure that herbs taken with conventional 
prescription drugs are documented and monitored. 

Regardless of the potential usefulness of herbal therapy, 
critics note the widespread availability of spurious data on 
them via advocacy literature. Even though the DSHEA Act of 
1994 delimits OTC herbals from legally labeling them effica- 


Table 103-6. Selected Drug Interactions with Herbs 


HERBS WITH POSSIBLE SYNERGISTIC 
OR ANTAGONISTIC EFFECTS 


MEDICATION(S) 


Anticoagulant 
and antiplatelet 
drugs 

CNS stimulants 


Alfalfa, astragalus, bilberry, evening 
primrose oil, garlic, ginger, ginkgo, 
ginseng, gugulipid, feverfew, scullcap 

Guarana, kola, ephedra, St John’s wort, 
yohimbe 

Hawthorn, skullcap, valerian 

Ginseng, ephedra, passion flower, St John’s 
wort, yohimbe 

Garlic, ginger, ginseng, hawthorn, ephedra, 
nettle 

Devil’s claw, ginseng, goldenseal, hawthorn, 
licorice, ephedra, squill, yohimbe 


CNS depressants 
Antidepressants 


Diabetes 


Hypertension 


cious in treating diseases, much promotional literature is sold 
(books) or provided free as handouts alongside herbs, on or near 
the store shelves. Occasionally, dangerous herbs may be rec- 
ommended, particularly in older books or references. Some new 
age publications promote herbs as having mystical or magical 
powers. Some also rightly point out that the rapid rise in herbal 
popularity has made it difficult to list them adequately for 
efficacy via the usual rigid pharmaceutical standards. Of 
course, the major reason for this is the cost (often millions of 
dollars) and lack of ability to patent natural products easily in 
the United States. Beyond this, it will always remain difficult 
to test the entire herbal product for the major active ingredi- 
ent(s), which may take years to identify and characterize ade- 
quately. There are more reasons requiring adequately trained 
health personnel to advise patients on which herbs are safe and 
which may or may not be potentially useful for various health 
conditions. 

Finally, it should be remembered that herbs usually should 
be used for minor ills only. One should avoid self-medication for 
serious ailments or injuries. Certainly, the very young or old, 
pregnant or lactating women, and persons already on certain 
medications should not take herbal remedies without consult- 
ing with their physician. 

Many ethnobotanical studies are continuing in the rain 
forests and elsewhere to ferret out any new potential leads to 
phytopharmaceuticals. Almost every plant or animal drug 
has dozens of potentially active constituents, and the poten- 
tial pharmacological activity of each needs to be evaluated 
thoroughly. 


HOMEOPATHY 


While it is difficult to define homeopathy specifically, because of 
cultural and historical perspectives, one may begin with a 
description provided by homeopaths: 


Homeopathy is a therapeutic method. It clinically applies the Law of 
Similars (like cures like) and uses medically active substances at weak 
or infinitesimal doses. 


Homeopaths hold to the concept that the body is not reduced 
easily to the sum of its parts. 

The first basic principle (Law of Similars) is that whatever 
causes an illness may cure it. Hence, a natural remedy that 
mimics the disease symptoms often is given to stimulate the 
immune system against the symptoms. The second basic prin- 
ciple (Law of Infinitesimals) and most controversial is the con- 
cept that the lower concentration of a remedy (properly diluted 
and shaken vigorously [swccussed]), the greater the effective- 
ness. 

Further, even when so diluted that no more drug can be 
found, homeopaths believe that the preparation still is effec- 
tive. The father of homeopathy, Hahnemann, taught his follow- 
ers to use a single medicine at a time. However, in modern 
times, with the complexity of causes, eg, stress or cellular 
toxicities, many practitioners employ a pluralistic approach, 
termed homeovitics. 

Generally, homeopaths found which drugs to prescribe 
through a process of trial-and-error experiments, which are 
referred to as provings. These data are recorded in their ho- 
meopathic materia medica texts and repertories. These books 
give symptoms and the drugs that have been observed to effect 
cures. For the most part, while these are guidelines, homeo- 
paths emphasize individual uniqueness, and drug regimens 
must be tailored to individual needs. 

Practitioners of homeopathy usually deal with such chronic 
disorders as allergies, arthritis, colitis, headaches, high blood 
pressure, and weight control. Certain deficiencies (anemia), 
hormonal imbalance, and some infections also are treated. 
Most practitioners of this field acknowledge the need for anti- 
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biotics for severe infections and the importance of conventional 
treatments for severe injuries or emergency managements. 

Homeopathy is displaying a rebirth of popularity, even 
though it had been predicted for several decades that it would 
almost certainly disappear in the light of modern medicine. It is 
for this reason that pharmacists and other health professionals 
should be aware of the current status of this field! Finally, 
homeopathy is not herbal medicine or naturopathy, each of 
which has its own set of definitions and practitioners. 

POPULARITY—Homeopathy reached its peak of popular- 
ity in the early 1900s. Today, there is a resurgence of the 
popularity of this old medical method. The FDA recently re- 
ferred to a 100% increase in homeopathic drug products. Con- 
cern about this rapid influx of homeopathic drug products into 
the American marketplace led to the issuance in May 1988 of 
the FDA Compliance Policy Guide 7132.15 entitled Conditions 
under Which Homeopathic Drug Products May Be Marketed. 

In December 1988, the Homeopathic Pharmacopoeia Con- 
vention of the United States (HPUS) issued the first volume of 
its Homeopathic Pharmacopoeia Revision Service (HPRS). 
Along with its allopathic counterpart, the USP, the HPUS was 
adopted by Congress as an official compendium in 1938. Sub- 
stances monographed in the HPUS are recognized as official 
drugs in the current FD&C Act and the Code of Federal Regu- 
lations. The HPUS updates manufacturing methods, provides 
guidelines for Rx-OTC status, and publishes monographs for 
all official homeopathic drug products. 

Today there are about 3000 recognized practitioners in the 
US whose practice is mostly homeopathic according to the 
National Center for Homeopathy in Alexandria, VA. Homeop- 
athy has become a favorite of many dentists and veterinarians. 
Homeopathy is practiced by most of the natural medical meth- 
ods such as naturopathy, acupuncture, and chiropractic. 
Annual sales of OTC homeopathic drug products in the US 
are estimated to be over $75 million and are increasing 
at an annual rate of 15 to 20%. In the US, there are at 
least five schools and training centers for homeopathy, at least 
20 homeopathic pharmacies, and four major homeopathic 
organizations. 

In France, 16% of the population use homeopathic drug 
products on a regular basis, and 90% of the pharmacies sell 
homeopathic drug products. In England, 45% of conventional 
physicians refer patients to homeopathic practitioners, and 
this number is increasing at an annual rate of 39%. The En- 
glish royal family traditionally has been treated homeopathi- 
cally and is one of its most famous proponents. 

In Russia, at least 20% of the medical care is homeo- 
pathic. Homeopathy has a strong following in Belgium, Ger- 
many, Netherlands, Italy, and South America. Homeopathy 
traditionally has had a strong following in poorer countries. 
For example, India has 100,000 prescribers of homeopathic 
medicine. 

Because of homeopathy’s strength and business success in 
foreign countries, there are many homeopathic pharmaceutical 
firms and homeopathic drug products coming into the US. 

MODERN HISTORY—At the present time people in Eu- 
rope (and to some extent here in the United States) who are 
disillusioned by allopathy have turned again to homeopathy. 
France and England show a remarkable upturn in homeopathy 
now under the relatively new umbrella of alternative or com- 
plementary medicine. Both French and English homeopaths 
have developed research centers for in vitro and clinical studies 
_ of homeopathic medicines. Through the 1980s, research papers 
in both countries have involved homeopathic and orthodox 
physicians in several double-blind studies, presumably to sat- 
isfy both sides. Several articles, for or against homeopathy, 
have appeared in the literature of the last decade. In 1991, 
the British Medical Journal reviewed 107 clinical homeo- 
pathic investigations and found 81 that showed positive re- 
sults. However, the methods of some of these research efforts 
were questioned. 


1771 


While there continue to be pro and con articles on the 
efficacy of homeopathy, two recent articles serve to summarize 
opposing reviews and difficulties in proof methodology. A meta- 
analysis of placebo-controlled trials in homeopathy (Linde K et 
al, 1997) reviewed 156 trials and identified 119 that met their 
inclusion criteria. At least 89 had adequate data for meta- 
analysis, and two sets of trials were used to assess reproduc- 
ibility. The two reviewers assumed study quality using two 
scales and obtained data for information on clinical condition, 
homeopathy type, dilution, remedy, population, and outcomes. 
They found, after analysis, that their meta-analysis was not 
compatible with the hypothesis that the clinical effects of ho- 
meopathy are due completely to placebo. Further, however, 
they reported that they found insufficient evidence from their 
study that homeopathy is clearly efficacious for any single 
clinical condition. They recommend further research on home- 
opathy, particularly if it is rigorous and systematic. 

A later review (Dean M, 1998) stated some objections to this 
study; it was felt that the meta-analysis may well have over- 
estimated the positive effects of homeopathy and that the pla- 
cebo question is not resolved. The authors suggested that dif- 
ferent models are needed to answer different questions and 
that results would be more valid if based on a comprehensive 
literature search, appropriate classification of primary studies, 
clear discrimination between clinical effectiveness and placebo 
questions, more sound and transparent review methods, and a 
reliable and unconfounded clinical treatment model for testing 
the ultramolecular hypothesis . 

MEDICINES—Homeopathy uses a wide variety of phar- 
macologically active natural substances such as plants, ani- 
mals, and minerals in its repertoire. Most of these materials 
are used to prepare Mother Tinctures by maceration in alcohol 
according to conditions strictly defined by the HPUS. Using 
these tinctures as starting materials, they are subjected to 
successive dilutions according to the decimal or centesmal 
scale. Dilutions are based on a 1:10 ratio represented by the 
Roman numeral X or D, and centesmal based on a 1:100 ratio 
by the Roman letter C. Hence, a 1X homeopathic dosage is a 
10-fold dilution, 2X is a 100-fold dilution, 3X is a 1000-fold 
dilution, etc. The 1C represents a 100-fold dilution, 2C is a 
10,000-fold dilution and 3C is a 1,000,000-fold dilution, etc. 
Most homeopathic remedies range from 6X (one part in a mil- 
lion) to 30X (one part in 10 °°), 

It should be mentioned here that according to the laws of 
chemistry, there is a point at which a substance can be diluted 
so that no more remains. The limit is referred to as Avogadro’s 
number, which closely corresponds to the homeopathic dosage 
of 24X (or one part in 10 74), Even Hahnemann recognized that 
in all likelihood, extreme dilutions would not contain a single 
molecule of the original material. 

However, homeopaths believe that vigorous shaking (suc- 
cussion) or pulverizing of a solution between dilutions releases 
into the solution or diluent a mysterious essence or imprint or 
resonance of the medicine. This message is purported to be of 
sufficient magnitude to stimulate the vital force, which miti- 
gates illness. In the case of insoluble starting materials, the 
initial dilutions of the medicine are carried out by trituration 
(mixing and rubbing together in lactose). 

While it is impossible to list all of the hundreds of homeo- 
pathic products available, it is instructive to list a few of the 
common drugs available and why they are used. 


Arnica spp—A mountain herb widely used in homeopathic medi- 
cations for bruises, sports injuries (soft tissue trauma), and aches, 
pains, and stiffness following excess physical activity. 

Allium cepa—A product of the red onion, widely used in the treat- 
ment of colds, allergies, and hay fever. It also is suggested for patients 
who have congestive symptoms (nasal discharge, tearing eyes) in a 
warm room that improve in a cooler room. 

Apis—A preparation made from whole crushed bees, used for in- 
flammations accompanied by burning, stinging, and pain, such as in 
hives, insect bites, and tonsillitis, particularly when these maladies 
improve with cold compresses and are worsened by heat. 
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Arsenicum album—A product made from white arsenic and used 
for diarrhea or indigestion encountered during travel and for general 
food poisoning. 

Atropa belladonna (Deadly nightshade)—A plant product used 
in homeopathy for a range of conditions including childhood fevers and 
throbbing headaches (with accompanying sensitivity to motion, noise, 
and light). 

Rhus toxicodendron (Toxicondendron radicans)—A preparation 
made from the poison ivy plant, used homeopathically for sprains and 
strains of the arthritic type in which continued motion lessens the pain 
and improves range of motion. 

Urtica urens—A medicine made from the stinging nettle plant and 

used for burn treatments. 
Homeopathic products initially were marketed exclusively 
through pharmacies; however, the current market is mostly in 
natural or health-food stores. This will probably change as 
pharmacies respond to their customers, and some studies may 
show effectiveness and safety of homeopathic drug products. A 
recent request to FDA for reports of adverse reactions to ho- 
meopathic drug products produced no substantiated reports. 
Recent studies and scientific articles in Lancet, Nature, the 
British Medical Journal, and other respected medical journals 
attest to the reliability and safety of homeopathically prepared 
substances in infinitesimal doses. However, controversy about 
their efficacy remains. 

FDA ATTITUDES—As is well known in medicine, testimo- 
nials are easy to come by, but scientific proof is not. The FDA 
has long recognized homeopathic remedies as drugs, mainly as 
a way of controlling quality and use. The FDA has not subjected 
any of these remedies to premarket screenings for safety and 
effectiveness as with normal or conventional drugs. 

DRUG SAFETY—Homeopathic drug products are well 
known for their safety. The current Homeopathic Pharmaco- 
poeial Convention of the United States, which publishes HPUS 
and HPRS, has placed a high priority on ensuring the safety of 
official homeopathic drug products in the marketplace. Recent 
requests to the FDA for information on homeopathic drug prod- 
ucts produced no confirmed reports of side effects or toxicities 
or adverse reactions regarding homeopathic drug products. 

LABELING—Official homeopathic drug products must be 
identified properly on the label by using HPUS after the com- 
pendial name, eg, Arnica mont. 12X HPUS. The 12X indicates 
the potency or degree of dilution. Potencies are either indicated 
as numeral followed by an X, C, or D. The number indicates the 
potency or degree of dilution of the medicine, while the letters 
indicate the dilution scale. 

OTC homeopathic drug products have no known side effects 
but must carry all of the customary warnings regarding preg- 
nancy, nursing mothers, and tamper-evident features. Homeo- 
pathics are relieved of the obligation to bear an expiration date 
but otherwise must meet all provisions of the FDA and CFR. 
Homeopathics usually bear a legend which recommends that 
the consumer should discontinue use if the treated condition 
does not improve within a specified period of time or becomes 
worse. Homeopathics generally are marketed for conditions 
that are considered OTC by the FDA Scientific Advisory 
Panels. 

HOW HOMEOPATHY MAY WORK—Homeopathics pos- 
sibly work by stimulating the body’s own forces in the direction 
of cure. They are, therefore, most effective in children, when 
these forces are most active. Children’s remedies are a most 
successful segment of the homeopathic drug market. One can 
safely advise a patient that there are no side effects or contra- 
indications for OTC homeopathic drug products. 

Homeopathic drugs do not cover up or mask symptoms; they 
stimulate the reactive processes of the body to overcome and 
correct the problem. Therefore, they do not provide instanta- 
neous relief. While the patient may start to feel better in a 
short time, complete lasting relief may not occur for several 
days. Such relief may be lost by discarding a remedy as inef- 
fective after a few hours. Generally, the longer a symptom has 
gone untreated, the longer it will take the homeopathic medi- 
cine to bring relief. 


With a few exceptions, substances prepared according to the 
specifications of the HPUS, which are stored in a cool, dry 
place, out of direct sunlight and protected from contamination, 
retain their therapeutic effectiveness indefinitely. 

If the patient fails to respond to an OTC homeopathic rem- 
edy in the stated period of time or if the symptoms worsen or 
new symptoms develop, the patient should discontinue use and 
seek the advice of a health professional. 

HOMEOPATHIC PRESCRIBING—The homeopathic pre- 
scriber studies the patient (takes the case) in great detail. The 
aim is to know and treat the whole person, not just a single 
organ or set of symptoms. The patient’s history is, by necessity, 
more detailed than that taken by an allopathic physician. After 
a careful consideration of the background and current symp- 
toms, the prescriber usually is able to select the precise drug for 
the individual. 

In some cases, when symptoms are acute and self-limiting, 
the patient can study a case to choose a single remedy or use a 
combination of three or four remedies that have been proved 
individually to apply to symptoms similar to those observed. 
The combination has the advantage of improving the probabil- 
ity of successful prescription; however, it is difficult to deter- 
mine which individual remedy was responsible for clearing the 
symptoms. It should be remembered, though, that when the 
illness has persisted for years and has become chronic, it may 
take more time to achieve results. 

The homeopathic medical method is a specialty of many 
medical doctors, osteopaths, naturopaths, acupuncturists, and 
chiropractors. Medical doctors who have studied the homeo- 
pathic medical method as a postgraduate course earn the de- 
gree Doctor of Homeopathic Therapeutic. 

HOMEOPATHY AND ALTERNATIVE HEALTH PRAC- 
TICES IN MODERN MEDICINE—The main premise claimed 
for an increase in interest in homeopathy in the US is the 
recognition that diseases of the immune system have increased 
(eg, AIDS), the number of persons suffering from incurable 
viral conditions is increasing, bacterial infections are becoming 
resistant to commonly used antibiotics, allergies to foods and 
other common substances are becoming more prevalent, 
chronic disability is affecting persons more frequently at 
younger ages, and mental disease is affecting more and more 
persons. 

There is also reference to futurists who believe that 21st 
century medicine will have both a high-tech and a high-touch 
component, with significantly greater reliance on self-care 
practices; wellness programs; therapeutic, nutritional, and fit- 
ness regimens; and other alternative or complementary prac- 
tices. Also cited is a greater emphasis on more fully integrated 
concepts of how a person’s psychological state affects various 
physiological processes. Homeopathy may fit some of these 
needs. 

One major important facet of homeopathy is the extensive 
use of mineral, plant, and animal substances in therapy. An 
important scientific question should be one of testing whether 
high dilutions of these materials can in fact stimulate the 
immune system. While there have been a number of clinical 
trials in Europe, none have definitely shown a specific effect 
that can be duplicated under controlled conditions. 

If homeopathy is to succeed scientifically, it needs verifica- 
tion. Thus far, it has survived on historical, and perhaps a 
placebo medicine, basis. There is ample evidence that numer- 
ous plant principles can stimulate the immune system. Semi- 
nal studies by Wagner and others have shown that there are a 
multitude of nonmicrobial compounds with potential homoeo- 
pathic immunostimulating activity in plants and fungi. He lists 
dozens of plants that contain immunostimulant alkaloids, ter- 
penoids, phenols, quinones, lipids, lectins, polysaccharides, 
peptides, and proteins. Skeptics maintain the idea that a sub- 
stance can cure by releasing energy, which puts homeopathy in 
the realm of metaphysics. 
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HYPNOSIS 


Hypnosis is a focused concentration somewhere between sleep 
or unconsciousness and awareness, usually brought on by a 
trained hypnotist. The hypnotized person shuts out distrac- 
tions and pays strong attention to a particular object or subject, 
emotion, or memory. While once dismissed as quackery, hyp- 
nosis has gained new respect as a viable therapeutic modality 
for treating everything from fear to pain. 

Although hypnosis is current orthodox medicine, caution is 
still important, and one should have a proper diagnosis before 
submitting to it. It certainly does not make sense to use it as a 
possible coverup for some serious underlying medical problem. 
For this reason, the hypnotist should work with the primary 
physician, or the primary physician already has certified train- 
ing in the discipline. 

Many states now have local societies of clinical hypnosis. 
Among the strongest factors supporting hypnosis is the recog- 
nition that it can be a valuable adjunct to standard therapy. It 
has proved to be an excellent technique for managing chronic 
pain, particularly when standard treatment fails. However, it 
also is described as a coping mechanism and not a cure. 

Hypnosis has proved able to allow persons to gain insight 
into their experience, which is completely separate from con- 
scious awareness. Hence, it can be viewed as enabling uncon- 
scious awareness. It has been applied successfully to dealing 
with fear of flying, decreasing drug dependence for chronic 
pain, lowering dosages of analgesics and anesthetics, influenc- 
ing the immune system, promoting healing, and regulating 
addictions. 

A form of self-hypnosis referred to as autogenic training has 
been used by itself or in conjunction with biofeedback to induce 
relaxation in individuals. It has been in use for at least 60 years 
and was introduced by a German psychiatrist, Johannes 
Schultz. He studied how hypnosis affected the brain, nervous 
system, and the body and through experimentation was able to 
develop a series of exercises that led to the ability of patients to 
self-induce deep relaxation. 

Considerable disagreement exists over how autogenic train- 
ing works, but brain-wave changes and related physiological 
effects reveal that it somehow modifies the bodily response to 
acute stress. Perhaps it reduces stimuli from reaching regions 
of the brain under autonomic control. This form of self-hypnosis 
has been applied in helping to control anxieties, depression, 
allergies, and migraine headaches. 


IRIDOLOGY 


This is a system that attempts to correlate changes in the 
texture and color of the iris with various mental and physical 
illnesses. Practitioners further claim that iridology may iden- 
tify dietary deficiencies and even locate accumulation of toxic 
substances in the body. The concept was devised by Ignatz von 
Peczely, a Hungarian physician of the 19th century. It was 
further developed by Bernard Jensen, an American chiroprac- 
tor in the 1950s. 

These practitioners divided the iris into six zones or concen- 
tric rings that they related to the body’s systems. For example, 
the innermost zone related to the stomach, the next to the 
intestines, the third to the lymph and blood systems, the fourth 
to glands and organs, the fifth to skeleton and muscles, and the 
sixth to skin and elimination. 

By attempting to read the degrees of light and darkness in 
the iris, clues could be obtained regarding a patient’s health. 
While conventional medicine does examine the eyes for diag- 
nostic reasons, the iridology procedures have not been widely 
accepted medically. Most orthodox physicians reject the theory 
that the iris can be used to give reliable and extensive infor- 
mation about the status of health or disease. 


MANUAL HEALING—MASSAGE/BODYWORK 
SEE ROLLA CIO I I TSS PNET LAT TETAS Ti LETT TA 


Manual healing is synonymous with the terms bodywork and 
massage. Therapeutic massage methods used by therapists 
today originate from both Eastern and Western traditions. The 
Eastern traditions can be traced back to the folk medicine of 
China and the Ayurvedic medicine of India (1000 BCE). West- 
ern traditions can be traced back to Hippocrates, the ancient 
Greek physician, who wrote, “the physician must be experi- 
enced in many things, but most assuredly in rubbing. For 
rubbing can bind a joint that is too loose, and loose a joint that 
is too tight.” 

There are three main premises or paradigms that underlie 
these therapies, namely, relaxation, remediation, and holistic 
modifications. Relaxation is based on the well-documented hu- 
man biological need for nonthreatening, nurturing touch, re- 
laxing, pleasurable, sensual (not sexual), and stress-reducing. 
Remediation encompasses all of the hands-on healing ap- 
proaches that seek the correction of dysfunction and alleviation 
of pain. Skills in assessment and evaluation of the patient’s 
condition are applied to relaxation principles. The holistic par- 
adigm considers enhancing the body/mind/spirit’s natural ten- 
dency to seek a higher order of functioning and well-being. 
Although these paradigms are distinct, they often overlap in 
practice. The massage/bodywork approaches can be divided 
into five categories: 


Traditional massage. 

Contemporary Western massage/bodywork. 
Structural/functional/movement integration. 
Oriental bodywork. 

Energetic bodywork. 


CA Ne 


Before discussing specific examples of these practices, it is 
important to understand the regulatory systems that apply to 
massage/bodywork in the US. The Commission on Massage 
Therapy Accreditation (COMTA) sets the curriculum require- 
ments for quality education and training of therapists. Mini- 
mum requirements include 500 hr of in-class supervised in- 
struction; 100 hr of anatomy and physiology; 300 hr of massage 
theory, technique, and practice; 100 hr of instruction covering 
contraindications, business practice, history, ethics, and legal- 
ities; and successful completion of first aid and CPR training. 
In 1992, a national certification program for the broad range of 
massage/bodywork therapists was established. The National 
Certification Board for Therapeutic Massage and Bodywork 
(NCBTMB) awards this certification after the candidate passes 
the Nationa! Certification examination process. 

The American Massage Therapy Association (AMTA) sup- 
ported the creation of the NCBTMB and is the oldest and 
largest international member-driven organization represent- 
ing the massage/bodywork therapy profession. It was founded 
in 1943 and in 1998 had nearly 24,000 members in over 20 
different countries, with chapters in all 50 states, the District 
of Columbia, and the US Virgin Inlands. The COMTA was 
established to uphold AMTA’s principles of ethics and profes- 
sionalism in all phases of career training and professional 
development. 

Government regulation of massage/bodywork varies widely 
from state to state; however, states are increasingly awarding 
licensure to practitioners who successfully complete a COMTA- 
accredited program and have attained National Certification 
from the NCBTMB. The consumer also may recognize that 
certain therapies are trademarked (®), indicating that the 
product or service is registered with the United States Patent 
and Trademark Office. When selecting or recommending a 
massage/bodyworker along with making sure the practitioner 
is licensed appropriately, it is also prudent to establish that the 
practitioner also carries malpractice/liability insurance. 

General precautions and contraindications also should be 
considered for patients who want massage/bodywork therapy. 
Patients with phlebitis or thrombophlebitis can receive gentle, 
comfort-oriented touch on nonaffected areas provided they are 
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adequately anticoagulated and ambulatory. Congestive heart 
failure or renal failure patients may not be able to handle the 
increased fluid output that massage may invoke, but patients 
suffering from obstructive edema may benefit from manual 
lymph-drainage massage therapy. In general, areas affected by 
acute inflammation, dermatosis, reflex sympathetic dystrophy, 
and infection should not be massaged directly. Patients with 
mononucleosis should not receive massage of the abdominal 
region if the liver or spleen is enlarged. For patients with bone 
metastases or low white cell or platelet counts, caution must be 
exercised, and no direct pressure should be exerted over tumor 
sites. Circulatory massage is contraindicated for patients with 
leukemia or lymphoma, and insulin-dependent diabetics must 
monitor glucose levels closely. Finally, diabetics with degener- 
ative changes to peripheral vessels or neuropathy must be 
treated with caution. 

There are many different therapeutic programs that fall 
under the umbrella of bodywork. Several examples of the most 
popular systems are reviewed in the following sections. 


SPECIFIC THERAPEUTIC CATEGORIES 


Traditional Massage 


This is a form of bodywork that uses five basic strokes (effleu- 
rage/stroking, petrissage/kneading, friction, tapontemont/tap- 
ping, and vibration), developed by Johann Metzger of Amster- 
dam in the late 19th century. In the US this work was merged 
with Pehr Heinrik Ling’s along with several adjunct modali- 
ties to become the well-known Swedish massage of the 20th 
century. This massage primarily works on the soft tissue 
and more-superficial layers of the muscles and implements 
active and passive movements of the joints. It promotes deep 
relaxation, which reduces tension, stress, spasm, and pain; 
soothes injured muscles; and stimulates blood and lymphatic 
circulation. 

Sports massage therapy uses Swedish massage tech- 
niques as a supplement to the athlete’s warmup routine by 
enhancing circulation and reducing excess muscle and men- 
tal tension before competition. Postevent massage is geared 
toward reducing the trauma that occurs after the cessation 
of vigorous exercise and can help break up scar tissue and 
lessen fibrosis and adhesion that develops as a result of 
injury and immobilization. 

The Touch Research Institute at the University of Miami 
School of Medicine has established formal review of studies 
supporting the positive effects of massage on anorexia, lower 
back pain, hypertension, migraine headache, multiple sclero- 
sis, premenstrual symptoms, burns, infant health, and sleep 
disorders. 


Contemporary Western 
Massage/Bodyworks 


This system uses a wide variety of manipulative techniques. 
The approach is based on the Western sciences of neuromus- 
cular massage, myofacial release, and positional release to 
relieve somatic pain or dysfunction. They are distinguished 
from the next category reviewed because emphasis is placed 
more on the patients’ affected part(s) or symptoms rather than 
on the whole person. Myotherapy is an example of this kind of 
therapy. Myotherapy (Trigger Point Therapy) is a technique 
developed by physical fitness and exercise expert Bonnie Prud- 
den. Trigger points are tender or irritable spots in the muscles 
that produce pain in the body directly or indirectly (referred 
pain). Muscles pick up trigger points or become armored when 


the body encounters a traumatic event. The practitioner iden- 
tifies trigger points by taking a detailed history of the patient’s 
birth and early childhood experiences, accidents, operations, 
occupations, and other life incidents that might have caused 
physical/emotional distress. After the point(s) are identified 
and located, pressure and massage are applied to the point and 
surrounding area, and the patient also is assigned stretching 
exercises to retrain the muscles. This therapy can be consid- 
ered for patients who have recurrent pain from injuries in the 
past, and it can decrease or eliminate the need for analgesics. 


Structural/Functional/Movement 
Integration Practitioners 


These practitioners use a wide variety of manipulative tech- 
niques. Alexander Technique, Feldenkrais methods, Rubenfeld 
Synergy Method, Rosen method, and Trager Method feature 
movement to affect physiological structure and function along 
with education and awareness to change or enhance physiolog- 
ical functioning. Practices such as Rolfing use pressure or deep 
friction to alter the muscular and soft tissue structures. 
Breathing and emotional expression also are used to eliminate 
tension and change physiological functioning. 

Frederick Matthias Alexander (a Shakespearean actor) de- 
veloped his therapy by correcting periodic losses of his own 
voice. Experiments conducted by Frank Pierce Jones at Tufts 
University concluded that Alexander’s methods effectively 
could interrupt or inhibit habitual and learned responses in 
body posture that interfere with proper body functioning. The 
practice restores poor or inhibited use of the body contributing 
to diseases including debilitation curvatures of the spine, rheu- 
matism, arthritis, and a variety of GI and breathing disorders. 

Moche Feldenkrais, a Russian-born Israeli physicist, like 
Alexander, developed his program by healing himself of a 
sports-related injury. He applied his experience of martial arts, 
physiology, anatomy, psychology, and neurology to develop two 
approaches: Awareness through Movement®, which imple- 
ments group awareness, and Functional Integration®, which 
focuses on individualized hands-on touch and movement. The 
methods are useful for those who have limitations of movement 
brought on by stress, accidents, back problems, and other phys- 
ically debilitating diseases. Performers and athletes use Fel- 
denkrais to improve their level of performance and for en- 
hanced personal growth. 

The Ilana Rubenfeld (former musician and conductor) tech- 
nique is a mixture of Alexander, Feldenkrais, and Gestalt 
psychotherapy. She combined gentle touch coupled with subtle 
movements and adjustments and emotional relaxation to 
achieve results. A caring presence that helps clients tap long- 
repressed memories and express deep feelings helps them re- 
lease tensions and achieve physical comfort. 

In the Rosen method, the practitioner focuses on gentle and 
deep pressure to relax the client. By paying attention to what is 
said and felt during the session, the practitioner helps the 
person deal with any repressed feelings and ultimately brings 
them relief. 

The light-touch approach of Milton Trager, MD, in the 
Trager Psychophysical Integration Technique, pays attention 
to the subconscious roots of muscle weakness or tension. This 
school of thought believes that everyone develops mental and 
physical patterns that may limit movement or lead to pain and 
tension. Typical sessions include gentle, rhythmic rocking and 
other movements to teach the client that free movement and 
relaxation are possible and to promote a sensation of lightness, 
looseness, and well-being. Simple exercise (mentastics) done at 
home helps clients to maintain good health through integrated 
and coordinated movements. 

Bioenergetics was developed by psychiatrist Alexander Lo- 
wen, who was strongly influenced by Wilhelm Reich, MD, who 
coined the term body armor. The therapy is based on the idea 
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that rigidity and tension in the body (body armor) leads to 
psychological problems or vice versa. Sessions involve a variety 
of positions that allow detection of tension areas. These then 
are relieved by a combination of talk therapy, deep breathing, 
massage, and bioenergetic exercises. When appropriate, the 
clients are allowed to kick, scream, strike objects, etc, to relieve 
tension. Hence, persons who react to life’s various traumas by 
developing a tension pattern early in their lives, which leads to 
physical conditions such as ulcers, colitis, or arthritis, may be 
helped by this technique. 

Rolfing, also called structural integration, was developed by 
Ida Rolf, who was a PhD biochemist from Columbia University. 
The technique involves applying deep, hands-on pressure to 
loosen the fascia (connective tissue surrounding and penetrating 
the muscles), thereby enabling the body to properly restructure 
itself. This intense and usually painful bodywork loosens the 
tightened muscles that serve to form a wall (armoring) protecting 
the patient from remembering painful life experiences. Some pa- 
tients use Rolfing as an adjunct to psychotherapy, as a way to 
work with their bodies as well as their emotions. 


Oriental Body Work 


This comprises all the different styles of Oriental body work, 
originally developed throughout Asia. Shiatsu and reflexology 
are examples of these kinds of therapies. Shiatsu, or Japanese 
acupressure, considers the client’s symptoms as an expression 
of the condition of the whole person and focuses on relieving 
pain and discomfort by applying firm rhythmic pressure (usu- 
ally with the fingers) on specific points along the meridians for 
3 to 10 sec. Meridians are invisible channels of energy flow in 
the body, and the technique is designed to awaken the merid- 
ians. Once the proper energy flow is restored the body can 
function normally, and tensions and toxicities can be elimi- 
nated before they develop into illnesses. Acupressure massage 
techniques and practices also use rubbing, kneading, percus- 
sion, and vibration to improve circulation and to stimulate 
stale blood and lymph from tissues. Many books are available 
on self-acupressure techniques for the treatment of a variety of 
complaints. A popular item found in many stores today, includ- 
ing pharmacies, is a bracelet that fits over the acupressure 
points for the treatment of nausea. 

Reflexology is an American refinement of Oriental wisdom. 
Dr William Fitzgerald first introduced the concept of Reflexol- 
ogy as Zone Therapy in 1913, and it was further refined in the 
1940s by Eunice Ingham. The technique consists of stroking 
and applying gentle pressure to the feet (sometimes hands) to 
effect changes in other parts of the body, relax muscles, and 
stimulate the body’s own natural ability to heal itself. Hach 
part of the foot corresponds to different parts of the body. For 
example, the toes relate to the head and neck, the arch to the 
internal organs, the ball of the foot to the lungs and chest, and 
the heel to the pelvic area and sciatic nerve. Theoretically, 
reflexology stimulates sensory receptors in the nerve fibers of 
the foot, which produces energy (Indian prana or Chinese qi) 
that travels to the spinal cord from which it is dispersed 
throughout the nervous system. Other theories hold that the 
procedure relaxes the body and lessens any constricted blood 
vessels to improve circulation. Reflexology has been applied to 
the treatment of chronic conditions such as asthma, headaches/ 
migraines, hypertension, constipation, sinus trouble, and 
stress/anxiety. Elaborate procedures by various practitioners 
are available, as well as self-reflexology or foot/hand massage. 


Energetic Bodywork 


This is represented by terms such as biofield, subtle energy, 
and energetic systems. These therapies help balance energy in 
the body and engender enhanced health and well-being. Ther- 
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apeutic Touch and Reiki are well-known practices in America 
today. While many practitioners use these techniques free- 
standing, it is more common for therapists to incorporate this 
work into their massage or bodywork therapy. The idea behind 
energy work is that a life force flows through the body and 
psyche and can be redirected by various mind-body techniques. 
Therapeutic Touch, developed by Dolores Krieger, PhD, RN, 
and Dora Kunz is a contemporary application of many healing 
practices, such as visualization, laying on of hands, and aura 
therapy. With this method there is generally no physical con- 
tact between the client and practitioner. Therapists begin by 
entering a centered or calm state, then they place their hands 
2 to 6 inches away from the client and with rhythmic and slow 
hand motions, detect blockages in the client’s energy field. Once 
the blocked energy flow is detected, practitioners consciously 
direct or sensitively modulate human energies through their 
hands and balance any misalignment of the energy flow. The 
client may experience a range of experiences, from a discharge 
of previously suppressed emotions to a quiet, gentle sense of 
well-being. The technique primarily is known for its ability to 
relieve pain and reduce stress and anxiety. In Dr Krieger’s 
latest book she also suggests that the practice may help reduce 
headache pain, calm crying babies, ease asthmatic breathing, 
reduce pain in postoperative patients, and reduce fever and 
inflammation. 

Reiki is a Japanese word derived from ray (divine wisdom) 
and ke (life force energy). The practice also is called Radiance 
Technique by the American International Reiki Association 
(AIRA), and this organization collects case studies to document 
uses and publishes a journal. According to Reiki philosophy, 
life-force energy is the essential source of direction and nour- 
ishment for the cells and organs of the body. Reiki practitioners 
can be trained to achieve proficiency at different levels. First- 
degree training or attunement is for physical healing, second 
degree is for mental healing, and higher levels (up to seven) 
allow the practitioner to heal at long distance. Imbalances in 
the living field of energy, or aura, are thought to be the cause of 
illness. As in Therapeutic Touch the practitioner does not make 
physical contact with the client. The therapist acts as a me- 
dium by channeling life-force energy through his or her hands 
at 12 positions on the body or within the aura of the client. 
Reiki proponents promote energy work as a complement to a 
long list of other traditional and modern health-care systems. 


THE MIND-BODY CONNECTION 


Almost all practitioners of medicine have acknowledged the 
importance of the mind and emotions in health. Only relatively 
recently, however, has research given us a glimpse of the pos- 
sible mechanisms. 

A whole new area of research has arisen that focuses on this, 
entitled psychoneuroimmunology (PNI). Basically, it is helping 
uncover the interconnecting neural pathways between the 
brain, and endocrine and immune systems. For the most part, 
it is accepted that molecular messages (hormones, etc) allow 
communication between cells of these organs. Their unique 
shape or chemical architecture determines their destination 
and function. They head toward another cell that has receptors 
(lock) uniquely shaped to accept them. As the agonist reaches 
the receptor, it binds with it and brings about a particular 
action. 

Specifically, PNI researchers have located white blood cells 
that make hormones that fit receptors of certain brain cells. 
This may help the brain sense or detect infective organisms. 
The same biochemicals also may influence the mind by altering 
mood and behavior. Similarly, immune functions could be en- 
hanced or depressed by variations in emotions. The major 
feature of understanding this process is the possibility that we 
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may be able to gain conscious control over our own biochemis- 
try. Already, it is accepted that people can deal with stress in 
constructive and even preventive ways. 

Research has uncovered the fact that under long periods of 
stress, the adrenal glands increase the production of cortico- 
steroids that are capable of depressing immune function. All of 
this can lead to a greater degree of vulnerability to illness. 
Many have learned how to mitigate these stress responses by 
using biofeedback, meditation, and related techniques. 

Some investigators in PNI have speculated that because the 
brain and immune system possess a type of memory that can 
recall previous microbial encounters, it may be possible to tap 
into it as needed. Various procedures such as _ visuali- 
zation, guided imagery, and self-hypnosis may allow this kind 
of conditioning. 

In guided imagery, through suggestion or hypnosis, one is 
led to imagine a warrior leading an attack through the body to 
kill all of the diseased cells. There are over 15,000 cancer 
patients who have found solace in various free community 
wellness programs that have provided services that include 
new cancer therapies, seminars on nutrition, classes in guided 
imagery, and support groups. They provide no direct medical 
services, opting for the belief in fighting disease and freedom 
from stress through mental vigor and strength. 

Some have thought that the well-known placebo response 
may be explained on this basis. Also, the widely recognized 
phenomenon of the belief system of the patient may play a part 
in the success or failure of medications, treatments, and other 
procedures used by health practitioners. 

All of these may relate to PNI phenomena. All of these 
certainly recognize that heightened anxiety can lead to hyper- 
motility in the intestine, ulcers, colitis, etc. Similarly, anger 
can raise blood pressure through the autonomic nervous sys- 
tem. Studies have revealed that depressed people are more 
vulnerable to physical ills than those who are not depressed. 

Epidemiological data show that 5 years after a spouse dies, 
the death rates for widows and widowers are significantly 
greater than for those still married. Happily married women 
have a greater level of certain immune cells than unhappily 
married women. It has been shown that relaxation, exercise, 
and overall stress management can increase the number of T 
cells (up to 10%) in a group of men who have HIV. 

A higher percentage of highly stressed than relaxed persons 
got sick when exposed to cold germs. This also may help to 
explain why laughter can mitigate an illness such as arthritis. 
It is part of the concept that positive thinking has medical 
power, as espoused by writers like Norman Cousins. Physicians 
in California such as Dr Dean Ornish have received grants 
from insurance companies to study how heart disease can be 
reversed through changes in diet and lifestyle (exercise, medi- 
tation, etc). Thus far, quite a good response has been elicited by 
these methods. 

Many hospitals now are studying the relaxation response 
and Buddhist meditation to treat people with chronic pain, 
stress, and other related disorders. Similarly, transcendental 
meditation (TM) of the type espoused by Maharishi Mahesh 
Yogi has shown the ability to diminish stress and hypertension. 
Research in TM has demonstrated 56% lower hospitalization 
rates than normal for such treatments as reducing alcohol and 
drug abuse, diminishing muscle pain, and asthma attacks. 
Most major cities have programs (TM Centers) in leading 
hospitals. 

In an overall summary of the strengths and weaknesses of 
mind/body therapies, one must keep in mind that while they 
generally may improve the quality of life and even prolong it, 
the right attitude cannot cure everything. Many people who 
have been taught that they can think themselves well may be 
prone to feeling like failures if the disease progresses. This can 
be a dreadful psychological burden. Nevertheless, sufficient 
successes, in many areas, promote the study and use of these 
methods. 


NATUROPATHY 


Natural therapies are the major modalities of general prac- 
titioners in the field of naturopathy. There are three accred- 
ited colleges in this discipline in the United States, and most 
people trained in this field practice on the West Coast. Many 
states, like Pennsylvania, do not license naturopaths, and 
their practice is restricted to nutritional counseling and 
massage therapy. 

Curricula in the three graduate schools of naturopathy in- 
clude botanical medicine, homeopathy, nutrition, psychology, 
traditional Chinese medicine, and various aspects of physical 
medicine, eg, manipulative therapy, minor surgery, hydrother- 
apy, and physiotherapy. Completion of these courses coupled 
with clinical experience leads to the title Naturopathic Doctor, 
or ND. However, without medical degrees, these practitioners 
are not allowed to deliver babies in hospitals or perform other 
procedures. 

Overall, naturopaths encourage their patients to rely 
mainly on natural therapies. Specifically, these can include 
acupuncture, hydrotherapy, homeopathy, massage, fasting, di- 
ets and foods, vitamin and mineral therapy, shiatsu, Chinese 
herbal medicine, Western herbal medicine, and various body- 
work techniques. 

The theoretical basis of naturopathy is based on the body 
and seat analogy. The body is conceived of as a three-legged 
stool including chemistry (healthful eating), the body’s phys- 
ical structure (skeleton and organs), and the head (mental, 
emotional, and spiritual center). The seat is the hereditary 
blueprint. 

Naturopaths feel that disease results when these four com- 
ponents are out of balance. As to its efficacy, it certainly thrives 
on simplicity. Naturopathy eschews high-tech medicine for the 
prevention-oriented, patient-centered, noninvasive approach to 
curing. There is little doubt that many common disorders can 
be treated by this modality. 

Most allopaths criticize naturopathy as being overly vague 
with too much emphasis on nutritional counseling and un- 
tested herbal remedies. They simply feel that some of these 
modalities might be useful but really have not been subjected 
to modern scientific methods of experimentation and peer re- 
view. Some believe that most of naturopathy’s positive results 
simply may be due to the placebo effect. Also, most states do not 
provide licensing for naturopathic doctors, so almost anyone 
can obtain a mail-order degree. Even NDs acknowledge this 
problem and have been trying to persuade the government to 
establish national standards for the discipline in all states. 


CONCLUSION: ATTITUDES AND CAVEATS 
(SS EN PN EE | 
Some authors have listed over 50 common illnesses that may be 
alleviated by various natural therapies. Table 103-7 lists some 
of these along with their conventional treatments and alterna- 
tive or complementary approaches to healing. But, before any 
of these are attempted, it is obviously important to obtain an 
accurate diagnosis of the problem by a qualified physician. 
Once this has been done, there should be an understanding of 
which method(s) may or may not really help, coupled with an 
involvement in the treatment selected. As discussed before, the 
belief-system of the patient is paramount in the success of most 
management modalities. 

It is also imperative to know what constitutes an emer- 
gency problem, for which high-technology conventional medi- 
cine most likely will do the most good. These include moving- 
vehicle accidents, shootings, explosions, severe trauma, burns, 
and broken bones and when heatstroke, poisoning, or related 
dramatic health-threatening events have occurred. Signs in- 
clude difficult breathing, shortness of breath, severe wheezing, 
serious persistent diarrhea and/or vomiting, serious bleeding 
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ILLNESS COMMON SENSE CONVENTIONAL MEDICINE ALTERNATIVE/COMPLEMENTARY MEDICINE 
Acne Keep face and hair clean. Use water- OTC agents, eg, benzoyl! peroxide, Homeopathy, naturopathy, diet, shiatsu, 
based cosmetics. tetracycline, isotretinoin. vitamins and minerals 
Allergies Avoid allergic materials, viz, foods, Antihistamines, cromolyn sodium, Acupuncture, homeovitics, homeopathy, 
plants, animals, drugs, dust, etc. steroids hypnotherapy, naturopathy, 
Use air-conditioning dehumidifiers osteopathy, vitamins and minerals 
Arthritis Regular exercise. Warm baths OTC acetaminophen, aspirin, Acupuncture, Bodywork, homeopathy, 
ibuprofen homeovitics, hypnotherapy, massage, 
naturopathy, yoga 
Back pain Practice good posture. Learn how to Exercises, corset or brace, surgery, Acupuncture, Bodywork, chiropractic, 
lift properly. Use firm seat with drugs for pain relief and muscle homeopathy, massage, yoga 
adequate back support. Rest relaxation. 
High blood __ Diet and exercise. Weight control. Antihypertensives (eg, beta-blockers, | Acupuncture, homeovitics, massage, 
pressure Low salt diet. diuretics, calcium channel blockers) naturopathy, shiatsu, yoga 


from any source, sudden strong pain in the chest or abdomen, 
rapid dizziness or vision impairment, loss of speech or slurred 
speech, and numbness or tingling in the extremities. 

One should avoid self-diagnosis for any persistent problem. 
Often people try to treat bruises superficially when the real 
problem may be a broken bone. There are also warnings re- 
garding adult’s versus children’s treatments. Healthy adults do 
have occasional diarrhea problems, but these can be serious for 
young children or the elderly, and appropriate treatments are 
needed. Similarly, pregnant and lactating women are more 
sensitive to drugs, herbals, certain foods, and certain alterna- 
tive or complementary therapies. These all must be taken into 
account. 

The Sep-Oct 1998 issue of the FDA Consumer published an 
article entitled “An FDA Guide to Dietary Supplements,” which 
provides background data on the 1994 DSHEA Act and FDA’s 
current rules of regulation on these. Suggestions are provided 
for general safety and efficacy concerns; however, these are 
understandably incomplete because of the general lack of sci- 
entific knowledge about many of these products. Hence, it is 
important for consumers to do their homework on which CAM 
is appropriate, particularly in concert with an informed health 
professional. As mentioned earlier in this chapter, a number of 
important articles appeared during 1998-1999 that cover such 
areas as doubting the true existence of alternative medicine 
(Fontanarosa P et al) ; a national survey (US) focusing on the 
reasons for alternative medicine usage (Astin JA); JAMA pub- 
lishing an entire issue on alternative medicine (Grady D); a 
new study on the growth of alternative medicine (EKisenberg D 
et al); and a review on cardiovascular herbs (Mashour N ef al). 
There is little doubt that alternative medicine studies will 
continue unabated for some time yet, well into the next decade. 
A continued growing number of CAM sites on the Web has well 
attested to this fact and shows little sign of decreasing at this 
date. 

Both conventional and alternative or complementary ap- 
proaches to healing need to heed the following general guide- 
lines: 


Treat the whole person and not just the symptoms. 

Promote preventative medicine, healthy lifestyle, and a wellness phi- 
losophy. 

Gray areas in conventional medicine may be treated better by alterna- 
tive or complementary managements. 

Pay more attention to psychosocial and related disorders. 

Give attention to personal factors and belief systems. 

Most minor ailments are self-limiting. One out of three get relief in 
whatever they believe in. 

Always be an active participant in the healing process (individual 
volition). 

All natural products (plant- or animal-derived drugs) should be identi- 
fied properly, standardized and analyzed, and appropriately dosed. 

Both conventional and alternative or complementary medical practitio- 
ners should have open minds and cooperate in mutual research. 


Finally, it is imperative that proper advice be given to patients 
seeking information on complementary and alternative medi- 


cal therapies. Eisenberg (1998) has provided guidance on this 
matter by proposing a process for managing alternative ther- 
apy (after medical evaluation has been completed and conven- 
tional options have been offered), which includes a weekly plan 
coupled with patient monitoring over a 13-week time course. 
He also covers legal issues in alternative medicine (liability 
experience of alternative-care practitioners) and laws govern- 
ing patient referral and delivery. Elion (1997) has published an 
article relating to the important issue of CAM and HIV infec- 
tion. He concludes that the conventional scientific community 
harbors a significant prejudice against CAM, which limits the 
responsible evaluation of its safety and efficacy. His proposal 
here is focused on working toward an open scientific dialog that 
eventually will help solve such intractable disorders. 


WEB SITES 


{http://www.altmed.od.nih.gov/ncecam] 

HerbalGram [http://www.herbalgram.org/abemission.html] 
Herbnet [http://www.herbnet.con/associations.htm]] 
Napralert [http://www.pmmp.uic.edu] 

Herb Research Foundation [http://www.herbs.org] 
Acupuncture [http://www.acupuncture.com] 


ORGANIZATIONS 


American Association of Oriental Medicine, Catasauqua, PA. Phone: 
888-500-7999 

American-International Reiki Association, 2201 Wilshire Boulevard, 
Suite 831, Santa Monica, CA 90403 

American Massage Therapy Association, 820 Davis Street, Suite 100, 
Evanston, IL 60201 

International Center for Reiki Training. Web site—http://www. 
reiki.org 

National Certification Board for Therapeutic Massage and Bodywork, 
8201 Greensboro Drive, Suite 300, McLean, VA 22102. Web site— 
http:/www.ncbtmb.com 

National Certification Commission for Acupuncture and Oriental Med- 
icine, Washington, DC. Phone: 202-232-1404; Web Site—http:// 
www.nccaom.org 

Touch Research Institute, University of Miami School of Medicine, Dept 
of Pediatrics, P.O. Box 016820, Miami, FL 33101. Web site—http: 
//Iwww.miami.edu/touch-research 
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APPENDIX 


Acupressure—The application of fingertip pressure on different parts of the body to treat specific symptoms or disorders. 

Acupuncture—An ancient Chinese healing art that employs fine needles inserted at various locations (ca 2000) in the body to 
restore the smooth flow of qi (energy). Each location along a meridian is associated with specific organs, and every acupuncture point 
is considered to have a particular therapeutic effect. 

Adaptogen—Agent (usually from plants such as ginseng) that helps or adapts the body or protects it from stress. 

Allopathy—A system of medical treatment using remedies that produce effects upon the body differing from those produced by 
disease; now generally used to refer to standard or orthodox medical practice. 

Alternative Medicine—Almost any form of therapy that is outside the purview of conventional modern medicine. Examples 
include homeopathy, chiropractic, and naturopathy. The name suggests a method other than the more conventional treatment. 

Aromatherapy—The treatment of diseases through the use of various aromatic herbs, volatile oils, and similar preparations. 

Aryuvedic Medicine—A system of medicine derived from an ancient Indian philosophy and the practice of which emphasizes 
the use of one’s physical and mental abilities to achieve harmony with the environment. Therapy consists of maintaining a balance 
between diet, daily routine, and activities. Foods and herbs are used to modify these three basic life forces (doshas). 

Belief-System—The belief or faith that the patient holds as his or her innermost cultural, spiritual, and psychological resource 
for healing. For modern man the healer may be a physician or priest, for Native Americans and Mexicans it is the curandero or 
shaman, for Alaskan Eskimos it is an angakok, and so forth. Each concept has its own specific practices that help the person with 
faith to be healed. The key to faith healing is belief. All healers must understand the patient-belief system, to achieve success in 
treating most disorders. 

Bioenergetics—A combination of psychotherapy with bodywork (a wide range of massage-like therapies). It involves a 
combination of deep breathing, talk therapy, bioenergetic exercises, and massage to relieve tension and release confined emotions. 

Chiropractic—A system of therapies based upon the theory that disease is caused by abnormal function of the nervous system. 
It attempts to restore normal function by manipulation and treatment of the structures of the body, especially those of the spinal 
column. 

Colonic Irrigation—The flushing of the intestines with water or soapy solutions via a rectal enema for therapeutic, diagnostic, 
or nutritive purposes. 

Complementary Medicine—This term often is used synonymously with alternative medicine. However, this name suggests 
that the procedures complement those that are considered to be conventional. 

Faith Healing—tThe system or practice of treating disease by religious faith and prayer. 

Folk Medicine—Therapy based on different cultures (eg, Indian folk medicine). It usually involves specific cultures, belief in 
chosen cures, and remedies based on plants, charms, and rituals unique to the specific folk culture. 

Health Foods—Foods purported to be produced without the use of chemical fertilizers, herbicides, or pesticide sprays and sold 
without the addition of chemical additives (preservatives, fillers, artificial flavoring, or coloring agents). Many are claimed to be 
natural (ie, not containing added chemicals) and are purported to be healthier than the usual foods. 

Herbs—Plants used for their medicinal, flavor, odor, or nutritive principles. 

Holistic Medicine—Therapies that treat the whole person—mind and body—as opposed to just the part of the body where 
symptoms occur. 

Homeopathy—A therapeutic method developed by Dr Samuel Hahnemann in the early 19th century. It clinically applies the 
law of Similar (like cures like) and uses medically active, potentized substances at weak or infinitesimal doses. 

Homeovitics—A contemporary approach to homeopathy. It uses complex, pluralistic formulations in treating chronic diseases 
associated with toxicities by clearing, cellular detoxification, and regeneration. 

Homeostasis—The maintenance of steady states (well or healthy states) in the organism by coordinated physiological 

rocesses. 
‘ Hypnosis—A state of altered consciousness, sleep, or trance induced artificially in a subject by means of verbal suggestion by 
the hypnotist or by the subject concentrating upon some object. The degree of hypnotic state may vary from mild, increased 
suggestibility to that comparable to surgical anesthesia. bs) 

Informed Skepticism—A stance in which one is kept informed about a new idea and doesn’t necessarily believe it until it is 
proven scientifically. 

Iridology—A diagnostic tool that purports to correlate changes in the color and texture of the iris with mental and physical 
disorders. 


1780 CHAPTER 103 


Macrobiotics—A branch of Zen philosophy that advocates a diet in which Yin (negative) and Yang (positive) foods are balanced 
to overcome disease and keep in good health. From the Greek roots makros (long) and bios (life). Certain foods are considered yin 
(eg, sugar or honey), while others are yang (eg, eggs or meat). Brown rice and other grains are in the middle, and diets are planned 
around these grains, with a balance of yin and yang foods accompanying them. Some food faddists have taken macrobiotics to an 
extreme, eliminating all foods except brown rice and thereby suffering nutritional deprivation. 

Mind-Body Connection—Currently taken to refer to psychoneuroimmunology (PNI), the study of the connections between the 
brain and endocrine and immune neural pathway connections. 

Naturopathy—Healing by the exclusive use of natural remedies (eg, light, heat, cold, water, vegetables, and fruits). No drugs 
or surgery are used. 

Nutraceutical—The term used by some to promote health and healing through the use of foods as pharmaceuticals (eg, the 
increased consumption of garlic—allicin; ajoene—for antimicrobial, blood-thinning and cholesterol-lowering properties; or the 
cabbage-family members—indoles, beta-carbolenes—for anticancer properties, etc). 

Natural—A method of healing or a product from natural sources used in medical treatment. A difficult term to define because 
it can mean different things to different people. See Organic. 

Orthomolecular Medicine—The treatment or prevention of diseases by altering body concentrations of certain normally 
occurring substances (eg, vitamins) given in high doses. 

Organic or Natural—In alternative medicine this usually means materials obtained from nature without the use of chemical 
fertilizers or pesticides. 

Orthodox—Usually meaning the prevailing and most widely accepted procedures or medications. 

Osteopathy—A school of healing that teaches that the body is a vital mechanical organism with coordinate and interdependent 
structural and functional integrity; the abnormality of either constitutes disease. It uses manipulation but also medicine, surgery, 
and other specialities. 

Placebo Effect—A real physiological effect caused by an inactive drug. 

Psychoneuroimmunology (PNI)—The newly emerging field of study that focuses on the series of neural pathways that 
interconnect the brain, endocrine, and immune systems. These pathways are felt to constitute a communications network between 
the mind and body that enables them to influence each other. 

Quackery—tThe practice of medicine by a pretender to medical skill. Also referred to as a medical charlatan or quack. 

Reflexology (Reflexotherapy)—Treatment by irritation of an area of the body distant from the lesion. It usually consists of 
using the hands to apply gentle pressure to the feet to ease pain, relieve tension, and restore energy. The term also can be applied 
to the technique of applying pressure to specific points on the hands and ears. 

Risk/Benefit Ratio—Weighing the good effects of a drug or treatment against its bad effects. 

Shamanism—lIn its potential medical applications, this term has been used to describe a way of achieving a kind of spiritual 
or emotional healing through the practice of ancient rituals (chanting, visualization, drumming). It has been used to treat pain, 
stress, anxiety, etc. 

Shiatsu—A Japanese term for finger pressure or manual massage and pressure to stimulate and free energy pathways within 
the body. 

Tea or Tisane—Any vegetable infusion or decoction used as a beverage. 

Therapeutic Massage/Touch—A healing technique that combines traditional laying on of hands with certain Eastern 
theories of energy flow. It is based on the concept of unblocking fields of energy in the body to relieve pain or disease (backache, 
tension, headache). 

Traditional Medicine—A term generally used to describe the native therapies of a certain region (eg, the traditional medicine 
of China) or the medical traditions of a particular culture. 

Wellness—The concept of practicing all the things that keep one well. It involves maintaining good nutrition, exercise, 
stress-control, and good personal and familial social relationships. 
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Nuclear pharmacy (also referred to as radiopharmacy) is the 
specialty practice of pharmacy that focuses upon the safe and 
efficacious use of radioactive drugs. Radioactive drugs, usually 
referred to as radiopharmaceuticals, constitute a special class 
of drugs according to the Food, Drug, and Cosmetic Act (FD&C 
Act). The Food and Drug Administration (FDA), in Title 21 of 
the Code of Federal Regulations (CFR), defines a radioactive 
drug as a drug that exhibits spontaneous disintegration of 
unstable nuclei with the emission of nuclear particles or pho- 
tons and includes any nonradioactive reagent kit or nuclide 
generator that is intended to be used in the preparation of any 
such substance. From this definition, it is apparent that a 
radiopharmaceutical consists of both a drug component and a 
radioactive component. The drug component is responsible for 
localization in specific organs or tissues. The radioactive com- 
ponent is responsible for the emission of gamma rays for ex- 
ternal detection in diagnostic imaging and/or particulate radi- 
ation for radionuclide therapy. Radioactive in vitro diagnostic 
kits for radioimmunoassays and brachytherapy sources for ra- 
diotherapy implants are classified by the FDA as devices, in 
contradistinction to radiopharmaceuticals, which are classified 
as drugs. 

A distinctive feature of radiopharmaceuticals, in contrast to 
traditional drugs, is their lack of pharmacological effects. Ra- 
diopharmaceuticals typically are employed as tracers of phys- 
iological functions. Their small amount of mass produces neg- 
ligible effects on biological processes, while their radioactivity 
allows noninvasive external monitoring or targeted therapeutic 
irradiation. 

Some radiopharmaceuticals are simply salts of radioiso- 
topes of elements (I-131 sodium iodide, Tl-201 thallous chlo- 
ride, Sr-89 strontium chloride’), but most radiopharmaceuti- 
cals consist of radioactive atoms attached to, or incorporated 
into, other chemical compounds that serve to carry the radio- 
active atoms to the intended tissues or organs. Some radiophar- 
maceuticals are manufactured and commercially marketed by 
pharmaceutical companies in their final, ready-to-use dosage 
forms, but most radiopharmaceuticals, because of their short 
half-lives, require preparation of the final product either on- 
site, such as in a hospital, or in a local commercial nuclear 
pharmacy, which then delivers the products to surrounding 
hospitals and clinics. 

Radiopharmaceuticals can be categorized as either diagnos- 
tic or therapeutic. Diagnostic radiopharmaceuticals are in- 
tended for use in the diagnosis and/or monitoring of various 
disease states. Relatively small radiation doses are delivered, 
similar in magnitude to radiation doses from diagnostic X-ray 


1 In practice, most radiopharmaceuticals usually are referred to by common 
names, such as abbreviated names, rather than by official United States 
Adopted Names (USANs). 


procedures. Examples of diagnostic radiopharmaceuticals in- 
clude Tc-99m diphosphonates for bone scans, Tc-99m macroag- 
gregated albumin for lung scans, and TI-201 thallous chloride 
for myocardial perfusion scans. Therapeutic radiopharmaceu- 
ticals, on the other hand, are intended for use in the treatment 
of various disease states. Relatively large radiation doses pur- 
posefully are delivered to cause localized radiation damage, 
similar in magnitude to radiation doses from teletherapy irra- 
diation. A common example of a therapeutic radiopharmaceu- 
tical is I-131 sodium iodide for treatment of hyperthyroidism or 
thyroid cancer. 

Radiopharmaceuticals are employed in the discipline 
termed nuclear medicine. Nuclear medicine may be a separate 
unit or found as a part of radiology. In a diagnostic nuclear 
medicine procedure the radiopharmaceutical is administered to 
the patient most often by IV injection, although sometimes by 
oral, inhalation, or other routes. The localization, disposition, 
and/or clearance of the radiopharmaceutical is then deter- 
mined by detection of the radiation emitted from the radionu- 
clide with a sophisticated instrument termed a gamma camera. 
Obviously, the type of radiation detected is gamma, and the 
data exhibited by the detector will be an image or picture. 
Quantitative information can be obtained by using computers 
associated with the radiation detector. Normal versus abnor- 
mal images will vary depending upon the procedure. For ex- 
ample, a normal image with a radiopharmaceutical designed to 
be phagocytized by the liver will appear as a rather uniform 
distribution of the radiopharmaceutical throughout the liver. A 
space-occupying lesion such as a tumor will reduce the amount 
of the radiopharmaceutical taken up in the area of the cancer. 
Thus, the image of the liver will show a cold area; ie, an area 
with less radioactivity than the surrounding liver. The opposite 
effect will be noted in the case of a radiopharmaceutical de- 
signed to localize metastatic lesions in the bone. Excessive 
amounts of the radioactivity will occur in the area of the lesion, 
in comparison to the surrounding bone. This is termed a hot 
spot on the image. 

The radionuclides typically used for radiopharmaceuticals 
employed in diagnostic nuclear medicine studies have short 
physical half-lives. Half-life is defined as the time that it takes 
for one-half of the radioactive atoms to undergo radioactive 
decay with emission of their characteristic radiation. For ex- 
ample, if a radionuclide has a physical half-life of 6.0 hr, 100 
units of activity initially present would be 50 units of activity 6 
hr later. The shorter the half-life, the fewer total number of 
atoms necessary for the production of a given unit of activity, 
compared with a longer half-life radionuclide. Simply stated, 
the atoms for a short-half-life radionuclide do not exist very 
long before emitting their radiation. This allows a patient to 
receive fewer total atoms and increases the degree of safety for 
the patient while allowing the nuclear medicine procedure to be 
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conducted satisfactorily. A rapid rate of decay and, thus, fre- 
quent radiation emission is further desirable for the efficient 
performance of these procedures, since the gamma camera 
must see a certain number of gamma rays to obtain sufficient 
data to create the desired image. 

Because the radionuclides commonly employed in radio- 
pharmaceuticals have short half-lives, most radiopharmaceu- 
ticals must be prepared on the day of use. This is accomplished 
most frequently with the aid of a nonradioactive reagent kit 
and radioactivity obtained from a radionuclide generator. The 
kit is a multidose vial that contains the compound (ligand) to be 
labeled (ie, attachment of the radionuclide to the compound) 
and other components necessary to accomplish the labeling 
process and allow administration of the final product. The 
radionuclide generator most often employed is the technetium 
generator. The radionuclide technetium Tc-99m is produced by 
the decay of molybdenum Mo-99. Molybdenum-99 has a half- 
life of 67 hr and allows the generation of Tc-99m over a period 
of 1 to 2 weeks. The Tc-99m is separated from the Mo-99 by 
passing a sterile saline solution through a column containing 
the Mo-99 and the Tc-99m that has been generated. The Tc- 
99m eluate, in the chemical form of sodium pertechnetate, is 
collected in a sterile multidose vial. The eluate is then used to 
produce radiopharmaceuticals with the reagent kits. 

Quality-control issues are important in this process. The 
possibility of the presence of Mo-99 in the eluate must be 
determined, as this radionuclide has a longer half-life, emits a 
more damaging form of radiation (beta), and is in the wrong 
chemical form. The half-life of Tc-99m is 6.0 hr, and only 
gamma radiation is emitted from these radioactive atoms. 
Gamma radiation is less likely to produce damage to cells than 
is beta or alpha radiation. The purity of the desired compound 
must be determined following compounding of the radiophar- 
maceutical with the sodium pertechnetate and a reagent kit. 
This generally is accomplished using paper or thin-layer chro- 
matography procedures. A specified percentage of the radioac- 
tivity must be incorporated in the specified compound; ie, the 
radiopharmaceutical. If a significant fraction of the radioactiv- 
ity remains as sodium pertechnetate, the radiopharmaceutical 
product will not distribute in the body as expected and might 
cause confusion or even an improper diagnosis. 

A few radiopharmaceuticals are employed in the treatment 
of disease. Like diagnostic radiopharmaceuticals, these com- 
pounds are designed to localize in the diseased tissue. How- 
ever, instead of employing the emitted radiation to trace the 
distribution of the radiopharmaceutical as is done for diagno- 
sis, the radiation is employed to destroy cells in the diseased 
area. The radiation deposits its energy in a very localized area 
and in a manner that leads to the enhanced probability of 
causing some deleterious effect to a key component of the cell 
such as DNA. Beta radiation is the most common type of 
radiation employed to treat diseases. 

Perhaps the best known approach to therapy with a radio- 
pharmaceutical involves the use of radioactive iodine, I-131, 
administered as sodium iodide to the patient. The I-131 is 
taken up by the thyroid gland and incorporated into thyroid 
hormones. Whereas small, diagnostic dosages of I-131 produce 
negligible biological damage, the beta radiation emitted by 
large, therapeutic dosages of I[-131 destroys thyroid tissue. 
Depending upon the disease state, hyperthyroidism or cancer, 
the amount of radioactive iodide given to the patient varies 
considerably. The usual dosage ranges for treatment of hyper- 
thyroidism (partial destruction) and thyroid carcinoma (total 
destruction) are 140 to 370 MBg (4 to 10 mCi) and 3700 to 5550 
MBgq (100 to 150 mCi), respectively. In contrast, less than 1 
MBgq (a few microcuries) of I-131 is given for diagnostic pur- 
poses. This is an important consideration when counseling a 
patient regarding the use of radioactive iodine for diagnostic 
procedures. A more recent radiopharmaceutical used for treat- 
ment is Sr-89 as strontium chloride. This radionuclide also 
emits beta radiation. Strontium-89, an analog of calcium, lo- 
calizes in areas of metastatic disease in bone and reduces pain 


through the effect of the. beta radiation at the tumor site. 
Unlike the use of I-131 to destroy thyroid cancer, this agent is 
not used to cure cancer, but rather is used only as a method to 
provide relief from pain, ie, as a palliative agent. Samarium- 
153 as ethylenediaminetetramethylenephosphonic acid. Penta- 
sodium salt (Samarium Sm-153 lexidronam pentasodium) is 
also available for palliation of bone pain due to metastasis to 
bone. 

To practice nuclear pharmacy, pharmacists must have spe- 
cialized training in several areas such as nuclear physics, ra- 
diation detection instrumentation, radiochemistry, and radia- 
tion protection. Experience in a practice site is essential as 
well. The level of knowledge and experience necessary, as well 
as services provided, vary with the practice site. Most nuclear 
pharmacists practice in a centralized commercial nuclear phar- 
macy. Most practitioners in this setting have a first profes- 
sional degree, while nuclear pharmacists in an institutional 
site commonly have received an advanced degree (MS). The 
basic functions are similar; however, the pharmacist in the 
larger hospital may be more involved with clinical service, 
investigational products, and teaching. The pharmacist in a 
centralized nuclear pharmacy inherently spends considerable 
time preparing and dispensing radiopharmaceuticals, since one 
pharmacy generally services 10 to 15 different hospitals and 
clinics. 

The main objectives of this chapter are to review the devel- 
opment of nuclear pharmacy and describe functions of a nu- 
clear pharmacist regardless of the practice site. Regulatory 
restrictions and the specialized training required to practice 
nuclear pharmacy are addressed. The relevance of pharmaceu- 
tical care to nuclear pharmacy is considered as well as the 
importance of various diagnostic imaging modalities to the 
management of patients and to the assessment of therapeutic 
outcomes. 


DEVELOPMENT OF NUCLEAR PHARMACY 
A a ETN TE 
Natural radioactivity was first observed in 1867 by Niepce de 
Saint-Victor, who noticed fogging in a silver chloride emulsion 
while working with uranium salts. He attributed this effect, 
however, to luminescence phenomena. While performing simi- 
lar phosphorescence experiments in 1896, Antoine Henri Bec- 
querel, now credited as the discoverer of radioactivity, noted 
that uranium emitted penetrating rays that were similar to the 
X-rays identified a year earlier by Wilhelm Roentgen. However, 
it was not until 1898, after Marie and Pierre Curie had deter- 
mined that these emissions were originating from the unstable 
elements radium and polonium, that the phenomenon of radio- 
activity truly was recognized. By 1899, Ernest Rutherford had 
determined the existence of two distinct types of radiation, 
which he called alpha and beta. A year later, Paul Villard 
identified a third type of radiation, which was called gamma. 
The theory of radioactive disintegration was advanced in 1902 
by Ernest Rutherford and Frederick Soddy. The discovery of 
artificially produced radioactive nuclides occurred on New 
Year’s Eve, 1933, in an experiment conducted by Frederic Joliet 
and Irene Curie. They noticed that positrons continued to be 
emitted, but at an inverse exponential rate, following irradia- 
tion of aluminum foil with a polonium preparation. By the end 
of July 1934, Enrico Fermi had produced radioisotopes of 40 
elements by neutron bombardment. Also in 1934, Ernest O 
Lawrence invented the cyclotron and produced numerous ra- 
dionuclides by bombarding stable atoms with artificially accel- 
erated particles. In 1946, radionuclides produced in the Oak 
Ridge National Laboratory reactor were made widely available 
for biological and medical purposes. 

Shortly after the discovery of radium, Henri Becquerel re- 
ported a skin burn received from a vial of radium that he 
carried in his pocket. Following additional experiments on his 
own skin, Pierre Curie suggested that the destructive biological 


effects from radium might have a possible medical use. Conse- 
quently, P Oudin first used an external source of radium in the 
treatment of uterine cervical cancer in 1904. By 1911, clinical 
trials using Curie therapy with parenteral injections of radium 
also were carried out in attempts to cure arthritis, lupus erythem- 
atosus, various cancers, and several other poorly defined diseases. 
Unfortunately, these initial attempts at internal therapeutic use 
of a radionuclide proved to be valueless and may have actually 
contributed to the induction of leukemia in some patients given 
very high doses. In 1938, following his brother’s invention of the 
cyclotron, John Lawrence made the first clinical therapeutic ap- 
plication of an artificial radionuclide when he used P-32 to treat 
leukemia. By 1942, several investigators were using I-131 to treat 
hyperthyroidism, and successful treatment of thyroid cancer with 
1-131 was first reported in 1946. 

The diagnostic use of radionuclides had its beginning in the 
development of the tracer concept, pioneered by Georg de Hevesy. 
In 1923, Professor de Hevesy used tracer principles for the first 
time by employing Pb-212 to study the absorption of lead nitrate 
in bean plants. In what was probably the first human application 
of a radionuclide in a diagnostic study, Herman Blumgart and 
associates, in 1927, determined the arm-to-arm circulation time 
in patients following an antecubital injection of Rn-222 in one arm 
and detecting its presence some time later in the other arm. The 
introduction of an improved radiation detector by H Geiger and W 
Miller in 1929 stimulated further in vivo applications using ra- 
dioisotopes. Development of imaging devices during the 1950s 
and 1960s, including the rectilinear scanner, the scintillation 
camera, and the coincidence positron emission tomographic (PET) 
scanner, together with an explosive growth in radioisotope pro- 
duction and radiopharmaceutical development, propelled the clin- 
ical applications of radionuclides into the modern era of nuclear 
medicine. 

The rapid increase in the medical use of radionuclides dur- 
ing these early years corresponded to the increased production 
and availability of radionuclides produced by cyclotrons and by 
nuclear reactors. Abbott Laboratories began marketing a line 
of radioactive pharmaceuticals in 1948. Two years later, the 
vice-chairman of the Joint Committee on Atomic Energy sug- 
gested that atomic energy should be a matter of concern to 
practicing pharmacists. In that same year, John E Christian, a 
professor of pharmacy at Purdue University, stated unequivo- 
cally that hospital pharmacists should be prepared to provide 
information and assistance in the establishment of radioisotope 
facilities and programs. In 1954, GB Hutchinson indicated that 
preparations containing radioactivity that are intended for hu- 
man use are indeed pharmaceuticals and should fall under the 
purview of pharmacists. A report of the first Committee on 
Isotopes of the American Society of Hospital Pharmacists 
(ASHP), appointed in 1954, presented pictorially the first func- 
tional nuclear pharmacy in this country, established at the 
University of Chicago Clinics. In 1957, Captain William H 
Briner, a pharmacist at the National Institutes of Health 
(NIH), recognized the expanding applications of radiopharma- 
ceuticals for the diagnosis of disease and the necessary involve- 
ment of pharmacists to ensure the formulation of radioactive 
chemicals into radioactive pharmaceuticals. After obtaining 
intensive training at the Oak Ridge National Laboratory, Cap- 
tain Briner established a small unit in the NIH Pharmacy 
Department for the receipt, preparation, and control of radio- 
pharmaceuticals. This was the second nuclear pharmacy estab- 
lished in the country and the longest still in existence (the first 
was closed after 1 year). For his many pioneering contributions 
to the field, Captain Briner often is referred to as the father of 
nuclear pharmacy practice. 

With the advent of the Tc-99m generator in the late 1960s, 
a source of a versatile radionuclide became readily available to 
thousands of hospitals. As technetium was found to be com- 
plexed and chelated by numerous organ-specific compounds, 
pharmaceutical manufacturers began supplying reagent kits 
designed for the simplified compounding of Tc-99m-labeled 
radiopharmaceuticals. Technetium-99m radiopharmaceutical 
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use spread rapidly, and pharmacists increasingly became in- 
volved in the preparation and dispensing of short-lived radio- 
pharmaceuticals for human use. In 1969, the first postgraduate 
program in nuclear pharmacy was established by Walter Wolf 
at the University of Southern California. Other early univer- 
sity educational programs for nuclear pharmacy included Pur- 
due, Michigan, Tennessee, and New Mexico. While Purdue 
University did not initiate a formally designated program in 
nuclear pharmacy until 1972, John E Christian created the 
Department of Bionucleonics in the School of Pharmacy at 
Purdue in 1959. The focus of the department was education 
and research in radiotracer methodology. Several early leaders 
in nuclear pharmacy used their training in bionucleonics to 
develop radiopharmaceutical services. 

The decade of the 1970s witnessed tremendous growth in 
nuclear medicine, new radiopharmaceuticals, and nuclear 
pharmacy. Institutional nuclear pharmacies were established 
at many academic/tertiary medical centers. In 1972, the first 
commercial centralized nuclear pharmacy was created in Albu- 
querque, NM, by Richard Keesee, an assistant professor in the 
University of New Mexico, College of Pharmacy. The facility 
was affiliated with the College of Pharmacy and located in the 
Bernalillo County Medical Center. Sixteen hospitals in the city 
of Albuquerque and surrounding cities in New Mexico were 
serviced by the nuclear pharmacy. The nuclear pharmacy also 
served as a teaching facility for the College of Pharmacy phar- 
macy students. Within a short time graduates from the pro- 
gram established commercial centralized nuclear pharmacies 
im many major cities. Today, there are several hundred com- 
mercial centralized nuclear pharmacies providing a significant 
fraction of radiopharmaceuticals used in nuclear medicine 
procedures. 

During this same decade, nuclear pharmacy matured and 
emerged as a true specialty in pharmacy practice. Nuclear 
pharmacists first met as a clearly recognized group on August 
6, 1974, in Chicago at the Nuclear Pharmacy ’74 Symposium 
conducted under the auspices of the APhA’s Academy of Gen- 
eral Practice of Pharmacy. The Section on Nuclear Pharmacy 
in the APhA’s Academy of General Practice of Pharmacy was 
established in 1975. In that same year, a Special Interest 
Group on Nuclear Pharmacy Practice was formed within the 
ASHP. Nuclear Pharmacy was recognized officially as a spe- 
cialty in pharmacy practice, the first specialty so recognized, by 
the Board of Pharmaceutical Specialties in 1978. The first 
examination for board certification in nuclear pharmacy was 
administered on April 24, 1982, to 72 practitioners. Many hun- 
dred nuclear pharmacists have since become Board Certified 
Nuclear Pharmacists (BCNPs). 

In the decades of the 1980s and 1990s, nuclear pharmacy 
saw fluctuating periods of maintenance and growth, as major 
changes in health care took place. Primarily related to cost 
considerations, there was a steady shift by hospitals from 
preparing radiopharmaceuticals in-house to purchasing 
radiopharmaceuticals as unit doses from commercial nuclear 
pharmacies. It is estimated that today 70 to 80% of all radio- 
pharmaceutical doses are dispensed through commercial nu- 
clear pharmacy channels. In a fashion similar to conventional 
retail pharmacy, commercial nuclear pharmacy has evolved 
from predominately independent pharmacies to major chains. 
Currently there are approximately 300 commercial nuclear 
pharmacies in the US. Of these, approximately 65% are mem- 
bers of one of three major chains, and the other 35% are 
independents or small chains. 


PRACTICE OF NUCLEAR PHARMACY 


The practice of nuclear pharmacy is composed of several do- 
mains related to the provision of nuclear pharmacy services. 
These domains, determined by formal task analyses, serve as 
the basic structure for the APhA’s Nuclear Pharmacy Practice 
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Guidelines (nee Standards). The Guidelines include lists of 
tasks and their related knowledge statements for each domain 
to aid in the further description and interpretation of nuclear 
pharmacy practice. Because of differences in practice setting, 
job responsibilities, and other factors, all of the Guidelines are 
not applicable to all nuclear pharmacists. Moreover, the Guide- 
lines are not all-inclusive of this dynamic field. Hence, the 
pharmacist’s professional judgment should be used when inter- 
preting or applying the Guidelines. 

The nine general domains involved in nuclear pharmacy 
practice are 


Procurement 

Compounding 

Quality assurance 

Dispensing 

Distribution 

Health and safety 

Provision of information and consultation 
Monitoring patient outcome 

Research and development 


SOOO RU Coh OU COR te 


Procurement of radiopharmaceuticals and other drugs, 
supplies, and materials necessary for nuclear pharmacy prac- 
tice involves determining product specifications, initiating pur- 
chase orders, receiving shipments, maintaining inventory, and 
storing materials under proper conditions. While these tasks 
appear similar to those involved in community and hospital 
pharmacy practice, special characteristics and requirements 
associated with radiopharmaceuticals present some unique de- 
mands. For example, radiopharmaceuticals or radioactive com- 
ponents, because of their short half-lives, are not available 
through conventional wholesalers; rather, they typically are 
ordered directly from the manufacturers. 

Ordering of radiopharmaceuticals or radioactive compo- 
nents requires knowledge of calibration time, shipping/delivery 
schedule and radioactive decay before receipt and use. Because 
of the necessity for overnight delivery, shipping charges are 
frequently a substantial portion of the acquisition cost for 
many radioactive items. Receipt of radioactive materials in- 
volves following regulatory procedures for opening packages, 
including performing surveys for radioactive contamination. 
Inventory control of radioactive materials is complicated by 
their distinctive, continuous radioactive decay; fortunately, re- 
petitive manual calculations have been replaced by computer 
programs developed for this purpose. Storage of radioactive 
materials must incorporate appropriate radiation shielding in 
addition to traditional requirements for light, temperature, 
and humidity. 

Compounding of radiopharmaceuticals involves a wide 
variety of activities ranging from relatively simple tasks such 
as reconstituting reagent kits with Tc-99m sodium pertechne- 
tate to complex tasks such as operating a cyclotron and syn- 
thesizing F-18 fluorodeoxyglucose. As with compounding activ- 
ities performed by community and hospital pharmacists, 
compounding of radiopharmaceuticals requires receipt (or an- 
ticipation) of a valid prescription/drug order; appropriate com- 
ponents, supplies, and equipment; a suitable environment, es- 
pecially for sterile dosage forms; appropriate recordkeeping, 
including written procedures and lot-specific information to 
ensure traceability; and validation or verification of the com- 
pounding procedure, storage conditions, and expiration. 

Compounding is complicated by the issues of radioactivity 
and of chemical reactions. Radioactivity during preparation 
and delay prior to patient administration must be addressed 
both in terms of radioactive decay (ie, exponential loss of ra- 
dioactivity over time) and in terms of radiation protection (eg, 
shielding). Unlike the vast majority of traditional compound- 
ing, which involves mixing of ingredients, compounding of ra- 
diopharmaceuticals typically involves chemical reactions to la- 
bel a molecule with a radionuclide. For most Tc-99m-labeled 
compounds, stannous reduction of Tc(VII) pertechnetate to a 
lower oxidation state is followed by chelation of technetium 
atoms by multidentate ligands. Chemical reactions involved for 


other radiopharmaceuticals include covalent bonding, trans- 
chelation, and coordination complexation. 

The radionuclides used in compounding radiopharmaceuti- 
cals typically are obtained from three sources. Some radionu- 
clides (eg, In-111, I-123) are purchased directly from the man- 
ufacturer; unfortunately, these tend to be expensive and have 
somewhat limited availability and shipment schedules. Some 
radionuclides (eg, F-18, C-11) are created on-site using a cyclo- 
tron; unfortunately, these tend to be expensive and require 
additional operator expertise. Most radiopharmaceuticals use 
Tc-99m that is produced in, and eluted from, an on-site Tc-99m 
generator. Advantages of generator-produced Tc-99m are its 
relatively low cost, ready availability, and simplicity of use. 
However, since not all radiopharmaceuticals can be labeled 
with Tc-99m, other radionuclides obtained from the former two 
sources continue to be important. 

The vast majority of radiopharmaceuticals are intended for 
parenteral administration; thus, aseptic technique is an impor- 
tant skill observed in nuclear pharmacy compounding and dis- 
pensing. Nuclear pharmacists also compound radiolabeled bio- 
logicals such as homologous blood cells, monoclonal antibodies, 
and peptides. Strict adherence to universal precautions and 
proper infection control handling is essential when radiolabel- 
ing patient blood cells, especially those obtained from patients 
harboring bloodborne pathogens (eg, hepatitis, human immu- 
nodeficiency virus). 

Compounding of PET radiopharmaceuticals requires more- 
extensive controls and validation procedures than those for 
Tc-99m-based radiopharmaceuticals; hence, a supplemental 
document entitled Nuclear Pharmacy Guidelines for the Com- 
pounding of Radiopharmaceuticals for Positron Emission To- 
mography has been developed and published by the APhA. 
Similarly, a general chapter on Radiopharmaceuticals for 
Positron Emission Tomography Compounding is included in 
the Eighth Supplement to USP 23 and in USP 24. 

Quality assurance of radiopharmaceuticals involves per- 
forming the appropriate chemical, physical, and biological tests 
on radiopharmaceuticals to ensure the suitability of the prod- 
ucts for use in humans. These activities include not only the 
completion of the test, but also interpretation of the results, 
evaluation of analytical test methods, calibration or functional 
checks of equipment and instruments used, and appropriate 
recordkeeping. Radiopharmaceuticals must meet all specifica- 
tions described in their respective USP monographs, including 
such parameters as radionuclidic purity, radiochemical purity, 
chemical purity, pH, particle size, sterility, bacterial endotoxin, 
and specific activity. Often these standards are guaranteed by 
the manufacturer, but especially for compounded products, 
verification of purity specifications is the responsibility of the 
nuclear pharmacist. 

Radionuclidic purity (ie, the fraction of radioactivity as the 
specified radionuclide) typically is determined by gamma spec- 
troscopy or differential photon attenuation. A common example 
of a radionuclidic impurity is the presence of Mo-99 in a Tc-99m 
generator eluate. Radiochemical purity (ie, the fraction of the 
radionuclide in the specified chemical form) is typically deter- 
mined by thin layer or column chromatography. A common 
example of a radiochemical impurity is Tc-99m pertechnetate 
in a Tc-99m-labeled compound product. Chemical purity (ie, 
specified amounts of nonradioactive chemicals) typically is de- 
termined by various chemical detection techniques such as 
color change when mixed with certain reagents. One example 
of a chemical impurity is aluminum (leached from the genera- 
tor column) in a Tc-99m generator eluate. Hydrogen-ion con- 
centration typically is determined with a pH meter or pH 
paper. Particle size of macroaggregated albumin products com- 
monly is determined by microscopic inspection of a sample 
placed on a hemocytometer slide. Sterility and endotoxin test- 
ing are commonly performed using microbial growth media and 
Limulus Amebocyte Lysate methods, respectively. Specific ac- 
tivity (ie, ratio of radioactivity per mass) is calculated on the 


basis of activity measurements and masses of components/ 
products. 

Dispensing radiopharmaceuticals occurs upon the receipt 
of a valid prescription or drug order from an authorized physi- 
cian. In contrast to traditional pharmacy practice, radiophar- 
maceuticals are rarely dispensed directly to patients; rather, 
they are dispensed to hospitals or clinics for administration to 
patients by trained health professionals. Although multidose 
vials may be dispensed as a sort of ward stock system, radio- 
pharmaceuticals generally are dispensed in unit doses ready 
for administration to the patient. In addition to radiopharma- 
ceuticals, certain other drugs, such as those used in pharma- 
cological intervention studies, frequently are dispensed by nu- 
clear pharmacists. 

The nuclear pharmacist is responsible for ensuring that the 
radiopharmaceutical dosage is not only consistent with the 
prescription order, but is also appropriate based on patient 
history and other factors such as age, weight, sex, surface area, 
and gamma camera sensitivity. Radioactive decay between 
preparation and dispensing times and between dispensing and 
administration times must be taken into account. Most of these 
calculations, historically done manually, routinely are incorpo- 
rated in computer software programs. Since most radiophar- 
maceuticals are parenteral products, the nuclear pharmacist 
must adhere to aseptic technique. With some radiopharmaceu- 
ticals, it is necessary for the nuclear pharmacist also to con- 
sider the total mass, the number of particles, or the amount of 
nonradioactive chemical that is present in the dispensed prod- 
uct. Radiopharmaceuticals also are subject to special labeling 
requirements such as inclusion of the standard radiation sym- 
bol and the words Caution—Radioactive Material. 

Distribution of radiopharmaceuticals within an institution 
is subject to institutional policies and procedures, generally 
involving lead-lined boxes or other shielded containers labeled 
with identifying information. Distribution of radiopharmaceu- 
ticals from a centralized nuclear pharmacy to other institutions 
is subject to local, state, and federal regulations, including 
those promulgated by state boards of pharmacy, the Depart- 
ment of Transportation (DOT), and the Nuclear Regulatory 
Commission (NRC). These requirements generally relate to 
packaging, labeling, shipping papers, and other recordkeeping, 
as well as general issues related to shipper and carrier licens- 
ing and personnel training. 

Health and safety are crucial elements of nuclear phar- 
macy practice. Radiation safety standards, including limits for 
radiation doses, levels of radiation in an area, concentrations of 
radioactivity in air and waste water, waste disposal, and pre- 
cautionary procedures have been established and are enforced 
by the NRC. Although radiation protection may be the most 
visible and most regulated, other aspects of health and safety 
are also important. Hazardous chemicals, such as chromatog- 
raphy solvents, must be stored, handled, and disposed of using 
proper techniques, personal protective devices, containers, and 
environment. Biological specimens, such as blood samples ob- 
tained for preparation of labeled red cells or leukocytes, must 
be handled as potentially infectious, using universal precau- 
tions. Lastly, physical exertion, such as lifting heavy lead 
shields, must be done with appropriate care. 

Provision of information and consultation is a highly 
important function of nuclear pharmacists. Employing both 
oral and written communication skills, nuclear pharmacists 
convey their expert knowledge to physicians, technologists, 
other pharmacists, patients, and others. In addition to just 
reciting facts, the nuclear pharmacist should provide appropri- 
ate context and perspective so that the information is useful. 
Types of information provided include the biological effects of 
radiation, radiation physics and radiation protection, radio- 
pharmaceutical chemistry, radiopharmaceutical compounding 
and quality assurance, radiopharmaceutical products, clinical 
applications of radiopharmaceuticals, pharmacological inter- 
ventions and drug interactions associated with radiopharma- 
ceuticals, adverse reactions to radiopharmaceuticals, radio- 
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pharmaceutical product defects, and regulatory requirements 
affecting the use of radiopharmaceuticals. This information 
may be of general applicability (eg, teaching), of organizational 
value (eg, policies and procedures), or of pertinence to the care 
of specific patients (eg, pharmaceutical care). 

Monitoring patient outcome is an important component 
in the concept of pharmaceutical care. In a broad sense, this 
encompasses many different activities that, taken together, 
ensure optimal outcomes for individual patients. Within the 
scope of his or her practice, a nuclear pharmacist can assist in 


1. Ensuring that patients are appropriately referred to nuclear med- 
icine. 

2. Developing institutional standards for the rational use of radio- 
pharmaceuticals and ancillary medications and conducting drug 
use evaluations for these drugs. 

3. Prospectively screening patients regarding appropriate use of ra- 
diopharmaceuticals and ancillary medications. 

4. Evaluating the safety and efficacy of radiopharmaceutical and 
ancillary medications. 

5. Ensuring that patients receive proper preparation prior to receiv- 
ing radiopharmaceuticals and ancillary medications. 

6. Ensuring that appropriate interventions are used to enhance nu- 
clear medicine procedures. 

7. Ensuring that clinical problems associated with the use of radio- 
pharmaceuticals or ancillary medications are prevented or recog- 
nized, investigated, and rectified. 

8. Monitoring the safety and efficacy or outcomes of individual pa- 
tients’ drug regimens, surgical interventions, and other therapeu- 
tic measures using imaging modalities and radiometric technol- 
ogy. 

9. Administering therapeutic or diagnostic radiopharmaceuticals 
and ancillary medications and performing nuclear medicine pro- 
cedures. 

10. Ensuring that information gained through the use of diagnostic 
radiopharmaceuticals is included as an integral component of a 
patient’s therapeutic care plan. 


While some of these activities (eg, conducting drug use evalu- 
ations) have an indirect impact on patient care, most have a 
direct impact on the care of the individual patients and, hence, 
their outcome. 

Research and development of new radiopharmaceuticals 
and clinical applications are vital for the viability and future 
growth of nuclear medicine and the nuclear pharmacy profes- 
sion. Nuclear pharmacist involvement may include participa- 
tion in the development of new radiopharmaceuticals, includ- 
ing product design and laboratory testing. Similarly, nuclear 
pharmacists may participate in developing new compounding 
procedures or quality-control testing methods for existing ra- 
diopharmaceuticals. A frequent area of nuclear pharmacy in- 
volvement is participation in clinical trials of investigational 
radiopharmaceuticals and in the evaluation of new uses for 
existing radiopharmaceuticals. In addition, nuclear pharma- 
cists often serve as members on institutional radiation safety 
and radioactive drug research committees. 


REGULATIONS 


Regulation of nuclear pharmacy practice has a fairly complex 
history due largely to the dichotomous nature of radiopharma- 
ceuticals, which are viewed as both radioactive materials and 
as drug products. During the formative years of nuclear med- 
icine, radiopharmaceuticals were controlled chiefly by the 
Atomic Energy Commission (AEC), since they typically con- 
tained by-product (ie, produced in a nuclear reactor) radionu- 
clides. The 1954 Atomic Energy Act authorized the AEC to 
license the possession, use, and transfer of by-product materi- 
als, including radiopharmaceuticals. The AEC was replaced, in 
part, in 1975 by the NRC, which continues to have responsi- 
bility for licensing and other regulatory functions pertaining to 
by-product radioactive materials. Accelerator (eg, cyclotron) 
produced radionuclides have increasingly been used in radio- 
pharmaceuticals. Because the NRC has authority to regulate 
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by-product materials only, individual states are responsible for 
regulating accelerator-produced materials in a manner similar 
to their regulation of X-ray-producing machines. In addition, 
the NRC has entered into agreements with about 30 states, 
referred to as Agreement States, whereby authority to control 
by-product materials has been transferred to the analogous 
state agencies. Hence, under the current regulatory scheme, 
the NRC regulates by-product materials only in non— 
agreement states, the non—agreement states regulate X-ray 
machines and accelerator-produced materials only, and 
agreement states regulate all radioactive materials and X-ray 
machines. 

The primary responsibility of the NRC (and analogous state 
agencies) is to provide for the radiation safety of workers and 
the general public, to protect their health and minimize danger 
to life and property. In a series of chapters in Title 10 of the 
CFR, the NRC promulgates standards for radiation protection, 
licensing of facilities handling radioactive materials, the med- 
ical use of radioactive materials, and the packaging and trans- 
portation of radioactive materials. Each of these chapters af- 
fects the practice of nuclear pharmacy. For example, 10 CFR 
Part 19 delineates requirements for providing instructions to 
workers regarding radiation safety practices, for reporting to 
workers their radiation exposures, and for notifying workers of 
their rights regarding inspections. 10 CFR 20 specifies radia- 
tion protection standards including maximum radiation dose 
limits to workers, the general public, and pregnant women; 
radiation monitoring of physical facilities and of personnel; 
proper use of radiation symbols, signs, and labels; receiving 
and opening packaging containing radioactive materials; and 
storage, control, and waste disposal of radioactive materials. 10 
CFR 30 and 32 describe, respectively, rules involved with li- 
censing for the handling and use of radioactive materials and 
for the manufacture and/or distribution of radioactive materi- 
als. Nuclear pharmacies, as commercial distributors of radio- 
active materials, are licensed pursuant to Part 32 regulations. 
10 CFR 35 details requirements for the medical use of radio- 
active materials, including administrative responsibilities of 
the radiation safety program; technical and recordkeeping re- 
quirements for maintenance and use of radiation instruments, 
for handling radiopharmaceutical dosages, and for environ- 
mental and personnel surveys; specific procedural require- 
ments involved in the use of radiopharmaceuticals for uptake 
dilution and excretion studies, for imaging and localization 
studies, and for therapy; and training and experience require- 
ments for radiation safety officer and health-care professionals. 
10 CFR 71 specifies standards for packaging of radioactive 
materials for transport. 

An important philosophy mandated in these regulations is 
ALARA, an acronym for maintaining radiation exposures As 
Low As Reasonably Achievable. In practice, this means that 
management and workers must strive to keep radiation expo- 
sures well below maximum permissible limits. Typical ALARA 
goals are radiation exposures that are no more than 10 or 30% 
of the applicable limit, depending on type of worker activity. 
ALARA is achieved by judicious application of radiation pro- 
tection principles (viz, time, distance, and shielding) and con- 
tamination control. 

The regulation of radiopharmaceuticals as drug products 
also has an interesting history. The enactment in 1962 of the 
Kefauver-Harris Amendments to the FD&C Act significantly 
increased federal control of the development, production, and 
premarket testing of drugs. These new requirements severely 
threatened the availability of radiopharmaceuticals, which 
many considered to be not real drugs anyway because of their 
lack of pharmacological effects. This potential problem was 
averted, however, when the FDA promptly issued a temporary 
exemption for radioactive new drugs from these regulations, 
provided they were distributed in complete compliance with 
existing AEC regulations. The temporary exemption was re- 
scinded, in part, in 1971 and subsequently totally revoked in 
1975. Thereafter, radiopharmaceuticals have been regulated 


by the FDA in the same manner as all other drugs. This 
includes testing for safety and efficacy under Investigational 
New Drug (IND) provisions, approval for marketing drugs or 
biologicals through the New Drug Application (NDA) pro- 
cess, production under Current Good Manufacturing Prac- 
tices (CGMPs), and information in labeling and promotional 
materials. 

Although the legislative intent of the FD&C Act was that it 
would not interfere with the practices of medicine and phar- 
macy, the highly specialized practice of nuclear pharmacy led 
to confusion and uncertainty as to which compounding activi- 
ties constituted manufacturing and which were included in the 
traditional practice of pharmacy. Hence, in 1984, the FDA 
published its Nuclear Pharmacy Guideline: Criteria for Deter- 
mining When to Register as a Drug Establishment. In addition 
to common nuclear pharmacy compounding activities, such as 
those involving generator-produced Tc-99m and reagent kits, 
the FDA specifically stated that a nuclear pharmacy that “op- 
erates an accelerator or nuclear reactor to provide radionu- 
clides and radiochemicals to manufacture radioactive drugs to 
be dispensed under a prescription” does not have to register as 
a drug establishment. This statement was especially important 
for PET radiopharmaceuticals, whose short half-lives (2, 10, 20, 
and 110 minutes for O-15, N-13, C-11, and F-18, respectively) 
effectively preclude traditional bulk manufacturing and wide 
distribution and thus require preparation in close proximity to 
the location of use. 

On February 27, 1995, the FDA announced a new regula- 
tory scheme for PET radiopharmaceuticals. In a Federal Reg- 
ister notice entitled Regulation of Positron Emission Tomogra- 
phy Radiopharmaceutical Drug Products, the FDA stated that 


All facilities that manufacture PET radiopharmaceuticals must 
be registered with FDA in accordance with FDA regulations on 
the registration and listing of producers of drugs. Facilities that 
manufacture PET radiopharmaceuticals are not exempt from 
registration under §1A207.10 because their activities do not fall 
within the scope of the regular course of the practice of the 
profession of pharmacy. This policy statement supersedes the 
Nuclear Pharmacy Guideline: Criteria for Determining When to 
Register as a Drug Establishment, issued by the FDA in May, 
1984. 


This notice also stated that all PET radiopharmaceuticals 
used for clinical patient procedures must first be the subject of 
an approved NDA or ANDA. During proceedings in a lawsuit 
brought against the FDA on this issue, the FDA argued that 
PET radiopharmaceuticals are new drugs (ie, drugs that are 
not yet recognized as safe and effective) and that practice of 
pharmacy exemptions only apply to approved drugs, not to new 
drugs. The court, in upholding the FDA’s notice to regulate 
PET radiopharmaceuticals, set a precedent that all com- 
pounded drugs, because the final compounded drug product is 
not FDA-approved, can be considered to be new drugs and 
therefore fall under FDA regulation. Since this would essen- 
tially prohibit all extemporaneous compounding in spite of 
medical necessity, Congress incorporated pharmacy compound- 
ing provisions in the FDA Modernization Act of 1997. 

Included in these 1997 amendments to the FD&C Act are 
provisions concerning compounding of drugs by pharmacists or 
physicians for identified patients pursuant to a valid prescrip- 
tion order. However, this legislation contains a clause that 
these provisions do not apply to radiopharmaceuticals and 
compounded PET drugs. With regard to radiopharmaceuticals, 
the associated Conference Report states that “nothing in [the 
radiopharmaceutical exclusion clause] is intended to change or 
otherwise affect current law with respect to radiopharmaceu- 
ticals.” It thus appears that the FDA’s 1984 Nuclear Pharmacy 
Guidelines continue to apply for the compounding of radiophar- 
maceuticals. With regard to PET radiopharmaceuticals, how- 
ever, the legislation includes new provisions specific for com- 
pounded PET drugs. Briefly, these provisions revoke the 
February 27, 1995, Federal Register notice (vide supra) and 


allow, for 4 years, the compounding of PET radiopharmaceuti- 
cals in accordance with USP standards. However, they also 
require that the secretary of Health and Human Services es- 
tablish appropriate procedures for approval of PET radiophar- 
maceuticals as new drugs and develop appropriate current 
good manufacturing practice requirements for their prepara- 
tion. Thus, over a period of a few years, the preparation of PET 
radiopharmaceutica!s is expected to change from state-regu- 
lated professional practice compounding to FDA-regulated 
manufacturing. 

Radiopharmaceuticals, because of their radioactivity, also 
are classified as hazardous materials. Consequently, they are 
subject to regulation by a variety of other federal and state 
agencies. For example, the DOT regulates the transport of 
hazardous [radioactive] materials, the Occupational Safety and 
Health Administration (OSHA) regulates the handling of haz- 
ardous [radioactive] materials in the workplace, and the Envi- 
ronmental Protection Agency (EPA) regulates the disposal of 
hazardous [radioactive] waste. 

Regulation of nuclear pharmacists also reflects the dichoto- 
mous nature of their practice involving radiopharmaceuticals 
as both radioactive materials and drug products. Nuclear phar- 
macy practice, being highly technical and specialized, has pre- 
sented a rather unique challenge to the state boards of phar- 
macy. The National Association of Boards of Pharmacy (NABP) 
has assumed a leadership role in assisting individual state 
boards with guidance in this area. Since 1977, the NABP has 
published Model Regulations for Nuclear Pharmacy, a docu- 
ment that was developed and is maintained through timely 
revisions in consultation with the FDA, NRC, pharmacy pro- 
fessional organizations, and individual practicing nuclear 
pharmacists. Although variable, most state boards of pharmacy 
tend to follow, in large part, these NABP Model Regulations. 
One important part of these regulations is the recognition of a 
Qualified Nuclear Pharmacist. A recent version of the NABP 
Model Regulations contains the following definition: 


A Qualified Nuclear Pharmacist signifies a pharmacist who holds a 
current license issued by the Board, and who is either certified as a 
Nuclear Pharmacist by the Board of Pharmaceutical Specialties or 
satisfies each of the following requirements: 


1. Meets minimal standards of training for status as authorized user of 
radioactive material, as specified by the Nuclear Regulatory Com- 
mission [or Agreement State]; 

2. Has successfully completed a minimum of 200 contact hours of 
instruction in nuclear pharmacy and the safe handling and use of 
radioactive material from a nationally-accredited college of phar- 
macy, or other training program recognized by the Nuclear Regula- 
tory Commission [or Agreement State], with the minimum 200 
hours apportioned as follows: 

a. radiation physics and instrumentation (85 hours) 

b. radiation protection (45 hours) 

c. mathematics pertaining to the use and measurement of radioac- 
tivity (20 hours) 

d. radiation biology (20 hours) 

e. radiopharmaceutical chemistry (30 hours); 

3. Has attained a minimum of 500 hours of clinical/practical nuclear 
pharmacy training under the supervision of a qualified nuclear 
pharmacist in, but not limited to, the following areas, as described in 
the current APhA Nuclear Pharmacy Practice Standards: 

procuring radioactive materials 

compounding radiopharmaceuticals 

performing routine quality-control procedures 

dispensing radiopharmaceuticals 

distributing radiopharmaceuticals 

implementing basic radiation protection procedures 

consulting and educating the nuclear medicine community, pa- 

tients, pharmacists, other health professionals, and the general 

public; 

4. Has submitted an affidavit of experience and training to the Board. 
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Nuclear pharmacists also are regulated with regard to han- 
dling of radioactive materials, by the NRC and/or analogous 
state agencies. Initially, training and experience requirements 
to be named as an authorized user on a commercial nuclear 
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pharmacy license were based on the criteria used for physicians 
or radiation safety officers. In 1994, the NRC revised its regu- 
lations to recognize an Authorized Nuclear Pharmacist, who is 
defined 


to be a pharmacist who: 


a. Has current board certification as a nuclear pharmacist by the 
Board of Pharmaceutical Specialties, or 
b. 1. Has completed 700 hours in a structured educational program 
consisting of both: 


Didactic training in the following areas: 
Radiation physics and instrumentation; 
Radiation protection; 
Mathematics pertaining to the use and measurement of radioactivity; 
Chemistry of byproduct material for medical use; and 
Radiation biology; and 
Supervised experience in a nuclear pharmacy involving the following: 
Shipping, receiving, and performing related radiation surveys; 
Using and performing checks for proper operation of dose calibra- 
tors, survey meters, and, if appropriate, instruments used to mea- 
sure alpha- or beta-emitting radionuclides; 
Calculating, assaying, and safely preparing dosages for patients or 
human research subjects; 
Using administrative controls to avoid mistakes in the administra- 
tion of by-product material; 
Using procedures to prevent or minimize contamination and using 
proper decontamination procedures; and 


2. Has obtained written certification, signed by a preceptor autho- 
rized nuclear pharmacist, that the above training has been sat- 
isfactorily completed and that the individual has achieved a level 
of competency sufficient to independently operate a nuclear 
pharmacy. 


Prior to the NRC’s 1994 revision, associated regulations re- 
stricted radiopharmaceutical preparation and dispensing to 
FDA-approved products. Along with the recognition of autho- 
rized nuclear pharmacists, however, the NRC rescinded these 
restrictions to thereafter permit authorized nuclear pharma- 
cists to prepare and dispense extemporaneously compounded 
radiopharmaceuticals in addition to commercially manufac- 
tured products. 


EDUCATION AND CERTIFICATION 


Nuclear pharmacists are specialists who must gain certain 
knowledge and skills beyond those of generalist practitioners. 
To aid educators and to ensure compliance with regulations 
regarding the training of nuclear pharmacists, documents have 
been prepared that describe the didactic knowledge base and 
the practice experience components that should be included in 
a nuclear pharmacy training program. The ASHP has devel- 
oped standards for residency training in nuclear pharmacy. 
These standards include the qualifications of the training site, 
the nuclear pharmacy service, and the program director and 
preceptors, as well as the qualifications of the applicant. Stan- 
dards for the residency program itself also are presented, in- 
cluding detailed goal statements and associated educational 
objectives in areas such as practice foundation skills, direct 
patient care, drug information and drug policy development, 
and practice management. The Section on Nuclear Pharmacy, 
APhA has prepared guidelines for the training of nuclear phar- 
macists. The guidelines encompass a detailed syllabus for di- 
dactic instruction in 


Radiation physics and instrumentation; 
Mathematics of radioactivity use and measurement; 
Radiation protection and regulations; 

Radiation biology; 

Radiopharmaceutical chemistry; 

The clinical use of radiopharmaceuticals. 


COLES OS Ie 


A detailed listing of experiential components also is described 
within the document, along with the suggested number of 
contact hours for each major area. 
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Pharmacists may receive the training necessary to enter the 
practice of nuclear pharmacy by several approaches. A few 
schools of pharmacy offer a series of undergraduate elective 
courses to fulfill the didactic requirement. Practice experience 
is attained either through a nuclear pharmacy within the 
school or through a summer internship program. Postgraduate 
education through an MS degree program or a residency in 
nuclear pharmacy provides another route by which a pharma- 
cist can enter nuclear pharmacy practice. Many of the nuclear 
pharmacists in hospital practice have this type of educational 
background. A short course or certificate program can be em- 
ployed by a pharmacist to obtain the didactic training required 
by the NRC. These are available through some schools of phar- 
macy or a corporation and vary in length from 5 consecutive 
weeks on site followed by experiential training to several 
months in which didactic and experiential training are inter- 
mixed. 

Regardless of the educational approach to training, nuclear 
pharmacists can demonstrate their competency by gaining cer- 
tification in nuclear pharmacy. The Board of Pharmaceutical 
Specialties (BPS), established in 1976 by APhA, recognized 
nuclear pharmacy as the first specialty in pharmacy practice in 
1978. Since 1982, the BPS has offered certification examina- 
tions in nuclear pharmacy, with successful applicants earning 
the status of Board Certified Nuclear Pharmacist (BNCP). Pre- 
requisites for the certification examination include graduation 
from an accredited school of pharmacy, valid license to practice 
pharmacy, and at least 4000 hours of experience in nuclear 
pharmacy practice, of which 


Up to 2000 hours may be obtained from nuclear pharmacy course work 
completed in academic settings; 

Up to 2000 hours may be obtained from nuclear pharmacy residency 
programs; 

Up to 2000 hours may be obtained from internships in licensed nuclear 
pharmacies or health-care facilities; 

Up to 4000 hours may be obtained from nuclear pharmacy practice in a 
licensed nuclear pharmacy or health-care facility. 


Certification in nuclear pharmacy is issued for a period of 7 
years. Recertification for an additional 7 years can be gained by 
successful completion of one of two processes, either by reex- 
amination or by participation in BPS-approved professional 
development (continuing education) programs. 


PHARMACEUTICAL CARE 


Pharmaceutical care has been described as foundational to 
generalist practice. Moreover, pharmaceutical care typically 
has been defined as a practice in which the practitioner takes 
responsibility for a patient’s drug therapy needs for the purpose 
of positive patient outcomes. Hence, on the surface, the spe- 
cialty of nuclear pharmacy, which deals primarily with diag- 
nostic radiopharmaceuticals, may appear to fall outside the 
precepts of pharmaceutical care. However, when viewed more 
broadly, many activities routinely performed by nuclear phar- 
macists directly or indirectly contribute to positive patient 
outcomes. 

As noted in the introduction, nuclear medicine procedures 
are commonly employed to aid in the diagnosis of disease as 
well as to monitor therapeutic outcome. Both endeavors may be 
considered relevant to the concept of pharmaceutical care. Nu- 
clear pharmacists and pharmacists in general provide pharma- 
ceutical care through their knowledge of applications of radio- 
pharmaceuticals in nuclear medicine. Bone imaging to stage 
cancer followed by monitoring of the course of therapy is an 
example of the importance of a nuclear medicine procedure to 
pharmaceutical care. Determination of the ejection fraction of 
the heart prior to and during the course of therapy with doxo- 
rubicin, to monitor the cardiotoxicity of the cancer chemother- 
apy agent, is another important application of nuclear medi- 


cine relevant to the role of a pharmacist in the care of a patient. 
Nuclear medicine procedures also are applied to patients with 
myocardial ischemia prior to and following interventions to 
treat coronary artery disease. 

The pharmacological actions of therapeutic drugs frequently 
are used to increase the specificity or the sensitivity of nuclear 
medicine procedures as well as to reduce the time necessary to 
conduct certain studies. These procedures are termed drug 
intervention or pharmacological nuclear medicine procedures. 
A few examples of therapeutic drugs used as interventions 
include sincalide and morphine sulfate in hepatobiliary imag- 
ing procedures, acetazolamide in cerebral blood flow imaging 
procedures, dipyridamole and adenosine in myocardial perfu- 
sion imaging procedures, and furosemide and captopril in renal 
imaging procedures. Furosemide, for instance, is used to aid in 
the identification of a problem in the urinary tract. Following 
administration of a renally excreted radiopharmaceutical to 
the patient, a gamma camera monitors its accumulation in the 
renal collecting system. Once the collecting system is full, fu- 
rosemide is given IV. If the problem in the collecting system is 
caused by a ureteral obstruction, most of the radioactive urine 
will remain in the collecting system. If, on the other hand, there 
is a nonobstructive condition, such as dilation of the renal 
pelvis due to prior urinary tract surgery or a previous obstruc- 
tion, radioactive urine will flow out of the collecting system 
down the ureter to the bladder as a result of the diuretic action 
of the furosemide. 

This interventional procedure, employing a pharmacological 
drug with a radiopharmaceutical, is useful in assessing the 
need for surgery versus a less drastic, less invasive medical 
treatment. The outcome of the procedures, as well as any 
subsequent follow-up procedure, will be very important in the 
management of the patient. The nuclear pharmacist can help 
develop protocols for drug intervention procedure. Dosing, stor- 
age, treatments for adverse reactions, and information on con- 
traindications for interventional drugs are other traditional 
services that the nuclear pharmacist can provide. When several 
therapeutic drugs are available for the same interventional 
procedure, the nuclear pharmacist may become a member of 
the medical team responsible for selection of the optimal agent 
for the patient population or individual patient. 

While some therapeutic drugs are useful in nuclear medi- 
cine, others may adversely affect the localization and/or kinet- 
ics of the radiopharmaceutical. For example, agents listed in 
Table 104-1 may decrease the uptake of radioiodide given to a 
patient to determine thyroid function. If the agent reduces the 
amount of radioactivity taken up by the thyroid, a patient with 
hyperthyroidism might be underdiagnosed as having less se- 
vere disease or misdiagnosed as normal. This could lead to 
inadequate treatment of the patient’s condition or, if the inter- 
ference was recognized, delay appropriate treatment until 
valid testing could be repeated. Several agents have been doc- 
umented to interfere with the biodistribution of Ga-67 gallium 
citrate, a radiopharmaceutical used to aid in the location of 
certain tumors and sites of infection. For example, antineoplas- 
tic agents have been shown to adversely affect the localization 
of Ga-67 gallium citrate. Because patients may be on chemo- 
therapy, it is important to monitor for such medications prior to 
a nuclear medicine procedure with Ga-67 gallium citrate. The 
need to monitor for medications and other agents prior to a 
bone imaging procedure is important also. As may be noted in 
Table 104-2, unexpected organ uptake or a decrease in skeletal 
uptake of the bone-imaging radiopharmaceutical may occur 
from several different types of drugs or compounds taken by 
the patient before the nuclear medicine procedure. 

The nuclear pharmacist provides pharmaceutical care by 
monitoring for interfermg drugs and other agents prior to a 
nuclear medicine procedure or following the procedure if ques- 
tions arise concerning the outcome. Since nuclear pharmacists 
are not always present within the hospital or clinic, they may 
provide care by developing and sharing information with nu- 
clear medicine personnel or hospital pharmacists involved in 


Table 104-1. Selected Drugs That May Affect 
Radiopharmaceutical Distribution in Thyroid-Imaging 
Studies—Factors Causing Decreased 
Radiopharmaceutical Uptake 


Adrenocorticosteroids 
Aminosalicylic acid 


Liothyronine sodium 
Lithium 


Androgens Lugol’s solution 
Anticoagulants (heparin, Meglumine diatrizoate 

warfarin) Meprobamate 
Antihistamines Methimazole 
Antithyroid drugs Morphine 


Antitussives 
Benzodiazepines 
Cholecystographic agents (oral) 


Para-aminosalicylic acid 
Perchlorates 
Phenylbutazone 


Cimetidine Phenytoin 
Clioquinol Propylthiouracil 
Competing anions (Br_, ClO;, Resorcinol 
BF,, SCN) Salicylates 
Corticotropin Sodium diatrizoate 
Epinephrine Sodium nitroprusside 
Estrogens Sulfonamides 
Expectorants (iodine- Sulfonylureas 
containing) Thiocyanates 


Fluorides (inorganic) 

lodides (inorganic & topical) 

lodinated radiopaque contrast 
media 

lodine tincture 

lodine-containing collyria 

lodoquinol 

Liotrix 


Thiopental 

Thyroglobulin 

Thyroid extracts 

Thyroxine 

Tolbutamide 
Sulfobromophthalein 
Vitamin/mineral supplements 


drug monitoring. Prescreening for potential problems can be 
helpful in preventing excessive cost through repeat studies as 
well as limiting the radiation dose to the patient. Pharmaceu- 
tical care also is practiced by nuclear pharmacists through 
their knowledge of potential problems in radiopharmaceutical 
product preparation and formulation that may result in a ra- 
diopharmaceutical of poor quality leading to problems in the 
nuclear medicine procedure. 

The basic clinical activities of a nuclear pharmacist are 
similar to those conducted by pharmacists in other areas of 
practice. The nuclear pharmacist is the product information 
specialist for nuclear medicine personnel and patients. In-ser- 
vice presentations on new products, drug information, and 
agents or situations that may compromise a study are the 
responsibility of the nuclear pharmacist. Information on trade- 
name versus generic products, chemical names, dosage forms, 
common dosages, and sources of products are provided by the 
nuclear pharmacist. Cost and availability are important con- 
siderations in nuclear medicine. This is especially true because 
of the short half-lives of radionuclides used in radiopharmaceu- 
ticals. Scheduling of patients and the timely availability of the 
radiopharmaceutical needed for the study are critical to con- 
ducting nuclear medicine services at an economically accept- 
able level. Counseling patients, ensuring discontinuation of 
medications or other agents that may interfere with the biodis- 
tribution of a radiopharmaceutical, and individualized dosage 
calculations are examples of pharmaceutical care supplied by 
nuclear pharmacists. 

The nuclear pharmacist must be aware of the route of elim- 
ination of a radiopharmaceutical and conditions that may ad- 
versely affect elimination. The status of kidney function can be 
of significance for radiopharmaceuticals eliminated by the kid- 
neys. The bilirubin level may affect the elimination of radio- 
pharmaceuticals employed in hepatobiliary procedures, such as 
those conducted in infants to distinguish biliary atresia from 
neonatal hepatitis. Radiopharmaceutical dose calculations are 
important in such situations and, thus, constitute an important 
role for nuclear pharmacists. The potential absorbed radiation 
dose to the patient may be affected by the status of the route of 
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elimination and, of course, pediatric versus adult population. 
Also, radiation dosimetry is of significance in radiation expo- 
sure to the fetus in the pregnant woman. A routine question for 
women of childbearing age is, “Are you pregnant or is there a 
possibility that you might be pregnant?” If the woman later 
found that she was pregnant or if the nuclear medicine proce- 
dure on a known pregnant woman is considered beneficial 
relative to the risk, the nuclear pharmacist can calculate the 
potential radiation dose to the fetus, knowing the specific organ 
distribution for the radiopharmaceutical, the dosage of radio- 
activity given, and the type of radiation emitted by the radio- 
nuclide, as well as other factors. 

Nuclear pharmacists provide pharmaceutical care to breast- 
feeding women. There is concern for radiation exposure to the 
nursing child and increased exposure to the woman’s breast 
from the radiopharmaceutical. Knowledge of the true risk is 
critical because the benefit of the study would be lost if the 
procedure were not conducted when the risk was minimal and, 
conversely, if the study were conducted when the risk was 
excessive in comparison to the benefit. Many factors influence 
the risk to the child from ingestion of the radioactivity such as 
the radiopharmaceutical, the characteristics of the radionu- 
clide, the amount of radioactivity given to the mother, and the 
frequency and volume of feeding. Several guidelines have been 
published that address the course of action, which may be 
interruption for a given time interval or total cessation of 
breastfeeding.’ * Using patient-specific data and certain as- 
sumptions, the nuclear pharmacist can determine the appro- 
priateness and applicability of these guidelines and formulate 
specific recommendations for individual patients. 

While documented adverse reactions to radiopharmaceuti- 
cals are comparatively rare, the nuclear pharmacist provides 
pharmaceutical care by monitoring for adverse reactions. 
Adverse reactions to radiopharmaceuticals, if they do occur, 
are usually mild and transient and require little medical 
treatment. The most common of these is a rash associated 
with Tc-99m diphosphonate bone agents. However, a few life- 
threatening reactions, typically anaphylaxis, have been re- 
ported. The nuclear pharmacist should ensure that epineph- 
rine, pressor amines, corticosteroids, antihistamines, and 
advanced cardiopulmonary life-support systems are readily 


Table 104-2. Drugs and Agents That May Affect 
the Disposition of Technetium-99m Bone Agents” 


Unexpected organ uptake of the radiopharmaceutical due to 
the presence of 


Methotrexate 
Penicillamine 
Pentamidine 


Allopurinol 
Aluminum-containing antacids 
Amphotericin B 


Bleomycin Radiation therapy 
Calcium gluconate RBC? transfusions 
Cisplatin Sodium diatrizoate 
Cocaine Sodium iothalamate 
Cyclophosphamide Stannous ions 
Dextrose (intravenous) Verapamil 
Doxorubicin Vincristine 


lron therapy 


Decreased bone uptake of the radiopharmaceutical due to the 
presence of 


Indomethacin 

lodinated contrast media 

Iron therapy 

Parathyroid hormone 
Inorganic phosphates (enema) 
Steroid therapy 

Vitamin D3 


Calcitonin 

Calcium 
Corticosteroids 
Dichloromethane 
Estrogens 
Etidronate disodium 
Ferrous salts 
Glucocorticoids 


? Technetium-99m phosphate or phosphonate. 
© RBC, red blood cell. 
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available in the unlikely event that a severe reaction was to 
occur. Also, the nuclear pharmacist can dispel unrealistic fears 
of allergic reactions to radiopharmaceuticals, such as a patient 
scheduled for a diagnostic thyroid procedure using radioactive 
iodine who has a history of reactions to X-ray contrast media or 
to seafood. In this instance, the nuclear pharmacist can reas- 
sure the patient that the radiopharmaceutical and X-ray con- 
trast media are distinctly different in chemical structure and 
that the mass of radioactive iodine to be administered is only 
one millionth of the average daily ingestion of iodine from 
dietary sources. 

Drug Utilization Evaluation (DUE) and Drug Utilization 
Review (DUR) are important functions for nuclear pharma- 
cists, especially in a larger institutional setting. A prime exam- 
ple is associated with the nuclear medicine procedure employed 
to differentiate between an infarcted and ischemic condition in 
the heart. A radiopharmaceutical that localizes in myocardial 
muscle in proportion to coronary perfusion is injected during 
stress, commonly induced by graded exercise on a treadmill. 
Imaging is performed after this stress and also, separately, 
while the patient is in a resting state. Differentiation between 
an infarcted and an ischemic area can be obtained by compar- 
ison of images at rest and images at stress. If the patient has 
experienced a myocardial infarct, the damaged tissue will con- 
tain less radioactivity than the healthy tissue when the heart is 
either at rest or stressed. If, however, the patient has ischemic 
heart disease, the affected area will appear normal at rest but 
will show significantly less than normal radioactivity at stress, 
because of stress-induced ischemia. The pharmacologically in- 
duced vasodilatory effect of dipyridamole or adenosine can 
substitute for exercise stress in patients who are unable to 
exercise adequately. Patients with peripheral vascular disease, 
elderly or obese patients, patients with orthopedic problems or 
on B-blockers are examples of candidates for pharmacological 
stress. The nuclear pharmacist can be extensively involved in 
DUE or DUR activities associated with these procedures. 

Patient-specific pharmaceutical care presents a major chal- 
lenge for nuclear pharmacists practicing in a commercial 
centralized nuclear pharmacy. These pharmacists typically 
dispense unit dose radiopharmaceuticals to physicians in hos- 
pitals or clinics; they have little if any direct patient interaction 
and have only limited, if any, access to patient medical records. 
In most states, these nuclear pharmacists are exempted from 
mandatory requirements for patient counseling. Hence nearly 
all pharmaceutical care activities, either general or patient- 
specific, are undertaken indirectly through physicians and 
other health-care providers. This situation could be improved 
by establishing convenient mechanisms for nuclear pharma- 
cists to access patient information (eg, by electronic network- 
ing) and to communicate directly with patients (eg, video tele- 
conferencing). Another viable approach could be to establish a 
close working relationship with one or more on-site hospital or 
clinic pharmacists. This partnering between a nuclear pharma- 
cist specialist and another pharmacist, somewhat analogous to 
physician generalists consulting with physician specialists, 
could be an efficient way for nuclear pharmacist specialists to 
provide enhanced pharmaceutical care to many more patients. 


EXPANDED SERVICES IN RADIOLOGY 

EL TA 
Nuclear pharmacists basically provide radiopharmaceuticals 
and professional services to nuclear medicine. However, some 
nuclear pharmacists have encouraged the expansion of services 
to encompass the entire field of radiology. Imaging modalities 
such as computerized tomography (CT), magnetic resonance 
imaging (MRI), ultrasound, and other radiographic procedures 
as well as nuclear medicine are used commonly to aid in the 
determination of a disease state and to monitor therapeutic 
outcomes. Hach of these diagnostic imaging modalities employs 


some form of contrast agent to enhance the utility of the imag- 
ing procedure. All of these agents are classified as drugs. They 
have specified indications, contraindications, warnings, pre- 
cautions, and dosages. Adverse reactions may occur from con- 
trast agents. The use of contrast agents prior to another imag- 
ing procedure may compromise the outcome of the second 
procedure. Patient preparation prior to an imaging procedure 
is important. Patient counseling is another concern for those 
who conduct imaging procedures. Therapeutic drug interven- 
tion may be employed in imaging modalities other than nuclear 
medicine. It is obvious that the services of a pharmacist should 
be provided to patients and personnel in radiology. While the 
nuclear pharmacist is the logical person to serve radiology, the 
physical location and time constraints of many nuclear phar- 
macists do not allow the full extent of pharmaceutical care that 
should be provided. Nonetheless, even the nuclear pharmacist 
in a centralized nuclear pharmacy can serve as a valuable 
source of information and can partner with institutional phar- 
macists. Pharmacists in community and hospital settings can 
establish working relationships with nuclear pharmacists who 
can provide consultation in these areas. 


CONCLUSIONS 

SR TEE TT 
Nuclear pharmacy is a specialized practice of pharmacy focus- 
ing on radiopharmaceuticals. Nonetheless, the basic functions 
and responsibilities of the nuclear pharmacist are the same as 
those for others that practice pharmacy. The nuclear pharma- 
cist is an expert in a specific class of drugs but also must remain 
current on all medications employed in the treatment of dis- 
ease, especially those used for interventional studies, those 
that potentially interfere with nuclear medicine procedures, 
and those whose effectiveness may be monitored by nuclear 
medicine studies. The knowledge and capabilities of a nuclear 
pharmacist build upon the basic skills and knowledge imparted 
to all pharmacists through the education required to enter the 
practice of pharmacy. Additional training can be attained to 
enter the field of nuclear pharmacy by several routes. 

The specialty practice of nuclear pharmacy has been instru- 
mental in leading pharmacy into the development and the recog- 
nition of specialties in pharmacy. The dedication of early pioneers 
and the support of professional pharmacy organizations have 
been of great significance in the development of nuclear pharmacy 
to the degree of excellence experienced today. Practitioners, edu- 
cators, and other professionals are challenged by the past to build 
on and surpass the success of those that have gone before. As is 
true for all of pharmacy, the future of the profession cannot stand 
upon the past, but only on innovative care and services provided 
by those with a vision for the future. 
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CHAPTER 905 


The functions of all living organisms depend on chemical reac- 
tions. For example, conversion of sugar to carbon dioxide and 
water with the release of energy proceeds through a series of 
chemical reactions, each of which requires a biological catalyst 
for the reaction to occur. Enzymes are proteins that serve as 
biological catalysts. Without these enzymes conditions for re- 
action would be required that would be incompatible with the 
life of the cell. Thus, enzymes play a vital role in the function of 
the normal cell. 

The importance of enzymes in normal body function is illus- 
trated dramatically in conditions when an enzyme is nonfunc- 
tional as a result of a disease state or a congenital abnormality. 
Patients with these inborn errors of metabolism are strikingly 
abnormal. Phenylketonuric infants who are born without the 
enzyme phenylalanine hydroxylase (which is responsible for 
the conversion of phenylalanine to tyrosine) develop motor 
disturbances; light coloration of the skin, hair, and eyes; and, 
and in early childhood (if not in infancy), remain mentally 
retarded. 

Since most chemical reactions in the body require the action 
of an enzyme, these biological catalysts often serve as the focal 
point for the regulation of body function. Increased enzyme 
activity accelerates the formation of a given product that may 
be essential for a particular function. The synthesis of norepi- 
nephrine illustrates this principle well. Heart rate will increase 
when norepinephrine is released from the sympathetic nerves. 
Norepinephrine is synthesized through a series of enzymatic 
reactions of which the rate-limiting, and therefore the most 
important, regulating enzyme is tyrosine hydroxylase. In- 
creased tyrosine hydroxylase activity brings about conversion 
of more tyrosine to dihydroxyphenylalanine (DOPA), which is 
converted by dopa decarboxylase to dopamine. Dopamine is 
converted to norepinephrine by the enzymatic activity of dopa- 
mine-B-hydroxylase. The formation of norepinephrine can be 
regulated by a number of factors, including a feedback mecha- 
nism. Increased levels of norepinephrine inhibit the enzyme 
tyrosine hydroxylase so that less norepinephrine is synthe- 
sized. Thus, levels of norepinephrine can control the amount of 
norepinephrine synthesized. 

The actions of a considerable number of drugs representing 
a wide variety of pharmacological agents depend on an enzyme- 
drug interaction. Notable examples demonstrating this diver- 
sity include the following: 


The hydrolysis of acetylcholine by cholinesterase is blocked in a 
competitive manner by physostigmine and in a noncompetitive manner 
by diisopropyl fluorophosphate, organophosphate insecticides, and sev- 
eral chemical warfare agents. 

The oxidation of norepinephrine and serotonin by monoamine oxi- 
dase (MAO) is inhibited by the antidepressant phenelzine. 

The oxidation of acetaldehyde to acetate by aldehyde dehydrogenase 
is inhibited by disulfiram. 
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The oxidation of arachidonic acid to prostaglandins by cyclooxygen- 
ase is inhibited by, and is the common mode of action of, nonsteroidal 
anti-inflammatory drugs such as aspirin and indomethacin. 

The hydrolysis of one of the cellular mediators of hormonal action, 
cyclic 3',5'-adenosine monophosphate, by phosphodiesterase is inhib- 
ited by methylated xanthines, such as caffeine and theophylline. 

The 11-hydroxylation reaction in the synthesis of cortisol, cortico- 
sterone and aldosterone is inhibited by metyrapone. 

The thyroid peroxidase responsible for the synthesis of thyroxine is 
inhibited by propylthiouracil and methimazole. 

The conversion of xanthine to uric acid by xanthine oxidase is 
inhibited by allopurinol, which is used therefore in the treatment of 
gout. 

The bacterial synthesis of the essential vitamin folic acid is compet- 
itively inhibited by the sulfonamide antibiotics. 

The cancer chemotherapeutic agent fluorouracil is converted to a 
compound that inhibits the enzyme thymidylate synthetase, which is 
needed for DNA synthesis. 


These examples illustrate the importance of drug-enzyme 
interactions in the pharmacological actions of therapeutic 
agents. The actions of drugs of the future also undoubtedly will 
depend on drug-enzyme interaction. Indeed, the pharmacolog- 
ical action of many drugs currently being prescribed by the 
physician probably will be found to involve such interplay. 
Since enzymes are involved so intricately in regulation of func- 
tion, it is only logical to suppose that drugs may increase or 
decrease function by stimulating or depressing enzyme activ- 
ity, respectively. A knowledge of enzymes and their properties, 
therefore, becomes increasingly important to the pharmacist, 
to understand the action of drugs. 

In addition to the action, the pharmacokinetics, drug inter- 
actions, and toxicities of many drugs depend on enzyme activ- 
ity. The enzymes responsible for these phenomena are those 
generally termed drug-metabolizing enzymes and are located 
predominately in the liver. Contrary to most others, these 
enzymes typified by cytochrome P-450 and UDP-glucuronosyl 
transferase exhibit broad substrate specificity. The ability to 
metabolize a wide variety of drugs to more-readily excretable 
products carries with it the potential for mutual competition 
when several drugs are administered simultaneously, thus al- 
tering the pharmacokinetics from that seen if a single drug is 
given. Toxicities arise from the two-phase nature of drug me- 
tabolism, the introduction of a reactive site suitable for conju- 
gation and masking of that site with an endogenous polar 
molecule to form an excretable water-soluble conjugate. Fail- 
ure to mask a reactive site allows it to interact with cell mac- 
romolecules (proteins, DNA, membranes) to produce cell dam- 
age, carcinogenesis, or cell death. 

PROPERTIES—Four properties of enzymes make them 
specialized catalysts. 


1. Most enzymes will catalyze only a specific range of reactions, and in 
many cases only one reaction will be catalyzed by a given enzyme. 
Some enzymes have a low degree of specificity; eg, pepsin hydro- 


Table 105-1. Pancreatic Enzymes: Dose and Dosage Forms 
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AMYLASE? DOSE 


TRADE NAME LIPASE? PROTEASE? 
Pancrease-MT 
Capsules 
MT4 4 12 
Pancrease 5 25 
MT10 10 30 
MT16 16 48 
MT20 20 44 
Ultrase MT Capsules 
MT12 12 39 
MT20 20 65 
MT24 24 78 
llozyme 11 30 
Cotazyme 5 20 
Cotazyme-S 8 30 
8X Pancreatin Tablets 2255 180 
Creon Capsules 8 13 
Creon 10 10 38 
Creon 20 20 7S) 
Ku-Zyme-HP Capsules 8 30 
VioKase 
Tablets 8 30 
Powder 16.8 70 
Zymase Capsules 12 24 


In units of lipase activity: children, 6 
mo to 7 yr, 2000 Units/meal; 7 to 6 
yr, 4000 to 8000 Units/meal; 7 to 12 
yr, 4000 to 12,000 Units/meal; 
adults, 4000 to 16,000 Units/meal 


12 

20 

30 

48 

56 

39 

65 

78 

30 

20 

30 1 to 3 capsules prior to each meal or 
snack 

180 1 or 2 tablets with each meal: 1 tablet 

with a snack 

30 Same as above 

33 1 to 3 capsules with each meal 

66 

30 

30 Same as above 

70 For cystic fibrosis, 1/4 tsp (0.7 g) with 
meals 

24 1 or 2 capsules with each meal 


? In thousands of USP Units/dosage unit. 


lyzes almost all soluble native proteins, but the hydrolysis is limited 
to certain very specific peptide linkages. On the other hand, urease 
is a highly specific enzyme; its only known substrate is urea. Almost 
all enzymes show a high degree of spatial specificity. Arginase acts 
only on L-arginine; it does not attack D-arginine. The specificity of 
enzymes is one of their most fundamental and important proper- 
ties. 

2. Enzymes are exceedingly efficient. Most enzymatic reactions, under 
optimal conditions, proceed 10° to 10'' times more rapidly than the 
corresponding nonenzymatic reactions. 

3. Enzymes as a group are exceptionally versatile catalysts. For ex- 
ample, they effectively catalyze hydrolytic reactions, dehydrations, 
acyl transfer reactions, oxidation-reduction reactions, polymeriza- 
tions, aldol condensations, and free-radical reactions. 

4. Enzymes are subject to a variety of cellular controls. Their final 
concentration and rate of synthesis are under genetic control. In 
addition, enzymes can be present in the cell in both inactive and 
active forms. The rate of conversion from inactive to active form is 
influenced by environmental changes; eg, phosphorylase b is con- 
verted to phosphorylase a very rapidly through a series of reactions 
that are triggered by the release of catecholamines. 


NOMENCLATURE—Enzymes usually are named in 
terms of the reactions that are catalyzed. Usually, the suffix 
-ase is added to the name of the substrate upon which the 
enzyme acts, ie, the enzyme that attacks urea is urease, and 
arginine is acted upon by arginase. Enzymes also are classified 
according to the reaction they catalyze, eg, reductases and 
dehydrogenases. Some older names that are unrelated to the 
function of the enzyme remain in usage, eg, rennin, trypsin, 
and pepsin. 

The Commission on Enzymes of the International Union of 
Biochemistry has established a complete but rather complex 
system of classification and nomenclature. According to this 
classification enzymes are divided into six general groups: 


1. Oxidoreductases—catalyzing oxidation-reduction reactions. 

2. Transferases—catalyzing transfer of a chemical group from one 
molecule to another. 

3. Hydrolases—catalyzing hydrolytic reactions. 

4. Lyases—catalyzing the addition of groups to double bonds or vice 
versa. 


5. Isomerases—catalyzing intramolecular rearrangements. 

6. Ligases (also known as synthetases)—catalyzing the condensation 
of two molecules, coupled with the cleavage of a pyrophosphate 
bond of ATP or similar triphosphate. 


In this system every enzyme is coded in a four-number system 
according to the type of reaction catalyzed, type of isomeriza- 
tion, type of bond hydrolyzed, etc. 

Many enzymes possess nonprotein chemical groups. Thus, 
an enzyme often can be dissociated into a protein component, 
an apoenzyme, and a nonprotein component, a prosthetic group. 
Prosthetic groups also are referred to as coenzymes or cofac- 
tors. Vitamins and certain metals are examples of these pros- 
thetic groups. 

Despite the ubiquity of enzymes in norma! physiology and 
as the basis of many drug effects and drug interactions, the use 
of enzymes as drugs is extremely limited. Being proteinaceous 
they can be inactivated by conditions and enzymes present in 
the gastrointestinal (GI) lumen if given orally and, if given 
parenterally, can elicit immune responses. Most of the enzymes 
currently available on the market are hydrolases (Group 3 
above). These enzyme preparations are of limited use in (1) 
debridement, ie, as aids in resolving and removing blood clots 
or fibrinous or purulent accumulations and (2) replacement 
therapy to correct certain GI deficiencies (Table 105-1). 


ALTEPLASE—page 1257. 
ASPARAGINASE—page 1484. 
COLLAGENASE 


Santyl 
A product of Clostridium histolyticum, which breaks down native and 
denatured collagen in necrotic (not in healthy) tissue at physiological 
pH and temperature. It is a fermentation-produced enzyme complex. 

Description—Fine, brown, amorphous powder; heat-labile. 

Solubility—Soluble in water or alcohol. 

Comments—Collagen constitutes about 75% of the dry weight of 
the skin and is the main constituent of necrotic debris and of the eschar 
that covers the surface of an ulcer; hence, collagenase is indicated for 
debridement of severely burned areas and dermal ulcers. Its effective- 
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ness in the treatment of other necrotic skin lesions requires further 
investigation. The enzyme is compatible with antibiotics such as poly- 
myxin B sulfate, neomycin, or bacitracin. It is adversely affected by 
heavy metal antiseptics, detergents, and hexachlorophene, so that 
these agents must be removed before using the enzyme. 


DEOXYRIBONUCLEASE RECOMBINANT 


Pulmozyme 


Dornase alpha is a purified solution of recombinant human deoxyribo- 
nuclease I produced in genetically engineered Chinese hamster ovary 
cells. It is sensitive to light and heat. 
Comments—Deoxyribonuclease selectively cleaves DNA, which is 
present at high concentrations in the secretions of cystic fibrosis pa- 
tients following release from leukocytes that accumulate in response to 
infection. Its action reduces the viscoelasticity of the secretion. 


HYALURONIDASE FOR INJECTION 


Wydase 
A sterile, dry, soluble, enzyme product prepared from mammalian (bo- 
vine) testes and capable of hydrolyzing mucopolysaccharides of the 
hyaluronic acid type; its potency is not less than the labeled potency in 
Hyaluronidase Units and it contains not more than 0.25 yg of tyrosine 
for each Hyaluronidase Unit. It may contain a suitable stabilizer. 

Description—White, odorless, amorphous solid or a nearly color- 
less glass-like solid; it is destroyed by heat; its solutions are colorless. 

Comments—Intercellular cement, which binds together the paren- 
chymal cells of organs; appears to be!a gel of highly polymerized poly- 
saccharide, hyaluronic acid. The latter is present in all organs but is 
most abundant in tissues of mesenchymal origin (eg, connective tissue 
and blood vessels); the testis is the richest source of hyaluronidase in 
mammals. Hyaluronidase hydrolyzes hyaluronic acid by splitting the 
glucosaminidic bond between carbon-1 of the glucosamine moiety and 
carbon-4 of glucuronic acid. Hyaluronidase accelerates the subcutane- 
ous spread of both particulate matter and solutions by depolymerizing 
the hyaluronic acid. This results in a larger area of distribution of drugs 
in the tissue spaces and facilitates their absorption. 

The chief clinical use of hyaluronidase is to facilitate administration 
of fluids by hypodermoclysis. It has been used as an adjunct in subcu- 
taneous urography to improve resorption of radiopaque agents and to 
enhance absorption of drugs in tissue spaces, transudates, and various 
edemas. Its use with local anesthetics is not recommended. Hyaluron- 
idase should not be used in infected areas because of the danger of 
spreading the infection. 


LACTASE 


Lactaid 
A B-p-galactosidase derived from Kluyveromyces lactis yeast. 
Comments—Added to, or ingested with, milk to convert the disac- 
charide lactose into glucose and galactose for patients suffering from 
lactase insufficiency (lactose intolerance). 


MALT EXTRACT—page 1034. 
PANCREATIC ENZYMES 


A substance containing enzymes, principally amylase, protease, and 
lipase, obtained from the pancreas of the hog, Sus scrofa Linné var. 
domesticus Gray (Fam Suidae) or of the ox, Bos taurus Linné (Fam 
Bovidae). 

Pancreatin contains, in each milligram, not less than 2 Units of 
lipase activity, not less than 25 Units of amylase activity and not less 
than 25 Units of protease activity. Pancreatin of a higher digestive 
power may be labeled with a whole-number multiple of the three min- 
imum activities or may be diluted by admixture with lactose or with 
sucrose containing not more than 3.25% of starch or with pancreatin of 
lower digestive power. 

Pancrelipase contains, in each milligram, not less than 24 Units of 
lipase activity, not less than 100 Units of amylase activity, and not less 
than 100 Units of protease activity. 

Description—Cream-colored, amorphous powders, with a faint, 
characteristic, but not offensive, odor. They hydrolyze fats to glycerol 
and fatty acids, change protein into proteoses and derived substances, 
and convert starch into dextrins and sugars. Their greatest activities 
are in neutral or slightly alkaline media; more than traces of mineral 
acids or large amounts of alkali hydroxides render them inert. An 
excess of alkali carbonate also inhibits their action. 

Solubility—Slowly and incompletely soluble in water; insoluble in 
alcohol. 


Incompatibilities—Mineral acids or excess alkali hydroxides or 
carbonates render it inert. They are precipitated by strong alcoholic 
solutions and by many metallic salts. 

Comments—In the treatment of patients with cystic fibrosis (mu- 
coviscidosis), chronic pancreatitis, partial or complete surgical pancre- 
atectomy, and other conditions associated with exocrine pancreatic 
insufficiency. The administration of pancreatin decreases the nitrogen 
and fat content of the stool. The use of pancreatin except in pancreatic 
insufficiency is of no known value. The efficacy of pancreatin in the 
treatment of gaseous distention has not been demonstrated. When 
treating pancreatic insufficiency, a high-caloric diet that is high in 
protein and low in fat is recommended. A significant amount of the 
enzyme activity can be lost by peptic digestion during passage through 
the stomach. The efficacy of pancreatin is enhanced by simultaneous 
administration of cimetidine, which increases intragastric pH. Dietary 
and enzyme regimens are best based on repeated clinical evaluation 
and, in hospitalized patients, periodic measurements of fecal fat and 
nitrogen loss. Since the underlying pancreatic deficiency is unchanged, 
replacement pancreatin therapy is permanent. At high doses, pancre- 
atin can cause nausea, abdominal cramps, and diarrhea. The enzyme 
dust is irritating to the nasal membrane, so inhalation should be 
avoided. 


PAPAIN 


Panafil 
A proteolytic enzyme from the fruit of the tropical melon tree, Carica 
papaya. It exhibits broad-spectrum specificity over a wide pH range, 
including peptides, amides, esters, and thioesters, all being susceptible 
to papain-catalyzed hydrolysis. Nonviable protein is susceptible, but it 
is harmless to viable tissue. 
Comments—In the debridement of necrotic tissue. 


SUTILAINS 


Travase 
A substance, containing proteolytic enzymes, derived from the bacte- 
rium Bacillus subtilis. Elaborated by fermentation with B subtilis and 
purified by filtration, salt and solvent precipitation, and lyophilization. 
Potency not less than 2,500,000 Casein Units of proteolytic activity/g. 

Description—Cream-colored odorless powder; do not taste (irritat- 
ing to oral membranes); stable in light, hygroscopic, and decomposes in 
solvents. 

Solubility—1 g in 100 mL of water; insoluble in alcohol or other 
organic solvents. 

Comments—An adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 2nd- and 3rd-degree 
burns; decubitus ulcers; incisional, traumatic, and pyrogenic wounds; 
and ulcers secondary to peripheral vascular disease. The enzyme 
digests denatured proteins found in necrotic tissues, and a moist 
environment is essential to optimal enzyme activity. Detergents and 
antiseptics may render the substrate refractory, and heavy-metal anti- 
bacterials may denature the enzyme. It is contraindicated for wounds 
communicating with body cavities or those containing exposed nerves 
or nervous tissue, for fungating neoplastic ulcers, and in wounds in 
women of childbearing potential. It should not be allowed to come in 
contact with the eyes. If this should occur inadvertently, the eyes should 
be rinsed immediately with copious amounts of water (preferably sterile 
water). 


CRYSTALLIZED TRYPSIN 


Granulex 

A proteolytic enzyme crystallized from an extract of the pancreas of the 
ox, Bos taurus Linné (Fam Bovidae); its potency is not less than 25,000 
Trypsin Units/mg. 

Description—White to yellowish white, odorless or amorphous 
powder. 

Solubility—An amount equivalent to 500,000 Units is soluble in 10 
mL water or saline TS; pH (1% soln) 3 to 5.5; max activity at pH 8. 

Comments—Promotes proteolysis of a variety of protein “sub- 
strates, including clotted blood, purulent exudates (pus), and necrotic 
tissue, but not living tissue. Especially in the presence of blood its 
duration of action is limited because of the presence of inhibiting sub- 
strates. Solutions also have been inhaled to liquefy viscous sputum. 


OTHER ENZYMES 


Fibrinolysin and Deoxyribonuclease [Elase]—A mixture of fi- 
brinolysin of bovine plasma and deoxyribonuclease obtained from bo- 
vine pancreas. These two enzymes function together when used topi- 
cally to lyse fibrin and liquefy pus, thus aiding in the removal of necrotic 
material from both the skin and certain body cavities. It is used as a 


debriding agent in surgical wounds, ulcerative lesions, and 2nd and 3rd 
degree burns and is used intravaginally in severe cervicitis and vagi- 
nitis. It is not suitable for parenteral use and is not to be used in 
thromboembolic diseases. The commercial product named above is sup- 
plied as a lyophilized powder (25 units of fibrinolysin and 15,000 units 
of deoxyribonuclease), from which a solution for topical use may be 
prepared, and in ointment form (30 units of fibrinolysin and 20,000 
units of deoxyribonuclease). It also is available combined with 1% 
chloramphenicol, but systemic toxicities with the antibiotic have been 
reported. 
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DIGESTIVE AIDS 


Numerous preparations, both prescription and OTC, are available as 
aids for digestion, particularly for conditions in which deficiencies of 
natural digestive enzymes exist. They contain some or all of the follow- 
ing categories of enzymes: amylolytic, proteolytic, cellulytic, and lipoly- 
tic. In addition, the preparations often include bile salts or bile extracts. 
a-D-Galactosidase is used to reduce gassiness or bloating following 
ingestion of grains, cereals, nuts, seeds, or vegetables containing raf- 
finose, verbascose, and stachyose. 


CHAPTER 106 


Vitamins and Other Nutrients 


Ernestine Vanderveen, PhD 

National Institute on Alcohol Abuse and 
Alcoholism 

National Institutes of Health 

Rockville, MD 20857 


John E Vanderveen, PhD 

Center for Food Safety and Applied Nutrition 
Food and Drug Administration 

Washington, DC 20204 


Man consumes food to provide him with energy for growth, 
maintenance of normal body functions, and work. Energy is 
made available through conversion of carbohydrate, fat, and 
protein, which yield 4, 9, and 4 kilocalories per gram of the 
nutrient, respectively, when completely metabolized. The pro- 
portion or each of these nutrient sources in the human diet 
varies with environment, food availability, culture, and per- 
sonal food behavior of the individual. 

In the US the percentage of total calories provided by car- 
bohydrate, fat, and protein in most diets is approximately 50, 
38, and 12%, respectively. There is growing evidence that the 
amount and form of carbohydrates and fats have a profound 
effect on the development of degenerative diseases. 

Metabolism, growth, and tissue repair require adequate 
ingestion of protein, minerals, vitamins, water, and oxygen. 
The latter two generally are not classed as nutrients in the 
usual sense but are substances that must be supplied on a 
continuing basis and in sufficient amount to sustain life. Cur- 
rent recommendations are that diets should not contain more 
than 30% of total calories from fat, of which not more than 
should be from saturated fat and not more than ¥3 from poly- 
unsaturated fat. The remainder of the fat will be monounsat- 
urated. Olive oil is a good source of monounsaturated fatty 
acids. 

Mineral elements present in organic compounds serve struc- 
tural, catalytic, and modulator roles in the metabolic processes. 
Minerals are present as free ions in body fluids, where they act 
osmotically as electrolytes. The solid structure of the body, 
which is primarily bone tissue, contains mineral compounds. 
Vitamins are a heterogeneous group of organic compounds that 
participate in metabolic processes in minute amounts com- 
pared with other nutrients. The combination of complex pro- 
cesses through which living animal organisms obtain and uti- 
lize these materials is nutrition. The various disciplines of 
study aimed at elucidating those processes are collectively 
termed nutritional science. 

Understanding of the significance of nutrients in human 
physiology has evolved largely from research studies on lower 
forms of life, mainly bacteria and animals such as the chicken, 
rat, guinea pig, mouse, dog, pig, and monkey. These studies 
have been substantiated and enlarged by clinical observations 
on human populations in healthy states and various conditions 
of disease, in malnutrition, and by some experimental studies 
conducted with human subjects. 

MISINFORMATION ABOUT FOOD-—A vast amount of 
confusion and nonscientific information surrounds the relation- 
ship of foods, as specially formulated food products, to health 
and prevention or cure of various disease conditions. The con- 
sumption of appropriate amounts of food selected from a vari- 
ety of plant and animal sources will, over a period of time, 
furnish adequate to abundant amounts of all known essential 
nutrients for virtually the entire population. 
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A very few individuals with inborn errors of metabolism or 
who have injury or diseases of the gastrointestinal (GI) tract or 
are exposed to substances that decrease absorption or alter 
metabolism of certain nutrients may need supplements or spe- 
cial foods to meet their needs. However, food behaviors of 
increasing numbers of people are influenced by misrepresenta- 
tions and false claims made for health foods, fad diets, and 
miracle cures by individuals and groups who profit from sale of 
such foods or ideas. Often these purveyors are convincing in 
their approach, claiming to have experienced a cure or present- 
ing evidence of their product’s success in curing people of a 
variety of real or imagined illnesses. When the unwary con- 
sumer uncritically accepts the advice of the purveyors of falsely 
labeled products in place of needed medical treatment, serious 
consequences can result. Risks incurred through following bi- 
zarre diet schemes for weight loss can be equally serious. 
Deaths have occurred from causes directly or indirectly asso- 
ciated with fad diets and other forms of self-diagnosis and 
treatment. 

The Food and Drug Administration (FDA) has the respon- 
sibility and authority to control interstate traffic of products 
that are promoted falsely. This includes authority to regulate 
nutritional supplements for safety; ensure that labeling is in- 
formative and accurate and does not contain false or mislead- 
ing statements; and ensure that supplements for infants, chil- 
dren under 12 years, pregnant women, and lactating women 
have appropriate potency. Compliance with regulations that 
pertain to safety, label requirements, and promotion is accom- 
plished through nationwide monitoring of labeling and compo- 
sition of the enormous number and variety of packaged foods in 
the market. Pharmacists and others who are informed in the 
sciences that make up nutritional science should report in- 
stances of false and misleading claims in labeling to the FDA. 

Particularly in the field of nutrition, where misinformation 
may endanger the health of individuals, consumers must be 
provided opportunity to learn to make sound decisions regard- 
ing their health and nutritional status. Effective nutrition ed- 
ucation programs are perceived to be essential if consumers are 
to make decisions in their own best interest when faced with 
the complexities of the modern marketplace. 

Pharmacists, because of their day-to-day contact with the 
public most directly concerned, have a responsibility to be 
well-informed to allay the fears that are created by pseudo- 
scientific writings of sensationalists and to protect the health 
as well as the pocketbooks of patrons. 

NUTRIENT REQUIREMENTS AND DIETARY STAN- 
DARDS—The determination of quantitative human require- 
ments for nutrients could be made if it were possible to corre- 
late known nutrient intake with specific biological responses in 
precisely controlled studies. Although that is not possible, 
there are three kinds of studies that do yield information that 
can be used for close estimation of requirements. 
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Table 106-1. Summary Table: Estimated Safe and Adequate Daily Dietary Intakes 


of Selected Vitamins and Minerals’” 


VITAMINS TRACE ELEMENTS® 
AGE BIOTIN PANTOTHENIC AGE COPPER MANGANESE FLUORIDE CHROMIUM 
CATEGORY (yr) (ug) ACID (mg) (yr) (mg) (mg) (mg) (yg) MOLYBDENUM (ug) 
Infants 0-0.5 10 2 0-0.5 0.4-0.6 0.3-0.6 0.1-0.5 10-40 15-30 
0.5-1 15 3 0.5-1 0.6-0.7 0.6-1.0 0.2-1.0 20-60 20-40 
Children and 1-3 20 3 1-3 0.7-1.0 1.0-1.5 0.5-1.5 20-80 25-50 
adolescents 
4-6 25 3-4 4-6 1.0-1.5 1.5-2.0 1.0-2.5 30-120 30-75 
7-10 30 45 7-10 = 1.0-2.0 2.0-3.0 1.5-2.5 50-200 50-150 
11+ 30-100 4-7 ie 1.5-2.5 2.0-5.0 1.5-2.5 50-200 75-250 
Adults 30-100 4-7 1.5-3.0 2.0-5.0 1.5-4.0 50-200 75-250 


* Reproduced from Recommended Dietary Allowances, ed 10. Washington, DC: NAS, 1989. 
» Because there is less information on which to base allowances, these figures are provided as ranges of recommended intakes. 
“ Since the toxic levels for many trace elements may be only several times usual intakes, the upper levels for the trace elements given in this table should not be 


exceeded habitually. 


Balance studies, which employ a method of comparing nutrient in- 
take and output and therefore measure body gain or loss of a stable 
component. 

Biochemical measurements of a nutrient, nutrient metabolites, or 
related functional and structural components in a body fluid, compart- 
ment, tissue, or excreta. 

Clinical evaluation and performance tests on subjects maintained 
on carefully controlled nutrient intakes to determine dietary levels that 
maintain health and will prevent deterioration of physiological and 
cognitive functions. 


Ideally, data from all three enable the investigator to deter- 
mine the smallest amount of a nutrient that will prevent defi- 
ciency symptoms or support a well-defined physiological or 
biochemical response, eg, the maintenance of serum ferritin 
levels in women of childbearing ages. An average requirement, 
however, is derived most often from such data to denote the 
amount of a nutrient that will support health in most persons 
of a given population group. It implies that the true require- 
ment for individuals may be either above or below the average 
for the group. Obviously, neither the perfect tool for deter- 
mining human requirements nor the perfect criterion of physi- 
ological and cognitive responses have yet been devised or 
ascertained. 

To use the knowledge about nutrient requirements in a 
practical way, ie, to develop dietary standards as goals for food 


selection, it is necessary to add amounts above estimated re- 
quirements as safety factors to cover both variation among 
individuals and the lack of precision inherent in the estimated 
requirement. The resulting values are called allowances, and 
the dietary standards used in the US are the Recommended 
Dietary Allowances (RDAs) developed by the Food and Nutri- 
tion Board of the National Academy of the Sciences—National 
Research Council (NAS-NRC) (see Chapter 100). The Food and 
Nutrition Board also published Estimated Safe and Adequate 
Daily Dietary Intakes for 12 nutrients for which less informa- 
tion existed than was necessary to establish allowances (Table 
106-1). 

In 1940 the FDA independently established a set of dietary 
standards called Minimum Daily Requirements (MDRs), which 
were used in labeling to help consumers relate the nutrient 
content claimed for certain foods to their own nutrient needs. 
In 1974 these were replaced by the FDA with a new set of 
labeling standards, the US Recommended Daily Allowances 
(US RDAs), which include values for more nutrients and which 
were adapted and condensed from the Food and Nutrition 
Board’s RDAs. To reduce confusion the FDA has renamed these 
labeling standards Reference Daily Intakes (RDIs). See Table 
106-2. Federal regulations require that manufacturers who 
make nutritional claims on the label of foods, including dietary 


Table 106-2. Reference Daily Intakes (RDIs) for Labeling Purposes 


CHILDREN UNDER 


ADULTS AND CHILDREN PREGNANT OR 


UNITS INFANTS 4 YR OF AGE 4 OR MORE YR OF AGE LACTATING WOMEN 
Vitamin A IU 1500 2500 5000 8000 
Vitamin D IU 400 400 400 
Vitamin E IU 5 30 30 
Vitamin C mg 35 60 60 
Folacin mg 0.1 0.2 0.4 0.8 
Thiamin mg 0.5 0.7 1.5 1.7 
Riboflavin mg 0.6 0.8 led/ 2.0 
Niacin mg 8 20 20 
Vitamin Bg mg 0.4 0.7 2 25 
Vitamin B,> ike) 2 6 8 
Biotin mg 0.05 0.15 0.3 0.3 
Pantothenic Acid mg 3 10 10 
Calcium g 0.6 0.8 1.0 1133 
Phosphorus g 0.5 0.8 1.0 1,3} 
lodine ike) 45 150 150 
lron mg 15 18 18 
Magnesium mg 70 400 450 
Copper mg 0.6 1.0 2.0 2.0 
Zinc mg 5 55) 15 
Protein g 14° 50° 60, 65° 


? Quality measured by Protein Efficiency Ratio (PER). 


’ Value for protein in adults and children 4 or more years of age is referred as a daily reference value and quality is measured by a scoring process based on 


amino acid content. 
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supplements, must include a statement of the percentages of 
the RDIs of the vitamins, minerals, and protein supplied by an 
amount of the food usually consumed or recommended for 
consumption in 1 day. 

Dietary standards are necessary and useful tools and are a 
means through which the findings in nutritional science can be 
applied for the improvement and maintenance of human 
health. They are assessed periodically and revised as new data 
become available. 

THERAPEUTIC NUTRITION—Any interference with 
the body’s ability to use the nutrients present in available food 
or, for that matter, its inability to obtain enough nutrients from 
the available food calls for the intervention by professionals 
who are able to diagnose and treat the condition. The treat- 
ment or therapy, may involve a range of actions from simple 
adjustment of nutrient intake to the intravenous feeding of 
special nutrient formulas. Diet therapy is practiced when a 
change in nutritional status of a patient can be effected grad- 
ually. This would be in cases in which it is important to main- 
tain optimal nutritional status during prolonged periods of 
physical stress, to bring about changes in body weight, and to 
adjust food intake (both qualitatively and quantitatively) when 
the body is functioning abnormally or when surgery or trauma 
have depleted the body’s reserves. Specific kinds of diet therapy 
also are needed for long periods, often for life, to compensate for 
inborn errors of metabolism. 

Radical means of therapy in both the management and 
treatment of certain conditions is often necessary. For example, 
in correcting a nutritional deficiency such as pernicious anemia 
and preventing its recurrence in a susceptible individual, large 
doses of the missing nutrient are administratered parenterally. 


Vitamins are organic compounds required for normal growth 
and maintenance of life by animals, including man. As a rule, 
animals are unable to synthesize these compounds by anabolic 
processes that are independent of environment other than air. 
These compounds are effective in small amounts, do not fur- 
nish energy, and are not used as building units for the struc- 
ture of the organism, but are essential for transformation of 
energy and for regulation of the metabolism of structural units. 
They or their precursors are found in plants and, so far as is 
known, have specific metabolic functions to perform in plant 
cells. Plant tissues are sources for the animal kingdom of these 
protective nutritional factors. In addition to carbohydrates, 
fats, proteins, mineral salts, and water, it is essential that the 
food of man and animals contain small amounts of these or- 
ganic substances called vitamins. If any one of at least 13 of 
these compounds is lacking in the diet, this breakdown results 
in a reduced rate or complete lack of growth in children and 
in symptoms of malnutrition that are known as deficiency 
diseases. 

Vitamins are unlike each other in chemical composition and 
function. They are alike only in that they cannot be synthesized 
at all or at least not at an adequate rate in the tissues of 
animals or humans. The functions they serve fall into two 
categories, the maintenance of normal structure and of normal 
metabolic functions. For example, vitamin A is essential for the 
maintenance of normal epithelial tissue; vitamin D functions in 
the absorption of normal bone salts for the formation and 
growth of bone and other tissue. Certain vitamins of the water- 
soluble group, among them thiamine, riboflavin, pantothenic 
acid, and niacin, are known to be essential constituents of the 
respiratory enzymes that are required in the use of energy from 
oxidative catabolism of sugars and fats. 

It is convenient in a discussion of this subject to divide these 
nutritional substances into two groups, the fat-soluble and the 
water-soluble factors. Vitamins A, D, E and K fall into the 
fat-soluble group, since they can be extracted with fat solvents 


Feeding by nasogastric tube or by gastrostomy or jejunostomy 
is instituted when it is not possible for a patient to take food by 
mouth. Patients with extensive burns present nutritional prob- 
lems much more far-reaching than those who have undergone 
major surgery or sustained severe hemorrhage. The first need 
for those individuals is for fluid and electrolyte replacement, 
followed as quickly as possible by a diet or intravenous solution 
markedly increased in protein, calories, and vitamins. The 
focus in all these cases is on restoration of nutrient supply 
commensurate with the specific need as soon as possible. 

An understanding of the necessity for nutrient therapy is 
aided by recognizing the following factors that can affect nu- 
trient needs: 


Interference with food consumption (eg, impaired appetite, GI dis- 
ease, traumatic neurological disorders interfering with self-feeding, 
neuropsychiatric disorders, disease of soft or hard oral tissue, alcohol- 
ism, pregnancy anorexia and vomiting, food allergy, and disease requir- 
ing a restricted diet). 

Interference with absorption (eg, absence of normal digestive secre- 
tions, intestinal hypermotility, reduction of effective absorbing surface, 
impairment of intrinsic mechanism of absorption, and drugs preventing 
absorption.) 

Interference with utilization or storage (eg, impaired liver function, 
hypothyroidism, neoplasm of GI tract, and drug therapy or radiation). 

Increased destruction of tissues and/or function (eg, severe trauma, 
achlorhydria in the GI tract, heavy metals, and other metabolic 
antagonists). 

Increased excretion or loss of nutrients (eg, lactation, burns, glyco- 
suria and albuminuria and acute chronic blood loss). 

Increased nutrient requirements (eg, increased physical activity, 
periods of rapid growth, pregnancy and lactation, fever, hyperthyroid- 
ism, and drug therapy). 


and are found in the fat fractions of animal tissues. The water- 
soluble vitamins include ascorbic acid and the B group of vita- 
mins, which consists of some 10 or more well-defined com- 
pounds. Additional vitamin nomenclature can be found in 
Table 106-3. The characterization of vitamins as essential met- 
abolic factors with discrete chemical structures required their 
isolation in pure form from natural sources and subsequent 
laboratory synthesis. Commercial chemical or microbiological 
syntheses, some from relatively simple compounds, are the 
source of most of the vitamins now used in pharmaceutical 
preparations, dietary supplements, and fortified foods. 

STANDARDIZATION—Vitamin activity or potency is 
measured by three principal types of methods: 


Biological, in which rats, mice, guinea pigs, and chickens serve as 
the assay animals. 

Microbiological, which employ bacteria that require certain of the 
water-soluble vitamins, are rapid, specific, and precise. Such methods 
are used for manufacturing and laboratory control of the production of 
some vitamins. 

Chemical, using a characteristic color or a sensitive reaction specific 
for the compounds, are available for most vitamins in uncomplicated 
mixtures. Chromatographic separations followed by a variety of detec- 
tion techniques provide alternative means of quantification. 


The status of vitamin methods of assay is now such that 
manufacturers of vitamin preparations find it possible to state 
with precision the potency of their products, and tables of 
vitamin content of foods are, for most vitamins, quite complete. 
Methods of assay are described briefly in the individual vita- 
min sections. 

In the interest of improvement and uniformity of expressing 
the results of such assays, the World Health Organization 
(WHO) of the United Nations has sponsored the preparation 
and distribution of Standards. As a rule, an International Stan- 
dard is no longer provided once the substance responsible for 
its characteristic activity has been isolated, identified, and 


Table 106-3. Vitamin Nomenclature 


SS SE 5 SSE 


VITAMIN SYNONYM OR DESCRIPTIVE TERMS 
A group Antixerophthalmic vitamin 
A, Retinol 
A> Dehydroretinol 
A acid Retinoic acid (tretinoin) 


Provitamin A 
carotenoids 


Carotene (a & B, cryptoxanthin (hydroxy 
B-carotene) 


B group Formerly vitamin B complex 
Thiamin Vitamin B,, aneurin, antiberiberi vitamin 
Riboflavin Vitamin B,, lactoflavin 
Niacin Nicotinic acid and nicotinamide, 


pellagra-preventive factor 

Pantothenic acid Formerly vitamin B; 

Be Pyridoxine, pyridoxal, pyridoxamine 

Biotin Coenzyme R 

Folacin Folic acid (pteroylmonoglutamic acid, 
PGA) and folic acid polyglutamates, 
tetrahydrofolic acid, formyl 
tetrahydrofolic acid (formerly 
citrovorum factor, folinic acid) 

B,> Antipernicious anemia vitamin, 
cyanocobalamin, hydroxocobalamin 
(formerly vitamin B,>,), 
nitritocobalamin (formerly vitamin 


B12.) 
Cc t-Ascorbic acid, antiscorbutic vitamin 
D group Antirachitic vitamin 
D, Ergocalciferol (formerly calciferol), 
activated ergosterol 
D; Cholecalciferol, activated 7- 
dehydrocholesterol 
E group Possess vitamin E activity in varying 
degrees; occur as fatty acid esters 
alpha- 
beta- tocopherols & 
gamma- tocotrienols 
delta- 
K group Antihemorrhagic vitamin 
K, Phylloquinone : 
K, Farnoquinone | naturally occurring 
K; Menadione, menaquinone 
ee Biologically active 


analogs of menadione synthetic 


made readily available. The USP has set up comparable Ref- 
erence Standards in this country, and the biological potency of 
vitamins A and D is expressed in USP Units that are equal to 
International Units ([Us). However, availability of the vita- 
mins in pure form encourages transition from the use of units 
to the use of weight in expressing amounts present in vitamin 
products. 


THE FAT-SOLUBLE VITAMINS 


VITAMIN A AND CAROTENE 


Vitamin A was the first fat-soluble vitamin discovered. Animal nutri- 
tionists observed growth failures in calves born of cows maintained on 
wheat or oats alone, whereas whole corn plants supported growth and 
development of the animals. The vitamin was found to be related to 
chlorophyll and carotenoid-containing plants. Later study revealed that 
the vitamin is essential for the maintenance of normal tissue structure 
and for other important physiological functions such as vision and 
reproduction. 

Chemistry and Assay—Vitamin A is represented primarily by the 
cyclic polyene alcohol vitamin A, (retinol) with an empirical formula of 
C. 9H; ,0 and whose four conjugated double bonds in the side chain are 
in the trans arrangement. 
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CH; CH, a CHs 
CH=CHC=CHCH=CHC=CHCH,OH 


CH; 


Vitamin A (Retinol) (Vitamin Aj) 


Another representative of vitamin A occurring in nature is vitamin A,, 
which has an additional double bond in the ring at the 3-4 position. It 
has only about “4 to ¥% the biological activity of vitamin A, for the rat 
and has no commerical significance. A third such representative is 
neovitamin A-a, in which the terminal double bond in the side chain of 
vitamin A, is cis. It has low biological activity. 

Vitamin A, is a pale yellow crystalline compound, is soluble in lipid 
solvents, and has a UV absorption maximum at 328 nm. The vitamin is 
not readily destroyed by heat but is oxidized easily and is less stable in 
acid than in alkaline solution. The esters of vitamin A, with the fatty 
acids acetic and palmitic are commercially important, since they are 
considerably more stable than the alcohol. 

The source of most of the vitamin A in animals, birds, and fish is the 
carotenoid pigments, the yellow-colored compounds in all chlorophyll- 
containing plants. At least 10 different carotenoids exhibit provitamin 
A activity, but only a- and B-carotene and cryptoxanthin (founded in 
yellow corn) are important in animal nutrition, B-carotene being the 
most important. 


\ 
CH, CH, CH, : CH 
CH= CHC=CH|CH==CH (CH= CCH=CH 


CH, CH; 


B-Carotene 


CH; CH, 
S 


2 


Theoretically one molecule of B-carotene should yield two molecules 
of vitamin A,; however, the availability of carotene in foods as sources 
of vitamin A for humans is low and extremely variable. Often, factors 
of ¥%2, ¥%, %, or less are used arbitrarily to compensate for this. This 
utilization efficiency of carotene is generally considered to be % for 
humans; that is, 1 ug of B-carotene would have the same biological 
activity as 0.167 wg of retinol. This conservatively takes into account 
the decremental effects on carotene utilization of absorption, transport, 
and tissue conversion to the active vitamin. The conversion of the 
provitamin to vitamin A occurs primarily in the walls of the small 
intestine and perhaps to a lesser degree in the liver; conversion is linked 
to body stores of vitamin A. Like vitamin A,, the carotenes are soluble 
in fat solvents, in crystalline form appear deep orange or copper-colored, 
and have characteristic absorption spectra. 

Total synthesis of vitamin A, and f£-carotene is achieved commer- 
cially, vitamin A usually being prepared as the acetate. Concentration 
of vitamin A from animal fats and fish liver oil is still important. The 
principal steps in the process are molecular distillation, saponification 
and crystallization of the distillate, and acylation to the desired ester. 

The USP Unit for vitamin A is identical to the International Unit. 
The USP Reference Standard for vitamin A is a solution of crystalline 
vitamin A acetate in cottonseed oil such that there is contained 1 USP 
Unit (0.344 yg)/0.1 mg of solution. Although there is no USP Unit for 
carotene, there is an International Unit (IU); the relation between 
carotene and vitamin A is 6 to 3.44 by weight of the respective pure 
compounds. 

Vitamin A can be assayed by direct measurement of its ultraviolet 
absorption by photometric evaluation of the color reaction with anti- 
mony trichloride in chloroform (the Carr-Price reaction), by high-pres- 
sure liquid chromatographic separation and ultraviolet and visible 
spectrometry, or by a biological method based on the resumption of 
growth of rats when the vitamin activity is added to a vitamin A— 
deficient diet. The chemical or physicochemical determination of B- 
carotene depends on measurement of the yellow color of its solutions in 
organic solvents. Chromatographic separation of associated carotenoids 
is usually necessary before an accurate analysis of the biologically 
active compounds can be made. 

Carotenoids are photodegradable, and deficiency resulting from ex- 
cessive exposure of the human to UV light has been reported. 

Metabolic Functions—Of the known functions of vitamin A in the 
body, its role in the visual process is established best. The retina of man 
contains two distinct photoreceptor systems. The rods, which are the 
structural components of one system, are especially sensitive to light of 
low intensity. A specific vitamin A aldehyde is essential for the forma- 
tion of rhodopsin (the high-molecular-weight glycoprotein part of the 
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visual pigment within the rods) and the normal functioning of the 
retina. By virtue of this relation to the visual process, vitamin A alco- 
hol has been named retinol, and the aldehyde form named retinal. A 
vitamin A-—deficient person has impaired dark adaptation (night- 
blindness). 

Vitamin A also participates in the maintenance of the integrity of 
the epithelial membranes such that normal structures may be substi- 
tuted by stratified keratinizing epithelium in the eyes, paraocular 
glands, and respiratory, alimentary, and genitourinary tracts under the 
stresses of a deficiency. The basal cells do not lose their function under 
such conditions, however, and are able to be restored to normal when 
sufficient vitamin A is absorbed. Abnormalities of nerve and connective 
tissue and of bones are further consequences of a dietary deficiency of 
the vitamin. In severe deficiency the affected epithelial and connective 
tissue may become the site of infections because of the cells’ reduced 
resistance to bacterial invasion. This gave rise to the notion that ad- 
ministration of vitamin A was useful in the treatment of skin infections. 
Both topical and oral vitamin A, and especially vitamin A acid (trans- 
retinoic acid, tretinoin), are prescribed by some physicians to treat acne 
vulgaris; however, trans-retinoic acid has been shown to be equally 
effective, with less harmful side effects than oral isotretinoin (cis- 
retinoic acid). 

There is a growing body of epidemiological data that suggest that 
foods that are a good source of vitamin A and carotenoids are protective 
against a variety of epithelial cancers. This association simply may be 
a result of a chronic vitamin A deficiency, since vitamin A is required for 
normal cell differentiation of stem cells in epithelial tissue. Also, there 
is the possibility that the observed protective effect could have been due 
to other undetected carotenoids, other vitamins, indoles, or unknown 
compounds present in these foods. Some, but not all, animal studies 
show a positive effect for vitamin A and synthetic retinoids against 
epithelial cancers of the skin, lung, bladder, and breast. 

The common severe deficiency symptoms are increased susceptibil- 
ity to microbial infections, xerophthalmia and other eye disorders, loss 
of appetite and weight, and sterility, conditions that require a long time 
for their development. Although the recommended dietary allowance is 
no more than 6000 IU/day, in a deficiency much greater amounts are 
indicated. For example, the usual therapeutic oral dose range is from 
10,000 to 20,000 IU daily for 7 to 10 days for infants and growing 
children and 25,000 to 100,000 IU daily for 7 to 10 days for older 
children and adults. 

If large doses of vitamin A are ingested for long periods of time, 
manifestations of toxicity develop. In the absence of a deficiency, 
chronic administration of 25,000 to 50,000 IU of vitamin A daily induces 
pathological changes in bone and periosteal tissues, skin and mucous 
membranes, and liver and changes in behavior. Doses as low as 18,500 
IU of a water-dispersed vitamin A preparation daily for 1 to 3 months 
are reported to be toxic for infants 3 to 6 months of age. Vitamin A 
toxicity has occurred in infants who were given liver daily for a period 
of 3 months. Animal studies show that levels as low as four times the 
requirements increase the incidence of birth defects. Epidemiological 
studies in humans have indicated that levels as low as 15,000 IU during 
the first trimester of pregnancy may increase the risk of birth defects. 

Dietary Requirement and Food Sources—According to the 
NRC’s Recommended Dietary Allowances, the requirement for vitamin 
A appears to be proportional to body weight. The recommended allow- 
ances for the maintenance of good nutrition of healthy adults in the 
United States is 1000 Retinol equivalents (RE) for males and 800 RE for 
females per day (1000 RE is equivalent to 5000 IU), although the adult 
requirement for maintenance of normalcy in important vitamin A func- 
tions is about 2 this amount. Somewhat more vitamin A than the 
allowance should be provided during the latter 74 of pregnancy and even 
more during lactation. These increments would ensure the nutritional 
well-being of the rapidly growing fetus and nursing infant, who depend 
on the mother’s vitamin A intake. 

About '% of the vitamin A activity in the average American diet 
comes from f-carotene and related compounds. The other 2 is provided 
by the vitamin itself present in foods of animal origin. Not all of the 
carotene present in the food eaten is converted into vitamin A. Some 
passes through the digestive tract and is excreted as such. Of that 
absorbed, only the amounts necessary to meet requirements are con- 
verted to vitamin A. The rest is stored in the body or excreted. Intake of 
large amounts of carotene frequently causes a yellow-orange color to the 
skin, which is considered to be harmless. The richest sources of carotene 
are yellow and green (leafy) vegetables and yellow fruits. Preformed 
vitamin A, is supplied primarily from the fat of dairy products and egg 
yolk, but other important sources in some diets are liver, kidney, and 
fish. Federal regulations provide for the optional addition of 15,000 IU 
of vitamin A per pound of margarine. Almost all margarine is so forti- 
fied. There are also provisions for marketing vitamins A and D-fortified 


nonfat dry milk containing 500 IU vitamin A and 100 IU vitamin D/8 fl 
oz reconstituted. 


VITAMIN D 


Vitamin D is the antirachitic vitamin effective in promoting calcifica- 
tion of the bony structures of man and animals. It sometimes is known 
popularly as the sunshine vitamin because it is formed by the action of 
the sun’s ultraviolet rays on precursor sterols in the skin. Exposure to 
sunlight, therefore, has a powerful antirachitic effect. The term rachitic 
denotes the condition of a person or animal affected with the deficiency 
disease rickets, in which bone is poorly mineralized and unable to 
support the weight of the body. 

Chemistry and Assay—The two immediate biological precursors 
(provitamins) of the vitamins D are the steroid alcohols ergosterol 
(egosta-5,7,22E-trien-3B-ol) and 7-dehydrocholesterol (cholesta-5,7- 
dien-3-ol). Under the influence of UV light, each undergoes scission of 
the 9(10) bond of the steroid nucleus with the simultaneous creation of 
a 10(19) double bond yielding, respectively, vitamin D, (ergocalciferol) 
and vitamin D, (cholecalciferol). 


HC, ae nearTe 


CH, 


Vitamin D, (Ergocalciferol) 
Vitamin D, (Cholecalciferol): 


HO same except C,, side chain is 
Lae 
CH; 


Pure vitamins D, and D, are white, odorless crystals that are 
soluble in fat solvents such as either, alcohol, or chloroform but insol- 
uble in water. The compounds have characteristic absorption spectra, 
which property is useful in their identification. Both forms of the vita- 
min are stable to oxidation by air and to moderate heat in neutral and 
alkaline solutions. Upon alkaline saponification of fats, the vitamin 
appears in the nonsaponifiable fraction. It withstands autoclaving tem- 
peratures of 120° in the absence of air but at this temperature is subject 
to oxidation, and it is destroyed completely by heating at 170°. Vitamin 
D is stable over long periods of storage in oil solution but is quite 
unstable in the presence of mineral salts, such as tricalcium phosphate, 
when compounded in tablet form. It may be stabilized by dispersion in 
gelatin or a similar protective coating. 

The international standard for vitamin D is a crystalline prepara- 
tion of pure vitamin D, assigned a potency of 40 million units/g. The 
USP adopted an equivalent standard of vitamin D., with the same 
assigned potency, distributed in the form of a cottonseed oil solution. 
The USP unit for vitamin D, therefore, is equivalent to the IU. 

The provitamins D are found in both plant and animal tissue; 
7-dehydrocholesterol is found principally in animal skin and ergosterol 
in relatively large amounts in yeasts, although it was first isolated from 
ergot. The vitamin D that is absorbed through the intestinal wall from 
dietary sources or that is formed in the skin from 7-dehydrocholesterol 
enters the circulatory system, and excesses are stored. Like vitamin A, 
vitamin D is stored in animal body fats, principally in the liver. The 
liver oils, particularly of fish, are the most potent natural sources of the 
vitamin. The vitamin D of commerce now is synthesized principally 
from readily available, structurally related compounds, such as choles- 
terol, which often are obtained as packing house by-products. 

There are three methods for quantitative physicochemical assay of 
vitamin D. For years, the biological assay based on the curative effects 
of the vitamin on experimental rickets in young rats has been used to 
measure the total biological activity of the vitamin in complex materials 
of low potency. Minimal amounts of the vitamin are needed by the rat; 
therefore, the rachitic condition is produced by using an extremely 
low-calcium, low-phosphorus diet. Now the preferred method for mini- 
mal amounts is high-pressure liquid chromatography for separation 
and UV spectrometry. For relatively concentrated solutions of vitamin 
D in alcohol (but not in oil), UV spectrometric determination is made at 
the wavelength of maximum absorption. Antimony trichloride reacts 
with various vitamins D in a Carr-Price reaction to yield a yellow color 
whose intensity is proportional to the vitamin D present. The reaction 
is satisfactory only for concentrated preparations; cholesterol and vita- 
min A interfere only when present in amounts in excess of certain 
limits. 


Metabolic Functions—Both vitamin D, and vitamin D, are bio- 
logically inactive molecules. After absorption, they are converted, pri- 
marily in the liver, to 25-hydrocholecalciferol D, and D, (25-HCCD, and 
25-HCCD, calciferol), respectively, and are the most predominant 
forms found in the blood. Both of these compounds appear to facilitate 
phosphate resorption in the renal tubule; however, their most impor- 
tant function is as a precursor of 1,25-dihydroxycholecalciferol (1,25- 
DHCC calciferol), which is formed in the kidney. This compound is a 
true hormone and is excreted in response to specific stimuli from an 
organ distal to its target organ. Calcitriol is transported in the blood 
bound to a protein. There is a rapid turnover of 1,25-DHCC, which 
depends on vitamin D status (greater turnover if body stores and 
plasma levels are low). Normal plasma values range from 18 to 60 
pg/mL in children and 15 to 45 pg/mL in adults. Vitamin D, therefore, 
is a precursor of a true hormone, 1,25-DHCC, which is secreted by an 
organ and performs a vital function. It is likely that some forms of 
vitamin D-resistant rickets can be explained by possible genetic inabil- 
ity of the body to produce adequate amounts of either 25-HCC or 
1,25-DHCC. Conversely, some children may have an enhanced capacity 
to convert vitamin D to the more active metabolites and, thereby, 
manifest a hyperreactivity to amounts of the ingested vitamin very 
slightly in excess of recommended dietary allowances. 

Vitamin D, through the action of these active metabolites, aids in 
the absorption of calcium from the intestinal tract and the resorption of 
phosphate in the renal tubule. Vitamin D is necessary for normal 
growth in children, probably having a direct effect on the osteoblast 
cells that influence calcification of cartilage in the growing areas of 
bone. 1,25-DHCC also plays an essential management role in the reg- 
ulation of various genes important to cell proliferation and lymphokine 
expression in systems not involved in mineral homeostasis. 

A deficiency of vitamin D leads to inadequate absorption of calcium 
and phosphorus from the intestinal tract and retention of these miner- 
als in the kidney and thence to faulty mineralization of bone structures. 
The inability of the soft bones to withstand the stress of weight results 
in skeletal malformations. Early rickets is difficult to diagnose, but fully 
developed cases in infants and children present characteristic signs. 
These include delayed closure of the fontanelles and softening of the 
skull; soft fragile bones with bowing of the legs and spinal curvature; 
enlargement of wrist, knee, and ankle joints; poorly developed muscles; 
and restlessness and nervous irritability. A form of adult rickets called 
osteomalacia similarly may occur. It, too, represents a failure of the 
process of calcification caused by simple vitamin D lack and calcium or 
phosphorus inadequacy. 

With adequate calcium-phosphorus intake, adult osteomalacia and 
uncomplicated rickets can be cured by the ordinary daily intake of 400 
IU of vitamin D. Larger doses (about 1600 IU or more daily) are more 
rapidly effective, the first evidence of improvement—a rise in serum 
phosphorus— occurring in about 10 days. 

Vitamin D has a serious toxic potential. There is a wide range of 
susceptibility to the toxic effects of vitamin D. Most adults will require 
more than 50,000 units of vitamin D/day to produce intoxication. How- 
ever, levels as low as 15,000 IU/kg for 2 weeks have produced acute 
toxicity in adults. Long-term consumption of as little as 1000 [U/kg may 
lead to hypercalcemia and attendant complications, such as metastatic 
calcification and renal calculi in adults, provided there are high levels of 
calcium in the diet. As little as 2000 IU can inhibit linear growth of 
normal children. In advanced stages, demineralization of bones occurs, 
and multiple fractions may result from very slight trauma. Chronic 
excessive intake will result in liver accumulation, and detoxification 
will take several months. Classic features of vitamin D intoxication are 
hypercalcemea, hyperphosphatemia, and impaired renal function. 
Painful joints and muscle weakness also may occur, which impair 
mobility. 

Dietary Requirement and Food Sources—Requirements for vi- 
tamin D vary with the amount of exposure to UV light. Some individ- 
uals can obtain their entire requirements by skin irradiation, but age, 
skin pigment, and other conditions can effect the need for dietary 
supplies. 

There are few reliable data concerning minimum vitamin D require- 
ments, except for infants. For most healthy individuals 400 [U/day is 
sufficient to meet requirements without exposure to sun. However, 
studies on older individuals indicate that higher levels may be desir- 
able. In normal full-term infants, intakes of as little as 100 IU/day have 
prevented rickets. There is no evidence that diets need supply more 
than 400 IU/day for normal growth of infants and children. 

Vitamin D is not found naturally in many food sources. Egg yolks, 
which are the best food source, vary in content from winter to summer 
depending most upon the content of the vitamin in the hen’s diet. 
Unfortified dairy products contain some vitamin D, but again the po- 
tency varies with the season. Varieties of fish, whose muscle tissues 
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contain substantial quantities of oil and fat, may supply an appreciable 
part of the dietary requirement. The livers of a number of fish, or the 
oils extracted from the livers, are extremely rich in vitamin D. Addition 
of vitamin D to appropriate foods has been an important factor in the 
prevention of any significant incidence of rickets in this country. 

The major sources of vitamin D in the diets of most Americans are 
those foods that have been fortified. Vitamin D-fortified whole milk, 
nonfat dry milk, and evaporated milk containing 400 IU/qt (or recon- 
stituted quart in the case of nonfat dry milk and evaporated milk) are 
particularly effective because of their use in infant feeding during the 
stage of growth most susceptible to rachitic changes. Fortification is 
accomplished by addition of vitamin D concentrates, mainly in the form 
of vitamin D,. Fortification of other foods, such as processed cereals and 
margarine, is practiced to a limited degree. 


VITAMIN E 


Vitamin E designates the group of compounds (tocol and tocotrienol 
derivatives) that exhibit qualitatively the biological activity of a- 
tocopherol. Studies that led to its discovery as an essential factor in 
animal metabolism showed that it was, among other things, necessary 
for reproduction in rats. It often is called the antisterility vitamin, an 
inappropriate term, since it is not known to specifically function in this 
capacity in humans. 

Chemistry and Assay—As with several of the other vitamins, 
there are a series of closely related compounds, tocopherols, known to 
occur in nature. Biological activity associated with the vitamin nature 
of the group is exhibited by four major compounds: a-, B-, y-, and 
6-tocopherol, each of which can exist in various stereoisomeric forms. 
These are all methyl-substituted tocols; a-tocopherol, the most impor- 
tant member of the series because of its activity and occurrence, is 5,7,8- 
trimethyltocol, ie, 2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-6- 
chromanol. 


CH; CH; CH; 
CHs | | | 


CH; 
HO 
CH; 


a-Tocopherol 


The tocopherols are oily liquids at room temperature. High temper- 
atures and acids do not affect the stability of vitamin E, but oxidation 
does take place readily in the presence of iron salts or in rancid fats. The 
tocopherols themselves act as antioxidants, 6-tocopherol having the 
greatest antioxidant power. Decomposition also occurs in UV light. 
Tocopherols are isolated on a commercial scale from vegetable oils, 
usually by molecular distillation, extraction with organic solvents or by 
absorption chromatography, a-tocopherol is usually the most important 
homolog isolated from these sources; it also can be prepared syntheti- 
cally and made available as the acetate and acid succinate esters. 

The international standard for vitamin E used as a reference in all 
assays for this vitamin is a solution of dl-a-tocophery] acetate in coconut 
oil. Each 0.1 g of this solution contains 1 mg of the acetate. Results of an 
assay are expressed in terms of milligrams of the vitamin. The following 
relationship exists between IUs (or the equivalent USP Units) of the 
vitamin and the respective weights of the common forms: 1 USP or IU 
= 1 mg dl-a-tocopheryl acetate = 0.91 mg dl-a-tocopherol = 0.735 mg 
d-a-tocopheryl acetate (the ester of the natural form) = 0.671 mg 
d-a-tocopherol (the natural form). The IU represents biological activity 
as determined by the rat antisterility test. 

The usual methods for quantitative assay of vitamin E depend 
either directly or indirectly upon the ease with which free a-tocopherol 
is oxidized. The esters, which are almost exclusively used in pharma- 
ceuticals, must first be hydrolyzed. The free alcohol, then, because of its 
instability, must be handled with care in all other analytical operations. 
The physicochemical methods generally applied employ either of two 
oxidation-reduction reactions: (1) the formation of a red orthoquinone 
by treatment of the tocopherol with concentrated nitric acid or (2) the 
reduction of ferric chloride in the presence of a,a’-dipyridyl, which 
forms a red-colored complex with ferrous ions. Both methods are 
relatively nonspecific and are suitable only when combined with ade- 
quate separation procedures. A gas-liquid chromatographic procedure 
coupled with a visible-light detector and a high-pressure liquid chro- 
matographic procedure using a UV detector provides highly specific 
determinations. 

The classic biological method is the rat assay in which female rats 
are depleted of vitamin E and mated with normal males. The dose of the 
material to be tested and of the standard is administered over a period 
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of several days after conception. On the 20th day of pregnancy the 
female rats are killed, and the numbers of living and dead fetuses and 
resorption sites are recorded. Another, simpler bioassay is based on the 
dialuric acid hemolysis test in which the red-blood-cell fragility is mea- 
sured as a criterion of vitamin E status in the rat. 

Metabolic Functions, Dietary Requirement, and Food 
Sources—The exact biochemical mechanism whereby vitamin E func- 
tions in the body is still unknown; however, its most critical function 
occurs in the membranous parts of cells. Here, it interdigitates with 
phospholipids, cholesterol, and triglycerides, the three main structural 
elements of membranes. Since vitamin E is an antioxidant, a favored 
reaction at this site is with very reactive and usually destructive com- 
pounds called free radicals. These are products of oxidative deteriora- 
tion of such substances as polyunsaturated fat. Vitamin E converts the 
free radical into a less reactive, nonharmful form. In its role as a 
protector against oxidation, vitamin E shows nutritional interactions 
with a wide variety of nutrients: vitamin A, the trace element selenium, 
the sulfur amino acids methionine and cysteine/cystine, polyunsatu- 
rated fatty acids, and, to a lesser extent, vitamin C. Interestingly 
enough, the order of antioxidant power among the tocopherols, as 
measured by their effect on the rate of peroxide formation in fats, is the 
reverse of the order of biological potencies. Other physiological func- 
tions probably include participation in nucleic acid metabolism, and it 
appears also that the tocopherols may be a component of the cytochrome 
reductase segment of the terminal respiratory chain in intermediary 
metabolism. In general, it’ appears that vitamin E plays an important 
role in ensuring the stability and integrity of cellular membranes; thus 
far in man, the only such demonstrated effect is on the red blood cell. 
The effect also is modified by the level of polyunsaturated fatty acids in 
the diet. 

The therapeutic effectiveness of vitamin E in the prevention of 
abortion, in certain menstrual disorders, in the improvement of lacta- 
tion, in muscular dystrophy, or in cardiovascular diseases has not been 
substantiated, and the promotion of vitamin E for such purposes is 
fraudulent. One use that is established and sound is in hemolytic 
anemia in premature infants. Vitamin E also generally is considered to 
provide protection against pulmonary oxygen poisoning. Essentially all 
other examples of clinical indications of need for vitamin E at nutri- 
tional levels are related to malnourishment or malabsorption problems. 
The latter are found in humans with cystic fibrosis, liver cirrhosis, 
postgastrectomy, obstructive jaundice, pancreatic insufficiency, and 
sprue. 

There are some data that suggest that vitamin E may be useful in 
protecting the epithelial tissue of the lungs from free radical damage 
associated with air pollution, but more research is needed to achieve a 
consensus of medical opinion. Similarly, more data are required to 
substantiate claims that vitamin E promotes rapid healing of tissue 
damaged by severe burns or other skin injuries. Studies that suggest 
that vitamin E is useful for preventing some forms of cancer and 
preventing and treating coronary heart disease have been supported by 
epidemiological data, but replication of the finding is still needed using 
human subjects. 

A clearly defined uncomplicated vitamin E—deficiency disease has 
not been recognized as a public health problem. A deficiency state 
with respect to vitamin E has been demonstrated in human subjects, 


especially in premature and. newborn infants and in infants with 
steatorrhea. The evidence rests mainly on determination of in vitro 
hemolysis and blood tocopherol level. However, peripheral neuropa- 
thy and vitamin E-—deficient nerves in deficient patients have been 
reported. Vitamin E requirement apparently is not related to body 
weight directly or to a caloric intake, but seems to be related to body 
weight in kilograms to the % power, sometimes designated as phys- 
iological or metabolic size. Requirements for vitamin E are known to 
increase with high intakes of polyunsaturated fatty acids and in 
selenium deficiency. 

Vitamin E is ubiquitous in its distribution and is found particularly 
in vegetable fats and oils, dairy products and meat, eggs, cereals, nuts, 
and leafy green and yellow vegetables. Vitamin E is distributed so 
widely in nature that it is difficult to prepare a diet that does not meet 
NAS RDAs for all sex and age groups. However, attainment of levels 
expected to be needed for lowering the risk of cancer and heart disease 
likely will require supplementation. In direct contrast to the more rapid 
turnover of some of the water-soluble vitamins, vitamin E is stored in 
fatty tissue and is removed from it only when the fat is mobilized. This 
means that many months of deprivation would have to pass to deplete 
the body stores. 


VITAMIN K 


Vitamin K refers to a group of substances, widespread in nature, with 
similar biological activity; one form was isolated first from alfalfa and 
the other from putrefied fish meal. The primary activity that makes the 
vitamin essential in humans is its function in posttranslation of n- 
carboxylation of glutamate in a number of proteins associated with 
blood clotting. 

Chemistry and Assay—The parent structure of the K family of 
vitamins is 2-methyl-1,4-naphthoquinone. The various forms of vitamin 
K differ in the hydrophobic substituent at 3-position. This fat-soluble 
compound and several water-soluble derivatives such as the sodium 
bisulfite and diphosphoric acid ester are the common commercial forms 
used in medical practice. Vitamin K, (isolated from plants) is 2-methyl- 
3-phytyl-1,4-naphthoquinone. 
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Vitamin K:i—phylloquinone; phytonadione ._ 


Vitamin K, exists as a chemical series that, instead of the phytyl 
side chain in the 3-position, has side chains of varying numbers of 
unhydrogenated isoprene units, depending on the bacterial source. The 
vitamin K, with a 35-carbon side-chain and originally isolated from the 
putrefied fish meal is 2-methyl-3-all-trans-farnesylgeranylgeranyl-1,4- 
naphthoquinone. The synthetic compound, menadione, lacks a hydro- 
phobic group at position 3 but can be alkylated in mammalian liver. The 
synthetic form is used as a source of vitamin K in most commercial 
animal feeds. 
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Vitamin K, (35) (farnoquinone) 


The naturally occurring substances in pure form are light-yellow 
solids or oils, insoluble in water but soluble in fat solvents. Trans- 
parent colloidal solutions of vitamin K, can be prepared by means of 
nonionic surfactants. Although menadione, too, is fat-soluble, it is 
easily soluble in boiling water, and it is also slightly volatile at room 
temperature. Vitamins K, and K, as well as menadione are redox 
substances stable in the quinone form. In this respect there is a 
structural analogy between the vitamins K and E and a series of 
naturally occurring quinones called wbiquinones. The latter do not 
possess any demonstrable vitamin activity. Vitamins K have char- 
acteristic absorption spectra in the UV range and are sensitive to 
alkali, light, and ionizing radiation. 


CH3 CH CH; CHs 


There is neither an international nor a USP standard (or Unit) for 
vitamin K. There is, however, a USP Reference Standard of menadione. 
The activity of test materials is generally measured in terms of biolog- 
ical equivalency to milligrams or micrograms of menadione in a chick- 
feeding test. 

After extraction and separation from interfering substances, the 
vitamins K can be determined by their UV spectra or by color reactions. 
They react with sodium ethylate to give a blue color, which changes 
to brown. A more sensitive reaction occurs with sodium diethyldithio- 
carbamate to give a transient blue color. A method for assay of mena- 
dione in injections is the photometric assay of Menotti, in which 2,4- 
dinitrophenylhydrazine in ethanol is heated with menadione in the 


presence of HCl. The vitamin thus is converted to the hydrazone, which 
when treated with ammonia yields a blue-green color. Vitamin K also 
can be assayed by the use of high-performance liquid chromatography 
(HPLC) coupled with UV detection. Vitamin K, content of food homog- 
enates and plasma is analyzed using reverse-phase HPLC with post- 
column solid-phase reduction of vitamin K, to its hydroquinone form, 
followed by fluorometric detection. 

The chick is suited particularly for the biological assay of vitamin K 
because of the ease in producing a dietary vitamin deficiency and the 
high requirement, and the criterion of activity (blood prothrombin time) 
is readily measurable, but species differences in biological activity are 
known to occur. 

Metabolic Functions, Dietary Requirement, and Food Sources— 
Vitamin K is necessary for the formation of prothrombinogen and other 
blood-clotting factors in the liver. During clotting, circulating prothrom- 
bin is required for the production of thrombin; in turn, the thrombin 
converts fibrinogen to fibrin, the network of which constitutes the clot. 
It is obvious from this description that interference with formation of 
prothrombin will reduce the clotting tendency of the blood. In a severe 
deficiency of the vitamin, a condition of hypoprothrombinemia occurs, 
and blood-clotting time may be prolonged greatly or even indefinitely. 
Internal or external hemorrhages may ensue, either spontaneously or 
following injury or surgery. Other vitamin K—dependent proteins, in- 
cluding osteocalcin and matrix gla protein, have been identified in bone. 

A group of substances termed vitamin K antagonists are character- 
ized by their property to decrease plasma prothrombin levels and their 
usefulness in medicine as anticoagulants (see page 1252). Representa- 
tive of this group is dicumarol, originally isolated from spoiled sweet 
clover hay, in which it is formed by bacterial action on coumarin. An 
important use of vitamin K is in the treatment of hypoprothrombinemia 
consequent to prothrombopenic anticoagulant therapy. Vitamin K, 
is the preferred form. Large doses of salicylates also antagonize vita- 
min K. 

A few chemically related derivatives of dicumarol are commercially 
used as rodenticides. Another compound with similar antagonist activ- 
ity is sulfaquinoxaline, a sulfonamide drug used in veterinary medicine 
for treatment of various infectious intestinal diseases. It increases the 
animal’s requirement for vitamin K in some undetermined manner, 
probably by eliminating vitamin K-synthesizing enteric bacteria, upon 
which the animal depends, in part, for a source of the vitamin. Extended 
treatment with antibacterial drugs that alter the enteric flora also 
increases the dietary vitamin K requirement in man. 

Optimal absorption of vitamins K requires the presence of bile or 
bile salts in the intestine. Menadione, the synthetic water-soluble an- 
alog, is absorbed easily in the absence of bile. The average diet appar- 
ently contains adequate amounts of vitamin K,, since few if any mal- 
nourished humans have presented findings of dietary lack of vitamin K 
uncomplicated by intestinal disease, which prevents absorption. In 
1989 the NAS established RDAs for vitamin K, at 80 g/day for men 
and 65 pg/day for women. 

The premature infant appears to be particularly sensitive to a lack 
of the vitamin and to an excess in the case of menadione. Because of this 
potential toxicity, the inclusion of menadione in OTC dietary supple- 
ments for the pregnant women is prohibited. Vitamin K, does not 
exhibit this toxicity and is the preferred form. For newborn infants and 
especially those born prematurely (and anoxic), a single dose of 1 mg of 
vitamin K,, immediately after birth, is often a routine measure to 
prevent hemorrhagic disease. Vitamin K, may be administered to the 
mother 12 to 24 hr prior to the expected delivery or at the first sign of 
labor, especially if the mother has been receiving prothrombopenic 
anticoagulants. Requirements normally decrease after the neonatal 
period; however, it is important to ensure that adequate amounts of 
vitamin K, are present in infant formulas, since these are likely to 
be the sole nutriment during this period. Milk-substitute formulas 
containing less than 4 yg/100 kcal are required to have vitamin K, 
added to attain the level of 4 g/100 kcal required by infant formula 
regulations. 

Although extensive measurements of dietary intakes and food con- 
tent of the vitamins K, have not been made, primarily because suitable 
analytical methods have not been developed, most diets contain suffi- 
cient amounts as evident by adequate body stores for a very high 
proportion of the population. The green, leafy vegetables, tomatoes, 
cauliflower, egg yolk, soybean oil, and liver of all kinds are good sources. 
Since it is insoluble in water, there is no loss in ordinary cooking. The 
human also uses vitamin K synthesized by certain enteric bacteria. 
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FAT-SOLUBLE VITAMIN PREPARATIONS 


CHOLECALCIFEROL 


(3B)-9,10-Secocholesta-5,7,10(19)-trien-3-ol, Vitamin D,; Activated 
7-Dehydrocholesterol 
9,10-Secocholesta-5,7,10(19)-trien-38-ol [67-97-0] C,,H,,O (384.64); an 
antirachitic vitamin obtained from natural sources or prepared synthet- 

ically. See page 1800 

Description—White, odorless crystals; affected by air and light; 
melts between 84 and 88°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, or 
fatty oils. 

Comments—The only valid therapeutic (as opposed to dietary) 
uses are in the treatment of vitamin D deficiency or in the prophylaxis 
of deficiency in persons with a known deficiency, a high requirement or 
an absorption defect. However, the substance may be employed to treat 
hypocalcemic tetany and hypoparathyroidism. Also, there is a growing 
medical opinion that it facilitates the prophylaxis of osteoporosis by 
calcium in postmenopausal women. It should not be employed in the 
presence of renal insufficiency or hyperphosphatemia. 


COD LIVER OIL 


Oleum Morrhuae; Oleum Jecoris Aselli; Oleum Gadi 
The partially destearinated fixed oil obtained from fresh livers of Gadus 
morrhua Linné and other species of the Family Gadidae; contains in 
each gram not less than 255 ug (850 USP Units) of vitamin A and not 
less than 2.125 yg (85 USP Units) of vitamin D. 

It may be flavored by the addition of not more than 1% of a suitable 
flavoring substance or a mixture of such substances. 

Preparation—The highest grade of this medicinal oil is manufac- 
tured from fresh cod livers from healthy fish, removed from the fish 
within a few hours after they are caught. The oil is separated from the 
livers by heating with low-pressure steam. When livers of high quality 
are used and the manufacturing procedure is carried out under care- 
fully controlled sanitary conditions the resulting crude oil is a light 
yellow color and has good flavor and odor. Such an oil requires no 
purification or chemical refining. 

Due, however, to long-established trade demands, it is necessary to 
remove the cod liver stearin so that the oil will remain clear at temper- 
atures above freezing. To accomplish this, the oil is chilled to precipitate 
the stearin, which is removed by pressure filtration. To preserve the 
natural vitamin content of the oil it should be stored out of contact with 
air and light, preferably in a cold place. 

Constituents—Consists chiefly of unsaturated glycerides but con- 
tains palmitin and stearin, as well as traces of chlorine, bromine, 
phosphorus, and sulfur. American cod liver oils may contain as much as 
3 ppm of arsenic, but there is little evidence as to how completely it may 
be assimilated. American cod liver oils are rich in iodine—one sample 
was found to contain nearly 15,000 parts of iodine/billion parts of oil. 

The vitamins of this oil occur in the unsaponifiable fraction. Since 
some persons object to taking oils, tablets and capsules containing the 
unsaponifiable fraction of the oil are manufactured. In general the 
procedure consists of saponifying the oil, separating the unsaponifiable 
portion, and extracting it with suitable solvents. The extract is diluted 
with corn oil and filled with capsules or mixed with solid materials and 
manufactured into tablets. The vitamin potency of these preparations 
can be adjusted to the patient’s requirements, but obviously they do not 
supply the constituents present in the saponifiable portion of the oil 
from which they were prepared. 

Description—Thin, oily liquid, with a characteristic, slightly fishy, 
but not rancid, odor and a fishy taste; specific gravity, 0.918 to 0.927. 

Solubility—Slightly soluble in alcohol; freely soluble in either, 
chloroform, carbon disulfide, or ethyl acetate. 

Comments—A source of vitamins A and D. The vitamins are 
present in such proportion that an oral dose of 5 mL provides the daily 
requirements for children or adults of both of these dietary essentials. 
However, it may not provide 100% of a US RDA. It has been employed 
in the prophylaxis of rickets in infants. 


DIHYDROTACHYSTEROL—page 1377. 
ERGOCALCIFEROL 


(3B,5Z,7E,22E)-9,10-Secoergosta-5,7,10(19),22-tetraen-3-ol, Calciferol; 
Vitamin D, 
See page 1800 for the structure. 
[50-14-6] C.,H,,0 (396.65). It is obtained by exposing ergosterol to 
UV light for the proper length of time. Insufficient irradiation results in 
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the production of products with little or no antirachitic activity, and 
prolonged exposure causes the production of toxic products. See page 
1800. 

Note—In stating the potency and dosage of vitamin D (cholecalcif- 
erol, ergocalciferol) dosage forms it is customary to use either the 
International Unit (IU) or the equivalent USP Unit. One USP Unit (or 
International Unit) of vitamin D (cholecalciferol or ergocalciferol) is 
defined as the specific biological activity of 0.025 yg of the crystalline 
international standard or pure vitamin D,. 

Description—White, odorless crystals; affected by light and air; 
melting range, 115 to 118°. 

Solubility—Insoluble in water; soluble in alcohol, chloroform, 
ether, or fatty oils. 

Comments—Like other forms of vitamin D, it exhibits both antira- 
chitic and calcemic effects. It has a relatively high potency and is thus 
especially useful for the treatment of severe or refractory rickets. It also 
may be used in the management of hypocalcemia and hypoparathyroidism. 

Care must be exercised to prevent overdosage. It should not be 
employed when renal insufficiency or hyperphosphatemia prevails. The 
serious toxic effects that may be caused by vitamin D are summarized 
in the general statement on Vitamin D under Metabolic Functions. 


MENADIOL SODIUM DIPHOSPHATE 


1,4-Naphthalenediol, 2-methyl-, bis(dihydrogen phosphate), 
tetrasodium salt, hexahydrate; Vitamin K,; Kappadione; Synkavite 
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2-Methyl-1,4-naphthalenediol bis(dihydrogen phosphate) tetrasodium 
salt, hexahydrate [6700-42-1] C,,H,Na,O,P,-6H,O (530.18); anhy- 
drous [131-13-5] (422.09). 

Preparation—Reduction of menadione to the diol compound by 
treatment with zinc in the presence of acid, followed by double esteri- 
fication with HI, metathesis of the resulting 1,4-diiodo compound with 
AgH,PO,, and neutralization of the bis(dihydrogen phosphate) ester 
thus formed with NaOH. 

Description—White to pink powder, with a characteristic odor; 
hygroscopic; solutions are neutral or slightly alkaline to litmus, pH 
about 8. 

Solubility—Very soluble in water; insoluble in alcohol. 

Comments—See Menadione and Phytonadione. In the body it is 
converted to menadione, and consequently, it has the same uses and 
limitations, except that it is water-soluble and does not require the 
presence of bile salts for its absorption; therefore, it is especially useful 
in the presence of biliary obstruction. 


PHYTONADIONE 


R-[R*,R*(E)]]-1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15- 
tetramethyl-2-hexadecenyl)-, 2-Methyl-3-phytyl-1,4-naphthoquinone; 
Vitamin K,; Mephyton 
Phylloquinone [84-80-0] C,,H,,O, (450.70). It is a mixture of cis- and 
trans-isomers; it contains not more than 20.0% of the cis-isomer. See 

page 1802. 

Description—Clear, yellow to amber, very viscous, odorless or 
nearly odorless liquid; specific gravity about 0.967; stable in air but 
decomposes on exposure to sunlight; solution (1 in 20) in alcohol is 
neutral to litmus; refractive index, 1.523 to 1.526 at 25°. 

Solubility—Insoluble in water; soluble in dehydrated alcohol, ben- 
zene, chloroform, ether, or vegetable oils. 

Comments—The natural product, vitamin K,. For the metabolic 
functions of vitamin K, see the general statement. 

It has a more prompt and prolonged action than menadiol and other 
synthetic analogs of vitamin K, and it is more reliable in restoring 
prothrombin to the blood in conditions of hypoprothrombinemia. Hy- 
poprothrombinemia in the newborn may be prevented or treated by the 
administration of phytonadione to the mother shortly before parturition 
or by giving the infant a single dose shortly after birth. In hypopro- 
thrombinemia consequent to prothrombopenic anticoagulant therapy, 
an adequate intravenous injection usually will stop hemorrhage within 
3 to 4 hr and restore the plasma prothrombin level to normal in 12 to 24 
hr. In hypoprothrombinemia resulting from liver disease it may have 
limited value, especially if the disease is hepatocellular; in biliary 
obstruction or fistula, in which only the absorption of vitamin K is 
impaired, hypoprothrombinemia responds promptly to parenteral phy- 
tonadione. In other enteric diseases in which absorption is defective—as 
in sprue, regional enteritis, enterocolitis, ulcerative colitis, dysentery, 


and extensive bowel resection—it will correct hypoprothrombinemia if 
given parenterally. 

It must be emphasized that it cannot be used to check bleeding 
irrespective of its origin. It is of no benefit in diseases of the blood- 
forming organs, thrombocytopenic purpura, hemophilia, etc. 

Excessive doses occasionally may cause hyperprothrombinemia and 
a tendency toward thrombosis. 


TRETINOIN—page 879. 
VITAMIN A 


Contains a suitable form of retinol (C,)H;,.0; vitamin A alcohol). It may 
consist of retinol or esters of retinol formed from edible fatty acids, 
principally acetic and palmitic acids. It may be diluted with edible oils, 
or it may be incorporated in solid, edible carriers or excipients, and it 
may contain suitable antimicrobial agents, dispersants, and antioxi- 
dants. See page 1799. 

Note—In stating the potency and dosage of vitamin A dosage forms 
it is customary to use either the International Unit (IU) or the equiv- 
alent USP Unit. One USP Unit (or International Unit) of vitamin A is 
defined as the specific biological activity of 0.3 wg of the all-trans isomer 
of retinol. 

Description—Yellow to red, oily liquid that may solidify upon 
refrigeration; in solid form, it has the appearance of any diluent that 
has been added; may be nearly odorless or may have a fish odor but has 
no rancid odor or taste; unstable to air and light. 

Solubility—In liquid form, insoluble in water or glycerin; soluble in 
absolute alcohol or vegetable oils; very soluble in ether or chloroform. In 
solid form, may be dispersible in water. 

Comments—tThe only valid therapeutic uses are in the treatment 
of vitamin A deficiency or in the prophylaxis of deficiency in persons 
with a known dietary deficiency, a high requirement, or an absorption 
defect. Large doses produce toxicity (see the general statement), symp- 
toms of which may not be evident for 6 months or longer. Daily doses 
larger than 25,000 USP Units should not be prescribed unless severe 
deficiency exists. 


VITAMIN E 


A form of alpha-tocopherol [C,,H;,0, = 480.71]. See page 1801. It 
includes the following: d- or dl-alpha-tocopherol (C,,H;,0.,); d- or dl- 
alpha-tocopheryl acetate [C,;,H,;.0, = 472.75]; d- or dl-alpha-tocopheryl 
acid succinate [C,,H;,0; = 530.79]. 

The generic title Vitamin E Preparation is officially recognized for 
any single form of the vitamin with one or more inert substances. The 
product may be in liquid or solid form, and it must contain not less than 
95.0% and not more than 120.0% of the labeled amount of the vitamin. 
For a preparation labeled to contain a dl-form of the vitamin allowance 
is made for it to contain a small amount of a d-form occurring as a minor 
constituent of an added substance. 

Alpha-tocopherol (also written a-tocopherol) is a trivial generic 
name that embraces all stereoisomeric forms of 2,5,7,8-tetra-methyl-2- 
(4,8, 12-trimethyltridecyl)-6-chromanol. The term d-alpha-tocopherol is 
employed in the pharmaceutical field to designate that form of the 
compound that (1) occurs naturally and (2) is dextrorotatory. The term 
dl-alpha-tocopherol designates the mixture of stereoisomers prepared 
synthetically, commonly from racemic isophytol. 

The phenolic hydroxy] is readily susceptible to acylation, and the 
resulting esters, eg, the acetate and acid succinate, are much more 
resistant to oxidation and discoloration on exposure to air and light 
than the phenolic form. 

Description—Little or no odor or taste. The alpha-tocopherols and 
alpha-tocopheryl acetates: clear, yellow, viscous oils. d-Alpha-tocopheryl 
acetate: may solidify in the cold. Alpha-tocopheryl acid succinate: white 
powder; the d-isomer melts at about 75°, and the d/-form melts at about 
70°. The esters: stable to air and to light but unstable to alkali; the acid 
succinate: also unstable when held molten. 

Solubility—Alpha-tocopheryl acid succinate: insoluble in water; 
slightly soluble in alkaline solutions; soluble in alcohol, ether, acetone, 
or vegetable oils; very soluble in chloroform. Other forms of vitamin E: 
insoluble in water; soluble in alcohol; miscible with ether, acetone, 
vegetable oils, or chloroform. 

Comments—tThe only valid therapeutic use is as a supplement to 
the diet of the newborn infant, especially if premature, or in the treat- 
ment of the infant with steatorrhea, in which the GI absorption of it is 
impaired. No need for administration to children or adults has been 
demonstrated. For additional information see the general statement. 


OTHER FAT-SOLUBLE VITAMINS 
Calcifediol (38,5Z,7Z)-9,10-Secocholesta-5,7,10(19)-triene-3,25-diol 
monohydrate C,,H,,0.-H.O (418.66) Calderol—The form of vitamin 
D., found in the circulation; differs from calcitriol (below) in that hy- 


droxylation in the liver occurs only at C-25. Produced synthetically; see 
Am J Clin Nutr 1969; 22:412. A white powder practically insoluble in 
water. Comments: In the treatment and management of metabolic bone 
disease or hypocalcemia associated with chronic renal failure. It should 
not be given to patients with hypercalcemia or evidencing toxicity to 
vitamin D. 

Calcitriol—For the full monograph, see page 1800. Comments: The 
form of vitamin D, that stimulates intestinal calcium transport. Based 
on the observation that in acutely uremic rats it stimulates intestinal 
calcium absorption, it has been suggested that a vitamin D-resistant 
state exists in uremic patients because of failure of the kidney to 
convert precursors to calcitriol; hence the indication for use of the latter 
compound in the management of hypocalciuria in patients undergoing 
chronic renal dialysis. Its efficacy in not only reversing the calcium 
metabolic disorder but also reducing elevated parathyroid hormone 
levels in some patients has been demonstrated. 

Vitamin A Acetate [Retinol Acetate; C,.H,,0,]—Light-yellow to 
red oil with a slight fishy odor; light and oxygen cause deterioration; 
tasteless. Soluble in lipid solvents; insoluble in water. Comments: A 
form of vitamin A; 0.344 yg is equivalent to 1 USP Unit or to 0.6 yg of 
B-carotene. 

Vitamin A Palmitate [Retinol Palmitate; C,H, .0,]—Light-yellow 
to red oil; odorless in the pure state but otherwise has a slight fishy 
odor; unstable in light and air. Soluble in oils and lipid solvents; insol- 
uble in water. Comments: A form of vitamin A. 


THE WATER-SOLUBLE VITAMINS 


Except for ascorbic acid, all the vitamins in this water-soluble 
category belong to the B-group of vitamins. Some still retain 
their original individual designations, such as B,, Bg, and By», 
whereas comparable names for other vitamins have become 
obsolete. f 

In 1930, when it was clear that vitamin B was of multiple 
nature, the term vitamin B complex was coined to refer to the 
group of water-soluble animal growth factors found in rela- 
tively high concentrations in such products as liver, yeast, and 
rice bran. This was a convenient term to use in the early 
scientific literature, but it was not intended to be a specific 
name for pharmaceutical preparations that contain varying 
proportions of the B vitamins. The term was intended to apply 
to a group of vitamins whose identity was being sought, rather 
than to a group of compounds whose identity had been estab- 
lished. Since the nature of the complex has been characterized, 
the term vitamin B complex is no longer appropriate. 


ASCORBIC ACID (VITAMIN C) 


Vitamin C, or ascorbic acid (antiscorbutic vitamin), is necessary for the 
prevention and cure of the deficiency disease scurvy. 

Scurvy has been recognized since the Middle Ages and was found 
widespread in northern Europe and among the crews of sailing ships. 
During the 18th century it was learned that when fresh fruit was made 
available aboard sailing vessels, scurvy was avoided. In 1907 Holst and 
Frolich observed a scurvy-like syndrome in guinea pigs that was similar 
to human scurvy and cured it by feeding citrus juices. This gave an 
experimental means for the rapid development of our knowledge of 
vitamin C, to which many workers have contributed. 

Chemistry and Assay—Ascorbic acid is a white, crystalline com- 
pound structurally related to the monosaccharides. It exists in nature 
in both a reduced and the oxidized form, dehydroascorbic acid. These 
substances are in a state of reversible equilibrium in biological systems, 
and both have the same biological activity. 
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L-Ascorbic Acid Dehydreoascorbic Acid 


Ascorbic acid is stable in the dry state but is easily oxidized in aqueous 
solution in the presence of air. Oxidation is accelerated by heat, light, 
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alkalies, oxidative enzymes, and traces of copper and iron. Because of 
its relative instability, ascorbic acid is readily lost during cooking if 
simple precautions to avoid aeration are not taken. Also, because of its 
high aqueous solubility, the vitamin is lost to a considerable extent 
when large amounts of cooking water are discarded. Progressive loss of 
vitamin C in fresh fruits and vegetables occurs during storage. 

Solutions of ascorbic acid are strongly reducing, and the vitamin is 
oxidized easily. In animal tissues the greater part of the vitamin is in 
the reduced form, but as scurvy develops, the ratio of oxidized to 
reduced form rises. This property of reversible oxidation-reduction is 
the most likely basis for the role of the vitamin in biochemical reactions. 

The article of commerce is produced exclusively by synthesis. Sor- 
bitol, a hexose occurring in several fruits but commercially obtained by 
hydrogenating dextrose, is the raw material for production of ascorbic 
acid. Amounts of ascorbic acid are expressed in terms of weight, as 
milligrams. The USP provides a Reference Standard of L-ascorbic acid 
for assay purposes. The practical methods of ascorbic acid assay are 
based on its powerful reducing properties, which enable determination 
by oxidimetric titration. The three most-used reagents for this titration 
are chloramine-T, 2,6-dichlorophenolindophenol, and iodine. Another 
practical assay is based on the conversion of ascorbic acid to oxalic acid 
2-nitrophenylhydrazide by treatment with diazotized 2-nitroaniline. 
This yields a colored compound that is measured photometrically. Still 
another is the photometric assay of total ascorbic acid (ascorbic acid 
plus dehydroascorbic acid) by conversion of the vitamin to its 2,4- 
dinitrophenylhydrazone. 

Metabolic Function, Dietary Requirement, and Food Sources— 
Vitamin C is known to be essential for the formation of intercellular 
collagen. In scorbutic tissues the amorphous ground substance and the 
fibroblasts in the area between the cells appear normal but without the 
matrix of collagen fibers. These bundles of collagenous material appear 
within a few hours after the administration of ascorbic acid. This points 
to the relationship of the vitamin in maintenance of tooth structures, 
matrix of bone, and the walls of capillaries. In scurvy, these are the 
tissues found to be faulty. 

The picture of clinical scurvy in humans is one that can be related to 
the general breakdown of intercellular collagen substance. Bleeding is 
common, particularly at sites of pressure. The occurrence of petechiae, 
pinpoint hemorrhages that occur in the skin under reduced pressure, 
has been used as a diagnosis of scurvy. This is an indication of weakness 
or fragility of the walls of capillaries. Bones become brittle and cease to 
grow, and normal structures are replaced by connective tissue that 
contains calcified cartilage. Anemia is a common occurrence in scurvy, 
caused by an impairment of hematopoiesis. Also, vitamin C has been 
shown to change iron absorption. Tooth enamel, cementum, and par- 
ticularly dentin change in structure, and the gums about the teeth 
become spongy and bleed easily. Keratoconjunctivitis sicca, xerostomia, 
salivary gland enlargement, xerosis, hyperpigmentation, ichthyosis, 
neuropathies, and mental depression may occur, even when the full- 
blown picture of scurvy is absent. 

Vitamin C is essential for the healing of bone fractures. Such frac- 
tures heal slowly in a patient deficient in vitamin C. Wound-healing 
also is impaired. 

There is evidence to indicate that the vitamin functions in the 
metabolism of tyrosine. There is an abnormal excretion of homogentisic, 
p-hydroxyphenylpyruvic, and p-hydroxyphenyllactic acids in scorbutic 
guinea pigs following administration of tyrosine, which, of course, is 
corrected with ascorbic acid. The excretion of tyrosyl derivatives in 
humans on a low—vitamin C diet given 20 g of tyrosine daily also is 
affected by ascorbic acid administration. In some newborns, the occur- 
rence of tyrosinemia possibly accruing to high protein intakes suggests 
that this relationship be taken into consideration in evaluating the 
ascorbic acid requirement for the infant. 

An intake of 10 to 20 mg a day of ascorbic acid is sufficient to protect 
an adult from classical scurvy, and 45 mg a day will maintain an 
adequate body pool of 1500 mg. Except for pregnant and lactating 
women, 60 mg is the recommended dietary allowance (Table 106-1) for 
both males and females over 11 years. For infants, 35 mg of ascorbic 
acid provides about the same amount as supplied daily by 850 mL of 
milk from mothers living in the US. The vitamin C requirements are 
increased following trauma, during infections, and during periods of 
vigorous physical activity; in such circumstances the requirement may 
be 100 to 200 mg a day. 

The regular ingestion of 1 to 4 g of ascorbic acid a day has been 
suggested as a means of shortening the illness period and alleviating 
the symptoms of the common cold. A few clinical studies offer some 
support for this hypothesis, but other studies have failed to replicate 
these results. Definitive long-term studies with large populations, 
which might confirm the practice as a reliable public-health measure, 
have not been done. 
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A number of epidemiological studies show a protective association 
between the consumption of foods that contain vitamin C and cancers of 
the esophagus, stomach, and cervix. Animal studies testing precursors 
of known carcinogens showed a reduced number of tumors when the 
animals were given vitamin C. Biochemical studies suggest that vita- 
min C blocks the formation of active carcinogenics from precursors. 
There is also the hypothesis that vitamin C has an effect as a free radial 
scavenger. Although vitamin C in large amounts may have some phar- 
macological effects, these are not related to the normal functioning of 
the vitamin at nutritional levels. There is no evidence that levels 
exceeding the recommended RDA amount have any additional benefit, 
and contrary to those who advocate the use of megadose quantities 
(gram quantities), such practices can be harmful to some individuals. 

The prolonged ingestion of supplements of ascorbic acid in excess of 
about 3 g a day is not without potential danger. GI disturbances (nau- 
sea followed by diarrhea), kidney or bladder stone formation (resulting 
from an increased excretion of oxalate, urate, and calcium), prenatal 
conditioning of the fetus to deficiency symptoms, interference with 
simple tests for glycosuria, and interference with the anticoagulant 
effect of heparin are clinical problems that may occur. 

For therapeutic purposes in treatment of adult scurvy, 1000 mg of 
ascorbic acid a day, in divided doses, for 1 week is recommended, then 
500 mg until all signs disappear. It also is used in the treatment of 
idiopathic methemoglobinemia to reduce the ferric iron in heme to the 
ferrous state. 

Ascorbic acid facilitates the absorption of iron by keeping the iron in 
the reduced form. A few microcytic anemias respond to ascorbic acid 
treatment, which may be in part due to improved absorption of iron. 

Vitamin C is found in all living plant cells, is synthesized during the 
germination of seeds, and is concentrated relatively in the rapidly 
growing parts of the plant. It is present in all animal tissues as well, but 
only guinea pigs, primates, a few exotic animal species and human are 
unable to meet body needs by synthesis and must rely upon a dietary 
source. 

Although vitamin C appears to be present in all living tissues, our 
best sources of supply are fresh fruits such as citrus fruits, strawber- 
ries, and melons and green vegetables such as lettuce and cabbage. An 
average serving of potatoes contains enough vitamin C when first 
harvested to meet the adult male RDA, but contains only half that 
amount by the following spring. It is a common practice, and a sound 
one, to rely to a large extent on citrus fruits and juices as important 
vitamin C carriers, particularly in infant feeding. An ounce of orange or 
lemon juice a day is sufficient to prevent scurvy in humans on an 
otherwise low—vitamin C diet. 

It is fairly common practice to add ascorbic acid to foods for technical 
purposes; eg, as an antioxidant to protect natural flavors and colors. 


THE B VITAMINS 


The water-soluble B of McCollum, or the antiberiberi vita mine of Funk, 
has now been differentiated into at least 11 separate and distinct 
chemical entities. It has been established that 8 of these are required in 
human nutrition. They are thiamine, riboflavin, niacin, folic acid, pyr- 
idoxine, biotin, pantothenic acid, and vitamin B,.. p-Aminobenzoic acid, 
choline, and inositol have an essential part in cellular metabolism in 
plants and animals, but this alone does not constitute presumptive 
evidence of their importance in human nutrition. When the dietary 
intake of methionine is adequate, choline can be synthesized endog- 
enously; therefore, the human requirement is relative to the methionine 
intake, similar to the relationship between niacin and tryptophan. It 
can be stated categorically that the human does not require either an 
exogenous or endogenous source of p-aminobenzoic acid. Although ino- 
sitol deficiency has not been demonstrated in humans, it may be an 
important nutrient in infant nutrition. Mammalian milk contains ino- 
sitol, and since milk is the sole item of the diet of infants during this 
critical growth period, it is appropriate to include it in non-milk-based 
formulas, a practice that has existed since the early 1960s. 

There is no one natural source of the B vitamins as a group that is 
necessarily superior to another source. No natural source contains all 
the water-soluble factors in the proportions that are needed in human 
nutrition, and the therapeutic value of any vitamin-containing material 
depends on the needs of the individual to whom it is being adminis- 
tered. Nevertheless, multiple deficiencies of B vitamins often coexist. 
Furthermore, the repair of one B-vitamin deficiency may increase the 
need for another; thus, the administration of thiamine in clinical or 
subclinical beriberi increases the need for riboflavin. Consequently, 
there is some justification for multivitamin therapy with those five B 
vitamins for which clinical deficiencies occur (thiamine, niacin, ribofla- 
vin, folic acid, and vitamin B,,). Human deficiencies in biotin and 
pantothenic acid have only been produced experimentally, and pyridox- 
ine deficiency has occurred in infants fed an unfortified formula. 


BIOTIN 


cis-Hexahydro-2-oxothieno[3,4-d]imidazole-4-valeric acid 
Before this nutritional factor was identified as a discrete chemical 
substance, it variously was called vitamin H, anti-egg-white injury 
factor, coenzyme R, Bios II, and others. Its discovery was an outgrowth 
of studies on the toxicity of large amounts of unheated egg white as the 
sole source of protein for rats. 

Chemistry and Assay—Biotin is a colorless, crystalline, monocar- 
boxylic acid, only slightly soluble in water or alcohol (its salts are quite 
soluble). Water solutions are stable at 100°, and the dry substance is 
both thermostable and photostable. Biotin is unstable, however, in 
strong acids and alkaline solutions and in oxidizing agents. The vitamin 
is optically active, and the natural isomer, which alone possesses bio- 
logical activity, is the p-form (rings are cis-fused and the isomer is 
designated (+)-biotin). 


HOOC(CH»), NH 


Biotin 


Although biotin with the above structure is the compound present in 
food sources, the sulfur atom can be replaced with an oxygen atom 
without reduction in its metabolic activity. Biotin occurs in animal and 
plant tissues primarily in combined forms that are liberated by enzy- 
matic hydrolysis during digestion. One of the simplest such complexes 
is biocytin, e-N-biotinyl-L-lysine. The amount of the vitamin in a prod- 
uct is expressed solely in terms of the weight of the chemically pure 
substance, the free monocarboxylic acid. 

Only microbiological methods are feasible for the quantitative assay 
of biotin because of their sensitivity to the low concentrations usually 
encountered. After simple aqueous or acid extraction combined with 
heating, a microbiological assay using growth of the test organ- 
isms Allescheria boydii or Lactobacillus arabinosus as the criterion is 
carried out. 

Metabolic Functions, Dietary Requirement, and Food Sources— 
Attempts to induce deficiency in man by inclusion of large amounts (200 
g) of dried unheated egg white for several days in the diet have resulted 
in the appearance of vague symptoms such as change in skin color and 
dermatoses, slight change in lingual papillae of the tongue, muscle 
pains, loss of appetite, sleeplessness, and extreme lassitude. Raw egg 
white contains a protein, avidin, which combines with biotin and pre- 
vents absorption of the vitamin from the intestine. Rapid relief from 
such symptoms was observed with administration of biotin. This con-’ 
dition is difficult to produce in human subjects, and since a frank and 
specific deficiency disease is not discernible, there is uncertainty as to 
the exact nature of the deficiency syndrome as well as the need for a 
dietary source of biotin in human. nutrition. Intestinal synthesis is 
undoubtedly the important factor in the supply of biotin to the body. 

Biotin functions in carbon dioxide fixation reactions in intermediary 
metabolism, transferring the carboxyl group to acceptor molecules. It 
similarly acts also in decarboxylation reactions. For its part in these 
vital enzymatic steps, in catalyzing deamination of amino acids and in 
oleic acid synthesis, biotin is essential in human metabolism and pre- 
sumed to be a dietary essential in the absence of adequate microbial 
synthesis in the intestine. 

Diets providing a daily intake of 150 to 300 ug of biotin are consid- 
ered adequate. These amounts are readily met and exceeded when milk, 
meat, and eggs are frequent items of the diet. 


CHOLINE 


The propriety of classifying choline as a vitamin and a member of the B 
group is questionable because it is synthesized in the human body, and 
there is no evidence that a lack of choline has a disturbing effect on 
human metabolism. Nevertheless, choline plays an important role both 
as a structural component of tissues and in biological methylation 
reactions. Dietary deficiency of it leads to gross pathology in several 
species of animals. 

Chemistry—Choline is ($-hydroxyethyl)trimethylammonium hy- 
droxide. Since it is completely dissociated, it is comparable to alkali 
hydroxides as a base. Consequently, it does not exist as a base at body 
pH but rather as a salt; the anion is that present in its immediate 
biological environment. The B-(hydroxyethyl)trimethylammonium cat- 
ion is the biologically important moiety. The cation is incorporated into 
phospholipids, such as lecithin and sphingomyelin, and acetylcholine, a 
substance released at cholinergic nerve junctions during transmission 
of nerve impulses. Acid hydrolysis of phospholipids yields the free 


choline salt, which is very soluble in water and to a lesser extent in 
ethanol. Assay for choline is accomplished with a microbiological 
method using a mutant strain of Neurospora. 
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Metabolic Functions, Dietary Requirement, and Food Sources— 
Besides its vital function as a precursor of acetylcholine, which is 
important in the sequence of nerve-muscle stimulations, choline is an 
important contributor of methyl groups needed for the in vivo synthesis 
of metabolites and perhaps some hormones. The biogenesis of choline 
appears to be universal in nature and is the result of the three-step 
transfer of methyl groups to an acceptor, which may be either free 
aminoethanol or phosphatidyl aminoethanol. Such transfers require 
methionine as a methyl donor (actually, S-adenosylmethionine). Cho- 
line is indirectly a source of methyl groups; it is first oxidized to betaine, 
which then may transfer a methyl group to homocysteine to form 
methionine. By thus regenerating methionine lost in transmethylation 
reactions, exogenous choline can spare the amino acid for use in protein 
synthesis. Methionine is an essential amino acid. 

Choline has the property of preventing the deposition of excess fat or 
of causing the removal of excess fat from the liver of experimental 
animals fed high-fat diets and, because of this, it is often classified as a 
lipotropic agent. The lipotropic action probably relates to the incorpo- 
ration of choline into phosphatidylcholine (lecithin), which, in turn, is 
incorporated into phospholipids and lipoproteins. The lipotropic action 
is independent of the function of choline as a reservoir of methyl groups. 

There is presumptive evidence from nutritional and metabolic stud- 
ies and teleological considerations that choline is important, if not 
essential, for the infant. It is appropriate to ensure, therefore, that 
choline is present in infant formulas at least to the level found in 
human milk. This is about 90 mg/L. Most infant formulas contain about 
1 1/2 times this amount. It is equally appropriate to include choline in 
chemically defined diets to be used as the sole source of nutrients for 
critically ill patients. 

An average mixed diet consumed by man in the US has been esti- 
mated to contain 500 to 900 mg of choline a day, an amount known to 
be adequate when compared with animal requirements. Foods that 
supply large amounts of choline are liver, kidney, brain, muscle meats, 
fish, nuts, beans, peas, and eggs. Moderate amounts exist in cereals, 
milk, and a number of vegetables. 


FOLIC ACID (FOLACIN) 


The vitamin derives its name from the Latin word folium, leaf. It was 
first isolated from spinach leaves where it is now known to occur in 
relatively minute amounts compared with other food sources. Several 
apparently unrelated factors had been isolated in various laboratories 
before realization that they had in common the same parent compound, 
pteroyl-L-glutamic acid: Factor U (a chick growth factor), vitamin M (a 
factor for monkeys), vitamin B, (a chick antianemia factor), liver and 
yeast L casei factors (bacterial growth factors), and others. In 1972 the 
International Union of Nutritional Sciences Committee on Nomencla- 
ture decided that the term folacin should be used as the generic de- 
scriptor for folic acid pteroylmono-L-glutamic acid. However, the USP 
continues to call pteroylglutamic acid by the descriptor folic acid, and 
medical and biochemical practice usually does the same. 

Chemistry and Assay—Pteroylglutamic acid crystallizes from cold 
water, in which it is only slightly soluble, as yellow spear-shaped 
platelets. It is readily destroyed by boiling in acid solution, and its 
solutions will deteriorate in sunlight. It is insoluble in alcohol or the 
usual organic solvents but readily dissolves in dilute solutions of alkali 
hydroxides and carbonates. The characteristic UV absorption spectrum 
of pteroylglutamic acid in dilute NaOH is used to aid in identification 
and measurement of the compound. 

A series of compounds with several molecules of glutamic acid 
attached to the first glutamic acid radical in peptide linkage have been 
synthesized. Compounds with one, two, three, and seven glutamic acid 
groups have been isolated. The latter three are known as conjugates. 
Some animals and man can utilize them as a source of pteroylglutamic 
acid, presumably because appropriate digestive enzymes can hydrolyze 
them. Microorganisms can use them to only a variable and limited 
extent unless they are first hydrolyzed to the free form with liver, 
kidney, or pancreatic enzymes, called conjugases. 
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The functional form of this vitamin group is basically the 5,6,7,8- 
tetrahydrofolic acid in which a formyl group (-CHO), when present, is 
attached at either or both the N° or N"° positions. The hydrogenated 
N°-formyl compound, formerly called folinic acid, or leucovorin, is avail- 
able, as is the monosodium salt of folic acid, as a discrete pharmaceu- 
tical preparation. It properly is termed 5-formyltetrahydrofolic acid. 
These compounds similarly serve as standards during assay of the 
vitamin. A USP Reference Standard Folic Acid is available. Separately, 
the three moieties that make up the folic acid molecule (pteroic acid, 
p-aminobenzoic acid, and glutamic acid) have no vitamin activity. 

The quantitative assay of folacin in natural products is mainly by 
biological or microbiological methods. In the chick assay, the birds are 
placed on a folic acid-free diet until they became anemic, after which 
folic acid supplements and the test material are administered. The 
degree of recovery is related to the quantity of reference folic acid fed. 
The two organisms most used in the microbiological method are Lacto- 
bacillus casei and Streptococcus faecalis. The method is based on the 
fact that pteroylglutamic acid is a required growth factor for each; 
however, the assay is complicated when biological material is analyzed, 
because naturally occurring folic acid derivatives do not all have the 
same biological activity for the two organisms. 

Folic acid can be determined by either of two physicochemical meth- 
ods, provided the compound is present in relatively pure form. One 
method is the spectrophotometric measurement of the extinction max- 
ima of the UV absorption curve; the other is the spectrometric mea- 
surement after oxidative fission of folic acid to 4-aminobenzoylglutamic 
acid followed by diazotization and coupling to give an azo dye. Folic acid 
also can be determined with high-pressure liquid chromatography. 

Metabolic Functions—Folic acid is one of the important hemato- 
poietic agents necessary for proper regeneration of the blood-forming 
elements and their functioning. Although the mechanism whereby folic 
acid performs this vital role is not understood, much is known about the 
involvement of folic acid as a coenzyme in intermediary metabolic 
reactions in which one-carbon units are transferred. These reactions 
are important in interconversions of various amino acids and in purine 
and pyrimidine synthesis. This role is in contrast to that of choline in 
furnishing and transferring so-called labile methyl groups in trans- 
methylation reactions. The biosynthesis of purines and pyrimidines is 
linked ultimately with that of nucleotides and ribo- and deoxyribonu- 
cleic acids, functional elements of all cells. 

The concept of antivitamins or vitamin antagonists is exemplified in 
a particular aspect of folic acid metabolism. By virtue of its structural 
similarity, sulfanilamide competes with p-aminobenzoic acid in the 
biological synthesis of folic acid. The organism is thus deprived of 
needed folic acid. Sulfonamides act, therefore, as growth inhibitors of 
certain pathogenic organisms, a competitive antagonism that is respon- 
sible for the antibacterial action of sulfa drugs. Since mammals use 
preformed folic acid, sulfonamides do not disrupt the host metabolism. 

Numerous analogs of pteroylglutamic acid have been prepared that 
exhibit potent antifolic acid activity. Several compounds, notably ami- 
nopterin (4-aminopteroylglutamic acid) and methotrexate (4-amino- 
N°-methylpteroylglutamic acid), compete with folic acid in nucleic acid 
synthesis and have been used in the treatment of various cancers, 
psoriasis, and certain immune disorders. The antimicrobial drugs tri- 
methoprim and pyrimethamine are also antifolate drugs. 

Dietary Requirement and Food Sources—Folic acid deficiency 
results in megaloblastic anemia, glossitis, diarrhea, and weight loss. A 
deficiency is best diagnosed by the demonstration of low levels of the 
vitamin in serum or blood by microbiological assay or by the hemato- 
logical response to a physiological dose of folic acid, 50 to 200 yg 
intramuscularly a day for 10 days. The condition of megaloblastic 
anemia arising as a result of dietary deficiency of folacin occurs most 
frequently after the age of 65, in persons suffering from malabsorption 
syndromes, in women during the last trimester of pregnancy, and in 
infants receiving unfortified proprietary formulas or goat’s milk. In the 
treatment of megaloblastic or macrocytic anemia, folic acid should be 
administered as the sole therapeusis only when the possibility of per- 
nicious anemia and other primary diseases of the small bowel has been 
excluded absolutely, a restriction necessitated by the vitamin’s ability 
to mask other diagnostic signs of these conditions. 

In recent years folic acid has been linked as a possible agent in 
lowering the risk of rare but serious defects in fetal development of the 
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brain and spinal cord, including spina bifida and anencephaly. These 
conditions generally are referred to as neural tube defects (NTDs). In 
some interventional and observational studies in which women of child- 
bearing age were given folic acid supplements, lower levels of NTDs 
were observed than with placebo controls. It should be noted that these 
studies were accomplished in areas where the pretreatment rates of 
NTDs were near or above 2 per 1000 live births, and supplemental 
levels of folic acid were between 0.4 and 4 mg/day. Also, data obtained 
for populations in which folic acid intakes were exceedingly low showed 
no relationship with the rates of NTDs, and therefore, the condition 
does not appear to be caused by classic folic acid deficiency. Further- 
more, research with animals has not shown any increase in NTDs with 
folic acid—deficient diets. 

No mechanism for the observed relationship of folic acid consump- 
tion and NTD rates in humans has been proposed. The US Public 
Health Service has recommended that all women who are capable of 
becoming pregnant should consume 0.4 mg of folic acid per day through- 
out their childbearing years for the purpose of reducing their risk of an 
NTD pregnancy. 

This recommendation was made after the 1989 revision of the RDAs 
was released by the Food and Nutrition Board of the NAS. The 1989 
RDAs are 0.2, 0.18, and 0.4 mg for men, women, and pregnant women, 
respectively. 

A balanced American diet for adults contains approximately 0.2 to 
0.6 mg of total folic acid activity, and the intestinal microflora also 
provide some absorbable amounts of the vitamin. The best food sources 
of folic acid are liver, kidney, dry beans, asparagus, mushrooms, broc- 
coli, and collards. Other good sources include spinach, peanuts, lima 
beans, cabbage, sweet corn, chard, turnip greens, lettuce, milk, and 
whole wheat products. 


INOSITOL 

Inositol is hexahydroxycyclohexane (1,2,3,4,5,6-cyclohexanhexol; i-inositol; 
myo-inositol; meso-inositol). Actually, there are nine stereoisomeric cy- 
clohexanols, all of which now are referred to commonly as inositols. 
Several occur in nature; the isomer described above is by far the most 
prevalent and is the only one that is biologically active. 


OH OH 
H OH 
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Inositol 


Inositol occurs normally in nearly all plant and animal cells, either 
free or combined, suggesting that it is an essential cell constituent. In 
animal tissues it occurs as a constituent of phospholipids. In plants it 
usually is found as phytic acid, the hexaphosphate ester of inositol. 
There has as yet been no demonstration of need for inositol in human 
nutrition. In fact, large amounts of phytic acid in the diet interfere with 
the absorption of minerals, especially calcium, zinc, and iron. 

Although inositol possesses weak lipotropic activity, it is not as 
effective as methionine or choline. There is no valid therapeutic use of 
the compound. It may, however, be important to ensure its presence, at 
levels customarily found in human milk, in foods that are fed to infants 
and critically ill patients as the sole item of the diet. Inositol is mea- 
sured by a microbiological assay. 


NIACIN (NICOTINIC ACID AND NICOTINAMIDE) 


Nicotinic acid (niacin) and nicotinamide (niacinamide) have identical 
properties as vitamins. Both compounds had been known for approxi- 
mately 20 years before their biological significance was realized. In 
1867 nicotinic acid was synthesized by the oxidation of nicotine with 
nitric acid. But it was not until 1937 that it was isolated from biological 
sources and found to be effective in the cure of black tongue in dogs and, 
later, pellagra in humans. The vitamin has none of the pharmacological 
properties of nicotine, however. In the 1940s the term niacin was 
adopted as a synonym for food labeling purposes to avoid association 
with the nicotine of tobacco. The term niacin is used generically to 
include both nicotinic acid and nicotinamide. 

Chemistry and Assay—Nicotinic acid is pyridine-3-carboxylic 
acid. The structures of nicotinic acid and nicotinamide are shown below. 
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Nicotinic Acid Nicotinamide 


Niacin, the most stable of the vitamins, is not destroyed by heating 
in acid or alkaline solution. It withstands mild oxidation and retains its 
biological activity during the processing of food and the preparation and 
storage of pharmaceuticals. It is readily soluble in water or alcohol but 
insoluble in ether or chloroform. Niacinamide, on the other hand, may 
be extracted from water solution with ether. The amide is hydrolyzed 
readily to the free acid by heating in acid or alkaline solution. 

The usual commercial synthesis of nicotinic acid used in foods and 
drugs is by the oxidation of quinoline with potassium permanganate or 
manganese dioxide, and monodecarboxylation of the purified quinolinic 
acid with controlled heating. Nicotinamide usually is prepared by es- 
terifying nicotinic acid with methanol followed by ammonolysis. 

The activity of both forms of the vitamin is expressed in milligrams 
of the chemically pure substance. Because they have identical biological 
activity and their molecular weights are nearly identical, they are 
equivalent on a weight basis. Reference Standard Niacin and also 
Niacinamide Reference Standard are available from the USP. 

Niacin may be determined in food, drugs, and biological materials 
by microbiological assay or by chemical methods. No animal biological 
method exists. The chemical determination involves reaction of the 
pyridine ring with cyanogen bromide and coupling of the fission product 
with an aromatic amine. The yellow polymethine dye that is formed is 
measured in a spectrometer at 436 nm. In natural products niacin 
occurs mainly in combined form as a coenzyme and must be liberated by 
acid hydrolysis before assay. 

The microbiological assays employ Lactobacillus arabinosus as the 
test organism. A quantitative discrimination between nicotinic acid and 
nicotinamide in a sample is possible by assaying with both this organ- 
ism, which uses both forms, and Lewconostoc mesenteroides, which can 
use only nicotinic acid. 

Metabolic Functions—In the body niacin is converted to niacin- 
amide, which is an essential constituent of coenzymes I and II that 
occur in a wide variety of enzyme systems involved in the anaerobic 
oxidation of carbohydrates. The coenzyme serves as a hydrogen accep- 
tor in the oxidation of the substrate. These enzymes are present in all 
living cells and take part in many reactions of biological oxidation. 

Nicotinamide adenine dinucleotide (NAD) is the inner salt of the 
5'-ester of 3-carbamoyl-1-p-ribofuranosylpyridinium hydroxide with 
adenosine 5'-pyrophosphate and has the structure shown below. Nico- 
tinamide adenine dinucleotide phosphate (NADP) differs only in that 
the adenosine moiety is esterified at its 2’-position with phosphoric 
acid. 
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These coenzymes are synthesized in the body and take part in the 
metabolism of all living cells. Since they are of such widespread and 
vital importance, it is not difficult to see why serious disturbance of 
metabolic processes occurs when the supply of niacin to the cell is 
interrupted. 

The observations of numerous nutritionists that the daily require- 
ment for niacin is influenced by the amount and kind of dietary protein 
led to the discovery that the amino acid tryptophan functions as a 
potential precursor of niacin. The efficiency of the conversion indicates 
that 60 mg of dietary tryptophan is equivalent to 1 mg of niacin. This 
relationship has given rise to the use of the term niacin equivalent, 
which is defined for the purpose of estimating the adequacy of diets in 
this vitamin as 1 mg of niacin or 60 mg of dietary tryptophan. 

Niacin is absorbed readily from the intestinal tract, and large doses 
may be given orally or parenterally, with equal effect. Niacin, as nico- 
tinic acid, is prescribed widely by physicians in gram amounts for the 
purpose of lowering blood cholesterol levels. The mechanism for this 
action is not fully understood; however, the effect is known to occur as 


a result of decreased cholesterol synthesis in the liver. Only the nico- 
tinic acid form of the vitamin provides the effects. The use of such high 
doses of nicotinic acid can have serious side effects, including impair- 
ment of liver function. Nicotinic acid at these levels should be used only 
in conjunction with appropriate monitoring of normal liver function. 

The principal excretory product of niacin in the urine is N-methyl- 
nicotinamide, a fluorescent compound formed in the liver. On a normal 
diet approximately one-fourth of the niacinamide ingested is excreted 
as N-methylnicotinamide. With increased levels of niacin intake the 
percentage of ingested niacin excreted as the fluorescent substance is 
decreased. 

Dietary Requirement and Food Sources—Pellagra, which 
means rough skin, is the primary deficiency disease due to lack of 
sufficient niacin in the diet, and it appears only after months of dietary 
deprivation. The condition involves the GI tract, the skin, and the 
nervous system. Loss of weight, anorexia, weakness, insomnia, head- 
ache, and diarrhea are common and appear without obvious cause. 
Other early symptoms may include abdominal pain, nervousness, and 
mental confusion. 

Typical manifestations of pellagra in a well-advanced stage are 
diarrhea, dermatitis, and dementia. GI difficulties vary in severity, and 
absence of gastric secretion is a common finding. In the more advanced 
state, diarrhea is severe. Dermatitis has a characteristic appearance 
and occurs at those sites subject to exposure or irritation. The skin 
lesions are usually bilaterally symmetrical and appear first as erythem- 
atous patches, changing to brown pigmented areas, followed by desqua- 
mation and thickening. Glossitis is common; it is characterized by 
swelling and redness at the margins and tip of the tongue. Because of 
inflammation and superficial desquamation, the tongue, gums, and lips 
appear scarlet and smooth. Mental symptoms vary in occurrence and 
intensity; they include irritability, mental depression, and emotional 
instability. A confused mental state with hallucinations, mania, and 
delirium is seen in advanced stages of the disease. Pellagra is a complex 
deficiency, and symptoms of riboflavin, thiamine, and folacin deficiency 
frequently complicate the clinical picture. 

Treatment of the disease requires immediate change to a nutrition- 
ally adequate diet and the administration of niacin or niacinamide. 
When neurological symptoms are present, use of thiamine and ribofla- 
vin may be necessary as well. Recovery from the acute condition is 
dramatic in most instances and occurs within 24 to 48 hr. Small doses 
given frequently during the day have been found to be more effective 
than a single large daily dose. Niacinamide is preferable to niacin 
because it does not produce vasodilation in the skin with sensations of 
itching, burning, or tingling. With severe nausea and diarrhea, intra- 
venous injection of niacinamide is of additional advantage. 

In considering dietary requirement and the foods that contribute to 
it, one must consider the content of preformed niacin and the niacin 
available by conversion from tryptophan, an essential amino acid 
present in all good-quality proteins. The minimum requirement to 
prevent pellagra is the equivalent of about 4.4 mg of niacin/1000 kcal/ 
day. The recommended dietary allowance of the Food and Nutrition 
Board is 6.6 mg per 1000 kcal and not less than 13 mg at caloric intakes 
below 2000 kcal. Most diets consumed in the US supply from 500 to 
1000 mg or more of tryptophan a day and 8 to 17 mg of preformed 
niacin, equivalent to 16 to 33 mg of niacin. 

Poultry, meats, and fish constitute the most important single food 
group source of niacin. Organ meats are somewhat superior to muscle 
tissue. Potatoes, legumes, and some green leafy vegetables contain 
moderate amounts of preformed niacin, as do whole grains. An impor- 
tant public-health nutrition practice, begun in the 1940s, is the nutrient 
enrichment of cereal products: wheat flour, farina, corn products, rice, 
macaroni and noodle products, and bread. Niacin, thiamine, riboflavin, 
and iron are mandatory ingredients in products that are labeled en- 
riched. The level of enrichment for niacin is such that a significant 
proportion of the daily requirement is obtainable from a generous 
serving of these foods. 


PANTOTHENIC ACID 


Knowledge of the identity and importance of pantothenic acid grew 
principally from experimental studies on microorganisms and chicks. 
Because of its wide distribution in nature it was named pantothenic 
(Greek, pantothen, from all sides). The terms vitamin B, and chick 
antidermatitis factor once were applied to variously purified concen- 
trates of the factor, but they are now obsolete. No known therapeutic 
value exists for pantothenic acid, except perhaps in the treatment of 
frank or suspected cases of combined nutritional deficiencies. 
Chemistry and Assay—Pantothenic acid is optically active 
(chiral). Maximum vitamin activity resides only in the p-form, and it is 
readily available as either the sodium or calcium salt, which are crys- 
talline substances. Another commercially available form used in liquid 
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preparations is D-pantothenyl alcohol (panthenol). Chemically, panto- 
thenic acid is a composite structure of B-alanine and 2,4-dihydroxy-3,3- 
dimethylbutyric acid y-lactone, connected in peptide linkage. 
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The free acid is fairly stable in neutral solution but sensitive to 
acids, bases, and heat. The salts are somewhat more stable, but even 
these are destroyed by autoclaving. 

Pantothenic acid, its salts and alcohol, can be assayed by both 
chemical and microbiological methods. A chick growth method has been 
used, but it is time-consuming and has been replaced since suitable 
methods are available for releasing the bound vitamin (a protein en- 
zyme) from its firm combination in plant and animal tissue. The first 
step in chemical assay is acid or alkaline hydrolysis. This cleaves the 
molecule at the peptide linkage into an alanine part and a pantoic acid 
part. These fission products then can be determined photometrically by 
suitable color reactions. In addition both gas-liquid chromatography 
and high-pressure liquid chromatographic methods now exist. Saccha- 
romyces carlsbergensis and Lactobacillus plantarum are used for the 
microbiological assay of pantothenic acid and its salts. There is avail- 
able a USP Reference Standard Calcium Pantothenate. 

Metabolic Functions, Dietary Requirement, and Food Sources— 
Pantothenic acid is of the highest biological importance because of its 
incorporation into coenzyme A (CoA), which is involved in many vital 
enzymatic reactions transferring a two-carbon compound (the acetyl 
group) in intermediary metabolism. It is involved in the release of 
energy from carbohydrate, in the degradation and metabolism of fatty 
acids, and in the synthesis of such compounds as sterols and steroid 
hormones, porphyrins, and acetylcholine. CoA is composed of one mole 
each of adenine, ribose, and B-mercaptoethylamine and three moles of 
phosphate for each mole of pantothenate. 

Many microorganisms depend on the same metabolic pathways for 
their growth and reproduction as do animal species and humans and 
thus also require pantothenic acid. Some have the ability to synthesize 
pantothenic acid at a life-sustaining rate from proper precursors. Syn- 
thesis by the bacterial flora of the intestine in humans appears to be an 
important source of the vitamin and is the probable explanation, in 
part, of why pantothenic acid deficiency in humans is seldom encoun- 
tered. A deficiency syndrome has been experimentally induced in hu- 
man volunteers by the oral administration of a pantothenic acid antag- 
onist, w-methylpantothenic acid, imposed on a pantothenic acid— 
deficient diet. It has been impossible so far to induce an isolated 
deficiency of the vitamin in less than at least 9 months on anything 
resembling a natural diet alone, because of the occurrence of significant 
amounts of pantothenic acid in such a wide variety of foods. 

The symptoms that appear to be specific for a lack of available 
pantothenic acid from the studies using the antivitamin are neuromus- 
cular disorders (paresthesias of the hands and feet and cramping of the 
legs and impairment of motor coordination), loss of normal eosinopenic 
response to adrenal corticotrophic hormone (ACTH), heightened sensi- 
tivity to a test dose of insulin, and, in concert with pyridoxine, a loss of 
antibody production. Fatigue, malaise, headache, sleep disturbances, 
nausea, abdominal cramps, epigastric distress, occasional vomiting, 
and an increase in flatus were subjective observations of the panto- 
thenic acid—deficient human volunteers. 

Usual diets of adult Americans furnish about 10 to 15 mg of panto- 
thenic acid a day, with a probable range of 6 to 20 mg. A daily intake of 
5 to 10 mg is probably adequate for children and adults, and there is no 
evidence for or against a greater requirement during pregnancy or 
lactation. Human milk contains about 2 mg/L; cow’s milk, about 3.5 
mg/L. Liver and other organ meats and eggs are particularly good 
sources. Broccoli, cauliflower, white and sweet potatoes, tomatoes, and 
molasses are quite high in pantothenic acid. Muscle tissue of beef, pork, 
lamb, and chicken also is a good source. 


PYRIDOXINE (VITAMIN B,) 


Vitamin B, does not denote a single substance but is rather a collective 
term for a group of naturally occurring pyridines that are metabolically 
and functionally interrelated; namely, pyridoxine, pyridoxal, and pyri- 
doxamine. They are interconvertible in vivo in their phosphorylated 
form. There is no information on the relative biological activity of the 
three compounds in humans, and since pyridoxine is the most stable, it 
probably contributes the most vitamin activity to the diet. 
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Chemistry and Assay—Pyridoxine as the free base has a bitter 
taste and is readily soluble in water, alcohol, or acetone. It crystallizes 
as the hydrochloride and is prepared in this form for commercial use. 
Pyridoxine is one of the more stable vitamins and in the alcohol form 
withstands heating in acid or alkaline solution. Pyridoxal and pyridox- 
amine are less stable, however, and are known to undergo destruction 
in the more severe heat treatments sometimes used in food processing. 
Under most conditions of processing and storage of foods and pharma- 
ceutical preparations, the vitamin is retained well. 

The structures of the three active forms of the vitamin and the 
phosphorylated form of one of them, pyridoxal phosphate, are shown 
below. 
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The biological activity of the vitamin is expressed in milligrams of 
the chemically pure substance, usually pyridoxine hydrochloride, for 
which a USP Reference Standard is available. Chicks and rats have 
been used for the biological assay of vitamin B, by placing the animals 
on a deficient basal diet that, when supplemented with known amounts 
of the test vitamin, supports a degree of growth related to the amount 
present. It is necessary to measure the three forms of vitamin B, to 
determine accurately the total biological activity. This can be accom- 
plished with a high-pressure liquid chromatographic method. Microbi- 
ological assays also can discriminate between the individual vitamin B, 
components. A very useful technique employed in this type of assay is 
the preliminary separation of the different vitamin forms by a column 
chromatographic procedure using an ion exchanger. The column eluates 
then are analyzed by procedures suited to the vitamin form present in 
the eluates. The organisms most commonly used are Saccharomyces 
carlsbergensis, Lactobacillus casei, and Streptococcus faecalis. 

Metabolic Functions, Dietary Requirement, and Food Source— 
Vitamin B, in the form of pyridoxal phosphate or pyridoxamine phos- 
phate functions in carbohydrate, fat, and protein metabolism; its major 
functions are most closely related to protein and amino acid metabo- 
lism. The vitamin is a part of the molecular configuration of many 
enzymes (a coenzyme), notably glycogen phosphorylase, various 
transaminases, decarboxylases, and deaminases. The latter three are 
essential for the anabolism and catabolism of proteins. 

The biological activity of vitamin B, seems to be a function of the 
molecule as a whole, since small changes in structure render it inactive. 
Deoxypyridoxine, a derivative of the vitamin in which one of the meth- 
anol groups is reduced to a methyl group, has potent antivitamin 
activity, but it is of limited experimental use in man because of its 
toxicity. The antivitamin isonicotinic acid hydrazide (isoniazid) has 
been used widely in the treatment of tuberculosis. It is chemically 
related to pyridoxine and acts also as an antagonist, thus requiring 
physicians to be alert to the pyridoxine nutriture of patients so treated. 
A similar antagonism is possible during treatment of hypertension with 
the drug hydralazine. 

No classic syndrome of pyridoxine deficiency exists, probably be- 
cause it is distributed widely in nature and unique or unusual dietary 
habits have not so far produced an uncomplicated deficiency. That it 
is essential for the growth of animals and human infants is well- 
established. Other manifestations of deficiency in humans are probably 
an acrodynia-like syndrome characterized by edema and loss of hair, 
nerve degeneration resulting in behavioral changes, and, in infants, 
convulsive seizures. The latter symptom was shown to result when 
infants were fed a proprietary milk-based formula, unsupplemented 


with pyridoxine, in which the natural vitamin content was destroyed 
inadvertently during sterilization. In this instance, marked changes in 
electroencephalogram patterns of the infants were produced, and they 
returned to normal minutes after pyridoxine administration. 

In infants, although daily requirements of the vitamin are met by 
consumption of adequate quantities of normal breast milk, the protein— 
vitamin B, relationship is critical. General experience with proprietary 
formulas suggests that metabolic requirements are satisfied if the vi- 
tamin is present in amounts of 0.015 mg/g of protein, or 0.04 mg/100 
kcal. The recommended dietary allowances of the Food and Nutrition 
Board for adolescents and adults, including conditions of pregnancy and 
lactation, range from 2.3 to 2.6 mg a day. 

The best food sources of vitamin B, are muscle meats, liver, green 
vegetables, and whole-grain cereals. The bran from the cereal grains 
has especially large amounts. Nuts, corn, eggs, and milk are also good 
sources. 

If large doses of vitamin B, are ingested for long periods of time, 
peripheral neuropathies develop. In most observations these involve 
levels in excess of 500 mg a day; however, one case with levels as low as 
250 mg a day was reported. 


RIBOFLAVIN 


Riboflavin was formerly known as vitamin B, or G and lactoflavin. It 
owes its discovery as one of the components of the B-vitamin group to its 
characteristic fluorescence and pigmenting quality in such common 
foods as milk and egg yolk. Isolation and characterization of the yellow 
protein enzyme originally from yeast led to studies on the essential 
nature of the flavin pigment part of the enzyme in human metabolism, 
growth, and health. 

Chemistry and Assay—Riboflavin is a yellow to orange-yellow, 
crystalline powder with a slight odor. When dry, it is not appreciably 
affected by diffused light. 

In alkaline solution it is readily soluble but quite unstable to heat 
and to light, forming lumiflavin, a fluorescent degradation product that 
is without biological activity. Riboflavin is more stable to heat in acid 
solution, particularly from pH 1 to 6.5, but upon irradiation forms 
lumichrome, also biologically inactive. Photodegradation occurs in the 
skin, and infants with kernicterus who are treated with UV light may 
become riboflavin-deficient. Riboflavin is adsorbed readily from acid or 
neutral solution on such agents as frankonite, fuller’s earth, and certain 
zeolites and eluted with acetone or pyridine solutions. Adsorbates have 
been used in pharmaceutical preparations, but from some of these the 
vitamin has been found to be unavailable to the human because of 
difficulty of elution in the intestinal tract. 

Solutions of riboflavin have a characteristic yellow-green fluores- 
cence that has a maximum absorption at 565 nm in the acid pH 
range. This property is made use of in the chemical determination of 
riboflavin. It is reduced rapidly by hydrosulfite, or by hydrogen in the 
presence of zinc in acid solution, to the leuco form, which is colorless 
and nonfluorescent. The leucoriboflavin is reoxidized easily by shak- 
ing in air. This oxidation-reduction property (see below) is the prob- 
able basis for the biological importance of riboflavin in the respira- 
tory enzyme systems. 

One gram dissolves in 3000 to about 20,000 mL of water, the 
variations in the solubility being due to differences in the internal 
crystalline structure of the riboflavin; it is more soluble in isotonic 
sodium chloride or alkaline solution than in water and less soluble in 
alcohol. It is insoluble in most lipid solvents. Derivatives such as the 
phosphate or acetate have been prepared for use in pharmaceutical 
preparations when higher concentrations are desired. 
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The activity of riboflavin is expressed in milligrams of the chem- 
ically pure substance, and a USP Reference Standard Riboflavin is 
available for assay purposes. In early work, the riboflavin content of 
substances was measured by a rat growth bioassay method, but 
this has been replaced by both physicochemical and microbiological 
methods. 

Chemical determinations are based on colorimetric and fluorometric 
procedures. Straightforward measurement of the intrinsic yellow color 
of riboflavin is often sufficient for assaying pharmaceutical prepara- 
tions. The fluorometric method is more sensitive and free of interfer- 
ences and is therefore more suited to the assay of the vitamin in foods. 
It depends upon the extraction of the vitamin with dilute acid, filtration, 
treatment of the filtrate with permanganate and hydrogen peroxide to 
destroy interfering pigments, and measurement of the fluorescence. 
Assays also can be accomplished using high-pressure liquid chromatog- 
raphy and a fluorometric detector. 

Lactobacillus casei is used as the test organism for microbiological 
assay of riboflavin. It is determined by measurement of the growth 
stimulation of the organism or by alkaline titration of the acid produced 
during incubation. 

Metabolic Functions—Riboflavin plays its physiological role as 
the prosthetic group of a number of enzyme systems that are involved 
in the oxidation of carbohydrates and amino acids. It functions in 
combination with a specific protein, either as a mononucleotide contain- 
ing phosphoric acid (FMN) or as a dinucleotide combined through 
phosphoric acid with adenine (FAD). 
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Flavin-adenine dinucleotide (FAD) 


The specificity of each of the enzymes is determined by the protein 
in the complex. By a process of oxidation-reduction, riboflavin in the 
system either gains or loses hydrogen. The substrate, either carbohy- 
drate or amino acid, may be oxidized by a removal of hydrogen. The first 
hydrogen acceptor in the chain of events is NAD or NADP, the di- or 
trinucleotide containing nicotinic acid and adenine. The oxidized ribo- 
flavin system then serves as hydrogen acceptor for the coenzyme system 
and in turn is oxidized by the cytochrome system. The hydrogen finally 
is passed on to the oxygen to complete the oxidative cycle. A number of 
flavoprotein enzymes have been identified, each of which is specific for 
a given substrate. 

There is evidence now that some of the flavin enzymes contain 
metallic constituents. These metalloflavoproteins may contain iron, 
copper, or molybdenum. Succinic dehydrogenase, for example, contains 
iron, and xanthine oxidase contains molybdenum as well as iron. 

After phosphorylation, riboflavin is absorbed from the intestinal 
tract and excreted in the urine. A human adult on an ordinary diet 
excretes from 0.5 to 1.5 mg in 24 hr, depending on the content of the 
diet. Of a 10-mg dose taken by mouth, 50 to 70% is excreted within 24 
hr. In riboflavin deficiency there is little or none found in the urine. 
Measure of excretion has been used as a diagnostic sign of deficiency. 
Riboflavin, like thiamine, is stored to a limited extent, and constant 
dietary supply is needed to maintain normal body levels. Liver, kidney, 
and heart tissues contain relatively large amounts of riboflavin because 
of their high enzyme content. 

Dietary Requirement and Food Sources—Symptoms of human 
ariboflavinosis include cheilosis (reddening of the lips and the appear- 
ance of fissures at the corners of the mouth), characteristic changes in 
color of the mucous membranes, inflammation of the tongue, and de- 
nuding of the lips. Lesions of a seborrheic nature also have been ob- 
served as a result of riboflavin deficiency. Ocular manifestations that 
appear in man and animals are characterized chiefly by corneal vascu- 
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larization, in which the cornea is extensively invaded by small capil- 
laries. This usually is accompanied by sensations of itching, burning, 
and roughness of the eyelid and lacrimation, photophobia, and visual 
fatigue. Some of these conditions may, of course, arise from other causes 
and do not necessarily indicate riboflavin deficiency. 

Riboflavin deficiency in humans has not been found to be wide- 
spread in any part of the world, but is undoubtedly a complicating factor 
in other deficiency diseases such as pellagra. For therapeutic purposes, 
doses of 1 to 10 mg a2 day have been given. Rapid disappearance of 
symptoms of ariboflavinosis occurs with 10-mg doses, and some ques- 
tion the need for administering amounts larger than this. 

Studies dealing with the quantitative riboflavin requirement of the 
human indicate that it is related to body size, metabolic rate, and rate 
of growth. The parameter used to express these most closely is meta- 
bolic body size, represented as kilograms of body weight taken to the 3 
power. The recommended daily dietary allowance of the Food and 
Nutrition Board for riboflavin is 0.4 to 0.6 mg for infants, 0.8 to 1.2 mg 
for children up to 10 years, 1.0 to 1.7 mg for adolescents and adults, and 
slightly higher for women during pregnancy and lactation. In general, 
the minimum requirement for riboflavin is about 0.3 mg for adults and 
0.8 mg for infants on a 1000-kcal-intake basis. From a physiological 
point of view, an intake of more than 0.5 to 0.6 mg/1000 kcal may be of 
little extra value in normal adult persons. 

Riboflavin is widely distributed in nature, in both plants and 
animals, as an essential constituent of all living cells, and therefore 
is found widely distributed in small amounts in foods. It is quite 
stable during the processing of food, except when there is excessive 
exposure to light. Because of its water solubility, there is moderate 
loss of riboflavin in cooking when the cooking water is discarded. 
This loss, however, is generally smaller than that of thiamine, nia- 
cin, or ascorbic acid. 

Foods that make important contributions of riboflavin to the diet are 
liver and other organ tissues, milk, and eggs. Vegetables and fruits 
furnish a small but constant supply. 

Many species of microorganisms are capable of synthesizing ribo- 
flavin, and because of the extensive bacterial growth in the human 
intestinal tract, this may form an important and constant source of 
supply of riboflavin and may account for the limited occurrence of 
deficiency in humans. 

When it was recognized that cereal products would be a good vehicle 
to use to improve the content of riboflavin in many diets, its mandatory 
addition as an enriching ingredient was adopted. In concert with thia- 
mine, niacin, and iron, riboflavin is present in nutritionally significant 
amounts in enriched wheat flour, farina, corn products, bread, maca- 
roni, and noodle products. Because of certain cooking habits and the 
apparent unacceptability of the unnatural yellow color, the enrichment 
of rice with riboflavin has been resisted. 


THIAMINE 


Concentrates of thiamine, often termed vitamin B,, were given the 
latter name by early workers in this country who recognized that at 
least two accessory dietary factors were needed for normal growth of 
laboratory rats, one in butter fat and the other in milk sugar. The 
names they suggested for these factors were fat-soluble vitamin A and 
water-soluble vitamin B. It was shown subsequently by a number of 
investigators that the latter consisted of a group of substances rather 
than a single compound, but vitamin B, was finally the first pure 
compound of the group to be laboriously isolated from rice polishings. In 
the pioneer studies on this substance it was found that a thiamine 
concentrate prevented polyneuritis in chickens, which later was found 
to be caused by the absence of thiamine in their diet. Deriving from this 
observation, an early name for the factor is aneurin (from antineuritic), 
which has persisted in some countries. 

Chemistry and Assay—Thiamine is a generic term applied to all 
substances possessing vitamin B, activity, regardless of the anion at- 
tached to the molecule. The cationic portion of the molecule, which is 
the part that may properly be called thiamine, is made up of a substi- 
tuted pyrimidine ring connected by a methylene bridge to the nitrogen 
of a substituted thiazole ring. In the general structural formula, A is 
any appropriate anion but usually chloride (see structure below). In 
addition, ammonium salts may be formed with the amine substituent 
on the pyrimidine ring. The common nomenclature is confusing, but in 
general, the term mono, as in thiamine mononitrate or thiamine mono- 
phosphate, designates the thiazolium type salt. Thiamine chloride hy- 
drochloride is the ammonium salt formed by reacting thiamine chloride 
with hydrochloric acid (see page 1816). 
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Thiamine compounds are usually readily soluble in water or in 
alcohol but insoluble in fat solvents. They are stable in acid solution and 
may be heated without decomposition but are unstable in neutral or 
alkaline solution. At neutral or alkaline pH, splitting occurs at the 
methylene bridge upon heating in the presence of moisture. Splitting of 
the molecule takes place quantitatively in the presence of bisulfite ions, 
a reaction that is made use of in preparing dietary constituents free of 
thiamine for bioassay purposes. 

Thiamine is oxidized in alkaline solution to thiochrome, a biologi- 
cally inactive, highly fluorescent substance. This reaction is the basis 
for the chemical method of estimating thiamine. The pure vitamin is not 
readily oxidized in air. 

An alternate commercial form of vitamin B,, widely used because of 
its greater stability than the hydrochloride, is the mononitrate. 

The activity of the vitamin is expressed in milligrams of the chem- 
ically pure substance, and a USP Reference Standard Thiamine Hydro- 
chloride is available. 

The determination of thiamine in food, biological materials, and phar- 
maceutical products is done almost exclusively by the thiochrome fluoro- 
metric method. On oxidation with ferricyanide in alkaline solution, thia- 
mine is transformed into thiochrome, which has a strong blue fluorescence. 
It is a very sensitive method and correlates well with bioassay results. The 
sequence in the determination involves extraction of the vitamin, enzyme 
hydrolysis, adsorption, elution, and oxidation to thiochrome, which is ex- 
tracted with isobutanol and determined fluorometrically. 

Before the development of suitable physicochemical methods, thia- 
mine was determined in a typical rat-growth assay that is based on the 
growth response of young thiamine-depleted rats to supplemental doses 
of a reference standard and to the test material either fed in or separate 
from the diet or injected parenterally. 

Metabolic Functions—In a phosphorylated form, thiamine (thia- 
mine pyrophosphate; cocarboxylase) serves as the prosthetic group of 
enzyme systems that are concerned with the decarboxylation of a-ke- 
toacids. For example, pyruvic acid is decarboxylated to form a two- 
carbon residue. This process of decarboxylation is catalyzed by the 
pyruvic acid decarboxylase enzyme system, which consists of a specific 
protein, manganese ions, and diphosphothiamine. An a-hydroxyethyl 
group (the acetaldehyde residue of the decarboxylated pyruvic acid) 
attaches to the 2-carbon of the thiazole ring. The hydroxyethyl group 
(active acetate, active acetaldehyde, or two-carbon fragment) attaches to 
one of the sulfur atoms of lipoamide, from which it is removed by 
coenzyme A. Pyrophosphorylated thiamine is effective in the decarbox- 
ylation of other a-ketoacids as well. Some decarboxylation processes are 
reversible, so synthesis (condensation) may be achieved; thus, thiamine 
also is important to the biosynthesis of keto-acids. It is involved in 
transketolase reactions. 

Thiamine is absorbed readily in aqueous solution from both the 
small and large intestine and then is carried to the liver by the portal 
circulation. In the liver, as well as in all living cells, it normally com- 
bines with phosphate to form cocarboxylase. It may be stored in the 
liver in this form or it may combine further with manganese and specific 
proteins to become active enzymes known as carboxylases. 

Thiamine is excreted in the urine in amounts that reflect the amount 
taken in and the amounts stored in the tissues. Measurement of the 
urinary excretion of thiamine after giving a small dose of thiamine is 
useful in determining whether body stores are adequate or deficient. 

Dietary Requirement and Food Sources—Polyneuritis (dysfunc- 
tioning of the nervous system) or beriberi is the frank disease associated 
with thiamine deficiency in humans. Peripheral neuritis is a pathological 
condition of the nerves of the extremities; usually both legs are affected 
and sometimes the arms as well. The symptoms include loss of sensation, 
muscle weakness, and paralysis. In beriberi this condition also is associ- 
ated with edema and abnormal electrocardiogram patterns. 

Severe cases of beriberi are commonly found in the Orient among 
people whose diets consist principally of milled or polished rice, from 
which the vitamin, contained in the bran and germ of the cereal, is 
largely removed during the milling process. American dietaries gener- 
ally furnish sufficient thiamine to meet requirements, and with the use 
of a varied diet, including whole-grain cereals or enriched bread or flour, 
the adequacy of thiamine in most instances is beyond question. Symp- 
toms of thiamine deficiency have been observed among chronic alcohol- 
ics, who use alcohol in place of food as a source of energy. Deficiency also 
occurs in cases of chronic diarrhea, in which absorption is interfered 


with over a period of time, and during pregnancy complicated with 
anorexia and nausea. ‘ 

In the diagnosis of thiamine deficiency, symptoms to be noted in 
particular are anorexia, fatigue, loss of weight, sensation of burning in 
the soles of the feet, tenderness in calf muscles, muscle cramps, and 
general muscular weakness. Such signs are not in themselves specific, 
however, without supplementary laboratory findings that indicate a 
reduced thiamine content in blood and urine. 

For treatment of beriberi or thiamine deficiency in humans, the first 
requisite is a nutritionally complete, well-balanced diet. Good diet is es- 
sential, because beriberi in most instances results from a complex or 
multiple deficiency, and administration of thiamine alone may precipitate 
a condition resulting from a lack of other water-soluble factors. Doses of 10 
to 100 mg of thiamine have been used in severe cases to bring about a cure, 
but evidence of superiority of the larger doses is lacking. As size of the dose 
is increased, the proportion of thiamine retained rapidly decreases, the 
excess being excreted rapidly in the urine. Frequent small doses are to be 
preferred to a single large daily dose. Only in the most severe cases or in 
patients with impaired intestinal absorption does parenteral administra- 
tion appear advantageous. Pharmaceutical preparations of many types 
and potencies are available commercially. 

It is generally assumed that thiamine need is related to caloric need, 
particularly calories derived from carbohydrate. The Food and Nutrition 
Board considers that 0.5 mg/1000 kcal will maintain satisfactory thiamine 
nutriture under normal conditions in the US. As the caloric allowance 
varies with age, so does the recommended daily dietary allowance for 
thiamine; for infants, 0.3 to 0.5 mg; for children up to 12 years, 0.7 to 1.4 
mg; for adolescents and adults, 1.0 to 1.5 mg, the highest allowance being 
for boys and men 15 to 22 years. The literature on thiamine needs in 
maternal and child nutrition suggests an increased need for thiamine 
during pregnancy, and an additional 0.3 mg a day is recommended in 
accordance with the increased caloric recommendation. 

Thiamine is found widely distributed in foods. Thiamine is found in all 
plants and is synthesized by some microorganisms, particularly yeasts. No 
one food can be considered of particular importance above all others, 
although the cereal grains, milk, legumes, nuts, eggs, and pork probably 
furnish the larger proportion of thiamine in diets used in this country. 
Sophistication and processing of foods generally tend to reduce the thia- 
mine supply. For example, in the preparation of wheat flour, separation of 
the bran coat and germ removes 3/4 or more of the thiamine present in the 
whole wheat. This is true for other cereal grains as well. Much of the white 
flour, corn grits, and rice used in this country is enriched to approximate 
the whole-grain level. Because of the lability of thiamine to heat, cooking 
and baking processes reduce the raw food content of the vitamin. 

The loss of thiamine in home cooking is not considered excessive, 
except with foods cooked in large amounts of water that. then is dis- 
carded. Because of its solubility, the thiamine content of the cooking 
water is always appreciable. 


VITAMIN B,, 


Vitamin B,., the most recently discovered of the B group, was isolated from 
liver fractions in crystalline form in 1948 and was soon after shown to be 
specific for the treatment of Addisonian pernicious anemia. It was estab- 
lished that vitamin B,, is the active principle in extracts of liver, employed 
for more than 30 years in the control of pernicious anemia. Liver continues 
to be an important dietary source of the vitamin, but liver injection is no 
longer used in the treatment of pernicious anemia, because of the ready 
availability of crystalline forms of the vitamin. 

Chemistry and Assay—Vitamin B,, is a complex water-soluble 
compound that crystallizes as small red needles that have a specific 
rotation in dilute aqueous solution of —59°. Characteristic absorption 
maxima occur at 278, 361, and 550 nm. The crystalline substance 
blackens without melting at 300°. The compound is a cobalt coordina- 
tion complex, in which the cobalt is trivalent and has a coordination 
number of six. The complex is neutral. Vitamin B,, is composed of two 
heterocyclic systems, a benzimidazole and a modified porphyrin nu- 
cleus, with the following structure: 
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Cyanocobalamin 


Actually, the cyanide group coordinated to the cobalt is not a part 
of the true vitamin but rather is an artifact caused by isolation of the 
vitamin on charcoal; in the liver the ligand is 5’-deoxyadenosyl 
anion. Nevertheless, by strict organic chemical definition, by virtue 
of the fact that the cyanide was the first form of the vitamin to be 
isolated, cyanocobalamin is vitamin B,,. When the ligand is hydrox- 
ide instead of cyanide, the compound is vitamin B,.,, (nydroxocobal- 
amin); when it is water, the substance is vitamin By,»,; (aquoco- 
balamin); when it is nitro, the compound is vitamin B,,,; the 
5'-deoxyadenosyl form is coenzyme B,.; if the ligand is methyl, the 
compound is methyl B,,. Sulfito- and thiocyanatocobalamins also are 
known. In practice, all of these compounds are vitamin B,,. A similar 
situation obtains with respect to the name cobalamin, which strictly 
is Synonymous with cyanocobalamin but in loose practice applies to 
any active compound containing the a-(5,6-dimethylbenzimidazoyl) 
corrin nucleus. Cobamides is a generic term that has been used for 
these compounds. 

Vitamin B,. (cyanocobalamin) in an atmosphere of hydrogen with a 
platinum catalyst is reduced to a red crystalline compound with slightly 
changed UV-absorption maxima, and a reduced stability to heat. Vita- 
min B,,, results from such reduction. Vitamin B,,,, another reduced 
form, occurs in natural sources. 

Commercially, vitamin B,, is obtained from fermentation by Strep- 
tomyces griseus. The vitamin is precipitated from aqueous solutions 
saturated with ammonium sulfate by 1-butanol. Purification is 
achieved by chromatography, using bentonite or aluminum silicate as 
the adsorbent. Sharply defined red bands are formed during the devel- 
opment of the chromatograms, indicating the location of the vitamin. 
The red band is separated mechanically and eluted with water. The 
concentrated water solution on addition of acetone gives the crystalline 
vitamin, which can be purified further by recrystallization from aque- 
ous acetone. 

The USP provides a Reference Standard Cyanocobalamin for use in 
assay of the vitamin. A physicochemical method for determining vita- 
min B,, involves measurement of light absorbance at certain specific 
wavelengths characteristic for cyanocobalamin. This method is only 
applicable to relatively concentrated solutions of the compound, such as 
pharmaceutical preparations. Vitamin B,, also can be determined with 
high-performance liquid chromatography. 

Vitamin B,, is one of the most active biological factors known; its 
activity for bacteria is measured in terms of millimicrograms. Be- 
cause of this sensitivity of some bacteria to such low levels of the 
vitamin and the fact that foods contain exceptionally low concentra- 
tions of the vitamin, microbiological methods are widely used. The 
following three organisms, which require vitamin B,, for growth, are 
used: Lactobacillus leichmannii, Ochramonas malhamensis, and 
Euglenia gracilis. 

Metabolic Functions, Dietary Requirement, and Food Sources— 
The vitamin is essential for the normal functioning of all cells, but 
particularly for cells of the bone marrow, the nervous system, and the 
GI tract. It appears to facilitate reduction reactions and participate in 
the transfer of methyl groups. Evidence exists that vitamin B,, is 
involved in protein, carbohydrate, and fat metabolism, but its chief 
importance in mammalian tissues seems to be, together with folic acid, 
in the anabolism of deoxyribonucleic acid in all cells. Coenzyme forms of 
vitamin B,,, in which the vitamin is linked to adenine and a sugar, 
which catalyze specific reactions in intermediary metabolism, have 
been isolated from bacterial cultures and probably have similar vitamin 
roles in mammalian cells. 

The biochemical fault in pernicious anemia, a condition caused by a 
prolonged deficiency of vitamin B,., is a failure of elaboration of the 
intrinsic factor, normally secreted by the parietal cells of the stomach 
mucosa. This intrinsic factor, which is essential for the absorption of the 
vitamin through the intestinal wall, forms a complex with vitamin B,,. 
Intrinsic factor is a glycoprotein of 45,000 daltons. 

Vitamin B,, is a requisite for normal blood formation, and certain 
macrocytic anemias respond to its administration. In pernicious ane- 
mia, unless accompanied by intrinsic factor, the vitamin is not absorbed 
orally in effective amounts and must be administered parenterally in 
microgram quantities. Preparations containing vitamin B,, and intrin- 
sic factor concentrate are now available for oral use and have been 
shown for short-term use at least to be equivalent in value to the 
injections. Clinical studies indicate that if milligram amounts of the 
vitamin are administered orally in the absence of intrinsic factor, 
enough of the vitamin passes through the intestinal wall to be effective 
in maintaining the pernicious anemia patient. However, the injectable 
form of vitamin B,, continues to be the drug of choice because of the 
desirability of regular attention of a physician to the condition of the 
patient. 
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The evidence indicating that vitamin B,, is the antipernicious ane- 
mia factor is complete. In treating pernicious anemia, vitamin B,, 
administered intramuscularly produces a maximal reticulocyte re- 
sponse in 4 to 9 days and a restoration of red- and white-cell counts in 
4 to 6 weeks. The change in bone marrow from a megaloblastic to a 
normoblastic state is dramatic and occurs within a few hours after the 
injection of as little as 1 wg of the vitamin. Vitamin B,, is considered to 
be the extrinsic factor of Castle, the absorption of which from the 
intestinal tract is facilitated by the intrinsic factor present in normal 
gastric juice. The biochemical defect in pernicious anemia, then, is a 
failure of elaboration of the intrinsic factor. Because of this relationship, 
vitamin B,, given orally is much less effective in the pernicious anemia 
patient and entirely ineffective if there is complete absence of intrinsic 
factor. 

The vitamin is effective in preventing the occurrence of neurolog- 
ical changes common to pernicious anemia. These symptoms are 
observed more frequently among the elderly because absorption of 
vitamin B,, has been shown to decrease among this population. 
However, it is not uncommon to identify women with neurological 
changes caused by vitamin B,, deficiency in their mid-thirties to late 
thirties. Acute symptoms of combined-system disease have been 
found to disappear rather promptly after B,, administration, but 
recovery appears to depend more on the chronicity of the disease 
than on the extent of neurological involvement, and conditions of 
long standing are less apt to show recovery. 

Osteoblast activity probably also depends upon vitamin B,,. 

A simple nutritional concept of pernicious anemia that seems valid 
is that of essentially an uncomplicated deficiency of vitamin B,, condi- 
tioned by the lack of intrinsic factor and, hence, the inability to absorb 
the vitamin from ingested food. This validation rests on several types of 
evidence; particularly convincing is the comparison of the clinical de- 
velopment of vitamin B,, deficiency in vegans, in patients who had total 
gastrectomy (resulting in removal of intrinsic factor and interference 
with absorption of the vitamin), and the relapse following withholding 
of therapy from previously adequately treated patients with pernicious 
anemia. Simple experimental dietary deficiency of vitamin B,, has not 
yet been produced in the adult human under conditions of careful 
continuous observation. It seems probable that the requirements for 
parenterally administered (or absorbed) vitamin B,, by the patient with 
pernicious anemia or gastrectomy are similar to the requirements of the 
normal subject. 

The recommended daily dietary allowance of the Food and Nutrition 
Board for vitamin B,, ranges from 0.5 to 3 ug; the lower value is for 
infants, and the higher value is for women during pregnancy. 

Vitamin B,, occurs in meat and dairy products but is not present to 
any measurable extent in plants or cereal grains. It is probable that 
indigenous bacteria in plant foods synthesize sufficient vitamin B,, to 
meet the requirement of those individuals whose dietary habits pre- 
clude the use of animal food sources. 


WATER-SOLUBLE VITAMIN PREPARATIONS 


AMINOBENZOIC ACID—page 1214. 


ASCORBIC ACID 
L-Ascorbic acid [50-81-7] C,H,O, (176.13). See page 1805. 


Preparation—The article in commerce is produced exclusively by 
synthesis. Sorbitol, a hexose sugar, occurring in several fruits but 
commercially obtained by hydrogenating dextrose in the presence of a 
Cu-Cr catalyst, is the raw material for the production of ascorbic acid. 
The p-sorbitol in aqueous solution is converted by the action of the 
organism Acetobacter suboxydans to L-sorbose, which is a ketose. The 
L-sorbose then is condensed with acetone by means of sulfuric acid to 
form diacetone sorbose. The object of the acetonation is to protect the 
hydroxyl group from oxidation in the subsequent steps. The diacetone 
sorbose, after suitable purification, is oxidized by potassium perman- 
ganate and then hydrolyzed, forming 2 keto-L-gulonic acid. This acid is 
esterified with methanol, and an intermediate sodio compound is 
formed with sodium methoxide. Hydrolysis with aqueous HC] removes 
the methyl group and sodium and lactonizes it to form ascorbic acid. 
The process is illustrated as follows. 
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2-Keto-L-gulonic Acid 


Description—White or slightly yellow crystals or powder; odorless 
and on exposure to light gradually darkens; in the dry state, reasonably 
stable in air, but in solution rapidly deteriorates in the presence of air; 
melts at about 190°; specific rotation (1 in 10 aqueous solution) between 
+20.5 and +21.5°; aqueous solution has the acidic properties of a 
monobasic acid, and it forms salts with metallic ions. pK, 4.2 and 11.6. 

Solubility—1 g in about 3 mL water or 40 mL alcohol; insoluble in 
chloroform, ether, or benzene. 

Incompatibilities—Stable in the dry state but in solution oxidizes 
rapidly in the presence of air. The reaction is accelerated by alkalies 
and certain metals, especially copper; it is retarded by acids. Aqueous 
solutions are strongly acidic, with a pH of 2 to 3. 

Comments—In addition to the uses described on page 1806, it is 
sometimes given with iron salts in the treatment of iron-deficiency 
anemia; it functions to keep the iron in the ferrous state and hence to 
improve absorption. Apart from coadministration of vitamin C and iron 
preparations, a few cases of hypochromic anemia improve upon increas- 
ing the intake of vitamin. For additional information, see the general 
statement on Ascorbic Acid. 

It also is used as a urinary-acidifier to enhance the effectiveness of 
methenamide by lowering the pH of the urine and thus aiding in the 
formation of formaldehyde. 

The effect of megadoses (10 to 15 times the RDA) has not been 
proved, and large overdoses should be discouraged. 

Numerous, unapproved uses for ascorbic acid have been claimed, 
such as in the prevention and treatment of cancer, for infections of the 
gingiva, hemorrhagic states, mental depression, dental caries, acne, 
collagen disorders, ulcers of the skin, hay fever, and the common cold. 

No more than the RDA should be given to the pregnant woman; the 
metabolism of the fetus adapts to high levels of the vitamin, and scurvy 
may develop after birth when the intake drops to normal levels. 


SODIUM ASCORBATE 


t-Ascorbic acid, monosodium salt; Cevalin 
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Monosodium L-ascorbate [134-03-2] C,H,NaO, (198.11). 

Description—White or very faintly yellow crystals, or crystalline 
powder; odorless or practically odorless; relatively stable in air; on expo- 
sure to light it gradually darkens; pH (1 in 10 solution) between 7.5 and 8. 

Solubility—1 g in 1.3 mL of water; very slightly soluble in alcohol; 
insoluble in chloroform or ether. 

Comments—A pharmaceutical necessity for Decavitamin Capsules 
and Decavitamin Tablets. It also is used as an antioxidant in fruit and 
vegetable canning and in the processing of meat. 


CALCIUM PANTOTHENATE 


B-Alanine, (R)-N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium 
salt (2:1); Dextro Calcium Pantothenate 


OH 
conse Jp —C—CONHICH,),COO— | Ca 
H 2 


Calcium p-pantothenate (1:2) [137-08-6] C,,H,,CaN.O,, (476.54); the 
calcium salt of the dextrorotatory isomer of pantothenic acid. 

Preparation—Several syntheses are available. In one, isobutyralde- 
hyde is converted to the lactone of 2,4-dihydroxy-3,3-dimethylbutyric acid, 
the p-enantiomer of which, obtained by resolution, is combined with B-ala- 
nine to form D-pantothenic acid and then converted to the calcium salt. 

Description—Slightly hygroscopic, white powder; odorless, has a 
bitter taste and is stable in air; unstable to heat both in the dry state 
and in acid or alkaline solution; most stable at pH 5.5 to 6.5, and its 
solutions may be autoclaved at this pH for a short time without appre- 
ciable loss; solutions are neutral or slightly alkaline to litmus, with a 
pH of 7 to 9; specific rotation (calculated on the dried basis and in a 5% 
solution) +25 to +27.5°. 

Solubility—1 g in about 3 mL water; soluble in glycerin; practically 
insoluble in alcohol, chloroform, or ether. 

Comments—See the general statement on Pantothenic Acid. Since 
a deficiency of pantothenic acid alone is virtually unknown, the primary 
indication for use is a general nutritional deficiency. Clinical cases have 
been too few to supply creditable data on dosage; consequently, the dose 
that follows is more customary than meaningful. 


CYANOCOBALAMIN 


a-5,6-Dimethylbenzimidazolylcobamide cyanide; Vitamin B,, 
Vitamin B,, [68-19-9] C,,;H,,CoN,,0,,P (1355.38). 

Preparation—Vitamin B,, can be isolated from aqueous liver ex- 
tracts and from Streptomyces griseus fermentation. Commercially, it is 
obtained from the latter source (see page 1813). 

Description—Dark red, hygroscopic crystals or amorphous or crys- 
talline powder; when the anhydrous compound is exposed to air it may 
absorb about 12% water. 

Solubility—1 g in 80 mL water; soluble in alcohol; insoluble in 
acetone, chloroform, or ether. 

Comments—This and other forms of vitamin B,, are used to treat 
various megaloblastic anemias, especially pernicious anemia and other 
anemias in which the secretion of the intrinsic factor is impaired, as in 
gastric cancer, gastric atrophy, total or even subtotal gastrectomy. It 
also may be used to treat the megaloblastic anemias of tropical sprue, 
idiopathic steatorrhea, gluten-induced enteropathy, regional ileitis, ileal 
resection, malignancies, granulomas, strictures or other structural dis- 
orders of the ileum in which vitamin B,, absorption is impaired; in most 
of these folic acid deficiency is even more severe, and combined therapy 
is indicated. Its deficiencies untreated for periods of more than 3 
months may result in permanent degenerative spinal cord lesions. The 
megaloblastic anemia associated with fish tapeworm infestation also 
responds to the vitamin. The megaloblastic anemias of pregnancy, 
infancy, alcoholism, and poverty usually are due to folic acid deficiency 
and only infrequently respond to it. The vitamin is not useful in the 
treatment of infectious hepatitis, multiple sclerosis, trigeminal neural- 
gia, anorexia, miscellaneous neuropathies, thyrotoxicosis, retarded 
growth, aging, and various psychiatric disorders, and claims to the 
contrary and promotion therefore represent an abuse. It should not be 
administered intravenously and is contraindicated in patients who are 


sensitive to it or cobalt. Patients with Leber’s disease have been found 
to suffer severe and rapid opticatrophy when treated with it. Either 
cyanocobalamin or hydroxocobalamin may be used for a loading dose in 
the Schilling test for malabsorption of the vitamin in diseases that 
affect the lower bowel, such as sprue. 

A nasal spray has been developed that is said to provide significant 
absorption in the nasal mucosa and may supplant the parenteral dos- 
age forms. 

In addition to intrinsic factor, GI absorption requires an alkaline 
pH. In the presence of pancreatic disease it may be necessary to admin- 
ister the oral vitamin with bicarbonate or give the vitamin parenterally. 

For additional information about cyanocobalamin see the general 
statement on Vitamin B,,. 


HYDROXOCOBALAMIN 


Cobinamide, dihydroxide, dihydrogen phosphate (ester), 
mono(inner salt), 3’-ester with 5,6-dimethyl-1-a-p-ribofuranosyl-1H- 
benzimidazole; Vitamin B,,, 

Cobinamide dihydroxide dihydrogen phosphate (ester), mono(inner salt), 
3’-ester with 5,6-dimethyl-1-a-p-ribofuranosylbenzimidazole [13422-51-0] 
Cg2HggCoN,30,5P (1346.37); an analog of Cyanocobalamin in which a 

hydroxy] radical has replaced the cyano radical. 

Preparation—Cyanocobalamin in solution is hydrogenated at 
room temperature with the aid of Raney nickel. The solution then is 
exposed to air and diluted with acetone. Oxidation takes place, and 
upon standing, the hydroxocobalamin crystallizes. 

Description—Dark red crystals or red crystalline powder; odorless 
or has no more than a slight acetone odor; anhydrous form is very 
hygroscopic; pH (2 in 100 solution) between 8 and 10. 

Solubility—1 g in 50 mL water, 100 mL alcohol, 10,000 mL chlo- 
roform, or 10,000 mL ether. It is preferable to make aqueous solutions 
in acetate buffer at a pH between 3.5 and 4.5 in which 1 g dissolves in 
about 100 mL water. 

Comments—See Cyanocobalamin. 


FOLIC ACID 


t-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6-pteridinyl)- 
methyljamino]benzoyl]-, PGA; Folacin; Pteroylglutamic Acid; Folvite 
N-[p-(((2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]benzoyl]-L- 
glutamic acid [59-30-3] C,,H,,N7O, (441.40). See page 1807. 

Preparation—Commercial syntheses use different processes. In 
one of these, 2,3-dibromopropionaldehyde, dissolved in a water-miscible 
organic solvent (alcohol, dioxane), is added to a solution of equal mo- 
lecular quantities of 2,4,5-triamino-6-hydroxypyrimidine and p-amino- 
benzoylglutamic acid, maintaining a pH of about 4 by the controlled 
action of alkali as the reaction progresses. The scheme of the reaction is 
analogous to that described for Methotrexate (1498), the only difference 
being the starting pyrimidine compound. 

Description— Yellow or yellowish orange, odorless, crystalline powder. 

Solubility—Very slightly soluble in water; insoluble in alcohol, 
chloroform, or ether; readily dissolves in dilute solutions of alkali hy- 
droxides or carbonates and is soluble in hot diluted hydrochloric or 
sulfuric acid, forming very pale yellow solutions. 

Comments—The only valid therapeutic use is in the treatment of a 
deficiency of the vitamin or prophylactically in instances in which the 
folacin requirement is increased, as in the third trimester of pregnancy. 
Megaloblastic anemias in which folic acid deficiency occurs may result 
from malabsorption syndromes, such as sprue, idiopathic steatorrhea, ce- 
liac disease, intestinal reticulosis, regional jejunitis, jejunal diverticulosis, 
blind loop syndrome, and gastroenterostomy and from antacid use in the 
elderly. Megaloblastic anemia of infancy is generally the result of gener- 
alized malnutrition, as is nutritional megaloblastic anemia. In all of the 
above-named megaloblastic anemias vitamin B,, deficiency often coexists, 
and folic acid, alone, may be inadequate. Pernicious anemia should be 
ruled out, lest the vitamin mask the disease (see below). In the megalo- 
blastic anemias of deficiency, a low serum folic acid level will obtain. 
However, in megaloblastic anemias consequent to treatment with py- 
rimethamine, phenytoin and related substances, or methotrexate, the se- 
rum folic acid levels may be normal; the signs of deficiency result from the 
antimetabolite effects of the drugs, and they may be overcome competi- 
tively by increasing its intake. It is not effective in the treatment of aplastic 
anemia, leukemia, anemias of infection and nephritis, and general reduc- 
tion in bone marrow activity of unknown origin. 

The vitamin usually is absorbed readily from the GI tract and from 
parenteral sites of administration. The portion of administered folic 
acid that is excreted in the urine varies directly with the dose; only a 
small fraction appears in the urine following the oral ingestion of 0.1 
mg, but up to 90% may be excreted by the kidney when a single dose of 
15 mg is ingested. The fate of the unrecovered vitamin is unknown. The 
indications for parenteral use are rare. A solution in water for injection, 
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prepared with the aid of sodium hydroxide or sodium carbonate, is the 
preferred form for injection. 

It is capable of bringing about an incomplete and temporary hemato- 
poietic response in pernicious anemia, which may cause the physician to 
overlook the basic disorder. But it does not affect the progressive neuro- 
logical lesions of the disease, which may appear explosively and in an 
irreversible stage. Doses that will correct a deficiency but do not generally 
cause a remission in pernicious anemia are on the order of 0.1 to 0.4 mg. 

Infants fed on a goat milk formula should have a 50 wg a day 
supplement of folic acid. 

For additional information concerning folic acid see the general 
statement on Folic Acid. 


LEUCOVORIN CALCIUM 


.-Glutamic acid, N-[[(2-amino-5-formyl-1,4,5,6,7,8-hexahydro-4-oxo- 
6-pteridinyl)methyl]lamino]benzoyl]-, calcium salt (1:1), 
pentahydrate; Folmic Acid; Citrovorum Factor 
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Calcium N-[p-[[(2-amino-5-formy1-5,6,7,8-tetrahydro-4-hydroxy-6-pteridi- 
nyl)methyl]amino]benzoyl]-L-glutamate (1:1) pentahydrate [6035-45-6] 
CoH, ,CaN,O, -5H,O (601.58); anhydrous [1492-18-8] (511.51). 

Preparation—Folic acid simultaneously is hydrogenated and 
formylated in 90 to 100% formic acid under the influence of platinum 
oxide catalyst at low temperature and atmospheric pressure to yield 
leucovorin. Conversion to the calcium salt may be accomplished by 
dissolving the leucovorin in NaOH solution, treating with CaCl, and 
precipitating with ethanol. 

Description— Yellowish white or yellow, odorless powder; pK, 3.8, 
4.8, and 10.4. 

Solubility—Very soluble in water; practically insoluble in alcohol. 

Comments—Leucovorin is folinic acid (see Folic Acid, page 1807). 
The calcium salt is a convenient pharmaceutical form that is preferred 
for intramuscular injection. Consequently, its uses and limitations in 
the treatment of the megaloblastic anemias are the same as those for 
folic acid. However, it is superior to folic acid in counteracting the 
excessive effects of the folic acid antagonists (methotrexate, see page 
1498), since the antagonists competitively antagonize the conversion of 
folic acid to leucovorin and not the leucovorin itself and also since 
leucovorin is an excellent competitor for the inward transport system. 


NIACIN 


3-Pyridinecarboxylic acid; Nicotinic Acid 
Nicotinic acid [59-67-6] C,H,NO, (123.11). See page 1808. 

Preparation—Niacin may be variously prepared, as by oxidation of 
nicotine with nitric acid or potassium permanganate, by oxidation of 
quinoline, or synthesis from pyridine. 

Description—White crystals or crystalline powder; odorless or 
with a slight odor; melts at about 235°; pK, 4.85. 

Solubility—1 g in about 60 mL water; freely soluble in boiling 
water, boiling alcohol, or also solutions of alkali hydroxides or carbon- 
ates; practically insoluble in ether. 

Comments—Chiefly in the treatment of pellagra, a disease com- 
mon among the poor in subtropical countries because of diet defici- 
ency. It also has been found useful in conjunction with vitamin B, and ri- 
boflavin in the treatment of nutritional deficiency in chronic alcoholism. 

In doses of 20 mg or more in humans, niacin elicits a vasodilator 
effect that occurs a few minutes after oral ingestion or immediately 
after intravenous injection and lasts for a few minutes to an hour. 
Symptoms of flushing, itching, burning, or tingling occur, along with an 
increased skin temperature and increased motility and gastric secre- 
tion. Nicotinyl alcohol also shares this vasodilator property, and at one 
time both nicotinic acid and the alcohol popularly were used in the 
treatment of peripheral vascular disease and senility (as a cerebral 
vasodilator). These uses are obsolete and now are but an annoying side 
effect of large doses. The vasodilator effect of the oral drug is lessened 
if it is given with a meal. 

Larger doses lower blood cholesterol, phospholipids, triglycerides, and free 
fatty acids, and the drug is used in the treatment of hypercholesterolemia, 
mostly in combination with cholestyramine, colestipol, or clofibrate. Nicotin- 
amide does not possess the hypolipemic or the vasodilator property. 

Large doses, especially those over 3 g a day, cause abnormalities in 
liver function, including jaundice. 
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Niacin is absorbed well orally, and the oral and parenteral doses are 
the same. With large doses, a considerable amount is excreted into the 
urine, so it is advisable to give several small doses during the day rather 
than one large one. 

For additional information see the general statement on Niacin. 


NIACINAMIDE 


3-Pyridinecarboxamide; Nicotinamide; Nicotinic Acid Amide 
Nicotinamide [98-92-0] C,H,N.O (122.13). See page 1808. 

Preparation—From niacin by various methods, as by reaction with 
thionyl chloride followed by treatment with ammonia, or by interaction 
of ammonia gas with molten niacin. 

Description—White, crystalline powder; odorless or nearly so, and 
with a bitter taste; solutions are neutral to litmus paper; melts between 
128 and 131°. 

Solubility—1 g in 1.5 mL water, 5.5 mL alcohol, or 10 mL glycerin. 

Comments—See page 1808 and Niacin. This drug lacks the vaso- 
dilator, GI, hepatic, and hypolipemic actions of niacin. Consequently, it 
is preferred to niacin in the treatment of deficiency. 


PYRIDOXINE HYDROCHLORIDE 


3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride; 
Vitamin B, Hydrochloride 
CH3 EN 
+ HCI 


HO CH,0H 
CH,OH 


Pyridoxol hydrochloride [58-56-0] C,H,,NO. - HCl (205.64). 

Preparation—Several processes are available. One may be viewed 
as a cyclizing dehydration of ethyl glycinate (I), ethyl pyruvate (II), and 
1,4-diethoxy-2-butanone (III) followed by saponification and decarbox- 
ylation at position 2 and cleavage of the three ethoxy groups with HI or 
another suitable reagent. Reaction of the base with HCl yields the 
hydrochloride. US Pats 2,904,551, 3,024,244, and 3,024,245. 

Description—Colorless or white crystals or a white, crystalline 
powder; stable in air and slowly affected by sunlight; solutions are acid 
to litmus, with a pH of about 3; melting range 202 to 206°, with some 
decomposition. 

Solubility—1 g in 5 mL water or 115 mL alcohol; insoluble in 
chloroform or ether. 

Comments—Deficiency in adults is extremely difficult to induce, 
and the therapeutic need for this vitamin, alone, in the adult is of rare 
occurrence. However, it is justified to give it along with other B vitamins 
when there is evidence of a multiple B-vitamin deficiency. It may be 
used prophylactically to prevent, or to treat, peripheral neuritis in 
patients treated with isoniazid. It has been claimed that the vitamin 
controls the nausea and vomiting of pregnancy or of radiation sickness, 
but unequivocal proof has never been presented. In infants with con- 
vulsive seizures due to pyridoxine dependency, administration of the 
vitamin promptly corrects the condition (see the general statement on 
Pyridoxine). It has been claimed to be medically effective in treating the 
carpal-tunnel syndrome; however, more data are required to substan- 
tiate this claim. Extremely high doses (600 to 3000 mg per day) have 
been administered to schizophrenics, autistic children, and children 
exhibiting hyperkinesis. However, clear evidence of benefit has not been 
established. Caution needs to be exercised with these levels of admin- 
istration because of reports of severe sensory-nervous-system dysfunc- 
tion after daily consumption of 2 to 5 g. It may be effective in correcting 
hypochromic or megaloblastic anemia in patients with adequate levels 
of iron who have not responded to other hematopoietic agents. Since it 
antagonizes levodopa, patients with Parkinson’s disease treated with 
the latter drug should not take multivitamin supplements containing 
pyridoxine (see Levodopa, page 1341). 


RIBOFLAVIN 


Lactoflavin; Vitamin B, 
Riboflavine [83-88-5] C,,H.)N,0, (376.37). See page 1810. 

Preparation—Mostly by synthesis. In one method, 1-(6-amino-3,4- 
xylidino)-1-deoxy-p-ribitol (I) is condensed with alloxan (II) in acetic 
acid with boric acid as a catalyst. Among other ways, I may be prepared 
by condensing pD-ribitol with 4,5-dimethylphenylenediamine. US Pat 
2,807,611. 

Description— Yellow to orange-yellow, crystalline powder with a slight 
odor; melts at about 280°; saturated solution is neutral to litmus; when dry not 
appreciably affected by diffused light, but when in solution, light induces quite 
rapid deterioration, especially in the presence of alkalies. 

Solubility—Very slightly soluble in water, alcohol, or isotonic so- 
dium chloride solution; very soluble in dilute solutions of alkalies; 
insoluble in ether or chloroform. 


Comments—To treat ariboflavinosis (riboflavin deficiency) and 
also to supplement other B vitamins in the treatment of pellagra and 
beriberi (see the general statement on Riboflavin). 


THIAMINE HYDROCHLORIDE 


Thiazolium, 3-(4-amino-2-methyl-5-pyrimidinyl)methyl-5-(2-hydroxy- 
ethyl)-4-methyl-, chloride, monohydrochloride; Vitamin B, 
Hydrochloride; Aneurine Hydrochloride 


B 
ee iif CH,CH,OH 
cl + HC) 
IO N= 
CHy CH3 


(67-03-8] C,,.H,,CIN,OS - HCl (337.27). 

Preparation—This vitamin consists of two ring systems, a pyrim- 
idine portion and a thiazole portion joined by a methylene bridge. The 
pyrimidine may be prepared by several processes, one of which is as 
follows: Ethyl acrylate [CH,—CHCOOC,H,] is heated with ethyl alco- 
hol, forming B-ethoxypropionic ester [C,H;OCH,CH,COOC,H;], which 
is condensed in the presence of sodium metal with formic acid to form 
ethyl sodioformyl-$-ethoxypropionate I. This then is condensed with 
acetamidine, yielding 2-methyl-5-ethoxymethyl-5-hydroxypyrimidine, 
II. This compound is treated with phosphorus oxychloride, thereby 
replacing the OH on carbon 6 with Cl, and by reacting the resulting 
chloro derivative with ammonia, the Cl is replaced by NHg. Finally, on 
treating the latter product with HBr, 2-methyl-5-bromomethyl-6-amino- 
pyrimidine hydrobromide, III, is produced. 

The thiazole portion of the thiamine molecule may be built up in the 
following matter: Ethyl acetoacetate IV is treated with ethylene oxide 
[(C,H,O] and the resulting acetyl-butyryl lactone, when reacted with 
sulfuryl chloride, yields chloroacetyl butyrolactone. This compound is de- 
carboxylated when heated with HCl, splitting off CO, and forming 
3-chloro-5-hydroxy-2-pentanone, V. The latter, when condensed with thio- 
formamide yields the thiazole, 4-methyl-5-hydroxyethylthiazole, VI. 
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The final step in this process is the combination of the pyrimidine 
and the thiazole to form a thiazolium halide. Since this is a simple 
addition of an alkyl halide, the (bromomethyl) pyrimidine, to a tertiary 
amine, the thiazole, it is readily effected by bringing the two compo- 


nents together in a suitable solvent. The vitamin-bromohydrobromide 
so obtained is transformed into the corresponding chlorine compound, 
thiamine, with freshly precipitated silver chloride. The silver combines 
with the bromine to form the less soluble silver bromide, and the 
chloride from the silver chloride replaces the bromine. 
Description—Small white crystals or a crystalline powder usually 
with a slight, characteristic odor; when exposed to air, the anhydrous 
product rapidly absorbs about 4% water; solutions are acid to litmus 
paper; pH (1 in 100 solution) between 2.7 and 3.4; melts, with some 
decomposition, at about 248°. 
Solubility—1 g in about 1 mL water or about 170 mL alcohol; 
soluble in glycerin; insoluble in ether or benzene. 
Incompatibilities—In the dry state, it is stable. Acidic solutions 
having a pH below 5.5, preferably from 5 to 3.5, are also relatively stable. 
Alkalies destroy it. It is precipitated from solution by several of the alka- 
loidal reagents such as mercuric chloride, iodine, picric acid, tannin, and 
Mayer's reagent. It is sensitive to both oxidizing and reducing agents. 
Elixirs of thiamine hydrochloride are necessarily acid in reaction and 
are, therefore, incompatible with any acid-neutralizing substance. Pheno- 
barbital sodium has been an occasional offender in this respect, the result 
frequently being such as to cause precipitation of the phenobarbital as well 
as a partial lowering of the acidity of the mixture, with consequent dete- 
rioration of the vitamin. Phenobarbital, not the sodium derivative, may be 
dispensed in such an instance, provided that sufficient alcohol is present to 
keep it in solution. If a part of the elixir is replaced with alcohol for this 
purpose, an amount of thiamine hydrochloride equivalent to that con- 
tained in the volume so replaced must be added to the product. 
Comments—To treat beriberi and also general B-vitamin defi- 
ciency. The fact that it cures the neuropathologies of beriberi has given 
rise to a widespread use of the vitamin in nearly any type of neuropa- 
thology. Although such indiscriminate use can do no organic harm to 
the patient, it constitutes an unnecessary expense; the promotion of the 
vitamin for such promiscuous use constitutes an abuse. For additional 
information see the general statement on Thiamine. 


OTHER WATER-SOLUBLE VITAMIN PREPARATIONS 
Carnitine [L-(3-Carboxy-2-hydroxypropyl)trimethylammonium hydrox- 
ide inner salt; [461-06-3] Vitamin B,; C,H,,NO, (161.20); Carnitor]— 
Preparation: See Wolf G, ed. Monograph: Recent Research on Carnitine, 
Cambridge MA: MIT Press, 1965. It may be isolated from meat extracts 
or prepared synthetically. Description and Solubility: White, very hy- 
groscopic solid melting at about 197°. Readily soluble in water or hot 
alcohol; practically insoluble in most organic solvents. Comments: Re- 
quired in mammalian energy metabolism and has been shown to facil- 
itate long-chain fatty acid entry into cellular mitochondria, therefore 
providing the substrate for B-oxidation and subsequent production of 
energy. It is synthesized in the liver from lysine. Deficiency may occur 
from impaired hepatic synthesis or transport from liver to muscle. 
Carnitine deficiency may lead to elevated triglyceride and free fatty acid 
concentrations, diminished ketogenesis, and lipid infiltration of muscle 
and liver. 

Choline Bitartrate [(2-Hydroxyethyl)trimethylammonium Bitar- 
trate; C,H,,NO, (253.25)|—Preparation: See Choline Chloride, below. De- 
scription and Solubility: A white, hygroscopic, crystalline powder with an 
acidic taste; odorless or may have a faint trimethylamine-like odor. Freely 
soluble in water, slightly soluble in alcohol, and insoluble in benzene, 
chloroform, or ether. Comments: As a nutrient or dietary supplement. 

Choline Chloride [(2-Hydroxyethyl)trimethylammonium chloride; 
[67-48-1 C,H,,CINO (139.62)]—Preparation: For the preparation of 
choline, see Choline Dihydrogen Citrate. Description and Solubility: 
White, deliquescent crystals; a 10% aqueous solution has a pH of about 
4.7. Very soluble in water or alcohol. Comments: For the metabolic 
effects of Choline, see page 1806. The salt is used to reduce fatty 
infiltration of the liver and thus supposedly to prevent degeneration 
and cirrhosis. Such infiltration may occur after exposure to certain 
chemical intoxicants, such as carbon tetrachloride, chloroform, and 
various other halogenated hydrocarbons (including several general an- 
esthetics), divinyl ether, etc. Moderate-to-severe ethanol intoxication 
and habitual ingestion of ethanol also predispose to fatty infiltration of 
the liver. Patients who are acutely ill and cannot eat or persons on a 


AMINO ACIDS AND PROTEINS 


NUTRITIONAL ROLE—Protein hydrolysates, in which 
proteins have been reduced to short-chain peptides and amino 
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high-fat diet frequently develop fatty livers, for which this vitamin may 
be given. In none of these conditions has there been clearly demonstra- 
ble efficacy. Furthermore, a high-protein diet, especially one that in- 
cludes eggs, meat, liver and milk, not only provides some of this vitamin 
but also methionine, which promotes the endogenous synthesis of Cho- 
line (see page 1806). Once cirrhosis occurs, it is probably too late for any 
possible benefits. There is no evidence that it is helpful in infectious 
hepatitis. For the above reasons, there is no longer any official prepa- 
ration of it. Since the anion is irrelevant to the metabolic effects, the 
chloride is neither superior nor inferior to other salts. 

Choline Dihydrogen Citrate [(2-Hydroxyethyl)trimethylammo- 
nium Dihydrogen Citrate; C,,H,,NO, (295.29)]—Preparation: By treat- 
ing aqueous trimethylamine with ethylene oxide. Conversion to the 
dihydrogen citrate is conveniently effected by dissolving the base in a 
suitable solvent such as ethanol and treating with an equimolar portion 
of citric acid. Description and Solubility: Colorless, translucent crystals, 
or a white, granular to fine, crystalline powder; odorless or may have a 
faint trimethylamine odor and has an acidic taste; hygroscopic when 
exposed to air; melts between 103 and 107.5°; 1 g dissolves in 1 mL 
water or 42 mL alcohol; very slightly soluble in ether, chloroform, or 
benzene. Comments: See Choline Chloride, above. 

Sodium Folate [Monosodium Folate [6484-89-5] C,,H,,N,NaO, 
(463.38); Folvite Sodium]—For the structure of the acid, see page 1807. 
Preparation: Folic Acid is reacted with NaHCO, Description and Sol- 
ubility: Clear, mobile liquid with a yellow or orange-yellow color; pH 
between 8.5 and 11. Comments: Has the actions of Folic Acid (page 
1807); however, the salt is preferred for parenteral use. 

Thiamine Mononitrate [Thiazolium, 3-[(4-amino-2-methyl-5- 
pyrimidiny])methyl]-5-(2-hydroxyethyl)-4-methyl-, nitrate (salt); thia- 
mine Nitrate; Vitamin B, Mononitrate; thiamine nitrate [532-43-4] 
C,.H,,N;0,S (327.36)]—Preparation: In one method thiamine hydro- 
chloride is reacted with sufficient NaOH to remove the HCl and replace 
the chloride ion by OH, and the resulting thiamine hydroxide is neu- 
tralized with nitric acid. Description: White crystals or crystalline pow- 
der, usually with a slight, characteristic odor; pH (1 in 50 solution) 6 to 
7.5. Solubility: 1 g in about 44 mL water; slightly soluble in alcohol or 
chloroform. Comments: More stable than the hydrochloride; solutions of 
the nitrate are practically neutral, while those of the hydrochloride are 
acid. Its vitaminergic actions and uses are identical to those of the 
hydrochloride. See Thiamine Hydrochloride. 


MULTIVITAMIN PREPARATIONS 


In the preceding text and in various monographs, attention was 
called in several instances to the fact that it is desirable at 
times to administer more than one vitamin for what appear to 
be the symptoms of a single deficiency. The quotation “In the 
shadow of pellagra walks beriberi” has considerable substance 
in fact. Diets deficient in niacin are frequently also deficient in 
thiamine and certain other B vitamins of similar dietary 
source. The same relationship holds frequently for folacin and 
vitamin B,,. Malabsorption syndromes affect the assimilation 
of several vitamins. Furthermore, the repair of a deficiency of 
one vitamin may increase the requirement for another; for 
example, repletion of thiamine increases the need for ribofla- 
vin. Diseases in which there is increased metabolism, such as 
thyrotoxicosis, increase the need for more of the vitamins, as do 
periods of hard physical work, stress, pregnancy, and lactation. 
Therefore, multivitamin therapy is often rational. Multivita- 
min therapy also is recommended for individuals, who on re- 
stricted diets for weight control or lacks vitality, those who are 
debilitated, and those working in hazardous environments. Use 
of multivitamin supplements for infants and preschool children 
should be done on the advice of a pediatrician. 


acids, long have been used orally or in relatively dilute solu- 
tions intravenously as supplementary nutrients for patients 
unable to metabolize intact protein adequately. For patients in 
whom oral or tube feeding is contraindicated or inadequate, 
good nutrition may be achieved and maintained, for several 
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months if necessary, by the procedure of intravenous feeding 
known as total parenteral nutrition (TPN), sometimes called 
intravenous or parenteral hyperalimentation. Such feeding pro- 
vides essential nutrients in a sufficiently concentrated form 
that does not exceed normal daily fluid requirements; this 
necessitates formulation of markedly hypertonic solutions 
(2000 mOsm/L and higher). Such solutions must be infused at 
a constant rate throughout the entire day into a large-diameter 
central vein where rapid dilution by high blood-flow minimizes 
vascular damage and the risk of phlebitis or thrombosis that is 
likely to occur on injection into a peripheral vein. The infusion 
route is generally through a surgically placed subclavian cath- 
eter into the superior vena cava, but in infants and small 
children it may be through a catheter in the jugular vein. 

The most critical component in TPN is a nitrogen source 
available for repletion and/or maintenance of lean body mass 
and proteins essential for wound healing, tissue repair, and 
growth. Protein hydrolysate injections, sometimes supple- 
mented with amino acids, are used as nitrogen sources, but in 
most hospitals solutions of mixed crystalline L-amino acids 
have replaced the former. Crystalline L-amino acids appear to 
be more efficiently metabolized and better tolerated in the body 
than are the peptides of protein hydrolysates. Also, individual 
acids may be readily and reproducibly formulated to meet 
specific requirements of patients, such as those with renal 
failure and infants who are premature. 

So that amino acids may be used for protein synthesis and to 
achieve positive nitrogen balance and weight gain in debili- 
tated patients it is necessary to provide the equivalent of at 
least 150 nonprotein calories per gram of nitrogen adminis- 
tered. When relying on TPN it is preferable to use intravenous 
fat emulsion to provide energy needs (see Fats and Oils, below). 


A 10% soybean oil emulsion (Intralipid), developed and used in 
Europe since 1961, has an osmolarity of 280 mOsm/L (essentially iso- 
tonic with blood) and can be administered through peripheral veins. 
The fat particles of this egg-yolk phospholipid emulsion are less than 
0.5 wm in diameter, similar in size to naturally occurring chylomicrons. 
The emulsion is a useful source of calories and also will prevent and 
correct essential fatty acid deficiencies that may develop during long- 
term parenteral nutrition using nonlipid calorie sources. 


If an intravenous emulsion is not used, large amounts of dex- 
trose are required to achieve caloric balance and to avoid the 
fluid overload that would result from use of weaker solutions; 
markedly hypertonic concentrations of dextrose (25%—five 
times the isotonic concentration—or higher) must be supplied. 
As solutions so concentrated are prone to produce thrombosis 
when injected into a peripheral vein, they must be infused into 
a central vein, as described above. 

In addition to dextrose and amino acids, TPN solutions may 
contain vitamins and electrolytes (often added to meet individ- 
ual patient requirements). Various solutions for TPN use are 
commercially available, as are kits that include, for example, a 
1-L bottle containing 500 mL of 50% dextrose solution under 
vacuum, a 500-mL bottle of 8.5% solution of a crystalline amino 
acid mixture composed of 8 essential and 7 nonessential amino 
acids in biologically usable proportion (FreAmine III), and a 
transfer set and additive cap for aseptic preparation of the final 
solution. 


The composition of FreAmine III, in g/100 mL is Essential Amino 
Acids: L-isoleucine 0.59; L-leucine 0.77; L-lysine acetate 0.87; L-methio- 
nine 0.45; L-phenylalanine 0.48; L-threonine 0.34; L-tryptophan 0.13; 
L-valine 0.56. Nonessential Amino Acids: t-alanine 0.60; L-arginine 
0.81; L-histidine 0.24; L-proline 0.95; L-serine 0.50; aminoacetic acid 
1.19; L-cysteine HC] <0.02. The calculated osmolarity of the solution is 
approximately 850 mOsm/L. Aminosyn (Abbott), a preparation of crys- 
talline amino acids containing a somewhat different proportion of the 
same essential acids and, with the exception of L-tyrosine replacing 
L-cysteine, the same nonessential amino acids, is supplied in concen- 
trations of 5%, 7%, and 10% of the total acids, with calculated osmolar- 
ities of approximately 500, 700, and 1000 mOsm/L, respectively. 


TPN solutions, which often require extemporaneous addi- 
tion of compatible vitamins and/or electrolytes to solutions 
such as described above, should be prepared by a pharmacist 
experienced in parenterals production, using aseptic tech- 
niques performed under a laminar-flow, filtered-air hood (see 
Chapter 42). 

In recent years certain free amino acids have been pre- 
scribed for a variety of medical conditions for which neither 
drug nor food approval have been obtained. Regulations on the 
food-additive use are limited to providing protein require- 
ments. Therefore, these uses of single amino acids are without 
approved status. Consumption of high levels of single amino 
acids has been associated with severe metabolic and medical 
consequences. 

CHEMISTRY—The USP has provided monographs of stan- 
dards and tests for each of the crystalline amino acids used in 
amino acid dosage forms. For comparative purposes the formu- 
las and chemical names of the L-amino acids are given in 
Chapter 26 and other chemical data are provided in Table 
106-4. 

Each of the amino acids is synthesized readily, by a variety 
of methods, but always as a DL-mixture. While resolution to 
obtain the L-form can in some cases be conveniently accom- 
plished, often it is easier and more economical to isolate indi- 
vidual acids from the mixed amino acids obtained by hydrolysis 
of selected proteins. Chromatographic fractionation of amino 
acids in such hydrolysates has generally replaced the tedious 
fractional precipitation and derivative distillation methods for- 
merly employed. 

The articles that follow describe certain amino acids that 
are used for certain nonnutritional purposes as well as com- 
ponents of nutritional formulations; also included are brief 
articles on Protein Hydrolysate Injection and Oral Protein 
Hydrolysates. 


ARGININE HYDROCHLORIDE 


R-Gene 10 
L-Arginine monohydrochloride [1119-34-2] C,H,,N,0.,-HCl (210.66). 
For the structural formula of arginine, see Chapter 26. 

Preparation—Arginine is present in the hydrolysis products of 
many proteins; for a method of separating it from gelatin hydrolysate 
see J Biol Chem 1940; 132: 325. It is converted to the hydrochloride by 
reaction with HCl. 

Description—White crystals or crystalline powder; practically 
odorless. 

Solubility—Soluble in water; slightly soluble in hot alcohol. 

Comments—Arginine has been variously used in clinical practice. 
Intravenous administration in the symptomatic management of severe 
encephalopathies associated with ammoniacal azotemia, on the theory 
that arginine combines with ammonia to form asparagine, has not been 
of value in significantly reducing blood ammonia levels or in improving 
the clinical status of patients, and use of the amino acid for this purpose 
is no longer approved by the FDA. Oral] administration to patients with 
cystic fibrosis to correct malabsorption and steatorrhea and by inhala- 
tion as a mucolytic have not been effective. It is used as a nutritional 
supplement in conditions in which its dibasic amino character or pos- 
sible blood ammonia—reducing power is useful. 

It stimulates pituitary release of growth hormone and prolactin and 
pancreatic release of glucagon and insulin, and arginine hydrochloride 
is used diagnostically to evaluate pituitary growth hormone reserve and 
detect deficiency of the hormone in various conditions. It is adminis- 
tered by intravenous infusion, and blood samples are taken at 30-min 
intervals after beginning infusion, for 2.5 hr; the plasma growth hor- 
mone levels in these samples and in others taken 30 min before and at 
the start of infusion are determined and diagnostically evaluated. 


GLYCINE 


Aminoacetic Acid; Glycocoll 

NH,CH.,COOH [56-40-6] C,H.NO, (75.07). 

Preparation—Aminoacetic acid is a constituent of many proteins. 
It may be synthesized by many processes; industrially it is prepared by 
interaction of ammonia with chloroacetic acid. 

Description—White, odorless, crystalline powder, with a sweetish 
taste; solution is acid to litmus; pK, 9.78. 

Solubility—1 g in 4 mL water or 1254 mL alcohol; very slightly 
soluble in ether. 


Table 106-4. .-Amino Acids 


AMINO ACID? 
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MOLECULAR FORMULA MOLECULAR WEIGHT SOLUBILITY IN WATER pK VALUES 
t-Alanine C3;H,NO, 89.09 1gin6émL pK, 3.34 
56-41-7 pK, 8.17 
L-Arginine C5H,4,N,0> 174.20 1gin5m_L pK, 2.18 
74-79-3 pK, 9.09 
pK; 13.2 
L-Aspartic acid C,H,ZNO, 133.10 | gin 200 mL pK, 1.88 
56-84-8 pK, 3.65 
pK; 9.60 
.-Cysteine C3;H,NO.S 121.16 Freely soluble pK, 1.71 
52-90-4 pK, 8.33 
pK, 10.78 
.-Cystine GSH EN O7S> 240.30 1g in 9000 mL pK, 1 
56-89-3 pK, 2.1 
pK, 8.02 
pK, 8.71 
.-Glutamic acid C3H NO, 147.13 1gin115 mL pK, 2.19 
56-86-0 pK, 4.25 
pK, 9.67 
L-Histidine C,H,N30, 155.16 1gin24mL pK, 1.78 
71-00-1 pK, 5.97 
pK, 8.97 
t-Hydroxyproline C3;H,NO; i3de13 1gin3mL pK, 1.82 
(a-form) pK, 9.65 
t-lsoleucine? C,H,3,NO, 1Bae7, 1gin25 mL pK, 2.36 
73-32-5 pK, 9.68 
t-Leucine? CgH,3NO, iS iiy7 1gin 42 mL Ka 251009 
61-90-5 2s a10m- 
L-Lysine? Can ANe@s 146.19 Freely soluble pK, 2.20 
56-87-1 pK, 8.90 
pK, 10.28 
t-Methionine® CsH,,NO.S 149.21 Soluble pK, 2.12 
63-68-3 pK, 9.28 
t-Phenylalanine? GohlWiNO> 165.19 1gin34mL pK, 2.16 
63-91-2 pK, 9.18 
.-Proline CSH,NO, (lilisysis} 1gin0.7 mL pK, 1.99 
147-85-3 pK, 10.60 
.-Serine C3H,NO, 105.09 1gin20 mL pK, 2.19 
56-45-1 pK, 9.21 
.-Taurine C,H,NO,S 125.14 1gin16 mL pK, 1.50 
107-35-7 pK, 8.74 
L-Threonine® C,HoNO; 119.12 Freely soluble pK, 2.15 
72-19-5 pK, 9.12 
L-Tryptophan? C,,H,>N,0, 204.22 1g in 88 mL pK, 2.38 
73-22-3 pK, 9.39 
i-Tyrosine CgH,,NO; 181.19 1g in 2200 mL pK, 2.20 
60-18-4 pK, 9.11 
pK, 10.07 
.-Valine? C.H,,NO, 117.15 1gin12mL pK, 2.32 
72-18-4 pK, 9.62 


* The number below the name of each amino acid is its Chemical Abstracts Service (CAS) Registry Number. For structures and nomenclature see Chapter 26. 


» Essential amino acids. 


Comments—As an irrigating fluid in transurethral resection of the 
prostate. The acid also is used in an antacid preparation, as a complex 
salt. However, its limited buffering capacity does not warrant the ex- 
pense of such a preparation. It is used primarily in admixture with 
other amino acids in TPN formulations. 


SUGARS 

SSSR a A SDI) 
Sugars are carbohydrates that are sweet to the taste and highly 
soluble in water. They may be either monosaccharides or dis- 
accharides. The chemistry of the sugars is discussed in Chapter 
26. In the section below are listed only those sugars that are 
used in medicine as aliments. Some of the sugars also have 
important uses as pharmaceutical necessities, in parenteral 
fluids, as diuretics, as osmotic stuffing for injection of other 
drugs, etc; consequently, the monographs of certain nutrient 
sugars may be found elsewhere in this volume. 


DEXTROSE—page 1043. 

DEXTROSE INJECTION—page 1248. 

DEXTROSE AND SODIUM CHLORIDE INJECTION—page 1249. 
FRUCTOSE 


p(—)-Fructose; Levulose 


D(—)-Fructose; Levulose 


ox 
HO 
HO CH,0H 
OH 


B-0-Fructopyranose 


p-Fructose [57-48-7] C,H,,O, (180.16); a sugar usually obtained by the 
inversion of aqueous solutions of sucrose and subsequent separation of 
fructose from glucose. 

Preparation—Sucrose is inverted by treatment with dilute acid at 
moderate temperature, and the fructose is separated by precipitation of 
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the lime-fructose complex. Fructose is released from the complex with 
carbon dioxide, which precipitates the calcium as carbonate. After fil- 
tering, the fructose solution is purified with activated carbon and ion- 
exchange resins and evaporated to dryness. 

Description—Colorless crystals or a white, crystalline or granular 
powder, which is odorless and has a sweet taste; specific rotation, —89 
tO Oils 

Solubility—1 g in about 15 mL alcohol or about 14 mL methanol; 
freely soluble in water. 

Comments—A ketohexose used parenterally as a carbohydrate 
nutrient. It is converted to liver glycogen and metabolized more rapidly 
than dextrose, without requiring insulin, and thus may be used in 
diabetic patients. It is indicated in patients requiring fluid replacement 
and caloric feeding but contraindicated in hypoglycemia, for which 
dextrose should be used. It also is contraindicated in patients with 
hereditary fructose intolerance. 


LACTOSE—page 1044. 
LIQUID GLUCOSE—page 1044. 
SUCROSE—page 1025. 
SYRUP—page 1027. 
OTHER SUGARS 


Invert Sugar 
[8013-17-0]—An equimolar mixture of glucose and fructose, produced 
by hydrolysis of sucrose. Forms clear, colorless solutions with a pH of 
3.5 to 6. Comments: Instead of dextrose, for parenteral administration 
of carbohydrate. While it has the same caloric value as dextrose (4 
keal/g), invert sugar is utilized more rapidly and may be administered 
intravenously twice as fast as dextrose. 


FATS AND OILS 

(TO POT NT TIT 
The role of fat in the nutritional physiology of humans is both 
complex and contradictory. The unique and essential part it 
plays in metabolic processes and in the palatability of food 
points out its importance. Stored fat (adipose tissue) as well as 
dietary fat are concentrated sources of energy that the body can 
use efficiently for physical activity and in times of physical 
stress. Fat when oxidized to carbon dioxide and water yields 9 
kcal/g, whereas protein and carbohydrates both yield approxi- 
mately 4 kcal/g. Energy from food, consumed in excess of met- 
abolic needs is stored in the body as fat and represents the 
major body reserve of energy during periods of low caloric 
intake. Certain components of fat, called polyunsaturated fatty 
acids, are essential dietary components for tissue biosynthesis 
of prostaglandins, which perform vital hormone-like activities 
in the transmission of genetic information in all cells. Food fats 
are carriers, to varying degrees, of fat-soluble vitamins (A, D, 
EK, and K). Also, a diet too restricted in fats lacks flavor and 
satiety value. 

That fats also are involved or indicated in such significant 
pathologies as obesity and atherosclerosis or the syndrome 
called coronary heart disease (CHD) is well known. Epidemio- 
logical, experimental, and clinical investigations have identi- 
fied a number of risk factors associated with susceptibility to 
CHD that may be controlled. These include an elevation in 
plasma lipids, especially plasma cholesterol, high blood pres- 
sure (hypertension), heavy cigarette smoking, obesity, and 
physical inactivity. Persons falling into risk categories on the 
basis of their plasma lipid levels can be made aware of this 
during a physician’s examination and appropriate professional 
dietary advice then can be followed. For such persons it is 
important, in addition to maintaining a desirable body weight, 
to decrease substantially the intake of total fat and saturated 
fat and to lower cholesterol consumption. Recent studies not 
yet conclusive indicate that so-called w-3-fatty acids contained 
in oils obtained from fish harvested in cold-water regions and 
also found in lesser amounts in soybeans and rapeseed oils may 
have beneficial effects in lowering plasma low-density lipopro- 
tein (and cholesterol) triglycerides and lowering the tendency 
for platelet aggregation. 


There are many abnormal conditions in which faulty diges- 
tion and absorption of fat Occur and excessive amounts of fat 
are present in the feces. When these conditions exist, there is 
fecal fat loss, poor absorption of other nutrients, and diarrhea. 
As a result, there may be substantial weight loss and general 
malnutrition. 

In recent years, it has been shown that the digestion and 
absorption of short- and medium-chain triglycerides (MCTs) 
are different from those of the long-chain triglycerides that are 
characteristic of most food fat. The hydrolysis and absorption of 
MCTs are faster than those of long-chain triglycerides, and it is 
possible for MCTs to be absorbed directly into the intestinal 
mucosa without first being hydrolyzed, making it possible to 
absorb MCTs in the absence of pancreatic juice and bile. Coco- 
nut oil contains more medium-chain fatty acids than other fats 
and oils and is used as a source for fractionation and prepara- 
tion of MCTs. MCTs are commercially available as relatively 
pure 8-carbon or 10-carbon triglycerides and as a 4:1 mixture. 

MCTs have been found to be useful in conjunction with the 
usual therapy in the treatment of such diseases as pancreatic 
insufficiency, cancer of the pancreas, cystic fibrosis of the pan- 
creas, obstruction of the bile duct, certain abnormalities in the 
lymphatic system, regional enteritis, and postoperative cases 
involving the removal of much of the stomach or small intes- 
tine. The most consistent beneficial effects reported from the 
use of MCTs are a decrease in the fecal loss of fat and less 
diarrhea. In recent years fat emulsions have gained wide use in 
providing the energy needs of critically ill patients, particularly 
those with severe burns or those who must rely on TPN for long 
periods of time. These intravenous fat emulsions were devel- 
oped in the early 1960s, in Europe, and typically contain soy- 
bean oil, egg yolk phospholipids, glycerin, and water for injec- 
tion. The fat particles are less than 0.5 wm in diameter, similar 
in size to naturally occurring chylomicrons. These emulsions 
are available in 10 and 20% suspensions and provide the es- 
sential fatty acids. The levels of use have been shown to be safe 
up to 35 to 40% of calorific needs. 


OTHER FATS 
Intravenous Fat Emulsion [Liposyn; Intralipid]|—Description: Water 
emulsions of 10 and 20%; osmolarity, approximately 300 to 350 
mOsm/kg of water, 260 to 268 mOsm/kg emulsion; particle size less 
than 0.5 xm in diameter. Comments: As source of calories and essential 
fatty acids, usually for patients requiring parenteral nutrition for more 
than 5 days. 


CORN OlL—page 1029. 
OLIVE OlL—See RPS-18, page 1309. 
PEANUT OlL—page 1029. 


TRACE ELEMENTS 

REI RIS NW I 
The trace elements are those inorganic nutrients that are re- 
quired in small or trace amounts, a few micrograms to a few 
milligrams per day for humans or per kilogram of diet for an 
experimental animal. The essentiality of several trace ele- 
ments was established for animals and humans during the 
1930s. A resurgence of interest in this area has occurred be- 
cause of technological advancements in analytical methodology 
and development of highly purified diets and clean environ- 
ments for experimental animals. 

Fourteen elements now are thought to be essential; how- 
ever, evidence to support required functions in animals and 
humans is still incomplete for nickel, silicon, tin, and vana- 
dium. It is expected that all 14 of these, and possibly others, 
will be shown to be required by human beings. There also is 
evidence that boron may be essential. Some pertinent chemical 
and biological information on these elements is shown in Table 
106-5. Some elements, notably manganese and chromium, can 
exist in several oxidation states; however, only one or two are 
compatible with a biological environment and function. 


The amount of each element in a normal 70-kg adult man 
may vary considerably, depending on requirement and whether 
or not the element can be stored in certain tissues. Daily 
requirements (allowances) have been established for a few of 
the trace elements (Table 106-2). Ranges of typical daily in- 
takes of the other elements by healthy individuals provide a 
very rough guide to maximal needs. These values are based on 
limited data. 

Information on trace-element distribution in foods is pre- 
sented in Table 106-6. This is an attempt to indicate important 
sources of the elements or the level, particularly if low, in 
important foods. This table is of rather limited usefulness be- 
cause it is based on so little information. At present, too little is 
known about the effect of agricultural practices and manufac- 
turing processes on trace-element content. 

Our understanding of trace-element function in humans is 
less complete than that of vitamins. Study of a deficiency syn- 
drome in animals often precedes recognition of deficiency or 
metabolic problems in humans, particularly as related to a 
disease. For this reason, deficiency syndromes in animals are 
described for each element known to be essential. 

Similarly, our knowledge of trace-element toxicity in hu- 
mans is limited, and we must rely on animal data. Two prob- 
lems must be considered. One is the effect of long-term supple- 
mentation with a moderate excess above requirement. For 
children and adults the FDA regulations on dietary supple- 
ments for each of four trace elements permit an excess of 50% 
above the US RDA (see Table 106-2). It is important to consider 
not only the amount of a single trace element, but also the 
balance among all required elements. This area requires peri- 
odic review as knowledge increases. The other toxicity problem 
relates to short-term intake of multiple recommended doses, 
either accidentally or purposefully. This must be regarded as 
undesirable, depending on the excess intake level. It is well 
known to be very serious in the case of infants swallowing 
capsules containing ferrous sulfate. 

Inorganic elements are very different from the various or- 
ganic nutrients in that they cannot be destroyed or converted 
into another substance by the metabolic processes in the ani- 
mal. In most cases the trace elements are bound to an organic 
ligand. This is the means for effecting elemental transport and 
function and minimizing toxicity. The binding may be very 
loose or very firm. Many of the elements are part of metalloen- 
zymes. Nucleic acids also bind metal ions in a consistent pat- 
tern; however, the significance of this is not established. Other 
mechanisms of function are described for individual elements 
below. 

Many pairs or larger groups of essential elements may have 
chemical properties that are closely similar. This can result in 


Table 106-5. Biological Data for the Essential 
Trace Elements 


AMOUNT IN 70-kg 


DAILY HUMAN INTAKE 


ELEMENT HUMAN (mg) RANGE? (mg) 
Chromium 6.6 0.06-0.36 
Cobalt eal 0.015-0.160 
Copper 75-150 0.75=1.2 
Fluorine 2600 OS ale7e 
lodine 10-20 0.3-0.7 
lron 4000-5000 10-17 
Manganese 12-20 e5—35.0 
Molybdenum 9.3 0.1-0.2 
Nickel 10 0.10-0.15 
Selenium — 0.6-1.0 
Silicon 18,000 — 

Tin 17 1.5-3.5 
Vanadium 10-25 0.01-0.02 
Zinc 1400-2300 8-16 


* Values from FDA total diet study. 
» Excludes high-fluoride areas. 
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Table 106-6. Distribution of Essential Trace Elements 


in Foods’ 
rere 
FOOD SOURCE CONTENT 


ELEMENT AVERAGE TO HIGH LOW 

Chromium Dried brewers’ yeast, Refined cereals, 
bran and germ of refined sugar 
cereal grains, molasses, 
liver 

Cobalt Leafy vegetables Milk, refined cereals 

Copper Liver, kidney, shellfish, Milk, muscle meat, 
nuts, dry legumes, eggs, fruit, 
whole-grain cereals vegetables 

Fluorine? Seafish, red meat, eggs, Milk 
tea 

lodine? Seafish, shellfish, iodized 
salt, milk 

Iron Liver, kidney, shellfish, Milk, refined sugar 
muscle meats, poultry, 
heart, egg yolk, dried 
legumes, cane 
molasses, nuts 

Manganese Whole-grain cereals, Milk, poultry, fish 
dried legumes, tubers, 
fruits, nonleafy 
vegetables 

Molybdenum Liver, kidney, dried Fruits, root and stem 
legumes, whole-grain vegetables, muscle 
cereals, leafy meats, milk 
vegetables 

Nickel Whole-grain cereals, Muscle meats, fats, 
vegetables eggs, milk 

Selenium Liver, kidney 

Silicon Whole-grain cereals, Animal foods 


chicken skin, beer 

Tin? Cereals, muscle meats Milk 

Vanadium? Liver, muscle meats, fish, | Milk, most vegetables 
bread, some cereal 
grains, nuts, a few root 
vegetables, oils from 
corn and soybeans 

Zinc Meat, egg yolk, whole- 
grain cereals, oysters, 
fowl, milk 


Fruits, fish, vegetables 


° Bioavailability is not taken into consideration; see text for individual 
elements. 

» Most foods are highly variable. 

“Selenium content is markedly affected by available selenium during growth 
of the plant or animal food. Cooking losses can occur. 

7 The tin content is markedly increased by exposure to tin-plated containers. 


competition for binding sites that may alter transport, storage, 
excretion, and function. 

There are many elements in biological systems that have no 
known essential function but that have some chemical proper- 
ties similar to those of required elements. These elements can 
become a health threat when they are present in sufficient 
quantity to replace a required element or to bind excessively to 
some organic ligand and cause a physiological aberration. Mod- 
ern industrial technology has effected translocation of large 
quantities of many minerals from their native stores in the 
ground to the air, the water, and ultimately the food supply. 
Three elements that have caused concern and some isolated 
severe problems for humans are mercury, cadmium, and lead. 
The nutritional status of an exposed person can modify the 
severity of adverse response to a toxic level of an element. A 
deficiency of certain nutrients can result in a more severe 
adverse effect, while a moderate excess of other nutrients can 
afford some protection. The possibility must be kept in mind 
that elements now regarded only as toxic may have an essen- 
tial function at a very low level of intake. 

Analysis of trace elements can be accomplished by both 
chemical and physical techniques. Modern advances such as 
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induction coupled plasma, atomic absorption spectrometry, and 
neutron activation analysis provide rapid, accurate, and low- 
cost measurements. 


CHROMIUM 


Deficiency Syndrome and Function—The principal defect in 
chromium deficiency is an impairment of glucose utilization; however, 
disturbances in protein and lipid metabolism also have been observed. 
In the young animal, growth rate may be reduced. Corneal lesions have 
been observed in rats deficient in both chromium and protein; no lesions 
have been seen with either single deficiency. 

Impaired glucose utilization occurs in many middle-aged and elderly 
human beings. In experimental studies, significant numbers of such 
persons have shown improvement in their glucose utilization after 
treatment with chromium. There also have been improvements in dia- 
betic children and infants with kwashiorkor. 

For biological activity, chromium must be trivalent. The most active 
form of chromium is that which is incorporated into a low-molecular- 
weight organic molecule that occurs in many foods. Its structure is not 
known yet. This compound has been designated GTF (glucose tolerance 
factor). From a variety of biochemical studies, it appears that the 
presence of insulin is required for all functions of chromium. GTF is the 
only one of many compounds tested that passed through the rat pla- 
centa into the fetus. 

Metabolism and Bioavailability—Chromium is transported by 
transferrin in the plasma and competes with iron for binding sites. The 
main excretory route is through the urine; however, some chromium is 
excreted in the bile and by the small intestine. The newborn animal has 
large stores of chromium that decline with age. 

Toxicity—In animals, a wide margin of safety separates toxicity 
from the nutritional requirement of chromium (IIT). 


COBALT 


Deficiency Syndrome, Function, and Metabolism—tThe only 
known essential function of cobalt is as a component of vitamin B,, (see 
page 1812). 

Cobalt salts are absorbed poorly. Excretion is via the bile and 
through the intestinal wall. Cobalt is widely distributed in the body, 
with the highest concentrations in the liver, kidney, and bone. 

Toxicity—High levels of cobalt can produce a polycythemia in 
many species, an effect that is unrelated to vitamin B,,. Cobalt usually 
is considered relatively nontoxic; however, severe cardiac failure and 
some deaths in humans have resulted from consumption of large 
amounts of beer containing 1.2 to 1.5 ppm of cobalt. The element was 
added to the beer to promote optimal foam stabilization. 


COPPER 


Deficiency Syndrome and Function—The most common defect 
observed in copper-deficient animals is anemia. Other abnormalities 
include growth depression, skeletal defects, demyelination and degen- 
eration of the nervous system, ataxia, defects in pigmentation and 
structure of hair or wool, reproductive failure, and cardiovascular le- 
sions, including dissecting aneurysms. Copper deficiency occurs very 
infrequently in human beings. A deficiency has been observed in some 
South American infants and a few in the United States receiving an 
artificial formula diet deficient in copper. 

Several copper-containing metalloproteins have been isolated from 
animal tissues, including tyrosinase, ascorbic acid oxidase, laccase, 
cytochrome oxidase, uricase, monoamine oxidase, 6-aminolevulinic acid 
dehydrase, and dopamine-$-hydroxylase. Copper functions in the ab- 
sorption and utilization of iron, electron transport, connective tissue 
metabolism, phospholipid formation, purine metabolism, and develop- 
ment of the nervous system. Ferroxidase I (ceruloplasmin), a copper- 
containing enzyme, effects the oxidation of Fe (II) to Fe (III), a required 
step for mobilization of stored iron. There is evidence that a copper- 
containing enzyme is responsible for the oxidative deamination of the 
epsilon amino group of lysine to produce desmosine and isodesmosine, 
the cross-links of elastin. In copper-deficient animals the arterial elas- 
tin is weaker, and dissecting aneurysms may occur. 

Metabolism and Bioavailability—Copper is absorbed from the 
small intestine. Most of the copper in the plasma is in ceruloplasmin; 
however, significant amounts are loosely bound to albumin, the fraction 
is important in transport. The plasma copper level increases in acute 
infections, in pregnancy, and in women taking birth-control pills. Small 
amounts of copper are excreted in the urine, but the major excretory 
pathway is via bile and feces. 

Copper is present in high concentrations in the brain, liver, heart, 
and kidney, with the highest levels occurring at birth. It is important 
that pregnant women receive adequate copper during pregnancy, so 
that the infant will have adequate stores of copper at birth. 


A variety of salts of copper have been found to be available to 
experimental and domestic animals. These include the sulfate, nitrate, 
chloride, carbonate, oxide, hydroxide, iodide, glutamate, glycerophos- 
phate, aspartate, citrate, nucleinate, and pyrophosphate. Elemental 
copper and copper sulfide are utilized poorly. The chemical form of 
copper in food is largely unknown. The absorption of copper can be 
decreased by large amounts of phytic acid, ascorbic acid, calcium, and 
zinc. 

Toxicity—Wilson’s disease, a genetic disease in humans, leads to 
excess copper accumulation in the brain, liver, and kidney, which 
results in mental and neurological abnormalities. The disease is 
treated by administration of a chelating agent, penicillamine (6,,- 
dimethylcysteine), which removes excess copper from the tissues and 
results in its excretion. 


FLUORINE 


Deficiency Syndrome and Function—The most important rela- 
tionship of fluoride to health is that of preventing dental caries. Fluo- 
ride has been shown to enter the hydroxyapatite of teeth to form a more 
perfect crystal that resists acid attack more effectively. (See Sodium 
Fluoride, page 1217.) In areas where the fluoride content of the drink- 
ing water is unusually high, osteoporosis and calcification of the aorta 
of elderly persons are less than in control population groups not receiv- 
ing high fluoride. In these areas the effective fluoride concentration is 
high enough to cause mottling of the tooth enamel in young children. 

Metabolism and Bioavailability—The absorption of fluoride 
from the GI tract is rapid and complete. Even the water-insoluble forms 
are absorbed fairly well. Fluoride can cross membranes easily, and it 
passes readily from the plasma into the tissues; however, the mammary 
gland and the placenta offer some resistance to transport. Excess fluo- 
ride is excreted in the urine. 

Bones typically have high concentrations of fluoride, which gradu- 
ally increase throughout life to about age 55 years. Fluoride supple- 
mentation increases bone density but is reported to increase brittleness. 
Of the soft tissues, the kidney is highest in fluoride. Calcium and 
aluminum can decrease the absorption of fluoride, and sodium chloride 
can depress the skeletal uptake of fluoride. 

Toxicity—Toxic doses of fluoride cause loss of appetite and body 
weight, muscular weakness, clonic convulsions, pulmonary congestion, 
and respiratory and cardiac failure. 

Chronic exposure to fluoride most often comes through consumption 
of drinking water, usually from deep wells drilled through or near 
fluoride-containing rocks. Levels of fluoride around 2 ppm or higher 
produce a permanent brownish mottling of tooth enamel when the 
exposure is during the time of tooth formation. 


IODINE 


Deficiency Syndrome, Function, and Metabolism—The iodine- 
deficiency disease is goiter (see The Thyroid Hormones, page 1378). In 
iodine-deficient young, growth is depressed and sexual development is 
delayed, the skin and hair are typically rough, and the hair becomes 
thin. Cretinism, feeble-mindedness and deaf-mutism occur in a severe 
deficiency. There is reproductive failure in the female and decreased 
fertility in the male. 

Goiter has been observed in human beings in many areas of the 
world, with incidence in women and children usually higher than in the 
adult male. As a public-health measure, use of iodized salt has mark- 
edly reduced the incidence of goiter. Goitrogens also can cause goiter 
(see Antithyroid Compounds, page 1380). 

The only known function of iodine is for the production of the thyroid 
hormones, which regulate cellular oxidation. 

The absorption of iodide can occur at all levels of the GI tract. 
Iodinated amino acids can be absorbed as such but less efficiently than 
iodide. Excretion of iodine is primarily via the urine, and the amount 
is a reasonably good indicator of thyroid status. Iodine in saliva is 
reabsorbed. 


IRON 


Deficiency Syndrome and Function—Hypochromic microcytic 
anemia is the characteristic result of iron deficiency. Depending on the 
severity, the anemia is accompanied by listlessness and tiredness, pal- 
pitation on exertion, sore tongue, angular stomatitis, dysphagia, and 
koilonychia. 

Iron is an essential component of several important metalloproteins. 
These include hemoglobin, myoglobin and many oxidation-reduction 
enzymes. In iron deficiency, there may be reduced concentrations of 
some of the iron-containing enzymes, such as cytochrome c in liver, 
kidney, and skeletal muscle and succinic dehydrogenase in the kidney 
and heart. 

Metabolism—lIron is absorbed from the small intestine; however, 
the exact mechanism regulating the amount absorbed is still a matter 


of controversy. The proportion of dietary iron absorbed is greater in 
iron-deficient anemic individuals. Iron is transported via the blood, in 
which it is bound to transferrin, a B,-globulin. 

The iron from deteriorated red blood cells is reused. Under normal 
circumstances, the loss of iron from the body is very small, about 1 mg 
a day for men and an additional average daily loss of 0.5 mg a day by 
menstruating women. Iron is stored in the bone marrow, intestinal 
wall, liver, and spleen, with the latter organs containing the largest 
amounts. 

Bioavailability—The recognition of anemia as a major public- 
health problem for menstruating women and young children through- 
out the world has focused on the need for more-extensive and better 
fortification of foods. This has stimulated a great deal of research on the 
availability of iron from foods and inorganic sources. Iron compounds 
that are utilized readily by experimental animals and humans are ferric 
ammonium citrate, ferrous sulfate, ferrous gluconate, ferrous fumarate, 
and ferrous ammonium sulfate. Average to poor sources of iron are 
reduced iron, ferric chloride, and ferric pyrophosphate. Very poor 
sources are ferric oxide, ferrous carbonate, sodium iron pyrophosphate, 
and ferric orthophosphate. The availability of iron from foods can vary 
also. 


Several dietary components can affect the availability of iron from 
many sources. Phytic acid and antacids can decrease iron absorption. 
The availability of iron is increased by a variety of reducing compounds 
such as ascorbic acid and molecules with sulfhydryl groups, as well as 
histidine and lysine. The smaller the particle size of elemental iron, the 
greater is the intestinal absorption and use. Heme iron is absorbed as 
such. Very high intakes of zinc, copper, manganese, and cadmium can 
decrease the absorption of iron. Many additional studies are needed to 
evaluate adequately the availability of iron as influenced by composi- 
tion of the diet and method of food preparation. 

Toxicity—Because iron absorption is regulated by the body, mod- 
erate excess above the RDA was considered harmless. Recent epidemi- 
ological data suggest that continued high intake of iron may raise the 
risk for chronic disease occurrence, particularly those that are in- 
creased with free radical formations, such as cancer. Deaths have 
occurred, however, in children who swallowed capsules or tablets con- 
taining a readily available source of iron, such as ferrous sulfate. Acute 
effects include vomiting, hematemesis, hepatic damage, tachycardia, 
and peripheral vascular collapse. 

Some individuals have a metabolic defect such that their iron ab- 
sorption is not carefully controlled, and even a normal iron intake can 
lead to excess tissue accumulation. A disease known as hemochroma- 
tosis results. It usually can be controlled by phlebotomy at periodic 
intervals; however death can result if the disease is not treated. 


MANGANESE 


Deficiency Syndrome and Function—Manganese deficiency has 
been produced experimentally in many animals. Characteristics of the 
deficiency include growth depression of the young animal, skeletal 
abnormalities (ranging from mild rarefaction to crippling deformities), 
mortality of the young, perosis (slipping of the Achilles tendon and 
accompanying joint deformity) in birds, depressed reproduction of both 
males and females, nutritional chondrodystrophy of the chick embryo, 
and ataxia in newborn mammals, with head retraction, tremor, abnor- 
mal otoliths, and semicircular canals in the ears. Newborn manganese- 
deficient guinea pigs have aplasia or marked hypoplasia of the pan- 
creas. Manganese deficiency never has been recognized in humans. 

Manganese is required for the synthesis of mucopolysaccharides of 
cartilage and for the conversion of mevalonic acid to squalene. Glucose 
utilization is impaired in manganese deficiency. Pyruvate carboxylase 
is a manganese metalloenzyme. 

Metabolism and Bioavailability—The homeostatic mechanism 
for regulating the concentration of manganese in the body is very 
precise. Manganese is absorbed from the small intestine and then is 
transported via the blood in the trivalent form bound to a B,-globulin, 
transmanganin. Manganese is excreted in the bile and through the 
intestinal wall. The latter constitutes the principal mechanism for 
regulating the amounts of manganese in the tissues. With a high 
manganese intake, the element also is excreted in the pancreatic juice. 
The amount excreted in the urine is very small. 


High levels of manganese occur in bone, liver, kidney, pancreas, and 
the pituitary, whereas the concentration in the skeletal muscle is very 
low. The manganese in bone cannot be mobilized to meet a need. The 
stores of manganese, in the order of their importance, are found in the 
liver, skin, and skeletal muscle. There is not a special store in the 
newborn. 

In chick studies it was found that manganese was equally available 
from the oxide, carbonate, sulfate, and chloride. High dietary intakes of 
calcium and phosphorus can decrease manganese absorption. 
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Toxicity—Miners exposed to manganese oxide dust for long periods 
of time develop psychiatric abnormalities that resemble schizophrenia. 
This is followed by crippling neurological disorders similar to those 
found in Parkinson’s disease. Most young animals are unaffected by 
1000 ppm of manganese in the diet. 


MOLYBDENUM 


Deficiency Syndrome, Function, and Metabolism—Adverse ef- 
fects due to simple deficiency of molybdenum in humans and in exper- 
imental animals have never been observed. Xanthine oxidase is an 
important molybdenum-containing enzyme. Due to a variety of indirect 
evidence and the importance of xanthine oxidase, molybdenum is con- 
sidered to be an essential trace mineral for humans, probably required 
in very small amounts. No RDA has been established. 

Molybdenum supplied by water-soluble salts is absorbed readily. 
The element crosses the mammary gland easily. Excretion is into both 
urine and feces. The liver and kidney have the highest soft-tissue 
concentrations of molybdenum. Changes in level of dietary intake can 
be reflected in the concentrations in liver, kidney, skin, bones, and hair. 
The newborn does not have special stores of the element. Sulfate can 
affect the absorption, tissue distribution, and excretion of molybdenum. 
The content of molybdenum in erythrocytes decreases in many types of 
anemia. 

Toxicity—The tolerance of animals to high intakes of molybdenum 
varies with species, age, and the level of numerous other dietary com- 
ponents. The toxicity is decreased by copper, inorganic sulfate, and the 
sulfur amino acids. 


NICKEL 


Evidence that nickel is an essential element is based on abnormalities 
produced in chicks and rats fed diets containing 3 to 4 ppb of nickel. 
Lipid metabolism was affected. Rats maintained through successive 
generations on the nickel-deficient diet had increased fetal mortality. 

Absorption of nickel is small from ordinary diets. Excretion is pri- 
marily through the feces; however, significant amounts can be lost in 
sweat. Phytate can form a very stable complex with nickel, so it is 
possible that phytate may decrease absorption of nickel. Further stud- 
ies are required to establish clearly the essentiality of nickel and its 
significance to human health. 

A low level of toxicity has been established for nickel in rats, mice, 
monkeys, and chicks. 


SELENIUM 


Deficiency Syndrome and Function—Depending on species, 
age, and specific diet composition, a deficiency of selenium can lead to 
one or more of the following abnormalities: growth depression, muscu- 
lar dystrophy, degeneration of the myocardium, neurological lesions, 
liver necrosis, pancreatic fibrosis, exudative diathesis, ceroid-pigment 
deposition in adipose tissue, and death. Deficiency occurs in domestic 
animals with intakes below 0.02 to 0.05 ppm. Deficiency in humans has 
only been demonstrated in China, where extremely low intake causes a 
cardiomyopathy in children (Keshan disease). The NAS safe and ade- 
quate daily dietary intakes of selenium are 10 to 80 ug for children and 
50 to 200 yg for adults. 

Most deficiency syndromes responsive to selenium also respond 
favorably to vitamin E. An exception is pancreatic fibrosis, which occurs 
only in selenium deficiency. Selenium is an essential component of the 
enzyme glutathione peroxidase. This provides a link between the anti- 
oxidant properties of vitamin E and the biological function of selenium 
in preventing most of the same selenium-deficiency problems. Animal 
studies have indicated that selenium may be useful as a chemopreven- 
tion agent, but studies in humans have not been accomplished. Exper- 
imentally, selenium has been shown to provide protection to pulmonary 
oxygen toxicity similar to that observed for vitamin E. 

Metabolism—Selenium is absorbed from the duodenum. It can be 
metabolized to a variety of compounds and lost from the body via the 
bile, pancreatic and intestinal secretions, and ultimately through the 
feces, urine, and expired air. Selenium can replace sulfur in the normal 
sulfur amino acids, and selenite also can bind to sulfur amino acids. It 
also is incorporated into selenonucleosides and may be involved in 
genetic translation. The highest tissue concentrations of selenium occur 
in the kidney, pancreas, pituitary, and liver. 

Toxicity—Acute selenium toxicity is characterized by abdominal 
pain, excess salivation, grating of the teeth, paralysis, and blindness. 
Eventually, disturbed respiration leads to death. 

Selenium is one of the most toxic of the essential nutrients, and the 
quantitative separation of required and chronic toxic levels is not very 
large. The source of selenium has a significant impact on the level that 
will cause toxicity to develop. Organic compounds containing selenium 
enhance absorption and, therefore, are toxic at lower levels. For domes- 
tic animals, the requirement is about 0.1 to 0.2 ppm, and 3 to 4 ppm in 
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the diet are beginning levels for chronic toxicity. Intakes above 500 ug 
for long periods of time are considered to present a risk of toxicity in 
man. A reported carcinogenicity for selenium is an elusive association 
that has not been clarified finally. 


SILICON 


With highly purified diets it has been possible to produce a deficiency of 
silicon in chicks and rats. The deficiency affected growth rate, bones, 
and integumental tissues. The primary biochemical lesion in the defi- 
cient animals was an effect on the cartilage matrix. 

Silicon (as silicates) is absorbed easily from the intestinal tract and 
excreted readily in the urine, in part as SiO,. Silicon is distributed 
widely in soil, plants, and animal tissues. It is relatively nontoxic; 
however, siliceous kidney stones have been reported in persons who live 
in regions with water high in silicate concentration or who chronically 
ingest magnesium trisilicate antacids. 


TIN 


Through rigid exclusion of environmental and dietary tin, it has been 
possible to produce growth retardation responsive to this element in 
rats. A maximal growth effect was obtained with 1 ppm of tin in the 
diet, a level similar to that found in many foods. 

Tin is absorbed poorly and most of that in the diet is excreted in the 
feces. Tin has a low order of toxicity. 


VANADIUM 


Chicks and rats fed a diet containing less than 10 ppb of vanadium had 
slow growth, defective bones, and altered lipid metabolism. Vanadium 
is a rather toxic element. The addition of 25 to 50 ppm of vanadium to 
the diet of rats causes diarrhea and mortality. 


ZINC 


Deficiency Syndrome and Function—Zinc is required for 
growth of every animal species studied; therefore, growth depression of 
young animals is invariably observed if the zinc deprivation is severe 
enough. Other characteristics of deficiency include skin lesions, alope- 
cia, abnormal feathering in birds, deformed and poorly mineralized 
bones, hyperkeratinization of the esophagus, reduced numbers of cir- 
culating lymphocytes, impaired reproduction in males and females, 
fetal abnormalities, and decreased learning ability. Persons with im- 
paired taste acuity and discrimination and delayed healing of wounds 
and burns have responded favorably to therapeutic doses of zinc in some 
cases. 

Nutritional dwarfism has been studied extensively in the Middle 
East. The syndrome includes delayed sexual development, reduced 
height and weight, hepatosplenomegaly, spoon nails, and usually ane- 
mia. Although the subjects were deficient to some degree in several 
nutrients, zinc was required to correct the hypogonadism and growth 
depression. The syndrome occurs in both males and females. Indolent 
ulcers and delayed wound healing in patients with low plasma zinc 
levels have been reported, and both systemic and topical administration 
of zine compounds are followed by accelerated healing. There is limited 
evidence that some young children and elderly persons in the United 
States do not receive adequate zinc. 

Zinc is known to occur in many important metalloenzymes. These 
include carbonic anhydrase, carboxypeptidases A and B, alcohol dehy- 
drogenase, glutamic dehydrogenase, p-glyceraldehyde-3-phosphate de- 
hydrogenase, lactic dehydrogenase, malic dehydrogenase, alkaline 
phosphatase, aldolase, and others. Impaired synthesis of nucleic acids 
and proteins has been observed in zinc deficiency. There is some evi- 
dence that zinc may be involved in the secretion of insulin and in the 


function of the hormone. It appears to be a modulator of neurohumoral 
transmission. 

Metabolism and Bioavailability—Zinc can bind readily to sulf- 
hydryl groups, amino groups, and imidazole groups of proteins, amino 
acids, and other organic molecules. 

Zinc is absorbed primarily from the duodenum. It binds to all pro- 
teins of the plasma; however, it is bound most loosely to albumin, and 
this may be important for transport to and from tissues. The concen- 
tration of zinc in plasma decreases rapidly when a low-zinc diet is fed, 
and it is reduced in pregnancy and in women taking birth control pills. 
The principal route of excretion is via the feces. Small amounts of zinc 
are excreted daily in the urine; these increase when there is tissue 
catabolism such as occurs in burns and in fasting. Significant losses of 
zinc also can occur in the sweat. 

Zinc is present in all tissues, with very high concentrations in the 
prostate and choroid of the eye. Generally, tissue concentrations are not 
affected greatly by zinc deficiency. The stores of zinc in the body are 
thought to be small. 

Zinc is equally available to normal animals from a wide variety of 
inorganic salts as well as metallic zinc. Phytic acid can markedly 
decrease absorption of zinc, particularly in the presence of large 
amounts of calcium. Consumption of whole-wheat bread, which con- 
tains phytic acid, has been shown to be primarily responsible for the 
zinc-deficiency dwarfism observed in the Middle East. The toxic effects 
of cadmium are probably partially related to interference with the 
normal physiological pathways and functions of zinc. 

Toxicity—The taste threshold for a soluble salt of zinc in water is 
15 ppm of zinc, whereas 40 ppm have a very definite taste. A dose of 225 
to 450 mg of zinc has an emetic effect in an adult man. Acute toxicity of 
zine is characterized by dehydration, electrolytic imbalance, stomach 
pain, lethargy, dizziness, muscular incoordination, and renal failure. 
High zinc intakes are known to lower copper absorption; therefore zinc 
supplements should be taken only with adequate intakes of copper. Zinc 
has been used successfully to treat Wilson’s disease. 


ZINC SULFATE—See RPS-19, page 1271. 
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Pesticides may be defined simply as chemical agents used to 
control pests. In its broadest sense it includes insecticides, 
rodenticides, fungicides, and herbicides. These substances rep- 
resent big business, with the US once being the largest pro- 
ducer in the world. 

For the US, the Environmental Protection Agency (EPA) 
reports that pesticide use has remained stable, with year-to- 
year variations resulting from changes in acreages planted and 
weather conditions. In the most recent report, Pesticide Indus- 
try Sales and Usage—1994 and 1995 Market Estimates, re- 
leased in September 1997, the EPA reported that the use of 
herbicides to control weeds has increased slightly over the 
previous 3 years. An average of $4200 per farm was expended 
in 1995 on pesticides. Conventional pesticides account for 27% 
of all pesticides used annually in the US and total an estimated 
1.2 billion pounds. Wood preservatives account for 16% of all 
pesticides used and total about 0.72 billion pounds; speciality 
biocides, such as those used to control bacterial growth in 
cooling towers, are about 6% and total 0.26 billion pounds; and 
chlorine/hypochlorites, used in water-purifying plants and 
swimming pools represent 51% of all pesticides used and total 
2.32 billion pounds. 

The specific results of the National Home and Garden sur- 
vey revealed that 


In households without children under 5 years old, about 75% had at 
least one pesticide stored less than 4 feet off the ground and not locked 
in a cabinet (ie, within reach of children). 

In homes with children under 5 years of age, about 47% stored at 
least one pesticide within reach of children. Overall, an estimated 85% 
of all households have at least one pesticide in storage and around the 
home. 

Most families have between one and five pesticide products stored, 
and slightly over 27% of single family households have over six products 
stored. 

Some 76% of all households used pesticides in their homes themselves, 
while about 20% hired a commercial applicator to treat such pests as 
roaches, fleas, or ants (termites are not included in these estimates). 

Less than 25% could recall receiving written notification about the 
pesticides used in their home or any safety precautions to follow. 

About 15% of households had pesticides applied in or around their 
homes by someone outside the household. Only half of these people 
recall receiving written information regarding the pesticides used and 
safety precautions to be followed. 

In the households that dispose of concentrated pesticides, 67% use 
regular trash, 16% use special collections, and 17% give it away or pour 
it down the toilet or sink, on the street, in the gutter or sewer, or on the 
ground. 

Some 44% of all households identified at least one insect that was 
considered a major problem. 

Some 25% of all households were treated for cockroaches in 1990. It 
appears that cockroaches are the most common pest problem for house- 
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holds living in multifamily dwellings. For households in single-family 
dwellings, ants are the most common problem. 
The most difficult pest to control was identified as fleas. 


One of the most interesting reports on this scientific random 
sampling was an amazing response rate of 85%. The executive 
summaries of this 400-page National Home and Garden Pesti- 
cide Use Survey are available and may be obtained from the 
Communications Branch of EPA’s Pesticide Programs (tele- 
phone: 703-305-5017). 

Pharmacies throughout the US stock a myriad of consumer 
pesticide products used for these purposes. This represents an 
important area in which pharmacists can exercise their knowl- 
edge and skills, particularly for proper use, handling, and dis- 
posal of pesticides. 

The EPA published the Status of Pesticides in Registration 
and Special Review (Rainbow report) that contains a general 
management directory, a chemical review manager directory, 
and a general information section that covers purpose, timing, 
comments, additional information, and electronic access (see 
EPA website, www.epa.gov, for the latest information). 


Chapter 2 is entitled Special Review and is organized so that the 
first section explains the special review process including the criteria 
that EPA uses to initiate a special review, the steps it takes to conduct 
a Special Review, and the risk-reduction alternatives to the conven- 
tional Special Review process. 

The following section gives an At a Glance summary of the dates when 
Special Review decision documents were published in the Federal Register. 

The third section provides a comprehensive reference list of all 
chemicals that have been or are currently in the Special Review pro- 
gram. The various chemicals are listed in alphabetical order. 

The final section lists the chemicals in identical sequence and addi- 
tionally, gives the details of Special Review criteria met or exceeded as 
well as the outcomes of the reviews. The entire report is 377 pages long 
and lists almost 1500 compounds. 


Further, the EPA lists numerous solvents, surfactants, stabi- 
lizers, and similar substances. Various economic, political, and 
toxicological considerations that crop up routinely in the pesticide 
business preclude any more-accurate figures within a given year. 

For those who question the use of pesticides at all it is 
important to know something about what damage pests can do 
on a worldwide basis. First it should be understood that plants 
are the world’s major source of food. These plants are suscep- 
tible to 80,000 to 100,000 diseases caused by everything from 
viruses to bacteria, fungi, algae, and even other higher plants. 
Food plants have to compete with some 30,000 different species 
of weeds worldwide, of which at least 1800 species are capable 
of causing serious economic losses. Various higher organisms 
such as nematodes and insects also devastate crops routinely 
around the world. 
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It has been estimated that about one-third of the food crops 
of the world is destroyed by these various pests at various 
stages, viz, growth, harvest, and storage. The rates of destruc- 
tion often are higher in less developed nations. The Food and 
Agriculture Organization (FAO) estimates that one-half of cot- 
ton production in developing countries would be lost to pests 
without the use of pesticides. Even in the US, crop devastation 
due to pests is estimated to be about 30% ($20 billion annually) 
even though pesticides are used widely here. Several studies 
have shown that this country could not survive as a nation 
without pesticides. Without herbicides alone, at least 10 to 12% 
of the US population would be working on our farms instead of 
the current 3%. 

Another important consideration of recent origin is the con- 
cept of minimum or reduced tillage. In this relatively new 
farming practice, herbicides help promote energy savings and 
soil conservation by reducing plowing and cultivation drasti- 
cally. Now, farmers till only enough to plant new crops. Previ- 
ous crop debris and weeds are left on the soil, and insects and 
weeds are controlled chemically rather than mechanically 
through unnecessary plowing. This method of control requires 
some 80% less energy. 

There have been many who have argued for the return of 
what is called organic farming. Generally, organic farmers 
prefer to avoid the use of synthetic chemical products at all. 
They prefer naturally occurring chemicals such as rock phos- 
phate and limestone and the manure of domestic animals. Also, 
leguminous plants are used as a nitrogen source as well as 
other plants that contain natural pesticidal compounds. While 
these are laudable practices, they generally result in higher 
prices because of the costs of these less available materials and 
the higher costs involved in the more labor-intensive practices 
of organic farming. In addition, more land with lower yielding 
capability would have to be farmed to make up for the lower 
efficiency of organic farming. 

From a scientific point of view all natural materials are not 
necessarily organic, and organic substances are not necessarily 
natural. All things on earth are made up of chemicals, and 
plants do not really differentiate between what is made by man 
or nature. However, organic farming practices are sensible for 
the smaller farmer who wishes to avoid excess use of unneces- 
sary chemicals and does not mind the use of extra labor prac- 
tices to save money on materials. 

According to a study by the new Natural Resources Defense 
Council entitled “Harvest of Hope,” alternative farming tech- 
niques could reduce pesticide applications 25 to 80% on nine 
crops grown in California and Jowa. The study showed that 
over 580 million pounds of pesticide-active ingredients were 
sold in California in 1987, and 57 million pounds of herbicide 
per year were used by lowa farmers. 

The study further stated that many ill effects have resulted 
from use of all of these, including pesticide contamination of 
the food supply, farm worker illness, ecosystem degradation, 
and water pollution. The council study calls on the federal 
government to redirect its agricultural research to make devel- 
opment of alternative farming systems a priority and to adopt 
alternative farming systems, including crop rotations, without 
incurring financial penalties. In addition, it promotes the con- 
cept that federal and state governments should levy fees on 
fertilizers and pesticides to help finance alternative agricul- 
tural research. At the same time that alternative ways of 
controlling pests are being sought, there are efforts to develop 
new chemicals with greater specificity to a particular pest and 
less toxicity to nontarget species. Proponents claim that having 
different chemical pesticides on hand with varying mecha- 
nisms of action allows rotation of these to limit development of 
resistance. 

The first of this type developed is imidacloprid. Its uses are 
limited to sucking insects such as aphids and whiteflies, and it 
is less effective against chewing insects (worms, caterpillar 
larvae, butterflies). Imidacloprid works to bind to one type of 


receptor for the neurotransmitter acetylcholine, causing the 
nerves of an insect to fire uncontrollably, leading to muscle 
paralysis and death. Other new pesticides under development 
include fiproles and pyrroles. 

Perhaps the major reason for use of pesticides has been the 
long world history of mass destruction of crops by disease and 
insects. One constantly is reminded that it would not take long 
to return to a primitive agriculture status by the numerous 
reports of crop devastation and disease that appear in various 
underdeveloped countries. Some of the relatively recent exam- 
ples of pest effects include the destruction of 3 million tons of 
wheat by stem rust in western Canada in 1954, the continuous 
problem of arthropod-borne encephalitides that caused an av- 
erage of 205 human cases in the US annually between 1964 and 
1973, and the reduction of the annual death rate of malaria 
through the use of pesticides. The death rate in 1939 was 6 
million, compared with 1996 estimates of 1.5 to 2.7 million. 
There are at least 24 common diseases (eg, encephalitis, ty- 
phus, anthrax, and dysentery) still of concern to man that are 
transmitted by a myriad of insects, ticks, or mites. 

As with all substances used by modern man, pesticides offer 
a risk-benefit ratio that must be assessed for each application. 
A modern, concerned society should always advocate very spe- 
cific, carefully planned usage of pesticides, well-integrated with 
other control practices. This approach has become quite popu- 
lar today and is referred to as Integrated Pest Management 
(IPM). It consists of determining a workable combination of the 
best parts of all possible control procedures and applying them 
to a specific problem. The concept is to keep pests at a control- 
lable level within the confines of sound ecological principles so 
that economic injury to plants or man is avoided. Overall, while 
mistakes have been made (eg, DDT), pesticides have contrib- 
uted significantly to the increased productivity of the US 
farmer. 

According to the American Crop Protection Association, less 
than 2% of Americans are farmers, compared with 30% in 1920. 
According to the US Department of Agriculture, in 1950 one 
farmer in the US fed 27 people; in 1970, 73; and in 1992, 129. 

In recent years, there is a new trend in pesticide chemistry 
and application technology. For example, a 1-lb bottle of a new 
rice herbicide can control 10 acres of weeds; 5 years ago this 
area would have required 20 lb of pesticide. 

EPA requires a new pesticide product to undergo rigorous 
registration requirements. Up to 120 safety, health, and envi- 
ronmental tests are required for registration. Typically it takes 
10 years for a product to move from discovery to market, with 
an average cost of $35 to 50 million. 


PESTICIDES AND LAW 
SS TED 
In the US, numerous federal laws protect the user of pesticides 
as well as the consumers. Many of these laws are quite old and 
have been amended from time to time for obvious reasons. 
Since they are all complex and change with time, a brief sum- 
mary is presented here so the pharmacist will be aware of who 
is responsible for which laws and what the current status of 
pesticide registration is. 

The Federal Insecticide, Fungicide and Rodenticide Act 
(FIFRA) as amended (EPA, Oct 1996) is administered by the 
EPA. These new amendments require a substantial accelera- 
tion of the reregistration process for previously registered (li- 
censed) pesticides and authorize the collection of fees to sup- 
port reregistration activities. This law also changes EPA’s 
responsibilities and funding requirements for the storage and 
disposal of suspended and cancelled pesticides and the indem- 
nification of holders of remaining stocks of such canceled pes- 
ticides. Hence, under FIFRA, all pesticides have to be regis- 
tered with the EPA before they may be sold or distributed in 
commerce in the US. 


This agency establishes an overall risk-benefit standard for 
pesticide registration, requiring that pesticides show efficacy 
when employed according to label instructions and show no 
unreasonable risk of adverse effects on human health or the 
environment. Laws require that EPA take into account the 
economic, social, and environmental costs and benefits of pes- 
ticide uses. 

Because FIFRA was originally enacted in 1947, there has 
been developed since literally thousands of pesticides regis- 
tered for use. However, over time, the standards of use obvi- 
ously have changed and evolved in tandem with general ad- 
vances in science and public policy. Specifically, for example, 
test-data requirements for pesticides have become increasingly 
stringent in the light of modern advances in analytical chem- 
istry and toxicology. So now, more than ever, companies that 
hold pesticide registrations are responsible for providing all 
test data needed to satisfy EPA’s registration requirements. To 
be sure all of these things are done, FIFRA requires the review 
and reregistration of all existing pesticides. 

The Food Quality Protection Act of 1996 (PL. 104-170) 
amends both the Federal Food, Drug, and Cosmetic (FD&C) 
Act and FIFRA to provide a comprehensive and protective 
regulatory scheme for pesticides. 

Highlights of the new laws are 


FD&C ACT PROVISIONS 


Health-Based Safety Standard for Pesticide Residues in 
Food—HEstablishes a strong, health-based safety standard for pesticide 
residues in all foods. It uses “a reasonable certainty of no harm” as the 
general safety standard, the same approach used in the Administra- 
tion’s 1994 bill. 

1. Eliminates longstanding problems posed by multiple standards 
for pesticides in raw and processed foods with a single health-based 
standard. 

2. Requires the EPA to consider all non-occupational sources of 
exposure, including drinking water, and exposure to other pesticides 
with a common mechanism of toxicity when setting tolerances. 

Special Provisions for Infants and Children—lIncorporates lan- 
guage virtually identical to the Administration’s 1994 bill to implement 
key recommendations of the National Academy of Sciences report, 
“Pesticides in the Diets of Infants and Children.” 

1. Requires an explicit determination that tolerances are safe for 
children. 

2. Includes an additional safety factor of up to 10-fold, if necessary, 
to account for uncertainty in data relative to children. 

3. Requires consideration of children’s special sensitivity and expo- 
sure to pesticide chemicals. 

Limitations on Benefits Considerations—Places specific limits 
on benefits considerations, unlike previous law, which contained an 
open-ended provision for the consideration of pesticide benefits when 
setting tolerances. 

1. Applies only to non-threshold effects of pesticides (eg, carcino- 
genic effects); benefits cannot be taken into account for reproductive or 
other threshold effects. 

2. Limits further by three backstops on the level of risk that could be 
offset by benefits considerations: a limitation (1) on the acceptable risk 
in any 1 year, which greatly reduces the risks; (2) on the lifetime risk, 
which would allow the EPA to remove tolerances after specific phaseout 
periods; and (3) on not allowing benefits to be used to override the 
health-based standard for children. 

Tolerance Reevaluation—Requires that all existing tolerances be 
reviewed within 10 years to make sure they meet the requirements of 
the new health-based safety standard. 

Endocrine Disruptors—Incorporates provisions for endocrine 
testing and also provides new authority to require that chemical man- 
ufacturers provide data on their products, including data on potential 
endocrine effects. 

Enforcement—Includes enhanced enforcement of pesticide resi- 
due standards by allowing the FDA to impose civil penalties for toler- 
ance violations. 

Right-to-Know—Requires distribution of a brochure in grocery 
stores on the health effects of pesticides, how to avoid risks, and which 
foods have tolerances for pesticide residues based on benefits consider- 
ations. Specifically recognizes a state’s' right to require warnings or 
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labeling of food that has been treated with pesticides, such as Califor- 
nia’s Proposition 65. 

Uniformity of Tolerances—Prohibits states from setting toler- 
ance levels that differ from national levels unless the state petitions the 
EPA for an exception, based on state-specific situations. National uni- 
formity, however, would not apply to tolerances that included benefits 
considerations. 


FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT 
PROVISIONS (FIFRA) 

Pesticide Reregistration Program—Reauthorizes and increases 
(from $14 to 16 million per year) user fees necessary to complete the 
review of older pesticides to ensure that they meet current standards. 
Requires tolerances to be reassessed as part of the reregistration 
program, 

Pesticide Registration Renewal—Requires the EPA to review 
pesticide registrations periodically, with a goal of establishing a 15-year 
cycle, to ensure that all pesticides meet updated safety standards. 

Registration of Safer Pesticides—Expedites review of safer pes- 
ticides to help them reach the market sooner and replace older and 
potentially more risky chemicals. 

Minor-Use Pesticides— 

1. Establishes minor-use programs within the EPA and USDA to 
foster coordination on minor-use regulations and policy and provides for 
a revolving grant fund to support development of data necessary to 
register minor-use pesticides. 

2. Encourages minor-use registrations through extensions for sub- 
mitting pesticide residue data, extensions for exclusive use of data, and 
flexibility to waive certain data requirements and requires the EPA to 
expedite review of minor-use applications. These incentives are coupled 
with safeguards to protect the environment. 

Antimicrobial Pesticides—Establishes new requirements to ex- 
pedite the review and registration of antimicrobial pesticides and ends 
regulatory overlap in jurisdiction over liquid chemical sterilants. Office 
of Prevention, Pesticides and Toxic Substances (7506C) (August 1996) 


Readers are advised to write or call the Special Review and 
Reregistration Div (H-7508W), Office of Pesticide Programs, 
US EPA, Washington, DC 20460; telephone: 703-308-8000. 

For similar reasons it has not been possible to provide 
the exact status of every pesticide mentioned in this chapter. 
For completeness, however, the longstanding status and gen- 
eral properties of many classically used pesticides have been 
retained. 


THE ENVIRONMENTAL PROTECTION AGENCY RESPONSIBILITIES 
Interpret its laws and implement its provisions. 

Established, by regulation, 10 categories of certification for commer- 
cial applicators. These include (1) agricultural pest control (plant and 
animal); (2) forest pest control; (3) ornamental and turf pest control; (4) 
seed treatment; (5) aquatic pest control; (6) right-of-way pest control; (7) 
industrial, institutional, structural, and health-related pest control; (8) 
public health pest control; (9) regulatory pest control; and (10) demon- 
stration and research pest control. 

Set general standards of knowledge for all categories of certified 
commercial applicators of pesticides. In each state, the certification is 
carried out by an appropriate regulatory agency, usually the state 
department of agriculture. Pesticide applicators are trained through 
the various cooperative extension services of the state. 


STATE REGULATION 


Since these vary considerably for each state there is little room 
to include them in this chapter. For the most part, these laws 
are similar to the federal regulations. Refer to local state agri- 
cultural agencies for specific information. 


Pesticides and the Law 


At the international level, the World Health Organization 
(WHO) and the Food and Agriculture Organization (FAO) of 
the United Nations continue to press for wider use of certain 
pesticides to help raise the level of efficiency in agriculture. 
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Recent WHO literature relates international concern on safe 
use of pesticides and pesticide residues in food. 

Interest in pesticides extends beyond their use simply to 
increase crop yields, specifically to their use in the control of 
pests as vectors of disease. For example, it is well-known that 
insects such as chiggers, itch mites, and ticks transport disease 
to humans directly or via foodstuffs, and that mosquitos, tsetse 
flies, rat fleas, and others are capable of directly injecting 
disease organisms into the bloodstream. Pest control also en- 
ters into areas where livestock must be protected against pred- 
atory animals such as coyotes, wolves, and bobcats. 

It should be stated at the outset that the various pesticides 
discussed in this chapter are subject to numerous constraints 
under new and continually changing rulings. For this reason it 
is suggested that reference be made directly to the EPA for 
definitive information on specific pesticides and their regis- 
tered uses. Each state also publishes its own set of pesticide 
recommendations. 

Last updated in August 1997, the EPA has published a list 
of banned and severely restricted pesticides. 

A banned pesticide is a pesticide for which all registered 
uses have been prohibited by final government action or for 
which all requests for registration or equivalent action for all 
uses have, for health or environmental reasons, not been 
granted. 


BANNED PESTICIDES 


1. Aldrin 23. EDB 
2. Benzene hexachloride 24. Endrin 
[BHC] 25. EPN 
3. 2,3,4,5-Bis(2-butylene) 26. Ethyl hexyleneglycol [6-12] 
tetrahydro2-furaldehyde 27. Hexachlorobenzene [HCB] 
[Repellent-11] 28. Lead arsenate 
4. Bromoxynil butyrate 29. Leptophos 
5. Cadmium compounds 30. Mercurous chloride 
6. Calcium arsenate 31. Mercuric chloride 
7. Captafol 32. Mevinphos 
8. Carbon tetrachloride 33. Mirex 
9. Chloranil 34. Monocrotophos 
10. Chlordane 35. Nitrofen (TOK) 
11. Chlordimeform 36. OMPA (octamethyl- 
12. Chlorinated camphene pyrophosphoramide) 
[Toxaphene] 37. Phenylmercury acetate [PMA] 
13. Chlorobenzilate 38. Phenylmercuric oleate [PMO] 
14. Chloromethoxypropyl- 39. Potassium 2,4,5-trichloro- 
mercuric acetate [CPMA] phenate [2,4,5-TCP] 
15. Copper arsenate 40. Pyriminil [Vacor] 
16. Cyhexatin 41. Safrole 
17. DBCP 42. Silvex 
18. Decachlorooctahydro- 43. Sodium arsenite 
1,3,4-metheno-2H-cyclo- 44.TDE 
buta(cd) pentalen-2-one 45. Terpene polychlorinates 
[chlordecone] [Strobane] 
19. DDT 46. Thallium sulfate 
20. Dieldrin 47. 2,4,5-Trichlorophenoxyacetic 
21. Dinoseb and salts acid [2,4,5-T] 
22. Di(phenylmercury) 48. Vinyl chloride 


dodecenylsuccinate [PMDS] 


A severely restricted pesticide is a pesticide for which virtu- 
ally all registered uses have been prohibited by final govern- 
ment regulatory action but for which certain specific registered 
use or uses remain authorized. 


SEVERELY RESTRICTED PESTICIDES 


1. Arsenic trioxide 
2. Carbofuran 
3. Daminozide 


4. Heptachlor 
5. Sodium arsenate 
6. Tributyltin compounds 


While it is difficult to classify all pesticides chemically or 
biologically, it is useful to list some of the major categories, 


with a few examples in each class. Some of the examples 
provided are considered restricted-use pesticides. 


Insecticides 

Stomach Poison or Protective Insecticides—Chlorinated hydrocar- 
bons (methoxychlor); miscellaneous (carbaryl). 

Contact Insecticides—Botanicals (pyrethrum, rotenone); organic 
phosphorus compounds (parathion, malathion); miscellaneous 
(carbaryl). 

Fumigants—Gaseous materials used in tightly closed spaces such as 
warehouses, ship holds, mills, grain elevators, boxcars, and vaults and 
in the soil; these include methyl bromide and paradichlorobenzene. 

Acaricides (Miticides)—Phosphate insecticides. 

Fungicides—Chemicals and formulations used to control fungi and 
bacteria on living and nonliving plants and plant parts, as well as on or 
in all materials and surfaces but excluding all uses on living humans or 
animals and all uses on or in processed foods, beverages, or pharma- 
ceuticals. A localized fungicide is dodine; examples of complete fungi- 
cides are benomyl and thiabendazole. 

Nematicides—Chemicals and formulations used to control nema- 
todes (roundworms) inhabiting soil and water that are associated with 
damage to plants or plant parts. A postplanting nematicide is VC-13; a 
systemic nematicide is aldicarb. 


Herbicides 

Selective—Dalapon, siduron, 2,4-D. 

Nonselective—Bromacil. 

Contact—Cacodylic acid, paraquat. 

Translocated—2,4-DB, MCPA. 

Plant Regulators—All preparations intended to alter the behavior 
or products of plants through physiological action, such as gibberellic 
acid and maleic hydrazide. 

Defoliants and Desiccants—Preparations intended to cause 
leaves or foliage of plants to drop prematurely and usually used to aid 
harvesting of certain crops such as cotton. Endothall, arsenic acid, and 
sodium chlorate are in this class. 

Rodenticides—Strychnine, zinc phosphide, warfarin, chloropha- 
cinone. 

Sex Pheromones—Chemical substances produced and released by 
one sex of an insect (usually the female) that elicit a sexual response in 
an individual of the opposite sex. cis-7,8-Epoxy-2-methyloctadecane 
(Disparlure) is a gypsy moth lure. 

Juvenile Hormones (Insect Growth Regulators)—A relatively 
new type of pest control agent that regulates insect growth. Isopropyl- 
11-methoxy-3,7,11-trimethyldodeca-2,4-dienoate (generic name, metho- 
prene; brand name, Altosid) is used to arrest mosquito development at 
the pupal stage. 

Attractants—These are insect sexual pheromones that are used to 
attract specific pests to traps where they may be destroyed. Examples 
include boll weevil sex attractant and muscalure (Z-9-tricosene), a sex 
and aggregation pheromone for the common fly (Musca domestica). 


Many of the chemical names given to pesticides are contrac- 
tions of longer systematic nomenclature that usually serve as 
nonproprietary names. As with drugs, many proprietary names 
are featured. Many pesticides are put into proprietary formu- 
lations that include the active ingredients often coupled with 
some adjuvant such as abscission agents, acidifying agents, 
buffering agents, antifoaming agents, antitranspirants, colors 
and dyes, compatibility agents, crop oil concentrates, surfac- 
tants, deposition agents, dispersants, drift control agents, 
foam-markers, gustatory/feeding stimulants, harvest aids, 
spreaders, penetrants, wetting agents, stickers, extenders, ad- 
hesive agents, and suspension and gelling agents. 

According to the major purpose for which pesticides are 
used, they may be classified as 


Acaricides—Control ticks or mites. 

Algicides—Destroy algae and other aquatic vegetation. 

Antiseptics—Protect objects from damage by microorganisms. 

Arboricides—Defoliate and/or destroy trees or shrubby vegetation. 

Bactericides—Control bacterial infection in plants. 

Fungicides—Control fungal infection in plants. 

Herbicides—Control weeds or undesirable species of plants. 

Insecticides—Control harmful insects. Several specific terms 
named for the insect group have been coined; eg, aphicides—agents that 
control aphids. 

Larvicides—Control larval stages of insects. 


Limacides or Molluscicides—Control mollusks, 
gastropods. 
Nematicides—Control roundworms (nematodes). 
Predacides—Control predatory mammals or birds. 


Zoocides—Control rodents (rodenticides). 


including 


GENERAL SUGGESTIONS TO PHARMACISTS 
SLL a RT TO TE 
The pharmacy is a logical source to obtain pesticide and 
pest-control information. However, pharmacists who desire 
to handle pesticides and build a permanent patronage should 
acquaint themselves with the common pest problems, with 
chemicals recommended, and how such materials should 
be used. In particular, they should be acquainted with 
the classification of pesticides since they will be handling 
and selling the general-use type and not the restricted-use 
group. 

Pharmacists should keep abreast of new laws that influence 
the ways in which chemicals may be used legally. Particular 
attention should be placed on becoming familiar with the Pes- 
ticide Chemicals Amendment to the FD&C Act dealing with the 
safety determination needed on the residue of pesticides on raw 
agricultural commodities. This amendment is known com- 
monly as the Miller Bill and was passed in 1954. 

The pharmacist should study the Chemical Additives 
Amendment to that same Act passed in 1958 and fully effec- 
tive in 1960. An annual updating of federal and state pesti- 
cide legislation may be obtained through the most recent 
edition of the Farm Chemicals Handbook, published by Meis- 
ter Publ Co, 37733 Euclid Ave, Willoughby, OH 44094. This 
reference features a buyer’s guide, application equipment, 
fertilizer, tradenames and dictionary, and a pesticide dictio- 
nary. Particularly noteworthy in this edition is description of 
crop chemicals, toxicity class, and handling and storage cau- 
tions. The current regulatory file is an important new sup- 
plement and incorporates information on regulatory action 
at both the federal and state level in the US affecting pesti- 
cides. Further information is included on the Endangered 
Species Act, Superfund Amendment and Reauthorization 
Act (SARA), the OSHA Hazard Communication Standard, 
and California’s Proposition 65. 

The following are some websites that the authors consider 
beneficial. The authors and the publisher make no claims as to 
the accuracy and quality of this information. 


http://www.igc.apce.org/panna—The Pesticide Action Network 
North America Regional Center (PANNA) is a nonprofit organization 
working to advance ecological alternatives to pesticides. This website 
provides many links to various sources of information on pesticides. 

http://chemfinder.camsoft.com—The CambridgeSoft Corp is a 
distributor of information supplied by third parties. The ChemFinder 
webserver will search by CAS number, molecular weight, formula, or 
name. It will search by chemical name or tradename and provides links 
to other websites for more information about the specific chemical 
searched. 

http://www.cdpr.ca.gov—The California Environmental Protec- 
tion Agency, Dept of Pesticide Regulations, provides access to general 
consumer fact sheets for safe pesticide handling and precautions. It also 
provides pesticide-related links and database resources. 

http://pmep.cce.cornell.edu—The Pesticide Management Educa- 
tion Program at Cornell Univ promotes the safe use of pesticides and 
provides information such as chemical information on active ingredi- 
ents and external links to other websites. Chemical information is 
sorted by type, eg, herbicides, then alphabetically. It does not have a 
search engine for chemical or tradename. 

http://www.epa.gov/pesticides—The US EPA, Office of Pesticide 
Programs, offers a broad range of information. 

http://ace.ace.orst.edu/info/extoxnet—EXTOXNET, the Exten- 
sion Toxicology Network, is a cooperative effort of the Univ of Califor- 
nia-Davis, Oregon State Univ, Michigan State Univ, and Cornell Univ. 
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The Global Search and Browse page will search by chemical and tra- 
dename and yields detailed information about the specific pesticide 
searched. 

http://hammock.ifas.ufl.edu—The Florida Agricultural Informa- 
tion Retrieval System (Univ of Florida) website has information on 
pesticide poisoning, listed under the heading Pesticide Management 
Topics. It provides several vehicles for searching for the pesticide of 
interest and includes signs/symptoms of poisoning as well as treatment 
methods. 

http://atsdrl.atsdr.cde.gov:8080—The Agency for Toxic Sub- 
stances and Disease Registry (DHHS) lists ToxFAQs for Hazardous 
Substance Fact Sheets. The number of pesticides is limited. 

http://www.acpa.org—The American Crop Protection Assoc pro- 
vides scientific and regulatory information in the form of downloadable 
files. Other information on agriculture industry issues is available. This 
website does not allow searching by chemical or tradename. Informa- 
tion is focused on agricultural applications. 

http://www.state.XX.us—To search for state and local information 
about pesticides, enter the two-letter state abbreviation for XX. This 
provides access to the state’s homepage that links to state government 
health, environment, and agricultural departments. The quality of in- 
formation and hyperlinks vary. 


The entomologist and plant physiologist of the state agri- 
cultural experiment station and the county agent of the state’s 
cooperative extension service should be consulted for identifi- 
cation of insects and up-to-date information about plant dis- 
eases. Publications on weed, insect, and plant disease control 
may be obtained from the state experiment station. Also, the 
Office of Information, USDA, Washington, DC, supplies on 
request a publications list from which those needed for a per- 
sonal reference library may be selected for ordering. To learn 
about applicator certification, contact the local state depart- 
ment of agriculture. 

Meetings of insecticide dealers, held annually in many 
states, also can be important sources of knowledge of new 
developments in the field of insecticides. Information about 
the scheduling of such meetings may be obtained from the 
local county agricultural agent. Each year the cooperative 
extension service in each state publishes recommendations 
on pesticides. 

Since there are many dependable sources of pesticides, 
pharmacists generally will find it advantageous to stock pack- 
aged materials for their sales. To aid in contacting wholesalers, 
the guide known as ENTOMA, prepared and distributed by the 
Entomological Society of America, 4603 Calvert Rd, College 
Park, MD 20740, is invaluable. 

Guidance on methods of rodent and predatory animal con- 
trol may be obtained from the US Fish and Wildlife Service, 
Dept of the Interior, Washington, DC 20240. 

Authority for promulgating regulations establishing tol- 
erances for pesticide chemicals in or on raw agricultural 
commodities or exempting any pesticide chemical from the 
necessity of such a tolerance is vested in the administrator of 
the EPA, according to the Miller Amendment (Sec 408) of the 
FD&C Act. It should be emphasized that both FEPCA and 
state laws require that pesticides be used according to label 
directions. Failure to do so can result in civil and criminal 
penalties. 

Since garden insecticides are of fair importance in subur- 
ban areas, pharmacists should be aware of the numerous 
inexpensive publications that are available from the Super- 
intendent of Documents, US Government Printing Office, 
Washington, DC 20402. These include discussion of such 
topics as diseases and pests of garden and ornamental 
plants. 

Finally, it has been noted that pharmacists frequently are 
consulted on venereal diseases, which have increased 
dramatically in recent years. Beyond the usual recommen- 
dation to consult a physician, the pharmacist may be 
of direct service in recommending agents for body lice 
infestation. 
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Insects may be controlled through proper application of chem- 
icals by means of suitable techniques. 


CLASSIFICATION OF INSECT 
CONTROL CHEMICALS 


TR RP ET 
Insect control chemicals may be classified as insecticides, fu- 
migants, repellents, or attractants. 

INSECTICIDES—Insecticides often are classified accord- 
ing to the type of action that results in destruction of the insect. 
Three broad categories, namely stomach poisons, contact insec- 
ticides, and fumigants, are recognized generally. Among older 
insecticides such classification was rather distinct. However, 
with the new synthetic organic compounds, a single material 
often produces insecticidal action in several ways. Certain ma- 
terials often are selected and used, however, in such a manner 
as to accomplish control primarily by stomach, contact, or fu- 
migating action. 

Stomach Poisons—For control of insects by this method it 
usually is necessary to apply the insecticide to the food that 
they consume. Stomach poisons are used widely to control 
leaf-feeding insects or other pests of plants that will result in 
consumption of the surface-contaminated material. Stomach 
poisons also are used in specially prepared baits for controlling 
a variety of insects. With the rapid advances in employing 
systemic insecticides it is now feasible to destroy by stomach 
action certain insects that feed on plant juices or blood and 
tissues of animals, which in the past were considered vulner- 
able only to contact insecticides. 

Systemic insecticides are those chemicals that move in 
plants and animals from one location where applied to another 
location where the insect may be feeding. Some of the more 
widely used systemic insecticides include O,O-diethyl-O- 
(and S)-2-(ethylthio)ethylphosphorothioates), Meta Systox R, 
and dimethoate, (O,O-dimethyl S-methylearbamoylmethyl- 
phosphorodithioate). Stomach poisons include a variety of or- 
ganic arsenicals, fluosilicates, rotenone, various chlorinated hy- 
drocarbons, and the organic phosphates and carbamates. 

Contact Insecticides—Most of the insecticides in use today 
depend largely on contact action to destroy insects. Pyrethrum, 
rotenone, oil emulsions, nicotine, and soaps have been used for 
this purpose for many years. The chlorinated hydrocarbon in- 
secticides (eg, lindane), the organic phosphates (eg, malathion), 
and the carbamates (eg, carbaryl) have been employed exten- 
sively for many years. Some have restricted use for specific 
purposes as stated in the EPA’s banned and severely restricted 
pesticide list of Aug 1997. Contact insecticides are employed 
against chewing as well as sucking insects. 

Often insecticides appear on the market with added com- 
pounds called synergists, which may enhance the effects of the 
insecticides considerably. Some, like piperonyl butoxide, help 
block metabolic degradation of the insecticide by the insect. 

Fumigants—These are gases or vapors used for the control 
of insects, usually in enclosed spaces. The fumigants include 
ethylene dichloride, methyl bromide, chloropicrin, and many 
others. A number of the chlorinated hydrocarbon and organic 
phosphorus insecticides have sufficiently high vapor toxicity to 
cause marked fumigating action against insects, particularly in 
enclosed spaces and in soils, but many of these, like lindane, 
have been cancelled for use in vaporizers. 

REPELLENTS—A variety of insect control chemicals pos- 
sess repellent action. Citronella and creosote are examples of 
older materials. Ethohexadiol and diethyltoluamide are exam- 
ples of materials more recently developed. Such materials often 
cause insects to avoid contact with treated surfaces. Repellancy 


in a strict sense might vary greatly in mode of action. Some 
insecticides, such as pyrethrum, have little or no repellent 
action except on contact. However, the action of pyrethrum is so 
rapid that the spraying of animals may cause flies and mos- 
quitos to leave after alighting and before biting. 

ATTRACTANTS—The use of attractants to lure insects to 
poisons or traps has been employed as a means of control for 
many years. The attractants employed are usually favorite 
foods for the particular insect involved, such as molasses, 
sugar, or milk for houseflies; sugar or grease for ants; bran for 
cutworms; bananas for cockroaches; decaying meats for blow- 
flies; and protein hydrolysate materials for tropical fruit flies 
such as the Mediterranean fruit fly. In some cases specific 
chemicals prove highly attractive. Notable examples are methyl 
eugenol for attracting males of the Oriental fruitfly, a serious 
pest of fruits in some tropical areas, and many synthetic sub- 
stitutes such as 10-dodecadienol, the codling moth sex attract- 
ant, and cis-7,8-epoxy-2-methyloctadecane (Disparlure), the 
gypsy moth sex attractant. 

A new trap for Japanese beetles, now on the market, com- 
bines a controlled-release strip containing a furanone sex at- 
tractant and a eugenol odor attractant. 


QUALIFICATIONS OF SUPPLIERS 
OF INSECTICIDES 


Mere stocking of insecticides is not enough to establish a pro- 
fessionally recognized and economically successful enterprise 
as a supplier of insecticides, for three basic services must be 
provided in addition to physical supplies. These services, prin- 
cipally of information, are 


Recognition of the type of insect causing the damage, from exami- 
nation of either the insect or the injury it produces. 

Recommendation of a remedy, based on knowledge of the action of 
various insecticides or other insect-control chemicals and of the life 
history, habits, and structure of the insect responsible. 

Familiarity with methods of application of the remedy, for which 
the user is largely responsible but who may need instruction in such 
methods. 


Pharmacists will find the following specific information use- 
ful in developing the aforementioned services: 


An understanding of the relative importance of different insects and 
the relation of the cost of treatment to the increase in value resulting 
therefrom to the product injured is necessary. Not infrequently, the cost 
will exceed the damage that might be done. If the value of the product 
is small, the insect may not cause appreciable loss, even though it may 
be conspicuously evident. Again, the damage may have been done 
before its recognition, and the delayed treatment will not affect the 
insect or aid in preventing the damage. 

A knowledge of the life history and habits of the common insects is 
desirable, as all insect control methods are based on a knowledge of 
these things. 

The ability to recognize the common insects is a great aid, as itis the 
first step in providing suitable control. The county agents, federal 
entomologists, and the members of the staff of the respective state 
agricultural experiment stations are usually available to aid in the 
identification of insect pests. 

A knowledge of how insecticides kill, of the relation of types of 
mouthparts to the kind of insecticide to use, and when and how the 
material should be applied is useful. 

A knowledge of the usual insect problems of a community will 
enable the supplier to carry in stock the insecticides likely to be needed. 
This will eliminate surplus stock and will provide the materials that so 
often fill emergency needs. 

A knowledge of the toxicity of an insecticide to warm-blooded ani- 
mals, persistence of residues on plants or in animal tissues, hazard of 


the materials to bees or fish and wildlife is important so that advice can 
be given on precautions that should be taken in the use of certain 
chemicals. A wide variety of chemicals is in use today. They vary in 
their toxicity and hazards to different organisms. The degree of danger 
is governed not only by the inherent toxicity to higher animals and 
beneficial organisms in a lower category but also by the manner of use 
and extent of exposure. A highly toxic material properly applied in 
small amounts may be less hazardous than a material low in toxicity 
that is applied in larger amounts. 

The variety of insect control chemicals is clearly apparent by men- 
tioning some of the materials in wide use today. They include some 
organic arsenicals, nicotine compounds, a few chlorinated hydrocarbon 
insecticides (methoxychlor, lindane), and the insecticides grouped as 
organic phosphates, which at present include parathion, malathion, 
dipterex, diazinon, dursban, imidan, and the newer carbamates, which 
include Sevin (carbaryl, 1-naphthyl-N-methylcarbamate) and others. 
Several pamphlets are available from the EPA that deal with pesticide 
disposal, pesticide dust-avoidance respirators, and diagnosis and treat- 
ment of poisoning by pesticides. These should be kept on hand for 
reference by pharmacists providing poison control information on 
pesticides. 

It is important to follow the recommendations for each locality. An 
insecticide effective in one region may not be in others. 

It is essential to understand the labels on tradenamed preparations 
and follow the directions very carefully. 

A knowledge of the essentials of a good insecticide, its effect on 
insects, and its availability and cost, is important. 

Those manufacturing and offering preparations such as insecticides 
and rodenticides for sale on the open market must familiarize them- 
selves with the various regulations of the individual states where the 
products are being manufactured or are to be sold. If such products are 
shipped in interstate commerce, these preparations also must comply 
with the various federal regulations, especially the FEPCA of 1972 and 
subsequent EPA amendments. 

Many states require dealers in pesticides to be licensed. Some re- 
quire the dealer to pass a written test to obtain the license. The test 
usually focuses on pesticide laws and regulations. 


MOUTHPARTS AND THEIR RELATIONSHIP TO IN- 
SECT CONTROL—In general, pests have two kinds of 
mouthparts: chewing and sucking. An understanding of the 
mouthparts and how they relate to the use of different chemical 
insecticides often will aid in recommending a satisfactory in- 
secticide treatment. 

Chewing insects include the grasshoppers, cockroaches, 
crickets, bird lice, beetles, slugs, and caterpillars. Such insects 
have mandibles or jaws that enable them to cut off solid tissue 
and take it into their stomachs. Consequently, an insecticide 
can be used that kills when taken into the stomach with food 
eaten by the insect. Most of the newer insecticides, however, 
are active both as contact and stomach poisons. 

Sucking insects include plant bugs, leafhoppers, scale in- 
sects, aphids, fleas, mosquitos, flies, and sucking lice on ani- 
mals. Such an insect punctures the plant or animal but does 
not take any of the surface tissue into its stomach; conse- 
quently, stomach poisons that have no contact action will be 
ineffective when applied to the surface. 

Recently, however, a variety of compounds has been found 
that are absorbed through the roots, stems, or leaves and 
transported to various parts of the plant where the chemical is 
available to sucking or chewing insects that feed inside or on 
the plant or fruit. These compounds are referred to as sys- 
temics. Insecticides having systemic action offer great promise 
for controlling insects, and a number of such compounds now 
are being employed on both plants and animals. 

Plants that have been attacked by chewing pests frequently 
are recognized by the appearance of the eaten areas. Some 
plant feeders eat the entire tissue, as do potato beetles; others 
eat holes in leaves, as do flea beetles; while some chewing 
insects skeletonize the leaves, as do slugs and the Mexican bean 
beetle. 

Sucking insects injure plants in different ways, and it is 
often difficult to determine the kind of insect responsible for the 
damage unless specimens are available. Sucking insects or 
mites may remove the sap and cause the plant to “stand still,” 
wilt, or drop its foliage; or they may deform the plant, causing 
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the leaves or shoots to curl and become deformed. Some suck- 
ing insects, such as the potato leafhopper, the tarnished plant 
bug, and plant lice (aphids), inject toxic secretions at the time 
of feeding, causing the death of plant cells, while others, such 
as plant lice, leafhoppers, and striped cucumber beetles, may 
injure plants directly by feeding as well as through the trans- 
mission of plant diseases. Sucking insects also may affect ani- 
mals by removing the blood, injecting toxic secretions, causing 
swelling and irritation, or carrying disease organisms. 

LIFE HISTORY AND HABITS OF INSECTS—In gen- 
eral, there are two types of metamorphosis or development 
among insects: incomplete and complete. Those with incom- 
plete metamorphosis, such as aphids, grasshoppers, plant 
bugs, and scale insects, have only three stages in development: 
the egg or embryo, the nymph, and the adult or imago. Insects 
with complete metamorphosis, such as beetles, butterflies, 
moths, flies, bees, ants, and wasps, have four stages in devel- 
opment. In this type, the larva hatching from the egg has no 
resemblance to the adult, there being also an intermediate 
resting stage known as the pupa, during which remarkable 
changes in structure take place. 

The interrelation of insects, where they hibernate, when 
they are actively feeding, where they lay their eggs, if they have 
natural enemies that feed on destructive pests, all have an 
important bearing on controls. The ant is essential to the life of 
the corn root aphid, and cultural practices that eliminate the 
ant likewise will eliminate the aphid; the fact that Anopheles 
mosquitos often rest in homes and other sheltered areas ex- 
plains the great success of residual sprays such as malathion 
and baytex for controlling malaria, which such mosquitos 
transmit; a knowledge of the preferred oviposition sites for 
grasshoppers permits surveys of egg abundance or abundance 
of newly hatched nymphs to forecast impending outbreaks of 
grasshoppers. 


METHODS OF INSECT CONTROL 


For convenience, insect controls can be grouped as follows. 
NATURAL CONTROLS—Those that are usually present 
and that normally tend to hold insects in check. 


Natural Enemies—Parasitic and predacious insects. Every insect 
is more or less hindered in its increase by other insects as well as by 
predacious birds, mammals, and other animal life. Although insect- 
eating birds and certain mammals are important, the insect parasites, 
predators, and insect diseases are usually the most important factors in 
natural insect control. In fact, it is probable that outbreaks of insects, 
such as the army worm, often are due not so much to favorable condi- 
tions for the pests as to unfavorable conditions for the insect parasites 
and predators that normally hold them in check. The use of a specific 
insecticide against a major pest on a crop might lead to a serious 
outbreak of a secondary pest because of the destruction of natural 
enemies that normally keep it in check, particularly if the pesticide 
chosen was largely ineffective against the secondary pest. Such an 
upset in the balance between destructive and useful insects is a problem 
of increasing concern in developing insect control chemicals. 

Weather and Topographic Influences—Summer and winter 
temperatures, rainfall, soil, and atmospheric humidity plus all similar 
natural factors have their effect on insects and their hosts. No definite 
statement can be made concerning the effect of these factors on all 
insects. A severe winter may be harmful to some insects such as those 
that winter in an exposed condition; on the other hand, such conditions 
may have little effect on insects that are well-protected. Similarly, a 
severe winter may weaken trees and make them more susceptible to 
insect attack, or it may kill the fruit buds and deprive fruit-infesting 
insects of their food. However, it should be remembered that insects 
have a high reproductive capacity, and the seasonal conditions, espe- 
cially spring and early summer conditions, may aid insects in becoming 
destructively abundant, even though they pass the winter few in num- 
bers. On the other hand, an insect overwintering in large numbers may 
not be important the following season if the weather is not favorable for 
increase. 

In tropical, temperate, and frigid climates there are to be found 
insect pests peculiar to these areas because of their adaptation to 
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prevailing weather and topographic influences. Topographic features, 
such as mountain ranges, act as rather effective barriers to insect 
migration. However, the great increase in the amount and speed of 
national and international travel and commerce during the last few 
decades has provided greater opportunities for hitchhiking insect spe- 
cies to overcome such barriers. 


ARTIFICIAL CONTROLS—tThose that are scientific de- 
velopments of man. 


Farm Practices—Many of our most effective aids to insect control 
are those called farm practices. These include rotations, cultivation, 
time of planting, time of harvesting, sanitation, good seed, good fertil- 
ity, good planting conditions, and drainage. In general, it may be said 
that the practices recognized as the best garden, agronomic, orchard, 
greenhouse, or other farm practices are likewise the best for holding 
insects in check. Certain insect problems are intensified, however, 
because of changes in practices such as irrigation and prolonged fruit- 
ing periods. It generally is recognized, for example, that supplemen- 
tal irrigation, increased use of fertilizers, and the planting of higher- 
yielding varieties of cotton have increased the boll weevil problem. 

Mechanical Devices—Aside from devices for applying insecti- 
cides, there are mechanical devices of value in fighting insect pests. The 
house screens, fly swatters, insect-proof packages for cereals, and other 
contrivances may be included in this classification. 

Insecticides—An insecticide may include any material used for the 
purpose of killing insects or of protecting crops, animals, or other 
property against insect attack. Insect repellents, fumigants, and at- 
tractants are considered insecticides in a broad sense. It is important to 
note that some insecticides may destroy only certain insect pests and 
are not effective against all insects. 

Parasiticides—These substances kill animal parasites such as itch 
mites and ticks. 

Sterilizing Agents—The release of large numbers of insects 
treated by radioisotopes or chemicals to interfere with reproduction has 
produced high degrees of control of native populations with whom the 
sterilized individuals mate, particularly when the insect may mate only 
one time. Intensive research to extend this insect control concept is 
under way. 

Bioinsecticides—In the 1920s, entomologists experimenting with 
moths and butterflies found that there were natural chemicals internal 
to the insects that controlled their development. The release of these 
natural chemicals was controlled by the brain. These findings encour- 
aged the development of so-called insect growth regulator (IGR) pesti- 
cides, Further work in the 1970s showed that synthetic analogs could 
react similarly. For example, methoprene can prevent adult moth emer- 
gence from pupae. Thus, insect larvae grow larger and molt repeatedly, 
never pupate into reproductive adults, and eventually die. Because 
these IGRs are unique to insects and their relatives, they are very 
specific in their toxicity and are among the safest pesticides known. 
They have been found to be useful in many areas, eg, they can have an 
effective life of up to 4 years in controlling stored product pests like 
beetles in tobacco. 


MISCELLANEOUS CONTROLS— 


Some of the other natural insecticides are those of botanical origin. 
These include pyrethrins, nicotine, and rotenone. They work mainly as 
nerve-type poisons. Pyrethrins are the most common botanical insecti- 
cides and are extracted from the flower heads of a chrysanthemum 
relative grown mainly in South America and Africa. The pyrethrins 
have been synthesized, and many derivatives with specific advantages 
(eg, longer lasting) have been used in recent years. 

Some of the inorganic pesticides act in a natural manner because of 
their desiccant or drying properties. They include boric acid, silica gel, 
or sulfur. 

Another approach of a natural nature has been the use of micro- 
bials. These kill by causing a fatal disease in insects via specifically 
introduced bacteria or viruses. Among the two most common microbials 
in use today are Bacillus thuringiensis, which kills only larvae (cater- 
pillars) of butterflies and moths, and B popilliae, which kills the grubs 
of Japanese beetles. B thuringiensis var israelensis is a newly developed 
variety that affects mosquito larvae. While microbials act slowly, they 
are very specific and only attack certain groups of insects. Microbials, 
therefore, are generally quite safe to use, because they will not harm 
people, pets, or nontargeted organisms. 

For a more complete list of the biocontrol agents, please refer to the 
list provided in the Farm Chemicals Handbook (see Bibliography). They 
list over 500 different, biologically derived pest-control agents. These 
include semiochemicals (pheromones, allomones, kairomones), plant 
regulators, hormones, and enzymes, either naturally occurring or iden- 


tical to a natural product, that attract, retard, destroy, or otherwise 
exert a pesticidal activity. 

The microbial agents include viruses, bacteria, fungi, and protozoa. 
Beneficial biological control agents include predators, parasites, and 
weed-feeding invertebrates, living organisms used for controlling the 
population or biological activities of another life form considered to be a 
pest. The EPA refers to all of these as biorational pesticides. This list 
also includes traps and lures. 


APPLICATION OF INSECTICIDES 
(PS TAOS O SES E 

HOW INSECTICIDES KILL—An understanding of how 
insecticides affect insects will assist in explaining methods and 
timing of applications. 

Stomach poisons kill by being taken into the stomach where 
they are acted upon by the digestive juices, absorbed through 
the stomach walls, and assimilated by the blood. Details of the 
mode of action that leads to the death of the insect are not too 
well-known, even for our most common insecticides. However, 
much information is being obtained on the general nature of 
toxic action. 

Contact insecticides kill by direct or indirect contact with the 
insect. Sometimes the insecticide may penetrate directly 
through the body integument; in other cases it causes oxidation 
and suffocates the insect, dissolves the insect covering, or may 
prevent settling of the young, as in scale insects, when lime- 
sulfur has been used. Some contact insecticides are effective 
only when applied in the presence of the insect, a fact that 
explains the necessity for the proper timing of applications as 
well as the importance of directing the spray or dust to the 
insect itself. Other contact insecticides of the residual type may 
persist on the treated surfaces where insects rest, such as barn 
walls and leaves of plants, and kill pests that contact the 
insecticide deposit. 

An important contact insecticide is amorphous silica gel. It 
has an adsorbing action on the wax coating or cuticle of insects, 
preventing entrance and exit of water, which leads ultimately 
to dehydration and death. 

Fumigants can be applied only in enclosed spaces. Fumi- 
gants surround the insect and, being in a gaseous state, readily 
enter the breathing pores of the insect. The systemic insecti- 
cides such as the phosphates are taken up by the plants. These 
kill insects, which in turn can cause a residual phosphate 
problem. 

ESSENTIALS OF A GOOD INSECTICIDE—There are 
certain important factors that have a definite bearing on the 
practicability of insecticides. 


Insecticidal or killing properties. 

Effect on the plant or animal or environment being treated under 
varying conditions. 

Physical properties, such as color, odor, staining properties, adhe- 
siveness, spreading properties, stability under varying seasonal and 
storage conditions, reaction with other insecticides or with fungicides, 
consistency, and cost of preparing suitable formulations. 

Availability. 

Cost. 

Safety in the hands of the user. 

Safety and palatability of food products exposed to the insecticide. 

Ease of application. 

Flammability or explosive character. 


All of these factors must be kept in mind by those interested in 
insect control by the use of insecticides, whether researcher, 
manufacturer, dealer, or user. 

INSECTICIDE FORMULATIONS—Most of the contact 
and stomach insecticides cannot be used for insect control as 
manufactured. They must be compounded in forms that will 
permit the user to apply them directly or in a manner that 
requires simple mixing with water or some other diluent before 
application. Many insect repellents, however, are applied to the 
skin or clothing without being formulated. The fumigants also 
are used without special preparation before use. 


Insecticides generally are employed in three ways—as 
dusts, sprays, or baits. 

Dust Preparations—Prepared dusts ready for use may con- 
tain 1 to 20% of the active insecticide in a carrier such as talc, 
bentonite, or pyrophyllite. When the insecticide compound is a 
crystalline material, it usually has to be ground to a fine state 
so that the finished product will flow readily from the dusting 
equipment and disperse readily. In dusts made from insecticide 
chemicals that are liquid, such as parathion, the concentration 
of the active material seldom can exceed 5% and still have good 
dusting qualities. 

Special conditioning agents may be necessary, and special 
equipment might be required to make a satisfactory dust prod- 
uct. For this reason the ultimate users are seldom in a position 
to make their own insecticidal dusts from the manufactured 
insecticide chemical. Dusts are used mainly for home purposes. 

Insecticide dusts are used for controlling pests on agricul- 
tural crops, in homes, on man, or on animals. 

In some instances when it is desired to limit the drift of dust 
particles and prevent particles from adhering to vegetation, dry 
preparations are prepared so that the particles are about the 
size of sugar granules. Such preparations, called granular in- 
secticides, are used for treating soils for soil-inhabiting pests 
and certain other pests such as the European cornborer, when 
the granules collect in whorls or leaf axilla and destroy the 
young larvae before they bore into the stalk. They also are 
employed to some extent for controlling mosquito larvae, sand- 
fly larvae, and other insects affecting man. In general, however, 
dusts and granular insecticides are not used as extensively as 
are sprays. 

Spray Preparations—Insecticidal sprays are formulated in 
three ways—as solutions, emulsions, or suspensions. 

In preparing solutions the material may be dissolved in a 
suitable solvent such as crude or refined kerosene. The solu- 
tions are then ready for use. Many insecticide preparations 
containing pyrethrum, malathion, lindane, methoxychlor, etc, 
for household use are distributed in solution form ready for 
application. Ultralow-volume (ULV) spraying by airplanes 
makes use of some of these. 

When employed as emulsions, the chemical is dissolved in a 
solvent in combination with an emulsifying agent. It is usually 
highly concentrated. Such a concentrate is intended for dilution 
with water before use. Emulsion concentrates, eg, may contain 
40 to 50% carbaryl, 45 to 50% xylene, and 10% oil-soluble 
emulsifying agent. Depending on the intended use, this con- 
centrate is added to water at rates varying from 1 part of 
concentrate to 4 or as much as 100 parts of water. Emulsion 
sprays are used widely in the agricultural field for controlling 
both plant and animal pests and for controlling household and 
industrial pests. 

; Suspensions are prepared in dry form similar to dusts but 

contain a wetting agent that makes it possible to prepare 
suspensions in water. These preparations in concentrate 
form usually are called wettable powders. They may contain 
15 to 75% active ingredient, depending on the insecticide 
formulated. 

Wettable-powder concentrates (25 to 85%) are added to wa- 
ter for application at concentrations of 0.1 to 2.5% active ingre- 
dient. Wettable-powder sprays are used on crops and livestock 
and as barn sprays. Such sprays are particularly useful for 
application to plants that might be sensitive to the oils em- 
ployed for emulsions or solutions. 

Bait Preparation—Many of the active ingredients have been 

formulated into insect baits. Baygon bait is an effective exam- 
ple. In very restrictive areas, Amdro (amidinohydrazone) has 
been packaged as a bait inside a self-contained, stick-on bait 
station. These can be effective in restaurant kitchen ceilings 
and similar areas. 

Other Insecticide Preparations—Insecticides are employed 
in several other ways. Heat can be used to produce vapors or 
smokes for dispensing insecticides. This method also can be 
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employed for treating greenhouses with insecticides to control 
insects and mites. 

One of the most widely used methods of dispensing insecti- 
cides is the aerosol form. The aerosol bomb, developed just prior 
to and during World War II and employed by the military 
services, has gained general favor by civilians. Millions of the 
aerosol bombs, now referred to as pressure packs, are sold 
annually for dispensing insecticides in homes and industrial 
establishments to control flies, mosquitos, and other household 
pests. Pyrethrum, allethrin, organic thiocyanates, and meth- 
oxychlor in various formulations are used most frequently as 
the insecticides. 

The insecticides are dissolved in a liquefied gas, such as 
butane or propane, plus a suitable solvent under pressure in 
the container. Producers are substituting the fluorocarbon pro- 
pellants with hydrocarbons (butane or propane) because of 
concerns about the effect of fluorocarbons on the ozone layer in 
the atmosphere. When applied, the gas volatilizes instantly, 
leaving the insecticide and nonvolatile solvent suspended 
in the air as minute droplets that contact the insects pres- 
ent. Aerosols also are employed for applying insecticides in 
greenhouses. 

The liquefied gas propellant also is used to apply wet aero- 
sols or so-called self-propelled sprays. These water droplets are 
larger than those usually obtained with aerosol propellants. 
The amount of nonvolatile solvent is increased so that the 
droplets are larger and will readily wet the surface treated. 
Such wet aerosol sprays are used for applying insect repellents 
to the skin or clothing or for applying insecticides as residual 
sprays for controlling various household insects. 

The development of systemic insecticides for controlling 
plant and animal pests has led to other special methods of use. 
For control of cattle grubs in cattle, boluses containing the 
insecticide are administered orally. With plant systemics, the 
treatment of soils prior to planting with a slurry of the insec- 
ticides or insecticide granules is one method. 

Insecticidal strips of polymer impregnated with DDVP 
(Vapona) emit vapors for long periods of time. In areas of little 
human or animal activity these can be effective. Mosquito coils, 
which are burned to release pesticides, are also important 
control measures. Flytraps are still available and catch these 
insects by sticky material (flypaper) or by attracting them into 
a device that resembles an inverted funnel, from which they 
are unable to emerge. 

EQUIPMENT FOR APPLYING INSECTICIDES—Of- 
ten, failure to obtain satisfactory results with insecticide prep- 
arations is due to improper equipment for their application. A 
knowledge of the type of equipment to employ is therefore 
important to the supplier of insecticides. Equipment might 
vary from small hand sprayers, or even paint brushes for use in 
homes, to large power sprayers for treating livestock, field 
crops, or fruit or large shade trees. The use of airplanes and 
helicopters for insecticide dispersal is increasing steadily. The 
manufacturers of equipment, also county agents, entomolo- 
gists, and agricultural engineers with state and federal govern- 
ments, as well as suppliers of insecticides, are in a position to 
give advice on insect control equipment to the potential user. 


Pharmacists often are asked to provide materials or advise on 
the control of insects, ticks, and mites affecting man or those 
that are pests in homes or industrial establishments. Sugges- 
tions for the control of such arthropods are presented below. 


GENERAL CONSIDERATIONS 


The most important measure to follow in minimizing insect 
problems in the home or on the person is to practice sanitation 
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and good housekeeping. Many of the pests in homes and indus- 
trial establishments, including mice, rats, cockroaches, ants, 
and silverfish, depend on exposed foods or scraps of food for 
their existence. Cleanliness, therefore, will go a long way to- 
ward reducing the insect problem within homes, restaurants, 
and other buildings. 

Pantry pests, such as grain moths and weevils of various 
kinds, develop in flour, corn meal, dog biscuits, and many other 
food products. An open container of oatmeal or dog biscuits 
hidden away in a pantry for several months can produce hun- 
dreds of moths or other pests that may continue to emerge over 
a period of weeks or months. Obviously, the simplest and best 
solution for such a problem is to destroy the source of the 
infestation rather than to use insecticides repeatedly. 

A homeowner might be alarmed, and rightly so, when an 
infestation of fleas is detected in the home. In most modern 
dwellings the odds are great that the source of the fleas is the 
cat or dog that has not had proper care. The householder can 
minimize the danger of flying pests such as mosquitos and flies 
getting into the premises by maintaining screen doors and 
windows in proper condition and by closing any openings into 
the home. Poorly cared-for garbage containers can be respon- 
sible for serious fly problems by attracting adult flies and by 
providing places for fly breeding. A few tin cans or tire casings 
that catch rainwater can provide the moisture essential for 
mosquito breeding on the premises. 

The four general control measures for the prevention of 
insect and mite damage without chemicals are physical, me- 
chanical, cultural, and biological. 


Physical control simply involves direct action by hand, eg, re- 
moval of insect nests or egg masses. 

Mechanical control involves the use of equipment specifically 
designed to control insects, eg, applying sticky bands around tree 
trunks to trap tent caterpillars and frequent hosing of foliage to prevent 
red spider mites and mealybugs from taking hold. 

Cultural control is based on knowledge of the life history and 
habit pattern of insects and controlling these in various ways, eg, 
cultivating the soil when many insects are in the pupal stage, breeding 
insect-resistant plants or interplanting. Interplanting marigolds, which 
discourage nematode growth, with tomatoes is an example. 

Biological control involves, eg, the use of the praying mantis, 
which devours insects. 


It is recognized, however, that in spite of proper precau- 
tions, every homeowner is likely to be faced with insect prob- 
lems that must be solved by applying insect-control chemicals. 
In some cases, however, the solution is not simple. It may 
require knowledge of the habits of the pest, a thorough survey 
of the problem, and know-how to control the pest involved. 
Often, it is not practical for the owner to attempt to do the job 
himself. In such circumstances the services of a licensed pest 
control operator (listed in the yellow pages of telephone direc- 
tories) should be sought. The National Pest Control Association 
is in a position to advise on qualified pest-control firms in 
almost every city. County agents and entomologists in state 
experiment stations and with the federal government are pre- 
pared to give advice and furnish publications that will be help- 
ful in many cases. 

For insect control in living quarters, in food-handling estab- 
lishments, and on the person, the factor of safety in handling 
and applying toxic chemicals must be considered fully. Fortu- 
nately, a number of efficient insecticides have low levels of 
hazard to man and animals, although no insecticide can be 
considered completely harmless. The petroleum oil solvent 
most commonly used as the carrier in household sprays is in 
itself sufficiently hazardous to cause toxic effects if the operator 
is careless in use and permits overexposure to it. 

Foods and food utensils should not be left uncovered while 
insecticides are being used. All food preparation surfaces, uten- 
sils, and food serving areas should be cleaned thoroughly before 
the next use, to avoid contamination by pesticide residues. 
Care is needed in handling and applying pesticides to avoid 
excessive inhalation or skin contact. All poisons should be 


stored so that they are inaccessible to children and unautho- 
rized people or where they cannot be mistaken for food. It also 
must be kept in mind that many preparations containing pe- 
troleum oil are flammable, or the vapors are explosive. 

While stressing necessary precautions, it must be kept in 
mind that the proper use of insecticides should not be discour- 
aged. Many pests in and around homes are capable of trans- 
mitting diseases, and experience has shown that the disease 
hazard may be far greater than that of the chemicals needed to 
control the insects responsible for propagating an epidemic. 

ANTS—Several species of ants are pests in the home or 
around the premises. In the past, poison baits of various kinds 
were used to destroy them. Such methods are still effective 
under certain conditions, but the use of newer sprays or dusts 
provides more effective and more rapid results. 

Efforts should be made to locate the colony and destroy it if 
possible, although inside buildings the colony often cannot be 
found or may be inaccessible for treatment. The use of dusts 
and suitable sprays applied to the point of runoff on runways 
and other surfaces where ants have been seen, and along base- 
boards, borders of floors, window frames, doorsills, and similar 
places usually will give satisfactory control, although followup 
treatments may be necessary. In general, the procedure for 
poisoning ants is similar to that for controlling roaches. 

For ant control on lawns or in gardens, the best procedure is 
to locate the ant colony and apply Baygon, Dursban, Ficam, or 
one of the other pyrethrin derivatives. Baygon, a carbamate 
insecticide, and Dursban, an organic phosphate insecticide, 
have become popular for this use. These currently are formu- 
lated at higher concentrations for use by professional applica- 
tors only. The material may be applied with a sprinkling can, 
sprayer, or any other convenient method, being sure to follow 
product labels, particularly on those allowed for lawn use only. 
A concentration of 0.25% of these insecticides is suggested for 
treating individual mounds. The amount to apply varies with 
the size of the colony. A quart may be sufficient for small 
colonies and up to 3 gal may be necessary for large fire ant 
colonies 1 ft high and 2 to 3 ft in diameter at the base. The 
surface of the mound or soil should be disturbed by raking, and 
the material poured on and around the nest. 

Children and pets should not be permitted to play on the 
lawns until the area has been watered or rained on and allowed 
to dry. It is advised that the insecticide be washed off vegeta- 
tion, into the ground, by sprinkling; this will not reduce the 
efficacy of the treatment. 

Chlorpyrifos (Dursban), and synergized pyrethrum sprays, 
may be employed for ant control in homes. 

Bedbugs are controlled effectively by thorough spraying of 
the bed frame, springs, and edges and ticking of mattresses 
with 1 to 3% malathion by a professional applicator. Cracks, 
crevices, and surfaces behind objects near a wall also should be 
treated. Bedbugs stay well hidden in such places. Spraying the 
bed and other hiding places to the point of running off of the 
solution will provide long-lasting control. The treated mattress 
should be aired well before use. 

Chiggers or red bugs cause severe annoyance to many 
people. These mites are most common in southern and mid- 
western areas. Some individuals are particularly susceptible to 
chigger bites, especially if they have not previously been ex- 
posed to them. 

The insect repellents dimethyl phthalate, dimethyl carbate, 
diethyltoluamide, 2-ethyl-1,3-hexanediol, and benzyl benzoate, 
when applied to clothing, are excellent in preventing attack by 
chiggers. The repellents may be applied by hand to socks, 
inside cuffs of trousers and sleeves, and on the edges of any 
other openings in the clothing. Additional application of the 
repellent to the skin on the legs and forearms and base of neck 
will increase the probability of complete protection. Chiggers 
seldom attack the exposed portion of the body and are killed or 
repelled while crawling over treated clothing or exposed skin. 


Clothing may be made repellent by light spraying, by draw- 
ing the mouth of the bottle along the parts of cloth to be treated 
(eg, cuffs and fly), or by complete impregnation of the cloth. 

Although the repellents are highly effective in providing 
protection against chigger attack, persons often become ex- 
posed in areas where they do not expect chiggers to be present. 
After chiggers attack, there is no known treatment of the bites 
that will destroy the toxic substance that causes the irritation, 
although certain local anesthetics such as benzocaine will pro- 
vide relief for several hours. A thorough, soapy bath as soon as 
chigger irritation is noted, which may be within a few hours 
after exposure, will reveal those attached and thus allow re- 
moval and subsequent reduction of irritation. 

COCKROACHES—The German, American, and brown- 
banded are the most common cockroach species found in homes 
and industrial establishments. Although the efficacy of differ- 
ent insecticides varies with the species, those in common use 
can be employed effectively in most instances. The German 
roach accounts for 98% of the problem in the US. 

Most aerosol formulas contain pyrethrum, allethrin, or res- 
methrin. Although intended primarily for flying insects, the 
aerosols can be used fairly effectively for roach control if ap- 
plied in considerable amounts directly into the hiding places or 
released in high concentration in closed rooms. A thorough 
spray or dust treatment is considered more effective and long- 
er-lasting. Many purchasers of aerosols expect roach control in 
the home by a light treatment. Such treatment, although sat- 
isfactory for flies, mosquitos, and similar pests, is inadequate 
for good roach control. 

Boric acid and borax in finely powdered form, applied to 
hiding places and runways, are used for roach control, although 
they are less effective and slower to produce results than most 
other insecticides. The materials also are used in tablet form 
mixed with food baits that the roaches must eat. When well- 
distributed in office buildings or rooms where there is little food 
for roaches, they often provide satisfactory control. 

Dursban (chlorpyrifos) sprays and dusts are widely used 
insecticides for roach control. The sprays, either oil-based or 
prepared from an emulsifiable concentrate, should contain 
about 2% and dusts about 5% of the insecticide as described on 
the label. 

During the day, roaches usually remain well hidden in 
cracks and crevices and behind objects. It is important to know 
where the roaches hide and where they run. The coarse, wet 
insecticide sprays are applied into these runways and hiding 
places. A few puffs of a mist spray will not provide satisfactory 
control. A paint brush may be used to apply the solution in- 
stead of a sprayer, if label directions allow it. A dust should 
be blown directly into hiding places and placed along run- 
ways. Dursban O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl)phos- 
phorothionate may be recommended as a first-use agent. 

Ficam (2,2-dimethyl-1,3-benzodioxol-4-yl), or bendiocarb 
(generic name), also is useful and is popular as a highly effec- 
tive broad-spectrum carbamate insecticide for control of at 
least six species of cockroach. 

Pyrethrum sprays or dusts usually will provide satisfactory 
roach control. It is necessary, however, to treat with pyrethrum 
often to obtain and maintain control. The use of synergists with 
this insecticide has made it more effective. 

When chlorinated hydrocarbon resistance is encountered in 
roaches, malathion as a 1 to 2% spray has proved to be an 
effective substitute. Diazinon O,O-diethyl-O-(2-isopropyl-4- 
methyl-6-pyrimidiny!)phosphorothioate also has proved useful 
when roach resistance has been a problem. The residual life of 
malathion is generally less than that obtained with methoxy- 
chlor prior to the appearance of insecticide-resistant strains. 

Fleas often are pests in homes and even in lawns in some 
areas. Infestations usually are associated with the presence of 
cats, dogs, rats, or other animals. To prevent recurrence of 
fleas, the source of the trouble should be treated. For dogs, 
powders containing 1% lindane, pyrethrum, or rotenone are 
used per label directions. For cats, only rotenone or pyrethrum 
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insecticides are recommended, because these animals are very 
susceptible to the toxic effects of chlorinated hydrocarbons. If 
the source of the fleas is rats, the host animals should be 
eliminated by following suitable rodent-control measures. 

Actual flea control in homes is usually not difficult. Bedding 
where dogs sleep should be removed, and the area thoroughly 
cleaned. Ordinary household sprays containing pyrethrum also 
may be used, although several repeat treatments may be re- 
quired. Certain volatile organophosphate insecticides are the 
active ingredients of flea collars for dogs and cats. A new insect 
growth regulator, methoprene, is giving effective indoor flea 
control. This agent interferes with the life cycle of insects 
undergoing complete metamorphosis. 

Finally, attention must be given to the pesticide label pre- 
cautions. Some dogs and many cats are allergic to collars. 
Malathion and Sevin (carbaryl) are excellent materials for the 
control of fleas in the home or in infested yards. 

FLIES—For most homes or industrial establishments flies 
can be eliminated by using ordinary household sprays or aero- 
sols. The most common ones consist of deodorized kerosene, 
about 0.1% pyrethrins or allethrin, and 0.75% of a synergist 
such as piperonyl butoxide or sulfoxide. Many variations in 
percentages of such insecticides are included in different for- 
mulations. Aerosol formulas often contain 0.25 to 0.6% py- 
rethrins or allethrin, 0.8 to 1% synergist, and 1 to 2% meth- 
oxychlor. The method of using the sprays or aerosols generally 
is known and usually well-described on the labels. 

If flies are a serious problem on the premises, other methods 
of control must be followed. Recently, the use of poison baits 
has become more widespread. 

Malathion and Diazinon sprays as residual treatments out- 
doors around homes, in livestock buildings (including inside 
dairy barns), and similar places have come into use. When used 
according to label directions, these materials often provide good 
fly control up to several weeks after application. Flytraps (pa- 
per) and mechanical devices for trapping are still available and 
popular. 

ITCH MITE—Many preparations have been employed for 
controlling the itch mite, or scabies. One of the most successful 
was the NBIN emulsion employed for head-louse control. It is 
important to treat all portions of the body and to delay a bath 
for about 12 hr after treatment. A second treatment may be 
needed after 1 week, although one thorough treatment will 
usually eliminate the infestation. 

LICE—Three kinds of lice attack man: the body louse, head 
louse, and crab (pubic) louse. In the US, head louse and pubic 
louse infestations are more common than those of the body 
louse. 

Body louse infestations can be controlled by regular changes 
of clothing and sterilization of all wearing apparel and bedding. 
Synergized pyrethrum dusts are also highly effective for body 
louse control. It also has been found that allethrin is about as 
effective as pyrethrins in such formulations. The material most 
commonly used today for head and body louse treatment is 
synergized pyrethrum (eg, the OTC product RID). 

Head louse infestations are controlled readily with benzyl 
benzoate followed by a thorough shampoo the next morning. 
Weekly treatments may be needed. Since eggs are not de- 
stroyed easily, treatments should be repeated. One treatment 
applied to the hair on the head before bedtime will kill all 
motile stages of the lice, which may be brushed or washed out 
of the hair in the morning. 

Crab louse infestations are controlled effectively with any of 
the preparations discussed under head louse. It is important 
that all hairy portions of the body be treated. 

Mosquitos that occasionally enter homes can be killed eas- 
ily with the type of space sprays and aerosols discussed in 
connection with fly control. Mosquitos often breed in areas 
several miles from the places where they are serious nuisances. 
Community mosquito control programs are the only real solu- 
tion to this problem. The problem of achieving satisfactory 
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mosquito control in a community is usually so complex and 
extensive that the help and advice of specialists are necessary. 

Persons exposed to mosquitos, biting gnats, and flies out- 
doors in connection with work or recreation can obtain relief by 
applying skin repellents. The most common individual repel- 
lents available on the market are diethyltoluamide, dimethyl 
phthalate, ethohexadiol, and dimethyl carbamate. Various com- 
binations of these also are available. All of these materials used 
as directed on container labels will provide transient relief from 
insect attack. 

In some circumstances treatment of the exposed skin alone 
is inadequate because the mosquitos also may bite through 
clothing. The application of repellents to clothing by impregna- 
tion, by light spraying, or by hand will prevent the attack. The 
same repellent materials intended for skin application may be 
used. Most of the repellents are plasticizers. They should not be 
applied to rayons and similar synthetic clothing. 

MOTHS AND CARPET BEETLES—Every homeowner is 
likely to encounter damage due to clothes moths or carpet 
beetles, often called buffalo moths. The damage caused by 
these insects to woolens and other items such as furs, materials 
made of animal hair, or feathers is very great. 

For many years the fumigants naphthalene and paradichlo- 
robenzene were the chief means of control. It takes a high 
concentration of vapor to kill clothes moths or carpet beetles, 
however. Many pounds of these fumigants are needed to elim- 
inate infestations in closets that are not tight or where the 
doors are opened too often to permit sufficient concentration of 
vapor. In using these fumigants add crystals, flakes, or balls at 
the rate of 1 1b/100 ft®, and make closets tight by sealing cracks 
and edges of doors. Since the gas is considerably heavier than 
air, the fumigant should be placed high in the closet. For 
protecting clothing, furs, etc in trunks and other storage spaces 
for long periods, about 1 lb suffices for an average-size trunk. 

Moth infestations are destroyed and woolen items effec- 
tively protected against subsequent infestations by treating 
with paradichlorobenzene, naphthalene, or DDVP (dichlorvos). 

SILVERFISH—For the control of silverfish, use carefully 
applied residual insecticide sprays and dusts such as bendio- 
carb, diazinon, propoxur, and silica gel. Silverfish may be found 
in many places in the home—basement, attic, around books, 
and behind wall paper. They feed on the starchy material used 
as glues or for sizing paper. 

Ticks are serious pests in some areas. If the infested areas 
must be used, it is possible to kill the ticks by following the 
procedures suggested for area chigger control. Protection of 
individuals from tick attack, however, is fairly effective if cloth- 
ing is thoroughly impregnated with certain repellents. Emul- 
sions of dimethyl phthalate and diethyltoluamide may be used 
for such treatment. 


Insecticides, Fumigants, and Repellents 


The number of insecticides and repellents currently in use has 
increased greatly during the past 30 years. New synthetic 
compounds have come into use for many pests for which prac- 
tical chemical control methods were unknown, and in some 
cases have largely replaced certain inorganic compounds and 
insecticides of plant origin. However, some of the more recently 
developed chemicals are being replaced by even newer materi- 
als because of development of resistance by various insects to 
insecticides. This is a problem of major significance in insect 
control. The housefly, for example, became resistant to DDT 
and other chlorinated hydrocarbon insecticides within 5 to 10 
years after they came into extensive use. 

Organic phosphorus insecticides were developed as substi- 
tutes, but within a few years evidence of resistance to them 
became apparent. A wide variety of insects affecting man, 
livestock, fruits, vegetables, and cotton are resistant to one or 
more of the newer insecticides. Currently, the resistant strains 


still are restricted generally to certain localities. However, au- 
thorities in insect control generally are agreed that such local 
resistance problems are likely to become more widespread with 
continued use of the materials. The use of piperonyl butoxide as 
a mixed-function oxidase inhibitor and an inducer of cyto- 
chrome P-450 has led to the reduction of resistance to many 
insecticides by many insects. 

The more widely employed insect control chemicals and 
their areas of use are discussed briefly. The extensive literature 
on the many insecticides may be consulted for further details, 
and the US Dept of Agriculture, state experiment stations, the 
US Public Health Service, and manufacturers of specific insec- 
ticides are prepared to provide more-detailed information. The 
EPA should be consulted for the latest information about a 
particular pesticide, since its status may change at any time. A 
chart for emergency treatment of acute pesticide poisoning is 
available from the US Navy Disease Vector Ecology and Con- 
trol Center, Jacksonville, FL 32212. 


COMMON INSECTICIDES 


LLL EG 
Allethrin (d/-2-allyl-4-hydroxy-3-methyl-2-cyclopenten-l-one esteri- 
fied with a mixture of cis and trans dl-chrysanthemum monocarboxylic 
acids)—This synthetic pyrethrin-like compound has been developed as 
the result of basic studies on the complex composition of the active 
principles in pyrethrum insecticides. It has many of the desirable fea- 
tures of pyrethrum—high insecticidal activity with low toxicity to 
warm-blooded animals. In general, allethrin is effective against the 
same insects as pyrethrum. For some species such as the housefly and 
the body louse it is equally effective, but against others it is less 
effective than pyrethrum. At present it can be produced commercially at 
a cost somewhat lower than the cost of the pyrethrins (principal active 
ingredients in pyrethrum). This advantage in practical use is offset, 
however, because the insecticidal activity of allethrin is not increased to 
the same degree as that of the pyrethrins when combined with syner- 
gists available at present. 

The development of allethrin is of great significance however. It is 
now used in household sprays and aerosols as a substitute for py- 
rethrins or to supplement the pyrethrins. The Dept of Defense uses the 
insecticide in sprays and aerosols supplied to troops. Research has 
shown that allethrin is highly efficient for the control of lice affecting 
man. The availability of allethrin ensures a supply of a pyrethrum-like 
insecticide in the event our source of supply of pyrethrum is cut off or 
greatly reduced as during World War II. 

Arsenicals—These are among the older insecticides and are still 
employed to a very limited extent. Many compounds, such as lead 
arsenate and calcium arsenate, have been canceled voluntarily for use 
by the manufacturers. Due to the development and availability of many 
new insecticides equally effective and often less hazardous to plants 
and animals, the arsenicals have been replaced largely by other 
insecticides. 

Lime-Sulfur (Calcium Polysulfides)—Originally used as a sheep 
dip for the control of mites and ticks, lime-sulfur in liquid and dry form 
is now better known as a dormant spray for the control of scale insects 
and as asummer spray for the control of certain plant diseases. For the 
methods of using the lime-sulfur liquid concentrate, follow the recom- 
mendations on the container. It generally is used to control apple scab 
and powdery skin irritation mildews. 

Oil Sprays—Oils made from petroleum are among the insecticides 
that have been used for many years, chiefly as contact insecticides for 
scale insects and mites attacking plants. They are very important today. 
Oils will destroy other insects however, including aphids, thrips, and 
leafhoppers, and eggs of certain Lepidopterous spp. 

There are two classes of oils used as insecticides: the dormant oils 
and summer oils. The dormant oils are applied to hardier trees during 
the dormant period. The summer oils are used on fruit and vegetable 
crops during the growing season. The chief differences between the two 
types are the degree of refinement and their heaviness or viscosity, 
which determine in part the degree of phytotoxicity. The oils are applied 
as emulsions that permit dilution with water and more-uniform distri- 
bution on the plants. The concentration of oil in the finished spray for 
citrus usually is 1.66 to 2.0%. Small amounts of insecticides such as 
parathion added to the oil sprays increase their efficacy against various 
insects. 

Pyrethrum—Pyrethrum flowers, the first widely used insecticide, 
possess unusually fast contact action against many insects, causing 


paralysis in a few minutes. Their low mammalian toxicity and rapid 
toxic action against many pests are features that are not present in the 
newer materials. 

The active substances, pyrethrins I and II, occur in the oleoresin 
secretion of certain floral parts (achenes) of the closed or partially open 
flowers. A maximum of about 1.4% pyrethrins has been adopted by the 
foremost manufacturers of pyrethrum insecticides. 

Formerly, pyrethrum insecticides were prepared as dusts by using 
the finely ground flowers or were prepared and used as liquids by 
extracting the active ingredients from the flowers with special fractions 
of light petroleum oil, preferably odorless kerosene. Today, manufac- 
turers extract and concentrate the active ingredients in products con- 
taining about 20% pyrethrins. This concentrate is used to prepare the 
various preparations employed by the public including dusts, petroleum 
oil solutions, emulsion concentrates, wettable powders, and aerosol 
formulations. 

Pyrethrum still is used as an ingredient in most household sprays 
and aerosols, chiefly for its knockdown effects against insects. It also is 
used in dusts and liquid preparations for controlling a variety of garden 
pests and fleas, lice, and ticks on pets. 

The continued prominent place of pyrethrum as an insecticide has 
been maintained chiefly because of the development of chemicals that, 
when combined with pyrethrum, have the remarkable property of in- 
creasing the insecticidal activity of the insecticide even though the 
material added alone has little or no insecticidal properties. This coop- 
erative potentiation is known as synergism. 

These compounds include piperony! butoxide, sulfoxide, and others 
and are called synergists. The development of these synergists has 
increased the range of activity of pyrethrins and at the same time 
permits reduction in the cost of formulas containing it. 

Synergized pyrethrum combinations, although not so long-lasting as 
the chlorinated hydrocarbon insecticides, are used chiefly in household 
sprays and aerosols for flies, mosquitos, and other household pests, in 
liquid and dust preparations for controlling external parasites on pets, 
as sprays for flies on dairy cattle, and as dusts and sprays for controlling 
certain vegetable pests. Synergized pyrethrum powders and liquids 
were employed extensively for a time in controlling lice attacking man 
during World War II. Some preparations include pyrelline, pyrenone, 
and pyrocide. Most of these contain pyrethrins in varying concentra- 
tions and other materials such as piperonyl butoxide, rotenone, or 
ryania. Many pyrethroid synthetics have been found effective and now 
are registered for use. These include newer allethrin derivatives, res- 
methrin products, and S-bioallethrin. 

Rotenone—This is a useful botanical insecticide and represents the 
chief chemical constituent of derris (D elliptica and D chinensis) and 
cube roots (species of Lonchocarpus) and other sources. Rotenone 
(Cy3H..0,) is commercially available as such or in the form of derris and 
cube roots, sold with assayed rotenone content, usually 5%. 

It is classified incorrectly as a nontoxic insecticide. It can cause skin 
irritation. Its use for louse control on humans is not recommended, 
since irritation often is produced, especially in the groin region. On 
internal administration in moderately large doses, especially in the 
presence of fatty foods, it is very toxic to higher animals. In general, 
however, rotenone insecticides are considered low in hazard. The rela- 
tively small amounts applied and rapid loss of toxic action results in 
minor residues on food crops. Rotenone is used mainly to kill unwanted 
fish in a pond prior to restocking. 

Its paralyzing action on insects is slower than that of pyrethrum but 
more certain, with usually no recoveries. As a dry, crystalline powder, 
it is odorless and relatively stable. It is soluble in alcohol, oils, chloro- 
form, and carbon tetrachloride (used in the extraction from the crude 
drug and its quantitative determination). It is slightly soluble in water, 
but aqueous sprays, particularly in the presence of alkaline soaps, 
quickly deteriorate and must be prepared fresh before use. 

Its dusts at concentrations of 0.75 to 1.0% still are used to control 
pests such as the Mexican bean beetle, cabbage worms, leaf hoppers, and 
other insects attacking a variety of vegetables. It is especially useful for 
application to vegetables near the time for harvest, when certain of the 
effective newer insecticides cannot be used because of potentially ex- 
cessive residues. 

It also is used for controlling insect parasites of animals. It is 
effective for controlling cattle grubs and is employed also for lice, fleas, 
and ticks on pets and livestock. 

Sulfur is used widely in insecticide preparations. It formerly was 
used for controlling such insects as plant mites, fleahoppers on cotton, 
lice on livestock, and chiggers. The new insecticides available today are 
far more efficient than sulfur for most insects. However, it is still one of 
the more effective insecticides for certain species of plant mites. Sulfur 
also is used in combination with many other insecticide dusts as a 
diluent. It serves a useful purpose in such combinations in controlling 
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or preventing a buildup of mites and for the control of plant diseases. It 
is employed as a spray made from wettable sulfur or is used in wettable 
powder preparations containing other insecticides. 

Other Materials—A number of other insecticides that have been 
used as pesticides, but for limited purposes, include pentachlorophenol 
(C,C,;0OH), widely used as a wood preservative to control termites, other 
wood-infesting insects, and wood rots (it is under investigation for 
dioxin contamination and the health ramifications of this contaminant); 
Ryania, a plant product containing alkaloids, used to some extent for 
controlling corn borers and codling moths on apples; and sabadilla, 
another plant product, which is effective for controlling squash bugs, 
lygus bugs, and harlequin bugs. 

Also of interest in the biopesticide group are the avermectins. These 
are macrocyclic lactones isolated from the soil organism Streptomyces 
avermitilis. Known by the common name abamectin, it is considered an 
insecticide as well as a miticide. 

Another interesting modern pesticide of biological origin is neem. 
This is a general name given the plant and its products. It is a subtrop- 
ical shade tree (Azadirachta indica) native to the arid regions of India, 
Pakistan, and parts of Africa. Its most important constituent is a 
limonoid compound named azadirachtin. The tree has been known for 
centuries as being free of insects, disease, and nematodes. All parts of 
the tree, especially the seeds, are resistant. The bark, leaves, and fruit 
have been used in traditional medicinal remedies, and various extracts 
have been long used as insect repellents and antifeedants in Asia. 

In June 1993 the Clinton administration announced an effort to 
encourage farmers to reduce their use of pesticides. This was due partly 
to a National Academy of Sciences report that said that pesticides may 
have a greater effect on children and that studies should be expanded to 
determine the possible dangers to children, who may consume more 
pesticides relative to their body weight. 

Leaders in biotechnology are expanding efforts to circumvent the 
use of pesticides and hope to replace 10 to 20% of the current chemical 
pesticides in use. Already, biotechnology is being used to develop 
squash plants that are immune to a killer virus by activating the plant’s 
natural defenses. In a similar way, hybrid corn, using genes from rare 
species, may allow resistance to corn borer worm. 

Opponents are concerned that biotechnology raises ethical questions 
about tinkering with nature. Of course, this approach will take time and 
money to see if it will be successful. Until then, the older advice of 
shopping for fresh vegetables frequently, serving a variety of fruits, and 
washing and peeling vegetables should be continued to minimize pes- 
ticide residue consumption. 


CHLORINATED HYDROCARBON 
INSECTICIDES 


The advances in insect control since about 1940 have been 
phenomenal because of the development and extensive use of a 
variety of chemical compounds broadly classified as synthetic 
chlorinated hydrocarbons. The use of this class of insecticides 
began with DDT, which was employed first in Switzerland, but 
within a decade a number of new similar insecticides of com- 
parable, or in some instances greater, insecticidal activity came 
into use. These materials, although effective against similar 
pests in many instances, vary in their usefulness for controlling 
insects. 

Insect species vary in their susceptibility to the different 
compounds. In addition, a factor of great significance that lim- 
its the practical use of many insecticides is the hazard associ- 
ated with their use. Some of the insecticides possess long re- 
sidual action—which may be of great advantage in controlling 
certain pests—but which is an objectionable feature when ap- 
plied to food plants consumed by man and animals. Some of the 
materials are stored in fat or are excreted in milk of animals 
when the residues are consumed on forage treated for insect 
control or when the insecticides are applied to the animals for 
controlling pests. Such residues of some insecticides may per- 
sist for months, while others are eliminated within a few days 
or weeks. 

Because of the persistence in the environment, DDT, aldrin, 
and dieldrin have been canceled by the EPA. Although their 
uses have been banned or severely restricted, approximately 1 
million households still have products containing chlordane, 
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150,000 households have products containing DDT, and 70,000 
have heptachlor. 

Obviously, it is not possible in this chapter to discuss in 
detail the many uses for the various chlorinated hydrocarbon 
insecticides. The formulation to use, amount to apply, method 
and time of application, precautions that must be observed in 
avoiding harmful residues on the harvested crop, and many 
other aspects must be considered. Discussion is limited to those 
products whose use is currently approved by the EPA. 


Lindane [y-1,2,3,4,5,6-hexachlorocyclohexane]—This insecticide is 
used in household sprays and dusts on livestock and other animals and 
for controlling some pests on fruits and vegetables. When lice resistant 
to 10% DDT powder appeared in Korea the Dept of Defense substituted 
a 1% lindane dust to control this insect attacking man. The acute oral 
toxicity of lindane to animals is somewhat higher than that of DDT, but 
when absorbed through the skin it is more toxic than DDT. Lindane 
possesses high insecticidal activity in vapor form. This property has 
resulted in certain restricted use for the compound in devices that 
generate vapors with the aid of heat. Lindane has been canceled for use 
in vaporizers, canceled for indoor use in smoke fumigation devices, and 
a host of new restrictions were developed for limited use on commercial 
and homeowner ornamentals, such as hardwood logs and lumber, dog 
dips, moth sprays, seed treatments, flea collars, etc. 

Methoxychlor [1,1,1-trichloro-2,2-bis(p-methoxyphenyl)ethane]— 
This has chemical and physical properties similar to those of DDT. The 
chief advantage of this over other chlorinated hydrocarbon insecticides 
is its low hazard to animals. It is satisfactory for controlling flies and 
other household pests, including clothes moths and flies and lice on 
livestock, Mexican bean beetles, and a variety of other insects attacking 
fruit, vegetable, and forage crops. It is available in 25 to 50% concen- 
trations in various application forms. 

It is one of the few chlorinated hydrocarbon insecticides that is not 
readily stored in animal fat or excreted in milk when consumed as 
residues on forage crops. For this reason it is used for controlling 
various insects on livestock feeds and forage. It also was used as a spray 
for controlling flies and lice on dairy cows but is no longer used thus 
because small amounts of the insecticide occur in milk. 


MITICIDES 

A variety of synthetic organic insecticides is used for controlling mites 
on plants, in addition to older insecticides such as sulfur and the 
organic phosphates discussed in the next section. Among the com- 
pounds used are Ovex (p-chlorophenyl p-chlorobenzenesulfonate) and 
Kelthane (1,1-bis(p-chlorophenyl)-2,2,2-trichloroethanol), used exten- 
sively on fruits and vegetables. These miticides may be used as dusts or 
sprays, and they often are combined with other insecticide applications 
or in insecticide-fungicide formulations. 


ORGANIC PHOSPHORUS COMPOUNDS 
ELT TT 
A large variety of organic compounds of phosphorus possesses 
high insecticidal activity. They often are referred to as organo- 
phosphorus compounds. Some of these compounds also have 
unusually high potency as miticides, and many are also ex- 
tremely toxic to man and other warm-blooded animals because 
of their action as irreversible inhibitors of cholinesterase. 

A number of human fatalities in the US and other parts of 
the world have occurred as a result of exposure to phosphate 
insecticides, and many other persons have suffered ill effects. It 
is important, therefore, that the more toxic of these insecticides 
be handled with extreme caution and strictly in accordance 
with recommendations outlined by the manufacturer and fed- 
eral and state agencies. 

The reputation of the organic phosphorus insecticides is 
such that to the uninformed, most compounds in this class are 
regarded as dangerous to use. This is a misconception. The 
mammalian toxicity of some of the compounds is of a low order, 
and they can be handled with no more danger than that asso- 
ciated with the use of a number of the synthetic chlorinated 
hydrocarbon insecticides that are employed without serious 
toxic reactions. 

The organophosphorus compounds will control a wide range 
of pests and disease carriers. Certain of these compounds pos- 
sess systemic action, a characteristic that offers great prom- 


ise for controlling important insect pests of crops as well as 
livestock. 

The organic phosphorus insecticides are used extensively, in 
many instances replacing in part, at least, some of the chlori- 
nated hydrocarbons and older insecticides such as rotenone. 
This trend is due to several factors. Resistance to the chlori- 
nated hydrocarbons by a number of pests has necessitated 
substitute materials possessing a different mode of insecticidal 
action. Several of the organic phosphorus compounds do not 
accumulate in meat and milk as readily as do certain chlori- 
nated hydrocarbon insecticides when consumed as residues on 
forage crops. 

The phosphorus insecticides have not been in use as long as 
the older materials, and relatively few insects have become 
resistant to them. There is no assurance, however, that many 
pests will not in time become resistant to the phosphorus 
materials. A number of species of mites on plants became 
resistant within a few years, and as already mentioned, 
the house fly also has developed resistance to certain organic 
phosphorus compounds. There is some evidence, however, that 
in some insect species, resistance to the phosphorus insecti- 
cides does not develop to the high level of the chlorinated 
hydrocarbons. 

Organic phosphorus insecticides generally destroy a wide 
range of insect species. Consequently, their use often kills 
many parasites, predators, and pollinating insects, as well as 
the destructive pests. 

The more widely used organic phosphorus insecticides are 
described briefly, and some of their more important uses are 
given. 


Ciodrin [3-hydroxycrotonic acid a-methylbenzyl ester dimethyl 
phosphate; Crotoxyphos]—An insecticide for control of animal parasites 
and for premises use. 

Diazinon [0,O-diethyl O-(2-isopropyl-4-methyl-6-pyrimidinyl)- 
phosphorothioate; Spectracide Knox Out]—An amber-colored liquid 
with a somewhat objectionable odor in its technical form; it is an 
excellent insecticide. It is less toxic than parathion but more so than 
malathion to warm-blooded animals. It is highly toxic to flies as a 
contact and residual spray as well as a stomach poison and is in use for 
controlling these insects both as sprays and in poison baits. It also is 
effective against aphids, mites, leafhoppers, the codling moth, fruitflies, 
cabbage worms, mosquitos, roaches, and other insects. Some resistant 
strains of houseflies have been reported. It also is used as a bait to 
control scavenger yellowjackets in 11 contiguous Western states. 

Dibrom [1,2-dibromo-2,2-dichloroethyl dimethylphosphate; Naled]— 
A broad-spectrum insecticide for both plant protection and premises 
use. Not approved for use in grain bins. 

Dipterex [O,O-dimethyl-2,2,2-trichloro-1-hydroxyethylphosphonate; 
trichlorofon]—A white, crystalline solid; soluble in water. The material 
is used in poison baits for controlling flies and for controlling many 
different species of insects. Its toxicity to warm-blooded animals is 
reported to be of a low order. 

Guthion [O,O-dimethyl S-(4-0xo-3H-1,2,3-benzotriazine-3-methyl) 
phosphorodithionate; azinphosmethyl]—A crystalline material rela- 
tively insoluble in water. It has a wide spectrum of activity as a contact 
insecticide for the control of insect pests. It is generally more persistent 
on plants than other commonly used organophosphorus insecticides. 
The material is employed as a dust or spray. 

Although the toxicity of Guthion is somewhat lower than that of 
parathion, it is in the class of highly toxic materials and must be 
handled with extreme caution. It is finding wide use for controlling 
cotton insects, particularly the boll weevil, which has become resistant 
to chlorinated hydrocarbon insecticides. It is also highly effective for the 
control of fruit pests such as the plum curculio, codling moth, stink 
bugs, aphids, and mites. This has proven useful in integrated fruit-pest 
control. 

Malathion—This phosphorus compound, S-(1,2-dicarbethoxy- 
ethyl)-O,O-dimethyldithiophosphate, as produced commercially, is a 
light-amber liquid, with a sulfur-like odor. It is relatively low in toxicity 
to most warm-blooded animals and is active against a wide range of 
insects, although in general it is less effective than parathion or TEPP. 
The much lower toxicity to warm-blooded animals and rapid loss of 
residues on plants make it an acceptable insecticide for many uses. 

It is used extensively for controlling insects on vegetables, fruits, 
and cereal and forage crops as well as for controlling insects affecting 
man and animals. The residues disappear in a few days to 2 weeks, thus 


permitting application near the harvest period. The compound is avail- 
able commercially as emulsifiable concentrates, wettable powders, 
dusts, and for ultra-low-volume spraying. In the US Malathion ULV 
concentrate is the only grade registered for use on stored grain, recom- 
mended for use inside homes, and accepted for use on humans. Over 
25 commercial products are marketed in the US that contain this 
ingredient. 

Methyl] Parathion—Closely related to parathion, with insecticidal 
and toxic properties somewhat similar to it. It is employed for control- 
ling mites, aphids, thrips, and other insects, including such pests as the 
boll weevil. All applications are classified by the EPA as restricted use. 

Parathion [O,O-diethyl O-p-nitrophenyl phosphorothioate]—This 
insecticide is a pale yellow liquid and is highly active against most 
insects. Its use is restricted because of its high toxicity to humans and 
animals. Parathion products are available commercially as dusts and as 
emulsifiable and wettable powder concentrates for mixing sprays. As of 
December 31, 1991, parathion was voluntarily canceled for use on over 
80 crops in the US. 

Phorate [O,O-diethyl S-(ethylthio)methy! phosphorodithioate; Thi- 
met]—A liquid material with an objectionable odor. It is relatively 
insoluble in water. It is one of the more toxic of the organophosphorus 
insecticides and must be handled with extreme caution. It is primarily 
systemic in action and is absorbed readily by the roots of plants when 
applied to the seeds or when added to the soil. It has had limited use for 
controlling aphids, spider mites, thrips, leafhoppers, and certain other 
insects on cotton and sugar beets. It is now classed as an RUP by 
the EPA. 

Phosphamidon [2-chloro-2-diethylcarbamoyl-1-methylvinyl di- 
methyl phosphate]—An organic phosphate, a water-miscible oil, used 
as a systemic insecticide, with strong stomach action, in small grains, 
cotton, and other field crops. 


CARBAMATE INSECTICIDES 


These insecticides, like the organic phosphorus insecticides, 
inhibit insect cholinesterases. Their mode of action is suffi- 
ciently different, however, for them to be considered a separate 
class of insecticides. The carbamates of interest as insecticides 
include 


Carbaryl] [1-naphthyl N-methylcarbamate; Sevin]—Occurring as 
crystals, it is slightly soluble in water and highly effective against a 
wide range of insects, including the codling moth, Mexican bean beetle, 
cabbage worms, gypsy moth, boll weevil and pink bollworm. It is not 
highly effective against most insects of medical importance or against 
mites affecting plants. Although the carbamate insecticides are consid- 
ered to be of moderate to low toxicity to higher animals, carbaryl is 
highly toxic to the honey bee. It has the greatest range of controlled 
pests of any insecticide; vegetables, fruits, field crops, ornamentals, and 
pets. It is classed as a broad-spectrum insecticide. 


NEWER METHODS OF INSECT CONTROL 


Extensive research continues on new methods of insect control 
that reduce or avoid the dangers of toxic insecticide residues. 
Three experimental procedures that illustrate how such control 
may be achieved are 


1. The use of irradiation to destroy the breeding capacity of the 
insect. Certain insects breed only once, and when the female of such a 
species is mated with a sterile mate, that female will not produce fertile 
eggs. Advantage has been taken of this biological fact in controlling the 
screw worm—a serious pest of cattle in the Southern US. In this 
operation males are irradiated with controlled doses of radioactive 
cobalt and then are released in tremendous numbers in the areas to be 
protected. Preliminary results have been so promising that this proce- 
dure is being considered for use against other species of insects with the 
same biological characteristics. 

2. Distribution of the spores of organisms that are pathogenic for 
certain insect species only. Spores of Bacillus thuringiensis, Berliner, 
var Kurstaki have been shown to have value in controlling a small 
number of insect species and are now commercially available as Bactur, 
Thuricide, and others. The toxin is referred to as deltaendotoxin. An- 
other is Bacillus popilliae dutky, also referred to as Milky Disease 
Spores. 
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3. The use of certain of the silica aerogels that act on soft-bodied 
insects by desiccation. Since the silica aerogels are exceedingly low in 
toxicity to humans, residues may be insignificant. 


Pheromones are potentially important for monitoring insect 
populations. They are chemical substances produced and re- 
leased by one sex of an insect (usually the female) that elicit a 
sexual response in an individual of the opposite sex. The spec- 
ificity of pheromones makes them valuable for detecting and 
estimating insect populations before an infestation can enlarge 
or spread. There are at least 90 different pheromones currently 
available, eg, the boll weevil (Grandlure), coddling moth 
(Codlelure), house fly (Muscalure), and Mediterranean fruit fly 
(Trimedlure). 

Insect population suppression also can be achieved by using 
large numbers of attractant-baited traps (mass-trapping), by 
disruption of normal communication between sexes (confusion 
technique), and by using a mixture of pheromone and a chem- 
ical sterilant. 


FUMIGANTS 


Fumigants have been, and still are being, used extensively for 
controlling a wide range of insects. Homes, industrial estab- 
lishments, ships, and other structures may be fumigated to 
control household or structural pests. Large amounts of fumi- 
gants are employed to control pests in grains and woolens, in 
soil, and in living plants or plant products such as nursery 
stock, fruits, and vegetables. 

The most common fumigants and their uses are discussed 
briefly below. 


Aluminum Phosphide—A pelletized source of phosphine plus fire 
retardant. It is used widely in grain fumigation. It is available as 
Phostoxin, Alphos, Celphine, and others. 

Carbon Disulfide [CS2]—This is one of the older fumigants. A 
colorless to slightly yellow liquid with a disagreeable odor. The vapor is 
about 2.6 times as heavy as air. Its chief disadvantage is its extreme 
explosiveness. It also is toxic to animals, and lengthy exposure must be 
avoided. It is not registered for use in fumigating stored beans, cowpeas, 
or peas. Fumigants are employed most extensively in grain fumigation. 
Caution—It can be toxic on inhalation. It is no longer allowed for home 
use and is not registered for use in fumigating dry beans, peanuts, or 
peas. 

Chloropicrin, (Trichloronitromethane [CCl,NO,])—A colorless 
liquid that causes intense irritation of the eyes and throat and induces 
vomiting. It is used chiefly as a soil fumigant. It may be injected in the 
soil in combination with xylene, carbon tetrachloride, or ethylene di- 
chloride to help distribute the gas. It also is used in combination with 
certain other fumigants for treating stored products by sprinkling or 
spraying the infested materials. Since the gas is only slowly volatilized, 
thorough airing after use is required. Several products are on the 
market, eg, Acquinite. It is now classed as an RUP by the EPA. 

Methyl Bromide (CH.,Br)—A colorless and usually odorless gas at 
ordinary temperatures, approximately three times as heavy as air. The 
gas is nonflammable and sometimes is used as a fire extinguisher. It is 
highly toxic to humans and the absence of odor and slow toxic action are 
characteristics that increase its hazard. It is among the most widely 
used fumigants. It destroys a wide range of pests. It is not highly toxic 
to most plants and leaves no objectionable odor in food. Since the 
chemical is a gas at ordinary temperatures, it is applied from containers 
into which it has been compressed as a liquid. It readily vaporizes at 
temperatures ordinarily encountered in fumigating. It usually is for- 
mulated with a small amount of chloropicrin to recognize the presence 
of this colorless and odorless gas. 

Some important uses are for fumigating warehouses, ships, railroad 
cars, residences, grains, living plants shipped under quarantine regu- 
lations, tobacco, and many other products. The fumigant also is used to 
destroy soil pests. During World War II it was used successfully to 
fumigate clothing of refugees and prisoners of war to control body lice. 
Currently, all applications are classified by the EPA as RUPs. Only the 
registrant is authorized to refill cylinders. 
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INSECT REPELLENTS 
RLS 
Repellents are substances used to protect humans, animals, 
and plants from insects by making the hosts objectionable or 
unattractive by disguising the characteristic odor of the hosts. 

During World War II, troops on many fronts in tropical and 
semitropical regions employed repellents effectively in the pre- 
ventive campaign to keep away mosquitos and other annoying 
and disease-carrying insect pests. The problem here was to use 
compounds that not only had effective staying and nonirritat- 
ing properties when applied to the skin of man and animals, 
but also were without pronounced and penetrating odors that 
would give the enemy information about patrolling or combat 
activities and locations of hideouts. During and since World 
War II more than 10,000 chemicals have been tested for use as 
insect repellents. 

Perhaps the best all-purpose repellent developed since 
World War II is diethyltoluamide, which in various tests has 
been shown to be the most effective agent against a wide 
variety of insects. 

Repellents, single- or multi-ingredient, generally are com- 
pounded in solution, emulsion, cream, or semisolid stick appli- 
cation forms. Most will provide relief from attack from mosqui- 
tos, biting flies, and gnats for periods of 30 min to 2 hr or longer. 

The volatile oils of citronella, cedarwood, eucalyptus, penny- 
royal, bergamot, cassia, clove, wintergreen, and lavender are, 
to some degree, repellent to mosquitos and other annoying 
insects but are not nearly as effective as the aforementioned 
chemicals. 

Individuals who are allergic or sensitive to repellents may 
show various skin reactions, such as burning, itching, and 
swelling. Most repellents cause smarting when applied to bro- 
ken skin or mucous membranes, hence care should be exercised 
when applying them around the eyes or other sensitive areas. 


The following compounds are employed commonly to control 
rodents. They are dangerous and must be handled with cau- 
tion. Many of the modern rodenticides are now packaged in bait 
stations to minimize larger-animal and human poisonings. 


Bromadiolone _ [(8-[3-(4'-bromo[1,1'-biphenyl]-4-yl)-3-hydroxy-1- 
phenylpropyl]-4-hydroxy-2H-1-benzopyran-2-one]—A yellowish pow- 
der, rather insoluble, and used in baits or tracking powder for rodent 
control. It is used in official establishments operating under the federal 
meat, poultry, shell egg grading, and egg products inspection program. 
Some applications are classed by the EPA as RUPs. 

Brodifacoum—A complex benzopyranone derivative. It is an off- 
white powder. It is an anticoagulant rodenticide, available in pellets 
and bait blocks. Single feeding causes death. 

Chlorphenacinone /Rozol/—An indandione derivative. It is a 
white crystalline material made in grain bait, water bait, paraffin 
blocks, and tracking powder. It is registered for use in official estab- 
lishments operating under the Federal Inspection Program for meat, 
poultry, shell-ege grading and egg products. 

Diphenadione [Diphacinone; 2-diphenylacetyl-1,3-indandione]— 
The most toxic of the anticoagulants in use at present. While other 
chemicals in this class usually are used in bait at a concentration of 
0.025%, this is effective in 0.005% concentration. 

Red Squill /Dethdiet, Rodine/—Because of its relative safety for 
humans, pets, and domestic animals, properly standardized red squill 
powders and extracts generally were recommended poisons for rats. 
Red squill contains scilliroside, a cardiac glycoside and strong emetic 
that causes humans and most species of domestic animals to void the 
poison promptly. Its specific toxicity is due to the inability of rats to 
vomit. This allows the absorption of the toxicant. Other animals do 
vomit, allowing them to survive accidental poisoning. Red squill has 
never been more than a mediocre rodenticide and is used little in the US 
today. 


A brief chemical and physical description of the principal 
repellents follows. 


Avitrol [4-Aminopyridine]—An avian repellent. It controls several 
species of birds, eg, blackbirds, crows, gulls, pigeons, sparrows, star- 
lings, and other birds in and around structures and agriculture (eg, field 
corn and sunflowers). The odor causes the birds to signal vocal and 
physical distress that acts as an area repellent to the flock. 

n-Butyl phthalate [1,2-benzenedicarboxylic acid dibutyl ester; 
C,¢H.,0,]—An oily liquid used as an insect repellent for impregnation 
of clothing. 

Diethyltoluamide [N,N-diethyl-m-toluamide; N,N-diethyl-3-methyl- 
benzamide; (Delphene, Deet); C,,H,,NO]—A colorless liquid with a 
faint, pleasant odor; practically insoluble in water, miscible with alco- 
hol. This is a repellent for mosquitos, biting flies, gnats, chiggers, ticks, 
fleas, and certain other biting insects. Safe for use on human skin. 

Ethohexadiol [2-ethyl-1,3-hexanediol; C,H,,0,|—A colorless, 
oily liquid, odorless or with a slight odor; 1 mL dissolves in about 50 
mL water; miscible with alcohol. A common insect repellent used by 
humans. 

Hinder—Ammonium soaps of higher fatty acids. It is used as a deer 
and rabbit repellent by odor from fruit trees, vegetables, field crops, 
ornamentals, etc. It is a viscous, brownish, aqueous solution with an 
ammonia-like odor. 

Hot Sauce Animal Repellent—Contains capsaicin, the active 
irritant principle from hot peppers. It is used on ornamental trees 
and shrubs, fruit trees, and nursery stock to repel deer, rabbits, and 
mice. 

Methiocarb  [3,5-Dimethyl-4-(methylthio)phenyl methylcarba- 
mate]—A nonsystemic insecticide, ascaricide, molluscicide, and bird 
repellent. It is registered in several US states for bird repellency on 
blueberries. 

Methyl Nonyl Ketone [MGK]—A dog and cat repellent. It is used 
as a training aid for pets and to prevent damage by stray animals to 
ornamental plantings. 

Thiram [Bis(dimethylthiocarbamoyl)disulfide]—A fungicide, seed 
protectant, and animal repellent. 


Warfarin [WARF-42, Compound 42; 3-(a-acetonylbenzyl)-4-hy- 
droxycoumarin]—A chemical relative of dicumarol; it acts by causing 
loss of clotting power of the blood, and the animals die of exhaustion 
from multiple hemorrhages. The product was the first successful anti- 
coagulant rodenticide and was unique in that it had to be eaten repeat- 
edly to cause death. For rats, the feeding time is usually 3 to 10 days, 
and for mice a much longer period of daily feeding is needed. Fantas- 
tically low percentages of the poison in food are effective; food baits now 
on the market contain 0.025 to 0.05%, and concentrates for making 
solutions of the sodium salt of warfarin containing 0.005% of warfarin 
equivalent are available. At these levels rats and mice do not detect the 
material in the baits and will continue to come back to eat or drink until 
too weak to do so. 

Warfarin itself is a highly toxic poison, but the fact that it is needed 
at such low concentrations in baits and that these must be eaten 
repeatedly to cause symptoms makes it less likely to injure pets and 
children than certain other poisons. It has had a good record of safety 
and is considered one of the less dangerous rat and mouse control 
materials. 

Zine Phosphide [Zn,P.]—A phosphorus preparation that has 
found a definite place in a specialized rodent control problem in the US. 
It is blended with'a diluent to permit easier use as a dusting powder 
over cut apples in the preparation of a highly effective orchard mouse 
bait. Just enough of the perishable bait is made to supply an afternoon’s 
work, and it is placed by uncovering mouse tunnels and making a bait 
spot of two or three apple sections placed directly in the runway. This is 
repeated at several points in the trails around each orchard tree, and 
when properly done is quite effective. 

The same zinc phosphide blend can be used on other types of food 
bait for domestic rat or mouse control. It is dangerous to animals other 
than rats or mice and should be handled carefully. Some or all appli- 
cations of several products containing this are classed by the EPA 
as RUPs. 


Fungicides are chemical compounds used to prevent or retard 
the deleterious action of a varied group of plants called fungi, 
which for the most part are microscopic, are devoid of green 
coloring matter, and reproduce by spores. 

Fungi are present throughout the world. They attack other 
living and dead plants, animals, human beings, and such di- 
versified inanimate objects as foodstuffs, cloth, paper, lumber, 
paint, plastic coverings, and leather, to mention only a few of 
the substances affected. 

Some fungicide materials also are toxic to bacteria, but in 
general the term is limited to those materials used for protec- 
tion against fungi. For many years fungicides have been used 
extensively in agriculture for the protection of crops. 

The prevalence of fungi fluctuates with environmental con- 
ditions. Early historical and religious writings contain refer- 
ences to the blasting, blighting, rusting, or mildewing of the 
crops. From the dawn of civilization to the present there has 
been a constant battle between the agriculturist on one hand 
and the fungi on the other, with the environmental conditions 
swinging the balance to one side and then the other. 

Prior to 1853 losses resulting from the attacks of fungi 
were accepted as inevitable, since the true cause was not 
understood. However, in that year Anton de Bary estab- 
lished the parasitism of the fungi associated with the rust 
and smut diseases. This discovery, establishing the science 
of plant pathology, has been followed by an increasing num- 
ber of investigations into the cause of plant diseases and by 
the development of a wide variety of materials used for the 
control of these diseases. 

FUNDAMENTAL REQUIREMENTS OF A FUNGI- 
CIDE—These materials may be applied in either liquid or 
powder form. The process of applying substances in liquid form 
is termed spraying; that of applying them in powder form, 
dusting. 

Irrespective of the method of application, a fungicide, to be 
entirely satisfactory, must be 


Capable of destroying, controlling, or preventing the growth of the 
fungus. 

Relatively noninjurious to the host plant. 

Easy to apply. 

Easy to prepare. 

Reasonable in cost. 


TYPES OF FUNGICIDAL ACTION—Fungicidal materi- 
als are of varied composition, and their exact mode of action 
against specific organisms is beyond the scope of this discus- 
sion. In general, however, all materials fall into two general 
categories; protective and eradicative. 

In the protective type the material does not necessarily 
kill the fungus spores but does prevent their germination. 
The various forms of elemental sulfur used as spray or dust 
are protective in their action against the spores of the apple 
scab fungus (Venturia inaequalis) and are used widely by 
commercial orchardists to prevent numerous infections from 
developing on the apple leaves and fruit. However, the same 
materials used against certain rust fungi are definitely erad- 
icative in their action upon the rust spores. This diverse 
effect on different fungi is but one example of the complexity 
of the problem. 

The eradicative type of the material kills the fungus and in 
this way stops the disease either before or soon after initial 
infection has occurred. The complex calcium polysulfides or 
newer agents like the Captan, Thiram, or Benlate prepara- 
tions, for example, have a definite eradicative effect on the 
apple scab fungus. Unfortunately, most of the eradicative ma- 
terials are rather caustic in their action, and they can be used 
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only under certain conditions, since they are apt to produce 
injury often more serious in consequence than the disease they 
are being used to combat. However, whenever it is possible to 
use an eradicative type of fungicide without serious injury to 
the plant, this procedure should be adopted, as it produces the 
most satisfactory control results. 


COMMONLY USED FUNGICIDES 
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It is realized that pharmacists are not expected to have the 
detailed knowledge of technically trained plant pathologists 
regarding the use of fungicide materials. However, they are 
asked frequently for advice, and they should familiarize them- 
selves with directions on pesticide labels and recognize the 
importance of having their patrons understand and follow the 
directions; also, they should use the services of state or county 
extension pathologists when label information is insufficient to 
deal with specific problems that might arise. 

The following list of commonly used materials should enable 
them to answer intelligently most of the questions with which 
they are confronted. Requests for information concerning large- 
scale usage of fungicides should be referred to the state agri- 
cultural experiment station, to the USDA, or to the EPA. 


Afugan (Pyrazophos)—A systemic fungicide used for powdery mil- 
dew on apple, cereals, cucumber, grape, melon, ornamentals, pumpkin, 
squash, strawberry, and watermelon. 

Benomyl] [Methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate]— 
A carbamate type of fungicide of broad spectrum, with both protective 
and curative qualities. It shows local systemic activity within the leaf 
system and from soil applications where the root system stays within 
the treated zone. It is registered for use on roses, other ornamentals, 
turf, stone fruits, melons, beans, cucumbers, grapes, pome fruits, and 
peanuts. The LD;, of a rat oral dose is over 10,000 mg/kg. Avoid 
contamination of food supplies. 

Botran—This tradename and others (DCNA, Allisan) refer to 2,6- 
dichloro-4-nitroaniline, which was developed in England. This substi- 
tuted amine is formulated as a yellow, wettable powder used for spray- 
ing (75%) and for dipping (50%); it also is used as dust. It generally is 
used as a soil and foliar fungicide to control Sclerotinia mold, Monilinia 
rot, Rhizopus rot, and Sclerotium and Botrytus mold, including storage 
or transit on vegetables, fruits and ornamentals. It is almost nontoxic to 
rats but phytotoxic to strawberries, wilted leaf lettuce, asters, petunias 
and some other greenhouse plants, and some germinating seeds and 
annual seedlings. It persists on leaf surfaces for 1 to 2 weeks and 
involves low hazard generally. 

Caution—Avoid inhalation of dust and spray mist; occasional cases 
of contact dermatitis have been reported. 

Calcium Hypochlorite [Chloride of lime; bleaching powder]—The 
activity of this compound as a general disinfectant is based on its ability 
to release chlorine. Various forms of this are used to sanitize swimming 
pools. It has fungicidal and bactericidal properties. 

Captan [N-trichloromethylthio-4-cyclohexene-1,2-dicarboximide]— 
An organic fungicide used at the rate of 1 to 2 1b/100 gal of water for 
control of diseases of fruits, vegetables, and ornamental plants. It is 
excellent for summer spraying of apple trees. It is used extensively on 
fruits and vegetables and on field and ornamental crops. Do not use 
with lime or other strong alkali. It is classed as a protectant-eradicant 
fungicide. 

Chloroneb (1,4-dichloro-2,5-dimethoxybenzene)—Used in systemic 
seed treatment, in-furrow soil treatment, and turf diseases. 

Copper 8-Quinolinolate—An organic copper compound (sold un- 
der the tradename Bioquin) used for the control of Alternaria blight, 
Botryus blight, and powdery mildew on carnations, chrysanthemums, 
and roses. It is used as an industrial fungicide for the treatment of wood 
products. 

Copper Sulfate—In addition to being the principal ingredient of 
Bordeaux mixture, it is the essential component of many commercial 
copper fungicides. It is a fungicide and algicide. 
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Dipheny] [biphenyl]—Used as a preservative for citrus in storage 
and transit. It is used by impregnating citrus fruit wraps. 

Dithiocarbamates—This is a mixture of metallic dimethyldithio- 
carbamates and ethylene bisdithiocarbamate salts. The dithiocarba- 
mates are solids and are insoluble in most common solvents. They 
decompose under strongly basic or acidic conditions. It is available as an 
80% wettable powder and several dusts. Moisture can cause deteriora- 
tion. It generally is used as blight control on potatoes and tomatoes. It 
can control apple scab, cedar apple rust, sooty blotch, and fly speck and 
also is used on ornamentals. It is also useful on certain other vegetables 
and some field crops. It has no known phytotoxicity and persists on 
plant surfaces for 10 to 14 days. This agent is compatible with chlori- 
nated hydrocarbons, coppers, sulfurs, and phosphates, except parathion 
oil sprays. Dinocap or diazinon should be added just before use. It has 
a low hazard potential; however, some or all applications are classified 
by the EPA as RUP. 

Dodine [N-dodecylguanidine acetate; Melprex, Doquadine]—A 
fairly stable fungicide formulated as a 65% wettable powder and a 
protectant and eradicant fungicide, particularly for apple and pecan 
scab, cherry leaf spot, sycamore anthracnose, and other tree diseases. It 
may cause foliage or fruit injury, particularly if applied at freezing or 
near-freezing temperatures. Caution—It may produce eye and skin 
irritation. If exposed, flush eyes for at least 15 min. 

Ferbam—An iron organic compound, ferric dimethyldithiocar- 
bamate, used extensively as a substitute for sulfur and copper com- 
pounds in the control of fungus diseases of fruit trees. It is employed 
as a specific for the control of apple cedar rust. In the Pacific North- 
west it is used instead of sulfur for the control of pear scab, since it 
does not russet the fruit. Likewise, it is used for the control of the 
fungi causing apple scab, apple blotch, and bitter rot, since it reduces 
the risk of spray injury and at the same time gives satisfactory 
control of these fungi. 

It also is used for the control of tomato anthracnose and is especially 
effective for the control of anthracnose leaf blight, downy mildew, and 
fruit rot of cucumbers and melons. It causes less leaf injury than copper 
compounds on tomatoes, cucumbers, and melons. 

Caution—Ferbam is a flammable material and must not be mixed 
near an open flame. In mixing sprays the operator should avoid inhal- 
ing it. 

Ferric Dimethyldithiocarbamate—See Ferbam. 

Folpet [(N-trichloromethylthio)phthalimide]|—Generally used as a 
protectant-eradicant fungicide for fruit, vegetables, ornamentals, and 
turf. It is especially good for black spot of rose. It is slightly more 
phytotoxic than captan. It is not recommended for apples before the 
fourth cover spray; it may burn grape leaves in hot, dry seasons and also 
may injure sweet cherry leaves and snapdragons severely. It has a low 
health hazard. Concentrated solutions may cause skin irritation. Its use 
is limited to the Western states. 

Krenite [fosamine ammonium]—A plant-growth regulator that 
stops treated plants from refoliating during the next growing season. It 
is classed as a brush-control agent. 

Lime-Sulfur Solution—A widely used spray material consisting of 
approximately 30% calcium polysulfides prepared by heating sulfur and 
lime together with appropriate quantities of water. It has proved spe- 
cially effective for the control of the apple scab fungus and has been 
used widely for the control of many other plant diseases. The water 
dilution for use during the growing season varies. For a long time, it has 
been used during the winter on peach trees for the combined control of 
San Jose scale and the leaf curl fungus. 

Since the calcium polysulfides are likely to produce spray injury, it 
is being replaced by less injurious forms of sulfur and various organic 
materials in large-scale commercial spraying operations. It also has 
miticidal activity. It has been supplanted largely by newer synthetic 
fungicides with a milder action on plants. 

Mancozeb—A zinc ion and manganese ethylene bisdithiocarba- 
mate compound. It is a broad-spectrum fungicide used on vegetables, 
fruits, turf, and ornamentals for leafspot, early and late blight, crown 
rot, damping off, anthracnose, and others. It is one of the most com- 
monly used vegetable fungicides. 

Maneb [manganese ethylenebisdithiocarbamate; Manzate, Dithane 
M-22, Chem-Neb|]|—The manganese salt of dithiocarbamic acid is used 
for the control of potato, tomato, celery, carrots, and onion diseases. It 
also has been used to control grape black rot and is used on many fruits 
and vegetables. It is currently an important fungicide. 

Mercaptobenzothiazole /Niacides/—Used on apples as a plant 
fungicide by pesticide formulators in their products. 

Nabam [Disodium ethylenebis[dithiocarbamate]—For industrial 
applications only; not for food crops. It is an algicide in rice. 


Pentachloronitrobenzene, /[PCNB, Terraclor/—A nitrobenzene 
compound used as a soil fungicide effective against many soil pathogens 
that attack vegetables, turf, and ornamentals. It also is used as foliar 
spray on young lettuce, cabbage, and cauliflower as well as on fruit 
trees. 

Sulfur—For a long time one of the standard fungicide materials 
and still used widely to control a wide variety of plant diseases. It is 
sold as a dry powder ground to varying degrees of fineness, as a 
paste, or fused with clay (bentonite) and subsequently ground. Many 
special brands are available, and each manufacturer claims special 
virtues for his particular product. They all depend for their effective- 
ness on its inherent toxic property in affecting the growth processes 
of various fungi. The directions on the packages are a guide to their 
use. It is one of the cheapest fungicide materials and probably will 
continue to be used extensively as spray or dust for many years to 
come, 

Combined with lime and water and heated for a considerable 
period, it forms complex polysulfides. This reaction product, called 
lime-sulfur, was described above under Lime-Sulfur Solution. If it is 
added to slaking stone lime and the only heat supplied is that of the 
stone lime combining with water, another type of spray called self- 
boiled lime-sulfur results. Properly prepared self-boiled lime-sulfur 
has a very low calcium polysulfide content and produces very little 
injury; it can be used with safety on peaches during the growing 
season, whereas lime-sulfur used at that time would cause excessive 
injury to the trees. 

Yellow Cuprous Oxide—This material, containing 47% metallic 
copper, is sold under the tradename Yellow Cuprocide and may be used 
as a spray or dust. It is effective against celery blight, Alternaria blight 
of tomato, early and late blights of potato, anthracnose, downy mildew, 
and other leaf diseases of cucurbits, and is recommended for a variety 
of vegetable crops whenever a copper spray is needed. 

Zineb [Zinc ethylenebisdithiocarbamate/—Exceptionally effective 
in the control of potato and tomato late blight in Florida. It has not been 
much superior to copper compounds in the more northern tomato- 
growing sections. It is less injurious to the tomato and potato plants 
than copper compounds, a factor of considerable importance in the 
South where numerous spray applications are required during the long 
growing season. 

It also has been used on cucumbers, muskmelons, and watermelons 
for downy mildew and anthracnose control, especially in Florida. The 
lack of injury on these plants is a specially valuable feature of this 
compound, since cucumbers and melons are extremely susceptible to 
copper injury. For the same reason this compound has proved of value 
for the control of cabbage and cauliflower diseases and also has many 
uses on fruits. It sometimes is used to control fire blight on apple and 
pear trees. It also has been applied as a dust containing 8 to 10% of the 
fungicide. 

Ziram [Zinc dimethyldithiocarbamate/—A white powder that does 
not leave an objectionable residue. It has found extensive use in the 
control of vegetable diseases (celery leaf blight, downy mildew of cucur- 
bits, bean anthracnose, cabbage downy mildew, and squash black rot). 
It also has been used for peach brown rot control but is apt to produce 
leaf injury and fruit russet when used on apples, sour cherries, pears, 
and several other fruits. It is not an effective material for the control of 
potato or tomato late blight. 


Relatively crude, denatured forms of streptomycin and 
oxytetracycline are being used to control many bacterial dis- 
eases of plants. Cycloheximide is used to control cherry leaf 
spot and dollar spot of turf. 


ANTIBIOTICS 

Streptomycin—Marketed as the sulfate or nitrate under the 
tradenames Agri-Mycin 17 and Phytomycin. It is formulated as a dry, 
wettable powder (sulfate) and liquid (nitrate). Its salts are very 
soluble in water. It has general use as an antibacterial against fire 
blight of apples and pears and similar infections on ornamentals, 
including woody and herbaceous plants. It persists on plant surfaces 
for up to 4 months but is considered of low general toxicity. It can 
produce allergenic reactions such as rashes, conjunctivitis, and bron- 
chial asthma. This agent should not be applied following Bordeaux 
mixture, and it is incompatible with lime-sulfur, pyrethrane, and 
aldrin. 

Other animal and plant diseases can be controlled with aureomycin 
and terramycin. 


Approximately $7.5 billion/year is spent in the US on agricul- 
tural pesticides. Herbicides account for about two-thirds of the 
agricultural expenditures for pesticides. Since 1990 herbicide 
use has remained relatively stable at 325 to 350 million pounds 
of active ingredient. High-activity compounds based on new 
chemistry have been developed that permit significantly lower 
application rates, employing new modes of action and lower 
environmental hazards. 

Many herbicides are used for weed control, and others are 
being evaluated experimentally to determine their usefulness. 
Only those of current general interest and usefulness are de- 
scribed below. 

Available information on the degree of toxicity of herbicides 
is listed in the descriptions of chemicals used for weed control. 
The symbol LD, (lethal dose that kills 50% of the experimental 
animals) precedes each number that indicates relative oral 
toxicity. For example, the single acute oral dose for calcium 
cyanamide, LD;, = 1400 mg/kg, indicates a relatively low oral 
toxicity. The larger the LD;,. number, the less poisonous the 
herbicide. 

All LD values listed in this guide are based on a single dose 
of material orally administered to animals, followed by obser- 
vation of the treated animals for a definite period of time. 
However, these findings do not indicate the possible hazards 
that may arise from skin contact or inhalation of the substance 
or substances indicated. Likewise, these data do not accurately 
predict the toxicity of a formulation that may differ depending 
on the solvent or diluent employed. 

Herbicides are materials used mainly for the control of 
weeds and are used in five general ways: 


Preplanting, which means that the herbicides are applied after the soil 
has been prepared but before seeding of the desired plant. 

Preemergence or contract, which means that nonresidual dosages of 
herbicide are used after seeding but before emergence of the crop 
seedlings. 

Preemergence or residual, which means that the herbicide is applied at 
the time of seedling or just prior to crop emergence, so that it kills 
weed seeds and germinating seedlings. 

Postemergence, which refers to herbicide application after emergence of 
a crop. 

Sterilant or nonselective, which means that sufficient herbicide is used 
to effect a complete kill of all treated plant life. 


INORGANIC HERBICIDES 
The major examples in this class are ammonium sulfamate and copper 
sulfate. 

Copper Sulfate (Pentahydrate) [Basicap]—A blue, water-soluble 
crystalline material, widely used as a fungicide. However, it is used also 
_ as a herbicide, specifically for the control of algae and pond weeds in 
impounded potable waters. It also is used in irrigation water convey- 
ance systems, root control in sewers, and in rice patties to control algae. 
Signal Word: Danger. Toxicity Class: 1. Toxicity: Acute oral LD;,, 470 
mg/kg; 1 mg/m? for all copper dusts or mists. Toxic to fish. 

Antidote/Treatment: See a physician. May be corrosive to mucous 
membranes, eyes, skin, and gastrointestinal (GI) tract if swallowed. For 
oral poisoning, give two glasses of milk of magnesia, water, or milk to 
dilute the chemical, then induce vomiting. This should be repeated until 
vomitus is clear. Handling and Storage Cautions: Avoid direct contact. 
Do not use excessive amounts in ponds, streams, or lakes as a herbicide. 
Protective equipment and clothing should be worn during handling. 
Formulation: Numerous crystal forms and sizes, solutions, and powders 
are available from several manufacturers. 


PETROLEUM OILS (90-PAR, VOLCK OILS, WHITE OILS, 

REFINED GRADES) 

These long have been used as insecticides, insecticide solvents, and 
insecticide adjuvants to increase their efficacy. Some are used as her- 
bicides by themselves. They are applied as contact herbicides, being 
used for general or selective weed control. Petroleum products used as 
herbicides include Stoddart solvent (petroleum distillate between gas- 
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oline and kerosene, known also as mineral spirits) and diesel oil. These 
should be used with caution and are placed in Toxicity Class III. 
Various physical and chemical properties of the oils are important in 
determining their fina! use, eg, sulfonation percentage (indicates degree 
of refinement), volability, density, and viscosity. 


ORGANIC ARSENICALS 
This group includes monosodium methanearsonate (MSMA), disodium 
methanearsonate (DSMA), and cacodylic acid. 

Cacodylic Acid [Hydroxydimethylarsine oxide; dimethylarsinic 
acid]—A nonselective herbicide, cotton defoliant, and silvicide (tree 
killer) for forestry use. Toxicity Class: II; use with caution. Toxicity: 
Acute oral LD;, (rat), 700 mg/kg. It also is used in a number of combi- 
nation products. 

Disodium Methanearsonate (DSMA)—Marketed under a vari- 
ety of tradenames (eg, Ansor DSMA Liquid, Arsinyl) and used as a 
selective postemergence herbicide for cotton and as a directed spray on 
weeds such as Johnson grass, cocklebur, dallisgrass, watergrass, nut- 
grass, and goosegrass, particularly in noncrop areas. Toxicity and Cau- 
tion: Similar to MSMA. 

Monosodium Methanearsonate (MSMA) /Ansar, Arsonate 
Liquid/—A white, crystalline solid (mp, 132 to 139°C). It is a herbicide 
used for postemergent control of Johnson grass and other grassy weeds 
along the banks of ditches, storage yards, rights-of-way, and other 
noncrop locations; preplant in cotton; bearing citrus (except in Florida); 
nonbearing orchards; and crabgrass and certain broadleaf control in 
turf; and as a tree killer. Toxicity Class: III; it should be used with 
caution. Toxicity: Acute oral LD;, (rat), 700 mg/kg; Arsonate Liquid 
(51% MSMA); acute oral LD,, (rat) 1738 mg/kg; acute dermal LD., 
(rabbit) 2500 mg/kg; acute inhalation LD., (rat) 20 mg/L. It is mildy 
irritating to skin and eyes (rabbit). Antidote/Treatment: If swallowed, 
induce vomiting; drink lots of water. 


PHENOXY-ALIPHATIC ACIDS 
This group incudes many so-called plant hormones and related sub- 
stances such as 2,4-D, 2,4-DB and MCPA. 

2,4-D [(2,4-dichlorophenoxy) acetic acid; Weed-B-Gon]—Selective 
herbicide whose application is for grasses, wheat, barley, oats, sor- 
ghum, corn, sugarcane, and rice (Philippines) and noncrop areas for 
postemergent control of weeds such as Canada thistle, dandelion, an- 
nual mustards, ragweed, and lambs-quarters. Certain formulations are 
registered for pine release, water hyacinth control, and prevention of 
seed formation, and others for control of wild radish and other broadleaf 
weeds in cereals. For specific cautions, see the labels of different for- 
mulations. The dimethylamine salt form: Toxicity Class: I (eyes); EC:III 
(oral). Toxicity: Acute LD,, (rat), 375 mg/kg, 700 mg/kg (isopropyl); 666 
to 805 mg/kg (sodium salts). At the usual application rates (usually 
quite dilute), it has no adverse effect on soil microorganisms. Since this 
compound is active at low concentrations, spray equipment contami- 
nated with it must be cleaned scrupulously before use for any other 
material. Avoid contamination in irrigation water. When using its prep- 
arations, plastic gloves, goggles, aprons, and dust masks are recom- 
mended. There are hundreds of commercial formulations and combina- 
tions of this agent on the market. 


SUBSTITUTED AMINES 
The substituted amine herbicides include alachlor, naptalam and 
propanil. 

Alachlor [Chimichlor; 2-chloro-2’,6’-diethyl-N-(methoxy-methyl)- 
acetanilidel—A preemergence herbicide used to control most annual 
grasses and certain broadleaf weeds in corn, dry beans, peanuts, and 
soybeans. Leaves no carryovers residue in soil. 

Naptalam [sodium 2-[(1-naphthalenylamino)carbonyl]benzoate]— 
A herbicide for numerous broadleaf weeds on cucurbits and nursery 
stock. 

Propanil [Prop Job; N-(3,4-dichlorophenyl)propionamide]—A 
postemergence, contact-type herbicide with no residual effect against 
numerous grasses and broad-leaved weeds in rice. 


NITROANILINES 
These herbicides include benefin and triflaralin. 

Benefin [Benfluralin, N-Butyl-N-ethyl-a,a,a,-trifluoro-2,6-dinitro- 
p-toluidine; Balan, Quilan]—Selective preemergence herbicides to con- 
trol annual grasses and broadleaf weeds in seeded alfalfa, direct-seeded 
lettuce, peanuts, tobacco, and established turf. It may be applied and 
soil incorporated as much as 10 weeks prior to planting; however, it will 
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not control established weeds. The caution signal word varies with the 
formulation used. Toxicity: Acute oral LD;, (rat): over 10,000 mg/kg. 

The pure compound is a yellow-orange, crystallline solid that is 
readily soluble in organic solvents. It has a flashpoint of 25.5° (78°F). 
These characteristics dictate caution in handling and storage. It should 
not be frozen, or stored above 4.5° (40°F), particularly near heat or open 
flame. It is corrosive and has caused severe eye irritation in lab animals. 
Certain individuals may show skin-sensitization reactions to it. It can 
be harmful if swallowed, inhaled, or absorbed through the skin. In case 
of contact, the eyes and skin should be flushed immediately with plenty 
of water. Protective clothing is recommended during usage. Several 
formulations and combination products are marketed. 


SUBSTITUTED UREAS 
These herbicides include baturon, diuron, linuron, and monuron. 
Diuron; 3-(3,4-Dichlorophenyl)-1,1-dimethylurea; N’-(3,4-dichloro- 
phenyl)-N,N-dimethylurea; Cekiuron, Unidron|—Used at low rates as a 
selective herbicide to control germinating broadleaf grass weeds in 
numerous crops such as sugarcane, pineapple, alfalfa, grapes, cotton, 
and peppermint. At higher rates of application it can be used as a 
general weed killer. As a soil sterilant, it is more persistent and pre- 
ferred over monuron on lighter soil and/or in areas of heavy rainfall. 
Toxicity Class: Ill. Toxicity: Acute oral LD; (rat), 3400 mg/kg. Han- 
dling and Storage Cautions: Similar to those for other herbicides. It is 
used commonly as a flowable, wettable powder in formulations, and 
numerous combination products exist. 


CARBAMATES 

Propham [Isopropyl carbanilate; IPC]—Used primarily as a preemer- 
gence and postemergence herbicide. It prevents cell division and acts on 
meristematic tissue. Major uses include control of weeds in alfalfa, 
ladino clover, flax, lettuce, safflower, lentils, and peas and on fallow 
land. Toxicity Class: III. Toxicity: Generally low toxicity to wildlife and 
fish; acute oral LD;, (rat), 5000 mg/kg. It is available in flowable 
suspensions, wettable powders, and various combination products. 


THIOCARBAMATES 
These include pebulate, diallate, and EPTC (S-Ethyldipropylthiocar- 
bamate; Alirox). 

Pebulate [S-Propyl butylethylthiocarbamate; R-2061]—A preplant 
selective herbicide for the control of both grassy and broadleaf weeds. It 
has been used for selective weed control in sugar beets, tobacco, and 
tomatoes. The signal word is caution. Toxicity Class: Ill. Toxicity: Acute 
oral LD... (rat), 921 to 1900 mg/kg; acute dermal LD,, (rabbit) >4640 
mg/kg. Formulations include emulsifiable concentrate (6 lb/gal) and 
granules (10%). 


HETEROCYCLIC NITROGEN COMPOUNDS 
These herbicides include amitrole, pyrazon, and picloram. 

Amitrole [1H-1,2,4-triazol-3-amine; Amerol, Simazol|—Used mainly 
as a nonselective systemic herbicide for control of annual grasses, 
broadleaf weeds, perennial broadleaf weeds, poison ivy, and certain 
aquatic weeds in marshes and drainage ditches. All applications are 
classified by the EPA as restricted use. It is restricted to noncropland 
use. The signal word is caution. Toxicity Class: Ill. Toxicity: Acute oral 
LD;, (male albino rat), up to 10,000 mg/kg caused no death or symp- 
toms of systemic activity. It has an indefinite shelf-life and should be 
stored at room temperature. It is available in liquid and solid powder 
formulations as well as pressurized-container products. Numerous com- 
bination products are also available. 


TRIAZINES 
These herbicides include atrazine, simazine, propazine, prometone, and 
cyanazine. The EPA currently is conducting a special review of triazine 
herbicides. In 1995 the manufacturers of cyanazine voluntarily with- 
drew its registration rather than proceed with the special review. Cy- 
anazine, which is identified as a carcinogenic material, is the third 
most-used herbicide on corn and cotton and is commonly used on sor- 
ghum and other crops to control grasses and broadleaf weeds. The 
manufacturer agreed to stop selling products containing cyanazine in 
1999. 

Atrazine [2-Chloro-4-ethylamino-6-isopropylamino-1,3,5 triazine]— 
A selective herbicide used in season-long weed control in corn, sorghum, 
and certain other crops. It also is used at higher rates of application for 
nonselective weed control in noncropped areas. Toxicity Class: UI. Tox- 
icity: Acute oral LD;, (rat), 1780 mg/kg. It is listed as harmful if 
swallowed, and contact with eyes and skin should be avoided. Another 
caution listing states “do not contaminate food, feed or water supplies 
with the product.” The shelf-life is given as 3 years under environmen- 
tal conditions, provided that the product is stored in its unopened and 
undamaged original containers, in shaded, possibly well-aired, fresh, 
and dry storehouse conditions and kept away from sources of heat, free 
flames, or spark-generating equipment. Formulations include dry flow- 


able powders, flowable liquids,.and wettable powders. Numerous com- 
bination products are on the market. 


URACILS 
These herbicides are bromacil and terbacil. 

Bromacil [5-Bromo-3-sec-butyl-6-methyluracil]—A weed and brush 
herbicide in noncrop areas, especially for perennial grasses. It also has 
been used in selective weed control in pineapple and citrus growing. The 
dry formulations are water-soluble. Toxicity Class: III (dry); II (liquid). 
Toxicity: Acute oral LD,, (rat), 5200 mg/kg. Handling and Storage 
Cautions: There are several because of its irritant and combustible 
qualities. Protective clothing is advised for proper handling. The for- 
mulations include granular powder, liquid, water-soluble liquid, and 
wettable powder. Several combination products are available, particu- 
larly with various contact and hormone weed killers. 


ALIPHATIC ACIDS 
These herbicides include dalapon and TCA (trichloroacetic acid). 
Dalapon [2,2-Dichloropropionic acid]—A selective herbicide and 
growth regulator used for quackgrass, bermudagrass and other peren- 
nial and annual grasses as well as cattails and rushes. This herbicide is 
used commonly as a preplant treatment to control established perennial 
grasses in cropland, noncropland areas, and irrigation ditch banks in 17 
Western states. It acts by being translocated to the roots of most 
species, where it acts as a growth regulator. Toxicity Class: Il. Toxicity: 
Acute oral LD;, (female rats), 970 mg/kg (tech ai); 7570 mg/kg (sodium 
salt). The acid is not used directly, and commercial products usually 
contain 85% sodium salt or mixed sodium and magnesium salts. Han- 
dling and Storage Cautions: There are several, including the avoidance 
of skin and eye contact because of irritancy and the avoidance of 
contamination of water, food, or feed through storage or disposal. It is 
formulated mainly as a water-soluble powder and in several combina- 
tion products. 


ARYLALIPHATIC ACIDS 

The herbicides that belong to this class include dicamba, fenac, 2,3,6- 
TBA (trichlorobenzoic acid) and DCPA (Dacthal; dimethyl tetrachloro- 
terephthalate). 

Dicamba [2-Methoxy-3,6-dichlorobenzoic acid; 3,6-dichloro-o-anisic 
acid|—A herbicide. Toxicity Class: Il. Toxicity: Acute oral LD;, (rat), 
1707 mg/kg; acute dermal LD,, (rabbit), 2000 mg/kg. Formulations 
of a flowable liquid potassium product (Marksman) and the dimethyl- 
amine salt (4 lb/gal) are available. Several combination products are 
marketed. 


PHENOL DERIVATIVES 

DNOC ([4,6-Dinitro-o-cresol; 2-methyl-4,6-dinitrophenol]—Insecti- 
cide, fungicide, herbicide, and defoliant properties. It has use as a 
dormant spray for killing insect eggs and in apple scab control. The 
triethanolamine salt has promise as a complete dormant apple spray for 
light infestations of mite and aphid eggs as well as other pests. The 
sodium salt has been used as a weed killer and on apple and peach trees 
to thin fruit. The signal word is Danger. Caution: Very phytotoxic. 
Toxicity Class: II; 1. Toxicity: Acute oral LD... (rat), 20 to 50 mg/kg. It 
should be stored in cool, well-ventilated areas away from heat and 
foodstuffs. Formulations include the ammonium salt (50%), flakes (98 
to 100% free acid), and a flowable, wettable powder. 


SUBSTITUTED NITRILES 
These herbicides include dichlobenil and bromoxynil. 

Dichlobenil [2,6-Dichlorobenzonitrile; Casoron]—For selective 
weed control in cranberry bogs, ornamentals, nurseries, fruit orchards, 
vineyards, forest plantations, and public green areas and for total weed 
control (such as industrial sites, railway lines, etc, under asphalt). It 
also is used to control aquatic weeds in nonflowing water. It has been 
recommended for selective weed control in woody perennial crops and 
for total weed control on industrial sites, car parks, roadsides, railways, 
and related areas. Toxicity Class: III. Toxicity: Acute oral LD;, (rat), 
3160 mg/kg; acute dermal LD, (rabbit), 1350 mg/kg. It is toxic to 
germinating seeds. It should not be stored with propagative structures 
such as seeds, bulbs, tubers, or nursery stock or with food or feed 
products. It is available as granules and wettable powder and in several 
combinations. 


BIPYRIDYLIUMS 
These herbicides include diquat and paraquat. 

Paraquat [1,1'-Dimethyl-4,4'-bipyridinium ion (present as the di- 
chloride salt); Herboxone]—A contact herbicide used in the desiccation 
of seed crops and for noncrop and industrial weed control in bearing and 
nonbearing fruit orchards, shade trees, and ornamentals. Other uses 
include defoliation and desiccation of cotton; a harvest aid in soybeans, 
sugarcane, sunflowers; pasture renovation; and eradication of weeds in 
coffee plantations and similar situations. Some or all applications may 


be classified by the EPA as RUP. The signal words are danger and 
poison. Toxicity Class: I. Toxicity: Acute oral LD;, (rat), 150 mg ion/kg. 
It can kill if swallowed. Use only with protective clothing, and wash 
thoroughly after using. Various formulations include soluble dichloride 
concentrate and various liquid and granular forms. Several combina- 
tion products are available. 


MISCELLANEOUS HERBICIDES 
Herbicides in this miscellaneous group include endothall and bensulide. 

Endothall [7-Oxabicyclo [2.2.1] heptane-2,3-dicarboxylic acid]; Ac- 
celerate|—A pre- and postemergence herbicide, defoliant, desiccant, 
aquatic algicide and growth regulator. Toxicity Class: I. Toxicity: Acute 
oral LD;» (rat), 51 mg/kg. 

Bensulide [S-(O0,O-Diisopropyl phosphorodithioate) ester of N-(2- 
mercaptoethyl)benzenesulfonamide; Bensumec, Exporsan, Prefar]— 
For preemergence control of annual grasses and crop use in carrots, 
cucumbers, peppers, and tomatoes, among others. Toxicity Class: III. 
Toxicity: Acute oral LD., (rat), 271 to 1470 mg/kg. Various formulations 
and combination products exist. 
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are put into the fields to harvest wheat prevents clogging of the 
machines with weed debris, the removal of cotton leaves by 
chemical treatment aids mechanical harvesting of cotton and 
other leafy crops. Arsenic acid, pentachlorophenol, and more 
complex chemicals such as S,S,,S-tributylphosphorotrithionate 
and S,S,S-tributylphosphorotrithioite and others are being 
used for this purpose. Requests for information concerning 
developments in this field should be addressed to the USDA, 
state experiment stations, or manufacturers of specific prod- 
ucts. Questions on the legal status of pesticides should be sent 
to Director, Pesticides Regulation Div, Environmental Protec- 
tion Agency (EPA), Washington, DC 20460. 


Acknowledgment is made of helpful comments and suggestions by Drs 
M Lee, R Taylor, and D Maclver and information provided by Susan 
Lawrence, Chief, Public Response and Program Resources Branch, 
Field Operations Div, Office of Pesticide Programs, EPA. 
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PLANT REGULATORS 


A plant-growth regulator is a preparation that in minute 
amounts alters the behavior of ornamental or crop plants or the 
products thereof through physiological (hormone) action rather 
than physical action. It may act to accelerate or retard growth, 
prolong or break a dormant condition, promote rooting, or act 
in other ways. A classification of plant-growth regulators usu- 
ally includes auxins—2,4-D, MCPB, BNOA; gibberillins; cyto- 
kinins—kinetin; ethylene generators—ethylene ethephon; in- 
hibitors—benzoic acid, MH; and retardants—A-Rest. 

Gibberellic acid is used extensively on seeds to aid in uni- 
form germination and growth and on grapes to increase size. 
2-Methyl-4-chlorophenoxyacetic acid (MCPA) and a number of 
related chemicals are used to thin blossoms, stop the prema- 
ture drop of fruits or vegetables before harvest, increase the 
uniformity of ripening, and a wide variety of other purposes. 
For example, when applied properly, 2,4-D will increase the red 
color in potatoes, and other chemicals will produce pineapples 
of more uniform shape than untreated ones. This field of chem- 
ical usage is expanding and appears to have a future limited 
only by the necessity to prove that the uses are safe, from both 
the toxicological and nutritional viewpoints. Also, 2,4-D is used 
on tomatoes to cause all fruits to ripen at the same time for 
machine harvesting. 

The identification of vegetable-growth inhibitors may yield 
improved storage methods for crops. Growth inhibitors for on- 
ions and cabbage have been identified, but further studies are 
necessary to determine their ultimate value. Other growth 
regulators of potential value include 


Ethrel [2-Chloroethylphosphonic acid], which functions by releas- 
ing ethylene in plant tissues; it can increase appearance of fruit on 
pineapple. 

Captan [N-(trichloromethylthio)-4-cyclohexene-1,2-dicarboximide], 
which is registered for use in increasing the fruit set of both oranges 
and tangelos. 

Ripenthol, which contains endothall (7-oxabicyclo[2.2.1]heptane- 
2,3-dicarboxylic acid) and can delay sucrose breakdown in mature sug- 
arcane, giving planters a longer harvest period; this has increased 
yields of sugar in sugarcane. 


DESICCANTS AND DEFOLIANTS 


Desiccants and defoliants become increasingly important as 
mechanical harvesting gains popularity. In the same way that 
removal of weeds by use of herbicides just before the combines 
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A professional service rendered by many pharmacists consists 
of supplying surgical instruments, sutures, surgical dressings, 
and other equipment employed by the surgical personnel dur- 
ing and after a surgical operation. Some pharmacists who have 
obtained the necessary background of information carry a com- 
plete line of such supplies and even are able to provide operat- 
ing tables and other héavy equipment. 

There are comparatively few such completely equipped 
pharmacies; the major outlet is through surgical supply 


DEFINITION—Surgical dressing is a term applied to a 
wide range of materials used for dressing wounds or injured or 
diseased tissues. Dressings may serve to 


Provide an environment for moist wound healing. Desiccation of a 
wound is a major factor in retarding wound healing and in- 
creasing scarring. Dressings that prevent desiccation provide an 
optimal environment for autolysis cell migration, granulation, and 
reepithelialization. 

Prevent maceration by permitting evaporation or absorption. In highly 
exudative wounds, excessive moisture and autolytic enzymes will 
damage repairing tissue and will provide a perfect culture medium 
for microbes. 

Promote hemostasis. 

Protect the wound from further damage (mechanical damage, microbial 
invasion, dehydration, maceration, chemical damage, alteration 
in pH). 

Reduce heat loss. 

Control microbial growth (by incorporation of antimicrobial drugs). 

Promote autolysis. 

Promote healing. 

Provide compression, promoting hemostasis, and reducing edema. 

Provide support. 

Reduce pain, increase patient comfort, and improve functional use of 
wound site. 

Reduce odor. 

Improve the appearance of the wound site. 

Reduce overall costs associated with wound treatment. 


SELECTION OF A WOUND DRESSING—Dressing se- 
lection should be made on the basis of the degree of exudation, 
presence or likelihood of infection, presence of necrotic tissue 
and anatomical site. The correct selection of a wound dressing 
depends not only on the type of wound but also on the stage of 
repair. The use of a wound dressing cannot be considered in 
isolation, but rather in the context of an integrated wound-care 
program. 

CLASSIFICATION—Functionally, the simplest method of 
classification uses the terms primary and secondary dressing. A 
primary dressing directly contacts the wound. It may provide 
absorptive capacity and may prevent desiccation, infection, and 
adhesion of the secondary dressing to the wound. A secondary 
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houses. Every pharmacist, however, should be familiar with 
two of the products mentioned above, namely, Surgical 
Dressings and Sutures, which are discussed in detail below. 
The selection of the correct type of surgical dressing or 
suture is a critical factor in safeguarding the welfare of 
the patient undergoing surgery. Many items in these cate- 
gories are handled routinely by pharmacists, and all of 
these items come within the purview of their professional 
responsibility. 


dressing is placed over a primary dressing, providing further 
protection, absorptive capacity, compression, or occlusion. Al- 
though some dressings are solely primary or secondary in na- 
ture, others have the characteristics of both. The following 
classification is used here: 


PRIMARY WOUND DRESSINGS 


Primary/secondary wound dressings 
Secondary dressings 

Absorbents 

Bandages 

Adhesive tapes 
Protectives 


Within this classification, dressings are considered on the basis 
of composition. 

SPECIFICATIONS—Surgical dressings and sutures are 
required to meet specific requirements of the USP for many 
characteristics. For these specific requirements and the perfor- 
mance of several of the official tests, eg, Absorbency test and 
Fiber length of cotton, Diameter of sutures, and Tensile strength 
of sutures, textile fabrics, and films refer to the detailed in- 
structions provided in the USP. 


PRIMARY WOUND DRESSINGS 
EES A 
Plain Gauze has been used as a primary dressing but will 
stick to all but clean, incised wounds. Although this property 
has been used to debride exudative, infected, and necrotic 
wounds, this practice may be painful and is often counterpro- 
ductive, causing the removal of granulation tissue and new 
epithelium. 

Impregnated Gauze is used to reduce its adherence to 
wounds. Cotton, rayon, or cellulose acetate gauze has been 
impregnated with a variety of substances such as petroleum or 


paraffin (Aquaphor, Beiersdorf, Vaseline (Sherwood), KY jelly 
(Johnson & Johnson), petrolatum emulsion (Adaptic, Johnson 
& Johnson), zinc saline (NutraDress, Derma Sciences), or so- 
dium chloride (mesalt, SCA Molnlycke). Coatings may wear off, 
allowing epithelial ingrowth and necessitating a dressing 
change. A secondary dressing should be used with these dress- 
ings to prevent desiccation, provide absorbency, and prevent 
the entrance of pathogens. When used with an appropriate 
secondary dressing, these dressings may be used in heavily 
exuding wounds. 

Film Dressings (transparent film, occlusive or semiocclu- 
sive) are films of polyurethane with acrylic or polyether adhe- 
sives that provide a semipermeable membrane to water vapor 
and oxygen yet are waterproof. In lightly exuding wounds they 
permit enough evaporation to promote moist wound healing 
and prevent maceration. Film dressings exclude bacteria from 
wounds and permit bathing and observation of the wound. Film 
dressings will adhere well to intact skin and have a low adher- 
ence for wound tissue. They should not be used in infected or 
heavily exuding wounds. 

Film dressings may wrinkle, forming channels for microbial 
entrance. Difficulty in handling film dressings has been over- 
come by special design of various application systems. In addi- 
tion to their use as wound dressings, adhesive films have been 
used to protect areas vulnerable to pressure, friction, or shear 
ulceration or for infusion or cannulation sites. Examples of 
transparent film dressings are Bioclusive (R) Transparent 
Dressing (Johnson & Johnson), Opsite (Smith & Nephew), 
Tegaderm (3M), and Dermasite (Derma Sciences). 


PRIMARY/SECONDARY WOUND DRESSINGS 
RES RT ES TTR TEP TON DETER 
Composite Dressings have primary and secondary compo- 
nents that prevent adherence to the wound, with some degree 
of absorbency. The degree of occlusion provided by these dress- 
ings varies. Release (Johnson & Johnson), Telfa (Kendall), and 
Melolin (Smith and Nephew) consist of lightly absorbent rayon 
or cotton pads sandwiched between porous polyethylene films. 
Nu-Derm (Johnson & Johnson) and Lyofoam A (Seton Health- 
care Group) consist of polyurethane foams with a film backing. 

Hydrogels are complex lattices in which the dispersion me- 
dium is trapped rather like water in a molecular sponge. The 
hydrogel is typically a cross-linked polymer such as polyvinylpyr- 
rolidone, cross-linked polyethylene oxide gel, or polyacrylamide. 
Hydrogels are nonadherent dressings that through semiperme- 
able film allow a high rate of evaporation (and cooling) without 
compromising wound hydration. This makes them useful in burn 
treatment. Hydrogels are also very useful in hairy areas where 
entrapment of hair into the dressing would not be traumatic. 
Examples of hydrogels are Geliperm (Geistlich), Vigilon (Bard), 
Flexderm (Dow Hickam), and Nu-Gel (Johnson & Johnson). The 
latter is held together with a fusible fiber scrim. 

Hydrocolloid Dressings combine the benefits of occlusion 
and absorbency. Hydrocolloids are dispersions of particles 
around which water molecules and solvated ions form a shell- 
like structure. Fluid absorption occurs principally by particle 
swelling and enlargement of this structure. The hydrocolloid 
mass of these dressings consists of gum-like materials, such as 
guar or karaya, sodium carboxymethylcellulose, and pectin, 
bound by an adhesive such as polyisobutylene. 

Hydrocolloid dressings display wet track (adhesion to a wet 

_ surface) because of particle swelling. This property facilitates 
atraumatic removal. The dry tack of hydrocolloid dressings is 
due to an adhesive such as polyisobutylene, which is inacti- 
vated by moisture. The dry tack retained by the dressing 
around the wound preserves the edge seal. Exudate absorption 
by most hydrocolloid dressings results in the formation of a 
yellow/brown gelatinous mass that remains on the wound after 
dressing removal. This may be irrigated from the wound and 
should not be confused with pus. | 


SURGICAL SUPPLIES 1847 


Because hydrocolloids absorb water slowly, they are of little 
use on acutely exuding wounds. They are, however, very useful 
for moderately to highly exudative chronic wounds. Examples 
of hydrocolloid dressings include Duoderm (ConvaTec), Com- 
feel Plus (Coloplast), and RepliCare (Smith & Nephew). 

CALCIUM ALGINATE DRESSINGS—Alginic acid is a 
naturally occurring polysaccharide derived from brown sea- 
weeds. As the calcium salt, these fibrous nonwoven dressings 
are highly absorbent and are used on moderately to highly 
exuding wounds. They may be held in place with gauze tape or 
a film dressing. They also may be used to pack wounds. Exam- 
ples of calcium alginate dressings are Sorbsan (Dow Hickam), 
Algosteril (Johnson & Johnson), and Kaltostat (Calgon Vestal). 


SECONDARY WOUND DRESSINGS 


Absorbents 


SURGICAL COTTON—Cotton is the basic surgical absor- 
bent. It is official Purified Cotton USP. 

Domestic cotton grown in the Southern US is suitable for 
surgical purposes. The domestic cotton plant reaches a height of 2 
to 4 ft. Growing from the seeds is a pod or boll that bursts open 
upon ripening, exposing a mass of white cotton fibers. Each of 
these fibers is a minute, hair-like tube, the outer wall being pure 
cellulose, the opening filled with plant fluids. When the boll bursts 
open, the fiber collapses into a flat ribbon-like form, twisted and 
doubled upon itself more than 100 times from end to end. 

The raw cotton fiber, mechanically cleaned of dirt and 
carded into layers but not otherwise treated, has a limited use 
for paddings and coverings of unbroken surfaces. This form is 
supplied under the name nonabsorbent cotton. It also is used 
frequently as cotton plugs in the bacteriological laboratory 
because of its nonabsorbency. 

Absorbent Cotton is prepared from the raw fiber by a series 
of processes that remove the natural waxes and all impurities 
and foreign substances and render the fibers absorbent. It is a 
practically pure, white cellulose fiber. 

Besides the familiar roll form, Purified Cotton may be ob- 
tained in various prepared forms such as cotton balls or cotton- 
tipped applicators. 

Absorbent balls made of a uniform surgical viscose-rayon 
fiber also are available. These absorb fluids faster and retain 
their shape better than cotton balls. 

Nonabsorbent Bleached Cotton, prepared by a modified 
bleaching process that retains the water-repellent natural oils 
and waxes, also is available. This cotton is identified easily by 
its silky feel. Because it is repellent to water, it does not become 
matted or inelastic. Consequently, it is well-adapted to pack- 
ing, padding, and cushioning of dressings over traumatized 
areas and as nonabsorbent backing on sanitary napkins, com- 
bines, and drainage dressings. 

Rayon, or regenerated cellulose, is made from wood or cotton 
linters. After dissolving it in a mixture of alkali and carbon 
disulfide, cellulose thread is reprecipitated in an acid-coagulat- 
ing bath by passage through fine holes in a metal plate. Be- 
cause plant lignins have been removed, as well as the more 
circular cross section, rayon fibers are softer and more lustrous 
than cotton. 

SURGICAL GAUZES—The function of surgical gauze is to 
provide an absorbent material of sufficient tensile strength for 
surgical dressings. It is known as Absorbent Gauze USP. 

In the process of making surgical gauze, the raw cotton fiber 
is cleaned mechanically and then spun or twisted into a thread, 
and the thread in turn is woven into an open-mesh cloth that is 
gray and nonabsorbent. It is bleached white and rendered 
absorbent by much the same processes as those used in the 
preparation of surgical cotton. 
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The gauze thus treated is dried by passing a continuous 
length through a tentering machine. Tenterhooks straighten, 
stretch, and hold it taut as it is dried. When it leaves this 
apparatus, the dried gauze is cut into lengths, folded, rolled, 
and packaged. 

Gauze is classified according to its mesh, or number of 
threads per inch. Some types of surgical dressing require a 
close-meshed gauze for extra strength and greater protection, 
while other uses such as primary wound dressings, absorbent 
secondary dressings, and larger dressings to absorb purulent 
matter or other drainage require softer, more absorbent gauzes 
with a more open structure. 

Various forms of pads, compresses, and dressings are made 
from surgical gauze, alone or in conjunction with absorbent 
cotton, tissue paper, and other materials. 

Filmated Gauze is a folded absorbent gauze with a thin, 
even film of cotton or rayon distributed over each layer. This 
filmation fluffs up and gives ample dressing volume, yet costs 
less than gauze alone of equivalent volume. It possesses quick 
absorption and unusual softness. 

Nonwoven Surgical Sponges—Nonwoven fabrics have been 
developed that are suitable alternatives to woven cotton gauze 
for use in wound cleaning, wound dressing, and tissue- 
handling. These nonwoven fabrics depend on dense entangle- 
ment of their synthetic fibers (Dacron, rayon, etc) to provide the 
fabric with an acceptable tensile strength approaching that of 
woven cotton gauze. They typically offer greater absorbent 
capacity than cotton gauze sponges of comparable bulk, while 
generating less lint. Specialty versions of the nonwoven 
sponges are available prefenestrated for IV tubing or drain- 
dressing procedures. One manufacturer (Johnson & Johnson) 
provides both a nonwoven sponge for wound dressing (Sof- 
Wick: very soft texture, very absorbent or Topper: highly ab- 
sorbent, fewer dressing changes) and a nonwoven general- 
purpose cleansing/prep sponge (NuGauze: gauze-like texture, 
more absorbent than gauze). Additionally, a new universal 
sponge which combines the best attributes of woven and non- 
woven gauze, has been created from a new fabric technology. 
Mirasorb (Johnson & Johnson) is made from a cotton blend, is 
more absorbent and resilient than woven gauze, provides less 
adherence to healthy tissue, and reduces wound damage and 
tissue trauma upon removal. 

Selvage-Edge Gauze Strips in widths of 1/4 to 2 inches are 
designed specially and woven for use both as packing strips in 
surgery of the nose and sinuses, nasal hemostasis, etc, and as 
drainage wicks in the treatment of boils, abscesses, fistulas, 
and other draining wounds. The ravelproof, selvage edges on 
both sides eliminate all loose threads. These gauzes are avail- 
able unmedicated or medicated with 5% iodoform. These strips 
are obtainable in sterile form packed in sealed glass jars. Nu 
Gauze Packing Strips are packaged in polystyrene containers. 

Gauze Pads or Sponges are folded squares of surgical gauze. 
These are so folded that no cut gauze edges or loose threads are 
exposed. This prevents loose fibers from entering the wound. 
The pads are folded such that each size may be unfolded to 
larger sizes without exposing cut edges or loose threads. Ster- 
ilized packages of these frequently used all-gauze sponges are 
available in tamperproof packages. Such sterile units particu- 
larly are well-suited to the numerous tray sets prepared in 
hospitals. 

X-ray Detectable Gauze Pads are similar to all-gauze pads 
but contain inserts treated with barium sulfate. They are non- 
toxic, soft, and nonabrasive. They remain permanently detect- 
able because they neither deteriorate in the body nor are af- 
fected by either sterilization or time. Examples of X-ray 
dectectable sponges include Vistec and Kerlix (unique, crinkle- 
weave, soft, and absorbent), both manufactured by Kendall. 
Ray-Tec X-Ray Detectable Sponges (Johnson & Johnson) con- 
tain a nonabrasive vinyl plastic monofilament that gives a 
characteristic pattern in the X-ray. 

Composite absorbent dressings have been developed for spe- 
cific purposes. They usually consist of layers of absorbent gauze 


or nonwoven fabric with fillers of cotton, rayon, nonwoven 
fabric, or tissue paper in suitable arrangements. Composite 
sponges have gauze or nonwoven fabric surfaces with fillers of 
cotton, rayon, nonwoven fabric, or absorbent tissue. 

Dressing Combines are designed to provide warmth and 
protection and to absorb large quantities of fluid that may 
drain from an incision or wound. Each combine consists of a 
nonwoven fabric cover enclosing fiber with or without absor- 
bent tissue. They also may incorporate a nonabsorbent layer of 
cotton, tissue, or plastic film to prevent fluid from coming 
through to soil liners and bedding, though some combined 
dressings are entirely absorbent. 

Laparotomy Sponges, also known as Abdominal Packs, 
Tape Pads or Packs, Walling-Off Mops, Stitched Pads, Quilted 
Pads, Gauze Mops, etc, are used to form a nonabrasive wall 
that will prevent abdominal or other organs from entering into 
the field of operation and to help maintain body temperature 
during exposure. They are made of four layers of 28-x-24 mesh 
gauze. The edges are folded in and hemmed. The entire pack is 
cross-stitched, and a looped tape 1/2-inch wide and 20-inches 
long is attached to one corner. A desirable feature of one type is 
an X-ray-detectable insert so firmly incorporated into the gauze 
that it cannot become detached. Treated with barium sulfate, 
the monofilament is nontoxic and, were it to be left inadver- 
tently in situ, would cause no more foreign-body reaction than 
an ordinary dressing. 

Sanitary Napkins intended for special hospital use, oth- 
erwise known as V-Pads, Obstetrical (OB) Pads, Perineal Pads, 
Maternity Pads, etc, are used in obstetrical, gynecological, or 
maternity cases. Napkins that have repellent tissue on the side 
and back surfaces of the napkin usually are preferred because 
of their greater fluid-holding capacity. Sanitary napkins gen- 
erally come with two sizes of filler, 3 < 9-inch or 3 X 11-inch. 
The napkin cover generally is made from a nonwoven fabric or 
a nonwoven fabric supported with an open-mesh scrim. Pack- 
aged, sterilized napkins are available and used generally to 
reduce cross-contamination possibilities. 

Disposable Cleaners made from various types of non- 
woven fabrics are available. They generally offer advantages 
over paper in wet strength and abrasion resistance, plus hav- 
ing better cleaning ability. Their advantages over cloth are 
reduced laundry expense and cross-contamination possibilities. 

Eye Pads are scientifically shaped to fit comfortably and 
cover the eye completely, thus protecting the eyebrow when 
taped. These pads are made using nonwoven fabric. Two sides 
are enclosed to prevent the cotton from escaping and the pad 
from distorting. When desired, the pad may be folded and used 
as a pressure dressing. Eye pads especially are useful in the 
outpatient clinic of the hospital, the industrial medical depart- 
ment, and the physician’s office. They are sealed in individual 
sterile envelopes. 

Nursing Pads are designed in a contour shape to fit com- 
fortably under the nursing brassiere or breast binder. 

Disposable Underpads are used for incontinent, mater- 
nity, and other patients with severe drainage. Such pads cost 
less than the average hospital-made product and provide a 
neat, clean, easy-to-handle pad that is changed quickly and 
easily disposed. Disposable briefs are available (Johnson & 
Johnson, Kendall). 

Cotton-Tipped Applicators are used to apply medica- 
tions or cleanse an area. Machine-made cotton-tipped applica- 
tors are uniform in size, resulting in no waste of cotton or 
medications. The cotton is attached firmly to the stick and may 
be sterilized readily without affecting the anchorage of the 
cotton. They are available in 3- or 6-inch lengths. 


Bandages 


The function of bandages is to hold dressings in place by pro- 
viding pressure or support. They may be inelastic, be elastic, or 
become rigid after shaping for immobilization. 


Common Gauze Roller Bandage is listed in the USP as a 
form in which Absorbent Gauze may be provided. It is prepared 
from Type I Absorbent Gauze in various widths and lengths. 
Each bandage is in one continuous piece, tightly rolled and 
substantially free from loose threads and ravelings. 

Muslin Bandage Rolls are made of heavier unbleached 
material (56 < 60 mesh). They are supplied in the same widths 
as the regular gauze bandage. Muslin bandages are very strong 
and are used wherever gauze bandages do not provide suffi- 
cient strength or support. They frequently are used to hold 
splints or bulky compression dressings in place. 

Elastic Bandages are made in several types: 


1. Woven Elastic Bandage is made of heavy elastic webbing con- 
taining rubber threads. Good support and pressure are provided by 
this type of rubber elastic bandage. 

2. Crepe Bandage is elastic but contains no rubber. Its elasticity is 
due to a special weave that allows it to stretch to practically twice 
its length, even after repeated launderings. This elasticity makes it 
especially serviceable in bandaging varicose veins, sprains, etc, 
because it conforms closely to the skin or joint surfaces, lies flat and 
secure, yet allows limited motion and stretches in case of swelling so 
that circulation is not impaired. 

3. Conforming Bandage is made from two plies of specially pro- 
cessed, high-quality, 14  8-inch cotton gauze folded to the center. 
This type is much easier to use and apply than ordinary roller 
bandage, since it tends to cling to itself during application, thus 
preventing slipping. It readily conforms to all body contours with- 
out the necessity of reversing or twisting. A further advantage is the 
fact that there can be no rough or frayed edge. Kling Conforming 
Gauze Bandage and Sof-King Conforming Bandage (Johnson & 
Johnson) are available in a variety of sizes up to 6 inches wide. This 
gauze is used widely to hold dressings or splints firmly in place and 
occasionally as a primary dressing when sticking to the wound is 
not a problem. A mercerized cotton Conforming Gauze Bandage 
clings to itself and thus remains in place better than gauze made of 
other materials. Sof-King is a one-ply rayon and polyester blend 
bandage that provides greater bulk for cushioning and greater 
absorbency. 

4. High-Bulk Bandage is made of multiple layers (typically six) of 
crimped cotton gauze. The high bulk of this bandage type is de- 
signed to provide padding protection in wound dressing applica- 
tions. It also provides the absorbent capacity of a cotton dressing 
component. One version (Sof-Band High Bulk, Johnson & Johnson) 
is made of mercerized cotton to help the bandage cling to itself, 
which facilitates application and improves dressing stability. 

5. Compression Bandage is composed of cotton knitted or woven 
with either viscose, polyurethane, nylon, or elastane threads. The 
bandage is comformable and easy to apply. Its use is primarily to 
maintain controlled levels of pressure when compression therapy is 
required. As with all compression bandages, these products should 
be utilized with caution on patients with marked peripheral isch- 
emia or impaired arterial blood supply. Examples of compression 
bandge include Tensopress (Smith and Nephew), Yeinopress (Mo- 
liner), and Setopress (Seton Healthcare). 


Triangular Bandages usually are made by cutting a square 
of bleached muslin diagonally from corner to corner, forming 
two right triangles of equal size and shape. The length of the 
base is approximately 54 inches. These bandages were brought 
into prominence by Esmarch and still bear his name. They are 
used in first-aid work for head dressings, binders, and arm 
slings and as temporary splints for broken bones. 

Orthopedic Bandages are used to provide immobilization 
and support in the treatment of broken bones and in certain 
conditions of bones and joints. Plaster of Paris-impregnated 
gauze has been the standard material for this purpose. More 
recently introduced are synthetic cast materials made of poly- 
ester cotton or fiberglass. Various types of plastic sheets also 
are offered that can be shaped easily and hardened to a rigid 
form by cooling or chemical reaction. These are useful chiefly 
for splints and corrective braces. 

Individually packaged plaster of Paris bandages and splints 
are available in a wide variety of sizes. The Specialist brand 
(Johnson & Johnson) is made from specially treated plaster, 
uniformly spread and firmly bonded to the fabric. This results 
in a high strength-to-weight ratio in casts made from such 
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bandages. Synthetic casts are applied like plaster of Paris. The 
Delta-Lite Synthetic Casting System (Johnson & Johnson) of- 
fers both polyester, cotton fabric impregnated with a polyure- 
thane resin, and fiberglass casting materials. Scotchcast Soft- 
cast (3M) consists of a knitted fiberglass substrate impregnated 
with a polyurethane resin containing a surface-modifying 
agent (reduce tack, facilitate application). The casts are water- 
resistant, light weight, and durable. 

Orthoflex Elastic Plaster Bandages (Johnson & John- 
son) are plaster of Paris bandages containing elastic threads in 
the fabric and are intended for specialized prosthetic uses. 

Stockinette Bandages are made of stockinette material 
knitted or woven in tubular form without seams. Surgical 
stockinette is unbleached. Because it is soft and will stretch 
readily to conform comfortably to the arm, leg, or body, it is 
used to cover the skin prior to the application of a plaster of 
Paris or synthetic cast. 

Cast Paddings are soft, absorbent, protective paddings, 
applied like a bandage to the areas affected, before application 
of a cast. They are composed of various fiber constructions that 
conform and cling, absorb moisture, and allow the skin to 
breathe. 


Adhesive Tapes 


Surgical adhesive tapes are made in many different forms, 
varying both in the type of backing and in the formulation of 
the adhesive mass according to specific needs and require- 
ments. The tapes available today may be divided into two broad 
categories: those with a rubber-based adhesive and those with 
an acrylate adhesive. Both types have a variety of uses. When 
strength of backing, superior adhesion, and economy are re- 
quired (eg, athletic strapping), rubber adhesives commonly are 
used. Acrylate adhesives on a variety of backing materials are 
used widely in surgical dressing applications, when reduced 
skin trauma is required, as in operative and postoperative 
procedures; they are supplied in various strength and adhesion 
levels. 

ACRYLATE ADHESIVES—Acrylate adhesives on a non- 
woven or fabric backing have been accepted widely for use as 
surgical tapes, owing largely to what may be termed their 
hypoallergenic nature. Because acrylate adhesives are basi- 
cally a unipolymeric system, they eliminate the use of a 
large number of components in rubber-based adhesives. In 
poly(alkyl-acrylate) adhesives, the desired balance between ad- 
hesion, cohesion, and flow properties is determined by the 
choice of monomers and the control of the polymerization reac- 
tions. Once the polymer is made, no other formulating or com- 
pounding is needed. In addition, the acrylics have an excellent 
shelf-life because they are not affected readily by heat, light, or 
air, factors that tend to degrade rubber-based adhesives. 

Acrylate adhesives combine the proper balance of tack and 
long-term adhesion. Their molecular structure permits the pas- 
sage of water vapor so they are nonocclusive and thus when 
coated on a porous backing material do not cause overhydration 
in the stratum corneum. Traumatic response to surgical tapes 
is minimized substantially when tapes are constructed to allow 
normal skin moisture to pass through adhesive and backing 
material. With this construction, the moisture content and 
strength of the horny cell layers remain relatively normal. 
When a porous tape is removed, the planes of separation de- 
velop near the surface of the stratum corneum, in the region of 
the naturally desquamating cells. This allows repeated use of 
tape over the same site with minimal damage to the skin. 

Hypoallergenic Surgical Tapes with acrylate adhesive are 
available with a variety of porous backing materials. Rayon 
taffeta cloth backing provides a high-strength tape well-suited 
for affixing heavy dressings. Lighter dressing applications can 
be accomplished with lower-strength, economical, paper- 
backed surgical tapes. A knitted backing tape (Dermiform, 
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Johnson & Johnson) provides some of the economies of paper 
surgical tape with the strength and conformability of a cloth 
backing. Other tapes feature elastic cloth or foam backing 
materials for special taping needs. 

RUBBER-BASED ADHESIVES—A second group of sur- 
gical adhesive tapes is the cloth-backed and plastic-backed 
rubber adhesives. These are used principally where heavy sup- 
port and a high level of adhesion are required. Modern rubber- 
based adhesive tape masses consist of varying mixtures of 
several classes of substances and are composed of an elastomer 
(para or pale crepe rubber in the case of natural rubber tapes, 
and synthetic elastomers made from polymers of isobutylene, 
alkylacrylate, or similar materials), one of several types of 
rosin or modified rosin, antioxidants, plasticizers and fillers, 
and coloring agents to give the tape the desired tint or 
whiteness. 

ADHESIVE TAPE REACTIONS—While skin reactions 
formerly were accepted by the medical profession as almost 
predictable sequelae to the use of adhesive tape, with better 
understanding of the mechanisms of such reactions and 
progress in research and technology, the long-sought-for objec- 
tive of hyporeactivity has, in large degree, been attained. 

Because adhesive tape masses historically have consisted of 
heterogeneous and complex mixtures of organic compounds, it 
is not surprising that many workers have ascribed adhesive 
tape reaction to allergy. More-recent work, however, has shown 
that a true allergic response to the modern adhesive tape mass 
or its components is a factor in only a small proportion of 
clinical reactions and that most observed reactions are ascribed 
properly to other factors, mainly mechanical irritation and, toa 
lesser degree, chemical irritation. There apparently is no sig- 
nificant difference in reaction between patients with or without 
a history of allergy, but true specific dermatitis may occur more 
readily in persons who have manifested some other form of 
contact dermatitis. 

Adverse manifestations produced by adhesive tape are char- 
acterized by erythema, edema, papules, vesicles, and in severe 
cases, desquamation. Itching may be intense, or it may be 
absent. The reaction may be demonstrated readily by patch- 
testing, and usually manifests itself early—within 24 to 48 hr. 
Characteristically, the reaction becomes more severe the longer 
the tape is left in place and continues to increase in intensity 
for some time after the tape is removed. This type of reaction is 
long-lasting and requires days for its complete subsidence. 

Two distinct types of irritation can result from the mechan- 
ical dynamics of removing tape from the skin. One response— 
induced vasodilation—is a relatively nontraumatic, transitory 
effect in which no actual damage to the skin occurs. A second 
type—skin stripping—is a traumatic response in which skin is 
removed with the tape and actual damage to the epidermal 
layers results. Such mechanical skin removal is possibly the 
dominant cause of clinical reactions seen with the use of adhe- 
sive tape. 

Chemical irritation from adhesive tape results when irritat- 
ing components in the mass or backing of the tape permeate the 
underlying tissues of the skin. The tape construction can influ- 
ence the reactivity of such ingredients substantially. For exam- 
ple, many compounds that normally do not penetrate intact 
stratum corneum can penetrate overhydrated corneum. 

When portions of the stratum corneum are removed, the 
barrier capacity of the skin is damaged substantially. In this 
situation, any irritating components of the tape have ready 
access to underlying tissues. These substances then can cause 
a degree of irritation that is far greater than would be observed 
on intact skin. 


PROTECTIVES 


Until recently, protectives included only the various imperme- 
able materials intended to be used adjunctively with other 


dressing components to prevent the loss of moisture or heat 
from a wound site or to protect clothing or bed liners from 
wound exudate. Film dressings are excellent devices to protect 
against infection and dislodgement of vascular cannulae and 
drainage sites. In addition, they may be used to protect vulner- 
able areas against pressure sores. 

Protectives also are employed to cover wet dressings and hot 
or cold compresses. In common use as protectives are plastic 
sheeting and waxed or plastic-coated paper. These prevent the 
escape of moisture or heat from the dressing or the compress 
and protect clothing or bed linens. Rubber sheeting is a rubber- 
coated cloth, waterproof and flexible, in various lengths and 
widths for use as a covering for bedding. A so-called nursery 
sheeting is supplied, coated only on one side. 

PRODUCTS FOR ADHESION PREVENTION—Adhe- 
sions are abnormal connections between organs or tissues that 
form after trauma, including surgery. They consist of organized 
fibrin and fibrovascular scar tissue and complicate all areas of 
surgery. In gynecological surgery, adhesions may result in in- 
fertility and pelvic pain; in intestinal surgery they may result 
in intestinal obstruction; in cardiac surgery they may render a 
second sternotomy hazardous, and in tendon surgery they will 
prevent mobility. 

Although careful tissue handling and good hemostasis may 
reduce adhesion formation, there are few proven entities de- 
signed for the prevention of adhesions. Interceed Absorbable 
Adhesion Barrier (Ethicon) is a knitted fabric of oxidized re- 
generated cellulose that is placed at a site where adhesions are 
suspected to occur. It swells and gels to form a barrier between 
two adjacent surfaces, allowing remesothelialization to take 
place. The fabric then degrades grossly by about 14 days and 
microscopically by about 28 days. Interceed Barrier is indicated 
for reducing the incidence of adhesions in pelvic gynecological 
surgery. Other mechanical barriers used for the prevention of 
adhesions include Seprafilm (Genzyme) and Gore-Tex Surgical 
Membrane (Gore). Newer products available for the prevention 
of postoperative adhesions that are not site-specific for appli- 
cation include Intergel, a ferric hyaluronate gel (Lifecore Bio- 
medical) and Sepracoat, a dilute hyaluronic acid solution 
(Genzyme). 
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Hemostatic Products accelerate hemostasis by providing a 
thrombogenic surface that promotes platelet aggregation and 
fibrin polymerization. These topical hemostatic agents include 
collagen, gelatin, cellulose, and thrombin. These include colla- 
gen sponges and powders (Instat, Johnson & Johnson; He- 
listat, Integra Life Sciences; Actiofoam, Bard; Avitene, Davol; 
Helitene, Integra Life Sciences), gelatin sponges (Surgifoam, 
Johnson & Johnson; Gelfoam, Upjohn), oxidized cellulose (Oxy- 
cel, Deseret Medical), and Oxidized Regenerated Cellulose USP 
(Surgicel, Johnson & Johnson). Both oxidized cellulose and 
oxidized regenerated cellulose are agents whose actions depend 
on the formation of a coagulum consisting of salts of polyanhy- 
droglucuronic acid and hemoglobin. When applied to a bleeding 
surface, they swell to form a brown gelatinous mass that is 
absorbed gradually by the tissues, usually within 7 to 14 days. 
They are employed in surgery for the control of moderate bleed- 
ing when suturing or ligation is impractical or ineffective. 
Thrombin (USP) solutions of bovine origin (Thrombostat, 
Parke Davis; Thrombogen, Johnson & Johnson) promote hemo- 
stasis by catalyzing the conversion of fibrinogen to fibrin. They 
may be used in conjunction with fibrinogen concentrates prepared 
from autologous cryoprecipitate or from pooled donor blood. 
Tissue sealants are absorbable and are used for a variety 
of indications including sealing of arterial punctures, sealing of 
air leaks during pulmonary surgery, and supporting wound 
healing. The area of tissue sealants is expanding rapidly, with 
new products reaching the market for numerous indications. 


Angio-seal (Kendall), an absorbable material, is used as a seal- 
ant for arterial punctures. AdvaSeal (Focal), a synthetic ab- 
sorbable sealant, is used to seal air leaks during pulmonary 
surgery. Tissell (Immuno AE), a two-component fibrin sealant, 
is used to promote wound healing as well as achieve hemostasis 
and tissue adhesion. 

Tissue glues are used for topical skin adhesives and re- 
place the need for sutures, staples, or adhesive strips for cer- 
tain types of lacerations requiring closely approximated wound 
edges. Dermabond (Closure Medical), an octyl cyanoacrylate, is 
used as a topical skin adhesive that sloughs from the wound as 
reepithelialization of the skin occurs, providing sufficient time 
for wound healing. 

Disposable Sterile OR and OB Packs are prepared, 
packaged, and sterilized assemblies of diapering and gown 
units, designed to fulfill the operating and delivery room needs. 
They eliminate the problems of laundering, storage, assembly, 
and sterilization of muslin drapes and gowns. They introduce 
many special materials with particular properties of porosity; 
repellency to water, alcohol, blood and other fluids; abrasion 
resistance; and other desirable attributes. 

Double packages of contamination-resistant paper have 
been developed to permit opening and use without compromis- 
ing sterility. Retention of sterile characteristics until used, 
eliminates the need for resterilization. 

Face masks for use in the operating room and where con- 
tamination must be controlled generally are made of plied, 
fine-mesh gauze, shaped to cover the nose, mouth, and chin. 
They are laundered and autoclaved. Disposable face masks 
with special filtration material giving high retention of partic- 
ulate matter and designed for more effective fitting are avail- 
able from several manufacturers. Surgine Face Mask (Johnson 
& Johnson) claims a 94% filtration efficiency with high user 
comfort. 
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ADHESIVE BANDAGE 


Adhesive Absorbent Compress; Adhesive Absorbent Gauze. 
A compress of four layers of Type I absorbent gauze, or other suitable 
material, affixed to a film or fabric coated with a pressure-sensitive 
adhesive substance. It is sterile. The compress may contain a suitable 
antimicrobial agent and may contain one or more suitable colors. The 
adhesive surface is protected by a suitable removable covering. 

Description—The compress is substantially free from loose 
threads or ravelings; the adhesive strip may be perforated, and the back 
may be coated with a water-repellent film. 


GAUZE BANDAGE 


Type I absorbent gauze; contains no dye or other additives. 

Description—One continuous piece, tightly rolled, in various 
widths and lengths and substantially free from loose threads and 
ravelings. 


OXIDIZED CELLULOSE 


Absorbable Cellulose; Absorbable Cotton; Cellulosic Acid; Hemo- 
Pak (Johnson & Johnson); Oxycel (Deseret Medical) 

Sterile gauze or cotton that has been oxidized chemically to make it 
both hemostatic and absorbable; contains 16 to 24% carboxyl (COOH) 
groups. 

Description—In the form of gauze or lint. Is slightly off-white in 
color, is acid to the taste, and has a slight charred odor. 

Solubility—Insoluble in water or acids; soluble in dilute alkalies. 

Comments—The value of oxidized cellulose in various surgical 
procedures is based upon its properties of absorbability when buried in 
tissues and its remarkable hemostatic effect. Absorption occurs be- 
tween the second and seventh day following implantation of the dry 
material, depending on the adequacy of the blood supplied to the area 
and the degree of chemical degradation of the implanted material. 
Complete absorption of large amounts of blood-soaked gauze may take 
6 weeks or longer, and serious surgical complications and cyst forma- 
tion have been reported as the result of failure to absorb. Hemostasis 
depends upon the marked affinity of cellulosic acid for hemoglobin. 
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When exposed to blood, either in vitro or in surgical conditions, the 
oxidized gauze or cotton turns very dark brown or black and forms a soft 
gelatinous mass that readily molds itself to the contours of irregular 
surfaces and controls surgical hemorrhage by providing an artificially 
induced clot. Pressure should be exerted on the gauze or cotton for 
about 2 min to facilitate the sealing off of small, bleeding vessels. 

Two factors require emphasis: (1) cellulosic acid does not enter the 
physiological clotting mechanism per se but forms what might be 
termed an artificial clot as described and, therefore, is effective in 
controlling the bleeding hemophiliac and (2) the hemostatic action of 
cellulosic acid is not enhanced by the addition of other hemostatic 
agents, such as thrombin (which in any case would be destroyed by 
the pH of the gauze unless some means of neutralization were practi- 
cable). The hemostatic effect of either one alone is greater than the 
combination. 

It is useful as a temporary packing for the control of capillary, 
venous, or small arterial hemorrhage, but since it inhibits epithelial- 
ization, it should be used only for the immediate control of hemorrhage 
and not as a surface dressing. A purer and more uniform product 
prepared from oxidized regenerated cellulose has been developed and is 
available as Surgicel Absorbable Hemostat. This offers many advan- 
tages over the older, less-uniform oxidized cellulose derived from cotton 
and, because of its chemical uniformity, ensures dependable perfor- 
mance and overcomes many of the difficulties encountered with the 
older type of cotton product. The knitted fabric strips do not fragment, 
may be sutured in place easily if necessary, and provide prompt and 
complete absorption with minimum tissue reaction. 


OXIDIZED REGENERATED CELLULOSE 


Surgicel; Surgicel Nu-Knit ohnson & Johnson) 
Contains 18 to 24% carboxyl groups (COOH), calculated on the dried 
basis. It is sterile. 
Preparation—Cellulose is dissolved and regenerated by a process 
similar to the manufacture of rayon, which is then oxidized. 
Description—Creamy white gauze, lint, or woven material. 
Solubility—Insoluble in water; soluble in alkali hydroxides. 
Comments—Absorbable hemostatic. 


PURIFIED COTTON 


Gossypium Purificatum; Absorbent Cotton 
The hair of the seed of cultivated varieties of Gossypium hirsutum 
Linné or other species of Gossypium (Fam Malvaceae), freed from ad- 
hering impurities, deprived of fatty matter, bleached, and sterilized in 
its final container. 

Description—White, soft, fine, filament-like hairs appearing under 
the microscope as hollow, flattened and twisted bands, striate and 
slightly thickened at the edges; practically odorless and practically 
tasteless. 

Solubility—Insoluble in ordinary solvents; soluble in ammoniated 
cupric oxide TS. 


DEXTRANOMER 


Debrisan (Johnson & Johnson) 

Dextranomer is a three-dimensional cross-linked dextran polymer pre- 
pared by interaction of dextran with epichlorohydrin. 

Description—White, spherical beads, 0.1 to 0.3 mm in diameter; 
hydrophilic. Also available dispersed in polyethylene glycol, as a paste. 

Solubility—Insoluble in water or alcohol. Each gram absorbs about 
4 mL of aqueous fluid, the beads swelling and forming a gel. 

Comments—Topically to cleanse secreting lesions such as venous 
stasis ulcers, decubitus ulcers, infected traumatic and surgical wounds, 
and infected burns. It absorbs the exudates, including the components 
that tend to impede tissue repair, and thereby retards eschar formation 
and keeps lesions soft and pliable. 


ABSORBABLE DUSTING POWDER 


Starch-derivative Dusting Powder 
An absorbable powder prepared by processing cornstarch and intended 
for use as a lubricant for surgical gloves; contains not more than 2% 
magnesium oxide. 
Description—White, odorless powder; pH (1 in 10 suspension) 
between 10 and 10.8. 


ABSORBENT GAUZE 


Carbasus Absorbens; Gauze 
Cotton, or a mixture of cotton and not more than 53.0%, by weight, of 
purified rayon, in the form of a plain woven cloth. If rendered sterile, it 
is packaged to protect it from contamination. 
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Description—White cotton cloth of various thread counts and 
weights; may be supplied in various lengths and widths and in the form 
of rolls or folds. 


PURIFIED RAYON 
A fibrous form of bleached, regenerated cellulose. It may contain not 
more than 1.25% titanium dioxide. 
Preparation—By the viscose rayon process. 
Description—White, lustrous or dull, fine, soft, filamentous fi- 
bers, appearing under the microscope as round, oval, or slightly 
flattened translucent rods, straight or crimped, striate and with 


A surgical suture is a strand or fiber used to hold wound edges 
in apposition during healing, and the process of applying such 
a strand is called suturing. When such material, without a 
needle, is used to stop bleeding by tying off severed blood 
vessels, the strand is called a ligature, and the process is known 
as ligating. Suture materials, however, have uses beyond those 
involved in the repair of wounds in that they often are used in 
reconstructive procedures. 

Surgical sutures were first listed in the second supplement 
of USP XI in a monograph on catgut sutures, which then were 
designated officially as Surgical Gut. USP XII carried a similar 
monograph on surgical silk. USP XVI contained, in addition to 
surgical gut, a generalized monograph designed to cover all 
sutures in addition to catgut, and this is also true of USP XX. 
USP XXIII additionally describes synthetic absorbable sutures. 

At one time or another, nearly every form of fibrous material 
or wire that offered any promise at all has been used as a 
suture, and indeed many materials that by present standards 
offer no promise at all have been evaluated. 

Cotton and linen were among the earliest suture materials, 
but the use of animal intestines and sinews also claims great 
antiquity. As in many other fields of science, there have been 
fads, and numerous materials have enjoyed varying favor 
through the centuries. Frequently, the acceptance of a given 
suture material depended on its successful use by an eminent 
surgeon whose authority encouraged emulation, and in many 
cases, there appeared to be legitimate scientific justification for 
such use. 

Possibly the most important factor in the acceptance of 
suture materials has been their characteristics in the presence 
of infection. As knowledge of bacteriology increased and meth- 
ods of sterilization improved, the earlier disadvantages of cer- 
tain sutures have been overcome, so that currently a wide 
variety of surgical suture materials may be sterilized conve- 
niently and effectively. 

Among the widely accepted methods for the sterilization of 
sutures are autoclave sterilization with free access of water 
vapor, applicable only for those sutures that are not harmed by 
this process; dry heat at 310°F; ethylene oxide; and irradiation 
sterilization using either beta or gamma rays. 

Irradiation sterilization has many advantages over the 
older methods insofar as commercial production is concerned. 
The sutures are sterilized in their final sealed packages, elim- 
inating any danger of recontamination. The radiation dose is 
greater than necessary to kill even the most resistant spore- 
forming organisms. One great advantage of this method lies in 
the relative lack of deteriorating effect upon many sutures. 
Irradiation-sterilized surgical gut is stronger, more pliable, and 
easier to handle than dry-heat-sterilized surgical gut sutures. 

Suture materials may be divided into two principal classes: 
absorbable and nonabsorbable. In the first class are found 
those materials that are capable of being broken down or di- 
gested by the body. Catgut, the classic absorbable suture de- 
rived from collagen-rich animal tissue, is proteinaceous in na- 
ture, and it appears that certain proteolytic enzymes in tissues 
are responsible for the digestion of catgut and its disappear- 
ance from the wound area. New forms of absorbable sutures 


serrate cross-sectional edges; practically odorless and practically 
tasteless. 
Solubility—Very soluble in ammoniated cupric oxide TS or dilute 
H,SO, (3 in 5); insoluble in ordinary solvents. 
Comments—Hemostatic. 


ADHESIVE TAPE 


Sterile Adhesive Tape 
Fabric and/or film evenly coated on one side with a pressure-sensitive, 
adhesive mixture. If rendered sterile, it is protected from contamination 
by appropriate packaging. 


based upon synthetic polyesters such as polyglycolic acid, co- 
polymers of lactide and glycolide, polydioxanone, copolymers of 
glycolide and caprolactide, and a blend of glycolide, trimethyl- 
ene carbonate, and dioxanone have been introduced as alter- 
native absorbable materials. 

Nonabsorbable sutures are manufactured from various ma- 
terials such as polyester, nylon, or polypropylene. These mate- 
rials incite a minimal foreign-body reaction at the site of place- 
ment, which resolves over time. Nonabsorbable sutures are 
used frequently for cardiovascular, ophthalmic, and neurolog- 
ical procedures. 


ABSORBABLE SUTURES 
SS EER ST SIE 

SURGICAL GUT—Catgut is still used in surgical proce- 
dures, but its use, especially in the US, has declined because of 
the availability of new, synthetic, absorbable suture materials. 
Its basic constituent is collagen derived from the serosal or 
submucosal layer of the small intestine of healthy ruminants 
(cows, sheep, goats). The intestines from the freshly killed 
animals are cleaned of their contents and split longitudinally 
into ribbons. Mechanical processes remove the innermost mu- 
cosa and the outer muscularis and serosal layers, essentially 
leaving only the submucosa. This appears as a thin, strong 
network consisting chiefly of collagen, whose orientation and 
strength are increased markedly by subsequent processing. 
From one to five or six such ribbons are stretched, spun, or 
twisted under tension and dried under tension to form a uni- 
form strand. These strands are polished and cut into appropri- 
ate lengths for packaging and sterilization. 

In another method, collagen sutures are produced from col- 
lagen derived from beef tendon. The tendons are suitably 
treated and dispersed. The dispersed collagen is extruded, pre- 
cipitated, and reconstituted as fine strands that are then 
twisted, stretched, tanned, and otherwise treated to give ab- 
sorbable sutures with the desired characteristics. 

Diameter and strength requirements for absorbable surgi- 
cal suture (surgical gut) are specified in the USP, in which will 
be found descriptions of the suture as well as the apparatus 
and methods for measuring diameter, tensile strength, and 
sterility and other tests. 

Plain and Chromicized Surgical Gut—Two varieties of cat- 
gut, distinguished by their resistance to absorptive action by 
tissue enzymes, are described in the USP as Type A, plain or 
untreated, and Type C, medium treatment. The availability of 
both types reflects the surgeon’s requirements for catgut that 
will retain its tensile strength for varying periods of time or 
that will show an increased resistance to the proteolytic sub- 
stances found in certain body tissues. This is accomplished by 
the incorporation of chromium salts or other chemicals to pro- 
long its survival in tissues. Such products formerly were des- 
ignated as 10-, 20-, or 40-day catgut, on the assumption that 
these sutures would remain for such periods in normal tissue. 
The variations in catgut as a natural product, as well as the 
variations in patients and in sites of implantations, make such 


designations qualitative, so they were replaced by the more 
general statement of type. While many tests for the expected 
duration of resistance have been proposed, none is accepted 
fully as comparable to digestion in animal tissues, and none 
has been included in the USP. 

Approximately half the surgical gut used in the US has been 
either chromicized or otherwise treated. Raw catgut is analo- 
gous to rawhide, while chromicized catgut is comparable to 
chrome-tanned leather. The tanning process is applied either to 
the ribbons before they have been twisted into the strand form 
or to the finished twisted strand. Treatment in the ribbon form 
is reported to result in a more uniform deposition of chromium 
salts throughout the entire cross-section of the suture, while 
string chromicization sometimes causes the deposition of rela- 
tively heavier concentrations of the tanning agent near the 
periphery of the strand, with less penetration to its center. 
Deficient tanning of catgut may result in its premature absorp- 
tion with possible wound disruption, although such incidents 
now are recognized often as the effects of nutritional or other 
inadequacies, with resultant weakness of the tissues them- 
selves. Excessive chrome concentration in surgical gut may 
produce sutures that digest slowly. Since they survive in nor- 
mal tissues for a long time, they occasionally may extrude 
through the skin some months following surgery. The mecha- 
nism of such extrusion by highly tanned catgut or by nonab- 
sorbable sutures is not clear, although it probably reflects the 
natural tendency of the body to eliminate or reject foreign 
material. 

Tissue Reaction—Following any surgical incision, there is 
an outpouring of blood and lymph into and through the wound. 
These fluids coagulate or clot, forming a network upon which 
new cells may build. The capillaries in the area dilate, and the 
blood supply in the vicinity of the wound is increased. Leuko- 
cytes in the area also increase in number. 

The absorption of surgical gut takes place along with the 
tissue repair processes. The leukocytes, which appear early in 
any wound, produce proteolytic enzymes that, among other 
functions, carry out the digestion of absorbable catgut sutures. 
After this process is well along, fibroblasts appear and begin to 
lay down the collagen fibers essential for the increasing 
strength and healing of the wound. In the first phase of wound 
healing, the number and character of the debriding cells, to- 
gether with such secondary effects as swelling, pain, and red- 
ness, constitute tisswe reaction. Chromic catgut elicits a less 
intense tissue reaction of a leukocytic or exudative type than 
does the plain variety. 

Plain gut is digested by enzymes at a faster rate than 
chromic gut. The surgeon chooses either plain or chromic gut, 
depending on the type of tissue involved, the condition of the 
patient, and the estimated healing time of the wound. Small 
sizes of surgical gut cause less tissue reaction and irritation 
than large sizes. There is less digestive work for the enzymes to 
_ do. For this reason surgeons try never to use a suture that is 
stronger than the tissue in which it is to be used. The larger 
sutures merely add to tissue irritation without supplying any 
needed strength to the wound. 

Sterilization and Packaging—Disappointing experiences 
with many attempts to sterilize gut by chemical means have 
created widespread distrust of the effectiveness of most chem- 
icals. The exception has been the use of ethylene oxide, which 
has provided an effective means for sterilizing sutures. The 
more common methods are dry-heat sterilization (after first 
dehydrating the catgut) and irradiation sterilization in the 
final sealed packet. 

At one time most surgical gut was produced and labeled as 
boilable. It was packaged in glass tubes with the strands im- 
mersed in a water-free, high-boiling tubing fluid—usually xy- 
lene. The exteriors of the tubes could be sterilized at the hos- 
pital by autoclaving—hence, the term boilable. 

The disadvantage of boilable catgut has been that the dry- 
ing necessary to permit high-temperature sterilization pro- 
duces a stiff strand, which is still stiff as removed from the 
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tube, and which requires soaking for several minutes in sterile 
water before surgeons find it pliable enough to use. This pro- 
cess no longer is used (with isolated exceptions). 

The present method of packaging provides sutures ready for 
use as removed from the packet. The catgut, designated non- 
boilable, is contained in either a foil or plastic packet, im- 
mersed in a pliabilizing fluid that generally consists of an 
alcohol or mixtures of an alcohol with a small percentage of 
water. The water has a pliabilizing effect but would ruin the 
gut if the latter was subjected to high temperatures—therefore, 
the designation nonboilable. 

Irradiation and ethylene oxide sterilization techniques, as 
described in the USP, largely have replaced the older accepted 
method of dry-heat sterilization. These methods have permit- 
ted the development of more-convenient packaging innovations 
that were not practical with the older methods. 

For even greater convenience, all foil or plastic packets are 
now overwrapped in a secondary package. Both the contents 
and the outside of the inner packet are rendered sterile. By 
peeling open the overwrap package, the inner packet can be 
delivered ready for use in a sterile condition on the operating 
table. 

Sterility Testing—Freedom from contamination is the most 
important property of any suture. Every lot of sutures fur- 
nished by reputable manufacturers is subjected to a series of 
physical and chemical tests, in accordance with prescribed USP 
sterility test procedures as well as validated sterilization pro- 
cesses. No lot of sutures is released until all of these tests have 
been passed successfully; hence, the surgeon has developed a 
justified confidence in the adequacy and sterility of these prod- 
ucts. Because of the extraordinary reliability of radiation ster- 
ilization, acceptance of product sterility based on validated 
measurement and control of the radiation process is becoming 
more widespread. 

Operating Room Procedures—Before a scheduled operation, 
the nurse usually selects the necessary types of sutures desig- 
nated by the operating surgeon. The required number of over- 
wrapped packages is opened by peeling apart the outer package 
and flipping or otherwise removing in an aseptic manner the 
inner sterile packets and placing them on the Mayo stand. The 
packets are opened by tearing, if foil, and by cutting with 
sterile scissors, if plastic. Straightening the nonboilable suture 
is accomplished by a gentle pull. They commonly are used as 
removed from the packet. Abuse of catgut sutures may lead to 
their failure in tissues, with possible serious consequences to 
the patient. 

SYNTHETIC ABSORBABLE SUTURES—tThe combina- 
tion of high tensile strength and absorbability that makes 
catgut so useful as a suture has been incorporated into syn- 
thetic fibers. Polymers derived from condensing the cyclic de- 
rivative of glycolic acid (glycolide), mixtures of glycolide and 
lactide (derived by cyclicizing lactic acid), dioxanone, glycolide 
with tetramethylene carbonate, mixtures of glycolide and cap- 
rolactile , and blends of glycolide, trimethylene carbonate, and 
dioxanone have been shown to possess properties that make 
them suitable for many surgical procedures. Dexon II (Davis & 
Geck), a polyglycolic acide homopolymer, and Vicryl (Ethicon) 
and Polysorb (US Surgical), glycolide and lactide copolymers, 
are melt-extruded into multifilament yarns that then are 
braided into various sizes of sutures. Such braids have high 
tensile strength and, unlike catgut, must be packaged without 
fluid and sterilized with ethylene oxide to avoid degradation. 
Polymers such as dioxanones (PDS IJ, Ethicon), glycolide and 
caprolactile (Monocryl, Ethicon), glycolide with tetramethylene 
carbonate (Maxon, Davis & Geck), and blends of glycolide, 
trimethylene carbonate, and dioxanone (Biosyn, US Surgical) 
are provided as pliable monofilaments. Synthetic absorbable 
sutures do not undergo the enzymically mediated absorption 
process that is well-known for catgut. Rather, the suture is 
broken down completely by simple hydrolysis as it resides in 
the tissue, and the tissue reaction is minimal. 
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CARGILE MEMBRANE—This is a thin sheet of pliable 
tissue obtained from the appendix (blind gut) of the steer or ox. 
It is designed primarily to cover surfaces from which the peri- 
toneum has been removed, especially where a sterile mem- 
brane would lessen the formation of adhesions. The membrane 
is available in sterile sheets of approximately 4 < 6 inches and 
sometimes is used as a packing or protective sheath. At present, 
the use of such material is limited. 

FASCIA LATA—This is obtained from ox fascia and is 
designed for use as a heavy suture or repair in hernia or similar 
cases. It usually is attached firmly to a strong structure by 
means of a nonabsorbable suture. It is supplied in the form of 
sterile strips approximately 1/2 inches wide and 8 inches long 
and also in sheets about 3 X 5 inches. 

It should be emphasized, in connection with the above, that 
catgut strands and ribbons are the only ones that are com- 
pletely and readily absorbable. The other materials may be 
absorbed very slowly or may be incorporated in the tissues by 
invasion of fibroblasts. 


NONABSORBABLE SUTURES 

LE EE RT RES 
The second principal class of suture consists of natural and 
synthetic nonabsorbable suture materials that are relatively 
resistant to attack by normal tissue fluids. Several of these 
materials remain, apparently unchanged, for many years in 
tissue and usually will be found encapsulated in a thin sheath 
of fibrous connective tissue. When nonabsorbable sutures are 
used for skin closure, they usually are removed after the inci- 
sion or wound has healed to the point where suture support is 
no longer necessary. 

Silk is an important nonabsorbable surgical suture. Se- 
lected grades of degummed commercial silk fibers are used and 
consist chiefly of the protein fibroin as extruded by the silk- 
worm. Many such fibers are twisted into a single strand of 
various diameters, as specified in the USP, and sold in the 
natural color or after dyeing. By far the most popular construc- 
tion is braided silk, in which several twisted yarns are braided 
into a compact structure favored for its firmness and strength. 
Most braided silk is dyed and also given a treatment to render 
it noncapillary. In use as a skin suture this minimizes the rise 
of tissue fluids to the surface and thus the counterpassage 
inward of organisms from the surface. Further objectives of 
such treatments are to impart a degree of stiffness to improve 
the handling and tying properties, to minimize attachment of 
tissue cells that would cause pain on removal of the suture and 
to lubricate the implantation and removal of the silk. When silk 
or any other suture is dyed, the USP requires that it be done 
with a color additive approved by the FDA. 

Specifications—The USP describes in the monograph for 
Nonabsorbable Surgical Suture (which now includes cotton, 
linen, metallic wire, nylon, rayon, Dacron, and silk) the respec- 
tive sizes, diameters, and tensile strengths. 

Uses—Silk sutures are handled easily and tolerated well by 
body tissue, although they may cause significant tissue reac- 
tion. In the presence of infection, however, the interstices of 
silk strands protect organisms from antimicrobial agents and 
from the body’s defense mechanisms, so that chronic sinuses 
may form that do not heal until the silk is removed or is 
sloughed by the tissues. Silk, as well as any other nonabsorb- 
able suture, occasionally migrates from the site of implantation 
and comes to the surface to be extruded months after the 
operation. In certain sites, the suture knots or ends may serve 
as centers for the formation of concretions or for other irritating 
action. Silk usually becomes encapsulated and remains in the 
tissues for extended periods of time as the protein slowly 
degrades. 

DERMAL SILK—These sutures consist of natural twisted 
silk encased in an insoluble coating of tanned gelatin or other 
protein. This coating must withstand autoclaving without 


stripping, and its purpose is to prevent the ingrowth of tissue 
cells, which would interfere with its removal after use as a skin 
or dermal suture. 

COTTON AND LINEN—Sutures derived from cellulose 
are among the oldest known but currently are used to a limited 
extent. These are twisted from fiber staple, have moderately 
high tensile strength, and are stable to heat sterilization. Cot- 
ton sutures prepared by suture manufacturers are uniform and 
have reproducible strength and largely have replaced the 
household sewing cotton used by many surgeons years ago. 
These are desirable because of their handling properties and 
low order of tissue reactivity but are not used widely in critical 
areas where strength must be maintained for long periods of 
time because they slowly degrade. 


Synthetic Nonabsorbable Sutures 


Nylon, the first modern synthetic fiber, came into use as a 
suture partly as a result of World War II shortages of high- 
grade silk and partly because of its own merits. It is a synthetic 
polyamide obtained from the condensation of adipic acid and 
hexamethylenediamine or from the condensation-polymeriza- 
tion of caprolactam. It is available in the form of monofilaments 
(Ethilon, Ethicon; Dermalon, Davis & Geck) in the useful range 
of sizes, as well as in the form of multifilament fibers (Nurolon, 
Ethicon; Surgilon, Davis & Geck; Nylon, Deknatel; Bralon, US 
Surgical) braided into strands of comparable diameter. It is 
strong and water-resistant and has come into some use for all 
suturing or ligating. Monofilament nylon is used as a skin or 
stay suture or for plastic surgery. Braided nylon more often is 
buried in tissues and is subject to the same limitations as 
braided silk in the presence of infection. 

POLYESTER FIBER—Of the numerous multifilament 
synthetic fibers introduced after the success of nylon, only 
polyester has been accepted as a suitable braided nonabsorb- 
able suture, while polypropylene has enjoyed increasing popu- 
larity as a nonabsorbable monofilament suture. Polyester su- 
ture is prepared by melt-extruding polyethylene terephthalate 
into fine filaments that then are braided into various sizes. In 
general, the tensile strength of polyester braided sutures is 
superior to that of braided silk and nylon and twisted cotton. 
Examples of braided polyester sutures include Ethibond Excel 
(Ethicon), Surgidac (US Surgical), TiCron (Davis & Geck), 
Tevedek II, and Polydek, both manufactured by Deknatel. No- 
vafil (Davis & Geck), a copolymer of polybutylene terephthalate 
and polytetramethylene ether glycol, is available as a monofil- 
ament polyester suture. 

The polyester sutures, in contrast with most other materials 
except polypropylene and stainless steel, do not lose strength 
significantly when in contact with water or body fluids. For this 
reason, they have become a suture of choice when there is a 
critical need for permanent reinforcement as, for example, in 
the installation of artificial heart valves. They have the advan- 
tage of excellent knot-holding characteristics and are available 
in the natural color or dyed to enhance visibility in the surgical 
field. 

Recent developments have seen the commercialization of 
braided polyester fiber sutures coated or impregnated with 
nontoxic lubricants such as polytetrafluoroethylene or silicone 
resins. Polybutilate, a lubricant especially designed for polyes- 
ter suture use, has been derived from a condensation polymer 
of butanediol and adipic acid. These sutures exhibit the advan- 
tage of a smoother surface, which gives the suture improved 
handling properties and permits an easier and more gentle 
passage through tissue. 

POLYOLEFIN FIBERS—Of increasing interest in the 
nonabsorbable suture field is the development of fibers based 
on polyolefins. Although polyethylene sutures have been avail- 
able, the use of polypropylene monofilament (Prolene, Ethicon; 
Surgipro, US Surgical; Surgilene, Davis & Geck; Deklene II, 


Deknatel) has increased greatly during recent years. Polypro- 
pylene sutures compared to monofilament nylon, tie more se- 
cure knots and have a very low order of tissue reactivity. 
Because of the smoothness of polypropylene sutures, they slip 
through tissue easily and, because there is no tissue ingrowth, 
they may be removed easily when necessary. They have found 
wide application in cardiovascular and other surgical 
specialties. 

Polytetrafluoroethylene (PTFE) suture (Gore-Tex, Gore) has 
been recommended for use with vascular grafts derived from 
the same material, as well as in other surgical procedures. 


Metallic Sutures 


For some years increased attention has been paid to the use of 
various metal wire sutures and other metallic devices to assist 
surgical repair. 

SILVER—Among the older materials that still are used to 
some extent are silver wire, foil, and other forms. Relatively 
little work has been reported recently on these items. Silver is 
available readily and is alleged to have some antiseptic action 
but in some tissues is definitely irritating. Irritation has been 
shown by a great many metals and alloys and now is regarded 
as a controlling consideration in the choice of substances for 
implantation in tissues. 

STAINLESS STEEL—tThis ferrous alloy, which so long 
has been employed usefully in industrial and other applications 
in which resistance to chemical attack is essential, has been 
used widely in the form of wire sutures, fixation plates, screws, 
and other items. Stainless steel is a rather general term coy- 
ering a wide variety of materials, and many of the early alloys 
were attacked by body fluids. The proper selection of stainless- 
steel compositions seems to provide a material essentially inert 
in tissues and free from the earlier disadvantages. Stainless- 
steel sutures are available as both twisted and monofilament 
strands and represent the strongest available material. How- 
ever, they are relatively difficult to use and are employed most 
commonly in areas where great strength is required, such as in 
the repair of the sternum after chest surgery. 


Surgical Meshes 


Surgical meshes are used as reinforcement material to aid in 
tissue repair and encourage ingrowth of fibrous connective 
tissue. Meshes are used for umbilical, abdominal, and inguinal 
hernia repair procedures. Meshes can be knitted or woven of 
absorbable or nonabsorbable suture materials. Some examples 
of the variety of meshes available for surgical use include 
absorbable woven or knitted Vicryl flat mesh (Ethicon) and 
knitted Dexon flat mesh (Davis & Geck); nonabsorbable knitted 
polypropylene flat mesh (Prolene, Ethicon; Marlex, Bard; 
Trelex, Meadox; Surgipro, US Surgical; Artrium, Artrium), 
nonabsorbable PTFE mesh manufactured by Gore (Mycromesh, 
Dual Mesh, Soft Tissue Patch), and nonabsorbable knitted 
polyester mesh (Mersilene, Ethicon). Many of these mesh prod- 
ucts are available in preshaped forms designed for ease of use 
for the specific surgical repair procedure (Prolene Hernia Sys- 
tem, Ethicon; Prefix Plug, Bard). 


Surgical Needles 


Suture materials may be threaded on eyed needles for sutur- 
ing. While formerly only eyed needles were available, there is 
an overwhelming trend to the use of eyeless needles, one or two 
being attached to each individual strand. One such needle is 
manufactured with an open channel into which the suture can 
be placed, and the channel is then swaged around the strand. 
Another type, known as seamless, has a very delicate hole 
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drilled in the shank. To prevent pullout, the shank is pressed 
firmly about the suture. These sutures offer great advantage in 
minimizing trauma. With an eyed needle an opening in tissue 
must be made large enough to accommodate the needle and two 
thicknesses of suture, but with the eyeless needle, the opening 
need only accommodate the needle, slightly larger than the 
single suture that follows. This is greatly esteemed in fine 
surgery such as plastic and ophthalmic work. A wide variety of 
eyeless needles on catgut and other materials are now avail- 
able to meet most of the demands of the surgeon. By a recent 
innovation, it has been possible to control the release of a 
suture from an eyeless needle by a gentle tug so that the 
surgeon need not take the time to cut the needle from the 
suture when it is no longer required. 

VITALLIUM—This metal, which is an alloy of cobalt, chro- 
mium, and molybdenum, has been applied to many surgical 
problems in various forms since 1937, although not in the form 
of sutures or ligatures. The alloy has shown some variability in 
strength and stiffness and is incapable of much modification at 
the time of operation, but generally shows negligible tissue 
reactions. In addition to some use for dentures, surgical forms 
of vitallium include fracture plates, screws, bolts, nails and 
appliances, orbital implants, nasal skeletal supports, tendon 
rods, tubes for blood vessel anastomosis or bile duct repair, and 
skull plates. 


Other Suturing Techniques 


Although sutures and ligatures have remained the most effec- 
tive and popular devices for closing wounds and hemostasis, 
other techniques are being used with increasing frequency. 
Surgical stapling devices are available that automatically ap- 
proximate tissue with rows of steel staples that remain perma- 
nently. Such devices exist for closing skin and anastomosing 
blood vessels as well as for reconstructing other organs such as 
stomach and intestines. Some surgical staplers are designed to 
cut tissue before or after the staples are applied. 

During the last several years, V-shaped steel, tantalum, or 
titanium clips have been used to clamp small blood vessels, and 
this alternative to ligation is becoming increasingly popular as 
the application instruments become more convenient and eas- 
ier to use. Stainless-steel clips or staples have been used fre- 
quently to coapt skin incisions. More recently, strips of fabric or 
plastic material coated with a suitable adhesive have been used 
for the same application. 

New approaches to ligating clips are represented by absorb- 
able materials, polydioxanone and lactomer. Ligating clips 
made from these substances absorb after their function is com- 
pleted and do not remain in the patient permanently as do 
metallic clips. Thus, interference with diagnostic imaging tech- 
niques such as X-ray and CAT scans is avoided. 

With the advent of minimally invasive surgical procedures, 
the industry faces significant challenges. Several new needles 
and other devices have been introduced to the market, facili- 
tating the ease with which the surgeon can approximate and 
suture tissue through a trocar port. 


SUTURE MONOGRAPH 


ABSORBABLE SURGICAL SUTURE 


Surgical Catgut; Catgut Suture; Surgical Gut; Sterilized Surgical 
Catgut BP; Sterilized Surgical Ligature 
A sterile strand prepared from collagen derived from healthy mammals 
or from a synthetic polymer. Its length is not less than 95.0% of that 
stated on the label. Its diameter and tensile strength correspond to the 
size designation indicated on the label, within the limits prescribed 
herein. It is capable of being absorbed by living mammalian tissue but 
may be treated to modify its resistance to absorption. It may be modified 
with respect to body or texture. It may be impregnated or coated with a 
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suitable antimicrobial agent. It may be colored by a color additive 
approved by the FDA. 

Description—Flexible strand varying in treatment, color, size, 
packaging, and resistance to absorption, according to the intended 
purpose. The collagen suture is either Type A Suture or Type C Suture. 
Both types consist of processed strands of collagen, but Type C Suture 
is processed by physical or chemical means to provide greater resistance 
to absorption in living mammalian tissue. 


NONABSORBABLE SURGICAL SUTURE 


Surgical Sutures; Surgical Silk; Sterile Surgical Silk 


A strand of material that is suitably resistant to the action of living 
mammalian tissue. Its length is not less than 95.0% of that stated on 
the label. Its diameter and tensile strength correspond to the size 
designation indicated on the label, within the limits prescribed herein. 


It may be nonsterile or sterile. It may be impregnated or coated with a 
suitable antimicrobial agent. .« 

It may be modified with respect to body or texture, or to reduce 
capillarity, and may be suitably bleached. It may be colored by a color 
additive approved by the FDA. 

Description—Flexible, monofilament or multifilament, continuous 
strand, placed in an envelope, tube, or other suitable container or 
wound on a reel or spool. If it is a multifilament strand, the individual 
filaments may be combined by spinning, twisting, braiding, or any 
combination thereof. Nonabsorbable Surgical Suture is classed and 
typed as follows: Class I Suture is composed of silk or synthetic fibers of 
monofilament, twisted or braided construction. Class IJ Suture is com- 
posed of cotton or linen fibers or coated natural or synthetic fibers in 
which the coating forms a casing of significant thickness but does not 
contribute appreciably to strength. Class [iJ Suture is composed of 
monofilament or multifilament metal wire. 
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For too long, many pharmacists treated health accessories as 
merely a convenience for their prescription patients. Physi- 
cians and other health professionals were convinced that the 
pharmacist had neither the necessary expertise nor equipment 
and sent their patients elsewhere for such services. In recent 
years, however, few aspects of professional practice have 
changed as much or grown as rapidly as the pharmacy’s health- 
accessory department. The specially trained pharmacist is be- 
coming recognized more widely as an expert in this area by 
other health professionals and can provide a professional and 
profitable adjunct to the pharmacy’s other services. 

A comprehensive health-accessory department may include 
a wide variety of surgical supplies and convalescent aids in- 
cluding wheelchairs, walkers, hospital beds, hydraulic patient 
lifters, urology and incontinence supplies, ostomy appliances, 
elastic supports, mastectomy breast forms, and orthopedic 
braces. In addition, many pharmacies specialize in home 
health-care equipment such as traction devices, blood-glucose 
monitors, blood-pressure-monitoring devices, suction ma- 
chines, oxygen and respiratory-therapy equipment, nerve and 
muscle stimulators, phototherapy lights, apnea monitors, and 
rehabilitation equipment. Some pharmacies may specialize in 
providing intravenous medications and supplies for enteral or 
parenteral nutrition. 

Even more important than merely providing large varieties 
of health accessories is the pharmacist’s growing involvement 
in selecting and fitting them and also in instructing the patient 
in their proper use and maintenance. 

To provide these services the pharmacist must acquire new 
skills and expertise that can be obtained through special 
courses given by several health-accessory manufacturers, pro- 
fessional associations, and some wholesale distributors. 

The initial step in selecting the appropriate health accessory 
is a thorough evaluation of both the patient and the available 
accessories including 


Age Disability-related factors 

Lifestyle Patient and equipment measurements 
Diagnosis Patient ability for self-care 

Prognosis Reimbursement sources 


Each of these factors should be considered when selecting the 
most appropriate health accessory for the patient. Also, it is 
often necessary to verify insurance coverage, including 
whether particular equipment is mandated by an HMO (see 
Chapter 111) and which equipment will be considered for re- 
imbursement by Medicare, Medical Assistance, or insurance 
companies. 

Other steps may include consulting with the patient, phy- 
sician, and family; preparing a prescription, when applicable, 
as a recommendation to the physician; selecting the accessory 
from stock or ordering it from the manufacturer or distributor; 
and checking the accessory to ensure that it meets the appro- 


priate specifications. Followup adjustments or modifications 
also may be necessary. 

Useful forms—eg, certificates of medical necessity (CMNs), 
disability analysis, measurement, prescription and ordering 
forms—are usually available from health-accessory manufac- 
turers, insurance companies, and government agencies. In fact, 
some insurance companies and government agencies may man- 
date the use of their forms. 


WHEELCHAIRS 


There are literally hundreds of different wheelchairs to serve 
the patient’s different needs. Figure 109-1 shows one example. 
The importance of an individualized prescription cannot be 
overemphasized. A carefully prescribed chair has a prolonged 
and useful life and promotes the patient’s maximal physical 
independence. 

The general loss of body functions in aged or infirm patients 
serves as a guide to providing the best chair for their needs. 
They may have less strength and endurance than a younger or 
healthier person and, therefore, require safety and convenience 
features. This reemphasizes the general rule when fitting any 
wheelchair: the primary considerations in fitting are the user’s 
physical limitations and lifestyle. 

MEASUREMENTS—Following the disability analysis, the 
measurements of both the patient and the chair should be 
considered when preparing a prescription for the proper chair. 

The Patient—Ideally, the patient should be sitting when 
measured, preferably in a chair that allows good body 
alignment. 


Side-to-Side (widest area of hips while sitting)—Important in 
determining the chair seat width. To avoid pressure on the hips or 
thighs, yet help maintain good seating posture and stability, the chair- 
seat width should be 2 inches more than the width straight across the 
hips. 

Knee-to-Hip—Critical in determining the actual chair-seat depth. 
Normally, the seat depth will be approximately 2 to 3 inches less than 
this measurement to provide adequate support, yet avoid pressure 
behind the knee. If a back panel or back cushion is to be inserted, its 
thickness must be considered. 

Seat-to-Elbow—Serves as an indicator for armrest height. De- 
pending on seating posture, armrest height should provide proper body 
support. (Danger signals: drooping or hunched up shoulders when the 
patient’s elbows are resting on the armrests.) It should be noted that an 
armrest height 1 inch more than the patient’s seat-to-elbow measure- 
ment will force the patient’s elbows slightly forward, providing a nat- 
ural brace against forward body slumping, especially when descending 
ramps. 

Hicoreeknee ised to determine footrest adjustments from seat 
level and/or special seat height. The minimum footrest adjustment 
should be at least 2 inches less than this measurement to avoid pres- 
sure against the underside of the legs. A good visual guide for proper 
footrest adjustment (especially when using a standard chair) is to make 
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Figure 109-1. Adult wheelchair with full-length, removable 
arms and swing-away, detachable footrests (courtesy, Everest & 
Jennings). 


sure that the tops of the patient’s thighs are horizontal and parallel to 
the floor. To obtain greater-than-standard maximum footrest adjust- 
ment, a special seat height must be considered. Sometimes the use of a 
solid insert seat and/or seat cushion will solve this problem, although it 
should be remembered that optimum seat height allows patients to 
place their feet on the floor without excessive pressure behind the 
knees. 

Seat-to-Armpit—Used to determine back-upholstery height on 
standard-back chairs. This is important because many patients must be 
able to put their arms over the back upholstery and hook their elbows 
under the push handles to achieve leverage when reaching for things. 

Other Measurements—May be required for more-involved or cus- 
tom wheelchairs. Consult manufacturer product literature. 

The Chair—Certain wheelchair dimensions (Fig 109-2) are 
important in preparing an individualized prescription. These 
are some of the components and measurements that should be 
considered. 

Arms—Full-length, nondetachable arms are available. Desk- or 
full-length detachable styles are needed if the user must do a lateral 
transfer. Because detachable arms are offset from the main frame of the 
wheelchair, they also provide 1 1/2 to 2 inches of additional seat width. 
Thus, a wheelchair with 18 inches of upholstery and detachable arms 
actually yields 19 1/2 to 20 inches of seat width. Just as this feature 
widens the seat, it also widens the overall width of the wheelchair. If 
this additional overall width results in an architectural restriction, 
wraparound or space-saver arm styles must be considered. They are 
mounted behind the back uprights instead of between the uprights and 
the rear wheel. This design allows the additional seat width and re- 
movable convenience but keeps the overall width to that of a standard- 
frame wheelchair. 

Another consideration of the arm is its height in relation to the seat. 
Standard arm height is approximately 10 inches. The arm can be 
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manufactured to any specified height; however, a more convenient 
option is the adjustable-height arm, which is available in the detach- 
able styles. 

Seat and Back Width—A determination of seat and back width is 
the most important and fundamental part in selecting the proper 
wheelchair. A standard adult wheelchair has 18-inch seat and back 
upholstery. Wheelchairs are typically available in 2-inch increments 
from 12 to 24 inches. When considering seat width, remember the effect 
of detachable arms. A wheelchair that is too wide will promote leaning 
to one side or limit the ability of the user to propel the chair. Too narrow 
a wheelchair can result in pressure sores. 

Foot Supports—There are two basic types of foot supports: the 
footrest and the elevating legrest. Both are adjustable in length. To 
determine which type would be more beneficial to the user, consider the 
condition of the legs. If there is swelling or infirmity involving the leg or 
reduced flexion in the knee, elevating legrests might be indicated. A 
new concept, the articulating elevating leg rest, extends automatically 
as the leg rest is raised, to fit the outstretched leg correctly (Fig 109-3). 
In most other cases the simple footrest will suffice. At this point, also 
consider options such as removable versus fixed assemblies, quad- 
release levers, heel-and-toe loops, and oversized or nonskid footplates. 

Seat Height—The standard seat height is approximately 19 to 20 
inches from the floor. Hemi- or low-seat wheelchairs run about 2 inches 
lower. Seat height is important to those users who propel the wheel- 
chair with one or both feet. A higher seat may be required for users with 
long legs so the footrest-to-ground clearance will not be less than 1 1/2 
to 2 inches. 

Seat Depth—The standard seat depth is 16 inches. The seat should 
be deep enough to support the thighs properly without putting pressure 
on the back of the calf. 

Back Height—The standard back height is 16% inches. A higher 
back height provides more support for a weak upper body. A lower back 
height provides less support but allows greater freedom of movement. 
To determine which is best, consider overall physical strength and 
lifestyle. Try to keep the height of the back to a minimum, high enough 
to provide adequate support, yet still allow upper-body mobility. 

Wheels—Standard wheelchairs use a 24-inch rear wheel with an 
8-inch front caster. Hemi wheelchairs have a 22-inch rear wheel. The 
rear wheel generally is aligned with the back upright. In the case of a 
reclining or amputee chair the wheels are set back to provide a larger 
base of support, which is needed to prevent tipping backward. 

Note: 1. When taking measurements and adjusting the wheelchair 
always consider the effects of cushions and body positioners if they are 
to be used. 

2. Always fit the wheelchair for the user’s present condition. Make 
some allowances for progressive diseases but never overfit a wheelchair. 


, Added features add weight and can make the wheelchair cumbersome 
' to its user. 


When the pharmacist has completed the measurements and evalu- 
ations and actually has the patient sitting in the chair, there are three 
quick hand checks the pharmacist can make. 


1. An extended hand should fit between the hip and the skirt guard of 
the chair. 

2. Three or four fingers should fit between the seat upholstery and the 
back of the calf. 

3. Three or four fingers should fit between the top of the back uphol- 
stery and the underarm. 
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Figure 109-2. Key to wheelchair dimensions (courtesy, Everest & Jennings). 


Figure 109-3. Articulating, elevating leg rest (courtesy, Invacare). 


This kind of a quick double-check is the type of professional activ- 
ity that will differentiate a pharmacist as an authority on health 
accessories. 

While most patients will be able to use the manually operated 
wheelchairs described previously, a growing number will need a battery- 
powered wheelchair. This will include some quadriplegics and any 
patients who lack the ability to propel a chair manually. In some cases 
when the patient has no hand or arm movement a chair can be operated 
by chin control or a sip-and-puff control, in which the controls may be 
operated by the patient inhaling or exhaling into a straw-like device. 
Recently, even dental controls have become available, and wheelchairs 
controlled by vocal commands are under development and may soon be 
on the market. For wheelchair-bound patients who do not have the 
ability to reposition themselves in the chair, tilt-in-space wheelchairs 
(Fig 109-4) are available. Shifting the weight-bearing areas of the body 
can provide relief from or prevention of decubitus ulcers. 

Since patients using an electric wheelchair usually spend the major 
part of their waking hours in their chair, it is especially important 
that the chair and its accessories be fitted properly to them. Manufac- 
turers can provide specialized measuring and fitting guides for power 
wheelchairs. 

One other health-accessory product that can be included in the 
wheelchair category is the three- or four-wheeled, battery-operated 
scooter. These are often useful for people with limited mobility. Persons 
who can walk a short distance in the home environment may be unable 
to spend several hours on their feet in a shopping center or on a trip to 
a museum or zoo. A battery-operated scooter may be the perfect answer 
to such a situation, and many health-accessory dealers include three- or 
four-wheeled scooters in their product mix (Fig 109-5). 


CUSHIONS AND SUPPLIES 
FOR PRESSURE SORES 


Many types of cushions are available for a variety of purposes. 
Some are used to simulate a hospital bed’s gatch spring, thus 
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Figure 109-4. Action Jarsys weight-shifting tilt system moves the 
seat to optimize the client’s center of gravity during the tilt cycle 
(courtesy, Invacare). 
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Figure 109-5. Three- and four-wheeled scooters (courtesy Pride 
Health Care). 


enabling the patient to eat and work in bed in relative comfort, 
while others are used to bolster the patient’s legs to achieve 
flexion of the lumbar spine during traction. The most important 
use is to protect the patient from bruises and prevent the 
occurrence of pressure sores (decubitus ulcers, bed sores). 

Pressure sores result from pressure at the thinly covered 
bony prominences of the body such as the sacrum, tuberosities 
of the ischium (below the buttocks), heels, elbows, shoulder 
blades, and ears and back of the head in children. When pres- 
sure interferes with the normal circulation of capillary blood in 
the tissues, it can cause localized ulceration and gangrene. 

A pressure sore begins as a reddened area that, if left 
untreated, will develop into an open sore; if not corrected early, 
surgery may be the only feasible remedy. The best cure is 
prevention. According to Richard M Meer, Founder and Exec- 
utive Director of the Center for Tissue Trauma Research and 
Education (Jensen Beach, FL), “all pressure sores are prevent- 
able,” a notion that unfortunately still is denied by some health 
professionals in institutions where pressure sores continue to 
occur. As health-care consultants to their customers, commu- 
nity pharmacists are in a unique position to facilitate an un- 
derstanding of pressure sore—prevention techniques that can 
be used in the home-care environment. 

Pressure sores most commonly occur after long-term con- 
finement in either a bed or a wheelchair. In institutions where 
nursing services are provided or at home where family mem- 
bers are available, the following measures will prevent their 
occurrence: 


1. Keep the bed dry and clean. 

2. Thoroughly pat the skin dry. 

3. To increase circulation, regularly and gently massage the skin. 

4. Change the position of the patient in bed as frequently as possible, 
at least a minimum of every 2 hr. 

5. Relieve pressure as soon as the first signs of redness appear. 

6. Expose the reddened area to the air and reduce pressure by using 
commercially available items (ie, cushions) to increase circulation. 

7. Maintain proper nutrition. 


It has been said that any type of treatment will be of some 
benefit, because it takes the patient off the sore. 

Wheelchairs should never be used over an extended period 
of time without some kind of seat cushion. The most frequent 
occurrence of pressure sores in wheelchair users is at the is- 
chial tuberosities. Pressure sores also result from a chair that 
is too wide or too small or whose footrests are adjusted improp- 
erly. Footrests that are too low cause the patient’s legs to hang 
off the front edge of the seat upholstery, thus interrupting 
circulation to the lower legs, and also cause some patients’ 
knees to come together, increasing the possibility of pressure 
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sores between the knees. Footrests that are too high force the 
patient’s knees up in the air and take body weight off the back 
of the thighs, resulting in all of the patient’s body weight being 
focused directly on the ischial tuberosities. 

There are literally scores of wheelchair cushions on the 
market, ranging in price from under $20 to over $1000 for 
custom adaptive-seating arrangements. The most commonly 
used types are 


Sheepskin Cushion (or Pad)—A standard cushion used in hospi- 
tals for decades, in wheelchairs and in hospital beds, is the natural 
sheepskin cushion. Its fluffy, thick hair provides good relief from pres- 
sure. While it still is used in bed, it is inadequate for the wheelchair by 
itself. 

Today, there are several manufacturers of synthetic sheepskins that 
are superior to natural sheepskin because their polyester fibers will not 
support bacterial growth and their porous back permits adequate drain- 
age and airflow. The synthetic sheepskin is helpful to the wheelchair 
user if placed on top of another cushion and works best when in direct 
contact with the skin. 

The usual solution for pressure sores occurring on the elbows and 
heels is either a large synthetic sheepskin or individual heel-and-elbow 
protectors. They incorporate the sheepskin in a plastic holder that 
straps to the foot or elbow. 

Foam Cushion—The most common wheelchair cushions are made 
of different densities of foam. 

Convoluted Foam Cushion—tThe top surface of this foam cushion 
consists of rows of cones, giving it an egg-crate appearance. It remains 
popular in retail stores and many nursing homes but has yet to be used 
extensively in the rehabilitation setting. 

Coccyx Cushion—This is an effective modification of the foam 
cushion, with a cut-out in one side. It usually comes with a board insert 
that provides stability in an inherently unstable cushion. This cushion 
is ideal when pressure sores exist or are anticipated at the base of the 
patient’s spine and also is used postsurgically for hemorrhoidectomies 
and patients who have suffered a fracture of the coccyx. 

Inflatable Ring Cushion—The wheelchair-size inflatable ring 
cushion also can be effective providing it is neither underinflated (per- 
mitting the patient to bottom out) nor overinflated (making it hard and 
nonresilient). For most adults a 16-inch cushion with a 41-inch ID is 
usually preferred. 

Silicone Gel Cushion—The purpose of a silicone gel cushion is to 
simulate adipose tissue (body fat) and so perfectly distribute body 
weight that decubitus ulcers will be nearly impossible. While it is an 
excellent cushion for many patients, it has a drawback in that the loose 
gel permits some roll and creates a shearing effect damaging to some 
patients with tendencies toward pressure sores. Less-expensive gel- 
type cushions are now on the market. 

Roho Balloon Cushion—Rows of inflatable balloons make up the 
surface of this cushion. A pressure gage is used to adjust the pressure 
of the balloons (Fig 109-6). 

Newer cushions on the market include cushions that combine 
decubitus care and body positioning. 

A new look at advanced flotation therapy to prevent and manage 
skin breakdown can be found in the Iris product line by E R Carpenter. 
This new technology uses an outer surface produced from Omalux®, a 
densified, high-resiliency foam, and has a dimpled, flat surface for 
improved flotation. The high-performance foam in the inner core pro- 
vides optimal support, while the Omalux® layers mold to body contours. 
Together they work to reduce pressure. A tough but supple nylon- 
taffeta fabric is available to envelop this system, which is highly resis- 
tant to both moisture and microbial contamination. This system is 
available as a mattress overlay and as a wheelchair cushion (Fig 109-7). 


Figure 109-6. Balloon cushion (courtesy, Roho). 


Figure 109-7. Iris wedge cushion (courtesy, ER Carpenter). 


CANES AND CRUTCHES 


Canes 


Although walking canes are very simple devices, they are mis- 
used and misfitted frequently. The problem stems from a lack 
of basic knowledge as to what a walking cane is supposed to do 
and how it should be used properly. 

A walking cane serves two important functions 


Weight Transfer—It provides a means to transfer weight off the 
weak limb. To accomplish this, weight must be put on the cane. A 
patient who carries the cane on the side of the weak limb and puts 50 
lb of weight on it transfers 50 lb off the weak limb. The same is true if 
the cane is carried on the strong side. While the choice of carrying hand 
has nothing to do with weight transfer, it is crucial for proper balance. 

Balance—Good balance in walking is no more than keeping one’s 
center of gravity over the supporting limbs. If you suddenly lift one of 
your feet off the floor, you reduce your base of support to one foot, your 
center of gravity is outside the base of your support, and you fall. People 
who walk with legs apart tend to waddle, as they must move their 
centers of gravity from one foot to the other to avoid falling. Fashion 
models avoid waddling by learning to place one foot directly in front of 
the other so their centers of gravity move forward rather than side to 
side. 

If a patient carries the cane on the same side as the weak limb, the 
base of support will be narrow (ie, the distance between the cane tip and 
the weak limb is small), and the patient will have to transfer his or her 
weight from side to side, increasing the possibility of falling. A narrow 
base of support makes it difficult for a patient to keep the center of 
gravity over that base. A patient who is instructed to carry the walking 
cane on the side opposite the weak limb will have a wide base of support 
and the center of gravity can move primarily forward rather than side 
to side. The patient uses the cane together with the weak limb, alter- 
nately swinging the strong limb through for the next step. 


Again, this kind of instruction in simple aids is the type of 
professional activity that will differentiate a pharmacist as an 
authority on health accessories. 

Unless specifically instructed by a patient’s physician or 
physical therapist to the contrary, always instruct patients to 
carry the walking cane on their strong side. 


Fitting—A cane should be neither too long nor too short. Each one 
must be adjusted or cut to fit the patient. Fitting a cane is quite simple. 
Most schools of physical therapy recommend that a walking cane should 
fit so that the patient’s arm makes a 150 to 160° (from vertical) bend at 
the elbow; this places the muscle groups in the arm in the best position 
for firm support. The cane tip should be placed 4 inches in front of the 
toe at about a 45° angle; angle the cane back to the hanging arm, and 
the handle of the cane should be at the crease in the wrist. Then, when 
the patient lifts his or her hand up to the cane handle, the elbow will 
form the desired 20 to 30° bend automatically (Fig 109-8). 


Figure 109-8. Proper fitting for canes, walkers, and crutches. 


If a patient normally has one shoulder higher than the other, as 
when the patient has scoliosis (an S-shaped curvature of the spine), no 
effort should be made to straighten the patient for the fitting. One 
cannot measure one side of the patient and then use that measurement 
for the other side. Each side must be measured separately. The arms 
should be made to hang normally. A patient who has trouble standing 
without support should be backed up against a wall during the fitting. 
The back of a chair can be used effectively for support. Rather than 
measuring at the top of the cane for an indication of where to cut it, turn 
the cane upside down for the fitting. 

These rules apply in the fitting and use of all ambulatory aids 
including quad canes, forearm crutches, axillary crutches, and walkers. 


Walkers 


The most common walker in terms of sales and rentals contin- 
ues to be the adult, folding, adjustable walker. A basic inven- 
tory of walkers in any pharmacy should include 


1. Child adjustable walker. 
2. Youth adjustable walker. 
3. Adult adjustable walker. 
4. Hemiplegic walker. 


Proper use is the same for all nonwheeled walkers. Patients are 
instructed to lift the walker, place it in front of them and walk 
to it. With this method, the walker is firmly on the floor when 
the patient is moving. A walker should never be carried by a 
walking patient; if a patient is able to do this with relative 
security, a cane probably would suffice. 

A frequent problem is that patients tend to lean into the 
walker while walking up to it. The danger is that they may lose 
their balance and push the walker over, as it is relatively light. 
This tendency can be overcome by lengthening the front two 
legs of the walker by one adjustment, making the walker tilt 
back. This should not be a routine adjustment for all walkers, 
however; rather, it should be a response to a specific tendency 
of a patient to lean into the walker. 

The safest wheeled walker is one with a braking mechanism 
that will stop it if the patient trips or loses his balance. The 
braking mechanism should work when the patient’s weight is 
increased on the normal hand holds. 

There are a variety of wheel options available for walkers, 
including 3- or 5-inch fixed wheels, as well as 3- or 5-inch swivel 
wheels. It is recommended that all of these wheel options be 
used in conjunction with glide-brake attachments. Proper ap- 
plication of wheel options should be evaluated by a durable 
medical equipment technician or physical therapist per the 
individual client’s disability and environment for best results. 

Yet another ambulatory device being widely prescribed is a 
rollator walker, technically referred to as a heavy-duty, multi- 
braking system, variable wheel—resistant walker. This item is 
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generally equipped with 7%- to 8-inch wheels. A hand-brake 
system is incorporated into this structure, with adjustability to 
control the ambulatory gait of the user. Some units are avail- 
able with seats for intermittent resting and basket or tray 
accessories to carry items for daily living needs. Rollator walk- 
ers generally are recommended for, but are not limited to, an 
individual’s need for mobility outside the home environment, 
where a variety of surfaces require greater versatility (Fig 
109-9). 

As in the case of walking canes, each walker should be 
adjusted for its user. 

To fit a walker properly the patient should stand normally 
against a wall, if necessary. The legs of the walker are adjusted 
so that the top of the handgrips come to the patient’s wrist. On 
raising his or her hands to the walker handgrips, the patient’s 
elbows will form the proper bend. When it is also necessary to 
lengthen the front legs of a nonwheeled walker, the wrist- 
crease length should be accurate for the walker’s rear legs. The 
front legs of the walker then will be 1 to 2 inches longer, 
depending on the extent to which the patient leans into the 
walker. 

In terms of support, a walker can best be compared with the 
simple cane. While a walker does provide a steadier support for 
the patient, like the cane, it requires reasonably good arms, 
wrists, and hands. 

A patient with a disability or injury involving the hand or 
wrist making it non-weight-bearing may need a platform at- 
tachment that allows the forearm to bear the weight instead of 
the hand or wrist (Fig 109-10). 


Crutches 


FOREARM CRUTCHES—Neither walking canes nor 
walkers provide support to the patient’s wrists and elbows. The 
forearm crutch, however, is designed specifically to provide 
such support in that it has a vertical member that extends 
above the wrist and is secured reasonably well to the fleshy 
part of the forearm by a collar or cuff. 

The term forearm crutch is generic. They commonly are 
referred to as Canadian crutches or Lofstrand crutches. All can 
be recognized by the collar or cuff that encircles the patient’s 
forearm. The cuff usually is open, and the opening may face 
either the side or front. It is important that the cuff be open so 


Figure 109-9. Folding wheeled walker (courtesy, Etac). 
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Figure 109-10. Walker with platform attachment (courtesy, Invacare). 


the crutches may be thrown out of the way if the patient falls. 
The handgrip projects from the main shaft, and unless specif- 
ically instructed by the physician or physical therapist to the 
contrary, the patient should be instructed to hold the handgrip 
so that it points forward. 

If only one crutch is used, it should be used on the side 
opposite the weak leg. When two crutches are used, the patient 
should be instructed to step forward with the right leg and the 
left crutch, followed by the left leg and right crutch, and so on. 
Commonly known as the two-point gait, it is recommended for 
persons using forearm crutches unless, of course, the physician 
or physical therapist suggests a different gait. 

In fitting the forearm crutch, the patient should stand nor- 
mally erect, with arms at the sides. The forearm cuff is flipped 
back out of the way, and the handgrip is brought to the crease 
in the wrists by adjusting or cutting the main shaft. The length 
of the vertical member between the handgrip and the forearm 
cuff also should be adjusted so that the cuff comes to the middle 
of the patient’s forearm, usually over the fleshiest part. Care 
should be taken to see that the cuff doesn’t interfere with the 
elbow when it is fully bent. The cuff can be opened or closed by 
bending and shaping by hand, with very little effort. Patients 
should be shown how to do this as they may want the cuff 
larger or tighter, depending on their clothing. 

AXILLARY CRUTCHES—More common than the fore- 
arm crutch is the ordinary wooden or aluminum underarm 
crutch—the axillary crutch. It provides more support than the 
forearm crutch because it braces both wrist and elbow. 

Adjustable crutches are preferred, as they offer better and 
easier fitting. First, the patient should stand normally erect 
with arms at the sides. The crutch is placed under the arms, 
with the crutch tip on the floor at a point approximately 6 to 8 
inches ahead of the patient’s toes and 6 to 8 inches to the side. 
The main shaft is lengthened or shortened so that the top of the 
crutch is about 1% inch (two finger-widths) from the armpit. 
This fitting should be done with crutch tips and axillary cush- 
ions in place on the crutch. 

The second step is to adjust the position of the handgrip on 
the crutch so that it comes to the crease in the wrist. The crutch 


should be in the same position for this handgrip adjustment as 
it was during the fitting of its entire length. The arm then is 
brought out alongside the crutch for the handgrip adjustment. 

A flexed elbow is important when using an axillary crutch. If 
the handgrip is not positioned at the wrist so that the elbow 
bends when the patient takes hold of the handgrip, the tops of 
the crutches would push up into the armpits with each swing. 
But with the elbows bent initially, the crutch tops are safely 
below the armpits, since the patient must straighten his or her 
arms on the swing through. When axillary crutches are fitted 
properly, there is little or no danger of injury to the lymph 
glands, blood vessels, or radial nerves in the armpits, which 
can lead to crutch paralysis. The primary danger signal is an 
elevation in the patient’s shoulders with each swing through 
the crutches. When that happens, it is clear that the patient’s 
weight is bearing on the crutch tops and not on the handgrips 
as it should be. 

There are several axillary crutch gaits. 


The safest, most stable, and most common is the four-point gait. The 
patient begins by moving the left crutch forward. Next, the patient 
moves the right leg forward. The right crutch then is brought up to the 
right foot, and finally, the left leg is brought up to the left crutch. 

The two-point gait, the principal gait used when two canes are 
employed, also is used commonly with forearm and axillary crutches. 
Simply, both the left crutch and right leg are brought forward; then the 
right crutch and left leg are brought forward. 

The three-point gait has two variations: the swing-to gait and the 
swing-through gait. In either form, the patient begins by moving both 
crutches forward simultaneously. In the swing-to gait, both feet (or one 
foot for an amputee or when one leg is in a non-weight-bearing cast) are 
swung to a point between the two crutches. In the swing-through gait, 
the feet (or foot) are swung through the crutches to a point ahead of the 
two crutches—it helps to visualize a triangle made by the two 
crutchtips and foot, and flipping that triangle end-over-end. 

Another common crutch gait is the hemiplegic gait. It is nothing 
more than the use of a single axillary crutch in exactly the same manner 
as one would use a single cane. The crutch is carried on the strong side 
and is moved forward together with the weak limb, alternating with the 
good leg. 


Accessories 


TIPS—The most important accessory is the tip, which 
makes contact with the floor. No cane or crutch should ever be 
sold or rented without a good tip. Safety requires that cane and 
crutch tips have the following minimum characteristics: they 
must fit the cane or crutch shaft snugly, have a suction-grip 
bottom, and have a flexible neck so the bottom of the tip will 
stay in complete contact with the floor when the cane or crutch 
rocks through a gait. The suction-grip bottom of a crutch or 
cane tip should be as large as possible—the more rubber in 
contact with the floor, the less chance of slippage. 

AXILLARY CUSHIONS—tThese are designed to protect 
the underarm from bruises and inhibit slippage of the crutch 
top from under the arm. They should not be weight-bearing, as 
the top of the crutch should be fitted to be 1 1/2 inches from the 
armpit. 

HANDGRIPS—tThese are more varied in type and style, 
however, as they are designed for various purposes. The most 
common kinds are dense foam-rubber sleeves that fit over the 
standard crutch grip. The split handgrips should be used for 
nonadjustable crutches only, as they tend to slip around the 
handgrip. Taping them tightly will secure them somewhat. The 
nonsplit, often called closed, handgrip is better for the patient, 
but it requires removal of the crutch’s handgrip to put it on. 

Other contoured handgrips and palmgrips are available. 
Since the natural palm line is not horizontal, they are designed 
to alleviate problems such as hand discomfort and wrist 
soreness associated with the traditional horizontal crutch 
handgrip. 

SEAT-LIFT CHAIRS—Another aid to mobility being used 
in homes today is chairs with electrically powered seat-lift 


mechanisms. Designed for the patient who can ambulate (often 
only with the assistance of a cane or walker) but is unable to get 
out of a chair unassisted, the seat-lift chair can add greatly to 
the independence and mobility of a patient at home. This may 
simplify the job of a primary caregiver, who may be a frail 
spouse who has great difficulty assisting the patient out of a 
chair (Fig 109-11). 

STAIRWAY SYSTEMS—A home stairway system can aid 
a patient living in a two-story home who has difficulty using the 
stairs. Models are available for straight, angled, or curved 
stairways. Some models, such as the Electra-Ride II (Fig 109- 
12) are battery-operated and will continue to work even during 
a power outage. 


COMMODES 

LE EE ETE STE) 
A commode is little more than a portable toilet, and yet there 
are a variety of different types. More than a convenience, a 
commode can mean the difference between coming home or 
staying in the hospital. Whenever the patient is unable to 
ambulate from the bed to the bathroom or to be transported via 
wheelchair, there is a need for a commode. 

Perhaps the most common type is the steel- or aluminum- 
frame commode with a toilet seat and cover plus a removable 
plastic pail and cover. Adjustable legs are desirable, since some 
patients need a rather tall one to aid them both in sitting and 
in getting up more easily. The Drop-arm commode enables 
easier lateral transfer to and from the commode seat. Some 
patients also find this innovation helpful when there is a need 
to insert suppositories. Depending upon the attitude of the 
patient and, more often, that of the family, an aluminum fold- 
ing commode can be removed from view when it is not in use. 

The common aluminum- or steel-frame commode uses its 
uplifted toilet seat cover as a backrest. Commodes are available 
with padded and nonpadded backs, an upholstered seat and 
armrests, and casters for moving about easily (Fig 109-13); 
others are made of wood and resemble furniture—eg, the dis- 


Figure 109-11. Seat-lift chair (courtesy, Pride Health Care). 
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Figure 109-12. Electra-Ride II stairlift (courtesy, Bruno Independent 
Living Aids). 


guised, Danish Modern commode. Some commodes are de- 
signed to be used both in the bedroom and in the bathroom. 
These are either backless or have a removable back, so as not 
to interfere with the toilet tank. 

Although commodes may be rented in most states, it is 
unwise to reuse the commode pail; it should be sold to the 
customer during the first month’s rental. It also is helpful to 
advise the patient’s family that a pail filled to one-third with 
water will be easier to keep clean. Deodorant tablets and drops 
are also appropriate as an accessory to any commode rental or 
sale. 

A commode with wheels should be used with caution. 


BATHROOM SAFETY AIDS 


Before dispensing any bathroom safety aid that is weight- 
bearing (or for that matter, any medical equipment that is 
designed to support the partner’s full weight), it is advisable to 
ask the patient’s height and weight and document that infor- 
mation on the receipt, invoice, or intake sheet that is kept in 
the patient’s file. Most bathroom safety aids list the weight 
capacity of that product on the package, on a tag, or in a 
catalog. 

Safety in the bathroom primarily means safety in the tub or 
at the toilet. An elevated toilet seat makes it easier for patients 
to sit or stand and suggests the need for some kind of toilet 
guard rail. Attaching-type toilet rails can connect to the bowl 
with the regular toilet seat bolts. Some attaching types are 
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Figure 109-13. Padded commode on casters with pivot arms (cour- 
tesy, Lumex). 


designed with detachable sides, permitting the use of one side 
only, as well as easier cleaning of the rail in general. 

Elevated toilet seats vary considerably with respect to the 
materials from which they are fabricated, whether or not they 
have full or partial splash guards, to what extent they are 
adjustable in height, and whether or not they are padded for 
softness or, like any normal toilet seat, quite hard. The full 
splash guard may be preferred by many people, but the phar- 
macist should keep in mind that persons without good legs and 
body control (paraplegics and quadriplegics, particularly) need 
the open sides that only the elevated toilet seat with the partial 
splash guard has, to administer to their personal cleanliness 
independently and to insert suppositories without assistance. 
The least expensive, and by far the most popular, elevated 
toilet seats are one-piece molded plastic. Combination elevated 
toilet seats with attached hand rails are available, but may tip 
if equal pressure is not applied to both sides when rising (Fig 
109-14). 

Safety aids for the bathtub include adhesive strips and spots 
for the tub bottom, mats for preventing slips, and a variety of 
tub seats and safety grab bars. Tub seats are either bench types 
with legs or seats that straddle the tub sides. 

One type of bench has either fixed (standard)- or adjustable- 
height legs and is available with or without a back. A transfer 
bench (Fig 109-15) is used with two legs in the tub and two legs 
on the floor outside the tub. The patient can sit down on the 
portion of the seat that is outside the tub, swing his or her legs 
over the edge of the tub, and slide across the bench until the 
entire body is inside the tub. Transfer benches are available 
with solid seats or with a commode opening to facilitate peri- 
neal cleansing. Some models of transfer benches have suction- 
cup footpieces or clamp onto the side of the tube for security 
and stability and are available with a plastic or a padded seat 
for comfort and protection of skin integrity. 

Another type of bath seat is powered by either water pres- 
sure or a hydraulic pump that actually raises or lowers the 
height of the seat from the height of the tub side to near the 
bottom. This seat also can be classified as a bath lift. 


Figure 109-14. Elevated toilet seat with arm rails (courtesy, Invacare). 


Bathtub grab bars range from those that attach to the side 
of the bathtub to wall-mounted grab bars. Perhaps the most 
frequently used type is one that extends high enough to give a 
person standing outside the tub a firm support before stepping 
into the tub. Wall grab bars take a variety of shapes, angles, 
and lengths. Finishes of vinyl coating, smooth chrome, and a 
knurled texture for grip security are all available. True grab 
bars extend from the wall at least 4 to 5 inches, enabling a 
falling person to slip the forearm behind the bar and hook the 
elbow over it. 

Another important consideration is how the various bars are 
attached to the wall. Whatever the method, pharmacists should 
know how the bars they stock are mounted best for safety and 
either be able to instruct the customer in the mounting proce- 
dure, provide such service, or have someone who will provide 
installation services on call and also be aware of liability when 
doing so. 


HOSPITAL BEDS 


The health-accessories department of a pharmacy also may 
have hospital beds for sale or rental, including manual or 


Figure 109-15. Transfer bath benches (courtesy, Lumex). 


electrically operated beds. The bed can be either fixed or vari- 
able height, and its spring should have an adjustable head and 
foot section that raises the patient’s knees as well as permits 
the feet to be elevated. 

The electrically operated bed may be either the full-electric 
or semielectric type. The height of the full-electric bed is ad- 
justable from the floor and permits positioning of both the head 
and foot sections. The semielectric bed may have a manual 
crank to adjust the height. 

MATTRESSES—Polyfoam mattresses are excellent for 
rental purposes, especially with split-spring hospital beds, as 
one person can handle them easily. An innerspring mattress 
should be used with an electrically operated bed or when the 
heavier mattress is preferred; however, not every innerspring 
mattress will work well on a hospital bed, since the springs 
must be hinged to have the mattress flex properly when the 
spring is adjusted. Sometimes the selection of the type of mat- 
tress is influenced by the diagnosis or the insurance coverage. 

Any mattress used for rental purposes should be con- 
structed with a waterproof covering, and it is advised also to 
provide plastic mattress covers. The pharmacist should be 
aware of local or state regulations regarding the sanitizing of 
rental mattresses, as well as Occupational Safety and Health 
Administration (OSHA) regulations that might apply for infec- 
tion control. 

BEDSIDE SAFETY RAILS—It is recommended to stock 
three types of bedside safety rails, full-length and half-length 
rails for use on a hospital bed and the other for use on any kind 
of bed normally used in the home. Rails for use with a hospital 
bed have clamps that attach to the steel parts of the spring. 
Rails used on home-type beds are attached by connecting rods 
placed between the regular mattress and box spring. This any- 
bed type of safety rail usually is made of aluminum, with 
cross-members of steel. Hospital bed rails may be constructed 
of aluminum or steel. Bed rails used on home beds are to 
provide safety and should not be used as repositioning aids or 
transfer-assist devices. 

BED HANDLES—A newer product to assist patients in 
getting into or out of their own beds is the Bedside Assistant 
(Bed Handles, Inc). Installed by just sliding them between the 
mattress and box spring, they provide extra stability for any- 
one who feels dizzy or unsteady as they get into or out of bed 
(Fig 109-16). 

ALTERNATING PRESSURE PADS—The alternating 
pressure pad (APP) is a thin air-mattress pad arranged in 
longitudinal tubes and connected to an air pump that alter- 
nately inflates and deflates alternate rows of tubes. To elimi- 
nate counterpressure, sometimes created by the smooth long 
tubes in earlier APP pads, newer configurations may include 
small pillows arranged longitudinally in lieu of straight tubes. 
It works on the principle that circulation in the tissue occurs in 
the absence of pressure. 

A newer product, the alternating pressure mattress (APM) 
by Invacare, features a full 7-inch-deep system with a variety of 
settings that can reduce interface pressure for treatment of 
Stage I through Stage IV pressure sores (Fig 109-17). A mois- 
ture-permeable covering also can help prevent skin breakdown 
by removing moisture from the skin. 

TRAPEZE BARS—The typical overbed trapeze bar is used 
by the patient as an assist in sitting up and getting into and out 
of bed. It usually is made of steel and, by means of clamps, is 
attached to the headboard of a hospital bed. A trapeze-bar 
floor-stand, which enables the trapeze to be used over any bed, 
is also available. 

Trapeze bars are adjustable in height, and some models also 
provide adjustability in the position of the bar over the bed. A 
special clamp permits the bar to be swung to various positions 
and locked for security. A pivoting trapeze bar should never be 
used with the floor stand, as accidents may occur unless the bar 
is suspended properly. 
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Figure 109-16. Patient using the Bedside Assistant (courtesy, Bed 
Handles). 


TRACTION 


Overdoor traction sets provide for cervical traction at home, 
using any open door for the purpose of mounting the traction 
pulleys. Weight is applied to the cervical spine by a cord run- 
ning over the pulleys and attaching to a halter that fits over the 
patient’s head and applies pressure to his or her mandible and 
occiput. The weights may be cast-iron traction weights sus- 
pended on a traction-weight hanger or a graduated water- 
weight bag containing tap water in accordance with the weight- 
of-water markings on the plastic bag. An additional item in 
most overdoor traction sets is a metal spreader bar that 
spreads the top of the head halter to avoid pressure against the 
patient’s ears. 

Unless specifically instructed by the physician to the con- 
trary, the pharmacist should tell the patient to use the over- 
door traction set while sitting in a chair facing the door. When 
doing so, the patient’s head will be pulled toward the front, 
bending the chin down and flexing the cervical spine. 

Flexion generally is preferred over hyperextension in any 
type of traction. If the patient were to sit with his or her back 
to the door, as has been illustrated on the covers of overdoor 
traction sets for many years, the chin would be pulled up and 
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Figure 109-17. In alternating mode, the APM’s 22 adjacent air cells 
alternatively inflate and deflate at 5-min intervals, which periodi- 
cally redistributes the pressure against the skin to promote capillary 
circulation (courtesy, Invacare). 


the cervical spine would be hyperextended—usually an unde- 
sirable attitude during cervical traction. 

Most patients who require traction will need it in a flexion 
posture; the rest need hyperextension. It may be dangerous to 
use flexion on patients who require hyperextension. 

Any traction set—even the ordinary overdoor type—should 
be sold or rented only on the written prescription of a physician 
who specifies the frequency of treatment, the length of each 
treatment, the weight to be applied, whether the traction is to 
be static or intermittent, and special instructions as to posi- 
tioning of the patient with respect to flexion and hyperexten- 
sion. It is often necessary for the pharmacist or the patient to 
call either the physician or the physical therapist to clarify the 
amount of weight to be used or the length of time of each 
treatment. 

TRACTION IN BED—While cervical traction may be 
given while the patient is either sitting in a chair or reclining 
in bed, pelvic traction is administered at home only when the 
patient is in prone position. There are two basic types of 
appled-in-bed traction sets: one is for use with a hospital 
bed and the other for use with any bed. The any-bed traction 
device has the typical vertical adjustments and pulleys and 
is mounted on a floor stand. Buck’s extension traction or a 
mattress clamp set may require a sturdy headboard or foot- 
board, as it has no floor stand. Either type is used for both 
pelvic and cervical traction. 

When applying cervical traction to a patient lying in bed, 
unless specifically instructed by the physician to the contrary, 
traction pulleys usually are mounted quite high so as to de- 
velop flexion of the cervical spine and mildly depress the pa- 
tient’s chin. 

When pelvic traction is applied, flexion is also important, 
and the pulleys should be mounted quite high to produce flex- 
ion of the lumbar spine. It also may be helpful to raise the head 
section of the hospital bed or bolster the ordinary bed with a 
wedge cushion or mattress elevator. Additionally, the patient’s 
knees should be elevated either with the knee adjustments of 
the hospital bed spring or ordinary pillows placed under the 
knees. These recommendations must have the approval of the 
physician. 

A complete traction department also will have pelvic trac- 
tion belts in a variety of sizes, without which pelvic traction 
cannot be applied. A universal (one size fits all) belt with Velcro 
fasteners is also available. 


PATIENT LIFTERS 

TE ESA 
Among a wide range of hydraulic and screw-type patient lifters, 
the floor-model hydraulic patient lifter is used most commonly 
(Fig 109-18). All lifters have an adjustable boom to which a 
patient-carrying sling or seat is attached. Lifter bases differ, 
though they are typically U-shaped and may be either adjust- 
able or nonadjustable in width. The adjustable base can be 
spread wide and moved around almost any chair or commode so 
that the patient sling is suspended directly over the seat to 
which the patient will transfer. 


Sling design is an important consideration when choosing a 
patient lifter. Slings in all fabrics come as one- or two-piece 
units, with and without head supports; they also may be had 
with a commode opening. 

Positioning the sling under the patient who is in bed is 
accomplished in much the same way that bed linens are 
changed under a patient. The patient is rolled on one side while 
half the sling is folded accordion fashion and tucked up against 
him or her. The sling should be so positioned that on rolling 
back, the spine will rest on the middle of the sling. The patient 
is rolled back over the folded portion of the sling and to his or 
her other side while the folded part of the sling is unfolded; 
then the patient is returned to his or her back. Attention should 
be paid to the vertical positioning of the sling also—the bottom 
edge of the sling should not extend to the middle of the patient’s 
knee, but rather should come just to the knee. 

When the sling is placed properly under the patient, the 
lifter is brought to the bed, the chains or straps are hooked up, 
and the boom is raised slowly and gently until the patient is 
lifted off the mattress. Patients should never take hold of the 
lifter chains; their arms should be safely inside the sling. To 
avoid swinging of the sling when moving the lifter, the atten- 
dant should cross the patient’s ankles and hold the bottom heel 
with one hand while pulling the lifter with the other. Patients 
should always be facing the lifter when they are suspended by 
the lifter sling. 

When a patient is ready to be lowered into a chair, com- 
mode, or bed, the attendant should release the hydraulic valve 
carefully and slowly, guiding the patient into position by the 
heel. A common mistake is to remove the sling from beneath 
the patient after transferring him or her to a chair or commode. 
It is considerably easier, and safer too, to let patients sit on the 
sling, and remove only the chains and lifter from their view. 

When it’s time to pick the patient up again, the lifter only 
need be brought into position, the chains hooked up, and the 
patient lifted slowly out of the chair. 


Figure 109-18. Painted hydraulic patient lifter with nonadjustable 
base and two-piece canvas patient sling (courtesy, Ted Hoyer & Co). 


A patient lifter with a special type of base must be used for 
bathtub transfers. 


BEDPANS 

CS a SE ET 
Bedpans, used for the collection of feces, may be round but are 
predominantly oval and are constructed of plastic, stainless 
steel, enamelware, or porcelain. Single-patient-use plastic bed- 
pans (nonautoclavable) are considerably less expensive than 
their metal and porcelain counterparts. Plastic, like rubber, 
also tends to be warmer to the touch and therefore much more 
comfortable than steel, porcelain, or enamelware. There is also 
available a smaller, sloping, flatter bedpan, called a fracture 
bedpan, for use, primarily for urine, with immobilized or over- 
weight patients. 

It is helpful to the patient for the pharmacist to suggest that 
when a hospital bed is available, the back rest and knee section 
of the gatch spring should be elevated when using the bedpan. 
The backrest should be elevated substantially while the knee 
section should be elevated only slightly. When a hospital bed is 
not available in the patient’s home, four or five pillows behind 
the back will make using a bedpan much easier. 


ACCESSORIES FOR THE BEDFAST PATIENT 

LL RST SEE IT ST SERIE 
Special tables and trays for spill-preventing, safety, and pa- 
tient comfort are near-essentials in any sickroom (Fig 109- 
19).The common overbed table is an ideal accessory whether or 
not the patient has a hospital bed. Some overbed tables have a 


Figure 109-19. Adjustable overbed table with tilt-top for books or 
magazines (courtesy, Lumex). 
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center section that can be raised to a slanted position for the 
support of a book or magazine; others have a vanity tray and 
mirror that slide out from beneath the tabletop for use by the 
bedfast patient. Sturdy breakfast trays that straddle the pa- 
tient’s hips while he or she is in bed, special folding tables, and 
trays with contoured fronts that enable the wheelchair user to 
get comfortably close contribute to the nonambulatory patient’s 
comfort and convenience in the sickroom at home. 

Easy-reachers are devices that enable the bedfast patient to 
reach out and pick up things normally beyond his reach. 

A solid or inflatable plastic shampoo tray facilitates sham- 
pooing for patients who cannot leave their beds. The tray fits 
across the mattress where a pillow normally goes and is de- 
signed to carry shampoo water to a drain at the side of the bed, 
where it may be collected in a plastic bucket. The patient’s head 
rests in the shampoo tray, which, though it has quite high 
sides, has a depression for the back of the neck. 

Folding backrests with or without arms, wedge-shaped foam 
cushions, bedboards, and footboards with adjustable cushions 
for the prevention of foot rotation are additional articles for the 
comfort and convenience of the bedfast patient. When it is 
necessary to keep bed linens and blankets off the patient’s feet 
and legs, a blanket support, sometimes referred to as a leg or 
body cradle, is desirable. Holding mitts, built-up forks and 
swivel spoons, food guards, feeding cups, pencil and cigarette 
holders, and simple drinking straws with accordion hinges that 
bend without collapsing are some of the devices that make 
patient home-care effective. 

Folding patient-privacy screens are a frequently requested 
sickroom accessory, especially when the patient will be using a 
bedside commode. 

Finally, a health-accessories department also may stock a 
modest assortment of safety vests and belts, crib nets, and 
restraints for use by nursing homes and extended-care facili- 
ties, as well as by the patient at home. 


RESPIRATORY THERAPY 
SS AS PS SHWE SS 

STEAM VAPORIZERS—tThe modern steam inhaler is es- 
sentially the same as the now nearly forgotten croup kettle, 
except that it uses electricity to generate heat and steam. The 
advantage of this more modern adaptation lies in the attain- 
ment of a constant temperature. Also, most forms of this appa- 
ratus are equipped with a regulator so that when they run dry, 
the heating unit shuts off simultaneously. These are easier to 
handle in the home, especially at night. 

The familiar vaporizer provides the conventional hot-steam 
therapy for the relief of upper respiratory illnesses. Physicians 
recommend it for colds, sinusitis, and similar ailments. 

The portable room humidifier, on the other hand, provides a 
cool mist to compensate for the lack of sufficient moisture in the 
air and occasionally is used for its expectorant effect in liquefying 
tenacious mucus in the airway. An additional advantage is that 
since no heater is used, it is entirely safe for small children. 

Vaporizers are used extensively in the home today to hu- 
midify bedrooms or chambers where patients suffering from 
various bronchial conditions may rest. Cool-vapor humidifiers 
provide effective high-humidity inhalation therapy for respira- 
tory patients and can be used as well to restore proper humid- 
ity to rooms dried out by winter heating. 

AIR PURIFIERS—The removal of dust, pollen, spores, 
secondhand smoke, and other irritants from room air by an air 
purifier can be a valuable adjunct to the treatment of many 
respiratory conditions. Models using a true HEPA (high effi- 
ciency particulate arresting) filter can remove up to 99.97% of 
all airborne room particles. 

AEROSOL THERAPY AND NEBULIZERS—Instru- 
ments that generate very fine particles of liquid in a gas are 
called nebulizers. Medication compressors, such as the Pul- 
moaid (Fig 109-20) often are used in providing inhalation ther- 
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Figure 109-20. DeVilbiss Pulmo-Aide LT compressor (courtesy, Sun- 
rise Medical). 


apy. Other medicinal and pharmaceutical uses of aerosols are 
discussed in Chapter 69. 

Many other types of high-tech respiratory equipment, such 
as continuous positive airway pressure devices (CPAPs) and 
ventilators, are available. While these may be a part of the 
pharmacy’s health-accessory department, the actual setup, pa- 
tient instruction, and equipment maintenance usually will be 
done by a respiratory therapist, who is on call 24 hr a day in 
case an emergency arises. 

OXYGEN THERAPY—Providing oxygen therapy as an ad- 
junct to a health-accessories department also should be done in 
conjunction with the services of a respiratory therapist. 

Oxygen first became available as a therapeutic gas after the 
military developed an economical process to distill it in large 
quantities for use by the pilots and crew of high-altitude air- 
craft. Prior to this it was not economically feasible to provide 
oxygen in the quantities required to treat hypoxic patients. The 
primary commercial method of manufacturing therapeutic 
oxygen is by the liquification of air followed by fractional 
distillation. 

Supplemental oxygen is used to treat various clinical disor- 
ders, both respiratory and nonrespiratory in nature. 

Oxygen often is prescribed at a rate of 2 L/min for the relief 
of arterial hypoxemia and any of its secondary complications. 
Oxygen also has proved to be therapeutic in treating pulmo- 
nary hypertension, polycythemia secondary to hypoxemia, 
chronic disease states which may be complicated by anemia, 
cancer, migraine headaches, coronary artery disease, seizure 
disorders, sickle-cell crisis, and sleep apnea. 

Some adverse effects and hazards of oxygen therapy include 
oxygen-induced hypoventilation, absorption atelectasis, and 
oxygen toxicity. Oxygen-induced hypoventilation is probably 
the greatest potential hazard of oxygen therapy. 

In certain clinical situations the respiratory therapy drive 
that results from carbon dioxide stimulation of the respiratory 
center is blunted. This phenomenon may be the consequence of 
a drug overdose such as with a barbiturate or heroin or, more 
commonly, chronic hypercarbia. Hypoventilation is of particu- 
lar importance in patients with severe chronic obstructive pul- 
monary disease (COPD) in which carbon dioxide retention and 
hypoxemia have developed over a long period of time. The 
respiratory drive of most of these patients results from hypoxic 
stimulation of the carotid chemoreceptors. Thus, the main 
stimulus for respiration is hypoxemia. If this hypoxic drive is 
relieved through the advent of excessive oxygen therapy, hy- 
poventilation may occur, and further carbon dioxide retention 
with possible cessation of ventilation could result. 

Absorption atelectasis is the result of collapsed alveoli from 
a high concentration of oxygen in the inhaled air. Nitrogen, an 
inert gas that makes up 79% of our atmosphere, maintains the 
residual volume of space in the alveoli as the oxygen component 


of inhaled air is diffused through the pulmonary membrane 
and absorbed into the bloodstream. When a high concentration 
of oxygen is inhaled into the alveoli, the oxygen is absorbed 
rapidly into the blood, potentially leaving the alveoli empty and 
collapsed. This is particularly significant in patients with pul- 
monary disease that involves narrowing or obstructing the 
airways and a low ventilation-perfusion ratio. 

Oxygen toxicity is not a significant hazard until oxygen 
concentrations are greater than 50% for prolonged periods of 
time. Oxygen toxicity can affect the pulmonary system, central 
nervous system, retina, and endocrine organs adversely. Pul- 
monary changes are usually the first to manifest, with in- 
creased permeability of capillary endothelial cells resulting in 
alveolar congestion, intraalveolar hemorrhage, and fibrinous 
exudation of the hyaline membrane. Normally, the first symp- 
toms include substernal burning discomfort, cough, paresthe- 
sia, nausea, and vomiting. 

A prescription of 2 L/min is generally considered sufficiently 
therapeutic without a great increase in risk of the previous 
hazards. 

For the home-care patient on oxygen therapy, there are 
basically three different types of delivery systems available: 
the liquid system, compressed gas system, and oxygen concen- 
trator. Each has its own distinct advantages and disadvan- 
tages. Choosing a system that is most applicable is based on the 
patient’s needs, lifestyle, mobility, convenience, frequency of 
use, and volume of oxygen consumed. Reimbursement criteria 
set up by Medicare or an HMO also may dictate which type of 
system is used. 

The oxygen in a liquid system has been compressed and 
cooled to —184.4° (—300°F). The resulting volume is less than 
0.2% of an equivalent amount of oxygen at atmospheric pres- 
sure and temperature. The system consists of a large reservoir 
vessel and a lightweight portable unit. Both are designed to 
protect the extremely cold contents from heat and to regulate a 
consistent rate of evaporation from a liquid to a gas for subse- 
quent use by the patient. Most large reservoirs will hold 75 to 
100 lb of liquid oxygen and require filling once every week or so. 
Although considered stationary units, some patients have se- 
cured them in vehicles for travel. The portable unit is light 
enough, at approximately 8 lb when filled, to be transported 
over the shoulder by its carrying strap. 

Compressed-gas oxygen systems consist of a basic high- 
pressure tank and a pressure regulator with an attached flow 
meter graduated in liters per minute. The most stable and 
reliable form of oxygen delivery and storage systems, it is most 
applicable for patients who predominantly are confined to their 
home with an occasional need for mobility or patients who 
require oxygen on an as needed basis. Compressed oxygen is 
available in a variety of tank sizes (Fig 109-21). 

The largest, the H tank, holds 244 ft? or 6900 L of oxygen 
and is the standard stationary unit of the system. Smaller 
tanks, some of ightweight aluminum construction, are avail- 
able for use as portable systems. The most common tanks are 
the E with 22 ft? or 622 L of oxygen, often used with a small 
pull cart, and the D with 12.6 ft? or 356 L of oxygen, easily 
carried in a shoulder bag. 

OXYGEN CONCENTRATOR AND ENRICHER—Elec- 
trically powered by standard 110-V household current, these 
devices pump in ambient room air and then preferentially 
separate oxygen from nitrogen and deliver approximately 95% 
oxygen at maximum flows of 3 to 6 L/min. Much improved in 
efficiency and reliability over the last few years, all concentra- 
tors still require inspection by a trained technician, preferably 
quarterly but at least annually, to verify the percentage of 
oxygen delivered and perform a scheduled, routine mainte- 
nance program. This type of system never needs refilling and is 
extremely convenient for the homebound patient. The disad- 
vantage of older systems is that the system cannot store any 
oxygen for portable or emergency use during an electrical out- 
age. Patients should be advised to have a separate source of 
oxygen, such as a compressed tank, available. Newer units 


Figure 109-21. Portable oxygen tanks (courtesy, DeVilbiss). 
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actually are capable of filling portable tanks. One brand of 
concentrator (Fig 109-22) can produce a liter flow of 0 to 6 
L/min and also can fill any backup tank at 3 L/min while still 
providing oxygen for the patient. The most commonly used 
backup tank, the Z tank, takes about 2 hr to fill. The use of this 
type of unit, where practical, and the use of oxygen-conserva- 
tion devices can reduce the number of service and delivery calls 
normally associated with providing oxygen therapy. 


APNEA PROGRAMS 
ED EL EE] 
Sudden infant death syndrome (SIDS) is the number one cause 
of death in the US for infants under the age of 1 year. The 
relationship between SIDS and apnea (a pause in respiration of 
15 to 20 sec or longer) is not exactly clear and is still somewhat 
controversial. However, a large portion of the pediatric medical 
community has begun home-monitoring in infants who have 
experienced episodes of prolonged apnea. 

In the last few years a great deal of medical research has 
been devoted to improving understanding of the relationship 
between SIDS and apnea. This has resulted in the publication 
of a large number of journal articles about apnea and SIDS, the 
establishment of an annual medical conference on the subject, 
the startup of numerous hospital-based apnea programs, and a 
general increased awareness in the medical community about 
the problem. 

As the interest in the medical community has increased, so 
has the number of physicians prescribing home monitors. Ap- 


Figure 109-22. Venture HomeFill 
complete home oxygen system 
(courtesy, Invacare). 
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nea programs were once the domain of a select few physicians 
and hospitals nationwide. Now, most hospitals with a Level II 
or III nursery have developed their own apnea-monitoring pro- 
grams, staffed with a team of medical professionals. These 
programs evaluate infants at risk for apnea and prescribe the 
use of a home monitor. Typically, a neonatologist heads up the 
team and is assisted by nurses and respiratory therapists spe- 
cializing in the treatment of infants. 

The increased interest in SIDS and apnea by the medical 
community has stimulated tremendous growth in the num- 
ber of home-health-care dealers offering apnea-monitoring 
programs. 

PNEUMOGRAMS (PNEUMOCARDIOGRAMS)—Apnea 
monitoring has become much more sophisticated in the last few 
years. Very specific and detailed evaluation and screening pro- 
grams have been established by hospitals to determine which 
infants will need to go home with an apnea monitor. Once in 
the home, more followup work now is being done. Historically, 
12-hr recordings known as pneumograms were performed to 
evaluate an infant’s progress in the home environment. Long- 
term event recordings are now commonplace for documentation 
of the types of alarms an infant is having and to determine the 
proper time for monitor discontinuance. 

Pneumograms are two-channel recordings of heart rate 
(ECG) and respiration. These typically are done in the home for 
a 12-hr period. These recordings then are printed out and 
analyzed by a physician or technician. The results are used to 
determine if the infant needs further study at a hospital apnea 
center or no longer needs to be monitored. 

A 12-hr pneumogram is a snapshot recording of one night in 
an infant’s life. The recording may include apnea events in 
combination with normal activity (well information) or it may 
include only well information. If an infant who previously has 
had a number of serious problems while being monitored has 
an unusual evening during a 12-hr pneumogram, with no 
events occurring, the physician has a recording that is not an 
accurate reflection of the infant’s true condition. 

An event recorder provides the caregiver with long-term 
information about the events that are causing the monitor to 
alarm. This provides the physician important documentation 
about the number and type of events an infant is having over a 
long period of time. An event recording provides a physician 
with a more realistic record of an infant’s condition. The phy- 
sician can alter the infant’s monitoring program or discontinue 
monitoring altogether based on the results of the recording. 

Event recordings, normally taken for a period of 72 hr or 
longer, are similar to two-channel pneumograms. They record 
heart rate and respiration data, but rather than continuously 
recording this information over a 12-hr period, they only record 
information when the monitor sounds an alarm. An event re- 
cording provides the caregiver with information about alarm 
events occurring in the home. This information is extremely 
valuable, particularly when evaluating problem infants or de- 
termining when to discontinue monitoring. 

Traditionally, home pneumograms were made on small 
cassette-tape recorders. The recorders and tapes would be de- 
livered to the home the day the recording was scheduled, and 
the readings were printed and analyzed the following day. 
Multiple-channel recordings are being used more widely, and 
improved electronic communication devices can provide physi- 
cians with results on a much more timely basis. Many units can 
be connected to store the data on a laptop computer or, through 
a modem, to transmit the data to a neonatologist at a hospital 
or directly to the physician’s office. 


PHOTOTHERAPY 

(La TS Ra 
The treatment of neonatal jaundice (hyperbilirubinemia) often 
involves the use of a phototherapy light. Phototherapy treat- 
ment also may be provided by a fiberoptic system, which con- 


sists of an illuminator, a fiberoptic cable, and a fiberoptic panel, 
which can be wrapped around an infant’s torso (Fig 109-23). 
Phototherapy may be done in the hospital or, at the doctor’s 
and parent’s option, in the home. Home phototherapy costs can 
be a fraction of the cost of a hospital stay, and the financial 
resources of the parents or the mandates of an HMO may 
require home treatment. While the health-accessories pharma- 
cist may stock and set up these units, a nursing service usually 
will provide the everyday blood-testing required. 

LIGHT THERAPY—Studies have shown that during the 
winter months, especially in the northern climates, up to 20% 
of the population may suffer from sunlight affective disorder 
(SAD). Three-fourths of these will be women. By combining 
high-output fluorescent tubes with a parabolic reflector, one 
company has designed a light unit that can produce up to 
10,000 lux (a unit of measure of light intensity) of light, similar 
to that of a very bright and sunny spring day (Fig 109-24). By 
contrast, normal indoor lighting levels may range from 200 to 
700 lux. Usage for only 15 to 30 min a day may increase the 
sense of well-being for those affected by this disorder. 


HYPODERMIC EQUIPMENT 
a oS 
Syringes are instruments intended for the injection of water or 
other liquids into the body or its cavities. They are classified 
according to differences in principle of action into three cate- 
gories: plunger syringes, such as the hypodermic syringes; bulb 
syringes, of which the ear and ulcer syringes are one type, and 
gravity syringes, characterized by the fountain syringes. 

HYPODERMIC SYRINGES—tThese syringes are used to 
administer medication subcutaneously (under the skin) or 
intradermally, intravenously (into a vein or artery), or intra- 
muscularly (into the muscle). 

Parenteral therapy or injection of medication under the skin 
and through tissues dates from the beginning of the 19th cen- 
tury. The first crude instrument of this type was a needle 
trocar, developed to deposit morphine in paste form. The prin- 
ciple of introducing medication under the skin, however, be- 
came popular in the first half of the 20th century. 

Luer Syringes—The inventor of this type of apparatus, Dr 
Luer, patented his syringe; the letters patent have long since 
expired but today most hypodermic syringes of this style bear 
his name. The outstanding feature of the Luer syringe was its 
ground-glass surfaces. In many instances, the inside of the 
glass barrel and the outside of the glass plunger were ground 
individually. Later, they were ground together so that they 
would provide a perfect fit and prevent back leakage. 

Hypodermic syringes are always of the plunger type, char- 
acterized by the type of piston and difference of size or capacity. 
The tuberculin syringe is a small syringe not exceeding 1 mL in 
capacity and graduated in 0.1- or 0.01-mL divisions. The hypo- 
dermic syringe is usually of 2- to 50-mL capacity. There are 
larger piston syringes, ranging up to 200 mL, for various pur- 


Figure 109-23. Wallaby phototherapy system (courtesy, Medical 
Products). 


poses such as transfusions and in veterinary medicine. Grad- 
uations may be in fractions of a mL or in minims. Syringes also 
may be prepared with special graduations, such as units of 
insulin. . 

DISPOSABLE HYPODERMIC SYRINGES—Most hypo- 
dermic syringes used outside of a hospital setting are of the 
disposable variety. Various types of disposable hypodermic sy- 
ringes, each carrying a single dose of sterile medication, now 
are supplied as a standard dosage container by many pharma- 
ceutical manufacturers. 

HYPODERMIC NEEDLES—Hypodermic needles used 
with Luer syringes are of metal and consist of a hub, which 
locks to the ground-glass tip by friction, and a needle point that 
varies in diameter and length. Needles also are called cannu- 
las. Hypodermic needles have been made of stainless steel, 
hyperchrome steel, carbon steel, chromium, nickeloid, plati- 
num, platinum-iridium, silver, or gold. 

Hypodermic needles are characterized by their different 
points, which have a long, tapering reinforced point and bey- 
eled cutting edges of varying degree. A long-bevel or long-taper 
needle is used for local anesthesia, aspirating, hypodermocly- 
sis, and subcutaneous administration. A short-bevel needle is 
used for intravenous administration, infusions, and transfu- 
sions. A special short-bevel needle is employed for intradermal 
and spinal administration (Fig 109-25). 

Size—Selection of a size is governed by four factors—safety, 
rate of flow, comfort of patient, and depth of penetration. There 
are three standard dimensions—length, outside diameter of 
the cannula, and wall thickness. Regular needles are measured 
for length from where the cannula joins the hub to the tip of the 
point (hub not included). 

The gage of a needle is measured by the outside diameter of 
the cannula or needle shaft. The usual range of diameter for 
needles is from 13-gage (largest diameter) to 27-gage. Needles 
seldom are less than “%-inch long or longer than 31 inches. 

There are many special needles, designed for a variety of 
purposes. Various biopsy and bone-marrow transfusion needles 
range from 16- to 19-gage and % to 3% inches long. They are 
characterized by their heavy shaped hubs. 

Needles for local anesthesia range from 26-gage, 2 inch to 
20-gage, 6 inch. Intravenous, blood transfusion needles, some 
with fitted cannulas, range from 19-gage, 1% inch to 15-gage, 
2% inch. 

There are also special needles and cannulas for abscess, eye, 
hemorrhoidal, tonsil, laryngeal, and pneumothorax use. 
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Figure 109-24. Satellite light system (courtesy, 
Northern Light Techologies). 


These many types of special-purpose hypodermic needles 
are of varying diameters and varying lengths. Some of these 
are shown in Figure 109-26. 


BULB SYRINGES 


Bulb syringes frequently are preferred for use where sterility is 
not necessary or where plunger-type syringes, because of their 
force, would be dangerous to use. Bulb syringes are of partic- 
ular value in the nose and ear and for wound and urinary 
irrigation. 

These syringes customarily are known by the name of the 
part of the body for which they are intended. 

Nasal syringes or nasal aspirators are soft rubber bulbs of 
about 1-oz capacity, with an acorn-shaped nasal tip to fit the 
nostril. The tip may be either glass, plastic, or hard rubber. A 
glass tip allows visual examination of the mucus removed from 
the nostril. 


Figure 109-25. Hypodermic needles. Left, short-bevel and long- 
bevel needle points; /eft center, the Huber point with closed bevel 
and side opening to avoid producing tissue plugs; right center, 
regular point showing features that ensure less cutting, more dis- 
tention of tissue, and reduced trauma, seepage, and after-pain; 
right, needle with security button that prevents a broken cannula 
from becoming lost in the tissues. 
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Figure 109-26. Special hypodermic needles. 1, caudal needle; 2, 
epidural needle for single-shot anesthesia; 3, intravenous anesthe- 
sia short-bevel and long needles (with vinyl tubing); 4, blood trans- 
fusion needles (with vinyl tubing); 5, short-bevel beaded local an- 
esthesia needles; 6, spinal needle with large spool hub; 7, biopsy 
needle for bone-marrow aspirations; 8, infusion needle, with fe- 
male Luer slip; 9, hemorrhoidal needle with threaded adjustable 
gage to adjust depth of puncture; 10, cerebral angiography needle 
with thin-walled outer cannula, corrugated shield, and inner can- 
nula (courtesy, Becton-Dickinson). 


Ear syringes and ulcer syringes are one-piece molded bulbs 
of soft, flexible rubber, with long, narrow nozzles and are em- 
ployed in treating the eye, ear, and nose and for irrigation of 
any open cavity or ulcer. 

If necessary, bulb syringes should be sterilized with germi- 
cidal solutions. Prolonged boiling will injure the rubber. 

Rectal syringes are customarily of the bulb type, with a long 
narrow nozzle. They frequently are employed in the adminis- 
tration of enemas to infants. These are the safest and least 
expensive of syringes requiring minimal maintenance. Such 
syringes customarily are of 1- to 4-0z capacity. Although many 
syringes provide hard-rubber or vulcanite tips, the use of hard 
tips should be discouraged because of occasional injury to the 
soft tissues from their use. 

Vaginal syringes, used for irrigation of the vagina, are 8- to 
10-0z capacity bulb syringes with a large vulcanite or rubber 
spray tube. Pressure on the bulb forces the medicated or irri- 
gating liquid through the tip of the syringe either in a direct 
stream or with a whirling motion. These syringes in white or 
various colors are provided with rubber, sleeve-shaped, round 
or oval shields to prevent leakage when in use. Caps sealing the 
nozzles are provided to avoid leakage or loss of the contents 
before use. One model has a convenient plastic stopper at the 
bottom of the bulb opening, with a removable strainer, which 
permits mixing of medications. 

ENEMA SYRINGES—Fountain syringes consist of a res- 
ervoir with a capacity of 1 to 3 qt, a 5-ft rubber tube, and a 
vaginal or rectal nozzle. These are used for irrigation with 
water, salt solution, soap suds, or special medications. 

Pharmacists should caution users of enema syringes as fol- 
lows: the drop must not exceed 4 ft to prevent excessive gravity 
pressure, the fluid should be maintained at body temperature 
to avoid chills or burns, and the tube customarily is closed with 
a mechanical pinchcock. Before using the syringe, the cutoff 
should be released for a moment until some liquid issues from 
the nozzle. The user must be certain that no air remains that 
might be forced from the tube into the body cavity. Hard-rubber 
nozzles are supplied frequently with enema syringes, but as 
they may cause damage to the rectum, they preferably are 
replaced by catheters or tubes of soft rubber, about *16 inches in 
diameter and 15 inches in length. 


Enemas—In simple constipation, whenever evacuation of 
the lower bowel is indicated, and when proctological examina- 
tion or surgery is indicated, an enema customarily is given 
because of its local, comfortable, and safe action in a relatively 
short period of time. 

Enemas should not be used when nausea, vomiting, or ab- 
dominal pain is present nor more often than necessary, to avoid 
dependence. Prepared enemas are available for use in simple 
constipation or whenever evacuation of the lower bowel is in- 
dicated, such as in proctological or sigmoidoscopic examina- 
tions; small, disposable units consisting of flexible plastic bot- 
tles of 6- to 50-mL aqueous or oil solutions, with self-fitted 
comfortable plastic or rubber tip are available. 


DRESSINGS AND FIRST-AID SUPPLIES 

1 RS TR SPO 
Pharmacists are the proper distributors of sterile materials 
for treating wounds. Their training enables them to appre- 
ciate the care necessary in their handling and storage, and 
they often are called upon for advice or instruction on their 
use. The following items fall in this class: absorbent cotton, 
cotton balls and buds, sterile rolls and pads of gauze, elastic 
bandages, disposable fabric tissues and underpads, eye pads, 
sponges, tissues and towels, adhesive elastic bandages, aero- 
sol adherent, spray dressings, first-aid kits, scissors, twee- 
zers, and applicators. Various types of oxygen and moisture- 
permeable transparent dressings such as Tegaderm or 
hydroactive dressings such as Duoderm serve specialized 
needs. See Chapter 108. 

The pharmacy with a comprehensive health-accessories de- 
partment will stock bulk packages of these items for use by 
nursing homes, visiting nurses services, and patients who con- 
sume quantities sufficient to warrant their making larger pur- 
chases, in addition to the smaller packages for the pharmacy’s 
usual customers. 

THE FAMILY MEDICINE CABINET —There is a place in 
every home where medicines are kept. The medicine cabinet 
should be either locked or completely out of the reach of chil- 
dren. Every bottle or box should be labeled clearly. Unused 
prescription medications, outdated OTC drugs, and empty bot- 
tles do not belong in the medicine cabinet and should be re- 
moved. Some community pharmacists provide folders contain- 
ing information on first-aid, poison antidotes, and simple home 
medication for use by their customers so that the pharmacy’s 
name is always in view in the medicine cabinet. This also is 
accomplished by providing a gummed family prescription 
record for the inside of the cabinet door or an emergency label 
bearing space for entering telephone numbers for the doctor, 
pharmacy, hospital, and fire and police departments, to be 
attached to the telephone or telephone book. 

In addition, the pharmacist should urge that every family 
car, camper, and boat be equipped with an adequate first-aid 
kit in addition to a flashlight, flares, and a hand fire extin- 
guisher. 

SNAKE-BITE KITS—Anyone in snake, bee, or wasp coun- 
try should carry a snake-bite kit. They usually are available in 
a compact plastic or metal case containing a tourniquet rubber 
or other lymph constrictor, antiseptic, razor blade or knife, and 
one or more suction cups or syringes. These are available from 
Cutter or Becton-Dickinson. Many lives are saved each year by 
prompt action at the spot where the snake attacks, and relief 
from the pain and swelling of severe insect stings is also im- 
portant. Snake bites are medical emergencies that require im- 
mediate treatment. 

Every hospital pharmacist should have a chart of disaster- 
unit equipment required for a hospital, and all pharmacists 
should be familiar with the requirements and needs of disaster 
units. 

HOT-WATER BOTTLES—tThe best instruments for ap- 
plying dry heat are the hot-water bottle and the electric heat- 


ing pad. Hot-water bottles may be of the usual 2-qt size or of the 
1-pt capacity in the form of a face bottle for neuralgia of the 
head and for infant conditions. Each hot-water bottle has an 
opening through which warm water is added and a stopper 
securely sealed with a washer. It is more convenient to attach 
the stopper permanently to the bottle to prevent its loss. Some 
have screw-stopper attachments that permit conversion of the 
bottle into a fountain syringe. 

When filling a hot-water bottle, it should be held against the 
back of the hand or forearm to ensure that the temperature is 
not too high. The hot-water bottle should never be allowed to 
come in contact with the skin, or burns may result. Flannelette 
bags or even a towel wrapped around the hot-water bottle will 
give adequate passage of heat and comfort and convenience. 

After use, the empty hot-water bottle should be hung by the 
tap at its bottom for thorough draining. Water of boiling tem- 
perature, oil, grease, alcohol, or turpentine should not be per- 
mitted to come in contact with the material of the hot-water 
bottle. 

MOIST-HEAT PACKS—Various commercial moist-heat 
packs are now in common use in hospitals and nursing homes 
and are also available for use at home. These steam packs 
appear as compartmented, cloth bean bags when new and are 
filled with tiny beads. When boiled in water or heated in a 
microwave oven, however, the beads become hydrated and 
combine into a gelatinous substance that has the unique prop- 
erty of holding its temperature far longer than any other 
pack—about 30 to 40 min. 

Moist-heat packs such as these must be wrapped in layers of 
Turkish towel to prevent burns and should never be used in 
direct contact with the skin. They are available in a variety of 
sizes, including a contoured pack designed specifically for the 
neck and shoulders. The neck-contour steam pack, as well as 
others, also has optional terry-cloth covers, lined with foam 
rubber, which takes the place of layers of toweling. Heating 
units are also available, but the patient at home can prepare a 
steam pack in an ordinary pot of boiling water. They can be 
used over and over again without loss of effectiveness if care is 
taken to avoid dehydration— easily accomplished by wrapping 
the steam pack in a plastic bag and storing it in the refrigera- 
tor. For long-term storage, these packs can be kept in the 
freezer (again, sealed in a plastic bag) to prevent drying out. 

ELECTRIC HEATING PADS—The advantage of the elec- 
tric heating pad over the hot-water bottle lies in the fact that 
there is no possibility of leaking or spilling, and the tempera- 
ture is controlled constantly and indefinitely. Most are wet 
proof for wet or dry application and have soft-foam padding and 
washable flannel covers. Most have adjustable heating ele- 
ments that permit the temperature to be set at the desired level 
and an illuminated temperature-control panel. One of the more 
popular electric moist-heating pads is manufactured by Battle 
Creek under the trade name Thermophore. These are con- 
trolled by means of a handheld switch that automatically turns 
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the unit off when released, eliminating the possibility of burns 
caused by a patient’s falling asleep. The Thermophore heating 
pad creates moist heat without preboiling or using large 
amounts of water, hence, its desirability in the home environ- 
ment. The unit’s flannel cover is dipped into water and then 
wrung dry. Intermittent applications of heat create fomenta- 
tion, or intense moist heat. The manufacturer recommends 
that treatments not exceed 30 min in length. All such electrical 
devices customarily are inspected to ensure safe operation; 
however, short circuits and breakage of the heating element 
may result from constant use. 

Automatic heat bonnets for scalp treatments; heat bandages 
for sprains, bursitis, or arthritis; neck and throat heating pads 
for stiff neck or whiplash cases; sinus masks for heat therapy of 
sinus areas; and even thermal massagers are available. The 
pharmacist always should caution the patient not to sleep 
while using an electric heating pad. 

Still another modality for providing heat therapy are sys- 
tems that pump temperature-controlled heated water through 
a special pad or pads. The pads can be applied to the areas of 
the body that require heat therapy. A key-operated tempera- 
ture setpoint maintains the circulating water at a constant, 
preset temperature (Fig 109-27). 

PARAFFIN BATHS—Heat also can be applied uniformly 
to feet, hands, or elbows by using a paraffin bath. By dipping 
the foot, hand, or elbow into the warm paraffin a number of 
times, a soft glove is formed that will release its heat slowly and 
uniformly. After the treatment the glove is just peeled off (Fig 
109-28). 

COLD APPLICATION—In deep inflammation the effects 
of external application of either heat or cold are essentially 
similar, owing to reflexes arising from the stimulation of the 
nerves conducting temperature sensation. Experience has 
shown that there are some conditions (such as appendicitis) in 
which the application of cold is the more desirable. 

Appliances for local application of cold are reusable cold 
packs and the familiar ice bag or ice cap (Fig 109-29). The latter 
is usually a circular rubber or rubberized cloth bag, circular in 
shape, with a large opening to admit cracked ice. Occasionally 
thick rubber, similar to that used in hot-water bottles, is em- 
ployed. Ice caps usually require a cover of some type to protect 
the skin. The contents of an ice cap are less flaccid than the 
liquid in hot-water bottles. Therefore, thin-rubber or cloth con- 
struction is preferable, to ensure better conformation with the 
body. The pleated shape common to many ice caps avoids 
bulginess and allows the introduction of large amounts of ice. 

An adaptation of the ice cap is used for throat inflammation. 
It is the collar-shaped rubber bag known as a tonsillectomy 
bag. It fits snugly around the neck. Ice bags also are made in a 
long, narrow shape for use around the throat and along the 
spine. 

. COLD PACKS—Instead of using ice, some hospitals keep 
redi-freeze ice packs that are stored in refrigerators until 


Figure 109-27. Gaymar T/Pump heat therapy system (courtesy, Gaymar Industries). 
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Figure 109-28. Paraffin heat therapy system (courtesy, Therabath). 


needed and are exchanged for bags that have become warm in 
use. Thus, cold packs are immediately available at all times, 
and the liquid contents conform more readily to the contours of 
the body. 

Ice packs of soft rubber or plastic, filled with a nontoxic 
solution of 10% propylene glycol and water, are available in the 
usual designs. When stored in the freezing compartment of the 
refrigerator, the contents freeze to a semisolid or slush that 
provides greater comfort in use and longer retention of cold 
temperature than ice cubes. Fitted with tabs and tie-tapes, 
they are available in throat and body shapes. 

In addition, instant hot and cold packs are available that 
provide a portable modality for heat and cold therapy, ideal in 
situations when refrigeration or heating units are not accessi- 
ble. To activate the packs, they are struck firmly, which breaks 
an inner packet containing an activating fluid. This fluid comes 
into contact with the base chemical, and the resulting chemical 
reaction is either endothermic, producing cold, or exothermic, 
producing heat. They maintain heat or cold for about 30 min 
and then must be discarded. 

Another type of cold therapy circulates iced water through a 
special pad next to the part of the body being treated. Temper- 
ature control can be adjusted from 45 to 55°F for continuous 
use or below 45°F for sessions of 20 min or less. 


THERMOMETERS 


Hippocrates in 460 BC recognized that abnormal human tem- 
perature was a disease symptom. In 1610 AD Sanctorius de- 
veloped the first clumsy oral thermometer. The thermometer 
was unreliable until 1714, when Fahrenheit developed the first 
dependable scale and instrument. It had standard graduations, 


Figure 109-29. Ice caps and bags. Left, mackintosh cloth and rubber 
collapsible ice cap; center, ice bags; right, spinal and throat ice bags. 


and mercury was used as the heat-measuring liquid. In 1835, 
two Frenchmen, Becquerel and Breschet, established the 
mean, or average, temperature of a healthy man as 98.6° on the 
scale devised by Fahrenheit. A Hollander, Antoon Van Haen, in 
1754 developed the first practical clinical thermometer. Ther- 
mometers were seldom depended on in medical practice until 
about 1865, when a Scottish physician named Aitken invented 
a self-registering thermometer. 

THERMOMETERS FOR HOME USE—The types of ther- 
mometers usually employed in the home are the household 
thermometer, or common type for reading interior or outside air 
temperature, and clinical or fever thermometers (Fig 109-30). 
The temperature of the atmosphere at the surface of the earth 
varies more than 200°F, but man’s body temperature rarely 
varies beyond 97 to 104°F, with the portent of danger at either 
extreme. 

The change in temperature of the patient is one of the 
important symptoms upon which physicians base their diag- 
noses and treatments. The instrument employed for body- 
temperature determination is the clinical, or more popularly 
called fever, thermometer. 

An abnormal temperature is nature’s warning that some- 
thing is wrong. A rapid rise or fall and substantial deviations 
from normal are danger signals. Every home should have a 
fever thermometer available at all times. 

The essential difference between an ordinary thermometer 
and one designed for determining body temperature is the 
self-registering feature of the fever thermometer. When the 
mercury column has risen to the maximum temperature, it 
remains until shaken back into the reservoir at the bottom of 
the instrument. This is due to a constriction that acts as a tiny 
check-valve in the thermometer bore, just above the bulb, and 
permits passage of the mercury on expansion but does not 
permit its return on contraction. 

CLINICAL OR FEVER THERMOMETERS—tThree bulb 
types of fever thermometers are available: 


The oral type, characterized by the slender mercury reservoir, is the 
most sensitive for mouth use. 

The rectal type has a blunt, strong, pear-shaped bulb for safety and to 
ensure retention in the rectum. 

A small, sturdy universal, security, snub, or stubb type with a short, 
stubby bulb, for oral or rectal use and safer for babies or irrational 
patients (Fig 109-30). 

All fever thermometers have a magnifying-lens front that renders the 
mercury column visible against an opaque background. Some have 
a colored line that by reflection helps detect the mercury column, or 
guidelines that center the eye on the image of the column. Others 
are flat so that the markings are on the same plane as the mercury 
when the thermometer is held in normal reading position. 


TAKING BODY TEMPERATURE—Fever thermometers 
should always be sterilized and shaken down below 97°F before 
taking a reading. For oral temperatures, the thermometer 
should be placed in the mouth, with the bulb under the rear 
edge of the tongue, and rotated once or twice to ensure complete 
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Figure 109-30. Diagram of thermometer construction. 
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contact. The transfer of body heat to the thermometer is 
speeded by then shifting the bulb to the opposite rear edge of 
the tongue. The lips should be kept closed, and the thermom- 
eter left in the mouth for at least 3 min. Regardless of length of 
initial oral exposure, it is always well after the initial reading 
to return the thermometer to the patient’s mouth for another 
minute, to provide a check or verification of the original read- 
ing. Oral temperatures should not be taken for 30 min after 
exercising, smoking, eating, or taking hot or cold drinks. 

Rectal temperature should be taken only with a rectal or 
stubby bulb thermometer. The bulb should be lubricated and 
gently inserted deeply enough to pass the constricting muscle, 
leaving about half the thermometer exposed. Babies should be 
held firmly face down, their buttocks separated with one hand, 
and the thermometer held in place with the other. The ther- 
mometer should be left in place at least 4 min. 

A longer time may be necessary for temperature readings if 
the thermometer is cold or if the patient is anemic or aged, with 
poor blood circulation. Axillary (underarm) temperature is not 
recommended except when all other methods are impossible. 

NORMAL TEMPERATURES—tThe average normal oral 
temperature is 98.6°F, but some variations are natural. 
Healthy persons may have temperatures as much as 1°F above 
or below the average normal temperature. One’s temperature 
may range from about 97.3°F at 2 to 5 am to about 98°F in the 
morning and to about 99°F in the late afternoon. One should 
determine his or her normal temperature by a series of read- 
ings while in good health, for comparison as a personal stan- 
dard when one is ill. 

Normal rectal temperatures are usually 1°F higher, or 
99.6°F, though the normal mark on all types of fever thermom- 
eters, including the rectal type, is at 98.6°F. 

BASAL TEMPERATURE GRAPH—A woman who 
wishes to become pregnant may increase her chances of con- 
ception greatly by having intercourse at the time of ovulation, 
or she may decrease the chance of contraception by avoiding 
intercourse then. She may use her knowledge of the fertile 
interval for avoidance of conception for some time by natural 
means, then use it for a planned pregnancy (natural child 
spacing). 

Basal temperature graphs are helpful in determining 
whether and when ovulation occurs. Ovulation is the release of 
an egg (ovum) from the ovary; it ordinarily occurs only once in 
each menstrual cycle. Conception can take place only if inter- 
course takes place at or near this time, during the interval of 
transition between low- and high-temperature levels. 

The basal temperature graph reflects slight body changes 
taking place during the menstrual cycle; charts for plotting 
the daily temperatures are available from Schering, Becton- 

_ Dickinson, and elsewhere. The basal resting temperature in the 
first part of the cycle is usually well below normal; in the last 2 
weeks or so of the cycle the basal temperature is closer to 
98.6°F. Most important, the shift from the lower to the higher 
temperature occurs about the time of ovulation (Fig 109-31). 

The variations in the temperature before and after ovula- 
tion are slight, often only a few tenths to a half degree, so it is 
important that the temperature be taken carefully and re- 
corded accurately. Special thermometers are available for this 
purpose. They record temperatures within the usual range of 
cyclic variations (from 96 to 100°F only) and are graduated in 
tenths of a degree and are easier to read than the ordinary 
fever thermometers, although the latter may be used. 

TEMPERATURE COMPARISONS—Throughout the US 
the Fahrenheit scale still is employed, although the use of the 
Celsius scale is increasing rapidly in medical circles. Some 
hospitals and physicians prefer the latter scale, and clinical 
thermometers graduated in Celsius degrees are available. Nor- 
mal body temperature on the Celsius scale is 37°. A comparison 
of temperature equivalents of the two scales, in the range of 
body temperatures below and above normal, is given in Table 
109-1. 
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Figure 109-31. Basal temperature graph for determination of ovu- 
lation period in the female. 


ACCURACY—The critical factors in obtaining maximum 
accuracy are that the thermometer must be designed properly, 
it must be sufficiently accurate to meet each specific require- 
ment, and it must be used properly. 

In general, the accuracy of fever thermometers is estab- 
lished either by federal standards, or by states, local authori- 
ties, and sometimes private institutions, usually operating for 
hospital groups. 

Thermometers offered for sale that exceed the standards 
usually bear specific information on the certificate indicating 
special accuracy or selection for other factors beyond the min- 
imum requirements. They are valuable for critical temperature 
use, such as in diagnosis of certain pulmonary diseases and 
infectious diseases, both surgical and medical, and for basal- 
temperature studies, now being used widely in the study of 
human fertility. 

READING THE THERMOMETER —Next to accuracy, 
the most important feature of a fever thermometer is its ease of 
reading. This is especially true for the inexperienced home 
user, who will appreciate being shown thermometers with 
easy-reading features, as offered by many manufacturers. Al- 
ways demonstrate how to hold the thermometer for reading, 
which should be done with the back to good light and the 
instrument held horizontally in the right hand, about 12 inches 
from the eyes. The bulb should never be held while reading, but 
the thermometer may be steadied by the left-hand index finger 
placed behind it. With the markings to the front, the thermom- 
eter should be rotated slowly until the mercury is visible. 

CARE OF THE THERMOMETER—After the thermome- 
ter has been read and the temperature recorded, it always 
should be shaken down so that it is ready for use the next time 
it is needed. In shaking down the mercury column, the ther- 
mometer should be grasped firmly between the thumb and the 
forefinger at the scale end and shaken vigorously by several 
snaps of the wrist until the reading is below 97°F. This is 
effective, and a good way to describe this method is to liken it 
to shaking water off the bulb, which the customer can visualize. 
The thermometer should never be held in the fingers while the 
hand is struck upon a solid surface to jar down the mercury 
column. Such rough handling is almost certain to cause a 
breakage or rupture of the constriction, even though it may 
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Table 109-1. Temperature Comparison 


FAHRENHEIT CELSIUS 
96.0 seo 5) 
97.0 36.11 
97.6 36.36 
98.0 36.65 
98.6 3720 
99.0 S22 
9935 37.50 

100.0 S/ot/T/ 

101.0 38.33 

102.0 38.88 

103.0 39.44 

104.0 40.0 


appear unbroken. If dropped, even though apparently unbro- 
ken, the thermometer should be tested before using. Fever 
thermometers should never be exposed to heat, the sun’s rays, 
or a heat unit or be displayed in a pharmacy display window. 

Currently there are also available a variety of low-cost, 
battery-operated electronic fever thermometers, with a visible 
gage, that sell for under $10. The most popular is the digital 
type (Fig 109-32); however, models with analog indicators are 
available. This type of thermometer gives precise temperature 
readings within a minute and is safe to use. Most have a peak 
hold feature, so that the maximum temperature attained can 
be read, and use disposable probe covers for sanitation. 

A thermometer designed to make quantitative temperature 
measurements directly from the surface of the skin has been 
developed at the University of Colorado, Craig Rehabilitation 
Hospital. The instrument is accurate to within one-tenth of a 
degree when measuring the difference in heat generated by an 
arthritic joint and that generated by a healthy tissue. Its probe 
is about 6 inches long and has about a 5/8 inch diameter. Its 
hollow aluminum barrel holds a spring mechanism—like a 
ballpoint pen—that permits the user to exert uniform pressure 
when measuring skin temperatures. 

The new tympanic thermometer (Fig 109-33) can be used on 
virtually every patient, newborn to elderly. The contoured 
safety probe of the thermometer is placed snugly into the 
patient’s ear. A sensor on the tip of the probe measures the 
infrared emissions from the tympanic membrane. The ther- 
mometer converts this information into an accurate tempera- 
ture reading and displays it on a clear liquid-crystal display 
(LCD) panel in approximately 3 sec. 


BLOOD-PRESSURE MONITORS 


While pharmacies near hospitals and in clinics or large profes- 
sional buildings have long sold stethoscopes to doctors and 


Figure 109-32. Digital electronic thermometer (courtesy, Omron 
Healthcare). 


Figure 109-33. Tympanic thermometer (courtesy, Omron Health- 
care). 


nurses and sometimes to patients, increased public interest in 
health and fitness in general and hypertension in particular 
has created an ever-growing interest in blood-pressure moni- 
toring devices. Once plain, nurses’ stethoscopes now come in 
many colors and styles, and the sale of stethoscopes and re- 
placement chestpieces, tubing, diaphragms, and eartips to 
nurses not only brings in additional revenue but also intro- 
duces nurses to all the other health-related accessories offered 
by the pharmacy. 

Desk-type mercury sphygmomanometers are still used in 
professionals’ offices, but aneroid models are much more pop- 
ular. Inexpensive self-taking aneroid models can be purchased 
for home use. More expensive digital models are available and 
easy to use, and some even come with printers. Other digital 
models take systolic and diastolic measurements from the in- 
dex finger or from compact wristband monitors (Fig 109-34). 


Figure 109-34. Wrist blood-pressure monitor (courtesy, Omron 
Healthcare). 
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Figure 109-35. Wallet blood-pressure record card. 


A pharmacist can highlight the blood-pressure monitor de- 
partment by offering free blood-pressure screening, either on 
an as-needed basis or specifying a certain morning or afternoon 
each week. Training in proper techniques for measuring blood 
pressure may be offered by a local chapter of the American 
Heart Association. 

After taking a subject’s blood pressure, the pharmacist or a 
properly trained associate may choose to record the measure- 
ment on a folding wallet card (Fig 109-35). The patient can be 
advised to return at regular intervals for further readings or 
encouraged to consult a physician if appropriate. By having the 
pharmacy name and logo on the opposite side of the folding 
card, patients are carrying a reminder of the pharmacy in their 
wallets. Also, if patients show the readings to their physicians, 
physicians may become more aware of the professional level of 
services provided by the pharmacy. 


BLOOD-GLUCOSE MONITORS 

SB IS IO TTT EST 
A pharmacy can expand its services to diabetic patients by 
offering blood-glucose monitoring devices and providing train- 
ing in proper usage. Models are available that are inexpensive 
and easy to use at home. Ongoing purchases of the test strips 
and other supplies used with these monitors can provide op- 
portunities for patients to return to the pharmacy on a regular 
basis. 


TENS 
LESS LAL TR SL ET EDT 
Transcutaneous electrical nerve stimulation (TENS) is an elec- 
trical method of controlling pain. It is a safe, nonaddictive, and 
noninvasive alternative to drug therapy. A TENS unit delivers 
mild electrical signals through the skin to the underlying 
nerves to relieve pain by blocking the pain message before it 
reaches the brain or by causing the body to release pain- 
relieving endorphins. 

A small battery-powered stimulator generates low-intensity 
electrical impulses to electrodes adhering to the skin. A physi- 
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cian or therapist will determine the stimulation parameters. 
The pharmacist (who has been trained in TENS usage) will 
instruct the patient in placement of electrodes and use of lead 
wires to connect the electrodes to the unit, give instructions on 
adjusting the level of intensity and the treatment schedule, and 
advise the client on proper skin care. 

Also available are muscle stimulators, which use an electric 
current to stimulate an atrophied or weakened muscle. This 
should be done in conjunction with a physical therapist, under 
the direction of a physician. 


BREAST PUMPS 


Every year more working mothers who want to continue 
breastfeeding their babies when they return to work after 
maternity leave are learning of the availability and advantages 
of breast pumps. The emergence of women’s health issues in 
the public consciousness has led many employers to accommo- 
date the needs of new mothers who need to breast pump during 
the workday. 

Breast pumps may be used occasionally, as in a day or 
evening away from the baby, or more regularly, as by a mother 
who pumps once or twice a day while at work. Babies who are 
unavailable for any feedings for a period of time (such as 
premature babies kept in the hospital after the mother is 
released) may necessitate the mother breast pumping until the 
baby comes home. 

Simple manual pumps are available for occasional use. Elec- 
tric pumps, including models with convenient compact carrying 
cases, are recommended for regular pumping. The electric mod- 
els also can be used with time-saving double-pumping kits that 
pump both breasts at the same time (Fig 109-36). 


VACUUM CONSTRICTION DEVICES 


A nonsurgical solution to impotence is vacuum constriction 
therapy. Many men are silent, embarrassed, or uneasy about 
discussing their impotence. Pharmacists can provide the con- 
fidential and professional advice essential for the successful 
use of these devices. 

Impotence may result from inadequate blood flow into the 
penis and/or the inability of blood vessels to retain the blood 
flowing into the penis. Osbon Medical Systems defines therapy 
as follows: Vacuum constriction involves placing the penis in a 
patented vacuum cylinder. An erection is achieved by creating 
a vacuum that generates blood flow into the penis, causing 
engorgement and rigidity. Similar to the natural erection pro- 
cess, blood flow from the penis then is reduced, using a simple 
retention device. In this manner an erection can be maintained 
safely and easily for up to 30 min (Fig 109-37). 


Figure 109-36. Breast pump (courtesy, Medela). 
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Figure 109-37. ErecAid System Classic, ErecAid System Esteem bat- 
tery and manual models, and Easy Action ring applicator (courtesy, 
TIMM Medical Technologies). 


IV PHARMACY 

DSR A AEN ET 
Historically, parenteral preparations (see Chapter 41) and IV 
admixtures (see Chapter 42) were not a normal component of 
community pharmacy practice. With the rapid increases both 
in technology and in the demand for care in the home, many 
pharmacies now prepare and dispense enteral nutrient solu- 
tions and IV solutions such as antibiotics, TPN (total paren- 
teral nutrition), biological modifiers, and other IV solutions. 

Because of technological advances, many of the functions of 
providing IV therapy that traditionally have been provided in a 
hospital setting can now be replicated in the home, up to and 
including the complex therapy required by a patient who 
has been discharged from a hospital after a bone marrow 
transplant. 

Different types of infusion pumps also may be supplied 
by the pharmacist. Newer models are able to provide for con- 
tinuous flow (hydration), intermittent flow, or PCA (patient- 
controlled analgesia). With an intermittent flow, the home-care 
nurse, on a once-a-day visit, could set the pump to provide a 
1-hr medication flow every 4 or 6 hr, or however the physician 
directs, often with a keep open between treatments. Thus, exact 
treatment schedules set by the physician can be maintained. A 
pump with a PCA function also should have a lockout device so 
that patients cannot give themselves more than a specified 
number of doses within a predetermined time-frame. Some 
pumps can be connected to a modem so that a pharmacist or 
nurse off-site can change the dosage. Pumps may have video 
screens (which can be connected to a laptop computer or a 
printer) that can monitor how often PCA patients give or at- 
tempt to give themselves more medication. (See Chapter 119). 

Pharmaceuticals given IV always should be provided with 
the assistance of a home-care nurse (either on staff or from a 
home-nursing agency). It is essential that there are always 
open lines of communication between the physician, the phar- 
macist, and the home-care nurse. 


OSTOMY APPLIANCES AND SUPPLIES 


(7 SNES SS et a IER 

UNDERSTANDING THE OSTOMY —An ostomy is a sur- 
gical procedure whereby parts of the intestinal and/or urinary 
tract are removed from the patient, the remaining end(s) then 


are brought to the abdominal wall and a stoma (Gk, mouth), or 
artificial opening, is constructed surgically through which 
urine or feces will pass from then on. 

It is estimated that more than 80,000 such operations are 
performed annually in the US, most resulting in the saving of 
lives. There are approximately a million Americans now living 
who have had such surgery, and each one of them is buying 
appliances and supplies on a regular basis. 

Since the pharmacist will be called on to offer advice to 
ostomy patients as to the kind of appliance that will best serve 
their needs, and since there are many different kinds of ostomy 
surgery, each of which has its own special requirements as to 
the fitting and type of appliance best suited to it, it behooves 
pharmacists who wish to develop a successful ostomy section in 
their health-accessories departments to become familiar with 
every type of surgery and the idiosyncrasies of each. 

One could develop three basic classifications of ostomy sur- 
gery: those that involve the intestinal tract, those that involve 
the urinary tract, and those that involve both. 

Among the surgeries that involve the intestinal tract, there 
are two types. If the ostomy results from part of the colon being 
brought to the abdominal wall for the surgical construction of a 
stoma, the operation is called a colostomy. If, on the other hand, 
the ostomy results from part of the ileum being brought to the 
abdominal wall for the construction of a stoma, the operation is 
referred to as an ileostomy. The differences in the appearance 
of these two categories consist primarily in the sizes and loca- 
tions of their stomas. 

Stoma is the name given to the artificial anus on the ab- 
dominal wall; it has the appearance of a small bud. A good 
stoma stands at least 1/2 inch above the skin and is usually 
pink to bright red, although stomas vary in color and some- 
times appear darker. While most stomas do not protrude more 
than about 1/2 inch, there are some that may have been con- 
structed so that they protrude an inch or more. But a pharma- 
cist who sees a stoma that protrudes more than 1 1/2 inch 
should question the patient as to whether it was that long 
shortly following the surgery. In cases in which the length of 
the stoma has changed drastically since the surgery, the 
chances are that it has become prolapsed, and the patient 
should be advised to see the physician for possible corrective 
surgery to avoid the potentiality of strangulation of the intes- 
tine. It also is possible for a stoma to shrink back into the body. 
When it becomes inverted, management can become very dif- 
ficult, and corrective surgery may be indicated. Also, corrective 
surgery may be necessary if intestinal stomas become too 
small. An indication that this is happening might be a patient 
needing appliances with smaller and smaller openings. 

Stomas appear red because surgeons invert the end of the 
intestine slightly when they bring it to the outside of the 
abdominal wall. After suturing the intestine to the abdominal 
skin, it becomes an integral part of the body wall, and all 
tissues live normally. The red surface of an ostomy stoma is 
actually the intestinal capillary bed; it stays red because blood 
continues to flow through it. As it is also a mucous membrane, 
it will continue to stay wet. 

As most ileostomies result in the entire colon being sepa- 
rated from the small intestine at a point just behind the ileo- 
cecal valve (where the ileum joins the cecum), that is usually 
where the incision is made in the abdominal wall and where 
the ileum is brought to the outside of the body. The location of 
the ileocecal valve is near the appendix, in the abdomen’s 
lower-right quadrant, and where an ileostomy stoma typically 
is located. Since the stoma in an ileostomy is constructed from 
the small intestine, it will be smaller than the colostomy stoma, 
which is made from the colon. However, it is important to note 
that the location of stomas on the outside of the body cannot be 
standardized as colostomy on the left side and ileostomy on the 
right side. 

Placement of the stoma is determined by body folds, the 
waistline, bony prominences, old scar tissue, and the person’s 


occupation. The fecal matter or output indicates what type of 
surgery was performed. 

In a colostomy only part of the colon is removed from the 
body. The types of colostomies depend upon where the diseased 
part of the colon is separated from the healthy part of the colon. 
When only the juncture of the sigmoid colon with the rectum 
and anus is involved, the surgeon brings the sigmoid colon to 
the surface of the abdomen and the surgery is termed a sigmoid 
colostomy. When the separation occurs along the length of the 
descending colon, anywhere between the splenic flexure (the 
bend where the transverse colon meets the descending colon) 
and the sigmoid flexure, the operation is called a descending 
colostomy. Accordingly, when the surgeon makes the separa- 
tion along the length of the transverse colon anywhere between 
the splenic flexure and the hepatic flexure (where the trans- 
verse and ascending colon meet), the surgery is termed a trans- 
verse colostomy; an ascending colostomy occurs between the 
hepatic flexure and the cecum. Finally, when the stoma is 
constructed with that part of the colon called the cecum, the 
surgery is simply called a cecostomy. 

These five surgeries, while they are all colostomies, are 
distinctly different from each other in that different lengths of 
colon remain in patients having different types of colostomies. 
Since a primary function of the colon is the removal of water 
from the feces as it passes through it, it is understandable that 
the feces produced at a cecostomy stoma will be quite loose and 
watery, while the feces produced at a sigmoid colostomy stoma 
are generally quite solid. Likewise, the ascending, transverse, 
and descending colostomies produce feces, within the extremes 
just described, of varying degrees of consistency. The additional 
fact that all colostomies, because of the reservoir effect of the 
colon still remaining, can be managed better than ileostomies 
in which there is no reservoir remaining has implications for 
the pharmacist with regard to the types of appliances that are 
best suited for each type of ostomy. 

The implications are that different colostomies in particu- 
lar, and intestinal ostomies in general, because of differences in 
fecal products, create nonidentical problems for the patient, ie, 
not all colostomies can be irrigated successfully, they require 
different types of appliances, and they use different kinds of 
accessories. There is very little difference in the size of the 
stomas of each of the five colostomies, but they may be located 
on the abdominal wall differently. Colostomy stomas, which 
usually are located in the lower-left quadrant of the patient’s 
abdomen tend toward more-solid feces, while those usually 
located in the lower-right quadrant tend toward feces that 
contain more water and are, therefore, of looser consistency. 
The most common reasons for performing a colostomy are can- 
cer of the lower bowel, trauma, and ruptured diverticula. 

When the entire colon must be removed, the surgeon per- 
forms an ileostomy by separating the colon from the small 
intestine behind the ileocecal valve. The result is a stoma much 
smaller than any colostomy stoma, located in the lower-right 
quadrant and producing fecal material that is always loose and 
watery. Most ileostomies are performed on people between the 
ages of 18 and 40 and are usually the result of an ulceration of 
the inner lining of the colon that is called ulcerative colitis. 

There are several types of urinary diversions, the most 
common of which are those in which the patient’s bladder must 
be removed. The preferred surgical procedure brings the two 
ureters together, implants them in an artificial bladder, and 
enables the patient to have but one stoma to manage and one 
appliance to wear instead of the usual two. 

This operation is frequently referred to as an ileal bladder, 
ileal conduit, or urinary diversion. All three names indicate the 
same operation, however. 

During this operation, the surgeon removes a piece of the 
healthy small intestine at the ileum and then performs a re- 
section of the two ends of the ileum, joining them together 
again. The missing piece is usually between 6 and 8 inches and 
is a relatively insignificant loss to the small intestine, which 
measures nearly 24 ft in the average adult. One end of the piece 
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of ileum is closed, and the other is brought to the outside of the 
body to become the single stoma. Once the two ureters are 
implanted in the closed end of the piece of ileum, that piece 
becomes a conduit for the urine—actually a substitute bladder. 
Since this conduit or bladder is made from a piece of the ileum, 
it has gotten the names ileal conduit and ileal bladder. 

The stoma has the appearance of an ileostomy stoma and 
usually is located within the same quadrant, the lower right, 
but its product is only urine. While most ileostomy stomas are 
located in the lower half of the lower-right quadrant of the 
abdomen, most ileal conduit stomas are located in the upper 
half of the lower-right quadrant. The only way to be sure which 
ostomy is which is to determine the nature of the waste 
product. 

When the two ureters are severed or cannot be brought 
forward to the abdominal wall for any reason, the surgeon is 
forced to bring the ureters to the nearest outside surface—the 
patient’s back. Stomas appearing on the dorsal side or openings 
through which renal catheters lead directly to the kidneys, 
indicate an operation called a nephrostomy. Persons with bilat- 
eral nephrostomies wear two appliances. 

In a cystostomy the bladder wall is brought to the skin, and 
a stoma is formed. This often is done for paraplegics and 
quadriplegics. The stoma is just above the symphysis pubis. 
The stoma for a vesicotomy, in which the urethra is brought 
directly to the surface of the skin, would be very similar in 
appearance to that of a cystostomy. Vesicotomies are often 
temporary operations and are rarely of concern to the pharma- 
cist. There are two other ostomies that are temporary and with 
which the pharmacist should be familiar. One is a modified 
kind of descending colostomy in which the lower portion of the 
descending colon, sigmoid colon, and rectum are not removed 
from the patient. After the surgical separation is made, both 
ends of the colon are brought to the outside and two stomas are 
constructed, one active and the other inactive. 

This operation, the double-barrel colostomy, results in two 
stomas, side-by-side, normally located in the lower-left quad- 
rant and producing solid fecal material exactly like the ordi- 
nary descending colostomy. This condition may last from 1 
month to a year or longer, depending entirely on when the 
surgeon is satisfied that a resection can be performed without 
further complication. Sometimes the double-barrel colostomy is 
performed in the hope that the lower bowel can be brought back 
to normal with treatment and rest. On occasion, a patient with 
a double-barrel colostomy must return to the hospital for a 
permanent colostomy. 

The second kind of temporary colostomy is called a loop 
colostomy. Normally, patients who have a loop colostomy per- 
formed will have the colon repaired and back to normal within 
a few weeks and before they leave the hospital. Loop-colostomy 
appliances are applied during surgery by the physician and are 
the only ostomy appliances that are packaged sterile, besides 
the common postoperative drain. This ostomy gets its name 
from the fact that, unlike the double-barrel colostomy, the loop 
colostomy doesn’t result in the complete separation of the in- 
testine but, rather, a loop of intestine is brought through an 
incision and temporarily is secured to the abdominal wall by 
means of a plastic or silicone rod that is slipped under the loop 
and across the incision; the loop then is perforated surgically to 
relieve the impaction. The wound stays open, and the loop 
remains visible until the perforation in the intestine is closed 
and the loop is returned to its normal position within the 
visceral cavity. It is highly unlikely that a pharmacist will ever 
be called upon to fit a loop-colostomy appliance although he or 
she may still want to stock the appliances for use by the 
hospital. 

CHOOSING THE RIGHT APPLIANCE—The various os- 
tomies described above can be grouped into three major cate- 
gories for the purpose of understanding which kinds of appli- 
ances are most appropriate for each. 
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1. Those ostomies that only produce solid waste at their stomas. They 
include the sigmoid colostomy, descending colostomy, transverse 
colostomy, double-barrel colostomy, and often the loop colostomy. 

2. Those ostomies that only produce urine at their stomas. They in- 
clude the cutaneous ureterostomy, nephrostomy, cystostomy, vesi- 
cotomy, and urostomy. 

3. Those ostomies that, for one reason or another, produce liquid or 
semisolid fecal matter at their stomas. They include the ileostomy, 
cecostomy, ascending colostomy and sometimes the loop colostomy. 


In real life, neat and perfectly reliable categories such as the 
ones just described do not exist. People differ, their digestive 
processes are different, and their diets are different. The con- 
sistency of the waste matter in any one individual also varies 
from day to day. Yet these categories are useful generally, and 
in addition, they point up the fact that an appliance should be 
chosen primarily for the nature of the waste matter it will have 
to collect. 

Further, the groupings do indicate that among a host of 
ostomy appliances presently on the market from numerous 
manufacturers, there are just three basic types, categorized 
primarily by the nature of the waste material for which they 
are intended: those designed for pure urine, for semisolids, and 
for solid waste matter. Other considerations in choosing the 
right appliance for each patient include the size of gasket 
openings that fit around the stoma, method of attaching the 
appliance around the stoma, patient’s financial resources (in- 
cluding what reimbursement limits may be placed either on 
types, quantities, or cost of appliances by government agencies 
such as Medicare and medical-assistance programs or by 
HMOs or insurance companies), and activities in which the 
patient engages at work or at play (Fig 109-38). 

OSTOMY APPLIANCES FOR SOLID WASTES—The 
colostomy appliance, so-called because most colostomies are 
solid-waste-producing, is the appliance used for most colosto- 
mies. There are many types of colostomy appliances on the 
market, recognizable by larger-size gasket openings to accom- 
modate the larger stomas characteristic of all colostomies and 
by detachable, throwaway pouches made of thin polyethylene 
plastic; some are sealed at their bottoms. However, some colos- 
tomates do use open-ended pouches. The fact that these 
pouches are sealed at the bottom and are disposable indicates 
the impracticability of bottom drains for solid wastes generally. 
By and large, colostomy appliances are not the permanent type, 
since the ostomies that produce solid wastes do not cause the 
problems with skin excoriation typical of the wetter ostomies. 

The self-adhesive colostomy appliance is more of a collection 
bag with adhesive around the stoma opening than it is an 
appliance. The openings may be cut with scissors to fit the 
stoma precisely, though most manufacturers provide several 
sizes. The advantages with this type of appliance are that it is 
lightweight and quite flat against the body so it is less likely to 
show through clothing. Those colostomates who irrigate regu- 
larly find this type of appliance perfect for safety’s sake. 

Some colostomates are urged by their physicians to irrigate 
on a regular basis. Irrigation is the process of administering an 
enema to the colon via the stoma for the purpose of establishing 
regular, conveniently timed, evacuation of the bowel—in other 
words, to become relatively stool-free. It is necessary just once 
a day at the most and may be scheduled in the morning before 
dressing or in the evening before retiring. It is a highly indi- 
vidual thing, and some persons need to irrigate only every 
other day or two to three times a week. Some persons have 
quite irritable bowels and cannot remain stool-free. 

After irrigation, the colostomate can expect to have no bowel 
activity until the next irrigation, except perhaps for slight 
dripping now and then. Many ostomates, after irrigation, wear 
only a gauze pad over the stoma for safety and psychological 
confidence. The pad can be taped over the stoma or secured 
with a two-way stretch wraparound. 

The irrigation process is quite simple and takes up to an 
hour for completion. The important steps are 
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Figure 109-38. Ostomy appliances (courtesy, Convatec). 


The stoma should be dilated with a gloved finger (finger cot) and a bit 
of lubricating jelly prior to insertion of the irrigator cone. 

About 1 qt of tepid water (some patients add a couple of tablespoons 
of salt) is placed in the irrigating bag—never hung more than head 
high. About 15 min should be allowed before permitting evacuation; 
after the initial gush it normally takes another 20 to 25 min before the 
colon is really empty. 

Most people close the end of the irrigating sleeve with a clamp and 
then shower or shave during this period. 

Sometimes drinking a cup of strong black coffee or a glass of ice-cold 
water will start the intestinal peristalsis necessary for complete evac- 
uation. 


Irrigation is a technique for accomplishing regularity and 
security throughout the day but is only useful in those ostomies 
that produce solid wastes. Many physicians and enterostomal 
therapists now are recognizing the importance of diet in gain- 
ing control and regularity of bowel movements and irrigation. 
The question of whether or not a particular colostomy patient 
should irrigate should be answered only by the physician or 
enterostomal therapist (ET) nurse. Irrigation usually is not 
advised when the possibility of reconnecting the intestine at a 
later date exists. 

APPLIANCES FOR URINE AND SEMISOLIDS—The 
appliances used for urinary diversions and ileostomies are both 
similar to the appliances used for colostomies (Fig 109-38). A 
notable difference is in the size of the stoma openings (because 
urostomy and ileostomy stomas are usually much smaller than 
colostomy stomas). Also, since the discharge from either a 
urinary diversion or an ileostomy is more liquid than that from 
most colostomies, there is more often a need for skin barriers 
and protectants such as karaya, Stomahesive, and similar 
products to maintain a waterproof seal. 

The real difference between a urinary appliance and an 
appliance for semisolids is in their bottoms, however. Where 
the urinary appliance has a nylon twist-drain plug in the bot- 
tom, the ileostomy appliance merely narrows down to between 
1% to 2% inches and is just open. The bottom is closed with a 
clip. To drain, the clip is removed, and the bottom of the 
appliance unfolded. 

Different manufacturers make appliances that, although 
basically similar in design or function, differ with respect to 
method of securing to the skin. In the past, urinary and ileos- 
tomy appliances often were made of rubber and secured to the 
skin with adhesives. Periodically, these appliances had to be 
removed, often with the help of an adhesive remover. The 
appliances then had to be cleaned, dried out, and reapplied. 
Some ostomates still use permanent appliances of this type, but 
most new ostomates choose the disposable type. 

OSTOMY APPLIANCE ACCESSORIES—Most popular 
among a host of accessories for ostomy appliances of all kinds 
are pectin-based or karaya gum washers, Stomahesive powder, 
and Stomahesive and similar barrier pastes. These pastes can 
be used to fill in irregularities in skin surfaces to protect 
against leakage. 

Varieties of deodorant drops, tablets, and sprays are available; 
some are applied to the outside of the appliance, while others are 
dropped into the bag prior to applying it. Most ostomy appliances 
now have odorproof barriers. Silicone and benzoin tincture sprays 
also may be used to prepare the skin around the stoma. In addi- 
tion, racks for drying an appliance after washing, abdominal 
dressings and cover sponges, gloves and wipes, and even zippered, 
purse-size pouches for supplies are available to make things eas- 
ier for the ostomate. Some manufacturers now offer new easy-to- 
apply appliances featuring synthetic materials to reduce skin 
irritation and prevent leakage. 

But perhaps the most helpful things that pharmacists can 
provide their customers who have ostomies are suggestions and 
ideas on how to get along with a minimum of difficulty. Knowl- 
edge of these things will come from the ostomates themselves, 
and it is therefore wise to spend some time asking them ques- 
tions. It is also important for a pharmacist featuring ostomy- 
care products to develop a good working relationship with an 
ET, a nurse specially trained in ostomy care. The ET can advise 
the pharmacist or the patient when unexpected problems oc- 
cur. Membership in a local ostomy club or the United Ostomy 
Association is another way to increase your knowledge of the 
problems ostomates often encounter. 


UROLOGY AND INCONTINENCE SUPPLIES 


URINALS—tThese containers are employed to collect urine. 
They differ in shape according to male or female use. They 
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ordinarily are made of white enamelware or plastic, which is by 
far the most common, especially for use at home. Plastic urinals 
come in two basic types: single-patient use or autoclavable. 

CATHETERS—To collect urine from the patient unable to 
void naturally or when incontinence pants and external cath- 
eters are inadequate, indwelling catheters are employed. 

The insertion of catheters is a dangerous procedure, custom- 
arily handled by physicians or trained nurses and orderlies. 
Serious infections of the bladder and damage to the urethral 
and bladder tissues may result from improper insertion. 

Flexible soft-rubber catheters consist of small rubber tubes 
with a closed solid tip. At one end is a flaring funnel-shaped 
opening to facilitate attachment of the catheter to a plastic 
junction or another tube leading to a collection unit. At the 
inserted end is a wide opening that leads to the channel 
through which urine flows to the collection unit. This is re- 
ferred to as a straight catheter, in contrast to the indwelling 
catheter, which is designed to remain in the urethra for long 
periods of time. 

The indwelling retention catheter, or Foley catheter as it is 
commonly known, is characterized by a balloon at its insertion 
end (Fig 109-39). The balloon is designed to secure the catheter 
tip within the patient’s bladder to keep it from slipping or being 
pulled out. There are two channels that run from the insertion 
tip to the end of the Foley catheter—one for the passing of 
urine and the other for the injection of sterile water that 
inflates the balloon. 

Foley catheters are available with either 5- or 30-mL bal- 
loons. The 30-mL balloon catheter, which also is known as a 
hemostatic catheter, is used commonly in nursing homes for 
patients whose urethras have become dilated or for those pa- 
tients who have pulled the 5-mL balloon catheter out. A com- 
mon mistake in filling a balloon catheter is to use too little 
water. It takes about 10 mL to inflate a 5-mL Foley balloon 
because nearly 5 mL is held in the filling lumen that runs the 
length of the catheter. The diameters of the catheter also vary 
in size. Though their use is limited somewhat, 75-mL balloon 
retention catheters are also available. The French scale is 
employed most commonly (Fig 109-40). 

Other innovations in the urinary catheter include a Foley 
catheter with its own supply of sterile water for balloon infla- 
tion. With these catheters, a valve is released following inser- 
tion of the catheter, and the sterile water, which is under 
pressure, runs up its channel and inflates the balloon. They are 
especially convenient, as there is no need to prepare a syringe 
for balloon inflation, but they are considerably more expensive 
than the typical Foley catheter. Another improvement is the 
silicone and Teflon coatings on the outside and inside of Foley 
catheters. Such coatings not only cut down friction during 
insertion and removal of the catheter, but also inhibit buildup 
of deposits on catheter walls, thus extending the time between 
catheter changes and reducing irritating infection and leakage 
problems. The newest improvement is the all-silicone catheter, 
now manufactured by Kendall, Bard, and others. 

The pharmacy also may stock a variety of urine-collection 
units and catheter administration trays. The bladder-care tray, 
sometimes called a cathtray, is a sterile package containing the 
items required during the administration of a Foley catheter, 
packed sequentially with those things needed first on top. 

Male condom catheters and female external catheters are 
designed to be worn by the patient. They allow mobility and 
discrete urinary collection without the use of pads or an in- 
dwelling catheter. These external types of collection systems 


Figure 109-39. Balloon catheter, for prolonged insertion through 
the urethra into the bladder. 
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Figure 109-40. Standard French scale for hospital tubing and catheters as well as rectal and colon, stomach-feeding, suction, urinary 
drainage, and oxygen tubes (courtesy, Becton-Dickinson). To determine the French size if instruments are oval or other shape, use a strip of 


paper to measure the periphery—then lay on the scale at the left. 


are becoming more widely used and are available in a number 
of different styles. The style selected is usually a matter of 
personal preference, activity level, and size and capacity 
requirements. 

The male condom catheter system consists of two parts: the 
penile sheath, which resembles a condom with a drainage 
opening, and a collection bag. The single-use condom catheter 
may be self-adhesive or attach with an adhesive foam strap. 
The reuseable style is secured with an adjustable rubber or 
foam strap worn over the catheter. These are not as secure, but 
are considerably more cost-effective. 

Condom catheters have distinct advantages over other in- 
continence management methods. Since they are not inserted 
into the bladder, the incidence of infection is reduced greatly. 
And since the urine is conveyed to a collection bag, the prob- 
lems of odor and skin breakdown associated with diapers and 
absorbent pads are minimized. 

It is advisable for the pharmacist to inquire as to whether 
the patient has an allergy to latex. Finding the right urological 
products is a big problem for patients with latex allergies. 

URINARY BAGS—There are two basic types of urinary 
bags: leg bags and night urinary collection bags. Both can be 
used with external or indwelling catheter systems. 

Leg bags vary in size and capacity and are used by a patient 
who is ambulatory. The bag is connected to the catheter by a 
length of plastic or rubber tubing (usually sold separately). The 
bag itself is worn on the inside of the thigh or lower leg, 
whichever is most comfortable and least conspicuous. It is 
secured in place by use of adjustable elastic straps. A common 
error is to fasten the leg straps so they encircle the bag, thus 
restricting its volume. 

Night urinary collection bags vary in style. The standard is 
a bag that hangs from the side of the bed or the back of the 
wheelchair. The standard capacity is 2000 mL. Night bags are 
also available in a cube or a bottle form. 

INCONTINENCE PANTS—A variety of body-contoured 
incontinence pants are available for both men and women. 
Disposables are the most popular, with a variety of absorban- 
cies being available. 

Other products helpful for the incontinent patient include 
disposable underpads, adult diapers, rubber sheeting, silicone 
skin sprays, and body lotions and deodorants. Perineal wash- 
ing solutions are available for cleaning skin. Their advantages 
are deodorizing, disinfecting, and maintaining the skin’s nor- 
mal acidity and moisture content and ease of use. The skin may 
be protected with skin barriers. 


TRUSSES 


Hernias and trusses are as old as mankind. The first trusses 
were nothing more than a rope or strap and a rock. Celsus 


developed the use of a plate, and in medieval times a form of 
plaster and plate were used. The spring-and-belt-type truss, 
practically as it is today in principle, was developed by the 
Netherlands physician Camper in 1785. 

True hernias are not the same as ruptures. A true hernia 
usually is the protrusion of the intestine and its surrounding 
membrane, the peritoneum, through a natural opening in the 
abdominal wall, whereas a rupture is such a protrusion 
through the muscles of the abdomen usually occurring at a 
point previously weakened. A rupture occurring at the site of a 
previous surgical incision sometimes is referred to as an inci- 
sional hernia. The natural openings in the abdominal muscu- 
lature through which a true hernia may occur include the 
umbilical opening; the inguinal openings, through which, in the 
male, the spermatic cord passes, and in the female, the round 
ligament passes; and the openings for the femoral arteries (Fig 
109-41). 

Abdominal or umbilical hernias are common. Infants in the 
first year of life show an incidence of 19.6/1000. Between ages 
20 and 24, the incidence is lowest, rising to 24.2/1000 in the 70- 
to 74-year age group. 

Of all males afflicted with hernias, 96% suffer from the 
inguinal type. The corresponding incidence of inguinal hernias 
among females is just 44.38%. While surgery is the preferred 
treatment for all hernias, it is not always the best solution for 
all patients. Some will require trusses in lieu of surgery. 

Hernia trusses of all kinds vary from soft-fabric supports to 
heavier models requiring experienced judgment on the part of 
the fitter. The type and location of truss pads and the weight 
and build of the patient are important considerations in truss 
fitting. All trusses should be fitted while the patient is lying 
down and the hernia is reduced (the protruding intestine has 
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Figure 109-41. Looking toward the front of the abdominal wall, 
from within the cavity, showing the five congenitally weak points. 


been returned to the abdominal cavity) or the truss itself may 
cause strangulation. 

A well-fitted truss, appropriate to the specific patient and 
the specific type of hernia, may be tested by having the patient 
bend, stoop, and cough. If the patient can do those things 
without having a protrusion of the intestine past the truss pad, 
it is likely that it is fitted properly. Finally, it is important for 
pharmacists to teach patients how to properly put on the truss 
and test its security while they are in the fitting room, so they 
can remove it with confidence when they are on their own. 

FITTING SCHOOLS—The pharmacist who will be in 
charge of the truss and orthopedic department should attend a 
fitting school. This may require time and travel, but it basically 
trains the pharmacist in the anatomy involved, and appliance 
selection and fitting skills, which are absolutely necessary. 
Several good schools are conducted by surgical-appliance man- 
ufacturers and typically run 3 to 5 days. Such programs are 
presented by the Camp Institute of Applied Technology, Sur- 
gical Appliance Industry, Freeman, and others. Professional 
organizations such as the National Community Pharmacists 
Association (an ACPE provider) also conduct continuing edu- 
cation programs. 

No pharmacist or pharmacy employee should attempt any 
truss or orthopedic fitting involving shaping metal without 
proper training. 

Attendance at one of these schools provides background on 
the definition, location, varieties, frequency, symptoms, causes, 
complications, and treatment of conditions that could result in 
the use of these types of surgical appliances: 


Orthopedic corsets 

Spinal braces 

Cervical collars and braces 
Knee, ankle, and foot orthoses 
Traction equipment 
Compression hosiery 

Trusses 

Mastectomy prostheses 


The interested pharmacist should refer to literature available 
from appliance manufacturers. 


ORTHOPEDIC SUPPORTS AND BRACES 


| TR AT OREO PETES 
The spinal column can be divided into five major sections: 


The cervical spine, consisting of 7 vertebrae, supports the head and is 
characterized by an anterior curve. 

The thoracic spine, consisting of 12 vertebrae with a pair of ribs at- 
tached to each, is characterized by a posterior curve. 

The lumbar spine, consisting of 5 vertebrae, is characterized by an 
anterior curve. 

The sacrum, consisting of 5 vertebrae that are joined so tightly as to 
appear as one bone, is situated beneath the fifth lumbar vertebra 
and between the two innominate bones of the pelvis forming the 
sacroiliac joints and is characterized by a posterior curve. 

The coccyx, consisting of 3 to 5 vertebrae is immediately beneath the 
sacrum and continues its posterior curve (Fig 109-42A). 


Apart from the cervical spine, anomalies of the spinal column 
include lordosis, a hyperextension of the lumbar spine recog- 
nizable as swayback; kyphosis, a flexion of the lumbar spine 
and/or hyperextension of the thoracic spine, often appearing as 
hunchback; and scoliosis, an S-shaped lateral curve of the spine 
(Fig 109-45B). Each of these conditions, in varying degree, 
often requires use of supportive garments or braces. Sometimes 
ruptures of the intervertebral discs, the cartilaginous shock- 
absorbing cushions between separate vertebrae, interfere with 
the spinal cord or the nerves leading from it. An example is 
sciatica, in which a ruptured intervertebral disc causes com- 
pression or trauma at the base of the sciatic nerve resulting in 
extreme pain at the back of the thigh and running down the 
inside of the leg along the course of the sciatic nerve. This 
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Figure 109-42. A, Curves of the normal spine; B—D, abnormal curves 
of the spine. 


condition also may require the use of a spinal garment or brace 
and, occasionally, the occurrence of spondylolisthesis (the slip- 
page of lower vertebrae usually against the sacrum) will bring 
the patient to the pharmacy with a prescription for a garment 
or brace-fitting. 

These and other conditions create a need for spinal braces 
and orthopedic garments to limit motion in the spine and 
permit healing. While pharmacists should be knowledgeable 
about them, they should never diagnose such conditions or 
prescribe the wearing of an orthopedic appliance. That should 
be left entirely to the physician. Unhappy consequences can be 
avoided and the surgical-appliance business strengthened if 
the pharmacist will adhere to the simple rule of never fitting 
any brace or support except on the prescription of a physician. 

The most commonly prescribed back supports fitted in a 
pharmacy setting are the industrial back supports made of 
neoprene or heavy elastic (sometimes with shoulder straps). 
They provide support to, and somewhat limit mobility of, the 
lower spine. Orthopedic back corsets have a back length of 12 to 
15 inches and are made of heavy, cloth material or elastic (Fig 
109-43). They often feature two or four rigid metal stays that 
the fitter will shape to the physician’s order, usually to the 
contour of the patient’s back. Readymade spinal braces often 
are similar in principle to corsets but are generally of heavier 
construction. Braces limit mobility to a greater degree than 
orthopedic corsets. A custom-made or fitted body jacket would 
limit mobility even more than a spinal brace. The proper fitting 
of spinal braces and body jackets would probably require the 
expertise of a skilled orthotist. 

The procedures for fitting different orthopedic supports and 
braces are quite involved and are better covered in the week- 
long schools presented by manufacturers than in a few para- 
graphs in this text. 

Conditions affecting the cervical spine often result in a 
prescription for a cervical collar or brace. The most popular 
type is a soft-foam collar with a Velcro closure. Unless the 
prescriber specifies flexion or extension, the fitter usually 
would select a collar that provided support to hold the head in 
a neutral position. A more rigid plastic collar (Philadelphia 
type) can be adjusted to the contours of the patient’s neck, chin, 
and shoulders. This type will provide a greater degree of im- 
mobilization than a soft collar. Still more immobilization can be 
obtained by the application of a properly fitted metal cervical 
brace. 

The use of cervical-traction devices also is specified often in 
the treatment of conditions affecting the cervical spine. 
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Figure 109-43. Lumbosacral support (courtesy, Camp). 


Supports for the knee can vary from a simple pull-on elastic 
type as found in many pharmacies, to 10- or 11-inch-long 
braces with shaped metal hinges and leather straps, to complex 
braces such as an ACL knee orthosis (Fig 109-44). 

COMPRESSION THERAPY—Many types of compression 
hosiery are available in pharmacy health-accessory depart- 


Figure 109-44. Magnum competition ACL knee brace (courtesy, 
Mueller Sports Medicine). 


ments. Lightweight, fashion-sheer elastic hosiery is very pop- 
ular but does not give as much support as heavier, surgical- 
weight hosiery. For severe or unusual conditions, custom-made 
elastic supports for arm or leg (such as Jobst, Fig 109-45) can 
be ordered. Antiembolism hosiery is intended primarily for 
bedfast patients. 

Taking the patient into a private fitting room, measuring 
the limb and then actually applying the hose are the profes- 
sional activities that will differentiate qualified health-care- 
accessories pharmacists from their peers. It should be noted 
that the best time to measure and fit elastic compression ho- 
siery is early in the morning when the affected limb is likely to 
be the least distended. 

A nonelastic form of compression therapy is the CircAid 
system of nonelastic, adjustable, interlocking bands that give 
patients the ability to maintain compression levels regardless 
of changes in limb size or physical ability (Fig 109-46). 

Recent advances in the treatment and management of pri- 
mary and secondary lymphedema with the use of multicom- 
partmental pneumatic compressors has done much to improve 
the quality of life for people suffering from lymphedema. Pneu- 
matic compression devices are designed to reduce lymphedema 
in the extremity by applying pressure sequentially through a 
multicell pneumatic arm or leg sleeve. The pneumatic sleeve 
inflates in a distal to proximal direction, promoting the flow of 
lymph fluid through existing lymphatics by exerting pressure 
on the interstitial tissue. Because the sequential milking pat- 
tern is soothing and comfortable, it results in excellent patient 
compliance. 

To maintain the results obtained by home treatments with 
a multicell compression device, graduated compression hosiery 
is recommended. The lymphedema garments should be worn 
during periods of activity to prevent the rapid reaccumulation 
of lymphatic fluid. Patients should be measured after they have 
begun their treatments and have achieved some reduction in 
swelling. Periodic remeasuring is necessary to monitor further 
reduction. 

In some cases, such as severe edema, the physician also may 
prescribe a lymphedema pump and sleeve to reduce the edema 
prior to applying compression hosiery. Pumps usually are 
rented, although sales are not uncommon. Lymphedema 
pumps, particularly the sequential types, should be rented or 
sold only by qualified professionals who are very familiar with 
their uses and contraindications. 

The Reid Sleeve is an alternative method of providing com- 
pression therapy. The Reid Sleeve applies a gentle gradient 
pressurewith a unique, soft-foam insert. Compression is tai- 
lored to the patient’s needs by a series of adjustable straps. The 
sleeve easily slides over the affected limb, and then the com- 
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Figure 109-45. Custom-made elastic support (courtesy, Jobst). 
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Figure 109-46. Circ Aid Quick-Fit thigh-high legging (courtesy, Circ Aid Medical Products). 


pression bands are adjusted. A specially designed gage is as 
easy to use as a blood-pressure cuff. This simple procedure 
ensures that compression applied to the patient’s limb is ap- 
plied consistently and in the proper range to provide optimal 
results. Patients can fit the sleeve in minutes without assis- 
tance and have the confidence of knowing they are applying the 
pressure prescribed by their doctor. As the patient improves, 
the Reid Sleeve can be adjusted to the new arm size, thereby 
maintaining the proper pressure range (Fig 109-47). 

MASTECTOMY PROSTHESES—tThe fitting of mastec- 
tomy prostheses and bras is often a logical adjunct to an ortho- 
pedic corset and compression hosiery section in a pharmacy’s 
health-accessories department. It is essential to have a female 
fitter for this department. 

In most cases, breast surgery is the result of breast cancer. 
Some surgeries, such as a lumpectomy, remove only a portion 
of the breast. A simple mastectomy results in the removal of 
breast tissue. More-involved surgery results in removal of both 
breast tissue and additional underlying tissue. 

A variety of breast forms is available to fit a woman after 
each type of surgery, although it is often difficult to fit a woman 
after a lumpectomy. (Male breast cancer, while rare, does oc- 
cur.) The breast form is designed not only to help restore a 
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Figure 109-47. The Reid Sleeve (courtesy, Peninsula Medical). 


woman’s shape, but also to replace the weight lost and restore 
proper balance, although lightweight breast forms are becom- 
ing increasingly popular. 

Although more women are choosing reconstruction each 
year, external breast forms remain a safe alternative. There 
have been many advances in the technology of manufacturing 
the forms, resulting in more-comfortable, natural-feeling 
breast prostheses. Although some forms are made with polyes- 
ter fiberfill or foam, most are made with silicone. Conventional 
silicone forms generally are designed to be worn in conjunction 
with a specially designed pocketed bra that holds the breast 
form securely in place. 

A new development in silicone breast prostheses allows the 
form to attach safely and securely directly to the chest wall by 
means of an adhesive skin support. This new option gives a 
woman greater freedom for an active lifestyle as well as fashion 
flexibility (Fig 109-48). 

THE FITTING ROOM—For such a department, an ade- 
quate, private fitting room and stock space nearby are an 
absolute necessity. The fitting room need be no more than 8 
< 8 ft but should be clean, be free of any stock or display, and 
have an inward-swinging door to shield the fitting table from 


Figure 109-48. Breast form (courtesy, Amoena). 
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view. The fitting room also should be soundproofed to provide 
privacy and enable a patient to feel comfortable discussing his 
or her condition. As many fittings are done with the patient in 
a horizontal position, a table 72 by 26 and 30 inches high, 
padded with moistureproof vinyl and a pillow is needed, as well 
as a chair, coat hooks and clothes hangers, four-legged stool, 
small dressing table, and a full-length mirror. Professional 
simplicity and cleanliness are exceedingly important. The use 
of rolled paper on the table is practical and economical. If the 
pharmacy also has a comprehensive ostomy center, a second 
chair, so both the patient and the pharmacist can sit, is recom- 
mended. As a health-accessories department grows and pros- 
pers, more than one fitting room may be needed. Additional 
fitting rooms may not all need fitting tables, especially if a large 
portion of the expected clientele will be there for mastectomy or 
elastic hosiery fittings. 

Conveniently near the fitting room should be the orthopedic 
inventory. It depends on the volume of sales, types and number 
of physicians prescribing appliances, and extent of the phar- 
macy’s promotion. An estimate of the required initial stock 
space is about 30 to 40 ft”. Also near the fitting room should be 
a sink with antiseptic soap and disposable paper toweling for 
use by the pharmacist before and after each fitting. Where 
ostomy fittings are concerned, it is advisable to have such a 
sink inside the fitting room. 

Each pharmacy should keep a service record for each pa- 
tient, with data on physician’s instructions, appliances fitted, 
and any reorders. 


WHAT TO STOCK 


There are perhaps as many opinions as to which items should 
be represented within the pharmacy’s surgical supplies and 
convalescent aids department as there are pharmacies, manu- 
facturers, and wholesale distributors with experience in this 
field. Pharmacies differ, one from the other, in a multitude of 
ways. They face different limitations with regard to the avail- 
able space within their pharmacies for the establishment of 
health-accessories departments. Their financial resources are 
different. The markets they purport to serve are different, with 
respect to both size and demographics. With regard to their 
drawing areas, differences exist due to various, specific eco- 
nomic factors reflecting distinctively different kinds of demand: 


In an area with a heavy coal-mining industry, the market demand for 
respiratory therapy equipment might be very high relative to that in a 
rural farming community. 

The extent to which hospital outpatient departments and home- 
care-oriented health agencies provide the thrust for a viable home 
health-care market within the community is vastly different from one 
town to another. Different pharmacies in different communities face 
widely divergent forms of competition, in both degree and kind. 


All these considerations affect different pharmacies differ- 
ently. Each pharmacist who contemplates the development of a 
surgical supplies and convalescent aids department must take 
these considerations into account when making decisions about 
what to stock. These are the issues that ultimately determine 
the optimum variety and depth of in-stock inventory for any 
given pharmacy. 

Pharmacists must first decide which type or types of health 
accessories they want to specialize in handling. If they want to 
start with durable medical equipment such as canes, crutches, 
walkers, wheelchairs, commodes, and hospital beds, they 
should contact manufacturers of that type of equipment for 
advice on which products to stock. The same would be true for 
ostomy, urological, and incontinence supplies. Before opening a 
department for either orthopedic or mastectomy fitting, it 
would be necessary to attend a manufacturer’s or wholesaler’s 
school to obtain proper instruction. The manufacturer or 
wholesaler again would be a valuable source of information to 


assist in selecting those products best suited to an individual 
pharmacy. Before establishing a comprehensive respiratory- 
services department, it would be advisable to affiliate with a 
respiratory therapist who could assist in dealing with manu- 
facturers in selecting the products most suited to a particular 
market area. 

In many pharmacies it is the actual experience of having 
capital tied up in inventory that does not turn over that has led 
many owners to the unfortunate practice of choosing a stocking 
inventory for health-accessories departments solely on the ba- 
sis of the kind and number of requests received for various 
types of medical equipment in the past. 

Thus begins a vicious circle. A pharmacist has no calls for 
specialized kinds of wheelchairs, for example, and therefore 
stocks only four or five basic wheelchair types. Then, when 
someone comes into the pharmacy for a wheelchair, because of 
a lack of wheelchair expertise and because more-specialized 
types of wheelchairs are not immediately available, he or she 
buys one of the wheelchairs that happens to be in stock. Some- 
time in the future, when visiting his or her physician or phys- 
ical therapist, that person reports, often without realizing it, 
that the pharmacy was unable to meet his or her wheelchair 
needs. The result is that the physician or therapist will not 
send patients to the pharmacy for further wheelchair fittings. 

From then on, the only persons who come to the pharmacy 
for wheelchairs are those who are either that pharmacy’s reg- 
ular customers or those who are largely uncounseled and self- 
initiate their visits to the pharmacy. And so, based on the past 
experience of not having had calls for specialized types of 
wheelchairs, the pharmacist concludes there is not much de- 
mand for them. 

Without question, pharmacists who are interested in devel- 
oping a successful surgical supplies and convalescent aids de- 
partment within their pharmacies face a very serious dilemma. 
Either they play it safe and continue to stock those things for 
which they know they will have calls or they decide to expand 
their inventory and expertise in an effort to become relatively 
sophisticated and, by so doing, run the risk of raising their 
operating costs in an industry about which, at the very least, 
they are uncertain. 

What many pharmacists who are involved successfully in 
providing a comprehensive health-accessories service are find- 
ing is that when they give better service with the more special- 
ized kinds of equipment, they also do better with ordinary 
kinds of equipment. That is because their pharmacies become 
recognized as the places where patients should be sent for a 
wheelchair, a walker, and other kinds of durable medical 
equipment and surgical supplies. It is also true that an im- 
provement in health-accessories service tends to boost a phar- 
macy’s prescription volume as well. 

In preparation for the development of a list of inventory 
items for a health-accessories department, pharmacists should 
formulate guidelines for themselves that incorporate those 
variables discussed previously regarding space available 
within the pharmacy for such a department, financial re- 
sources, etc. It is also helpful to categorize the kinds of equip- 
ment and merchandise they might want to stock and then rank 
the various articles within each category as to the relative 
importance of each in meeting the health needs of their 
community. 

One of the very first things pharmacists must do is to famil- 
iarize themselves with the industry’s manufacturers and be- 
come knowledgeable about the products they manufacture. 
While their local wholesaler may have many of the items they 
will need in their health-accessories department, they will have 
to establish direct-buying relationships to be able to obtain the 
scores of things their wholesaler does not stock. They should 
begin an alphabetical file of manufacturers’ catalogs and price 
lists and develop an index that cross-references products with 
their manufacturers. An index of this type will save hours of 
time and possible embarrassment before their customers as 
well by enabling them to go quickly to appropriate information 


when faced with questions for which they don’t have ready 
answers. Questions of this type will come frequently, and phar- 
macists will realize it as they become aware of how broad this 
field really is. 


REIMBURSEMENT 

(ERS Ro A TE SITE 
A pharmacist would not accept a prescription for medication 
from a new customer without first asking if the patient is 
covered by an insurance plan. It is even more important to do 
this when dealing with health-care accessories. 

Every year more and more health-care accessories are being 
billed to third-party payors, and pharmacists providing these 
services must be sure to follow all the rules of the various 
government and insurance plans if they expect to be reim- 
bursed for their services. The pharmacist must first determine 
whether the pharmacy can be a provider for the requested 
services under a particular plan. Then it must be determined if 
the patient is indeed a covered beneficiary under that plan. It 
is also often necessary to determine if the physician is an 
authorized prescriber for that plan. Finally, the pharmacist 
must verify that the prescribed item or service is indeed a 
covered benefit and at what level benefits will be paid. 

Since Medicare and many insurances pay only 80% (or some 
other portion) of the allowed claim, it is often necessary to 
determine if there is a second or even third insurance and 
verify benefits. It even may be necessary to check to be sure 
which insurance is primary and which is secondary. A retired 
patient on Medicare whose spouse is still working may have 
Medicare coverage that is secondary to the spouse’s insurance 
coverage at work. The primary insurance coverage on a minor 
child is determined by which parent’s birthday comes earlier in 
the year. 

It is also necessary to have a qualifying prescription and/or 
Certificate of Medical Necessity (CMN) before submitting a 
claim. Medicare has developed CMNs that they require be used 
for many products, a few of which are wheelchairs, hospital 
beds, seat lift chairs, and even oxygen. HCFA (the Health Care 
Finance Administration) has set up a system of HCPCS codes 
(the HCFA Common Procedure Coding System) for every item 
that may be considered for reimbursement by Medicare. These 
codes are matched with the diagnosis code (ICD-9), which must 
be included on the claim, and Medicare and many insurance 
companies will match the item being dispensed with the diag- 
nosis code to help determine if coverage will be approved. 

Sometimes Medicare or an insurance company will contact 
the doctor for further information before paying a claim. (This 
is called developing the claim.) Sometimes a claim will be 
down-coded to a code that results in lower payment. For exam- 
ple, a physician may prescribe a semielectric hospital bed but 
with documentation that only qualifies the patient for a man- 
ually adjustable bed. If the pharmacist dispenses the semielec- 
tric bed as ordered and submits a claim to Medicare for it, 
the claim may be down-coded to a manual bed and paid 
accordingly. 

While some insurance companies still pay claims in full (or 
a fixed percentage of the claim) as billed, more and more 
insurance companies, HMOs, and PPOs as well as Medicare 
and Medicaid base their payments on fee schedules and/or 
maximum allowable payment levels. Many insurance compa- 
nies will not pay full price routinely for a brand-name drug 
when a lower cost generic equivalent is available. So too will 
they not pay a higher price for items they consider deluxe or not 
medically necessary. An example is the hospital bed in the 
preceding paragraph. While the doctor, patient, and pharma- 
cist may all agree that a particular product or feature is really 
medically necessary, the insurance company or Medicare may 
not agree. 

It is very important that the pharmacist providing health- 
care accessories take the time to learn the intricacies of billing 
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for these items and keep up with the constant changes occur- 
ring. As the pharmacy’s business in health accessories grows, it 
is often advisable to have at least one person dedicated to 
obtaining proper prescriptions, billing, posting payments, bill- 
ing secondary insurances, reviewing denied or reduced pay- 
ments, and in general keeping up-to-date on reimbursement 
issues. 


PROMOTION 
AS AEA TET SE BAT SLT OE TTI 
The first form of promotion the pharmacist can use is a well- 
stocked and attractive floor display (see Fig 109-49). 

Prior to deciding on other kinds of promotion to undertake, 
pharmacists must determine from where most of their health- 
accessories volume is likely to come. What pharmacists who are 
involved successfully in comprehensive surgical supplies and 
convalescent aids departments are finding is that the greatest 
share of their surgical business is not done with their regular 
patrons, but with new ones coming to their pharmacies specif- 
ically for medical supplies. There is little doubt that the reason 
most of these new patrons find their way to these pharmacies is 
that they were sent there by medical and allied health profes- 
sionals in their own communities. 

Referrals for wheelchairs, walkers, ostomy supplies, breath- 
ing equipment, and other health accessories come from physi- 
cians, hospitals, nursing homes, and a wide variety of com- 
munity health professionals, among whom are therapists 
(physical, occupational, enterostomal, respiratory), nurses, 
medical social workers, social service directors, home-care co- 
ordinators, visiting nurses, and trainers in organized athletics. 
Physicians in most major specialties will make referrals. It is 
important that each health professional be approached about 
products or services relevant to his or her specific discipline. 
Organizations in which these and other health professionals 
can be found include hospitals and nursing homes, visiting 
nurse associations, private physical therapy associations, state 
departments of vocational rehabilitation, insurance companies, 
athletic departments in schools, commercial and manufactur- 
ing plants, rehabilitation centers, home-health agencies, clinics 
and agencies such as the Easter Seal Society, American Cancer 
Society, Multiple Sclerosis Association, Muscular Dystrophy 
Foundation, National Paraplegia Foundation, United Cerebral 
Palsy, United Ostomy Association, and many others. These, 


Figure 109-49. Floor display and wall space. This very common ar- 
rangement can be most productive. With the advantage of being 
able to display all the wheelchairs and walkers open, it gives the 
consumer a total and comprehensive picture of your home-care 
department at once. 
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then, are the people and the organizations at which the phar- 
macy’s principal promotional programs must be aimed. And 
while promotion to the general public is still very important, it 
is crucial that the pharmacist develop effective promotional 
programs aimed at the professional community. 

Because it is quite common for many of these new patrons to 
begin to patronize their new pharmacy for other health needs, 
it is not surprising that the very existence of a comprehensive 
health-accessories department is regarded by the pharmacies 
who operate them as an excellent means for promoting the 
pharmacy as a whole. 

Since the largest part of surgical supplies and health acces- 
sories volume originates with medical and allied health profes- 
sionals within the community, the question must be asked: 
What prompts these professionals to recommend one dealer 
over another? 

Aspects about the retail distribution of medical equipment 
and supplies that most concern a community’s medical and 
allied health professionals are 


1. That the supplier have the academic background and practical 
know-how to recommend the right equipment for each patient need 
and be able to show the patient correctly how the equipment should 
be used. 

2. That the supplier not practice medicine, physical therapy, etc, but 
call on practitioners of these professions for consultation and guid- 
ance when appropriate. 

3. That the supplier have in stock an adequate inventory, in kind and 
quantity, to meet the immediate needs of his or her patients. 

4. That the supplier, in addition to having ample stock, have access to 
wide varieties of medical equipment and supplies from numerous 
manufacturers, to service the special and unique needs of patients. 

5. That the supplier distribute only merchandise of good quality and 
stand behind what he or she rents and sells. Many medical profes- 
sionals are name-brand conscious also. 

6. That the supplier have the capability of providing basic mainte- 
nance and repair services for what he or she sells and rents. 

7. That the suppliers’ equipment be priced competitively in both rent- 
als and sales. 

8. That the supplier operate the business in an immaculate, well- 
organized, efficient, and thoroughly professional manner. 


Advertising in professional journals, direct-mail campaigns, 
newspapers, and television commercials are all effective and 
commonly used methods of proclaiming that a pharmacy has 
the attributes that the professional community expects. 

Attending and sponsoring meetings of groups, such as the 
local ostomy or diabetes associations, or working with public 
service groups, such as Reach to Recovery, allows the pharma- 
cist to interact with health-care professionals and volunteers 
who are influential in these areas. 

Sending a doctor or other referral source a written Thank 
You for each new referral also helps to remind the doctor of the 
professional services provided by the pharmacist. Even a sim- 
ple note stating that a patient was fitted with a particular type 
of orthopedic support on a certain date as prescribed by the 
physician may end up in the patient’s file where the doctor may 
see it several times. 

One of the most effective ways of promoting a health- 
accessories department, especially one that features the fitting 
of orthopedic and mastectomy appliances, is direct physician 
detailing. Calling on them in their offices is one sure way of 
promoting your health-accessories department. Even if it is not 
possible to see the physician each time, contacts with his office 
personnel, especially a nurse, often can be very effective. Many 
times patients will ask the receptionist, while making the next 
appointment, where they can go for the item just prescribed. 

Another effective way to communicate the fact that the 
pharmacy has the expertise and inventory to meet the commu- 
nity’s health-care needs is by a program of regular hospital 
displays and in-service training classes for the staffs in hospi- 
tals and nursing homes as well as presentations at universities, 
social-service organizations, and special-interest groups. 

How better to demonstrate one’s expertise in selecting, and 
when necessary measuring and fitting, health accessories than 


by providing instruction to groups of health professionals in a 
hospital or nursing home in the basic principles and proper use 
of the accessories, particularly those that serve as aids in 
convalescence or home care of the patient. Thus, for example, 
the important subject of walking aids—canes, forearm 
crutches, axillary crutches, and walkers—should include a dis- 
cussion of the physiological factors of ambulation; the selection, 
measurement, and fitting of the devices to provide maximum 
leverage and comfort; and the manner of their use in walking 
on level areas as well as ascending or descending stairs. Many 
other subjects can be presented similarly by pharmacists 
knowledgeable in the use of convalescent aids and other health 
accessories. 

Various equipment manufacturers offer in-service training 
programs that may be used as a guide to developing training 
programs for hospitals, nursing homes, visiting nurse associa- 
tions, and schools. 

With the advent of various managed-care programs, includ- 
ing plans for Medicare beneficiaries, another type of promotion 
has become necessary. Pharmacists may have taken many or 
all of the previous steps to promote their health-accessory 
department and still see meager results because most of the 
physicians who might recommend the pharmacy’s services are 
required to refer to other providers who are in a particular 
health-care network, while the pharmacy is not. Pharmacists 
must actively pursue those health-care organizations for whom 
they want to provide services. 

While some organizations deal only with capitated provid- 
ers or may have an exclusive provider, many will work with 
several preferred providers. Often it is difficult to find the 
actual decision maker who may allow the pharmacy to become 
a preferred provider, but as the pharmacy becomes a provider 
for a few organizations, gradually other doors may be opened 
because of the excellent service provided. Often being excep- 
tionally good in a small niche market may open the door to 
becoming a provider of other services as well. 

All of the above-listed methods of promotion have one thing 
in common, relationship-building, a key element in forming a 
strong health-accessory department in the pharmacy. 


PROFESSIONAL APPROACH 

Le OR Lo 
Pharmacists should not conclude hastily that they will be suc- 
cessful in this field, regardless of their estimate of the local 
market, their inventory, and their display facilities. Unless the 
pharmacist is willing to devote time and intelligent effort to the 
venture, he or she will fail. Pharmacists should be interested in 
helping the aged, the infirm, and the sick. Their attitude must 
be professional, and their approach to prospective referring 
physicians and the public must be made on that basis, not on 
mere availability or price. They must become knowledgeable in 
the areas of reimbursement and accreditation. Most important, 
they must have developed the expertise to recommend the right 
equipment and supplies and instruct their patrons in their 
proper use. 

Pharmacists who seriously are considering developing this 
specialty will need to expand their reading list of relevant 
professional journals and periodicals. In addition to the major 
pharmacy journals, the following publications will broaden 
their knowledge and perspective concerning convalescent aids 
and surgical supplies: HomeCare, HME News, Home Health 
Care Dealer, Medical Product Sales, Today’s Home Healthcare 
Provider, Home Health Products, Ostomy Quarterly, The Jour- 
nal of Care Management, and journals in specialty fields such 
as physical therapy, occupational therapy, or respiratory 
therapy. 

The National Community Pharmacists Association created 
a special division of Home Health Care Pharmacy Services. 
This division can provide additional information to pharma- 
cists on changes in government programs that affect pharma- 


cists providing home-health-care accessories. The NCPA pub- 
lishes a newsletter, the Alternative Pharmacist Monthly. The 
NCPA, an accredited APCE provider, also provides educational 
programs concerning ostomy, incontinence, wound manage- 
ment, orthotics, and prosthetics. An advanced certificate pro- 
gram in orthotics and prosthetics is offered by the NCPA, and 
a number of certification programs are available. 

The surgical-supply department of the modern community 
pharmacy is recognized by physician and layman alike as a 
proper extension of the pharmacist’s professional service. Phy- 
sicians and allied health professionals quickly assess this new 
service as an important contribution to the health-team 
concept. 


ACCREDITATION 
ER ERT REE] 
The final step that pharmacists can—and should—take to dem- 
onstrate their competence as providers of health-care accesso- 
ries is to become accredited. There are a number of accrediting 
bodies. The best known is the JCAHO (Joint Commission on 
Accreditation of Healthcare Organizations). 

To become accredited the pharmacy must, among other 
things, pass an on-site inspection in which the surveyor deter- 
mines the firm’s competency in such areas as 


Patient rights and responsibilities. 
Care, treatments, and service. 
Education. 

Environmental safety. 

Equipment management. 
Management of human resources. 
Management of information. 
Infection control. 

Quality assurance. 


KONO TSOP OO 


The survey will include interviews with staff and clients, riding 
along on equipment deliveries, and spot checks of patient files. 
Accreditation is for a period of 3 years, at which time the firm 
must be resurveyed. 

The Accreditation Commission for Home Care, Inc, also can 
provide accreditation for firms that qualify. It has a specialty 
section dealing with the fitting of mastectomy prostheses. After 
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successfully passing an on-site survey, a firm may be accredited 
for 3 years. 

Other organizations that provide accreditation are CHAP 
(the Commission on Health Accreditation Programs), CARF 
(the Commission on Accreditation of Rehab Facilities), and 
NCQA (the National Committee for Quality Assurance). 


THE FUTURE 

A APIS ET STIL SG ENO SEES 
Increased life expectancy has produced an increase in the num- 
ber of aged persons and a corresponding increase in the number 
of ill and infirm persons in this segment of our population. The 
growing number of aged persons, the trend toward their 
greater subsidization, and the rapid increase in services from 
home-health-care agencies and hospital outpatient depart- 
ments portends an ever-increasing number of potential candi- 
dates for surgical supplies and convalescent aids in the future. 
This is also true of many persons who are not aged but still are 
ill or infirm. 

Though nursing homes do care for a substantial number of 
such patients, more of them want to remain at home and avoid 
the spiraling costs of institutional care. Hospitals are reluctant 
to provide services to persons not in need of acute-care facili- 
ties, except on an outpatient basis, as it is too costly for both the 
patient and the hospital. As a result, the trend is to transfer the 
patient to home care as soon as possible. Encouraged to do so by 
the principal health-insurance companies such as Blue Cross 
and by developing home-health-care agencies, the demand for 
surgical appliances and medical equipment for use in the pa- 
tient’s home is growing daily. 

This chapter was prepared as an overview of many, but not 
all, of the avenues pharmacists might take to expand their 
professional horizons. To be really successful in any, let alone 
all, of the areas, a sincere commitment of time, energy, and 
other resources may be required, but the professional rewards 
can make it all worthwhile. 


The author acknowledges the contributions of Barry N Eigen, MBA; 
Cindy Ciardo, Certified Fitter and BOC Orthotist; and Janet Lutze, RN, 
BSN, CETN. 
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Various designations are used to categorize patients: institu- 
tionalized, noninstitutionalized, inpatient, outpatient, bedrid- 
den, and ambulatory. Strictly speaking, ambulatory patients 
are those who are able to walk; ie, those who are not bedridden. 
Therefore, ambulatory patients may be inpatients of an insti- 
tution, such as a hospital or extended-care facility, if they are 
not confined to bed. However, the term ambulatory patient has 
become more restrictive in its modern usage simply to mean a 
noninstitutionalized patient. 

Ambulatory patients referred to here are noninstitutional- 
ized patients who have the responsibility for obtaining their 
medication, storing it, and taking it. They may or may not be 
outpatients, depending upon where they receive their treat- 
ment. They may even be in a wheelchair and, strictly speaking, 
not ambulatory, but if they are not institutionalized they will 
have the same basic responsibility for their medication as walk- 
ing patients. 

Whether patients consult a physician who may prescribe 
medication or whether they decide to treat themselves, the 
community pharmacist more than likely will come into contact 
with them. It is important, therefore, for the pharmacist to 
have an understanding of these patients so that as a pharma- 
cist and member of the health-care team, the best possible 
health care for ambulatory patients may be provided through 
proper use of knowledge and judgment. 


MEDICATION-RELATED NEEDS 
OF AMBULATORY PATIENTS 


It is known that the ambulatory patient does not adhere always 
to the directions for taking medicine. There are a number of 
reasons for this, and the reader is advised to consult Chapter 
115 for a thorough and enlightening discussion of patient com- 
pliance. Through the decade of the 1970s, numerous studies 
demonstrated that patients widely misuse medications, with 
frequency ranges between 20 and 82%.' This wide variation 
reflects study differences, medication class differences, and 
investigator interpretation of patient misuse of medication. 

In one of the earliest studies, Latiolais and Berry” compiled 
a number of ways in which patients may misuse medications. 
Many of these same problems exist today and are 


1. Overdosage 
a. Taking more than the prescribed dose at any one 
administration. 
b. Taking more than the prescribed number of doses in 
any 1 day. 
c. Taking a dose, prescribed as needed, at a time other 
than when needed. 


d. Taking the same medication from two or more different 
bottles simultaneously. 


2. Underdosage 

a. Taking less than the prescribed dose at any one 
administration. 

b. Omitting one or more doses. 

c. Discontinuing the drug before the prescribed duration 
of time. 

d. Omitting the dose of a medication, prescribed as 
needed, when it is needed. 


3. Taking a dose at a different time if a time has been spec- 
ified in the directions. 
4. Taking a dose in a form other than that specified in the 
directions. 
5. Using the wrong route of administration. 
6. Taking medication that has been discontinued. 
7. Taking outdated medications. 
8. Taking someone else’s medications. 
9. Taking two or more medications that are contraindicated 
therapeutically. 
10. Failing to get the prescription filled. 
11. Failing to understand how to use the administration unit 
properly (eg, inhaler). 
12. Failing to understand how to use or administer the dosage 
form properly. 


Using the above criteria, the authors found that 42.8% of the 
patients sampled were misusing their medications, and that 
4.4% misused their medicine in such a manner as to pose a 
serious threat to their health. The types of misuse committed 
most frequently were overdosage and omission of doses. Over- 
dosage represented 41.3% of the total misused prescriptions. 
Omitting one or more doses occurred in 23.6% of the misused 
prescriptions. Another result of this study showed that of the 
prescriptions being misused, patients actually were aware they 
were misusing about one-half of them. 

This apparently deliberate misuse perhaps is more under- 
standable when viewed with respect to the single most often 
mentioned reason, occurring fully one-third of the time, that 
the patient did not understand the instructions. The second 
most frequent reason given by the patients for not following 
directions was that they thought they needed another dose. 
Another frequent reason was that the patient thought he or she 
was cured and stopped taking the drug before the prescribed 
time. 

In 1992, a study by Clepper estimated that one-half of the 
1.8 billion prescriptions dispensed on an annual basis are taken 
incorrectly.’ It also estimated that 90% of all outpatients make 
mistakes taking their medications. Further, these mistakes 
account for 10% of all hospital admissions in the general pop- 
ulation and 25% of all hospital admissions in the elderly. As a 
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result, health-care costs increase and work productivity de- 
creases. However, the most alarming finding of this study was 
that patient noncompliance may be linked to more than 
125,000 deaths annually. 

Two of the most recent studies have provided estimates of 
the actual cost of medication misuse in the US. One study 
estimated these costs to be approximately $100 billion, with 
more than one-half due to loss of productivity and nearly one- 
third due to hospital and nursing home admissions.* The other 
study estimated that medication morbidity and mortality costs 
the US economy about $76.6 billion annually.* This figure does 
not include costs associated with lost productivity. 

It is inconceivable that patients knowingly would misuse 
medication in a way that would be injurious to their health. 
Similarly, with the high cost of health care, it is astounding 
that patients would not maximize the health care they do 
receive to gain maximum benefit from their expenditures. 

As mentioned previously, a common reason for the misuse of 
medicine may be a lack of patient knowledge and understand- 
ing of the medication and how it is integrated into the treat- 
ment of a particular disease state. As an example, the scientific 
literature documents that patients with diabetes mellitus ad- 
minister their insulin in an unacceptable manner, do not follow 
their diets, exhibit poor foot care, and do not test their urine 
and/or blood correctly.” Although bad habits and/or a lack of 
responsibility on the part of patients may account for some of 
these behaviors, lack of patient understanding of the impor- 
tance of each treatment component for the prevention of dis- 
ease complications is also a factor in many instances. 

Other patient misconceptions also contribute to medication 
misuse. For example, Jf one tablet is good, two will be even 
better, is a common patient belief that is fraught with danger. 
Patients also frequently discontinue medicines inappropriately 
for a variety of reasons. In this context, a recent study identi- 
fied the most common reasons for patients not having prescrip- 
tions refilled.® These reasons, in decreasing order of importance 
were that the 


Medication was not working. 

Medication was causing side effects. 

Condition improved. 

Patient received negative information about the medication. 
Cost of the medication was too high. 

Patient was confused about how to take the medication. 


SCN Coe 


The noted philosopher and educator in medicine, Sir Wil- 
liam Osler, in 1891, captured the essence of man and medicine 
when he stated that, “the desire to take medicines is perhaps 
the greatest feature that distinguishes man from animals.” 
Unfortunately, his statement did not capture the mode in 
which man takes medicine, as demonstrated by the findings of 
the investigations described previously. These results clearly 
demonstrate the need for skilled professionals to assist pa- 
tients to gain optimal benefit from their drug therapy. As 
medication experts who are often the most accessible health- 
care providers, community pharmacists are uniquely posi- 
tioned and professionally obligated to fulfill this need for am- 
bulatory patients. 


THE PHARMACIST’S RESPONSIBILITY 
FT 
In years past, the responsibility of the pharmacist was to dis- 
pense prescriptions accurately, provide medication counseling, 
and answer questions of concern to the patient. Recently, how- 
ever, the profession of pharmacy has adopted pharmaceutical 
care as its mission and thereby extended the responsibility of 
the pharmacist.’ Pharmaceutical care focuses pharmacists’ at- 
titudes, behavior, commitment, concern, ethics, functions, 
knowledge, responsibilities, and skills on the provision of drug 
therapy to individual patients. The goal is to achieve optimal 
outcomes that improve the patient’s quality of life. These out- 
comes may include 


Cure of the disease. 

Elimination or reduction of symptoms. 

Arresting or slowing the disease process. 
Prevention of disease. 

Diagnosis of disease. 

Desired alterations in the physiological processes. 


SOU Ce RO 


Pharmacist providers of pharmaceutical care assume re- 
sponsibility to identify, prevent, and resolve medication- 
related problems on behalf of their patients. These problems 
have been defined broadly as undesirable events that are of 
psychological, physiological, social, or economic origin and may 
be the function of a patient 


Needing pharmacotherapy but not receiving it, 

Taking or receiving the wrong medication, 

Taking or receiving too little of the correct medication, 

Taking or receiving too much of the correct medication, 
Experiencing an adverse reaction to a medication, 

Experiencing a drug-drug or drug-food interaction, 

Not taking or receiving a medication that has been prescribed, or 
Taking or receiving a drug for which there is no valid indication.*® 
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In this context, pharmacists collaborate with patients, pa- 
tient caregivers, physicians, nurses, and other health-care pro- 
viders to initiate, monitor, modify, and discontinue pharmaco- 
therapy to avoid or resolve these medication-related problems. 
To that end, pharmacist providers of pharmaceutical care en- 
gage in a series of sequential steps to ensure that individual 
patients receive cost-effective pharmacotherapy that results in 
optimal therapeutic outcomes. These steps include having the 
pharmacist 


a. Establish a committed relationship with individual patients, 

b. Collect, synthesize and interpret relevant patient information, 

c. Define and prioritize the potential and actual medication-related 
problems of the patient, 

d. Establish a desired pharmacotherapeutic outcome for each 
medication-related problem, 

e. Determine feasible pharmacotherapeutic alternatives to achieve 
each desired outcome, 

f. Select the best pharmacotherapeutic solution based upon individual 
patient circumstances, 

g. Design a monitoring plan to determine if the desired pharmacother- 
apeutic outcome has been achieved, and 

h. Implement the individualized pharmacotherapeutic and monitoring 
plans and evaluate and document the results of pharmacotherapeu- 
tic and monitoring plans.° 


An advantage of pharmaceutical care over previous defini- 
tions of pharmacy practice is its applicability to all practice 
settings and to prescription and nonprescription therapies (see 
Chapter 114). Further, research demonstrates that pharma- 
ceutical care services provided by pharmacists add value to the 
care of both institutionalized and ambulatory patients. This 
added value includes improvements in patient outcomes, en- 
hanced patient compliance, and reduced health-care costs as- 
sociated with medication misadventuring/misuse.” 

In spite of these findings, realization of pharmaceutical care 
roles has been slow, particularly in ambulatory practice set- 
tings. To encourage further evolution of pharmaceutical care in 
ambulatory settings, the US Department of Health and Human 
Services’ (DHHS’s) Office of the Inspector General in 1990 
summarized the current status of clinical services available in 
community settings, described barriers that limit the availabil- 
ity of these services, provided recommendations to reduce these 
barriers, and strongly recommended the establishment of 
strategies to deliver pharmaceutical care comprehensively in 
the ambulatory setting.'° 

Subsequently, the Omnibus Budget Reconciliation Act of 
1990 (OBRA 90) was enacted and required each state Medicaid 
Agency to institute a Drug Use Review (DUR) program for 
covered outpatient drugs by no later than January 1, 1993. 
This act also required pharmacists to provide prospective uti- 
lization (ie, patient profile) review and counseling for Medicaid 
patients. It is hoped that societal and professional pressure will 
be such to ensure that all patients and not just Medicaid 


patients will receive these services. In fact, a number of states 
have legislated that these services will be provided to all 
patients.'! 

These legislative developments indicate a need for pharma- 
ceutical care services in ambulatory practice settings. It is the 
intent of this chapter to operationalize further the concept of 
pharmaceutical care in this context so that community phar- 
macists may continue to evolve toward the realization of phar- 
maceutical care roles in their practices. 


Establishment of a Committed 
Relationship with Individual Patients 


The first step in the provision of pharmaceutical care is the 
establishment of a committed relationship with the patient. To 
that end, pharmacists must seek and be granted authority by 
their patients to intervene on their behalf. Pharmacists also 
may need to secure permission from other health-care provid- 
ers and patient caregivers (eg, in cases in which the patient is 
a child or unable to visit the pharmacy in person) to provide 
pharmaceutical-care services. The key to doing so in all in- 
stances is effective communication. 

Building a committed relationship cannot occur at a dis- 
tance. The pharmacist must interact directly with the patient 
to earn his or her trust and to obtain permission to take 
responsibility for the outcomes of drug therapy. Thus, pharma- 
cists in an ambulatory setting must take the initiative to in- 
troduce themselves and their services at the time the patient 
first presents a prescription. 

Ideally, the pharmacist should invite the new patient into a 
private or semiprivate area of the pharmacy to explain the 
proposed relationship, it’s benefits, and his or her commitment 
to the patient’s well-being. Realistically, it may be impossible 
for the pharmacist to interview the patient at the time the 
prescription is originally dispensed, because of time constraints 
imposed by other professional responsibilities. In this case, the 
pharmacist should arrange to meet with the patient at another, 
mutually convenient time. 

Committed relationships are rarely the result of a single 
interaction. In addition, by its very nature, pharmaceutical 
care is an iterative and ongoing process, as long as the patient 
has unresolved medication-related problems. Therefore, once a 
rapport has been established, the pharmacist must interact 
regularly with the patient to strengthen the relationship and to 
collect additional data necessary to ensure that the patient’s 
pharmaceutical-care needs continue to be met. 
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Collection, Synthesis, and Interpretation 
of Relevant Patient Information 


As mentioned previously, the pharmacist’s primary responsi- 
bility in the delivery of pharmaceutical care is to identify, 
prevent, and resolve medication problems. A key factor in the 
fulfillment of this obligation is the availability of essential 
patient data. These data have been categorized in various ways 
by different authors. The specific framework used to categorize 
patient data is less important than the consistent use of a 
single method to do so. This ensures that all potentially useful 
information is considered for each patient. 

For the purposes of the present discussion, patient informa- 
tion is organized into three categories. Specific data items are 
grouped within each category as illustrated in Table 110-1. To 
make appropriate decisions about patient therapy, pharma- 
cists must understand the utility of different types of informa- 
tion in the decision-making process. Further, they must realize 
that different decisions require different types of patient infor- 
mation. Thus, an appropriate and comprehensive database for 
a specific patient may or may not include all of the information 
included in Table 110-1. 

In the context of ambulatory patients, useful demographic 
information includes the patient’s name, age, gender, and race. 
Age, gender, and race are often important factors in the selec- 
tion of medications and dose determinations. For example, 
medication doses are often lower in elderly patients because of 
diminished renal or hepatic function. Gender is important in 
the case of a female of childbearing age if medications that are 
being considered for treatment are potentially harmful to un- 
born children. Finally, race is an important factor in the treat- 
ment of hypertension in African American patients because a 
number of antihypertensive medications are ineffective in this 
population. 

Core medical information includes past medical problems 
and all current acute and chronic diseases, including assess- 
ments of their severity, prognoses, and associated patient com- 
plaints. In some instances, it also may be appropriate to collect 
information about a patient’s physical impairments or disabil- 
ities. For example, a patient with limited manual dexterity 
secondary to an arthritic condition may have difficulty using 
a medication administration device such as a metered-dose 
inhaler. 

It also may be appropriate in some cases for the pharmacist 
to collect additional medical information for a specific patient. 
For example, information relative to a patient’s immune status 
would be important when the selected drug therapy can cause 
further immunosuppression. Similarly, home blood-glucose 
and blood-pressure measurements would be useful to assess 


Table 110-1. Patient Information for the Provision of Pharmaceutical Care 


DEMOGRAPHIC/MEDICAL 


THERAPEUTIC 


LIFESTYLE 
Ethnic background Age 
Sexual history Gender 
Living arrangement Race 


Social support 

Health beliefs 
Expectations of care 
Financial/insurance status 


Health status? 
Impairments/disabilities 
Past medical problems 
Current medical problems 


Past therapies? 
Prescription drugs 
Nonprescription drugs 
Alternative therapies 

Present therapies? 
Prescription drugs 
Nonprescription drugs 


Daily activities Severity Alternative therapies 
Tobacco, alcohol, caffeine use Prognoses Allergies 
Dietary/exercise practices Chief complaints Adverse drug reactions 
Perceptions of current diseases Physical assessment data Physicians 


Perceptions of current therapy 
Compliance with current therapy 
Concerns about current therapy 


Laboratory data 


Other care providers 


? Includes cardiac, hepatic, immune, nutritional, and renal status. 
» Includes therapeutic regimens. 
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the effectiveness of therapy for patients who suffer from dia- 
betes mellitus and hypertension, respectively. 

Essential therapeutic information includes the names of all 
prescription and nonprescription drugs used by the patient and 
their frequency of use and therapeutic indications. Drug aller- 
gies, previous adverse drug reactions, and intolerances also 
should be noted for each patient. In addition, because of the 
rising popularity of alternative therapies, pharmacists should 
inquire about the use of home remedies, vitamin/mineral sup- 
plements, herbal preparations, and other nontraditional ther- 
apeutic modalities, eg, acupuncture, aroma therapy, etc. 

Perhaps the most often overlooked category of information 
includes details related to the patient’s lifestyle. Information in 
this category can be crucial under a variety of circumstances. 
Patient health beliefs and perceptions of illness and prescribed 
therapy are known to influence patient compliance strongly.'” 
As a result, pharmacists should attempt to collect informa- 
tion about these perceptions and beliefs in all patient care 
situations. 

In some situations, additional lifestyle information becomes 
important. As an example, the abuse of alcohol by a female 
patient who needs treatment for trichomoniasis would be im- 
portant because the drug of choice for this disease (ie, metro- 
nidazole) causes a disulfiram-like reaction when alcohol is con- 
sumed. The sexual history of the patient in this situation also 
would be pertinent because treatment of male partners is nec- 
essary to prevent recurrence of the disease in the female. Be- 
cause each patient presents with a unique set of circumstances, 
pharmacists must use professional judgment to determine 
which types of lifestyle information are essential for optimal 
patient care. 

The pharmacist also must determine an appropriate source 
of each type of information. Common sources include the pa- 
tient, the patient’s caregiver or family, the pharmacy patient 
profile, medical records, laboratories, physicians, nurses, and 
other health-care providers. Appropriate sources vary from 
situation to situation. In each case, the pharmacist must con- 
sider a source’s ability to provide accurate, reliable information 
and the ease with which the source may be accessed.!° 

As an example, consider the case of a retired, 67-year-old 
male who has suffered from diabetes mellitus for 30 years. 
When the patient and his wife visited the pharmacy for the first 
time to pick up prescriptions for insulin and syringes and to 
purchase test strips for his blood-glucose meter, the pharmacist 
on duty asked the patient to complete a new patient informa- 
tion form. Upon inspection of the completed form, the pharma- 
cist concluded that blood-glucose measurements also would be 
important to obtain in this case to determine how well the 
patient’s blood sugar is currently controlled. Alternative infor- 
mation sources in this instance would include the patient, the 
patient’s wife, the patient’s medical record, and the patient’s 
blood-glucose meter, assuming it has dedicated memory to 
store test results, and the patient tests his blood regularly 
using correct technique. 

The pharmacist may be able to obtain blood-glucose and 
glycosylated hemoglobin results for the patient by calling the 
patient’s physician and asking for this information from the 
patient’s medical record. However, these results may not be 
up-to-date unless the patient had recently visited the physi- 
cian. Further, locating the physician for a consult may be 
difficult. The pharmacist could ask the patient directly or he 
could ask the patient’s wife. In these instances, however, it is 
unlikely that either individual could remember more than one 
or two measurements. Moreover, the reliability of the reported 
results could be influenced by the memory or veracity of the 
person who reports them. Thus, the pharmacist in this instance 
concluded that if available, the most reliable and accessible 
source of blood-glucose measurements would be those stored in 
the memory of the patient’s home blood-glucose meter. 

In many instances, the most appropriate information 
sources are the patient or other individuals involved in the 
patient’s care, eg, physicians. Thus, pharmacists must develop 


exemplary communication’ skills and prepare for interactions 
with these individuals in advance to obtain accurate and com- 
plete information in an efficient manner. Specifically, the phar- 
macist must be a skilled listener, speaker, and observer who 
formulates questions in advance to elicit the desired informa- 
tion about the patient. 

Because pharmacists in ambulatory practice settings rarely 
have access to patient medical records, it is often necessary to 
conduct an interview with the patient to obtain critical back- 
ground information. To save time, some pharmacists ask pa- 
tients to complete an intake questionnaire prior to being inter- 
viewed. This instrument asks the patient for basic background 
health and demographic information that is elaborated further 
as appropriate during the interview process. 

A successful interview begins with an organized approach 
that is driven by the nature and amount of information that is 
needed from the patient. For example, the approach taken 
during an initial patient visit to the pharmacy would be much 
different from subsequent visits when baseline information is 
typically updated. 

Ideally, patient interviews should be conducted face-to-face 
in a quiet, relatively private area of the pharmacy. In addition, 
patients feel more comfortable when the pharmacist is seated 
at the same level near them, rather than behind a desk or high 
prescription counter. The pharmacist should begin the inter- 
view by greeting the patient, introducing himself or herself, 
and briefly explaining the purpose of the interview and the 
expected amount of time required for its completion. 

Following this introduction the pharmacist should proceed 
with the interview, using an appropriate mix of question types 
to obtain the desired information. Generally, open-ended ques- 
tions followed by appropriate probes are effective in this re- 
gard. Pharmacists also should attend to information communi- 
cated nonverbally by themselves and by the patients. In this 
context, note taking should occur only after the patient is 
finished speaking. This is because breaking eye contact while 
the patient is talking may be interpreted by the patient as 
disinterest on the part of the pharmacist and may limit patient 
responses. Further, pharmacists may miss important nonver- 
bal cues if they are looking at their notes while a patient is 
speaking. 

Pharmacists also must be aware of, and sensitive to, the 
influence of age, gender, and cultural, educational, family, and 
socioeconomic variables on patient responses during the inter- 
view. For example, a patient who is illiterate would be unable 
to complete a written patient information form. Rather the 
instrument would need to be administered verbally to the pa- 
tient. As a further example, studies have demonstrated that 
patients in lower socioeconomic classes tend to seek medical 
attention and report bothersome symptoms less frequently 
than wealthier patients.'* In this context, pharmacists may 
need to use more probing questions to obtain information from 
patients of lower socioeconomic status. 

Occasionally, the most appropriate source of patient infor- 
mation is the patient’s physician. Although the interaction 
between the pharmacist and physician is not considered to be 
an interview, many of the interview techniques outlined previ- 
ously can facilitate the collection of patient information. Spe- 
cifically, similar to the patient interview, the pharmacist 
should have a clear idea of the desired information and a 
logically sequenced set of questions to obtain this data prior 
to contacting the physician. In addition, pharmacists should 
begin the conversation by greeting the physician; introduc- 
ing themselves and briefly explaining the nature of the de- 
sired information before asking specific questions is also 
appropriate. 

Regardless of the source or type, patient information must 
be recorded in an organized and systematic manner. Recording 
systems vary widely. However, the system that is used should 
ensure that patient information is readily retrievable, provide 
for efficient evaluation of medication-related problems, and 


permit recording of pharmacist evaluations, recommendations, 
and patient-monitoring information. 

Most community pharmacies employ computer-based med- 
ication profiles to record and maintain patient information. 
While the specific format of these records varies from program 
to program, an example of a typical patient medication profile 
is illustrated in Figure 110-1. These records typically include 
basic patient demographic and medical information and a list 
of all prescriptions filled at a particular pharmacy. However, 
because they typically do not provide for documentation of 
other therapies, monitoring information, and pharmacist rec- 
ommendations, their utility for the provision of comprehensive 
pharmaceutical care is limited. 

A more useful alternative to the traditional patient profile is 
illustrated in Figure 110-2A and B and was developed for use in 
an ambulatory wellness clinic by the author. This pharmacist’s 
patient data record provides fields to record all of the data 
contained on a patient profile. In addition, this record includes 
fields for the documentation of the patient’s past medical and 
social histories and space for the pharmacist to record addi- 
tional, patient-specific data, including monitoring information, 
interventions made on behalf of the patient, and the associated 
outcomes. 

A variety of manual and computer-based tools are commer- 
cially available to overcome the limitations of patient medica- 
tion profiles. For example, Problem-Oriented Medical Record 
(ie, POMR™) cards were recently marketed by Global Publish- 
ing Network, Inc, as a manual system for monitoring and 
documenting patient care. An example is included as Figure 
110-3. These cards include sections for patient background 
characteristics, medical history, medication profile, lab data, 
medication-related problems, progress notes, and pharmacist’s 
recommendations. Although marketed primarily as a tool for 
institutional pharmacists, POMR™ cards also may be a cost- 
effective alternative for community practitioners. 

Comprehensive, computer-based pharmaceutical-care sys- 
tems also have become available recently from a number of 
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vendors. CarePoint has developed a Windows-based system (ie, 
Guardian™) that enables pharmacists to collect detailed pa- 
tient medical and medication histories and to document indi- 
vidual patient needs, interventions, outcomes, and impres- 
sions, using the SOAP format, eg, Subjective patient data, 
Objective patient data, data Assessment and therapeutic Plan. 
The software also includes features to facilitate patient coun- _ 
seling, outcome monitoring, and third-party billing for phar- 
macists’ cognitive services. A representative screen from the 
software is included as Figure 110-4. 

HealthCare Computer Corporation’s Alpha-Care™ is a sim- 
ilar system that also has the capability to interface with a large 
number of other computer-based resources. For example, the 
system supports a variety of intake questionnaires, enabling 
pharmacists to choose the format that best suits their patients’ 
needs. In addition, the system creates a series of patient edu- 
cation materials and pharmacist directions for their use when 
the patient suffers from a common, chronic condition, eg, 
asthma, diabetes. Finally, the system also can be connected to 
medical devices to record blood pressure, peak flow, and blood- 
glucose and blood-cholesterol measurements. 

The recent development of innovative systems to collect, main- 
tain, and analyze patient information clearly illustrates the pro- 
fession’s movement toward the realization of new, patient-cen- 
tered practice roles. Further, as technology evolves, sophisticated 
tools to support additional pharmacist functions during the pro- 
vision of pharmaceutical care likely will become available. 


Definition and Prioritization 
of the Patient's Potential and Actual 
Medication-Related Problems 


Evident in the previous section are the benefits of systematic 
collection and organization of patient databases, ie, efficient 


PHONE NO.: 694-8374 


DATE OF BIRTH: 3/17/69 


PATIENT'S NAME: Stacy Smith KNOWN ALLERGIES/ ADDITIONAL 
DISEASES SENSITIVITIES INFORMATION 

ADDRESS: 313 Hummingbird Lane Asthma Aspirin multiple vitamin daily 
Sinusitis 


Figure 110-1. A typical patient profile. 
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Demographic Information 
Name: Tina Smith 
Address: 2090 Mosside Drive 


Telephone #: 693-3148 


Primary Care Physician: Bert Walker 
Occupation: Retail Sales Associate 


Height: 5'8"; Weight 156lbs (actual 10/97) 


Date of Birth: 8/11/65 Rx Insurance: $200.00 deductible then 80% covered 
Refills 


i po at onset of 
HA then i in 2 
hours if needed 


i po at onset of 
HA then i in 2 
hours if needed 


Acute/Chronic Medical Problems 


migraines, hayfever, onychomycosis 


Allergies/Intolerances (Reaction) 


penicillin (rash) 


Past Medical History 


GERD 1995 
shingles 1991 


Social History 
married 1990 
divorced 1995 


Lab/Monitoring Data 
migraine diary suggests chocolate is a trigger 


2 


| 


Pharmacist Notes/Interventions 


5/23 - The patient brought in a new prescription for 
Hismanal which can interact with Sporanox to 
produce cardiac arrhythmias....questioned patient if 
she still is using the Sporanox....she said she 
sucessfully completed her treatment earlier this month. 
The diary is unremarkable for additional migraine 
triggers. 


RW. 


3/10 - The patient brought in the migraine trigger diary 
that she has been keeping since 12/3. It appears that 
chocolate may be a migraine trigger. Evaluate diary 
again at the time of next visit. 

Baz. 


12/2 - The patient was given a migraine trigger diary 
and instructed on how to use it. She was also 
encouraged to bring it with her at the time of each visit 
to the pharmacy. 


B-7- 


Figure 110-2. A, a pharmacist’s patient data record. 


recording, retrieval, and evaluation of information. Simi- 
larly, the definition and prioritization of patients’ medica- 
tion-related problems requires a systematic approach to 
prevent problems from being overlooked. A variety of ap- 
proaches have been developed and are described in the fol- 
lowing paragraphs. More important than the specific ap- 
proach chosen by the pharmacist, however, is the consistent 
application of a single approach to the evaluation of patient 


information. This also helps to avoid omissions in the pa- 
tient’s medication-related problem list and in the subse- 
quent formulation of therapeutic goals. 

One of the earliest approaches for the identification of med- 
ication problems is the 10-step method adapted from the work 
of Srnka and Self.'!° Using this method, pharmacists examine 
individual patient databases for actual and potential problems 
in the following 10 categories. 


Demographic Information 


Telephone #: 593-3078 


TN5 
TNS 


Acute/Chronic Medical Problems 
NIDDM, hypertension, CHF (new 6/24) 


Allergies/Intolerances (Reaction) 


Past Medical History 
left knee replaced 1998 
right knee replaced 1995 
Social History 


married 1958, lives with wife, smokes 1 ppd x 
40yrs 


Lab/Monitoring Data 
BP 135/85, Blood Glucose 180mg/dL on 7/15 
BP 127/80, Blood Glucose 111mg/dL on 6/4 


Height: 6'1"; Weight 230|bs 


Date of Birth: 7/21/35 


ae a 


Rx Insurance: $8.00 copay 
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Pharmacist Notes/Interventions 


7/15 - The patient returned to the pharmacy today for 
refills and brought his meter and log book. The test 
performed here was unusually high for him. The 
logbook revealed a trend toward higher readings over 
the last 10 days. The meter appears to be operating 
appropriately. I will investigate further and follow-up 
with the patient/physician as needed. WN.4- 


6/4 - The patient brought in his meter today and 


performed a test while I observed - fasting 
measurement was |11mg/dL. Patient reported that 
readings have generally been in the 100-135mg/dL 
range since last visit but forgot to bring his log. His 


technique is fine. 

AL 
5/10 - The patient purchased and was trained to use an 
Accu-Check Easy blood glucose meter and agreed to 
bring the meter with him on refill visits so pharmacist 
can reassess technique/obtain a measurement for the 
patient record. WN.4. 


Figure 110-2. B, a pharmacist’s patient data record. 


History of adverse effects. 

Potentially unwarranted/unintended changes in therapeutic regimen. 

Potential quantitative misuse (noncompliance, misuse, overuse). 

Duplication of medications. 

Additive effects from similar medication use. 

Inappropriate dosage, route of administration, dosing schedule, or dos- 
age form. 

Potential current adverse effects. 

Drug-drug interactions. 


Drug-disease interactions. 
Irrational therapeutic regimen. 


For example, the patient whose profile is illustrated in Fig- 
ure 110-1 began receiving refills of her Ventolin more fre- 
quently than usual, beginning in October. In addition, she 
stopped having her other two asthma medications (ie, Serevent 
and Azmacort) refilled at the same time. Both of these potential 


1900 CHAPTER 110 


PROBLEM-ORIENTED MEDICAL RECORD 


START START PRN MEDICATIONS STOP 


DATE 


SCHEDULED MEDICATIONS 


Patient Data Base 
Name SSN Age Sex Diet WT 
Sensitivities Vitals: Date Temp. BP Pulse Resp. 
PHARMACIST’S CONSIDERATION 
Ce: 
HPI: 


PMH (contributory): 


SH: 


PE/ROS (abnormal findings): 


Impression/ Diagnosis: pian 
Plan: Interview Date: 
Discharge Date: 
DRUG THERAPY PROFILE 
PROBLEMS 


L 


LAB DATA DATE | wid 
wale 


PATIENT PROGRESS, SURGERY, PHARMACIST’S NOTES (SOAP) 


aoe 


NON-SERIAL LAB DATA | | 


DISCHARGE SUMMARY: 


POMR™ © 1998 Global Publishing Network, Inc. 
P.0. Box 850439, New Orleans, LA 70185-0439 


Figure 110-3. The Problem-Oriented Medical Record (POMR™). 


problems would fall into the category of quantitative misuse. It 
would be important for the pharmacist to ask the patient tact- 
fully about the reasons for these changes. Increased use of 
Ventolin may indicate that her condition is worsening. Further, 
the patient may be receiving sample units of Serevent and 
Azmacort from her physician or may be using another phar- 
macy to have prescriptions for these medications filled. Both 
scenarios could account for the apparent underuse of Serevent 
and Azmacort. In any case, the potential problem would be 
recorded by the pharmacist for further investigation. 

The authors of the 10-step method suggest that pharmacists 
have a pocket card with the 10 categories available to aid the 
review of the patient profile each time they dispense a prescrip- 
tion. This pocket card provides them with a framework in 
which to review the profile and, with time, ultimately is com- 
mitted to memory. 

Strand et al advocate use of the eight medication-related 
problem categories outlined previously in the definition of 
pharmaceutical care.*® These authors also stress the impor- 
tance of clear and explicit problem statements. This is because 
problems stated in specific terms provide more guidance for the 
selection of an optimal problem solution. In this context, the 
authors recommend statements that describe each of two prob- 
lem components: 


1. The illness, symptoms or risk factors. 
2. The actual or potential relationships to drug therapy. 


To clarify the rationale behind this recommendation, con- 
sider the pharmacist’s patient data record for Tina Smith, 
which is illustrated in Figure 2A. On 5/23 the pharmacist on 
duty noted a problem with the patient’s new prescription. If 


this problem was defined simply as a drug interaction, the 
pharmacist would not know whether the solution is to 


Discontinue a drug and recommend a new one. 

Increase the dose. 

Decrease the dose. 

Add a new drug. 

Discontinue all therapy. 

Implement some other appropriate action, eg, stagger medication 
doses. 


CS Cu Se 


In contrast, if the problem is stated as significant risk of 
serious cardiac arrhythmia due to an interaction between two 
medically necessary therapies (ie, Sporanox and Hismanal), 
the solution is much clearer. That is, under no circumstances 
should the two medications be used together by the patient. If 
the patient was still taking Sporanox, either the Hismanal or 
the Sporanox therapy must be discontinued and an alternative 
medication recommended as a replacement. 

One of the most comprehensive systems for the assessment 
of medication problems was developed by Shimp and Mason as 
part of the American Society of Health System Pharmacists’ 
Clinical Skills Program.!® The system consists of two instru- 
ments. The Drug Therapy Assessment Worksheet (DTAW) 
prompts the pharmacist with a series of guiding questions to 
determine if problems exist in any of the following 11 drug- 
therapy problem categories: 


Correlation between drug therapy and medical problems 
Appropriate drug selection 

Drug regimen 

Therapeutic duplication 

Drug allergy or intolerance 


Patient Chart 
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|oYoY- my Lo) ala) 
yr old Married Male 
Patient Chart 


» Summary 
+ Biographical 


~ Mise 
~ Lifestyles 
-~ Employers 
»» Insurance 
~ Facilities 
> <~Messages 
2 Clinical 
» Overview 
 Bllergies 
»» Medications 
~ Immunizations 
er cassies 
=» Documentation 
{= Summary 
> Encounter 
~~ Actions 
»~ Recommendations 
>> Results of Service 
»- Outcomes : 
«SOAP * : Ethnic 
Billing oe 
es Monitoring 
~~ CarePlan Manager 


100 Main Street 
Charleston, SC 29401 


Gender: [Male 


of sith: [03/09/1366 fl Age: 3 
55N; fi2s- 45-6789 


+ [Caucasian z| 


Figure 110-4. A CogniCare™ patient chart. 


Adverse drug events 

Interactions: drug-drug, drug-disease, 
laboratory test 

Social or recreational drug use 

Failure to receive therapy 

Financial impact 

Patient knowledge of drug therapy 


drug-nutrient, and drug— 


Problems identified during completion of the DTAW then 
are transferred to a Drug Therapy Problem List (DTPL). This 
instrument consists of three columns that provide space for 
pharmacists to record the 


1. Date on which the problem was identified. 
2. Drug-therapy problem. 
3. Actions or interventions employed to solve the problem.. 


To illustrate how a pharmacist might use this system, con- 
sider the pharmacist’s patient data record for Mr Sommers, 
illustrated in Figure 110-28. For the drug-therapy category 
interactions: drug-drug, drug-disease, drug-nutrient, and 
drug—laboratory test, the DTAW prompts the pharmacist to 
answer the following questions. 


a. Are there any drug-drug interactions? 

b. Are they clinically significant? 

c. Are any medications contraindicated (relatively or absolutely) given 
patient characteristics and current/past disease states? 

. Are there drug-nutrient interactions? 

. Are they clinically significant? 

. Are there drug-laboratory interactions? 

. Are they clinically significant? 


myo 


The pharmacist who assesses the profile in Figure 110-2B 
using the DTAW would notice that the patient began receiving 
hydrochlorthiazide (HCTZ) following the diagnosis of conges- 
tive heart failure (CHF). Although HCTZ is commonly used to 
treat CHF, it is not usually a drug-of-choice in patients with 
concomitant diabetes mellitus because it can increase blood- 
glucose levels. In fact, inspection of the patient’s blood-glucose 
measurements in the Lab/Monitoring section of his record sug- 
gests that this drug-disease interaction may be occurring. 
Thus, the pharmacist would indicate on the DTAW that a 
problem exists and record his rationale for this belief in the 
column reserved for comments and notes. A specific statement 
of the problem would then be transferred to the DTPL. In this 
context, the pharmacist may formulate the problem as a clini- 
cally significant glucose intolerance possibly due to an interac- 
tion between the patient’s therapy for CHF and hypertension 
(ie, HCTZ) and his preexisting diabetes mellitus. 

After identifying all actual or potential medication-related 
problems in the patient database, the pharmacist must deter- 
mine which problems to address first. For this purpose, the 
pharmacist must consider the probability that a particular 
problem will occur and the seriousness of the consequences if it 
does ensue. Problems that have the highest likelihood of caus- 
ing the patient significant harm (eg, a patient with a history of 
anaphylaxis secondary to penicillin who has been prescibed 
amoxicillin) are generally ranked highest. The prioritized list of 
problem statements would then be used by the pharmacist to 
develop a specific goal for resolving each problem and subse- 
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quently to design pharmacotherapeutic regimens to achieve 
each goal. 


Establishment of a Desired 
Pharmacotherapeutic Outcome 
for Each Medication-Related Problem 


Pharmacotherapeutic outcomes are predefined medication- 
related goals for the resolution of problems identified in the 
previous step of the pharmaceutical-care process. Similar to 
problem statements, these outcomes should be clearly articu- 
lated to help the pharmacist identify feasible problem solutions 
and to evaluate results of the alternative that is ultimately 
chosen. Typically, these statements are simply the mirror im- 
age of the problem and fall into one of the three following 
categories:® 


The patient is receiving appropriate pharmacotherapy for each defini- 
tively diagnosed disease. 

The patient is receiving the appropriate dose of each medication at 
appropriate time intervals. 

The patient is free from adverse drug reactions, side effects, and drug 
interactions. 


In this context, a pharmacist would initially conclude from 
Tina Smith’s pharmacist patient data record in Table 110-2A 
(ie, prior to determining that the patient no longer takes Spo- 
ranox) that one of the patient’s potential problems was a sig- 
nificant risk of serious cardiac arrhythmia due to an interac- 
tion between two medically necessary therapies, ie, Sporanox 
and Hismanal. Thus, the corresponding goal would be to pro- 
vide the necessary pharmacotherapy for hay fever symptoms 
and onychomycosis without the risk of a serious drug interac- 
tion. Similarly, a pharmacist would determine from Mr Som- 
mers’ patient record in Figure 110-2B that the patient was 
experiencing clinically significant glucose intolerance due to an 
interaction between his therapy for CHF and hypertension (ie, 
HCTZ) and his preexisting diabetes mellitus. The correspond- 
ing goal in this instance would be to provide the necessary 
pharmacotherapy for CHF and hypertension without impairing 
glucose tolerance. 

Once the pharmacist has articulated the desired pharmaco- 
therapeutic outcome for each medication-related problem, he or 
she must define appropriate indicators for each goal. Indicators 
are measurable variables that can be used to monitor the 
effectiveness of the pharmacotherapeutic solutions to medica- 
tion-related problems. To be optimally useful in this regard, 
indicators must be designed to include 
1. A patient factor. 

2. A progress factor. 
3. A time factor.® 


Patient factors are variables that can be measured to deter- 
mine the impact of therapy and include reports of symptoms, 
laboratory values, and the results of quality-of-life assess- 
ments. Progress factors explicitly describe the degree of im- 
provement in patient variables that can reasonably be expected 
to result from the pharmacotherapy. Finally, time factors char- 


acterize the time frame in which the pharmacotherapy should 
have achieved the desired degree of improvement. 

For the patient illustrated in Figure 110-2A, an appropriate 
patient factor would be the severity of the patient’s hay fever 
symptoms as measured by the patient on a scale of 1 to 5, with 
1 signifying no relief and 5 representing complete relief of each 
symptom. An appropriate progress factor might be a value 
greater than 3 for each symptom, because complete relief of 
allergy symptoms secondary to antihistamine therapy occurs 
infrequently. An appropriate time factor for this level of relief 
would be 4 to 8 weeks. This is based on the time to reach steady 
state, which is indicated in the product’s package insert.'” 

For the patient in Figure 110-2B, who has CHF, hyperten- 
sion, and diabetes mellitus, an appropriate patient factor 
would be blood-glucose levels. The associated progress factor 
would be a return to normal fasting levels, ie <140 mg/dL. 
Finally, a reasonable time period for return to normal fasting 
blood-glucose levels would be approximately 2 days following 
discontinuation of therapy with HCTZ. This was determined by 
multiplying the average elimination half-life for HCTZ (ie, 10 
hr) by five; ie, an estimate of the number of half-lives required 
for a drug to be eliminated from the body.'® 


Determination of Feasible 
Pharmacotherapeutic Alternatives 
to Achieve Each Desired Outcome 


Following articulation of a goal for each medication-related 
problem, the pharmacist must generate a list of all feasible 
problem solutions. The reason for this brainstorming step is to 
ensure that all possible solutions have been considered before 
any one is chosen. It is also a useful backup tool when the first 
alternative selected is ineffective for a particular patient. 

Generally, pharmacotherapeutic goals may be achieved by 
correction of a system problem, adjustment of current pharma- 
cotherapy, or development of an entirely new pharmacothera- 
peutic plan. Thus, the pharmacist should begin the develop- 
ment of a list of feasible solutions by considering alternative 
solutions within each of these categories. 

An example of a system problem would be a patient who has 
difficulty having prescriptions refilled regularly because of lack 
of transportation to and from the pharmacy. In this case, the 
pharmacist would work with the patient and other individuals 
(eg, caregivers, transportation services) to ensure that the pa- 
tient receives medication refills in a timely fashion. An example 
of a minor therapeutic adjustment could be the downward 
adjustment of the theophylline dose for a patient who suffers 
from chronic bronchitis and is prescribed another medication 
known to impede theophylline metabolism, eg, an oral contra- 
ceptive. Finally, an example of a situation in which a new 
therapeutic plan would be appropriate involves a patient who 
has been prescribed erythromycin for a minor infection and 
who has previously suffered from intolerable nausea and vom- 
iting when this medication was prescribed. 

To facilitate the subsequent determination of an optimal 
solution in the next step, the pharmacist should take care to 


Table 110-2. Therapeutic Alternatives for the Treatment of CHF and Hypertension in a Diabetic Patient 
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2 7, increase; |, decrease; (7), possible increase; (| ), possible decrease; <, no effect; ?, unknown. 


list alternatives in a consistent format. Strand et al recommend 
listing alternatives according to distinguishing characteris- 
tics.> This makes the advantages and disadvantages of each 
alternative more visible and therefore easy to compare with one 
another. In the context system problem described previously, a 
list could be developed to distinguish alternative sources of 
patient assistance. For alternatives in the therapeutic adjust- 
ment example, the list might be created to distinguish alter- 
native theophylline products according to available product 
strengths or dosage forms to accomplish the adjustment. In the 
final example, in which a new therapeutic plan was indicated, 
alternative medications could be listed according to available 
dosage forms, mechanisms of action, clinical efficacy, incidence 
of adverse reactions (eg, nausea and vomiting), or even cost. 

To illustrate the generation of a comprehensive list of fea- 
sible alternatives for a specific example, consider the Mr Som- 
mers’ pharmacist’s patient data record in Figure 110-2B. Using 
the recommendations of Strand et al and appropriate refer- 
ences,’ the pharmacist could begin by listing alternatives to 
HCTZ for the treatment of hypertension and CHF according to 
mechanism of action, as illustrated in the first column of Table 
110-2. Next, the pharmacist could further distinguish these six 
categories by listing the general effect each has on blood glu- 
cose and insulin sensitivity, as shown in the second and third 
columns of Table 110-2. Finally, because patients who suffer 
from diabetes mellitus are at increased risk for the develop- 
ment of atherosclerotic heart and brain disease, the pharmacist 
could determine and list the effects of each category on serum 
lipids. 

In many instances it is also appropriate to list the approx- 
imate cost of individual medications in each category. However, 
in this instance, the patient has prescription coverage with a 
small copay. Thus, this information is not as useful as it might 
be in the case of an uninsured or underinsured patient. 


Selection of the Best Pharmacotherapeutic 
Solution Based upon Individual 
Patient Circumstances 


During this step, the pharmacist must determine which ther- 
apeutic alternative is best for the patient. In this context the 
pharmacist’s recommendation for the solution of each medica- 
tion-related problem should include the chosen medication, 
dosage form, dose frequency and duration, and any special 
instructions (eg, uncommon administration procedures) for the 
patient. At this point it is especially important to involve the 
patient in the selection of appropriate therapy. This helps to 
ensure that the patient is able and willing to comply with all 
associated therapeutic and monitoring instructions. 

In the case of Mr Sommers, the pharmacist concluded from 
his research that an ACE inhibitor would be most appropriate. 
Upon questioning by the pharmacist, Mr Sommers expressed 
his desire to continue to be able to take all of his medications 
once daily in the morning. Upon further investigation, how- 
ever, the pharmacist learned that it would be more appropriate 
to initiate therapy with a shorter-acting ACE inhibitor such as 
captopril, initally with 6.25 mg 3 times a day. Once the effective 
dose of captopril is achieved, the patient can then be switched 
to a once-daily ACE inhibitor such as lisinopril.?° After the 
pharmacist explained this, the patient agreed that he would be 
able to manage multiple daily doses of captopril if they were 
only necessary for a short period of time. 


Design of a Monitoring Plan to Determine 
If the Desired Pharmacotherapeutic 
Outcome Has Been Achieved 


Prior to implementing any therapeutic recommendation, the 
pharmacist must develop a plan to monitor the patient’s 
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progress toward each goal established in a previous step. This 
plan should include appropriate pharmacotherapeutic monitor- 
ing parameters, realistic endpoints for each parameter, and the 
frequency with which each parameter will be assessed. The 
number and nature of each plan component depends on the 

1. Properties of the recommended medications. 

2. Patient’s background characteristics. 

3. Availability of practical, cost-effective monitoring methods. 


Pharmacotherapeutic monitoring parameters are either 
quantitative or qualitative assessments of patient progress 
toward specific therapeutic goals. Quantitative assessments 
are objective measures of a particular variable and include 
blood pressure, pulse, temperature, serum drug levels, and 
blood-glucose determinations. Qualitative assessments are 
subjective determinations of change in a particular variable. 
Examples include patient self-reported changes in symptoms 
such as nausea, pain, and sedation. 

It is important to note that some pharmacotherapeutic goals 
may necessitate the identification of multiple monitoring pa- 
rameters while others will require only one. For example, a 
number of parameters could be used to monitor the resolution 
of a bacterial infection of the upper respiratory tract. These 
might include temperature, sputum color, cough, and/or white 
blood cell counts, depending on the patient’s situation. In con- 
trast, achievement of serum theophylline levels in the thera- 
peutic range could only be determined by performing serum 
theophylline assays. 

It is also important to mention that pharmacists must take 
care to ensure that the desired endpoint specified for each 
pharmacotherapeutic goal is realistic and achievable, based 
upon individual patient characteristics. For example, a score of 
0 on a pain scale (ie, indicating no pain) may be achievable for 
a patient who has just undergone a tooth extraction, but would 
likely be unreasonable for a patient suffering from metastatic 
bone cancer. Similarly, an appropriate endpoint for chemother- 
apy in a patient in the earliest stage of breast cancer may 
be remission of the disease. However, a more appropriate 
endpoint for a similar patient in the terminal stage of the dis- 
ease would be to reduce pain scale scores through the use of 
analgesics. 

When choosing appropriate monitoring parameters for a 
given patient, the pharmacist must take into account the ther- 
apeutic efficacy of the selected medication and the potential for 
the medication to cause new problems, ie, side effects and 
adverse reactions. In the context of the pharmacist’s recom- 
mendation of captopril to treat Mr Sommers’ CHF and hyper- 
tension, blood pressure would be an example of a quantitative 
measure of therapeutic efficacy, and the severity of dyspnea on 
exertion would be a qualitative measure. Desired endpoints 
might be blood pressure measurements in the normal range for 
Mr Sommers’ age and, at the very least, no change in the level 
of dyspnea on exertion. 

Monitoring parameters to identify new problems as a result 
of captopril therapy might include the development of a mac- 
ulopapular rash on the trunk or extremities (the most common 
side effect of captopril), alteration of taste perception, and the 
onset of a dry, hacking cough in the absence of other respira- 
tory pathology. Realistic endpoints might be that symptoms, if 
they occur at all, do not interfere with Mr Sommers’ daily 
activities. Monitoring data for all of the aforementioned param- 
eters could be collected by the pharmacist each time Mr Som- 
mers returns to the pharmacy for prescription refills. 

Patient-specific characteristics also should be taken into 
consideration by the pharmacist when selecting appropriate 
monitoring parameters. Of particular importance are patient 
characteristics that may influence the pharmacokinetic dispo- 
sition of the recommended medication. For example, captopril 
has been associated with the development of proteinuria and 
decreased renal function in some patients. Twenty percent of 
patients treated with captopril develop stable elevations in 
BUN and serum creatinine levels that may reach as high as 
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20% over baseline measurements. Others experience a more 
accelerated deterioration in renal function that necessitates 
discontinuation of captopril. However, most of these patients 
had evidence of preexisting renal disease.*' 

Although Mr Sommers does not apparently suffer from re- 
nal dysfunction at the present time, he is at risk for its devel- 
opment secondary to his diabetes mellitus. In addition, he 
suffers from CHF. Thus, the pharmacist in this situation also 
may recommend monitoring Mr Sommers’ BUN and serum 
creatinine levels in addition to the parameters described pre- 
viously. The pharmacist may recommend baseline measure- 
ment of BUN and serum creatinine and regular measurments 
(e.g, every 3 months) for the first year of therapy. 


implementation of Individualized 
Pharmacotherapeutic 
and Monitoring Plans 


The next step in the pharmaceutical-care process is to imple- 
ment the pharmacotherapeutic and monitoring plans devel- 
oped by the pharmacist. This involves securing physician ap- 
proval for any changes in the originally prescribed therapy, 
counseling the patient about !the proper use of the recom- 
mended therapy, and collecting monitoring data to evaluate the 
efficacy of the pharmacotherapeutic plan. 

In some instances, it is necessary for pharmacists to secure 
authorization from a physician to initiate or modify a patient’s 
pharmacotherapy. In the case of Mr Sommers, the pharmacist 
would need to contact Dr. Spandel to seek approval to discon- 
tinue HCTZ and initiate therapy with captopril. The pharma- 
cist in this case also would recommend monitoring Mr Som- 
mers’ BUN and serum creatinine and would request regular 
access to these laboratory results. In any situation in which the 
physician must be contacted, pharmacists can maximize the 
likelihood that their requests will be approved by following a 
few simple guidelines. 

First, and most important, the pharmacist must prepare 
thoroughly prior to consulting with the physician. All necessary 
references must be checked, and relevant information, includ- 
ing citations, should be recorded in advance for rapid retrieval 
as needed during the consultation. Upon contacting the physi- 
cian, the pharmacist should present a detailed but concise 
description of the problem. This should be followed by a specific 
solution for the problem, the pharmacist’s rationale for the 
recommended solution, and supporting references. At the con- 
clusion of the consultation, all information, including the out- 
come of the consult, should be documented in the patient’s 
record. 

The next implementation step is to educate the patient 
relative to the proper use of the chosen therapy. Effective 
counseling helps to ensure that patients adhere to prescribed 
therapies and enables pharmacists to identify and resolve med- 
ication-related problems as expediently as possible.??-7° 

OBRA 90 establishes minimum requirements for counseling 
individuals receiving benefits, consistent with applicable state 
laws and the pharmacist’s professional judgment. At a mini- 
mum, the pharmacist should ensure that the patient knows 


The name and description of the medication. 

The dosage form, dosage, route of administration, and duration of drug 
therapy. 

Special directions and precautions for preparation, administration, and 
use by the patient. 

Common severe side or adverse effects or interactions and therapeutic 
contraindications that may be encountered—including their avoid- 
ance—and the action required if they occur. 

Techniques for self-monitoring drug therapy. 

Proper medication storage. 

Prescription refill information. 

Action to be taken in the event of a missed dose. 


In this context, the pharmacist who counsels Mr Som- 
mers about his captopril therapy should tell the patient the 
following: 


The name of the medication is captopril. 

The strength of each tablet is 12.5 mg. 

The doctor wants you to take one-half tablet by mouth 3 times a day. 

This medication is being used to treat high blood pressure and 
congestive heart failure. It should be continued until the doctor decides 
otherwise. 

The tablets should be broken or cut in half at the score mark in the 
center of each tablet. This medicine works best when it is taken on an 
empty stomach 1 hr before a meal. Ideally, this medication should be 
taken at the same time each day. 

If you miss a dose, take it as soon as you remember unless it is close 
to the time of your next dose. In this instance, simply skip that dose and 
resume therapy with the next scheduled tablet. 

Do not double doses. 

This medication may cause dizziness or lightheadedness, especially 
after the first dose. Make sure you know how you will react to the 
medication before driving or operating dangerous machinery. 

Minor side effects include coughing, changes in taste perception, 
and mild diarrhea and stomach upset. 

Contact your physician if any of these symptoms become severe 
enough to interfere with daily activities. 

Call your physician immediately if you experience fever, swelling of 
the face or extremities, trouble breathing, irregular heartbeat, nervous- 
ness, or tingling/heaviness in your legs. 

Keep regularly scheduled appointments for laboratory tests and 
physician appointments. Consider use of a home blood-pressure- 
monitoring device for blood-pressure monitoring between physician 
visits. 

Store this medication in a cool, dry place that is out of the reach of 
children. 

Your doctor probably will adjust your dose before you run out 
of this medication; therefore, there are no refills on your current 
prescription.” 


When taken at face value, the minimum counseling require- 
ments set forth by OBRA 90 may be misleading because they 
may be interpreted as a one-time, one-way communication of 
information from the pharmacist to the patient. Indeed, while 
this type of interaction may fulfill the legal requirements of 
OBRA 90, it will not always, if ever, be sufficient to provide the 
level of professional service intended in the definition of phar- 
maceutical care.”* 

In fact, if the intent of pharmaceutical care is to optimize 
therapeutic outcomes, a one-way communication of drug infor- 
mation to the patient at the time of purchase rarely makes 
sense. This is apparent when one considers the frame of mind 
of patients at the time they pick up a prescription. In the worst 
case, the patient is feeling sick and is concentrating on little 
more than returning home to rest and recuperate. In less 
extreme circumstances, patients may be annoyed after having 
to take time off from work to perhaps spend hours in a physi- 
cian’s office followed by another period of waiting in the phar- 
macy. As a result, they are probably not overly enthusias- 
tic about learning all there is to know about the prescribed 
medication in a few minutes of verbal counseling from the 
pharmacist. 

In this context, some may argue that printed information to 
be read at a more convenient time would suffice as adequate 
counseling for the patient. In fact, this approach has been used 
by some pharmacists as a means of dealing with the relative 
lack of time for verbal counseling at the time of dispensing. In 
addition, in an effort to increase the availability of prescription 
drug information to the public, the FDA proposed a rule com- 
monly known as MedGuide in 1995. This rule set forth goals for 
the distribution of printed prescription drug information to 
consumers and would have required pharmaceutical manufac- 
turers to include drug information for products that posed a 
serious health risk. 

Although Congress passed legislation in 1996 that put the 
MedGuide proposal on hold, health professionals are being 
asked to voluntarily provide prescription drug information in 
the form of leaflets written in simple language. Consistent with 


DHHS’s goal under its Healthy People 2000 program, this 
information must reach 75% of patients by the year 2000 and 
95% of patients by 2006.29 However, pharmacists should be 
cautioned not to rely entirely on printed drug information to 
educate their patients. 

When used alone, written information may actually be less 
effective than a one-time, one-way communication of informa- 
tion from the pharmacist.'” This is because there is no way to 
ensure that the patient will actually read the information prior 
to initiating the prescribed therapy. Further, there is no guar- 
antee that the patient will contact the pharmacist with any 
questions that may arise after reading it. Even worse, the 
patient may be illiterate and unable to read the information at 
all. This is a real concern in the US, where over 20% of adults 
read at or below the fifth-grade level.°*° 

A more effective approach to patient counseling would in- 
clude two-way communication between the pharmacist and 
patient and would be augmented by printed information as 
needed, depending upon the specific situation. In addition, the 
approach must make efficient use of the pharmacist’s and the 
patient’s valuable time. Pharmacists employed by the Indian 
Health Service (IHS) have used one such approach for many 
years. 

While traditional approaches to patient counseling focus on 
providing information, the goal of the IHS method is to verify 
that patients have acquired requisite drug information, us- 
ing an interactive approach. For counseling on new prescrip- 
tions, the pharmacist asks the patient to answer the following 
questions. 


What did the doctor tell you the medication is for? 
How did the doctor tell you to take the medication? 
What did the doctor tell you to expect? 


Answers to these questions are then used by the pharmacist 
to determine the patient’s specific information needs. The ap- 
proach saves time, because the pharmacist must only supply 
the information that the patient does not already have. In fact, 
IHS studies have found the time required to counsel a patient 
about a new prescription takes a little under 2 min using this 
approach.”! 

To promote patient adherence and to monitor patient 
progress toward medication-related goals, IHS pharmacists 
use a second technique for refill prescriptions that takes only 
about 30 sec. Using this approach, the pharmacist removes the 
cap from the prescription, shows the medication to the patient 
and asks, “What do you use this medication for? How do you 
take it? What kinds of problems are you having? Is there 
anything else I can do for you today?” Both techniques encour- 
age pharmacist-patient interaction. Again, the pharmacist’s 
questions are used to verify patient understanding and fill in 
any information gaps.°! 


Followup Evaluation and Documentation 
of the Results of Pharmacotherapeutic 
and Monitoring Plans 


At predetermined intervals, the pharmacist must review col- 
lected monitoring data to determine if satisfactory progress is 
being made toward the desired medication-related goals. At the 
same time, the pharmacist must ascertain if any new problems 
have developed since the last review. If the desired outcomes 
have not been met or if new problems have occurred, the 
pharmacist, physician, and patient may need to make changes 
in the original pharmacotherapeutic and monitoring plans. 
Changes are made following reconsideration of relevant in- 
formation from earlier steps in the pharmaceutical-care pro- 
cess or from the collection of new information as needed. Sup- 
pose, for example, that Mr Sommers returned to the pharmacy 
1 week after initiation of captopril and complained of intoler- 
able coughing. In this case, the pharmacist would review the 
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alternative therapies originally considered and select another 
medication to treat Mr Sommers without causing a cough. If 
the pharmacist, physician, or patient was not satisfied with 
any of the alternatives considered previously, the pharma- 
cist would consult the literature to identify a more suitable 
therapy. 

In any event, the final step in the pharmaceutical-care pro- 
cess requires that the pharmacist document all interventions 
and outcomes in the patient’s record. This information then 
becomes baseline information upon which subsequent adjust- 
ments and/or new therapeutic decisions are made. This infor- 
mation also may be required if the pharmacist attempts to 
obtain reimbursement for pharmaceutical-care services from a 
third party. 


BARRIERS TO PHARMACEUTICAL CARE 
LL PET A SS FEN 
Although the profession of pharmacy has embraced pharma- 
ceutical care as its new mission, the implementation of phar- 
maceutical care, particularly in ambulatory practice settings, 
has been slow. A variety of factors have impeded pharmacists’ 
ability to implement pharmaceutical care and can be grouped 
into four general categories. 


Individual pharmacist characteristics. 
Practice-setting constraints. 
Intraprofessional barriers. 

System impediments. 


An awareness of the potential barriers to pharmaceutical care 
and a working understanding of alternatives for surmounting 
these constraints may assist pharmacists during the transition 
to pharmaceutical-care practice. 


Individual Pharmacist Characteristics 


Individual pharmacist attitudes and background knowledge 
and/or skill deficiencies may hamper the implementation of 
pharmaceutical care in any practice setting. For example, some 
pharmacists have grown quite comfortable with traditional 
practice functions and may be fearful about changing to as- 
sume new, unfamiliar roles. In addition, they may be concerned 
that expanding professional practice roles will place them in 
conflict with patients who do not feel the need for pharmaceu- 
tical care and/or with other health-care professionals who be- 
lieve they are more qualified to provide these services. Finally, 
some pharmacists might lack confidence in their educational 
preparation to provide an advanced level of care to their 
patients. 

Indeed, the provision of pharmaceutical care will require 
many pharmacists to update their professional knowledge and 
skill base. First and foremost, pharmacists must develop a 
thorough understanding of what it means to provide pharma- 
ceutical care. Many pharmacists mistakenly believe that they 
always have provided the level of professional service embodied 
in the definition of the concept. In reality, however, many fail to 
realize that pharmaceutical care is more than occasional inter- 
ventions on behalf of the patient. Thus, pharmacists must take 
it upon themselves to develop an accurate understanding of the 
pharmaceutical-care process. Only then, will they be able to 
shift the focus of their practices from dispensing medications to 
the provision of patient-oriented, professional services.°” 

Pharmacists who commit to managing the pharmacother- 
apy of their patients must be familiar with current advances 
in the treatment of common diseases and with literature re- 
sources/databases that are available to assist them to make 
sound therapeutic decisions. Thus, some pharmacists may find 
it necessary to update their knowledge of therapeutics and 
drug information resources/capabilities. 


1906 CHAPTER 110 


Similarly, the provision of pharmaceutical care requires 
that pharmacists develop strong, effective problem-solving 
skills.*? Most pharmacists have already developed basic 
problem-solving abilities. However, they may not have reg- 
ularly applied these skills to the resolution of their patients’ 
medication-related problems. As a result, some pharmacists 
may benefit from additional instruction on clinical problem 
solving. 

Finally, oral and written communication skills are central to 
the provision of pharmaceutical care.*? Among other things, 
strong communication skills are crucial for eliciting important 
information from patients, documenting pharmacists’ thera- 
peutic decisions, and counseling patients about the proper use 
of medications. Strong communication skills are also essential 
to convey information about patients’ pharmacotherapy to phy- 
sicians and other health-care providers. Because the levels of 
communication proficiency and frequency entailed for the pro- 
vision of pharmaceutical care are generally higher than the 
requirements for traditional roles, some pharmacists may ben- 
efit from additional instruction prior to fully implementing 
pharmaceutical-care services. 

One strategy for coping with the aforementioned barriers is 
for pharmacists to transition gradually to the provision of pa- 
tient-oriented professional services. Adapting to change and 
the development of advanced practice abilities must develop 
over time. Thus, pharmacists should initially focus on the pro- 
vision of limited pharmaceutical-care services to a specific 
group of patients. The group should be chosen to reflect an area 
of disease/therapeutics (eg, asthma care, diabetes care) in 
which pharmacists feel comfortable with their current level of 
expertise. Then, as pharmacists gain confidence and develop 
additional expertise, they can extend pharmaceutical-care ser- 
vices to additional patients. 

An especially useful resource for pharmacists who want to 
develop new skills for the provision of pharmaceutical care is 
The Pharmacists’ Learning Assistance Network (PLAN). The 
PLAN is a continuing pharmaceutical education information 
service that is provided to pharmacists through the American 
Council on Pharmaceutical Education (ACPE). It was devel- 
oped to enable pharmacists to pursue a curricular approach to 
professional development through organization and planning 
of their continuing pharmaceutical education needs. A comput- 
erized compilation of all continuing pharmaceutical education 
programs offered by ACPE-approved providers serves as the 
database for the service. The PLAN service may be contacted 
by telephone between 9:00 a.m. and 4:00 p.m. (Central Time) 
Monday through Friday by dialing (800) 533-3606. During this 
time professional staff members are available to discuss phar- 
macists’ personal educational needs and available continuing 
education programs that may be useful to meet those needs.** 


Practice-Setting Constraints 


Resource constraints and other factors associated with a par- 
ticular practice setting also are mentioned frequently as barri- 
ers to the provision of pharmaceutical care. For example, phar- 
macists often complain that they do not have time to provide 
pharmaceutical care in addition to their normal responsibili- 
ties.°” When taken at face value, the assessment of these phar- 
macists relative to time available to provide pharmaceutical 
care is accurate. Upon closer scrutiny, however, other variables 
may be contributing to the perceived lack of time. 

It is possible that pharmacists who perceive a lack of time 
for pharmaceutical-care services have not delegated enough 
nontechnical pharmacy functions to available support person- 
nel or may not have taken full advantage of available technol- 
ogy (eg, fax machines, documentation software, automated dis- 
pensing equipment) in the dispensing process. In this context, 
pharmacists should scrutinize the tasks routinely performed to 
determine if any functions can be accomplished more efficiently 


through the use of technology or support personnel. Tasks that 
are reassigned to support personnel should then be added to 
the appropriate job descriptions. Training also must be insti- 
tuted to enable support personnel to perform these new respon- 
sibilities. In this way, although time will be required to com- 
plete the aforementioned measures, pharmacists may be able 
to free additional time to provide patient care services in the 
long run. 

Similarly, pharmacists should examine the workflow pat- 
tern in the pharmacy to make sure that departmental person- 
nel can complete their assigned duties as efficiently as possible. 
Each dispensing station should provide easy access to prescrip- 
tion containers, labels, prescription files, patient records, tele- 
phones, and fast-moving prescription products. Space for di- 
rect, confidential pharmacist-patient interaction also should be 
located as close to the dispensing area as possible. These mea- 
sures also may help to free pharmacist time for the provision of 
pharmaceutical care.®° 

A lack of financial resources also is mentioned often as a 
barrier to the provision of pharmaceutical care.*” Purchasing 
additional equipment, hiring and training additional person- 
nel, and redesigning the pharmacy can be quite expensive. A 
further complication exists when the management of the phar- 
macy organization is not committed to the provision of phar- 
maceutical care. In that situation, support for even minor mod- 
ifications of the practice environment may be completely 
absent. 

A gradual transition to the provision of pharmaceutical care 
also may be an effective means for pharmacists to contend with 
barriers in the practice setting. Most pharmacists should be 
able to offer pharmaceutical care to a limited number of pa- 
tients without incurring large expenses. Then, as the number 
of patients receiving care is expanded, pharmacists can grad- 
ually modify the environment to be more conducive to patient- 
oriented services. The documented impact of these early efforts 
to provide pharmaceutical care also may be useful to persuade 
pharmacy management to provide resources for the transition. 


Intraprofessional Barriers 


Professional organizations, regulatory bodies, and schools/col- 
leges of pharmacy also may be perceived as barriers to the 
implementation of pharmaceutical care insofar as their efforts 
fail to support practitioners adequately in their transition ef- 
forts. For example, until very recently professional pharmacy 
organizations have become increasingly fragmented into 
groups with widely different interests and competing agen- 
das.*° The resultant lack of consensus has weakened the pro- 
fession politically. This is important because many debates 
relative to the profession are settled in the political arena, eg, 
OBRA 90. Thus, pharmacists from all practice settings and the 
organizations that represent them must work cooperatively to 
develop a common agenda for the implementation of pharma- 
ceutical care if this new mission is ever to be fully realized by 
the profession. 

As the practice of pharmacy transitions to pharmaceutical 
care, legislation governing the practice of the profession also 
must evolve to permit pharmacist provision of expanded pa- 
tient care services. Outdated board of pharmacy regulations 
such as limitations on the nontechnical functions that can be 
performed by technicians or the restrictions on modes of pre- 
scription transmission can actually impede pharmacists in 
their efforts to implement pharmaceutical care. To prevent 
such obstacles, state boards and associations must work co- 
operatively with local colleges/schools of pharmacy and prac- 
titioners to identify and correct problematic rules and 
regulations.*” 

Schools/colleges of pharmacy must assume a variety of roles 
to support the transition to pharmaceutical care. They must 
continually evaluate and modify their professional curricula to 


ensure that pharmacy graduates are prepared to assume con- 
temporary patient care roles.”** Similarly, they must assess 
the continuing education needs of their alumni and provide 
instructional opportunities for practicing pharmacists to de- 
velop further the professional knowledge and skills required to 
render pharmaceutical care.?*? Educational programs also 
should be developed to prepare practitioners to precept phar- 
macy students during the experiential component of profes- 
sional curricula. Finally, colleges/schools of pharmacy must 
conduct research to demonstrate the value of pharmaceutical 
care to society.°” 


System Impediments 


Several characteristics of the health-care system in the US also 
impede the provision of pharmaceutical care. Among these are 
the general lack of pharmacist reimbursement for pharma- 
ceutical-care services, a lack of patient demand, and a lack 
of acceptance of pharmaceutical-care roles by other health 
professionals. 

At present, pharmacists are not often reimbursed for phar- 
maceutical-care services. Rather, they receive remuneration 
for the drug products dispensed. However, as outlined previ- 
ously, the body of evidence supports the feeling that pharma- 
ceutical-care services add value to patient care by enhancing 
patient compliance, improving patient outcomes, and reducing 
health-care costs. 

Consumers are beginning to recognize the value of pharma- 
ceutical-care services. In addition, there is evidence to support 
the notion that patients are willing to pay for consultation if 
they know it is available, is of potential benefit, and what it 
costs. For example, one enterprising pharmacist in Indiana 
successfully offers families who purchase prescriptions at his 
pharmacy professional consultation services for a flat annual 
fee. The cost of the prescription then is based upon the cost 
to the pharmacy plus a handling charge. This pharmacist 
also, with some success, has billed insurance companies 
for pharmaceutical-care services that were provided to his 
patients.°” 

Third-party purchasers of health care also are beginning to 
recognize the value of pharmaceutical care and to compensate 
pharmacists who provide these services. As an example, a 
recent amendment to the Mississippi Medicaid plan permits 
reimbursement for disease-state management services pro- 
vided by appropriately credentialed or certified pharmacists. 
Eligible pharmacists receive $20.00 for each 15- to 30-min 
patient consultation for the management of diabetes mellitus, 
asthma, hyperlipidemia, or coagulation disorders in that 
state,**°9 

Although compensation for pharmaceutical-care services is 
still the exception rather than the rule, pharmacists should 
consistently bill patients and third-party payers for these ser- 
vices. Some pharmacists may be reluctant to ask patients for 
direct payment for pharmaceutical care. However, if they do 
not, patients will not demand coverage for these services from 
third-party payers for health care. In this context, third-party 
coverage of pharmaceutical coverage will not change. 

Pharmacy organizations also must work with third-party 
payers to develop standardized pharmacy service terminology 
and universal systems for billing and claims transmission (see 
Chapter 93). This is because standardized third-party compen- 
sation policies are necessary for widespread pharmacist reim- 
bursement for pharmaceutical-care services.*”"*" 

Initially, patient demand for pharmaceutical-care services 
may be low. Patients may resist the adoption of pharmaceutical 
care for a variety of reasons. Some may be reluctant to spend 
additional time consulting with a pharmacist. Others may be 
concerned about cost. Some patients may feel that the pharma- 
cist is trying to take over a portion of the physician’s role and 
want to avoid angering their own doctor. Regardless of the 
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specific explanation given by a patient for refusing pharmacist 
services, the underlying issue is that patients generally are 
unaccustomed to this level of service and do not fully under- 
stand the concept of pharmaceutical care.°” 

In this context, pharmacists should take the time to explain 
their services thoroughly to each patient. They should empha- 
size that pharmaceutical care complements rather than dupli- 
cates services provided by other health professionals. In addi- 
tion, pharmacists should describe how patients benefit from 
pharmaceutical-care services. Pharmacists also may generate 
demand for pharmaceutical care through effective marketing of 
their services to their communities and through participation 
in national public relations and educational campaigns such as 
the annual National Pharmacy Week sponsored every fall by 
the APhA. 

Finally, it is likely that some health-care professionals will 
resist pharmacists’ assumption of patient care roles. For exam- 
ple, nurses and physicians may view pharmacist management 
of pharmacotherapy as an encroachment on their professional 
territory. Pharmacists should not be intimidated and/or dis- 
couraged by this lack of acceptance. Rather, they should forge 
relationships with health professionals one at a time, begin- 
ning with those individuals who are open to collaboration. 
Realistically, not all health professionals will completely accept 
pharmacists’ expanded role. However, over time and with per- 
severance, most pharmacists will be able to establish them- 
selves as integral members of the health-care team. 


HEALTH EDUCATION 


A primary concern of the pharmacist should be the welfare of 
humanity and the relief of human suffering. In fact, one oath 
contains the passage, “I will use my knowledge and skills to the 
best of my ability in serving the public and other health pro- 
fessionals.” Today, there is little doubt that the continuing 
buzzword in contemporary pharmacy practice is information— 
specifically, consumer health information. 

By virtue of the pharmacists’ accessibility and familiarity 
with the community, it is obvious that they can exercise a 
dynamic impact, which can be translated into not only the 
triage function but also the dissemination of effective and use- 
ful health education. One study revealed that over 90% of those 
interviewed visited a pharmacy at least once a month, and 60%, 
at least once a week. The hours a pharmacy is open per week 
greatly exceed those of all other health facilities with the pos- 
sible exception of the hospital emergency room. Although many 
consumers continue to view the pharmacist as an invisible man 
behind a secret counter who delegates responsibility to techni- 
cians and clerks to deal directly with the public, this attitude is 
being changed positively to reflect the pharmacist as a source of 
health information along with the physician. A vast majority of 
the public does not hesitate to ask the pharmacist about a 
health matter and usually he or she is the first person, other 
than family or friends, who is consulted. 


Frequently, the pharmacist is confronted with a variety of inquiries: 

A telephone call from a frantic mother whose child has just swal- 
lowed a number of chewable vitamin-iron tablets and wants to know 
what to do. 

A nervous teenage girl who wants to know how to use a home 
pregnancy kit. 

A habitual smoker who is interested in the success rate of the 
nicotine transdermal patches. 

An expectant mother who is afraid for her baby because she may 
have been exposed to a neighborhood child with German measles. 


The situations are endless but typify the need for the pharma- 
cist to be approachable and willing to help. 

To answer these people or synthesize a plan of action phar- 
macists must maintain professional competence and keep 
abreast of developments of drugs and disease states. At the 
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same time they should serve as expeditors to solve patient 
problems. The familiarity of the pharmacist with the commu- 
nity lends itself to proper referral of patients to other health- 
care professionals, including providing addresses and tele- 
phone numbers. Indeed, the pharmacist is in a position to 
assess physicians on the basis of personal experience, the types 
of prescriptions they write or telephone, patient comments 
about the care they receive, and inquiries about physician 
followup. Beyond health-care assistance the pharmacist also 
should be able to recommend nonmedical facilities that provide 
effective care (eg, a shoe store that exercises judgment and care 
in fitting jogging shoes). Further, pharmacists should know 
that pharmaceutical companies do offer physicians free drugs 
for needy patients. While individual manufacturer require- 
ments for assistance may differ, the following are some com- 
mon requirements: 


Eligible patients cannot be covered by Medicaid or a private insurance 
plan that has prescription-drug coverage. 

Physicians must initiate the request on behalf of the patient and, 
in some instances, provide a statement of the patient’s financial 
hardship. 

No more than a 3-months’ supply is available at one time, although 
requests may be renewed. 


Pharmacists can advise interested patients to seek an al- 
phabetical listing of drugs covered by specific pharmaceutical 
companies, including information on assistance for acquired 
immunodeficiency syndrome (AIDS) drugs, by contacting The 
Senate Special Committee on Aging, Dirksen Senate Office 
Building, Room G-31, Washington, DC 20510 (1-202-224-5364). 
Similarly, physicians can be advised to contact the Pharmaceu- 
tical Manufacturers’ Association, 1100 15th St, NW, Washing- 
ton, DC 20005 for a directory of manufacturers’ assistance 
programs. 

In 1993 there were 100 regional poison control centers in the 
US (of which 38 were certified through the American Associa- 
tion of Poison Control Centers), and every pharmacy should 
have the telephone numbers and addresses of those in the local 
area for quick patient referral. Although unintentional poi- 
sonings and deaths have dropped dramatically since child- 
resistant packaging was introduced, tragedies continue to oc- 
cur among young children. The pharmacist must be able to deal 
effectively with these emergencies, exercise judgment, and be 
decisive with such inquiries. 

Another alarming problem that has surfaced within recent 
years is child and spousal abuse. This is of concern to all 
communities, and pharmacists, by their involvement, can serve 
in several ways to help alleviate the problem. For example 


Be aware of the warning signs of abuse and neglect from the per- 
spective of the child (eg, seems unduly afraid of parents, shows evidence 
of repeated skin or other injuries, shows signs of poor overall care) and 
the parent (eg, makes no attempt to explain the child’s most obvious 
injuries or offers absurd, contradictory explanations; shows a lack of 
control or fear of losing control). Given the warning signs of child abuse 
and neglect, the pharmacist can coax information from the parent 
gently when either taking the initiative to do so or provided the oppor- 
tunity. A simple conversation may be sufficient encouragement for an 
abusive parent to admit the need for assistance and guidance. At this 
point the pharmacist must have the name of an individual at the 
community abuse center with whom the parent can talk both before and 
during a crisis. Given uncooperative parents the pharmacist must ex- 
ercise professional judgment and report the matter to local authorities. 
The pharmacist, like all citizens, is immune from civil and/or criminal 
liability when reporting any knowledge or suspicion of child abuse. 


By participation with local authorities and professionals in 
information forums conducted by social workers, the pharma- 
cist can provide information to the abusive parent on how 
drugs, including alcohol, can affect one’s behavior, change one’s 
mood, effect depression with long-term use, and induce psy- 
chotic reactions. When this information is blended with the 
physician-nurse discussion of physical injury incurred from 
abuse and with teacher awareness of reporting suspicions, it 
adds immeasurably to the dimension of such a symposium. 


The pharmacist also should recognize the need for health 
education on a broader scale. Many of the health problems 
encountered by communities can be prevented or alleviated 
with proper education. But it must be the pharmacist who is 
willing to share the wealth of knowledge and information he or 
she has accrued. All persons are not knowledgeable about the 
extent of pharmacists’ education and thus automatically do not 
think of them as a source of information. Thus, pharmacists 
must provide the impetus to focus attention toward the capa- 
bility they have relative to health education. There are several 
ways they can achieve this. 

One method is to make the pharmacy the health center of 
the community. The willingness to participate in Poison Pre- 
vention Week or National Diabetes Month focuses consumer 
education toward the pharmacy. Coupled with this is the dis- 
tribution of pamphlets of public interest on health information 
for the community. A display of free health literature in the 
pharmacy demonstrates a commitment to effective health care. 
There are myriads of pamphlets available on a variety of topics 
(eg, Diabetes, Dry Skin and You or The Professional Treatment 
of Constipation) from pharmaceutical manufacturers that can 
be used effectively to promote health care. This encourages 
inquiries from consumers and, if displayed neatly in the pre- 
scription waiting area of the pharmacy, may afford the oppor- 
tunity to the patient to read health-related information while 
waiting for a prescription. The pharmacist should make an 
effort to question pharmaceutical manufacturers’ representa- 
tives about the availability of such pamphlets for the commu- 
nity. Many times pamphlets are available, but unless re- 
quested, they remain confined to the box in which they are 
contained. 

In the event there is an outbreak of a communicable disease 
(eg, pediculosis capitis at a local elementary school) the phar- 
macist should obtain and disseminate useful patient-related 
information. If this type of information is provided directly to 
the patient/caregiver at the time of medication purchase or in 
conjunction with the local school nurse, needless parental 
worry and confusion is avoided. 

The AIDS crisis continues and ranks as the most significant 
global health concern of the 1990s. The impact of AIDS on 
society and on the health-care system is significant, and it is 
incumbent upon pharmacists to become knowledgeable about 
this disease process and to identify their role in efforts to stop 
its spread. Pharmacists can play two major roles in the com- 
munity human immunodeficiency virus (HIV) disease effort: 


1. They can actively participate in the provision of care, treatment, 
and information to people afflicted with HIV/AIDS. 

2. By virtue of their accessibility, they are in an excellent position to 
provide HIV prevention information to consumers and the general 
public. 


The provision of care for HIV and AIDS patients is similar to 
the treatment of other patients. However, the treatment of 
these patients is more complex, the disease can be debilitating, 
and the emotional impact upon the patient, family, and health- 
care providers can be substantial. Aside from normal distribu- 
tive functions, it is important that the pharmacist provide 
patient counseling and educational services (eg, treatment op- 
tions, side effects, transmission information, risk reduction 
guidelines for sexual activity), emphasize patient compliance 
(including keeping scheduled medical appointments), provide 
emotional support, and provide referrals to appropriate 
resources (eg, financial, housing, health-care providers, or 
therapists). 

The AIDS patient provides a unique opportunity for phar- 
macists, and they should interact with these patients in a way 
that encourages communication and confidence. It is very im- 
portant that the patient feel safe with the pharmacist. Patients 
must feel that they are not being judged or scorned because of 
their disease or sexual orientation. Confidentiality is important 
to the AIDS patient; protecting it is a particularly important 
role for the pharmacist. Many patients have legitimate con- 


cerns that they may lose their jobs and/or be alienated from 
family and friends if their HIV status becomes known. 

Pharmacists should be prepared to listen to a patient’s 
desire to participate in nontraditional therapies. They should 
be open to discussing with patients the pros and cons of tradi- 
tional and nontraditional options. It is estimated that health 
fraud in the US approaches $40 billion on an annual basis. 
Health fraud knows no bounds and frequently targets certain 
groups of people, including those with serious illnesses. Prod- 
ucts and therapies of quackery waste people’s limited financial 
resources, may offer ineffective or harmful therapy, predispose 
a patient to harmful adverse effects, and even persuade a 
patient to forgo traditional therapy that might be more bene- 
ficial. To help patients identify credible clinical trials, pharma- 
cists can encourage them to call the AIDS Clinical Trials In- 
formation Service hotline (1-800-874-2572). 

A key attribute to being a professional is being accessible to 
those one serves. In this context the role of the pharmacist is 
illustrated aptly in the area of family planning. By sharing 
knowledge and information about oral contraceptive therapy, 
nonprescription modes of contraception control, prevention of 
venereal disease, and pregnancy testing and by assisting cou- 
ples dealing with fertility impairment, the pharmacist demon- 
strates accessibility and increases the awareness of the public 
that the pharmacy is the place where knowledge and informed 
advice are available. 

Pharmacy school curricula recognize the need for effective 
oral communication both on an individual patient basis and to 
larger numbers of assembled people (eg, civic and church 
groups, clubs, etc) by implementing effective course work in the 
undergraduate curriculum. However, if the pharmacist does 
not accept the challenge and communicate information, then 
other, less-qualified persons may be asked by the consuming 
public to fill this informational void. Sometimes pharmacists 
are fearful of presenting talks or having discussions with in- 
terested groups because of a lack of self-confidence. At the same 
time they may feel that they do not have the capability to 
discuss a topic because of a lack of information. 

Recognizing these shortcomings in its past graduates, 
schools/colleges now have electronic literature-searching pro- 
grams in their libraries to educate and heighten students’ 
awareness of literature resources. Schools/colleges are commit- 
ting toward outcome-based curricula that are anchored toward 
the development of student oral communication skills, deci- 
sion-making skills, and problem-solving abilities, among oth- 
ers. It is hoped that this will encourage greater involvement of 
the pharmacist in community discussion on health issues. 
However, one must still deal with the current situation, and 
pharmacists in practice should look to their local public librar- 
ies for information support or consider contacting either their 
alma mater or state/local pharmaceutical associations for 
meaningful information. 

It is essential that pharmacists contribute to public infor- 
mational forums and make the community aware of public- 
health problems. Information and guidance should not be con- 
fined solely to drugs and their use, but also should include 
health-related issues, eg, sexually transmitted diseases, haz- 
ards of smokeless tobacco, etc. A true concern must center 
around the casual attitude of the public toward drugs, a con- 
cept that unfortunately is reinforced through commercial ad- 
vertising and communication media. 

Whenever possible, pharmacists must help restore con- 
sumer confidence when it has been put in a position of doubt. 
The classic examples occurred in 1982 and in 1986 with 
Tylenol-tampering incidents and in 1991 with a Sudafed- 
tampering incident. Several persons were killed because of the 
deliberate introduction of cyanide into capsules on the shelf. 
Pharmacists responded by displaying posters and informa- 
tional bulletins that instructed consumers to complete the 
following: 
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Read the label. The labels on OTC medicines with tamper-evident 
packages tell what seals and other features a person should look for. 

Inspect the outer packaging. Check for loose, torn, sliced, or missing 
wrappings as well as discolored products and unusual odors. 

Inspect the medication once it is opened. Look at it again before taking 
it. If it looks suspicious, be suspicious. 

Never take medications in the dark. 

The label should be read and medication inspected at every dose. 

Unfortunately, there are innovative and creative individuals in the 
community who may create new problems. 

Thus, the pharmacist must maintain constant surveillance and be 
willing to allay fears. 


In response to the initial event, the federal government 
passed amendments to its laws (18 USC 65) to provide for 
tamper-evident and tamper-resistant packaging of OTC prod- 
ucts. This amendment (PL 989-127, Oct 1983) calls for several 
measures. While the act is complicated, it leaves the impres- 
sion that there is not a thing that can be done to a commercial 
package that is not prohibited, and that is as it should be. The 
pharmacist must be careful not to destroy the tamper-evident 
or tamper-resistant component of the packaging inadvertently. 
To do so may bring the pharmacist under the Act as a violator. 
Products that have been opened by consumers (often for the 
purpose of noting how big the tablets are, or for comparing the 
product with one that is already being used by that individual) 
are rendered unsalable, and they must be removed promptly 
from the shelf and returned to the supplier. 

Most OTC products are covered by the Act. Specifically 
excluded are insulin, dermatologicals, dentifrices, and loz- 
enges. While nothing prevents manufacturers from placing 
those products into tamper-resistant or tamper-evident pack- 
aging, it is not required at this time. 

Pharmacists always should remain above reproach in the 
eye of the public. They should avoid even the appearance of 
professional impropriety and thereby not create questions of 
ethics within the mind of the patient. The most important 
means pharmacists have in educating society on health mat- 
ters is the personal contact they have with the public. When- 
ever possible, they should volunteer health information and 
encourage people to exercise proper judgment to maintain good 
health. Some have been very creative and have developed and 
written patient-oriented newsletters on timely subjects that 
reinforce the attitude that the pharmacist is both a drug infor- 
mation specialist and health-care educator and provider. Oth- 
ers have achieved this same end by writing health information 
columns for local newspapers or participating in local media 
programs to provide health-care information. Professional 
organizations (eg, NCPA) have been helpful, too, through 
the provision of print-based health information (e.g, Pharm/ 
alert) that the pharmacist can use and disseminate for public 
education. 

Finally, by showing a professional interest in, and attitude 
toward, the clientele that frequents the pharmacy, the phar- 
macist makes people feel they are important and that they 
have someone upon whom they can depend for help. A notable 
example of this is in ostomy care (see Chapters 104 and 109). 
There are over 1.1 million ostomates in the US, with new ones 
increasing by about 90,000 each year. In the end, though, it is 
the pharmacist who really benefits by the intangible return of 
fulfillment and enrichment from using skills and information 
learned through formal and continuing education and practical 
experience. 


CONCLUSION 


Pharmacy is evolving from a product-oriented to a patient- 
oriented profession. This role modification is extremely healthy 
for the patient, the pharmacist, and other members of the 
health-care team. However, the evolution will present pharma- 
cists with a number of new challenges. Now, more than in the 
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past, pharmacists must make the acquisition of contemporary 
practice knowledge and skills a high priority, to render the 
level of service embodied in the concept of pharmaceutical care. 
Pharmacy educators organizations and regulatory bodies must 
all work together to support pharmacists as they assume ex- 
panded health-care roles. Pharmacy and the health-care indus- 
try must work to ensure that the pharmacist is compensated 
justly for all services. But before this can happen it will be 
necessary for pharmacy to demonstrate value-added to the cost 
of the prescription. Marketing of the purpose of pharmacy in 
the health-care morass and of the services provided by the 
pharmacist is needed to generate an appropriate perceived 
value among purchasers and users of health-care services. 
Pharmacists should view themselves as dispensers of therapy 
and drug-effect interpretations as well as of drugs themselves. 
Service components of pharmacy should be identified clearly to 
third-party payers and be visible to consumers, so that they 
know what is available at what cost and how it may be ac- 
cessed. In the future, pharmacy services must be evaluated on 
patient outcome (ie, pharmaceutical care) rather than the num- 
ber of prescriptions dispensed, and pharmacy must evolve to- 
ward interpretation and patient consultation, related to the use 
of medication technologies. 
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Historically, health-care services have been provided primarily 
through physicians’ offices and in hospitals. Thus, pharmaceu- 
tical services to patients seen in physicians’ offices have been 
provided through community pharmacies, while patients in 
hospitals normally receive pharmaceutical services through 
the hospital pharmacy. 

The changing nature of health-care delivery has expanded 
the role of the hospital to include ambulatory-care programs 
and intermediate-care facilities (such as extended-care facili- 
ties and nursing homes). Thus, the term institutional care has 
been coined to reflect this broadened role of the hospital. Con- 
currently, institutional pharmacy also has been coined to coin- 
cide with this development. Nonetheless, institutional phar- 
macy is primarily hospital pharmacy. The term hospital is 
really the basis for the designation of the term institutional. 
Institution, as defined in Webster’s Dictionary, is 


A significant and persistent element (as a practice, a relationship, 
an organization) in the life of a culture that centers on a fundamental 
human need, activity, or value, occupies an enduring and cardinal 
position within a society, and usually is maintained and stabilized 
through social regulatory agencies. 


Certainly, the hospital and its directly related organizational 
substructures fit the term institution. 

As a corollary, the term organized health-care or health- 
system setting has been used to refer to the wide gamut of 
organizational subsystems embracing the total health-care de- 
livery system in America. Hospital or institutional pharmacy 
should not be confused with the provision of pharmaceutical 
services to all types of organized health-care settings. For ex- 
ample, three physicians practicing in the same office building 
may have formed a corporation. Thus, they may be referred to 
properly as a group providing patient-care services in an orga- 
nized health-care setting, because a corporation is an organized 
structure. Obviously, providing pharmaceutical services to the 
patients of these three physicians should not be considered 
institutional or hospital pharmacy. 

Institutional or hospital pharmacy may be defined as the 
practice of pharmacy in a hospital setting including its organi- 
zationally related facilities or services. It also may be defined as 
that department or division of the hospital wherein the pro- 
curement, storage, compounding, manufacturing, packaging, 
controlling, assaying, dispensing, distribution, and monitoring 
of medications through drug-therapy management for hospi- 
talized and ambulatory patients are performed by legally qual- 
ified, professionally competent pharmacists. In addition to all 
these traditional functions, the practice of pharmacy in a hos- 
pital also includes broad responsibility for the safe and appro- 
priate use of drugs in patients, which includes, among other 
things, the rational selection, monitoring, dosing, and control of 
the patients’ overall drug-therapy program. This added dimen- 
sion requires the application of patient-oriented services super- 
imposed upon the pharmaceutical sciences—to the subject of 
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rational therapeutics. This approach to pharmacy practice has 
been referred to as clinical pharmacy. Thus, clinical pharmacy 
is simply good, professional, patient-oriented pharmaceutical 
services. Further, the mission of the pharmacist is to provide 
pharmaceutical care. Pharmaceutical care is the direct, respon- 
sible provision of medication-related care for the purpose of 
achieving definite outcomes that improve a patient’s quality of 
life. 

Such practice is a professional responsibility not only of 
institutional or hospital pharmacy, but of community phar- 
macy as well. What then makes the practice of pharmacy in 
a hospital somewhat different from private or community 
pharmacy? 

UNIQUENESS OF HOSPITAL PHARMACY—A major 
factor is the organizational structure of a hospital or institu- 
tion: a formalized pattern of authority, responsibility and coor- 
dination that affects every department of the overall health- 
care team. The administrator (highest hospital administrative 
position) implements the policies and philosophies of the gov- 
erning board, delegates authority, and passes on responsibility 
to department heads to carry out the patient care, teaching, 
research, and public-health objectives of the hospital. Depart- 
ment heads, such as the director of pharmacy, are expected to 
coordinate their services and activities with other department 
heads; the business and accounting department handles the 
financial affairs; the building services department provides the 
essential maintenance, housekeeping, and security functions; 
the human resources department implements personnel poli- 
cies; the clinical laboratory department performs a multitude of 
patient laboratory tests and services; and dozens of other de- 
partments influence and affect the services of all hospital de- 
partments. All of these activities interrelate with the hospital 
pharmacy. 

In addition to the traditional physician-pharmacist-patient 
relationship, which exists in the private practice of medicine 
and pharmacy, there is a physician-pharmacist-nurse-patient 
relationship in the hospital. The nurse interjects his or her 
professional role in the care of the patient between the tradi- 
tional physician-pharmacist roles. Thus, the hospital pharma- 
cist must work not only with the physician but also very closely 
with the nurse. 

In addition to the internal forces operating within the hos- 
pital there are some external forces that affect, in various ways, 
the practice of pharmacy in the hospital setting. For example 


Accreditation agencies exert their influence on professional stan- 
dards of practice as they affect patient care. 

Licensing agencies exert legal influences on hospital operations. 

The federal government imposes standards and regulations on hos- 
pitals, such as the conditions of Participation for Hospitals under Medi- 
care, and third-party (hospitalization insurance) agencies exert their 
influence on the methods by which hospitals may be reimbursed for 
services rendered to patients. 
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Social agencies and governmental welfare agencies influence the 
services provided to medically indigent and totally indigent patients, 
and the governing board and public opinion exert their influences over 
the policies, objectives, and philosophies of hospital operation and 
practice. 


Since the hospital is an institution of and for the community, it 
is influenced heavily by the needs, expectations, and demands 
of the members of that community. These are but a few exam- 
ples of the socio-medico-economic and organizational forces 
acting on the practice of pharmacy in the institutional setting. 
These, among many others, are cogent reasons why hospital 
pharmacy practice differs significantly from community phar- 
macy practice. 

The hospital pharmacy must be considered as one of the 
many departments of a hospital, and as such it has several 
basic general functions. These functions have been outlined in 
a document approved by the American Hospital Association 
(AHA), “Statement on Functions of a Hospital Department.” It 
reads as follows: 


A department carries out its functions according to the philosophy 
and objectives of the hospital. The philosophy and objectives are estab- 
lished by the governing board. Accordingly, the department head is 
responsible to the administrator of the hospital. Within the organiza- 
tional pattern, the functions of the department are: 


1. To provide and evaluate service in support of medical care pursu- 
ant to the objectives and policies of the hospital. 

2. To implement for departmental services the philosophy, objec- 
tives, policies and standards of the hospital. 

3. To provide and implement a departmental plan of administrative 
authority which clearly delineates responsibilities and duties of 
each category of personnel. 

4. To participate in the coordination of the functions of the depart- 
ment with the functions of all other departments and services of 
the hospital. 

5. To estimate the requirements for the department and to recom- 
mend and implement policies and procedures to maintain an ad- 
equate and competent staff. 

6. To provide the means and methods by which personnel can work 
with other groups in interpreting the objectives of the hospital and 
the department to the patient and community. 

7. To develop and maintain an effective system of clinical and/or 
administrative records and reports. 

8. To estimate needs for facilities, supplies and equipment and to 
implement a system for evaluation, control and maintenance. 

9. To participate in and adhere to the financial plan of operation for 
the hospital. 

10. To initiate, utilize and/or participate in studies or research 
projects designed for the improvement of patient care and the 
improvement of other administrative and hospital services. 

11. To provide and implement a program of continuing education for 
all personnel. 

12. To participate in and/or facilitate all educational programs which 
include student experiences in the department. 

13. To participate in and adhere to the safety program of the hospital. 


It is within this framework that the hospital pharmacist 
practices. The responsibility is to develop a comprehensive 
pharmaceutical service high in quality, properly coordinated to 
meet the needs of the numerous diagnostic and therapeutic 
departments, the nursing service, the medical staff, and the 
hospital as a whole in the interest of providing better patient 
care. 

Hospital pharmacy has developed so significantly in recent 
years that there is special education and training at the grad- 
uate level; it has its own vigorous professional society—The 
American Society of Health-System Pharmacists (ASHP); it 
has been developing a useful body of specialized knowledge 
through its documented literature; it has developed a strong 
corps of well-qualified career hospital practitioners who have 
adopted a sound philosophy of professional service and have 
developed high standards of practice. The previous name, 
ASHP, American Society of Hospital Pharmacists, was recently 
changed to the American Society of Health-System Pharma- 
cists in recognition of the hospital environment expanding 
to include a diversity of patient-care services in addition to 


the hospital. This professional organization strives to meet 
the needs of pharmacists practicing in any organized health- 
care setting. The Society is actively involved in providing 
continuing-education programs, publications, and other ser- 
vices designed to help the institutional practitioner in provid- 
ing a high level of professional service. The ASHP Practice 
Standards provide documents that offer a point of reference for 
use by pharmacists in evaluating their programs and services. 

The setting within which the hospital pharmacist practices 
requires special education or experience to practice with max- 
imum effectiveness. Unlike the pharmacist in community prac- 
tice, the hospital pharmacist must function within an organi- 
zation that has additional responsibilities beyond patient care 
per se. These additional responsibilities include education, re- 
search, and public health. 

Hospital pharmacists must concern themselves on a daily 
basis with professional contacts with other highly specialized 
and skillfully trained professionals. Pharmacists meet with 
physician specialists on equal grounds in formal pharmacy and 
therapeutics committee meetings and in medical patient-care 
rounds in all matters relating to drug therapy; they meet with 
the nursing profession constantly in their daily practice; they 
meet with microbiologists, biochemists, and clinical chemists in 
regard to diagnostic medicine as it relates to drugs; they meet 
with physicists and radiologists in relation to radioactive phar- 
maceuticals, diagnostic agents, and contrast media; they meet 
with clinical pharmacologists and research physicians in mat- 
ters relating to investigational drugs, drug interactions, and 
adverse drug reactions; they meet with specialists who have 
graduate degrees in medical sociology, medical record librari- 
anships, medical dietetics, methods engineering, and hospital 
administration on a routine basis in the operation of a modern 
hospital pharmacy. 

Hospital pharmacists long recognized the need for addi- 
tional education and training and developed residency training 
programs to accomplish these ends. It also was recognized that 
additional education on a formal basis was desirable. Colleges 
of pharmacy have recognized the need for providing an educa- 
tional program for students interested in hospital pharmacy. 

Curricula for the professional degree program (Pharm D) 
include an experiential component in hospital practice. Most of 
the colleges offer an undergraduate course in hospital phar- 
macy, while a number of colleges offer a graduate educational 
program leading to a Master of Science degree in hospital 
pharmacy. Most of the graduate programs are coordinated so 
that students serve a residency in a hospital pharmacy concur- 
rently with their graduate work at the university. These com- 
bined programs started in 1947 at the Philadelphia College of 
Pharmacy and Science and the Jefferson Medical College Hos- 
pital, and at the University of Maryland and the Johns Hop- 
kins Hospital; the University of Michigan initiated its com- 
bined program in 1948. These combined educational and 
training programs have contributed much to provide career- 
minded, well-trained hospital pharmacists. Graduates of such 
programs have gone into hospitals throughout the country and 
proved their capabilities through the development of com- 
prehensive pharmaceutical services of broad scope and high 
quality. 

There is a trend toward specialization within hospital phar- 
macy. Hospital pharmacy residency training programs in years 
past have trained pharmacists primarily as clinical generalists 
in pharmacy practice. These 1-year training programs, which 
follow standardized educational objectives, are surveyed and 
accredited by the Commission on Credentialing of the ASHP. 
There is also the need for specialists. Certainly, the drug- 
information specialty is critical in the development of compre- 
hensive clinical services. There is a need also for a nuclear 
pharmacy specialist to handle, prepare, and formulate new 
dosage forms and to conduct research on the large number of 
diagnostic and therapeutic radioactive pharmaceutical prepa- 
rations available today. There is the need for a pharmacy 
administration specialist. There is an expanding need for a 


variety of clinical pharmacy specialists to assist in the rational 
selection and use of drug therapy. Some of the clinically trained 
pharmacists are even further specializing their efforts and 
expertise in specific areas of drug therapy such as pediatrics, 
psychopharmacy, geriatrics, pharmacokinetics, oncology, criti- 
cal care, nutrition, primary care, adult internal medicine, clin- 
ical pharmacokinetics, and other specialty areas. Indeed, resi- 
dency training programs have been developed for most of these 
specialized areas of practice. In addition, several hospitals or 
colleges offer fellowship programs to provide the opportunity 
for 1 to 2 years of research experience in these specialized 
areas. 

Thus, there is a healthy trend developing toward so-called 
group practice in hospital pharmacy, analogous to group med- 
ical practice. A number of these specialists in different areas of 
hospital pharmacy practice make up the team of pharmacists 
in today’s progressive hospital. It is the advancement of this 
concept that will strengthen the professional role of hospital 
pharmacists and give them entry to the group of professionals 
who make up the health-care team. 


THE HOSPITAL 


Hospital pharmacists practice within the framework of an or- 
ganizational structure called a hospital. For them to function 
effectively, it is essential that they understand thoroughly 
what a hospital is, how it is organized, what its functions are, 
and how the pharmacy service fits into the overall patient-care 
program. j 

DEFINITION—Traditionally, a hospital has been defined 
in terms of its form, that is, its physical makeup and the 
quantitative nature of its services. This definition is exempli- 
fied best by the registration of hospitals program of the AHA. 
To be registered under this program an institution must meet 
certain requirements that constitute the definition of a hospi- 
tal. Thus, the program differentiates between a hospital and 
other institutions such as extended-care facilities, convalescent 
homes, and homes for the aged. 

The AHA has specific definitions for general and special 
hospitals for these institutions to qualify for the AHA’s regis- 
tration program.” The AHA’s requirements are 


REQUIREMENTS FOR ACCEPTING GENERAL HOSPITALS 
FOR REGISTRATION 


1. The institution shall maintain at least six inpatient beds which 
shall be continuously available for the care of patients who are 
nonrelated and who stay on the average in excess of 24 hours per 
admission. 

2. The institution shall be constructed, equipped and maintained to 
ensure the health and safety of patients and to provide uncrowded, 
sanitary facilities for the treatment of patients. 

3. There shall be an identifiable governing authority legally and 
morally responsible for the conduct of the hospital. 

4. There shall be a chief executive to whom the governing authority 
delegates the continuous responsibility for the operation of the 
hospital in accordance with established policy. 

5. There shall be an organized medical staff of physicians that may 
include, but shall not be limited to, dentists. The medical staff 
shall be accountable to the governing authority for maintaining 
proper standards of medical care, and it shall be governed by 
bylaws adopted by said staff and approved by the governing 
authority. 

6. Each patient shall be admitted on the authority of a staff member 
who shall be directly responsible for the patient’s diagnosis and 
treatment. Any graduate of a foreign medical school who is per- 
mitted to assume responsibilities for patient care shall possess a 
valid license to practice medicine, or shall be certified by the 
Educational Council for Foreign Medical Graduates, or shall have 
qualified for and have successfully completed an academic year of 
supervised clinical training under the direction of a medical school 
approved by the Liaison Committee on Medical Education of the 
American Medical Association and the Association of American 
Medical Colleges. 
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7. Registered nurse supervision and other nursing services are 
continuous. 

8. Acurrent and complete medical record shall be maintained by the 
institution for each patient and shall be available for reference. 

9. Pharmacy service shall be maintained in the institution and shall 
be supervised by a registered pharmacist. 

10. The institution shall provide patients with food service that meets 
the nutritional and therapeutic requirements; special diets shall 
also be available. 

11. The institution shall maintain diagnostic X-ray service, with fa- 
cilities and staff for a variety of procedures. 

12. The institution shall maintain clinical laboratory service with 
facilities and staff for a variety of procedures. Anatomical pathol- 
ogy services shall be regularly and conveniently available. 

13. The institution shall maintain operating room service with facili- 
ties and staff. 


REQUIREMENTS FOR ACCEPTING SPECIAL HOSPITALS 
FOR REGISTRATION 


1. The institution shall maintain at least six inpatient beds, which 
shall be continuously available for the care of patients who are 
nonrelated and who stay on the average in excess of 24 hours per 
admission. 

2. The institution shall be constructed, equipped and maintained to 
ensure the health and safety of patients and to provide uncrowded, 
sanitary facilities for the treatment of patients. 

3. There shall be an identifiable governing authority legally and 
morally responsible for the conduct of the hospital. 

4. There shall be a chief executive to whom the governing authority 
delegates the continuous responsibility for the operation of the 
hospital in accordance with established policy. 

5. There shall be an organized medical staff of physicians that may 
include, but shall not be limited to, dentists. The medical staff 
shall be accountable to the governing authority for maintaining 
proper standards of medical care and it shall be governed by 
bylaws adopted by said staff and approved by the governing 
authority. 

6. Each patient shall be admitted on the authority of a member of the 
medical staff who shall be directly responsible for the patient’s 
diagnosis and treatment. Any graduate of a foreign medical school 
who is permitted to assume responsibilities for patient care shall 
possess a valid license to practice medicine, or shall be certified by 
the Educational Council for Foreign Medical Graduates, or shall 
have qualified for and have successfully completed an academic 
year of supervised clinical training under the direction of a medical 
school approved by the Liaison Committee on Medical Education 
of the American Medical Association and the Association of Amer- 
ican Medical Colleges. 

7. Registered nurse supervision and other nursing services are 
continuous. 

8. Acurrent and complete medical record shall be maintained by the 
institution for each patient and shall be available for reference. 

9. Pharmacy service shall be maintained in the institution and shall 
be supervised by a registered pharmacist. 

10. The institution shall provide patients with food service that meets 
their nutritional and therapeutic requirements; special diets shall 
also be available. 

11. Such diagnostic and treatment services as may be determined by 
the Board of Approval of the American Hospital Association to be 
appropriate for the specified medical conditions for which medical 
services are provided shall be maintained in the institution, with 
suitable facilities and staff. If such conditions do not normally 
require diagnostic X-ray service, laboratory service or operating 
room service, and if any such services are therefore not main- 
tained in the institution, there shall be written arrangements to 
make them available to patients requiring them. 

12. When the institution provides pregnancy termination services, 
clinical laboratory services shall include the capability to provide 
tissue diagnosis. 


On the other hand, a hospital may be defined in terms of its 
broad purpose or mission instead of its physical form. The 
contemporary hospital is a community institution that is an 
instrument of society. It serves as the focal point for the co- 
ordination and delivery of patient care to its community. A 
hospital may be viewed as an organized structure that pools 
together all the health professions, the diagnostic and thera- 
peutic facilities, equipment and supplies, and the physical fa- 
cilities into a coordinated system for delivering health care to 
the public. 
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While the hospital once was considered only a place where 
patients were treated, today it is considered a viable institu- 
tion that extends its services to patients wherever they may 
be located. For example, hospitals provide services to pa- 
tients within the institution itself (hospitalized patients); in 
ambulatory-care clinics, emergency rooms, and emergency 
care centers; in physicians’ offices at hospitals; in extended- 
care facilities and nursing homes either affiliated with or 
owned by the hospital; at home, through home health-care 
services; at wellness centers; and at community or neighbor- 
hood health clinics. 

Certain other definitions are required for proper under- 
standing of the differences between hospitals and patient-care 
institutions other than hospitals. In its accreditation program 
the Joint Commission on Accreditation of Healthcare Organi- 
zations (JCAHO) divides long-term care facilities into two cat- 
egories: a Long-Term Health-Care Facility and a Resident- 
Care Facility.? These facilities are defined as 


Long-Term Health-Care Facility—A facility for inpatient care other 
than a hospital, with an organized medical staff, medical staff equiva- 
lent, or medical director and with continuous nursing service under 
professional nurse direction. It is designed to provide, in addition to the 
medical care dictated by diagnoses, comprehensive preventive, rehabil- 
itative, social, spiritual and emotional inpatient care to individuals 
requiring long-term health care and to convalescent patients who have 
a variety of medical conditions with varying needs. 

Resident Treatment Facility—A facility providing safe, hygienic liv- 
ing arrangements for residents. Regular and emergency health services 
are available when needed, and appropriate supportive services, includ- 
ing preventive, rehabilitative, social, spiritual and emotional, are pro- 
vided on a regular basis. 


These two broad categories cover the various types of long-term care 
designated by governmental agencies for licensure, certification and/or 
reimbursement purposes, including skilled nursing care and interme- 
diate care. Determination of category for accreditation purposes will be 
made at the time of survey, based on the primary role of the facility. If 
identifiable roles in both major areas can be determined, accreditation 
will be considered in both categories. 


A clinic is a facility or area where ambulatory patients are 
seen for appointments and treated by a group of physicians 
practicing together, and where the patient is not confined, as in 
a hospital. The term clinic also is used to indicate the outpa- 
tient diagnostic facility operated by a hospital and also facili- 
ties operated by other agencies for the care of indigent and 
medically indigent patients. In the past the term clinic usually 
has been reserved for facilities of a teaching nature where 
medical students and resident staff offered treatment to pa- 
tients unable to afford private practitioners. This concept has 
changed in recent years with the growing trend of physicians to 
locate their offices in or adjacent to the hospital, and a so-called 
private outpatient service has been added to the regular clinic 
facilities. Essentially, these functions now are grouped into a 
recognized department of ambulatory care at most hospitals. 

DEVELOPMENT AND EXPANSION—Hospitals had 
their origin in Indian and Egyptian culture during the 6th 
century BCE. Evolution of the hospital is related to the socio- 
logical development of the individual’s expansion of interest 
beyond himself and his family to the welfare of the community. 
Although early hospitals were really places to remove people 
from society to protect society—the insane, the incurables, and 
the contagious—other hospitals were developed through reli- 
gious and divine motives. The temples of the gods in early 
Greek and Roman civilization were used as hospitals where 
healing was associated with divine powers, while continued 
illness or death was associated with a lack of purity. Greek 
temples were forerunners of the modern hospital in the sense 
that they provided refuge and treatment for the sick and also 
provided for the teaching of young medical students. Such 
temples as the Temple of Aesculapius (Greek god of Medicine) 
existed in 1134 BCE, while the temple at Kos, Greece, was 
where Hippocrates (born about 460 BCE) practiced. 


One of the dominant factors in the development and expan- 
sion of hospitals was the religious influence. Prior to the Chris- 
tian Era, hospitals were temples dedicated to the god of med- 
icine in which care of the sick was accompanied by magical, 
mystical, and religious ceremonies. The doctrines of Jesus 
Christ intensified the emotions and virtues of love, pity, and 
charity. These strong motivating forces toward one’s fellow 
man gave impetus to the expansion of hospitals. 

Another major factor in the development and expansion of 
hospitals devolves from a military influence. Much of the 
impetus toward medical and surgical progress over the cen- 
turies has come from the urgent need for care of the wounded 
on the battlefield. This was true during the Roman empire; it 
was also true in the US before, during, and after the Civil 
War. The Civil War, however, focused attention on the inad- 
equacy of hospital construction and also on the lack of nurs- 
ing care. Lincoln requested Catholic Sisters to care for 
wounded army personnel because hospital care was so poor. 
The work done in the army set a pattern for improvement in 
patient care and combined the military and religious influ- 
ence on hospital development. 

Other factors that influenced the development and expan- 
sion of hospitals were 


The Flexner report on medical education (1910), which caused rev- 
olutionary developments in medical education per se and in medical 
internship training, which helped the development of minimum stan- 
dards for patient care in hospital surroundings. 

The activities of Florence Nightingale during and after the Crimean 
War, which served as the basis for revolutionizing the quality of nursing 
care in hospitals and for the development of schools of nursing. 

The public interest in hospitals through greater dependence and 
improved confidence in hospital care. 


With public dependence and confidence came public support, 
and this support provided the finances for further development, 
expansion, and improvement in hospital facilities. This public 
interest extended its influence into private hospitalization in- 
surance and government participation in health care through 
Social Security and other health-related agencies. One of the 
most significant governmental programs that affected the de- 
velopment and expansion of hospital facilities in the US was 
the adoption (in 1946) by the Congress of the Hospital Survey 
and Construction Act. Commonly known as the Hill-Burton 
program, this act was passed to provide federal funds for hos- 
pital construction on a matching basis with local communities. 
From 1946 to 1973 hundreds of new hospitals were built, while 
hundreds of other hospitals have undertaken major expansion 
programs of existing facilities through the availability of gov- 
ernment finances through the Hill-Burton Act. 

A number of legislative amendments were adopted by the 
Congress that made funds available for construction and im- 
provement of various health-care facilities, including medical 
and nursing schools, outpatient facilities, extended-care facili- 
ties, and specialized diagnostic and therapeutic facilities in 
hospitals. In addition, the Social Security Amendments of 1965 
(Medicare) will have a long-range impact on the development 
and expansion of hospitals because funds are made available to 
pay for services of medically indigent patients lacking means to 
pay hospitals for services rendered. 

The National Planning and Resources Development Act was 
implemented in 1975, creating the development of Health Sys- 
tems Agencies (HSAs). These agencies have the responsibility 
of effective health planning and development of health services, 
manpower, and facilities in local areas. Each HSA is responsi- 
ble for 


Improving the health of residents of its health service area. 

Increasing the accessibility, acceptability, continuity, and quality of 
services provided. 

Restraining increases in the cost of these services. 

Preventing unnecessary duplication of health resources. 


In 1983, Congress enacted significant changes in the method 
by which hospitals are reimbursed for Medicare patients in 


an effort to hold down escalating hospital costs. A Prospec- 
tive Payment System was developed to reimburse hospitals 
at a specific rate based upon the diagnosis of the patient 
(diagnosis related groups (DRGs)). This system of payment 
has influenced the mechanism by which private insurance 
companies reimburse the hospital or patient for care. This 
emphasis on cost containment also has prompted a shift 
from hospital care to ambulatory care for many medical 
services. 

During the early 1990s the public and government pro- 
moted efforts for major health-care system reform. The focus 
issues were universal patient access to a health-care system 
and the cost of health care. Future restructuring of the system 
will have a significant impact on the functions or role of the 
hospital. The first hospital on the American continent was built 
by the Spaniards (led by Cortez) in 1524—The Hospital of the 
Immaculate Conception in Mexico City. In 1663 its name was 
changed to The Hospital of Jesus of Nazareth, and it still exists 
today. In the American colonies a hospital was built in 1663 on 
Manhattan Island for sick soldiers. The first incorporated hos- 
pital in the US was the Pennsylvania Hospital, established in 
1751 through the efforts of Dr Thomas Bond to provide physi- 
cians in Philadelphia with a place to treat their private pa- 
tients. In 1769 New York, with a population of 300,000, had no 
hospital. Since 1873 the population of the US has more than 
doubled, but the number of hospitals has increased 44 times— 
from only 149 to approximately 6500. 

Beyond the three basic essentials of human existence (food, 
clothing, and shelter), the hospital has become a necessary 
instrument for providing a fourth basic element of survival— 
health. The hospital serves as a major instrument through 
which the health professions are able to provide health care to 
the people of the community. It is because of the increasing 
complexity of health care—diagnostic, preventive, and thera- 
peutic—that the necessary trained personnel, facilities, and 
equipment are consolidated into what is known as the hospital, 
to provide the quality of care the public expects, demands, and 
deserves. Health care has come to be defined as a right for all, 
rather than a luxury for a few. In the future, hospitals will be 
an integral part of a health-care system rather than a free- 
standing entity. They will expand their scope of activity to 
include ambulatory care, wellness, acute care, emergency care, 
home-care, and long-term care. Indeed, many hospitals will be 
a part of a larger hospital group (health-care system), much 
like chain pharmacies. 

CLASSIFICATION—Hospitals may be classified in differ- 
ent ways, by 


Ownership 
Bed capacity 


Type of service 
Length of stay 


Hospitals are classified by type of service as either general or 
special hospitals. A general hospital provides care to patients 
with any type of illness: medical, surgical, pediatric, psychiat- 
ric, and maternity. On the other hand, special hospitals are 
those that restrict the care they provide to special conditions, 
such as cancer, psychiatric, or pediatric cases. 

Hospitals are classified by length of stay as either short- 
term or long-term. A short-term hospital is one in which the 
average length of stay of the patient is less than 30 days. 
Patients with acute disease conditions and emergency cases 
usually are hospitalized for less than 30 days. Usually, general 
hospitals are short-term, since acutely ill patients usually re- 
cover in less than 30 days. On the other hand, a long-term 
hospital is one in which the average length of stay of the 
patient is 30 days or longer. Such patients have long-term 
illnesses, such as psychiatric conditions. 

Hospitals are classified by ownership usually as governmen- 
tal or nongovernmental. Hospitals falling into these categories 
of ownership are 
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Governmental hospitals 

Federal (Armed Forces, Veterans 
Administration & US Public 
Health Service) 


Nongovernmental hospitals 
Nonprofit 
Church related or operated 
Other nonprofit 


State For profit 
County Individual 
City (municipal) Partnership 
City-County Corporation 


Hospitals generally are classified by bed capacity according to 
the following pattern: 


Under 50 beds 
50-99 beds 
100-199 beds 
200-299 beds 
300-399 beds 
400-499 beds 
500 beds & over 


According to these four general classifications, the approx- 
imately 6500 hospitals in the US are 80% nongovernmental, 
short-term, general or special; roughly half are under 100 beds. 

The 6500 hospitals represent approximately 1,500,000 beds, 
admit about 38 million patients annually, and service approx- 
imately 500 million outpatient visits per year. 

Federal hospitals are owned and operated by various 
branches of the federal government. The US Army, Air Force, 
and Navy hospitals are usually general medical and surgical 
hospitals, provided to care for military personnel, although 
there are specialized mental institutions within these groups. 
The Veterans Administration hospitals provide care for addi- 
tional specialized groups of our population and operate general 
medical and surgical hospitals and also some mental hospitals. 

State hospitals are owned by the state and controlled by a 
board of control or division of the state government or a similar 
organization responsible to state government. They are main- 
tained by state appropriations and consist mainly of psychiat- 
ric hospitals. In some instances, state hospitals are general 
hospitals affiliated with a university involved in the training of 
physicians and other professional personnel, often referred to 
as teaching hospitals. 

County hospitals are owned by the county and financed and 
controlled similarly to state hospitals, only on a county level. 
They are usually general hospitals caring for the indigent. 

City hospitals are owned, financed, and controlled by the 
city government. They are usually general hospitals caring for 
the indigent, although there may be a chain of city-owned and 
operated hospitals as in New York City. 

In the nongovernmental hospital group, most institutions 
are general medical and surgical hospitals, varying only in 
their control and eligibility for receipt of state funds for charity 
or indigent patient care. The proprietary or private hospital 
organized for profit is usually a corporation composed of phy- 
sicians, although other businessmen may be involved in the 
corporate profit-making structure. In recent years, a number of 
corporations have been formed that own, operate, and control 
large chains of hospitals. There has been a great growth re- 
cently of polycorporate hospital systems, in which one hospital 
manages several other hospitals or there is a multiple hospital 
grouping. These multiple hospital arrangements will have an 
influence upon how health care is delivered. 

In the nonprofit, nongovernmental grouping of hospitals, 
some are church hospitals, supported financially by fees from 
paying patients or by contributions from the several religious 
orders or churches. These hospitals are owned and controlled 
either by the religious order, or diocese, as in the Catholic 
churches, or by a separate governing board, as in churches of 
other denominations. 

Community hospitals or private, nonprofit hospitals are 
owned and operated by members of the community, but with no 
relationship to the local government. They are financed by fees 
from patients from the community and surrounding area. The 
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cost of providing medical care for the indigent is a problem for 
the community hospital, and this cost is met through local, 
state, and federal assistance. 

FUNCTIONS—Traditionally, the hospital’s basic purpose 
for existence has been the treatment and care of the sick and 
injured. In conjunction with this basic function, hospitals have 
been concerned with teaching, particularly of medical students, 
ever since the pre-Christian Era of Greek medicine. Research 
has been another function of the hospital. In modern times a 
fourth function has been assumed by hospitals, namely, public 
health (preventive medicine or wellness). Thus, the four fun- 
damental functions of hospitals are patient care, teaching, re- 
search, and public health. 

Patient Care—The modern hospital is charged with main- 
taining and restoring health to the community that it serves. 
The other three functions are really the handmaidens of pa- 
tient care, since they exist because they contribute either di- 
rectly or otherwise to the care of the sick and injured. Emer- 
gency care of the injured commands prime attention in any 
hospital—fully as important as the care of the inpatient. Out- 
patient care also has become an important part of the hospital’s 
responsibility to the community. 

Patient care involves the diagnosis and treatment of illness 
or injury, preventive medicine, rehabilitation, convalescent 
care, dental care, and personalized services. 

In providing patient care, hospitals usually have two basic 
types of accommodations, based on the patient’s ability to pay: 
the full-pay or private patient and the partially or totally med- 
ical indigent (charity) patient. With the marked increase in 
prepaid hospitalization insurance (through commercial insur- 
ance carriers such as Blue Cross or managed-care contracts 
such as health maintenance organizations (HMOs)) there has 
been a great increase in the number of private patients. The 
federal government’s involvement with medical care through 
Medicare and Medicaid expands coverage for a broad popula- 
tion group who previously were partially or totally medical 
indigents, including nonindigent groups. 

Education—This is an important function of the modern 
hospital, whether it is or is not affiliated with a university. 
Education as a hospital function is of two major forms: 


1. Education of the medical and allied health professions. This form 
includes physicians; nurses; medical social service workers; medical 
record librarians; dietitians; X-ray and laboratory technicians; medical 
technologists; respiratory, physical, and occupational therapists; hospi- 
tal administrators; pharmacists; and others. The hospital’s educational 
program for these groups includes formal programs (such as medical 
and nursing schools); in-service training programs for professional per- 
sonnel, such as residencies; and on-the-job training programs for non- 
professional personnel. Such educational programs are essential; it is 
only in a hospital that such concentrated facilities are available to 
provide the necessary practical learning experience for dealing with the 
saving of human lives. 

2. Education of the patient. This is an important hospital function, 
the scope of which is seldom realized by the public. It includes providing 
general education for children confined to long-term hospitalization; 
special education in the area of rehabilitation—psychiatrically, socially, 
physically, and occupationally; and special education in health care, for 
example, teaching diabetics or cardiac patients to care for their ailment 
or teaching colostomy patients who require reorientation in caring for 
their personal needs. 


Research—Hospitals carry out research as a vital function for 
two major purposes: the advancement of medical knowledge 
against disease and the improvement of hospital services. Both 
purposes are directed toward the basic aim of better health care 
for the patient. Examples of research activities in the hospital 
include devising new diagnostic procedures, conducting labora- 
tory and clinical experiments, developing and perfecting new sur- 
gical procedures or techniques, and evaluating investigational 
drugs. Other examples include research to improve administra- 
tive procedures for greater efficiency and lower cost to the patient; 
improvement of accounting procedures for more-equitable cost 


distribution of services; and designing, developing, and evaluating 
new equipment and facilities to improve patient care. 

Research in hospitals was performed primarily by medical 
staffs in the past. However, in recent years there has been a 
significant increase in research activities in the various hospi- 
tal departments by other than medical personnel. Nursing, for 
example, is now engaged in significant research designed to 
improve patient care. Many drugs are evaluated in hospitalized 
patients before they are marketed, and thus the clinical eval- 
uation of investigational drugs presents many opportunities for 
the hospital pharmacist to participate in research. Pharmacists 
are involved in many other types of research, such as pharma- 
cokinetic studies involving individualization of drug-dosing in 
patients, biopharmaceutical studies of drug products and ra- 
diopharmaceutical dosage formulations, and pharmacoeco- 
nomic studies, as well as administrative and professional stud- 
ies on drug-distribution systems, the effectiveness of clinical 
roles of pharmacists, and drug-utilization review studies. 

Wellness—The prime objective of this fourth and relatively 
new hospital function is to assist the community in reducing 
the incidence of illness and improve the general health of the 
population. Examples of public-health activities are the close 
working relationships many hospitals have with public-health 
departments of communicable diseases; the participation in 
disease detection programs as for tuberculosis, diabetes, hyper- 
tension, and cancer; the participation in mass public ino- 
culation programs such as those against influenza and polio- 
myelitis; and the participation of hospital ambulatory-care 
departments in teaching better routine hygienic practices, 
wellness clinics, and exercise and fitness programs, as well as 
ways in which patients should care for themselves when illness 
strikes. Hospital pharmacists have an opportunity to contrib- 
ute to this function by providing health-information brochures 
and services to outpatients and by instructing them on the safe 
use of drugs and poison-prevention measures. 

STANDARDS OF PRACTICE—In the US the public is 
able to determine whether a hospital provides a minimum 
quality of patient care through its accreditation status. The 
accreditation program is conducted on a national basis, and its 
purpose is to determine the quality of care rendered to patients. 
This is achieved through the establishment of minimum stan- 
dards of quality of patient care and the invitation to all hospi- 
tals to meet or surpass these standards by improving their 
services and facilities. 

The accreditation program was carried out by the Joint Com- 
mission on Accreditation of Hospitals (JCAH). This name was 
changed from JCAH to Joint Commission on Accreditation of 
Healthcare Organizations (JCAHO) in 1988. This change reflects 
the influence this organization has on the standards of health- 
care delivery. JCAHO sets standards for home-care programs, 
healthcare networks, long term care facilities, behavioral health 
care organizations, and ambulatory care providers as well as 
hospitals. 

The JCAHO is an independent, voluntary agency, and its 
actions are not subject to ratification by the organizations repre- 
sented by its component members. One of its objectives is to make 
known to the public the names of those hospitals that have invited 
its scrutiny and have been accredited by it through meeting the 
minimum standards established for good patient care. The net 
effect of the program is to enable the public to discriminate be- 
tween hospitals that are accredited and those that are not. 

Accreditation of hospitals began in 1918 when The Ameri- 
can College of Surgeons initiated its hospital-standardization 
program. The purpose was to elevate the quality of surgical 
care provided in hospitals. The program involved setting up 
minimum standards of practice for the operating rooms, but it 
also pointed up the need for similar standards in all depart- 
ments of the hospital. The first list of approved hospitals, 
published in 1919, contained 89 approved hospitals out of 692 
surveyed. The American College of Surgeons standardization 
program was taken over by the JCAH in 1953. 


During the years the American College of Surgeons carried out 
the accreditation program, the pharmacy was not included among 
the essential divisions of the hospital but, rather, was listed as a 
complementary division. The JCAH continued this classification 
for several years. However, in 1956, the pharmacy department 
was included among the essential services of the hospital, and 
thus official recognition was given to the importance of the phar- 
macy. In 1965 the JCAH amended its standards for medical staff 
functions by requiring a Pharmacy and Therapeutics Committee. 
Previously, the JCAH had only considered this committee to be a 
desirable one rather than an essential committee. A more recent 
development was the inclusion in the requirement for registration 
by the AHA that “Pharmacy service shall be maintained in the 
institution and shall be supervised by a registered pharmacist.” 

In the early 1990s JCAHO launched its new direction for the 
accreditation review process entitled agenda for change. This 
new approach now focuses upon quality patient care through 
outcomes measurements using continuous quality improve- 
ment (CQI) techniques. This is in contrast to the previous 
review system, which focused solely upon physical plant, safety 
procedures, and structure and process of patient care. 

Another major impetus to the development of standards of 
practice in hospitals came about with the enactment of the 
Social Security Amendments of 1965 (Medicare). This law set 
forth certain conditions that hospitals are required to meet for 
purposes of participating as providers of services to recipients 
of federally financed programs. These requirements are pub- 
lished as a manual entitled Conditions of Participation—Hos- 
pitals (available from the US Dept of Health and Human Ser- 
vices, Social Security Admin, Washington, DC). This manual 
includes the conditions of participation for the various depart- 
ments of the hospital, including the pharmacy department. 
These conditions have played a major role in challenging small 
hospitals to consider appointing pharmacists to their staffs, 
providing comprehensive pharmacy services, and establishing 
pharmacy and therapeutics committees. 

ORGANIZATION AND ADMINISTRATION—No matter 
what the type of organization and control of a hospital, there is 
always a governing body of some sort to which the administrator, 
Chief Executive Officer (CEO), president, director, superinten- 
dent, medical director, and chief administrative officer (or what- 
ever the individual is titled) must report. In the case of the federal 
hospitals, this usually is not a group on a local area level. In state, 
county, and city hospitals the governing body is usually from the 
political subdivision in which the hospital is located but need not 
be so when persons of special ability are concerned or in cases 
where political pressure is applied. In the nonprofit, nongovern- 
mental hospital, there is usually a governing board, board of 
trustees, board of governors, or other titled group that assumes 
overall responsibility for the proper operation of the hospital so 
that adequate service can be rendered to the sick and injured at as 
low a cost as is compatible with efficiency. 

Specifically, the duties of the governing board, performed 
through the chief executive officer, are the responsibility for the 
selection of competent personnel including the medical staff, 
control of hospital funds, and supervision of the physical plant. 
By reason of certain court decisions the responsibility for injury 
or other act by a member of the hospital staff on the hospital 
grounds reverts back to the governing board, although the 
individual hospital personnel is involved. 

The governing body, acting on recommendations of the chief 
executive officer, must establish the working hours and condi- 
tions, salary schedules, and proper checks on personnel. Again, 
acting on the recommendations of the chief executive officer, the 
governing board must establish a schedule of room rates and 
other charges for hospital inpatient and ambulatory care. The 
board must devise methods for obtaining endowments and other 
grants to supplement income from paying patients and help to 
balance the hospital budget. The board must invest endowment 
funds and other grants, from which the interest is to be used for 
operating or other expenses, wisely. It must make certain that 
there is an adequate accounting system and provide for routine 
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audit of the accounts. This board must determine the needs for 
additional or replacement construction of the physical plant of the 
hospital and must contract with the most advantageous bidder. 

The governing board has its own internal organization, con- 
sisting of a president or chairman, vice-chairman, secretary, 
and treasurer. On many boards the chief executive officer of the 
hospital serves as the secretary. There are usually certain 
standing committees appointed, such as 


The executive committee. 

The hospital committee dealing with personnel appointments, espe- 
cially those of the medical staff, and with other activities of a depart- 
mental nature. 

The finance committee, which is concerned with the hospital budget, 
room rates, and other financial matters. 

A committee on public relations, which is concerned with educating 
the community on the value of the hospital and with maintaining a 
desirable relationship with the community. 


There may be other committees appointed as the need arises, 
such as an expansion and development committee when the 
hospital is concerned with the need for construction of addi- 
tional hospital beds. 

The CEO of the hospital is appointed by the governing board 
and must produce a two-way channel of communication between 
the board and the hospital staff and personnel insofar as the 
needs or desires of both are concerned. The CEO is often the 
secretary of the governing board and reports to it all essential 
facts concerning the operation of the hospital and receives from 
the board all directives it issues. The hospital administrator must 
have initiative and leadership as well as executive ability to carry 
out his or her responsibilities. All functions of professional care of 
the patient must be carried on within budgetary limitations, and 
there must be interdepartmental cooperation and harmony. 

For administrators to carry out the overall responsibilities 
assigned by the governing board, they need assistance. De- 
pending on the size of the hospital there may be one or more 
associate and several assistant administrators. The adminis- 
trator also appoints heads of departments. The department 
heads have the responsibility of operating the departments 
effectively and properly, within the overall policies and philos- 
ophies established by the hospital’s governing board. 

Among the many departments that make up the modern hos- 
pital there are some in which the services involve primarily the 
professional care of the patient, while the services of other depart- 
ments involve mainly the business management of the hospital. 

Some of the departments that deal with the professional 
care of the patient (diagnostic or therapeutic) are 


Medical Records 

Medical Social Service 
Nuclear Medicine 

Nursing Service 
Occupational Therapy 
Pharmacy Service 

Physical Medicine 
Radiology & X-Ray Therapy 
Respiratory Therapy 


Ambulatory Care 

Anesthesia 

Blood Bank 

Clinical Laboratories 

Dental Service 

Dietary and Nutrition Service 
Electrocardiograph Laboratory 
Electroencephalograph Laboratory 
Emergency Room 

Medical Library 


Departments that deal with the business management or 
administrative side of the hospital include 


Engineering & Maintenance 
Housekeeping 

Information Service 
Materials Management 
Personnel & Payroll 
Purchase & Store Room 
Telephone Switchboard 
Volunteer Service 


Accounting 

Admitting 

Biomedical Engineering 
Business Office 
Cafeteria & Coffee Shop 
Central Transportation 
Credit & Collection 
Computer Services 


THE MEDICAL STAFF—The medical staff of a hospital 
falls in a different category organizationally than the depart- 
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ments listed previously. Physicians are independent agents 
taking care of their patients, and they use the hospital, its 
departments, facilities, and services to care for these patients. 
The governing board of the hospital and the community that it 
represents exercise effective control over the medical staff. 
Although the governing board neither originates nor imple- 
ments medical policy, it is responsible for it, and while the 
board members are not competent to pass judgment on the 
professional care of the patient, they are, as representatives of 
the ownership of the hospital, liable for dereliction of duties 
established by law. Thus, the board delegates a portion of its 
duties and responsibilities to its appointed medical staff to 
originate medical policy honestly and carry out this policy in 
good faith. To do this requires that the medical staff be orga- 
nized to govern itself and appraise its own work and yet be 
responsible to the governing board for the details of its work. 

For a physician to be appointed to the medical staff of a 
hospital, an application for membership must be made. This 
application and appropriate credentials are considered by the 
credentials committee of the medical staff, which determines 
whether the physician is competent to practice in the claimed 
specialty. The credentials committee also evaluates the appro- 
priateness of need and the qualifications of the physician to 
perform certain specialized procedures (eg, cardiac transplant, 
laser surgery, radiation oncology therapy). The credentials 
committee, if favorably impressed, makes its recommendation 
to the medical staff for appointment. Assuming this is ap- 
proved, the recommendation goes to the governing board for 
final approval, upon which the physician is designated a mem- 
ber of the medical staff of the hospital for a specified period of 
time, usually 1 year, subject to renewal. 

The organized medical staff of a hospital has certain duties: 


Providing professional care to patients of the hospital. 

Maintaining its own efficiency. 

Self-governing. 

Participating in the educational program of the hospital. 

Auditing its own professional work. 

Advising and assisting the administrator and the governing board 
regarding medical policies. 


There are two main types of hospital staffs: open and closed. 

An open staff is one in which certain physicians other than 
those on the attending or active medical staff are allowed to use 
the private-room facilities, providing they comply with all rules 
and regulations of the institution. These physicians are termed 
members of the courtesy medical staff; the hospital is termed an 
open-staff hospital. 

A closed staff is one in which all professional services, pri- 
vate and charity, are provided and controlled by the attending 
or active medical staff. A hospital with this type of staff is 
termed a closed-staff hospital. The closed staff, though it has 
minor drawbacks, is the more desirable for the average hospital 
and especially for the teaching hospital, because it allows care- 
ful selection of a group of specialists with excellent reputations. 

The medical staff consists of the following groups: an hon- 
orary staff, a consulting staff, an active staff, an associate staff, 
a courtesy staff, and a resident staff. The honorary medical 
staff is composed of physicians who have been active in the 
hospital but who are retired and those whom it is desired to 
honor because of outstanding contributions. The consulting 
medical staff consists of specialists who are recognized as such 
by right of passing specialty boards or belonging to the national 
organization of their specialty and who serve as consultants to 
other members of the medical staff when called upon. The 
active or attending medical staff is the group primarily con- 
cerned with regular patient care. It is the group most actively 
involved in the hospital. In internal staff government it is the 
authoritative body. The associate medical staff is composed of 
junior or less-experienced members of the staff. Appointment to 
this group is the first step toward active or attending staff 
membership. The courtesy medical staff consists of those phy- 
sicians who desire the privilege of attending private patients 


but who do not desire active staff membership. The resident 
medical staff is composed of residents, who are full-time em- 
ployees of the hospital. These persons provide specific services 
in the care of the patient, for which they receive education and 
experience. 

FINANCING HOSPITAL CARE—The technological de- 
velopments of our industrialized society and the rapid ad- 
vances of the medical sciences increase the financial burdens of 
hospitals annually. Hospitals, to provide the best care avail- 
able, at the insistence of the public, must keep up with these 
advances by obtaining the newest diagnostic and therapeutic 
equipment, facilities, and products. In addition, the increasing 
cost of labor is reflected in the increased cost of the personal- 
ized services made available in the modern hospital. The cost of 
hospital care is a direct reflection of these developments. In 
1946 the total cost of operating all US hospitals was $1.9 
billion; by 1978 it had reached $65.5 billion. By 1996, health- 
care costs were over $1 trillion. This cost is approximately 15% 
of the Gross National Product (GNP). 

Perhaps the most widely used statistic to describe hospital 
costs is the total expense per patient day. In 1946 the average 
cost per patient day in hospitals was $5.21; in 1974 it averaged 
$84; in 1997 it was between $1000 and $1600. With the trend 
toward more-equitable salaries for hospital personnel, there 
is every indication that hospital costs will continue to rise 
dramatically. 

For centuries hospitals have struggled with the problem of 
finances adequate to cover total operating expenses. The fact 
that, basically, the public does not care to pay for something it 
does not want has been a major factor in this struggle for 
financial survival. Individuals resist having to pay hundreds or 
thousands of dollars for an operation or a long hospital stay 
that they have not anticipated. At one time hospitals were a 
place where people went to die; the public cared little about 
their financial struggles. But, as the hospital developed into a 
place where people went to get well, the public took a more 
positive interest in the financial problems. In other words, the 
public has come to recognize that although it dislikes paying 
hospital bills it must do so if the hospital is to continue to exist 
to protect the public health. Over the last few decades the 
quality of health and the lifespan have both increased. 

Sources of Income—There are several main sources of in- 
come for hospitals: patients, government, third-party hospital- 
ization insurance, voluntary contributions, endowment funds, 
and investments. 

Since most hospitals in the US are private (nongovernmen- 
tally operated), the bulk of income to these institutions is from 
the patient, either directly or indirectly. Funds may come from 
the patient directly or they may come through hospitalization 
insurance (usually referred to as third-party payments). Most 
of the population is covered by hospitalization insurance. 

Another third-party principle involves the workmen’s com- 
pensation regulations in the various states. These vary among 
the states, but essentially each involves the employer taking 
out an accident insurance policy that will pay for emergency 
treatment or hospitalization of the employee in case of accident 
or injury on the job. 

Medically indigent patients are those who do not have suf- 
ficient income to pay for their own personal health needs. 
Although some private organizations provide assistance to this 
group of patients, the bulk of the financial assistance comes 
from tax funds through local, state, and federal agencies. The 
list of public tax-supported programs for health-care assistance 
is formidable and becomes complex in determining what de- 
partment, division, or agency of the federal, state, county, or 
city government is involved. In addition, dependents of mem- 
bers of the Armed Forces, members of the Public Health Ser- 
vice and their families, and the veterans of foreign wars receive 
health care through public tax funds. 

The Social Security Amendments of 1965 and 1972 extended 
the benefits for hospitalization, physician’s services, and out- 
patient services from the original Social Security Law. A sub- 


stantial portion of hospital costs is provided under federal 
auspices. The total percentage of health-care costs covered by 
third-party reimbursement of some sort approaches 90%. 

Other sources of income for hospitals are the voluntary 
contributions of individuals, corporations, foundations, and 
community fund-raising campaigns. Some of these are direct 
contributions to the hospitals; others are made available in the 
form of grants for research; still others are given for major 
expansion or remodeling programs. Private health-assistance 
agencies assist individuals who need help by subsidizing the 
cost of their hospitalization and other health-care needs. 

Many hospitals are fortunate in receiving substantial sums 
for the purpose of setting up endowment trust funds and for use 
by the hospitals in other ways. In addition, some hospitals 
receive some income through investments, such as in real 
estate. 

Another category of income sources includes the gift shop, 
small food-service facility, or beauty parlor, many of which are 
operated by a women’s auxiliary on a voluntary basis. 

HEALTH MAINTENANCE ORGANIZATIONS—A health 
maintenance organization (HMO) is a public or private organi- 
zation that provides comprehensive health services to individ- 
uals enrolled with such an organization on a per capita prepay- 
ment basis. Such comprehensive or total health services 
include minimum emergency care, inpatient hospital and phy- 
siclan care, ambulatory physician care, prescription services 
and preventive medical services. This type of capitated com- 
prehensive care often is referred to as managed care. 

In 1973 Congress passed the Health Maintenance Organi- 
zation Act of 1973 (Public Law 93-222), which provided new 
authority to the Department of Health, Education and Welfare 
(now Health and Human Services) to develop new HMOs. Ac- 
cording to the Act an HMO is an organizational entity that 
includes four essential attributes: 


1. An organized system for providing health care in a geographic area, 
which entity accepts the responsibility to provide or otherwise as- 
sure the delivery of 

2. an agreed-upon set of basic and supplemental health maintenance 

and treatment services to 

a voluntarily enrolled group of persons 

and for which services the HMO is reimbursed through a predeter- 

mined, fixed, periodic prepayment made by or on behalf of each 

person or family unit enrolled in the HMO without regard to the 
amounts of actual services provided. 
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Among many other things, this legislation authorizes an 
HMO to “maintain, review and evaluate ... a drug use profile 
of its members receiving prescription drugs, evaluate patterns 
of drug utilization to assure optimum drug therapy and provide 
for instruction of its members and health professionals in the 
use of prescription and nonprescription drugs.” Thus, opportu- 
nities exist for the development of challenging new roles for 
pharmacy within HMOs in the broad areas of rational drug 
therapy including diagnostic and curative, as well as preven- 
tive, therapy. Many would agree that pharmacy practice within 
these organized health-care facilities is characteristic of insti- 
tutional pharmacy practice. 


THE HOSPITAL PHARMACY 


The separation of pharmacy from medicine took place in char- 
itable institutions operated under governmental or ecclesiastic 
authority. The fact that business interests played no part in the 
delivery of care to patients in these institutions led to an 
eventual division of labor to improve the quality of care. This 
division of labor in the physician-apothecary function led to the 
recognition of pharmacy as a discipline separate from medicine. 
Since the division occurred in hospitals, the hospital pharma- 
cist was the first recognized practitioner of the profession of 
pharmacy. 
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The development of hospital pharmacy in different coun- 
tries was vitally affected by educational standards and the 
caliber of its practitioners. Thus, hospital pharmacy as an 
important professional specialty virtually was neglected in 
America for almost 168 years, from the time that Jonathan 
Roberts became the first hospital pharmacist at the Pennsyl- 
vania Hospital (Philadelphia) in 1752 to approximately 1920. 
Others of this period included Charles Rice (1841-1901) of 
Bellevue Hospital in New York City and Martin I Wilbert 
(1865-1916) of the German Hospital in Philadelphia. 

A NATIONAL PROFESSIONAL SOCIETY—Although 
the existence of the American hospital covers a span of more 
than 200 years, only during the past four decades or so have we 
witnessed the rapid expansion leading to our present vast and 
complex hospital system. As the movement toward the organi- 
zation, expansion, and growth of the hospital system in the US 
began to take shape, there also developed a movement toward 
the organization of hospital pharmacists. As Niemeyer et al* 
point out, the critical years for hospital pharmacy were the two 
decades from 1920 to 1940. The awakening in the 1920s came 
about as a result of a growing realization by hospital pharma- 
cists of the problems, potentialities, and importance of their 
specialty. The advances in the 1930s resulted from their deter- 
mination for organization, recognition, and establishment of 
higher standards of practice.” 

The activities of hospital pharmacists during this critical 
period resulted in the formation of the American Society of 
Hospital Pharmacists (ASHP) in 1942. The development of the 
Society within the sphere of American pharmacy has been due 
in large part to the adoption of a philosophy of service by 
hospital pharmacists that places the patient as the focal point 
for the existence of pharmacy practice as indicated in the ASHP 
Mission Statement.° The unity that binds hospital pharmacists 
through their national professional society stems from their 
being a goal-oriented group. The common bond among them is 
the development of higher standards of professional practice 
and service, because the patient needs them. The membership, 
exceeding 30,000, represents a significant majority of the phar- 
macists practicing in the institutional setting. Because of this 
common goal, the ASHP has made significant progress during 
the first 58 years of its existence. 

Despite its relative youth, the ASHP has made significant 
contributions toward the improvement of hospital pharmacy. 


The American Journal of Hospital Pharmacy is one of the best 
professional publications in international pharmaceutical circles. In 
addition, Clinical Pharmacy was published to provide in-depth articles 
dealing with clinical practice. In 1994 these two significant journals 
were combined to provide a journal on a semimonthly basis and were 
later merged into the American Journal of Health-System Pharmacy. 

The International Pharmaceutical Abstracts (IPA) was introduced 
by the ASHP because of the need for such a publication. This abstract 
service provides extensive coverage of the pharmaceutical literature 
and now is available for on-line computer searches. 

Drug Information (American Hospital Formulary Service) is a com- 
prehensive, unbiased source of current information on drugs provided 
on a supplemented basis annually. This is a comprehensive reference 
often used at hospital nursing stations throughout the country. This 
serves as a basis for pharmacists to extend their role as pharmaceutical 
consultants to the medical profession. 

In 1964 the Mirror to Hospital Pharmacy provided the findings from 
an exhaustive study of hospital pharmacy in the US. The whole basis 
for this study was to find out existing practices in hospital pharmacy 
and determine ways in which to improve the quality and expand the 
scope of its pharmaceutical service. 

Continuing-education programs, known as Institutes, have served 
to help the hospital pharmacist keep up with current trends of pro- 
fessional practice. Continuing-education programs such as this are es- 
sential for practicing pharmacists to maintain their professional 
competency. 

Maintaining professional competency is one of the greatest chal- 
lenges of the profession of pharmacy today, indeed the challenge for all 
health professions. Each year the ASHP conducts two major continuing- 
education programs on a national basis—the Midyear Clinical Meeting 
and the Annual Meeting. The Midyear Clinical Meeting has become the 
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world’s largest meeting for pharmacy, with over 15,000 participants in 
attendance. 

The residency training programs in hospital pharmacy are accred- 
ited by the Society and serve as a basis for ensuring a high quality of 
training of future practitioners. In addition to a residency in pharmacy 
practice with emphasis on pharmaceutical care, specialized residencies 
in nuclear pharmacy, ambulatory care, pediatric pharmacy, psychiatric 
pharmacy, geriatric pharmacy, drug information pharmacy practice, 
oncology pharmacy, primary care, internal medicine, clinical pharma- 
cokinetics, critical care, nutrition support, pharmacotherapy practice, 
infective diseases practice, managed-care, home care, long-term care 
and management serve to provide a means to develop practitioners with 
specialized skills to meet future practice needs. 

The Minimum Standard for Pharmacies in Hospitals (1995) pro- 
vides a helpful set of principles on which to develop good professional 
practices within the hospital. 


Many other contributions such as computer-assisted instruc- 
tion modules, video tapes, and self-study modules have been 
made by the Society, and still others are currently under de- 
velopment. Thus, the strengths of a goal-oriented Society are 
readily apparent in the ASHP’s contributions to American hos- 
pital pharmacy. 


Standards of Practice 


The movement to develop standards of practice in the hospital 
was initiated by the American College of Surgeons during the 
early 1900s, when surgeons recognized the need to standardize 
and improve on surgical procedures, operating room tech- 
niques, and medical record-keeping on surgical operations. The 
College found that to improve the overall care of surgical pa- 
tients, standards needed to be developed in other departments 
of the hospital as well as in the operating room. As a result of 
their initiative, the first Minimum Standard for Pharmacies in 
Hospitals was presented to the 18th Hospital Standardization 
Conference of the American College of Surgeons in 1935. In 
1942, when the ASHP was organized, a standing Committee on 
Minimum Standards was appointed for the purpose of main- 
taining and developing better minimum standards. The origi- 
nal standard of the American College of Surgeons was revised 
by the ASHP in 1950. This revised Standard was approved by 
the APhA, American Hospital Association, and Catholic Hos- 
pital Association and received editorial endorsement by the 
AMA. The Minimum Standard for Pharmacies in Hospitals 
with Guide to Application has been revised periodically, result- 
ing in the ASHP Guidelines: Minimum Standard for Pharma- 
cles in Institutions (available from ASHP, 7272 Wisconsin Av- 
enue, Bethesda, MD 20814). 

To assist hospital administrators and hospital pharmacists 
to review their pharmacy service in terms of expected qualita- 
tive performance, the JCAHO has continued to revise its stan- 
dards for a hospital pharmacy. These standards, while not 
totally inclusive of a broad scope and high-quality pharmaceu- 
tical service, do challenge the 6500 hospitals to meet optimum 
achievable standards of practice in providing a high quality of 
service. 

Another standard of practice relating to institutional phar- 
macy is the federal requirement imposed under the Social 
Security Amendments of 1965 (Medicare) and subsequent 
amendments. 

ORGANIZATION—Within the organizational structure of 
the hospital, the director of pharmacy, as a department head, 
reports to the administrator of the hospital on the proper op- 
eration and management of the pharmacy. The director of 
pharmacy formulates and implements departmental adminis- 
trative and professional policies of the pharmacy, subject to the 
approval of the administrator. The professional and clinical 
policies relating to hospital-pharmacy practice, which have a 
direct relationship to the medical staff, are formulated and 
developed through the pharmacy and therapeutics committee 
and are subject to administrative approval (see Pharmacy and 
Therapeutics Committee). 


The organizational strueture of the hospital pharmacy may 
be as illustrated in Figure 111-1. This chart attempts to illus- 
trate that coordination and integration of all the technical 
elements of practice must be implemented effectively into a 
total pharmaceutical service. For example, there are technical 
and professional elements of a clinical-pharmacy service. On 
the other hand, there are clinical components of professional, 
technical, and support services. Likewise, there are educa- 
tional, technical, and clinical implications to the research and 
supportive components to a pharmacy service. Therefore, one 
should look at the organizational structure of a modern hospi- 
tal pharmacy in terms of the overall elements comprising its 
services rather than viewing it from a clinical versus an oper- 
ational standpoint. This philosophical approach to the organi- 
zational and operational aspects of hospital pharmacy is essen- 
tial for effective use of all the pharmaceutical sciences that 
underlie the profession of pharmacy. 

A close examination of this organizational chart shows the 
many ramifications of the practice of pharmacy in today’s mod- 
ern hospital. There follows a comprehensive job description of 
the pharmacist’s responsibilities in general hospital pharmacy 
activities and in clinical functions and responsibilities. 


PHARMACIST RESPONSIBILITIES 


I. Central pharmacist’s responsibilities 
A. Dispensing area 

1. Ensures that established policies and procedures are 
followed. 

2. Checks for accuracy of doses prepared: 

a. Intravenous admixtures 

b. Unit dose 

3. Provides for proper drug control: 

a. Ensures that drugs are stored and dispensed prop- 
erly (eg, investigational drugs). 

b. Ensures that all state and federal drug laws are 
followed. 

4. Ensures that good techniques are used in compounding 
intravenous admixtures and extemporaneous prepara- 
tions. 

5. Provides for proper record keeping and billing: 

a. Patient-medication records 

b. Extemporaneous compounding records 

c. Intravenous admixture records and billing 

d. Investigational-drug records 

e. Reports (eg, monthly workload report) 

6. Maintains professional competence, particularly in 
knowledge of drug stability and incompatibilities. 

7. Ensures that new personnel are trained properly in the 
policies and procedures of the dispensing area. 

8. Coordinates the activities of the area with the available 
staff to make the best possible use of personnel and 
resources. 

9. Keeps the dispensing area neat and orderly. 

10. Communicates with all pharmacy staff regarding new 
developments in the area and assists in employee 
evaluations. 

11. Provides drug information as necessary to the pharmacy, 
medical, and nursing staffs. 

12. Coordinates the overall pharmaceutical needs of the pa- 
tient-care areas with the dispensing area (eg, delivery 
schedules). 

B. Patient-care area 

1. Supervision of drug administration. 

a. Reviews and interprets each unit dose and IV admix- 
ture medication order to ensure that it is entered 
accurately into the unit-dose or IV-admixture sys- 
tem. 

b. Reviews each patient’s drug administration form pe- 
riodically to ensure that all doses are being admin- 
istered and charted correctly. 

1. Reviews all doses missed, reschedules the doses as nec- 
essary and signs all drugs not given notices. 

2. Ensures that new drug-administration forms are tran- 
scribed accurately for continuity of drug therapy and 
that drug charges are assessed correctly. 

c. Confirms periodically that administered doses are 
noted correctly on the patient’s chart. 
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Figure 111-1. Typical organizational structure of a pharmacy department. 
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Ensures that records for administered narcotics are 
kept correctly and that the physician is informed of 
all automatic stop orders. 

Ensures that proper drug-administration techniques 
are used. 

Acts as liaison between the pharmacist and the nurs- 
ing and medical staffs. 

Communicates with nurses and physicians concern- 
ing medication-administration problems. 
Periodically inspects the medication areas on the 
nursing units to ensure that adequate levels of floor- 
stock drugs and supplies are maintained. 

Ensures that drugs and supplies are procured from 
the dispensing area as required. 

Ensures that other supportive services performed by 
the department of pharmacy are carried out cor- 
rectly. 

Coordinates all pharmacy services on the nursing- 
unit level. 

Ensures that the medication area is neat and 
orderly. 

Ensures that proper security is maintained in the 
medication area to prevent pilferage. 


2. Direct patient care 


a. 


b. 


Cc. 


Identifies drugs brought into the hospital by 
patients. 

Obtains patient medication histories and communi- 
cates all pertinent information to the physician. 
Assists in drug-product and entity selection. 
Assists the physician in selecting dosage regimens 


DRUG INFORMATION 
AND POISON CONTROL 
SERVICES DIVISION 


EDUCATION AND TRAINING 
DIVISION 


PROFESSIONAL STAFF 
DEVELOPMENT 
RESIDENCY TRAINING 
PROGRAM 
TECHNICIAN SELECTION 
AND TRAINING DIVISION 
COMPUTERIZED PHARMACY 
OPERATIONS DIVISION 


PHARMACEUTICAL AND CLINICAL 
RESEARCH DIVISION 


ASSAY AND QUALITY CONTROL 


— 
DIVISION 
DRUG KINETICS AND 
BIOAVAILABILITY ss 
LABORATORY 
MANUFACTURING AND |_| 


PACKAGING DIVISION 


L 


PURCHASING AND INVENTORY |_| 


CONTROL DIVISION 


DEPARTMENTAL SERVICES (a 


DIVISION 


[ INVESTIGATIONAL DRUG U 
STUDIES DIVISION 


EEE 


and schedules, then assigns drug-administration 
times for these schedules. (Pharmacokinetic service.) 
e. Monitors patients’ total drug therapy for 
1) Effectiveness/ineffectiveness 
(2) Side effects 
3) Toxicities 
4) Allergic drug reactions 
5) Drug interactions 
6) Appropriate therapeutic outcomes 
f. Counsels patients on 
1) Medications to be self-administered in the hospital 
2) Discharge medications 
g. Participates in cardiopulmonary emergencies by 
(1) Procuring and preparing needed drugs 
(2) Charting all medications given 
3) Performing cardiopulmonary resuscitation, if 
necessary 
3. General Responsibilities 
a. Provides education to 
(1) Pharmacists, pharmacy externs, clerkship stu- 
dents, residents, and other students 
(2) Nurses and nursing students 
(3) Physicians and medical students 
b. Provides drug information to physicians, nurses, and 
other health-care personnel. 


Il. Ambulatory pharmacist’s responsibilities 
A. Dispensing Area 
1. Ensures that established policies and procedures are 
followed. 
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2. Checks for accuracy in the work of supportive personnel. 
3. Ensures that proper techniques are used in extempora- 
neous compounding. 
4. Provides for adequate record keeping and billing. 
a. Patient medication records 
b. Investigational drug records 
c. Outpatient billing 
d. Reports 
e. Prescription files 
5. Maintains professional competence. 
6. Ensures that new personnel are trained properly in the 
policies and procedures of the ambulatory pharmacy. 
7. Coordinates the activities of the area with the available 
staff to make the best use of personnel and resources. 
8. Keeps the ambulatory pharmacy area neat and orderly 
at all times. 
B. Patient care area 
1. Inspects the medication areas on the nursing unit peri- 
odically to ensure an adequate supply of stock drugs and 
their proper storage. 
2. Identifies drugs brought into the clinic by patients. 
3. Obtains patient-medication histories and communicates 
pertinent information to the physician. 
4. Assists in drug-product and entity selection. 
5. Assists the physician in selecting dosage regimens and 
schedules. 
6. Monitors the patients’ total drug therapy for 
Effectiveness 
Side effects 
Toxicities 
Allergic drug reactions 
Drug interactions 
f. Appropriate patient outcomes 
7. Counsels patients on the proper use of their medication. 
8. Prepares medications for intravenous administration. 
9. Provides medications and/or supplies for patient home 
care. 

C. General responsibilities 

1. Provides drug information as necessary to pharmacy, 
medical, and nursing staffs. 

2. Coordinates overall pharmaceutical needs of the ambu- 
latory service area. 

3. Provides adequate drug control. 

a. Ensures that drugs are handled properly (eg, 

investigational-drug storage). 

b. Ensures that all state and federal laws are followed. 
Maintains professional competence in area. 
Participates in cardiopulmonary emergencies by 

a. Procuring and preparing needed drugs 

b. Charting all medications given 

c. Performing cardiopulmonary resuscitation, if 

necessary 
6. Provides in-service education to 
a. Pharmacists, pharmacy externs, clerkship students, 
residents, and other students 
b. Nurses and nursing students 
c. Physicians and medical students 
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In a small hospital with only one pharmacist it is a chal- 
lenge to be knowledgeable in all the activities of hospital phar- 
macy. In a large hospital with a number of pharmacists who 
specialize in certain areas of practice, each may become expert 
in one or more fields. The staffing pattern in hospital pharmacy 
varies, depending on the scope and quality of pharmaceutical 
service being offered. Most hospitals with fewer than 100 beds 
employ a pharmacist on a full-time basis. As the size of the 
hospital increases, so does the personnel in the pharmacy. For 
example, in a 300-bed progressive hospital the pharmacy may 
be staffed with a director of pharmacy, an assistant director of 
pharmacy, from 7 to 12 staff pharmacists, 5 to 15 nonpharma- 
cists, and a full-time department secretary. In the very large 
hospitals with several hundred beds, one may find the staffing 
pattern in the hospital pharmacy to consist of a director of 
pharmacy, an associate director, two or more assistant direc- 
tors, one or more supervisor pharmacists, as many as 40 to 60 
or more staff pharmacists (many of whom are clinical special- 
ists), 10 to 16 pharmacy residents, and about as many non- 
pharmacist helpers, technicians, and secretarial personnel as 


professional personnel. In addition, several clinical pharmacy 
faculty associated with a college of pharmacy also may be 
active within the department. 

To schedule the workload of the department equitably and 
to ensure that all the functions are carried out, various meth- 
ods are devised, such as work-distribution charts, job descrip- 
tions, policy and procedure manuals, and functional organiza- 
tional charts. These and other management aids are used by 
the director of pharmacy in a large department to ensure that 
all the services and functions are fulfilled adequately. 

INTEGRATED HEALTH SYSTEMS—Recently, there 
has been a marked change in hospitals and their diversity of 
services. Many hospitals have merged with other hospitals and 
other patient-care services such as home health care, ambula- 
tory-care clinics, long-term care, and wellness facilities. These 
systems often are known as health systems, since the overall 
governance of the system is unified. Directors of hospital 
departments are often administratively responsible for 
pharmaceutical services in multiple hospitals, ambulatory-care 
pharmacies, long-term care pharmacy services, and home 
health-care units. As these hospitals evolve into health sys- 
tems, various services such as computer systems, drug-distri- 
bution systems, and clinical pharmacy services are provided 
and managed by one pharmacy administrative unit for all units 
in the health system. 

FACILITIES—tThere are great variations in the amount of 
floor space devoted to the pharmacy in hospitals of the same 
size and type. Such variations have a direct bearing on the 
scope of service that can be developed in the pharmacy. A 
helpful guide for planning hospital pharmacy facilities has 
been prepared through the cooperative efforts of the Public 
Health Service, ASHP, and the pharmacy literature. 

In the smaller hospital with one pharmacist, only one room 
usually is required for the pharmacy, a combination of dispens- 
ing, manufacturing, administrative, and all other features of a 
complete pharmaceutical service. When sterile products are to 
be prepared, there should be a separate room or area for such 
work. An area of this type is required for reconstituting lyoph- 
ilized injections, ophthalmic preparations, packaging unit-dose 
injections into syringes, and preparing intravenous admix- 
tures, all of which must remain sterile. 

Hospitals of 200 beds and larger provide the opportunity for 
departmentalization of pharmacy activities. There should be a 
separate area for inpatient services and unit-dose dispensing; 
outpatient service; an office for the chief pharmacist; a com- 
pounding, prepacking, and labeling room; a storeroom; a sterile 
products and [V-admixture clean room; a room or area for a 
departmental computer; a separate area for drug information 
services; and space assigned on various nursing units for unit- 
dose, drug-administration, and clinical-pharmacy services. 

As the hospital size advances to 500, 1000, or more beds, so 
of course will the space requirements of pharmaceutical service 
increase. 

PHARMACY AND THERAPEUTICS COMMITTEE— 
The relationship between the community pharmacist and the 
physicians is a direct person-to-person contact. There is a 
physician-pharmacist-patient relationship that is uncompli- 
cated by organizational lines. On the other hand, the hospital 
pharmacist is responsible for maintaining proper relationships 
with from dozens to a few hundred physicians on the medical 
staff. This is complicated further by the introduction of the 
nursing profession within the physician-pharmacist-patient re- 
lationship. Experience has shown that there is a need for a 
formal organizational line of communication and liaison be- 
tween the medical staff and the pharmacy department of a 
hospital. This was recognized by the American College of Sur- 
geons when it adopted the first Minimum Standard for Phar- 
macies in Hospitals in 1935. The Pharmacy and Therapeutics 
Committee also is recognized by the JCAHO as an essential 
committee of the hospital’s medical staff. 

The ASHP has formulated and adopted a statement em- 
bodying the definition, purpose, organization, functions, and 


scope of a pharmacy and therapeutics committee. This state- 
ment (Fig 111-2), is an effective guide to organizing such a 
committee. 

It has been thought by many that the sole purpose of a 
pharmacy and therapeutics committee was to develop a formu- 
lary and operate a formulary system. It can be seen from the 
preceding statement that there are many important functions 
of this committee in addition to the formulary system. A hos- 
pital’s medical staff could have an effective pharmacy and 
therapeutics committee without having a formulary system. 
On the other hand, a hospital could not properly operate a 
formulary system without a pharmacy and therapeutics com- 
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mittee, unless the medical staff served as a committee of the 
whole. 

During recent years, with the development of the clinical- 
pharmacy movement, a number of clinical pharmacists on the 
staff of some departments have developed expertise in specific 
therapeutic specialty areas. Therefore, it was a logical devel- 
opment that a subcommittee structure could be developed un- 
der the pharmacy and therapeutics committee. For example, a 
cardiologist and a renologist along with a clinical pharmacist 
who specialized in cardiorenal pharmacology and therapeutics 
could provide the appropriate expertise to the pharmacy and 
therapeutics committee in this area of drug therapy. The orga- 


ASHP Statement on the Pharmacy and Therapeutics Committee 


The multiplicity of drugs available and the complexities surrounding 
their safe and effective use make it necessary for organized health-care 
settings to have a sound program for maximizing rational drug use. The 
pharmacy and therapeutics (P&T) committee, or its equivalent, is the 
organizational keystone to this program. 

The P&T committee evaluates the clinical use of drugs, develops 
policies for managing drug use and drug administration, and manages 
the formulary system. This committee is composed of physicians, phar- 
macists, and other health professionals selected with the guidance of 
the medical staff. It is a policy-recommending body to the medical staff 
and the administration of the organization on matters related to the 
therapeutic use of drugs. 


Purposes 


The primary purposes of the P&T committee are 

1. Policy Development. The committee formulates policies regard- 
ing evaluation, selection, and therapeutic use of drugs and related 
devices." 

2. Education. The committee recommends or assists in the formu- 
lation of programs designed to meet the needs of the professional staff 
(physicians, nurses, pharmacists, and other health-care practitioners) 
for complete current knowledge on matters related to drugs and drug 
use. 


Organization and Operation 


While the composition and operation of the P&T committee might 
vary among specific practice sites, the following generally will apply: 

1. The P&T committee should be composed of at least the follow- 
ing voting members: physicians, pharmacists, nurses, administrators, 
quality-assurance coordinators, and others as appropriate. The size of 
the committee may vary depending on the scope of services provided by 
the organization. Committee members should be appointed by a gov- 
erning unit or authorized official of the organized medical staff. 

2. A chairperson from among the physician representatives 
should be appointed. A pharmacist should be designated as secretary. 

3. They should meet regularly, at least six times per year, and 
more often when necessary. 

4. The committee should invite to its meetings persons within or 
outside the organization who can contribute specialized or unique 
knowledge, skills, and judgments. 

5. An agenda and supplementary materials (including minutes of 
the previous meeting) should be prepared by the secretary and submit- 
ted to committee members in sufficient time before each meeting for 
them to review the material properly. 

6. Minutes of committee meetings should be prepared by the 
secretary and maintained in the permanent records of the organization. 

7. Recommendations of the committee should be presented to the 
medical staff or its appropriate committee for adoption or recommen- 
dation. 

8. Liaison with other organizational committees concerned with 
drug use should be maintained. 

9. Actions of the committee should be routinely communicated to 
the various health-care personnel involved in the care of the patient. 

10. The committee should be organized and operated in a manner 
that ensures the objectivity and credibility of its recommendations. The 
committee should establish a conflict of interest policy with respect to 
committee recommendations and actions. 


11. In formulating drug use policies for the organization, the com- 
mittee should be attentive to the content and changes in pertinent 
guidelines and policies of professional organizations and standards- 
setting bodies such as the American Society of Hospital Pharmacists, 
the American Hospital Association, medical and nursing associations, 
the Joint Commission on Accreditation of Healthcare Organizations, 
governmental agencies, and others as appropriate. 


Functions and Scope 


The basic organization of each health-care setting and its medical 
staff may influence the specific functions and scope of the P&T commit- 
tee. 

The following list of committee functions is offered as a guide: 

1. Toserve in an evaluative, educational, and advisory capacity to 
the medical staff and organizational administration in all matters per- 
taining to the use of drugs (including investigational drugs). 

2. To develop a formulary of drugs accepted for use in the orga- 
nization and provide for its constant revision. The selection of items to 
be included in the formulary should be based on objective evaluation of 
their relative therapeutic merits, safety, and cost. The committee 
should minimize duplication of the same basic drug type, drug entity, or 
drug product.” 

3. To establish programs and procedures that help ensure safe 
and effective drug therapy. 

4. To establish programs and procedures that help ensure cost- 
effective drug therapy. 

5. To establish or plan suitable educational programs for the 
organization’s professional staff on matters related to drug use. 

6. To participate in quality-assurance activities related to distri- 
bution, administration, and use of medications. 

7. To monitor and evaluate adverse drug (including, but not lim- 
ited to, biologics and vaccines) reactions in the health-care setting and 
to make appropriate recommendations to prevent their occurrence. 

8. To initiate or direct (or both) drug use evaluation programs and 
studies, review the results of such activities, and make appropriate 
recommendations to optimize drug use. 

9. To advise the pharmacy department in the implementation of 
effective drug distribution and control procedures. 

10. To disseminate information on its actions and approved rec- 
ommendations to all organizational healthcare staff. 


@ For additional information, see the “ASHP Statement on the Formulary 
System” (Am J Hosp Pharm 1983; 40:1384-85) and the “ASHP Technical 
Assistance Bulletin on the Evaluation of Drugs for Formularies” (Am J Hosp 
Pharm 1988; 45:386-7). 


» For additional information, see the “ASHP Technical Assistance Bulletin 
on Drug Formularies” (Am J Hosp Pharm 1991; 48:791-38). 


Approved by the ASHP Board of Directories, November 20, 1991, and by 
the ASHP House of Delegates, June 1, 1992. Revised by the ASHP Council on 
Professional Affairs. Supersedes previous versions approved by the House of 
Delegates, May 15, 1978, and June 6, 1984. 


Copyright © 1992, American Society of Hospital Pharmacists, Inc. All 
rights reserved. 


Reprinted from the Am J Hosp Pharm 1992; 49:929—30. 
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nizational chart in Figure 111-3 illustrates a more effective 
approach for the medical and pharmacy staff to develop and 
implement a rational drug-therapy program, a subcommittee 
structure of specialists in defined areas of therapeutics. 

In addition, such a structure provides a mechanism for the 
development of a prospective, ongoing and also retrospective, 
drug-utilization review program in the hospital. 

As hospitals enter the era of cost containment and prospec- 
tive-payment systems, the pharmacy and therapeutics commit- 
tee assumes added responsibility to promote rational and cost- 
effective drug therapy and procedures. Both the clinical 
pharmacy staff and drug information pharmacist play an ever- 
increasing role in committee recommendations. 

FORMULARY SYSTEM—The formulary system and for- 
mularies have existed in the US since the days of the American 
Revolution and in European hospitals for centuries prior to 
this. The need for hospital formularies becomes increasingly 
great because of 


The increasing number of new drugs being marketed. 

The increasing influence of biased advertising and unscientific sci- 
entific drug literature. 

The increasing complexity of untoward effects of the newer, more 
potent drugs. 

The highly competitive marketing practices of the pharmaceutical 
industry. 

The public’s interest in seeing that the health professions are con- 
scientiously providing the best possible care at the lowest possible cost. 

This is substantiated by the fact that the federal government re- 
quires the establishment of Professional Review Organizations (PROs), 
whose purpose it is to monitor and control the quality of services 
rendered to patients. Cost control also is being emphasized by the 
federal Maximum Allowable Cost (MAC) programs for patients on fed- 
erally funded programs. 

The formulary system—because it has attempted to outline the 
scientific data on a drug, including its toxicities, untoward side effects, 
and beneficial effects—has been a controversial method of appraising 
drug therapy. While the pharmaceutical industry promotes the virtues 
of a tradenamed drug, the formulary system evaluates the virtues and 
defects of that drug in comparison with other tradenamed brands with 
similar therapeutic uses. 

To outline precisely what the formulary system is and is not, the 
Statement on the Formulary System was developed and approved by 
ASHP (Fig 111-4). This statement differentiates between the formulary 
system and the hospital formulary and lists a number of guiding prin- 


Medical Staff 


ciples designed to help physicians, pharmacists, and administrators 
operate a hospital formulary system. 


Hospital pharmacists have viewed the hospital formulary 
system as a means for the pharmacist to assume professional 
responsibilities in drug-product selection. Essentially, the for- 
mulary system provided a mechanism to avoid brand duplica- 
tion and therapeutic duplication, as well as promoting rational 
drug therapy. The success of this system is due to peer review 
in a hospital, whereby physicians agree to practice by the 
policies and procedures established by the committee process. 

Many useful reference sources are available to assist phar- 
macy and therapeutics committees to develop an effective, on- 
going rational drug therapy program and formulary system in 
the hospital. The knowledgeable drug-information specialist 
and the clinical pharmacist can use these reference sources 
effectively to encourage the medical staff of the individual 
hospital to select those drugs its members consider most effec- 
tive therapeutically, together with the preparations in which 
they may be administered most effectively. Such reference 
sources are described in Chapter 109. In addition, these com- 
mittees have focused increasingly upon the pharmacoeco- 
nomics of drug therapy, prompting them to be more selective or 
restrictive in the use of drugs available for patient care. 

An active pharmacy and therapeutics committee with a 
well-developed formulary system provides assurance that the 
medical staff, the pharmacy staff, and the administration of the 
hospital have taken the necessary steps to assure the patient of 
a rational drug therapy program. 

Another significant activity of the pharmacy and therapeu- 
tics committee is performing Drug Usage Reviews (DURs) or 
Drug Usage Evaluations (DUEs) or Medication Use Evalua- 
tions (MUEs) studies. The committee, with active involvement 
by the pharmacy, determines the drugs to be studied, deter- 
mines the appropriate usage criteria, collects data, evaluates 
actual usage data against approval criteria, and makes recom- 
mendations for improvement in appropriate use of the drug 
studied. Figure 111-5 illustrates the continuous monitoring of 
DUE studies by the pharmacy and committee. In addition, the 
committee is charged by JCAHO to monitor Adverse Drug 
Reactions (ADRs) and medication errors, as a part of the qual- 
ity assurance standards of the medical staff. 


Department of Pharmacy 
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Figure 111-3. Organization of a pharmacy and therapeutics committee. 
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ASHP Statement on the Formulary System 


Preamble 


The care of patients in hospitals and other health-care facilities is often 
dependent on the effective use of drugs. The multiplicity of drugs 
available makes it mandatory that a sound program of drug usage be 
developed within the institution to ensure that patients receive the best 
possible care. 

In the interest of better patient care, the institution should have a 
program of objective evaluation, selection, and use of medicinal agents 
in the facility. This program is the basis of appropriate, economical drug 
therapy. The formulary concept* is a method for providing such a 
program and has been utilized as such for many years. 

To be effective, the formulary system must have the approval of the 
organized medical staff, the concurrence of individual staff members, 
and the functioning of a properly organized pharmacy and therapeutics 
(P&T) committee” of the medical staff. The basic policies and proce- 
dures governing the formulary system should be incorporated in the 
medical staff bylaws, or in the medical staff rules and regulations. 

The P&T committee represents the official organizational line of 
communication and liaison between the medical and pharmacy staffs. 
The committee is responsible to the medical staff as a whole, and its 
recommendations are subject to approval by the organized medical 
staff, as well as to the normal administrative approval process. 

This committee assists in the formulation of broad professional 
policies relating to drugs in institutions, including their evaluation or 
appraisal, selection, procurement, storage, distribution, and safe use. 


Definition of Formulary and Formulary System 


The formulary is a continually revised compilation of pharmaceuti- 
cals (plus important ancillary information) that reflects the current 
clinical judgment of the medical staff.° 

The formulary system is a method whereby the medical staff of an 
institution, working through the P&T committee, evaluates, appraises, 
and selects from among the numerous available drug entities and drug 
products those that are considered most useful in patient care. Only 
those so selected are routinely available from the pharmacy. The for- 
mulary system is thus an important tool for assuring the quality of drug 
use and controlling its cost. The formulary system provides for the 
procuring, prescribing, dispensing, and administering of drugs under 
either their nonproprietary or proprietary names in instances where 
drugs have both names. 


Guiding Principles 


The following principles will serve as a guide to physicians, phar- 
macists, nurses, and administrators in hospitals and other facilities 
utilizing the formulary system: 

1. The medical staff shall appoint a multidisciplinary P&T com- 
mittee and outline its purposes, organization, function, and scope. 

2. The formulary system shall be sponsored by the medical staff 
based on the recommendations of the P&T committee. The medical staff 
should adapt the principles of the system to the needs of the particular 
institution. 

3. The medical staff shall adopt written policies and procedures 
governing the formulary system as developed by the P&T committee. 
Action of the medical staff is subject to the normal administrative 
approval process. These policies and procedures shall afford guidance in 
the evaluation or appraisal, selection, procurement, storage, distribu- 
tion, safe use, and other matters relating to drugs, and shall be pub- 
lished in the institution’s formulary or other media available to all 
members of the medical staff. 

4. Drugs should be included in the formulary by their nonpropri- 
etary names, even though proprietary names may be in common use in 
the institution. Prescribers should be strongly encouraged to prescribe 
drugs by their nonproprietary names. 


5. Limiting the number of drug entities and drug products rou- 
tinely available from the pharmacy can produce substantial patient 
care and (particularly) financial benefits. These benefits are greatly 
increased through the use of generic equivalents (drug products consid- 
ered to be identical with respect to their active components; eg, two 
brands of tetracycline hydrochloride capsules) and therapeutic equiva- 
lents (drug products differing in composition or in their basic drug 
entity that are considered to have very similar pharmacologic and 
therapeutic activities; eg, two different antacid products or two differ- 
ent alkylamine antihistamines.) 

The P&T committee must set forth policies and procedures govern- 
ing the dispensing of generics and therapeutic equivalents. These pol- 
icies and procedures should include the following points: 

< That the pharmacist is responsible for selecting, from available 
generic equivalents, those drugs to be dispensed pursuant to a physi- 
cian’s order for a particular drug product. 

< That the prescriber has the option, at the time of prescribing, to 
specify the brand or supplier of drug to be dispensed for that particular 
medication order/prescription. The prescriber’s decision should be 
based on pharmacologic or therapeutic considerations (or both) relative 
to that patient. 

< That the P&T committee is responsible for determining those 
drug products and entities (if any) that shall be considered therapeutic 
equivalents. The conditions and procedures for dispensing a therapeu- 
tic alternative in place of the prescribed drug shall be clearly delin- 
eated. 

6. The institution shall make certain that its medical and nursing 
staffs are informed about the existence of the formulary system, the 
procedures governing its operation, and any changes in those proce- 
dures. Copies of the formulary must be readily available and accessible 
at all times. 

7. Provision shall be made for the appraisal and use of drugs not 
included in the formulary, by the medical staff. 

8. The pharmacist shall be responsible for specifications as to the 
quality, quantity, and source of supply of all drugs, chemicals, biologi- 
cals, and pharmaceutical preparations used in the diagnosis and treat- 
ment of patients. When applicable, such products should meet the 
standards of the United States Pharmacopeia. 


Recommendation 


A formulary system, based upon these guiding principles, is impor- 
tant in drug therapy in institutions. In the interest of better and more 
economical patient care, its adoption by medical staffs is strongly rec- 
ommended. 


“The formulary system is adaptable for use in any type of health-care 
facility and is not limited to hospitals. 


» For additional information, see the “ASHP Statement on the Pharmacy 
and Therapeutics Committee” (Am J Hosp Pharm 35: 813, 1978). 


© For additional information, see the “ASHP Guidelines for Hospital For- 
mularies” (Am J Hosp Pharm 35: 326, 1978). 


Approved by the ASHP Board of Directors, November 18, 1982, and by the 
ASHP House of Delegates, June 7, 1983. Developed by the ASHP Council on 
Clinical Affairs. Supersedes the “ASHP Statement of Guiding Principles on 
the Operation of the Hospital Formulary System” approved by the Board of 
Directors, January 10, 1964. 


Copyright © 1983, American Society of Hospital Pharmacists, Inc. All 
rights reserved. 


Reprinted from Am J Hosp Pharm 40: 1384, 1983. 


Figure 111-4. 


PURCHASING—While the pharmacist may be the actual 
buyer in a small hospital, the principal function in purchasing 
is to establish standards and specifications for all drugs, chem- 
icals, diagnostic agents, and other preparations used in pa- 
tients, and pharmaceutical equipment. The pharmacist is re- 
sponsible for the quality of drugs dispensed to patients. The 


pharmacy and therapeutics committee serves as a potent force 
in helping the pharmacist to set up adequate specifications for 
the purchase of quality pharmaceuticals. 

The use of competitive bidding is considered good practice 
when a drug is used in large amounts and when future contin- 
ued use seems certain. A quotation request is directed to ap- 


1926 CHAPTER 111 


Pharmacy and Therapeutics Commiltee 


INTRAVENOUS POTASSIUM BOLUS STUDY 


(KCl bolus should not exceed 10meq/50nl over 1 hr via pump) 


10% sees Si 


8% | cat 
6% 
4% lop, 


2% 


0% %0 %0 %O0 %0 %0 %0 %0 %0 %O %O %O %O0 %O %O %O %O0 %O 4 


0% 
OON DE JEM CAIM ad) ASS20) (NID) Fh IMeASM Sd SAGs. 


1990-92 


[eara} not meeting criteria 


* Non-Compliance Threshold is 0% 


Fig 111-5. 


propriate manufacturers, and the company with the lowest 
price and yet standard quality usually receives the order for the 
material, after which the purchase order is prepared. 

Many hospitals have adopted the practice of preparing es- 
timates of drug usage for a given period. Thus, manufacturers 
are requested to submit their bid quotations on the total quan- 
tity of drugs to be used for a 1- to 3-year period or, in the case 
of intravenous solutions, even for a multiple-year period. The 
stipulation is that the hospital has the option to determine 
when and how much will be shipped at any time during the 
contract period. 

Upon review of these bids, the hospital pharmacist deter- 
mines which vendor will receive the contract, and a purchase 
order is sent to the respective manufacturers. Thus, by issuing 
an annual purchase order to each of the major pharmaceutical 
manufacturers, the hospital pharmacist eliminates significant 
amounts of paper work and unnecessary frequent bidding. 
Most hospitals have joined Group Purchasing Organizations 
(GPOs) or buying groups to pool their usage data so that one 
uniform contract can be neogotiated for all members of the 
group. Novation, Amerisource, and Premier are examples of 
such GPOs. 

Most hospital pharmacies now are dispensing all of their 
contract pharmaceuticals through a single wholesaler, who 
provides the materials to the hospital for a small percentage 
fee. This system is known as the prime-vendor system and 
enables the hospital to order all pharmaceuticals from the 
prime vendor. Thus, multiple purchase orders are eliminated, 
and ordering may be facilitated further using a computer. Most 
hospitals order electronically on a daily basis. This provides for 
a minimum inventory at the hospital and an optimum inven- 
tory rate. Many departments seek a turnover of stock 10 to 20 
times annually. In addition, the prime vendor can provide the 
hospital with coordinated purchase data and cost-control 
reports. 

Annual inventories should be taken as a check on the the- 
oretical inventory record maintained by either pharmacy or 
accounting. Various procedures are used to take a drug inven- 
tory. Many hospitals are using electronic data-processing in 
inventory value determinations. 

In many hospitals it has been observed that tradename 
duplications abound and clutter the shelves, increasing inven- 
tory and decreasing turnover rate and efficiency. The pharma- 
cist should review such inventory periodically and return out- 
moded and outdated drugs to the manufacturer for credit. In 
addition, he or she should bring this matter to the attention 
of the pharmacy and therapeutics committee, since one 
of its responsibilities is to delete outmoded drugs from the 
formulary. 


DRUG-DISTRIBUTION SYSTEMS—tThe organizational 
structure of the hospital has placed certain constraints on the 
manner in which hospitalized patients receive their drugs. 
These constraints revolve around professional prerogatives and 
traditions, as well as legal responsibilities, established for med- 
icine, nursing, pharmacy, and hospital administration. 

Physicians prescribe, pharmacists dispense, and usually 
nurses administer drugs. However, to have this simple tripar- 
tite order executed, many things must take place. The overall 
drug distribution and utilization process in the hospital in- 
volves an infinite number of procedures, personnel, depart- 
ments, equipment, and storage. As an illustration, trace the 
history of a drug from procurement to administration to the 
patient. 

Before a drug can be purchased, specifications must be 
prepared. This usually is done through the medical staff and 
the pharmacist by means of a pharmacy and therapeutics com- 
mittee. Requisitions outlining the specifications for the drugs 
selected are prepared and processed in the pharmacy. Drug 
shipments are received by the receiving department and dis- 
tributed to the pharmacy, where they are checked and stored 
for future use. Inventory-control procedures must be set up. In 
the meantime, invoicing for payment must be processed 
through the accounting department by a coordination of efforts 
among the pharmacy, purchasing, receiving, and business 
offices. 

Physicians must prescribe drugs before they can be admin- 
istered. Nurses must carry out these medication orders and 
obtain the necessary drugs from the pharmacy. Upon receipt of 
the medication order (prescription), the pharmacist must re- 
view the order for appropriateness, given the patient’s drug- 
therapy regimen. This computer order-entry function enables 
the pharmacists to review the total therapy of the patient in the 
context of the diagnosis, laboratory test results, nutritional 
status, and other parameters. In the pharmacy the drugs are 
transferred from the storage area to the dispensing area. There 
they may have to be prepackaged (for future use), compounded 
or manufactured, and have assay and control procedures per- 
formed. They must be packaged in proper quantities for use by 
the nurse to administer to the patient, labeled properly, 
checked for accuracy, and distributed to the nursing unit. Here, 
the drugs are stored again for continuous use by the patient, 
according to physicians’ orders. The nurse prepares the drug 
for administration, brings it to the patient, returns to the 
nursing unit, and records this information on the patient’s 
record. 

In the meantime the pharmacy processes these drug orders 
for billing purposes and sends these charges to the business 
office. There, they are posted to the patient’s account. Then, 
through coordination between pharmacy and accounting, data 
are accumulated on the cost of drugs issued, reduction of drug 
inventory, and income received to offset expenses incurred. 

While the mechanics of this operation are taking place, 
other activities must be completed. Problems must be resolved 
in the procurement phase regarding overshipments, under- 
shipments, or other shipping errors; errors in billing may have 
to be rectified. Outdated or deteriorated drugs may have to be 
returned to the manufacturer. Further information, such as 
dosage, toxicity, and side effects, may be required from the 
physician or nurse before the prescription can be filled. 

The medication use cycle is complex and passes through 
many health-care professionals to provide the appropriate drug 
to the patient. The average patient has 20 doses of medication 
per day while in the hospital. At each step, there is an oppor- 
tunity for a medication error that may or may not adversely 
effect the patient. Thus, the medication-use system is subject to 
constant review by the pharmacy and therapeutics committee, 
to maximize the safety of the system. The use of computers, 
automation, clinical pharmacist practitioners, and bar-code 
technology, can be incorporated into the drug distribution sys- 
tem to maximize efficiency and safety. 


Medication is administered to a hospital patient only upon 
the written order of a physician. Thus, a prescription order 
originates in the patient’s medical record, where physicians 
write out all the orders (prescriptions) they want carried out 
on, or for, the patient. Since the patient’s medical record re- 
mains at the nursing unit, it is essential that some means be 
used to transmit the prescription order from the nursing unit to 
the pharmacy. These orders are transmitted to the pharmacy 
usually in one of four ways: 


The physician writes the medication order on a separate blank. 

The medical record has a duplicate copy so that the pharmacy can 
obtain a carbon copy of the physician’s original medication order. 

The physician’s order is transcribed by nursing personnel onto an 
inpatient prescription or requisition form. The transcription method is 
no longer recognized as acceptable practice. 

The order is transmitted to the pharmacy by the physician inputing 
the order into a computer terminal. Most hospitals use procedures 
whereby the pharmacist obtains a direct copy of the physician’s medi- 
cation orders. Some process these orders to the pharmacy by facsimile 
(FAX) machines to expedite order transmission. 


The pharmacy department makes drugs available at the 
nursing unit for patient use usually in one of four ways: 


A complete floor-stock system 

Individual prescription medication for each patient. 

A combination of 1 and 2. 

Unit-dose dispensing, either centralized in the pharmacy or decen- 
tralized at the nursing unit level. 


pated Se 


Systems 1, 2 and 3 are considered poor drug-control meth- 
ods in comparison with 4. However, until all hospitals adopt 
these unit-dose concepts, pharmacists often must operate un- 
der these less-desirable systems. 

Drugs dispensed under a floor-stock system are of two classes: 
free and charge. Free floor stock consists of a predetermined list of 
medications that are available on every nursing unit of the hos- 
pital for use at no specific charge to the patient. Since these drugs 
are used in large quantities, they are prepackaged in standard- 
ized containers. Orders usually are received from each nursing 
unit of the hospital each day of the week. With other systems the 
pharmacy assumes the responsibility for maintaining the proper 
inventory of free floor-stock drugs on each nursing unit through 
an automatic floor-stock replacement system. Under such a sys- 
tem the nurse is relieved of having to maintain an inventory 
control, fill out a daily requisition order, and return the drug items 
to the shelves. The pharmacy personnel goes to the nursing unit 
with an adequate supply of each free floor-stock drug, takes an 
on-the-spot inventory, brings the inventory to a predetermined 
level, and records the quantities on a preprinted requisition that 
lists the drugs in the order in which they are stocked in the drug 
cabinets. Adequate controls, thus, can be set up on the basis 
of usage in relation to number of patient days per given in- 
terval of time. Some hospitals have adopted electronic data- 
processing procedures and/or bar-code technology to handle the 
totaling and cost extension of drugs issued and the preparation of 
monthly drug usage reports for each nursing unit. Usually these 
items are inexpensive pharmaceuticals that have universal pa- 
tient use (eg, alcohol, lotion, water for injection, normal saline 
injection). 

Charge floor stock is medication available at each nursing 
unit of the hospital and for which a charge is made to the 
patient. Certain medications are required to be used almost 
immediately after the physician prescribes them, and it is not 
practical to go to the pharmacy to obtain them in each instance, 
yet the cost and the volume of usage necessitates a charge to 
the patient. Such medications are usually injections or other 
single-dose forms. A common method of handling charge floor- 
stock drugs is to attach a small removable label, bar-code label, 
or prestamped pharmacy requisition form bearing the name of 
the drug to the charge floor-stock drug. When nurses need the 
drug they merely remove the label and affixes it to the usual 
inpatient prescription or requisition slip. This is used then for 
charging purposes and for replacement of the drug on the 
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nursing unit. The floor-stock system is used in small hospitals 
where pharmacists are not available to dispense individual 
doses for patients. 

Individual patient medications are compounded and dis- 
pensed in the usual manner, except that the name and strength 
of the drug are included on the label. In hospital practice all 
medications are kept in a nursing unit medication cabinet and 
are under the custody of the nurse in charge. The nurse or an 
assistant is responsible for administering the appropriate med- 
ication to each patient on the nursing unit. Thus, it is impor- 
tant to know what drug is being administered, for it is the 
nurse’s professional responsibility to observe the patient for 
untoward reactions and report this to the patient’s physician. 
Thus, patients never see the prescription container dispensed 
by the pharmacist to the nursing unit or have the container in 
their possession. A typical inpatient prescription label would 
contain the following information: 


Mr John Jones Tetracycline HCI capsules, 250 mg Room 608E 
Quantity #20 Lot # Exp Date 
Doctor’sname = Pharmacist’s name Date 


THE GENERAL HOSPITAL PHARMACY 


To expedite the dispensing of inpatient prescription medi- 
cation, hospital pharmacists have adopted the practice of pre- 
packaging frequently used drugs in standard dispensing quan- 
tities. It is not unusual for most of the inpatient prescription 
medications under this system to be prepackaged. Prepackag- 
ing drugs requires accurate procedures, controls, and records to 
trace the identity of the drug at all times. Thus, a prepackaging 
control record form is used for documentation of manufactur- 
er’s control numbers, expiration date, pharmacy control num- 
ber that appears on each prepackaged container label, and the 
pharmacist responsible for the prepackaging operation. In the 
case of a drug recalled by a manufacturer, the pharmacist 
easily can trace prepackaged quantities of the drug in question. 
The individual prescription method of distribution is used pre- 
dominately in small hospitals where a pharmacist is not on the 
premises all the time. 

In hospitals where patients pay for their hospitalization— 
compared with military or governmental hospitals—the phar- 
macy often employs a combination of the individual inpatient 
prescription system and the floor-stock drug system. Drugs that 
are free floor stock are charged against the nursing service and, 
in the final analysis, the patient does pay for the drugs, since 
the cost is included as a part of the nursing service portion of 
the daily room-and-board rate. 

Because of the large number and variety of drugs stored on 
nursing units—including individual patient prescriptions, free 
and charge floor stock, narcotics and other controlled drugs, 
investigational drugs, and emergency drug tray—it is an 1m- 
portant responsibility of the pharmacist to inspect these drugs 
routinely. Proper storage conditions must be adhered to, dated 
drugs must be checked, narcotic drugs must be safeguarded, 
and discontinued drugs must be removed from the nursing 
unit. To ensure proper control of a nursing station drug cabi- 
net, the pharmacist prepares a written report to the directors of 
nursing and of pharmacy. The condition of a nursing-unit med- 
ication station may warrant remedial attention by personnel 
from both departments. In some hospitals, pharmacists are 
assigned to specific nursing units to coordinate all the drug and 
drug therapy problems at the nursing-unit level. Rather than 
simply checking drug-storage conditions, they are developing 
new roles that bring them closer to the patient-care team.’ 

The most accepted method of dispensing drugs to hospital- 
ized patients is called wnit-dose dispensing and has become the 
standard of practice in most hospitals today. In this system the 
pharmacist prepares every dose of medication ready for admin- 
istration, rather than issuing containers of drugs to nursing 
units where the nurse must prepare the drug for administra- 
tion. For example, tablets and capsules are labeled for each 
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patient, liquids premeasured, lyophilized injections diluted and 
measured accurately into sterile syringes, parenteral-drug ad- 
mixtures added to intravenous solutions prior to use, and oral 
powders and other unusual dosage forms measured and mixed 
appropriately. Most of these procedures involve pharmaceuti- 
cal techniques that are properly the pharmacist’s responsibil- 
ity. Hospital pharmacists are studying various methods involv- 
ing centralized pharmacy versus decentralized pharmacies on 
the nursing units, using automated systems of communication, 
and information scheduling and retrieval to provide more ac- 
curate and effective overall drug distribution and use in the 
hospital. 

The unit-dose dispensing concept has changed many of the 
traditional functions of the hospital pharmacist. For example, 
the traditional prepackaging system of multiple doses of drugs 
has been changed to include the use of tablet and capsule 
strip-packaging, labeling machines, and liquid unit-dose pack- 
aging equipment. This is necessary since all drugs are not 
available from the industry in unit-dose packages. The tradi- 
tional individual inpatient prescription also is eliminated and 
thereby eliminates prescription-label typing. Free and charge 
floor-stock drug activities essentially are eliminated. An ASHP 
national survey of hospital-based pharmaceutical services in 
1996 indicated that 90% of all hospitals employed the unit- 
dose-dispensing system. This drug-distribution system has be- 
come the standard of practice. 

Unit-dose dispensing lends itself to certain automation pro- 
cedures, particularly with electronic data-processing and com- 
puters. On-line computers are used to program patients’ total 
drug-therapy profile, program the times for administering 
scheduled doses of drugs, maintain records of drugs adminis- 
tered, and initiate the drug charges to patients. This eliminates 
the traditional nurses’ drug Kardex (profile), medication ticket, 
and record-of-drug-administered manual system of keeping 
track of patients’ drug-therapy profiles. Thus, the hourly re- 
ports of the on-line computer on patients’ drug-therapy profiles 
can be used both by the pharmacy for unit-dose dispensing and 
by the nurse for drug administration. In fact, automated unit- 
dose dispensing machines using robotic principles are being 
used in some locations.® The interface with the hospital’s com- 
puter system can provide a system akin to robotic unit-dose 
dispensing. 

There have been hospitals merging drug dispensing and 
drug administration into a coordinated system under pharmacy 
control. This makes sense particularly when one considers the 
fact that when a physician writes a medication order for a 
hospitalized patient, it is essentially a pharmaceutical order, 
and pharmaceutical orders should be carried out under the 
supervision of pharmacists. This system was initiated at the 
Providence Hospital in Seattle.’ Registered nurses have been 
employed by the Pharmacy Department and, in conjunction 
with a unit-dose dispensing system by the pharmacists and 
technicians, nurses are responsible for administering all the 
drugs to hospitalized patients. Thus, such a coordinated system 
effects certain efficiencies and eliminates many steps from the 
traditional drug-distribution and utilization system. 

A pharmacy-coordinated unit-dose dispensing and drug- 
administration system was initiated at the Ohio State Univer- 
sity Hospitals in 1969.9 This system differs from the Provi- 
dence Hospital program in that pharmacy technicians were 
trained to administer the drugs instead of registered nurses. 
These pharmacy technicians assist in the unit-dose dispensing 
phase as well as the drug-administration phase of the coordi- 
nated system, which is controlled and supervised directly by 
registered pharmacists. Thus, pharmacists work directly with 
physicians on the nursing unit to carry out pharmacy’s main- 
stream function of the safe and appropriate use of drugs in 
patients. 

A pharmacy-coordinated unit-dose dispensing and drug- 
administration system requires a complex series of well- 
integrated procedures to administer drugs to patients safely 
and accurately. A number of studies have shown that unco- 


ordinated drug-distribution systems have a high incidence 
of medication errors. A two-phase comprehensive study of 
the pharmacy-coordinated unit-dose dispensing and drug 
administration-system showed that it reduced the incidence of 
medication errors significantly in comparison with the other 
drug-distribution systems in existence.'° 

For effective and efficient functioning, a unit-dose dispens- 
ing and drug-administration system should include a proce- 
dural manual that outlines the stepwise procedures for imple- 
menting the myriad tasks and the in-process quality-control 
checks required for the safe and accurate handling of drugs in 
the institutional setting in which the system is used. 

The General Accounting Office (GAO) studied several dis- 
tribution systems in its Study of Health-Care Facilities Con- 
struction Costs (Dec, 1972) and reported that in addition to 
safer and better patient care through minimization of medica- 
tion errors, the unit-dose system was to be recommended also 
because of its favorable life-cycle cost-to-benefit ratio. The 
JCAHO also recommends the unit-dose distribution system. 
The ASHP Statement on the Pharmacist’s Responsibility for 
Distribution and Control of Drug Products (1996) and the 
ASHP Technical Assistance Bulletin on Drug Distribution and 
Control provide best demonstrated practices in hospitals for 
the medication use cycle. 

PATIENT SELF-ADMINISTRATION OF DRUGS IN 
HOSPITALS—Pharmacists generally have considered a unit- 
dose dispensing system as a panacea for hospital drug prob- 
lems. However, unit-dose dispensing systems primarily have 
been pharmacy-centered rather than patient-centered. The new 
direction in hospital pharmacy is to develop patient-oriented 
services as the focal point in drug-distribution systems. 

The self-administration of drugs by patients in the hospital 
offers many advantages. It allows patients to assume more 
responsibility for their direct care and allows them to learn how 
to use drugs properly and to be able to anticipate potential side 
effects and other drug-created problems. It provides a salient 
opportunity for the pharmacist to help educate patients on the 
safe and proper use of drugs and thereby alleviates much time 
spent by nurses and physicians in this essential pharmaceuti- 
cal function. 

Self-administration of drugs by patients can be imple- 
mented effectively on numerous hospital services, such as ob- 
stetrics, surgery, medicine, physical medicine and rehabilita- 
tion, and even in psychiatry.1!1* Again, a procedural manual 
should be prepared that outlines the methods used to imple- 
ment a patient self-administration program as part of a unit- 
dose distribution system. A self-administration medication pro- 
gram gives patients possession of their medication and makes 
the patients responsible for its administration. Both the nurse 
and pharmacist will make rounds to ensure that patients are 
using their medication properly. 

The self-administration medication program enables nurses 
to use their time better. Patients should become more knowl- 
edgeable about their medication, thus enhancing proper and 
safe use of drugs during hospitalization and after discharge. 

A nurse-administered medication program places all re- 
sponsibility for medication administration on the nurse provid- 
ing the service. This program is used for patients who are not 
capable of self-administering their medications or for those 
medications that patients cannot administer to themselves. 
This is the interacting role that hospital pharmacists have 
developed under the umbrella term clinical pharmacy. 

As the pharmaceutical industry develops the unit-dose- 
packaging concept and as physicians and the FDA continue 
their drive to provide patients with drugs labeled with the 
name of the medication in the original manufacturer’s package 
(to ensure stability and identity), this virtually will eliminate 
the count-and-pour and labeling operations in filling prescrip- 
tions. It substantiates the need to use technicians in the phys- 
ical handling of drugs. It is obvious that this main purpose 
of pharmacists must change if they want to remain health 
professionals. 


There is, however, a challenging professional role which the 
pharmacist can assume as a member of the health-care team. 
This role involves the safe and appropriate use of drugs in 
patients. Taken in a broad context, this implies a high-level 
role indeed. This is the main purpose for the existence of 
pharmacy as a health profession. Thus, the concept behind the 
clinical-pharmacy movement is directed toward the develop- 
ment of this role as the main function of the profession. 

INVESTIGATIONAL DRUGS—The hospital pharmacist 
is in a strategic position to participate in an evaluation pro- 
gram on investigational drugs because such drugs must be 
tried in a hospital setting where the necessary laboratory and 
other medical facilities are available. It is thus a prime respon- 
sibility of the pharmacy and therapeutics committee to estab- 
lish policies and procedures relative to the handling and control 
of investigational drugs in the hospital. To assist the commit- 
tees, the ASHP developed a statement entitled ASHP Guide- 
lines on Clinical Drug Research (1998) embodying basic prin- 
ciples applicable to the safe handling of investigational drugs 
in the hospital. The ASHP also has provided a manual dealing 
with pharmacists’ responsibilities and opportunities in han- 
dling investigational drugs. 

There are many problems associated with the use of inves- 
tigational drugs in the hospital, some of which are 


Legal problems may result if a hospital does not exercise due care in 
the proper handling of investigational drugs in the overall care of the 
patient. 

Nurses, as agents of the hospital, usually are responsible for admin- 
istering investigational drugs to patients. In performing this act it is 
essential that sufficient information on the proper dosage, route of 
administration, possible toxic reactions and side effects, precautions, 
and proper labeling is available to them. 

Investigational drugs, as they are made available from the manu- 
facturer to the principal investigator, are not labeled sufficiently in 
many instances to prevent the possibility of error in their administra- 
tion to patients. 

Because investigational drugs fall in the area of research, in con- 
trast to accepted methods of treatment, there are legal implications 
revolving around the need for written consent by patients. 

In the case of double-blind studies it is essential that the person 
holding the code be readily available 24 hr a day, 7 days a week, in case 
the patient’s condition warrants a breaking of the code. 

The legal requirements for proper records on the use of investiga- 
tional drugs have been delineated by the FDA. In case of a recall 
because of severe permanent toxicity resulting from an investigational 
drug, it is essential that records of its use on specific patients in a 
hospital should be readily available. In cases in which the lot number of 
the drug is a significant factor such records also should be available. 

In cases in which investigational drugs are used on outpatients it is 
essential that such drugs be labeled to conform to legal requirements, 
such as childproof-packaging requirements and controlled substances 
requirements. It should be obvious that information must readily be 
available to assist physicians in other hospitals who may be required to 
treat patients suffering from accidental overdosage or toxic symptoms. 

It is essential that the supply of an investigational drug be available 
during the night and weekends as well as when the principal investi- 
gator is at the hospital if nurses are to maintain uninterrupted dosage 
schedules in the best interest of the patient. 


Thus, the problems associated with the proper handling of 
investigational drugs provide ample justification to warrant 
the establishment of sound policies and procedures governing 
their use in the hospital. This is a responsibility of the medical 
staff. The pharmacy and therapeutics committee is a commit- 
tee of the medical staff and, therefore, should have the respon- 
sibility to formulate policies and procedures relative to the 
handling of investigational drugs. The hospital pharmacist as a 
key member of the pharmacy and therapeutics committee 
makes a real contribution to better patient care and safety by 
participating in formulating policies and procedures for han- 
dling investigational drugs in the hospital. Often, pharmacists 
serve on the Institutional Review Board (IRB) of a hospital and 
are involved with the review of all experimentation involving 
humans. The pharmacist can provide valuable insight on the 
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design, economics, and ethics involved in drug studies in hu- 
man patients. 

It is required that physicians obtain written consent from 
the patient prior to use of an investigational drug. 

The hospital pharmacist needs to maintain adequate dis- 
pensing records (see Fig 111-6) for all investigational drugs 
dispensed. 

Many hospital pharmacists are involved clinically with on- 
cology-team members in patient monitoring, drug preparation, 
and administration of investigational drugs. Patient consent 
and patient information are essential in such activities. Phar- 
macists often provide specific drug-information cards to pa- 
tients so that they may understand better their drug regimen 
and the various side effects or problems to expect (Fig 111-7). 

A single prescription for a single patient does not raise the 
question of investigational-drug use. The federal law can be 
violated by preparing large quantities of drugs that have not 
been approved for human use by the FDA. To avoid legal 
violation, a sponsor of a drug investigation must file with the 
FDA a Notice of Claimed Investigational Exemption for a New 
Drug (IND). Such a form usually is filed by a pharmaceutical 
manufacturer; however, others may serve as the sponsor, such 
as a physician, pharmacist, an institution such as a hospital, or 
the hospital-pharmacy department. 

An abbreviated form of IND is acceptable to the FDA when 
a physician wants to study a drug that no manufacturer wants 
to sponsor. The physician may serve both as sponsor and in- 
vestigator, or the hospital pharmacy may serve as sponsor and 
the physician as investigator. Some hospital pharmacy depart- 
ments serve as sponsors on many abbreviated INDs for special 
drug dosage forms that are not available commercially. The 
required forms for the sponsor and investigator plus the new- 
drug regulations are available from the FDA. Additional infor- 
mation is given in Chapter 48. 

INTRAVENOUS ADMIXTURES—Health care personnel 
who are professionally best qualified to prepare intravenous 
admixtures are hospital pharmacists trained to provide such 
service. Hospital pharmacists successfully have organized, de- 
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METHOTREXATE 


OTHER NAMES: amethopterin, mexate, folex, 
MTX. 


WHAT IS METHOTREXATE? 

Methotrexate is a cancer antimetabolite; it 
interferes with the metabolism of folic acid a 
compound necessary for the survival of the cell. 
Methotrexate is S-phase specific; the S-phase is 
a certain phase the cell goes through during it’s 
life cycle. Methotrexate is used in the treatment 
of many different cancers. It is used in treatment 
of solid tumors in adults, which include 
adenocarcinoma of the breast, lung cancer, 
squamous cell carcinomas of the head, neck and 
cervix, and osteogenic sarcoma. Methotrexate 
is also used to treat malignant lymphoma 
(non-Hodgkins lymphoma and mycosis 
fungoides), acute lymphoblastic leukemia, 
choriocarcinoma, and children’s solid tumors 
(rabdomyosarcoma). 


WHAT SIDE EFFECTS ARE ASSOCIATED 
WITH METHOTREXATE? 


The possible side effects of methotrexate 
are: 

(1) Bone marrow depression (which clinically 
causes the patient to become more 
susceptable to infection.) 

(2) Stomatitis (mouth sores) 

(3) Diarrhea 

(4) Kidney toxicity 

(5) Neurologic toxity (behavioral abnormalities, 
focal sensorimotor signs [example: 
numbness] and abnormal reflexes) 

(6) Possible dermatologic changes (acne and 
boils) 

(7) Alopecia (hair loss) 

(8) Weakness, dizziness, and drowsiness. 


Your physician should be notified of any of the 
side effects listed above or any other situation 
that coincides with the start of the drug. 


WHAT PRECAUTIONS SHOULD BE TAKEN 
WITH THIS MEDICATION? 


Notify your physician of any allergies you 
may have, medications you are currently taking, 
and if you think you might be pregnant. 


SPECIAL INSTRUCTIONS: 


(1) Avoid drinking alcohol 

(2) Avoid prolonged exposure to the sun and 
tanning beds 

(3) Report any bruising, bleeding, black or tarry 
stools, or blood in your urine to your 
physician. 

(4) Report any fever or sign of infection (cough, 
chills or weakness) to your physician. 

(5) Report any numbness or loss of sensation to 
your physician. 


WHAT IS LEUKOVORIN? 


Leukovorin is used in higher dose 
methotrexate therapy to reverse the toxicity to 
normal cells. This is often called “leukovorin 
rescue”. The logic behind this treatment is that 
leukovorin is transported into normal cells and 
converted into tetrahydrofolic acid ( a metabolite 
necessary for cell survival) while leukovorin is 
not transported into the cancer cell as fast or not 
at all. 


WHAT ARE THE SIDE EFFECTS OF 
LEUKOVORIN? 


Leukovorin appears to be nontoxic at 
therapeutic doses. Although thrombocytosis 
has been reported. 
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Fig 111-7. Drug-information card for patients. 


veloped, and operated a centralized pharmacy intravenous- 
admixture service that!* 


Saves nursing time for other professional nursing roles. 

Provides a system for screening physical-chemical incompatibilities and 
dispensing stable preparations. 

Minimizes pharmaceutical calculation errors. 

Reduces the risk of medication error by providing additional checks.'* 

Centralizes responsibility for preparation of parenteral admixtures. 

Labels admixtures with rate of infusion as prescribed by the physician 
and provides a standardized label format. 

Provides an aseptic environment for the preparation of admixtures. 

Conforms to the standards recommended by the JCAHO. 

Conforms to the guidelines established by the National Coordinating 
Committee on Large-Volume Parenterals. 

Provides a mechanism for charging patients for IV therapy and creating 
revenue. 

Ensures more effective use of professional personnel in the hospital. 

Minimizes the potential for medicolegal liability. 


Provides for the preparation of solutions that are not commercially 
available. 


The JCAHO wisely promulgated the concept that the phar- 
macist should be involved in preparing intravenous admix- 
tures. In the Pharmacy Section of its current Standards for 
Accreditation, the JCAHO frequently refers to the subject of 
the safe and accurate handling of all drugs, including intrave- 
nous admixtures. One especially relevant statement is 


The compounding and admixture of large-volume parenterals 
should ordinarily be the responsibility of a qualified pharmacist. Indi- 
viduals who prepare or administer large-volume parenterals should 
have special training to do so. When any part of the above functions 
(preparing, sterilizing and labeling parenteral medications and solu- 
tions) is performed within the hospital, but not under direct pharmacy 
supervision, the director of the pharmaceutical service shall be respon- 
sible for providing written guidelines and for approving the procedure 
to assure that all pharmaceutical requirements are met. 


In rising to the challenge posed by the JCAHO, it is essen- 
tial that the pharmacist be involved in preparing intravenous 
admixtures. A pharmacy-controlled intravenous-admixture 
service demonstrates that a hospital is fulfilling its responsi- 
bilities to patients. The responsibility for preparing intrave- 
nous admixtures is actually the same as that assumed for the 
unit-dose distribution system. An intravenous admixture is a 
unit dose. 

Hospital pharmacists need the support of hospital adminis- 
trators, directors of nursing, and medical staffs (through their 
respective pharmacy and therapeutics committees) to develop 
and operate an effective intravenous-admixture service. In es- 
tablishing such a service it is important that specific guidelines 
for its operation be formulated. 

According to the 1996 ASHP national survey of hospital- 
based pharmaceutical services, 80% of all hospitals provide a 
complete [V-admixture service. The ASHP has furnished a 
technical-assistance bulletin Quality Assurance for Pharmacy- 
Prepared Sterile Products (1993).'° These guidelines promote 
greater attention to clean-room technology, personnel training 
and validation, and quality assurance procedures. Specific 
guidelines for compounding chemotherapy admixtures are also 
provided by the ASHP in a technical assistance bulletin. The 
IV-admixture service can serve as a base for other pharmacy 
services such as chemotherapy compounding, allergy extract 
preparation, and parenteral home-care programs (see also 
Chapter 42). 

AMBULATORY-CARE SERVICES—As ambulatory-care 
activities continue to increase within the institutional setting, 
the hospital pharmacist becomes more and more involved in 
providing services to these patients. While these pharmacy 
activities parallel community-pharmacy practice, hospital- 
pharmacy practitioners have developed many innovative ser- 
vices for the patient. They include special patient-information 
brochures, patient-dosing calendars, special packaging, and 
patient-education audiovisual and home-care programs. These 
activities will continue to increase as more emphasis is placed 
on ambulatory care as part of the total patient-care program by 
hospitals. 

TECHNOLOGY AND AUTOMATION IN PHARMA- 
CEUTICAL CARE —Significant progress has been made 
through the use of computers and hardware technology such as 
automation devices, robots, and medication point-of-use dis- 
pensing stations.'‘°!” This development has been in concert 
with the pharmacist’s responsibility for drug distribution and 
control. IV fluid compounders provide efficient methods of asep- 
tically formulating various sterile solutions and additives into 
a final [V-admixture product. Robotics connected to the phar- 
macy computer are able to package and select medications that 
are patient-specific for distribution by pharmacy. Other robots 
can select the appropriate drug, count a specified quantity, 
place the medications into a dispensing vial, and label the vial 
with patient-specific directions for ambulatory care pharmacy 
practice. Decentralized point-of-care stations located on pa- 
tient-care units can provide the nurse with patient-specific 
doses for patient administration. These decentralized point-of- 
care systems are akin to bank automated teller machines 
(ATMs) in that they are controlled centrally and provide only 
restricted authorized access. As these new technology systems 
develop, the pharmacist must incorporate them into the hospi- 
tal’s drug-distribution system to continue appropriate drug 
control throughout the hospital. The labor reduction achieved 
over previous distribution systems can then be redeployed to 
provide enhanced patient-focused care by the pharmacy. 

CLINICAL PHARMACY—The concept of clinical or pa- 
tient-oriented pharmacy service has gained tremendous accep- 
tance in hospital pharmacy. The hospital environment offers 
the hospital pharmacist a multitude of opportunities to develop 
meaningful clinical roles in the safe and rational use of drugs in 
hospitalized, as well as ambulatory, patients. This chapter does 
not include a detailed discussion of the hospital pharmacist’s 
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clinical roles and responsibilities because they are discussed in 
Chapters 97, 102, 110, and 114. 

It is important to note that significant progress is being 
made in providing ongoing clinical pharmacy services in hos- 
pitals. Various service functions are described in the ASHP 
Statement on Patient-Focused Care (1995). As these roles 
emerge, various third-party agencies are recognizing the value 
of the services and specifically are reimbursing the hospital 
pharmacy department for providing activities not necessarily 
associated with dispensing a product. Areas of practice in 
which reimbursement has been made include pharmacokinetic 
dosing service, patient-education services for home self-admin- 
istration of growth hormone, total parenteral nutrition solu- 
tions service, steroid administration, factor VIII administra- 
tion, cytarabine administration, and injectable analgesics 
service. In addition, pharmacists are being reimbursed for 
managing patient therapy for certain disease states such as 
asthma, diabetes, and hyperlipidemia. 

As increased emphasis is being placed on cost containment 
in hospitals and improved drug-therapy utilization, the clinical 
pharmacist has been valuable in monitoring patient drug ther- 
apy and promoting rational drug therapy. The clinical pharma- 
cist can best carry out the mandates of the pharmacy and 
therapeutics committee relative to appropriate drug therapy. 
An evolution of clinical pharmacy practice is occurring in 
that pharmacists are embracing the concept of pharmaceutical 
care. In essence the pharmacist is becoming a drug-therapy 
manager. 

FUTURE PRACTICE—In reviewing the activities of hos- 
pital pharmacy practice one must conclude that no two hospital 
practices are alike. Hospital-pharmacy practice has made sig- 
nificant strides over the past three decades in changing its 
practice roles to provide a more patient-oriented pharmacy 
service. Drug-distribution systems have been improved (unit- 
dose and IV-admixture services), and patient-oriented clinical 
services have been implemented in large and small hospitals 
alike. Computerization has increased efficiency and has pro- 
vided an improved patient and management database. Practice 
in hospitals has adjusted to the changing environment of 
health care. The challenge to the institutional pharmacist and 
the profession as a whole is to provide pharmaceutical care to 
all patients by shifting emphasis (not responsibility) from drug 
distribution to patient care. What the future holds for hospital 
pharmacy practice in the year 2000 is only speculation.'* How- 
ever, with the significant progress in the last few years and the 
practitioner talent in this area, one can be assured that the role 
of the hospital pharmacist on the health-care team will be 
significant and will be directed at meeting the drug-therapy 
needs of the patient. This health care environment provides a 
rewarding career for the pharmacist. 
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CHAPTER 492 


Long-term health care has become an important issue in the 
total health-care system. There are more long-term facility 
beds than acute care beds. Future emphasis will be to increase 
the number of facilities and beds in long-term care, while those 
of acute care will be reduced. 

With advances in the medical sciences and technologies, 
people are living longer. Prolongation of life expectancy has 
created a totally new set of problems for the health-care sys- 
tem. There is a rapid rise in chronic disease conditions, with 
associated social and emotional problems, which require a dif- 
ferent approach in their management. Drugs are a key thera- 
peutic modality in the long-term facility care setting. 

Health is considered a microcosm of the broader social sys- 
tem. The growing concern of social obligation and social respon- 
sibility in society has advanced the philosophy that health is a 
right, a right to have access to quality health care without 
discrimination. The advent of health insurance and govern- 
ment involvement in financing health care has changed the 
practice and reimbursement of health-care services greatly. 
The assurance of payment for health-care services has stimu- 
lated use of new medical technologies, resulting in higher 
health-care cost and more specialization and subspecialization 
in medical practice. In addition, most health-care providers are 
acute-care oriented; they are not equipped and trained to ren- 
der quality long-term care. Long-term care is more than med- 
ical intervention and treatment. It requires a multidisciplinary 
approach to care as well as an array of psychosocial support 
and services. 

The same forces affecting acute care also have had an im- 
pact on the growth of long-term care. Long-term care facilities 
have increased in number and sizes. There are a variety of 
long-term care facilities, with nursing homes, including skilled- 
nursing facilities and intermediate-care facilities, among the 
most common, and an increasing number of alternative-care 
sites such as those that offer board and care. Many patients in 
these facilities are treated with long-term and multiple drug 
therapy. With the impact of Diagnosis Related Groups (DRGs) 
on acute-care settings, there are an increasing number of long- 
term care admissions requiring high-technology pharmacy ser- 
vices. The pharmacist has an important role to play and an 
opportunity to contribute in the long-term facility care. 

Pharmacy services in long-term care facilities are provided 
primarily by community pharmacist practitioners, who often 
have little formal institutional-care training. Most of them are 
self-learners. Government is involved intimately in the financ- 
ing of long-term facility care, and it is not surprising that it has 
established numerous regulations and requirements governing 
the provision of long-term care. The pharmacist has to practice 
within the established rules and guidelines, but compensation 
for consultant pharmacist services is reimbursed through the 
facility, which has created the potential for questionable busi- 
ness arrangements between the pharmacist and the facility, 
especially when the provider of drugs and the pharmacist con- 
sultant are one and the same. Yet there is a high level of 
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innovation, with emphasis on programs to improve drug use 
and patient care. 

Newer standards, eg, OBRA 90 (Omnibus Budget Reconcil- 
iation Act of 1990), and impending national health-care reform 
initiatives require the pharmacist to assume greater responsi- 
bility and participation in long-term facility care. In addition to 
maintaining a safe drug distribution and control system, phar- 
macists are asked to apply their knowledge, such as reviewing 
drug regimens, providing cost containment, participating in 
patient-care and related committees, and developing pharmacy 
policies and procedures. The new requirements are broadly 
defined and outcome-oriented. Individual pharmacists have to 
interpret and apply them according to their own background 
and experience, assisted by handbooks, Federal Drug Regimen 
Review Indicators, and Interpretive Guidelines for State and 
Federal Surveyors. 

It is impossible to cover the subject of long-term care facil- 
ities, pharmacy services in long-term care, and geriatric phar- 
macology and drug therapy within the context of a single chap- 
ter. Therefore, the approach of this chapter is to outline the 
important issues and topics relating to the provision of phar- 
macy services in long-term facility care. The emphasis is ad- 
dressed to the activities of drug regimen review, development 
and implementation of pharmacy policies, and procedures in 
long-term care facilities. Also, important principles in geriatric 
pharmacology and major considerations for monitoring geriat- 
ric drug therapy are included. 


HISTORICAL BACKGROUND 


Long-term care is not and should not be construed as an inde- 
pendent segment of total health care. It is a continuum of acute 
and episodic care integrated closely with rehabilitative, restor- 
ative, and supportive care. To have a greater appreciation of 
the mission, role, and issues of long-term care facilities, it is 
necessary to review briefly the major developments in public 
health and medical technologies that shape current health-care 
practice. 

Since the beginning of time, good health has been consid- 
ered one of the more important basic needs of man. What 
separates the human from other mammalian species is man’s 
ability to maintain a state of physical, social, economic, and 
mental well-being. 

In ancient times, disease and sickness were considered af- 
flictions of evil spirits and punishment by a god. Those who 
were sick, weak, poor, or aged were deemed social outcasts and 
undesirable elements of society. The impoverished, aged, or 
elderly who did not have family or relatives to provide for them 
often were cared for with the sick, the insane, the blind and 
deaf, and other social destitutes by charitable and religious 
organizations. The prevailing belief was that institutionaliza- 
tion was an efficient way to manage the dependents of society. 


The result was a proliferation of public almshouses and church- 
sponsored institutions whose main services were to provide 
food, shelter, and medical care. They were the prototypes of 
today’s hospitals and long-term care facilities. The principal 
care providers were the clergy, who functioned as both physi- 
cians and pharmacists. 

Before the middle of the 19th century, communicable and 
infectious diseases, such as cholera, diphtheria, and typhoid, 
were prevalent in many parts of the world. Little was known 
about germ theory, public sanitation, personal hygiene, and the 
cause and control of these diseases. The infant mortality rate 
was high. People did not live long enough to have chronic 
diseases or become elderly. 

During the same period, the Industrial Revolution was fer- 
menting. There was a general public mood favoring more hu- 
manism and social reform. Public-health programs were devel- 
oped and promoted. With the advance of knowledge of 
bacteriology and immunology, including development of vac- 
cines, the concepts and practices of medical care were altered 
greatly. Emphasis was placed on prevention and control of 
epidemic disease. Thus, public-health activities were expanded 
greatly to include not only disease prevention and improve- 
ment of environmental and sanitary conditions, but also the 
promotion of health and application of social concepts in med- 
ical care practice. These public-health measures were respon- 
sible mostly for the decrease in infant mortality and the in- 
crease in the lifespan of man. 

The 20th century marked the advent of a golden era of 
medical science and technology. The discovery and develop- 
ment of sulfonamides, penicillin, and streptomycin made a 
spectacular change in the successful management of many 
common infectious diseases. The isolation and production of 
insulin revolutionized the treatment and improved the progno- 
sis of patients suffering from diabetes mellitus. Other thera- 
peutic advances in vaccines, antiepileptics, antipsychotics, and 
anesthetics worked wonders in the elimination of some com- 
municable diseases and the management of a substantial num- 
ber of chronic diseases and also paved the way for surgical 
innovations. Progress of medical technologies in devices, equip- 
ment, and procedures resulted in major breakthroughs in the 
diagnosis and treatment of many diseases. The successes of the 
medical and scientific technologies have prolonged life and 
improved its quality. But new problems are emerging, such as 
the increase in chronic diseases, which require a new approach 
and different management. 

THE RIGHT TO HEALTH— Interpreted broadly, the right 
to good health includes a concomitant right to health care. 
Even though no one can be guaranteed freedom from sickness, 
the basic concept of the right to health and health care can be 
construed as society having an obligation to provide its citizens 
equal access to an acceptable level of health care. Health 
should not have any racial, sexual, economic, or age limitation. 
Health care should not be a commodity available only to those 
who are fortunate enough to afford it. 

Health as a right is established on the same philosophy as a 
right to an education and to welfare benefits. Because of the 
emphasis on individual rights, current social philosophy leans 
increasingly toward emphasis of social obligation to the indi- 
vidual rather than the individual’s obligation to society. Accep- 
tance of health as a right has great implications for the financ- 
ing and delivery of health-care services as exemplified by the 
proposal for a national health-care system. Health is only one 
of the components of our social system. Health as a right has 
more than moral and philosophical implications; it has politi- 
cal, economic, and social ramifications as well. It is especially 
important to the elderly, because while they account for over 
11.6% of the total population, they use between 25 and 30% of 
the national health-care expenditures and 31% of all prescrip- 
tion drugs. 
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IMPACT OF GROWING 


ELDERLY POPULATION 
ST ORE LL TIA TE TELE SBT AAT V ORI READ 


Since the beginning of the 20th century, the elderly population 
in the US has spiraled precipitously. Actually, there is no 
specific physical or physiological basis for defining persons 65 
years or over as elderly, aged, or senior citizens. Rather, the 
definition reflects the social, political, and legislation percep- 
tion at the time about aging and lifespan. The chronological 
number 65 has been determined as a retirement age, and the 
beginning of the receipt of Social Security and other publicly 
supported and funded programs. In 1978, Congress enacted 
legislation abolishing mandatory retirement at 65 to eliminate 
age discrimination in employment, especially when the life- 
span and productive life of an individual have been greatly 
extended. In 1900, there were approximately 3 million persons 
65 and over, representing 4% of the total population. By 1940 
the number had tripled to 9 million or 6.8% of US citizens. In 
1965, the year when Medicare and Medicaid were instituted, 
the elderly were 18.5 million, or approximately 9.3% of all 
persons. In 1970 the number of elderly had more than doubled 
that of 1940, to over 20 million, or 9.9% of the total population, 
and the respective figures for 1980 were 25.5 million and over 
11%. Projections of the population of elderly in the year 2000 
and in 2030 are 31 million and 46 million persons, or 12 and 
17% of total population, respectively. 

With the rapid growth of the elderly population, it is impor- 
tant to identify major characteristics and factors of the elderly, 
to meet their social and health-care needs. 

The elderly currently celebrating their 65th birthday will, 
on the average, live an additional 16 years. There are, and will 
be, more elderly women than elderly men. The current ratio at 
ages 65 to 74 is 69 elderly men per 100 elderly women; at 85 
years and over it is 44 elderly men per 100 elderly women. 

Up to 95% of the elderly live in their homes or with relatives. 
More elderly women than men are likely to be living alone. 
According to the 1970 census, 5% of people 65 years and over 
were institutionalized, and by 85 years, over 19% were residing 
in long-term care facilities. The largest number of the elderly 
live in urban areas. The elderly, as a whole, are more than 
twice as likely to be poor. 

Economic security is probably the number one issue for a 
large number of elderly because most of the time they are not 
employed, are on fixed incomes, and thus are vulnerable to 
becoming victims of inflation. Biologically, the elderly are likely 
to have changes in memory; sensory disturbances in vision, 
vestibular function, and proprioception; loss of muscle 
strength; and decreased joint integrity. They are prone to suffer 
from falls, incontinence, and mental confusion, especially if 
they are predisposed to infection, toxins, drugs, and atheroscle- 
rosis. They are more prone to contract chronic diseases. 

In terms of patterns of medical-care use, the elderly are two 
times more vulnerable to hospitalization than those who are 
under 65. Close to 90% of patients in long-term care facilities 
are elderly. In 1975, the noninstitutionalized elderly had an 
average of 6.6 physician visits, compared with 5.6 physician 
visits for persons aged 45 to 65. The elderly as a whole use or 
consume 31% of prescription drugs. 

The estimated per capita personal health-care expenditures 
for the elderly in fiscal 1966 was $445.25, of which 40% was for 
hospital care, 20% for physician services, 15.4% for nursing 
home care, 14% for drugs and drug sundries, 3.5% for eye- 
glasses and appliances, 2.9% for dentist service, 2.6% for other 
professional services, and 1.6% for other health services. In 
fiscal 1971 the per capita health-care expenditures had almost 
doubled to $877.48, with a distribution of hospital care 43%, 
physician service 16.7%, nursing home care 23.1%, drugs and 
drug sundries 10%, eyeglasses and appliances 2.2%, dentist 
service 1.9%, other professional services 1.8%, and other health 
services 1.3%. In fiscal 1976 the expenditures ($1521.36) again 
were almost double those of 1971. Hospital care had a net gain 


1934 CHAPTER 112 


of 2.8% to 45.3%, physician services and nursing home care 
almost maintained the 1971 levels at 16.8 and 23%, respec- 
tively. Drugs and drug sundries were reduced further from 10% 
in 1971 to 8% in 1976. Eyeglasses and appliances and other 
professional services had reductions from 1.8 to 1.5% and from 
2.2 to 1.2%, respectively, while other health services increased 
from 1.3 to 2.1%. Dental services had increased insignificantly 
from 1.9 to 2.1%. Within this 10-year interval, the greatest 
percentage increase in health-care expenditures for the elderly 
was nursing home care, followed by hospital care. The greatest 
percentage reduction was for drugs, drug sundries, and physi- 
cian services. 


ADVENT OF HEALTH INSURANCE 


The Flexner Report in 1911 not only shaped the trend of today’s 
medical education, but also popularized institutional practice. 
It was in hospitals that sophisticated knowledge and technol- 
ogies were available and used. The result was a stimulus for 
proliferation of hospital construction, and the orientation of 
medical practice was concentrated in acute, short-term, and 
highly technological care. Reimbursement for physician ser- 
vices and hospital care was mostly from out-of-pocket and 
fee-for-service types of payments made by patients. There was 
no government involvement in financing any aspect of health 
care. 

The depression in the early 1930s posed great financial 
difficulty for many hospitals. A number of hospitals developed 
a fixed-fee contract for delivery of hospital care to those en- 
rolled in the program. This was the beginning of the voluntary 
hospital or health insurance. Blue Cross was among the first 
programs established to ensure the health and welfare of hos- 
pitals as the primary goal. 

Voluntary health insurance had a significant impact on the 
promotion of hospital-based practice by the physicians. It was 
in the hospital that expensive modern equipment, qualified 
personnel, and appropriate environment were available under 
one roof. At the time, hospitals were competitive and very 
protective of their patient population; they were not willing to 
discharge patients to other types of health-care facilities, even 
less sophisticated ones. Furthermore, most health insurance 
policies covered only medical services provided in the hospital 
setting. 

As the elderly population was increasing and there were 
drastic changes in social and family structure, more of the 
elderly found themselves living alone and away from their 
siblings. Those who could not afford single-unit family dwell- 
ings, tended to live in residential or boarding homes. With 
increasing age, health declined and reduced physical capabil- 
ity. They needed general support and assistance in daily living, 
as well as some basic forms of health-care services. Nurses 
eventually were hired in these residential institutions, and the 
result was the emergence of the forerunners of nursing homes 
or long-term care facilities today. 

Passage of the Social Security Act in 1935 had great impact 
on the provision of health care to the elderly. The OASI Pro- 
gram (Old Age Survivors Insurance), which provided monthly 
payments for the elderly, and the OAA program (Old Age 
Assistance), which provided financial assistance, participated 
in and administered by the state for needy elderly, for the first 
time assured the elderly of some forms of continuous economic 
support. Both of these programs were considered cash assis- 
tance to the elderly, not direct payment for medical-care pro- 
grams. Because of federal support for the elderly and their need 
for long-term care, nursing homes and other related facilities, 
especially those privately operated, were growing in number. 

Other federal programs that directly or indirectly contrib- 
uted to the increase of long-term care facilities were 


The Hospital and Medical Facilities Construction Program (Hill- 
Burton), which also provided federal matching funds for constructing 
and equipping public or nonprofit long-term care facilities. 

The Department of Housing and Urban Development and the Fed- 
eral Housing Administration also provided mortgage insurance to pri- 
vate lenders to facilitate construction or rehabilitation of qualified 
proprietary nursing homes and authority to grant money for loans to 
nursing homes under the National Housing Act Amendments of 1959. 

The Small Business Administration provided commercial loans to 
privately owned long-term care facilities for construction of new facili- 
ties/expansion of new facilities. 


The demand and supply of long-term care facilities were 
stimulated further by the passage of Medicare and Medicaid in 
1965. Medicare is a health insurance program and Medicaid is 
a welfare program through participation and administration by 
the state. Both programs are designed to meet the medical 
needs of high-risk groups, the elderly and the poor. Medicare 
and Medicaid programs are quite similar to the OASI and OAA 
of the Social Security Act of 1935 except that the former are 
vendor programs that provide direct payment to providers of 
health-care services. Medicare signifies the beginning of the 
federal government’s involvement in providing health insur- 
ance. Because of the provision in both Medicare and Medicaid 
to pay for care received in long-term care facilities, these pro- 
grams sparked continued growth of long-term care facilities. 

A recent surge of concern over the quality of care given to 
the institutionalized elderly client has generated broad, sweep- 
ing regulations impacting on pharmaceutical services required 
in long-term care facilities. Included in these regulations are 
the Medicare Catastrophic Coverage Act of 1988, the 1989 
revision of the Health Care Financing Administration’s 
(HCFA) Medicare and Medicaid Requirements for Long Term 
Care Facilities, the Medicaid Program Conditions for Interme- 
diate Care Facilities for the Mentally Retarded, the OBRA of 
1987, and the revision of the Federal Indicators for Surveyor 
Assessment of the Performance of Drug Regimen Reviews in- 
cluding the surveyor-methodology for detecting medication 
errors. 


DEFINITION OF LONG-TERM 
CARE FACILITIES 


To define a long-term care facility and its related institutions, 
it is important to arrive at a common understanding of what is 
long-term care. The phrase long-term care generally has been 
accepted by health-care professionals as health care and 
health-related services provided to individuals who, because of 
their physical and mental conditions, require medical, nursing, 
or supportive care for a prolonged period of 30 or more days. 
The Congressional Discursive Dictionary of Health Care defines 
long-term care as “health and/or personal care services re- 
quired by persons who are chronically ill, aged, disabled, or 
retarded, in an institution or at home on a long term basis.” The 
term often is used more narrowly to refer only to long-term 
institutional care, such as is provided in nursing homes, homes 
for the retarded and mental hospitals. The APhA publication 
titled Pharmaceutical Services in the Long-Term Care Facility 
defines a long-term care facility as a facility or unit that is 
planned, staffed, and equipped to accommodate individuals 
who do not require hospital care but who are in need of a wide 
range of medical, nursing, and related health and social ser- 
vices. Sometimes the term long-term care is used interchange- 
ably with chronic care or care for chronically ill, which de- 
scribes an impairment of health requiring an extended period 
of medical supervision. These definitions all equate care for 
individuals with a prolonged episode of illness, but they also 
imply the concept of extended care, continuity of care, and 
maintenance care that require a wide range of health and 
social services other than purely medical care. 


Long-term care institutions include, but are not limited to 


Nursing homes 

Hospital extended-care units 

Psychiatric hospitals 

Chronic disease hospitals (eg, TB hospitals) 

Personal care, shelter care, board and care homes 

Facilities for mentally retarded 

Special facilities for the elderly (eg, geriatric centers or institutes, 
apartments, communities) 

Half-way houses and other special facilities for alcoholics and drug 
abusers 

Other health and social related institutions (eg, detention centers, 
special residential facilities for children, jail units) 

Hospice-care and respite-care facilities 

Home health care 


For the purpose of this chapter, the discussion on long-term 
care facilities will focus primarily on the first category, the 
nursing homes group. These facilities have a great need for 
quality pharmaceutical services and care, because a very large 
portion of their patient population is elderly and often has a 
number of chronic disease conditions treated and maintained 
by pharmacotherapy. The concept, principles, structure, and 
process of pharmaceutical service and care provided in the 
nursing home setting are applicable to, or easily modified for, 
other types of long-term care facilities. 


Long-Term Care Facilities (LTCFs) 


The term nursing home has been replaced largely by the 
broader title, long-term care facility, defined earlier. The ser- 
vices rendered in such facilities are prescribed by, or performed 
under the supervision of, individuals licensed to provide such 
services or care in accordance with the laws of the state in 
which the facility is located. A state-licensed administrator 
assumes responsibility for facility operations, including the 
quality of health care rendered to the clients. 

The major services provided in the nursing homes as defined 
by the American Health Care Association are 


Nursing Care—Nursing procedures requiring the professional 
skills of a registered nurse or a licensed practical nurse. These skills 
include administering medication, injections, catheterizations, and sim- 
ilar procedures ordered by the physician. Posthospital stroke, heart, or 
orthopedic care is available with such related services as physical 
therapy, occupational therapy, dental services, dietary consultation, 
laboratory and X-ray services, and a pharmaceutical dispensary. 

Personal Care—Services such as help in walking, getting in and 
out of bed, bathing, dressing, eating, and the preparation of special 
diets, as prescribed by a physician. 

Residential Care—General supervision in a protective environ- 
ment, including room and board plus planned programs for the social 
and spiritual needs of the resident. 


The primary goal of a long-term care facility is to preserve 
the dignity and value of every individual and meet the total 
emotional, physical, social, and spiritual needs of the residents. 
The professional services and care provided in these settings 
then should focus on the implementation of this goal with 
emphasis on rehabilitative, maintenance, and psychosocial 
supports, as well as medical and nursing care. This concept is 
supported further by the trend toward a social model rather 
than a medical model of care. 

The number of long-term care (LTC) nursing homes seemed 
to have reached a plateau at 15,362 in 1992, providing 
1,665,319 licensed beds. The ratio of beds to those over age 65 
rose to 53.3 beds per 1000 from 52.6 in 1991. The average 
occupancy dropped slightly in 1992 to 94.5% from 94.8% in 
1991. The percentage of skilled beds rose from 52.6% in 1991 to 
58.9% in 1992 in response to the impact of DRGs on hospitals. 
There was a shift in nursing-home ownership, with 32 of the 
largest nursing-home chains accounting for 3084 facilities or 
20% of the industry and 361,385 licensed beds or 21.7% of the 
total in 1992. During this time, new nursing-home construction 
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decreased, with 74.1% of all licensed beds and nearly 72% of all 
nursing homes being 16 years old or older. While the facilities 
aged, Medicare-certified beds increased from 53.6% in 1991 to 
58.9% in 1992, supporting the notion of increasing patient 
acuity. 

Fifty-six percent of the residents were covered by Medicaid 
in 1992, while Medicaid reimbursement supplied 57.5% of the 
revenue. Average operating costs rose 6.5% in 1992 to $2.6 
million. Nursing-home room rates rose 6% to an average of $88 
per day for skilled care and 14.7% for intermediate care, to an 
average of $78 per day. The nursing-home industry employed 
1.3 million full-time and 368,000 part-time workers. The aver- 
age skilled nursing facility with 101 to 150 beds made up one 
third of total beds. Six states—California, Illinois, New York, 
Ohio, Pennsylvania, and Texas—accounted for 38% of all long- 
term beds and 36% of total nursing homes. Indiana, Iowa, 
Kansas, and Oklahoma had the highest concentrations of beds 
relative to their population. 

Licensed nursing-home beds were distributed among four 
owner-types in 1992. For-profit facilities accounted for 58% of 
licensed beds; not-for-profit, 23%; government, 13%; and 
church-related homes, 6%. 


Extended Care Facilities (ECFs) 


Extended care facility was the term used in the early years of 
the Medicare program to designate a nursing home that qual- 
ified for participation in Medicare. A nursing home has to meet 
certain requirements to be certified as an extended care facil- 
ity. While nursing homes that provided a lower level of care 
and qualified for the Medicaid program were called skilled 
nursing homes, only a relatively small number of nursing 
homes were certified as extended care facilities. The concept of 
extended care, at the time, referred to an extension of care for 
the original medical condition after hospitalization and not to 
the duration of long-term facility care required. Medicare cov- 
ered only up to 100 days of posthospital extended care services 
during any spell of illness. Therefore, the extended care facility 
benefit was limited in duration and must follow a hospital stay 
and be related to the medical condition being treated in the 
hospital. This remains, even today, as the only federally funded 
coverage for long-term care under the existing Medicare Part A 
program. Pressure is being exerted to include medication cov- 
erage and eventually nursing-home care in the proposed na- 
tional health-care reform package. Persons who exhaust their 
coverage for extended facility care must either finance their 
own care or resort to seeking eligibility under the Medicaid 
program. There is an increasing availability of long-term care 
insurance policies, but their popularity has been slow in devel- 
oping. If persons qualified for Medicaid, their care would be 
provided in a nursing home that might not be certified or 
approved by Medicare. To establish uniform standards for long- 
term facility care under Medicare and Medicaid, the term 
extended-care facility was dropped and replaced by the generic 
definition of skilled nursing facility for both Medicare and 
Medicaid. 


Skilled Nursing Facilities (SNFs) 


A skilled nursing facility is a nursing home that meets require- 
ments for the conditions for participation in both Medicare and 
Medicaid programs. Some of the major requirements are 


Having a transfer agreement with one or more participating hospitals. 

Primarily engaging in providing skilled nursing care and related ser- 
vices. 

Having formal policies. 

Having a physician, a registered professional nurse, or a medical staff 
responsible for the execution of such policies. 
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Requiring the health care of every patient to be under the supervision 
of a physician and providing for having a physician available to 
furnish necessary medical care in case of an emergency. 

Maintaining medical records on all patients. 

Providing 24-hr nursing services and having at least one registered 
professional nurse employed full-time. 

Providing appropriate methods and procedures for dispensing and ad- 
ministering drugs and biologicals. 

Having, in effect, a utilization review plan. 

Meeting licensing standards established by the individual state. 

Providing a regular program of independent medical review of the 
patients in the facility. 

Meeting any conditions relating to the health and safety of individuals. 

Having the drug regimen of each patient reviewed by the pharmacist at 
least on a monthly basis. 


In addition to providing skilled nursing care, skilled nursing 
facilities also make available rehabilitative therapy, physical 
therapy, occupational therapy, and other medical services 
when needed. 


Intermediate Care Facilities (ICF) 


An intermediate care facility is defined in the Congressional 
Discursive Dictionary of Health Care as “an institution recog- 
nized under the Medicaid program which is licensed under 
state laws to provide, on a regular basis, health-related care 
and services to individuals who do not require the degree of 
care or treatment which a hospital or skilled nursing facility is 
designed to provide, but who, because of their mental or phys- 
ical condition, require care and services (above the level of room 
and board) which can be made available to them only through 
institutional facilities.” 

Many long-term care facilities qualify both as a skilled nurs- 
ing facility and an intermediate care facility, and both types of 
facilities usually are licensed by the same state agency. 

In the recent past, nursing homes were classified as 
skilled nursing facilities and intermediate-care facilities, 
each with its own regulations and requirements as defined 
by the level of care required by their clients. Following 
the recommendations found in the 1987 Consolidated Omni- 
bus Budget Reconciliation Act (COBRA), the 1989 revision of 
the HCFA regulations for Skilled and Intermediate Care 
Facilities combined regulations, thus applying one set of 
requirements to both types of facility. Incorporated in this 
set of regulations are significant additional requirements 
including 


Extending the pharmacist’s monthly drug-regimen review to ICF 
clients. 

Ensuring resident privacy rights with regard to accommodations, 
medical treatment, personal care, visits, telephone communications, 
and meetings with resident and family groups. 

Ensuring proper use of physical restraints and psychoactive drugs, 
including instituting dose reductions and behavioral intervention pro- 
grams. 

Providing 24-hr licensed nursing services and services of a regis- 
tered nurse at least 8 hr a day, 7 days a week, subject to waivers. 

Furnishing comprehensive assessments and being subject to civil 
monetary penalties for falsification of an assessment. 

Requiring minimum training of nurse aides, competency-evaluation 
programs, and regular in-service education. 

Ensuring that the resident’s drug regimen is free from unnecessary 
drugs, significant medication errors, or significant medication error rates. 


The definition of unnecessary drugs includes drugs 


Given in excessive doses, including duplicate therapy. 

Given for excessive periods of time. 

Given without adequate monitoring. 

Given without adequate indications for use. 

Free of undue adverse consequences, which would indicate the dose 
should be reduced or the drug discontinued. 


Regulating self-administration of drugs by residents. 

Requiring full information prior to institution or alteration of in- 
care or treatment. 

Requiring participation of the competent residents in the develop- 
ment of their plans of care. 

Requiring annual, independent, external consultant review of the 
appropriateness of the drug plan of each resident receiving psychophar- 
macological drugs. 

Any combinations of reasons above. 


Specific interpretive guidelines for state surveyors concern- 
ing unnecessary drugs were published in April 1992. The spe- 
cific areas of concern include 


Long-Acting Benzodiazepine Drugs—These should not be used 
in residents of long-term care facilities unless an attempt to use a 
shorter-acting drug has failed. 

Even after an attempt to use a shorter-acting benzodiazepine drug 
has failed, a long-acting benzodiazepine should not be used unless 


Evidence exists that other possible reasons for the resident’s distress 
have been considered and ruled out. 

Its use results in maintenance or improvement in the resident’s func- 
tional status. 

Daily use is less than, or equal to, the listed total daily doses in Rev 250 
P-140 unless higher doses (as evidenced by resident’s response 
and/or clinical record) are necessary for maintenance or improve- 
ment of the resident’s functional status. 

Daily use is less than 4 continuous months, unless an attempt at a 
gradual dose reduction is unsuccessful. 


Exceptions: 


When used for neuromuscular syndromes, used for withdrawal from 
short-acting agents, or used in bipolar disorders, tardive dyskinesia, 
nocturnal myoclonus, or seizure disorders. 

Gradual dosage reduction should be attempted at least twice within 
1 year before determining gradual dose reduction is clinically 
contraindicated. 


Benzodiazepine or Other Anxiolytic Sedative Drugs—The use 
of these drugs for purposes other than sleep induction should only occur 
when 


Evidence exists that other possible reasons for the resident’s distress 
have been considered and ruled out. 

Use results in maintenance or improvement of the resident’s functional 
status. 

Daily use is less than 4 continuous months unless an attempt at 
gradual dose reduction is unsuccessful. 

Use is for one of the following indications as defined by the Diagnostic 
and Statistical Manual of Mental Disorders (3rd ed—rev) 

Generalized anxiety disorder. 

Organic mental syndromes with associated agitated states that are 
quantitatively and objectively documented and that constitute 
sources of distress or dysfunction to the resident or represent a 
danger to the resident or others. 

Panic disorder. 

Symptomatic anxiety. 


Drugs Used for Sleep Induction—These drugs should be used 
only if 


Evidence exists that other possible reasons for insomnia have been 
ruled out. 

The use of a drug to induce sleep results in maintenance or improve- 
ment of the resident’s functional status. 

Daily use of the drug is less than 10 continuous days, unless an attempt 
at gradual dose reduction is unsuccessful. 

The dose of the drug is equal or less than that listed in Rev 250 P-142. 


For drugs in this category, a gradual dose reduction should be at- 
tempted at least three times within 6 months before one can conclude 
that a gradual dose reduction is clinically contraindicated. 

Miscellaneous Sedative Hypnotic/Anxiolytic Drugs—These 
drugs have been deemed inappropriate for use in the elderly 


Amobarbital 
Butabarbital 
Pentobarbital 
Secobarbital 
Glutethimide 
Meprobamate 


Monitoring for Antipsychotic Drug Side Effects—The facility 
must ensure that residents who receive antipsychotic drug therapy 
receive adequate monitoring for significant side effects of such therapy, 
with emphasis on 


Tardive dyskinesia 

Postural (orthostatic) hypotension 
Cognitive/behavioral impairment 
Akathisia 

Parkinsonism. 


When antipsychotic drugs are used without monitoring for these 
side effects, they may be unnecessary drugs because of inadequate 
monitoring. 

Other previously published important guidelines affecting the use of 
psychoactive medications include 


The need for an appropriate diagnosis or behavior that causes residents 
to become a danger to themselves or others or has a behavior such 
as continuous crying, screaming, yelling, or pacing, if these behav- 
lors cause an impairment in functional capacity. 

A list of symptoms that alone are not sufficient to support the use of 
antipsychotic drugs. 

Guidelines concerning the use of PRN antipsychotic drugs for dosage 
reduction or titration. When used PRN to control unexpected harm- 
ful behavior, the PRN antipsychotic drug may be used no more than 
twice in a 7-day period without assessment of the resident and the 
development of a plan of care to alleviate or reduce the harmful 
behavior. 

Dosage reduction criteria for antipsychotic drugs require two attempts 
the first year unless clinically contraindicated or for a listed psychi- 
atric condition. Specific documentation criteria are provided in the 
guidelines for physicians wishing to justify not carrying out a dosage 
adjustment (Rev 250 P-150). 


Intermediate Care Facilities 
for the Mentally Retarded (ICF/MR) 


The HCFA published its final regulations concerning ICF/MR facilities, 
effective October 3, 1988. Pharmacy-consultant activities were defined, 
including a required quarterly drug-regimen review for each client (42 
CFR 483.460 (j) (1)). The regulations mandate the following pharmacy- 
consultant services: 


A pharmacist with input from the interdisciplinary team must re- 
view the drug regimen of each client at least quarterly. 

The pharmacist must report any irregularities in a client’s drug 
regimens to the prescribing physician and to the interdisciplinary team. 

The pharmacist must prepare a record of each client’s drug regimen 
review, and the facility must maintain that record. 

As appropriate, the pharmacist must participate in the develop- 
ment, implementation, and review of each client’s individual program 
plan (IPP), either in person or through a written report to the interdis- 
ciplinary team. The IPP identifies the client’s needs, as described by the 
comprehensive functional assessments, and is required to be completed 
within 30 days of admission. 


The perceived positive impact on patient care is typified in 
the statement by HCFA that accompanied these new regula- 
tions “We believe that the proper conduct of these reviews can 
be assured best by requiring that a pharmacist perform them.” 


RANGE AND SCOPE OF RESIDENT CARE 
AND SERVICES 


Long-term care, including both institutional and noninstitu- 
tional care, is defined broadly by the Dept of Health and Hu- 
man Services as 


Long-term care consists of those services designed to provide diag- 
nostic, preventive, therapeutic, rehabilitative, supportive and mainte- 
nance services for individuals of all age groups who have chronic phys- 
ical and/or mental impairments, in a variety of institutional and 
noninstitutional health care settings, including the home, with the goal 
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of promoting the optimum level of physical, social, and psychological 
functioning. 

Provisions of care should be the result of assessment and planning 
by medical, nursing, social work and therapeutic personnel. The plan of 
care should be based upon the needs of the individual and family/ 
caretaker who participate in decisions regarding the care plan. Program 
services and facilities serving the individual requiring long-term care 
must address the needs of the users of the services. Long-term care 
programs must focus upon appropriate planning and utilization of 
resources (medical, social, financial, rehabilitative, and supportive) 
needed by individuals who have continuing care needs. 


Most of the residents cared for in the long-term facility 
setting are suffering generally from some form of chronic dis- 
ease condition, adjusting to changes in institutional living, and 
experiencing social isolation and individual loneliness. Even 
though drug therapy is one of the major therapeutic modalities, 
the residents’ needs often are more than medical and physio- 
logical, mostly for psychosocial support. Most health profes- 
sionals are trained technologically and acute-care-oriented, 
and they are not prepared to care for those patients who need 
more interpersonal care and contact time from health-care 
providers. 

Because of their easy accessibility and availability to the 
long-term care facilities, as well as having a vital service role in 
this setting, pharmacists can assume a leadership role to im- 
prove the quality of care and life in long-term care facilities. 
Long-term care is broad and diverse and requires the services 
of a variety of health professionals. The pharmacist must learn 
to work with other health-care professionals as a true member 
of a realistic multidisciplinary team. The mission of the phar- 
macist in the long-term care facility should be more than to 
provide necessary drugs to patients and ensure quality of drug 
used but also to participate with other health-care providers in 
rendering necessary psychosocial support to the residents. 


Nursing Care and Services 


The core of long-term care is nursing care. Nursing service in the 
long-term care facility accounts for over 90% of all personnel. 

The intensity level of nursing care generally is used to 
classify and define the types of long-term care facilities, such as 
skilled nursing facilities and intermediate care facilities. The 
role, as viewed by the nurse in the long-term care facility, is to 
provide and promote the physical, social, emotional, environ- 
mental, recreational, spiritual, and rehabilitative aspects of 
care. The emphasis is directed to preventive, therapeutic, and 
rehabilitative nursing. In addition, the nurse has to coordinate 
all types and levels of care delivered in the long-term care 
facility. Because of the chronic nature of the diseases suffered 
by the long-term facility residents, the infrequent physician 
contact, and the age of the residents, nursing care is the key to 
the long-term care. The quality of the overall long-term care is 
related directly to the quality of the nursing care. 


Medical Services 


In long-term facility care, medical care and services are more 
than the diagnosing and treatment of diseases. Because of the 
nature of the illnesses, which are mostly chronic, and the 
altered physiological states as a result of aging, physicians 
have to acquire an additional biomedical knowledge base to 
manage properly the medical problems of the long-term care 
facility patients. In addition, there are social, psychological, 
and economic needs in this population that may have a higher 
priority in the view of the individual patient. 

The traditional medical practice of most physicians is in- 
volved primarily in consultation with individual patients and 
in advising about treatment of acute episodes of diseases. With 
the increase in the elderly population and the corresponding 
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rise in chronic diseases, geriatric medicine is being developed 
and promoted in a number of medical schools. Special geriatric 
residencies are being established. There is an ongoing debate in 
the medical community whether geriatric medicine should be 
taught to all practitioners or established as a specialty in 
medical practice. 

Because of current interest in the care of the elderly, con- 
cepts of geriatrics and gerontology have been promoted in the 
education of many health-care providers. There is general con- 
fusion because these terms, geriatrics and gerontology, have 
been used interchangeably. Broadly speaking, geriatrics could 
be considered as a clinical approach to the care and study of the 
elderly, while gerontology is the basic biological science and 
psychosocial study and care of the elderly. 

The Institute of Medicine, National Academy of Sciences, in 
its report of a study Aging and Medical Education, published in 
September 1978, includes selected definitions of geriatrics and 
gerontology: 


Geriatrics is the “branch of general medicine concerned with clini- 
cal, preventive, remedial, and social aspects of illnesses in the elderly” 
(British Geriatrics Society). 

Geriatrics is the “clinical side of aging” (Freeman JT. A survey of 
geriatric education: Catalogues of US medical schools. J Am Geriatr Soc 
1971; 19: 746). 

Gerontology is “a branch of knowledge dealing with aging and the 
problems of the aged” (Webster’s New Collegiate Dictionary). 

Gerontology is “the study of aging process— originating in the bio- 
logical sciences and expanding more recently into the social and behay- 
ioral sciences” (DHEW Publ No HRA 74-3117). 

Gerontology denotes “the scientific study of aging in all its aspects— 
clinical, biological, historical and social” (American Medical Student Asso- 
ciation: Curriculum Development in Geriatric Medicine, January 1976). 


Thus, physicians who provide long-term facility care, func- 
tion more than as experts in clinical medicine in the medical 
evaluation and problem-identification of the institutionalized 
elderly, but also as organizers of multidisciplinary teams of 
clinical and social professionals to plan and deliver continuous 
and need-oriented therapeutic and psychosocial care. The 
American Academy of Family Practice recently has incorpo- 
rated geriatrics as a formal part of the training of family 
practice physicians. There is also a resurgence of the American 
Medical Directors Association, with special emphasis on the 
physicians’ role in Total Quality Management. 


Pharmaceutical Services and Care 


Since the beginning of long-term facility care, drugs always 
have been an indispensable therapeutic modality. Most resi- 
dents in long-term care facilities are elderly and often are 
afflicted with a number of chronic disease conditions requiring 
continuous therapeutic treatment. Drugs are used to eliminate 
symptoms, reduce suffering, prevent exacerbation and compli- 
cations of illness, as well as maintain a minimal level of health 
and enhance the quality of life. 

The early phase of pharmaceutical services in long-term 
care facilities was mostly the provision of medication to indi- 
vidual institutionalized residents. The resident or the family of 
the resident was, and still is, free to select any community 
pharmacy to provide prescribed medication. As the facility size 
and number of residents institutionalized increased, it became 
clear that there was an urgent need for a specific pharmacy 
designated to be responsible for coordinating and controlling 
the use of drugs, as well as providing drugs to patients in the 
facility. Many long-term care facilities were too small to sup- 
port a pharmacy department of their own, and they negotiated 
and contracted with specific community pharmacies to provide 
all pharmaceutical services and needs of the facilities. This 
marked the advent of the consultant pharmacist in the long- 
term care setting. The contracted pharmacy was reimbursed 
for the medications dispensed by submitting bills of services, 


while the facility usually collected payment from residents or 
third-party payors including Medicare. In return for providing 
drugs to the residents in the facility, the contracted pharmacy 
provider also was required to perform certain services in the 
facility to ensure a safe drug-distribution, storage, administra- 
tion, control, and recording system. Some of these services 
included in-service training, preparation of policies and proce- 
dures, and participation in resident-care-related activities. 

With the passage of Medicare and Medicaid legislation in 
the middle 1960s, pharmaceutical services to eligible residents 
in long-term care facilities were guaranteed under the law. It 
became very attractive for community pharmacies to expand or 
specialize their services in the long-term care setting because of 
assured financial rewards. Whenever government pays for ser- 
vices, there are always strings attached. Specific conditions are 
spelled out as to how the services should be provided to qualify 
for reimbursement. Long-term care facility pharmacy services 
have become complicated and complex, and special knowledge 
and expertise are required to provide pharmacy services in 
these types of institutions. Most successful long-term care fa- 
cility pharmacy providers have introduced computers and 
other technologies in their operations. With the introduction of 
affordable computers and software packages it has become 
easier for a newcomer to enter and compete successfully for the 
delivery of long-term facility care. 

The primary source of medications for nursing homes con- 
tinues to be off-premises pharmacies. The number of nursing 
homes with in-house pharmacies fell from 6% in 1991 to 5% in 
1992. About 11% of the facilities purchased drugs directly 
through a wholesaler, while 78.7% of nursing homes purchase 
from provider pharmacies. The largest number of pharmacy 
providers are community based (41%), with 28% being closed- 
door community institutional pharmacies. The closed-door 
pharmacies tend to be large-volume units serving in excess of 
2000 residents. Many of the pharmacies serve other than nurs- 
ing homes, including prisons, hospice centers, mental health 
facilities, alcohol/drug rehabilitation centers, hospitals, home 
health agencies, HMOs/PPOs, and residential-care centers. 
Many of these pharmacies offer Part B Medicare services, IV 
admixture programs, durable medical supplies and equipment, 
and consultant pharmacy services. 

The typical pharmacy provider dispenses 5000 drug orders 
per month. Approximately 70% of the pharmacy providers dis- 
pense a 30-day supply of medication. Modified unit-dose sys- 
tems are used by 61% of the pharmacies, 15% use 24-hr unit- 
dose systems, and 24% still use traditional vial systems. 

Trends in the future are difficult to predict with accuracy; 
however, there is an increasing movement toward corporate 
consolidation of independent providers. The large corporate 
movements are driven by the reasonable profit margin poten- 
tial thought to exist in pharmacy. For-profit nursing home 
chains make up an increasing percentage of these new corpo- 
rate entities. These changes have resulted in a decrease in the 
number of pharmacists who remain in control of the pharmacy 
provider groups. The impact of this change is yet to be realized. 
In addition to this current trend will come the impact of na- 
tional health-care reform on the Medicaid programs, which 
constitute the largest single payor. If the state Medicaid pro- 
grams are turned over to managed health-care providers, there 
could be dramatic changes, including the use of centralized 
mail-order pharmacies. These changes will have a direct im- 
pact on the consultant pharmacy services that often are pro- 
vided below their actual cost to the nursing home client. Sep- 
aration of provider and consultant pharmacists may become a 
critical issue in the future. This change in relationship between 
consultant and provider pharmacists may be fueled further by 
OBRA Safe Harbor rulings, which could deem underpriced 
consultant pharmacies to be an illegal inducement to gain 
Medicaid and Medicare business. 


PHARMACIST ROLE AND FUNCTIONS 


Needs for Pharmaceutical Care 
and Services 


The profession of pharmacy has a unique body of knowledge 
and skills to contribute in our health-care system. The phar- 
macist not only dispenses the appropriate drug product but 
also has the knowledge to ensure safe and rational use of drugs. 
Early functions of the pharmacist could be grouped into 


Assisting in the selection of appropriate drug therapy. 

Preparing, compounding, and manufacturing drugs for individualized 
patients. 

Dispensing and packaging the prescribed drug products, including 
proper labeling. 

Advising and educating patients on proper use of drugs. 

Monitoring the outcomes and responses of patients to the effects of 
drugs, both beneficial and adverse. 

Serving as a community resource person on drug and health informa- 
tion. 


There is concern among health-care providers over the po- 
tential abuse, misuse, and inappropriate use of drugs, and the 
resulting increase in health-care cost and patient suffering. 
There is need for professionals who are patient-oriented and 
able to apply and provide drug knowledge to improve drug use 
in the health-care system. Pharmacy colleges have responded 
by providing clinical training for their undergraduates. This 
new breed of pharmacists is more clinically and patient- 
oriented and better prepared to dispense drug knowledge as 
well as drug products. 

Long-term care residents often have a number of chronic 
disease conditions requiring multiple and continuous drug 
therapy. Also, they have less-frequent physician contact than 
do patients in acute-care facilities. Furthermore, in most long- 
term care facilities the staffing pattern usually meets only the 
minimal requirement stated by law. In addition to having a 
greater demand for medical care, long-term care residents of- 
ten have psychosocial and economic needs. A clinically trained 
and patient-oriented pharmacist will be in an ideal situation to 
assist and work with other members of the health-care team to 
provide quality long-term facility care. 


Federal Requirements in Skilled 
Nursing Facilities 


The Social Security Act Amendment of 1972 (PL 92-603) has 
established uniform terminology and requirements for long- 
term care facilities participating under both Medicare and 
Medicaid programs. Final regulations for skilled nursing facil- 
ities were published in the Fed Reg, Feb 19, 1974, updated in 
1979, 1987, and again in 1992. These regulations outline the 
conditions, requirements, and standards for the provision of 
pharmaceutical services to long-term care facilities (skilled 
nursing facilities) qualified for the Medicare and Medicaid 
programs. 


a. Condition of Participation—Pharmaceutical Services Paragraph 
405.1127 of the regulations outlines the condition for participation of 
pharmaceutical services and states, “The facility provides routine and 
emergency drugs and biologicals to its residents, or obtains them under 
an agreement described in §483.75(h) of this part. The facility may 
permit unlicensed personnel to administer drugs if state law permits, 
but only under the general supervision of a licensed nurse. This stan- 
dard designates the residents’ facility, rather than the pharmacist, as 
having responsibility to provide drugs and pharmaceutical services to 
residents in long-term care facilities. The pharmacists are contracted by 
the facilities to provide pharmaceutical services. Because pharmacists 
are reimbursed through the facility, some long-term care facility owners 
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have imposed questionable financial arrangements and requirements 
on the type of pharmaceutical services provided in the facility. This 
practice has resulted in kick-back scandals and limited development of 
innovative pharmaceutical services to residents. Examples include free 
consultant pharmacy services, exorbitant billing discounts, free com- 
puter services, forms, telecommunication equipment, medication carts, 
and deep-discount supplies. 

b. Procedures—A facility must provide pharmaceutical services (in- 
cluding procedures that ensure the accurate acquiring, receiving, dis- 
pensing, and administering of all drugs and biologicals) to meet the 
needs of each resident. The pharmacist (if not a full-time employee) 
devotes a sufficient number of hours, based upon the needs of the 
facility, during regularly scheduled visits to carry out these responsi- 
bilities. The pharmacist reviews the drug regimen of each resident at 
least monthly and reports any irregularities to the attending physician 
and the director of nursing, and these reports must be acted upon. This 
provision stipulates the responsibilities of the pharmacist. It differs 
from the previous concept of a consultant pharmacist who does not have 
direct responsibilities in providing long-term facility care. In addition to 
spending sufficient time in the facility and making appropriate reports, 
the pharmacist is required to review the drug regimen of each resident 
at least monthly. This standard has far-reaching implications and has 
recognized officially the role of the pharmacist as more than a dispenser 
of drugs. 

OBRA 87 eliminated the differentiation between pharmacy services 
required for intermediate-care facilities and skilled nursing facilities. 
At this time, accuracy of pharmaceutical services is stressed. Many 
process-oriented regulations have been replaced by outcome-oriented 
ones. Drug-labeling requirements are retained, with mandatory inclu- 
sion of the expiration date. Locked storage requirements and appropri- 
ate accessory and cautionary instructions include a permanently affixed 
compartment for storage of controlled drugs listed in Schedule II of the 
Comprehensive Drug Abuse Prevention and Control Act of 1976 and 
other drugs subject to abuse, except when the facility uses single-unit- 
package drug-distribution systems in which the quantity stored is min- 
imal and missing doses can be detected readily. The Pharmaceutical 
Services Committee is retained but encouraged to incorporate with the 
Quality Assessment and Assurance Committee. The revision will re- 
move any obstruction to the individual states permitting unlicensed 
personnel to administer medications. Monthly drug-regimen reviews 
were extended to intermediate-care facilities, and a response is re- 
quired by the appropriate recipient, either the director of nursing or the 
attending physician. Special emphasis is placed on controlling and 
reducing the use of psychoactive drugs, especially if chemical restraints 
are suspected. 

ce. Review of Drug Regimens—The intent of this requirement is to 
improve drug use by reducing adverse drug reactions and interactions, 
duplication and inappropriate concurrent combination of drugs, and 
medication errors, through the elimination of unnecessary drugs. Phar- 
macists are asked to deviate from their dispensing activities and to 
apply their knowledge in the review of residents’ drug regimens. To 
implement this standard properly, the pharmacist must acquire certain 
knowledge and skills and undertake some additional activities, such as 


1. To develop, obtain, and maintain a valid and comprehensive drug 
database (drug profile) including pertinent resident information, 
such as laboratory test results, diagnosis, and relevant comments 
in the resident’s medical record. 

2. To evaluate the drug database according to a predetermined set of 
guidelines or standards. 

3. To establish monitoring criteria for detecting and preventing po- 

tential adverse drug reactions, interactions, and iatrogenic dis- 

ease. 

To detect medication errors and promote compliance. 

To ensure cost containment and appropriate drug use. 

To eliminate drug abuse and misuse. 

To educate and inform clients and staff members. 

To assimilate and communicate significant findings in an objective 

and concise manner, both verbally and in writing. 

9. To apply clinical and interpersonal skills. 
10. To analyze and report impact of drug reviews on client care. 
11. To eliminate all unnecessary medications. 
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Also, pharmacists should expand and review their knowledge base in 
geriatric drug therapy. 

The costs related to the provision of pharmacist consulting services, 
such as drug regimen review, are recognized by most, if not all, the 
states. The reimbursement for these services is supposedly reflected in 
the facility’s per diem rate in both Medicaid and Medicare programs. 
The amount of payment is deemed by many pharmacists as grossly 
inadequate or nonexistent. But this requirement does open the door for 
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the pharmacist to be reimbursed for dispensing knowledge, in addition 
to dispensing drug products. 

For the past few years, the Department of Health and Human 
Services has proposed specific outcome measures or indicators to assess 
the performance of pharmacist’s review of drug regimens. The consult- 
ing pharmacist, in addition to providing written records of the monthly 
drug regimen review activities, would be expected to prepare necessary 
documentation for the surveyor to apply the proposed indicator mea- 
surements. The data most likely to be requested might include 


1. The total number of drug regimens reviewed each month (no more 
than 100 patients should be reviewed in any 1 day). 

2. The average number of prescriptions used per patient each month. 

8. The total number of drug-related irregularities discovered each 
month. 

4. The number of drug administration errors discovered and reported 
to nursing staff each month. 

5. The average monthly patient census. 

6. The monitoring and effectiveness of psychoactive medications. 


The general areas that might be addressed by the indicator mea- 
surements would include 


1. No multiple or duplicative orders for same or similar drugs in the 
same pharmacological or therapeutic categories (eg, multiple anti- 
anxiety agents, antidepressants, antipsychotics, laxatives, multivi- 
tamins, and sedative-hypnotics). 

2. Medication orders on a PRN basis not being given for more than 30 
days. 

3. Medications being given according to established safe, recom- 
mended dosage ranges, especially those requiring reduced dosages 
in the elderly, such as antianxiety agents, antidepressants, anti- 
psychotics, and sedative-hypnotics. 

4, Premature changes to higher doses or to other drug agents that 
require extended periods of time to achieve full therapeutic effects, 
such as antidepressants, antihypertensives, antipsychotics, and 
some oral hypoglycemics. 

5. Drugs requiring periodic or regular laboratory testing (eg, antico- 
agulants, anticonvulsants, digoxin, diuretics, drugs for anemia, hy- 
poglycemics, thyroid preparations, urinary tract bacterial suppres- 
sants, and some antirheumatic agents). 

6. Monitoring of clinical parameters for efficacy or toxicity of selective 
drugs such as blood pressures for antihypertensive therapy, daily 
pulse rate for antiarrhythmics, digoxin, and B-blockers. 

7. The use of drugs without an appropriate, documented supportive 
diagnosis or symptom. 

8. Orders for drugs for which there is a known allergy, as documented 
in the patient’s record. 

9. The use of neuroleptics without an acceptable diagnosis or symptom 
or for nondestructive behavioral disorders. 


d. Control and Accountabiiity—Regulations stress the importance 
of control and accountability in the provision of pharmacy services in 
the long-term care facility. Only approved drugs and biologicals are 
used in the facility and are dispensed in compliance with federal and 
state laws. Records of receipt and disposition of all controlled drugs are 
maintained in sufficient detail to enable an accurate reconciliation. The 
pharmacist determines that drug records are in order and that an 
account of all controlled drugs is maintained and reconciled. 

The pharmacist always has the responsibility for drug control and 
accountability. Very few long-term care facilities have an in-house or 
on-site pharmacy department or employ a full-time pharmacist in the 
facility. The staffing pattern of many of these facilities is barely ade- 
quate to meet minimal requirements of regulation, and the staff often 
lacks the training to ensure and implement a good drug control and 
accountability system. There are publications and reports on congres- 
sional hearings describing problems of abuse, misuse, and diversion of 
drugs in long-term care facilities. This statute clearly identifies and 
emphasizes the role and function of the pharmacist in drug control and 
accountability. 

Specific survey procedures will be applied to determine the presence 
and rate of medication errors within the facility. The presence of one 
significant error, as described in the survey process, or a rate of 5% or 
more insignificant medication errors will result in a written deficiency. 
Categories of errors include, but are not limited to, errors of omis- 
sion, timing of administration, dose, dosage form, and lack of drug 
authorization. It is incumbent upon the consultant pharmacist to be- 
come thoroughly aware of the survey process and to ensure facility 
compliance. 

e. Unit-Dose and Unit per Use System—The unit-dose system is a 
medication management technique originally developed and designed 
for use in acute patient care settings. In the late 1950s and early 1960s, 


the traditional ward stock system proved to be inadequate to provide 
safe and accountable drug distribution. In that period many new drugs 
were introduced into the health-care market, resulting in an increase in 
drug use. With the short length of stay and rapid turnover of patients 
in acute care hospitals, nursing personnel were overwhelmed with the 
preparation and administration of multitudes of new drugs and dosage 
forms. Consequently there emerged a growing problem of medication 
errors. Leaders in hospital pharmacy proposed the unit-dose system as 
one solution to improve drug distribution and administration in the 
hospital setting. Since then, the unit-dose system has been accepted 
and promoted by agencies such as the General Accounting Office of the 
Congress and the Joint Commission on the Accreditation of Hospitals as 
a safe and effective drug distribution and administration system. The 
objectives of the unit-dose system of drug distribution are 


To promote safe and effective drug therapy at a reasonable cost. 
To detect and prevent errors and adverse drug reactions. 

To promote efficient use of health manpower. 

To minimize drug deterioration, obsolescence, pilferage, and abuse. 
To promote optimum use of floor space for medication storage and 
distribution. 

To reduce or simplify medication record-keeping requirements. 

To provide greater drug control through accuracy in medication 
recordkeeping. 
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Some of these goals are applicable to long-term care facility settings, 
while others are not. Long-term care facilities are unique because the 
drug therapy of most patients is relatively constant, and there are few 
day-to-day changes. Even though the staffing level of nurses in many 
long-term care facilities is minimal and there is a high turnover rate of 
staff, the 24-hr pass unit-dose system has not yet been justified as 
cost-effective. A modified unit-per-use system may be more logical and 
easier to adopt. Currently, the reimbursement system under Medicare 
and Medicaid programs is not inducive for long-term care facilities to 
venture universally into the 24-hr pass unit-dose system. But everyone 
will agree that there is need for a safe and efficient medication man- 
agement system in the long-term care facility. Future implementation 
of bar-coding technology will reduce errors and labor costs dramatically 
and facilitate further advancement and integration of drug distribution, 
administration, recordkeeping, billing, monitoring, and information 
systems. 


Important Elements of a Pharmacy Policy 
and Procedures Manual 


Pharmacists, except those involved in institutional care, gen- 
erally do not ordinarily develop formal and written policies and 
procedures for the provision of their services. Pharmacy ser- 
vices in the long-term care facility began as an extension of 
pharmacy practice in the community setting. Whatever policies 
and procedures existed between pharmacists and management 
in the facility have been based on common understanding and 
gentlemen’s agreement. As long-term care facilities expand 
responsibility and scope of services, they demand better 
organization, management control, and accountability of all 
services, including those of pharmacy. Also, Medicare and 
Medicaid regulations are requiring more documentation and 
justification of services reimbursed under these laws. The next 
unavoidable step was the mandating of written and formal 
policies and procedures for all long-term care facilities. 

A pharmacy policy and procedures manual establishes 
rules, guidelines, and processes that define and govern how 
pharmacy services are to be delivered. A well-written and de- 
signed manual will identify clearly the responsibilities of, and 
relationship between, the pharmacist provider and the facility. 
In general, pharmacists are inadequately trained in manage- 
ment science, and most are uncomfortable and lack the neces- 
sary competency to develop a structured pharmacy policy and 
procedures manual. Many pharmacists recognize the value of 
an organized policy and procedures manual, such as 


Providing a uniform standard of practice. 

Defining specific responsibilities and relationships between provider 
and facility in the provision of services. 

Serving as a teaching guide for in-service training of staff. 


Establishing a foundation for planning, developing, and reviewing ex- 
isting and new services. 

Serving as a management control and assessment tool. 

Providing documentation of services. 


A number of excellent continuing-education programs spon- 
sored by national and state pharmaceutical associations and 
selected universities are designed to assist the pharmacist in 
the development of a pharmacy policy and procedures manual. 
One particular manual developed by the American Society of 
Consultant Pharmacists provides a model workbook for others 
to adopt or use to modify and improve their individual manu- 
als. This model-manual workbook offers a systematic approach 
to the development of a pharmacy policy and procedures man- 
ual to meet the specific individual facility needs. Such manuals 
must include and involve input and participation of other 
health-care providers, such as physicians, nurses, and admin- 
istrators responsible for the delivery of pharmacy and pharma- 
cy-related services. Also, a good manual must meet require- 
ments and conditions for participation established under 
federal and state laws. Because of tremendous changes occur- 
ring externally as well as internally in long-term facility care, 
the pharmacy policy and procedures should be updated and 
reviewed periodically, not less than once a year. 

Pharmacy policies and procedures can be grouped into the 
two following major categories: administration-related and 
service-related or operation-related. 


Administration-Related Policies 
and Procedures 


This section describes the arrangement between the pharma- 
cist provider and the facility defining the organization and 
scope of pharmacy services. It should have a signed and dated 
agreement or contract outlining responsibilities and activities 
to be performed and, if possible, should state reimbursement or 
professional fees. 

Major topics should include 


1. Those related to the dispensing of drugs and drug products, 
specifically to 

a. Provide drugs and supplies as required for patients 
and the facility in accordance with state and federal 
laws. 

b. Furnish and replenish emergency drug supply in ac- 
ceptable containers and equipment. 

c. Label all medications according to state and federal 
laws. 

d. Provide pharmacy services to the facility on a 24-hr 

day, 7-day week basis. 

Maintain drug profiles on all active patients. 

Provide timely delivery of all medications and supplies. 
Apply prudent buyer concepts to all pharmacy charges. 
Provide or arrange for pharmacist consultant service. 
Develop a drug formulary system and product selection 
policy. 

2. Those related to the dispensing of knowledge: 

a. Review each patient’s drug regimen and submit re- 
ports at least monthly to the director of nursing and 
the attending physician. 

b. Maintain a log of all visits and activities in the facility. 

c. Review at least quarterly the various aspects of the 
total drug distribution system. 

d. Provide complete documentation of all professional re- 
view activities in accordance with federal and state 
laws. 

e. Participate as a member of the pharmacy service com- 
mittee, infection control committee, and/or other com- 
mittees, such as utilization review committee and the 
patient-care committee. 
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f. Assist in establishing policies and procedures govern- 
ing provision of pharmacy services and supplies in the 
facility. 

g. Provide ongoing in-service training for the facility staff 
at least quarterly. 

h. Check emergency drug supply at least monthly. 

1. Inspect each nursing station, its related drug storage 
area, and the patient’s health record at least quarterly 
or more often if the need arises. 

j. Make quarterly reports describing problems, solutions, 
suggestions, and improvements to be submitted to the 
pharmacy services committee. 

k. Assist in the destruction of unused controlled sub- 

stances as prescribed by law. 

Determine the facility’s medication error rate. 

Report status of staff performance. 

Ensure safe and effective drug usage. 

Conduct drug-utilization, cost-containment, and drug- 

holiday programs. 

Document and demonstrate consultant pharmacist’s 

impact on patient care by the use of valid research and 

study techniques. 
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Other information that might be included is the number of 
hours of services, arrangement for on-call or emergency cover- 
age, current pharmacist license number and renewal date, and 
legal provision for such an agreement. 


Service-Related or Operation-Related 
Policies and Procedures 


This section covers policies and procedures related to provision 
of pharmacy services. It describes processes or methods of how 
pharmacy services are to be implemented. The following topics 
should be considered: 


1. Medication procuring schedules 

a. A schedule of pharmacy operating hours and drug or- 
dering times should be posted at the nursing station. 

b. A drug delivery schedule and log should be kept. 

2. Emergency medication services 

a. The 24-hr emergency telephone number of the phar- 
macist should be posted at the nursing station. 

b. A list of emergency medications should be updated 
periodically. 

c. An effective and safe exchange system of emergency 
medication box or cart to avoid misuse of emergency 
medications. 

3. Medication ordering 

a. All medications should be received by authorized 
personnel. 

b. Records for ordering medications from the provider 
pharmacy should be kept properly. 

c. Refills of medications, especially maintenance medica- 
tions, should be ordered appropriately, without inter- 
ruption of therapy. 

d. Direct copies of physician orders should be forwarded 
to the pharmacy provider within 24 hr. 

e. Written copies of all telephone medication orders 
should be sent promptly to the prescribing physician 
for signature. 

f. Signed copies of telephone orders should be included in 
the patient’s chart. 

g. Medication orders should be recapped or rewritten 
monthly, when appropriate and signed by the 
physician. 

h. Medication orders should be written properly, includ- 
ing the drug name, dose, frequency of administration, 
route (if other than oral), and, if PRN, indication 
for use. 
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Medication orders in the patient’s chart should concur 
with those in the medication administration sheet. 


. Specific nurses should be authorized to transmit med- 


ication orders from the patient’s chart to the pharmacy. 
Special provision should be available for patients who 
wish to obtain drugs from outside pharmacy providers. 


. Outside pharmacy providers should furnish a drug pro- 


file of the patient to the pharmacist consultant every 
30 days. 


4, Drug administration 


a. 


b. 


m. 


Administration of routine medications should be re- 
corded properly in the patient’s medication record. 
Administration of PRN medications should be recorded 
properly in patient’s medication record. 

PRN medications should not be administered on a reg- 
ular or continuous basis for more than two weeks. 

All medications should be prepared, dispensed, admin- 
istered, and charted by the same individual. 


. Only licensed personnel should administer medica- 


tions, except for bedside medications when specifically 

ordered or when permitted under state regulations. 

Medications should not be borrowed from one patient 

and administered to another. 

“Prepouring” of medications should not be allowed. 

Medications should be administered as soon as possi- 

ble, but no more than 2 hours after the doses are 

poured. 

(1) Dose not administered, for whatever reason, 
should be documented in the patient’s health 
record. 

(2) Drugs ordered “STAT” and not in the emergency 
drug supply should be available and administered 
within 1 hr of the time ordered during normal 
pharmacy hours or within 2 hr if the pharmacy is 
closed. Anti-infectives, pain medications, antiemet- 
ics, antianxiety agents, and antidiarrheals should 
be available and administered within 4 hr. 

When drugs are removed from the original containers 

they should be maintained in environments ensuring 

purity and potency up to the time of administration. 


. Procedures and equipment used in drug administra- 


tion should provide for accurate drug dosage, identifi- 
cation, and sanitation. 

No doses should be charted before administration. 
There should not be an unusually large number of 
doses crushed. 

The time interval between prescribed doses and actual 
administration should fall within a range of 2 hr. 

A procedure for monitoring and recording medication 
errors should be implemented and adhered to. 


5. Stop orders 


a. 


b. 


c. 


d. 


A stop-order policy should be sent to each physician on 
the staff. 

A copy of the stop-order policy should be posted in the 
medicine room. 

The stop-order procedures should be followed. 

Stop orders should be in effect for all categories of 
drugs. 


6. Drug returns 


a. 


Drug returns to the pharmacy should be documented 
in the facility. 


7. Medication labels 


a. 


b. 


Cc. 


Medication labels should be prepared clearly and 
properly. 

Medication labels should not be altered or reused. 
Nonlegend drugs should be labeled properly and stored 
in original manufacturer’s container. 


. The procedure for updating medication labels should 


be followed. 


8. Storage of drugs 


a. 
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Test reagents, germicides, disinfectants, and other 
household substances that are considered poisons 
should be stored separately, away from medications. 
The utility room or cabinet containing commercial poi- 
sons and cleaning supplies should be locked. 
Medications for external use only should be stored 
separately, away from medications for internal use. 
The proper temperature (59 to 80°F) should be main- 
tained in the medication room or drug cabinet. 
Medications should be stored in a locked cabinet or 
room that is not accessible to patients or visitors. 
Keys to the medicine room or drug cabinet should be 
under the control of the medicine nurse. 
Unauthorized personnel should not be permitted to 
enter or use the drug-storage areas. 

Drug administration areas should be lighted well. 
Medication counters in the drug room or drug cabinets 
should be clean and uncluttered. 

A metric-apothecary conversion chart should be posted 
in the medication storage area. 

Discontinued drug containers should be marked prop- 
erly, stored, and appropriately disposed of. 


. Nondrug items should not be stored in the drug storage 


area. 
Medications should be stored in the original containers. 
Amber or glass bottles or other special containers 
should be used for certain medications to prevent 
deterioration. 

Ophthalmic, otic, and nasal medications should be 
stored separately and away from internal medications. 
Medications for the same patient should be kept 
together. 

There should be no excessive quantities of drugs. 
There should be no prepackaging of bulk or house drug 
supplies. 

The emergency medication box should be stored in an 
area known to all personnel handling medications. 
No drugs requiring refrigeration should be in the cab- 
inet of the drug room. 

The proper temperature (36 to 46°F) for refrigerator 
items should be maintained. 

Only drugs requiring refrigeration should be kept in 
the refrigerator. 

Outdated drugs should be removed from the refrigerator. 


9. Emergency drug supply 


a. 


A list of the contents of the emergency medication box 
should be posted near the telephone at the nursing 
station and on the outside of the box itself. 

The emergency medication box should be sealed 
properly. 

The emergency medication box drugs should not be 
expired. 

Use of any emergency medications should be recorded 
properly in a log book. 

Staff physician should be informed in writing regard- 
ing use of emergency drug supply. 


10. Drug disposal 


a. 


b. 


Cc. 


d. 
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Drugs other than controlled substances under Sched- 
ules I, II, II, and IV should be destroyed in the facility 
by the registered nurse in charge of the station and one 
other licensed nurse or pharmacist. 

Drug disposal should be documented properly. 
Discontinued drugs should be identified properly and 
stored in the medication area. 

Discontinued drugs not reordered within 90 days 
should be removed from the cabinet and disposed of. 


Discharge medications 
a. 


All medications sent with patient on discharge should 
have been ordered properly by the physician. 


b. All medications sent with the patient on discharge 
should be recorded properly in the patient’s health 
record. 

c. All discharge medications should be labeled properly. 

12. “Pass” medications 

a. All medications sent with the patient on pass should 
have been ordered properly by the physician. 

b. All medications sent with the patient on pass should 
have been recorded properly in the patient’s health 
record. 

c. All medications on pass should be labeled properly. 

13. Controlled substances 

a. Controlled drugs should not be accessible to nonautho- 
rized personnel. 

b. Controlled drugs should be stored in a locked cabinet or 
drawer separate from noncontrolled drugs. 

c. Separate records should be maintained for controlled 
drugs. 

d. Controlled drugs and records should be reconciled at 
least every 24 hr. 

e. The procedure for discharge drugs should be followed 
properly and applied to controlled drugs. 

f. Controlled drugs should be destroyed in the presence of 
a registered pharmacist and a registered nurse em- 
ployed by the facility. 

g. Proper records should be kept for controlled drugs de- 
stroyed in the facility. 

14. Bedside medication 

a. The bedside storage of medications should not be lim- 
ited if self-administration has been authorized by the 
physician and facility. 

b. The bedside’ storage of medications should be ordered 
specifically by the patient’s physician and approved by 
the facility. 

Medications should be labeled properly. 
The patient should be instructed properly on the use of 
bedside medications. 

e. Use of bedside medication should be documented prop- 
erly by the client/resident on a medication administra- 
tion record. 

f. Bedside medication for self-administration must 
be stored in the resident’s room in a locked storage 
cabinet. 

15. Physician drug samples 
Physician drug samples should not be used. 
16. Investigational drugs 

The procedure for use of investigational drugs should be 

strictly adhered to. 

17. Reference sources and texts 

Each nursing station should have current editions of The 

Physicians’ Desk Reference, Facts and Comparisons and 

the AHF'S Drug Information or equivalent source material. 
18. Equipment and supplies 

The nursing station should have adequate supplies for 

proper storage and administration of medications. 
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To review patient drug regimens effectively and serve on com- 
mittees in a long-term care facility, a pharmacist should un- 
derstand the nature of the geriatric patient. Physiological 
changes that commonly occur with age may render the elderly 
less able to cope with bodily stresses and may affect drug 
therapy. Various diseases not only occur more frequently in the 
elderly but the presentation of the disease may be different 
from that in younger age groups. Pharmacodynamic and phar- 
macokinetic profiles of agents may be altered; also, drug toxic- 
ity, side effects, and interactions appear to be more frequent 
and more severe in the elderly. Thus, the risk-to-benefit rela- 
tionship of particular therapeutic choices is altered with age in 
many cases. 
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PHYSIOLOGICAL VARIABLES 


IN THE ELDERLY 
ee 


Physical Appearance 


Most obvious to the pharmacist are physiological changes in 
the elderly that alter their appearance. Dehydration of verte- 
bral discs and development of kyphosis result in a loss of height 
of approximately 2 inches between ages 20 and 70 and a change 
in posture. A decrease in total body weight usually occurs after 
age 65 and is accompanied by a marked change in the ratio of 
lean body mass to fat. A 25 to 30% loss of lean body mass 
results in changes in body contours and more noticeable bony 
prominences. The lean body mass loss is replaced by increased 
fat content of the body, primarily in the area of the hips, pelvis, 
and umbilicus. Loss of subcutaneous supportive tissues with 
age results in thin, dry skin and ecchymoses with minor 
trauma; simultaneous loss of cells results in atrophy and wrin- 
kling of the skin. The edentulous state, common in the elderly, 
may result in resorption of the mandible. Hair patterns change 
as a result of variations in hormonal and cellular activity, and 
there is generalized thinning and a decreased quantity of hair. 


Body Composition 


Except for changes in lean body mass and fat, other changes in 
body composition occurring in the elderly are not obvious. Total 
body water decreases by approximately 25 to 30%, most being 
due to intracellular water loss. However, plasma and extracel- 
lular fluid volumes also decrease, and these changes may affect 
distribution of drugs in the body. Cell solids, including ele- 
ments such as potassium, decrease to the same extent as lean 
body mass. Hypokalemia is common in the elderly, especially 
with diuretic therapy. Bone mass decreases approximately 1%, 
with an accompanying loss of calcium. This loss of calcium 
predisposes the patient to osteoporosis. With loss of lean body 
mass, an individual’s need for energy-producing food is 
reduced. 


Organ Function 


Vital to the understanding of the changes in the elderly that 
may affect drug therapy is the concept of chronologically al- 
tered organ function. These changes, which occur in the ab- 
sence of disease as it is now understood, are thought to result 
from either decreases in organ cell populations, oxygen con- 
sumption and/or blood flow, or a change in the character of 
organ tissue, such as that which results from a deposition of 
collagen fibers. 

The eyes undergo many changes with age. Arcus senilis, a 
yellowish white opaque deposition around the periphery of the 
iris, is found in approximately 40% of the elderly but does not 
impair vision. The most common change in vision in the elderly 
is presbyopia, which results from a diminished ability of the 
lens to focus at different distances and requires approximately 
90% of the elderly to wear glasses. Senile cataracts, almost 
always bilateral, result in opacification. Senile macular degen- 
eration may be due to ischemic changes in the retina and may 
cause blindness in the elderly. With the increased size of the 
aged lens, the anterior chamber of the eye becomes smaller, 
and the angle between the root of the iris and the corneoscleral 
posterior surface becomes more acute and should result in 
increased pressure in the eye. However, resultant glaucoma 
occurs only in approximately 5% of the elderly because of the 
decreased production in aqueous humour that occurs after 
age 50. 
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Ear-function changes also occur in the elderly, with presby- 
cusis, a slow, progressive loss of hearing involving various 
parts of the hearing system, the most common hearing abnor- 
mality. Onset of presbycusis is usually in the seventh decade 
and results in interference with selectivity of hearing and con- 
versation comprehension. 

Many changes occur in the cardiovascular system with age. 
A decrease in the cardiac output of approximately 40% occurs 
by age 65. Systemic arterial pressure increases, the systolic 
increasing to a greater extent than the diastolic. These blood 
pressure changes often result in hypertrophy of the heart sec- 
ondary to the increased workload placed on it. Atherosclerosis 
increases with age, with an increased collagen and calcium 
content of blood vessels and a resultant decreased resilience. 
The increased atherosclerosis contributes to the increase in 
blood pressure and vice versa. Postural hypotension occurs 
frequently in the elderly. In one survey of elderly ambulant 
individuals, 24% showed a postural decrease in systolic blood 
pressure of 20 torr or more, and 5% a decrease of 40 torr or 
more. This altered compensation by the cardiovascular system 
for postural change is due to impairment of the baroreceptor 
reflex. The distribution of peripheral blood flow in the elderly 
favors coronary, cerebral, and skeletal circulations at the ex- 
pense of visceral, hepatic, and renal flow. 

The respiratory system also undergoes changes with age. An 
increased lung collagen content results in loss of elasticity and 
a resultant decrease in vital and total lung capacities. A pro- 
gressive increase in the number of alveoli supplied with less 
than an optimal quantity of pulmonary capillary blood flow 
occurs. The dimensions of the thoracic cage increase, resulting 
in hyperinflation. A decrease in the number and activity of cilia 
as well as decreased efficiency of contraction of the expiratory 
muscles, which makes coughing more difficult, results in de- 
creased ability to clear mucous secretions. 

Renal function decreases with age. The number of function- 
ing nephrons decreases, but because of the large reserve in 
renal function, this within itself does not pose a major problem. 
However, coupled with decreased renal blood flow of approxi- 
mately 50 to 60% by age 70, there is a marked decrease in 
glomerular filtration rate of between 20 and 50%. This drop in 
glomerular filtration rate may not be mirrored adequately by 
the creatinine clearance, as 24-hr creatinine excretion de- 
creases by 50% from the 3rd to the 9th decade of life. The serum 
creatinine is thus not a reliable indicator of changes in creati- 
nine clearance across age groups and in the aged. A normal 
serum creatinine of 1 mg/dL may correspond to a creatinine 
clearance of 120 mL/min at age 20 but only 60 mL/min at age 
80. Age-adjusted nomograms for estimation of creatinine clear- 
ance from serum creatinine have been developed. In addition, 
alterations in respiratory and renal function in the elderly 
make them less capable of correcting acid-base insults. 

Gastrointestinal (GI) changes with age include a decrease in 
peristaltic activity and a diminished defecation reflex. There is 
also a decrease in intestinal blood flow, a decrease in the 
volume and acidity of gastric secretions, and atrophy and de- 
terioration of the colonic musculature, with thinning of the 
intestinal walls. After age 50, pear-shaped diverticula form 
that, with poor elimination, can become filled with fecal masses 
and lead to irritation, infection, and diverticulitis. 

Changes in liver anatomy and function occur late in the 
aging process. A decrease in liver size is noted after the age of 
70. Most liver functions, as measured by plasma bilirubin or 
plasma enzyme concentrations, remain within normal limits, 
and the reserve capacity of the liver is not compromised se- 
verely. A notable exception to this, however, might be drug 
metabolism enzymes because of the postulated decreased ac- 
tivity of the cytochrome P-450 system and the decreased he- 
patic blood flow with age. 

Endocrine changes noted with time include decreases in 
glucose tolerance, synthesis and release of insulin, and produc- 
tion of thyroid hormone. In addition, there is a change in the 
anabolic/catabolic ratio of hormones because of a significant 


decrease in gonadal steroids. Anabolic steroid activity is de- 
creased to 65% with age, while catabolic steroid activity is 
decreased only 20%. Such changes, in part, account for the 
osteoporosis seen in the elderly. Loss of calcium is most marked 
in the postmenopausal female, and resultant fractures may 
occur spontaneously or with very minor trauma. The activity of 
the renin-angiotensin-aldosterone system also decreases with 
age. Also, reduced responsiveness to adrenergic stimuli has 
been observed in the elderly. 

With age, there is a 30% decrease in brain tissue as well as 
a 30% decrease in nerve conduction velocity. As a result there 
is a slowing of reflexes and decreased speed of muscle contrac- 
tion. The central nervous system (CNS) threshold for excitabil- 
ity and inhibition are reduced, as are perhaps the concentra- 
tions of neurotransmitters. Body thermal regulation is 
impaired. Pain and taste sensations are diminished. In addi- 
tion, the cardiac conduction system undergoes degeneration. 

The immune system responds more slowly and less vigor- 
ously in a geriatric patient. Alterations in white blood cell 
function and reductions in IgG and IgM concentrations have 
been noted in older individuals. 

With all the decreases in organ function occurring over time, 
the body becomes less able to compensate for stress because of 
the loss of its reserve capacity. Many of the changes cited 
predispose the elderly patient to pathological insults such as 
infections or fractures that may have devastating results be- 
cause of the diminished reserve capacity. Drug therapy for 
these disorders may bear greater risks because of the altered 
organ function. 


DISEASE CONSIDERATIONS 

SEE LI EE I I IT ETT 
To perform drug-regimen reviews in any setting, the pharma- 
cist must understand the pathophysiology of disease (see Chap- 
ter 56). A detailed review of the numerous diseases that may be 
found in the elderly is beyond the scope of this chapter. How- 
ever, for the pharmacist monitoring patients in a long-term 
care facility, it is important to highlight selected aspects of 
geriatric diseases. 

The symptoms and presentation of a myocardial infarction 
in the elderly may be very different from those in younger 
patients. Classical chest-pain syndromes occur in only approx- 
imately one-third of patients, with otherwise atypical presen- 
tations including acute confusion, severe dyspnea, severe hy- 
potension and vomiting, and weakness being the norm. 

Bradycardias, Adams-Stokes attacks, and cardiac arrhyth- 
mias, often asymptomatic, are common. The classical signs and 
symptoms of congestive heart failure and pulmonary embolism 
frequently are altered or absent in the elderly, and one’s index 
of suspicion must be high. 

The management of hypertension in the elderly is a very 
controversial topic. Patients with diastolic blood pressure 
greater than 95 torr show mortality rates that increase beyond 
age 65 for cardiovascular-related death. Thus, classical hyper- 
tension is no less a risk factor for those over age 65, and 
treatment appears effective. Malignant hypertension is rare in 
the elderly. The bulk of the controversy exists around the 
management of pure systolic hypertension whose prevalence 
rises markedly with age. Systolic hypertension has been re- 
lated to increased morbidity and mortality. The value of treat- 
ing systolic hypertension in the elderly has been demonstrated. 
Therefore, the management and investigation of hypertension 
in the elderly should be carried out, but therapy also should be 
tailored to the individual. 

Aged persons with hypertension often manifest diffuse ar- 
teriosclerotic disease, including the vessels of the head and 
neck. Treatment of hypertension in such patients may result in 
sharp reduction in blood pressure associated with syncope, 
which may lead to injurious falls. In such cases, blood pressure 
should be reduced gradually with cautious initial dosing. The 


elderly are more susceptible to complications from diuretics, 
such as hypokalemia and dehydration, especially when inter- 
current illness decreases oral intake. The antihypertensive and 
CNS depressant effects of methyldopa, reserpine, and clonidine 
are greater. Use of B-blockers often is contraindicated by other 
concomitant disorders, and some investigators report dimin- 
ished antihypertensive effects in the elderly. Use of reserpine is 
discouraged in the elderly because of the insidious form of 
psychic depression that may occur, as is use of guanethidine, 
because of its propensity to cause orthostatic hypotension. The 
use of calcium channel blockers and angiotensin-converting 
enzyme inhibitors often is effective, and they have minimal 
side effects. It should be recalled that even when diastolic 
pressure is suitably reduced, a significant systolic elevation 
may remain. In such cases, a compromise of a slightly higher 
than desired blood pressure should be accepted. 

Peripheral vascular disorders often are seen in the elderly. 
Peripheral arterial disease is usually unresponsive to vasodi- 
lator therapy and, if severe, may lead to gangrene and neces- 
sitate amputation. Recent reports indicate that calcium chan- 
nel blocking agents such as nifedipine may be beneficial 
medical therapy. Chronic stasis ulcers and deep vein thrombo- 
sis also are encountered frequently. 

Certain infectious diseases are common and have unique 
features in the aged. Elderly patients may be predisposed to 
pneumonias because of decreased immune response, decreased 
ciliary activity, and potential predisposition to aspiration as a 
result of concomitant strokes, decreased cough reflex, and im- 
paired swallowing. The classic picture of lobar pneumonia with 
abrupt onset of fever and signs of lung consolidation is very 
much the exception. The elderly patient often has an insidious 
onset of pneumonia that presents as increasing lassitude, ap- 
athy, decreased mobility, and thus no specific localizing symp- 
toms or signs. Confusion may be the key sign in such cases. The 
use of pneumococcal vaccine may be of great benefit in the 
elderly. Influenza, though relatively benign in younger age 
groups, may cause great morbidity and mortality in the elderly, 
because of diminished ability to respond to stress. Prophylactic 
vaccination with influenza vaccine is of great importance in 
this high-risk group. Incidence of urinary tract infections in- 
creases with age in both men and women. Some causes for this 
include immobility, which may lead to constipation with result- 
ant contamination of the perineum and urethral orifice in the 
female; increased residual urine volumes secondary to neuro- 
genic bladder or prostatic hypertrophy changes in men; pros- 
tatectomy with loss of the antibacterial prostatic substance and 
use of indwelling catheters. Acute infections should be treated 
as in the younger patient. Catheters should be avoided when 
possible; if needed because of incontinence, proper care is vital 
to limit potential infections. Chronic bacteriuria in the elderly 
appears to be a relatively benign process that does not lead to 
renal failure. 

Disorders of the GI tract commonly seen in the elderly 
include oral moniliasis, dysphagia, hiatal hernia, achlorhydria, 
peptic ulcer, diverticulosis, ischemic colitis, and cancer of the 
alimentary tract, the latter being one of the commonest causes 
of death in the very old. Anemia, weight loss, and vague upper 
abdominal pain are common signs of peptic ulcer disease, 
which warrants vigorous evaluation. One-third of all gastric 
ulcer deaths occur in the elderly; associated perforation and 
peritonitis may develop in the absence of classical signs and 
symptoms. Constipation is not a consequence of old age per se 
but is common in the elderly because of decreases in both 
mobility and dietary fiber consumption. 

Evaluation of mental confusion is very important in the 
elderly. Though dementia of the Alzheimer type is common, 
other causes that must be evaluated before this diagnosis is 
entertained include depression, drug therapy, infections, cere- 
bral hypoxia, and metabolic disorders. Cerebral arteriosclerosis 
often leads to dementia, apraxia, and parkinsonism, though the 
latter may be due to other causes. Transient ischemic attacks, 
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drop attacks, strokes, and temporal arteritis are common dis- 
orders; the drop attacks account for about 20% of fractures of 
the femur in the aged. 

Common bone diseases include osteoporosis, osteomalacia, 
and Paget’s disease. The osteomalacia may be due to poor 
intake of vitamin D coupled with inadequate exposure to sun- 
light. Postmenopausal estrogen replacement therapy and di- 
etary calcium and fluoride supplementation have been advo- 
cated to prevent development of osteoporosis. Fractures are 
very slow in healing in the aged. Rheumatoid arthritis can 
start acutely in the elderly or be present in a burned-out form. 
However, osteoarthritis, a degenerative joint disease, is much 
more common. The use of aspirin can produce tinnitus and 
further compromise high-frequency hearing loss in the elderly. 

Thyroid disease is not uncommon in old age. Apathetic 
thyrotoxicosis, a disease of elderly women, is characterized by 
loss of weight, apathy, and depression in the absence of clinical 
signs of thyroid disorder. Diabetes mellitus is common in the 
elderly. Diabetic ketoacidosis is uncommon, but hyperglycemic, 
hyperosmolar, nonketotic coma occasionally develops. 

Though red-cell lifespan and morphology do not change with 
age, iron deficiency anemia due to blood loss, malabsorption, or 
malnutrition; megaloblastic anemia due to folate and vitamin 
B,» deficiencies; and the anemia of chronic disease are common 
in the elderly. 

Urinary and fecal incontinence are frequent maladies in the 
elderly. Causes for urinary incontinence include stress incon- 
tinence in the female, often associated with age-related 
changes in the urethra; benign prostatic hypertrophy in the 
male; fecal impaction with a low-capacity bladder or chronic 
retention with outflow incontinence; bladder carcinoma; renal 
calculi; urinary tract infections; and impaired neurological con- 
trol. Management requires correction of the cause, if possible, 
with anticholinergic agents occasionally providing some relief. 
Anticholinergic agents are not without toxicity, especially in 
the elderly, and should be used carefully. Indwelling catheters 
should be avoided if possible but often are required. Fecal 
incontinence may result from constipation, laxative abuse, 
drug reactions, diseases of the large bowel, and impaired neu- 
rological control of defecation. In both types of incontinence, 
special patient padding should be used to minimize irritation 
and effects of moisture on the surrounding skin, as this may 
predispose to decubitus ulcers. 

Many geriatric patients require chronic bedrest. Because of 
their immobility, these patients are more predisposed to com- 
plications such as pneumonia, thrombophlebitis, pulmonary 
embolism, micturition and defecation problems, muscle wast- 
ing, stiffness, contractures, accelerated calcium excretion, and 
decubitus ulcers. Decubitus ulcers are localized areas of cellu- 
lar necrosis commonly called bed sores or pressure sores. It has 
been estimated that approximately one-third of bedridden ge- 
riatric patients have pressure sores. 

The cause of decubitus ulcers is compression of the skin and 
subcutaneous tissue severe enough to impair local blood circu- 
lation. A pathological sequence of erythema, induration, and 
necrosis results. Bedridden patients are unable to move and 
thereby remove pressure from a given area. Certain tissues 
have enhanced pressure on them, such as those that overlie 
bony prominences (the sacrum, heels, and buttocks) and those 
under compressing surfaces (chairs, beds, casts, braces, tight 
dressings, and other factors). Poor hygiene, poor nutrition, use 
of sedating medications, edema, fever, and anemia may en- 
hance decubitus ulcer formation. Moisture secondary to exces- 
sive perspiration and incontinence may predispose to tissue 
breakdown. Good nursing care, using special devices (eg, wa- 
ter-support mattresses) to relieve the pressure on certain areas 
of the patient, is vital to prevent tissue breakdown. Excellent 
reviews on the prevention and treatment of decubitus ulcers 
have been published. 
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GERIATRIC PHARMACOLOGY 

ESS REIL ET 
The vast majority of studies on drug effects, kinetics, and other 
factors have been carried out in young, healthy volunteers. 
Little research has been done in the field of geriatric clinical 
pharmacology to date. Currently, the FDA is assessing the 
need for additional information about the action of a drug in 
the elderly patient. The New Drug Application process is likely 
to be modified to require dosing guidelines for the aged. This 
field offers great opportunity to the clinical pharmacist inves- 
tigator. Aspects of what is now known about drug therapy 
changes with age is reviewed. 


Absorption 


The increased pH of the GI tract with age could alter drug 
ionization and solubility, and the decreased blood flow to the GI 
tract could decrease the rate and extent of drug absorption. 
Likewise, a decreased absorption surface, the decreased phys- 
ical activity of the elderly, as well as the increased incidence of 
diverticular disease may predispose to problems in drug ab- 
sorption. However, little research has been done to document 
such changes. Decreased absorption has been noted for com- 
pounds that undergo active transport, such as iron, thiamine, 
calcium, galactose, and glucose. However, acidic drugs under- 
going passive diffusion, such as acetaminophen, phenylbuta- 
zone, and sulfamethizole, have not been shown to have signif- 
icant changes in the time to peak plasma levels. Basic drugs 
such as diazepam, levodopa, pentazocine, and amitriptyline 
may undergo gastric absorption and may have decreased ab- 
sorption as a result of gastric changes. Sustained-release prep- 
arations of drugs have not been tested adequately in the geri- 
atric patient, and erratic absorption and therapeutic effects 
may result. Acid-labile compounds, such as potassium penicil- 
lin G, may actually reach higher levels in geriatric patients 
because of increased pH in the GI tract. Overall, changes in 
drug absorption appear to be the least important of age-related 
changes in pharmacological action. 


Distribution 


A drug’s distribution in the body is determined by its binding 
characteristics to plasma proteins, red blood cells, and other 
body tissues; the distribution of systemic blood flow and micro- 
circulation; and the ability of the drug to pass through various 
membranes. Serum albumin decreases with age, with a con- 
comitant rise in the globulin-protein fraction. This decrease is 
more likely the result of disease and immobility than a function 
of age per se; however, a disturbance in the normal metabolic 
response to a decreased albumin pool also has been noted. 
Acidic drugs bind mainly to albumin, and decreases in protein 
binding as a function of age have been reported with warfarin 
and phenytoin. The character of protein-binding seems quali- 
tatively the same as in younger individuals. Basic drugs bind 
primarily to a,-acid glycoprotein, whose concentration is un- 
changed by age per se but is increased as an acute phase 
reactant in inflammatory disease or myocardial infarction. 
Concomitant renal disease and drug interactions may further 
alter drug-binding capacity in the elderly. Unfortunately, most 
pharmacokinetic studies evaluate total, rather than free, drug 
clearance, but free clearance actually determines the steady- 
state concentration of pharmacologically active, unbound drug. 

Body fat content increases with age; if a drug is highly 
lipid-soluble, it may become localized in body fat. Thus, the 
volume of distribution of drugs such as diazepam, chlorpro- 
mazine, barbiturates, and glutethimide may be increased in 
the elderly. Drugs distributed mainly in body water and lean 
body mass might have higher blood levels in the elderly, par- 


ticularly if the dose is based on total body weight or surface 
area; examples are ethanol and lidocaine. 

The decrease in cardiac output with age results in a 
decrease in systemic perfusion, but as noted previously, the 
reduction of blood flow to various organs is not symmetric; 
redistribution in favor of cerebral and coronary circulations 
takes place at the expense of flow to the kidney and liver, 
which are important organs in drug elimination. Likewise, 
the ability of a drug to pass through various membranes may 
ultimately affect its drug action. Increased uptake of mor- 
phine in the brain of aged rats may reflect increased perme- 
ability of the blood-brain barrier. The amount of local anes- 
thetics needed to produce a desired level of segmental 
anesthesia after injection into the spinal extradural space 
has been found to be much lower in older patients. This may 
be explained on the basis of age-related changes in connec- 
tive tissue and increased permeability of the nerve integu- 
ments, resulting in greater drug sensitivity. 


Metabolism 


Animal studies have shown decreased activity in drug- 
metabolizing enzymes that has been associated with increases 
in the serum levels and the intensity and duration of pharma- 
cological effect of some drugs. Several drugs that undergo he- 
patic microsomal oxidation have been reported to exhibit re- 
duced clearances in the elderly; these include antipyrine, 
chlordiazepoxide, diazepam, quinidine, theophylline, and nor- 
triptyline. However, conflicting reports make some of this in- 
formation difficult to interpret; important factors such as cig- 
arette smoking and nutritional status have not been controlled 
adequately. A significant prolongation of the t,/. of acetanilid 
versus no age-related increase in the t,,. of isoniazid suggests 
that liver function does not decline uniformly with age and that 
while microsomal enzyme pathways may decrease with time, 
hepatic acetylation may be unaffected. Likewise, the inducibil- 
ity of drug-metabolizing enzymes declines with age. Thus, the 
effects of aging on the metabolism of a given drug is complex 
and difficult to predict. 

Hepatic blood flow is decreased secondary to the decreased 
cardiac output with age. Another important component of the 
metabolizing capacity of the elderly may be their decreased 
level of activity. Compounds with high hepatic extraction ra- 
tios, such as propranolol and indocyanine green, have reduced 
clearances in the elderly. Fourfold increases in plasma pro- 
pranolol levels after a single 40-mg dose have been noted in 
elderly subjects, compared with young individuals. 


Excretion 


Altered renal function is probably the single most important 
factor responsible for higher drug levels in an aging population. 
As noted previously, renal function declines with age; on the 
average, the decline is approximately 1.5% per year from ages 
25 to 65. Also, the serum creatinine level is not a reliable 
indicator of renal function in the aged. Drugs primarily ex- 
creted by the renal route and having a narrow therapeutic 
index, such as digoxin and the aminoglycoside antibiotics, have 
been shown to have higher levels in the elderly. The half-life of 
digoxin has been shown to increase as much as 40% in the 
elderly, with a decline in creatinine clearance. An important 
corollary is that many elderly patients are put on digitalis 
during transient periods of congestive heart failure, secondary 
to fluid overload and other factors, and then subsequently 
maintained on digitalis. Studies have shown that such patients 
can be withdrawn safely from digoxin therapy. Elderly patients 
also are predisposed to developing alkaline urine. This is due to 
decreased consumption of protein because of economic factors, 
with resultant decreased excretion of amino acids, and the 


catheterizations and other procedures in the elderly that pre- 
dispose to urinary tract infections with urea-splitting organ- 
isms. The end result may be enhanced reabsorption of basic 
drugs such as the tricyclic antidepressants. 


Alteration in Receptor Site Action 


Receptor sites for drugs also may be altered in the elderly. A 
decrease in the number of CNS receptors has been postulated 
for some drugs. CNS stimulants show decreased activity in the 
elderly, while CNS depressants show increased activity. Bar- 
biturates may be more likely to cause paradoxical stimulation 
in the elderly as a result. Atropine’s positive chronotropic ac- 
tivity decreases with increasing age, which is thought to be a 
result of altered receptor site activity. Propranolol reduces the 
heart rate and cardiac output during exercise, but to a lesser 
extent in subjects aged 50 to 65 years than in subjects aged 20 
to 35 years. The sympathetic response of the heart elicited by 
the stimulus of exercise declines with age. Though the reason 
for this is not clear, reduced numbers of a,-receptors on plate- 
lets and B-receptors on lymphocytes have been demonstrated in 
the elderly. 


Geriatric Predisposition to Adverse Drug 
Reactions and Interactions 


Various factors predispose the elderly to adverse drug reac- 
tions and drug interactions. The age-related changes in or- 
gan function previously reviewed may alter drug disposition 
and activity. In this regard, the side effects of digoxin, lido- 
caine, propranolol, tricyclic antidepressants, benzodiaz- 
epines, sedative-hypnotics, antipsychotics, aminoglycoside 
antibiotics, meperidine, phenytoin, and heparin have been 
noted more frequently in the elderly. 
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In addition, the elderly suffer from numerous diseases. One 
autopsy study showed that in 40 patients over 90 years of age, 
498 pathological lesions were identified, for an average of 12.5 
lesions per patient. In many cases, these lesions affected the 
liver or the kidney and thus had great potential effect on drug 
elimination. Multiple pathologies may lead to numerous pa- 
tient complaints. The temptation on the part of the physician is 
to treat symptomatciogy with a large number of medications; 
polypharmacy is very common in the elderly. 

As noted previously, patients over age 65 make up 11.6% of 
the population in the US, but the same group receives 31% of 
all prescription medications. Patients in long-term facilities 
account for most of such prescription use. The average nursing 
home patient may receive 5 to 9 medications, while some have 
been noted to receive as many as 16 medications concomitantly. 
As a result, medication errors are more common, and the num- 
ber of errors increases with the number and frequency of med- 
ication administration. 

Thus, it is no wonder drug reactions and medication errors 
occur more frequently in the elderly; a 10 to 18% incidence of 
adverse drug reactions has been estimated in institutionalized 
patients. Drug-related fatalities also have been noted. The 
incidence of adverse effects has been correlated with age, with 
an increased incidence in the 6th to 8th decade. 

As a result of the number of drugs patients receive, the 
incidence of drug interactions increases. In one study, 49% of 
nursing home patients had the potential for at least one drug 
interaction. In another study of 7 nursing homes, 124 of 130 
patients had a potential interaction. Chapter 102 reviews drug 
interactions, and the reader is referred to the combinations 
that are common in the geriatric patient. 

As general guidelines, pharmacists should try to ensure that 
the minimal number of drugs and the lowest dosage necessary 
are being employed by long-term facility care prescribers. The 
doses the elderly require are often lower than those needed by 
the younger patient. 
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This chapter redefines patient behavior based on the premise 
that individuals who approach the health-care system do so out 
of a basic desire for well-being. Health-care providers must 
attempt to elicit what is known to be model patient behavior to 
achieve the best medical outcome. It may be tempting to think 
that the process of taking medication simply involves a physi- 
cian to prescribe appropriately, a pharmacist to dispense ap- 
propriately, and a patient to follow directions and take the 
medication properly. Similarly, it may be tempting to believe 
that the patient, upon following physician and pharmacist sug- 
gestions, readily experiences symptom improvement and better 
health. However, health-care providers’ knowledge of drug 
characteristics, prescribing, and dispensing does not inevitably 
ensure success in practice. How can health-care providers, 
especially pharmacists, give patients the knowledge and moti- 
vation they need to behave optimally when barriers exist? 

The reality is that many individuals needing health care do 
not receive it, receive it late, or do not follow through with 
directions. In any given month, three quarters of the popula- 
tion have one or more illnesses or injuries severe enough to 
take action, yet only one in four of the population seek physi- 
cian care.’ A National Health Survey shows that at least 30% 
of those considering help for emotional problems do not actu- 
ally seek care.” Or, if they do seek care, there may be a consid- 
erable delay. In the case of breast cancer patients, while most 
symptoms are discovered by women, at least one third of these 
women will be aware of their symptoms for 3 months or more 
before seeking an initial provider evaluation.* Another problem 
is that many individuals who do obtain care do not follow 
through with prescribed treatment. Estimates of nonadherence 
with treatment and medication recommendations usually 
range from 30 to 60%.* 

Why do some people seek medical advice while others 
with similar symptoms do not? Why do individuals seek 
medical advice and then not follow through with those rec- 
ommendations? This chapter begins with a section on theory 
related to patient behavior in health. Five sections follow 
describing patient, provider, drug, environmental, and com- 
munication factors that affect and influence patient behav- 
ior. Finally, a health collaboration model is presented as a 
tool to help pharmacists positively affect patient behavior 
and health outcomes. 


TYPES OF PATIENT BEHAVIOR IN HEALTH 


SE TES TI 
The three main areas in the study of patient behavior are 


1. Preventing illness or detecting it in an asymptomatic stage. 

2. Obtaining a diagnosis and discovering suitable treatment. 

3. Undertaking or maintaining treatment aimed at restoring health or 
halting disease progression. 
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Kasl and Cobb? defined these health-related behaviors and 
labeled them health behavior, illness behavior, and sick-role 
behavior, respectively. The definitions are still useful today, 
although some terminology has changed to reflect contempo- 
rary theory and research on health behavior. 

Health behavior that is preventive in nature generally is 
referred to as preventive health behavior. Expanding on the 
original definition, preventive health behavior is defined as 
actions taken to prevent illness and maintain physical, 
emotional, intellectual, spiritual, and social well-being. Ex- 
amples of preventive health behaviors include participation 
in health screening programs, following healthy diet recom- 
mendations, participation in relaxation and cardiovascular 
exercises, and creating and maintaining close personal 
relationships. 

Illness behavior is any activity undertaken by individuals 
who perceive themselves to be ill that defines the state of their 
health and aids in discovering a suitable remedy.° Illness be- 
havior is the way persons respond to bodily indications that 
they experience as abnormal; thus it involves the manner in 
which persons monitor their bodies, define and interpret their 
symptoms, and seek health care.’ Individuals attempt to as- 
cribe cause and meaning to their illness symptoms and may 
self-diagnose and treat. Alternatively, individuals may visit a 
doctor or another prescriber and a pharmacist in order to 
obtain a prescription drug. 

Actions taken to restore health or halt disease progres- 
sion traditionally have been referred to as sick-role behav- 
iors and now are referred to as treatment behaviors. Origi- 
nally, the conceptualization of sick-role behavior® offered a 
systematic approach for analyzing the behavior of sick indi- 
viduals in the US and other modern Western societies. This 
functionalist perspective regarded illness as dysfunctional to 
society and considered sick-role behavior as seeing the phy- 
sician, passively following his or her prescription, and re- 
gaining health. This traditional view of the patient as a 
passive individual has been criticized extensively in recent 
years.° 

Patients today are considered to be thinking, able decision 
makers who can play an important role in the treatment pro- 
cess.'° Because patients are now recognized as active individ- 
uals, more attention is being paid to ways of restoring health or 
slowing illness progression through improved provider-patient 
communication and patients’ involvement in their own treat- 
ment. Emphasis therefore is placed on a range of patient treat- 
ment behaviors including sharing beliefs and expectations, 
asking questions, adhering to regimens, using home monitor- 
ing devices, keeping appointments, identifying and reporting 
side effects and drug-taking problems, and other valuable 
forms of communication that are necessary in contemporary 
health care. 


MODELS OF PREVENTIVE BEHAVIOR 
AND HEALTH UTILIZATION 


People experience illness and treatment at many levels. Phys- 
iological, intellectual, social, and emotional processes are all a 
part of an individual’s illness experience. A patient’s under- 
standing of illness or symptoms, the information provided by 
health-care providers, how the illness and treatment affect 
usual daily activities as well as the individual’s previous expe- 
riences and beliefs with illness all influence behavior. Behav- 
ioral scientists have attempted to understand human re- 
sponses to illness by using a number of different theoretical 
perspectives and models of health behavior.'+ 1° The two mod- 
els commonly referred to in the study of patient behavior are 
the Health Belief Model developed by Rosenstock’* and 
Andersen’s Model of Health Service Utilization."’ 

The Health Belief Model was developed when studying pre- 
ventive health behaviors. The model suggests that individuals 
seek preventive care if they possess some relevant health mo- 
tivation and view themselves as vulnerable, if they view the 
condition as threatening, and if they believe action will be 
beneficial. In other words, these individuals believe themselves 
to be susceptible, the condition to be serious, and the benefits of 
action to outweigh the potential barriers. In addition, some cue 
to action must occur, either as a symptom or as an outside 
motivational message, thus inspiring the individual to take 
action. This model focuses on individuals, placing decision- 
making in their hands, and suggests that individuals deter- 
mine how to balance the intricacies of their own lives. 

The study of illness behavior often is examined using 
Andersen’s Model of Health Services Utilization. Andersen 
suggested that three main factors affect an individual’s use of 
health services: 


1. Predisposing factors. 
2. Enabling factors. 
3. Need factors. 


Predisposing factors are those factors that vary an individ- 
ual’s inclination to use services. Andersen suggested that prior 
to illness, individuals have a measure of propensity toward use 
of medical services. These predisposing factors include demo- 
graphic variables such as age and gender; social structure 
variables such as education, occupation, and ethnicity; and 
health beliefs about medical care, physicians, disease, and 
medication use. Enabling factors are those factors influencing 
the individual’s ability to use services, thus they reflect the fact 
that an individual’s ability to use services depends on individ- 
ual family and community resources. Finally, need factors are 
those factors related to the individual’s belief in the seriousness 
of illness symptoms and the necessity of intervention. Need 
factors are separated into two categories, perceived need and 
evaluated need. 

Both the Rosenstock and Andersen models of health utili- 
zation include the patient perspective, patient demographics, 
patient resources, and provider variables. As previously stated, 
these models are very useful when focusing on preventive 
health behavior and initial use of health services. In cases of 
chronic illness requiring ongoing treatment the models could 
be improved. At the very least, additional influencing factors 
such as drug characteristics and the treatment environment 
must be incorporated into a model of health behavior. Ongoing 
treatment also requires continual interaction between the pa- 
tient and the provider, and that aspect must be incorporated 
into a health behavior model, as discussed later. Because pa- 
tient behavior and patient outcomes are influenced by patient 
factors, provider factors, drug factors, and the treatment envi- 
ronment, the discussion begins here. 
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PATIENT FACTORS RELATED TO BEHAVIOR 
EMI POE SS FEE Sa I Se SE LE 


Many patient factors have been examined in relation to behay- 
ior and health. Although study findings vary, the two demo- 
graphic factors continually observed are patient age and sex. 
The relationship between age, sex, and health is in part phys- 
iological and in part a social construct. Age and gender influ- 
ence health experiences through life. Survey information re- 
lated to age, sex, illness, and drug use gives evidence to this 
point. 

Older people tend to use health services more than younger 
people. While the elderly represent 12% of the population, they 
account for 34% of total pharmaceutical expenditures.'’ The 
relationship between age and drug use is in part related to 
more chronic illnesses in old age. Approximately 36% of the 
elderly have three or more chronic conditions, while about one 
third of the nonelderly have at least one chronic condition.!” 
Biological age is not the only reason for increased use of health 
services among the elderly. Gerontologists argue that age often 
brings loss of customary resources and thus changes the way 
individuals are attended to and the way they cope with 
stress. 1° 

Women tend to use health services more than men. In a 
survey of 1360 elderly rural individuals, women reported tak- 
ing twice as much medication as men.!” The self-reported use 
of OTC medications in the rural older population also shows 
that women take more OTC medications than men.”° A longi- 
tudinal study of 488 healthy, community-dwelling, elderly vol- 
unteers show that female subjects, those older than 80 years or 
those who reported themselves to be in fair or poor health 
on initial health self-report have a significantly increased use 
of prescription medications. Moreover, increased medication 
use did not predict mortality over the next 10 years in this 
population.”? 

Sex also makes a difference in psychotropic medication use. 
In the case of children, the gender effect on psychotropic drug 
use varies across child age.*” At younger ages, male children 
are more likely to use psychotropic drugs. However, at older 
ages, female children were more likely to use psychotropic 
drugs. Use of psychotropic drugs varies by gender in adults.”° 
After controlling for statistically significant factors such as 
demographic and health services, presenting complaints, and 
psychiatric diagnoses, women were still 37% more likely than 
men to receive a prescription for an anxiolytic and 82% more 
likely than men to receive an antidepressant prescription. Con- 
versely, Sleath et al?* found that men were more likely to 
receive psychotropic medications than women, in a poorer, 
older and more nonwhite sample of patients. 

Age and gender make a difference in the number of visits 
made to the doctor’s office per year. Across age groups males 
visit the doctor less often than females do.? The greatest dif- 
ference occurs in the reproductive years, when women make 
about twice the number of office visits of men (3.1 versus 1.7). 
Men and women 65 years or older make the most office visits, 
followed by middle-aged persons and children under 15 years.” 

Age and gender make a difference in experiences at the 
community pharmacy. Schommer and Wiederholt”? report that 
male patients and older patients are more likely to be solicited 
for feedback and have drug use monitored by pharmacists. A 
separate survey from 2135 randomly selected respondents also 
suggests that men receive more consultation from pharmacists; 
however, individuals younger than 40 years reported receiving 
more consultation from pharmacists than older respondents.”° 
In another study, patients younger than 40 years knew more 
about how their prescribed antidepressant worked than those 
over 40, when it started working, common side effects, how to 
manage side effects, and how long their physician wanted them 
to take the medication.”’ 

The influence of social factors may explain the consistent 
finding that males report fewer physical symptoms than fe- 
males and typically have a lower level of drug use. Physical 
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differences only partially explain gender differences in symp- 
tom reporting and medication use.*° Studies of children’s ill- 
ness behavior suggest that boys and girls acquire different 
beliefs and ways of coping with pain through the process of 
socialization into traditional male and female roles: girls are 
encouraged to express their pain, whereas boys are encouraged 
to deny their pain and avoid feminine or sissy-like behaviors.”” 
Consequently, men may be less likely to complain about, and 
seek relief from, pain unless they are encouraged to do so by 
their caregivers. 

Other important patient factors examined in relation to 
behavior and health include socioeconomic level, race, and eth- 
nicity. Socioeconomic level is a measure used to reflect income, 
education, and occupation; it describes social class within a 
community. Differences between socioeconomic groups in ac- 
cessibility, use, and quality of care are contributing factors to 
the widening gap in rates of morbidity and mortality. Recent 
evidence of the inequality that persists comes from the Na- 
tional Longitudinal Mortality Study; higher levels of both in- 
come and education are associated with lower rates of mortal- 
ity.°° Race and ethnicity are associated with differences in 
health-related problems, including access to health-care ser- 
vices. Socioeconomic resources influence children’s health be- 
havior. An estimated 13% of US children did not have health 
insurance in 1993-94. Uninsured children were more likely 
than insured children to have gone without needed medi- 
cal, dental, and other health care (22 versus 6%).?! Health- 
care providers may find it useful to be aware of and explore 
potential differences in health beliefs, diet, and other health 
behaviors. 

In a classic sociological study, Zborowski®” demonstrated 
that patients from different ethnic backgrounds had very dif- 
ferent reactions to pain, even though they were suffering from 
similar physical problems (ie, herniated disks and spinal le- 
sions). For example, Jewish and Italian patients tended to have 
a more emotional response to pain; they felt freer to discuss 
their pain, complain about it, groan and cry, and ask for relief. 
In contrast, patients from other backgrounds tried to deny 
their pain and appear more stoic. Based on observational and 
interview data, Zborowski concluded that the patients had 
learned different ways of reacting to pain and that they simply 
were behaving in a manner that was expected, accepted, and 
approved by their families and others in their community. 

The primary chronic health problem among Mexican Amer- 
icans in the US is non-insulin-dependent diabetes mellitus. In 
1990, diabetes was the fifth leading cause of death among 
Latino women and seventh among men.*? The US Hispanic 
populations experience diabetes complications such as _ ne- 
phropathy leading to end-stage renal disease, retinopathy and 
blindness, neuropathy, and nontraumatic lower extremity am- 
putations.** While access to medical care or extent of medical 
care may not be the reason for the differences in complications 
in Hispanics and African Americans, the researchers suggest 
that the quality of medical care is a likely determinate of 
morbidity. 

Health-care providers interviewed about perceived barriers 
to treating Latino patients have mentioned a number of prob- 
lems, including communication barriers, financial problems, 
and cultural barriers.*° Specifically, Latino patients are often 
very polite to doctors, so polite that rather than discuss their 
diabetes care, the patients nod their heads and agree with the 
doctor. Patients often do not believe that the medication sup- 
plies are free and therefore do not take the necessary diabetic 
supplies as often as needed. Other patients believe that receiv- 
ing government assistance in medical supplies will decrease 
chances of US citizenship. For the families that do pay for 
medical supplies a different problem arises. Expenses for a 
woman’s needs often are considered secondary to the good of 
her family, and therefore expenditures for diabetes medica- 
tions and supplies are considered less important than other 
family necessities. Finally, traditional folk remedies, such as 
aloe, cactus, and garlic, compete with the use of prescribed diet 


and medications, because patients (and possibly providers) are 
not aware that treatments can be combined. 

Understanding patient behavior requires an attention to 
possible and common emotional experiences. Emotional factors 
of concern to patients include uncertainty of what to expect 
with this new illness or symptom; dependency on providers to 
give the best treatment and on family to help with daily life; 
fear of change and death; pain and discomfort; lack of privacy 
in physical examinations; loss of identity as a healthy person; 
isolation from usual support systems such as coworkers, team- 
mates, and friends; and a search for meaning on how to put all 
of these experiences into perspective. Emotional factors are of 
particular concern when the patient has been diagnosed with a 
terminal illness, an illness with a social stigma, or an illness 
that requires change in daily behavior. 

A look at some empirical work emphasizes the importance of 
health beliefs, perceptions, and expectations. In a study fo- 
cused on medication adherence, using patient interview and 
record reviews, researchers found that the best predictor of 
treatment adherence was previous patient experience with the 
medication.*° In addition, patients were more likely to adhere 
to the medication treatment when they had been told more 
about taking the medication, were asked about prior experi- 
ence with antidepressants, and discussed other things they 
could do to make their life more pleasant. It is not understood 
if these messages influenced patient beliefs or if these mes- 
sages allowed enough communication between the patient and 
provider to influence patient beliefs. In another study of pa- 
tients receiving treatment for depression, positive patient be- 
liefs at the beginning of treatment were the best predictor of 
continued antidepressant use, a positive evaluation of the med- 
ication, and a better clinical outcome at followup.” 

The meaning of insulin treatments differs for patients and 
providers. For example, surveys suggest that most Hispanic 
patients recognize positive aspects of insulin treatment, but 
virtually all report negative effects, and nearly one third be- 
lieve that receiving a prescription for insulin indicates that the 
disease has advanced into a very serious stage.*’ Forty-three 
percent of patients were concerned that insulin causes serious 
health problems. In fact, 25% of Hispanic patients report fear 
that insulin causes blindness. Patients need information that 
may not appear obvious to providers. 

Patient expectations of pharmacist care affects patient be- 
havior.®* Pharmacy clients may not ask pharmacists questions 
because of client embarrassment or because they are not aware 
that it is appropriate to seek information from pharmacists. 
Clients may not realize that pharmacists check for drug inter- 
action and that patient consultation is required by law in some 
states, while an offer to counsel is required in others. 

In general, patient age, sex, ethnicity, socioeconomic level, 
and health beliefs affect patient behavior in health. Older in- 
dividuals and women tend to use more health resources. Eth- 
nicity affects health beliefs, diagnosis, and treatment. Socioeco- 
nomic level affects health service use, morbidity, and mortality. 
Social distance may exist between patients and providers 
with different ages, gender, ethnicity, and socioeconomic level 
and is a potential barrier to effective treatment. Barriers to 
more appropriate patient health behaviors can be reduced by 
providers. 


HOW PROVIDER CHARACTERISTICS 
INFLUENCE PATIENT BEHAVIOR 


The relationship between patient and health-care provider has 
been studied much more extensively between patient and doc- 
tor than between patient and pharmacist. Research using ob- 
servation, audio-transcriptions, and interventions suggests 
that physician-patient interactions are related to treatment 
behaviors and outcomes.??*° 


Physician age has been related to patient adherence. Find- 
ings vary, as researchers have found positive associations and 
negative associations. Physician sex has not been directly re- 
lated to patient adherence; however it has been related to 
another patient behavior. Physician sex influenced the amount 
of communication shared between physicians and patients.*! 
Female physicians had longer medical visits with their patients 
than male physicians. However, same-sex physician-patient 
visits also tend to be longer. Female physician visits contained 
more total talking statements, with patients talking about 58% 
more than the patients of male physicians. Female doctors 
engaged in more talk that was task-focused and process/socio- 
emotional in nature, and their patients modeled that. While 
this study measured differences by gender in the length and 
type of communication during physician-patient interactions, 
no connection to patient outcomes was reported. 

The practice of pharmacy has changed over the last 30 
years. The role of pharmacists continues to be negotiated and 
has been expanding from primarily a dispensing function to 
one of monitoring drug therapy, sharing drug information, and 
intervening as necessary to maximize successful patient out- 
comes. Pharmacy education has begun to focus on teaching 
communication skills to pharmacy students in addition to 
teaching the basics in pharmacy consultation with the pa- 
tient.4” The role expansion of pharmacists suggests that pa- 
tient behavior might be influenced by not only pharmacist 
demographic characteristics such as age and sex, but also year 
of pharmacy licensure and years of training. 

Despite the pharmacist role expansion, observation of phar- 
macists and patients during the dispensing of 954 prescriptions 
showed that only 24% of the patients were counseled.** Obser- 
vation and patient interviews upon exiting the pharmacy sug- 
gest that only 27% of patients ask pharmacists a question.”° 
Patient interviews indicate that 40% of patients report receiv- 
ing little or no help with medication concerns from pharmacists 
and that patients are less likely to ask the pharmacist than the 
doctor for help with questions and concerns.’ In other words 
the interactions between patients and pharmacists are poten- 
tially helpful and seemingly scarce. 

A review of the medical and pharmaceutical literature from 
1966 to 1998 by Medline search and from 1970 to June 1998 
using International Pharmaceutical Abstracts was conducted 
to obtain references to studies evaluating pharmacist charac- 
teristics related to patient behavior. A discussion of the major 
study findings relating pharmacists’ (and pharmacy students’) 
demographic factors to patient outcome behaviors and atti- 
tudes follows. 

Pharmacist gender has been examined in relation to phar- 
macist and patient behavior. Findings from a survey of com- 
munity pharmacists in Canada, assessing attitudes and habits 
with regard to patient counseling, show that female pharma- 
cists and those more recently licensed report more counseling 
involvement.** Pharmacist gender makes a difference in pa- 
tient purchasing of OTC products. Doctor of pharmacy students 
in their last year of schooling participated in a study in which 
they were located in pharmacy aisles and offered information to 
patients concerning OTC products.*” Encounters conducted by 
female pharmacy students with either male or female patients 
were up to 70% more likely to result in a change of purchasing 
decision than consultations in which male pharmacy students 
provided assistance to female patients. In a separate study of 
somewhat similar design, female consultants and female con- 
sumers were significant factors influencing change of final pur- 
chase from brand to generic product.*® In a study of pharmacy 
students interviewing simulated patients, Ranelli et al*’ found 
that female student interviewers collected significantly more 
information than male students and that female patients 
shared more information. Although the results were complex, it 
appeared that these gender differences were due to students’ 
different orientations toward people and health-care, and pa- 
tients’ satisfaction with the interview process. 
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Gender role perception may be more useful than simply 
categorizing people by gender. Pharmacist and pharmacy stu- 
dent gender and gender role perceptions were measured in 
relation to comfort in counseling behavior with male and fe- 
male patients.** Researchers found that role perception was 
correlated with degree of comfort in counseling, especially 
when discussing sensitive sex-related issues with a patient of 
the same sex. As expected, persons classified as having tradi- 
tional male, traditional female, or undifferentiated role percep- 
tions were less comfortable in counseling than persons with an 
androgynous role perception. 

The pharmacist’s decision to initiate counseling has not 
been studied extensively. Mason and Svarstad*® examined 
pharmacists’ views of counseling and then observed pharma- 
cists’ counseling behavior 4 months later. A Counselor Role 
Orientation (CRO) was associated with pharmacist counseling 
behaviors. A pharmacy intervention aimed at reducing commu- 
nication barriers between pharmacists at different locations 
positively affected patient care.°° Pharmacists in ambulatory 
care, long-term care, and hospital pharmacies shared patient 
information and increased pharmacist interventions that po- 
tentially reduced adverse drug events. Another study indicates 
that pharmacists find that a lack of time, a large workload, and 
inadequate drug information resources are major constraints 
to effective patient counseling.®! In addition, pharmacists con- 
sidered the lack of privacy, patient attitudes, and store layout 
to be barriers to counseling. 

Pharmacists with enhanced knowledge and an innovative 
practice model can help patients achieve better health and 
vitality, as found in a study of patients with hyperlipidemia.”” 
Analysis of community pharmacists’ recommendations to sim- 
ulated patients with four case scenarios indicates that phar- 
macists’ lack of knowledge and skills required to provide ap- 
propriate care is a primary barrier to successful counseling. 
While pharmacists are perceived as demonstrating acceptable 
to good interpersonal skills, only 32% of the 202 recommenda- 
tions made were considered appropriate.”* Nearly 40% of phar- 
macist recommendations were considered poor, and in 67 cases 
(33.2%) pharmacists did not make an appropriate assessment 
of the patient prior to making a recommendation. 

Pharmacist age did not explain the variation in recommen- 
dations. The analysis by Lamsam and Kropff®* of 41 cases 
showed that appropriate and poor recommendations were 
made by pharmacists younger than 40 years and pharmacists 
older than 50 years. Pharmacist gender may play a role in OTC 
purchasing but not in other patient health behaviors. Pharma- 
cists’ perceptions toward patient counseling are predictive of 
counseling behavior. Pharmacists with enhanced knowledge 
and an innovative practice plan positively influence patient 
behavior and patient outcomes. 


DRUG FACTORS INFLUENCING 
PATIENT BEHAVIOR 


Drug regimens can be complex. The complexity of a drug reg- 
imen often is measured in the total number of medications 
taken daily, number of daily doses, duration of treatment, the 
extent to which the regimen is tailored to daily routines, and 
the side-effect profile. Medications may require special behav- 
iors, for example having to take a dose 1 hr before or 2 hr after 
a meal, avoiding foods that are common in the diet, taking 
doses three or more times in a day, refrigerator storage, or skill 
in administration. In addition, just learning the name of the 
drug prescribed, purpose of the drug, proper dose, when to 
begin taking it, frequency of dosing, and when to stop treat- 
ment is complex. 

The complexity of a therapeutic regimen may prevent pa- 
tients from adhering completely. Complex regimens may pro- 
duce information overload. Alternatively, medications requir- 
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ing behaviors that are difficult to fit into regular daily activities 
are less likely to be taken as prescribed by a patient. A drug 
adherence study using an electronic monitoring device to mea- 
sure dose compliance shows that patients adhere better to 
once-daily dosing than twice-daily dosing.** 

Medication treatment often is accompanied by adverse drug 
effects. Antidepressant and antipsychotic medication nonad- 
herence has been related to adverse drug experiences.””°® 
Blackwell °’ suggests that it is mainly unexpected or alarming 
side effects of treatment that patients offer as the reason for 
stopping treatment and that a discussion of side effects along 
with an explanation of the therapeutic benefits of the medica- 
tion would be helpful to patients. Myers and Calvert?® found 
that patients given information on antidepressant benefits and 
adverse effects were less likely to report side effects than pa- 
tients given only adverse effect information or almost no infor- 
mation. In another study of treatment with antidepressants, 3 
of 100 patients stopped treatment within 1 week because of 
alarming side effects, while the remainder reported side effects 
yet continued to take the medication.?’ 


ENVIRONMENTAL FACTORS INFLUENCING 
PATIENT BEHAVIOR 


SL EA LET 

CHOICE AND CONTROL—Patients given more auton- 
omy and opportunities for self-determination tend to show 
greater health and morale improvements. Rodin and Janis” 
suggest that asking patients for their opinions during the med- 
ical encounter increases their feelings of involvement and self- 
efficacy. The researchers believe that internalization of treat- 
ment plans and feelings of greater control result in better 
adherence to recommendations and improved health status. 
Social and environmental restrictions in choice and control 
over daily activities can have negative effects on physical 
health and well-being of nursing-home residents.°° 

Allowing patients a choice in their medication regimen also 
can affect patient adherence positively.°! Patients were ran- 
domly allocated to one of three treatment groups: group A 
received one dose of medication (75 mg) at night; group B 
received three doses of medication (25 mg each) during the day; 
group C were allowed to choose either A or B above. Research- 
ers report the greatest rate of compliance occurred in the group 
who chose to take 1 tablet three times a day. 

PHARMACY ENVIRONMENT —The structural layout of 
many community pharmacies does not include an area for 
private consultation and dialog between the patient and the 
pharmacist. In addition to this lack of privacy, pharmacists 
often experience other structural barriers to meaningful inter- 
action with their patients, including 


1. Insufficient supportive personnel. 

2. A heavy workload and backlog. 

3. People waiting to present prescriptions or receive pharmacist 
assistance. 

4. Incoming phone calls and requests for information or help from 
coworkers, interns, and other staff. 

5. Inadequate computer technology, software, and preparation for 
new consultation roles. 


Organizational features of the pharmacy are not well stud- 
ied, but they are believed to be major barriers to change in 
pharmacist and patient behavior.°? Organizational factors 
shown to be important in institutional care and potentially 
relevant to the pharmacy environment include type of owner- 
ship and control, size, staffing patterns, and treatment orien- 
tation.°? To some extent type of ownership and size have been 
examined in pharmacy practice, but no conclusive evidence is 
available. Pharmacy staffing patterns and treatment orienta- 
tions have not been studied in relation to patient behavior. 
Pharmacist attitudes toward counseling and professional stan- 
dards have been examined as role orientations and are related 


to their counseling behaviors as mentioned previously.*? This 
area of pharmacy research is rich in potential for improving 
patient care. 

ACCESS—Patient behavior is influenced by resources such 
as transportation, money, and time. Patients report discontinu- 
ing treatment because of time required to travel to doctor 
appointments or not having transportation to get to the doctor’s 
office.°* Patients report discontinuing antidepressant treat- 
ment because of the financial cost of the medication, the doctor 
visits, and the time lost from work.”’ The availability of less- 
expensive generic products is predictive of the consumer’s de- 
cision to purchase an alternative OTC. Consumers are 40 to 
60% more likely to purchase an alternative OTC if a generic is 
available.*° 


EFFECTS OF PROVIDER-PATIENT 
INTERACTION 


Patients use three main sources of information when making 
decisions about their illness and treatment: their personal ex- 
perience with the illness and various treatments; information 
obtained from family, friends, and the larger culture; and their 
interaction with health professionals.'” In recent years, there 
have been increased efforts to understand and improve the 
ways in which providers and patients interact with each other, 
because of changing societal views about the patient’s role in 
health care and growing evidence that provider-patient inter- 
action plays a central role in the safe and effective use of 
medications and health behavior change.® °’ For example, 
many consumer and professional groups have criticized the 
lack of drug information provided by physicians and pharma- 
cists and advocated a new health culture in which patients take 
a more active collaborative role in their health care.°° Scientific 
studies also have found that the quality of provider-patient 
communication about drugs varies greatly and that efforts to 
improve communication can affect the patient’s health behav- 
ior and quality of life in multiple ways, suggesting new goals 
and models of communication.'°1°°° 

In the sections below, scientific research is briefly reviewed, 
examining the different ways in which provider-patient inter- 
action can affect the patient’s health behavior. A new model of 
interaction called the Health Collaboration Model (HCM) then 
is presented. This new model incorporates current research 
and philosophies of care and can be used to guide pharmacists’ 
efforts to understand and improve collaboration processes and 
outcomes in their practice. In contrast to traditional models of 
medical care, the HCM emphasizes the importance of patient 
feedback and participation in treatment decisions. It also clar- 
ifies the different ways in which providers can enhance patient 
comprehension and recall of regimens, patient motivation and 
satisfaction with care, patient feedback and collaborative prob- 
lem-solving and resolution of conflicts. 

EFFECTS OF PROVIDER INSTRUCTION ON PA- 
TIENT COMPREHENSION AND RECALL—Physicians 
and pharmacists continue to be the main sources of drug infor- 
mation and advice given to patients. However, patient surveys 
and observational studies of provider-patient interaction point 
to a number of problems. Patients typically receive information 
about the drug name and recommended dose and dosage fre- 
quency, but many patients still receive limited information 
about other components of the regimen, and only 10 to 30% 
receive information about side effects.”° 

Studies repeatedly show a direct link between the provision 
of explicit or specific instructions and patient comprehension of 
the regimen and its components; patients whose providers give 
them more explicit or specific instructions have a better under- 
standing of how they are supposed to take their medica- 
tion.'®?” For example, patients are more likely to understand 
their treatment regimens when prescription labels explicitly 


spell out the number of doses to be taken and when they are 
informed how long each drug should be taken, indications for 
use, and which medications should be taken on a scheduled, 
versus as needed, basis.” 

Research in psychology suggests that people are more likely 
to comprehend and recall those items that are considered im- 
portant or relevant to them. Studies of health communication 
support this notion; patients whose providers communicate the 
purpose or importance of drug therapy are more likely to have 
an accurate interpretation and recall of the regimen than pa- 
tients whose providers do not discuss these points.*? Empha- 
sizing the importance of certain recommendations also en- 
hances patient recall of these particular recommendations, 
according to experimental studies conducted by Ley.°* Another 
proven method of improving patient recall of advice is repeti- 
tion of those items that are likely to be misinterpreted or 
forgotten. While repetition does not always have the predicted 
effect, it generally produces a 20 to 30% improvement in pa- 
tient recall of advice.°? 

Research also has shown that there are substantial gains in 
patient comprehension and recall when providers use written 
reinforcement and visual aids, including printed leaflets or 
information sheets, expanded prescription labels and stickers, 
calibrated liquid measuring devices, and special containers 
or calendars that indicate exactly when each dose is to be 
taken. 167° 

Several qualifications must be noted, however. First, none of 
these techniques is effective by itself. In fact, provision of 
written information without oral review and discussion by a 
pharmacist or physician usually fails to achieve desired out- 
comes.’° Written information and memory aids cannot elimi- 
nate side effects and other problems that undermine patients’ 
motivation to follow certain regimens. Thus, it is not surprising 
that written information generally leads to improved adher- 
ence with short-term regimens but is not sufficient for main- 
taining long-term adherence.*? 

The difficulty and length of informational materials can 
interfere with the patient’s ability to comprehend and recall 
advice. This may explain why written information occasionally 
fails to achieve desired results. In general, patients have fewer 
difficulties if providers simplify instructions by avoiding medi- 
cal jargon and using shorter words and sentences.’! Ley et al‘” 
tested this hypothesis by developing easy, moderate, and 
difficult-to-read leaflets for patients who were prescribed an 
antidepressant or tranquilizer. As predicted, the easier leaf- 
lets were more effective in reducing nonadherence. In fact, 
the patients who received the difficult leaflet made nearly the 
same number of medication errors as those who received no 
information. 

EFFECTS OF PROVIDER SUPPORT ON PATIENT 
MOTIVATION AND EVALUATION OF CARE—Being ill 
and undergoing treatment can involve a variety of stresses, 
practical problems, and other concerns that adversely affect 
patients’ evaluations of treatment and their motivation to per- 
form difficult tasks such as changing an unhealthy lifestyle, 
taking multiple medications, tolerating adverse events, and 
maintaining a positive self-image and outlook.’*? A number of 
studies therefore have examined the ways in which providers 
attempt to motivate or support their patients during the treat- 
ment process. In general, the findings are consistent with social 
psychological research on social interaction and influence; pa- 
tients react more positively if their providers give information 
and reinforcement about the benefits or value of a prescribed 
treatment (informational support), if providers express positive 
affect and concern for the patient (social support), and if pro- 
viders adopt a participatory, as opposed to autocratic, style of 
decision making (decisional support).164°7*° 

Providing information about the potential benefits or value 
of a preventive or therapeutic regimen is important, because 
our behavior is determined, in part, by how highly we value a 
particular outcome and by our expectation that a particular 
action will produce that outcome. Support for this hypothesis is 
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found in numerous studies examining the relationship between 
information giving and patient satisfaction with care. Hall and 
her colleagues*° reviewed 41 separate studies conducted over a 
20-year period and found that giving information was signifi- 
cantly predictive of patient satisfaction across studies. 

Patients also develop more positive attitudes and achieve 
better treatment outcomes when their caregivers make a sys- 
tematic effort to reinforce the value of therapy. This reinforce- 
ment can take multiple forms, such as giving feedback to pa- 
tients about their conditions during followup medical and 
pharmacy visits, encouraging patients to monitor their own 
conditions with special devices, or making home visits to in- 
crease family support and reinforcement. For example, exper- 
imental studies in hypertension management have docu- 
mented substantial gains in patient adherence and clinical 
outcomes if patients receive regular blood pressure monitoring 
and feedback about their condition from a pharmacist or 
nurse,’° if patients are encouraged to monitor their condition 
using a blood pressure cuff,’”’’* and if a care team member 
visits the patient’s home to increase family support and rein- 
forcement.’° Similar findings have been reported in studies of 
other chronic medical and psychiatric disorders.°°*! While 
these findings are encouraging, it is important to note that the 
effects of information and reinforcement generally are lost 
when these special programs are discontinued.’° Home moni- 
toring devices also fail to achieve desired results if the provider 
does not follow up with patients who are using such devices.*” 
This suggests that regular communication with a health-care 
provider is a key factor in maintaining the patient’s motivation 
or satisfaction with care. 

Conveying social support also is important, because people 
are more likely to trust or respond positively to another person 
if they have an emotionally satisfying relationship with that 
person. The rate of communication between two persons also 
tends to increase as their attitudes toward each other become 
more favorable. Results from observational studies of provider- 
patient interaction are consistent with these hypotheses. For 
example, provider expressions of empathy, warmth, and posi- 
tive feelings toward the patient generally are associated with 
higher levels of patient satisfaction and adherence, whereas, 
provider expressions of anger, hostility, and other negative talk 
are associated with lower levels of patient satisfaction, adher- 
ence, and treatment continuation.?%*° 

Providers also can influence their patients’ motivation and 
evaluations of care by the ways in which they use (or misuse) 
their professional authority or power to make decisions affect- 
ing the patient. These different decision-making styles have 
been labeled the autocratic (provider-centered) approach ver- 
sus the participatory (patient-centered) approach to care.'°"* 
Providers who adopt an autocratic approach assume a domi- 
nant or controlling role, speaking with an authoritarian tone 
and giving directions without seeking patient input. In con- 
trast, providers who adopt a participatory approach collaborate 
with the patient to develop a mutually acceptable treatment 
plan, providing decisional support or guidance without ignor- 
ing patient views and demanding compliance with a certain 
therapeutic plan. 

Not surprisingly, patient satisfaction is greater when provid- 
ers adopt more participatory or patient-centered approaches, 
when providers respond positively to patient requests and ex- 
pectations, and when patients and providers are able to reach 
agreement about the treatment plan.*° Allowing patients to 
participate in treatment decisions also is likely to increase 
their feelings of control and acceptance of recommendations, as 
noted earlier.°? On the other hand, adopting an overly permis- 
sive approach in which patients are allowed to take a domi- 
neering or controlling role can have a negative effect on patient 
adherence and treatment outcomes.*° In this case, providers 
give in to patient requests or stop pursuing more effective 
therapies to please the patient or save time. 
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EFFECTS OF PROVIDER MONITORING ON PA- 
TIENT FEEDBACK—Surveys suggest that patients experi- 
ence a wide variety of subjective and objective problems and 
concerns that contribute to nonadherence, dissatisfaction with 
care, and treatment dropout. These barriers to treatment ad- 
herence include doubts about the physician’s diagnosis or need 
for treatment, misunderstandings about the regimen, difficul- 
ties remembering each dose, doubts about the effectiveness of 
the prescribed drug for their condition, concerns about side 
effects and other bothersome features of a drug, and fears 
about the long-term effects of treatment or social stigma asso- 
ciated with certain conditions or treatments.°°*? 

While these patient concerns can have detrimental effects 
on the patient’s behavior, many patients are reluctant to com- 
plain or ask their providers about their medications.** At the 
same time, physicians and pharmacists do not always ask 
patients about their medication concerns, beliefs, understand- 
ings, and behaviors. Studies have found that some physicians 
use fairly intensive and effective methods of adherence moni- 
toring (eg, ask open-ended versus closed-ended questions, mul- 
tiple versus single questions, and specific versus general ques- 
tions), while other physicians either ask no questions or global 
questions that yield limited patient feedback about patients’ 
medication-taking concerns and behavior.”*?”"°9 Recent work 
on adherence monitoring in community pharmacies also re- 
veals considerable variation in the extent to which pharmacists 
monitor their patients’ medication concerns, beliefs, and un- 
derstandings. For example, Bultman?’ found that most pa- 
tients with newly prescribed antidepressants were not asked 
any questions by their pharmacist about how their drug was 
working, how they were taking their medication, or whether 
they had experienced any side effects or other problems; how- 
ever, nearly one-third of the patients did receive extensive 
monitoring or followup by their pharmacist. 

How does the quality or level of provider monitoring affect 
the patient’s behavior? According to theories of communication, 
more intensive and effective monitoring of patient beliefs and 
concerns should lead to more accurate and extensive patient 
feedback about their beliefs and concerns.'®*° While it is dif- 
ficult to document this complex sequence of events, social phar- 
macy researchers have found positive associations between the 
quality of provider monitoring and level of patient feedback, 
adherence, and clinical outcomes.””°* Experimental programs 
designed to increase patients’ involvement in care also have 
found that patients are more willing to share their opinions 
when providers encourage them to do so and that higher levels 
of patient involvement during interaction are significantly cor- 
related with better post-intervention outcomes.°°*’ 

STYLES OF CONFLICT RESOLUTION AND PROB- 
LEM SOLVING—Because providers and patients are likely to 
have different viewpoints and agendas, some interpersonal 
conflict or disagreement is inevitable during their interac- 
tion.*® This conflict is especially likely after patients have 
gained more experience with their illness and recommended 
treatments. For example, providers may want patients to com- 
ply as fully and rapidly as possible with their ideal treatment 
plan, whereas, patients may prefer a slower or less aggressive 
approach or even request alternative therapies that providers 
would consider ineffective, inappropriate, or unnecessary. Pro- 
viders also may consider certain side effects or drug-taking 
problems to be clinically insignificant or trivial, while patients 
consider the same side effects or problems to be intolerable. As 
a result, providers often are confronted with both explicit and 
subtle forms of negative feedback from their patients (eg, com- 
plaints about the drug or dosage schedule, admissions of non- 
adherence, reported difficulties administering or paying for 
medication, expressions of fear and uncertainty about drug 
efficacy or safety). 

Information about how pharmacists actually manage these 
types of problems in their daily practice is lacking; however, 
insights can be gained from observational studies of physicians 
and from experimental studies in which pharmacists and phy- 


sicians have attempted new ways of identifying and managing 
adverse drug reactions and other patient concerns. For exam- 
ple, observational research suggests that medical practitioners 
use at least two different styles of conflict resolution and prob- 
lem solving: the authoritarian or noncollaborative approach 
and the participatory or collaborative approach.'° Practitioners 
who rely on an authoritarian approach often assume that pa- 
tients’ perceived side effects, fears, concerns, and doubts are 
clinically insignificant or trivial and that patients should either 
comply with medical advice or find another practitioner. It is 
not uncommon for these practitioners to ignore or dismiss 
patient complaints in a derogatory manner and become angry 
or hostile when their patients admit nonadherence. Not sur- 
prisingly, these tactics often result in a serious breakdown of 
communication, patient reluctance to admit nonadherence, er- 
rors in clinical judgment, and higher patient dropout rates.'® 

In contrast, the participatory/collaborative approach in- 
volves acknowledging the legitimacy of patient concerns, as- 
sessing patient concerns in a more thorough and respectful 
manner, tailoring or adjusting drug regimens to fit patient 
routines and preferences, and negotiating mutually acceptable 
solutions. Experimental studies suggest that these collabora- 
tive strategies are more effective than authoritarian or noncol- 
laborative approaches. For example, patient adherence is sig- 
nificantly improved if the dosage schedule has been tailored to 
the patient’s daily routine,’’ if the patient is allowed to change 
the regimen within a preapproved protocol,’® and if the patient 
identifies the areas in which he or she would like assistance.*® 
Experimental studies also have shown that pharmacists who 
implement participatory/collaborative methods of managing 
adverse drug reactions and other patient complaints about 
their medication can significantly reduce the incidence of side 
effects, the average recommended dosage, number of physician 
visits, rehospitalization rates, and treatment failure.’°*° 

THE HEALTH COLLABORATION MODEL: A TOOL 
FOR ANALYZING AND IMPROVING PATIENT CARE 
—In this chapter we have discussed many factors that can 
affect patient behavior in health. Figure 113.1 summarizes 
current knowledge about these factors, how they are interre- 
lated, and the ways in which pharmacists and other health 
providers can influence patient treatment behaviors and out- 
comes. The model extends previous work on the Health Com- 
munication Model'®”’ and is referred to as the Health Collab- 
oration Model to highlight the importance of patient feedback 
and collaborative problem solving in health care. The diagram 
is best understood by beginning at the left side of the diagram 
and following each arrow in numerical order. Each box repre- 
sents a different set of provider behaviors or background fac- 
tors affecting the collaboration process; whereas, each circle 
represents a different set of patient cognitions, beliefs, behav- 
iors, or clinical outcomes affected by collaboration and back- 
ground factors. 

The first part of the model (arrow 1) emphasizes the poten- 
tial importance of various patient, provider, drug, and environ- 
mental characteristics in determining the nature and quality of 
provider instruction and support of their patients as well as the 
effects of provider instruction and support on patients’ ability 
to comprehend and recall instructions, their motivation and 
evaluation of care, their treatment behaviors/adherence, and 
how they interpret or experience treatment and treatment 
barriers. The second part of the model (arrows 2—6) reminds us 
that providers can have an impact on patients’ initial treat- 
ment behavior/adherence and treatment experiences in two 
different ways: providing higher quality verbal and written 
instructions to facilitate patient comprehension and recall of 
treatment regimens and providing higher quality informa- 
tional, social, and decisional support to facilitate patient moti- 
vation and satisfaction with care. 

The third part of the model draws attention to the fact that 
patients actively monitor their reactions to drug therapy and 
experience a variety of treatment barriers that can be identified 
through improved provider monitoring and patient feedback dur- 
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ing followup visits (arrows 7-9). The fourth portion of the model 3. Facione NC, et al. Cancer Pract 1997; 5(4): 220. 


highlights the importance of collaborative problem solving and 
reinforcement in response to patient feedback and other monitor- 
ing information obtained during followup visits (arrows 10-11), 
thereby enhancing patients’ problem-solving capacities and treat- 
ment behavior/adherence (arrow 12) and treatment outcomes (ar- 
row 13). The final arrow (14) illustrates the potential importance 
of previous interactions and treatment experiences in establish- 
ing and maintaining a trusting relationship that is the corner- 
stone of effective health and pharmaceutical care. 

Like other conceptual tools, the Health Collaboration Model 
can play an important role in pharmacy practice and research. 
First, it enables pharmacy practitioners and researchers to orga- 
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Pharmacists work in very diverse practice settings— hospitals, 
community pharmacies, clinics, health-maintenance organiza- 
tions, home health-care organizations, retirement centers, and 
nursing homes. The needs of the patients served in these set- 
tings vary greatly; they may have acute or chronic diseases, be 
ambulatory or bedridden, and be under a physician’s care or 
seeking a self-care remedy. Across this spectrum of practice 
settings and patient types, pharmacists share the role of drug- 
use expert. To promote rational drug therapy, pharmacists 
must be able to communicate effectively with patients, their 
caregivers, and other health-care providers. 

This chapter provides an overview of the communication 
process, pharmacists’ roles as information givers and informa- 
tion gatherers, aspects of the illness experience that can inter- 
fere with professional dialogs, and communication techniques 
pharmacists can incorporate into medication-information gath- 
ering sessions and counseling sessions with patients. Through- 
out the chapter, the word patient is used extensively with the 
full understanding that it includes both the patient and the 
patient’s caregivers because pharmacists often talk with a care- 
giver on behalf of the patient. In this context, caregiver could be 
a family member, a parent of a child, a foster parent, a friend, 
a volunteer, a home health-care aide, or the like. 


IMPORTANCE OF COMMUNICATION SKILLS 
ELE A OS AT RT TSB TIS ET IGG TT 
Pharmacy always has been considered a people profession, 
owing to the large amount of contact pharmacists have with the 
public, especially in community pharmacies. The profession 
renewed its commitment to patient-oriented care in 1985 at the 
American Society of Hospital Pharmacists’ (ASHP) Hilton 
Head consensus development conference on directions for clin- 
ical practice in pharmacy.’ Pharmacists and educators there 
agreed that it is more important to look at patient-care out- 
comes—that is, the effect of the intervention of the pharmacist 
on the health of the patient—rather than just the functions 
pharmacists perform. 

An extension of the patient-oriented approach has now 
taken hold within the pharmacy profession, and that initiative 
is pharmaceutical care. The concept incorporated many exist- 
ing ideas about progressive pharmacy practice and brought 
new meaning to them. Pharmaceutical care embodies respon- 
sibility, outcomes, and a patient’s quality of life. It represents 
an imaginative practice for those who believe the dispensing 
function alone can no longer support the pharmacy profession 
at a level it has in’the past. Pharmaceutical care is defined by 
Hepler and Strand? as 


The responsible provision of drug therapy for the purpose of achieving 
definite outcomes that improve a patient’s quality of life. 
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According to Strand,’ the philosophy of pharmaceutical care 
is caring for a patient’s drug therapy needs. The pharmacist’s 
role in pharmaceutical care involves identifying, resolving, and 
preventing drug-related problems that come from undertreat- 
ment, overtreatment, or inappropriate treatment. The practice 
of pharmaceutical care requires pharmacists to answer the 
following question: What routine procedure (or system) do you 
use to monitor your patients’ progress toward specific thera- 
peutic outcomes? Only by communicating with patients and 
other health-care providers can pharmacists provide pharma- 
ceutical care. 

Besides the initiatives from within the profession promoting 
pharmacists’ responsibilities for communicating with patients 
and other health-care professionals, the federal government 
enacted legislation in 1990 requiring pharmacists to offer pro- 
spective drug-use review and patient counseling for Medicaid 
recipients each time a prescription is presented. The require- 
ments outlined within the Omnibus Budget Reconciliation Act 
of 1990 (OBRA 90), effective in Jan 1993, are that the pharma- 
cist must offer to discuss with each individual (or caregiver) 
who presents a prescription the following information:* 


Name and description of the medication. 

Dosage form, dose, route of administration, and duration of drug 
therapy. 

Special directions and precautions for preparation, administration, and 
use by the patient. 

Common or severe side effects, adverse effects, or interactions and 
therapeutic contraindications that may be encountered, including 
ways of avoiding them, and the action required if they occur. 

Techniques for self-monitoring drug therapy. 

Proper storage. 

Prescription refill information. 

Action to be taken in the event of a missed dose. 


In addition, the pharmacist must make a reasonable effort 
to collect, record, and maintain the following information about 
patients receiving Medicaid benefits: 


Patient’s name, address, telephone number, date of birth (or age), and 
gender. 

Patient’s individual history when important, including disease state(s), 
known allergies and drug reactions, and a comprehensive list of 
medications and relevant devices. 

Pharmacist’s comments relevant to the individual’s drug therapy. 


Prospective drug-use review as outlined in OBRA 90 is 
really about communication, and it challenges pharmacists to 
interview and counsel patients systematically and to document 
these activities. Since OBRA was adopted, most state phar- 
macy practice acts have been revised to require pharmacists 
to provide these services for all patients, not just Medicaid 
recipients.” 

The responsibilities for medication-history taking and pa- 
tient counseling as outlined in OBRA 90 should not be new to 
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pharmacists. In fact, the Standards of Practice for the Profes- 
sion of Pharmacy produced jointly by the American Pharma- 
ceutical Association (APhA) and the American Association of 
Colleges of Pharmacy (AACP) in 1979 list many similar activ- 
ities that pharmacists should perform, such as interviewing the 
patient or the patient’s representative to obtain information for 
entry into a patient profile, confirming and clarifying the-pa- 
tient’s understanding of the regimen, advising patient of po- 
tential drug-related or health-related conditions that may 
develop, and advising patient about self-medication.® The stan- 
dards also list other activities pharmacists should perform, all 
of which illustrate the need for pharmacists to have good com- 
munication skills. These activities include referring patients to 
other health-care providers when indicated, instructing pa- 
tients in the use of medical or surgical appliances, advising 
patients on personal health matters such as smoking and drug 
abuse, and participating in appropriate community educa- 
tional programs relating to health care and drugs. 

In 1996 APhA approved a new document, Principles of Prac- 
tice for Pharmaceutical Care, which outlines guidelines for 
optimizing the patient’s health-related quality of life and 
achieving positive clinical outcomes within realistic economic 
expenditures:’ 


A professional relationship must be established and maintained. 

Patient-specific medical information must be collected, organized, 
recorded, and maintained. 

Patient-specific medical information must be evaluated, and a drug 
therapy plan developed mutually with the patient. 

The pharmacist ensures that the patient has all supplies, information, 
and knowledge necessary to carry out the drug therapy plan. 

The pharmacist reviews, monitors, and modifies the therapeutic plan as 
necessary and appropriate in concert with the patient and health- 
care team. 


Not surprisingly, APhA identified communication skills as 
one of six elements of structure that must be in place to provide 
high-quality pharmaceutical care. Especially needed is patient- 
centered communication in which the patient plays a key role 
in the overall management of the therapy plan. While phar- 
macy education provides ample opportunities for honing clini- 
cal skills, few pharmacists have either a formal background in 
communication theory or extensive training and practice in 
communication. Thus, some pharmacists may be reluctant to 
initiate professional dialogs with patients. 

Other pharmacists may believe that as licensed profession- 
als they possess all the communication skills necessary for 
effective practice. They may not realize, however, that there is 
a difference between credentialed and functional professionals. 
Credentialed professionals have degrees and certificates indi- 
cating they have completed formal training programs and been 
granted a stamp of approval, such as a license. Functional 
professionals are those persons who possess the necessary 
skills. Credentialed professionals may not be functional, and 
vice versa. 

While pharmacists may become functional communicators 
through on-the-job experience, that is not always the case. As 
the saying goes, “Practice makes perfect.” But it is also true, 
especially for pharmacists with bad habits, that “Practice 
makes permanent.” Specific training in patient communication 
skills in pharmacy school and periodically thereafter can pro- 
vide pharmacists with a good base on which to develop their 
skills continually. 


THE COMMUNICATION PROCESS 

|e TS I A ETRE TTITID 
Communication is the sharing of information, ideas, thoughts, 
and feelings. It involves not just the spoken word, but also what 
is conveyed through inflection, vocal quality, facial expression, 
body posture, and other behavioral responses. As a first step 
toward communicating more effectively, pharmacists must un- 
derstand the communication process. 


The goal of all communication is understanding. For one 
person to understand a message composed by another, the 
receiver must do more than recognize the words used in the 
message by the sender. Effective communication occurs only 
when the meaning of a message is held in common by the 
participants. Human nature makes it difficult to attain this 
point of understanding between two or more people because 
each person’s view of reality is influenced by past life experi- 
ences, the current situation, and perceptions of each other. This 
individualistic perception influences both the way in which a 
message is sent and the way in which it is received. 

When a person wishes to share information with another, 
the sender must choose how to transmit that message. The 
medium of the message can be written, oral, nonverbal, or 
electronic. If the sender decides to transmit the message 
through words, the sender must encode the message by choos- 
ing words that best convey the intended meaning to the 
receiver. 

Once the information is encoded, the sender loses control of 
the message because its meaning comes from the receiver’s 
decoding of it. If the receiver responds to the message, that 
response acts as feedback to the sender. This gives the sender 
an opportunity to clarify and correct any misunderstanding. 
This sequence of encoding, transmitting, and decoding mes- 
sages continues so long as sender and receiver continue to 
communicate. 

Communication usually takes place through multiple non- 
verbal channels as well. For example, as the words of a mes- 
sage are transmitted, facial expressions, gestures, vocal qual- 
ity, and other nonverbal cues also are sent. These nonverbal 
signs may modify the intended meaning of a message. A mixed 
message may result when the intended verbal and nonverbal 
messages are not understood as meaning similar things. 


INFORMATION GATHERERS AND GIVERS 


The interactions of a pharmacist and a patient usually can be 
categorized as either an information-gathering or information- 
giving session.® Information gathering usually is done during a 
medication-history interview, which is a conversation with a 
multifaceted purpose. Pharmacists initiate the interaction to 
investigate and acquire data about a patient’s medication- 
taking experiences, assess a patient’s understanding of past 
and current medication-taking experiences, assess a patient’s 
motivation for complying with the medication regimen, and 
possibly suggest to the prescriber a change in regimen if the 
information gathered warrants such an action. The direct pa- 
tient-pharmacist interaction during a medication-history inter- 
view frequently provides the pharmacist with an opportunity to 
begin a professional relationship with the patient. 

It is not sufficient for pharmacists to collect information; the 
information also must be used. Pharmacists incorporate infor- 
mation gathered from medication-history interviews into sub- 
sequent information-giving or counseling sessions. For in- 
stance, the pharmacist may learn through a medication-history 
interview that the patient is not following a prescribed thera- 
peutic regimen. 

The patient may lack an understanding of the illness, ther- 
apy, and medication effects, or the patient may lack the moti- 
vation to carry out the regimen. Once the compliance problem 
and its causes are understood, the pharmacist is prepared 
better to tailor an information-giving session that addresses 
the patient’s specific needs. 

The USP Medication Counseling Behavior Guidelines? di- 
vide medication counseling into the following four stages on a 
continuum: 


Medication information transfer, during which there is a monolog by 
the pharmacist providing basic, brief information about the safe and 
proper use of medicine. 


Medication information exchange, during which the pharmacist an- 
swers questions and provides detailed information adapted to the 
patient. 

Medication education, during which the pharmacist provides compre- 
hensive information regarding the proper use of medicines in a 
collaborative, interactive learning experience. 

Medication counseling, during which the pharmacist and patient have 
a detailed discussion intending to give the patient guidance that 
enhances problem-solving skills and assists with proper manage- 
ment of medical conditions and effective use of medication. 


With the emphasis of pharmaceutical care being on patient 
outcomes, the USP Guidelines further identify six desired out- 
comes of patient counseling.® The patient will 


Recognize why a prescribed medication is helpful for maintaining or 
promoting well-being. 

Accept the support from the health care professional in establishing a 
working relationship and foundation for continual interaction and 
consultation. 

Develop the ability to make more appropriate medication-related deci- 
sions concerning compliance or adherence. 

Improve coping strategies to deal with medication side effects and drug 
interactions. 

Become a more informed, efficient, active participant in disease treat- 
ment and self-care management. 

Show motivation toward taking medications to improve his or her 
health status. 


Medication-counseling sessions also can serve as a quality- 
control check for pharmacists. For instance, by showing the 
patient the product, specifying the directions, and stating the 
product’s classification or indication, the pharmacist gives 
the patient the opportunity to state that the product looks 
different than before or that the directions or indications are 
different than the prescriber said. A further check of the pre- 
scription may uncover a dispensing error, or a call to the 
prescriber may detect a prescribing error—both of which can 
be corrected before the patient leaves the pharmacy. In health- 
care systems, departmental policies generally outline the phar- 
macists’ drug-information responsibilities. In hospitals and 
long-term care facilities, for instance, a pharmacist usually 
interviews each patient soon after admittance and records the 
medication history in the patient’s medical record. The coun- 
seling session or discharge interview usually occurs the day of 
discharge or earlier if more time is needed to ensure the pa- 
tient’s or the patient’s caregiver’s understanding of a complex 
regimen. 

In the community setting, pharmacists should be flexible 
enough to give or gather information in a variety of situations 
and environments. Often the quality of a medication-history 
interview or a medication-counseling session is hampered by 
time constraints, a lack of privacy, and noise. Pharmacists can 
overcome these constraints by providing shorter and more- 
frequent patient interactions, making followup telephone calls, 
establishing a private consultation area, and making appoint- 
ments with specific patients, if necessary. Pharmacists should 
be especially attuned to the needs of patients for confidential- 
ity. For example, announcing over the prescription counter, 
“John, your AZT won’t be in until tomorrow afternoon,” is 
inappropriate. 

Information gleaned from medication-history interviews 
and counseling sessions should be documented on the patient 
profile so that all pharmacists working in that setting can use 
the information when making followup consultations and re- 
ferrals. Indeed, OBRA 90 requires such documentation for 
Medicaid patients. 

It should be noted that the activities of information gather- 
ing and information giving are not distinct. In many cases the 
pharmacist performs both roles interchangeably. For instance, 
if the patient asks a question during a medication-history in- 
terview, the pharmacist usually answers it immediately or at 
the end of the interview. Similarly, counseling sessions usually 
begin with some sort of information gathering, such as asking 
what the prescriber told the patient about the medication or 


PATIENT COMMUNICATION 1959 


verifying that the patient is not allergic to it. The Indian 
Health Service’® promotes the use of three prime questions for 
patient consultations that help pharmacists integrate the 
information-gathering and information-giving functions: 


What were you told the medication is for? 
How were you told to take the medication? 
What were you told to expect with this medication? 


Many of the communication skills necessary for conducting 
medication-history interviews also are appropriate for counsel- 
ing sessions. This chapter focuses on these skills. Chapter 115 
includes information regarding specific ways to improve pa- 
tient compliance with medication regimens through patient- 
counseling sessions. 


UNDERSTANDING ILLNESS EXPERIENCES 
TT NT REEDS DEST RTE 
Effective communication with patients depends greatly on the 
degree of empathy demonstrated in the course of conversations. 
Empathy is the sharing, perception, and identification of a 
patient’s beliefs and state of mind without actually sharing 
those beliefs or having the same experiences. While empathy is 
essential, it is equally important for health professionals to 
temper their emotional involvement within the scope of their 
professional duty. Pharmacists can display an empathic ap- 
proach by suspending—not surrendering—their own feelings 
long enough to provide sufficient time to understand the feel- 
ings of a patient. Beginning sentences with phrases like, “Boy, 
youre happy today,” “It sounds like you’re upset,” or “It seems 
like this really bothers you” helps establish an empathic tone 
by reflecting back on the patient’s expression. 

Pharmacists can do a great deal to decrease the uncertain- 
ties of illness and drug therapy by responding to patient ques- 
tions, clarifying misconceptions, and preparing patients for 
probable feelings or events. Pharmacists can provide emotional 
support and appropriate reassurance. Pharmacists who com- 
municate an empathic point of view are valuable sources of 
strength to patients coping with an illness. 

In the article The Patient: Our Teacher and Friend, Wied- 
erholt and Wiederholt'’ offer a first-person account of a pa- 
tient’s needs, expectations, and desires as they relate to phar- 
maceutical care. They offer insight into the personal challenges 
patients experience when faced with a serious illness (colon 
cancer), complicated drug therapy, information overload, and 
various practice philosophies of health practitioners. Most ap- 
preciated were health-care practitioners who adopted the 
client-centered model when dealing with them—respecting 
their active role in making decisions regarding treatment op- 
tions and monitoring drug therapy. 

A patient’s past illness experience or reactions to a present 
illness contain stressors that may interfere with the communi- 
cation process. For instance, patients may be facing separation 
from family, loss of important social roles, permanent bodily 
changes, feelings of helplessness, and an uncertain future. For 
most patients the strain of illness leads to troubling doubts and 
fears. Patients may knowingly or unknowingly disguise these 
adaptations, fears, and concerns with anger, depression, or 
uncooperative behavior. A skillful pharmacist, aware of both 
the dynamics of communication and the stressors imposed on 
patients by an illness, can help patients recognize and cope 
with these reactions. 

Many common fears associated with the illness experience 
center around the severity of disability and disease. Aspects of 
their illness may remain vague and uncertain even after pa- 
tients have repeated discussions with their physicians. These 
fears could be abated by more simple explanations, reassur- 
ance, and positive reinforcement from physicians, pharmacists, 
and other supportive health-care professionals. 

Hospitalization can be a terrifying experience, and fear of 
the unknown can be overwhelming. Sophisticated instruments, 
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electronic monitors, intravenous solutions, laboratory tests, di- 
agnostic machinery, unfamiliar surroundings, strange cloth- 
ing, a dying patient in the next room, cries of pain, and a 
seriously ill roommate all contribute to an unsettling experi- 
ence. Because health-care professionals become accustomed to 
this environment, they may be insensitive to patient fears. By 
recognizing that patients develop such fears, practitioners can 
help patients feel more relaxed and remove an important bar- 
rier to effective communication. 

Patients may fear pain. For example, a patient’s anxiety 
may be so great before a surgical or diagnostic procedure that 
effective communication virtually is impossible. Practitioners 
can help relieve the anxiety by offering reassurance and a 
simple explanation of the procedure. For patients experiencing 
pain, pharmacists can serve as patient advocates to help en- 
sure that adequate pain relief is available. Several states have 
started Pain Initiatives that help educate physicians and phar- 
macists about pain control, especially in patients with terminal 
diseases. 

Disability is another fear that patients may face. For in- 
stance, patients in serious accidents may have to cope with 
permanent impairment, and those with heart disease may have 
to deal with changes in lifestyle. Nurses, physical therapists, 
and other health-care professionals play a vital role in restor- 
ing the confidence of patients and helping them adjust to such 
disabilities. 

Patients also may fear death. Even patients without a life- 
threatening condition may fear death when they are hospital- 
ized if they believe that a hospital is a place where people come 
to die. Researchers in the area of death and dying have iden- 
tified five stages of death and the corresponding patterns of 
patient behavior, beginning with denial and isolation and mov- 
ing through anger, bargaining, depression, and acceptance. By 
recognizing these stages, health-care professionals can comfort 
and support a dying patient. 

Communicating effectively with dying patients can be diffi- 
cult for the pharmacist, patient, and the patient’s family. 
Sometimes, the professional staff is more uncomfortable talk- 
ing about death than patients. For example, a community 
pharmacist may ignore a patient with a terminal illness who is 
having a prescription refilled simply because the pharmacist 
feels there is little to say. Being available to listen, however, 
encourages a patient to express feelings and provides a great 
source of comfort. 

Are there other hindrances to good communication? Abso- 
lutely! Patients may be distracted by their disease, its process, 
or their physical state. Patients could be embarrassed, self- 
conscious, modest, or even bored while in the health-care 
system. 

The way in which an individual reacts is determined par- 
tially by characteristics such as age, cultural background, emo- 
tional development, education, religious beliefs, and previous 
illness experiences. Observing the adaptive reactions of a pa- 
tient yields clues toward understanding and, thus, to more- 
effective communication. For example, certain patients fear 
alienating health-care professionals on whom they depend. 
This behavior often is reinforced by providers who give positive 
feedback to good patients. A patient’s fear of alienating provid- 
ers is not beneficial, however, because it may hinder attempts 
to detect symptoms. 

Patients who are hostile or uncooperative require patience 
and understanding. Fears of helplessness and dependency of- 
ten cause this type of behavior. If these patients become in- 
volved in formulating parts of their treatment plan, they may 
gain a sense of autonomy. For example, if a patient refuses to 
take medication, the reason should be identified and discussed. 
The pharmacist should explain how the medication helps cure 
the illness or relieve the symptoms, rather than simply talk 
about generalities on the importance of taking medication. The 
pharmacist also could offer to recommend a change in therapy, 
if warranted. While it is easy to become angry with hostile and 


uncooperative patients, pharmacists need to understand the 
reasons for this behavior to attempt effective communication. 

Patients may become depressed and withdrawn when an 
illness strikes, making them reluctant to discuss their illness. 
Short, frequent conversations with these patients inform them 
that someone genuinely is interested in them. This eventually 
may encourage them to discuss their true feelings. Patients 
should be informed when key staff members are available and 
when assistance is at hand. 


PREPARING FOR THE SESSION 

EO a REP DERBY 
How a pharmacist approaches the act of conducting a medica- 
tion-information gathering or counseling session determines in 
large measure its success. Pharmacists should spend a few 
moments mentally preparing for the interchange about to 
occur. 

The pharmacist should become familiar with the type of 
questions to ask and issues to pursue. This preparation greatly 
enhances the experience for both parties and, ultimately, the 
quality of the interaction. The pharmacist should know as 
much as possible about the patient before approaching the 
patient or caregiver. This easily is more achievable in a hospi- 
tal setting where the patient’s medical record, as well as other 
practitioners, can provide valuable background information 
about the patient. In the community setting, the pharmacist 
can review the patient’s medication record if the patient has 
been to the pharmacy before. It rarely is possible to know much 
about a patient before a first pharmacy visit, but supportive 
personnel can be instructed to prepare a patient profile before 
the pharmacist begins talking with the patient, so that the 
pharmacist at least knows the patient’s name. Since drug ther- 
apy is expensive, also knowing the patient’s insurance coverage 
can help the pharmacist address concerns about cost. 

Another issue worth considering before a session actually 
begins is the physical state of the patient. Is the patient awake 
and cooperative, in pain or in distress, lucid or noncommuni- 
cative? Was the illness, disease, or problem an emergency? 
Since a comprehensive interview with a patient who is experi- 
encing acute pain or is semicomatose is difficult and unproduc- 
tive for both parties, perhaps the pharmacist should postpone 
their meeting until later. 

Knowing the probable diagnosis may help provide a general 
index of the severity of the disease, the possible diagnostic 
procedures ahead, and the prognosis. Discovering a patient’s 
social and occupational history is an important piece of the 
interviewing puzzle. Communication works best using a bal- 
anced and understandable vocabulary. 

Pharmacists have many spontaneous interactions with pa- 
tients that are not related to information-gathering or counsel- 
ing sessions, and for these pharmacists cannot prepare. For 
example, a patient may call or come into the pharmacy asking 
about a drug advertisement seen on television, wondering if the 
drug is appropriate for him. With careful practice in planned 
interactions with patients, pharmacists will get the skills to be 
comfortable in these spontaneous discussions, as well. 


OPENING THE SESSION 

(ST TE a BS EE TD TE TRS 
Pharmacists begin using verbal and nonverbal skills in the 
opening segment of the information-gathering and informa- 
tion-giving sessions. Pharmacists properly introduce them- 
selves by making eye contact and greeting the patient by pro- 
nouncing clearly both their name and the name of the patient. 
If help is needed with pronunciation of the patient’s name, ask 
colleagues and the patient to make sure. It is best for the 
interviewer to begin formally by using the titles Mr, Mrs, Ms, 
or Miss and then to switch to first names if the patient prefers. 


The pharmacist should identify the purpose of the session 
clearly and his or her role by stating, for example, “Hello. My 
name is Phyllis Smith, and I’m a pharmacist at the hospital. I’d 
like to spend some time talking with you about your medication 
history.” 

The pharmacist also should explain approximately how long 
the session will take and ask for the patient’s explanation of the 
primary medical problem. The latter question gives the phar- 
macist a chance to gather insight into patient concerns before 
talking about medication. Much of the time the reason for the 
visit is available from other sources and should be acquired 
before the session begins, but it is a good idea to hear patients 
express the reason in their words. Clues to pharmacy-related 
problems frequently arise using this approach. 

The opening should not include specific probes about the 
physical characteristics of the patient, such as height and 
weight; background information like this should be retrieved 
from other sources or asked later. A social history, however, 
may be taken here. This includes inquiring about daily rou- 
tines, family life, hobbies, and whether the medications cause 
any inconveniences in the workplace or home. 


ATTENDING TO NONVERBAL CUES 
ELF POLST ESETNEL 
During medication-information gathering and counseling ses- 
sions, pharmacists are observers, self-critics, questioners, lis- 
teners, teachers, and recorders. It is easy to get so involved in 
these activities that pharmacists forget about the nonverbal 
messages they convey. Pharmacists and patients alike commu- 
nicate emotions and other information in nonverbal ways. 
Blank stares, inattentiveness, nervous speech patterns, and 
interruptions are distracting and detrimental to effective com- 
munication. Further, staying behind a barrier like a tall 
counter communicates to patients nonverbally that the phar- 
macist is unapproachable.'* The verbal and nonverbal aspects 
of an interaction cannot be separated if one wishes to appreci- 
ate fully the nature of the interaction. 

EYE CONTACT—Facial features, as well as facial expres- 
sions, are assumed to reveal personality traits. A great deal of 
information is communicated through head and facial move- 
ments, but perhaps the movement of another person’s eyes 
provides more clues than any other facial structure. Therefore, 
a gaze is a major nonverbal signal to others. 

Patients vary in the amount of eye contact that makes them 
comfortable, so interviewers should take cues from them. The 
best a pharmacist can offer is frequent and attentive eye con- 
tact, avoiding blank stares. Eye contact helps assess the mean- 
ing that is behind the patient’s words and conveys the message 
“Tm listening.” Thus, eye contact represents an important 
building block toward establishing patient trust and rapport. 

MANNERISMS—tThe study of nonverbal facilitation has 
led to the marketing of provocative best-sellers that promise 
readers “You'll be able to read people like a book.” Gestures, 
vocal qualities, body movement, clothing, and hygiene can pro- 
vide information about interviewers and patients, but ferreting 
out clues to hidden meanings can be more damaging than 
helpful to professional relationships. 

The pharmacist/interviewer needs to make the patient feel 
comfortable by enhancing physical and psychological privacy. 
The pharmacist communicates a posture of involvement by 
facing the patient directly and leaning forward at a slight 

-angle, which is a sign of attentiveness to the patient’s needs. If 
the patient is seated or lying down, the interviewer should sit, 
if possible. Some other examples of nonverbal facilitation are 
an inclined head, a head nod, and hand gestures that suggest 
understanding or the desire for more information. 

Taking notes is appropriate so long as it is not the major 
focus of attention for either the pharmacist or patient. Exces- 
sive writing of notes has disadvantages. It is distracting to 
patients, impairs interpersonal dynamics, and provides a con- 
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venient and absorbing escape for pharmacists. Novice inter- 
viewers should take whatever notes are needed to achieve 
accuracy, but they should strive to improve their listening 
skills by recording only selected information at the moment 
and then completing the notes immediately after the interview. 

VOCAL QUALITIES—Pitch, range, tone, clarity, and 
tempo are vocal qualities. Pitch refers to the frequency level of 
the voice. Pitch level influences patient attitudes toward phar- 
macists and the content of the message. While monotones gen- 
erally are disliked by most individuals, exaggerated pitch 
changes are disliked even more. Speakers with naturally spon- 
taneous voices using neither a wide nor narrow range of pitch 
tend to be perceived more favorably. 

Voice clarity is an important attribute for effective commu- 
nication. To ensure that the patient can hear and comprehend, 
the pharmacist should assess the patient’s language and hear- 
ing abilities and then change speech patterns, if necessary. 

Tempo is the speed of vocal production. Inappropriate de- 
lays may irritate patients, while interruptions may rush pa- 
tients and interfere with the smooth flow of conversation. Fast 
tempo and frequent pauses often are associated with emotions 
such as fear or anger. Slow tempo also often is associated with 
anger, as well as sadness and depression. A slow tempo with 
frequent pauses and utterances such as “uh,” “er,” and “um” 
can indicate uncertainty; perhaps the pharmacist is stalling 
while waiting for the patient’s response or while formulating 
the next question to ask. 

People often express their emotions by talking too fast. 
Pharmacists should keep their rate of speech conversational. 


ASKING QUESTIONS APPROPRIATELY 
RS A SEAT IA SEE DST ET 
To be good communicators, pharmacists must be attuned to the 
types of questions asked, the manner in which questions are 
asked, and the avoidance of repetition. Interviewing and coun- 
seling are demanding activities that require a greater invest- 
ment of energy than casual conversation, especially if the phar- 
macist is new at it. The unnecessary repetition of questions 
often is a sign of inattention. 

The use of jargon also results from inattentiveness. This is 
the technical language or the characteristic idiom of a group or 
groups. Pharmacists and other health-care providers are not 
immune from using jargon. A sampling includes the terms 
OTC, po, nocturia, HCTZ, diuretic, hypertension, and paren- 
teral. Take OTC, for example. If that term is used in a question 
aimed at identifying nonprescription drug use, patients may 
not know that the letters stand for over-the-counter. Even if 
they did, they may not understand that it means any medica- 
tions available in pharmacies and supermarkets that they can 
buy without a prescription, including herbal products. Phar- 
macists should choose language appropriate to the sophisti- 
cation of the patient. The unnecessary use of technical terms 
may increase patient anxiety. If they are necessary, all techni- 
cal terms should be explained after assessing the patient’s 
understanding. 

OPEN AND CLOSED QUESTIONS—Open questions are 
broad and allow the patient sufficient latitude in interpreting 
and responding to requests for information. An open question 
asks for information and specifics about the topic in a general 
way and cannot be answered in one phrase or with a “yes” or a 
“no.” Pharmacists often begin a topic or section using open 
questions, since the questions can encourage the patient to 
discuss a broad range of information, but there can be too much 
of a good thing. The excessive use of open questions will re- 
sult in an overly long, rambling, unfocused, and inefficient 
interview. 

When starting a section by asking open questions, the phar- 
macist should begin the questions with words or phrases that 
elicit broad responses. For example, questions beginning with 
terms such as “when,” “where,” “how,” “what,” and “tell me 
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about” usually elicit more information than questions starting 
with “is,” “does,” “can,” “will,” and “are,” which usually are 
better for followup attempts to clarify information. 

Open questions beginning with “why” should be used spar- 
ingly, as they may imply criticism or result in guesses. The 
word “why” may have a place in interpersonal communication 
when the patient sees no threat from the interviewer. Usually, 
however, the same information can be obtained with other 
questions using the words “what” or “how.” For example, in- 
stead of asking, “Why weren’t you taking your medicine?” or 
“Why didn’t you come in sooner for a refill?,” a pharmacist can 
approach the patient this way: “What tells you it’s time for a 
refill?” or “How do you know it’s time for a refill?” 

Closed questions are narrow and usually limit the patient to 
a direct and specific answer. Often, closed questions require 
simple “yes” or “no” answers. 

A balance of open and closed questions is the hallmark of an 
effective, efficient medication-information gathering session. 
The excessive use of closed questions will result in choppy 
interviews, reduce the quality and quantity of the information 
gathered, and offer little opportunity to develop a relationship 
with the patient. Pharmacists should use them judiciously to 
avoid an interrogative approach. A forced-choice, closed ques- 
tion that asks for a specific bit of information in a word or two 
can be useful to follow up an open question. An example of a 
patient response to an open question followed by several pos- 
sible closed questions from the interviewer is 


Pharmacist: What problems are you having taking your medication? 

Patient: My tablets are hard to swallow. 

Closed: You said that your tablets are difficult to swallow; are they 
always difficult to swallow? 

Closed: Have you missed any doses? 

Closed: Do you have problems swallowing at other times? 


DIRECT AND INDIRECT QUESTIONS— Questions can 
be categorized as either direct or indirect. Direct questions are 
to the point. They are outright requests for information, and 
they may be open or closed. Indirect questions, too, can be open 
or closed, but they may not sound like questions. They are 
implicit and perhaps disguise requests for information. Indi- 
rect questions come in especially handy with delicate subjects. 

Some examples of direct and indirect questions are 


Open direct: Tell me about your leg cramps. 

Closed direct: Are you concerned about your leg cramps? 

Open indirect: ’m wondering what you think about your leg cramps. 
Open direct: What can you tell me about the penicillin you’re taking? 
Closed direct: Did you finish the penicillin? 

Closed indirect: Do you have any penicillin left? 


LOADED AND LEADING QUESTIONS—Loaded and 
leading questions are forms of closed questions that contain 
their own answers or imply judgments or both. These types of 
questions usually are not fruitful for information gathering. 

Loaded questions often are emotion-laden and force patients 
into defensive postures. An example of a loaded question is 
“You’ve never had gonorrhea, have you?” 

Leading questions blatantly or subtly steer patients to an 
answer pharmacists anticipate. They put absolute restrictions 
on how patients may answer the question, even though the 
answer may not be appropriate. Leading questions encourage 
the patient to give an answer that is simple, avoids the phar- 
macist’s disapproval, and cuts down the length of the inter- 
view. Such questions improperly placed may result in an in- 
complete, yet seemingly efficient, interview. At times, however, 
patients need direction, stimulated by a leading question, es- 
pecially when discussing sensitive areas. An example of a lead- 
ing question and one possible alternative is 


Leading: Does the medicine make you drowsy? 
Alternative: How does the medicine make you feel? 


MULTIPLE QUESTIONS—Multiple questions present 
patients with two or more inquiries at the same time. They 


force patients to choose between the questions and respond to 
one and then the other, if they can remember what the other 
one was after responding to the first. 

Multiple questions, whether presented one right after an- 
other or quickly after each answer, trap patients in a barrage of 
questions and answers that leaves them confused and irritated. 
Patients then tend to fall in a pattern in which they learn to 
wait for a question before responding. When no questions are 
asked, they remain silent. An example of a commonly used 
multiple question in medication-history interviews is 


Are you using medications like aspirin, vitamins, antacids, cough 
and cold remedies? 


This has merit if explained properly, but patients may in- 
terpret the list as definitive without attempting to think of 
other nonprescription drugs they take. One way to use this type 
of question to the pharmacist’s advantage is to preface it by 
saying 


I am going to read a list of medicines you can buy in the pharmacy 
or supermarket without a prescription. Stop me along the way and tell 
me if you are taking any of them. If the names puzzle you, stop me, and 
Tll explain them further. 


After going through the list, ask whether the patient takes 
any other nonprescription drugs not mentioned. 


BUILDING RAPPORT 
a I 
Accomplished health-care providers recognize and respond to a 
sense of interpersonal responsibility and are sensitive to how 
their behavior may affect others. This recognition and sensi- 
tivity helps develop positive rapport with patients. Pharma- 
cists should be approachable during interactions, and they 
should match their behavior with true thoughts and feelings so 
that the messages communicated are consistent, confident, and 
compatible. 

FLEXIBILITY AND LOGIC—Flexibility is the ability to 
shift attention on demand, adapting to the total flow of com- 
munication. Active listening involves the art of probing for 
information and analyzing the facts before acting in response. 
When listening actively, the pharmacist’s responses to the pa- 
tient are keener and more insightful, display confidence, and 
are more appropriate than when passively hearing verbal 
statements. The rapport tends to be reciprocated by the pa- 
tient, and the relationship tends to be more rewarding for both. 

Logical sequencing is the process of covering groups of re- 
lated topics in turn, thereby avoiding topic-jumping or asking 
questions in a random order without any apparent rationale. 
On occasion it is necessary to follow a patient’s lead, even if it 
does not seem logical. Indeed, patients who are allowed to 
remember past pharmacy and medical visits in whatever order 
they choose have better recall then patients instructed to recall 
in a temporal order. Logical sequencing permits interviewers to 
follow patient leads, yet return to the previous sequence with- 
out getting lost. 

TRANSITIONAL PHRASES AND REINFORCERS— 
Transitional statements shift the discussion smoothly from one 
topic to the next. They convey the purpose and importance of 
the information discussed. Failure to prepare patients for a 
shift in topic by a smooth transition may leave them lost, 
confused, and uncooperative. An example of a pharmacist’s 
transitional statement is 


You've described your recent medicine-taking experiences; now I’d 
like to run through the medications you have taken in the last 3 to 6 
months. 


Simple indications of basic understanding facilitate patient 
responses. They tell the patient that the pharmacist is listen- 
ing, following along, and involved in what is said. Brief state- 
ments, such as “Yes,” “I see,” “Go on,” “I understand,” “Tell me 


more about that,” “And then,” and “Okay” are examples of 
recognition responses that reinforce. Also, these types of re- 
sponses indicate encouragement from the pharmacist to con- 
tinue with a verbal communication. Occasionally, it may help 
to repeat the patient’s last word with a rising inflection so that 
it is a question. For example 


Patient: ... 
migraine. 
Pharmacist: Migraine? 


and then of course every now and then I have a 


Since recognition responses can reinforce the speaker, avoid 
overusing them because of the potential for inadvertently com- 
municating something not intended. It may be hard to believe, 
but a simple “okay” or “mm-hm” can indicate that the pharma- 
cist has made a judgment, even if that is not the case. For 
example 


Patient: lve been having these leg cramps for awhile. 

Pharmacist: Okay. 

Patient: It would be so much better if my legs didn’t hurt all the 
time. 

Pharmacist: Mm-hm. 

Patient: A friend of mine said I was lacking vitamins and he gave me 
some. I’ve started taking them. Forget that dumb blood pressure drug 
I take. 

Pharmacist: Okay. 


INTERRUPTIONS—Good listeners know how to speak 
only when the situation calls for it. Waiting patiently and 
avoiding interruptions (apologize if done so accidentally) may 
be more beneficial than anything interjected. 

CLARIFICATION AND VERIFICATION—Clarification 
and verification are. verbal behaviors that highlight the main 
topics covered in the session. Highlighting the main points of 
one section or the entire session permits the patient and the 
pharmacist to correct any errors, clear any confusion, confirm 
information as valid, or add new information. For example, the 
pharmacist might say 


Now let me check to make sure I have it. You first noticed the 
dizziness after your second tablet on the first day, and you stopped 
taking them on the third day. Okay so far? 


CLOSING THE SESSION 


Ending a medication-information gathering session or counsel- 
ing session requires attention to many of the skills discussed 
earlier. The conclusion should contain a request for additional 
information that the patient thinks might be helpful, a sum- 
mary of pertinent data along with the opportunity for the 
patient to make corrections if necessary, an offer to answer any 
questions now or in the future, a statement of when and where 
help is available, and leave-taking. 

Even though summarizing usually is synonymous with clo- 
sure, it may be necessary, even advantageous, also to summa- 
rize at strategic places during the session. How often to sum- 
marize depends on the extensiveness of the information 
covered, but as with most anything, too much of a good thing 
can be damaging. The key point is that an effective summary 
need not be confined to the closing. 


INFORMATION COMPLETENESS 


While the previous sections focused primarily on the commu- 
nication process, pharmacists cannot be so concerned with the 
process skills that they neglect to collect accurate drug infor- 
mation and an accurate compliance history. Paying attention to 
the qualities of completeness and specificity will allow a phar- 
macist to accomplish both tasks. 
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Although there is not complete consensus about specific 
questions to ask in a medication-history interview, most au- 
thorities expect pharmacists to obtain information about pre- 
scription and nonprescription medications currently taken by 
patients. Also, pharmacists are expected to gather information 
about medications taken previously, allergies, problems with 
adverse effects, and possible recreational drug use. In general, 
the drug information a pharmacist gathers should uncover 
answers to 


What medication(s) is (are) being taken? 

What is the medication being used for? 

Is the medication actually being taken? 

How is the medication taken? 

How often is the medication taken? 

When and with what is the medication taken? 

How regularly is the medication taken? 

For how long is the medication to be taken? 

Is the medication working? 

Are there any bothersome effects from the medication? 
Does it ever happen that you forget to take the medication? 
What happens if you don’t take the medication? 


Keep in mind that these questions are presented only as a 
checklist of information to be covered in a medication-history 
interview. They represent neither the best way to ask the 
question nor an exhaustive list of possibilities. 

The content of counseling sessions will vary tremendously 
depending on the specific goal of the session and the pharma- 
cist’s authorized responsibilities for disease management in 
collaboration with other health-care practitioners. ASHP sug- 
gested including the following content areas in counseling ses- 
sions, depending on the pharmacists’ judgment of the patients’ 
needs: ** 


The medication’s names and, when appropriate, its therapeutic class 
and efficacy. 

The medication’s use and expected benefits and action. 

The medication’s expected onset of action and what to do if the action 
does not occur. 

The medication’s route, dosage form, dosage, and administration schedule. 

Directions for preparing and using the medication. 

Action to be taken in case of a missed dose. 

Precautions to be observed and the potential risks and benefits. 

Potential common and severe adverse effects and action to be taken if 
they occur. 

Techniques for self-monitoring the therapy. 

Potential drug-drug, drug-food, and drug-disease interactions. 

The medication’s relationship to radiological and laboratory procedures. 

Refill authorizations. 

Instructions for 24-hr access to a pharmacist. 

Proper storage of the medication. 

Proper disposal of medications and used administration devices. 

Any other information unique to an individual patient or medication. 


When a patient answers in nonspecific ways that leave 
uncertainty regarding the intended message, the pharmacist 
should use a probe to encourage the patient to explain or 
elaborate on something already said. A probe can be stated in 
the form of an open statement, such as “Td like you to tell me 
more about the pain,” or by using reflective phrases or words, 
such as “Really?” and “Why so?” Probes of this type remove the 
interrogative connotation commonly associated with them. 
They also present an indirect approach to compliance issues. 
Barriers to medication compliance may be sensitive areas for 
patients to talk about, so soft probing is a fruitful approach for 
obtaining specific and complete information. 

A note of caution should be heeded: Excessive questioning, 
even with the goal of specificity, tends to establish a pattern in 
which the patient accepts a role of answering, and the phar- 
macist takes the role of asking; if the pharmacist does not ask 
anything about a specific subject, the patient may not offer the 
sought-after information. 
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EVALUATING COMMUNICATION SKILLS 


When learning new skills, it is important to evaluate one’s 
progress and identify areas needing more work. The USP Medi- 
cation Counseling Behavior Guidelines lists 35 items designed to 
measure behaviors associated with medication counseling; these 
are divided into introduction items, content items, process items, 
and conclusion items.’ While the 35-item evaluation form may be 
unwieldy for pharmacists to use routinely, the following short list 
of 15 of the items provides a summary of information presented in 
this chapter in a checklist format. Pharmacists can use it as a 
guide to evaluating their own communications with patients, or 
they can evaluate each other’s interactions. 


Conducts appropriate counseling introduction by identifying self and 
the patient or patient’s agent. 

Explains the purpose of the counseling session. 

Makes appropriate use of the patient profile information. 

Assesses patient’s understanding of the reason(s) for therapy. 

Assesses any actual and/or potential concerns or problems of impor- 
tance to the patient. 

Responds with understanding/empathic responses. 

Uses language the patient is likely to understand. 

Displays effective nonverbal behaviors (eye contact, body language, 
gestures). 

Maintains control and direction of the counseling session. 

Uses open-ended questions. 

Presents facts and concepts in a logical order. 

Conveys complete information to the patient (eg, name and indication, 
dosage regimen, storage recommendations, potential side effects, 
precautions). 

Provides accurate information. 

Verifies patient’s understanding via feedback. 

Summarizes by emphasizing key points of information. 


PATIENT ADVOCATES 


By communicating with patients and learning about their 
drug-related problems and concerns, pharmacists are able to 
serve as patient advocates in the health-care system. This 
advocacy approach is forcefully supported by Schulz and 
Brushwood.‘* Each pharmacist-patient interaction is different, 
and the pharmacist determines a plan of action based on an 
assessment of the situation, including the severity of the prob- 
lem and the ability of the patient to understand the problem 
and the available options. For example, in one situation the 
pharmacist may identify a potential problem in a medication- 
history interview, point it out to the patient, and expect the 
patient to resolve the problem alone or with the prescriber. In 
a more serious situation or when the patient cannot be ex- 
pected to perform the necessary followup, the pharmacist may 
contact the prescriber about potential problems or concerns on 
behalf of the patient. 

When responding to patient problems and concerns, phar- 
macists must strive to achieve balance and fulfill their profes- 
sional duty. The best way to define duty in this context is to 
offer examples of its opposite. A lack of professional duty by 
pharmacists is being either so passive toward patient interests 
that patient care is compromised or so active that the pharma- 
cist shows no regard for the roles of other health-care provid- 
ers. Teamwork is a treasured commodity worth seeking when 
patient care is at stake. 
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CHAPTER 415 


The significant advances that have been made in the under- 
standing of the etiology of many disease states, and the devel- 
opment of many new therapeutic agents, have made it possible 
to cure or provide symptomatic control of many clinical disor- 
ders. However, accompanying the increasing sophistication rel- 
ative to diagnostic and therapeutic knowledge and skills has 
been the recognition that in many circumstances, drugs are not 
being used in a manner conducive to optimal benefit and safety. 
In many situations, efforts to maintain or improve health fall 
short of the goals that are considered attainable, and fre- 
quently, the failure to achieve the desired outcomes has been 
attributable to patient noncompliance or partial compliance. 

With regard to the provision of health care the concept of 
compliance can be viewed broadly, as it relates to instructions 
concerning diet, exercise, rest, return appointments, etc, in 
addition to the use of drugs. However, it is in discussions 
concerning drug therapy that the designation patient compli- 
ance is employed most frequently. It is in this context that it 
will be used in this discussion, and compliance can be defined 
as the extent to which an individual’s behavior coincides with 
medical or health advice. 

Compliance with therapy implies an understanding of how 
the medication is to be used, as well as a positive behavior in 
which the patient is motivated sufficiently to use the prescribed 
treatment in the manner intended, because of a perceived 
self-benefit and a positive outcome (eg, enhanced daily func- 
tioning and well-being). Some have recommended the use of the 
terms adherence, concordance, or persistence rather than the 
designation compliance; however, the latter term continues to 
be the most widely accepted and used. 

Problems concerning patient compliance with instructions 
have been recognized for years and, indeed, Hippocrates once 
cautioned, “Keep watch also on the fault of patients which often 
makes them lie about the taking of things prescribed.” When 
the complexity of the patient’s illnesses and the actions of 
potent therapeutic agents are taken into account, the physi- 
cian, pharmacist, and other health professionals easily can 
become preoccupied with the diagnosis of the disease state as 
well as the selection and implications of drug therapy and 
assume that the patient will follow the instructions provided. 
After all, since the medication is being provided to improve 
and/or maintain the patient’s health, why would the patient 
not follow instructions? Yet, studies continue to show that a 
large percentage of patients, for a variety of reasons, do not 
take their medication in the manner intended. 

Although some patients make a conscious decision to devi- 
ate from the prescribed regimen (ie, intentional noncompli- 
ance), many intend to take their medication according to in- 
structions and, in some cases, even may be unaware that their 
use of medication differs from what the prescriber intended. 

The term patient noncompliance suggests that the patient is 
at fault for the inappropriate use of medication. Although this 
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is often the case, in a number of situations, the physician and 
pharmacist have not provided the patient with adequate in- 
structions or have not presented the instructions in such a 
manner that the patient understands them. The most basic 
questions regarding drug usage must be addressed—Has the 
patient been provided with adequate instructions? Does the 
patient understand how the medication is to be taken? Nothing 
should be taken for granted regarding the patient’s under- 
standing of how to use medication, and appropriate steps must 
be taken to provide patients with the information and counsel- 
ing necessary to use their medications as effectively and as 
safely as possible. 


NONCOMPLIANCE 


Types 


The situations most commonly associated with noncompliance 
with drug therapy include failure to have the prescription 
dispensed or renewed, omission of doses, errors of dosage, in- 
correct administration, errors in the time of administration, 
and premature discontinuation. 

Some patients for whom medication has been prescribed do 
not even take their prescriptions to a pharmacy, and some 
others who do take their prescriptions to a pharmacy fail to 
pick them up when they are completed. In a survey! of con- 
sumers, 2% responded that they had brought prescriptions to 
the pharmacy but failed to pick them up. The most common 
explanations for not taking the prescriptions to a pharmacy or 
not picking them up are that patients feel that they have 
recovered from the condition or otherwise don’t need the med- 
ication, they think they have a similar medicine at home, they 
don’t like to take medicine, the cost is too high, or they forget to 
pick up the prescription from the pharmacy. In the many sit- 
uations in which infection is associated with fever and local 
discomfort, patients already may be taking nonprescription 
medications, such as acetaminophen. The ability of these 
agents to provide some, if not complete, relief of the symptoms 
of early infection may lead some patients to conclude that the 
condition is improving, or better, and that it is not necessary to 
have a prescription dispensed. 

The omission of doses is one of the most common types of 
noncompliance and is more likely to occur when a medication is 
to be administered at frequent intervals and/or for an extended 
period of time. Errors of dosage include situations in which the 
amount of an individual dose or frequency of administration is 
incorrect. 


Examples of the incorrect administration of medication in- 
clude not using the proper technique in using metered-dose 
inhalers and, in some cases, giving medication by the wrong 
route of administration. Errors in the time of administration of 
the drug may include situations in which medication is admin- 
istered in an inappropriate relationship to meals. Certain 
drugs—eg, tetracycline, didanosine (Videx), alendronate (Fos- 
amex)—should be administered apart from meals to achieve 
optimal absorption. The time of day at which a drug is admin- 
istered also may be important in the use of some medications; 
eg, diuretics are best administered in the morning. 

The premature discontinuation of treatment occurs com- 
monly with the use of antibiotics as well as medications used in 
the treatment of chronic disorders such as hypertension. An 
American Association of Retired Persons (AARP) survey of 
ambulatory elderly found that 33% said they had prematurely 
discontinued a prescribed medication.” Patients must be ap- 
prised of the importance of taking the medication in the man- 
ner instructed, even though their condition may be asymptom- 
atic or, as in the case of infections, the symptoms may have 
subsided soon after the initiation of therapy. 

Studies reflect a wide variation in the degree of noncompli- 
ance. Many reports indicate that at least one-third of patients 
failed to comply with instructions, and for patients with chronic 
illnesses on long-term treatment regimens the results suggest 
a rate of noncompliance of approximately 50%. To provide a 
better insight into the type and extent of the specific problems 
identified, the following examples are provided. 

In a study” of elderly public-housing tenants, noncompli- 
ance was associated significantly with taking more than five 
prescribed medications, an inability to read prescription and 
auxiliary labels, and difficulty opening flip-off-type medication 
container lids. 

Problems have also been reported in pediatric patients. In a 
study of compliance with treatment of acute otitis media in 300 
pediatric outpatients,‘ complete compliance in taking pre- 
scribed antibiotics was only about 7%. Parents gave fewer than 
the prescribed number of doses in 36% of cases, and therapy 
was discontinued early in 37%. Other factors contributing to 
the noncompliance included incorrect labeling and the use of 
teaspoons having widely varying volumes. 


Consequences 


The importance and scope of the difficulties that result from 
the failure to use medications in the manner intended have 
resulted in the National Council on Patient Information and 
Education designating noncompliance as America’s other drug 
problem. Others have noted that noncompliance may be the 
most significant problem that faces medicine today” and that 
“knowledge of patient compliance is of critical importance in 
interpreting drug response, whether it be in the individual 
patient or in a clinical trial.”° In response to concerns regarding 
mismedication among elderly patients, including observations 
that 55% of this patient population is noncompliant, the Office 
of the Inspector General conducted a study to determine why 
elderly people fail to follow prescription medication regimens.’ 

“Drugs don’t work if people don’t take them.” This observa- 
tion made by former Surgeon General C Everett Koop in his 
keynote address at a symposium on Improving Medication 
Compliance,® provides a clear statement of one of the conse- 
quences of noncompliance. In many cases noncompliance re- 
sults in underuse of a drug, thereby depriving the patient of the 
anticipated therapeutic benefits and possibly resulting in a 
progressive worsening or other complications of the condition 
being treated. 

Noncompliance also may result in the overuse of a drug. 
When excessive doses are employed or when the medication is 
given more frequently than intended, there is an increased risk 
of adverse reactions. These problems may develop rather inno- 
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cently, as when a patient recognizes that he has forgotten a 
dose of medication and doubles the next dose to make up for it. 
Some other patients appear to believe that if the one-tablet 
dose that has been prescribed provides some relief of symp- 
toms, two or three tablets will be even more effective. 

The results of several studies suggest that up to 10% of 
hospital admissions” and 23% of nursing-home admissions!° 
are related to noncompliance. In a study of 315 consecutive 
medical admissions of elderly patients to a community hospital, 
28% were medication-related—17% because of adverse reac- 
tions and 11% because of noncompliance.'! A review of pub- 
lished studies of drug-related hospital admissions noted that 
11 reports indicated that 22.7% of adverse drug reaction hos- 
pitalizations were induced by noncompliance.!” 

Hypertension is the most frequently studied disease with 
regard to compliance. Although educational and screening pro- 
grams have significantly reduced the number of individuals 
who are unaware that they have hypertension, it is thought 
that most of the more than 50 million Americans with high 
blood pressure do not have their condition under good control. 
For those hypertensive patients for whom treatment has been 
prescribed, many do not have their blood pressure under effec- 
tive control, and a major reason for the failure to control hy- 
pertension is noncompliance with regimens that would work if 
administered as intended. Noncompliance is one of the most 
commonly missed diagnoses, and the manner in which patients 
use their medication should be evaluated before the therapeu- 
tic regimen is changed. In one study it is reported that the 
underuse of antihypertensive medications may be associated 
with hospitalization that could have been prevented if patients 
had complied with their treatment regimens.'® 

Noncompliance has major implications for those with HIV 
infection/AIDS. One investigator noted that for patients whose 
viral levels are nearly undetectable as a result of the use of 
effective antiretroviral regimens, a 10-day drug holiday can 
result in viral loads returning to levels comparable to those at 
the start of treatment.’ Others have reported that patients 
missing only 20% of the doses of antiretroviral agents showed 
higher viral loads than patients not thought to have missed any 
doses.'° An additional concern is that the irregular treatment 
that results from noncompliance appears to accelerate the 
emergence of resistant strains of HIV. 

It has been observed that about one-half of patients with 
schizophrenia are noncompliant in using their medications and 
experience a relapse of symptoms within a year of initiation of 
antipsychotic treatment. The inadequate control of schizophre- 
nia has, in some situations, been associated with violent ac- 
tions such as the murder of two guards at the US Capitol 
building. 

One report’® has called attention to the hazards of noncom- 
pliance with antiepileptic drug regimens. In examining au- 
topsy records pertaining to 11 cases of unattended, unexpected 
deaths of epileptic patients, no antiepileptic drugs were found 
in 4 patients and subtherapeutic concentrations were noted in 
6 others. It is suggested that a number of these deaths may 
have been preventable had there been better compliance with 
the instructions for using the medication(s). 

Similarly, a leading cause of death in transplant patients, 
some of whom had waited for years for a donor organ, is the 
rejection that results from noncompliance in using immuno- 
suppressant medication. '° 

The economic consequences of noncompliance also are 
alarming, and some have estimated that the costs associated 
with noncompliance in the US exceed $100 billion a year. The 
cost of noncompliance and the capacity of improved compliance 
to reduce health-care expenditures are the subject of a review 
of a number of studies in which it is observed that “without 
exception the benefits realized from improved compliance out- 
weigh, in some cases far outweigh, the costs of programs de- 
signed to improve compliance.”"” 

Noncompliance also may take other forms. The problems as- 
sociated with drug misuse and abuse, whether unintentional or 
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deliberate, are well-recognized. Although usually not thought of 
in terms of noncompliance, drug-abuse problems sometimes 
result from excessive use of medications that have been pre- 
scribed for existing clinical disorders. 

Another implication relates to the storage of drugs that are 
not used completely during the intended period of treatment. 
Keeping these drugs may result in their inappropriate use at 
some later time. Accidental poisonings have resulted, and 
stockpiled medications have been used to commit suicide. 

The recognition that noncompliance is so prevalent has 
raised questions regarding the attention this variable has re- 
ceived in clinical studies of therapeutic agents. For example, an 
analysis of the sources and the amount of overt and hidden 
bias in reports of double-blind studies of nonsteroidal anti- 
inflammatory drugs published between 1966 and 1985 revealed 
that only 13% of the studies measured compliance.'* The po- 
tential changes in therapeutic response resulting from noncom- 
pliance dictate that close attention be given to this aspect of the 
study of the action of therapeutic agents. 

Although the consideration of the consequences of noncom- 
pliance should focus primarily on the problems that may de- 
velop, there also should be an awareness of situations in which 
some patients may benefit from being noncompliant. Desig- 
nated by one investigator’ as intelligent noncompliance, it is 
noted that certain individuals have a rational basis (eg, avoid- 
ing adverse effects) for altering the dosage of their medication, 
and that good treatment outcomes are still attained. However, 
the fact that certain patients may benefit from not complying 
with a treatment regimen must not be considered a reason for 
health professionals to be less diligent in detecting noncompli- 
ance and initiating the appropriate corrective measures, as 
any situation in which noncompliance occurs requires careful 
evaluation. 


Detection 


Like the diagnosis of medical disorders, detection of noncom- 
pliance is a necessary prerequisite for adequate treatment. In 
addition, like many diseases, compliant or noncompliant be- 
havior is not stable and may change over time, necessitating 
the regular use of detection methods to measure this behavior 
as part of the assessment of treatment efficacy. 

The ideal detection method would measure compliance at 
the time and place of the medication-taking (or other treat- 
ment) event. Direct observation of the patient would come 
closest to providing this ideal measure of compliance. However, 
this method usually is not practical. 

Current detection methods include indirect measures, such 
as self-report, interview, therapeutic outcome, pill count, 
change in the weight of metered-dose inhaler canisters, 
medication-refill rate, and computerized compliance monitors, 
and direct measures, such as biological markers, tracer com- 
pounds, and assay of body fluids. In general, the direct methods 
of detection have a higher sensitivity and specificity than the 
indirect methods, making the direct methods more reliable for 
the assessment of compliance. Still, all of these methods have 
their limitations. To help overcome limitations of the assess- 
ment methods and to provide corroborative information, it is 
recommended that at least two different detection methods be 
used to measure compliance. 

INDIRECT METHODS—Self-reports and interviews with 
patients are the most common and simplest methods of at- 
tempting to determine compliance with therapy. However, 
many studies have demonstrated that even the most skilled 
and highly refined interviewing techniques substantially over- 
estimate medication compliance. In spite of the limitations of 
interviews, asking carefully constructed questions (eg, “Most 
people have trouble remembering to take their medicine. Do 
you have trouble remembering to take yours?”)?° in a non- 
threatening manner will help to identify some noncompliant 
patients. 


Pill counts are another detection method used to measure 
compliance and frequently are used in clinical drug studies. A 
patient’s compliance with a medication regimen can be as- 
sessed by the difference between the number of dosage units 
initially dispensed and the number remaining in the container 
on a return visit or during an unscheduled home visit. How- 
ever, pill dumping (ie, attempts by patients to misrepresent 
their compliance by discarding medication) is common, and 
several studies have shown that return counts grossly overes- 
timate actual compliance rates.?)7” 

The achievement of treatment goals sometimes has been 
used as a measure of a patient’s compliance. When a particular 
treatment is associated with a successful outcome (eg, normal 
blood pressure, glucose concentration, or intraocular pressure), 
satisfactory compliance with the regimen may be inferred. 
However, patients may load-up on medication or comply with 
other treatment regimens (eg, diet) just before their return 
visit. Such behavior has been called the toothbrush effect, after 
the way people brush their teeth just before seeing a dentist. 
The toothbrush effect can invalidate almost completely the 
health-outcome strategy, as well as certain other detection 
methods (eg, determination of drug concentrations in a body 
fluid). 

Computerized compliance monitors are the most recent and 
reliable of the indirect-detection methods. An example is the 
Medication Event Monitoring System (MEMS) (available from 
Aprex Corp, Menlo Park, CA). The system consists of a micro- 
processor housed in the cap of the medication container. Each 
time the patient removes the cap, the time and date are re- 
corded. Data are retrieved by connecting the microprocessor 
unit to a computer. The data not only provide an indication of 
individual dosing patterns, but also allow correlations with 
clinical events. Such data might be useful to the clinician in 
understanding why treatment has not been fully successful. 
Although the computerized monitors provide no direct informa- 
tion on whether or how much medication was actually taken, 
their use helps to supplement other methods. For example, in 
one study”* in which pill counts indicated near-perfect compli- 
ance, the monitor in the cap showed that fewer than half of all 
cap openings occurred at the prescribed interval of 12 + 2 hr. 

DIRECT METHODS— Biological markers and tracer com- 
pounds indicate patient compliance over an extended period. 
For example, measurement of glycosylated hemoglobin in pa- 
tients with diabetes mellitus gives an objective assessment of 
metabolic control during the preceding 3-month period. Tracer 
compounds—small amounts of agents with long half-lives such 
as phenobarbital and digoxin—have been added to drugs in 
some studies and measured in biological fluids as pharmaco- 
logical indicators of compliance. 

Finally, compliance also has been measured through deter- 
mination of drug concentrations in patients’ biological fluids. 
However, the usefulness of data on drug concentrations in 
biological fluids is limited because (1) concentrations of drugs 
are affected by individual differences in absorption, distribu- 
tion, metabolism, and excretion, and low or erratic drug con- 
centrations are not necessarily an indication of noncompli- 
ance;** (2) drug concentrations do not provide data regarding 
the timing of doses consumed; and (3) brief intake of rapidly 
cleared drugs before testing can produce results that show 
adequate drug concentrations, erroneously suggesting regular 
medication use. 


The Noncompliant Patient 


Efforts have been made to demonstrate the relationship of 
noncompliance to a number of variables such as age, education, 
occupation, socioeconomic status, personality factors, physio- 
logical variables, and the number, types, and severity of ill- 
nesses. Although certain patterns have been noted in some 
studies, the results, in general, have been inconsistent, and it 


continues to be difficult to identify which patients are most 
likely to be noncompliant. 

A distinction has been made between attitudinal and behav- 
ioral compliance, since often the attitude and behavior of a 
patient may be incongruent. For example, patients fully may 
intend to take the medication according to instructions but 
actually not do so because they are forgetful or really do not 
understand the instructions. On the other hand, some patients 
may have no intention of complying but nevertheless do so. 

Some individuals are intentionally noncompliant. In a 
study”® of elderly patients, almost three-quarters of the indi- 
viduals observed to be noncompliant intentionally did not take 
their medication(s) according to instructions. The reason most 
frequently provided was that the patient did not believe the 
drug was needed in the dosage prescribed by the physician. It 
was noted that intentional noncompliance was more likely to 
occur in patients who used two or more pharmacies and two or 
more physicians. 

The recognition that noncompliance may be intentional as 
well as unintentional underscores the complexity of the chal- 
lenge to develop strategies to improve compliance. Although 
considerable progress has been made in recognizing and ad- 
dressing the problems associated with noncompliance, an ob- 
servation made in an early discussion of this subject continues 
to be valid today—‘“It has not proved possible to identify an 
uncooperative type. Every patient is a potential defaulter; com- 
pliance can never be assumed.””° 
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Considerable attention has been directed toward the so- 
ciobehavioral determinants of compliance, and a number of 
models based on behavioral principles have been described.?” A 
health-belief model, which initially was developed? to explain 
preventive health behaviors such as obtaining immunizations 
and prophylactic dental care, was revised subsequently”? to 
apply to compliance with prescribed medical regimens. A third- 
generation model was then proposed” that focuses more specif- 
ically on health decisions. This health-decision model combines 
decision analysis, behavioral decision theory, and health beliefs 
to yield a model of health decisions and resultant behavior. The 
components of this model and the manner in which they are 
interrelated are outlined in Figure 115.1. 

With respect to the relationship between health beliefs and 
compliance, if compliance is to be achieved, patients must be- 
lieve that 


They actually have the illness that has been diagnosed. 

The illness could cause severe consequences with regard to their health 
and daily functioning. 

The treatment prescribed will reduce the present or future severity of 
the condition. 

The benefits of the regimen prescribed outweigh the perceived disad- 
vantages and costs of following the recommended action. 


In addition, there must be a stimulus to trigger the advocated 
health behavior, which can be either internal (eg, concern 


HEALTH OUTCOMES 
Short term 
Long term 


COMPLIANCE 
Short term 
Long term 


B. PATIENT PREFERENCES 


Health provider recommendations 
Decision analysis, trade-offs between 
¢ Benefit and risk 
¢ Quality and quantity of life 
Behaviorial decision theory 
heuristics and biases 


D. KNOWLEDGE 


Disease, diagnostic and 
therapeutic interventions 


E. SOCIAL INTERACTION 


Social networks 
Social support 
Patient supervision 


SOCIODEMOGRAPHIC 


Age, sex, income, 
education, 
health insurance 


Figure 115-1. The health-decision model, combining the health-belief model and patient preferences, including decision analysis and 


behavioral decision theory.° 
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about the disease) or external (eg, interaction with the physi- 
cian or pharmacist). 

Patient education and counseling initiatives should be de- 
signed to encourage the beliefs noted above, particularly since 
many patients believe that “you only need to take medication 
when you are ill and experience symptoms” and/or “you need to 
stop taking medication once in awhile or else your body be- 
comes dependent on it or the medication will become less 
effective.” 

There are also other patient factors that may contribute to 
noncompliance. Patients who live alone are less likely to com- 
ply than those who live with another family member who can 
take an interest in and/or supervise their therapy. The increas- 
ing problems of drug abuse and addiction have increased the 
awareness and concern about becoming dependent on agents 
that are prescribed for legitimate medical reasons. Although 
drugs that carry a potential for abuse and development of 
dependence often are prescribed and used too casually, some 
patients develop a fear of dependence regarding use of any drug 
that is to be employed for a prolonged period. To avoid such a 
possibility or to prove to themselves that they are not depen- 
dent, they may interrupt or stop therapy or use the medication 
in smaller amounts. 

Numerous other factors have been suggested to contribute 
to patient noncompliance, and the most important of these are 
considered in the following discussion. 


FACTORS ASSOCIATED 
WITH NONCOMPLIANCE 


In addition to the patient factors previously considered, a num- 
ber of other determinants of patient compliance have been 
cited. Some of the more important and/or commonly considered 
factors are discussed below. Although the relationship of some 
of these factors to the occurrence of noncompliance has not 
been proven, there should be an awareness of the potential 
implications in selected patients. 


Disease 


The nature of the patient’s illness may, in some circumstances, 
contribute to noncompliance. In patients with psychiatric dis- 
orders, the ability to cooperate as well as the attitude toward 
treatment may be compromised by the illness, and these indi- 
viduals may be more likely than other patients to be noncom- 
pliant. Several studies of patients with conditions such as 
schizophrenia have shown a high incidence of noncompliance, 
and this is thought to be due, in part, to a distorted view of 
reality that does not allow these patients to recognize their 
illness as well as the need for treatment. 

Patients with chronic disorders, particularly conditions 
such as hypertension and hypercholesterolemia, which often 
are not associated with significant symptomatology, are also 
more likely to be noncompliers. Patients understandably tend 
to become discouraged with extended therapeutic programs 
that do not produce cures of the conditions. Even when cures 
can be anticipated as a result of long-term therapy, problems 
still can occur, as exemplified by patients with tuberculosis who 
frequently become noncompliant as the treatment period 
continues. 

It might be anticipated that patients who experience signif- 
icant symptoms if the therapy is discontinued prematurely will 
be more attentive to taking medication correctly. However, few 
studies have demonstrated a correlation between disease se- 
verity and compliance, and it cannot be assumed that these 
patients will comply with their therapeutic regimens. The re- 
lationship between the degree of disability caused by a disease 


and compliance is defined better, and it can be expected that 
increased disability will motivate compliance in most patients. 


Therapeutic Regimen 


MULTIPLE DRUG THERAPY—It generally is agreed 
that the greater the number of drugs a patient is taking, the 
higher is the risk of noncompliance. For example, many geri- 
atric patients are taking five or six or more medications several 
times a day at different times. In addition, some geriatric 
patients may experience lapses of memory that make noncom- 
pliance even more likely. Even when specific dosage instruc- 
tions for the medications are provided, problems still can occur. 

The similarity of appearance (eg, size, color, or shape) of 
certain drugs may contribute to the confusion that can exist in 
the use of multiple drugs. It is desirable that there be an 
awareness of the physical characteristics of the drugs used, so 
that the patient will not be taking, for example, only small 
white tablets. In one report,®° serious complications experi- 
enced by two patients are described, which were apparently 
attributable to the patients’ confusing digoxin, 0.25 mg, with 
furosemide, 40 mg, another small white tablet. 

The observations in an editorial?’ provide a perspective that 
is helpful in understanding the challenge for the patient who is 
to take a number of medications. 


A common consequence of too many pills is organizational break- 
down. Given a regimen of four pills once a day, one pill twice a day, 
three pills three times daily, and two pills four times daily, compliance 
suffers. Even the best intentions struggle under such complexity. Day- 
to-day pill-taking becomes a little like a church dinner, at which no one 
takes exactly the same foods or the same portions. An assortment of 
dishes bewilders the senses. Except for the most compulsive patient, a 
regimen of many pills many times a day breeds more variety than 
regularity. Reducing pills and reducing intervals helps minimize the 
randomness of taking drugs. Potluck becomes a balanced diet. 


Although combination drug products have certain disadvan- 
tages, their use may help improve compliance with therapy, 
since only one product need be administered rather than sev- 
eral. Therapy usually should not be initiated with a combina- 
tion product but rather with the individual agents. Once the 
optimal dosages of the individual drugs have been determined, 
if they correspond to the amounts included in the combination, 
these products can be used to advantage. 

FREQUENCY OF ADMINISTRATION—The adminis- 
tration of medication at frequent intervals makes it more likely 
that the patient’s normal routine or work schedule will have to 
be interrupted to take a dose of medication, and in many cases 
the patient will forget, not want to be inconvenienced, or be 
embarrassed to do so. 

In a study in which compliance was observed to improve 
from 59% on a three-times-a-day regimen to 75% on a twice-a- 
day regimen to 84% on a once-a-day regimen, the investigators 
noted that “probably the single most important action that 
health-care providers can take to improve compliance is to 
select medications that permit the lowest daily prescribed dose 
frequency.”?” 

The attitudes of patients toward their illnesses and treat- 
ment regimens also should be anticipated and addressed. In 
most situations, it is reasonable to expect that patients will 
favor, and be more inclined to comply with, a dosage regimen 
that is simple and convenient. However, like some health pro- 
fessionals, some patients may be skeptical regarding the effec- 
tiveness of once-a-day regimens and believe that a medication 
must be administered more frequently to be effective. There- 
fore, patients need to be assured that a longer-acting drug is as 
effective as a shorter-acting medication and that administra- 
tion at less frequent intervals not only is appropriate but also 
desirable. 

DURATION OF THERAPY—The rate of noncompliance 
becomes greater when the treatment period is long. As noted 


earlier, a greater risk of noncompliance should be anticipated 
in patients with chronic disorders, especially if discontinuation 
of therapy is not likely to be associated with prompt recurrence 
of symptoms or worsening of the illness. Noncompliance with 
regimens for the treatment of tuberculosis is considered to be a 
major reason for the development of resistance to multiple 
antitubercular agents and has emerged as a very important 
problem for many patients with this infectious disease. 

ADVERSE EVENTS—tThe development of unpleasant ef- 
fects of a drug is a likely deterrent to compliance. In an AARP 
survey of people 45 years of age and older, 40% of the respon- 
dents stated they had experienced some form of side effect 
during medication use.” Of this 40%, 50% responded that they 
stopped taking the medication as a result of the side effect. Of 
the respondents who were 65 years of age and older, only 47% 
informed their physicians of the discontinuation. 

In some situations it may be possible to change the dosage 
or use alternative drugs to minimize adverse events. However, 
in other cases such alternatives may not exist, and the benefits 
expected from therapy must be weighed against the risks. 
Particularly disconcerting are those situations in which the 
development of side effects makes patients feel worse than they 
did before therapy was initiated, as often occurs in hyperten- 
sive patients. 

In a survey of oncologists,** over 60% identified noncompli- 
ance as a problem. The adverse events (eg, nausea, vomiting, 
and hair loss) associated with the use of many antineoplastic 
drugs are sufficiently distressing to a number of patients that 
they do not take their medication in the manner intended. The 
reduction in the quality of life resulting from effects such as 
severe nausea and vomiting may be of such importance to some 
individuals that they do not comply with a regimen that in 
some cases may even offer the hope of being curative. 

The ability of certain drugs to cause sexual dysfunction is a 
reason for noncompliance by some patients, with the antipsy- 
chotic agents, antidepressants, and antihypertensive agents 
being implicated most frequently. 

Even a warning about possible adverse events may result in 
some individuals not complying with instructions. It is inad- 
visable for patients being treated with sedatives or other 
agents with a central nervous system depressant effect to con- 
sume alcoholic beverages, because of the possibility of an ex- 
cessive depressant response. However, there should be a real- 
istic recognition that some patients, if faced with a mandate not 
to drink while on drug therapy, will choose not to take their 
prescribed medication. Although problems of combined alcohol- 
drug usage are well known, this situation continues to present 
a challenge of effectively communicating with the patient so 
that optimal benefit can be achieved at minimal risk. 

PATIENTS MAY BE ASYMPTOMATIC OR SYMP- 
TOMS SUBSIDE — It is understandably difficult to convince a 
patient of the value of drug therapy when the patient has not 
experienced symptoms prior to initiation of therapy. Such is 
often the case in the treatment of hypertension, and the lack of 
previous symptoms coupled with the probable lack of appear- 
ance of symptoms if therapy is discontinued contributes to the 
high rate of noncompliance in these patients. 

In other circumstances patients may feel better after taking 
the drug and feel that they no longer need to take it once the 
symptoms subside. Situations frequently occur in which pa- 
tients do not complete a full course of antibiotic therapy once 
they feel that the infection has been controlled. This practice 
increases the likelihood of a recurrence of the infection and 
increased resistance of the microorganisms causing the infec- 
tion, and patients must be advised to take the full course of 
antibiotic therapy. 

COST OF MEDICATION—Noncompliance often occurs 
with the use of drugs that have a relatively low cost; however, 
it might be anticipated that patients may be even more reluc- 
tant to use the entire prescribed quantity of more-expensive 
agents. The expense involved has been cited by some patients 
as the reason for not having prescriptions dispensed at all, 
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whereas in other cases the medication is taken less frequently 
than intended or prematurely discontinued because of the cost. 
Antibiotics are among the higher-priced drugs, and some pa- 
tients may discontinue taking the drug as soon as the symp- 
toms subside and save the balance of the medication for similar 
problems they or a family member may encounter in the future. 

In a discussion regarding health-care plans, one congress- 
man observed” that an older person’s decision to skip needed 
drug therapy due to lack of money “is a true medical catastro- 
phe ... which is the very thing we want to protect our seniors 
against.” This comment reflects the concern about the general 
lack of prescription drug coverage for the elderly and the rela- 
tionship of the cost of therapy to noncompliance in this patient 
population. 

ADMINISTRATION OF MEDICATION—Although pa- 
tients may fully intend to comply with instructions, they may 
inadvertently receive the wrong quantity of medication be- 
cause of incorrect measurement of medication, use of inap- 
propriate measuring devices, or incorrect use of medication- 
administration devices. In one study’ of the use of antibiotics in 
pediatric patients, the volume of 130 teaspoons was measured 
and found to vary from 2 to 9 mL. The inaccuracy of using 
teaspoons to administer liquid medications is compounded by 
the possibility of spillage and asking the patient to measure a 
fraction of a teaspoonful. This problem has been long recog- 
nized, but problems still occur. The importance of providing the 
patient with measuring cups, oral syringes, or calibrated drop- 
pers for the use of oral liquids is evident. 

Some patients do not use metered-dose aerosol inhalation 
devices correctly, and this could result in inadequate control of 
the conditions (eg, asthma) for which their use are intended. 
The provision of oral instruction by the pharmacist has re- 
sulted in better patient understanding and performance of the 
correct steps for inhaler use.*° 

TASTE OF MEDICATION—Medication taste problems 
are encountered most commonly with the use of oral liquids by 
children. Getting a child to take a dose of medication may be 
such a difficult task for a parent that doses may be missed or 
administration of the drug discontinued as soon as the parent 
sees any sign of improvement. Experiences such as these have 
resulted in initiatives to flavor liquid medications so that they 
are acceptable to children. FLAVOR (Washington, DC) has 
used more than three dozen flavors in the development of a 
medication-flavoring formulary system that has been used suc- 
cessfully in pharmacies around the country. This system also 
has been extended for use in medications prescribed for pets. 

Compliance problems relating to the taste of medication are 
not limited to children. Objections to the taste of liquid potas- 
sium chloride preparations often are raised; a number of pa- 
tients discontinue taking the medication for this reason. 


Patient/Health Professional Interaction 


The circumstances surrounding the visit of a patient with a 
physician and pharmacist and the quality and effectiveness of 
the interaction of these health professionals with the patient 
are major determinants of the patient’s understanding of, and 
attitude toward, the illness and therapeutic regimen. One of 
the patient’s greatest needs is psychological support provided 
in a compassionate manner, and it has been observed that 
patients are more inclined to comply with the instructions of a 
physician they know well and respect and from whom they 
receive information and assurance about their illnesses and 
medications. ‘ 

One group of investigators®® described the patient-physi- 
cian interaction as a negotiation between two active and equal 
participants with a strategy that includes the elements of “put- 
ting the ill at ease,” respect, positive attitude, information, 
translation, feedback, patient response, and negotiation. Re- 
spect for the patient and a realistic appraisal of the circum- 
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stances of the individual patient are essential if therapeutic 
goals are to be achieved. 

In a discussion of the influence of the patient-physician 
relationship on compliance, the following observation was 
made: 


Our only true influence on the patient is based on the strength of our 
professional relationship with that patient. And it is this relationship 
that is central to improving patient compliance with both medication 
and treatment regimens.*” 


These observations are equally important with respect to 
the interaction between the pharmacist and the patient. The 
following factors are among those that could influence compli- 
ance adversely if inadequate attention is given to the scope and 
quality of the interaction with the patient. 

FAILURE TO COMPREHEND THE IMPORTANCE OF 
THERAPY—A major reason for noncompliance is that the 
importance of the drug therapy and the potential consequences 
if the medication is not used according to instructions have not 
been impressed upon the patient. Patients usually know rela- 
tively little about their illnesses, let alone the therapeutic 
benefits and problems that could result from drug therapy. 
Therefore, they establish their own beliefs and expectations 
with respect to their drug therapy. If the therapy does not meet 
these expectations they are more likely to become noncompli- 
ant. Greater attention to educating patients about their condi- 
tions as well as the benefits and limitations of drug therapy will 
contribute to better compliance with therapeutic regimens. 

POOR UNDERSTANDING OF THE INSTRUCTIONS— 
Prescriptions that state that medication should be taken as 
directed can be the source of misunderstanding as well as 
serious consequences. Even when instructions are more spe- 
cific, confusion still may occur, and there have been many 
errors of interpretation of instructions that the prescriber con- 
sidered to be clear. For example, in interpreting instructions 
for use of an antibiotic that is to be administered every 6 hr, 
some patients do not take the medication around the clock for 
a total of four doses each day as intended, but rather divide the 
time they are awake into three 6-hr periods and omit the fourth 
dose. 

Examples of this type point out the confusion that may exist 
on the part of the patient even when instructions are seemingly 
clear. However, many prescriptions are written and labeled to 
indicate how many doses are to be taken each day with no 
additional clarification as to how the doses are to be scheduled. 
For example, how should instructions to take one tablet three 
times a day be interpreted? Does this mean every 8 hr, or with 
meals, or possibly some other schedule? If the drug is to be 
given with meals or at a specified time before or after meals, it 
usually is assumed that the patient eats three meals a day. Yet 
this is not always the case. In one study,*® patients being 
treated with medications with instructions to take them three 
times a day were interviewed with respect to the times at which 
they administered the individual doses of medication. Of 137 
patients, only 1 was administering the medication at regular 
8-hr intervals between doses, and 79% of the patients reported 
taking all three doses within 12 hr, leaving a dosage interval of 
12 hr or more. 

A patient may be knowledgeable about the dosage and the 
specific times at which the medication is to be administered but 
not recognize the importance of auxiliary instructions. Some 
patients have received prescriptions for a tetracycline deriva- 
tive in a container to which is affixed an auxiliary label with a 
precaution about exposure to sunlight. However, in the absence 
of additional explanation, some have concluded that it is the 
medication that needs to be protected from sunlight (and have 
placed the container in the refrigerator) and have not recog- 
nized that the information applies to an adverse reaction for 
which they are at risk. 

Pharmacists should be certain that patients are familiar 
with special considerations pertaining to the particular dosage 
form dispensed, such as the importance of not chewing or 


crushing controlled-release capsules or tablets. In one report 
the death of a patient is suspected to be due to chewing dilti- 
azem extended-release capsules (Cardizem CD) because she 
thought the capsules were too big to swallow whole.*? 

In some cases the uncertainty or confusion on the part of the 
patient is such that medications are given by the wrong route 
of administration (eg, instilling oral pediatric antibiotic drops 
into the ear for an ear infection or administering suppositories 
by the oral route). 

A patient being prepared for an electrocardiogram was ob- 
served to have 20 transdermal nitroglycerin patches at various 
locations on his body. Although he had understood the instruc- 
tions to apply one patch a day, no instruction had been pro- 
vided regarding their removal. 

Although not a complete listing of all factors that result in 
noncompliance, those discussed give an indication of the diffi- 
cult challenge of assuring optimal drug therapy. 


IMPROVING COMPLIANCE 


It often is assumed that health professionals recognize the 
importance of noncompliance and will take the steps necessary 
to achieve the compliance of their patients with the instruc- 
tions provided. However, this assumption may not always be 
valid. In one study, physician compliance with public health 
recommendations for tuberculosis control was evaluated.*° The 
study revealed poor compliance by physicians with recom- 
mended policies for the prevention of tuberculosis in health- 
care workers, thereby raising concerns about the personal risk 
of tuberculosis for these physicians, as well as questions about 
how effectively such physicians will promote preventive actions 
among their patients. An accompanying editorial*’ noted that 
“one might wonder how much patient noncompliance is fos- 
tered by a less than enthusiastic endorsement by the health- 
care provider.” For strategies to improve compliance to be ef- 
fective, health professionals must not only believe that 
noncompliance is an important problem, but also be willing to 
make a greater commitment to the steps that will help their 
patients be compliant. 

A number of strategies to enhance compliance have been 
proposed. Inherent in many of the factors considered is the 
matter of communication of the physician and pharmacist with 
the patient. This communication is, in many cases, not only 
incomplete and ineffective, but often there is also the impres- 
sion that physicians and pharmacists are too busy or not inter- 
ested in talking with the patient. Improving communications 
must be considered the key to increasing compliance and some 
of the approaches and recommendations directed toward this 
goal are reviewed in the following discussion. Pharmacists 
have a particularly valuable opportunity to encourage compli- 
ance since their advice accompanies the actual dispensing of 
the medication, and they usually are the last health profes- 
sional to see the patient prior to the time the medication is to 
be used. 


Identification of Risk Factors 


All patients should be viewed as potential noncompliers. A first 
step in efforts to improve compliance should be to recognize 
individuals who are most likely to be noncompliant, as judged 
by a consideration of the risk factors noted earlier. These fac- 
tors should be taken into account in planning the patient’s 
therapy so that the simplest regimen that is, to the extent 
possible, compatible with the patient’s normal activities can be 
developed. 


Development of Treatment Plan 


The more complex the treatment regimen, the greater is the 
risk of noncompliance, and this must be recognized in the 
development of the treatment plan. The use of longer-acting 
drugs in a therapeutic class, or dosage forms that are admin- 
istered less frequently, also may simplify the regimen. 

The treatment plan should be individualized on the basis of 
the patient’s needs, and when possible, the patient should be a 
participant in decisions regarding the therapeutic regimen. 
Compliant patients see themselves as active members of the 
team involved in their care, not as passive victims of a disease 
and the health-care system.*” Involving patients in the devel- 
opment of a treatment plan will help them view the regimen as 
something that increases their control and options, rather than 
something that is done to them. 

To help reduce inconvenience and forgetfulness, the regi- 
men should be tailored so that the doses of medication are 
administered at times that correspond to regular activities in 
the patient’s daily schedule. When prescriptions are written, 
the instructions should be as specific as possible. 

Instructions such as “as directed” or other directions that 
are subject to misinterpretation should be avoided. Even such 
seemingly specific instructions as one tablet three times a day 
often are misinterpreted, as discussed previously. Where pos- 
sible and with a recognition of the patient’s normal routine, the 
specific times of day at which the patient is to take the medi- 
cation should be indicated. 

The APhA and the American Society of Internal Medicine 
have developed a statement on prescription writing and pre- 
scription labeling (Appendix A). Not only do the guidelines 
provide important information and suggestions, but the state- 
ment reflects the type of interdisciplinary cooperation that also 
must be achieved in practice if patient needs are to be served 
best. 

The prescription can be used as the organizing instrument 
of instruction. However, “most often the prescription slip sim- 
ply is handed over as the closing act of the encounter, while the 
patient or parent is outward bound.”** The prescription should 
signal the start of an alliance, and it behooves the physician to 
emphasize its importance. 

Many prescriptions that patients receive from their physi- 
cians are never dispensed. Little progress has been made in 
detecting and correcting these occurrences, further emphasiz- 
ing the need for more-effective communication and a closer 
working relationship between physicians and pharmacists. 


Patient Education 


One of the findings of the report of the Office of the Inspector 
General is “education is the best way to improve compliance.” 
However, former FDA Commissioner David Kessler has ex- 
pressed concern that “the nation also is facing a communica- 
tions gap that has serious implications for the public health. 
This gap extends from what patients want to know about their 
medicines to what they actually learn from their physicians 
and pharmacists.”** He further observes that “physicians .. . 
need to re-examine the amount of information they give their 
patients and the way they deliver it. In addition, they need to 
acknowledge that pharmacists should have a larger role in 
patient education and advise their patients to expect counsel- 
ing when they fill their prescriptions.”** 

Many factors influence the effectiveness of educational ef- 
_ forts and a patient’s development of compliant behavior. Deci- 
sions must be made as to what information should be provided 
to patients about their illnesses and drug therapy. It must be 
recognized that when the information is too comprehensive or 
detailed or is presented inappropriately (eg, a discussion of 
adverse reactions that alarms the patient), the patient actually 
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may be discouraged from taking the medications. Thus, com- 
pliance may be compromised rather than enhanced. 

In discussing an illness or drug therapy with a patient, a 
distinction should be made between information and education. 
Patients may receive information but not understand it and 
use it correctly, whereas education implies understanding and 
behavioral change. Patients should be encouraged to partici- 
pate in the discussion, and when possible, they should be 
brought in on the decision-making process. 

The goal of patient education is to provide information that 
the patient is able to understand and use. The anticipated 
benefits of the therapy should be explained, as should the 
importance of complying with the provided instructions. Com- 
plex terms and unnecessary jargon that can interfere with 
patient understanding should be avoided. Patients should be 
asked to repeat the instructions for administering their medi- 
cations to show that they understand them, and they also 
should be encouraged to ask questions. At the least, the ques- 
tions noted in Table 115.1 should be addressed. It is recom- 
mended by the National Council on Patient Information and 
Education (NCPIE) that these questions be discussed each 
time a patient obtains prescription medication. 

ORAL COMMUNICATION/COUNSELING—Communi- 
cation between the pharmacist and patient regarding the use of 
medication can be both oral and written. Although it may be 
supplemented and reinforced by written instructions, oral com- 
munication is the most important component of patient educa- 
tion because it directly involves both the patient and the phar- 
macist in a two-way exchange and provides the opportunity for 
the patient to raise questions. For such communication to be 
most effective it should be conducted in a setting that provides 
privacy and is free of distractions. 

Although most pharmacies do not presently have a separate 
patient consultation area, this is a desirable goal. Not only will 
this emphasize to the patient the importance the pharmacist 
attaches to the information being discussed, but it also will 
strengthen further the recognition of the pharmacist as one 
who is contributing to the patient’s health care. 

In a consumer survey, 59% of respondents said that there is 
not enough privacy in the pharmacy to speak to the pharmacist 
confidentially.*° Most of these respondents, however, did not 
believe a separate room was necessary to improve privacy, and 
most (71%) believed that a private area at the end of the 
prescription counter is sufficient. 

Medication often is obtained in a manner that does not lend 
itself to oral communication. For example, the pharmacist may 
receive a telephoned prescription from a physician that is to be 
delivered to the patient’s home or picked up at the pharmacy by 
a relative or friend. In these circumstances, when appropriate, 
the pharmacist might call the patient to discuss the use of the 
medication. 

The effect of pharmacist counseling on patient compliance 
has been evaluated in a number of studies. In one study,*® the 
effect of pharmacist counseling of patients with hypertension 
was assessed. The results of this study reflect a significant 
increase in the patients’ knowledge of hypertension and its 
treatment, their compliance with prescribed therapy, and the 
number of patients whose blood pressures were maintained in 
the normal range. 


Table 115-1. Patient Questions Regarding Medication® 


pie a a 

1. What is the name of the medicine, and what is it supposed to 
do? 

2. How much of the medicine should | take, when should | take 
it and for how long? 

3. What foods, beverages and other medicines should | avoid 
while taking it? 

4. What are the possible side effects, and what should | do if 
they occur? 

5. What written material is available about the medicine? 


? Questions that patients should ask, as recommended by the NCPIE. 
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Other investigators*’ also have demonstrated the value of 
pharmacist counseling in increasing compliance and further 
note the contribution the pharmacist makes in the clinic set- 
ting in documenting the drug therapy on the medical record 
and in decreasing the duplication of prescriptions. 

A compliance clinic has been described** in which pharma- 
cists endeavored to improve the compliance of patients referred 
to the clinic by physicians. Six of the 14 patients seen on a 
regular basis demonstrated a significant reduction in emer- 
gency room visits, and 8 patients exhibited reduced hospital- 
izations, as determined by a comparison of pre- and postclinic 
records. In addition to the therapeutic benefits most patients 
will experience as a result of improved compliance, there is a 
considerable cost savings to be achieved as a result of the 
reduced hospitalization. 

WRITTEN COMMUNICATION—The emphasis on oral 
communication should not be interpreted to indicate that writ- 
ten communication is not important. Although at the time of 
the visit to the physician or pharmacist patients may under- 
stand how the medication is to be used, later they may not 
remember the details relating to administration of the drug. 
Therefore, specific instructions for use should be placed on the 
prescription label. 

It is also often desirable to provide supplementary writ- 
ten instructions or other information pertaining to the pa- 
tient’s illness or drug therapy, and many pharmacists pro- 
vide patients with medication instruction cards or inserts. 
Information that pertains to the specific medication/formu- 
lation being dispensed is preferred to information that ap- 
plies to a therapeutic class of agents or a general statement 
that applies to all dosage forms of a particular medication. 
The provision of supplementary written information appears 
to be most effective in improving compliance with short-term 
therapeutic regimens (eg, antibiotic therapy). For drugs used 
on a long-term basis, written information as a sole interven- 
tion has not been shown to be sufficient for improving pa- 
tient compliance. 

As excellent as the labeling and supplemental written 
instructions may be, it must be recognized that many pa- 
tients cannot read. It is estimated that more than 40 million 
adults in the US are functionally illiterate (ie, they cannot 
perform the basic reading tasks required to function in so- 
ciety) and that another 50 million adults are only marginally 
literate. In one study*® of more than 2600 predominantly 
indigent and minority patients, 42% were unable to compre- 
hend directions for taking medication on an empty stomach. 
Written instructions and information also must be viewed as 
one-way communication unless patients are permitted to 
discuss and ask questions about their therapy. Therefore, 
oral and written communication should be used to comple- 
ment each other, and both should be viewed as important 
components of the effort to educate patients regarding their 
drug therapy. 

AUDIOVISUAL MATERIALS—tThe use of audiovisual 
aids may be particularly valuable in certain situations be- 
cause patients may be better able to visualize the nature of 
the illness or how their medication acts or is to be adminis- 
tered (eg, the administration of insulin or sumatriptan, the 
use of a metered-dose inhaler). An increasing number of 
health-care professionals have used such aids effectively by 
making them available for viewing in a patient waiting area 
or consultation room and then answering questions the pa- 
tient may have. 

CONTROLLED THERAPY—It has been proposed that 
hospitalized patients be given the responsibility for self- 
medication prior to discharge. Usually, patients go from a 
complete dependence on others for the administration of 
their medication while hospitalized to a situation in which 
they are given the full responsibility when discharged, often 
with the assumption that they know about their drugs be- 
cause they were taking them in the hospital. Similarly, many 
ambulatory patients who are expected to be responsible for 


their own treatment have not been provided with adequate 
information. 

The suggested arrangement would permit patients to start 
using the medications on their own before discharge, so that 
health-care professionals can more directly identify problems 
or situations that might undermine compliance, and answer 
patient questions. 

SPECIAL PROGRAMS AND DEVICES—In certain sit- 
uations it is necessary to develop highly structured programs 
to improve compliance. An example of such a strategy is a 
behaviorally oriented program that has been developed for 
teaching medication management skills to patients with 
schizophrenia (The Medication Management Module, UCLA 
Psychiatric Rehabilitation Consultants, Camarillo, CA).°° 
Training in medication self-management occurred in four 
skill areas: (1) obtaining information about the benefits of 
antipsychotic medication, (2) knowing how to self-administer 
the medication correctly and evaluate its effects, (3) identi- 
fying adverse effects of medication, and (4) negotiating med- 
ication issues with health-care providers. Medication com- 
pliance assessed independently by the patients’ psychiatrists 
and by a designated caregiver indicated that compliance 
increased significantly, from 63 to 81%. 

Special programs for providing information about medi- 
cation also are needed for sight-impaired and hearing- 
impaired patients. In one program, participating pharmacies 
produce prescription labels in Braille for the blind and use a 
telecommunication device for the deaf (TDD) to communicate 
with hearing-impaired patients over telephone lines. The 
Medifier (Medifier, Inc Glendale, AZ) is a molded plastic 
device (in four sizes) into which a prescription vial is placed. 
A clear lens magnifies the print on the label so that patients 
with vision problems can read the instructions. 


Patient Motivation 


Many health-care professionals assume that patients who are 
knowledgeable about their illness and therapeutic regimen are 
likely to be compliant. Although this premise is valid for many 
patients, increased patient knowledge does not necessarily al- 
ter patient behavior and compliance. Therefore, there must be 
an awareness of the need to motivate patients to use the knowl- 
edge they have acquired to achieve optimum benefit from their 
therapy. 

Information must be provided to patients in a manner 
that is not coercive, threatening, or demeaning. The best- 
intentioned, most comprehensive educational efforts will not 
be effective if the patient cannot be motivated to comply with 
the instructions for taking the medication. In addition to 
counseling the patient and providing specific written in- 
structions, supplying cues for appropriate behavior (prompt- 
ing) may be of value in motivating the patient to be compli- 
ant. Cues may be verbal or nonverbal, with examples of the 
latter including the use of special packaging or reminder 
systems. 

The physician-patient interaction has been characterized as 
a negotiation. This concept has been extended further by the 
development of contracts between patients and health-care pro- 
viders in which the agreed-upon treatment goals and respon- 
sibilities are outlined.°! As summarized in a review,” contracts 
offer “a written outline of expected behavior, the involvement of 
the patient in the decision-making process concerning the reg- 
imen and the opportunity to discuss potential problems and 
solutions with the physician, a formal commitment to the pro- 
gram from the patient, and rewards. . . which create incentives 
for achieving compliance goals.” Although such a structured 
approach will not be needed with most individuals, it may be 
effective for patients who have not responded to other initia- 
tives to ensure compliance. 


Noncompliance is the greatest challenge in the control of 
tuberculosis, and the difficulties currently encountered in 
the management of this infection have prompted one clini- 
cian to make the following observations: “Sometimes it takes 
a little imagination. Give them a cup of coffee. Talk to them. 
Pay them an honorarium to come in and take the medicine. 
If the public doesn’t want drug-resistant TB, and if bribing 
people is the way to get them to take their medicine, then I 
say bribe them.”°? 


Compliance Aids 


LABELING—The importance of the accuracy and speci- 
ficity of the information on the label of the prescription 
container has been noted. Auxiliary labels that provide ad- 
ditional information regarding the use, precautions, and/or 
storage of the medication also will contribute to the attain- 
ment of compliance. 

MEDICATION CALENDARS AND DRUG REMINDER 
CHARTS—Various forms, such as medication calendars, 
have been developed and are designed to assist patients 
in self-administering drugs. In addition to their use in help- 
ing patients understand which medication to take and when 
to take it, the forms on which patients are to check the 
appropriate area for each dose of medication they take, can 
be evaluated by the pharmacist or physician when the pa- 
tients return for more medication or have their next appoint- 
ment. 

SPECIAL MEDICATION CONTAINERS, CAPS, AND 
SYSTEMS—Several types of medication containers have been 
developed to help patients organize their medications and to 
monitor self-administration of the drugs. An example is the 
28-compartment MEDISET container (eg, Apothecary Prod- 
ucts, Inc, Burnsville, MN). This device contains four compart- 
ments for different time periods (eg, morning, midday, evening, 
bedtime) for each day of the week. 

Specially designed caps for prescription containers also 
have been developed to facilitate compliance. The Prescript 
TimeCap (Wheaton Medical Technologies, New Canaan, CT) 
contains a digital timepiece that displays the time and day 
on which the last dose of medication was taken. It also 
sounds an alarm (a beep and a continuous flashing display) 
when it is time to take the next dose. The use of microelec- 
tronic medication monitors (Medication Event Monitoring 
System) in the caps of prescription containers has been 
described earlier. 

Although these special prescription containers, caps, and 
systems are not needed by most patients, they may be effective 
in achieving compliance by patients who forget doses or who 
are confused by the complexity of the regimen. 

COMPLIANCE PACKAGING—The manner in which 
medication is packaged also has an influence on pa- 
tient compliance. A compliance package has been defined 
as a prepackaged unit that provides one treatment cycle of 
the medication to the patient in a ready-to-use package, 
and a comprehensive review of the use of such packaging 
as a patient education tool has been published.*® This type 
of packaging usually is based on blister packaging 
using unit-of-use dosing and is designed to serve as a 
patient-education tool for health professionals and to 
make it easier for patients to understand and remember 
to take their medications correctly at home. Specially 
designed packaging for oral contraceptives was one of the 
first initiatives of this type and has been valuable in increas- 
ing patient understanding of how these agents are to be 
taken. 

Special packages of certain steroids (eg, Medrol Dosepak) 
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also have been designed to facilitate the use of steroids in 
dosage regimens that may be difficult to understand or remem- 
ber. Among other agents that are available in compliance pack- 
ages is methotrexate (Rheumatrex Dose Pack, containing four 
blister-pack cards each containing three tablets for 1-week’s 
therapy). A special cap (C Cap Compliance Cap) has been used 
for containers of ophthalmic solutions of certain medications, 
eg, levobunolol, and is designed to help patients remember how 
many times they have instilled the drops each day. Different 
caps are available that correspond to the daily number of 
prescribed doses. For patients who are on once-a-day regimens, 
another cap is available that is marked with the days of the 
week. 

The Medicine-On-Time system (Medicine-On-Time, Owings 
Mills, MD) is an example of a packaging system that provides 
unit-of-use dosing with specific labeling in a plastic card that is 
set up like a calendar. In addition to simplifying the use of 
medications for patients who self-administer their medications, 
these systems also have been very useful in the distribution 
and administration of medications in assisted-living and other 
patient-care facilities. 

A possible negative effect of drug packaging on patient 
compliance is seen with the use of the child-resistant contain- 
ers. Some patients, particularly the elderly and those with 
conditions like arthritis and parkinsonism, have difficulty 
opening some of these containers and may not persist in their 
efforts to do so. There also may be difficulty opening some 
foil-packed drugs. Pharmacists should be alert to problems of 
this type and, when appropriate, suggest use of standard con- 
tainers or caps. 

DOSAGE FORMS—New dosage forms of certain drugs 
also have been developed, in large part in recognition of problems 
of noncompliance. For example, the development of longer- 
acting, controlled-release dosage forms of calcium channel 
blocking agents has permitted less frequent administration of 
these agents, which facilitates compliance. The use of trans- 
dermal drug-delivery systems permits less-frequent adminis- 
tration of the drugs (eg, nitroglycerin, fentanyl) given by this 
route. 


Monitoring Therapy 


SELF-MONITORING—Patients should be apprised of 
the importance of monitoring their own treatment regimen 
and, in some situations, the response parameters. The at- 
tention to the responsibility that patients must personally 
assume also has been considered in consumer publications, 
as illustrated by an article in Good Housekeeping titled “If 
your medicine isn’t working. . . It may not be the medicine at 
all. It could be you!”** 

PHARMACIST MONITORING—The pharmacist’s role in 
minimizing noncompliance does not end when the prescription 
is dispensed. The pharmacist is in an excellent position to 
detect noncompliance pertaining to drugs used in the manage- 
ment of chronic conditions, such as hypertension and diabetes, 
by being alert to situations in which the frequency of requested 
refills is not consistent with the directions for use. Pharmacist 
follow-up with telephoned or mailed refill reminders has been 
found to increase compliance. A computerized system known as 
Med-Minder (General Computer Corporation, Twinsburg, OH) 
has been designed to improve compliance by automatically 
telephoning appropriate patients and delivering a message to 
have a specific prescription refilled. 

One approach in which both health professionals and 
patients have collaborated effectively in reviewing/monitor- 
ing the use of medication has been the brown bag program. 
The Administration on Aging and National Council on 
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Patient Information and Education (NCPIE) have conducted 
a national brown bag program in which older consumers are 
encouraged to put all their medicines in a bag and take 
them to their health professional for a personalized medicine 
review. 

DIRECTLY OBSERVED TREATMENT—Even when 
many of the steps described earlier have been taken, non- 
compliance may still result. For example, there is great 
concern about the high rates of treatment failure in pa- 
tients with tuberculosis and the increasing prevalence of 
drug-resistant tuberculosis. In one study that used self- 
administered treatment, 39% of patients were lost from 
the study with a 6-month antitubercular regimen and 
49% with a 9-month regimen.’ In contrast, in a study 
that used a 6-month regimen of directly observed treatment 
(ie, giving patients their medications and seeing that 
they are swallowed), fewer than 10% of the patients were 
lost to further treatment.°®° A commentary advocating the 
use of directly observed treatment regimens for patients 
with tuberculosis observed that “we can’t afford not to 
(HAY allt Oe 

Many of the recommendations for improving patient com- 
pliance are included in a comprehensive set, Recommenda- 
tions for Action to Advance Prescription Medicine Compli- 
ance that has been developed by NCPIE (Appendix B). Two 
documents on the topic of compliance, Prescription Medicine 
Compliance: A Review of the Baseline of Knowledge and 
NCPIE Medication Compliance Bibligraphy are also avail- 
able from NCPIE (666 11th Street, NW, Ste 810, Washing- 
ton, DC 20001). 


Conclusion 


Considerable time, effort, and expense often have gone into 
the diagnosis of a patient’s illness and the development of a 
treatment program. Yet the goals of therapy will not be 
reached unless the patient understands and follows the in- 
structions for use of the drugs prescribed. One also cannot 
help but wonder how often patients have been categorized as 
treatment failures and have had their therapy changed, 
possibly to more-potent and toxic agents, when the reason 
for the lack of response or an unanticipated altered response 
was noncompliance. 

Despite the increasing attention directed to the issue of 
noncompliance, the problem continues to be prevalent. Al- 
though not uniformly successful, the approaches taken and 
suggestions advanced in an effort to improve compliance have 
contributed substantially to recognition of the problem and 
provided a valuable base on which to develop modified or new 
approaches to the problem. Certain approaches that involve a 
significantly increased commitment of time on the part of 
health-care professionals may be viewed by some as impracti- 
cal. Yet can this increased commitment of time compare with 
the time and money that are currently being wasted as a result 
of noncompliance? 

The improvement of compliance will result in a situation 
in which all parties benefit. Most importantly patients ben- 
efit from the enhancement of the efficacy and safety of their 
drug therapy. Pharmacists benefit because there is an in- 
creased recognition and respect for the value of the advice 
and service that they provided. In addition, the pharmacist 
benefits from the increase in the number of prescriptions 
dispensed. Pharmaceutical manufacturers benefit from the 
favorable recognition that accompanies the effective and safe 
use of their drugs as well as from the increased sales result- 
ing from the larger number of prescriptions being dispensed. 
Finally, society and the health-care system benefit as a re- 
sult of fewer problems associated with noncompliance. AlI- 
though an increase in compliance will result in more pre- 
scriptions being dispensed and a higher level of expenditures 


for prescription medications, this increase in costs will 
be more than offset by a reduction in costs (eg, physician 
visits, hospitalizations) attributable to problems due to 
noncompliance. 

For too long patients have been deprived of close atten- 
tion to, and monitoring of, their drug therapy. An excuse 
that health-care professionals are too busy to advise 
patients regarding their drug therapy cannot be accepted; 
the highest priority must be assigned to taking the steps to 
ensure that patients will use their medications in the appro- 
priate manner. 
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INTRODUCTION 


Historically, the pharmaceutical and medical professions have devoted considerable time and effort to the development and rational utilization 
of safe and effective drugs for the treatment and prevention of illness. Today, that successful effort continues, helping to achieve the highest 
standards of health in the world for the American people. But in order to gain maximum benefit from the use of drugs while minimizing their adverse 
side effects, prescribers and pharmacists must maintain effective communications not only among themselves, but with their patients as well. The 
directions for drug use and other information which prescribers indicate on prescription orders and which pharmacists transfer to prescription labels 
are critical to safe and effective drug therapy. In order to assure that this information is conveyed clearly and effectively to patients, the following 
guidelines have been developed by the American Pharmaceutical Association and the American Society of Internal Medicine. 


GUIDELINES FOR PRESCRIBERS 


The following guidelines are recommended for prescribers when writing directions for drug use on their prescription orders. 


1. The name and strength of the drug dispensed will be recorded on the prescription label by the pharmacist unless otherwise directed by the 
prescriber. 

2. Whenever possible, specific times of the day for drug administration should be indicated. (For example, Take one capsule at 8:00 am, 12:00 noon, and 
8:00 pm is preferable to Take one capsule three times daily. Likewise, Take one tablet two hours after meals is preferable to Take one tablet after meals.) 

3. The use of potentially confusing abbreviations, ie, gid, god, gd, etc, is discouraged. 

4. Vague instructions such as Take as necessary or Take as directed which are confusing to the patient are to be avoided. 

5. If dosing at specific intervals around-the-clock is therapeutically important, this should specifically be stated on the prescription by indicating 
appropriate times for drug administration. 

6. The symptom, indication, or the intended effect for which the drug is being used should be included in the instructions whenever possible. (For 
example, Take one tablet at 8:00 am and 8:00 pm for high blood pressure, or Take one teaspoonful at 8:00 am, 11:00 am, 3:00 pm, and 6:00 pm for 
cough.) 

7. The Metric System of weights and measures should be used. 

8. The prescription order should indicate whether or not the prescription should be renewed and, if so, the number of times and the period of time 
such renewal is authorized. Statements such as Refill prn or Refill ad lib are discouraged. 

9. Hither single or multi-drug prescription forms may be used when appropriately designed, and pursuant to the desires of local medical and 
pharmaceutical societies. 

10. When institutional prescription blanks are used, the prescriber should print his/her name, telephone number and registration number on the 
prescription blank. 


GUIDELINES FOR PHARMACISTS 


1. Pharmacists should include the following information on the prescription label: name, address and telephone number of pharmacy; name of 
prescriber; name, strength and quantity of drug dispensed (unless otherwise directed by the prescriber); directions for use; prescription number; 
date on which prescription is dispensed; full name of patient and any other information required by law. 

2. Instructions to the patient regarding directions for use of medication should be concise and precise, but readily understandable to the patient. Where 
the pharmacist feels that the prescription order does not meet these criteria, he should attempt to clarify the order with the prescriber in order to 
prevent confusion. Verbal reinforcement and/or clarification of instructions should be given to the patient by the pharmacist when appropriate. 

3. For those dosage forms where confusion may develop as to how the medication is to be administered (for example, oral drops which may be 
mistakenly instilled in the ear or suppositories which may be mistakenly administered orally), the pharmacist should clearly indicate the 
intended route of administration on the prescription label. 

4. The pharmacist should include an expiration date on the prescription label when appropriate. 

5. Where special storage conditions are required, the pharmacist should indicate appropriate instructions for storage on the prescription label. 


CONCLUSION 


Communicating effective dosage instructions to patients clearly and succinctly is a responsibility of both the medical and pharmaceutical 
professions. Recent studies documenting the low order of compliance with prescription instructions indicate that poor communication between the 
medical and pharmaceutical professions and poor comprehension by the public may be causative factors. 

The American Pharmaceutical Association and the American Society of Internal Medicine believe that the guidelines as stated above will serve 
as an initial step toward patients achieving a better understanding of their medication and dosing instructions. The two associations urge state and 
local societies representing pharmacists and prescribers to appoint joint committees for the purpose of refining these guidelines further as local 
desires and conditions warrant. The associations believe that such cooperative efforts between the professions are essential to good patient care and 
that significant progress can be made in other areas by initiating discussions between the two professions concerning common interests and goals. 


@ By American Pharmaceutical Association/American Society of Internal Medicine (revised March 1976). 
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ADVANCING COMPLIANCE: NCPIE PANELS MAKE RECOMMENDATIONS 


In December 1994, the National Council on Patient Information and Education (NCPIE) sponsored a conference, “Advancing Prescription 
Medicine Compliance: New Paradigms, New Practices.” The most important objective of this conference was to produce realistic recommendations 
for advancing compliance across health care professions and practice settings. 

To develop recommendations, commissioned speakers addressed prescription medicine compliance issues relating to: physicians, pharmacists, 
nurses, manufacturers, patients, managed care organizations, NCPIE and other groups. Each speaker suggested what could be done to improve 
compliance. Six complementary working groups then used the speakers’ ideas as a springboard in developing recommendations for each group and 
for groups in collaboration. These were then presented to the full conference for participants’ response and consideration. 

The following recommendations are directed to the varied organizations and individuals who can advance compliance; however, many 
recommendations apply to more than one category under which they are listed: 


1. Physicians and Medical Schools 


e Involve the patient in treatment decisions. 

¢ Monitor compliance with prescribed treatment at every patient visit; follow up outside of scheduled visits as appropriate. Give the patient an 
alternate contact person at your office if you might be unavailable when he/she calls between visits. 

¢ Document patient compliance using a compliance-monitoring form that can be incorporated into the patient’s record. 

¢ Coordinate patients’ medication regimens with health professionals providing remote site care, including visiting nurses, physician assistants 
and nurses in satellite clinics or offices, and pharmacists working with patients in care facilities or in the pharmacy. 

¢ Include patient communication skills in medical training and continuing education curricula. 

e Train physicians to communicate with other members of the health care team to ensure continuity of care. 


2. Pharmacists, Pharmacy-Providers and Educators 


¢ Become proactive about gathering and providing medicine information. Ask questions that stimulate dialogue, discuss care plans with 
patients, and use information about patients to make better decisions. 

¢ Provide compliance monitoring and documentation for at least one at-risk patient per month. Share your findings with the patient and with 

his/her other health care providers. 

Work with management to redesign facilities to increase pharmacist/patient contact, and to provide a private counseling area. 

Incorporate patient communication skills and new teaching methods into undergraduate courses and continuing education programs. 

Work with other health professional schools/organizations to develop interdisciplinary compliance education programs. 

Integrate behavioral and clinical sciences in educating pharmacists about compliance. 


3. Individual Nurses and Educators 


e Integrate into each patient encounter an educational assessment of patient medicine knowledge. 

¢ Collaborate with other health care providers, including prescribers and pharmacists, about patient compliance issues. 
¢ Develop programs to increase nurses’ knowledge and skills for compliance-enhancement. 

¢ Include compliance questions in examinations for professional degrees, licensing, and continuing education. 


4. All Health Professionals 


¢ Individualize patient care, including medication management, considering factors such as age, culture, gender, attitudes, and personal 
situation. 

¢ Specifically ask patients about use of over-the-counter drugs, including vitamins and dietary supplements. 

e Engage in a dialogue with patients and involve them as partners in the treatment process. Explain why you think a treatment plan is most 
appropriate for your patient. 

¢ Use written materials to reinforce oral counseling, not as a substitute for it. 

e Respect a patient’s right to confidentiality when sharing medication compliance experience with the patient’s other health care providers, 
including nurses, pharmacists, physicians, and physician assistants. 


5. Pharmaceutical Manufacturers 


e Individually and as an industry, develop a public service advertising campaign promoting patient medication compliance with therapy. 
¢ Support health professionals’ education to develop effective communicators in a patient-centered health care system. 

Recognize and promote role models who can demonstrate improved compliance from a patient-centered approach. 

Provide NCPIE’s “Get the Answers” brochure with all responses to consumer information requests or “800” program responses. 
Support interdisciplinary teams that provide patient education and programs for compliance and health promotion. 


6. Patients 


¢ Become an active participant in making treatment decisions and solving problems that could inhibit proper medicine use. 

¢ Talk to your health professionals about why and how to use your prescription medicines. Give them information about your medicine use 
(prescription and over-the-counter medicines, vitamins and dietary supplements) and health. If you stop or change a prescribed treatment, tell 
them and explain why you did this. Get the answers to any questions you have. 

¢ Recognize, accept, and carry out your responsibilities in the treatment regimen. 
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Managed Care Organizations and Hospitals 


e Use existing databases to profile the extent of medicine noncompliance among your health plan members. 

¢ Develop and implement programs for patient compliance support (e.g., group support programs, educational interventions, monitoring clinics, 
compliance packaging aids, and brown bag reviews). Keep health care providers informed about these programs so they can refer appropriate 
patients as part of an individualized compliance regimen. 

e Develop and implement innovative programs that teach patient’s responsibility for and involvement in his/her health care. 

e Identify, implement, and evaluate compliance-promoting organizational practices and policies. 

e Review drug use policies, such as formulary policy guidelines, from a patient compliance perspective. Revise policies accordingly to facilitate 
compliance. 

¢ Develop and implement computerized systems that allow departments to share clinical patient information electronically. 
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CHAPTER 496 


Pharmacoepidemiology, or drug epidemiology, is the study of 
the effects of drugs in populations of people. The discipline is an 
amalgam of clinical pharmacology, clinical epidemiology, med- 
ical informatics, and biostatistics. There are a number of rea- 
sons why pharmacoepidemiology has recently emerged as a 
discipline. Traditional clinical pharmacology directs much of its 
attention to the pharmacokinetics and pharmacodynamics of 
drugs. Such studies usually involve small numbers of subjects 
(6 to 25) who are studied intensively to obtain an understand- 
ing of drug absorption, distribution, metabolism, or excretion. 
Studies of these parameters determine the dose and frequency 
of administration of new drugs in the treatment of patients and 
are required before drugs are marketed. However, such studies 
tell us little about certain experiences of drugs after they are 
marketed. It is in this postmarketing phase that the tools of 
clinical epidemiology come into play, especially in determining 
the frequency of adverse drug effects. 

Though new drug products undergo the careful scrutiny of 
Phase I through III testing, some drug products are recalled 
soon after they are marketed. There are a litany of such expe- 
riences including phocomelia from thalidomide, Guillain-Barré 
syndrome from influenza vaccine, endometrial cancer from di- 
ethylstilbestrol, cardiac valve disorders from the combination 
use of fenfluramine and phentermine (Fen-Fen), anaphylaxis 
from zomepirac, hepatic failure from bromfenac, and cardiac 
arrest from interactions from drugs like mibefradil or terfena- 
dine when administered with drugs that inhibit P-450 CYP 
3A4 such as ketoconazole and erythromycin. A major reason for 
these drug product recalls is that premarketing studies treat 
too few patients (typically 3000 to 4000) to detect uncommon 
drug effects. An adverse effect that occurs in only 1 in 25,000 
persons would go unnoticed in only 4000 treated patients in the 
premarketing phase. Yet once the drugs are marketed they 
often reach millions of patients and rare events can become 
manifest. Hence, premarketing studies have insufficient statis- 
tical power to detect rare adverse effects. 

The effect of sample size on the statistical power of a study 
is shown in Figure 116-1. In general terms, the power of a test 
is the ability of a statistical test used in a study to detect a 
relationship between an exposure (drug) and an event or out- 
come. The highest value the power can have is one, and the 
lowest is zero. The figure shows the power curve for a clinical 
trial in which the outcome of interest occurs in 4 of every 1000 
patients in one treatment group and in 1 in every 1000 patients 
in another treatment group. For clinical trials, it is generally 
desirable to keep the power of a study above 0.80. From the 
figure it can be seen that fewer than 4000 patients in each 
group would yield insufficient power to detect a difference 
between groups when alpha is 0.05 and a two-tailed test is 
performed. Another way to interpret the curve is to consider 
that an adverse effect occurred in 0.4% of patients receiving a 
drug, and the same adverse effect occurred in 0.1% of patients 
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receiving placebo; more than 8000 patients would need to be 
recruited into the study to detect such an effect. The cost of 
such a study would be prohibitive. 

Another important reason that important adverse events 
are not identified in the premarketing drug experience is that 
although subjects in premarketing studies have the disease 
that the drug is targeted to treat, they are otherwise healthy 
people. Typically, premarketing studies exclude patients who 
have complicating factors such as renal or hepatic insuffi- 
ciency, diabetes, or heart failure. But once the drugs are mar- 
keted, they often reach patients with a multitude of comorbidi- 
ties and complicating conditions. In this real world setting of 
care, treated patients are sicker, and adverse drug reactions 
are more common. 

Because adverse effects of drug products are more com- 
monly observed after marketing, the Food and Drug Adminis- 
tration (FDA) created the MedWatch Medical Products Report- 
ing Program, which is the largest drug and device surveillance 
program in the US (see below). A similar program is operated 
by the World Health Organization (WHO). Such drug surveil- 
lance programs are important ways for drug regulatory agen- 
cies to keep their fingers on the pulse of the adverse drug 
experiences of countries. Discussions about the regulatory as- 
pects of drugs and the relevance of pharmacoepidemiology have 
become especially important recently. There are two reasons 
for this. 


The FDA is under increased pressure to streamline the drug ap- 
proval process. From 1992 to 1998, the time for approval of drug 
products has been reduced by approximately 60%. 

There are now discussions at the FDA to reduce the numbers of 
Phase III studies. 


The overall effect of this will be to reduce the time required to 
approve new drug applications. Doing so would enhance the 
need for postmarketing (Phase IV) studies, wherein pharmaco- 
epidemiological methods are needed. 

Now that the interface between pharmacoepidemiology and 
clinical pharmacology and clinical epidemiology is clearer, the 
question remains as to how medical informatics and biostatis- 
tics enter into the mix. Health systems such as managed-care 
organizations, hospitals, clinics, and medical centers generate 
a large volume of data on patients. Increasingly, such data are 
being captured and stored in huge databases. Data found in 
these warehouses often come from many sources including the 
pharmacy, laboratory, radiology, and patient-care clinics and 
wards. To conduct studies of outcomes of patients who have 
been prescribed drugs requires merging these large files from 
disparate sources. Such integrated databases are becoming 
larger and richer. When such data are available through time 
and are linked using a unique patient identifier, a variety of 
studies of the effects of drugs in large populations of patients, 
ie, pharmacoepidemiological studies, are possible. The analysis 
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Figure 116-1. Power as a function of sample size in two treatment 
groups. The study was designed to detect an event that occurs in 4 
out of 1000 patients in one group and 1 patient in 1000 in the other 
group. 


of such large data sets requires the tools of biostatistics. The 
types of statistical procedures used in the analysis of data for 
pharmacoepidemiological studies can range from simple counts 
of events to sophisticated mathematical models. Some of the 
procedures that apply to pharmacoepidemiology are described 
in this chapter. 


TYPES OF STUDIES 


Table 116-1 lists the various types of studies that are used in 
pharmacoepidemiology. There are two fundamental types of 
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pharmacoepidemiological studies—experimental and nonex- 
perimental. These are distinguished by the method in which 
subjects are assigned to treatments. Nonexperimental studies 
can be further categorized as descriptive and analytic studies. 

In experimental studies, the investigator assigns treat- 
ments to subjects, or patients may be randomly assigned to 
treatment in some forms of experimental or analytic studies. 
Patients enrolled in randomized clinical trials have their treat- 
ment assigned at random. It is the most common experimental 
method for testing drug effects and is considered the best 
available evidence in clinical research. Important characteris- 
tics of the randomized clinical trial are described below. 

Field trials are another form of experimental study, used to 
study dietary factors and vaccines. In field trials the investiga- 
tor makes the treatment available and then determines how 
well it works with careful followup. Examples of field trials 
include studies of ascorbic acid in preventing the common cold, 
studies of poliomyelitis vaccines, and the Multiple Risk Factor 
Intervention Trial (MRFIT). MRFIT looked at the effect of 
preventives such as diet and drugs on the incidence of myocar- 
dial infarction in 12,866 high-risk persons. It has been esti- 
mated that the MRFIT study would cost more than $500 mil- 
lion to conduct in 1997 dollars. Community intervention trials 
are similar to field trials, but the treatment intervention is 
directed at a town or community such as fluoridation of drink- 
ing water to prevent dental caries. 

In nonexperimental studies, patients are not assigned to 
treatments by the investigator. Most of these studies enroll 
patients who are receiving care, including medications, from 
conventional settings of care such as clinics and hospitals. 
Nonexperimental studies are usually descriptive. Descriptive 
studies are conducted to describe or summarize data. For ex- 
ample, an investigator may wish to know the types of drugs 
prescribed at an outpatient pharmacy by drug class. These data 
would help the investigator determine what types of drugs 
could be studied more rigorously using the prescription data 
from this setting. Clearly, if there were only five prescriptions 


Table 116-1. Types, Characteristics and Examples of Pharmacoepidemiology Studies 


NUMBER OF PATIENTS 
(PER TREATMENT GROUP) COST 


STUDY TYPE DESCRIPTION 


RELATIVE 
EXAMPLE 


Experimental studies 


Randomized clinical trials Study patients with specific 50 to 5000 $$ to $$$$ Efficacy of alteplase and reteplase in 

disease preventing death after a myocardial 
infarction 
Field trials Study subjects to prevent disease >5000 $$$$ Vaccination to prevent polio 
Community intervention Study communities to prevent >5000 $$$ Fluoridation of water to prevent 
trials disease dental cavities 
Nonexperimental studies 

Prospective cohort Observe groups of patients >5000 $$$$ Nurses Health Study Cohort 
treated with the same drug 

Retrospective cohort Extract data from an existing >5000 $ Risk of renal insufficiency from 
repository to look at outcomes NSAIDs 
of exposed groups 

Case-control Determine the association 20 to 1000 $$ to $$$ Risk of Alzheimer’s disease and 
between a drug and rare vitamin use 
event 

Cross-sectional Determine the prevalence of 50 to 1 million $ Profile of calcium-channel antagonists 
drug use in a patient in a managed-care organization 
population at a given time 

Ecological Determine the association 5 to 100 groups $ Deaths from asthma and the 
between drug use of a quantities of metered-dose inhalers 
population or group and an dispensed 
event 

Case series Reveal the common experiences 3 to 30 $ Valvular heart disease associated 
of a number of patients with fenfluramine-phentermine 
following drug exposure (Fen-Phen) 

Case report Reveal the experience of asingle 1 $ Toxic epidermal necrolysis from 
patient following drug phenytoin 


exposure 
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for a particular drug, then the investigator might only be able 
to conclude that the drug is not used very often. Descriptive 
data are helpful in hypothesis-generation and determining 
whether there are sufficient numbers of patients, prescriptions, 
events, etc, to conduct a more rigorous study. Such studies 
might include profiles of drug use, drug surveillance, patient 
types, or disease types. 

Analytic nonexperimental studies are often used to test hy- 
potheses. For example, we might find from our descriptive 
study that patients prescribed one type of nonsteroidal anti- 
inflammatory drug (NSAID) have a greater prevalence of gas- 
tropathy than those receiving other NSAIDs. We might then 
ask whether this is because this NSAID is truly more gastro- 
toxic or whether sicker patients who are prone to develop 
gastropathy are also more likely to be prescribed this drug. To 
tease-out the answer to this question would require a study 
that gives rates of gastropathy that control for illnesses that 
increase the likelihood of gastropathy and use of other drugs 
and foods that might also increase the risk of gastropathy 
among these patients. 

DRUG SURVEILLANCE—The FDA’s MedWatch is a 
drug surveillance program that looks for signals of adverse 
drug effects among all marketed drugs and then provides care- 
ful followup when necessary. A benefit of surveillance pro- 
grams is that there is early recognition of important problems. 
For example, who would have anticipated the recent problem 
involving the anorectic drugs Fen-Phen that resulted in heart 
valve abnormalities in those who took this weight-reducing 
combination? Other events that were identified by such post- 
marketing surveillance (PMS) programs that led to drug with- 
drawals include the sometimes fatal arrhythmias from CYP 
3A4 drug interactions involving mibefradil (Posicor®), terfena- 
dine (Seldane®), astemizole (Hismanal®), and cisapride (Pro- 
pulsid®). Hence, the benefit of PMS is in monitoring for signals 
in the population of patients being treated day to day with 
drugs. 

MedWatch and similar sentinel programs are important 
tools for the detection of rare effects, but they have several 
important limitations. Foremost among the limitations is that 
these programs depend on voluntary reporting. Because the 
signal comes from submissions to the FDA, predominantly by 
pharmacists, it is important for pharmacists to complete Med- 
Watch forms when major new and unusual problems are iden- 
tified in the care of patients. Reports of known adverse effects 
of marketed drugs are not required. A MedWatch form can be 
found in Figure 116-2. The big problem is that such forms are 
often not completed for heretofore unknown drug misadven- 
tures, and thus the signal is not generated or is generated late, 
only after many patients may have suffered. Pharmacist par- 
ticipation in drug surveillance programs is a central way to 
contribute to pharmacoepidemiology. See also Chapter 95. 

DRUG USE—In pharmacoepidemiology, we need to know 
two numbers to calculate the rates of events of interest. First, 
we need to know the numerator, eg, numbers of adverse events. 
When reporting of such events is consistent and complete, we 
can estimate this numerator using drug surveillance programs 
such as MedWatch. Again, it is important to realize that the 
estimate of events is only as good as the reporting of events. 
However, surveillance programs cannot provide an accurate 
estimate of the denominator, namely, the number of patients 
exposed to the drug product. These denominator data can be 
accessed by drug use. 

Drug use data are improving, largely because of increasing 
use of computer information systems in health care. Comput- 
erization of pharmacy is ubiquitous owing largely to the need to 
process and store prescriptions. The increase in pharmacy ben- 
efit management companies has further consolidated prescrip- 
tion data. Moreover, there are corporations that can provide 
national estimates of drug use. One such corporation, IMS 
America, has prescription data for the US and many of the 
Western European countries. These data can be used to provide 


estimates of drug use and as such provide an estimate of the 
denominator when calculating the rates of events. 

On a smaller scale, pharmacists employed by hospitals and 
managed-care organizations are familiar with the drug use 
review programs that have roots in pharmacoepidemiological 
method and are required by the Joint Commission on the 
Accreditation of Healthcare Organizations. Such programs are 
described in Chapter 111. In the 1970s these programs in- 
volved the intensive collection of the indications, processes, and 
outcomes of drug use at hospitals. However, in 1989, the use of 
clinical indicators was encouraged to monitor the delivery of 
patient care. Clinical indicators are measurements made to 
monitor and assess the quality and appropriateness of drug 
use. The notion is to measure, interpret, and improve care over 
time. Instead of comprehensive collection of data, the indica- 
tors are aimed at providing screens or flags to identify problem 
areas that then would become targets for more-detailed study 
of a particular drug or class of drugs. The overall focus of these 
programs is to provide appropriate, safe, effective and efficient 
use of medications.' However, although such programs aimed 
at measuring clinical indicators are too small in scope to mea- 
sure rare events, they are very effective in studying indications 
for drug use and monitoring processes. 

There are several key points to address concerning institu- 
tional programs to improve drug use. First, these are very 
important studies to improve the use of drugs at a particular 
institution. When such programs are formally conducted 
within the framework of continuous quality improvement, the 
benefits to the institution and its patients are endless. How- 
ever, these programs involving drug use measurement and 
quality indicators are not usually conducted as formal research 
studies that address explicit study questions or test hypothe- 
ses. It would be a mistake to assume otherwise. This is a 
common error made when collecting data for such programs. 
The biggest problem is that such programs monitor too few 
patients to conclude that a particular outcome of interest does 
or does not occur. For example, suppose that we are interested 
in the incidence of vomiting in patients prescribed a new anti- 
biotic. If 10 consecutive patients are monitored and no vomiting 
occurs, perhaps there were too few patients monitored to see 
this adverse effect, the dose administered was too low to elicit 
the effect, or vomiting was not among the parameters being 
monitored during the period of patient observation. Thus, sur- 
veillance, drug use, and continuous quality improvement pro- 
grams may not be appropriately designed or have sufficient 
numbers of patients to address a specific research question. 
Instead, other epidemiological approaches must be used. 

THE RANDOMIZED CONTROLLED TRIAL—The gold 
standard in determining the beneficial and adverse effects of 
drugs is the prospective, blinded, randomized clinical trial. It is 
helpful to understand the merits and drawbacks of the random- 
ized clinical trial for better understanding of the advantages 
and disadvantages of the various types of epidemiological stud- 
ies. When patients are randomly assigned to treatments, many 
biases are controlled that would otherwise preclude valid re- 
sults. Ideally, neither the patient nor the physician is able to 
distinguish between the drug products being tested because 
they are blinded. Persons performing assessments or measure- 
ments of interest should also be blinded to treatment. Typi- 
cally, randomized clinical trials are conducted when comparing 
the efficacy of two drugs or of one drug with a placebo. Rarely, 
is a randomized clinical trial conducted to determine whether 
drugs differ in their propensity to cause adverse drug reactions. 

Why not just use randomized clinical trials for all studies of 
drugs? There are four primary reasons. 


Randomized clinical trials often are prohibitively expensive (costing 
millions of dollars). Unless the issue is of the utmost importance, 
federal monies are not made available to conduct the study. Ifit is a new 
drug product, the innovator drug company must be certain that after 
doing the study, it can recoup its investment. 

Randomized clinical trials are often unethical for studies of the 
adverse effects of drugs. How many patients would enroll for a study 
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with the sole purpose of determining the incidence of gastrointestinal 
(GI) perforation from a new drug? 

Large numbers of patients are needed to conduct studies of rare 
events. Even after the moral and ethical issues for a study are resolved, 
if it is a rare event, then the numbers of patients needed to determine 
the true incidence of the effect or address a specific study question 
would be enormous. 

Randomized clinical trials take a long time to conduct. If a question 
must be addressed in a timely fashion, such as for regulatory action, 
clearly a randomized clinical trial conducted over 3 years could not 
provide an answer to a question soon enough. 


Primarily, for these reasons, pharmacoepidemiological 
methods have been the preferred method of inquiry, especially 
for determining the adverse effects of drugs. 

Because many relevant and important drug-related ques- 
tions cannot be addressed with randomized clinical trials, the 
nonexperimental methods of pharmacoepidemiology are espe- 
cially important. For such clinically important and relevant 
questions, nonexperimental methods of pharmacoepidemiology 
must be used. Among such methods are the cohort and case- 
control studies as shown in Figure 116-3. These and other 
common pharmacoepidemiological methods are described 
below. 

THE COHORT STUDY—Cohorts are groups. Cohort stud- 
ies are therefore studies of groups of patients having some 
common drug exposure of interest. For example, we may wish 
to learn about the benefits and risks of the NSAIDs on the 
population of patients likely to be prescribed them. We would 
define our cohort or group on the basis of patients’ exposure to 
NSAIDs. There are two types of cohort studies: prospective and 
retrospective. 

PROSPECTIVE COHORT—In terms of scientific evi- 
dence and control over the factors of interest, the prospective 
cohort study is often the preferred type of cohort study. As 
implied in its name, the prospective study looks forward in time 
(Fig 116-3). Doing so allows the investigator maximum control 
over the study definition and its conduct. 


The event of interest or dependent variable (eg, development of 
aplastic anemia) can be specifically defined, and its occurrence carefully 
monitored. 

The potential confounding factors and variables that must be con- 
trolled in the analysis can also be defined and measured. 
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Figure 116-3. Orientation of studies relative to time. In the clinical 
trial, patients are randomly assigned to treatment groups and mon- 
itored prospectively for the outcome of interest. In the cohort 
study, treatment groups are assembled on the basis of their treat- 
ments or other distinguishing characteristics and followed until the 
occurrences of the outcome. With the prospective cohort study the 
outcome of interest occurs after the study onset and with the ret- 
rospective study the outcome has already occurred when the study 
starts. In the case-control study, the prevalence of past treatments 
is compared in a group of patients with the outcome of interest 
(cases) and a control group of patients who did not experience the 
outcome at the time data were collected. 


Despite these advantages, prospective cohort studies can be 
very expensive to conduct and like the randomized clinical trial 
can cost millions of dollars to assemble and follow the cohort 
over time. An example of a prospective cohort study is the 
Nurse’s Health Study, which began in 1976. The cohort com- 
prises 121,700 female nurses who completed lifestyle and med- 
ical histories. This cohort study has proved valuable in deter- 
mining various aspects of female health, especially as it relates 
to cardiovascular disease.”*? 

RETROSPECTIVE COHORT —As its name implies, the 
retrospective cohort study looks back on existing data. These 
data usually come from large, computer databases but can also 
come from paper charts or medical records. In these studies, 
cohorts are assembled in the same way as in prospective cohort 
studies, namely, on the basis of exposure to certain drugs of 
interest. The major advantage of retrospective cohort studies is 
lower costs. They are much less expensive to conduct than 
either clinical trials or prospective studies. The major disad- 
vantage is that there are many forms of bias (see below) that 
are found in retrospective studies. 

Conceptually, retrospective cohort studies are conducted the 
same way as prospective cohort studies. 


The cohort is defined by determining the index date when the drug 
of interest was first prescribed. Although the index date will differ for 
each patient, it acts as the anchor for two key viewpoints: (1) for looking 
forward in time for the occurrence of the outcomes of interest (eg, 
myocardial infarction or renal insufficiency) and (2) for looking back- 
ward in time for the baseline factors that must be controlled in the 
analysis. 

Data on the outcomes and baseline factors are extracted from the 
database or charts for all patients in the cohort. Fundamentally, the 
extraction process is similar whether by computer or by hand. 


Regardless of whether cohort studies are prospective or 
retrospective, there are a number of critical characteristics to 
such studies. Drug exposure should be verified to prevent mis- 
classification of cohort membership. A common problem in 
pharmacoepidemiological studies is that patients could get a 
medication from a pharmacy that is not among those from 
which data are derived, physicians may provide the drug as a 
sample from their office, or the drug may be available as an 
OTC drug and as such can be directly available to the patient. 
If a drug is available from multiple sources, then the investi- 
gator should demonstrate that all sources were included in the 
cohort formed for study. 

THE CASE-CONTROL STUDY—Methodologically, case- 
control studies are the diametric opposite of cohort studies (Fig 
116-3). Case-control studies are generally conducted when the 
outcome of interest is rare. Instead of beginning with a group of 
patients using the same drug (with a common exposure) and 
following them until they have a specific event, as with the 
cohort study, in the case-control study we first identify a group 
of patients with a common event or disease. These are the 
cases. For example, if we wished to know whether a certain 
drug caused aplastic anemia (a rare event), first, patients with 
aplastic anemia would be identified. The controls would be 
people who are representative of the underlying population 
from which the cases came but who did not have the outcome of 
interest. In the aplastic anemia example, the investigator 
would search for patients who came from the same setting of 
care as the cases or from the same community. Sometimes 
controls are matched to cases on certain background factors 
that predict or confound the outcome, such as age, gender, or 
smoking status. 

The idea of the case-control study is to compare the preva- 
lence of exposure between the cases and controls. This is the 
difficult aspect cf such studies and is often a contentious issue 
that results in plenty of debate. A single report of a case-control 
study in a journal can result in using twice as much journal 
space publishing the letters to the editor than used for the 
original report. The main reason for this is that there are many 
ways in which bias can enter into the design, conduct, and 


interpretation of these studies. When obtaining data directly 
from patients pertaining to the exposure, there may be a major 
difference between patients’ memories of their drug use in the 
case and those of control groups. This recall bias is described 
below. 

THE CASE REPORT—The case report is the presentation 
of the experience of a single patient. It is usually presented in 
a way that supports a hypothesis or an answer to a question 
of interest. Case reports are often referred to as hypothesis- 
generating because they bring forth evidence that supports a 
hypothesis or conclusion. For example, the presentation of the 
medications for a patient that were administered until the 
development of aplastic anemia might suggest that one or more 
of these drugs could have caused the aplastic anemia. However, 
it could not be concluded that another patient who took one or 
more of the same drugs would be at equal risk, because of the 
many other factors that also cause aplastic anemia, such as 
viral infections or exposure to insecticides, which may not be 
part of a patient’s medical record or their recollection and 
would therefore not be reported. 

When the common experiences of more than one patient are 
presented, this is referred to as a case series. Obviously, the 
greater the number of common experiences, the stronger the 
evidence to support a conclusion. For example, if five patients 
developed aplastic anemia after exposure to the same medica- 
tion, this would raise our suspicion beyond that for only one 
such patient. A good example of the impact of the case series is 
the recent series of 24 patient reports describing valvular heart 
abnormalities from concurrent fenfluramine and phentermine 
use.‘ These data were compelling enough for the withdrawal of 
phenfluramine from the market. 

THE CROSS-SECTIONAL STUDY—This is a study con- 
ducted to obtain the prevalence of an outcome in a given set of 
patients such as those being treated with a drug at a single 
time point. Cross-sectional studies are often referred to as 
snapshot studies. Because data are collected all at once, the 
temporal relationship between the use of the drug and the 
outcome of interest cannot be determined in cross-sectional 
studies. This is a problem if the investigator is trying to make 
cause-and-effect inferences. 

THE ECOLOGICAL STUDY—There are times when data 
are not available at the patient level but there is interest in 
getting a preliminary understanding of the relationship be- 
tween the use of a drug and an outcome. This may entice an 
investigator to use aggregate data to compare the gross amount 
of drug used and the rate of occurrence of an event for a 
community, state, or country. In other words, the unit of anal- 
ysis in ecological studies is a population instead of a patient. An 
example of such an approach is the comparison of the numbers 
of prescriptions of B-adrenergic agonist inhalers dispensed in a 
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country and the numbers of deaths from asthma. Such a rela- 
tionship would be confounded by the increasing use of medica- 
tions with increasing severity of illness; ie, sicker patients use 
more B-adrenergic agonist inhalers and are more likely to die of 
their disease regardless. Another problem is that the investi- 
gator might not even know whether the patients who died were 
even prescribed the medication, a dilemma known as the eco- 
logical fallacy. Hence, it can be seen that although ecological 
studies are easy to conduct, there may be major problems when 
using the data to make cause-and-effect inferences. 


MEASUREMENTS 
ALL DISSE SE TT ES 
As with any scientific discipline, valid measurements are crit- 
ical for accurate interpretation of the results of pharmacoepi- 
demiological studies. There are several fundamental metrics 
helpful to understand. For descriptive studies these include 
frequencies, distributions, prevalence, and incidence rates. For 
analytic studies these include the rate difference, rate ratio, 
relative risk, and odds ratio. A description of these measure- 
ments and how they are calculated are found in Table 116-2. 
FREQUENCIES—In epidemiology, the prevalence and in- 
cidence of events are the most commonly used metrics; they are 
also the most commonly confused. The primary issue that dis- 
tinguishes prevalence from incidence is the types of patients 
counted per unit time. As can be seen in Figure 116-4, the 
prevalence of an event is equal to the number of patients with 
the outcome of interest at a single point (cross-section) in time. 
Prevalence is often reported as a proportion or percentage (eg, 
the prevalence of asthma was 12%). If the measurement is 
made on all patients at a single moment in time (a snapshot), 
then it is referred to as a point prevalence. For example, con- 
sider the vertical dashed line in Figure 116-4. At that point in 
time, the prevalence of drug use is 4 of 1000 patients or 0.4%. 
If the measurement is made on all patients during a specific 
time interval, say 1 year, then this is called a period prevalence. 
As shown in Figure 116-4, the period prevalence is 0.7%, 0.7%, 
0.7%, and 0.8% for 1996, 1997, 1998, and 1999, respectively. 
However, if we begin with a group of patients naive to an 
outcome and go forward in time and count all patients who 
contract the disease or have the event, this is called the inci- 
dence. Incidence is measured as counts of patients with the 
outcome per unit time (12 per 100,000 person-years). The inci- 
dence of drug use in Figure 116-4 is 8 of 996 persons over the 
4 years or 2 per 1000 person-years. The reason that 996 persons 
is used instead of 1000 persons is that we must remove from 
the denominator the patients who already have had the event 
of interest. 


Table 116-2. Types of Measurements in Pharmacoepidemiology Studies 


MEASURE DEFINITION COMMENTS 
Prevalence Frequency of cases at a given time or period Often confused with incidence; reported as a 
percentage 


Point prevalence 
Period prevalence 
Incidence 

period 
Relative risk or risk ratio 


Odds ratio 


Attributable risk or risk difference 


Frequency of cases at an instant 
Frequency of cases within a period such as 1 yr 
Frequency of new cases in a population over a 


Incidence in the exposed group divided by the 
incidence in the unexposed 


An odds is the probability of an outcome 
happening divided by the probability of the 
event not happening; an odds ratio is the 
odds of the event in those exposed divided 
by the odds in the unexposed 

Incidence in the exposed group minus 
incidence in the unexposed 


Used in cross-sectional studies 

Often confused with point prevalence 

Mostly reported as a rate, such as 10/100,000 
person-years 

Addresses the number of times greater risk in 
exposed than in the unexposed; a relative 
risk of 1 means that the risk is equal with 
and without exposure 

Provides an estimate of the relative risk for 
rare outcomes; an odds ratio of 1 means that 
there is no association between exposure 
and outcome 


Addresses the incidence of a disease attributed 
to an exposure 
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Figure 116-4. Distribution of the experiences of 12 patients pre- 
scribed a medication over a 4-year period, to illustrate the differ- 
ence between prevalence and incidence. Diamonds indicate the 
date of the first prescription; circles indicate the stop date. 


Accurate numerators and denominators are needed to cal- 
culate accurate prevalence and incidence rates. Though simple 
to say, depending on the data available for analysis, they may 
be impossible to compute accurately. Sometimes both the nu- 
merator and denominator are poorly ascertained. This is often 
seen in sentinel surveillance programs such as MedWatch in 
which the numerator contains only those patients who had the 
outcome of interest and were reported. The denominator can 
only be estimated on the basis of national drug-use data, which 
must often be found in the literature or purchased from a 
vendor. Often the numerator is carefully calculated, but the 
denominator is unknown. For example, we may know when a 
certain event such as hospitalization for a specific reason oc- 
curs in patients prescribed a specific drug or drug class, but we 
may not be able to estimate accurately the number of patients 
in the underlying population. This happens in open health-care 
systems in which patients are free to switch health-care plans. 
Lack of an accurate denominator can limit the usefulness of 
large databases such as those found in managed-care organi- 
zations. Investigators have often resorted to using the client 
enrollment file for denominator data. However, fluctuations in 
the numbers of clients can make enrollment data misleading, 
even over short intervals such as 1 year. 

PREDICTION— Occasionally, we want to know whether a 
certain drug predicts a future benefit or adverse effect. For 
such studies we need to know whether the benefit or risk 
occurred for all patients and also the status of factors of inter- 
est before the patients were first prescribed the drug. An ex- 
ample of such a study would be determining the risk of renal 
impairment from a drug. It would be important to know pa- 
tients’ renal function before the drug of interest was adminis- 
tered. These data would allow us to adjust the predictive model 
on the basis of baseline renal function for these patients. If we 
were comparing two drugs, it would be important to have such 
data to know that renal function was similar in the two groups 
at baseline or whether this was taken into account. 


BIAS 


(SS SR DEE 
Bias is deviation from the truth. It affects all forms of experi- 
mentation and is described in Chapter 12. However, a number 
of biases that are unique to pharmacoepidemiology differ con- 


ceptually from those in laboratory studies and merit special 
attention. Generally, these can be classified as selection bias, 
measurement bias, and confounding bias. Because clinical 
studies cannot be controlled as carefully as laboratory studies, 
many forms of bias must be considered as possible explanations 
for the results of pharmacoepidemiological studies. Indeed, 
Sackett has catalogued 35 biases that can occur in analytic 
studies.” 

SELECTION BIAS—Selection bias is a major problem of 
all nonrandomized clinical studies. It becomes manifest when 
groups for comparison are not balanced in terms of important 
background characteristics. When lopsided groups are com- 
pared, the investigator has difficulty interpreting the result 
because it is not known whether results are because of a drug 
exposure or because imbalances in one or more background 
characteristics have affected the results. 

Pharmacoepidemiologists who conduct research using exist- 
ing medical records need to realize that physicians’ prescribing 
habits create biased groups. A common example of selection 
bias involves the prescribing patterns of physicians after the 
marketing of new drug products. As might be imagined, there 
is avid interest in learning as much as possible about the 
real-world experiences of recently marketed drugs. Soon after 
marketing, new drugs become the focus of inquiry. However, a 
big problem immediately becomes apparent when investigators 
compare the background characteristics of patients prescribed 
the newer and older drugs. What usually occurs is that patients 
prescribed the new drug are those who were not responding to 
the older therapies, and they are often sicker patients. This 
makes any comparison of recent and existing drugs inherently 
difficult. 

Another example from our research center further illus- 
trates selection bias. It is known that the NSAIDs worsen renal 
function of patients with renal insufficiency. There were sevy- 
eral reports that the NSAID sulindac was a renal-sparing 
NSAID, meaning that it did not worsen renal insufficiency in 
patients at risk of this effect as the other NSAIDs did. After 
reading these reports, some physicians began prescribing su- 
lindac to their patients with preexisting renal insufficiency. 
When patients’ baseline renal function is compared before they 
were prescribed NSAIDs, it was found that the patients who 
were prescribed sulindac had worse baseline renal function 
(higher serum creatinine values) than patients prescribed 
other NSAIDs. Hence, physicians’ preference for prescribing 
sulindac for patients with renal insufficiency created a bias in 
interpreting the true effect of the various NSAIDs. The end 
result was a bias that may have made sulindac look worse than 
the other NSAIDs. 

There are ways to deal with selection bias for studies of 
existing data. Most notable among them are matching, math- 
ematical modeling, and use of propensity scores. In matching, a 
control subject is matched with each case subject on important 
background characteristics. Using the previous example, we 
could match patients with preexisting renal insufficiency who 
were prescribed sulindac with patients with preexisting renal 
insufficiency who were prescribed ibuprofen and look at the 
changes in serum creatinine afterward. Likewise, we would 
match those with normal prior renal function prescribed sulin- 
dac with those with normal prior renal function before they 
were prescribed ibuprofen. 

With analysis of covariance, we would put into a mathemat- 
ical model a parameter that controls for differences in impor- 
tant background characteristics. Again, from the previous ex- 
ample, we would put patients’ baseline serum creatinine or 
creatinine clearance into the model to adjust for baseline dif- 
ferences among the various NSAIDs being compared. Doing so 
would provide the estimated effect of the NSAID controlling for 
patients’ prior renal function. The general idea is to balance 
comparison groups so a fair comparison is made. 

Finally, propensity scores adjust for the probability that a 
patient will be prescribed one drug over another. To do so, a 
single score is calculated using logistic regression that includes 


all of the background characteristics that are important to a 
physician who was trying to decide between drugs. This score 
could then be used as a covariate in a mathematical model that 
looked at the outcome of interest. In calculating the propensity 
score in the example above, we would want to include not only 
patients’ baseline renal function, but perhaps age, gender, race, 
indication for the NSAID (eg, rheumatoid arthritis, osteoar- 
thritis), and other factors that would predict which NSAID 
physicians prescribe. Hence, though selection bias is a problem 
in such studies, there are ways to deal with this form of bias. 

Selection bias creeps into other areas of measurement in 
epidemiology. It has recently become popular to use bench- 
marking to compare the experiences of one hospital with those 
of another. If various aspects of the underlying characteristics 
of hospitals being compared are not controlled, then such a 
comparison will be faulty. A wild extrapolation of this would be 
to compare the rates of death in a hospice where terminally ill 
patients are cared for in their final days with those of patients 
from an acute-care hospital. Obviously, such a comparison is 
fraught with error. It can also enter into the process of selecting 
the papers for inclusion in meta-analysis (see Chapter 12). 

MEASUREMENT BIAS—Measurement bias results when 
comparison groups are measured differently. Misclassification 
of the event of interest can obviously be a problem. This re- 
quires careful definition of the characteristics of a case. If the 
case definition is based on a diagnosis or diagnostic code (ICD-9 
code), some cases may be missed or be inappropriately in- 
cluded. For example, using only the diagnosis of congestive 
heart failure may be too broad if the disease of interest is left 
ventricular systolic dysfunction. Using congestive heart failure 
only would also include patients with diastolic dysfunction, 
which is treated entirely differently from systolic dysfunction. 
A related issue is the date of onset of a disease or disorder. 
Which is the date of onset of diabetes for a patient—the data of 
the diagnosis or the date of the first fasting or random blood 
glucose that was over the upper critical value of normal? These 
issues require careful consideration in the planning stages of 
the study. 

A common problem is that patient followup may be inade- 
quate and incomplete. When patients are lost to followup, it 
may appear in the analysis as though they did not have the 
interest. This commonly occurs when patients have access to 
multiple-care settings. An admission to a hospital that does not 
contribute data to the analytic database would go unnoticed. 
This could be a major problem if hospital admission is the 
primary dependent variable for the study. Patients unable to 
obtain a needed (perceived or real) drug will seek care else- 
where. If this drug is a study drug of interest, then patients 
may be differentially lost, which can result in an important 
bias. 

Unmeasured or missing data on key confounders and effect 
modifiers can destroy the validity of cohort studies. It is not 
feasible for large population cohort studies such as the Fra- 
mingham Study or Nurses Health Study to measure every- 
thing. The data collected depend upon the types of studies 
anticipated. If data are not collected pertaining to a key con- 
founder, then the results of a study in which that variable is 
important may not be valid. 

Finally, a pharmacoepidemiological study that has excellent 
internal validity may have limited external validity. Internal 
validity deals with how well the results of the study represent 
the truth for the patients who were studied. External validity 
addresses the question of whether the results of the study 
extrapolate to other settings. Persons willing to participate in 
clinical studies may differ from other persons in meaningful 
ways. A study of drug-related hospital admission in one setting 
of care may differ from the findings in another because of the 
system for remuneration at each setting instead of drug factors 
per se. 

There are methods for reducing measurement biases. Most 
important is making certain that groups being compared derive 
from the same underlying population and that the instruments 
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of measurement are the same. As mentioned previously, a 
major problem with the use of observational data to make 
inferences about drugs is that physicians may preferentially 
prescribe some drugs more than others for sicker patients and 
subsequently conduct laboratory tests more frequently on the 
sicker patients. When cohorts are assembled on the basis of use 
of a certain drug and the outcome of interest is a laboratory 
measurement, then patients prescribed the drug for sicker 
patients will likely appear to be doing worse. This is because 
the drug was prescribed for the sicker patients, and those 
patients were more likely to have received the laboratory test. 
The healthier patients could have been prescribed another 
drug but never been tested. 

RECALL BIAS—Recall bias occurs in case-control studies 
and can profoundly distort the results. It occurs because of 
differential recall of medications between cases and controls. 
Recall bias occurs because cases have better recollection of the 
drugs that they have been prescribed than the controls, and as 
such the prevalence of exposure to drugs of interest will be 
excessively inflated in the cases compared with the controls. 
This falsely increases the association between the drug and the 
outcome of interest. For example, if we were interested in 
knowing the drugs associated with developing cancer, the re- 
call of drug histories might be more complete in the patients 
with cancer (cases) than in the controls. If we used the medical 
records instead of patient recall, we might find that physicians 
of patients with cancer kept more-complete drug histories than 
the physicians caring for control patients. Because case-control 
studies depend on past exposures and the recording of expo- 
sures can be lopsided between cases and controls, we might find 
that many drugs are associated with cancer owing to these 
measurement errors. 

Another example that makes it easy to understand this bias 
is to think about the last time you were nauseated and then 
vomited (the outcome). In this circumstance, you might be 
inclined to think carefully about all of the foods and drinks 
consumed over the last day or so, in an attempt to pinpoint the 
causative food and avoid it in the future. However, few people 
reflect on the food eaten from day to day, and often fail to 
remember a diet as readily when we are not ill. This is recall 
bias. It occurs when women who have malformed infants are 
compared with those with normal births; the mothers of mal- 
formed infants reflect carefully on all of the medications that 
were taken during pregnancy, and the mothers of normal in- 
fants pay less attention to medications used. 

CONFOUNDING—Confounding is a form of bias that con- 
fuses the results of pharmacoepidemiological studies. A con- 
founder is a factor that is associated with the outcome of 
interest and that if not considered will change the results so 
dramatically that it could result in erroneous study conclu- 
sions. A commonly used example is that of the investigation of 
the relationship between alcohol use and cancer. The data 
support such a relationship. However, it must be realized that 
smoking is known to cause cancer and people who drink alcohol 
also are more likely to smoke. Therefore, the relationship 
between alcohol consumption and cancer is confounded by 
smoking. 

There are three requisites of confounding. 


The confounder is a risk factor for the outcome of interest. 

The confounder is associated with the drug being studied. 

The confounder is not a temporary step between the drug exposure and 
the outcome of interest. 


In the preceding example, it can be seen that 


Smoking is a risk factor for cancer. 

Smoking and alcohol consumption are correlated. 

Smoking is not an intermediate step in the causal pathway between 
alcohol use and cancer. 


CONN 


Taken together, the confounder is a factor that creates a 
bias or lopsided study result because it is not accounted for or 
ascertained. The degree of confounding is important; the con- 
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founding bias could be so small that it does not affect the study 
conclusions, or it could be so large that results are entirely 
wrong and misleading. 

There are three ways to control confounding. 


1. Before the study is conducted, certain types of patients could be 
excluded from participation. In the example above, smokers could 
be excluded to estimate the effect of alcohol on the development of 
cancer. 

2. Ifthe study is done and the data on the appropriate factors were 
obtained, patients could be stratified or grouped on the factor of 
interest. For example, the effects of alcohol on cancer could be 
determined in both smokers and nonsmokers. 

3. If there are multiple confounders this can be accomplished by 
mathematical modeling. Here, we would estimate the risk of can- 
cer by retaining extra variables in the mathematical model to 
distinguish smokers and nonsmokers as well as other potential 
confounders. 


The best way to deal with confounding is to avoid it, and the 
only way to avoid it is with randomization. Patients randomly 
assigned to treatments are usually balanced on factors that 
result in bias, including confounders. This is the key reason 
why randomized clinical trials are preferable for determining 
differences between treatments. However, randomization to 
exposure or treatment is not done in nonexperimental studies. 


NEWS BREAKS AND FANATICISM 


Besides participating in the conduct of research, another way 
pharmacists participate in pharmacoepidemiology is in patient 
education when news (good or bad) about a drug is released by 
the media about pharmacoepidemiological studies. Keeping 
pace with the latest news stories requires some vigilance. Al- 
most weekly we hear a news report about a drug product that 
leads to a barrage of telephone calls to pharmacists and phy- 
sicians. Often these are pharmacoepidemiological studies. 
From these news reports, patients hear that the drug they are 
taking is associated with an adverse outcome. This strikes fear 
into the hearts of these patients, who promptly call their phar- 
macists and physicians. Alert pharmacists will be able to an- 
ticipate the rash of calls and prepare themselves to spend time 
alleviating patients’ fears until they can arrange to visit their 
physicians. Unless the risk is severe (eg, arrhythmia or death) 
or the patient has not tolerated the drug, then the patient 
should continue to take the medication. An exception would be 
in those instances in which the drug’s benefits are not well 
documented and there are no withdrawal symptoms, in which 
case the drug could be discontinued. Patients could put them- 
selves at great risk when breaking news results in their prompt 
discontinuation of medications that are life-sustaining (eg, 
antiarrhythmics) or produce adverse withdrawal phenomena 
(eg, B-adrenergic antagonists or clonidine). 


THE FUTURE 


As health care becomes more automated with computer sys- 
tems, the availability of large volumes of data will increase. 
Because pharmacy is one of the most highly computerized 
areas of health care, pharmacists should have access to these 
data. Prescription data alone are valuable for longitudinally 
tracking prescribing patterns and for providing a supportive 
framework for drug-use review and evaluation. However, a 
critical component of such research is the integration of pre- 
scription data with data on health-care use and outcomes. Once 
the infrastructure for merging these data is established and 
data capture and extraction routines have been validated, nu- 
merous possibilities begin to emerge. 

Such integrated health-care systems enable pharmacists to 
conduct pharmacoepidemiology, pharmacoeconomic, outcomes, 


and health services research. The key is ready access to valid 
data in a timely fashion. This requires a solid foundation of 
support of automated information experts, programmers, ad- 
ministrators, clinicians, and researchers. Many health-care 
systems have all of these individuals, but they have not yet 
directed their attention to the value of conducting pharmaco- 
epidemiological research. The primary reason for that is that 
most information systems have been created for billing pur- 
poses, with little attention to the use of their data for research. 
This position is slowly changing however. 

Pharmacists frequently are called upon to help health-care 
administrators understand the use of drugs in their care set- 
ting. Increasingly, administrators are requesting information 
on the value of pharmaceuticals being prescribed that in turn is 
requiring pharmacists and researchers to request prescription 
data that are integrated with resource-utilization data and cost 
or charge data. As ordinarily occurs with any new process, the 
first attempts to extract integrated data from huge databases 
are slow. However, with repeated applications of integrated 
data, new efficiencies occur, which make future data extrac- 
tions and studies easier to conduct. 


SUMMARY 


Pharmacoepidemiology is a valuable contribution to the phar- 
maceutical sciences. It runs a spectrum from case reports that 
are sentinels of problems to labor-intensive and expensive ran- 
domized clinical trials considered the gold-standard of therapy. 
Pharmacists use the methods of pharmacoepidemiology when 
conducting drug-use reviews and evaluations. Pharmacoepide- 
miological studies reveal nothing more than fodder for debate 
when studies are done without considering the numbers of 
biases that can occur. More frequently, however, pharmacoepi- 
demiology provides the best available evidence supporting or 
refuting a hypothesis otherwise lacking data so that health 
policy can be written. The increasing use of automated data- 
bases provides pharmacists with access to large volumes of 
data that can be used to address many important issues. Access 
to these data coupled with an understanding of the principles of 
pharmacoepidemiological research will permit pharmacists to 
contribute to our growing need for timely answers to important 
questions in drug therapy. 
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An integrated health system has been defined as a network 
that provides or arranges to provide a comprehensive, coordi- 
nated continuum of care to a defined population and is held 
clinically and financially accountable for the outcomes and 
health status of the population served.' This design is absent of 
duplication of services and is sometimes referred to as seamless 
health care. The trend toward this type of organization in 
health care has been greatly affected in recent years by the 
growth of managed care that by definition requires a more 
organized and efficient approach to the delivery of health care. 
By 1996 more than 110 million Americans were enrolled in 
some form of managed-care program. 

HISTORICAL DEVELOPMENT—The health-care deliy- 
ery system in the US has been moving toward integration of 
services over the last 50 years. Earlier in the 1900s various 
practitioners who saw the patients in an assortment of places, 
thus providing poorly coordinated care, delivered health care to 
the patient. As care was not coordinated, patients may have 
gone through repeated testing and examination and may have 
received duplicate treatment from practitioners who were not 
aware of the care provided by others. This duplication of ser- 
vices added expense to the price of health care. 

In the mid-1960s concern about health-care spending was 
not an issue, as the passage of the Medicare/Medicaid legisla- 
tion spurred tremendous growth in the industry as dollars were 
readily available for expansion of services. This great expan- 
sion required control, and by 1970 regulations such as certifi- 
cate-of-need laws and ceilings on inpatient costs began to put 
restraints on this growth, and hospitals were forced to look for 
new sources of revenue. Hospitals began to start new busi- 
nesses related to their core business of inpatient care, such as 
home nursing care, medical office buildings, outpatient phar- 
macies, and the sale of durable medical equipment. Since more- 
profitable care could be offered in alternative settings, by 1975 
hospitals had a surplus of beds and found themselves compet- 
ing for patients. To guarantee a patient base, hospitals further 
added to their business relationships by partnering with 
private-practice physicians through joint ventures in the form 
of ambulatory surgery centers, medical office buildings, and 
other outpatient treatment centers. 

The introduction of the diagnosis-related group (DRG) pay- 
ment system in 1982 had a serious impact on the move toward 
integration of health-care services. Hospital census continued 
to drop, with the new payment system requiring a decrease in 
lengths of stay. As an empty bed does not generate income, 
hospital administrators were forced to look for more ways to 
use facilities and increase business. It became evident that 
economies of scale could be achieved through ownership of 
multiple hospitals. Health-care systems could contract with 
employers for regional and national contracts to provide health 
care, thus securing a larger patient base. Besides contracting 
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for patients, multiple hospital groups could negotiate purchas- 
ing discounts for goods and services from vendors, thus de- 
creasing the cost of hospital care. 

By the mid-1980s employers faced double-digit inflation in 
health-care premiums and looked to managed care as a way of 
controlling the upward trend. Managed care became an impor- 
tant player in health-care provision and changed the way 
health care is delivered to control costs. The integration of 
hospitals, physician practices, and ambulatory services is de- 
signed to lower cost, improve quality, and provide a stronger 
market position. Early steps toward integration can take the 
form of acquisitions, mergers, and consolidations of services. At 
early stages of integration the focus is on lowering health-care 
delivery costs by increasing the scale of production. As the 
integrated system continues to develop, the focus shifts toward 
developing a full continuum of care and taking full advantage 
of the economies of scale. 

While an integrated health-care system has been described 
as providing the continuum of care in a cost-efficient manner, 
the nature of the integrated system is rapidly changing in 
today’s health-care market. Systems vary greatly through re- 
gions of the US, mostly because of the varying influence of 
managed care. The characteristics of the system will vary if the 
origins are traced to a hospital, a physician group, or an insur- 
ance company. In some cases, the system may have hospitals 
and ambulatory clinics with an assortment of outpatient ser- 
vices but may contract with another provider for long-term 
patient care. This example illustrates how integrated systems 
make business arrangements to provide the complete contin- 
uum of care. 

BUSINESS ARRANGEMENT —An integrated health- 
care system usually involves the establishment of a parent 
corporation that controls the subsidiaries that can provide var- 
ious health-care services, so that in total, the corporation can 
provide the complete continuum of care.” Subsidiaries may 
include, for example, single or multiple hospitals providing 
various levels of care, physician groups, home health-care ser- 
vices, ambulatory pharmacies, research and educational com- 
ponents, and a health plan. A system that contains these var- 
ious business units is described as being vertically integrated. 
Historically, these corporations have been organized as tax- 
exempt, not-for-profit businesses, although some have chosen 
to place certain business units, including ambulatory phar- 
macy services under a for-profit arm of the corporation. The 
Henry Ford Health System (Detroit, MI) and the Geisinger 
Health System (Danville, PA) are examples of this type of 
health-care corporation. 

In an integrated health-care system, the parent corporation 
approves the budgets of the subsidiaries, develops a corporate 
strategic plan, and coordinates the activities of the subsidiaries 
to ensure the delivery of coordinated care across the system. 


Most administrative activities are handled within each subsid- 
iary. Many, if not all, physicians are employees of the inte- 
grated system and provide care to patients in a network of 
satellite clinics. 

An important feature of an integrated system is the health 
plan that represents a merging of the responsibility for the 
financing and delivery of care. An integrated system operates 
as both a provider and a payer of health care. Therefore, the 
system is interested in providing quality care at the lowest 
possible cost. With this ability to deliver health-care services 
across the continuum at a controlled cost, an integrated system 
has leverage over other payers and managed-care providers 
outside the system. Besides providing cost-effective health 
care, the system also has access to important operating statis- 
tics that can be used to enhance utilization review and cost- 
management activities. 

These quality-improvement activities give the integrated 
system continuing assurance of leadership in the health-care 
market. This is very important for success in today’s health- 
care market, as frequently the payer is the government (Medi- 
care/Medicaid) or the employers who are looking for the best 
investment for their health-care dollars. The integrated system 
can provide these purchasers with high-quality, one-stop shop- 
ping for health-care services for their enrollees. 

PHARMACY SERVICES—AIll health care provided by an 
integrated system has the mission of providing care across the 
continuum at low cost and high quality, and this includes 
pharmacy services. Pharmacy services traditionally have been 
provided in a segmented fashion along with all health care. The 
pharmacist who managed drug therapy of a hospitalized pa- 
tient did not discuss the care with the pharmacist who filled the 
patient’s prescription after discharge. There was little or no 
pharmacist-to-pharmacist communication regarding the pur- 
pose of medication and information about patient tolerance or 
success with drug therapy. Ideally, in an integrated system, the 
patient’s medical record is available to all health-care providers 
so that care can be continued without interruption. 

In a fully integrated system the pharmacists all work for the 
same corporation, with the same mission to provide quality, 
cost-efficient care across the continuum. With the acceptance of 
this mission, pharmacists focus their attention on improved 
outcomes from the use of medications as opposed to the tradi- 
tional focus on drug dispensing and drug price control. This 
shift allows a more seamless provision of pharmaceutical care. 
The inpatient pharmacist who had an involvement in the pa- 
tient’s hospital care now can play a role in the development of 
care plans that will be carried out in the ambulatory arena by 
another pharmacist who will continue to monitor the patient. 

Other new relationships may develop in an integrated sys- 
tem as the pharmacy benefit management may be contracted to 
an outside vendor. The relationships between these pharmacy 
benefit managers (PBMs) and the system pharmacists will 
require further cooperation if optimal patient care is to be 
achieved. 

Outcomes of care and systemwide pharmacoeconomics be- 
come influencing factors in drug selection for formulary inclu- 
sion. Formularies are not limited to drugs needed for inpatient 
care, but expand to include agents needed in the outpatient and 
home-care setting. Pharmacists are important leaders in for- 
mulary development in integrated systems, as their experience 
in the inpatient setting can be expanded through the use of 
pharmacoeconomics to guide decision-making for the system. 

An integrated health-care system uses the economies of 
seale to secure contract pricing on pharmaceutical purchases. 
Because of the structure of an integrated system, just-in-time 
delivery can be used to provide drugs to the numerous locations 
where care is provided. This decreases inventory and stocking 
costs to the system. In this situation it is essential for the 
pharmacists to review medication orders and manage the drug 
use process. The focus of the pharmacist in the integrated 
system moves from the traditional dispensing activities to the 
provision of pharmaceutical care. 
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The pharmacy services in an integrated system may be 
organized into an assortment of reporting structures. The 
structure of the Group Health Cooperative of Puget Sound has 
been described as a matrix. In this integrated system, the 
pharmacists in the clinics and hospitals report directly to the 
managers of the facility. There is a matrix relationship be- 
tween these manager pharmacists and the director of phar- 
macy administration. In this arrangement the pharmacy ad- 
ministration provides support services, including purchasing 
and contracting, information system support, development of 
policies and procedures, support for Pharmacy & Therapeutics 
Committee activities, long-range planning, and overall support 
of operations.® In the Henry Ford Health System, the phar- 
macy director of each hospital reports to hospital administra- 
tion. All ambulatory services are brought together as a product 
line under the Community Care Services business unit of the 
system. While the pharmacists in the system are all supportive 
of the continuum of care, there is no corporate organizational 
structure supporting the various pharmacy services. The phar- 
macy directors and managers from the system hospitals, Am- 
bulatory Pharmacy Product Line, and health maintenance or- 
ganization (HMO) have taken it upon themselves to meet 
monthly to discuss clinical and operational issues that concern 
pharmacy services for all patients of the system. It is their goal 
to support pharmacists as providers of cost-efficient pharma- 
ceutical care and to ensure that optimal patient outcomes are 
achieved in the integrated system if pharmacists are to con- 
tinue to play a role in the delivery of health care. 


PATIENT-SPECIFIC CARE 


Primary Care 


Primary care is the provision of integrated, accessible health- 
care services by clinicians who are accountable for addressing a 
large majority of personal health-care needs, developing a sus- 
tained partnership with the patient, and practicing in the 
context of family and community.* Primary care is the point- 
of-entry of patient into the health system, where continuity of 
care is provided over a period of time, and care is comprehen- 
sive (medical specialties, nutrition, social) and highly person- 
alized. As such, primary-care practice generally is devoted to 
internal medicine, family practice, and pediatrics. 

Ambulatory care refers more broadly to care that can be 
delivered in very specific or more general clinic environments 
and includes emergency rooms and specialty and subspecialty 
clinics. Primary care serves an important gatekeeper role for 
the health system. The Primary Care team, composed of doc- 
tors, nurses, pharmacists, and other health professionals, iden- 
tifies and manages the patients’ health and wellness, interven- 
ing to remedy acute illnesses as they occur and referring the 
patient to more-specialized practitioners or services when 
needed. As such, the Primary Care team regulates and controls 
access of the patient to more-specialized health services within 
the system. 

The role of pharmacists has evolved in outpatient environ- 
ments within integrated health systems. Initially, pharmacists 
had selective roles within specific clinics, such as anticoagula- 
tion or hypertension, which generally developed because of a 
close working relationship between the physician leadership 
and the pharmacist. Pharmacists’ activities were limited to the 
therapeutic area of interest of the physician mentor for the 
clinic. Often, pharmacists started seeing patients with the phy- 
sician and gradually became recognized by the physician as a 
capable provider of care. These positions usually were funded 
through colleges of pharmacy and were limited to pharmacy 
faculty. The clinics operated as separate functional units, not 
integrated into the rest of the care of the patient or into the rest 
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of the system of care, for example, the hospital. When outpa- 
tient clinics became part of integrated health systems, some 
traditional models of pharmacist-managed clinics survived. 
However, the role of pharmacists in primary care clinics in 
integrated health systems has been expanded to include other 
activities of focus that meet newly defined patient care or 
health system needs. 

Today, primary-care roles have been chosen deliberately to 
complement patient-care needs in large, integrated systems. 
There are several reasons why pharmacist’s roles have 
changed. Health care is now driven by continuous quality im- 
provement. Primary-care clinics are chosen carefully, based on 
quality-driven analyses to improve the quality of patient care. 

HEDIS (Health Plan Employer Data and Information Set) 
was developed by the National Committee for Quality Assur- 
ance (NCQA), an independent, not-for-profit organization ded- 
icated to assessing and reporting on the quality of managed- 
care plans. NCQA surveys and accredits managed-care plans 
much as the Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) accredits hospitals and home-care 
agencies. HEDIS incorporates measures related to outcomes or 
results, as well as the process measures, utilization and finan- 
cial data. There are indicators in several domains; four of the 
domains are drug-related. Overall outpatient drug use, 
B-blocker treatment after acute myocardial infarction, appro- 
priate medications for patients with asthma, and antibiotic 
treatment for children with otitis media are four drug-related 
indicators. Pharmacists are involved in assimilating overall 
drug use data and delivering and assessing quality of care 
delivered to postmyocardial infarction, asthma, and otitis me- 
dia patients. 

Pharmacists have been identified as one of the important 
members of the health-care team who affect the quality and 
cost of care.*° Systems of care, individual patient care, and 
management of large populations have been improved through 
pharmacists’ involvement. Integrated systems are responsible 
for the totality of care from birth to death, during wellness and 
disease, with an emphasis on health wellness and disease 
prevention. Because of this, pharmacists find themselves in 
new roles, serving as partners with the patient to encourage 
the promotion of health and wellness. Table 117-1 compares 
pharmacist roles in traditional ambulatory-care clinics with 
those commonly found in integrated health systems. 

Quality monitors in place in health systems are designed for 
continuous assessment of opportunities to improve care of pa- 
tients across the system. For example, when the Food and Drug 
Administration (FDA) approved several drug-therapy regi- 
mens for the eradication of Helicobacter pylori as a cause of 
peptic ulcer disease, it became clear that health systems, par- 
ticularly those with managed-care populations, could both im- 
prove the quality of care provided and lower the total costs of 


Table 117-1. Primary-Care Roles of Pharmacists 
TRADITIONAL 


INTEGRATED HEALTH SYSTEMS 


Specific, limited in scope Broad, integrated into a system 
of care 

Part of an overall disease- 
management strategy 

Chosen by patient/health- 
system need 

Teams of providers deliver care 

Measurement of quality and 
success of service by health 
system 

Driven by value to the patient 
and health system; quality at 
lowest cost 

Examples: Smoking cessation, 
travel, lipid, Helicobacter 
pylori clinics 


Based in a traditional medical 
specialty 
Chosen by practice interest 


Usually single providers of care 
Monitoring of patients by 
provider 


Unaffected by cost 
Examples: Anticoagulation, 


hypertension, diabetes 
clinics 


care by treating patients with antibiotics to eradicate H pylori 
rather than treating each new ulcer that developed. An appro- 
priate mechanism to identify and treat these patients did not 
exist. Patients continued to present to their doctors when 
symptoms of peptic ulcer disease caused them to go to their 
doctor or emergency room. 

Many integrated systems offer H pylori clinics consisting of 
teams of nurses and pharmacists, trained to identify patients 
eligible for treatment from the overall population of patients 
served by the health system. Identification occurs through the 
use of large databases on patient characteristics and comput- 
erized searches of patient records to identify patients who have 
had a history of peptic ulcer disease and who may be a candi- 
date to test for the presence of the bacteria. These patients are 
then called, proactively, into the clinic to be tested for the 
presence of H pylori. If they are positive, patients are treated 
with a course of antibiotics and a proton pump inhibitor to 
eradicate the organism and prevent further recurrence of dis- 
ease, decline in health, and greater costs associated with acute 
disease intervention. 

The pharmacist-nurse team selects the therapy, usually 
from a previously developed care plan, algorithm, or care map, 
and then monitors the patients, interacting with them several 
times during the course of therapy to ensure compliance and 
answer any drug- or disease-related questions the patient 
poses. Patients are followed until their course of therapy is 
complete, symptoms are resolved, and chronic proton pump 
inhibitor or histamine-2 antagonist therapy is no longer re- 
quired. When necessary, reevaluation for the presence of H 
pylori can occur to determine the possibility of therapeutic 
failure due to antimicrobial resistance or previously undetected 
nonadherence to the first eradication regimen. 

Pharmacists are participating in smoking cessation pro- 
grams. Smoking is associated with over $110 billion in medical 
costs in the US annually. Managed-care systems implement 
programs to help participating members quit smoking, thereby 
enhancing their health, decreasing illness risk, and improving 
quality of life. Pharmacists’ roles include identifying patients 
who may be candidates for nicotine replacement therapy, re- 
ferring patients with chemical addiction for treatment, teach- 
ing patients how to use nicotine patches or gum, and providing 
realistic expectations about the need for behavioral modifica- 
tion with nicotine replacement products or bupropion (Zyban). 
Patients are taught to watch for adverse effects in both one-on- 
one contact when the product is dispensed and in group ses- 
sions. As members of the smoking cessation teams, pharma- 
cists work closely with nurses, psychologists, and physicians to 
monitor patient progress throughout their smoking cessation 
and for a year following cessation. 

Recently, the role of pharmacists in lipid clinics has been 
described. Deaths from cardiovascular consequences of hyper- 
lipidemia account for over $100 million annually. While lipid- 
lowering drugs are being prescribed with increasing frequency, 
it has been shown that fewer than 50% of treated patients 
reach and sustain the National Cholesterol Education Program 
(NCEP) target cholesterol values. There are numerous reports 
of pharmacist-managed lipid clinics where pharmacists are 
asked to manage patients on lipid-lowering therapy, educate 
the patients, adjust doses according to repeat laboratory eval- 
uation, and assess compliance to diet and drug-therapy regi- 
mens. While long-term outcome data, such as morbidity and 
mortality reduction, are not known, improved attainment of 
cholesterol and triglyceride values has been shown in these 
disease-specific clinics. 

CARE MAPS AND CLINICAL PATHWAYS—Most 
primary-care clinics do not have a specific disease focus. 
The gatekeeper role implies the need to provide more- 
comprehensive care across the complete spectrum of health and 
disease from birth to death. However, to provide care of this 
comprehensive magnitude, most integrated health systems 
have attempted to reduce practice variance by guiding routine 
diagnosis, intervention, and drug treatment through the use of 


practice guidelines, clinical pathways, or care maps, coupled 
with the measurement of achieved outcomes. Reduction in pro- 
cess variance helps to improve the quality of care while de- 
creasing the cost. 

In a sense, algorithms, guidelines, and care maps define best 
practice within a range of acceptable choices and allow clini- 
cians to select the patient intervention and monitor the pa- 
tient’s progress through the disease process as guided by the 
care map’s guidelines. Clinical pathways have been referred to 
in the medical literature by more than 30 different names. 
Clinical pathways or care maps incorporate goals of treatment 
based on standards of care, current practice guidelines, scien- 
tific evidence, and benchmarking against systems of manage- 
ment used in other health systems.’ 

Table 117-2 summarizes examples of situations in which 
care maps are used as a tool to direct care. Care maps describe 
pharmacological as well as nonpharmacological therapies, in- 
terventions, activities, and outcomes, often throughout the en- 
tire course of care (from diagnosis, through admission and after 
discharge). They usually are developed for high-cost, high- 
volume, and/or high-risk diagnoses or procedures. The goals of 
care maps are to decrease practice variance and thus enhance 
the quality of care, provide continuity of care, decrease care 
fragmentation (particularly when patient care is handed-off 
from one service to another), guide the family and patient 
through expected treatment and progress, optimize cost- 
effectiveness of health-care delivery, and increase satisfaction 
of patients, families, staff, and physicians. 

Importantly, care maps create common expectations and 
previously agreed-upon goals for patient care. They increase 
the likelihood that all members of the health-care team share 
responsibility for the care and final outcome of the patient, 
enhance communication, and promote early problem detection 
and resolution. Care maps serve as a useful educational tool for 
new staff and patients. 

Care maps generally include specific goals, desired out- 
comes, and interventions for several domains of care that may 


Table 117-2. Protocol-Driven Care: Situations Using 
Care Maps, Algorithms, Guidelines 


REDUCES VARIANCE IN 


OUTCOME MEASURES 


Primary Care 


Anticoagulation INR? targets Days therapeutic 


Time to INRs in range 
therapeutic INR 
Asthma Drug choices FEV, 
Emergency room Readmission rate 
visits 
Monitoring 
therapy 
Patient 
education 
Acid peptic Drug choices Days to pain relief 
disease Diagnosis Cost of therapy 
H pylori eradication Side effects 
Retreatment 
Acute Care 
Pneumonia Drug & Time to 
treatment defervescence 
choices 
Deep vein Monitoring, Time to 
thrombosis dosing therapeutic APTT®/ 
INR, time to 
ambulation 
Myocardial Thrombolytic Time to treatment 
infarction protocol Length of stay 
Testing 


Rehabilitation 


Tricyclic overdose _— Interventions Time to recovery 


? International Normalized Ratio. 
Activated Partial Thromboplastin Time (sec). 
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include patient education, activity level, discharge planning, 
medications, nutrition, elimination, diagnostic tests and proce- 
dures, and treatments. Table 117-3 depicts standard-care map 
components with example goals, interventions, and documen- 
tation strategies shown for deep vein thrombosis. 

Care maps are developed by a team of individuals who will 
be involved in the various stages of care of the patient during 
his or her flow through the process. For the care map depicted 
in Table 117-3, team members may involve a nurse, pharma- 
cist, physician, social worker, dietitian, and diagnostic radiol- 
ogist. Each of the team members has responsibility for a com- 
ponent of the care delivered, yet all have shared responsibility 
for the daily outcomes of interest and the overall treatment 
outcome. Typically, members write in, or check off and initial 
attained goals each day. 

The care map serves to decrease redundant charting and 
recording activities and is posted as an easily visible monitor- 
ing and communication tool. At the end of the episode of care, 
the care map is filed in the medical record for permanent 
storage and recovery. Now, many clinical pathways or care 
maps are available in electronic form, and all charting is done 
on the computer. Permanent copies may be printed for patients 
or their families. 

The role of pharmacists on clinical pathway teams may be 
as simple as providing consultative advice regarding the drug, 
intravenous fluids, nutritional products, or their sequencing or 
as complicated as a day-by-day defined caretaker role of edu- 
cating the patient and remaining team members about the 
drug-therapy component of the care map, administering med- 
ications, adjusting medication doses, identifying drug-therapy 
endpoints and monitoring parameters, and performing drug- 
related monitoring (such as blood pressure or blood sugar 
checks). Certain care maps are more conducive to active phar- 
macist’s roles, while others, such as an appendectomy pathway, 
may leave little need for pharmacist involvement other than 
the selection and monitoring of analgesic therapy. 

DISEASE MANAGEMENT—Disease management de- 
serves mention in primary-care environments, as it is becoming 
a focal point around which delivery models of care are devel- 
oping. To many, disease management is a natural extension of 
care maps, clinical pathways, and guidelines. Disease manage- 
ment is an evaluative approach to health-care delivery that 
attempts to improve outcomes for patients with a specific dis- 
ease while optimizing the overall use of health-care resources. 
Outcomes research is a rapidly evolving field that incorporates 
epidemiology, health services research, health economics, and 
psychometrics. Measurement of clinical and other outcomes 
has become important to patients, insurance companies, phar- 
maceutical companies, and purchasers of health care. 

Disease management uses an explicit, systematic, population- 
based approach to proactively identify patients at risk, inter- 
vene with specific programs of care, and measure clinical and 
other outcomes. The most frequently instituted disease man- 
agement programs within health systems are for asthma 
(65.9%), diabetes (62.8%), high-risk pregnancy (55.8%), conges- 
tive heart failure (32.2%), and depression (25.2%). The driving 
impetus behind disease management programs is reduction of 
costs, improvement of patient outcomes, improvement of the 
process of care, and attainment and retention of members. 

Candidate diseases for disease management programs are 
those that consume 80% of the resources and drive up the 
overall health-system costs. It is estimated that 20% of a se- 
lected diseased population is responsible for 80% of the total 
cost of care for that disease. This concept of 20% of the patients 
driving 80% of the cost is referred to as the 80-20 rule. The 
high-use group is the focus of disease management programs 
that look for opportunities to improve the process of care, 
education of the patient, drug therapy and use of expensive 
resources . The 20% of patients who are high users are often 
further subdivided to identify the top 5% of patients responsi- 
ble for 60% of the cost or claims submitted. The top 5% of 
patients are directed into case management, described in the 
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Table 117-3. Care Map Template: Deep Vein Thrombosis 


DOMAIN OF CARE 


PREADMISSION 


DAY 1 


Outcomes 


Level of care 
Patient education 


Activity level 
Discharge planning 


Admission, diagnostics, drugs 
within 1 hr 

MUMe;tOLE Ree 

Time admitted: 

High 

Orientation to the unit, disease 
process, and diagnostics 


Restricted 
Identify insurance and living 
environment 


Ambulation 

Maintain therapeutic APTT; initiate 
warfarin APTT: ___ 

Time warfarin: 

Moderate 

Drugs and monitoring tests 

Teaching done: ___ 


As tolerated once therapeutic APTT 
Provision for home care as needed 
Disposition: 


DISCHARGE 


Educated patient on therapeutic 
warfarin without DVT 
symptoms 

Post-test score: 

None 

Reinforce risk of bleeding, 
frequency of monitoring on 
warfarin 

Post-test score: 

As tolerated 

Plan for discharge medications 
and family pick-up 


Medications IV heparin protocol IV heparin per protocol: Warfarin Rx written and filled: 
Target APTT 1.5-2.5 control PO warfarin per protocol (target INR bea 
within 16 hr 2.0-3.0): Call to local pharmacy: ___ 
Time heparin: Followup phone call to patient: 
Nutrition Regular diet ordered & initiated Regular diet Regular diet 
Counsel food interactions Reinforce food interactions 
Elimination Evaluated; stool softeners ordered Normal elimination Normal elimination 
as needed 
Diagnostics/procedures | Venous Doppler within 6 hr Monitor for signs of pulmonary None 
Doppler: embolism; VQ scan or angiogram 
if indicated 
Treatments Leg elevated until heparin APTT Upper body exercises None 


therapeutic 


following section. The remaining high-user patients are man- 
aged to obtain the most positive effects on outcomes and cost 
through innovative monitoring and followup. 

Disease management tools include guidelines, algorithms, 
care maps, and a wide variety of patient tools to enhance 
treatment and drug-therapy adherence. Patients are provided 
with tools that change behavior, such as participation in sup- 
port groups, discounts on health club memberships, access to 
weight-control programs, and episodic telephone reminder 
calls to take their medicine and measure the parameter of 
interest (peak flow for asthma, blood sugar for diabetes). 

Selected conditions for disease management programs usu- 
ally meet several criteria. The total cost of the disease is high; 
it is prevalent in the population and definable by specific cri- 
teria; variation in practice and patient management exists; 
treatment methods are known, and it is possible to intervene to 
improve care; and opportunities exist within the system to 
improve the management of the condition or disease. Once the 
disease or condition has been selected, preparatory work in- 
volves understanding the natural course and cost drivers for 
the disease, developing guidelines for diagnosis and treatment, 
modifying patient and physician behavior, and identifying cost- 
effective care strategies. A measurement system must be in 
place to determine the effectiveness of implemented strategies 
and modify approaches for continuous improvement of the 
management of the condition in question. Figure 117-1 depicts 
the components of disease management. 

In outpatient settings, pharmacists participate in disease 
management programs through their involvement in patient 
education, monitoring, and followup, as well as by performing 
tests (such as blood-pressure monitoring, INR , or blood-sugar 
or cholesterol monitoring). These activities may occur in multi- 
disciplinary clinics or through pharmacies. Even in network 
pharmacies, technicians are doing more of the dispensing pro- 
cess while the pharmacist’s roles are expanding to include 
reviewing prescriptions, educating patients and other health- 
care workers about drug therapy, and monitoring or enhancing 
drug-therapy compliance. 

Certificate programs are available for pharmacists to pro- 
vide them with the tools, education, and training necessary to 
participate effectively in disease management programs. Even 
without advanced training, pharmacists can participate in dis- 


ease awareness days and help teach patients about their med- 
ications. The National Institutes of Health has defined the 
pharmacist’s role in the management of patients with asthma, 
in six steps as outlined in Table 117-4. 

CASE MANAGEMENT—Case management is a process 
by which an experienced professional (nurse, doctor, social 
worker, pharmacist) works with patients, providers, and insur- 
ers to coordinate all services deemed necessary to provide the 
patient with medically appropriate health care. The goals of 
case management are to provide quality health care while 
decreasing the cost of providing such care. There are two types 
of case management: primary-care case management and cat- 
astrophic, or high-cost, case management. 

In primary-care case management, a physician—care man- 
ager, acting as an informed purchaser, coordinates all patient 
care, referring the patient to specialists or alternative-care 
providers as needed. This is what has been described previ- 
ously as primary care. Catastrophic case management usually 
is conducted by a registered nurse on behalf of the payer. The 
nurse typically works with the patient, providers, and pharma- 
cists to ensure that care is rendered in a coordinated fashion, 
according to an established and agreed-upon treatment plan. 
Candidates for case management are identified through dis- 
ease management programs or by their primary-care provider 
and may be patients who fail routine followup, who continue to 
consume an exceptionally high proportion of medical and finan- 
cial resources, or those for whom the quality of care has been 
adversely affected by circumstances beyond the management of 
the routine delivery system. 

Case managers often follow patients over the full course of 
their treatment; which may improve the continuity of care and 
increase patient compliance with care methods while reducing 
costs. Case managers involve pharmacists in redesigning drug- 
therapy regimens to offer equally effective, lower-cost alterna- 
tives for patients who consume high resources, for example, 
generic equivalents rather than branded drugs and first- 
generation products rather than high-cost new-release and po- 
tentially unproven therapeutic alternatives. 

Case management, disease management, guidelines, care 
maps, and other tools of organizing the provision of care have 
arisen as a result of managed care. Managed care attempts to 
offer a coordinated approach to the delivery and financing of 


- Population measurement 


’ 


Disease selection 

— Cost, frequency of diagnosis 

— Practice variability, prevalence, 
opportunity for improvement 
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Economic structure 


— Care flow mapping and analysis 


— What drives up cost? Measurement — Practice guidelines training 
Clinical structure << and << — Measurement plan 
— What drives up quality? analysis — Continuous improvement 


Economic structure 


— System integration 


_ ee eee 


Practice guidelines 
— What should happen to the 
patient? 


Critical leverages 

— Where can we intervene? 

— Care delivery decisions that 
drive quality, cost and efficiency 


Beers ysbin ce: 


Disease management strategy 
— Recommendations for deploying 
resources to manage care 


Figure 117-1. Disease management. 


health-care services that balance price restraint and resource 
management with access to quality health care. Aspects of 
managed care are prevalent in primary-care settings of large 
integrated health systems. Even those without their own HMO 
are focused on providing best value to their patients; best value 
is highest quality at the lowest cost. 

DATA REPORTING AND MEASUREMENT—Pharma- 
cists and other health-care providers need access to data and 
information to have an effective impact on care in a population 
of patients served by a large integrated health system. On a 
micro-level, individual practitioners can improve the quality of 
care of their own patients. To evaluate and improve individual 
patient care, pharmacists need access to the medical record, 
drug-dispensing records, laboratory results, and diagnostic re- 


Table 117-4. Asthma Management 


1. Educate the patient 
Proper use of inhalers and peak flow meters 
Drug information 
2. Assess and monitor disease severity 
Discuss symptoms and monitoring of symptoms 
3. Avoid or control precipitating factors 
Advocacy to limit allergen exposure 
4. Establish medication plans for chronic management 
Review medication plan with team to optimize drug therapy 
5. Establish plans for monitoring exacerbations 
Outline steps for caregiver and patient to take when 
exacerbations occur 
6. Provide regular followup care 
Participate in followup visits to reinforce drug-therapy 
principles 


ports. These are readily available in most systems. On a macro- 
level, an individual can improve the quality of care in a popu- 
lation of patients. When health systems are responsible for the 
lives and outcomes of their patients and they assume the fi- 
nancial risk for providing the care to these patients, health care 
is managed. Managed care requires access to databases that 
reveal information about the patients, the way that treatments 
and drugs are used, and their outcomes, so that global decisions 
about care delivery can be made. Databases generally fall into 
four major areas: medical claims data, pharmacy claims data, 
member eligibility data, and provider data.® 

A claim is information submitted by a provider (doctor) or a 
covered person to establish that medical services were pro- 
vided, from which processing for payment to the provider or 
covered person is made. Claims databases allow health sys- 
tems, including managed-care organizations, to generate de- 
scriptive statistics on patients, providers, and diseases; to con- 
duct comprehensive cost and resource-use analyses; and to 
build economic models of diseases. 

Health-care databases allow pharmacists to examine the 
effectiveness of a treatment to be assessed and the effects of 
drug-switching patterns within disease categories to be mea- 
sured. These data are used to determine the cost and out- 
come implications of new treatments and formulary changes, 
as well as for monitoring disease management programs. 
Data are formatted in rows of transactions each time a 
service is provided to a patient. The medical claims data may 
outline claims related to hospitalization, procedures, diag- 
nostic tests, use of medical facilities, and visits to clinics or 
emergency rooms. The pharmacy claims data outline each 
prescription date written, date filled, drug, dose, patient 
information, prescribing physician, ingredient cost, amount 
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paid, and copayment for plans in which the patient pays a 
portion of the total prescription fee. 

Member eligibility data pertain to the patient’s enroll- 
ment history, benefit plan and code, employer, primary-care 
provider, and personal data such as address, telephone num- 
ber, gender, dependents in the household, and social security 
number. 

The provider information includes multiple physician iden- 
tifiers such as state license numbers, drug enforcement admin- 
istration (DEA) numbers, and federal tax identification num- 
bers as well as physician demographic information. 

There are many limitations to health-care databases. Ser- 
vices not covered by the health plan may be omitted, coding 
errors can and do occur, and specific information about disease 
severity is not available, thus requiring chart review or other 
patient-specific inquiries to evaluate true efficacy. Because of 
these limitations, many health systems have developed addi- 
tional, more specific and probing reporting systems to key into 
areas of focus. A summary of sample pharmacy-related reports 
for a large integrated health system is outlined in Table 117-5. 

The reports in Table 117-5 are reviewed by pharmacists and 
used to educate prescribers about their drug use. Opportunities 
are identified to reduce drug costs and increase formulary 
compliance and quality, using methods referred to as counter 
detailing. Large databases are useful for describing patient, 
provider, and disease characteristics and estimating the impli- 
cations of a change in the formulary; measuring the effects of 
treatment guidelines; and monitoring disease management 
programs. 

Data and measurement are an integral part of the role that 
pharmacists play in integrated health systems, not only be- 
cause of access to necessary data, but also because of under- 
standing of the relationships between the data and patient, 


provider, or health system. Colleagues ask pharmacists to eval-. 


uate how drugs are being used and to assist them in interpret- 
ing data to identify opportunities to change prescribing guide- 
lines, modify a care map or disease management program, and 
assess overall compliance with system guidelines. 
DOCUMENTATION-—If it isn’t documented, it didn’t hap- 
pen. In every role within health systems including primary 
care, acute care, long-term care, and home care, pharmacists 
need to document their activities, findings, interventions, and 
outcomes of interventions. There are regulatory, ethical, and 
communication-mandated reasons for documentation. Docu- 
mentation may be as simple as jotting a note to a physician to 
remind him or her to change the dose of a drug at the patient’s 
next visit or be a formal summary of a drug-therapy plan in a 
patient’s chart. Much documentation is now electronic. 
Pharmacy order entry systems allow for free text entry to 
note specific information regarding a patient or prescription, 
such as allergy, brand preference, characteristics, or name 


Table 117-5. Database Reports 


clarifications. However, most pharmacy order entry systems 
fall short of facilitating complete documentation of the provi- 
sion of care or advice to a patient, patient’s family, provider, or 
other health professional. Pharmacy departments often design 
their own systems to capture the activities and ensure that 
employee productivity can be measured and strategic decisions 
about deployment of personnel and development of new ser- 
vices can occur. In fee-for-service environments, documentation 
systems are used to generate bills for reimbursement of ser- 
vices. Documentation is an important part of every practicing 
pharmacist’s activities. Each of the following aspects should be 
documented for every intervention: 


1. Why the pharmacist intervened (eg, prescribing error, prescribing 
omission, drug-therapy monitoring, or drug interaction). 

2. What the pharmacist did. 

3. How the situation was resolved. 

4. What drugs were involved. 


Most pharmacists in primary-care settings are actively 
identifying, preventing, resolving, and documenting adverse 
drug reactions. Documentation involves system-specific report- 
ing mechanisms, such as to a quality committee, and then the 
use of the FDA’s MedWatch form for serious adverse drug or 
device reactions. In particular, the FDA is interested in drugs 
and devices that have been released within the last 24 months 
and those associated with therapeutic interchange programs. 

Table 117-6 summarizes activities performed by primary- 
care pharmacists in the US and their frequency, based on type 
of integrated health system practice. Most of the activities 
listed in Table 117-6 have been discussed or are covered under 
System Supportive Roles for Patient Care. Academic detailing, 
or counter detailing, is a common function in managed-care 
settings of integrated health systems as a means to educate 
prescribers about systemwide formulary drugs and approved 
guidelines. 

Pharmacists are trained to make appointments with physi- 
cians to review new drug guidelines and formulary additions. 
They emphasize the proper use, dosing, and supportive data, 
much as a pharmaceutical company representative would for a 
new drug. More importantly, health system pharmacists dis- 
cuss drugs that are not on formulary and patterns of drug use 
that are inconsistent with system guidelines, to seek conform- 
ance of practice. Counter detailing, used in conjunction with 
prescribers’ profiles or report cards, are effective methods to 
drive drug use toward system-chosen options. 


Acute Care 


The term acute care embraces the hospitalization phase of 
health and disease. It represents a very short time and small 


REPORT NAME REPORT DESCRIPTION 


FREQUENCY OF REPORTING 


MAC savings Maximum allowable cost vs HCFA? vs AWP? Monthly 
Member use Top 100 members with highest use ranked by benefit value Monthly 
Brand generic Generic use summary by clinic Monthly 


Drug-usage product ranking‘ 


Drug-usage therapeutic class 

Financial pharmacy provider 

Pharmacy errors 

Prescriber activity 

Prescriber use by cost 

Prescriber use by volume‘ 

Prescriber formulary compliance 

Prescriber detail by member cost of claims‘ 


Top 2000 drugs dispensed by generic product index number and 
total ingredient cost 

Drug usage ranked by therapeutic class 

List of pharmacies where members have Rxs filled 

Pharmacy on-line adjudication errors 

Prescribers’ Rx activities by DEA # and # of members 

Top 200 prescribers’ usage of pharmaceuticals by cost 

Top 200 prescribers’ usage of pharmaceuticals by volume 

Top 200 prescribers ranked by formulary noncompliance 

Total claims paid exceeding $500 by patient, pharmacy, doctor, 


Monthly and quarterly 


Monthly and quarterly 
Monthly and quarterly 
Monthly and quarterly 
Quarterly 

Monthly and quarterly 
Monthly and quarterly 
Monthly 

Monthly 


drug name, quantity, and days supply 


° Health Care Financing Administration. 
» Average wholesale price. 
© Reports with the greatest value for managing the pharmacy benefit. 


Table 117-6. Percentage of Ambulatory Pharmacists Performing Function by Health-System Type 


FUNCTION 


Make pharmaceutical decisions for large populations 
Monitor patient outcomes 

Monitor medication compliance 

Conduct wellness and prevention programs 

Conduct specialized clinics 

Track adverse drug reactions 

Prepare home infusion medications 

Use pharmacoeconomic data for formulary decision-making 
Provide written information with each new Rx 
Provide oral counseling with each new Rx 

Collect HEDIS? data 

Provide physician profiles or report cards 

Design pharmacy benefits 

Negotiate pharmaceutical contracts 

Write medication orders 

Conduct medication management programs (DUE) 
Have prescribing authority 

Conduct academic detailing 


INTEGRATED HEALTH-CARE DELIVERY SYSTEMS 1997 

STAFF OR HOSPITAL PHYSICIAN 
GROUP HMO IPA BASED BASED 
55 67 37 46 
80 74 68 62 
93 TT. 75 76 
63 61 57 56 
46 28 36 29 
98 66 89 82 
43 26 50 41 

73 86 70 79 
87 53 83 82 
88 54 84 79 
69 71 24 18 
71 76 38 47 
61 71 26 41 

61 57 44 50 
22 15 50 41 
90 74 76 71 
20 6 20 12 
65 69 44 56 


? Health Plan Employer and Information Set. 


component of the total spectrum of health-care management 
for most people. The goals of integrated health systems and 
managed-care organizations are to optimize health and well- 
ness programs to minimize the number of occasions people 
need acute care. Acute-care needs may arise at any time from 
birth to death but generally are concentrated toward the end of 
quality life. High costs result from hospitalizations and use of 
specialized services and technology. Therefore, the impetus is 
on disease prevention and health promotion to keep people out 
of the hospital. In integrated health systems, costs are shifted 
from inpatient (acute care) to outpatient (primary care) to 
manage patients in their homes and community settings. 

Although the acute-care, or hospital, component of most 
integrated systems is being decreased to control costs, it re- 
mains the most sophisticated clinical segment of any health- 
care system and cares for patients during the most acutely ill 
phases of their lives. Likewise, the sophistication of acute-care 
pharmacy services is high, with significant areas of expertise 
and specialization in both the distributive and the clinical roles 
assumed by pharmacists. 

MULTIDISCIPLINARY TEAMS—As in primary care, the 
process of care delivery in acute-care settings is often organized 
around teams of providers, which may consist of nurses, phy- 
sicians, respiratory therapists, and pharmacists. While central- 
ized pharmacy or decentralized pharmacy satellites provide 
unit-dose intravenous and oral medications to patients, clinical 
pharmacists are redeployed from these operational areas to 
serve as members of multidisciplinary-care teams. Pharma- 
cists may be assigned to teams based on therapeutic focus, 
geographical proximity, or service-alignment and serve impor- 
tant roles to ensure that quality pharmaceutical care is 
achieved. While they may enter or verify the entry of drug 
orders into the computer, they typically do not distribute, ad- 
mix, or dispense drugs. The distributive functions are generally 
performed centrally and supported by automated devices and 
technical support staff. 

Clinical acute-care pharmacists have evolved into roles that 
have been shown to contribute significantly to the overall qual- 
ity of the care delivered to hospitalized patients. The major 
focus of care, independent of the therapeutic focus area, is to 
ensure that optimal pharmaceutical care is delivered. Pharma- 
cists are held accountable by their team and pharmacy admin- 
istration to ensure that the drugs are given responsibly for the 
purpose of achieving a definite outcome that will improve the 
patient’s quality of life, cure disease, eliminate symptoms, slow 
disease progress, or prevent disease.® 


Pharmacists work proactively with their health-care team 
to identify, solve, prevent, and document drug-related prob- 
lems. Drug-related problems include untreated indications, im- 
proper drug selection, subtherapeutic dosage, failure to receive 
drugs, overdosage, adverse drug reactions, drug interactions, 
and drug use without indications. The pharmacist team mem- 
ber has the drug-therapy expertise and is relied upon by the 
team for information and collaboration when treatment plans 
are being made and modified. 

Pharmacists often are focused with a particular service or 
team and develop specialty expertise for an area of practice, 
such as intensive-care medicine, transplant surgery, or bone 
marrow transplantation. Patients in these clinical settings re- 
quire intense, specialized care because of the severity of their 
illness. Pharmacists on these teams are often responsible for 
writing drug and nutrition orders and monitoring the patients 
continuously during their acute phase. In this team structure, 
pharmacists may cover for each other when one is scheduled 
off, but the service coverage is continuous. 

Other predominant roles for hospital pharmacists have in- 
cluded alignment with a service that cares for only one aspect 
of the patients’ needs during their hospitalization. Teams such 
as the nutrition or pain team focus on a narrow aspect of the 
patient needs, while the primary team provides the overall 
patient care. On these teams, nurses, pharmacists, dietitians, 
or physician’s assistants may have interchangeable roles that 
complement each other. When one is scheduled off, another 
team member picks up the responsibilities of the missing mem- 
ber, but it may be someone with a different background train- 
ing and discipline. On teams of this nature, cross-functional 
training allows role integration of all team members and max- 
imal team efficiency. 

PATIENT-FOCUSED CARE—Over the past decade, the 
term patient-focused care was coined to represent the consumer 
(customer)-driven need for all hospitals to provide care in a 
friendlier, more efficient, and more continuous way to patients. 
As health care has become more competitive and patients can 
shop for health systems, each hospital has begun integrating 
improvements in their care-delivery process to make the hos- 
pital stay more pleasant for the patients and easier for the 
staff. The goal of patient-focused care is to provide high- 
quality, compassionate, and cost-effective care to patients and 
improve customer satisfaction. The goal is accomplished 
through bringing the services to the bedside of the patient 
rather than taking the patient off the unit to other services. 
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The care-delivery system is organized as a small interdisci- 
plinary team that is responsible for the continuity of care of the 
patient from admission to discharge. A key component of pa- 
tient-focused care is the creation of multiskilled teams of indi- 
viduals who share responsibility and expertise in providing 
care and making care decisions at the bedside. The patient’s 
exposure is maximized to a smaller number of caretakers, and 
the number of care steps is minimized to reduce fragmentation 
of services. Care partners are cross-trained to draw blood, 
perform X-rays, change and bathe patients, and assist the 
nurse in other patient-related activities. The pharmacist, 
nurse, and physician collaborate to formulate drug-therapy 
plans, diagnostic testing, followup, and endpoints. Much of the 
care is directed by care maps and monitored by flow charts in 
each patient’s room. Patient-focused care is an operational 
restructuring that centers on the patient as opposed to the 
current emphasis on departments and caregivers, as shown in 
Figure 117-2. All team members go through extensive cross- 
functional training before the unit opens, to ensure a clear 
understanding of mission, process, documentation, measures, 
and desired outcomes. The outcomes measure serves as docu- 
mentation of the success of the unit and team as a whole rather 
than individuals on the team. The collaborative nature of the 
practice is very important to the overall success of the care 
delivery. 

Pharmacists may be involved integrally in developing the 
care maps, designing the unit floor plans, and establishing 
staffing ratios for patient-focused care units. All three of these 
components are strongly dependent on the mix of patients 
admitted to the unit. In a general medicine unit, pharmacists 
may play a very large role; on an orthopedics surgery unit there 
may be a small pharmacist role, associated primarily with pain 
management. Pharmacy roles and responsibilities on a medi- 
cine unit with patient-focused care may include obtaining a 
complete medication history, assisting in the development of 
drug treatment plans, implementing drug-therapy plans, as- 
sisting in evaluating and modifying drug therapy, educating 
patients throughout their hospital stay about their drug ther- 
apy, preparing patients for discharge, and followup by tele- 
phone after discharge. 

The pharmacy services are functionally integrated as part of 
the care team. A small decentralized pharmacy is usually lo- 
cated on the unit. First doses and urgently needed medications 
are prepared by a technician and checked by the patient- 
focused care pharmacist before they are given to the patient. 
The remaining doses are prepared centrally and redistributed 
to the patient-focused care unit on a 24-hr schedule. 


PHARMACIST 
- medication history 

- medication planning 
- education and di 


PHYSICIAN 
- diagnostics 
- coordinates care 


NURSE 

- administers medications 

- physical psychological 
support 


CARE PARTNER 
- ancillary support 
- housekeeping 


Figure 117-2. Patient-focused care. 


Key concepts in patient-focused care are quality and cost. 
Data show that patients on patient-focused care units have 
shorter average hospital stays, require less time to achieve 
therapeutic effects on critical drugs, have fewer followup emer- 
gency room visits, and are readmitted less often than control 
patients. However, patient-focused care units are personnel- 
intense, and expenses of renovating and establishing new 
workflow patterns must be considered when evaluating overall 
cost-effectiveness of patient-focused care. 

PROTOCOL-DRIVEN CARE—The opportunity for vari- 
ance in practice exists in the hospital as it does in the primary- 
care setting. Guidelines, protocols, and decision algorithms 
have been in use in hospitals for many years to attempt to 
improve the consistency of care, reduce the likelihood of errors, 
and reduce costs. Care maps that outline care steps from ad- 
mission to discharge are in place for all facets of care in most 
hospitals. Care maps can be a helpful bridge between the 
acute-care and primary-care settings. 

The pharmacist’s role in acute-care protocols can be quite 
extensive. In the deep vein thrombosis care map shown in 
Table 117-3, the pharmacist takes a complete medication his- 
tory, works collaboratively with the team to initiate and opti- 
mize heparin therapy, educates the patient daily about various 
aspects of both heparin and warfarin therapy, ensures early 
initiation of warfarin therapy with a sufficient heparin overlap 
period, and performs discharge medication counseling and fol- 
lowup with the patient’s local pharmacy. In each step, the 
pharmacist, just like other team members, documents the out- 
comes they are responsible for achieving, on the care map. 

Protocol-driven care facilitates drug-therapy decisions 
within a range of acceptable choices predicted to include 90% of 
patient situations. For example, the deep vein thrombosis pro- 
tocol denotes starting and maintenance dosing of heparin, the 
frequency of APTT monitoring, and suggested dosing adjust- 
ments in response to resultant APTT values. With this infor- 
mation and their professional training and background, phar- 
macists can make dosing and monitoring adjustments without 
necessarily consulting with the rest of the team. Protocol- 
driven prescribing is effective because the protocols are devel- 
oped in advance for noncontroversial treatments, within which 
clear-cut decisions can be made. 

When patients deviate from the range of choices outlined in 
the protocol, the team reassembles to discuss alternative treat- 
ment choices and designs a new plan to get the patient back on 
course. Protocols do not cover all possible clinical situations, 
but are designed to provide a framework of care for most 
situations that arise. Protocol-driven prescribing allows auton- 
omy of choice within a range of acceptable choices outlined in 
the protocol but prevents aberrant decisions that may jeopar- 
dize patient care.’ 

In large integrated health systems, the opportunity exists 
to make the transition from inpatient (acute care) to outpa- 
tient (primary care) as seamless as possible. The patient 
should not experience an interruption in the way care is 
delivered or the level of knowledge and sophistication of the 
team members at each phase of care. To provide seamless 
care, sophisticated technology and information systems are 
needed to share medical and drug information through the 
transition. Corporate alignment of the financial and report- 
ing structures of individuals in acute-care and primary-care 
environments is necessary to facilitate smooth patient tran- 
sition. Successful integration is difficult to achieve, even in 
the most highly developed health systems, because of the 
magnitude and complexity of the components. 

DOCUMENTATION—Documentation is an essential com- 
ponent of the pharmacist’s responsibilities in the acute phase of 
care. Through years of careful documentation of the impact of 
pharmacy services on overall care of patients, it has been 
shown that care is improved and costs are reduced. For every 
dollar spent on pharmacists, approximately 16 times that much 
money is saved in drug-therapy-related expenses.° Documen- 
tation allows effective communication between services, teams, 


and health-care providers. Documentation provides a mecha- 
nism to create optimal staffing patterns for patients of different 
acuity of illness and therapeutic focus. Through documen- 
tation, pharmacists can verify the impact they have had 
for promotion, annual performance review, and internal 
recognition. 

Many approaches have been taken to document acute-care 
pharmacy services. Both manual and automated systems exist 
that summarize problems identified, interventions taken, and 
outcomes associated with the interventions. In most cases, the 
problems and interventions relate to the drug-related problems 
described by pharmaceutical care. However, in certain areas of 
practice, pharmacists have developed extended patient-care 
roles and may be administering medications or performing 
procedures. Pharmacists may have a role in research protocols 
that must be documented in both the patient’s medical record 
and the research records. Pharmacists routinely leave notes in 
patient’s charts and care maps and consult notes, and many are 
involved in writing drug orders. Each of these mechanisms is 
important documentation of care rendered. In all facets of 
pharmacy, documentation is critical. 


Long-Term, Hospice, and Home Care 


Home care is the provision of resources for medical care in the 
patient’s home. Services include skilled nursing care, intrave- 
nous medications and nutrition, physical and occupational 
therapy, rehabilitation care, and respiratory care. Hospice care 
is any comprehensive program that provides specialized care to 
terminally ill patients. Hospice programs offer medical, socio- 
logical, and psychological services to patients in both the insti- 
tutional and home setting. Long-term care’s goal is to help 
people with disabilities be as independent as possible; thus it is 
focused more on caring than on curing. Long-term care pro- 
vides assistance and care for persons with chronic disabilities 
and is needed by persons who require help with the activities of 
daily living or who suffer from cognitive impairment. Long- 
term care is not limited to the elderly, but the need for long- 
term care is more prevalent in the elderly. 

Integrated health systems usually offer these areas of care 
to patients, as well as primary and acute care. Home care is 
becoming increasingly important to facilitate the transfer from 
acute care back to the home and primary-care setting. Phar- 
macists have important roles in all three care phases, as drug 
therapy is usually involved. Table 117-7 summarizes predom- 


Table 117-7. Home Care, Hospice Care, 
and Long-Term Care 


HOSPICE LONG-TERM 
FUNCTIONS HOME CARE CARE CARE 
Intravenous admixture Xx X Xx 
Medication preparation and Xx Xx X 
dispensing 
Therapeutic drug monitoring Xx — x 
Drug-therapy review X X 
Dosing, monitoring, and followup Xx — Xx 
of medications and nutrition 
therapy 
Tracking adverse drug reactions Xx Xx Xx 
Development of drug-therapy Xx x Xx 
protocols 
Development of team-based Xx Xx Xx 
treatment plans 
Drug use evaluation X Xx Xx 
Patient/family education x x Xx 
Protocol-driven prescribing x x Xx 
Communication liaison between X — — 


acute care and primary care 
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inant pharmacy roles in home care, hospice, and long-term care 
settings. 


Education 


The role that pharmacists have in educating patients, physi- 
cians, and other health-care workers in health systems is so 
important that it warrants separate mention. The educational 
role spans all facets of practice in integrated systems. 

PATIENTS—Many physicians leave patient’s drug educa- 
tion to the pharmacist, as their direct contact time with pa- 
tients is limited increasingly by the need to enhance produc- 
tivity. The pharmacist is the patients’ last professional contact 
before they take a medication and has the opportunity and 
responsibility to safeguard the patients’ health and to help 
ensure the success of the drug therapy. In the past, pressure to 
educate patients came from the federal government via the 
Omnibus Budget Reconciliation Act of 1990 (OBRA 90) and 
FDA Guidelines. Now, patients demand information about the 
safe and effective use of their medications. 

The simplest form of patient education is counseling at the 
time of dispensing the prescription. At minimum patients 
should know how to take their medicine, how often, how much, 
what to do if a dose is missed, what side effects to watch for, 
food and drug interactions of significance, and how to store the 
medication. Consumers are being told that the pharmacist 
should answer questions about prescription and over-the- 
counter products, that they will discuss drug-therapy concerns 
privately with the patient, that pharmacy systems screen for 
potentially serious drug interactions, and that pharmacy prices 
should be reasonably competitive. While written materials can 
supplement the oral personal communication between the 
pharmacist and patient, they should not substitute for one-on- 
one interaction. Only through probing and the use of open- 
ended questions can pharmacists determine true patient un- 
derstanding about their medications and reinforce important 
concepts. 

Noncompliance with prescription medications has been es- 
timated to cost $50 billion in the US annually, with another $50 
billion in indirect costs, such as lost productivity and time lost 
from work or school. Pharmacist counseling has been shown to 
improve adherence to medications. Six important factors in 
ensuring patient compliance to drug therapy are stage of ther- 
apy, literacy level, age, cultural and language issues, gender, 
and readiness to comply. When filling first prescriptions or for 
newly diagnosed patients is the best time to ask the three 
important questions. 


What did your doctor tell you this medicine is for? 
How did he or she tell you to take it? 
What did the doctor tell you to expect? 


For patients who have been taking the same medication for 
years, it is simple to reinforce compliance and elicit any 
problems the patient may have been having with their drug 
therapy. 

A second important factor is the literacy level of the patient. 
As many as 40 million American adults are functionally illit- 
erate, and 50 million more are marginally literate. There are 
several age-related factors that affect medication compliance. 
Children need to be supervised by their parents when taking 
medications, teenagers need to understand the importance of 
proper use, middle- and older-age patients may have special 
communications needs and consume a higher proportion of 
medications in society. Increased age is associated with mem- 
ory problems, hearing and physical impairments, and com- 
prehension issues, all of which can interfere with medication 
compliance. 

Patients from different cultural backgrounds may have dif- 
ferent perceptions about health care, and language barriers 
further compound the conveyance of clear concise directions 
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about medications. Lastly, gender and readiness to comply are 
inherent characteristics that pharmacists must assess before 
developing an approach to communicating with patients. 

Once information about these six important factors affect- 
ing medication compliance is known, pharmacists are prepared 
to counsel patients effectively about their medication. These six 
factors pertain to all pharmacy practice settings within inte- 
grated systems. Whether in a clinic pharmacy, inpatient, or 
home setting, the pharmacist should seek a quiet, private area 
where the patient can be seated comfortably (or lie down if still 
infirm). Patients must be comfortable to be prepared to receive 
information and ask questions or they will not listen, go else- 
where for information, or fail to comply. 

Pharmacists participate in a wide variety of patient educa- 
tional experiences other than counseling at the time of dispens- 
ing. Brown bag lunches are used when the patients bring in 
their medication and pharmacists discuss what the drugs are 
and how they are used and answer questions patients may 
have about their drug therapy. Therapeutically focused work- 
shops or lectures are given for patients recovering from stroke, 
myocardial infarction, and other disabilities to offer informa- 
tion about drug therapy for these disorders. Large group ses- 
sions for recovering alcoholics, smokers, diabetics, asthmatics, 
and patients with other conditions are used to bring several 
health-care professionals together and offer information to pa- 
tients. Dietitians, pharmacists, nurses, and others lead discus- 
sions with patients and answer questions they have about their 
disease process, diet, and drugs. All of these formats in which 
pharmacists share information with patients help to establish 
the pharmacist as a trusted professional and reputable source 
of information. 

Other important educational topics for patients who receive 
care in integrated health systems are to improve overall un- 
derstanding about medication programs, benefits, formularies, 
and cost considerations. Physicians often are asked to prescribe 
drugs listed on a formulary of choices, to use generic alterna- 
tives whenever possible and less expensive branded drugs 
when the health system is at risk for the cost of care delivered. 
Managed-care organizations employ therapeutic substitutions 
or switch programs to increase the use of best-value medica- 
tions for their patients. Most patients have insufficient under- 
standing about these processes and decisions and frequently 
label them managed-care rip-offs that cheapen health care. 
Proactive educational mailings, brochures, and discussions 
with patients often allay their concern that less-expensive drug 
choices are inferior. Seminars, use of the Internet, and video 
summaries of this information can be helpful adjunctive ways 
of conveying information to patients in this high-technology era 
of medicine. 

Particularly useful tools for patient education are the tele- 
phone, fax machines, and electronic mail (e-mail). Patients 
really appreciate personal followup and inquiry regarding their 
medications. In many integrated systems in which pharmacists 
are truly and responsibly providing pharmaceutical care, fol- 
lowup telephone calls asking how the patient is doing, if he or 
she is having any problems with the medication or has any 
other questions are a service that greatly enhances customer 
satisfaction, loyalty, and compliance. A surprisingly large num- 
ber of patients have access to fax machines and e-mail, which 
provides another electronic avenue for communication and fol- 
lowup without interfering with their day or inconveniencing 
the pharmacist. 

PHYSICIANS AND OTHER HEALTH-CARE WORK- 
ERS—Ongoing education to physicians and other health-care 
workers allows a bond of learning, growth, and service to de- 
velop that is valued and deeply respected by other health- 
system colleagues. Physicians rely on pharmacists, other col- 
leagues, and pharmaceutical representatives for most of their 
updates on new drugs and therapeutics. They attend profes- 
sional meetings infrequently enough that this form of continu- 
ing education is of limited use. Unfortunately, the pharmaceu- 
tical industry has been very effective in scheduling visits and 


employing strategies to educate physicians about new drugs 
and motivate their use, eveh in instances where the new drug 
adds little value to available treatments. Pharmacists can be 
effective in conveying a balance between the drug company’s 
marketing information and the medical literature and help to 
ensure that the information prescribers receive is consistent 
with health-system guidelines on drug use. 

As a part of the health-care team, pharmacists may be asked 
to convey information more formally, in lectures or journal 
clubs, to the prescribers and the rest of the team. Pharmacists 
benefit from honing their presentation skills (the ability to 
design and convey information effectively with limited time), in 
both oral and written formats. Interpretation of the medical 
literature, biostatistical design, and trial methodologies are 
important features of providing drug information accurately 
and effectively. 

Information to prescribers can take the form of newsletters, 
written guidelines, monographs, or electronic transmissions. 
All communication media should be explored to ensure maxi- 
mal exposure for transmission of educational materials to pre- 
scribers and other health-care professionals. As health profes- 
sionals who subscribe to lifelong learning, pharmacists can 
contribute meaningfully to the education of other professionals 
and patients in their system. 


SYSTEM SUPPORT FOR PATIENT CARE 


Information Systems 


One important asset in an integrated system is the information 
about patient health-care usage and the cost of health care. 
Today this information is best stored, sorted, and analyzed 
through the use of computers. Medical informatics is an infor- 
mation science specialty that is defined as the use of a comput- 
er-assisted systems approach to obtain, process, store, retrieve, 
manipulate, analyze, and distribute data.'° In an integrated 
system, the availability of data allows the information to be 
placed on a network that can be accessed by all providers in the 
system and further facilitate care across the continuum. 

With system computer access a pharmacist in a satellite 
ambulatory site can access the patient’s hospital records, get 
information regarding the nature of a drug reaction, and thus 
take action to avoid an allergic reaction. Computerization and 
information systems can be used to streamline medication dis- 
pensing, freeing the pharmacist for more involvement in pro- 
viding patient care. Additionally, computers and information 
systems can assist pharmacists in the provision of cognitive 
services, as the rapid availability of current, accurate medical 
information is the basis for these services. 

Network computers can facilitate communication with sys- 
tem employees. Workers can send e-mail to each other detail- 
ing specific encounters with patients. Frequently in integrated 
systems, employees are distributed over a large geographic 
area that limits communication between these providers of care 
over the continuum. Network e-mail provides an open line of 
communication between these workers and can lead to better 
working relationships. Managers can use mail lists to inform 
all employees quickly of procedural changes or other necessary 
information that can aid in the efficient provision of patient 
care. This electronic exchange of information allows faster and 
less cumbersome exchange of information. 

In some cases the Internet may be used to provide access to 
system information. There is great concern regarding the use of 
the Internet as a conduit to supply patient and medical infor- 
mation because of the ability of unauthorized persons to access 
the information. Thus, information provided on the Internet by 
integrated systems is presented in three levels of complexity. 


Some systems only maintain a Web page that provides 
general information about the system and the services pro- 
vided. At the next level of complexity the system provides 
guidelines and policies in a password-protected area to limit 
access to authorized users. It is on this level that systems are 
most likely to provide information. The highest level of com- 
plexity also requires the highest level of security, as here access 
to patient medical information is available to authorized em- 
ployees with passwords. As this requires a great deal of sophis- 
tication in data security, access to patient records by this route 
is limited at this time. 

There are three types of databases that are used by phar- 
macists in an integrated system: administrative, bibliographic, 
and point-of-care.'! 

ADMINISTRATIVE DATABASES—Hospital and ambu- 
latory pharmacies have used computers regularly for prescrip- 
tion order entry since the 1970s. These information systems 
were first developed to perform the administrative task of 
providing accurate billing for medication. The costs for these 
computer systems were offset by the capture of lost charges. In 
addition, the computers provided accurate labels and work lists 
for medication cart filling and IV admixture preparation. Re- 
ports that assess drug quantity use for inventory control can be 
generated with this information. From a clinical standpoint, 
early programs began providing patient profiles for pharma- 
cists to review for drug interactions and allergies. 

In the hospital setting, computer administrative databases 
can provide information about which agents are carried on the 
formulary. Similarly, in the ambulatory setting computer links 
can verify the insurance eligibility of the patient as well as 
identify formulary agents that are covered by the patient’s 
insurance plan. In both settings, computer programs can be 
used in billing the insurance company for the drug costs. While 
pharmacy administrative databases developed separately in 
inpatient and ambulatory settings, the information available 
and the use of the computer hardware are similar. 

Today’s administrative databases are used not only for bill- 
ing and drug dispensing information; pharmacy-order entry 
systems can be linked directly to automated dispensing equip- 
ment that can prepare medication carts for inpatient usage and 
prescription vials for ambulatory dispensing. Automated dis- 
pensing equipment can be used in a central location to fill all 
medication carts for the system’s hospitals, thus increasing 
accuracy and holding down preparation costs. The computer- 
ized dispensing machines can be linked to a network to the 
pharmacy administrative database so that prescriptions ini- 
tially filled at a satellite clinic can be easily refilled by auto- 
mated dispensing equipment at the centralized facility. In the 
satellite clinics of an integrated health-care system, computer- 
ized dispensing machines can provide storage for, and accurate 
dispensing of, medications used during patient treatment in 
the clinics. 

Administrative databases also can be used to ensure dis- 
pensing of the correct drug to the patient, particularly in the 
hospital setting at the point of care. Bedside use of bar-code 
technology uses the administrative database to ensure that the 
right patient receives the right drug and can complete the 
charting and billing process. At the time of medication admin- 
istration, the nurse uses a hand-held scanner to read the bar- 
code on the patient’s identification wristband. The bar-code on 
the unit dose package of the medication to be administered is 
scanned. If there is not a match between the drug ordered and 
the patient identified, a warning is given to prevent the im- 
pending error. When the medication administration activities 
are completed, the nurse downloads the information from the 
scanner into the computer, which handles the charting and 
billing process. 

While these computers are expensive, the economy of scale 
provided by the integrated system allows the large amount of 
capital needed to purchase this equipment. The volume of units 
dispensed in an integrated system also justifies the expendi- 
ture on the computerized equipment that can dispense medi- 
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cations for cost-efficiency while allowing the implementation of 
just-in-time inventory to control drug costs further. Besides 
controlling drug costs, these computerized systems can add 
efficiency and accuracy to work performed by caregivers, fur- 
ther improving the quality of the health-care services provided 
by the integrated system. 

Administrative databases also can be used by pharmacists 
for medication use review. Through the use of prescription 
data, reports can be run that identify prescribing patterns of 
physicians. This information can be used to determine if the 
physician is adhering to formulary or to practice prescribing 
recommendations, and proper followup education can take 
place. In some integrated health systems, an individual physi- 
cian’s compensation may be tied to the adherence to formulary 
or guidelines. 

Administrative databases can be used to identify patients 
needing specific interventions. For example, pharmacists may 
feel there is a need for additional counseling of patients with 
hyperlipidemia. To locate these patients, the pharmacy data- 
base can be queried to identify all patients taking an antihy- 
perlipidemic agent. This query may identify more patients than 
one pharmacist can counsel in a reasonable amount of time. 
The pharmacist may further choose to work with only the 
patients taking these agents who have coronary heart disease. 
These patients can be identified by crossing the prescription 
database information with a diagnostic code. As the pharmacist 
only wishes to work with the patients who have not reached 
goal values, the identified lipid test results can be extracted 
from the system’s laboratory database. The pharmacist has 
identified the system’s patients who will be best served by the 
pharmaceutical intervention through the use of database 
queries. 

BIBLIOGRAPHIC DATABASES—Bibliographic data- 
bases provide pharmacists with easy access to medical infor- 
mation that previously required a trip to a medical library and 
hours of exhausting searching. By placing these databases on 
the system’s network, pharmacists and other caregivers can 
access this information at their particular site. MEDLINE and 
International Pharmaceutical Abstracts are examples of data- 
bases that track the biomedical literature. There is an assort- 
ment of similar databases available to search specific areas of 
interest, which include allied health-care journals. 

The literature citations found through the database 
searches can serve to support clinical decision-making for in- 
dividual patients as well as the development of treatment 
guidelines for the integrated delivery system. 

POINT-OF-CARE DATABASES—Point-of-care data- 
bases provide clinical decision support at the patient’s bedside 
or in the clinic setting and can be useful tools for pharmacists 
providing pharmaceutical care. These databases use informa- 
tion derived from administrative databases, bibliographic da- 
tabases, and official FDA labeling. Clinical screening databases 
and references databases are the two types of point-of-care 
databases that pharmacists find useful. 

The clinical screening databases are used to screen for drug- 
related problems such as drug interactions and allergy contra- 
indications. For example, the patient’s administrative data 
may contain information indicating the presence of a penicillin 
allergy. With the link to the clinical screening database, when 
an order for penicillin is entered on this patient, a flag will 
appear alerting the pharmacist to the problem and will not 
permit dispensing of the penicillin without further action by 
the pharmacist. At this point, the cognitive function of the 
pharmacist is activated, as the problem must be investigated 
and needs decisions by the pharmacist to verify the allergy and 
discuss an alternate drug choice with the physician. The same 
scenario would take place if the clinical screening database 
identified a drug interaction. Clinical screening databases can 
aid in the direction of pharmacist interventions. 

The earliest reference database was Micromedex®, which 
provides an assortment of drug and poison control information 
in database form. Other reference databases are electronic 
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versions of commonly used pharmacy reference books, such as 
the American Hospital Formulary Service, Facts and Compar- 
isons and USP Drug Information. 

There are several advantages to common databases. All 
system caregivers have access to the same information, which 
can be updated at one central location in a timely manner with 
placement of the database on the network. With published 
information, updates are usually only available once a year, 
and the work required to distribute a large number of books 
through a system can be cumbersome. Thus, the process of 
disseminating information is improved through computeriza- 
tion. Databases allow quick retrieval of the needed information 
through the use of search engines, thus allowing a decision to 
be made quickly at the point-of-care. It is important to note 
that patient information is also available in several of these 
databases. Network availability of patient instruction sheets 
allows all caregivers access to the same teaching tools, so the 
information given to patients will be common wherever they 
are seen in the system. 

THE MEDICAL RECORD —As the integrated health-care 
system is the keeper of all data associated with the care of the 
patient, the use of computerized patient medical records on the 
system’s network makes this information readily available to 
caregivers across the system. Previously, patient’s paper charts 
were delivered from site to site as the patient was seen as an 
inpatient and in the outpatient clinic. The paper method re- 
quires time and resources to transport patient information, and 
often the chart and the patient are not in the same place at the 
same time. Without valuable historic care information, the 
clinician is forced to provide care based on limited information, 
thus sometimes providing fragmented care. With the use of 
computerized, networked medical records, an integrated sys- 
tem can deliver seamless, efficient care. 

Further efficiencies can be realized in an integrated system, 
as all data developed using different information systems can 
be organized in one location. For example, the laboratory and 
pharmacy databases can be programmed to dump their data 
directly into the medical record’s database, eliminating the 
need to access a different computer system or different soft- 
ware to gain access to test results and prescription information. 
Pharmacists also may be permitted to enter notes in the med- 
ical record about pharmaceutical care provided to the patient, 
so that physicians and other caregivers can review these valu- 
able activities. 

COMPUTERIZATION—As an integrated system is the 
provider of seamless health care, information systems provide 
the backbone to this provision of care. By the virtue that 
information of all types is available on patients for caregivers to 
use, the expense of network computerization is required to use 
this data efficiently in providing patient care. It is important 
for pharmacists to be involved with the development and use of 
information systems in the integrated system. Computeriza- 
tion and automated dispensing systems can be used for accu- 
rate dispensing of medication. With dispensing tasks provided 
by technology, the pharmacist can use information in the 
decision-making functions required to provide pharmaceutical 
care. 


Pharmacoecomomics and Outcomes 
Management 


Pharmacoeconomics has been defined as the description and 
analysis of the cost of drug therapy to health-care systems and 
society.1* Further, pharmacoeconomics identifies, measures, 
and compares the costs, benefits, and risks of drugs and phar- 
macy services (see Chapter 91). These techniques are used in 
an integrated health-care system to ensure selection of quality, 
cost-efficient treatment. 

Traditionally, medical decision-making was focused on the 
clinical indicators of disease and the outcomes of treatment. In 


other words, this information answered the question Did the 
patient get better with the treatment? If the answer was yes the 
treatment was considered acceptable and useful. The issues of 
quality and cost-efficiency were not addressed with this type of 
analysis. Indeed, information currently presented to the FDA 
for drug product approval does no more than illustrate that the 
drug made the patient better or at least caused no harm. 

In an integrated health-care system interested in providing 
the best quality and cost-efficient care, decision-making based 
solely on clinical outcomes is limited in its usefulness and may 
in fact be detrimental to the overall health of the system. Thus, 
the framework for decision-making is broadened to include 
measures of economic and humanistic outcomes to deal with 
the limitations of the traditional approach. Here the drug or 
pharmacy intervention is analyzed not just to determine if the 
patients got better but how much better they got in terms of 
health-care resource use (economic outcomes) and patient sat- 
isfaction (humanistic outcomes). This broadening of approach 
is Synonymous with the broadening of approach to health care 
taken by an integrated system. In a fragmented health-care 
delivery system decisions are made only on the basis of their 
effect on the care given. It is only appropriate that integrated 
systems adopt the new, broader decision-making framework, 
as it is concerned about delivery of quality, cost-efficient care 
across the continuum. 

PERSPECTIVE—In performing pharmacoeconomic anal- 
yses, the perspective must be defined. Perspective determines 
which outcomes are to be measured, as it defines which out- 
comes are valued from the viewpoint of those decision-makers 
who will use the information. In the traditional medical model, 
the physician’s perspective was the only one considered, as the 
clinical outcome of making the patient better was the only 
concern. In an integrated health-care system, the perspective 
encompasses not only the clinical outcome, but also the eco- 
nomic and humanistic outcomes, which are all considered when 
selecting quality, cost-efficient treatment. 

In an integrated health-care system, an expensive drug can 
be purchased for a hospitalized patient (negatively affecting 
the hospital pharmacy budget) that prevents negative clinical 
outcomes, thus avoiding additional health-care costs by de- 
creasing the length of stay or followup visits in the clinic office. 
A decreased recurrence of health-care system encounters by 
the patients can greatly enhance patient satisfaction, thereby 
producing positive humanistic outcomes. Patient, clinician, and 
administrators value all of these outcomes in an integrated 
health-care system. 

TYPES OF PHARMACOECONOMIC ANALYSES— 
Cost-minimization analysis is used in the selection of drugs 
and other products for the purpose of comparing purchasing 
contracts. In cost-minimization analysis, the clinical outcomes 
of the two drugs are considered equal; thus, to minimize cost 
the least expensive product is chosen for purchase. The best 
example of the use of this analysis is in the selection of generic 
equivalents. The branded drug and the generic are considered 
to provide the same clinical outcomes and potential side effects; 
thus, the least-costly product is chosen for purchase. Many 
integrated systems begin to control drug costs by enforcing 
generic substitution. 

Cost-effectiveness analysis is used to determine which treat- 
ment provides the best use of the health-care dollar, based on 
clinical and economic outcomes. Integrated systems often use 
this type of analysis when making formulary choices, compar- 
ing drugs for use in the treatment of the same disease. If two 
agents are being considered, the cost to treat the patient with 
these agents, including costs to treat side effects and for any 
other health-care resource use related to the disease or treat- 
ment, are established. This analysis provides information on 
the cost to treat a disease. The agent with the lowest cost for 
overall treatment is determined to be the cost-effective agent 
and, thus, is selected for formulary inclusion. 

Cost-benefit analysis provides the decision-maker with in- 
formation about the cost to provide treatment or service. All 


outcomes are measured in dollars. This type of analysis is most 
familiar in the business community and is important in inte- 
grated systems as costs to run various services are analyzed. It 
is important for pharmacy managers to understand this type 
of analysis, as it will be used to compare pharmacy services 
with other health-care services. For example, if a system has 
$100,000 to spend on either a pharmacist-run asthma clinic or 
new equipment for physical therapy, cost-benefit analysis will 
be used because it can compare different services by expressing 
all outcomes in terms of dollars. 

Cost-utility analysis will become an important tool for inte- 
grated systems in the future, as it considers humanistic out- 
comes. As patient satisfaction becomes more important, so will 
cost-utility analysis. At this time the validated tools to measure 
humanistic outcomes for patients with various diseases are 
being developed. Until these are readily available, it is difficult 
to compare the satisfaction or feelings of a patient with one 
disease to those with another. When these tools become avail- 
able and are well understood, cost-utility analysis will provide 
another view of outcomes to the medical and administrative 
decision-makers. 

PHARMACOECONOMICS IN FORMULARY DEVEL- 
OPMENT—As the integrated system is interested in provid- 
ing quality, cost-efficient drug therapy, the use of pharmaco- 
economic techniques in the formulary decision-making process 
is necessary. Pharmacoeconomics goes beyond the traditional 
analysis of efficacy and safety to include costs of treatment and 
thus provide a global assessment of the medication. This type of 
analysis assigns a value to drug treatment so that the agent 
can be compared more equitably with other therapies. 

An appropriate method of analysis is needed to conduct a 
pharmacoeconomic analysis for an integrated system’s formu- 
lary. In most cases, the perspective will be that of the health 
system; however, there are situations in which only the per- 
spective of a specific segment of the system may be appropriate. 
For example, there may be two agents for use in the operating 
room for anesthesia. One agent may require multiple doses, 
and the other may only require one injection, while the clinical 
outcomes and side effect profits have no effect on the consump- 
tion of health-care resources outside of the operating room. 
Thus, the analysis will be conducted from the perspective of the 
operating-room budget for equipment and personnel, which 
will often fall under the auspices of the hospital. When there is 
no effect on costs in other parts of the system, the perspective 
taken is the one that is affected by the treatment. Thus, it is 
important to understand that even in an integrated system the 
perspective may change. 

The published literature can be very helpful in provid- 
ing pharmacoeconomic evaluations for consideration in this 
decision-making process. It is important to review the study to 
determine if the care provided or considered could be general- 
ized to the integrated health-care systems population. If the 
study matches the needs of the committee, it should be 
provided with other formulary information to the decision- 
makers. If published studies are not available or do not de- 
scribe the situation faced by the integrated system, a new study 
design must be selected, and the study conducted. There are 
three outcome study designs that can be considered: prospec- 
tive, retrospective, and modeling. 

Prospective studies, while they may be the ideal way to 
analyze the outcomes of a drug treatment for the system, may 
be the most impractical to use for timely formulary decisions. 
These studies require a great deal of time, financial resources, 
and expertise. Because formulary decisions are made on a 
monthly or bimonthly basis, conducting prospective studies is 
not feasible for most systems. 

Retrospective studies are conducted more easily in inte- 
grated systems since there is a great deal of resource-use in- 
formation available through information systems. These stud- 
ies are very important, as they analyze the actual outcomes of 
treatments chosen in the system for the system’s patients. 
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While retrospective studies can be helpful in determining 
outcomes of drugs available for use, they usually provide little 
helpful information on new drugs introduced into the market. 
Thus, a technique called modeling can be used to predict the 
outcomes of a new drug treatment. In modeling, the clinical 
outcomes described in the published literature are combined 
with the integrated system’s cost of care, which includes drug 
cost, treatment cost, and other health-care resources used or 
avoided because of treatment. By building models of treatment, 
various agents can be compared, and a projection can be made 
as to which drug would be expected to be most cost-effective. 

Pharmacy managers and other pharmacists who provide 
information to formulary committee decision-makers need to 
understand how pharmacoeconomic information can be incor- 
porated into the decision-making process. Once the pharmacist 
grasps these techniques, it may be important to educate the 
physicians about how to use this information when choosing a 
cost-effective agent. Some integrated systems have developed 
internal training programs to address these issues. In other 
cases the education has been left to the pharmacist. Newslet- 
ters, small lecture sessions, and personal one-on-one discus- 
sions with physicians can be helpful in providing them with an 
understanding of these techniques. 

THE OUTCOMES MANAGEMENT MODEL—The out- 
comes management model combines the techniques of out- 
comes research with the Plan-Do-Check-Act (PDCA) process 
model for quality improvement. Outcome management allows 
the important issues of efficiency, capability, efficacy, and pro- 
ductivity to be addressed.'? Outcomes research is aimed at 
building theories and models for evaluating effective drug 
treatment protocols, successful treatment interventions, and 
optimal therapeutic outcomes. Outcomes researchers translate 
these theories into models for measuring the effectiveness of 
drugs and procedures. '* 

Outcomes management is the daily application of these 
models in the integrated health-care delivery system. Out- 
comes management can be used to identify areas of patient care 
in which a treatment guideline, a clinical pharmacy service, or 
an operational improvement is needed to ensure the delivery of 
quality, cost-efficient patient care. It can identify best-practice 
options that can be implemented throughout the system. 

Once a guideline, service, or operational improvement is 
designed, a parallel research design should be developed to 
collect and analyze the outcomes of the intervention. Both the 
process improvement and the research project should be 
launched simultaneously. This allows outcomes data to be col- 
lected to determine the effect of the intervention from the 
beginning of the process. Analysis of the data is conducted 
using accepted statistical techniques. Feedback is provided to 
the decision-makers as well as those involved in the planning 
and implementation of the process-improvement plan so that 
modification can be made to further this process. When 
changes are made, the outcomes management model begins 
again and continuously cycles, providing continuous improve- 
ment to the process. 

At the center of this continuous cycle are the various types 
of pharmacoeconomic analysis, since economic outcomes are 
always an important consideration in an integrated health- 
care system. While practitioners in a fragmented delivery sys- 
tem do not always assign monetary values to the outcomes of 
care, in an integrated system, looking at care across the con- 
tinuum, dollars spent or saved are more readily identified. 

Evaluating treatment systematically can help health-care 
decision-makers measure therapeutic gains objectively. The 
better we can measure improvements in health, the easier it is 
to demonstrate their societal (humanistic) value. In an inte- 
grated health-care system, humanistic outcomes are important 
to the employers who are the purchasers of health care. 

APPLICATIONS—Guidelines, Critical Pathways, and 
Treatment Protocols—Outcomes data such as treatment fail- 
ures, overuse of laboratory tests, or prolonged lengths of stay in 
the hospital are measures of treatment outcomes that can 
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signal a need for a guideline, pathway, or protocol. These out- 
liers in care can indicate the need for structured use of medi- 
cation to optimize effectiveness. For example, one institution 
noted increasing costs for low-osmolality contrast media. Eval- 
uation of use indicated that the use of this agent over the 
conventional high-osmolality contrast media had not effected 
the rate of adverse drug reactions reported to be a benefit of the 
low-osmolalty agent. A guideline was implemented regarding 
the targeted use of these agents to ensure that those who would 
benefit most from the more-costly agents would receive them. 
At the time the guidelines were implemented, an outcomes 
study also was begun. The outcomes study indicated that drug 
costs were decreased by limiting the use of the agent, without 
negative effect on patient outcomes.’° 

Clinical Pharmacy Services—While the benefits of clinical 
pharmacy services may be obvious to pharmacists, the use of 
the outcomes management model allows demonstration of the 
beneficial impact of these services on clinical, economic, and 
humanistic outcomes. In an integrated system the impact of 
these services over the continuum of care can be measured, and 
cost savings can be captured. For example, a high number of 
inpatient admissions (economic outcome) for bleeding among 
patients on warfarin therapy (clinical outcome) can signal the 
need for better patient education on the monitoring and use of 
the drug. With this information, a pharmacy manager can plan 
the process for pharmacist involvement in a warfarin clinic. 
When the intervention is implemented the clinic pharmacist 
can collect outcomes data on the patients attending the clinic. 
A decrease in bleeding episodes after implementation can be 
attributed to the clinic, and the clinic can be credited with 
improving clinical outcomes and providing cost savings for the 
integrated system. 

Operational Improvements—The need to change the organi- 
zation of pharmacy tasks can be identified through economic 
outcomes such as increased overtime payroll. The pharmacy 
manager also may determine the need for a reorganization of 
work assignments when work is not being accomplished and 
the departmental goals are not being met. For example, the 
manager may be interested in the purchase of a robotic dis- 
pensing machine to free up pharmacists for clinical functions. 
To develop the plan for the purchase of the robot, an economic 
model can be developed to determine if the traditional methods 
of dispensing or the robotic dispensing machine is the most 
efficient use of capital. Once the decision is made, continuous 
collection of outcomes data relating to dispensing as well as 
clinical services can be gathered. This outcomes assessment 
can be used to support the continuation of the program or 
signal other changes that need to be made in the process. 

PHARMACISTS AS LEADERS—To understand out- 
comes management in an integrated health-care system one 
must understand the value of the clinical, economic, and hu- 
manistic outcomes of health care. Pharmacists have training in 
clinical application of drug therapy as well as the techniques 
for cost-efficient procurement of those drugs. Pharmacists al- 
ways have been considered patient advocates, thus speaking to 
their understanding of humanistic outcomes. With this under- 
standing in hand, pharmacists can be leaders in the use of 
outcomes management to provide quality, cost-efficient health 
care in an integrated system and continually improve on the 
services provided. 

Resource limitations and capitation will increase the need 
for the pharmacy manager to justify the expenses of running an 
efficient and effective pharmacy service. The manager who 
understands the use of outcomes and pharmacoeconomics can 
monitor the value of pharmacy services throughout the system. 
This value placed in terms of economic, clinical, and humanis- 
tic outcomes can be presented to system administration to 
justify continuing and possibly expanding pharmacy services. 
As competition continues to increase for the health-care dollar, 
it is ever-important for the pharmacy manager to use phar- 
macoeconomics to demonstrate the value of pharmacy services 
and pharmaceutical care in the integrated health-care system. 


BENEFIT MANAGEMENT—The activities involved in 
pharmacy benefit management began when insurance compa- 
nies decided to pay for prescription medication as part of the 
covered benefits. Early management included activities in- 
volved with prescription dispensing and the payment to the 
retail drug stores for prescription costs covered under the plan. 
The management of this benefit became more important as 
insurance providers found that the costs of the pharmacy ben- 
efit continued to climb. Today, pharmacy benefit management 
entails a host of activities that now span the scope from dis- 
pensing drugs to the management of outcomes. 

As controlling drug costs is important to insurance carriers, 
it likewise has become important to integrated health-care 
systems that wish to provide cost-efficient care. Also, as most 
integrated systems are involved with managed-care plans that 
capitate the pharmacy benefit, the importance of maximizing 
the investment in prescription drugs for the provision of opti- 
mal health-care outcomes becomes critical. 

The degree of system integration and resources available 
will determine whether the integrated system entirely man- 
ages the benefit itself or contracts with a company that offers 
various services for pharmacy benefit management. These com- 
panies are called pharmacy benefit managers (PBMs). The 
integrated system also can contract with the PBM to provide 
specific levels of benefit management activity. 

Levels'°—The activities involved in pharmacy benefit man- 
agement have been described in four levels of sophistication. 
There are varying degrees of each level of activity used in the 
management in an integrated system. Systems may pick and 
choose which services will be provided internally and exter- 
nally through contracts with PBMs. 


Level 1 (Managed Costs)—At this basic level of service the focus 
is on managing costs of prescription drugs and handling the technical 
aspects of paying pharmacy claims, including reporting usage informa- 
tion. While an integrated system usually provides ambulatory prescrip- 
tion services through system-owned pharmacies, in most systems there 
are some patients who receive medication through retail pharmacies. In 
either case, the pharmacists filling the prescription need access to 
information about the insurance coverage—whether the patient and 
the particular medication are covered—before the service is rendered. 
Further, the pharmacist also needs a mechanism to process the claim 
for payment of the service. 

All of these activities are best carried out through the use of a 
computerized system. As this is a highly technical function, it is less 
expensive for a system to contract with a PBM or other company with 
these skills and equipment for claims processing. For the integrated 
system to try to set up its own claims-processing activities would re- 
quire huge capital costs for a hardware system that by the nature of the 
advances in computer systems would become obsolete quickly. Addi- 
tionally, PBMs have provider customer-support personnel to handle 
problems arising from equipment problems and verification of coverage. 

Another activity involved in managing the cost of prescriptions at 
Level 1 of benefit management involves controlling the costs of the 
drugs themselves. An integrated health system usually represents a 
large patient population and thus a significant amount of prescription 
usage. This fact can be used as leverage with pharmaceutical companies 
to secure product discounts. Additionally, the use of formularies can 
ensure that the patients only receive coverage for prescriptions for 
agents with low contract prices. Encouragement to use generic products 
is another way to hold down prescription drug prices. Limiting the 
quantities of drugs available for a given period of time controls individ- 
ual prescription costs. For example, new prescriptions may be limited to 
a 30-day supply. 

A copay often is used to interest patients in holding down the price 
of prescriptions. In some cases tiering of copays is used to encourage 
patients to accept a less expensive alternative. For example, a drug may 
be available as a branded drug and a generic. The copay is higher if the 
patient insists on receiving the branded product and reduced if the 
generic is accepted. 

Level 2 (Managed Utilization)—At this point of managing the 
pharmacy benefit, the emphasis shifts to utilization review, optimal 
use, and standards of care. Here information about the types and 
volume of drugs prescribed and the prescribing patterns of individual 
physicians is shared with the payers and the physicians. The use of this 
information is intended to educate the physician about the use of 
cost-effective therapy. In some integrated systems, physician compen- 


sation is tied to compliance with prescription formularies and the use of 
lower-cost medications. 

Therapeutic interchange of medication is implemented at this level 
to ensure that products chosen as the most cost-effective in their class 
are used. In some cases, the dispensing pharmacist is required to call 
prescribing physicians to inform them of the change in medication. In 
some integrated systems, with the appropriate legal arrangements with 
medical staff, therapeutic interchange can be automatically imple- 
mented much like is done currently in hospitals under the authority of 
the Pharmacy and Therapeutics Committee and the hospital’s Medical 
Executive Board. 

While activities in Level 2 do not require the equipment of Level 1, 
they do require expertise in drug use evaluation and physician educa- 
tion. Integrated-system pharmacists with a background in hospital 
pharmacy may be likely candidates to provide these services to the 
system. These pharmacists understand the work required in perform- 
ing utilization review and the techniques for presenting this informa- 
tion to physicians, which easily can be expanded to take on the addi- 
tional aspect of ambulatory care. However, if personnel with this 
expertise are not available in the system, these functions can be con- 
tracted to a PBM. 

Level 3 (Managed Therapy)—Level 3 focuses on disease manage- 
ment and how drug therapy is integrated into overall management. 
This approach is more comprehensive than the drug-focused approach 
of Level 2. In disease management, the front-line health-care provider 
and the patients become involved in the care program. With disease 
management, providers develop guidelines or treatment pathways to 
reflect best practice in the treatment of a specific disease. It is impor- 
tant that pharmacists, as the integrated delivery system’s drug experts, 
become involved in these activities. Patients also are given the respon- 
sibility of carrying out their treatment at home and learning how to 
manage their disease. 

Integrated systems with pharmacists who have expertise in the 
development of guidelines and experience in working with patient-care 
teams can provide these services internally. It is important for the 
pharmacy manager to claim these activities for the pharmacy, as this is 
the future of pharmacy practice. As the patient is involved in the 
disease management process, the pharmacist has long been established 
as the patient’s ongoing contact within health care. This relationship 
should be nurtured and used as a mechanism to establish system 
pharmacists as important participants in disease management. 

Level 4 (Managed Outcomes)—The managed outcomes phase 
occurs when the integrated health system is able to apply treatment 
guidelines for multiple disease states across the patient base and use 
outcomes analysis to demonstrate the value of the care. This level of 
activity requires that the first three levels of pharmacy benefit man- 
agement be firmly in place. This requires integrated data links of 
prescription and medical information that is often only available in an 
integrated system. Success at this level is not merely defined as the 
ability to manipulate data for outcomes analysis, but the ability to use 
this information to ensure the provision of quality care. As this level 
provides assurance of the provision of quality, cost-efficient care, inte- 
grated systems are striving to reach this level of function in the man- 
agement of the pharmacy benefit. 


FORMULARIES—Formularies represent a tool for phar- 
macy benefit management at its basic level and have been used 
-since the 1950s to control drug costs and reduce performance 
variance in hospitals. Formularies in hospitals have developed 
from a list of drugs stocked in the institutions to an entire 
system to optimize patient care through effective, safe, and 
cost-effective use of drugs.'” The review usually is conducted by 
pharmacy staff and presented to the institution’s Pharmacy 
and Therapeutic Committee for vote. 

These techniques for drug evaluation and formulary decision- 
making have been adopted in the integrated health-care sys- 
tems and managed-care organizations. The changes in the drug 
evaluation process include the concerns of providing care 
across the continuum. The structure of the Pharmacy and 
Therapeutics Committee is changed for the integrated system 
to include an appropriate balance of primary-care physicians 
and specialists. Often the pharmacy representation will be 
expanded to include both institutional and ambulatory phar- 
macists. Administrators involved with the managed-care plans 
for the system are often included. In some cases a PBM is 
contracted to provide formulary management. In this case, the 
PBM has its own Pharmacy and Therapeutics Committee and 
formulary of approved agents. 
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Formularies are described according to access the prescrib- 
ers have to various drug entities. The control over access orig- 
inally was intended merely to control drug costs; today the 
control is maintained to ensure the use of the most cost- 
effective agents and reduce process variation through statisti- 
cal process control. 

Open Formulary—This formulary is usually a comprehen- 
sive list of prescription products available, without restrictions 
on the choice of agent. Often within the open formulary, certain 
products are considered preferred as more cost-effective agents. 
These products are promoted for use to prescribers through 
newsletters and preferred products lists. Dispensing pharma- 
cists may receive computerized messages encouraging them to 
contact the prescriber to switch to these agents when a non- 
preferred agent is prescribed. Since there are no restrictions 
enforced, this type of formulary has limited impact on prescrib- 
ing and thus little effect in managing the pharmacy benefit. 

Closed Formulary—This formulary is a limited list of drugs 
chosen for inclusion by the Pharmacy and Therapeutics Com- 
mittee. Typically, these formularies limit selection to between 
300 and 1000 dosage forms. Usually these formularies offer 
several choices of agents in each therapeutic category. In a 
health plan using the closed formulary, only drugs on the 
formulary drug list will be covered. 

A mechanism must be in place to provide authorization 
when a patient requires a nonformulary agent. A letter of 
medical necessity from the prescribing physician or documen- 
tation of treatment failure on the covered agents may be 
needed to gain authorization for use. 

Closed systems require more efforts to administer than the 
open system. The physician must be educated as to which 
medications are acceptable. The dispensing pharmacists be- 
come involved in contacting the physician if a nonformulary 
agent is prescribed. While this physician contact may take 
time, this provides the pharmacist an opportunity to work with 
the physician to improve care. Thus, these additional activities 
at the prescribing and dispensing phases contribute to more- 
effective drug choices and the control of costs, thus better 
control of the benefit. 

For many years employers were required to provide open 
formularies as part of their employee benefit packages, because 
of union demands. However, as the pressure to control drug 
costs is increasing, more plans and in turn integrated systems 
are closing their formularies. 

Restrictions—Within either formulary structure other 
mechanisms of restriction may be used to direct therapeutic 
use and control costs. Restrictions often are placed on specific 
agents that are not considered to be used for problems covered 
by the health-care insurance. For example, retinoic acid is used 
for both acne and age-related skin wrinkling. This drug treat- 
ment may not be covered for patients over 35 who would be 
suspected of using the product for wrinkles. As many plans do 
not cover plastic surgery for the same problem, it may be 
determined that use of this agent also is not covered. Some 
medications may have a lifetime cap, such as nicotine patches. 
In this way, the attempt is made to cover patches only for 
patients who are truly making an effort to stop smoking and 
not for those who are using the patches in situations in which 
smoking is not allowed. 

A common restriction is the requirement for generic dis- 
pensing when the agents are available. Generic drug usage can 
provide the same therapeutic outcome at as much as a 60% 
saving in drug costs. In some cases, the branded drug may be 
available to patients if they are willing to pay the difference in 
price. 

Prior authorization is used to direct proper care and control 
costs of drugs. In this case the prescriber must contact the 
insurer with specific information about the patient’s condition. 
If previously set requirements are met, the prescription is 
authorized for coverage. 

Drugs are sometimes restricted to specific physicians for 
use. These are usually very expensive medications that require 
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a high level of expertise to prescribe and monitor the treat- 
ment. In many cases these restrictions require the primary- 
care physician to attempt treatment with a commonly used 
drug before referral to the specialist who has access to the 
restricted agent. While this may have limited effect on drug 
costs, it helps ensure safe and effective use of these specialized 
agents for the appropriate patients. 

Incentives—The use of economic incentives to the integrated 
system or patient to promote use of preferred agents is one way 
to manage the pharmacy benefit. 

For the integrated system, the incentive is some form of 
risk-sharing agreement with the managed-care organization. 
In this case, part of the capitation for the patient is withheld to 
cover prescription costs. If the actual prescription costs are less 
than the withheld amount, the remainder is returned to the 
system. 

The incentive for pharmacists may be an increase in the 
dispensing fee when generic drugs are used. A newer trend is to 
provide pharmacists incentives for cognitive services employed 
when changing an agent to a formulary or preferred product. 

Patients may receive an incentive though a graduated sys- 
tem of copayments. Use of generic drugs may come with a lower 
copay than use of branded agents. Preferred agents have a 
lower copay than nonpreferred agents. Nonformulary agents 
may not be covered at all, thus encouraging the patient to have 
the prescriber select a covered medication. 

The impact of these various incentives will influence drug 
costs to varying degrees. For physicians who are employees of 
integrated system and not direct recipients of the capitation 
fees, the shared risk incentive may have little effect unless the 
system explains the impact on the revenues and financial 
health of the system. The incentive will only influence phar- 
macists if the money offered is seen as a sufficient amount to 
cover the time involved in contacting the physician to switch a 
prescription. Patients who have no direct control on what is 
prescribed may in fact be irritated when they present a pre- 
scription for a nonformulary agent and are asked to pay for 
their medication. 

BENEFIT MANAGEMENT COMPANIES—While PBMs 
can provide the total scope of services to the integrated health- 
care system, there are many things to be considered when 
contracting for business services. While there is little question 
that PBMs can provide claims processing with their computer 
systems, the practicality of using their services for some of the 
higher levels of pharmacy benefit management is less certain. 

Much of the expertise needed to develop treatment protocols 
and disease-management plans often lies in the integrated 
health-care system itself. The practitioners know their own 
unique patient population and, through personal interaction, 
understand local needs. This understanding can be valuable in 
developing the correct treatment plans to optimize outcomes in 
the specific patient population. While there is always a cost 
involved in developing these programs, the system has to de- 
termine whether internal development or external develop- 
ment (PBM) will provide the best product for the investment. 

It is important to consider that whoever develops the treat- 
ment plan it will be the system’s caregivers who will implement 
it. They must understand the plan and take ownership of it to 
implement the plan for optimal patient outcomes. 

When pharmacy benefit management moves to Levels 3 and 
4 there is a great deal of internal system information that must 
be used in decision-making and analysis. When this is done 
internally the issues of confidentiality remain in the system. 
When a PBM is involved in these activities, the system’s con- 
fidential information must be provided to the PBM. While these 
confidentiality issues can be dealt with in contracts, the shar- 
ing of proprietary information in the competitive field of health 
care becomes a significant concern to the administrators of an 
integrated health-care system. 

HEALTH PROFESSIONAL EDUCATION—We have 
discussed numerous mechanisms that are developed in inte- 
grated health-care systems to ensure the provision of quality, 


cost-efficient care. These mechanisms are only helpful to this 
end if they are understood and adopted by practitioners at the 
point of care. To make these tools useful the integrated system 
must develop an educational program for physicians, pharma- 
cists, other health-care providers, and patients. Pharmacists 
have an assortment of skills that can be used for these tasks. 
Pharmacy managers in integrated systems should work with 
administration to establish pharmacists as leaders in these 
educational roles. 

Group Meetings—An efficient way to reach a large number 
of people is through group meetings. These educational meet- 
ings should be conducted throughout the integrated system for 
physicians, allied health-care professionals, pharmacists, and 
patients. If geographically it is not practical to have all depart- 
ment personnel in one place, the use of multimedia in the form 
of teleconferencing or videotape presentations can provide an 
education forum. 

Medical staffs in integrated health-care systems meet on a 
regular basis to discuss clinic procedures and day-to-day oper- 
ational activities. This forum provides an opportune time for 
pharmacists to present information regarding formulary pro- 
cedure, formulary agents, treatment guidelines, and disease 
management. As the practitioners are discussing the operation 
of their clinic it is an easy transition to provide clinical infor- 
mation for incorporation into their daily treatment practices. 

In the integrated health-care system patients are important 
players in their own care, and education of patients also must 
be considered. Often support groups meet, providing a forum to 
provide new information about services and treatment to a 
significant number of patients. 

One-on-One Meetings—The pharmaceutical industry has 
long used this method to educate physicians about the use of 
their products. When pharmacists use this forum it has been 
referred to as academic, or counter, detailing. The use of the 
term counter is meant to indicate the pharmacist is speaking 
against the information provided by the manufacturer. This is 
not always the case. The difference between detailing by the 
pharmaceutical sales force and that by the integrated-system 
pharmacist usually involves the purpose of the detailing activ- 
ity. The salesperson is encouraging the use of the product for 
company profit, while the pharmacist is encouraging the use of 
the product that will provide quality, cost-efficient care for the 
patient. Sometimes the same product meets these two objec- 
tives, and then the two detailing activities do not run counter to 
each other. When this situation occurs it may be helpful for the 
system to use pharmaceutical sales representatives to educate 
the physicians on the use of agents. However, caution is 
advised, since their ultimate goal is maximal usage of their 
product, and the system’s goal is optimal use of the proper 
treatment. 

Pharmacists can use the same techniques used by the sales 
representatives in detailing activity. However, the discussion 
between the pharmacist and the physician can be more open, as 
topics for discussion are not governed by federal law as they are 
with the pharmaceutical representative. Pharmacists can pro- 
vide the physician with system documents describing treat- 
ment as well as journal articles. Pharmacists can discuss ac- 
tual system costs and use patterns to illustrate which drugs 
can provide care at lower costs. These educational sessions can 
serve to bolster the physician-pharmacist relationship and 
demonstrate the pharmacists’ expertise in drug therapy. 

Patient counseling frequently takes place in a one-on-one 
manner at the time of prescription dispensing. While this is an 
excellent time to educate the patient, it may not be optimal, as 
the pharmacy is often the last stop in the patient visit. Phar- 
macists in integrated health-care systems are frequently in the 
clinic areas. Patient educational sessions can take place during 
the course of the office visit. This situation may prove optimal, 
as the physician, pharmacist, and patient are in the same 
locale to address treatment goals and changes in therapy. 

Materials—In the hospital setting, the term the formulary 
has not only referred to the list of approved drug products, but 


also to a published document. Most formulary books not only 
contained the list of approved drugs, but also policies and 
procedures regarding pharmacy services and prescription writ- 
ing along with guidelines and protocols. Encouraging the use of 
this book as a source of prescribing information can be helpful 
in educating physicians and other health-care practitioners 
about the use of drugs in the system. 

As integrated health systems computerize information sys- 
tems, formularies can be placed in this environment for easier 
access by practitioners around the system. Besides the benefit 
of access, this electronic information can be more easily up- 
dated than the traditional printed format, which was updated 
usually once a year. Besides access to the formulary, other 
information regarding disease management and patient care 
can be provided in this format. 

In systems where computer access is not readily available to 
all system care providers, a newsletter can be helpful in pro- 
viding practical information in the patient-care areas. This 
document provides information in a short, easy-to-read format 
that can be posted in the patient-care work areas for easy 
access. 

Patient education materials should not be limited to those 
handed out at the time the drug is dispensed, nor limited to 
information on drugs alone. Information should be provided to 
patients on their disease and how their treatment plan works 
to control or eliminate their health problem. Much of this 
information is available from the various disease research and 
advocacy groups such as the American Heart Association and 
American Diabetes Association and through government agen- 
cies. This information can be provided to patients in the clinics 
or mailed to the patient’s home as a method of followup to 
one-on-one counseling. 


ACHIEVING BUSINESS RESULTS 


Pharmacy as a Business 


HEALTH-CARE BUSINESS—Business is a system of in- 
puts and outputs in which monetary, human, and material 
resources are converted into the output or product. To continue 
to do business those outputs must be of value to the market in 
which they are sold, so that more resources can be purchased 
and more product can be produced. In other words, you have to 
make money to stay in business. While relating this to health 
care at one time seemed less than ethical, in today’s health-care 
environment this statement rings true. It is to this end that 
integrated health-care systems have developed for the purpose 
of providing a quality product (health care) for a price that is 
considered competitive in the marketplace. 

Pharmacists in integrated health-care systems have the 
same charge to provide quality, cost-efficient care to the pa- 
tients of the system. In pharmacy, the inputs include the skills 
of the pharmacists, medications, equipment, and supplies. The 
outputs include the products used, the goods (prescription and 
other medications) and services (drug-therapy monitoring) 
needed to provide patients with pharmaceutical care. In an 
integrated system the pharmacists must work to ensure seam- 
less delivery of this care across the continuum. The coordina- 
tion of these functions is the responsibility of the pharmacy 
management. If management is successful, it will have used 
the resources available, provided the proper patient care, and 
generated a profit to the system to save on overall costs. By 
understanding this concept it is easy to see that the concept of 
providing pharmaceutical care goes hand in hand with the 
business concept of serving the patient’s needs with the re- 
sources available. 

TOTAL QUALITY MANAGEMENT —While business is 
still defined as a system of inputs and outputs, the way busi- 
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ness is conducted in the US has changed over the past several 
decades as foreign competition has entered and taken a front 
seat in world markets. The industry hit hardest by these 
changing concepts was the automobile manufacturers. The 
once world leaders in the industry, General Motors, Ford, and 
Chrysler, found that the Japanese were beginning to steal 
market share from them easily, in the late 1970s. As the 
problem grew, the industry giants realized that the competition 
was producing a better-quality, more cost-efficient product that 
the customers wanted. The carmakers realized that the way 
the Japanese handled the process of inputs and outputs was 
different. The Japanese after World War II sought the help of 
an American, Edward Demming, who helped them reconstruct 
the way business was run with a system called Total Quality 
Management (TQM). With this concept, business runs in a 
streamline manner. Employees who work daily with the prod- 
uct are asked for input about how to make the product better. 
Customers are asked how they feel about the product or ser- 
vice. The information from both these parties is taken into 
consideration and implemented to improve the product contin- 
uously. Efficiency in production is stressed. Just-in-time inven- 
tory concept is embraced. Benchmarking is used. This practice 
identifies the best practices of business and uses them as a 
standard for comparison with how a specific company is per- 
forming. As the auto industry adopted these concepts, it began 
to regain lost business in world markets. These concepts of 
running a quality, cost-efficient business are shared by inte- 
grated health-care delivery systems, thus the adoption of TQM 
and the associated techniques was natural for the modern 
health-care business. The Malcolm Baldridge Awards are now 
given to businesses for their achievement in the implementa- 
tion and adoption of the TQM concepts. The health-care indus- 
try participates in this awards process, and thus health-care 
systems that achieve these highly prized honors are considered 
leaders in the field. 

As health-care delivery embraces the concept of customer 
satisfaction, it is important to consider who customers of an 
integrated system are. Health care is a unique industry in that 
the consumers of the service often do not pay for the service— 
someone else does. While the patients are the customers of the 
service, their satisfaction with the service is still important, as 
there are competitors for their business. These customers have 
personal concerns for quality. 

The other very important customer is the payer, who may be 
an employer group or health plan. This customer’s focal con- 
cern is the cost of health care. If the payer is not satisfied with 
the cost of health-care products and services provided by the 
system, it will take its business elsewhere. In this case the 
payer looks at health care as a business commodity and expects 
the health-care system to operate under the same business 
constraints as the payer does. This is to provide a quality 
product in a cost-efficient manner. Thus, again this concept of 
using the structure of an integrated health-care system as a 
quality, cost-efficient method to provide health care is in con- 
cert with the concerns of the potential customers, which is good 
business. 

FUNCTIONAL AREAS—Pharmacy managers in an inte- 
grated system are faced with balancing the various inputs and 
demand for the different outputs to provide a quality, cost- 
efficient pharmacy service. There must be a business focus that 
ensures that monetary, human, and material resources (in- 
puts) are allocated to the areas where they are most needed. 
Sound business practices of budgeting and quality control, 
among others, can be used to identify, monitor, and suggest 
change in pharmacy operations. Use of business plans, includ- 
ing long-range planning, is important for pharmacy managers 
to keep pharmacy practice on course with its goals and the 
goals of the integrated system. When pharmacy services are 
running smoothly, the system has another service that it 
can point to in its constant effort to stay competitive in the 
marketplace. 
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For the pharmacy manager there is much to juggle to allow 
pharmaceutical care to establish and maintain its place in an 
integrated system. The plan may be for pharmacists to become 
involved in an academic detailing program with the system’s 
physicians. In an effort to run a streamlined operation, no 
additional personnel will be made available for this task. The 
pharmacy manager then must use business skills to analyze 
the current work patterns, locate inefficiencies, and improve 
the process so that the existing pharmacists have time to take 
on these new tasks. 

Accounting and Finance—Just as pharmacy departments in 
integrated systems take a different form, accounting in these 
systems takes a different approach to what is considered fis- 
cally sound operations. In an integrated system, the money 
spent on expensive medications in the inpatient setting can 
save money in the consumption of the outpatient dollar. As the 
integrated system handles care through the continuum, the 
value of these expensive medications can be realized. Expen- 
sive drugs, which are given to inpatients, may save money for 
the system’s ambulatory business units or vice versa. 

Because of the ability of an integrated system to spread 
costs as well as savings across these systems, pharmacists 
working in these systems must broaden their fiscal manage- 
ment. In a system, pharmacy managers must have an under- 
standing of purchasing, ,billing and accounting as it applies to 
pharmacy throughout the system. Justification of fiscal losses 
in one site must be balanced not only in pharmacy savings at 
another point of care, but also as saving health-care use dollars 
in other facets of care, for example office visits or decreased 
readmission rates. 

Managed care has been an important driving force in the 
establishment of integrated systems for the provision of quality 
because of payment methods offered by the plans to health-care 
providers who wish to contract with the plan. In this contrac- 
tual agreement, the health-care provider agrees to provide 
health-care services in return for payment from the managed- 
care plan. This differs from the traditional relationship be- 
tween providers and traditional insurance in that payment is 
not made on an occurrence basis but on a monthly basis. 
Managed-care payment is made on a monthly basis for an 
agreed-upon fee that is called a per member per month 
(PMPM) fee. Under this structure the variation in the plan’s 
costs only depend on the number of members enrolled, not on 
the number of services or complexity of services provided. 
Thus, if the patients use fewer services or the integrated sys- 
tem can run more efficiently, the system makes money. On the 
other hand, if the patients require more services, the managed- 
care plan pays out no more money. 

While the overall coverage in managed care is based on a 
PMPM for all care, it is common to have the pharmacy fees 
carved out from the total health-care benefit payment. The 
principles of services utilization under managed care apply to 
the pharmacy benefit as they did to the total health-care ben- 
efit. If pharmacy services can provide prescription and phar- 
maceutical care at costs less than the amount paid by the 
managed-care plan, the pharmacy makes money. Thus, it is 
important for the pharmacy manager to understand this con- 
cept and understand why it is important to select the most 
cost-efficient agents for use in the managed-care population. 

Human Resources—FEfficiencies across the system are im- 
portant to reach the goal of quality, cost-efficient care. This 
principle holds true when it comes to handling human resource 
issues in the pharmacy. To provide cost-efficient care, the sys- 
tem cannot afford to employ personnel who are not equipped to 
perform the tasks required. As integrated systems have 
changed the way health care is delivered, it is important for 
pharmacy managers to understand that these changes may be 
difficult for employees to understand and, thus, are not work- 
ing to their optimal efficiencies. The pharmacy manager must 
find new ways to find qualified people, develop and motivate 
staff, and retain qualified people. These requirements do not 
differ from the human resource function of any business; how- 


ever, as health care is rapidly changing, it becomes critical for 
the integrated system pharmacy management to be quicker 
and more innovative in these human resource functions. 

Operations—Operations management is the organizing of 
the process that turns the inputs into the outputs. In the case 
of pharmacy services in the integrated system, pharmacy man- 
agement is required so that the process takes the skills of the 
pharmacist and the medications and turns them into a quality, 
cost-efficient product of pharmaceutical care. 

To provide these services the managers must look at phar- 
macy activities across the system and determine if all opera- 
tions are running efficiently. In those areas where weaknesses 
are found, the operation is evaluated, and changes are made to 
improve services. The benefit from an integrated system is that 
pharmacists with various types of expertise can be called upon 
for assistance. 

An integrated system is usually in a better position to adopt 
the use of computers and automation for dispensing medication 
and information to help the pharmacist. With computer links 
and automated dispensing units, pharmacist time can be freed 
up for patient counseling and physician education. In this way, 
the pharmacists can assist physicians in the choice of the most 
cost-efficient medication and help the patient use the drug for 
the best health-care outcome. Thus, better operational man- 
agement can play an important role in ensuring that quality, 
cost-efficient pharmaceutical care is delivered by the system. 

Marketing—Marketing usually is associated with advertis- 
ing or personnel selling a product or services. Marketing of 
pharmacy services in an integrated health-care system is of 
critical importance for the survival of pharmacists as health- 
care providers. A key factor in a successful business is to 
provide goods or services that have value to the customer. As 
integrated health-care systems are run in a cost-efficient man- 
ner, any service or product that is not viewed as adding value 
to health care will be eliminated. In discussing marketing of 
pharmacy services it is important to consider the customers of 
pharmacy services in the integrated system. 

Marketing plays an important role in developing the trust of 
health-care providers. If the health-care team sees the phar- 
macist as providing a valued service by working as a member of 
the team, the value of pharmacy involvement in patient care is 
accepted. In an integrated health-care system, this involve- 
ment may be as simple as providing information regarding 
drug interactions to avoid negative outcomes or as complex as 
a pharmacist overseeing the complete care of a patient in a 
warfarin clinic. Through pharmacy marketing these services 
are accepted by the decision-makers of the system as quality, 
cost-efficient efforts needed to maintain the level of care de- 
manded by the integrated system. 

To ensure that pharmacy services are being provided to 
meet patient needs, marketing activities include identifying 
target markets for services, developing a product mix to satisfy 
these target markets, ensuring convenience and competitive 
pricing of products and services, and promoting pharmacy ser- 
vices. This reflects mostly on the quality initiative of an inte- 
grated health-care system. 

THE MANAGEMENT PROCESS—Bringing these func- 
tions together to run a quality, cost-efficient pharmacy service 
in one setting is a challenge. When the various types of phar- 
macy services provided in an integrated health-care system are 
considered, the task appears overwhelming. Thus, the manage- 
ment process requires a directed, organized effort that can be 
sustained over the continuum of care for a long period of time. 
A good pharmacy manager prepares plans and organizes re- 
sources, especially the staff, in a way to bring together the 
talents to achieve the goal of providing quality, cost-efficient 
pharmaceutical care by directing their activities and control- 
ling their activities. In an integrated system the use of TQM 
concepts indicates that the manager solicits input from the 
employees and customers of the service to ensure the best 
process. 


PLANNING—Planning is the most critical element to en- 
sure a successful operation. It requires that internal strengths 
and weaknesses of pharmacy services in the system be evalu- 
ated. In an integrated system, this review is expanded beyond 
the pharmacy alone and must include evaluation of pharmacy’s 
interactions with the overall provision of health care. The op- 
eration and plans for expansion for the health-care system as a 
whole must be understood for the pharmacy manager to plan 
for the pharmacy operations required over the continuum of 
care. Once the pharmacy’s place in the overall business plan for 
the integrated system is understood, the manager can set goals 
for the department and develop policies, procedures, and busi- 
ness strategies to carry out the plan. 

Organizing—Once the plan for action is determined, the 
pharmacy manager must organize pharmacy resources to ac- 
complish the stated objectives. This involves identifying the 
tasks to complete, assigning tasks to individuals, and defining 
methods of accountability. Cooperation of pharmacists around 
the system is often required to complete a single process, thus 
organizations take on a broader scope than in the traditional 
health-care delivery. 

Staffing—Staffing involves identifying and providing the 
human resource needs for the system’s pharmacy services. 
While the hiring and training of pharmacists in an integrated 
system is parallel to the process in any business, it is important 
to employ personnel who grasp the concepts of providing care 
across the continuum. In this situation, the qualified employees 
posses good communication skills and interest in working with 
the entire health-care team to provide quality, cost-efficient 
care. 

Directing-—Directing involves keeping personnel focused on 
attaining system goals. This can be difficult in an integrated 
system, as sometimes it is difficult for employees to understand 
that the small part of the overall care process they contribute 
plays an important function in ensuring that quality, cost- 
efficient service is provided. While planning and organizing are 
management functions that usually take place before a process 
is implemented, directing the process is a continuing function 
of the pharmacy manager. Further, it is important to direct 
employee focus to the accomplishments required to reach the 
long-term plan. Integrated systems experience constant change 
as they grow through mergers and acquisitions. It is during 
these times of change that the manager must be especially 
diligent in directing the focus of integrated health-care system 
pharmacy personnel. 

Control—The controlling process involves periodic assess- 
ment of the work process. While directing activities is a day- 
to-day activity of business management, control through the 
use of reports and reviews ensures that the pharmacy’s activ- 
ities are on the correct course to achieve goals. This periodic 
assessment also is important because change in integrated 
health systems is continual. These periodic assessments can 
allow for review of the pharmacy process goals alongside the 
system’s changing goals. This management function can signal 
the need to return to planning or organization to meet the new 
situation. 

DEVELOPING A BUSINESS PLAN —TIf an integrated 
system is to use its resources for the best achievable outcomes, 
clear goals and a clear plan to achieve these goals are critical. 
A universal goal of integrated health-care delivery systems is 
to provide quality, cost-efficient health-care services to all pa- 
tients. With this clearly understood system goal in mind, phar- 
macy management can develop a strategic plan that allows the 
manager to focus on the pharmacy’s strengths, reduce weak- 
nesses, bring together resources, and direct pharmacy to initi- 
ate a process that will ensure the delivery of quality, cost- 
efficient pharmaceutical care. Business goals generally are 
categorized as outcomes management, expense management, 
and profit. As managed care and its concern with quality play 
a major role in the provision of care in the integrated system, 
outcomes management that uses traditional measures of eco- 
nomic and clinical outcomes along with humanistic outcomes is 
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becoming the benchmark method for determining if an inte- 
grated system is meeting its goals. 

Outcomes—By using the outcomes management model, the 
pharmacy manager can determine the need for a pharmacy 
intervention to improve patient care. By assessing clinical, 
economic, and humanistic outcomes, the pharmacists can de- 
termine if treatment is being maximized throughout the inte- 
grated system. Once the diagnosis is completed, a plan of action 
can be implemented. An important component of the plan is a 
method of collecting specific outcome information that will al- 
low measurement of the effect of the intervention on outcomes. 
With this outcome data in hand, the manager can perform an 
analysis to determine the success or failure of the process. This 
analysis also can reveal where improvement is needed. After 
improvements are made the cycle of analysis continues to re- 
peat itself. This technique allows managers to identify what 
works and what does not and to improve the planning and the 
process over time. As the outcomes management model in- 
volves continuous process improvement, it is recognized as an 
important tool to ensure quality, cost-efficient service in inte- 
grated health-care delivery systems. 

Expenses—In traditional pharmacy practice, expense man- 
agement was tied solely to meeting an assigned budget for 
pharmacy purchases and personnel costs. In an integrated 
health-care system, these remain important, but the costs and 
savings in other health-care costs, such as additional office 
visits or decrease in length of hospitalization, can be factored 
into the pharmacy budget. As the integrated system recognizes 
savings across the system, pharmacy managers must be in 
tune with system accounting to identify savings in other costs 
that can be attributed to the use of expensive drugs or phar- 
macy services. 

Profit—Profit is a simple concept of business, in which the 
cost to produce the product is less than the value the product is 
sold for in the marketplace. In the traditional pharmacy set- 
ting, pharmacists worked hard to procure drugs for the least 
possible cost while ensuring that the payers paid more for 
drugs than the purchase price and the cost to run the phar- 
macy. While this concept of pharmacy profit is still important 
today, it is measured differently because of the influence of 
managed care. While some customers of an integrated system 
may still pay for individual services, more and more patients 
have managed pharmacy coverage by which the pharmacist is 
paid a set PMPM. The key to profits here is to ensure that drug 
and business expenses are less than the PMPM payment. As 
always, the pharmacy manager who can best control the costs 
of doing business has the best chance of maintaining the profit 
needed to stay in business. 

SECURING THE FUTURE—While the basic principles of 
business apply to the operation of any pharmacy service, dili- 
gence in applying these principles to pharmacy services in an 
integrated health-care system is critical. While drugs are an 
acceptable product used to treat disease and illness, the ser- 
vices of a pharmacist may not be understood as clearly and 
thus valued by either those who are running the health-care 
system or those paying for the pharmacy benefit. If pharmacy 
is viewed only as a service that delivers drugs, integrated- 
systems managers will see the economy of replacing pharma- 
cists with technicians who can operate automated dispensing 
machines. 

In an integrated system, an effective pharmacy manager 
will use sound business principles to show the systems admin- 
istrator that pharmacists are the most appropriate managers 
of the pharmacy business within the organization. To do this, 
the manager must begin by using sound business principles to 
procure drug stock efficiently at the best price. While a phar- 
macy focus on drug-inventory management may seem misdi- 
rected, one must understand that those running integrated 
systems are often businessmen first. It is efficient spending of 
health-care dollars on drugs, which is the quickest, easiest, and 
most traditional measure of an efficient business operation. A 
pharmacy manager who can use business principles to estab- 
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lish sound drug-inventory management will establish credibil- 
ity with the system administrators. 

This credibility establishes a foundation from which the 
pharmacist can work to establish or expand pharmacy services 
in the direct patient-care arena. This is where the use of sound 
business techniques becomes particularly important to phar- 
macists. For example, if it were proposed that a pharmacist be 
placed in a clinic to monitor patients on warfarin therapy, this 
would make good business sense, as it would be less expensive 
to have a pharmacist monitor these patients than the physi- 
cian. Further, twice as many patients could be cared for, as 
both physicians and pharmacists see patients; that would in- 
crease patient satisfaction with access to health-care providers. 
However, a nurse could be seen as able to provide the same care 
as the pharmacist at a lower cost. This is where the pharmacy 
manager can use techniques of outcomes research and phar- 
macoeconomics to give support to the sound business decision 
that a pharmacist can provide quality, cost-efficient care in this 
role. The outcomes management model further provides the 
tools to reaffirm the soundness of this decision, as the actual 
intervention is continually monitored and improved to ensure 
continuing quality, cost-efficient patient care. It is only through 
the use of sound business techniques that the pharmacist will 
win and keep a place within the integrated health system’s 
provider team. 

Pharmacy managers in integrated health-care systems are 
running a pharmacy business as part of a very large business 
that delivers health care across the continuum. As part of this 
integrated business, the pharmacy manager is required to in- 
teract with many business managers who handle other facets of 
health-care delivery. It is important for the pharmacy manager 
to understand what these other managers value in the opera- 
tion of the delivery system, to function as a team player to 
ensure the provision of quality, cost-efficient health care, the 
product of the integrated health-care delivery system. It 
is through the marriage of leadership skills with data and 
measurements, continuous quality improvement, employee- 
mindedness, and strategic thinking that business results are 
achieved and customer satisfaction is optimized. 


CHALLENGES 

TE YE A EO TTT SETS, 
Integrated health delivery systems face enormous future chal- 
lenges. Many are in various stages of integration. During the 
process of integration through mergers, acquisitions, and joint 
ventures, vision and strategy must be communicated clearly to 
employees, the community, and health system stakeholders. 
Change is occurring rapidly in health care. Communication 
plans are essential to allay the anxiety of pharmacists and 
other health-care workers. Organizational structures must be 
designed to achieve both vision and strategy. Relationships 
between system components must be well defined and under- 
stood. In professions such as pharmacy, corporate committees 
can be developed to help develop a strategy and vision for 
pharmacy throughout the health system. Physician involve- 
ment is needed to align pharmacy services with medical need 
and to ensure medical staff support of systemwide formulary 
and drug use policies and guidelines. Information systems 
must be integrated, and common databases are needed for 
shared information across facilities. Physician order entry sys- 
tems with links to physician offices, clinics, and the hospitals in 
the system are needed to reduce practice variance and enhance 
quality. Cross-functional training of pharmacists to bridge clin- 
ical roles in acute and primary-care settings with common 
goals defined and clear time lines are needed. Staff develop- 
ment, education, and retooling are needed to ensure shared 
expectations, skills, and competence. A process for evaluation 
and continuous process improvement will help to ensure con- 
tinued alignment of processes with visions and goals. Pharma- 
cists in health systems are part of the continuing vortex of 


change and as such must be prepared for dynamic, responsive 
role shifts as system goals are defined and redefined, and 
functions merged. 

Another future challenge for pharmacists in health systems 
is the change in the delivery of services and care. The term era 
of telemedicine or cybermedicine has been coined to represent 
the way that patients seek and receive information about their 
health and medications. Electronic and Internet capabilities 
have put vast information in the hands of the consumer. This 
represents both an advantage and a challenge. As discussed, 
the electronic and cyber educational opportunities are enor- 
mous. Patients can be directed to databases and Web pages of 
the health system where guidelines, helpful hints, and on-line 
chat rooms with pharmacists and other professionals facilitate 
the exchange of information and knowledge. The opportunity 
may represent a threat to health systems that have not pre- 
pared for this wave of communication, as patients may find 
erroneous sources of information. The public wants to be edu- 
cated about drugs and will find a means of gaining necessary 
information. The challenge to pharmacists in health systems is 
to ensure that we provide them with accurate information 
consistent with safe, effective drug use to prevent their receiy- 
ing flawed information. 

The pharmaceutical industry is positioned to continue ad- 
vertising directly to consumers. Television, magazines, direct- 
to-home mailings, help-lines, and other strategies are used to 
gain access to consumers. While physicians previously were 
seen as the customers of the pharmaceutical industry, patients 
are now the target. Lay people, with no medical training, are 
being barraged with information about drugs and messages to 
ask their physician to prescribe new drug therapies. Direct-to- 
consumer advertising presents a large challenge to health- 
system pharmacists. It forces pharmacists to stay up-to-date on 
all newly released drugs and devices, because often patients 
will question pharmacists about new entrants to the market. 
Pharmacists may have to counter consumer requests with al- 
ternative formulary choices and provide sufficient explanation 
to satisfy patients about the choices made by health-system 
formulary committees. Pharmacists are asked about new drugs 
about which little or no information is known, and they are 
expected to have answers. 

In a more global sense, drug-purchasing agreements and 
formularies will continue to merge to gain increasingly larger 
market shares. As a result of increasing costs of providing 
medical and pharmacy services to patients, employers may 
begin contracting directly with health systems for health ser- 
vices rather than going through an insurance plan. For systems 
that own their own HMOs, this may be happening already, but 
future alliances will occur to cut out the middle provider. Con- 
tracts may be negotiated this way to reduce the cost of provid- 
ing care and improve access of the purchaser’s employees to the 
medical care by ensuring exclusivity with the health system. 
Pharmacists will be asked to provide pharmacy services di- 
rectly to large companies (eg, General Motors, IBM, General 
Electric) rather than to individual patients. As a part of this 
service, the pharmacy benefits, drugs provided, educational 
offerings, and clinical services will all have to be tailored to 
meet the needs of the new purchasers of health care. 

Pharmacists continue to play a pivotal role in the evolution 
of care delivered by health systems. To prepare for future 
challenges, pharmacists will need enhanced development of 
analytical, business, and financial skills. Knowledge of market- 
ing strategies may be important, as direct-to-consumer adver- 
tising from pharmacies to patients may play a role in main- 
taining and growing business. Customer satisfaction will be 
improved through extended clinical and educational services 
offered to patients. Systemwide integration will require that 
pharmacists serve on committees and teams ensure alignment 
of financial, informational, and technological systems; clinical 
services; job descriptions; and care delivery. Pharmacists with 
leadership skills will help shape the vision for corporate phar- 


macy integration and are needed to plan for pharmacy in the 
21st century. 
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CHAPTER 498 


Pharmacists in traditional community pharmacy settings have 
historically served as providers of a wide range of health ac- 
cessories, convalescent aids, and medications for patients at 
home. During the past 20 years, however, the provision of 
pharmaceutical care for home health patients has evolved to 
become a highly sophisticated patient-care service. Today, 
pharmacists in community and health-system pharmacies 
across the country have expanded their services for the home- 
bound patient. Home health pharmacists provide home paren- 
teral therapy and home medical equipment with a commitment 
to patient care and a concern for positive patient outcomes. 


HOME HEALTH CARE 

a ah RD 1ST TI NSPE FB 
Although home health patient care has been the subject of 
increased interest as a novel health-care alternative in the US, 
home health care is not a new concept.' As originally developed 
hundreds of years ago, the care of sick patients at home con- 
sisted of nursing care provided by trained caregivers or caring 
family members. In the late 19th century, nursing services for 
patients at home were available in some major cities in the US. 
Members of the nursing profession were the earliest providers 
of home health patient-care services.” 

Home health care is a strategy that places less emphasis on 
inpatient care, with a focus on the home and family as the 
primary mechanism for care. According to Ciszewski,’ propo- 
nents of home care argue that this method of health-care de- 
livery is more humane and compassionate than that of hospi- 
tals and nursing homes and that it is most preferred by the 
patient. Managed-care organizations assert that home care is 
often the most cost-effective method of delivering quality care 
to the patient. Patients who receive home health care have 
more control over their lives, because they can maintain a daily 
living routine in the comfort and security of their own home, 
rather than remain in a regimented hospital setting. Home 
care reinforces and supplements the care provided by family 
members and friends and maintains the recipient’s dignity and 
independence.” 


Definitions 


Because home health patient care is one of the newest modern- 
day health-care alternatives, it has been the subject of various 
definitions and descriptions.* There is no consensus among 
practitioners, regulatory entities, and third-party payers on the 
choice of home health care, home care, homecare, or home 
health patient care as the proper phrase to describe the health 
and personal care services and products provided to patients in 
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their homes. In its broadest definition, home health patient 
care is synonymous with home health care and home care and 
consists of medical, nursing, pharmaceutical, and other care 
provided to patients in their places of residence. It has been 
suggested that home-care services range from personal care, 
respite care, and shopping assistance to high-technology med- 
ical care such as home dialysis and home infusion therapy.® 
Home care is generally classified as skilled or personal care 
services. Skilled services are provided by health-care profes- 
sionals, while personal-care services are provided by technical 
or supportive personnel. In some cases, the specific services or 
products that are provided are determined by the third-party 
payer, especially in a managed-care environment. As a result 
the insurance company or managed-care organization will de- 
fine those services and products that are allowable in home- 
care settings.° 

From a pharmaceutical-care perspective, home health pa- 
tient care includes a wide variety of pharmaceutical and bio- 
medical products and services provided by pharmacists to 
patients in their homes. Products such as home medical equip- 
ment, convalescent aids and accessories, and therapeutic 
agents administered parenterally, along with the requisite 
clinical services associated with the provision of these products 
are part of the definition of home health patient care.* The 
various self-care products and services that are available for 
specialized patient prototypes may be defined as part of home 
health patient care. Typical patient prototypes include the 
elderly patient, diabetic patient, AIDS patient, ostomy patient, 
hospice patient, and other patients at home with short-term 
and long-term needs for pharmaceutical care.* 

Definitions of home health patient care may overlap with 
definitions of self care, long-term patient care, and ambulatory 
patient care. Home health-care products are usually provided, 
prescribed, and/or administered by a health-care professional. 
In many cases home health-care products are provided after a 
period of hospitalization. Typical home health-care products 
include catheters, wound dressing material, oxygen equipment, 
wheelchairs, and parenteral drug therapy. Home-care services 
include nursing care, physical or occupational therapy, drug- 
therapy monitoring and respiratory care. Self-care products are 
those items used by health-conscious individuals who are usu- 
ally well and have an interest in promoting or monitoring their 
own health or prefer to treat their own ailments. Decisions 
about the purchase and use of self-care products tend to be 
made by the patient, although sometimes on the advice of the 
pharmacist. In some situations self-care products relate to a 
chronic illness rather than a state of well-being, such as blood- 
glucose monitoring devices for diabetic patients.’ Typical self- 
care products are discussed in Chapter 101. 

Long-term care, although it may be defined in a manner 
similar to home health care, is usually associated with chronic- 


Table 118-1. Patient Mix and Demographics 
in Home Care’? 


PATIENT DEMOGRAPHICS PERCENTAGE 
Gender 
Male 38.4 
Female 61.6 
Age, years 
Under 18 6.0 
18-64 24.0 
65-74 48.1 
75-84 14.9 
85 and older 7.0 
Duration of care, days 
Under 30 29.4 
30 or more 70.6 
Visits per week 
1 24.5 
2-3 40.9 
4 or more Bes} 
24-hr care 3.4 


care services provided in institutional settings, such as inter- 
mediate-care and skilled nursing facilities. See also Chapter 
112. Ambulatory patient care, sometimes referred to as outpa- 
tient care, includes products and services that may be similar 
to those associated with home health care. See also Chap- 
ter 110. 

RELATED TERMS—A variety of health-related terms 
are in common usage among home health patient-care pro- 
viders.° These terms are defined by individual state regula- 
tions or laws, the funding agency for services and products, 
or the practitioners involved with the provision of the service 
or product. 

Home health services are services provided to acutely or 
chronically ill, or injured, patients at their residence, according 
to a plan of treatment prescribed by a physician. Home health 
services may include nursing care, medical social services, 
home health aide care, nutritional and dietary services, medi- 
cal supplies and equipment, drug therapy, physical therapy, 
speech therapy, occupational therapy, and other specialized 
services. 

Support services are social and maintenance services that 
enable an incapacitated or otherwise disabled person to live at 
home. Support services may include housekeeping chores, per- 
sonal care, transportation, shopping, laundry services, and pas- 
toral services. 

Certified home health agencies meet federal and state re- 
quirements for certification or licensure. Certified agencies pro- 
vide nursing service and at least one of the following: physical 
therapy, occupational therapy, speech therapy, nutrition ser- 
vices, and medical social services. To receive reimbursement 
for services provided to Medicare or Medicaid patients, a home 
health agency must be certified. 

Medical social services include services provided by a qual- 
ified social worker. 

Home health aide services include assistance with simple 
health-care tasks, personal hygiene, light housekeeping, and 
other related supportive tasks. A home health aide is usually 
required to complete a formalized training program. 

Homemaker services include assistance and instruction in 
managing and maintaining a household and in dressing, feed- 
ing, and performing incidental household tasks.° 

HOME HEALTH AGENCIES—According to Spiegel,® 
home nursing care became a part of the benefits offered by 
some life insurance companies in the US in the early part of the 
20th century. The preferences of patients to remain at home 
during periods of illness were slowly being accommodated by 
the health-care system in place at that time. However, the 
major impetus for the development of present-day home health 
patient care was given by the 1965 changes to the Social Secu- 
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rity Act, which established a definition of home health agencies 
within Medicare.? In 1966 there were approximately 1000 
home health agencies in the US certified to provide services to 
Medicare patients. In 1996 that number had increased to 6400 
Medicare-certified agencies, with an additional 8600 noncerti- 
fied home health agencies in operation.'® As initially defined, 
home health agencies were required to provide nursing care 
and at least one additional service such as physical therapy, 
occupational therapy, speech therapy, medical social services, 
or home health aide services. This concept of nursing plus one 
was a requirement that served as an important guideline and 
template for the home nursing industry. The provision of phar- 
maceutical products and services was not included in the initial 
list of services provided by home health agencies in the 1960s.” 

HOME CARE PATIENTS—Patients who are referred to 
home health patient-care providers present with a varied mix 
of demographics and conditions. Demographic data, medical 
diagnostic categories, and type of care needed are useful 
in defining the prototypical home care patient.'° (See Table 
118-1.) In addition, global assessments of degree of ambulation, 
living arrangements, mental status, and related conditions 
provide further insight into the home-care needs of these pa- 
tients. For example, the overall percentage of home-care pa- 
tients who depend on wheelchairs has more than doubled to 
15.6% in 1995 from 6.7% in 1994. Chronically ill patients 
represented 43% of all home-care patients in 1995, compared 
with 50% in 1994.'° The specific status of home-care patients is 
reported in Table 118-2. 

Although not routinely listed as a separate category of de- 
mographics, the home parenteral-therapy patient represents a 
unique prototype that requires pharmaceutical care from 
home-care pharmacists. Patients in need of parenteral drugs at 
home are typically more acutely and severely ill than the av- 
erage home-care patient. These patients receive parenteral 
drugs, nutrient solutions, or other fluids through a needle or 
catheter. Home parenteral therapy is usually provided via the 
intravenous route of administration; however, subcutaneous 
and other routes of administration may be used. Because of the 
technological advancements associated with parenteral ther- 
apy and especially infusion therapy, home infusion therapy has 
become one of the most important home health patient-care 
alternatives provided by pharmacists. Early providers of home 
parenteral therapy in the 1970s focused on total parenteral 
nutrition and parenteral antibiotics for patients at home. The 
typical parenteral therapies that may be provided to home 
health-care patients are listed in Table 118-3. 


Table 118-2. Typical Status of Home-Care Patients’° 


PATIENT STATUS PERCENTAGE 
Ambulation 
Ambulatory 64 
Bedridden 20.4 
Uses wheelchair 15.6 
Living arrangements 
Lives alone 33.4 
Lives with spouse 54.6 
Lives with friend 9.4 
Specific diagnosis 
Alzheimer’s 7.6 
Other dementia 10.7 
AIDS 2.4 
Decubitus ulcers 9.1 
Paraplegic 4.5 
Other conditions 
Postsurgical 14.1 
Incontinent 26.3 
Terminal 9.9 
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Table 118-3. Typical Parenteral Therapies for Home 
Health Care Patients’™ 


Anticoagulation therapy 
Chemotherapy 

Enteral nutrition 
Hydration therapy 
Inotropic therapy 

Pain management 
Parenteral antibiotics 
Tocolytic therapy 

Total parenteral nutrition 


HOME PARENTERAL PHARMACY PRACTICE 


Providing parenteral therapy to patients at home is a unique 
pharmacy practitioner responsibility offered in association 
with health systems, community pharmacies, and home health 
agencies. See Chapter 119, Aseptic Technology for Home-Care 
Pharmaceuticals. Melikian’” suggested the following activities 
and responsibilities of pharmacists who provide home paren- 
teral services: 


Compounding parenteral solutions and medication by use of accepted 
standards of practice. 

Dispensing, documenting, and monitoring the use of medications, cath- 
eter care, and medical supplies for patients at home. 

Monitoring and documenting the occurrence of side effects, adverse 
drug reactions, and drug-drug and drug-food interactions and pro- 
viding evidence of positive patient outcomes. 

Coordinating the provision of appropriate medical and surgical supplies 
along with the distribution and delivery of products to the patient’s 
home. 

Managing the purchasing function and establishing appropriate guide- 
lines and procedures for stock levels and inventory control. 

Providing direct training and educational information in written or 
verbal form to patients, caregivers, and nursing staff regarding 
enteral and parenteral equipment and supplies, aseptic technique, 
and administration guidelines and appropriate information related 
to medication use and storage and monitoring of outcomes. 

Maintaining ongoing communication with nursing staff, referring and 
attending physicians, discharge planners, social workers, and other 
referral sources. 

Providing initial and ongoing support for sales and marketing effort. 

Participating in quality assurance and quality improvement programs. 


Guidelines on the Pharmacist’s Role 
in Home Care 


To assist pharmacists in defining their role in home health 
patient care, the American Society of Health-System Pharma- 
cists (ASHP) has developed ASHP Guidelines on the Pharma- 
cist’s Role in Home Care.” ASHP guidelines refer to the provi- 
sion of pharmaceutical products and clinical monitoring of 
patients in the home, including, but not limited to, home infu- 
sion therapy and other injectable drug therapy and enteral 
nutrition therapy. The ASHP guidelines that follow apply to 
the pharmacist’s role and are not intended to apply to home 
health patient-care services that do not involve the provision of 
pharmacy services: 

INITIAL PATIENT ASSESSMENT—The pharmacist 
should ensure that each patient referred for home care is as- 
sessed for appropriateness on the basis of formal, predeter- 
mined admission criteria, including 


Patient, family, and caregiver agreement with services being provided 
in the home. 

Ability and willingness of the patient or caregiver to be trained to 
administer medications properly. 

Home environment conducive to the provision of home-care services (eg, 
electricity, running water, and cleanliness). 

Reasonable geographic access to the patient by the home-care provider. 


Psychosocial and family support (eg, caregiver counseling, financial 
assistance and counseling, and suitable family environment). 

Ongoing prescriber involvement in the assessment and treatment of the 
patient. 

Medical condition and prescribed medication therapy suitable for home- 
care services and prognosis with clearly defined outcome goals. 
Appropriate indication, dose, route, and method of administration of 

medications. 
Appropriate laboratory tests for monitoring patient response to medi- 
cations ordered. 


Before the start of home-care services patients should be in- 
formed of their rights and responsibilities. These should be 
explained in detail and given to the patient, family member, or 
other caregiver in writing. When the first dose of medication is 
to be given in the home, the pharmacist should use clinical 
judgment in determining, in conjunction with the prescriber, 
home-care nurse, and patient or caregiver, whether home ad- 
ministration of the first dose is appropriate. Policies and pro- 
cedures should define parameters to be used in making this 
decision and precautions necessary when first doses are admin- 
istered in the home (eg, emergency medications, monitoring 
and observation, and presence of health-care professional).'? 

Once a patient is accepted for home-care service but before 
the initiation of therapy, the pharmacist should assess the 
patient’s current status and develop a thorough patient data- 
base to provide a basis for ongoing drug-therapy monitoring 
and an evaluation tool for measuring patient outcomes. The 
complete patient database should be documented in the pa- 
tient’s home-care record. This database should include, at a 
minimum 


Patient’s name, address, telephone number, and date of birth. 

Person to contact in the event of an emergency and contact information. 

Patient’s height, weight, and sex. 

All diagnoses. 

Location and type of intravenous access, when necessary. 

Laboratory test results. 

Pertinent medical history and physical findings. 

Drug-related problem list. 

Accurate history of allergies. 

Initial and ongoing pharmaceutical assessment. 

Detailed medication profile including all medications (prescription and 
nonprescription), home remedies, and investigational and nontradi- 
tional therapies that the patient is receiving. 

Prescriber’s name, address, telephone number, and any other pertinent 
information. : 

Other agencies and individuals involved in the patient’s care and di- 
rections for contacting them. 

Medication history. 

Goals and expected duration of therapy. 

Desired outcome indicators. 

Patient education provided. 

Any functional limitations of the patient. 

Any pertinent social history or findings (eg, alcohol consumption and 
tobacco use). 


In obtaining this information, the pharmacist may use the 
past medical record; laboratory test results; direct communica- 
tion with the patient, nurse, and prescriber; and direct obser- 
vation. When the pharmacist cannot directly observe the pa- 
tient, the patient’s home-care nurse may provide the results of 
direct observation and physical assessment. If a shared service 
agreement exists among multiple providers, the pharmacist 
should ensure that this agreement specifies the responsibilities 
of each provider for obtaining and sharing pertinent patient 
information. 

PATIENT EDUCATION, TRAINING, AND COUNSEL- 
ING—tThe pharmacist is responsible for ensuring that the pa- 
tient or caregiver receives appropriate education, training, and 
counseling regarding the patient’s drug therapy. Other health- 
care professionals may be involved. A home-care pharmacist 
should be readily accessible in the event that questions or 
problems arise. Professional judgment should be employed in 
determining what information should be included in patient 
education and training. The following should be considered: 


Description of drug therapy including drug, dose, dosing interval, and 
duration of therapy. 

Goals of drug therapy. 

Importance of compliance in following the therapy plan. 

Proper aseptic technique. 

Proper care of the catheter and catheter site. 

Proper administration of medications. 

Inspection of medications, containers, and supplies before use. 

Equipment use, maintenance, and troubleshooting. 

Home inventory maintenance and procedures for securing additional 
supplies and medications when needed. 

Potential adverse effects, drug-drug interactions, and drug-nutrient 
interactions and their management. 

Special precautions for the preparation, storage, handling, and disposal 
of the drug, supplies, and biomedical waste. 

Information on contacting health-care providers involved in the pa- 
tient’s care. 

Emergency procedures. 


Guidelines on patient counseling and education should be 
followed in accordance with applicable state regulations and 
documented in the patient’s home-care record. 

PRODUCT, DEVICE, AND ANCILLARY SUPPLY SE- 
LECTION—The pharmacist, in collaboration with other 
health-care professionals and the patient, is responsible for the 
selection of infusion devices, ancillary drugs (eg, heparin flush 
and 0.9% sodium chloride), and ancillary supplies (eg, dressing 
kits, syringes, and administration sets). Pharmacists should be 
thoroughly trained and knowledgeable in the selection and use 
of these devices, drugs, and supplies. Factors involved in the 
selection of devices an ancillary supplies may include 


Stability and compatibility of prescribed medication(s) in infusion- 
device reservoirs). . 

Ability of an infusion device to accommodate the appropriate volume of 
medication and diluent and to deliver the prescribed dose at the 
appropriate rate. 

Ability of patient or caregiver to learn to operate an infusion device. 

Potential for patient complications and noncompliance. 

Patient convenience. 

Nursing or caregiver experience with therapy and selected devices. 

Prescriber preference. 

Cost considerations. 

Safety features of infusion devices. 


The home-care pharmacist, in consultation with the pre- 
scriber, should determine when emergency medications and 
supplies (eg, anaphylaxis kits) should be dispensed to home- 
care patients. When standing orders for ancillary drugs or 
supplies or standardized treatment protocols are used, the 
pharmacist should review each protocol to determine its appro- 
priateness for the patient. Information on the selection of in- 
fusion devices and catheters is available elsewhere.'* ‘° 

DEVELOPMENT OF PHARMACEUTICAL CARE 
PLANS—The pharmacist, in collaboration with the patient or 
caregiver and other health-care professionals, is responsible for 
developing an appropriate pharmaceutical care plan for each 
patient. The pharmaceutical care plan should be developed as 
part of the patient’s overall care plan and should be based on 
information obtained from the initial pharmacy assessment 
and other relevant information obtained from the nurse, pre- 
scriber, patient, and caregiver. At a minimum, the pharmaceu- 
tical care plan should include!” 


Actual or potential drug-therapy problems and their proposed 
solutions. 

Desired outcomes of drug therapy provided. 

A monitoring plan specifying objective and subjective parameters (eg, 
vital signs, laboratory tests, physical findings, and patient response) 
for monitoring outcomes and drug-therapy-related problems (eg, 
toxicity, adverse reactions, and noncompliance). 

Frequency for proactive monitoring of the above parameters. 


The pharmaceutical care plan should be developed at the 
initiation of therapy and should be reviewed and updated on a 
regular basis. The degree of detail of the pharmaceutical care 
plan should be based on the complexity of drug therapy and the 
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patient. The Joint Commission on Accreditation of Healthcare 
Organization Accreditation Manual for Home Care includes 
examples of pharmaceutical care plans for various therapies. !* 

The pharmacist is responsible for communicating the phar- 
maceutical care plan to other health-care professionals in- 
volved in the care of the patient and regularly communicating 
any updates as they occur. The pharmaceutical care plan and 
updates should be a part of the patient’s home-care record. 

PATIENT CLINICAL MONITORING—The pharmacist 
is responsible for ongoing clinical monitoring of the patient’s 
drug therapy according to the pharmaceutical care plan devel- 
oped and for appropriately documenting and communicating 
the results of all monitoring activities to other health-care 
professionals involved in the patient’s care. The pharmacist is 
also responsible for ensuring that relevant information is ob- 
tained from the patient, caregiver, and other health-care pro- 
fessionals and documenting this information in the patient’s 
home-care record. Pharmacists may wish to develop clinical 
monitoring protocols, in collaboration with prescribers and oth- 
ers, for various therapies. In most home-care practice sites, the 
pharmacist is responsible for obtaining the medication order 
from the prescriber. Pharmacists may receive laboratory re- 
sults before other health-care providers. In such cases, the 
pharmacist is responsible for communicating the laboratory 
test results to the prescriber and other health-care providers. 
The pharmacist should provide an interpretive analysis of the 
information and recommendations for dose adjustments or con- 
tinuation or discontinuation of drug therapy. The pharmacist 
should ensure that sufficient laboratory test results are readily 
available for monitoring the patient’s therapy. In shared- 
service agreements, clinical monitoring responsibilities should 
be delineated. 

EFFECTIVE COMMUNICATION WITH PRESCRIB- 
ERS, NURSES AND OTHER HEALTH-CARE PERSON- 
NEL—Fffective communication among pharmacists, prescrib- 
ers, nurses, and other health-care personnel is critical to the 
care of the patient. The pharmacist should ensure that effective 
channels of communication regarding the care of the patient 
are in place, including shared-service arrangements (eg, pain 
assessments and laboratory test data). Both oral and written 
communication methods may be used for communicating pa- 
tient information. Confidentiality of patient information and 
pertinent federal and state regulations should be considered by 
the pharmacist. All relevant clinical communication should be 
documented in the patient’s home-care record. It is recom- 
mended that personnel involved in the care of the patient (eg, 
nurses, pharmacists, dietitians, delivery representatives, and 
reimbursement coordinators) meet regularly (eg, weekly pa- 
tient rounds) to discuss the clinical status of the patient and 
any operational issues related to the care of the patient. 

The patient, family, caregiver, and all health-care personnel 
involved in the care of the patient should have access to a 
pharmacist 24 hr a day. Before transferring patient-care re- 
sponsibilities, the pharmacist is responsible for providing 
a summary of all relevant clinical information to another 
pharmacist providing coverage for that patient (eg, on-call 
pharmacist). 

DIRECT COMMUNICATION WITH PATIENT AND 
CAREGIVER—The pharmacist providing home-care services 
should establish free and open channels of communication with 
the patient or caregiver. The pharmacist should contact the 
patient or caregiver as soon as the patient is accepted for 
service to 


Obtain information needed for the initial pharmacy assessment. 

Provide supplemental patient education and counseling as needed. 

Assess drug-therapy compliance. 

Inform the patient how to contact the pharmacist when needed. 

Assess drug-therapy problems (eg, side effects, adverse drug reactions, 
and noncompliance). 


All patient contacts should be documented in the patient’s 
home-care record. 
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COORDINATION OF DRUG PREPARATION, DELIV- 
ERY, STORAGE, AND ADMINISTRATION—The pharma- 
cist is responsible for ensuring the proper acquisition, com- 
pounding, dispensing, storage, delivery, and administration of 
all medications and related equipment and supplies. Com- 
pounding of sterile products should comply with applicable 
practice standards, accreditation standards, and pertinent 
state and federal regulations. If these services are being pro- 
vided by another pharmacy, the pharmacist should have rea- 
sonable assurance that these standards are being met by th 
pharmacy providing the service. Pharmacists may administer 
medications to patients in the home setting unless prohibited 
by applicable statutes and regulations. 

The pharmacist should ensure that the delivery of medica- 
tions and supplies to the patient occurs in a timely manner to 
avoid inappropriate interruption in drug therapy. Further, the 
pharmacist should ensure that storage conditions during the 
delivery process and in the patient’s home are consistent with 
the recommendations for storage of the product and expiration 
dating. The temperature of home refrigerators or freezers in 
which medications are stored should be within acceptable lim- 
its and should be monitored by the patient or caregiver regu- 
larly. The pharmacist should ensure that an adequate inven- 
tory of medications and ancillary supplies is available in 
the patient’s home. It may be appropriate to provide addi- 
tional inventory for unforeseen circumstances when extra 
doses or supplies may be required (eg, wastage, breakage, 
and emergencies). 

EMPLOYEE AND PATIENT SAFETY AND UNIVER- 
SAL PRECAUTIONS—A home-care organization is responsi- 
ble for assisting in the education and training of employees, 
patients, family members, and caregivers in appropriate safety 
and universal precautions as mandated by the Occupational 
Safety and Health Administration.'* The pharmacist should 
ensure that the home-care organization provides appropriate 
instruction and training for its employees and patients, includ- 
ing appropriate disposal and handling of medical waste proce- 
dures for prevention and management of needle sticks, han- 
dling of cytotoxic and hazardous medications,'*”° and Material 
Safety Data Sheets. The pharmacist should be a key resource 
in the development of such training programs. The pharmacist 
should assume an active role in the home-care organization’s 
infection control activities.21 For high-risk patients, it may be 
advisable to consider using a system or device (eg, needleless 
system) to minimize the potential for needle sticks. 

DOCUMENTATION IN HOME CARE RECORD—A 
home-care record should be developed and used for document- 
ing the home-care services provided to each patient. Written 
organizational policies and procedures should address the se- 
curity of home-care records and specify personnel who have the 
authority to review and make entries in home-care records. The 
confidentiality of patient information should be stressed to all 
personnel. 

The pharmacist is responsible for documenting all phar- 
macy clinical activities in the patient’s home-care record in a 
timely manner. To minimize duplication of information, gen- 
eral clinically oriented forms are preferred over specific nurs- 
ing, pharmacy, or other health-care professional forms. 

It may be advisable for organizations that provide multiple 
home-care services (e.g, pharmacy, nursing, and respiratory 
services) to use a single home-care record for documenting all 
clinical information regarding each patient. The home-care 
record should be accessible at all times to authorized personnel 
involved in the care of the patient. 

ADVERSE DRUG REACTION REPORTING—The home- 
care pharmacist should assist in the development of a program 
for reporting and monitoring all adverse drug- and device- 
related events. Such activities should be consistent with the 
ASHP Guidelines on Adverse Drug Reaction Monitoring and 
Reporting.”* The pharmacist should ensure that the prescriber 
is notified promptly of any suspected adverse drug reaction. 


Adverse drug reactions should serve as outcome indicators 
of quality, and the monitoring of adverse drug reactions should 
be a part of the organization’s ongoing quality improvement 
program. To improve patient outcomes, relevant trends should 
be integrated into staff development and inservice education 
programs for pharmacists and nurses. Serious adverse drug 
reactions should be reported promptly to the manufacturer and 
the Food and Drug Administration (FDA).?? 

PARTICIPATION IN CLINICAL TRIALS IN THE 
HOME —The pharmacist should play a key role in the devel- 
opment of policies and procedures for handling investigational 
drugs in the home-care setting. The ASHP Guidelines for the 
Use of Investigational Drugs in Organized Health-Care Set- 
tings** may be used as a guideline for the development of such 
policies and procedures. 

When patient participation in an investigational drug study 
is initiated in the institutional setting or other setting before 
the patient’s transfer to the home-care setting, it is important 
that the home-care pharmacist obtain and keep on file suffi- 
cient information about the investigational protocol and drugs. 
If an investigational drug is dispensed or administered by the 
home-care organization, a copy of the informed consent form 
signed by the patient should be placed in the patient’s home- 
care record. The home-care pharmacist should review the pro- 
tocol before the patient is admitted to the home-care service, to 
determine whether treatment of the patient in the home is 
appropriate. When investigational drug inventories are main- 
tained in the home-care pharmacy, the pharmacist is respon- 
sible for accurate recordkeeping. The pharmacist should be an 
active participant in coordinating and monitoring investiga- 
tional drug studies in home care. 

PARTICIPATION IN QUALITY IMPROVEMENT AC- 
TIVITIES—Pharmacists and other members of the pharmacy 
staff (eg, technicians) should be active participants in quality 
improvement activities in their organizations. A quality im- 
provement program for home care should monitor patient sat- 
isfaction and outcomes. Aspects of care that may be monitored 
include 


Unscheduled inpatient admissions. 

Unexpected discontinuation of infusion therapy. 
Interruption of infusion therapy. 

Development of infection(s). 

Reported adverse drug- and device-related reactions. 
Medication errors. 

Medication-related problems. 


The quality improvement program should also include appro- 
priate quality control measures for the compounding of sterile 
products and other activities. 

POLICIES AND PROCEDURES—tThe home-care phar- 
macist should be an active participant in the development of 
organizational policies and procedures. The organization 
should maintain current policies and procedures on all aspects 
of patient care and quality assurance. Activities that should be 
addressed in policies and procedures include, but are not lim- 
ited to, criteria for patient acceptance to home-care services, 
patient training and education, drug preparation and dispens- 
ing, equipment maintenance, quality control and quality assur- 
ance in sterile product compounding, infection control, and 
documentation in patient’s home-care records. 

LICENSURE AND ACCREDITATION—Pharmacies pro- 
viding home-care services should be licensed by the state board 
of pharmacy and other appropriate regulatory agencies. Some 
states require special licensure for pharmacies preparing ster- 
ile products to be dispensed to outpatients. Pharmacists dis- 
pensing medications to patients who reside in other states may 
also be subject to applicable regulations in those states; addi- 
tional licensure may be necessary. Accreditation of the organi- 
zation by the Joint Commission or the Community Health 
Accreditation program is recommended. The pharmacist 
should be knowledgeable about all applicable laws, regulations, 
and standards. 


CONTINUING EDUCATION AND TRAINING—Phar- 
macists should receive training in the provision of home-care 
services, and they should participate in ongoing continuing 
education activities as defined in the ASHP Statement on Con- 
tinuing Education”’ to improve knowledge and skills related to 
home care. When appropriate, pharmacists should assist in 
training and educational programs for other home health-care 
personnel. Whenever possible, pharmacists should participate 
in the provision of student clerkship, externship, and intern- 
ship training, as well as postgraduate residency training. 


Compounding Compatible Parenterals 
for Home Use 


Home parenteral pharmacy practice includes the provision of 
parenterals that must be compatible, stable, and sterile during 
the life of the product. Parenterals stored and administered in the 
patient’s home are not under the direct supervision of the dispens- 
ing pharmacist and may not be under the direct control of other 
home health-care providers, such as registered nurses. Because of 
the unique environment in which these sterile drug products are 
administered, special policies and procedures have been estab- 
lished to ensure that the parenterals that are compounded and 
dispensed meet state and federal guidelines.”° 

Pharmacists who provide parenteral drug therapy for home 
use must comply with state board of pharmacy regulations and 
adhere to regional and national standards of practice. State 
boards of pharmacy specify requirements related to public safety 
issues, such as sterile techniques, labeling, recordkeeping, waste 
disposal, quality assurance, and competency of the pharmacy 
staff.”” In addition, some boards specify educational requirements 
as well as reference materials to be available in the home paren- 
teral pharmacy. The need for current reference materials**® on 
the drugs and chemicals used in parenteral therapy services and 
information on the compounding, compatibility, and stability of 
parenteral products may also be specified.”” 

HOME-USE STERILE DRUG PRODUCTS—In 1994 the 
USP published new guidelines and standards for parenteral 
products administered in the patient’s home.*° These proce- 
dures were further modified and published in USP 23." Typi- 
cal procedures reported by USP 23 that are necessary to pre- 
pare and dispense sterile drug products intended for home use 
include 


The validation of sterilization and aseptic process. 

The quality and control of environmental conditions for aseptic 
operations. 

Personnel training. 

Aseptic techniques. 

Finished product release testing. 

Storage and expiration dating. 

The control of product quality beyond the pharmacy. 

Patient or caregiver training. 

Patient monitoring and complaints. 

A quality assurance program. 


According to USP 23,°1 the pharmacist who dispenses any 
home-use sterile product is responsible for ensuring that the 
product has been prepared, labeled, controlled, stored, dis- 
pensed, and distributed properly. This includes the responsi- 
bility for ensuring that the product is kept under appropriate 
controlled conditions at the location of use and that it is ad- 
ministered properly through adequate labeling and verbal or 
written instructions. 

The dispensing pharmacist is also responsible for ensuring 
that the product retains its quality attributes within acceptable 
limits through a written quality assurance program. This pro- 
gram should ensure that for the entire labeled life of the prod- 
uct or until manipulated by the patient or caregiver, the po- 
tency, pH, sterility, freedom from pyrogens, particulate limits, 
container integrity, appearance, and other qualities or charac- 
teristics that the home-use sterile drug is expected to have do 
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exist. The quality assurance program should encompass every 
home-use sterile drug under the pharmacy’s control and in- 
cludes all phases of its preparation, distribution, storage, ad- 
ministration, and use. The dispensing pharmacy should employ 
proper analytical testing, where appropriate, to ensure the 
microbiological, chemical, and physical quality of all home-use 
sterile drugs. These responsibilities apply equally to commer- 
cially available injectable drug products that are dispensed to 
patients without compounding or other manipulation and to 
home-use sterile drugs that have been repackaged, reconsti- 
tuted, diluted, admixed, blended, or otherwise manipulated 
(collectively referred to as compounded) in any way prior to 
dispensing.*" 

COMPATIBILITY AND STABILITY ISSUES—Paren- 
teral incompatibilities are usually classified as therapeutic, 
physical, or chemical.*” Therapeutic incompatibilities exist 
when two or more drugs are administered concurrently and 
result in an antagonistic or a synergistic effect. Even though all 
incompatibilities have a chemical basis, most research on par- 
enteral drug compatibility has focused on the physical, or vi- 
sual, compatibility of drugs in parenteral fluids. Visual obser- 
vation over time and at varying temperatures has been the 
standard approach. The intent is to detect overt evidence of 
incompatibility, that is, a physical incompatibility, such as 
precipitation, turbidity, color change, or effervescence. The 
simplest methods to determine compatibility use visual inspec- 
tion of fluids with the unaided eye. To facilitate detecting 
particulate matter, use of an appropriate light source and view- 
ing fluids in front of contrasting backgrounds are common 
techniques used. Chemical incompatibilities are chemical reac- 
tions that affect one or more components of a solution or other 
liquid, the results of which are not visible to the unaided 
eye.*”*3 See also Chapter 98, Extemporaneous Prescription 
Compounding. 

The expanded use of parenteral therapy in home health- 
care settings presents pharmacists with an increased need for 
compatibility information specific to this practice site.** Special 
concerns about the compatibility of drugs administered in the 
home include 


A variety of plastic containers are used to store solutions at home, and 
they may affect compatibility and stability. 

Duration of each infused dose may be longer in home-care patients, 
necessitating additional information on expiration dating. 

Medication storage times may be longer in the home and may not be as 
carefully controlled as in institutional settings. 

Portable ambulatory infusion pumps may be kept close to the patient’s 
body for extended periods, producing solution temperatures that are 
higher than room temperature.”* 


New research data are beginning to be reported in the 
primary literature that address the unique situation of pa- 
tients receiving parenteral medication at home. As a result of 
the new data, references~* on parenteral admixture compati- 
bility are now including information on home care stability, 
as depicted in Figure 118-1. Expansion of coverage of stabil- 
ity information in secondary parenteral compatibility refer- 
ences**?° will help home health-care pharmacists in their 
decision-making regarding the selection and use of parenteral 
therapy for their patients. 


HOME MEDICAL EQUIPMENT 
PHARMACY PRACTICE 


Home medical equipment includes health-related products and 
supplies that are used by patients to treat or recover from an 
illness at home. The terms home medical equipment, durable 
medical equipment, and medical devices are sometimes used 
interchangeably, although the latter two phrases do not in- 
clude consumable supplies. Included in the definition of home 
medical equipment are convalescent and ambulatory aids, 
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Description Zi | tes 
Vancomycin is available as a dry sterile powder that forms a clear, pale Cee eee 
yellow to light brown solution with a pH of 2.5 to 4.5. It is furnished in vials of 500 | eel | aed pe ay 
mg or lg. The powder should be dissolved in Sterile Water for Injection before Eee 
addition to other infusion fluids. Reconstituted undiluted solutions are stable, under | ff | bel Ee 
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Vancomycin is stable in dextrose solutions, in the concentration range of PE Eel oie be 
5% to 30% dextrose, in plastic syringes stored for 24 hours in the refrigerator, | bed 
followed by 2 hours at room temperature. Solutions of 5 mg/ml in DSW or NS are ee | 
stable for 17 days at 24°C and for 63 days at 5°C or -10°C. Solutions of vancomy- Bo ke OR a 
cin, approximately 30 mg/L or 1000 mg/L, alone and in combination in peritoneal Ei ff. 
dialysis solutions, retained antimicrobial activity for at least 48 hours when stored at | ed le ee 
4°C or 25°C. Vancomycin, 4 mg/ml in DSW and NS solutions stored at 23°C are Evi Ea 
stable for 14 and 21 days, respectively (1094). Solutions of vancomycin, Smg/ml in | fe) td Pale 
D5W or NS, have approximate osmolalities of 249 and 291 mOsm/kg, respectively . EE tk 6 62h 
Home Care Stability BB hk Ek 

Use of pouches to insulate portable infusion pump drug reservoirs did not ) fey ee et pe 


increase the stability of vancomycin, 10 mg/ml in SWFI or NS. Vancomycin was 


stable for at least 24 hours during simulated home infusion. 
For Intermittent Infusion: 

This is the preferred method of administration. The reconstituted solution 
can be added to 100 to 200 ml DSW or NS and infused over a period of at least 60 
minutes. 
For Continuous Infusion: 

2 to 4 vials (1-2 Gm) can be added to enough DSW or NS to permit the 


desired daily dose to be administered slowly over 24 hours. 


Source: Reference 28. Modified and reproduced with permission C =|Compatibfe in the infusidn fluid 
X =|Incompatible in the finfugion fluid 


Figure 118-1. Typical parenteral compatibility information for home care, depicting the first page of the monograph for vancomycin.?® 


health-care accessories, and related medical devices.”” See also 
Chapters 108 and 109. 

Pharmacists have served as providers of home medical 
equipment for most of the 20th century. Community pharma- 
cies routinely include a home medical equipment section or 
department within the pharmacy. Some pharmacists have es- 
tablished separate home medical equipment retail outlets as 
full-service operations offering 24-hr service and employing a 
variety of health-care professionals, such as respiratory thera- 
pists, nurses, enterostomal therapists, and physical therapists. 
The alternative to full service is the establishment of specialty 
home medical equipment operations, such as those devoted 
specifically to respiratory care, ostomy care, or diabetes care.°° 

MEDICAL DEVICE RETAILER—A medical device retail 
store is a product distribution alternative to the provision of 
home medical equipment by pharmacists in a licensed phar- 
macy. Also known as a medical supply dealer, the medical 
device retail operation has been defined by regulation in some 
states.*° One regulatory definition of medical device retailer is 


an area, place or premises, other than a pharmacy, in and from 
which dangerous devices are sold, fitted or dispensed pursuant to a 
prescription.°° 


CONCLUSION 

SU cy oc IS ager Ta NRT 
Home health-care pharmacists provide pharmaceutical care 
to patients in their home environment and serve as clini- 
cians, educators, product and equipment managers, and drug- 
therapy consultants.*”?° They have a commitment to patient 
care, patient outcome, and quality care. Home health-care 
pharmacists have a strong working knowledge of legal and 
regulatory issues, accreditation requirements, and financial 
strategies. Home health-care pharmacists work closely with 
other home-care practitioners to coordinate care and ensure 
the continuity of care for patients referred to them for pharma- 
ceutical care. 
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The rapid increase in use of home-care pharmaceuticals has 
largely occurred because of the nationwide effort to control 
health-care costs. Hospital stays have been dramatically re- 
duced, and injectable pharmaceuticals are increasingly admin- 
istered to patients in the home, often by lay persons. The 
conditions of administration for these critical products have 
introduced numerous concerns for pharmacists to be able to 
give reasonable assurance to patients that the products re- 
ceived and administered are safe and effective. Illustrative of 
the issues requiring attention are the use of many products 
before quality control testing can be complete, potential expo- 
sure of the products to temperatures outside the desired stor- 
age range during shipping and/or delivery, and, in the home, 
administration by persons lacking professional skills, adminis- 
tration through devices that may not be adequately protected 
against contamination, and the lack of definitive evidence of 
stability for the 30- to 60-day shelf life often required. 

When recognition is given to the above realities, pharma- 
cists should ensure that their techniques in preparing and 
dispensing these products are above reproach. Secondly, they 
should do all they can to influence the home-care circumstances 
so that the quality of their products will be maintained until 
administration to the patient is complete. It is the intent of this 
chapter to draw attention to issues essential to an adequate 
aseptic technology for the preparation of safe and effective 
sterile home-care pharmaceuticals. 

Aseptic technology is the application of a scientific under- 
standing of the characteristics of viable microorganisms, ap- 
plied in such a manner that the microorganisms are elimi- 
nated, with a high probability of success, from all process steps 
in the making of sterile pharmaceutical dosage forms of drugs. 

Whether aseptic technology is practiced on products prepared 
in an institutional setting, a home infusion pharmacy, or a phar- 
maceutical industry plant, the principles are the same; only the 
practices differ. Practices will differ because of the nature of the 
product being produced, the size of the batch, the length of its 
projected shelf life, and the extent of the regulatory requirements 
involved. This chapter focuses on the distinctive practices of asep- 
tic technology applicable to home infusion products. 

The dispensing activities of home infusion pharmacies are 
licensed and regulated by their respective state boards of phar- 
macy, but there are no specific federal regulations governing 
these pharmacies, as is the case with the pharmaceutical in- 
dustry. Although it is not a regulatory body, the Joint Commis- 
sion on Accreditation of Healthcare Organizations (JCAHO) 
has become a preeminent accreditation body for home-care 
pharmacies. Pursuing JCAHO accreditation is not a legal or 
regulatory requirement, but it has become a vital prerequisite 
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for doing business. Many third-party payers require home in- 
fusion organizations to be JCAHO accredited." 

The industrial perspective for the preparation of sterile 
injectable (parenteral) products is presented in Chapter 41 and 
is referenced when overlapping material is encountered. In 
fact, the reader is encouraged to read the entire chapter to 
glean applicable principles and practices. Another resource 
that is referenced is USP 23 Chapter (1206) , Sterile Drug 
Products for Home Use,” an informational chapter that paral- 
lels this chapter in many respects. To conserve space, informa- 
tion may be condensed here if it can readily be found in detail 
in either of these references. Another reference of interest is 
the ASHP Technical Assistance Bulletin on Quality Assurance 
for Pharmacy-Prepared Sterile Products, a guide for the prep- 
aration of sterile pharmaceuticals in pharmacies.® Expanded, 
highly relevant information also can be found in the chapter by 
Levchuk* and the book by Buchanan, McKinnon, Scheckelhoff, 
and Schneider.” 


DISTINCTIVES OF ASEPTIC PROCESSING 
OF HOME-CARE PHARMACEUTICALS (HCPS) 


A reasonable distinction can be drawn between HCPs with a 
low risk of becoming contaminated under controlled processing 
conditions and those with a relatively high risk of such con- 
tamination occurring. The USP defines two such levels as low- 
risk and high-risk.” Detailed descriptions of these levels are 
given in the USP, and the reader should refer to the USP for 
those details. Similarly, the ASHP has classified the risk levels, 
but in three categories, the descriptions differing from those of 
the USP in relatively minor details.* A comparison of the two 
classifications and a discussion of the quality requirements for 
the preparation of pharmacy-prepared sterile products can be 
found in the article by Avis.° 

Low-risk processing of HCPs normally consists of starting with 
sterile, commercially available pharmaceuticals, including large- 
volume injectables (LVIs), small-volume injectables (SVIs), and 
sterile powders, packaged in sealed primary containers. Process- 
ing of these products then occurs by combining, diluting, subdi- 
viding, or otherwise manipulating in a noncomplex manner to 
produce other products to meet the prescribed needs of one or, at 
most, a small group of patients. The devices used to accomplish 
the manipulations are also normally sterile, clean, packaged, and 
disposable. These devices normally make possible manipulative 
transfers of liquids with limited exposure to the environment—a 
closed system. The primary requirement of the processing is to 
maintain the sterility and other aspects of freedom from contam- 
ination and the overall quality required of HCPs when dispensed. 
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The risk of contamination increases if the HCPs are com- 
pounded using components that are not sterile, if the process- 
ing is performed using open tanks or complex or multiple 
procedures, if an environmental exposure over a relatively long 
period of processing time is needed, or when a relatively long 
shelf life is anticipated. Such conditions meet the classification 
of high risk. The pharmacist should be trained to be able to 
differentiate the risk level required for the preparation of a 
given HCP and designate the procedures to be used. 

Since most HCPs are not prepared from raw materials but 
from already manufactured products, and manipulations con- 
sist of accurately measurable liquid transfers, quality control 
testing requirements are limited. However, the pharmacist is 
responsible for the quality of all products dispensed, and con- 
firmatory tests should be performed when appropriate. In such 
cases, adjustments must be made for sampling, for example, by 
preparing duplicate products so that one can be tested or by a 
planned program of sampling (for example, 1 out of a set of 10 
similar or identical products). 

It should be noted that other distinctive characteristics of 
HCPs include a relatively short shelf life of 30 to 60 days, rapid 
distribution by commercial transportation systems, and stor- 
age and administration to the patient by caregivers in the 
home. As stated previously, these dispensing activities are 
normally under the oversight of state boards of pharmacy and 
not of the Food and Drug Administration (FDA), as the phar- 
maceutical industry would be. 


FACILITIES 

(eS ec ea NT OP TTR SAIISTSS 
Facilities should be designed to provide adequate space for the 
work load anticipated, and for an appropriate future expansion 
in work load. All too frequently, expansion space is not pro- 
vided for initially and, as the service demands increase, the 
ability to maintain environmental and process control becomes 
compromised because of crowding. 

The aseptic processing facility must be designed to prevent 
contamination of the HCPs during processing. Therefore, it 
must be cleanable and sanitizable, with a minimum of particle 
shedding and crevices or other sites where dirt can accumulate. 
This means that structural surfaces of ceiling, walls, and floors, 
and work surfaces and storage surfaces should be smooth and 
resistant to cleaning and sanitizing. Stainless-steel work sur- 
faces and epoxy-coated structural surfaces (or the like) are 
preferred because they generally meet the required surface 
characteristics. Equipment and instruments also should meet 
these general requirements, as much as possible. Equipment 
with noncleanable, particle-shedding motors, gears, and other 
such structures should be contained, preferably in stainless- 
steel enclosures. 

The arrangement of the facilities should be planned for conve- 
nient work flow, with minimal crossover and controlled progres- 
sion through barrier structures, doors, or pass-throughs from 
uncontrolled (such as storerooms) to increasingly cleanliness- 
controlled environments. The preceding environment serves as a 
buffer area to reduce the ingress of contaminants into the next 
area of a higher level of cleanliness. 

The most critical work site is the Class 100 area (no more 
than 100 particles of 0.5 wm and larger per cubic foot) where 
the HCP processing manipulations will be performed. This 
usually is a laminar air flow workbench (LAFW), with the air 
stream being cleaned by passage through a high-efficiency par- 
ticulate air (HEPA) filter. The laminar flow air stream effi- 
ciently and continuously sweeps the work area with clean air at 
a velocity of 90 fpm + 20%. For more details concerning air 
cleanliness classes, clean air operations, and laminar air flow, 
see Chapter 41, page 004. 

An example of a medium-sized facility floor plan, taken 
from the USP,” is shown as Figure 119-1. Using this exam- 
ple, the operational procedures followed for controlling the 
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Figure 119-1. Example floor plan. Encircled letters are suggested 
environmental sampling sites. (Copied with permission from the 
USP 23-NF18. All rights reserved, © 1996. The United States Pharma- 
copeial Convention, Inc.) 


ingress of contamination may be illustrated as follows. The 
supplies are brought from the storeroom to the demarcation 
line on carts in cartons. They are removed carefully from the 
cartons and transferred to a cleanroom cart previously 
cleaned and sanitized with filtered isopropyl (IPA) in the 
anteroom, with wiping and sanitizing of surfaces, usually 
with a cloth moistened with IPA. The supply items are then 
rolled on the cart into the buffer room, with the wheels 
sanitized at the entryway. 

Clean, sanitized supplies may be stored temporarily in the 
buffer room but, preferably, the needs for the shift should be 
used directly from the cart. The supply cart(s) are positioned 
conveniently for use of the operator(s) at the LAFW. At the end 
of the shift or as needed earlier, the operator should clean and 
sanitize the inside of the LAFW, clean and sanitize other work 
surfaces, reorganize the work areas, and then remove the sup- 
ply cart(s) from the buffer room, with any unused supplies. 
Assigned personnel should remove trash and clean and sanitize 
the floors during the off-shift, following an established stan- 
dard operating procedure (SOP). 

The above example is for illustrative purposes. Details of 
facilities and their operation will vary in accordance with the 
needs, design of facilities, and workload of a given home-care 
center. 

Mention should be made of the probable next generation of 
facilities for the preparation of HCPs—isolators. These have 
recently been introduced in the US, but they have been used for 
some time in England and other European countries. By de- 
sign, the unit isolates the Class 100 critical area from its 
surrounding controlled area with sides of stainless steel, win- 
dows or of transparent plastic. The critical area is sterilized 
(not just sanitized) before use. Access for personnel, also iso- 
lated from the critical area, is provided through glove ports or 
half-suits sealed in the walls. Sterile or externally sanitized 
supplies are introduced into the critical area through pass- 
through entry ports, the weakest link in the process if saniti- 
zation rather than sterilization is used. Reports indicate that 
contamination rates for HCPs can be markedly reduced. 
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Environmental Control 


Environmental Monitoring 


Microorganisms and dust particles are ubiquitous to any work- 
place, even a traditional cleanroom. When they are suspended 
in the air they are most likely to gain entrance into an open 
container of product or onto any other exposed surface. There- 
fore, the objective of environmental control in a cleanroom is to 
minimize the presence of all contaminants insofar as possible, 
particularly those that are airborne or potentially so. With 
aseptic processing, it is particularly important to control mi- 
croorganisms in the environment where products intended to 
be sterile are processed, because there is no sterilization step at 
the end of the process. Therefore, microorganisms must be 
prevented from reaching any critical site. As defined by 
the USP 


A critical site is any opening providing a direct pathway between a 
sterile product and the environment or any surface coming in direct 
contact with the product and the environment.’ 


To prevent microorganisms from reaching a critical site, 
ideally the critical environment should be sterile or as close to 
that as possible. Normally, the equipment of choice is a certi- 
fied Class 100 LAFW. When effectively cleaned, sanitized, and 
operated, a Class 100 environment is attainable. Either a ver- 
tical or horizontal LAFW can be used in most HCP applications 
unless the products are toxic, then only a vertical LAFW would 
be used so as to contain any mobilized contaminants within the 
LAFW. The work surface should be nonpermeable and resis- 
tant to liquid cleaning and disinfecting agents. Preferably it 
should be made of polished stainless steel with coved seamless 
joints. In addition to frequent cleaning, a validated disinfectant 
should be used on all work and adjacent surfaces at least as 
frequently as at the end of each shift. A valuable source of 
additional information about the use of disinfectants is a Par- 
enteral Drug Association (PDA) Task Force report.® It should 
be noted that disinfectants can only be expected to supplement 
effective cleaning. They will not overcome inadequate house- 
keeping, and they are not to be relied upon as sterilizing 
agents. Further, because of the risk of resistance developing in 
environmental microorganisms, it is a good policy to rotate 
disinfectants at least every 6 months. 

Although a certified Class 100 LAFW is quite effective in 
maintaining an aseptic environment, the laminar air flow is 
relatively gentle, and its overall efficiency is affected by its 
surroundings. Consequently, the LAFW should be surrounded 
with a buffer zone only slightly less environmentally con- 
trolled, as illustrated in Figure 119-1. All critical aseptic pro- 
cedures should be performed within the Class 100 environ- 
ment, and operators should be well trained in aseptic 
techniques. The buffer room should be a Class 10,000 clean- 
room or better and be used for final decontamination of exter- 
nal surfaces of supplies before introducing them into the LAFW 
and for short-term storage of clean supplies to be used in the 
LAFW. The number of persons in the buffer room should al- 
ways be limited to those properly authorized and trained and 
the number at any one time be no more than necessary to 
perform the required tasks. 

The anteroom shown in Figure 119-1 is intended to be used 
to decontaminate supplies, equipment, and personnel prior to 
entrance into the buffer room. In other words, it is used to 
interrupt the potential flow of contaminants from the store- 
room into the buffer room, a very critical step in controlling 
potential contamination of HCPs. In the anteroom, for exam- 
ple, supplies would be removed from shipping cartons, then 
cleaned and sanitized externally before placing them on clean 
and sanitized carts for entry into the buffer room. The supply 
items would then be cleaned and sanitized externally again 
before placing them in the LAFW. Further descriptive details 
of these control steps can be found in the USP.” 


An assessment of the level of control achieved and maintained 
in a clean room environment may be performed by measuring 
total particle counts (viable and nonviable particles) in air 
samples of at least 10 ft®, usually with electronic samplers. The 
results are available instantly. Viable particle counts necessary 
for aseptic monitoring are made with one or more of several 
methods, such as settling plates, contact plates, slit-to-agar 
samplers, or centrifugal samplers, but the results are not avail- 
able until after incubation, usually 48 hr. The incubation time 
is necessary to allow the microorganisms to multiply (grow) so 
that colonies become visible. The count is determined in colony- 
forming units (cfus), but it is not known whether or not each 
colony arose from a single microorganism. A sufficiently large 
sample must be taken to detect microorganisms at least some 
of the time. This fact must be considered particularly in Class 
100 environments, where the number of microorganisms is 
expected to be very low. In such situations it may be necessary 
to sample a volume of 30 ft? or more. More details relative to 
environmental monitoring can be found in Chapter 41 andina 
PDA Technical Manual.® 

ENVIRONMENTAL MONITORING PROGRAM—An 
environmental monitoring program should be established to 
signal the level of control, especially microbial, being achieved 
and maintained in the cleanrooms. Using two or three of the 
sampling methods named above (for example, settling plates, 
contact plates, and a slit-to-agar sampler), select the sites, 
frequency, and length of time (for volume monitoring) required 
to give adequate information concerning the level of microbial 
control being maintained. This is best determined by perform- 
ing sampling at many sites daily for a minimum of 2 weeks, 
preferably confirmed by repeating the sampling 6 months later. 
In addition, at least the index finger of each operator should be 
rolled on a contact plate. From the averaged data obtained, a 
selected, reduced number of sites should be chosen that, when 
monitored routinely, would best indicate the control being 
maintained. This should include sites in the Class 100 environ- 
ment as well as sites that could be expected to show the first 
sign of unacceptable increases in microbial levels if control is 
being lost. 

A sample program based on the floor plan of Figure 119-1 is 
described in the USP, Chapter (1206), and an example of a set 
of collected data is given in Table 119-1.'° The suggested ex- 
ample data for action levels (the cfu count signaling possible 
loss of control and requiring action to correct) for both low-risk 


Table 119-1. A Sample Dynamic Environmental 
Microbial-Monitoring Program 


BASELINE LOW-RISK HIGH-RISK 
SITE cfu ACTION LEVEL ACTION LEVEL 
Settling Plates? 

A 0, 1 3 2 

D 2.3) 6 4 

E 4,5 10 6 

J 5 10 7 

ib 8 5 10 
Contact Plates 

D 2 3 6 4 

E 4,6 10 7 

J 6 12 8 

L 8 15 10 
STA or Impaction Sampler? 

A Om 3 2 

E 5 10 7 

H 8 15 10 


° Based on 3-hr exposure, except 1 hr for “A.” See Fig 119.1 for site locations. 
» Based on 10-ft? samples. 

Copied with permission from the USP23-AF18. All rights reserved. © 1996. The 
United States Pharmacopeial Convention, Inc. 
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and high-risk products are given with appropriately lower ac- 
tion levels when high-risk products are being processed. This is 
an example program for guidance, and results should be ad- 
justed for each home-care pharmacy. 

A program providing fewer data but probably acceptable if 
all controls are in place would be to use only settling plates and 
contact plates for testing. 

A meaningful environmental monitoring program provides 
critical information that is essential for assurance that the risk 
of contamination of HCPs is under control and minimal. With- 
out such data, the acceptability of aseptically prepared prod- 
ucts as sterile is very uncertain. Extensive details concerning 
the development of a monitoring program and the methods 
used for its monitoring will be found in PDA Technical Report 
No. 13.° Although industry oriented, basic principles and meth- 
ods are given, and their application to a home-care center can 
be readily extracted. 

Home-care pharmaceuticals, either LVIs or SVIs, are given 
to patients by infusion. Typical types of infusion therapies that 
have been provided for years include total parenteral and en- 
teral nutrition, anti-infective agents, chemotherapy, pain man- 
agement, and hydration. However, todays home infusion 
providers have expanded their therapy portfolio to include che- 
lation treatments, inhalation therapies, and the administra- 
tion of immune IV globulins, steroids, cardiac (inotropic) 
agents, human growth hormone, blood products/transfusions, 
colony-stimulating factors, and other biotechnology products. ! 


COMPOUNDING DEVICES 
SR RL DR OO PIER SE SP DOPE IP 
Home-care pharmacies rely heavily on automated compound- 
ing devices for the aseptic preparation of sterile products. The 
compounding devices usually employed fall into two categories: 
those used for the preparation of intravenous total parenteral 
nutrition (TPN) solutions (total nutrient admixtures (TNAs)) or 
large-volume hydration solutions and those used for SVIs, such 
as antibiotics and medications for pain management. The SVI 
devices are used to admix solutions into smaller drug-delivery 
systems, such as empty plastic bags, syringes, and other dis- 
posable elastomeric devices. Common compounding devices 
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used to prepare both types of home infusion products are listed 
in Table 119-2. 

Home-care pharmacy personnel must ensure that the equip- 
ment, apparatus, and devices used to compound sterile prod- 
ucts are capable of consistently operating properly and within 
acceptable quantity tolerance limits. The pharmacy should 
have written policies and procedures for equipment calibration, 
annual maintenance, operational monitoring, and quality con- 
trol procedures. Pharmacy personnel must document routine 
equipment maintenance checks and should be qualified 
through both specific training and experience to use, in an 
expert manner, any of the equipment or devices required for 
preparing sterile products. 

LVI COMPOUNDING DEVICES—Most compounding de- 
vices used to prepare TPN and TNA liquids are electromechan- 
ical devices that measure opaque and transparent suspensions 
and solutions at volumes programmed by operators. Actually, 
these compounding devices use calibrated gravimetric weigh- 
ing to convert and monitor the actual volume dispensed. Often, 
these devices are used as stand-alone instruments, or they can 
be interfaced with a computer. TPN-compounding devices use a 
microprocessor system control, which provides the device with 
a measure of self-test, to ensure the integrity of the electrical 
control functions. The computer interfaced with these devices 
provides for the correct data transfer in an automated fashion 
consistent with standard pharmacy checking methods. The 
accuracy of the compounding unit is achieved through weighing 
the actual solution being delivered, converted by a specific 
gravity calculation to the required volume transferred. Thus, if 
any air is inadvertently transferred, it will not alter the accu- 
racy of the compounded solution."? 

Typically, these devices have multiple channels for pumping 
the solutions of amino acids, dextrose, pooled electrolytes, 
and/or intravenous fat (lipid) emulsions into the final dispens- 
ing container or bag. TPN compounders do not normally use a 
sterilizing 0.22-um filtration step as part of the admixture 
preparation process, because of the resistance to flow induced 
by the filter and the fact that it is a closed system for dispensing 
sterile solutions. However, if an electrolyte pool is created for 
subsequent dispensing into individual TPN bags, the final so- 
lution should be filtered through a 0.22-um filter prior to at- 


Table 119-2. Common Pharmacy Compounding Devices Used to Prepare Home Infusion Products 


PUMP NAME/MODEL COST (APPROX) SET COST FLOW RATE/RANGE SYSTEM ALARMS COMMENTS 

Acacia, Inc. 

Pharm pump II w/Label $2200 N/A 14 mL/sec Yes, empty source, 

Blaster w/o printer default 

Acadia, Inc. 

Robotic XY Module $6000 N/A 30, 90, & 120 mm/sec N/A Used with Pharm II Pump 
when filling multiple 
containers, ie, 
respiratory and oral 
medications. 

Baxa Corporation 

Exacta-Mix 600 $6500 N/A 13.5 mL/sec Source container, end of Highly accurate, 

Universal Pump Accuracy: +2% at 1 mL fill, door open, automatically 
incorrect entry calibrates 

Baxa Corporation 

Repeater Pump, #095 $2600 N/A 13.5 mL/sec maximum Source container, end of Rapidly pumps any 

flow rate fill, door open, solution and viscosity 
Accuracy: +2% at 1 mL incorrect entry with accuracy 
EzPaSealing: 
Unispense Pump $1700 $187/10 sets +1% Over-ranged protection, 
illogical entry 
Excelsior Medical 
Corporation 
Pharm-Assist $2500 $7.95-$9.95 +1% Various 20 memory locations, 


Dispensing Pump 


From Pharmacy Practice Aews, July 1998, p 13. 


150 drugs/doses stored 
for high-speed labeler 
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taching the unit to the automated compounder. This step is 
included because the process is using an open system with a 
relatively long exposure of the solution to the environment, and 
this step eliminates any inadvertent microbiological contami- 
nation introduced during the compounding process. 

THE SOLUTION-COMPOUNDING PROCESS—Gener- 
ally, in home-care pharmacy practice, pharmacy technicians 
perform the actual compounding of sterile products. The vast 
majority of states in the US allow technicians to compound 
sterile products under the supervision of a licensed pharmacist. 

Prior to actually compounding an intravenous solution, the 
individual starting components should be selected by a techni- 
cian and then checked by a pharmacist. This checking is done 
to minimize any risk of selecting an incorrect product(s). These 
components are usually sterile, packaged, commercial IV 
products that have been subjected to quality control testing 
and release. The external surfaces of the packages are then 
cleaned and sanitized, and the packages are brought into the 
cleanroom. 

The operator should calibrate the compounder on a daily 
basis per the manufacturer’s directions and recommendations. 
Usually, these calibration checks are documented in a QC log 
book and/or on a compounding (batch) record. The technician 
then connects the compounding device’s transfer set to the 
device itself. Each different type of compounder has its own 
unique plastic solution-transfer set. Typically, these sets can- 
not be interchanged between the different compounding de- 
vices because the configurations are purposely different. The 
appropriate dispensing containers are then connected to the 
compounding device. 

Next, the operator performing the compounding programs 
the device by entering the specific volumes of each of the 
different solutions, ie, amino acid, dextrose, electrolyte pool, 
and/or fat emulsion. The usual volume ranges for these liquids 
are from 10 to 5000 mL. The specific gravity of each of the 
respective solutions is then programmed into the compounding 
device’s computer. Limits for specific gravities are usually 0.50 
to 3.00 for each pump station.'! 

Prior to actually starting the machine, operators should 
visually check the solution level in each of the stock solution 
containers to be sure there is an adequate supply and should 
ensure that the final product bag has been properly connected 
to the transfer set. Operators also should ensure that there are 
no kinks, clamped sites, or other obstructions in the tubing. 

Immediately after the appropriate amounts of solutions 
have been transferred into the final dispensing container, the 
bag is removed from the compounder, air is expelled, and the 
bag is sealed. Bags are either crimped manually or with a 
device that uses radio frequency waves to heat-seal the bags. 
The expected weight of the final TPN bag should have been 
calculated. The final compounded bags of product can then be 
weighed on a scale to provide a second gravimetric QC check for 
accuracy. 

Some of the current compounding devices provide for as 
many as 23 different pump stations. Microcompounders allow 
the accurate, aseptic dispensing of electrolytes for compounded 
TPN/TNA solutions with aliquot volumes as low as 0.2 mL. 

Many nutritional compounding devices interface with soft- 
ware packages and simplify the formulation of TPN solutions, 
particularly by automating the complex calculations that help 
to minimize errors. Additionally, these instruments generate 
compounding records and prescription labels for the com- 
pounded product. Prescription labels can be generated in a 
variety of different formats, including providing a complete 
listing of all ingredients and quantities dispensed as well as a 
summary of clinical information, such as the total number of 
calories; amounts of proteins, carbohydrates, and fats; and the 
osmolarity. 

SVI COMPOUNDING DEVICES—In addition to nutri- 
tional compounding devices, home-care pharmacies also use 
compounders to prepare SVI solutions. These compounding 
devices are most frequently used for the pooling of electrolyte 


solutions and/or for reconstituting drugs over prolonged filling 
operations. The solutions are dispensed into smaller drug- 
delivery systems such as plastic syringes, vials, disposable 
elastomeric pumps, cassettes, or empty bags. 

Volume delivery for these types of compounding devices 
typically ranges from 0.01 to 9999 mL.'” Like the nutritional 
compounding devices, these compounders also employ brand- 
specific transfer sets. Prior to operation, the pump should be 
calibrated per the manufacturer’s instructions. The operator 
then aseptically connects the transfer set to the compounding 
device’s pump rotor. The transfer set is then primed and, using 
a universal spike adapter, is connected to a primary-source 
container. The operator then enters the desired pump vol- 
ume(s) on a numeric keypad, and the solution is dispensed into 
the final container. Each unit is filled completely in one filling 
step, one unit at a time. 

As the pump operates, it will deduct and record the deliv- 
ered amount from the source-container volume. Once all the 
units have been filled, the transfer tubing is disconnected from 
the final unit, and any air present is aspirated. 

When filling specific drug-delivery systems, such as elasto- 
meric devices, it is very important to adhere to the manufac- 
turer’s recommended speed setting. Because of the high pres- 
sures required to fill these devices accurately, transfer-set 
tubing wear can be quite high. Therefore, it is recommended 
that the transfer tubing set be examined after about 50 fills, for 
possible replacement.'” Many of the SVI compounders have a 
memory recall function for storing dispensing information for 
subsequent procedures. 


Compounding Device Quality Control 


As stated previously, TPN/TNA bags or small infusion drug 
delivery systems can be double checked by weighing the final 
container or product to provide a second gravimetric check of 
the quantity of the final solution dispensed. Additionally, many 
compounding devices used in pharmacy practice come with 
some type of computerized bar-code verification system. Such 
systems clearly identify the different solutions used in the 
compounding process and prevent the compounding device 
from operating if an error has been made. 

The refractive index (RI) also can be used to determine the 
accuracy of some compounded nutrient solutions. The RI serves 
as a gross predictor of compounding accuracy, for example, for 
dextrose solutions or dextrose containing solutions. The RI is 
the ratio of the normal velocity of light in air to the velocity in 
the solution being tested. The use of RI as a QC test is partic- 
ularly useful for neonatal and pediatric TPN solutions, for 
which accuracy of compounding is particularly important. 
The RI is based upon specific constants for dextrose and 
amino acids and their relationship to that of the final com- 
pounded TPN.'® 


PERSONNEL 


Personnel are recognized to be the principle source of contam- 
ination in a cleanroom because of the inherent shedding of both 
viable and nonviable particles from their body surfaces and 
clothing. Uniforms are worn to help contain these particles, but 
the personal hygiene and characteristic physical activities of 
each operator plays a critical role in the shedding of particles 
into the environment. Therefore, training personnel to under- 
stand their personal characteristics and how to control their 
emission of particles while performing good aseptic practices 
(GAPs) is a very critical matter. 

GOWNING—Assuming good personal hygiene, the shed- 
ding of particles will increase as the level of activity increases. 
Since home-care pharmacists and technicians will normally be 
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standing or sitting at an LAFW, their level of activity will be 
moderate. However, they will be reaching into the critical work 
area and air currents may bounce from the front of their uni- 
forms back into the critical work site, and they will be exhaling 
toward the work area. Therefore, sterile gloves should be worn 
and very clean, nonshedding gowns, face masks, and hair cov- 
ers. Gowns should be long sleeved, snug-fitting at the wrist, 
closed front, and knee length. The frequent practice of wearing 
scrubs is questioned because of their normally high load of lint. 
Synthetic polymer gowns are preferred. Further, gowns should 
never be worn outside the buffer room; they should be captive 
to the cleanroom. 

Sterile gloves should be worn, although they will quickly 
become contaminated from the surfaces of sanitized (not ster- 
ile) packages, LAFW surfaces, and other surfaces contacted. 
They should be resanitized frequently with sterile IPA. Face 
masks may be omitted if working at a VLAFW, and the trans- 
parent shield is always kept between the mouth and the critical 
work area. Shoe covers also should be worn to reduce tracking 
contamination onto the floor of the buffer room. 

PRACTICING GAPs—Pharmacists and technicians must 
be trained to understand their natural propensities for contam- 
inating the environment and the impact their activities have on 
introducing that contamination into the HCP with which they 
are working. In general, the greatest concern is to prevent 
microbial contamination, but particulate matter and other 
physical and chemical contamination is also of concern. There- 
fore, operators must learn to practice good techniques (GAPs) 
automatically, to minimize the risk of contaminating the HCP 
that is being prepared. It generally is recognized that in the 
context of GAPs, the greatest risk of introducing contamination 
into a product is touch contamination. Therefore, special atten- 
tion must be given to learning to avoid this potential problem. 

Space limitations do not permit detailed descriptions of 
practices that constitute GAPs, which are best learned by per- 
sonal tutoring and practice. However, Avis has provided a list 
of some of the key practices that should be followed,° and they 
are reproduced on Figure 119-2. 
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Since the potential for success in preparing a sterile HCP is so 
dependent upon the capability and reliability of the pharmacist 
or technician, the training and evaluation of such personnel 
must be given high priority. To be an effective practitioner of 
GAPs, the operator should understand something of the body of 
knowledge supporting such practices. Therefore, one of the 
objectives of training is to transmit a basic body of knowledge, 
including the characteristics required of a sterile dosage form 
of a drug, the reasons for the high standards of purity required 
for such products, quality control measures that apply, the 
facilities required and their operation, the environmental re- 
quirements for processing, and the role of operators in perform- 
ing GAPs. A brief summary of this body of knowledge is being 
given in this chapter, but other cited references should be 
consulted for more details.” ° 


Methods 


The most perfect body of knowledge retained only in the mind 
will not result in reliable and proficient operators; they must be 
motivated to apply their knowledge effectively. Therefore, di- 
dactic instruction must be coupled with experiential instruc- 
tion, and both must be conveyed with enthusiasm and motiva- 
tional examples. 

DIDACTIC INSTRUCTION— Intellectual knowledge can 
be transmitted by formal lectures, through informal discussion 
methods, or by one-on-one instruction. Each method has its 
advantages and disadvantages. The formal lecture provides the 
most-organized approach to transmitting the desired body of 
knowledge. All participants are ensured to have been exposed 
to the same information, but this does not guarantee that all 
absorbed the body of knowledge equally. Relatively large 
groups can be trained, and visual aids can be used effectively. 


Practice good personal hygiene, be organized and level-headed. 


Put on sterile latex gloves as the final gowning step. 


GNSS Ne oes 


surfaces. 
10. Move with slow, smooth, gentle motions. 
11. Do not talk unnecessarily. 


horizontal laminar air flow (HLAF). 


16. Minimize in and out movement at the LAFW. 
product(s). 


pumps. 


contaminating air currents. 


a second person can perform the paper work. 


26. Leave the HEPA filter blower operating all the time. 


Be healthy, without eczema or other skin rashes and free from allergies or other conditions causing sneezing and coughing. 
Wash hands and arms thoroughly or disinfect with foamed alcohol. 

Put on uniforms properly, avoiding contaminating the outside of the clean/sterile uniform components. 

Replace a uniform or parts of a uniform that become contaminated while gowning or working. 


Sanitize all internal surfaces of the LAFW (except the HEPA filter face) with an appropriate sanitizing agent, usually IPA. 
Sanitize latex gloves (usually with IPA) as frequently as necessary while performing GAPs to maintain the aseptic condition of the outer 


9. Replace gloves with new sterile ones if they become punctured or torn. 
12. Do not disrupt HEPA-filtered laminar air flow within the critical area. , es 
13. Do not interpose arms or any other nonsterile object above a critical site in vertical laminar air flow (VLAF) or behind a critical site in 


14. Do not spray or splash disinfectants where the liquid might enter a product container or reach other product contact sites. 
15. Do not introduce any packages into the buffer room unless they have been adequately sanitized or sterilized externally. 


17. Arrange sterile supply items in the critical area so as not to interrupt the laminar air flow and to provide for efficient processing of the 
18. Resanitize gloves with IPA after handling any package if the outside had uncertain sterility or surfaces such as switches of mixing 


19. Cooperate with other operators and mutually assist in maintaining proper GAPs. 1 ; 
20. Pass through doorways, plastic curtains, or other passageways slowly and carefully to minimize the generation of wild, potentially 


21. Do not leave open vials, tanks, or other critical sites exposed to the environment during breaks or other delays in operation. 

22. Inspect all supply items before using and the finished product after preparation for evidence of defects. 

23. Remove used supply items and clean/sanitize work area as needed. 

24. Prepare and apply appropriate labels and complete documents away from the critical area or, preferably, pass product outside so that 


25. Remove used uniforms carefully to avoid distributing accumulated body contamination before exiting the gowning room. 


Figure 119-2. Some key GAP practices. (Reprinted with permission from Avis KE. Assuring the quality of pharmacy-prepared sterile products. 


Pharmaguide to Hospital Medicine 1996: 9(2): 11-12. Copyright 1996, Lawrence Della Corte Publications. All rights reserved.) 
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Informal discussion has the advantage of encouraging 
learning through active participation of the learner. However, 
it is more difficult to maintain organized control of the schedule 
of topics to be covered. On the other hand, the relevance to 
work needs usually can be implemented more effectively, and 
the enhanced understanding of the student can be judged di- 
rectly, especially if the instruction is one-on-one. Because of the 
frequently small number of trainees, one-on-one training is 
commonplace. With such instruction, it is the responsibility of 
the instructor to give diligent attention to the risks of interrup- 
tions, inadequate preparation, and differences from instructor 
to instructor or from time to time in the quality of instructions 
given. On the other hand, one-on-one instruction can be the 
most effective method when performed effectively. 

EXPERIENTIAL TRAINING—The ability to perform the 
GAPs required to prepare sterile HCPs safely, accurately, and 
elegantly is the objective of experiential training. Normally this 
training should be given by an expert supervisor or designated 
trainer using mock products to establish the principles for the 
level of skill required of the learner. Subsequent practice to 
develop improved skills may be done under the tutelage of an 
experienced operator, with the supervisor continuing to provide 
oversight. Before being permitted to prepare products for use 
by a patient, the trainee must be approved by the supervisor 
and pass the validation testing program. Retraining should be 
required whenever an operator fails revalidation, observation 
suggests the development of carelessness, or at least annually. 

VALIDATION OF OPERATORS— Validation may be de- 
fined as 


Documented evidence providing a high degree of assurance that a 
specific process will consistently produce a product meeting its prede- 
termined specifications and quality attributes.* 


Before operators, pharmacists, or technicians may be per- 
mitted to prepare HCPs of any risk level for use by patients, 
they must demonstrate their basic knowledge and manipula- 
tive proficiency to prepare such products, that is, to be vali- 
dated. It is obvious that greater expertise and experience is 
required for operators who will be responsible for the prepara- 
tion of high-risk HCPs. 

The following is an example of a validation procedure that 
may be used for operators who have completed the basic train- 
ing program and are certified by a supervisor as ready to be 
validated. 


Example Validation Program for Operators 


The program consists of three portions, all three of which must 
be satisfactorily passed for the operator to be considered vali- 
dated. The program may be modified to meet the needs of a 
particular home-care center, but the requirements should be at 
a level to ensure proficiency of the operator. Revalidation 
should be required at least annually to ensure continued sat- 
isfactory performance. 

TESTING FOR UNDERSTANDING—A written or oral 
test shall be administered consisting of at least 25 objective test 
items, most of which challenge the student’s knowledge and 
understanding. To pass the test a minimum of 23 items must be 
answered correctly. 

OBSERVATION AND EVALUATION OF GAPs—Five 
different aseptic manipulations, representative of the ones to 
be performed in practice and including at least one of the most 
complex, should be selected by the supervisor. The trainee is 
then required to perform these five procedures in accordance 
with the GAPs demonstrated in the training program, while 
being observed by the supervisor. Any observed deviations from 
GAPs shall be recorded. To pass this test no deviations from 
GAPs are permitted. 

TRANSFER OF CULTURE MEDIUM—Using the most- 
complex HCP the trainee will be expected to perform in prac- 


tice, the trainee will prepare 20 simulated products in series, at 
one sitting, without the supervisor present. Sterile soybean 
digest medium will be used in place of a product, otherwise the 
process will be simulated in all respects. 

Following completion of the 20 products, they will be incu- 
bated at 30 to 35° for up to 14 days and inspected for the 
development of turbidity after 3 and 7 days. If visible turbidity 
develops any time during the incubation period in one or more 
containers, the test is terminated, and the trainee has failed 
the test. Turbidity indicates that at least one microorganism 
has gained entrance into the unit container and has grown, 
probably because of a failure in GAP by the trainee. 

If the trainee fails any portion of the example tests, retrain- 
ing and retesting should normally be required. However, at the 
discretion of the supervisor, retraining and retesting may only 
be required for the failed portion(s). Because of the known 
tendency for even the best operators to gradually become less 
proficient over time, revalidation should be planned for all 
operators at least annually. 


QUALITY-CONTROL REQUIREMENTS 


The physical, chemical, and biological quality of an injectable 
product intended for administration to home-care patients 
must be the highest quality attainable. This quality must be 
built in to the product at each step of the process, that is, as 
noted previously, the quality of the starting components, the 
design and operation of the facilities, the control of the envi- 
ronment, and the qualifications of operators all contribute to 
the final quality of the product, either positively or negatively. 
Therefore, the control of quality is a continuous process 
throughout the production history of the product. Testing of the 
finished product can only confirm the quality built into the 
product during its preparation. 

Procedures developed to ensure the quality of each finished 
product should be reduced to writing, the so-called standard 
operating procedures (SOPs; also called policies and procedures 
(P&Ps)). These then become the protocols to be followed metic- 
ulously to replicate established, reliable procedures. They also 
become the basis for training new pharmacists or technicians. 

In the aseptic processing of products intended for use by 
home-care patients, the starting components are normally 
clean, sterile, and quality-controlled; that is, they have been 
released as having met the supplier’s quality standards. There- 
fore, the challenge for the pharmacist is to maintain freedom 
from the ingress of contaminants, particularly microorganisms 
and other foreign particles, during the process steps. 

PRODUCT SIMULATION TESTING—Many HCPs con- 
tain ingredients that are nutrients for microorganisms. Even 
though other components of the product may inhibit growth, 
the ingress of even one microorganism during processing may 
permit multiplication to occur with the production of many 
microorganisms in the product within a few hours. To prevent 
the development of such an intolerable condition, the process 
must be controlled. Once a process is properly controlled, it can 
be validated as capable of producing the prescribed quality 
product. To evaluate the level of microbiological control 
achieved, a balanced culture medium (eg, soybean casein digest 
medium) may be substituted for the product during a simula- 
tion of the process, called a media fill. After incubation of the 
simulated product prepared, if no growth is observed in the 
culture medium by the 14th day, it can be concluded that no 
contaminating microorganisms were introduced during the 
process. This is the most rigorous biological evaluation of the 
process currently available for quality control. It probably is 
the most important test to be performed relative to the process- 
ing of HCPs and is the basis for validation of the aseptic 
process. Simulation testing should represent the range of pro- 
cedures encountered, from simple transfers to the procedure 
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with the most challenging manipulative complexity (eg, worst 
case). 


FINAL PRODUCT RELEASE TESTING 
(EE UTS SPIO TTS 
Without question, the most critical quality-control focus is on 
the control of the process for preparation of products. Never- 
theless, selected product release testing should be performed, 
although modified because of the nature of the products, the 
very small lot sizes (often a single unit for a single patient), and 
their relatively short shelf life. There are four principle cate- 
gories of final product release testing: visual inspection, com- 
pounding accuracy, sterility testing, and pyrogen testing. 

PHYSICAL INSPECTION—tThe simplest but practical 
and essential evaluation is physical (visual) inspection. All 
HCPs should be examined by physical inspection, that is, look- 
ing at the product with a pharmaceutical assessment. The 
pharmacist should know if the color, clarity, and other appear- 
ance characteristics are appropriate. If there is any visible 
alteration from the expected, the pharmacist should be alerted 
to the possibility of some type of degradation, and an investi- 
gation should be performed. Further, the USP requires that all 
final containers be inspected individually for the presence of 
visible particulate matter. If any particles are seen against 
either a white or black background, the container should be 
discarded. 

COMPOUNDING ACCURACY—Compounding accuracy 
in the preparation of HCPs is normally considered to be the 
responsibility of the pharmacist-in-charge, using accurate mea- 
suring devices and appropriate and careful techniques. Profes- 
sionally established SOPs call for the measurements by one 
technician or pharmacist to be checked by a second pharmacist. 
For example, if syringes are used to measure a prescribed 
volume of a component, the syringe plunger should be drawn 
back to the measurement site used so that its accuracy can be 
determined by the pharmacist checker. With automated mixing 
pumps the volume setting can be checked before it is moved for 
the next delivery, as discussed previously. 

STERILITY TESTING—As stated above, the best assur- 
ance of sterility of an HCP is through the evidence of a vali- 
dated aseptic procedure. Records verifying the sterility of the 
initial components of the product and of the devices used for 
preparing the HCP, the control of the Class 100 workspace and 
its buffer areas, and the qualifications of the operators, provide 
the greatest assurance that the final HCP is sterile. Therefore, 
a sterility test is not normally performed on a single or small lot 
of HCPs. However, a sterility test performed on a sample rep- 
resentative of a group of products prepared under essentially 
identical conditions (eg, the preparations of a single technician 
during a single work shift) may be appropriate. Also of consid- 
eration is the fact that the USP sterility test is a destructive 
test; that is, the test unit(s) is consumed in the test and would 
not be available for administration, and since it requires a 
minimum incubation period of 7 days, during which most HCPs 
would already have been administered to the patient before 
test results were available, the test has practical limitations. 
On the other hand, sterility testing should be performed on any 
lots of products made from nonsterile raw materials or when 
batches of HCPs are made in open tanks, that is, when the 
product is exposed for a substantial period of time to the envi- 
ronment, often to a Class 1000 or less-controlled room. The test 
requirements would be based upon the specifications for small 
lots of products as described in the USP™ and adjusted for the 
small lot sizes. 

Of the two test methods described by the USP, the mem- 
brane filtration technique normally would be preferred. This 
method has the advantages that 
1. It concentrates small numbers of microorganisms and gives greater 


probability of recovery. 
2. Large volumes of product can be filtered and thus tested. 
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3. The product is filtered away from any viable microorganisms, and 
any inhibitory effects from the product are minimized. 


Thus, this method gives a higher probability of detecting 
any viable microorganisms that may be present. The methods 
are described in the USP.'* Since sterility testing and probably 
other laboratory tests will not be performed in the pharmacy 
but in another facility, the pharmacist-in-charge is responsible 
for ensuring that the testing laboratory is capable of perform- 
ing the test properly. 

PYROGEN TESTING—tThe presence of pyrogens, the 
products of metabolism of microorganisms, is of little concern 
normally, but testing would be required under circumstances 
similar to the requirements for sterility testing. Detectable 
levels of pyrogen would normally occur only in the presence of 
a relatively high number of microorganisms, and this is not 
likely with most HCPs. However, pyrogen testing is quite sen- 
sitive and can be of particular value when microorganisms had 
been present in equipment or other aspects of the process even 
though they are dead at the time of testing. The Bacterial 
Endotoxins Test, the test method normally used, is described in 
Section (85) of the USP.'° 

EXPIRATION DATING—Although the shelf life of HCPs 
is normally not required to be more than 30 to 60 days, this is 
sufficiently long, given the nature of HCPs and the uncertain 
storage conditions that may occur during transportation and in 
the patient’s home, to require the pharmacist to give careful 
consideration to the potential for degradation. A home-care 
pharmacy is unlikely to have the capability of studying degra- 
dation, nor is it possible, considering the many formulation 
variations that can occur with the prescribing privileges of 
physicians. Therefore, pharmacists are limited to the informa- 
tion that can be obtained from the drug’s manufacturer, the 
pharmaceutical literature, and their professional judgment. 
Each of these sources, at best, can provide only the basis for a 
theoretical stability assessment. Only product-specific, experi- 
mentally determined stability data can provide a real deter- 
mination of physical and chemical stability over time. The 
biological prediction of stability, that is, the likelihood of mi- 
croorganisms growing in the product, can only be ensured by 
the level of reliability of the aseptic compounding methods 
used. Because of the nutrient nature of many HCPs and the 
inherent risk of even one microorganism gaining entrance into 
the product, the length of shelf life with uncertain conditions of 
storage should be conservatively limited. 

For all HCPs, documents should be available to give a record 
of their complete process history. These documents should refer 
to, and be founded upon, a complete set of SOPs that clearly 
describe the established procedures used. The documented pro- 
cess history should be carefully reviewed for completeness, 
accuracy, and evidence of compliance with SOPs and other 
quality standards for the product before it is released for use in 
a patient. 


LABELING 

sa a mp SP Ah AN aa SHAAN 
After a sterile product is prepared, it should be properly labeled 
to communicate information necessary to ensure its appropri- 
ate use.” This is especially true of product labels for sterile 
products used in the home environment, because of the follow- 


ing requirements: 


Labels must be understandable by a lay person, since the end user may 
be a patient, family member, or other lay person. Labels should 
avoid abbreviations or potentially confusing terminology. 

Labels must give clear directions for administering the product via the 
prescribed method of administration. Instructions must be included 
for operating any infusion devices or other required administration 
techniques. 

Labels must be understandable by health-care professionals, so that if 
the patient is treated at another site, the prescription can be con- 
tinued correctly. 
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Recognizing these requirements, the elements of a label for 
a home-care product should include” 


Prescription information—prescription number, date, and prescribing 
physician. 

Patient information—patient name and other identifying information, 
such as a patient number or address, if appropriate. 

Directions for use, such as time and frequency of administration, infu- 
sion rates, and pump settings, for the infusion device selected. 
Handling or storage requirements, including requirements for refriger- 

ation and warming to room temperature before use, if applicable. 
Name and amount of drug present; if the admixture contains more than 
one dose, the label should indicate the amount of drug for one dose, 
the volume of the dose, and the total amount of drug and total 
volume present. 
Name and volume of the admixture solution. 
Expiration date under the recommended storage conditions; length of 
time product may be stored at room temperature, if appropriate. 
Initials of persons who prepared and checked the admixture. 
Auxiliary labels as appropriate. 


Because home-care patients require so much detailed infor- 
mation about these products, many home-care pharmacies 
choose to supplement the label with additional patient infor- 
mational materials. If an auxiliary label does not provide 
enough space, supplemental instruction sheets may be pro- 
vided. It is the pharmacist’s responsibility to be sure that all of 
the information needed by the patient or caregiver is provided. 

If caregivers in the home must add ingredients (such as 
insulin or vitamins) that are not stable for prolonged periods, 
the product label should clearly indicate the amount and vol- 
ume of each ingredient to be added prior to infusion. Highlight- 
ing this information with a bright color, use of a separate 
additive label, or other techniques may be used to ensure that 
these additives are not omitted. 

PARENTERAL NUTRIENT ADMIXTURES—Labeling 
of parenteral nutrient admixtures requires special attention. 
Total parenteral nutrition formulations are complex admix- 
tures containing amino acids, dextrose, and lipids, as well as 
water, electrolytes, vitamins, and trace elements. TPN labels 
are used by clinicians as a source of prescription information 
when patients are seen in outpatient settings or admitted to 
other sites of care. For this reason, TPN formula information 
must be expressed in a manner that is clearly understandable 
not only by caregivers in the home, but also throughout the 
health-care system. 

Currently, methods of macronutrient labeling vary widely 
among different organizations and sites of care. One of the 
most common ways of expressing nutrient quantities is as the 
final concentration of each ingredient, such as dextrose 25%. 
Calculation is required to determine the total nutrients in- 
cluded per day or per container. Other groups label their par- 
enteral nutrition formulations by specifying the volumes and 
initial concentrations before admixture of each ingredient, eg. 
500 mL of 50% dextrose. Still other organizations label their 
TPN formulas with the absolute quantity of each ingredient per 
preset volume of TPN, eg. dextrose 250 g per liter. Finally, 
home-care organizations often label TPN formulas in total 
quantities of each ingredient per day, such as dextrose 340 g 
per day. Electrolyte additives may be expressed in millimoles 
or milliequivalents per liter or per total volume. This lack of 
standardization causes confusion and a potential for errors, 
especially when patients are transferred between health-care 
environments. 

Errors in managing the preparation of TPN solutions can 
result in serious harm or even death for the patient. In fact, 
misinterpretation of labels has led to several recorded serious 
incidents. In one such case, hospital personnel misinterpreted 
the dextrose content on the label of a home TPN formulation, 
resulting in a pediatric patient’s death.!° The home-care label 
read 300 mL of 50% dextrose. The hospital pharmacy misinter- 
preted this as a final concentration of dextrose 50%. The pa- 
tient died after 2 days of receiving the incorrect formulation. 


Another incident involving the misinterpretation of a label 
resulted in an iron overload with liver toxicity in a child receiv- 
ing TPN with iron dextran.!’ The home TPN label read iron 
dextran 1 mL, the intention being to use a 1 mg/mL iron 
dextran dilution prepared by the pharmacy. However, the so- 
lution was prepared with the undiluted 50 mg/mL concentra- 
tion, resulting in a 50-fold error in the dose administered. 

As a result of events such as these, the American Society of 
Parenteral and Enteral Nutrition established the National Ad- 
visory Group (NAG) on Standards and Practice Guidelines for 
TPN.1° The purpose of this group is to identify problem areas in 
TPN therapy and to make recommendations and develop 
guidelines that foster safe practices. TPN labeling was one of 
the areas identified by the group as problematic. 

The NAG recommended that the macronutrient content of 
TPN admixtures be labeled in grams per total volume and that 
other additives be labeled in total quantities per total volume.'® 
This method supports use of a once-per-day nutrient admixture 
system, which is a cost-effective system of TPN compounding. !? 
Organizations accustomed to labeling in another format, such 
as amounts per liter, sometimes supplement the label with a 
second column indicating the latter information. 

Auxiliary labels also may be useful to list other information 
such as individual concentrations of electrolytes in milliequiva- 
lents or millimoles, total and nonprotein calories per day, and 
the percentage of total and nonprotein calories provided as 
carbohydrate and fat.'* 


STORAGE IN THE PHARMACY 

ES Ea STS ER SSSI TT 
Monitoring of storage conditions in the pharmacy is neces- 
sary to ensure that products retain their quality attributes. 
Controlled-temperature storage areas such as refrigera- 
tors and freezers should be monitored at least once daily, 
with results documented on a temperature log. Suitable 
temperature-recording devices range from a calibrated contin- 
uous recording device (preferred) to an NBS-calibrated ther- 
mometer. Even if a continuous recording device is used, it 
should be checked at least once daily to confirm that the device 
is working properly. Pharmacy staff should take care to avoid 
causing significant temperature aberrations, such as from 
holding refrigerator doors open too long or overloading the 
refrigerator.” 


PACKAGING AND SHIPPING 

ER eS EE ST TST 
The pharmacist’s responsibility for ensuring the quality of ster- 
ile products used at home or in alternate sites does not end 
when the product is dispensed from the pharmacy. Care must 
be taken that handling of such products outside the pharmacy 
and at the site of administration ensures that the product 
maintains its quality attributes, particularly sterility and sta- 
bility. Balancing this requirement is the need to deliver prod- 
ucts under time constraints and at a frequency that minimizes 
delivery costs but avoids product waste because of changes in 
orders or expired shelf life of products.” 

Transportation of the product to the site of administration 
takes place via a delivery or shipping system. In this chapter, 
delivery refers to personal delivery of the product by an em- 
ployee of the home-care organization, while shipping refers to 
use of a common carrier, such as a courier, commercial pack- 
age-handling service, or the mail. Each method has its unique 
challenges. 

Delivery usually is assumed to be faster and more reliable 
than shipping. This sometimes leads to a cavalier attitude 
about the need for packaging of sterile products during deliv- 
ery, assuming that the product will be delivered to the home or 
other administration site within a short time. In fact, long 
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delivery routes, employee breaks and meals, or adverse traffic 
conditions can delay delivery and expose products to extremely 
hot or cold temperatures in the delivery van or nurse’s car. 
Additionally, shifting of packages during delivery can poten- 
tially lead to damaged products and/or hazardous spills. 

Similarly, shipping products via a common carrier can sub- 
ject the product to extremes in temperatures, rough handling, 
or severe vibration. When commercial air and truck carriers 
are used, the home-care pharmacy is responsible for taking 
actions to ensure the quality of their services. Before using a 
carrier, the pharmacy should confirm the carrier’s capabilities 
for maintaining required delivery schedules, transit times, safe 
handling, and temperature control. The pharmacy should de- 
velop an effective system for monitoring shipping performance. 
With some carriers, electronic or telephone confirmation of 
delivery times is possible. If this is not available, review of 
delivery receipts or telephone followup calls with the patient or 
caregiver can be used to monitor delivery timeliness. Other 
important indicators include the condition of products upon 
receipt and personnel courteousness. 

Careful product packaging is essential to protect the integ- 
rity of sterile products during delivery and shipping. Packaging 
materials should be selected to maintain required product tem- 
perature, minimize breakage, and avoid leaks. Required com- 
ponents of a product package include insulation for tempera- 
ture control, cushioning to avoid product shifting and breakage, 
and a sealed leakproof container to minimize the risk of leak- 
age if a liquid product is damaged in transit. 

INSULATION—Refrigerated products for home use should 
be packaged in an insulated container to maintain tempera- 
tures within the USP storage range of 2 to 8°. For personal 
deliveries, a sturdy reusable cooler is a cost-effective insulated 
container. For shipping, insulated containers, consisting of a 
Styrofoam inner liner with a cardboard outer box, are commer- 
cially available. A low-cost alternative involves placing a 
smaller cardboard box inside a larger cardboard box and filling 
the space between the boxes with Styrofoam packing peanuts. 
In either case, ice bricks are used inside to maintain product 
temperature. Additionally, use of tape to completely seal box 
edges is helpful in maintaining product temperature. 

Even products that do not require refrigerated storage may 
be labeled for storage at controlled room temperature (<85°F). 
In one study, the USP found that more than 90% of nearly 200 
packages shipped from its Rockville, MD, headquarters expe- 
rienced unacceptably high temperatures during shipment. 
Temperature indicators in two-thirds of the packages regis- 
tered spikes between 86 and 104° at some point in transit.”° 
Although ice bricks are not required, use of an insulated con- 
tainer for shipping or delivery, especially in the warm summer 
months, can help to avoid excessive heat. 

CUSHIONING—Packaging materials such as Styrofoam 
packing peanuts, bubble wrap, Styrofoam wrap, or shredded or 
crumpled newspapers are useful to prevent damage due to 
product shifting. For best damage control, the box containing 
the product should be completely filled with the selected pack- 
aging material. Any free air spaces not only increase the risk of 
product shifting, but also contribute to decreased temperature 
control. 

Packaging materials also can be used to avoid excessively 
cold product temperatures during transit. Product freezing nor- 
mally should be avoided. Some protein-containing drug prod- 
ucts can be denatured by freezing. Therefore, use of a card- 
board barrier to separate the drug product from ice bricks can 
be helpful. 

CONTAINERS—Within the package, the drug product it- 
self should be packaged in a primary container, usually of glass 
or plastic, that is designed to protect and contain the product. 
The primary container should minimize the risk of leaking, 
unless it is broken or otherwise damaged. Sometimes an outer 
wrap, in the form of a zip-lock bag, is used to contain the liquid 
drug product in the event that the primary container is dam- 
aged and leakage occurs. Further, an outer wrap is useful to 
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separate the drug product from food items when stored in the 
patient’s refrigerator. 

Chemotherapy drugs or other hazardous materials should 
be double bagged. Spill kits should be available, should an 
unexpected spill occur, to use in cleaning up the spill and 
minimizing the hazard. When shipping hazardous materials, 
check both OSHA and local requirements for specific guide- 
lines. 

PACKAGE VALIDATION—Home-care pharmacists 
should validate the packaging system selected to ensure that it 
maintains product temperatures within the desired range dur- 
ing shipping. The placement and number of ice bricks, product 
size and placement, air space within the package, insulation 
thickness, choice of packaging materials, expected ambient 
temperatures, and duration of shipping all influence tempera- 
ture maintenance. 

Small, reusable computerized temperature probes are avail- 
able for monitoring temperatures during normal shipping con- 
ditions. The temperature probe is placed as close as possible to 
the drug in the package to be evaluated. The product is then 
packaged and shipped or delivered via the standard procedure. 
Upon receipt the temperature probe should be returned to the 
pharmacy and the temperature data downloaded. The comput- 
erized probe records the temperatures experienced by the pack- 
age during the entire delivery cycle. Ideally, the packaging 
system should maintain the product within the desired tem- 
perature range for the anticipated duration of shipment plus 
some additional margin of safety, in case the delivery is 
delayed. 

Temperature indicators are also available that record a 
color change or other visual display of the maximum tempera- 
ture experienced by the product during transit. Although these 
devices are not yet inexpensive enough for use with every 
shipment, they can be useful for initial validation and periodic 
retesting. 

A less costly but less evaluative method of package evalua- 
tion involves posttransit temperature checks. A thermometer is 
used to test the product temperature immediately upon prod- 
uct receipt, or the package is simply examined to assess 
whether the drug product is cold (but not frozen). Checking the 
temperature upon package receipt has limitations in that it 
gives an indication of the current temperature but does not 
reflect whether temperature excursions occurred outside the 
desired range during transit. 

Designing a package to meet both temperature and cost 
requirements probably will necessitate some experimental 
testing. Possible solutions for commonly encountered problems 
are listed in Table 119-3. 

Evaluation and possibly redesigning of the shipping pack- 
age should be continued until a package is developed that 


Table 119-3. Designing a Package for Shipping 
Refrigerated Sterile Products 


POTENTIAL PROBLEMS POSSIBLE SOLUTIONS 


Temperature too cold (<2°) @ Fewer ice bricks 
® Cardboard barrier around 
product 
Temperature too warm (>8°) e@ Add more ice bricks 


@ Use thicker insulation in box 
e@ Use more packaging 
materials to avoid air space 


in package 
Temperature not maintained @ Add more ice bricks 
long enough for expected 
duration of 


shipment/delivery 
@ Try larger ice bricks 
@ Use a cardboard barrier 
around product plus more or 
larger ice bricks 
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adequately maintains the product within the desired temper- 
ature range for the anticipated duration of shipping. Once the 
package has been designed and the procedure for packing is 
complete and validated, the information should be put in writ- 
ing for a permanent record (a P&P). Thereby, packing tech- 
niques, configurations, and materials for groups of products 
with common storage characteristics will be standardized. Pro- 
cedures also should be developed for products requiring unique 
storage conditions. Packaging should not vary from the estab- 
lished materials and procedure without retesting, as different 
packaging materials and configurations differ in their resis- 
tance to heat penetration or loss. Occasional shipments should 
subsequently be retested, especially whenever transit condi- 
tions vary, such as seasonal temperature changes, changes in 
transit times, or use of different packaging materials. 


STORAGE IN THE HOME 

EL ES A PE ET 
Sterile products must be stored under controlled conditions 
until the product is administered. Each drug product should be 
labeled to indicate its storage requirements and expiration 
date, including, if appropriate, the time of day beyond which 
the product should not be used. 

Refrigerated products usually are stored in the patient’s 
own refrigerator. The patient/caregiver should be trained to 
check the refrigerator temperature on a daily basis to ensure 
proper storage. If the patient does not have a refrigerator, 
alternative arrangements must be made. Although at one time 
it was common practice to provide patients with a refrigerator, 
in today’s cost-conscious health-care environment, other op- 
tions, such as using a neighbor’s refrigerator or storing the 
product with a visiting home health nurse, may be considered. 

Unless otherwise indicated, sterile admixtures for home use 
should be refrigerated until the time of use. Even under the 
best of conditions, there is always some risk that microorgan- 
isms might gain entry into the sterile product. Therefore, HCPs 
should be stored at refrigerated temperatures to inhibit micro- 
bial growth, even if stability issues do not require such storage. 
There are a few exceptions: 


Sterile products intended for administration promptly after com- 
pounding may be retained at room temperature. It should be noted that 
delivery time should be included when determining whether the prod- 
uct will be administered promptly; if in doubt, the product should be 
refrigerated during delivery. 

Reservoirs of medications, such as narcotic analgesics, intended for 
infusion over more than 1 day via an ambulatory infusion pump, should 
either be started promptly after preparation or be refrigerated until the 
start of infusion. Administration should be completed within 7 days. 

Sterile products, such as 6-fluorouracil, that should not be refriger- 
ated after preparation, should be used within 28 hr of preparation.” 


The cumulative storage conditions experienced by a sterile 
product should be considered. For example, products are com- 
monly removed from the refrigerator and allowed to equilibrate to 
room temperature, only to be replaced in the refrigerator for later 
use, if not used as planned. The originally assigned expiration 
date may be invalidated by these circumstances. In this situation, 
the pharmacist must consider the cumulative effects of room- 
temperature storage when determining whether the product is 
stable for use. This may be fairly straightforward for products 
that have a well-accepted duration of stability at room tempera- 
ture. For example, 24-hr stability at room temperature is the 
accepted limit for parenteral nutrition solutions, and 7 days at 
room temperature is the norm for multiday infusion reservoirs 
containing narcotic analgesics. For other products, the manufac- 
turer or their product literature or another reputable source 
should be consulted for limits on room-temperature stability. 

Product labeling should be used to explain requirements for 
storage and expiration dating. A separate information sheet 
should include instructions for proper storage, interpretation of 
expiration dating, and how to look for signs of unsuitability for 


use. Home-care products shauld be stored out of the reach of 
children and pets. 

Home assessments should be performed to confirm compli- 
ance with appropriate drug storage conditions, cleanliness, 
separation of drugs from food items, avoidance of improper use 
or reuse of drugs or supplies, and proper disposal of waste. 
Home inventory quantities should be monitored as an indicator 
of compliance. If improperly stored, expired, or damaged prod- 
ucts are found, the patient should be asked for consent to 
return or dispose of these items.” 

Patients receiving sterile products in the home should be in- 
structed about appropriate methods of waste disposal. Needles or 
other sharp objects should be placed in a commercially available 
sharps-disposal container, or alternatively, can be stored in an 
impervious and sealable container (eg, empty coffee can.) The 
sharps container should be kept out of the reach of children. A 
process should be established for routine waste removal from the 
home. Options for sharps removal include having the home-care 
company pick up the waste container, mailing the sharps con- 
tainer in a sealed package to an EPA-approved incineration facil- 
ity, or having the patient or caregiver bring the sharps container 
to a health-care facility for disposal. 

Most drug products are not hazardous, and empty contain- 
ers, tubing, and the like may be disposed of with other house- 
hold trash; however, local disposal requirements may be pre- 
scribed by the landfill where the waste will be sent. Waste from 
hazardous products administered in the home, such as chemo- 
therapy, should be stored in a separate area of the home and 
should be retrieved by the home-care company for disposal via 
incineration. 


ADMINISTRATION 


The individual responsible for administering sterile products in 
the home must be properly trained. Basic topics for training are 
reviewed in Table 119-4. 

Certain methods of administration are unique to home care. 
These include ambulatory infusion pumps, implantable infu- 
sion devices, and disposable infusion devices. These devices 
share the characteristic of exposing products to elevated tem- 
peratures (eg. body temperature) during administration. Ref- 
erence data should be consulted to confirm that product stabil- 
ity will be maintained during storage and administration at 
these elevated temperatures during the intended period of 
administration.” 


Table 119-4. Training Content for Administration 
of HCPs 


@ Inspection of products upon receipt for damage and 
temperature maintenance. 

@ Product storage requirements. 

@ Visual inspection before administration for leaks, cracks, 
particulates, precipitation, discoloration, oiling out, or other 
evidence of loss of product integrity. 

@ Label check to confirm right product, drug, dose, and 
administration time. 

@ Proper handwashing technique. 

@ Procedures for aseptic preparation of the product in a clean 

preparation area. 

Handling and setup of infusion apparatus and supplies. 

Catheter care and maintenance. 

Clinical monitoring of the patient and the therapy. 

Emergency actions for common complications such as 

infection, catheter breakage or displacement, tubing 

disconnection, catheter occlusion, equipment battery change, 
or equipment malfunction. 

e@ Emergency contact numbers and procedures. 

@ Proper waste disposal. 


(Adapted from USP 23/AF 18.) 
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Table of Metric Doses with Approximate Apothecary Equivalents 


These approximate dose equivalents represent the quantities usually prescribed, under identical condi- 
tions, by physicians using, respectively, the metric system and the apothecary system of weights and measures. 
Statements of quantity or strength in the labeling of drug products, when expressed in the metric and apothecary 


systems, shall utilize exact equivalents. 


When prepared dosage forms such as tablets, capsules, etc, are prescribed in the metric system, the phar- 
macist may dispense the corresponding approximate equivalent in the apothecary system and vice versa, as 
indicated in the following table. 

For the conversion of specific quantities in converting pharmaceutical formulas, use the exact equivalents. 
For prescription compounding, use the exact equivalents rounded to three significant figures. 


Liquid Measure 


Metric 


Approximate Apothecary 


Approximate Apothecary 


Approximate Apothecary 


Equivalents Metric _ Equivalents Zz Metric Equivalents 
1000 mL 1 quart OR 2 > fluid drams Oo, Ingle 8 minims 
750 mL 1% pints ntl 2 fluid drams 0.3 mL 5 minims 
500 mL 1 pint 5 mb 11/4 fluid drams 0.25 mL 4  minims 
250 mL 8 fluid ounces 4 mL 1 fluid dram OFZz mle 3. minims 
200 mL 7 fluid ounces 3 mL 45 minims 0.1 mL 1/5 minims 
100 mL 31/5 fluid ounces oy hw 30 minims 0.06 mL 1 = minim 
50 mL 15/, fluid ounces 1, ot 15. minims 0.05 mL 3/5. minim 
30 mL 1 fluid ounce 0.75 mL 12 minims 0.03 mL V> minim 
15 mL 4 fluid drams 0.6 mL 10 minims 
Weight 
Approximate Apothecary Approximate Apothecary Approximate Apothecary 
Metric Equivalents Metric Equivalents Metric Equivalents | 
30g 1 ounce 200 mg 3. grains 4 mg Vis grain 
1 1G 4 drams 150 mg 2"> grains 3 mg Yoo grain 
10 g 2 > drams 125 mg 2. grains 2 mg Vsq grain 
5 Gg 2  drams 100 mg 1% grains PSIG Vag grain 
6 ig 90 grains 75mg 1%, grains 1.2 mg Veq grain 
SiG 75 grains 60 mg 1 grain 1 mg Yeo grain 
Arg 60 grains (1 dram) 50 mg 3/4, grain 800 wg Vgq grain 
oF 9 45 grains 40 mg 4/3. grain 600 wg Vi00 grain 
2 9 30 grains (/> dram) 30 mg Vy grain 500 wg V409 grain 
165: 22 grains 25 mg 3/g. grain 400 wg Vi59 grain 
iy me) 15 grains 20 mg V3 grain 300 ug Vo99 grain 
750 mg 12 grains 15 mg V, grain 250 wg Vo59 grain 
600 mg 10 grains 12 mg Ys grain 200 wg V399 grain 
500 mg 7 > grains 10 mg Ye grain 150 wg V400 grain 
400 mg 6 grains 8 mg Ve grain 120 yg Veoo grain 
300 mg 5 grains 6 mg V49 grain 100 yg Veoo grain 
250 mg 4 grains 5mg V5 grain yaw. 
NOTE: A milliliter (mL) is the approximate equivalent of a cubic centimeter (cc). 
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E t 

I 

(0) 

D 

v 1.00794¢ 
1 ] 


Hydrogen 
Electron popu 


9.012182 
2 


6.94,2,6,¢ 
1 


Lithium Beryllium 


11 
Na 


22.989768 


METALS 


KEY 


lation of orbits K 


y| At No 
5 Symbol 
O| At Wt 


Valence 


Name 


On the scale "°C = 12* 


Characteristic values 


State at 30°C if other than solid: 
g = gas; | = liquid 


Outline letters represent elements 
known only through synthesis. 


1 
Seg | eee |) BATE IV B VB VIB VII B VII 
xt 2 2 2 2 D 
8 8 8 8 8 8 
8 19 9 21 10 22 n 23 13 24 13 Bs ad 
1 2 7) . 2 1 2 
K Ca Sc rj Cr Mn Co 
39.098; 40.078° 44.95591 47.88 50.9415 51.9961 54.93805 58.9332 
1 2 3 oes 2,30 425 253.6 23s 4G 2,3 
Potassium Calciutn Scandium Titanium Vanadium Chromium Manganese Cobalt 
2 2 2 2 2 
8 8 8 & 8 
| 18 39 18 40 18 41 18 42 18 43 45 
8 8 9 10 12 13 13 
1 Rb 2 Sr 2 Y 2 Zr 1 Nb 1 Mo 2 ‘Wee! Rh 
85.467,5 87.626 88.90585 91.224 92.90638 95.94 (97.9072) 101.075 102.9055 
1 2 3 4 3,5 2, 3,.4.5. 6 6,7 2,3, 4. 658 Pad, 4 
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetinm Ruthenium Rhodium 
2 2 2 2 2 2 
8 8 8 8 3 
18 56 57-7) 18 WD 18 iS 18 74 18 us 18 76 JU 
18 32 32 32 32 32 
; Ba Baninaaee ue Hf 1 Ta 12 Ww 13 Re 14 Os Ir 
132.90543 | 2 137.327° Series 2 178.44 2 180.9474 2 183.85 2 186.207 2 190.26 192.2, 
1 2 4 5 2,3,4,5,6 3. 4,556, 7 2.3.4, 678 2,3,4 
Cerium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium 
2 Piz 
8 8 
18 87 ig; 88 89 -103 104 105 106 107 
3 32 
18 Fr jis; Ra wre (Unq) (Unp) (Unh) Uns 
5 1 | (223.0197) 4 226.02540,d Series (261.11) (262.114) (263.118) (262.12) 
1 2 
(Unnil- (Unnil- (Unnil-. (Onnil- § 
Francium Radium quadium) § pentium) § hexium) § septium) 
2 2 "i 
8 8 
ree a 57 | i| 58 59 |i5| 60 61 62 63 
(eae een La |>5| Ce | Pr || Nd Pima Sm Eu 
Elements) 138.9055 2 | 440.115° 140.90765 | 2 144.2.6 (144.9127) 150.36 151.965° 
3 3.4 3.4 3 3 ous 2.3 
Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium 
aa Sa T 
x 2 | 2 Bi 
8 8 8 8 
89 ig | 90 9] 18 92 ia | Os ig | 94 95 
32 32 32 % 32 4 s 
Actinide Ac i9| Th Pa 21 U 22 Ne) 23 | a, Asin 
Series 227.0278 , 232.03810,d 231.0359¢ . | 238.0289,c 237.0482 3 (244.0642) (243.06 14) 
3 4 5 3. 4,5,6 Geiss GS 3,4, 5.6 Oma O68 
Actinium Thornum Protactinium Uranium Neptunium Plutonium Americium 


* Atomic weight is an alternative term for ‘relative atomic mass of an element’, A; (E). The |UPAC values given here are scaled 
to A; (12C) = 12 and apply to elements as they exist in materials of terrestrial origin and to certain artificial elements. When 
used with due regard to the footnotes they are considered reliable to +1 in the last digit or +3 if that digit is subscript. Val- 
ues in parentheses are for radioactive elements whose atomic weights cannot be quoted precisely without knowledge of the 
origin of the elements; the value given is the atomic mass number of the isotope of that element of longest known half-life. 


+ Beginning with Group III, authors 


t Expected value from theoretical considerations. 


differ in their presentation of the ‘'A’' and ‘‘B"’ groups of elements. 


§ Names and symbols provisionally suggested by IUPAC. 


NON-METALS INERT 
GASES 
T 
VILA ZERO 
eae a g 
1 2 
H He 
1.007942 4.002602° 
+ 4 
-—1 0 
IIA IVA VA VIA 
Hydrogen Helium 
aA Bezeay Bests Wiad al 
© 6 Toate Gi seated 429 10 
B Cc N oO F Ne 
10.811%° 12.0114 14.00674 15.999,2 18.9984032 20.1797° 
3 —4;2,4 = BS —2 =} 0 
Carbon Nitrogen Oxygen Fluorine Neon 
= 4 =. 
2 2 2 PR g 
8 8 8 8 
1S 4 14 5 nS et “le 7 oor 18 
= . is a J | ee aime 
Al Si P Ss Cl Ar 
26.981539 28.0855 30.973762 32.0667 35.4527 39.94,0,5 
a 3 —4.4 = SK Sio Seed 6 a bs Perch Siaele 0 
IB IIB 
| Aluminum Silicon Phosphorus Sulfur ll Chlorine Argon 
[ 2 | 2 2 2 | | } 2A 2 | 2 | (1 2 al 
8 8 8 = 8 8 8 8 
16 | 28 18 29 18 30 18 | 31 18 | 33 ] | 34 18 | 35 18 36 
2 . 1 2 3 5 6 || 
eee Na) Cu |e? | Zn |?! Ga 24) Aste etSe Br |°) Kr 
58.69 63.545 65.39 69.723 74.92159 78.96 79.904 83.805,¢ 
7%, 8} leeg 2 3 Ee nckets) -—2;4,6 = Lelio Sd 0 
Nickel Copper Zinc Gallium Arsenic Selenium Bromine Krypton 
— + + 
2 a 2 2 | 2 2 g 
8 8 8 8 8 
i3| 46 |ig' 47 ig | 48 ig | 49 ig |. 93 . fig} . 54 
8 18 18 KS} 18 18 
Pad |: Ag || Cad | 3) In ae | | Xe 
106.425 | 107.868, {~————442.411° 114.820 126.90447 J 131.29b,c 
2,4 1 2 3 APSO Ss Shas 0 
Palladium Silver Cadmium Indium Iodine Xenon 
2 2 [1 2 2 q 
78 By 8 8 8 
is| 29 18 80 18 81 ig | 83 18 1s) 85S 86 
32 32 | 32 32 32 . 32 a2. 
Pt 18 | Au 18 Hg 18 Tl 18 Pb 18 Bi 18 Po 18 At Rn 
195.05 1 | 196.96654 eal 200.55 3 | 204.3833 | 4 | 207.2a,6 | 5 |208.980437| © | (208.9824) 7 | (209.9871) (222.0176) 
2,4 1,3 1,2 13 2.4 gs 2,4 WSs Oy Lt 0 
Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon 
if “lf mf : T 
Z 2 2 2 ] 2 2 2 2 
8 8 8 8 8 8 8 
18 64 18 65 18 66 18 67 18 68 18 69 18 70 18 al 
25 26 28 29 30 on 32 32 
9 Gd 9 Tbh 8 Dy 8 Ho 8 Er Sal Tm 8 Yb 9 Lu 
2 | 157.256 2 | 158.92534| 2 162.5 2 | 164.93032| 2 167.26 2 | 168.93421| 2 | 173.0, 2 174.96; 
3 S54 3 3 3 3 AS) 3 
ie Gadolinium Terbium Dysprosium Holmium Erbium | Thulium Ytterbium Lutetium 
i AF A i 1 Ta T if il 1 y 
es 7 2 az 7s 2 2 2 
8 8 8 8 8 8 8 
18 96 18 97 18 | 98 18 99 18 100 18 10] 18 102 18 103 
32 | 32 32) 4 32 | 32 | 32 32 32 
281 Cm |26) Bk | 27 Gk |2| Es |29! Fm |30) Wd | 31) No [32] ber 
e (247.0703) 3 (247.0703) 3 (251.0796) 3 (252.083) 3 (257.0951) 4 _ (258.10) 3 (259.1009) 4 (262.11) 
eee 3 +— 3.4 ma 3 3t 3} =} 3} 3t pee 4 3t 
Cunum Berkelium Californium Einsteinium Fermium Mendelevium | Nobelium Lawrencium 


F} 


: Element for which known variations in isotopic composition in normal terrestrial material prevent a more precise atomic weight 
being given; A, (E) values should be applicable to any ‘normal’ material. bElement for which geological specimens are known 
in which the element has an anomalous isotopic composition, such that the difference between the atomic weight of the element 
in such specimens and that given in the table may exceed considerably the implied uncertainty. cElement for which substantial 


variations in 


of isotopic composition. dElement for which the value of A; is that of the radioisotope of longest half-life. 


A; from the value given can occur incommercially available material because of inadvertent or undisclosed change 
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Glossary 


AAPS 


ACIP 


CAS 
CCB 


CDC 


Alcoholics Anonymous 
American Association 
of Colleges of 
Pharmacy 
American Academy of 
Family Practice 
American Association 
of Poison Control 
Centers 
American Association 
of Pharmaceutical 
Scientists 
Advisory Committee on 
Immunization 
Practices, 
Immunization 
Practices Advisory 
Committee 
adrenocorticotropin 
American Dental 
Association 
antibody-dependent 
cell-mediated 
cytotoxicity 
antidiuretic hormone 
adverse drug reactions 
Auger electron 
spectrometry 
Agency for Health Care 
Policy Research 
adequate intake 
acquired 
immunodeficiency 
syndrome 
acute myocardial 
infarction 
analysis of variance 
antigen-presenting cell 
American Public 
Health Association 
American 
Pharmaceutical 
Association 
American Society of 
Consultant 
Pharmacists 
American Society of 
Health-System 
Pharmacists 
administrative service 
organizations 


bacterial endotoxin test 
British Pharmacopeia 


coronary artery disease 

computer-assisted drug 
design 

cyclic adenosie 
monophosphate, 
cyclic adenosine-3'5'- 
monophosphate 

Chemical Abstracts 
Service 

calcium channel 
blockers 

Centers for Disease 
Control and 
Prevention 


CEA 

CFC 

CFTR 
cGMP 
CIMS 

CMI 
CONSORT 
CPC 
CPPDE 


CSA 


carcinoembryonic 
antigen 
chlorofluorocarbons 
cystic fibrosis 
transmembrane 
regulator 
cyclic guanosine-3'5'- 
monophosphate 
chemical ionization 
mass spectroscopy 
cell-mediated immunity 
Consolidated 
Standards of 
Reporting Trials 
Council on Pharmacy 
and Chemistry 
calcium pyrophosphate 
deposition disease 
Comprehensive Drug 
Abuse Prevention 
and Control Act of 
1970 
cerebrospinal fluid 


Drug Enforcement 
Administration, Drug 
Enforcement Agency 

Department of Health 
and Human Services 

dimethyl sulfoxide 

dimethyltryptamine 

Department of Defense 

dipalmitoylphosphatidyl- 
choline 

differential pulse 
stripping voltametry 

differential scanning 
colorimetry 

differential thermal 
analysis 

and pertussis, 
diphtheria, tetanus 

drug utilization 
evaluation 

drug utilization review 

Department of 
Veterans Affairs 

deep venous 
thrombosis 


50% effective dose 
ethylenediaminetetra- 
acetic acid 
enzyme-linked 
immunosorbent assay 
electron probe 
microanalysis 
electron spectroscopy 
chemical analysis 


Food and Drug 
Administration 

and Cosmetic Act, 
Drug, Food 

fibrinogen degradation 
products 

forced expiratory flow 

forced expiratory 
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Abbreviations, 1689t 
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intradermal, 1114 
intramuscular, 1114 
intrathecal, 1147 
intravenous, 1113 
oral, 1112-1113, 1145-1147 
parenteral, 1113-1114 
rectal, 1113 
subcutaneous, 1114 
sublingual, 1113 
topical, 1114 
alterations in, 1750-1753 
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definition of, 1112 
description of, 464, 1143 
drug interactions secondary to 
impairments in, 1750—- 
1753 
in elderly, 1946 
factors that affect, 464 
absorbing surface area, 1115 
adjuvants, 1116 
blood flow, 1115 
concentration, 1114-1115 
dissolution rate, 1115 
Donnan effect, 1116 
gastric motility and emptying, 
1115-1116 
movement, 1115 
physical state of formulation, 
1115 
receptor binding, 1116 
solubility, 1116 
vascularity, 1115 
vasoconstriction, 1115 
vehicles, 1116 
percutaneous 
factors that affect 


cutaneous biotransformation, 


843 
dermal clearance, 842-843 
penetration enhancers, 842 
skin hydration and 
temperature, 841-842 
stratum corneum barrier 
efficacy, 842-843 
principles of, 838 
studies of 
animal, 839-840 
in numero, 840 


in vitro and in vivo, 838—839 


pharmacokinetic parameters, 
1137-1139 
PH effects, 245 
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affect, 1138 
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Absorption spectrometry, 618 
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international pharmaceutical, 61 


Acacia, 327, 1030 
Acacia syrup, 1027-1028 
Acarbose, 1373-1374, 1753 
Acceptance sampling, 152 
Accogel capsule machine, 890 
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Accreditation, 1889 
Accupril (see Quinapril 
hydrochloride) 
Accuracy, 128 
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1324 
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Acepromazine maleate, 504t 
Acetals, 395t 
Acetamido, 402t 
Acetaminophen, 504t, 878, 1455— 
1456, 1721t 
Acetate, 402t 
Acetazolamide, 504t, 1347 
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diluted, 1040 
glacial, 1040-1041 
properties of, 504t, 1040 
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Acetohydroxamic acid, 504t 
Acetone, 219, 504t, 1038 
Acetonyl, 402t 
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1431, 1436t 
Acetoxy, 402t 
Acetrizoate methylglucamine, 256t 
Acetrizoate sodium, 256t 
Aceturate, 451t 
Acetyl, 402t 
Acetylcholine chloride, 172, 504t, 
1315 
Acetylcholinesterases, 1314 
Acetylcysteine, 256t, 504t, 1302- 
1303 
Acetylsalicylic acid, 879 
Achalasia, 1084 
Acid anhydrides, 395t-396t 
Acid-base disorders, 1097 
Acid-dye method, 195 
Acidosis, 1097 
Acid phosphatase, 567-568 
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aqueous, 725 
Brgnsted theory, 390 
catalysis of 
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specific, 269-270 
definition of, 231 
description of, 380 
diluted, 725 
dissociation constants 
determination of, 235 
electronegativity and, 234-235 
ionic strength and, 235 
micro, 235 
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electronegativity, 234-235 
ionization of, 232-234 
moisture sensitivity of, 703 
pH calculations, 238-240 
polyprotic, 233 
strong 
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definition of, 380 
pH calculations of, 238 


theories regarding 
electron-pair, 232 
proton, 231-232 
titration assays, 490-492, 495— 
496 
weak 
definition of, 380 
pH calculations of, 238 
salts of, 240 
Acid secretion 
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medications to decrease, 1220— 
1226 
Acistrate, 451t 
Acne vulgaris, 1076 
Acquired immunodeficiency 
syndrome, 1059-1060, 
1163-1164 
Acridinyl, 402t 
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hydrochloride) 
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Activase (see Alteplase) 
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1719-1720 
Activated partial thromboplastin 
time, 560 
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biopharmaceutical classification 
of, 714 
decision-making points for, 703— 
704 
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pH-solubility profiles, 705 
polymorphic forms, 714 
specifications, 714 
Active transport, 1111, 1757-1758 
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intrinsic, 1104 
pH effects, 245 
Activity coefficient 
electrolyte solutions, 230 
nonelectrolyte solutions, 223-224 
Acupressure, 1779 
Acupuncture, 1766-1767, 1779 
Acyclovir, 504t, 1529t, 1556 
Acyl, 402t 
Acyloins, 396t 
Adalat (see Nifedipine) 
Adapin (see Doxepin hydrochloride) 
Adaptogen, 1779 
Addison’s disease, 1081 
Addition, 103, 106-107 
Adenine, 432, 504t 
Adenosine (Adenocard), 1193, 
1288-1298 
Adhesional forces, 277-278 
Adhesive tapes, 1849-1850 
Adipoyl, 402t 
Administration routes (see Routes 
of administration) 
Admixtures, intravenous 
administration of, 816-817 
bulk package, 817 
definition of, 815 
description of, 815 
environmental considerations, 
815-816 
incompatibilities, 817 
laminar-flow hoods, 815-816 
packaging systems, 817 
quality control, 817-818 


Adrenal corticotropic hormone, 
1359 
Adrenal crisis, 1081 
Adrenaline hydrochloride, 256t 
Adrenal insufficiency, 1081 
Adrenergic antagonists 
a-, 13822-1323 
B-, 1323-1326 
description of, 1322 
Adrenergic neuron blocking drugs, 
1326-1327 
Adrenocortical function 
assessments, 572-573 
Adrenocortical steroids 
biological activity of, 1364-1365 
biosynthesis inhibitors, 1367 
clinical uses of, 1365-1366 
contraindications, 1365 
description of, 1363 
drug interactions, 1365 
inhalation uses, 1367 
intranasal uses, 1367 
modalities, 1366 
pharmacokinetics, 1365 
physiological actions of, 1363— 
1364 
precautions associated with, 1365 
regimens, 1366-1367 
side effects, 1365 
structure-activity relationships, 
1364 
Adrenocorticotropin, 1360-1361 
Adriamycin (see Doxorubicin 
hydrochloride) 
Adrucil (see Fluorouracil) 
Adsorbents, 1238-1239 
Adsorption 
insoluble monomolecular films, 
282 
mixed films, 284 
solid surfaces, 280-281 
soluble films, 282-284 
from solutions 
principles of, 281-282 
to solid surfaces, 284-285 
Adsorption isotherms, 281 
Adult respiratory distress 
syndrome, 1062 
Adverse drug reactions 
causes of, 1166 
classification of, 1166 
costs of, 1166-1167 
description of, 941, 1165 
in elderly patient, 1947 
health-care effects, 1166-1167 
home care, 2016 
idiosyncratic, 1173 
incidence of, 1165 
information resources regarding, 
65-66 
monitoring of, 1167-1168, 1703 
prevalence of, 1165 
prevention of, 1167-1168 
reporting form for, 1704 
risk factors, 1166 
scope of, 1165 
Advertising 
budgeting for, 1638 
marketing plan for, 1638 
regulations regarding, 1623-1624 
Advil (see Ibuprofen) 
Aerobid (see Flunisolide) 


2039 


2040 INDEX 


Aerosols (see also specific aerosol) 
actuators, 972, 973 
advantages of, 963-964 
applications 
description of, 972, 974 
pharmaceutical, 974-975 
containers 
pharmaceutical, 975 
types of, 971 
definition of, 964 
description of, 178, 963 
dispersions, 974-975 
emulsions, 975 
foam, 966 
foam dispensing of, 966-967 
metered dose inhaler 
characteristics of, 963, 972 
description of, 963 
evaluation of, 976-977 
particle-size distribution, 977— 
978 
mode of operation 
barrier-type system, 967-968 
compressed-gas, 966-967, 968t 
liquefied-gas systems 
description of, 964 
three-phase system, 965-966 
two-phase system, 964-965 
packaging of, 972 
powder, 974-975 
propellant 
chlorofluorocarbons, 969-970 
compressed gases, 971 
description of, 968 
hydrocarbons, 970 
hydrochlorofluorocarbons, 970— 
971 
hydrofluorocarbons, 970-971, 
971t 
liquefied gases, 968-969 
semisolid dispensing of, 966 
solution, 974 
sterility of, 963 
suspensions, 974-975 
topical, 964 
valves 
continuous-spray, 971-972 
description of, 971 
foam, 972 
pharmaceutical, 975-976 
Aerosol therapy and nebulizers, 
1867-1868 
Aerosporin (see Polymyxin B 
sulfate) 
Affinity, of drug, 1104 
Affinity chromatography, 196 
Afugan, 1841 
Agar, 1030 
Agar diffusion test, 549 
Agency for Health Care Policy 
Research, 43 
Agitators, 741 
a-B Agonists, 1310 
a,-Agonists, 1306-1308 
a -Agonists, 1308 
B-Agonists, 1308-1310 
Agranulocytosis, 1093-1094 
Airflow obstructive disease, 1061 
Air Force, 40-41 
Air purifiers, 1867 
Akineton (see Biperiden 
hydrochloride) 
Alanine, 421t—422t, 505t 
Alanyl, 402t 
Albendazole, 505t, 1563 
Albumin, 422 
Albumin-globulin ratio, 566 
Albumin human, 1246 
Albuminoids, 422 
Albuterol, 505t, 1299t, 1309 
Alcaine (see Proparacaine 
hydrochloride) 
Alcohol abuse, 56-57 
Alcoholates, 396t 
Alcohol dehydrogenase, 1172 


Alcohol(s) 
blood-alcohol concentration, 1176 
cardiovascular effects of, 1176 
denatured, 1038-1039 
depressant actions of, 1175-1176 
diluted, 1039 
drug interactions and, 1750 
ethanol, 218 
glycerin, 218 
isopropyl, 218 
methyl, 1039-1040 
in mouthwash, 728 
properties of, 218-219, 396t, 
1038 
propylene glycol, 218 
Alcometasone dipropionate, 505t 
Aldactone (see Spironolactone) 
Aldehydes, 396t 
Aldesleukan, 1482, 1504t 
Aldomet (see Methyldopa) 
Aldoses, 409, 411 
Aldosterone, 570 
Alendronate sodium, 1377, 1377t, 
1753 
Alepsin (see Phenytoin sodium) 
Alfalfa, 439t 
Alfentanil hydrochloride (Alfenta), 
505t, 1450 
Alkaloids 
antidotes for, 1721t 
characteristics of, 424 
Cinchona, 428—430 
classification of, 425, 425t, 426— 
427 
description of, 424 
ergot, 432-433 
extraction of, 425-426 
history of, 424 
identification methods, 425 
incompatibilities of, 426 
nomenclature, 427 
opium, 427t, 427-428 
properties of, 425 
Rauwolfia, 433 
structural formulas for, 427 
synthesis of, 426 
tropane, 430—431 
vinea, 433-434 
xanthine, 431-432 
Alkalosis, 1097 
Alkaptonuria, 565 
Alkeran (see Melphalan) 
Alkoxy, 402t 
Alkyl, 402t 
Alkylamino, 402t 
Alkylating agents, 1480 
Alkylhalosilanes, 396t 
Alkylsilanes, 396t 
Alkylsilanols, 396t 
Alkylsiloxanes, 396t 
Alkyl sulfates, 285 
Allantoin, 432, 1214 
Allegra (see Fexofenadine 
hydrochloride) 
Allele, 1170t 
Allergenic extracts 
definition of, 1583 
description of, 1583 
dusts, 1584-1585 
foods, 1587-1588 
fungal, 1585-1586, 1586t 
handling of, 1583-1584 
inhalant, 1586, 1586t 
insects, 1586-1587 
pharmacist’s role, 1584 
pollens, 1584, 1585t 
potency of, 1583t 
Allergens, 1580-1581 
Allergy 
clinical manifestations of, 1581t 
definition of, 1580 


delayed hypersensitivity testing 
description of, 1588 : 
diagnostic skin antigens, 1589, 
1589t 
patch-testing, 1588-1589 
diagnosis of, 1581 
drug, 1164 
food, 1587-1588 
IgE-mediated, 1580 
immunotherapy for, 1582-1583 
mechanisms of, 1581t 
sensitivity tests, 1581-1582 
treatment of, 1582 
veterinary, 1588 
Allethrin, 1836 
Alligation alternate, 119-120 
Allopathy, 1779 
Allopurinol, 505t, 1462, 1504t 
Alloys, 181 
Allyl, 402t 
Allyl isothiocyanate, 505t 
Aloe, 505t 
Alphagan (see Brimonidine 
tartrate) 
Alphaprodine hydrochloride, 256t 
Alpha radiation, 470 
Alprazolam, 1408t, 1409 
Alprostadil, 437t, 505t, 1295-1296 
Altace (see Ramipril) 
Alteplase, 505t, 1257 
Alternative/complementary 
medicine 
acupuncture, 1766-1767 
agencies for studying, 1764-1765 
aromatherapy, 1767-1768 
ayurvedic medicine, 1768, 1779 
chiropractics, 1768-1769, 1779 
definitions, 1763-1764 
description of, 1762 
Dietary Supplement Health and 
Education Act of 1994, 
1765-1766 
energetic bodywork, 1775 
expenditures, 1763 
herbalism, 1769-1770, 1779 
history of, 1762-1763 
homeopathy, 1770-1773, 1779 
indications, 1777t 
iridology, 1773, 1779 
manual healing, 1773-1774 
massage, 1773-1774 
mind-body connection, 1775-1776 
naturopathy, 1776, 1779 
Oriental body work, 1775 
popularity of, 1763t 
terminology associated with, 
1779-1780 
Alternative hypothesis, 125, 136 
Altretamine, 505t, 1482-1483, 
1504t 
Alum, 256t, 505t, 1206 
Alumina, 505t 
Aluminum, 368 
Aluminum acetate, 1206 
Aluminum carbonate, 504t 
Aluminum carbonate gel, 1221 
Aluminum chloride, 504t, 1206 
Aluminum chlorohydrates, 504t, 
1206 
Aluminum chlorohydrex propylene, 
504t 
Aluminum dichlorohydrate, 504t 
Aluminum hydroxide, 298-299 
Aluminum hydroxide gel, 504t, 
1221 
Aluminum monostearate, 504t, 
1041 
Aluminum phosphate gel, 504t 
Aluminum phosphide, 1839 
Aluminum sesquichlorohydrate, 
504t 
Aluminum subacetate topical 
solution, 504t 
Aluminum sulfate, 504t, 1206 
Aluminum zirconium, 504t 


Alupent (see Metaproterenol 
sulfate) 
Alveolar diffusion, 1060 
Amantadine hydrochloride, 256t, 
504t, 1339-1340, 1529t, 
1556 
Ambenonium chloride, 1318 
Ambien (see Zolpidem tartrate) 
Amcinonide, 504t 
Amdinocillin, 504t 
Amebicides, 1548-1550 
Amerge (see Naratriptan 
hydrochloride) 
American Pharmaceutical 
Association 
Code of Ethics, 14-15, 19 20, 25 
description of, 4 
founding of, 12 
website, 68 
Amethocaine hydrochloride (see 
Tetracaine 
hydrochloride) 
Amicar (see Aminocaproic acid) 
Amidate (see Etomidate) 
Amides, 394, 396t, 402t 
Amidines, 394, 396t 
Amidino, 402t 
Amifostine, 1483, 1504t 
Amifur (see Nitrofurazone) 
Amikacin sulfate (Amikin), 504t, 
1152t, 1154t, 1527t, 1533 
Amiloride hydrochloride, 504t, 1350 
Amines, 396t, 402t 
Aminoacetate, 402t 
Aminoacetic acid, 256t 
Amino acids 
blood testing for, 565 
clinical uses of, 424 
content, 422 
description of, 396t 
in intravenous fluids, 808t, 809 
nutritional role of, 1817-1818 
nutritional value of, 424 
precursor functions of, 423-424 
sequence of, 422 
types of, 421t—422t, 1819t 
Aminobenzoate, 402t 
Aminobenzoate potassium, 505t 
Aminobenzoate sodium, 505t 
Aminobenzoic acid, 505t, 1214 
y-Aminobutyric acid, 172 
Aminocaproic acid, 505t, 
1260-1261 
Aminoglutethimide, 505t, 1483 
Aminoglycosides 
antibacterial spectrum of, 1532 
description of, 1532 
macrolides 
description of, 1534-1535 
properties of, 1528t 
types of, 1534-1535 
mechanism of action, 1532 
pharmacokinetics of, 1532-1533 
polypeptides, 419-420, 
1535-1536 
properties of, 1527t 
resistance, 1532 
tetracyclines 
absorption of, 1537 
adverse effects of, 1537 
antimicrobial actions of, 1536 
characteristics of, 1152t, 1528t 
clinical indications, 1536 
distribution of, 1537 
elimination of, 1537 
pharmacokinetics of, 1537 
properties of, 1528t 
types of, 1537-1538 
toxicity of, 1532 
types of, 1533-1534 
Aminohippurate acid, 505t 
Aminohippurate sodium, 505t, 1190 
Aminohippuric acid, 256t 
Aminophylline, 256t, 505t, 1298 
Aminosalicylate sodium, 505t 


Aminosalicylic acid, 505t, 1239 
Amiodarone hydrochloride, 1289 
Amiodipine maleate, 1291-1292 
Amipaque (see Metrizamide) 
Amitraz, 505t 
Amitriptyline hydrochloride 
(Amitril), 505t, 1439, 
1442t 
Ammoidin (see Methoxsalen) 
Ammonia, 364 
Ammonia solution, 1041 
Ammonium, 396t 
Ammonium carbonate, 256t, 505t 
Ammonium chloride, 256t, 505t, 
1345-1346 
Ammonium lactate, 256t 
Ammonium molybdate, 505t 
Ammonium nitrate, 256t 
Ammonium phosphate, 256t, 505t 
Ammonium sulfate, 256t 
Amobarbital, 1415 
Amobarbital sodium, 256t, 505t, 
1415 
Amodiaquine, 505t 
Amodiaquine hydrochloride, 505t 
Amoxapine, 505t, 1439, 1442t 
Amoxicillin, 505t—506t, 1152t, 1520 
Amperometry, 645 
Amphetamine hydrochloride, 256t 
Amphetamine phosphate, 256t 
Amphetamines, 506t, 1179, 1180t, 
1757 
Ampholytes, 239-240 
Amphotericin B, 506t, 1529t, 1551 
Ampicillin, 506t, 1152t, 1520 
Ampicillin sodium, 1520 
Amprolium, 506t 
Amprotropine phosphate, 256t 
Ampuls, 799-800 
Amrinone, 506t, 1287 
Amsacrine, 1483 
Amsidyl (see Amsacrine) 
n-Amyl, 402t 
tert-Amyl, 402t 
Amylases, 567 
Amylcaine hydrochloride, 256t 
Amylene hydrate, 506t 
Amyl nitrate, 1283-1284 
Amy] nitrite, 506t 
Amylobarbitone (see Amobarbital) 
Amytal (see Amobarbital) 
Anabolic steroids, 1181-1182, 1391t 
Anagrelide, 1504t 
Analgesics 
description of, 1444 
opiate 
antagonists, 1449-1454 
contraindications, 1445 
description of, 1445 
drug interactions, 1445 
mechanism of action, 1445 
semisynthetic, 1448-1449 
- receptors, 1444 
Analogs 
description of, 458 
expansion of, 718 
homologs, 458-459 
selection of, 718-719 
Analysis methods 
alkaloidal, 500 
balances for, 485 
chromatography (see 
Chromatography) 
classification of, 502-503 
clinical (see Clinical analysis) 
-enzyme-containing substances, 
499 
equipment for 
colorimeter, 486 
fluorometer, 486—487 
nephelocolorimeter, 486 
polarimeter, 486 
refractometer, 486 
spectrometer, 486 
functional tests, 501 


gasometric, 498 
gravimetric, 496-497 
information sources, 485—486 
Karl Fischer titrimetric, 486 
optical reaction measurements, 
499 
proximate, 500 
radioactivity measurements, 499 
reference standard, 498 
separation techniques, 486 
solution preparation for, 487-488 
specific gravity, 499 
spectrometric 
atomic absorption, 498 
description of, 497 
dye-complex, 497 
nuclear magnetic resonance, 
498 
ultraviolet, 497—498 
visible absorption, 497 
spectrometry (see Spectrometry) 
titrimetric, 486 
titrimetric assay 
acid-base reactions 
direct titrations, 490-491 
in nonaqueous solvents, 495— 
496 
residual titrations, 492 
complexation reactions, 495— 
496 
description of, 488 
endpoints, 488—490 
indicator papers, 489 
indicator solutions, 488—489, 
491t 
precipitation reactions, 492— 
493 
redox reactions, 493-495 
USP-NF index of, 504-539 
validation of, 485 
volumetric measurements, 498 
Analysis of variance 
definition of, 125 
description of, 140-141 
multiple comparisons in, 142-144 
one-way, 141-142 
two-way, 144-146 
Anaphylactic sensitivity, 1575 
Anastrazole, 1483-1484 
Ancef (see Cefazolin sodium) 
Ancobon (see Flucytosine) 
Androcur (see Flutamide) 
Androgen hormone inhibitors, 
1393-1394 
Androgens 
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testosterone (see Testosterone) 
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chloride) 
Anemia 
aplastic, 1093 
characteristics of, 554-555 
of chronic disease, 1092 
drugs for, 1270-1271 
folic acid deficiency, 1092 
hemolytic, 1092-1093 
renal failure, 1092 
sickle-cell, 1093 
Anesthesia 
general 
agents for 
alkyl halides, 1395-1397 
barbiturates, 1397-1398 
inhalation, 1395 
nonbarbiturates, 1398-1399 
definition of, 1395 
local 
adverse reactions, 1401 
allergic reactions, 1401 
description of, 1400 
dosing of, 1401 
duration of action, 1400-1401 
injection, 1401-1404 
mechanism of action, 1400 


precautions associated with, 
1401 
topical, 1404-1406 
Angio-Conray (see Iothalamate 
sodium injection) 
Angiotensin, 466—467 
Angiotensin converting enzyme 
inhibitors 
antagonists, 1282 
drug interactions, 1759 
properties of, 1279-1280 
types of, 1280-1282 
Angiotensin converting enzymes, 
467, 1279 
Angiovist (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
Angle of internal friction, 691 
Angle of repose, 691 
Angle of slide, 691 
Anhydron (see Cyclothiazide) 
Anileridine, 506t 
Anileridine hydrochloride, 256t, 
506t 
Anilino, 402t 
Animal fats and oils, 1204 
Anion, 166 
Anionics, 285, 326-327 
Anise oil, 1020 
Anisindione, 1252 
Anistreplase, 1257 
Ansaid (see Flurbiprofen) 
Antabuse (see Disulfiram) 
Antacids 
characteristics of, 381, 
1220-1222 
dosing interval, 1220 
mixtures, 1222-1223 
neutralizing capacity of, 1220 
side effects, 1220 
types of, 1221-1222 
Antagonism, 1124-1125 
Antagonists 
a-adrenergic receptor, 1322-1323 
B-adrenergic receptor, 1323-1326 
angiotensin II receptor, 1282 
anticoagulant, 1260 
benzodiazepine, 1413-1414 
competitive, 1104 
definition of, 1105-1106 
noncompetitive, 1104 
opiate, 1449-1454 
progesterone, 1387-1388 
Antazoline phosphate, 256t, 506t 
Anthra-Derm (see Anthralin) 
Anthralin, 506t, 1208 
Anthryl, 402t 
Antiadrenergic drugs, 1275 
Antiandrogens, 1393-1394 
Antianginal drugs, 1283 
Antibacterials 
antibiotics (see Antibiotics) 
B-lactam inhibitors, 1531-1532 
carbapenems 
description of, 1530 
mechanism of action, 1530 
properties of, 1525t 
description of, 1511 
history of, 1514 
sulfonamides 
absorption of, 1511-1512 
antimicrobial properties of, 
1511 
description of, 1511 
distribution of, 1511-1512 
excretion of, 1511-1512 
history of, 1511 
hypersensitivity reactions, 1512 
incompatibilities, 1512 
mixtures, 1512 
pharmacokinetics of, 
1511-1512 
toxicity of, 1512 
types of, 1512-1514, 1518t 
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Antibiotics 
cephalosporins 
adverse effects of, 1524-1525 
classification of, 1524 
description of, 1523-1524 
drug interactions, 1756 
first-generation, 1524 
fourth-generation, 1524 
indications, 1524 
pharmacokinetics of, 1525 
properties of, 1519t 
resistance, 1524 
second-generation, 1524 
third-generation, 1524 
types of, 1519t, 1525-1530 
description of, 548, 1514 
drug interactions, 1753 
microbial assays of, 548 
organisms that produce, 1515— 
1516 
penicillins 
absorption of, 1519-1520 
adverse effects of, 1519 
aminopenicillins, 1517, 1518t 
B-lactamase, 1517, 1518t 
chemical structure of, 1516 
classification of, 1517 
clinical indications for, 1518— 
1519 
distribution of, 1519-1520 
excretion of, 1519-1520 
extended-spectrum, 1517, 1518t 
history of, 1516 
mechanism of action, 1518 
natural, 1517, 1518t 
penicillinase-resistant, 1517- 
1518, 1518t, 1531 
pharmacokinetics of, 
1519-1520 
potency of, 1518 
resistance, 1517-1518 
spectrum of, 1517 
types of, 1520-1523 
production of, 1515-1516 
regulation of, 1515-1516 
Antibodies 
autoantibodies, 1160 
description of, 1157-1158 
functions of, 1157-1158 
immune globulins (see Immune 
globulins) 
monoclonal, 1578t, 1579-1580 
production of, 1157 
Antibody-dependent cell-mediated 
cytotoxicity, 1159 
Antibody response test, 583 
Anticholinesterases 
adverse effects of, 1318 
antidotes, 1721t 
classification of, 1317 
clinical uses of, 1317-1318 
contraindications, 1318 
description of, 1317 
intoxication, 1318 
mechanism of action, 1317 
precautions associated with, 1318 
Anticoagulants 
antagonists, 1260 
antiplatelet drugs, 1258-1260 
calcium sequestering, 1252 
drug interactions, 1753 
fibrinolytic inhibitors, 1260-1261 
hemostatics, 1261 
heparin, 1252 
nonprothrombopenic, 1254-1256 
oral, 1252-1253 
prothrombopenic, 1252-1254 
thrombolytic agents, 1256-1258 
Antidepressants 
antidotes, 1722t 
description of, 1437 
mechanism of action, 1438 
monoamine oxidase inhibitors, 
1438 
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selective serotonin reuptake 
inhibitors, 1437-1438 
tricyclic, 1438, 1722t 
Antidiarrheals, 1234-1235 
Antidotes, 1720, 1721t-1722t 
Antidysrhythmic drugs, 1288-1290 
Antiemetics, 1235-1238 
Antiepileptic drugs, 1422-1428 
Antiestrogens, 1385-1386 
Antifungals 
classification of, 1551-1553 
description of, 1551-1553 
properties of, 1529t 
Antigen-presenting cell, 1157 
Antigens, 584 
carcinoembryonic, 585 
description of, 584-585 
HL-A, 585 
occult, 1160 
tissue-transplantation, 585 
Antihematopoietic drugs, 1272 
Antihemophilic factor, 1251 
Antihistamines 
adverse effects, 1465 
antidotes, 1721t 
characteristics of, 1465 
combinations, 1467 
description of, 1464 
mechanism of action, 1465 
types of, 1466 
Antihypertensive drugs 
antiadrenergic drugs, 1275 
centrally acting, 1275-1277 
description of, 1274 
vasodilators, 1277-1278 
Anti-inhibitor coagulant complex, 
1252 
Antilirium (see Physostigmine 
salicylate) 
Antilogs, 105-106 
Antimalarials 
description of, 1546-1547 
mechanism of action, 1546-1547 
side effects of, 1546-1547 
types of, 1547-1548 
Antimetabolites, 466, 1480 
Antimicrobial susceptibility test, 
583 
Antimigraine drugs, 1356-1357 
Antimony, 372t, 373 
Antimony potassium tartrate, 256t, 
1563 
Antimuscarinics 
adverse effects of, 1329-1330 
clinical uses of, 1328-1329 
contraindications, 1330 
description of, 1328 
drug interactions, 1330 
ophthalmological, 13831-1332 
precautions associated with, 1330 
quaternary, 1328, 1329t 
tertiary, 1328, 1329t 
Antimycobacterials, 1543-1545 
Antineoplastic drugs 
classes of, 1480 
combination, 1478 
contraindications, 1479-1480 
description of, 1477 
drug resistance, 1478-1479 
immunoactive drugs, 1481 
immunosuppressives, 1481-1482 
kinetics, 1480-1481 
phase specificity, 1478 
precautions associated with, 
1479-1480 
regimens, 1480-1481 
toxicity, 1479 
tumor growth and kinetics, 1477 
tumor selectivity and response, 
1478 
Antioxidants 
definition of, 1015 
in parenteral medications, 785— 
786 
types of, 1015-1017 


Antiparkinson drugs, 1339-1343 
Antiperspirants, 1205-1208 
Antiplatelet drugs, 1258-1260 
Antiprotozoals, 1550-1551 
Antipsychotics 
atypical, 1435-1437, 1436t 
description of, 1429 
history of, 1429-1430 
mechanism of action, 1430 
typical, 1430-1435 
Antipyrine, 256t, 507t 
Antiseptics 
clinical uses of, 1516t 
description of, 1507 
mechanism of action, 1507 
properties of, 753 
types of, 1507-1511 
urinary tract, 1545-1546 
Antisera, 1578t 
Antispasmodic drugs, 1332 
Antithrombin III, 1251-1252 
Antithyroid drugs, 1380-1381 
Antitussives, 1301-1302 
Antivert (see Meclizine 
hydrochloride) 
Antivirals 
characteristics of, 1529t 
classification of, 1555 
description of, 1555 
mechanism of action, 1555 
types of, 1529t 
Ants, 1834 
Anturane (see Sulfinpyrazone) 
Aortic insufficiency, 1067-1068 
Aortic stenosis, 1067 
Aplastic anemia, 1093 
Apnea prevention devices, 1869— 
1870 
Apoenzyme, 464 
Apomorphine hydrochloride, 256t, 
428, 507t 
Apothecary (see Pharmacist) 
Apothecary conversions, 109 
Apothecary weight, 94t, 99-100 
Approximate dose equivalents, 96 
Approximate measures, 96 
Apraclonidine hydrochloride, 1308 
Apresoline (see Hydralazine 
hydrochloride) 
Aprotic solvents, 232 
Aquatag (see Benzthiazide) 
Aquatensen (see Methylclothiazide) 
Aqueous acids, 725 
Aqueous solutions 
aqueous acids, 725 
aromatic waters, 724-725 
definition of, 723 
douches, 727 
enemas, 727-728 
gargles, 728 
irrigation solutions, 729 
juices, 729 
mouthwashes, 728 
nasal solutions, 729 
otic solutions, 729 
sweet or viscid 
definition of, 730 
honeys, 732 
jellies, 733 
mucilages, 732-733 
syrups 
definition of, 730 
invert, 730 
from juices, 732 
masking properties of, 730 
medicating liquid added to, 
731 
percolation of, 731 
with pharmaceuticals, 732 
preparation of, 730-732 
preservation of, 732 
sucrose levels, 730 
water, 723-724 


Aqueous suspensions, 914, 915t 
Aramine (see Metaraminol . 
bitartrate) 
Arcsine transformation, 157-158 
Ardeparin (see Heparin) 
Area under the concentration-time 
curve, 999-1000 
Arfonad (see Trimethaphan 
camsylate) 
Arginine glutamate, 256t 
Arginine hydrochloride, 421t—422t, 
1818 
Argon plasma 
direct-current, 632 
inductively coupled, 632-633 
Arimidex (see Anastrazole) 
Aristocort (see Triamcinolone) 
Arm-a-med (see Isoetharine 
hydrochloride) 
Army, 39-40 
Aromatherapy, 1767-1768 
Aromaticity, 164 
Aromatic waters, 724-725 
Arrhenius equation, 338 
Arrhythmias, 1065 
definition of, 1068 
pathophysiology of, 1068 
physiologic considerations, 1068 
signs and symptoms of, 1068- 
1069 
Arsanilic acid, 506t 
Arsenic, 372t, 373, 1721t 
Arsenicals, 1836 
Artane (see Trihexyphenidyl 
hydrochloride) 
Artcitumomab, 1505t 
Arthritis 
crystal-induced, 1072 
rheumatoid, 1070-1071 
Artificial atmospheres, 382-383 
Aryl, 402t 
Asacol (see Mesalamine) 
Ascorbic acid, 256t, 879-880, 1269, 
1805-1806, 1813-1814 
Asendin (see Amoxapine) 
Aseptic processing 
advanced, 777-778 
characteristics of, 2020-2021 
compounding devices, 2023-2024 
definition of, 753 
description of, 2020 
environmental control, 2022 
environmental monitoring, 2022— 
2023 
facilities, 2021-2023 
final product release testing, 
2027 
personnel 
description of, 2024 
protective clothing, 2024-2025 
training of, 2025-2026 
validation programs, 2026 
principles of, 774 
quality-control requirements, 
2026-2027 
Asian ginseng, 439t 
Asparaginase, 1484 
Aspartic acid, 421t—422t 
Aspirin, 507t, 1456, 1751 
Aspiroles (see Amy] nitrate) 
Assault, 1620 
Assisted suicide, 26 
Astatine, 376t, 377 
Astemizole, 507t, 1467, 1753, 1757 
Asthma 
characteristics of, 1061-1062 
incidence of, 1297 
treatment of, 1297, 1301 
Astringents, 382 
definition of, 1205 
therapeutic uses of, 1205 
types of, 1205-1208 
Atacand (see Candesartan cilexetil) 
Atapryl (see Selegiline 
hydrochloride) 


Atarax (see Hydroxyzine 
hydrochloride) 
Atenolol, 507t, 13824 
Atherosclerosis, 1063-1064 
Ativan (see Lorazepam) 
Atom 
configuration of, 169 
conformation of, 169 
Dalton’s theory, 159 
historical descriptions of, 159 
nuclear equations, 471 
periodic table, 159-160 
radius of, 470-471 
structure 
Bohr’s theory, 160 
description of, 470-471 
modern theory of, 160 
subatomic particles, 160t 
Atomic absorption spectrometry 
analytical procedure, 634 
factors that affect, 633 
history of, 633 
instrumentation, 633 
spectra, 633 
theoretical basis of, 633 
Atomic deexcitation, 470 
Atomic number, 159, 470 
Atomic weight, 159 
Atopic dermatitis, 1077-1078 
Atopy, 1580 
Atorvastatin calcium, 1293-1294 
Atovaquone, 1550 
Atracurium besylate, 1334-1335 
Atrial fibrillation, 1068-1069 
Atrial flutter, 1068 
Atrofen (see Baclofen) 
Atropine methylbromide, 256t 
Atropine methylnitrate, 256t 
Atropine sulfate, 256t, 430, 506t, 
1330, 1721t 
Atrovent (see Ipratropium bromide) 
Attapulgite, 370 
Attractive forces, 170 
Attrition mills, 684 
Auger electrons, 470 
Auger electron spectrometry, 617 
Auranofin, 1461-1462 
Auro, 402t 
Aurothioglucose, 506t, 1462 
Autoantibodies, 1160 
Autoimmune disease, 1164 
Autonomic nervous system, 1305 
Autonomy, 23 
Autoprotolysis, 234 
Autosomal dominant, 1170t 
Autosomal recessive, 1170t 
Autosome, 1170t 
Auxochrome, 619 
Average, 127 
Average bioequivalence, 1000-1001 
Avitrol, 1840 
Avoirdupois weight, 94t 
Axetil, 451t 
Axid (see Nizatidine) 
Ayfivin (see Bacitracin) 
Ayurvedic medicine, 1768, 1779 
Azacitidine, 1484 
Azactam (see Aztreonam) 
Aza-deoxycytidine, 1505t 
Azaperone, 506t 
Azatadine maleate, 506t, 1467 
Azathioprine, 506t, 1240, 1484— 
1485, 1756 
Azido, 402t 
Aziridine (see Thiotepa) 
Azithromycin, 506t, 1528t, 1535 
Azlocillin, 506t 
Azo, 402t 
Azoxy, 402t 
AZT (see Zidovudine) 
Aztreonam, 506t, 1152t, 1531 
Azulfidine (see Sulfasalazine) 
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Bacampicillin hydrochloride, 506t, 
1521 
Bacitracin, 256t, 506t, 1536 
Baclofen, 506t—507t, 1337 
Bacterial endotoxin test, 549 
Bactericide, 753 
Bacteriostat, 753 
Bactocil (see Oxacillin sodium) 
Bactrim (see Sulfamethoxazole and 
trimethoprim) 
Balances 
analytical uses, 485 
compound-lever, 97 
definition of, 96 
description of, 96 
prescription, 98-99 
single-beam, 96-97 
torsion, 97-98 
unequal-arm, 97 
Balsam of Peru (see Peruvian 
Balsam) 
Bandages, 1848-1849 
Banflex (see Orphenadrine citrate) 
Barbital sodium, 256t 
Barbiturates, 1177, 1397-1398, 
1414-1417 
Barium, 366, 366t, 507t 
Barium sulfate, 383, 1189-1190 
Basalijel (see Aluminum carbonate 
gel) 
Bases 
Bronsted theory, 390 
catalysis of 
general, 271 
specific, 269-270 
conjugate acid of, 390. 
definition of, 231 
dissociation constants 
determination of, 235 
electronegativity and, 234-235 
ionic strength and, 235 
micro, 235 
types of, 233t 
electronegativity, 234-235 
ionization of, 232-234 
Lewis, 390 
moisture sensitivity of, 703 
ointment 
absorption, 846 
hydrocarbon, 845-846 
preservatives in, 849, 849t 
water-removable, 846—847 
water-soluble, 847-848 
pH calculations, 238-240 
polyacidic, 234 
strong 
buffer use, 242 
definition of, 380 
pH calculations of, 238 
suppositories, 853-854 
theories regarding 
electron-pair, 232 
proton, 231-232 
titration assays, 490-492 
weak 
definition of, 380 
pH calculations of, 238-239 
salts of, 240 
Basophils, 555 
Bathochromic shift, 619 
Bathroom safety aids, 1863-1864 
Battery, 1620 
Baycol (see Cerivastatin sodium) 
B cells, 946 
BCG vaccine, 1485, 1574 
Beclomethasone dipropionate 
(Beclovent;Beconase), 
507t, 1299t, 1367 
Becquerel units, 474t 
Bedbugs, 1834 
Bedpans, 1867 
Beer’s law, 618-619 


Behavior, of patient 
description of, 1948 
drug factors that affect, 1951— 


1952 

environmental factors that affect, 
1952 

factors associated with, 1949— 
1950 


preventive, 1949 
provider characteristics and, 
1950-1951 
provider-patient interactions and, 
1952-1955 
types of, 1948 
Belladonna, 507t, 1330, 1721t 
Benadryl hydrochloride (see 
Diphenhydramine 
hydrochloride) 
Benazepril hydrochloride, 1280 
Benazmido, 402t 
Bendopa (see Levodopa) 
Bendroflumethiazide, 507t, 1348 
Benedict’s test, 577 
Beneficence, 24 
Benomyl, 1841 
Benoquin (see Monobenzone) 
Bentiromide, 1193 
Bentonite, 298, 306, 1030-1031 
Benzal, 402t 
Benzaldehyde, 1020-1021 
Benzalkonium chloride, 256t, 507t, 
1507-1508 
Benzazulene, 425t 
Benzedrex (see Propylhexedrine) 
Benzenesulfonamido, 402t 
Benzenesulfonyl, 402t 
Benzethonium chloride, 1508 
Benzhydryl, 402t 
Benzoate, 402t 
Benzocaine, 507t, 1404 
Benzodiazepines 
antagonists, 1413-1414 
clinical uses of, 1408-1409 
combinations, 1413 
dependence, 1409 
description of, 1408 
drug interactions, 1756 
elimination of, 1408t 
mechanism of action, 1408 
pharmacokinetics of, 1409 
side effects of, 1409 
sleep effects, 1409 
types of, 1409-1413 
Benzoe (see Benzoin) 
Benzoic acid, 507t 
Benzoin, 1203 
Benzonatate, 1301-1302 
Benzoyl, 402t 
Benzoyloxy, 402t 
Benzoyl peroxide, 1212 
Benzthiazide, 507t, 1348 
Benztropine mesylate, 256t, 430, 
507t, 1340 
Benzyl, 402t 
Benzyl alcohol, 256t, 507t 
Benzyl benzoate, 508t 
Benzylidene, 402t 
Benzylpenicilloy! polylysine, 508t, 
1187 


Bepridil hydrochloride, 1292 

Beryllium, 365-366, 366t 

Besylate, 451t 

B alethine, 1505t 

B carotene, 508t, 1799-1800 

Betadex, 508t 

B error, 136 

Betaine hydrochloride, 508t 

B-lactam inhibitors, 1531-1532 

Betamethasone acetate, 508t, 840t, 
1364t 

Betamethasone benzoate, 508t 

Betamethasone dipropionate, 508t, 
1367-1368 

Betamethasone valerate, 508t 

Betapace (see Sotalol hydrochloride) 


B radiation, 470 
Betaxolol hydrochloride, 508t, 1324 
Bethanechol chloride, 256t, 508t, 
L227 e135 
Bias, 128 
description of, 1986 
measurement, 1987 
recall, 1987 
selection, 1986-1987 
Biaxin (see Clarithromycin) 
Bicalutamide, 1485 
Bichloracetic acid, 1211 
Bicillin (see Penicillin G 
Benzathine) 
Bile acids, 417, 1228 
Bilirubin 
blood tests for, 570-571 
reference values, 573t 
urine tests, 577 
Biltricide (see Praziquantel) 
Binders, 860—861 
Binding constants, 191-192 
Binomial distribution, of 
probability, 131, 132t 
Bioadhesives, 922-925 
Bioavailability 
definition of, 995 
first-pass metabolism, 1146, 
1146t 
relative, 1146 
Bioburden, 753 
Biochemist, 85 
Bioenergetics, 1774-1775, 1779 
Bioequivalence 
average, 1000-1001 
criteria for, 1000 
definition of, 995 
individual, 1001 
population, 1001 
testing 
assessments, 998-1000 
data evaluations, 998 
description of, 997-998 
study design, 1001-1004 
Bioisosteres, 461 
Bioisosterism, 461 
Biological research, 85 
Biological testing 
animal assays, 540 
bacterial endotoxin test, 549 
bioassays 
chorionic gonadotropin, 546 
classification of, 541 
corticotropin, 545-546 
description of, 540 
digitaloid drugs, 541-542 
disadvantages of, 541 
glucagon, 542 
heparin, 546 
insulin, 542 
oxytocin, 545 
parathyroid hormones, 542, 545 
protamine sulfate, 546 
reference standards, 540-541 
summary overview of, 543t— 
544t 
vasopressin, 545 
vitamins, 546-547 
depressor substances test, 549 
description of, 540 
microbial assays, 547-548 
pyrogen test, 548-549 
reactivity tests, 549-551 
Biologics 
allergenic extracts 
definition of, 1583 
description of, 1583 
dusts, 1584-1585 
foods, 1587-1588 
fungal, 1585-1586, 1586t 
handling of, 1583-1584 
inhalant, 1586, 1586t 
insects, 1586-1587 
pharmacist’s role, 1584 
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pollens, 1584, 1585t 
potency of, 1583t 
characteristics of, 1567 
description of, 1567 
immunizing agents 
active (see Vaccines) 
description of, 1567 
passive 
description of, 1577 
immune globulins (see 
Immune globulins) 
types of, 1577-1578 
vaccines (see Vaccines) 
information regarding, 1567-1568 
BIOSIS Previews, 61 
Biotechnology 
applications of 
organic synthesis, 955-956 
pharmaceutical, 955 
pharmacognostical, 953-955 
pharmacological, 955 
challenges associated with, 952— 
953 
description of, 944 
drugs, 946-952 
gene splicing, 948 
history of, 944-946 
milestones, 945t 
moral and ethic questions 
regarding, 956 
quality assurance and control in, 
982 
recombinant DNA technology, 
947 
restriction fragment length 
polymorphism, 949 
Biotin, 508t, 1726t, 1797t, 1806 
Biotransformations 
definition of, 1119 
description of, 1119-1120 
in endoplasmic reticulum, 1120- 
1:2 
types of, 1121 
Biperiden hydrochloride, 508t, 1340 
Biphenyl, 402t 
Bisacodyl, 509t, 1230-1231, 1751 
Biscumarol (see Dicumarol) 
Bismuth, 372t, 373, 509t 
Bismuth potassium tartrate, 256t 
Bismuth sodium tartrate, 256t 
Bismuth subnitrate, 1041 
Bismuth subsalicylate, 1221 
Bisoprolol fumarate, 1324-1325 
Bisphosphonates, 1377, 1377t 
Bisulfate, 402t 
Bisulfide, 402t 
Bisulfite, 402t 
Bithionol, 1563 
Bitolterol, 1299t 
Bitolterol mesylate, 1309 
Black Balsam (see Peruvian 
Balsam) 
Bleeding time, 559 
Blenoxane (see Bleomycin sulfate) 
Bleomycin sulfate, 509t, 1485-1486 
Blinded study, 76 
Blocadren (see Timolol maleate) 
Block copolymer micelles, 925-926 
Blood 
ABO groups, 561, 1162, 1249t 
clinical analysis of 
automated analysis of, 573-574 
electrolytes, 571 
enzymes, 566-568 
hormones, 570-571 
lipids, 568-569 
nonprotein nitrogen 
compounds, 564-565 
organ function assessments, 
571-573 
proteins, 566 
reference values, 573t 
steroids, 569-570 
coagulation system, 558-560 
collection of, 560-561 
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components of, 1243-1246 
erythrocytes 
characteristics of, 552-553 
clinical analysis of, 553 
normal values, 553t 
structure of, 552 
volume of, 552 
functions of, 1243 
glucose levels, 563-564 
grouping, 1250 
hemoglobin 
concentration, 554 
definition of, 553 
disorders of, 553-554 
measurement of, 554 
normal values, 553t 
infection transmission, 
1243-1244 
issuing of, 561 
leukocytes, 555-556 
oxygen saturation of, 571 
pH of, 571 
processing of, 560-561 
reticulocytes, 557 
screening tests, 1192t 
storage of, 560-561 
thrombocytes, 557 
typing serums, 1250 
volume of, 557-558 
whole, 1244 
Blood-alcohol concentration, 1176 
Blood banks 
blood (see Blood) 
description of, 560 
donors, 560 
Rh antibodies, 561-562 
testing 
ABO blood groups, 561 
compatibility, 562 
hepatitis, 562 
infectious diseases, 560 
transfusion reactions, 563 
Blood-borne infections, 51 
Blood-brain barrier, 1113t, 1114 
Blood-clotting proteins, 1251-1252 
Blood dyscrasias, 1093-1094 
Blood flukes, 1562 
Blood-glucose monitors, 1877 
Blood pressure monitors, 
1876-1877 
Blow molding, of plastics, 1008— 
1009 
Board of Pharmacy 
appointment and removal, 1598 
description of, 1598 
employees, 1599 
meetings, 1599 
organization, 1598-1599 
qualifications, 1598 
rules and regulations, 1599-1600 
terms of office, 1598 
Body surface area, 110-111 
Body temperature, 1874-1875 
Body weight, 1731t 
Bohr’s theory, 160 
Boiling point, 222, 253 
Bonds 
carbon-carbon 
delocalization, 163-164 
description of, 161-162 
hybridization of, 162 
a bonds, 162-163 
resonance, 163-164 
a bonds, 162-163 
carbon-heteroatom bonds, 164 
covalent, 161, 164t 
hydrogen, 170, 188 
molecular, 166 
Bone marrow aspiration, 556 
Bone mineralization, 1376-1378 
Bonine (see Meclizine 
hydrochloride) 
Boosters, 1571 
Borate, 402t 
Boric acid, 256t, 509t, 1041 


Boron, 368 
Botran, 1841 
Bottle centrifuge, 671-672 
Bowman’s capsule, 1122 
Breast pumps, 1877 
Brethaire (see Terbutaline sulfate) 
Brethine (see Terbutaline sulfate) 
Bretylium tosylate (Bretylol), 509t, 
1289 
Brevibloc (see Esmolol 
hydrochloride) 
Bricanyl (see Terbutaline sulfate) 
Brimonidine tartrate, 1308 
Brittle fracture index, 713 
Brgnsted theory, 390 
Brodifacoum, 1840 
Bromadiolone, 1840 
Bromfenac sodium, 1446t, 1456 
Bromine, 376t, 377 
Bromo, 402t 
Bromocresol blue, 488 
Bromocresol green, 488 
Bromocresol purple, 488 
Bromocriptine mesylate, 509t, 1340 
Bromodeoxyuridine, 1505t 
Bromodiphenhydramine, 509t 
Bromothymol blue, 488 
Brompheniramine maleate, 256t, 
509t, 1467 
Bronchial asthma, 1061-1062 
Bronchitis 
chronic, 1061 
predominant, 1061 
Bronchodilators, 1297 
Bronkephrine (see 
Ethylnorepinephrine 
hydrochloride) 
Bronkometer (see Isoetharine 
mesylate) 
Bronkosol (see Isoetharine 
hydrochloride) 
Brosyl, 402t 
Brownian motion, 297 
Bucrylate, 1049 
Budesonide, 1299t, 1368 
Buffers 
calculations, 241 
capacity of, 241-242 
characteristics of, 240 
definition of, 240, 380 
mechanism of action, 240 
strong acids and bases as, 242 
types of, 240 
Bulb syringes, 1871-1872 
Bumetanide (Bumex), 509t, 1352 
Bupivacaine hydrochloride, 256t, 
509t, 1402 
Buprenorphine hydrochloride 
(Buprenex), 1451 
Bupropion hydrochloride, 1439, 
1442t 
Burow’s solution (see Aluminum 
acetate) 
Business plan, 2009 
Buspirone hydrochloride (BuSpar), 
509t, 1417 
Busulfan, 509t, 1486, 1505t 
Butabarbital sodium, 256t, 509t, 
1415 
Butacaine sulfate, 256t 
Butalbital, 509t 
Butamben, 508t 
Butazolidin (see Phenylbutazone) 
Butoconazole nitrate, 508t 
Butorphanol tartrate, 508t, 1451 
Butter of Zinc (see Zine chloride) 
n-Butyl, 402t 
sec-Butyl, 402t 
tert-Butyl, 402t 
Butylated hydroxyanisole, 1015 
Butylated hydroxytoluene, 1015— 
1016 
Butylparaben, 508t 
Butyrate, 402t 
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Cachets, 892 
Cacodyl, 402t 
Cade Oil (see Juniper tar) 
Cadmium, 367t, 1721t 
Caffeine, 256t, 432, 508t, 
1472-1473 
Calamine, 508t, 1206-1207 
Calan (see Verapamil 
hydrochloride) 
Calcifediol, 508t, 1804-1805 
Calcijex (see Rocaltrol) 
Calcitonin, 1376 
Calcium 
blood testing for, 571, 573t 
characteristics of, 366, 366t 
metabolism disorders, 1082-1083 
recommended daily intake of, 
1726t 
reference daily intakes, 1797t 
Calcium alginate dressings, 1847 
Calcium aminosalicylate, 257t 
Calcium ascorbate, 508t 
Calcium carbonate, 508t, 1221 
Calcium channel blockers 
clinical uses of, 1291 
description of, 1290 
drug interactions, 1757 
mechanism of action, 1290-1291 
side effects, 1291 
types of, 1291-1293 
Calcium chloride, 1261 
Calcium citrate, 508t, 1261 
Calcium glubionate, 1261 
Calcium gluceptate, 1261 
Calcium gluconate, 508t, 1261 
Calcium glycerophosphate, 1261— 
1262 
Calcium hydroxide, 508t, 
1041-1042 
Calcium hypochlorite, 1841 
Calcium lactate, 508t, 1263 
Calcium levulinate, 508t, 1263 
Calcium pantothenate, 508t, 548, 
1814 
Calcium pyrophosphate deposition 
disease, 1072 
Calcium saccharate, 509t 
Calcium silicate, 509t 
Calcium stearate, 509t, 1042 
Calcium sulfate, 509t, 1042 
Calcium undecylenate, 509t 
Calphosan (see Calcium 
glycerophosphate) 
Camphor, 1208-1209 
Camptosar (see Irinotecan 
hydrochloride trihydrate) 
Camsylate, 451t 
Cancer, 52-538, 1745 
Candesartan cilexetil, 1282 
Canes, 1860-1861 
Cantharidin, 1209 
Capillarity, 279-280 
Capillary electrophoresis, 305-306, 
612 
Capillary electrophoresis 
electrochromatography, 
612-613 
Capillary viscometer, 349 
Capreomycin sulfate, 509t 
Caproate, 451t 
Capsaicin, 509t 
Capsicum, 1209 
Capsules 
advantages of, 885 
definition of, 885 
development of, 885 
hard gelatin 
characteristics of, 885-886 
description of, 885 
fill chart, 888t 


filling methods 
extemporaneous, 886-887 
machine, 887—889 
safety concerns, 886 
shapes of, 886 
sizes of, 886 
stability of, 989 
uniformity of dosage units, 889 
popularity of, 885 
soft elastic 
definition of, 889 
filling methods 
Accogel capsule machine, 890 
Norton capsule machine, 890 
plate process, 890 
rotary-die process, 890 
microencapsulation of, 890— 
891 
preparation, 889-890 
Captan, 1841 
Captopril (Capoten), 509t, 1280, 
173 
Carafate (see Sucralfate) 
Carbachol, 509t, 1315 
Carbamate, 402t 
Carbamazepine, 509t, 1154t, 1423 
Carbamide peroxide, 509t 
Carbamoyl, 402t 
Carbapenems 
description of, 1530 
mechanism of action, 1530 
properties of, 1525t 
Carbaryl, 1839 
Carbenicillin disodium, 1152t, 1521 
Carbethoxy, 402t 
Carbidopa, 509t, 1341 
Carbinoxamine maleate, 509t, 1468 
Carbocaine (see Mepivacaine 
hydrochloride) 
Carbohydrates 
aldoses, 409, 411 
chemical properties of, 412—413 
composition of, 409 
cyclic structures, 411-412 
derivatives, 413 
ketoses, 409, 411 
monosaccharides, 409, 410t 
natural sources of, 413 
physical properties of, 412 
polysaccharides, 409 
Carbolic acid, 1045 
Carbomers, 848, 1031 
Carbomethoxy, 402t 
Carbon 
carbon-carbon bonds 
delocalization, 163-164 
description of, 161-162 
hybridization of, 162 
a bonds, 162-163 
resonance, 163-164 
o bonds, 162-163 
carbon-heteroatom bonds, 164 
characteristics of, 369t, 369-370 
properties of, 161 
Carbonates, 397t 
Carbon dioxide, 509t 
Carbon dioxide absorbers, 383 
Carbon disulfide, 1839 
Carbonic anhydrase inhibitors, 
1344, 1347 
Carbon monoxide, 509t, 1721t 
Carbon tetrachloride, 1042 
Carbonyl, 392, 402t 
Carboplatin, 509t, 1486 
Carboprost tromethamine, 437t, 
509t, 1354 
Carboxyl, 402t 
Carboxymethylcellulose sodium, 
509t, 1031 
Carcinoembryonic antigen, 585 
Cardamom seed, 1021 
Cardene (see Nicardipine 
hydrochloride) 
Cardiac glycosides, 1285-1286 


Cardiac rhythm disturbances, 
1068-1069 
Cardilate (see Erythrityl 
tetranitrate) 
Cardioquin (see Quinidine 
polygalacturonate) 
Cardizem (see Diltiazem 
hydrochloride) 
Cardura (see Doxazosin mesylate) 
Career opportunities, 3-4 
Cargile membrane sutures, 1853- 
1854 
Caring, 21 
Carisoprodol, 509t, 1337-1338 
Carmustine, 1486 
Carnauba wax, 1042 
Carnitine, 1817 
Carnot cycle, 202-203 
Carpet beetles, 1836 
Carrageenan, 1031 
Carriers, 1156 
Carteolol hydrochloride (Cartrol), 
509t, 1325 
Carvedilol, 1325 
Casanthranol, 509t, 1231 
Cascara sagrada, 509t—510t, 1231 
Case-control studies, 72-73 
Casodex (see Bicalutamide) 
Castor oil, 510t, 1231 
Cataplasms, 856 
Catapres (see Clonidine 
hydrochloride) 
Catechol-O-methyltransferase, 1170 
Catheters, 1881-1882 
Cation, 166 
Cation-complexing agents, 1266-— 
1269 
Cationics, 327 
Caustics, 1210-1212 
CCNU (see Lomustine) 
CD4 cells, 1163 
Ceclor (see Cefaclor) 
Cecostomy, 1879 
Cedax (see Ceftibuten) 
CeeNU (see Lomustine) 
Cefaclor, 510t, 1525 
Cefadroxil, 510t, 1527 
Cefadyl (see Cephapirin sodium) 
Cefamandole naftate, 510t, 1525 
Cefazolin, 1152t 
Cefazolin sodium, 510t, 1525 
Cefdinir, 1525-1526 
Cefepime hydrochloride, 1530 
Cefixime, 510t, 1526 
Cefizox (see Ceftizoxime sodium) 
Cefmenoxime, 510t 
Cefmetazole sodium, 510t, 1526 
Cefobid (see Cefoperazone sodium) 
Cefonicid sodium, 510t, 1526 
Cefoperazone sodium, 510t, 1526 
_Cefotan (see Cefotetan disodium) 
Cefotaxime sodium, 510t, 1152t, 
1526-1527 
Cefotetan disodium, 510t, 1527 
Cefotiam hydrochloride, 510t 
Cefoxitin, 511t 
Cefoxitine, 1152t 
Cefoxitin sodium, 1526-1527 
Cefpiramide, 511t 
Cefpodoxime proxetil, 1527 
Cefprozil, 511t, 1527 
Ceftazidime, 511t, 1152t 
Ceftazime, 1527-1528 
Ceftibuten, 1528 
Ceftizoxime sodium, 511t, 1528 
Ceftriaxone sodium, 511t, 1528 
Cefuroxime axetil, 511t 
Cefuroxime sodium, 511t, 1529 
Cefzil (see Cefprozil) 
Celestone (see Bmethasone) 
Celicept (see Mycohenolate mofetil) 
Cell biologists, 85 
Cell-mediated immunity, 
1158-1160 


Cell membrane 
description of, 1109 
potentials, 1110 
properties of, 1109-1110 
structure of, 1109-1110 
Cellulose 
characteristics of, 606 
definition of, 307 
derivatives of, 307 
hydroxethyl, 1032 
hydroxypropyl, 1032 
microcrystalline, 1042 
powdered, 1031 
Cellulose acetate phthalate, 1042 
Cellulosics, 861 
Centers for Disease Control and 
Prevention 
description of, 43 
universal precautions established 
by, 52 
Central nervous system stimulants 
clinical uses of, 1471 
description of, 1471 
mechanism of action, 1471 
psychostimulants, 1474-1476 
xanthine derivatives, 1472-1474 
Centrifugal-impact mills, 683 
Centrifugal-impact pulverizers, 685 
Centrifugation 
description of, 671 
filtration, 672 
sedimentation, 671-672 
Cephacetrile, 1152t 
Cephalexin, 511t, 1152t, 1529-1530 
Cephalins, 419 
Cephalosporins 
adverse effects of, 1524-1525 
classification of, 1524 
description of, 1524 
drug interactions, 1756 
first-generation, 1524 
fourth-generation, 1524 
indications, 1524 
pharmacokinetics of, 1525 
properties of, 1519t 
resistance, 1524 
second-generation, 1524 
third-generation, 1524 
types of, 1519t, 1525-1530 
Cephalothin sodium, 511t, 1152t, 
1530 
Cephapirin benzathine, 511t 
Cephapirin sodium, 1530 
Cephradine, 511t, 1530 
Cerebral hemorrhage, 1075 
Ceresin, 1049 
Ceric sulfate, 493 
Cerivastatin sodium, 1294 
Cerubidine (see Daunorubicin 
hydrochloride) 
Cesium, 364 
Cetostearyl alcohol, 511t 
Cetrizine hydrochloride, 1468 
Cetyl, 402t 
Cetyl alcohol, 327t, 510t, 
1035-1036 
Cetylpyridinium chloride, 510t 
Ceylon cinnamon, 1026 
Chain pharmacies, 1651 
Charge-transfer complexes, 167, 
190 
Charring, 608 
Chaser mills, 684 
Chelate effect, 194 
Chelates 
definition of, 166 
examples of, 166 
Chemet (see Succimer) 
Chemical abstracts, 61 
Chemical grades, 1709t 
Chemical ionization mass 
spectrometry, 638 
Chemical kinetics, 263 
Chemical name, 441 
Chemical reactions, 359-360 


Chemical sterilization 
chlorine dioxide, 769-770 
description of, 764-765 
ethylene oxide, 765-767 
gases and vapors used in, 764— 
765 
hydrogen peroxide, 767—769 
Chemisorption, 280 
Chemotherapeutic drugs (see 
Antineoplastic drugs; 
specific drug) 
Chibroxin (see Norfloxacin) 
Chickenpox (see Varicella) 
Chiggers, 1834-1835 
Chiral chromatography, 196 
Chiropractics, 1768-1769, 1779 
x-square test, 139-140 
Chlamydiazyme reagent kit, 1186 
Chloral hydrate, 510t, 1177, 1417— 
1418 
Chlorambucil, 510t, 1486-1487 
Chloramphenicol, 510t, 1152t, 1541 
Chlorazine (see Prochlorperazine) 
Chlordiazepoxide, 510t, 1408t, 1409 
Chlordiazepoxide hydrochloride, 
1409-1410 
Chlorhexidine gluconate, 1508, 
1516t 
Chlorine, 376t, 376-377 
Chlorine dioxide, 769-770 
Chlorine sodium hypochlorite, 
1516t 
Chloro, 402t 
Chlorobutanol, 510t, 1016 
Chlorocresol, 510t 
Chlorofluorocarbons, 964, 965t, 
969-970 
Chloroform, 1042 
Chloromercuri, 402t 
Chloromycetin (see 
Chloramphenicol) 
Chloroneb, 1841 
Chloropicrin, 1839 
Chloroprocaine hydrochloride, 510t, 
1402 
Chloroquine, 510t-511t 
Chloroquine phosphate, 511t, 1547 
Chlorothiazide, 511t, 1348 
Chlorotrianisene, 511t, 1384 
Chloroxylenol, 511t 
Chlorphenacinone, 1840 
Chlorphenesin carbamate, 1338 
Chlorpheniramine maleate, 511t, 
1466 
Chlorpromazine, 511t, 1436t 
Chlorpromazine hydrochloride, 
1431 
Chlorpropamide, 511t, 1152t, 1374t 
Chlorprothixene, 511t, 1431, 1436t 
Chlortetracycline hydrochloride, 
511t, 1152t, 1528t 
Chlorthalidone, 511t, 1348-1349 
Chlor-Trimeton (see 
Chlorpheniramine 
maleate) 
Chlorzoxazone, 511t, 1338 
Cholangiography, 1187-1189 
Cholecalciferol, 511t, 1803 
Cholecystitis, 1092 
Cholecystography, 1187-1189 
Choledyl (see Oxtriphylline) 
Cholelithiasis, 1091 
Cholestane, 418 
Cholesterol 
blood testing for, 568-569, 573t 
description of, 568 
emulsifying properties of, 328 
properties of, 1031 
self-care diagnostic tests for, 1745 
Cholestyramine, 511t, 1751 
Cholestyramine resin, 1295 
Choline, 1726t, 1806-1807 
Choline bitartrate, 1817 
Choline chloride, 1817 
Choline dihydrogen citrate, 1817 
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Cholinergic, 1305 
Cholinesterase, 580, 1172 
Cholinesterase reactivators, 1320— 
1321 
Choline theophyllinate (see 
Oxtriphylline) 
Cholinomimetics 
adverse effects of, 1315 
clinical uses of, 1314-1315 
contraindications, 1315 
description of, 1314 
mechanism of action, 1314 
precautions associated with, 1315 
Cholybar (see Cholestyramine resin) 
Chondrus, 1034 
Chorionic gonadotropin 
bioassays of, 546 
blood testing for, 570 
characteristics of, 1360 
description of, 546 
pregnancy determinations and, 
570 
Chromatofocusing, 601 
Chromatography 
adsorption, 587 
affinity, 196, 587, 602 
bonded-phase, 599 
chiral, 196 
classic column, 603 
column development techniques 
displacement analysis, 589-590 
elution analysis, 590 
frontal analysis, 589 
complete, 591 
continuous, 591 
desalting indications, 602 
description of, 587 
gas 
carrier gas for, 594-595 
classification of, 593 
column design 
capillary, 595 
packed, 595-596 
derivatization, 597, 605 
description of, 486, 593 
detectors 
concentration-sensitive, 596 
electron capture, 596 
flame ionization, 596 
flame photometric, 596-597 
mass flow rate, 596 
mass spectral, 597 
nitrogen phosphorus, 596 
thermal conductivity, 596 
thermionic specific, 596 
disadvantages of, 595 
discovery of, 593 
instrumentation, 594-595 
operating conditions, 596 
pyrolysis, 597 
qualitative analysis, 597 
quantitative analysis, 597-598 
solid support materials, 595 
stationary phase of, 595 
theoretical basis of, 593-594 
gas-solid, 587 
Gaussian peak, 591, 592 
history of, 587 
hydrophobic, 196 
hydrophobic interaction, 605 
ion-exchange, 587, 600-601, 605 
ion-pairing, 600 
ion-suppression, 600 
liquid 
adsorbents used, 599t 
adsorption mode, 598-599 
affinity, 602 
discovery of, 598 
high-performance 
chiral substances, 605-606 
derivatization, 605 
description of, 486, 598 
experimental factors, 603— 
604 
hydrophobic interaction, 605 
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instrumentation, 603-604 
ion-exchange, 605 
microbore chromatography, 
606 
recent developments in, 605— 
606 
schematic representation of, 
603 
supercritical fluid, 605 
ion-exchange, 587, 600-601 
methods for, 598 
open-column, 598 
partition mode, 599-600 
size-exclusion, 587, 601-602 
liquid-liquid, 587 
liquid—solid, 587 
mechanism of action, 588-589 
metal-ion complexation, 600 
micellar electrokinetic, 306, 612 
microbore, 606 
modes of, 593 
paper 
chromatogram development 
process, 610-611 
description of, 609 
history of, 609 
mobile phase of, 610 
properties of, 610t 
sample preparation and 
application, 610 
stationary phase of, 609-610 
partition, 587 
phases of, 587 
size-exclusion, 587, 601-602 
soap, 600 
solvents used in, 599t 
supercritical fluid, 605 
theories of, 590-593 
thin-layer 
derivatizing agents, 608, 608t 
description of, 606 
detection methods, 608-609 
history of, 606 
mobile phases, 606, 606t 
plate preparation, 607 
qualitative analysis, 609 
quantitative analysis, 609 
reversed-phase, 607 
sample application and 
development, 607-608 
stationary phases, 606t, 606— 
607 
two-dimensional, 608 
Chromic chloride, 512t 
Chromium, 1822 
Chromophore, 619 
Chromoproteins, 422 
Chronopotentiometry, 646 
Chymotrypsin, 499, 512t 
Cibacalcin (see Calcitonin) 
Ciclopirox olamine, 512t, 1529t 
Cidex (see Glutaral) 
Cidofovir, 1529t, 1557 
Cigarette smoking, 1178-1179 
Cignolin (see Anthralin) 
Cilastatin sodium, 512t 
Ciloxan (see Ciprofloxacin 
hydrochloride) 
Cimetidine, 512t, 1224, 1224t, 
1756-1757 
Cinchona alkaloids, 428-430 
Cinchonidine, 429 
Cinchonine, 429 
Cinnamon, 1021 
Cinnamyl, 402t 
Cinoxacin, 512t 
Cinoxate, 512t, 1214-1215 
Ciodrin, 1838 
Ciprofloxacin hydrochloride (Cipro), 
5l2t, 1152t, 15286, 1539 
Circle-cell analysis, 625 
Circular dichroism, 169 
Cirrhosis, 1090 
Cisplatin, 512t, 1487 


Citanest (see Prilocaine 
hydrochloride) 
Citracal (see Calcium citrate) 
Citrate, 402t 
Citrate phosphate dextrose 
solution, 1254-1255 
Citric acid, 512t, 1042-1043 
Citrocell (see Psyllium laxatives) 
Citronellol, 434 
Cladribine, 1487, 1505t 
Claim forms 
HCFA 1500 
description of, 1644-1645 
how to use, 1645-1648 
illustration of, 1646 
pharmacist care, 1641-1643, 
1642 
Clapyeron equation, 206-207 
Clarification, 676-677 
Clarithromycin, 512t, 1528t, 1535 
Claritin (see Loratidine) 
Clathrate, 191 
Clausius—Clapyeron equation, 207 
Clausius inequality, 203 
Clavulanate potassium, 512t, 1531— 
1532 
Cleansing preparations, 1213 
Clearance (see also Excretion, of 
drug) 
calculations, 1133, 1139 
definition of, 1132-1133 
hepatic, 1139-1140 
nonrestrictive, 1140 
protein-binding, 1141-1143, 
1148-1149 
renal, 1139-1141 
Clemastine fumarate, 512t, 1468 
Cleocin hydrochloride (see 
Clindamycin 
hydrochloride) 
Clidinium bromide, 512t 
Clindamycin hydrochloride, 512t, 
ILilsyAG oltsyslal 
Clinical analysis 
blood 
blood banks (see Blood banks) 
blood volume, 557-558 
bone marrow aspiration, 556 
collection of, 563 
description of, 552 
electrolytes, 571 
enzymes, 566-568 
erythrocytes 
characteristics of, 552-553 
clinical analysis of, 553 
normal values, 553t 
structure of, 552 
volume of, 552 
hemoglobin 
concentration, 554 
definition of, 553 
disorders of, 553-554 
measurement of, 554 
normal values, 553t 
hormones, 570-571 
leukocytes, 555-556 
lipids, 568-569 
nonprotein nitrogen 
compounds, 564-565 
organ function assessments, 
571-573 
preparation of, 563 
proteins, 566 
reticulocytes, 557 
steroids, 569-570 
thrombocytes, 557 
drug interactions, 563 
feces, 579 
gastric fluids, 581 
immunochemistry, 583-585 
instrumentation for, 563 
microbiology, 581-583 
toxicology assessments, 579-580 


urine 
appearance, 576 
bacterial levels, 578 
bilirubin, 577 
calculi, 579 
color, 576 
constituents of, 574t 
description of, 574-575 
glucose levels, 576-577 
hematuria assessments, 577— 
578 
hemoglobinuria, 578 
instrumentation for, 575 
ketone bodies, 577 
microscopic examination of, 578 
myoglobin, 578 
odor, 576 
osmolality, 575 
pH, 575-576 
phenylpyruvic acid, 577 
protein levels, 576 
specific gravity, 575 
urobilinogen, 577 
volume assessments, 575 
Clinical literature 
description of, 70 
descriptive studies, 71-72 
experimental studies (see 
Experimental studies) 
explanatory studies, 71-72 
observational studies 
case-control, 72-73 
cohort, 73 
cross-sectional, 73 
pharmacist’s role in, 70-71 
primary, 71 
secondary, 71 
tertiary, 71 
Clinical pharmacy, 15, 1931 
Clinical trials 
conduct of, 130-131 
design of, 130-131 
Clinoril (see Sulindac) 
Clioquinol, 513t 
CloBzole propionate, 513t 
Clocortolone pivalate, 513t 
Clofazimine, 513t, 1543 
Clofibrate, 513t 
Clomiphene citrate, 513t, 1385 
Clonazepam, 513t, 1408t, 1408- 
1409, 1423-1424 
Clone selection theory, 947 
Clonidine hydrochloride, 513t, 1276 
Clopidogrel bisulfate, 1259 
Clopra maxolon (see 
Metoclopramide 
hydrochloride) 
Cloprostenol, 437t 
Clorazepate dipotassium, 513t 
Clorazepate disodium, 1408t, 1410 
Clorsulon, 513t 
Closures 
rubber 
cleaning of, 796 
description of, 789 
stability effects, 994 
Closylate, 451t 
Clotrimazole, 513t, 1529t, 1552 
Clove, 1026 
Cloxacillin benzathine, 513t, 1152t 
Cloxacillin sodium (Cloxapen), 1521 
Clozapine, 1430, 1433t, 1435 
Cnetocor (see Abciximab) 
18C NMR, 629-630 
2Co, A Tit 
S9@0,,477t 
Coagulated proteins, 423 
Coagulation factors, 558t 
Coagulation system 
blood-clotting proteins, 
1251-1252 
characteristics of, 558-560 
Coal tar, 1209 
Coarse dispersions 
bioavailability from, 333 


colloidal dispersions and, 
differences between, 288 
description of, 316 
emulsions 
advantages of, 323 
agent for (see Emulsifying 
agent) 
aggregation of, 332-333 
applications of, 323 
bioavailability, 333 
coalescence of, 332-333 
components of, 323 
definition of, 323 
detection methods, 323 
droplets 
breakdown of, 323-324 
coalescence of, 324 
creaming of, 332 
dispersion process of, 324 
repulsion of, 331 
sedimentation of, 332 
formation of, 323-324 
inversion of, 333 
multiple, 323 
preparation of 
emulsifying agent, 329-331 
methods, 331-332 
stability of, 332-333 
interfacial properties of, 316 
surface free energy of, 316 
surface potential of, 316 
suspensions 
bioavailability, 333 
characteristics of, 317 
chemical stability of, 322 
definition of, 317 
deflocculated particles in, 317 
flocculation 
controlled, 319 
degree of, 318 
description of, 317 
detergents for, 321 
electrolytes for, 319-320 
kinetics, 317 
particle characteristics, 317 
polymers for, 320-321 
sedimentation effects, 318 
in structured vehicles, 321 
formulation of 
agents used, 321t 
principles of, 318-322 
nonaqueous, 322 
particles 
deflocculated, 317 
dispersion of, 318-319 
distribution of, 321-322 
flocculated, 317 
size of, 321-322 
preparation of, 322 
reaction rate and, 274 
sedimentation 
rate of, 318 
volume of, 318 
structured vehicles 
description of, 319 
flocculation in, 321 
Coating 
automated systems, 901 
description of, 894 
enteric, 897-898 
equipment for, 900-901 
evolution of, 894 
film 
description of, 896-897 
problems associated with, 898— 
899 
process of, 896-897 
modified-release, 897—898 
procedures, 899-900 
quality control, 901-902 
stability testing, 902 
sugar, 895-896 
sustained-release, 898 
Cobalt, 377t, 379, 1822 


Cocaine hydrochloride, 513t, 1180, 
1311, 1405 
Cockroaches, 1835 
Cocoa butter, 853, 855t, 1043 
Cocoa syrup, 1028 
Codeine, 428, 513t, 1447-1448 
Codeine phosphate, 512t, 1448 
Codeine sulfate, 512t, 1448 
Code of ethics 
American Pharmaceutical 
Association, 14-15, 19, 
20, 25 
definition of, 19 
description of, 24 
history of, 24 
purpose of, 24-25 
Cod liver oil, 1803 
Coefficient of variation, 127 
Cogentin (see Benztropine 
mesylate) 
Cognex (see Tacrine hydrochloride) 
Cohesional forces, 277-278 
Cohort studies, 73 
Colation, 677-678 
Colchicine, 512t, 1462-1463 
Cold cream, 1036 
Cold packs, 1873-1874 
Colestipol hydrochloride (Colestid), 
1295, 1751 
Colfosceril palmitate, 1304 
Colistimethate sodium, 512t 
Colistin sulfate, 512t 
Collagen, microfibrillar, 1261 
Collagenase, 1793-1794 
Colligative properties 
electrolyte solutions, 227 
nonelectrolyte solutions 
activity, 223-224 
activity coefficient, 223-224 
applications, 224 
boiling-point elevation, 222 
description of, 220-221 
freezing-point depression, 222— 
223 
ideal behavior, 223 
osmotic pressure, 221-222 
vapor-pressure lowering, 222 
Collodions, 512t, 733, 1201 
Colloidal dispersions 
association, 290 
classification of, 289t 
coarse dispersions and, 
differences between, 288 
continuous phase of, 289 
definition of, 288 
disperse phases of, 289, 289t 
dosage forms 
liposomes, 314 
microemulsions, 313 
nanoparticles, 314 
hydrophilic dispersions 
description of, 306 
particulate, 306-307 
soluble polymers used as, 307— 
309 
hydrophobic dispersions, 301-302 
lyophilic dispersions 
characteristics of, 289-290 
description of, 289-290 
lyophobic dispersions and, 
differences between, 298 
lyophobic dispersions 
characteristics of, 290 
condensation of, 290-291 
electric properties of, 298-306 
hydrosols purification using 
dialysis and 
ultrafiltration, 293-294 
lyophilic dispersions and, 
differences between, 298 
particles 
capillary electrophoresis, 
305-306 
diffusion of, 297 
formation of, 291-293 


light scattering, 296-297 
photon correlation 
spectroscopy, 297 
shape of, 294-296 
size distribution, 294-296 
preparation of, 290-293 
purification of, 290—293 
sedimentation of, 297 
surfactant effects, 302-303 
types of, 290 
viscosity of, 297 
micellar solubilization, 312-313 
phases of, 288 
radioactive, 291 
stabilization of 
adsorbed polymers, 303-305 
surfactants, 302-303 
surface area of, 288-289 
surfactant properties 
description of, 309-311 
drugs as surface-active agents, 
311-312 
Colloidal silicon dioxide, 294, 1046— 
1047 
Colloid solutions, 1246-1247 
Collyrium Fresh Murine (see 
Tetrahydrozoline 
hydrochloride) 
Colon 
anatomic and physiologic 
considerations, 1086 
cancer of, 1087 
diseases of, 1087 
dysfunction of, 1086-1087 
Colonic irrigation, 1779 
Color coating, 896 
Colorimetric analysis, 195 
Colorimetry 
chromogenic reagent, 497 
description of, 486 
pH determinations using, 242 
principles of, 497 
Coloring agents 
description of, 1017 
natural, 1017 
synthetic, 1017-1018 
for tablets, 862-863, 863t 
Colostomy, 1879 
Combination therapy 
dangers associated with, 1125 
fixed, 1125 
indications 
absorption alterations, 1125 
antagonize untoward actions, 
1123-1124 
decrease individual doses or 
toxicity, 1123 
disease complex attacked at 
different points, 1123 
elimination effects, 1125 
increase response or efficacy, 
1123 
reasons for, 1123 
Combipres (see Chlorthalidone) 
Comfrey, 439t 
Commodes, 1863, 1864 
Common fraction, 104 
Common-ion effect, 211 
Communicable diseases 
immunizations against, 51 
pharmacist’s role in controlling, 
Sl, o3 
public health programs for 
controlling, 51-52 
Communication 
description of, 1957 
home health care patients, 2015 
illness experiences, 1959-1960 
information gathering sessions 
closing of, 1963 
completeness during, 1963 
description of, 1958-1959 
initiating, 1960-1961 
nonverbal cues, 1961 
preparation for, 1960. 


questions, 1961-1962 
rapport building, 1962-1963 
oral, 1973 
process of, 1958 
skills 
description of, 1957-1958 
evaluation of, 1963-1964 
written, 1974 
Community pharmacy 
automation in, 29 
average sales of, 1651 
capital requirements for, 1653— 
1655 
chain stores, 1651 
changes in, 29-30 
compounded pharmaceuticals, 
28-29 
credit management and 
requirements, 1662 
definition of, 4, 1651 
description of, 28, 1651 
drug control and distribution, 28 
educational considerations, 31 
establishment of, 1651-1655 
facility selection, 1659-1660 
future of, 32 
insurance requirements, 1663— 
1664 
inventory, 1657-1659 
management of, 1655-1656 
money management, 1656-1657 
on-line, 68 
personnel for, 1660-1662 
pharmaceutical care provided by, 
80-32 
pharmacists 
public health program 
participation, 48 
role and responsibilities, 28-30 
recordkeeping requirements, 
1664-1665 
revenue sources, 1651 
risks associated with, 1663-1664 
site selection for, 1653 
Compactibility, 712-713 
Compazine (see Prochlorperazine; 
Prochlorperazine 
edisylate) 
Competence, 21 
Competitive antagonist, 1104 
Complementary medicine (see 
Alternative/complementary 
medicine) 
Complement fixation tests, 584 
Complexes 
definition of, 183 
metal-ion coordination 
bonding theories, 185-187 
definition of, 183 
description of, 183-184 
inert, 184 
isomerism, 184-185 
labile, 184 
stereochemistry, 184-185 
molecular 
charge-transfer, 190 
classification of, 189t 
definition of, 183 
hydrogen-bonding, 190 
inclusion complex, 190 
noncovalent intermolecular 
forces, 187-188 
solvents, 188-189 
stacking interaction, 190 
in pharmaceutical applications 
analysis, 195-196 
drug delivery, 195 
protein-binding of drugs, 196 
stability 
binding constants, 191-192 
factors that affect, 194-195 
measurement methods, 192- 
194 
stoichiometric models, 191-192 
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in therapeutic application, 196— 
197 
Compliance 

description of, 1701, 1966 

factors that affect, 29, 1966 

methods of improving 
aids, 1975 
description of, 1972 
monitoring therapy, 1975-1976 
patient education, 1973-1974 
patient motivation, 1974-1975 
risk factors identified, 1972 
treatment plan, 1972-1973 

packaging, 1975 


Compounding 


ambulatory care, 1710 
aseptic processing, 2023-2024 
chemicals and supplies for, 1709, 
1709t 
definition of, 1707 
description of, 28-29, 1696-1697, 
1706 
economic considerations, 1708 
equipment for, 1709 
feasibility of, 1707-1708 
guidelines for, 1712-1715 
history of, 1706 
hospital pharmacy, 1710-1711 
increases in, 1706 
need assessments, 1707 
nuclear pharmacy, 1711 
parenterals for home care, 2017 
pharmacist’s role 
description of, 1706-1707 
job satisfaction, 1711-1712 
support resources for, 1708 
training and experience, 1708— 
1709 
radiopharmaceuticals, 1784 
regulations, 1712-1715 
small-volume injectables, 2024 
stability considerations, 1708 
veterinary, 1711 
Compound-lever balance, 97 
Cormpound orange spirit, 1023 
Comprehensive Drug Abuse 
Prevention and Control 
Act of 1970 
DEA inspections, 1616 
definitions, 1611 
distribution, 1613-1614 
distribution on discontinuance or 
transfer, 1615 
drug theft, 1615 
history of, 1611 
inventory, 1614 
labeling, 1613 
mailing, 1615 
order forms, 1614-1615 
power of attorney, 1615 
prescriptions, 1614-1617 
purpose of, 1611 
records and reports, 1614 
registration, 1613 
retail distribution restrictions, 
1612-1613 
schedules, 1612 
symbols, 1613 
termination, 1613 
Compressibility, 712-713 
Computer systems 
drug design using, 467 
in prescription filling, 1702-1703 
state regulations regarding, 1608 
Concentraid (see Desmopressin 
acetate) 
Concurrent control design, 76 
Condylox (see Podofilox) 
Confidence intervals, 78, 125, 134— 
136, 154-155 
Confidentiality, 23-24 
Conformity index, 621 
Confounding, 1987-1988 
Confounding variables, 77 
Congestive heart failure, 1065-1066 
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Conjugation, 1121 
Conjunctiva, 822 
Conray (see Iothalamate 
meglumine) 
Conray 325 (see lothalamate 
sodium injection) 
Conray 400 (see Iothalamate 
sodium injection) 
Constipation, 1086, 1229 
Consumer 
drug information for, 65 
Internet resources for, 68—69 
Consumerism, 21—22 
Contact dermatitis, 1078, 1588 
Contact lens 
care products for, 833-834 
characteristics of, 832t 
classifications of, 832t 
description of, 832 
efficacy testing of, 833 
hard, 832-833 
safety of, 833 
soft, 833-834 
therapeutic uses of, 834 
Containers, 993-994 
Continuous dispersion, 216 
Contraceptives 
description of, 856 
hormonal, 1388-1390 
male, 1390-1393 
oral 
characteristics of, 1388-1390 
drug interactions, 1755 
efficacy of, 1389-1390 
failure of, 1389-1390 
side effects, 1390 
Contract law, 1621-1622 
Contraindications, 941 
Contrast agents 
description of, 1185 
high-osmolality, 1185 
low-osmolality, 1185 
Control of Communicable Diseases 
Manual, 52 
Convection currents, 297 
Conversions, 109-110 
Convulsive disorders, 1073-1074 
Cooling curve, 176 
Coombs’ antiglobulin test, 562 
Coordinate covalent bond, 232 
Coordination number, 183 
Copper 
antidote for, 1721t 
characteristics of, 364t, 365, 1822 
Copper sulfate, 1841 
Cordarone (see Amiodarone 
hydrochloride) 
Coreg (see Carvedilol) 
Corgard (see Nadolol) 
Coriander, 1026 
Cornea 
anatomy of, 823 
drug absorption, 823-824 
Corn starch, 1047-1048 
Coronary artery disease, 
1064-1065 
Corporations, 1652-1653 
Correlation, 155-156 
Corticorelin ovine trifluate, 1194 
Corticosteroids 
biological activity of, 1364-1365 
biosynthesis inhibitors, 1367 
clinical uses of, 1865-1366 
contraindications, 1365 
description of, 1297, 1363 
drug interactions, 1365 
inhalation uses, 1367 
inhaled, 1299t 
intranasal uses, 1367 
modalities, 1366 
pharmacokinetics, 1365 
physiological actions of, 1363— 
1364 
precautions associated with, 1365 
regimens, 1366-1367 


respiratory uses, 1297, 1300 
side effects, 1365 
structure-activity relationships, 
1364 
Corticotropin, 512t, 545-546, 1360— 
1361, 1363 
Cortisone acetate, 512t, 1364t 
Corvert (see Ibutilide fumarate) 
Cosmegen (see Dactinomycin) 
Cosmetics 
definition of, 1609 
information resources regarding, 
66 
Cost-benefit analysis 
assumptions, 1627 
benefits, 1627 
calculations, 1626t, 1628 
discount rates, 1627-1628 
overview of, 1625 
principles of, 1625 
Cost-effectiveness analysis 
example of, 1630t 
overview of, 1625 
requirements, 1628 
Cost-minimization analysis, 1626t, 
1630t 
Cost-utility analysis, 1626t, 1630t 
Cosurfactant, 313 
Co-Trimoxazole (see 
Sulfamethoxazole and 
trimethoprim) 
Cotton effect, 168-169 
Cottonseed oil, 1029 
Coulometry, 647 
Coumadin (see Warfarin sodium) 
Countercurrent distribution, 669— 
671 
Counterions, 298 
Counter-prescribing, 12 
Counterpressure sterilization 
air over steam method, 762 
autoclaves 
air over steam, 762, 763t 
superheated water spray, 761— 
762 
principles of, 760 
superheated water spray method, 
761-762 
Covalent bonds 
coordinate, 166 
definition of, 161 
energy, 164t 
Cr, ATTt 
Cranberry extract, 439t 
Cravit (see Levofloxacin) 
C-reactive protein, 584 
Creaming, 740 
Creams, 856 
Creatine, 565 
Creatine kinase, 567, 573t 
Creatinine, 512t, 565, 573t 
Credentialing, 1644 
Cresol red, 488 
Cresyl, 402t 
Critical micelle concentration, 310 
Critical point, 176 
Critical solution temperature, 214 
Crixivan (see Indinavir sulfate) 
Crohn’s disease, 1087 
Cromolyn sodium, 512t, 1297, 1301, 
1467 
Crossover design, 76, 141, 146-147 
Cross-sectional studies, 73 
Crotamiton, 512t, 1565 
Crutches 
accessories for, 1862-1863 
axillary, 1862 
forearm, 1861-1862 
Cryoprecipitated antihemophilic 
factor, 1251 
Crystal field theory, 186 
Crystalline state 
description of, 172 
dissolution and, 657 
Crystallization, 705 


ISOS AT Tt 

Cupreine, 429 

Cupric chloride, 512t 

Cupric sulfate, 512t 

Cuprimine (see Penicillamine) 

Curare, 1335 

Curretab (see Medroxyprogesterone 
acetate) 

Cushing’s syndrome, 1080 

Cushions, 1859-1860 

Cutter mills, 683-684 

Cyanato, 402t 

Cyanide, 1721t 

Cyano, 402t 

Cyanocobalamin, 512t, 513t, 1814- 
1815 

Cyclacillin, 512t 

Cyclamates, 734 

Cyclic adenosine-3'5'- 
monophosphate, 1108 

Cyclic guanosine-3'5'- 
monophosphate, 1108 

Cyclizine hydrochloride, 512t 

Cyclobenzaprine hydrochloride, 
512t, 1338 

Cyclodextrins, 190-191 

Cyclogyl (see Cyclopentolate 
hydrochloride) 

Cyclohexyl, 402t 

Cyclomethicone, 512t 

Cyclopentolate hydrochloride, 512t, 
1331 

Cyclopentyl, 402t 

Cyclophosphamide, 513t, 
1487-1488 

Cyclopropane, 513t 

Cyclopropyl, 402t 

Cycloserine, 513t 

Cyclosporine, 513t, 1240, 1488 

Cyclotate, 451t 

Cyclothiazide, 1349 

Cyclotron 

description of, 475 
radiopharmaceutical production 

from, 475, 478 

Cycrin (see Medroxyprogesterone 
acetate) 

Cyklokapron (see Tranexamic acid) 

Cylert (see Pemoline) 

CYP2C19; 1173 

CYP2D6, 1172-1173 

Cypionate, 451t 

Cyproheptadine hydrochloride, 
513t, 1469-1470 

Cyproterone acetate, 1394, 1394t 

Cystamin (see Methenamine) 

Cysteine hydrochloride, 421t—422t, 
5138t 

Cystic fibrosis, 1063, 1086 

Cystine, 421t—422t 

Cysto-Conray (see Iothalamate 
meglumine) 

Cystogen (see Methenamine) 

Cystospaz (see Hyoscyamine 
sulfate) 

Cytadren (see Aminoglutethimide) 

Cytarabine, 513t, 1488-1489 

Cytochrome P-450 isoenzymes, 
1120, 1172-1173 

Cytokines, 1480 

Cytomel (see Liothyronine sodium) 

Cytotoxins, 1158 

Cytovene (see Ganciclovir sodium) 

Cytoxan (see Cyclophosphamide) 


D 


Dacarbazine, 513t, 1489 
Dactinomycin, 513t, 1489 
Dakin’s solution (see Sodium 
hypochlorite solution) 
Dalgan (see Dezocine) 
Dalmane (see Flurazepam 
hydrochloride) 
Dalteparin (see Heparin) 
Dalton’s theory, 159 


Danaproid sodium, 1255 
Danazol, 513t, 1391t, 1891-1392 
Dantrolene sodium (Dantrium), 
1335 
Dapropate, 451t 
Dapsone, 513t, 1543 
Daranide (see Dichlorphenamide) 
Daraprim (see Pyrimethamine) 
Darenthin (see Bretylium tosylate) 
Darvon (see Propoxyphene 
hydrochloride) 
Databases 
evidence-based, 62 
pharmaceutical, 61-62 
Data records, 1897-1899 
Data transformations 
arcsine, 157-158 
description of, 156 
logarithmic, 156-157 
square root, 157 
Daunorubicin hydrochloride, 513t, 
1489-1490 
DDAVP (see Desmopressin acetate) 
ddC (see Zalcitabine) 
Debye—Huckel equation, 230-231 
Decantation, 677 
Decay constant, 473 
Decimal fraction, 104 
Declomycin (see Demeclocycline 
hydrochloride) 
Decoquinate, 513t 
Decubitus ulcers, 1945 
Deep venous thrombosis, 
1062-1063 
Defamation, 1620 
Deferoxamine mesylate, 513t, 1267 
Defoliants, 1845 
Degenerative joint disease, 1071 
Dehydroacetic acid, 1016 
Dehydrocholic acid, 513t 
Delavirdine mesylate, 1529t, 1557 
Delayed hypersensitivity 
description of, 1159-1160 
testing for 
description of, 1588 
diagnostic skin antigens, 1589, 
1589t 
patch-testing, 1588-1589 
Delayed-release dosage forms 
definition of, 659 
dissolution rate, 659-660 
Demecarium bromide, 513t, 1318 
Demeclocycline hydrochloride, 513t, 
1528t, 1537 
Dementia, 1076, 1945 
Demerol hydrochloride (see 
Meperidine 
hydrochloride) 
Demser (see Metyrosine) 
Demulcents, 1203-1204 
Denatonium benzoate, 513t, 1043 
Denavir (see Penciclovir) 
Density 
absolute, 102 
apparent, 102 
calculations, 102 
definition of, 102 
problems regarding, 102-103 
relative, 102 
specific, 102 
Dentrifices, 698 
Deoxycytidine, 1505t 
Deoxyribonuclease recombinant, 
1794 
Depakene (see Valproate sodium) 
Depakote (see Divalproex sodium) 
Department of Veterans Affairs 
history of, 44 
pharmaceutical opportunities, 44 
Depen (see Penicillamine) 
Dependence, 1175 
Depo-Provera (see 
Medroxyprogesterone 
acetate) 
Depressor substances test, 549 


Derivative polarography, 645 
Dermal silk, for suturing, 1854 
Dermatitis 
atopic, 1077-1078 
contact, 1078 
exfoliative, 1078 
Dermatologic disorders 
acne vulgaris, 1076 
allergic diseases, 1077-1078 
anatomic and physiologic 
considerations, 1076 
atopic dermatitis, 1077-1078 
contact dermatitis, 1078, 1588 
drug-induced, 1078-1079 
eczema, 1077-1078 
fungal infections, 1079 
photoallergic reaction, 1078 
psoriasis, 1077 
skin infections, 1079 
urticaria, 1077 
Dermatomyositis, 1072 
Dermis 
anatomy of, 836, 1076 
clearance of, effect on drug 
absorption, 842-843 
drug effects, 836 
Descriptive studies, 71-72 
Desflurane, 513t, 1396 
Desiceants, 1845 
Desipramine hydrochloride, 513t, 
1439, 1442t 
Deslanoside, 513t 
Desmopressin acetate, 1362-1363 
Desogestrel, 1387t 
Desoximetasone, 513t 
Desoxycorticosterone acetate, 514t, 
1364t 
Desquamation, 1212 
Desyrel (see Trazodone 
hydrochloride) 
Dexamethasone, 514t, 840t, 1364t, 
1368 
Dexbrompheniramine maleate, 
1468 
Dexchlorpheniramine maleate, 1468 
Dexpanthenol, 514t 
Dexrazoxane, 1490, 1505t 
Dextran 40, 808t, 1247 
Dextran 70, 808t, 1247 
Dextran 75, 1247 
Dextrin, 1043 
Dextroamphetamine sulfate, 514t 
Dextromethorphan hydrochloride, 
514t, 1302 
Dextrompheniramine maleate, 514t 
Dextrose, 514t, 808t, 808-809, 
1043 
Dextrose injection, 1248-1249 
Dezocine, 1451 
Dia (see Glyburide) 
Diabetes insipidus, 1079 
Diabetes mellitus 
characteristics of, 1081-1082, 
1370 
diagnostic devices, 1744 
diagnostic tests for, 1186-1187 
hypoglycemic drugs, 1373-1375 
insulin (see Insulin) 
Diabinese (see Chlorpropamide) 
Diachlor (see Chlorothiazide) 
Diacylglycerol, 1305 
Diagnostic devices, 1744-1745 
Dialkylamino, 402t 
Dialysis, 678 
colloidal dispersions purification 
using, 293 
complex stability measured 
using, 194 
Diamox (see Acetazolamide) 
Diapid (see Lypressin) 
Diarrhea 
antidiarrheal agents, 1234-1235 
definition of, 1086-1087 
infectious, 1058 
Diastereoisomers, 168 


Diatrizoate meglumine, 514t, 1194— 
1195 
Diatrizoate meglumine and 
diatrizoate sodium, 1195 
Diatrizoate meglumine and 
iodipamide meglumine, 
1195 
Diatrizoate sodium, 514t, 1195 
Diatrizoic acid, 514t, 1195 
Diazepam, 514t, 1408t, 1408-1409, 
1410 
Diazinon, 1838 
Diazo, 402t 
Diazoamino, 402t 
Diazonium, 402t 
Diazoxide, 515t, 1277 
Dibrom, 1838 
Dibucaine, 515t, 1405 
Dibutyl sebacate, 515t 
Dichloralphenazone, 515t 
Dichloroacetic acid, 1211 
Dichlorodifluoroethane, 965t 
Dichlorodifluoromethane, 515t, 
965t, 1043 
Dichlorophenol-indophenol 
titration, 493 
Dichlorotetradifluoromethane, 1043 
Dichlorotetrafluoroethane, 515t 
Dichlorphenamide, 515t, 
1346-1347 
Diclofenac sodium, 515t, 1445t, 
1457 
Dicloxacillin sodium, 515t, 1152t, 
1521 
Dicumarol, 1253-1254 
Dicyclomine hydrochloride, 515t 
Didanosine, 1529t, 1557 
Dienestrol, 515t 
Diet 
drug interactions and, 1750 
guidance regarding, 1726-1727 
low-fat, 1730-1731 
low-salt and sodium, 1731-1732 
low-sugar, 1731 
recommendations regarding, 
1727-1730 
Dietary Supplement Health and 
Education Act of 1994, 
1765-1766 
Diethanolamine, 515t 
Diethylcarbamazine citrate, 515t, 
1563 
Diethylpropion hydrochloride, 515t 
Diethylstilbestrol, 515t, 1382, 1384 
Diethyltoluamide, 515t, 1840 
Differential pulse polarography, 
487 
Differential scanning calorimetry, 
649, 709 
Differential thermal analysis, 649 
Diffuse reflectance, 625 
Diffusion 
characteristics of, 678-679 
description of, 1110 
electrochemical, 1111 
facilitated, 1111 
ionic, 1111 
nonionic, 1110-1112 
simple nonionic, 1110-1111 
Diffusion coefficient, 209 
Diffusion current, 644 
Diffusion-layer model, 654—655 
Diflorasone diacetate, 515t 
Diflucan (see Fluconazole) 
Diflunisal, 515t, 1457 
Difluoroethane, 966t 
Digallic acid, 1207 
Digestants, 1228 
Digestive aids, 1795 
Digitalis, 515t, 1285-1286 
Digitaloid drugs 
animal testing, 541-542 
description of, 541 
Digitoxin, 515t, 1152t, 1286 


Digoxin, 514t, 1152t, 1154t, 1286- 
1287, 1753 
Dihydroacetone, 514t 
Dihydrocodeine bitartrate, 514t 
Dihydrocodeine mesylate, 514t 
Dihydroergotamine mesylate, 514t 
Dihydropyrimidine dehydrogenase, 
1172 
Dihydrostreptomycin, 5141 
Dihydrotachysterol, 514t, 
1377-1378 
Dihydroxyacetone, 1215 
Dihydroxyaluminum aminoacetate, 
514t 
Dihydroxyaluminum sodium 
carbonate, 1221 
Dilantin sodium (see Phenytoin 
sodium) 
Dilatancy, 339-340, 693 
Dilatrate-SR (see Isosorbide 
dinitrate) 
Dilaudid (see Hydromorphone 
hydrochloride) 
Diltiazem hydrochloride, 514t, 1292 
Diluting agents 
aqueous, 1027 
description of, 1027 
hydroalcoholic, 1028-1029 
for injections, 1029 
mucilages used as, 1028 
syrups used as, 1027-1028 
uses of, 1027 
Dilution, 118 
Dilution test, 323 
Dimenhydrinate, 514t, 1235 
Dimensional analysis, 112-113 
Dimercaprol, 514t, 1267 
Dimetane (see Brompheniramine 
maleate) 
Dimethicone, 1201 
Dimethisterone, 1387t 
Dimethylamino, 402t 
Dimethylarsino, 402t 
Dimethyl] sulfoxide, 514t, 1116 
Dimethyltryptamine, 1181 
Dinoprost, 437t 
Dinoprostone, 437t, 1354-1355 
Dinoprost tromethamine, 514t 
Diode-array ultraviolet-visible 
spectrometry, 620 
Diolamine, 451t 
Dionisil Oily (see Propyliodone) 
Diovan (see Valsartan) 
Dioxybenzone, 514t, 1215 
Dipalmitoylphosphatidylcholine, 
286 
Diphasic amine-surfactant titration, 
493 
Diphenadione, 1840 
Diphenhydramine hydrochloride, 
514t, 1466, 1468 
Diphenoxylate hydrochloride, 515t, 
1234 
Diphenyl, 1841 
Diphenylmethyl, 402t 
Diphtheria and tetanus toxoids, 
1570t 
Dipivefrin hydrochloride, 515t, 1311 
Dipolarity, 1112 
Dipole—dipole interactions, 170 
Diprivan (see Propofol) 
Dipterex, 1838 
Dipyridamole, 515t, 1186, 1259 
Direct contact test, 549 
Disease prevention 
levels of, 50 
public health programs, 50 
Disinfectants 
description of, 1507 
mechanism of action, 1507 
types of, 1507-1511 
Disinfection, 753 
Disintegrants, 862 
Disodium clodronate, 1505t 
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Disopyramide phosphate, 515t, 
1154t, 1289 
Dispersion force, 187-188 
Dispersions 
coarse 
bioavailability from, 333 
colloidal dispersions and, 
differences between, 288 
description of, 316 
emulsions 
advantages of, 323 
agent for (see Emulsifying 
agent) 
aggregation of, 332-333 
applications of, 323 
bioavailability, 333 
coalescence of, 332-333 
components of, 323 
definition of, 323 
detection methods, 323 
droplets 
breakdown of, 323-324 
coalescence of, 324 
creaming of, 332 
dispersion process of, 324 
repulsion of, 331 
sedimentation of, 332 
formation of, 323-324 
inversion of, 333 
multiple, 323 
preparation of 
emulsifying agent, 329-— 
331 
methods, 331-332 
stability of, 332-333 
interfacial properties of, 316 
surface free energy of, 316 
surface potential of, 316 
suspensions 
bioavailability, 333 
characteristics of, 317 
chemical stability of, 322 
definition of, 317 
deflocculated particles in, 317 
flocculation 
controlled, 319 
degree of, 318 
description of, 317 
detergents for, 321 
electrolytes for, 319-320 
kinetics, 317 
particle characteristics, 317 
polymers for, 320-321 
sedimentation effects, 318 
in structured vehicles, 321 
formulation of 
agents used, 321t 
principles of, 318-322 
nonaqueous, 322 
particles 
deflocculated, 317 
dispersion of, 318-319 
distribution of, 321-322 
flocculated, 317 
size of, 321-322 
preparation of, 322 
reaction rate and, 274 
sedimentation 
rate of, 318 
volume of, 318 
structured vehicles 
description of, 319 
flocculation in, 321 
colloidal 
association, 290 
classification of, 289t 
coarse dispersions and, 
differences between, 288 
continuous phase of, 289 
definition of, 288 
disperse phases of, 289, 289t 
dosage forms 
liposomes, 314 
microemulsions, 313 
nanoparticles, 314 
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hydrophilic dispersions 
description of, 306 
particulate, 306-307 
soluble polymers used as, 
307-309 
hydrophobic dispersions, 301— 
302 
lyophilic dispersions 
characteristics of, 289-290 
description of, 289-290 
lyophobic dispersions and, 
differences between, 298 
lyophobic dispersions 
characteristics of, 290 
condensation of, 290-291 
electric properties of, 298— 
306 
hydrosols purification using 
dialysis and 
ultrafiltration, 293-294 
lyophilic dispersions and, 
differences between, 298 
particles 
capillary electrophoresis, 
305-306 
diffusion of, 297 
formation of, 291-293 
light scattering, 296-297 
photon correlation 
spectroscopy, 297 
shape of, 294-296 
size distribution, 294-296 
preparation of, 290-293 
purification of, 290-293 
sedimentation of, 297 
surfactant effects, 302-303 
types of, 290 
viscosity of, 297 
micellar solubilization, 312-313 
phases of, 288 
radioactive, 291 
stabilization of 
adsorbed polymers, 303-305 
surfactants, 302-303 
surface area of, 288-289 
surfactant properties 
description of, 309-311 
drugs as surface-active 
agents, 311-312 
rheology of, 343-344 
Disposition 
biotransformations 
definition of, 1119 
description of, 1119-1120 
in endoplasmic reticulum, 
1120-1121 
types of, 1121 
Definition of, 1117 
description of, 464 
distribution 
definition of, 1117 
description of, 1117 
Donnan, 1118 
electrochemical, 1118 
factors that affect 
binding, 1118-1119 
lipid-water coefficient, 1119 
storage, 1118-1119 
pH partition principle, 1117-— 
1118 


factors that affect 
absorption (see Absorption) 
binding, 464-465 
excretion, 465 
metabolism, 464 
receptor interactions, 464 
storage, 464—465 
transport, 464 
Dissociation constants, of acids and 
bases 
determination of, 235 
electronegativity and, 234-235 
ionic strength and, 235 
micro, 235 
types of, 233t 


Dissolution 
beaker methods, 660 
definition of, 654 
delayed-release dosage forms, 
659-660 
disintegration and, correlation 
between, 656 
drug release from dosage forms, 
655-656 
extended-release dosage forms, 
660 
Hixson and Crowell cubic root 
law, 655 
medium 
pH of, 663 
surface tension of, 663 
modified-release dosage forms, 
659-660 
new methods for, 665 
of nutritional supplements, 665 
rate of 
automation in testing for, 661— 
662 
factors that affect 
agitation, 662 
apparatus design, 660 
binders, 657—658 
compression force, 658-659 
crystalline state, 657 
description of, 656 
granulating agents, 657—658 
granulation method, 658— 
660 
lubricants, 658 
particle size, 656-657 
pH, 663 
solid dosages, 657—658 
solubility, 656 
surface tension, 663 
temperature, 663 
viscosity, 663 
sink condition, 655 
studies of, 654 
of suppositories, 664—665 
of suspensions, 663-664 
tablets, 657 
theories regarding, 654-655 
of topical dosage forms, 664 
transdermal delivery systems, 
661 
Distribution 
definition of, 1117 
description of, 1117, 1147-1148 
Donnan, 1118 
in elderly, 1946 
electrochemical, 1118 
factors that affect 
binding, 1118-1119 
lipid-water coefficient, 1119 
storage, 1118-1119 
pharmacokinetic principles of, 
1147-1149 
pH partition principle, 1117-1118 
volume of, 1129, 1148 
Distributive justice, 24 
Disulfiram, 515t, 1417-1418, 1756 
Diterpenoid, 425t 
Dithiocarbamates, 1842 
Diucardin (see Hydroflumethiazide) 
Diulo (see Metolazone) 
Diuretics 
adverse effects of, 1345 
carbonic anhydrase inhibitors, 
1344, 1347 
concomitant administration of, 
1345 
contraindications, 1345 
description of, 1344 
drug interactions, 1759-1760 
loop, 1345, 1351-1353 
mechanism of action, 1344 
osmotic, 1344-1346 
potassium-sparing, 1345, 1350— 
1351 


renal tubule-inhibiting, 1346— 
1347 
thiazide, 1344, 1347-1350 
Diuril (see Chlorothiazide) 
Divalproex sodium, 1424 
Diverticulitis, 1087 
Diverticulosis, 1087 
Division, 108-109 
DNA fingerprinting, 947 
Dobutamine hydrochloride 
(Dobutrex), 515t, 1310 
Docetaxol, 1490 
Documentation 
acute care, 1998-1999 
HCFA 1500 claim form 
description of, 1644-1645 
how to use, 1645-1648 
illustration of, 1646 
home health care, 2016 
narrative, 1640-1641 
in pharmaceutical care, 1640 
primary care, 1996 
product recall, 1666 
quality assurance and control, 
981-982 
standardized systems of 
claim form, 1641, 1642 
coding systems, 1641-1643, 
1642 
fee setting, 1644 
limitations, 1644 
Pharmacy Practice Activity 


Classification, 1643-1644 


resource-based relative value 

scale, 1644 

Docusate calcium, 515t, 1233 

Docusate potassium, 515t, 1233- 
1234 

Docusate sodium, 515t 

Dodecyl, 402t 

Dodine, 1842 

Dolantin (see Meperidine 
hydrochloride) 

Dolantol (see Meperidine 
hydrochloride) 

Dolobid (see Diflunisal) 

Dolophine hydrochloride (see 
Methadone 
hydrochloride) 

Donepezil hydrochloride, 1320 

Donnan distribution, 1118 

Donnan effect, 1116 


Dopamine hydrochloride, 172, 515t, 


1306, 1313 
Dopar (see Levodopa) 
Dopastat (see Dopamine 
hydrochloride) 
Doral (see Quazepam) 
Dosage calculations 
for adults, 110-111 
description of, 110 
for infants and children, 110 
Dose 
definition of, 1099 
50% effective, 1100 
multiple, 1135 
threshold, 1100 
Dose-effect relationships 
description of, 1100 
dose-frequency, 1101-1103 
intensity of, 1100-1101 
responsiveness, 1103 
* variances, 1103 
Double-blind studies, 130 
Douches, 727 
Doxacurium chloride, 1335 
Doxapram hydrochloride, 515t 
Doxazosin mesylate, 1323 
Doxepin hydrochloride, 515t, 1439, 
1442t 
Doxorubicin hydrochloride, 515t, 
1490-1491 
Doxycycline, 515t, 1152t, 1528t, 
1537-1538 
Doxycycline hyclate, 515t 


Doxylamine succinate, 515t, 1468-— 
1469 
Draize-Shelanski repeat-insult 
patch test, 850 
Dramamine (see Dimenhydrinate) 
Dressings 
absorbents, 1847-1848 
adhesive tapes, 1849-1850 
bandages, 1848-1849 
calcium alginate, 1847 
definition of, 1846 
first-aid, 1872-1874 
monographs, 1851-1852 
occlusive, 1202-1203 
primary, 1846-1847 
selection of, 1846 
Dristan (see Propylhexedrine) 
Drixoral (see Dexbrompheniramine 
maleate) 
Dronabinol, 516t, 1236 
Droperidol, 516t, 1431-1432, 1436t 
Drug action 
definition of, 1098, 1106 
targets for, 1106 
Drug advertising, 1623-1624 
Drug affinity, 1104 
Drug allergies, 1164 
Drug clearance, 1132-1133 
Drug combinations 
dangers associated with, 1125 
fixed, 1125 
indications 
absorption alterations, 1125 
antagonize untoward actions, 
1123-1124 
decrease individual doses or 
toxicity, 1123 
disease complex attacked at 
different points, 1123 
elimination effects, 1125 
increase response or efficacy, 
1123 
reasons for, 1123 
Drug delivery systems 
biotechnology products 
genetic materials, 920 
nonviral gene delivery system, 
920-921 
controlled-release 
advantages of, 905-906, 906t 
compliance with, 906 
definition of, 904 
dose considerations, 904-905 
drug properties relevant 
absorption, 908-909 
aqueous solubility, 907 
distribution, 909 
dose size, 910 
drug stability, 908 
elimination, 909 
half-life, 909 
metabolism, 909 
molecular size and 
diffusivity, 908 
overview of, 906-907 
partition coefficient, 907-908 
protein binding, 908 
side effects, 909 
oral dosage forms 
diffusion systems, 910-911 
dissolution systems, 911-912 
ion-exchange resins, 913 
osmotic systems, 912-913 
parenteral dosages 
description of, 914 
implants, 916-917 
intramuscular injections, 
914-916 
pharmacodynamics, 905 
pharmacokinetics, 905 
release rate, 904-905 
terminology associated with, 
903-904 
treatment efficiency, 906 


conventional, 903 
description of, 903 
history of, 903 
modulated devices 
glucose-sensitive polymers, 927 
lectin-glycosylated insulin- 
controlled device, 926— 
927 
pH-sensitive membrane 
polymers, 927 
solubility-controlled devices, 
928 
molecular mechanisms, 717 
novel 
bioadhesives, 924-925 
block copolymer micelles, 925- 
926 
intelligent polymers, 925 
peptide drugs 
bioadhesives, 922-923 
description of, 921-922 
iontophoresis, 923-924 
methods of enhancing 
penetration enhancers, 922 
protease inhibitors, 922 
nanoparticles, 924 
protein drugs 
description of, 921-922 
methods of enhancing 
penetration enhancers, 922 
protease inhibitors, 922 
self-regulated, 926 
targeted 
immunologically based, 920 
liposomes, 919-920 
nanoparticles, 918-919 
resealed erythrocytes, 920 
transdermal 7 
adhesive diffusion-controlled, 
918 
definition of, 660, 917 
description of, 843, 1213-1214 
dissolution method, 661 
electrically modulated, 844 
evolution of, 843-844 
matrix dispersion-type, 918 
mechanically modulated, 844 
membrane-modulated, 917-918 
microreservoir systems, 918 
types of, 917t 
triggered devices, 928 
Drug design 
combinatorial approaches, 467— 
468 
computer use, 467 
functional groups added, 460— 
461 
homologs, 458—459 
isoteric replacements, 461-462 
mechanism-based, 466—467 
molecular fragmentation, 459-— 
460 
stereochemistry, 462-463 
Drug development process 
description of, 87 
stages of, 35, 87 
DRUGDEX System, 64 
Drug disposition 
biotransformations 
definition of, 1119 
description of, 1119-1120 
in endoplasmic reticulum, 
1120-1121 
types of, 1121 
Definition of, 1117 
description of, 464 
distribution 
definition of, 1117 
description of, 1117 
Donnan, 1118 
electrochemical, 1118 
factors that affect 
binding, 1118-1119 
lipid-water coefficient, 1119 
storage, 1118-1119 


pH partition principle, 1117— 
1118 
factors that affect 
absorption (see Absorption) 
binding, 464-465 
excretion, 465 
metabolism, 464 
receptor interactions, 464 
storage, 464-465 
transport, 464 
Drug education 
behavioral modification 
techniques, 1681 
drug use, 1677-1679 
future efforts, 1684 
illicit drugs, 1678 
in medical context, 1681-1682 
in nonmedical context, 1682 
nonmedical drugs, 1678 
pharmacist-oriented approach, 
1682 
principles of, 1679-1680 
programs 
development of, 1682-1684 
effects of, 1680-1681 
information resources, 1684— 
1686 
outcomes of, 1680-1681 
strategies, 1684-1686 
Drug effect 
definition of, 1098 
multiple, 1098-1099 
Drug excretion (see also Clearance) 
alveolar, 1123 
biliary, 1123 
combinations that affect, 1125 
definition of, 1150 
description of, 465, 1122 
in elderly, 1946-1947 
fecal, 1123 
pharmacokinetic principles, 1150 
renal, 1122-1123, 1150 
Drug formularies, 26 
Drug interactions 
contributing factors, 1746-1748 
definition of, 1123 
description of, 1746 
in elderly patient, 1947 
herbal, 1770t 
information resources regarding, 
65-66 
information sources for, 1748— 
1749 
patient variables associated with, 
1749-1750 
pharmacodynamic alterations, 
1758-1761 
pharmacokinetic alterations 
associated with 
absorption, 1750-1753 
distribution, 1753-1754 
excretion, 1757-1758 
metabolism 
inhibition of, 1756-1757 
stimulation of, 1754-1756 
risk reductions, 1760-1761 
types of, 1123 
Drug names, 441-442 
Drug nomenclature (see 
Nomenclature) 


Drug penetration, 1111-1112, 1113t 


Drug product defects, 1703 
Drug reactions (see Adverse drug 
reactions) 

Drug receptors, 464 
binding, 1106-1107 
characteristics of, 1103-1104 
classification of, 1104 
description of, 1103 
drug actions and, 1106 
enzyme inhibition, 1109 
function of, 1107-1109 
G protein-coupled, 1107-1108 
intracellular, 1109 


ligand-activated ion channels, 
1107 
regulation of, 1109 
structure of, 1107-1109 
theories regarding, 1104-1106 
tyrosine kinase-linked, 1109 
voltage-sensitive sodium 
channels, 1107 
Drug resistance, 1103 
Drug Topics Red Book, 64 
Drug utilization evaluation, 1790 
Drug utilization review, 1790 
Dry heat sterilization 
batch sterilizers, 763 
description of, 763 
goals of, 763 
tunnels, 764 
Dulcolax (see Bisacodyl) 
Duodenum 
anatomic and physiologic 
considerations, 1084— 
1085 
disorders of, 1085 
Duract (see Bromfenac sodium) 
Duranest (see Etidocaine 
hydrochloride) 
Duricef (see Cefadroxil) 
Dusts, 1584-1585 
Duvoid (see Bethanechol chloride) 
Dycil (see Dicloxacillin sodium) 


Dyclonine hydrochloride, 516t, 1405 


Dydrogesterone, 516t 
Dye-complex method, 497 
Dye-solubility test, 323 

DynaCirce (see Isradipine) 
Dynapen (see Dicloxacillin sodium) 
Dynodes, 620 

Dyphylline, 516t, 1298 

Dyrenium (see Triamterene) 


E 


Easson—Stedman theory, 463 
Echinacea, 439t 
Echothiophate iodide, 516t, 1318— 
1319 
Ecodide (see Echothiophate iodide) 
Econazole nitrate, 516t, 1554 
Eczema, 1077-1078 
Edamine, 451t 
Edecrin (see Ethacrynic acid) 
Edetate, 451t 
Edetate calcium disodium, 516t, 
1267-1268 
Edetate disodium, 516t, 1268 
Edetic acid, 1043 
Edex (see Alprostadil) 
Edisylate, 451t 
Edrophonium chloride, 516t, 1319 
Education 
colleges, 5-6 
compliance and, 1973-1974 
degrees, 3 
description of, 3 
drug 
behavioral modification 
techniques, 1681 
drug use, 1677-1679 
future efforts, 1684 
illicit drugs, 1678 
in medical context, 1681-1682 
in nonmedical context, 1682 
nonmedical drugs, 1678 
pharmacist-oriented approach, 
1682 
principles of, 1679-1680 
programs 
development of, 1682-1684 
effects of, 1680-1681 


information resources, 1684— 


1686 
outcomes of, 1680-1681 
strategies, 1684-1686 
general, 3 
graduate, 4 
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health 
areas of, 53 
maternal and child health, 53- 
54 
pharmacist participation in, 53 
purpose of, 53 
history of, 13-15 
pharmaceutical care, 31 
professional programs, 5—6 
uniformed services pharmacists 
Air Force, 41 
Army, 40 
Navy, 42 
Effexor (see Venlafaxine) 
Efficacy, 1099-1100 
Efudex (see Fluorouracil) 
Einstein’s law of viscosity, 343-344 
Elasticity (see also Viscoelasticity) 
definition of, 335 
modulus of, 335, 336t 
Elavil (see Amitriptyline 
hydrochloride) 
Eldepryl (see Selegiline 
hydrochloride) 
Elderly 
adverse drug reactions, 1947 
disease considerations, 
1944-1945 
drug interactions in, 1947 
epidemiology of, 1933-1934 
pharmacokinetic considerations, 
1946-1947 
physiologic variables associated 
with 
body composition, 1943 
organ functioning, 1943-1944 
physical appearance, 1943 
population increases, 1933-1934 
Electrical cell, 640 
Electrochemical methods (see 
Electrometric analyses) 
Electroendosmosis, 611 
Electrokinetic potential, 299 
Electrolytes 
blood testing for, 571 
description of, 381 
flocculation using, 319-320 
Electrolyte solutions 
activity coefficient, 230 
activity of, 230 
colligative properties of, 223, 227 
conductivity of 
equivalent, 228 
principles, 227-228 
theories regarding, 230-231 
Debye—Huckel equation, 230-231 
definition of, 227 
ionic strength of, 230 
osmotic pressure of, 221 
properties of, 1248 
salting-out effect, 231 
strong, 228-229 
types of, 1261-1269 
weak 
description of, 228-229 
ionization of, 229-230, 463 
Electrolytic conductance, 228 
Electrometric analyses 
coulometry, 647 
description of, 640 
potentiometry 
applications of 
acid-base titration, 642 
complexation titration, 642— 
643 
oxidation-reduction reactions, 
643 
pH measurement, 642 
complex stability measured 


using, 193 
description of, 193, 641 
electrodes 


glass-membrane, 641—642 
indicator, 641 
reference, 641 
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solid-state, 642 
transistor, 642 
ion-specific, 487 
pH determinations using, 242— 
244 
terminology, 640 
voltametry 
amperometry, 645 
cyclic, 646-647 
description of, 643 
differential pulse stripping, 647 
polarography (see 
Polarography) 
Electron capture, 474 
Electron capture detector, 596 
Electronegativity, 165, 359 
Electron probe microanalysis, 617 
Electrons 
Auger, 470 
discovery of, 469 
Electron spectroscopy chemical 
analysis, 617-618 
Electron spin resonance, 631 
Electro-osmosis, 305 
Electroosmotic effect, 612 
Electro-osmotic pressure, 305 
Electrophoresis 
capillary, 305-306, 612 
capillary electrochromatography, 
612-613 
definition of, 305, 611 
free-boundary, 611 
immunoelectrophoresis, 612 
isoelectric focusing, 612 
isotachophoresis, 612 
mobility, 611 
moving boundary, 305 
moving-boundary, 611 
polyacrylamide gel, 611-612 
solution conditions, 611 
techniques of, 611 
zone, 611 
Electrophoretograms, 612 
Electroporation, 844 
Electrostatic force, 187 
Electrostatic repulsion, 299-300 
Electrostatic theory, 186 
Elements 
electronic configuration of, 160— 
161, 161t 
periodic table of, 159-160 
trace (see Trace elements) 
Eleoptene, 434 
Elimination (see Excretion, of drug) 
Elixirs 
characteristics of, 734-735 
flavoring agents in, 1020 
iso-alcoholic, 1049 
Elspar (see Asparaginase) 
Elution curve, 478 
Elution test, 549 
Elutriation 
centrifugal, 690 
horizontal, 690 
inertial, 690 
powder particle-size classification 
using, 690 
E-mail, 66—67 
Embrocations, 735 
Emcyt (see Estramustine phosphate 
sodium) 
Emetics, 1235 
Emetine hydrochloride, 517t, 1549 
Eminase (see Anistreplase) 
Emitrip (see Amitriptyline 
hydrochloride) 
Emollients 
animal fats and oils, 1204 
definition of, 1204 
disadvantages of, 1204 
vegetable oils, 1205 
vehicles for, 1204 
Emphysema, 1061 


Emulsifying agents 
anionic, 847 
cationic, 847 
classification of, 326t 
coalescence, 328-329 
concentration of, 325 
description of, 323, 738 
electrical potential of, 325 
film formation, 325 
finely dispersed solids, 328 
hydrophile—lipophile balance, 
328-329 
interfacial tension, 324-325 
mechanism of action, 325-326 
mixed, 331 
monomolecular films, 325 
multimolecular films, 325 
natural, 327-328 
nonionic, 847 
properties of, 324-325 
rheology, 325 
selection of, 324, 329-331 
solid particle films, 325-326 
steric stabilization, 331 
synthetic, 326-327 
types of, 1030-1034 
viscosity, 325t 
Emulsions 
advantages of, 323 
agents for (see Emulsifying 
agents) 
aggregation of, 332-333 
applications of, 323, 737-738 
bioavailability, 333 
coalescence of, 332-333 
components of, 323 
definition of, 323, 737, 1030 
detection methods, 323 
droplets 
breakdown of, 323-324 
coalescence of, 324 
creaming of, 332 
dispersion process of, 324 
repulsion of, 331 
sedimentation of, 332 
formation of, 323-324 
ingredients, 738-739 
intramuscular application, 915— 
916 
inversion of, 333 
liquids and, comparisons 
between, 737 
microemulsions, 740-741 
multiple, 323, 740 
preparation of 
emulsifying agent, 329-331 
equipment for, 741-743 
methods, 331-332 
steps involved in, 739-740 
properties of, 737, 740-741 
stability of, 332-333, 988 
Enalaprilat, 517t, 1281 
Enalapril maleate, 517t, 1280-1281 
Enanthate, 451t 
Enantiomers, 168, 185 
Enantiotropicity, 708-709 
Encephalitis, 1058 
Endep (see Amitriptyline 
hydrochloride) 
Endocarditis, infective, 1058-1059 
Endocrinologic disorders 
adrenal disorders, 1080-1081 
anatomic and physiologic 
considerations, 1079 
calcium metabolism disorders, 
1082-1083 
hyperlipoproteinemias, 1083 
pancreatic disorders, 1081-1082 
pituitary gland disorders, 1079— 
1080 
thyroid disorders, 1080 
Endorphins, 1444 
Endothelium-derived relaxing 
factor, 1283 
Enduron (see Methylclothiazide) 


Enemas, 383, 727-728 
Enflurane, 517t, 1396 
Enlon-Plus (see Edrophonium 
chloride) 
Enoxacin, 1528t, 1539 
Enoxaparin (see Heparin) 
Enprostil, 437t 
Enteral nutrition, 251-252 
Enteric coatings, 897—898 
Enthalpy, 175, 200 
Entropy 
principles of, 175, 202-203 
reversible and irreversible 
processes, 203-204 
solutions, 217 
Environmental health 
pharmacist’s role in promoting, 
55-56 
public health programs, 55-56 
Enzyme-linked immunosorbent 
assay, 583 
Enzymes 
blood testing for, 566-568 
classification of, 566 
definition of, 566, 1170t 
description of, 1792 
globin, 1170 
glycolytic, 1170, 1172 
heme metabolizing, 1170 
N-acetyl transferase, 1172 
nomenclature, 1793 
pancreatic, 1793 
properties of, 1792-1793 
receptor, 1172 
transferases, 566 
types of, 567 
Eosinophils, 555-556 
Epanutin (see Phenytoin sodium) 
Ephedrine hydrochloride, 517t 
Ephedrine sulfate, 517t, 1311 
Epidemiology, 50-51 
Epidermis 
anatomy of, 836, 1212 
drug effects, 836 
Epilepsy 
antiepileptic drugs, 1422-1428 
characteristics of, 1073-1074, 
1421 
seizures, 1421 
treatment of, 1421-1422 
Epinephrine bitartrate, 772, 517t, 
570, 1311-1312 
Epitetracycline hydrochloride, 517t 
Epitopes, 1156 
Epivir (see Lamivudine) 
Epcetin alfa, 1271 
Epogen (see Epoetin alfa) 
Epolamine, 451t 
Epoprostenol sodium, 437t 
Epoxy, 397t, 402t, 
Epsom Salts (see Magnesium 
sulfate) 
Eptifibatide, 1259 
Eptoin (see Phenytoin sodium) 
Equilibrium constant 
expression of, 205 
temperature dependence of, 206 
Equilin, 517t 
Equiproxen (see Naproxen) 
Equivalence 
chemical, 995 
clinical, 995 
therapeutic 
classification as, 995-996 
definition of, 995 
evaluations of, 996-997 
practitioner responsibilities 
regarding, 996-997 
Equivalent, 120 
Equivalent conductance, 228 
Erbumine, 451t 
Ergamisol (see Levamisole 
hydrochloride) 
Ergocalciferol, 517t, 1803-1804 
Ergoloid mesylates, 517t 


Ergonovine maleate, 432, 432-433, 
517t, 1355 
Ergot alkaloids, 432-433 
Ergotamine tartrate, 433, 517t, 
1356 
Erythema multiforme, 1078-1079 
Erythrityl tetranitrate, 1284 
Erythrocyte fragility test, 555 
Erythrocytes 
characteristics of, 552-553 
clinical analysis of, 553 
normal values, 553t 
structure of, 552 
volume of, 552 
Erythrocyte sedimentation rate, 
555 
Erythroderma syndrome, 1078 
Erythromycin, 516t, 1152t, 1227, 
1528t, 1535 
Erythromycin estolate, 516t 
Erythromycin ethylsuccinate, 516t 
Erythromycin stearate, 516t 
Erythropoiesis, 557-558 
Escalol 106 (see Lisadimate) 
Escharotics, 1210-1212 
Esmolol hydrochloride, 1325 
Esophageal stricture, 1084 
Esophagus 
anatomic and physiologic 
considerations, 1083— 
1084 
disorders of, 1084 
Essential oils (see Volatile oils) 
Estazolam, 1408t, 1410-1411 
Esters 
carboxylic acids, 397t 
inorganic oxy acids, 397t 
Estolate, 451t 
Estradiol, 516t, 1383-1384 
Estradiol cypionate, 516t 
Estradiol valerate, 516t 
Estramustine phosphate sodium, 
1491 
Estriol, 516t 
Estrogens 
antiestrogens, 1385-1386 
beneficial effects of, 1382 
characteristics of, 516t—517t, 
569-570 
clinical features of, 1382t 
clinical uses of, 1382 
natural sources of, 1382 
synthetic 
description of, 1382-1383 
drug interactions, 1383 
pharmacokinetics of, 1383 
side effects of, 1383 
types of, 1383-1385 
Estrone, 517t 
Estropipate, 517t 
Esylate, 451t 
Etabonate, 451t 
Ethacrynate sodium, 1352 
Ethacrynic acid, 517t, 1352 
Ethambutol hydrochloride, 517t, 
1543-1544 
Ethanol, 218 
Ethchlorvynol, 517t, 1418 
Ethers 
characteristics of, 397t 
glycol, 1037-1038 
Ethics 
caring, 21 
codes (see Code of ethics) 
competence, 21 
conflicts, 25 
consumerism vs. paternalism, 
21-22 
description of, 21 
health care issues 
assisted suicide, 26 
drug formularies, 26 
human drug experimentation, 
26 
rationing of services, 25-26 


law and, 25 
macro situations, 21 
medical practitioner’s duty to 
patient, 22 
micro situations, 21 
moral vs. legal rights, 22 
patient’s rights, 22 
principles 
autonomy, 23 
beneficence, 24 
confidentiality, 23-24 
distributive justice, 24 
fidelity, 24 
informed consent, 23 
nonmaleficence, 24 
veracity, 24 
responsibilities, 22 
theories regarding, 23 
trustworthiness, 21 
Veatch’s framework for 
analyzing, 22-23 
Ethinyl estradiol, 517t, 1384 
Ethiodized oil, 1195 
Ethionamide, 517t 
Ethiotos (see Amifostine) 
Ethohexadiol, 1840 
Ethopropazine hydrochloride, 517t 
Ethosuximide, 517t, 1154t, 1424 
Ethotoin, 517t 
Ethotoin BP, 1424 
Ethoxy, 402t 
Ethoxycarbonyl, 402t 
Ethyl, 402t 
Ethylamino, 402t 
Ethylcellulose, 1043-1044 
Ethylene, 402t 
Ethylenediamine hydrate, 517t, 
1016, 1049 
Ethylenediaminetetraacetic acid, 
495 
Ethylenedioxy, 402t 
Ethylene glycol, 1721t 
Ethylene oxide, 765-767, 1508 
Ethylhexyl P-methoxycinnamate, 
1215 
Ethylhydrocupreine, 429 
Ethylidene, 402t 
Ethylmorphine, 428 
Ethylnorepinephrine hydrochloride, 
1312 
Ethyl oleate, 1029 
Ethylparaben, 517t 
Ethylthio, 402t 
Ethyl vanillin, 1021 
Ethynodiol diacetate, 517t, 1387t 
Ethynyl, 402t 
Ethyol (see Amifostine) 
Etidocaine hydrochloride, 1402 
Etidronate disodium, 517t, 1377t, 
1378 
Etodolac, 1446t, 1457 
Etomidate, 1398 
Etoposide, 517t, 1491 
Eucalyptol, 517t 
Eucalyptol cineol, 1026 
Eucalyptus oil, 1021 
Eucatropine hydrochloride, 517t 
Eudolat (see Meperidine 
hydrochloride) 
Eugenol, 517t 
Eurax (see Crotamiton) 
Eutectic point, 177 
Eutectic temperature, 176 
Evista (see Raloxifene 
= hydrochloride) 
Ewens-Basset nomenclature 
system, 361 
Excretion, of drug (see also 
Clearance) 
alveolar, 1123 
biliary, 1123 
combinations that affect, 1125 
definition of, 1150 
description of, 465, 1122 
in elderly, 1946-1947 


fecal, 1123 
pharmacokinetic principles, 1150 
renal, 1122-1123, 1150 
Exelderm (see Sulconazole nitrate) 
Exemestane, 1505t 
Exfoliative dermatitis, 1078 
Exna (see Benzthiazide) 
Exocytosis, 1111 
Expectorants, 383, 1302-1304 
Experimental studies 
controlled, 73-74 
definition of, 73 
designs used in, 76 
evaluative criteria for 
data analysis, 74t, 77-78 
discussion, 78 
introduction/background, 75 
journal/author, 74-75 
methods 
patients/subjects, 74t, 75 
study design, 74t, 75-76 
outcome measures, 74t, 76-77 
overview of, 74t 
treatment considerations, 74t, 
76 
noncontrolled, 74 
Explanatory studies, 71-72 
Exponents, 104 
Expression, 678 
Exsel (see Selenium sulfide) 
Extemporaneous compounding 
ambulatory care, 1710 
chemicals and supplies for, 1709, 
1709t 
definition of, 1707 
description of, 1696-1697, 1706 
economic considerations, 1708 
equipment for, 1709 
feasibility of, 1707-1708 
guidelines for, 1712-1715 
history of, 1706 
hospital pharmacy, 1710-1711 
increases in, 1706 
need assessments, 1707 
nuclear pharmacy, 1711 
pharmacist’s role 
description of, 1706-1707 
job satisfaction, 1711-1712 
support resources for, 1708 
training and experience, 1708-— 
1709 
regulations, 1712-1715 
stability considerations, 1708 
veterinary, 1711 
Extended-care facilities, 1935 
Extended-release dosage forms 
definition of, 660 
dissolution rate, 660 
Extraction, 750 
Extracts 
allergenic 
definition of, 1583 
description of, 1583 
dusts, 1584-1585 
foods, 1587-1588 
fungal, 1585-1586, 1586t 
handling of, 1583-1584 
inhalant, 1586, 1586t 
insects, 1586-1587 
pharmacist’s role, 1584 
pollens, 1584, 1585t 
potency of, 1583t 
description of, 750 
fluidextracts, 751 
forms of, 751 
preparation of, 751 
tinctures, 750-751 
types of, 750-751 
Eye 
conjunctiva, 822 
cornea, 823 
lacrimal system of, 822—823 
precorneal film, 823 


tears 
physiology of, 822-823 
volume of, 823 
Eyeball, 821-822 
Eyelids, 821 
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Factor IX complex products, 1252, 
1253t 
Faith healing, 1779 
Famciclovir, 1529t, 1557 
Familial combined hyperlipidemia, 
1083 
Familial hypercholesterolemia, 
1083 
Familial hypertriglyceridemia, 1083 
Family planning, 54 
Famotidine, 517t, 1224t, 
1224-1225 
Famvir (see Famciclovir) 
Fanasil (see Sulfadoxine) 
Fanzil (see Sulfadoxine) 
Fast Fourier transform data 
acquisition, 647 
Fats 
characteristics of, 1820 
fixed 
characteristics of, 416 
constituents, 416-417 
description of, 415-416, 501 
drying oils, 417 
hydrolysis of, 416 
nondrying oils, 417 
preparation of, 416 
properties of, 416 
uses of, 417 
volatile oils and, differences 
between, 416 
Fatty acid esters, 287 
Fatty acids 
description of, 569 
esterified, 569 
nonesterified, 569 
FDA Modernization Act, 983 
F distribution, 125, 140-141 
Febrile antibodies, 584 
Fecal occult blood test, 579 
Fecal softeners, 1233-1234 
Felbamate, 1424-1425 
Feldene (see Piroxicam) 
Felodipine, 1292 
Felvation, 690 
Femara (see Letrozole) 
Fennel oil, 1021-1022 
Fenofibrate, 1295 
Fenoldapam mesylate, 1313 
Fenoprofen calcium, 517t, 1445t, 
1457 
Fenoterol, 1299t 
Fentany] citrate, 518t, 1451-1452 
Ferbam, 1842 
Ferric oxide, 518t, 1049 
Ferrous fumarate, 518t, 1269-1270 
Ferrous gluconate, 518t, 1270 
Ferrous sulfate, 518t, 880, 1270 
a-1-Fetoprotein, 585 
Feverfew, 439t 
Fexofenadine hydrochloride, 1469 
Fiber, 1729, 1732t 
Fibrinogen degradation products, 
560 
Fidelity, 24 
Field effects, 391 
Filgrastim, 1271, 1491-1492, 1505t 
Film coating 
description of, 896-897 
problems associated with, 898— 
899 
process of, 896-897 
Filtration 
aids for, 674-675 
definition of, 672 
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filters for 
cotton, 674 
glass-wool, 674 
membrane, 673-674 
sintered-glass, 674 
funnels, 674 
gel, 679 
mathematical principles of, 672— 
673 
mechanism of action, 673 
media for 
description of, 673 
paper, 673 
pressured, 675 
rapid apparatus for, 675 
sterilization using, 770-771 
ultrafiltration 
colloidal dispersions 
purification using, 293 
description of, 679 
development of, 679 
vacuum, 675 
volatile liquids, 674 
Finasteride, 1392, 1394t 
First DataBank Blue Book, 64 
First ionization potential, 359 
Fission 
definition of, 475 
radiopharmaceutical production 
from, 475 
Fixed oils and fats 
characteristics of, 416 
constituents, 416-417 
description of, 415—416, 501 
drying oils, 417 
hydrolysis of, 416 
nondrying oils, 417 
preparation of, 416 
properties of, 416 
uses of, 417 
volatile oils and, differences 
between, 416 
Fixed-shell mixers, 694 
FK506 (see Tacrolimus hydrate) 
Flagyl (see Metronidazole) 
Flame emission spectrometry 
analytical procedure, 632 
argon plasma, 632-633 
description of, 487 
instrumentation, 632 
Flame ionization detector, 596 
Flame photometric detector, 596— 
597 
Flatworms, 1562 
Flavoring agents 
description of, 1018 
flavors for (see Flavors) 
properties of, 1018-1019 
sweet orange peel tincture, 1023 
for tablets, 863 
types of, 1021t 
Flavors 
methodology, 1019 
odor and, chemical structure 
correlation between, 
1018 
preservation of, 1018 
selection of, 1018-1019 
taste physiology, 1018 
vehicles, 1020-1023 
Flecainide acetate, 518t, 1289 
Fleet bisacodyl (see Bisacodyl) 
Flexeril (see Cyclobenzaprine 
hydrochloride) 
Flexoject (see Orphenadrine citrate) 
Flies, 1835 
Flocculation 
controlled, 319 
degree of, 318 
description of, 317 
detergents for, 321 
electrolytes for, 319-320 
kinetics, 317 
particle characteristics, 317 
polymers for, 320-321 
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sedimentation effects, 318 
in structured vehicles, 321 
Flocculation tests, 584 
Flonase (see Fluticasone 
propionate) 
Florentine receiver, 678, 678 
Florinef acetate (see 
Fludrocortisone acetate) 
Flosequinan, 1287-1288 
Flovent (see Fluticasone propionate) 
Floxin (see Ofloxacin) 
Floxuridine, 518t, 1492 
Fluconazole, 1529t, 1552 
Flucytosine, 518t, 1529t, 1552 
Fludara (see Fludarabine 
phosphate) 
Fludarabine phosphate, 1492 
Fludrocortisone, 1364t 
Fludrocortisone acetate, 1368 
Fluid-energy mills, 684—685 
Fluidextracts, 751 
Fluidity, 337 
Fluindostatin (see Fluvastatin 
sodium) 
Flumadine (see Rimantadine 
hydrochloride) 
Flumazenil, 1413-1414 
Flumethasone pivalate, 518t 
Flunisolide, 518t, 1299t, 1368 
Flunixin meglumine, 518t 
Fluocinolone acetonide, 518t 
Fluocinonide, 518t 
Fluorescein, 518t 
Fluorescein sodium, 1192 
Fluorescence quenching, 608 
Fluorescence radiation, 617 
Fluorescence spectrometry 
applications, 634-635 
derivative, 634 
description of, 634 
instrumentation, 634 
theoretical basis of, 634 
Fluoridation, 55 
Fluoride, 1726t 
Fluorine, 376, 376t, 1822 
Fluoristan (see Stannous fluoride) 
Fluoro, 402t 
Fluorocarbons, 964, 965t 
Fluorocytosine, 1152t 
Fluorometer, 486-487 
Fluorometholone, 519t, 840t 
Fluoroplex (see Fluorouracil) 
Fluoropolymer-aclar film, 1011 
Fluoroquinolones 
adverse effects of, 1539 
description of, 1538-1539 
drug interactions, 1751 
mechanism of action, 1539 
properties of, 1528t 
types of, 1539-1541 
Fluorouracil, 519t, 1492-1493, 
1529t 
Fluothane (see Halothane) 
Fluoxetine hydrochloride, 519t, 
1439-1440, 1442t 
Fluoxymesterone, 519t, 1392 
Fluphenazine, 1436t 
Fluphenazine decanoate, 519t, 1432 
Fluphenazine enanthate, 1432 
Fluphenazine hydrochloride, 519t, 
1432 
Fluprednisolone, 840t, 1364t 
Flurandrenolide, 519t 
Flurazepam hydrochloride, 519t, 
1408t, 1411 
Flurbiprofen, 519t, 1445t, 1457 
Flutamide, 519t, 1394, 1394t, 1493 
Fluticasone propionate, 1299t, 1369 
Fluvastatin sodium, 1294 
Fluvoxamine maleate, 1440, 1442t 
Foam aerosols, 966 
Folacin, 1797t 
Folate, 1726t 
Folex (see Methotrexate) 
Folic acid, 519t, 1807-1808, 1815 


Folic acid deficiency anemia, 1092 
Folk medicine, 1779 
Follicle-stimulating hormone, 1359, 
1381, 1388 
Folpet, 1842 
Food, Drug, and Cosmetic Act 
amendments, 1608-1609 
definitions, 1609 
history of, 1608-1609 
new drug provisions, 1609 
nonprescription medications, 
1610-1611 
Food and Drug Administration 
advertising regulations, 1623— 
1624 
description of, 1623 
Food guide pyramid, 1729 
Food poisoning, 55 
Foods 
additives in, 1734-1735 
allergy to, 1587-1588 
drug interactions and, 1752-1753 
functional, 1734 
information resources, 1735-1736 
labels for, 1732-1733 
with medicinal properties, 1764t 
misinformation regarding, 1735, 
1796 
trace elements in, 1821t 
Forane (see Isoflurane) 
Forced-convection batch sterilizer, 
763-764 
Forced expiratory flow, 1060 
Forced expiratory volume in 1 
second, 1060 
Forced vital capacity, 1060 
Formaldehyde, 1011, 1516t 
Formate, 402t 
Formula 
enlarging of, 113-114 
reducing of, 113-114 
Formularies 
description of, 26, 63 
in hospital pharmacy, 1924-1925 
Formyl, 402t 
Fornamido, 402t 
Fortaz (see Ceftazime) 
Foscarnet sodium (Foscavir), 1529t, 
1557 
Fosfamax (see Alendronate sodium) 
Fosinopril sodium, 1281 
Fostedate, 451t 
Fourier transform infrared 
spectrometry, 624-625 
Fourier transform mass 
spectrometry, 639 
Fraction defective, control chart for, 
151-152 
Fractions, 104 
Fragmin (see Heparin) 
Frank-Starling relation, 1065-1066 
Free energy 
coarse dispersions, 316 
Gibbs, 205 
principles of, 204-205 
Free thyroxine, 572 
Freeze-drying, 802-803 
Freezing point 
calculations, 253 
of solution, 222-223 
of solvent, 222 
tonicity adjustments, 254 
Frequency distributions, 127 
Fructose, 413, 519t, 1819-1820 
Fruits, 1728 
Fumaric acid, 519t 
Fumigants, 1839 
Functional foods, 1734 
Functional groups, 460-461 
Functional residual capacity, 1060 
Fundamental band, 622 
Fungal allergens, 1585-1586 
Fungal diseases, 582-583 
Fungicides 
description of, 1841 


history of, 1841 
mechanism of action, 1841 
requirements for, 1841 
types of, 1841-1842 
Fungizone (see Amphotericin B) 
Furacin (see Nitrofurazone) 
Furazolidone, 519t 
Furfuryl, 402t 
Furfurylidene, 402t 
Furosemide, 519t, 1352-1353 
Furyl, 402t 


G 


67Ga, 477t 
88Ga, 477t 
Gabapentin, 1425 
Gadopenetate dimeglumine, 519t, 
1195 
Galactosemia, 564 
Galen, 8 
Gallbladder 
anatomy of, 1091 
disorders of, 1091 
function assessments, 1187-1189 
Gallium, 368 
Gallium nitrate, 1378 
Gallotannic acid, 1207 
Gallstones, 1091 
Gamma radiation, 470 
Ganciclovir sodium, 1529t, 1558 
Ganglionic blocking agents, 1278— 
1279 
Gantanol (see Sulfamethoxazole) 
Gantrisin (see Sulfisoxazole) 
Gargles, 728 
Garlic, 439t 
Gas chromatography 
carrier gas for, 594-595 
classification of, 593 
column design 
capillary, 595 
packed, 595-596 
derivatization, 597 
description of, 486, 593 
detectors 
concentration-sensitive, 596 
electron capture, 596 
flame ionization, 596 
flame photometric, 596-597 
mass flow rate, 596 
mass spectral, 597 
nitrogen phosphorus, 596 
thermal conductivity, 596 
thermionic specific, 596 
disadvantages of, 595 
discovery of, 593 
instrumentation, 594-595 
operating conditions, 596 
pyrolysis, 597 
qualitative analysis, 597 
quantitative analysis, 597-598 
solid support materials, 595 
stationary phase of, 595 
theoretical basis of, 593-594 
Gases 
aerosols, 178 
inhalers, 178 
relative humidity of, 178-179 
Gasometric assays, 498 
Gastric cancer, 1085 
Gastric fluids analysis, 581 
Gastroenterology 
colon 
anatomic and physiologic 
considerations, 1086 
cancer of, 1087 
diseases of, 1087 
dysfunction of, 1086-1087 
duodenum, 1084-1085 
esophagus, 1083-1084 
gallbladder, 1091 
liver 
diseases of, 1087-1089 
functions of, 1087 


pancreas 
anatomic and physiologic 
considerations, 1085— 
1086 
disorders of, 1081-1082, 1086 
stomach, 1084-1085 
Gastroesophageal reflux disease, 
1084, 1219 
Gastrointestinal tract 
function tests, 1189 
infections of, 1058 
mucosal protection for, 
1226-1227 
Gastrovist (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
Gas-X (see Simethicone) 
Gaussian peak, 591 
Gauze 
description of, 1846-1847 
surgical, 1847 
Gelatin 
characteristics of, 308, 518t 
emulsifying properties of, 327— 
328 
glycerinated, 854 
white, 1031-1032 
Gel chromatography (see Size- 
exclusion 
chromatography) 
Gel filtration, 679 
Gels 
aqueous, 340 
colloidal clays, 340 
definition of, 745-746 
hydrophilic, 746 
hydrophobic, 746 
polymer, 341 
single-phase, 746-747 
two-phase, 746 
Gemcitibine, 1493 
Gemfibrozil, 518t, 1295 
Gemzar (see Gemcitibine) 
Gene delivery systems 
lipid-based, 920-921 
peptide-based, 921 
polymer-based, 921 
General anesthesia 
agents for 
alkyl halides, 1395-1397 
barbiturates, 1397-1398 
inhalation, 1395 
nonbarbiturates, 1398-1399 
definition of, 1395 
Gene splicing, 948 
Gentamicin sulfate, 518t, 1152t, 
1154t, 1527t, 1533 
Gentian violet, 518t 
Geometric isomer, 162 
Geometric isomerism, 167 
Geopen (see Carbenicillin disodium) 
Geref (see Sermorelin acetate) 
Germanium, 369t, 371 
Germicide, 753 
Germicides, 382 
Giant-cell arteritis, 1073 
Gibbs free energy, 205 
Ginger, 439t, 1026 
Ginger oleoresin, 1026 
Ginkgo, 439t 
Ginseng, 439t 
Glacial acetic acid, 1040-1041 
Glass 
amber-colored, 789 
as state of matter, 180-181 
classification of, 788 
container use, 788 
physical characteristics of, 788 
properties of, 371, 787t 
Type I, 788 
Type II, 788 
Type III, 788 
Glidants, 861-862 
Glimepiride, 1374t 
Glipizide, 518t, 1374t 


Globulin, 422 
Glomerular filtration rate, 565, 
1150 
Glomerulonephritis, 1095 
Glonoin (see Nitroglycerin) 
Glucagon, 1372 
bioassays of, 543 
description of, 543 
Gluceptate, 451t 
Glucophage (see Metformin 
hydrochloride) 
Glucose 
blood levels of, 563-564 
liquid, 1044 
self-monitoring levels of, 1877 
urine levels of, 576-577 
Glucose 6-phosphate 
dehydrogenase, 1170, 
1171t-1172t 
Glucosyl, 402t 
Glucotrol (see Glipizide) 
Glutamic acid, 421t-—422t 
y-Glutamyl transferase, 568 
Glutaral, 1509 
Glutaraldehyde, 1516t 
Glutelin, 422 
Glutethimide, 518t, 1177, 1418— 
1419 
Glyburide, 518t, 1374t 
Glycerides, 397t 
Glycerinated gelatin, 854 
Glycerins, 218, 518t, 735, 1039, 
1346 
Glyceryl, 402t 
Glyceryl behenate, 518t 
Glyceryl monostearate, 327t, 518t, 
1036 
Glyceryl trinitrate (see ° 
Nitroglycerin) 
Glycinate, 402t 
Glycine, 421t—422t, 518t, 1818 
Glycol ethers, 1037-1038 
Glycolipids, 415 
Glycols, 397t 
Glycoproteins, 422 
Glycopyrrolate, 519t 
Glycosides 
acid hydrolysis of, 413 
chemical properties of, 413 
classification of, 413 
definition of, 413 
natural occurrence of, 413-414 
saponins, 415 
structure of, 414-415 
types of, 414t 
Glycyl, 402t 
Glycyrrhiza, 1022 
Gold compounds 
antidote, 1721t 
characteristics of, 364t, 365, 
1461-1462 
Gold sodium thiomalate, 519t 
Gonadorelin acetate, 1361 
Gonadotropic hormones, 1358-1359 
Gonadotropin-releasing hormone, 
1359, 1381 
Gonorrhea, 1054 
Good manufacturing practices 
description of, 983-985 
example of, 983-985 
stability requirements, 986-987 
Goserelin acetate, 1394t, 1493 
Gossypol, 1505t 
Gout, 1071-1072 
_ Government service, pharmacists in 
career opportunities, 38-39 
county agencies, 45 
Department of Veterans Affairs, 
44-45 
description of, 38 
military service 
Air Force, 40-41 
Army, 39-40 
Navy, 41-42 
municipal agencies, 45 


state agencies, 45 
US Public Health Service (see 

Public Health Service) 

G protein-coupled receptors, 1107— 
1108 

G proteins, 1108 

Grafts, 1159 

Graft-versus-host reaction, 1159 

Gramicidin, 519t 

Granisetron hydrochloride, 1236 

Granulex (see Trypsin) 

Granulocytopenia, 556 

Granulomatous colitis (see Crohn’s 
disease) 

Gravitational sedimentation, 677 

Grepafloxacin hydrochloride, 1528t, 
1539 

Grey-platelet syndrome, 557 

Griseofulvin, 519t, 1529t, 1553 

Groliberin (see Sermorelin acetate) 

Growth factors, 1480 

Guaifenesin, 519t, 1303 

Guanabenz acetate, 519t, 1276 

Guanabenz monosulfate, 519t 

Guanabenz sulfate, 519t 

Guanadrel sulfate, 1326 

Guanethidine monosulfate, 1275, 
1327, 1760 

Guanfacine hydrochloride, 519t, 
1276 

Guanidine, 394 

Guanidino compounds, 397t 

Guanine, 432 

Guide to Clinical Preventive 
Services, 47 

Guillain-Barre syndrome, 1075 

Gum arabic, 1030 

Gum Camphor (see Camphor) 

Guthion, 1838 

Gyne-Lotrimin (see Clotrimazole) 


H 


Hafnium, 372 
Halazepam, 1408t, 1411 
Halazone, 519t 
Halcinonide, 519t 
Halcion (see Triazolam) 
Half-life, 264, 1131 
Haloalkylsilanes, 397t—398t 
Haloperidol (Haldol), 519t, 1432, 
1436t 
Haloprogin, 519t, 1529t, 1552 
Halotestin (see Fluoxymesterone) 
Halothane, 1395-1396 
Haltran (see Ibuprofen) 
Hammer mills, 683 
Handbook of Nonprescription 
Products, 64 
Handbook on Injectable Drugs, 64 
Hansch equation, 465 
Haptens, 584-585, 1156, 1581 
Hard and soft acid—base concept, 
186-187, 187t 
Hard gelatin capsules 
characteristics of, 885-886 
description of, 885 
fill chart, 888t 
filling methods 
extemporaneous, 886—887 
machine, 887—889 
safety concerns, 886 
shapes of, 886 
sizes of, 886 
stability of, 989 
uniformity of dosage units, 889 
Hartnup disease, 565 
Hawthorn, 439t 
H-bonding networks, 717 
Headache 
description of, 1075 
pharmacologic treatment of, 
1356-1357 
Health care 
delivery of, 1650-1651 
ethical issues in 


assisted suicide, 26 
drug formularies, 26 
human drug experimentation, 
26 
rationing of services, 25-26 
expenditures, 33, 1650-1651 
future of, 1889 
Health education 
areas of, 53 
maternal and child health, 53-54 
pharmacist participation in, 53 
purpose of, 53 
Health maintenance organizations, 
1919 
Health Resource and Services 
Administration, 43 
Health supplies 
bathroom safety aids, 1863-1864 
bedpans, 1867 
canes, 1860-1861 
commodes, 1863 
crutches, 1861-1863 
cushions, 1859-1860 
patient lifters, 1866-1867 


professional approach, 1888-1889 


promoting of, 1887-1888 
reimbursement for, 1887 
respiratory therapy, 1867-1869 
stocking of, 1886-1887 
walker, 1861 
wheelchairs 
description of, 1857 
measurements, 1857-1859 
Health-systems pharmacy, 4 
Healthy People 2000, 47-48 
Healthy People 2010, 47-48 
Heart block, 1069 
Heart disease 
atherosclerosis, 1063-1064 
cardiac rhythm disturbances, 
1068-1069 
conduction abnormalities, 1069 
coronary artery disease, 1064— 
1065 
heart failure, 1065-1066 
hypertension, 1069-1070 
myocardial infarction, 1065 
valvular, 1066-1068 
Heart failure, 1065-1066 
Heat, 199-200 
Heating pads, 1873 
Heat of formation, 200-201 
Heat of fusion, 175 
Heat of reaction, 200-201 
Heat of solution, 201 
Heat of vaporization, 175 
Heat reservoir, 202 
Helium, 382-383 
Helminths, 583 
Helper T cells, 946 
Hemabate (see Carboprost 
tromethamine) 
Hematocrit value, 553 
Hematology 
anatomic and physiologic 
considerations, 1092 
blood (see Blood) 
blood banks (see Blood banks) 
bone marrow aspiration, 556 
description of, 552 
disorders 
anemia, 1092-1093 
blood dyserasias, 1093-1094 
hemostasis, 1094 
erythrocytes 
characteristics of, 552-553 
clinical analysis of, 553 
normal values, 553t 
structure of, 552 
volume of, 552 
hemoglobin 
concentration, 554 
definition of, 553 
disorders of, 553-554 
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measurement of, 554 
normal values, 553t 
leukocytes, 555-556 
reticulocytes, 557 
thrombocytes, 557 
Hematopoiesis, 1092 
Hematopoietic growth factors, 
1271-1272 
Hematopoietics, 1269 
Hematuria, 577-578 
Hemin, 1272 
Hemodialysis, 293-294 
Hemoglobin 
concentration, 554 
definition of, 553 
disorders of, 553-554 
measurement of, 554 
normal values, 553t 
Hemoglobinuria, 578 
Hemolytic reactions, 563 
Hemophilia, 560 
Hemophilia A, 1094 
Hemophilia B, 1094 
Hemorheology, 345-346 
Hemosiderosis, 558 
Hemostasis 
description of, 558 
disorders of, 1094 
Hemostatics, 1261 
Henderson—Hasselbalch equation, 
241, 391 
Henry’s law, 215 
Heparin, 1252, 1255 
Heparin sodium 
bioassays, 546 
characteristics of, 499, 519t, 
1255-1256 
clinical uses of, 546 
Hepatitis 
A, 1088t 
autoimmune chronic, 1090 
B, 1088t, 1088-1089, 1573t 
C, 1088t, 1089-1090 
D, 1088t, 1089 
drug-induced, 1090 
drugs for, 1240-1241 
E, 1088t, 1089 
prevention of, 1089 
vaccines, 1571t 
n-heptyl, 402t 
Herbalism, 1769-1770 
Herbals (see also specific herbal) 
description of, 439 
popularity of, 439 
regulation of, 439 
types of, 438t 
uses of, 438t, 439 
Herbicides, 1828, 1843-1845 
Herd immunity, 1572 
Hernias, 1882-1883 
Heroin, 428, 1176 
Herpes simplex, 1055 
Herplex (see Idoxuridine) 
Hespan (see Hetastarch) 
Hetacillin potassium, 519t 
Hetastarch, 1248 
Heteroatoms, 164 
Heterocycles, 389-390, 404t—408t 
Heterophile antibodies, 584 
Heterozygous, 1170t 
Hexabrix (see Ioxaglate meglumine 
and ioxaglate sodium) 
Hexachlorophene, 520t, 1509, 1516t 
Hexadecyl, 402t 
Hexalen (see Altretamine) 
Hexamethylene, 402t 
Hexamine (see Methenamine) 
n-hexyl, 402t 
Hexylresorcinol, 520t 
Hibiclens (see Chlorhexidine 
gluconate) 
Hibistat (see Chlorhexidine 
gluconate) 
High-performance liquid 
chromatography 
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chiral substances, 605-606 
derivatization, 605 
description of, 486, 598 
experimental factors, 603-604 
hydrophobic interaction, 605 
instrumentation, 603-604 
ion-exchange, 605 
microbore chromatography, 606 
recent developments in, 605-606 
schematic representation of, 603 
supercritical fluid, 605 
Hinder, 1840 
Hismanal (see Astemizole) 
Histamine (see also Antihistamines) 
description of, 1464 
functional groups, 172 
inhibitors of, 1467-1470 
Histamine phosphate, 1464-1465 
Histamine receptor antagonists, 
1223-1225 
Histatrol (see Histamine phosphate) 
Histidine, 421t—422t, 520t 
Histones, 422 
Hives (see Urticaria) 
Hivid (see Zalcitabine) 
Hixson and Crowell cubic root law, 
655 
Holistic medicine, 1779 
Homatropine hydrochloride, 430, 
520t, 1330 
Homatropine methylbromide, 520t 
Home care 
adverse drug reactions, 2016 
agencies, 2013 
definitions, 2012-2013 
description of, 2012 
documentation, 2016, 2018 
equipment, 2017, 2019 
parenteral pharmacy 
compounding, 2017 
description of, 2014 
patients, 2013t 
pharmaceuticals 
administration of, 2030-2031 
aseptic processing 
advanced, 777-778 
characteristics of, 2020-2021 
compounding devices, 2023— 
2024 
definition of, 753 
description of, 2020 
environmental control, 2022 
environmental monitoring, 
2022-2023 
facilities, 2021-2023 
final product release testing, 
2027 
personnel 
description of, 2024 
protective clothing, 2024— 
2025 
training of, 2025-2026 
validation programs, 2026 
principles of, 774 
quality-control requirements, 
2026-2027 
expiration dating of, 2027 
final product release testing, 
2027 
labeling of, 2027-2028 
packaging of, 2028-2030 
shipping of, 2028-2030 
sterility testing of, 2027 
storage of, 2028, 2030 
pharmacist’s role in, 2014-2017 
terminology associated with, 
2012-2013 
Homeopathy, 1770-1773, 1779 
Homeostasis, 247, 1779 
Homer, 8 
Homodynamic, 1124 
Homogenizers, 742-743 
Homologs, 458-459 
Homosalate, 1215 
Homovanillic acid, 570 


Homozygous, 1170t 
Honey, 732, 1049 
Hooke’s law, 335 
Hookworms, 1562 
Hormones 
administration of, 1358 
ovarian, 1381-1382 
pituitary 
hypothalamic regulation of, 
1359-1362 
types of, 1358-1359 
thyroid, 1378-1380 
Hospice care, 1999 
Hospital beds, 1864-1865 
Hospital pharmacy 
ambulatory-care services, 1931 
description of, 1919 
drug-distribution systems, 1926-— 
1928 
facilities, 1922 
formulary system, 1924-1925 
intravenous admixtures, 1929- 
1930 
investigational drugs, 1929 
organization of, 1920-1922, 1921 
patient self-administration of 
drugs, 1928-1929 
pharmacist’s responsibilities, 
1920-1921 
pharmacy and therapeutics 
committee, 1923-1924, 
1924 
professional society, 1919-1920 
purchasing, 1925-1926 
Hospitals 
administration of, 1917 
AHA requirements, 1913-1914 
city, 1915 
classification of, 1915-1916 
community, 1915-1916 
county, 1915 
definition of, 1913 
expansion of, 1914-1915 
federal, 1915 
financing of, 1918-1919 
functions of, 1916 
history of, 1914-1915 
organization, 1917 
staff, 1917-1918 
standards of practice, 1916-1917 
state, 1915 
Hot-water bottles, 1872-1873 
Household equivalents, 110 
Human immunodeficiency virus 
blood-bank screenings, 560 
description of, 1059 
epidemiology of, 1059 
etiology of, 1059 
pathogenesis of, 1059-1060 
public health programs for 
controlling, 51 
self-care diagnostic tests for, 1745 
signs and symptoms of, 1060 
universal precautions, 51 
Human leukocyte antigens, 1162— 
1163 
Humatin (see Paromomycin sulfate) 
Humoral immunity, 1156-1158 
Humorsol (see Demecarium 
bromide) 
Hund’s rule of maximum 
multiplicity, 161 
Hyaluronidase, 520t, 1794 
Hybenzate, 451t 
Hycamptin (see Topotecan 
hydrochloride) 
Hyclate, 451t 
Hydralazine hydrochloride, 1277— 
1278 
Hydrate formation, 717 
Hydrates, 175 
Hydrazino, 402t 
Hydrazo, 402t 
Hydrex (see Benzthiazide) 
Hydriodic acid, 1049 


Hydroalcoholic diluting agents, 
1028-1029 
Hydrocarbons, 970 
Hydrochloric acid, 520t, 1044 
Hydrochlorofluorocarbons, 966t, 
970-971 
Hydrochlorothiazide, 520t, 1349 
Hydrocodone bitartrate, 428, 520t, 
1448 
Hydrocolloid dressings, 1847 
Hydrocortisone, 520t, 840t, 1364t, 
1369 
Hydrocortisone acetate, 520t 
Hydrocortisone butyrate, 520t 
Hydrocupreine, 429 
HydroDiuril (see 
Hydrochlorothiazide) 
Hydroflumethiazide, 1349 
Hydrofluorocarbons, 970-971, 971t 
Hydrogels, 854, 1847 
Hydrogen bonds, 170, 188 
Hydrogen peroxide, 1509 
description of, 374 
sterilization using, 767-769 
Hydrolysis, 271-272, 1121 
Hydromorphone, 428 
Hydromorphone hydrochloride, 
1448 
Hydromox (see Quinethazone) 
Hydrophile-lipophile balance 
description of, 287 
emulsifying agents, 328-329 
Hydrophilic, 289 
Hydrophilic dispersions 
description of, 306 
particulate, 306-307 
soluble polymers used as, 307— 
309 
Hydrophobic association, 218 
Hydrophobic chromatography, 196 
Hydrophobic effect, 189, 218 
Hydrophobic interaction 
chromatography, 605 
Hydrophobic interactions, 170, 190 
Hydroquinone, 429, 1215-1216 
Hydroxethyl cellulose, 1032 
Hydroxocobalamin, 1815 
Hydroxy, 402t 
Hydroxyamino, 402t 
Hydroxyamphetamine 
hydrochloride, 1312 
Hydroxyimino, 402t 
Hydroxymethyl, 402t 
3-Hydroxy-3-methylglutaryl 
coenzyme A reductase 
inhibitors, 1293-1295 
Hydroxyprogesterone, 1387t 
Hydroxyproline, 421t—422t 
Hydroxypropy] cellulose, 1032, 
1203-1204 
Hydroxypropyl methylcellulose, 
1032 
Hydroxyurea, 1493-1494 
Hydroxyzine hydrochloride, 1419 
Hydroxyzine pamoate, 1419 
Hygroscopicity, 711-712 
Hygroton (see Chlorthalidone) 
Hylidone (see Chlorthalidone) 
Hylorel (see Guanadrel sulfate) 
Hyoscyamine sulfate, 430, 1330—- 
1331 
Hypague-M (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
Hyperaldosteronism, 1080-1081 
Hyperalimentation 
description of, 252 
osmoticity and, 251-252 
Hypercholesterolemia, 1083 
Hyperchromic effect, 619 
Hyperglycemia, 564 
Hyperglycemic hyperosmolar 
nonketotic coma, 1082 
Hyperlipidemia, 1083 
Hyperparathyroidism, 1082 


Hyperresponsive, 1103 
Hypersensitivity 
definition of, 1103 
delayed-type, 1159-1160 
Hypersensitivity angiitis, 1073 
Hyperstat IV (see Diazoxide) 
Hypertension, 1069-1070, 1944 
Hyperthyroidism, 1080 
Hypertonic, 221, 246, 250 
Hypertriglyceridemia, 1083 
Hyperuricemia, 1071 
Hypnosis, 1779 
Hypochromic effect, 619 
Hypodermic needles, 1608, 1871 
Hypodermic syringes, 1608, 1870-— 
1871 
Hypoyglobulinemia, 1163 
Hypoglycemic drugs 
description of, 1373 
mechanism of action, 1373 
nonsulfonylurea, 1373 
Hypoparathyroidism, 1082 
Hypophosphites, 397t 
Hypophosphorus acid, 1044 
Hyporesponsive, 1103 
Hypothalamus, 1079 
Hypothyroidism, 1080 
Hypotonic, 221, 246, 250 
Hypoventilation, 1060 
Hypoxanthine, 432 
Hypoxanthine-guanine phosphoryl 
transferase, 1173 
Hypoxemia, 1060-1061 
Hypsochromic shift, 619 
Hytrin (see Terazosin 
hydrochloride) 
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Ibuprofen, 1445t, 1457-1458 
Ibutilide fumarate, 1289 
Ichthammol, 1209 
Ichthymall (see Ichthammol) 
Ichthyol (see Ichthammol) 
Idarubicin hydrochloride, 1494, 
1505t 
Idiopathic thrombocytopenic 
purpura, 1094 
Idoxuridine, 1505t, 1529t, 1558 
Ifex (see Ifosfamide) 
Ifosfamide, 1494, 1505t 
Illness experience, 1959-1960 
Imidazole, 425t 
Imide, 394, 402t 
Imino, 402t 
Imipenem, 1152t, 1531 
Imipramine hydrochloride, 1440, 
1442t 
Imipramine pamoate, 1440 
Imitrex (see Sumatriptan succinate) 
Immediate-care facilities, 1936— 
1937 
Immiscible liquids, separation of, 
678 
Immune globulins 
characteristics of, 1577-1578 
description of, 566, 1156, 1493 
human, 1577t 
in humoral immunity, 1156-1157 
intramuscular, 1578-1579 
intravenous, 1579 
tests for, 583-584 
types of, 1156-1157, 1250 
Immune response 
description of, 1156 
schematic representation of, 1157 
Immune system 
deficiencies, 1163-1164 
enhancement, 1160-1161 
response of (see Immune 
response; Immunity) 
self-recognition, 1160 


tolerance, 1160 
tumor immunology, 1161-1162 
Immunity 
cell-mediated, 1158-1160 
definition of, 1568 
humoral, 1156-1158 
passive, 1568 
Immunizations (see also Vaccines) 
pharmacist’s role in promoting, 
54 
records regarding, 1576 
Immunizing agents 
active (see Vaccines) 
description of, 1567 
passive 
description of, 1577 
immune globulins (see Immune 
globulins) 
types of, 1577-1578 
vaccines (see Vaccines) 
Immunodominant peptides, 1157 
Immunoelectrophoresis, 612 
Immunogenetics, 1162-1163 
Immunogens, 1156 
Immunosuppression, 1159 
Immunotherapy, 1582-1583 
Imodium (see Loperamide 
hydrochloride) 
Impetigo, 1079 
Implantable ports, 814-815 
Implantation test, 550 
Impulse theory, 344 
Imuran (see Azathioprine) 
111In, 477t 
Inapsine (see Droperidol) 
Inclusion complex, 190 
Incompatibilities, 1697 
Incontinence 
in elderly, 1945 
supplies, 1881-1882 
Indapamide, 1349 
Inderal (see Propranolol 
hydrochloride) 
Indian Balsam (see Peruvian 
Balsam) 
Indian Health Services, 43-44 
Indications, 941 
Indigotindisulfonate sodium, 1190 
Indinavir sulfate, 1529t, 1560 
Indirect agonists, 1311 
Indirect antihuman globulin, 562 
Indium, 368 
Indocin (see Indomethacin) 
Indocyanine green, 1191 
Indole, 425t 
Indolyl, 402t 
Indomethacin, 1445t, 1458 
Induction force, 187 
Inductive effects, 391 
Industrial pharmacy, 4 
Infectious diseases (see specific 
disease) 
Infective endocarditis, 1058-1059 
Inflammatory bowel disease, 1239-— 
1240 
Infliximab, 1240 
Information resources 
adverse drug reactions, 65—66 
analytical methods, 485-486 
BIOSIS Previews, 61 
chemical abstracts, 61 
cosmetics and toiletries, 66 
databases 
evidence-based, 62 
pharmaceutical, 61-62 
drug compendia 
domestic (U.S.) 
catalogs, 64—65 
consumer drug information, 
65 
nonprescription products, 64 
parenterals, 64 
physical identification, 65 
prescription products, 64 
foreign, 65 


drug interactions, 65-66 
EMBASE, 61 
formularies, 63 
herbal drugs, 65 
international pharmaceutical 
abstracts, 61 
Internet (see Internet resources) 
MEDLINE, 61 
natural products, 65 
nomenclature, 63-64 
pharmacopoeias, 63 
poisoning, 66 
scientific journals, 60-61 
textbooks, 62 
toxicology, 66 
trade literature, 62 
Informed consent, 23 
Informed skepticism, 1779 
Infrared microscope, 625 
Infrared spectrometry 
circle-cell analysis, 625 
description of, 487, 622 
diffuse reflectance, 625 
instrumentation, 624 
molecules, 623-624 
quantitative, 624 
sample preparation, 624 
theoretical basis of, 622-623 
Inhalants 
characteristics of, 1177-1178 
definition of, 735 
preparation of, 735 
Inhalations 
anesthetics, 1395 
definition of, 735 
preparation of, 735 
Inhalers 
solution-type, 178 
surface-type, 178 
Injection molding, of plastics, 1008 
Injections 
advantages of, 781 
classification of, 781 
diluting agents for, 1029 
Innovar (see Fentanyl citrate) 
Inocor (see Amrinone) 
Inorganic chemicals 
acids (see Acids) 
artificial atmospheres, 382-383 
bases (see Bases) 
bonds, 360 
buffers (see Buffers) 
carbon dioxide absorbers, 383 
expectorants, 383 
nomenclature 
classical, 360 
Ewens-Basset system, 361 
modern, 360, 362t 
Stock system, 360-361 
periodic table (see Periodic table) 
reactions, 359-360 
respiratory stimulants, 383 
structural repairs using, 384 
water 
characteristics of, 379 
description of, 379 
heavy, 381 
natural, 379 
potable, 379 
purified, 380 
Inositol, 1808 
Inositol triphosphate, 1305 
Insect control chemicals 
attractants, 1830 
fumigants, 1839 
insecticides (see Insecticides) 
natural methods, 1831-1832 
repellents, 1830, 1840 
Insecticides 
application of, 1832-1833 
carbamate, 1839 
chlorinated hydrocarbon, 1837— 
1838 
classification of, 1830 
description of, 1830 


formulations, 1832-1833 
for household pests, 1833-1836 
mechanism of action, 1832 
organic phosphorus, 1838-1839 
supplier qualifications, 
1830-1831 
types of, 1836-1837 
Insects 
allergy, 1586-1587 
anatomy of, 1831 
life history of, 1831 
Insoluble monomolecular films, 282 
Instantaneous input 
with instanteous distribution, 
1129-1132 
with noninstanteous distribution, 
1132-1134 
Institutional care 
description of, 1911 
hospital pharmacy, 1911-1913 
Institutional pharmacy, 1603-1604 
Institutional review board, 26 
Insufflations, 698 
Insulin 
bioassays of, 543 
commercial sources of, 1370 
description of, 543, 1370 
insoluble, 1371 
mechanism of action, 1370-1371 
physiologic effects of, 1370 
preparations, 1371-1373 
preparations of, 543 
structure of, 543 
Insurance plans, 1622-1623, 1934 
Integrated health-care delivery 
systems 
acute care 
description of, 1996-1997 
documentation, 1998-1999 
multidisciplinary teams, 1997 
patient-focused, 1997-1998 
protocol-driven, 1998 
applications, 2003-2004 
benefits management, 2004-2006 
business arrangement of, 1990— 
1991 
business results, 2007-2010 
description of, 1990 
formularies, 2005-2006 
health professional education, 
2006-2007 
history of, 1990 
home care, 1999 
hospice care, 1999 
outcomes management model, 
2003 
patient education, 1999-2000 
pharmacist’s role in, 2004 
pharmacoeconomics 
analyses, 2002-2003 
description of, 2002 
in formulary development, 
2003 
pharmacy services, 1991 
primary care 
care maps, 1992-1993, 1994t 
case management, 1994-1995 
clinical pathways, 1992-1993 
data reporting and 
measurement, 
1995-1996 
definition of, 1991 
disease management, 1993— 
1994 
documentation, 1996 
pharmacist’s role, 1991-1992, 
1992t 
system support 
databases, 2001-2002 
information systems, 2000-— 
2002 
total quality management, 2007 
Intelligent polymers, 925 
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Interfacial phenomena 
adhesional forces, 277-278 
adsorption 

insoluble monomolecular films, 
282 
mixed films, 284 
solid surfaces, 280-281 
soluble films, 282-284 
from solutions 
principles of, 281-282 
to solid surfaces, 284-285 
capillarity, 279-280 
cohesional forces, 277-278 
description of, 275-277 
forces, 275-277 
pressure differences across 
curved surfaces, 280 
principles of, 275 
surface-active agents 
amphoteric, 285-286 
anionic, 285 
cationic, 285 
description of, 285 
nonionic, 286-287 
phospholipids, 286 
proteins, 286 
types of, 311-312 
wetting phenomena, 278-279 
Interfacial tension, emulsifying 
agent, 324-325 

Interferon a-2a, 1494, 1558 

Interferon a-2b, 1241, 1495, 1558 

Interferons, 1556 

Interleukin-2, 1505t 

Interleukin-11, 1505t 

Intermolecular binding forces 
attractive forces, 170 
description of, 169 
hydrogen bonds, 170, 188 
hydrophobic interactions, 170 
ion-dipole force, 170 
ion-induced dipole force, 170 
noncovalent, 187-188 
overview of, 171t 
repulsive forces, 170 
van der Waal’s forces, 170 

International Nonproprietary 

Names 
description of, 446 
protection of, 446—447 
International pharmaceutical 
abstracts, 61 
Internet resources 
consumer health information, 
68-69 
description of, 66, 79 
discussion groups, 66—67 
electronic publications, 68 
e-mail, 66-67 
newsgroups, 67 
search directories, 67 
search engines, 67 
Usenets, 67 
websites 
educational organizations, 68 
governmental, 68 
library, 68 
pharmacy-related, 67-68 
professional development, 68 
World Wide Web, 67 

Intracranial hemorrhage, 1074 

Intracutaneous test, 549 

Intravascular access, 814-815 

Intravenous fluids 
administration methods 

description of, 809-810 

direct injection, 810 

implantable ports, 814-815 

mechanical-electronic infusion 
devices, 812 

patient-controlled analgesia, 
812-813 

piggyback method, 807, 811— 
812 
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volume-control method, 810—- 
811 
administration sets, 809, 809 
admixtures 
administration of, 816-817 
bulk package, 817 
definition of, 815 
description of, 815 
environmental considerations, 
815-816 
incompatibilities, 817 
laminar-flow hoods, 815-816 
packaging systems, 817 
quality control, 817-818 
amino acids, 808t, 809 
clinical indications, 808 
delivery systems for, 813-814, 
814 
description of, 807 
dextrose, 808t, 808-809 
drugs added to, 808 
electrolyte depletion and loss, 808 
filter devices, 813 
glass containers, 810 
intravascular access methods, 
814-815 
packaging systems, 809, 809t, 
810 
particulate matter in, 807-808 
preparation for administration, 
810 
types of, 807-809, 808t 
Intrinsic activity, 1104 
Intropin (see Dopamine 
hydrochloride) 
Inversine (see Mecamylamine 
hydrochloride) 
Investigational new drug, 87, 930-— 
931 
Invirase (see Saquinavir mesylate) 
Iocetamic acid, 1187 
Iodine, 376t, 377, 1509, 1727t, 
1797t, 1822 
Iodipamide, 1195-1196 
Iodipamide meglumine, 1187-1188, 
1196 
Iodized oil, 1196 
Iodo, 402t 
Iodoquinol, 1549 
Iohexol, 1196 
Ion-dipole force, 170 
Ion-exchange chromatography, 587, 
600-601 
Ion-exchange resins, 913 
Ion exchangers, 600 
Ionic strength 
dissociation constants and, 235 
electrolyte solutions, 230 
reaction rate and, 271 
Ion-induced dipole force, 170 
Ionization 
of acids, 232-234 
of bases, 232-234 
in drug design, 463-464 
of water, 234 
Ion-scattering spectrometry, 618 
Iontophoresis, 923-924 
Iopamidol, 1196 
Iopanoic acid, 1188 
Iophendylate, 1196-1197 
Iopidine (see Apraclonidine 
hydrochloride) 
Iothalamate meglumine, 1197 
Iothalamate meglumine and 
iothalamate sodium, 
1197 
Iothalamate sodium injection, 1197 
lothalamic acid, 1197 
loversol, 1197 
loxaglate meglumine and ioxaglate 
sodium, 1198 
Ipodate calcium, 1188 
Ipodate sodium, 1188 
Ipratropium bromide, 1301, 1331 
Iridology, 1773, 1779 


Irinotecan hydrochloride trihydrate, 
1495 
Iron compounds 
antidote, 1721t 
characteristics of, 377t, 378-379, 
1269-1270, 1822-1823 
recommended daily intake of, 
1727t 
reference daily intakes, 1797t 
Iron deficiency anemia, 554 
Iron dextran injection, 1270 
Irrigation solutions, 729 
Irritable bowel syndrome, 1087 
Irritants, 1208-1210 
Irving-Williams order, 194 
Isethionate, 451t 
Ismelin sulfate (see Guanethidine 
monosulfate) 
Isoamyl, 402t 
Isobutyl, 402t 
Isocyanato, 403t 
Isocyano, 403t 
Isoelectric focusing, 612 
Isoelectric point, 240, 298 
Isoenzyme, 1170t 
Isoetharine hydrochloride, 1309 
Isoetharine mesylate, 1309 
Isoflurane, 1396 
Isoflurophate, 1319 
Isoleucine, 421t-—422t 
Isomers 
geometrical, 462 
positional, 462 
Isoniazid, 1152t, 1544, 1721t 
Isonitrile, 403t 
Iso-osmotic, 222, 246 
Isopentyl, 403t 
Isopropoxy, 403t 
Isopropyl alcohol, 218, 403t, 1509 
Isopropyl myristate, 1044 
Isoproterenol hydrochloride, 1309 
Isoptin (see Verapamil 
hydrochloride) 
Isopto-Eserine (see Physostigmine 
salicylate) 
Isoquinoline, 425t 
Isosorbide dinitrate, 1284, 1346 
Isosorbide mononitrate, 1284 
Isosterism, 461—462 
Isosulfan blue, 1191 
Isotachophoresis, 612 
Isothiocyano, 403t 
Isotonic, 222, 246, 250 
Isotopes, 359, 471 
Isotretinoin, 1216 
Isovue (see Ilopamidol) 
Isoxsuprine hydrochloride, 1309 
Isradipine, 1292 
Itch mites, 1835 
Itraconazole, 1529t, 1553 


J 


Jahn-Teller effect, 186 
Janimine (see Imipramine 
hydrochloride) 
Jefron (see Polyferose) 
Jellies, 733 
Joint Commission on Accreditation 
of Hospitals, 1916 
Journals 
description of, 60-61 
evaluative criteria for, 74-75 
Juices, 729 
Juniper tar, 1209 


K 


Kabikinase (see Streptokinase) 

Kanamycin, 1152t 

Kaolin, 306, 1238 

Kaon (see Potassium gluconate) 

Kappadione (see Menadiol sodium 
diphosphate) 

Karl Fischer titrimetric method, of 
analysis, 486 


Katharometer, 596 
Kawasaki disease, 1579 
Kayexalate (see Sodium polystyrene 
sulfonate) 
Keflex (see Cephalexin) 
Keflin (see Cephalothin sodium) 
Kefurox (see Cefuroxime sodium) 
Kefzol (see Cefazolin sodium) 
Keltrol, 1033-1034 
Kemadrin (see Procyclidine 
hydrochloride) 
Kenacort (see Triamcinolone) 
Keofixene hydrochloride (see 
Raloxifene hydrochloride) 
Keratolytics, 1212-1213 
Kerlone (see Bxolol hydrochloride) 
Ketals, 398t 
Ketamine hydrochloride, 1398 
Ketenes, 398t 
Keto, 403t 
Ketoacidosis, 1082 
Keto acids, 398t 
Ketoconazole, 1529t, 1552-1553, 
1751 
17-Ketogenic steroids, 570 
Ketone bodies, 577 
Ketones, 398t 
Ketoprofen, 1445t, 1459 
Ketorolac, 1445t 
Ketoses, 409, 411 
Kidneys 
anatomy of, 1122 
diseases of (see Renal diseases) 
drug excretion via, 1122-1123, 
1139-1141, 1150 
failure of (see Renal failure) 
functions of 
age-related changes, 1944 
description of, 250, 572, 574 
drug interactions and, 1749 
tests for assessing, 1190-1191 
urine osmoticity, 250 
Kieselguhr, 674 
Killer T cells, 946 
Klaproth, Martin, 10 
Kligman maximization test, 850 
Klonopin (see Clonazepam) 
Kozeny-Carman relationship, 672— 
673 
Krenite, 1842 
Kytril (see Granisetron 
hydrochloride) 


L 


Labels and labeling 
Comprehensive Drug Abuse 
Prevention and Control 
Act of 1970 provisions, 
1613 
dietary supplements, 1733-1734 
elements of, 1694-1695 
food, 1732-1733 
Food, Drug, and Cosmetic Act 
definitions, 1609 
guidelines for, 1694-1695 
ointments, 851 
parenteral medications 
containers, 805 
Lalol hydrochloride, 1325 
Lacrimal system, 822—823 
Lacrisert (see Hydroxypropyl 
cellulose) 
Lactams, 398t 
Lactase, 1229 
Lactate, 403t 
Lactated Ringer’s solution, 808t, 
1248 
Lactic acid, 564, 1044 
Lactides, 398t 
Lactims, 398t 
Lactones, 398t 
Lactose, 1044-1045 
Lactulose, 1241-1242 
Lamasil (see Terbinafine 
hydrochloride) 


Laminar flow, 337 
Lamivudine, 1529t, 1558 
Lamotrigine, 1425 
Lamprene (see Clofazimine) 
Lanolin, 846, 1035 
Lanoxin (see Digoxin) 
Lansoprazole, 1224t, 1225-1226 
Lanthanum, 369, 369t 
Lariam (see Mefloquine 
hydrochloride) 
Larodopa (see Levodopa) 
Lasix (see Furosemide) 
Latanoprost, 437t 
Laurel Camphor (see Camphor) 
Lavender oil, 1022 
Law 
commercial, 1620-1624 
contract, 1621-1622 
regulatory (see Legislative 
regulations) 
tort, 1618-1620 
Law of mass action, 263 
Laxatives 
bulk-forming, 1232-1233 
combinations, 1234 
definition of, 1229 
description of, 383 
indications, 1229-1230 
lubricant, 1233 
saline, 1232 
stimulant, 1230-1232 
Lead, 369t, 371-372, 1721t 
Lecithin, 328 
Lecithins, 419 
Lectin-glycosylated insulin- 
controlled device, 926— 
927 
Legal rights, 22 
Legionella pneumonia, 582, 1056— 
1057 
Legislative regulations 
Comprehensive Drug Abuse 
Prevention and Control 
Act of 1970 
DEA inspections, 1616 
definitions, 1611 
distribution, 1613-1614 
distribution on discontinuance 
or transfer, 1615 
drug theft, 1615 
history of, 1611 
inventory, 1614 
labeling, 1613 
mailing, 1615 
order forms, 1614-1615 
power of attorney, 1615 
prescriptions, 1614-1617 
purpose of, 1611 
records and reports, 1614 
registration, 1613 
retail distribution restrictions, 
1612-1613 
schedules, 1612 
symbols, 1613 
termination, 1613 
description of, 1595 
Food, Drug, and Cosmetic Act 
amendments, 1608-1609 
definitions, 1609 
history of, 1608-1609 
new drug provisions, 1609 
nonprescription medications, 
1610-1611 
Model State Pharmacy Practice 
Act (see Model State 
Pharmacy Practice Act) 
Poison Prevention Packaging Act, 
1618, 1722 
provisions of, 1595 
Lemon oil, 1022 
Lemon peel, 1026 
Lemon tincture, 1026 
Lepirudin, 1260 
Letrozole, 1495 


Leucine aminopeptidase, 
421t—422t, 568 

Leucovorin calcium, 1505t, 1815 

Leukeran (see Chlorambucil) 

Leukine (see Sargramostim) 

Leukocytes, 555-556 

Leukocytosis, 555 

Leukotriene pathway inhibitors, 
1297, 1300-1301 

Leuprolide acetate, 1394t, 1495 

Leustatin (see Cladribine) 

Leutral (see Cephalothin sodium) 

Levamisole hydrochloride, 1495- 
1496 

Levaquin (see Levofloxacin) 

Levarterenol (see Norepinephrine 
bitartrate) 

Levatol (see Penbutolol sulfate) 

Level of significance, 136 

Levigation, 696, 848 

Levo-a-acetylmethadol, 1176 

Levobunolol hydrochloride, 1325 

Levodopa, 1341-1342, 1756 

Levo-Dromoran (see Levorphanol 
tartrate) 

Levofloxacin, 1528t, 1540 

Levonorgestrel, 1387 

Levophed (see Norepinephrine 
bitartrate) 

Levorphanol tartrate, 1448-1449 

Levothyroxine sodium, 1379, 1379t 

Lewis bases, 390 

Librium (see Chlordiazepoxide 
hydrochloride) 

Lice, 1835 

Licensure 

Model State Pharmacy Practice 
Act provisions, 1600-— 
1601 
requirements for, 3 

Lidocaine, 1405-1406 

Lidocaine hydrochloride, 1152t, 
1154t, 1289, 1402-1403 


Ligand-activated ion channels, 1107 


Ligand field theory, 186 
Ligands 
abbreviations of, 184t 
definition of, 183 
multidentate, 183, 184 
nomenclature for, 361t 
unidentate, 183 
Light-scattering spectrometry, 635 
Light therapy, 1870 
Lime, 1049-1050 
Lime-sulfur, 1836 
Limonene, 434 
Linalool, 434 
Lincomycin, 1152t 
Lindane, 1565, 1838 
Liniments, 735-736 
Lioresal (see Baclofen) 
Liothyronine sodium, 1379 
Lipases, 567 
Lipids 
blood testing for, 568-569 
classification of, 415 
definition of, 415 
drugs that affect, 1293-1295 
fixed oils and fats 
characteristics of, 416 
constituents, 416-417 
description of, 415-416, 501 
drying oils, 417 
hydrolysis of, 416 
nondrying oils, 417 
preparation of, 416 
properties of, 416 
' uses of, 417 
volatile oils and, differences 
between, 416 
glycolipids, 415 
phospholipids, 415, 419 
solubility, 1112 


sterols 
classification of, 417, 417 
description of, 415, 417 
properties of, 417-418 
structure of, 417, 417 
waxes, 415, 417 

Lipophilic, 289 

Lipoproteins, 423, 569 

Liposomes 
characteristics of, 919-920 
classification of, 314 
components of, 314 
description of, 314 
multilamellar, 314 
unilamellar, 314 

Lipoxide (see Chlordiazepoxide 

hydrochloride) 

Liquid chromatography 
adsorbents used, 599t 
adsorption mode, 598-599 
affinity, 602 
discovery of, 598 
high-performance 

chiral substances, 605-606 
derivatization, 605 
description of, 486, 598 
experimental factors, 603-604 
hydrophobic interaction, 605 
instrumentation, 603-604 
ion-exchange, 605 
microbore chromatography, 606 
recent developments in, 605— 
606 
schematic representation of, 
603 
supercritical fluid, 605 
ion-exchange, 587, 600-601 
methods for, 598 
open-column, 598 
partition mode, 599-600 
size-exclusion, 587, 601-602 

Liquid crystals 
description of, 179-180 
phases of, 180 

Liquid measures, 95 

Liquids, 179 
coloring agents, 1018 
emulsions and, comparisons 

between, 737 
filling into containers, 798 
surface tension of, 276t 
thixotropy, 341-343 
viscoelasticity of, 344-345 
viscometers for rheological 
measurements of, 348— 
351 
viscosity of, 338 

Lisadimate, 1216 

Lisinopril, 1281 

Lispro, 1371-1373 

Literature 
clinical (see Clinical literature) 
public health, 49-50 

Lithium carbonate, 364, 1432-1433, 

1758 
Liver 
diseases of 
cirrhosis, 1090 
drug therapy, 1152-1153 
hepatitis (see Hepatitis) 
portosystemic encephalopathy, 
1091 
Wilson’s disease, 1090 
drug clearance, 1139-1140 
functions of 
description of, 1087 
drug interactions and, 1749— 
1750 
tests for assessing, 1191 

Living skin equivalent, 839 

Local anesthetics 
adverse reactions, 1401 
allergic reactions, 1401 
description of, 1400 
dosing of, 1401 


duration of action, 1400-1401 
injection, 1401-1404 
mechanism of action, 1400 
precautions associated with, 1401 
topical, 1404-1406 
Lodine (see Etodolac) 
Logarithmic transformation, 156— 
GSI 
Logarithms 
antilog, 105-106 
calculations, 106 
description of, 104-105 
history of, 104 
laws and rules regarding, 105— 
106 
problems, 106 
Lomefloxacin hydrochloride, 1528t, 
1540 
Lomotil (see Diphenoxylate 
hydrochloride) 
Lomustine, 1496 
Long-term care 
description of, 1932 
facilities 
definition of, 1934-1935 
description of, 1935 
extended care, 1935 
immediate care, 1936-1937 
skilled nursing, 1935-1936 
historical background, 1932-1933 
nursing care, 1937 


pharmaceutical services and care, 


1938 
pharmacist’s role, 1938-1943 
range of, 1937-1938 
scope of, 1937-1938 
Loniten (see Minoxidil) 
Loop of Henle, 1122 
Loperamide hydrochloride, 1234— 
1235 
Lopid (see Gemfibrozil) 
Lopressor (see Metoprolol tartrate) 
Lorabid (see Loracarbef) 
Loracarbef, 1530 
Loratidine, 1469 
Lorazepam, 1408t, 1411-1412 
Losartan potassium, 1282 
Lotensin (see Benazepril 
hydrochloride) 
Lotio alba (see White lotion) 
Lotions, 677, 747-748 
Lotio sulfurata (see White lotion) 
Lotrimin (see Clotrimazole) 
Lovastatin, 1294 
Lovenox (see Heparin) 
Loxapine, 1436t 
Loxapine succinate, 1433 
Lozol (see Indapamide) 
Ludiomil (see Maprotiline 
hydrochloride) 
Lufyllin (see Dyphylline) 
Luminal (see Phenobarbital) 
Lupron (see Leuprolide acetate) 
Luteinizing hormone, 1359, 1388— 


1389 
Luvox (see Fluvoxamine maleate) 
Lyases, 568 


Lymphocyte immune anti- 
thymocyte globulin, 1496 
Lymphocytes, 556 
Lyophilic dispersions 
characteristics of, 289-290 
description of, 289-290 
lyophobic dispersions and, 
differences between, 298 
Lyophobic dispersions 
characteristics of, 290 
condensation of, 290-291 
electric properties of, 298-306 
hydrosols purification using 
dialysis and 
ultrafiltration, 293-294 
lyophilic dispersions and, 
differences between, 298 
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particles 
capillary electrophoresis, 305— 
306 
diffusion of, 297 
formation of, 291-293 
light scattering, 296-297 
photon correlation 
spectroscopy, 297 
shape of, 294-296 
size distribution, 294-296 
preparation of, 290-293 
purification of, 290-293 
sedimentation of, 297 
surfactant effects, 302-303 
types of, 290 
viscosity of, 297 
Lyphocin (see Vancomycin 
hydrochloride) 
Lypressin, 1363 
Lysergic acid diethylamide, 432, 
1180-1181 
Lysine, 421t—422t 
Lysodren (see Mitotane) 


M 


Macrobiotics, 1780 
Macrocyclic effect, 194 
Macrodantin (see Nitrofurantoin) 
Macrodex (see Dextran 70) 
Macrolides 
description of, 1534-1535 
properties of, 1528t 
types of, 1534-1535 
Macrophages, 583, 946 
Magmas, 748-749 
Magnesium 
blood testing for, 571, 573t 
characteristics of, 366, 366t 
recommended daily intake of, 
1726t 
reference daily intakes, 1797t 
Magnesium aluminum silicate, 848 
Magnesium chloride, 1045 
Magnesium hydroxide, 1221-1222 
Magnesium oxide, 1222 
Magnesium stearate, 1045 
Magnesium sulfate, 1232 
Magnesium trisilicate, 1222 
Magnetic resonance imaging, 383— 
384 
Magnevist (see Gadopenetate 
dimeglumine) 
Maize oil, 1029 
Major histocompatibility complex 
proteins, 1157 
Malachite green, 488 
Malathion, 1838-1839 
Malignant hypertension, 1274 
Malonyl, 403t 
Malt, 1034 
Malt extract, 1034 
Mancozeb, 1842 
Mandelate, 403t 
Mandol (see Cefamandole naftate) 
Mandrake (see Podophyllum) 
Maneb, 1842 
Manganese, 377t, 378, 1823 
Mannitol, 1346 
Manoplax (see Flosequinan) 
Manual healing, 1773-1774 
Maolate (see Chlorphenesin 
carbamate) 
Maprotiline hydrochloride, 1440, 
1442t 
Marazide (see Benzthiazide) 
Marcaine hydrochloride (see 
Bupivacaine 
hydrochloride) 
Marggraf, Andreas, 10 
Margules equation, 350 
Marijuana, 1178 
Marinol (see Dronabinol) 
Marketing, 1634 
Marketing cycle, 1638-1639 
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Marketing mix 
description of, 1636 
features vs. benefits assessments, 
1636-1637 
place, 1638 
positioning, 1638 
price, 1637 
product, 1636 
promotion, 1637, 1638t 
publicity, 1637-1638 
Marketing plan 
budgeting for, 1638 
elements of, 1634 
goal statements, 1635, 1635t 
SWOT analysis, 1634-1635 
target markets and stakeholders, 
1635-1636 
Massage, 1773-1774 
Mass spectral detector, 597 
Mass spectrometry 
advantages of, 636 
chemical ionization, 638 
discovery of, 636 
Fourier transform, 639 
history of, 636 
instrumentation, 636-637 
molecular structure, 638-639 
quadrupole mass analyzer, 638 
resolution enhancement, 637-638 
sample introduction, 636-637 
schematic representation of, 637 
soft ionization techniques, 639— 
640 
spectra, 638-639 
techniques, 639-640 
theoretical basis of, 636-637 
Mastectomy prostheses, 1885 
Maternal and child health 
programs 
description of, 53-54 
pharmacist’s role in, 54 
Mathematics 
addition, 103, 106-107 
conversions, 109-110 
division, 108-109 
exponents, 104 
fractions, 104 
logarithms 
antilog, 105-106 
calculations, 106 
description of, 104-105 
history of, 104 
laws and rules regarding, 105- 
106 
problems, 106 
multiplication, 108 
powers, 104 
roots, 104 
significant figures, 103-104 
subtraction, 103, 107-108 
Matricaria, 439t 
Matulane (see Procarbazine 
hydrochloride) 
Mavik (see Trandolapril) 
Maxair (see Pirbuterol 
hydrochloride) 
Maxaquin (see Lomefloxacin 
hydrochloride) 
Maxipime (see Cefepime 
hydrochloride) 
May Apple (see Podophyllum) 
MD-Gastroview (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
Mean, 126-127 
Mean corpuscular hemoglobin, 554 
Mean corpuscular hemoglobin 
concentration, 554 
Mean corpuscular volume, 554 
Measles, mumps, rubella vaccine, 
1570t, 1573t 


Measures 
definition of, 91 
English systems of, 91-92 
history of, 91-93 


liquid, 95 
metric system 
description of, 92-93 
liquid, 95 
Measures (tool) 
glass, 100-101 
metallic, 100 
Measuring 
definition of, 100 
of large quantities, 100-101 
of small quantities, 101 
Mebaral (see Mephobarbital) 
Mebendazole, 1563-1564 
Mecamylamine hydrochloride, 1279 
Mechlorethamine hydrochloride, 
1496-1497 
Meclizine hydrochloride, 1236 
Meclofenamate sodium, 1445t, 1459 
Medical nutrition therapy, 1735, 
1736t 
Medication orders, 1691 
Medicine dropper, 101 
Medipren (see Ibuprofen) 
MEDLINE, 61, 70, 79 
Medrol (see Methylprednisolone) 
Medroxyprogesterone acetate, 1387 
Mefenamic acid, 1445t, 1459 
Mefloquine hydrochloride, 1547 
Mefoxin (see Cefoxitin sodium) 
Megestrol acetate, 1387t 
Meglumine, 451t, 1045 
Melamine formaldehyde, 1011 
Mellaril-S (see Thioridazine) 
Melphalan, 1497 
Memory cells, 946 
Menadiol sodium diphosphate, 1804 
Meningitis, 1058 
Menotropins, 1361 
Menrium (see Chlordiazepoxide) 
Mental health programs 
description of, 56 
pharmacist’s role in, 56 
Menthol, 1209-1210 
Menthyl, 403t 
Mepergan (see Promethazine 
hydrochloride) 
Meperidine hydrochloride, 1452 
Mephentermine sulfate, 1307 
Mephenytoin, 1425 
Mephobarbital, 1415 
Mephyton (see Phytonadione) 
Mepivacaine hydrochloride, 1403 
Meprobamate, 1419-1420 
Meprolone (see Methylprednisolone) 
Mepron (see Atovaquone) 
Meractinomycin (see Dactinomycin) 
Mercaptides, 398t 
Mercapto, 403t 
Mercaptobenzothiazole, 1842 
Mercaptoles, 398t 
Mercaptopurine, 1497, 1756 
Mercuri, 403t 
Mercury, 367t, 1721t 
Meridia (see Sibutramine 
hydrochloride) 
Meropenem, 1531 
Merrem (see Meropenem) 
Mesalamine, 1239 
Mescaline, 1181 
Meshes, 1855 
Mesityl, 403t 
Mesna, 1497 
Mesoridazine, 1436t 
Mesoridazine besylate, 1433 
Mestinon (see Pyridostigmine 
bromide) 
Mestranol, 1384-1385 
Mesylate, 452t 
Meta-analysis, 79, 79t 
Metabolic acidosis, 1097 
Metabolic alkalosis, 1097 
Metabolism 
description of, 464 
in elderly, 1946 


first-pass, 1146, 1146t 
flow-limited, 1153 
Metabolizers 
description of, 1169 
extensive, 1169 
poor, 1169 
ultraextensive, 1169 
Metaborates, 397t 
Metahydrin (see 
Trichlormethiazide) 
Metal containers, 994 
Metal-ion coordination complexes 
bonding theories, 185-187 
definition of, 183 
description of, 183-184 
inert, 184 
isomerism, 184-185 
labile, 184 
stereochemistry, 184-185 
Metallic conductance, 227-228 
Metallocenes, 166-167 
Metalloproteins, 423 
Metamucil (see Psyllium laxatives) 
Metaphosphates, 397t 
Metaprel (see Metaproterenol 
sulfate) 
Metaproteins, 423 
Metaproterenol sulfate, 1299t, 
1309-1310 
Metaraminol bitartrate, 1307 
Metasilicates, 397t 
Metaxalone, 1338-1339 
Metered dose inhaler 
characteristics of, 963, 972 
evaluation of, 976-977 
particle-size distribution, 977— 
978 
Metformin hydrochloride, 1374t, 
1375 
Methacholine chloride, 1186, 1315- 
1316 
Methacycline, 1528t 
Methadone hydrochloride, 1452— 
1453 
Methanol, 1722t 
Methaqualone, 1177 
Methazolamide, 1347 
Methenamine, 880, 1545 
Methenyl, 403t 
Methergine (see Methylergonovine 
maleate) 
Methicillin sodium, 1152t, 1521 
Methimazole, 1380 
Methiocarb, 1840 
Methionine, 421t—422t 
Methocarbamol, 1339 
Method of residuals, 1138 
Methohexital sodium, 1397 
Methotrexate, 1240, 1498, 1754, 
1758 
Methoxamine hydrochloride, 1307 
Methoxsalen, 1216 
Methoxy, 403t 
Methoxycarbonyl, 403t 
Methoxychlor, 1838 
Methoxyphenyl, 403t 
Methscopolamine, 430 
Methsuximide, 1425-1426 
Methyclodine (see 
Methylclothiazide) 
Methyl, 403t 
Methyl alcohol, 1039-1040 
Methyl anthranilate, 1216 
Methyl bromide, 1839 
Methylceellulose, 327t, 1032, 1204 
Methylclothiazide, 1349 
Methyldopa, 1276 
Methyldopate hydrochloride, 1276— 
1277 
Methylene, 403t 
Methylene blue, 1272-1273 
Methylenedioxy, 403t 
Methylergonovine maleate, 1355 
Methylhydrazines, 1480 
Methylidene, 403t 


Methylidyne, 403t 
Methyl isobutyl ketone, 1040 
Methyl nonyl ketone, 1840 
Methylol, 403t 
Methyl parathion, 1839 
Methylphenidate hydrochloride, 
1475 
Methylprednisolone, 1364t, 1369 
Methyl salicylate, 1022-1023 
Methylsulfonyl, 403t 
Methyltestosterone, 1391t, 1392 
Methylthio, 403t 
Methysergide maleate, 433, 1356 
Metiguanide (see Metformin 
hydrochloride) 
Metipranolol hydrochloride, 1325 
Metoclopramide hydrochloride, 
1228 
Metocurine iodide, 1335 
Metolazone, 1349 
Metoprolol tartrate, 1325 
Metric system 
fractional prefixes, 93-94 
history of, 92-93 
orthography, 93 
prefixes, 938-94 
quantities, 93 
Metrizamide, 1198 
Metrology, 91 
Metronidazole, 1550 
Metubine iodide (see Metocurine 
iodide) 
Metyrosine, 1327 
Mevacor (see Lovastatin) 
Mexate (see Methotrexate) 
Mexiletine hydrochloride (Mexitil), 
1289 
Mezlocillin sodium, 1521-1522 
Miacalcin (see Calcitonin) 
Micatin (see Miconazole) 
Micellar electrokinetic 
chromatography, 306, 
612 
Micelles 
block copolymer, 925-926 
critical concentrations, 310, 311t 
definition of, 190 
shape of, 310 
solubilization, 312-313 
types of, 310 
Michaelis-Menten equation, 192 
Miconazole, 1529t, 1554 
Microbial assays, 547-548 
Microbiologist, 84—85 
Microcrystalline cellulose, 294 
Microemulsions, 313, 740-741 
Microencapsulation, 890-891 
Micronase (see Glyburide) 
Micronization, 656 
Midamor (see Amiloride 
hydrochloride) 
Midazolam hydrochloride, 1408t, 
1412 
Miliary tuberculosis, 1057 
Military opportunities 
Air Force, 40—41 
Army, 39-40 
Navy, 41-42 
Milks, 748-749 
Milk thistle, 439t 
Millazine (see Thioridazine) 
Milliequivalents, 120-121 
Milliosmol, 246 
Mills 
attrition, 684 
centrifugal-impact, 683 
chaser, 684 
cutter, 683-684 
description of, 682-683 
fluid-energy, 684-685 
hammer, 683 
pebble, 684 
roller, 683 
vibrating ball, 684 
Milontin (see Phensuximide) 


Milophene (see Clomiphene citrate) 
Milrinone lactate, 1288 
Mineralocorticoids 
biological activity of, 1364 
types of, 1364t 
Mineral oil, 1045, 1233 
Mini-pill, 1389 
Minipress (see Prazosin 
hydrochloride) 
Minocycline hydrochloride 
(Minocin), 1152t, 1528t, 
1538 
Minoxidil, 1278 
Mintezol (see Thiabendazole) 
Miochol (see Acetylcholine chloride) 
Miostat (see Carbachol) 
Miradon (see Anisindione) 
Mirtazapine, 1440-1441, 1442t 
Miscibility, 213 
Misoprostol, 437t, 1226-1227 
Mithracin (see Plicamycin) 
Mithramycin (see Plicamycin) 
Miticides, 1838 
Mitocin-C (see Mitomycin) 
Mitoguazone, 1505t 
Mitomycin, 1498 
Mitotane, 1498-1499 
Mitoxantrone hydrochloride, 1499, 
1505t 
Mitral insufficiency, 1067 
Mitral regurgitation, 1065 
Mitral stenosis, 1067 
Mivacurium chloride (Mivacron), 
1335-1336 
Mixers 
colloid, 741-742 
fixed-shell, 694 
mechanical, 741 
motionless, 694 
planetary paddle, 694 
rotating-shell, 694 
sigma-blade, 694 
vertical impeller, 694 
Mixtures, 749 
Stoker ATT 
°°Mo, 477t 
Moban (see Molindone; Molindone 
hydrochloride) 
Modafinil, 1476 
Model State Pharmacy Practice Act 
Board of Pharmacy 
appointment and removal, 1598 
description of, 1598 
employees, 1599 
meetings, 1599 
organization, 1598-1599 
qualifications, 1598 
rules and regulations, 1599— 
1600 
terms of office, 1598 
declaration of policy and purpose, 
1596 
definitions, 1596-1598 
facility licensing, 1603 
institutional pharmacy, 1603- 
1604 
nuclear pharmacy, 1604-1605 
pharmaceutical care, 1605-1608 
pharmacists 
discipline, 1602 
licensure, 1600-1601 
penalties, 1602-1603 
qualifications, 1598, 1601 
reciprocity, 1601-1602 
reinstatement of, 1602-1603 
title, 1596 
Modified-release dosage forms 
definition of, 659 
dissolution rate, 659 
Modulus of elasticity, 335, 336t 
Moexipril hydrochloride, 1281 
Mofetil, 452t 
Moissan, Henri, 10 
Molar volume, 171 
Molds, 1585 


Molecular bonds, 166 
Molecular complexes 
charge-transfer, 190 
classification of, 189t 
definition of, 183 
hydrogen-bonding, 190 
inclusion complex, 190 
noncovalent intermolecular 
forces, 187-188 
solvents, 188-189 
stacking interaction, 190 
Molecular fragmentation, 459-460 
Molecular modeling, 467 
Molecular orbital theory, 186 
Molecular weight, 173 
Molecule 
composition of, 161 
structure of, 161 
Molindone, 1436t 
Molindone hydrochloride, 1433 
Molybdenum, 1823 
Monistat (see Miconazole) 
Monoamine oxidase inhibitors, 
1438, 1760 
Monobasic sodium phosphate, 1266 
Monobenzone, 1216-1217 
Monochlorodifluoroethane, 966t 
Monochlorodifluoromethane, 966t 
Monocid (see Cefonicid sodium) 
Monoclonal antibodies, 947-948, 
1578t, 1579-1580 
Monocytes, 556 
Monoethanolamine, 1040 
Monographs 
botanicals, 502 
compounded preparations, 501 
Mononucleosis tests, 1192t 
Monopril (see Fosinopril sodium) 
Monosaccharides 
chemical properties of, 412-413 
description of, 409, 410t 
fructose, 413 
glucose, 413 
natural sources of, 413 
physical properties of, 412 
structure of, 409 
types of, 410t 
Monosodium glutamate, 1023 
Montelukast sodium, 1300 
Moral rights, 22 
Morbidity and Mortality Weekly 
Report, 52 
Moricizine hydrochloride, 1289 
Morphine sulfate, 428, 1446-1447 
Morpholides, 398t 
Morpholino, 403t 
Morrhuate sodium injection, 1210 
Mosquitos, 1835-1836 
Moths, 1836 
Motionless mixers, 694 
Motrin (see Ibuprofen) 
Mouthwashes, 728 
[one VAT 4S 
Mucilages 
acacia, 1030 
characteristics of, 732-733 
diluting agent use, 1028 
Mucocutaneous infections 
systemic drugs for, 1553-1554 
topical drugs for, 1554-1555 
Mucomyst (see Acetylcysteine) 
Mucus 
description of, 346 
rheology application, 346 
Multiple sclerosis, 1075-1076 
Multiplication, 108 
Muriate of Ammonia (see 
Ammonium chloride) 
Muromonab-CD3, 1499 
Muscle relaxants, skeletal 
centrally acting, 1337-1339 
description of, 1333 
neuromuscular blocking drugs, 
1333-1337 
MUSE (see Alprostadil) 


Mustargen (see Mechlorethamine 
hydrochloride) 
Mutamycin (see Mitomycin) 
Mutarotation, 411 
Myambutol (see Ethambutol 
hydrochloride) 
Myasthenia gravis, 1075 
Mycelex (see Clotrimazole) 
Mycobacteria 
description of, 582 
drugs for, 1543-1545 
Mycobutin (see Rifabutin) 
Mycohenolate mofetil, 1499 
Mydriacyl (see Tropicamide) 
Mykrox (see Metolazone) 
Myleran (see Busulfan) 
Mylicon (see Simethicone) 
Mylosar (see Azacitidine) 
Myocardial infarction, 1065 
Myoglobin, 578 
Myotrol (see Orphenadrine citrate) 
Myrcene, 434 
Myrcia oil, 1026 
Myristyl alcohol, 1205 
Mysoline (see Primidone) 
Mysuran (see Ambenonium 
chloride) 
Mytelase (see Ambenonium 
chloride) 


N 


TaN AT Tt 

Nabam, 1842 

Nabumetone, 1445t, 1459 
Nadolol, 1325 

Nafarelin acetate, 1361 

Nafcil (see Nafcillin sodium) 
Nafcillin sodium, 1152t, 1522 
Nalbuphine hydrochloride, 1453 
Nalfon (see Fenoprofen calcium) 
Nallpen (see Nafcillin sodium) 
Nalorphine, 428 

Naloxone hydrochloride, 428, 1450 
Naltrexone hydrochloride, 1450 


Nandrolone phenpropionate, 1391t, 


1392 

Nanoparticles, 314, 918-919, 924 

Naphthyl, 403t 

Naprosyn (see Naproxen) 

Naproxen, 1445t, 1459 

Naproxen sodium, 1459 

Napsylate, 452t 

Naqua (see Trichlormethiazide) 

Naratriptan hydrochloride, 1357 

Narcan (see Naloxone 

hydrochloride) 

Nardil (see Phenelzine sulfate) 

Nasalide (see Flunisolide) 

Nasal solutions, 729 

National Childhood Vaccine Injury 
Act, 1576 

National Institutes of Health, 43 

National Poison Prevention Week, 
23 

Natural killer cells, 946 

Naturetin (see 
Bendroflumethiazide) 

Naturopathy, 1776, 1780 

Navane (see Thiothixene) 

n-Butyl phthalate, 1840 

Near infrared spectrometry, 620-— 
622 

NebuPent (see Pentamidine 
isethionate) 

Nedocromil sodium, 1297, 1301 

Needles, 1855 

Nefazodone hydrochloride, 1440, 
1442t 

Negligence, 1618-1620 

Neisseria meningitidis, 582 

Nelfinavir mesylate, 1529t, 1560 

Nembutal (see Pentobarbital) 

Neo-Calgulcon (see Calcium 
glubionate) 

Neomycin sulfate, 1533-1534 
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Neopentyl, 403t 
Neosar (see Cyclophosphamide) 
Neostigmine bromide, 1319 
Neostigmine methylsulfate, 1319 
Neothylline (see Dyphylline) 
Nephelocolorimeter, 486 
Nephrotic syndrome, 1095 
Nernst equation, 193 
Nesacaine (see Chloroprocaine 
hydrochloride) 
Netilmicin sulfate, 1527t, 1534 
Netromycin (see Netilmicin sulfate) 
Neupogen (see Filgrastim) 
Neuraxin (see Methocarbamol) 
Neurohypophysis, 1362 
Neurologic disorders 
convulsive disorders, 1073-1074 
dementia, 1076 
epilepsy, 1073-1074 
headache, 1075 
neuromuscular disorders, 1075— 
1076 
Parkinsonism, 1074 
stroke, 1074-1075 
Neuromuscular blocking drugs 
antagonism, 1333 
clinical uses of, 1333 
competitive, 1333-1334 
depolarizing, 1334-1337 
description of, 1333 
drug interactions, 1334 
precautions associated with, 
1333-1334 
side effects, 1333-1334 
Neuromuscular disorders 
Guillain-Barre syndrome, 1075 
multiple sclerosis, 1075-1076 
myasthenia gravis, 1075 
Neurontin (see Gabapentin) 
Neurosin (see Calcium 
glycerophosphate) 
Neutra-Phos (see Potassium 
phosphate) 
Neutron number, 470 
Neutron reactions, 475 
Nevirapine, 1529t, 1558 
New drugs 
concurrent control studies 
active-treatment, 935 
dose comparison, 934-935 
historical, 935-939 
no-treatment, 935 
placebo, 934 
description of, 930-931 
Food, Drug, and Cosmetic Act 
provisions regarding, 
1609 
NDA phase, 939-941 
phase 1, 931-933 
phase 2, 933-939 
phase 3, 933-939 
phase 4, 942 
Niacin 
characteristics of, 1797t, 1808- 
1809, 1815-1816 
microbial assay of, 547-548 
recommended daily intake of, 
1726t 
Niacinamide, 1816 
Nicardipine hydrochloride, 1292 
Nickel, 377t, 379 
Nicotinamide (see Niacin) 
Nicotine, 1178-1179, 1316 
Nicotinic acid (see Niacin) 
Nifedipine, 1292 
Nilandron (see Nilutamide) 
Nilutamide, 1499 
Nimodipine, 1292 
Nimotop (see Nimodipine) 
Niobium, 374t 
Nipent (see Pentostatin) 
Nipride (see Sodium nitroprusside) 
Nisoldipine, 1292-1293 
Nitramino, 403t 
Nitrates, 397t, 403t 
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Nitric acid, 1045 
Nitriles, 398t, 403t 
Nitrilo, 403t 
Nitrites, 397t, 403t, 1722t 
Nitro, 403t 
Nitrofurantoin, 1545-1546 
Nitrofurazone, 1510 
Nitrogen, 372t, 372-373, 1045 
Nitrogen oxide, 383 
Nitrogen phosphorus detector, 596 
Nitroglycerin, 1147, 1284-1285 
Nitropres (see Sodium 
nitroprusside) 
Nitroso, 403t 
Nitrosoureas, 1480 
Nitrous oxide, 1396-1397 
Nizatidine, 1225 
Nizoral (see Ketoconazole) 
Nocloprost, 437t 
Nolvadex (see Tamoxifen citrate) 
Nomenclature 
alkaloids, 427 
description of, 63-64, 441 
information resources, 63—64 
inorganic chemicals 
classical, 360 
Ewens-Basset system, 361 
modern, 360, 362t 
Stock system, 360-361 
ligands, 361t 
organic compounds 
CAS system, 386, 441 
chemical syllables, 387 
compendial, 386-387 
description of, 385-386 
IUPAC system, 386 
United States Adopted Names 
contractions, 451t—452t 
council 
description of, 441-442 
history of, 441 
members of, 441 
guidelines for, 447-450 
prefixes, 453t—457t 
procedure for obtaining, 443 
program philosophy, 444—446 
protection of, 446—447 
publication of, 443 
review board, 443 
stems, 453t—457t 
suffixes, 453t—457t 
WHO program, 444 
Nonaqueous solutions 
collodions, 733 
description of, 733 
elixirs, 734-735 
glycerins, 735 
inhalants, 735 
inhalations, 735 
liniments, 735-736 
oleovitamins, 736 
properties of, 733 
spirits, 736-737 
toothache drops, 737 
Noncompetitive antagonist, 1104 
Noncompliance 
consequences of, 1967-1968 
factors associated with 
disease, 1970 
patient/health professional 
interactions, 1971-1972 
therapeutic regimen, 
1970-1971 
methods of detecting, 1968 
pharmacist’s role, 1999-2000 
types of, 1966-1967 
variables that affect, 1968-1970 
Nonmaleficence, 24 
Nonproprietary names 
international, 444 
WHO program, 444 
Nonsteroidal anti-inflammatory 
drugs 
adverse effects of, 1455 
clinical uses of, 1455 


description of, 1454-1455 
drug interactions, 1758-1759 
nonsalicylate, 1456-1461 
salicylatelike, 1455-1456 
Nontuberculous mycobacterial 
disease, 1057 
Nonviral gene delivery system, 
920-921 
n-Nonyl, 403t 
Noradrenergic, 1305 


Norcuron (see Vecuronium bromide) 


Norepinephrine bitartrate, 570, 
1312 
Norethindrone, 1387t, 1388 
Norethindrone acetate, 1387t 
Norethynodrel, 1387t, 1388 
Norflex (see Orphenadrine citrate) 
Norfloxacin, 1528t, 1540 
Norgestimate, 1387t 
Normal distribution, of probability, 
131-134 
Normiflo (see Heparin) 
Normodyne (see Laflol 
hydrochloride) 
Noroxin (see Norfloxacin) 
Norpace (see Disopyramide 
phosphate) 
Norplant (see Levonorgestrel) 
Norpramin (see Desipramine 
hydrochloride) 
Norton capsule machine, 890 
Nortriptyline hydrochloride, 1441, 
1442t 
Norvasc (see Amiodipine maleate; 
Nisoldipine) 
Norvir (see Ritonavir) 
Norzine (see Thiethylperazine 
maleate) 
Noscapine, 428 
Novantrone (see Mitoxantrone 
hydrochloride) 
Novatropine, 430 
Novocain (see Procaine 
hydrochloride) 
Nubain (see Nalbuphine 
hydrochloride) 
Nuclear equation, 471 
Nuclear magnetic resonance 
imaging, 498 
Nuclear magnetic resonance 
spectrometry 
discovery of, 626 
high-resolution, 630 
history of, 626 
instrumentation, 628, 629 
isotopes, 629-630 
pulsed Fourier transform, 630 
quantitative applications of, 629 
relaxations, 627 
sample preparation, 629 
shift reagents, 629 
solid-state, 630-631, 710 
spectra 
chemical shift, 627 
interpretation of, 627-628 
qualitative measurement of, 
628 
shielding effect, 627 
spin-lattice relaxation, 627 
spin-spin coupling, 627-628 
spin-spin decoupling, 629 
spin-spin relaxation, 627 
theoretical basis of, 626-627 
two-dimensional, 630 
Nuclear medicine 
definition of, 470 
prevalence of, 470 
radiopharmaceuticals for 
characteristics of, 480t—481t 
definition of, 469-470 
design of, 479 
preparation of, 482 
properties of, 480t—481t 


radionuclides incorporated into, 


478-479 


technetium, 479, 482 
types of, 480t—481t 
Nuclear pharmacy 
compounding, 1711 
definition of, 4, 1781 
development of, 1782-1783 
domains in, 1784-1785 
pharmaceutical care, 1788-1790 
pharmacists, 1787-1788 
practice of, 1783-1785 
radiologic applications, 1790 
regulations, 1785-1787 
state regulations regarding, 
1604-1605 
Nucleophile, 184 
Nucleoproteins, 422 
Nucleotides, 944 
Nuclides 
chart of, 472 
description of, 471 
Null hypothesis, 125, 135 
Numorphan (see Oxymorphone 
hydrochloride) 
Nupercainal (see Dibucaine) 
Nuprin (see Ibuprofen) 
Nuromax (see Doxacurium chloride) 
Nutmeg oil, 1023 
Nutrition 
considerations for, 1725 
dietary guidance, 1726-1727 
enteral, 251-252 
food variety, 1727-1730 
information resources, 1735-1736 
misinformation regarding, 1735 
nutrients, 1725, 1796-1797 
pharmacist’s role in promoting, 
54-55 
public health programs 
regarding, 54-55 
Recommended Daily Allowances, 
1725-1726 
therapeutic, 1798 
total parenteral 
caloric requirements, 818 
description of, 807 
electrolyte requirements, 818 
history of, 818 
parenterals 
properties of, 819t 
stability of, 819t 
prescription for, 818t, 819 
prevalence of, 807 
Nutrition facts, 1732 
Nylidrin hydrochloride, 1310 
Nylon, 1006t, 1009 
Nystatin, 1554-1555 
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LOR aTiit 
Observational studies 
case-control, 72-73 
cohort, 73 
cross-sectional, 73 
Occlusive dressings, 1202-1203 
Occult antigens, 1160 
Occult blood screening tests, 1192t 
Octadecanoid acid, 1042 
Octreotide, 1361 
n-Octyl, 403t 
Ocusert (see Pilocarpine) 
Odrik (see Trandolapril) 
Ofloxacin, 1528t, 1540 
Oils 
characteristics of, 1820 
fixed 
characteristics of, 416 
constituents, 416-417 
description of, 415-416, 501 
drying oils, 417 
hydrolysis of, 416 
nondrying oils, 417 
preparation of, 416 
properties of, 416 


uses of, 417 
volatile oils and, differences 
between, 416 


Ointments 


additive effects, 347-348 
allergic reactions associated with, 
849-850 

bases 
absorption, 846, 1035-1036 
description of, 1034 
emulsion, 1035-1036 
hydrocarbon, 845-846 
oleaginous, 1034-1035 
preservatives in, 849, 849t 
properties of, 1034 
water-removable, 846-847 
water-soluble, 847—848, 1036 

classification of, 845 

definition of, 845 

description of, 845 

irritancy testing, 850 

jars, 850 

ophthalmic, 824-826 

packaging of, 850-851 

preparation of 
description of, 848 
emulsion products, 848-849 
levigation, 848 

properties of, 845 

rheology of, 347-348 

rose water, 1036 

safety of, 849-850 

stability of, 989 

tubes 
description of, 850-851 
filling of, 851 
labeling of, 851 

white, 1034 

yellow, 1034 


Olamine, 452t 
Olanzapine, 1433t, 1435-1437, 


1436t 


Oleate, 403t 

Oleic acid, 1034 

Olein, 416 

Oleophilic, 289 

Oleovitamins, 736 

Oleyl alcohol, 1032 

Olsalazine sodium, 1240 
Omeprazole, 1224t, 1226 

Omnibus Budget Reconciliation Act, 


1894-1895 


Omnicef (see Cefdinir) 

Omnipaque (see Iohexol) 

Oncaspar (see Pegaspargase) 
Onclast (see Alendronate sodium) 
Ondansetron hydrochloride, 1236— 


1237 


Ophthaine (see Proparacaine 


hydrochloride) 


Ophthalgan (see Glycerin) 
Ophthalmic medications 


additives, 830 
administration methods 
eyedrops, 824 
intracameral injections, 826 
intraocular solutions, 826 
iontophoresis, 826 
ocular inserts, 826 
ointments, 824-826 
packs, 826 
retrobulbar injections, 826—827 
subconjunctival injections, 826 
suspensions, 824-825 
anatomic and physiologic 
considerations, 821—823 
antimicrobial preservatives, 830— 
832 
bacterial contamination of, 828 
bioavailability, 823-824 
buffer, 829 
characteristics of, 821, 829-830 
clarity of, 829 
classification of, 821 


contact lens 
care products for, 833-834 
characteristics of, 832t 
classifications of, 832t 
description of, 832 
efficacy testing of, 833 
hard, 832-833 
safety of, 833 
soft, 833-834 
therapeutic uses of, 834 
corneal absorption of, 823-824 
description of, 821 
diagnostic aids, 1192 
history of, 821 
isotonic nature of, 250 
osmoticity effects, 250 
over-the-counter use, 832 
packaging of, 830 
pH level, 829 
preparation of, 827-828 
preservatives, 830-832 
solutions 
description of, 824 
intraocular, 826 
properties of, 1204 
stock types of, 827 
stability of, 829 
sterilization 
filtration, 828 
gas, 828-829 
procedures, 827-829 
radiation, 829 
requirements, 821 
steam under pressure, 828 
tonicity, 829 
vehicles for, 827 
viscosity, 829-830 
Opiate analgesics : 
antagonists, 1449-1454 
contraindications, 1445 
description of, 1445 
drug interactions, 1445 
mechanism of action, 1445 
semisynthetic, 1448-1449 
Opiate receptors, 1444 
Opioids 
abuse of, 1176-1177 
analogs, 1177 
description of, 1176 
types of, 1176 
Opium, 1445-1446 
Opium alkaloids, 427t, 427-428 
Oprelvekin, 1271-1272 
Optical isomerism, 168 
Optical rotation, 168 
Optical rotatory dispersion, 168— 
169 
OptiPranolol (see Metipranolol 
hydrochloride) 
Optiray (see Ioversol) 
Oral contraceptives 
_ characteristics of, 1388-1390 
drug interactions, 1755 
efficacy of, 1389-1390 
failure of, 1389-1390 
side effects, 1390 
Oral health 
pharmacist’s role in promoting, 
55 
public health programs, 55 
Oral solid dosage forms 
cachets, 892 
capsules 
advantages of, 885 
definition of, 885 
development of, 885 
hard gelatin 
characteristics of, 885-886 
description of, 885 
fill chart, 888t 
filling methods 
extemporaneous, 886-887 
machine, 887-889 
safety concerns, 886 
shapes of, 886 


sizes of, 886 
uniformity of dosage units, 
889 
popularity of, 885 
soft elastic 
definition of, 889 
filling methods 
Accogel capsule machine, 
890 
Norton capsule machine, 
890 
plate process, 890 
rotary-die process, 890 
microencapsulation of, 890— 
891 
preparation, 889—890 


groups, 402t—404t 
literature regarding, 388 
nomenclature of 
CAS system, 386, 441 
chemical syllables, 387 
compendial, 386-387 
description of, 385-386 
IUPAC system, 386 
notation systems, 387-388 
pharmaceuticals 
acids, 390-395 
bases, 390-395 
classification of, 388-389 
description of, 388 
heterocycles, 389-390, 404t— 
408t 


pellets, 892 
pills, 891 
tablet 


history of, 388 
prefixes, 400t—401t 
radicals, 402t—404t 


buccal, 859 
capping of, 876 
characteristics of, 858 
compaction of, 863-865 
compressed 
characteristics of, 882—885 
preparation of, 859-860 
types of, 858-859 
content uniformity, 884 
controlled-release, 859 
description of, 858 
direct compression of, 869-870 
disintegration of, 884—885 
dispensing, 859 
dissolution test, 885 
effervescent, 859 
enteric-coated, 858 
film-coated, 858 
formulations, 878-881 
friability of, 864 
granulation methods 
direct compression, 869-870, 
880 
dry, 869, 879-880 
fluid-bed, 868-869, 879 
wet, 865-868, 878 
hardness of, 864, 883-884 
hypodermic, 859 
ingredients 
binders, 860-861 
coloring agents, 862-863, 
863t 
description of, 860 
diluents, 860 
disintegrants, 862 
flavoring agents, 863 
glidants, 861-862 
lubricants, 861 
machines for (see Tablet 
machines) 
molded 
definition of, 859 
description of, 881 
formulation, 881 
preparation, 881 
multiple compressed, 858-859 
spheronization of, 870-871 
splitting of, 876 
spray-congealing of, 871 
spray-drying, 871, 871 
sublingual, 859 
sugar-coated, 858 
thickness of, 884 
triturates (see Tablet 


suffixes, 401t 
types of, 395t—400t 
Organometallic compounds, 398t— 
399t 
Organonitrates, 1283-1285 
Orgaran (see Danaproid sodium) 
Orinase (see Tolbutamide) 
Ornithine transcarbamylase, 567 
Orphenadrine citrate, 1339 
Orphenate (see Orphenadrine 
citrate) 
Orris, 1026 
Orthoborates, 397t 
Orthocarbonates, 397t 
Orthodone (see Muromonab-CD3) 
Orthopedic supports and braces 
compression therapy, 1884-1885 
description of, 1883-1884 
mastectomy prostheses, 1885 
Orthophosphates, 397t 
Orthosilicates, 397t 
Orudis (see Ketoprofen) 
Osmitrol (see Mannitol) 
Osmoglyn (see Glycerin) 
Osmolality 
definition of, 247 
determination of, 252-253 
urine, 250, 575 
Osmolarity 
computation of, 248-249 
definition of, 247 


principles of, 247-248 


Osmometry, 249 
Osmosis 


definition of, 221, 246 
diuresis, 250 
therapeutic considerations, 247 


Osmoticity 


clinical applications of, 251 

enteral hyperalimentation and, 
251-252 

ophthalmic medications, 250 

parenteral medications, 250-251 

serum, 249-250 

urine, 250 


Osmotic pressure 


biological aspects of, 221-222 
electrolytes, 221 
nonelectrolytes, 221 
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Outcome measures, for 
experimental studies, 
74t, 76-77 
Outliers, 125 
Ovarian hormones, 1381-1382 
Overtones, 622 
Ovulation prediction tests, 1193t, 
1745 
Oxacillin sodium, 1152t, 1523 
Oxalate, 403t 
Oxalic acid, 493 
Oxalyl, 403t 
Oxamniquine, 1564 
Oxandrolone, 1391t, 1392-1393 
Oxazepam, 1408t, 1412 
Oxiconazole nitrate, 1555 
Oxidation 
definition of, 1121 
description of, 273 
inhibition of, 990 
microsomal, 1173 
stability and, 989-990 
Oxidoreductases, 567 
Oxirane (see Ethylene oxide) 
Oxistat (see Oxiconazole nitrate) 
Oxo, 403t 
Oxsoralen (see Methoxsalen) 
Oxtriphylline, 1299 
Oxy, 403t 
Oxybenzone, 1217 
Oxycodone hydrochloride, 428, 1449 
Oxygen 
characteristics of, 374t, 374-375 
clinical uses of, 383 
Oxygen concentrator and enricher, 
1868-1869 
Oxygen therapy, 1868 
Oxyhemoglobin saturation, 1060 
Oxymetazoline hydrochloride, 1307 
Oxymetholone, 1391t, 1393 
Oxymorphone, 428 
Oxymorphone hydrochloride, 1449 
Oxyphenbutazone, 1459-1460 
Oxytetracycline, 1528t, 1538 
Oxytocics, 1354-1355 
Oxytocin, 545, 1355 


P 


2 PAT Eb 
Packaging materials 
aerosols, 972 
child-resistant, 1698-1699 
compliance and, 1975 
description of, 787 
glass, 787t, 788-789 
intravenous admixtures, 817 
intravenous fluids, 809, 809t, 810 
materials for, 787t 
ointments, 850-851 
ophthalmic medications, 830 
parenteral medications, 805 
plastic 
additives in, 1008 
applications of 
blister packaging, 1012 
collapsible tubes, 1012 
health-care device packaging, 
1011-1012 
intravenous solutions, 1012 


Osteomalacia, 1082 
Osteopathy, 1780 
Osteoporosis, 1082-1083 
Ostomy 


characteristics of, 787-788, 
1005 

chemical effects on, 1006-1007 

classification of, 1008 


triturates) 
weight, 884 
troches, 891-892 
Orange Book, 63 
Orange flower water, 1027 
Orange oil, 1023 
Orange syrup, 1023 
Orap (see Pimozide) 
Orfro (see Orphenadrine citrate) 
Organic compounds 
classification of, 385 
description of, 385 


appliances 
accessories, 1881 
for solid waste, 1879-1881 
for urine, 1881 
description of, 1878 
mechanism of action, 1878 
placement of, 1878-1879 


Ostwald ripening, 322 
Otic solutions, 729 
Otrivin hydrochloride (see 


Xylometazoline 
hydrochloride) 


creep failure of, 1006 

definition of, 1005 

electrical properties of, 1006 

environmental considerations, 
1013 

failure mode analysis of, 1007— 
1008 

fatigue resistance of, 1005 

flex resistance of, 1005 

impact strength of, 1005 

mass transfer properties of, 
1006 
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mechanical properties of, 1005— 
1006 
optical properties of, 1006 
permeability of, 1006 
processing methods for 
blow molding, 1008-1009 
compression molding, 1009 
description of, 1008 
extrusion, 1008 
injection molding, 1008 
solvent casting, 1009 
quality control, 1013 
safety testing of, 1007 
sterilization of, 1012-1013 
stiffness, 1005 
tearstrength of, 1005 
tensile strength of, 1005 
thermoplastics 
acrylics, 1009 
fluoropolymer-aclar film, 
1011 
ionomer, 1011 
nylons, 1009 
polycarbonate, 1006t, 1010- 
1011 
polyethylene, 1006t, 1009— 
1010 , 
polyethylene terephthalate, 
1006t, 1009 
polypropylene, 1006t, 1010 
polystyrene, 1006t, 1010 
polyurethane foams, 1011 
polyvinylidene chloride, 
1006t 
Tyvek, 1010 
vinyl, 1006t, 1010 
vinyl chloride-acetate, 1006t 
thermosets, 1011 
types of, 1006t 
poisoning risks and, 1719 
Poison Prevention Packaging Act, 
1618, 1698, 1722 
sterilization of, 775 
suppositories, 855-856 
Paclitaxel, 1500 
Padimate A, 1217 
Padimate O, 1217 
Palmitate, 403t 
Palmitin, 416 
Pamelor (see Nortriptyline 
hydrochloride) 
Pamidronate, 1377t 
Pamoate, 452t 
Pancreas 
anatomic and physiologic 
considerations, 1085— 
1086 
disorders of, 1081-1082, 1086 
function tests, 1193 
hormones, 1370-1373 
tumors of, 1086 
Pancreatic enzymes, 1228-1229 
Pancreatin, 499 
Pancreatitis, 1086 
Pancrelipase, 499 
Pancuronium bromide, 1336 
Pantopaque (see Iophendylate) 
Pantothenic acid, 1726t, 1797t, 
1809 
Panwarfarin (see Warfarin sodium) 
Papain, 1794 
Papaverine, 428 
Paper chromatography 
chromatogram development 
process, 610-611 
description of, 609 
history of, 609 
mobile phase of, 610 
properties of, 610t 
sample preparation and 
application, 610 
stationary phase of, 609-610 
Paracelsus, 9-10 
Paraffin, 1035 
Paraflex (see Chlorzoxazone) 


Parafon Forte (see Chlorzoxazone) 
Paraldehyde, 1420 
Paramethadione, 1426 
Paraplatin (see Carboplatin) 
Parasites, 583 
Parasiticides 
anthelmintics 
description of, 1562 
selection of, 1562-1563 
types of, 1563-1565 
description of, 1562 
pediculicides, 1565-1566 
scabicides, 1565-1566 
Parasympathomimetics, 1305 
Parathion, 1839 
Parathyroid hormones 
bioassays of, 545 
characteristics of, 1375-1376 
description of, 542, 545 
Paredrine (see 
Hydroxyamphetamine 
hydrochloride) 
Parenteral medications 
administration of, 781 
combinations, 781 
containers 
cleaning of, 795-796 
description of, 787 
glass, 787t, 788-789 
labeling of, 805 
materials for, 787t 
plastic, 787-788 
product filled into, 797-799 
sealing of, 799-800 
USP requirements, 805 
description of, 780 
freeze-drying, 802-803 
history of, 780-781 
labeling requirements, 805 
lyophilization of, 802-803 
osmoticity considerations, 250— 
Zo 
packaging requirements, 805 
preparation of, 781-782 
product 
filling in containers, 797-799 
filtration of, 797 
preparation of, 797 
production facilities 
air cleaning, 791 
aseptic area, 792 
cleaning of, 796-797 
clean rooms 
description of, 790-791 
maintenance of, 792-794 
compounding area, 792 
description of, 790 
equipment cleaning, 796-797 
flow plan, 790 
isolation technology, 792 
laminar-flow enclosures, 791 
materials support area, 791— 
792 
pyogenes 
control of, 786 
definition of, 786 
sources of, 786 
systemic effects of, 786 
tests for, 804 
types of, 786 
quality assurance and control 
measures 
description of, 803 
leaker test, 805 
particulate evaluations, 804— 
805 
pyogenes tests, 804 
safety tests, 805 
sterility test, 803-804 
rubber closures 
cleaning of, 796 
description of, 789 


solutes : 
antimicrobial agents, 785-786 © 
description of, 785 
substances added classified as, 
785 
sterilization 
requirements for, 801-802 
tests for, 803-804 
vehicles 
aqueous, 784-785 
description of, 783 
nonaqueous, 785 
water-miscible, 785 
water for injection 
definition of, 783 
distribution of, 784 
purity 
methods of obtaining 
compression distillation, 
783 
multiple-effect stills, 783- 
784 
reverse osmosis, 784 
requirements, 784 
storage of, 784 
Parkinsonism, 1074 
Parlodel (see Bromocriptine 
mesylate) 
Parnate (see Tranylcypromine 
sulfate) 
Paromomycin sulfate, 1549-1550 
Paroxetine, 1441, 1442t 
Paroxysmal supraventricular 
tachycardia, 1068 
Partial agonist, 1104 
Partition coefficients, 171, 1112 
Partnerships, 1652 
Parts per million, 117 
Passive transport, 1110-1111 
Pastes, 856 
Patents 
acquisition process, 35 
pharmacist’s role in, 35 
Paternalism, 21—22 
Pathocil (see Dicloxacillin sodium) 
Patient 
autonomy of, 23 
confidentiality rights of, 23-24 
medical practitioner’s duty to, 22 
rights of, 22 
Patient advocates, 1964 
Patient-controlled analgesia 
description of, 812 
devices for, 812 
principles of, 812 
Patient lifters, 1866-1867 
Pauli exclusion principle, 160-161 
Pavulon (see Pancuronium bromide) 
Paxil (see Paroxetine) 
Paxipam (see Halazepam) 
Peach oil, 1050 
Peak-height concentration, 999 
Peanut oil, 1029 
Pebble mills, 684 
Pectin, 1238-1239 
Pediculicides, 1565-1566 
Pefloxacin, 1528t, 1540 
Peganone (see Ethotoin BP) 
Pegaspargase, 1499-1500 
Pellets, 892 
Pemoline, 1475 
Penbutolol sulfate, 1326 
Penciclovir, 1529t, 1558 
Pendetide, 452t 
Penetration, of drugs 
characteristics of, 1111-1112, 
1113t 
enhancers for 
classification of, 923t 
peptide drug delivery using, 
922 
protein drug delivery using, 
922 
Penetrex (see Enoxacin) 
Penetrometers, 351 


Penicillamine, 1268 
Penicillin G benzathine, 1152t, 
1517, 1519-1520, 1523 
Penicillin G potassium, 1523 
Penicillin G procaine, 1523 
Penicillins 
absorption of, 1519-1520 
adverse effects of, 1519 
aminopenicillins, 1517, 1518t 
B-lactamase, 1517, 1518t 
chemical structure of, 1516 
classification of, 1517 
clinical indications for, 
1518-1519 
distribution of, 1519-1520 
excretion of, 1519-1520 
extended-spectrum, 1517, 1518t 
history of, 1516 
mechanism of action, 1518 
natural, 1517, 1518t 
penicillinase-resistant, 
1517-1518, 1518t, 1531 
pharmacokinetics of, 1519-1520 
potency of, 1518 
resistance, 1517-1518 
spectrum of, 1517 
types of, 1520-1523 
Penicillin V potassium, 1523-1524 
Penitracin (see Bacitracin) 
Pentachloronitrobenzene, 1842 
Pentaerythritol tetranitrate, 1285 
Pentagastrin, 1189 
Pentam 300 (see Pentamidine 
isethionate) 
Pentamidine isethionate, 1551 
Pentazocine, 1453 
Pentobarbital, 1415-1416 
Pentobarbital sodium, 1416 
Pentostatin, 1500, 1506t 
Pentothal sodium (see Thiopental 
sodium) 
Pentoxifylline, 1273 
n-Pentyl, 403t 
tert-Pentyl, 403t 
Pepcid (see Famotidine) 
Pepcid AC (see Famotidine) 
Peppermint, 1023 
Peppermint Camphor, 1209-1210 
Peptic ulcer disease, 1085 
Peptidase inhibitors, 923t 
Peptides, 419, 423 
Peptization, 290 
Pepto-Bismol (see Bismuth 
subsalicylate) 
Peptones, 423 
Percentages 
description of, 114 
volume-in-volume, 114, 116 
weight-in-volume, 114-115 
weight-in-weight, 114-116 
Percent volume in volume, 114, 116 
Percent weight in volume, 114-115 
Percent weight in weight, 114-116 
Perchlorate, 403t 
Perchloryl, 403t 
Perdiem (see Psyllium laxatives) 
Pergolide mesylate, 1361 
Pergonal, 1361 
Periactin hydrochloride (see 
Cyproheptadine 
hydrochloride) 
Pericarditis, 1065 
Perindopril erbumine, 1281 
Periodic table 
description of, 159-160, 361 
Group 0 elements, 362-363 
Group I elements 
characteristics of, 363t 
description of, 363 
I-A group 
ammonia, 364 
cesium, 364 
lithium, 364 
potassium, 364 


rubidium, 364 
sodium, 364 
LB group 
characteristics of, 364t 
copper, 365 
description of, 364-365 
gold, 365 
silver, 365 
Group II elements 
description of, 365 
I-A Group 
barium, 366, 366t 
beryllium, 365-366, 366t 
calcium, 366, 366t 
description of, 365 
magnesium, 366, 366t 
strontium, 366, 366t 
II-B Group 
cadmium, 367t 
characteristics of, 367t 
description of, 366-367 
mercury, 367t 
zinc, 367t 
Group III elements 
characteristics of, 367t 
description of, 367 
III-A Group 
aluminum, 368 
boron, 368 
characteristics of, 368 
gallium, 368 
indium, 368 
thallium, 368 
II-B Group, 369, 369t 
Group IV elements 
characteristics of, 369t 
description of, 369 
IV-A Group 
carbon, 369t, 369-370 
characteristics of, 369 
germanium, 369t, 371 
lead, 369t, 371-372 
silicon, 369t, 370-371 
tin, 369t, 371 
IV-B Group 
characteristics of, 372 
hafnium, 372 
titanium, 372 
zirconium, 372 
Group V elements 
characteristics of, 372, 372t 
V-A Group 
antimony, 372t, 373 
arsenic, 372t, 373 
bismuth, 372t, 373 
characteristics of, 372, 372t 
nitrogen, 372t, 372-373 
phosphorus, 372t, 373 
V-B Group, 3738, 373t 
Group VI elements 
characteristics of, 374t 
VI-A Group 
characteristics of, 374t 
oxygen, 374t, 374-375 
selenium, 374t, 375 
sulfur, 374t, 375 
tellurium, 374t, 375 
VI-B Group, 375 
Group VII elements 
characteristics of, 376, 376t 
VII-A Group 
astatine, 376t, 377 
bromine, 376t, 377 
characteristics of, 376, 376t 
chlorine, 376t, 376-377 
fluorine, 376, 376t 
iodine, 376t, 377 
pseudohalogens, 376t, 377 
VII-B Group 
characteristics of, 377t, 378 
manganese, 377t, 378 
rhenium, 377t, 378 
technetium, 377t, 378 


Group VIII elements 
characteristics of, 377t, 378 
cobalt, 377t, 379 
iron, 377t, 378-379 
nickel, 377t, 379 

organization of, 361 

uses of, 361 


Peritrate (see Pentaerythritol 


tetranitrate) 


Permanent dipole—induced dipole 


force, 220 


Permanganate, 493 
Permapen (see Penicillin G 


Benzathine) 


Permax (see Pergolide mesylate) 
Permeability 


enhancement of, 718 

powder particle-size 
measurements using, 
687 


Permitil (see Fluphenazine 


hydrochloride) 


Pernicious anemia, 558 

Peroxy, 403t 

Perphenazine, 1433-1434, 1436t 
Pertfrane (see Desipramine 


hydrochloride) 


Pertussis, 1572 
Peruvian Balsam, 1210 
Pesticides 


banned, 1828 
definition of, 1825 
description of, 1825 
Food, Drug, & Cosmetic Act 
provisions, 1827 
herbicides, 1828, 1843-1845 
information resources, 1829 
insecticides (see Insecticides) 
legal considerations, 1826-1827 
state regulations, 1827-1829 
usage of, 1825-1826 


Petrolatum 


description of, 845 
hydrophilic, 846 
properties of, 845, 1035 
red, 1204 

white, 1035 


Petroleum gauze, 1201 
pH 


acids, 238 
alterations in, 1751 
bases, 238-239 
of blood, 571 
determination methods 
colorimetry, 242 
potentiometry, 242-244 
mathematical expression of, 236 
pharmaceutical applications and 
significance of 
absorption, 245 
activity, 245 
solubility, 244-245 
stability, 245 
physiological control of, 381 
principles of, 236 
proton-balance equation, 237—238 
solubility profiles, 717 
species concentration, 237 
of urine, 575-576 


Pharmaceutical care 


activities, 30 

barriers, 1905-1907 

changes to support, 30-31 

community pharmacy provision 
of, 30-32 

definition of, 3, 30, 1788 

description of, 30 

documentation, 1640 

economic issues regarding, 31-32 

educational changes, 31 

Model State Pharmacy Practice 
Act provisions for, 1605— 
1608 

nuclear medicine procedures in, 
1788-1790 


pharmacist’s responsibilities 
feasible alternatives for 
outcomes, 1902-1903 
health education, 1907-1909 
monitoring plan, 1903-1905 
overview of, 1894-1895 
patient information, 1895-1897 
patient relationship, 1895 
prioritizing patient’s problems 
and actual medication- 
related problems, 1897— 
1902 
therapeutic outcome, 1902 
regulatory changes, 30 
state regulations regarding, 
1605-1608 
technological changes, 30-31 


Pharmaceutical industry 


annual sales, 33 
function of, 81 
future of, 33-34 
overview of, 33 
pharmacists in 
career opportunities 
administration, 36 
management, 36 
marketing, 34 
overview of, 34 
production, 35 
quality control, 35 
research and development, 
34-36 
sales, 34 
contributions of, 36 
employment rate for, 34 
vocational interest profiles, 36 
women, 36 
regulatory environment of, 33 


Pharmacist 


career opportunities, 3-4 
in chronic disease control, 52-53 
in clinical literature, 70-71 
in communicable disease 
prevention, 51, 53 
credentialing, 1644 
gender of, 1951 
in global health, 52 
in government service 
Air Force, 40-41 
Army, 39-40 
career opportunities, 38-39 
county agencies, 45 
Department of Veterans 
Affairs, 44-45 
description of, 38 
municipal agencies, 45 
Navy, 41-42 
state agencies, 45 
US Public Health Service (see 
Public Health Service) 
in health education, 53 
hospital, 1912 
licensure requirements, 3 
in maternal and child health 
programs, 54 
Model State Pharmacy Practice 
Act requirements 
regarding 
discipline, 1602 
licensure, 1600-1601 
penalties, 1602-1603 
qualifications, 1598, 1601 
reciprocity, 1601-1602 
reinstatement of, 1602-1603 
moral responsibilities of, 21 
in nutrition promotion, 54-55 
oath of, 27 
in oral health, 55 
in pharmaceutical industry 
career opportunities 
administration, 36 
management, 36 
marketing, 34 
overview of, 34 
production, 35 
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quality control, 35 
research and development, 
34-36 
sales, 34 
contributions of, 36 
employment rate for, 34 
vocational interest profiles, 36 
women, 36 
responsibilities of, 28-30, 1739 
triage functions of, 1740 


Pharmacist care claim form, 1641— 


1643, 1642 


Pharmacoeconomics 


assessments of, 1628-1630, 1629 
cost-benefit analysis 
assumptions, 1627 
benefits, 1627 
calculations, 1626t, 1628 
discount rates, 1627-1628 
overview of, 1625 
principles of, 1625 
cost-effectiveness analysis 
example of, 1630t 
overview of, 1625 
requirements, 1628 
cost-minimization analysis, 
1626t, 1630t 
cost of illness, 1626t 
cost-utility analysis, 1626t, 1630t 
description of, 1625 
economic perspectives, 1630 
in formulary development, 2003 
quality-of-life outcomes, 1630— 
1632 
studies of, 1628, 1630, 1631t 


Pharmacoepidemiology 


bias 
description of, 1986 
measurement, 1987 
recall, 1987 
selection, 1986-1987 

clinical uses of, 1980-1981 

definition of, 1980 

description of, 51, 82 

future of, 1988 

measurements, 1985t, 1985-1986 

studies 
case-control, 1981t, 1984-1985 
case report, 1981t, 1985 
case series, 1981t 
characteristics of, 1981t 
cohort, 1981t, 1984 
cross-sectional, 1981t, 1985 
description of, 1981-1982 
ecological, 1981t, 1985 
prospective cohort, 1981t, 1984 
randomized controlled, 1981, 

1983 
retrospective cohort, 1981t, 
1984 


Pharmacogenetics 


conditions, 1169-1173, 1171t 

definition of, 1169 

description of, 1169 

terminology associated with, 
1170t 


Pharmacognostics, 953-955 
Pharmacokinetics 


absorption (see Absorption) 
analytical considerations, 1129 
clearance 
calculations, 1133, 1139 
definition of, 1132-1133 
hepatic, 1139-1140 
nonrestrictive, 1140 
protein-binding, 1141-1142, 
1148-1149 
renal, 1139-1141 
continuous input, 1134-1135 
definition of, 86, 1127 
distribution (see Distribution) 
dose-dependent, 1142-1143 
drug concentration vs. time 
profile, 1127 
excretion (see Excretion) 
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instantaneous input 
with instanteous distribution, 
1129-1132 
noncompartmental analysis 
after, 1135-1137 
with noninstanteous 
distribution, 1132-1134 
models, 1127-1128 
multiple-dose administration, 
1135 
noncompartmental models, 1135- 
1137 
oral administration, 1145 
rates, 1128-1129 
reactions, 1128-1129 
statistical moments for deriving, 


1136-1137 
stereochemical considerations, 
1143 


time-dependent, 1142-1143 
volume of distribution, 1129 
Pharmacologist, 86 
Pharmacopeias, 63 
Pharmacophore, 458 
Pharmacy 
career opportunities, 3—4 
community 
automation in, 29 
average sales of, 1651 
capital requirements for, 1653-— 
1655 
chain stores, 1651 
changes in, 29-30 
compounded pharmaceuticals, 
28-29 
credit management and 
requirements, 1662 
definition of, 4, 1651 
description of, 28, 1651 
drug control and distribution, 
28 
educational considerations, 31 
establishment of, 1651-1655 
facility selection, 1659-1660 
future of, 32 
insurance requirements, 1663— 
1664 
inventory, 1657-1659 
management of, 1655-1656 
money management, 
1656-1657 
on-line, 68 
personnel for, 1660—1662 
pharmaceutical care provided 
by, 30-32 
pharmacists 
public health program 
participation, 48 
role and responsibilities, 28— 
30 
recordkeeping requirements, 
1664-1665 
revenue sources, 1651 
risks associated with, 1663— 
1664 
site selection for, 1653 
definition of, 3 
education 
colleges, 5-6 
degrees, 3 
description of, 3 
general, 3 
graduate, 4 
history of, 13-15 
pharmaceutical care, 31 
professional programs, 5—6 
future of, 15 
health-systems, 4 
history of 
in antiquity, 8 
chronologic presentation, 17-18 
in early modern Europe, 9-11 
in Egyptian culture, 8 
in Greek culture, 8 
in Islamic culture, 9 


in Middle Ages, 8-9 
overview of, 7 
in prehistoric period, 7-8 
in Renaissance period, 9-11 
in United States 
antebellum period, 12 
clinical pharmacy, 15 
early history, 11-12 
legislative changes, 13 
modern changes, 14-15 
recognition of profession, 12— 
14 
hospital 
ambulatory-care services, 1931 
description of, 1919 
drug-distribution systems, 
1926-1928 
facilities, 1922 
formulary system, 1924-1925 
intravenous admixtures, 1929— 
1930 
investigational drugs, 1929 
organization of, 1920-1922, 
1921 
patient self-administration of 
drugs, 1928-1929 
pharmacist’s responsibilities, 
1920-1921 
pharmacy and therapeutics 
committee, 1923-1924, 
1924 
professional society, 1919-1920 
purchasing, 1925-1926 
industrial, 4 
nuclear, 4 
organizations, 4—5 
Pharmacy compounding, 1696 
Pharmacy Practice Activity 
Classification, 1643-1644 
Pharmacy technicians, 29 
Phase rule, 213-214 
Phase-solubility analysis, 213-214 
Phazyme (see Simethicone) 
Phemitone (see Mephobarbital) 
Phenacemide, 1426 
Phenazopyridine hydrochloride, 
1546 
Phencyclidine, 1181 
Phenelzine sulfate, 1441, 1442t 
Phenergan (see Promethazine 
hydrochloride) 
Phenethyl, 403t 
Phenistix reagent strips, 1193 
Phenobarbital, 1154t, 1416, 1755 
Phenobarbital sodium, 1416 
Phenol, 1045-1046 
Phenol formaldehyde, 1011 
Phenolphthalein, 1231 
Phenothiazines, 1430-1431, 1722t 
Phenotype, 1170t 
Phenoxy, 403t 
Phenoxybenzamine hydrochloride, 
1323 
Phenpropionate, 452t 
Phensuximide, 1426 
Phentolamine sulfate, 1323 
Phenyl, 403t 
Phenylalanine, 421t—422t 
Phenylalkylamine, 425t 
Phenylbutazone, 1460, 1754 
Phenylene, 403t 
Phenylephrine hydrochloride, 1307 
Phenylethyl alcohol, 1024 
Phenylketonuria, 565, 577 
Phenylpropanolamine 
hydrochloride, 1312 
Phenylpyruvic acid, 577 
Phenylsulfonyl, 403t 
Phenytoin, 1426, 1754 
Phenytoin sodium, 1426-1427 
Phenytoin sulfate, 1154t, 1290 
Phonophoresis, 844 
Phorate, 1839 
Phosphamidon, 1839 
Phosphatases, 567 


Phosphate, 403t 
Phosphino, 403t 
Phospho, 4038t 
Phosphodiesterase inhibitors, 1287— 
1288 
Phospholipids, 919 
blood testing for, 569 
cephalins, 419 
description of, 569 
lecithins, 419 
properties of, 419 
sphingomyelins, 419 
surface characteristics of, 286 
Phosphono, 403t 
Phosphoproteins, 422 
Phosphoric acid, 1046 
Phosphoro, 403t 
Phosphorofluoridate, 403t 
Phosphoroso, 403t 
Phosphorus 
blood testing for, 571, 573t 
characteristics of, 372t, 373 
recommended daily intake of, 
1726t 
reference daily intakes, 1797t 
Photoallergic reaction, 1078 
Photodiode array detector, 604 
Photofrin (see Porfimer sodium) 
Photon correlation spectroscopy, 
297 
Photosedimentometer, 689 
Phototherapy, 1870 
pH partition principle, 1117-1118 
Phthalate, 403t 
Phthaleins, 399t 
Phthalidyl, 403t 
Phthaloyl, 403t 
Phthalylsulfathiazole, 1512 
Physician’s Desk Reference, 64 
Physisorption, 280 
Physostigmine, 1318, 1722t 
Physostigmine salicylate, 1319- 
1320 
Phytonadione, 1804 
a bonds, 162-163 
am constants, 171, 172t 
Picrate, 403t 
Picryl, 403t 
Piggyback method, for 
administering 
intravenous fluids, 807, 
811-812 
Pigments, inorganic, 382 
Pills, 891 
Pilocarpine hydrochloride, 824, 
1316-1317 
Pilocarpine nitrate, 1317 
Pimenta oil, 1026 
Pimozide, 1434, 1436t 
Pindolol, 1326 
Pine tar, 1210 
Pinocytosis, 1111 
Pinworms, 1562 
Piperacillin sodium, 1152t, 1523 
Piperazine, 1564 
Piperidides, 399t 
Piperidino, 403t 
Piperidyl, 403t 
Pipets, 101 
Pipobroman, 1500 
Pipracil (see Piperacillin sodium) 
Pirbuterol hydrochloride, 1299t, 
1310 
Piroxicam, 1445t, 1460 
Pituitary gland 
disorders of, 1079-1080 
function tests, 1193-1194 
hormones 
hypothalamic regulation of, 
1359-1362 
types of, 1358-1359 
posterior, 1362-1363 
Pivalate, 452t 
Pivaloyl, 403t 
Pivoxetil, 452t 


Pivoxil, 452t 
Placebo, 26 
Placebo controls, 75 
Placebo effect, 130 
Placental lactogen, 570 
Placidyl (see Ethchlorvynol) 
Planetary paddle mixers, 694 
Plant regulators, 1845 
Plasma, 1245 
Plasma extenders, 1247-1248 
Plasma protein fraction, 1246-1247 
Plasma volume, 558 
Plasters, 856 
Plastic 
containers, 993-994 
packaging materials 
additives in, 1008 
applications of 
blister packaging, 1012 
collapsible tubes, 1012 
health-care device packaging, 
1011-1012 
intravenous solutions, 1012 
characteristics of, 787-788, 
1005 
chemical effects on, 1006-1007 
classification of, 1008 
creep failure of, 1006 
definition of, 1005 
electrical properties of, 1006 
environmental considerations, 
1013 
failure mode analysis of, 1007— 
1008 
fatigue resistance of, 1005 
flex resistance of, 1005 
impact strength of, 1005 
mass transfer properties of, 
1006 
mechanical properties of, 1005— 
1006 
optical properties of, 1006 
permeability of, 1006 
processing methods for 
blow molding, 1008-1009 
compression molding, 1009 
description of, 1008 
extrusion, 1008 
injection molding, 1008 
solvent casting, 1009 
quality control, 1013 
safety testing of, 1007 
sterilization of, 1012-1013 
stiffness, 1005 
tearstrength of, 1005 
tensile strength of, 1005 
thermoplastics 
acrylics, 1009 
fluoropolymer-aclar film, 
1011 
ionomer, 1011 
nylons, 1009 
polycarbonate, 1006t, 1010— 
1011 
polyethylene, 1006t, 1009-— 
1010 
polyethylene terephthalate, 
1006t, 1009 
polypropylene, 1006t, 1010 
polystyrene, 1006t, 1010 
polyurethane foams, 1011 
polyvinylidene chloride, 
1006t 
Tyvek, 1010 
vinyl, 1006t, 1010 
vinyl chloride-acetate, 1006t 
thermosets, 1011 
types of, 1006t 
Platelet concentrate, 1245 
Platelets 
aggregation of, 557 
disorders of, 557 
functions of, 557 
measurement of, 557 


Plate theory, of chromatography, 
590 
Platinol (see Cisplatin) 
Plendil (see Felodipine) 
Plicamycin, 1500 
Pneumograms, 1870 
Pneumonia 
definition of, 1056 
epidemiology of, 1056 
etiology of, 1056 
Legionella, 1056-1057 
Mycoplasma, 1056 
pathophysiology of, 1056 
signs and symptoms of, 1056 
Podofilox, 1211 
Podophyllum, 1211 
Podophyllum resin, 1211 
Poiseuille’s law, 338 
Poison-control centers, 1722-1723 
Poisoning 
antidotes, 1720, 1721t—1722t 
data reporting, 1717t 
description of, 66 
emetics for, 1719-1720 
epidemiology of, 1716-1719 
factors associated with 
accessibility, 1718 
accident proneness, 1718 
age, 1717-1718 
containers, 1719 
location, 1718 
supervision, 1719 
first-aid principles, 1719-1720, 
1720t 
incidence of, 1716 
outcome of, 1718t 
patterns of, 1717t 
pharmacist’s role in preventing, 
1723 
prevention of, 1720, 1722-1723 
substances commonly used, 1716, 
1718t 
treatment of, 1719 
Poison Prevention Packaging Act, 
1618, 1698, 1722 
Poisons, 1618 
Polacrillin potassium, 1050 
Polaramine (see 
Dexchlorpheniramine 
maleate) 
Polar bonds 
description of, 164 
dipole 
definition of, 164 
polarization of, 165 
Polarimeter, 486 
Polarimetry, 636 
Polarizability, 391 
Polarography, 487 
AC, 646 
currents, 644 
derivative, 645 
discovery of, 643 
electrodes, 644 
half-wave potential, 644 
history of, 643 
instrumentation, 643-644 
modern techniques, 645-648 
oxygen waves, 644-645 
pulse, 645-646 
single-sweep, 645-646 
theoretical basis of, 643-644 
Pollens, 1584, 1585t 
Polocaine (see Mepivacaine 
hydrochloride) 
Polonium, 374t 
Poloxalene, 1050 
Poloxamers, 327, 341 
Polyacrylamide gel electrophoresis, 
j 611-612 
Polyamide, 606 
Polyarteritis nodosa, 1072-1073 
Polycarbonate, 1006t, 1010-1011 
Polycarbophil, 1233 
Polyelectrolytes, 225, 298 


Polyester fiber, for suturing, 1854 
Polyethylene, 1006t, 1009-1010 
Polyethylene glycols, 847, 853, 1037 
Polyethylene terephthalate, 1006t, 
1009 

Polyferose, 1270 
Polymeric solids, 279t 
Polymers 

controlled drug release by erosion 


of, 917 
cross-linked, 307 


flocculation using, 320-321 
glucose-sensitive, 927 
intelligent, 925 
in ion-exchange chromatography, 
600 
latexes of, 295 
pH-sensitive membrane, 927 
solutions of, 225 
Polymorphism, 181, 1170t 
Polymorphs 
characterization techniques for, 
709-710 
description of, 702 
metastable formation, 710 
solubility of, 709 
solvent-mediated transformations 
of, 703 
Polymyositis, 1072 
Polymyxin B sulfate, 1152t, 1536 
Polyolefin fibers, for suturing, 
1854-1855 
Polyoxyl 40 stearate, 1037 
Polypeptides, 419-420, 1535-1536 
Polypropylene, 1006t, 1010 
Polysaccharides 
chemical properties of, 412—413 
definition of, 409 
structure of, 412 
Polysorbates, 1037-1038 
Polystyrene, 1006t, 1010 
Polythiazide, 1349-1350 
Polyurethane foams, 1011 
Polyvinyl alcohol, 303, 1032, 1204 
Polyvinylidene chloride, 1006t 
Polyvinylpyrrolidone, 861 
Ponstel (see Mefenamic acid) 
Pontocaine hydrochloride (see 
Tetracaine 
hydrochloride) 
Population, 126 
Porfimer sodium, 1501 
Porfiromycin, 1506t 
Porphyrins, 579 
Portosystemic encephalopathy, 
1091 
Positive ray analysis, 471 
Potassium, 364 
Potassium acetate, 1263 
Potassium benzoate, 1016 
Potassium chloride, 1263-1264 
Potassium gluconate, 1264 
Potassium hydroxide, 1211 
Potassium iodate, 494 
Potassium iodide, 1303 
Potassium metabisulfite, 1016 
Potassium metaphosphate, 1046 
Potassium oxalate, 1256 
Potassium phosphate, 1264 
Potassium sorbate, 1016 
Potato starch, 1047-1048 
Potency, 1099-1100 
Potentiometry 


applications of 
acid-base titration, 642 
complexation titration, 642— 
643 
oxidation-reduction reactions, 
643 
pH measurement, 642 
complex stability measured 
using, 198 
description of, 193, 641 


electrodes 
glass-membrane, 641-642 
indicator, 641 
reference, 641 
solid-state, 642 
transistor, 642 
ion-specific, 487 
pH determinations using, 242— 
244 
Povidone, 1032-1033 
Povidone-iodine, 1510 
Powders 
aerosols, 974-975 
bulk, 698 
coloring agents, 1018 
deliquescent substances in, 697 
divided, 697 
in dosage form, 696 
douche, 698 
dusting, 698, 1200-1201 
eutectic mixtures, 697 
extemporaneous preparation of, 
696-697 
flow patterns, 695 
homogeneity of, 693 
hygroscopic substances in, 697 
insufflations, 698 
levigation of, 696 
liquids and, 697 
mixing of 
equipment for, 694-695 
homogeneity determinations, 
693 
mechanisms, 693-694 
rates, 694 
molecular aggregation of, 681 
mortar and pestle, 696-697 
oral, 698 
particle size 
automatic counters, 688 
classification methods 
description of, 686 
elutriation, 690 
sedimentation, 689-690 
sieving, 688 
wet screening, 688-689 
distributions, 685-686 
measurement methods 
description of, 686 
gas adsorption, 687 
impaction techniques, 687— 
688 
inertial techniques, 687-688 
microscopy, 686—687 
permeability, 687 
reduction of 
description of, 681-682 
equipment for, 682 
fracture, 682 
methods for, 682 
mills, 682-685 
statistical parameters 
regarding, 685 
pneumatic transport of, 695-696 
pulverization by intervention, 696 
segregation of, 693-694 
solids handling 
bulk density, 691 
bulk properties, 693 
statics, 691-693 
spray-drying, 681 
topical use, 856 
trituration of, 696 
triturations, 698 
volatile substances in, 697 
Power of attorney, 1615 
Powers, 104 
Practical equivalents, 95 
Pralidoxime chloride, 1320-1321 
Pramoxine hydrochloride, 1406 
Prandin (see Repaglinide) 
Pravachol (see Pravastatin sodium) 
Pravastatin sodium, 1294 
Prax (see Pramoxine hydrochloride) 
Praziquantel, 1564 
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Prazosin hydrochloride, 1323 
Precautions, 941 
Precipitated sulfur, 1565-1566 
Precipitation 
definition of, 678 
of powders, 681 
uses of, 678 
Precision, 127-128 
Precose (see Acarbose) 
Prednimustine, 1506t 
Prednisolone, 840t, 1364t, 1369 
Prednisone, 1364t, 1369 
Prefixes, 400t—401t 
Preformulation 
active pharmaceutical ingredient 
biopharmaceutical classification 
of, 714 
decision-making points for, 
703-704 
definition of, 703 
pH-solubility profiles, 705 
polymorphic forms, 714 
specifications, 714 
challenges associated with, 700— 
701 
compactibility, 712-713 
compressibility, 712-713 
discovery and development, 700— 
701 
excipient selection, 713-714 
salts 
aqueous solubility and, 704 
counter-acid grouping effects 
on, 705 
crystal formation requirements, 
705 
grinding of, 712 
hygroscopicity and, 711-712 
properties of, 704 
reactivity potential, 705 
selection criteria 
absorption assessments, 
706-707 
consistency assessments, 
708-712 
decision-making approach, 
712 
description of, 706 
relative humidity, 710-711 
solid state 
analog expansion, 718 
analog selection, 718-719 
character, 702 
description of, 701-702 
engineering of, 714-719 
library expansion of, 715-717 
series selection, 717-718 
water effects, 702-703 
Pregnancy tests, 1194t, 1744-1745 
Pregnanediol, 570 
Premature atrial depolarizations, 
1068 
Premature ventricular 
depolarizations, 1069 
Prescription 
batch-prepared, 1707 
delivering of, 1699 
filing of, 1700 
incompatibilities, 1697 
incorrect use, 1893-1894 
isolated, 1707 
markup of, 1700 
packaging materials 
child-resistant, 1698-1699 
description of, 1697-1698 
types of, 1697-1698 
patient counseling regarding, 
1699-1700 
preparing of, 1695-1697 
pricing of, 1700 
product quality monitoring, 1703 
professional fees, 1700 
rechecking of, 1699 
recording of, 1700 
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refilling of, 1701 
routine, 1707 
Prescription balances, 98-99, 485 


Prescription insurance plans, 1622— 


1623 
Prescription order 
abbreviations, 1689t 
copies of, 1701 
dating of, 1694 
definition of, 1687 
description of, 1687-1688 
drugs with similar names, 1693t 
elements of 
date, 1688 
directions for patient or 
signatura, 1690 
dispensing directions, 1688, 
1690 
medications prescribed, 1688 
patient information, 1688 
special labeling, 1690-1691 
symbol, 1688 
example of, 1688 
labeling considerations, 1694 
legal considerations, 1703, 1705 
medication errors 
description of, 1691 
form for reporting, 1692 
methods of reducing, 
1691-1701 
numbering of, 1694 
patient compliance with, 1701 
processing of, 1691 
reading and checking of, 1691, 
1693-1694 
receiving of, 1691 
transfer of, 1701 
Prescription ownership, 1622 
Pressonex (see Metaraminol 
bitartrate) 
Pressure sores, 1859-1860 
Prevacid (see Lansoprazole) 
Prilocaine hydrochloride, 
1403-1404 
Prilosec (see Omeprazole) 
Primacor (see Milrinone lactate) 
Primaquine phosphate, 1547 
Primaxin (see Imipenem) 
Primidone, 1154t, 1427 
Prinivil (see Lisinopril) 
Proaqua (see Benzthiazide) 
Probenecid, 1353 
Probutate, 452t 
Procainamide hydrochloride 
(Procan), 1152t, 1154t, 
1290 
Procaine hydrochloride, 1404 
Procaptan (see Perindopril 
erbumine) 
Procarbazine hydrochloride, 1501 
Procardia (see Nifedipine) 
Prochlorperazine, 1237, 1436t 
Prochlorperazine edisylate, 1237 
Prochlorperazine maleate, 1237 
Procrit (see Epoetin alfa) 
Proctofoam (see Pramoxine 
hydrochloride) 
Procyclidine hydrochloride, 1342 
Prodrug, 913-914, 1106 
Product recall 
actions secondary to, 1669-1671 
background information, 1671— 
1673 
classes of, 1672 
documenting of, 1666 
elements of, 1666-1669 
level of, 1672-1673 
lot numbers, 1671-1672 
product handling, 1668-1669 
reasons for, 1673, 1673t 
recordkeeping, 1669, 1671 
Professionalism 
characteristics of, 19-21 
definition of, 19 
history of, 12-13 


Progesterone 
antagonists, 1387-1388 
characteristics of, 570, 1386, 
1387t, 1388 
Progestins, 1386-1387 
Prograf (see Tacrolimus hydrate) 
Proinsulin, 1371 
Prokine (see Sargramostim) 
Prokinetic drugs, 1227-1228 
Prolactin, 1359 
Prolamine, 422 
Proleukin (see Aldesleukan) 
Proline, 421t—422t 
Prolixin decanoate (see 


Fluphenazine decanoate) 


Proloprim (see Trimethoprim) 
Promazine, 1436t 
Promazine hydrochloride, 1434 
Promethazine hydrochloride, 1466 
Prominal (see Mephobarbital) 
Pronestyl (see Procainamide 
hydrochloride) 
Proof spirit, 120 
Propacil (see Propylthiouracil) 
Propafenone hydrochloride, 1290 
Propaneamide (see Flutamide) 
Proparacaine hydrochloride, 1406 
Propellants, for aerosols 
compressed gases, 971 
description of, 968 
hydrocarbons, 970 
hydrochlorofluorocarbons, 970— 
971 
hydrofluorocarbons, 970-971 
liquefied gases, 968-969 
Propenyl, 403t 
Propine (see Dipivefrin 
hydrochloride) 
Propionate, 403t 
Propionyl, 403t 
Propofol, 1398-1399 
Proportions 
description of, 111 
statistical tests for, 139 
Propoxy, 403t 


Propoxyphene hydrochloride, 1453— 


1454 
Propoxyphene napsylate, 1454 
Propranolol hydrochloride, 1326, 
1757 
Proprietorships, 1652 
n-Propyl, 403t 
Propylene, 403t 
Propylene glycol, 218, 1040 
Propylene glycol monostearate, 
1033 
Propylhexedrine, 1312 
Propyliodone, 1198 
Propylthiouracil, 1380-1381 
Proscar (see Finasteride) 
ProSom (see Estazolam) 
Prostaglandins 
biosynthesis of, 437 
chemical synthesis of, 437 
description of, 436 
discovery of, 436 
natural occurrence of, 436—437 
nomenclature, 436 
pharmacological activity of, 437, 
439 
properties of, 436t 
structure of, 437t 
Prostaphlin (see Oxacillin sodium) 
Prostigmin bromide (see 
Neostigmine bromide) 
Prostin E, (see Dinoprostone) 
Prostin VR (see Alprostadil) 
Protamine sulfate 
bioassays of, 546 
characteristics of, 422, 499, 1260 
Proteans, 423 
Protease inhibitors, 1560-1561 
Protective colloids, 304 
Protectives, 382, 1850 


Protein 
amino acids 
content, 422 
description of, 396t 
precursor functions of, 423-424 
sequence of, 422 
types of, 421t—422t 
blood testing for, 566 
classification of, 422-423 
clinical uses of, 424 
composition of, 420-422 
conjugated, 422-423 
definition of, 420 
derived, 423 
factors that affect intake of, 424 
isolation of, 420 
natural occurrence of, 420 
nutritional value of, 424 
properties of, 423 
recombinant, 952 
recommended daily intake of, 
1727t 
reference daily intakes, 1797t 
simple, 422 
structure of, 420—422 
surface characteristics of, 286 
tests for, 423 
in urine, 576 
Protein binding 
characteristics of, 207, 
1141-1143, 1148-1149, 
lal 
complex effects, 196 
description of, 196 
drug interactions associated with, 
1753-1754 
Protein-bound iodine, 572 
Proteoses, 423 
Prothrombin consumption test, 559 
Prothrombin time, 559 
Protirelin, 1198 
Proton-balance equation, 237-238 
Proton pump inhibitors, 1225-1226 
Protriptyline hydrochloride, 1441, 
1442t 
Proventil (see Albuterol) 
Provera (see Medroxyprogesterone 
acetate) 
Provigil (see Modafinil) 
Proxetil, 452t 
Prozac (see Fluoxetine 
hydrochloride) 
Prozine (see Promazine 
hydrochloride) 
Pseudoephedrine hydrochloride, 
1312 
Pseudogout, 1071-1072 
Pseudohalogens, 376t, 377 
Pseudoplasticity, 338-339 
Psilocybin, 1181 
Psoriasis, 1077 
Psychoneuroimmunology, 1164, 
1775-1776, 1779 
Psychostimulants, 1474-1476 
Psychotomimetics, 1180-1181 
Psyllium laxatives, 1233 
Public health programs 
alcohol abuse, 56—57 
chronic disease control, 52-53 
communicable disease control, 
51-52 
definition of, 47 
disease prevention efforts, 50 
environmental health, 55-56 
epidemiology, 50-51 
global health, 52 
health education, 53 
health measurements, 50 
health services, 50 
history of, 49-50 
maternal and child health, 53-54 
mental health, 56 
mission of, 47 
nutrition, 54-55 
oral health, 55 


pharmacists in 
involvement areas, 49 
roles, 47-48 
pharmacy services in, 48 
purpose of, 47 
research efforts, 57 
SIDS, 53 
substance abuse, 56—57 
Public Health Service 
description of, 42 
history of, 42 
organizations of, 42—43 
pharmaceutical opportunities, 
43-44 
research efforts, 82 
Pulmicort (see Budesonide) 
Pulmonary diseases 
adult respiratory distress 
syndrome, 1062 
airflow obstructive disease, 1061 
airway obstruction, 1061-1062 
cystic fibrosis, 1063 
deep venous thrombosis, 1062— 
1063 
hypoxemia, 1060-1061 
physiology of, 1060 
pulmonary embolism, 1062-1063 
restrictive lung disease, 1062 

Pulmonary embolism, 1062-1063 

Pulmozyme (see Deoxyribonuclease 
recombinant) 

Pulsed Fourier transform nuclear 
magnetic resonance 
spectrometry, 630 

Pumice, 1046 

Pure Food and Drugs Act (1906), 
14, 33 

Purine, 425t 

Purinethol (see Mercaptopurine) 

Pyogenes 

control of, 786 
definition of, 786 
sources of, 786 
systemic effects of, 786 
tests for, 804 

types of, 786 

Pyopen (see Carbenicillin disodium) 

Pyrantel pamoate, 1564 

Pyranyl, 403t 

Pyrazinamide, 1544 

Pyrazolidinyl, 403t 

Pyrethrins, 1566 

Pyrethrum, 1836-1837 

Pyribenzamine (see Tripelennamine 
citrate) 

Pyridine, 425t 

Pyridium (see Phenazopyridine 
hydrochloride) 

Pyridostigmine bromide, 1320 

Pyridoxine hydrochloride, 1809-— 
1810, 1816 

Pyridyl, 403t 

Pyrimethamine, 1547-1548 

Pyrimidinyl, 403t 

Pyrogen test, 548-549 

Pyrophosphates, 397t 

Pyroxylin, 1046 


Q 


Quality assurance and control 
aseptic processing, 2026-2027 
in biotechnology, 982 
contemporary issues regarding, 

982-983 
description of, 980 
documentation, 981-982 
FDA Modernization Act, 983 
good manufacturing practices, 
983-985 
for intravenous admixtures, 817— 
818 
in organization, 980-981 
pharmacist’s opportunities in, 35 
for plastic packaging materials, 
1013 


responsibilities, 980-981 
total quality management, 981 


Quality-of-life outcomes, 1630-1632 


Quantum number, 160 


Quaternary ammonium compounds, 


399t 
Quazepam, 1408t, 1412 
Quelicin (see Succinylcholine 
chloride) 
Questran (see Cholestyramine 
resin) 
Quetiapine fumarate, 1437 
Quinacrine hydrochloride, 1548 
Quinapril hydrochloride, 1281 
Quinestrol, 1385 
Quinethazone, 1350 
Quinidine 
characteristics of, 1152t, 1154t 
chemical structure of, 429 
drug interactions, 1758 
Quinidine gluconate, 1290 


Quinidine polygalacturonate, 1290 


Quinidine sulfate, 1290 
Quinine, 429 

Quinine ethylcarbonate, 429 
Quinine sulfate, 1548 
Quinoline, 425t 
Quinolizine, 425t 

Quinolyl, 403t 

Quinones, 399t 


R 


Racemization 
definition of, 272 
stability effects, 990-991 
Radiation 
a, 470 
B, 470 
definition of, 470 
extranuclear, 470 
y, 470 
Radiation sterilization 
description of, 771-772 
doses for, 772 
mechanism of action, 772-774 
ultraviolet, 774 
uses of, 771 
Radicals 
contractions for, 451t—452t 
types of, 402t—404t 
Radioactive decay 
a, 474 
isobaric, 474 
kinetics of, 473-475 
modes of, 474—475, 475 
rate of, 473 
statistics, 471, 473 
Radioactivity 
definition of, 470 
units of, 474 
Radioimmunoassays, 584 
Radiolabeling, 478-479 
Radionuclides 
characteristics of, 477t 


clinical applications of, 469-470 


cyclotron-produced, 475, 478 
description of, 469, 1781-1782 
development of, 1783 
history of, 469 
production methods 
cyclotron, 475, 478 
fission byproducts, 475 
generators, 478 
neutron reactions, 475 
schematic representation of, 
A76 
properties of, 477t 
in radiopharmaceuticals, 1781— 
1782 
types of, 477t 
Radiopaque compounds, 383-384 
Radiopharmaceuticals 
characteristics of, 480t—481t 
compounding of, 1784 
definition of, 469—470, 1781 


design of, 479 
dispensing of, 1785 
drugs that interfere with, 1789t 
indications, 1781 
preparation of, 482 
procurement of, 1784 
properties of, 480t—481t 
quality assurance of, 1784 
radionuclides incorporated into, 
478-479, 1781-1782 
technetium, 479, 482 
types of, 480t—481t 
Raloxifene, 1376 
Raloxifene hydrochloride, 
1385-1386 
Raman spectrometry, 635 
Ramipril, 1281-1282 
Randomization, 76 
Ranitidine, 1224t, 1225 
Rank sum test, 147 
Raspberry juice, 1050 
Rast method, 223 
Rate theory, of chromatography, 


590 


Ratios, 111-112 

Ratio strength, 114 
Rauwolfia alkaloids, 433 
Raxar (see Grepafloxacin 


hydrochloride) 


82Rb, 477t 
186Re, 477t 
Reactions 


consecutive, 268 
description of, 1128-1129 
first-order, 264-265 
principles of, 263-264 
pseudo-order, 266-267 
rate of 
definition of, 263 
factors that affect 
buffer, 273 
complexing agents, 274 
hydrolysis, 271-272 
interactions between 
components, 273 
ionic strength, 271 
oxidation, 273 
pH, 273 
photochemical decomposition, 
273 
physical instability, 273 
racemization, 272 
refrigeration, 274 
solvent, 273 
specific acid catalysis, 269— 
270 
specific base catalysis, 269— 
270 
surfactants, 274 
suspensions, 274 
temperature, 268-269 
reversible, 267 
second-order, 265 
simultaneous, 267—268 
third-order, 266 
zero-order, 1128-1129 


Reactivity tests, 549-551 
Recall 


actions secondary to, 1669-1671 

background information, 1671— 
1673 

classes of, 1672 

documenting of, 1666 

elements of, 1666—1669 

level of, 1672-1673 

lot numbers, 1671-1672 

product handling, 1668-1669 

reasons for, 1673, 1673t 

recordkeeping, 1669, 1671 


Receptors, 464 


binding, 1106-1107 
characteristics of, 1103-1104 
classification of, 1104 
description of, 1103 

drug actions and, 1106 


enzyme inhibition, 1109 
function of, 1107-1109 
G protein-coupled, 1107-1108 
intracellular, 1109 
ligand-activated ion channels, 
1107 
regulation of, 1109 
structure of, 1107-1109 
theories regarding, 1104-1106 
tyrosine kinase-linked, 1109 
voltage-sensitive sodium 
channels, 1107 
Recombinant DNA technology, 947 
Recommended Daily Allowances, 
1725-1726 
Recrystallization, 678 
Rectum 
anatomy of, 852 
suppository absorption in, 852— 
853 
Redox reactions, 493-495 
Redox titrations, 643 
Red petrolatum, 1204 
Reductil (see Sibutramine 
hydrochloride) 
Reduction, 1121 
Reflexology, 1780 
Refractometer, 486 
Refrigeration, 274 
Regitine mesylate (see 
Phentolamine sulfate) 
Reglan (see Metoclopramide 
hydrochloride) 
Regonal (see Pyridostigmine 
bromide) 
Regression analysis, 125 
Relafen (see Nabumetone) 
Relative humidity, 178-179, 710-— 
7atal 
Relefact-TRH (see Protirelin) 
Reliability, of study, 77 
Remeron (see Mirtazapine) 
Remicaid (see Infliximab) 
Remington, Joseph, 13 
Renal diseases 
drug therapy for, 1150-1152 
glomerulonephritis, 1095 
nephrotic syndrome, 1095 
Renal failure 
acute, 1096 
anatomic and physiologic 
considerations, 1095— 
1096 
chronic, 1096-1097 
definition of, 1095 
Renese (see Polythiazide) 
Renin-angiotensin system 
characteristics of, 466-467, 1274 
drugs that affect, 1279-1282 
Renografin (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
Renovist (see Diatrizoate 
meglumine and 
diatrizoate sodium) 
ReoPro (see Abciximab) 
Repaglinide, 1373, 1374t, 1375 
Report of the Committee on 
Infectious Diseases, 52 
Repulsive forces, 170 
Requip (see Ropinirole 
hydrochloride) 
Rescriptor (see Delavirdine 
mesylate) 
Research and development 
description of, 81 
drug discovery efforts 
chemical libraries and sample 
collections, 83 
natural product sources, 83 
overview of, 82 
research scientist’s role in (see 
Research scientists) 
expenditures, 82 
goals of, 81 


INDEX 2069 


history of, 81-82 
importance of, 35 
organizations, 82 
pharmacist in 
career opportunities, 34-35 
role, 71 


Research scientists 


description of, 83-84 
field-specific responsibilities 
biochemistry, 85 
cell biology, 85 
immunology, 85-86 
information science, 87 
microbiology, 84—85 
organic chemistry, 84 
pharmacology, 86 
physical chemistry, 87 
toxicology, 86 
virology, 85-86 


Reserpine, 433, 1275, 1327 
Reservoir-type devices, 910 
Residual current, 644 
Residual volume, 1060 


Resonance effects, 392 
Resource-based relative value scale, 
1644 
Respiratory acidosis, 1097 
Respiratory alkalosis, 1097 
Respiratory stimulants, 383 
Respiratory therapy, 1867-1869 
Respiratory tract infections 
anatomic and physiologic 
considerations, 1055 
description of, 1055 
epidemiology of, 1055 
etiology of, 1055 
nontuberculous mycobacterial 
disease, 1057 
pathophysiology of, 1055 
pneumonia 
definition of, 1056 
epidemiology of, 1056 
etiology of, 1056 
Legionella, 1056-1057 
Mycoplasma, 1056 
pathophysiology of, 1056 
signs and symptoms of, 1056 
streptococcal, 1055-1056 
tuberculosis, 1057 
Restoril (see Temazepam) 
Restriction fragment length 
polymorphism, 949 
Restrictive lung disease, 1062 
Retardation factor, 590 
Retention volume, 591 
Reteplase, 1258 
Reticular dysgenesis, 1163 
Reticulocytes, 557 
Retin-A (see Tretinoin) 
Retinoic acid (see Tretinoin) 
Retrovir (see Zidovudine) 
Reverse osmosis, 679-680 
Review articles, 78-79 
Rezulin (see Troglitazone) 
Rh antibodies, 561-562, 1249-1250 
Rhenium, 377t, 378 
Rheology 
biological applications of 
hemorheology, 345-346 
mucus, 346 
synovial fluid, 346-347 
definition of, 335 
dispersions, 343-344 
elastic solids, 335-336 
emulsifying agent, 325 
liquids 
description of, 336-337 
Newtonian flow, 337-338 
non-Newtonian flow behavior 
time-dependent, 341-343 
time-independent, 338-341 
measurement techniques 
description of, 348 
viscometers, 348-351 
modulus of elasticity, 335, 336t 
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ointments, 347-348 
viscoelasticity 
principles of, 344-345 
synovial fluid, 346 
techniques for measuring, 351— 
354 
Rheomacrodex (see Dextran 40) 
Rheumatoid arthritis, 1070-1071 
Rheumatoid factor, 584 
Rheumatologic disorders 
degenerative joint disease, 1071 
dermatomyositis, 1072 
gout, 1071-1072 
physiologic considerations, 1070 
polymyositis, 1072 
pseudogout, 1071-1072 
rheumatoid arthritis, 1070-1071 
scleroderma, 1072 
systemic lupus erythematosus, 
1072 
vasculitis, 1072-1073 
Rhinocort (see Budesonide) 
Ribavirin, 1241, 1558-1559 
Riboflavin, 1726t, 1797t, 
1810-1811, 1816 
Ribovarin, 1529t 
Rickets, 1082 
Ridaura (see Auranofin) 
Rifabutin, 1544 
Rifadin (see Rifampin) 
Rifampicin (see Rifampin) 
Rifampin, 1152t, 1541, 1544-1545 
Right to privacy, 1620 
Rimactane (see Rifampin) 
Rimantadine hydrochloride, 1529t, 
1559 
Ringer’s injection, 1248 
Ringer’s solution, 808t 
Rioprostil, 437t 
Risedronate, 1377t 
Risperdal (see Risperidone) 
Risperidone, 1433t, 1437 
Ritalin (see Methylphenidate 
hydrochloride) 
Ritodrine hydrochloride, 1310 
Ritonavir, 1529t, 1560-1561 
Robaxin (see Methocarbamol) 
Rocaltrol, 1377 
Rocephin (see Ceftriaxone sodium) 
Rodenticides, 1840 
Rogaine (see Minoxidil) 
Ro-Hist (see Tripelennamine 
hydrochloride) 
Rolabromophen (see 
Brompheniramine 
maleate) 
Roller mills, 683 
Roller press, 678 
Romazicon (see Flumazenil) 
Roots, 104 
Ropinirole hydrochloride, 1342 
Roquinimex, 1506t 
Rosemary oil, 1026 
Rosen method, 1774 
Rose oil, 1024 
Rose water, 1024 
Rosin, 1046 
Rosoprostol sodium, 437t 
Rotary tablet machines 
description of, 873 
high-speed, 874-876, 875t 
multilayer, 876 
operation of, 873-874 
types of, 875t 
Rotating-shell mixers, 694 
Rotational viscometers, 349-351 
Rotenone, 1837 
Roundworms, 1562 
Routes of administration 
buceal, 1113 
description of, 1145 
inhalation, 1114 
intra-arterial, 1147 
intradermal, 1114 
intramuscular, 1114 


intrathecal, 1147 
intravenous, 1113 
intravenous fluids 
description of, 809-810 
direct injection, 810 
implantable ports, 814-815 
mechanical-electronic infusion 
devices, 812 
patient-controlled analgesia, 
812-813 
piggyback method, 807, 811- 
812 
volume-control method, 810— 
811 
oral, 1112-1113, 1145-1147 
parenteral, 1113-1114 
rectal, 1113 
subcutaneous, 1114 
sublingual, 1113 
topical, 1114, 1147 
Rowasa (see Mesalamine) 
Roxadimate, 1217 
Rubefacients, 1208-1210 
Rubex (see Doxorubicin 
hydrochloride) 
Rubidium, 364 
Rufen (see Ibuprofen) 
Rythmol (see Propafenone 
hydrochloride) 


S 


Saccharin, 734, 1024 
Saccharin calcium, 1024 
Saccharin sodium, 1024 
Saccular aneurysms, 1074 
Safety tests 
description of, 550-551 
plastic packaging materials, 1007 
Sal Ammoniac (see Ammonium 
chloride) 
Salicyl, 403t 
Salicylates, 403t, 1757 
Salicylic acid, 1212-1213 
Saline laxatives, 1232 
Salmeterol hydrochloride, 1310 
Salting-in 
definition of, 210 
principles of, 210-211 
Salting-out 
definition of, 210 
electrolyte solutions, 231 
solids in liquids, 210-211 
Salts 
aqueous solubility and, 704 
counter-acid grouping effects on, 
705 
crystal formation requirements, 
705 
grinding of, 712 
hygroscopicity and, 711-712 
properties of, 704 
reactivity potential, 705 
selection criteria 
absorption assessments, 706— 
707 
consistency assessments, 708— 
712 
decision-making approach, 712 
description of, 706 
relative humidity, 710-711 
Saluretics, 1275 
Saluron (see Hydroflumethiazide) 
Sample, 126 
Sandostatin (see Octreotide) 
Sanitary napkins, 1848 
Sansert (see Methysergide maleate) 
Sapogenins, 415, 417 
Saponins, 415 
Saquinavir, 1529t 
Saquinavir mesylate, 1561 
Sargramostim, 1272, 1501, 1506t 
Sassafras, 1027 
Satumomab pendetide, 1506t 
Saturated solutions, 120 


Saturated steam sterilization 
autoclaves, 758 
management systems for, 758— 
759 
principles of, 757-758 
process description, 759-760 
Saturation effect, 192 
Saw palmetto, 439t 
Scabicides, 1565-1566 
Scandium, 369, 369t 
Scheele, Carl Wilhelm, 10 
Schizophrenia, 1429 
Scientific journals, 60-61 
Scientist (see Research scientists) 
Scleroderma, 1072 
Sclerosing agents, 1210 
Scopolamine, 430, 1237 
Scopolamine hydrochloride, 1331 
Sealing 
of ampuls, 799-800 
of bottles, 800 
of vials, 800 
Sebaceous glands, 837 
Sebum, 837, 837t 
Secobarbital, 1416 
Secobarbital sodium, 1416 
Secondary ion mass spectrometry, 
618 
Secretin, 1193 
Sectral (see Acebutolol 
hydrochloride) 
Sedative-hypnotics 
barbiturates, 1414-1417 
benzodiazepines 
antagonists, 1413-1414 
clinical uses of, 1408-1409 
combinations, 1413 
dependence, 1409 
description of, 1408 
elimination of, 1408t 
mechanism of action, 1408 
pharmacokinetics of, 1409 
side effects of, 1409 
sleep effects, 1409 
types of, 1409-1413 
clinical uses of, 1407-1408 
combinations, 1420 
dependence, 1408 
description of, 1177 
mechanism of action, 1407 
overdosing of, 1408 
side effect of, 1408 
Sedimentation 
centrifugation, 671-672 
flocculation, 318 
gravitational, 677 
lyophobic dispersions, 297 
powder particle-size classification 
using, 689-690 
Selective estrogen-receptor 
modulators, 1376 
Selective serotonin reuptake 
inhibitors, 1437-1438 
Selectivity, 1099 
Selegiline hydrochloride, 1342 
Selenium, 374t, 375, 1727t, 1824 
Selenium sulfide, 1510 
Self-care 
concerns regarding, 1738-1739 
decision factors 
patient-related, 1741-1743 
product-related, 1740-1741 
description of, 1738 
increases in, 1738 
pharmacist-patient relations 
cooperation, 1744 
counseling, 1743-1744 
description of, 1739 
precautions regarding, 1745 
Selsun (see Selenium sulfide) 
Semicarbazones, 399t 
Semisolids 
gels, 340 
jellies, 340-341 


viscometers for rheological 
measurements of, 348— 
351 
Sennosides, 1232 
Sensitivity, of study, 77 
Sensorcaine (see Bupivacaine 
hydrochloride) 
separation, 677 
Separation methods 
centrifugation 
description of, 671 
filtration, 672 
sedimentation, 671-672 
clarification, 676-677 
colation, 677-678 
complex, 669 
countercurrent distribution, 669— 
671 
decantation, 677 
decoloration, 677 
definition of, 669 
description of, 669 
diffusion, 678-679 
expression, 678 
filtration 
aids for, 674-675 
definition of, 672 
filters for 
cotton, 674 
glass-wool, 674 
membrane, 673-674 
sintered-glass, 674 
funnels, 674 
mathematical principles of, 
672-673 
mechanism of action, 673 
media for 
description of, 673 
paper, 673 
pressured, 675 
rapid apparatus for, 675 
vacuum, 675 
volatile liquids, 674 
gel filtration, 679 
for immiscible liquids, 678 
lotion, 677 
precipitation, 678 
reverse osmosis, 679-680 
simplex, 669 
Septra (see Sulfamethoxazole and 
trimethoprim) 
Serax (see Oxazepam) 
Serentil (see Mesoridazine besylate) 
Serevent (see Salmeterol 
hydrochloride) 
Serine, 421t—422t 
Sermorelin acetate, 1199 
Serophene (see Clomiphene citrate) 
Seroquel (see Quetiapine fumarate) 
Serotonin, 172, 570 
Sertindole, 1433t, 1437 
Sertraline hydrochloride, 1441, 
1442t 
Serzone (see Nefazodone 
hydrochloride) 
Sesame oil, 1029 
Sesquiterpenes, 434 
Sevoflurane, 1396 
Sex hormones, 417 
Sexually transmitted diseases 
description of, 1054 
gonorrhea, 1054 
herpes simplex, 1055 
syphilis, 1054-1055 
Shamanism, 1780 
Shark liver oil, 1205 
Shear strain, 336 
Shear stress, 336 
Shear-thickening, 339-340 
Shelf life 
description of, 902 
prediction of, 991-993 
Shiatsu, 1780 
Shikonin, 954 
Shunting, 1061 


Sibutramine hydrochloride, 1475— 
1476 
Sickle-cell anemia, 553-554, 1093 
Sieving 
description of, 688 
equipment for, 688 
powder particle-size classification 
using, 688 
sieve nominal dimensions, 690t 
o-blade mixers, 694 
o bonds, 162-163 
ao complexes, 167 
Signed-rank sum test, 147-148, 
149t 
Significant figures, 103-104 
Silain (see Simethicone) 
Silanes, 371 
Silica gel, 370, 604 
Silicates 
chain, 370 
layer, 370 
Siliceous earth, 370, 1046 
Silicon, 369t, 370-371, 399t, 1202, 
1824 
Silicon dioxide, 1046-1047 
Siloxanes, 295, 371 
Silvadene (see Silver sulfadiazine) 
Silver, 364t, 365 
Silverfish, 1836 
Silver nitrate, 1211-1212 
Silver sulfadiazine, 1510 
Silyalkanols, 399t 
Silyl, 403t 
Silylating agents, 597 
Simethicone, 1242 
Simvastatin, 1294 
Sincalide, 1188 
Sinemet (see Carbidopa) 
Sinequan (see Doxepin  ~ 
hydrochloride) 
Single-beam balance, 96-97 


Single-punch tablet machines, 872— 


873 
Single-sweep polarography, 645— 
646 
Singulair (see Montelukast sodium) 
Sink condition, 655 
Sinografin (see Diatrizoate 
meglumine and 
iodipamide meglumine) 
Sinus arrest, 1068 
Sinus tachycardia, 1068 
Size-exclusion chromatography, 
587, 601-602 
Skelaxin (see Metaxalone) 
Skilled nursing facilities 
characteristics of, 1935-1936 
federal requirements, 1939-1940 
Skin (see also Dermis; Epidermis) 
anatomy of, 836-837, 1076 
description of, 836 
disorders of (see Dermatologic 
disorders) 
drug effects, 837 
hair follicles, 836 
hydration of, effect on drug 
absorption, 841-842 
infections of, 1079 
pilosebaceous units, 836-837 
sebaceous glands, 837 
sweat glands, 836-837 
Slip agents, 1008 
153Sm, 477t 
Smoking, 1178-1179 
Snake-bite kits, 1872 
Snuff, 1179 
Soda lime, 1047 
Sodium, 364 
Sodium acetate, 1264 
Sodium alginate, 1030 
Sodium ascorbate, 1814 
Sodium benzoate, 256t 
Sodium bicarbonate, 1222, 1265 
Sodium bisulfite, 1016 
Sodium borate, 1047 


Sodium carbonate, 1047 
Sodium carboxymethylcellulose, 
327t 
Sodium chloride, 1256, 1265 
Sodium chloride and dextrose 
injection, 1249 
Sodium chloride equivalent 
definition of, 254 
tonicity adjustments using, 254— 
255 
Sodium citrate, 1265 
Sodium fluoride, 1217 
Sodium folate, 1817 
Sodium glutamate, 1050 
Sodium hydroxide, 1047 
Sodium hypochlorite solution, 
1510-1511 


Sodium lactate injection, 1265-1266 


Sodium lauryl] sulfate, 1033 
Sodium metabisulfite, 1017 
Sodium monofluorophosphate, 1217 
Sodium nitrite, 1273 
Sodium nitroprusside, 1278 
Sodium phenobarbital, 880 
Sodium phosphate, 1232 
Sodium polystyrene sulfonate, 1268 
Sodium stearate, 1047 
Sodium tetradecyl sulfate, 1210 
Sodium tetraphenylboron titration, 
493 
Sodium thioglycollate, 1050 
Soft elastic capsules 
definition of, 889 
filling methods 
Accogel capsule machine, 890 
Norton capsule machine, 890 
plate process, 890 
rotary-die process, 890 
microencapsulation of, 890-891 
preparation, 889-890 
Solids, 181 
changes in state of, 175 
filling into containers, 798-799 
mechanical properties of, 348 
sublimation of, 175-176 
Solubility 
characteristics of, 193-194 
definition of, 208 
dissolution and, 656 
methods of expressing, 208-209, 
209t 
pH determinations and, 244-245 
quantitative aspects of, 224-225 
reverse, 208 
solutions of solids in liquids 
chemical reaction effects, 211— 
212 
determination of, 213 
principles of, 208-209 
salting-out effect, 210-211 
solutes with two or more 
species, 211 
temperature effects, 210 
Solute—solute interactions, 217 
Solutions 
aerosols, 974 
ammonia, 1041 
aqueous 
aqueous acids, 725 
aromatic waters, 724-725 
definition of, 723 
douches, 727 
enemas, 727-728 
gargles, 728 
irrigation solutions, 729 
juices, 729 
mouthwashes, 728 
nasal solutions, 729 
otic solutions, 729 
sweet or viscid 
definition of, 730 
honeys, 73 
jellies, 733 
mucilages, 732-733 
syrups 


definition of, 730 
invert, 730 
from juices, 732 
masking properties of, 730 
medicating liquid added to, 
731 
percolation of, 731 
with pharmaceuticals, 732 
preparation of, 730-732 
preservation of, 732 
sucrose levels, 730 
water, 723-724 
boiling point of, 222 
classification of, 208 
colligative properties of 
activity, 223-224 
activity coefficient, 223-224 
applications, 224 
boiling-point elevation, 222, 
253 
description of, 220-221 
freezing-point depression, 222— 
223 
ideal behavior, 223 
osmotic pressure, 221-222 
vapor-pressure lowering, 222 
definition of, 208 
description of, 725 
freezing point of, 222-223 
gases in liquids, 215-216 
hypertonic, 221 
hypotonic, 221 
liquids in liquids 
binary systems, 214-215 
ternary systems, 215 
nonaqueous 
collodions, 733 
description of, 733 
elixirs, 734-735 
glycerins, 735 
inhalants, 735 
inhalations, 735 
liniments, 735-736 
oleovitamins, 736 
properties of, 733 
spirits, 736-737 
toothache drops, 737 
ophthalmic, 824 
polymers, 225 
preparation for analysis, 487—488 
preparation of, 725-726 
saturated, 120 
simple, 725 
solids in liquids 
effecting of, 212-213 
phase rule, 213-214 
phase-solubility analysis, 213— 
214 
solubility 
chemical reaction effects, 
211-212 
determination of, 213 
principles of, 208-209 
salting-out effect, 210-211 
solutes with two or more 
species, 211 
temperature effects, 210 
solution rate, 209 
solids in solids, 216 
stability of, 988 
stock 
concentration of, 118 
description of, 117 
dilution of, 118 
thermodynamics of, 216-218 


Solvates, 175, 702 
Solvation, 219 
Solvents 


acetone, 219, 504t, 1038 
alcohols, 218-219 
aprotic, 232 

for chromatography, 599t 
classification of, 189t 

in crystallization, 705 
description of, 188-189 
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dielectric constant of, 271 
generalizations regarding, 220 
heat of solution, 201 
leveling effect of, 232 
mechanism of action, 219-220 
nonpolar, 218-219 
polar, 218 
semipolar, 218 
skin penetration enhancers, 842 
types of, 1038-1040 
water, 218 
Solvophobic effect, 190 
Soma (see Carisoprodol) 
Somatostatin, 1371 
Somatrem, 1362 
Somatropin, 1358, 1362 
Somogyi filtrate, 563 
Sonophoresis, 844 
Soothe (see Tetrahydrozoline 
hydrochloride) 
Sorbic acid, 1017 
Sorbitan esters, 1033 
Sorbitol, 1024-1025 
Sorbitrate (see Isosorbide dinitrate) 
Sotalol hydrochloride, 1290, 1326 
Space spray, 965 
Sparfloxacin, 1528t, 1540 
Sparine (see Promazine 
hydrochloride) 
Spearmint, 1025 
Specificity, of study, 77 
Spectinomycin hydrochloride, 1542 
Spectrazole (see Econazole nitrate) 
Spectrodensitometry, 609 
Spectroelectrochemistry, 648 
Spectrometry 
absorption 
bands, 618 
description of, 618 
theoretical basis of, 618 
ultraviolet, 618—620 
atomic absorption 
analytical procedure, 634 
factors that affect, 633 
history of, 633 
instrumentation, 633 
spectra, 633 
theoretical basis of, 633 
Auger electron, 617 
complex stability measured 
using, 192-193 
description of, 486, 614-615 
diode-array ultraviolet-visible, 
620 
electromagnetic spectrum, 615, 
615-616 
electron spin resonance, 631 
emission 
analytical procedure, 631-632 
description of, 487, 631 
instrumentation, 631 
theoretical basis of, 631 
flame emission 
analytical procedure, 632 
argon plasma, 632-633 
description of, 487 
instrumentation, 632 
fluorescence 
applications, 634-635 
derivative, 634 
description of, 634 
instrumentation, 634 
theoretical basis of, 634 
Fourier transform infrared, 487, 
624-625 
history of, 614-615 
inductively coupled plasma 
optical emission, 487 
infrared, 487 
circle-cell analysis, 625 
description of, 622 
diffuse reflectance, 625 
instrumentation, 624 
molecules, 623-624 
quantitative, 624 
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sample preparation, 624 
theoretical basis of, 622-623 
ion-scattering, 618 
light-scattering, 635 
mass 
advantages of, 636 
chemical ionization, 638 
discovery of, 636 
Fourier transform, 639 
history of, 636 
instrumentation, 636-637 
molecular structure, 638-639 
quadrupole mass analyzer, 638 
resolution enhancement, 637— 
638 
sample introduction, 636-637 
schematic representation of, 
637 


soft ionization techniques, 639— 


640 
spectra, 638-639 
techniques, 639-640 
theoretical basis of, 636-637 
modern techniques, 620 
near infrared, 620-622 
nuclear magnetic resonance 
discovery of, 626 
high-resolution, 630 
history of, 626 
instrumentation, 628, 629 
isotopes, 629-630 
pulsed Fourier transform, 630 
quantitative applications of, 
629 
relaxations, 627 
sample preparation, 629 
shift reagents, 629 
solid-state, 630-631 
spectra 
chemical shift, 627 
interpretation of, 627-628 
qualitative measurement of, 
628 
shielding effect, 627 
spin-lattice relaxation, 627 
spin-spin coupling, 627-628 
spin-spin decoupling, 629 
spin-spin relaxation, 627 
theoretical basis of, 626-627 
two-dimensional, 630 
pattern recognition analysis, 
625-626 
principles of, 192-193, 614-615 
Raman, 635 
secondary ion mass, 618 
ultraviolet 
applications of, 619 
Beer’s law, 618-619 
description of, 618 
detector, 620 
instrumentation, 619-620 
visible 
applications of, 619 
description of, 618-619 
detector, 620 
instrumentation, 619-620 
X-ray analysis, 617 
X-ray photoelectron, 617-618 
Spectroscopy, 297 
Spheronization, 870-871 
Sphingolipids, 569 
Sphingomyelins, 419 
Spinal column, 1883 
Spiral twist press, 678 
Spirits, 736-737 
Spirobenzylisoquinoline, 425t 
Spironolactone, 1351 
Split-plot design, 147 
Sporanox (see Itraconazole) 
Spray-drying, 681 
Square-root transformation, 157 
BeSrAaint 
St. John’s wort, 439t 


Stability 
closures for formulations and, 
994 
containers and, 993-994 
definition of, 986 
description of, 986 
of emulsions, 988 
of gelatin capsules, 989 
information regarding, 986 
of ointments, 989 
overage, 993 
pH effects, 245 
processes that affect, 987 
decarboxylation, 990 
hydrolysis, 990 
incompatibilities, 989 
ionizing radiation, 991 
oxidation-reduction, 989-990 
photochemical reactions, 991 
racemization, 990-991 
ultrasonic energy, 991 
reasons for evaluating, 987 
requirements, 986-987 
of solutions, 988 
of suspensions, 988 
of tablets, 988-989 
testing of, 274 
Stacking interaction, 190 
Stadol (see Butorphanol tartrate) 
Standard deviation, 127 
Standard error of the mean, 127 
Stannous fluoride, 1217 
Stanozolol, 1391t, 1393 
Staphylococcus aureus, 582 
Starch, 1047-1048 
Starch paste, 861 
States of matter 
changes in 
description of, 175 
visualization of, 176 
complexes, 179 
critical point, 176 
description of, 174-175 
eutectics, 177-178 
forms, 174-175 
gases 
aerosols, 178 
inhalers, 178 
relative humidity of, 178-179 
glassy, 180-181 
hydrates, 175 
liquid crystals, 179-180 
liquids, 179 
polymorphism, 181 
solids, 181 
solvates, 175 
sublimation, 175-176 
supercritical fluid, 176 
Statistical effect, 194 
Statistical moments, 1136 
Statistics 
acceptance sampling, 152 
accuracy, 128 
average, 127 
bias, 128 
x-square test, 139-140 
coefficient of variation, 127 
confidence intervals, 78, 125, 
134-136, 154-155 
correlation, 155-156 
data-gathering methods 
in biological experiments, 129— 
130 
in chemical laboratory, 129 
in clinical experiments, 129— 
130 
description of, 128 
questionnaire, 129 
data transformations 
arcsine, 157-158 
description of, 156 
logarithmic, 156-157 
square root, 157 
descriptive, 77 
F distribution, 125, 140-141 


frequency distributions, 127 
inferences, 124-125 . 
inferential, 77 
mean, 126-127 
overview of, 124-128 
populations, 126 
precision, 127-128 
probability distributions 
binomial, 131, 132t 
normal, 131-134 
proportions, 139 
quality control methods 
acceptance sampling, 152 
description of, 150-151, 151t 
fraction defective control chart, 
151-152 
regression analysis, 125 
rejection of aberrant 
observations, 148-150 
samples, 126 
slopes of two lines, 155 
standard deviation, 127 
straight lines, 152-154 
terminology of, 124-128 
tests of significance 
rank, 147 
signed-rank, 147-148, 149t 
t test 
alternative hypothesis, 136 
construction of, 135-136 
definition of, 125, 135 
independent sample, 136-138 
level of significance, 136 
null hypothesis, 135 
paired, 138-139 
variability, 125-126 
variables, 126 
Stavudine, 1529t, 1559 
Steam vaporizers, 1867 
Stearate, 403t 
Stearic acid, 327t, 416-417, 1036 
Stearoptene, 434 
Stearyl alcohol, 1033 
Stelazine (see Trifluoperazine 
hydrochloride) 
Stereochemistry, 462-463 
Stereoisomerism, 162, 167-168 
Steric effect, 194 
Steric stabilization 
definition of, 331 
emulsifying agents, 331 
Sterility assurance level, 753 
Sterilization 
aseptic processing, 774 
chemical “cold” 
chlorine dioxide, 769-770 
description of, 764-765 
ethylene oxide, 765-767 
gases and vapors used in, 764— 
765 
hydrogen peroxide, 767-769 
contamination considerations, 
754 
counterpressure 
air over steam method, 762 
autoclaves 
air over steam, 762, 763t 
superheated water spray, 
761-762 
principles of, 760 
superheated water spray 
method, 761-762 
description of, 753, 754 
dry heat 
batch sterilizers, 763 
description of, 763 
goals of, 763 
tunnels, 764 
filtration methods, 770-771 
moist heat, 754-757 
packaging considerations, 775 
parenteral medications, 801-802 
for plastic packaging materials, 
1012-1013 
radiation 


description of, 771-772 
doses for, 772 
mechanism of action, 772-774 
for plastic packaging materials, 
1013 
ultraviolet, 774 
uses of, 771 
saturated steam 
autoclaves, 758 
management systems for, 758— 
759 
for parenteral medications, 801 
principles of, 757-758 
process description, 759-760 
steam kinetics for, 754-757 
system-based approach, 753-754 
terminology associated with, 753 
testing 
biological indicators, 777 
laminar airflow for, 775-776 
methods of, 776-778 
training regarding, 778 
Steroids 
blood testing for, 569-571 
estrogens, 569-570 
gas chromatography of, 597 
progesterone, 570 
testosterone, 569-570 
Sterols 
classification of, 417, 417 
description of, 415, 417 
properties of, 417—418 
structure of, 417, 417 
Stibo, 403t 
Stimulant laxatives, 1230-1232 
Stock solutions 
concentration of, 118 
description of, 117 
dilution of, 118 
Stoichiometric models, 191-192 
Stokes’ law, 318 
Stomach 
anatomic and physiologic 
considerations, 1084— 
1085 
disorders of, 1085 
Storax, 1048 
Stoxil (see Idoxuridine) 
Strain curve, 352 
Stratum corneum 
anatomy of, 836, 1110 
barrier efficacy of, effect on drug 
absorption, 842-843 
drug effects, 837 
Streaming potential, 305 
Streamline flow, 337 
Strengths 
mixing of, 118-119 
ratio, 114 
Streptase (see Streptokinase) 
Streptococcal infections 
description of, 1055-1056 
tests for, 1199 
Streptococcus pyogenes, 582 
Streptokinase, 1256-1258 
Streptomycin sulfate, 1152t, 1527t, 
1534 
Streptozocin, 1501-1502 
Stress curve, 352 
Stroke, 1074-1075 
Strontium, 366, 366t 
Structure—activity relationships 
functional groups, 460—461 
molecular fragmentation, 459— 
460 
quantitative, 465-466 
stereochemistry, 462-463 
Studies 
case-control, 1981t, 1984-1985 
case report, 1981t, 1985 
case series, 1981t 
characteristics of, 1981t 
cohort, 1981t, 1984 
cross-sectional, 1981t, 1985 
description of, 1981-1982 


descriptive, 71-72 
ecological, 1981t, 1985 
experimental 
controlled, 73-74 
definition of, 73 
designs used in, 76 
evaluative criteria for 
data analysis, 74t, 77-78 
discussion, 78 
introduction/background, 75 
journal/author, 74-75 
methods 
patients/subjects, 74t, 75 
study design, 74t, 75-76 
outcome measures, 74t, 76— 
77 
overview of, 74t 
treatment considerations, 
74t, 76 
noncontrolled, 74 
explanatory, 71-72 
observational 
case-control, 72-73 
cohort, 73 
cross-sectional, 73 
prospective cohort, 1981t, 1984 
randomized controlled, 1981, 
1983 
retrospective cohort, 1981t, 1984 
Styryl, 403t 
Sublimation, 175-176 
Sublimaze (see Fentanyl citrate) 
Substance abuse 
alcohol, 1175-1176 
amphetamines, 1179, 1180t 
anabolic steroids, 1181-1182 
barbiturates, 1177 
cocaine, 1180 
description of, 56-57 
drug interactions secondary to, 
1747-1748 
DSM-IV definition of, 1175 
inhalants, 1177-1178 
marijuana, 1178 
nicotine, 1178-1179 
opioids, 1176-1177 
psychotomimetics, 1180-1181 
sedative-hypnotics, 1177 
Substance Abuse and Mental 
Health Services 
Administration, 43 
Substitution reactions, 184 
Substrate, 183 
Subtraction, 103, 107-108 
Succimer, 1268 
Succinate, 403t 
Succinyl, 403t 
Succinylcholine chloride, 1336 
Sucostrin (see Succinylcholine 
chloride) 
Sucralfate, 1227, 1506t 
Sucrose, 1025 
Sucrose octaacetate, 1048 


Sudden infant death syndrome, 54, 


1869 
Suet, 1050 
Sufenta (see Sufentanil) 
Sufentanil, 1454 
Sugar coating, 895-896 
Sugars, 1819-1820 
Suicide 
assisted, 26 
public health programs, 56 
Sular (see Nisoldipine) 
Sulbactam sodium, 1532 
Sulconazole nitrate, 1555 
Sulfacetamide, 1512-1513, 1518t 
Sulfacetamide sodium, 1512-1513 
Sulfadiazine, 1152t, 1513, 1518t 
Sulfadoxine, 1513 
Sulfamethoxazole, 1152t, 1513, 
1518t 
Sulfamethoxazole and 
trimethoprim, 1513 
Sulfamic acids, 399t 


Sulfamoyl, 403t 
Sulfanilamido, 403t 
Sulfanilyl, 403t 
Sulfasalazine, 1239, 1240, 1513- 
1514 
Sulfates, 397t, 403t 
Sulfathaladine, 1518t 
Sulfhydryl, 403t 
Sulfide, 403t 
Sulfinpyrazone, 1463 
Sulfinyl, 403t 
Sulfinyl group, 392 
Sulfisoxazole, 1514, 1518t 
Sulfites, 397t, 403t 
Sulfo, 403t 
Sulfonamides 
absorption of, 1511-1512 
antimicrobial properties of, 1511 
description of, 1511 
distribution of, 1511-1512 
excretion of, 1511-1512 
history of, 1511 
hypersensitivity reactions, 1512 
incompatibilities, 1512 
mixtures, 1512 
pharmacokinetics of, 1511-1512 
toxicity of, 1512 
types of, 1512-1514, 1518t 
Sulfonamido, 403t 
Sulfonate, 403t 
Sulfonates, 327 
Sulfone, 403t 
Sulfonic acid, 403t 
Sulfonyl, 403t 
Sulfonyl group, 392 
Sulfoxide, 403t 
Sulfur, 374t, 375, 1842 
Sulfurated potash, 1048 
Sulfuryl, 403t 
Sulindac, 1445t, 1460 
Sumatriptan succinate, 1357 
Summary articles 
description of, 78-79 
meta-analysis, 79, 79t 
Supercritical fluid, 176 
Supercritical fluid chromatography, 
605 
Supersensitivity, 1103 
Supplements 
additives in, 1734-1735 
issues regarding, 1734 
labeling of, 1733-1734 
Suppositories 
absorption 
rectal, 852-853 
vaginal, 853 
bases, 853-854 
compression-molded, 854 
description of, 851 
dissolution of, 664—665 
packaging of, 855-856 
preparation of, 854-856 
rectal, 851 
rolled, 854—856 
storage of, 855-856 
urethral, 851 
vaginal, 851 
vehicles, 852 
Suppressor T cells, 946 
Suprane (see Desflurane) 
Suprax (see Cefixime) 
Suprazine (see Trifluoperazine 
hydrochloride) 
Surfactants 
anionic, 285 
colloidal suspension stabilization, 
302-303 
in mouthwash, 728 
reaction rate and, 274 
replacement therapy, 1304 
Surgical supplies 
dressings 
absorbents, 1847-1848 
adhesive tapes, 1849-1850 
bandages, 1848-1849 


calcium alginate, 1847 
definition of, 1846 
monographs, 1851-1852 
occlusive, 1202-1203 
primary, 1846-1847 
selection of, 1846 
operating room, 1850-1851 
protectives, 1850 
sutures 
absorbable, 1852-1854 
definition of, 1852 
description of, 1852 
history of, 1852 
metallic, 1855 
monographs, 1855-1856 
nonabsorbable, 1854-1855 
packaging considerations, 1852 
Surmontil (see Trimipramine) 
Suspensions 
aerosols, 974-975 
applications of, 743 
aqueous, 914, 915t 
bioavailability, 333 
characteristics of, 317 
chemical stability of, 322 
definition of, 317, 743 
deflocculated particles in, 317 
dissolution of, 663-664 
flocculation 
controlled, 319 
degree of, 318 
description of, 317 
detergents for, 321 
electrolytes for, 319-320 
kinetics, 317 
particle characteristics, 317 
polymers for, 320-321 
sedimentation effects, 318 
in structured vehicles, 321 
formulation of 
agents used, 321t 
principles of, 318-322 
gels 
definition of, 745-746 
hydrophilic, 746 
hydrophobic, 746 
single-phase, 746-747 
two-phase, 746 
ingredients, 744 
insecticide, 1833 
insulin, 1372 
lotions, 747-748 
magmas, 748-749 
milks, 748-749 
mixtures, 749 
nonaqueous, 322 
official, 749-750 
ophthalmic, 824-825 
particles 
deflocculated, 317 
dispersion of, 318-319 
distribution of, 321-322 
flocculated, 317 
size of, 321-322 
preparation of, 322 
steps involved in, 744-745 
from tablets, 745 
properties of, 744 
quality of, 745 
reaction rate and, 274 
sedimentation 
rate of, 318 
volume of, 318 
stability of, 988 
structured vehicles 
description of, 319 
flocculation in, 321 
Sustained-release coatings, 898 
Sutilains, 499, 1794 
Sutures 
absorbable, 1852-1854 
definition of, 1852 
description of, 1852 
history of, 1852 
metallic, 1855 
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monographs, 1855-1856 
nonabsorbable, 1854-1855 
packaging considerations, 1852 
Sweet orange peel tincture, 1023 
SWOT analysis, 1634-1635 
Symadine (see Amantadine 
hydrochloride) 
Symmetrel (see Amantadine 
hydrochloride) 
Sympathomimetics 
a-B agonists, 1310 
a,-agonists, 1306-1308 
a -agonists, 1308 
B-agonists, 1308-1310 
anatomic and physiologic 
considerations, 1305— 
1306 
description of, 1805-1306 
indirect agonists, 1311 
mechanism of action, 1305-1306 
Synarel (see Nafarelin acetate) 
Syndrome of inappropriate 
antidiuretic secretion, 
1079-1080 
Synkayvite (see Menadiol sodium 
diphosphate) 
Synovial fluid 
description of, 346 
pathologic conditions that affect, 
346-347 
viscosity of, 346-347 
Synthroid (see Levothyroxine 
sodium) 
Synthrox (see Levothyroxine 
sodium) 
Syphilis, 584, 1054-1055 
Syringes 
bulb, 1871-1872 
enema, 1872 
hypodermic, 1608, 1870-1871 
Syroxine (see Levothyroxine 


sodium) 
Syrups 
acacia, 1027-1028 
cocoa, 1028 


definition of, 730 
flavoring of, 1020 
invert, 730 
from juices, 732 
masking properties of, 730 
medicating liquid added to, 731 
orange, 1023 
percolation of, 731 
with pharmaceuticals, 732 
preparation of, 730-732 
preservation of, 732 
sucrose levels, 730 
wild cherry, 1028 
Systemic injection test, 549 
Systemic lupus erythematosus, 556, 
1072 


T 


Tablet 
buccal, 859 
capping of, 876 
characteristics of, 858 
compaction of, 863-865 
compressed 
characteristics of, 882-885 
preparation of, 859-860 
types of, 858-859 
content uniformity, 884 
controlled-release, 859 
description of, 858 
direct compression of, 869—870 
disintegration of, 884-885 
dispensing, 859 
dissolution test, 885 
effervescent, 859 
enteric-coated, 858 
film-coated, 858 
formulations, 878-881 
friability of, 864 
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granulation methods 
direct compression, 869-870, 
880 
dry, 869, 879-880 
fluid-bed, 868-869, 879 
wet, 865-868, 878 
hardness of, 864, 883-884 
hypodermic, 859 
ingredients 
binders, 860-861 
coloring agents, 862-863, 863t 
description of, 860 
diluents, 860 
disintegrants, 862 
flavoring agents, 863 
glidants, 861-862 
lubricants, 861 
molded 
definition of, 859 
description of, 881 
formulation, 881 
preparation, 881 
multiple compressed, 858-859 
spheronization of, 870-871 
splitting of, 876 
spray-congealing of, 871 
spray-drying, 871, 871 
stability of, 988-989 
sublingual, 859 
sugar-coated, 858 
thickness of, 884 
weight, 884 
Tablet machines 
contamination control, 878 
description of, 871 
diameters, 872 
quality-control program, 872 
rotary 
description of, 873 
high-speed, 874-876, 875t 
multilayer, 876 
operation of, 873-874 
types of, 875t 
single-punch, 872-873 
Tablet presses, 877, 877-878 
Tablet triturates 
compressed, 882 
definition of, 881 
description of, 881 
formulation, 881 
hand-molding, 882 
history of, 881 
machine-molding, 882 
preparation, 881 
Tabloid (see Thioguanine) 
Tacrine hydrochloride, 1320 
Tacrolimus hydrate, 1502 
Tagamet (see Cimetidine) 
Talc, 674, 1048 
Talwin (see Pentazocine) 
Tambocor (see Flecainide acetate) 
Tamoxifen citrate, 1386 
Tannic acid, 1207 
Tannin, 1207 
Tantalum, 374t 
Tapazole (see Methimazole) 
Tapeworms, 1562 
Taractan (see Chlorprothixene) 
Tartaric acid, 1048-1049 
Tartrate, 403t 
Taste 
physiology of, 1018 
types of, 1020 
Tautomers, 394 
Tavist (see Clemastine fumarate) 
Taxol (see Paclitaxel) 
Taxotere (see Docetaxol) 
Tay-Sachs disease, 569 
Tazicef (see Ceftazime) 
Tazidime (see Ceftazime) 
T cells 
cytotoxic, 1158 
helper, 946, 1163 
killer, 946 
suppressor, 946 


Teaspoon, 101 
Tebutate, 452t 
Technetium 
characteristics of, 377t, 378, 481t 
description of, 479, 482 
drugs that affect, 1789t 
Tegopen (see Cloxacillin sodium) 
Tegretol (see Carbamazepine) 
Telfast (see Fexofenadine 
hydrochloride) 
Tellurium, 374t, 375 
Temazepam, 1408t, 1413 
Temperature, 121 
heat of reaction and, 201 
heat of solution and, 209-210 
reaction rate and, 268-269 
Tenex (see Guanfacine 
hydrochloride) 
Teniposide, 1502, 1506t 
Tenormin (see Atenolol) 
Tensilon (see Edrophonium 
chloride) 

Terazosin hydrochloride, 1323 
Terbinafine hydrochloride, 1529t, 
1553-1554 
Terbutaline sulfate, 1299t, 1310 

Teriparatide acetate, 1193 
Terpenes, 434, 434 
Terpin hydrate, 1303 
Terramycin (see Oxytetracycline) 
Tessalon (see Benzonatate) 
Testosterone 
anatomic considerations, 1390— 
1391 
characteristics of, 569-570, 13938 
clinical uses of, 1391 
side effects of, 1391 
synthetic types of, 1391-1393 
Tests of significance 
rank, 147 
signed-rank, 147-148, 149t 
Tetracaine, 1406 
Tetracaine hydrochloride, 1404 
Tetracyclines 
absorption of, 1537 
adverse effects of, 1537 
antimicrobial actions of, 1536 
characteristics of, 1152t, 1528t 
clinical indications, 1536 
distribution of, 1537 
drug interactions, 1751 
elimination of, 1537 
pharmacokinetics of, 1537 
properties of, 1528t 
types of, 1537-1538 
Tetradecyl, 403t 
Tetrahydrozoline hydrochloride, 
1307-1308 
Tetramethylene, 403t 
Tetranitrol (see Erythrityl 
tetranitrate) 
Tetrazolyl, 403t 
Thallium, 368, 1722t 
Thenyl, 403t 
Theobromine, 432 
Theophylline 
characteristics of, 1154t, 1299- 
1300 
chemical structure of, 432 
drug interactions, 1752, 1757 
Therapeutic drug monitoring, 
1153-1155 
Therapeutic index, 1102 
Thermal analyses 
computerized system, 650-651 
data acquisition systems 
description of, 649-650 
laboratory information 
management systems 


interfaced with, 649-650 


description of, 648 


differential scanning calorimetry, 


649 


differential thermal analysis, 649 


theoretical basis for, 648 


thermogravimetry, 648 
thermomechanical analysis, 649 ~ 
Thermal conductivity detector, 596 
Thermionic specific detector, 596 
Thermochemistry, 200 
Thermodynamics 
first law of 
heat, 199-200 
thermochemistry 
description of, 200 
heat of formation, 200-201 
heat of reaction, 200-201 
heat of solution, 201 
work, 198-199 
second law of 
Carnot cycle, 202-203 
overview of, 202 
solution process, 216-218 
third law of 
equilibria 
Clapyeron equation, 206-207 
equilibrium constant, 205— 
206 
protein binding, 207 
free energy, 204—205 
nonideality, 205 
overview of, 204 
Thermogravimetry, 648 
Thermomechanical analysis, 649 
Thermometers 
body temperature methods, 
1874-1875 
care for, 1875-1876 
clinical, 1874 
history of, 1874 
home use, 1874 
reading of, 1875 
temperature conversions, 1876 
Thermoplastics 
acrylics, 1009 
fluoropolymer-aclar film, 1011 
ionomer, 1011 
nylons, 1009 
polycarbonate, 1006t, 1010-1011 
polyethylene, 1006t, 1009-1010 
polyethylene terephthalate, 
1006t, 1009 
polypropylene, 1006t, 1010 
polystyrene, 1006t, 1010 
polyurethane foams, 1011 
polyvinylidene chloride, 1006t 
Tyvek, 1010 
vinyl, 1006t, 1010 
vinyl chloride-acetate, 1006t 
Thiabendazole, 1565 
Thiamin, 1726t, 1797t 
Thiamine, 1811-1812 
Thiamine hydrochloride, 1816-1817 
Thiazolyl, 403t 
Thienyl, 403t 
Thiethylperazine maleate, 1237— 
1238 
Thin-layer chromatography 
derivatizing agents, 608, 608t 
description of, 606 
detection methods, 608—609 
history of, 606 
mobile phases, 606, 606t 
plate preparation, 607 
qualitative analysis, 609 
quantitative analysis, 609 
reversed-phase, 607 
sample application and 
development, 607—608 
stationary phases, 606t, 606-607 
two-dimensional, 608 
Thio, 403t 
Thio aldehydes, 400t 
Thiocarbonyl, 403t 
Thiocyanates, 400t 
Thiocyano, 403t 
Thioguanine, 1502 
Thiols, 400t, 403t 
Thionyl, 403t 
Thiopental sodium, 1397-1398 


Thioplex (see Thiotepa) 
Thiopurine methyltransferase, 1170 
Thioridazine hydrochloride, 1434 
Thiosulfate, 494-495 
Thiotepa, 1502-1503 
Thiothixene, 1434, 1436t 
Thiothixene hydrochloride, 1434— 
1435 
Thioxanthenes, 1431 
Thiram, 1840 
Thixotropic index, 347 
Thixotropy, 341-343 
Thorazine (see Chlorpromazine 
hydrochloride) 
3TC (see Lamivudine) 
Threonine, 421t—422t 
Thrombin, 1261 
Thrombocytes, 557 
Thrombocytopenia, 557, 1094 
Thromboembolism, 1065 
Thrombolytic agents, 1256-1258 
Thromboplastin generation time 
test, 559 
Thrombotest, 559 
Thypinone (see Protirelin) 
Thyroid function tests, 572 
Thyroid gland 
antithyroid drugs, 1380-1381 
disorders of, 1080 
hormones, 1378-1380 
Thyrotropic hormone, 1359 
Thyroxine, 572 
Tiagabine hydrochloride, 1427 
Ticarcillin sodium (Ticar), 1152t, 
1523 
Ticks, 1836 
Ticlopidine hydrochloride, 1259 
Tidal volume, 1060 
Tigan (see Trimethobenzamide 
hydrochloride) 
Tiludronate, 1377t 
Time of peak concentration, 999 
Timolol maleate, 1326 
Timoptic (see Timolol maleate) 
Tin, 369t, 371, 1824 
Tinctures, 750-751 
Tindal (see Acetophenazine) 
Tinea capitis, 1079 
Tinea corporis, 1079 
Tinea cruris, 1079 
Tinea pedis, 1079 
Tinea unguum, 1079 
Tipramine (see Imipramine 
hydrochloride) 
Tirofiban hydrochloride, 1259 
Titanium, 372 
Titanium dioxide, 1217 
Titanium trichloride, 493-494 
SUE NTR 
Tobramycin, 1152t, 1154t, 1527t, 
1534 
Tofranil (see Imipramine 
hydrochloride) 
Toiletries, 66 
Tolazamide, 1374t 
Tolbutamide, 1374t, 1375 
Tolectin (see Tolmetin sodium) 
Tolerance, 1103, 1175 
Tolmetin sodium, 1445t, 1460-1461 
Tolnaftate, 1529t 
Toloxy, 403t 
Tolu balsam, 1025 
Toluenesulfonyl, 403t 
Tolyl, 403t 
Tonicity 
adjustment methods 
description of, 253-254 
freezing-point depression, 254 
sodium chloride equivalent 
method, 254-255 
erythrocyte changes and, 253 
testing of, 253 
Toothache drops, 737 
Topical administration, 1114, 1147 


Topicals 
calcium hydroxide solution, 1041— 
1042 
cataplasms, 856 
contraceptives, 856 
creams, 856 
description of, 1147 
dissolution of, 664 
dosage-form designs, 840-841 
dressings, 856 
local anesthetics, 1404-1406 
ointments (see Ointments) 
pastes, 856 
percutaneous absorption 
factors that affect 
cutaneous biotransformation, 
843 
dermal clearance, 842—843 
penetration enhancers, 842 
skin hydration and 
temperature, 841-842 
stratum corneum barrier 
efficacy, 842-843 
principles of, 838 
studies of 
animal, 839-840 
in numero, 840 
in vitro and in vivo, 838-839 
plasters, 856 
powders, 856 
skin 
anatomy of, 836-837 
description of, 836 
drug effects, 837 
hair follicles, 836 
hydration of, effect on drug 
absorption, 841-842 
pilosebaceous units, 836-837 
sebaceous glands, 837 
sweat glands, 836-837 
suppositories (see Suppositories) 
transdermal drug delivery 
systems 
description of, 843 
electrically modulated, 844 
evolution of, 843-844 
mechanically modulated, 844 
types of, 382 
Topiramate, 1427-1428 
Topitracin (see Bacitracin) 
Topitrol (see Rocaltrol) 
Topotecan hydrochloride, 1503 
Toprol XL (see Metoprolol tartrate) 
Torecan (see Thiethylperazine 
maleate) 
Torimefene, 1506t 
Tornalate (see Bitolterol mesylate) 
Torsion balance, 97-98 
Tort law 
definition of, 1618 
intentional torts, 1620 
negligence, 1618-1620 
Tosyl, 403t 
Tosylate, 452t 
Total lung capacity, 1060 
Total parenteral nutrition 
caloric requirements, 818 
description of, 807 
electrolyte requirements, 818 
history of, 818 
parenterals 
properties of, 819t 
stability of, 819t 
prescription for, 818t, 819 
prevalence of, 807 
Total quality management, 981, 
2007 
Toxicologist, 86 
Toxicology 
information resources regarding, 
66 
research scientist’s role, 86 
Toxoids, 1569 
Toxoplasmosis, 584 


Trace elements 
biological data regarding, 1821t 
characteristics of, 381-382 
description of, 1820-1821 
in foods, 1821t 
types of, 1822-1824 
Tracrium (see Atracurium besylate) 
Traction, 1865-1866 
Tragacanth, 1033 
Tramadol hydrochloride, 1454 
Trandate (see Laflol hydrochloride) 
Trandolapril, 1282 
Tranexamic acid, 1261 
Transcutaneous electrical nerve 
stimulation, 1877 
Transdermal drug delivery systems 
adhesive diffusion-controlled, 918 
definition of, 660, 917 
description of, 843, 1213-1214 
dissolution method, 661 
electrically modulated, 844 
evolution of, 843-844 
matrix dispersion-type, 918 
mechanically modulated, 844 
membrane-modulated, 917-918 
microreservoir systems, 918 
types of, 917t 
Transderm-Scop (see Scopolamine; 
Scopolamine 
hydrochloride) 
Transferases, 566 
Transfusion reactions, 563 
Transient ischemic attacks, 1074— 
1075 
Transport 
active, 1111 
passive, 1110-1111 
Tranxene (see Clorazepate 
disodium) 
Tranylcypromine sulfate, 1441 
Travase (see Sutilains) 
Trazodone hydrochloride, 1441, 
1442t 
Trental (see Pentoxifylline) 
Treosulfan, 1506t 
Treponemal antibody tests, 584 
Tretinoin, 1213, 1503 
Trexan (see Naltrexone 
hydrochloride) 
Triamcinolone acetonide, 1299t, 
1364t, 1370 
Triamterene, 1351 
Triazolam, 1408t, 1413 
Trichinosis, 1562 
Trichlormethiazide, 1350 
Trichloroacetic acid, 1212 
Trichlorodifluoroethane, 965t 
Trichloromonofluoromethane, 1049 
Tricuspid insufficiency, 1068 
Tricuspid stenosis, 1068 
Tridione (see Trimethadione) 
Trientine hydrochloride, 1268-1269 
Trifluoperazine hydrochloride, 1435 
Triflupromazine, 1436t 
Triflupromazine hydrochloride, 
1435 
Trifluridine, 1529t, 1559 
Triflutate, 452t 
Trihexyphenidy! hydrochloride 
(Trihexane), 1342-1343 
Triiodothyronine, 572 
Trilafon (see Perphenazine) 
Trimethadione, 1428 
Trimethaphan camsylate, 1279 
Trimethobenzamide hydrochloride, 
1238 
Trimethoprim, 1152t, 1546 
Trimethylene, 403t 
Trimetrexate, 1506t 
Trimipramine maleate, 1442t, 1443 
Trimpex (see Trimethoprim) 
Trinalin (see Azatadine maleate) 
Trinitrin (see Nitroglycerin) 
Trioxsalen, 1218 
Tripelennamine citrate, 1469 


Tripelennamine hydrochloride, 
1469 
Triprolidine hydrochloride, 1469 
Trisodium citrate, 1506t 
Trisoralen (see Trioxsalen) 
Trityl, 403t 
Trivial names, 441 
Trobicin (see Spectinomycin 
hydrochloride) 
Troches, 891-892 
Troglitazone, 1373, 1374t, 13875 
Trolamine, 452t, 1040 
Tromethamine, 1266 
Tronothane (see Pramoxine 
hydrochloride) 
Tropane, 425t 
Tropane alkaloids, 430-431 
Tropicamide, 1331-1332 
Trovafloxacin, 1528t, 1541 
Trovan (see Trovafloxacin) 
Troy weight, 94t 
Trusses, 1882-1883 
Trustworthiness, 21 
Trypsin, 499-500, 1794 
Tryptophan, 421t—422t 
Trysul (see Sulfacetamide) 
t test 
alternative hypothesis, 136 
construction of, 135-136 
definition of, 125, 135 
independent sample, 136-138 
level of significance, 136 
null hypothesis, 135 
paired, 138-139 
Tuberculin testing, 1589 
Tuberculosis, 1057 
Tubocurarine chloride, 1336 
Turbidimetric assay, 548 
Turbidimetry, 296 
Twin-shell blender, 865-866 
Tyropanoate sodium, 1188-1189 
Tyrosine, 421t—422t 
Tyzine (see Tetrahydrozoline 
hydrochloride) 


U 


Ulcerative colitis, 1087 
Ultane (see Sevoflurane) 
Ultracentrifuge, 672 
Ultrafiltration 
colloidal dispersions purification 
using, 293 
description of, 679 
development of, 679 
Ultram (see Tramadol 
hydrochloride) 
Ultrasonic devices, 743 
Ultraviolet spectrometry 
applications of, 619 
Beer’s law, 618-619 
description of, 618 
detector, 620 
instrumentation, 619-620 
Ultraviolet-visible spectrometer, 
604 
Undecylenic acid, 1529t 
Unequal-arm balance, 97 
Unipen (see Nafcillin sodium) 
Unisom (see Doxylamine succinate) 
United States Adopted Names 
contractions, 451t—452t 
council 
description of, 441-442 
history of, 441 
members of, 441 
guidelines for, 447-450 
prefixes, 453t—457t 
procedure for obtaining, 443 
program philosophy, 444-446 
protection of, 446-447 
publication of, 443 
review board, 443 
stems, 4538t—457t 
suffixes, 453t—457t 
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Univasc (see Moexipril 
hydrochloride) 
Universal precautions, 52 
Uracil mustard, 1503 
Urazide (see Benzthiazide) 
Urea, 564, 1049, 1346 
Urea formaldehyde, 1011 
Urebeth (see Bethanechol chloride) 
Urecholine chloride (see 
Bethanechol chloride) 
Ureido, 403t 
Uric acid, 432, 565 
Uridine (see Floxuridine) 
Urinals, 1881 
Urinary bags, 1882 
Urinary tract infections 
anatomic and physiologic 
considerations, 1053 
antiseptics, 1545-1546 
definition of, 1053 
epidemiology of, 1053 
etiology of, 1053 
pathophysiology of, 1053-1054 
self-care diagnostic tests for, 1745 
signs and symptoms of, 1054 
Urine 
clinical analysis of 
appearance, 576 
bacterial levels, 578 
bilirubin, 577 
calculi, 579 
color, 576 
constituents of, 574t 
description of, 574-575 
glucose levels, 576-577 
hematuria assessments, 577— 
578 
hemoglobinuria, 578 
instrumentation for, 575 
ketone bodies, 577 
microscopic examination of, 578 
myoglobin, 578 
odor, 576 
osmolality, 575 
pH, 575-576 
phenylpyruvic acid, 577 
protein levels, 576 
specific gravity, 575 
urobilinogen, 577 
volume assessments, 575 
pH alterations, 1757 
Urinometer, 575 
Urised (see Methenamine) 
Uritone (see Methenamine) 
Urobilinogen 
in feces, 579 
in urine, 577 
Urokinase, 1257, 1258 
Urolithiasis, 1072 
Ursodiol, 1228 
Urticaria, 1077 
Usage, 941 
USAN (see United States Adopted 
Names) 
Usenets, 67 


Vv 


Vaccines (see also Immunizations) 
administration of, 1570-1571 
adolescents, 1573-1574 
adults, 1574-1575 
adverse effects, 1575-1576 
BCG, 1485, 1574 
booster doses, 1571 
combined, 1570t 
contraindications, 1576 
description of, 1569 
diphtheria, tetanus, and 

pertussis, 1570t, 1572 
efficacy of, 1571-1572 
Haemophilus influenza type b, 
1573t 
handling of, 1570-1571 
hepatitis B, 1573t 
inactivated, 1569t, 1571t 
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influenza, 1571t 
live, 1569t-1570t, 1575-1576 
measles, 1570t, 1572 
mumps, rubella, 1570t, 1573, 
1573t 
mumps, 1570t 
pediatric, 1572-1573, 1573t 
poliomyelitis, 1572, 1573t 
rotavirus, 1573t 
senior adults, 1575 
storage of, 1570-1571 
types of, 1569-1570 
varicella, 1570t, 1573t 
veterinary, 1576 
yellow fever, 1570t 
Vaccinia, 1506t 
Vacuum constriction devices, 1877 
Valacyclovir hydrochloride, 1529t, 
1559 
Valence bond theory, 186 
Valence shell electron-pair 
repulsion theory, 186 
Valerate, 404t 
Valerian, 439t 
Validity, 77 
Valine, 421t—422t 
Valium (see Diazepam) 
Valproate sodium, 1428 
Valproic acid, 1154t, 1754 
Valsartan, 1282 
Valtrex (see Valacyclovir 
hydrochloride) 
Valvular heart disease, 1066-1068 
Vanadium, 374t, 1824 
Vancenase (see Beclomethasone 
dipropionate) 
Vanceril (see Beclomethasone 
dipropionate) 
Vancocin (see Vancomycin 
hydrochloride) 
Vancoled (see Vancomycin 
hydrochloride) 
Vancomycin hydrochloride, 1152t, 
1542 
van der Waal’s forces, 170, 187-188 
Vanilla, 1025-1026 
Vanillin, 1026 
Vanillylmandelic acid, 570 
Vansil (see Oxamniquine) 
Vantin (see Cefpodoxime proxetil) 
Vapiprost hydrochloride, 437t 
Vaporole (see Amy] nitrate) 
Vapor pressure, 175 
Vapor-pressure curve, 176 
Variables 
confounding, 77 
definition of, 126 
stratification of, 126 
Varicella, 1570t, 1573t 
Vascor (see Bepridil hydrochloride) 
Vascoray (see lothalamate 
meglumine and 
iothalamate sodium) 
Vasculitis, 1072-1073 
VasoClear (see Polyvinyl alcohol) 
Vasodilan (see Isoxsuprine 
hydrochloride) 
Vasodilators 
direct, 1277-1278 
peripheral, 1282-1283 
Vasopressin, 1363 
bioassay of, 545 
description of, 545 
physiologic effects of, 545 
Vasopressors, 1285-1287 
Vasotec (see Enalapril maleate) 
Vasoxyl hydrochloride (see 
Methoxamine 
hydrochloride) 
Veatch, Robert, 22-23 
Vecuronium bromide, 1337 
Vegetable oils, 1205 
Velban (see Vinblastine sulfate) 
Velosef (see Cephradine) 


Venlafaxine hydrochloride, 1442t, 
1443 
Ventilation to perfusion, 1060-1061 
Ventolin (see Albuterol) 
Ventricular fibrillation, 1069 
Ventricular tachycardia, 1069 
Vepesid (see Etoposide) 
Veracity, 24 
Veralan (see Verapamil 
hydrochloride) 
Verapamil hydrochloride, 1293 
Vercyte (see Pipobroman) 
Vermox (see Mebendazole) 
Versed (see Midazolam 
hydrochloride) 
Vertical impeller mixers, 694 
Vesanoid (see Tretinoin) 
Vesicants, 1208-1210 
Vesprin (see Triflupromazine; 
Triflupromazine 
hydrochloride) 
Veterinary compounding, 1711 
Vibramycin (see Doxycycline) 
Vibrating ball mills, 684 
Videx (see Didanosine) 
Vinblastine sulfate, 434, 1503-1504 
Vinca alkaloids, 433-434 
Vincristine, 434 
Vindesine, 434 
Vinglycinate, 434 
Vinyl, 404t, 1006t, 1010 
Vinyl! chloride-acetate, 1006t 
Viprostol, 437t 
Viracept (see Nelfinavir mesylate) 
Viramune (see Nevirapine) 
Virazole (see Ribavirin) 
Viricide, 753 
Viroptic (see Trifluridine) 
Viscoelasticity 
pharmaceutical system 
application, 354-355 
principles of, 344-345 
synovial fluid, 346 
techniques for measuring, 351— 
354 
Viscometers 
capillary, 349 
falling ball, 351 
needle, 351 
rotational, 349-351 
Viscosity 
definition of, 337 
Einstein’s law of, 343-344 
Newtonian, 337-338, 343 
principles of, 337 
viscometers for measuring, 348- 
351 
zero-shear, 339 
Visible spectrometry 
applications of, 619 
description of, 618-619 
detector, 620 
instrumentation, 619-620 
Visken (see Pindolol) 
Vistaril (see Hydroxyzine pamoate) 
Vistide (see Cidofovir) 
Vital capacity, 1060 
Vitamin A, 1797t, 1804 
Vitamin A acid, 1213 
Vitamin Bg, 1726t, 1797t 
Vitamin By,» 
characteristics of, 1797t, 1812— 
1813 
microbial assays of, 548 
recommended daily intake of, 
1726t 
Vitamin C, 1727t, 1797t, 1805-1806 
Vitamin D, 1726t, 1797t, 
1800-1801 
Vitamin E, 1727t, 1797t, 
1801-1802, 1804 
Vitamin K 
characteristics of, 1727t, 1802— 
1803 
deficiency of, 1094 


Vitamins 
bioassays for, 546-547 . 
description of, 1798 
fat-soluble, 1799-1805 
microbial assays for, 547 
standardization, 1798-1799 
water-soluble, 1805-1817 
Vivactil (see Protriptyline 
hydrochloride) 
Volatile oils 
color of, 435 
constituents, 434-435 
description of, 434 
deterioration of, 436 
odor of, 435 
properties of, 435-436 
solubility of, 435-436 
taste of, 435 
Voltage-sensitive sodium channels, 
1107 
Voltametry 
amperometry, 645 
cyclic, 646-647 
description of, 643 
differential pulse stripping, 647 
polarography, 487 
AC, 646 
currents, 644 
derivative, 645 
discovery of, 643 
electrodes, 644 
half-wave potential, 644 
history of, 643 
instrumentation, 643-644 
modern techniques, 645—648 
oxygen waves, 644-645 
pulse, 645-646 
single-sweep, 645-646 
theoretical basis of, 643-644 
Voltaren (see Diclofenac sodium) 
Volume-in-volume percentages, 114, 
116 
Volume of distribution, 1129 
von Willebrand’s disease, 1094 
V value, 255 
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Walker, 1861 
Warfarin, 1840 
Warfarin sodium, 1254, 1722t, 
1754-1755 
Warnings, 941 
Water 
aqueous solutions, 723-724 
characteristics of, 379 
deionization processes, 724 
description of, 379 
distilled, 723-724 
equipment for treating, 724 
flavors, 1020 
heavy, 381 
impurities in, 724 
for injections, 1029 
ionization of, 234 
leveling effect of, 232 
natural, 379 
potable, 379 
purified, 380 
solvent properties of, 218 
V value, 255 
Waterborne infections, 55 
Water for injection 
definition of, 783 
distribution of, 784 
purity 
methods of obtaining 
compression distillation, 783 
multiple-effect stills, 783-784 
reverse osmosis, 784 
requirements, 784 
storage of, 784 


Waxes, 415, 417 
Websites (see also Internet 
resources) 
educational organizations, 68 
governmental, 68 
library, 68 
pharmacy-related, 67-68 
professional development, 68 
Wegener’s granulomatosis, 1073 
Weighing 
balance for (see Balances) 
definition of, 96 
Weight-in-volume percentages, 
114-115 
Weight-in-weight percentages, 114— 
116 
Weight loss programs, 1731t 
Weights 
apothecary, 94t, 99-100 
avoirdupois, 94t, 99 
definition of, 91 
English systems, 91-92 
history of, 91-93 
metric, 92-93, 99 
Wellbutrin (see Bupropion 
hydrochloride) 
Wellness, 1780 
Wet screening 
powder particle-size classification 
using, 688 
surfaces for, 688-689 
Wetting agent, 744 
Wetting phenomena, 278-279 
Wheat starch, 1047-1048 
Wheatstone bridge, 228, 228 
Wheelchairs 
description of, 1857 
measurements, 1857-1859 
Whipworms, 1562 
White blood cells (see Leukocytes) 
White lotion, 1207 
Whole blood, 1244 
Wigraine (see Ergotamine tartrate) 
Wild cherry, 1027 
Wild cherry syrup, 1028 
Wilson’s disease, 1090 
Wiskott-Aldrich syndrome, 1163 
Withdrawal, 1175 
Work 
in thermodynamics, 198-199 
types of, 198 
World Health Organization, 444 
World Wide Web, 67 
Wyamine sulfate (see 
Mephentermine sulfate) 
Wydase (see Hyaluronidase) 
Wytensin (see Guanabenz acetate) 


X 


Xanax (see Alprazolam) 
Xanthan gum, 1033-1034 
Xanthenyl, 404t 
Xanthine, 432 
Xanthine alkaloids, 431-432 
Xanthine derivatives, 1472-1474 
Xanthine drugs, 1297-1298 
Xanthotoxin (see Methoxsalen) 
27Xe, 481t 
133Xe, 477t, 481t 
Xenon, 1397 
Xenyl, 404t 
Xinafoate, 452t 
X-linked ayglobulinemia, 1163 
X-ray analyses 
crystalline state, 172 
description of, 171-172 
X-ray diffraction 
applications of 
identification of materials, 173— 
174 


intramolecular bonding and 
configurations, 174 
molecular weight, 173 
structure determination, 174 
description of, 616 
history of, 173, 616 
powder, 617, 710 
principles of, 173 
single-crystal, 710 
X-ray fluorescence 
Auger electron spectrometry, 617 
description of, 617 
electron probe microanalysis, 617 
electron spectroscopy chemical 
analysis, 617-618 
principles of, 617 
X-ray photoelectron spectrometry, 
617-618 
Xylocaine (see Lidocaine) 
Xylometazoline hydrochloride, 1308 
Xylose, 1190 
Xylyl, 404t 
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Yield stress, 340 

Yield value, 340 

Yodoxin (see Iodoquinol) 

Young’s modulus, 335 

Young’s rule, 110 

Yttrium, 369, 369t 

Yutopar (see Ritodrine 
hydrochloride) 


Z 


Zafirlukast, 1300 
Zagam (see Sparfloxacin) 
Zalcitabine, 1529t, 1559-1560 
Zanosar (see Streptozocin) 
Zantac (see Ranitidine) 
Zarontin (see Ethosuximide) 
Zaroxolyn (see Metolazone) 
Zavedos (see Idarubicin 
hydrochloride) 


ZeB (see Bisoprolol fumarate) 

Zefazone (see Cefmetazole sodium) 

Zephiran chloride (see 
Benzalkonium chloride) 

Zerit (see Stavudine) 

Zero-shear viscosity, 339 

Zeta sedimentation ratio, 555 

Zetran (see Diazepam) 

Zibactin medicated (see Tannic 
acid) 

Zidovudine, 1529t, 1560 

Zileuton, 1300-1301 

Zinacef (see Cefuroxime sodium) 

Zine 

characteristics of, 367t, 1824 
recommended daily intake of, 

W727 

Zinc caprylate, 1207 

Zinc carbonate, 1202 

Zinc chloride, 1207 

Zinc oxide, 1207-1208 

Zine phosphide, 1840 
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Zincspar (see Zinc carbonate) 

Zinc stearate, 1201 

Zineb, 1842 

Zinecard (see Dexrazoxane) 

Ziram, 1842 

Zirconium, 372 

Zithromax (see Azithromycin) 

Zocor (see Simvastatin) 

Zofran (see Ondansetron 
hydrochloride) 

Zolmitriptan, 1357 

Zoloft (see Sertraline hydrochloride) 

Zolpidem tartrate, 1420 

Zonig (see Zolmitriptan) 

Zovirax (see Acyclovir) 

Zutracin (see Bacitracin) 

Zwitterions, 240, 717 

Zydol (see Tramadol hydrochloride) 

Zyloprim (see Allopurinol) 

Zyprexa (see Olanzapine) 

Zyrtec (see Cetrizine hydrochloride) 
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